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BBEJEHUE
Wundpaxpacuas (MUK) crnekrpockonusi sBIsieTCs OJHUM W3 Hauboisiee A(PPEKTUBHBIX

CIIEKTPOCKOMMYECKUX METOJOB aHaln3a XUMHH MOBEPXHOCTH T€TEPOTEHHBIX KaTaJlM3aTOPOB.
Ona TMO3BOJIIET HANPSAMYIO KOHTPOJIMPOBATh B3aUMOJCHCTBUS MEXAYy COPOMPOBAHHBIMH
MOJIEKyJIaMH H KaTaJln3aTopaMH. B MepBBIX IiiaBax mocoOusi M3JI0KEeHBI 0a30BbIE MPUHIIUIIBI
Teopuu KosiebaHuil MoJiekynl U mosiBieHuss MK-cnekTpoB, paccMOTpeHbl THIBI KOJEOaHUN U
(baxTOpHl, BIHUAIONME HA UX 4acTOTHL. [IpHBeneHbI OCHOBHBIE MPHEMBI U METOJIbI PErHCTPALUN
CIIEKTPOB TBEPJBIX BEIIECTB: MPSMOE MPOMYCKAaHNE-TIOTIIONIEHUE cBeTa, NU(PPy3HOE OTpaKEHHE
(1O), a rtaxke (oroakycTuueckas crnekTpockomnus. [IpsiMble U3MEpeHUs SBISIOTCS CaMbIM
TOYHBIM  METOJIOM  OTpEACTCHHUS  KOHIICHTPAIlMM  BEHIECTB  METOJaMH  ONTHYECKOU
CIEKTPOCKOIUY, OJHAKO TPeOYIOT clenuaabHOM 00pabOTKH MpU MOArOTOBKE 00pasLoB AJs
aHanuza. Pexxum nuddy3Horo oTpaxeHuss UCKIIOYAET CIIEHHUAIbHYI0 MEXaHUUECKYI0 00paboTKy
00pa31oB, OJHAKO IMOJIyY€HUE KOJIMUYECTBEHHOW mH(popmanuu u3 cnekrpos /IO compspkeHo c
OTIpe/IeNICHHBIMU OTpaHU4YeHUsIMH. OCOOEHHOCTH W BO3MOKHOCTH 3TOTO METOJA JIETaIbHO
pazo0paHbl BO 2-0M paszene. 37ech K€ MPHUBEACHBI OCHOBHBIE MPHUHIMIBI (POTOAKYCTHUYECKOM
CTIIEKTPOCKOIUH, MPHUMEHEHHE KOTOPOW HamOoJiee aKTYaJIbHO IS  HEMpPO3PaYHBIX TBEPIBIX
00pasIoB.

3HAYUTEIbHBIA MPOPHIB B MpakTUYeCKoM mnpumeHeHun HWK-cnekTpockonuu yist
HCCIeA0BaHUsI XUMHYECKUX MTPOIIECCOB, B TOM YHCJIE M Ha TOBEPXHOCTH, mpou3zomien B 1980-x
rojax IOClie€ 3aMEHbl OOBIYHBIX JUCIEPCHBIX CHEKTPOMETPOB Ha TeXHUKY ¢ Dypbe-
npeobpasoanreM (FTIR). B pesyabrare pe3ko COKpaTHiCA MacmTad BPEMEHHOW IIKasIbl
3anucu CHEKTpa - OT HECKOJbKHX MHUHYT JO CeKyHI U 3HAuUTEeNbHO BBIpOCIA
YyBCTBUTEJIBHOCTh  METOJA. leopeTHuueckue OCHOBBI  chekTpockonuu ¢ Dypwe-
npeoOpa3oBanueM, (HOPMHUPOBAHHE U CHOCOOBI YIYYIIEHHUS CIIEKTpa, a TaKKe YCTPOWUCTBO
COBPEMEHHBIX HHTEP(HEPOMETPOB PACCMOTPEHBI B TPETHEM pazJiesie MoCoOusl.

B 4-oif u 5-off pasnmenax nmpoaHaqu3MpPOBaHbl OCHOBHBIC HANpPaBICHHUS MPUMEHEHHS
NK-criekTpockOnmuy K MCCIEI0BAHUIO FETEePOTreHHBIX KaTallM3aTOpPOB. 3HAYUTEIbHOE BHUMAHUE
yIEJICHO MOBEPXHOCTU OKCUAHBIX CHUCTEM - THIHUYHBIX TBEPIBIX KHCIOTHBIX KaTaIU3aTOPOB.
[Tokazanbl Bo3MoxkHOCTH MK-cniekTpockonuu i 0OHapyKEHHSI U U3MEPEHUS HA TMOBEPXHOCTU
JTBIOUCOBCKUX M OpEHCTENOBCKUX IIEHTPOB, YCTAHOBIIEHUS WX CTPYKTYpbl U pPOJIH B
KaTaJUTHYECKUX TMpeBpalieHusX. JleTanbHO paccMOTPEHbI CIEKTPhl Hambojaee TUITUYHBIX
MOJIEKYJI-30H/I0B, aJIcCOPOIMs KOTOPhIX HAa MOBEPXHOCTH LIMPOKO UCIIOJB3YETCs Ul aHAIN3a ee
XMUMUYECKOTO  CTPOGHMSA.  3aBepllaloT  NocoOue  MpUMepbl  HM3Yy4EHUS  MEXaHU3MOB
KaTAIUTUYECKUX PEAKIUH C MOMOIIBI0 CIEKTPOCKOMHH IN SitU, KOrja B YCIOBHSIX PEaKIHH

yAaceTCd 3apCruCTpupoBatb HE TOJBKO KOHCYHBIC, HO U MPOMCIKYTOUYHBIC TIPOAYKTHI.
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1. TeopeTnyeckue OCHOBbI HH(PPAKPACHOH CHIEKTPOCKONMHU

Wndpakpacnas (MK) cnexTpockonus SBISETCS OJHUM M3 CaMbIX PacHpOCTPAHEHHBIX
METOJIOB MOJICKYJIAPHOW CIIEKTPOCKOIHMH U 3aHUMAETCs U3Yy4YeHHEM KoJeOaTeIbHBIX CHEKTPOB
MOJIEKYJ. DTHU CIIEKTPbI ONPEACIAIOTCS CTPOCHUEM MOJIEKYIIBI U CBA3aHbI C IEPEXOIAMU MEXKIY
K0JIeOATeIbHBIMH YHEPTETUUYECKUMHU COCTOSIHMSMU WM B KJIACCHYECKON HHTEpHpEeTalnuu, ¢
KOJICOAHUSMHU aTOMHBIX SIZIEp OTHOCHUTENIFHO PABHOBECHBIX MOJIOXKEHUN. YHCIIO U 9aCTOTHI MOJIOC
3aBUCST, BO-TIEPBBIX, OT YKMCJIa 00pa3ymooIIUX MOJIEKYIy aTOMOB, MacC aTOMHBIX SJIEp, TEOMETPUU
¥ CUMMETPHH PAaBHOBECHOW SIIEPHON KOH(HUIYpaluu, ¥ BO-BTOPHIX, OT MOTEHIUAIBHOTO IIOJIS
BHYTPUMOJIEKYIISIPHBIX cuJl. TakuM 00pa3oM, KojeOaTeNIbHbIE CIIEKTPhI SBJSIOTCS YPE3BBIYANHO
CHelU(pUUIECKUMH M YYBCTBUTEIbHBIMM XapaKTEPUCTUKAMU MOJIEKYJ, 4eM M OOBsACHSAETCS

IOAPOKOC MPUMEHCHUC NX B XUMHUUYCCKUX HCCIICIOBAHHUAX.

1.1. Buabl ABMKeHUS B MOJIEKYJIe U THIIBI MOJIEKYJISIPHBIX CIIEKTPOB

MouJtekysa mpejcraBiisieT coO00i JUHAMHYECKYIO CHCTEMY, COCTOSIIYIO M3 aTOMOB, KOTOPBIE
COCIIMHEHBI B OJIHO IIeJIO€ CHJIaMU, OOYCIIOBJICHHBIMH OSJICKTPOHHBIM B3aWMOJICHCTBHEM
KBAaHTOBOTO XapakTepa. B KBaHTOBO-MEXaHUYECKOW MOJEIIH MOJIEKYJIa SBJISIETCS YCTOMYMBOM
CHUCTEMOH sI/Iep 1 JEKTPOHOB. B MoJieKysie UMeeTCsl YeThIpe BU/Ia IBIKCHUI: MOCTYATEIbHOE
Eyoer, dmekTpoHHoe FE,; (ABWKEHHE DIIEKTPOHOB BOKPYr saep), kojebarenbHOe Eyon
(konebaHMe sAfep OKOJIO UX IOJOXKEHHH PABHOBECHs) M BPAINATENbHOE Egpay (BpalleHue
MOJIEKYJIBI KaK IIeJoTO B TpocTpaHcTBe). B aamabatmdyeckom mnpuOmmwkeHun (Tpu
npeHeOpeKEHNHU MOCTYIATEIbHOW COCTABJISAIONICH, KaK HE KBAaHTYIOIICHCSI) SHEPTHS MOJIEKYJIbI
MOYET OBITh MPEJACTaBIICHA B BUJE CYMMBI SHEPTHUM OTICIBbHBIX BUJOB JIBHKCHUM:

E =E3J'l + EKOJ‘I+ EBpam- (11)

Taxoe pa3zenenne BO3MOXKHO, IOCKOJIbKY BEJIMUMHBI S3HEPTUil pa3anyaroTcs Ha HOPAJIKHU, a
MMEHHO:
Ean >> EKOJ‘I >> EBpam

CornacHO KBAaHTOBBIM IPE/ICTABICHUSIM MOJIEKYJIa MOXKET HaXOAUTHCS JMILIb B ONpeAeTIeHHbIX
SHEepreTuyeckux coctosHusAX. C Xopolled CTeneHblo NPUOIMIKEHUS MOXHO KBAHTOBATH
CHayaja »SJIEKTPOHHYK0 DSHEpPruio, 3aTeM KojeOaTeIbHYyK SHEpPrui0 IpH  3aJaHHOMN
JJIEKTPOHHOM JHEPrUM M, HAKOHEL, BPAILATEIIbHYI0 SHEPTUI0 NPU 3aAaHHBIX E,; U Exon. B
¢dopmyne (1.1) xkaxnaplii 4jJeH HOPUHHUMAET OIpPEJCNICEHHblE 3HAYEHHUS. DHEPTUI0 MOJICKYJbI
MOXHO paccMaTpuBaThb KaK COBOKYIHOCTb OTHOCUTEIBHO JAJIEKO PAaCIOJIOKEHHBIX

QJICKTPOHHBIX ypOBHeﬁ, K KaXXJIOMy H3 KOTOPBIX HNPUMBIKAIOT Oosice ONMMU3KO pPa3sMCIICHHBIC



Koye0aTenbHble YpPOBHHM, OKPYKEHHBbIE B CBOIO O4YEpeIb YacTO PACIOJOKCHHBIMH
BpallaTeIbHbIMUA YPOBHIMMU.

Hrak, y BCAKONH MOJIEKYJISIPHOM CHCTEMBI CYLIECTBYIOT OIIPEACIICHHBIE JHEPreTUYECKUE
COCTOSIHMSI, CBSI3aHHBIE C Pa3jIMYHBIMU BUAAMU JIBHIKEHUSI MOJIEKYJbI, €€ aTOMHBIX SIEp U
JJIEKTPOHOB, T.€. MOXET OCYILIECTBIATHCA KBAHTOBBIM IIE€PEX0OJ] MEXJy KaKUM-TO
COCTOSIHUEM C COOCTBEHHBIM 3HAYEHHEM DHEPTMHM [E M HEKOTOPBIM JPYIMM COCTOSHHUEM
¢ oueprueii E . Tlo 3aKOHY COXpaHEHUs SHEPTUM PA3HOCTL SHEPIHI OTUX JBYX COCTOSHHIA:

AE=E'-E"=hv (E>E)
OTa sHeprusi MOXeT MPUOOPEeTaThCs WIM OTAAaBaThCSA, B YACTHOCTU 3a CUET NO2M0UeHUsl
WJIW UCNYCKAHUs KBAHTA 3JIEKTPOMArHUTHOTO M3JIy4eHHUsT Ay, SHEprusi KOTOPOTO COBMAAAET C
AE. Takum 00pa3om, B CIIEKTpE MOSBIISIETCS MOJI0ca (JIMHUS) TIOTJIOMICHUS UIU UCITyCKaHUs C
4acTOTOM .
[Ipu TakoM KBaHTOBOM MEPEX0J€ MOTYT U3MEHSATHCS BCE TPU YACTU MOJHON SHEPIUU

MOJIEKYJIBI, IPUYEM

AE,, >>A Ey o >> AEBpam,

4TO NPHUBOAUT K TOMY, YTO 3JICKTPOHHEIC, KoJieOaTeIbLHbIC U BpaiaTCJIIbHBIC MEPEXOAbI JICKAT

B Pa3IMYHBIX 00JacTsIX cnekrpa (cm. tabmn.1.1).

Cnekmp  MOXHO TIPEACTaBUTh KaK  I[OCJIEJOBATENbHOCTh  KBAHTOB  DHEPIHH
ANIIEKTPOMArHUTHBIX KOJE€OaHUM, TOTJIOIIEHHBIX, BBIICIUBIIUXCS WM PACCEIHHBIX IPHU
MHOTOYMCIICHHBIX MEPEeX0Jax aTOMOB WM MOJIEKYN W3 OJHUX DHEPreTHUECKHUX COCTOSHUU B
apyrue. YactoTa morjonaeMoro Wik HCIyckaeMoro cBeta (4uciio kojebanuit B cekyHay, I')

onpeAcisIeTCsd NPOCTHIM BBIPAXKCHHUCM.

y= —E _E.- "+ : + I : (1.2)

rae - E COCTOSIHHE ¢ OOJIBIIICH SHEPTHEH, E - COCTOSIHHE C MEHBIIICH dSHEepruei

h=6,626"10'34 - JI)x ¢ — nocrossHHas [Lnanka.

DIIEKTPOHHO-KOJIe0aTeIbHO-BPAIIATeIIbHBIC CIIEKTPhI (COKPAIIEHHO — 3JIEKTPOHHEIE),
TpeOyrole HauOONbIIeH SHEPrUM, pacHojiaraloTcs B yIbTPadUONETOBOM M BHAUMOU
obmactsix crekrpa (CM. Tab6ma.1.1). OraenbHBIE TOJOCHI B 3THX CIHEKTPaX COOTBETCTBYIOT
pasnuuHbIM AE o, Ipu 3a1aHHbIX AE,;, @ OTJENIbHbIE TUHUU B TOJI0CAX — PA3THUHBIM AE G5,
1pu 3aaHHbIX AE,; U AEyo; .

Tabn.1.1

Cl’leKmdeZbele Ouanaspol, ucnonbszyembvle GMOJZQKyJZ}lpHOﬁ cCnekmpockonuu
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OO6nacThb JlmiHa BOJIHBI, MKM BomnnaoBoe uucno, oM™
Bunnmas 0,4-0,8 25000-12500
Bamxuas UK 0.8-2,5 12500-4000

Cpennsis UK 2,5-25 4000-400

Haneuss UK 25-100 400-10

Ecmn MOJICKYJIa HAXOJUTCA B OCHOBHOM J3JICKTPOHHOM COCTOSIHUU U 3JICKTPOHHOC

COCTOSIHME HE U3MEHSETCS MPU B3aUMOJIEUCTBUHU C U3TyYeHUEM, T. €. AE,; = 0, To noiayyaem

— E - E — EKOJI_ EK011+ Egpam_ Espam (13)
h h h

B »53ToM cnyyae BO3HMKaKOT KoJjieOaTeabHO-BpallaTelIbHbIE CIEKTPBhl (COKpAIIEHHO —

|4

KoJieObaTenbHBIE), JieKamue B WHPpakpacHOW obOmactu crnektpa. OTIenbHBIE TOJOCH B
3TUX CIEKTPaX COOTBETCTBYIOT AEypy TpHU 3aaHHBIX AE,. Ecin AE,; =0 u A E, =0 u

HU3MCHACTCA TOJIBKO BpaliaTCjibHas SQHEPIrusd , TO

— E._ E _ Elﬁpam_ E;pam (l 4)
h h '

Torga mosBiAIOTCA JUIIL BpalllaTesbHbIE CHEKTPHI, JieXkKallhe B JAajdbHEl uH(pakpacHOU u

|4

MHUKpPOBOJIHOBOW 00JacTSX M COCTOSIIUE U3 OTACABHBIX JIMHUNA, COOTBETCTBYIOIIUX Pa3TUYHBIM
AEgpay, B Tabin.l.1. npuBeneHbI IpaHUIBI CIIEKTPAIBHBIX JUAIIa30HOB.

[TockonbKy CKOpPOCTb pacHpOCTpaHEHHsS! AIIEKTPOMArHUTHOTO M3JIy4EHHUSI B BaKyyMme
SIBISICTCS. BETMUMHOMN mocTosIHHOM (C= 29997925+3 M ¢™), mmuua Bomusl A u uacrora v (I'm)

CBsA3aHbl COOTHOIIICHUECM

v=—

A
~ -1
B UK crekTpockonmuy 4YacTo HCIOJB3YIOT BOJHOBOE YHUCIO V , (CM ) - BEIHYHHY
oOpaTHyIO JUIMHE BOJHBI U OTBEYAIOIIee YUCITY BOJIH, mpuxoasamuxcs Ha 1 cMm. Torga sHeprus

QJICKTPOMATrHUTHOT'O U3TTYYCHUS MOKCT OBITH BbIPA’KCHA KaK BCJIMYMHA 06paTHa;1 JJINHE BOJIHBI,

IIpHU 5TOM IIKaJlda 4aCTOT IPOIIOPIHHOHATIbHA IHTKAJIC BOJIHOBBIX YUCCIIL.

=E=hcv

A

E=hv

CoracHO YCTaHOBMBILENCS TIPAKTUKE 9acTOTHI (V) U BOMHOBBIE uKcna (V ) 0003HaYar0T OJHUM
U TeM K€ CUMBOJIOM V. Ilpu 3TOM Hepenko, MpUBOJSA JaHHbIE AJsl MEPEXO0JIOB B BOJIHOBBIX

quciax, roBopsaT 0 4aCTOTC MEPEXOa0B. B CUITy IPOIIOPHHUOHAIIBHOCTHU HIKAJI YaCTOT U BOJIHOBBIX

YUCCII HO,Z[O6H3.5I TCPMUHOJIOTUA OOBIYHO HE NPHUBOAUT K HCJOPAZYMCHHUAM.



OTMeTuM, 4TO Ha3BaHUE «KOJeOATEIbHBIE CIEKTPHD» MPUMEHSIOT KaK K HHPPaKPaCHBIM
KoJe0aTeabHO-BpallaTeNIbHBIM CIIEKTPaM, TaK M K KOJIeOaTeNIbHO-BPalIaTEIIbHBIM CIEKTpaM

KOMOMHAIIMOHHOT'O PAaCCesHHUS.

1.2. KonebdaTreabHoe ABM:KeHHe M HH(PaKpacHble CIEKTPbI MOJIEKY.T.
I'apMoHMYeckHe M aHTAapMOHUYECKHE KOJ1e0aHUsA

KonebarenbHble YpOBHU SHEPTUM MOXHO HANTH IyTEM PEIICHUS 3a/1aud O JBWXKEHUU
snep. [lo cpaBHEHHIO ¢ TIepeMelIeHEM 3JIEKTPOHOB SApa IBUKYTCS OTHOCUTEIBHO MEJJICHHO,
TaK 4TO C XOPOUIUM NPHUOJIMKEHUEM MX MOXHO CUUTATh HEMOJBWKHBIMU. Torna U3MEHEeHue
MOJIOKEHUSI DJIEKTPOHOB MOXHO paccMaTpuBaTh NPH 3aJaHHOM TOJIOXKEHUH  sJIep.
DJIEKTPOHHAS SHEPTHS MOJICKYJIbI OyaeT QyHKIMei koopauHar saep (r)

[Ipocreiiieit  MOAENpI0  HCCIENOBAHUS  MOJEKYISPHBIX  KOJ€OaHWW  sBIETCS
NByXaTOMHasi MoJjekyna. Mousekyny AB (WiM JABYXaTOMHYIO TPYIIHPOBKY B COCTaBe
OpraHMYECKON MOJIEKYJIbl) MOKHO TNPEACTaBUTh B BUJE JBYX IIAPHUKOB C MaccaMd Mma M mg,
CBSA3aHHBIX MEXIYy cO00il MpyKHWHOUN (YHpyroil CBSI3bI0) C PaBHOBECHBIM pPACCTOSHUEM [
(puc.l.1a). Ilpu cmemennn mapukoB A u B W3 MONOXKEHUs paBHOBECHsI HAa paccTOsSHUE Ar
BO3HMKaeT Bo3Bpamaromas cuia F (puc. 1.16), ctpemsiiascs BepHyTh cucteMy AB B ucxojnoe
paBHOBecHOE nojioxkeHnue. Cuna F onuceiBaercs ¢ moMolbo 3akoHa ['yka:

F =—fAr,
Ar = r-re — U3MEHCHHE JTMHBI IPYKHUHBI (CBsI3K); T — crustoBas mocTosHHast MPYKUHBI (CBS3M).

JIBI>KeHME, MPOUCXOAIIEE TIOCIe CMEIICHUs MapukoB (aToMoB) A u B U3 mosoxeHus
paBHOBECHUS HA3bIBACTCA MPOCTHIM FAapMOHMUYECKMM KojeOaHHeM. B coOTBeTCTBMU C 3aKOHOM
I'yka (3Heprus nponopLUOHANbHA KBaJApaTy NEpeMeEIleHus) KoueOaHus MOTyT ObITh ONHCaHbI
napaboaMyecKol MOTEHUUATIbHOW KPUBOW rapMOHMYECKOro ocuuuisiropa (puc. 1.2), corsiacHo

YpPaBHEHUIO:

fxAr?

2
rac f — cunoBas mocrosiHHAsA XUMUYECKOM CBA3H, Ar — CMCIICHHUEC AaTOMOB H3 IIOJIOXKCHHA

V=- (1.5)

paBHoBecusi. Dynkius V(r) mpeacraBiser coO0d CHMMETPHYHYIO Mapadoiry, MPOXOISIIyO

4yepe3 TOYKY MHUHHMMYMA, COOTBCTCTBYIOLIYIO PABHOBECHOMY MCKBAACPHOMY PACCTOSHHIO Ie

(puc. 1.2a).



F

_ ) le AP

r

a 6

Puc. 1.1. Mooenv monexynor AB, cocmosiweii uz 08yx amomos (Uapuxos), COeOUHEHHbIX
YNpY2oUu XUMUYECKOU C8A3bI0 (NPYIHCUHOT), uMetowell pasHosecrhoe paccmostue I (a). Cucmema

AB 6 cocmosinuu cmewenus Ha paccmostue Ar (0); noseieHue npu 3mom 8038pawjaroweri Cuvl
F.

o -1
Yactota konebaHuid (Vo) TApMOHMUYECKOTO OCHWLIATOpa (CM ) ONMCHIBAETCS

YpaBHEHUEM:
1 |f 1 +
Vy=— |- = fMa™Ms (1.6)
2zc\n 2aC Mmams
MaMs
f — cumoBas mocTosiHHAS CBSA3H, IMH/CM, n=——— - [pHUBEICHHAsA Macca IByX aTOMOB C
mat+ Mmes

MaccaMu Ma 1 Mg, T.
3HaYeHHE CHIIOBOM MOCTOSHHON f mpuOmmKeHHO paBHO 5%10° JIUH/CM JUTSE OJTMHAPHBIX

cBs3ei, u B 2 1 3 pa3a OoJibllie JIJIs1 IBOWHBIX U TPOMHBIX CBSI3€M COOTBETCTBEHHO. [IprMeHeHne
atoit popmynsl anst C-H cBsizm ¢ ydeToM mMacc aTOMOB yTiiepoja (19,8*1024 r') ¥ BOJOpoJa
(1,64"‘1024 r), JaeT BeJW4YuHy 4acTtoThl konebanmii C-H cBszu 3040 emt. JleicTBUTEIIBHO,
4acTOTHl BJICHHBIX KoJjieOaHuit MeTuiabHbIX CH3 u MermimenoBeix CHj rpymnm HaxomsTcs, Kak
npaBwio, B nuamna3zone 2960-2850 em™. Pacuer, ectecTBeHHO, MPUOIM3UTEIICH, TTIOCKOJIBKY HE
YYUTHIBAIUCH B3aUMOJICHCTBHUS CBsI3€H, BO3HUKAIOIIUE BHYTPH JIFOOOHM MOJICKYJbl. Beruncienue
4acToT U (OpM HOPMAIBHBIX KOJIeOaHUI JFOOOM MOJIEKYNBI COMPOBOXKIAIOTCS MOCTPOSHUEM
GyHKIME TOTeHIHaNbHOM »Hepruu. Hambosnee mnonHas mnoTeHIMalbHas (YHKIUS OJDKHA
BKJIIOUATh WWICHBI, OIKCHIBAIOIINE B3aUMOJCHCTBUE MEXIYy BCEMH aToMaMHU B MOJEKYJe,
HE3aBUCHUMO OT TOT'O, CBSI3aHBI OHU WJIN HET.

Habnronaembie SKCIEpUMEHTAIBHO YacTOTHI KOJIEOAHUN MCTOIB3YIOTCS B CBOIO OUYEepeh
JUIS BBIYHMCIICHUS CHIIOBBIX TIOCTOSTHHBIX CBSI3€ B MOJIeKynax (oOpaTHas KojeOaTenbHas 3a/1a4a).
[TprueM 1711 MHOTOAQTOMHBIX MOJIEKYNT BbIpakeHUe 1.6. CTAaHOBHTCS ropas3io OOJee CIOKHBIM,
TaK Kak B KaXKJoe KojeOaHHe BOBIIEKAETCS MHOI'O aTOMOB, a T€M CaMbIM M MHOTI'O CHJIOBBIX

ITOCTOAHHBIX.



Konebarenbuas OHCPTryusd KBAaHTOBaHA. 910 O3HA4YacT, 4YTO OCHUIUIATOP MOXKCT
HaxXOJUTBCA TOJIBKO B OHNPCACIICHHBIX OJHCPIrETUYCCKUX COCTOAHHAX. Ha nuzmem YPOBHC
MOJICKYJIa HC IMOKOHUTCA, a KOJIeOJIeTCs C HeKOTOpOﬁ YaCTOTOM OKOJIO MOJIOXKECHUS PaBHOBCCHA.

Pemienne ypaBuenusi Ilpegunrepa il rapMOHHUYECKOTO OCLHMIUIATOpPA JA€T JUCKPETHBIE

3HAYCHUA SHCPTHUH.

Erous hvo(u+%), (17)

rac h — mocrostaHas HJ'IaHKa; v - KojiebaTenbHOE KBAHTOBOE YHrCJI0, KOTOPOC MOXKET IIPUHUMATDH

TOJIBKO TIOJIOKUTEIIbHBIC [ETIOYHUCIICHHBIC 3HAYCHHS; V— 4aCTOTa OCHOBHOTO KoJieOanus (B I'1).

V,

‘l ﬁ' v=|
Ty
2 o=0
i'c r Vi
a 0

Puc. 1.2. Kpusas nomenyuanvHoul dHepeuu u yposHU KoaebamenbHOu dHepeuu 2apMOHULECKO20
ocyunnamopa (a). Cxemamuueckuii KoieOamenvbHulll CHeKmp 2apMOHUYECKO20 ocyunisamopa (0)

HauMmeHnbiee BO3MOXKHOE 3HAUEHHE DOHEPrUM B  COOTBETCTBHU C  IIPUHLUIIOM
N hv
HeomnpeneaeHHocTd [eiisenOepra, He PaBHO HYIIO, a PaBHO R DTa 3HEprus Ha3bIBACTCS

SHEpruei HyineBoi Touku. OTCIOAa BBITEKAET Ba)KHOE MPABWIIO OTOOpA /ISl TapMOHUYECKOTO
OCLUILIATOPA
Av =1,

T.e. KoJie0aTeIbHOE€ KBAHTOBOE YHCIIO JAOJDKHO HU3MCHATBCA TOYHO Ha 1, " CIICKTp TaKoOro

oCcHUJIATOpa COCTOUT TOJIBKO H3 OJHOH JHHHUU C 3Hepl"I/IeI71 hVO, TaK KaK JHCPIreTHUYCCKUC

YPOBHM DPACIHOJIOKEHbI Ha PaBHBIX PACCTOSHUAX APYr OoT Apyra (cMm. puc. 1.26) . [Inga mambix

K0JIeOaTeIbHBIX KBAaHTOBBIX qUCCII T apMOHI/I‘-IeCKI/Iﬁ OCHUJIIATOP SABIIACTCA BIIOJIHE
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peanucTudeckoil Mojenblo. C yBEIMYEHUEM KBAaHTOBOI'O 4YHUCJIA BO3PACTAET OTKIOHEHHE OT
UACANBHOCTH, YPOBHM DJHEPIrUU JOCTUTAIOT OINPENEICHHOrO IMpelesa, TIA€ MOJEKYIbI
pacnazarorcs («IIpyx’uHa pBETC»).

MOHCKy.]BIpHBIe KoJIeOaHus B I[efICTBI/ITeJIBHOCTI/I HC SABJISIIOTCA «TFapMOHHUYCCKUMMN)). 9T0
O3HAayaeT, YTO NOTCHIHAJIbHAs DSHEPIrUs MOXKET OBITh HE CHMMETPUYHON (yHKIHEeH
OTHOCHTEIIFHO TIOJIOKEHHSI PAaBHOBECHSI KOJICONIOMIMXCS MAacC M HE MOJYUHATHCS TPOCTOMY
BBIpaKeHWI0 Tuma 1.5. Peanmcrudeckas TOTEHIMANbHAS KpWBas ULl MOJIEKyl 1o (opme

HAIllOMUHAET KPHUBYIO, PUBEACHHYIO Ha puc. 1.3, a.

a

il O

\ ‘ —/L' BTOPOIT 06epTOH
epBBIT 00epTOH
Vi

OCHOBHOH rnepexon

L1

vV Vv, WV

e r

Puc.1.3 Kpusas nomenyuanbHotl s3Hepeuu aneapmonuyecko2o ocyuiismopa (a) Cxemamuueckuii
KonebamenvbHulll CNeKmp aHeApMOHUYECK020 ocyuiisimopa (0).
Jlis  aHaANIMTUYECKOro ONHCaHWSA TMOTEHIUAIbHOM (QYHKIUMHM aHTapMOHHUYECKOTO

ocuIIIATOPA V20, OOJBIIE BCETO MOAXOANT NOTeHIMAN Mopse:

V. = D(1l-e"), (1.8)

anzapm ~
rac D - OHEPTUA AUCCOLMAINUN CBA3U; Ar — CMCIICHUEC AaTOMOB M3 IIOJIOKCHUSA PABHOBCCHUA, a—

IIOCTOSAHHAA, OIIpCACIsieMasi BEIPAXKCHUCM .

a=2zv, é% (1.9)

I'JIe Vo — YyacToTa ocLuiisTopa (B I'1y); #— npuBeneHHas macca.

Anzapmonuunocms Konedanuil PEATbHBIX MOJIEKYN IPOSABIAETCS, NPEXKAE BCETO, B
HapymieHuH mpaBuina otbopa (Av = 1), Tak YTO CO CHIDKCHHEM BEpOSTHOCTH, T.e.
MHTEHCUBHOCTH, CTAHOBSTCS BO3MOXKHBI IepeXoJibl HE TOJIbKO Ha COCEJHHME, HO M Ha OoJiee
BBICOKHE PHEPreTHYEeCKHe YPOBHU ¢ Av = +2, +3, TO €CTh BO3HMKAIOT KOJIEOAHUSI C YACTOTaMH
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Vo-2 , Vo3 . DTH KoJIeOaHUs Ha3bIBAIOT 00epTOHAMU. B pe3ynbTare B CEKTpe aHTapMOHUYECKOTO
OCLMWJIIATOPA HapsAAy € MOJOCOW OCHOBHOTO KoJjeOaHMs (Vo.1) TOSBISIOTCS JOTOJIHUTEIBHBIC
muann  (puc.1.3.6). Ilepexoa ¢ HyaeBOTo YpOBHS Ha BTOpPOH (Vo) — OTBEYACT IMEPBOMY
00epTOHY, a YacToTa KoJeOaHui BTOPOro o0epToHa (Vo.3) BOSHUKACT NPH MEPEXOJe C YPOBHS
v=0 Ha TpeTHii konebaTeIbHBIN ypoBeHb (puc.1.3).

AHrapMOHUYHOCTh KOJICOAHUI MOJIEKYJ BBIPAKAETCSl TAKKE B M3MEHEHHH PaCCTOSTHHUS
MEXIy dHepreTudeckumMu ypoBusMu (puc. 1.3). [To Mepe yBennveHusi KBAHTOBOTO Yuciia (V) OHU
OyayT pacnojiaraTteCsi IUIOTHEE IPYr K JPYry. 3aceleHHOCTh pa3IMYHBIX KOJeOaTeIbHBIX
YPOBHEH MOJIEKyJaMH ONpeeNsieTcs pacipenenenuemM bomsimana. BeiencTBue mocTeneHHOTOo
CONMMKEHNS] YPOBHEW aHTapPMOHUYECKOTO OCHMILISTOPA YacTOTa MEPBOTO 00EpTOHA Vo.2 HEMHOTO
MEHbIIIe, YeM YIBOCHHAs 4acTOTa OCHOBHOTO TEpPeXoJia Vo1, @ YaCTOTa BTOPOTO 0OEpPTOHA Vo3

MEHbIIE, YEM YTPOEHHAas 4acTOTa Vo.1.

1.3. Cummerpus MoJieKy1. THIIBI HOPMAJIbHBIX KOJIeOaHU I
1.3.1. UHTeHcuBHOCTH KoJieOaHuil U npaBuJio ordopa B UK cnexktpax

MHOTroaToMHYI0 MOJIEKYJTy B MPOCTPAaHCTBE MOXKHO YIPOIICHHO TPEJICTABUTH
CHUCTEMOW IIAapUKOB, CBSI3aHHBIX MNpyKWHKaMH. [llapuku coBepIIalOT OKOJO TOJIOKEHUS
paBHOBecHsI (MUHUMyMa IMOTEHIHAIbHON 3HEPrUM) CJIOKHOE KoJiebaTelbHOE ABHKEHUE C
MaJIbIMU  aMIUIUTynaMHu  kosieObanuil. OZHOBpEeMEHHO BCS 3Ta CHUCTeMa BpallaeTcs B
MIPOCTPAHCTBE BOKPYT LIEHTPA TAKECTH.

JIro6oe crnoxkHoe KojebaTelbHOe IBUKEHHE MOKHO paccMaTpUBaTh KaK CYMEepHoO3ULIUIO
KojeOaHui  psila TapMOHMYECKUX  OCHWIUIATOpoB. Takue  KojeOaHWsS  HA3bIBAIOTCS
«HOPMAJIbHBIMIY. DHEPIusl Ka)KJI0ro HOPMAJIbHOTO KoJieOaHusi KBAHTOBAaHA U, €CIIU MpeHeOpeyb

aQHrapMOHHMYHOCTBIO, BEIPAYKACTCS, KaK U ISl JIByXaTOMHOU MOJIEKYIIbI, JOPMYIION:

1
E(v,)=hv, (v, +2), (1.10)
2
rae KojebarenbHOe KBAHTOBOE 4uCiIO i npuHUMaeT 3Hauenus 0, 1, 2, 3, . IlosHas sHeprus
KOJICOAHMSI MHOTOAQTOMHOW  MOJIEKYJbl  (CHCTEMbI, COCTOSIICH W3 | TapMOHHYECKHX

OCHWJUIATOPOB) paBHAa CYMME OJHEPrMd WX HOPMAJbHBIX KojeOaHwii. YHCIO BO3MOXHBIX
HOPMAaJIbHBIX KOJIEOAHHI COOTBETCTBYET YHCIY KOJleOamenbHblX CTeTIeHe CBOOObI B CUCTEME
u3 N yactuil (aToMOB).

N3BecTHO, 4TO OOIIIEe YnCiIo cTeneHei cBoOo bl cuctemMbl u3 N dactuil paBHo 3N, 4To
COOTBETCTBYET YHCIY KOOPAMHAT, HEOOXOMUMBIX NJsl OMpeAeNieHUs] TMOJIOKEHUS CHUCTEMBI B

MPpOCTPaHCTBC. OTO MOJIOKEHUE MOKHO 3aaTb TpECMA KOOpAWHATAMU LCHTPA MACC. W3 mux 3
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CTENEeHH CBOOOJBI MPHUXOIATCS Ha IOCTYNATEeNbHOE IBIKEHHE W 3 — Ha BpallaTelbHOE.
[ToaTomMy umciio KoneOaTeNbHBIX cTeneHe cBo0o bl MoneKyasl u3 N aromoB paBHO 3N—6. YV
nuHeHHbIX MoJekyn, Takux kak HCl, O, CO,, CyH; ecth TOJIBKO [1BE BpamiaTeabHbIC CTCIICHU
cBOOOJIBI, TaK KaK BpAIICHUWE BOKPYT OCH, MPOXOISIIEH uepe3 BCe aTOMBI, HE COBEpIIACTCS.
Takum oOpazom, y HenuHeiiHOW MoJekynbsl u3 N atomoB umeercss 3N—6 HOpMaIbHBIX
KoJjebanui, a y muHeitHon 3N—>5.

B 3aBucumoctu ot cummerpun mosiekyinsl B MK-cnekrpax mMoryr mposBiasiteesi (OBITH
aKTUBHBI) MO0 BCE HOpMalIbHBIC KoJjeOaHuWs, OO0 YacTh W3 HHUX. Beskas JByxaToMHas
MOJIEKYJIa HMEET HEKOTOpO€ paclpelesieHue JIIEKTPUYECKOro 3apsja BJOJb  CBS3H,
coenuHsOmENH 1eHTpsl artomoB. [lpm ocmMpyomeM KoneOaHUUM TaKOW — MOJIEKYJIbI
U3MEHSIETC paclpeieIeHUe dJIeKTPUUYECKOro 3apsaaa. K moriomenno uin SMUCCUU MTPUBOJIAT
KojeOaHus, MpPH KOTOPBIX MPOUCXOIUT U3MEHeHUue OUnoIbHO20 MOMeHma MOJIeKylbl. B
TOMOSIZIEPHOM JIByXaTOMHOM MOJIEKyJe pacTsKEHHE CBS3HM, OYEBHMJIHO, HE MEHSET HYJIEBOTO
JIMITOJIBHOTO MOMEHTA, CJIeI0BAaTEIbHO, MOJICKY/IBl Takoro tuma (Hampumep, Hy, Na, Oz, Cly u
1.11.) He Oyayr maBath MK konebatenpHBIN criekTp. B ciayuae nByXaTOMHOW TeTeposepHOM
modiekyisl (Hampumep, HCI, HBr, CO u jp.) ¢ u3MeHEeHHeM [UTMHBI CBSI3H MPU KoJicOaHUU OyeT
M3MEHATHCS M TUTIOJIBHBI MOMEHT, 3TH MOJIEKYJIBI JAIOT KOJIeOATEeIbHBIN CIIEKTP MOTJIONIEHUS U
HCITyCKAHMUSL.

Ilpasuna ombopa nipu nepexo e MHOTOATOMHBIX MOJIEKYJ U3 OJHOTO KO0JIeOaTeNbHOTO
COCTOSIHUSI B JIPYrO€ OCYILECTBISIOTCS KaK MO KBAHTOBBIM YHcCJaM (crenuduueckoe MpaBuiio
0TOOpa 711 TAPMOHUYECKOTO OCITUIIIATOPA):

Avi= 1,2,3, ,

Tak U 1o akTuBHOCTH Kojebanmit B MK- m KP-cmekTpax, ¢ y4eTroM TOUYEYHOW T'PYIIIBI
CUMMETPHH, K KOTOPOH NpHHAMISKHUT Mojekyra (cm. ri 1.3.4). Eciau npu HOpMaibHOM
KOJIeOaHUU TMPOUCXOTUT TAKOE JBIKEHHE S/Iep, UYTO YacTHAs MPOU3BOJHAs OT COOCTBEHHOTO
JUMOJIBHOTO MOMEHTA MOJIEKYJIBI 4 110 HOPMallbHOM KoopauHate Qi He paBHA HYJIIO:

L2 (1.11)
aQi Q=0

To 3T0 Kosiebanue HaOmionaercs (aktuBHO) B HMK-cmektpe mnornomenus. HopmanbHbie
KoopauHaThl Q; SBIAIOTCS NWHEHHOW KOMOWHAIIMEHl ecTeCTBEHHBIX KoopauHaT (i (T. e.
W3MEHEHUI MEXbSJIEPHBIX PACCTOSHUHN U YTJIOB M0 OTHOIIIEHUIO K PABHOBECHOMY COCTOSIHUIO).
Eciu mpu ToM wiM WHOM HOpPMalbHOM KOJeOaHWM YacTHas TMPOU3BOJAHAA OT
MOJISIPU3YEeMOCTH MOJIEKYIBbl @ (TO €CTh, CTemeHu naedopMalnuy 3JIEKTPOHHOM 0O00JOUYKU

OTHOCHUTCIIBHO ;mep) 10 KOOpAUHATE Qi HC paBHA HYJIIO:
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oa

.. £0 (1.12)

TO 3T0 KojebOanue HaOmonaercs (aktuBHO) B KP-cmekrpe. Takum 0Opazom, 4TOOBI MOTYyYHUTH
MOJIHBIA HA0OP HOPMAJBHBIX KOJeOaHWH (a CIeIoBaTelNbHO, M TOJOXKEHHE KOJIeOaTeIbHBIX
YpOBHEN SHEPrHH) MHOTOATOMHOM MOJIEKYIbI, He00X0auMo n3yuuth ee K- u KP-cnekTpsbl.
Kaxxnomy HOpMalibHOMY KOJI€0aHUIO COOTBETCTBYIOT OIIPEJIEIICHHbBIE CMEILEHUSI aTOMOB
W3 TOJIoKeHHUsT paBHOBecus. Jlyis Bo3HUKHOBeHUs crekTpa MK-mornomieHuss HeoOXoaumo
B3auMozeiicteue MK uznmydeHus ¢ MONEKyJIOW M HM3MEHEHHE IUIIOJBHOIO MOMEHTA IIPU €€
kojeOaHuu. OuYeBHUIHO, ATO YCJIOBHE BBINOJHSAETCS HE JUId BCEX HOPMAaJIbHBIX KoOJeOaHUil
MoJsieKynbl. PaccMOTpuM B KauecTBe mpocreiiiero mnpuMepa (opmbl KojaeOaHUN JIMHEHHOU
Monekynbsl COy st KOTOpOW MOMKHO OBITh YeThIpe HOPMaIbHBIX KoJsieOanus (pwuc.l.4).
JIunoNbHBIA MOMEHT 9STOM CHUMMETPUYHOW MOJIEKYJbl B OCHOBHOM (HEBO3MYILIEHHOM )
COCTOSIHUM paBeH Hymwoo. [Ipu momHocummerpuyHoMm kosebanuu (puc. 1.4,1) mpoucxoaut
CUHXPOHHOE€ JBMXXEHHWE aTOMOB KHCJIOpOJa IO HaNpaBICHUIO K IEHTPAIbHOMY aTOMY
yriaeposia U OT Hero, T. €. COXPaHIETCs CUMMETPHUS MOJIEKYJIbI U HE MPOUCXOIUT U3MEHEHUS
JUIIOJIBHOTO MOMEHTa, cCOOTBETCTBEHHO B K-criekTpe oTCyTCTBYET 3Ta mojioca MOTJIOIIEHHUS.
[Ipu aHTHCUMMeTpuyHOM KoJieOanuu (puc. 1.4,2), NUNOIBHBIE MOMEHT HW3MEHSETCH,
cranoButcs Bo3MokHBIM MK-nornomenne n B UK-cnexkrpe Habmarogaercs mosoca npu 2350

-1
CM .

(1) Cummetpuunoe sanentHoE (v CO3) (2) AcuMMeTpHYHOE BaleHTHOE (vy CO2)
1340 carl 2350 el
-

—@—— ? :
(3) Hedopmanuounoe (HoxuuuHoe) (&; COy)

667 curl (4) Hedopmanuounoe (Hoxuuduoe) (&; COy)
667 car!

Puc. 1.4. ©opmel nopmanvrwix konedanutl monexyavt CO

Bonpoc 06 unTeHcuBHOCTsAX MK-mojoc TecHO CBs3aH C M3MEHEHUSIMH 3JIEKTPOHHOU
KOHUrypauuu B mpolecce KojiebaHus, U B SIBHOM BHJE€ MOXKET OBbITh PELIEH TOJBKO IyTEM
pacuera TOJHONH BOJHOBOM (QYHKUMH MOJeKynbl. OIHAKO SMIUPUYECKHE KOPPEISALUH

MHTCHCUBHOCTH CO CprT(TypOﬁ ITOJIC3HBI.
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Ecnmu a, — xo3ppunmeHT nmoraomeHus mpy 4acToTe v, TO OCHOBHOE COOTHOIIICHHE MEXTY
HaGJIIO[[aeMBIMI/I HUHTCTrpaJiIbHBIMU MHTCHCUBHOCTAMU WU JUIIOJIbHBIM MOMCHTOM CBS3U U (B NepBOM

npUOIMKEHUH) 3aIIMCHIBACTCS B BHJIE
dy = N7z | ou ’
_[av V=32 20| (1.13)
rae Q, - HopManbHas KoopAWHATa KoseOanus, N — 9uciio MoJieKyn B 1 oM’ obpasna, c U T
UMEIOT OOBIYHBIC 3HadYeHHWs. JleBas dYacThb ypaBHEHHs MOXET OBITh HU3MepeHa Ui
n3oaupoBaHHbIX nosioc MK-cnekrpa.

Takum o0OpasoM, cornacHo npaBuiaMm oto6opa B MK cnektpe moryr oOHapyKuBaTbcs B
Ka4ecTBE OCHOBHBIX YAaCTOT TOJBKO TaKHe KOJEOaHHs, THI CHMMETPUU KOTOPBIX COBIANAET C
TUIIOM CUMMETPUHM [0 KpalHEH Mepe OJHOM COCTABIISIIOUNIEH IUIIOJIBHOIO MOMEHTA 4 JUIS
paccMaTpuBaeMol TOYEHHOU rpymmbl. OOmMe MpencTaBieHUs O CUMMETPUH MOJIEKYyNl OymyT
KpaTKO pacCMOTpPEHsI B 1. 1.3.4.

OTMeTHM, 4TO YHUCTO KOJeOaTeIhbHBIX CIIEKTPOB CBOOOHBIX MHOTOATOMHBIX MOJICKYI HE
cymectByeT. Kaxmoe kosiebaTenpbHOE COCTOSHHE WMEET CBOM COOCTBEHHBIM HaOOp
BpallaTeIbHbIX COCTOSIHUI, MOATOMY B ra3oBoi (a3e Bcerjna HabmonarTcs KojedaTenbHO-
BpallaTeabHble CIEKTPhI, UMEIOIIYIO CIOXKHYIO CTPYKTYpY mojoc. B konaeHcupoBaHHOH (aze
13-32 MEXMOJIEKYJSIPHOTO B3aMMOJICHCTBUS BpaIleHHE MOJIEKYJ 3aTPYJHEHO U BpallaTeibHas
CTPYKTYypa OOBIYHO OTCYTCTBYET.

1.3.2. Xapaxkrepucrudeckue 4acTtorbl. 00/1aCTh «OTNEYATKOB NAJIbIIEB)»

[Ipu cpaBHeHMHM OOJIBLIIOrO 4HCIA CHEKTPOB Pa3IMYHBIX MOJIEKYJT OOHapyXKeHO, YTO
KoJiebaTeNIbHBIC MOJIOCH ONpeaeaeHHbIX rpymni aroMoB (Hanpumep, C=C, C=0, CH; u np. )
MMEIOT OJMHAKOBBIC HJIM OJIM3KHWE YacTOThl HE3aBHCHUMO OT OKpYXKarouux ux rpynmn. Takue
MIOJIOCHI HA3bIBAIOT XaAPAKTEPUCTHUYECKMMH WIH TPyNoBbIMU. OHHM 4acTO MO3BOJIAIOT OBICTPO
U OJIHO3HAYHO MOATBEPIUTh HAUM4YME WIM OTCYTCTBHE (pparMeHra, OTBETCTBEHHOTO 3a
MOTJIONIEHNE. DHEPrusi XapaKTepPUCTUYECKOTO KoJieOaHMsl COCPEJOTOYeHa B OCHOBHOM Ha
onpeneneHHoi cBs3u. [loaToMy KoBasleHTHYIO CBSi3b X-Y B MOJEKYJ€ MOXKHO MPUOIUKEHHO
paccMaTrpuBaTh Kak JBYXaTOMHYIO MOJIEKYIY U €€ 4acTOTy V (IpU 3HAaHWU COOTBETCTBYIOIIEH
CHJIOBOI TOCTOSIHHOM) paccuuTaTh IO ypaBHEHHIO 1.6 HE y4uThIBash TOTO, 4YTO CHJIOBAas
nocrosiHHas f, MeXbaaepHOe pacCcTOsSHIE U MacChl BCEX aTOMOB B3aWMOCBSI3aHBbI.

Hanpumep, B cBs3six X-H nerkuit arom Bomopoaa KoJsiebieTcs OTHOCHUTENBHO Oosee
sokenoro aroma X (C, N, O u 1.1m1.). /[Bi>KeHue r1aBHBIM 00pa3oM COCPEeIOTOYeHO Ha Ooee
JIETKOM aTOME, U, CIIeI0BaTeIbHO, MOABEPraeTCs He3HAUUTEIbHOMY BIHMSHUIO OCTaJIbHOW YacTH
MOJIEKYJIbl. YacTOThl IMOJIOC TOTJIONIEHHs BaJeHTHBIX Kosiebanuit X-H umeror HambGosbliee

3Ha4YeHUs1 cpenu Apyrux X-Y kosieOaHWi, TOCKOJIBKY MpuBelIcHHas macca (1, ypas. 1.6.)
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HaIpOTUB, MMEET HAUMEHBUIYI0 BEIMYMHY 3@ CHET JIETKOIO0 BOJOPOJHOIO aToMa. 3aMeHa
BOJIOPOJIa HA JEUTEPU MPUBOAUT K U3MEHEHUIO MPUBEACHHON MAcChl, UTO CIBUIAET CIIEKTP B
CTOpPOHY MEeHbIIKX YacToT. Hanpumep, kosnebanus cBsa3u OH B Mosekyne Bojbl, HAOIIOIAIOTCS
npu ~3700 cm™, a v (OD)- B oGmactu 2700 cM™ (3T0 0BCTOSTEIBCTBO YACTO HCIIONB3YIOT TIPU
HCCJIEJOBAaHUU CBOICTB IMOBEPXHOCTU KaTajU3aropa - TUAPOKCUIIBHOIO MOKpPOBA, MOJIEKYII-
3ou70B D20, CD3CN, u 1p.).

Jlpyroii Tun XapakTepUCTHUECKHUX YacTOT BO3HMKAET BCIIEJICTBUE TOTO, YTO CBSI3aHHbBIC
aTOMBI UMCIOT OJIM3KUE MACChI, U UX KOJICOAHUS CIIa00 B3aMMOJICHCTBYIOT C OCTAIIBHON YacThIO
MoJsiekynbl. [IpuMepamMu Takoro pojaa SIBISIOTCS 4YacTOThl BAJEHTHBIX KOJIEOAHUI KpaTHBIX
cBsizelt, kak B rpymmax >C=0 u C=N.

AnHanoruyHo u apyrue 0oJjiee WM MEHEe HW30JMPOBAaHHbIE TPYNIbl Kak (EeHUIIbHAS,
CBSI3aHHAs C YIJIEPOJOM, MM METHJIbHAS - C KPEMHHEM, HAXOAATCS B cIaboM KoJjeOaTeTbHOM
B3aMMOJICIICTBUM C OCTAJBHOM YAaCThIO MOJIEKYNBI, IO KpailHEd Mepe, Uisl HEKOTOPBIX
HOpMaJbHBIX KojeOanuil. HaGopel xapakTepucTUdeckux KojieOaHHM CBeAEHBI B TaOIUIIBI,
KOTOpble MOXHO HaWTH B KHHUrax, NPUBEICHHbIX B KOHIlE IjiaBbl. B 00001ieHHOM BHE

OCHOBHEIE 00J1aCTH MMPUBCACHBI HUXKEC:

Bonsopoe uncno, cm—!

4000 2000 1500 1000 800 400
T T T T T T
’_O-H.N-H(a:mclmu.) C=0 (sanesti.) C-O (panenm.)
C-H (sanewni) Cw=N (sanenmi.) CN (sancimi.)
C=C, CsN (pasienmit.YC=C (mancHTH.) C-C (manentn.)
N-H (aedopmair.) N-H (aedopmant)
CH (achopmau.) C-H (achopmart.)
O-H (acdopmanr.)
}_
L L Ipynnosbie 4acToThl . O6nacTs «OTNEYATKOB NanbLEB»
= 2 N
114_111414L111111111LL14114J‘
2 3 4 5 6 7 8 9 10 11 12 13 14 15 25

JInuiia BONHBL, MKM

Haubonee mupopmaTuBHEIMU mnpu uHTeprperanuu WK-cnekTpoB sBistorcs oOnactu
rpymmoBsIX gactot mpu 2500-1500 cm™ i 4000-2500 cm™. AHamms mepBoii U3 HEX MO3BOISAET
OTIPENIeNIUTh B CTPYKTYype coenuHeHus HenpeaenbHbie pparmentel: C=C, C=C, C=0, C=N, C=N,
apoMaTuieckue u rerepoapomaruueckue sapa. [lonocer nornomenust B oomactu 4000-2500 cm
1
MO3BOJISIOT OJJHO3HAYHO MIEHTU(PULIMPOBATh Takue (pyHKIMoHaNbHbIE rpynnsl kak O—H, N-H,

S—H, a taxxe pa3nuuHble TUIIBI CBSA3EH yriepoa—Boaopo. ObmacTh ciekrpa B auanazone 1500 -
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600 cm™ XapakTepHa s BaJICHTHBIX KoyieOaHWi mpocThix cBsizeii: C—C, CN, COmu
nepopMarmoHHbIX KosiebaHuii mpocthix cBsizeir X—H: C-H, O-H, N-H. Ona nonyuwna
CHeIHaIbHOC Ha3BaHHWE - O0JIACTH «OTIECUYATKOB IMAJBIEBY», T.K. MOJOKEHUE U WHTECHCHUBHOCTH
MOJIOC TIOTJIONMIEHUS B 3TOM JMAara3oHe CTPOTr0 WHIUBUIYATbHBI JJI KaXKIOTO KOHKPETHOTO

OpraHn4eCKoro COCAMHCHUA.

1.3.3. ®akTopsl, BJIUSIOIIHE HA YACTOTHI KoJedanuii. Tunsl kKoaedanui

Maccwbt B3auMOICHCTBYIOIIUX aTOMOB, KaK MBI BHJICIIA, UMEIOT CYIICCTBCHHOEC BIIHSIHHC
Ha 4acToTy KoJyiebaHuil. Manas Macca aToMOB BOJOpPOAA NPUBOAUT K TOMY, YTO YaCTOTHI
xonebanmnii cesseit C-H, O-H, N-H cocrasmsaror 3000-3500 emt. YactoTsl KoneGanmii MPOCTHIX
ceseil C-C nexxar B o6mactu 1000 cM™. DTo HaxXomuTcs B COOTBETCTBMM C TEM UTO,
npuBeaeHHas Macca cBsizeil C-C 3HaunTenbHO Oousblie NMpuBeAeHHON Macchl cBsizedt C-H. Jlns
CBSI3CH, COJIEPIKAIUX TSDKENIBIE aTOMBI, YaCTOTHI KOJIeOaHuH emre MeHbIne. Harpumep, s cBs3H
C-Cl gacroTa xonebanuii cocrasisieT okosio 700 CM'l, a s cssasu C-1 - oxomo 500 emt,

MeHbIiee 3HaYCHHE, Y€M MacChl aTOMOB, B TOJIO)KEHUH ITOJIOCHI KOJICOAHHS B CIICKTpE
UMEET Pa3JINYUe CHIIOBBIX MOCTOSIHHBIX. OJIHAKO B HEKOTOPHIX CIy4asX CUI064:A NOCHOAHHAA
c6A3u MOXET UrpaTh U onpenensonyto poias. Hanpumep, npu cpaBuennu C-H u F-H rpynn Ha
OCHOBE TOJBHKO MAacC aTOMOB MOXHO HNPUMTH K 3aKIIOYEHHMIO, YTO YacTOTHl BaJEHTHBIX
kosieOannii cBs3u F-H momxebBl ObIThE HUKe uyacToT BajeHTHBIX C-H koneOanwnii. OmHako mis
aTOMOB MEPBBIX JIBYX PSAIOB MEPUOINYECKON TaOIULIbI YBETMUEHUE CHIIOBBIX TOCTOSIHHBIX CIIEBa
HaIpaBo BJOJIb TIEpHOJia UMeeT OombImil 3hdexT, yem yBeauueHue ux macc atromoB. [loatomy
gacrota F-H koneGanuii Gonsme (4138 cm™), uem rpymmsr C-H (3040 cm™).

Kpome TOro, MOKHO CpaBHUTH HOJIOKEHUS IMOJIOC PA3JIMYHBIX KOJIeOAHUI ONHUX U TeX
e aToMOB. V3MeHeHHe YIioB MeXAy CBS3SIMH MPOUCXOJUT TOpa3io Jjerdye, yeM H3MEHEHHE
JIMH 3TUX cBsA3eid. CHUiloBasi MOCTOSIHHAS JUIS M3MEHEHUs YriioB i Mana 1o cpaBHeHHIO
CHJIOBO# TIOCTOSHHOM /1Sl K3MEHEHUS [UTHH CBS3EH fyay.

fue(ll <<fBan
OG6byHO fiep IPUMEPHO B JeciTh pa3 MeHbie uYeM fy,,. Hampumep, B Merane cuioBas
nocTosiHHas Juis u3MeHeHus yrinoB H-C-H moutu B 12 pa3 MeHble CHIOBOM MOCTOSTHHOM st
n3MeHeHus JIuH cBsa3er C-H.

T'eomempusn WM, COOTBETCTBEHHO, CUMMempus MOJEKYIbl OKa3bIBAIOT CYIIECTBEHHOE
BIIUSHUE HA  YacTOTy W  HUHTEHCHUBHOCTh  cCleKTpa  morjouieHus.  OTcyTrcTBHE
XapaKTePUCTUUYECKOTO TOTJIOMICHHS B OMpEAeNIEHHOM BHUJE CIEKTpa HE JOJHKHO 00s3aTelbHO
yKa3bIBaTh Ha OTCYTCTBHE JaHHOHW rpymmbl. Hampumep, BaleHTHOE KojeOaHWEe TBOMHON CBSI3U

C=C He nposBiIsieTCS B CIIEKTPaX TaKUX CUMMETpHYHBIX MoJekyn kak CH2=CH,, CClL=CCl;
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wm  Tpanc-uzomepoB HCX=XCH, mnockoinbky KoieOaHUE MPOUCXOMUT OKOJIO IIEHTpa
CHMMETPHHU U HE BBI3BIBACT U3MEHEHHSI JJUMIOJIBHOTO MOMEHTA. TOJIBKO B IIUC-M30MEPax MOJICKYJ
onepunoB tuna HCX=HCX nHabmogaroTCs HMHTEHCUBHBIE TMOJIOCH TOTJIONMICHUS JIBOWHBIX
cBsi3eit mpu ~1600 CM™, MOCKOJIBKY 316Ch B M3MCHEHHE JMIONHLHOrO MOMEHTA BHOCST BKIIAL
konebanus CH u CX cBszeil.

AHanorn4HbIM 00pa30oM CHATHE CHUMMETPHH KOJICOAHUS MOXKET NPOUCXOAHUTH TIPU
Nepexoie OT ra30BOM WM KUAKON (hazbl K TBEPAOMY COCTOSHHIO WM MIPH aICOPOLIUU MOJIEKYI
Ha pa3MUYHBIE TOBEPXHOCTH. [IpUMeppl Takoro HapymeHUs CHMMETPUH KoJeOaHun
paccMoTpeHsl B pazzaene 4.5 it aqcopOMpOBaHHBIX HA MOBEPXHOCTH KaTaJIM3aTOPOB MOJIEKYII-
30HJI0B (QJIKAHOB).

[To popme HOpMaJIbHBIE KOJIeDaHUS JCTSTCS Ha BaJleHTHBIE, OOBIYHO 0003HAYaeMBbIE V
u aedopmManuoHHble 0. BaneHTHble KoyiebaHMs MPEACTABIAIOT COOOW CMEIIEHHE aTOMOB OT
TIOJIOYKEHHSI PABHOBECHS BJIOJIb OCH CBSI3M, TaK YTO MEXKATOMHOE PACCTOSHUE YBEINYHBACTCS
WU yMeHblmaercs. [ Bo30yKACHHS TakuX KoJieOaHUN TpeOYIOTCs CpaBHUTEIHHO OOJBIIME
sHepruu. JlehopMmarioHHbIe KOJIEOaHUSI MOTYT COCTOSATh B U3MEHEHHH YIJIa MEXKIY CBS3SIMH C
o0mMM aTOMOM WJIM W3MEHEHHEM TIOJIOKEHHS  OTACIBHBIX  (ParMEHTOB  MOJIEKYIBI
OTHOCHTEIILHO OCTalbHO#M ee uacth. Hampumep, HOXHHUYHOE (scissors), kpyTuibHOe (twist),
masiTHrKoBo¢ (rocking), Beeproe (wagging), kpyrumsHoe —torsion u ap.

Banenmnvie xonebaHusi TOIPA3ACTAIOTCS HAa CHUMMETPUYHBIE M aCUMMETpUYHBIE.
Hamnpumep, nist HeMMHEHHON TpEeXaTOMHOMW MOJICKYJIBI TOJDKHBI HAOMI0IaThCS TPH HOPMaIbHBIX

KoJieOaHus1, TOKa3aHHBIC HIDKE Ha TIpuMepe MosieKybl HoO:

CHMMETPHYHOE EATEHTHOE Acummerpuanoe BaneuTHoe | JedopMauHoHHOE (HOXHHTHOE)
(v, OH) 3652 car'! (v O 3756 carl) (8; HOH) 1596 car'!

Buano, uto nedopmarionHoe (8) kojaebaHue pacroyioKeHO B 001acTr 00jiee HU3KUX 4YacToT,
M0 CPAaBHEHUIO C YaCTOTAMHM BaJICHTHBIX (V) KOJIEOaHU.

Cnenyer OTMETUTh 00 O2paHuueHusax TPU TOJIb30BAHUU KOHYENyuu 2pynnosvix WIH
XapaKTePUCTUUYECKUX YacTOT TMpU HIEeHTUDUKAUU coeAuHeHui. OTCyTCTBHE B MOIIEKyIe
KaKOM-TO CBSI3M WM (hparMeHTa JOCTATOYHO HAJIEKHO JIOKa3bIBACTCS HA OCHOBAHUU OTCYTCTBUS
COOTBETCTBYIOIINX Xapakrepuctudeckux win rpynnoBsix B UK u KP cnekrpax. B To e Bpems
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JenaTh 3aKIIOYEHHE O HaJMYhie B MOJIEKYJE TE€X WIM HMHBIX CBS3€d WM (parMEeHToB IO
HaOrOaeMbIM B CHEKTpax  I0JIOCAM,  MPEANOJIOKUTETBbHO  NPUHUMAEeMbIM 32
XapaKTEPUCTUUYECKUE, CIENYET C OCTOPOXKHOCTHIO. Jleno B Tom, uTo Habmarojaemasi moJioca
MOJKET ObITh 00YCIIOBJIEHA KAKUMHU-TO COBCEM JPYTUMHU KoJIeOaHUSIMHU MOJeKylbl. [loaTomy npu
HCII0JIb30BAHNHU XapaKTEPUCTUUECKUX MM FPYNIOBBIX YaCTOT HAJI0 PaCCMaTpUBaTh AOCTATOYHO
LIIMPOKUN HMHTEPBal BO3MOKHBIX ISl JAHHOM IPyHIbl YacTOT M YYUTHIBATh OTHOCUTENIBbHYIO
nHTeHCUBHOCTh nosoc kak B MK, tak nm B KP cnekrpax. Tak, Hanpumep, mojoca BaJICHTHBIX
KoeGanmii streHoBoit cBszn v(C=C) B o6macti 1600 cm™ nurencusHa B ciextpe KP, Tora
kak B MK cmekrpe ona cnabas, a mpu LEHTPO CHUMMETPUYHOM 3aMEILEHUH COBCEM HE
Habmoaercs. HaoOopot, kapOoHuibHas nosioca oueHb nHTeHcuBHA B MK cnekrpe u ropasno
MEHee HHTeHCHBHA B criekrpax KP.

OOHapyxeHue B KaKOM-TO HMHTEpBajJ€ YacTOT IOJIOCHI, KOTOPYIO MOXHO OTHECTH K
OTIPENICTICHHOM CTPYKTYpPHOU TpyTIe, caMmo 1o ceOe He JTO0Ka3bIBaeT HANMYUS JAaHHOUW TPYIIHI B
Mozekyie. Hy)kHO MCKaTh HECKOJIBKO XapaKTEPHBIX Ul JaHHOU rpymnmsl nojoc kak B UK, tak u
B KP cnexrpax. MHorna s upeHTUHUKAIMKA COSTUHEHUS WM, TI0 KpalHeW mMepe, KAKOTO-TO
(¢bparMeHTa OIpENe’IeHHOIO0 CTPOEHUs, WM TUIMA 3aMELIEHHUS MCIOJb3YIOT HE TOJBKO
XapaKTepHbIE TOJIOCHI, a LeJble YYAaCTKU CIEeKTpa, UMEIOUINE XapaKTepHBIM BHUJI C YUYETOM BCEX
II0JIOC U paclpesieIeHUus] HHTEHCUBHOCTH B JAHHOM 00jacTH. DTO MOXKET OTHOCHUTBCS KaK K

q)YHHaMeHTaIII)HI)IM qacToTaM, TakK U K O6epTOHaM 1 COCTaBHBIM 4aCTOTaM.

1.3.4. O0mue npeacraBjieHUsi 0 CHAMMETPUM MOJIEKY.JI

BaxxHoe 3HaYeHME NIPU aHAJIN3E HOPMAIILHBIX KOJICOAHMH MMEET MX CUMMETPHSI, KOTOpast
OTpeNeNsIeTcs CBOWNCTBAMU CHMMETPUU PABHOBECHOW SACPHON KOHQUTYpallMd MOJICKYJIbI.
CummeTpusi HOPMaJIbHBIX KOJICOaHWW OTpeAesieT UX aKTHBHOCTH (mpaBmia otoopa) B UK
CHEKTpax M CIEeKTpax KoMOuHauoHHoro paccesaus (KP).

[Tox cummeTpueii Kakoro-Iu0o MpeaMeTa MOHUMAETCS BCSI COBOKYITHOCTh UMEHOIIUXCS Y
HETO 3/1eMeHmMOo8 cummempuu. IJIEMEHTAM CUMMETPHH COOTBETCTBYIOT Onepayuu CuMMempul,
MEPeBOAAIIME MpeaMeT caM B ce0s. Bo3MOKHBIE KOMOHMHAIMM OIEpalfii CUMMETPHH,
OCTaBJISFOIIUE 0€3 U3MEHEHHs XOTsI Obl OJIHY TOYKY (B YaCTHOCTH, LIEHTP MAacc), Ha3bIBAIOTCS
MOYEYHBIMU 2PYINAMYU CUMMETPHUH. J[Isi MOJIEKyJI BO3MOXHBI BCETO IISITh THUIIOB AJIEMEHTOB
CUMMETPUU C COOTBETCTBYIOIIMMH UM OMNEpAalHUSIMH CHUMMETPUU WM CHMMETPUUYECKUMU

npeoOpazoBanusiMu (Tabdm.1.2).

Tabmuua 1.2.
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ONEeMEHTEI CUMMCTPUU U COOTBCTCTBYIOIIUC OIICpallU CUMMCTPHUU B MOJICKYJIaX

CumBon Ha3zpanue u Onepauuy CUMMETPUU U CXEMATUUECKOE ONHMCAHUE
3JIEMEHTa CXEMAaTH4ECKOE
n300pakeHne
Ch [ToBopoTHas 0Chb IToBopoT BOKpyr ocH Ha
CHUMMECTPHUHM IIOPSJIKA 360°
n= 2 3 4 yron ¢ = N P,
2 i <& riae N-mopsimok ocu, p=lI,
u R o B
o [InockocTe cumMeTpun OTtpaxeHue B MIOCKOCTU
i
i LenTp naBepcun WNHBepcus B Touke
N
® __\.\
AT 5
~N
N
7
Sh 3epKajibHO-MIOBOPOTHAS Q_ [ToBOpOT BOKpYT OCH Ha
ﬁ 0°
OChb CUMMETpUHU = Yyron @ =
.ot L./
nopszaka n / : ' C HOCIIELYIOIMM
OTPa)XXEHUEM B INIOCKOCTH,
(=] MEepPIEHAUKYIIPHON OCH
nopsijika n
E ETMHUYHBINI 3J1EMEHT ToxnecTBeHHOE MpeoOpa3zoBaHue (HETOIBUKHOCTB)

(MIEHTUYHOCTB )

Q)

Ecmu MOJICKYJIa paCcCMAaTpUBACTCA B CUCTEMC JCKAPTOBLIX KOOPAUHAT U Y HCC MMCCTCA

TOJIBKO OJHa OCb CUMMCTPUU Cn, TO 3Ta OCb pPaACHOJIaracTcCsa B IIPOCTPAHCTBE BCPTHKAJIBHO, T.C.

COBMCIIACTCA C KOOpI[PIHB.THOIZ ocheio Z. IInockoctn CUMMCTPUH MOT'YT OBITh BCPTUKAJIBHBIMU Oy,

€CJIM B HHUX JICKUT KOOpJWHATHaAsA OCb Z, TOPHU3OHTAIBHBIMU GCh,

KOoraza OHHM COBIIagarOT C

KOOp,[[HH&THOfI INIOCKOCTBIO XY, M JHaroHaJlbHbIMH O , €CJIM OHHM HE€ COBIIaJAalOT HU C OJIHOH M3

KOOPAHWHATHBIX ILIOCKOCTEH HeKapTOBOﬁ CHUCTCMBI, a IPOXOIAT I1O 6I/ICCCKTpI/IcaM 06p83yeMBIX

IJIOCKOCTSAMMU YIJIOB. L[eHTp CUMMCTPUU II0 ONPCACIICHUIO NOJIKCH COBIIAAATh C IECHTPOM MaCC
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MOJIEKYJBl M HayaJloM JEeKapTOBOM cUCTeMBbl KoopauHar. Crnenun(uyeckuM 3JIeMEHTOM
CUMMETPHH JIMHEHHBIX MOJICKYN SIBJISIETCS OCh mopsaka OeckoHedHOCTH (i, COBHAAAIOMIasi C
MPSIMOM, COCIUHSIIONIEH aTOMHBIE siipa. EAMHUYHBIN 351eMeHT (MIeHTUYHOCTh) E, nmerommuiics y
BCEX MOJICKYJ, TPUBUAJICH, a BBEJCHUE €T0 U ONEpaluy TOXIECTBEHHOro mpeobpasoBanus |,
OCTaBJISIIOIIEH MOJIEKYJy B HMCXOJHOM COCTOSIHUH, TpeOyeTcsi B COOTBETCTBHH C OOIMIMMHU
MOJIOKEHUSIMU TEOPUU TPYIIII.

Kaxxnast Bo3MokHast KoMOMHALMS ONepaluii CHMMETPUH MPEACTABISAET OO0 TOUSUHYIO
rpynny. BooOmie rosops, sto0as MoJieKyJa OTHOCUTCS K KaKOW-IMOO TOYEeuHOU rpyrme
CUMMETPHUH, €CIIM HE UCKIII0YaTh TpUBHANbHYIO rpynny Ci, y KOTOPOH HET 3JIeMEHTOB, KpoMe
emuanydoro (E), m omepanwmii, kpome TOXIecTBeHHOTO mpeoOpasoBanust (l). OcranbHbie
TOYEYHBIE TPYIIIBI BKJIIOYAIOT U JIpYyrue onepauuu cumMmerpuu. g wimoctpauuu B Tabm. 1.3
MIPUBE/ICHbl TOYEUYHBbIE TPYNMbl HU3IIEH CUMMETPUHM M MPUMEPbl OTHOCSIIMXCS K HUM
MOJIEKYII.

IIpu koJsiebaHUSIX MOJIEKYJIbI BO3MOXHBI TOJBKO OINpe/AeIeHHbIe KOMOUHAIIMU CBOWCTB
CUMMETPUU CMEIIeHHON (OT paBHOBECHOMN) KOH(Urypauuu saep, €ClId HMETh B BHAY €€
OTHOIIEHHE K OIepalusiM CUMMETPUU TOUYEYHOW Tpymmbl. DTH KOMOMHAIMM U MPEJCTABISIOT
THUIIBI CHMMETPHH, IO KOTOPHIM KJIaCCU(UIUPYIOTCS HOpMaJbHbIE KOJIeOaHMsl.

HopmaineHoe koneOaHue Ha3bIBaeTCs cummempuyHvim (S) MO OTHOIICHUIO K JaHHOM
omnepauuy CUMMETPUH, €CIU IIPU €€ BBINOJIHEHHH BCE aMIUIMTYABl €CTECTBEHHBIX KOOPIMHAT
WA BEKTOPBI CMEIICHUI aTOMOB HE MEHSIOT 3HAaKa M aOCOJIFOTHOTO 3HaYeHMsl (YMHOXKAIOTCS Ha
+ 1). Konebanue anmucummempuyno (aS) OTHOCHTEIBHO ONMEPAIlMH CUMMETPHUH, €CIIA MIPH €€
BBIMIOJIHEHUM 3HAK CMELIEHUH MeHsieTcs Ha oOpaTHbll (ymMHOXxeHue Ha -1). HopmanbHoe
KosiebaHue, CUMMETPUYHOE OTHOCUTENIBHO BCEX ONEpaLUii CUMMETPUH, 00Pa3yIOIUX TOYEUHYIO
Ipyniy, K KOTOpPOM TIPUHAIJIEKUT MOJIEKYlda, HA3blBACTCA IOJHOCUMMETPUYHBIM. Bcee
OCTaJlbHble THUIIBl HOPMAJbHBIX KOJEOAHUH - HENOJHOCUMMETPUYHBIC WMIM ABAXAbI (E), WM
Tpwxabl (F) BoIpokieHHbIE. [Ipy BBIPOXKAEHHBIX KOJIEOAHUAX ONEpaLUsi CHMMETPUU MIEPEBOAUT
oHy (Gopmy KojeGaHHI B APYIyl0, T. €. BEKTOPbl CMEIIECHUI YMHOXKAIOTCS Ha 4YUClla HE BCE

paBHble 1 win Bce HepaBHBIE 1.

Tab6auma 1.3.

Toueunsle TPyMIBI HU3IIEH CUMMETPUH U IPUMEPHI MOJIEKYIT
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3/1ech MOJIe3HO JIaTh KPaTKoe 0ObACHEHHE MPUHATHIX 0003HAYEHHH THUIIOB CHMMETPHH
KoJIcOaHWH M HyMepalud OCHOBHBIX ((pyHIaMEHTAJIbHBIX) YacTOT. B CHEKTpOCKONMUYecKon
JUTEpaType KoJICOaHHsI, CHMMETPHYHBIC 110 OTHOIICHHIO K OCH CHMMETPHH, OTHOCAT K THITY A.
HyxHUH WHACKC WM IITPUX BBEPXY YKa3bIBACT HA MOJATUI BHYTPH 3TOro TUMNa. Tak MHICKCHI J
U yKa3bIBaOT HAa YETHBIC U HEYCTHBIC THUIIBI CHMMETPHH TI0 OTHOIICHHUIO K ONIEPALMU WHBEPCHUHU.
AcHMMeTpUYHbBIE KOJICOAHUSI OTHOCST K THITy B, IBa)/bl BBIPOXKICHHBIC - K TUMY F, TPUXKJIbI
BBIpOXKJACHHBIE - K Tuny F. OtgenbHble KkoneOaHUS HYMEpYIOTCS, HauWHas C caMou
BBICOKOYACTOTHOM TIIOJIOCHI TIOJITHOCUMMETPUYHOTO THIA KOJICOAHUS B TOPSJKE yObIBaHUS
YacTOThI, 3aT€M MEPEXOAAT K CIeAyIoleMy Hanboiee CUMMETPUYHOMY THMNY KOJeOaHWU U
OMSATh TMPOBOIAT HyMepaluio B mopsake yOwiBanus uactor. Tak, mast CHCl; BamentHOe
konebanne CH (tunm Aj), vi = 3033 CM'l, cuMMmeTpryHOe BasieHTHOe Kostiebanue CCls (tum Ag),
v2 =667 cMm™, cuMMeTpuuHoe aedopmannonHoe konebanune CCls (tum Aj), em™t, v3= 364 cm™,

nepopmanmonnoe kosnebanne CH (tun E), vq4 = 1205 em™t ACUMMETPUYHOE BaJIEHTHOE
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kosebanue CCls (tun E), vs = 760 CM'l, u acummeTrpuuHoe aedopmarmonHoe konebanne CClg
(tun E), ve = 260 e

[IpocTeiimmM  OpuUMEpoM  JABAXAbI  BBIPOXKACHHBIX  KOJIEOAHWH  SBISIOTCS
neopmanmonnsie Kosebanuss Mosekyasl COz. Mbl yXe paccMOTpeNld BBIIIE BaJICHTHBIC
Kosie0aHus (CHMMETPUYHOE ¥ aHTHCUMMETPUYHOE) 3TOW MOJIEKYIbI, TPOHUCXOSIINE BIOIb OCH
MOJIEKYJIBI U SIBJISIIOIIMECS HEBBIPOXKIAEHHbIMU (cM. puc.l.4). CorjmacHO NPUHATHIM
00O3HaUeHMsIM JaHHbIE KoJeOaHMsA TMpHHAUIEKAT K TuUnaMm cumMmerpun Ay n Ay, B
MIPOTHUBOTIOJIOKHOCTh ATOMY IpH JiehopManlnoHHOM KoJsiebanuu puc 1.4 (3,4) aTOMBI ABIKYTCS
MEPIEeHIUKYIIIPHO K OCH MOJIEKYIHI ( cM puc. 1.5.), 4To ¥ MpUBOAUT K U3TUOY MOJIEKYIBI. Jlerko
BHJIETh, UTO CMEIIEHUS MEHSIOT 3HaK Ipu oBopoTe Cp Ha 180 BOKpYr ocH MOJIEKYJIBI (OCH Z), a
TaKKe TMPH OTPAKCHUH B IICHTPE CUMMETPUM | U B IUIOCKOCTH, TPOXOJSIICH 4Yepe3 OCh

MOJIEKYJIBI ¥ IEPIEHANKYISIPHOHN K MIIOCKOCTH KOJIeOaHUH.

Puc.1.5. Jlsasicowt evipodicoernvie Konrebanus MOaeKyIvl: d- Kojebanue 8 niockocmu Yz,
0- Konebanue 8 NPoOU380IbHOU NIOCKOCIU

Haubonee cymecTBeHHON 0COOCHHOCTHIO NehOPMAIIMOHHBIX KoJieOaHui MoJieKyinbsl CO2
SBJISETCS TO, YTO OHHM MOTYT IPOMCXOJIUTH B JIOOON IUIOCKOCTH, MPOXOJAIICH depe3 och
Mouekyinbl (puc.1.50). PaccmaTtpuBas 1uist mpocToThl cMenierre atoMa C OTHOCUTEIBHO aTOMOB
O, pa3yiokuM €ro Ha CMEIIECHHUS [0 ABYM B3aUMHO MEPHIEHAUKYISIPHBIM ocsiM X u Y. Konebanue
B IPOU3BOJIBHOM IUIOCKOCTH, MPOXOJAIICH Yepe3 0Ch MOJIEKYIIbI, TAKUM 00pa3oM, pasiaraercs
Ha JIBa HE3aBHCHMBIX KOJEOaHUS B IJIOCKOCTAX XZ U YZ, YTO COOTBETCTBYET JBYM CTEIEHSIM
cBo6oabl. IMeHHO mosToMy Mosiekyna CO2 uMeeT 4eThipe, a He TPHU KoJieOaTeNbHbIX CTEIeHH
CBOOOJBI- JIB€ CTEMEHH CBOOOJBI BaJCHTHBIX KoOJeOAaHUNH ¥ JBE CTENEeHH CBOOOIBI
nepopMalMoOHHbIX KosieOaHuil. Tak Kak 9acToTa KoleOaHWW B CHIYy OCEBOM CHMMETpPHU HE
MOJKET 3aBUCETHh OT IUIOCKOCTH, B KOTOPOH OHH MPOUCXOJAT, TO AehopMalMOHHbIE KOoieOaHus
OyIyT ABaXKIbl BBIPOKICHHBIMU; HE3aBUCUMBIE KOJIEOaHUS B IBYX B3aUMHO MEPIECHIUKYISIPHBIX

IUIOCKOCTSAX OYJYT MPOUCXOIMUTH C OJJHOM U TOM K€ YaCTOTOM.
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B kone0OaTenpHOW CHEKTPOCKONMM YacTO HCHOJB3YIOTCS HArjsiAHbIE TEPMUHBI
HanpuMep, MasiTHUKOBOE, KPYTWIIbHOE, BeepHOe KojebaHus u Ap.). HekoTopsle u3 3tux ¢opm

JIBUKCHUH W300pakenbl Ha puc. 1.6.
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Puc. 1.6. Ilpumepnvie ¢hopmvl HOpMANbHBIX KOIEOAHUL HEKOMOPLIX SPYNN. A-CUMMEMPUUYHOe
sanenmuoe CHs, 6- acummempuunoe eanrenmuoe CHs, 6-cummempuunoe degpopmayuornrnoe CHs
(«zonmuunoe» umbrella), - acummempuunoe oepopmayuonnoe CHs, o-masmuuxosoe CHs,
kpymunvnoe CHs, orc-cummempuunoe sanenmuoe CHs, 3- acummempuunoe sanenmuoe CHo, u-
cummempuynoe depopmayuonnoe CHy (nHooicnuunoe), k- masmuuxogeoe CHy - KpymuivbHO-
oepopmayuonnoe CHy,(twist), m- seeproe CH,

Cnenyetr oTMeTuTh, 4T0 TeopeTruecku Bo3MoxkHOe (3N-6 mnu 3N-5) yncno xonedanwuii

penko Habmopaercss B peanbHOM crekTpe. C 0JHONM CTOPOHBI, KaK Mbl BHJIENIU BbIIIE, HE BCE
KosebaHus MoryTt mnposiBiAteess B MK crekrpe: He NPUBOJIAT K HM3MEHEHHUIO JUIOILHOIO
MOMEHTA, BBIPOXkAEHBI, 04eHb ciabbie U T.. C Apyroi CTOpOHbBI, HAOOOPOT, YHUCIIO MOJIOC B
CIIEKTPE MOXKET YBEJIMYMBATHCS 3@ CUET MOSIBICHUSI 0O0EPTOHOB U COCTABHBIX YaCTOT.
CnextpanbHblii aHanu3 OmwkHedl MK-oGmactu, rie B OCHOBHOM U IPOSIBIISIOTCS
00epTOHBI M COCTAaBHBIE YAaCTOTHI HAaXOJUT B MOCIEJHEE BpeMsl Bce Oouibliiee NMPUMEHEHHE B
CBSI3U C pa3BUTHEM TexHUKU Dypbe crekrpomeTpuu. Ilpumepsl ucnoib30BaHus 3TOH 001acTH

CIICKTpa AJid aHaJIN3a MOBCPXHOCTHU T'CTCPOIrCHHBIX KATAJIU3aTOPOB NPHUBCACHBI B PA31CJIC 5.
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B cnemyromux pasgenax OyayT pacCMOTPEHBI BO3MOXKHOCTH u  Metoabl UK
CIICKTPOCKOIIMKU JJIA I/ICCJIGI[OBaHI/If/'I XHUMHHU MNOBCPXHOCTHU TBEPABIX 06pa3u03 H TIOJIyUYCHUA

KOJIMYECTBEHHON MH(OPMAIIUN O KOHLIEHTPAIUAX BEIECTB.
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2. CHeKTpaJII)HI)Ie METOABbI HCCJICTOBAHUA B XUMHUH ITOBEPXHOCTH.

2.1. HpﬂMOC HU3MEPEHUE NMOTJIOIICHUSA CBETAa B BEIECTBE. Metoa «HA MPOMYCKAHUE».

[IpsiMoe u3MepeHne MOTJIONIEHHUS] CBETA B BEIECTBE SIBIISICTCS CaMbIM IPOCTHIM U BMECTE C
TEM CaMbIM TOYHBIM METOJOM OTpEACICHUs KOHIEHTPAIMH BEIIECTBA METOIAMU ONTHYECKOU
CIIEKTPOCKOITHH.

OmnpeneneHrne KOHIEHTPAIMK TOTJOMIAIONINX CBET MOJIEKYJ OCHOBAaHO Ha BBITIOJHEHUH
3akoHa byrepa-JlamGepra-bepa (bJIb). DxcnepuMeHTanbHO  OMNPEEISIETCS  OTHOIICHUE
WHTCHCUBHOCTH TIPOIIENNIET0 cBeTa | K WHTEHCHBHOCTH majaromero ceera lg, HazpiBaeMoe
nponyckanuem oopasia T(v)=1/l; (0<T<1).

3akoH bepa BBIpakaeT CBs3b MEXAY WHTCHCHBHOCTHIO MOHOXPOMATHYECKOTO IMOTOKA M
KOHIICHTpalMeil BellecTBa B IMOIJIOIIAIONIEM pAacTBOpE: TMOMIIOIIEHHE BEHIECTBA IPSIMO
MPOTIOPIIMOHAIEHO YHCITY YaCTHUI] TIOTJIOMIAIOIIETO BEIIECTBa,

O6benunenHbiit 3akoH bJIb BbipaxaeTcst ypaBHEHUEM:

I=lpexp(-eCL) (2.1)
rae C — KOHIIeHTpaIyst BeNlecTBa, L — ToIiHa MOTJIONAOIIETo CIIos,
WU B jorapudmMuueckon hopme:

D=¢CL
D=-In(I/lg) wm D =-Ig(l/lp) (2.2)

B ToM ciydae, KOTJa HCHONB3YEeTCS HaTypalbHbIM jorapudm, BenuumHa D HaseiBaercs
HOIJIONIEHHEM, a KO3(Q(UIMEHT & — yaenbHBIM KodpduuuenToM nornomenus. Eciam Tonmuza
crnos obpasua M3MEpSAeTcs B CM, a KOHIEHTPalus B MOJB/J, KOO(QOULUEHT € Ha3bIBAIOT
MOJIIPHBIM KO3()(QUIIMEHTOM HOTJIONIECHHUS.

OI[HaKO B CIICKTPOCKOIIUMH YaCTO HUCIIOJIB3YIOT ,Z[GC)ITI/I‘IHI:II‘/’I JIOFapI/I(l)M. B >ToMm CJIyda€ BEJIMYMHA
D Ha3pIBacTCs OIITUYECKON INIOTHOCTBIO, a K03(1)(1)I/IHI/IGHT € — 3KCTI/IHKLII/I€I7[.

Crporo rosops, 3akoH bJIb crpaBeanMB IMmb 11 pPa30aBICHHBIX PAacTBOPOB MpH
CO6HIOI[€HI/H/I OIpCACIICHHBIX yCJIOBI/Iﬁ — IIOCTOSHCTBO COCTaBa U HEU3MCHHOCTD ITOTJIOIIAROIINX
YacCTHUILl B paCTBOPE, IOCTOSHCTBO TEMIICPATYPhI BO BCEM O6’BeMe, OTCYTCTBUC q)ﬂyopeCHeHHI/H/I.

OnrTuyeckas IUIOTHOCTH CMecH M COG,Z[I/IHeHI/II?'I, HC BCTYIIAIOIUX B XUMHUYCCKOC
B3aMMOJICHCTBUE JPYr C JAPYrOM, paBHA CYyMME MapIUAIbHBIX ONTHYECKMX IUIOTHOCTEH,
OTBCYHAKOIIMX ITOTJIOIIICHNUIO CBETA KaKIbIM U3 COGHHHCHHﬁ:

D =g CiL + &CoL +eee +¢,C,,L (23)
ﬂaHHoe YPaBHCHUC ONHUCBIBACT HNPHUHOUII AAAUTUBHOCTH OITHYCCKUX IUIOTHOCTEN U

Ha3bIBACTCA YpAaBHCHHUCM d)HroszTa. Ha ucnons3oBanuu npuHouna aaauTUBHOCTH OCHOBAHBI
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NPAaKTUYECKH  BCE  METOABl  KOJUYECTBEHHOTO  CIIEKTPO(OTOMETPHUUECKOTO  aHaIM3a
MHOTOKOMITOHEHTHBIX CMECEH.

B Tex cmydasx, Korja NpUCYTCTBYET HEOJHOPOAHOE YIIMPEHHE II0JIOC, BBI3BAHHOE,
HaIpuMep, B3aUMOJEHCTBHEM ajacopbara ¢ HEOJHOPOAHOH IOBEPXHOCTBIO, HCIIOIb3YETCs
uHTerpanbHas popma 3akona bJIb.

NuTerpanbablii K03QPUIMESHT MOTIOMEHHS ONPEAeISIeTCs] POPMYIIoit

|()
A= jD(v)dv_jln |(VV)

A€ UHTETPHUPOBAHUC BCJACTCS 110 BCEMY UHTCPBATY HaCTOT IMOJIOCHI.

, (2.4)

[IpuHUUN agAUTUBHOCTH CHPABEAJUB ISl MHTETPAIHHOM ONMTUYECKOMN TUIOTHOCTH, a TaKkKe
JUTst JTIFOOO0M TUHEHHOM KOMOMHAITUY ONITUYECKHUX TIIOTHOCTEH.

['eTeporenHbie KaTaau3aToOpbl COCTOSIT M3 TMOPHUCTHIX arjOMEPaToOB Pa3IMyHON (OpMBI U
MPEACTABIISIIOT COO0H HEOTHOPOTHYIO ONMTHYECKYIO Cpely MEepEeMEHHOW TMIOTHOCTH. s Toro,
9TOOBl YMEHBIIIUTH pacCessHUE CBETa B TaKOW HEOTHOPOIHOW Cpele, MOPOIIKOOOpa3HbIe
00pasibl mpeccyroT B TabneTKu ¢ npo3padnbiM B MK-o6mactu ces3yromum (KBr, NaCl, LiF, Csl
U 7p.), a IS ONpeAeieHUs KOHIIEHTpAlMK (YHKIIMOHAIBHBIX TPYII MOBEPXHOCTH WIIH
KOHIICHTPAIIUH aICOPOMPOBAHHBIX MOJICKYN TaOJIeTKH (hopMyrOT 0e3 cBssyromero. [I[pumeHeHue
Kiaccuueckor ¢opmbl 3anucu 3akoHa bJIb ¢ oTHeceHWeMm KOHIICHTpalMM K €IWHUIIE 00BbeMa
(2.1) mpu uccneaoBaHUU CHJIBHO HEOJAHOPOJHBIX IO IJIOTHOCTH cpell HeyAoOHo. [loatomy ans
reTepOreHHbIX KaTalln3aTopOB KOHIEHTPALHUI0 afcopbara win QyHKIIMOHAIBHBIX TPYII KaK Ha
MOBEPXHOCTHU, TaK U B 00beMe, OTHOCST K €IUHUIIE MACChI, a HE 00beMa.

Jis  ompeneneHus KOHLUEHTpaUWMu  (YHKIMOHAJIBHBIX TPYNN WIM  KOHLEHTPALUU
a71copOMpPOBaHHBIX MOJIEKYII ¢ OTHECEHHEM KOHIEHTpaluu K eanHuile maccol 3akoH bJIb yno6Ho

IpEACTAaBUTH B CIICAYIOIIEM HpI/I6J'II/I}KeHHOM BUJC.

A=10° A, Cp (2.5)

rae A - HaOMo1aeM0e HHTErPATbHOE TIOTJIONIESHUE TTOJIOCHI, emt;

Ao - uHTEerpajgbHass MHTCHCUBHOCTD ISl KOHIIEHTPAIMK BEIeCTBA | MKMOJIB/T [CM/MKMOJIB |
C - xoHIeHTpalusa (PYHKIIMOHATBHBIX TPYI WIM MOJIEKYIN afcopbara [MKMOJIb/T|

P - KIUIOTHOCTB TAOJIETKHM» - KOJIMYECTBO 00pa3iia B MI Ha 1 ¢cM” CBETOBOTO MOTOKA.

Bennuuna 10'3A0Cp JaeT KOJMUYEeCTBO MHUKpoMouiel aicopbara Ha 1 CM? CEYEHMSI CBETOBOTO
MOTOKa, MPOXOAsIIero yepes obpazen. Kak yxe ynmoMuHanoch, 370 ypaBHEHHE OTJIMYAETCS OT
knaccuueckoit (opmbl 3amucu 3akoHa BJIB. Bo-mepBbiX, 3aBUCUMOCTH J1aHa B MHTErpaibHOU
¢dbopmMe, BO-BTOpBIX, MPH HCIOIB30BAaHUU TMapaMeTrpa P HET HEOOXOAMMOCTH H3MEpPEHUs
T€OMETPUUYECKOM TOMIIUHBI TA0JETKH.
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Jlnst pacyera KOHIEHTpAaIlMU IO CIEKTpaM IMOTJIOMIEHUS HeoOXoauMmo 3HaHue Ag U
BBIIIOJIHEHUE  YCIOBHUM, IPU  KOTOPBIX COXpAHSETCS  IPONOPLUOHAIBHOCTh  MEXIY
KOHLIEHTpalMell M HHTEHCUBHOCTHIO JMHHUI B crnekTpax. 3akoH bJIb He Hapymiaercs npu
OJIHOBPEMEHHOM BBIIIOJIHEHUU JBYX YCIIOBUH: COXPAHEHUHU IIOJIOKEHUS IOJOCHI V M MaJlbIX
3aM0JHEHUSIX TIOBEPXHOCTH.

Jlig n3mepenus Ag UCIIONIB3YIOTCS JBAa METO1a: OObEMHBIN U IPABUMETPUUECKUIM.
Oo6vemnbtii memood. Yacto 3TOT METOJ MOKHO MPHUMEHATH B (opme THTpoBaHUsA. B manHOM
cllyyae B KIOBETY IIOCJIEJOBATEIBHO BBOJATCS (UKCHPOBAHHBIE [O3BI ajacopdara ¢
MOCJIEIYIOLIEH PErUCTpaleil CIeKTpa. YCIOBUEM NMPUMEHEHUS METOJa TUTPOBAHUS SBJISETCS
HeoOpaTUMOCTh a1cOpOLUH.

[IpuMenenre O00BEMHOTO METO/JA OCJOXKHSETCSI BO MHOTHX ciydasx 3¢dekTom
azicopOLMK MOJIEKYI 30H0B Ha HE NMPOrpeBaeMbIX 4acTAX KioBeThl. KOJn4ecTBEHHbIN KOHTPOJIb
azcopOLMU HAa CTEHKaX KIOBEThl MPOBOJUTH CIOXKHO. UTOOBI MCKIIIOUUTH 3TOT IPPEKT, BCIO
KIOBETY HE0OX0/IMMO IPOTpeBaTh, a afcopOLnI0o MPOBOIUTH IPU JaBICHUH, CYIIECTBEHHO OoJee
HU3KOM, YeM JIaBJICHHE HACBIIEHHBIX MapoB BEIIECTBAa-30H/a PU TEMIEPaType CTEHOK KIOBETHI.
I'pasumempuueckuii memoo. Cytb 3TOTO METOJ[a COCTOUT B TOM, UYTO U3MEPSAETCS BEC TAOJICTKH
70 W Tocle Hamycka ajacopOarta B ktoBeTy. [lockonbKy TabneTku, ucnoibdyemble ans MK-
HU3MepeHuil, UMeroT HebobIryio Maccy (50-100 Mr), TO TOYHOCTH U3MEPEHHUS Beca JOKHA ObITH
He Hike 0,1 mr. [loaToMy KIOBETHI, HCIOJIB3YIONIMECS OJHOBPEMEHHO ISl TPaBUMETPHUYECKOTO
u K-uccrnenoBanuii, UMEIOT CI0KHYIO KOHCTPYKIIUIO.

['paBuMeTpHUecKnii METO1 OTNIpeieNIeHNs] TOBEPXHOCTHBIX KOHIIEHTPALUN acopOUPOBaHHBIX
COEJIMHEHUN UMEeeT MPEUMYILECTBO Mepes] 00bEMHBIM MEPBBIM TOJIBKO B JIBYX CIIy4asX:

1) mpu u3ydeHUH cIab0aaCOPOUPYIOUIMXCS ra30B, HANPUMEP OJICPHHOB, KOTJa TOYHOCThH
00BEMHOT0 METO/1a XapaKTEePU3yeTCsl KaK HeI0OCTaTOYHas,

2) npu aAcopOLMU BEUIECTB-30HJIOB C BBICOKON TeMIepaTypoil KHIEHHs, KOI/ia BeluKa
azcopOIus HA XOJOAHBIX CTEHKAX KIOBETHI.

HNmenno MO3TOMY IJIA OIIPEACIICHUA Ao MMPEUMYIICCTBCHHO UCIIOJB3YCTCA 00BEMHBIN MCTOA.

2.2. Cnexkrpockonusi Au(pPy3HOro oTpakeHusl.

B pdaac cirydacB CIIpECCOBATH IMTPOYHYIO Ta6neT1<y U3 UCCICAYEMOT'O BECIICCTBA HCBO3MOKHO.
Pazmon 06133.31_[3. C IocCJIeAYromUM MMpeCCOBAHUCM 10/ OOJIBIIIMM JaBJICHUCM MOTYT BBICTYIIATh B
KauyeCcTBE MEXaHOXUMHYECKOMN O6pa6OTKI/I, H3MEHSIOIIEH CBOMCTBA HCCIICAYEMOTO BCHICCTBA. B

9TOM cliyqac I/IK-CHGKTPLI MOTJIOIICHUA  IMOJIy4aroT METOJaMu, 110 BO3MOXHOCTH
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MCKITIOYAIOIIMMHE CIEIHAIBHYI0 MEXaHIMIECKYI0 00paboTKy obOpa3na. OMHUM U3 TaKUX METOJIOB
apisieTcs nonydenue MK-crnektpos B pexume 1uddy3HOro oTpaskeHusl.

Cytp Merona muddysHoro orpaxkenus (J0) 3akimodyaercs B TOM, 4TO BMECTO PETUCTPALAU
IIPOLIE/AIIET0 CKBO3b 00pasell U3Iy4eHMs], PETUCTPUPYETCS H3JIyUYEHUE, PACCESIHHOE TOJICTHIM
CJIOEM MOPOIIKOOOpa3HOTO 00pasia.

JUisi  KOJIMYECTBEHHOTO OMNHCAaHUSl CIEKTPOB U((Y3HOrO OTpakeHHS] MPHUMEHSIOT
ocHoBbI Teopun Kybenku-Mynka. OcHOBHBIE cooTHOLIEHUS Teopun KyOenku-MyHKka 1oiny4eHbl
JUIS MOJENU PacIpOCTPAHEHHUsl CBETa B IOJIyOECKOHEYHOM CJIO€ pacCeMBAIOUIeil cpeabl mpu
00ay4eHuH 3TOTo ciosi JU(PQY3HBIM CBETOM, T.€. CBETOM, MHTEHCHBHOCTb KOTOPOro cialo
3aBUCHUT OT yIJia najieHus. Takoe JOMyIleHne N03BOISeT OIPaHUUYUTHCS OJTHOMEPHOW MOJIEIBIO
paccesiHMsI CBEeTa B M0JIyOECKOHEYHOM CJI0€ PACCEUBAIOIIEH CPEIbl.

Pa ccmoTpuM pacnpocTpaHeHHe cBeTa B OJyOECKOHEYHOM CIIOE!

IO—>

Jo=Ruolo <«

Puc. 2.1. Mooenv  pacnpocmpanenuss  ceema 8
no1yb6ecKkOHeyHoM clloe 00pasya.

Ha moBepxHOCTh TMOJYOECKOHEYHOTO CJIOS TanaeT W3JIYy4YeHHe C HWHTEHCUBHOCTHIO lo.
VHTEeHCUBHOCTh OTPaXCHHOTO CBeTa Jo paBHA MPOU3BEICHHUI0O WHTCHCHUBHOCTH IaJIAIOIIETO
M3JIy4eHHS Ha KO DHUIMEHT OTpakeHHUs TOJTyOeCKOHEYHOTO ¢Jios Ro.

Bbigenum BHYTpH MOJIyOECKOHEYHOTO CJIOSI AJIEMEHTAPHbIH 00beM (dJeMeHTapHbIN cioi) dX
(KOJIMYECTBO MOTJIOIIEHHOTO U PACCESHHOTO CBETA B AJIEMEHTApHOM O00BEME MPOMOPLHUOHAIBHO
caMoMy 00bEMY) U OXapaKTEPU3YeM PACCEHBAIOIIYIO CPETY CIICIYIONUMHE ITapaMeTpaMu:

S — K02 PHUITMEHT paccesTHUS JIEMEHTapHBIM 00BEMOM
K - KO3 PHUITUEHT MOTIIONICHHS 3JIEMEHTAPHBIM 00bEMOM

Bboigenum sneMeHTapHbIe CBETOBBIE MTOTOKH (prc.2.1)

| — W3IydyeHHEe OT KCTOYHHKA CBETa, MPOXOJIIICe CKBO3b OJIEMEHTAPHBIH 00bEM 10
HAIpaBJICHUIO OT MIOBEPXHOCTH B TIIyOMHY 00pasiia.

J - paccesHHOE HIDKENEKAIIMMHU CIOSIMH H3Iy4eHHE, PAaCIpOCTPAHSIONICECs] U3 TIIyOHHBI K
MOBEPXHOCTH 00pasla.
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C y4eToM BO3MOKHOTO YACTUYHOTO TOTJIOUICHHS W PACCESTHHUS KaKIOTO W3 MOTOKOB MOXKHO
3amucarb cuctemy auddepeHnnaibHbIX ypaBHEHUH]:
di
dx

—ﬂ:—(k+s)j+si
dx

=—(k+5S)i+5]j
(2.6)

VYuer BToporo noToka j siBJsieTcs TiaBHbIM oTiindreM teopun Kyodenku-Mynka ot teopun BJIb.
Pemrennem 3T0¥ cCUCTEMBI YpaBHEHUH IIPH CIECAYIOIIUX TPAHUYHBIX YCIOBUSX:
I|x—w = jlx>x =0 - BrayOuHe 0Opasia oba MoTOKa 3aTyXaroT,
ilx=0 = lp e lo — KHTEeHCUBHOCTH MAIAOIICTO CBETA,
Jlx=0 = Jo = Rxlo e Ry, koaddummenT oTpaxkeHus moayoecKOHEYHOTO CIos,
SIBJIIETCS XOPOLIO U3BeCTHOE cooTHolIeHne Kybenku-Mynka

k _(@-R,)’

s oR (2.7)

OtHomenne ko3¢ duireHTa NoromeHus K KodhuueHTy paccesHus Ha3biBaeTcsl QyHKIHEH
Ky6enku-Mynka n 0603Ha4aeTcst
F(R) = k/s (2.8)

VYpauenue (2.7) onucbiBaeT 3aKOHOMEPHOCTH AUPPY3HOTO OTPAKEHUS I Caydas U30TPOITHO
pacceuBaromieil cpenpl. B cioyyae aHM30TPONHMM paccesHUsS PacCEeUBaIOIIME CBOMCTBA Cpeibl
0XapaKTepu3yeM BEITUUYMHON 6 — UHTErPajlbHbIM CEUYCHHEM PACCESHUS 3JI€MEHTApHBIM 00bEMOM
cpenbl W WHAMKATpHCOW paccesHus Y(0) — Qynkmueit pacnpeneneHuss HWHTEHCUBHOCTH
paccestTHHOTO CBeTa MO yriiaMm 0 OTHOCUTEIBHO HaMpaBJICHUS MaIalONIero U3TydeHus

Jis Monenu mNoJyOECKOHEYHOTO CJOsl Ui PAacCMOTPEHHUS paccesHuss B MPSIMOM U
0o0paTHOM HampaBlIEHUSIX YIO0OHO BOCIIOJIB30BATHCS XapaKTEPUCTUKON

0 — KO3 PUIIMEHTOM aCCUMETPUU UHIUKATPUCHI PacCesHUs

7l2

[ x(6)sin(o)do
5 — 0

. (2.9)
[ x(6)sin(o)de

wl2
WHAYe TOBOpS, O — OTHOIICHHE WHTETPAJbHBIX WHTCHCUBHOCTEH IOTOKOB, PACCESHHBIX B
MIEPETHIOI0 U 33/IHIOI0 TTOTyC(EpHl.
Cuctema muddepeHIraIbHbIX YPaBHEHUH I MOJICITH MOJTyOSCKOHEYHOTO CJIOSI IPUMET

BUJI:
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dx s+1 5+1 .10
B S S
dx o+1 o+1
peleHrneM KOTOPO# MpH TeX e TPaHUYHBIX YCIOBHIX OyJIET COOTHOLICHHE
kK (1-R,)
O+1)—=——=2 2.11
T @1

B cimydae m3oTponHoro paccesHus 6=1 ¥ 3TO COOTHOIICHUE MEPEXOIUT B paHEe MOIYYCHHYIO

kiaccuueckyto gopmyny Kybenku-Mynka, rae S=o/2.

2.2.2. YyBCTBUTEJIBHOCTh METOAUKH AP PY3HOro OTpaxKeHus.

Crnekrpockonust 1u¢¢dy3HOro OoTpakeHus oOsafgaeT OOJBIION YYBCTBUTEIBHOCTHIO 3a
CYeT TOro, 4TO B 00pa30BaHUM CIEKTpPa y4acTBYET TOJICTBINA cjioi oOpasia. CoriacHo JaHHBIM
[10] oTHOIIEHWE YYBCTBUTEIBHOCTH METOIMKH JAUGPQPY3HOTO OTPaKEHHs] K UyBCTBUTEIBHOCTH
METO/IMKH Ha MPONYyCKaHUe Ui Ciaydasi claboro MorJoNeHUs OLIEHUBAETCS Kak

x—erIR (2.12)
1-R

rae R — mabmomaemMbrii kKo3hGUIIMEHT OTpaKeHUs, € — YUCTIo €.

Jns xopouo paccenBaromux cpef cnekrpockonus 1O MoxkeT UMETh MPEUMYIIECTBA, TAKE €CIU
Ha JIETEKTOp MOMAaJaeT JIUIIb HECKOJIBKO MPOILIEHTOB OT MCXOJHOTO CBETOBOIO MOTOKA. DTOT
¢dakt no3BosseT 11 u3Mepenus 1O ucnonp30BaTh NPUCTABKU C HEOOJBIIUMHU 3€pKaJIaMU IS

c6opa OTPAXCHHOI'O CBCTA UJIU BOO6H.[C 0e3 cuCcTeMBI c6opa PaACCEAHHOIO U3ITYUCHUA.

2.2.3. KoHTpacTHOCTH CeKTPOB AU (PPY3HOro oTpaKeHus .

Hpyroit BaxHOU ocobeHHOCThIO crnekTpoB JIO sBnsieTcss uX BBICOKas KOHTPACTHOCTH B
JIMana3oHe 4YacToT, TJe IMPOHMCXOIUT CHUJIIbHOE paccesHue cBeta oOpasmoMm. KoHTpacTHOCTH Y
ONpeNeNsIeTcss Kak OTHOUICHHE WHTEHCHBHOCTH TIOJIOCHI B CIEKTpE K HM3MCHEHUIO
WHTEHCUBHOCTU (pOHA B JMANA30HE YACTOT, PABHOM IOJIHOM HIMPUHE MOJOCHL. YCIOBHO MOKHO
CUMTaTh, YTO Y = 1 mMoOJ0OCa XOPOIIO BBIAENSETCA U YETKOCTh €€ pacTeT ¢ pocToM Y. B olbmem
cllyuae KOHTPACTHOCTh KaK CIIEKTPOB NpOMycKaHus, Tak u crektpoB JO ompexaensercs
YaCTOTHOM 3aBHCHMOCTBIO K 1 S.

B [10] mpoBezieHa O1leHKa COOTHOIICHHSI KOHTPACTHOCTH CIIEKTPOB TOTJIONICHHS U TU(DHY3HOTO

OTPAKCHUS, IIOJIYYCHHBIX B CPDABHUMBIX YCIIOBUAX U MOKA3aHO, YTO JJIA C1a0BIX MOJI0C
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Y _ 4R
(1-R)®

(2.13)

ynponycx
T.C. B CHeKTan I[O JJUHUHN JOOJIKHBI HpOHBHHTBCH BO MHOTI'O pa3 60Hee OTYCTIIMBO, 4YEM B

CHeKTpax mpormyckanus, Tak npu R=0.9

T _ 360 (2.14)

Y nponyex
2.2.4. KontnyecTBeHHbIE U3MeEPEHNS.
Kak crnenyer u3 dopmyinsl (2.8), mpoBencHHEe KOJIMYSCTBEHHBIX W3MEpPEHUN TpeOyeT 3HaHUs
koaddunmenTa paccesuus. B padote [11] mokazaHo, 4TO A1 MATOMHTEHCUBHBIX JTHHHUNA MOYKHO
BOCIIOJIb30BAThHCS IPUOIMKEHUEM

—R)? R -R
@ ~In?R npu a0 dor 1) — R?

(2.15)
R R(jzou

OH

Toraa HHTEHCHUBHOCTH COOTBETCTBYIOIICH MOJIOCHI B CIIEKTPE MOXKHO CBS3aTh C KOHIICHTpAIHEH
COOTHOIIEHUEM, aHAIIOTMYHBIM 3aKk0oHY bJIb
Ra()c
-&CL,,, = InR— (2.16)
don
riae € — koapduuuent sxkcTuHKIMK, C — KOHLEHTpanus aacopbara, L,gpg — 3ppexTuBHas ninHa
ONTHYECKOTO MHyTH B oOpasume. L,py MOXKHO paccMaTpuBaTh Kak YABOEHHYIO TIIyOUHY
MIPOHUKHOBEHHUS CBETa B 00paszell.

Takum o0pa3oM, [UIsi MaJIOMHTEHCHBHBIX IIOJIOC COOTHOIIEHHE MEXAY UX
MHTEHCUBHOCTHIO M KOHIEHTpAIMell MOrI0UaoIMX CBET MOJIEKY CXOTHO C 3aKOHOMEPHOCTHIO
CHEeKTpOB mpomyckaHus. D(G(PEeKTUBHYIO [UIMHY ONTHYECKOTO MIyTH B 00paslie U IIyOUHY
MPOHUKHOBEHUS cOrIacHO [11] MOXHO OIIEHUTh Kak

2
Loy =
s-In(l/R,,,R,..)

- o beKTHBHAS JUTHHA ITYTH, (2.17)

1
~s-In(/R,,,R,,.)

- I1yOMHa TPOHUKHOBEHUS CBETa B 00pasell. (2.18)

CortacHo orieHke, caenanHoi B [10] oxxumaemas [yinHa ONITHYECKOTO MYTH COCTABIISIET 2-3 MM.
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4000 = 2400 800 I T Sy I FIT I e -
WA E ML B e Ty KOHIIEHTPAIMST Kapbazona
Puc.2.2 Cnexmp oughgysnoco Puc.2.3  3asucumocmv  unmencuenocmu
-1
ompadxcenusi cmecu 50% xapbazona ¢ KCI nonocwl 3400 cm™ 6 cnekmpe kapbazona om
8 Kauecmee NPO3PAYUHOU  MaAMPUYbl- €20 KOHYeHmpayuu 8 npo3pavHou mampuye

pazbasumens [21]. KCI [21].

VpaBuenne KyOenku-MyHka moiiydeHO B TPHUOIMKEHUW MAJjoro TOTJIOMICHUS B

BemecTBe. B ClIyda€ CHJIBHOI'O ITOTJIOIICHHA Ha6J'IIOJIaeTCﬂ OTKJIOHCHHE OT JIHHCHHOMN

3aBucuMoctd F(R) or konmentpanuu BemectBa (puc. 2.3). DTO OTKIOHCHHE BO3HUKACT

BCJIE/ICTBUE COKpallleHus: 3(p(GEKTUBHOM JIMHBI IyTH CBETA B CUJILHO MOTJIOLIAIOIIEH cpejie.

2.3. @OTOAKKYCTHYECKHUI MeTO/1.

Yacto BO3HHMKAeT HEOOXOOUMOCTb MPOBEICHMS aHaliM3a METOAOM KoJieOaTeabHOM
CHEKTPOCKOMUU OOBEKTOB, HEIOCTATOYHO Mpo3pauHbiXx B ocHOBHOM WK-mmamazone. OObIYHO
npo0iiemMa HEmpo3padyHOCTH o0Opas3la pelraercss MyTeM CHUKEHHsSI ONTHYECKOH IJIOTHOCTH 3a
cueT paszbaBiieHuss oOpaslia MPO3pavyHbIM B HCCIEAyeMOM Juamna3oHe BemiecTBOM. OHaKO
CyIIECTBYEeT pHUCK NPOTEKaHWs JECTPYKTUBHBIX TIPOLECCOB B o00pa3le B Ipolecce
MPUTOTOBJICHUS 32 CYET pa3MoJia U B3aUMOJCHUCTBUSA C BellecTBOM-pazbaBureneM. [loatomy
BO3HHMKAaeT HEOOXOJAMMOCThH MOUCKA HOBBIX METOOB, MO3BOJIAIOIIUX PErUCTPUPOBATH CIEKTPHI
Henpo3paunblx B MK-nmamaszone BemecTB NMpu MHUHHUMAaldbHOM BO3ACHCTBMM Ha oOpasel B
MPOLIeCCe TIOATOTOBKHU.

ANbTepHATHBOI SBJISETCS perucrpanus crnekrpoB He B ocHoBHOM WK-nmamasone, B
KOTOpOM 00pa3libl HEMpO3pauHbl, a B 00JacTU OOEPTOHHBIX M KOMOHMHAIMOHHBIX TOJIOC, B
KOTOpPOM TIOTJIONIEHHE 00pa3iia MOKeT ObITh 3HAUUTENLHO MeHbIIe. CIIEKTPOCKOMHS B OIMKHEM
HK-nnana3zoHe oka3piBaeTcs MPOAYKTUBHON Il OONBIIOTO KOJIMUYECTBA aHAMTUYECKHUX 3a7ad.

O,Z[HaKO U3 aHajin3a I10JIOC IIOTJIOIICHUS B OJIMOKHEM I/IK-z[Hana30He MO>XHO HM3BJICUb MCHBIIIC

HH(bOpMaHHH HW3-3a MX MaJIOi MHTEHCUBHOCTH U YaCTUYHOI'O NEPCKPBIBAHUA MCIKIY co00Ii.
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[Tostomy criektpockonust B 6mmkHeM MK qmuamnazoHe He MOXKET MOJHOLIEHHO 3aMEHHUTH CO00i
CIEKTpOCKOIUIO B 0cHOBHOM MK-nuanasone.

Hpyrumu crioco0amMu NOJTYYEHUs! CIIEKTPOB SBJISIOTCS METOJIbI 3€PKAILHOTO OTPaXKEeHUS,
maddy3HOTO OTpaKEHHsSI MM HapyIIEHHOTo MoyHOro BHyTpeHHero orpaxenus (HIIBO). Bo
BCEX CIIy4asX €CTh CYIIECTBEHHBIC OTpaHMUYCHMs. MeToj 3epKaJbHOTO OTPAKEHUs Tpedyer
MOJYyYCHHUsS] TOJUPOBAHHOW oOTpaxaromed moBepxHOCTH oOpasna. Merox O tpebdyer
MOPOIIKOOOPa3HOTO 00pasia, a B ciydae CHIIBHOTO TOTJIONIeHUs ee u pazbasieaus KBr. [pu
ucnonp3oBannu merona HIIBO Bo3HWKalOT mpoOiieMbl HAIEKHOTO ONTHYECKOTO KOHTAKTa
o0pasla ¢ KpUCTaJIOM U OIIACHOCTh €T0 MOBPEXKJICHHS U3JIUIIHE TBEPbIM 00pa3LOM.

Haubonee moaxoasmmm METOI0M HMCCIEI0BaHUS 00pa3loB, HEMPO3PAUHBIX B OCHOBHOM
UK nuanasone, siBisercst poTroakkycTudeckuid Meto]. MOTOAKKYCTHUYECKUNA METOJ HAIMpPsMYIO
U3MEpSET CIEKTP MOIIONIEHHS TPUIIOBEPXHOCTHOIO C€l10sl 00pasia, KOTOPBIA AJisi OJTHOPOJAHOTO
oOpa3lia COBMaIaeT cO CIEKTPOM IMOTJIONIEHUS, MTOTy4aeMOro MPSMbIM U3MEPEHUEM ONITUYECKON

IJIOTHOCTHA METOJIOM Ha MPOTYCKaHHE.

2.3.1. 'enepauusi pOTOAKKYCTHYECKOT0 CHTHAJIA.

q)OToaKKYCTI/I'-IeCKI/II\/'I MCTOA PpETUCTpAllUN SABJIACTCA MOAYIALNUOHHBIM MCTOAOM, T.C.
MOJYJIALIMS CBETa MO HWHTEHCUBHOCTH SIBJIETCS HEOOXOIMMBIM YCIOBHEM BO3HUKHOBEHUS
¢doToakkycTHUeCKOro  curHaia. llepBoHadyanbHO 3TOT  METOJ  BO3HHUK KAk  METOJ
CBEPXUYYBCTBUTEIIbHOM Ja3epHOi crmekrpockonmuu [13]. A MOCKONBKY BBIXOJAIICE U3
unteppepomerpa Dypbe-ClIEKTPOMETPA U3TYyYECHUE MPOMOIYIUPOBAHO MO HHTEHCUBHOCTU C
yacToToi f=vV (rae v —BOJHOBOE YMCIIO, V -CKOPOCTh JBWKEHHS 3epaja) 3a CUYeT IBHIKCHHSI
3epkaja uHTeppepoMeTpa, MpUYeM sl KaKI0H JUTMHBI BOJHBI YAaCTOTAa MOIYJISIIUK CBOS (3TOT
MOMEHT OyneT oO0cyx aaThbcs B pazaene 3), 3TOT METoJ ObL1 YCHENIHO aJlalTUPOBAH KaK METOJ]
cnekTpockonuu ¢ @ypbe-npeoOpa3zoBaHueM (KOTOpas Takke OyaeT moapoOHO paccMOTpeHa B
riagse 3).

dortoakkycTuuecKkuid curHai Bo3Hukaetr korga MK usmydenuwe mormiomiaercs obpasiom
HarpeBas ero. BplenuBIIasicst TEIIO paclpocTpaHseTcs K MOBEPXHOCTH 00pasiia U HarpeBaeT
OKpyxawmuid obpasen ra3. llepmoanueckoe TepMHUYECKOE pACIIMPEHHE Tra3a BbI3BIBACT
3BYKOBBIE BOJIHBI, KOTOpbIC YJIaBIMBAIOTCS MHUKPOGOHOM. [[nsi ycTpaHEeHHS BO3MOXKHOTO
IIOCTETIEHHOTO HAarpeBa SYEMKU 3a CUET BBIISUIAIOLIETOCS TEIUIA, COCAMHSIOINN ra3 MpOTEeKaeT
yepe3 sueiiKy ¢ HeOOJIBIION CKOPOCTBIO.

VYrpoieHHas cxema pOTOaKyCTUYECKON SUeHKH MoKa3aHa Ha puc. 2.4.
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———X npedyrsm-

e

Puc.2.4 Ilpocmas pomoaxxycmuueckas
Aveura ¢ nJI0CKoOU YacmomHuou
Xapakmepucmuxou.

[locnenoBarenbHOCTh  COOBITHI, BBI3BIBAIOIIAs TEHEpaMIO  (POTOAKKYCTHUUYECKOTO
CUTHAaJIa MoKa3aHa Ha puc.2.5 u 2.6.
Puc.2.5 moka3piBaeT CHKeHHWe WHTeHCHMBHOCTH WK wW3iyueHUs TpH TOTPY)KCHHH BHYTPb
obpasma. Ilocnme Toro, kak MK wm3mydeHrne mpomuio BXOJHOE OKHO M3MEPUTEIBHOW SYEUKH U
cioit npo3payHoro B UK nuamazone raza (0ObIUHO HCIOJIB3YETCA TeNIHil), yacTh u3nydeHus R
OTpakaeTcst OT TIOBEPXHOCTH M HE B3aUMOJICHCTBYET ¢ 00pa3ioM. B pe3ynbraTte HHTEHCUBHOCTh
U3IYYeHHUs, MPOIIeaero B 0obeM obpasia, paBHa lo(1-R) y MOBEpXHOCTH M CHIDKACTCS IO
sakony  lo(1-R)e™ (rme k-kod(uupeHT NOrNOmeHns, X-yTh cBera B oOpasue, R-
KO3 PUITMEHT OTpaKeHUsI) TT0 Mepe yAaJCHUs OT MOBEPXHOCTU. KakpIit aieMeHTapHbIN CIoi
obpasiia dx 3a cuer noroniennss MK u3nydeHust HarpeBaeTcs U €ro TeMrepaTypa U3MEHSeTCs
Ha AT, wusmenenue temmnepaTypbl AT NpPONOPUUMOHANBEHO TIOMVIOMIEHHOMY JTHM CJIOEM
H3JIyYCHUEM Io(l-R)e"‘de (puc.2.6). TlockonbKy TeMIiepaTypa Ka)xaoro cjosi KojeOJaeTcs B
TakT ¢ uM3MeHeHueM HHTeHCUBHOCTH WK wu3myueHus, 3TO BbI3bIBa€T NOSBICHHE B 00beMe
oOpa3ua BoiH TemnepaTtypsl. Ha puc.2.6 cxemaTudeck MOKa3aHO IBUYKEHUE TaKOW BOJIHBI U3
00beMa K MOBEPXHOCTH 00pasiia.

Bonnubl TemmepaTypbl 3ama3fbplBalOT OTHOCHUTENBHO Kosiebanusi umHTeHcuBHOcTH UK
U3ITy4eHUs] Ha BEIUYUHY as=(nf/D)"?, rxe D — xodpduument TEMITEPaTypONpPOBOIHOCTH,  —

qaCToTa MOAYJIAIUHA U3JTYyUCHUS. COOTBETCTBEHHO , KoJIeOaHue TEMIICPATYPhI
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OBPA3ELl 1
DOTOAKKYCTHUECKAR RYEAKA QEPASEY
GOTOAKKYCTHHECKAR AMEKA
Puc.2.5 Cuuoscenue ummencusnocmu HK- Puc.2.6 Vnpowennas cxema ecenepayuu
U3IY4YeHus  3a  cuem — OmpansyceHus  u Gomoaxkkycmuueckoeo cueHaua.

noznowenust obpazya.

noBepxHoctn AT mnponopuuonansHo  lo(1-R)exp[-(k+ag)x]dx  mis  TemsaoBoit  BOJHBI,
MIPUIIE/IIIeH ¢ TIyOrHBI X. YacTh BOJIHBI TeMITEpaTypbl Rt 0TpasuTcs OT MOBEPXHOCTH U YiIeT
obpaTtHO B 00BeM obOpasiia, a 4acTh

ATy ~ 1o(1-R)(1-Ry)exp[-(k+as)x]dx
yHIeT Ha pa3orpeB Tra3a HaJg TOBEPXHOCTHIO 00pazna. {DOTOAKKYCTHUUECKHH CHTHAI
reHepupyeTcsl TEPMUUECKUM pPACIIMPEHUEM ra3a U MpeJCTaBisgeT cOO0N MHTErpaJbHbIA CUTHAT
OT BOJIH TEMITEPATyphI C Pa3HOU ITyOMHBI 00pasIia.

Baxnyio ponp B mpoiecce TreHepanuu (HOTOAKKYCTMUECKOrO CHTHAla Wrpaer
COOTHOIIIEHHE MEKIY KoddduuneHToM noromenus K u ko3huueHTomMm ocaabieHus: BOIHBI
TEeMIepaTypbl @. B ciaydae  K<<a; (OTOAKKYCTHYECKHH CHUTHAJT JHHEHHO 3aBUCHT OT
ontuyeckoil mioTHoctu. Ilpu stom ocHoBHON Bkianx (63%) B (OTOAKKYCTHMUECKUN CHUTHAI
BHOCHT cjoii L=1/a;, a Bce HWKeNeKallue CIIOM BHOCAT TONBKO 37%. I'myOmHa 3TOro cjios
npuHUMaeTcs 3a 3 (HeKTUBHYIO TIIyOMHY 00pasia B POTOAKKYCTUYECKUX U3MEPEHUSX.

DddexTrBHYIO r1yOHHY 00pas3iia MOXKHO U3MEHSATh MEHSISI CKOPOCTh JBUKEHHSI 3epKalia
unteppepomeTpa (M3MEHsIST YACTOTY MOAYISIMHM HU3Iy4yeHHUs, MOAPOOHEe ATOT MOMEHT
paccMmoTpeH B riaBe 3), mockoibky L = l/ag = (D/ 117vv)1/2 , TIe V —BOJTHOBOE 4HUCJO, V —
CKOPOCTh JIBIDKEHUS 3epKaja.
3ameTuM TaKke, 4To AP deKTUBHAS IITyOHHA 00pa3iia pacTeT C TOHWKEHHEM BOJTHOBOTO YHCIa U
u3MeHsieTcs OoJiee ueM B 3 pa3a B AMana3oHe BOJHOBBIX uncen oT 4000 emt 1o 400 emt,

ITpu oueHb GosbIIOM KOA(PQHUIIHEHTE MOTIIONIEHH s, T.€ B Cllydae KOria yciaoBue K<<ag

HC BBIMNOJIHACTCA, TCIJIO BBIACIACTCA MPCUMYIICCTBCHHO Yy IIOBCPXHOCTU 06pa3ua n
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(OTOAKKYCTHUECKU CUTHAJT HE PACTET C YBEIIMUCHUEM ONTUYECKOH IUIOTHOCTU. B 3TOM citydae

TOBOPAT O IOJIHOM HACBLIIICHUHA (I)OToaKKyCTI/I‘-IGCKOFO CUrHasia.
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3. Teopernueckue 0CHOBBI clIeKTpocKkonuu ¢ dypne-npeodpazoBanneM.

3HaHUWE TPUHIMIIOB pPAaOOTHI CIEKTPaJIbHBIX NpuOOpoB ¢ Dypbe-npeodpazoBaHHEM
MO3BOJISICT KOPPEKTHO 33aBaTh YCIOBUS PErHCTPALIMH CIIEKTPa, MPAaBUIIa €r0 MaTeMaTHu4ecKOn
00pabOTKM M TPABHIFHO OLEHUBATH BO3MOKHBIC OIIMOKM W3MEpEHUs. 3aJaBaeMble YCIOBHS
pEeTUCTpallK CIIEKTpa M ero oOpa0OTKH HAamNpsIMyI0 BIHUSIOT Ha KauyeCTBO IOJIy4aeMbIX

pe3yJIbTaToOB.

3.1. ®opmupoBaHue CIEKTPa B ONTHYECKUX Mpubopax ¢ Dypbe-npeodpazoBaHueM.
@dypbe-CIIEeKTpOMETpaMU  Ha3bIBAIOTCA MOJYJISIIIUOHHBIE CIEKTpaJIbHblEe NpPUOOpHI, B
KOTOPBIX JJIsi TIOJYYEHHS ONTHUYECKOTO CIeKTpa mpou3Boautcs @Dypbe-npeodpazoBaHue
ANIEKTPUUECKOTO CUTHAIA, TeHEPUPYEeMOTO (HOTONMPUEMHUKOM. ['JIaBHBIM y3JIOM B ONTHYECKHX
npubopax ¢ Dypbe-npeoOpazoBaHueM  sBIsSETCS ~ UHTepdepoMeTp.  YHpolleHHas
npuHIUNUanbHasg cxema Dypbe-crekTpoMeTpa Ha OCHOBE KIIACCHYECKOro HHTepdepomeTpa

MaiikenbcoHa noka3aHa Ha puc. 3.1.

-t ¥ f?h CQ 0 L

»

D

Puc. 3.1 Vnpowennasa npunyunuanvruas onmuieckas cxema ghypve-cnekmpomempa.

WK-u3nydeHne, HCIycKaeMOe HCTOYHHKOM S (00bYHO 3T0 ro0ap Wid mTU(T
Hepucra), npoxomut depe3 ¢okycupytomyto cucremy OLi, koTopas ¢popMHupyeT Ha BXOJTHOU

madparme A ToueuHblit HCTOUHUK. [lanee uznydeHune GoKycHpyeTcsi BXOAHBIM KOJTUMATOPOM
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C1 B mapauleNibHBIA My4OK, KOTOPBIM HANpaBIIAETCS HA PACIOJOKEHHYIO 1o yriom 45° k
ONTHYECKON ocu mpubopa IUIOCKONAPAUICNbHYIO IUIACTHHKY BS, TOKpBITYI0O TOHKHM
MOJYIPO3pauHbIM  clloeM Metavia (mTpuxoBas JwmHUsS Ha puc. 3.1).  Tlomynpo3spaunas
IUTACTUHKA JEIUT IOMAJaloNIil Ha Hee IMy4YOK Ha JBa Iydka: OJuMH U3 Hux orpaxkaercs (R) B
mwieyo 1 umHTEepdepomeTpa Ha HEMOJBMKHOE IJIOCKOE 3epkasio Mj, B TO Bpemsl Kak Jpyrom
npoxoauT (T) Bo BTopoe miaedo ko BTopomy IIockomy 3epkany Mop. Ilydok R orpaxkaercs ot
3epkaia Mi M BO3BpalaeTcsl K IJIACTUHKE, I'Zle 0JHa ero yactb oTpaxaercs (RR) oOparno k
HUCTOYHUKY, B TO BpeMs Kak BTopass udacth npoxoautT (RT) k doromerexkropy D. Ilywok T
oTpaxkaeTcs OT MOJIBWKHOTO 3epkajia My W BO3BpalllaeTcsl Ha IUIAaCTUHKY, I'/le TAaKXKEe YaCTUYHO
npoxoauT (TT) o6paTHO Kk HCTOUHUKY U yacTUuHO oTpaxkaeTcs (TR) Ha poronerexrop D.

IIydgok RT nepecekaer nmosynpo3padHyro IIIaCTUHKY TpH, a My4oK TR — ToapKO 01uH pas.
Bo3Hukaronyro M3-3a 3TOr0 ONTHYECKYIO PAa3HOCTh XOJa KOMIIEHCHPYET IOMOJHHUTENIbHas
TOXKJIeCTBEHHAas IiacThHKa. O0e TIaCTUHKU 0OBEAUHSIIOTCS B €JMHOE LIEJI0€ C MMOMOIUIBIO Kilesl C
MoKaszaTejeM TMpeJoMIIeHUs, OMUM3KUM K IOKa3aTello NpeJoMIIeHUs MaTepuaia IJIaCTHHOK.
Takyro KOHCTPYKIIHIO B cOope Ha3biBaroT cBetoaenuteneM (beamsplitter).

Tak xak BomHBI RT 1 TR xorepeHTHbI, OHU HHTEPHEPUPYIOT MEKTY COOOT.

Eciu 3epkama M; u Mj crporo mnapajuienbHbl, TO HWHTep(epeHIIMOHHAs KapTUHA
JIOKAJIM30BaHa B OECKOHEYHOCTH M MOXKET HaOmonaTecs B (OKATBHON IUIOCKOCTH OOBEKTHBA
C,, e pacrosararoT MpueMHyIo Tiomanaky dotomerekropa D.

Ecnu cBeT 0T TOUEYHOTr0 NCTOYHMKA KOJUIMMUPYETCS B UACAIBHBIM CTPOro NapasuleabHbIHN
Iy4OK CBETa, TO BCE CBETOBbIE JyYd MMEIOT OJMHAKOBYIO Pa3sHOCTb XOJla U BEChb IOTOK
n3nydyeHus Qokycupyercss B Touky O — n300pa’keHHE TOYEUHOTO HCTOYHHMKA B BBIXOJHOM
(hoKaTbHOM TIIIOCKOCTH MpUOopa.

B peanbHOM cilyyae cierka pacxXoJsIIUXCsS CBETOBBIX IYYKOB B (POKAJIBHON IUIOCKOCTH
HaOmronaeTcst MHTep(QEpeHIMOHHAs KapTHMHAa paBHOIO HAKIOHA B BHUJAE  CHUCTEMBbI
KOHIIEHTpUYEeCKHX KoJjiell. B ToM ciyyae, korzna npueMHas IUIOIIAAKa JETEKTOpa JOCTaTOYHO
Majla, UM PETUCTPUPYETCsl BEIMYMHA CBETOBOI'O MOTOKA B LIEHTPAJIbHOM HMHTEPPEPEHIIMOHHOM
IISITHE.

Onrtuyeckas pa3HOCTb X0Jla B JAHHOM cXeMe paBHA YIIBOCHHOMY PacCTOSIHUIO AX MEXIy
JBYMSI OTpaXKaroIlMMHU MOBEPXHOCTAMU: M, — peanbHOro 3epkana U Mp* — u3o0pakeHHs
nepBoro 3epkana, popmupyeMoro cserojenutenem. Ecnu Bropoe 3epkano M untepdepomerpa
He 3a()MKCUPOBAHO HETOJBIKHO, @ MMEET BO3MOXKHOCTh IEPEMEIIaThCsl BIEpea M Ha3aa OT
no3unuu Mi* Ha paccrostHue L, cymmapHBIii yTh Iydka 2 B miiede 2 OyAeT u3MeHAThes oT 2(X-

L) mo 2(X+L), rae X - mmHa mieda 1. [TockosibKy mydku B 000X TIEYaX KOTCPEHTHBI, YCIIOBHE
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MaKCUMYMOB ¥ MUHUMYMOB MHTEP(PEPEHIIMOHHON KapTUHBI 3aBUCUT TOJBKO OT PA3HOCTH XOJa
aydqeit Al

JIeTeKTOp pEerucTpupyeT 3aBUCUMOCTh UHTCHCUBHOCTH UHTEP(EPECHIIMOHHOW KapTUHBI OT
pazHoctu xoxa |(Al), wmnmm tak HaseiBaemyro uHTepdeporpammy. Yaime HCHONB3yeTCS
MpeACTaBlIeHUE HHTEp(eporpaMMbl KaK 3aBUCHUMOCTb HWHTEHCHUBHOCTHU BBIXOJSIIETO U3
uHTephepoMeTpa U3IYUCHUS OT CMEIICHHS 3epKajia OT IMOJIOKEHHsI HyJIeBo pasHocTH xoza 1(X),
Al=2x (puc. 3.1)

PaccmoTpum moapoOHO mporieaypy dopmupoBaHus Dyphe-CIIEKTPOMETPOM CIIEKTpPa
M3JIyYeHHUS UICTOYHHMKA B ONTHYECKH HACATBLHOM Clydae MpH HEOTPAHWYECHHOM MEPEeMEIICHUN
MOJIBMXKHOTO 3epkajia. JlormycTtuM cHavana, 4To uctouyHuk MK-nu3nydenus sBisieTcs TOUCUHBbIM U
MOHOXPOMAaTHYECKHM C BOJHOBBIM 4HciioM V. Ilanaromee Ha uyieanbHbIN (HE TOTIOMIAIONINN;
OTPKAIOIINUNA U TIPEIOMJISIONINNA CBET B PABHBIX JIOJSAX) CBETOJIEIUTEIh MOHOXPOMATUYECKOE
M3JIyYCHHE JICTUTCS Ha JIBE PaBHBIX MO0 aMIUTUTY/IE CBETOBBIX BOJHBL. [1ycTh 0/1HO U3 3epkai (M-
Ha puc. 3.1) mepeMenaeTcs ¢ HOPMAJIBHOM K €r0 MOBEPXHOCTH MOCTOSHHOM CKOpocThio U BIOIB
ONTHYECKON ocu mpubopa. Torma udepe3 M300pak€eHHWE TOUYEYHOTO HCTOYHHMKA B BBIXOJIHOM

(bokapHOI TIOCKOCTH Mprdopa (Touka O) MPOXOAUT MEPEeMEHHBIH MOTOK M3IydeHust A, (AX),

OTIMCBIBAEMBIN (POPMYIION IBYXITy4eBOW HHTEpDEpEeHIINN

A, (AX) :%—F%COS 271VAX :%AV0 +%AV (AX) , (3.1)

rie A, — TNOTOK MOHOXPOMAaTHYECKOrO HW3JIy4eHHs Ha BXOJle MHTeppepoMerpa, 27VAX —
pasHocth (a3 konmebanuii Bonn RT u TR B Touke |, AX = AX(t) — onrudeckas pasHOCTh XOJ1a

IBYX MHTEp(EpUPYIOLINX BOJIH, JUHEHHO 3aBUCAIIAS OT BPEMEHHU.
Bropoe cnaraemoe dopmynbl (3.1) u3MeHseTCS ¢ U3MEHEHUEM ONTHYECKON PasHOCTU

X0Ja, a 3HA4YUT, 1 CO BpCMECHEM:

A, (AX) = A, cos 2zvAX = A, cos 2zv2ut = A, cos 27t = 4, (). (3.2)

Taxkum O6p330M, MOCTOSHHBIA OTOK MOHOXpPOMATHYECKOI'0 HU3JIYYCHUA NUCTOUYHUKA AVO
Ha BBIXOJIE CIIEKTPOMETPA OKAa3bIBACTCS MPOMOIYJIMPOBAHHBIM BO BpeMeHHu. B dopmyne (3.2)
A, - ammmryna MonymsumM, KOTOpas sBISeTCS KOHCTaHTOH, a f =1VAX/t — wacrora

MOOYJIAIMK CHUTHAJIa Ha BbIXOIC I/IHTep(I)epOMeTpa, KOTOpass 3aBUCUT OT CKOpPOCTU
MEpCABUKCHUA 3C€pKaJla U 1 BOJIHOBOI'O yuciaa V. Ka)K)lOMy MOHOXpPOMAaTUUCCKOMY U3JITYUYCHUIO

C BOJIHOBBIM YHCJIOM V COOTBETCTBYET CBOSI MHTEp(epeHIMOHHas KocuHycoua (puc. 3.2 a).
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MaxkcuMmyMmbl HHTEp()EepEHIMOHHON KapTUHBI HAOIIOAAIOTCS MPH Pa3HOCTH XOJa JIydeH, paBHOU
L[EJIOMY KOJIMYECTBY JIJIMH BOJIH:

Al=2x=nX (n=0,1, 2...)

MuHuMyMbl HaOJIOIAIOTCS TIPU PA3HOCTHU XOJ1a JIy4eil, paBHOW 11€JIOMY HEYETHOMY KOJIMYECTBY
JUIMH IOJIyBOJIH:

Al=2x=m+M2 (n=0,1, 2...)

Oo6mmas 3aBrucuMocTb 1(X) OmuMchIBaeTCs KOCHHYCOUIAIBHBIM 3aKOHOM

I(X) = A(w) cos(wx)

rae A(®) — MHTEHCMBHOCTh MOHOXPOMATHYECKOHN CIICKTPAIbHOW JIMHUU C YaCTOTOH .

OcHOBBIBasiCb ~ Ha  KOCHMHYCOWJAJIbHOM  3aKOHE  3aBUCHMOCTH ~ WHTEHCHUBHOCTH
MHTEP(PEPEHIIMOHHON KapTHUHBI OT Pa3HOCTH XO0Ja JIyded Jii MOHOXPOMAaTHYHOIO MCTOYHHKA
U3JIy4EHUS MOXHO CYIIECTBIIATh KOHTPOJb MO3ULUOHUPOBAHUS MOABMKHOTO 3epkana. s
9TOM 1EeIM B COBPEMEHHBIX Dypbe-CIEKTpOMETpax HCIIOIb3YIOT TIeIUi-HEOHOBBIM Jasep,
JAIONMH OJIM3KOE€ K MOHOXPOMATHYECKOMY M3JIY4eHHE C JIUHOM BosHbI 632,8 uMm. Jlyd nasepa
HampaBJIgeTCs MapayiebHO IMydKy cBeTa oT ucToyHuka WK-usnydenus u perucrpupyercs
coOCTBEHHBIM JleTeKTOpoM. [Ipu 3TOM KOHCTpyKuUMsI mpubopa IpeanoJiaraer, 4ro Ja3epHoe
u3IydeHre He rmomnagaetT Ha naerektop MK-m3mydenus. Ha ocHoBe uHTEepdeporpammbl OT
Ja3epHOro U3NMydeHHs] (OPMHUPYIOTCS CHUTHANBI, Oiiaroapsi KOTOPBIM C BBICOKONH TOYHOCTBIO
OTCIIC)KUBAETCSI TEPEMEIICHUE TMOJBM)KHOIO 3€pKaja M OCYIIECTBISIETCA ChEM JAHHBIX C
MOCTOSIHHBIM IIarOM JUCKpeTH3aluu. Takoi crmoco0 Mo3BOJIIET ONPENENATh Pa3HOCTh XOJa
nydeil B wuHTepdeporpamMme ¢ TOYHOCTBIO, JOCTATOYHOM JJIsl JOCTHIXKEHHS TOYHOCTH B
pe3yabTUpyromieM crnekrpe He xyxe 0.01 cM™ 110 mIKasTe BOJIHOBBIX YHCEIL.

B ornnume ot mpuOOpoB C IUCHEPTUPYIOUIMM 3JIEMEHTOM, B KOTOPBIX pErucTparus
CHEKTpa IPOU3BOAUTCS CKAHMPOBAHWEM II0 JJIMHAM BOJIH, Dypbe-CIEKTPOMETp SBISAETCA
MHOTOKaHaJIbHBIM MPUOOPOM U HH(DOpMaIHsi 000 BCEM CHEKTPe HAKAIIIUBAETCS OJHOBPEMEHHO.
Bpewmsi, Heobxomumoe 17151 OJTHOTO IUKJIa ABMKEHUS 3epkaia oT -L 1o L u o6paTHO 3aBUCHUT OT
3aJlaHHOM paspemiarmnield CocOOHOCTH MpUOOpa U 3alaHHOM CKOPOCTH IBMKEHUS 3epKalia U
COCTaBJISIET OT HECKOJIBKMX CEKYHJI 10 HECKOJIBKUX JIECATKOB MUJUIUCEKYH/.

BosmoxHocTh 6bicTporo nonyuenusi MK-cnektpa B yiiep0 paspemaroiieii crnocoOHOCTH
npubopa BakHA B KHHETHYECKUX H3MEpPEHMAX M ra3oBoi xpomatorpapuu c¢ UK-

ACTCKTUPOBAHUEM ITPOAYKTOB pa3aACIICHUS.

3.2. IIpeodpazoBanue ®yphbe.
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JlanHbIe, TOJTy4eHHBIE B BUIEe HHTEpeporpaMMsl [(AX), JOIKHBI OBITH TPe0Opa30BaHbI B
criektp S(V) ¢ MOMOIIBI0 MaTEMAaTUYECKOW OTepaliu, Ha3biBaeMoii mpeodpazoBanuemM Dypoe. B

obmiem Bujie mpeoOpazoBanrne Oypbe MOXKET OBITh 3aMMUCAHO CIEAYIOIIHM 00pa3oM:

S(v) = Texp(iZm/x)l(x)dx (3.3)

OI[HaKO I/IHTep(beporpaMMa B IIaMATH BBEIYUCIUTEIILHON MAaIIUHEI HaxXoauTCd B AHUCKPECTHOM
BHUJIC B BUJIC MaCCHUBa U3 N SKBUIUCTAHTHBIX TOYCK. HO3TOMy B O3TOM CJiy4ac IJjisd BBIYUCIICHUSA
CIIEKTpa MCIIOJIb3YeTC sl IMCKPETHOE npeodpazoBanue Dypbe:
N-1
S(k-Av):ZI(n-Ax)exp(iZﬂnk/N) (3.4)
n=0

rae  n-Ax - aGciucca HHTEppeporpamMmebl,
n-Av - aGciucca crekrpa.

Paccrostnue Mexay Toukamu (I1ar IMCKpeTH3aluu) B CIIEKTPE OIMPENEsIeTCs BhIpa)KEHUEM:
Av=1/(N-AX) (3.4)

Pesynbrar muckperHoro nmpeobpa3oBaHus - PYHKIIHS, SIBIISIOMIASICS CyMMOW KOCUHYCOUATBHBIX
¢byHkmil ¢ ko3pPuurentamu, HazpiBaeMbIMU KodpunueHTamu Oypre. Ecnu korddunueHTs!
@dypbe W3BECTHBI U HMEETCS IUCKPETHBIN CIEKTp, TO BHUJA HUHTEpdeporpaMmbl MOXKET ObITh
BOCCTAHOBJIEH 0OpaTHBIM JUCKPETHBIM NpeodpazoBanremM Dypoe:
N-1
I(n-AX) =1/ N)>_S(k-Av)exp(-i2ank / N) (3.5)

n=0
DT0 BhIpaXXEHHE MO3BOJSIET HAM IPOWIIIOCTPUPOBATD, KaK OyAeT BBIMISIETh HHTEpdeporpamma

OT UCTOYHUKOB C PA3IMYHBIM THUIIOM H3ydeHus (puc.3.2).

Kak Opmo  moxkazano Bbime  (3.2), wuHTepdeporpaMma OT  HCTOYHHKA  C
MOHOXPOMATHYECKUM H3JTyYCHHUEM IMPEICTABISET COOO0M  KOCHHYCOHMIAIBHYIO 3aBUCUMOCTh
(puc. 3.2 a).

HNHutepdeporpaMmma ot wucTOYHMKA, naromero aBe (puc. 3.2 6) um Tpm (puc. 3.2 B)
MOHOXPOMATHYHBIC JINHUU TPEJICTABIISACT COOOH CYIEPIO3UIIMIO IBYX M TPEX KOCHHYCOI0JIbHBIX
3aBHCHUMOCTEH C Pa3HBIMH YaCTOTaMU COOTBETCTBEHHO.

VcTOYHMK ¢ TMHUEH KOHEYHOH IIUPHUHBI JJOPECHIIEBOW (hOPMBI JaeT HHTEPPEPEHIIMOHHBI
CHTHAJI, HAlIOMUHAIOIIUK 3aTyXalollue KoJeOaHWs, NMpU STOM YEM UIMpE JIMHUSA, TEM YiKE
untepdeporpamma (puc. 3.2 ). TO MO3BONISIET HATISAIHO OOBACHUTH, MOYEMY JJISI UICTOYHUKA,
naromero  VMK-um3nyuyeHme B IIUPOKOM  JWama3oHe JUIMH  BOJH, HHTEpdeporpaMmma

MMpEACTaBJIACT co00M HMHTEHCUBHBIHN UK 1pH x=0 ¢ ITUPOKNMHU
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Puc. 3.2 Buo unmepghepocpammvl om ucmouHuKo8 ¢ pasiuiHbi;mM munom u3JLyyeHus

MaJOMHTEHCUBHBIMU KPbUIbsIMH (pHUC. 3.2 a). B 3TUX KPBUIbSX COOCTBEHHO M COIECPKHUTCS BCS
unpopmanusg o crekrpe. [lostomy ananoro-uudpossie npeodpazobarenu (ALII), Bxoasiue B
cocTaB npubopa, JOHKHBI 00JIaaTh XOPOIIUM TUHAMHUYECKUM TUANa30HOM aHAIoTo-1u(pPOBOro
npeoOpazoBanus. OObIUHO HCHONB3YIOT ObicTpoxeiicTBytomue ALl ¢ paspsgHocThiO 16 U
BhIlie. IHTeHcuBHbIM uk npu X=0 o0ycioBieH TeM, 4To UHTephEPEHINOHHBIE COCTABIISIIOIINE
JUIs BCEX JUIMH BOJIH TPU HYJIEBOW pa3HOCTH XOJla MAaKCHUMalbHbI U CYMMHPYSCHh JalOT
MaKCUMalbHO BO3MOXKHYIO HMHTEHCHUBHOCTh HUHTepdepeHnuu. [lo BemuymHEe 5TOro TMHKa
OTIpeJIeNIsieTCsl CPeaHssT MHTEHCUBHOCTh CIEKTpPa, a MO €ro MOJIOKEHHUIO - TMOJIOKEHHE IIeHTpa

UHTEephEepOTrpaMMBbl.
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3.3. DO¢dexr orpanuyeHHoii uHTepdeporpaMmbl. AnnapatHasa QyHkous Qypbe-
CIIeKTpoOMeTpa. Anoau3anus.

OrpannyeHHOCTh MHTEp(EpOTpaMMbl BO3HHMKAET M3-3a TOTO, YTO JAMANA30H JBMKECHUS
3epKajia KOHEYEH, BCIEACTBUE ATOr0 HH(POpMAIHs 0 HHTepheporpaMMe MOXKET OBITh MOJTydeHa
TOJILKO B OTPAaHUYEHHOM JHUana3oHE pa3HOCTH Xoja Jjyded. C TOUYKM 3peHusi MaTeMaTHKH,
OTrpaHHYEHHAas uHTepdeporpamma HOJTy4aeTCsl YMHOXEHHEM HEOrpaHUYEHHOU
uHTepheporpaMMbl (TIOIYUEHHOM MTPH HEOTPAHHMUCHHO OOJIBIION pa3HOCTH X07a 3epkaia) lu(X)
Ha TaKk Ha3bIBacMywo mpsMoyrosbHyto ¢yHkiuo (boxcar function) B(x). Ilpsmoyrosibhas
(YHKIIMS OTHUCHIBAET OIPaHUYEHHOCTh MAKCUMAJIBHOTO X0/1a 3epKajia 3HaueHueM L.

®dypbe-00pa3 mMpousBeaeHUs JABYX (YHKUMH TmpeacTaBiseT coOOM CBEPTKY MABYX
GyHKIMM, Kaxaas W3 KOTOPbIX SIBIsieTCd HHIUMBUAYyalnbHbIM Dypbe-o0pa3zoM QyHKIUH,
BXOJILIUX B IIPOU3BE/ICHUE.

Jlnst cniextpa Sy (V), HOJTy4eHHOTO M0 OrpaHruYeHHON nHTepdeporpamme I (X) MOXKHO 3amucarh

S (v)= TeXp(iZEVX)'L(X)dX (3.6)
nonacrasum 1 (X) = IOO()_(SO B(X) :
S (v)= Texp(iszX)lw(X)B(X)dx = TSOO (k)b (v —k)dk = S.(v) o b(v) (3.7)

rie Su(v) = j exp(i 2vX)l(X)dx

b(v) = J exp(i 2mvx)B(X)dx

=0

O - onn€panysa CBEPTKH.

B coorBerctBun ¢ ypaBHenweM (3.7) cmektp Si(v), MONydeHHBIH [0 OrpaHUYEHHOM
uHTepdeporpamMme, MOXKET ObITh IOJy4eH CBEPTKOW CHEKTpa Su(V), MOJYYEHHOTO IO
HEOrpaHUYEHHOW HHTepdeporpaMmme, C ammapaTHoi ¢yHkiueid mpubdopa b(v) (Pypbe-obpas
MPSIMOYTOJIBHOU (DYKITHH ).

Ananutnyeckuii Bun @ypbe-oOpaza NpsMOYroilbHOM (YHKIIMM HU3BECTEH Kak sinc-
byukrus ( sinc(a)=sin(a)/a) (puc. 3.3):

b(v) = L sinc(2r vL) = L sin2r vL) / (2nvL)
Kpome OCHOBHOTO WHTEHCHBHOTO NHUKa NMpd V=0 (QYHKIHS HMEET JOMOJHUTEIbHBIC IMHKH,

JiexKalmume CUMMCETPHUYHO 110 00e CTOPOHBI OT OCHOBHOTIO. HOBTOMY BUJ IIOJIOCBHI B CIICKTPC,

MOJIydEHHOM I10 OTpaHMYEHHOI nHTepdeporpamme, OyaeT UMETh BHJ, TOKa3aHHbIN Ha puc. 3.3.
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Puc. 3.3 Annapamuas  @ynxyus
npubopa 6 omcymcmeuu anoou3ayuu.

nﬂAAAAAA- l

Jns  ynydimeHWss KayecTBa PACCUMTHIBAEMOIO CHEKTpAa NPUMEHSIETCA  OmIepanus
aToU3aIun - YMHOKEHHsI OTpaHUYEHHON nHTEepdeporpaMMbl Ha (HYHKIIUIO, TUKBUIAUP YIOITYIO
pa3ppiB mpu Xx=L 3a cyYET TOCTENEHHOTO CHM)XEHUS WHTEHCUBHOCTH B  KPBUIbSIX
nHTEephEepOTpaMMEbI 10 HYJIS MTPU MPUOIMKEHUN K TOUKE X=L.. Ha pwuc.3.4 mnokazan Bujg

pasIUUHBIX (QYHKIIMHA armoau3aIii U UX BIUSHUE HA PACYCTHBIA CIIEKTD.

Ipumenstomes credyrowue hyukyuu anoousayuuL:

1. Tpeyeonvuas (Triangular function)

TR(X) =1-x/L (-L <x <)
TR(X)= 0 (x<-L;x>L)
2. Tpaneyuuoanvuas (Trapezoidal or four-point function)
FR(x) =1 (-X1 <x <X1I)
FR(x) = 1-[(x-X1)/(L-X1)] (-L<x<-XI; XI <x<L)
FR(x) =0 (x<-L;x>L)

! CinoBo «arnoam3arus» 06pazoBaHO OT IPEUecKuX ¢ (OTPHIAHHE) 1 000 (monomIBa) ¥ 03HAYACT yCTPaHEHHE
"meenecrana” y pyHkuuu. VHOTAa TEpMHH «amoau3ays TPAaKTYeTCs MIMpe — KaK JII000e BO3/ICHCTBHE Ha
annapaTHyo (yHKIIHIO.



TpeyronsbHas
dyHKLMSA

MpamMoyronbHas
dyHKUNSA |I
|
\.I
\/\/\/\ \\/\ YATA &

ez =

TpaneunmganbHas
dYyHKLMSA

DyHKUMA Xanna-
"eH3ens
Happ-Genzel
function

DyHKUNA
bnakmana-Xappuca
3-ro nopsigka

3-term Blackman-
Harris function

A

Puc. 3.4 Hexomopvie ¢pynkyuu anoouzayuu (cresa) u coomeemcmeyiowjue um annapamuule
@yHKkyuu (cnpasa).

3. @ynxyus Xammunea unu Xanna-I'enzens (Hamming or Happ-Genzel function)
HG = 0.54 + 0.46 cos (mx/L) (-L<x<)
HG(X)= 0 (x<-L;x>L)

Cnedyem ommemums, ymo OanHAs QYHKYUsA He paena Hyno npu x=L u 3naueHue

AMRAUMYObL unmepgepocpammol  I(L) cocmasnsem 8% om nepsonauanbHozo.
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Hapamempot 0.54 u 0.46 nooobpamnsl u3 pacuema MUHUMATLHOU AMAAUMYObL BMOPUYHBIX
NUKOG HA KPLLILAX CHEKMPANbHBIX NOLOC.
4. @ynxyus bnsxmana-Xappuca 3-20 u 4-20 nopsokos (three- and four-term Blackman-
Harris function)
BH(x) = Ap + Az cos(mx/L) + A, cos(2zx/L) + Az cos(3zx/L)  (-L <x <L)
BH(Xx)= 0 (x<-L;x=L)
Kosgppuyuenmor  Ap-As makowce nooobpamvt u3 pacuema MUHUMATLHOU AMAIUMYObL

6MOPUUHbIX NUKOB HA KPbLIbAX NOJIOC 6 CNEKMpPpe U pABHbl.

3-i 4-i
OPSAOK MOPSAA0K
Ao 0.42323 0.35875
A 0.49755 0.48829
Ay 0.07922 0.14128
Az 0.0 0.01168

Ilpumenenue anoousayuu @yuxkyueii brskmana-Xappuca nossonsem noayuums Haubonee

KadyecmeeHHoe npe()cmaeﬂeHue cnekmpa.

3.4. Pazpemaromasi cnocoOHOCTH Mpudopa.

PaccmorpuMm Bua umHTEpdEporpaMmMy OT HCTOYHHUKA, MAIOIIETO H3JIYYEHHE C JBYMS
JUTMHAMH BOJTH, pa3HECCHHBIMH Ha BeJIMYKMHY d 110 IIKaie BOJHOBBIX uuced. MHTepdeporpamma
npeacTaBiseT co00i MOTYTUPOBAHHBIN CUTHAI ¢ MAKCUMYMaMK aMIUTHTY/Ibl, OTCTOSIIIUMHU JAPYT
oT apyra Ha 1/d mo mkaie pasHoctu xoxaa jgyded (puc.3.5). i Toro, 4ToOBI 3TH IBE MOJIOCHI
ObUIM pa3pelneHbl TPUOOPOM, MaKCHMalbHas Pa3sHOCTh XOJa JOJDKHA OBITh OOJbIe, YeM
paccTosiHHe MEXJYy [JBYMS COCEIHMMHM MAaKCMMyMaMH aMIUIMTyAbl. JTa 3aBUCHUMOCTD
Ha3bIBACTCsl KpuTepueM Perest - sl JOCTIKEHHsT pa3pemiaromieil cnocoonoctu npubopa d mo
IIKaje BOJIHOBBIX 4YMCEJ MaKCHMajbHas pPa3HOCTh XOoJa Jyued B HHTepdepoMeTpe I0JDKHA
npeBblath BenmunHy 1/d. MOXHO oOmpenenuTb, 4YTO ISl JIOCTHIKCHHUS pas3periaromien
criocoGroctr 0.5 cM™, MakcHManbHAs PasHOCTH XOJa JIydeil JOJDKHA ObITH Gomee 2 cM. ITo
COOTBETCTBYET MAaKCHUMAallbHOMY XOJy 3epkayia 6ojee 1 ¢cM OT TOYKM HYIEBON Pa3HOCTH XOJa

Iy4en.
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BONHOBOe YMCno CM'1
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x =P

Puc. 3.5 Cnexmp uznyyenus ucmounuxa ¢ 08yms ONUHAMU BOJIH
U COOmM8emcmayouas Mmomy cnekmpy unmepgepozpamma.

3.5. Biausinue anoau3ainum HA CeKTPaJbHOe pa3pelleHue mpuoopa.

Kak moxxno 3ametuth 3 puc.3.4, HaOmrogaemasi IIMPHUHA JIMHAA 3aBUCHUT OT BBIOOpa
GyHKIMM anoau3anuyd U B ciiydae 3.4B-3.4e¢ oHa mmpe, 4eM B ciaydae 3.4a. MuHade roBops,
MaKCUMaJbHas pa3periaromnias CmocoOOHOCTh MPUOOPa MOKET ObITh JOCTUTHYTA O€3 aroau3aIu,
TOT/Ia KaK HCIOJb30BaHUE J00O0OTO W3 QJITOPUTMOB amoJaU3aIldd YXY/IIAeT pa3peniaronlyro
crocoOHOCTh TpubOopa. JleWcCTBUTENbHO, NpUMEHEHHE 000 ©u3 (QYHKIHMA amoau3anuu
HCKYCCTBEHHO MOHIKAET aMIUIMTYy UHTepheporpaMMbl Ipu OOJIBIION pa3HOCTH XOJa JIy4yeH,
MOCTETIEHHO CBOJS AaMIUTUTYAy K HyI0 0pu x=L. DTO HKBHUBAJEHTHO YMEHBIICHHUIO
MaKCHUMaJIbHOTO X0/ IMOJBUXKHOTO 3€pKajia, YTO B COOTBETCTBUU C KpUTepueM Perest 10JKHO
MIPUBECTH K CHIKEHUIO pa3penratoniei CnocoOHOCTH.

[IpakTnueckuii BHIOOp (DYHKIMM amogu3allid 3aBUCUT OT MOCTAHOBKHM 3agaud. Eciu
HE00X0MMO JOOUTHCS MAaKCHMAIbHOW pa3pelIarieid CiocoOHOCTH prudopa B ymepod odmeMy
BUJLy CIIEKTPa, OT alogU3aluH CIEAYEeT OTKAa3aThCs.

Ecnu cmektp mnpencTaBieH XOpOIIO pa3pelieHHbIMH IOJIOCAaMU M HEOOXOAMMO
MpaBWIIbHO TepefaTh OOIIWK BHUJ CIEKTpa, B OTOM Ccllydyae PEKOMEHAYETCS HCIOIb30BaTh
anoauzanuio  Qyakiueidt Xanma-I'ensens wunum  biadkmana-Xappuca 3 mopsanka.  Ecnu
uHTepdeporpaMma MMeeT MHTEHCUBHBIE KPBUIbS BIJIOTH A0 X=L, pekomeHayeTcs BbIOMpATh
GyHKIMM  anmoAu3aliy, CBOJSIINE aMIUIMTYLy WHTepdeporpaMmMbl K Hymo npu x=L -
TPEYroJbHYI0, TpanenuuaanbHyo win ¢yHKuoo bidkmana-Xappuca. Anonuzanus GyHKIHEH
biskmana-Xappuca pmaer NOpUMEPHO TO JKE€ CaMO€ YIIUPEHUE CIEKTPAJIbHBIX JIMHUM,
ompenensieMoe Ha ypoBHe 0.5 oT MakcuMyMa, YTO UM afnoJau3alMs TPEYroJbHOW U
TpanenuuIaTbHONH yHKuUsIMH (IMpuHa annapatHoit GyHkiuu ~ 0.9/L), HOo pu 3TOM ropaszio

Jydi€  BOCIIPOU3BOIATCA  MAJIOMHTCHCUBHBIC KPbUIbA  CIICKTPAJIBHBIX  IIOJIOC. HOBTOMY
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anojgu3anms  (ynkuueil brmskMana-Xappuca BBITISAWT NPEANOYTHTENbHEH. ETMHCTBEHHBIN

HEJ0CTaTOK amoau3anuu GyHkiueid biskmana-Xappuca - 0oJbliee BpeMsi BEIYUCICHHS.

3.6. Croco0s1 yayuieHusi cnektTpa. Koppeknusi Bo3MOKHBIX OIIHOOK M3MepeHMs.

Huckpernoe nmnpeoOpasoBanue Dypbe - 3ITO aNNpoKCUMAalUs  HEMPEPHIBHOTO
npeobpazoBanus Oypee. To, 4TO MBI ONIEpUPYEM ITUCKPETHBIM HAOOPOM 3HAUCHHM, TPUBOJHUT K
OTIpe/IeICHHBIM OIIMOKaM U3MEpPEHHUSI.

3.6.1. DddexT BiausaHUSA mWara guckperusanuu. Jonojsnenne HyJsiMu.

O¢ddext BAMAHUSA 1Iara AUCKPETU3allUU OOYCIIOBIEH TeM, 4YTO HHTepdeporpamma
MpeJCTaBlIeHa He HENpPEepbIBHOW (yHKIMEH, a MAaCCUBOM SKBUAMCTAHTHBIX TOYEK, OTCTOSIIHX
Ipyr OT Jpyra Ha BeIMYMHY Imara Jguckperm3annu AX. Pe3ynpratom ITHUCKpETHOTO
npeobOpazoBanuss Dypre Takxke OyIeT MacCHB AKBUAMCTAHTHBIX TOYEK, OTCTOSIIUX APYr OT
npyra Ha BenuuuHy mmara Av. [IpoMeXyTodHble 3HaYeHUST BBIYUCISIOTCS MTyTEM WHTEPIOJISIIHH
MOJIMHOMOM. B pe3ynbTare TOYHOCTh OTOOpaXEHHS Y3KHX CIEKTPAJbHBIX JIMHUHA MOXKET
OKa3aThCsd HEJOCTATOYHOW, TaKT KaK Ha OJHY JUHHUIO OyAeT TPUXOIHUTHCS JIHIIb HECKOJIBKO
pacyeTHBIX TOYEK, YTO HEJOCTATOYHO JUIS MTPABUIIHHOTO BOCIIPOU3BEACHUS (DOPMBI JINHHH.

Pemenne »9Toit mpoOIEMBI MOXET OBITh JIOCTUTHYTO 3a cuUeT J00aBlICHUS
JOTIOJIHUTEIBHBIX ~ TOYeK B wuHHTepdeporpammy. OOpatumcs k (opmyne, ompenenstonen
BEJIMYMHY IIara JTUCKPETU3AINH B PE3yJIbTUPYIOLIEM CIEKTpe:

Av=1/(N-AX)

Hlar guckperW3anuu B CHEKTpPe OOpPaTHO MPOMOPLUOHAIEH OOIIeMy YHCITy TOYEK
uHTEpPEpOrpaMMBblL. Ecmn JKCIEPUMEHTAILHO MOJIy4YEHHYIO uHTepdeporpammy
AKCTPAINOINPOBaTh Ha oOynacTu 3HaueHUd Xx<-L; x>L pomonHMB mMaccuBamMH, COCTOSIIUMH U3
HyneHl, oOllee 4YuCIOo TOYeK HHTepPeporpaMMbl YBEJIMYUTCS, a IIar JUCKPETHU3allud B
pacueTHOM CIEKTpEe COOTBETCTBEHHO yMeHbIIUTCS. Ha puc.3.6 mokazaHo BIUSHUE ONIEpalud
JOTIOTHEeHUS. HysMu (Zero Fillingz) ¢ ¢dakropom 8 (obImiee YncIO TOYEK HHTEpPdEpOTpaMMBbl
yBEJIMYUBAETCS B 8 pa3).

OpnHako cienyer OTMETHTb, YTO OIEpalys [OMOJIHEHUS HYISIMHU TOJBKO YIIydIlIaeT

KauecTBO CIEKTpa 3a cyeT Oosiee TOYHOM wuHTepnonsuud. HoBoit wuHpOpManu B

2 JTOCIOBHO 5Ta ONEpAIHsl HA3BIBACTCS «3arlOTHeHne HymsimMm» - Zero Filling, mpu sTom moapasymeBaercsi, 9to K
9KCIIEPUMEHTAIIBHOM HHTEP(EpOrpaMMe JT00aBISIOTCS HOBBIE SJIEMEHTHI MACCHBA JIAHHBIX, KOTOPBIE 3aTEM
3aTIOJHSIOTCS HYIISIMA. MBI HCITIONIB30BAITN TEPMHH «JOMOIHEHNE HYIAMI Kak 00Jee TOYHO TepeIaromuii CMBICIT
OleparuH.
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Puc.3.6. Bausnue onepayuu «0OnoaHeHuss HYIAMU» HA  BUO
cnekmpa.

uHTepdeporpaMmy 3Ta oOlepalnuss He BHOCUT, HHTepdeporpaMMa MO-TPEKHEMY OCTAeTCs

OrpaHMYCHHOU MpH X=L, mosTomy paspemiaromniasi ciocoOHOCTh PUOOPa HE BO3PACTAET.

3.6.2. Koppekuus ¢a3bl.

[locnennss omeparnus, KOTOpas BBINOJIHIETCS NMPU NpeoOpa3oBaHUU WHTEpdheporpaMmbl
B CIIEKTP - 3TO «KOPpEKIus (Ha3bi».

Koppekuust ¢a3zpr HeoOxomuma, Tak Kak omepanus Dypbe-npeoOpa3oBaHus aeT
KOMIUTIEKCHYIO GyHKIHUIO - crekTp C(V), Toraa Kak Mbl 0KHAAeM TIOJy4eHHUs PEaTbHOTO CIIEKTpa
S(v). KoMIIeKCHBIN CIEKTP MOKHO ITPEICTaBUTh B BUJE CYMMBbI

C(v)=R®») +1l(v) (3.8)
rae R(v) - nefictBurensHas yacthb, |(V) - MHUMAas 4acTh KOMIIJIEKCHOTO CIIEKTpA.
MHaYe 3TO MOXKHO 3aIucaTh Kak
C(v) = S(v) exp(i-D(v)) (3.9)
aMIUIUTY1a PEaIbHOTO CIEKTPa YMHOKAETCS Ha KOMIUIEKCHBINA SKCIIOHEHIIMATbHBIM MHOKHUTEIh
exp(i-d(v)), comepkalinii 3aBUCAILYIO OT BOJHOBOTO uucia «pazy» @ (v).

Ilens omeparuu KOppeKuuH (a3bl - BBIUKCICHHE pealbHOro crektpa S(v) us
KOMILIEKCHOTO pe3ysbrata Oypre-npeodpazoBanus C(v).

Dmo modcem 8bINOIHEHO Nymem paciema K8aopamHo20 KOPHs u3 «cnekmpa mowrocmuy P(v)=
C(v) C*(v)

S(v) = [C(v) C*w)]" = [R'(v) + ()] (3.10)
unu ymuoodicenuem C(v) Ha MHOdCUmMENb, 00pAMHbIL IKCHOHEHYUATILHOMY, U 6blOeleHUueM

oeticmeumenbHoU 4acmu 3mozo0 pesyivmama

S(v) = Re[C(v) exp(-i-®())] (3.11)
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Benuuuna gpazer @(v) 6 sxcnonenyuanbHoM MHOJMCUMENE GLIYUCTSCMCS U3 COOMHOULEHUS
&(v) = arctan(l(v)/R(v)) (3.12)
Buviuucnenue cnexmpa no ypasuenuto (3.11) uzeecmno kax «MyroMunIuKamueHas KOPpeKyus
Gazery
(multiplicative phase correction) unu memoo Mepya (Mertz-method).

[Ipyunboii, mno  kotopoii  pe3ynbraroM  Dypbe-npeoOpa3zoBaHusl  MOJydaeTCs
KOMIIJIEKCHBIA CHEKTp, SBJIAETCS HECUMMETPUYHOCTh UHTEPPEPOrpaMMbl OTHOCUTEIILHO CBOETO
ueHTpa (Touku x=0).

CyiiecTBylOT ~TpU  OCHOBHBIE  INPUYMHBI ~ ACUMMETPUM  DIKCIEPHUMEHTATbHOMN
HUHTEPPEPOTPaMMBI:

1. HeTrouHOE OompeesieHne IEHTPa - TOYKU PABHOTO X0J1a JTydeil.
2. WCHOJB30BaHWE «OJHOCTOPOHHEH» wmHTepdeporpammel. OmHa CTOpOHA  Takou

UHTEep(hEpOrpaMMBbl 3alKCHIBAETCS BO BCEM JIMAIa30HE PA3HOCTH XOJa JIyded, a Jpyras
CTOPOHA MPEJICTABJIEHA TOJbKO HECKOJIBKUMHU COTHAMU TOYEK.

3. HckaxkeHuss curHama 3a CcYeT KOHEYHOTO BpPEMEHH OTKIIMKA JETEKTOpa M CXEMBI
perucTpanuu

- N/2 + N/2

W e M
- —

BONMHOBOE YMCNO

uoik eced

Puc.3.7 Pacuem ¢azosoco cnexmpa.

Ha pwuc.3.7 mnokazano kak 3aBucuMocth @(v) Moxer ObITh paccydTaHa U3
CUMMETPUYHOTO OTHOCHUTENIBHO ILIEHTpa ydacTka umHTepdeporpammbl, coctosiiero u3 N Touek

(N/2 Touek B KaXIyl0 CTOpPOHY OT IieHTpa uHTepdeporpammsl) puc.3.7a. K stomy ydactky
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MIPUMEHSIIOTCS MOCJIEIOBATEILHO arlou3allis TpeyroipHoi (yHkIuen (puc.3.7 6), monoiHeHHe
HysiME 1 onieparust @ypre-npeoOpazoBanus. B pesynprare 3THX omnepanuii mojry4aercsi CIeKTp
HU3KOTO pa3pelieHus, KOTOPbIi Hcmoib3yercs i pacdera O(v). U3 pesyiabTupyromero
KOMIIJIEKCHOTO CHeKTpa Huskoro paspemienus C’(v) mo ypaBHenwio (3.11) paccumtsiBaercs
dazoseiii criektp O(v) (puc. 3.7 B). HUcmonssys ypaBHenue (3.11) KOMIUICKCHBIH CIHEKTp
noJiHoTo paspemenus C(v) yMHOKAETCsl Ha SKCIIOHEHIMAIBHBIN MHOXHTENb XP(-I-D(V)).
Ilocne omepanuu Koppekmuu (a3l CKOPPEKTHpPOBAaHHAs JEHCTBHUTENbHAs 4YacTh
KOMIUIECHOTO CIIEKTpa
R(v) = R(v)cos(D(v)) - I(v)sin(D(v)) (3.13)
MpesICTaBIsIeT cCOO0N KOHEUHBIN OJHOKAHAIBHBINA CIIEKTP S(V).
CoOTBETCTBEHHO TOCTE OTepanuy KOPPEeKun ¢Ga3bl CKOPPEKTUPOBaHHAsI MHUMas 4acTh
KOMIUIEKCHOTO CIEeKTpa
I'(v) = R(v)sin(®(v)) - I(v)cos(D(v)) (3.14)

OyzeT paBHA HYJIIO.

3.7.  CoBpeMeHHbIe HHTEP(EPOMETPHI.

OnTudeckre dJIEMEHTBl HHTEPPEPOMETPOB JIOJDKHBI OBITh HM3TOTOBJICHBI BeChMa
TINATEIBHO: JIOKAJBHBIE MIEPOXOBATOCTH MX MOBEPXHOCTEW HE MOJDKHBI mpesbimath (0,05 —
0,1)A; B NPOTHBHOM CiIydae CHH)KAETCS KOHTPACT HMHTep(EPEHIMOHHON KapTHHBI Ha
(dboTONpUEMHHKE, a CIe0BATENIbHO, U KOHTPACTHOCTh MHTepdeporpaMmbl. OnTHYECKUE AETaIN
BHE HWHTeppEepOMeTpa COOTBETCTBYIOT OOBIYHBIM CTaHAapTaM pabouell 00JIaCTH CHEKTpa.
MexaHUYecKHEe CHUCTEMBI, OCYILECTBIISIONINE CKAaHUPOBAHME CIIEKTPa, MOJKHBI 00ecrednBaTh
JUHEHHOCTh M3MEHEHHUs PAa3HOCTH XO0Ja BO BPEMEHH, IJIOCKONAPaJIeNbHOCTh U OTCYTCTBHE
yraoBeIX OueHWil 3epkan. M3-3a monmxkeHus 3QpPeKTUBHOCTH CBETONENUTENS IIYMbI BOJIW3H
rpaHull paboyero auana3zoHa oObIYHO BhINIE, YeM B ero cepeanne. Henocrarounast ¢punbTpanus
IIYMOB, JIOXKHBIA AJIEKTPUYECKHUI CHTHAl WM MPOMYIEHHAas TOYKAa MOTYT OKa3aTh 3aMEeTHOE
BIIUSIHUE HA CHEKTpP, YTO MPOSBISETCS B BUIEC HMCKAKEHUS KOHTYPOB IOJIOC WM CHIDKEHHUS
paspelaroiieil CiocoOOHOCTH.

IIpn pa3paboTke KOHKPETHBIX CEpPUIHBIX MNPHOOPOB YUYUTHIBAIOTCS yKa3aHHBIE
TpeOoBaHUsA M TPOOJIEMBbI, a TaKKe BO3MOXKHOCTH JaJbHEHIIEr0 YBEIHMYEHHUS CBETOCHUJIBL,
KOMIAKTHOCTH CIIEKTPOMETPOB 0€3 MOTepH UX pa3periaoniei cnocoOHoCTH.

Knaccuueckast onrtuyeckass cxema wuHTepdepomeTpa MaiikenbcoHa fganeka OT
COBEpIIeHCTBA. Bo-MepBhIX, 4acTh MOTOKA M3IYYEHHS HE JaeT BKIAJ B ONTHYECKHUH CIIEKT,
BO3BpalIasiCh K HCTOYHUKY. BO-BTOPBIX, TMOCTOSIHHAs COCTABIAIONIAs IOTOKA W3IIyueHUS,

nomagaromero Ha (I)OTOHpI/ICMHI/IK, HC HacT IOJIC3HOI'0 CICKTPAJIbHOIO CUTHAJIA W CHUIKACT
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OTHOIICHHE CUTHAJ/IIyM. B-TpeTpux, KOrja IIOCKOE MOJBIKHOE WM HETOABIKHOE 3€pKajio
(umu 06a BMecte) B mHTephepomerpe MaiiKenbCOHa OTHIOCTUPOBAHBI HETOYHO, BOJIHOBBIC
(GpoHTHI, BBIXOIAIINE W3 MHTEPPEpOMETpa, HE MapajuieNbHbl Apyr Apyry. Cucremarnyeckas
Pa3bIOCTUPOBKA M CIIy4ailHbIE YIJIOBble OWEHHsS MPUBOAAT K YMEHBIIEHUIO KOHTPACTHOCTH
uHTephEepOorpaMMbl, K TOSBICHHIO OIMIMOOK B pPa3sHOCTH XOJa. Bo3HHKaromue mpu 3TOM
UCKQKEHUSI B ONTHYECKOM CIIEKTPE MPENOTBPAIIAIOTCS MJIM C TOMOIIBIO  CHCTEMBI
aBTOMATHYECKOTO OTCIICKHMBaHUs paszbiocThpoBku (dynamic alignment), B koTopoii ojaHO u3
IUIOCKUX 3€pKaJl CHA0KEHO MbE30NPHUBOIOM, KOPPEKTHUPYIOIIMM HAKIOH 3epKaja Iocie
oOHapyXeHHS OMIHUOKH, WM ITyTEM 3aMEHBI TNIOCKHUX 3epKal CIIEIHATIbHBIMU OTPAXKATEISIMH, TaK
HA3BIBAEMBIMH  PETPOpeIeKTOpaMu°. YKasaHHbIE TNPOGIEMBI PEIIAIOTCS, HATPHMEp, B
ONTHYECKOM CXeMe C JBYMS TpPEXI'PaHHBIMH YTOJIKOBBIMH OTpaxkaTensimu (Cube corners),
KOTOpBIE TO3BOJISIIOT BBIBECTH U3 HHTepdepoMeTpa JBa OTACIBHBIX Iydka K JIBYM

doronpuemunkam (puc. 3.8).

D
BS

D,

Puc.3.8. Humepgepomemp ¢ 08yms pomonpuemuuxamu u

MpexepaHHbLMU Y2O0IKOBbIMU OMPANCaAmeNIMU-pempopehiekmopamu.

B Takom unTepdepomerpe cBeronenuTens BS BbInonHEeH B BUE IIIACTHHKY, HA KaXKIOH
CTOpOHE KOTOPOH MOJIYIIpO3payHbIil CIIOM HaHECEH Ha OJHY MOJOBHUHY pabodell MOBEpXHOCTH
(TemMHas mosioca Ha cBerojenutene BS Ha puc. 3.7), a muiockue 3epkaia 3aMEHEHbI JBYMS
TPEXTPaHHBIMU YTOJIKOBBIMU oOTpakaTessiMu  (perpopeduiektopamu) T1 u To. OguH U3
oTpakaTeneil JBIXKETCS BAOJb OCEBOro mydka. Ilocme BTOpOro mNpOXOXKICHHS dYepes
CBETOJICNTUTENb ITyYKU HaNpaBisioTcs Ha J1Ba otonpueMHuka D1 u D;. Tak kak npu oTpaskeHUH

OT AUIJICKTPHUYCCKOI'O TOKPBITUA CBETOHCIUTCIIA (1)21321 KoJIcOaHHMSI MEHSICTCS Ha 7T , CBETOBBIC

¥ PerpopedhieKTopoM HA3BIBAETCS YCTPOIMCTBO, OTPAXKAIOIIEE MAPAIUIeIbHbI IyUOK Tyueil B HAIPABICHUH €ro
TIa/ICHNs] HE3aBUCUMO OT OPHEHTAIIMHU CaMOr0 YCTPOWCTBA OTHOCHTEIIFHO OCH ITydKa.
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MOTOKHM, TOMajaromue Ha (OTONPUEMHHUKH, OTIMYAIOTCS 3HAKOM B HWHTEpHEpEeHIIMOHHON

dopmyse (cpaBHuM ¢ popmysioi 3.2):

o0

Ao~ IAOV A+ cos2zvA)dv . (3.15)

0
DnekTpuyeckass CXeMa OCHOBaHAa Ha PETUCTPALUU PAa3HOCTU CUTHAJIOB, BbIpaOaTbIBaEMBbIX
IMPpUEMHUKAMHU, IIPU 3TOM HNOCTOSHHBIC COCTABJIAIOIHNEC ABYX IMOTOKOB BBIYUTAIOTCA. Coueranue
YTOJIKOBBIX OTpaXkaTeJeil ¢ Tako ABYXJIydeBOW CXEMOM IMO3BOJISET M30ekaTh HEOOX0IUMOCTU
CO3JaHMsI BBICOKOTOYHOIO MEXaHM3Ma MapajuleJIbHOTO IEpPEMEIICHUs 3€pKall U YBEIUYUTb

OTHOIIIEHHE CUTHAJI/IIIYM B CIIEKTpE.

JlanpHeNIIMM pa3BUTHEM ITON CXEMBI SABIIIETCS UHTEP(HEPOMETP ¢ peTpopedaeKTopaMu
THTIA  «KOIITaYHH rjia3», B KOTOPOM BMECTO TPEXTPAHHBIX YI'OJKOBBIX OTpamaTeneﬁ

HCII0JIb30BaHbl JIBYX3€pKaJlbHble adokanbHble cuctembl (puc. 3.9). IlapamnenpHble Tydu OT

ceerogenutens BS, oTpakasce oT BOrHYTHIX (mapabonmyeckwx) 3epkan Mi; u 1',

(BOKYCHPYIOTCS, COOTBETCTBEHHO, Ha MAJIBIX (BBIMYKIIBIX MJIM BOTHYTHIX) 3epkanax M, u M é "

IIOCJIE BTOPOT'O OTPAXCHUA OT (70030811174 BOTHYTBIX 3C€pPKaJl BO3BpPAIIAIOTCA Ha CBECTOACIUTCIIb.

Opna mapa 3epkajl HENOABUXKHA, Ipyras epeMeIlaeTcsi BAOIb OCH IMyJKa.

M - m
L 2
e
/4 ' -
7 M % '
- 2 ,f/’M1

Puc. 3.9. Unmepghepomemp ¢ 08yms homonpuemHukamu u aghoxaroHuiMu
cucmemamil.

ITeep Konn (P. Connes) nokasain B 1956 r., 4TO MOKHO M0J100paTh TaKO€ OTHOCUTEIBHOE
pacroyio)kKeHHe M pa3Mepbl CBETOJENUTENS, IUIOCKUX 3€pKall M a(OKaJIbHBIX CHCTEM, YTO
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COCTOSIHUE MHTep(epeHIH OyIeT OJUHAKOBBIM BO BCEM IPOCTPAHCTBE U MHTEP(HEPEHIINOHHBIC

KoJiblla OyayT OTCYTCTBOBaTh. B  peaqbHOCTH BOJIHOBBIC (DPOHTHI, BBIXOJSIIUEC U3
uHTepdepomerpa, OyayT OTCTyNaTh OT IUIOCKOCTU Ha BEJIMYMHY, OTpEICIsieMyto cheprudeckoit
abeppanueii BOTHYTBIX 3epkal. B  dypbe-cnektpomerpe ¢

TaKUMH  a(hpOKaITbHBIMU
OTpaKaTeIsIMU

ONTUMAJIBHBIA  YIJIOBOM pa3Mmep Juadpparm Oyxer
OTIpPENeNAThCS YK€ HE MaKCHMaJbHOW ONTHYECKOW pPAa3HOCTBIO XOja,

JBYX3€pKaJIbHbIMHU

a abepparusamMu
a(OKaTbHBIX CUCTEM, U MOYKET 3HAUUTEIPHO MPEBBINIATH MPEACTbHOEC 3HAUCHUE TEJICCHOTO yIiia

an, MOJIYYCHHOE ISl «KJIACCHYECKOTO» HHTephepomerpa Maiikenbcona. To ecTh B 3ToM

cllydae BBIXOJHYIO auadparmy, a 3HA4MT, U CBETOCHUIY MOXKHO 3HAYUTENIbHO YBEIMYUTH O€3
YMEHBIIECHUS pealbHON pa3pelaroniell cnocoOHOCTH. Jl0MOIHUTENbHBIN BBIMIPHIIL B CBETOCUIIE

IpU BBEACHHWUM B KaXJ0€ U3 Iuled uHTepdepoMeTpa adoKaIbHBIX ONTHUYECKHX 3IIEMEHTOB
Ha3bIBaeTCs BbIUIphIeM KoHHa.

4

w

1. UcTounuk u3nyuenus 5. KioBetHoe otaeneune
2. DnHncons BpaiueHIs

6. IapaGoanyeckoe 3epxaio
3. Hurepdepomerp KT 7. QoTonpHEMHHK
4. JlsoiiHoit poxon

Puc.3.10. Onmuyeckasn cxema cnexkmpomempa c unmepghepomempom «/gotinotl
kowayuu enas» (AKT).

WnTepdepomerp Takoro THMA MOJYYHUI Pa3BUTHE B JBYXJIYYEBOM CKAHUPYIOIIEM

uHTeppepomerpe «/IBoitHoil komaumit rnasz» (JKI'). Ero ontuyeckas cxema mpuBeieHa Ha

puc.3.10. Bxonnas ontuka mpeobpasyer U3aydeHue, UCIYCKaeMOe NCTOYHUKOM, B CXOASIIUNCS
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KOJIBLIEBOM MY4OK M (POKYCHPYET €ro Ha BXOJHOM OTBEPCTHU MHTEp(epomMeTpa, COCTOSIIETO U3
chepuyecKux 3epKal H TOJBIKHOTO cBetojenutens. llocnemHuid mpeacTaBisieT coOoi
IUTACTUHY W3 CEJCHUIA IMHKA HIM W3 OpoMuaa Kaiusi, KOTOpas YaCTHMYHO IPOIMYCKaeT M
YaCTUYHO OTpaxkaeT mnajaromui ceer. Kaxnas u3 4dacred, nNpouas psl OTPAKECHWM, BHOBB
MOTaaeT Ha CBETOACIHTENb. 37eCh HHTEPPEPHUPYIOUINE JIydd CKIAABIBAIOTCS, BBI3BIBAS
UHTEPGEPEHIINIO U, OTPA3UBIIUCH OT 3€pKalia, MPOXOAT Yepe3 BRIXOAHOE oTBepcTHe. Cuctema
3epKaJl MpeoOpa3yeT CBET B MapauICIbHBIA ITy4OK, KOTOPBI MPOXOJUT dYepe3 KIOBETHOE

OTACIICHHUC.

B 3axmroueHue paccMOTpUM OCOOEHHOCTH ONTHYECKUX CXEM HEKOTOPBIX CEpUMHBIX
¢bypre-ciekTpoMeTpoB. OTMETUM, YTO B TEXHUYECKUX PYKOBOJCTBAX OOBIYHO MPUBOISATCS HE
CTPOTME€ ONTHYECKHE CXEMBbI, YKa3bIBAIOIIUE pEaIbHBIA XOJ Jyded, a HPUHYUNuaibHble

ONTHYCCKHUE CXCMbI, OTPaXXKAarOIIKUEC PACIIOJIOKCHUC ONITUYCCKUX 3JICMCHTOB B an60pe.

's' IR Input Port

Control
Electronics

IR Input Port

Lig. N:
Cooled

Detector ™S 8 _Ex;mai Beam

tec?or

+ External Beam

Puc. 3.11. @ypve-cnexmpomemp |FS 66VIS gupmer Bruker: npunyunuanrvnas onmuueckas
cxema.

dypoe-cnekrpomerp IFS 66V/S ¢dupmbr Bruker uccienosarensckoro knacca (mpeaedrt

pa3speuicHud — 0,25 CM_l C ar[oz[mauneﬁ, TOYHOCTb ONPCACIICHHA BOJIHOBOTO YHCJIa — MCHBIIIC
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1 <
0,01 cM™) mocTpoeH mo kiaccuyeckor cxeme (puc. 3.11). PaBHOMepHOE NBMKEHHE ILUIOCKOTO

4
3CpKajia O6CCH€‘II/IBaCTC5I HCIIOJIb30BAHHUEM BO3AYIITHOTO IMOJIIMITHUKA .

B npu6ope IFS 113 ¢pupmbr Bruker ucciemoBarenbckoro kiacca (Mpeaen pa3perieHus —
0,05 CM'l) (puc. 3.12) wucnonmnenue wuHTepdepoMerpa MalKkenbCOHA OTIMYACTCS OT
KJIJacCUUeCKOM cxeMmbl. [IpuHIMNMATBbHO HOBBIM pEIIEHUEM SBJISIETCS  HCIOJIb30BAaHUE
JIBYXCTOPOHHETO INIOCKOTO TOJBIKHOTO 3epkana. MK-uznmydenuwe riodapa R1 wmm pryrHOU
nammbl R2 (MCTOYHHMKHM B3anMMO3aMeHsIeMbl) (OKYCHPYETCsl B IUIOCKOCTH cBerojenutens BS.
[Ipomenmmii M OTpaKEHHBIM JIydd HANpPaBIIKOTCA [JBYMs BOTHYTBIMM 3€pKaJIaMH  Ha

MOBEPXHOCTHU JABYCTOPOHHETO ILIOCKOIApaJIeIbHOrO 3epkana. Jlanee imyun

Puc. 3.12. @ypve-cnekmpomemp |FS 113 ¢pupmor Bruker,

NPURYUNUATIBHAS Onmu4ecKasl cxema.

BO3BpaIlarOTCd MO TOMY K€ IIYTU K CBCTOACIUTCIIIO, I'IC€ OHU HHTep(bepI/IPYIOT, H 4aCTb HX

OTpaXa€TCd B KIHOBCTHOC OTIACJIICHHUC. Takas cxema I/IHTep(l)epOMeTpa HMCCT HCKOTOPOC

MIPEUMYILECTBO Mepes Kiaccuueckoi. Bo-mepBrix, onTuyeckas pa3HOCTh Xoa B 4 pa3a Oosbliie
MEXaHUYIECKOTO CMEIICHUsI OOJIBIIOrO MOBIKHOTO 3epKana MM (muamerpoM 70 MM), TO €CTh
BJIBO€ OoJibIlle, YeM B OOBIYHBIX MHTEp(EepoMeTpax MpH TOM K€ MepeMelieHnn 3epkana. Bo-

BTOPBIX, HeOoIbIINe pa3MEpbl CBETOACIIUTECIIA 3a CUCT (bOKYCI/IPOBKI/I JIyda Ha €ro IIOBECPXHOCTHU

4 Bo3aymiHeIi TOIHATTHIK aHAJIOTHYESH BO3AYIIHOM MoaymiKe. CKaThIA BO3TYX BBHITEKAET M3 HEOONBIINX OTBEPCTHI
HENOJIBYKHOW YaCTH MEXaHU3Ma MOJauM 3epKajia, IPUIOJHUMAs OJBUKHIOIO YacTh, HA KOTOPOH 3aKpEIUIEHO
3epKaio. DTUM IPHUEMOM JIOCTHTACTCS ABIDKEHHE 3epKalia TIPAKTHYSCKH 0e3 TPSHHUS.
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MO3BOJISIIOT YAyYIIaTh €ro XapaKTepUCTHKH NpPU H3TOTOBJICHUH. B-TpeTpuX, Manblii yron
MaJIeHUs Jy4el Ha CBETOACIHUTENbh 00ecTIieYMBaeT MUHUMAIIbHBIA MOJSIPU3AIMOHHBIN Y dexT. B
OOBIYHBIX CXE€MaX C MapajuIeJIbHBIM CBETOBBIM IYYKOM, MAJAIOUIMM HA CBETOACIHUTENb O]
yrioM 45°, monspuzaioHusie 3QPEKTH MOTYT ObITH OCOOEHHO 3HAYMTENLHBIMU B JajibHell K-
oOmacTH.

B oTimume ot GONBIIMHCTBA MOJIENEH, 3TOT CIEKTPOMETP BBHIIOJIHEH B JIBYXKaHAIBHOM
BapuaHTe. Brixomsmuii u3 uHTEpPEpOMEeTpa JIyd MOKET 10 OYEpeAH HAIPABISATHCS B OJUH W3
IBYX HM3MEPUTENFHBIX KaHAJIOB C IOMOIIBIO TIOBOPOTHOTO 3€pKajia M (HOKYCHpOBATHCS B
cooTBeTcTBYIOMUX Toukax F1 u F2 kroBeTHOro OT/ENEeHMSs], B KOTOPBIX paclojaraioT KIOBETY C
00pa3lioM W KIOBETY CpaBHEHHUA g perucrpanuu (HOHOBOro (OMOPHOTO) CHTHaNa. Takum
00pasomM, crieKTpbl 00pasiia u (HoHa UBMEPSIOTCS B OJIMHAKOBBIX YCIOBUSX.

JIpyro#i MpUHIIKIT 3aJI0)KEH B OCHOBY ypbe-criekTpomeTpoB cepuu Tensor (Bruker).

|
P1

Puc. 3.12 Unmepghepomemp Rocksolid.: npunyunuanvnas cxema. BS —
ceemooenumensv, Pl u P2 — mpexepannule yeonkosvie pempopeghpaexmopwi, O — oco.

WX OCHOBHBIM ONTHYECKHM JJIEMEHTOM SIBJISCTCS HWHTEp(HEpPOMETp, COCTOSIIUN U3 JABYX
TPEXTPaHHBIX YTOJKOBBIX perpopeduiektropoB Pl u P2, 3akpenneHHsix Ha emuHoi ocu O,
NPOXOJAIIEH Yepe3 IIEHTP MacC CHCTEMbI, MO cxeme obopoTHoro wmastHuka (the Bruker
Rocksolid Interferometer) (puc. 3.13). B maHHOH cXeMe OTCYTCTBYET IOCTYHATEIbHOE
nepeMenieHue peTpopedaeKTopoB: U3MEHEHHE ONTHYECKON Pa3HOCTH XO/1a MPOUCXOIUT 3a CUET

CHUHXPOHHBIX KoJieOaHMit YI'OJIKOBBIX OTan(aTeﬂeﬁ OTHOCHUTEIIPHO €IMHOM OCH. OTa cxeMa
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MO3BOJISIET M30€KaTh Kak CIy4ailHBIX W3MEHEHHMH B HAKJIOHE Jyded, TaKk M OIIMOOK B
OIIPEJETICHNN PAa3HOCTH XOJa U3-3a YIJOBBIX OMEHMI IUIOCKMX 3epkai. Kpome Toro, maHHoe
TEXHUYECKOE PEILIECHUE IO3BOJIAET OTKA3aThCsl OT MCIO0JIb30BAHMSA OOECHEUYMBAIOLIUX IUIABHYIO
MOJIBIKKY 3€pKaja JOPOTOCTOSIINX BO3AYLIHBIX MOJANIMITHUKOB, paOOTAIOMUX MPH HAIUYUU

KOMIIpECCOopa WM pE3CpByapa CO CXKATbIM I'a30M.

3.8. TlonyyeHue crieKTpa NPoOMycKaHHA 00pa3ua.

bonsmmucTBo MK-cnekrpomerpoB ¢ ®Dypbe-nipeoOpazoBaHMEM OTHOCSTCS K KIAccy
OJIHOJIYYEBBIX CIIEKTPOMETPOB. BriunciieHne crekrpa mpomyckanus o0pasiia NpOUCXOAUT B TPU
JTana:

1. Tlonmyuenue wunHTepheporpammsl 0e3 oOpa3na C MOCIEAYIOIIUM IpeoOpa3oBaHUEM
(Dypbes. B pesynprare nomgydaercst Tak Ha3bIBa€Mbld OJTHOKAHAJIBHBIN CIIEKTP CPAaBHEHMS
R(v) (Single Channel Reference Spectrum) .

2. Tlomyyenne nHTEpdHEpOrpaMMBI ¢ 00pa3IOM C TIOCIEAYIONMM TpeoOpazoBanreM Dyphe.
B pesynbraTe monyuaercsi Tak Ha3bIBaeMbIH OJHOKAHAJIbHBIA CrekTp oOpasia S(V)
(Single Channel Sample Spectrum) .

3. Beruncrenue criektpa npomnyckanus kak otHomeHus S(v) u R(v)

T(v) =S(v) I R(v)

[locne Toro, Kak BBIYUCIEH CIEKTP NPOMYCKaHMS, K HEMY MOXeET ObITh IpUMEHEHa
MocJeyroas MareMaTuueckass oopaboTka - KOHBEPTUPOBaHHE K BHUAY CHEKTpa MOTJIOLICHHUS,

Koppekuus poHa, CriaKuBaHue  T.I1.

® B 1aHHOM CTydae IPeNoNaraeTcst oC/Ie[0BaTeNbHOE BBITOTHEHHE HECKOMBKHX MATEMATHIECKHX ONepaIi —
arnoM3anyy, AONOJTHEHHS HYJISIMH, TUCKPETHOro peodpasoBanus Pypbe, KoppeKuuH (asbl.
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4. Tlpupoaa NOBePXHOCTH OKCHAHBIX KATAJIN3ATOPOB.

@U3MKO-XMMHUYECKHE CBOMCTBA IIOBEPXHOCTM MIPAIOT CYLIECTBEHHYKO pOJb B
XUMHUYECKUX IIpolLieccax, IPOMCXOMAAIIMX Ha TpaHuIle pasjena ¢as, B NEPBYIO Odepenb B
reTEPOreHHOM KaTallu3€ U XMMHUUYECKHUX MPEBPALICHUSX C Y4ACTHEM TBEPIBIX T€l. XUMHUUYECKHE
CBOWCTBA MMOBEPXHOCTH TBEPJAOTO Tesia BecbMa crienuuyHbl. HemanoBaskHa pojib TOBEPXHOCTH
B IIpolieccax aJcopOLmH.

BONBIIMHCTBO reTEPOreHHBIX KaTaIH3aTOPOB MPEACTABISIOT COO0M OKCHIBI, HX CIIOKHBIE
KOMIO3HIUHU U coiii. COBpEeMEHHOE XMMHUYECKOE MPOU3BOICTBO HEBO3MOXKHO MPEACTaBUTH 0€3
WCI0JIb30BAHUS TBEP/BIX KaTaIU3aTOPOB KUCIOTHOM MpHpoabl. Cdepa MpuMEHEHHS] KUCIOTHBIX
TeTepOreHHbIX KaTaJu3aToOpoB JOCTATOYHO IIMpOKa — TMpolecchl HedrenepepadoTKH,
OpPraHMYEeCKOI0 CHHTE3a, YTHIM3ALNUH YIIE€BOJOPOJIHOIO ChIPbs. [UIMHUYHBIMU TBEPABIMU
KHUCJIOTHBIMU KaTaJnu3aTOpaMu SIBIISIOTCA OKCHJIBI U HMX CMECH, a TakKe cysb(arsl MeTaioB. B
3HAYUTENIILHON CTEMeHH 53TOT (akT ONpeAeNus OCHOBHbIE HarpaBieHus npumeHenus K-
CHEKTPOCKOIINHU K MCCIIEJOBAHHUIO F€TEPOrE€HHBIX KAaTann3aTopoB. OCHOBHBIE IPUEMBI U METO/IbI
UCCIIEIOBAaHUS OBLIM pa3BUTHl B NMPUMEHEHHM B MEPBYIO OYepelb K OKCHUAHBIM CHCTEMaM.
BonbmmucTBO MOHOrpaduii, mocssmeHHbIXx Mertogam WMK-crnekrpockonuu B TeTeporeHHOM
KaTajau3e, ONHUCBHIBAIOT HMEHHO IIPUMEHEHHE II0 OTHOLICHWIO K OKCHIHBIM CHCTEMaM.
IIpumenenne HK-cnekTpockonuy MO3BOJSET BBIABUTH psJi NPUHLIUIHAIBHBIX MOMEHTOB
KHCJIOTHOTO KaTaju3a Ha MOBEPXHOCTH — OOHAPYKUTh HAJIMYUE HA ITOBEPXHOCTH JIBIOMCOBCKUX
1 OpEHCTEeI0OBCKUX LIEHTPOB, YCTAHOBUTh UX CTPYKTYPY U BBISIBUTH UX POJIb B KaTATUTUYECKUX
IIPEBPALCHUSX.

OKHUCIIEHHOE COCTOSIHUE SIBJII€TCSI €CTECTBEHHBIM JJIsl JIIOOOI0 METAJUICOJepKAllero
KaTaJau3aTopa, MOABEPrHYTOTO AKCIO3ULUM HA BO3J1yXe. B 3aBHCHMOCTH OT OKHCIIHUTENBHO-
BOCCTAaHOBMTEIBHOM OOpaOOTKM KATHOHBI B OKCHJIE MOTYT OBITh Kak B BBICHIEH, Tak U B
IIPOMEXXYTOYHOM CTaAUN BOCCTAHOBJIECHHUA. B 3aBUCMMOCTH OT ycia0BHi 00pabOTKU MU YCIOBHM
IIPOTEKaHMsI PEaKIIMK aKTUBHAs (pa3a KaTalnu3aropa MOXKET OKUCIIATHCS, BOCCTAHABIMBATHCS WU
IIpeTepIieBaTh CTPYKTYpHbIE U3MEHEeHUs. Bech HAKOIUIEHHBIN MaTepuall MOXKET ObITh IPUMEHEH
K JpYTMM THUIIAM I'€TEPOTE€HHBIX KaTaJu3aTOPOB, TAKUM KaK HAaHECCHHbBIE CHCTEMBI B KOTOPBIX B
KAaueCTBE HOCHUTENS MCHOJb3YETCS YIJIEPOIHBIA HOCHUTENb, YJIBTPAAUCIEPCHBIA anmas,
MOJIUMEpPHbIE HUTH W T.I. s McciaenoBaHWs 3TUX CHUCTEM B IOJHOM 00bEeME MOTYT
IPUMEHATBCSI METOJMKM  HUCCIEIOBaHMsS  afCOpPOIMOHHBIX M  PEaKIHMOHHBIX  CBOMCTB,

pa3pa60TaHHHe N3Ha4YaJIbHO JIA UCCIICA0OBAHNA OKCHUAHBIX CUCTCM.
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4.1. Oco0eHHOCTH 00HEKTOB MCCAeI0BAHHUS.

KoopaunanonHbele COCTOSIHMSL aTOMOB (KaTMOHOB M aHHUOHOB ISl OKCUJIOB) H
peaKMOHHbIE CBOWCTBA IIOBEPXHOCTH 3aBUCST OT TOr0, HA KAaKOM KPUCTAJIMUYECKOMN IJIOCKOCTH
MPOUCXOUT afcopOus win peakius. CTpyKTypa TMOBEPXHOCTH MOXKET OBITh paccUMTaHa W3
TPEXMEPHOW MOJEIH KPUCTAUIMYECKOW PElIeTKH. XOTs BIUSHUE MTOBEPXHOCTHBIX NE(PEKTOB H
IIPOLIECCOB PEKOHCTPYKILMU MOBEPXHOCTU TaKXKE OKa3bIBAET BIIMSHUE. BOJBIIMHCTBO peabHBIX
00pa3IoB OKCHIHBIX CHUCTEM NPEACTABISIOT cOO0H MOJMAMCIIEPCHBIE TMOPOIIKH, OBEPXHOCTH
KOTOpBIX TMpeAcTaBisieT co00i HabOp pa3IUYHbIX TpaHed, OPUEHTHUPOBAHHBIX CIIydallHbIM
o0pazoM. DTOT (aKT OCIOXKHSET TMPOIECC HIACHTU(UKAIIMU AKTHUBHBIX IIEHTPOB, XOTA B
HEKOTOPBIX Cllydasix UH(OpMAIs MOXKET ObITh MOJydeHa KOCBEHHO M3 aHaju3a 0COOEHHOCTEN
CIIEKTPOB aJcopOaToB, HAIpUMEP B JIMHEWHOUN WJIM MOCTHKOBOW (popMe MPOUCXOIUT asicopOrus,
T.€. OJIMH WK 00Jiee aTOMOB MOBEPXHOCTH YY9aCTBYIOT aJICOPOIIHH.

B cootBerctBuM ¢ omnpeneneHrneM Moppucona (S.R. Morrison) [1] nousTHE «IEHTp
MOBEPXHOCTU» OMNpPEAENseTcs KaK «MHKPOCKOIMWYECKasl Ipynia aTOMOB, KOTOpas ONpeesser
cHenu(pUKy XUMHYECKON aKTUBHOCTH IMOBEPXHOCTU». DTO MOHSTHE OTHOCHUTCA K aToMam
MIOBEPXHOCTH CO CBOOOJHOM BAJIEHTHOCTBIO, CBS3IM CO CBOOOJHBIMHM  CBSI3bIBAIOLIMMU
opbuTansMu, CHOCOOHBIMM TPUHUMATH 3JEKTPOHHYIO IUIOTHOCTh, WJIH K CBS3IM C
3aII0JIHEHHBIMM CBS3bIBAIOIIMMHU OpOUTAISIMU C HU3KUM MOTEHLMAIOM MOHM3auuu U T.a1. Jlns
OKCHJIHBIX CHCTEM MOKHO BBIICIUTh CICAYIOLIUE TUIBI LIEHTPOB: IEKTPOHOJOHOPHBIE LIEHTPBI
— @HUOHBI KHCJIOPOJA, MIEKTPOHOAKIENTOPHBIE LEHTPHl — KOOPIUHALMOHHO HEHACHIIEHHbIE
KaTHOHbl ~MeTaJlla, TMJPAaTHO-TMJIPOKCWIBHBIA MOKpoB. IlomuancnepcHOCTh  OKCHUAHBIX
KaTaJIn3aTOPOB U, KaK CIEACTBUE, pa3IMyHasi OPUEHTALUs YYaCTKOB MIOBEPXHOCTH, TAK ke KaK U
ne(eKThl KpUCTANIMYECKOH CTPYKTYPhl MOBEPXHOCTH SIBISIOTCS HNPUYMHOM HEOIHOPOIHOCTH
Ka)/I0T0 U3 TUIIOB LIEHTPOB.

Jlis omnpeneneHuss NPUPOJAbI LEHTPOB aJACOPOLMM, COOTHOILEHHUS KOHIEHTpalun
pa3UYHBIX LIEHTPOB, OIpPECNICHHUs] THUIIOB KOMILJIEKCOB, (POPMHUPYIOIIMXCS HA HOBEPXHOCTHU
KaTaJli3aropa MpHu aJcopOLUM peareHTOB U MyTell MX MOCJIEAYIOIIMX MPEBPAIICHU C yCIIeXOM
npumensierca meroa UK-cnekrpockomnum.

AncopOIIOHHBIE CBOMCTBA OTJIENIBHBIX ILIEHTPOB OMPENENSIOTCS MyTeM ajcopOLluu Ha
HUX MPOCTBIX MOJEKYNI-30HA0B. Ilo chekTpaibHbIM XapaKTepUCTHKaM (OPMHUPYIOIIUXCS Ha
IIOBEPXHOCTH KOMIUIEKCOB MOXHO CYAMTh O CBOMCTBAaX CaMOro LIEHTpa. XOPOIIO U3BECTHO, YTO
pealibHasl MOBEPXHOCTb HEOAHOPOJHA, YTO SIBJISIETCS MPUUYMHON MOSBIEHUS IIMPOKOTO CIIEKTpa

LHCHTPOB aI[COPGI_II/II/I, CYHICCTBCHHO OTJIMYAIOMIUXCA 10 CBOUM a,HCOp6I_II/IOHHBIM " PCAaKIIMOHHBIM
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cBoiictBaM. Takue LEHTPbl (QOPMHUPYIOTCS MPEUMYIIECTBEHHO B 00JAcTAX MNPOTHKEHHBIX
ne(eKToB MOBEPXHOCTH (CTYNEHBKH, TPEIINHBI, BEIXO/IBI Ha TIOBEPXHOCTH AUCIOKAIUHN U T.IL.) U
TOUYCYHBIX Ne(PEeKTOB (BakaHCHUHU, NMpHUMECHbIE aToMbl U T.N.). KoHmeHtpamus aedexkroB Ha
IIOBEPXHOCTH 3aBUCUT OT JUCIEPCHOCTH Martepuana. JlIg BBICOKOJUCIEPCHBIX CUCTEM
KOHLIEHTpAlLlUsl LIEHTPOB, CBSA3AaHHBIX C Je(EeKTaMH NOBEPXHOCTH, MOXKET B DPa3bl MPEBBIIIATH
KOHIICHTPALMIO LIEHTPOB HA PETYJISIPHON ITOBEPXHOCTH.

Msoroo6pa3ue 0JTHOBPEMEHHO MPHCYTCTBYIOIIUX HA MIOBEPXHOCTH PA3HBIX IO MPHPOJIE
LIEHTPOB COCTaBJISIET CEPbE3HYI0 MpoOieMy pa3pabOTKM HAAEKHBIX METOJ0B pa3/eibHOIO

W3yYEHHS UX CBOWCTB.

4.2. CriekTpajbHble MPOsIBJIEHHs MOBEPXHOCTH OKCH/IA.

[ToBepxHOCTh mpencTaBisieT coOOW TpaHuIly paszaena (a3 CyIeCTBEHHO pa3IMYHOMN
IUIOTHOCTHU, YTO OOYCJIaBIMBAET HCKA)XEHUE CHJIOBBIX IOJE€M BHYTPU TBEPJAOro Tejla MpH
MpUOIMKEHUH K TIOBEPXHOCTH UM TOBBIIIEHHYIO IO CPaBHEHHIO ¢ O0OBEMOM KOHIEHTPAIUIO
negexToB CcTpyKTypbl. [loBepXHOCTH TBEpAOro Tella MOMXHO paccMaTpUBaTh Kak caMbli
MPOTSHKEHHBIH Je(PEeKT, KOTOpbI HapylmlaeT TPEXMEPHYI0 CTPYKTYpy KpHCTauia. ATOMBI,
pacIoyoKEeHHbIE Ha MIOBEPXHOCTH, UMEIOT MEHBIIEE YNUCIIO COCEAEH, UeM aTOMbI B 00beME, T.€.
aTOMBI IIOBEPXHOCTH SBISIOTCS KOOPAMHALMOHHO HEHACHIIEHHBIMHU. (Cle0BATEIbHO, CHIIBI,
JEUCTBYIOIIME Ha aTOMbl IOBEPXHOCTH OyIyT OTIMYaTbcsd OT CWJI, JEHCTBYIOLIUX Ha
aHAJIOTUYHBIE aTOMBI B 00bEME pEeIeTKU. DTO MPUBOAUT K TOMY, UTO JOKaJIbHA CUMMETPUS U
COOTBETCTBYIOLIME MIPABUJIA OTOOPA TAKKE KaK M JUHAMUYECKHE XapAKTEPUCTUKU XUMUYECKUX
CBA3CH Ha IOBEPXHOCTHM — CPEIHUHN KBaApaT aMIUIMTYIbl, CHJIOBasi IMOCTOSHHAs M 4acToTa
BaJICHTHBIX KoJIeOaHUH CBsI3€il OyAyT OTIMUYaThCS OT aHAJOIMUYHBIX TApaMETPOB CBs3E€H BHYTPHU
pEIIEeTKH. DTO CIPABEMIUBO KAK Ul KOBAJEHTHBIX, TAK U JJISl YACTO MOHHBIX PEIIETOK. DTUMHU
¢dakTopamMu  00YCJIOBJIEHO IHPOSIBJIEHUE IOBEPXHOCTHBIX KOJ€OaHWIl, KOTOpbIE JalOT
nonojgHuTenabHble JuHUM B MK-cnekTpax MOTJIONIEHHs MM B CHEKTpaX KOMOMHALIMOHHOTO
paccesHus. BHenpenue npuMecu, paBHO Kak M aacopOLMsl aTOMOB M MOJIEKYJI Ha MOBEPXHOCTH
TBEPJIOTO Teja, MPUBOJUT K BO3HUKHOBEHHUIO JIOKAJIbHBIX KOJeOaHWH M B TOM Cilydae, €Cliu
Macca azcopOoupymolerocst aroma B 3-4 paza MEHbIIIE MacChl aTOMa IMOBEPXHOCTH.

HccnenoBanne BBICOKOAMCIIEPCHBIX OKCHJOB IIO3BOJIAET HW3YUUTh CIEKTPAJIbHBIC
IIPOSIBJIEHUSI aTOMOB MOBEPXHOCTH. Ha MOBEPXHOCTH OKCUAHBIX CUCTEM MOTYT IIPUCYTCTBOBATh
JOCTYIHBIE s aJACOpPOMpPYEMBIX MOJIEKYJd KaTHOHBI M aHUOHBL JIroOoil KkaTHMOH uMeeT

HC3aIlIOJIHCHHBIC JJICKTPOHHLIC Op6I/ITaJ'II/I ", COTNIaCHO OIIPECACICHUIO .HBI-OI/ICB., ABIIACTCA
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KHMCJIOTOM, KaKIbl M3 IOBEPXHOCTHBIX aHUOHOB MMEET HEIOJCIICHHYIO Mapy JIEKTPOHOB W,

CJICAOBATCIIbHO, ABJISICTCA OCHOBHBIM LICHTPOM.

ission
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~= Transm
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Puc. 4.1. UK-cnexmpot a - Cry03.
1 — nocre mepmosaxyymnou obpabomku npu 770 K; 2 — nocne

gzaumooeticmsus ¢ Kuciopooom npu 520 K; 3 — nocne
e3aumodeticmeus. co cmecwio 00, 20, (40% 18Oz) npu 520 K. [2,3]

JlucriepcHble OKCUHBIE KaTaau3aTopbl SBIAIOTCA YIOOHBIMU OOBEKTaMH JAJIS U3ydECHUs
CIIEKTPOB TOBEPXHOCTHBIX KOJEOAaHMH Kak COOCTBEHHOW, Tak M TPUMECHOW MPHUPOJIBI.
JIeHCTBUTENBHO, C  yBEIMYEHHEM  JUCIEPCHOCTH  TBEPAOrO0  Tela  COOTHOLIEHHE
IIOBEPXHOCTH/00BEM M3MEHSETCS, YTO MPUBOAUT K MOBBILIEHUIO KOHIIEHTPALMK MOTJIOIIAIOLINX
rpymn, oOyCIOBIEHHBIX HMOBEPXHOCTbIO TBepaoro Ttena. CyllecTBEHHOE OrpaHHYEHHUE IpU
UCCIIEIOBAaHUM TakuX KoyiebaHui cBsi3aHo ¢ noromenueM MWK-uznydenus o6beMom
azcopOeHTa, YTO HCKIIOYaeT BO3MOYKHOCTh aHalIM3a CIHEKTPOB B 0O0JAacTH COOCTBEHHOI'O
noryoeHus. B ¢Bs3u ¢ 3TuM paccMoTpeHue OyneT OTHOCUTBCS JIMIIb K 00JIACTH YacTOT BBILIE
4acTOT COOCTBEHHOTO MOTJIOIIEHUS KPUCTAIIIOB.

IIpu nccnenoBaHuM TOJICTBIX CJIOEB BBICOKOIUCIIEPCHBIX OKCUIOB MOCIIE OKUCIUTENbHBIX
00paboOTOK MOSBISIIOTCA XapaKTepHble I Ka)XJ0ro HHAMBHUIYAJILHOTO OKCHAA  IOJIOCHI
MIOTJIOIIEHUS, JIe)KAIMe B 00JJaCTH YacTOT BBIIIE YACTOT COOCTBEHHOTO MOTJIOIIEHHSI KPUCTAILIA.
OTH MOJOCHl TOIVIONIEHHS CBS3BIBAIOT C KOJEOAHMSIMM CBsi3€il MOBEPXHOCTHBIN KaTHOH-
kuciaopoa. Tak, HapuMep, B CIEKTPE OKCHIA XpOMa, MOABEPTHYTOTO BBICOKOTEMIIEPATYPHOM
OKHCIUTENIbHON 00paboTke, HaOMIONaeTCs XapakTepHbIH JUCKPETHBIA crnekTp B obmactu 700-
1100 cm™ (puc. 4.1). DTH MOJIOCHI XapaKTEpU3YIOT KOJIOAHUs CBA3EH METaI-KUCIOpOJ Ha

IIOBCPXHOCTHU. O6paBOBaHI/IC TaKHuXx CBHSCﬁ, €CJIM OHU MMEIOT MOHHBIN XapakKTep, SKBUBAJICHTHO
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MOSIBJICHUIO HA MOBEPXHOCTH MOHOB KUCIIOPOJIa, aICOPOMPOBAHHBIX HA MIOBEPXHOCTH OKCHJIHBIX
KaTtanu3aTopoB. II0CKOIBKY MOBEPXHOCTh HEOAHOPOIHA, KATUOHBI IIOBEPXHOCTH UMEIOT Pa3HYIO
KOOPAMHALIMOHHYIO HACBIIEHHOCTh 10 Kuciopoxay. IIpodHoctu cBsizeil kucimopoja ¢ TaKMMU
KaTHOHAMU TakXke OyayT pa3iindaTbCs, BCICICTBHUE 3TOrO B CHEKTpax HAOIIONAETCs] HECKOJIBKO
MAaKCUMYMOB IOTJIOLEHHUS], IPUHAIUICKALNUM METAIUI-KUCIOPOJHBIM CBS3SM.

[IoHmxkeHrne KOOPAMHALMOHHOIO YHCIA METAUIA IPH IIOCTOSHHOM BaJIEHTHOCTH
COIIPOBOXKIACTCSI YMEHBIICHUEM MEKATOMHOIO PACCTOSAHMS M YBEIMYECHHEM KOJIUYECTBA
BAJICHTHBIX JJIEKTPOHOB HA OJIHY CBS3b - T.€. KPATHOCTH CBSI3U. B COOTBETCTBHUM C ITUM JIOJDKHA
YBEIMYUTHCS MPOYHOCTD CBSI3HM U 4acToTa. [[03TOMY BBICOKOYACTOTHBIE MAKCUMYMBI B CIIEKTPax
OTHOCAT K CBS3SIM KHCJIOpPOJA C CaMbIMH KOOPAMHALMOHHO HEHACBIIICHHBIMU KaTHOHAMU
MOBEpXHOCTU. MHTepBan M3MEHEHMsI 4acTOT, XapaKTEepPU3YIOLIMX KOJeOaHus CBsA3eH MeTa-
KHCIIOPOJl, ONpPENENsAeTCS W3MEHEHHEM IOpPSJIKOB JTHX CBsi3ed. YHMCIO MakCUMyMOB,
MOSIBJISIIOIINXCS B 0o0nacTu kojiebanui cBsizu M-O, U cieKTpaibHBIA IUANa30H WX MOSIBICHUS

XapaKTCPU3YIOT SHCPI€TUICCKYIO HCOJHOPOJHOCTE I'PYIIIUPOBOK «MECTAJI-KUCIIOPOI».

4.3. MoJeky.asipHble ¢popMblI acOPOLHHN KHCI0POA.

OcHOBHOHM MeTOJ aHA/IM3a 3apsHKEHHON (DOPMBI MOJICKYIISIPHO aJICOPOUPOBAHHOTO KHCIOPOJIa
Oz - aro DIIP-cnekrpockonus. dopmupoBanue aacopOupoBaHHbX (opm Oz HaOIIOAATOCH
6onee yem Ha 30 OKCHIHBIX KaTaJlM3aTopax Ha OCHOBE OKCHUIOB IEPEXOIHBIX METaJIOB,
CUIIMKaresie, ajgoMocuiukarax U uneosnurtax. HK-crmekrpockomnusi mMo3BOJSET OOHApPYKUTH
a7IcopOIIMI0 MOJIEKYJIIPHOTO KHCIOPOAa Ha MOBEPXHOCTU U JTAeT MHMOPMALIUIO O KOOPIUHAIIUI
MOJIEKYJISIPHOTO KHUCJIOPO/Ia Ha MOBEPXHOCTH OKCUAHBIX CUCTEM.

Ha puc. 4.2 nmokaszaHbl 4acTOTHBIE AMAMA30HbI B KOTOPBIX MOTJIOMIAIOT pa3iuyHble (HOPMBI
MOJIeKyJsipHOTO  Kuciopona. K cokanenuto, oOmacte mnoriomeHusi ¢z O—O nexur B
HU3KOYACTOTHOM JIMANa30He U MEPEeKPHIBAIOTCS ¢ 00JacThio moriomenus cBsazeiit M—O—M u
M—QO. D10 CyIIeCTBEeHHO 3aTpyAHSAET HICHTU(DUKALUIO aJCOPOMPOBAHHBIX MOJIEKYISPHBIX
¢dbopm kucnopona mo crnekrpam UK. Jlns moBeimieHus Tounoctu uneHtudukanuu MK nannbie

KOMOUHUPYIOT ¢ qanHbiMu DIIP-criekTpockonuu.
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Puc. 4.2 CnexmpanvHuvie xapakmepucmuxu MOAeKVIApHbIX ¢opm Kuciopooa [3]
4.4. T'uApoKCWILHBIN NOKPOB.

N3BecTHO, 4TO B acOpPOIMOHHBIX U KAaTAIUTHYECKHUX MPOIECCaX BAXKHYIO POJIb UTPAIOT
TUAPOKCWIBHBIC TPYIIBI M 3JEKTPOHOAKIECNTOPHBIE IIEHTPHI IMOBEPXHOCTH OKCHAOB. OHH
0o0pa3yroTcsi B Mpoliecce MPUTOTOBJICHHMS KAaTaM3aTOPOB WM TPH WX B3aUMOJCUCTBUU C
peaKIMOHHON cpeior. ['MapOKCUITbHBIN MOKPOB OKCUJA SIBJISIETCS OJHOW W3 OCHOBHBIX MPUYHH
HEOJHOPOJHOCTH €ro MoBepXHOCTH. [lomaBnstoiee OOJBIIMHCTBO MPAKTHYECKH Ba)KHBIX
aZICOPOITMOHHBIX TPOLIECCOB HA MOBEPXHOCTH 3aBUCUT OT COCTOSHUS THAPOKCHUIBLHOTO MOKPOBA
okcuga. [ToaTomMy uccaegoBaHue ITUX CTPYKTYP MOBEPXHOCTH HEOOXOIUMO KaK C TOYKU 3PCHUS
MPaKTUYECKOTO TNPUMEHEHHUS B KaTaju3e, TaK W C TOYKH 3PCHHS HMCCIICIOBAHUS H3MEHEHUS
MOPQOJIOTUH U (PU3HKO-XMMUYECKUX CBOMCTB MOBEPXHOCTU OKCUAA B pe3yabTaTe 00pabOTKH.

Ha Bo3myxe moBepXHOCTH OOJIBIIMHCTBA OKCHJIOB MOKpPHITA CJIOEM T'HAPOKCHIBHBIX
TPYIII, JOCTPANBAIONINX KOOPAMHALIMOHHYIO cepy OJHOro u 0ojiee KaTHOHOB MOBEPXHOCTH, U
HEJMCCOLMUPOBABIIUX MOJIEKYT BOJbI, KOOPAMHHUPOBAHHBIX KATHOHAMU MOBEPXHOCTH.
OTHOcUTEeNbHBIE KOJMYECTBA U TEPMOCTAOMIBHOCTh THIPOKCHIBHBIX TPYII PA3IUYHBIX THIIOB
3aBUCSAT B OCHOBHOM, OT TPUPOABl OKCHIA U KpHCTaUIOrpauyecKkux HampaBlIeHUI
MOBEPXHOCTH KpucTamuTa. OOBIYHO acCOpOUPOBAHHBIE HEAUCCOIMUPOBABIIINE MOJIEKYIIBI BOIBI
coctaBisitoT 10 50 % OT TOBEPXHOCTHOTO CJIOA OKCHJIA MW JIETKO  YIAJSIOTCA
TepMOBaKyymMupoBaHueM yxe npu temneparype 470 K. JlaHHBII KOMIIOHEHT MOKPOBHOTO CJIOS

MAaJIOYYBCTBUTCJICH K HNPUPOJAC OKCHUIAA U CTPYKTYpPC INOBCPXHOCTH. FI/II[pOKCI/IJ'IBHBIC TPYIIIIbI
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MOBEPXHOCTH, HA00OPOT, OKA3bIBAIOTCS HAMHOTO 00Jie€ YyBCTBUTENIBHBI K KOOPIUHALIMOHHOMY
U CTPYKTYpPHOMY COCTOSHHIO KAaTHOHOB, B KOOPIMHAIIMOHHYIO c(epy KOTOPBIX 3THU TPYIIIBI
BXOZAT. 1103TOMy M3MEHEHUS B CTPYKTYpE T'MIPOKCUIBHOIO IOKPOBA, HAPALYy C U3MEHEHUSMHU
JJIEKTPOHOAKIENITOPHBIX CBOMCTB, SIBIIIOTCS OTPAKEHUEM M3MEHEHUN CTPYKTYpPBI IIOBEPXHOCTH

101 BO3JICHCTBUEM MOJUPUIUPYIOIIEr0 KOMIIOHEHTA WM YCI0BUN 00pabOTKU.

Lemnecoobpazno Beiienuth Tpu Tina OH-rpymnm:
Cmpyxkmypusie OH-zpynnwi. OOpa3yloTcs Npu NMPUTOTOBIEHUU KaTanu3aTopoB. VX mpoToH
CIIY)KUT JJsi oOecreueHusl dJIEeKTPOHEHTpaIbHOCTH CHHTE3HpyeMoro BeiecTBa. [lpu
paspymiennn cTpykTypHbix OH-rpynm MeHsieTcss kak (a3oBBIM, TaK M XMUMHYECKHH COCTaB
Karaiau3aTopa. TUIIMYHBIM NpPEJCTaBUTENEM KaTalu3aTopoB, obmagaromux 3TuM Tunom OH-
TPYIIIL, SIBJISETCS LIEOJIUT.
3amvikarowmue  (mepmunanvuvie) OH-cpynnbi.  OOpa3ylOTCs  NpU  TPUTOTOBICHUHU
KaTaJau3aTopoB B THAPOKCHICOAEpKaUUX pacTBopuTeasix. IOtu  OH-rpynmbel  3aMbIkaioT
«CBOOOJIHBIE» BAJIEHTHOCTH HHM3KOKO-OPAMHHUPOBAHHBIX MOHOB MeTawioB. Ilpu HarpeBanuu
Katajau3aTopa, Korjna TepMmuHainbHble OH-rpynmbl paspyiiaroTcsi, BO3MOXKHA IepecTpoiika
MOBEPXHOCTHU, HO (a3oBbI cocTaB He wu3MeHsieTcs. OOblyHO TepmuHanbHble OH-rpynms
CYIIECTBYIOT Ha MOBEPXHOCTH JIFOOOT0 OKCHIA.
OH-zpynnot aocopoupoeannoit 600vl. OOpa3yrOTCs TpHU aAACOPOIMU MOJICKYJA BOJABI Ha
MOBEPXHOCTH Kartann3aTopoB. OTH OH-rpynnsl npu HarpeBaHWM HCYE3AOT WK B pE3yjbTaTe
necopOLUMU, WM TpU JUCCOLMAIMU, B MEPBOM Clydae IOBEPXHOCTh IO CTPYKType He
MU3MEHSETCA, BO BTOPOM BO3MOKHBI MUHHUMaJIbHbIE €€ HW3MeHeHus. Jlanupii tun OH-rpynmnsl
00bIYHO OOHApY)KHBAEeTCsl TOJbKO IPHU HU3KOM TeMiiepaType, HO B HEKOTOpbIX paborax OH-
IPYIIbI KOOPAUHUPOBAHHON BOJIBI pAaCCMATPUBAIOTCA KaK CUJIbHBbIE OPEHCTEIOBCKUE LIEHTPHI.
CymiecTByeT  B3aMMOCBSI3b MEX]Y CIEKTPAJIbHBIMU IPOSBICHUSIMHU IOBEPXHOCTHBIX
THIPOKCHIIBHBIX TPYII U KPUCTAIUIOXUMHYECKAM CTpOeHHEM OKcuIoB [2]. [IpuunHa mosiBicHUs
B MK-cnekTpax HECKOJbKUX MOJOC, MPUHAJIEKAIIUX CBOOOIHBIM THAPOKCHIIBHBIM TIPYyIIIaM
MMOBEPXHOCTH, 3aKIIFOYAETCSA B TOM, YTO Kuciaopod OH-rpynmbsl MOXKeET HaX0IUThCsS B KOHTAKTE €
HECKOJIbKUMHU aTOMaMU MeTaiia. ATOMBI MeTaia SBJSOTCS Onmxkaiimumu coceaasmu OH-
TPYIIIbI, TO3TOMY MX YHCIIO IOJDKHO OKa3bIBATh ONpPEAETIoNiee BIMSHUE Ha YaCTOTYy KojeOaHus
Vo [7]. MoskHO BIIeauTs OH-Tpymmbl, KHCIOPOA KOTOPBIX CBSI3aH C OJHUM, ABYMs, TPEMs U T.

A. aTOMaMH1 MCTajljia:
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OOpazoBaHue KOOPIWHAIMOHHON CBSI3M TIOHIDKAET YacTOTy BajieHTHOTro kosebanuss OH,
no3tomy nojockl noriomenust OH-rpynner I, II, III TvnoB noykHBI pacnojiaratbCs B CIIEKTPE B
MOpsZKE YOBIBAaHHUS YaCTOTEHI.

Bce OH-rpymnmbel MOTYT HpOSBISATH Kak KUCJIOTHBIE, TaK U OCHOBHBIE cBoicTBa. Kaxk
npaBmiio, MocTukoBble OH-rpynmbl Oosiee Kucible, TaKk Kak OJHAa W3 HEMOJEICHbIX THap
AJIEKTPOHOB KHUCIIOPOJA Y4acTBYET B 0Opa30BaHMM JIOHOPHO-AKIIEITOPHOM CBSI3U C KaTHOHOM
Metamna. Tepmunanbabie OH-rpynnsl Bo B3aMMOJEMCTBUM C CHUJIBHBIMH OCHOBAaHUSIMU BEIYT
ce0s KaK KUCJIOTHBIE, a IPU B3aUMOJIEHCTBUM C KUCIOTaMU — KaK OCHOBHBIE.

JIns TOCTpOeHHWsT MOJENU THAPOKCHIBHOTO TMOKPOBAa aBTOpBI [7] Tpemioxuiu
UCIO0JIb30BaTh KpUCTAIOrpauuecKuii MOAXO0J W paccMarpuBaTh IOBEPXHOCTh KakK CKOJIBI
KPUCTAJUIMYECKOM  pPEHIEeTKH, COOTBETCTBYIOIIHME  ONPEIEICHHBIM TpaHsAM  KpUCTalIa,
npenmnosarasi, YTo HauOoJjiee paclpOCTPAHEHHBIMU JOJDKHBI ObITh I'PaHH, BO3HHUKAIOUIUE MpPU
pocTe KpHUCTAIOB M3 Tra3oBoil ¢a3pl. PazopBaHHBIE CBA3M Ha MOBEPXHOCTH KpUCTaLIa
HACBIIAIOTCSA B PE3yNbTaTe IUCCOLMALMA MOJEKYI BOIBL: K KaXIOMY aTOMy KHCIOpOJa
MPUCOEIUHSAETCS BOJOPOJ, a K aToOMaM MeTajla — THAPOKCWIbHbIE rpynnbl. Kucimopoa OH-
IpYIIBl CTPEMUTCS 00pa30BaTh CBSA3b C HECKOJIBKMMHU aTOMaMM METallla, €ClIM MX B3aUMHOE
PacCIOJIOKEHUE HE NPENATCTBYET 3TOMY. B 3TOM MoOJenm atombl KMCIOPOAA IOBEPXHOCTHBIX
OH-rpynn Bcerja pacroJsiaraloTcs B TeX MeECTaX, IJle JOJDKHBI ObUIM HAaXOIMUTHCA aTOMBI
KHACIOpOoJa B OECKOHEYHOW KpUCTAJUIMYECKON pemierke. Torga 4YWCIO aTroMOB MeTalia,
OKpyxaromux kuciopos OH-rpynnel, Bceraa MeHblle KOOPAWHALMOHHOTIO YHMCIIA KACIOPOJa B
pelIeTKe OKCUAa, T. €. MaKCUMalbHOE uucino TunoB OH-rpymnm ans NaHHOrO OKCHAA JOJDKHO
OBITh Ha SIMHUILY MEHBIIIC KOOPANHAIIMOHHOTO urcia kucinopoa (puc. 4.3). [TogoOHbIi moaxoxn
YIOBJIETBOPUTEIIBHO OINMCHIBAET PA3NIMYMSA BO B3aMMHOM COOTHOIIEHUM KOHLEHTpalui

PAa3JIMIHBIX TUAPOKCUJIBHBIX T'PYIIIIL.
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Puc. 4.3. Cmpoenue cudpoxcunibHo2o nokposa Hekomopwlx epanet
OKCUO08 C paA3TUYHOU Kpucmaiiuieckou cmpykmypou [7].

1 — anamas; 2 — pymun;, 3 — cmpyxmypa eopyuma, oykeamu a u 6
YKazamvl 08a cnocoba npucoedunenus OH-epynnvl K noeepxHocmHuim

amomam memanna ons ZnO; 4 — cmpykmypa CaF,; 5 —cmpykmypa
NaCl.

Kak MOXHO 3aMeTHUTh, COOTHOIIEHHE KOHUEHTPAMI pa3IUYHbIX TUIOB TUAPOKCUIIBHBIX TPYIII
Ha pa3HBIX I'PaHAX KpHUCTalsla HEOAUHAKOBO U, COOTBETCTBEHHO, COOTHOIIEHNE HHTEHCUBHOCTEN
MOJIOC TOTJIOIIEHUSI Pa3HbIX THUMIOB THUJPOKCUIBHBIX TPYHN JUIsl pa3HbIX TpaHell Oyner
paznuusbIM. [ToaToMy aHanu3 CreKTPOB THIPOKCHIBLHOTO MOKPOBA MO3BOJISIET KOCBEHHO CYIUTh
0 TMPEUMYIIECTBEHHONH KpHUCTaUIOrpaduyeckol OpUEHTAIMH IOBEPXHOCTH U TO3BOJISET

KOCBEHHO (PMKCUPOBAThH MPOIECCHI NEPECTPOUKH MOBEPXHOCTH.

4. 5. CnekrpaJjibHble CBOMCTBA OKCHIHBIX MOBepxHOcTel B OsmkHeid UK odsacTn

B Omwknem WK nnamazone mnposiBISIOTCS OOEPTOHBI M KOMOMHAIIMOHHBIE MOJIOCHI
CHJIBHBIX I10JIOC HOpMaJIbHBIX KojeOanuil u3 cpeanero MK auanazona. DT MOJOCH ropasio
MeHee MHTEHCHBHBI, YeM OCHOBHBIE KoJieOanus. [ maBHOW ocobeHHOCTRIO OmmkHel MK obnactu
SIBJISIETCSL OTCYTCTBHE MEPEKPHIBAHMUS I0JIOC U BBHIIOJIHEHHE 3aKkoHa byrepa-Jlambepra-bepa ms
ciabbIX 00EepTOHOB. 3HAYUTENIbHBIC MPEUMYIIECTBA B MCCIEJOBAHUM OSTOr0 JMana3oHa
MPOSBUIIMCH TPU MCIIOJIb30BAaHUM TEXHUKH TU(P(HY3HOTO OTPAXKEHHUS.

Wnrencusnoctu (1) monoc B crnektpax auddysnoro orpaxenus (10) B Onmmxnueir K-

0011aCTH MOTYT OBITH MPUOIU3UTEIBHO ONUCAHBI (HOPMYIOH
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Otkyna cieyer, 4To Py yMEHBIICHUU KOHICHTpaluu (C) win Ko3h(GUIMEeHTa SKCTUHKINH (&)
B 100 pa3, HHTEHCUBHOCTbH IMOJOCH YMEHBITUTCS TOJIBKO B 10 pa3. [loaTomy monocsl 06epTOHOB
M COCTAaBHBIX YaCTOT, MPAKTUYCCKH HE BHUJHBIC B CIICKTPAX MPOIYCKAHHS, CTAHOBSATCS XOPOIIO
onpenenseMbiMu B criekTpax J1O. JloCTyImHBIMU TSl aHAIM3a CTAHOBSITCS 00JACTH TOTIIONICHUS
BAJICHTHBIX KOJICOAHUM, COOTBETCTBYIOLIMX IIEpeXojaM C OCHOBHOTO Ha 0o0jiee BBICOKHE
konebarensueie ypoar: OH (vo., =6900-7400 cm™, v =10000-11000 cm ™), NH (vo., =6000-
6800 cm™), CH (vo., =5400-6000 cm™).

Pacmiupenue crnekTpaqbHOTO JMarna3oHa OKa3bIBae€TCs BEChbMa TOJIE3HBIM IS aHalM3a
CBOWCTB TMOBEPXHOCTH TETEPOTCHHBIX KaTaJIM3aTOPOB, IIOCKOJIBKY 3a4acTylo, 0O0JacTh
dbyHIaMEHTANBHBIX MOJIOC OBIBa€T HEAOCTYMHOM uisi paccMoTpenus. Hampumep, B oOpasiax,
XapaKTePU3YIOMIMXCS OYeHb BBICOKUMHU KoHIeHTpamusMu OH Tpymin, widm TpHCYTCTBHEM
MOJIEKYJT aJICOPOMPOBAHHOM BOJIBI, HUTM CBS3aHHBIX 110 BOJIOPOTY THAPOKCHIBHBIX OH —Tpymm, B
00J1aCTH V.1 HAOIIOJaeTCs MpPOKask Hepa3pelnieHHas moJyioca. B To ke Bpems B 00J1acTH MepBOTO
00epToHa BHJIHBI XOPOIIO Pa3IMIMMbIE IMOJIOCHL. VICIonb3ys GopMylTy, CBS3BIBAIOIIYIO YaCTOThI
(GbyH1aMeHTaJIbHBIX KOJeOaHuN U 00EpTOHOB :

Vo-1 = V0-2 (1-ZXe )/(2'6Xe)
U, IPUHUMAas BO BHMMaHHE, YTO KOA(P(UIUEHT aHTaPMOHUYHOCTH Je MaJO OTIMYAETCS IS
pazubix TunoB OH-rpynm u paBeH ~2,1:10%, MOKHO BBIYHCIIHTD, 4aCTOTY OCHOBHOTO KOJICOaHHs
V0-1, I3MEPUB 3HAYCHHSI YaCTOTHI KOJIeOaHUH TIEpBOro 00epTOHA.

[Tomumo o6eproHoB, B cnekTpax 1O OmmwknHedt MK-o06macTu 4OCTYmHBIME )11 aHAIM3a
CTaHOBSTCA U COCTaBHBbIE YacCTOThHL. B wacTHOCTH, 3TO KacaeTcs aedOopMalMOHHBIX KOJeOaHUi
noBepxHocTHbIX OH rpynn. Muadopmanuio 00 UX yacToTax TPYAHO MOJYYUTbh U3 MPSMBIX
W3MEPEHUN B OCHOBHOW oOmactu crekrpa (Hmxke 1000 CM'l), TaK KaK 3J€Chb PacCIOJIOKEHbI
HHTEHCUBHBIE TOJIOCHI KojebaHmii pemreTkd okcuanbix Hocureneid (v(Si-O), v(Al-O) u 1.m).
KoMOuHaIoHHbIe TOJI0CH! MOTJIOMIEHUS, COCTOSIINE U3 CYMMBI TIOJIOC BaJeHTHBIX (Von= 3500-
3750 cM™) M BHEIUIOCKOCTHBIX Ae(opMauoHHBIX (Sou= 600-1640 cM™) koneGaHui MOXKHO
Habmoznats B obnactu 4200-5300 cm™. Ha puc.4.4 nns npumepa npeacrtasieHbl UK criekTpbl

J1O noBepxuoctu SiO,, u3MepeHHbIe TP pa3Hbix Temmeparypax. 300 (a) u 77 K (0).
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Puc. 4.4. UK cnexkmpuor J]O nosepxnocmu SiO,, usmepennwvie npu 300 (a) u 77 K (6) [8].

Ha pwuc. BUAHBI OJOCHI OCHOBHOTO BaJICHTHOTO KOJIEOAHUS Voy TEepMHUHANbHOM rpymnmsl SIOH,
Vo1 mpH 3750 e a Taxoke MOJOCHI TIEpBOTO 06epToHA (Vo.2) 7320 cM™ M COCTAaBHBIX YaCTOT
(4550, 8115 cM™), cocTOSIME M3 CYyMMBI BAICHTHBIX Voy M Ae(OPMALMOHHBIX Osi-on WIH
BAJIGHTHBIX Vsi.0 KOJEOaHWH, TpWYeM TMpHU HU3BKUX Temmeparypax (puc.4.4, cnektp O0)
3aperucTpupyercs Jake pacilerjieHHe COCTaBHBIX M0JI0C, BO3HUKAIOIIEE BCIIEJICTBUE Pa3HOCTU
4acTOT Vsi-o B Osi-on Konebanwmii (870 u 770 et COOTBETCTBEHHO).

Cuuraercs, 4TO 3HAYCHUE YACTOTHl KOMOMHAIIMOHHOW TOJIOCHI (V yi5 ) JIOJDKHO OBITH
MEHBIIE CYMMBbl YacTOT JBYX HOPMalbHBIX KoyiebaHuil. OgHaKo [UIsi pa3INYHbIX THUIIOB
noBepxHoctHeIXx OH rpymn (SiO,, H-dopmsl 1meonnToB) ObUIO MOKa3aHO, YTO B Mpeaeiax
OLIMOKHU SKCIIEpUMEHTa KOMOMHALIMOHHAS T0JIOCa paBHa CyMMeE JIBYX YacTOT, YTO IMO3BOJISET
paccuuTaTh 4acTOTy Oon KaK Pa3HOCTb YaCTOT KOMOMHAIIMOHHOW MOJIOCHI Vyi5 U BaJIEHTHBIX
KoJiebaHul Vvoy. B HEKOTOpBIX cilydasx ObIBaeT HEOOXOAMMO, HAOOOPOT, M3 MIUPOKOMH,
HepaspelnieHHo# noJsiockl BasieHTHBIX OH kosiebanumii B o6mactu 3600 cM™ BBIICIUTD KOJIeOaHMs
OTJIENbHBIX TPYII, OTHOCALIMXCS, HAIPUMEpP, K M30JIMPOBAHHBIM THIPOKCUIBHBIM rpymnmnam. B
3TOM Cllydae TaKKe OKa3bIBAIOTCS IMOJIE3HbI KOMOMHAIIMOHHBIE T0JIOCH. B Tabin. 4.1 npuBeneHsl
3HAYEHUS YacTOT BAJICHTHBIX U JedOPMALMOHHBIX KoyiebaHuil pasnuynbix rpynn OH,
HaO0JaeMBIX B CHEKTpaxX IEOJUTOB M MPOCTHIX OKCHUIOB. HauOoupliee 3HaUY€HHWE YaCTOTHI
neopMaMOHHBIX KOJIeOaHUI HaWIeHO JUIs MOJIEKYNbl BOJIBI B Ta3oBoil (aze Wi mociie
agcopOuuu Ha noBepxHocTu. CocTaBHas 4acToTa JJsl aICOPOMPOBAHHON BOJBI HAXOAUTCSA MPHU
~ 5150-5270 cm™. Dra momoca He MEPEKPHIBACTCS, KAK MPABHMIO, C MONOCAME bi10)%070:¢
KoneGanmii, B oTmmume ot obmact 3300-3700 cm™, rae HapsIy C BaJEHTHBIMH KOJIEOAHUSAMU
azcopOMpoOBaHON BOJBI TPOSIBISIOTCS Vou KOJEOAHUS Pa3TUYHBIX CHJIAHOJNBHBIX TPYIN U
06epToHa 1edOPMAIIHMOHHBIX KoxeGanuii Boasl. [TostoMy mormomenue mpu ~5300 cm™ sBistercs

OJTHUM U3 YYBCTBUTCJIBHBIX PCIICPOB, YKA3bIBAIOIIUM Ha ITPUCYTCTBUEC BOJAbI HAa ITIOBCPXHOCTH.
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Tab6n.4.1.Yacmome eanenmuuvix (v) u depopmayuonuwix(d) konebanuii paziuunvix epynn OH.

Tun OH rpynn v (em™) S (em™)

Si(OH)AI 3610-3660 1055-990

AIOH 3670-3720 900-750

SiOH 3745-3750 770-840
MgOH 3595 955
CaOH 3590 940
SrOH 3600 915
BaOH 3610 S90
LaOH 3520 710
CeOH 3535 695
NdOH 3535 665
H,0O 3650-3740 1640
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5. OnpenesieHre NPpUPOAbI AACOPOIMOHHBIX IEHTPOB MOBEPXHOCTH U UX
XHMHYECKUX CBOWCTB METOA0M MOJICKYJI-30H10B

WNudpakpacHas CHEKTPOCKOMHS YCHEIIHO MPUMEHSETCS I ONPEISICHHS TPUPOIBI
LIEHTPOB asicopOumu BeuiecTB. M3-3a CI0KHOCTH OMUCAHUS TOBEPXHOCTU MOJUKPUCTAIIIOB, IS
WHJMBHUAYyAIbHBIX OKCHJOB, U TeM Oojiee Uil OKCHUIOB Pa3IUYHOM XUMHYECKOH MPHUPOJIBI,
OTCYTCTBYIOT KPUTEPHH HEMOCPEACTBEHHOTO COIOCTABIIEHUS CBOWCTB IIEHTPOB aJCcOpOIUU
(3P deKTUBHBIX 3apsIOB, PHEPTHH CBS3M U T. J.) U OCOOCHHO YCTAaHOBJICHHUS B3aUMOCBSI3H
CBOMCTB C WX  CHEKTPAIbHBIMH  MPOSIBICHUAMH.  MHOroobpasue  OJHOBPEMEHHO
MPUCYTCTBYIOIIMX HAa TOBEPXHOCTH PA3HBIX IO MPHUPOJE IEHTPOB COCTABISIET CEPHE3HYIO
npobsieMy pa3pabOTKH HAJAEKHBIX METOJOB pa3leIbHOTO H3ydyeHHUs WX CBOMCTB. [Ipsmoe
HCCTeIOBaHUE TIOBEPXHOCTHBIX IIEHTPOB, BHE PEAKIIMI IEHTPOB C MOJIEKYJIAaMU, C TOUYKH 3PECHUS
KHCJIOTHO-OCHOBHBIX B3aMMOJICUCTBUI HE HMMEET CMBICTA, TaK KaK KHCJIOTHBIE U OCHOBHBIE
CBOWCTBA BEIIECTB NPOSBIAIOTCS BO B3aUMOJCUCTBUU. WneHTudUKAIMS MOBEPXHOCTHBIX
KHCJIIOTHBIX M OCHOBHBIX IIEHTPOB M HCCIEJOBAaHHE WX CBONCTB BO3MOXHBI TOJIBKO TIPH
a7ICOpPOITMHU 30H0B: KUCIOTHBIX WJIM OCHOBHBIX MOJICKYJ, CIIEIH(PUIECCKH B3aNMOICHCTBYIOIINX
C TOBEPXHOCTHBIMH IIEHTPAMH OIpEAENEHHON MNpupoabl. B 3TOM ciydae 1Mo HW3MEHEHHIO
CHEKTPAJIBHBIX MapaMeTpPOB, UYBCTBUTENIBHBIX K XapaKTepy CBSI3M MEXIY aacopOupyrouencs
MOJIEKYJIOW M IIEHTPOM IOBEPXHOCTH, MOXXHO IIOJYYHUTh CBEACHHUA O THIME IeHTpa (IpH
WCIO0JIb30BAHUN KOJIMUECTBEHHBIX U3MEPEHUHN - O KOHIIEHTPAIMH LIEHTPOB) U €T0 CBONCTBAX.

Cymmupyst TuTepaTypHble JaHHbIE MOXHO C(OpPMYIHpPOBATh CIEAYIOUINE TPEOOBAHMUS,
MpeIbsABIsiEMbIE K MOJIEKYIaM-30H1aM:

1. agcopbuus 30H1a HE JOJHKHA IPUBOJUTH K HEOOPATUMBIM U3MEHEHHSIM ITOBEPXHOCTH;
2. 30H] JOJDKEH creuu(UYHO B3aUMOJCHCTBOBAThH C KUCIOTHBIMU U OCHOBHBIMH LIEHTPaMH;

3. IIpu aI[COp6I_[I/II/I 30HJa HE JOJDKHBI IIPOABIIATECSA CTCPUUCCKUE 3aTPYAHCHUS.

30H/1bI UCIIOJIB3YIOTCS B IBYX BapHaHTax. B mepBoM — 30H]1 BO3MYyILAeT a1cOPOLMOHBII
LIEHTP M CBOMCTBA LIEHTPA XapaKTepU3YIOTCS 3TUM BO3MYILEHHEM. TUIINYHBIM IPUMEPOM TaKOI'O
IpPUMEHEHMsI 30H1a sBisieTcsl n3ydyeHue H-xommiekcoB. Bo BTopoM — 0 cBoiicTBax IIEHTPOB
CYIAT 10 W3MEHEHMIO CIIEKTPOB CaMOro 30HJAa. DTOT BapHaHT LIMPOKO HCHOJB3YeTCs Ul
U3Y4EHHUs JIBIOUCOBCKHUX LIEHTpoB. McnonszoBanue merona MK- cnekTtpockonuu HakiagslBacT
JIOTIOJTHUTEIbHOE OTPaHUYCHHE Ha CBOWCTBA MOJIEKYJBI-30HAA - B CIEKTPE JOJDKHBI OBITH
MI0JIOCHI, IOJIOXKEHNE KOTOPBIX OTpaXkaeT B3aUMOJICHCTBHE 30H 1A C IEHTPOM aCOPOIHH.

B kauecTBe MOJEKYI-30HIOB IIHPOKOE PACHPOCTPAHEHHE TOJYYWJIM MOHOOKCH]
yriepoja, MUPUINH, aMMHAaK, alleTOHUTPHII, OCH30HUTPUI, XJIOopodopM (AedTepoxnopodopm)

[1-6].
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OGH.[CYHOTpe6I/ITCJIBHBIe 30HABI JJId U3YUYCHUSA OCHOBHBIX LHCHTPOB HAa3BaTh HC IMPCACTABIIACTCA

BO3MOXXHBIM. I/IILGEUIBHBIX CIICKTPAJIbHBIX 30HAO0B HC CYIICCTBYCT, U C IOMOIIBIO KaXX10I'0O U3 HUX

pelLIaT CBOM crienn(pUUECKHe 3a/1a4u.

5.1. AxcopOuusi MOHOOKCH/IA yIJiepoaa

Haubouiee yacto i onpeneneHus: XapakTEPUCTHK allPOTOHHBIX LIEHTPOB HUCHOIb3YETCS
MOHOKCHJl yriiepoja. JlaHHas MoJekyna, SIBISSICb MSTKMM OCHOBAHMEM, NPUTOJHA JUIS

I/I)Z[CHTI/I(l)I/IKaIlI/II/I p%HHqHﬁ B COCTOSHHUHU KaTMOHOB OJHOI'O M TOT'O K€ MCTajljla, HAXOAAIIHUXCA B

Pa3HOM KOOPJAWHAITUOHHOM OKPYXCHUMU.
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Puc.5.1 JJuacpamma monekynsipHulx opoumaneti MOHOOKCUOAd
yenepooa (a), kapbouunvHo2o komniekca (0), cxema
NepeKpbl8aHlusi MOLEKYIAPHBIX opoumanel 8 KapoOOHUIbHOM
xomnuekce (8) [2, 9]
XeMocopO1Msi MOHOOKCH/Ia YIiIepoa Ha MOBEPXHOCTH OKCHJIOB MPOTEKAET C y4acTHEeM
KHCTIOPO/ia, TOBEPXHOCTHBIX THUAPOKCUIBHBIX TPYIIN U KOOPAMHAIIMOHHO HEHACHIIIEHHBIX

KaTHUOHOB IMOBEPXHOCTHU, UTO ACIACT 3TY MOJICKYITY YHHBepcaHBHOﬁ AJIs1 YCTAHOBJICHUSA TPUPOAbL

LHCHTPOB HA MOBEPXHOCTH.
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BBII[CJISIIOT JABC 06JIaCTI/I, B KOTOPBIX HNPOABJIAKOTCA IMOJOCHI IMOTJIOIICHHUA a):[cop61/1p0BaHH0r0

MOHOOKCHA yriaepoaa — 1000-1700 cm-' 1 2000-2200 cum-L.

B3aumooeiicmeue monookcuoa y2nepooa ¢ KAMUOHAMU HOGEPXHOCIU

IMonocs! moromenns B o6macti 2000-2200 cv™ xapakrepusyior o6patiMyio Gopmy
aJicopOIIMK MOHOOKCHAA YIiIepoa U 00yCIIOBJICHBI KOJIEOaHUSIMH CBSI3EH Voo KOMIUIEKCAX,
paspymarormmxcs aecopouuneit no 430 K.

B uzosmupoBannoit monekyne CO (puc.5.1) nBa snekTpona 3anumaiorT 16 [ u emie JBa
2c(]- MoIleKyJIsIpHBIC OpOHTau, 00pa3oBaHHBIC M3 ls opOuTanmm Kuciaopoma W ls opouTamn

yraepoja. Cienyromue no 3Hepruu MoJieKyisipHele opoutanu 36, 4c, 1nyl i n lnyD MMOCTPOECHBI
Ha aTOMHBIX OpOUTAIsIX 28, 2py U 2py Y TaK)K€ 3aHATHI ABYMs JJEKTpOHaMM Kaxnaas. Bo Bcex

ClTydasiX MaKCyMyM 3JIEKTPOHHOU TUIOTHOCTH CMEIIIEH B CTOPOHY KHCIIOPO/Ia.
JIBe opOuTanm SBASIOTCS CIa00Pa3phIXIIIONIUMU:  2T-OpOuTalb, OoOpa3oBaHHAs B

OCHOBHOM U3 2pz-opOuTaneil kuciopoga M S5c-opOutanb, 0Opa3oBaHHas 2pz-OpOUTAIAMU

yraepona. IlepBas COOTBETCTBYEeT JABYM OJJIGKTpOHAM OKOJIO aroMa KHCIOpoja, BTOpas -
CBOOOHOM 2JIEKTPOHHOW Tape BO3JIe aToMa yriiepoJia W HalpaBjIeHa OT 3TOTO aTOMa BJOJb OCH
MOJIEKYJNbI. JTa cBOOOAHAS Mapa B 3HAUUTEIHHOMN CTENIEHN KOMIEHCUPYET CMEIICHUE OCTATbHBIX
opOuTajneil K KUCIOPOIy U MPUBOJIUT K TOMY, YTO CyMMAapHBIN AunojbHbI MoMeHT CO 0o4eHb
Mai. YactoTa BaJIGHTHBIX KOJIEOAHMI CBSI3U YIJIEPOJ - KHUCIOPOJ B MOJIEKYJe MOHOOKCHIA
yTJIepo/1a, HaxoasIelcs B ra3oBoi (pase, mposiisiercs npu 2143 em™

CornacHO pacnpOCTpaHEHHBIM MPEACTABICHUSM O CTPYKTYpPEe TOMOTE€HHBIX KapOOHUIIOB
METAaJJIOB, CBSI3b B HUX OCYIIECTBIIACTCS IMyTeM 00pa30BaHUs G-CBSI3U (JIOHOPHO-aKIIETITOPHOM)
MEXIy 3armoJiHeHHbIMU G-opOuTansmu CO u HesanonHeHHbIMU d-opOuTaisiMu metauia. CBsi3b
YCHJIMBACTCS 3a CUET B3aMMOJICHCTBUS 3al0JHEHHBIX (-0pOuTaiell MeTauia ¢ BAKAHTHBIMU T0*-
opoutamsimu CO (m-cBsi3p matuBHast) (puc. 5.1). YcraHOBieHO, YTO TMOCHEIHEEe BEAET K
YMEHbBIIEHUI0 TPOYHOCTH CBsi3U C-O U COOTBETCTBEHHO K CMEUICHHIO YacTOTHI BaJCHTHOTO
KoJiebaHusl Vco B CTOPOHY HM3KUX YacTOT MO cpaBHEHHIo ¢ razoobpazueiM CO mo 2100-2000
em™

IIpu oOpa3zoBaHMM KOMIUIeKca aToMa MeTayuia ¢ MoJiekynoid CO pazpbixistomas 5c-

Op6I/ITaJ'H> MEPCKPBIBACTCA C BaKaHTHOM dz2 'Op6I/ITaJ'H:>IO MeTallia C O6pa3OBaHI/IeM JAOHOPHO-

akuentopHoit ceasu CO ¢ Mertamiom U obpasoBanueM opbutamu 5XF. Ymenbuenue
3JIEKTPOHHOM MJIOTHOCTH Ha pa3phIxiisioleil opouramu monekynsl CO NpuBOAUT B 3TOM Cliydae

K TIOBBIIICHUIO IOpsAAKa CBA3U CO, N COOTBCTCTBCHHO K CMCIICHHUIO YaCTOThI BAJICHTHOIO

77



kosnebanus vCO B CTOPOHY OOJNBIIMX YacTOT MO CPABHEHHUIO C T'a3000pa3HBIM COCTOSIHHUEM.

OOpaTHBIi epexo/1 JACKTPOHOB ¢ 3aMoIHeHHON d-opOuTanu (dxy, dyz) MeTaJlJla Ha BAKAHTHYIO

paspexiisomyto 2r-opourtans CO nmpuBoAUT K 00pa30BaHUIO JATUBHOM CBSI3U.

MetomoM (HOTOINEKTPOHHONM CHEKTPOCKONUU Ha mpuMepe ZNO MoJydeHbl TNpsSiMbIe
SKCTIEpUMEHTAIbHBIE JTAaHHBIE O TOM, 4TO MOJeKyibl CO CBS3BIBAIOTCS HA MOBEPXHOCTH NpPHU
KOMHATHOM TeMIlepaTrype ¢ KOOPAMHALMOHHO HEHACBHIIEHHBIMU MOBEPXHOCTHBIMH KaTHOHAMH
[IMHKA Yepe3 aTroM Yriiepoia, mpudeM B OOpa3OBaHWU CBs3€H y4acCTBYET S5G-MOJICKYISIpHAsS
opOuTans MoHOOKcH A yriiepoaa [10].

Takum 00pa3soM, Ha 4YacTOTy Vco

OyayT oOKa3bIBaTh BJIMSHHE JBa Mpolecca -
00pazoBaHUE JOHOPHO-AKIENTOPHOM CBA3M CO CMEIIEHHEM DJEKTPOHOB K KAaTHOHY C
NOBBLIIEHHEM YacTOTBl Voo ,[] M 00pa3oBaHMe [IATUBHOM CBS3M, IOHIKAIOMIER Vco .
PaccMoTpenre mpHpoasl cBs3M B Kommiekcax M™CO 103BONSeT 3aKTIOUYNTh, YTO YACTOTA
aJICOPOMPOBAHHOTO MOHOOKCHIA yriaepoaa (Voo™ ) MO/KHA 3aBHCETh OT BAJIEHTHOIO H
KOOPJAMHAIIMOHHOTO COCTOSIHUM KaTHOHA, T.€. OT €r0 CIIOCOOHOCTH TpPUHHMMATh W OTJaBaTh
ANIEKTPOHHYIO TUIOTHOCTh. bojiee HU3Kasg CTENEeHb OKUCICHHUS MeETalljla, TO €CTh OoJbInas
AJICKTPOHHAS IIOTHOCTh HAa METalIe, PUBOJNT K YBEIUYCHHIO TT-KOMITOHEHTHI CBsizu M-C u
yYMEHBIIEHHIO Topsaka cBsa3u C-O 10 OTHOLIEHHIO K HEUTPAIbHOM MOJIEKyIIe (IIOHMKEHHE Ve
). YBenuueHue CTENeHW OKWCICHMsI MeTalljla, HalpOTHB, BEAET K IOBBIIIEHUIO BKJIaJa G-
KOMITOHEHTHI CBsi3u M-C, yMEHBIICHHIO AJEKTPOHHOW IUIOTHOCTM Ha aToMme yriepoaa |
ynpoueHuto TakuMm obpazoMm cBsizu CO B ajcopOMpOBaHHOW MOJIEKyJIE IO CPAaBHEHHIO CO
CBOOOIHBIM COCTOSHHEM. B pe3ynbTare 4actota Veo™© moBbiIaetcs. TakuMm 00Opasom, 3apsiji Ha
KapOOHHUJIe MeTalljla WM CTENeHb OKHUCICHHUS MeTalljla CHJIbHO BIIMSIOT HAa BEJIMYUHY YaCTOTHI
Veo ™ B KapOOHUIIBHBIX KOMITJIEKCAX.

B kauectBe nmpumepa Ha puc.5.2 u 5.3 npuBeneHbl cnekTpbl koMiuiekcoB CO ¢
JIBIOMCOBCKMMHU KHCJIOTHBIMU IIeHTpamMH Ha moBepxHoctd T10, (amara3) m NiY-neomaura. Ipu

B3aMMOJICUCTBUU CO ¢ MMOBCPXHOCTBIO ITUOKCHIA THUTAHA IIOABJIAKOTCS IIOJIOCBI C 4aCTOTAMH

BhIIIIE 4acTOThI KosieOanus cs3u CO B ra3oBoii daze. Xemocopoius CO na TiO;
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MOJIHOCThIO OOpaTMMa M 3TH MOJIOCHl TOJHOCTBIO YAAISIOTCS OTKAYKOM MpU KOMHATHOM
TeMIieparype. YKa3aHHbIE IIOJIOCBI COOTBETCTBYIOT JOHOPHO-aKLENTOPHBIM KOMILIEKCAM C
KaTHOHAMHM THUTaHa B BBICIIEH CTAaJuU OKHCIEHUs, a MPUCYTCTBHE OBYX IOJIOC YKa3bIBaeT Ha
MPUCYTCTBUE HA TOBEPXHOCTU OJHOBPEMEHHO JIBYX THUIOB JIHIOUCOBCKUX KHCIOTHBIX IIEHTPOB —
katrnoHoB Ti*, OTIHYAIONMXCS KOOPAMHAIIMOHHBIM OKPYKCHHEM.

B cnekrpe CO, aacopOUpOBaHHOTO Ha BOCCTaHOBICHHOM B Bozopone NiY-meonute
(puc.5.3) mpUCYTCTBYIOT TpU MHTEHCHBHBIE MOJOCHI. DTH IMOJIOCHI COOTBETCTBYIOT aAcopOuuu
CO Ha KaTMOHAX HUKEJIS B Pa3JIMYHOMN cTeneHu okucienus. HuzkouactoTHas nmojoca 2110 em™
XapaKTepH3yeT Ve, B kommuiekce Ni°CO. YacToTa 3ToM 10710CH HiKe 4acToThl Kosebarus CO B
ra3oBoil (Qasze, crueAoBaTeIbHO JATOT KOMJEKC O00pa3oBaH C YdacTHEeM KaK JIOHOPHO-
aKIENITOPHOr0, TAaK M JATHBHOTO B3aMMOJCHCTBHs. BbicokodactoTHas momoca 2217 com™
cooTBercTByer Kommiekcam CO ¢ KaTHOHAMH HHKeIs B BbICIuei cremenn okucienus NiZ*CO,
oOpa3ymomuMes 3a CUeT TOJbKO JTOHOPHO-aKIENTOpHOH cBs3u. llpucyrcTtBue 3TO MOJIOCHI
yKasbIBaeT Ha TO, 4TO dYacTh KaTHoHOB Ni?* ocTaercs HEBOCCTAHOBIGHHOW ake MOCIE
obpaboTtku B Bomopoje. [lonoxenue monocer 2145 cm™ Gmmsko k wacrore komeGanms CO B
rasoBoil (aze u smusercs mpomexyrounsiM Mexay Ni°CO u Ni**CO. Dra wacrora
COOTBETCTBYET MPOMEKYTOUYHOU CTETIEHU M-CBA3bIBaHUs LIeHTpa afacopOuu ¢ CO 1 0THOCHUTCS K

xkommiekcam CO ¢ karnonamu uukeass NitCO.
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Cremyer OTMETUTH, YTO MOJIOKEHUE MAKCUMYyMa BBICOKOYACTOTHBIX IOJIOC CMELIAETCs B
HU3KOYACTOTHYIO 00JacTh MpPH YBEJIWYCHUU CTETICHU 3aIOJIHEHHS TOBEPXHOCTH MOJICKYIaMHU
CO. D10 00ycnOBIEHO MHAYKTUBHBIM BIIMSHUEM aCOPOMPOBAHHBIX MOJIEKYJ IPYT Ha Jpyra.
[TosTOMYy NpH HM3y4YEHHHM HOBBIX CHUCTEM PEKOMEHAYETCS IIMPOKO BapbHPOBATH 3alOJHEHUE
MOBEPXHOCTH — OT CaMbIX MaJlbIX [0 OJIM3KMX K HACHIIMICHUIO TOBEPXHOCTH. B mociemHem
ciydae mo cmenieHuio voq B H-xommekcax ¢ CO oxa3pIBaeTCsi BO3MOXKHBIM TIOJIy4aTh

MOJIE3HYI0 UH(OPMAIIUIO U O OPEHCTEOBCKUX IIEHTPAX.

Cnexmpanvnana uoenmuuxayun KapooOHamHo-KapOOKCUIAMHBIX COCOUHEHUTI

Tosocs! oromenust B o6macty 1000 - 1700 cm™ xapakTepu3yioT KoNeOGaHus CBs3eit B
MMOBEPXHOCTHBIX KapOOHATHO-KapOOKCHIIATHBIX COEAMHEHUAX. B muTeparype mno cnekrpaibHOMY
M3YYEHUIO B3aUMOJICHCTBUS OKHCH YTJIEpOa C MOBEPXHOCTHIO OKUCIIOB IMPUBOJISATCS CXEMBI JIJIS
WHTEPIPETAIINU CIIEKTPOB ITHX MOBEPXHOCTHBIX COEAMHEHU, OCHOBAaHHBIC HA aHAJIOTUH CO
criekTpamu 00BEeMHBIX coeaunenui [5, 11, 12].

[ToBepxHOCTHBIE KapOOHATHI OTIMYAIOTCS MO CTPOEHHUIO (Tabm.5.1):

CumMeTpuyHbIi kKapOooHaT (cBoOOHbIH HOH) (1), MoHOIeHTaTHAs hopma (1), ounentathas (I11).
[Tpu 3TOM cuMMeTpus KoMITIekca moHmkaercs ot Dsh (cBoGoubIi HOH) 10 Coy
(monoaeHTaTHBIN) U Cs (OMIEHTATHBIN) M H3MEHSAIOTCS MpaBmiia otoopa [11].

CuMMeTpUYHBIA KapOoHAT COs® wumeer wecTb HOPMaJIbHBIX KoJieOaHuW. BcenencrtBue
BBIPOXKJICHUSI B CIIEKTpax HAOJIOMAIOTCS JIMIIb YEeThIpe 4acTOThl. CHMMETPUYHOE BaJICHTHOE
koneGanne vi C—O (mposiBisiercs pu 1080 cM™ B criekTpe KOMOHHALMOHHOTO PACCEsTHIs)
HeakTuBHO B MK-criekTpe, a u3 Tpex apyrux, npossistomuxcs B UK-cnekrpe, aumb ogHa vi ~
1440 cm? MoOkeT ObITh HCIIOJIB30BAHA npu uaeHTUUKanuu cBobomHoro moHa COs; Ha
nmoBepxHOCTH. OcTambHBIE YaCTOTHI paciojararTcs B oomactu Hmwke 900 oM™

B cayuae cummerpuun Cyy u Cg kosiebanue vy, 3anpenieHHoe yisi CBOOOHOTO MOHA, CTAHOBUTCS
akTuBHBIM B MK-criekTpe, a 4actoTa IBaK/bl BBIPOXKICHHOTO KOJEOAHHS V3 paCIISIUIAETCS Ha
JIBC TMOJIOCHL. BelMyMHA paciienieHdsi 3aBHCHT OT THIA JHUTaHJa U CTeNneHH HOHHOCTH
CBSI3M MeTaJlll— KUCJI0pod. Pacuienyienue MeHble B Cliydae MOHOJIGHTATHOTO KOMIUIEKCA IO
CPaBHEHHUIO ¢ OWJEHTATHBIM. Pa3Huiia Mexmy aByms komrnoneHtamu jayonera v(C-O)) u v(C-
On) oxomo 100 emt JUIT MOHOJIEHTATHOro Komiuiekca u 0osee 300 et UIT OMIAEHTATHOTO.
Hpyroit paktop, KOTOPBIH HEOOXOIUMO YUYUTHIBATh, BHOCUTCS KOBAJIEHTHBIM XapaKTEPOM CBSI3U
M—O. IlonHOCTBIO KOBAJICHTHAs CBSI3b, Takas Kak B JUMETWIKapOOHaTe, BBI3BIBACT

JalIbHEHIIee YBCJIIMYCHUC
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Tabnuya 5.1. Cnekmpanvhvle nposeieHuss KapooHamos, 06pa3yIOuWUxcs Ha NOBEPXHOCMU
PA3IUUHBIX OKCUOO8 U MUNbl 00PA3YIOUWUXCA KAPOOHAMHBIX COeOUHEHUL

Oxcup CriekTpanbHble IPOSBICHUS O6pa3yromuiicst kKapOOHATHBIH
v, ot Av. o] KOMILJIEKC (TUII U CTPYKTYpa)
bukap6onar (I1V)
1710 1220 Mn*(HCO03)y,
bunenrarnsie (I1)
o o
1680 1280 360 & .
1630 1315 315 0,< o B A
1610 1370 240 M w/wan M- -M-
I
MgO MownonenTarusiii (11)
(.
1530 ~1400 ~130 T
o}
—_— I .’_
|
Cummerpuunsiii (1)
O‘\_C 0
1450 i
6]
|
—h:l"—
CaO 1490 1410 80 Momnoaenrarnsrii (I1)
Sm,0; 1540 1410 130 Momnoaenratusiii (11)
1620 1330 290 bunenrtarusiii (111)
La,O3 1580 1350 230 bunenrtarusiii (111)
1500 1400 100 Momnoaenrarubiii (11)
v-Al1,03 1830, 1780 >500 KoBaneHTHO CBsI3aHHBIE
KapOOHATHI TUTIA
OpraHUYecKHUxX
1675, 1650 1490 bukap6onar (I)

1 .
pacteruienust 10 600 cm-- [11]. TIpuuem OCHOBHOE NEHCTBHE KOBAJCHTHOCTH HAIPABJICHO Ha

v(C-Oy) cBsi3b, B 1O Bpemss kak Vv(C-O;) wusmensercs wmajno. ITOT (aktop sBISIETCS,

OonpecAciIIoIUM B ClIydac Kap60HaTOB Ha TIOBCPXHOCTH, O6yCJ'IOBJ'H/IBaIOH_II/IM 06p330BaHI/Ie

Ha6opa Kap6OHaTHLIX COC,[[HHGHHfI, 0COOCHHO JJIsI OKCUAOB OJHOM IMPpUPOIHbI.

B Tabn. 5.2 mpuBeneHbl TpaHUIBl U3MEHEHHUS 4YacTOT KOJEOAHWH IS KaXXIOro BUAA

CTPYKTYp B OOJIACTH, OOBIYHO MCIIOJIB3yeMOM Ui MACHTU(HUKAIMHU KapOOHATHBIX CTPYKTYD,

oOpa3yroImuxcst  pu

aacopOuu

CO u CO;. Otmerum, 4TO pa3InyuUs B CTPOCHUU




Tabnuya 5.2 Koppenayuonnas mabauya 0Jisk OMHeCeHUs NOJA0C NO2TOWEHUS 8 CHeKMPAaX
NOBEPXHOCMHBIX KAPOOHAMHO-KAPOOKCULAMHbIX coeouneHuil [2]

Tumn coenuHeHUst CrekTpalibHbIC JUana30Hbl MPOSBICHUS BaJICHTHBIX KOJICOaHUN
CO-casiseit, em™

Kap6okcunar (CO; ) 1560-1630 (v, COO ) 1350-1420 (vs COO")

HexoopauHupOBaHHBIN 1560-1630 (vas COO5°7)  1560-1630 (vs COO5%)

KapOoHAT He akTuBHA B UK

Momnonenrtathslif kapooHat  1530-1470 (v,s COO ") 1300-1370 (vsCOO ") 1080-1040 (v C-0O)

BunenraTHBIN KapOOHAT,
KOODPIMHUPOBAHHBIH Ha 1560-1630 (v, COO ) 1560-1630 (v, COO ) 1560-1630 (vs COO)
OJIHOM KaTHOHE

BunenraTHbIN KapOOHAT,
KOODPIMHUPOBAHHBIH Ha 1560-1630 (v, COO ) 1560-1630 (v, COO ) 980-1020 (vs COO")
JIBYX KaTHOHAX

kapOoHaTHeIX KomiuiekcoB I, Il oTpaxaior, B mepByro ouepenp, pa3iuyusi B CBOMCTBax
KHCJIOPOJia TTIOBEPXHOCTH, C YIaCTHEM KOTOPOTO MPOUCXOJAUT UX oOpa3zoBanme. B cBsizu ¢ 3TUM
BBIJICTICHUE Pa3IMYHBIX BUIOB KapOoHaTHBIX coemuHeHui tuma I, Il sBmsercs mone3Hsim
MPUOIIKEHUEM, YKa3bIBAIOIIMM HA Pa3JInuue B CBOMCTBAX KUCIOPOJA TTOBEPXHOCTH OKCHUIHOM
cucrtembl. boabmas Benmuumna pacmerieHust v(C-O;) u v(C-0y) cBHAETEIBCTBYET 0 OOJBIION
KOBAJICHTHOCTH CBsi3u M—O Ha MOBEPXHOCTH, C y4aCTHEM KOTOPOU M MPOUCXOTUT 0Opa3oBaHUE
KapOoHarTa.
Uyecmeumenvnocmos memooa

[Tockompky B MK-crekTpax MUHUMaIbHO (UKCHpyeMas IMOJioca TMOTJOIMICHHS JOJKHA
ObITh ~2% 1O WHTEHCUBHOCTH Imipu mpomyckanuun 90%, 4YTO COOTBETCTBYET 3HAUEHUIO
ontuieckoil miaotHoctu 00,0097, mpu XopoiieMm NpoIyckaHuu oOpasma B o0nactu Ve HMK-
CIIEKTPOCKOIMYECKHM METOIOM MOKHO 06HapyxuTh ~5-10° Mrmons/r CO, ancopGHpoBaHHOTO
B BUJIe KapOOHMINOAOOHBIX COSMHEHUN C yIacTHEM MTOBEPXHOCTHBIX KATHOHOB.
Takum o6pazom, MK-cnekTpockonuyeckoe H3y4eHHE aIcOpOIMH MOHOOKCHIA Yriiepoja Ha
MOBEPXHOCTH OKCHJHBIX KaTalu3aTOpOB IO3BOJSET YCTAaHABIMBATH MPHUCYTCTBHE Ha
MOBEPXHOCTH KOOPAMHALIMOHHO HEHACBHIIICHHBIX KAaTHOHOB JaXXe B TOM CJIydae, €clid

KOHICHTpAUA UX COCTABJIACT IIPOLCHTLI OT MOHOCJIOA.

5.2. AxcopOuusi NMpUIHHA

B kauecTtBe mpuMepa Ha puc. 5.4 OoKa3zaHbl CIIEKTPHI MUPUANHA, aCOPOMPOBAHHOTO HA
noBepxHocTu 1eonute HNaY u y-okcuna amoMuHus.

Kputepuem mnpucyTCTBUS MPOTOHHBIX LIEHTPOB SIBISETCS MPOTOHHPOBAHHE MUPUINHA.

HpI/I IMPOTOHHUPOBAHUNU TIMPUJUHA B CIHCKTPC TMOABJIAIOTCA IOJIOCBHI IIOTJIOIICHUSA HWOHOB
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MUPUIMHUS, B KAaYECTBE MPHU3HAKA KOTOPBIX BBICTYNAIOT nosiocsl npu 1540 u 3240 em™ (Puc.

5.4a).
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Puc 5.4. UK-crnexmpol nupuduna, adcopbuposanno2o na yeonume HNaY (a) u na y-Al,03 (6).
a - aodcopoyus npu 473 K, saxyymuposarno ¢ meuenue 2 npu 473 K, cnexmp cusim npu 473 K:
6 - adcopoyus npu 423 K, eaxyymuposano u meuenue 2 u npu 573 K, cnexmp cuam npu
Komuammnou memnepamype.[1]

HccnenoBanus CHeKTpoB HOHA NUPUIMHMUS B auana3zoHe temmeparyp 160-500 K
MO3BOJIMIIM TPEATNOJI0KUTh, YTO HOHBI MUPUAMHUS CYHIECTBYIOT Ha ILIEOJHUTE B JABYX (opmax:
OJIHa OTBEYAECT MOHY, CBSI3aHHOMY C TIOBEPXHOCTBIO CHIILHOM BOJIOPOHOMN CcBs3bio (1610, 2200,
2650 cM™), mpyras — HOHy, ILIOCKO IexameMy Ha mosepxsoctd (1640, 3240 cm™). B
3aBUCHUMOCTH OT TeMIIEpaTyphl PETUCTPAIH CIIEKTPOB CYILIECTBEHHO M3MEHSIETCS COOTHOIICHHE
HHTEHCUBHOCTEHN yKa3aHHbIX rmosioc [1]. TToatomy, Toiasko momoca 1540-1550 cm™ mMoxer GbITh
MCI0JIb30BaHA JJIsl HAJCKHOM HIeHTU(UKAIIMN TPOTOHUPOBAHUSL.

[Ipu3nakom 00pa3oBaHUsS KOMIUIEKCA MUPHUAWHA C JIHIOHCOBCKUMHU IIEHTPAMH SBIISIETCS
CMEIIEHHE IOJIOCHI Vcen) upuauHa 1445 cml B 06macTe BICOKHX uyacToT Ha 10-15 cM™ u
0JIOCHI Veeny 1590 em ™t Ha 20 - 40 em Hpyrue 61mu3K0 pacmnosioxeHHble mojocel 1490 u 1570
cM' MeHee WMHTGHCHBHBI M NpPAKTHYECKH HE MEHSIOT CBOEro moloxeHus (puc.5.4). B
MPUCYTCTBUHU MPOTOHHBIX IIEHTPOB JTHIOMCOBCKHUE HEHTPHI MOXKHO HIACHTU(PUIMPOBATH TOIHKO
no noJsioce nupuauHa 1450-1460 cm™. OfHAKO HEOOXOAUMO MpenoTBpamaTh  (PU3NYECKYIO
agcopOIuto, JUIsL KOTOpOH XapakTepHa nonoca 1440 - 1445 cm™. C »roi IS )

PEKOMEHAYETCS PETUCTPUPOBATH CIIEKTPBI IpU  TemriepaType Boiie 423 K.

5.3. AncopOuusi ammunaka
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HK-ceKTpoCcKONMMYecKoe HCCIe0BaHUE aACOpOLMK aMMHaka Ha OKHCIIAaX CTallo
KIIACCHYECKUM METOJIOM OOHAapy)KEHUSI Ha TIOBEPXHOCTH OPEHCTEIOBCKUX U JILIOMCOBCKHX
KHCIIOTHBIX IIEHTPOB. Kpurepuem MpUCyTCTBUS Ha MOBEPXHOCTH OPEHCTEIOBCKHX KUCIOTHBIX
IIEHTPOB SBISETCS 00pa30BaHUE HOHOB AMMOHHS, JIBIOMCOBCKMX KHCJIOTHBIX IEHTPOB —
KOOPJIMHUPOBAHHOTO amMMmuaka. CIeKTpalibHBIC XapaKTEPUCTHKH MOJICKYJIBl aMMHaka (WIn
MOJICKYJIBI aMMHaKa B aMMHUAYHBIX KOMIUIEKCAX) CYIIECTBEHHO OTIMYAIOTCS OT CHEKTPATbHBIX
XapaKTePUCTHK MOHA aMMOHUS, YTO TIO3BOJISIET HAJISKHO uacHTU(GumpoBars mo MK-cnekrpam
o0pa3zoBaHue TakuX KOMIUIEKCOB. Hanbopime pa3nuuus B CIeKTpax HaOMI0Ial0TCs B 00J1acTH
4acToT JAeOopMaIMOHHBIX Koyiebanuii (Tadm. 5.3). JlomoaHUTENbHBIM IPEUMYIIIECTBOM aMMHUAKa
KaK MOJICKYJIBI-30H/Ia SBJISIFOTCS] CUJIBHBIC OCHOBHBIE CBOMCTBA M 0OJIBIIIOE CPOJICTBO K MPOTOHY,
Onarosapsi KOTOPbIM aMMHAK ITO3BOJISICT YCTAHABIMBATH Ha IMMOBEPXHOCTH MPHUCYTCTBHE CIIA0BIX
JBIONCOBCKHUX M OPEHCTEMOBCKUX KUCIOTHBIX IIEHTPOB. [[Jisi mpuMEHEeHHSI aMMHaKa CYIIeCTBYIOT
JIBa OTPAaHUYCHHUS: TIEPBOC — AaAMHHHPOBAHUE TOBEPXHOCTH, OCOOCHHO HHTECHCHUBHOC TIPH
BBICOKOH TeMIlepatype, BTOpOe — HEBO3MOXKHOCTh HCCIICIOBAHUS JIBIOMCOBCKOW KHCIOTHOCTH
Ha CHJIMKATHBIX CHCTEMax, TaK KaK YyBCTBHUTEIbHAS K KOOPJIWHAIIMU TI0JIOCAa HAXOJUTCS B

00J1aCTH TIOJTHOTO TOTJIOMICHUS CHUTMKATHON MaTpPULISH.

Tabnuya 5.3. CnexmpanvHoe nposeieHue MoNeKyl AMMUAKA, UHO8 AMMOHUSL U

amuHokomniexcoe memannos [2, 13]

CoennHeHne v1(Vs) V2(3s) V3(Vas) V4(8as)
NH; (ra3) 3336 968-932 3444 1628
NH3; (TBepabIii) 3223 1060 3378 1646
NH3 B amuHoO- 3115-3330 1170-1361 3200-3412 1550-1655
KOMILIEKCaX

NH," 3040 (KP) 1680 (KP) 3145 1400

Mounekyna ammuaka - cuibHoe ocHoBaHue. Ilpuyem sddexTruBHON opOUTANIBIO €e Kak
JUTaHNa, SBISETCS OpOUTAllb, KOTOPYIO 3aHMMAET HEeMoJAeJCHHAas JeKTPOHHAs Mapa Ha a3oTe.
Tpu crabunbubie N-H monexysspHble opOUTaTd MMEIOT CIUIIKOM HHU3KYIO DHEPTHI0, YTOOBI
MPUHUMATh y4acTHE€ B CBSI3U C KaTHMOHOM. [Ipu B3auMOJEHCTBUM aMMHaka C MOBEPXHOCTBIO
OKCHUJIOB MPOUCXOJUT MEPEKpPhIBaHHE OPOUTAIH CBOOOTHOM IEKTPOHHOUM Maphbl ¢ BAKAHTHBIMU
OpOUTANIIMU KOOPJMHAIIMOHHO HEHACHIIIICHHBIX KAaTHMOHOB TOBEPXHOCTH, T. €. aHalloraMu
MMOBEPXHOCTHBIX KOOPAWHAIIMOHHBIX COEIUHEHHH MOTYT OBITh aMHUHOKOMIUIEKCH. [lpu 00-
pa3oBaHUU KOOPIAMHAIMOHHOW cBsi3u Mexay NH; u kaTHoHOM-KOMILIEKCOOOpa3oBarenem

MPOUCXOAAT CYIICCTBCHHBIC USMCHCHUS B XapaKTCPC KoJIeOaHM 3TOM MOJICKYJIBI.
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YactoTsl AeopMaIlOHHBIX KOJIGOAHH MOJIEKYJI aMMHaKa YyBCTBUTEIBHBI K MPUPOJIE
KaTHOHA, C KOTOPBIM CBsI3aH aToM a3oTa. YacToTa MasTHUKOBOTO KOJIEOAHUS (Vnu3) U HYACTOTA
CHMMETPHYHOTO J1e(OPMAMOHHOTO KojeOanus (0s) Hamboiee 4YyBCTBUTEIBHBI, a YacTOTa
ACUMMETPUYHOTO J1e(hOPMALMOHHOTO KoJieOaHusl (Ozs) HAMMEHEEe UyBCTBUTEIbHA K TIPHUPOJIE
MeTaia, ero 3apsjay, COCTaBy ¥ T€OMETPUU KOOpAHHAMOHHOM cdepsl [14]. [Ipu oOpazoBanumn
KOOPJAMHAIIMOHHOW CBSI3M CHJIOBAs TMOCTOSIHHASE MU YacTOTa CUMMETPHUUYHBIX Je(pOpMalMOHHBIX
KoJieOaHUi BO3paCTaloT.

O HamMuuM Ha TOBEPXHOCTHM KaTaJIU3aTOPOB MPOTOHHBIX IEHTPOB CYAST IO
006pa3zoBaHMI0 MOHOB aMMoHHsA. CBoGoubIi moH NH;" mmeer na MK-akTHBHEIX KoNneOaHMS:
ACHMMETPHIHOE BaNCHTHOE, Vi(Vas), 3145 cm™ u acmmmerpmunoe nebopMarmoHHOE, Va(Sas),
1400 cM-', KOTOpBIE SBISIOTCS TPIK/IBI BHIPOKACHHBIMHE. C MOSBICHHEM Y HOHA BOJOPOIHOM
cBs13i MK-aKTHBHBIMH CTAHOBSITCS Takke Va(vs) 3040 cm™ 1 v2(8s) 1680 cm™, a BRIPOXKICHHE V3 1
va cHumaercd. Tak, mpu ymeHblieHUH cuMmmerpuu 10 Cs,, HampuMep 3a c4yeT oOpa3oBaHUs
WOHAaMHU aMMOHHUS CBSI3M C OJHHUM DJIEKTPOHOJOHOPHBIM IIEHTPOM, B CHEKTpE JOJHKHO
HaOJIOIAThCS PACHICTICHUE Vas M O HA JIBA KOMIIOHEHTA, a IPH CHWOKCHHH cuMMeTpun 10 Coy
— Ha Tpu. Bce neBsaTh KonebaHuil mposBIISIOTCS B CHeKTpe HoHa cuMMmeTpun Cq, Korja cCHUMa-
eTcst BRIpOXKIHHE 1 ¢ vi. Takum oGpasom, morsomenue B oomacti 1700 cM-' ykasbiBaeT Ha
sannure NH- cesi3u nona NH4*, B T0 BpeMsI KaK BHJT PACIICIUICHUS Ogs (V4) MOXKET yKa3bIBaTh Ha
ee THII.

[ToMuMO AaHHBIX O HAJUYMU U THUIIE BOJAOPOJTHON CBS3U NH, nosos u3 UK-cniekTpoB
MOXKHO HU3BJIeYb MHQOpMAIMIO U O ee cuie. B kauecTBe KpuTepus CUIIbI BOJOPOJHOM CBSI3U
MOXXET OBbITh HCIOJB30BaH CIBUI B BBICOKOYACTOTHYIO OO0JIACTh KaK MaKCHMyMa IIUPOKOMN
MOJIOCHI Ogs, TAK U BBICOKOYACTOTHOW COCTABIISIFOIIEH MPHU paclelIeHUH MOceIHel ¢ pOCTOM
MIPOTOHOAKIIETITOPHOM CUJTBI aHUOHA.

Tunuunenii cnexktp woHoB Ha mneonute HNaY mnpuBegen Ha puc. 5.5. Cnoekrtp
3apeructpupoBan npu temmeparype 100 K, mockonbky mpu KOMHATHOM TemrepaType paclier-
jgenre mojockl mpu 1400-1500 cM? 06bIuHO HeBenuKo. [10J0CHI 1370, 1410, 1490 em?t
OTHOCATCS K KOMIIOHEHTaM aHTUCHMMETPUYHOro KojeOanus, a 1690 u 1850 eM? - K
KOMIIOHEHTaM CHUMMETPUYHOTO KoJieOaHus MOHAa aMMOHHs. VoH aMMOHHS CBS3BIBAaETCS C
MOBEPXHOCTHIO ABYMS BOJOPOIHBIMU CBSI3SIMH, TOJILKO B 3TOM CIIydae B CHEKTpPaxX MOXKHO ObLIO

OKHNIATh MMOABJICHUS ITATH YKA3aHHBIX BBIIIIC KOMIIOHCHT.
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Puc. 5.5. UK-cnekmpul ammuaka, aocopouposannozo na yeoaume HNayY (4) u na y-Al,Os ().
A: T=100K; b: a-T-400K, p=16Topp., 6-T=0623 K, p=1,6 Topp.,6-T=0623 K,
p=12 Topp. [1]

B cooTBeTcTBHE ¢ M30KCHHBIMH BBIIIEC MPEACTABICHUSIMH O CHMMETPUH HOHA aMMOHHMS
JUTsI OJTHOLIEHTPOBOM aICOPOIIMH JOJIKHO HAOII0IaThCS PACIICTUICHUE Oa5 HA IBE KOMITOHEHTHI, a
JUIsl ABYXIIEHTPOBOM — Ha Tpu. OgHAKO B peajbHBIX YCJIOBHUSAX JMJIA OJHOIIGHTPOBO- H
JBYXIICHTPOBO CBSI3aHHBIX C TTOBEPXHOCTHIO MOHOB KOJIMYECTBO JIMHUHA B CIIEKTPE B YKa3aHHOM
JATNia30HE TPH, OTINYUE TOJIHKO B BEIMUYMHE PACIICTIIICHUS.

[TosiBieHne MOHA aMMOHUS TaKXKe XapakTepusyercs 1o mojgocam N — H BajgeHTHBIX
KoJIeOaHUH, OJTHAKO 3TO HE BCETJIa MOXKET ObITh HA/IC)KHBIM KPUTECPHUEM.

Takum o00pazom, Hajae:KHasi HAEHTH(PUKAIMA HOHOB AMMOHHSA BO3MOXKHA IO
MOSIBJICHUIO 10JI0C morjomenus B ooaactu 1400 - 1500 CM'l; CJIEyeT TaKk)Ke KOHTPOJIUPOBATH
amuHupoBanue B oomnactu 3400 - 3600 em™.

JIbIOMCOBCKHE IIEHTPBI UICHTUPHUIUPYIOTCS 10 JePOPMAIIHOHHBIM KOJIEOAHUAM OsNH3

(8s™ mpu 968 CM'l), CMEIArOIMMCS B 00J1aCTh BBICOKHAX YacToT Ha 250-350 emt

5.4. Ancopoums ajJKaHOB

B kauectBe MOJICKYJI-30HA0OB HCIIOJIB3YHOT TAKKC HHU3MIUC AJIKAHbBI - MCTAH, 3TaH U

IpoOIiaH. A,Z[COp6I_II/I$I MCTaHa, TAaKXXE KaK MW MOJICKYJIblI BOJ0pOJa, HanOoee 3(1)(1)CKTI/IBHO
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MPOUCXOTUT TPU HUBKHX TeMIleparypax, B TO BpeMs Kak aAcopOIHs 3TaHa M IpoIaHa
npossisercsa B K cnekrpax yxe npu KOMHATHBIX TEMIIEpAaTypax.

[Tpu ancopOumm MOJEKYyn aJKaHOB Ha BOAOPOAHBIX (hopMmax meosmTtoB B MK-cnekTpax
HaOJIOJAIOTCSL YeThIpe ToJIOChl mornoienuss C-H-paneHTHBIX kKoneOanuit: 2974, 2941, 2920 u
2878 cm™. Mx puUMepHbIi Buj npusesaeH Ha puc 1.6. B UK-cnekrpe razoo0pasHoro sraHa, Kak
M3BECTHO, NPUCYTCTBYIOT JIMIIb JIB€ TMOJIOCHI TOTJIOIIEHHS, OTBEYAIOIINE ACHUMMETPUYHBIM
BaneHTHEIM KoneGammsam C-H-cBssm (eM. Puc. 1.6,6) : 2994 cm™ u 2954 cm™. Tlosocsl
CUMMETPUYHBIX KoJiebaHuit 3taHa (puc.1.6,a) (2963 u 2899 CM'l) IIPOSIBIISIIOTCS JIMILB B CIIEKTPE
koMmOuHanmonnoro paccesaust (KP) razooOpasnoro stana. Ilpu aacopOumu cuMmeTpus
MOJIEKYJbl aJIKaHa HapyllaeTcsi, U KOJIMYECTBO IOJIOC B CHEKTpe yBenumuuBaercs. lIpumep
criektpa 3taHa Ha neonute HZSM-5 npusenen Ha puc. 5.6. Bumnel Bce 4 monocer CH-
BAJCHTHBIX KOJICOAHWH OTaHa, CABUHYTHIX II0 YacTOTE B KPAacHYI OONacTh CHEKTpa II0
CPaBHEHMIO CO CIEKTpoM Tas3a. [loHIkeHHe paBHOBECHOIO JABJIEHHS allkaHa HaJ 00pa3loM
[[EOJIUTa TIPUBOJUT K CHMOATHOMY YMEHBIIICHHI0O HWHTEHCHUBHOCTEH BCEX YETBIPEX II0JI0C
MOTJIOMICHUSI W TIOJHOMY WX HWCYE3HOBEHHIO TOCJIE BaKyyMHPOBAHHS TPH KOMHATHOU
TeMmreparype. DTO CBHJETEILCTBYET O Cla0oO¥ ajcopOIMy ajgkaHa Ha BOJOPOJHBIX (opmax

LIEOJINATA.
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Puc. 5.6. UK cnexmp oughghyznoeo ompasicenus smana, aocopobuposannoco na HZSM-5
npu 295 K u pasnosecnvix oasnenusx 2,66 (1), 1 (2) u 0,36 Topp (3) [15]

IIpu agcopOuuM ankaHOB Ha LEOJMTAX, COJAEPXKAIIMX KaTHOHbI MetamioB, UK crnekrp
CHJIBHO 3aBHCHUT OT IPpUpPOAbI KaTuoHa. Hampumep, 11s1 HaTpus, BO3MYIIEHHE MOJIEKYIIbI ajlkaHa
He3HauuTenbHO. Ha puc. 5.7 npuBeneHsl criekTpsl aacoporpoBaHHoro 3TaHa Ha Na-ZSM -5, B
WK cnekrpax HOPUCYTCTBYIOT TaKKe YeThIpe MOJIOCHI MOTJIOIIEHUS, KOTOpblE MPAKTHUYECKU

UJCHTUYHBI C TIOJIOCAMH TOTJIONIEHUST BOJAOPOAHBIX popM meonuToB: 2979, 2945, 2918 u 2863
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cM™. B TO 3Ke BpeMsi B CIIEKTPax MOTOLICHHUS STaHA HAa MATHHEBBIX (OPMax HAGIIONACTCS yiKe
IISITh T0JIoC morioueHus: 2992, 2953, 2894, 2845, 2791 cm-1, a IUHKOBBIX — HIECTh: 2992,
2968, 2951, 2892, 2816 u 2726 oMt [15,16]. Cnenyer oTMETUTh, YTO B HAHOOJIbIICH CTEIICHU
BIIMSIHUE TPUPOABl KATHOHA TMPOSIBISAETCS HAa HHTEHCHMBHOCTH II0JIOC  MOTJIOMICHHUS.
HaunGomnpIiyro 9yBCTBUTENLHOCTh K KATHOHY OOHApPY)XKUBAET camasi HU3Kas M0 YacTOTe I0JIoca
MOTJIOLIEHUS alKaHa, oTBevatomiast cuMmMmerpuuHbsiM V(CH)- konebanusm, u 3anpemensas B UK
CHeKTpe CBOOOAHON MOJIeKyNbl. E€ MHTEeHCUBHOCTh CTAaHOBUTCS HauOOJBIIEH M3 YETHIpEX (CM.
puc. 5.6). I[Ipu aTom B criekTpe dTaHa Ha H-popmax meonutos (puc. 5.6) HanboIee MHTCHCUBHA

T10JI0Ca ACHMMETPHUHBIX KOTeOaHHH, POSBIISIOMASCS IPH BHICOKHX YacToTax (2979 cm™).
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Puc. 5.6. UK cnexmp oughghyznozo ompadsicenusi smana, adcopoupoeanHo2o Ha
yeorumax NaZSM-5 (a) (npu oasnenusix 0,86 (1), 0,4 (2) u 0,1 Topp) u ZnZSM-5 (s8)
(npu oasnenusx 1 (1), 0,2 (2), 0,01 (3) u 0,005 (4) Topp), 295 K [15].

BaxxHo#t 0cOOEHHOCTBIO CIIEKTPOB a1COPOMPOBAHHBIX AJTKAHOB SBIIETCS OYEHb CUIIBHOE,
B HECKOJIbKO a3, YBEIMUYEHUE HHTErpalbHONM MHTEHCUBHOCTHM HU3KOYACTOTHOW MOJIOCHL. DTO
XOpOIIO BUAHO Ha pUC. 5.7B, rlie UHTErpalibHasi UHTEHCUBHOCTh TOJIOCHI Ipu 2726 cm™ orana,
azcopOuMpoBaHHOTO Ha ZN-MOAM(PHUIMPOBAHHOM IICOJUTE, OKa3blBaeTCd TIOpa3Jo BHIIIE
OCTaJIbHBIX MOJOC nornomnieHus. I[lockoibKy HMHTEHCHBHOCTH BaJIGHTHBIX KOJIEOaHMM, Kak
U3BECTHO, (ypaBHeHue 1.16), mpomopiuoHaNbHBI KBaJApaTy MEPBOM MPOU3BOAHON JAUIOJIBHOTO
MOMEHTA 110 HOPMAJIBHOM KOOPAWHATE, TO UX BEJIMYMHA HAIPSIMYIO CBSI3aHA C MOJIIPHU3YEMOCTHIO
XMUMHYECKUX CBsI3€H, BOSHUKAIOIICH B pe3yabTaTe B3aUMOJICHCTBUSIMU C aKTUBHBIMH [IEHTPAMHU.
To ecTh, oTHOCHTEIbHBIE WHTECHCHMBHOCTH HH3KOYACTOTHBIX IOJIOC MOTYT CIY)XHTb MEpOi
aktuBauun CH cBsizeif, BBbI3BAaHHOUW TOMNspH3alMell B pe3ynbTaTe aJcopOIMu MOJIEKYNbI Ha
HCCIEAYEMOM KaTHOHE B 1ieoJiuTe. B nanpHeleM npu NMOBBIIMIEHHON TeMIIepaType 3TO MOKET
MIPUBOJIUTH K MX T€TEPOTUTUUECKON JUCCOIMAIINH ITUX CBsi3el. Tak ObLIO HaiiIeHO, YTO CIBUTHU
HU3KOYACTOTHBIX MOJIOC, OTBEUAIOIINX B Ta30BO (haze MOJIHOCUMMETPUYHBIM Vcy KOJICOAHUSM,

U HUX OTHOCHUTCJIIbHBIC HHTCHCUBHOCTHU YBCIMYHUBAIOTCA B MMOCJICAOBATCIIBHOCTH:
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Takum oOpa3zom, HaONIOJEHHWE 3a CIBUTOM HH3KOYACTOTHOW TOJOCHI KOJICOaHWH U
M3MEHEHHEM €€ OTHOCHTEIbHOW WHTEHCHBHOCTH MOKET JaTh HMH(POpPMALMI0O O TPHUPOJE U
CBOMCTBAX KHUCIIOTHO-OCHOBHBIX LHCHTPOB LCOJMTOB U O UX BJIMUSAHWHN HA aKTUBAIIUIO CH- cBsi3u B

napagduHax.

5.5. Xuopodopm. [leiitepoxiaopodopm. JlaHHBIN 30HJ WCIONB3YETCS ISl OOHAPYXKEHUS
OCHOBHBIX IIEHTPOB MOBEPXHOCTU. [IJIsT TaHHOTO COEOMHEHHUSI XapakTepHa ciadas OCHOBHOCTD,
oOycnoBieHHass aroMaMmu xJjopa. B oOpasoBanuu H-cBszeit xmopodopm mnposiBiaser cels
TUMMMYHON KHUCIOTOW. Ero mpuMeHeHHe CBSi3aHO C HEKOTOPBIMHU CJIOXKHOCTSIMHU. XJIOpoQpopMm
XAUMUYECKA HecTaOuieH, mo3ToMy B [17] OBLIIO pEeKOMEHIOBAHO MPOM3BOIUTH PETHUCTPAIIUIO
CHEKTPOB Yepe3 3 MUH mocie aacopOluy Mpu KOMHATHOM TeMIiepaType. ITO 00YCIOBICHO TeM,
4TO TpU ajcopOuuMu XJopogopma MPOUCXOJAT CYIIECTBEHHbIE HM3MEHEHHUS CBOMWCTB
MTOBEPXHOCTH, B YaCTHOCTU 00pa3yeTcs 3HAUUTEIbHOE KOJIMYECTBO KapOoHaToB. B 3T0il cBs3M
aacopO1uio xsopodopma pekoMmerayercst mpooauTh mp 250 K. B takux ycnmoBusix ximopodopm
YCTOMYMB UTUTETFHOE BPEMSI.

Wnentudukanyuss OCHOBHBIX IIGHTPOB IO CHEKTpaM XJopodopma MPOBOIUTCS TIO
CMEIIEHHIO TI0JI0C Vey B 0Omacth Hu3kux yactoT. Kak CDCls, Tak u CHCl3 marot oauHakoByro
nHpopMmanuo. Jlns AeHTEepUpPOBAHHOTO aHAIOTa IOJIOCAa Vop HAXOAWTCS B Oojiee ymoOHOM
CHEKTpaIbHOM 00IacTH.

[To Mepe pocTa OCHOBHOCTH OKCHJA TOJIOCH Vop U Ve Bee 0oJiee cMmelatoTes B 0071acTh HU3KUX

4acToT, T. €. UMCKOTCA OOBIYHEIE IMPU3HAKH BOJOPOAHBIX CBs3EH.

5.6. METOIH)I H3MEPECHUA CHJIbI KUCJIOTHBIX U OCHOBHBIX IICHTPOB HA MOBEPXHOCTH

TouHOEC OIIPCACIICHUC TIIOHATHUA «CHJIa» KHCJIIOTHBIX W OCHOBHBIX LOCHTPOB Ha
IMOBEPXHOCTU TBEPABIX KHUCIOT H OCHOBAHMI OCTaeTCs J0 KOHIIa HE€ C(bOpMy.TIHpOBaHHBIM. B
IIOHATHUC «CHJIa LHCHTPa» Pa3sHbIC aBTOPbI BKIAAbIBAIOT pa3HBII>'I CMBICJI, HO B O6H_ICM CUMTAacCTCA,
4TO yKa3aHHasg CHJla CCTb HCKOTOpPAsA BCIMYHMHA, KOTOpasd XapaKTCpU3yCeT CTCIICHDb
B3aMMOJICHCTBHUS LOEHTpa C MOJICKYJIaMH (SOH,I[aMI/I n peareHTaMH). COOTBGTCTBGHHO, BOIIPOC

COCTOHT B TOM, KaKoH BEIMYMHOMN M KaK XapaKTEepUu30BaTh 3Ty CTCIICHb BBaHMOﬂeﬁCTBHH.

B Hacrosmee BpEeMd IMPUMCHANOTCA CICAYIOMINE MCTOJAbI H3MCEPCHHA CHIIbI HCHTPOB Ha

IOBEPXHOCTHU.

89



1. MHauxaTOpHBIA METOA, TO3BOJISIOUINI 10JIy4aTh NIPaBUIIbHbBIE PSAABI CUJIbI LIEHTPOB. OHAKO
¢ynkuus kuciaotHoctd Hg He Moxer OBITh TEpPMOAMHAMHYECKOW MEpOW CHIIBI HU3-32
HEPaBHOBECHOCTH a/ICOPOLIMY MHIUKATOPOB.

2. CnexTpoCKOIMYECKHUEe METO/IbI, B KOTOPBIX CHJIa H3MEPSAETCS BETMUYNHAMH CMEIIEHHS 110JIOC B
CIEKTpax.

3. AZACOpOIMOHHBIA M KAIOPUMETPUYECKHE METOIbl, B KOTOPBIX CHIJIa XapaKTEPH3yeTCs
aICOpOIIMOHHON KOHCTAHTOM WIJIM TEIUIOBOW afcopOIuu. B Tex cirydasx, KOraa Ha MOBEPXHOCTH
COCYILECTBYIOT pa3Hble [0 MPUPOJIE LIEHTPhl, XapaKTEpPUCTUKA CHJIBI TepseT (UIMUKO-
XUMHUYECKUX CMBICIL.

4. KuHeTndeckue METObl, U3MEPSIOIINE CHITY LIEHTPOB KOHCTAaHTON CKOPOCTH peaKIvu.

5. TepmonecopOLMOHHBIE METOJbI, B KOTOPBIX CHJa H3MEpseTcs = TeMIlepaTypoi
TEPMO/IeCOPOILIMOHHBIX MAKCUMYMOB WUJIU 3HEPTUel aKTUBALUU A€COPOLIMH.

6. CrnektpalbHbI METOJ, B KOTOPOM CHJIa XapaKTEPU3YeTCs SHEpPTrUel akTHBAIMHM Mepexoja

IMPOTOHA OT MOBEPXHOCTHU K MOJICKYJIC pC€arcHra.

Yka3aHHbIE METOJIbl MOKHO OObETUHUTH B TPU TPYIIIBL:

- mepBast (MeTozbl 1, 2), B KOTOPOW M3MEPEHUE CHIIBI IIEHTPOB MPOU3BOIUTCS B OTHOCHTEILHON
1IKaJe;

- BTOpass (Meron 3) , B KOTOpOil CHIy LEHTPOB XapaKTEPU3YIOT TEPMOAWHAMHYECKUMHU
BEJIMYUHAMY;

- Tpetbsi (Metoapl 4-6) , B KOTOPOH ISl XapaKTePUCTUKU CHIIBI MPUMEHSCT KHHETHYCCKHE

rapameTpsl.

OTHOCUTENLHBIC XapaKTCPUCTUKHU CHJIbI HEIIPUI'OAHBI, €CJIIM CTaBUTCA 3ajjada pa3sBUTHUA TCOPHUU
IpCABUACHUA KaTaJIMTHYCCKOTI'O ,I[CI>'ICTBI/I$I. BBI60p MCKIY KHHCTHYCCKHNMMH u
TCPMOJUHAMUICCKUMHU METOAaMU CJIOKCH. CTOpOHHI/IKI/I KHHCTHYCCKHMX MCTOAO0B I10JIararoT, 4TO
CCJIN KaTaJIu3 — SABJICHUC KHHCTUYCCKOC, TO KHHCTUYCCKUC XAPAKTCPHUCTHKU Ooiee IIPpUTOAHBI
I IPCABUACHUAA IeHUCTBUS KaTaJu3aTopoB. HpI/I 9TOM CIIPABCUINBO YKA3bIBACTCA, YTO IIpU
TCPMOJUHAMHUYCCKOM IIOAXOAC K HM3MCPCHHIO CHJIbBI OCTACTCs HepemeHHoﬁ npo6neMa CBA3HU
KHMHCTHYCCKHUX U TCPMOJUHAMHUYCCKUX XaPAKTCPUCTHUK peaKHHﬁ.

O,Z[HaKO B KMHCTHUYCCKHUX ITOAXO0AaX €CTh JBa HCAOCTATKa. HepBHﬁ 3aKJIF0O4acTCsa B TOM,
4qTO I MOCTPOCHUS O6H_ICI71 HIKaJIbI CUJIBI LIEHTPOB HCO6XOI[I/IM BBI60p CTaHZ[apTHOﬁ pCaKkuuu.
MexaHu3M H3ToH peaknun OOJIKEH OBITh OJIMHAKOB Ha BCEX KaTaJlIn3aTopax. Y4aurteiBas
pa3H006pa3He OCHTPOB Ha MOBCPXHOCTHU PA3HBIX KATAJIU3aTOPOB, IIOCICIHCC YCIIOBHC,

BEPOATHO, HEC MOKET OBITh PCAIN30BAHO Ha MPAKTUKEC. BTOpOfI HEAOCTATOK - pPCAJIbHBIC
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M3MEPEHHUsI CKOPOCTEH B paBHBIX YCIOBUSAX BO3MOXHBI B IMana3oHe He Oojee yeM 3 mopsaka, B
CHJTY 4ero Jt00ast CTaHJapTHAas peakiys IPUMEHUMA TOJIBKO K Y3KOMY KPYT'y KaTalu3aTopoB.
[Ipy oOnHO3HAYHOM ONPENEIIEHUH TUIIA LEHTPOB CPABHUTEIBHO HECIOXKHO JUIS
XapaKTePUCTUKM MX CHJIBl HCIOJb30BaTh TEPMOJAMHAMUYECKUE METOJbl, AHAJIOTUYHBIE
MPUMEHSEMBIM JUIS PaCTBOPOB HJIM Ta30Boi (ha3el. OmHako mpolieMa CBS3M KMHETHYECKHX U
TEPMOJIMHAMUYECKUX  BEJIMYMH JUId  OJHOTUIIHBIX IIPOLIECCOB  OCTAETCS  CEPbE3HBIM

MPEMSITCTBUEM [UIsl pa3pabOTKU TEOPUH NMPEABUAECHUS KaTaATUTUYECKOTO IEHCTBUSL.

5.6.1. MeToabl u3MepeHHUsI CHJIbI POTOHHBIX IEHTPOB HA MOBEPXHOCTH

CriocoOHOCTh  IPOTOHOJOHOPHOTO IIEHTPAa B3aMMOJECHCTBOBATH C OCHOBAaHUEM MOKHO
OTIPEeNINTh, aJCOpOMPOBAaB Ha MOBEPXHOCTh TBEPJAOrO Tejda M3 Ta30BOM (ha3bl MOJIEKYJIbI
BEIIECTBA, XapaKTEPU3YIOLIErOCd OCHOBHBIMM CBOMCTBaMU. MexaHU3M B3aWMOJICUCTBUSA
MOJIEKYJIBI Ta3000pa3HOTO OCHOBaHUSI B ¢ MPOTOHHBIM KHUCJIOTHBIM IIEHTPOM Ha MOBEPXHOCTH

TBEPJIOTO TeIa MOXKET OBITh MPEACTABIICH CIEAYIOIICH CXEMOM:

.OH+B™ - -O-H..B > -0 - HB
A H-xomnexc 4001
rae A - HCXOJHOE COCTOSIHHE CUCTEMBI, H-KOMIUIEKe - KOMILIEKC, B KOTOPOM B M KHCIOTHBIE
OH-rpynmsl cBs3aHBI MEXAY COO0M BOJIOPOIHOM CBs3kio, a UII - nonHas nmapa. B coorBeTcTBUHN
C 3TOM CXEMOM CIOCOOHOCTh MPOTOHHBIX IIEHTPOB K B3aUMOJICUCTBUIO C OCHOBaHHEM B MOKHO
OIlEHUBATh, M3ydas peakuuu A — H-xomriekc (Meron BomopomHO# cBsizm) wim A — UII
(MeTo1 MOHHBIX Tap).

Jlis ompenenenuss cuiibl OpeHCTEOBCKUMX KHUCIOT WM OCHOBAaHMI B Ta30BOH (aze
HanOoJyiee KOPPEKTHOMW SBJISETCS BEJIMYMHA NPOTOHHOTO cpoactBa PA (proton affinity).
3nauenne PA xucnoT onpeaensercs sutanbnuei (AH) peakiuu:

AH > A+H
a PA ocHOBaHWMil - SHTaANIBIINEH PEAKIINH:
HB® — H +B
DKCIIepUMEHTAIBHO BeNMYMHBI PA Haxoadr, u3ydas paBHOBECHbIE Ta3o(da3Hble peaKIuu
nepexojia MpOTOHA OT KUCIOThI K KUCIIOTHOMY OCTaTKY WJIM OT IPOTOHHUPOBAHHOIO OCHOBAHUS K
cBoOoaHOMY. [lmst XapakTepuCTHKH B3aumMmojecTBus kuciabix OH-rpynm moBepxHOCTH ¢
ra3oo0pa3HpIMU MOJIEKyTaMH B MoOKHO ucCHons30BaTh 3HaueHuss PA, u 3amada cocTtouTt B

HaXO0XIACHUN (bYHKLII/IOHaHBHOﬁ CB3U MCKIY KaKUM-JIHOO N3MCPIACMBIM CBOMCTBOM CUCTEMBI,
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OTp@KAIOIIMM CTCIICHb IEpEeHOCa NpoToHa W BenmdynHamu PA ., u PAg, mpu srom PA;, kak

IIPaBUJIO U3BECTHO.

[Ilkana PA st XapakTepUCTUKM CBOMCTB LEHTPOB HAa IOBEPXHOCTHU KaTajlu3aTOpPOB
yao0Ha HE TOJIBKO BCIIEACTBUE €€ MCIOJIB30BAHUS IS U3MEPEHUs ra3o(a3zHON KUCIOTHOCTH U
ocHOBHOCTH. COBpEMEHHbIE METOJbl KBAHTOBON XMMHUHU MPOTOHHYIO KHCIOTHOCTb OOBIYHO
OILICHMBAIOT BEJIMYMHOM 3HEPTUU OTPbIBA IPOTOHA OT NOBEPXHOCTH, OJIIM3KOM 1O cMbIciy K PA.
OpHako NPUMEHUMOCTb MLIKajdbl MPOTOHHOIO CPOJCTBA JJIi XapaKTEPUCTUKH IIOBEPXHOCTU
OCJIO’KHSETCSL OTCYTCTBUEM METO/I0B MPSIMBIX 3KCIIEPUMEHTAJIbHBIX U3MEPEHUI.

Cornacho onpenenenuto PA, ans OH-rpynn MoxkeT ObITh 3alIMCaHO YpaBHEHUE

PA:DOH + IH'Ae
rae Don — aneprus paspsiBa OH-rpynnsl, |y — nmoTeHnmMan MoHU3auu atoma Bojaopoaa, Ae —
CPOJICTBO K MTPOTOHY KUCIIOTHOTO ocTatka [1].

Kak oTmeuanoch Bblllle, IpU B3aUMOJIEHCTBUU KUCIOT U OCHOBaHMA oOpa3yrorcs kak H-
KOMILJIEKCBI, TaK M MIOHHBIE Napbl. MI3MepeHne cuiibl IEHTPOB BO3MOXHO B 000UX CITydasX.

ObpazoBanue H-xommiuekca OOBIYHO CUMTAETCS MPOMEKYTOUHBIM 3TAllOM peaKIuu
repexo/ia IpOTOHa OT KUCJIOTHI K OCHOBaHHIO. YTOOBI 0XapaKkTepu30BaTh KUCIOTY IO CBOMCTBAM
H-xommiekcoB HE00X0IMMBI OTBETHI /IBa BOIIPOCA:

- MOJKHO JIM OTJEJIBHO BBISIBUTH BJIMSIHUE CHJIBI KHCJIOTBHI M CHJIBI OCHOBaHUS Ha cBoiicTBa H-
KOMILIEKCa

- Kak cBoiictBa H-kommiiekca CBA3aHbl C TEPMOAMHAMHYECKOW pEaKIMEed IMOJHOTO Mepexoaa
IIPOTOHA.

Haubosiee spko BOAOpOAHAs CBs3b MPOSIBISETCS B M3MEHEHHWM 4YacTOT BaJICHTHBIX
kosiebanuit OH-rpynmn. Mexnay terioramMmu oOpa3oBanusi H-KOMIUIEKCOB M MUBMEHEHUSIMU YacCTOT
VoH MMEETCsl BIIOJIHE OIpeAereHHas CBA3b. [lOCKONBKY M3MepeHHe BEeJIWYMH Avon
THJIPOKCUWIIBHBIX TI'PYNI Ha IOBEPXHOCTH KaTaJM3aTOPOB MOJKHO BBINOJHUTH JOCTaTOYHO
IIPOCTO, TO B JajbHeHIIeM OyAyT aHAJIM3UPOBATHCS TOJIBKO CIIEKTpalibHbIEe XapakTepucTuku H-
KOMIUIEKCOB. J{JIs1 THIPOKCHIICOJEPIKALIUX KHUCIOT, OCHOBBIBASICh Ha KOPPEALMIX MEXITY
CMEIEHUEM TIOJIOKEHUII MaKCUMyMOB IOJIOC Voy M Belu4YMHamMu PA, MOXHO NONBITaThCA
OLIEHUTb KHCIOTHOCTb.

Metoa BOAOpPOAHOI CBsI3H. YCTAaHOBJICHO CYIIECTBOBaHWE Koppemsiiuu Mexiay PA ., u
CMEIEHHEM YacCTOThl KOJEOAaHUsI THIPOKCWIBHBIX TPYMN MOBEPXHOCTH INpU 0Opa30oBaHUU

1
BOJIOPO/IHOI cBsi3M (Av,,~<400 cM , MeToA c1ab0i BOJOPOHOM CBA3M):

PA.,, = PA, - (1/0.00226) Ig(Av H/Av" +25 /Mo

H(SiOD))
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rae PAg = 1390 k/lx/Monb - BenuurHa IPOTOHHOTO CPOJICTBA THAPOKCHIIBHBIX TPYIIIT

B
MMOBEPXHOCTU a3pPOCUJIa, BBIOPAHHOTO KaK CTaHAApT, Av []- BeJIMYMHA CABUTA YACTOTHI

H(sio")
NK-nornomuenus ruIpOKCUIIBHBIX TPYII CHIIMKAreis npyu oOpa3oBaHUM BOJOPOIHOM CBSI3U C
BbIOpaHHBIM OcHOBaHKeM B [1].

Aspocust (KOJUIOMITHBIM JTUOKCUJ KPEMHHUs) YI00€H Kak CTaHIapT IMOTOMY 4YTO BO-
IIEPBBIX, OH HaXOJUTCS B TOM )K€ arperaTHOM COCTOSIHUH, YTO U JIpYTU€ TBEPJIbl€ KUCIOTHI; BO-
BTOpbIX, ¢ OH-rpynmamu aspocuina MOryT B3auMMOJICHCTBOBATb OYEHb Ci1a0ble OCHOBAHMSI,
HalpuMep, MPOCThI€ ras3bl, B TPEThUX, A a’pocuiia UMepcs OO0JbIlIoe YMCIO AaHHBIX 1o H-
KOMILJIEKCaM.

C IMOMOIIIBIO JAHHOTO YPAaBHCHHUA MOKHO HAXOAWTb PA m1100BIX KHCJIIOPOAHBIX KHCJIOT C

TOYHOCTBIO HE Xyxe 25 kJx/mMounb [1].

5.6.2. MeToabl N3MepeHUsI N3MEPEHHS CHIIbI JIBIOMCOBCKUX KUCJIOT

EnnHOM mIKaasl CUIIbI 3TOTO TUIIA LIEHTPOB HE CYIIECTBYET. B ciiydae mpoYHbBIX TOHOPHO-
AKIIETITOPHBIX KOMIUIEKCOB MPOUCXOMIST CYIIECTBEHHBIC M3MEHEHHUS DJIEKTPOHHOTO COCTOSIHUS
MOJIEKYJI JTOHOPOB, CHJIBHO MEHSETCSl TaKKe€ COCTOSHHME AaKUENTOPHOro aroma (BILIOTH [0
00pazoBaHUsl JOMOJHHUTEIBHONW KOBaJE€HTHOU CBs3H). [l0ATOMY MalOBEpOSTHO, YTO MOIKHO
BBIJICINTh IIPOCTBIE MapaMETPhl, XapaKTEPU3YIOLIME CBOKWCTBA aKLUENTOPA-KUCIOTHl U JOHOpa-
OCHOBAHUS, IPUTOJAHBIE JUISI IOCTPOCHMS €IMHOW IKAJIBI CHUIIBI.

Hanbonee KOppeKTHOM MepOod CHJBI JIBIOMCOBCKHUX IIEHTPOB Ha TIOBEPXHOCTH
KaTaJu3aToOpOB SBJISIETCS TEIUIOTa acopOIuu ocHoBaHMs. M3-3a mpucyTcTBUS Ha MOBEPXHOCTU
OJIHOBPEMEHHO TMPOTOHHBIX M AaNpOTOHHBIX IIEHTPOB OINpeEAeTIeHHEe TEeIJIOThl aJcopOIuu
HEBO3MOXXHO, TaK KaK OOJBIIMHCTBO 30HJIOB B3aHUMOJCHCTBYET U C JILIOUCOBCKUMU M C
OpEHCTEeIOBCKMUMH IIEHTpaMH. 3ajilaya COCTOUT B HEMOCPEJICTBEHHOM HAaXOXICHHM TEIIOThI
ancopOuuu 30H10B. OIMH U3 MyTeH AJIs ATOTO - ONpe/IeIeHHE KOPPENALUNA MEXKIy TeIIOTaMu U
nosnoxxenueM nonoc B MK-crekrpax, Apyroil myTh - OpsAMOe U3MEpPEHHUE TEIJIOTHI aacoponuu
npu UK-crnekTpanbHbIX H3MeEpeHusix. B urore ans MoJIeKyl-30HJOB HEOOXOJIMMO IMONYYUTh
YPaBHEHUS CBSA3HM MOJOXKEHUS MAKCHUMyMa IOJIOCHI U TEIUIOTHI 00pa3oBaHUs KOMIUIEKCA, MPHU
3TOM JIOCTOBEPHO OTHOCSILIMXCS K JIbFOMCOBCKUM IIEHTpaM. B 3TOM ciydyae mpu perucrpanuu
Ka)KJIOTO CIeKTpa (pakTHUYECKH Oy/IeT U3MEPAThCS CUjla IIEHTPA B IIKaJe TeTUIOTHI aICOPOIUH.

Ucnonws3oBanne meroga WK-cnekTpockomuu MpeanosiaraeT, 4YTO CYLIECTBYET CBS3b
Mexay 4actoToil mosiocel B MK-cnekrpe M NpoOYHOCTHIO KOMIUJIEKCA HAa TOBEPXHOCTU. B
OT/ENBHBIX CITyYasX Takoe JOMYIIEHUE CIPABEIJIUBO, OJTHAKO B LIEJIOM JAHHBINA BOIIPOC OCTAETCS

OTKPBITBIM. DTO CBSA3aHO C TEM, YTO IIpU 06pa30BaHI/II/I KOMIIJICKCOB Ha IMOBCPXHOCTU U B
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pacTBOpax MPOUCXOJUT U3MEHEHUE U JIEKTPOHHOW, U T€OMETPUYECKOU CTPYKTYpPhI MOJICKYIIbI
30HJIa, B CHJIy YE€Tr0 M3MEHEHHE B YaCTOTaxX IOJIOC B CIIEKTPE OTPaKaeT MHTETPAIBHO U TO U
Ipyroe.
Monookcua yriepoaa.  EnuHas 3aBUCHMOCTh MEXy HaOIIOaeMBIMU TIOJIOKEHUSIMU TIOJIOC
Veo M TEIUIOTaMM aJCOpPOIMHU ISl BCEX THUIIOB KaTHOHOB, oOpasyronux Kommuiekcsl ¢ CO,
OTCYTCTBYET, OJTHAKO MOKHO BBIACIUTH OTAEIbHBIC T'PYIIIBI KATHOHOB, JUIsI KOTOPBIX TEIUIOTa
aJIcopOIUK IPSIMO TIPONIOPIIMOHANBHA Voo [1]:
- KaTHOHBI METAJUIOB TEPEXOJHBIX W HEMEPEXOTHBIX 3JEMEHTOB C BBICHIMM COCTOSHUEM
OKHUCTICHUS - )KECTKUE KUCIIOTHI,
- JBYyX- W TPEXBAJICHTHBIC KATHOHBI TEPEXOJHBIX METALIOB - JILFOUCOBCKHE KHUCIOTHI
MMPOMEXKYTOYHOTO XapaKTepa;
- MSTKHE JIbIOUCOBCKUE KUCTOTHI, Hanpumep kaTuoHsl CU u Ag.
JI1st JKECTKHUX JIbFOMCOBCKHUX KHCJIOT CBSI3b TETUIOTHI afCOPOIMU M YacCTOTHI VCO MOJKET

OBITH OTMCAHa CJIEAYIONUM KOPPEISIITUOHHBIM YPAaBHEHUEM

Qco = 10,5 + 0,5 (veo - 2143)
CIpaBeUIMBBIM B nuamnasone 2150 - 2240 em™t [1]. dsist TBEOMCOBCKHMX KUCIOT MPOMEKYTOUHOTO
xapakrepa — Hanpumep, kKatuoHoB Co, Mn, Ni — CBsI3b TEIUIOTHI aJICOPOIIMHU U Vo OTIMCHIBACTCS
ypaBHEHHUEM

Qco = 1,7 (veo - 2172)
CIpaBeIIUBBIM IS Tuamna3ona 2185 - 2220 et [1].
Mupumun.  VccnenoBanue KOppeslUU TEIUIOTHI aACOpPOLMU MUPHUIMHA HAa JIBIOMCOBCKHX
LEHTPaX OKCHUJIOB IIUPKOHHUS W AIIOMHHHS U MOJIOXKEeHUs HabmonaeMbix nosioc B MK-crekrpax
BBIMOJIHEHO B padoTe [18]. B 3ToM mcciiefoBaHnU ObLIH OIPEEICHbI H30CTEPHUSCKUE TEIIIOTHI
ancop6umu. ITo Mepe pocra 3anoaHeHHs TEIUTOTH maganu ot 160 go 110 k/[x/monb. Tak, B [19]
HavajbHas TEIioTa ajcopounn mupuauHa coctasisia 140 kJx/mosb. ConocTaBIeHUE TETIOTHI
ancopOLMHY MPUIMHA U TOJIOKEHUST MAKCUMyMa Mookl vee) (Vieen)~ 1590 eM™) mpu oqHOM 1
TOM K€ 3all0JIHEHUU T[OBEPXHOCTU I[IO3BOJIMIIO BBISIBUTH HUX CBSI3b. OTH 3aBUCHUMOCTHU
OTTHCHIBAIOTCS CIACIYIOIIUMHU KOPPEISAIMOHHBIMU ypaBHEHUAME [1]:

Q™ =6,6 (veeqy - 1590) - 86

Q” =7.0 (vee) - 1590) — 26
U3 KOTOPBIX BUJHO, YTO IS KaXKJIO0T0 KaTHOHA 4acTOTA MOJIOCHI Vee(N) ACHCTBUTEIBHO CBSA3aHA C
TEIJIOTOM 00pa3oBaHUsS OHOPHO-aKIENTOpHOTo Komriiekca. OmHako B oOmeM ciydae, Ais
MIPOU3BOJILHBIX KATHOHOB, COTIOCTABIIEHHE YaCTOT B KAU€CTBE METOJ]a CPAaBHEHHUS CUJIbI LICHTPOB
HernpuemieMo. [ 3aBUCUMOCTEN, OMMCHIBAEMBIX ’TUMHU YPAaBHEHUSIMH, TAK)KE CIIEYET YKa3aTh

HU3KYIO JIOCTOBEPHOCTb OIIGHOK TEIUIOT aJCcOpOIMM, TaK Kak CTaHjapTHas OIIMOKa B
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perucrpanuy MakCuMyMa IoJjoc BCero B 2—3 oM™ IPUBOJUT K MOIPELIHOCTH B TEMJIOTE B 15—
20 x/[x/ momb. CrienoBarenbHO, MO TMOJIOKEHHIO TOJIOC B CIEKTpax aacopOMpOBaHHOTO
MUPHUIMHA KOJIMYECTBEHHO CHUJYy JBIOMCOBCKHX IIEHTPOB OXapaKTepPH30BaTh HEBO3MOXKHO,
KaueCTBEHHO K€, B MpejieaxX JIbIOUCOBCKHUX IIEHTPOB, 0OpPa30BaHHBIX OJTHUM METaIOM, MOKHO
BBISIBUTB PSIJI CUJIBI IICHTPOB.
Ammuak. [TpsIMBIX TaHHBIX, C TIOMOIIBIO KOTOPBIX MOYKHO COTIOCTaBUTH IMOJIOKCHUE TOJOCHI Os
(968 - 1300 cM™) u TemwioTH axcopOLMM aMMHaKka, B Hacrosiee Bpems HeT. OJHAKO, Kak
nmoka3aHo B [20], Mexay Os M Vco CYIIECTBYET JMHCHHAs KOPpENIAlusa. DTO AaCT OCHOBaHHUE
JOIYCTUTh, YTO JIJII aMMHaKa MOXET OBITh TOJy4YCHA JMHECHHAS CBS3b CIIEKTPOCKOITMYECKOTO
napameTrpa Ads (CMEIIEHHS MOJIOCH Os) U TEIUIOTHI aJICOPOLIHUH.

B monorpaduu [1] npoBeneHoO n3ydeHHE U30CTEPUIESCKOM TEIIOTHI aICOPOIIMU aMMHaKa
Ha okcuae amomuHus mo MK-crmextpam. Jlas momockr 8s 1290 cm™ m3mepennas Teruiora
cocraBmia 200 kJ[k/MOJb, IS TIOJIOCHI Os, TUIABHO cMmertatomeiics ot 1230 mo 1220 CM_l, oHa
magana ot 150 mo 120 x/[x/momnb. IIpu comocTaBieHUU TEIUIOTHI M TOJIOKEHHUS Os CAEaHa
OLICHKA, 9TO M3MEHEHHMIO TIOJIOKEHH)S TI0NOoCchl Ha | cM ™ oTBewaer m3MeHeHne Qs IPHUMEPHO Ha

1 xJI>x/MOJTb.

B Tabn. 5.4 npuBeneHa «4yBCTBUTEILHOCTE» U3MEHEHHS CIIEKTPATBHBIX MMApaMeTpPOB (BeIUYHHA
Av/AQ. BuaHO, YTO C YMEHBIICHHWEM JHUIOJHHOTO MOMEHTa BO3PacTacT CIEKTpallbHAsS
YYBCTBUTEIHHOCTH 30H/a. JlaHHBIE Ta0M. 2 MOTYT OBITh TOJIEKO OPHEHTHPOM TIPU TOUCKE HOBBIX

30HJ0B, C IOMOMIIBIO KOTOPBIX ITO CIICKTpaM MOKHO OIIPEACTIATE CUITY JIBFOMCOBCKUX IICHTPOB.

Tabauya 5.4, Conocmasnenue OUNOJIbHBIX MOMEHMOB MONIEKYN-30H008 c

«HUYBCMBUMEObHOCTBIOY XAPAKMEPHBIX NOLOC 8 OOHOPHO-aKyenmophvix komniexcax [1].

[TapameTp CO AmMmuak [Tupuaun
Junonsaeni moment d | 0.1 1.43 2.17
Av/AQ 2 1 0.15

Takum o6pa30M, B HACTOAIICC BPCMA IIPU HCCICAOBAHUAX TI'CTCPOI'CHHBIX KAaTaJIM3aTOPOB B
KaueCTBC 30HAa I NUBMCPECHUSA CUJIBI JIBFOUCOBCKUX HCHTPOB BO3MOKHO HCIIOJIB30BAHUC TOJIBKO
OOHOT'O 30HJa — MOHOKCHAA yrJjepoaa. I[J'I}I OCTAJIbHBIX 30HA0OB CHUJIbI HIECHTPOB OIIPCACIISAOTCA
TOJIBKO H3 KaAJIOPpUMETPUUCCKUX I/I3MepeHI/II71, TaK KaK CICKTPAJIbHBIC MCTOIWKH [JId HHUX

HCTIPUEMIICMBI B CUITY HHU3KOH TOYHOCTHU (HI/IpI/II[I/IH), OTCYTCTBUS YyBCTBUTCIIbHOCTHU (HI/ITpI/IJ'IBI),
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a TaKXXC OTCYTCTBUS YCTAHOBJICHHBIX CBS3EH TEMJIOThI W IIOJIOKCHUS JHHHUN B CIICKTpax

(aMMuax).

ComnoctaBuM OOIIHOCT W CHEUU(DUYHOCTH JIBIOMCOBCKMX H OpPEHCTEIOBCKUX KHCIIOT.
OOHapyxuBarTCs Ba TUIIA KOMIUIEKCOB KMCJIOT M OCHOBaHUM: cialble U npouHble. B cioydae
OpEHCTETOBCKUX KHCIOT CJIA0BIMU SBISIFOTCS H-Komrutekchbl. [IpodnHble TOHOPHO-aKIENTOPHBIC
KOMILJICKCBI II0 CBOWUM CBOWMCTBAM CXOXXM C HWOHHBIMH TIapaMHd, OOpa3yloIUMUCS IPU
B3aUMO/ICHCTBUHM OPCHCTEIOBCKUX KHCIIOT C OCHOBAaHUSMHU.

CnemoBarenbHO, JJISI HM3Y4YCHHS KHCIOTHBIX CBOWCTB JIBFOMCOBCKHX IICHTPOB HEOOXO0IUMO
WCIOJIb30BAHNE HECKOJBKUX 30HJOB, MPUHAIISKAMNUX K KIaccaM JKECTKUX W MSITKHX
ocHoBaHWi. CHIy IIEHTPOB MPEANMOYTHTEIbFHEE XapaKTePU30BaTh TEIUIOTAMH B3aUMOJICHCTBUS
OCHOBAaHWH C IICHTPAaMHU, HO XapaKTEPUCTUKA CHJIBI OyIeT HWMETh JIMIIbL OTHOCHUTEIHLHOE
3HaueHue. [[iist OpeHCTEOBCKUX KHUCIOTHBIX IICHTPOB B KA4€CTBE INKAJBI CHJIBI IEJIeCO00pa3HO

WCIIOJIK30BaTh razodaznyro mkary PA.

5.6.3. OmnpenesieHne OCHOBHBIX CBOMCTB
B3anMoelicTBrEe KHCIOT ¢ OCHOBHBIMH IIEHTPaMH, TaK K€ KaK W OCHOBAHHUH C KHCJIOTHBIMH

LHECHTpaMHu, IPOTEKACT B JABa 3Talla:

HX + By — B, HX — BH X

[lo anamoruu ¢ MeToJaMU OTMpEIENIEHUS KHUCIOTHBIX CBOMCTB JIi W3Y4YE€HHUS OCHOBHOCTH
MMOBEPXHOCTU MOTYT OBITh UCHOJB30BaHbl MeTO1 H-CBS3M 1 METO/1 MOHHBIX Tap.

Haubonee moaxonsmumu 30HIAMU JUISL UCCIIEIOBAHUS OCHOBHBIX LIEHTPOB SIBIISIOTCS
CH-xucnotel, B uwactHoctd, CDCl;. Jlamubeiii meron ocHoBaH Ha crocoOHoctm CDCl3 k
oOpazoBaHuio H-KOMIIJIEKCOB ¢ OCHOBaHUSMH.

B pa6oTte [21] OO TIpeI0KEHO HAXOAWUTh CHITy IIEHTPOB B Ikaje PA, uTo mpencraBisercs
0ojyee mpUEMIIEMBIM C TEOPETUYECKOW TOUKH 3pEHUS W OTBEYaeT Jydlled KOoppemsiuu

cuekTpanbHO# (Avcp) 1 xumuueckoi (PA) xapakTepucTHK.

DTa 3aBUCHMOCTH JIy4IIle OTUCHIBACTCS ypaBHEHHEM [ 1]

Ig (Avcp) = 0.0066 PA — 4.36.

910 YpPaBHCHUEC MOXHO PEKOMCHAOBATH JJII HAXOXKIACHUA PA ocHOBHBIX LHECHTPOB MOBEPXHOCTHU

KaTaJIn3aTOPOB ¢ TOYHOCTHIO He Xyxke 20 k/[x/Mounb.
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Crnenyer, oqHaKo, OTMETUTh, YTO OLICHKA CHJIbl OCHOBHBIX LIEHTPOB B mIKaje PA mMeer cMbIci

TOJIBKO JJIs1 B3aUMOJICHCTBHI OPEHCTEIOBCKOTO THIIA.
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6. HUccnenoBanue mexaHu3sMoB peakuuii Metonom UK-cnekrpockonuu in situ

Jns  TOHMMaHUS ~ MEXaHM3Ma  TIeTepOreHHOro  KaTajlu3a  HeoOXOAMMO  3HATh
IIOCJIEIOBATEIBLHOCTD 3JIEMEHTApHBIX CTaJAMM, 4Yepe3 KOTOpble NPOTEKAET KaTalUTUYECKas
peakuus. Jlns 3TOro HeoOXOAMMO 3HAaTh CTPOEHHME M PEAKUUMOHHYK CIOCOOHOCTH
MPOMEKYTOYHBIX  coenuHeHHWd.  [IpoMexyTouHbIM  coeauHEHHEeM  (TIPOMEXYTOUYHBIM
KOMILJIEKCOM) B JIaHHOM CJIy4ae Ha3bIBAlOT ITOBEPXHOCTHOE COEIMHEHHUE, KOTOPOE MOKHO
OOHApYXUTh (DU3MYECKHM WIH XUMHUYECKAM MeToJ0M. llepexoaHble WM aKTHBHPOBAaHHBIE
KoMIuIeKchl MeTosioM MK-criekTpockonuu He HaOII01at0TCsl.

B rereporenHoM kartanusze OOJBIIMHCTBO CTaAMM CyMMapHOIO Mpoliecca MPOTEKaeT Ha
noBepxHOCTH. KOHIEHTpaIusi peakiMOHHOCIIOCOOHBIX YaCTHI] HA MOBEPXHOCTH, PaCCUMTAHHAS
Ha €IUHUIly Oo0beMa peakTopa HEBENIUKa, MOITOMY JUIsl OIPENENICEHUs MPOMEXYTOUHBIX
KOMIUIEKCOB Ha TIOBEPXHOCTH HEOOXOJAMMO TIPUMEHEHHE UYYBCTBUTENIBHBIX CIIEKTPAIBHBIX
MeToq0B. O4YeHb BaXHO TAaKKE€ BPEMEHHOE pa3pelieHHe CIEKTPaJbHBIX METoJOB. B
CTallMOHAPHBIX YCIOBUSAX KATAIUTUYECKON pEaKIWW MPsIMOE COIMOCTABJICHWE KOHIICHTPAIUi
KaKHX-T100 KOMIUIEKCOB CO CKOPOCTBIO CYMMAapHOM peaklMM HEe MOXKET JaTh MPsIMOro OTBETa
Ha BOIPOC, SIBISTIOTCSI ATH KOMIUIEKCHI MPOMEKYTOYHBIMA WJIM TYIMHKOBBIMH. JTO MOXHO
clienarb, MPUMEHSS pa3IM4YHbIC HECTALIMOHAPHBIE YCIOBUSA: MMITYJbCHOE BBEIEHHE PEarcHTOB,
pe3Kkoe M3MEHEHHE MX KOHLEHTpalMH (METOJ OTKJIMKA), M30TOMHOE 3aMEUIeHHE OJHOIO W3
peareHToB, METOJ TEMIIEPATypPHOTO CKauka U T.1.

TpaauumoHHO M3MEpEeHUs CHEKTPOB MPOBOJAT, NMPEPhIBAs KAaTAIUTUYECKYIO PEAKIIMIO,
IIPUYEM YacTO BpeMs pelakcauuu (BpeMsl YCTaHOBJIEHUS HOBOTO CTAl[MOHAPHOTO COCTOSIHHSA)
3HAYUTENIBHO MPEBBIIIAET XapaKTEPUCTUUECKOE BpeMs KaTaauTHueckoi peakuuu. CoBeplieHHO
OUEBUJHO, YTO JJIS MPABHIILHOIO ONpPENENCHHs] MeXaHU3Ma PEeaklUU HEOOXOJUMO NPHUMEHSATh
CIIEKTpaJbHbIE METOBI IN SitU, T.e. B YCIOBUAX MPOTEKAHHS PEAKIMH, a HE JI0 ¥ [OCIIe PEaKIUH.
Tonbko B 3TOM cilydyae BO3MOYKHO YCTaHOBJIEHHME CTPYKTYpPbl pPEaJIbHBIX MPOMEKYTOUHBIX
COEJIMHEHUH U, ClIeI0BaTEIbHO, MEXAaHU3MOB PEaKIHil.

B kadecTBe mpuMepa MOKHO MPUBECTH HCCIIeNOBaHUs N SitU mpeBpalleHnil alKaHOB Ha
Zn u Ga —Moau(UIUPOBAaHHBIX IEOJIMTAX, MO3BOJMBILNE 3aPETrHCTPUPOBATH MPOMEKYTOUHOE
(dbopMupoBaHHE METAT-AIKWIbHBIX (ParMEHTOB, THAPUIOB METANIOB U JPYTUX HEYCTOWUYMBBIX
uHTepMenuatoB [2-7]. Jns wwumoctpaunun Ha puc. 6.1 npuBenen WK cnektp stana,
azcopbupoBaHHoro Ha neonure ZnZSM-5 npu KOMHATHOW Temmeparype, M IOKa3aHa €ro
HBOJIIOLUS, MPOUCXOSIIAs Mociae HarpeBaHus oOpasuma. BujgHo, yTo B 007acTH BaJ€HTHBIX
konebanuii CH-cBsa3u HaOmogaroTcs 5 mojioc KosneOaHWH, OTHECEHHE KOTOPBIX JIeTaIbHO

paccMOTpeHO HaMu B Til. 5.5. Xopowio BUAHA IIMPOKas MHTEHCUBHAs Mosoca npu 2727 em™,
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OTBEYAIOI[Asl CHMMETPUYHBIM BAJICHTHBIM KOJeOaHHSIM 53TaHa, KOOPAMHHUPOBAHHOTO Ha
KATHOHAX IMHKA. Ee BBICOKAas HHTGHCHBHOCTh M CHIbHOE cMemenne (~150 cm™) B
HU3KOYACTOTHYIO 00JIACTh OTHOCHUTENBHO MOJIOC KOoJeOaHUi CBOOOTHON MOJIEKYJBI 3TaHa (CM.
puc. 5.7) CBUACTEIBCTBYIOT, KaK MbI yXe yIIOMHHaNIU paHee, 00 aktuBanuu CH cBs3eit ankana

KaTuoOHaMu MECTaJIJIOB.
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Puc.6.1 UK cnexmpuot J]O smana, aocopouposannoeo na ZnZSM-5 npu pasnosechom oasnenuu
0,7 Ila npu 300 K (a —) u nocie nazpesa 00 423 K (6 ---) u463 K (6 ")[2]

[Ipn mnoBbIIEHWH  TeMIEpaTypbl CHEKTPbl 00pa3loB CYIIECTBEHHO MEHSIOTCS:
YMEHbIIAIOTC MTHTEHCUBHOCTH I0JIOC UCXOJHBIX aJICOPOMPOBAHHBIX KOMILJIEKCOB (B TOM YHCIIE,
nojiocel nipu 2727 CM'l) M TOSBJISIIOTCS HOBBIE IMOJIOCHI TMOTJIOIIEHUS, YKa3bIBAIOIIUE Ha
MPOTEKaHHE KOHBEPCHM alIkaHOB Ha MCCJENYyeMbIX KaTallu3aTropax. XapakTep o0pa3yroluxcs
MHTEpPMEIUATOB MO3BOJISET YCTAHOBUTh MEXAHU3M MPOUCXOIANINX MTpeBpanieHui. Kak BugHO U3
puc. 6.16,8 B UK cnekrpax o0pas3noB mocie Harpesa A0 423 -463 K, peructpupyrorcsi HOBbIE
nmojiockl noryomeHust (2874, 2910, 2958 CM'l), OTBEYAOIIMEe BaJIeHTHBIM KolieOanmsm C-H
CBSI3M B LIMHK-3TWIBHBIX (pparmentax. OTHOBPEMEHHO perucTpupyeTcs nosiienue moixocst OH

KoJe0aHUH MOCTHKOBBIX THMIPOKCHJIBHBIX Tpynnm ueonura mpu 3610 em™t

. IlomyueHnnslie
CIEKTPAJIbHBIE JENAI0T BO3MOKHBIM IIPEACTAaBUTh MEXaHW3M aKTHBAllMM AJKaHOB Ha ILMHK
MOAU(UIMPOBAHHBIX IIEOJIUTAX KaK JUCCOLMUATHBHYIO acopOLMI0  yrAE€BOAOPOJIOB.

CxemMaTHYHO €€ MOKHO MPEJCTaBUTh YpaBHEHUEM (Z (GparMeHT CTPYKTYPHI 11E0JIUTA):
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Z 't -CH +2 —Z2 2 —CH, +2Z —H'

[ToaTBepxkaeHUEM YyKAa3aHHOTO MEXaHWU3Ma CIIYXKaT CIEKTPaJbHBIE H3MEpeHHus Ipu Ooliee
BBICOKUX TemnepaTypax. Tak npu HarpeBanuu oOpasua a0 523 K B UK cnekrpax (puc. 6.1.r)
MOSIBIIIETCS. HOBAS MOJI0CAa ¢ MaKCUMYyMOM nipu 1934 CM'l, Oim3kas k yactore Zn-H B rumpuaax
nuaka. To ecth, Gopmupyrommuecss Ha MEPBOM CTaJAUKM KOHBEPCHH AallkaHA ITMHK-ITHIIBHBIC
WHTEPMEIUATBl PA3JIaraloTcs MPHU MOBBIIICHAA TEMIIEPATyphl ¢ 00pa3oBaHWEM JTHJIICHA W

aI[COp6I/IpOBaHHI)IX T'UApUa0B IUHKA!
Z Zn*t —CH,”—Z Zn""H + CH,

Kak yxe ymomMuHanoce, HCCIEAOBAHUE MPOMEXKYTOUHBIX COEIUHEHHI TpedyeT
WCIIOJIb30BAHUS  YYBCTBHTEIBHBIX CHEKTPAIBHBIX METOJOB C XOPOIIUM  BPEMEHHBIM
paszpemienreM. Bo3MOKHOCTh pa3BUTHSI TAKUX METOJIOB TMOSIBHIIACH TOJBKO C pa3BUTHEM (ypbe-
crnieKTpockonuy. Dypbe-CIIeKTPOMETPHI TAI0T BO3MOYKHOCTh W3MEPUTH CKOPOCTh CYMMapHOM
PEaKIMK M COMOCTABUThH €€ CO CKOPOCTSMHU 00pa3oBaHMs M Paciiajia MPOMEKYTOYHBIX BEIIECTB,
OTIpE/ICICHHBIMU TIO0 CHEKTPAIBHBIM JTAaHHBIM. TOJBKO B CIydae COBMAJCHHS JTHX CKOpPOCTEH
MOXXHO  YTBEpXJaTh, 4YTO OOHApPYKCHHBIC TIOBEPXHOCTHBIC COCAMHCHUS  SIBIISFOTCS
MIPOMEXYTOUYHBIMU B T€TEPOre€HHO-KaTATUTHUECKON peakuuu. Takoil MeTos Moyydus Ha3BaHUE
«CHEKTPOKMHETHYeCKoTo» [1].

[Ipu uccnenoBanuu 006pasLoB ¢ OOJABIIUM COOCTBEHHBIM MOTJIOMIEHUEM JUIS MTOJTy4eHUs
KayeCTBEHHOT0 CIIeKTpa HeoOXoauMo Ooiiblioe Bpems HakorwieHus. CreaoBarenbHO, s
CHEKTPOKMHETUYECKUX U3MEPEHUH MOAXOIAT TOJIBKO MPUOOPHI, UMEIOIINEe (QYHKIUIO OBICTPOTO
ckanupoBanus (Rapid Scan) u ocymiectBisioniie B 3ToM pekume 8-20 CKaHUPOBaHHM B
CEKYH]Y.

HeobxonmuMocTh uccliejoBaHUS OJHOBPEMEHHO KAaTaIUTUYECKUX M CHEKTPaJIbHBIX
CBOMCTB JUKTYET psif TpeOOBaHMI K KOHCTPYKIMH KIOBETHI. [Ipexkie Bcero, oHa IomkHA OBITH
KaTaJIUTHYECKUM pPEaKTOpOM, T.e. 00nagarb HeOONbIIMM OOBEMOM, OBITh IOJHOCTHIO
o0orpeBaeMoii U HE HUMETh «MEPTBBIX 30H» U XOJOAHBIX yacTel. CyIlIeCTBEHHBIM SIBISETCS
TpeboBanue OesrpagueHTHOCTH. Ha puc 6.2. u 6.3. mpencTaBieHbl KOHCTPYKIUHU MOJOOHBIX
KIOBET.

Jlns TmpoBeleHUsS COBMECTHBIX KAaTAIMTHUYECKUX U CIEKTPOCKOTHYECKUX H3MEPEeHUN
HE00X0IMMO KOMOMHHPOBAThH KIOBETY-PEaKTOP, YCTAHOBJICHHYIO B Jyue (yphe-CIEKTPOMETpa,
C KaTaJUTHYECKON YCTaHOBKOMW, TMIO3BOJIIONIECH pEaM30BbIBAaTh BCE OINMCAHHBIC BBIIIE
HEeCTaIlOHApHbBIE YCIOBHS MPOBEACHUS peakiuuu. boiee moapoOHy0 MHPOPMAIUIO O TUMAX U

yCTpOfICTBC UK PCAKTOPOB, AAANITUPOBAHHBLIX IJId CICKTPAJIbHBIX I/ISMCpCHI/Iﬁ B IIMPOKOM
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JMana3oHe TEMIIepaTyp M JaBJICHUH, MOKHO HallTH B 0030pax u MoHorpadwusx [8-11]. C
UX TIOMOUIBIO PEATH3YETCS BO3MOXKHOCTD MPSMBIX HAOIIOAEHUH 32 MPEBPAIICHUSIMH PEarceHTOB

B YCIIOBUSX IPOTEKAIOIIUX PEAKIUH.

Z &
&
o 1
aid 7
i
z i
i
[]
|
i
Py |
] \ \;
o
Puc. 6.2. Obwas cxema xrogemovl-peaxmopa (a) Puc. 6.3. Cxema xrogemui-peakmopa 0
u cxema peakmopa (6) a: I - ocnogmoll UBMEPEHULL CNeKmpo8 OUGPY3H020 ompacrcenus 8
Hazpesameny, 2 - "okno", 3 - peaxmop, 4 - VCA0BUAX OKUCTUMENTbHBIX PeaKyull
8CnoMO2amenbHblll Hazpesamens, 0. 1 - 1 - yenybnenue ons oopasya, 2 - nacpesamens, 3 -
Kapman 015 mepmonapwl, 2 - omeepcmue 0Jis kiosema, 4 - "oxno" uz cyrvghuoa yunka, 5 -
obpaszya [1] xkapman ons mepmonapsl [1]

Taxkoit IIoaxXod MJid BBISICHCHUS MCEXaHU3Ma CIOXKXHBIX XUMHUUYCCKHUX peaKHI/Iﬁ pas3BuT,
HarpuMmep, B padotax [11-13]. On ocHOBaH Ha CTAOMIM3AIUU U TIOCIIEAYIOIIEH HACHTU(PUKAITUH
aKTHBHBIX TPOMEKYTOUYHBIX TPOIYKTOB, HE PETUCTPUPYEMBIX B TOMOTCHHBIX YCIOBHSIX
BCJICJICTBHE WX CIIMIITKOM MaJlod KOHIICHTpaluu. B 3TOM citydae crieKTpalibHbIe HaOII0ACHUS 32
(dbopMuUpOBaHHEM M XHUMHYECKHMMH MPEBPAIICHUSIMHA B PEAKIIMOHHOW CHUCTEME OCYIICCTBIISIOT
NpH HU3KUX TEMIEpaTypax, HauuHas OT TeMIIepaTypbl  KureHus skuakoro aszora (77K).

OOpa3ipl 711 UCCIIETOBAHUM MTOTYYat0T

UK
IKCNepPHMEHT

4

ot W
H3INYYE€HNE

Puc. 6.4. Cxema UK peaxmopa 015 nuzkomemnepamypHwix ucciedoganuil in situ: 1- omeoo
0/151 NOIYHEeHUs U KOHOCHCAYUU napos peazenmos, 2, 4- conesoe okouko (KBr uiu NaCl), 3-meonwiii

onox [9].
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MyTeM COBMECTHOM KOHJICHCAIIMH MapOB PEareHTOB M KOMIIOHEHTOB KaTaJIM3aTopa B BaKyyMme
Ha OXJ@XJAaeMble JI0 TEMIIEpaTypbl JKHUJIKOTO a30Ta IOBEPXHOCTH. Ucnons3yrores
CHelraIbHble ONTHYECKUE PEAKTOPBI-KPUOCTATHI, MO3BOJIsIOMKE HaOmoaate usMmeHenuss MK
CIIEKTPOB CHCTEMHI IN Situ B xoxe mpeBpaieHuid npu temmeparypax ot 80 xo 300K. IIpumep
TaKOTO OMNTHUYECKOTO peaKTopa TMpHUBEIAEH Ha puc. 6.4. PeakTop M3rOTOBJICH MO MPUHIUITY
cocyna Jlproapa. HwkHUN KOHEIl XJIaONpOBOJAa CHasH C MEOHBIM OJIOKOM, Ha KOTOPOM
3aKpEIJICHO ONTHYECKOE COJIEBOE OKOIIKO, KyJa M KOHJIEHCUPYIOTCS peareHThl. B npyrom
BApUAHTE pEaKTOpa KOHJEHCALUS OCYUIECTBIISIETCSI HENOCPEICTBEHHO HA IOJMPOBAHHYIO
3epKAIbHYI0 TIOBEPXHOCTh MEIHOTO Oyoka, Torga mpu cHatuu WK cnexktpoB wuzmydeHue
JBAX/Ibl TIPOXOAMT uepe3 IUIEHKY ¢ o0pa3loM, MpeTeprieBas B MPOMEXKYTKE OTPaKEHHE OT
3epKaJIbHOW ITOBEPXHOCTH.

UccnenoBanus npu Huskux temieparypax (80-150K), korna moaBMKHOCTh MOJIEKYI
OTpaHWYEHA, JaI0T BO3MOXKHOCTh CTAOMIM3UPOBATh AKTUBHBIE MTPOMEKYTOUYHBIE TIPOIYKTHI, HE
JTOCTYIHBIE JUIsl PETUCTPAlMK B OOBIYHBIX YCJIOBHUSX, pa3leIUTh B3aWMOJICHCTBHUS Ha
OTJIebHBIE CTAJAUU U MPOCIEAUTD MOCIEI0BATENLHOCTD NMPEBPAILIEHNN Pa3TUYHBIX aCCOIUATOB.
Jlns mpumepa pacCMOTPUM HCIIOJIB30BAHHWE TAKOTO TMMOAXOJA JJIA BBISICHEHUS MEXaHHW3Ma
aKTUBAllMM aJKaHOB IOJ JIECTBMEM W3BECTHOIO KHCIOTHOTO KaTajgu3aTopa - XJIOopHjaa
amromunus [12,13].

B xo1e cniekTpanbHbIX H3MepeHwii iN Situ B quamnazone temmeparyp 80-275K BBISCHUIOCH, YTO
MoJ AeUCTBHUEM XJIOPHJIA aTIOMUHUSI HU3KOTEMIIEpaTypHas KOHBEPCHS aJIKaHOB MPOTEKAET YKe
npu Ttemmeparypax 170-220K u B 3aBUCMMOCTH OT MPOMOTOpA pPa3BUBACTCS IO JIBYM
pa3IMYHBIM MEXaHH3MaM. B NPUCYTCTBUU aNKWITaIOTe€HUIOB HanboJiee BEPOSITHO y4yacTHe
KapOOKaTHOHOB B KadecTBE MPOMEKYTO4HBIX uyactui. MK crmektpsl Tpetnmunoro (t-Bu®) m
BTOPHUYHOTO (S-BU") GyTHIBHBIX KATHOHOB, CTAOMIN3MPOBAHHBIX XIOPATIOMAHATHEIM AHHOHOM
Al3Clyy , mpuBeneHb! IS WUTFOCTPAlMK HA pHC. 6.5 n 6.6. BTopuuHble KapOECHHEBBIE HOHBI
MEeHEee YCTOMYMBBI, YeM TPETHYHBIE U PETUCTPUPYIOTCA TOJBKO B OTPAaHUYCHHOM JAHMAINa3oHe
temnepatyp (130-180K), B To Bpems Kak TpeTuuHble OyTunkatuousl t-Bu® o6pasyrorcs B
NpUCYTCTBUHM Xyopuaa amomuHus npu 80-275K u peructpupyrorcs Jake B MaTpHIAx
yriaeBoaopoaoB (puc.6.5¢). U3 puc. 6.6. BUAHO, UTO CHEKTPbl MOHHBIX KOMIUIEKCOB S- U t-
Bu'[Al;Cly ] B Hu3kouacToTHOH 0Gmact (~600 cM *), rie MPOSBISIOTCS KOJIeOaHHs CBS3U
Al—CI B aHMOHEe, IPAKTUYECKH COBNAAIOT, CIIEKTPHI K€ OPraHMYeCKHX KaTHoHOB S-Bu” u t-

Bu" pasnuunbL
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TIponyckanue (%)

T | c
b
30 2.8 v+ 103 fep—!

Puc. 6.5. UK cnexmpuvl 2-memun-2-xaopnponana () u €20 co-KOHOEHCAMO8 C XI0PUOOM
amomunus (0,C) 6 mampuye okmana (c) [12]

Jpyras kapTtuHa HaOolaeTcss MpU BBEIEHUU B KAadyeCTBE NMPOMOTOPOB K XJIOPUAY
AFOMHHUS TaJoreHuIoB nepexoansix metauioB (Co, Ni). 3nech nake npu B3auMOJICHCTBHUU C
ANKWITAJIOTCHUIaMH  KapOokaTHOHBI He dopmupyroTcs. Ha puc. 6.7.1 mpuBenen UK-crektp
nonHoro Kommtekca S-BU'[AlsClyg ] u cnekrp TpoiiHoro cokonmencata S-BuCl-CoCl,-AlCl;

(cootHomenue peareHToB ~ 1:1:1), cHATHIN MocIe pazorpeBa cuctemsl 10 150K (puc. 6.7.2).
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Puc. 6.6. UK cnexmpuvl uUOHHbIX KOMNIEKCO8
t-Bu*[Al;Clyy ] (@) u s-BU[AlsClyg ] (b),
obpasyrowuxcs 6 cokondencamax AlLClg C 2-
Memui-2-X10pnponanHom u 2-xaopoymanom,
150K [12]

Puc. 6.7. UK cnexmpul uonnozo xomniexca
s-BU™[Al;Clyy ] u mpotinwix cucmem cocmaea
s-BuCl-CoAICls npu 150K. Bepmuxanvuvimu

JIUHUAMU NOKA3AHb] YACMOMbL UOHHO20 KOMAIEKCA,
omcymemayowue 8 mpouHom cokoHOoencame [13]

)4 pHuc. 6.7. BUJHO, YTO B CIICKTPC TpOfIHOFO COKOHACHCATa HC COACPIKUTCA II0JIO0C,

xapakTepHbIX 1is S-Bu”. 31ech GopMupyeTcs TONBbKO TPOMHON MOJEKY/IAPHBI KOMILIEKC S-
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BuCl-CoAICls, He nperepreBaromiuii HOHU3AUK NPU TTOBBIIICHUH TEMIIEPATYphl BILUIOTH JO

240 K:

s-BuCl + AICl, — s-BuCl-AlCl, —  s-Bu -+ [ALClLyal
s-BuCl + AICl; +CoCl; —» s-BuCl:CoAlCls #> s-Bu’

Takum 06pa3oM, B3aUMOICHCTBHS, MTPOUCXOSIIHE B IBYX KATATUTHICCKHX CUCTEMAX, U
MEXaHU3M KaTajli3a KapAWHAIBHO pasinuyarorcs. KilloueByro poJib Ipy KOHBEPCHUHU AJTKAHOB MO/
nerictBueM cuctembl COClo-AlCl; urparor yxe He KapOOKAaTHOHBI, a AIKWIONMETAJUINYeCKUe
KoMILIeKchI [13].

JIist IeTanbHOTO TOHUMAHHMS MEXaHHW3MOB PEaKIUil M PEruCTpaldd WHTEPMEIHATOB
CIIEKTPaIbHBIC H3MEPEHHUS TIPOBOJISAT, BAPHUPYSI B IIMPOKOM HHTEPBAJIE HE TOJBKO TEMIIEPATYPY,
HO TaKKe M JaBieHue. [Ipu 3TOM HCHONB3YIOTCS COBpeMeHHbie Dypbe CIEKTPOMETpHI,
no3possitore  cHiumath MK cmektpel  kaxnaele 10 cek. Ha puc. 6.8. mnokazana
nocienoBateabHoCcTh MK CHEKTpoOB, MONydeHHBIX MPU TOJMMEPU3AIMU JTHJICHA Ha XPOM
comepxamnux katamuzatopax Cr(11)/SiO2. B TedyeHue sKCrepuMeHTa CO BPEMEHEM MEHSIOTCS

OJHOBPCMEHHO TEMIIEpaTypa U JaBJICHUC.

Wavenumber 1cm'1)

Puc. 6.8. Paspewennvie no memnepamype, epemenu u oaeirenuu UK cnexmpwi, cuamoie npu
nonumepusayuu s>munena na Cr(11)/SiO; 6 ouanazone memnepamyp 100-300K ¢ obracmu OH u CH
sanenmuuix xonebanuti. Ceemno-cepvie CHeKmpbl COOMBEMCMEYIOM NPoYeccam aocopoyuu IMunieHa Ha
Kamanumudeckux yeumpax, depuvle JUHUU Omeeuaiom peaxyuu NOAUMEpU3ayuu - NOAGIEHUIO HOBbLX
nonoc CH-xonebanuii 8 npodykmax peaxyuu, epems peaxyuu ~10 mun [14].

Jlpyrue npuMepbl UCClIeIOBaHUN MEXaHU3MOB XMMUYECKUX U KaTaJIUTUYECKUX peaKifi
¢ nomorpko MUK criekrpockonuu in Situ MoXHO HalTH, Hampumep, B o0030pax [7-11,14].

CrieyeT OTMETHTh, YTO M3y4CHHE MEXaHU3MOB PEaKIUH CIICKTPATbHBIMH METOAaMH iNn
Situ, HeoOXoaMMO, Kak TpPaBHJIO, COYETaTh C KBAaHTOBO-MEXaHUYECKHMMH pacueTaMu

K0JIeOaTeIbHBIX CIICKTPOB  MOJICKYJI, IIpCANoJIaracMbiXx B  Ka4€CTBC HUHTCPMCIMUATOB.
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ConocraBieHue 3KCIEPUMEHTAIBHBIX U paccunTaHHbIX MK cnexkTpoB mo3BoJisieT craenarb
O0OOCHOBAaHHBIM BBIBOJ O COCTaBE€ M CTPOCHUHM HAOMIONAEMBIX KOMIUICKCOB WU
IIPOMEXYTOUHBIX IPOIYKTOB. AHaIN3 CHEKTPAIbHBIX JaHHBIX C [IOMOIIbIO PACUETHBIX METO0B
IIPETEPIEBAET B NOCIEAHEE BPEMsI CYLIECTBEHHBI MPOIPECC B CBA3M C TEM, YTO JAOCTATOYHO
JTOCTYIHBIMH CTaJlll PE3yJIbTaThl KBAaHTOBO-MEXaHHMUYECKUX PACUETOB - HEIMITMPHUECKUX ab
initio 1 ¢ nmpuMeHenueM teopun (yHkimoHana mwiotHoctu (DFT). Mcnonb3yeMbie B pamMkax
DFT ¢yHkuroHANBI JOCTATOYHO XOPOIIO BOCIPOU3BOSAT OCOOCHHOCTH I'€OMETPHH HE TOJIBKO
MOJIEKYJI B ra30BOH (a3e, HO U MOBEPXHOCTHBIX KOMILIEKCOB. [IprMeps! ycrienHoro couyeTaHust
pacueTHBIX U SKCIIEPUMEHTANIBHBIX JaHHBIX JJI aHAJIN3a PEaKIMOHHON CHCTEMBbI MOXKHO HAaWTH
B OOJIBIIMHCTBE PACCMOTPEHHBIX BbIlIe padoT. s OGojee AeTanbHOrO O3HAKOMIIEHHS C
OCHOBHBIMHM METOJaMH M MOJIXOJAaMHM KBAaHTOBOW XMMHH K pacueTy KoJieOaTeIbHBIX CHEKTPOB
clieyeT o0paTuThCs K CIEIHATIbHOM JuTepaType, Hampumep, K MoHorpadusm [15-17]. Tlpu
3TOM KBaHTOBO-XMMMYECKHE pPAacyeThl JOJKHBI MPOBOJAUTHCS B MPSIMOM KOHTakTe C

HaIpaBJICHHBIM SKCIICPUMCHTOM C IIPUMEHCHHUEM CIICKTPAJIbHBIX 1 KHHETUYCCKUX MCTOI0OB.
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3AKVIIOYEHHUE

Meton HK-cnektpockonmuun MoxeT OBITh 3(PQPEKTHBHO HCIHOIB30BAH I U3Y4CHHS
CBOMCTB TIOBEPXHOCTH JIMCIIEPCHBIX OKUCHBIX cHCTeM. OCHOBHBIM MPEHUMYIIECTBOM METOJa
SIBJIICTCS BO3MOYKHOCTH TIONYYCHHS] HH(QOpPMAIUU TIPAKTHYECKH 000 BCEX BO3MOXKHBIX
COCTOSIHUSIX, NMPHUCYTCTBYIOIIUX HA TMOBEPXHOCTU: MOBEPXHOCTHBIX THUIAPOKCHIIBHBIX TPYIIaXx,
KHUCJIOPO/IE W KOOPIMHAIMOHHO HEHACBIIIEHHBIX KaTHOHAaX. B cmekTpax HaJAeXHO HJEH-
TUQUIMPYETCST ~ HEOTHOPOJHOCTh  KaXAOTO W3  THIOB  ILEHTPOB,  OOYCIOBJIEHHAS
MOJIMIUCTIEPCHOCTBIO  OKHUCIIOB M CBS3aHHBIM C OJTHUM BBIXOJIOM Ppa3IMYHBIX TpaHei
KPUCTAJIIMYECKON PELIETKH, a TAK’K€ BO3MOXKHOM Je(PEKTHOCThIO 00PA3II0OB.

B UK-cnektpax OKHCIOB HaONIOMAIOTCS  KOJeOaHHWs, KOTOpbIE MpPHHAIJIEkKAT
MTOBEPXHOCTHBIM TPYHNIUPOBKAM «METAJUI — KHUCIOPOI» M TPOSBISIIOTCS B 00JIACTH 4YacTOT
BBIIIE YaCTOT COOCTBEHHOTO MOTJIOUICHUS KPUCTAIIOB, 00JaIaloluX Pa3InYHON MPOYHOCTHIO
cBm3el M—O u pa3nuMYHONW PEaKIMOHHOW CIIOCOOHOCTHIO. METOJ SBISETCS TPAKTHYECKU
VHUKQJIBHBIM ¥ TIPH  OIMHCAaHWU TOBEPXHOCTHOTO THUAPOKCUIBLHO-THIPATHOTO TOKPOBA,
BO3HMKAIOIIETO MPU KOHTAKTE C BOJAON MOBEPXHOCTH TBEPJOTO Tea.

N3yuenune crekTpoB MOBEPXHOCTHBIX KOJeOaHuil kak codbctBeHHOM M—O CBsI3H, TaK U
npumecHoit  (OH-komeOaHus) TPUPOABI W COMOCTAaBICHHE WX C  JaHHBIMH O
KPUCTAIJIOXUMUYECKOM CTPOCHHMU OKUCJIIOB M MX MOBEPXHOCTH AAIOT BaXXHYIO MHQOPMAILHIO O
KOOPJAMHAIIMOHHOW W JMTaHAHOW HeomHopoaHocTH okcuaoB. MK-crekrpockonmsi oOramaer
OOJIBIIMMH BO3MOXHOCTSIMU B MOJTy4€HUU MH(GOPMALIUU O TIOBEPXHOCTH MOJUKPUCTAIUIOB CPEIU
Ipyrux GU3NYecKuX METO/I0B.

HeobxomuMo OTMETHUTh, YTO B OTHOIIEHUH COIMOCTAaBJICHUS XUMHUYECKUX CBOICTB
OTJICIbHBIX THIOB LEHTPOB MOBEPXHOCTH, U OCOOEHHO Ui Pa3IMYHBIX CHUCTEM, €Ile MMEETCS
3HAYUTENILHOE KOJMYECTBO HEPEIICHHBIX MpobieM. B mepByro ouepens 31U npoOsieMbl CBSI3aHbI
C 8b100pOM MONEKY], cheyupuyecku 83auMo0eticmeyioumux ¢ onpeoesieHHbIMU MUNAMU YeHmpos
U BHOCAWUX NPU IMOM cllaboe 803MyueHue 8 cucmemy, T. €. Upe3BbIYaAHO BaXKEH KOPPEKTHBIN
BBHIOOpP MOJIEKYNBI-30HIa Ha TOT WMIM HMHON Tun 1eHTpoB. Kak yxe ObLJIO OTMEUYEHO,
HEO0OXOIUMBIMH MTPU3HAKAMU JJI1 MOJIEKYIIbI-30H1a JOJKHBI OBbITh:

1) cneunuuHOCTh €€ B3aMMOJCHCTBHS TOJBKO C 30HAUPYEMBIM IIEHTPOM MOBEPXHOCTH;

2) [nocTato4yHasi UYyBCTBUTEIBHOCTh CHEKTPAJbHOTO TMapamMeTpa K HW3MEHEHHUSM B

ANIEKTPOHHOM CTPOEHHUH LIEHTpa aJICOPOLINH;

3) otcyrctBHE MOAM(PHUIIMPOBAHHS TOBEPXHOCTH 3a CYET NPOTEKaHUsS MOOOYHBIX

peaKuuu.
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Heo6xomum o160p 30H10B, TO3BOJISIONMX TG GEPSHIIMPOBATH HE TOJILKO THUIIBI IEHTPOB, HO U
pas3nuuvs B JHEPreTHYeCKOM COCTOSIHMM M PeaKHHMOHHOH CINOCOOHOCTH LEHTPOB OJHOM
NPHPOAbI.

B nmanHoM mnocoOuM MBI PAacCMOTpENM TOJBKO OOIIME 3aJaudl HCCICIOBAHUS U
MpeACTaBUIM  HaumboJiee TMOMYNSAPHbIE  MOJEKYJIbI-30HAbL.  CIHCOK  TMPUMEHSEMBIX B
CIICKTPOCKOIMMYCCKHUX HCCICAOBAHUAX 30HAOB ropasago mupe. Ka)KIHﬂﬁ 00BEKT HUCCIICAOBaHNA,
Ka)K/1asi OKCH/IHAsI CHCTEMa UMEET CBOU OCOOCHHOCTH, OTIPEIEIISAIONINE PEAIOYTEeHHs B BEIOOpE
30H70B. Mg Oosnee moapoOHOro o3HakomiieHus ¢ MerojgoM WK-cnekTpockonmuu MoseKyii-
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