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OINTUKA U CIIEKTTIOCKOIIHN A

VIK 535.016

XAPAKTEPP bIE OCOPEP POCTU I'EP EPALIMN BOJIP bl

C YACTOTOM 3w; — w; OT P OBEPXP OCTU U30TPOP P Ol
TUPOTPOP P Ol CPE/IbI

C. H. Boaxos, C. M. /louckoii, A. B. 3acumosa, H. 1. Koporees, B. A. Makapos

(ragpedpa obweii usuxu u 6orHoswvx npoyeccos; Mexcoynapoonwiii aasephwiii yenmp MIT'Y)

Hccnenosana reHepanus oTpaKeHHOH BOJHBI HA YACTOTE 3wy — Wg NPH HAKIOHHOM HAJCHUH JBYX
NJIOCKUX UTUNTHYSCKH NOTSIPU3OBAHABIX BOJH ¢ YACTOTAMH Ww; H Wwg HA NMOBEPXHOCTh H3OTPONMHOI
ruporponuoi cpeapl. Ilokasano, 4ro reHepanusi mpoucXoauT HauOodee I(PPEeKTHBHO NpH CKOJIL3SIIEM
OTpaKeHHH BOJHBI HA YACTOTE 3Ww; — Wwo . OOHAPYKEHO, UTO CYMIECTBYIOT TAKHEe 00J1ACTH 3HAYCHHI YrIIOB
najieHus, /sl KOTOPBIX OTpAa:KeHHAS] BOJHA CTAHOBUTCH HEOJHOPOIAHON H e AMIUIHTY/IA YKCHOHEHIIUAILHO

yGI)IBaeT npid yAaJieHHd OT IrpaHUlbI Cpeibl.

ITocnenHee necATUAETHE B pa3BUTUH HEIMHEWHOU OII-
THKH OTMEYEHO POCTOM HHTEpeca K HOBBIM CXEMaM Jia-
3€pHON CIIEKTPOCKONNH, YyBCTBUTENBHBIM K XHPaJIbHOC-
TH (T. €. K 3¢pKATLHONH aCUMMETPUYHOCTH) UCCICTYEMBIX
BemiecTB [1-3]. TIrk cneKTpOCKOIMHYECKUE METO/IBI OCHO-
BaHBI HA 3aIpPENIEHHBIX B W30TPONHBIX IEHTPOCUMMET-
PUIHEIX cpemax a¢dekTax mpeobpa3oBaHms YaCTOTH JTa-
3€pHOT0 U3JIYUYEeHUS Ha HETMHEWHBIX BOCIPUAMYHBOCT X
YETHBIX NOpsyiKoB. Co3MaHUE TAKUX JKCIOCPUMCHTAb-
HBIX METOJAWK HCCIENOBAHUSA BEIECTBA CTUMYJIUPYET-
¢ MHOT'0OOCHIAIONIAMHY MEPCICKTUBAMU UX MPUMCHCHHUS
JUI1 U3y4YEHHS XHPAJIbHOCTH MOJIEKY]l JKH3HEHHO BaXK-
HBIX OpraHUYecKux coenuHeHnd. ITRcTBOpHI mocneTHuX
YaIe BCEro SABISIIOTCS H30TPONHBIMHA THPOTPONHBIMHA
(T.¢. HCICHTPOCUMMETPHUUHBIMU) Cpe/laMHU, U IMOITOMY
W3yUeHUE Ha CHTHANBHOM YacTroTte, Hecylee HHpopMa-
U0 0 TOPOAMBIIHX €r0 XUPAIBbHBIX MOJIEKYJIaX, IOUYTH
He UMeeT (POHOBOM COCTABIIAIONIEH, CO3AaBaeMON HeXH-
paaeHEIM pactBopuTeieM [1, 2]. TToBble COEKTPOCKOIH-
YeCKHE BO3MOKHOCTH OTKPBIBAET HCCIETOBAHHUE CIOXK-
HBEIX OpPraHUYECKUX MOJCKYJI HE B 0OBEME pacTBopa, a
Ha €ro MOBEPXHOCTHU WX B TOHKOH IUIEHKE, HAHECEHHOMN
Ha NO/JIOXKKY, TAK KaK OTHOCHTEIIBHO HU3KAS CUMMET-
pHSl HOBEPXHOCTH YBEIIHYHUBAET YUCIO «Pa3perieHHBIX
HETMHEHHOONTHIECKUX SIBJICHUN [4-7].

B Hacrostiei paboTe IpeACcTaBIeHB Pe3yIbTaTH (e-
HOMEHOJIOTHYECKOT'0 MCCIIEZIOBAHUS MPOIlecca IISITUBOII-
HOBOTI'O CMENIEHUS W}, = w1 +wy +wy —Wws , TPOUCXOJISIIE-
r0 Ha NOBEPXHOCTHU H30TPONHON TMPOTPOIHON CPEIBI.
[TroT mporiecc MOJI0XKEH B OCHOBY CHEKTPOCKOITHYECKOU
cxeMbl 6HOKATIC [2, 3], ocobo mpuBieKaTEILHOMH IS
CIICKTPOCKOMUUCCKOTO HCCICAOBAHUS XUPAILHBIX OHO-
JIOTUYECKH BA’KHBIX MOJEKYIL.

ITycre W3 BakyyMa H2 MOBEPXHOCTH IOTJIONIAKOIIEN
W30TPONHON TUPOTPOMHOH cpeabl (CUMMETPUSI CPEABI
0000, CUHMMETPHS MTOBEPXHOCTH 00 ) MAJAI0T ABEC MOHO-
XPOMATHYECKHE BOJIHEI ¢ YaCTOTAMHM wi 9. MIX BOJHO-
BBIC BEKTOpPHI JIGKAT B OJHOH IUIOCKOCTH U 0DOpasylor
YIIBL 61 5 ¢ HOPMAJBIO K TpaHMIle pasaena. MckoMbiMu
BEJIMYHHAMH SIBJISIOTCS aMIUTATY/JHBIE W TOJISIPU3AIA-
OHHBIE XapaKTEPUCTUKU OTPa’KEHHOU BOJIHBI HA 4ACTO-

Te w}, (3Ty BOIHY MBI Oy/eM Ha3bIBATH CHUTHAJIBHOMN).
OHU onpeAesioTes He TONbKO cBoiicTBaMU oObeMa He-
JIMHEHHOM Cpebl, HO TaKXXe CBOMCTBAMH TOHKOIO TIEpe-
XO/THOTO CJI0$, BCErJd CYIIECTBYIONIETO HA €€ T'PaHUIIE.
BuyTtpu 3TOro C€losd BCe XapaKTCpPHUCTHKU BCIICCTBA, &
ceTIOBATEIbHO, U XapaKTEPUCTUKHU 3JeKTPOMATHUTHO-
ro TMOJSI MEHSIOTCS HEMPEPHIBHO, XOTS H JIOCTATOYHO
OBICTpO.

YToOBl KOPPEKTHO YYECTh BIUSHHAC TAKOH MPUIIO-
BEPXHOCTHOM HEOTHOPOHOCTH, MBI UCTIOIL30BANH TMO/T-
xom [8, 9], ocHOBaHHLII Ha BBeACHUH MOAH(DHITHPO-
BAHHBIX TPAHUYHBIX VCIOBUH 151 DJCKTPHUCCKOTO H
MarHUTHOTO MoJicii. B 3TH IrpaHUYHBIC YCIOBHS BXOJIUT
MMOBEPXHOCTHAS TIOTHOCTL TOKA CBSA3AHHEIX 3apsIoB 1,
SIBJISIONIASICS UCTOUHMKOM 3JIEKTPOMATHUTHBIX BOJIH, J10-
MOJHUTENBHBIM K MONSIpu3aliui obbeMa BeliectBa P
Kakx mokazaHo B pabotax [8, 9], B mepBoM MOpHuOIH-
KEHUU 10 ManoMy mapamerpy do/A (dy — xapaxrep-
Has TOJIIHMHA MePeXoAHOTO Cosl, A — JJIMHA CBETOBOH
BOJIHEI) BEeKTOP 1 MOXHO MpPEJCTABUTL B BHIE CTEICH-
HOTO Pa3I0XKCHUS MO JJICKTPHUUECKOMY IMOIIO0 CBETOBOM
BOJIHEI B BAKYyM¢ Ha MOBEPXHOCTH HEMUHCHHOU CpE/Tb.
B npubankeHUM MOCTOSIHHONW HAKAauKHd B PasloKeHUH
BEKTOpa 1 MOYKHO OTPaHHYHUTHECS TOIBKO CIIEYIONIAM
HCAVMHCHHBIM WICHOM, OTBETCTBCHHBIM 3a HCCIACTYCMBINA
Mporiece MATUBOJHOBOTO CMEIICHHUS:

:NL _ (4) . v v v vk
i (Wb) =2 g (Why w1, w1, w1, —ws ) BY L BV EY L EY

J

(1)
3nech 3¢(*) — moBepXHOCTHASI OMTHYECKAs] BOCTIPHHM-
YMBOCTDL YeTBEpTOrO nopsnka, EY u Ej — KoMIuekc-
HBIE AMIUTATYABl 3JIEKTPUYECKOTO IO HA 4acTOTaX Wi
H ws B BAKyyME€ HAa NOBEPXHOCTH HCCIEAYEMOW CPEIBI.
3Be30YKON OTMCUCHBEI KOMIUICKCHO-COMPSDKCHHBIC BE-
JIMYUHEI,

YpaBaennsa Makcsesia /715 3JIEKTPOMAarHUTHOTO T10-
IS CIIeyeT AONOJIHUTE MaTepHAIbHBIM YPABHEHUEM IS
HeTHHeHHOH monsgpu3aruu BemecrBa PN Ha wacro-
TC Wp .

4)
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(2)
ric E; u E; — KOMIUICKCHBIC aMIUTUTY/IBI 9ACKTPUICC-
KUX TMOJICH MPETOMICHHBIX BOJH ¢ YACTOTAMH w; U ws,
a @, 41 g 542 _ remsopsl nokantbHOR M He-
JIOKANBHBIX O0BEMHBIX ONTHUECKUX BOCIPUMMYHBOCTEH
YETBEPTOTO MOPSIKA.

JanpHeUImMi pacuer aMIUIATYAHBIX U MOJISpU3AIH-
OHHBIX XApPaKTEPUCTHUK OTPaKeHHOW BOJTHBI Ha 4YACTO-
T¢ wp, NPOBOAUICS HAMH MO CXeMe, MOApoOHO Omu-
caHHoi B pabote [10], rae wuccnemoBagach reHepalius
BOJIHBEI CYMMApHOH 4acTOTHl HA MOBEPXHOCTH U30TPOII-
HOU THUPOTPOMHOH Ccpefbl MpU MajJcHUA HAa HEE JBYX
IUTOCKUX BOJH OCHOBHOIO M3nyucHus. [lonydeHHOE aHa-
JIATHYCCKOE BBEIPAXKCHUC TS JICKTPUUCCKOrO IOl Ha
YACTOTE wp, COACPKUT ¢TUHCTBCHHYIO HE3ABUCHMYIO JIC-
KapTOBY KOMIIOHCHTY JOKAILHON ONTUYCCKOU BOCIPH-
UMUYUBOCTH )2(4), MSTh HE3aBUCHUMBIX KOMIIOHEHT TeH-
30pOB HEMOKATBHEIX BocIpuuMumBocTeil 4(H1 m 4(4)2
U IIECTHAAIATh HE3aBUCHMBIX KOMIIOHEHT TEH30pa II0-
BEPXHOCTHOM ONTHYECKOW BOCHPHHUMUYHUBOCTH YETBEPTO-
ro mopsiaka (4. TTrxe MBI OrPAHIUHMCS H3TOKCHHEM
BBLIBOJIOB, C/ICTAHHBIX HA OCHOBC AHANIU3a aHAJIUTUICC-
KOT'0 BBIPaXKEHMS /IS 2JIEKTPUUECKOTO IO/ CUTHAJIbHOMH
BoaHBEL. CaM# TOJydIeHHBIE HAaMU (DOPMYIBEI UMEIOT JTO-
CTaTOYHO TPOMO3JIKUM BU/I, 1 pAMKH HACTOSINEH CTAThU
HC TO3BOJISIIOT MPHUBECTH UX MOJIHOCTLIO,

Vron orpaxeHus #, BOJHEI C YACTOTON wy, 3a/aeTCs
CICAYIONAM YPABHCHUCM:

02

sk (Whs W1, W1, W1, —w2) By kB 1 By

sin Oy, = (3wy sin#; — wy sinby) /wy,. (3)

OHO J1eTKO BBIBOJIATCS U3 TPAHUYHEIX YCIOBUH JJ15 DJICK-
TPUUYCCKOT'0 U MATHUTHOIO MOJICH U CIPaBEAIUBO B TOM
clydae, €CId ¢ro mpapasl 4acTb MCHBINE CAUHUILI 110
abcomoTHol BennuuHe. Korga mocienHee yclnoBUE Ha-
pyliaercs, OTpakKCHHAs CUTHAJIBHASI BOJIHA CTAHOBHUTCS
HCOMHOPOJHONH W ¢¢ aMIUIUTyAa YOBIBACT IO JKCIIO-
HCHIIMAJILHOMY 3aKOHY IO MEpe VAAJICHUSI OT TpaHU-
IBl CPElbl, MPAKTUUYCCKU obOpaniasachk B HyJdb Ha pac-
CTOSIHUH TOpSAKa HecKodbkux A. Ecnu B oTcyTcTBHE
JIMHCHHOTO MOIJIOIICHUS MpaBasl 4acTh ypaBHEHUA (3)
MPEBHIIIAET 10 MOAYJIIO JIHHEUHBINA NOKa3aTelb MPeIoM-
JICHUS ny, HA YACTOTE Wy, , TO MPEIOMIICHHAS CUTHATBHAS
TAKXE CTAaHOBUTCS HeoL[HopoI[Hoﬁ*). Hananaeiii adext
HMEET CBOW aHAIIOT JIJIA Ipollecca TeHepaIlud Pa3HoOCT-
Hol wacrorel [11]. Ila puc. 1 B kxoopauHarax yrjioB
najgeHus ;o MOCTPOEHBI IPAHMILI OOTACTEH Cyllect-
BOBAHHS OTPAKCHHOH U MPEIOMICHHON BOJH HA 4aCTO-
T¢ wy, . OTpaxeHHasa (IpeJOMICHHAS) BOJIHA OTCYTCTBYET
BHE 00JIACTH, JCKAIICH MEXK/TY CIIONTHEIMU (IIITPUXOBEI-
MH) KPHBBIMH, OTBCUAIOIIAMHU OMNPEACICHHOMY OTHOIIIC-
HUIO ws/wy. KpUBBIE MOCTPOCHBI AJIS1 HETMOTIOAIONICH

*) Taxoe IBIICHHE UMEET MECTO U JUTSI TIOTIIOIATOTIIEH CPEITBI, OTHAKO
YCIIOBUE €r0 BO3HUKHOBEHUSI HMEET OOJICC CIIOKHBIN BHII.
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Puyc. 1. I'panuner oOmacTell CyIIeCTBOBAHHS OTPaXEHHOH

(CIUTOIIHBIE KPHUBBIE) M IIPETOMIIEHHOM (IITPHUXOBBIE) BOIH

Ha 4YacTOTE€ W} B CIydae HENOIJIOIMIAIOMEH H30TPOIHON

rupoTponHoil  cpexsl mpH ws/wi = 0,8 (xpusbe 1)
u wg/wl = 1,2 (xpussie 2)
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Puc. 2. 3aBUCHMOCTD HHTEHCUBHOCTH [}, OTPAXEHHOW BOJIHBI

HAa 9aCTOTE W} OT YIVIOB NAJEHHUSA BOJIH OCHOBHOTO H3JIyde-

HUSA 9172 B CiIydae, KOTJa CIOW XMPATBHBIX MOJIEKYJI HaHe-

CEH Ha HETOIJIOMIAOIIYIO H30TPOIIHYIO [IEHTPOCHMMETPHIHYIO
TIOJJIOKKY

cpensl ¢ np, = 1,3 MpH IByX OTHOINEHUSX YaCTOT BOJIH
OCHOBHOTO H3JIyYEHUS.

Ila puc. 2 mpeacraBiaeHa THIHIHAS 3aBUCHMOCTE HOP-
MHPOBAHHOH (Ha CBOE MaKCHMaJIbHOE 3HAUeHHE) HHTEH-
CHBHOCTH OTPa’XEHHON CUTHAJIBLHOW BOJIHBL [, OT yIJIOB
najeHus ¢; o B ClIydae, KOrja Ha H30TPOIHYIO MOI0X-
Ky (CHMMETPUSI CpeAbl coco) HAHECCH CIIOW XUpaib-
HBEIX MOJICKY1 (CHMMETpHUS TMOBEPXHOCTH ©0). TeH3op
%) mpu 9TOM HCUe3aeT BCICACTBHE HHBEPCHOHHOMN CHM-
METPHH, TIOBEPXHOCTHAS ONTHYECKAS] BOCIIPUUMYHUBOCTE
54 orBedaer 3a «IOME3HBII» CHTHAT, a TeH30pHI 4 ()1
u 44?2 omuceiBaror «pOHOBOE» H3TydeHHE OT MOIOXK-
ku. [Ipu nmocrpoennu rpaduka OTHOIMEHUE wy /wy OBLIO
B3sTO0 paBHEIM 0,8, €(w1) = €(wz) = 1,5 (yacrorHas
AUCHEpCHs CUUTaIach c1abol), e(wp) = 1,8, magaromniue
BOJHBI CUATAJIACH IMHEHHO MOISPU30BAHHBEIMU, a YTJIBI
MOBOPOTA MX IUIOCKOCTEH MOMSIPH3AIMH 01 U P —
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pPaBHEIMH 7/6 M /3 COOTBETCTBEHHO. YITEl (71 5 OT-
CUMTHIBATIMCE B TTOJIOXKUTETHHOM HAINPABICHHH OT Op-
TOB, JISXKAINUX B IUTOCKOCTH MA/ICHUS U TEePIECHTHKYJISIp-
HBIX COOTBETCTBYIONTAM BOJHOBBIM BEKTOPAM (IIOJIOXKH-
TENBHBIM CUHTAIOCh HANpaBJICHHUE, OTBEUAIONIEe Bpalle-
HHIO IO JaCOBOH CTpENIKE, eCTH CMOTPETH BIOMb BOIHO-
BOro BekTopa). I'padiik mocrpoeH BHyTpH TOH obnactH
Ha pHC. 1, Tie He TPOMCXOTUT OTMEUECHHOTO BEIIIE IKC-
HOHEHITHATEHOTO yOBIBAHMS aMIUTATYB OTpPaKeHHOM
BOJIHBI, TIPH CIIEYIOIINX COOTHOIICHUSIX MEXK/Ty KOMIIO-

HCHTAMH MaT¢pUATbBHBIX TEH30POB: %,(zi,)zzz = %g(lem =
= 6, %a(r:?zzy = 3, e = 3o = oo =
:(4’)‘9(;?1;24% :(4) f(zz?)Jyw = a(félzym): 1,55, %ﬂ(ﬂi)yw(ﬂél): >,

w22z = Mawzze — 0,093, ugpzy — 0,950, uynn, =
= 5 = 0,255, YL =08y 42 = 1 Bisc/wi,
Yo = 0,875 = 0,8Y gy = —0,75ix/wy, T1c

2= 5
TTYZY *

Kax BujgHO W3 pHC. 2, MHTEHCUBHOCTHL I, OBICTPO
BO3pacTacT BOJIM3U TPAaHUIIBI OOJACTH CYIICCTBOBAHUS
CUrHaJIbHOU BOMHEL. [TpuunHOU TOMy sBisSIeTCS 0coOas
3aBHUCUMOCTE @), OT YyIJIOB MajcHHUS BOJIH Ha OCHOB-
HBIX 4acTOTax (CM. ypaBHEHUE (3)): IpH 3HAUCHUSIX YIJIa
OTpaXeHUs CUTHaAJbHON BoaHBI, Omuskux kK 90°, Ma-
JIoe U3McHCHHE 61 U #5 TPUBOAUT K 3HAUUTCILHOMY
VBEIHYCHUIO 6y, . pyroil xapakTepHOil 0COOCHHOCTHIO
paccMaTpHBAEMOrO MPOoIiecca MATHBOIHOBOTO CMEIICHUS
SIBIIAETCA OTCYTCTBHE OTPa’KEHHOW CHUTHAIBHOW BOJIHBI
MpU HOPMAIIBHOM MaJeHHUH BOJIH OCHOBHOTO H3JIyYCHHS
Ha MOBEPXHOCTh HeMUHeHHOH cpennl. Bektopsr PNE (wb)
1 iVF(w},) He HMEIOT B 5TOM Clly4ae KOMIIOHEHT, apaJl-
JICTBHBIX TOBEPXHOCTU CPEbI, H MOITOMY HECIIOCOOHBI
MOPOJIATH TIOMEPEYHOE JJIEKTPOMATHUTHOE ITI0JIE, KOTO-
poe MOXKET PacCIPOCTPAHATHECS B BAKYYME.

Jlas Hemoraomaromel cpeibl pu JTAHEHHON Tois-
pH3alMy OaJAI0IIAX BOJH OTpPa’keHHas BOJIHA C Yac-
TOTOM w}, TaKXe JUHCUHO MOJsIpu3oBaHa. JIMHeWHOE
MOJIONICHUE B 00BEME PACTBOPA WIH MOIOKKH JeTacT
MOJISIPA3AITAID CUTHAJIBHOW BOJHBI IANTAYCCKON. To-

Jiee TOTO, €CIM OJHA M3 YACTOT wi 2}, MOMAJAET B OAHO-
thoToHHEBINH pe30oHAHC MOJIEKYJI pacTBOpa WIN BEIeCTBA
MOJIJIOKKH, TO JJISI HEKOTOPBIX OpUEHTAIMH MIocKocTel
JIMHEHHOMN TOJISIpU3aIUA TOJICH MaJalomuX BOMH MOMIsI-
pusalisg CUTHAIBHONW BOJHBI MOKET OKa3aThCs MOUTH
KpyroBoii.

K coxanenuto, Bonpoc 00 0XHaeMOM HHTEHCUBHOC-
TH CHUTHAlla Ha YacTOTE wj, ITOKA OCTACTCH OTKPBITHIM
W3-32 OTCYTCTBUS DKCICPUMCHTANBHEIX JAHHBIX O BEIU-
YUHAX HEKOTOPBIX M3 HEMUHEHHBIX BOCIIPUMMYHBOCTEH,
UCIOAB3YEMBIX B HACTOAINCH padoTre. OJHAKO MOXKHO
HaAesIThCS, UTO Mpe/icka3aHHOEe BO3pacTaHWe WHTCHCHUB-
HOCTHM OTpPa’keHHOH BOJIHBI Ha YaCTOTE w}, BOJH3M I'pa-
HHIIBL 00JIACTU ¢¢ CYIICCTBOBAHUS CTUMYIUPYET MPOBC-
JieHUE JaJbHEUIITHUX 3KCIIEpUMEHTOB.
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