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BBenenue

CoBpeMeHHOE pa3BUTHE HAYKU U TEXHUKU BO MHOTOM OIPEIEISETCS CO3AaHUEM
GyHKUIMOHATIBHBIX MaTepHUaNiOB C 3aJaHHBIMM CBOMCTBaMH. B oOmactu onTHKU U, B
MEPBYIO OUYepe/b, Ja3epHON (PU3MKK HEOOXOJUMOCThH MOWCKA HOBBIX ONTHYECKUX U
HEJIMHEUHO-ONTUYECKUX MaTepHalioB CBsi3aHA C pEHICHWEeM 3a7a4 [OBBIIICHUS
OBICTPOJICHCTBHSI, CTAOMIIBHOCTH M YYBCTBUTEIBLHOCTH PA3JIMYHOIO POJia YCTPOUCTB, a
TaKK€ CBSI3aHBl C TEHEpAlUeH, JACTCKTUPOBAHHWEM, Iiepeaadeid U o0paboTKOU
onTUYecKuX curHanoB. K HacTosieMy BpeMEHHU 3T 3a/1a4 PEIIaloTcsi C IPUMEHEHUEM
TEXHOJIOTUHA HaHOpa3MepHOU (M3MKH, OCHOBOM KOTOPOU SIBJISIFOTCS HAHOKOMITO3UTHBIC
(OTOHHO-KPUCTAJUIMYECKUE, BOJHOBOJIHBIC M TUIA3MOHHBIE CTPYKTYPBI Pa3IUYHBIX
tunos [1-10].

CoBpeMEHHbIE TEXHOJOTUHM TMO3BOJISIIOT ~ CO3[1aBaThb  BBICOKOA(D(PEKTUBHBIC
AJIeMEeHThl (DOTOHUKH, OJHAKO, B OOJBIIMHCTBE CBOEM, CBSI3aHBI CO 3HAYUTEIILHBIMU
TEXHOJIOTUYECKUMHU 3aTpaTaMu MPU MPOU3BOJCTBE. B 3TOW CBSI3U BaXKHOE 3HAUYCHUE
MpUOOpPETACT MOMCK HOBBIX MAaTE€pUAIOB U TEXHOJIOTHI CO3/1aHMs 3JIEMEHTOB (DOTOHUKU
C 3aJlaHHBIMU ONTHYECKUMHU XapaKTePUCTUKAMH ¢ HMMEIOMUX OoJjiee MPOCThIe
TEeXHOJIOTHYecKue mnpoiecchl dopmupoBanusa. Kpome TOoro, B COBpPEMEHHOM MHPE
BOKHOM XapaKTEPUCTUKON TEXHOJOTHH SIBISETCS CHYXKEHUE BPEIHOTO BO3JICUCTBUS Ha
OKpyKarolyto cpeay. OgHUM U3 CIOCOO0B PEIICHUST YKa3aHHOM MPOOJIEMBI SBIISETCS
MIPUMEHEHUE METOJIOB «3€JICHON XUMUMY, 3aKITIOYAIOIIUXCS B OTKA3€ OT UCTOJIb30BaAHUS
TOKCUYHBIX OPraHMYECKUX pACTBOpUTEIEH U TEepexoay K BO30OHOBIISIEMbIM
npupoaHbiM pecypcam [11-14]. JlaHHBI MeTOA MpeanojiaraeT HOBBIA MOIXOA K
dbopmupoBaHUi0 (HYHKITMOHATIBHBIX MaTEpPUAIOB — OMOMHUMETHYECKOE MOJICTIUPOBAHUE,
CYIIHOCTh KOTOPOTO 3aKJIOYaeTcs B MCCIEAOBAHUU NPUPOJHBIX MEXaHU3MOB
OpraHu3allyd Pa3JIMYHOTO PoJia MPUPOAHBIX MATEPUAJIOB W CTPYKTYp U CHUHTE3a Ha
OCHOBAHHUH TOTY4YEHHBIX 3HAHUH HOBBIX KJIACCOB MaTepPHaIoB U CTPYKTyp [15-28].

ba3zoBeiMM  mpUHIUIIAMH ~ TIOCTPOEHHUS  JKUBBIX  CHUCTEM  SIBISIIOTCS
camoopranmuzaiusi W camocoopka [29, 30]. [IpumeHHTENTBHO K  CO3/JaHHUIO

(bYHKHI/IOHaJILHBIX SJICMCHTOB (I)OTOHI/IKI/I, MMPUMCHCHHUC MCTOAOB CaMOOpPIraHHU3alluKl H
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caMOCOOpKH TO3BOJISIET (OPMHPOBATH ONTHYECKH AKTUBHBIE HAHOKOMITIO3UTHBIC
MaTepHaybl C KBAHTOBBIMH TOYKAMH W HAaHOYACTHUIIAMH, MOJIUMUIIUPOBATH PA3THIHOTO
polla TOBEPXHOCTH TOHKHMH ITUICHKaMH, (OPMHUPOBATH BOJHOBOIHBIE W OOBHEMHBIE
ONTHYECKNE W HEIMHEWHO-ONTHYECKUE CTPYKTYphI, BHEIPATH B (PYHKIIMOHAIILHBIC
CTPYKTYphl ONTHYECKH AKTUBHBIC BEIIeCTBa pa3imuyHoi mpuponsl [31-35]. Ob6mactu
NPUMEHEHUS TaKHMX MaTEpPHAIOB B COBPEMEHHBIX TEXHOJIOTUAX MPAKTUYECKH HE
OTpPaHUYCHBI, OJHAKO, JJI UCCICIOBAHUS B paMKax JaHHOMN JUCCEPTAIIMOHHON PabOTHI,
BBIJICTICHO JIBA OCHOBHBIX HAIPaBJICHHUS WCIOJIB30BAHUS MOITYYaeMbBIX CTPYKTYp — 3TO
MOHUTOPUHT (DU3UYECKOTO M XHMHUYECKOTO COCTOSHHS Ta30BBIX CpEll U CHCTEMBI
YIPABJICHHS JIA3EPHBIM U3ITyUCHHUEM.

Heobxoaumocth  pa3paOOTKM  HOBBIX  BBICOKOUYBCTBHUTEIIBHBIX  CHCTEM
MOHHUTOPHHTA COCTOSIHHSI Ta30BBIX CPEI B MEPBYIO OYEpPEIb CBSI3aHA C MOBBIIICHHBIMU
TpeOOBAHUSIMU COBPEMEHHOTO YPOBHSI Pa3BUTHSA MPOMBIIUICHHOCTH K OOECIECYEHUIO
KauecTBa M3MepeHuN (PU3NYECKUX U XUMHUYECKUX MapamMeTpOB OKPYKaroUed Cpenpbl,
0coOEHHO B 00JacTsAX, CBS3aHHBIX C aTMOCHEPHBIM MOHUTOpHHIOM [36-38],
MPOMBIIIJICHHBIM TIPOou3BoACTBOM [39] m cembckuM xo3siictBom [40, 41]. Cpena
KU3HEICATCIILHOCTH YEIOBEKa TaKkkKe TPeOyeT pa3paOO0TKH BBHICOKOUYBCTBUTEIIBHBIX U
OBICTPOJICHCTBYIOIINX CEHCOPOB, B YAaCTHOCTH IS MOHUTOPHHTA COCTOSHHUSI
3aMKHYTBIX TIOMEIICHW (HarpuMep, KOCMHYECKUX cTaHumii) [42-44], KOHTpos
KauecTBa  MHUIIEBBIX  MPOAYKTOB  [45-49], mpoBemeHHMsS  pa3IMYHOTO  poja
OnomMeTUIMHCKKUX u3Mepenuit [50-55].

[Ipu sTOM B psige ciaydaeB TpeOyeTcs BBICOKOTOUYHOE OJHOBPEMEHHOE U
CCJICKTUBHOE ONPEICICHUE XUMUYSCKUX COCAMHCHHM, COJEP)KAIINUXCS B BBIIBIXaEMOM
Boznyxe [53-55] (yrmekucnwni raz CO,, ammmak NHj, cepoBomopon H,S u np.),
npoaykToB ropenus [36, 56] (muoxcua cepbl SO,, okcun azora NO, MOHOOKCHI
yraepoga CO), a Takke TPOIYKTOB >KH3HENACATEIHBHOCTH PA3IUYHOTO pPoja
OMOJIOTHYECKUX MUKPOOPTaHU3MOB, HapuMep OakTepuii u rpuokoB [47].

KoHTpoJsib KayecTBa MUILIEBHIX MPOIYKTOB, B TIEPBYIO OYEpPEIb OMPEACICHHE UX
CBEKECTH, MOXKET MPOBOJUTHCS TPSIMBIMH W KOCBEHHBIMH METOJaMHU H3MEPECHHUS.

Hp}IMI:IC HN3MCPCHUA 3aKIIOYarOoTCsA B OINPCACICHHHN KOJIHMYCCTBA IMATOICHHBIX /M
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KaHIIEPOT€HHBIX MUKPOOPTaHW3MOB METOJIaMH oNTHYeCKon ¢uryopectieHnuu [57-59]. K
HEJI0OCTaTKaM TaKOro Croco0a M3MEPEHHS MOXXHO OTHECTH, B PSAC CIIydacB, HU3KOE
COOTHOIIIEHHE CUTHAI/IIYM, a TakKe HEO0OXOJAMMOCTb MPUMEHEHUS JOPOTOCTOSIIErO
oOopynoBaHus. J[aHHBIX HEIOCTATKOB JHUIICHBI CHUCTEMBI KOCBEHHBIX H3MEPEHHA,
OTIPENEISIIONTNE  CTENEHbh  CBEXKECTH M0  TPOAYKTaM  KU3HEIEATECIbHOCTH
MHUKPOOPraHu3MoB, cojaepxkamux metan (CH,), cepoBomopon (H,S), ammuak (NH3) u
np. Takoit cnoco0® KOHTPOJIA KadecTBa MPOMYKIIMA OTHOCUTCS K TaK Ha3bIBAEMBIM
OpraHoOJICTITHYECKUM METO/IaM HCCJIEJ0BAHMS, B HACTOSIIEE BPEMsS XOPOILIO M3Y4YEH U
omnucas, Harpumep B [47, 60].

OTnenbHO CTOUT OTMETUTh MOHUTOPHUHI OTHOCHTEIBHOW BaKHOCTH, UMEIOUIUN
CYIIECTBEHHOE 3HAYCHHUE JJIs (PYHKIIMOHUPOBAHUS 3aMKHYTOM CHCTEMBbI B 1iesioM [61].
TpeGoBaHus, TPEaBABIIEMbIE K KOHTPOJIO YPOBHS OTHOCHTEIHHON BIIAXXHOCTH U
TEMIIepaTyphbl MpPU XPAHEHUH MHIIEBOM MPOAYKIIMH, 00YCIaBIUBAIOT HEOOXOJAMMOCTb
CO3/[aHMs BHICOKOUYBCTBUTEILHBIX CEHCOPOB 3TUX BEJIUYMH.

OO6nacTh 31paBOOXpaHEHUs MPEIBSABISIET CBOM crenuduueckue TpeOOBaHUS K
U3MEPUTETLHBIM CUCTEMaM, KOTOPbIE HAPSAY C BHICOKOM YYBCTBUTEIHHOCTHIO JIOJKHBI
o0ecrneurnBaTh BO3MOXKHOCTh THPHUMEHEHHUS HW3MEPHUTEIbHBIX YCTPOWCTB IN VIVO 0Oe3
Bpeda I OpraHu3Ma. B dYacTHOCTH, HW3MEpUTEIbHBIE CHUCTEMBI JJIs aHaIHu3a
BBIJIBIXaEMOTO  MareHToM Boszayxa [60], oskcmpecc-aHanm3a OMOJOTUYECKUX
KHUJKOCTEH, B MEPBYIO ouepenb KpoBU [62, 63] U cUCTEeMBl MOHHTOPHHTA Ipolecca
paHO3WKMBJICHUA [64] 1OKHBI HE TOJIBKO OOCCIEeYHBATh CEJICKTUBHOCTH IIO
OTHONIIEHUIO K ONpENENsieMOMY BEIIECTBY (QHAIWTY) B YCIOBUAX TOBBIIIEHHOM
BIIAXKHOCTH [55], HO K OBITh OMOJIOTHYECKH COBMECTUMBIMHM M HETOKCHYHBIMH.

Ycmexu B 007aCTH ONTORJIEKTPOHUKH, BOJJOKOHHOW ONTHUKH U JIA3€PHON TEXHUKU
0OyCIIOBHJIM ITUPOKOE PACIPOCTPAaHEHUE HOBBIX MPEIU3HOHHBIX ONTHYCCKUX METOJIOB
U3MEpPCHUI TMPAaKTHYECKH BO BCEX 00JacTsIX HAaykKu W TEeXHUKH [66-71]. B mepmyro
OUYepeib 3TO CBA3AHO C LETBIM PSAIOM MPEUMYIIECTB ONTHUYECKUX CUCTEM U3MEPEHUS 110
CPaBHCHUIO C DJIGKTPOHHBIMHM, TAaKWX KaK BO3MOXKHOCTh OECKOHTAaKTHBIX U
JTUCTAHIIMOHHBIX ~ M3MEPEHWH, BBICOKAs UYYyBCTBUTEIBHOCTh, YCTOMYMBOCTH K

SJICKTPOMAariuTHBIM IIOMEXaM, BO3MOXHOCTbD perucrpanuun InapaMeTpOB
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OBICTPOTIPOTEKAIOIIUX MPOIECCOB B IIMPOKOM paboyeM aMana3zoHe TeMIlepaTyphl,
JIABJICHUS U JPYTUX MApaMETPOB OKpYKaromien cpepl [72-76].

B ciywae peructpanuu xapakTepUCTHK ra30BbIX U KUAKUX Cpell (OTHOCUTENbHAs
BIQXHOCTh, XHMHYECKHH  COCTaB), ONTHYECKas CEHCOpHAs CHUCTeMa IpHU
B3aMMOJICUCTBUM C aHAJIUTOM JIOJDKHA M3MEHSATHh CBOM ONTHUYECKHE XapPaKTEPHUCTHUKH,
TaKhe KakK MoKaszarelb MPeIOMICHUS W/ KOd((OUIIMEHT MOTIOIMEeHHs. DTOr0 MOXKHO
JOCTHYb ITyTEM MOJU(PUKAINHA BOTHOBOJA JOTIOJHUTEIHHBIM YyBCTBUTEIBHBIM CIIOEM,
ONTUYECKHE XAPAKTEPUCTUKH KOTOPOIO0 M3MEHSIIOTCS B MPUCYTCTBUM aHAJMTA.
[IpakTrueckas peayn3arsi YyBCTBUTEIBHOTO CJIOSI OCYIIECTBISCTCS Pa3IMIHBIMU
METO/JaMH, Hampumep, MoAuUKAIMEeH ydacTka BOJHOBOAA, IUTAHAPHOTO WJIH
BOJIOKOHHOTO, JIONIOJTHUTEIBHBIM ONTUYCCKH aKTHBHBIM YyBCTBUTEILHBIM clioeM [ 77].

W3BecTHBI ciaydad CO37JaHUS M3MEPUTEIBHOM CHCTEMBI, 0€3 HCITOJIb30BaHUS
JOTIOJTHUTEILHOTO  YYBCTBUTEIBHOTO CJIOSl, Hampumep 0€3000JI0YeUHbIH  Yy4acTOK
onToBoJIOKHa [61]. B 3TOM ciiydae onTuueckuil CEHCOPHBIH OTKIMK BO3HUKAET, Kak
MPaBUJIO, BCIICACTBHEC W3MEHEHHUS TIOKa3aTelsl MPEIOMIICHUS OKPY)KAroIIeH Cpembl.
W3meHenue TmokaszaTensi TPENIOMJICHUS MOXET BBIPAXKAThCS B HM3MEHEHHUU JIBYX
XapaKTEePUCTUK: WM3MCHCHHE JCHUCTBUTEIBHOW dYacTH J(P(HEKTUBHOTO IOKa3aTems
MPEIOMJICHUSI 1 M3MEHEHHE BOJHOBOTO Tpodwis. J[aHHBIH MeTOA TpH PEeTUCTPAINH
XapaKTEPUCTUK Ta30BBIX U OKHJIKUX Cpel MOXET 00eCleuyuBaTh XOPOIIYIO
YyBCTBUTEIBHOCTh, OJHAKO OH O00JaJaeT Majoi CeJCKTUBHOCTBIO, ITOCKOJBKY
U3MEHEHHE TIOKa3aTelsi TMPEeIOMIICHUS Cpelbl MOXET OBITh BBI3BAHO JPYTUMU
BHEIIHUMH (paKTOpaMH, HaIIpUMep, TeMrepaTypoii [ 78].

[Ipy co3maHMM CHUCTEM C HWCIOJIB30BAHMEM JIOTIOJHUTEIBLHOTO ONTHYCCKU
aKTUBHOTO YYBCTBUTEIHHOTO CJIOSI MOTYT MPUMEHSATHCS TEXHOJOTUM WHTETPATbHOU U
BOJIOKOHHOM ontuku [61, 70]. B BOJTIOKOHHO-ONTHYECKUX CEHCOPHBIX CUCTEMAX MOKHO
BBIJICIUTH HECKOJIBKO CIIOCOOOB peasin3aIiii CEHCOPHON CUCTEMBI, BHE 3aBUCHMOCTH OT

IpUPObl POPMHUPOBAHHUS ONITUIECKOTO OTKJIHMKa (prcyHOK B1) [61].
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HyBCTBUTEIBHBIN CI0M

0)
PucyHOK 6l. Cxemamuueckoe M306pa9fC€HM€ 60JIOKOHHO-OnNmMu4YeCcKux CeHCOpPHblX
cucmem C 4yecmeumeislbHbiM CloeM, CqupMMpOBdHHbZM Ha mopye 60JI0KHA. a)

nponycranwas ceomempusl, 6) ompasxcarowas 2eoMmempus.

B cnydae mnpomyckaromieit reomerpud (pucyHOK Bl a) ucHmoib3yeTcs JBa
ONTOBOJIOKHA MPOCTPAHCTBO MEXKAY KOTOPHIMU 3allOJIHEHO AHAIM3UPYEMOM Ta30BOM
cpenoit. Kak mpaswio [79], Ha Topell OJHOTO BOJOKHAa HAHOCUTCS YYBCTBUTEIbHBIN
CJIOM W PETrUCTPUPYETCS MHTEHCHUBHOCTH MPOUIEANIEro H3nydeHus. B mpucyrcrBum
MOJICKYJT aHaJIUTa YyBCTBUTEIBHBIN CIIOW M3MEHSAET CBOM KOA((GUIIMEHT MOTJIONICHUS,
dbopmMupysi CEHCOPHBIM OTKJIMK. KOHCTPYKIMS TaKMX CHUCTEM HAaKJIaJbIBAC€T >KECTKHE
OTPpAaHUYEHHS] HA TOJIIMHY YYBCTBUTEIBHOTO CJOS, OMNPEACNSIONIEr0 JJIMHY
B3aUMOJICHCTBUSI M3JIYYEHHUS] C aAHAJIMTOM M, COOTBETCTBEHHO, OIPaHUYMBAET

YYBCTBHUTCIILHOCTb CCHCOPA.
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IIpu otpaxaromeit reomeTpuu (pucyHok BI 0). sBIsIOIIEHCS OJHOW U3
Pa3HOBUIHOCTEH  pePIEKTOMETPUYECKOM  CHUCTEMbI,  YYBCTBUTEJBHBIA  CJIOU
dbopmupyeTcss U3 MaTepuana, U3MEHSIONIETO B MPUCYTCTBUU MOJIEKYJ aHAJIWTa CBOM
NoKa3zaTeslb MpejomiieHHus. Takue CHCTeMbl HMMEIOT CYIIECTBEHHBIE HEJOCTATOK,
3aKIIOYAIONIMICA B  HU3KOW HMHTEHCHUBHOCTH  OTPAXEHHOTO  U3JyYEHHs, UTO
HAKJIQJbIBACT OIPAaHUYEHHUS HA MOIIHOCTh MCHIOJIb3YEMbIX HCTOUHUKOB H31yuyeHus [80-
82].

bonee mnepcrneKTUBHOW KOHCTPYKIIMEH BOJHOBOJIHOIO ONTHYECKOTO CEHCOpa,
MO3BOJISIIONIEH coYeTaTh B ce0e Mallble pa3Mepbl, BBICOKYIO YYBCTBUTEIBHOCTb U
CEJICKTUBHOCTb, SABJISIETCS CEHCOp copOrmmonHoro THna (pucyHok B2) [83-88].Cencopbl
TaKoro THUIA MOTYT MCIOJIb30BAaTh B KAYECTBE BOJTHOBOAHOTO CJIOSl KaK IUIaHAPHBIM, Tak
U BOJIOKOHHBIA BOJHOBOJ. B ONTHUKO-IIy4eBOM MNPUOIMAKEHUU JIA3€PHOE H3ITyUCHHUE,
BBEJCHHOE B BOJIHOBOJI PACHPOCTPAHSAETCS B BUJE IUIOCKMX BOJIH, JBUTAIOMIUXCA IO
3Ur3arooOpa3HOMy TYTH W HCIBITHIBAIONIMX TIOJIHOE BHYTPEHHEE OTPAKCHHE Ha
IpaHMIIAX BOJHOBOJ/OKpY:Xarouas cpeaa (4yBCTBUTEIbHBIN CIOW B CIy4ae BOJOKOHHO-
ONTUYECKOT0 CeHCcopa (PUCYHOK B2) TUOO MOJIOKKA U YYBCTBUTEIIbHBIN CIION B CIy4yae
MJJAHAPHOTO  BOJIHOBOJHOTO ceHcopa (pucyHOk B3)). HampsokeHHOCTh — moOJis
pacnpoCTpaHsIoOWEeNcs MOJIbl B  BOJHOBOJHOM CJO€ HMMEET CHHYCOMAAIbHOE
pacnpeneneHue, a B OKPYKAlIIEW BOJHOBOJA CpelAe — OSKCIOHEHIHUAIBHOE.
DKCIOHEHIMANIBHO 3aTyXalolllee MoJie, Ha3bIBAEMOE TAK)KE IBAHECLIEHTHBIM, 00JIalaeT
BBICOKOM YYBCTBUTEIBHOCTHIO K M3MEHEHMIO T[IOKa3aTessl TMPEJIOMIICHUS W/WIU
kKod(duieHTa MOTNOMEHNs OKPYXKAIOMICH Cpellbl, YTO TO3BOJSET HCIOJIb30BaTh

JaHHBIA A((GEKT MPU CO3TaHUU PA3ITUIHOTO POJIa CEHCOPHBIX cucteM [84].
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UyBCTBUTEIBHBIN CIOMN AHanuT

NS 4
\

PMC_)/HOK 62. Cxemamuueckoe M306pCZDfC€HM€ 60JIOKOHHO-OnNmMu4ecKoeo ceHcopda

COp6Lﬂl0HH020 muna.

KOHCTpYKTUBHO Takue ONTUYECKUE XUMUYECKHE CEHCOPBI MPEACTABISAIOT cOO0M
JIBYXCIIOMHYIO  CTPYKTYypy: II€pPBBIi  CIOM - BOJHOBOJ, BJOJb KOTOPOIO
pacIpoCTpaHsETCsl CBETOBAasl BOJHA; BTOPOM - YyBCTBUTEIBHBIA CJIOM, KOTOPBIA
HAXOJUTCSI B HEMOCPEACTBEHHOM KOHTAKTE C AaHATU3UPYEMOM CPEIOH.

CeHcopHblil 3¢ddekTr B cucreMax MNOJOOHOrO BHAA TOJIYYaeTCsl BCIEACTBHE
pa3HULBI B KOJUYECTBE SHEPIUM CBETOBOTO MOTOKA, MPOLIEIIETO YEPE3 BOIHOBO, 10
U 1ocie aAcopOLMy aHaluTa YyBCTBUTENIbHBIM cjoeM. llpu ucnoiab3oBaHUM
YyBCTBUTEIBHOIO  CJIOS, M3MEHSIOLIEr0 CBOM  KOA((UIMEHT TMOIJIOIICHUsS B
NPUCYTCTBHM MOJIEKYJl aHAJIUTa, ONTUYECKUA OTKIUMK (OPMHUPYETCS H3MEHEHUEM
MHUMOW 4yacTu 3((EKTUBHOIO TMOKa3aTeNsl IMPEJIOMIECHUS U, COOTBETCTBEHHO,
KOJIMYECTBA DHEPTUU IBAHECLIETHOTO MOJII PACIIPOCTPAHSIOMIENCS BOJHOBOIHONW MOJBIL,
NOTJIOIAEMOM YYBCTBUTENBHBIM CJIIOEM B IPOLIECCE MHOTOKPATHOIO HAapyILIEHHOTO
IIOJIHOTO BHYTPEHHEIO OTPAXKEHHs, YTO NPHUBOJUT K MOIYJSLUH MOIIHOCTH

pachpocTpaHsIoIIeics BOJIHOBOHOM MoIbI (pucyHok B3)[70, 89, 90].
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['myOuna Tonmuua yyBcTBHTENIBEHOTO 1051 (h)
NPOHUKHOBEHHSI
(d,) UyBCTBUTENBHBIN
\ Juna B3aumoneiictus (A1) CIIOM

I\ N L

> ™~
/ /

&

/ BonHoBox
BonHoBoHas
MoOoIa g\
TTomnoxka

Pucynox 63. Cxemamuueckoe u3zoOpadicenue niaHapHo20 60JHOB0OHO20 CEHCOpa
CcOpOYUOHHO20 MUna.
[Ipy »>TOM MONIIHOCTH TPOUIEANIETO Yepe3 BOJIHOBOJ HU3JIy4YeHHUs Oyner

omnpeaensaThes mo popmyite [91, 92]
P(Al)= PO gl-eA) (81)

rac PO — 3HAYCHUC BBIXO,Z[HOﬁ MOIOTHOCTH, IIPOIICAIICTO YCPC3 BOJIHOBOI HU3JIYUYCHHA B
OTCYTCTBMH XHWMHYCCKOI'O BOSHGﬁCTBHH, Al — AJIMHa YYBCTBHUTCIIBHOI'O CJIOA, O —

KOB(i)(bI/II_II/IeHT IMOTJIOMICHUS 3BAHCCICHTHOI'O ITOJIA IIPU XUMHUYCCKOM BO3I[€I?'ICTBI/II/I.
KpOMC TOTIO, H€O6XOI[I/IMO YUUTLIBATb COOTHOILICHUC TOJIIINHBI
YYBCTBUTCIIBHOTO CJIOA H FJ'IY6I/IHBI IMPOHUKHOBCHUA BOJ'IHOBOI[HOﬁ MOJHI,

OIIPEIIEIISIEMOMN KaK
A

d = )
! Zﬁ\/nfsinzé’— n;

(82)

rae A — JJIMHA BOJIHBI PacIpOCTPaHSIONIErocs U3JIy4YeHHs], Ny U N, — MOKa3aTenu
MPEJIOMJICHUSI BOJHOBOJIA M YYBCTBUTEIHHOTO CJIOSl, COOTBETCTBEHHO, § — yroi
pacnpocTpaHEHUs U3TyYEHUsI B BOJTHOBOE, TAKUM 00pa3oM, YTOOBI BBIMIOJIHSIIOCH

yCIIOBUE
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h>d (B3)

>d
YTO MO3BOJISIET PACCMATPUBATh UyBCTBUTEIBHBIN CIIOH, KaKk 0ECKOHEUHYIO Cpeny.

HecMmoTpss Ha  Ooibliyl0  paclpOCTPaHEHHOCTb,  BOJIOKOHHO-ONTHYECKHE
U3MEPUTEILHBIE CUCTEMBI MMEIOT CYIIECTBEHHBIN HEIOCTATOK, 3aKIIOYAIOIIMACS B
CPABHUTEJILHOW OrPaHUYEHHOCTH BBIOOpa MaTepualia YyBCTBUTEIBHOTO  CIIOS,
CBSI3aHHOW C TPYJHOCTSIMHU BapHaIliy MOKa3aTess MPeIOMIICHHs] BOJTHOBOJIHOTO CJIOS B
HIMPOKOM JMarna3oHe 3HaueHuil. B pesynbrarte, Oonbllas 4acTh MOJUMEPHBIX U
JTUAJIEKTPUUECKUX MaTepuajoB, a TakKe MHOTHE IMOJYIPOBOJHUKH (UMEIOIINe
MOKa3aTellb TPEIOMJICHHS BBINIE, YeM Y ONTHYECKOTO BOJIOKHA) HE MOTYT OBITh
UCIIOJIb30BAaHbl B  BOJIOKOHHO-ONTHYECKUX CEHCOPHBIX CHCTEMaX, HCIOIb3YIOIIUX
CTaHJapTHBIC ONTHYECKUE BOJIOKHA; B TO JKE€ BPEMS CO3JaHHE CIEIUATLHBIX BOJOKOH C
3aJJaHHON BEJIMYMHOM TOKa3aTessl MPEIOMIICHUS COMPSDKEHO € TEXHOJOTHUYCCKUMU
TPYJIHOCTSIMHU.

ITo cpaBHEHHIO C BOJOKOHHBIMH CEHCOpPAMH, IJIAaHAPHBIC CEHCOPHBIC CHCTEMBI
UMEIOT OOJIBIIIYIO0 THOKOCTH B BEIOOPE UYBCTBUTEIBHOIO U BOJTHOBOJIHOTO MaTEpPHAJIOB U
croco0a pErucTpali  BHEIIHETO BO3JCHCTBUSA, YTO JaeT JIOMOJIHUTEIhHBIC
BO3MOYKHOCTH JIJIs1 TTOBBIICHUSI 3(PPEKTUBHOCTH U3MEPHUTEIILHON CUCTEMBI B TIeJIOM [92-
102].

B 3aBucumoctu oT crocob6a (popMUpOBaHHS ONTHYECKOTO CEHCOPHOTO OTKIIMKA,
CEHCOpPBHI COPOLIMOHHOTO THMA MOXHO pPa3JeiUTh Ha PETUCTPUPYIOIINE H3MEHECHHE
nokaszarens npeiaomnieHuss [103-106], xkonopumerpuueckue [99-102] (BHenapeHHBIN B
YYBCTBUTEIBHBIA CIIOM WHIWKATOP HM3MEHSET CBOW KOA((HUIIMEHT TIOTIONICHUS B
NPUCYTCTBUM MOJIeKyn aHanuta), ¢ayopecientasie [107-110] (B mnpucyTcTBUUM
MOJICKYJT aHaJIUTa W3MEHSACTCS CHEKTp (IyopecleHnd WHAWKATOpa), CEHCOPHI,
(GyHKIMOHHUpPYIOLTHE Ha Y3PPEKTe TOBEPXHOCTHOTO IIA3MOHHOTO pe3oHanca [111-113],
U pasanyHbie HHTEpPepoMeTpuyeckue ceHcopsl [70, 114-119].

Hamm yxke oTMeuanach Ba)XKHOCTh BBICOKOTOYHOM PETHUCTpAIlMU aMMHaKa M
OTHOCUTEIIbHON BJIAXXHOCTU CPEAbl JJIsl IIMPOKOro cHekTpa npuMmeHeHuil. [lostomy,

WCCJICIOBAaHMUSI B paMKaxX JlaHHOW paloThl OyIyT HampaBlIeHbl Ha pa3pabOTKy W



ITOBBIIICHHEC CCHCOPHBIX

XapaKTEPUCTHUK
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OTHOCHUTEJILHOU BIIQXKHOCTH OKPY’KAOIIEH CPEB.

CUCTEM  pCTUCTpalUU

aMMHaKa H

B Ta6HHHe Bl IMPUBCACHLI Tpe6OBaHI/I$I, MpCaABABIICMBIC K CCHCOPHBIM CUCTCMaM

pPETHUCTpallMd aMMHaKa B pa3jMYHBIX o00JacTsAX jku3HemesrenbHOocTH [120, 121].

KonneHTparus aHaJmTa IpyBe/icHa B YacTAX Ha MUJUTHOH (Ppm).

Tabnuya 6l. Tpebosanus onsa cucmem pecucmpayuu aMMUAKA 8 pAsiIuyHbIX 00]1aCMsX

JHCU3HEOesIMeIbHOCU.

O0s1acTh NPUMEHEHHUS

I[I/IaHaSOH OIIPCACIIACMBIX

KOHLEHTpALMU, PpM

MaxkcumainbHoe

Cpa6aTI>IBaHI/IH, C

BpeMs

XuMu4eckas
npombinuieHHocTh.  [louck | 20 — 2000 60
yTCUCK.
MoHuTOpHUHT BO3/IyXa

P 7 0,01 —200 60
HACEJICHHBIX MECT
MoHUTOPUHT BO3/yXa

P 7 0,01 -20 10
3aMKHYTBIX TIOMEIIICHUN
3apaBooXpaHeHUE. AHaIU3

0,005 -2 5
BBIJIBIXaEMOTO BO3TyXa
KonTtposb MPOJYKTOB
P pory 0,01-2 60

MUATAHUS (MOPETPOTYKTHI)

W3 naHHbIX, NpUBEICHHBIX B Ta0nuIle B, clieayeT, 4TO COBPEMEHHbIE CEHCOPHbIE

CUCTEMbl MOHHUTOpPpUHI'a aMMHaKa OOJKHbBI UMCTb H_II/IpOKI/II\/'I JII/IHaMI/IIIeCKI/Iﬁ Juaria3oH u

YyBCTBUTEIHHOCTh Ha YpPOBHE noied ppm. B Tabnuiie B2 mpuBeneHbI CEHCOPHBIC

XAPAaKTCPUCTUKHN HCKOTOPLBIX CYIICCTBYIOINX BOJIOKOHHO-OIITUYCCKUX U MHTCTPAJIBHO-

OIITHYCCKUX  HU3MCPUTCIIbHBIX

CUCTCM  PCIrucCTpannu

aMMHaKa,

CCHCOPHOI'O OTKJIMKA B KOTOPBIX OCYIICCTBIIACTCA PA3JIMYHBIMHA crocodamH.

dbopmupoBanue




Ta6jzm;a 82. C€HCOprl€ xapakmepucmuxku cucmem MOHUmMoOpuUHea ammuaka.

Tumn cencopa

Cnoco0

CCHCOPHOI'O OTKJIMKA

dbopMHupOBaHUS

Marepuas 4yBCTBUTEIIBLHOTO CII0S

JnHamMudeckuii

JManasoH, ppm

Bpewms cpabarbiBanust /

BOCCTAaHOBJICHHA, MUH

Terpaxcuc-(4-cynbdodeHrn)nponuieH U
p (4-cynboderum)mp 0.9 20 33
HOJIH( IHAIUTHIAUMETHIAMHHO Xj10pun) [122]
Konopumerpruueckuit
[IMMA ¢ pH unaukatopom [123] 0,4-5 10/20
3osb-renb mieHka ¢ PH uxmukaropom [124] 10 - 3518 10/25
Bonokonno-
[Monuctupon ¢ Hanodactuamu NaYF4:Yb,Er [125] 40-800 5/7
ONTUYECKUI OyopecueHTHBIN
A1ieTar 1eUTI0II03bI ¢ 303uHOM [126] 50-400 0.01/ -
IToBepXHOCTHBIN [Tnenka (In,03 + SNO,) ¢ monuanumuaOM [127] 10-100 -
MJIA3MOHHBIN PE30HAHC MHorocoitabie MeMOpaHbl ¢ HaHouactuiiamu Au [128] | 40-400 2/5
Wurepdepomerpuueckuii [Inenka Haduona [129] 50-500 2/3
[Tnenka [IMMA ¢ pH unaukaropowm [130] 0,25-20 60/180
Konopumerpuueckuit XUTO3aHOBas IUICHKA MOJAUMDUIIMPOBAHHOS TOPHCTHIM
0,5-100 0,4/3
kpemuueM ¢ PH ungukaropom [131]
[Monumupon ¢ uaaMKaTopoM 3puoxpom nuanud E [132] | 12 — 216 0.9/-
HNuTterpanbho- DyopeceHTHBIN
[TpousBoaHbie KymapuHa U 203uia [133] 1-5000 30/50
ONTUYECKUIN
[ToBepxHOCTHBIN Hanokommo3ut nonumep/Hanoyactuiisl Ag [134] 1-50 -
TUTa3MOHHBIN PE30HAHC [Monuanunme ¢ kampopcyabhokucioToit [135] 0.2-500 20-100
TiO,, mogudunupoBanublii TiO,—P20s5 [136] 0.1-10 1/1,5
WuTepdepomerpuueckuii
Hurepdepomerp Maxa-Llerinaepa, SU-8 momumep [137] | 90-4500 20/20
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AHanu3 JaHHBIX, MPHUBEICHHBIX B TaONMIlE B2, MO3BOJSET CIENAaTh BBIBOJA UTO
WHTETPAIBHO-ONTHYECKHE  CEHCOPHBIE  CHCTEMbl  OOCCIIEUYMBAIOT  OOJIBIIYIO
qyBCTBUTEIHHOCTh K aHAIUTY, YeM BOJIOKOHHO-omTH4YecKue. [Ipu 3ToM TuHaMHYecKHid
IUarna3oH W BpeMms cpabaThiBaHUS ONHMCAHHBIX BOJIOKOHHBIX M HWHTETPAIBHO-
ONTUYECKUX CEHCOPOB HE BCETJa YIOBIETBOPSET TPEOOBAHUSM, MPHBEIACHHBIM B
tabnuie Bl. CeHcopbl, UMEIOIINE XOPOIlIUe TUHAMUYECKUE XapaKTEPUCTUKH, 3a4aCTyIO0
UMEIOT HHU3KYI0 UYBCTBUTECIBHOCTh. MOXHO 3aMETHTh, YTO YYyBCTBHTEIHHOCTH
KOJIOPUMETPUIECKUX CEHCOpOB, B psae ciydae [122, 123, 130, 131], mpeBsimaer
YyBCTBUTEJIBHOCTh ~ MHTEpPepoMeTpuueckux ceHcopoB [129, 137], Beicokas
YYBCTBUTEIBHOCTh KOTOPBIX XOPOIIO U3BECTHA.

UyBCTBUTEIBHOCTh, JUHAMUYECKHE  XAPAKTEPUCTUKU U  CEJIEKTHUBHOCTD
KOJIOpDUMETPUYECKUX CEHCOPOB BO MHOTOM 3aBUCIT OT MaTepualia YyBCTBUTEIHLHOTO
CIOsT U OCOOEHHOCTEH B3aMMOJICUCTBUSI C HHUM JIazepHOro wu3iaydeHus. [loaTomy
BOIIPOCHI TIOMCKAa HOBBIX ONTHYECKHX MAaTEpUaJoB U CIOCO00B (opmMupoBaHUS
YYBCTBUTEIBHOTO CJIOS TaKMX CEHCOPOB, SBJISIFOTCS TJABHBIMHU TMPU PEIICHUHW 3ajad,
HaIpaBJICHHBIX HA TOBBIMICHWE WX YYBCTBUTCIBHOCTH W YIYYIICHHUS JUHAMUYCCKUX
XapaKTEPHUCTHK.

B omimume oOT cuUCTEM  perucTpaluMd  aMMHaka, K JUHAMUYECKUM
XapaKTEpUCTUKAM CHCTEM  PETUCTPAllMA  YPOBHS  OTHOCHUTEIIBHOM  BJIAXKHOCTHU

NPEABSABIAIOTCA 00Jiee BRICOKHE TPEOOBaHUS, MPUBEACHHBIE B TAOIHIIE B3.
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Tabnuya 63. Tpebosanus K XApakmepucmukam CUCmem pecucmpayuu

OMHOCUMENIbHOU BIIANCHOCU 6 pA3JIUYHbLX obnacmsx NPUMEHEHUA.

JlnHaMuyeckuit MaxkcumanbHOE BpeMs
O0J1acTh NPUMEHEHHUS
JIHarasoH, % cpabaTbIBaHUs, C
MoHuTopuHr BO31yXa
20 -100 60
HaceJIeHHbIX MecT [121]
MoHUTOpPUHT BO3/IyXa
0-100 10
3aMKHYTBIX TToMeneHuit [122]
31paBooXpaHeHuE. AHanus
0-100 3)
BBIJIbIXaeMoro Bo3ayxa [50]
KoHTposb MpOAYKTOB NMUTAHUS
0-70 5
[123]

N3 cpaBHUTENBHBIX XapaKTEPUCTUK PA3IMYHBIX CUCTEM, MPUBEJACHHBIX B TA0JINIIC
B4,  CHUCTEMBI, PETUCTPUPYIOIIME  U3MEHEHHE  IIOKa3aTelid  MPEeJIOMJICHUS
YYBCTBUTEJILHOTO CJIOS MPYU U3MEHEHUU YPOBHSI OTHOCUTEIbHOM BIIAXKHOCTH, 00Jadat0T
HauOoNbIIUM ObIcTpoAciicTBUEM. [Ipu 3TOM aBTOpamMu pabOT HE BCerja yKas3bIBaeTCs
€lle OJHAa BaXHas XapaKTEpUCTHKA CEHCOPOB OTHOCHUTEIBHON BIAXKHOCTU —
MpUpaIIeHUE BBIXOJHOIO CUTHANA IPU U3MEHEHUU YPOBHSI OTHOCUTEIBLHOM BIIAYHOCTH
Ha OJMH TMPOLEHT (Hampumep, IS AaMIUIUTYJAHBIX CEHCOPOB J3Ta BeJIWYHHA
XapaKTEepHU3yeTcsl KaKk M3MEHEHUE BBIXOJHOM MOIIHOCTU B JAenuOenax Mpu U3MEHEHUU

YPOBHSI OTHOCUTEIILHOM BJIQXKHOCTH Ha oauH mpoueHT (1b6/OB) [91]).




Ta@zuua 64. Cpaeﬂeﬂue CEHCOPHbIX XapaKkmepucmuk pa3jIuvdHblx cucmem MOHUnmopuHesa OMHOCUMENIbHOU GAANCHOCTMIU.

Tun cencopa

Cnoco6  QopmMupoBaHUsI  CEHCOPHOTO

MaTepHan YYBCTBUTCIIBHOI'O CJI0A

JmHaMu4YecKui

Bpewms

OTKJIHKA nuamnasoH, % cpabaThIBaHUS, C
[ToBepxHOCTHBIN MIa3MOHHBIH pe3oHanc | Oxcuj nuaus u onosa [138] 20-80 -
droporutact, JIONMMPOBaHHBIA  KOMIUIEKCAMH
®dyopeceHTHBIN 4 -100 120
pyrenus [139]
[IMMA ¢ uHIUKAaTOpOM (EHOJIOBBIA KPaCHBIN
BostokonHo- 20-80 5
UsmeHenue Ttokasaress npeisomienus. | [140]
ONTUYECKUIN
Perucrpanus aMminTyasl I'ens arap-arapa [106] 30-80 60
[MonuBuHMIOBKIH criupT [141] 50-90 60
W3meHnenune mokaszarens npenomienus | [TomuBuHmIOBBIH criupT [142] 33-97 -
Peructpanus ¢assl Xwuro3saH [143] 20-95 0.38
3011b-TeNb TIEHKA C WHAMKATOPOM SPHUTPO3UH b
[ornomenue oNTHYECKOTO M3ITydeHUS 1-70 60
[144].
[Tnerka moausTHIACHTITHKOIB / Au [145] 13-95 60
IToBEpXHOCTHBIN TUIA3MOHHBIN PE30HAHC
Hadwuon [146] 20-50 10
NHTerpansHo-
[Tnenka nonuanunun / Ag [147] 20-92 8
OINITUYECKUI W3menenne mnokaszaTenss NpEIOMIICHHS.
[Tnenka arap-arapa [148] 20-80 -
Perucrpanus aMrumuTyapt i
[MopucTsrit TiO, [149]. 1-70 60
M3MeHeHne TOKa3aressi MPEeTOMIICHHUS.
3osb-renb mieHka [ 150] 10-72 0,2

Perucrpanus ¢a3zsl
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Tabmuupr B2 u B4 JEMOHCTPUPYIOT IIUPOKUH CHEKTp MaTepualioB,
UCIIOJIb3YEMBIX B CEHCOpPaX OTHOCHUTEIBHOM BIAXKHOCTHU M XHMHYECKOTO COCTaBa
OKpyXxaroiei cpeapl. buoMUMeTHYeCKUX MOJIXOJ, BHIOpAaHHBIH HAaMU B KauyecCTBE
[JIAaBHOTO OPUEHTHpA TMpPH BHIOOpPE MaTEpUANIOB JJII ONTHYECKUX XEMOCEHCOPHBIX
CTPYKTYp, OIPEICIUI Halll UHTEPEC K MCIOJIB30BAHUIO MPO3PAUYHBIX OMOIMOIMMEPOB,
TAaKUX Kak TOJHMcaxapuabl XuTo3aH U  KapparmHaH [151-155]. Oo6Gmanas
HETOKCHYHOCThIO M OHMOCOBMECTHMOCTBIO YKa3aHHBIC MOJMCAXapUAbl SBISIOTCA
IUIEHKOOOPa3yIOUIMMHI U ONTHYECKU Mpo3padHbiMu. KpoMe Toro, xuto3an oOnamaer
PaHO3KUBJISIOIIUMH CBOMCTBAMHU U UMEET XOPOIIIHNE COPOIIMOHHBIE XapaKTEPUCTUKH
MO0 OTHONICHWIO K TMapaM BOJbI, YTO OTKPBHIBAET BO3MOKHOCTH [UJISI €TO
WCIIOJIb30BAaHUSI B CHCTEMaX MOHHUTOPHHTA YPOBHS OTHOCHUTEIBHOM BJIAXXHOCTHU
OKpY’KaroIIel Cpe/ibl U MPOIecCOB paHo3axuBiacHus [156-162]. Kapparunas, B CBOO
ouepeqb, 00JIamaeT CHOCOOHOCTBIO K oOpa3oBaHHMIO KoMmIniekcoB [163] ¢
aMm(pOTEepHHIMU W AHUOHHBIMU HWHIUKATOPAMH, KOTOPHIE MOTYT HCIOJIb30BaHbI B
KayeCTBE ONTUYECKM aKTHBHOTO BEIIECTBA B CHCTEMaX MOHUTOPHHTAa XUMHUYECKOTO
COCTaBa OKPY>KAIOUIEH Cpelbl, HAPUMEDP, PETHCTPAllMU T'a3000pa3HOTO aMMHUaKa U
XJIOPOBOJIOPOAA.

B TOo xe BpeMs, oOnNTHYECKHWE W, B TEpPBYID O4YEpEeab, CEHCOpPHBIC
XapaKTEPUCTUKN YKa3aHHBIX TOJIMCAXapHUJIOB M WX KOMIUIEKCOB U PE3yJbTaThl UX
B3aMMOJICHCTBHSI C JTA3€PHBIM M3IYYCHHEM, K HACTOSIIEMY BPEMEHH SIBIISIFOTCS Majio
W3YYCHHBIMH, YTO OIPENETHIO UX BBHIOOD B KauecTBE OOBEKTOB HCCIICOBAHMS B
HACTOSIIECH TMccepTaIlMOHHON padoTe.

buoMumeTndeckne MPUHIUIBI CAMOOPTAHU3AIMA U CaMOCOOPKH HAYWHAIOT
IIUPOKO HCIIOJIH30BATHCS MPU CHHTE3€ HEITWHEWHO-ONMTHYECKUX HAHOKOMITO3UTHBIX
MaTepHayioB Ha 0a3e HAHOYACTUIl U KBAHTOBBIX TOYEK METAJUIOB, MOJIYIPOBOJHUKOB
Y INDJICKTPUKOB, BHEAPEHHBIX B ONTHYECKH Mpo3padnbie MaTpuilbl [29-35, 164-168].
Takue CcBOMCTBa 3THX MAaTEPUAJIOB, KaK IMOBEPXHOCTHBIM IIJIA3MOHHBIA PE30HAHC
[169], miommuecuenims [170-172], BO3MOXHOCTH yHpaBICHUS ONTHYCCKHUMHU
xapakrepuctukamu [173-175], nenaer MNEpCHEKTUBHBIM WX HCCICIOBaHUE IS

XCMOCCHCOPHUKHN MW CHUCTCM VYIIPABJICHUA JIa3CPHBIM H3JIIYUCHHCM. HCO6XOI{I/IMOCTL



20

MPOBEICHUS UCCIEOBaHUN B 3TOM OOJACTH B MEPBYIO OYepelb BbI3BaHA MOMCKOM
BO3MOXKHOCTEH  pa3pabOTKH TMOJHOCTBIO ONTHYECKHUX YCTPOMCTB 00pabOTKU
uHbOpMaIlUd METOJIOM «cBeT-cBeT» [176-179]. Ilo aHamoruu ¢ 3JICKTPOHHOU
BBIYHMCIUTENLHON CHUCTEMOM, ONTHYECKHE YCTpoWcTBa 00pabOTKHM HHPOpMalUU
CTpOSITCS Ha OCHOBe Jjorudeckux sjemMeHToB [180]. IlpuHImm neicTBHS TaKoOro
DJIEMEHTa 3aKJII0YaeTCss B HW3MEHEHHHM OINTHYECKUX XapaKTepUCTUK (MOoKaszaTels
npeioMyICHUST W/uik Ko3(pQuIMeHTa TMOTJIOMEHNs) JIOTHYECKOTO 3JIEMEHTa TI0J
NEeUCTBUEM Ja3epHOro uanydeHus (pucyHok B4). Kak mnpaBwiio, ajisi WU3MEHEHUS
ONTUYECKUX  XAPAKTEPUCTUK  HCIOJB3YETCS  KOPOTKOBOJIHOBOE  H3JIyYEHUE
yIbTpa(HOIETOBOr0 W (PUOJIETOBOrO AvanazoHa IUH BOJH. COOTBETCTBEHHO,
CUUTHIBAHUE IPOU3ZBOJUTCS B BUIUMOM U OJIKHEM HH(PPAKpACHOM JUana3oHe.
Cornacio  [181] w3nmyueHHWe, W3MCHAIONICE ONTUYCCKUE  XapPAKTEPUCTHKH
JIOTUYECKOTO 3JIEMEHTA Ha3bIBAETCS MOAUPUIUPYIOMUM (MU U3Ty4YEHUEM HAKauKu),

a U3JIYYCHUC, PCTUCTPUPYIOLICC ONTUYECKUU OTKIIMK — CUMTBIBAIOIINM.

Bxox 1
0wm 1 Brixon

—> 0wml1
o/ —»
—>

Bxon 2

0wm 1

Pucynox 64. [lpunyunuanvnas cxema YCmpoucmea YNpaeieHus OnmuiecKum
usayueHuem: «8xo00 I1» u «8xo00 2» - MOOUGUUUPYOWUL U CYUMBIBAIOWULL 1YY,
coomeemcmeenno, OJID — onmuyeckuu 102u4ecKuti 31emMeHm.

OCHOBHBIE XapaKTEPUCTHUKH ONMTUYECKOTO JIOTHYECKOTO DJIEMEHTAa, TaKue Kak
OBICTPOJICHICTBHE W OTHOIICHWUE CHUTHAJ/IIYM HAMNpsSIMYI0 3aBUCAT OT Marepuala,
(bOpMHpPYIONIEro ONTUYECKH 3JeMEeHT. Tak, NMpUMEHsEMble B HACTOSIIEE BpeMs
OpTraHUYECKHE U TIOJYNMPOBOAHUKOBBIE (OTOXPOMHBIC MaTepHUalibl HMEIOT PSiJl

HCIOCTAaTKOB, CBA3AHHLIX C YXYAIMICHUCM BCIIMYMWHBI UX OIITHYCCKOI'O OTKIIMKaA IIPHU
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JUIATEILHOM BO3JciCTBIM Moauduiupyroiiero usnyuenus [180, 181]. Kpome Toro,
B psAe chydaeB BelnyuHa (OTOMHIYIMPOBAHHOTO HW3MEHEHHS ONTHYECKHUX
XapaKTEPUCTUK CPaBHUTEIBLHO Maja M HE O00EeCHedYMBAET BBICOKOTO OTHOIICHHUS
CUTHAJI/IITyM.

B mocnenHee BpeMsi HHTEpPEC WCCIENOBATENICH BBI3BIBAIOT HEJIMHEHHO-
ONTUYECKHE HAHOKOMIIO3UTHBIE Marepuaibl Ha ocHOBe KkBaHTOBBIX Touek (KT) -
METaJUTMYECKUX WU TOJTYyIPOBOAHUKOBBIX HAHOYACTHI], HOCUTEIH 3apsa B KOTOPHIX
OTPaHUYCHBl B MPOCTPAHCTBE IO BCEeM TPEM wu3MepeHusM. JlaHHBIE MaTepuaibl
00Ja1at0T PSAJOM YHHKAJIBHBIX CBOMCTB, TAKUX KaK ()OTOMPOBOJIUMOCTD, ONITHYECKAs
OMCTAOMIBHOCTD, (GoTOpeppakims M 3HAYUTENIbHO Jydiiue (OTO M XUMHYECKas
CTaOMJILHOCTh B CPAaBHCHHMH C OpraHHMYeCKUMH Kpacutensmu [182, 183].

JIist  cTabwiM3aluy  KBAHTOBBIX TOYEK U TPEMATCTBUS WX arjioMepaluu
WCITOJIB3YETCSl METOJ] 3aKJIFOYCHHsSI KBAaHTOBBIX TOYEK B OO0OJIOUKY pa3IHIHON
npupoasl. [Ipu 5TOM, B 3aBUCUMOCTH OT COOTHOIICHUN MUPUHBI 3aMPEIICHHON 30HbI
sapa (KBaHTOBBIM TOYKH) M OOOJOYKH, MOTYT BO3HUKATHh PAa3IMYHbIC HEIWHEWHO-
ontuyeckue 3pdextor [184-189]. Tak, B ciaydae, Koraa sapo uMmeeT Ooyiee y3KYIO
3aMpenieHHy0 30HYy, 00O0JIOYKa BBICTYMAeT B POJIM IMACCHBATOpPa IMOBEPXHOCTHBIX
COCTOSIHUH W JIOKQJIM3YeT AJIEKTPOH-IBIPOYHYIO MMapy BHYTPH sapa. Takod Moaxon
MPUMEHSIETCS, HampuMep, TpPU PEIIeHWH 3a1ad  yBeduueHus dPPEeKTUBHOCTH
JFOMUHECIICHIINH. J{71s1 cimyyast Korja MMprHa 3aMpeneHHON 30HbI sApa U 000I0UKH
COMOCTaBUMBI BO3HUKAET MPOCTPAHCTBEHHOE paselieHne HOCUTENeH 3apsaa d9To
MPUBOJAUT K 3HAYUTEITHHOMY YBEIWYEHUIO BPEMEHU KU3HHU (HPOTOBO30OYKICHHOU
AJIEKTPOH-ABIPOYHON TIaphl, KpOME TOTO, JaHHBIA Y(DPEKT MPUBOAUT K CMEUICHHUIO
MaKCUMyMa JIFOMHHECIICHITUH B JJIMHHOBOJHOBYIO 00JIaCTh.

[IpuMeHUTETPHO K CHUCTEMaM YMPABJICHUS JIA3€PHBIM H3IYYCHHEM MOXKHO
BBIICIUTH 3((PEKT MOJMAPU3ANA IJICKTPOHAMH U JABIPKAMH ITOBEPXHOCTH KBAaHTOBOU
TOYKU Ha TPaHUIE C 000JIOYKOM, MHUIIMHPOBAHHBIN BHEITHUM JJICKTPOMArHUTHBIN
noseM. HaBeneHHas MIOTHOCTH 3apsia Ha TpaHUIE SAPO/000T0YKa MPHUBOIUT K

BO3HUKHOBEHHUIO TaK Ha3bIBAEMON «IUAJIEKTPUYECKOMN JIOBYIIKM» B KOTOPYHO MOTYT
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OBITh 3aXBau€HBI AJIEKTPOHBI BO30YXKJICHHBIE B KBAHTOBOH TOYKE, YTO MO3BOJISAET
pealin30BaTh PEKUM ONTHICCKOTO orpaHudeHus u3mydenus [190].

B HacTosmiee BpeMs 3HAYMTENHHOE KOJIMYECTBO KBAHTOBBIX  TOYEK
CHUHTE3UPYETCSI C HCIOJIh30BAaHHMEM TOKCHYHBIX W B3PBIBOOMACHBIX BemiecTB [191-
196]. MeToap! «3eeHON XUMUU», B CBOIO OYEPE/ib, TIO3BOJISIFOT ITOJIy4aTh KBAHTOBEIC
TOYKH, AUCIICPTUPOBAHHBIC B BOJIC, YTO JIENACT TaKyK) TEXHOJOTHIO HETOKCUYHOM,
DKOJOTMYHOW M Oe3omacHOW. IIpym 3TOM, CyIIECTBYET BO3MOKHOCTBH 3aKIIOUYEHUS
KBAaHTOBOM TOYKHM B OPraHUYecKyl0 O0O0O0JOYKY, YTO TIO3BOJIIET COXPAaHUTH
YHUKaJbHbIE KBAaHTOBOpa3MepHbie dA(ddexThl, obecneuntb OUOCOBMECTUMOCTD
MOJy4aeMbIX MaTEpHajiOB YTO CYIIECTBEHHO PACHIMPsAET OOJACTH MX BO3MOXHOTO
MPUMEHEHUS, & TAKXKE MPEJOTBPAIIACT KJIACTEPU3ALIUI0 KBAHTOBBIX TOUEK B KPYITHBIC
CTPYKTYpBI, TOBBIIIAS UX (POTOCTAOUIIBHOCTb.

[IpoBeneHHBI aHANW3 BO3MOXKHBIX IYTEW TOJYYEHUS HAHOKOMIIO3HUTA
noJOOHOTO poja IMOKazajd MEPCHEKTUBHOCTh HCIIOJIB30BAHUS METOOB 30J1b-TElb
xumun [197-199]. ausbiii MeTon oOecrieynBacT 3(PQPEKTUBHYIO CTaOMIU3AIINIO
KBAHTOBBIX TOUEK B ONITUYECKHU MPO3PAYHON MATpPHIIE, HE OKA3hIBAET CYIIIECTBEHHOTO
BIMSHUS Ha WX crHekTp momuHecteHnud [192, 200] u mo3BosseT CyIIECTBEHHO
YIPOCTUTH MPOILIECC U3TOTOBJICHUsT HaHOKOoMITo3uTa [201, 202].

JUJis OLIeHKM IPUHLMITHATBHON BO3MOXKHOCTH MCIIOJIb30BaHUSI MOAOOHOTO pojia
CTPYKTYp B CHCTEMax YIMpaBJICHHsI ONTHYECKUM HU3ITyYyeHHEM, B JaHHOW paboTe B
KayeCTBE ONTUYECKU aKTUBHOTO BEIECTBA MPEJIaraeTcsl UCIOIb30BaHNE KBAHTOBBIX
TOUEK Cyibpuaa KaaMmus, ONTUYECKUE U HEIMHEWHO-ONTHYECKHE XAPaKTEPUCTUKU
KOTOpOro jaoctarouHo xopomo u3ydeHbl [203, 204]. Jlnst ¢ukcanuyu KBaHTOBBIX
TOUeK Cyiabpuia KaaMus B CUIMKATHOW MaTpuie ObLI HCIOJIb30BaH MPEKYpPCOp
tetpakuc(2-ruapoxcudtun)oprocumukar  (TID0C) [205], koTOpwIii  yCIHEIIHO
UCTIONB3YETCSl Ui BKJIIOYCHHS] B CHUJIMKATHYIO MaTpUIly TOJUCaXapuaoB W
OJIUTOCAXapHI0B, OEIKOB U (hEPMEHTOB, a TAKXKe MPH (POPMUPOBAHUHN MATEPUATIOB C
KHCJIOTHO-OCHOBHBIMU Kpacuteasimu [206-209].

AKTyaJIbHOCTh pa3paOOTKH HOBBIX METOJ0B (POPMHUPOBaHUS (PYHKIIMOHATHHBIX

YCTPOWCTB ONTHUKU W (POTOHUKU U HEOOXOJUMOCTh MCCIIEIOBAHUS 3aBUCHUMOCTH HX
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OINITUYCCKUX XapaKTCPUCTUK OT BHCHIHUX YCJIOBI/Iﬁ onpeacinia HaIpaBJICHHUC
JAaHHOTI'O AUCCCPTALUOHHOIO UCCICAOBAHNA.

He.]'lbl() paﬁoTbI ABIKICTCA  HCCIICAOBAaHHC 0COOCHHOCTEH IMpoLeccCcoB
B3aI/IM0I[eI‘/IICTBI/I$I JA3€CPpHOTO0 HU3JIY4YCHHUA C HAHOKOMIIOSUTHBIMU CHCTCMAaMHM Ha
OCHOBC CaMOOPIraHHU3YIOHINXCs 6I/IOHOJ'II/IMepHBIX 1 OMOCHIIMKATHBIX MaTpui, B TOM
qUCJIC OOIMPOBAHHBIX HAHOYACTHIOAMH W HWHAWKATOPAMH, HAIIPABJICHHBIX HaA
CO3JJaHHUC HOBBIX OITHYCCKHX XCMOCCHCOPHBLIX 3JICMCHTOB W CHCTCM YIIPABJICHHSA

JIA3CPHBIM HU3JTYUYCHHUCM.

JlocTHKEeHHEe TOCTABJEHHOM 11eJIM OTPe00BAJIO pPellIeHMs] CJAeNVIOIUX 32124

1.  BoiOparb MeToabl HOPMUPOBAHUS ONTUYECKUX OOBEMHBIX HAHOKOMIIO3UTOB U
BOJTHOBOJIHBIX CTPYKTYp Ha OCHOBE TOHKHUX IJICHOK OMOTIOJMMEPOB U UCCIIENI0BATH
0COOCHHOCTH B3aUMOJICHCTBUS JTa3€PHOTO U3ITYUCHHS C HUMHU.

2.  HccnenoBaTh OCOOCHHOCTH B3aWMOJICHCTBUS JIa3€pHOTO M3JIYy4YEHUS C
MHOTOCJIOMHBIMU OHMOTIOTMMEPHBIME CTPYKTYpaMH B aTMOc(epe Bo3ayxa U aMMHUaKa.
OnpenenuTs yCIOBHs, OOSCIEYMBAIOMINEC MAaKCUMAJIbHYI0 YYBCTBHUTEIBHOCTH C
COXpaHEHUEM CEJICKTUBHOCTH TI0 OTHOIIICHUIO K aHAJIHTY.

3.  HccrnemoBath OCOOCHHOCTH pacCHpOCTPAaHEHHUS JIA3e€pHOTO W3IyYeHUs B
BOJTHOBOJIHBIX ~ XWTO3aHOBBIX IUIGHKaX B YCIOBUSX BapuUallMi OTHOCUTEIHHOU
BJIQYKHOCTH OKpY’KaroIiei cpenbl. OnpeneanTs 3aBUCMOCTh BEIMYWHBI OITHYECKOTO
OTKJIMKA OT THTIa MOHHOU (popMBI OHOTIOIMMEpA.

4, UccnenoBath na3epHO-UHAYHUpPOBaHHBIE (oToauHamuueckue 3SPexTs B
00BEMHBIX HAHOKOMITO3MTHBIX CHCTEMaX Ha OCHOBE KBAHTOBBIX TOUYCK CYib(puIa
KaJIMUsI B CUJIMKAaTHON MaTpuiie. OnpenenuTs MEXaHu3Mbl BOSHUKHOBEHHUSI JIa3€PHO-
WHIYIIMPOBAHHON  MOIU(HUKAIMKA  ONTHYECKUX  XAPAKTEPUCTUK  CHIUKATHOTO

HAHOKOMIIO3HUTA.

Ha 3ammTy BLIHOCSITCH CJIeYIONINe MOJI0KEHHUs]:
1.  OOecrieueHue CEJICKTHBHON PETUCTPAllMM Ta3000pa3HOro0 aMMHaka, C

npenenom obHapyxkerus 0.09 ppm, yTo mocTuraeTcs 3a cuer MoauduKanuu
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MOBEPXHOCTH IJIAHAPHOTO BOJIHOBOJIa MHOTOCIOMHBIM OMOTIOJMMEPHBIM MOKPHITHEM
Ha OCHOBE IMOJIMCAaXapuJ0B XUTO3aHA U A-KapparvHaHa ¢ BHEJIPEHHBIM UHAUKATOPOM
OpOMTHUMOJIOBBI CHUHUM, TOJIIMHOM 75 HM, MOKa3zaTelb IMPEIOMIICHHS KOTOPOIO
MIPEBBIIAET MTOKA3aTENb MpeaoMiIeHus BoaHoBoAa Ha 0.015.

2. Jloka3zaTenbCTBO TOTO, YTO COJIEBBIE W HEUTpabHBIC (POPMBI XHTO3aHA MOTYT
CIIy’)KATh OCHOBOM JUIsI CO3/IaHMSI TIJIAHAPHBIX BOJHOBOJHBIX CTPYKTYpP C BEJIMYHUHOU
noreps 0,825-12 nb/cm, ompenensemoit Gopmoii monmMepa, U JAaHHbIE CTPYKTYpPBI
MOTYT HCHOJb30BaThCSI B Kauye€CTBE ONTHYECKOTO BOJHOBOJHOTO CEHCOpa
OTHOCUTEJIBHOM BIAXHOCTH, B KOTOPOM ()YHKIIMM BOJIHOBOJA U UYBCTBHUTEIIHHOTO
CJ10s1 OOBEIMHEHBI B OJTHOM TIJICHKE.

3. Co3ganue MHTETPaJIbHO-ONTUYECKOTO CEHCOpPa OTHOCUTEIBHOM BIIA)KHOCTU C
YyBCTBUTENIbHOCThIO HE MeHee 0,018 nb Ha OIMH NOPOLEHT OTHOCHTEIBHOU
BJIQXXHOCTU TMPU  HUCHOJb30BAHUM  aAMIUIUTYAHBIX MPUHIMIIOB  PETUCTPALIMHU
ONTUYECKOTO0 OTKJIMKAa 3a CcuUeT BBHIOOpA TMOKa3zaTels MPEIOMIICHHUS MOJIOKKH,
ONTUMAJBLHON TOJIIMHBI IUICHKU U COJEBOM (POPMBI XUTO3aHA, ONPECISIONINX €ro
COpPOIIMOHHBIEC XapAKTEPUCTUKHU.

4, Jloka3aTenbCTBO TOrO, YTO B3aWMMOJCWCTBUE JIA3€PHOIO H3JYYCHUS IJIMHOU
BOJHBI A=405 HM C CHUJIMKATHBIM HAHOKOMIIO3UTOM Ha OCHOBE KBAaHTOBBIX TOUYEK
cynbuma KaaMusi MPUBOJUT K MOAU(PHUKAIMH €r0 ONTHYECKUX XapaKTEPUCTHK,
BBIpAXKAIOIICHCs B BO3HMKHOBEHUM  JUHAMHUYECKOW  QoToadcopOiuu
dotopedpakiuy ¢ BenmuunHON He MeHee 0~13.86+0.001 cm™ n An=(5.4+0.02)-10,

COOTBCTCTBCHHO.

Hayuynast HoBu3Ha padoThI
1. BmnepBble  J0Ka3aHa  BO3MOXXHOCTb  HCIIOJB30BAHHSI ~ MHOTOCIOMHOTO
OHMOIOIMMEPHOTO MOKPBITHS HA OCHOBE MOJIMCAaXapHI0B XUTO3aHa U A-KapparuHaHa ¢
BHEJPEHHBIM HMHAUKATOPOM OpPOMTHUMOJIOBBIH CHHUNA B KayeCTBE CEJIEKTUBHBIX
YYBCTBUTEJIbHBIX  3JIEMEHTOB  KOJIOPUMETPUUECKHX  ONTHYECKUX  CEHCOPOB
COpPOIMOHHOIO THIA ¢ KOHTPOJMPYEMBIMH XapakTepuctukamu. [Ipeasioxen crnocod

MOBBIICHUA YYBCTBHUTCIIbBHOCTH WM HAACKHOCTU I/ISMepI/ITCJIBHOﬁ CHCTCMBI, a TAKXKC
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[PEIOTBPAILLCHUs  ACrpajaldd WHIMKATOpa NpPU  JUIMTEIBHOM  BO3JCHCTBUHU
JIA3EPHOTO U3JTyYEHHUS.

2. BriepBble TEOpETUYECKH U KCIIEPUMEHTAIBHO JOKa3aHO, YTO BOJIHOBOJHBIE
IUICHKA COJIEBBIX M HEWTpaibHBIX (OpM alerata M I[HUTpaTa XHTO3aHa MOTYT
UCIIOJIB30BAaThCA ISl  CO3J@aHUSl CEHCOPOB OTHOCUTEIBHOM BIaXKHOCTH  0€3
dbopMHpOBaHUS  JIOMOJHUTEIBHOTO YYBCTBUTEJIBHOIO  CJIOS, YTO  IIO3BOJISIET
BAPbUPOBATh XAPAKTEPUCTUKUA CEHCOPHOM CHCTEMBI IIyTE€M  MCIIOJb30BAHUS
pasTUYIHBIX (POPM XUTO3AHOBBIX TIJICHOK M MOJTIOMKEK.

3. MeTonoM KOJUIMHEAPHOTO B3aUMOJCUCTBHS CBETOBBIX JIy4€d C pPa3HbBIMHU
JUIMHAMU BOJIH BIEPBBIC IPOJEMOHCTPUPOBAHA BO3MOYKHOCTH HCHOJIb30BaHUA
CWJIMKATHOTO HAHOKOMO3MTa C KBAaHTOBBIMM TOYKaMU Cylbpuaa KaaMmMus s
CO3JaHUsl CHUCTEM YIPABJICHUS JIa3€pPHBIM HM3IYyYECHUEM IyTeM MOIU(UKAIMU €ro

OIITHUYCCKUX XaPAKTCPUCTHUK.

IIpakTHYeckass 3HAYUMOCTb JUCCEPTALHOHHOMH PadoThI

[IpakTrueckass 3HAYMMOCTh JUCCEPTALIMOHHON pabOThl 3aKIIIOYAETCS B TOM,
YTO IPEICTABIICHHBIE B HEM pE3ybTaThl UCCIEAOBAHMS MIPOLIECCOB B3aNMOIECHCTBUS
Ja3€pHOT0 M3JIyYEHHUs] C OMOMOJUMEPHBIMM M HAHOKOMIIO3UTHBIMU MaTepUalaMH
OTKPBIBAIOT ~ BO3MOKHOCTb  CO3/1aHUS  BBICOKOUYBCTBHUTEJIBHBIX  ONTHYECKHUX
U3MEPUTENBHBIX CHUCTEM (PU3NYECKUX W XUMHUYECKUX MapaMeTpoOB OKpPY KaroIlIen
Cpellbl 1 HETUHEHHO-ONTUYECKUX MATEPUATIOB, KOTOPHIE MOTYT OBITh MCIOJIb30BaHbI
IIPU CO3/aHUM CHCTEM MOHHMTOPHHIA COCTOSIHUS 3aMKHYTBIX MOMEIIEHUN, KOHTPOJISA
KauecTBa MPOAYKTOB, CHCTEM VIOPABJICHMS Ja3€pHbIM M3IYyYEHUEM U TpHU
POBEJCHUH OMOMETUIIUHCKUX U3MEPEHUH.

B mponecce BbimosHEHUs pabOThl CO3/aHbl AKCIEPUMEHTAJIbHBIE MAaKEeThl
BOJIHOBOJHBIX ONTHYECKUX CEHCOPOB COPOLMOHHOTO THUMNA, OOECIEeYUBAOIINE
pPErHCTPALMI0 aMMHAKa M OTHOCUTEIBHOM BJIAXKHOCTH OKPYKAKOUIEH Cpensbl.
Pa3paboTtana »sKkcrnepMMeHTalbHAs YCTaHOBKAa JUIsl HWCCJIENOBAHMUSI BOJHOBOJHBIX
XapaKTEPUCTUK OHOMOIMMEPHBIX TUICHOK, MO3BOJSIOMIAS ONPENEsATh BEIUYUHY

3¢ (GEeKTUBHOTO TOKa3aTels MPEIOMIICHUS PacCHpOCTPAHSIOMIEHCS BOJHOBOIHON
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MOJIBI C TOYHOCTBIO 107 eIMHMII TOKA3aTeNs IPENOMIICHHS, U BETHUMHY ONTHUECKUX
TOTEPh TIPH PACIPOCTPAHEHNHN U3TYICHHS B BOTHOBOIHOM PEKUME C TOUHOCTHIO 107
nb/cM. Pa3zpaboTaHa sKcliepUMEHTANbHAs YCTAHOBKA JJISl MCCIEAOBAaHUS JIa3€pHO-
UHAYLUPOBAHHBIX A3PPEKTOB B 00BEMHBIX HAHOKOMIIO3UTHBIX CUCTEMAX.

Pe3ynbraThl, MONMy4eHHbIE B JUCCEPTALIMOHHOM paboTe, MOIYyT HaWTH
IIPUMEHEHUE:

- B TEXHOJIOTHSIX CO3JaHUs BOJTHOBOJHBIX CTPYKTYP Ha OCHOBE TOHKHUX IIJIEHOK
OHMOIOINMEPOB;

- IIPA CO3/JaHUU ONTUYECKUX BOJHOBOAHBIX CEHCOPOB XMMHUYECKOI'O COCTaBa
OKPYKaIOIIEN CPEIbI;

- Ipu pa3pabOTKE TEXHOJOTUI CO3JaHUsl HOBBIX YCTPOWCTB KBAHTOBOM U

ONTHUYECKOM QJICKTPOHHUKH Ha OCHOBC HCIIOJIB30BaHUA MCTOAOB CAMOOpPIraHmu3alu.

Anpooanus padoTbl

Marepuanbl AuccepTalvyd JOKJIAAbIBAIUCh UM OOCYKJAIMCh Ha A3MaTCKON
1Kosie-KoHPepeHnn (U3NKM HAHOCTPYKTYp M HaHomatepuasioB (ASCO PNN -
2010) (BmanuBocrok, 2010), VII MexnyHapoaHO#M KOH(MDEPEHIIUN MOJIOIBIX YIEHBIX
u cnenuanucToB «Ontrka-2011» (Caukt-ITerepOypr, 2011), International conference
«SPIE Optics + Photonics» (San Diego, CIIA 2011), 5-M MeXayHapOIHOM
cumnosuyme «XuMUs M XUMHYecKoe oOpazoBanue» (BmamuBocrok, 2011),
Bcepoccuiickoli  koHdepeHiuu  «@DOTOHMKA  OPraHUYECKUX UM THOPHUIHBIX
HaHocTpykTyp» (Uepnoromnoska, 2011), «10th International Conference of the
European Chitin Society» (Cankt-IlerepOypr, 2011), Asian school-conference on
physics and technology of nanostructured material (BnamuBoctok, 2011), V-ii
HAyYHO—TEXHUYECKON KOH(pEepeHIMHu MoJoabIX yueHbX «HaydHo—TipakTuueckue
npoOJieMbl B 00JIACTH XUMHUHM U XUMHUYECKUX TexHoioruit» (Amnatutel, 2011), XI-i
Mexnynaponnoit Kondepenmuu "CoBpeMeHHbIE TMEPCIEKTUBBI B HCCICIOBAHUU
xutuHa u xuto3aHa" (Mypmanck, 2012), 9th International Symposium on
Polyelectrolytes ISP 2012 (Iseiuapusa, 2012), VIII-it MexayHapoaHoil Hay4dHO-

IPAKTHUECKON KOH(pepeHINH «DJIEeKTPOHHBIE CPEICTBA U CHCTEMbI YIPABICHUS
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(Tomck, 2012), MexaynapoaHoi koHpepeHiun «DyHAaMEHTAJIbHBIC MPOOIEMBI
ontuku - 2012» (Cankr-IletepOypr, 2012), «20th Int. Symp. Nanostructures: Physics
and Technology» (Hwmwxumit Hosropoa, 2012), XIV-ii mikoie MOJOIBIX yUYEHBIX
"AktyanbHble npobaembl ¢usuku” (Mocksa, 2012), 3rd International Colloids
Conference Colloids and Energy, 21-24 April 2013 Xiamen, China, 2-nd Asian
school-conference on physics and technology of nanostructured material
(Biramusoctok, 2013), XII International Conference on Nanostructured Materials
(NANO 2014), July 13-18, 2014, (Mockga, 2014).

Iyoaukanuu. Ilo teme nuccepranuu omyOnukoBaHO 34 medaTHBIE PaOOTHI

[20- 22, 26, 212, 218, 219, 221-223, 226- 230, 232-236, 238-240, 245-249, 252, 253,

260-263], B Tom umcie 13 crareii B OTEUECTBEHHBIX W 3apyOC)KHBIX H3IAHMSIX,

Bxosamumx B [lepeuens BAK P®.

JInunblii _ BkJjgax __ aBropa. ConaepxkaHue  AucCepTallud  OTpa)kaer

NEPCOHANIbHBIN BKJIaJA aBTOpa B OMyOJNMKOBaHHbIE paboThl. IlocTaHoBKa 3amaun u
aHaJdu3 TMOJYYEHHBIX PE3YJIbTATOB OCYIIECTBISJIUCH COBMECTHO C HAyYHBIM
pyKoBoauTeneM, AOKTOpoM (usuko-mareMarnyeckux Hayk C.C. Bo3HeceHCKUM.
OtpnenbHble O3Tanbl  pabOTHl  BBINOJHSUIUCH B COABTOPCTBE C  COTPYAHHKAMU
Nucturyra xumuu JIBO PAH (nabGopatopusi COpOLIMOHHBIX MPOIECCOB, 3aB. Ja0. -
n.x.H. C.JO. bparckas u mnabopatopus KOJUIOMJHBIX CHUCTEM M MEX(a3HbIX
MPOIIECCOB, 3aB. J1a0. — wi.-kopp. PAH FO. A. llunynoB) u IHCTUTYyTa aBTOMaTUKH U
nporeccoB ynpasienus J[BO PAH.

ABTOpPOM JUCCEPTAIIMOHHONW palbOThl CHPOSKTHPOBAHBI U HW3TOTOBJICHBI
YCTAaHOBKUA JIsl WMCCIICIOBAHUS BOJHOBOJHBIX U CEHCOPHBIX XapaKTEPUCTHUK
OMOMOJIMMEPHBIX IJICHOK Ha Pa3JIMYHBIX TMOJJIOKKAX M Ja3epHO-UHIYIIUPOBAHHBIX
3¢ PeKkTOB B 00bEMHBIX HAHOKOMIIO3UTHBIX CHCTEMAX.

Meroarka HaHECEHHs] XUTO3aHOBBIX IUIEHOK HAa AUAJIEKTPUUYECKHE TMOJJIOKKHU
pazpaborana B Mucturyre xumuu IBO PAH n.x.H. C.}O. bparckoit u k.x.H. A. 1O.

Muponenko. IIpy HEnmocpeaCTBEHHOM y4acTMM aBTOpa AMCCEPTALMU ONPENEIICHBI
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yCJIOBUSI OO€CIEeUYEHHUsI BOJHOBOJHOIO pEXUMa pPACHpOCTPaHEHUS H3Iy4YeHHUS B
TOHKMX IUICHKaX XUTO3aHa C TpeOyeMbIM MOJOBBIM COCTAaBOM M BBICOKOM
MTOBTOPSIEMOCTBIO ITAPAMETPOB.

Meroauka co3JaHUsSI ONTHYECKUX XEMOCEHCOPHBIX MHOTOCIOWHBIX CTPYKTYP
Ha MoBepxHOCTH 3(hPy3MOHHOTO BOITHOBOA pa3padoTana B MucturyTe xumuu JIBO
PAH n.x.H. C.IO. bparckoii u k.X.H. A. FO. Muponenko. IIpu HenocpeacTrBeHHOM
YY4aCTHUH aBTOpa JUCCEPTALMM OINpPENENEHbl YCIOBHs, OOECIIEUNBAIONINE BBICOKYIO
YyBCTBUTEIBHOCTDb U OBICTPOACUCTBUE MTPHU PETUCTPALIMH OMPEIEIIEMOrO BEIIECTBA B
OKPY’KAIOIIEH Cpee.

Meronrka co3naHusi 0ObEMHBIX HAHOKOMITO3UTHBIX CHCTEM pa3paboTaHa B
Nucturyre xumun JIBO PAH un.-kopp. PAH 10. A. lllunyHoBeiM u k.X.H. 1. B
[TocTtHOBOW. IIpy HEMOCPEICTBEHHOM YYacTUHM aBTOpPA OIPEIEIEHBI ONTUMAJIbHBIC
KOHIICHTPAIIMM KBAHTOBBIX TOYEK, OOECIEUMBAIOIINE MAaKCUMAaJIbHBIA ONTHYECKUI
OTKJIUK C COXPAHEHHUEM ONTUYECKOM MPO3pavyHOCTH 00PA3LOB.

ABTOpPOM TPOBEACHBI HCCIEIOBAHUS BOJHOBOJHBIX XapaKTEPUCTUK TOHKHUX
XUTO3aHOBBIX IUJICHOK TMPU PaA3JIMYHBIX YPOBHAX OTHOCUTEIBHOM BIAXHOCTH,
OMpEeNIeJICHbl BPEMEHA OTKIMWKA W YYBCTBUTEIBHOCTH XWTO3aHOBBIX IIJICHOK Ha
WU3MEHEHHUE YPOBHSI OTHOCUTEIBHOM BIAKHOCTH.

ABTOpOM 1aHO 0OOCHOBaHWE BIMSHHUS OTHOCUTEIHHOW BIIAXKHOCTH Ha
BOJIHOBOJHBIE ~ XapaKTEPUCTUKU XUTO3aHOBBIX IUIEHOK, a TakXke JOoKa3aHa
BO3MOYKHOCTh CO3[JaHUSI BOJIHOBOJHOTO ONTHYECKOTO CEHCOpAa OTHOCUTEIBHOU
BIQKHOCTH OKPY’KaloIIeH cpeapl, e (YHKIMH BOJHOBOJIA M YYBCTBUTEIIBHOTO
AJIeMEeHTa 00bETMHEHbl HEMOCPECTBEHHO B XUTO3aHOBOM BOJIHOBO/IE.

ABTOpOM, Ha NOpUMEpPE aMMHaka B KadyeCTBE OIPEIEIsIeMOro BEIECTBa,
MPOBEJCHBI UCCIEAOBAHUS ONITUUYECKUX U CEHCOPHBIX XapaKTEePUCTUK MHOTOCIOMHBIX
XEMOCEHCOPHBIX CTPYKTYp Ha OCHOBE TIOJIMCAXapUJ0B M HX KOMILUIEKCOB,
ONpENIeNICHbl YYBCTBUTEIBHOCTh M JUHAMUYECKHE XapPaKTEPUCTUKU JTAHHOU
CTPYKTYPHI JUIsl pa3IMYHBIX KOHIICHTPAIIUH aHaJUTA.

ABTOpOM JIOKa3aHa BO3MOYKHOCTh NIPUMEHEHU MHOT'OCJIOMHOU

XE€MOCEHCOPHOM CTPYKTYpPhl HAa OCHOBE IOJHCAXAPUAOB M HX KOMIUIEKCOB IS
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CO3JIaHMsI KOJIOPUMETPHUUECKOTO OINTHYECKOTO XEMOCEHCOpa COPOLMOHHOTO THIIA,
IPEUIOKEHBI  ITOAXOMbI, HANpaBJICHHBIC HA IIOBBIIICHHE YYBCTBHTCIBHOCTH U
HAJICKHOCTH U3MEPHUTEIBHON CUCTEMBI IIPH MPOBEICHUH JJTUTSIBHBIX U3MEPCHU.

[Tpu HemocpeACTBEHHOM YYacTHH aBTOpPa JUCCEPTAIIMU ONPECIICHBI YCIOBUS,
obOecrieunBaromme QGopMupoBanue (OTOIMHAMHUYECKOTO OTKIWKA, MPEII0KEHO
OIMCAaHHE MEXAaHW3MOB B3aMMOJICHCTBHS JIA3EPHOTO H3IYYCHHS C OOBEMHBIMHU
HAaHOKOMITO3UTHBIMH CTPYKTYPaMH.

CTDVKTVDa H 00beM ANCCEPTAIINMN. I[HCCGpTaHI/IH COCTOUT M3 BBCACHH, TPEX

IJIaB, 3aKJIIOUEHUSI U CIIHCKA JIUTEPATyphl U3 263 HAaMMEHOBaHUM, BKJIIOYas pabOTHI
aBTOopa. Pabora comepxut 56 pucyHkoB, 9 Tabnui; momHBIA 00beM paboTer 139
CTpaHHIL.

Bo BBe/leHHH Ha OCHOBE aHaJIU3a OTEUECTBEHHBIX U 3apyOCKHBIX MyOJIMKAIUi
MIPEICTABIICHO 00OOIICHNE OCHOBHBIX MPUHITAIIOB CO3/IaHUS ONITHYECKUX CEHCOPHBIX
CUCTEM U CHUCTEM YIPABJICHUS JIA3€PHBIM H3JIYYCHHEM, OIICHEHBI UX JOCTOMHCTBA U
HEJOCTaTKH, OOOCHOBaHA AaKTyaJlbHOCTh pabOThI, JaHa o0Imas XapaKTepUCTHKA
HAay4YHOH TPOOIEeMBI, CHOPMYIUPOBAHBI IEIh W 33JaYd HCCJICIOBAHMS, MMOKA3aHBI
Hay4Hasi HOBU3HA U MPAKTUYECKas IIEHHOCTh Pe3yJIbTaTOB PaOOTHI.

B mepBoil rinaBe NPUBOAATCS pe3yibTaThl HCCIEAOBAHMM OCOOEHHOCTEH

B3aMMOJICUCTBUS  JIA3€PHOTO  UBIYYCHHs] C MHOTOCIONMHOM  OHOMOJIUMEpPHOM
CTPYKTYpOW, OOpa3oBaHHON TOHKMMHU IUIEHKaMU NPUPOJHBIX OuomnonumepoB. Ha
OCHOBAHHH MPOBENCHHBIX HCCIEIOBAHUN ONTHYECKUX U CEHCOPHBIX XapaKTEPUCTUK
JAHHOW CTPYKTYPBI MPEIJIOKEHO €€ MCIOJIb30BAHUE Ul CO31aHUS YyBCTBUTEIIBHBIX
CJIOEB HMHTETPAILHO-ONTUYECKOTO CEHCOpa aMMHaka B OKpYXKarollew cpene.
IIpuBenensl  pe3ysbTaTbl  UCCIEAOBAHUS  YYBCTBUTEJIBHOCTH, JAUHAMHUYECKUX
XapaKTEepUCTUK U CEJIEKTUBHOCTH AAHHOM CTPYKTYPBI IO OTHOUICHUIO K AHAJUTY.
DKCHEPUMEHTAIBHO  TOATBEPXKAEH  Croco0  IpenoTBpalleHus  Jlerpajialuu
YyBCTBUTEJIBHOTO CJI0S1 IPU JUIUTEJIBHOM BO3JIECUCTBUU JIA3€PHOIO U3TyUEHHUS.

Bropas rjaBa ITOCBsIIICHA OKCIICPUMCHTAJIbHOMY HCCICOOBAHUIO

OCOOCHHOCTEW B3aMMOJCHCTBUS J1a3€PHOIO M3JYyUYEHHUS ¢ TOHKUMH BOJHOBOJHBIMHU

IUICHKAMH HWOHHBIX W HEWTpalbHbIX (OpM amerata M IUTpaTa XUTO3aHA,
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UCIIOJIb3YeMbIX B KAueCTBE ONTHYECKUX BOJHOBOJHBIX UM  YYBCTBHUTEJIbHBIX
AJIEMEHTOB  WHTETPAJIbHO-ONTHUYECKUX CEHCOPOB OTHOCUTEIBHON  BIAXKHOCTH
OKpyXxaroiei cpenbl. JlokazaHo, 4TO TpUMEHsIEMble B JIaHHOW paboTe METOIUKU
00€eCIeunBalOT CO3/IaHKE BOJHOBOJHBIX CTPYKTYp Ha OCHOBE OHOMOJIUMEPOB M HX
KOMILUIEKCOB C KOHTPOJIUPYEMbIM MOJOBBIM COCTABOM M BBICOKOW MOBTOPSIEMOCTHIO
napameTpoB. [IpuBeneHsl OMHCaHUs AKCIIEPUMEHTAIIbHBIX YCTaHOBOK,
UCIOJB3YEMBIX IS ONPEACJICHUS BJIUSHUS OTHOCUTEIBLHOM BJIAXHOCTH Ha
BOJTHOBOJHBIC XAPAKTEPUCTUKU XUTO3AHOBBIX ILJICHOK, pE3YyJbTaThl HM3MEPEHUI
YYBCTBUTEJIIBHOCTH M JUHAMUYECKHX XapaKTEPUCTUK HCCICIOBAHHBIX OOpa3IloB.
[Ipennoxxken moaxoJ, OOECIEUMBAIOIIMN  CO3JaHUE CUCTEM  PErHCTpaluu
OTHOCHUTEJIBHOM BIIAXKHOCTH B IIMPOKOM JMANa30HE 3HAYEHUH M MOPOTOBBIX
CEHCOPOB OTHOCHUTEIIBHOW BIAXHOCTH. IIpoBeneHO CpaBHEHHE TMOJYYEHHBIX
PE3YyIAbTATOB C CYIIECTBYIOIIMMU aHAJIOTaMHU.

B TpeTheli rnaBe JOKa3bIBACTCA BO3MOKHOCTB HCIIOJIB30BAHHA 00BEMHOTO

CUJIMKATHOTO HAaHOKOMIIO3UTa Ha OCHOBE KBAHTOBBIX TOYEK CYJb(pHUIa KaAMHS IJIs
CO3/IJaHUSI YCTPOMCTB yMpaBJICHUS JIa3€pPHBIM HU3YYEHHUEM. Y CTAHOBJIEHO, YTO
AKCTIO3UIINUS J1a3epHBIM H3TydeHHEM ¢ A<470 HM NIPUBOIUT K JUHAMHYECKOMY
U3MEHEHUIO  [OKa3aTesls  MpejoMJieHHs U Kod(ppuuueHTa  NOTrJIOLIEHUS
HAaHOKOMITO3UTa B CIEKTpaibHOM auanazoHe He MeHee 300-700 am. IlpuBenensl
3aBUCUMOCTH BEJIMUMUHBI ONTHYECKOTO OTKJIMKA OT J03bl dkcno3univu. [Ipenioxena
MOJIE/b, OTMCHIBAIOIIASI TPOTEKAIOIINE MPOLIECCHI.

B 3aknroueHumn IHoABOAATCA HTOI'H npoz[enaHHoﬁ pa6OTI)I U IIPpUBOIATCA

Ba)KHEMIIINE PE3YIbTAThI, HIOJTYYCHHBIC B XOAC AUCCCPTALIMOHHOI'O UCCICAOBAHNA.
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I'maBa 1. Oco0eHHOCTH B3aUMO/IefiCTBHUSI HENPEPHIBHOIO JIA3€PHOI0 U3JIYYEeHUSsI
€ XeMOCEHCOPHBIMHY MHOTI'OCJIOMHBIMHM CTPYKTYPAMHU HA OCHOBE KOMILICKCOB
MOJIMCAXAPU/I0B H AHMOHHBIX HHAMKATOPOB B YCJI0BUSIX BapHALHMHU

XHMHYECKOr0 COCTaBa OKPY:Kalolleil cpeabl.

B nanHOW TnaBe mpencTaBleHBI PE3yJbTAThl HCCIACAOBAHHUS ONTHYCCKUX U
CCHCOPHBIX XapaKTEPUCTUK YYBCTBUTEIBHOTO JIEMEHTA BOJTHOBOHOTO ONTHYECKOTO
CEeHCOopa COpPOITMOHHOTO THIA, OOPA30BAHHOTO TOHKMMHU IIJICHKAMH TPUPOTHBIX
MOJINCAXAPHUIOB C BHEIPEHHBIM ONTHYECKH aKTUBHBIM BEIIECTBOM, HAHECEHHBIX HA
MOBEPXHOCTH BOJIHOBOJIA.

Krnaccudecknii moaxoa K CO3IaHHIO BOJHOBOJHBIX CEHCOPOB COPOIIMOHHOTO
TUTA 3aKI04YaeTcss B (POPMUPOBAHMM UYBCTBUTEIBHOTO CJIOSI Ha TOBEPXHOCTH
BosiHOBOa [83-88]. UyBcTBHTENBHBIN ClIOW BBHIOMpAETCS TaKUM 0Opa3oM, YTOOBI
IPUCYTCTBUE MOJIEKYJ OMPEAENIEMOro BEIIeCTBA (aHATUTa) OKA3bIBAJIO BIHSIHHUE Ha
€ro ONTHYECKUE XapaKTEePUCTHKU (MOKa3aTesb MpeoMIIeHHs, KO3(hOUIIMEHT
NOTJIONICHHSI, JIIOMUHEcLeHIus1). Kpome Toro, rmokasareinb MPeTOMIICHUS
YyBCTBUTEILHOTO ¢j10s (Ng) B HMCXOJHOM COCTOSHUU BBIOMPAETCS MEHBIIHMM, YeM
nokazareib MpeioMieHuss BoiHOBogHOTO ciost (n,) (pucynok 1.1). Ilpu Takom
MOAXOJE€  CEHCOPHBIM  OTKIMK  (QopMHpyeTcss 3a CYET  B3aUMOJCHCTBUS
HBAHECUIEHTHOTO  TIOJIA  PACHpOCTPAHSIONIEHCS  BOJHOBOJHOM ~ MOJBI €
YyBCTBUTEIBHBIM CcJIoOeM. B CBOrO ouepenb, 4YyBCTBUTEIBHOCTH (S) ceHcopa, -
BEeJTMYMHA M3MEHEHHUs CUTHAJIa K BBI3BABIICH M3MEHEHWE KOHIICHTPAIMHM aHauTa -
3aBUCUT OT COOTHOIICHUS TIIyOUHBI T dy3un MOJIEKYJ aHAIUTA B YyBCTBUTEIbHBIN
cioit  (hp), ompemenseMoit  (PU3MYSCKUMH  XapaKTEPUCTUKAMH  MaTepHala
YYBCTBUTEIBHOTO CJIOS, W TJIIYOMHOM TIPOHUKHOBEHHS JBAHECIIEHTHOTO IIOJIS

BOJIHOBOAHOM MobI (h,), onrcaHHOW BO BBeAcHHH (B2).
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Pucynox 1.1 Cxemamuueckoe uzobpasicenue popmuposanus ONMU4ecKko20 OMKIUKA 8

B0JIHOBOOHBIX CeHcopax COp6L;MOHH020 muna.

[Ipsimass ~ 3aBUCHUMOCTB ~ YYBCTBUTEJIBHOCTHM  CEHCOpa  OT  TIyOWHBI
IIPOHUKHOBEHUSI ABAHECLUEHTHOTO TOJIA HAKIAJIbIBAET Ppsii OrPAaHUYEHUM, KaK Ha
MaTepuaibl, IpUMEeHsAeMbIE 11 (OPMHUPOBAHUS UYBCTBUTEIBHOIO CJIOSI, TAK U HA €T0
TonuuHy. Jlis pemieHus ykaszaHHOW NpoOjemMbl B JaHHOM paboTe mpeasaraercs
MCITOJIb30BAaHUE YYBCTBUTEIBHOI'O CJIOS C MOKA3aTEIeM MPEIOMIIEHUS OONBIINM, YEM
IIOKa3aTellb MPEJIOMIIEHHSI BOJTHOBOJHOTO €J10sl. B 3TOM citydae, CEHCOPHBII 3J1€MEHT
Oyner oOpa3oBaH BOJHOBOJHBIM CIIOEM CO CTYIEHYaThiM HpOQHIIeM MOKa3aTens
npesioMiaeHus. YuCIeHHbIE pacyeTbl pacHpeAesIeHHs TOJs PaclpOCTPAHSIOMIECHCS
BOJIHOBOJAHOW MOJIbI B TaKOW BOJHOBOJHON CTPYKType NMPHUBEACHO Ha pUCyHKE 1.2
(rpaduk B BuE CIUIOMIHOW JUHUM). Takke, B KAaUeCcTBE CpaBHEHMS, HA pucyHke 1.2
IIPUBEAECHO PACHPEIEICHUE IO BOJHOBOIHOM MOJBI JUIsl YyBCTBUTEIBHBIX CIIOEB,

HUMCIOIINX MECHBIIINM TT0Ka3aTelIb MMPCIOMIICHHSA, YCM Y BOJTHOBOAHOI'O CJIOA.
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Pucynox 1.2. Pe3ynbmamsi YucCieHHbIX pacyemos pacnpeoeiieHus nojis 80J1HO0B00HOU
MOObL 8  MHO20CIOUHbIU CMpYKmypax C  pasiuyHbiM 3HaueHuem

An=n -n
6 C

3nech U ganee, YUCIEHHBIE PacUeThl paclpeieJICHHs OISl BOJHOBOIHOW MOJIBI
MPOBOJUIIOCH C HCIOJIB30BAHMEM METOJAa KOHEUYHBIX Pa3HOCTEM BO BpPEMEHHOU
oonactu (FDTD). B »TomM wMmeTtone ypaBHeHuss MakcBemia TOJBEpraroTcs
TUCKPETU3AINK, HCIONB3ysl  IEHTPaIbHO-PE30HAHCHYIO  aIlIPOKCUMAIIAI0 10
BPEMEHH U MPOCTPAaHCTBEHHbIM KoopauHaTam [210]. TlomydeHHble KOHEYHO-
Pa3HOCTHBIC YPaBHEHHS DPEIIAIOTCS MPOTPAMMHBIMH METOJIAMH B KaXKIbIH MOMEHT
BPEMEHHOM CETKH, MpUYEeM, KaK TMPaBUIIO, PACCUUTAHHBIC TIOJISA PAa3JEICHBI BO
BpEMEHU TIOJOBUHOW 1MIara JucKkpeTusanmu. lIpu pacuerax MCHOJIb30BAIHCH
CJICYIOIIME TTapaMeTPhI: THUI BOJHOBO/Ia — MOHOOOMEHHBIN, TOJIIMHA BOJTHOBOAHOTO
cimost t = 3 MkMm, komudecTtBO mojyiepkuBaeMbix Moa — 2 (Ne(TEo) = 1.522592;

Nesf(TE1) = 1.516096), nimHa BOIHBI U3TydYeHHUS A = 633 HM.
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1.1 Ucnosib30BaHUE MOJIUCAXAPUIOB M UX KOMILJIEKCOB /151 GOpMUPOBaAHMS
ONTHYECKOI XeMOCEHCOPHOIl MHOTOCJIOIHOM CTPYKTYPHI M 0COOEHHOCTH MX
B3aUMO/IefiCTBHS € JIa3ePHBIM U3JIyYeHHeM

B nanHoit pabGore 1y cO3/aHUS YYBCTBUTEIBHOIO CJOS TPEIJIOKEHO
UCIOJIb30BaHUE MHOTOCJIONHONW OMOMOIUMEPHOIN CTPYKTYpPBI XUTO3aH/A-KapparuHaH.
Bapuanyst TONIIMHBI TOJUMEPHBIX CJIOEB IO3BOJISIET TMOJIy4aThb MaTepuabl ¢
pasnuYHON Tmepuoandeckor crpykrypoir. I[IpoBenennwsie B [211] wmccnemoBaHus
MoKa3ajh, YTO HEKOTOpbIe MPUPOIHBIC TMOJUCAXapHabl 00JaJal0T YHUKAIbHBIMH
O0COOEHHOCTSIMHM IIPU CAMOOPTIaHU3AIMK B MHOTOCJIOMHBIX NOKPBITHSX. B oTinuune ot
OOJBIIMHCTBA CUHTETUYECKUX MOJUAICKTPOIUTOB, IEMOHCTPUPYIOLIUX JIMHEUHBIN
TUIl POCTA TOJIIMHBI MOKPBITHM, IMOJYYAa€MBIX METOJOM «CIIOM-3a-CI0EM» IyTEM
CaMOOpraHU3alnn IIPOTHUBOIIOJIOKHO 3apsKEHHBIX IOJINAJIEKTPOJIUTOB,
MHOTOCJIOMHBIE TUJIEHKA IIMPOKO PAaCHpPOCTPAHEHHBIX MOJUCAXApUI0B — XHUTO3aHa
(KaTHOHHBIM  KOMIIOHEHT) W  KapparuHaHoB  (aHMOHHBI  KOMIIOHEHT) -
XapaKTEPU3YIOTC JKCIOHEHUUAJIbHBIM THUIIOM pPOCTa, CBSI3aHHBIM C HEMOJHOM
KOMIIEHCAllMe  3apsAna Opeaplayumiero  ciod. bmaromaps 3ToMy  IUIEHKH
XUTO3aH/KapparuHaH MOTyT ObITh HCHOJB30BaHbl [JIsi  ObicTporo (3a 4-12
aJICOPOLIMOHHBIX LIMKJIOB) HapallMBaHUs MOJUMEPHBIX IJIEHOK 33JaHHOM TOJIIINHBI.

OCOOEHHOCTH TOJy4YeHUsS MHOTOCIOWHON OMOMOJUMEPHOW CTPYKTYpHl (3a
CUeT KOMIEHCAallMu 3apsja MOBEPXHOCTH) IMO3BOJIMIM B KadyeCTBE BOJIHOBOJAHOU
CTPYKTYpPbl HCIOJIb30BaTh 3((Yy3MOHHBIN BOJHOBOJA C IOKa3aTelieM MPEeIoMIICHUs
n=1,531, chbopMupoOBaHHBII Ha MOJIOKKE U3 HATPUN-CUITUKATHOTO CTEKIIA.

PactBopel xuto3ana (OAO “buonporpecc”, cTeneHb A€ALUTHIUPOBAHUS
80,5%, M =400 k/la) u A-kapparunana (Fluka) ¢ koHmeHTparuei 1 /1 rOTOBUINCH B
0.02M pactBope HCI ¢ nonnoit cumoit, cozgasaemoit 0.15 M NaCl, pH pactBopoB
noBoawauck a0 S5 en. nobamienuem 0.1 M NaOH wmu HCl. Dddysuonnsie
BOJIHOBOABI ~ OOpabareiBamuch  pactBopom  NH;OH/H,O,/H,O  (1:1:1) B
yIbTPa3BYKOBOM OaHE B TEUEHHME JBYX YacOB, MPOMBIBAIUCH JUCTUIIMPOBAHHOM
BOJOW M BBICYHIIMBAJIUCH B CylIMiIbHOM Iikady npu temmneparype 100°C B Teuenue

yaca. lloAroToBneHHbBIE MOJJIOKKM IOCJIEIOBATENBHO NOTPYXKAIUCh B PacTBOP
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XUTO3aHA U KapparnHaHa Ha 20 MUHYT, IPU 3TOM TIIATEJIbHO MPOMBIBATUCH MEKIY
MOTPY>KCHUSIMU TI0J] TTPOTOYHON JTUCTWIMPOBAHHOW BOMOW. OIWH MUK COpOIUN
MIPOTUBOIOJIOKHO 3apsIKEHHBIX MOJINDJIEKTPOJIUTOB XUTO3aH/KapparuHan
COOTBETCTBOBAJI (POPMUPOBAHUIO OJHOrO Oucnos. JlJis TOJNyd4eHHUsS TUJICHKU

HEOO0XOJMMOU TOJIIIMHBI IIUKJ IIOBTOPSJICS HECKOIBKO pa3 [212] (pucyHok 1.14).
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Pucynox 1.3. 3asucumocmv monuunbl MHOSOCIOUHBIX NOKDbIMULL XUMO3AH/A-
Kappazuhaw om Koauvecmea Hanecennvix oOucnoes (bBC). Cxema nocmpoernus

MHO2OCIOUHOU CIMPYKMYPbL (6HU3Y).

B pabore [163] mmst cucrembl XWUTO3aH/K-KapparmHaH OBLIO TOKa3aHO, YTO
3aBUCUMOCTh IJIOTHOCTH 3apsiia xurto3aHa ot PH pactBopa (pKa = 6.2 - 6.5)
MO3BOJISIET MCIOJB30BaTh HW3MeHeHHe pH mpu copOmmMu MOIMAIEKTPOIUTOB Ha
MOJJIOKKY KaK YJOOHBIM MHCTPYMEHT KOHTPOJIS TOJIIMHBI U CTPYKTYPhI PacTYIIEro
MHOT'OCJIOWHOTO TIOKPBITHSI XWTO3aH/KapparuHad. B nanHoi paboTe il OTydeHuUs
MHOTOCJIOMHBIX ~ TIOKPBITUH,  JOMUPOBAaHHBIX  pH-uHAMKaTOpamu,  copOIMs

IIOJIMAJIEKTPOJIMTOB MNpoBoawnack npu pH = 5, Tak kak B 3TUX YCIOBUAX IO
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CpaBHEHUIO ¢ copOuumei u3 pactBopoB ¢ pH = 3, ¢ 0J1HO# cTOpOHBI — 00ecTIeunBaETCS
JIOCTATOYHO  BBICOKMW  MHKPEMEHT TMpHUpalleHUs  TOJIIMHBI Ha  KaXJIOM
aJCOpOIIMOHHOM  Iare, C JAPYrod CTOPOHBI —  BCIEACTBUE YaCTUYHOMU
JNENPOTOHU3AIMK XUTO3aHA, OCTaeTcss OoJblle CBOOOJHBIX AaMHMHOIPYI, HE
oOpa3ylomux HWOHHBIE Tapbl ¢ CyJdb(orpynmnaMu KapparuHaHa W JOCTYIMHBIX IS
B3aMMOJICUCTBUS C ONTHUYECKU AaKTHBHBIM BeliecTBoOM. [[ns obGecnieyeHus: OobIIei
ONTUYECKON OJTHOPOJHOCTH U MPO3PAYHOCTU MOKPHITHS B TAaHHOU paboTe, B OTIMYUE
ot [163], ucronp3oBajcs A-KapparuHaH, KOTOPBIA HE SBISETCS reaeo0pas3yomuM 1o
CPaBHEHHMIO C K-KapparuHaHoM [155] u B MeHbIIeH cTereH! CKIIOHEH K 00pa30BaHUI0
arperaroB Mpu COpOIMU HA TOBEPXHOCTH.

UccnenoBanus cieKTpaabHbIX XapaKTEPUCTUK IIEHOK XUTO3aHA MPOBOAMINCH
¢ nomompo YO-balK aByxiyudeBoro cmnekrpodoromerpa Varian Cary 50001 B
nuranazoHe IivH BoJH 175-3300 M, ¢ maroMm ckanupoBanusa | HM. B mporecce
WCCJIEIOBAHUS OMPENIETSIIOCh OMTHYECKOE MPOIyCKaHWEe U OTpa)xkeHue obpasia, a
TaKke XxapakrtepucTuku Auddy3Horo paccesHus uzinydenus. OOpaboTka  JTaHHBIX
IPOU3BOAMIIACH IO CTaHAAPTHOM METOJAUKE, 3aK/IIOYalolieiicss B  JCJICHHUH
HKCIIEPUMEHTAJILHO TOJTYYEHHBIX 0a30BBIX 3HAYEHUW ONTUYECKOTO TOTJIOIICHUS B
ONMpeNeNEHHOM TOYKE CIEKTPaJbHOIO Juana3oHa NpH OTCYTCTBMM 0Opasla, Ha
COOTBETCTBYIOIINE 3HAUCHUS ONTHYECKOTO TMOTJIOMICHUS oOpasia. ITo obecrneunsio
MOJIy4YeHUE MCTHUHHOIO CIIEKTpa MpomycKaHusi oOpasua, ©0e3 yudera BKJAJ0B
KOMIIOHEHTOB U3MEPUTEIIHHON CUCTEMBI.

N3BecTHBI TpOOJEMBI  OMPENETICHUSI CIEKTPAIBHBIX IMapaMETPOB TOHKUX
IUICHOK Ha Tpo3pauHbiXx momtokkax [213]. Jlns ydera BkjIaJa MOJIOKKH B
CIIEKTPAJIbHBIE XaPAKTEPUCTUKHU IUICHOK, CIEKTP MPOMYCKAaHUS MOMJIOKKH MOTOYEYHO
JIETWIICS Ha CIIEKTP MPOITyCKaHUs o0pasIia.

13 3akona byrepa-Jlambepra-bupa [213]:

| = Ioe—wI : (1.1)

rie | u lg — MHTEHCUBHOCTH MPOMIEAIIETO M MaJarolIero CBETOBOTO IMOTOKa,

COOTBETCTBEHHO; € — OCHOBAaHHWE HATypallbHOTrO Jjorapudma, a — kKodhduireHt
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IOorJIomeHuA MaTrcpuralia, | — TOJIIMHA CJIOA, MOXKHO IIOKa3aTb, 4YTO BCIMYHHA
OIITHUYCCKOI'O IOIJIOMICHUA OIPCACIIAACTCA KaK

(1) = —=in| — 4

— |, 2
" ReT (1.2)

rae T(A) — ontuueckoe mpomyckanue odpasua u R(A) — BennuuHa €ro OnTUYECKOro
OTPaXEHUSI OMPENCISIIOTCS W3  dKcnepuMeHTa. [lodydeHHbIE XapaKTePUCTHKU
ONTUYECKOTO TIOTJIOMICHUSI MHOTOCIOWHON OMOMOMMEPHONW CTPYKTYPHI TPUBEICHBI
Ha pucyHke 1.4a.

B T0 )€ Bpems, B pszie ciydaeB, IS OMUCAHUS CTICKTPAIBHBIX XapaKTEPUCTHUK

TOHKHX IIJICHOK, y,Z[O6HO HCII0JB30BAaTh OIITHYCCKYIO INIOTHOCTD, OIIPCACILICMYIO KaK

1

D(4)=1g m

(1.3)

Jlns  omnpeneneHusl TIOKa3aTeled MpPeTOMIIEHUS XUTO3aHOBBIX IUIEHOK U
MOJIJIOXKEK MCIOJIB30BAJICS CHEKTpaIbHbIN dumuncoMetp «murc 1891-CAT (MDIT
CO PAH, HoBocubupck). Jlnanazon usmepenuii coctaBun 450-1050 HM ¢ marom
ckanupoBanus 50 M. [lpu pacuere MCHONIB30BANIOCH MPOrpPaMMHOE OOecTeueHue
«Spectr»[214], Bkmtoyaromiee B ce0si MakeT MOACIUPOBAHUS U TIOJ00pa MmapaMeTpoB
U MOJIENb «IOTYOECKOHEUHOU cpebl», MpU KOTOPOH PErUCTPUPOBATIOCH U3ITyUYCHHE,
OTPaXEHHOE OT IOBEPXHOCTH oOpasua. JlaHHas Mojenb MO3BOJSET ONPEACIUTH
MOKa3aTellb MPEeJIOMJIEHUS! TOHKUX IJIEHOK, HAHECEHHBIX Ha MOJUJIOKKY 0€3 yuyeTa ux
TOJIIINHBI.

[TonyyeHHble HamMu JaHHBIE TO3BOJIAIOT OMNPEACNIUTH JOJI0 JHEPTrUuu
PacIpoCTPaHSIONIETOCS]  BOJHOBOJHOIO — M3JY4Y€HHUs, B3aMMOJEHCTBYIOIIYIO C
YyBCTBUTEIBHBIM CIIOEM, 4YTO, KaK 3TO OBUIO TIOKa3aHO paHee, B TIEPBOM
NPUOJIMKEHUU MTO3BOJIUT OLEHUTh YyBCTBUTEIBHOCTh UCCIIEIYEMOI OMOMOIMMEPHON
cTpykTypbl. Ha pucynke 1.5 mpuBeneHsl pe3yJbTaTbl YHCICHHBIX PACUE€TOB AAaHHOM
XapaKTEPUCTHKU JJI  HCCIEAyeMOW HaMHW MHOTOCIOWMHOW  OMOMOJUMEPHOU

CTPYKTYpbl M HamOoJjiee TMOMYyJIApHbIX B HACTOALIEE BpeMs MaTepHalIOB,
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HCIIOJIBb3YCMBIX JJIA (I)OpMHpOBaHI/IH YYBCTBHUTCIILHOTI'O CJI0s1 —

nosmMerunMerakpunata (IIMMA) u 3051b-Telb MJIEHOK.

0,018 e 157 91
! 8 6ucnoes
0,015 - 1,56
01012 i =6 bucnoes 1’55 |
0,009 - 154 |
0,006 - 153
0,003 - 09T
0 . Lo HM g 5 : —tm
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Pucynox 1.4 Onmuueckue xapakxmepucmuku MHO2OCIOUHO20 OUONOIUMEPHO20
HOKpbIMUsA. @) CHeKmpbl  ONMUYECKO20  No2loweHus, 0) OucnepcuoHHbvle

Xapakxmepucmuky nokazamens npeiomienuss 12 oOuciounou cmpyKmypbi.
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Pucynox 1.5. Pe3ynomamul 4uCIeHHbIX pacuyemos KOIu4ecmea 3SHepeuu nois
B0HOBOOHOU  MOObL,  83aUMOOelcmayrowel ¢ 4YECMBUMENbHLIM ~ CIOEM 8

3asucumocmu om mMoJaAUUHdbL CI0A
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N3 npencraBiieHHBIX HA PUCYHKE 1.5 3aBUCUMOCTEN MOYKHO BUAETH, YTO IIPHU
TOJILIMHE MHOTOCJIOMHOTO TOKpbITUA Tmopsiaka 150 HM coorBercTByromen 12
OHCIIOSIM  XUTO3aH/A-KapparvHaH BEJMYMHA SHEPIHUM  PACIPOCTPAHSIIOUIETOCS
U3JIyYEHUs, B3aUMOJACHCTBYIOIIEH €  YyBCTBUTEIBHBIM  CIIOEM  IPEBBIIIAET
aHasiornyHoe 3HaueHue 11 [IMMA u 305b-T€llb IIIEHOK HE MEHEE, YEM B JIBa pasa,
YTO TO3BOJIAET MPEANOJI0XKUTh O BO3MOXHOM YPOBHE YYBCTBHUTEIBHOCTH IIPU
WCIIOJIb30BaHUU JJAHHOU CTPYKTYPHI.

BonHOBOAHBIE XapaKTEPUCTUKH TMOJYyYEHHBIX O0OpasloB HCCIEI0BAINCH
METOZOM  CIEKTPOCKONHMH  BOJHOBOIHBIX  MOJ  (M-crektpockomuu) [215],
OCHOBAaHHOM Ha PETUCTpPAllUM BBIXOJAIICH W3 BOJHOBOJA SHEPrUU Kak (PYHKIIHUU
paccTOsTHUSL OT BXOJHOIO yCTpoicTBa. Jljis BBOJIa/BBIBOJIA M3IYyUEHUS B/M3 TOHKOM
BOJJHOBOJAHON TUIEHKH HCHOJB30BAJICA IMPU3MEHHBIA 3JIEMEHT BBOJA W3IIy4YCHUS
[216].

DKCIEPUMEHTANIBHOE HCCJIEA0OBAaHUE BOJHOBOJOB IPEAINONAracT H3MEpPEHHE
NapamMeTpoOB, ONPEAECSIOMNUX UX MOJOBYIO CTPYKTYPY: 3(P(EKTUBHOTO MOKa3aTels
npesoMieHUs (Ngf), BEAMUUHY MOTEPHh MPU PACHPOCTPAHEHUH U3ITyUYEHHUs (3aTyXaHHe
Ha paboyeil JMHE BOJHBI () U KOJIMYECTBO MOICPKUBAEMBIX BOJHOBOIHBIX MOJI
(my).

JIist  SKCEepUMEHTAIBHONW peanu3allid  MeToja M-CIEeKTPOCKONMUU Obliia
pa3paboTaHa yCTaHOBKa, IOKa3aHHas Ha pucyHke 1.6. B kadecTBe wucTouHMKA
KOTepeHTHOTo u3itydeHus (1) ucrnonab30Bajics reuii-HEOHOBBIN J1a3ep (AJIMHA BOJIHBI
u3nydeHust A = 632,8 HM, MOIIHOCTh JlazepHoro m3nydeHuss 11 mBt). YcranoBka
pacnoyio’keHa Ha T[OBOPOTHOM CTOJIMKE, COBMEUIEHHOM C TOHHUOMETPUYECKOU
matdopmoii (Ha pucyHKe He 00O3HAaueHa) W BpallaeTcsi B IJIOCKOCTH PHUCYHKA.
JlazepHoe m3nydeHue (HOKycHpyeTcs Ha MpU3My BBOJA TPH MOMOIIU CHEPUIECKOM
auu3el (f = 150 mm). BBoAHOW W BBIBOJHOM MPU3MEHHBIC DSJIEMEHTBI CBS3U
M3TOTOBJICHBI U3 cTekina Mapku Td-5 (N, = 1.7464121), yron npu OCHOBaHUH f§ = 59",
Takke B COCTaB yCTAHOBKH BXONAT M3MEPUTEIBbHBIA UM  KOHTPOJIbHBIN
GOTONPUEMHUKHN, HW3MEpPUTENIb MOIIHOCTH, CconpsbkeHHbI ¢ OBM, Habop

orpannuyuBaronux aquadparm u [13C-mMarpuia 11 perucTpaiuu MOIOBbIX CIIEKTPOB.
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Pucynox 1.6. Oxcnepumenmanvhas ycmaumoska O0asi NPOBeOeHUs UCCAe00B8AHU
MEMOOOM CHEKMPOCKONUU BOJHOBOOHBIX MOO: 1 — UCMOYHUK usiyuyeHus, 2 —

nonsipuzamop, 3 — ceemoodenrumenvuulil Kyo, 4 — ¢hoxycupyrowas 1unza, 5 — npuzmol

6600a/8v1600a, 6 — 60110600, 1,8 - homonpuemHuxu.
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OcHOBOW TIPOBEJICHHsI MCCIEIOBAHUN BOJHOBOJHBIX MApaMETPOB SIBIISETCS
OKCIIEPUMEHTAJIBHOE OIpeAeNicHHe yria BO30YKIEHUS BOJHOBOJHOW MOJIBI.
DddekTuBHBI MOKa3aTenb NpeloMiIeHHus] (Nef) BOJHOBOJA CBSI3aH C  YIJIOM

BO30YKICHHS BOJTHOBOAHON MOJIbI (0) ciaemyromumM oTHomeHueM [215]:

Neff _np5|n[,8+arcsm( m)] (1.4)

rJiec M— HOMEpP BOJIHOBOIHOW MO/IBI.

JIist onpeiesieHus] BETUYUHBI ONITUYECKUX TTOTEPh MCIIOIb30BATNCh METOTUKU
«ckomp3simedt  mpusMely  [217] u  «ckanupyromero 3oHma» [215]. CpaBHeHwme
MIOJTYYCHHBIX PE3yJbTATOB MMOKA3aJI0 HE3HAUUTENbHYIO pasHuiy (He 6onee 10%) mpu
U3MEPECHUU BEJIIMYMHBI ONTHYECKUX TIOTEPh YKa3aHHBIMH METOJWKaMH U B
JanbHEeHIeM, JUis OIpeNeNIeHUs] JaHHOW XapakTepUCTHKH ObUI BBIOpaH METOX
«CKONB3SIIIEH TpU3Mb», Kak Ooyiee TpakTUYHBIA. B 3TOM ciyuae, BenuumHa
ONITHYECKUX MOTEPh OMPEILIISICTCS OTHONICHUEM HHTEHCUBHOCTH MPOIIEIIIETO Yepe3
BOJIHOBOJ M3ITy4€HHUsI TIPH TMEPEMEIICHUN BBIXOIHOW MPU3MBI P, BIOIb BOIHOBOA HA
1 cm ¢ marom 1 mm (Pucynok 1.7) [218]. B cooTBeTcTBHE C pPEKOMEHIALUSIMU

aBTOpOB [218], BenmnunHa mprKMMa BEIBOTHOM MPU3MbI COXPAHSIACh HCU3MEHHOM.

HcTouHuk usiyyeHus

DOTONPUEMHUK
/\ o
S
AL |
Pl P’ /,
P, | 2

Pucynox 1.7. Cxema onpedenenusi nomepb MemoooM «CKOb3Uell npu3mMbly.
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B Tabmuume 1.1. mnpuBeneHbl pe3ynbTaTbl M3MEPEHUH  BOJIHOBOJHBIX
XapaKTePUCTUK OMOMOIUMEPHBIX CTPYKTYP MPHU PA3IUYHOM KOJIHMUYECTBE HAHECECHHBIX

OUCIIOEB.

Tabnuya 1.1. BoanooOHbie xapakxmepucmuku 3@P@ Y3UOHHBLIX B0JHOB0008 C

MHO20CNOUHBIM NOKpbimuem (A = 633 um).

KommnuecTtBo CocrosgHaue
my Neft o, n1b/cm
oucioes MOJISIPU3ALIUH
0 1,52259 1,080794
TE
0 1 1,51609
0 1,52251 1,07965
™
1 1,5159
0 1,5226 1,119454
TE
4 1 1,51613
0 1,52253 1,119036
™
1 1,51594
0 1,52264 2,346326
TE
o 1 1,51624
0 1,52257 2,3412
™
1 1,51604
0 1,52269 3,812108
TE
1 1,51638
12
0 1,52261 3,81106
™
1 1,516181
0 1,5228 5,95472
TE
1 1,51673
16
0 1,5227 6,08965
™
1 1,5165
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Janupie Tabnuupl 1.1 1eMOHCTPUPYIOT YBEIMUYEHUE MOTEPh HA PACCESIHUE MIPU
yBEJIMYEHUN KoJudecTBa OucnoeB. ClieoBaTeabHO, HCMHOJIb30BAHUE TOKPBHITHS
tonmuHoi Oonee 100 HM TpHUBEAET K 3HAYUTEIBHOMY OCIA0JICHUIO MOIIHOCTH
BBIXOJTHOTO H3Iy4yeHus. Takum oOpa3oM, MOKHO CUYMTaTh, YTO ONTUMAJIBHBIMH C
TOYKH 3pPEHUS ONTUYECKHX TIOTePh SBISIOTCS MHOTOCIIOMHBIE TOKPBITHSI,
coziepkaiue 10 12 OucnoeB XUTO3aH/KapparuHaH.

Buenpenue nnnukatopa BTC B MHOrociioiiHple OHONOIUMEPHBIE MOKPBITUS
XUTO3aH/KapparvHaH MpOBOAUIN M3 PaCTBOPOB C KOHIIEHTpAIMe nHauKaTopa 11/,
pPH=S5, Bpemst kKOHTaKTa cocTaBysuio 16 yacos [219].

Jlna momydenus uHGOpManMu O BIMSHHUM MApOB aHAIWTA HAa CIEKTPabHBIC
XapaKTEePUCTUKHU MCCJICIOBAaHHBIX XEMOUYYCTBUTEIBHBIX CJIOEB Kamepa
cnexkTpodoroMerpa Hachimanach napamu NH; myrem nmomauu B TeueHue 15 MHUHYT
BO3/yxa, bapboTupyemoro yepes 24% pacTBOp aMMHaKa.

[Tocne BHeApeHHs B MHOTOCIHOMHBIE MOKpbITHS, uHauKatop bTC coxpansier
pH-uyBcTBUTENBHOCTE. JlaHHBIN 3D (HEKT TPOSBISIETCS B YMEHBIICHWW BEIIMYUHBI
ONTUYECKON TIIOTHOCTH XUTO3aHOBOMW TJICHKHU, YTO MO3BOJISIET UCTIOIB30BATh €0 AJIs
JICTEKTUPOBAHUS MapoB ammuaka [220-222].

AHanu3 3aBUCHUMOCTH TOTJIONIEHUS! MHOTOCIOWHBIX TUICHOK, JAOMHWPOBAHHBIX
uHaukaropoMm BTC wu oTiMyaromuxcsi KOJIMYECTBOM OMCIIOEB, IOKa3aja, dYTO
KOJIMYECTBO BHEAPEHHOTO MHIMKATOPA MPOTOPIIMOHAIBHO TOJIIIMHE IIEHOK BO BCEM
UCCIIEIOBAHHOM JiMana3oHe TOuH (pucyHok 1.80). To ecTb, yBeTHUYE€HHUE TOJIITUHBI
MOKPBITUS TPUBOJUT K YBEIMYCHHIO KoJM4decTBa IEeHTpoB copbOuuu [101] wu,

COOTBCTCTBCHHO, YYBCTBUTCJIbHOCTH H3M€pPIT€J'IBHOﬁ CHCTCMBHEI.
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Pucynox 1.8. Onmuueckue xapaxmepucmuxu MHO2OCIOUHOU XeMOCEHCOPHOU
CMPYKMYpPbl: a) CNeKmpuvl NO2IOWEHUs CMPYKMYpPbl 8 ammocepe 6030YXa u napos
ammuaka, 6) 3a8ucumocms Kodgduyuenma noenowenus cmpyKkmypovl Ha pabouet

onume 80aHbl (A=633 HM) om KoUYeCm8a HaHeCeHHbIX OUCTOEeS.

C 1pyrol CTOPOHBI O3TO MNPHUBOAUT K YXYAIICHUI JUHAMHAYECKUX
XapaKTEPUCTHK CEHCOpa, IMOCKOJbKY yBEIMUYMBaeTcs Bpems AUPGY3UH MOJEKYI
aHaJguTa M3 HWKHUX CIIOEB IOKpbITHA. Kpome TOro, yBelIM4eHHE ONTUYECKOIO
NOTJIOIIEHU Ha paboueld JUIMHE BOJIHBI NPHUBEAET K YMEHBIICHHIO OTHOLIEHUS
CUTHAJI/IIIyM U3MEPUTENbHOM cucTeMbl. [[03TOMy OKMCK KOMIpOMHCCA B OTHOILIEHUHU

9THUX XAPAKTCPUCTHK ABJIACTCA IIPCIMETOM HCCICIOBAHMA.



45

1.2 CeHcopHbIe XapaKTePUCTHKHA OMOMOJIUMEPHOM CTPYKTYPHI HA OCHOBE

KOMIIJICKCOB IoJIUCaXapua0B 1 aHUOHHBIX HHAUKATOPOB

JIns  TpoBEAEHUS ~ HWCCIEIOBAHMI  XEMOCEHCOPHBIX  XapaKTEPUCTUK
HKCIIEpUMEHTAaJIbHAsl YCTaHOBKAa (PUCYHOK 1.6) Oblna JIOMOJIHEHA CUCTEMOM Mojadu
ra3oBoil cMecu Bo3myx/mapbl aHanuta (6) (pucyHok 1.9). YpoBeHb KOHIICHTpAIUH
aHaJIMTa 3aJlaBalicd MyTeM CMEIIEHHUs BO3IYIIHOIO MOTOKa, conepkarmero 1-1500
ppm (dacteid Ha MIIIMOH) aHAIWTa C Pa3IUYHBIMH O0ObeMaMH JabOPATOPHOTO
BO3/lyXxa. TouyHOE 3HAUYEHHE KOHILIEHTPALWMW AaHAJIMTAa B KaMepe ONpeaeisioch
razoananuzatopoMm «Kommuon 1B» (8), 4yBCTBUTENBHOCTh KOTOPOTO cocTaBisuia 1
ppm [223]. Jlns ompeneicHHs BIWSHUS YPOBHS OTHOCHUTEIBHOH BIIAXKHOCTH Ha
YyBCTBUTEIBHOCTh MHOT'OCJIOWHOTO OHOIOJIMMEPHOIO TOKPBITHS, Mapbl aHAIUTa
IPOIYCKAJIUCh  4Yepe3 JIUCTUUIMPOBAHHYKD BOJYy. YPOBEHb OTHOCUTEIBHOU
BJIQYKHOCTU B U3MEPUTENIBHOMN Kamepe onpenensics rurpomerpom Testo 635 (7). Hns
HEUTpaJIM3allMd TMapoOB aHaJuTa, BBIXOMAIIMX M3 HW3MEPUTEIBHOM KaMepsl,
MCIIOJIB30BAJICSl BOAHBIN pacTBOP COJISTHON KUCIOTHI (9).

[ukn u3MepeHus COCTOS M3 HallyCKa aHalIWTa 33JaHHON KOHIIEHTpaluu B
KaMepy [0 IpEKpalleHUus] HM3MEHEHHs BBIXOJHOIO CHTHAJIA W IOCIEAYOLIEH
MPOJYBKH YUCTBIM BO3JIyXOM JIO BOCCTAHOBJIEHHS MCXOJHOTO YPOBHSI BBIXOJHOIO
curHaia. /[{ns ompeneneHuss BpeMeHU cpalOaThIBaHMsI CEHCOpAa HCIOJIb30BAJICS
oOEenpuHATHIA KpuTepuid gy [103], xapakrepusyromuii BpeMsi I3MEHEHHsI CUTHaJIa
Ha 90% oT makcuManpHOrO 3HaueHus. Mzmepenns nposoawinch npu 21 °C u ypoBHe
OTHOCUTENBbHONH BiakHocTH 30%. O6GBbeM H3MepHTebHON Kamepbl (700 cm®) u
ckopocTh BozaymHoro noroka (0,25 n/muH) ObulM BbIOpaHbI B COOTBETCTBUHU C
napameTpamu, npuBeaeHabME B [123, 130], yTo mO3BOIMIO CPaBHUTH MOJIYUYCHHBIC

HaMHU OJAaHHBIC C pE3yJibTaTaMH I/ICCJ'ICI[OBaHI/Iﬁ CCHCOpPOB aHAJIOTUYHOH KOHCTPYKIHH.
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Pucynok 1.9. Cxema sxcnepumenmanvrotl ycmanogku: 1 — ucmounux uznyuenus, 2 —
nosipuzamop, 3 — ceemooenumenvbHulil Kyo, 4 — hokycupyrowas 1un3za, 5 — 601H0B0O0,
6 — cucmema nodauu eazoeoti cmecu, 7 — euepomemp, 8 — 2azoananuzamop, 9 —

B00HUILL pacmeop coJisiHolU kKuciomol, 10 — pomonpuemuux, 11 — IBM.
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Psom aBTOpOB OTMeUaeTcsl yXyIUIEHHE XapaKTEPUCTHK KOJIOPUMETPUUYECKUX
CCHCOPOB TIpW JUIMTEIILHOM BO3JIEHCTBHM JIA3€PHOTO W3NMydeHus [224, 225],
BO3HUKAIOILIEE BCIEACTBHE JErpajallii WHAMKATOpa MIpPU €ro B3aUMOJEWUCTBUU C
MHTEHCUBHBIM JIa3€PHBIM U3Ty4eHHEM. J{1s1 yMEHbIIEHNs TOTOHHONM MHTEHCUBHOCTH
MPOXOSIIETO U3JIyUYEeHUS HaMU ObUIO MPEUI0KEHO UCTIOIb30BaHUE IIMITUHAPUIECKON
auH3bl ((4) Ha pucynke 1.9) ang BBOAa M3JIy4eHHS B BOJHOBOJ. DTO MO3BOJIMIIO
YMEHBIIUTh TOTOHHYI0 WHTEHCHUBHOCTH MPOXOSIIET0 M3IyYCHHUs] MPUMEPHO Ha JiBa
MOpsZIKAa, C COXPAaHEHHEM €€ WHTerpalbHOM BENIUYUHBI (00Iee KOJINYECTBO
Ja3€pHOTO U3JIyYEHHUs, B3aUMOJICUCTBYIOIIETO C YYBCTBUTEIBHBIM ciloeM). J[aHHBIHI
MOJIXO0JT UMEET 3HAYUTEIHFHOE MPEUMYIIIECTBO TI0 CPABHEHUIO C IPYTHMH MOIXOAAMH,
HaIpUMep, UCIOJIb30BAHUEM OCJIA0JIAIOIIEr0 CBETOPMIBTPA, MOCKOJIBKY MO3BOJIET
COXPAaHUTh MEPBOHAYAIBHYIO MHTEHCUBHOCTB JlazepHOro usinydeHus. dotorpaduu
BOJIHOBOJHOTO TpeKa MpHU BO30YXKJIEHUU CHEPUUECKON U UUIMHAPUYECKON JIMH30U

npuBeeHbl Ha pucynke 1.10.

a)

Pucynox 1.10. @omoepaghus 601H0600HO20 mMpeKka npu PasiuyHOM CHocobe

6030YHCOeHUSL BONHOB0OA. A) chepuyecKas TuH3a, 06) YUIUHOPUYECKAsl TUH3A.

Ha pucynke 1.11 npuBeneHbl pe3yabTaThl 3KCIEPUMEHTAIBHOTO UCCIEIOBAHUS
CEHCOPHOI'0 OTKJIMKAa MHOTOCIOMHOrO OMOIMOJIMMEPHOrO TMOKPBITHS C BHEIPEHHBIM
uaaukatopoM bBTC Ha mnpucyTcTBHE pa3iuYHBIX KOHIICHTpaluid aMMHaka B
OKpyXaromen cpeae. B JTaHHOM DKCIEPUMEHTE MaKCUMallbHAs —I[0JaBacMast
KOHIIEHTpalusi aMmuaka cocrasisia 300 ppm, 4To COOTBETCTBYET MHpUMEPHO 12

MakcuMalibHbIM pa3oBbiM [TJIK (mpenenbHo nomyctumasi KoHueHTparws) [226].
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N3 nanHbIX, mpeacTaBieHHbIX Ha pucyHke 1.11 BuaHO, YTO ONTHYECKHUI
OTKJIMK MPOTOPIIMOHAJICH KOHIICHTPAIMH 110/IaBaeMOro aHainuTa. BeauunHa oTkinka
OTpeIeNAeTCS KOJUYSCTBOM LIEHTPOB COPOITMU M XOPOIIIO COOTHOCUTCS C JIaHHBIMH,
npeCcTaBIeHHBIMU Ha pucyHKe 1.80. IlonydeHHbIE JaHHBIE TTO3BOJISIOT ONMPEACIUTh
YyBCTBUTEJIILHOCTh CEHCOPA, & TAKXKE €ro JUHAMHUYECKUE XapaKTePUCTUKU — BPEMs

Cpa6aTLIBaHHH H BPpCMs BOCCTAHOBJICHUA.

. 0.ce. 1 Pumx) O.C.
1
0,95 4
0,95 125 ppm 50 ppm 50 ppm
75 75 ppm
0,9 4 PP 150 ppm 099 | 25 ppm PP 150 ppm
0,85 . el 0,85 4 10 ppm 300 ppm
LG t, C.
0,8 —— | . : : 7
0 250 500 750 1000 1250 0 500 1000 1500 2000
a) 0)
5 (OB, P_, o.e.
1 BbIX 1 -
0,95 4
0,9 - 0.25 ppm
0,85 0.5 ppm
0,8 A
0,75 o
- 75 ppm | | l I t G 04 75 ppm , . . . t, C.
0 750 1500 2250 3000 0 750 1500 2250 3000
B) r)

Pucynox  1.11. Onmuueckuii OMKIUK  MHO20CIOUHO20  NOKPHIMUA  C
unouxamopom BTC npu 6o30eticmeuu napos amMmuaxa pa3iudHulx KOHYeHmpayuii.: a)

4 bucnos, 6) 6 bucnoes, 8) 8 bucnoes, 2) 12 bucnoes.
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HOpOFOBa}I 9YBCTBUTCIILHOCTD CCHCOpa JJIs1 aMMHaKa Pa3INYIHbIX

KOHIICHTpAIM pacCUUThIBAIACh 1o hopmylie

P,—P
S(Cyy,) =10lg ——=, (1.5)
’ R
raie Py — 3HaueHWe BBIXOMHOM MOIIHOCTH IO BO3JECHCTBUSA aMMHaka, a Ps —

MHWHHMAJIBHOC 3HAYCHHUC BBIXOI[HOﬁ MOHOIHOCTHU IIPpH BO3I[€ﬁCTBHH aMMMaKa, CNH3 —

KOHIICHTpAIUs aMMHAaKa.

[IpoBeneHHbIE HCCIEAOBAHMS  IMOKA3bIBAKOT, YTO CEHCOPHBIM  OTKIIMK
MOKPBITUIA, COCTOSIIIUX U3 4 U 6 OUCIIOEB XUTO3aH/KapparvHaH CYIIECTBEHHO XYK€,
YyeM ISl TOKPBITUM, cocTosimmx W3 8 W 12 OucioeB XWTo3aH / KapparvHaH.
OKCNEPUMEHTAIBHO  TIOJYYEHHBIC  3HAYEHUS  YYBCTBUTEJIBHOCTA  TMOKPBITUH

cocrosnux u3 8 u 12 6ucinoes npuBeeHbl Ha pucynke 1.12.

10 <5, 0B
1
0,1
0,01
0,001 + T T T "
0,01 0,1 1 10 100

Cnna: PPM

Pucynox 1.12. [lopoecosas uyscmeumenbHOCmMb MHO2OCAOUHBIX NOKPLIMUL  C

unouxamopom BTC: 1 — 8 bucnoes, 2 — 12 dbucnoes.

B mpoBeneHHBIX OSKCIEPUMEHTaX YpPOBEHb IIIYMOB COCTABISUI TOPSIKA
0,010,002 b, oTHOCHTEIbHAS MOTPENIHOCTh U3MEPEHHI He mpeBbiinana 3% [227].

DKCNEPUMEHTANBHO JOCTUTHYTHIA MHUHMMAJIbHBIA TIpenesl OOHapy:KeHHs aMMHuaKa
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OB MOJYYEH ISl TOKPBITUS, COCTOAIIEro M3 12 OHCIIOeB XUTO3aH/KapparuHaH, U
coctasmn 0,09 ppm, uto cooterctByer 3,21-107° ITJIK [228]. IMomyuenusiii npeaen
oOHapy>KeHUsI aMMHaka, Kak MHUHUMYM B 2,5 pa3a BbIllle, 4eM ISl CEHCOPOB
aHamornyHou KoHCTpykiuu [123, 130], yTo XOpOIIO COOTHOCHTCS C pe3yjbTaTaMu
YUCJICHHBIX PACYETOB, NIPECTABICHHBIX Ha pUCYHKE 1.5.

Bpemst cpabGarbiBanusi ceHcopa ompenensuiock 1o  ypoBHio 0,9 ot
MUHUMAJIBHOTO 3HAYEHUS ONTHYECKOTO OTKJIMKAa M He mpeBbmano 20 CexyH..
KputeprueM BOCCTaHOBJIEHHS CEHCOpA CIYKWJ BO3BPAT BBIXOJHONH MOLIHOCTH K
nepBOHAaYaJIbHOMY YpoBHIO. M3 mpezacraBieHHbIX Ha pucyHke 1.13 3aBucumocTeit
BpEMEHH BHUIHO, YTO BpEMsS BOCCTAHOBJICHHS TMPSAMO  TPOMOPIIMOHATHHO

KOHIOCHTpPAMHU I10OAaBACMOTI'O aHAJINTA.

1000

100

10

1

0,01 0,1 1 10 100
Cynz PPM

Pucynox 1.13. Bpems 6occmaHnosneHusi MHO2OCIOUHBIX NOKPBLIMULL ¢ UHOUKAMOPOM
BTC npu nanycke ammuaka paznuunvix xoHyewmpayuti (I — 8 oucnoes, 2 — 12

oucnoes).

Kpome Toro, Bpemsi BOCCTaHOBIJIEHUS Ompenaenserca eme AByMs (akTopamu:
BpeMeHeM Tudy3un MOJIEKYJ aHAIUTa U BPEMEHEM MOJHOM MPOAYBKH Kamepbl 10
YAQICHUS MOJIEKYJI aHAJINWTA. B HammMx 3KCIEpUMEHTax BpPEMs IMOJHOW IPOIYBKH

KaMepbl coctaBisuio nopsnaka 180 cekyna. B 3Toil cBsi3u, aHaIW3 JTaHHBIX,



51

pHUBEICHHBIX Ha prcyHKe 1.13, mo3BosIseT caenaTh BEIBOJ, YTO MPH KOHIICHTPAIIHIX
aHanuTta 10 ~20 ppM BIUsSHUE MATPHUIBI Ha BpeMs AUPPY3UH MOJEKYNT aHaIWTa
OKa3bIBACTCS HE CYIECTBEHHBIM.

[IpencraBnennsie Ha pucyHkax 1.12 m 1.13 maHHBIE XOPOIIO COOTHOCSTCS C
pe3yiapTaTaMi HUCCIIEJOBAaHUM CEHCOPOB aHAJOTHYHON KOHCTPYKIUHU (HMHIUKATOP
OpOMTHMOJIOBBIN CHUHHI, BHEAPEHHBIM B MOJMMEPHYIO MATpHILy), OIHCAHHBIX,
Hanpumep B [123, 130]. CpaBHEHHE CEHCOPHBIX XapAaKTEPUCTUK HCCIIEAOBAHHBIX

OHMOIOIMMEPHBIX MOKPBHITHI € CYIIECTBYIOIIMMH aHAJIOraMy MPHUBEACHO B TAOJIUILIE

1.2.

Tabnuya 1.2. CemncopHvle Xapakxmepucmuku paziuyHblX MUNo08 MNOKPLIMUll ¢

eHeOpennbiM pH-unouxamopom.

CeHcopHbIE XapaKTEPUCTUKU
tBOCT) MHH
Tun uyBcTBUTENBHOTO cost | [Ipenen oOHapyKeHUs,
too, MuH | (mpu Cyps=20
pPpm
ppm)
30J1b-T€JIb TIJIEHKA Ha
MOBEPXHOCTH ONTUYECKOIO 10 20 40
BOJIOKHA [123]
[IMMA nneHka Ha
MIOBEPXHOCTH IIJIaHAPHOTO 0.25 60 180
BostHOBOJa [130]
bucnon xuro3an/kapparuHaH
Ha TTOBEPXHOCTH TUIAHAPHOTO 0.09 0.3 5
BOJIHOBO/1a [189]

[Tockonbky B paboTax, nMpeacTaBiIeHHBIX B Ta0aule 1.2, ucrnoyb3yeTcs OJIUH U
ToT xe Tun uHaukatopa (bTC), aHanmM3 JaHHBIX MO3BOJSET CHEIaTh BBIBOJ O
BIIMSSHUU HCIOJIb3YEMON MAaTPHUIlbl UYYBCTBUTEIBHOTO CJIOSI HAa JHUHAMUYECKUE

XapaKTEPUCTUKH HM3MEPUTEIIBHOM CHUCTEMBI. Tak, JOJNTroe BpeMs BOCCTAHOBJICHUS
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(mopsinka 40 MHMH.) CeHcOpa C 30Jb-Te€Jlb YYBCTBUTEIBHBIM clioeM [123] cBs3aHO C
MOBBIIICHHOW KUCJIOTHOCTBIO TMOJNy4aeMbIX HaHouacTull SiO, wu3-3a HaTU4US
cB0OOoHBIX OH-rpynm npu aToMax KpeMHUS, YACP>KUBAIOIINX OOJIbIIee KOJIUYECTBO
amMmuaka. [IpucyrcTBue M30BITOYHO COPOMPOBAHHOTO THMAPOKCUILHBIMU TpyIHIaMu
CEHCOPHOTO CJIO] aMMHaKa YBEJIMYMBAECT BpeMs pa3pylleHUs KOMILIEKCa
uHAuKaTop/Kpacutenb. B ciayuyae ucnons3zoBanus [IMMA [130] BoccTaHoBieHHe
CEHCOPHBIX XapaKTEPUCTUK MPOUCXOAUT B TeueHUHU 180 MUH, UTO CBA3AHO C HU3KOU
MOPUCTOCTHIO MaTepuaja CEHCOPHOTO CJIOSI M MPHUBOJUT K OOJBIIOMY BPEMEHHU
mup¢y3un  Npu  BOCCTaHOBJIEHMM. Mcmonb3yemas  HamMM ~ MHOTOCJIOWHas
ToJIMcaxapyuIHas MaTPHIIA JUIICHA JaHHBIX HepocTaTkoB [229, 230].

B Hacrosmiee BpeMs BOIPOC O BIUSHUMA OTHOCUTEIBHOW BIAXXHOCTH Ha
YYBCTBUTEJIBHOCTh  BOJIHOBOJHBIX  KOJOPUMETPUYECKHUX  CEHCOPOB  OCTaeTcCs
OoTKpBITEIM [123, 126, 130, 231]. [Ipu 3TOM aBTOpaMH OTMEYAETCS CYIIECTBEHHOE
BIIUSIHUE OTHOCUTEIBHOM BJIQXKHOCTH HA YYBCTBUTEIBHOCTh M JWHAMUYECKHE
XapaKTEPUCTUKU CEHCOPOB, YYBCTBUTEIBHBIN CJIOH KOTOPBIX M3TOTOBJIEH HAa OCHOBE
KPEMHU-OPTaHUYECKUX MOJMMEPOB MM C NMPUMEHEHHEM 30JIb-T€lb TEXHOJIOTHU
[123]. B 10 %€ BpeMsi, CEHCOPBI C UyBCTBUTEIBHBIM CJIOEM Ha OCHOBE CHHTETHUCCKUX
nonumepoB [130], manpumep, [IMMA, He moIBEpKEHBI BIMSHUIO OTHOCHTEIHHOU
BJIAYKHOCTH.

JUist  ydera BIMSHUA OTHOCUTEIBHOM BIAXHOCTH OblIa HCCIIEJOBaHA
3aBUCUMOCTb ONTHYECKOTO OTKJIMKA MHOTOCIOWHBIX OMOMOJMMEPHBIX MOKPHITUH OT
YPOBHSI OTHOCHUTEJBHOM BIIAXXHOCTH. B JTaHHOM 3KCIEPUMEHTE IMPOJYBKA CEHCOPA
OCYUIECTBJISUIACH ~ YHMCTBIM  BO3AYXOM, OapboTupyembiM  uepe3 1 auTp
JUCTUWITMPOBAHHOM BOAbl. KpuTepuem AOCTHXKEHUS MAKCUMAJIBHOTO YPOBHS
OTHOCUTEIBHOM BIAXKHOCTH B KaMEPE CIIYXKUJIO MPEKPALLEHNE H3MEHEHUS BBIXOAHON
MOIIHOCTU u3ny4yeHus. [locie 3Toro AJjig uccienoBaHusi XEMOCEHCOPHOTO OTKJIMKA B
JUCTWUIMPOBaHHYIO0 BoAy aobOasisuioch 0,4-0,6 mi (B 3aBUCUMOCTH OT TpeOyeMoit
KOHIICHTpaIuHu aHanuTa) 24% BOAHOTO pacTBopa aMMuaka [232].

[Tocne nocTwKeHHUs] MaKCUMaJIbHOTO 3HAYEHHS] OTHOCHTENIbHOM BIIAXKHOCTU B

KaMepe ObLIH IMPOBCACHBI IMOCIACAOBATCIIbHBIC HAITYCKHU PA3JIMYHBIX KOHHGHTpaHI/Iﬁ
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aMMHaKa, C cyMMapHoHi KoHueHTpanueit 13 ppm. IlocnenoBarenbHOCTh HAyCKOB €
yKa3aHUEM IIO0JIaBa€MOM KOHIIEHTpaluu mpuBeneHa Ha pucyHke 1.14. Crout
OTMETUTh, UTO MOCJIE KaKJOTO HAIlyCKa CUCTEMA HE MIPOyBAJIaCh YHCTHIM BO3AYXOM,
IpoAyBKa MPOBOAMIACH TOJBKO Ha 3aKIIOUUTEIBHOM 3Talle HUCCIENOBaHUs, KOIjaa
KOHLIEHTpalusi aMMHuaka B KaMepe Haxoawiack Ha ypoBHe 13 ppm. Beibop
[I0JIaBAEMbIX ~ KOHLEHTpalUui amMMmuaka OblI  OOYCJIOBJIEH HEOOXOIMMOCTBIO
CPAaBHEHUSI CEHCOPHBIX XapaKTEPUCTUK MPHU BBICOKMX 3HAYEHUAX OTHOCHTEIILHON
BJQXHOCTH C AHAJIOTMYHBIMU JAHHBIMH, IIOJyYCHHBIMH paHee IMpU YpPOBHE
OTHOCUTENbHOU BiaxxHOCTH 30%. Kpome TOro, uepenoBaHue HaIlyCKOB aMMHaKa C
KOHLIEHTpaued 1 ppm u 5 ppMm Ho3BOJISIET OLEHUThH MOTPEUIHOCTh MPOBOIUMBIX
u3MepeHnid. HyieBas TOUka COOTBETCTBYET 3HAYEHHUIO BBIXOJHON MOIIHOCTH IPH

YPOBHE OTHOCUTENBHOM BiIaxHOCTH 90%.

0,2 - P@bzx' ob

0 -
0,2 -
-0,4
-0,6
0,8 -

-1 -
-1,2

npooysKa

1 ppm
5 ppm tc

0 1000 2000 3000
Pucynox 1.14. Cencopuvliii omxiux OUONOIUMEPHBIX NOKPLIMUL 8 YCI08USIX

nogvlueHHoU éinadxchocmu(12 bucnoes).

[Ipu cpaBHEHUHU BEIWYHMH CEHCOPHOI'O OTKJIMKA ISl 3HAYEHUH OTHOCHUTEIIBHOM
BrnaxxHoctu paBHbIX 30% u 90% (pucynok 1.15) MOXkHO caenaTb BBIBOJ O
HE3HAUYUTEJBHOM BIIMSIHUM JTAHHOTO TlapaMeTpa Ha CEHCOPHBIC XapaKTEPUCTUKHU
WCCJIETIOBAHHBIX 00pa3ioB. Tak, A 5 ppm aMMuaka, mpu MOBBIIICHHON BJIIaKHOCTH,
BeanuuHa oTKiMKa cocraBiseT 0,265+0,015 nb. AnanorumyHas BeauuMHa OTKJIMKA

npu BiaaxHoctu 30% cocraBiser 0,2516+0,018 n1b. B ciygae 1 ppm ammuaka npu
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MOBBIIIICHHOM BJIQKHOCTH ONTHYEeCKHH OTKIMK cocTtaBisieT 0,136+£0,024 nb, nns

YPOBHS OTHOCHUTENbHOM BiiaxkHocTH 30% - 0,142+0,013 nb [233].

14, S.0B
1,2 -

]
0,8 -

0.6 - BOB=30%
' ® 0B=90%
04 -
0,2 -
O | | | 1
0 5 10 15 20

Cuhs PPM

Pucynok 1.15 3asucumocms nopo2osoil wyscmaumenbHoCmu OUONOIUMEPHO20
NOKpbIMUsi Om YPOBHA OMHOCUMENbHOU 6aadxcHocmuy. Tomyuna noxpvimus 12

oucnoes.

Takum 00pa3oM, OTKIOHEHHUS ONTHUYECKOIO OTKJIMKA MPH HU3KOM M BBICOKOM
3HAYEHUAX OTHOCUTEIBHOM BIIAXKHOCTH MO IOPSAKY BEJIWYMHBI CXOXH C
OTHOCUTEIBHOM MOTPEIIHOCTHI0O U3MEPEHUH, B CBSI3M C YEM MOKHO MPEANOJIOXKUTD,
YTO BJIMSHHE OTHOCHUTEJIBHOM BIIAKHOCTH MOYKHO CUHTATh HECYIIECTBEHHBIM IS
CHUCTEM KOHTPOJS BO3AyXa MPOU3BOJICTBEHHOW 30HBI [87], omHako, i CHUCTEM
KOHTPOJISI BO3[yXa HACEJICHHBIX MECT M OHOMEIMIMHCKMX u3MepeHuit [88]
HEOO0XO0MMO KOHTPOJIMPOBATh TaHHBIN MapameTp.

Jlist ompezneneHus BOZBMOXHOCTH TaK Ha3bIBAEMOTO «OTPaBJICHUS» CEHcopa
[101] BBICOKMMH KOHIICHTpAIMSMHU aHAIWTa ObUIA TPOBEJCHA OICHKA, PE3yJIbTaThl
KOTOpOW mpuBeneHbl Ha pucyHke 1.16. B 3ToM skcnepuMeHTe KOHLEHTpauus
aHAJIUTa B U3MEPUTENIbHOM Kamepe coctasiasiia 1500 ppm u  coxpassiiachk

MMOCTOSIHHOM B T€UEHUE BCETO OKCIICPUMCHTA.
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Pucynox 1.16. Cmabunvnocms ceHCOpHbIX XApAKmMepucmux OUonoIuUMepHo2o

NOKPbIMUSL NPU HANYCKE CBEPXBbICOKUX KOHYeHmpayuil ammuara (12 oucnoes, 1500

ppm).

[IpoBeneHHBICE HAMU HCCIIEIOBAHUS CTAOMIBHOCTH CEHCOPHBIX XapaKTEPUCTUK
MHOTOCJIOMHOTO TIOKPBITHS TIOKa3ajdd, YTO OHO HE IOJABEPKEHO OTPABICHUIO
CBEPXBBICOKMMH KOHIIEHTpAI[USIMA aHAJIUTa, KaKk MUHUMYM B TedeHHe 16 4dacoB
HETPEPHIBHOTO BO3JCHCTBUS M COXpAHSCT CBOM XapaKTEPUCTUKU KaK MHUHUMYM B
TEUCHUE TPEX MECAIEB IMPH W3MEHCHHSIX YPOBHS OTHOCHUTEIBHOW BIIAXXHOCTH C
OJTHOBPEMEHHBIM BO3/ICHCTBHMEM aHAIUTa C KOHIIEHTpauusmu 10 150 ppm.

Tak kak MoTeHIMaTbHAs 00JACTh NMPUMEHEHHUs pa3pabaThIBAEMbIX CEHCOPOB
aMMUaka BechbMa OOIIMpHA, HAUYWHAsg OT KOHTPOJS BO3AyXa MPOU3BOJACTBEHHBIX
MOMEIICHUN XUMUYECKUX MPEANPUITUM, Te TpeOyeTcss HeMPEePhIBHBIM MOHUTOPUHT
CPaBHUTEIHHO BBICOKMX KOHIICHTpAIlMid aMMHaKa, W 3aKaH4YuBas TIPOBEICHUEM
pa3sIUYHOTO poJa MEIAUIMHCKUX  HCCIECNOBAHWN, HANpUMep, OIpeAcsICHHue
KOHIICHTpPAIlMd aMMHaKa B BBIJBIXa€MOM ITAIIMCHTOM BO3AyXe, HEOOXOIMMO
MIPOBE/ICHUE MCCIICIOBAaHUH CEIICKTUBHOCTH YYBCTBUTEIIHBHOTO CJIOS TTO OTHOIICHHIO K
aHAJINTY B CPAaBHCHHWH C JPYTHMH Tra3amMu. B kadecTBe Takux ra3oB ObUIA BHIOpAHBI
IPHOPHUTETHBIC 3arps3HUTEIN aTtMocdepHoro Bosayxa (amokcun cepol (SO,),
moHookcun — yraepoma  (CO)),  mo3BOJAIONIME ~ CBIMUTHPOBATH  BO3AYX

IMPOU3BOACTBCHHBIX HOM@H_IeHI/II‘/’I, M TIapbl OPraHU4YCCKOro paCTBOPHUTCIIA allCTOHA
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(CsHgO), koTopble MOryT coAepaTbCs B BO3JAyXe, BbIJBIXaeMbIM, HAIpUMED,
OONMBHBIM caxapHbIM nuabeToMm. JlJis CpaBHEHHUS! CENEKTHBHOCTH YYBCTBUTEIBHOTO
CIIOSl 10 OTHOIICHHWIO K aHAIWTY OBUTH BBIOPAHBI CBEPXBBHICOKHE KOHIIEHTPAIIUU
yKa3aHHbBIX ra3oB (rmopsaka 1000 ppm) u 0,5 TIJIK ammuaka (10 ppm). [ToxyueHHsie

HaMH 3aBHCUMOCTH MPUBEICHBI HA pucyHke 1.17 [234].

]:]0 - Ba-!x’ 0. e.

P, 0B
1,05 - NH, 0.6 ’ NH,
ﬂ -
1,00 - 0.3
0.4 -
0.95 - :
0.3 -
0,90 - 0 o
co 024 so,
0.85 -
e 0.1 A
0.50 . . e o, J
0 300 600 900 0,0 - . : :
a) 0)

Pucynox 1.17. CenexmusHocms 4y8cmeumenvHo20 Cios Nno OMHOWLEHUIO K

ananumy (konyenmpayusi ammuaxka — 10 ppm, xonyenmpayus ocmanvhvix 2azos —
3

1000 ppm (=2 2/m”)): a) KuHemuueckue xapaxmepucmuku, 6) cpasHeHue 8eIUUUHbI

OMKIUKA.

[lonmy4yeHHBplE JaHHBIE JIEMOHCTPUPYIOT BO3MOXHOCTB peructpamuu 0.5
MakcuMasibHOW paszoBoi IIJIK ammmaka, B NOpPUCYTCTBMM ITOCTOPOHHMX TIa30B

CYILLECTBEHHO OOJIbIINX KOHIIEHTPALUU.
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1.3 BeiBoablI K ri1aBe 1

B nmanHOW rnaBe BHEpPBBIE SKCHEPUMEHTAIBHO JOKa3aHa BO3MOXXHOCTh
WCIIOJIb30BAHUSI ~ MHOTOCJIOMHOTO  OHMOIOJMMEPHOTO  TOKPBITUS HAa  OCHOBE
MOJINCAXapUIOB XUTO3aHA M A-KappariHaHa ¢ BHEJIPEHHBbIM HHIUKATOPOM
OpOMTUMOJIOBBI CHUHMI B KauyeCTBE YYBCTBUTEIBHOTO 3JIEMEHTAa HWHTErpajbHO-
ONTUYECKUX CEHCOPOB Il PETHCTPALMH NApOB aMMMAaKa B OKPYXKAIOUIEW Cpene.

Y CTaHOBIJIEHO, YTO ITOPOTOBAasi 4YyBCTBUTEIBHOCTh CEHCOPHOTO CJIOSI 3aBUCUT OT
KOJIMYECTBA COpPOMPOBAHHOTO WM MHJUKATOpa M  ONPEAENseTcs TOJNIIUHON
MHOTOCJIOMHOT'O OMOMOIUMEPHOTO MOKPBITHS.

YcraHoBneHo, uTto 12 OHCIOWHOE MOKPBITHE O0ECHEeUMBAET MAKCUMAIIbHYIO
qyBCTBUTEJIBHOCTh ONTHYECKOTO XMMHUYECKOTO CeHcopa, cocTtasistomryro 0,09 ppm
aMMMakKa, 4To COOTBETCTBYeT 3,57 107 ITJIK.

YCTaHOBIIEHO, YTO MCIIOJIB30BaHME LWJIMHAPUYECKOW JIMH3BI [JI1 BBOJAA
W3JIy4Y€HUsT B BOJHOBOAHYIO CTPYKTYpPY HO3BOJSET NPENOTBPATUTH JETPATALUIO
WHJVAKATOpAa TPHU JJIUTEIBHOM BO3JECUCTBUM JIA3€PHOTO H3IYYEHHS U TOBBICUTH
YyBCTBUTEJILHOCTb U HAJEKHOCTb U3MEPUTEIILHON CUCTEMBI.

DKCIEPUMEHTANBHO YCTAHOBJIEHO, YTO NPH HUCIIOJIb30BAHUM MHOTOCIOWHOM
CTPYKTYpPbl IS CO3JaHUS CEHCOPOB KOHTPOJIA BO3AyXa IIPOU3BOJCTBEHHBIX
NOMEIICHU  MOXKHO  INpeHeOpeub  BIMSHUEM  OTHOCHTEIBbHOM  BIAXHOCTH
OKPYKaIOIIEN CPEIbI.

OKCHNEPUMEHTAIBHO JI0Ka3aHO, 4YTO ONTHUYECKUH OTKIUK MHOTOCIOMHOM
CEHCOPHOM CTPYKTypbl Ha mpucyrctBue 10 ppm ammuaka B 2,5-3 pasa BblllIe, YeM
ontudeckuii oTkimk Ha 1000 ppm avokcuaa cepbl, MOHOOKCHAA YyIiepoja H
aleToHa.

PCBYJ'IBTaTBI, NpEaACTaBJICHHBIC B JIaHHOﬁ ri1aBC OHy6J'II/IKOBaHBI B CJICAYIOIHX

NeYaTHBIX u3gaHusax [212, 218-223, 226-230, 232-234].
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I'naBa 2. BoiHOBOHBIE XUTO3aHOBbIE IJIEHKH B KaYeCTBe CEHCOpOB
OTHOCHTEJLHOM BJIA’KHOCTH U 0COOEHHOCTH B3aUMOJeHCTBHS ¢ HUMH

HENpepPbIBHOIO JIA3€PHOI0 U3JTyYeHHs

B rmaBe 1 Obpulo mokazaHO, 9TO (OPMHpPOBAHHE YYBCTBHUTEIHHOTO CJOS
ONTUYECKOTO BOJHOBOJHOTO CEHCOpA U3 MaTepHaia, B KOTOPOM Nc>Ng o0ecreunBaet
JOCTHXKEHHE OOJIBIIEH TyBCTBUTEIILHOCTH, IO CPaBHEHUIO CO ciiydaeM Nc<Ng. B aToi
CBSI3M, MAaKCUMAJIbHO BO3MOKHOE YBEITMUCHUE TYBCTBUTEIILHOCTH OYIET JOCTUTATHCS
B Clydae, KOTJa BCS JHEPTUs HANpaBlsieMOT0 BOJHOBOAOM U3Iy4YeHHUs Oynaer
B3aMMOJICHCTBOBAaTh C YYBCTBUTEIbHBIM cjoeM. B pabGote [230] Hamm ObL1O
MOKa3aHo, 4yTo (popMHpOBaHNE HA MOBEPXHOCTH BOJIHOBOJA CEHCOPHOTO y4acTKa U3
JTUOKCUJAa TUTaHa ¢ N, — N = An = —0,5, npu BBINOJIHEHUU psJa YCIOBHIMA
oOecrieynBaeT CYIIECTBEHHOE YBEJIMYECHHUE YYBCTBUTEIBHOCTU. AJIBTEPHATUBON
ATOMY TIOJIXOZY, IO BCEH BUIAMMOCTH, MOXKET SIBIIATHCS (POPMUPOBAHHE BOJTHOBOJA
HEIMOCPEJICTBEHHO U3 MaTepHalia, U3MEHSIONIET0 CBOM ONTUYECKUE XapaKTEPUCTUKU
B TPHCYTCTBHHM aHaiauTa. [IpoBeACHHBIM aHAIM3 CYIIECTBYIONIUX MAaTEepHasoOB,
o0JaaronMX JaHHBIM CBOMCTBOM, TIOKa3aJl TEPCIIEKTUBHOCTh HCIIOIh30BaHUC
MoJIucaxapyuia XWTO3aHa JJIsi pEeHIeHUs JaHHOW 3a]adyd, TOCKOJIbKY XHTO3aH
o0jlajaeT  XOPOLIMMHM  TUICHKOOOpA3yloIUMH  CBOWMCTBaMHU, ONTUYECKON
MPO3PAYHOCTHIO U XOPOIIEH COPOIMOHHON CITIOCOOHOCTHIO MO OTHOIICHUIO K Mapam
BOJBI, XapaKTEePHU3YIOMIEHCS 3aBUCHUMOCTBIO, KaK OT XHMHUYECKHX OCOOCHHOCTEH
MPUMEHSEMOTO ToJMcaxapuaa, TaKk W OT HWOHHOH (OopMBI (HATWIHUE MOJICKYI
KUCIIOTHI) TuleHKU. K HacTosimeMy BpeMeHH, COPOIMOHHBIE XapaKTePUCTUKU
XUTO3aHa JOCTATOYHO XOPOIIO W3YYCHBI, OJHAKO HCCICIOBAHHUS ONTHYCCKUX H, B
MEPBYI0 OYepeilb, BOJHOBOJHBIX XAPAKTEPUCTUK MPAKTHUYECKU HE TPOBOIMIHCH.
COBOKYITHOCTh yKa3aHHBIX XapaKTEPUCTHUK OOYCIIOBHJIA KCIOJIH30BAHME XUTO3aHA
JUIS  CO3/IaHUs CEHCOPHOTO DJJIEMEHTa, B KOTOPOM (YHKIIMM BOJIHOBOJA U
YyBCTBUTEIHHOTO CJIOS OOBEIMHEHBI B OJHOW MIIEHKH. B kadecTBe aHanuta ObLia

BbIOpaHa OTHOCHUTENIbHAS BIAYKHOCTh OKPYXKAIOIIECH CpeJIbl.
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2.1 Metoanka noJjy4yeHusi TOHKMX XUTO3aHOBBIX IJIEHOK U Pe3yJibTAThI
HCCIIe0BAHUS 0COOCHHOCTEH MX B3aMMO/IEeiCTBHUSA C JIa3ePHBIM U3JIyYeHHEeM MpPH

YPOBHE OTHOCUTEJIbHOM BiaakHOCTH 30%.

JUiss  co3maHWsl TOHKMX IUIGHOK Ha  JAMDJIEKTPUYECKHX  MOJIOKKAX
UCIIOJB30Basics XxuTo3aH npousBojactBa OAO “buonporpecc” (MojekymsipHas mMacca
500 k/la, crenenr pgeanutwinpoBanus 80,5%), KOTOpBIA Il  TMOJMY4YEHUS
HeoOxoaumon KoHieHTpanuu (1-5%) pacTBopsuics B pacTBOpe YKCYCHOH (arerar)
WIH JJAMOHHOM (ITUTpaT) KUCIOTHI Tpy MoJibHOM cootHomeHnu -NH,/-COOH (1:2).
PacTBop nepemMeninBaics B TeU€HUE 3 4aCOB, MOCJIE YETO BBIACPKUBAJICS B TEUCHHE
12 gacoB mpu Temmneparype 21 °C. Jins yAaJeHHUs] PAaCTBOPEHHBIX T'a30B PAaCTBOP
BaKyyMUpOBaJIcsi U oOpabaThiBaJics B yJIbTPa3BYKOBOM OaHe B pexuMe
nerazupoBanus. Ilepen  monmydeHMeM — IUIGHOK, PacTBOpP  IOCJIENOBATEIbHO
¢dunbpTpoBalicA yepe3 MeMOpaHHble PUIBTPBI ¢ TuameTpom nop 1,2 um, 0,8 um u 0,45
um [235].

[Toasi0KKM W3 HATPUKU-CUIIMKATHOTIO CTEKJIA WK (PTOpUAA MarHus IUIOUIaJbIo
50x10mm u TommmHOM h=2 MM mpeaBapuTeNbHO O00padATHIBAINCH PACTBOPOM
NH,OH/H,0,/H,0O (1:1:1) B ynpTpa3ByKOBOH OaHe B TEUEHHE JBYX 4YacoB,
MPOMBIBAINCH TUCTHUTMPOBAHHOW BOJOW M BBICYIIMBAIUCH B CYIIMIBHOM IIKady
npu temneparype 100°C B teuenue 12 yacoB. J{ns HaHECEHUS TJIICHOK OJTHOPOIHOM
TOJILLIMHBI HMCIOJIb30BAJICA METOJ UEHTPU(PYTUpPOBaHUS C MOMOUIBIO CIMH-KOATepa
(Laurell  WS-400B-6NPP-LITE, CIIIA). PactBop monmMepa paBHOMEPHO
pacnpenensiics Mo TOJJIOXKKE, BpalllaBIeicss mpu yriioBbix ckopoctax 500-4000
00./MHH. (B 3aBUCUMOCTH OT TpeOyeMOl TOJIIIMHBI IJICHKH) B TEYECHUE JIBYX MHUHYT.
3aBUCUMOCTH TOJIIMHBI TJICHKA OT YTJIOBOW CKOPOCTH TOJJIONKKH JJIS arerara u

[UTpaTa XUTO3aHa MPUBECHBI Ha pUCYHKe 2.1.
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Pucynoxk 2.1. 3asucumocms moawurvl nieHKu om y2io80i cKOpoCmu HOOJIOHCKU.

Jist monyueHus uH(OpMAlMM O TOJIIMHE IUIGHOK W Mopdojoruu ux
MIOBEPXHOCTH MCIOJIB30BAJICS aTOMHO-CHIIOBOM MHUKpockon (upmbel Nano-DST (PNI,
CIIA) ¢ 3oumamu SICON (Si, n-type). MakcumaibHas 00JacTh CKaHHUPOBAHHS
coctaBisuia - 90x90x13 mxm (£ 10%) , MuHUMAaNbHBIN mar ckanupoBanus - 0,004
oM. Ha pucynke 2.2 mpuBenenbsl ACM-u3o0pakeHHs TUIGHOK aleraTa ¥ LUTpara
XUTO3aHa, TOJYYEHHBIX MpPU CKOPOCTH BpamieHus mnoanoxku 3000 06./muH, Ha

MOJIJIOKKE U3 (pPTOpHIa MarHus.

Pucynox 2.2. ACM-uzobpasicenuss nogepxnocmu uccie008aHHbIX NIEHOK, NIOWAOb
CKAHUpPOBanus 2x2 MKM: a) ayemam Xumo3aua, 0) yumpam Xumo3aud.
CpenHekBaipaTUYHOE  OTKJIOHEHHME ULIEPOXOBATOCTH  IMOBEPXHOCTHU

IJIEHKU alreTrata xuro3aHa coctaBuio 0,5129 HM, a mieHKM UMTpaTta XUTO3aHA —

1.8816 awm.
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OKCINEPUMEHTAIBHO  YCTAHOBJIEHO,  YTO  HCIOJb3yeMas  METOJIMKaA
HEeHTPU(YTUPOBAHUSI TPU YIJIOBBIX CKOPOCTSX CBbImE 500 00./MuH. TO3BOJSIET
[0JIy4yaTh POBHBIE MOKPBITHS HEOOXOAMMOM TONIIUHBI (10 TPEX MHUKPOMETPOB).
VYMeHbIIeHHE YTI0BOM CKOPOCTH MNOUIOKKU Hike 500 00./MUH. NpPUBOIUT K
HEPaBHOMEPHOCTU  TOJIIMHBI IUJIEHKA W TMOBBIIIEHUIO LIEPOXOBATOCTH  UX
IIOBEPXHOCTH.

Jliist iepeBoa MIICHOK B HEUTpambHYIO GopMy (YIaTICHHE MOJICKYJ KHCIOTHI),
NOKPBITUS BbIAEp)KUBAHCH 10 MUHYT B 3% pacTBope amMMuaka M MNPOMBIBAIKCH
MPOTOYHOM JUCTWUIMPOBaHHOW Bojoi. Ilepexon B HedTpanbHyto (dopmy
CONPOBOXKJAJICA YMEHBIICHHEM TOJIUIMHBI MOKpbITHS HAa 10% B ciywae anerara
xuTo3aHa U Ha 60% B cilydae HUTpaTa XMTO3aHA, BBI3BAHHBIM YJAJICHUEM MOJIEKYII
KHCJIOTBI U3 IUICHKH.

JUtst mpoBeleHHsI UCCIENOBAHUM ONTHUYECKUX XAPAKTEPUCTUK XHUTO3aHOBBIX
IUICHOK OBLIO M3TOTOBJIEHO IO Tpu oOpa3ua Kaxaod (opmbl xurTo3aHa. [lnenku
HAaHOCWJIMCh METOJIOM LIEHTPU(PYTrUpOBaHMS MpU KojudyecTBe 000poToB 0=3000
00/MuH. B kauecTBe MaTepHaioB JyIsl MOJI0KKH ObUIH BHIOPaHbI HATPUII-CUIITMKATHOE
CTeKJI0 ¥ GpTopua MarHus. [104J10KKK U3 TaHHBIX MaTEPUaJIOB UMEIOT KJIACC YUCTOTHI

NOJIMPOBaHHON moBepxHOocTH - Pll; 00myro ommoOky ¢QopMbl MOBEPXHOCTH MAJIs
A=632.8 HM - %; NMpeeIbHYI0 KIMHOBHIHOCTh - <3. PasMepsl MOMIOKEK
950x10%x2+0.1mm.

[lomyueHHble CHEKTpajbHbIE XapaKTEPUCTHKU ONTUYECKOM TIUIOTHOCTH M

AUCIICPCUOHHBIC XaPAKTCPUCTUKH ITOKA3aTCIIA IMIPCIOMIICHUS NCCICAOBAHHBIX IIJICHOK

NpUBEACHBI Ha pUCYHKaX 2.3 U 2.4, COOTBETCTBEHHO.
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PMC_)/HOK 2.3. CneKmpaJZbele xapakmepucmuku onmu4eckozco nocjiouieHusd mOHKUX

NJIeHOK CcoJieeblx U HezZmpanbezx d)OpM Xumo3anda.

N3 nonydeHHBIX CHEKTPOB BUIHO, YTO HCCIEAYEMBIC IIJICHKA MMEIOT HU3KOE
MOTJIONIEHWE B BHAMMOM JIMAMa30HE IMH BOJH. OCHWIISUUA B MOJTYYEHHOM
CIIEKTpE BbI3BaHbl UHTEp(dEpeHIeil cBeTa B TOHKOM IUIeHKe. Paznuuus B
MOJIOKEHUSX MAaKCUMYMOB U MHUHUMYMOB MHTEpPGEPEHIINH ISl MJICHOK Pa3IMYHbIX

dbopm xuTO3aHa O0YCIOBIEHBI UX PA3IUYHON TOJIITUHOM.

N © Ayemam n
1,57 - _; 16 -
B {umpam
156-& ) ) 155"0000000040000
1 55 " AHeumpaﬂbelu u3z ayemama 1’5 -

' © Heumpanvuoiii uz yumpama 1,45 1 0$Z£Zﬁ-cuﬂummrtoe
1’54 | 1’4 1% e &0 Omopuo macnus
1,53 A Y 1,35 A M =
1,52 T T T 1’3 ! ' '

350 550 750 950 350 550 750 950
A, HM Ay, HM
a) 0)

Pucynox 2.4. J{ucnepcuonuvie xapaxkmepucmuku nokaszamens npenomienus (a)

UCCIe008AHHBIX NIEHOK, (0) NOON0ICEK.
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[IpencraBienHble HA pUCYHKE 2.4 TaHHBIE MMO3BOJISIIOT PACCUMTATh U3MEHEHUE
¢h(HEKTUBHOTO TIOKA3aTelsi TPEJOMJICHHS BOJHOBOJHOW MOJIBI Kak (yHKIUA

TOJIIMHBI BOJIHOBOIHOM IieHKH [95, 217]:

I b Ib+a
VJl-b=mz+atan m+atan b (2.1)

nZ —n2
rae a= —5 5 - MEpa aCUMMETPUH CTPYKTYpE,
% —ng
ngff -n§
b = ﬁ - HOpMHpOBaHHBIﬁ ITIOKa3aTcCJIb HpeJIOMJIeHI/IH BOJIHOBO/14,
ne —n
f S

Ne — MOKa3aTesb MPEJIOMIICHHUS OKpYXKarolei cpebl (11 Bo3ayxa N=1),
Ng — MOKa3aTelb MPEIOMIICHUS MTOAJIOKKH,
N¢ — IOKa3aTelb MPEIOMIICHUS TIJICHKH.

Ha pucynkax 2.5 - 2.8 npuBeneHsl molydeHHbIE pacueTHbIC 3aBUCUMOCTH U
AKCTIIEpUMEHTaNIbHbIE 3HaYeHUs1 (0003HAaYeHbI TOUYKaMH) 3(PGEKTUBHOTO TMOKa3aTess
OpEJOMJIEHUS  BOJHOBOJA KakK  (YHKIMM  €ro  TOJIIMHBI Uil  IUJICHOK,

c(OpMHPOBAHHBIX HA MOAJIOKKE U3 HATPUN-CUIIMKATHOTO CTEKIIAa U (TOpUIA MArHUS.
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Pucynok 2.5. Pacuemmnvie 3aucumocmu (CniowHas IuHUs) U 5KCNEpUMEHMAalbHble
3HayeHus: (Mmouxu) 3pghekmuerno2o nokazamesi NPeloMIeHUsL 80JIHO800A HA OCHOBE
NJIEHOK CONeBOl U HelumpanbHOU GopMvl ayemama Xumo3ama Kaxk QYyHKYus e2o
MOWUHBL NPU UCNONb308AHUU 8 Kauecmaee NOOIONCKU pmopuda MazHus: a) conesas

¢opma, 6) Helimpanvuas gpopma.
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Pucynox 2.6. Pacuemnvle 3a8ucumocmu (CHIOWHAS TUHUSL) U IKCNEPUMEHMATbHbIE
3HaueHus (Mouku) sghghexmuernoco nokazamens nPeloMIeHUs: 80JHOB00A HA OCHOBE
NJIEHOK COJIeBOU U HEeUMPAIbHOU (QOpMbl Yumpama Xumo3ana Kax @QYHKYus e2o
MONWUHBL NPU UCNONB30BAHUU 8 KAYecmae NOON0NCKU Pmopuoa MasHus. a) coaesas

¢opma, 6) neiimpanvhas gpopma.
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Pucynox 2.7. Pacuemnvie 3a8ucumocmu (CniowHas IuHUs) U 9KCNEpUMEHMATbHbLE
3Hauenus (MouKu) 3¢ppekmusHo20 nokazamesi NPeiloMIeHUs 60IHOB00A HA OCHOBE
NJIEHOK CONe8OU U HeUmpaibHOU (HopMvl ayemama Xumo3ama Kax (OYHKYus ezo
MONUWUHBI NPU  UCNONL30BAHUU 8 KAyecmee MNOOJONCKU HAMPUL-CUTUKATNHOZ0

cmexna: a) conesas popma, 6) netimpanvHas gopma.
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Pucynox 2.8. Pacuemnvie 3a6ucumocmu (CniowHas 1uHUs) U 9KCNepUMeHmMaibHbule
3HaueHus (Mouku) s¢hhexkmusrnoco noxazamens NPeioMieHUs 80JH0800a HA OCHOBE
NJIEHOK CONeBol U HeumpanbHOU opMbl yumpama Xumo3aHa Kax QYHKYus e2o
MONWUHBL NPU  UCNOIL30BAHUU 8 Kayecmee NOOJONCKU HAMPUL-CUTUKAMHOZO

cmexna: a) conesas gpopma, 6) HetimpanvHas gopma.



68

AHalM3 3aBUCUMOCTEH, MPECTAaBICHHBIX Ha pUCYHKax 2.4 - 2.8 mo3BosseT
CIeNaTh BBIBOJ, YTO HCITOJIb30BAHWE B KA4YECTBE MOMJIOKKH HATPUN-CHIUKATHOTO
creksia (N=1.527) nmo3BoseT mojaydarh MajJoMOJI0BbIe BOJIHOBOJIBI. B TO Bpems kak
noIOKKK U3 gropuna Maraus (N=1.385) obecrieunBar0oT MHOT'OMOJIOBBIA PEXKHUM
BOJIHOBOJIHOTO PacClpOCTPAHEHUS U3ITyUEHUSI.

[TomydeHHbIE BENMWYMHBI TOTEPh ONTHYECKOTO HW3IMydeHUs (METOIuKa
W3MEPCHUI TpHWBEACHA B TiaBe 1.1) mpu pacnpoCTpaHEHUM B MCCIIEIOBAHHBIX
BOJTHOBOJHBIX CTPYKTypax TIpeACTaBIeHbl Ha pucyHke 2.9. M3 mnpuBeneHHBIX
3aBUCUMOCTEN BUIHO, YTO BEJIUYHMHA ONTUYECKHUX MOTEPh CYIIECTBEHHO 3aBUCUT OT
dbopmbl ucnonp3dyemoro nojgumepa. CormacHo [215] mis WHTETrpabHO-ONTHYECKUX
BOJTHOBOJIOB IIPUEMJIEMBIMU CUMTAIOTCS IOTEPU TOpAZIKa 5 0b/cm 1 OUeHb HU3KUMU -
<[ ob/cm. [loTepu B oOpa3iiax alerara XuTo3aHa MOKHO CUMTATh NMpueMiieMbiMu. B

TO K€ BPCM:, INICHKHW OIUTPATa XUTO3aHa UMCIOT OUCHb HU3KHUC ITIOTCPHU.

B Ayemam a=7,163 o0b/cm
L [umpam a=0,825 0b/cm
© Heumpanvuotii uz ayemama a=12 ob/cm

© Heiimpanvnoui uz yumpama a=9,53 ob/cm

0 T AL, mm

0 2 4 6 8 10

Pucynok 2.9. 3nauenus evixoonoti mowHocmu Kax QyHKYUs paccmosus 8
80IHOB0OHOU NAEHKE U COOMBEMCMEYIOUUE UM BETUUUHBI ONTMUYECKUX NONEDD.

[TockonbKy OBLIO YCTaHOBJIEHO, YTO BCE IJIEHKU MMEIOT HU3KOE ONTHUYECKOE
TIOTJIONICHUE HA JJTMHE BOJIHBI UCIOJIB3YEMOTO Jla3epHOro uainyueHus (A=632,8 Hw,
Pucynok 2.3), To HabM01aeMble OTIUYMS BEJIMYMHBI TOTEPh U3ITyUYEHUS JUIsl Pa3HbIX
dbopM XxHUTO3aHa, MO-BUAMMOMY, CBSI3aHbl C pa3IUYHON ajaresuer Marepuana
BOJIHOBOJHOTO CJIOS K TMOJJIOKKE M, COOTBETCTBEHHO, PACCESHUEM H3JIy4YEeHHs Ha
rpaHule TJICHKA/TOAJIOXKKA, a TaKKEe PacCesTHUEM H3Iy4YeHHs Ha CTOXAaCTUYECKOM

BapbUPOBAHUU MTOKA3aTeIIs PEIOMIICHHUS 110 TONIIUHE TIeHKH [215].
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2.2 CopOuoHHasi COCOOHOCTH MJIEHOK XUTO3aHA M0 OTHOUIEHHUIO K mapam

BO/JbI M €€ CBA3b C UX OIITHYCCKHUMHU XaPAKTCPUCTUKAMH

JIns IpUMEHEHUSI XWTO3aHOBBIX IUICHOK B KA4ECTBE ONTHUYECKUX CEHCOPOB
OTHOCHUTEIIbHOU BJIQYKHOCTH BOKHEUIIMM  XapaKTePUCTUKAMHU  SIBJISIOTCS
COpOLIMOHHAS CITIOCOOHOCTH (TIpUpaIleHHuE MAacChl K 00beMa TIJICHKH TP MTOBBIIICHUN
YPOBHSI OTHOCUTEIBHOM BIQXHOCTH) MU €€ CBSI3b C TaKUMU ONTHYECKUMU
XapaKTepUCTUKAMU KaK MOKa3aTeNb MpeJIoMIIeHUS ¥ KOG (HUITUEHT MOTJIONIEHHUS .

JIns ucclieioBaHusl COPOITMOHHOM CIOCOOHOCTH B JIKCHUKATOpP, C 3aJaHHBIM
YPOBHEM OTHOCHUTEIBHOW BJIAXKHOCTH, MOMEIIAINCH CBOOOJIHBIC MJICHKU aleTata u
[ATpaTa XUTO3aHa U BBIACPKUBAINCH B TeueHUe 24 4dacoB npu Temneparype 20 0C,
MOCJI€ 4Yero MPOBOAWIOCH B3BCIIMBAHWE IUICHOK. YBEIMYEHUE MAacCChl IUICHOK

M H,O
AM = M—2—1 , TJIe (2.1)
0

M,,,0 - Macca XxuTO3aHa IPY Pa3IUYHBIX YPOBHSIX OTHOCHTENBHON BIaXXHOCTH, @ M,

- MacCCa XHTO3aHa IIPH Hy.]'IGBOfI BIaXHOCTH, CBHACTCIBCTBOBAJIO O KOJHMYCCTBC

copOMpoBaHHOM BOJIBI. Pe3yIbTaThl H3MEPEHHMIA TPUBEACHBI Ha pucyHke 2.10 [236].
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Pucynox 2.10. Copbyuonmnvie xapaxmepucmuxu Xumo3aHOBbIX NIEHOK NO

OmMHOWEeHUIO K napam 600vl: 1 — Ayemam xumosana, 2 — Llumpam xumo3sana.
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[TommydeHHbIe pe3yNbTaThl MOKA3bIBAIOT, YTO MCIOJIB3yEMbIi B JAHHON paboTe
XUTO3aH crmocoOeH copOupoBath Bomy mo 100% cBoeil Macchl, 4TO HAaXOIUTCS B
XOPOIIIEM COOTBETCTBHH C JTaHHBIMH, IPUBEACHHBIMH B padoTtax [160, 161].

JIJis OIIEHKH BKJIaJla YPOBHSI OTHOCHUTEIBHOM BIIAXXHOCTH OKPY’KAIOIIEH CpeiIbl
B BEJIMYHMHY ONTHYECKOTO TOTJIOMICHUS XWUTO3aHOBOW TUICHKH OBIIM M3TOTOBJICHBI
cBOOO/HBIC TUJICHKH alleTraTa W IHMTpaTa XHWTO3aHa TOJIMWHOW mopsaka 50 MKM.
W3roToBneHne TIICHKM TaKOW TOJIIMHBI OBUIO BBI3BAHO HEOOXOIUMOCTHIO
YBEIMYCHHUS  MyTH  ONTHYECKOTO  W3IYyYCHHs, TIOCKOJIBKY  BO3HHUKAFOIIAS
uHTEepPEPEHIINS B UCIOJIb3YEMbIX HAMH BOJIHOBOAHBIX IUICHKax (pucyHok 2.3) He
MTO3BOJISIET TPOBECTH JAHHYIO OIICHKY C BBICOKOW CTEIIEHBIO TOYHOCTH.

Tak kak XuTO3aH SBJISIETCS TOPUCTHIM MarepuaioM [153, 154], mpomecc
copOIMU BOJABI TMPUBOJAUT K 3aNOJHEHUIO BO3JYIIHBIX MOP U, COOTBETCTBEHHO,
YMEHBIIICHUIO  pacCesHUs  W3JIY4YeHUS Ha  HEOJHOPOITHOCTSIX  ITOKA3aTels
NpEJIOMIICHUS, TIPY YBEIUYCHUU YPOBHS OTHOCHTEIBHOMN BIKHOCTH (pUcCyHOK 2.11).
MOXHO BHIETh, YTO 3aBHCUMOCTh M3MEHCHHS ONTHYECCKOW TUIOTHOCTH TUICHKH OT

YPOBHSI OTHOCUTEIIBHON BJIQXKHOCTH UMeEET JBa ydacTka: ~20%-60% n ~60%-90%.

0.184 _D, 0
0,182 1 ¢ Amnerar
0,18 m Llurpar
0,178 -
0,176 - LN
0,174 Sk

15 35 55 75 95
Pucynox 2.11 CnexmpanvHvie xapakxmepucmuku ONMU4ecKou niomHOCmu

NJeHKU ayemama Xxumosarha npu pasiudiom ypoeHe OMHOCUMENbHOU GAANCHOCTIU.

Takum oOpa3om, MOBBIIIEHUE YPOBHS OTHOCHUTEIBHOUN BiaxHOCTH OT 15% no
95% npuBOAUT K YMEHBIIICHUIO ONTHYECKOMN TIIOTHOCTH UIeHKK Ha D~=0,00540.0005.
[lpu sToM, ucxons u3 ypaBHeHusi byrepa-JlamOepra-bupa (1.1), 3Has Benu4uHY

OINTHUYECKOM MIOTHOCTU U TOJIIIUHY IIJICHKHW MOKHO OIIPCACIINTL, YTO KOZ—)(I)(i)I/IL[I/IeHT
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TOTJIOMICHHS [UICHKH YMEHBIIUTCS Ha BenmuuHy Ao=1,892 cm™, uro mpuBemer K
COOTBETCTBYIOIIEMY YMEHBIIICHHIO IIOTEPh B BOTHOBOAE [215].

B pa6ore [160] moka3zaHo, 4TO mporecc COpOIMU BOABI COMPOBOXKIACTCS
YBEJIMYEHUEM TOJIIHMHBI U YMEHBIICHHEM IIOKA3aTeNsl MPEIOMIICHUS XUTO3aHOBBIX
IUICHOK, M YTO JAHHBIA MpOIeCC oOpaTUMbIA (IIpH HArpeBe IUICHOK IPOUCXOIWT
necopOIuss MOJIEKYJd BOJbl C BOCCTAHOBJICHHUEM IE€PBOHAYAIBHBIX 3HAUYCHUM
TOJIIITMHBI ¥ IIOKA3aTe s TIPEIOMIICHUS TUICHKH).

Jlns  ompedeneHuss 4YacTOTHOM JHUCHEPCUU  TOKa3aTeyss MpeaoMIICHUs
XUTO3aHOBBIX IUIEHOK OT YPOBHS OTHOCHUTEIBHOM BIIA)KHOCTU OKPY>KAlOILIEH Cpelbl
ObUTM  TPOBEJCHBI  JJUIMIICOMETPUYECKHME HW3MEpPEHHUs, TMpU OTOM, Kamepa
AIUIAIICOMETPA JIOMOJIHUTEIBHO T€PMETU3UPOBAIACH, @ YPOBEHb OTHOCHTEIBHOM
BJIAJKHOCTU CO3/aBajiCs BOJHBIM pPACTBOPOM CEPHOM KHUCIOTHI B MPOMOPINH,
npuBefeHHOW B [237]. Pesymbrarel m3MepeHHMH 711 (UKCHPOBAHHBIX YPOBHEH
OTHOCHUTEJIHHOM BJIaKHOCTH MPUBEICHBI HA pUCYyHKe 2.12.

3aBUCUMOCTh  TOKa3aTeJel  MPeJOMJICHUS  XUTO3aHOBBIX  IUJICHOK U
UCIIOJIB3YEMBIX MOJJIOKEK OT OTHOCUTEIIBHOW BIAXKHOCTU OKPYKAKOIIEH Cpelbl JJIs
JUIMHBI  BOJHBI A=632,8 HM, Ha KOTOpOW B JajJbHEHIIEM HCCICIOBAIUCH

BOJIHOBOJIHBIC XapaKTePUCTUKH, IIpUBeicHa Ha pucyHke 2.13 [236].
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Pucynox 2.12. J{ucnepcuonnvie xapaxmepucmuku NOKA3amess NperoMieHUs.
XUMO3AHOBbIX NJIEHOK NPU  PA3IUYHOM VYPOBHE OMHOCUMENbHOU  GLANCHOCHU
okpyacaroweti cpeovt (OB): a) Ayemam xumo3sauma, 6) L{umpam xumosana, 8)

Heuimpanvnuiti uz ayemama xumosana, ) HelimpanwvHulti uz yumpama xumo3ama.
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Pucynox 2.13. 3asucumocms noxkazamens npeiomieHus Xumo3aHogvlx nieHox (I-
conesas ¢opma, 2 — HelumpaivHas Gopma) u noonodHcex (3 — Hampuli-CUTUKAMHOE
cmekno, 4 — @mopuo macHus) om YPOGHS OMHOCUMENLHOU  GIANCHOCU
oKkpyxcaroweli cpeovl 011 A=632,8 um: a) Auyemam xumoszana, 6) Iumpam

Xumos3aHda.

Kax u B [160] 11t Bcex TUTIOB IUIEHOK HAOJIOAE€TCs YMEHBIIICHNUE MTOKa3aTes
MPEIIOMJICHUS TIPW  TOBBIIIICHUM OTHOCHUTENIBHONW BlaxHOCTH. OJHAKO HaMU
YCTAaHOBJICHO, YTO HMECIOTCS IIOPOTOBBIC 3HAYCHUS BJIAKHOCTH, TPU KOTOPBIX
MPOUCXOIUT YBEIMYCHHE CKOPOCTH M3MEHEHHUsS TMOKa3aTelss MPEJIOMIICHUS, pUuieM
JUIS [IUTpaTa XUTO3aHa - 3HAYuTeapHOEe. B ciydae amerata XxuTo3aHa 3TOT YPOBEHb
OTHOCHTEJIBHOM BIIaxkHOCTH cocTaBiisier 60%, a mis murparta xuro3ana - /5%, yto

XOpOILIO COIJIaCyeTcs C MCCIEAOBAHUEM COPOLMOHHBIX XapaKTEPUCTHUK, PE3YJILTAThI
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KOTOPBIX MpHuBecHbl Ha pucyHke 2.10 [238] u u3mMeHeHrEeM ONTHYECKOM MJIOTHOCTH
XUTO3aHOBBIX TJICHOK, MPUBEICHHBIX HAa pUcyHke 2.11.

[lonmy4yeHHbIE JaHHBIE [OKA3bIBAIOT, YTO TP YPOBHE OTHOCHUTEJILHOMN
BJIQXKHOCTH OKpY»XKaroien cpenbl =~ 95% , mokaszarenb MpeioMIICHHS IJICHOK aleTrara
W LMUTpaTa XWTO3aHa yMmeHsluaercs 10 Ny=1,496 u n;=1,383, coorBercTBeHHO. B
ATOM CBSI3M, JIJISI COXPAHEHUsI YCJIOBHM BOJHOBOJHOTO PACIPOCTPAHECHUS U3ITYyUYEHUS
IPU W3MEHEHWW OTHOCUTEIHHOW BIAKHOCTH B IIMPOKOM JHWAra30HE 3HAYCHUM, B
KaueCcTBE TOMJIOKKK ObUT BBHIOpAaH ONTHYECKUH KpuCTal (Topua MarHus, ¢
nmokazareineM mnpenomieHus N=1.385 wa jouHe BoOMHBI A=632,8 HM, T1IpH
WCITOJIb30BAaHUU KOTOPOTO B KAaueCTBE IOJUIONKKHA OBLT peain30BaH BOJHOBOIHBIN
PEXKUM PACHPOCTPAHEHUS U3ITYUYCHUs] B UCCIEAYEMBIX IUIEHKAaX MPU OTHOCUTEIHHOM
BJIQKHOCTH OKpYyXaroiei cpeanl 15 - 95% [238-240].

JUIss  Ka4eCTBEHHOTO  OMHCAHMS  TPOUCXOJANINX  TPOIECCOB  MOYKHO
BOCIoJIb30BaThcsi  dopmyson  Jlopenu-Jlopeniia, cBs3bIBaIOIIeil  MoOKa3aTeNb

IMPCIIOMJICHHA BEIICCTBA C 3J'ICKTp0HHOﬁ MOJAPU3YyEMOCTBIO HaCTUII, U3 KOTOPBIX OHO

COCTOMT:
n>—-1 A4r
-l Amye 22
nZ+2 3 o7 (2.2)

N — KOJIMYECTBO YaCTHUIL B €AUHULIE 00BEMA
¢ — TOJISIPU3YEMOCTb YaCTHII
Jlst onmcaHWs M3MEHEHHsI TIOKAa3aTels TMPETOMIICHUS XWUTO3aHOBOMW TUICHKH

pyu COPOIIMK MOJIEKY BOJIbI hopmyia (2.5) mpuMeT BU/:

2_
b R.Con+RyoCuro, (2.3)

2  "Nxum ™~ xum H,0
n, +2 ?

A
rre R :?Ng - MOJISIPU3YEeMOCTh MOJisi xuTo3aHa, C,,, — KOHIEHTpALUs

XHMTO3aHa; RHZO u CHZO - MOJAPU3YEMOCTh MOJISI BOJABI M KOHIIEHTpAUMsl BOAbI B

INICHKC, COOTBCTCTBCHHO.
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B atom ciydae, u3 ypaBHeHwus (2.3), moka3aTellb MPEJIOMICHHUS HCCIICIyEeMbIX

IUICHOK NPU COPOLIMU MOJIEKYIT BOABL (Ngy; o)) OYAET Onpenensthes Kax

— 2(qumcxum + RHZOCHZO)_l
B(H,0) — 1_(R Cxum + RHZOCHZO)

xum

n : (2.4)

I[Hﬂ aCI/IMMeTpI/IIIHOFO BOHHOBOI[a, rpaHI/ILIH()e YCJ_IOBI/IC HOI[I[ep)KaHI/IH
BOJIHOBOJIHOT'O PEKMMa PACIIPOCTPAHEHUS U3IIyYEHHUs, MOXKHO OLIEHHUTH Kak [241]:
2

(2m+1)" 2%

An=n,—-n, >
T 3ont?

, (2.5)

re M — HOMEP MOJIbl PACIIPOCTPAHSIONIETOCS U3TYUYEHHUS], A — JIJTMHA BOJHBI, T —
TOJIIMHA BOJTHOBO/A.

CpaBHEHHE BEIMYMHBI TOKA3aTENsl MPEIOMIICHUS Uil TJIEHOK M TMOIJIOXKEK
(pucyHok 2.13) moka3bIBaeT, YTO HMCIOJIb30BAHME B KA4E€CTBE MOJJIOXKKU (TOpHaa
MarHusi 0O0€CIEUUT BBITIOJIHEHHE YCIOBUS (2.5) B MakCMMalbHO BO3MOXKHOM
JMara3oHe U3MEHEHHUsI YPOBHS OTHOCUTENIBbHOW BlaxkHOocTU. [lpu sTOM, B ciydae
coJieBO (OpMBI HUTpaTa XWUTO3aHA, NMPU 3HAUYCHHUSX OTHOCUTEIIBHOM BIIAXKHOCTH,
onmu3kuM K 90%, BemuurHa MoKa3aTess IPeJIOMIICHUS TUICHKH CTAHOBUTCSI HUXKE, YeM
y TMOJJOXKUA. B 3TOMl CBsI3W, HCCIENIOBaHUS OCOOCHHOCTEM B3aWMOJICUCTBUS
JA3€pHOTO0 M3JIYyYEHHS] C XWUTO3aHOBBIMM BOJIHOBOJIAMH B YCJIOBUSX HW3MEHEHHS
YPOBHSI OTHOCUTEJILHOW BJIQKHOCTH OKPY>KAlOIeW Cpelbl B IIUPOKOM JHANa30HE
3HAYCHUN TPOBOJWIIUCH JIJII COJIEBOM M HEUTpaibHOU (pOpMBI aleTaTa XUTO3aHA U

HEHUTpaIbHON (HOPMBI ITUTpaTa XUTO3aHA.
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2.3 UccaenoBanue 0co0eHHOCTEN B3aMMO/1eiiCTBHS J1a3€PHOI0 U3JIyYeHHs C
XHUTO3aHOBHIMH BOJIHOBOJAMH B YCJIOBUAAX U3MEHEHUS YPOBHS OTHOCUTEIbHOM

BJIAKHOCTH OKPY:Kalolleil cpeabl

B0O3MOXXHOCTh CTPYKTYpPHBIX HM3MEHEHM B pe3yjbTaTe COpPOIMU BOJBI B
IJICHKAX THAPOPUIHHBIX IOJIMMEPOB, MOIYYaeMbIX HCIIAPEHUEM PaCTBOPHUTEIS,
Obl1a oTMedeHa psioM aBTopoB [242, 243]. Takue >dpdexkTsl 0OpaTUMbI U ObUIH
OTMEUYCHBI, B TOM YHUCJIE, I TUICHOK XuTo3aHa [153]. B Hamem cimydae, ontudeckue
CBOMCTBA IUIOCKOTO BOJIHOBOJA, B IIEPBYIO OYEPENb, OINPEHCISIOTCS COCTOSHUEM
XUTO3aHOBOW IUJIEHKH, W ONTHUYECKUN OTKIMK B BHJE HW3MEHEHHS MOIIHOCTH
BBIXOJISIIIIETO U3JIyYEHHUs, IO OTHOILICHUIO K BXOJAIIEMY, MOXET OBbITh CBsI3aH
OJTHOBPEMEHHO C HM3MEHEeHHEeM 3()(PEKTUBHONW ONTUYECKOW TOJIIMHBI TUICHKH, €€
noKasartelisa MpeoMiieHUusT U KodhdUIIMEHTa TMOTJIONICHHS BCJIEICTBHE HM3MEHEHUS
CTPYKTYPBI IUICHKH TIPU COpOIMH BOABI [242].

Jlist mpoBenieHUsT UCCleNoBaHUN Oblia pa3paboTaHa 3KCIEpUMEHTaTbHAas
yCTaHOBKa, NpuBeAcHHass Ha pucyHke 2.14. Mcrounukom uznyudenus (1) ciyxun
reJinii-HeoHOBBIN Jazep (A=632,8 uM) co cpegneit momHocTei0 11 MBT. U3nyuenue
OT UCTOYHHUKA, MPOXOJs 4epe3 mojsipu3arop (2) pa3aensioch CBETOICIUTEIIbHBIM
KyOoMm (3) Ha OmoOpHBIM M U3MEpUTENbHBIA TydoK. [locie 3TOro M3MepUTeIbHBIN
Ny4oK Tpu moMomm (okycupyromeil nuH3bl (4) BBOAWICA B BOJHOBOJ C
MIPU3MEHHBIM 3JIEMEHTOM CBSI3H, PACIOJIOKEHHBIN B repMETUYHON Kamepe 00beMOoM
700 cM®. Jlns BBOAA WM3IydeHHS B BOJHOBOL C MPH3MEHHBIM DJICMEHTOM CBSI3H
UCIIOJIb30BaIach ceprueckas JInuH3a ¢ GOKyCHBIM paccTosiHueM =150 mm.

Bo3aymiHeld  TOTOK, CO34aBaEMbI  KOMIIPECCOPOM C  BO3MOYKHOCTBIO
perynupoBku ckopoctu (9), 6apOboTupoBayicsi Yepe3 MUCTUUTMPOBaHHYIO Boay (7)
WU BOJHBIM PacTBOpP CEPHOM KHUCIOTHI pa3nuyHON koHuUeHTpauuu (8). CKopocTh
BO3JIYIIHOTO TOTOKa cocTaBisuia mopsaka 0,25 n/mun. ToyHoe 3HaYeHUE YpPOBHS
OTHOCUTEIBHOM BIAKHOCTH OMPEIEISIOCh KamuOpoBaHHBIM TUrpomerpom (Testo
635, I'epmanus) (6) ¢ uyBctBUTenbHOCTHIO 0,1%. B kadectBe ¢doTonpuemuuka (10)

UCIIOJIB30BAIMCh M3MEPHUTEIh MOIIHOCTH JazepHoro m3ydeHus Coherent LabMax
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Pucynox 2.14. Cxemamuueckoe uzobpasgicenue 3KcnepumMeHmansHou ycmanosku: 1 —

UCMOYHUK u3NyyeHus, 2 — noaapuzamop, 3 — ceemooeiumenvHvli Kyo, 4 —

goxycupyrowas auHza, 5 — 60IHOB00HAA XUMO3AHOBAs NJEHKA, 6 — NOBEpOUYHbILL

euepomemp, 7 — OUCMUNTUPOBAHHAS 6004, 8 — 80OHbIU PACMEODP CEPHOU KUCIOMbl

paznuuHol konyeumpayuu, 9 — komnpeccop, 10 — gpomonpuemnux, 11 — IBM.
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B xoxe skcneprMeHTa perucTpupoBagoCch U3BMEHEHHE MOUTHOCTH MPOIIEIIIErO
Yepe3 BOJTHOBOJ M3IYUCHUS KaK (YHKIIUA OTHOCUTEIBHON BIAKHOCTH OKPYIKAIOIICH
cpeapl B pauama3zoHe 15-90% c¢ marom 5%. Jisi ycTaHOBJICEHMSI CHUCTEMBI B
CTaI[MOHAPHOE COCTOSIHUE, HEOOXOAMMOE /I TOYHOTO OIPE/AeNICHUsS BETUYHHbBI
ONTUYECKOTO0  OTKJMKAa  TOBBIIICHUE YPOBHA  OTHOCUTEIBHOW  BIIAXKHOCTU
OCYHIECTBJISUIOCH ¢ HHTepBasioM 15 wMunyt. IlonydeHHble JaHHBIE MJI1 BCeX
WCCJIEIOBaHHBIX (OopM XHWTO3aHa MpuBeneHb Ha pucynke 2.15. Ilo ocu opamnar
OTJIOJKEHA MPUBEJACHHAsE MOIITHOCTH [91], onmcannas panee (1.5).

Jist Bcex ¢GopM XuTO3aHA, B HCCIEAYEeMOM HWHTEpBaje OTHOCHUTEIbHON
BJIQXHOCTU HAOJIO/Ia€TCsI MOHOTOHHOE BO3pAcTaHUE BBIXOJHOM  MOIIHOCTH
MPOIIEIIETO YEPE3 XUTO3AHOBBIMA BOJIHOBOJ M3TYyUYECHHUS NMPU YBEIUYEHUH YPOBHS
OTHOCHUTEJNBHOM BIAXHOCTH. B  1aHHOM cioydyae MOXHO BBIICIHUTH [IBA
npeBAUpYyIOMUX (aKTopa, OMNPEHCTAIONIUX XapakTep ONTHYECKOro OTKJIMKA:
YMEHBIIICHUE TIOKa3aTesl MPEJOMIIEHUS BOJHOBOJHOTO CIIOSI W YMEHBIICHUE
ko3 uieHTa MOIJIONIEHUs] ITUIEHKHM MpH COpOUMK MOJIEKYJ BOJBI, KOTOpHIE
MPUBOJAT K YMEHBIICHUIO ONTHYECKUX IMOTEPh MPHU PaCIPOCTPAHEHUU JIA3EPHOIO

u3ayueHus [215] yepe3 XMTO3aHOBBII BOJHOBO/I.
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Pucynox 2.15. Ilopozosas uyscmeumenbHOCMb XUMO3AHOBbIX 80IHOBOOHLIX NIEHOK
PA3IUYHBIX (POPM HA UBMEHEHUe YPOBH OMHOCUMENbHOU GIANCHOCMU: a) ayemam
xumo3saua, 6) HeumpanvHas gopma ayemama Xumosaud, 8) HeumpaivHas opma

uumpama xumo3aHda.
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[lonmy4yeHHblE 3aBHCHUMOCTH HAXOASTCS B  XOpPOIIEM COOTBETCTBUU C
pesynbrataMu paboThl [162] MOCBSAIMIEHHONH MCCIEIOBAHUIO COPOIIMOHHBIX CBOWMCTB
IJICHOK COJIEBOM (POpPMBI alleTata XUTO3aHA, B KOTOPOM YKa3bIBa€TCs, YTO IMPOIIECC
COpOIIMU BOJbI XMTO3aHOBOM IJICHKOM MPOTEKaeT B JBE CTAaJUU, 3ABHUCSIIHUE OT
COpOLIMOHHOW aKTHUBHOCTU xXHuTO3aHa. [Ipoimecc copOiuu BOABI Ha MEPBOM CTaauuU
MPOTEKAET COTJIACHO AMIUPHUECKUM 3aKkoHaM auddys3un Puka [244], a nanpHek1Iee
MOBBINICHUE OTHOCUTEIBHONW BIAKHOCTA TMPUBOAUT K TUIACTU(UKANNKM TIICHKH
COpOMpPOBaHHON BOJOW M 3HAYUTEIHLHOMY YBEIMYCHHUIO €€ COPOIMOHHBIX CBOWCTB
[162]. B mHamem ciydae, 3TO BBIpaKAacTcs B HAJIMYUU JIBYX Y4YacTKOB Ha
3aBUCUMOCTSIX BBIXOJHOW MOIIHOCTH MPOIICIIETO Yepe3 XUTO3aHOBBIH BOJHOBOI
U3ITy4YeHUs] OT YpPOBHA OTHOCHUTENBbHON BIaXXHOCTU. [Ipum 3TOM u3MEHEHHE Yyria
HAKJIOHA 3aBUCHUMOCTH BBIXOJIHOW MOIIHOCTH BceX (opM xuTo3aHa (pucyHok 2.15)
IIPOUCXOJNT IIPH YPOBHE OTHOCHUTEIIBHON BIAJKHOCTH B OKPECTHOCTH 45%.

OG6paTUMOCTh TPOLIECCOB COPOIMHU/eCOPOIIMU BOJSHBIX IMAPOB XUTO3aHOBBHIMU
IUICHKaM# CBsI3aHa C TeM, YTO MHOXKECTBO BOJOPOJHBIX CBSI3€H MEXIY MOJIEKYJIaMU
XUTO3aHa MPUBOJUT K €T0 IJIOXOH pacTBOPUMOCTH B BOJE, MTOCKOIBKY CBSI3H MEKIY
MOJIEKYJIaMU XWTO3aHa OoJiee TMPOYHbIE, YEM MEXKIYy MOJEKyJIaMH XHUTO3aHa U
MOJIEKYJIaMH BOJIbI.

JIyisi aHanmu3a TUCTEpe3nca MOIIMHOCTH MPOIISANICT0 HU3IYYEHUS U OIICHKHU
MOBTOPSIEMOCTH PE3yJIbTAaTOB SKCIIEPUMEHTOB P MHOTOKPATHOM TIOBTOPE Tpoliecca
copOuuu/aecopOuuu  ObUTM  HM3TOTOBJICHBI W HWCCIEIOBaHbBI 1O TpU 0Opasla
BOJTHOBOJIOB M3 KaXKIOM MCCJIEAOBAHHOW (hOPMBI XHTO3aHA B Ka4e€CTBE CEHCOPHOTO
cinosi. PesynbTaThl uccienoBaHus mnpuBeAcHbl B Tabimie 2.1 [245]. IlomydeHHbIe
pE3yNbTAaThl TO3BOJISIIOT TOBOPUTH O XOPOIIMX TMOTEHIIMATBHBIX BO3MOXKHOCTSIX
WCIIOJIb30BAHUSI XWUTO3aHOBBIX BOJIHOBOJHBIX IUICHOK B Ka4eCTBE CEHCOpa

OTHOCUTEIbHOM BJIA)KHOCTH.
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Tabnuya 2.1. I'ucmepesuc 8bIXOOHOU MOWHOCMU NPOWEOUe20 Yepe3 XUmo3aHosblll
B0IHOBOO U3NYHEHUSl U OYEHKA NOBMOPAEMOCHU Pe3YIbMAaAmo8 IKCNEPUMEHMO8 NPU

MHO20OKPAMHOM NOBMOPE npoyecca copoyuu/0ecopoyuu.

MaxkcumanbHbIN Pa36poc pesynbraTroB
Jnamazon
THCTEPE3UC B ITUKIIE IPY MHOTOKPaTHOM
dopMa XUTO3aHA | OTHOCHUTEIBLHOU
copOuumst/aecopOnus, MIOBTOPE
BJIAKHOCTH, %
% copOuusi/necopouus, %
HetiTpanbHbIi 20-45 3,1 2,8
aleTaTr XATo3aHa 45-90 2,9 4,1
HevitpanbHbii 20-55 2,35 31
LIUTPAT XUTO3aHa 55-90 3,7 4,9
15-50 3,2 5,3
Auierat XxuTo3aHa
50-90 6,2 6,2

Takue BakHbIE MMapaMeTPbl CEHCOPa KaK BpeMsi OTKIIMKA Ha U3MEHEHUE YPOBHS
OTHOCUTEJIHHOM BJIAXKHOCTH M CTaOMJIBHOCTh PEAKIMHM TMPU TOCTOSHHOM YpOBHE
BJIQKHOCTH OIPEACISAIOTCS €ro KHHETHYECKHMMH XapakTepucTukamu. J[ns wux
OTIpEJICICHUSI B HAIIMX HKCICPUMEHTAX HW3MEPUTENh MOIIHOCTA WU TOBEPOYHBIN
TUTPOMETP CHHXPOHU3HPOBAJIUChL C CHCTEMOH TMOJAa4d BIAXHOTO BO3AyXa.
[Tomy4yeHHBIC I WICCIIEOBAHHBIX (DOPM XHUTO3aHA PE3yJbTaThl MPEACTABICHB Ha
pucytke 2.16. I[TorpenrHocTs U3MepeHHid He peBbIiaeT 5% [246].

[Tomy4yeHHBIE 3aBUCUMOCTH JIEMOHCTPHPYIOT XOPOIIYI0 PEAKITUIO TIJICHOK BCEX
dbopM xuTO3aHA HAa M3MEHEHHE OTHOCUTEIHHOM BIIAXKHOCTH OKPYKAIOMIEH CpPEeIbI.
Bpewms 3ama3npiBaHus peakiuu mpu copOIuu st Bcex (OpM XUTO3aHA COCTABIISCT

MEHEE CEKYH/IbI.
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Pucynox 2.16. JJlunamuxa cencopHo20 OmKIUKA XUMO3AHOBLIX NIEHOK
PA3IUUHbIX YOPM HA UMEHEHUe YPOBHS OMHOCUMENbHOU GIIANCHOCIU. ) COolesas
¢opma ayemama xumosarna, 6) HeumpanivHas hopma ayemama Xumo3aua, 8)

HeUmpanbHas hopma yumpama Xumo3sauda.
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HaGnrogaemple OCIMIUIALIMMA BBIXOJHOM MOITHOCTH B MPOLIECCE MOBBIMICHUS
OTHOCHUTEIFHOM BJIAKHOCTU TAKXKE CBSI3aHBI C MajibiM BPEMEHEM PEaKIMHU CEHCOpa,
MOCKOJIbKY TpU OBICTPOM TMOBBIINIEHHUH YPOBHSI OTHOCHUTENBHON BIAXHOCTU
HapyIIaeTCss TEPMOJIMHAMUYECKOE paBHOBECHME MEXIYy IUJICHKOM U OKpYy»Karolen
cpenoii. Ilpu cTtpemiieHnr K paBHOBECHOMY COCTOSIHUIO (PU3UUYECKUX XapaKTEPUCTHK
IUIeHKU (ITOKa3aTelb MPEeIOMIICHHUs, TOJIIMHA), OKA3bIBAIOIINX BIUSHUE HA YCIOBUS
BOJTHOBOJTHOTO pacCIpoCTpaHeHus wusnydeHust [245], HaOmromaroTcs KojeOaHwmsI
BBIXOJIHOW MOIIHOCTH H3iy4deHHs. llocne HacTyruieHusT paBHOBECHOTO COCTOSTHHUS
CYUIECTBEHHbIE OCLWJUISLMU BBIXOJHOW MOIIHOCTH HE HAOMIOJaloTCs (PUCYHOK

2.17), a mOrpenHoCTh U3MEPEHUI OKa3bIBaC€TCs OJMM3KOW K MPHUBEACHHON B TaOIHMIe

2.1.

17 Bux. 0.€. OB, %95
0.9751 93
0.95- ' -91
0,925 =l 39
0,9 - - —+87
0 200 400 600
L, C

Pucynox 2.17. Onmuueckuii omkiuk Heumpaibhslii @opmsvl ayemama

XUmosaHa nocjie HAaCmynjierHus mepMOOZ/lHClMM'{eCKOZO paesHoseCUsl.

[IpoBeneHHBIE YHCIEHHBIE pPACUYEThl MO METOJWKE, OMUCaHHOW B riaBe 1,
(pucyHok 2.18a) mokaszanu, 4TO HaWOOJIbIIIEE COOTBETCTBHE M3MEHEHUS MOIIHOCTHU
MPOXOJSIIEr0 HW3JIYYeHHUs] JIOCTUTaeTrcss mpu (GyHKUAM Tpouuist IoKa3aTess
TIpeIOMIIEHHs BOITHOBOAHOTO cosi N =Ccosh® X. JlanHas (yyHKIHSA, B CBOIO O4epe/pb,
ABIAETCST OOpaTHOW Jyisi  (YHKIMH, OMNHUCHIBAIONIEH TPO(HIb IMOKa3aTes
MPEJIOMJICHUS] BOJIHOBOJA, MOJYYEHHOTO METOAOM HMOHOOOMeHHOH nuddys3uu. Ilpu

INpOBCACHUHU PACUCTOB pacCcCMATpuUBACMbIM MCTOAOM ONTHUYCCKUM BOJIHOBO/,

900 =M,

annpokcumupyercs 20  claoAMH, CyYMMapHOW  TOJIIMHON i
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COOTBCTCTBYIOHICﬁ TOJIMKWHE OAHOMOJOBBIX BOJIHOBOJOB, HCIIOJIB3YEMBIX B
9KCIICPUMCHTC. HpI/I pacdeTrax I1oJlaracrcsda, 4YTOo II0Ka3aTCiib IPCIOMIICHUA

ANMPOKCUMUPYIONINX CJI0eB u3MeHsieTcss 1o ¢opmyne n=n f(x), tme X -

HalpaBJIEHUE, IEPIEHINKYIISIPHOE HATIPABICHUIO PACIIPOCTPAHEHUS U3ITyUEHUs, a N —
NoKa3aTelb MPEIOMIIEHUS] BEPXHEro CJ0s IMPH JaHHOM YPOBHE OTHOCHUTEIbHOU
BJIQXKHOCTH, OTIPEJIETICHHBIN B pasnaene 2.2.

Pe3ynbrarel pacueToB MOKa3alid, YTO HAUOOJbIIEE COOTBETCTBUE M3MEHEHUS
MOIIIHOCTU TNPOXOJAIIEr0 HM3JIyYCHHs] 3KCIEPUMEHTAIBHBIM JaHHBIM JOCTHIAETCs

IpU  anmpoKCUMaluuu npoduiis MoKa3zarenas MNPEJOMIICEHUS BOJHOBOJHOIO CJIOS

dyHkmeit N =cosh’ x|

n
1,54
1,52
35 S, Ab
*0% o OnTHYCCKHIIT OTKAMK
1’5 *50 % 3 1 s Braaa msmeneHus rmokasareas
=60 % 2,5 J npé AOMACHHS B .
S 270 (VO » BrAaa M3MEHEHHS OTAOILICHUS 5
148 i g
i *90 %
1,38
1 ——— h, Mmxm . OB, %
0O 03 06 09 12 1,5 1,8 100

a)

Pucynox 2.18. Pezynbmamul uyucieHuvix pacuemos Xapakmepucmuk ONnmuyecko2o
OMKIUKA BOJIHOBOOHOU XUMO3AHOBOU NJIEHKU HA USMEHEHUe YPOGHSI OMHOCUMENbHOU
BIAJCHOCIU: a) pacnpedeneHuss Npopuis noxkazamens NPeLoMAeHUs. N0 MOTUJUHE
B0THOBOOHO20 CNOSI NPU PA3IUYHBIX 3HAYEHUSX OMHOCUMENbHOU 61axcHocmu, 0)
8KIAO pAaCY4emHOo20 UMEHEeHUsl NOKA3ameisi NPeloMIAeHUs. NIeHKU U ee MONUWUHbL 8

onmuyecKutl OMKIJUK, HOﬂyquHblﬁ IKCnepuUmMeHmailbHO.

M3BecTtHO, dYTO Tpomecc  COpOIMM  BOJBI  XHUTO3aHOBOM  IUICHKOM
COMPOBOXKaeTcs yBenudeHneM ee Toimuubl [163]. IlomyueHnHble pe3ynbTaThl

IMMOKAa3bIBAIOT, YTO YBCIMYCHHUC TOJIIHWHBI IIJICHKHA 3a CUCT COp6I_II/II/I BJIaru IpsMo
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BIIMSIIOT HA XapaKTep U3MEHEHUs €€ M0Ka3aTells IPEJIOMIICHUS U €r0 paclpeciIiCHUe
no tonmuHe. [Ipu 3TOM yBelnyYeHUEe TOJNIIMHBI IUIEHKM HAauMHAEeT HAOJII0JaThCs C
YPOBHsI OTHOCUTEJIBHOM BIIaXHOCTH BbILIE 50%.

Kak yxe oTMe4anoch, ONTHYECKUI OTKJIMK BOJIHOBOJHOW XUTO3aHOBOM IIEHKU
HA U3MEHEHHE YPOBHS OTHOCUTEIHHOW BIAXKHOCTH OMpeEesieTcss TpeMs (akTopaMu
U B IPOBEACHHBIX pacyeTax HE YUYMUTHIBAJIOCH BIMSHUE COpPOLMHU MOJIEKYJ] BOJBI Ha
ko3¢ uImeHT ontudeckoro noriomeHus. Kpome toro, u3z dopmynsr (2.8) cnenyer,
YTO W3MEHEHWE II0Ka3aTeNsl MPEIOMJIEHUS U TOJIIMHBl BOJIHOBOJAHOIO CJIOS
IIPUBOJUT K U3MEHEHMIO YCIOBHUI PacIpPOCTPAHEHUS JIA3EPHOTO U3JIyYEHHUS U MOXKET
BBI3BIBATH I€PEPACHPE/ICTICHUE HSHEPIUU B PE30HAHCHOW M-nuHUM TEo Monbl
I'paduku Ha pucynke 2.180 sBHO Ha 3TO ykasbIBaroT. [l McclieJOBaHUS JaHHOU
3aBUCUMOCTH B PEXHME pEaJbHOTO BPEMEHHM C IIOMOIIbIO MpOQHUIOMETpa
HaOMoAaICA NPOPUIIb M-TMHUHU UCCIIEyEMOr0 BOJIHOBOAA.

[TosydyeHHbIe pe3ysbTaThl MOATBEPAWIIA HAIIM NpeAnojoxeHus. Ha pucynke
2.19 mpuBeneHa 3aBUCHMOCTh NPOGWIST PE30HAHCHOM M-JTUHUH XHUTO3aHOBOTO
BOJIHOBOJIA OT YPOBHS OTHOCUTEIBHOU BIAXKHOCTU. ['paluE€HT OT CHHEro K KpacCHOMY
U, Jajee, K OeJIOMy XapakTepu3yeT yBEJIMYEHHE MOIIHOCTH H3JIy4YCHHUs,
MPUXOJISIIETrocs Ha COOTBETCTBYONMI nukcenb [13C-maTpuisl npodunomerpa.

[ToBbIllIEHNE OTHOCUTENBHON BIAKHOCTH MPHUBOJIUT K AePopMaIiii MOJAOBOIO
CIEKTpa BOJIHOBOJAA B 00JACTh MOHMKEHHOTO KO3 UIMEHTa TMOTJOIIECHUS U
MoKasaTeliss TpejoMIIeHus. B auamasoHe OTHOCHTENbHOW BiaxHOCTH 15-50%
NIepepacIpEeNICHUs] SHEPTUHA NTPAKTUYECKA HE MPOUCXOIUT, U ONTHYECKUN OTKIIUK
dbopmupyeTcsi yBeTudeHrueM sHeprun | Ey Moabl 3a cueT mpeBanupyrolero BKiaaa
IIPOCBETJICHUS IUIEHKHU. J[anpHelee yBeInYeHUe OTHOCUTEIBHON BIAKHOCTH BBIIIIE
50% npuUBOOUT K PE3KOMY H3MEHEHHUIO, KAaK BEJIWYMHBI, TaK W pacHpeneseHUs
HHEPruv Mo NpoduiIt0 M-CHeKTpa, YTO CBUAETENLCTBYET O BKIJIIOUEHHUM BCEX TPEX
B3aMMHO BJIMSIONIMX (AKTOPOB: MPOCBETICHMS, IOKA3aTelsl MpEIOMIICHHUS U

TOJIIIUHBI BOJIHOBOIHOM XUTO3aHOBOM mieHKHU [238].
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Pucynox 2.19. 3asucumocmsv npusedeHnHol 6bIXOOHOU MOWHOCMU XUMO3AHOB020
80IHO800A OM YPOBHA OMHOCUMENbHOU enraxcHocmu. Ha ecmaskax npueedemsi

U3006padcenuss m-1uHUU pacnpocmpaHsioweltics 60THO800HOU MOObL

Ycranopneno [238], 4to B auama3zoHe OTHOCUTEIBHOM BiIakKHOCTH 15-75% He
MPOUCXOJUT 3HAYUTEIBHBIX W3MEHEHUU paclpeliesieHus] SHEPTUH, ONTHYCCKUM
OTKJIUK (OpMUpPYETCS yBeIuueHueM sHepruu | Ey monbl. JlanpHeliee MOBBIIICHHE
OTHOCUTEJIBHOM BJIQKHOCTU TPUBOJUT K YBEIUYEHUIO COPOIMU MOJEKYJI BOJbI
BOJTHOBOJHOM IIJIGHKOM, YTO BBIpAXKAETCd B PE3KOM HW3MEHEHHM BEJIMYMHBI M
pacnpeneneHus YHepruu npoduiist m-crekrpa (oenbie o61acTh).

BaxkupiM mapamMeTpoM JaTYUKOB OTHOCUTEIBHON BIAXHOCTH SIBIISICTCS
3aBUCUMOCTh WX CEHCOPHBIX XapaKTEPUCTHUK OT TeMIepaTypbl. DKCIEPUMEHTHI
IPOBOIMINCH s Tpex 3HaueHuii Temmeparypsr:: 20 C, 25 'C u 30 'C. B xozxe
HKCIIEPUMEHTA I KaXKI0M (PUKCHPOBAHHOM TeMIlepaTypbl OKpYKAIOLIEH cpeibl
PETUCTPUPOBATIOCH U3MEHEHHE MOIIHOCTH MPOIIEIIIEr0 Y€Pe3 BOJTHOBO U3TyUCHHUS
KaKk (YHKIIMM OTHOCUTEIBHOW BIAKHOCTU OKpyXkaromeid cpensl. [lomydeHHbie

JIAaHHBIE VISl BCEX UCCIEI0BaHHBIX (DOPM XUTO3aHa MpUBEACHBI Ha pucyHke 2.20.
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Pucynox 2.20. Temnepamypnas 3asucumocms npuedeHHot MOWHOCMU NPOULeOULle2o
yepes XUmo3aHo8blll 80JHOBOO HA NOONIONCKE U3 PMOopuoa MazHusi Uniy4eHus om
Vpoeusi omuocumenvhou eradxchocmu (mapkep © - 20 °C, mapxep O - 25 °C, mapkep
O - 30 °C): a) ayemam xumo3saua, 6) HeumpaivHas gopma ayemama Xumo3aua, 8)

HeUmpanbHas oopma yumpama xumo3auda.

CyIIecTBEHHOTO  BIMSHHMS ~ WCCJACAOBAHHOTO  JHMArna3oHa  TeMIIepaTyphl
OKpYXalolel cpeibl Ha ONTHYECKUN OTKIMK (COPOIMOHHYIO aKTUBHOCTH TUICHOK)
Bcex (opM TUIGHOK XHWTO3aHa He OOHapyxeHo. HaOmromgaercss HebombIoe
POCBETIICHHE TUICHOK, cocTaBisitomiee nopsiaka 0,5% na rpagyc Llenbcust.

OTaenbHBI MHTEPEC MPECTABISACT CIIydail, KOTr/aa MoKa3aTeslb MPeIOMICHUS
MOJIJIOKKN OJIM30K K TMOKAa3aTesro MpeJOMIICHHUs] BOJHOBOJIHOW TuleHKH. [Ipu 3ToMm,
IPU TOCTMKCHHUH OIPEICIICHHOTO YPOBHS OTHOCHUTEIBHOW BIIAYKHOCTH MPOUCXOIUT
HapylieHue COOTHOIIEHUs NN, N (Toe Ny — ToKa3aTellb MPeOMIICHHUS

BOJIHOBOJIHOT'O CJI0s1, Ng ¥ N — MOKA3aTEIIA NPEIOMIICHUS MOAJIOKKH U Oprnca}omeﬁ
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Cpelbl COOTBETCTBEHHO), SBIAIOIIEECS HEOOXOIUMBIM YCJIOBHEM peaIM3alUU
s dexTa MoTHOTO BHYTPEHHETO OTpakeHUs. B cilydae WCIONb30BaHUSA B KadeCTBE
IOJIJIOXKKH HaTpHii-cuaukaTtHoro ctekia (Ns=1.523), Takoe 3HaYeHHE OTHOCHTEIbHOM
BJIIAKHOCTH JIJI alerara XxuTo3zaHa cocrtamisier nopsaka 60% u 40% miga nurpara
XUTO3aHa (pucyHOK 2.13).

Hapymienne BOJHOBOJHOTO peXHUMa PACHpPOCTPAHCHHS HU3JIYyYEHUS B
BOJTHOBOJHOU CTPYKTYp€ NPUBOAUT K PE3KOMY MaJCHUI0O HHTEHCUBHOCTH BBIXOJIHOTO
U3JIyYEHUs, YTO TIO3BOJIIET WCIOJL30BaTh JAHHYK) CHUCTEMY [UJIsi CO3JaHUS
CUTHAJILHOTO CEHCOpa OTHOCUTeIbHOM BiaxkHoctu [238, 240, 245]. CeHcopHbie
CHUCTEMbl TAaKOT'O THUIIA HAMPABJICHBI HA PETUCTPALMIO JOCTIKECHHUS OIMPEesseMOon
BEJIMYMHBI 3aJlaHHOr0 3HaudeHus. CucTteMa XWTO3aHOBass IUICHKA / HaTpHUH-
CUJIMKATHOE CTEKJIO MPEACTABIISETCS JOCTATOYHO IMEPCHEKTUBHOM ISl pean3aliuu
TaKuX CEHCOPOB.

Ha pucynke 2.21 mnpuBeneHBl 3aBUCHMOCTH OITHYECKOTO OTKJIMKA IIPU
copOuMM M JecopOlru MOJEKYJ BOJbl XUTO3aHOBOW IUICHKON, HAHECEHHON Ha

MOJIOKKY U3 HATPUM-CUITMKATHOTO CTEKJIA.

S’ AB S’ AB

0 B-oE-o—ato-To—E-oEmgy 0 g—o—@—D

B -5 1
A0 -10 -

B Accopbryus B Aecopbuus
-15 - & Copbrus r\j -15+ ¢ Copbrus
o 0
0 | | | .OB’ Vo 0 . . . _ @ OB, %
25 55 45 55 65 27 30 33 36 39
a) 0)

Pucynok 2.21. 3asucumocmsv 6biX00HOU MOWHOCMU NPOUWLEOULe20 U3NYUeHUs Yepes
XUMO3AHOBYILL BOJIHOBOO HA NOOJIOJNCKE U3 HAMPULI-CUTUKAMHO20 CMEKLA OM YPOBHS.
omHocumenvHou enaxchocmu (1 — copoyus, 2 — decopbyus): a) Ayemam xumo3sana,

0) Llumpam xumo3sana.

B mnponecce copOumu (rpaduk 1) nHabGmromaeTcss HEOOJBIIOE YBEIUYCHUE

BBIXOI[HOﬁ MOITHOCTH IIPH ITOBBIIICHHUH OTHOCHUTEJIBbHOM BJIAXKHOCTH A0 IIOPOroBoro
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3Hauenud (60% ms anerara xutozaHa u 40% 1 LUTpaTa XUTO3aHA) TPU KOTOPOM
ONTUYECKUIM CHUTHAJ MPOMAJAET, YTO XOPOILO COrJacyeTcsi ¢ MPUBEICHHBIMU BBIIIIEC
naHHbIMU. J{aHHBINA 3D PexT 0OpaTuM U XapakTepeH it 000MX TUIIOB BOJHOBOHOTO
cios. MakcuMalnbHbIEe OTKIIOHEHUSI B 3HAYEHUSX COPOLIMU U IECOPOLIMH MPUXOATCS
Ha [OPOroBYK0 00JAacTh OTHOCHUTEIBHOM BIAXHOCTH W He npeBblmarnT 10%.
JlocTUTHYTOE COOTHOIIIEHUE CUTHAJI/IIIYM COCTaBiseT nopsiaka 18 ab.

BapeupoBaTh mopor cpabaThiBaHUSI CEHCOpa MOXHO HCIOJIb30BAaHUEM
MO/JIOKKU C JPYTUM TIOKa3aTeJIeM TPEIOMIICHHUS W/WIIA W3MEHEHUEM ITOKa3aTels
MPEJIOMJICHUSI BOJIHOBOJHOW IUICHKH (Hampumep, JAOMUPOBAHUEM HAHOYACTUIIAMU
[247]) a Taxke MIMHOW BOJIHBI BO30Y)KIAIOMICTO BOJHOBOJ H3JIydeHUs (PUCYHOK
2.13).

Ha pucynke 2.22 npuBeJeHbl OJYyYCHHbIE KHHETUYECKUE XapaKTEPUCTUKU B
JIAANa30HE OTHOCUTENIbHOM BiaxHOCTH cpeabl 20%-65% nns anerara xuTo3zaHa u
20%-45% nns umTpata xuto3zaHa [245]. B ciydae armerata XuTO3aHa BpeMs
cpabaThIBaHUS ONTUYECKOTO CEHCOPA COCTABJISIET MOPsAJKA 2 CEKYyHH Il COpOLMU U
5 cekyHa juis aecopOiuu. s iuTpaTa XMTo3aHa BpeMeHa J1eCOpOIMU 3HAYUTEIIHHO
BbIlie U gocturatoT 30 cekyHa. B kadecTBe CBHIIETENTHCTBA O MEPEXOJIE CUCTEMBI B
CTAllMOHAPHOE COCTOSIHUE CIY>KWJIO MPEKpaIleHUEe W3MEHEHUS 3HAYEHUS BBIXOJTHOU

MOIIIHOCTH.

P s o OB, % P a6 OB, %
1 - 1 -5

- 70 . 0
0,8 _M\ Q - 60 0,8 --—‘\ - 40

s & rumd 50
0’6 - | 40 0,6 T B 30

BBIXY

0,4 4 30 0,4 & L 20
: \
0,2 - 20 0,2 4 —> L 10
’ L 10
O \ T T O O ' T T O
0 50 100 150 0 50 100 150 200
t, C. t: ¢
a) 0)

Pucynox 2.22. Kunemuueckue xapaxmepucmuxu nieHOK COae80U hopmvl XUmo3aHda
N0 OMHOWEHUIO K YPOBHIO OMHOCUMENbHOU GIANCHOCIU: a) ayemam Xumo3sad, 0)

uumpani Xxumosarda.
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Pe3ynbTaThl  CpaBHEHHSI CEHCOPHBIX  XapaKTEPUCTHK  HCCIEAOBAHHBIX
BOJJTHOBOJHBIX IJIEHOK KakK HMHTErpajbHO-onTHYecKuX ceHcopoB (MO), moporossix
cencopoB (IIC) um ceHCOpoB Ha OCHOBE KBapleBbiX BOIHOBOJOB (BO) ¢
YyBCTBUTEJIbHBIM cjioeM [91], mpuBeneHsl B TaOmuie 2.2 W JAEMOHCTPUPYIOT
CYIIECTBEHHO 00Jiee BBICOKYIO YyBCTBUTEIBHOCTH MPEAJIOKEHHOTO B TaHHOU paboTe

crioco0a opraHu3allii CEHCOPHO# cucTeMsl [245, 248, 249].

Tabauya 2.2. Cpasnumenvhble Xapakxmepucmuky pa3iudHblX munog ceHcopos.

Huana3zon | YyBCTBUTEIBHOCTb, Bpewms cpabatbiBanus
Tun cercopa / MOKPBITHS
OB, % nb/%RH copOrus (necopOrnus), cex
BO. Anerat xuro3ana
17-95 0,001 2(2)
[91].
BO. Arap-arap [91]. 40-95 0,001 3(3)
UO. HeiitpanbHblii aneTar 20-45 0,0047 1)
<
XuTo3aHa [245] 45-90 0,03
NO. HeiirpanbHblii nuTpaT 20-55 0,0151
2(1)
XxuTo3aHa [245] 55-90 0,0325
HO. Anerat xuTo3aHa 15-50 0,018
<1(1)
[245] 50-90 0,057
I1C. Anerat xuro3aHa
58-62 4,5 2(2)
[245].
[1C. Lutpart xuro3zana
39-41 9 2(2)
[245].

Takum  oOpa3oM, HCCIIEJOBaHHBIE MHTETPaJIbHO-ONTHUYECKUE  CEHCOPHI
OTHOCHUTEJIBHOM BIIAJKHOCTH OKPYKAIOILIEH Cpeabl HA OCHOBE BOJHOBOIHBIX IJIEHOK
COJIEBBIX M HEUTpaJbHBIX (POPM XWUTO3aHA MMEIOT XOPOIIYI) YYyBCTBUTEIBHOCTH U
Manoe BpeMmsi cpalOaThIBaHMsI, YTO JENAeT WX IEPCHEKTUBHBIM MaTepUajoM Jis

CO3/1aHUsl yCTPOMUCTB ONPEEIICHNSI OTHOCUTEIBHOM BJIAXKHOCTU OKPY’KaOIIEH CPEIbl.
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2.4 BbIBOJBI K IJ1aBe 2.

Takum 0O6pazom, BTOpast TJ1aBa IUCCEPTAITUU COJCPIKUT BIIEPBHIC MOTyUCHHBIE
pe3yibTaThl  KOJMYECTBEHHOM U KA4eCTBEHHOM  OLIGHKM  OCOOEHHOCTEH
B3aMMOJICUCTBHS HEMPEPHIBHOTO JIA3EPHOTO U3IYYEHHUS] C XUTO3aHOBBIMH IUICHKAMU
ONTUYECKUX XapaKTePUCTUK BOJHOBOAHBIX XHWTO3AaHOBBIX IUICHOK Pa3IAYHBIX
MOHHBIX (OpM, B YCIOBHUSIX HM3MEHEHHUS] YpPOBHS OTHOCUTEIBHON BIIAXKHOCTH
OKpyXkarwuer cpeapl. Ha  OCHOBaHMM  NOJYYEHHBIX  3KCIIEPUMEHTAIBHBIX
pEe3yJbTAaTOB MPOBEJICHA OLIEHKA BO3MOXXHOCTH HCIOJIb30BAHUS JAHHBIX CTPYKTYP
JUTSL CO3/IaHMSI ONITUYECKUX CEHCOPOB OTHOCUTEIHHOM BIa’KHOCTH.

YcTaHOBIEHO, YTO NpH COpOLMHU MOJIEKYJ BOABI MPOUCXOAUT YMEHBIIECHUE
MoKa3aTelisd MPeJOMIICHUS] XMUTO3aHOBOM IJICHKHU. BennunHa M3MeHeHHs ToKaszarTess
MPEJIOMJICHUSI BOJHOBOJIHOM TUICHKA TMPU YBEIUYCHUH YPOBHS OTHOCUTEIHHOU
BiaxxHoctu ot 20% mo 92% omnpenensercss GpopMol mosiMcaxapujia U COCTaBIISIET
Anp=0.04 nns anerata xuro3ana u An;=0.145 11 nuTpaTa XUTO3aHa.

JlokazaHo, YTO BOJIHOBOJIHBIE IJICHKU COJIEBBIX U HEUTpaibHBIX (hOpM arerara
U [IUTPATa XUTO3aHA MOTYT UCIIOIb30BAaThCA JJIs CO3JaHUsI CEHCOPOB OTHOCHUTEJIbHOM
BIAXKHOCTH 0€3 (POpMUPOBAHUS TOMOJIHUTEITFHOTO YYBCTBUTEIBHOTO CIIOS.

VYcTaHOBIEHO, YTO MIJIEHKH COJIEBBIX (DOpPM areraTa XWUTO3aHA MOTYT OBITh
MCIIOJIb30BaHbl AJIsl ONPEIeNICHHs] OTHOCUTENBHOM BIIaKHOCTU B Auanaszone 15-90% c
gyBcTBUTENHHOCTHIO 0,018+0,002 1b Ha 0aWH MPOLIEHT OTHOCUTEILHON BIIAXXHOCTH
U BpeMeHeM cpabaTbiBaHus He 0oJiee 2-X CeKyH/I.

YcTaHOBJIEHO, YTO TUIGHKH HEUTpalbHBIX (HOPM areraTa W LUTpaTa XUTO3aHA
MOT'YT HCIOJb30BaThCS ISl ONPECICHUS OTHOCUTEIHLHOW BJIAXKHOCTH B JUAIa30HE
20-90% c¢ uyBctBUTenbHOCTHIO 0,0047-0,0325 nb Ha NPOIEHT OTHOCUTEIHHOU
BJIQYKHOCTH U BpEMEHEM cpabaThIBaHUs HE 00jiee 2-X CEKYyH/I.

DKCIEepUMEHTAIBHO JI0Ka3aHa BO3MOXKHOCTh MCITOJIb30BAHUS TIJICHOK COJIEBBIX
dopMm amerara W TI[MTpaTa XWTO3aHA [JII CO3/JAaHHSI TOPOTOBBIX CEHCOPOB
OTHOCHUTEJIbHOM BIaKHOCTH C OTHOILIEHHEM CUTHaJI/IityM He meHee 18 nb.

Pe3ynbTaThl, npencTaBieHHbIE B IAHHOW TJ1aBe€ OMYOJIMKOBAHBI B CJICIYIOIINX

neyaTHbIX u3ganusax [235, 236, 238-240, 245-249].
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I'naa 3. JlazepHo-uHAYHHPOBaHHbIE (poToquHAMUYECKHUE 3P PeKTHI B
00beMHBIX HAHOKOMIIO3UTHBIX CHCTEMAX, 00Pa30BAHHBIX KBAHTOBBIMH

TOYKAMHM CYJb()HUaa KAAMHUSA B CHIIMKATHOM MaTpHIIe

OnHoit u3 0cOOEHHOCTE OMOMUMETHYECKOTO MOAX0a K CHHTE3Y ONTUYECKUX
MaTepUaJIOB SIBISETCS BO3MOXKHOCTh IMOJYYEHHUSI HE TOJBKO TOHKHX BOJIHOBOJHBIX
IUICHOK, HO M OOBEMHBIX MaTepUalioB, MCHOJb3Ys, HAIpPUMEpP, METOJbI 30JIb-Telb
XUMHH. YKa3aHHBIN MOJXO0/]1 MO3BOJSET HE TOJBKO MOJIy4aTh ONTHUYECKUA MPO3PAYHbBIC
MaTepuaibl, HO W MOAU(MUIHMPOBATH WX ONTHYCCKUE XaAPAKTEPUCTHUKUA TIOJ
KOHKPETHBbIE THUIbI 3a1ad. C TOYKM 3pEHHUS] ONTHYECKOH CEHCOPUKH MNPUMEHEHHE
TaKuX MaTEepUaIOB 3aTPyAHUTEIBLHO BBUY OOJBIIOro BpeMeHU AudPy3un MoIeKys
aHanuta. OJHAKO [IaHHBIE MaTepuaibl MOAXOIAT JJIsI CO3JaHUsl YCTPOMCTB
YIPABJICHUS JTA3€PHBIM HU3JIYYCHUEM, MTEPCIEKTUBHOCTh KOTOPBIX OblJIa pACCMOTpPEHA
BO BBEJICHUMU.

B kauectBe mpuMepa MNPUHLUNNATBHON BO3MOKHOCTH HCIOJIb30BAHUS
00BbEMHBIX OMOMUMETHYECKUX MAaTEpUaliOB ISl CO3JaHUS YCTPOMCTB yIpaBlICHUS
Ja3epHbIM  M3JIy4YE€HHWEM, B JIaHHOM pa3lieJie  MpPEeJICTaBICHbl  PE3yJbTaThl
UCCIICIOBAHUSI B3aUMOJECHCTBHS JIa3€pPHOTO M3IYyYEHUS] C HAHOKOMIIO3UTHBIM
MaTtepuasioM, O0pa30BaHHOM  KBAaHTOBBIMU  TOYKaMu  Ccyidbduaa  Kaamus,

BHCAPCHHBIMU B CUJIMKATHYIO 30JIb-I'CJIb MaTPHILY.

3.1 ®opmupoBaHNe CUIUKATHOT0 HAHOKOMIIO3UTA U BJIMSIHHE JIA3€PHOTO
U3JIyYCHHUSI HA ero ONTHYECKHE XapPaKTePUCTUKHU

3a ocHoBY cuHTe3a kBaHTOBBIX Touek (KT) cynbdpuaa kagmusi ObLT B3IT METO/,
npemtoxkeHHpld B pabote [250]. OH O6b11 MOIUUITMPOBAH NETATBHOM MPOPaOOTKOM
ycinoBuil mpoBeaeHus. OOmIas cxemMa CHHTE3a BBITVIAIUT CIEAYIOIUM 00pa3oMm.
Bnauane, npu MHTEHCMBHOM MEPEMEIIMBAHUM, CMEIIMBAIOTCS HCXOAHBIE PACTBOPHI
arierata KaaMus u MepkantossHtapHoit kuciaotel (MSK). Yepes 5 — 10 munyt pH
PEaKIMOHHOM CMeCH CMellaercs 10 3HadeHus, paBHoro 10, nobOaBieHreMm
rupokcua Hatpusi. [I[puroToBaeHHBIN pacTBOp MpH UHTEHCUBHOM IEPEMEIIMBAHUN

BIIUBACTCS B pacTBOp cynbduma Hatpus. [lomydeHHas cmech NepeMeninBaeTcs B
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TeueHun 24 4YacoB, B pe3yibTare dero mpoucxoaut mnepexon CdS u3 amopdnHoOro

coctosHusl B Kpuctamumdeckoe. Hammume KT — BeiBasieTcs  Hanuuuem

JIOMUHECIICHIINY MPU OCBELIEHUH B3BECH YJIbTpadrOIeTOBON JaMIIOM.
®opmupoBanue KT nmpoucxoaut B pe3yibTaTre 0OMEHHOM peakiuu:

Cd(CHgCOO)z + Na,S — CdSl + 2Na(CH3COO)2,

KOTOpasi MPOTEKaeT NPaKTHUYECKM MIHOBEHHO MOCJE CMELIEHHUsS pacTBOpoB. lIpu
aToM oOpaszyercs HepacTBopumoe coenuHenne CdS. Ero xonmenTtpamus B
3HAYUTEJILHON CTENEHU MPEBOCXOJUT MPOU3BEACHUE PACTBOPUMOCTH, YTO MPUBOIUT
K TEpechIeHnio, OOyClaBiIMBaloOllee HYyKJealuioo Ccyiabhuaa KaaMmus B BHJE
kiactepoB. MK, mpucyTcTByromiasi B peakiiMOHHONW CMeCH, afcoOpOUpyeTCs Ha UX
noBepxHOCTH. CTpykTypa (OpMHUPYIOIIETOCS KiIacTepa CXEMaTHYHO IMOKa3aHa Ha
pucynke 3.1a. CBa3pIBaHUE MEPKANTOSIHTAPHON KUCIIOTHI C MTOBEPXHOCTHIO KilacTepa
MPOUCXOJUT IO THUOJBHOU TpyIie, a 00e KapOOKCHIIbHBIC TPYMIbl OKa3bIBAIOTCA
OpUEHTHUPOBAaHHBIMH B CTOPOHY BOJHOro pactBopa. Momnekynst MSK oGpasyror
000JI0YKYy, KOTOpasi CO3/1a€T CTEPUUYECKHUI Oapbep, NPEenATCTBYIOMHNA (DIOKYIALNN U
BBINIAJICHUIO KJIACTEPOB B OCAJIOK. DTOMY MPEMSATCTBYET TAKXKE JIEKTPOCTATHUECKOE
OTTaJIKUBaHUE, OOYCIIOBIEHHOE 3apsAI0M KapOOKCUIBHBIX TPYIII MPU TUCCOIUAIIIHU B
niesioyHo o6sactu. COOTHOLIEHUE MEXKAY TpeMs KOMIIOHEHTaMU PEeaKUHUOHHOU
cmec — Cd®*, S u MSIK - ompexensier pasmep (OPMHUPYIOIIUXCS KIACTEPOB H,
coorBeTcTBeHHO, KT, UTO TO3BOJIIET pEryJIupoBarh HX  CHEKTpaJbHBIC
XapaKTePUCTHKHU.

BappupoBanue KOHLUEHTpalUUi M COOTHOLIEHHS KOMIIOHEHTOB PEAKLIMOHHOU
CMECH MPUBOAUT K HM3MEHEHHUIO JIIOMUHECIIEHIIMM PACcCTBOpa, YTO YKa3bIBaeT Ha
dbopMHUpOBaHNE HAHOYACTHUI[ PA3HOTO pa3Mmepa. B kadecTBe WILTIOCTpAIUU CITYKHUT
pucyHok 30, Ha KOTOpOM TpuBeieHa Gororpadust 00pas3oB ¢ SMUCCUEH OT TOITYOOi
10 kenToul. [lodydeHo onTUManibHOE COOTHOIICHHE KOHIEHTpAIU, MPU KOTOPBIX
JOCTUTAETCA  CTaOWJIBHOCTh CHEKTPAIBHBIX XapAaKTEPUCTHK HA MPOTHKCHHUH
JUTUTEILHOTO BPEMEHM, UTO SIBISETCS OJHOM M3 OCHOBHBIX 3a/Jad MPHU OTPabOTKe

Mmetonukn cunre3a KT.
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Pucynox 3.1. a - cxemamuunoe uzoopasicenue KT, cmadbunuzuposannoi MAK. 6
- gomoepagusa obpazyos KT, cunme3upo8amHvlx ¢ pA3HLIM COOMHOUEHUEM
peazenmo8 6 peakyuoHHou cmecu. 8 - muxpogomoepagus KT, coenannas c

NOMOUbIO npoceevusarnuieco 2J1EeKMmpPOHHO20 MUKPOCKONA 6blCOKO2O0 pa3peutlerHusd

JEM-2010 (JEOL).

Hanuuue momunecuenimu y CdS yka3piBaeT Ha KPUCTALTUYECKOE COCTOSTHUE
HAHOYACTHI[, TaK KaK TOJHKO B JTOM CJIy4a€ MOTYT IMPOSBIATHCS KBAaHTOBBIC
s dextpl. KpucrammmyHocTs ObUTa MOATBEPXKIEHA C MOMOIIBIO MPOCBEUYUBAIOIICH
AIIEKTPOHHOMN MHUKPOCKOITUHU BBICOKOTO paspenieHus. N3o06paxenue
cuaTe3upoBaHHbiX KT MOXHO BuAeTh Ha pucyHke 3.1B, Ha KOTOPOM XOPOIIIO
pasnuMMa Kpuctauimieckas pemerka [202].

Buenpenne KT B criimkaTtHyro MaTpuily IpOBOAMIIOCH C TIOMOLIBIO IIPEKYpCOpa
terpakuc(2-rugpokcudtuin)oprocuiukar (THEOS) cuHTe3upoBaHOro mo MeToAMKe,
ormmucanHo B [205]. Hyknearuss TIT'20C Ha opraHMYecKUX COCTUHEHUSX MPOXOJUT
Ha (YHKIMOHAJIBHBIX TPYIIIAX, CHOCOOHBIX 00pPa30BBHIBATH BOJOPOIHBIC CBSI3H,
KOTOpBIE OOYCIaBIMBAIOT KAaTalu3 pEakluid THUAPONIM3a M TMOCIEAYIOUINX pPeaKIni
koumencanuu [205, 251]. B »tom caydae KT, mOKpbIThIE KapOOKCHUIBHBIMU
rpynIaMy, BBICTYIIAIOT B POJIM PEAKIIMOHHBIX IIEHTPOB, Ha KOTOPBIX MPOHMCXOIUT
OCaXJICHHUE CUJIMKATA.

Jlnst co3maHusi HAHOKOMITO3WTA WCIOJB30BAIUCh MAaCCOBBIC KOHIICHTPAIMH
kBaHTOBBIX Touek 0,01%, 0,05%, 0,1% u 0,3 %macc. CToUT OTMETHTH, YTO
koHneHTpaus 0,3% wmacc. SBISETCS MaKCUMAJIbHOW TMPU KOTOPOM COXpaHSAETCs

ONTUYECKAs MPO3PAYHOCTh OOpa3lloB M JAJIbHEHIIEe €€ MOBBIINICHUE MPUBOIUT K
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BO3HMKHOBEHUIO omnanecueHunu. KoHLEeHTpamuss npekypcopa BO BCEX Ciydasx
cocraBisuia  50% wmacc. IlomydeHHbli TakuM 00pa3oM HAHOKOMIIO3UT — ObLI
UCCIICIOBAaH Ha TMPEOMET BIUSHHS JA3€pHOrO0 M3JIYYEHUS Ha €ro ONTHYECKHE
XapaKTEPUCTHUKHU.

Jns HKT 0.3%wmacc. ObUTO yCTaHOBJIEHO, YTO HpPH €ro 3KCno3uuuu Y P
u3JIydeHueM ¢ JuHoM BoyiHBI MeHee 470 HMm (B mojoce morjomeHuss HKT)
HaOMoJaeTcsl yBenuueHne Kod(p@UIMEHTa TOTOMIEHUS! IKCIOHUPOBAHHON 30HBI
(©3) B cnektpansHoM guanazone 300-700 um. Ilpu stom 3ddexT u3MeHneHus
ontuyeckux xapakrepuctuk Haomogancs B HKT mpu go3zax skcno3umuu oT HyJs
(rpaduk B BUIE IITPUXOBOI THHHH Ha pucyHke 1) 1o 150 Jx/cm® (rpaduk B BHIe
IITPUXITYHKTUPHON JIMHUM C JBYMsl TOYKaMU Ha PHUCYHKe 3.2a), BbIIIE KOTOPOM
HACTYNAeT PEXUM HACBIIECHUS W JAIbHEWINMX W3MEHEHHHA He mnpoucxoaut. llpum
Bozaeiicteun Ha HKT nazepHoro wmsnydyenus ¢ mimHOW BOiHBL Bbime 470 HM
sabdexta MoaupUKAIIMN ONTHUYECKUX XAPAKTEPUCTUK HE ObLIO OOHAPYKEHO BIUIOTH
10 IKCIIO3HIHK ¢ 10308t 500 Jx/cMP. XapakTepHOM O0COOECHHOCTHIO HCCIIEAYEMOTO
HKT sBnsercs cTpemieHue BeJIMUUHbl Kod(duimeHta mnorjomieHuss 93 K
NEpPBOHAYAJIbHOMY YPOBHIO TOCJE MpEeKpameHus: MOIU(PUIUPYIOLIETO BO3AEHCTBUS
Ha oOpaszen. Ha pucynke 3.2a (rpaduk B BHAE IITPUXITYHKTUPHOW JIMHUM)
MpE/ICTaBIeHa 3aBUCUMOCTb KO3 (dulireHTa noromieHus I3 cmycts 12 gacoB mocie
npekpameHuss Moauduuupyrouero BoznaencTtBus. Ilpu 3TOM, mOcHe MepBOro
HKCIIOHUPOBAaHUS, BeIMYMHA Kod(dduimeHnTa nornoueHuss O3 4yepe3 HEKOTOpoe
BpeMsl BOCCTaHABJIMBAETCA Ha Oo0Jee BBICOKOM YpOBHE, Ye€M HUCXOJHas JUIs
HEIKCIIOHMPOBAHHOTO MaTepuayia (rpa@uk B BUIE IITPUXOBOW JIMHUM HA PUCYHKE
l1a), 1 sBJIsIeTCs 0a30BOM B MOCISAYIOIINX UKIAX SKCIOHUpoBaHus [252].

Eme ogaum nposisiienneM peakuun HKT Ha Bo3nencTBUE Na3€pHOTO U3Ty4YECHUS
c A=405,9 HM SBUIOCH HW3MEHEHUE CIEKTpa JIIOMUHECUeHUUMu O3 1pu
MocJIeI0BaTEILHOM KCIIOHUPOBAHUU ¢ 10301 oT 0 110 150 I[)K/CMZ. Ha kaxxmom mare
NEPBUYHOTO SKCIOHUPOBAHUS HAOIIOMAeTCs HEOOpAaTUMBINM CIBUTI MaKCHUMyMa
JIOMHUHECLICHIIMM B KPACHYIO 00JIaCTh CIEKTpa MPU OJHOBPEMEHHOM CYIIECTBEHHOM

YMEHbILIEHUU €€ MHTEHCUBHOCTH (rpaduku Ha pucyHke 3.20).
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Pucynox 3.2. Peaxyus HKT xounyenmpayuu KT 0.3%macc. na eo30elicmeue
usaywenus ¢ A=405,9 Hm: a) cnekmpanbhble 3aA8UCUMOCU KOIDduyuenma
ONMuU4ecKo2o noznoujeHus, 6) cnekmpul aOMuHecyeHyuu I3 nocie SKCNo3uyuu ¢
do30ti om 0 do 150 Ioc/cm® (Ha écmaskax npusedensvi gomozpaduu 6u3yanbHO

Habaroaemvlx 8 Y ceeme odnacmeti moouguyuposarnnozo HKT).

CneacTBueM  NMEPBUYHOTIO  OKCIOHMPOBAHUSA  SIBISIETCS  BO3HUKHOBEHHE
HaOMoMaeMoil  Bu3yalbHO mTpu ocBemennn Y@ nammoit TeMHOM o6iactu
MOAU(PUIMPOBAHHOTO MaTepuana, pororpaguu KOTOpOH MpeACTaBICHbI HA BCTABKaX
pucynka 3.2. Hamuume cMemieHus MaKCHUMyMa CIIEKTpa JIIOMHHECUEHIIUU B
JUIMHHOBOJIHOBYIO ~ 00JacThb ~ CBUJETENBCTBYET 00  YBEJIMUEHUH  pa3MepoB
U3JIyqaomux 1neHTpos [204].

OkcrnioHnpoBanue Y@ U3Iy4eHUEM YUCTON CHIIMKATHOW MaTpHIlbl 10301 10 500
Jk/cM® He TPHBOAMT K BHAMMBIM H3MCHCHHSM BEIMYHHBI ee KodddHIHreHTa
ONTHUYECKOIr0 MOTrJoleHus (rpaduK B BUAE CIUIONIHOW JIMHUM HA PUCYHKE 3.2a). ITO
YKa3bIBa€T Ha OIpeleNsionlee BIUSHUE Ha JaHHBI 3(pQGeKT HUMEHHO Haludue
KBaHTOBBIX TOYEK B HAHOKOMIIO3MTE, a CTENEHb BBIPAXKEHHOCTH dS(deKTa
OnpeJeNsieTcsl KOHIIEHTpalueld KBAHTOBBIX TOYEK. Tak, B KauyecTBe NpUMeEpa Ha
pucynke 3.3 TPUBEACHBI 3aBHCHUMOCTH  KOd(hUIIMEHTa  MOTJIOMICHUS |

HHTCHCHUBHOCTH JIOMHMHCCHCHIIMK HAHOKOMIIO3HUTAa C KOHHGHTpaL[PIeﬁ KBaHTOBBIX
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TOYCK 0,1 %macc. MoxxHO BHUJACTb, YTO MNPCACTABIICHHLIC 3aBUCUMOCTH IIOXOXKH Ha
AHAJIOTUYHbBIC AJI1 HAHOKOMIIO3UTA C KOHHGHTpaHHCﬁ KBAaHTOBBIX TOYCK 0,3 %MaCC.,

OJHAKO HCCKOJIbKO MCHBIIC 110 aMIIIUTYAC.
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Pucynox 3.3. Peaxyuss HKT xonyenmpayuu KT 0.1%macc. na 6o3oeiicmaue
usayuenus ¢ A=405,9 Hm: a) cnekmpanbhvle 3A8UCUMOCU KOIDduyuenma

onmu4ecKkoco nocjlouleHUuAl, 6) cnekmpbol JaroMuHecyeHyuu 23 nocne IKCcno3uyuu ¢

00301t om 0 0o 150 ﬂofc/cM2

Kak BUIHO W3 BBIIIEU3IOKEHHOTO, OJHOW W3 (PU3MYECKUX XaAPAKTEPUCTHK
ucciaenyemoro HKT sBisiercs Hamuuume AuHAMHUYECKOTO (HOTOMHIYITUPOBAHHOTO
ONTUYECKOTO TMOTJOUIEHHS, 3aBUCSIIETO0 OT J03bl AKCHO3UMIHUH YD U3IydCHUS.
Hpyroit (usnyeckolt XapaKTepUCTUKOW, OKA3BIBAIOIICH BIMSHHE HA XapakTep
ontudeckoro otkianmka HKT, sBisiercs ontuueckoe paccesnue. s OeHKH BKIIaaa
ONTUYECKOTO  paccesiHus  ObLJI0O  TNPOU3BEICHO  CPaBHEHUE  CIEKTPaIbHBIX
XapakTEepUCTHK D3 mociie Bo3aeucTBus usnydeHus ¢ A=405,9 HM, MOJIy4eHHBIX B
peXHUME TPSAMOro MPOIyCKaHUs CHEKTpodoToMeTpa U C  HUCIOJH30BAHUEM

UHTErpupyroien chepsl (pucyHok 3.4).
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Pucynox 3.4. Cnexmpanvuvie xapaxmepucmuxu 933 HKT xonyemmpayuu KT
0.3%macc., nonyyenHvie 8 pedxcume NPsAMO20 HPONYCKAHUSA U C UCHOTb308AHUEM
unmezpupyrowell cgepvl cnekmpogomomempa nocie 6030etUcCmeUsl U3NYYeHUs ¢
A=405,9 um.

BunHo, 4dYro onTuyeckas IUIOTHOCTh OOpaslloB TMPHU  KMCIOJIb30BAHHUU
UHTETpUpYIOIIeH cpepbl HECKOJbKO MEHBINIE, YTO CBUICTEILCTBYET O HAJTUYUHU
paccesiHusA, OJJHAKO €ro BKJaJ CYIIECTBEHHO MEHbBIIE, YeM MOTJIOIIECHHS, OCOOEHHO

TS JUTAH BOJTH BhIme 500 HM, T/Ie UM MOYKHO TIpeHeOpeYb.

3.2 UccaenoBanue IMHAMMKH JIA3¢PHO-MHAYHUPOBAHHBIX QP eKTOB B
CIJINKATHOM HAHOKOMIIO3MTE

Jnst  uccnenoBanus  QoroguHAMUYECKUX OA(DPEKTOB MNPUMEHSIICS METOJ
MOIM(UIMPYIOMIET0 W CUMTHIBaromiero  wm3inydenus (pump &  probe),
DKCIIEPUMEHTAJIbHAsl YCTAaHOBKA JUI peain3aliy KOTOPOTO NPUBENECHA HA PHUCYHKE
3.5. B kauecTtBe aKTUBHOW Cpelbl  HCIOJIH30BaJaCh  MPEABAPUTEIHHO
moaudunmpoanHas oonacte HKT (33), kotopas obiydanack MOAUGUIMPYIOIIUM
YO uznyuyenuem ¢ A=405 HM U KOJUIMHEAPHBIM €My CUUTBHIBAIOIIMM H3IYyYCHHEM C

A=633 HMm.
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Pucynok 3.5. Cxema sxcnepumenmanvHou yCmaHoeKuy 0Jis peaniu3ayuu Memood

pump and probe 6 oopazyax HKT.

Kak yxe oTMeuanoch BblllE, U3My4YE€HHUE C JJIMHOM BOJHBI A = 633 HM He
OKa3blBaeT BIMsAHUA Ha onrtudeckue xapakrepuctuku HKT. HWHTeHCMBHOCTB
CUMTHIBAIOIIETO Jydya Obla BbiOpaHa paBHou 100 MKBT/cM?c 1emBIO YMEHBIICHUS
€ro BO3MOXHOI'O TEIJIOBOTO BIMSHUSA. MOIIHOCTh MOIMGUIUPYIOLIETO Jy4ya
peryaupoBajiach arTeHoaropoMm (Att), 4TO MO3BOJWIO TOYHO MOAOMPATH 03y
skcno3unuu. Cunxponuszanus ¢otonerektopoB PD; um PD, mo3Bomuna cBs3arb
OTKJIMK CYMTBIBAIOIIEH MOJCUCTEMBI C MOMEHTOM BKJIIOYEHHS] MOJIUDHUIIMPYIOLIETO
Jasepa.

[Tpu BKJIIOYEHHH MOAMPUIMPYIOIIETO Jydya HAOMIOJAaeTCss NaJeHUE YpPOBHS
BBIXOJJTHOM MOIIIHOCTH CUMTHIBAIOIIEH TOJICUCTEMBI, YTO CBUIETENBCTBYET 00
yBeIUYECHUH (OTOUHIYITUPOBAHHOTO KOd(duiMeHTa noriomeHus (pucyHok 3.6a).
[Ipu »sTOomM HaOmomaercs €ro BBIPAKEHHAas 3aBUCUMOCTh OT  MOIIHOCTHU
Moauduuupytomero u3nyyenus u konuentpauuu KT. Ha pucynke 46 npeacraBieHsl
pesyabtathl st HKT ¢ konuentpanueit KT 0,1% macc.

B naHHOM 3KCIepMMEHTE ¢ MOMEHTA BKIIIOUEHHS] MOAM(PUIMPYIOIIETo Ja3epa,
BpeMsl, NPU KOTOPOM YPOBEHb CUHTHIBaOLIEro curHaiia gocturaetr 90% cBoero
MUHAMQJIBHOTO 3HAa4yaeHWs, HE TMpeBbICWIO S5 cekyHA. Ilpu BbIKiIOYEHUH
MOAU(PUIUPYIOIIETO Jla3epa, BEJIMYMHA BPEMEHU BOCCTAHOBJICHHMS CHUCTEMBI
HECKOJbKO Oonbme u  gocturaer 15 cexkyna. Ilpu sTomMm  MOMIHOCTH
MOAM(PUIUPYIOIIETO U3JIy4eHUuss u  KoHueHTpamuss KT Mamo BiusioT Ha

JTMHAMUYECKHE XapaKTePUCTHKHU cucTembl [253].
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Pucynox 3.6. 3asucumocmv uzmenenus mowmocmu uznyuenuss A=633 Hm,
npoweduteco uepez HKT, om yposus mownocmu mooughuyupyroweeo nyua A=4035,9

Hm: a) konyenmpayusi KT 0,3% macc. 6) konyenmpayus KT 0,1% macc.

Ha pucynke 3.7a mpuBefeHbl TMOJTy4YEHHbIE 3aBUCHUMOCTH  BEJIMYHMHBI
ontuyeckoro orknvka 93 HKT OT KkOHUEHTpauuu KBAaHTOBBIX TOYEK M JIO3BI
AKCIo3uIMK. J{Jis mpeacTaBieHus 3aBUCUMOCTH B 00JIaCTH MajibIX KOHIEHTpalui Ha

pucyske 3.70 3T pe3yibTaThl IPEACTABICHBI B JorapuMUYECKOM MaciiTabe.
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Pucynox 3.7. 3asucumocme eenuuunvt onmuueckoeo omxauxa 33 HKT om
konyenmpayuu KT u 0o3vl sxcnosuyuu: a) auxetHas wkauia, 6) arocapupmuyeckast

wKania.

[TomydyeHHbIE pe3yJIbTAThI €UIE pa3 MOATBEPKAAOT, 4TO s KOHHeHTpaunu KT
0,3%macc. HaOmo1aembie 3P HeKTh HanboJiee BBIPAKEHBI, TOATOMY OOJIbIIAs YacTh
JAIIbHENIINX UCCIIENOBAHUM IPOBOAMIACH I TAHHOM KOHIEHTPALUU.

3aBUCUMOCTh BEIMYMHBI (POTOMHIAYIIMPOBAHHOTO KOd(DPUITMEHTA TOTIOMCHUS
OT J03bl dkcro3unuu U KoHueHTpanuu KT npencraBiena Ha pucynke 3.8.
MakcuManbHO JOCTUTHYTAst B HaIlluX HKCIIEPUMEHTAX BEJIMYMHA
(GbOTOMHIYIIMPOBAHHOTO KO3(PdHUIIMEHTa MOTJOMICHUS 0, PaCCUUTaHHAs IO 3aKOHY

Byrepa, cocraisieT o ~ 13.8629 cm™, mpu go3e sxcmosuuun E = 90 x/cv’,
p
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Ao3a sxkcrnosurum, Ax/cm
Pucynox 3.8. 3asucumocmo eenuuunvl homounoyyupoeanno2o kod@ppuyuenma

nozuowienuss om 003wl 3xkcnosuyuu u konyenmpayuu KT.

Eme onmuum s¢dextom, oOHapyxkeHHbiM y wuccienxyemoro HKT, sBunace
3aBUCUMOCTb BEJIMYHUHBI ONITHYECKOTO OTKIMKA D3 (MOUTHOCTH U3Iy4eHUst A=633 HM,
npomtenuiero uepes HKT) or mnonsgpusanum Moauduuupyoomero jyda, A
kounenTparuu KT 0,3%wmacc. mpencraBnennas Ha pucynke 3.9. HaOmromaercs
IJJAaBHOE BoO3pactanue MomHocth mnpomenumero udepe3 HKT wusnydenus npu
W3MEHEHUH yTria mnojsipu3anuu Mmoaudunupyromero ayda ot 0 mo 50 rpamycoB
(mpakTryecku ABykpatHoe mpu 50 rpagycax) W MiIaBHOE yOBbIBaHWE TPU U3MEHEHUHU

oT 50 10 90 rpamaycos.

N
U (O]
]

\)

—_
U

Onruyeckuii OTKAHK, O.€.

—_

0 23 50 75 100

VroA moAspusanmm, rpaa.

Pucynox 3.9. 3asucumocmv eenuuunvl onmuyeckozo omkauka I3 om

nonsipuzayuu moouguyupyroweo ayua o konyeumpayuu KT 0,3%macc.
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B pabore [254] omnuceiBaeTcs — OpraHO-HCOPTaHUYCCKUN  THOPUIAHBIN
HAaHOKOMIIO3UT, COCTOSIIUMUA W3 ITOJMMEPHOM 3apsANONEPEHOCAIIEd MaTPULBl C
BHEJIpeHHbIMU HaHouacTUllaMu CdS, BRICTYMAIOMKUMH B Ka4ECTBE CEHCHOMIN3ATOpa,
obnanaromiero ¢oropedpakTuBHbIM dddexToM. [lorToMy Hamu OblIa Uccieq0BaHA
BO3MOXXHOCTh (DOTOMHIYLMPOBAHHOTO WM3MEHEHHUs IMOKa3aTels MperoMieHus B O3
uccnenyemoro HKT s xonnentpanuu KT 0,3%wmace. s atoro o6pazenr HKT
noMemaics B ogHO U3 Tuied uHTepdepomerpa Maxa-Llennepa. Moauduumpyrommuii
U CUMTHIBAIOLIUI JIy4d, KaK U B MPEIBIIYIIMX JKCIHEPUMEHTaX, HaINpaBJsUIUCh
KOJUIMHEAPHO, YTO MO3BOJIMIIO ONPEAeNATh POTOMHAYLIMPOBaHHBINA Haler (a3sl B O3

uccieayemMoro oopasma. Mssectro [255], uro pacmpenerneHue WHTCHCUBHOCTH B
uHTepdepeHIMonHoi KapTuHe onpeaensercs kak | =1, + 1, +2,/1,1,¢c0s5, rme |, u

|, “HTEHCUBHOCTH MHTEpPEPUPYIOUIUX JIyuyeil, 0 — caBUT (a3 ompenensieMblil Kak

5:27z-A

, Tae Azl(nl—nz) - Pa3HOCTh XOJa ONTHYECKUX JIy4yeld MEKIY

U3MEpPUTENTFHBIM W OIMOPHBIM IUIeYaMu uHTepdepomeTpa. B HameM ciydae caBur
(da3bl Ha BEIMYMHY T COOTBETCTBYET U3MEHEHUIO MOKA3aTeNsl MPEeJoMIIEHUsT 00pa3ia
Ha Benmuunny An~3-107,

Ha pucynke 3.10 mpezacTaBieHbl pe3yabTaThl SKCIIEPUMEHTOB, MMOKa3bIBAIOIINE,
4TO MpHU 00JyueHun obpasia mogudunmpyronmm gydom A = 405,9 um Haber ¢asb
HAYMHACT MPOMCXOIUTH HPH dKcmo3uuu mopsaka 0,1 Jhk/cM® U cocTaBmsieT d~5m,
YTO COOTBETCTBYET M3MEHEHMIO MOKA3aTeNsl NMPENOMIICHHS Ha An = 1,510%. B o0
BpeMs HAdallo U3MEHEHHS Kod(DPUIMEeHTa TMOTJIOMICHUSI MPOUCXOAUT TIPH

2
AKCTIO3UIIUU Topsiaka 6 Jx/cm”.
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Pucynox 3.10. 3asucumocmov omounoyyuposaHno2o usmeHeHus noKazames
npenomnenus 6 33 HKT xonyenmpayuu KT 0.3%macc. om 003vl 2Kcno3uyuu Ha
Gone uzmeHeHUs BLIXOOHOU MOWHOCIMU CYuUmMbléaowell cucmemvl (wkaia adbcyucc

npuseoena 8 rocapu@muieckom macumaobe).

DOTO TO3BOJSET NPEANOJOXKUTh, YTO MEpBOHAYAJIBbHBIA Haber (asbl,
COOTBETCTBYIOIIUI M3MEHEHHUIO MOKA3aTeJIsl MPEJIOMIICHUS Ha ANy = 1,5'10'3, BBI3BaH
n3MeHeHueM pazmepoB KT BcrencTeue ux arnomepanuu. Ha maneHelimuii Haber ¢a3
Y, COOTBETCTBEHHO, U3MEHECHUE TOKA3aTEeIsl MPEIOMIICHUS HA BEJIMUYUHY An2:1-10'2,
OCHOBHOE€ BIIMSHME OKAa3bIBAE€T HArpeB oO0pas3ila BCIEJACTBUE YBEIMYECHHS €ro
Kod(pdunreHTa noraonieHrs. PexxuM HaChIIIEHUsT HACTYIAET MPU J03€ IKCIO3UILIUU
nopsiaka 150 x/cm’,

[Ipu >TOM HEOOXOAMMO OTMETUTh, YTO (POTOMHIYIIMPOBAHHOE HU3MECHEHHE
nokazarens npenomsienuss 33 HKT rtaxxke sBigerca oOpaTuMbiM MW TpH
MPEKpalleHuH OOJIy4eHHsS €ro 3HaueHWE BO3BpaIacTCs Ha IEepBOHAYATHHBIN
ypoBeHb. Ha pucynke 3.11 mpencraBiieHbl pe3yibTaThl HCCICIOBAHUS IUHAMUKHU
GbOTOMHIYIIUPOBAHHOTO M3MEHEHUs mokazatens npernomsieHus B 23  HKT
konneHTparuu KT 0.3%macc. Ha ¢QoHE HU3MEHEHHS BBIXOAHOW MOIIHOCTH
CUMTHIBAIONICH CHUCTeMBbl. MOIIHOCTh MOIUDUITMPYIOMIETO Jiazepa cocTaBisia 45
MBT. B aTOM ciiydyae Benmumnaa Habera as3wl coctaBmia 0=18m, 9TO COOTBETCTBYET

3
M3MEHEHHUIO TToKa3aTens npejaomienus Ha An = 5,4-107.
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Pucynox 3.11. Junamuxa ¢homounoyyuposannoco usmerHeHuss nokazameis
npenomnenus 6 23 HKT xoumyemmpayuu KT 0.3%macc. na ¢hone usmenerus

8bIXOOHOU MOouwHocmu C'ilxll’l’lbl@leUx;eﬁ cucniemal.



106

3.3 UcciienoBanue MeXaHM3MOB BO3HMKHOBEHUS J1a3ePHO-UHAYUHPOBAHHOM

MOI[I/I(I)I/IKa]_[I/Il/I ONITHYECCKUX XAPAKTEPUCTUK CHIIMKATHOIO HAHOKOMIIO3UTA

Jia Oosiee TOJHOTO TMPEACTABICHUS O MPOIEccax, NPOUCXOASIIUX IpU
B3aMMOJECHCTBUY MOAUPHUIMPYIOIIETO U3JIYYEHUS C CUIIMKATHBIM HAaHOKOMITO3UTOM,
OBUIM HCIOJB30BAaHBl JaHHbIE O CTPYKTypHbIX napamerpax HKT, mnomyduenHsie
METOJIOM MaJIOYIJIOBOTO PEHTreHOBcKoro paccesHuss (MYPP) na audpaxromerpe
«HECUS» (ABcTpusi). DkcriepruMeHTalIbHbIE KPUBBIE pacCestHUs ObLIN MOJIyYEHbI Ha
e BomHbl A=0.1542 HM B HMHTepBane BOJTHOBBIX BeKTOpoB 0.07< s <6.0 HM™
(s=4msinB/A, 20—yron paccestaus). [lomyueHHbie sKkcriepuMeHTaibHbIie 1anHbie MY PP
HOPMHUPOBAJUCH HA HHTEHCUBHOCTH MAJIAIONIETO My4Ka, TOCIIE YeTr0 B HUX BBOAMIIACH
[oMpaBKa Ha KOJUIMMAIIMOHHBIE HMCKaXEHHs B COOTBETCTBUU CO CTaHAAPTHOU
nporeaypoir  [256]. IlepBuunas 00paOOTKa TMOJYYEHHBIX HKCIEPUMEHTAIBHBIX
naHasix MYPP npoBoaunace ¢ momoristo mporpammsl PRIMUS [257]. [{ns ananuza
pacnpeneneHuil 1Mo pa3MepaMm CTPYKTYPHBIX HEOJHOPOJHOCTEH B HCCIETYyEMbIX
oOpasnax HCmojp30Bajiack auanoropas mporpamma GNOM [258]. Ompenenenue
MaKCUMaJbHBIX  pPa3MEpOB  pAaCCEMBAIOUIMX OOBEKTOB W  BOCCTAaHOBJICHHE
IPOCTPAHCTBEHHON  CTPYKTYypbl HAHOKOMIIO3UTa MPOBOJWIMCH C  IOMOIIBIO
KOMITbIOTepHOH mporpamMMbl DAMMIN [259].

Ha pucynke 3.12 npuBeneHa sKCriepuMeHTaIbHASI YCTAaHOBKA JIJISl UCCIICIOBAHMUS
BIUSIHUA JIa3epHOr0 H3JIy4YeHus: Ha CcTpykTypHble ocobenHoctu HKT. Jlns
WCCIICIOBaHMS TUHAMUKNA U3MEHEHUS! CTPYKTYPHBIX XapaKTEPUCTUK HAHOKOMITO3UTA
Moaupuuupyrolee M3TyYeHHE MOJIBOAMIOCH Ha o0paszel] M0 BOJOKOHHOMY
cBeToBoay auamerpoM 600 MKM TakuM 00pa3oM, YTOOBI IMMyYKH PEHTTEHOBCKOTO U

CBETOBOT'O M3JYYCHHS HAXOAUIMCh B OJTHON TUTOCKOCTH (pUCYyHOK 3.12).
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Pentrenosckuii 1D nerexrop

Kroseta ¢ oOpasiiom

Monuduuupyromuii nazep

HcTtounux PEHTTCHOBCKOI'O
H3JIYyYCHHA

Pucynok 3.12. Cxema sxcnepumenmanbHoOU YyCmMano8Ku 0Jisl UCCIe008aAHUS

cmpykmypHuix usmenenutl ¢ HKT npu 8o30eticmseuu Moouguyupyrouje2o uzyueHus.

B pesymbrare ObUlO ycTaHOBIEHO, YTo Tnipu Bo3aedcrBuum Ha HKT
MOJUDUIIMPYIONIIETO U3JIYyYEHHUS C J030M IKCIMO3UIMK He TpeBbimatomnieit 1 Jx/cm2,
WHULIMUPYIOTCSL TIPOLIECCHI arJIOMEPAIIMM KBAHTOBBIX TOYEK, HA HAYaJIbHOM 3Tare B
BUJIC arjioMepaToB W3 JABYX YACTHII, NPUTIHYTHIX apyr k apyry (puc 3.13a (),
HIDKHSISL BCTaBKa). PaccTosiHMEe MEXIy YacTUIaMH MEHbBIIE MX PaguyCoOB HHEPIIHH,
CJI€IOBATEIbHO, MEXKY HHUMHU €CTh aKTMBHOE B3aMMOJEHCTBUE HMX JJICKTPOHHBIMHU
obonoukamu, pucyHok 3.13a (I), BepxHsis BcraBka. Jlanee, mpy SKCIIO3UIINN TTOPSIKA
90 Jx/cMm®, HaGmOgacMble LEHTPHI PACCESHUS YBEIMUHIHCh 10 MAKCHMAILHOTO
pasmepa, ¢ paanycoM uHepiuu 10 8.7 uM u naiauHoi qo L=24.8 um. Takoi arnomepar
MOXET COCTOSITh U3 Heckonbkux KT, B3auMoAeHCTBYIOMUX APYT K APYry (PUCYHOK
3.13a (I)). Ilpu nanapHEHIIICH SKCIO3UIIMN HE TIPOMCXOIUT YBEINYCHHUS IEKTPOHHOM
IJIOTHOCTH arjIOMEpaToB, UX PaJUyC UHEPIIMU OCTACTCSI MTOCTOSIHHBIM U COCTaBJISET
8,1-8,2 HM, OJHAKO MPOUCXOIUT YBEIWYCHUE HMX AHU3OMETPUHM 3a CYEeT Oosee

CHIILHOTO B3auMmoetictBus [260-263].
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Cadmium sulphide

Thiomalic acid (core) \
(shell)
OX ) ) Pump on (

THEOS
(matrix)

7 (b)

Pucynox  3.13. Ilpocmpancmeennas mooenv — USMEHEHUs CMPYKMYPHLIX
Xapakmepucmuxk  HAHOKOMNO3UMA NpU €20  IKCNOUYUU  MOOUDUUUDYIOUUM
U3yueHuem. a) B0CCMAHOGNIEHHble QOopMbl  KIACMEPO8 HAHOKOMNO3UmMAa 00
sxenonuposanun (1), npu sxcnosuyuu ¢ ooszoii 90 oc/em® (1) u na cmaduu
penaxcayuu  (111):  nonyuennvie sxcnepumenmanvuvie Kpusvle paccesnus U
80CCMAHOBIEHHbIE HA UX OCHOB€ NPOCMPAHCMEEHHAS MOOENb aA2loMepama Yacmuy
(HudICHASL 6CMABKA) U pacnpedeienue HeOOHOPOOHOCMeEl 2JIeKMPOHHOU NIOMHOCIU
€OUHUYHOU KEAHMOBOU MOUKU (6epXHAA 6CMABKA). 6) cxemamuueckoe uzoopaxpcenue
npoyecca  opmuposanus  Kiacmepa K8AHMOBbIX MOYeK Npu  IKCHO3UYUU

MOOUDUYUPYIOUWUM UBTYUEHUEM.

[Tpu custun w3nydenus (puc 3.13a (111)) HabmogaeTcs yMmeHbIeHUE pa3mepa

HaHOYacTHUIl 10 6,5-8,5 HM, IpH 3TOM MPOPUIIb KPUBOI pacrpeeeHus] UMEET MOUTH
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CUMMETPUYHYI0 (OPMY, YTO TOBOPUT OO0 YMEHBIICHUW AHWU30METPHHM 4YacCTHIl, a
pacnpeneneHue dIEKTPOHHON TUIOTHOCTH CTAaHOBUTCS OJTM3KUM K TTEPBOHAYAIEHOMY.
BoccraHoBiaeHHBIE TapaMeTpbhl HAaHOYACTHI[ M WX arjoMepaToB IIPE/ICTABIICHBI B
tabmure 3.1.

Tabauya 3.1. Boccmanosnenuvle napamempol UHOUBUOYAILHBIX HAHOUACMUY U

ux aziomepamnos

No DKCIO3ULIUS Penakcanu [TapameTpsl AHMU30METpUS CIUTIOIIEHHOCTh
- (Ilx/em®) s (c) YaCTHIIBI, (HM) bopmbl, ,
Rg; Dmax OTH. €e]l. OTH. €.

1 6/0 - 5,5-5,8; 14,7 0.66 0.65
2 1,084127 - 6.5-6.7; 19,5 0.60 0.44
3 1984127 - 8.4; 23.8 0.62 0.56
4 39,68254 - 8.7, 24.8 0.55 0.38
5 59,52381 - 8.2;22.5 0.59 0.43
6 79,36508 - 8.1;23.3 0.63 0.43
7 99.20635 - 8.2;23.3 0.63 0.41
8 1190476 - 8.3;22.9 0.61 0.38
9 - 600 7.9;23.0 0.59 0.39
10 - 1800 8.1; 23.5 0.62 0.46
11 - 3600 8.0; 22.9 0.62 0.41
12 - 7200 6.5; 17.6 0.59 0.34
13 19,84127 - 6.9; 19.6 0.66 0.49
14 39,68254 - 7.2;19.9 0.66 0.51

AHanu3 BEJIMYUH TIOJYYCHHBIX IMapaMETPOB IOKA3bIBAET, UYTO MPOUCXOIUT
MOCTETICHHAs JiearjioMepalus U BOCCTaHOBJICHUE (OPMBI U pa3Mepa PacCerBaIOIINX
IIEHTPOB J0 UX I[EepBOHAYAJIIbHOTO coctosHus. HabmromaeTcs  ycTtoiunBoe

MOBTOPEHUE PE3YJIBTATOB B MOCIAEAYIOMHUX ITUKIIax skcno3utuu/penakcanmu HKT.
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3.4 BoiBoablI K 1i1aBe 3

Takum o0Opa3om, TpeThs IJiaBa AUCCEPTALMU COACPKUT BIEPBBIE MOTYUYCHHBIC
pe3yJbTaThl  HCCIEIOBAHMS  JIA3€PHO-UHIAYIIUPOBAHHBIX  (POTOJMHAMUYECKHUX
7 PeKTOB B HAHOKOMIIO3MTE, HAa OCHOBE KBAHTOBBIX TOYEK CyIbduaa Kaamus,
BHE/IPCHHBIX B CHJIMKATHYIO MATPHUILY.

Y CTaHOBIEHO, YTO OJKCIO3UIMA JIa3epHbIM u3ydeHueM ¢ A = 405,9 HM
BBI3BIBAET arjOMEpPAIMI0 KBAHTOBBIX TOYEK, UYTO MPUBOJUT K JUHAMHUYECKOMY
(bOTOMHTYITUPOBAHHOMY YBEIUYEHUIO koapurenTa MOTJIOIIEHUS u
JUIMHHOBOJTHOBOMY CJIBUTY MAaKCHUMyMa JIFOMUHECIECHIIMU, ONPEACIAEMBbIX 0301
HKCTIO3UIIHUH.

MeToioM KOJIJIMHEApPHOTO B3aMMOJICUCTBUS CBETOBBIX Jy4e€ll € pa3HbIMU
JJIMHAMWA ~ BOJH  TOJTBEPXKIACHA  BO3MOXKHOCTH  HMCIIOJIb30BAaHUA  JAHHOIO
HAaHOKOMO3UTa [JI1 CO3JaHUsS CHUCTEM YINPABJICHUS JIa3€pPHBIM H3JIYUYEHHUEM,
ONTHYCCKUA OTKJIMK KOTOPBIX (OPMHUPYETCS 3a CUYeT HU3MEHEHMs TOK3aTess
npejoMIIeHUsT U KOd((PUIIMEHTa MOTJIOMICHUS HAHOKOMIIO3UTa MpPH BO3ACHCTBUU
uzinydeHus ¢ A = 405,9 am.

MakcuManbHO JOCTUTHYTBIC BEIMYMHBI (OTOAMHAMHUYECKOTO H3MEHEHHUS
ko3 puIIeHTa MOTJIOMIEHHS U TIOKa3aTess npeaomienus coctaBuiau a~13.86+0,001
em™ 1 An=(5.440,02)-10°, mpu x03e sxcro3urmu 90 r/cm.

VYcranosineno, uto BennunHa oTkiauka HKT 3aBucut ot  nossipusanuu
MOJUMDUIIMPYIONIETO U3IYyUYECHHUS U JOCTUTaeT MaKCUMAaJbHOTO 3HAYCHHS MPHU YIJIe
noJsipyu3anuu nopsjaka 50°, 4To KOCBEHHO yKa3bIBa€T Ha BO3MOYKHbBIE CTPYKTYPHBIC
W3MEHEHUS B HAHOKOMIIO3UTE MPHU BO3JICUCTBUU MOIU(PUIIUPYIONIETO H3TyUCHHUS.
MeTonoM  ManoyrJioBOrO  PEHTTCHOBCKOTO  pPAacCEstHUS  MOATBEPXKIEH  (hakT
B3aMMOJICHCTBUSL OJIM3KO PACIIONIOKCHHBIX B MATPHUIIE KBAaHTOBBIX TOUCK C
oOpa3oBaHHWEM arjioMepatoB U3 2-4 YacTHUI[ MPU DKCIO3UIIMK HAHOKOMIIO3UTA
u3nydyeHuem ¢ A<470 HmM.

Bce nmnonydyeHHble pe3yinbTaThl ObUIM  ONMYOJMKOBAaHBI JTHUCCEPTAHTOM B

CIICIYIOIIMX MeYaTHBIX u3aanusx u3 nepeuds BAK [252, 253, 260].
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3akJoueHue

Takum 00pa3oM, BBHINIOJHEHHBI B HACTOSIIEH AUCCEPTAlMOHHON padoTe
KOMILJIEKC HMCCIIEIOBAaHUNA OCOOCHHOCTEW B3aWMOJICHCTBUS JIa3€PHOTO HM3IYUYEHUS C
OMOMONMMEPHBIMA W OMOMHUMETHYECKMMHU HAHOKOMIIO3UTHBIMH  CTPYKTYpaMH
MOKa3aJj, YTO KOMILJIEKChI ONITUYECKU MPO3PAUYHBIX OMOTIOJIMMEPOB U OMOCUIIMKATOB C
AHUOHHBIMU MHIMKATOPAMU U KBAHTOBBIMU TOYKAMHU MPEJICTABISAIOT 3HAYUTEIbHBIN
uHTEepeC IS (OTOHWKM W ONTHYECKOW CEHCOpWKH. [lomydeHHBIE pe3yabTaThl
WCCIICIOBAHUSI ONTHYECKUX M CEHCOPHBIX XapAaKTEPUCTUK YKA3aHHBIX CTPYKTYP
MO3BOJIIIOT 3aJI0)KUTh OCHOBBI CO3/aHUSI BBICOKOUYBCTBHUTEIIBHBIX ONTHYECKUX
CEHCOPOB OTHOCHUTEJILHOM BIAXKHOCTU OKPYKAIOLIEH Cpelbl U aMMHaKa U OTKPBIBAIOT
BO3MOXXHOCTh CO3JJaHHSI HOBOTO KJacCa HEJIWHEWHO-ONTUYECKUX MaTEpUaOB IJIs
MOJIHOCTBIO ONTHYECKUX (THIA CBET-CBET) YCTPOMCTB VYIPABJICHUS JA3€PHBIM
U3JIyYEHUEM.

OcHOBHBIE pe3yNbTaThl HACTOAIIEH pPabOThl MOAPOOHO OTpPaKEHbI B
3aKJIIOUCHMSX K TJilaBaM, a HauOoJiee CYIIECTBEHHbIE W3 HHUX CBOASTCA K

CJIEIYIOLIEMY:

1. MeToaoM CHEKTPOCKOMUU BOJHOBOJHBIX MOJ MOATBEPKIEH BOJTHOBOIHBIM
XapakTep pacupoCTpaHEHUs JIa3€pPHOIO U3IYyYEHUsI B TOHKHUX IUIEHKaxX Ouomnoaumepa
xuTo3aHa. J[0Ka3aHO, YTO BEJIMYMHA 3aTyXaHUs CYIIECTBEHHO 3aBHCUT OT MOHHOMN
dbopMBl TIOIMMEpa M HM3MEHSETCS B Tpeneniax oT a,=12 nb/cM mis HeWTpanbHOU

opMsbI xuTo3aHa 10 o—=0,825 nb/cm aj1a muTpaTa XuTo3aHa.
P 1 Y

2.  YCTaHOBJIEHO, 4YTO MHOTOCJOWHAs  OWOMOJIMMEpHas  CTPYKTypa,
chopMUpOBaHHAas Ha TOBEPXHOCTH HMOHOOOMEHHOro BoJiHOBoJa ¢ An=0.02 wu
JOTIMPOBAHHAS WHIUKATOPOM OPOMTHMOJIOBBIA CHHHUHM, 0OECTieunBacT MOMYJISIIUIO
pacrpoCTpaHsieMOro B BOJIHOBOJIE Ja3epHOro u3nydeHuss He menee 0,1 ab mpm
KOHIICHTPAIIMM aMMHaka B OKpYy»Karwollel BoJHOBOA cpeae paBHou 0,09 ppm, urto
MO3BOJIIET HKCHOJIb30BaTh €€ B KAyeCTBE BBICOKOUYBCTBUTEIBHBIX 3JIEMEHTOB

HHTCTPAJIbHO-OIITHYCCKUX CCHCOPOB aMMMaAKa.
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3. Iloka3zano, 4To (OpMHUpPOBAHME BOJHOBOJHOIO CJIOS U3 THUAPOPUIBLHOTO
nosuMepa OOECHeurBaeT AaMIUTUTYJHYI0 MOMAYJSALMIO PAacIpOCTPAHSIEMOTOo B
BOJIHOBOJIC  JIA3€PHOrO0  M3JIy4YeHUs BCIeACTBUE (GOPMHUpPOBAHUSA  TpaJIUCHTA
noKasaTelis MPeIOMJICHUS M0 MPOQUII0 BOJHOBOJA MPU BO3JAEHCTBUU MApOB BOJIBI.
Ha ocHOBaHWM TMONY4YEHHBIX MJaHHBIX pa3paOOTaHbl MPHUHITUIBI TOCTPOCHUS
BOJTHOBOJIHBIX ONTHYECKUX CEHCOPOB OTHOCHUTEIIbHOM BIQKHOCTU OKpYXKalollen
cpenbl, (GYHKIMOHUPYIOMHMX B Auana3zoHe He MeHee 15-90% ¢ 4yBCTBUTEIHLHOCTHIO
He xyxe 0,018+0,002 n1b Ha oaMH MPOUEHT OTHOCUTEIHLHOM BJIAXKHOCTU U BPEMEHEM

cpabatbIBaHus HE OoJiee 2-X CEKyH/I.

4. Ha npumepe NByX THIOB MOHHBIX ()OPM XHMTO3aHA MPOJAEMOHCTPUPOBAHA
BO3MOYKHOCTb  CO3JaHUSI IMOPOTOBBIX CEHCOPOB OTHOCHUTEIBHOM  BIIAXKHOCTH,
MMEIOLINX COOTHOILIEHUE CUTHaJ/IIyM He MeHee 18 nb u mopor cpabarbiBanus npu

40% u 60% OTHOCHUTEIHHOM BJIAYKHOCTH.

5. Jloka3aHa BO3MO>XHOCTb CO3JaHHS ONTHYECKOTO MOZYJIATOpPA THUIIA «CBET-
CBET» Ha OCHOBE HAHOKOMIIO3UTA, COCTOSIIIErO0 W3 KBAHTOBBIX TOYEK CyiIbduaa
KagMUsI B CHJIMKATHOM MaTpuile. YCTAaHOBJICHO, YTO OKCHO3MUIUA JIA3€PHBIM
usnydenueMm ¢ A = 405,9 HM MPUBOAUT K AUHAMUYECKOMY MU3MEHEHHUIO ONTUYECKHUX
XapaKTepPUCTUK HAHOKOMIIO3UTA, BBIPAXKAIOMIEMCS B HM3MEHEHUU Kod(pduiimeHTa
MOTJIONIEHHUS, MOKA3aTeNsl NMPEJOMIICHHSI U JUIMHHOBOJHOBOMY CIBHUTY MakKCUMyMa
JIOMUHECLICHIINH, OMNPEIEIIeMbIX T030M AKCHO3UIMK. MaKCUMalbHO JOCTUTHYTHIC
BEJMYUHBI (POTOMHAYLHUPOBAHHOTO KO3 duimenTa nornomenus (Ao = 13.86+0.003
e’ ), mokasarenst mpemommenms (An=(5.4£0,02)-10°%) u caBura Maxcumyma
moMuHecteHImH (AA=50 HM) COOTBETCTBYIOT 03¢ dkcrosuuun E = 90 Jlx/cM? mpu

KOHIIEHTpAIIMK KBAHTOBBIX TOUEK B HaHOKomIo3uTe 0,3 %omacc.

6. YCTaHOBHeHO, qTO BCJIMYHMHA OIITHYCCKOI'O OTKJIMKAa HAHOKOMIIO3HUTA,
COCTOAIIICTO HN3 KBAHTOBBIX TOYCK cyan)mla KagMusa B CUJIMKATHOU MaTpuiIie,
3aBHCHUT oT IMOoJIPpHU3alun MOI[I/I(I)I/ILII/IPYIOHIGFO N3JTy4YCHUA u JOCTHUIacT
MAaKCUMAaJIbHOI'O 3HAYCHHA IIpHU YIJIC MOJIApU3alUK IOpsAaKa 500, qTO SABJIICTCA

)IOHOHHHTCHBHOﬁ BO3MOKHOCTBIO YIIPABJICHUA OIITUYCCKUM HU3JITYUCHHUCM.
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