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AHHOTaIII/IH. Hpe,HCTaBJIeHI)I PE3YIbTAThI, OTpAKAOIKNC OCHOBHBIC  ACICKTbI  3KCIICPUMCHTAJIbHBIX
I/ICCJIG,HOBaHI/Iﬁ 110 BBIABJICHHIO 3aKOHOMCpHOCTGI71 q)OpMPIpOBaHI/ISI U U3YYCHUIO CTPYKTYPHBIX U OHNTHYCCKUX
CBOMCTB HAHOCTPYKTYPUPOBAHHBIX IUICHOK MEAU, MOIY4YaCMbIX MCETOAOM XHUMHYCCKOIO OCAXKICHHSA Ha
HOpI/ICTHﬁ erMHI/Iﬁ U3 pacTBOpPOB cojen MEIu n (I)TOpI/ICTOBOIIOpQHHOI\/’I KUCJIOTBI JII UX HNPUMCHCHHS B
nponecce ICKOpUpOBaHUs MOBEPXHOCTHU KPEMHUCBLIX CTPYKTYP.

Knrouesvie crosa: MeBOHOpI/ICTHﬁ erMHHﬁ, HAaHOCTPYKTYPUPOBAHHBIC INICHKW MCII, XUMHWYCCKOC OCAKICHHUC.

Abstract. The results of experimental study of formation regularities, structural and optical properties of
nanostructured copper films chemically deposited on porous silicon from solutions of copper sulfate and
hydrofluoric acid are presented. Application of the developed solution for the copper deposition on porous
silicon in the decoration process of silicon structures are demonstrated.
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BBenenue

CoBpeMEHHOE MHUKPOSJIEKTPOHHOE MPOU3BOACTBO  XapaKTEPHU3yeTCd O4YEHb BBICOKOM
CTCIICHBI0 W3YYCHHOCTH W OTPabOTKM BCEX COCTABISIONIMX €ro TEXHOJIOTHYECKUX OMeparuu.
HecMotps Ha 3TO, MpaKTUYECKU MOCIE KaXJAO0H TEXHOJOTMYECKOM OIepaluy MPOBOAUTCS KOHTPOIb
KauecTBa c¢ BbIMOMHEHUA. OAHUMHU U3 BaXXKHBIX KOHTPOJBHBIX OMNEpaAlUd MHUKPOIICKTPOHHOTO
MTPOU3BOJICTBA SIBIISIOTCS ONEPAIUU OTPENEICHUS TOIIINH MU TAKCHATIBHBIX U TUPPY3HOHHBIX CIIOCB,
(hopMUpYyEMBIX Ha IMOBEPXHOCTH KPEMHUEBBIX IMOIJIOXKEK. B nmabopaTopHOW M MPOW3BOACTBEHHOM
MPAKTUKE UCIOJNB3yEeTCs HECKOIbKO METOAOB H3MEPEHUS TONIIMHBI AIUTAKCUATIBHBIX U
(P (Y3UOHHBIX CIIOEB, PA3IHYAIONIUXCS 110 (PU3NYECKOMY MTPUHIIMITY H3MEpPEHHH, MH()OPMAaTUBHOCTH
U TOYHOCTH. BBIOOp MeToma, ero METPOJIOTMYECKHE ITOKa3aTeld W Juana3oH MPUMEHUMOCTH
OIIPENENSIOTCS IENBIM PSAOM (DAKTOPOB, YUUTHIBAIOIIMX CBOHCTBA OOBEKTa KOHTPOIIS, BO3MOXHOCTh
peamu3anui Ha HeM (HU3UYECKOr0 NPUHIMIA METONa W3MEPEHHH, CTEECHBI0 pa3pyIIaroliero
BO3JICHCTBUS Ha U3MEPSEMbIii 00pasell.

Yacto st koHTposs TONIMH JU((Y3UOHHBIX W SIUTAKCHAIBHBIX CJIOEB B KPEMHHEBOH
MOJUTOXKE 3KCIUTyaTUPYIOTCS ocobeHHocTH (dopmupoBanus nopucroro kpemuus (I1K) B mpomecce
JEKOPUPOBAHUS 3JICKTPOHHO-ABIPOYHBIX U KOHIIEHTpAaUMOHHBIX mepexonoB [1]. Ilpu anomnoit
00paboTKe MOIYIMPOBOJHUKOBEIX CTPYKTYP B TEMHOTE OOJIACTH KPEMHUS, OOJIAJAIOIINe JBIPOYHOM
MTPOBOIMMOCTBIO, CTAHOBSATCS MOPUCTBIMH, MPUOOpETas TEMHYIO OKPAacKy, B OTIMYME OT oOmacteit
AIEKTPOHHOM TMPOBOAMMOCTH, KOTOpPbIE HE aHOAUPYIOTCS M HE MEHSIoT cBoi nBer. Takas
CENIEKTUBHOCTH IPOIIecca aHOJAUPOBAHUS 00JIACTEH JTBIPOYHOM MPOBOJUMOCTH 00YCIIOBIICHA BBICOKOM
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KOHIIGHTpalel JbIpOK, OTBETCTBEHHBIX 3a pacTBOpeHHME KpeMHHs. OJHako NepMaHEHTHOE
YMCEHBIIEHHE pPa3MEpOB JJIEMEHTOB HHTerpaibHbix Mukpocxem (MMC), compoBoxaaromeecs
(dbopMHpPOBaHHMEM TOHKHX OOJIACTEH JIIEKTPOHHO-ABIPOYHBIX M KOHIEHTPALMOHHBIX IIEPEXOOB,
3aTpynHser mpoiecc ux uaeHtTuukanmuy. [Inpoko n3BecTeH METo JeKOPHUPOBAHUS C IPUMEHEHUEM
pPacTBOPOB cOJIE MEIM, U3 KOTOPBIX HA MOBEPXHOCTH MOJIYNPOBOAHUKOBBIX CTPYKTYpP OCa)XAArOTCA
HAaHOCTPYKTYpPHPOBaHHBIC IJICHKA MeOu, MOP(OIOTUsS KOTOPHIX 3aBUCHT OT THUIA MPOBOJMMOCTH
nouIokk. OIHAKO 3TOT TPUEM TaKKe CTAJKUBACTCS C MPOOJIeMaMH, BBI3BAHHBIMU MAalbIMU
pasmepaMu 00JIacTei AJIEKTPOHHO-ABIPOYHBIX ¥ KOHLIEHTPAIIMOHHBIX MEPEX00B, U HE 0OecreynBaeT
JOCTATOYHO BBICOKOTO KOHTpacTa. MOXKHO OXXHIaTh, YTO COBMEILEHHE aHOAWPOBAHMS KPEMHHUS U
MOCTIENYIOIIET0 OCAKIACHNSI MEIH TTO3BOJIUT CYIIIECTBEHHO MOBBICUTH KOHTPACTHOCTh JEKOPHUPOBAHNUA,
TaK Kak pa3BuTasl yaenbHas moBepxHOcThb IIK crmocoOCTByeT oca)aeHrio OONBIIEro KOMMYEeCcTBA
MEH.

Hacrosimast pabora mocBsmieHa HCCISOOBAaHWIO 3aKOHOMEPHOCTEH  (OpMHPOBAHUS
HaHOCTPYKTYPUPOBAHHBIX IUIEHOK MEAM METOAOM XuMudeckoro ocaxneHus Ha [IK u3 pactBopos
coseli Mean M (TOPUCTOBOJOPOAHOM KHWCIIOTBI, a TAaKKE M3YUCHUIO CTPYKTYPHBIX M ONTHYECKHUX
CBOWCTB TNONYYEHHBIX IUIEHOK /s ONTHUMH3alUM Ipollecca JEKOPHUPOBAHUS IOBEPXHOCTH
KPEMHHEBBIX CTPYKTYP.

MeTtoanka 3KcrepuMeHTAa

Ha navanpHOM 3Tame ObITM MPOBEICHBI IMPEABAPHUTEIbLHBIE HCCIIECAOBAHUS 110 BHIOOPY THIA
MOHOKPHUCTAJUIMYEeCKOro KpeMHHs (c-Si) A JanbHeHmux wucciegoBanuil. st sToro Obumn
WCTIOJIB30BAaHbl IUIACTUHBI C-Si 3JEKTPOHHOTO W ABIPOYHOTO THUIIOB IPOBOAWMOCTH, YAEIBHOE
COIIPOTHUBJIEHNE KOTOPHIX BapbupoBanoch B npenenax 0,01-0,03 Om:cMm 1l CUIIBHO JIESTHPOBAHHOTO
kpemuus (n - ¥ p'-Si) u 10-24 Om-cM 11 1260 JIErMpOBaHHOTO KpeMHus (1 - 1 p -Si). IlnacTunbl
c-Si uMenu Kpucramiorpagpudeckyio opuenTamnuio nopepxuoct (100) u (111). Ha obpasusl mactux
KpEeMHUS ocaxkaanach Meapb u3 BogHoro pacteopa 0,1 M CuSO,45H,0 u HF (46 %). CoctaB pactBopa
Obu1 BBHIOpaH Ha OCHOBAaHWM aHallM3a JIMTEpaTypHBIX AaHHBIX [2—4]. [lpu BwIOOpe THMma c-Si
YUUTBIBAINCH YPOBEHB OJIeCKa MOJyYEHHOW IJICHKH MEIH M MPOYHOCTD €€ CLEMJICHUs ¢ KPEMHUEBON
nooxkko. Ilnenku Menu Ha n'-Si (111) JeMOHCTPHPOBANM HAWIYYLIYIO aJre3Hi0 K KPEMHHIO,
MO3TOMY 3TOT THUIl KPeMHHsI ObUI UCITIONB30BaH B KauyecTBE MOIIOKKH IJISI MPOBEACHHUS OCHOBHBIX
9KCIIEPUMEHTOB.

Crou IIK Obumn cOpMHUpPOBaHBI METOJOM DJIEKTPOXUMHUYECKOTO aHOIUPOBAHHUS KPEMHHEBBIX
TUTACTUH 3JICKTPOHHOI'O THIA IMPOBOAMMOCTH C KPHUCTAJUIOrpa(uyIecKod OpHEHTALMEeH MOBEPXHOCTH
(111). Inamerp mnactunsl coctaBisut 100 MM, yrensHoe conporusnenne — 0,01 Om-cM. AHOIMpoBaHHE
MPOBOAMIIOCH BO (PTOPOIUIACTOBOM sUeiiKe, KOTOpas obOeclieuuBajia IUIOMAIb aHOAUPYEMOH olmacTu
3 cm’. [IIOTHOCTb TOKA AHOJMPOBAHHUS cocTaBiana 60 MA/cM’. JIjis aHOMMPOBAHHUS ObUI HCIIOIB30BAH
pactBop, cocrosiBimit u3 HF (46 %), nuctummipoannoit H,O u C;H;OH, cMemaHHBIX B COOTHOIICHUH
1:3:1. Bpems anomHoii oOpaboTku coctaBisuio 2 muH. Ilocne anogupoBanusi Ha moBepxHocTh [1K
MPOU3BOIMIIOCH OCAKACHHE HAHOCTPYKTYPHPOBAaHHOW IUIGHKM MEOW IIyTeM BBIACPKKH O0O0pa3LoB
B BOJTHBIX U BOAHO-CITUPTOBKIX pactBopax CuSO4 5H,O u HF (46 %).

[Nopucrocts cioes IIK oreHuBanack rpaBUMETPUYECKUM METOIOM IyTEM B3BEUIMBAHUS
00pa3roB 70 W TOCIE aHOMUPOBAHUS C IIOMOINBID aHAIMTHYECKUX BecoB Sartorius CP 225 D
Y U3MEpEHUs UX TONMHMHBI Ha MuKkpockonne METAM JIB-32.

JAns u3ydyeHHs CTPYKTYpbl O0OpaslloB TPUMEHSUICS METOJ PAacTPOBOH BIIEKTPOHHOU
Mukpockonuu (POM). POM-ananu3 o0pa3iioB NpoBOIMICS C UCIONb30BaHMEM MHUKpockomna Hitachi
S-4800. [anneiii MuKpockon oOecreunBaeT paspemieHue a0 1 HM. KonmuecTBeHHast oOLeHKa
CTPYKTYPHBIX MapaMeTpoB IUIEHOK MEAW OCYIIECTBISIACH MPH MOMOLIM TpadUUecKoro peaakropa
ImageJ, KOTOpBIM TO3BOIMJI IOCTPOUTH THCTOTPAMMBI pPAcCIpeNeNeHns OCTPOBKOB MEIU IO
JIMaMeTpaM M ONPEACIUTDh CTeNEeHb MOKPHITUS MEIbIO TOBEPXHOCTH MOHOKPHCTAIUTHYECKOTO KPEMHUS
n BHemHel noBepxHoctH [IK. [Ipu n3ydennn onTuyeckux CBOWCTB HAHOCTPYKTYPHUPOBAHHBIX TJICHOK
Menu Ha [IK peructpupoBanich CHEKTpbl OTPa)KEHUs MPH JUIMHAX BOJH MaJarollero W3My4eHHUs! OT
200 mo 1100 HM c wucnonb3oBaHueM cnekTpodoromerpa MC 122 Proscan Special Instruments.
Peructpanusi cnekTpoB MPOM3BOAMIIACH C IIATOM JJIMHBI BOJHBI MAJarolero HM3JIyYeHUS B 2 HM.
AOComoTHas! MOrPEIIHOCTh YCTAHOBKY JJIMHBI BOJIHBI HE TIpeBbitiana 0,5 HM.
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Pesynbratel u ux o0cykaeHue

Jns onmpeneneHuss ONTUMANBHOTO COCTaBa pPacTBOpa ISl OCAKICHUS MEOU TaK K€, KaKk U
Ha JTare MpeBapUTEbHBIX SKCIIEPUMEHTOB, YUYUTHIBATUCH YPOBEHB OJIeCKa MONYUYSHHON IJICHKA MEIH
Hu MPOYHOCTH ce CHCIICHUS C IOJI0KKOM c-Si. IIpn KOHIICHTPAIUIX
ot 0,5 1o 0,05 M CuSO45H,0 Bpemst ocaxkAeHUS MEIU 10 MOMEHTA OTJICIICHUS IJICHKU COCTABIISUIO OT
1,5 no 5,5 mun. B 10 3xe Bpems B pactBope ¢ koHneHTpauuei 0,025 M CuSO4-5H,0 otnenenue mieHku
MeAu  mpoucxommwno  Tombko mpu 10 mumH.  Takke ¢ yMEHBUICHHUEM  KOHICHTpAILUU
CuSO45H,0 nmoBepXHOCTh TUICHKA MEMU BH3yalbHO CTaHOBHJIACH Ooiyiee Onectsmieid. [lanmpHelmiee
yMmenbiienue koHreHTpamuu CuSO45H,O no 0,01 M mo3BoNuiIo moayduTh TJIEHKH ¢ MAaKCUMAIbHOM
TONIIUHON He Oonee 250 HM Aake IPU MPOUICHUH BPEMEHHU BBIIEPKKU 10 30 MUH. DTO 00YCIIOBIICHO
o0eHEeHHEM pacTBOpa HOHAMU Cu** y TIOBEPXHOCTU TOJIOKKU. Takum 00pa3oMm, H3 BCEX
ucnonb3oBaHHbIX  KoHUeHTpaimit CuSO,5H,O 1mist mpoBedeHHs  KOHTPOIMPYEMOro —Ipolecca
OCaXK/ICHUS M TIONYYCHHUS KaUSCTBEHHBIX TUICHOK Meu Ha c-Si ObUta BeIOpana koHreHTparus 0,025 M.
Takum ke oOpa3zoM ObiTa ompenencHa koHieHTpaiuss HF. Bbuto ycTaHOBIEHO, YTO ONTHMATBHBIM
00BeMHBIM cooTHOIIeHueM BoaHOro pactBopa 0,025 M CuSO45H,O u HF (46 %) seusercs 200:1.
CMech TaKoro COCTaBa B TAJIbHEHIIIEM OYIET Ha3bIBaThCs pa0OYNM PACTBOPOM ISl OCAKICHUS ME/IH.

Ha puc. 1 npencrasienst POM n300pakeHus TOBEPXHOCTH MOHOKPHCTAUIMYECKOTO KPEMHHMS
MOCIIe BBIACPXKKHU B pacTBope s ocaxiacHus menu B tedenue 4, 30 u 180 c. BunmHo, uro Ha
MOBEPXHOCTH MOHOKPUCTAJUIMUYECKOI'0 KPEMHUSI TMPOUCXOAUT 3aPOXKICHUE OCTPOBKOB MEIHU, HX
YBEIMYECHUE B pa3Mepax U MOCIEAYIONIEE CIUSHUE B KBA3UCILIOMIHYIO MEAHYIO IICHKY.

PEESTIGETA TR Rt TP

Puc. 1. POM u300paxeHns: HOBEPXHOCTH C-Si IMOCTIC BRICPKKH B paboYeM pacTBOpe
B Teuenue 4 ¢ (a), 30 ¢ (6), 180 c (8)

Ha puc. 2 npeacraBieHbl THCTOTpaMMBl pPaclpeelieHUs] OCTPOBKOB MEAM IO AMAMETpaM,
paccuntanHele mpu aHamuze POM  ¢dororpaduit. BumHo, uto orumbaromas KpuBas KayKHOH
TUCTOTPAaMMBl MMEET OJIMH MaKCUMyM, KOTOPBI CMEILIAETCS BIPABO NPHU YBETUYECHUU BpPEMEHU
BBIJICPKKHA. DTO TOBOPUT O PABHOMEPHOM POCTE CpPEOHEro JIMaMerpa OCTPOBKOB B IIpoliecce
ocaxaeHus. [Ipu 3ToM Taxke HaOIrOaeTCs TIepepaclpeieliecHHe OCTPOBKOB 110 pa3MepaM B CTOPOHY
YBEIIMUYCHHS: €CIIM Ha CTaJIUU 3apOXKJcHHS Tmpeobnananu ocTpoBku ¢ quamerpoM 20—40 HM, TO Ha
CTaJiud WX CIUSHUS OONbIIasl 4acTh OCTPOBKOB HuMena pasmepbl 60—80 um. Takum oOpazom,
OCaXJCHWE MEOW Ha C-Si MPOMCXOMWIO 4Yepe3 HayalbHOE O0pa30BaHUE 3apoJbIeH MeTajuia,
B JaJibHEHIIIEM pa3poCHINXCsl B IUIEHKY, TO €CTh M0 MEXAHU3MY POCTa OCTPOBKOBBIX IJICHOK.

Jlnamerp, oM Jlnamerp, Hm - Jnamerp, um
a o 8

Puc. 2. T'ucrorpaMmbl pacrpeieieH st OCTPOBKOB MEIU TI0 JUaMeTpaMm Jjisi 00pasioB ¢-Si MoCiIe UX BBIACPKKH
B pabodem pactBope B TeucHue 4 ¢ (a), 30 ¢ (6), 180 c (8)

Paccmorpum ciyuait momnmoxkku [IK (puc. 3). M3zo6paxkenune ucxomnoro IIK (puc. 3, a)
HEOOXOOMMO Uil pEeajbHOTO MPEACTaBICHHUS CTPYKTYpHl IOBEPXHOCTH, Ha KOTOPOW MpOTeKal
npolecc ocakAaeHusl Mear. BuaHo, uto Bxoxsl B kaHas! op ucxonHoro [1K nmeror ¢popmy, 6mzkyro
B OKPYKHOCTH, M OTHOCHUTEIILHO PABHOMEPHO paclpe/esieHbl 10 MoBepXHOCTH. [lomydeHHbIi o0pazery
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SBIISIETCSl MPEICTaBUTENIEM ME30MOPHUCTHIX MaTepuajoB coriacHo kmaccudukauuu [UPAC [5].
[opucrocts IIK BapsupoBanace B npeaenax 50-60 %, cpeaunii auamerp mop coctasisl 30 HM, a
TOJIIIIMHA TIOPUCTOTO CIIos jJocturana 5—7 MkMm. Ananu3z POM uzoOpaxkenuit mokasan, yto Ha [1K
Melb TaKKe ocaxaalach B BHIE OCTPOBKOB (puc. 3, 6—e). IlpuyeM KoOIM4YECTBO OCTPOBKOB Ha
HAYaJIbHOW CTaJMH 3apOXKACHHS OBbLIO Ha TPH MOPsAKA BBIIIE, YeM HA MOHOKPHCTaJIE KpEMHHUS. JTO,
MO-BUAUMOMY, TOBOPHUT O 3HAYHTENLHO OOJBIIEM YHMCIIEC LEHTPOB 3apOKICHUS OCTPOBKOB MEIU Ha

Puc. 3. POM m306paxenus nosepxaoctr [1K 10 (a) 1 mocine (6—) BeIIEp KU B pabodeM pacTBope
B Teuenue 4 ¢ (6), 30 ¢ (s), 180 ¢ (2)

[Tpu ananuze POM nzobpaxkennii [1K nocne ocaxknenns Menu u ructorpamm (puc. 4) MOXXKHO
CKaszaTh, YTO B MPOLECCE CIHMSIHMSA TPaHUL MEPBHYHO 3apOJMBILUXCS OCTPOBKOB MPOM3OMLIO HX
paszeneHre B MECTax BBIXOJA KaHAJIOB MOp Ha MOBEPXHOCTh W 00pa30BaHHME OTAENBHBIX METHBIX
arJoMeparoB, a He CIUIOUIHOW miieHKH. Mexanusm ocaxaeHus Poiapmepa-Bebepa xapakrepusyercs
TEM, YTO CHJIa B3aMMOJEHCTBUS MEKAY aTOMaMU OCaaKa M MOUIOKKH MEHbIIE, YeM MEXAY aTOMaMU
ocaxkaaeMoro Bemiectsa [6]. To ecTb ocakaaeMoe BELIECTBO MIIOXO CMAuMBAET MOATIOXKKY. [ToaTomy
MPOUCXOAUT 00pa30BaHKE IMTOBEPXHOCTHO OTPAaHUYEHHBIX OCTPOBKOB OCaXKIAE€MOT0 MaTepuala, a He
MOCIEA0BaTENbHBIN POCT clloeB ero atoMoB. B ciyuae [1K, cBsi3p Mexay aToMaMi MEIU U aTOMaMHu
BHEIIIHEH MOBEPXHOCTH KPEMHHEBOTO OCTOBA ObLIa €Ille MEHbIIIE, YeM IPH UCIOIb30BAHUH C-Si.

Jnamerp, um Jnamerp, Hm Juamerp, HM
a o 8
Puc. 4. FI/ICTOI‘paMMBI pacapeaeiiCHusa OCTPOBKOB MEIU 110 JUAMETPpaM T 06pasu013 IIK mocme nx BBIACPIKKU B
pabouem pactBope B Teuernue 4 ¢ (a), 30 ¢ (6), 180 ¢ (8)

Buemnsis moBepxHocTh IIK mpencraisiia coOOl CETKy, COCTOSIIYIO M3 HAHOIIJIOCKOCTEH
(puc. 3, a). Ilpn paspacTaHMH OCTPOBOK MEOH BBIXOAWJ 32 T'PAHMIBI TaKUX IUIOCKOCTEH, W CBS3b
aTOMOB M€Y U KPEMHHS CTAaHOBHJIACH 3HAYUTENBHO MeHbIIe. [[o-BHIuMOMY, 3TO M 00yCIaBIHUBaIO
KOaJIeCLEHIIMIO TEPBUYHBIX OCTPOBKOB MeEIW B OTIENbHBIC aryioMepaTsl. HeoOxommmo Taxke
00paTUTh BHUMaHUE Ha TO, YTO JAMAINla30H JAWAMETPOB OCTPOBKOB B O0JAaCTH IEPBOTO MHKa
Ha THCTOIpaMMe, COOTBETCTBYIOLIEH CTaUM KOAJNECLEHIMU B arjioMepaTsl, CHJIBHO HE M3MEHMIICS
[0 CPaBHEHHUIO C JHAla30HOM MHKa HAa THUCTOIpaMME, XapaKTepU3YyIOIled HadaJbHYI0 CTaIuio
ocaxknenna. OdeBUAHO, ToOcae 0Opa3oBaHUS MEOHBIX arjioMepaToB OTKPbUIACh CBOOOAHAsS
noBepxHocTh [IK, Ha KOTOpOI MPOU30IIIO 3apOXKAEHNE HOBOM MapTHH OCTPOBKOB MEH.

[ moBeimenust cmaunBaeMocTr nmoBepxHocTu [1K B pabounii pacTBOp Uit OCaKIEHUSI MEIH
ObuT0 M00aBieHO 8 00beMHBIX yacTeir C3;H,OH. [Ipu ucnonp3oBaHuM CIIMPTOBOTO PacTBOPA MPOIECC
OCaXKIICHHUS MEIU COMPOBOXKIAJCS 0oJiee aKTUBHBIM BBIICIIEHHEM ITY3bIPHKOB rasa (Boxopoja) U3 1mop,
4YeM MpH KCIONb30BaHHM pabodero pactBopa. [lomydeHHBIE MJIEHKM MEOW OTIMYAIUCHh OONBbIICH
HACBIIIEHHOCTBIO IIBETA, OJECKOM W TPOYHOCTBIO CHEIUICHUS C MOJUIOKKOH, YeM ITOKPBITHS,
OCakKIIEHHBIE W3 pacTBOpa, He coxepxaiero cnupt. Ha puc. 5 npencrasieno POM uzobpakenue
noBepxHoctn obpasua IIK, Bbimep>kaHHOro B pacTtBope ¢ goOaBiieHHeM cnupTa B TeueHue 180 c.
Bungno, yTo MemHas IUIEHKa COCTOMT M3 pa3[elieHHBIX MEIHBIX arjoMepaToB C BBIPaKEHHOH
KpUCTAJUIMUECKOW orpaHkod. Ilpuuem pasmepsl ariioMepaToB Ha MOPSAOK IMPEBBIIIAIOT pa3MeEpPHI
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OCTPOBKOB MEIH, OCaXICHHBIX MPH TaKUX K€ YCIOBHUSAX W3 PACTBOpA, HE COJECPKABIIErO CHUPT.
Bo3moxHO, aKTHBHOE BBIIEICHHE BOAOPOAA NPEMSITCTBOBAIO CHUSHUIO OCTPOBKOB MEIU B
CILIOLIHYIO MIeHKY. Hanuuue yeTkux rpaHeil U KpymHBIE pa3Mepbl MEIHBIX arjioMepaToB JOKHBI
o0ecreunBaTh HMX XOPOIIYIO OTPAXKAIOIIYI0 CIIOCOOHOCTh, YTO MOTJO SIBUThCS HPUYHUHON
MOBBIIIICHHOT O OJIECKa MOTy4EeHHON TUICHKH.

Puc. 5. POM m300paxenne HK TOCJIE BBIACPKKH B CHI/IpTOBOM pactBope B Teuenue 180 ¢

Jist m3ydenus oTpaxkarouiel CriocoOHOCTH TJICHOK MeIH OBLIM MPOBEACHBI SKCIIEPUMEHTHI IO
perucTpanny UX CIeKTpoB OTpaxkeHus. Ha puc. 6 mpencTtaBieHsl CIEKTphl OTpakeHUs 00pasuoB c-Si
u I1K, BeIIepKaHHBIX B pacTBOpaXx JUIsl ocakaeHus: Menu B TeueHue 180 c.

0.8

0.7 A

Kosuument otpaxenns
o
rS
L

200 400 600 800 1000
JlnmHa BOJIHBI, HM

Puc. 6. CiekTpbl OTpaxeHUs 00pa3IOB IOCIE OCAXKICHUSI METH
Ha c-Si (a, 6) n IIK (6, ¢) u3 pabouero (a, 6) 1 CIUPTOBOTO PACTBOPOB (8, 2)

MOXHO BHIETh, YTO J00aBJICHUE CIHPTA B PACTBOP IS OCAKICHHS MEIU CIIOCOOCTBOBAJIO
YBCIIMUCHHUIO OTpa)aromiell CIIOCOOHOCTH O0paslloB MOYTH B JBa pasza. IToT 3PdexT ObuI1o
NPEIUIOKEHO UCTIONb30BaTh Ha dTalle ICKOPUPOBaHUS C(HEepUuecKHX IUIM(OB, TIOBEPXHOCTh KOTOPBIX
XMMHUYECKH OKPAIMBACTCS ISl BH3YaJlH3alUMU TPAaHMIBI SMHUTAKCHATBHOTO WK Iu((dy3nOHHOTO
crosi. IllepoxoBaTasi MOBEPXHOCTh TAKMX NUIM(OB JODKHA MOKPHIBATBCS MEObI0 B XHMHUYECKOM
nporecce TakuM ke oOpazoM, kak u [IK. B ®ummane «Tpanzucropy OAO «UHTerpam» s
OKpammBaHus IUTM(OB HCMONB30BalIch BoaHbIe pacTBopsl HF (koHI.) nmubo cepHOKMCION Mean
(0,1 M CuSO45H,;0 + 0,1 06. % HF (46 %)). Ha puc. 7, a, 6 npencraBnensl dororpadun numdos
AMHUTAKCUATIBHBIX CTPYKTYP, KOTOpPBIE OBUIM OKPAIICHBI B TAKHX PaCTBOpaXx.

100 mem 100 MM 100 MmEm
b e —————

a o 8
Puc. 7. ®otorpaduu cdeprueckux mumuQOB AMUTAKCHATLHBIX CTPYKTYP 71 /p-THIIA TIOCIE JAEKOPUPOBAHKS
B pactBopax: 46 % HF (a); CuSO45H,0 + HF (46 %) (6); CuSO,4 5H,0 + HF + C;H,OH (8)

CTpyKTyphl COCTOSIIN U3 CHJIBHO JIESTMPOBAHHOIO AIUTAKCHAIIBHOTO CII0S TOINIUHON 2 MKM H
yaensHbIM conpoTuBieareM 0,03 Om-cM, chOpMHUPOBAHHOTO HA TOBEPXHOCTH HHU3KOJIETHPOBAHHON
nomioxkkn KJIB-12. Ha puc. 7, ¢ nmpuBenena ¢ortorpadus chepuueckux HDTH(OB SMUTAKCHATBHBIX
CTPYKTYp, OKpAallleHHBIX B CIUPTOBOM pacTBOpe, pa3padOTaHHOM B TIPOLECCE BBITOJHEHUS
HacTosIel padoTel. I3 pucyHka BUIHO, UTO pa3pabOTaHHBIN pacTBOp obecreunBaeT 0ojee BBICOKUI
LIBETOBOM KOHTPACT IO CPAaBHEHHUIO C PaHEE UCIOIb3YEMBIMH pPACTBOpPaMH. Y CTaHOBJIEHO, YTO IS
JIEKOpPUPOBAHUS B COIMPTOBOM PAaCTBOPE JOCTATOYHO OJHOKPATHOIO OKpamnBaHus B TedeHue 30 c.
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3akjoueHmne

[IpencraBnennsle B HacTosmed paboTe MaTepuaibl OTPaXKalOT OCHOBHBIE ACIHEKTHI
9KCIIEPUMEHTAIIBHBIX UCCIIEJOBAHUI MO BBISIBICHHIO 3aKOHOMEPHOCTEH (POPMHUPOBAHUS U U3YyUEHUIO
CBOMCTB MEIHBIX IJICHOK, (DOPMHUPYEMBIX XUMUYECKUM ocaxaeHneM meau Ha [1K.

Hcnonps3oBanne pacCMOTPEHHBIX METOJOB aHAIN3a CTPYKTYPHBIX M ONTHYECKHX CBOMCTB
SKCHEPUMEHTAIBHBIX ~ 00pas3loB MO3BOIMIIO TMOMYYUTh HMH(POpPMAIMIO O 3aKOHOMEPHOCTSX
XUMHUYECKOT0 OCaXIeHWs Meau Ha MoHokpucramumdeckud u [IK, a Ttakke o cTpykType u
K03 (pUIIMeHTEe OTpaskeHHsI MEIHBIX MJICHOK.

Pa3paboranHblii cocTaB COUPTOBOrO pacTBopa uisg ocaxaeHus menun Ha IIK mo3Bomser
MOBBICUTh KOHTPACTHOCTh OKPalIMBaHUS CheprdecKuX HUTH(OB dMUTAKCHATBHBIX, AU(Qy3nOHHBIX
CIIOEB U TIOBEPXHOCTH KPEMHHUEBBIX CTPYKTYp HpH aHaIW3€ B TEXHOJIOTMH HW3TOTOBJIECHUS
MOJTYNPOBOAHMKOBBIX TpubopoB U WMC. bnaromaps momydeHHBIM pe3yjibTaTaM pPaclIMpEHBI
BO3MOKHOCTH BBISIBIICHHSI TPAHUI] JIEKTPOHHO-ABIPOYHBIX M KOHIIEHTPAIIMOHHBIX MEPEXOAOB B
UCCIeNyeMbIX o0pa3lax 3a c4eT OOECHeYeHHs CENeKTUBHOCTH W TOBBIMIEHHUS KOHTPACTHOCTH
JEKOPUPOBAHUS YUaCTKOB KPEMHUEBBIX CTPYKTYP.
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