MHOIO30OHHOE NMPOCBETJTAIOLWEE MOKPLITUE HA NMOANOXKE...

KaHAWAAT TEXHUYECKUX HayK, AoueHT, CaHkT-IleTepOyprekuii
HalMOHAJIBHBIH HCCIIEIOBATEIbCKUIl yHUBEpCUTET HH(OpMa-
LIUOHHBIX ~TEXHOJOTMH, MEXaHWKH U onTuku, CaHKT-
Merepoypr, Poccus, KDukel@GOLru

Tep-Hepcecany Ezuwe Baguxosuu - KaHIUJaT TeXHUIECKUX Hayk, noueHt, Cankr-IlerepOyprekuit
HAIMOHAIGHBIA HCCIIEOBATENbCKIH YHUBEPCHTET HH(pOpMa-
LUOHHBIX TEXHOJOTWH, MeXaHWKH U onrtukd, CaHKT-
Ierepbypr, Poccus, volokno@goi.ru

Jlykenvckuit Koncmanumun Bhaoumuposuy

Anatoly Korobeynikov - D.Sc., Professor, Deputy director for science, Pushkov Institute
of Terrestrial Magnetism, Ionosphere and Radio Wave Propa-
gation of the Russian Academy of Sciences St. Petersburg
Branch (SPbF IZMIRAN), Saint Petersburg, Russia,
Korobeynikov_A_G@mail.ru

Yury Gatchin - D.Sc., Professor, Department head, Saint Petersburg National
Research University of Information Technologies, Mechanics
and Optics, Saint Petersburg, Russia, Gatchin@mail.ifmo.ru

Konstantin Dukel’skiy - PhD, Associate professor, Saint Petersburg National Research
University of Information Technologies, Mechanics and Op-
tics, Saint Petersburg, Russia, KDukel@GOI.ru

Egishe Ter-Nersesyantz - PhD, Associate professor, Saint Petersburg National Research
University of Information Technologies, Mechanics and Op-
tics, Saint Petersburg, Russia, volokno@goi.ru

YIK 681.7.064.454
MHOI'O30HHOE ITPOCBET/IAIOHEE ITOKPBITUE HA TIOAJIOKKE

N3 OIITUYECKOT'O CYJIb®UIA IIMHKA
Tau Taii 10", JI.A. I'y6anosa®

*Cankr-ITeTepOyprcKuil HAIIMOHAIBHBIA HMCCIEN0BATENLCKMN YHUBEPCUTET HHQPOPMAIIMOHHBIX TEXHOJIOTHH, MEXAHWKH W
ontuku, Cankr-IlerepOypr, Poccust, La7777@mail.ru

IIpencraBiena MeToaMKa CO3IAHHMS MHOTO30HHOTO IMPOCBETISIONIETO MOKPHITUS Ha IOUIOXKKE U3 ONTHYECKOTO Cylbhuma
nuHKa. [TokpeiTHe omHOBpeMeHHO 3(h(GEeKTUBHO paboTaeT B HECKOJIBKHX CIIEKTPAJbHBIX JHAlla30HaX: B BUANMOM 00mactu
(450-700 am), B Ommxuelt nudpaxpacHoit obmactn (1000-1100 HM), Ha jumHE BOMHBI 1,55 MKM, a Takke B CpernHei
uH(pakpacHoit obmactu cnekrpa (3—5 mxm). Koapduunent orpaxenus B nuanaszone 450-700 um He npesbimaer 2%, B
nuanazone 1000-1100 um — menee 0,5%, B auanazone 1500—1700 um 6nmu3ok k 1,5% u B auanazone 3—5 mkMm — k 0,6%. B
paboTe IpeACTaBIEHbl Pe3y/bTaThl aHAIM3a BIUSHHUSA OTKJIOHEHMII B TOJNIIMHAX CJIOEB, (OPMHUPYIOLIMX pa3paboTaHHOE
HOKPBITHE, HAa U3MEHEHUE 3HAYCHHS SHEPreTHUecKoro koadduIeHTa OTpaXKeHns B paccMarpiBaeMbIx ooiactsx. [TomyueHo,
YTO OTKJIOHEHHWE B TONIIMHE CJIOS, TPAHWYAIIET0 C BO3IYXOM, OKa3blBaeT MAaKCHMAaJbHOE BIMSHHE Ha CHEKTPaIbHYIO
XapaKTepPUCTUKY IIOJy4eHHOTO IIOKpHITHA. OTKIOHEHHE MOKa3aTelsl IMPEJOMIICHHS STOTO CJIOS BIHMSET Ha BEIHYUHY
OCTaTOYHOT'O OTPaXKEHHS.

KioueBnle cj10Ba: MPOCBETISIONINE MOKPHITHS, TPAANCHTHBIC TOKPHITHS, MHOTO30HHBIC TOKPBITHUS, CY/Ib(H]I IIIHKA.

MULTI-ZONE ANTIREFLECTION COATING ON A SUBSTRATE
MADE OF OPTICAL ZINC SULPHIDE
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The paper deals with creation technique for a multi-zone antireflection coating on a substrate made of the optical zinc
sulphide ZnS. The coating effectively operates simultaneously in the following spectral ranges: visible region of 450 - 700
nm, in the near infrared region of 1000 - 1100 nm, at the wavelength of 1.55 pum, and in the mid-infrared (IR) spectrum of
3 - 5 microns. Reflection coefficient in the range of 450 - 700 nm is not more than 2%, in the range of 1000 - 1100 nm is less
than 0.5%, in the range of 1500 - 1700 nm is close to 1.5% and in the range of 3 - 5 um is equal to 0.6%. Analysis results of
the deviation impact in the thickness of layers on the value changing of the energy reflection coefficient in the considered
areas are given. Deviation in the thickness of the layer, contiguous with the air, is shown to have the greatest effect on the
spectral characteristics of the obtained coating. Refractive index deviation for this layer influences the magnitude of the
residual reflection.

Keywords: antireflection coatings, gradient coatings, multi-zone coatings, zinc sulphide.

BBenenue

IToTpeOHOCTH B ONTHYECKUX MPHOOPAx, CIIOCOOHBIX paboTaTh B HECKOJNBKHX CIIEKTPAIBHBIX (BHIUMOM,
ommwkael u cpenneit nadpakpacHoi (MK)) obmactsx, moctossHHO Bo3pactaet [1-7]. Takue cucTemsl OCHAICHBI
JIATYMKaMU, KOTOpbIe PabOTAIOT B OMpECTICHHOI 00NacTh CIeKTpa, U UMEIOT PsiJl MPEUMYIIECTB, B TOM YHUCIE
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MO3BOJISIFOT MOJYYaTh OoJiece MOJHYI UHPOPMAIMIO 00 00BEKTE, HCIOIh30BaTh OO TOYHBIA MEXaHH3M CTa-
OmM3anyM, KOMIIAKTHBI, UMEIOT MUHUMAIIBHBIH Bec M TabapuTHbIe pa3mepsl [8—11].

Cpenu MaTepHasoB, HCIOIB3YIOMIMXCA B ONTHYECKUX CXeMaxX MPH CO3JaHWH MHOTOCTIEKTPAIBHBIX OINTH-
YEeCKUX yCTPOHCTB, Cynb(ua nuHKa (ZnS) ABISIETCS OTHUM U3 HanOOJIee 9aCTO UCIIONIB3YEMbIX. DTO MOXKHO 00B-
SICHUTD CJIETYIOIIUMHU IPHYUHAMU: OH 00J1a1aeT IMUPOKUM Anarna3oHoM npo3padnocTd (0,4—14 MxM), He SIOBHT,
HEpacTBOPUM B Boje [6]. ZnS WMeeT mokazarenb MPETOMIICHHUS 7, = 2,2, TIO3TOMY ONTHYECKHUN DIIEMEHT, H3T0-
TOBJICHHBIHA M3 ZnS 0e3 MPOCBETIAIONIETO MOKPHITHS, IpoITycKkaeT He 6ornee 73% mamatomero n3nmydenus. Dop-
MHpPOBaHHE MPOCBETILIOMINX MOKPHITHI Ha ONTHYECKHX 3JIEMEHTaX, H3TOTOBICHHBIX M3 CYIb(UAa [IUHKA, CYIIIe-
CTBCHHO YBEIUYUBACT 3(PPCKTHBHOCTD €r0 UCIOIB30BaHMUS.

[Ipoceemienne ontudeckoro ZnS OblI0 M3ydeHO pa3sHbIMM aBropamu [12—14]. ITokpbITus, paccMOTpeH-
HbIe B paboTe [12], COCTOSAT M3 TpeX U ISITH CIOEB. JTH MOKPBITUS CHIDKAIOT YHEPTETHYCCKUA KOAPPHUIIUEHT
oTpakeHus B nuanazone aauH BosiH 0,5-0,9 MM, Ha AnuHe BosHbl 1,064 MkM U B auamnazone 8—12 mxm. Cpen-
Hee 3HAYCHUE PHEPTETHUYCCKOTO KO PHUIIMCHTA OTPAXKECHHSI B 3TUX 001acTAX crekTpa cocraBiser 2—3%. KoHcT-
pyKnus pazpaboTaHa Tak, YTO BXOJSIIUE B €r0 COCTAB CIIOM UMCIOT JUCKPETHO MEHSFOIIUECS MMOKa3aTeNu mpe-
nomieHus. PaccMaTrpuBaeMoe TOKpBITHE HE OOECIeUnBaeT CHIDKEHHE oTpaxkeHHs B cpeaneid MK obnactu. B
pabote [13] ommchIBaeTCS MPOCBETIAIONIEE TTOKPHITHE, PACCYMTAHHOE YUCIEHHBIM MeToZioM. [ToKpBITHE CHUXA-
et orpaxenue 10 1-2% B Tpex auama3zoHax: 8—12 mMxm, 3—5 MkM u Ha 1rHE BonmHHI 1,064 MxM. Henocratkamu
STOTO TOKPHITHS SBISIETCS OTCYTCTBHE MPOCBETICHHUS B BUAMMOM IHMANla30HE M y3Kas 30Ha MPOCBETICHHS B
ommkaeir UK obnactu. B pabote [14] paccmarpuBaeTcsi MOKPBITHE, Y KOTOPOTO B (hOPMHUPYIONTUX CIOSX U3ME-
HEHHE TT0Ka3aTelIs IPeIOMIICHHS SBIISIETCS TPaIueHTHBIM. [1oydeHHOe TIOKPBITHE UMEET CpeHee OTPAKCHNE HE
menblie 5% B BugumoM (0,45-0,65 Mxm) u cpeanem UK (3—5 mxm) anamnazoHax.

YacTto BCTpedaeTcs ciaydvaid, KOrJa B COCTAaB MOKPBITHS BXOIAT CIIOU C «HEpPCATbHBIM ITOKa3aTeyieM mpe-
JIOMJICHUS», T.€. PACCMaTPHUBAETCS IUICHKOOOPAa3YIOIIUI MaTepuall, KOTOPOro HET B mpupojae. DTy mpodiemy
MOXKHO PEIIUTh IMyTEeM COBMECTHOTO HAMBUICHHS HECKOJIBKUX MATCPHAIIOB M3 OIHOTO MCHAPUTENS WIH U3 OT-
JICNBHBIX Hcnapurelnicil. [IpuMeHEHHEe Takoro MeToJa B HACTOSIIECE BPEMs OIPAaHUYMBACTCS M3-3a OTCYTCTBUS
TOYHBIX TEXHOJIOTH.

[IpencraBnsemas aBropamu paboTa pacmupseT paHee MOJydYCHHBIE Pe3yAbTaThl U MOCBAIICHA METOIUKE
KOHCTPYHPOBAHUS MPOCBETIIIONIETO MOKPHITHSA Ha ONTHYECKOM ZnS ¢ UCTIONB30BaHUEM PEabHBIX M YCTONYIH-
BBIX TUICHKOOOpAa3ylomux MarepuanoB. I[IOKpeITHE OJHOBpEMEHHO J(PQEeKTUBHO padoTaeT B BUANMOKN
(0,4-0,6 mxM) obmacty aJis J1a3epa ¢ ATMHOM BONHEI reHeparnuu 1064 HM, J1a3epHOTro JabHOMEpa, pabOTaOIIEro
Ha JutiHe BoJHBI 1,55 MM u B cpenneid MK (3—5 mxMm) obmactu. [lokpeiTHe pa3paboTaHO ¢ HCIONH30BAHHEM
TpaHeHTHOTO MeTona [15], KOoTophlii OCHOBaH Ha TOM, YTO ITOKA3aTeNb IPEIOMIICHUS CIOEB, (POPMHUPYIOIINX
MOKPBITHE, SIBISCTCS QYHKIUCH OOMICH TONIMHEBI TOKPBITHS.

Mertoauka pacyera

YroObl MOTYYHTh MHOTO30HHOE MPOCBETIISIIONISE MOKPHITHE, BEIOUPAECM KOHCTPYKIIUIO MOKPBITHSA, B KO-
TOPOW ONTHYECKAs TOJNIMIMHA KaKIOTO CJOS paBHA, MPUYEM IMOKA3aTellb MPEIOMIICHHS CIIOCB HEMPEPBHIBHO YBE-
JMYMBACTCS OT Cpelbl (BO3AyXa), U3 KOTOPOW MajaeT M3Iy4deHHe, 10 MOUIOKKH COIIACHO YPABHEHHIO ISTOM
crenenu [15]:

n(x)=n,+(n, —n,)- 10-(%) —15(%) +6-(%) , M

TJIe X — PAaCCTOSHHE OT TPAHMIIBI C BO3AYXOM JIO TPAHHIIBI pa3aena Mexay i-M u (i+1)-m cinosmu (i =0, 1, 2, 3, 4);
D — obmas ¢pu3ndeckas TONIINHA MOKPBITHS, COCTOSIIETO M3 HECKOJIIBKUX CIIOEB; 71, — TOKA3aTeNb MPEIOMIICHHS
TTOJUTOXKKH; 71 — TIOKa3aTelIb MPEJIOMIICHHS OKPY>KaIOIIen cpeanl (11 Bo3ayxa ng = 1).

CHHTE3 TOKPHITHNA OCYIIECTBIACTCS B HECKOIBKO ITAIOB.

Ha nepBom stane 3amarorcs 3aadenus D u x;. [To popmyne (1) mans kaxxaoro Habopa 3HAYCHHUH (X;+1— X;)
MoJyJaeM 3HaueHMs 1oKasaTesei mpenomienus (i+1)-ro ciost. Takum 00pa3oM, momydaeM CTPYKTYpPY IPOCBET-
JISIFOLIETO MOKPBITHS, COCTOAIIEro u3 (i—1) ciioeB, MMEIOIMX MMOJy4YEeHHOE 3HAYCHUE MOKa3aTeNs IpPeJIOMIICHHS.
®duznyeckast TONMNIMHA KaXKOTO CIIOS ONPEAENsIeTCs KakK d; = X+ — X;.

Kaxk n3BectHO 13 [16], sHEepreTnueckuii kK03(hGUINEHT OTpa)KEHUsS MHOTOCIONHON CHCTEMBI MOXKET OBITh
OIIpEZIEIIeH U3 BBIPAKEHUS

RO =[],
rae
. ising; (L)
r(h) = nym,, —n, My, +i-(nyn,m, —m,,) : my o img| ﬁ cos¢ (1) —j ’
nogmyy + n,my, +i-(nyn,m, +m21) imy — my, Jj=1

in;sing () cose,(X)
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k — xonndecTBO c10€B, GOpMUPYIOIIHX cUcTeMY, @A) — da3oBas TOLIMHA j-TO CIIOs, #;— TOKA3aTeNlb MPeIoMIle-
HUSI j-TO CII0S1.

PaccMoTpuM CTPYKTYpY, (DOPMHUPYIOIIYIO MOKPHITHE M3 YETHIPEX CIIOEB, XapaKTEPU3YIOLINXCS MOKa3aTe-
JISIMU TIPEIOMIICHUS (11, Mo, N3, Hg), Gu3udeckumu Tommmuaamu (d,, do, ds, d;), ONTHYECKUMH TOTIMUHAMU (1,d],
nads, N3ds, nady) 1 pasoseivu TommpHaMe (¢ = 2101,dy (M), 02 = 2 nads(V) ', @3 = 2 nsds (M), @4 = 2mnada(h)
". CBeToBOE M3ITyUCHNME MafAeT U3 OKPYKAIOMICH CPEIBl C TOKA3aTeNeM MPETOMICHH S 1y, IIoKpbITHE ChOpMH-
POBAHO Ha MOJIOKKE C MTOKA3aTeNeM MPEIOMIICHHUS 7 ,,.

Cpennee 3HaYCHHE DHEPTETHUIECKOTO KOd(PPHUIMEHTa OTPaKEHUS B JUAITa30He JUIMH BOJH (A1,A;)

R =7
7“2 _>\'1

Eciu cpennee apupMEeTHUECKOE 3HAYEHHE DHEPTETUUECKOTO KOd()(MUIIMEHTA OTPaXKEHHsI IPOCBETIISIOLIE-
TO TIOKPBHITHA B YKa3aHHBIX JHama30Hax OoJbIne TpeOyeMOoro 3HaueHHUsT OTPaKEHUS, TO MPOIEAYpa MTOBTOPSETCS
C TIEPBOTO ATAla JI0 TEX IO, MIOKa HE MONYYaeTCs KEeNaeMoe 3HaYeHHEe YHEPreTHIECKOTo KodddHumnenHTa orpa-
JKCHUA B yKaSaHHBIX auraria3oHax.

hy
j ROYd\.

HpaKTﬂ‘leCKaﬂ peaausanus METOAUKH

ITo mpencTaBneHHO# MEeTOIMKE OBLIA MONyYeHA CTPYKTYpa MOKPHITHS, TApaMeTPhl KOTOPOI MPUBEICHBI B
Tabm. 1. C 1enpo MOoXy4YeHUs] ONTHMAIBHOTO YHEPTETHYCCKOr0 K03 (HUIIMEHTa OTpaKCHUS B BUIUMOM H CPE/-
HeM UK nuanazoHax cieiyeT U3MEHSTh ONTHUYECKYIO TOJIIKMHY Kaxaoro cios. [lepBoHayanbHOe 3HAYEHHUE TOJ-
el paBHsAercs 50 HM [17], ¢duHaTBPHOE 3HAUCHHE TONIIMHEI paBHsIeTcs 450 HM, mepebop OCYIIECTBIACTCS C
maroM 10 HM. B urore ObIJIO MOy4eHO MOKPHITHE C KOHCTPYKIMEH H0,964H'B0,349B’, rne H, H' — YETBEPTh-
BOJIHOBBIN CJIOW ¢ HU3KUM TOKa3zarenaeM mpeiomienus ny = 1,35, nH/ =1,5; B, B — YETBEPTHBOJIHOBBIE CJIOU C
BBICOKHM TIOKa3aTelieM MpesioMmiieHus ng = 1,8, nB/ =2,15; A = 1,66 MmxM. JlTaHHOE MOKPBHITHE UMEET XapaKTepH-
CTHKY, TIpuBeIeHHYI0 B Ta0m. 2. Ha puc. | mpeacraBiena crekTpaibHas XapaKTepPHUCTHKA SHEPreTHIECKOro KO-
3¢ punmenTa oTpaskeHus pa3pabOTaHHOTO MOKPBITHSI.

Howmep cros n(x) dusnyeckas TOIIMUHA d, HM OnTuyeckas TONIUHA 1d, HM
1 1,35 307 415
2 1,5 276 415
3 1,82 228 415
4 2,15 193 415
CyMMapHas TOJIIMHA MOKPBITUS D =1004 1660
Tabnuua 1. 3HayeHus nokasaTtenein NPenoMIeHns U TOMNWWH CoeB pa3paboTaHHOIo NPOCBETIISIOLLErO
MOKPbITUS
ﬂ“a“aio‘;;“e”pa 450-700 1000-1100 1500-1700 1000-1700 | 3000-5000
) S— 1,5% 0,4% 1,4% 2% 0,6%

Tabnuua 2. CpegHun ko3 OULMEHT SHEPrETUHECKOIO OTPaXXEHUS MPOCBETSAOLLENO NOKPLITUS
¢ KoHCTpyKumeit HO,964H'B0,349B’

Hcnonp3yemble B pa3pabOTaHHOW KOHCTPYKIHH IUNIEHKOOOPa3yIOIHe MaTeprabl TOJDKHEI YIOBICTBOPSTH
CIICAYIOMINM YCJIOBHSAM: MMETh MOJYYCHHBIH MPH pacdeTax IMOKa3aTellb MPEIOMIICHHS W OBITh MPO3PauyHBIMHU B
pabounx nuama3zoHax CIeKTpa. B kadecTBe CI0OeB ¢ HU3KUM TIoKa3areleM npernoMieHus ny = 1,35, nH/ =1,5 moryt
OBITH WUCTIONB30BaHBI MIICHKOOOpa3ytomue Marepuasibl MgF, (n = 1,35, obnacte npo3pagnoctu 0,11-11 Mkm) u
YF; (n=1,5, obnacts npospaunoctu 0,3—14 Mxm). B kadecTBe cl0eB ¢ BBICOKMM IIOKa3aTeseM IMPETOMIICHUS
ng=1,82, nB/: 2,15 MOryT OBITH HCIIOIB30BAHKI TICHKOOOpasyromue Marepuaibl Y,0; (n = 1,82, obnacts mpo-
3paynoctu 0,3—12 mxm) u CeO, (n = 2,15, obnacts nposzpaunocty 0,4—12 Mkm).

IIpu M3roTOBIEHUH MOKPHITUS CYIIECTBEHHYIO POJIb UTPAET YCTOMUYMBOCTh CIIEKTPAIBHON XapaKTepUCTH-
KH KO3 GUIMEHTA OTPaKECHUSI MTOKPBITUS K OIIMOKAM B CIIOSX, KOTOPhIE MOT'YT BO3HUKHYTH IPH €ro GopMupo-
BaHuH. J[anee MpUBOMUTCS CIICKTPabHAS XapaKTEPUCTUKA MPOCBETIISIONICTO MTOKPHITUS IPU HATMYHUU OLMIHOOK B
TonmMHax. B pacdeTe 1y OTAENBHOIO j-TO CIOS C ONTHMAJIBHOK onTHYeckoi Tomuunoi nid; (j=0, 1,2, 3, 4))
rmpubaBIsieM 3HAUYCHHUE OIIHUOKH B TonmuHaxX Aj. PaccMoTpuM, Kak Ipy 3TOM M3MEHHUTCS CIIEKTpajbHas XapakKTe-
PHCTHKA OTPaXEHHUS IIPOCBETIIAIONIETO TOKPBITHSL.

W3MeHeHHs CHEKTPaIbHOM XapaKTEPUCTHKH OTPAXEHUS MPOCBETILIIONIETO TOKPHITHA IPUBEICHB Ha
puc. 2, 3. ApropaMu OBITH PacCMOTPEHBI CUTYalllH, KOTJa ONTHYECKas TONIIMHA Ka)KIOTO CJIOS HMEET OTPHLa-
TEJBHBIC U MOJIOKUTEILHBIC ONIMOKHU, U, TAKUM 00pa3oM, ONIMOKa ObUIa JIUIIb B pacCCMaTPUBAEMOM cjioe. AHa-
JIU3 TOKa3aJl, 4To HanboJiee CYIIECTBEHHOE BIMSHUC HA CIICKTPAIBHYIO XapaKTCPUCTUKY OKa3bIBACT CIIOH, rpa-
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anamni/i C BO3YyXOM. CHOﬁ, nexcamnizi Ha MOIJIOKKE, OKa3bIBA€CT MUHUMAJIILHOC BJIUAHUEC Ha CICKTPAJIbHYIO

XapaKTePUCTUKY MIPOCBETISAIONIETO MOKPBITHS.
R
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Puc. 1. CnekTpanbHas xapakTepucTuKa OTPaXKeHNs MPOCBETNSIOLENO NOKPLITUS Ha MOANOKKE U3 ONTN4ECKOTO
ZnS. MNokpbiTne umeeT KoHCTpykuuto HO,964H'B0,349B', Ao = 1,66 MKM.
Rm — K09 DULIMEHT OTPaKEHUs1 MOAMOXKN U3 ONTUYECKOro Cynbduaa LmHKa 6e3 NpoCBeTNSIOWEro NokpbITUs
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Puc. 2. CnekTpanbHas xapakTepucTika NpoCcBETNAOLWEro NOKpbITUS H 0,964H'B0,349B', Ag = 1,66 MKM.
ny = 1,35, nH/ =1,5ng=1,8, nB’ =215, nyp = 2,2. MNepBbit cnov NPUHUMAET 3HaYEeHNs1 ONTUYECKOW TOMLWUHbI
Gonblue 1 MeHbLUe ONTUMAarbHOW TOMLLMHBI
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Puc. 3. CnekTpanbHasi xapakTepucTika NpoCBETNAOLWEro NOKpbITUS H 0,964H'B0,349B', Ag = 1,66 MKM.
ny=1,35, nH/ =1,5ns=1,8, nB/ =2,15, nm = 2,2. YeTBepPTLIV CNOW NPUHNMAET 3HAYEHNST ONTUYECKON TOMLUHBI

Gonblue 1 MeHbLUE ONTUMANbHON TOSLUMHbI
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AHaI0oru4HO pacCMOTpUM, Kak 6y,HGT HU3MCHSATBHCS CIICKTPAJIbHAA XapAKTEPUCTHUKA MPOCBETIAOMICIO I10-
KPbITHUA IpU OIIMOKAX B IIOKA3arese MMPCJIOMJICHUS OTACIIBHOTO CJI0s.

R
0,06 . .
0,04 | .
0,02

0 l ] o

0,45 1,45 2,45 3,45 4,45 5,45
A, MKM
—_— 1] 1,03 n '_0,97n1

Puc. 4. CneKTpa}anaﬂ XapaKTepMC/TVIKa NPOCBETAAOLENO NOKPLITUS H 0,964H'B0,349B', Ao = 1,66 MKM.
ny=1,35n4 =15, ns=1,8,ng =2,15, nyp = 2,2. MNepBbIi CNON NPUHUMAET 3HAa4YEHUSA NokasaTens
npenomseHns 6onbLie n MeHbLie 3% OT UCXOAHOTO 3HaYeHNs

R
0’06 T T T T
0,04 B Py 7
0,02

0 ' I i

0,45 1,45 2,45 3,45 4,45 5,45
A, MKM
— Ny 1,03 Ny __0,97n4

Puc. 5. CneKT/paanaﬂ XapaKTepl//ICTVIKa NPOCBETNALLErNO NOKpbITUs H 0,964H/BO,3498/, Ao = 1,66 MKM.
ny=1,35n4 =15 ns=1,8, ng =2,15, np, = 2,2. YeTBepTLIN CNON NPUHUMAET 3HAYEHUS NoKa3aTens
npenomsnenusi 6onbLue n meHblle 3% OT UCXOQHOTO 3HaYEHUsI

Ha puc. 4, 5 npuBeseHsI N3MEHEHHUS CIIEKTPAJIBHON XapaKTEPUCTUKH MPOCBETIAIONIETO TMOKPBITHS MPH
omuOKax B IMOKa3areie MpeJOMIICHUS CJI0s1, BXOASIIETO B COCTAB MOTYYCHHOTO MOKPBITUS. OMIHOKH NPUHUMAIOT
TIOJIOKUTENBHOE U OTPUIIATENbHOE 3HAYEHHE, KOTOPO€e cOCTaBisieT 3% OT UCXOAHOIO 3HAYEHHUS TOKa3aTess IMmpe-
JIOMJIEHUSI OTAENBbHOTO ciosi. [IpoBeneHHBIH aHamu3 MOKa3al, YTO U3MEHEHHE MoKa3aTessl MPEJOMIICHUS CIIOS,
rpaHUYAIIEro ¢ BO3AYXOM, OKa3bIBa€T HAaMOOJIee CYIICCTBEHHOC BIIMSHHE HA CIEKTPAIBHYIO XapaKTEPHCTUKY
TPOCBETISIOUIETO MOKPBITUS MO0 CPABHEHUIO CO CIOEM, JIEKAIIUM Ha TOJIOXKKE.

3akjoueHue

B pabote ObuTa MMOKa3aHa BO3MOXKHOCTD MOJIYICHUS CTPYKTYPHI MIOKPBITHS, 00€CTIEINBAIOIIast HU3KOE OT-
pakeHHe B HECKOJIBKHX AHMana3oHax crekrpa. CTpyKTypa MOKpHITHS ObUIa MOydeHa ¢ WCIOIb30BaHUEM I'Pajil-
EHTHBIX CIIOEB, B KOTOPHIX ITOKA3aTeNb MPEITOMIICHUS SBISICTCS] PYHKITMEH OOIIeH TOMIIMHBI TTOKPBITHS.

B xome BBIMOMHEHHS paOOThI TOIYICHB! KOHCTPYKITUH TPOCBETIISIONUX HHTEPHEPSHIIMOHHBIX TTOKPBITHI
Ha OCHOBE YeThIpeX cj0oeB. [1oydeHHOE MOKPHITHE CIIOCOOHO CHU3UTh YHEPreTHYCCKUN KOG (GUIIMEHT oTpaKe-
HUS TOJUTOKKHU U3 CyAb(HIa IIUHKA OJHOBPEMEHHO B BHIUMOI oOmactu (450-700 HM), B AMama3oHaX JUTHHBI
BoJH J1azepoB 1000—1100 um, 1500-1700 um u B cpenneii UK obnactu 3—5 MkMm.

B paborte uccnenoBaHO M3MEHEHHE CIICKTPAIbHON XapaKTEPUCTHUKU MPOCBETIISFONIETO TTOKPBITHSI IIPU OT-
KIIOHCHUW 3HAYCHUS ONTUYCCKUX TONIIMH W IMOKa3aTessl MPEJIOMIICHHS OT pacyeTHEIX. [lonydeHo, yTo Haubomee
CYILIECTBEHHOE BIUSHUE Ha CIEKTPAJbHYIO XapaKTEPUCTUKY OKa3bIBaeT CJIOW, IpaHuyanuii ¢ Bozgyxom. C
YMEHBIIIEHUEM TTOKA3aTells MPEJIOMIICHUST YMEHBIIASTCS YHEPTeTHUECKUIA KOAPHUITUEHT OTPaKEHUS, TIPH YBEIH-
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YCHHHU TIOKA3aTeNs MPEIIOMIICHUS YHEPreTHYCCKUI KOAQPHUIUEHT OTpaKeHus yBenuuuBaeTcs. OTKIIOHEHHUE I10-
KazaTelsl MPEJIOMIICHUS CJIOs, JIeXKAIIETO Ha TOAJI0XKKE, MPAKTUICCKH HE OKA3bIBACT BIMSHUS HA CIICKTPAJIbHYIO
XapakTepUCTUKY. [Ipy H3MEHEHHH ONTHYECKON TOJIIUHBI CJI0S, HAXOISIIEr0 Ha TPaHKIE C BO3TYyXOM, H3MEHSET-
Csl MOJIOXKCHHE MUHUMAIILHOTO dHEpreTHueckoro ko3 uinenta oTpaxkeHus B mikaie jiauH BosiH. C yMeHblie-
HHEM TOJIINHBI MUHUMYMBI OTPa)KEHHsI CMEIAIOTCS] B KOPOTKOBOJIIHOBYIO 00JIaCTh, C YBETHYCHUEM — B JJIMHHO-
BOJTHOBYIO 00J1aCTb.
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KOHTPOJIb CTPYKTYPbI PA3JIMYHBIX BUIOB BYMAI'I METOAOM

ATOMHO-CUJIOBOU MUKPOCKOIINAN
M.B. Kykos®

? Cankr-IleTepOyprekuil HAIMOHABHBIA MCCIIENOBATENBCKUM YHUBEPCUTET MH(POPMAIMOHHBIX TEXHOJOTHM, MEXAaHUKU |
ontuku, Cankr-IlerepOypr, Poccus, cloudjyk@yandex.ru, zerocomb@bk.ru
PaccMarpuBaroTcs BOIPOCH BHICOKOTOYHOTO KOHTPOJIS ITAPaMETPOB BBHITyCKaeMOH OyMa)KHOH NMPOIYKIWH, a IMEHHO, pa3-
JUYHBIX BHIOB OyMard u (oToOymaru Juisi redatu. B pamxax maHHON paGOTBI METOIOM aTOMHO-CHJIOBOH MHKPOCKOIIHH
MIPOBEIEHBI HCCIIEJOBaHUs HE0OPaOOTaHHOH, MAaTOBOM, TIISHIIEBON M JIAMUHHPOBAHHOH Oymaru. Jlis mccieoBaHUHi UCTIOND-
30BaJICsl y4e€OHO-HAYUHBIN CKaHUPYIOIUHA 30H10BBII Mukpockor NanoEducator LE. IIpoBenena Busyanusanus XxapakTepHOi
CTPYKTYPBI KaXJOT0 BHJa HCCIIeAyeMoil OyMary, moiydeHbl THCTOrPaMMBbl IIIEPOXOBATOCTH, OMpPEeIeHa CPEHAS IEPOX0-
BaTOCTh TEPENaoB BBICOT A KakaAoro tuna oymaru. HauMeHslel mepoxoBaToCThio 00nafaeT JaAMHHUPOBaHHAs Oymara
(Ra oxono 70 HM), IIEPOXOBATOCTH TJISHLEBON Oymaru coctapiseT okoio 170 HM, mepoxoBaTocTh HeoOpaboTaHHOH Oymaru
¢ BoJOKHamu 1emnon03bl — 530-540 HM. CambIMM BBICOKMMHU IapaMeTpaMH LIEPOXOBAaTOCTU XapaKTEpU3YeTCs MaTOBas
oymara (Ra nopsika 670—680 um). IIpogeMOHCTPHPOBAHO, YTO IPHUMEHEHUE CKaHUPYIOMIEH 30HI0BOH MUKPOCKOITIH IT03BO-
JSIeT MPOBOJUTH IKCIIPECC-KOHTPOJIb MapaMeTPOB LEIUIION03HOH OyMasKHOH IPOAYKIUH, YTO MOXKET OBITh MCIOJIB30BaHO
TIpU ee IIPONU3BOJICTBE.
KnroueBble cioBa: Oymara, aTOMHO-CHJIOBasi MUKPOCKOIHS, IIEPOXOBATOCTh, (hoTOOyMara, CKaHUPYIOIINI 30HAOBBI MUK-
POCKOTI.

STRUCTURE CONTROL FOR DIFFERENT TYPES OF PAPER BY ATOMIC

FORCE MICROSCOPY
M. Zhukov”

®Saint Petersburg National Research University of Information Technologies, Mechanics and Optics, Saint Petersburg, Rus-
sia, cloudjyk@yandex.ru, zerocomb@bk.ru
The paper deals with the precision control for the parameters of manufactured paper production, such as various kinds of
paper and photo paper for printing. Research of untreated, matte, glossy and laminated paper is conducted by atomic force
microscopy by means of educational and scientific scanning probe microscope NanoEducator LE in the framework of this
paper. Visualization of characteristic structure for each type of studied paper was conducted, histogram of roughness was
obtained, and average roughness of height differences was defined. A laminated paper has got the lowest roughness (Ra of
about 70 nm) and glossy paper has got Ra of about 170 nm; roughness of untreated paper with cellulose fibers is about 530-
540 nm, and matte paper has got the highest roughness parameters (Ra about 670-680 nm). Scanning probe microscopy ap-
plication for parameters monitoring of cellulosic paper production is shown to give the possibility of such microscopy type
application in the production of paper products and high-precision control of its parameters.
Keywords: paper, atomic force microscopy, roughness, photo paper, scanning probe microscope.

BBenenne

Bonpocs! BEICOKOTOYHOTO KOHTPOJISI IIApaMeTPOB BBITyCKaeMOH OyMa)KHOW NMPOAYKIMH HMEIOT BCE BO3-
pacraroriee 3Ha4eHHe, 0COOCHHO MPH U3rOTOBICHUN OyMmaru 1 poTodymaru ais medatu, Oymaru Uit JeHEKHBIX
3HaKoB. CTpyKTypa M CBOWCTBA 3TOH MPOAYKIIUH HANIPSAMYIO BIUSIOT HAa KaYeCTBO MEYATHBIX TOKYMEHTOB, OTO-
OpakeHHe MEIKUX 0COOEHHOCTEH m300paskeHUi. MHOTHE KOMIIAHUU-TIPOM3BOIUTENN HPOBOISAT KOHTPOIb BBI-
MycKaeMoi OyMa>KHOW MPOXYKIIMH METOJaMU CKaHWPYIOIIEH AIIEKTPOHHON MuUKpockomwH [1, 2] u KoH(OKab-
HOW onTUYeckol Mukpockonuu [3—5]. Hanbosee akTyaqbHBIMH B TIOCIIEIHEE BPEMS SBIISIOTCS HCCICIOBAHUS,
HaIpaBJICHHBIE HAa BBICOKOTOYHOE OTOOpa)keHHE MapaMeTpoB OymMard B HAaHOMETPOBOM JHAIlla30HE METOJaMHU
aTOMHO-CHJIOBOW MUKpockonuu (ACM) [6, 7], Bu3yanu3anuio ee cTpyKTypsl [8, 9], n3yueHue nokasaresnei 1e-
poxoBaroct u anresuu [10]. Ocoboe 3HaueHMe HMPHOOpETaOT pabOoTH MO0 HEpa3pyLIAIOIEMY HCCIEIOBAHHIO
MaHyCKPHIITOB, IEPraMeHTOB W JpeBHEH Oymaru, coxpaHuBIueiics 1o Hamux aued [11, 12], aust gero Takxke
ucnoip3ytorces Mmetoasl ACM [13].

ITpn >TOM TEepedHciIeHHbIE MCCIIEA0BAHUS JOBOJBHO JIOPOTOCTOSAIINM M TPEOYIOT NPUCYTCTBHS BBICOKO-
KBaJTH(PHUIINPOBAHHOTO, CIIEIHAIFHO OOYYEHHOTO mepcoHaina. [IpemnokeHHbIH B HacTosAMmeH paboTe METo BH-
3yaln3aui IpeAroiaraeT NCIoIb30BaHHe JOCTYITHOTO YUeOHO-HCCIIEA0BATEIECKOTO CKAaHUPYIOUIETO 30H0BO-
ro mukpockona (C3M) NanoEducator LE (HT-CII6, Poccus) [14], He TpeOytomero s paboThl Ha HEM CIeIHa-
JU3MPOBAHHOHN TIOJATOTOBKH B 00JACTH METOJOB CHIIOBOH 30HI0BOM MHKpOCKONHH. B kadectBe pabodero 30H-
noBoro gatdnka B NanoEducator LE mcronb3yercss BoiabppamMoBas Uria, KOTOPYIO MOXKHO JIETKO M3TOTOBUTH
METOJIOM JIEKTPOXUMUYIECKOTO TPABIECHUS BOIbPPaMoBOi poBosiokH [15]. CTonMocTh BoIb(hpamMoBOii MPOBO-
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