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XapaKTepUCTUK OTPAXKEHMS HA pa3HbIX 3Tanax
MX U3roToBNE€HUS. YCTAaHOB/IEHA NPpUYMNHA
cBepxnornoweHus cnnasa NiP u onucaHa
BO3MOXHOCTb €ro NpMMeHeHu1s B KayecTse
MaTtepuana, NoAaB/iSIOLWEro pacCesHHbIN
cBeTOBOM OH BHYTPU ONTUYECKOIro TpaKTa
ONTO3/IEKTPOHHbIX YCTPOWUCTB, HaNnpumep

B 6/1eHAaX 3Be34HbIX AaTYNMKOB CUCTEMDbI
OpueHTauum KOCMUYeCKNX annapaTos.

Knwou4eBble cnosa: cnnas NiP, ceeTonoraouiatmoume
NMOKPbLITUS, CBEpXMOraoLeHne.

CTaTbs nonyyeHa: 25.03.2020
MpuHsaTa K nyéamkaumm: 10.05.2020

BBEAEHWE

CoBepIIIeHCTBOBaHME OIITUYECKUX MHPOPMAIIOHHBIX
CHCTeM, IIPUMeHsIeMBbIX Ha 60pTy KOCMHUYECKHUX alIllla-
patoB (KA), aKTyaJpHO B COBPeMEHHOM a3POKOCMH-
Yeckor oTpaciu. OJHOM K3 MNPUYMH, CHHKAIOLEN
KavecTBO U300paskeHUsI, SIBISETCS PACCeSHHBIN CBe-
TOBOIM QOH B OITHYECKOM TPaKTe OIITO3IeKTPOHHBIX
YCTPOHCTB. [I/151 ero IofaB/leHuUs Ilepel BXOLHBIM 3pad-
KOM OIITHUeCKOM CHCTeMBl YCTaHABIKBaeTcs bneHza
C PacHonokeHHBIMH BHYTPH Hee auadparmamu [1].
JIOTIOMHUTENIBHBIM CII0COG0M IOLABIEHUS PaCCesH-
HOTO H3/Iy4YeHHs SBJseTCd 4YepHeHHe BHyTpPeHHeH
HOBerHOCTI/I 6J'IEH)_U:I — HaHeCeHHe CIIeHaJIbHBbIX
IIOKPBITUH C QYHKIMeH IMOIJIOIleHMus cBeTa. IIpu
35TOM, YeM BBIIIe MX I10Ka3aTe/JIU IIOIJIOIIEeHHUS, TeM
MeHblIle MaccorabaprTHble XapaKTepHUCTUKHU aIlrapa-
Typhl. HCII0/b30BaHHE CBETOIOIVIOMIAOINNUX ITOKPBI-
THUU I103BOJISeT YIy4IIUTh OTHOLIEHHE CUIHaJ/IIyM
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The paper presents the research of the
properties of light-absorbing coatings based

on nickel-phosphorus alloy. The spectral
characteristics of reflection of the coatings
were analyzed at different stages of their
manufacture. The reason of the super-
absorption of the NiP alloy is established and the
possibility of its use as a material suppressing
the scattered light inside the optical path of
optoelectronic devices is described, for example,
in blends of stellar sensors of a spacecraft
orientation system, is described.
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INTRODUCTION

Improving the optical information systems used
on board spacecraft is relevant in the modern aero-
space industry. One of the reasons that reduces
image quality is the scattered light background in
the optical path of optoelectronic devices. To sup-
press it, a hood with diaphragms located inside it is
installed in front of the entrance pupil of the opti-
cal system [1]. An additional way to suppress scat-
tered radiation is to blacken the inner surface of the
hood by applying special coatings with the function
of light absorption. Moreover, the higher their
absorption indices, the lower the overall dimen-
sions of the equipment. The use of light-absorbing
coatings improves the signal-to-noise ratio of opto-
electronic receivers and, accordingly, the modula-
tion transmission function of optical information
systems operating in polychrome or hyperspectral
modes.
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OIITO3JIEKTPOHHBIX IIPUEMHHKOB M COOTBETCTBEHHO
GYHKUMIO IIepefadyy MOAYIALMY ONTHYeCKUX HHPOP-
MaIIMOHHBIX CHCTeM, PaboTalolMX B MOIHXPOMHOM
WJIM THUIIEPCIIeKTPaIbHOM PeKMMaX.

Ha JaHHBIM MOMEHT CyILIecTBYeT 60/bIIO BBIOOP
CBETOIIOIVIOIIAOIIMX IIOKPBITHH,, OT/IMYAOIIHUXCS IPYT
OT Apyra TUIIOM MeXaHH3Ma IIOIJIOIeHHU s U3/TyYeHUs,
TeXHOJIOTHell HM3IOTOBJIEHHSI, CTOMKOCTBIO K BHEIIHe
BO3JIeHCTBYIOIIMM ¢akTopaM (BBP), CTOMMOCTBIO
U T.n. KpureprieM, XapaKTePH3YIOUIMM IIOT/IOIIAI0-
II[YIO CITOCOOHOCTH IIOKPBITHI, SIBISIETCSI KOAQPHULILEHT
IUPPY3HOro OTPaKeHMS 3JTeKTPOMATCHHUTHOIO H3JIYy-
YeHHs OT KX IIOBEePXHOCTH. UeM OH HIKKe, TeM 3pPex-
THBHee IIPOMCXOAUT IIOIJIOIIeHHe CBeTa.

Haunbonee pacnpocTpaHeHHBIM CBeTOIIOIJIOIIA-
IOMKM MaTepPHaIOM SBJSIOTCSI YepHbIe MaTOBBIE
5Manu. Ha DpoTsSsKeHUM [JIUTeIBHOr0 BpeMeHU OHU
[IPUMEHSIMCE JJ1S [I0AAB/ICHUS PACCeSHHOTO U3/yde-
HMS B OITUYECKUX YCTPOoHCTBaxX KA, Ho He[lOCTaTOUHO
HU3KHe IIOKasaTeIH OTpPa’keHHsS 3JeKTPOMarHuT-
HOTO H3/y4eHHs OT UX IIOBEPXHOCTH (KO3PUIIMEHT
nuddy3HOro oTpaskeHHUs ~ 5%) M UYBCTBUTEIBHOCTb
HUX ONTHKO-QHU3UYECKHUX CBOHMCTB K BB® BBIHYKOAIOT
KCKaTh aJIbTepPHATUBHBIE TeXHOJIOTUH YePHEeHHUS.

OmHHM H3 TaKHUX CII0COOOB SIB/ISIETCSl HaHeCeHHe
HUKeb-pochopHOro criaBa. CrelnuanbHas obpa-
00TKa B pacTBOpe KHUC/IOT (TpaBleHHe) XHMHUYeCKH
WM TaJbBaHUYECKH OCAKIEHHBIX IIeHOK NiP cos-
JaeT pasBUTYI0 MOPQOJIOTHIO IIOBEPXHOCTH B BHE
MHOXeCTBa KOHYCOOOPa3HBIX BOPOHOK, KoTopasi obe-
CrleYyrBaeT CBepXHH3KMe II0Ka3aTe/lH OTpPakeHHs
3JIEKTPOMAarHUTHOIO M3/IyYeHUsS OT MX IIOBEPXHOCTHU
B [OMalia3oHe IIHH BOAH oT Y® mo 6amskHero MK
(BUK) [2, 3]. B momosHeHUU K 5TOMY ITOBBIIIEHHAS
CTOMKOCTb HHKeIb-GOCPOPHBIX IIOKPBITUHM K BB®
I103BOJISIET IIPUMEHATh UX IS IIOAABJIEHUS PaCCesH-
HOIO H3JIy4YeHHs B ONTHYECKHUX HWHGPOPMalMOHHBIX
cucteMax KA. K Tomy e, B OTIMYHe OT 3Majel,
OHH 00/1a1a10T BBICOKMMHU 371eKTPOIIPOBOAHBIMH CBOK-
CTBAaMH, YTO KCK/IIOYaeT BO3MOKHOCTh HaKOILIEHHUS
CTaTHYeCKOro 3apsija Ha KOHCTPYKUHOHHBIX 3JIeMeH-
Tax ONTHYECKMX YCTPOMCTB. YHHUKAJIbHOCTH CBOMCTB
CBeTOIIOIVIOIAIOMINX [OKPBITUH Ha OCHOBE HHKeNIb-
docdopHoro criaBa BhI3bIBaeT MHTEPeC B UX JaIbHel-
IeM H3yYeHHH.

B pabote mpezicTaB/IeHbI Pe3y/1bTaThl CCIeA0BAaHUM
CIIeKTPA/IBHBIX XapaKTePUCTHK OTpPaskeHHUs CIUIaBa
NiP Ha pas3sHBIX 3TalaX H3TOTOBJIEHUS CBETOIIOIJIO-
IIAIOIIMX IIOKPBITHH, HMX CTOMKOCTH K PA3JIHMYHBIM
OecTabUIN3UPYIOUUM (aKTopaM M BO3MOXKHOCTH
IIpUMeHeHHs B KauecTBe MaTepHasa, IoAAB/SIOIIero
paccessHHBIM CBeTOBOM (QOH BHYTPH OITHYECKOIro
TPaKTa OIITO3/IeKTPOHHBIX YCTPOMCTB KA.

At the moment, there is a large selection of light-
absorbing coatings that differ from each other by
the type of radiation absorption mechanism, manu-
facturing technology, resistance to external factors,
cost, etc. The criterion characterizing the absorbing
ability of coatings is the coefficient of diffuse reflec-
tion of electromagnetic radiation from their surface.
The lower it is, the more efficient is the absorption
of light.

The most common light-absorbing material is
matte black enamel. For a long time, they were used
to suppress scattered radiation in optical devices
of a spacecraft, but the insufficiently low reflectiv-
ity of electromagnetic radiation from their surface
(diffuse reflectance ~ 5%) and the sensitivity of their
optical and physical properties to external factors
compel us to look for alternative ink technologies.

One such method is the deposition of a nickel-
phosphorus alloy. Special processing in an acid
solution (etching) of chemically or galvanically
deposited NiP films creates a developed surface mor-
phology, in the form of many cone-shaped funnels,
which provides ultra-low reflectivity of electromag-
netic radiation from their surface in the wavelength
range from UV to near IR (NIR) [2, 3]. In addition to
this, the increased resistance of nickel-phosphorus
coatings to external factors allows them to be used
to suppress scattered radiation in optical informa-
tion systems of a spacecraft. Furthermore, unlike
enamels, they have high conductive properties,
which eliminates the possibility of accumulation of
static charge on the structural elements of optical
devices. The uniqueness of the properties of light-
absorbing coatings based on a nickel-phosphorus
alloy is of interest in their further study.

The paper presents the results of studies of the
spectral characteristics of the reflection of the
NiP alloy at different stages of the manufacture of
light-absorbing coatings, their resistance to various
destabilizing factors, and the possibility of using as
a material that suppresses the scattered light back-
ground inside the optical path of spacecraft opto-
electronic devices.

OBJECT OF RESEARCH
The study of light-absorbing nickel-phosphorus coat-
ings was carried out on round test samples with a
diameter of 30 mm and a thickness of 1 mm, from
steel 35, stainless steel 12X18H10T, duralumin AMg6,
titanium VT1-0 and invar 36N.

The manufacturing technology of light-absorbing
coatings obtained by the galvanic method consists of
three stages, shown in Fig. 1.

PHOTONICS vOL. 14 N2 42020 369



OBbEKT MCCNIELOBAHUN
HccnemoBaHue CBeTOIOTJIOIAIIUX HUKeJIb"
bocPOpHEIX MOKPBITUH IPOBOAMIOCE Ha TECTOBBIX
obpa3suax Kpyriox GopMsl, AHaMeTpoM 30 MM U TOJIIIH-
HOI 1 MM, U3 cTanu 35, HepskaBeromiel ctanu 12X18H10T,
Aropanu AMr6, tTutada BT1-0 1 mHBapa 36H.
TexHONOrHUSI M3TOTOBJIEHHS CBETOIOIVIOMAOIIUX
IIOKPBITHH, IIOTy4YeHHBIX T/IBBAHUYECKHUM CII0COOOM,
COCTOUT M3 TPeX STAIlOB, IIPelCTaB/IeHHBIX Ha PHC. 1.
[TpoLiecc ocakAeHMsl OCYLIeCTBIISIICSL W3 3J1eKTPOo-
JIUTa, ComepsKallero rurodocOUT HATpHUsS, CEPHOKMC-
NBIF HUKeIb U OOpHYyI0 KUCIOTYy. TpaB/eHHe IIPOXO-
IUJIO B BOOHBIX PaCTBOpPaX a30THOL KHC/IOTHI M CEpHOM
KHCIOTBl C a30THOKMC/IBIM HaTpuheM. IlpeagBapurens-
Hasl XMUMHUecKasl 0bpaboTka - CTaHAApTHAs OIleparius
JUU1 IIOATOTOBKH IIOBEPXHOCTH IIepe[l FaJIbBAHUYEeCKUM
OCKA,EHHEeM HUKeJIeBbIX IIJIEHOK.

CMNOCOBbI UCC/IEAOBAHN

HccnemoBaHMSl IMOIVIOIIAKINMX CBOMCTB HHUKENb-
¢dochopHOro crzaBa OCYLIECTBISAIOCh C IOMOIIBIO
M3MEPEeHUs ero CIIeKTPaJIbHBIX KO3PPHUIIMEHTOB II0/I-
HOro U IHMGPY3HOro OTPaKEHHH Ha CIeKTpPodpoToMe-
Tpe Lambda 1050 c ITpucraBkoit 150 MM HHTerpupyo-
mas cdepa.

H3yyeHre MOpOOIOTHUM ITOBEPXHOCTH CBETOIIOI/IO-
IIAIOMKUX HUKeIb-GOCPOPHBIX ITOKPBITHE IIPOM3BO-
JHJIOCHh C MCIIOJIb30BAaHUEM [JBYX/Iy4eBOr0 PacTPOBOIO
37IeKTPOHHO-MOHHOro MHKpockorna FEI Helios 650
Nanolab.

CTaTHUCTUYeCKHUH aHAIU3 3HaUYeHHUH BXOAHBIX JHa-
MeTPOB BOPOHOK CBETOIIOIVIOIIAIINX IOKPBITUH IIPO-
BOJMJICS C [IOMOIIIBIO [IPOrPAMMHOIO pacyeTa UX Cpef-
HUX 3Ha4eHUN AuaMeTpoB Pepe 1o H306pasKeHUSIM
Pa3sBUTON MOPQOIOrHU ITOBEPXHOCTH, IOIYYeHHBIM
C IIOMOIIIBIO 3JIEKTPOHHOI0 MHUKPOCKOIIA.

PE3Y/IbTATbl UCC/IEAOBAHUN
TanpBaHUYeCKHe HHKelb-GochopHbIe MIeHKH (mocie
2-TO 3Tamla TeXIpollecca) BHeIIHe OrecTdmiue m3-3a
MX BBICOKOK OTPa’kaTelbHOM CIIocobHOCTH. CBOMCTBA
CBEePXIIOIVIOMIeHUsI 371eKTPOMarHUTHOTO H3/1y4eHUs
OHU IpHOOpeTaloT I0CjIe TPaBlIeHUsl B KHCIOPOLOCO-
IepsKalluX KUCIoTax (3-H 3Tall TexIpoliecca). OTo CBsI-
33aHO C TeM, YTO B pe3y/IbTaTe TPaBIeHHUs [IPOUCXOSUT
bopMupoBaHHe pa3BUTOM MOPHOIOTUH TOBEPXHOCTH
B BHJle MHOKeCTBA KOHHUYECKUX YITyOIeHHUI Pa3HBIX
pa3sMepoB, KOTOPhIe SBISATCA 3PGeKTUBHBIMH CBETO-
BBIMH JIOBYIIKaMH. MHOIOKpaTHOe OTpakeHHe 3JIeK-
TPOMAarHMTHOTO M3/1y4eHHs] BHYTPHU BOPOHOK [e/aeT
IIOKPBITHS ONTHYECKH YePHBIMU. BHEIIHUU BUJ, MOP-
$oIoruy MoBepPXHOCTH CBETOIOIVIOIIAIOIIEr0 HUKeIIb-
docdopHoro craBa mpencTaBieH Ha pUC. 2.
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The deposition process was carried out from an
electrolyte containing sodium hypophosphite, nickel
sulfate and boric acid. Etching took place in aqueous
solutions of nitric acid and sulfuric acid with sodium
nitrate. Chemical pretreatment is a standard opera-
tion for surface preparation before galvanic deposition
of nickel films.

RESEARCH METHODS

The absorption properties of the nickel-phosphorus
alloy were studied by measuring its spectral coetfi-
cients of total and diffuse reflections on a Lambda 1050
spectrophotometer with a 150 mm Integrating Sphere
attachment.

The morphology of the surface of light-absorbing
nickel-phosphorus coatings was studied using a FEI
Helios 650 Nanolab double-beam scanning electron-
ion microscope.

A statistical analysis of the values of the input diam-
eters of the funnels of light-absorbing coatings was
carried out using a programmed calculation of their
average values of the Feere diameters from images of
developed surface morphology obtained using an elec-
tron microscope.

RESEARCH RESULTS

Electroplated nickel-phosphorus films (after the 2nd
stage of the process) are externally shiny, due to
their high reflectivity. They acquire the properties of
superabsorption of electromagnetic radiation after

Stanl
XUMHYecKas 06paboTKa IOBEPXHOCTH ITOAJIOKKHI

JTtam 2
TanpBaHUYECKOE OCaKAeHUe NiP-TIJIeHOK

Jtam 3
TpasneHMe NiP-TIJIeHOK

Puc. 1. TexHonozu4eckue onepayuu U320mosneHus ceemono-
2N0WAKUWUX HUKeAb-POCHOPHbIX NOKpbImMUL

Fig. 1. Process operations for the manufacture of light-
absorbing nickel-phosphorus coatings




I
SN MATERIALS & COATINGS [EBGMA
I

i g

OnTHyeckue CBOMCTBA cruiaBa NiP (crieKTpanibHble
KO3QUIIMEHTH! IIOTHOr0 U JUPDY3HOTO OTPAsKEHHUE)
Ha pa3sHBIX 3TallaX M3rOTOBIEHUS CBETOIIOIVIOIAOIINX
MIOKPBITUH MPeACTaBAeHbI Ha PUC. 3. PasBUTas Mopdo-
JIOTHSI IIOBEPXHOCTH II03BOJISIeT CHHU3UTDH CIIeKTPa/lb-
HBIN KO3QPHUIIMEHT IIOJHOTO OTPa’K€HMS IOKPBITHM
2-To 3Talla TexIIpoliecca B cpefHeM oT 70% (KpuBag 1,
PHC. 3) IO AeCSITHIX JOIeH ITpoLieHTa (KpUBasi 3, PUcC. 3).
OHa Takoke MeHsIeT XapaKTep OTPasKeHHs. DJIeKTPo-
MarHuTHoe H3yuyeHHe OudPy3HO paccerBaeTcs OT
IIOBePXHOCTU CBeTOIIOIVIOMIAOIIEr0 IIOKPBITUS. Ero
CIIEKTPA/IbHBIE XaPaKTePUCTHUKU IIOTHOTO U IHDPYy3-
HOTO OTPKEHUI MPAKTHUYeCKU OJMHAKOBbIe (KPUBHIE
3 U1 4, puc. 3), B OTJIMYHe OT IUIEHOK II0CjIe 2-TO 3Tama
TeXIIpolecca, KOTOpble 001amaioT Ko3gPHuIIHeHTOM
3epKaJIbPHOTO OTPaskeHH A B cpegHeM 60%.

Pa3Mepbl BOPOHOK CBETOIIOIVIOIIAIOMINX ITOKPBITH I

30HaX OJIMH BOJIH. praB}IEHI/Ie TeXHOJ/IOTHYeCKHMH
PEKHMaMH 2-TO 3Tara TexIipoLecca - COCTaB 3JIEKTPO-

Puc. 2. Mopgonozus nosepxHocmu C8ermonozAoLarLL,ezo

BJIMAIOT Ha 3¢ eKTHBHOCTD IIOTJIOLIEHMS 3/IeKTpoOMar- HUKeAb-(poCcGHOpHO20 NOKpbIMuUS
HUTHOI'O M3/JIy4eHUs B PA3HBIX CIIEKTPAJIBHBIX AHaIla- Fig. 2. Surface morphology of the light-absorbing nickel-

phosphorus coating

102

—

AR

10t

100

T T T
g
S

CIIeKTPUIBHBIF KO3QOUILIMEHT OTPKEHUS P, %

| 1 | 1 | 1 1 |

—
o
N
v
o

IUIMHA BOJIHBL A, HM
A, nm

Puc. 3. CnekmpanbHble xapakmepucmuku ompax)eHust naeHok NiP Ha pa3Hbix
3Imanax u320mosAeHuUsl C8emonozAoLWatoLUX NoKpeimul: 1- kKo3¢uyueHmsl
N0AHO20 OMpPAXKeHUs nocAe 3mana 2 mexnpouecca, 2 — Ko3pouuyueHmeol oud-

0mpaxkeHus nocae 3mana 3 mexnpouecca, 4 - KoapouuueHmsl duppy3Ho20
OMpaxkeHus nocae smana 3 mexnpouecca

Fig. 3. Spectral reflection characteristics of NiP films at different stages of the
manufacture of light-absorbing coatings: 1- total reflection coefficients after
stage 2 of the process; 2 - diffuse reflection coefficients after stage 2 of the
process; 3 - total reflection coefficients after stage 3 of the process; 4 - diffuse
reflection coefficients after stage 3 of the process

500 750 1000 1250 250 1750 2000 2250 2500

(y3H020 ompaxkeHUs nocae 3mana 2 mexnpoueccd; 3 - Ko3puuueHmol NOAHO20

etching in oxygen-containing
acids (stage 3 of the process). This
is due to the fact that, as a result
of etching, a developed surface
morphology is formed, in the
form of many conical depressions
of different sizes, which are effec-
tive light traps. Multiple reflec-
tion of electromagnetic radia-
tion inside the funnels makes
the coatings optically black. The
appearance of the surface mor-
phology of the light-absorbing
nickel-phosphorus alloy is shown
in Fig. 2.

The optical properties of the
NiP alloy (spectral coefficients of
total and diffuse reflections) at
different stages of the manufac-
ture of light-absorbing coatings
are shown in Fig. 3. The devel-
oped surface morphology makes
it possible to reduce the spectral
coefficient of total reflection of
coatings of the 2nd stage of the
manufacturing process on aver-
age from 70% (curve 1, Fig. 3) to
tenths of a percent (curve 3, Fig.
3). It also changes the nature of
reflection. Electromagnetic radia-
tion diffusely scatters from the
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PacripeneneHue 3HAaUeHU N
IHaMeTpa CBETOBBIX JIOBYILIEK, %
PacripefeneHue 3HAaUeHU N
IHaMeTpa CBETOBBIX JIOBYILIEK, %
Distribution of light traps, %
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JliaMeTp CBETOBBIX JIOBYIIEK, MKM JliaMeTp CBETOBBIX JIOBYIIEK, MKM
a) Diameter of light traps, microns b) Diameter of light traps, microns

Puc. 4. PacnpedeneHus duamempos c8emosbix A08yLIeK C8EMON02A0WAoWUX NOKpbiMul 06pa3yu08: a — ompaxarouuti 8 UK
obnacmu; b - c senuduHol Ko3gpduLyUueHma ompa)<eHus He3asucumol om OAUHbI 80AHbI

Fig. 4. Diameter distribution of the light traps of the light-absorbing coatings of the samples: a - reflecting in the NIR region;
b - with a reflection coefficient independent of wavelength

nuTa, 3HadeHWe pPH M BenmmumHa maoTHOCTH Toka || surface of the light-absorbing coating. Its spectral
IIPU OCKIEHHUU CIUIaBa, a Takke 3-To 3Tama - KoH- || characteristics of total and diffuse reflections are
LIeHTpallys KUCTOTHBIX PacTBOPOB, BpeMs U TeMrle- || almostidentical (curves 3 and 4, Fig. 3), in contrast to
partypa TpaBleHHs — [I03BOJIsieT ONTUMHU3UpoBaTh uX || films after the 2nd stage of the process, which have
IIOIJIONIAONIYI0 CIIOCOBHOCTD I KOHKPeTHBIX 3a1a4 || an average reflection coefficient of 60%.

The dimensions of the funnels
of light-absorbing coatings affect
10 the efficiency of absorption of elec-
tromagnetic radiation in different
spectral wavelength ranges. The

8 control of technological modes of
7+ the 2nd stage of the technological
ol process - the composition of the

1 electrolyte, the pH value and the
3 current density during alloy deposi-

tion, as well as the 3rd stage - the
concentration of acid solutions,
time and etching temperature,
2r allows to optimize their absorption
capacity for specific observation

CreKTPaNbHBIN KO3OUILIMEHT OTPKeHUs p, %

1r 2

e ‘ ‘ ‘ ‘ ‘ ‘ — tasks. In fig. Figure 4 shows the
90 500 750 1000 1250 1500 1750 2000 2250 2500 statistical distributions of the input
[IIHHA BOMHbI , HM diameters of the light traps of coat-
A, HM ings for different types of spectral
characteristics of reflection, which

Puc. 5. CnekmpanbHble Xapakmepucmuku noAH020 0MpaxkeHus 06pasuo8 ceemo- are presented in Fig. 5.
No2A0WAIOULUX NOKPLIMUL: a — ompaxarowut 8 UK o6aacmu; b - ¢ eauyuHol Coatings with a funnel diam-
KO3 uLLEeHMa 0mpaXkeHus He3asucumoii 0m dAUHbI 80AHbI eter distribution corresponding to
Fig. 5. Spectral characteristics of the total reflection of samples of light- the Caussian distribution (Fig. 4b)
absorbing coatings: a - reflecting in the NIR region; b — with a reflection coeffi- have values of the total reflection
cient independent of wavelength coefficient almost independent of

the wavelength (curve 2, Fig. 5).
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a)

Puc. 6. Obpa3ubl demaneli o c8emMoN02AoWaroULUM HUKeAb-QOCHOPHbIM NOKPbIMUEM LUAUHOPUYECKOL U NA0CKoU Gopmbi:

a - naowadp 00 100 cm?; b - naowade 0o 1000 cm?

Fig. 6. Samples of parts with light-absorbing nickel-phosphorus coating of a cylindrical and flat shape: a - area up to 100 sq.cm;

b-area up to1000 sq.cm

b)

HabnomeHus. Ha puc. 4 mpHBeOeHbI CTATHCTHYe-
CKHe pacrpefeseHHUs 3HAaUYeHU M BXOAHBIX JHAMETPOB
CBETOBBIX JIOBYLIEK IIOKPBITUM [/ PasHbIX THIIOB
CIIeKTPAJIbHBIX XaPaKTEPUCTUK OTPa’KeHHS, KOTOpbIe
IIpe[CTaB/IeHbl Ha PHC. 5.

IToKpBITHS C pacIipefieieHueM JHaMeTPOB BOPOHOK,
COOTBETCTBYIONIUX pacmpeseneHuio aycca (puc. 4b),
00/1amal0T 3HAYeHHSAMH KO3bGOHIIMeHTa II0JIHOrO
OTPKEHHUS IPAaKTUYECKU He3aBUCUMBIMU OT JJIMHBI
BOJIHBI (KpHUBas 2, pucC. 5).

CpeTomornomaminye HUKelb-GOoCHOPHBIE IIOKPHI-
THS YCTOMYMBEL K Pa3IUYHBIM THUIIaM BB®. O6 3ToM
CBUJETENTBbCTBYIOT Pe3y/IbTaThl UCIIBITAHUU B COOTBET-
crBuu ¢ TOCT PB 20.39.304-98 s rpymnIiel amrma-
paTypel 5.3, KOTOpble NPHUOIMKEHHO MOIENTHUPYIOT
HUX HaXOXJeHHe B COCTaBe almapaTypel KA: mexa-
HHU4YeCcKHe HAarpy3KH, COJIHEYHOe W paJHallMOHHOe
H3/ly4eHHe, [OHMHKeHHOoe aTMocdepHoe [OaBJIeHHUeE,
[IOBBIIIEHHAs MU IIOHWKeHHAs TeMIIepaTyphl Cpelbl,
a TakKe ee NUKIUYHOe M3MeHeHHe. [1o pe3ynbraTam
HCIBITAaHUI 3HadeHUs KodbduumeHTa AUPPy3HOro
OTpasKeHMUsI OCTATIHCh 6e3 U3MeHeHHUH.

XapaKTepUCTUKH CBETOIOIIOMAMIUX HHUKeJIb-
bochHOPHBIX IIOKPBITUE OCTAIOTCS Oe3 M3MeHeHHH BHe
3aBUCHMOCTH OT THIIA, IUIOIIAAH W KOHQHUIYPALIMHU
IIOZJIOKKHM, Ha KOTOPYK OHM HaHocaTcsa. Ha puc. 6

Puc. 7. O6pasupl 6neHO CO c8eMON02A0LLAOULUM HUKEAb=
PocpopHbiM noKpeimuem

Fig. 7. Samples of the hood with light-absorbing nickel-
phosphorus coating
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[IpeACTaB/ieHbl KOHCTPYKLIMOHHBIE OeTalu pasiuy-
HOM dopMbl nomaaaMu 1o 100 1 1000 cM2.

Huxenb-$ocopHEIM CIIJIABOM BO3MOXKHO 4ep-
HHUTh KOHCTPYKUMOHHBIE [JeTaJu OITHYeCKOTo
TPaKTa ONTOVIEKTPOHHEIX YCTPOMCTB, H3TOTOBJIH-
HBIX K3 PasJIMYHBIX BHUIOB, CTa/IH, CILUIABOB AJIIOMHU-
HHs, TUTaHa M HMHBapa. Ha puc. 7 IpUBeoeHO K30-
bpakeHme 06pa3noB 67eHA CO CBETOIIOIIOIIAIOLINM
HUKe/Ib-GOCPOPHEIM ITOKPBITHEM 3Be3JHBIX JaTYUHKOB
CUCTeMBI OpheHTanuu KA.

BbIBObl

1. CepxIoroluiaolie CBOKNCTBA HUKeTb-PpocHOpHOro
CIu1aBa obpasyroTcs KM3-3a HAUIMYHS Ha ero I10Bepx-
HOCTH Pa3BHUTOM MOPQOJIOTHH B BHAE MHOXeCTBa
KOHHMYeCKHX BOPOHOK, KOTOpBIE OIIpenessiioT Ju-
GY3HBIM XapaKTep OTPKeHMS 371eKTPOMarHUTHOTO
H3/IyYeHHUs.

2. TexHOJIOTHMYeCKOe YIIpaB/leHHe 3Ha4deHUSIMH BXOL-
HBIX JHaMETPOB BOPOHOK Pa3BUTOM MOPQOIOTUHU
[I0BEePXHOCTH CBeTOIOIVIOMAIOMIUX IMOKPBITHH
I03BOJISIeT BO3[EHCTBOBATh Ha HX CIIeKTpajibHbIe
XapaKTepUCTUKU OTPa’KeHUS 3/1eKTPOMArHHUTHOIO
H3/Iy4YeHHUs.

3. CTOHKOCTh CBETOIIOTrIOIIAI0 I UX HHKeJIb-
docdopHBIX MOKPHITUH K BB mo3BONsSeT IpUMe-
HATh UX JJI 3KCIUIyaTallMKM B YCJIOBHSX KOCMHYe-
CKOI'O IIPOCTPAHCTBaA.

4, TexHO/JIOTHSI H3TOTOBJIEHUSI CBETOIIOIJIOLIAOIIHX
HHKe/Ib-GOCPOPHBIX IOKPBITHUH I103BOJISeT HAHO-
CHUTb UX Ha KOHCTPYKIIMOHHBIE JeTa/Ih OIITHYECKOr0
TpaKTa K3 pasHbIX TUIIOB MaTepHa/oB, Pa3IHUYHOM
KOHQUI'YpaLlMH IIIoIaAb0 10 1000 cM? U boitee.
BeipaskaeMm 671arofapHOCTh 32 IIOMOLIb B ITpOBe-

OeHUH uccnemsoBaHuK C.H.XaxaHoOBY M COTPyIHH-

KaM OOO «CucTeMBbl /i1 MUKPOCKOIIMK U aHa/IH3a”,

r. MockBa, MHHOBAILIMOHHBIN 1IeHTP “CKOTIKOBO.
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Light-absorbing nickel-phosphorus coatings are
resistant to various types of external factors. This
is evidenced by the test results in accordance with
GOST RV 20.39.304-98 for equipment group 5.3, which
approximately simulate their presence in the space-
craft equipment: mechanical loads, solar and radia-
tion, low atmospheric pressure, high and low ambi-
ent temperatures, and its cyclical change. According
to the test results, the values of the diffuse reflection
coefficient remained unchanged.

The characteristics of light-absorbing mnickel-
phosphorus coatings remain unchanged regardless
of the type, area and configuration of the substrate
on which they are applied. Fig. 6 presents structural
details of various shapes with areas of up to 100 and
1000 sq.cm.

Nickel-phosphorus alloy, it is possible to blacken
the structural details of the optical path of optoelec-
tronic devices made of various types, steel, alloys of
aluminum, titanium and invar. Figure 7 shows an
image of blend samples with a light-absorbing nickel-
phosphorus coating of stellar sensors of the spacecraft
orientation system.

CONCLUSIONS

1. The super-absorbing properties of the nickel-
phosphorus alloy are formed due to the presence
of developed morphology on its surface in the form
of many conical funnels that determine the diffuse
nature of the reflection of electromagnetic radia-
tion.

2. Technological control of the input diameters of the
funnels of the developed surface morphology of the
light-absorbing coatings allows you to influence
their spectral characteristics of the reflection of
electromagnetic radiation.

3. The resistance of light-absorbing nickel-phosphorus
coatings to external factors allows them to be used
for operation in outer space.

4. The manufacturing technology of light-absorbing
nickel-phosphorus coatings allows you to apply
them to the structural parts of the optical path
from different types of materials, various configu-
rations with an area of up to 1000 sq.cm or more.
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