MUWHHUCTEPCTBO HAYKH Y BBICIIEI'O OBPA3OBAHMUSI
POCCUMCKOM ®EJEPAIINN

OEJEPAJTBHOE 'OCYJAPCTBEHHOE ABTOHOMHOE OBPA30BATEJIBHOE

YUYPEKJIEHUE BBICIIEIO OBPA3OBAHUSA «<HAIIMOHAJIBHBIN
UCCJEIOBATEJbCKAN TEXHOJOTMYECKHUA YHUBEPCUTET «MUCHUC»

Ha npaBax pykonucu

YIK: 621.7.01
621.7.015

HaymoBa Maprapura I'enHaabeBHa

«Pa3padoTka Jia3epHOU TEXHOJIOTHHU, MOBBIIIAKIIECH KAYeCTBO
MAPKHPOBKH METALIMYECKON MPOAYKIUU yTeM (OPMUPOBAHUS HA

Hell BETHBIX M300paKeHUin»

05.02.08 — TexHO10THSA MAIIUHOCTPOEHHUSA

JuccepTanyy Ha COMCKaHUE YUYCHOU CTETICHU
KaHAuJaTa TEXHUYECKUX HAyK

Hayunslll pyKOBOIUTEIIB:
K.T.H., JIOLEHT,

Mopo3zosa Hpuna I'eopruesna

Mocksa — 2025



COILEPKAHUE

BBEJIEHIE ... 4
I'TTABA 1. AHAJIMTUYECKUN OB30P JIMTEPATYPHBIX JAHHBIX IIO
BOITIPOCY I1IBETHOM JIABEPHOM MAPKHPOBKU METAJJIMYECKUX

TIOBEPXHOCTEM.......coivriiiiiiiiesissiesiesiesi s 10
1.1.  Ilenu u MeTOABI MAPKUPOBKU MOy (HAOPUKATOB M UBJICTHM ...vvvveevvvieesniaeenns 10
1.2. OGopyaoBaHue JJIs IIBETHOM JIA3EPHON MAPKUPOBKH ...vvevrvvererireeessrenessnnenns 15
1.3.  B3aumopelicTBuE J1a3epHOTO M3IYYCHUS C METAIUTMUECKON TTOBEPXHOCTHIO. 16
1.4.  ®opMupoBaHUE I[BETOBOTO U300paKEHUS MPH JIA3€PHOU MAPKUPOBKE ........ 18
1.5. H3MmeHeHUE CHEKTpalIbHBIX CBOMCTB IMOBEPXHOCTH MeTajla 00pabOTaHHOMU
TIAZEPHBIM HBITYUECHUEM ....ceeiuveresneeasneessreessneesssesssesaasesesneessnseessneesssessnessnnesansesensesensnes 20
1.6.  JlazepHas MapKHUPOBKA METATUTMUCCKUX TTOKPBITHH ....vvvveiivvieeiriieeesineensinnenns 22
1.7.  IlpumeHeHHe Ja3epHON MAPKUPOBKH B TPOMBINLICHHOCTH IS 3allATHI OT
18 (07101 (<) (0) P UUTR T TT 24
1.8.  DBBIBOIBI TIO TIEPBOM TIIABE .....veevvveirerireesreeteesieessreanseeseesseessessnnesnsesseessessseesns 26
['JTABA 2. METOJJUKA TIIPOBEJIEHUS UCCIEJJOBAHUM. ..o, 28
2.1.  XWUMHYECKHUM COCTAB M CBOMCTBA MCCIICAYEMBIX MATCPUAIIOB .....vvverrvverearennes 28
2.2.  BpiOop ycTpoicTBa IS IBETHOM JIA3€PHOU MAPKUPOBKH .....eevvverveeirerirennnens 33
2.3. Co3nanue 00pa3IoB ISl TPOBEACHUS UCCICTOBAHM . vvveervreeesrreeesssvenesisnnns 37
2.4. MeTobI OLICHKH HBETOBBIX H300PAKECHIM .veevvvveeiriressiineesireessineessssenesssneas 46
2.5. OOopynoBaHue W METOABI HWCCICIOBAHUS BIUSHUS MHUKPOTCOMETPUU

CJIOHOTO PETYJSIPHOTO MHUKpopenbeda MOBEpXHOCTH 00pa3iioB 00paboTaHHBIX
JIa3epHBIM U3TyUYCHHEM Ha (DOPMUPOBAHUE IIBETOBOTO U300PAKEHUS ......vvveeerevennnse 56
2.6 OOGopynoBaHre W METOAbl HUCCIACAOBAHUS BIUSHUS PEKUMOB JIa3epHOU
o0paboTkn Ha (a30BBIM COCTAaB M TPEHIMHOOOPA30BAaHWE B OKCHAHBIX IUICHKAX,
00pa3yIOIIUXCSl HA TIOBEPXHOCTU HEPIKABCIOIIEH CTATTH ...vvvveevvieeesirieessiveeessiveaesineas 60
2.7.  OOopynoBaHue Uil W3YYCHHS BIUSHUSA pa3Iduus TEIIOPU3NYECKUX
XapaKTEPUCTHK MaTepuaia-mojyIoKK1 Ha (OPMUPOBAHUE I[BETOBOTO M300paKCHHUSI

Ha Matepuasie-MOKPBITAU TPU LITIM ... 62



2.8 BBIBOMIBI TTO BTOPOM TIHABE ....vvveesitieeaiieeesitieessiseeesssseeesssseeesssseessnneeesssseeesssnnas 64
I'JTABA 3. UCCIIEJOBAHUE BJIMSAHUE MUKPOT'EOMETPUN CJIOXXHOI'O
PEI'VJIAPHOI'O PEJIBE®A, ®A30BOI'O COCTABA U COCTOSAHUA
OKCHJIHBIX IJIEHOK HA TTIOBEPXHOCTU HEPXKABEIOIIEN CTAJIM ITPU

JIABEPHOU LIBETHOM MAPKHPOBKE .......covvivieeeseeeeeeeeeteeeeeeseeeen s 65
3.1.  MukporeoMeTpus CJIOXKHOTO pEryJipHOro penbeda, oOpasyrolerocs Ha
METAINYECKUX MOBEPXHOCTAX MPU LIJIM ..o, 65
3.2.  Meramnorpaduueckoe UCCIIEIOBAHUE MHUKPOTE€OMETPUHU penseda,
MOJy4YE€HHOTO B PE3YJIbTATE JIA3EPHOTO M3IYYCHUS Ha TOBEPXHOCTH OOPA3IIOB........ 67
3.3.  Pesynbrarhl Ka4eCTBEHHOTO PEHTTC€HOCHEKTPAIHLHOTO aHAIN3a MOBEPXHOCTH
CTaJIH, OOPAOOTAHHOM JTA3EPHBIM HUBITYUCHHUECM ..e..vvvvreirreeessrnessssnesssssessssssesssssenesssnees 74
3.4.  DBBIBOJIBI TTO TPETBEH TIIABE .....vveeuvierveeieesieesiresreesteesseesiesssnesnseeseessesssnesnnesnnens 91

[JIABA 4. WU3YUYEHUE BO3MOXHOCTEM U 3AKOHOMEPHOCTEU
JIA3ZEPHOM MAPKUPOBKU XPOMMCTBIX TCAJIbBAHUYECKUX

[TOKPBITUM YTJTIEPOJUCTOM CTAJIN 08 U IATYHU JI63 ..o, 93
4.1. Iomy4eHue U UCCIeI0BaHKE IIBETOBOTO N300pakenus Ha ctamu 0,8 u natynu J163 ....93
4.2 MATEMATHUECCKAST MOIEIID ...cevvvvrrnnsssseesereeessssssnsssssesssesessssssssssessseesssssnnsseseenes 97
4.3 Pa3paboTka aBTOMaTH3MPOBAHHOTO HAHECEHMS IIBETOBOTO M300pa)K€HUs Ha
XPOMHUPOBAHHBIC TIOBEPXHOCTH +..vvvveesssreresssreeessssnessssanssssssssssssessssssesssnssesssnssesssnsssssnnns 98
4.4 BBIBOZBI 1O TIIABE HETBIPE .....vvvveiairieeinreeesnreeesssneesssneeesssneessnneessneeesnnnneesnns 101
BAKITHOUEHUE ..o 102
CITUCOK ITYBJIAKALIVII ..ot 103
CITMCOK UCITOJIbB3OBAHHBIX MCTOUYHHMKOB ........cccoveviiiiiieciieeiiie e, 106
TTPMITOIKEHIE 1 ..ot e 111
3aaHHbIC TApaMETPbl JIA3€pHOr0 M3JIyudeHHs s nojydeHust [[JIM Ha omnbITHOM
mactuHe U3 HepKaBeromeh cTamd 12XHIOT ... 111
[TPUJIOXEHME 2. ITapameTpsl azepHOro usimydeHus noinyuenus [IJIM............. 113

[TPMJIOXKEHUME 3 Pe3ynbrarbl U3MepeHUs! 3JEMEHTOB M300paXeHUsl MOBEPXHOCTH

00pa31oB, 00PAOOTAHHBIX JTA3EPHBIM UBITYUCHHUEM ....cvvierianriereesieesinessneaneesseesseenns 120

3



BBEJAEHUE

AKTYaJbHOCTH PA0OTHI

Pa3paGoTanHasi TEXHOJIOTHS HAHECEHUS LBETHBIX HW300paKEHHA  Ha
METaJUIMYECKHE  TMOBEPXHOCTH  MOXKET  ObITh  3(P(HEKTUBHO  HCIOJIH30BaHA
JUIS TI€YaTH TOBAPHBIX 3HAKOB, 3aLIMIIAIOMINX BBICOKOKAYECTBEHHYIO ITPOJYKLHUIO OT
MOJJIETIOK, IS KiIacCU(UKALMKU JAeTalled B MUKPOTEXHOJOTUSAX, IPU MPOU3BOJICTBE
FOBEJIMPHBIX U3JEJIMA U CyBEHUPHOM NPOIYKIMH, YTO MO3BOJSET CAENATH BBIBOJ O
TOM, YTO TeMa JUCCEPTALMOHHON PaOOTHI SBJISETCS, OE3yCIOBHO, aKTyaIbHOM.

IIBetHast nazepHass MapkupoBka (IIJIM), ocymectBisgemass ¢ MOMOIIbIO
TEPMHUYECKOTO BO3JICVUCTBUS MUMITYJIbCHBIM JA3€PHBIM HU3JTyUEHUEM, SBJISECTCS OJHUM
M3 CaMbIX TOYHBIX M HAJEKHBIX COBPEMEHHBIX CIOCOOOB 3alllUTHl W3ACIHA OT
MOJIJICJIOK M HAaHECEHUS Ha M3JIeus Apyrod Heobxoaumoin uHdopmaruu. [Ipu sTom
OYEHb BAaXKHBIM SABIISIETCS TOT (PAKT, YTO M300paKEHHE HAHOCUTCS HA MOBEPXHOCTH
MeTajljla C BBICOKOW TOYHOCTBbIO 0€3 MEXaHMYECKOro BO3ICHCTBHUS Ha HU3JEIHE.
brnaronaps JOCTHXKEHUIO MNPAKTUYECKH AUPPAKUMOHHOTO TMpelena JAuameTpa
Ja3€pHOTr0 My4Ka, MOSBUIACH BO3MOXKHOCTh YMEHBIIUTh 00padaThIBAEMYIO MJIOIIAIb.
[Ipn HaneceHMM pa3nUyHON HHGPOPMAIIMM HAa HW3TOTOBJICHHYIO JI€Tajlb YJIaeTcs
n30€eXKaTh MOBPEKICHUS TOBEPXHOCTH.

[IpoMbIlUIEeHHOE  NPUMEHEHUE  JIa3€PHBIX  TEXHOJOTUM  MPEICTaBIISIET
MPAaKTUYECKUA  HMHTEpPEC  BCIAEACTBHE  BO3MOXKHOCTH  HCHOJB30BAHUS  TIPH
TEPMHUYECKOM BO3JEHCTBUM HA TNOBEPXHOCTh METAJLUIOB KOMITBIOTEPHOM TEXHHUKH,
BO3MOKHOCTH OBICTPON TIEPEHACTPONKA W MOOWIIBHOCTH oOopynoBaHus. JlazepHoe
MMITYJIbCHOE HAarpeBaHUE IMPEIOCTABIAECT YHUKAIBHYI) BO3MOKHOCTbH YIIPaBJICHUS
($a30BbIM COCTAaBOM M T'€OMETPUYECKON CTPYKTypoW 0Opa3yroluxcsi OKCHAOB U
CTEIEHbIO OKHCJIICHUSI METAJUIOB, YTO B TMPHUHIMIE TO3BOJIIET CO3JaBaTh
MOJIHOIBETHOE N300paKeHNE HA METAJUIMYECKUX MTOBEPXHOCTAX

biaronapss kaueCTBEHHOW MapKUPOBKE OCYLIECTBISIOT CTPOTMU YUeT KaXKIOU
€AUHULIBI  U3JETUsl, BBIIYCKAEMOr0 MPEANPUITHEM M  KOHTPOJIb 3a  €ro

NEPpEABMIKCHUEM HE TOJBKO IIO CaMOMY IMNpPCANPHUATHIO, HO M IIpU pcalu3aluu.
4



HaHneceHne MapKMpOBKM Ha METAUIMYECKYI0 MPOAYKIHUIO KpaiHE BaXXHO H
HEOOXOJMMO B  TakKMX OTpaciiax Kak aBHAllMOHHAs  MPOMBIIUIEHHOCTbD,
aBTOMOOUJIECTPOCHHE, MNpUOOPOCTPOCHUE, TPU  MPOU3BOACTBE  PA3ITMUYHOIO
UHCTPYMEHTa W T.1. BcnencrBue 0COOEHHOCTEM TEXHOJIOTMYECKUX IPOLIECCOB,
WHOTJIa MapKUpPOBKAa M3JEIUIl MacCOBOTO MPOU3BOJACTBA JOKHA OBITH JOCTYIHA
BOCIIPUATHIO  OOCITYy»XMBAIOIIMM  TiepcoHajoM  0e3  mpubopoB. Hampumep,
KOHBeHepHass cOOpKa OCYIIECTBISIETCS B psAAe  OTpaciedl B KECTKUX
MIPOCTPAHCTBEHHBIX U BPEMEHHBIX pAMKaxX U BOMPOC O MPABUJIBHOM NPUMEHEHHH TOM
WIM MHOM JAeTalu TpeOyeT O4yeHb ObICTpOro oTBera. B 3Tux ciydasx UBeTHas
Ja3epHas MapKUpOBKA HE3aMEHUMA.

NHTepec K  TEXHOJNOTMM I[BETHOM JsazepHoi  mapkupoBku  (L[JIM)
NOATBEPKIACT OIyOJIMKOBAaHHBIM EBpONENcKol TEXHOJOTHMYECKOW MIaTdopMon
Photonics21 «MHOroneTHUM CTpPaTETUYECKUM ILJIAHOM pPAa3BUTHUS», B KOTOPOM
texHonorus [[JIM BXoauT B 4MCIO MEpCHEKTHBHBIX HccienoBanuii Ha 2014-2020
TOJIbI

EnvHCTBEHHBIM oOrpaHuyeHHEeM Oojiee IIUPOKOro MPUMEHEHHUS METOAa,
ABJIIETCSI HEJOCTAaTOYHAs! MPEICKA3yeMOCTh MOJIy4aeMOro B pe3ysbTare OOJydeHHs
nBera. PakTopbl BIMAHHA Ha MPOILECC MOJYyUYEHHUS I[BETOBOIO H300pakKeHUs Ha
METaJUIMYECKUX MOBEPXHOCTSX, H3yYEHBl OTHOCUTEIBHO MAJIO ¥ Y3KOHAMPABICHHO U
no3TOMy  TpeOylT  JajdbHEHIIero HUCCIEAOBAHMS C  LEIbI0  BBIABICHMS,
CUCTEMAaTH3allUU U OTIpeIeNICHUs B3aUMOIEUCTBUS ATHX (PaKTOPOB.

[Ipu nazepHOM BO3AEWCTBMM Ha TMOBEPXHOCTH MeTaia (QopMUpYyETCs
CIIOXKHBIM TeproaudYecKuid penbed. DTO TOBOPUT O TOM, UTO BH3yaJIbHOE
(EeHOMEHOIOrMYeCKOe BOCHPUATHE OKPAIIMBAHUS METAJUIMUECKUX MOBEPXHOCTEH
CBSI3aHO HE TOJIBKO C SIBJICHHEM LIBETOB MOOEKAIOCTH U UHTEp(EpEeHIINe B TOHKUX
IUICHKaX, HO U MOXET SBIATHCA pe3yJbTaTOM IUPPaKIUH, T. €. CIO0NKHOTO
IPOSIBIICHHUS] HECKOJIBKMX IPOLECCOB OAHOBpeMEHHO. (ieoBaTeNbHO, LBET
oOpabaThIBaeMO MOBEPXHOCTU OMpeEAeiseTcs 0ojee CIOKHBIMU TMPOIECCaMH, YeM

MEXaHU3MOM 00pa30BaHuUs IIBETOB MOOEKAIOCTH.
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Hecmotps Ha nmocTraTodHbli MHTEPEC K IPUMEHEHMIO LBETHOM Ja3epHOMU
MapKUPOBKH B MPOMBINIJICHHOM IPOU3BOJCTBE, A €€ UIMPOKOTO BHEIPEHUS
HEOOXOJMMO pEHIUTh €Ille psAJ 3a/Jay, CBA3AHHBIX C €€ HW3YyYEeHUEeM U
COBEpIIECHCTBOBaHHEM. HeoOX0IMMO CHCTEMHOE HCCIEIOBaHUE BIMSHUS paHee
MaJOM3yYEHHbIX (DaKTOPOB HAa BO3HMKHOBEHHE I[B€Ta Ha METAJUIMYECKOU
MOBEPXHOCTH.

Henabro padoThl SBISIETCS COBEPIIEHCTBOBAHKUE NPOLECCA LIBETHOM JIa3€pHOM
MapKUPOBKHU METALTYPru4ecKOi MPOyKIIMU Ha OCHOBE UCCIEIOBAHUS U pa3pabOTKU
PEXUMOB JIa3epHON 00pabOTKH C 1eNbi0 (POPMHUPOBAHUS LIBETHBIX M300pAKEHUN Ha
METAJUIMYECKON TOBEPXHOCTH.

3agaum uccjie0BaHusA.

1. UccnenoBath BIUSHUE MUKPOTEOMETPHH CIOXKHOTO PETYISPHOTO penbeda
U IIE€pOXOBATOCTh IIOBEPXHOCTHM HA LIBETOBOE OKpallMBaHHWE IMpU Jla3epHOU
MapKUPOBKE.

2. PazpaboTtaTh peXHMBl HAHECEHHWS HA METAUTMUECKYI0 TOBEPXHOCTh
[[BETOBBIX H300paXKECHHM, IyTEM JIa3epHOW MOAM(PUKAIUMU HEOOJBIIOTO CJIOS
Marepuana.

3. PaspabGoraTh BO3MOXHBIM CHOCOO aBTOMATH3AMK TIPU  T0J00pE
napameTpoB JA3ePHON MapKUPOBKH.

Hayunast HoBU3HA.

1. HayudHo o00OCHOBaHBI PEKOMEHJAIIMH IO pacdyeTy Hu Moadopy
TEXHOJOTHUECKHUX PEKUMOB Ja3€PHOT0 MAPKUPOBOYHOTO KOMIUIEKCA JJISl TTOTyICHUS
Ha METAJUTMUECKUX TIOBEPXHOCTSIX 33/JaHHBIX KOHTPACTHBIX H300PaKEHUH;

2. PazpaboTka MeTOAWKM aBTOMAaTH3alMM TIpoiecca (HOPMHUPOBAHMUS
BOCTIPOM3BOJAMMBIX KOHTPACTHBIX M300pKEHUN Ha METAIITMYECKUX MOBEPXHOCTSIX B
npolecce JlazepHoi 0o0pabOTKM NPU KOTOPBIX HE MPOUCXOIUT MOSBICHUE TPEIIUH B

OKCHIHBIX ITJICHKaX.



IpakTnyeckasi 3HAYMMOCTb MOJYYEHHBIX Pe3yJIbTATOB.

Ha ocnoBanum wnccinenosanus [[JIM Ha Mmeramnmyeckue NOBEPXHOCTH M
MOJIYYEHHBIX Pe3yJIbTaTOB pa3paboTaHa mporpamma Jyist paboTsl ¢ 6a30i JaHHBIX AJIs
MOJTyYEHHUs] YETKOTO I[BETHOTO H300pa)XCHHs HAa KOHKPETHOW MapKe MeTajia Mpu
Ja3epHon 00paboTKe.

OCHOBHBIC M0JIO’KEHHS JUCCEPTANMH, BBIHOCHUMbIE HA 3aLIUTY.

1. BnusHue MUKPOTEOMETPUH CIOXHOTO PETYJIIpHOrO penbeda u
HIEPOXOBATOCTH MOBEPXHOCTU IMO3BOJISIET ONPENEIUTh 3aJaHHYIO LIBETOBYIO FaMMy
W300paKEHUI MPU JTa3€PHOU MAPKUPOBKE.

2. Pexumpl 5azepHO MapKUPOBKH XPOMHPOBAHHBIX IOBEPXHOCTEH,
MTO3BOJIAIOLIME MTOTYy4YaTh KOHTPACTHBIE, CAMTHIBAEMBIE CTAHIAPTHBIMU YCTPOUCTBAMHU
U300pKEHHST 3a CUET YNPABICHHUS TPEMS OCHOBHBIMH IapaMEeTpamH JIa3epHOIO
MapKUPOBOYHOI'O KOMIUIEKCA.

3. [Iporpamma a1 mogbopa mapaMeTpoB JTa3epHON MapKUPOBKHU «JIa3koH» Ha
A3bIKE MpOrpaMMHpoBaHus JavaScript, MO3BOJSAIONIAsS aBTOMATU3UPOBATH IMPOIIECC
MOJIYYCHHS [IBETOBBIX HM300pPaKEHHI Ha MOBEPXHOCTHU PA3JIMYHBIX METAJUITMYECKHX
MaTepHuaoB.

JIMYHBIA BKJIaJ COUCKATEJI.

Ha Bcex »Tamax BBIMOJHEHUS MUCCEPTAIMOHHONW pabOTHhl aBTOpP MPUHUMAI
OpsIMOE€ ydacThe B T[IOCTAaHOBKE 3aJady HCCJIECAOBAHMS, B IUIAHUPOBAHUU U
METOJMYECKOM OOECIECYCHHH OJKCIEPUMEHTa, B TPOBEICHUU OOJBITUHCTBA
AKCTIIEPUMEHTAJIbHBIX HM3MEPEHHUM, B OOCYXICHUW TIOJYYEHHBIX pE3yJIbTaTOB M
dbopmMyMpoBaHUU BBIBOJIOB. Bces skcnepuMeHTanbHas paboTa W HEOOXOJUMbBIC
pacy€Thl MPOBOAWINCH COMCKATENIeM JMYHO WM MpPU €ro HEnocpeICTBEHHOM
YYaCTHH.

Anpodauus pe3yibTaToOB.

PaGoTta BbpITIONIHEHAa B paMKax TrocyaapcTBeHHo pabotel «IIpoBenenue
HAay4YHO-UCCJICIOBATEIILCKUX Pa0OT ((PpyHAaMEHTAIbHBIX HAYUYHBIX HCCIICIOBAHUM,

NPUKJIATHBIX HAYYHBIX HCCIEJOBAHUM M OKCHEPUMEHTAIbHBIX Ppa3pabOTOK)»

7



rocyaapcTBeHHOro 3aganusi MuHoOpHayku Poccun B cdepe HaydHOU AesATETHHOCTU
Ha 2014-2016 rr. (3amanue Ne 2014/113). A Taxxe B pamkax JloroBopa moapsima Ne
['T1X22-2019/291 ot 01.04.2019 na temy «MccnemoBaHue mapaMeTpOB IIBETHOM
Ja3epHON MapKUPOBKU METATNINYECKUX TOBEPXHOCTEN.

OcHOBHBIE pe3yNbTaThl U MOJOKEHUSA AUCCEPTALUUHU T0JO0KEHBI HA HAYYHBIX
KOH(EpEHITHSIX.

1. KOOunenHoil necaToil eKeroJHON MEXIyHapOJHOW HAy4YHO-IIPAKTHYECKOU
HNurtepHer-koHpepeHnn  «CoOBpEeMEHHbIE  HANpaBIEHUS  TEOPETUYECKUX U
NpUKIAIHbIX uccienoBanuii‘2015» (¢ 17 mo 29 maprta 2015 r.). IIpoekt SWorld
(www.sworld.education)

2. MexnayHapoiHasi HaydHO-TexHH4Yeckasi koHpepeHus [Ipom-Uuxuaupusr
2019 25-29 mapta B ropoxa Coun (http://icie-rus.org/icie2019-rus.html).

3. «Hayuno-npaktuueckue koHpepenuu cryaearoB HUTY «MUCuCy. Ilox
penakuueit C.M. TI'opGatioka Kupos, 2016 1, c. 54-58 «DeHOMEHOJIOTHYECKOE
MCCJIEIOBAHUE BO3MOKHOCTEH CO3/1aHUs yHpaBisieMoro (popMUpOBaHUS I[BETOBBIX
M300pKEHUI Ha METAJUTMUYECKOM MMOBEPXHOCTIY.
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Myonukanuu. [lo matepuanam auccepranuu umeercs 18 myonukanuii, 5 u3
KOTOPBIX  BXOISAT B  MEPEUYCHb  PELEH3UPYEMbl  HAy4YHBIX  KYPHAJOB,
pexkoMenioBaHHbIX BAK, 9 crarell onyOnMkoBaHbl B €IMHON 0a3e peleH3upyeMoit
HAY4YHOH JnuTepatypsl SCOpUS. Haykomerpuueckuii mokaszatenb, uHaeke Xupiia (h-

WHJIEKC) aBTOpa paBeH 9.



CooTBeTCTBHE NACNOPTY cHenuadbLHOCTU. JluccepranmmonHas pabora TI0
CBOMM ILIEJISIM, 3a7ja4yaM, COJIEP’KaHHI0, METOJIaM HCCIIECIOBAaHM M HAYYHOW HOBHU3HE
cooTBeTcTBYeT nacnopra crenranbHocTH 05.02.08 — TexHoa0rus MaTMHOCTPOCHUS

Ctpykrypa u o0bem pabotbl. JlucceprammonHas paboTa COCTOUT U3
BBeJICHUS, 4-X TJaB, 3aKJIIOUEHUS, CIMCKA IMyOJHMKAIMii, CIUCKA HCIIOIh30BAHHBIX
WCTOYHUKOB, BKJIIOYaromiero 47 HauMeHOBaHUWH, 3 mpuiiokeHus. Pabora u3noxeHa

Ha 130 cTpaHnITax MarMHOMMMCHOTO TEKCTa, COACPKUT 46 pucyHKoB U 29 Tadiuil.



I'JTABA 1. AHAJIMTUYECKHUH OB30P JUTEPATYPHBIX
JIAHHBIX IO BOITPOCY LIBETHOM JIABEPHOM
MAPKHPOBKU METAJJIAYECKUX NOBEPXHOCTEN

1.1.Iesin ¥ MeTOABI MAPKUPOBKHU MOJY(GadpUKATOB U U31eTH i

KauecTBeHHass ~ MapkupoBKa  Ja€T  BO3MOXKHOCTb  KOHTPOJIMPOBATH
IIPOM3BOJICTBO  M3JECNMM, KaKk Ha  JTale  MOJYYEHHs  MPOMEKYTOUHBIX
noty(aOpuKaToOB, TaK U MPHU BBITYCKE W MPOJa)xe roToBoM npoaykiuu. HaneceHue
MapKUpPOBKH Ha METAIMYECKYIO NPOAYKIHMIO KpailHEe Ba)XHO M HEOOXOJIMMO BO
MHOTHX OTpPAciiiX MPOMBIIUICHHOTO Mpou3BoaAcTBa. Cpean COBPEMEHHBIX CIIOCOO0OB
MapKUpPOBKM — JIa3epHas MapKUpOBKA HamOoJjee TOYHBIA M HAACKHBIA CIOCO0
UJCHTU(PUKALIIY U 3aIUTHI.

MapxkupoBka, oT HeM. Markieren — oTMeuaTh — HaHECEHUE OIMpPENETIEHHBIX
3HAKOB WJIM HAJNHCEH Ha JeTajldb, C IEIbI0 BO3MOXHOCTH €€ uacHTu(dukauuu. B
CEPUIHOM ITPOU3BOJICTBE 3TO IIYHKT TEXHOJIOIMYECKOIO MpoLecca.

[Ipou3BoACTBEHHAs MapKUPOBKAa — HAHECEHHWE CMMBOJIOB Ha 00OpY/JIOBaHHME,
WHCTPYMEHTHI, ICTaIN U COOPOYHBIC Y3IIbI.

Metonbl HAaHECEHUS:

—  KJICHMMEHHUE;

—  DJIEKTPOXUMHYECKAS;

—  TepMmoTpaHcdepHas neqarh;

—  KamJiecTpyWHas MapKHpOBKa (YEPHUIAMH);

—  MAapKHUpPOBKA JIA3€POM;

—  MapKUPOBKA yJapHO-TOUYEYHAs,

—  HAHECEHHUE NMPOYECPUYMBAHUEM.

Kneiimenne — camas mnpocredmias MapKHUPOBKA, OCYIIECTBISEMas Ha
MMOBEPXHOCTH YAApPOM METAJUIMYECKOrO KJIEMMa WIM IUTaMra Ha MEXaHWYECKOM

npecce. OObIUHBIA HAOOp KJIEHM — KieiliMa ¢ 3epKalIbHBIM H300paKeHHEM
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HeoOxomumoro pasmepa OykB wm mudp. Ha nmeranmm mnomydaercs mpsmoe
uzobpaxenue. Jlig MapKUpOBKM JeTajeil M3 JHUTHEBBIX (POPM HCHOIB3YIOT
MHBEPCHBIE BCTaBKHU, TOTJAa HAa OTJIMBKAxX MOJYYUThCA YUTAaEMas HAANMUChH. Takum
cr1ocoO0M BO3MOKHA MapKHPOBKA [IBETHBIX METAIIJIOB U CTAJIH.

Onexkrpoxumuueckasi. Crnocod MapKUpPOBKH IIMPOKO PACHPOCTpPaHEH MpHU
MapKUPOBKE METAJIOB JIFOOOU TBEPAOCTU. DTO IKOHOMHUYHBIN U PaCHpOCTPAHEHHBIN
coco® MapKUMpOBKH, CONEPHUYAIONIMIA € MapKUpoBKOM sazepom. Yacto
MPUMEHSIETCS JUIsl MAPKUPOBKH aBTOMOOUIIBHBIX U aBUAIIMOHHBIX JI€TajleH.

TepmoTpancdepHas nedarb — CrocoO mevaru, Npu KOTOPOM Kpacsiluid cioi
NEPEHOCUTCSI CO CHEIHUAIbHOW JIEHTHI Ha TEPMOTPAHC(EPHYIO STUKETKY MAJIs
COIIPOBOKJICHMS NTAPTUU JCTaJCH.

Kannectpyiinas MapkupoBKa. JTO MAapKuUpoBKa depHWIamu. [Ipumensrorcs
KAIUIECTPYHUHBIC IPUHTEPBI HAHOCAIME MAPKUPOBKY HENOCPEICTBEHHO HA JIETallb,
IPEUMYIIIECTBEHHO Ha KoHBelepe [1].

JlazepHast MmapkupoBKa. TeXHOJOrus, MpU KOTOPOo MHGOpMALIMsI HAHOCUTCS
Ja3epoOM, KOTOPBIM BBDKHUIA€T IOBEPXHOCTh mpeamera. JlazepHbll IPUHTED
UCIIONIb3yeTCsl Il HaHeceHWs rpaduyeckod HHGOpMalMK Ha J0O00W TBEPABIN
Marepuai. [[ins MapKUpOBKHM METAUIOB XOpOII ONTUKO-BOJOKOHHBIM THII JIa3epa,
KOTOpBI HAHOCUT HAAEKHYI0 MapkupoBKy. Ero mnpeumymiectBa — OBICTpOTa U
Ka4eCTBO.

VY napHo-ToueyHas MapkKupoBKa. IIpomecc MapKUpOBKM 3aKIIOYAaEeTCA B
HAHECEHUWU Ha MOBEPXHOCTh METajjla IPYIIbl TOYEK, CyMMa KOTOPBIX O(OpMIISET
JUHUIO Haanucu. Anmaparypa ynpasingercs UITY. [TneBMatuueckuii npuBoj — 6oee
OBICTPBIH, 3aTO JEKTPUUECKUN MpaKTHUYHEe NIl OOJNBIIMHCTBA 3a1a4. OTIu4ueM OT
IPOYUX METOJIOB €CTh TO, YTO YyJAPHO-TOYEYHAs — OOECIEeUMBAET HECTHUPAEMYIO
HAJUCh JAKE HA JETAJSIX U3 INTACTUYHBIX MAaTEPHAJIOB U 3aKAJICHHBIX METAJIJIOB.

MapxkupoBka mnpouyepuuBaHueMm. lIpoms3BoauTCs TpaBUPOBKOM JIMHUKW Ha

TOBEPXHOCTH JIE€TAJIA TBEPAOCIUIABHOW UIiou. Tak, HanmpuMmep, HaHocAT VIN Homepa
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Ha Ky30B JIETKOBOTO aBTOMOOUJs. OrpaHrueHue: Uria IioXxo HaHOCUT MapKHUPOBKY
Ha o4eHb TBep bl MmaTepuan (45 HRC) [2].

Hanecenne MapKUpOBKM Ha METAJUIMUECKYIO MPOIYKIMIO KpailHE BaXKHO U
HEOOXOJMMO, HalpUMEpP, B TAaKUX OTPACISIX KaK aBUAIIMOHHAS MPOMBIIUICHHOCTD,
aBTOMOOUJIECTPOCHHUE, TIPU MPOU3BOJICTBE PA3TUYHOTO MHCTPYMEHTA, Ha TpyOax, Ha
yacax U Tak jganee. [1ono0HbIe METAIITUYECKUE TOBAPHI JOJKHBI ObITH 003aTEIBHO
IPOMapKUpPOBaHbI, MHAYE OTCIEKUBAHHE, MpaBUiIbHas COOpKa W peanusanus OymayT
HEBO3MOYKHBI.

1-i crocoO: s MapKUPOBKH NPOAYKUIWU W3 METAIOB WM CILIABOB MOTYT
OBITh UCITOJIB30BAaHbI CAMOKJIESIINECS STUKETKN U HABECHBIE SIPIIBIKU.

2-11 crioco0: MapKUpPOBKa Ha MOJ00HOM MPOAYKIUU OCYIIECTBIISAETCS MPSIMBIM
crocoboM (TO €CTh, MAapKHUpPOBKAa HAHOCHUTCS HEMOCPEJCTBEHHO Ha CaM TOBap).
BelnonHsieTcss ¢ NpUMEHEHUEM JIa3€pHOM MAPKUPOBKH, IIEpenaBasl Ha TOBAp TaKyrO
MH(OpPMAIMIO KaK IITPUX-KOJA, OyKBEHHO-LUM(POBBIE JaHHBIE WIH TpaduyecKue
U300pKEHUS U T.I1.

[ToHATHO, YTO B METaJUTypruM lLiejiecooOpa3Hee, KOHEUHO XKe, PUMEHEHHE
BTOPOrO0 BapvaHTa HAHECEHUsS MAapKUPOBKM M 3TOMY €CTh BIIOJHE aJE€KBaTHBIC
oO0BsicHEeHHsl. MapKupoBKa Ha SIpJIbIKaX U ITUKETKAX SIBJSETCS HE HaJEKHOM: OHa
CTUPAETCSI, €€ MOXKHO JIETKO MOJIJENATh U T.[., [I0O3TOMY MPAKTHUYECKU BCE KPYIHBIE
NPEeANPUATUS 11 MAPKUPOBKU CBOEH MPOAYKIMHU UCIIOJIB3YIOT IPSIMOM CITOCO0.

JlazepHass NPOMBIIUIEHHAass MapKHUpOBKA — 3TO HAHECEHUE Ha W3JEIINe
paznuyHOi MHGOpMaMK U WIASHTU(UKAIIMOHHBIX JaHHBIX. JlazepHas MapKupoBKa
SBJISIETCSI OJTHUM M3 CaMbIX HAJIEKHBIX COBPEMEHHBIX CHOCOOOB 3alIUThI U3IACIUNA U
NPOAYKUMH OT mojaesok. lIpenmmyinecTBa Jia3epHOM TpaBUPOBKH M MapKHPOBKH
nepes ApyruMu crnocodaMu HaHeCeHUsI MHPOpMAaITuu OYeBUIHBI:

— WIUPOKHUH CHEKTP MApKUPYEMbIX MATEpPHAIOB - METAJUIbl U WX CIUIABBI,
IUIACTUKH, PE3WHA, CUJIMKATHOE W aKpUJIOBOE CTEKJIO, AEPEeBO, KapTOH, KOXa,

KepaMHuKa H Jip.;
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— BO3MOYKHOCTb HAHECEHMS HA W3JENIUsl MPOMBIIUIEHHOTO IMPOU3BOACTBA
T000#, make MeNKoW, WH(GOpMAIMH: JIOTOTHUI W Ha3BaHUE MPOU3BOIUTEIS,
TOBAPHBIA 3HAK, TEXHUYECKUE JAHHbIC, CKBO3HAas HyMepauus M MITPUX-KOJ
MPOAYKIMH, BBIXOJIHBIE TAPAMETPHI U3/IEIINsI, HA3BaHUE AETAIHU U T.11.;

— YCTOWYUBOCTb K MHTEHCUBHOMY PEXUMY UCITOIb30BAHUS;

— HECTUPAEMOCTh U JIOJTOBEYHOCTh (M3HOCOCTOMKOCTH) HAHECEHHOTO
n3o0paxxenus (MHGOpMaIUN);

— OTCYTCTBHE MEXaHMUYECKOT0 BO3JCHCTBUS Ha u3nenue (0ECKOHTAKTHOCTH),
YTO Ja€T YHUKAJIbHYIO BO3MOXXHOCTh MAPKUPOBKH U3JIETUs B COOpE;

— BBICOKOE pa3pelieHrue, KOHTPACTHOCTh W  KadeCTBO IPOPUCOBKHU
HAHECEHHOTO U300paKEHUS;

— OBICTPOTa ¥ TOYHOCTh MAPKUPOBKH.

TexHoyorusi Jna3epHOM MaApPKUPOBKU, B HACTOSIIEE BpEeMs IEPEKUBACT
MOABEM CBOETO Pa3BUTHS U MOMYJApHOCTU. COBpEMEHHBIE Ja3€pHBIE TEXHOJIOTHU
MapKUPOBKU CTPEMUTEIIBHO BHEAPSIIOTCS B MPOMBIIIJIEHHOE MPOU3BOJICTBO, YacCTO
BBITECHSII TPAAUIIMOHHBIE METOAbl 00paboTku MarepuanoB. CdoKycCHpOBaHHBIN
JA3epHBIA  JIyd PEryJUpyeMOll MOIIMHOCTH OKa3ajcsi uAeadbHbIM "'pabodyum
WHCTpyMEHTOM" ISl co3jaaTenieil HoBoro oOopynoBaHus. Jlazep, Kak MHCTPYMEHT
0o0paboTKu MarepuanoB, paboTaeT OBICTPO, HE H3HAIIMBAETCA W HE Tpedyer
MIPUJIOKEHUS YCUIIAM, OH YJKOHOMUYEH, B BBICIIICH CTETIEHU TOYEH, a €r0 BO3JACHCTBUE
JIETKO MOAJAETCS KOHTPOJIIO U yIIPABIEHUIO.

JlazepHass MapkupoBKa uJeandbHa B TpoIeccax, Tae TpeOyeTcss BBICOKaS
TOYHOCTh M HEJAOMYCTUMO (PU3MYECKOE MM XMMHUYECKOE BO3JEHCTBHUE, a TaKXKe MpHU
HAaHECEHUU MapKUPOBKHU B TPYIHOJOCTYITHBIX MECTaX WJIM B MECTaX, MOJABEPHKEHHBIX
BO3JCHUCTBUIO  arpecCUBHOW  cpenbl. LleHTp  NPOMBILIIEHHONM  MapKUPOBKHU
oOecrieunBaeT IMOCTaBKY OOOPYJAOBaHUS, BBINOJHSAECT PabOThl MO IMyCKO-HANAJKe,
PEMOHTY, TapaHTUWHHOMY H CEPBUCHOMY OOCTY>KHBAHHIO OOOPYIOBaHUS JUIS

JIa3€PHON MAPKHUPOBKHU.
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JlazepHblli Mapkep MOXKHO YCHEIIHO IPUMEHATb IIPU  MapKUPOBKE
HEPKABEIOLIEH CTalM, JKele3a, JAaTyHH, AHJAPOMPOBAHHOIO ATIOMHHUSA U NPOUYUX
MeTaJUIMYecKuX ciuiaBoB. Kak mpaBuiio, MapKMpoBKa MeTalia MPeACTaBIsIeT cO00it
JIOTOTHI, CEPUMHBIA HOMEp, IITPUX-KOA, HOMEp mapTuu. COBpEMEHHBIE JIa3€pHBIE
MapKUPaTOPbl TMO3BOJSIOT OBICTPO M JIOCTATOYHO JIETKO BBINOJIHATH MapKUPOBKY
COBEpPIIEHHO B JIIOOBIX YCIOBHUSIX MPEANPHUATHS, a Takke Ha JII0OOM
IIPOU3BOJICTBEHHOM 3Tal€ M3TrOTOBJICHUS M XPAHEHUS METAJUIMYECKOM IPOIYKIIMH
[3].

Bcenencreue mMoCTOSHHO MEHSIIOIIUXCSA U COBEPIIEHCTBYIOIIMXCS TEXHOJIOTUI
IIPOU3BOJICTBA, HAITPUMEP, B ABTOMOOMIBHOW MPOMBIIUIEHHOCTH - 0€3 HaJeKHOU U
KauyeCTBEHHOW MAapKHpOBKU JieTaled He OOONTHCh, TaK KaK KOHCTPYKIIMOHHBIE
OCOOCHHOCTH Pa3IMUHBIX JeTajed, U y3J0B KaxJblii roa MeHstorcs. Kak npasuro,
3TO BJIEYET 3a COOOW pa3felieHne NPOAYKIMH Ha «HOBYIO» U «CTapylo», TaKuM
o0pa3oM, J10IrOBEYHOCTH MAapKUPOBKH OTBOJMTCS Ba)KHEWIas sl MPOU3BOJICTBA
posb. IloToMy Kak B TeUYeHHE TapaHTUHHOTIO CpOKa HEOOXOJUMO COXPAaHHUTHh Ha
JeTansiax UHPopMalu 000 BCeX, UMEIOIIMXCS Ha MOMEHT IPOU3BOJCTBA U3CIUsX,
U3MEHEHUSIX B KOHCTPYKLIMM M TEXHOJOTHHM, & TAKXKE O MaTepuaje U BapUAHTE
U3TOTOBJICHUs] KOHKPETHOI'O U3ETHS.

NHTepec K TexXHONOTMM IBETHOM ja3epHoi MapkupoBku (IIJIM)
noATBepxkAaeT NpuHATHIN EBponelickoit TexHosmornueckoi miatdopmoit Photonics21
«MHOroJeTHUM CTPAaTETHUYECKUM ILJIAHOM Pa3BUTHS», B KOTOPOM TexHoJorus [[JIM
NpU3HAaHAa OJHMM M3 TNEPCHEKTUBHBIX HampaBiieHud ucciaepoBanuii Ha 2014-2020
TOJIbI.

I{BeTHas y1azepHas MapKUPOBKA METAIIMYECKUX TOBEPXHOCTEN CYIIECTBEHHO
pacimmpsieT BO3MOKHOCTH IIPUMEHEHUS Ja3epHON MapkupoBku. [Ipumenenue LJIM,
B KayecTBe YJMOOHOTO M HArJISJAHOTO METO/Aa, MOXET OBITh HCHOJIb30BAaHO B
npuOOpOCTPOCHUM  TNPU  COOPOYHBIX  ONepalusXx, B  METaJulypru4yecKou
MPOMBIIIUIEHHOCTH MPU UAEHTU(UKAIUHU 10Ty (HaOpUKaTOB U HAHECEHUH JIOTOTHUIIOB

Ha TOTOBYIO MIPOAYKIIMIO, B JEKOPATUBHO-TIPUKIIAAHON o0nacTh U T. 1 [4].
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1.2. O0opynoBaHue 1Jil HBETHOM JIa3ePHOIl MAPKUPOBKH

Jlazepsl MIUPOKO MPUMEHSIOTCS B PA3IUYHBIX OOJACTSIX MPOMBIIIICHHOCTH,
HAayKH M TEXHUKU. Takoe IUPOKOEe paclpocTpaHEHHE Jla3ephl MONydnIn Omarogaps
0COOBIM CBOWCTBaM JIa3€pHOTO W3IyYCHHUs. YHUKAIbHBICE CBOKMCTBA Ja3€pPHOTO
W3ITyYCHHs] OOSCTICYIIIA 3HAYUTEIIBHBIN MTPOTPECC W MPUBEIIA K COBEPIICHHO HOBBIM
HAYYHBIM U TEXHUICCKUM PEIICHHSIM.

JlazepHass TEXHHMKAa — O3TO COBOKYITHOCTh TEXHHUYECKHX CPEACTB IS
reHepanuy, mnpeoOpa3oBaHusi, Mepenadyn, NpuéMa W HCIMOJIB30BaHUS JIA3€PHOTO
u3nydenus. JlazepHas TeXHUKa BKJIIOYAET B ceOs:

— COOCTBEHHO JIa3ephl;

— WX DJJEMEHThl — W3JIy4yaTelM, AaKTUBHBIE DJEMEHThI, OINTUYECKUE
pPE30HATOPHI, JIa3epHBIC 3aTBOPHI, WMCTOYHWUKH HAKa4KW, OJOKA THUTAHUA W
YIPABJICHUS, CHCTEMbI OXJIAXKICHUS U JIP.;

— YCTpOMCTBAa YIpPABJICHHS JIa3€pPHBIM ITYyYKOM — MOJYJIATOPHl CBETa,
nediexTopsl, mpeoOpa3oBaTeIu 4YaCTOTHI U JP.;

— TpUOOPBI, CHCTEMBI, YCTAHOBKH, B KOTOPBIX HCIIOIH30BAHUE JIAa3€POB
ompenensieT WX (DYHKIMOHATBLHOE Ha3HAYEHHWE, — JIa3€PHBIE TEXHOJOTUYECKUC
YCTaHOBKH, JIa3epHBIC JaTbHOMEPHI, JTa3E€PHBIC 3BYKO- W BUIACOMPOUTPHIBATEIIH U T.II.
[5].

JlazepHass MapKUpOBKa MeTajsla TMO3BOJSIET Haubojee IeHCTBEHHBIM U
3¢ (HEKTUBHBIM CITOCOOOM Pa3MECTUTh Ha JTFOOOM M37eIUU TpeOdyeMyro HHPOPMAIIUIO,
MO3BOJISIONIYI0 TMPOBOAWTH HWASHTU(UKAIMIO mociaeaHero. JlaHHoe perieHue
SIBJIICTCS] ONITUMAJIBHBIM KaK ¢ TOYKH 3PCHUS ACTETUKHA O(DOPMIICHHS, TaK U C YUETOM
TEXHOJIOTUYECKOW  CJIOKHOCTH €r0  OCYIIECTBJICHHS U  MPOJOJDKUTEIHLHOCTH
BBITIOJTHEHUS COOTBETCTBYIOITUX PaOOT.

JlazepHass ~ MapKMpOBKAa  BBINOJHSACTCS  PA3IMYHBIMA  yCTPOHCTBAMH,
3aTOYCHHBIMH Ha PEIICHUE KaK CTAaHIAPTHBIX, TaK U Y3KUX CIICIUATBHBIX 3a/1a4:

— BOJIOKOHHBIC JIa3CPhI;
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— TBEPAOTEJIbHBIC JIA3€PHI;

— BaHAJATOBbIE Ja3epHble ycTpoicTBa; (TBepaOTENbHBI MaPKUPOBIIUK Ha
kpuctaie Nd:YVO4; otnuuaercs BhICOKMM KadecTBOM Jyda M2, momoit TEMOO,
OomnpIION TTyOMHOM (oKyca ¥ Manol JUIMHOW JazepHoro ummyibca; onuus: EVC ¢
BpAaIIaroNIeics: TOJOBKOM, KOTOpasi MOXKET OBITh MOBEPHYTa Ha JF000M yros oT +90
10 -90 rpaaycoB);

— Ja3epHbIC MApPKHUPOBIIUKH;, (TIPUMEHSETCS M TIyOOKOW JiazepHOU
TPABUPOBKH);

— Ta30BbIE JIA3EPhL;

— 3esieHbId Jazep ([lenukatHas MapKUpOBKa AJIs 3JIEKTPOHUKH, NPUOOPOB,
IIPOMTOBAPOB U JIp.);

—  yJIbTpadHOIETOBBIM nasep (denmukatnas MapKUPOBKa TUTSt
prOOPOCTPOCHHMSI, TPOMTOBAPOB U JIp.[5].

MapkupoBoUHbIE Jia3epbl, padOTaloUIMe Ha YJIbTPAPHUOJIETOBBIX BOJHAX,
MO3BOJISIIOT MApKUPOBAaTh MPAKTHYECKH JIIOObIE MaTepuaibl: MeTajulbl, Oymary,
IUTACTUK, CTEKJIO, KOXKY. DTO KOMIIAKTHBIE Ja3epbl, KOTOPbIE MOTYT OBITh yAOOHO
pa3MelleHbl Ha padoyeM CToJIe, B KOKYX€E UM B TPOU3BOACTBEHHOM JIMHUN.)

B 3aBucuMocTH OT CTPYKTYpbl W pPa3MepOB MaTE€pUalOB  MOTYT
WCITOJIB30BAThCS PA3JIMYHBIE JIA3EPHBIEC U3TydaTeau (ra30Bblil, BOJIOKOHHBIN) U THUIIBI
na3epoB (TUIAHILETHBIN, TajdbBO), YTOOBI JOOUTHCS MAaKCUMaJIbHO 3()DPEKTUBHOrO U

OBICTpPOTO pe3yJbTaTa.

1.3. B3aumoaeiicTBHe J1a3epHOT0 U3JIYyYeHHS ¢ METANIMYECKO

MOBEPXHOCTHIO

Jlazep XOpOILIO CIIYKUT HA IPOTSKEHUU MHOTHX JIET, B YACTHOCTH, €CIIH PEYb
UJIET O JIA3€PHOU IPaBUPOBKE U MAapPKUPOBKE METAILIOB. He TOJIBKO MSITKME METaJIbI,
TaKW€ KaK AJIFOMUHUNA, HO U CTajb WIM OYEHb TBEPJbIC CIIABbI MOKHO aKKypaTHO

MapKUpOBaTh, Pa300pUMBO U OBICTPO UCIOJB3Ys jda3ep. C HEKOTOPBIMH METalIaMU

16



MOJKHO J]a)kK€ CO3/1aBaTh KOPPO3HMOHHO yCTOHYMBBIE MAPKUPOBKU 0€3 MOBPEKICHUS
CTPYKTYPBI IOBEPXHOCTH.

Merannuyeckue U3AeNns MapKUPYIOTCSA MPHU MOMOIIHM Jia3epa B LEIOM psae
oTpacnen: Jlmama3oH NPUMEHEHHS OT MAPKHUPOBKH TPOMBIILIICHHBIX CEPUMHBIX
U3JIeTui N1 00ECIeYeHHs] OTCIIEKUBAEMOCTH J0 WHAMBUAYATU3AIMH PEKIAMHBIX
W3JICJIAN ITyTEM HAaHECEHHUS JIOTOTUIIOB WM Ha3BaHUM.

Pasnuyaror pasnmuuHble  MeTOABI  00pabOTKU: TpaBUPOBKA,  AOISIIHS
(ynaneHue), OT)KUAT, aHHUJIMHT U BCIIEHWBaHHUE. B 3aBUCUMOCTH OT MCIOJIb3yEeMOIO
MaTepuania M TpeOyeMoro KayecTBa KaXJblii W3 3THUX CHOCOOOB HMEET CBOU
IIPEUMYLIECTBA U HEAOCTATKHU.

AHHUIUHT (9TO CHEIHUANbHBIA CIMOCOO Ja3epHOM MapKUPOBKU METAJIOB.
HarpeBanune q1y4om NpUBOAUT K OKUCICHUIO MTOBEPXHOCTH METAJIA, YTO MPUBOIUT K
M3MEHEHHIO 1[BETA Ha MTOBEPXHOCTH METAILIA. ).

Orxur. IIpu oTkure Marepuas npu JEUCTBUM JIA3EPHOTO JIyda HArpeBaeTcs,
IIPOUCXOIUT XUMHUYECKAsl peakius, KOTOpas OKpallMBaeT Marepuan. IToT 3PQekT
BO3HHUKAeT MH3-32 CTPYKTYPHOIO M3MEHEHMUS IIOBEPXHOCTHOIO  Marepuala.
[Tonyyaemasi okpacka 3aBUCUT OT TeMIepaTypbl HarpeBa. Takum oOpa3zom, MeHss
IapaMeTphl JIA3EPHOTO U3JIYUYECHUSI MOYKHO IOJIy4YaThb CBETIIbIE MM TEMHBIE OTTCHKHU.
HenocraTtok TakoW TEXHUKHU: €CIM MU3AECIUE IMOJIBEPTHYTh BO3ACHUCTBHUIO BBICOKOM
TEMIIEpaTypPbl, MAPKUPOBKA MOMXKET COUTH.

[Ipu naszepHoit rpaBuUpOBKE OOpadaThIBAEMBIA MaTepHall PaCIUIABISETCA
Ja3epOM M 3aTEM BbINIapUBAETCs. JIa3epHbIi JTyd CHUMAET BEPXHUU CJIOW MaTepuaa.
NHTEHCUBHOCTh M3JIyYEHHS JOJDKHA TIPU  OTOM MPEBBIIATH  ONPEACIEHHOE
MPEEIbHOE 3HAYEHWE, TAK HA3bIBAEMYKO MOPOTOBYK) HMHTEHCHBHOCTH. lloporoas
WHTEHCUBHOCTb [UJII MAaTEPUAIOB C BBICOKOM DJIEKTPUYECKOM MPOBOAUMOCTBIO
JIOCTHTAET OOJBINON BEIMYUHBL. YTIIyOJIeHHe KOHUYeCKor (hopmbl, 00pa3oBaBIIeecs
B B pe3yJbTaTe Takoh oO0pabOTKM Ha3bIBaeTCA TpaBUpPOBKOU. JlazepHas rpaBUpOBKa

CUMTAETCS camMou ObICTpoil hopMoit J1azepHO 0OPabOTKH.
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[Tpu abnsauuu nazepHbIN Tyd yAalseT MOBEPXHOCTHBIN CIOH, KOTOPBIM ObLT
HAaHECEH Ha 0a30BbI MaTeprall. 32 CYET PA3NIUYNN B LIBETE MEXK]Ty IOBEPXHOCTHBIM U
0a30BbIM MaTEpUaAIOM MOSBIAETCA KOHTpacT. Tak Kak B 3THX CIOSIX JIa3€pHOE
U3IIly4CHHE OYEHb XOPOLIO IIOIJIOLIAETCS, JOCTATOYHO MOaXX€ MallOM MOIIHOCTH
Ja3epa, 4ToObl MOJIyyaTh BBICOKOKOHTpACTHbIE M300paxkeHus. Kak mpaBuiio, myTéM
a0JIIUU MapKUPYIOT AaHOAUPOBAHHBIN ATFOMUHUM, TaKUPOBAHHBIM METaIlI, INIEHKU U
MHOT'OCJIOWHBIE TTACTUKHU.

IIpy BCceHMBaHMM MaTepHasl IOJ JAEHCTBUEM Ja3€pHOIrO Jyda IUIaBUTCS. B
MaTepuane o0pa3yroTcs Iy3bIPbKU Ta3a, KOTOpPbIE NMPU OXJIaKIECHUM HE HCUE3aIOT.
OO0BEM MaTepHaia yBEIMUMBAETCS 34 CUET ITUX BKIKOYEHHs, 00padOTaHHAas Ja3epoM
NOBEPXHOCTh KaXeTcs penbepHOM. MapkupoBka B 00pabOTaHHBIX MecTax
CTAHOBUTCS CBETJIEE OCTAJIbHOIO MaTEpHaa.

biiarogaps npenesbHOM TOYHOCTH JIA3€PHOM MapKUPOBKU MOXKHO HAHOCUTH
MEJIKUE PUCYHKH, MIpU(PTHl pazMapa | 0t u Menpyaillive reoMmeTpudeckue (QUrypsl.
MapkupoBKa Ja3epoM BCETIa OTINYAETCS BBICOKMM Ka4€CTBOM.

JlazepHass MapKuUpOBKAa IIEPMAaHEHTa W IIpU D3TOM HE H3HAIIMBAETCH,
YCTOMYMBA K TEMIIEpaTypaMm M KUCIOTaM. B 3aBUCHMOCTH OT HACTPOMKH ITapaMeTpOB

ONpEAECIEHHbIE MaTeEpUaIbl MOKHO MAapKUPOBATh, HE IMOBPEXKAAsd UX IOBEPXHOCTHU

[6].

1.4, ®opMupOBaHHE LBETOBOI0 H300pa)kKeHHUs] NPHU JA3ePHOM

MapKHPOBKeE

[Ipu nazepHoil 00pabOTKE MOBEPXHOCTH MeETaula IPOUCXOJUT Pa3orpeB
Y4acCTKa, Ha KOTOPBIH I1aJ1a€T CBETOBOM IYyUYOK, B PE3yJIbTATE PACIIIABIICHHBIN METAILI
HAYMHAET aKTUBHO pearupoBaTh C KHUCIOPOJAOM Bo3ayxa. Takum oOpazom, mnpu
OCTBIBAHMHM METajlIa, B MECTE B3aMMOJICHUCTBHUS B PE3yJIbTaTe XUMHUYECKOW pEaKiuu
o0pa3yroTcst OKCHAHBIE CTPYKTYyphl. [Ipu momamanun Genoro cBeTa Ha MOBEPXHOCTH
METaJlla M TPOXOXKJICHUU €ro 4Yepe3 OKCHUIHYIO IUJICHKY HPOUCXOAUT SIBICHUE

untepdepeniuu. Takoe siBIeHne HaOMIOAAETCS HE TOJBKO NMPU 00pabOTKe JTa3epHBIM
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U3Ty4YeHUEM, HO U TPU MEXAHUYECKOM U TETIOBOM 00paboTKe MeEeTaITMYeCKHX
n3nenni. [IpuMepoM MOXKET CIIy)KUTh METAIMYECKAsT CTPYXKKA, IMOJIYyYECHHAs NpPH

CBEpJICHUH WK (pe3epoBaHuu (pUCYHOK 1.1).

Pucynok 1.1 — IIBeTta nobexanoctu

B npouecce mexaHuueckod o00paOOTKM MOJA JAEUCTBUEM CHIIBI TPEHMS
MPOUCXOJUT CHJIBHBIM  pa3orpeB, KOTOPHIM COMPOBOXKIAETCS O0Opa3z3oBaHHEM
«1100e)KanoCcT», TOHKOM OKcHJIHOM IEHKH. [{BeTa, oOpasyromuecss Takum 00pazom
Ha3bIBAIOTCS [[BETAMH «I100EKAIOCTH.

Paccmotpum siBieHue uHtepdepeHuun n3odpaxeHHoe Ha pucynke 1.2. Ilpu
NaJEHUM MOHOXPOMATHYECKOW BOJIHBI CBeTa 1, moa ymioM ( Ha IUIOCKYIO
napajuielbHyI0 MOBEPXHOCTh UMEIOLIYIO TapaMeTp MPEIOMIIEHUS N U TONIIMHY d, B
TOYKE, & CBETOBOM Jy4 pa3lenuTcs, 4YacTh H3TOr0 Jy4ya OTPA3UTCSA, a YacTb

npenoMurcs. Jlanee nmyd 1OWAET A0 MOBEPXHOCTU B TOUKE B 1 oTpasurcs ot HeE.

a) OTpakeHHE U MPEJIOMIIEHUE CBETOBOM BOJIHBI; 0) KapTUHA UHTEpP(hEPEHIUH.

Pucynox 1.2 — MaTepdepeniius cBeTOBOW BOITHBI
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Ha moBepxHOCTM TUIGHKHM B TOUKe A J7yd pa3leNuTCs HA JBA: YACTUIHO
OTPa3WTCSI OT BEPXHEH TIOBEPXHOCTH IUICHKA, a YAaCTHYHO IMPEIOMHUTCH.
[IpenomieHHBIN JTyd, JONAS 10 TOUYKH B, 4aCTUYHO MPEIOMHUTCS B Bo3ayx (n = 1), a
YAaCTUYHO OTpasutcs u noijetr kK touke C. BonmHa (Jy4) 2, magaromuyii moa TeM ke
yIJIoM, 4TO U Jy4 1, B Touky C, Takxke oTpas3urtcs. Belmeanme U3 mieHKH ayd 1 u
OTPXCHHBIM 2 UAYT B OJHOM HAIlPaBJICHUHM M SBISIOTCS KOTE€PEHTHBIMH, €CIIM HX
ONTHYECKas Pa3HOCTh XOJa Majla, 1O CPaBHEHUIO C [JIMHOW KOTEPEHTHOCTHU
najarmieil BoiaHbl. EciM Ha UX IyTH NMOCTaBUTh COOMPAIONIYIO JIMH3Y, TO JIy4H
COMIyTCS B OAHOM M3 TOYEK (POKAIBHOM IUIOCKOCTH JIMH3bI M JAAyT Ha SKpaHe
UHTEePPEPCHIIMOHHYI0 KapTHHY, KOTOpas OMPEASIIETCS ONTHYECKOW Pa3sHOCTHIO
xona [7].

Kaptrna uaTepdepeHIm, BO3HUKAONIAs Ha dKpaHe, BRITISIUT Kak CHCTeMa
YEPEAYIOIIMXCSA CBETJBIX M TEMHBIX KOJeI[ ¢ oOmmM I1ieHTpoM (pucyHok 1.2 0).
OmnucanHbie HHTEPPEPEHIIMOHHBIE TTOJIOCHI HOCAT Ha3BaHUE MOJI0C PABHOTO HAKJIOHA,
MTOCKOJIBKY Ka)kaasi 1mojioca oOpaszyercs JydyaMd C OJUHAKOBBIMHU YTJIaMU TTaJICHHUS.
[Ipyn ocBemnieHNMM TUIACTHHKKA COJHEYHBIM CBETOM HHTepdepeHis HaOmo1aeTcs
TOJIBKO B TOM CITy4ae, €CJIM TOJIIIMHA TUTACTUHKU HE MPEBBINIAET HECKOJIbKUX COTHIX
muuuMmeTpa. [lpu ocBemeHur CBETOM € OOJBIIEH CTENEeHbID KOTEePEeHTHOCTU
(HanpuMep, JIa3epHBIM M3JTyUYEeHHUEM) UHTEpEepEHIIMS HAOII0AaeTCs PU OTPAKCHUN
1 OT 00JIee TOJICTHIX IJIACTUHOK WJIH TUICHOK.

[TosTOMY HCCenoBaTenu N3y4aroT BOMPOCHI M 3aKOHOMEPHOCTH, CBA3aHHBIE C
TOTIOJIOTHECH OKpAIICHHONW TIOBEPXHOCTH, HAaNpHUMeEp, OOIIHEe 3aKOHOMEPHOCTH
dbopmupoBaHus penbeda B 30HE BO3ACHCTBHUS JTA3€PHOTO HM3IYUYCHHUS B METalIax C

pa3IMYHOM TEMIIepaTypoil riaBieHus [§].

1.5. U3menenune CIICKTPaJbHbIX CBOMCTB IMMOBECPXHOCTH METaJljIa

00padoTaHHOM JIa3ePHBIM H3JIY4YeHUEM

I[J'ISI CO3JaHns Ha ITIOBECPXHOCTH MCTAJZIa HOBCTOBOI'O I/I306pa>KCHI/I$I

HEOOXOJMMO TMPUMEHSITh KOPOTKHE Ja3epHble HMMyJbchl. OOpabaTbiBas MeTasll

20



KOPOTKUMU Ja3epHBIMH HMITYJbCAMHA YYEHBIM YIAJIOCh TOOWTHCS OT MOBEPXHOCTU
MeTaJlJla TOYTH a0COMIOTHOTO TMOTJIONIEHHUS] CBETOBBIX BOJIH, CXOXKHX CBOWMCTB C
abCOJIIOTHO YEepHBIM TeJoM. J[aHHOe CBOWMCTBO 0OpaOOTaHHOW MOBEPXHOCTH MOXKHO
MPUMEHSTh B BBICOKOTOYHBIX aHAJIM3ATOpaXx, JJIs UX HACTPOHKEe W 00pabOTKe, a Tak
K€ TOBEPXHOCTh C JAHHBIMU CBOMCTBaMU OyAeT CHocoOHa MOrJolaTh HAMHOIO
OOJBIIYI0 DHEPrui0, TaKUM O0pa3oM BO3MOXKHO TPUMEHEHHE B YCTPOWCTBax
paboTarolKX HA OCHOBE MOTJIONIEHHUS SHEPTUU COTHIA [9].

[Ipuaanue MeTamty He TOJIBKO YEPHOTO LIBETA MPHU JIa3epHON 00paboTKe HO U
JIPYTUX IBETOB YK€ PacCMAaTPUBAJICA YUEHBIMH, KaK HApPUMEpP B CTaThbe HAYIHOTO
JKypHaja W3JIaHHUs TOCBSIIEHHOTO MPUKIAAHOW (U3UKE HaJ KOTOPOW TPYIAUICS
poccuiickuii yuensiii BopooséB A.W u npodeccop I'yo. B crarbe uznoxken cnocob
P KOTOPOM TOBEPXHOCTh METaJlla MOABEPrHyTas Jia3epHOM 00pabOTKe MoJydaer
CIIOCOOHOCTh OTpakaTh CBET B JIMAIa30HE KaK yIbTPa(HUOIETOBOrO AMarna3oHa Tak u
TEepparepoBOro IUara3oHa.

Co3naBasi Ha TOBEPXHOCTH MHUKPOCKONMUYECKHUE UM HAHOMETPUUYECKHE
CTPYKTYpBI, pa3Mep KOTOPBIX HE TPEBBINIACT JJIMHY BOJHBI TAJArONIer0 Ha
MOBEPXHOCTH CBeTa. JlaHHbIE CTPYKTYpPHBbIE KOMIIOHEHTBI(3JIEMEHTBI PACTIONOKEHHBIC
MOJ1 ONIPEICIICHHBIM YTJIOM U UMEIOITUE ONPEEICHHYIO TTTyOrHY) MOTJIOMIAI0T CBET C
OTIPEJICTICHHON JUIMHHOM BOJIHBI M TaK K€ OTPa)XaloT CBET C APYroll HEOOXOAMMOM
JUTMHHOM BoJtHBI [10].

Takum oOpa3zom, MEHSAS PEXUM JIa3epHOW OOpaOOTKU W MHTEHCHUBHOCTh
JIA3€PHOTO U3JIyYEHUs, B YaCTHOCTH, TMOSBISIETCS BO3MOXKHOCTH JJIsi CO3JaHUs
PA3IMYHBIX CTPYKTYP, YTO B CBOIO OUEPE/Ib MO3BOJIIET KOHTPOJIUPOBATH CIIOCOOHOCTH
MeTajuia OTpaXkaTh MaJAONINN CBET C ONPECICHHON JUTHHHBI BOJTHBI.

Hapsny ¢ atum, mosiBisieTcsi BO3MOXKHOCTD JIJISI CO3JJaHUsI Ha TOBEPXHOCTH
MeTajula CTPYKTYpbl KOTOpas OyAeT OTpakaTh pPa3jIMYHbIC CBETOBBIE BOJHBI O]
pasnTUYHBIMA yTJIaMH maaeHus cBera. OKpacku Kiacca XameleoH YKe JIaBHO

HCIIOJB3YIOTCA B INPOMBIIIJIICHHOCTH M B JIAKOKPACOYHBIX ITOKPBLITHUA ABTOMOOHMIICH.
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OaHMM W3 BaXHBIX acClEeKTOB OOpabOTKW SIBISETCS, YTO B JAHHOM CIIydae He
UCITIOJIB3YETCSI CIELMAIIBHOTO MMOKPBITHUS U PEareHTOB.

JlanHblif METOJ CO3/[aHMsl ILBETOBOrO M300paxkeHuss paboTaeT, HO
yTBEpXKAaTh, YTO OH YHUBEpcalieH U OyaeT padoTaTh Ha BCEX METaUIax €Ile PaHo.
Ho yxe Ha cerofHsIHUA J€Hb MHOXXECTBO HCCIEAYEMbIX OOpa3IoB MOJATBEPANIN
() PEKTUBHOCTH JAHHOTO METO/IA.

Ha ceronHsamHuii J€Hb OCTAIOTCS aKTyaJIbHBIMU CIEAYIOIIHE BOIPOCHI.

Kak wu3BecTHO nazepHble uH3Mydatenu wuMeroT HeBbicokui KIT. Jns
COBPEMEHHBIX JIA3EPHBIX CHUCTEM ATOT MapameTp JIEKUT B uHTepBaie a0 25%. YUto
O3HAYaeT, YTO TOJbKO YETBEPTAsl YacTh SJEKTPUUYECKON 3HEpruu mpeodpasyercs B
ONTUYECKYI0, OOJbIIAs YacTh SHEPTUU MTPEOOPa3yeTcs B TEMJIOBYIO U PACCEUBAETCS B
npoctpaHcTBe. B cBsA3M ¢ 3TUM 3 (PEKTUBHOCTH MPUMEHEHUS JIA3€PHBIX U3TyYEHUH B
MapKUpPOBKE HE TaK BEJIMKA 10 CPABHEHUIO ¢ APyruMu Metonamu [11].

Baxxnoll 3amaueid sBisieTcss 000OIIEHME W CHUCTEMATH3alUsl IOJTYYEHHBIX
JAHHBIX O TIOJIy4aeMbIX LBETOBBIX H300paXEHUM Uil Pa3IUYHBIX METAJLJIOB.
ConocraBieHHs T€OMETPUUYECKHX  pa3MepoB  00pabaThiBa€MON  MOBEPXHOCTHU
TEMI0OPU3NYECKUX CBOMCTB 00pabaThiBaeMOro Marepuana, ONTHYECKHMX CBOMCTB
MaTepyasa ¢ IapaMeTpaMu Ja3epHOTO M3JYyYEHHs, IPU KOTOPOM IOJIy4aroTCs

I[BETOBOC n300pakenue [12].
1.6. JlazepHasi MADKHMPOBKA MeTAJIMYECKUX MOKPbLITHIA

W3 MHOXecTBa METOJIOB HaHECEHUs MH(POpPMAIIMK, KaK Ha TOTOBOE U3JEIue,
TaKk U Ha MOJYNPOAYKT, MApKUPOBKA JIa3epHBIM H3IyUYEHUEM SBIIAETCS Haubosee
COBPEMEHHBIM U TMEPCHEKTUBHBIM. J[aHHBII MeTol 00J1aJaeT BBICOKOM TMOKOCTHIO,
T.K. IO3BOJIIET MEHATb MHTEHCUBHOCTb CBETOBOM JHEpPruu. Peryinupys MOIIHOCTH
U3TTyYeHHUs] BO3MOXHO MOJy4yaTh pa3jIMuHbIe XapaKTEPUCTUKHU U300paxeHus. Tak ke
JAHHBIM METOJ MOKHO HCIIOJI30BaTh U ILIUPOKOTO COPTaAaMEHTa MaTepUaJIOB.

Nudopmarus yntaema kak mpu 0OpabOTKE SJIEMEHTOB M3 IUIACTMACCHI, TaK U
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METaUIMYECKUX 3IeMEHTOB. C IOMOIIBK JIA3€PHOTO H3JIyYEHUS BO3MOXKHO
00pabaThIBaTh MOBEPXHOCTEH JTH000M POPMBI K pa3MEpOB.

[IpruMeHeHnEe MapKUPOBKHA C TOMOIIBIO JIa3€PHOIO H3JIYYEHHUS IO3BOJISET
HAaHOCUTh MH(POPMALIMIO KaK HEMOCPEJICTBEHHO HA CaM MaTepuai, Tak U Ha OUpKH U
HaKJIEWKH, KOTOPBIE 3aTE€M MPUKPEIIAIOTCS K u3ennto. Takum 00pa3om, MosBISETCS
BO3MOXKHOCTh COBMECTHUTH JIBa CIIOCOOA HAHECEHUs MAPKUPOBKHU, WIH HUCIIOIb30BAThH
OJIMH M3 HUX B 3aBHCHUMOCTH OT TPeOYEMBIX YCJIOBHI 3KCIUTyaTallUd MapKUPyeMOn
JIeTalu.

Jlns na3epHOM MAapKUPOBKM HamOOJIee MOIXOMASIINM METAIIOM SIBJISIETCS
HeprkaBeroas craigb. OHa 00Ja1aeT MOBBIIIEHHOW YCTOMYMBOCTBIO K TEMIIEPATypE U
o0ecrieunBaeT KayeCTBEHHYIO MAapKHUPOBKY C XOpPOLIEH KOHTPAaCTHOCTHIO. Takke
MOTYT OBITh MapKHPOBAaHbI AIFOMUHUM, TUTAH U HEKOTOPBIE JPYTUE METAILIbI, HO C
IOMOIIBIO CHELUAIIM3UPOBAHHBIX JIA3€POB M HACTPOWKM 3HaueHuid. lloxxonAar
pa3HbIe BUJbI METAJLJIA JIJIS JTa3€PHOU MAPKUPOBKH.

B oTinunMe OT HEKOTOpBIX JAPYTHX METOJIOB TPAaBHUPOBKH, Ja3epHas He
TpeOyeT UCIOIb30BaHUS XMMHUUECKHUX BEIECTB U MPUMEHEHUs (PU3NMUECKON CUIbl Ha
o0bekre. OO0padoTka co3aaeT riayOOKHe OTMETKM Ha MOBEPXHOCTH Marepuasna, yTo
JIeaeT UX JOJTOBEYHBIMU U YCTOWYMBBIMU K MUCTUPAHUIO M BBILBETAHUIO. SBIeTCA
HEOOpaTUMBIM MPOLECCOM, YTO O3HAa4yaeT, YTO OJHAXKIbl YIAJIEHHBIM Marepual
HENb35 BEPHYTh WIM HcCnpaBuTh. Kakol wMeTamn DOAXOOUT Ui JIa3€pHOU
MapKHPOBKH MOKHO ITOCMOTPETh B cieayroiem crucke [13]:

e Hep)KaBelollas CTalb SBJISETCS OAHUM U3 Haubosiee pacrnpoCTpPaHEHHBIX
MaTepualoB sl Takol mpouenypbl. Ee MOBEpXHOCTh XOpOUIO pearupyer Ha
Ja3€pHBIM JIy4, YTO IO3BOJSET MOJYYUTh KOHTPACTHYID MapKHPOBKY XOPOILEro
KauecTBa;

e Melb CIOXKHA JUIsi 00pabOTKM M3-3a €€ BBICOKOW TEIIONPOBOJHOCTU U
OTpaXXaTEJIbHBIX CBOMCTB. YacTto Mg pa3MeTKH MeAu 3aJCUCTBYETCS Jla3ep ¢

JO0CTAaTO4YHO MOBBIIIICHHOU MOIITHOCTBIO, YTOOBI MMPpCOA0JICTb OTH IIPCILITCTBUA,
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® QIIOMUHUN MOAXOAUT MJiA JiazepHOM 00paboTku. OH HMEeT HH3KYIO
MOTJIOMIAIONIYI0 CIOCOOHOCTh M XOPOIIMH KOHTPACT Ha CBETJIBIX IMOBEPXHOCTSX.
OpnHako HAa TEMHBIX AFOMUHHUEBBIX MOBEPXHOCTSIX MAPKUPOBKA MOXKET OBITh MEHEe
KOHTPACTHOW;

® YIJEpOoAUCTasl CTajlb TAKXKE MOAXOAMUT A 00pabOTKH, OCOOEHHO €CIH
OHa MMEET HU3KOE COJAEPKAHHUE JIETUPYIOLIUX 3JIEMEHTOB. OIHAKO MpPH BBICOKUX
COJICPKaHUSX JIETUPYIONIMX KOMIIOHEHTOB MapKHpPOBKAa MOXKET OBITh MeEHee

KOHTPACTHOM.

1.7. TlpuMeHeHHe JiIa3epHOH MAPKMPOBKH B NMPOMBIILJIEHHOCTH

JJIHA 3alIMThI OT IMMOAJACJIOKR

Kak Tonpko HOBas MPOAYKLMS IMOTy4YaeT IIPU3HAHUE HAa PBIHKE, CTAHOBUTCS
NOMYJIIPHOM, MPAKTUYECKH JIt00ast KOMIaHUSA-IIPOU3BOIUTEINb CTAIKUBAETCA C LETbIM
KOMILJIEKCOM HENPHUITHOCTEW. BO-NIEPBBIX, KTO-TO HE3aKOHHO HAYMHAET BBITYCKATh
TOBAp C TAKOM e TOProBOl Mapkoi 0e3 BeloMa U COTJacHs BiiaJeibla MpaB Ha ero
POU3BOJACTBO WM MOpoAaxy. JIOBOJBHO TPYAHO OLIEHUTh MOpAJbHbIE H
MaTepuaIbHble U3EPKKU MOTPEOUTENS OT UCIIOJIb30BAHUSI HEKaYECTBEHHBIX TOBAPOB
MOJ1 U3BECTHBIMHU, J1a U HE TOJBKO, TOBAPHBIMU 3HAKAMU.

JUist  3a0UThl  OT MOJJENIKHM CBOEH NPOAYKUMH MPOJABLBI  IBITAIOTCS
OpUBHECTH B €€ oQOopMIIEHHE HEYTO Takoe, 4YTO JHUOO0 3aTpyAHUTEIBHO
BOCITPOU3BECTH, JUOO BIIEYET 32 COOOW HETATUBHBIE ISl «IIUPATOBY MOCIEACTBUS B
BU/JIE YTOJIOBHOM OTBETCTBEHHOCTH 3a MOJIENKY TOPrOBOM MapKH WM 3allUIIEHHBIX
NaTeHTaMHU 3JE€MEHTOB MPOAYKIMH. OOBIUHO 3TO BBIPAXAeTCsl B TOM, YTO B YIAKOBKY
TOBapa, B MOJUTpa(HUuecKoe HCIOIHEHHE 3TUKETOK, TEXHOJIOTHIO MPOU3BOJCTBA
BBOJISAT 3JIEMEHTHI 3allUThl. Ha ceroaHsmHmnii JeHb K METOAaM (3JIEMEHTaM) 3alUThI
MPEABABIISIIOTCS CIEAYIOIIME OCHOBHBIE TPEOOBAHUS:

— pacxoipl Ha KONMMPOBAHHE 3JIEMEHTOB 3aIUTHI, B TOM YHCIE 32 CYET
UCIOJIb30BaHUsl MPUHIUIHAIBHO PA3IMYHBIX TEXHOJOTHHM, JAOJKHBI OBITH TaKUMH,

YTOOBI OHO OBLIIO YKOHOMHUYECKH HCBBIT'OAHBIM. Hpome roBops, €CJIIM CACIAaTh Tak,
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yTOOBI (hanbcuuKanusi 0O0XOAMIACh B HECKOJIBKO pa3 JOpPOKE OpHUTMHaia, OHa
IIOTEPSIET BCSIKAM CMBICIT;

— HCIOJb30BaHWE 3allUThl OJHOBPEMEHHO HECKOJbKHX YpPOBHEH —
HalpuUMep, BHU3YaJbHOW MJIi NOTPEOUTENsT U BU3YaJIbHOM M CIELUATIbHOM IS
DKCIIEPTOB, KOrJa Ha KaXJOM W3 YPOBHEH CYLIECTBYIOT CBOM 3JJIEMEHTBHI IS
KBaJIM()ULIMPOBAHHOMN UJIEHTU(PUKALIMY IO TPU3HAKAM [OIJIMHHOCTH;

— COXPAaHEHHE MEXAHWYECKON IeIOCTHOCTH 3allUTHBIX JJIEMEHTOB M
AJIEMEHTOB YMAaKOBKM B MPOLECCe IMepexojJa ToBapa OT MNPOU3BOAUTENS K
HOTPEOUTENIO M TIOCTYITHOCTh ITPOBEPKHU LIEJIOCTHOCTHU Ha JIFOOOM 3Tarle;

— peXuMHas M [paBoBas  3allMTa, JIOCTYIHOCTb  KOHTPOJS  3a
IIPOU3BOJICTBOM CAMHX 3AIUTHBIX 3JIEMEHTOB.

KoneuHo, aGCOMIOTHON 3alUThl MPOIYKIUU OT (PaIbIIMBOK MOKAa HUKTO HE
npuayMai. IlpakTuka mokasplBaeT, 4TO JIOOYI0 YTHWIMTAPHYIO BElllb, CO3/IaHHYIO
OJIHAM YE€JIOBEKOM WJIM TPYIION JIF0/eH, MPaKTUUYECKU BCETAa CMOTYT OBTOPUTH U
npyrue. HecmoTpss Ha OoJbIIOe YMCIO YK€ HMEIOIIUXCS TEXHOJOTMM 3alllUThl,
CerofHs 3Ta mpolsiema akTyaldbHa KaK HUKOIZA, a pa3padOTKU B 00JIaCTU HOBBIX,
0osee 3pPEKTUBHBIX CIIOCOOOB 3ALUTHI HE TOJIBKO HE MPEKPAIIAOTCs], HO U BEAYTCS
Bce Oosiee akTUBHO [14].

OgHuM W3 CcHnoco0OB 3alllUThl — SABJISETCS MapKUPOBKAa M3IEIUA B
METAJITypruuecKOil MPOMBIIIEHHOCTH, BBINOJHEHHAs C TOMOIIBIO CIEeHUaTbHbBIX
YCTPOMCTB.

Jlazep masis MapKUPOBKM METAJIOB KakK MpaBWIO TNPUMEHSETCS IS
MapKUPOBKH H3JEIUM C IEJIbI0 WX OTCIEKUBAHUS WJIM HAHECEHHs KOJOB. OTHU
NPUMEHEHUSI UMEIOT MECTO B 3JIEKTPOHHOM M AJIEKTPUUECKOW MPOMBIILIEHHOCTH, B
MAaIIMHOCTPOEHUH U MPOU3BOJICTBE HHCTPYMEHTOB, B 00pabOTKE JMCTOBOTO METaJlIa,
MEIUIMHE, MPOU3BOJICTBE PEKJIAMHBIX MAaTEpUaioB, IOBEJIMPHONH OTpaciu U
aBTOMOOUJILHOM MPOMBIIIJIEHHOCTH.

JlazepHas MapKMpOBKa — TMEpPCIEKTUBHOE U JAMHAMHYHO pa3BUBAIOIICECS

TEXHOJIOIM4YCCKOC HAITPAaBJICHHC. HpOFpGCC B o0JracTu OJICKTPOHHUKH U ITPOIrPpaMMHOI'0

25



o0ecrnedeHns CyIIECTBEHHO MOBBIIIAET KOHKYPEHTOCIIOCOOHOCTh JIa3€PHBIX METO/I0B
MapKUpPOBKH TIO CPABHEHUIO C TpaJAULMOHHbIMU. [losBIIeHME MOIIHBIX JIa3€pOB
HOBBIX THUIIOB II03BOJISIET CO3/aBaThb KOMIIAKTHOE 0OOpyAOBaHME, YIOOHOE IJIs

noJsib3oBares [15].
1.8. BbIBoaBI 110 NEPBOI IJ1aBe

IIpoBencHHBIM aHAIN3 JUTEPATYPHBIX HMCTOYHMKOB II0KA3aJ], YTO LIBETHAs
Ja3epHas MapKUpPOBKAa METAUIMYECKUX ITOBEPXHOCTEH CYIIECTBEHHO pPaclIUpsieT
BO3MOYKHOCTH TPUMEHEHHUS Ja3epHOM MapKUpPOBKH, OJHAKO pa3pabdOTKU U
PEKOMEHAIIMH, BBIIIOJIHEHHBIE B PE3yJIbTATE IIPOBEACHHBIX PAHEE UCCIICIOBAHUM, HE
JAIOT OJIHO3HAYHBIX OTBETOB HA BOMPOCHI O BIMSHHUM PAa3IUYHbIX (PAKTOPOB Ha
IIPAKTUYECKAE PE3yJbTAaThl I[IBETHOM JIA3€PHOM MAapKUPOBKH METAJUNIMYECKUX
IIOBEPXHOCTEU.

Takum oO0Opa3oM, U3 NPHUBEACHHOIO BBIIIE AaHAIW3a MOXHO CJIIENaTh
CJIEYIOIIUE BBIBOBI.

1. IIBeTHas ;na3epHas MApKHUPOBKA — COBPEMEHHBIN MEPCIEKTUBHBIN Cr1OcO0
MapKUPOBKH B IMPOIECCE MPOU3BOACTBA M AKCIUIyaTallMu B LENSIX MACHTH(PUKALINH,
ydera, KOHTPOJISI Ka4ecTBa M 3allUThl OT MOJAENIOK Moy (haOpuKaToB U MPOLYKIUHU B
Pa3JIMYHBIX OTPACISAX IPOMBIIIJIEHHOCTH.

2. B mHactosmee BpemMs B 00JacTM HU3y4Ye€HHUS M NPUMEHEHHUS LIBETHOM
JIA36pHOM MAPKUPOBKHM METAJUIMYECKUX MOBEPXHOCTEM OCTAETCS sl HEM3YUYEHHBIX
BOIIPOCOB U TEOPUM, TPEOYIOIIUX IKCIEPUMEHTAIBHOTO MOATBEPKICHUS.

3. PesynpraT na3epHOM I1[BETHOM MAapKUPOBKH 3aBUCUT OT MHOTHUX
daktopoB. i co3naHus TpeAcKa3yeMbIX U CTaOWUJIBHO BOCIPOM3BOJUMBIX
LBETOBBIX M300pKEHUN HA METAJUIMYECKUX MOBEPXHOCTSAX HEOOXOAMMO BBISIBUTH
CTETICHb BIUSHUS U B3aUMOJIEHCTBUE 3TUX (PaKTOPOB.

4. B pesynbraTe BBINOJHEHUS IJUCCEPTALMOHHON paOOThl JOJKHO OBITh

WCCJIEIOBAaHO BIMsSHHUE psiga ¢dakTopoB Ha pesyasTathl [[JIM u, ¢ ydetom
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IPOBEJCHHBIX HCCIEAOBaHMM, pa3paboTansl pexumbl [[JIM  nns  momydeHus
LBETOBOT'O M300paKEHUSI HA PAAE METAIUTMYECKUX TOBEPXHOCTEM.

Lenpto muccepTallMOHHON PabOTHI SBISIETCS pa3padOTKa PEKUMOB JIa3epHOMN
O0pa0OTKM  METaJUIMYECKOM  MOBEPXHOCTH NS CO3JaHUSl  YIPaBISIEMOIO
dbopMHUpOBaHUS IBETHBIX H300pAKEHUM TpPH 3aJlaHHONM MAapKUPOBKE Ha OCHOBE
n3y4yeHus (paKTOPOB AKTUBHOTO BIIMSHUS.

JUIst BBINOJIHEHUS MOCTaBJIEHHOM WLEau pabOThl NPEIIONIaraeTcs peuIuTh
CJIEAYIOIINE 3a1auu:

1. Tlo 3agaHHOI B mporpaMMe TpPAaeKTOPUM HAHECTH Ha METaIMYECKYIO
MOBEPXHOCTH I[BETOBBIE M300paKEHHUSI, ITyTEM JIA3€pHON MOJIM(UKAIUN HEOOIBIIOTO
CJIOSI MaTepHana.

2.  OcymiecTBUTH BBIOOp 000PYIOBAHUS ISl POBEICHUS NCCIICTOBAHHM.

3. IlpoBect wucciaenoBaHUE  BIMAHUA  MHUKPOT€OMETPUU  CII0)KHOTO
peryJsipHOro penbeda MOBEPXHOCTH HA IBETOBOE OKpAIIMBAaHUE IPU JA3epHOU
MapKHUPOBKE.

4. TIlpoBecTH wHcclIeAOBaHUWE BIMSHHUS — LIEPOXOBATOCTH  IMOBEPXHOCTU
MeTasuia, 00pabOTaHHOTO JJa3€PHBIM U3TyYEHUEM, Ha €€ [IBETOBOE OKpAIIMBaHUE.

5. H3yuuth a3oBblii CcOCTaB IUICHOK Ha TOBEPXHOCTH METaIa TIpH
JIA3€PHOM MAPKUPOBKE METAJUINYECKON ITOBEPXHOCTH.

6. UM3yuuTh cOCTOSIHME OKCHIHBIX IJICHOK Ha TIOBEPXHOCTH METayia MpHU
JIA3€PHOM MAPKHUPOBKE METAJUIMYECKON ITOBEPXHOCTH.

/. W3yunTh BIMAHHE TEIJIOPU3UYECKHX XAPAKTEPUCTUK Marepuasa-
NOJIOKKM Ha (OpMUpOBaHME I[BETOBOTO M300paKEHUA Ha MaTepHase-MOKPHITHU
IIPU JIA3€pHON MapKUPOBKE.

8. Uzyuuth BausHUSA KO3(DPUIIMEHTA NEPEKPHITUS Ja3ePHBIX UMITYJIbCOB Ha

dbopMHUpOBaHUE IIBETOBOTO N300paXKEHUS TIPU MAPKUPOBKE METAJLJIA.
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I'JIABA 2. METOJUKA ITPOBEJEHUS UCCJIEJOBAHUM

2.1. Xummnuyeckuidi cocTaB M  CBOicTBa  HMCCJeqyeMbIX

MaTepuajoB

JIisi mpoBeneHusT WCCIASAOBAaHWM BBIOpAHB METALTUYCCKAE MaTepHAbl C
pPa3HBIMU CBOMCTBAMHU U TEIIIO(PU3NIECCKUMH XaPaAKTEPUCTUKAMU ;

— cranp 12X18HI10T — mpu npoBeneHMr COOCTBEHHBIX WHHOBAIMOHHBIX
MCCIIEIOBAHUM MOYKHO OMHUPATHCS HA paHee MOJTYyUYEHHbIC IPYTUMH HCCIIEI0BaTEISIMU
CBEJICHHS O MApKUPOBKE 3TOU CTalIH;

— gjatryHb JI63 — mMPOKO pacHpOCTPAHEHHBIM B NPOMBIIUIEHHOCTH
METAJUIMYECKUI MaTepua;

— cranmpb 08 ¢ MOKpBITHEM, HAHECEHHBIM METOJIOM TaJIbBAHUYECKOTO
XPOMUPOBAHUS,

— naryHb JI63 ¢ TOKpBITHEM, HAHECEHHBIM METOJAOM TaJIbBAHUYECKOTO
XPOMHUPOBAHUSI.

B npoMbIIIJIEeHHOCTH, B YACTHOCTH B MAIlTMHOCTPOEHHUH, JOCTATOYHO IIHUPOKO
MPUMEHAIOT XPOMHUPOBAHUE C IIEJIbIO 3allUThl MOPOAYKIUM OT KOPPO3UU WJIHU
MEXaHUUYECKUX TOBpexaeHu. JlazepHas MapKUpOBKa TakuxX AeTajeil uMeeT 0coboe
3HAYCHHUE U SBIIICTCS MAJOU3YYECHHON TTPOOIIEMOH.

Hccnedosanusi  muxpoceomempuu  CJIOXKHOTO  PEryjiipHOro  penbeda
noBepxHocTH [16] pa3sHOOKpaIIeHHBIX 00pPA3IOB, MOJYYCHHBIX MyTEM H3MCHCHHUS
napamMeTpoB JIa3epHOTO M3TYUYEHUSI U HCClIeoOBaHus ()a30BOr0 COCTaBa U COCTOSHUSA
OKCHUJIHBIX TUICHOK, OOpa3yIIIUXCsl Ha MOBEPXHOCTU TPH JIa3€pHON MapKUPOBKE B
3aBUCHUMOCTH OT TMapaMeTpOB JIa3€PHOTO W3IYUYEHHs] MPOBOAWIM HA IUIACTUHAX W3
cranu 12X18HI0T. Ucxonusie mnactunbl u3 ctanud 12X18H10T npencraBiaeHbl Ha
pucynke 2.1. Xumudeckuii coctaB Mmatepuana miactud coorBetctByeT 'OCT 5632—
72 s cTajei 3Toro Kjacca u npuBejacHa B Taomuie 2.1.

OCHOBHBIMHM  JIETUPYIOIIIUMHU  DJIEMEHTAMHU  SIBJISIIOTCS. XPOM W HUKEIIb.

Bricokoe coaepkanue oOecreunBaeT CHOCOOHOCTh MeTalla K TACCHUBAIMHM U
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oOyCTaBIMBAET CWJIHHBIC AHTHUKOPPO3UNHBIC XapaKTepUCTUKH ctanu. JloOaBiieHue
HUKEJId T[EpeBOAUT CTallb B KIACC AayCTEHUTOB. OTO CBOWCTBO HMEET
UCKIIIOUUTENFHOE 3HAYEHHUE, IMO3BOJISIA COYETATh TEXHOJOTMYHOCTh HEp KaBeroIIeH
CTaIu C PACUIMPEHHBIM KOMILUIEKCOM 3KCIUTyaTallMOHHBIX XapaKTepucTuk. Takue
CTaJIM XOPOIIO MPOKATHIBAIOTCA B XOJIOAHOM W TOPSYEM COCTOSHUU, OOJIaaroT
BBICOKOM, TIO CpaBHEHUIO ¢ (PEPPUTHBIMU CTAISIMHU, KOPPOSUOHHON YCTOMYHUBOCTHIO B

arp€CCHUBHBIX CPCIAax, B TOM YHUCJIC cepHoﬁ KHCJIOTC.

Pucynok 2.1 — Ucxonusie mactunbl u3 cranu 12X18H10T

Tabomuma 2.1. — XUMHUYECKHH COCTaB HCXOIHBIX CTAJIBHBIX IUIACTHH W3 CIUIaBa
12X18H10T
Mapka cranu MaccoBas nost 35eMeHToB, % (He GoJiee)
C Si Mg Cr Ni Ti S P
12X18HI10T 17,00- 9,00-
0,12 0,60 0,20 0,80 | 0,020 | 0,040
19,00 11,00

[ToMuMoO BO3NIEWCTBHSI OCHOBHBIX JICTUPYIONIMX DJIEMEHTOB  CIIEAYyEeT
YYHTHIBATh HAJIMYUE B CIJIaBE TUTAHA, aJJIOMUHUS M KPEMHUS, KOTOPHIC JOOABIISIOT
emy (eppuTHbie CBOMCTBA. [[0O6aBieHHEe B COCTaB CUILHOTO KapOMUI000pa3yIoero
9JIEMEHTa — TUTAHA IMO3BOJIICT YCTPAHUTHh CKJIOHHOCTH CTaIM K MEKKPUCTALTUTHOM
KOPPO3HH, KOTOPBIHN MPHU PEaKIMK C yIiIepoaoM obpa3yeT TyromiaBkuii kapoum TiC,
WCKJII0OYasi YMEHbIIIEHUE KOHIeHTpanuu B cruiaBe xpoma (Cr) mytem oOpa3oBaHus

ero kapouaos. Jlo0aBneHrne KpeMHHUs YBEIMYMBAET MPOYHOCTh MaTepuaia u mnpeael
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TEKY4YECTH, OJHAKO HEMHOIO0 CHHKAET IUIACTUYHOCTb, YTO 3ATPYAHSIET XOJOJHYIO
NpoKaTKy. Mapranen BIMSET Ha 3aMEIJIEHUE CKOPOCTH pOCTa 3€pHa, 4YTO
CHOCOOCTBYET MOIYUYEHHIO MesKo3epHucTon cranu. Coaepxanue Gochopa He MOKET
npesbimath 0,035%. OToT nokazarenb UMEET KPUTUUHOE 3HAYEHHUE, TaK KaK JaHHBIH
BUJ| CTAJIM MUCIIOJB3YETCS B KPUOTEHHOW TEXHUKE, a (ochop OTpULATEIBHO BIIHSET
Ha MEXaHUYECKUE CBOMCTBA CIUIABA.

XpoMm-HukeneBas ctanb 12X18HI0T 3anumaeTr nuaupyrommue MO3UIUUA Ha
pPBIHKE  COBPEMEHHOIO  METaJUIoNpokara. biaromaps CBOMM  YHHMKaJIbHBIM
KAUEeCTBEHHBIM XapPaKTEPUCTUKAM CTajb JTAaHHOM MapKH MOXET HCIOJIb30BaThCs B
pa3nuyHbIX c@epax MPOM3BOJACTBA M MPOMBIIUIEHHOCTH. Marepuan Moxy4yul
IIMPOKOE NPHUMEHEHHE B: IMUUIEBOM IPOMBINUICHHOCTH — AJIKOTOJBHOW, MSCHOM,
MOJIOYHOM; HE(TSIHOW MNPOMBIIUIEHHOCTH; TOIUIMBHO-IHEPIETUYECKOM CEKTOPE;
XUMHUYECKOU MPOMBIIIJIEHHOCTH; MAIIMHOCTPOCHHH.

[IpokaT 13 Hep>KaBEIOLIEH CTAIM HAILIE] CBOE MPUMEHEHHE BO BCEX OTPACIIAX
MPOMBIIJICHHOCTH — OT (papMalleBTUYECKON O aBUALIMOHHOW. JlaHHAsi MpOIyKIIUs
NoJIyunia HIMPOKOE MPUMEHEHHE B CTPOUTEILCTBE Oyiarojapsi CBOUM CBOMCTBAM —
WHEPTHOCTU K arpeccuBHbIM cpelaM, u3HocoycTounBoctu. Ilo  crmocoOy
IPOM3BOJCTBA JIMCTOBOM NPOKAT MOXKET ObITh TOpPSYMM WM XOJIOAHbIM. B
3aBUCHUMOCTH OT c¢epbl NMPUMEHEHHs MOBEPXHOCTb JINCTAa OBbIBA€T TJAAKOM WU
(dakTypHOI. X0I0JHOKATAHbIE JINCTHI MOTYT UMETh 3€PKAJIbHYIO, NUIM(POBAHHYIO WIH
MaTOBYIO TOBEpXHOCTh. [OpsuekaTaHble JUCTHI OBIBAIOT TpaBJICHHbIE U
TepmooOpadoTannbie. M3 nucTOBON cTanu (GOpMUPYETCs] COPTOBOM HEPIKABEIOIIMIA
MpOKaT, B KOTOPBIM BXOJUT MHOXKECTBO pa3HOBUAHOCTEH wu3aenuil. Haumbosee
IIMPOKOE paclpocTpaHeHue mnonyyuwad TpyOsl. IloMuMo HUX H3 mpokara
U3rOTaBJIMBAIOT NPYTOK, JICHTY, MPOBOJIOKY [17].

Ilpu usyuenuu GIUAHUA PpASIUYUS  MENTOPUIUYECKUX XAPAKMEPUCTUK
MaTepuaIa-moyIoKK Ha (OPMHUPOBAHUE I[BETOBOIO M300paK€HUs Ha MaTepuale-
nokpsITuM npy L{JIM n3HavanbHO MCHOJIB30BaHbl IUIACTUHBL U3 YIVIEPOIUCTON CTAIN

08 u natynu JI63 (pucyHok 2.2).
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CmiaB 1HMHKA M MEIU HU3HOCOYCTOMYMB W XOpOMIIO MOAXOIUT IS
W3TOTOBJICHUSI TOJAIIUITHUKOB, BTYJIOK, TPyOOK ¥ JPYrHUX JABWKYIIUXCS U
HEMOABWXHBIX JieTanei. bynyun ycToluuBo#i K KOppOo3uH, OHA UJIeaTbHO pabOTaeT B

CaMbIX CJIOKHBIX YCIIOBUAX.

Pucynoxk 2.2. — OnbiTHbIE TUIacTUHBI U3 ctanu 08 u natynu JI63 1o xpomMupoBaHus

Cranp 08 — KOHCTPYKIHMOHHAas YIJepoAucTas KadyeCTBEHHas CTallb,
nocTaBisieMasi B Buje (paCOHHOW M COPTOBOM MPOKATHOM MPOIYKIMHU, a TaK *Ke B
BUJIC JIGHT W JIMCTOB. Vcmonb3yercs Uil WM3TOTOBJICHMS J€Taleil, K KOTOPbIM
MPEABIBISIIOTCS TPEOOBAaHUSI BBICOKOW TUIACTUYHOCTH. J[aHHAsl cTab MPUMEHSETCS
JUTSl U3TOTOBJICHUS 1ai10, MPYTKOB, OOJIMIIOBKU KY30BOB U JIPYTUX HEOTBETCTBEHHBIX
HEHArpyXeHHBIX feraneii. O0macTh pabounx TeMIiepaTyp JISKHUT B HHTepBasie oT -40
10 450 °C.

JInst npuMeHeHUsI JTaHHOW CTAJIM B U3TOTOBJIICHUHA HEOTBETCTBEHHBIX JIETAJICH,
K KOTOPBIM TPEABSIBISIOTCA TpeOOBaHMUS BBICOKOM TBEPIOCTH IMOBEPXHOCTH,
KOPPO3HOHHOM CTOMKOCTH M MU3HOCOCTOMKOCTH, MPUMEHSIOT XUMHKO-TEPMHUYECKYIO
00paboTKYy.

XpoM IpEeKpacHO BCTYIAET B PEAKLHIO C KUCIOTAMH, C CEPHOM U COJISTHOM.
IIpy B3aMMOIENWCTBUM C KOHLEHTPUPOBAHHOW a30THOM KHUCJIOTOW Ha ITOBEPXHOCTH
XpoMa 00pasyercs HepacTBOpHUMasi OKCHIHAS MJIEHKA, TaHHBIN MpPOLECcC Ha3bIBACTCs
raccuBalyen Xxpoma.

[Ipu B3auMoOAEMCTBUU C BO3AYXOM aTMOC(eEpbl HE MEHSET CBOETO I[BETAa, TaK
)K€ TIOKpPBIBAsICh IMACCMBHOM IUICHKOW, KOTOpas TMPEMSTCTBYET JalbHEHIIEMY

pa3pylLIeHHI0 MeTallla. XPOMOBbIE MOKPBITHA HE CIIOCOOHBI CO3AAaBaTh C JKEIE30M
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rajgbBaHUYECKYIO Mapy U MO3TOMY HE MOTYT AJEKTPOXUMHUYECKH 3alUIIATh KEJE30.
XpOMOBBIE TOKPBITHS ~ 3AlIUIIAIOT  KEJIE30 TOJbKO MEXaHUYECKUM ITyTEM,
NPEIATCTBYSl MPOHUKHOBEHHIO KHciopoaa atMochepsl [18]. Xumudeckre cocTaBbl

JAHHBIX 00PA3IOB MPECTABICHBI B TA0IHUIIE 2.2.

Ta6muna 2.2. — Xumuueckuit coctaB Ctanu 08 u natynu JI63

Xumunueckuii coctas craim 08, % Xumunueckuii coctas J163, %
DJIeMeHT Conepxxanue DJIEMEHT Conepxanue
C 0,05-0,12 Fe 1o 0,2
Si 0,17-0,37 P 1o 0,01
Mn 0,35-0,65 Cu 62-65
S 1o 0,04 Pb 10 0,7
P 1o 0,035 Zn 35-38
Cr 1m0 0,1 Sb 1o 0,005
N 10 0,25 Bi 10 0,002
Cu 1o 0,25 - -
As 10 0,08 - -

XpoMm mpencraBisger co0Oil TBEPABIM U XPYNKUH

METajjl, MMCIOIIUM

cepeOpUCTO-CTATBLHOM 1IBET C OTTEHKOM CHUHEro. HekoTopele mapameTpsl TaHHOTO

Marepuasia MpuBeaeHbI B Tabmie 2.3.

Tabnuna 2.3. — XapakTepuCTUKU XpoMa

[TapameTpsbl 3HayeHue
Temneparypa IIaBIecHUS 1940 °C
VY IeNbHBIH BeC 6,5 T/M°
ATOMHBIH BecC 52
BanenTtHocth 6
DJIEKTPOXUMHYECKUNA SKBUBAJICHT 0,323
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2.2. Bb10op ycTpoiicTBa JIsl IBETHOM J1a3ePHO MAPKUPOBKH

CBepxakTUBHOE pa3BUTHE COBPEMEHHOW MPOMBIIIJIEHHOCTH  3a4acTylo
CTUMYJIUPYET MOSIBJICHUE U HOBBIX TEXHOJOTMYECKUX MOJIXOJ0B, OCHOBAaHHBIX Ha
MepPEJIOBbIX HAy4YHBIX pa3pa0OTKaX, HaAMpaBJICHHBIX Ha pacIIMpPEHUE CIIeKTpa H
KOJIMYECTBA BBITYCKAEMOW MPOAYKIMU. Y Ta4yHBIM TMPUMEPOM TaKOro CUMOMO03a
TpeOOBAaHUM TPOU3BOJCTBA C HAYYHBIMH JOCTHIKEHHUSMH CTaja 00JIaCTh JIa3epHBIX
TeXHOJIOTUM. Macca NpeuMynecTB ¢ MUHUMYMOM HEIOCTAaTKOB CTajdd MPUYUHOU
MOBCEMECTHOTO BHEJPEHUsI B c(epe MapKUPOBKU JeTalei, y3JI0B W HU3AEIUl
000py10BaHUs, OCHOBOI KOTOPOTO CTaJIM JIa3€pPHBIC TEXHOJIOTHH.

B unaycTpun nazepHoil MapKUPOBKHU MIPUMEHSIETCS IIUPOKAsi TaMMa JIa3epHOTO
o00Opy10oBaHUs, OCHOBaHHAs HA MPUMEHEHUH Pa3HBIX TUIOB JIA3E€PHBIX U3TydaTeNei.
KadecTtBo wm3nmydeHus, 3HAYUTENBHBIM pabouuii pecypc ©  CTaOMIBHOCTH
TEHEPUPYEMOTO CBETOBOTO IOTOKAa OOYCIOBWJIM CaMO€ IIMPOKOE MPUMEHEHUE
MapKHPOBOYHOW amnmaparypbl HA OCHOBE TBEPJOTEIbHBIX J1a3epoB. [IpoMBIIIICHHBIN
MapKUpaTop Ha 0aze TBEPAOTEJIBHOTO Jia3epa U3rOTaBIMBACTCS B PA3IMUHBIX (HOPM-
dakTopax W B 3aBUCMMOCTH OT TpeOOBaHMM MPOU3BOJCTBA MOXKET OBITH Kak
KOMITAKTHBIM JIJI1 THOKOT'O NMPUMEHEHHUS B YCIOBUSX MPOM3BOJCTBEHHOI'O Yy4acTKa,
TaK M CTallMOHAPHBIM C JOMOJHUTEIBHBIM OO0OPYJOBAaHUEM JJISI MapKUPOBKHU
CEpUUHBIX MAPTHUH.

BosiokoHHBIE 5a3epbl, AKTUBHO MPUMEHSIONIMECS BO MHOTHX JIa3€pHBIX
CHUCTEMaX MapKUPOBKH, OTHOCSTCS K TPYIIIE TBEPJAOTEIbHBIX Ja3epoB, pabOTaIOT C
JUIMHOH BOIHBI 1,064 MKM M MO3BOJISIIOT JOOMBATHLCS HA BBIXOJIE BHICOKOM MOIIHOCTHU
ay4da. ONTOKOBOJOKOHHBIN J1a3ep T€HEPUPYET DHEPTrUI0 3a CUET TUOJHON HaKauKh
aKTUBHOM Cpejibl, B KAYECTBE KOTOPOM BBICTYIAET BCTPOCHHOE ONTHYECKOE BOJIOKHO.

CrpyKTypa BOJOKOHHOTO Jia3epa COCTOUT U3 TPEXCIONHOTO ONTOBOJIOKHA. Y
000J104YKH BOJIOKHA TOKa3aTelb MpejomMiIeHus: Haubosee Hu3Kkud. BHyTpu 000s10uku
HAXOJIUTCSI BHEITHUHN CEPJCYHHK SAPO C UYTh OOJBIITUM MOKAa3aTeJIeM MPETOMIICHHUS.
DTa pa3HHIla 3aCTaBIIIET CBET HA CBOEM ITyTH MO BOJOKHY OTPa)XaTbCsl OT BHEITHETO

cepreuHuka. CBeT, TMepeceKalonMii BHYTPEHHUH CEpACYHHUK, CTUMYJIUPYET
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WCITyCKaHWE JIa3ePHOTO CBETAa aTOMAMH HTTEPOMs, HAXOSAIIUMUCS BO BHYTPEHHEM
CepJCUYHHKE, 00JIaafOIINM eII¢ OOJIBIIMM IToKa3atesieM mnpeiomicHus [19].

TunoBass cxemMa TMOJOOHOTO YCTPOWCTBA COCTOMT M3 TPEX OCHOBHBIX
KOMITOHEHTOB.

1. Monynb Hakayku. B kauecTBe MICTOYHMKA HAKAYKW ONTHYECKUX BOJHOBOJIOB
MPUMEHSIIOTCSI  IIUPOKOIIOJIOCHBIE ~ CBETOAMOABI WM  JIA3€pHBIE  JUOABI  C
OJTHOMOJIOBBIM H3IIyu€HHEM, OOeCNeUMBAIOIINE BBICOKYIO SPKOCTh M OOJBIION
pecypc BhIpabOTKH.

2. AxtuBHas cpemga. COCTOMT W3 aKTHBHOTO OINTOBOJIOKHA W BOJHOBOJA
Hakauku. Mcronb3yloTcs BOJOKOHHBIE CBETOBOJIBI, JIETMPOBAaHHbIE J00aBKaMu
PEIKO3EMEIIbHBIX JJIEMEHTOB WM BHCMyTa. B KauecTBe OCHOBHOIO Marepuania
ONTOBOJOKHA BBICTYMAaeT CBEPXUYMCTHIA IUIABJIEHBIA  KBapl, 00Jagarolmui
MUHUMAJIbHBIMUA ONTHUYECKUMHU MOTEPAMHU. BepXHHil mpelnen MOIHOCTH HAKaAYKH
MOJ00HOr0 JIETUPOBAHHOIO KBaplia COCTaBIIAET €IWHULBI KWUJIOBATT, KOTOPBIHA
ONPENEIACTCS NPEACIBHON MOIIHOCTBIO M3JIyYEHUS HA €IWHMIYY IUIOAAH, NPH
KOTOpPOM MaTepuall He pa3pyIlIacTcs.

3. Onrtuueckuit pezoHaTop. BeImonHseT (GYHKIUM PE3OHAHCHOW CHCTEMBI
Jazepa W TpeaHa3HA4YeH I8 CO3JaHUs IIOJIOKHUTEIbHOW OOpaTHON ONTHYECKOM
CBSI3M, 32 CYET KOTOPOU JIA3EPHBIN YCUIIUTEIND IIPEBPAIACTCS B JIa3€PHBIN T€HEPATOP.
OH (dokycupyeT u3IyyaeMblii aKTUBHBIM BEIIECTBOM CBET B OJMH Y3KHH Iy4OK.
Pe3onarop ompenensier CrnekTp, MOJSPU3ALUI0 U HAIPABJICHHOCTb T'€HEPUPYEMOIO
uznydenus [20].

O6nacTu NpUMEHEHHS] TEXHOJOTUYECKOTO O0OpYAOBAaHMS i MapKUPOBKH,
OCHAIIEHHBIE ONMTOBOJOKOHHBIMH JIa3e€pamMH, JOCTATOYHO PA3HOOOpAa3HBI: TOYHAs
MUKpOOOpaboTKa pa3IMyHbIX MaTe€pUalioB, HaHECEHHE TpauuecKol MapKUPOBKH,
MUKpo(dpe3epoBKa, HAHECEHNE HAAMUCEN Ha MPUOOPHBIX MAHENSIX, XYI0KECTBEHHOE
CTPYKTYPUPOBAaHHE TIOBEPXHOCTEH. MapkupoBOoUHasi TaOIWMYKa W IIHJIBJIUKH,

UISHTUPUIUPYIONME  IITPUX-KOJbI, 00paboTKa  TOHKUX  (DOJBTUPOBAHHBIX
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MaTepuaioB — BCE 3TO C JIETKOCTHIO TMOJIBJIACTHO ammapaType Ha OCHOBE
ONTUKOBOJIOKOHHBIX JIa3€POB.

VYcerpolictBa MapKUpoBKHM Ha 0a3e BOJIOKOHHBIX Ja3epHBIX U3Nydarenei
YCIIEIIHO KOHKYPUPYIOT C IPYTUMHU BUJAMU MAapKUPOBKHU, KaK TPAJUIIMOHHBIMH, TaK
Y Ha OCHOBE JPYTUX THUIIOB JIA3€POB.

JUisi HaHeceHUs 1BETHOTO M300paKEHUsI Ha ONBITHBIE METaIMYEeCKUue
IJIACTUHBI, OBUI  HCMHOJb30BAaH HUMITYJIbCHBIA  BOJIOKOHHBIM  Ja3ep  MapKu
HansLaserMars moaenmu 20J. Tak kak ja3epubie BojokoHHbie (fiber) rpasepsr L-
Master  xapakTepu3yrOTCS  BBICOKOM  3JIEKTPOONTHUYECKOM  KOHBEPCHOHHOMU
3 PEKTUBHOCTHIO, BBICOKOCKOPOCTHOM CHCTEMON CKaHUPOBAHUS, BO3IYIIHBIM
OXJIQXKJICHUEM, HEOONBITUMHU TadapuUTaMH, BBICOKMM Kauye€CTBOM BBIXOJHOTO JIy4a,
BBICOKOW  HAJEKHOCTBIO,  JUIUTCIIBHBIM  CPOKOM  CIYy’)XObl M HHU3KUM
sHepronorpednenrem. Cepust JITK MARS Bxitovaet nBa BapuaHTa UCIIOJHEHUS —
¢ ucrounnkoM 10 Bt u 20 Br.

B paGoTe onTtuManbHBIM UCTOUYHUKOM JIJI1 HAHECEHUS I[BETHOTO M300paKeHUS
ob10 20 BT. Bonokonnsiit nazep HansLaserMars20J npencraBieHHbIN Ha pUCYHKE
2.3 IMEET PSJT TPEUMYIIECTB:

—  OTCYTCTBH€  pPAacCXOJIHBIX  MaTepHaJioB W  HEOOXOAUMOCTH B
00CITy’KUBaHHUE;

—  Bbicokuu KII/I;

—  MPOCTOTa B UCIOJIb30BAHUE;

—  BBICOKOE€ KQ4e€CTBO M3JIyYEHUS U HAJIC)KHOCTD;

—  OTJIMYHOE KauyeCTBO MAPKUPOBKH;

—  HM3KOE dHEpromnorpedseHue;

—  cpok ciyx0sb1 1azepa 1o 100 000 gacos.

OTaensHO CTOMT OTMETUTh BO3MOXKHOCTH JIOYKOMIUICKTAIIMM Pa3IuYHBIMHU
JIOTIOJIHUTENIBbHBIMU YCTPOUCTBAMHU, B T.4.:

—  3amuTHas Kamepa (TmoBkIeHus ypoBHs 6e3omacHocTu 10 Kmace I);

—  pOTaIMOHHOE YCTPOUCTBO (00paboTKa Te BpalleHws ),
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—  TOJBWKHBIA pad0uMii CTOJ (MAHUITYJIATOP U3IEIIHNSA).

HANS LaseR

Pucynok 2.3. — UMiynbcHBIN BOJOKOHHBIHN na3zep mapku Hans Laser Mars

XapaKTepruCTUKH TAaHHOK MOJIENN TIPEICTaBIICHHI B TabmuIie 2.4.

Tabnuna 2.4. — XapakTepuCTUKHA UMITYJIbCHOTO BOJIOKOHHOTO Jiazepa

HanmenoBanwue 3Ha4yeHue mapamerpa
[lenTpanpHas AJIMHA BOJIHBI, HM 1064
CrniekTpanbHas IUPUHA JIMHUU, HM 30
HomunanbHasi cpeHsisi BBIXOAHAs MOITHOCTh, BT 20
JlnutenbHOCTE UMITyJibca Ha yactore 40 kI, HC 120
YacroTa cneaoBaHus UMITYJIbCOB, KI 11 20-100
HecTaOMiIbHOCTH MMKOBOM MOIITHOCTH, % 5
JlinHa BBIXOHOTO BOJIOKHA, M 3
VYTriioBoe cMelIeHUe my4yka, Mpaj 20
JIuneiiHOe cMellleHue MyYKa, MM 3
Hamnpsxenue nutanus, B 220
["a6apuTsr, AxI1IxB, mm 215 x 95 x 286
Bec, kr 8
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Hcnonp3yemblii B JaHHOW paboTe ja3epHBIA TpaBep paboTaeT COBMECTHO C

nporpaMmMHBIM oOecniedeHneM MarkingSoftware 6.0, koTopoe yCTaHOBJICHO Ha

I/IHI[I/IBH,ZIyaHI)HHﬁ KOMIIBIOTCP. C ITIOMOIIIBIO CIICOHUAJIbHBIX ImporpamMm

MarkingSoftware 6.0 ecTb BO3MOXHOCTH 3a7aTh HEOOXOIUMBINH PEKUM JIa3epHOU

00pabOTKH: TEeOMETPUYECKHE IMapaMeTphl, JIWHHA M I[IUPUHA MapKUPYEeMOTO

06T)GKT8,, [MapaMCTphl JIA3CPHOI'0O U3JIYUCHUA, CKOPOCTh CKAHUPOBAHU, IICPCMCIICHUA

Ja3ePHOTO JIyJa, CTPATETHs 3aJIMBKHU (PUCYHOK 2.4).

Xegad Ve o]

nEsl [ +>88

eoHTERL

Kan6poexa u: Bpenss naprp Noroxenve 1o @ Orpnu @ Monos Hushans __ trame lenght753¢ (= Pos 7191936
E—— e -
2 € FOHANSLASER M.

Pucynok 2.4 — IIporpammHoe obecrieuenne MarkingSoftware 6.0

2.3. Co3nanue 00pa3ioB /1M NPOBeAeHUs NCCIeT0BaAHNS

[Ipu co3manuu oOpa3loB MJisi HMCCIENOBAHUS MHUKPOTEOMETPHUH CJIOKHOTO
peryJiipHoro penbeda MOBEPXHOCTH PA3HOOKPAIICHHBIX OOpa3loB, MOIYUYEHHBIX
MyTEM W3MEHEHUsS NapaMeTpoOB JIA3€PHOTO M3IYyUYEHUS, HCMOJb30BaIU JIa3ep

BOJIOKOHHBIM HUTTEpOMEBBIN, JUIMHA BOJHBI u3MyudeHus -1,06 MKm; yacroTa

NMOBTOpeHUs UMNyJibcoB A0 100k 1, qmutenbHOCTH UMITYJIbCOB -0,1 MKC, oKycHOE
pacCTosiHME  IIUPOKOAIApaTypHOTO  00BeKkTHUBa-160MM, TiepeMelneHue Jryda
OCYILIECTBIISIETCS TaJIbBAHOCKAHEPOM.

Jlns mpoBeneHHS TOHKHX METOJOB HCCIenoBaHHS (a30BOTO COCTaBa M

COCTOAHUA OKCHIHBIX  IIJICHOK, o6pa3y}oumxcx Ha IOBCPXHOCTHU HCp)K&BCIOH.IGﬁ

CTaliInl IIpH H&SﬁpHOfI MAapKHpOBKEC B 3aBUCHMMOCTH OT IIapaMCTpPOB Ja3€pHOIoO
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W3JIyYEHUs C IIOMOIIBIO CHELHUAIBHOIO CTaHKa JUIsl PacKpos JINCTOBOIO MeETalia
orpe3aHa mactuHa w3 cramul2X18HI0T. IloBepxHOCTh JaHHOM IIIACTHHBI
ornoiaupoBaHa ¢ mnomouplo YIIM — yrioBodt mmmdoBaIbHOM — MalllMHBI,

Ipe/CTaBICHHAs HA PUCYHKE 2.5.

Pucynox 2.5. — CtaHok a1 pacKposi JINCTOBOTO MeTajlia

[Tonnass Tabnuua ¢ 3aJaHHBIMM TapamMeTpaMmH Ja3epHOr0 H3IyYEHUS s
nonydyenuss 1JIM nHa onbiTHOM oOpasue u3 cranu 12X18HI10T mnpuBenena B
npusiokeHuu A. Pe3ynbpTaThl, MOJy4YEHHbIE NPU MPOBEACHUM aHajIn3a KOpPpEssuuu
napaMeTpoB JIA3epPHOTO M3ITyYeHUs W 3a(DUKCHPOBAHHOTO IBETOBOTO M300paKCHUS
MPUBEICHBI B TabuIIe 2.5.

C mnoMouipl0 MMMYJbCHOTO BOJIOKOHHOTO Jla3epa C  OMNpeAeTICHHBIMU
peXuMamMu u3nydeHus (nmpuiioxeHue 1) Opuin 00padoTaHbl 30HBI, pa3MEPOM S5X5 MM
Pesynbprar LIJIM npeacrasnen Ha pucyHke 2.6.

[[JIM Oblma Tak >Xe NpoBeJAeHA Ha JPYrod OINBITHOM IUIACTHHE, C
W3MEHEHHBIMH [TapaMeTpaMu JIa3epHOIo M3NydeHHs. Bce mapaMeTpsl npeacTaBieHbl
B IpUJIO’KeHUU 2. Pe3ynbTar onbiTa — pUCyHOK 2.7.

JUist u3ydeHus BIMAHMUS pa3Idyusl TEIIO(MU3UYECKUX XapaKTEPUCTHUK

MaTeprana-moaioKK Ha (OPMUPOBAHHE IIBETOBOTO M300pak€HHS HA MarTepuale-
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nokpsITud 1py LIJIM M3roToBIIEHBI IUTACTUHBI MAaTEPUAIOB-TIOUIOKEK U3 cTanu 0,8 u

natynu JI63 B popme kBaapaToB co croponamu 60 mm.

Tabmuma 2.5, — Koppemsimusi mapaMeTpoB — JIa3epHOTO  WBIYYEHUS U
3a()UKCHPOBAHHOTO IIBETOBOTO HW300PaKCHHsI TMOBEPXHOCTH IUIACTUHBI W3 CTaJH

12X18H10T

DHeprus CxopocTb PacdokycupoBka OueHkKa KOHTPACTHBIX TPYIII
UMITYJIbCA, | IePEMEIICHUS AF, Mmm MOJIy4E€HHOTO 3a()MKCUPOBAHHOTO
Mk Jqy4a, MM/C L[BETOBOE N300paKCHHE IO MIKAJIe
nsetoB RAL

['pynma oTTeHKOB O6€KEBOTO IBETA

0,5 2,0-2,4 0,2 RAL 7038 Cepsiii arat

I'py1mma OTTEHKOB pO30BOTO LIBETA

0,5 2,4-2.6 0,4 RAL 4002 ®noneToBbIii KpaCHBIH

I'pymnma oTTeHKOB ceporo nsera

0,5 2,6-3,0 0,6 RAL 7016 Cepslii anTparut

:?""EI--I-III

Pucynok 2.6. — OnbiTHas mactuna u3 ctanu 12XHI10T
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Pucynok 2.7. — l|BeTHas na3epHas MapKupoOBKa Ha MJIACTUHE C U3MEHEHHBIMU

napamMmeTpamu

[lepen HaHeceHWEM IIBETOBOTO H300paKEHUS C TMOMOIIBIO JIA3epHOTO
Mapkepatopa, miactTudbl u3 ctam 08 u natynu JI63 moaBep:keHbl XPOMUPOBAHUIO,
MyTeM OIMyCKaHWs 3aroTOBOK B rajbBaHWYECKYI0 BaHHY. HeoOxomumo Ha 0Opasiibi
HaHECTH XpoM, TommuHoN 1 MkM. Ilpu omeparuu ranpBaHHYECKOE XPOMHPOBAHUE
npuMeHsuics anox u3 94% ceunHma u 6% cypembl [21]. CocTaB rajibBaHHYECKOM

BaHHBI IIPECTaBJIEH B Ta0IMLE 6.

Tabmuma 2.6. — CocTaB ranpbBaHUYECKON BaHHBI JIJII XPOMHUPOBAHUS OOpa3IOB W3

cranu 08 u natynu J163

Cocras Bannsl [[OCT 9305-84 Copep:xaHre KOMITIOHEHTOB T/1T
AHTUAPH]T XPOMOBBIH 200-250
Kucnora cepnas 2-2,5

C 1enpro ypaBHUBAHUS OTpaXkKaroiel CioCOOHOCTH CTalu U JIATYHH, OTIBITHBIC

IUIaCTUHBI IMOABEPIIIM XPOMHPOBAHUIO TOJIH.[PIHOﬁ 1 MKM, YTOOBI HCKIIIOYHMTH

40



U3BECTHOE BIMSIHHUE 3TOTO (PaKTOpa Ha MOIyYaeMbIil B pe3yJIbTaTe MapKUPOBKH IIBET.

Bpewms HaneceHus MOKPHITUS orpeaeniuiy o Gopmyie Ammnonsckoro A.M:

t =1000 X

hxy
CxDpxa'’

1)

rac h — TOJIIIMHA CJI0A XpOMOBOT'O IIOKPBITHUA, MM;) — y,ZI@JIBHLIfI BCC XpoOMa,

r/cm3; C — >IEeKTPOXUMHUYECKHUI KBUBAJIEHT, T/(A-4ac); & — BBIXOJ XpOMa II0 TOKY,

%; Dj— IUIOTHOCTB TOKa, A/1M2,

[ToBepxHOCTH 00pa3lia ouwMileHa OT MbUIM M OOe3kupeHa. BpeMs moiydeHus

IIOKPbITHUA TOHHIHHOﬁ 1 MKM Ha 00€HX ONBITHBIX IUIACTHHAX COCTaBHIIO 2 MUHYTBI.

I[aHHI)IG HJI pacduCTa BPpCMCHU HAHCCCHUA ITIOKPBITHA IIPUBCIACHBI B Ta6J'IHII€ 27,

a cxema rajbBaHUYeCKOW BaHHBI JUIsI XPOMUPOBAHUS MIPE/ICTABICHA HA pUCYHKE 2.8.

Tabnuua 2.7. — JlaHHble aJis pacueTa BpEeMEHU raJIbBAaHUYECKOTO XPOMUPOBAHUS

[TapameTp O06o3HaueHHE 3HaueHUe
TonmuHa NOKPBITHS h 1 MM
VY nenbHbIN BeC Xpoma Y 6,9—7,1 r/cm3
DNEKTPOXUMHUYECKHUI SKBUBAJICHT C 0,324 1/(A-gac)
Brixox xpoma 1o Toky a 12+14%,
[110THOCTH TOKA Dy 5 A/mm?

= 1['4' |
i
Karon
. V_jx«_xoﬂ
===

1 14
1 'Ii'l ll ‘lllll“l:ll .

|
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Pucynox 2.8. — Cxema rajgbBaHUY€CKOW BaHHbI
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OOpaboTaHHBIE XpPOMOM ¥ TOTOBBIE OOpa3Ibl ISl JMadbHEUIIETO

AKCIIEPUMEHTA MPEICTaBICHBI Ha pUCYHKe 2.9.

Jlatyss JI63 Crab 08
Pucynox 2.9. — O0pas3iipl ociie onepanuy XpoMUPOBaAHUS

Jlig ToMy4deHHs] IBETHOTO H300pa)KeHUS Ha TOBEPXHOCTH XPOMHPOBAHHOU
JaTyHd M CTaIM MCHOJb30BAIM HUMIYJbCHBIA BOJIOKOHHBIM Jla3ep MapKu
HansLaserMars moxemnu 201J.

B cBs3u ¢ Tem, uTo nazepHO 00pabOTKOW XPOMHPOBAHHBIX MOKPBITHHA C
LENbI0 TOJYYEHHUs YIpaBisieMoro (GopMHpOBaHUS IBETOM paHEe HE H3ydalH,
IIepBOHAYAJILHO ObLTa MpoBeIeHa TecToBas 00padoTka [22]. C moMOIIbI0 TECTOBBIX
IPOXOJI0B C(POPMUPOBAIOCH MMOHUMAaHHE, KaKkue MapaMmeTphl Ja3epHOro H3IIydeHUs
HEOOXOUMBI 11 POPMHUPOBAHUS LIBETOBOIO M300paKEHUS M B KAaKUX JMana3oHax
HEOOXOJMMO TIOJIBEPTraTh KOPPEKTUPOBKY JaHHBIX MapaMeTpoB ISl TMOJYYCHUS
pa3IMyYHbIX LBETOB. Pe3ynbTaThl TeCTOBOW OOpaOOTKHM IUIACTUH IMpPEACTaBICHbI HA

pucynke 2.10.

Pucynox 2.10. — Pe3yabpTaThl TECTOBOM 00paOOTKH OIBITHBIX XPOMHUPOBAHHBIX

IJ1aCTuH
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[Io momyuyeHHBIM [aHHBIM B pE3yJIbTaTe€ TECTOBOW OOpaOOTKH, MPOBEACHO
HaHECEHWE HAAMKCH, 3aJadeldl KOTOpPOTO OBUIO TOJYYHTh IBETHOE H300paKECHUE
Haanucu «73 auu Hayku» U Haanucu «HUTY MUCHUCy». Pe3ynbTarhl HaHECEHUS

HAAMKUCH TIpe/icTaBIeHbl Ha pucyHke 2.11. Beicota OykB 5 MM.

Pucynoxk 2.11. — JlazepHas 11BeTHast MApKHUPOBKA XPOMHCTOTO IMOKPBITHUS Ha

JATYHHOW M CTaJbHOW IJIACTUHAX

[TapameTpsl peKMMOB Jla3epHOM 00pabOTKH Il HAHECEHUS IIBETHON HAIMKCH,

npuBeIeHHOTO Ha prcyHke 2.11 nmpuBenens! B Tabmuie 2.8.

Tabnuma 2.8. — Pexxum nazepHoit MApKUPOBKHU HAITUCH

Eﬂ 2 S 3 ) =
=z B == 2 5549 & =g g
R Q 8 = o S = /@ o o = = =
S & 2 2 = e 2R TS 2 S TO o,
5 a = & = = 552 o 23 = 2 o
S > Z S o S 249 =5 3 9 S
£ | 98| 5 |28§9 g | 2% >

2 i 2 = =

0,01 50 1 80 20 0 Craisb 08
0,01 50 1 80 20 0 Jlatyns JI63

[locne mpoBeaeHUsT TECTOBBIX MPOXOAOB M HAAMHUCH, HAa XPOMHUPOBAHHOMN
wiactuie u3 craau 0,8 ObUT MpOBEAEH HKCHEPUMEHT C LENbI0 MOJyYeHUs

BOCITPOU3BOJAMMBIX LIBETOBBIX M300paXeHUI MpHU 3aJaHHBIX MapaMeTpax JIa3epHOro
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H3JIyUCHUA. PCBy,TII)TaTBI U 11apaMeTpbl 3TOI0 ISKCIICPUMCHTA IIPCACTABIICHBI Ha

pucyske 2.12 u B Tabmure 2.9.
nopsdkobeil HoMep
12 3 e

QU N o
U~ W N —

Pucynox 2.12 — [1ony4yeHue BOCIPOU3BOIMMBIX IIBETOBBIX M300paKEHU Ha

XPOMHPOBAHHOM NOBEpXHOCTH cTasu 08

Tabmuma 2.9. — Tlapamerpsl  Ja3epHOTO  W3MY4YEHUS Ui TOJyYCHUs
BOCIIPOHU3BOJMMBIX IBCTOBBIX H306pa)I(eHHﬁ Ha ctayim 08
Paccrosiaue MomHoCTb
Ckopoctb Yucino Yacrora
Psin Howmep MeRay npoxoza MIPOXO/IOB, JIASEPHOTO HMITYJIbCOB,
CerMEHTa | pacTpamH, /o T U3ITy4eHHS, .
MM % (ot 20BT1)
1 2 3 4 5 6 7
1 0,01 100 2 25 20
2 0,01 100 3 25 20
3 0,01 50 1 25 20
4 0,01 50 2 25 20
1 5 0,01 50 3 25 20
6 0,01 25 1 25 20
7 0,01 25 2 25 20
8 0,01 200 4 25 20
9 0,01 200 10 30 20
1 0,01 100 2 30 20
2 2 0,01 100 3 30 20
3 0,01 50 1 30 20
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[Ipomomkenue Tabmmim 2.9.

1 2 3 4 5 6 7
4 0,01 50 2 30 20
5 0,01 50 3 30 20
6 0,01 25 1 30 20
2 7 0,01 25 2 30 20
8 0,01 25 3 30 20
9 0,01 200 4 30 20
10 0,01 200 10 30 20
1 0,01 100 1 35 20
2 0,01 100 2 35 20
3 0,01 100 3 35 20
4 0,01 50 1 35 20
3 5 0,01 50 2 35 20
6 0,01 50 3 35 20
7 0,01 25 1 35 20
8 0,01 25 2 35 20
9 0,01 25 3 35 20
10 0,01 200 4 35 20
1 0,01 100 1 40 20
2 0,01 100 2 40 20
3 0,01 100 3 40 20
4 0,01 50 1 40 20
4 5 0,01 50 2 40 20
6 0,01 50 3 40 20
7 0,01 25 1 40 20
8 0,01 25 2 40 20
9 0,01 25 3 40 20
10 0,01 200 4 40 20
1 0,01 200 1 40 20
2 0,01 200 2 40 20
3 0,01 200 3 40 20
4 0,01 300 1 40 20
5 0,01 300 2 40 20
> 6 0,01 300 3 40 20
7 0,01 300 4 40 20
8 0,01 500 1 40 20
9 0,01 500 2 40 20
10 0,01 500 3 40 20
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2.4. MeTtoabl OlleHKH IIBETOBBIX H300paKeHU i

[Tpu mpoBeneHUHM HUCCIETOBAaHUM MOBEPXHOCTH Pa3HOOKPAIICHHBIX 00pa3lloB,
MOJyYEHHBIX IyTEM H3MEHEHHS NapaMeTPOB JIa3€pHOTO H3IIyYEHUs HJS OLICHKH
HOJyYE€HHBIX KOHTPACTHBIX IPYIII LIBETOB B OCHOBY I0JIOKEH (PEHOMEHOJIOTUYECKUI
METOJI MCCIIEOBaHMs. DTOT METOJl OMpeieseT 3aJady Kak OeclpeanochlIoOuHOe
ONKMCAaHUE ONbITA MO3HAIOLIEIO CO3HAHUS M BBIIEICHHE B HEM CYLIHOCTHBIX YEpT
[23].

Memoo ¢genomenonocuu. Genomenonorus (Hem. Phanomenologie — yuenue o
(eHOMeHax) — HampaBieHue B ¢unocopuunXX Beka, OMpeNelsBIIee CBOK 3aady
KaK OecrnpenoChIOUHOE OMHCAHHME OIbITa MO3HAIOUIETO CO3HAHUS M BHIICIICHUE B
HEM CYIIHOCTHBIX YepT.

Metonamu ocyiiecTBieHUsT (PEHOMEHOJIOTHYECKOIO HCCIAEAOBAHUS SIBISIOTCS
HETMOCPEICTBEHHOE CO3epIaHue (0UeBUIHOCTD) U (PEHOMEHOIOTUYECKUE PETYKIIH.

HenocpenctBeHnHoe co3epuaHue, Kak METOJ] (PEHOMEHOJIOTHH, O3HAuyaeT, uYTo
MOCTIEAHSIST  SIBNISIETCS  JECKPUNTHBHOW HayKod, W €€ MaTephaloM CIyXat
UCKJTIIOYUTENHFHO JaHHBIE HEMOCPEICTBEHHON HHTYHIIHH.

deHOMEHOJIOTHYECKUEe PEAYKIMU AENATCS Ha TpU BuJa. Bo-mepBbiX, uucras
(eHOMEHONIOTHST OTBIIEKAETCS OT ©CTECTBEHHOW YCTaHOBKH, TO €CTh HaWMBHOU
NOrpyXEHHOCTU BO BHEIIHUI MHp, U COCPEIOTOYMBAET BHUMAHHE HAa CAMOM aKTe
(mepexMBaHWM) CO3HAHUS, B KOTOpoM MuUp HaMm pgaérces  (peHomeHosoro-
MICUXOJIOTUYECKas peayKius). Bo-BTopbix, (heHOMEHONOTHsI OEpET ATU MEePEKUBAHUS
CO3HAHHS HE KaK KOHKpPETHbIC (DAKThl, a KaK HieajbHbIC CYIIHOCTH (dMaeTHueckast
penykuus). B-TpeTbux, (EHOMEHONOTHsSI HE OCTAaHABIMBACTCS Ha PEIYKIUH K
NEPEeKUBAHUSAM CO3HAHUS, W Jlajee yXKe HE TOJBKO BHEIIHUN MHp, HO U chepy
JYIIEBHOTO, CO3HAHUE — KaK IMOTOK MEPEeKMBAHUNA KOHKPETHOTO 3MIHMPUUYECKOTO

CyOBbCKTa — PEAYLUPYET K YHUCTOMY CO3HAHHUIO (TpaHCIEHACHTAIbHAS PEAyKIIHS)
[24].
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https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%B7%D0%BD%D0%B0%D0%BD%D0%B8%D0%B5_%28%D1%84%D0%B8%D0%BB%D0%BE%D1%81%D0%BE%D1%84%D0%B8%D1%8F%29
https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D0%BC%D0%B5%D1%86%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%A4%D0%B5%D0%BD%D0%BE%D0%BC%D0%B5%D0%BD
https://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%BB%D0%BE%D1%81%D0%BE%D1%84%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/XX_%D0%B2%D0%B5%D0%BA
https://ru.wikipedia.org/wiki/%D0%9E%D0%BF%D1%8B%D1%82%D0%BD%D0%BE%D0%B5_%D0%B7%D0%BD%D0%B0%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%B7%D0%BD%D0%B0%D0%BD%D0%B8%D0%B5_%28%D1%84%D0%B8%D0%BB%D0%BE%D1%81%D0%BE%D1%84%D0%B8%D1%8F%29
https://ru.wikipedia.org/wiki/%D0%93%D1%83%D1%81%D1%81%D0%B5%D1%80%D0%BB%D1%8C,_%D0%AD%D0%B4%D0%BC%D1%83%D0%BD%D0%B4#.D0.9F.D1.80.D0.B8.D0.BD.D1.86.D0.B8.D0.BF_.D0.BE.D1.87.D0.B5.D0.B2.D0.B8.D0.B4.D0.BD.D0.BE.D1.81.D1.82.D0.B8_.28.D0.B1.D0.B5.D1.81.D0.BF.D1.80.D0.B5.D0.B4.D0.BF.D0.BE.D1.81.D1.8B.D0.BB.D0.BE.D1.87.D0.BD.D0.BE.D1.81.D1.82.D0.B8.29
https://ru.wikipedia.org/wiki/%D0%A4%D0%B5%D0%BD%D0%BE%D0%BC%D0%B5%D0%BD%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%80%D0%B5%D0%B4%D1%83%D0%BA%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%95%D1%81%D1%82%D0%B5%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D0%B0%D1%8F_%D1%83%D1%81%D1%82%D0%B0%D0%BD%D0%BE%D0%B2%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A4%D0%B5%D0%BD%D0%BE%D0%BC%D0%B5%D0%BD%D0%BE%D0%BB%D0%BE%D0%B3%D0%BE-%D0%BF%D1%81%D0%B8%D1%85%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%80%D0%B5%D0%B4%D1%83%D0%BA%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A4%D0%B5%D0%BD%D0%BE%D0%BC%D0%B5%D0%BD%D0%BE%D0%BB%D0%BE%D0%B3%D0%BE-%D0%BF%D1%81%D0%B8%D1%85%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%80%D0%B5%D0%B4%D1%83%D0%BA%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%98%D0%B4%D0%B5%D0%B0%D1%86%D0%B8%D1%8F_%28%D1%84%D0%B8%D0%BB%D0%BE%D1%81%D0%BE%D1%84%D0%B8%D1%8F%29#.D0.A1.D1.83.D1.89.D0.BD.D0.BE.D1.81.D1.82.D0.B8
https://ru.wikipedia.org/wiki/%D0%AD%D0%B9%D0%B4%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%80%D0%B5%D0%B4%D1%83%D0%BA%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%AD%D0%B9%D0%B4%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%80%D0%B5%D0%B4%D1%83%D0%BA%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A2%D1%80%D0%B0%D0%BD%D1%81%D1%86%D0%B5%D0%BD%D0%B4%D0%B5%D0%BD%D1%82%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D1%80%D0%B5%D0%B4%D1%83%D0%BA%D1%86%D0%B8%D1%8F

[TepBbIM METOMMYECKUM TPHUHIIUIIOM, KPUTEPUEM JEHCTBUTEILHOCTH YE€TO-TH00
SBISICTCS. OYEBUAHOCTh. HeoOX0auMO yCTaHOBHTH TEPBBIE OYEBHUIHOCTH, KOTOPHIC
JSTYT B OCHOBY JJOCTOBEPHOTO 3HAHMSI.

Htak, dheHoMeHONOoTus, OTBIEKAasICh OT CYIIECTBYIOIIETO, paccMaTPHUBACT
CYIIHOCTH — BO3MOXKHO€, al[pUOPHOE B CO3HAHUMU.

lllkana yseemos. llBer — KadecTBeHHasi CYOBEKTHMBHAs XapaKTEPUCTHKA
AJIEKTPOMArHUTHOIO UW3JIyYEHHUsS ONTHUYECKOrOo JMarna3oHa, ompenaelisemMas Ha
OCHOBaHMHM BO3HHUKAIOMIETO (PU3MOJIOTHYECKOTO 3PUTEIILHOIO  OIIYIICHUS U
3aBUCAIAs OT psAAa GU3NYECKUX, (PU3NOTOTUUECKUX U MCUXOJOTUYECKUX (PaKTOPOB.
Bocnpusitue 1uBeTa omnpenensercss WHAWBUIYATLHOCTHIO UEJIOBEKA, a TaKXKe
CHEKTPAIIbHBIM COCTaBOM, LIBETOBBIM U SIPKOCTHBIM KOHTPACTOM C OKpPY>KAarOIIUMHU
HMCTOYHUKAMHU CBETA, & TAKXKE HECBETAIMMMUCS oO0bekTamu (pucyHok 2.13.). OdeHb
BAKHBl TAaKWE SBICHHS, KAaK METaMepus, WHIAUBHUIYaJbHbIC HACIIECICTBEHHBIC
OCOOEHHOCTH  4YEJIOBEYECKOro Ia3a (CTeNeHb JKCIPECCUU  MOJIUMOP(HBIX

3PHUTCIIbHBIX HI/IFMGHTOB) 1 IICUXHKU.

Pucynok 2.13. — [lIkana nBeTOB BOCIPUATHS

['oBOpPSt MPOCTHIM SI3BIKOM, IIBET — 3TO OILIYIIEHUE, KOTOPOE MOJYyYaeT YEIOBEK
IpU NONaJaHuu €MY B IJ1a3 CBETOBBIX Jyuyed. OQHU U T€ )K€ CBETOBBIE BO3JECHCTBUS
MOTYT BBI3BaTh Pa3HbIC OUIYIICHUS y Pa3HbIX Jroje. M 1 Kaxaoro u3 HUX LBET
Oyner pasubiM. OTCroga cieayeT, 4TO CIOphI, «KAKOW IIBET HA CaMOM Jeje»,
OECCMBICIIEHHBI, TOCKOJBKY MJIs KaXJI0TO HaOMIomaTenss UCTUHHBIM IBET— TOT,
KOTOPBI BUIUT OH caMm [25].

HenpepbIBHBIN CHEKTp IIBETOB MOXHO HaOM01aTh Ha AU(PaKIIMOHHOMN
peureTke. XOpolle 1EMOHCTPALIMEN CIIEKTPA SBIIIETCS IIPUPOIHOE SIBIICHUE PALyTH.

[[sema cnekmpa u ocHogHble yeema. BriepBble HENPEPBIBHBIN CIIEKTP HA CEMb

nseroB pa3oun Hcaak Heroton (Tabmuma 2.10.). DTo pa3dueHue ycClIOBHO W BO
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https://ru.wikipedia.org/wiki/%D0%93%D1%83%D1%81%D1%81%D0%B5%D1%80%D0%BB%D1%8C,_%D0%AD%D0%B4%D0%BC%D1%83%D0%BD%D0%B4#.D0.9F.D1.80.D0.B8.D0.BD.D1.86.D0.B8.D0.BF_.D0.BE.D1.87.D0.B5.D0.B2.D0.B8.D0.B4.D0.BD.D0.BE.D1.81.D1.82.D0.B8_.28.D0.B1.D0.B5.D1.81.D0.BF.D1.80.D0.B5.D0.B4.D0.BF.D0.BE.D1.81.D1.8B.D0.BB.D0.BE.D1.87.D0.BD.D0.BE.D1.81.D1.82.D0.B8.29
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BC%D0%B0%D0%B3%D0%BD%D0%B8%D1%82%D0%BD%D0%BE%D0%B5_%D0%B8%D0%B7%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%92%D0%B8%D0%B4%D0%B8%D0%BC%D0%BE%D0%B5_%D0%B8%D0%B7%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%B7%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%97%D1%80%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%9E%D1%89%D1%83%D1%89%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%B7%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%B7%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9F%D1%81%D0%B8%D1%85%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D1%81%D0%BF%D1%80%D0%B8%D1%8F%D1%82%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%B0%D0%BC%D0%B5%D1%80%D0%B8%D1%8F_%28%D1%86%D0%B2%D0%B5%D1%82%29
https://ru.wikipedia.org/wiki/%D0%93%D0%BB%D0%B0%D0%B7
https://ru.wikipedia.org/wiki/%D0%9F%D1%81%D0%B8%D1%85%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%84%D1%80%D0%B0%D0%BA%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D1%80%D0%B5%D1%88%D0%B5%D1%82%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%84%D1%80%D0%B0%D0%BA%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D1%80%D0%B5%D1%88%D0%B5%D1%82%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D0%B4%D1%83%D0%B3%D0%B0
https://ru.wikipedia.org/wiki/%D0%9D%D1%8C%D1%8E%D1%82%D0%BE%D0%BD,_%D0%98%D1%81%D0%B0%D0%B0%D0%BA
https://commons.wikimedia.org/wiki/File:Spectrum441pxWithnm.png?uselang=ru

MHOTOM citydaiiHo. Ckopee Bcero, HproTOH Haxoauiics noj JeMCTBUEM €BPOIEUCKOM
HYMEPOJIOTUM M OCHOBBIBAJICS HA @HAJIOTUU C CEMbIO HOTAMH B OKTaBe (CpaBHUTE: 7
METAJIJIOB, 7 IUJIAHET...), YTO U MOCIY>KUJIO NPUYUHOW BBIIEICHUS MUMEHHO CEMHM
nseroB. B XX Beke OcBanba BupT npeninokun «OKTaBHYIO» CHCTEMY (BBed 2
3€NIEHBIX—  XOJIOJAHBIA, MOPCKOM W  TEMIbIMA, TpaBsiHOM), HO  OOJBIIOrO

pacIpocTpaHeHus OHaA He Haria [26].

Tabnuma 2.10. — Cs3b 11BeTa C MapaMeTpaMu CBETOBOTO U3ITyUYEHUS

Jwnana3oH sHepruu
IBser Jwnanazon aauH BoH, HM | Jluama3on dactoT, TI'nx

¢dboToHOB, 5B

Kpacusrit

OpanskeBblit 590—625 480—510 1,98—2,10

JKénTerit 565—590 510—530 2,10—2,19

3enéHbIit

TNony6oit

Cunnii

duoneToBnIn

3aMeTHO, 4TO IIBETa CMEKTpa, HAYMHAACH C KPACHOTO U MPOXOs Yepe3 OTTCHKHU
MPOTUBOMOJIOKHBIE, KOHTpPAacTHbIe KpacHOMY (1lMaH), 3aTeM TNepexolsiT B
(GbuONEeTOBBIN IIBET, CHOBa NPUOMMKAIONIMICA K KpacHoMmy. Takas OJIM30CTh
BUJIMMOTO BOCHPUSTHS (PUOJETOBOTO W KPacHOTO IIBETOB CBfA3aHA C TEM, YTO
YaCTOThI, COOTBETCTBYIOIIME (DUOJETOBOMY CHEKTPY, MPUOJIMKAIOTCA K YaCTOTaM,
MPEBBIIAIOIIMM YacTOThl KPAacCHOrO POBHO B JBa paza. Ho camu 3Tu mociennue
yKa3aHHbIE YaCTOThI HAXOJATCA YK€ BHE BUAMMOTO CIEKTPa, MO3TOMY Mbl HE BUIUM
nepexoza ot (PUOJIETOBOIO CHOBA K KPACHOMY IIBETY.
Xapaxmepucmuxu  yeema. Kaxnapli 1BEeT o001amaeT  KOJUYECTBEHHO
u3MepseMbIMU (DU3MUESCKUMH XapaKTepucTHKamu (Tadimna 2.11).
o ApxocTh. OJIMHAKOBO HACHIIIEHHbIE OTTEHKH, OTHOCHUMbIE K OJHOMY H
TOMY € I[BETY CIIEKTpa, MOTYT OTIMYATHCS JIPYT OT JApyra CTENeHbio sipkocTu. K
IpUMEpPY, MPU YMEHBIICHUH SIPKOCTH CUHUN ILBET IMOCTENEHHO NpHUOIMKaeTCs K
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https://ru.wikipedia.org/wiki/%D0%9D%D1%83%D0%BC%D0%B5%D1%80%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9D%D0%BE%D1%82%D0%BD%D1%8B%D0%B5_%D0%B7%D0%BD%D0%B0%D0%BA%D0%B8
https://ru.wikipedia.org/wiki/%D0%9E%D0%BA%D1%82%D0%B0%D0%B2%D0%B0
https://ru.wikipedia.org/wiki/XX_%D0%B2%D0%B5%D0%BA
https://ru.wikipedia.org/wiki/%D0%92%D0%B8%D1%80%D1%82,_%D0%9E%D1%81%D0%B2%D0%B0%D0%BB%D1%8C%D0%B4
https://ru.wikipedia.org/wiki/%D0%94%D0%BB%D0%B8%D0%BD%D0%B0_%D0%B2%D0%BE%D0%BB%D0%BD%D1%8B
https://ru.wikipedia.org/wiki/%D0%A4%D0%BE%D1%82%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%B2%D0%BE%D0%BB%D1%8C%D1%82
https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B0%D1%81%D0%BD%D1%8B%D0%B9_%D1%86%D0%B2%D0%B5%D1%82
https://ru.wikipedia.org/wiki/%D0%9E%D1%80%D0%B0%D0%BD%D0%B6%D0%B5%D0%B2%D1%8B%D0%B9_%D1%86%D0%B2%D0%B5%D1%82
https://ru.wikipedia.org/wiki/%D0%96%D1%91%D0%BB%D1%82%D1%8B%D0%B9_%D1%86%D0%B2%D0%B5%D1%82
https://ru.wikipedia.org/wiki/%D0%97%D0%B5%D0%BB%D1%91%D0%BD%D1%8B%D0%B9_%D1%86%D0%B2%D0%B5%D1%82
https://ru.wikipedia.org/wiki/%D0%93%D0%BE%D0%BB%D1%83%D0%B1%D0%BE%D0%B9_%D1%86%D0%B2%D0%B5%D1%82
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BD%D0%B8%D0%B9_%D1%86%D0%B2%D0%B5%D1%82
https://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%BE%D0%BB%D0%B5%D1%82%D0%BE%D0%B2%D1%8B%D0%B9_%D1%86%D0%B2%D0%B5%D1%82
https://ru.wikipedia.org/wiki/%D0%AF%D1%80%D0%BA%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BD%D0%B8%D0%B9_%D1%86%D0%B2%D0%B5%D1%82

yépHomy. JIro00# IIBET MpU MaKCUMAIbHOM CHI)KEHUU SIPKOCTH CTAHOBHUTCS YEPHBIM.
Cnegyer OTMETHTb, YTO SAPKOCTb, KaK M IPOYME IBETOBBIE XapaKTEPUCTHUKU
pPEaIbHOTO OKPAIIEHHOTO 00BEKTa, 3HAYUTEIIBHO 3aBUCST OT CYOBEKTUBHBIX MIPUYNH,
00yCIIOBJICHHBIX TICUXOJIOTHEH BOCIIPUSATHS.

o Ceernora. CreneHp OJM30CTU LIBETa K OEIOMY HAa3bIBAIOT CBETJIOTOM.
JIro60# LBET NpU MAKCUMAJIbHOM YBEJIMYEHUH CBETJIOTHI CTAaHOBUTCS OenbiM./[pyroe
MOHSTUE CBETJIOTHI OTHOCUTCSI HE K KOHKPETHOMY IIBETY, @ K OTTEHKY CIIEKTpPa, TOHY.
[[Bera, uMerOmMEe pa3IUYHbIE TOHA NPU IIPOYMX PABHBIX XapaKTEPHUCTHKAX,
BOCIPUHUMAIOTCS HaMU C pa3HOM cBeTIOTOM. JKEnThlil TOH cam mo cebe — caMblii
CBETJIbI, & CHHUM WJIH CUHE-()HOJIETOBBIM — CaMblid TEMHBI.

o HachpleHHOCTh — CTeNeHb OTIMYUS XPOMAaTHUYECKOr0 LIBETA OT PABHOIO
€My IO CBETJIOTE aXpOMAaTUYECKOro, «riayOmHa» LBeTa. J[Ba OTTEHKa OJHOIrO TOHA
MOTYT pa3iIuyaTbCsl CTENeHblo On€knocTu. [lpy yMEHbIIEHHMH HAaCBHIIEHHOCTH
KKl XpOMATUYECKUHN I[BET MPUOIINKAETCS K CEPOMY.

° [[BeTOBOM TOH — XapakTepUCTHKA LBETa, OTBEYAKOI[as 3a €ro
MOJIO’KEHHE B CIIEKTPE: JIFOOOM XpOMaTUUECKUI LIBET MOKET OBITh OTHECEH K KAKOMY -
a0 omnpeAenéHHOMY CHEKTpaJibHOMY LBeTy. OTTEHKH, UMEIOIINE OAHO U TO Ke
NOJIO)KEHUE B CIEKTpe (HO pa3auyarolluecsi, HanpuMep, HAaCbIIIEHHOCTBIO U
SAPKOCTHIO), MPUHAMJIEKAT K OJHOMY M TOMY K€ TOHY. IIpm W3MeHeHuH TOHa, K
IpUMEpYy, CHUHErO IIBETa B 3€JIEHYI0 CTOPOHY CIIEKTpa OH CMEHSETCS TOJIyObIM, B

obOpatHy0— (hrosieToBbIM [25].

Tabnuma 2.11. — dusnyeckue XapakTeprUCTUKH CBETa

dusnueckas

Spkocts | CBetnora | Haceimennocts | [[BeToBOM TOH
XapaKTEPUCTUKA

[Ipumep BocipusTHA
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https://ru.wikipedia.org/wiki/%D0%A7%D1%91%D1%80%D0%BD%D1%8B%D0%B9_%D1%86%D0%B2%D0%B5%D1%82
https://ru.wikipedia.org/wiki/%D0%A7%D1%91%D1%80%D0%BD%D1%8B%D0%B9_%D1%86%D0%B2%D0%B5%D1%82
https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%82%D0%BB%D0%BE%D1%82%D0%B0_%28%D1%86%D0%B2%D0%B5%D1%82%29
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D1%81%D1%8B%D1%89%D0%B5%D0%BD%D0%BD%D0%BE%D1%81%D1%82%D1%8C_%28%D1%86%D0%B2%D0%B5%D1%82%29
https://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D0%BD_%28%D1%86%D0%B2%D0%B5%D1%82%29

NHorga n3MeHEHHWE LBETOBOTO TOHA COOTHOCAT C «TEIUIOTOW» LBeTa. Tak,
KpacHbIe, OpaH)XEBbIE U KENTbIE OTTEHKH, KaK COOTBETCTBYIOIIME OTHIO W
BBI3BIBAIONINE COOTBETCTBYIONIME MMCUXO(MU3UOJOTUYECKUE PEaKlUU, Ha3bIBAIOT
TEMIBIMA TOHAMH, TONYyObIe, CHHUE W (HUOJICTOBBIC, KaK IIBET BOABI W JIbJa —
xoJiogHbIMU. ClielyeT y4ecTh, YTO BOCHPHUSATHUE «TEIUIOThD» LIBETA 3aBUCHT KaK OT
CYOBEKTHBHBIX TICUXMUYECKMX U (U3HOJOTUYECKUX (HAKTOPOB (MHIWBHUIyaTbHbBIC
MPEANOYTCHUS, COCTOSIHUE HAOMI0aTeNsl, afanTalus U Jp.), TaK U OT 00ObEKTUBHBIX
(Hannuue 1BeToBoro gona u ap.). Cienyer oTIMYaTh GUINYECKYIO XapAKTEPUCTUKY
HEKOTOPBIX KMCTOYHHUKOB CBETa — IIBETOBYIO TEMIEpaTypy OT CYObEKTUBHOTO
OIIYIIEHUS «TEIJIOThD) COOTBETCTBEHHOTO IIBeTa. L[BeT TemioBOro M3iaydeHHs MpHU
MOBBIIEHUN TEMIEPATypbl MPOXOJIUT MO «TEIUIBIM OTTEHKaMm» OT KPacHOTO 4epes
XKENTHIN K 0€JI0My, HO MaKCUMAJIBHYIO IIBETOBYIO TEMIIEPATYyPy UMEET I[BET 1IHAaH.

CrangapTu3zaids B KOJOPUMETPUM OOECIEYMBACT MaKCHUMaJbHOE M0o00ue
IBETOB, CO3JaHHBIX PpA3JIMYHBIMU CIOCOOAMU W Ha pa3HbBIX HOcUTENsAX. Bce
YYaCTHUKHU TEXHOJOTMYECKOTO TpoIlecca JOKHBI UMETh OJAWMHAKOBBIC STAJIOHBI B
[{BeToBBIX aTiacax (WJIM IIKajgax), UCMOJIb30BaTh UX VIS CHeU(HUKAIMN IIBETOB U
OTTEHKOB, CChUIasICh Ha O0O0pasibl, KaXJOMy U3 KOTOPBIX COOTBETCTBYET
onpeneneHHas ¢GopMmysia CMENICHUS I[BETOBBIX KOMIOHEHTOB. OJHAKO W3BECTHHIC
aTiachl HE WJACHTUYHBI, UMEIOT BHJHMMbBIE JaKE€ HA IJIa3 LBETOBBIE PAa3NUyusi. ITO
CBSI3aHO C MOTPEIIHOCTSIMU MEUAaTHOTO MPOIIecca, BBIIIBETAHUEM KPACOK, UCTUPAHUEM
Y 3arpsI3HEHUEM 3TaJOHOB, HECOOTBETCTBUE UCMOJIb3yEMOTO MPU OKPACKE MaTepuaia
u Mmarepuana dTaqoHoB. CyMMapHOe pa3iMuue ILBETOB MEXIY aTjiacaMd MOXKET
nocturath 6-10 dE.

Atinac 1UBETOB  (KOJOPUMETPUYECKUM  aTiac, I[IBETOBOM  Karajior) —
CHUCTEMAaTU3UPOBAHHBIM HaOOp 00pa3loB IBeTa. Pa3iWuHble aTjiackl, a TakXke
[BETOBBIC IIKaJIbl, IIMPOKO HCIOJB3YIOTCS B KOJOPUMETPUU [JIsi BHU3YaJIbHOTO
ONpENIeNICHUs] U CTaHIAPTU3AlMU HUCCIEAYyeMOTO I[B€Ta C MOMOIIbIO CpPaBHEHUS
uccleyeMoro obOpasia ¢ IBeTaMU  OTajJOHOB, CHUCTEMAaTH3UPOBAHHBIX U

onpenenéHHBIM 00pa30M 3aKOJAMPOBAHHBIX B ariiace. ATiIac OOBIYHO BBITTOHSIIOT U3
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pa3HOOKpAIIeHHbIX 00pa3noB. Hepenko mapaiienbHO W3rOTaBIMBAIOT STAJOHBI C
OJlecTAIlIEd W MaTOBOM IOBEPXHOCTBIO, peXke - €mEé MU CTPYKTYpUPOBAHHOM.
CpaBHeHHE uHccleAyeMoro ooOpas3lia W 93TajJOHOB MPOM3BOJUTCS B  YCIOBUSX
UJEHTUYHOIO OCBelleHus. [3-3a metamepun BCE paBHO BO3MOKHBI OIIMOKH
UAeHTUGUKALIMKY, €CIH TOJIbKO He OOYCIOBHUTH 3apaHee BHJI HCTOYHUKA I[BETa
(uBeTOBas TeMIiepaTypa U MOJIHAs CIICKTpaJIbHAs XapaKTepucTuka) [27].

[{BeTOBBIC HIKATBI MCHOJB3YIOTCS JUIS BU3yallM3allud B CAMBIX Pa3HOOOPA3HBIX
3a/layax.

[Ipy wuccnenoBaHWM MHKPOT€OMETPUU CIOKHOTO PEryJsipHOro penbeda
MOBEPXHOCTU PA3HOOKPAIIEHHBIX O0pa3lOB, IOJYYEHHBIX IYTEM H3MEHEHUs
napamMeTpoB JIa3epHOTO HBJIYYEHHS M TpH HccheoBaHus (Pa3oBOro cocTaBa H
COCTOSIHUA OKCHUJHBIX IUICHOK, OOpa3yIoIIMXCSi HAa MOBEPXHOCTH HEPKABEIOIIEH
CTaJIM JJIs1 OUEHKH MOJYYEHHBIX KOHTPACTHBIX T'PYIII [IBETOB MCHOJB30BAIU IIKATY
uBeToB RAL.

Cranmapt RAL 6wt mpeactaBien B 1927 romy Hemenkum WuctutryTom
["apantuii KauectBa n Ceprudukannu. MTHCTUTYT yCTaHOBWII CTaHAAPT HA IIBETOBOE
IPOCTPAHCTBO, pAa3JeUB €ro Ha [Mana3oHbl W O0O03HAYMB KaXKIbIM LIBET
OJIHO3HAYHBIM ITU(GPOBBHIM HUHIEKCOM.

RAL — repMaHckuii I1IBETOBOM cTaHIapT, paspaboTanHbii B 1927 romy
['ocynapcTBEHHBIM KOMHUTETOM MO YCJIOBHSAM MocTaBok (HeMm. Reichsausschufl fiir
Lieferbedingungen und Giitesicherung) o npocrs6e Mpon3BOUTENEH JTAKOKPACOUHOM
POy KITHH.

WNHCTUTYT yCTaHOBMIJI CTaHJIApPT Ha LIBETOBOE MPOCTPAHCTBO, Pa3JeiIUB €ro Ha
JMATIa30Hbl ¥ 0003HAYMB KaXKIbI IIBET OJTHO3HAYHBIM MU(PPOBBHIM HHAEKCOM. C Tex
nop komnaHusi RAL mnoctosstHHO pa3pabarbiBaeT M J00aBISIET HOBBIE O0Opas3Ilbl
I[BETOB, B COOTBETCTBUHM C MOTPEOHOCTSIMH PACTYIIETO PbIHKA. MHOTrOYHCIICHHBIE
HOTAllMU, COMPOBOKIAIOIINE MPUMEPHI [IBETOB, TAPAHTUPYIOT SCHOE U JIAKOHUYHOE
CpPEICTBO  KOMMYHHMKAallUM, KOTOpOE€  TMOHSTHO BO  MHOTHX  00JacTsX

IPOMBINIIEHHOCTH. Pa3paboTaHHasi yHUBepcalbHas CHUCTeMa BbIOOpa IIBETOB
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BOCTpeOOBaHa MPAKTUYECKH BO BCEX OTPACIAX, TJ€ HY)KHO MPABUIHLHOE MOHUMAHUE
I[BETA.

RAL" sBnsercss cokpallleHHbIM o00Oo3HaueHueM (a00peBHaTypoi) IOJIHOTO
HazBanua "Reich Ausschluf fiir Lieferbedingungen" - Mmnepckoro Ympasnenus
['epmanun  mo ToproBeiM crangaptaM (Mactutyra TDapantuii KadectBa u
Ceptudukaiumn), oopasosanHoro B bepiune B 1925 ronuy.

Kinaccuueckast usetoBasi koyuiekiuss RAL, craBmias crangapToMm Juisi BbIOOpa
upera ¢ 1927 roma. Temepp cepusi BkiaodaeT 213 uBeroB, B ToM uwucie 17
MetaukoB. Homepa uetbipex3naunble, (NeXXXX) rae 1xxx — xénroie (30 mTyK),
2XXX — opamxkeBble (13 mTyk), 3xxX — KpacHble (25 mTyk), 4XxX — (hUOJIeTOBBIC
(12 mtyk), Sxxx — cunue (25 mryk), 6xxx — 3enénbie (36 mTyK), 7XXX — cephie
(48 mryk), 8xxx — KopuuHeBble (20 mMTYK), 9XXX — cBeTble U TéEMHBIE (14 mTYyK),
KOJIMYECTBO OTTEHKOB YyKa3aHO BKJIouas MmeTamuku. Kiaccumueckue npera RAL
HAIIUTH IIAPOKOE IPUMEHEHHUE B PAa3IMYHBIX 00JIACTAX MPOMBIILICHHOCTH [28].

Cerogust crangapt RAL Bkitouaer B ce0sl HECKOJIBKO THICAY IIBETOB H
orrenkoB. Ha pucynke 2.14 npuBeneHnl JHIlb HauboJiee YacTO HCIOJIb3yeMbIC
I[BETA.

[Ipn wm3ydeHUH IIBETOB, TOJYYECHHBIX B PE3YyJIbTATE€ JA3€PHON MapKUPOBKHU
XPOMUCTBIX TaJIbBAHUYECKUX MOKPBITUN yriaepoauctord ctanu 08 w nmarynu JI63
MCMOJIb30BaIM KTy BeToB NCS.

NCS - cucrema ecCTECTBEHHBIX IIBETOB, TpemjiokeHHas 1952 romy
CxanaunasckuM Muctutrytom L{Beta. Cucrema NCS cuutaercs camoi COBEPIIEHHOM
MO/ICJIbIO BOCTIPUSTHS 1[BETA YeIOBeKOM [29].

Cucrema 0OBIYHO MCTIONB3YETCS JIJISl OTMMCAHUS M COTIOCTaBJICHUS IIBETOB, a HE
cMmermmBanus 11BeToB. NCS — eIMHCTBEHHAs] CHCTEMa, OIMCHIBAIOIIAS I[BET TaK, Kak

MBI €TO BUIHNM, IIOGTOMY OHA IIOHATHA, JIOTUYHA U ITPOCTAa B UCIIOJIb30BAHUU.
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CRAOHOESIA
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RAL 8001
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RAL 7039
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| RAL 9016
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Pucynok 2.14. — I1BeroBas mkana RAL
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Cucrema mo3BOJISET JaTh TOYHOE OMHMCAHWE KAXKIOMY W3 MUJUIMOHA IIBETOB.
PacimmdpoBka xojia 1BeTa MPOUCXOIUT CleAyrommM oOpa3oM. Eciu mpenctaButh
CHCTEMY B BHJIE TPEXMEPHON MOJIEIIH BUJ CBEPXY OYJET BBITIISAACTh KaK Ha PUCYHKE
2.15. Ha paccTosiHASX MaKCUMaJIbHO PaBHOYAAQJICHHBIX OT IIEHTPa HaXOASATCS cambIe
HACBIIIICHHBIE I[BETAa. B TOYKax MepeceueHus OCEBBIX JIMHUA C OKPYKXHOCTBIO
HAXOJATCA OCHOBHBbIE XpomaTuueckue 1Bera. B cucreme NCS s ux 0603HaueHUs
WCIIOJIB3YIOT HadajbHBIC AHTJIMACKHE OYKBBI B HAa3BAaHWW KaXJOrO I[BETAa. ITO
Kenteiit (Yellow), 3enenniii (Green),Kpacusiii(Red), Cunuii (Blue). Coueranue
JIBYX COCETHUX I[BETOB JAIOT MPOMEKYTOUHBIN IIBET, HAPUMEP COUETAHNE KPACHOTO

Y CUHEro JatoT (PUOJIETOBBIM I[BET, @ KPACHOTO U JKEJITOT0 — OPAHKEBBIN I[BET.

Pucynok 2.15 — ba3zoBbie iBeTa CHCTEMBI

[TomoBuHa Buaa ¢ 60Ky OyAeT BHITJISIICTh, KaK MPEJCTaBICHO Ha pucyHke 2.16.
[To BepTUKaIBHOW OCH, KOTOpasi OJTHOBPEMEHHO SIBJISIETCS LIEHTPOM OKPY>XHOCTH U
ocHOBaHMeM TpeyroiabHuka WCS, onpeaensercs conepskanne B 1iBere oenoit (White)
u yepHoit (Shadow) cocTaBmsitonieii, APyruMu CJIOBaMHu €ro TEMHOTa Ui Oenv3Ha. B
KO/JI€ [IBETa YUYUTHIBAECTCSI YEPHOTA B IPOLIEHTHOM COOTHOIIECHUH.

[Io rOpu30HTaIBbHOW OCH OMNPENEISIETCS HACBIIIEHHOCTh CaMoro upera. Yem
OJke K IEHTPY, T€M MEHEE HACBHIIIEHHBIM IIBET, YIalIssiCh OT ILIEHTpa €ro

HAaCbIIMICHHOCTbL BO3pacCTacT. MakcumanbHas HaCbhIMICHHOCTb paciojiaracrcsa B
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BepuinHe TpeyroibHuka WOCS. Tak, Hanpumep, MaKCUMalbHO 3JKEITHIA LBET

HaXOJIUTCA B TOYKE Y

W - YGOR

S $1060-Y6OR . ..

Pucynok 2.16 — Tpeyronbauk cuctembl NCS

COBMGHIaH KpyTr )51 TPCYT'OJIbHHUK IIOoJIydacM TPCXMCPHYIO MOACIIb

MIPEICTABICHHYIO HAa pUCYHKE 2.17.
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Pucynok 2.17 — [Tonoxxenue opanxeBoro 1sera B cucreme NCS

Ha npumepe opamxeBoro nsera ¢ kogom S 0570-Y30R pa3bepem 3HaueHue
aneMeHToB koaa. S — craHmaptNCS, 05 — o3nayaer 4to 5 % JaHHOTO IIBETa
COCTaBJIsIET 4YEpHBIM LBET, T.. TeMHoTa IBeta S5 %, 70 — yka3plBaeT Ha
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HachIeHHOCTh 11BeTa (Chromatics), T.e. HaCBIIEHHOCTH 1BeTa coctaBisieT 70 % ot

MakcumanbHoro. Y30 [30].

Harnsaao B moiaHOM o0beMe 11BeToBas Mojieib NCS npejcrapieHa Ha pUCYyHKE

2.18 B Bujie TBOMHOTO KOHYCA.
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Pucynox 2.18. — Tpexmepnas mozaenb NCS

Tpexmepnas mozenp nBera NCS HArmsIHO MOKa3bIBAET, YTO MECTOHAXOKICHHE
KaXXJ0ro I[BeTa MMeeT KoopiauHaThl. [loaToMy naHHBIA crnoco0 HAEeHTU(UKALNUU
LBETOBOTO HM300paKE€HHs, MOXHO OyAeT MPUMEHUTh MpU MNPOrpaMMHPOBAHUU

JIa3epHOU YCTAHOBKH, ISl HAHECEHUS ONPEICICHHONW raMMBbI 1IBETOB.

2.5. O0OopyaoBaHe MW MeTOAbl HCCJIEI0OBAHUAA BJIMSHUA
MHKPOTeOMeTPHHU CJIOKHOTO peryJsipHoro MHKpopeabeda
MOBEPXHOCTH 00pPa3LOB O0OPA0OTAHHBIX JIA3€PHBIM H3JIyYeHHEM Ha

(popmMupoBaHne NBETOBOI0 U300paKeHUS

C momompio mMukpockona Axio Observer DIm 3adukcupoBaHbl IIBETOBBIC
M300pakeHusi MUKPOCTPYKTYp. Mukpockon Axio Observer npou3BeeH B HEMEIKOM
dbupme CarlZeiss. MoxeT QyHKITMOHHPOBATH B PA3IUYHBIX peXKUMax: pydHoMm (Al),
kogupyemoM (D1) - ucmonp3oBaHHOM B JJaHHOM pabote u mMotopu3oBaHHOM (M1).

I'maBHOE AOCTOMHCTBO JAaHHOI'O MHKPOCKOIIa — 3HAYUTCIIbHAA MOIIHOCTb CBETOBOI'O
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NOTOKa B O0JacTH U3y4aeMoro oOOBEeKTa, TMO3BOJSIONIAsl TMOJy4YaTh YEeTKOE
peanucTuyHoe u300pakeHne. VHBEpTHUPOBAHHBIA SKCIIEPUMEHTAIBHBIA MUKPOCKOI
Axio Observer D1m - MHKPOCKOIT IUIOCKOTO II0JIsA, B KOTOPOM pabouasi MIOCKOCTb
pacrnonaraercsi Haa OOBEKTHBOM. /[l JAHHOTO WCCIIEIOBAHUS STOT MHUKPOCKOI
BBIOpaH TIOTOMYy, 4YTO HauOoJiee TOYHO BOCIPOM3BOAUT TMpu  (UKCALNH,

HaOJTF01aeMbIii BU3YAJIbHO I[BET UCCIICAYEMBIX 00pa3ioB (pucyHok 2.19).

9 Sizer

®aiin

DEd H-Evyl ® 5 all=S v Morpewrocts (5 :[‘/:,Vrﬂnﬂ?oﬁmocm ERS lﬂ

Pucynok 2.19 — Perynspuslit MUKpopenbed Ha TOBEPXHOCTH METajlia mocie

LBETHOM J1a3€pHON MapKHUPOBKH

DTOT K€ MUKPOCKOI MCIOJIb30BAIN AJISl U3yUYEHUSI MUKPOTE€OMETPHSI CJIOKHOTO
peryyisipHoro peinbeda TMOBEPXHOCTH, OOpaOOTaHHOW Ja3epHBIM  HU3TYyYCHUEM
METaJJIOTPAQUUECKUM METO/IOM CEKYIIUX.

Meton cekymux — cHoco0 KOJMYECTBEHHOW Meramiorpapuu, ¢ MNOMOUIbIO
KOTOPOTO MOXXHO OMNpPENeInTh, B YHCIE TMPOYUX, TEOMETPUUYECKHUE pa3zMephl
CTPYKTYPHBIX COCTaBIISIIOLIMX B IUIOCKOCTH HaOmoneHus. Ilpu stom Quxcupyror
KOJIMYECTBO  IEPECEUEHUN  CEKyLeHd JIMHUM C TpaHULAaMU  CTPYKTYpPHBIX
COCTABJISIFOIIMX. JTOT METOJ MCIOJBb30BaH IS OINPENENIECHHS LIMPHH 3JIEMEHTOB
PEryJsIpHOTO MHKpopenbeda Ha MOBEPXHOCTH MeETalljia IMOCNe I[BETHOW JIa3epHOit
MapKUPOBKH C IPUMEHEHUEM PA3IUYHBIX TAPAMETPOB.

MeTton cekymux pealn30BaH C MOMOIIBIO MPOrpaMMbl Sizer, MO3BOJSIOLIEH

KOMITbIOTEPU3UPOBATH OCYIIECTBICHHUE 3aMEPOB U MOITYUYEHUE PE3YJIbTATOB.
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OOpaboTKy pe3yJabTaTOB 3aMEPOB OCYIICCTBISUIM C MPUMEHEHHEM METOJIOB

MaTEMaTHYECKOM CTaTHUCTUKH. Cpez[Hee 3HAYCHUC 3aMCPOB HaAXOJWJIM COrJIaCHO

dbopmyite [31]:

X1 +..+X10
10

>
Il

(2)

rae X — 3aMep MeTauiorpaduaeckoro JIeMeHTa.

Cpennee KBaJipaTUYHOE OTKJIOHEHHUE ONIPEEIsIn o hopmyIie:

X;—X)2
o= 2T, ©

rjae N = 10 — gucio 3amMepoB.

Marematuueckyto U Tpaduyeckyro 0OpabOTKy pe3ysbTaTOB MPOBOJAUIN C
PUMEHEHUEM C MIPUMEHEHUEM MH(OPMAMOHHBIX TeXHoJorui (mporpammsl CAITP
AUTODESK INVENTOR, AUTOCAD).

JIns  [OmOJIHEHHS ~ CBEAGHMM O  MHUKPOT€OMETPUM  IOBEPXHOCTH
Pa3HOOKpAIICHHBIX 00pa3loB (ompeneneHue TIIyOMHbI HEPOBHOCTEH) MPOBOAMIN
HCCIICIOBAHUSI C TIOMOINBIO OECKOHTAKTHOTO cBeToBoro mpoduiaomerpa VICWU,
aHANM3UPYsl M300paK€HUE YPOBHEM MOBEPXHOCTH, CHOPMHUPOBAHHOE YCTPOHCTBOM
13 Habopa UHTEeP(HEPEHITMOHHBIX U300PAKEHUN.

JI1st KOHTPOJIA ¥ U3MEPEHUsS] HEPOBHOCTH MOBEPXHOCTU BBEAEH TAKOW TEPMHH
KaK II€pOXOBATOCTb.

[ITepoxoBaToCTh — MapaMeTp YYUTHIBAIOUIMI COOTHOLIEHHWE HEPOBHOCTH
MOBEPXHOCTU C OTHOCUTENIbHO HEOOJIBILIMMU IIaraMu K €JMHUYHON BEJIMYMHE JJTUHBI
(pucyHoxk 2.20).

Ha panHom pucynke mapamerp | — 3To 0a3oBas JiMHHA, Ha KOTOPOM
ornpeaenseTcs oTkiaoHeHue. [TapameTpoM M 0003HAYaCTCS CpeaHss JUHHUSL. SM u Si-
napaMeTpbl XapaKTEPU3YIOIIUE CPEJHUN IIar MECTHBIX BBICTYIIOB M HEPOBHOCTEU
npodpwiss. Himax u Himin— oTkiIoOHEHHEe MakCHMyMOB U MUHHUMYMOB OT CpPEIHCH

BenmmuuHEL [lapamerpsr himin u himin — pacctosiHre OT NSATH HAMBBICIINX ¥ HA3IINX
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MaKCHMyMOB U MUHUMYMOB, /10 TapajuieJbHON HE MepeceKarouieil npopuiib TMHUM.
Rmax —mapameTp HanOoibIIeii BEICOTHI MTPOGWIIS, yi — OTKJIOHEHUE OT JTUHUHA M, b —
pa3Mep OTpe3KOB, OTCEYEHHBIX Ha ypoBHe pP. Takum obpazom, mapamerp Rz —
SBIISIETCS. CyMMOW YCpPETHEHHBIX aOCOJIIOTHOM BBICOTHI MSITU CaMbIX OOJIBIINX
BBICTYIIOB MOBEPXHOCTU U a0CONIOTHOM TIyOMHBI MATH CaMbIX OOJIBIIUX BHAJWH B

npeaenax 0a3oBoro paccrosaus [32].
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Pucynok 2.20. — [IlepoxoBaToCcTh MOBEPXHOCTH

B paboTtax, MOCBAIICHHBIX UCCICTOBAHUSIM ONTUYCCKUX CBOMCTB B 3aBUCUMOCTH
OT MIEPOXOBATOCTU MOBEPXHOCTH, HA KOTOPYIO MAaJacT CBETOBAas BOJIHA M3y4YaUCh
COCTABJISIIOIIME COMOCTaBHUMbIE C pa3MEPUM JUIMH BOJIH. Y CTAHOBJEHO YTO
oTpaxkeHue cBeTa HOCUT Auddy3HBIA XapakTep, OH pacceuBaeTcsa IO BCEM
HalpaBJICHUSIM B CIydae HEYHNOPAIOYCHHOTO pACIIOJIONKEHUS  HEPOBHOCTEU
(EeAMHUYHBIX TIUIOMIAAO0K IepoxoBatocTh). COCTOSHHE TaKOW TIOBEPXHOCTU C
ONITUYECKOW TOUYKH 3PEHHUS XapaKTepu3yeTcs: kKak MaTtoBoe. [Ipu co HampaBieHHOCTH
CAVMHUYHBIX ILIOIMIAIOK IIIEPOXOBATOCTH BO3HUKACT HAIPaBICHHOEC OTpPaKCHHUE
CBETOBBIX BOJIH, €CIU TMOAABIIAIONIEE KOJIWYECTBO HEPOBHOCTH CO HAMPaBJICHBI
HAOJIFOTACTCs TIOBBINIEHHBIE OTPAXKATEIHHBIC XapaKTEPUCTHUKHU, CBET (POKYCUPYETCS U
HaOJII0/IaeTCsl Takoe OINTUYECKoe sBIeHUE Kak Osieck. Takum o00pazom, m0s
OTPAXEHHOTO B TJIABHOM HANpPABJICHUH CBETA TOBBIIIACTCS MPOTOPIIMOHATHHO
KOJIMYECTBY €IWHUYHBIX IUIOMIAI0OK PACIOJIOKEHHBIX OJMHAKOBO K TJIABHOMY

HaIIpaBJICHUIO.
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HccnenoBanus xapakTepa OTPaKEHHOTO OT MOBEPXHOCTEH CBeTa 3aHMMAJIKCh B
cBomx paborax P. Kubelka, F. Munk, Duntley S. u ap. [33].

[To xapakTepy OTpPa)KCHHUsS CBETA OT MOKPBITUS OTPAXKEHHBIN CBET Pa3ieisiioT Ha
3 rpyIIIel OTPasKAIOIIMX MOBEPXHOCTEH: MATOBYIO TJISTHIIEBYIO U 3epKaabHYyI0 [34].

[TokpbITHE, Y KOTOPOTO BBICOTA HEPOBHOCTEHW HE IPEBBIINIACT ITOJOBHHBI
JUTHHHBI BOJIHBI BUIUMOTO CBETA HA3BIBAIOTCS 3€PKAJIbHBIMU. [IpH MajicHHK Ha TaKyIO
MIOBEPXHOCTD CBET MPAKTHUCCKU HE PACCEUBACTCA.

[JIstHIIEBBIE MTOBEPXHOCTH B TOW MJIM MHOW CTENEHH MCKAKAIOT MaJalolIni Ha
HHUX CBET.

MaroBasi TOBEpXHOCTh HAaH0OJICe CHIIbHO UCKAXKACT MaIA0NIHil CBET, pa3OuBaeT

CT0 I10 PA3JINYHBIM HAIIPpABJICHUAM

2.6 OOopyaoBaHMe M MeTOAbl HCCJEIOBAHUS  BJIUSIHUS
pe:xKMMOB  Jia3epHOM  0o0padoTKM Ha  (a3oBBIA COCTAB W
TPEIIMHOOOPA30BaHMe B OKCHAHBIX IUICEHKaX, 00pa3ylolIuXcsd Ha

IMMOBEPXHOCTH HepmaBemmeﬁ CTaJIn

®da30BbIil COCTaB MOBEPXHOCTU M3y4aeMbIX 00pa3lOB UCCIIEI0BAIN C OMOUIBIO
yCTPOMCTBA pEHTTeHOBCKOT0 nudpakromerpa Gupmbl Rigaku (pucynok 2.21).

PenTrenoBckuii AudpakToMeTp — npudop, ONpEeAENAIONINi HHTEHCUBHOCTD U
HaIlpaBJIeHUE PEHTIC€HOBCKOTO M3IIyYEHHs, KOTOpOe NU(PparupyeT Ha HCCIETyeMOM
O00BEKTE, UMEIOLEM KPUCTAIMYECKYI0 CTPYKTYypy. OH M3MepsieT MHTEHCUBHOCTD,
HaIpaBJeHUE W3JIyYeHUs U YIibl Judpakinuu ¢ Oonbliold ToyHocThio. Ha 3TOoM
npuOope UCCIEAYIOT MOHOKPHUCTAJUIMYECKUE, MOJUKPUCTAUINYECKUE OOBEKTHI,
TEKCTYpPbl U MHOXECTBO JPYIMX BEIIECTB B PA3JIMYHBIX YCJIOBHUSX. OJTOT METOJ
VCCIICIOBAHNSI HA3bIBAETCS «PEHTTEHOBCKMU CTPYKTYPHBIM aHAIN3», TaK KaK OH
HAOMIOaeT CTPYKTYpY BEIIECTB U OOBEKTOB, Ha KOTOPBIX pacceuBaeTcs
PEHTTEHOBCKOE H3JIy4deHHEe. MeToapl PEHTTE€HOBCKOTO CTPYKTYPHOTO aHaJIn3a
pa3InyaroTca B 3aBUCMMOCTH OT CBOMCTB, COCTOSIHUSI M3y4aeMoro oopasia u oobema

noixy4yaemoit napopmarmu [35].
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Pucynoxk 2.21. — MHOTO(yHKIIMOHATBHBIN PEHTIEHOBCKUM TU(PAKTOMETP

RigakuSmartLab

[Ipy OLIEHKM OKUCHBIX IJIEHOK, UCIOJI30BAJIM METO]I aHAIN3a TOHKUX IUICHOK B
IE€OMETPUU CKOJIb3silero myyka. OOuH M3 CHocoOOB, MO3BOJSIOLIMX H30€XKATh
WHTEHCUBHOI'O CHTHAJIA OT MOJJIOKKKA U TMOJYYUTh CUJIbHBIM CHUTHANl OT IUJICHKH,
SBJIICTCSI BBINIOJIHEHHE CKAaHUPOBAHMS C (DUKCUPOBAHHBIM CKOJB3SAIIAM YTIIOM
najgeHusi. DuUKCUpPOBaHHBIM yroJi, Kak MpaBWIO, BBIOUPAETCS UYTh BBIIIE
KPUTUYECKOTO yTiia MOJHOTO OTPAXKEHUSI MaTepHralia MICHKU.

MHoro(dyHKIIMOHANBHBIN  peHTreHoBckuil  audpakromerp RigakuSmartLab
oO0beIUHWI B cebe camble TepefoBble pa3pabOTKH B 00JaCTH PEHTIC€HOBCKOM
nudpakiiy, BHICOKUH YPOBEHb aBTOMATH3allMM, a TaK K€ MOJHOCTHIO MOJYJIbHYIO
KOHCTpyKIMio. Cucrema oOcCHallleHa BEPTUKAJIbHBIM T'OHHOMETPOM BBICOKOIO
pa3peuieHus ¢ rOPU30HTAIBHO PACIOJIOXKEHHBIM CTOJOM, ONTHUKON MEPEKPECTHBIX
ayuerr (CBO ontuka), In-plane reomerpueit, 1 9 kBT ucTouHMKOM H3IydeHUS C
BpaIAIOUIUMCS aHOIOM.

JInst  w3yueHuss — BIAMSHUS ~ PEKUMOB  Jla3epHOM  00paboOTKM  Ha
TPEIMIMHOOOpA30BaHNE B OKCHUAHBIX IUICHKAX Ha TOBEPXHOCTH OOpa3IoB TMpU
yBennueHusx 10 X7000 mcnonp3oBanu 35ekTpoHHbId MUKpockonn TESCAN VEGA3
SB. DT0 CcKaHUpYIOMUA SIEKTPOHHBIA MHUKPOCKON, KOTOPBIA  COJEPKUT
TPaIUIIMOHHBINA BOJB(DPAMOBBIM TEPMOKATO| IIETUKOM YIIPABIISIEM OT MOPTATUBHOTO

KOMIIBIOTEPA. XapaKTepHBIMI/I npeuMymecTBaMm  3JICKTPOHHOIO  MHMKPOCKOIIa
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CUUTAIOTCS: OTIIMYHBIE ONTUYECKHIE Ka4eCTBa, (UKCAIHS N300PKEHHS U TIOTyUCHHE
U(PPOBOTO BHICOKOKAYECTBEHHOTO HM300paKCHHUS C 3HAYUTEILHBIM pPa3peIICHUEM,
HOBEHIINIT HHTEpdeic MPOorpaMMbl, OTPOMHBIH MOI00p (GOPMATOB MPU COXPAHCHUH
U300paKeHHUIA.

XapaKkTepUCTUKN MHOTO(YHKIIMOHAIBHOTO PEHTTEHOBCKOTO IudpakTomMeTpap

RigakuSmartLab npencrasiens! B Tabnuie 2.12.

Tabmuma 2.12. - TexHuueckue XapaKTEPUCTUKH  MHOTOQYHKIIMOHAIHLHOTO

pentreHoBckoro audpakromerpa RigakuSmartLab

XapakTepucTrka 3HayeHue
Cu, Fe, Cr, Mo, mommHuocts 1,5-2,5
PentrenoBckas Tpyoka
kBT
MowHoCTh TeHeparopa 3 kBt
I'eomeTpus roanomerpa Beprukanensii, Tera—Tera
Pannyc ronmomerpa 185-285 mm
MunumanbHbli mar 2 Tera 0,0001°
[llenn pacxoauMocTH ABromaruyeckue 10 20 mm
FOctrpoBka peHTreHOBCKOM ONTUKKA | ABTOMaTHYeCKas

2.7. O0opynoBaHMe Il M3Y4YeHHMs] BJHMSHUA  Pa3JIN4usd
TEIVIOPU3UIECKUX  XAPAKTEPUCTHK  MATEPHATIA-TIOJJIONKKH  HA
¢popMupoBaHNEe HBETOBOI0 M300pPaKEHHs HA MaTepHajie-MIOKPbITHH

npu IJIM

HccnenoBanre MOBEPXHOCTH OIBITHBIX OOpa3lloB MPOU3BOIWIN C TIOMOIIBIO
mukpockona UnionVersamed 2 (pucyHok 2.22).

JlaHHBIE MHKPOCKOI MO3BOJISIET Aenarh yBenauwdeHue oT 50 mo 1000 pas3. B
MUKpOCKoOI uHTerpupoBana porokamepa Canon EOS 5D Mark Ill. {annas xamepa
uMeeT pazMep MaTpullbl 22,3-Meranukcens, 4YTO TIO3BOJIAET MOJy4YaTh CHUMKHU

MUKPOCTPYKTYpbl 00pa3lioB BbICOKOM 4€TkocTu. J[aHHBIM ¢oroamnmapat paboraer
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COBMECTHO C TMPOTPAMMHBIM OOECTIEUYeHHEM, C TOMOIIBI KOTOPOTO CHUMKHU
BBIBOJIATCSI HAa HKpaH MOHUTOpa. JlaHHas ycTaHOBKa yJ00HAa TE€M, YTO MOKHO
peryJIMpoBaTh HACTPOMKH MHKPOCKOIIAa U OHU B PEKUME PEaTbHOTO BpEMEHHU OYIIyT
0TOOpakaThcsi HA MOHUTOPE. |51 KaTuOPOBKYM YBEIWYCHUS U TTOCTPOCHUS JTMHEHKN
Ha M300pKCHUM JaHHBIH MHKPOCKOIT KOMIUIEKTYETCS KaluOpaToOpoM, IJIACTUHOM C
HaHeceHHOM 1mkajoi. Illar manHOM mikamel cocraBiseT 10 Mxm. J[nuHaA camoi
mKaael coctaBiasieT 1 mMm. UtoOwml ompemenuTs MacmTad wu300pakeHHH, TaHHAS
IJJAaCTHHA YCTaHABIMBAETCs Mepen HeoOXOoauMoN JMH30M MuKpockomna. Co3zmaercs
dboto mikanel. B wWTOre mosy4yaroTcsi OJMHAKOBBIE pa3Mephbl KaJpoB, UTO JacT
BO3MOXXHOCTh TIEPEHECTH IIKaTy Ha H300paK€eHHWE MHUKPOCTPYKTYpPBI ISl OIIEHKH

maciTa0a [36].

Pucynok 2.22. — Mukpockon UnionVersamed 2

Wnentudukaims 1BeTOB MOJIYYCHHBIX MPHU JA3epHON 00pabOTKEe MOBEPXHOCTU
METaJUTMYECKUX TIJIACTHH C MOKPHITHEM TajbBaHUYECKOTO XpOMa MPOU3BOIMIIOCH TI0
3a)UKCHPOBAHHOMY C TIOMOIIBIO 3allMCHIBAIOIIETO ONTHYECKOTO YCTPOWCTBA
n3o0paxenuto. Oukcanus U300pakeHUsT TPOU3BOAMIACH C TOMOIIBI0 MOAYJISL Sony
IMX378 umeroniero pazmep Marpuilpl 12 meranukceneil. JlaHHbIM MOy b BCTPOEH B

MoOubHOE ycTpoiicTBoXiaomiMi 5Scobonoukoit mporpammuoro obecneueHusMIUI
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9. Monynb kKamepbl OCHAIIEeH ITU(POBON cTabMIM3aIMel 00eCIeUNBAIOIIEH BRICOKOE
Ka4eCTBO CHUMKOB. Pukcanus w300pakeHUs MPOU3BOAMIACH O] MPSIMBIM yTJIOM

IIp1u THCBHOM OCBCHICHUMU.
2.8 BbIBOABI 110 BTOPOIi Ii1aBe

1. OnpeneneHbl U MOTUBUPOBAHBI OOBEKTHI U METOJIUKHU UCCIEIOBAHUMN.

2. OcyuiecTBieH BEIOOP 000pyAOBaHUS AJi1 HAHECEHUSI [IBETOBBIX N300pasKeHHUIM
cnocoobom I[JIM Ha TOBEpXHOCTh HEpKaBEIOIIEH CTAIM M Ha XPOMHCTOE
raJbBaHUYECKOE IMOKPBHITUE, HAHECEHHOE Ha YTJIEPOJAUCTYIO CTAIIb U JIATYHb

3. C nomomipto [IJIM co3gansl 00pasiibl Uit U3y4YeHUS! BIUSTHUS:

®  MHKPOTEOMETPHUM CJIOKHOTO PETyJSIPHOrOo penbeda MOBEPXHOCTH Ha
[IBETOBOE OKpPAIIMBAHUE MPH JIA3EPHOU MAPKUPOBKE;

®  [IEPOXOBATOCTH MOBEPXHOCTHM MeTajla, OOpadOTaHHOIO JIa3epPHBIM
W3JIy4Y€HUEM, Ha €€ IBETOBOE OKpalIMBaHUE;

e  (a3oBoro cocTaBa IICHOK HA MOBEPXHOCTH MeTasuia ripu [[JIM;

e mapamerpoB I[[JIM Ha TpemmHOOOpa3oBaHME B OKHCHBIX IUICHKAX,
00pa3yIoluXxcs Ha MOBEPXHOCTH MeTalla B pe3ynbrare [IJIM;

®  BIMUSHHUS pPa3auuus TEIUIOQU3UYECKUX  XapaKTEepPUCTUK MaTepuaa-
MOJJIOKKM Ha (POPMHUPOBAHHUE IIBETOBOTO H300pa)KEHMsI HAa MaTepHayie-TIOKPHITUU

pu LIJIM.
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I'JIABA 3. ICCJIEJJOBAHUE BJIMSIHUE
MUKPOIEOMETPHH CJIOKHOI'O PET'YJISIPHOI'O
PEJIBE®A, ®PA30BOI'O COCTABA B COCTOSIHUS

OKCHJHBIX INIEHOK HA ITIOBEPXHOCTH
HEPXABEIOIIEW CTAJIA IIPU JIASEPHOH IBETHOM
MAPKHPOBKE

3.1. MuxkporeoMeTpusi CJO0KHOI0 PeryJjsipHoro peiabeda,

oOpa3syronierocsi Ha MeTaLuIM4ecKuX nmopepxHoctax npu HJIM

[Ipu nazepHOM BO3ACHCTBUU HA MOBEPXHOCTH MeTailIa (POPMUPYETCS CIOKHBIMI
nepuoandeckuii Mukpopenbed. M3 aHannza CHUMKOB, MOJYYEHHBIX C MOMOIIBIO
30HJ0BOTO  MHMKpockoma ydeHbiIMU  AHTOHOBBIM J[.H., BypueBsiMm AL A. u
bytkoBckum O.4., cienyeT, 4TO NpU MapKUPOBKE HA MOBEPXHOCTHU OOpa3yroTcs
yIIIyOJICHUS IIUPUHON Topsaka 35 MKM, BO3HHMKAIOIIUE IO BO3ACHCTBHEM JIyya
nasepa. Paccrosinue mexay 6oposnamu nopsiaka 12 mMkwm, a rioyouna 0,3...0,8 MM (B
3aBUCUMOCTH OT TOJIydeHHOro IBeTa). Kpome Toro, B pesyibTare BO3ACUCTBUS
Ja3epHOro Jiydya  oOpasyercs CIOXHBIH Mukpopenbed Boeicotorr 0.5...1.2 MKM,
SBJISIIOIIMMCS  CIEACTBUEM KumeHus MeTtawia. [lo MHEHUIO BBINICYTIOMSIHYTHIX
HccleoBaTeyield 3TO yKa3blBaeT HAa BO3MOXKHOCTH BJIUSHHS MHOTHX (DakTOpoB Ha
dbopMupoBaHHE I[BETa TOBEPXHOCTH MeTajula TIpH JIa3epHOM  MapKHUPOBKE.
CrnenmoBaTesibHO, MHUKPOT€OMETPHUSl CJIOKHOTO IMEPUOJUYECKOr0 TMOBEPXHOCTHOTO
penbeda MOXKET OKa3blBaTh 3HAYMTEIBHOC BIIMSHUE HA 3PUTEIIBHOE BOCIPHUITHE
[IBETOOOpa30BaHusl, MOJYYCHHOTO B PE3yjIbTaTe JIa3epHONW MapKUPOBKH U TpeOyeT
OoJsiee TIyOOKOro uccienoBaHus. s OLICHKM 3TOrO BJIMSHUS HYXKEH HE TOJBKO
MPUOIM3UTEIIBHO OIICHOYHBIN, HO CUCTeMHBIA moaxoi. [loaTromy mpoBeneH 1embiii
pAl  OKCOEPUMEHTOB JJIi  ONpPEACJICHHS  BIWUSHUS IIUPUHBI U TITYOUHBI

MUKPOHEPOBHOCTEH MOBEPXHOCTU, MOAU(PHUIIMPOBAHHON JIa3€pHBIM OOJIyYEHUEM C
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pa3IMYHBIMM MapaMeTpaMu, Ha BETOOOpa30BaHUE HA MOBEPXHOCTH HEpKaBEIOLICH
craym [37].

Hanuumne cnoxxHoro peryisipHoro peibeda Ha TOBEPXHOCTH CTalld B psfe
ciy4yaeB  ObUIO  3aUKCHUPOBAHO W TPU  MPOBEIECHUU  JAHHOW  pabOTHL
Meramnorpaduueckoe nzobpaxkenue ¢ ypennueHueM x200 Hamboliee XapaKTepHBIX
o0pa3loB NpeJHA3HAYEHHBIX JJIs HCCIEIOBAaHUS MUKPOTEOMETPUHM  CIIOKHOIO
peryisipHoro  penbeda  TMOBEPXHOCTH  PAa3HOOKpPAIIEHHBIX  ()parMeHToB,
pPacCIONOKEHHBIX HAa TOBEPXHOCTH HccienyeMor mactubl u3 ctanu XI18HIO0T,
npencTaBieHbl Ha pucyHke 3.1. Hymeparust o0pa3iioB U pekUMbI COOTBETCTBYIOIIEH
UM J1a3epHOM 00paOOTKHU MPEACTABICHBI B TIaBe 2.

:—W“’:T
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a - oopazery Nel; 6 — obpazer; No4; B — o6pazerr Ne7; r — obpazer; Nel0;

1 — obpaszen; Nell; e — oOpazer; Nel4; x — o6pazer; Ne40; 3 — oopazerr Ne4§;
u — oOpaser Ne53
Pucynok 3.1. — Metannorpaduueckoe n3o0paxeHne Haubosee XxapakTepHbIX

00pa3ioB npu yBeaudeHuu x200
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VY Oonblieli 4YacTH IBETHBIX (PparMeHTOB HAOMIOJaNM dYepeOoBaHHUE 30H
nazeproro BozzaeiictBus (3JIB) u 30 tepmuueckoro BiausHus (3TB). Onnaxo
perynsipubiii pensed npu x200 nHaOmoganuM HE BO Bcex ciydasx. M3ydenwe
MUKpopenbeda psga oOpas3oB OKa3aloCh HEBO3MOXKHBIM BCIEICTBUE PAa3MBITOCTU
rpanul 3JIB u 3TB. Ilpu napamerpax J1a3epHOr0 M3Iy4EHUSI CBOMCTBEHHBIX ATUM

06pa3uaM CO3aaCTCA KapTHHA, HC ITIOJICKAIlas B JAHHOM CJIy4ac aHAJIN3Yy.

3.2. Meramnorpadudeckoe muccjaeJ0BaHMe MHKPOreoMeTpHHU
pejabeda, MOJYYEHHOT0 B pe3yJbTaTe JIA3ePHOIr0 U3JIy4YeHHsl Ha

IMOBEPXHOCTH 00pa3L0B

C uenpio BBIABICHHS BIMSHUS Pa3MEpPOB METALIOTpa(UUECKUX 3JIEMEHTOB (B
naHHoM ciyvae mupuHbl 3JIB u 3TB) n3ydeHHblx 00pa3lioB Ha UX OKpallMBaHHE
npu [JIM, MerogoM cekymux OBUIM NPOBEIEHBI 3aMepbl 3THUX JJIEMEHTOB C
JNanbHEHIIe CTaTUCTUYECKOW O0Opa0OTKOM MOJyYeHHbIX pe3yapTaToB. [lomHas
TabJIMIa pe3yIbTaTOB IPE/ICTaBICHA B IPUIIOKEHUHU B.

Bce mosnyuyeHHble LBETOBBIE HM300paXKeHHs Ha MOBEPXHOCTH METAJIOB ObUIM
OLICHEHBI C MOMOIIBIO Kbl BETOB RAL M mojeneHsl Ha KOHTPACTHBIE IPYIIIBI.
s Buzyanuzauuu oOpabOTKU CTaTUCTUYECKUX JTAHHBIX ObUIM BBIOpaHbI 00pa3Lbl C
HanOoJiee SIPKUM TPOSBICHUEM TPYIIIOBOTO I[BETOBOTO OTTEHOYHOI'O MpPHU3HAKa U
cOOpaHbl B TPU KOHTPACTHBIE I'PYMIIHI.

Pe3ynbTaThl pacueToB M U3MEpPEHUW MJisi 3TUX TPEX KOHTPACTHBIX TPyNIl B
3aBUCHUMOCTH OT pa3MepOB JIEMEHTOB Ha UccaeayemMbix noBepxHoctsx (3JIB u 3TB)
C YYETOM JIOBEPUTEIBHBIX MHTEPBAJIOB U3MEPEHUI MpeacTaBieHbl B Tabiuue 3.1.

Pe3ynbTaThl yKa3pIBalOT Ha TO, YTO JJISl PA3HBIX KOHTPACTHBIX TPYII IIAPAMETP
IIEpPOXOBATOCTU SM 3HAUYKMMO (C yueToM pa3zbdpoca pe3yabTaToB 3aMEPOB) OTINYACTCA
IpYr OT JApyra. DKCIEPUMEHT IO W3YYEHHMIO WIEPOXOBATOCTH OKCHIHBIX IUICHOK
MPOBOJIWIIA Ha eaquHOM miactuHe u3 ctanu 12X18H10T, kotopas umeeT 0IMHAKOBYO

10 BCEM MOBEPXHOCTH OJMHAKOBYIO CTPYKTYPY U IIEPOXOBATOCTb.
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Tabmuma 3.1. — Pe3ynbrarhl pacueToB CpPEIHEro Ilara HEpOBHOCTEH Npoduis B

Pa3HBIX KOHTPACTHBIX I'PpyIIIax 110 8- TOUKaM HCCJICA0OBaHUA

I'pynma Cepprit aratr RAL 7038

Sm, Mxm 24,79 25,37 23,29 20,54 25,37 21,87 21,85 | 21,71

c 0,83 0,77 0,86 0,85 1,02 0,81 0,62 0,71

I'pynma ®duoneroBbrit kpacHbiii RAL 4002

Sm, Mxm 25,42 25,37 25,61 25,41 25,26 26,22 20,08 | 20,51

c 0,96 0,59 1,03 1,03 1,11 1,21 0,96 0,77

['pynma Cepsiii anTpauut RAL 7016

Sm, Mmxm 25,71 25,48 25,91 25,75 26,01 25,64 2543 | 26,21

o 1,71 0,84 0,92 0,97 0,87 0,76 0,85 0,89

[IpencraBiieHHYO uH(bOpMAITUIO B TabmuIe MOYHO HarJIsiAHO
MPOAHATM3UPOBATH HA AUArpaMMax, MPeICTaBICHHBIX HA PUCYHKE 3.2.

Kpome pacué€ra cpemHero miara HEpOBHOCTEW mNpoduiisi MpU UCCIECIOBAHUU
MUKPOT€OMETPUU  CIIO)KHOTO  PEryJsIpHOTO  penbeda  Ha  TOBEPXHOCTH
MapKUpOBaHHOTO MeTa/la Obljla H3ydyeHa TIIyOMHa HEpPOBHOCTEH mnpoduiisa c
MOMOIIIbI0 OecKOHTakTHOTO mpodmnomeTpa VICWU.,

[Tokazatenu mepoxoBaroctu (R; u R,) viccienyemMbIx MOBEPXHOCTENH U3MEPSIITU
Ha JIOMyCTUMO HEOOIBIIUX IUJIOMIAJIAX, MPU 3TOM 0a30BbIe JTUHUU BHIOMpPAIA TaKUM
o0pa3oM, 4TOOBI YYECTh BIIUSHHE BOJHOOOPA3HOCTH TMOBEPXHOCTH HA TOKAa3aTeNd
mepoxoBaTtoctu R; u R,.

Jlns uccnenoBanus mofgoOpaHbl oOpasilbl U3 TPYIIBI KPACHOTO U 3€JICHOTO
uBeToB o mkaie RAL, mojiydeHHbIE MPU HCHOJBb30BAHUM JIA3€PHOTIO HU3TYyUYCHMUS,
napaMeTpbl KOTOpOro ImpejcraBiieHbl B Tabnuie 3.2. I[logydeHHble mMapaMeTphl

IIIEPOXOBATOCTH MCCJIEIOBAHHBIX 00pa3oB mpeacTasieHbl B Taduie 3.3. [38].
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PesynbTaTbl UsMepeHUid WKpuHbl 3/1B rpynnel RAL 7038
(cepuiii arar)

@™

IIIHpHHa 30HBI JA3EPHOTO BO3IeHCTBALA,
MKM
W

O ==y . X-O

15 17 18 45 51 52
Homep odpa3zna

PesynbTaTbl U3MepeHMii WKpuHb! 3/1B rpynnbl RAL 4002
(buoneTosbIit KpacHbIiH)

2
[0

==y R0

41 [

B

w

LLinpuHa 30HbI NasepHOro BOSAENCTBUA, MKM
w
[£,]

M~
[0

3 4 5 6 12 13 33 34
Homep obpasna

PesynbTaThl USMepeHMid WupuHb! 3/1B rpynnel RAL 7016
(cepbiit aHTpayumT)

2,2 2,2 2,3
» ’ v (] —e—)X EEX-
X+0 X X-0

LLinpMHa 30HBI NasepHOro BO3AeUCTBUA, MKM

1 1,4 1,4 _— - 1.3—_'-f
1,1 ] 1
0.8

Homep o0pazna

Pucynok 28 — Pe3ynbrarsl n3mepeHuid ypuHbl 3JIB KOHTpacTHBIX TpynIl
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Tabmuma 3.2. - MapkupoBka 00pa3LoB s ONpEACNiCHUsT apaMeTpoB

IEPOXOBATOCTU
I'pynmna u user obpasua
[TapameTpsl J1a3€pHOTO U3ITYyUYECHUS
I'pynmmaRAL 3020 I'pynmaRAL 3020
KpacHBIN HACHIIIICHHbBIN 3eJICHBIHI JIUCT

f — wacroTa cnenoBanus UMIYIIBCOB, KI 1T 50 50
P — MOUTHOCTB J1a3€PHOTO U3ITYUYCHHS CPEITHSIS,

60 60
Br
L — paccTosiHEE MEX Ty IPOXOAaMH JTyda, MM 0,005 0,005
V — cKOpOCTh NPOJBUKEHUS JTyya, MM/C 400 400
N — KOJIHYeCTBO MPOXOJIOB. 1 2

Tabnuna 3.3. - Pe3ynbTaTsl U3MEpEHUS MIEPOXOBATOCTH 00PA3IIOB

[TapameTp mepoxoBaTOCTH NOBEPXHOCTU, MKM
I'pynna u uBer obpasua
Ra RZ
I'pynnaRAL 3020 3enenslii et 0,261 0,001 3,063 +£0,393
I'pynmmaRAL 3020 kpacHsrii
. 0,167 + 0,002 1,870 + 0,247
HACHIICHHBIN

[Ipodunorpamma MCCIEOBAHHBIX YYacCTKOB TMOBEPXHOCTH HCCIEAyEMOU

O6J'IaCTI/I, MMOoJIy4CHHaA OCCKOHTAKTHBIM MCTOAOM INIPCACTABJICHA Ha PUCYHKC 3.3.

Pucynok 3.3. — IIpoduiiorpamma nmoBepxHOCTH UCCIEIYyEMOM 00IacTu
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[Toka3aHo, 4TO U3MEHEHHE MOKAa3aTeIel IIEPOXOBATOCTH MOBEPXHOCTH Ry M
R; B 1,5 pasa BciencTBue M3MEHEHHS PEeKHUMa JIa3epHON 00paOOTKH TTOBEPXHOCTH,
U3MEHSET OKpalllMBaHUE MOBEPXHOCTHU (B JAHHOM CiIy4yae UMEIOT MECTO KpaCHBIM U
3CJICHBIN 1IBETA).

HccnenoBaHusi peryisipHbIX penbeoB IMOBEPXHOCTH, OOpa3yrloUIMXCs B
pe3ynbTare Ja3epHOM MAPKUPOBKHU C Pa3IMYHBIMU [apaMeTpaMu, OKa3aau BIUSHHUE
MUKPOTEOMETPHUH 3TUX PEIbeOB HA 3pUTEIHLHOE BOCIIPHUITHE OKPAIIMBAHUA.

Oro mnoxarBepxkaaer runoresy AHToHOBBIM JIH. u 1p. o Tom, uTO
UACHTUQUKALMS ~ C TIOMOIIBIO 3pEHUsl I[BETOB Ha IOBEPXHOCTH METAJUIOB,
00pabOTaHHBIX Ja3€pHbIM HU3IYYEHHEM, CBA3aHA HE TOJIbKO C HMHTepdepeHuuend B
TOHKUX IUIEHKAaX, HO U MOXET OBbITh pPE3yJbTaTOM BIMSHUSA JPYruX (HaKTOpOB
(manpumep — nudpakuun). Takum 00pa3oM, yCTaHOBJIEHO BIMSIHUE MUKPOT€OMETPUN
NOBEPXHOCTH, KaK OJHOrO U3 (aKTOPOB, ONPEAECISIOUMX 3PUTEIBHOE BOCHPUATHE
LBETOBOTO  HM300pa)K€HUs, TMOJIYYEHHOr0 IMPU MAPKHUPOBKE METAJUIMYECKOU
MTOBEPXHOCTH.

B nmoatBepkneHHE BBIIEU3IOKEHHOTO IPOBEIEHO MeTauiorpapuieckoe
uccienoBanue npu ypennueHun X200 o0pa3nos, nodydeHHbIX npu pexxkumax LIJIM c
pa3MyYHBIM paccTosiHMEM L Mexay mpoxoiamu Jiyda U pa3iMuHbIM KOJIUYECTBOM
npoxooB ayda N (tadbmuna 3.4.) [38].

HccnenoBanre TmoKazajio, 4YTO Ha TMOBEPXHOCTH HEPXKABEIOIIEH CTald
c(OpMUPOBAHBI pa3IMUHble KOHTPACTHBIE TPYMIbI, COOTBETCTBYIOIIME 3aJaHHBIM
peXUMaM C XOPOILIO Pa3IuYMMON pa3HUIEH B MUKpOTe€OMETpUH penbeda (Tadnuia
3.5, pucyHok 3.4).

OTO MOIATBEPkKAAECT TUIIOTE3Y, BbICKa3aHHY!0 AHTOHOBbIM J[.H. m ap. o Tom,
YTO BU3YaJIbHOE IIBETOOOPA30BAaHUE CBSI3AHO HE TOJBKO C SIBJICHUEM I1IBETOB
no0exallocTh W HHTepdepeHIred B TOHKHUX IUJICHKAX, HO W MOXET SBJIATHCA
pe3ynbraToM Audpakuuu. Takum 00pa3oM, yCTAaHOBICHO BIMSIHUE MUKPOTEOMETPHUH

IMOBCPXHOCTH, KaK OJHOI0 M3 Q)aKTOpOB, OIIpCACIIAIOINX 3PUTCIBHOC BOCIIPHUATHC
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IIBETOBOT'O

MOBEPXHOCTH.

U300pakeHus,

ITOJIy4YE€HHOTO

pu

MapKHUPOBKE

METAJUTUYECKOM

Tabnuua 3.4. - [TapameTpsl JIa3epHOTO U3TYUYEHHUS, UCTIOJIb30BAHHBIC JIJISl MOTYYEHUS

ONpPENENICHHbIX  KOHTpacTHbix rpymn RAL ¢ memsto  mpoBeneHus
MeTaiorpaduieckoro uccienoBanus oopasios u3 ctanu 12X18HI10T
['pynma u et obpasma
Hapavierpet naseprioro RAL6025 | RAL6012 | RAL 1004 | RAL 2001
M3y Henus 3eeHbii UYepno- 30710THCTO- Kpacno-
[IalIOPOTHUK 3€JICHBIN JKENTBIN OpaH’KEBBIN
f —gacrora CJICA0OBaHUA
50 20 100 100
MMITYJIbCOB, K[ 1T
P — MouiHOCTB 1a3€pHOTO
60 35 80 80
HU3JITYyYCHUs CpCaAHAA, Bt
L - pPacCTOAHNUE MCIKIAY
0,005 0,01 0,03 0,005
MpOXOJaMHU JIyda, MM
V — cKOpOCTh IPOABUKEHUS
500 300 300 400
ayda, MM/C
N — KOIM4EeCTBO NPOXOJI0B 2 1 1 1

Tabnuna 3.5. — PesynbTars! u3mepennii u pacuetoB mupunsl 3JIB u 3TB

Ne o6pazna 3JIB 3TB
X o X o
RAL 6025 3eneHbrii marmopoTHUK 2,262 0,059 35,997 0,811
RAL 6012 YepHo-3eneHbrit 4,803 0,343 33,185 0,396
3 RAL 1004 30510THCTO-KEITHIN 4,156 0,215 34,821 0,444
RAL 2001 KpacHo-opaHxeBbIit 3,309 0,187 34,502 0,393

HpOBCI{GHHOG HCCICOAO0BAHHUC IIOKA3aJI0 BJIMAHHUC MHKPOICOMCTPHH CJIOZKHOI'O

peryJyisipHoro  penbeda

NIOBEPXHOCTH,

c(hOpMUPOBAHHOTO

IBETOOOPa30BaHNE HA TOBEPXHOCTU HEPKABCIOIIEH CTaIH.
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B mammHOCTpOGHMM  H3Iy4yarTeslb Ja3epHOrO0  Jyda COBMEIIAOT C
pOOOTH3UPOBAHHBIMUA YCTAHOBKAMH, HAHECEHUS MAapKUPOBKH Ha TOBEPXHOCTAX C
pas3nuyHOM reoMeTpuyeckoi popmoii. CKOpOCTh HAHECEHHUs MAPKUPOBKU MO3BOJISIET
IIPUMEHSTH JAHHBIM METOJ B IIOTOKE TEXHOJOTMYECKOTO IIPOLECCa IPOU3BOJCTBA
KY30BHBIX DJIEMEHTOB. [l IPUMEHEHUS 3TUX BO3MOKHOCTEU OINPEAEICHBI PEKUMBI
JA36€pHOTO0 H3JIYYEHHsS [ TEPMUYECKOIO BO3JAEHUCTBUA HaA I[OBEPXHOCTH CTaNIU
12X18H10T npu mojy4eHHH LBETOB, COOTBETCTBYIOIIUX PSIIYy KOHTPACTHBIX TPYIII
no mkane RAL Ha MOBEPXHOCTSAX W3 CTAJIM U YCTAHOBJICHHBIE PEKHUMBI JIA3EPHOU
00paboTKK TO3BOJIAIONINE M30€KaTh MOSIBICHWE TPEIIMH B OKCHJHBIX IUICHKaxX Ha

noBepxHoctu ctanmu 12X18HI0T.

B)

a — obpaser 3enensii manopotHuk (rpymma RAL 6025); 6 — obpazen; KpacHo-
opamxeBbiii (rpymmna RAL 2001); B — oOpasen; UepHo-3enensiii (rpynna RAL 6012);
r — obpa3serr 3osoTrCcTO-)KenThIk (Tpymma RAL 1004)

Pucynok 3.4. — CTpykTypa NOBEpXHOCTH pa3HOOKpaLIeHHbIX 00pa3uoB. X200
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3.3. Pe3yabTarbl Ka4eCTBEHHOI0 PEHTIeHOCHEKTPAJbHOIO
aHAJIM3a TOBEPXHOCTH CTAJHU, O00padOTAaHHOW Ja3epHbIM

H3JIYYCHUEM

B mHacTosmee BpeMs HET €IWHOTO MHEHHS O ()a30BOM COCTaBE OKCHJIHBIX
IJICHOK, OOpa3yIoImMXCs Ha IMOBEPXHOCTH METAIIOB B pe3yJibTaTe Ja3epHOU
00paboTKH, Jaxe ISl UICHTUYHO OKPAIICHHBIX Ha MOBEPXHOCTHU OJHOTO MeETajlia.
[ToaToMy ompeneneHne COOTBETCTBUS (ha30BOTO COCTaBa OKCHUIHBIX TUICHOK
OTIPEJICTICHHOMY I[BETOOOPA30BaHUIO MPEACTABISET M HAYYHBIM M MPaKTUYECKHM
untepec [39].

@®a30BbIil COCTAaB MOBEPXHOCTH 00pA3L0B U3YyYalIH, UCIOJIb3Ys PEHTT€HOBCKUIA
mudpakromerp Rigaku cmocoboM aHanmmM3a TOHKUMX IUIGHOK B T'€OMETPHUHU
CKOJIB3AIIETO MMydKa. VcciemoBanne IpoBOIMIM Ha 00pasiax 3elIeHbI MarmopOTHUK
(rpynna RAL 6025); KpacHo-opamxkessiii (rpynma RAL 2001); UYepHo-3eneHblit
(rpynma  RAL 6012); 3omotucro-xentoiii (rpymnma RAL 1004). Ilapametpsi
Ja3epHOTO H3JIYUYCHUS, UCIIOIB30BAHHBIC TSl TTOYUYCHHUS 3TUX KOHTPACTHBIX TPYIII
RAL.

Taxke mpakTHYEeCKOe 3HAYEHHWE MMEET W YHUCTO MEXaHWYECKOE COCTOSHUE
OKCUJHOW TIJICHKH: €€ KauyeCTBO TeM CTaOWJIbHEe, YeM BBINIE €€ CIUIONIHOCTh. B
paboTe  TpeanpuHSATAa  TOMbITKA  BBISBICHUS  (AKTOPOB,  BIUSIOMIUX  HA
TPEIMIMHOOOpa30BaHNE B OKCUAHBIX TUICHKAX MPH Ja3epHOU MapKHPOBKE.

@da30BbIl U1 XUMHYECKUN COCTaB MOBEPXHOCTH Pa3HOOKPAIIEHHBIX 00pa3IioB
W3y4alid, WMCIOJIb3ys pPEHTreHoBckuil mudpakromerp Rigaku, merogom ananmza
TOHKHX TUICHOK B TE€OMETPHUHM CKOJB3SIIEr0 ITy4dKa. Pe3ynbTaThl HCCICIOBAHUS

npejcTaBicHbl B Tabmuiax 3.6. — 3.9 u Ha pucynkax 3.5.-3.8).
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Tabnuua 3.6. — Pe3ynbTaThl KaueCTBEHHOI'O aHANIM3a MPH U3YYEHHHM MOBEPXHOCTH

oOpa3sia 1BeTa «3eJaeHbli nanopoTHuk» (rpynmna RAL 6025)

. DB card Content
Phase name | Formula | Space group Phase reg. Detail number %)
. . 123: ICDD
Tetrataenite | Fe Ni Y — (PDF-2/Release 2012 RDB) 01-071-8321 | 29.0(4)
227. ICDD
Magnetite | Fe304 | Fd- _ (PDF-2/Release 2012 RDB) 01-076-7165 | 56.1(13)
3m,choice-2
229: ICDD
Iron, syn | Fe Im-3m (PDF-2/Release 2012 RDB) | 010870722 1 15.0(5)

800

400

Intensity ( cps)

200

Pl )

Mezs datzgteshT_I-Theta ——
BG datstesty 2-Theta
Calo ostasieshT_2-Thets ——

20

40 L] 20

2-theta (deg)

100

Pucynox 3.5. — I'paduaeckue pe3ynbTaThl KAYECTBEHHOTO aHAIM3a MTPU U3YICHHUH

MOBEPXHOCTH o0paslia 1BeTa «3eyieHbIi nanopoTHUK» (rpymma RAL 6025)

Tabnumna 3.7. — Pe3ynbpTaThl Ka4eCTBEHHOTO aHAIM3a MPU W3YYCHHH MOBEPXHOCTH

oOpasia 1seta Kpacno-opanxkessiii (rpynmna RAL 2001)

. DB card
0,
Phase Space group Phase reg. detail number Content (%)
: Era ICDD (PDF-2/Release e
(Fe CrNi) 225:Fm-3m 2012 RDB) 01-071-7594 | 52(2)
Ni0.4 Fe2.6 04 | 227:Fd-3m,choice-2 | |CDD (PDF-2/Release | 41 g7 5335 | 39 6(10)
2012 RDB)
Fe 229:Im-3m ICDD (PDF-2/Release | o1 71.3763 | 8.5(17)
2012 RDB)
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10004 Mess damsieel-d 2-Thela ——
BC datzsiesHd 2Thes  ——
Czlc oZtastestd 2-Then ——

2004

200

Intensity [ cps)

400

2 theta {deg)

]
Pucynok 3.6. — ['paduyeckue pe3ynbTaTbl KAUECTBEHHOTO aHAJIN3a IPU U3YUEHUU
noBepxHocTu oOpasziua usera KpacHo-opanxkessiii (rpynmna RAL 2001)

Ta6J'II/IHa 3.8. — PGSYJIBTaTBI Ka4YCCTBCHHOI'O aHaJIN3ad IIPpU H3YYCHHUHU INTOBCPXHOCTHU

oOpasua nBera YUepHo-3enensiit (rpymnmna RAL 6012)

Phase Formula Space group Phase reg. detail DB card Content (%)
name number
Chromium i ) ICDD (PDF-2/
Nickel (CrNi) | 225:Fm-3m Release 2012 RDB) 01-071-7594 | 83.2(3)
Magnetite, | Fe 227: ICDD (PDF-2/ N7E.
syn (Fe2 O4) | Fd-3m,choice-2 | Release 2012 RDB) 01-075-9710 | 14.8(3)
Iron Fe 229:1m-3m ICDD (PDF-2/ 01-071-3763 | 2.0(5)

Release 2012 RDB)

Mezs datasteeHld 2-Thela ——
BG datasieaH0_2-Thela e
Gk dazdeal-10_2-Thela ——

1000

Intensity { cps)

500

20 4 80 80 100
2-theta (deg)

Pucynok 3.7. — I'paduueckue pe3yabTaThl KAU€CTBEHHOTO aHaIM3a IPU U3YYCHUU

MOBEPXHOCTHU oOpasia 1Beta UepHo-3enensriii (rpymnmna RAL 6012)
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Tabnuna 3.9. — Pe3ynbpTaThl Ka4eCTBEHHOTO aHAIN3A MPU U3yUYE€HUH MTOBEPXHOCTH

oOpasia nBeta 3010TUCTO-KeNThIi (rpymna RAL 1004)

20

P 20
2-theta (deg)

100

Phase name | Formula Space Phase reg. detail DB card Content
group number (%)
Chromium . 225: ICDD (PDF-2/Release
Nickel CrND) |2 oo RDB) 01-071-7594 | 83.1(2)
229: ICDD (PDF-2/Release
Iron, syn Fe Im-3m 2012 RDB) 01-087-0722 3.8(3)
iron diiron(111) ) i
oxide, Fe30a |20 ICDD (PDF-2/Release | 1 76 0956 | 13.1(4)
i Pmca 2012 RDB)
Magnetite
QM o JL JJ’\

Pucynox 3.8. — I'paduaeckue Pe3yabTaThl KaueCTBEHHOTO aHAIW3A MPU U3YUCHUN

MOBEPXHOCTU 00pa3iia uBeTa 30J10TUCTO-)enThli (rpynna RAL 1004)

Ha pucynke 3.9. mokazaHa MUKpPOCTpPYKTypa oOpasia IBeTa «3eJIeHbIN

IMarmoOpOTHUK»

(rpynmma RAL 6025) ¢ pacnojokeHHeM TOUYeK UCCIeIOBaHUS

MOBEPXHOCTHU 00Opa3slia.

Pucynok 35 — MukpocTtpykTypa oOpasiia 1BeTa «3eJeHbli ManopoOTHUKY (TPpyTIna

RAL 6025) ¢ pacmonoxeHneM ToueK UCCIISOBAaHUS TOBEPXHOCTH 00pasia
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Ha pucynke 3.10 mnokazaHa coekTporpaMMa XHMHYECKOTO

cocTraBa
uccienyeMbix Touek NeNe S1 — S7, nccinegyemoro obpasa.

Ws
Wt% o

Fe 601 2

o 175

Cr

Pucynok 3.10. — CriekTporpaMma XMMHYECKOTO COCTaBa UCCISAyeMbIX Touek NeS1-

S7 npu u3yueHuM MOBEPXHOCTH 00pa3iia 1BeTa «3eJIeHbII ManopoTHUK (rpymmna

RAL 6025)
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Jlanee B paboTe mpeacTaBlieHbl pe3yJbTaThl Kaue€CTBEHHOTO aHajiu3a Mpu
M3YYEHUU MOBEPXHOCTU 00pasna uBera «3eieHblid manopoTHHK» (rpynma RAL
6025). XumMuueckuii coctaB CeMH TOUYEK MCCIIEA0BAaHUS MIOBEPXHOCTH oOpa3la 1BETa

«3enenplil manopotHuk» (rpynma RAL 6025) nmpencrasien B Tabnuiie 23.

Tadomuma 3.10. — Xumuueckuii coctaB B % WT u B % AT Touek ucclienoBaHUsA

MOBEPXHOCTHU o0paslia 1iBeTa «3esieHbli manopoTHUK» (rpynma RAL 6025)

Total table % wWT
CunekrpaabHasi
O Al | Si K Ca | Cr |[Mn| Fe | Co| Ni | Total
TO4YKa
S1 15.68 0.26 | 15.33 | 0.73 | 61.28 6.72 | 100
S2 17.08 0.15 0.22 | 15.4 | 0.59 | 60.09 6.46 | 100
S3 19.92 16.47 | 0.7 | 56.41 | 0.5 | 6.03 | 100
S4 1975 1.2 | 181 | 0.18 1493 | 0.84 | 55.35 5.94 | 100
S5 20.21 0.16 16.59 | 0.72 | 56.69 5.62 | 100
S6 19.34 16.24 | 0.54 | 57.59 6.29 | 100
S7 17.45 0.22 14.71 | 0.55 | 60.09 6.98 | 100
Total table % AT
CnekTpajbHas ] _
O Al Si K Ca | Cr |[Mn| Fe | Co| Ni | Total
TOYKA
S1 39.09 0.26 | 11.76 | 0.53 | 43.78 457 | 100
S2 41.51 0.21 0.22 | 1152 | 042 | 41.84 428 | 100
S3 46.19 1175|047 | 3748 | 0.3 | 3.81 | 100
S4 45.01 |1.62| 2.36 | 0.16 10.47 | 0.56 | 36.13 3.69 | 100
S5 46.58 0.22 11.76 | 0.48 | 37.43 3.53 | 100
S6 45.29 11.7 | 0.37 | 38.63 4,01 | 100
S7 42.18 0.3 10.94 | 0.39 | 41.6 4.6 100

Ha pucynke 3.11 mnokazana MUKpoCcTpykTypa oOpasma mBeta KpacHo-
opamwxkeBbli (rpynnma RAL 2001) u pacnosiokeHue TOYEK HCCIECIOBaHUS Ha
noBepxHocTu ctanmu. Ha pucynke 3.12 mpencraBiieHa CrieKTporpaMma XUMHUYECKOTO
coctaBa Touek Ne S1 — S8 npu u3ydennn noBepxHocTH odpasia KpacHo-opaHkeBbIii

(rpynma RAL 2001).
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Pucynok 3.11. — MukpocTpykTypa obOpasna nBeta KpacHo-opanxeBblii

(rpynma RAL 2001)

XHUMHUYECKUH COCTaB TOYEK HCCICAOBaHNUA IIOBCPXHOCTHU 06pa311a OBCTa

KpacHo-opamxessrii (rpymma RAL 2001) npencraBnen B Tabnwume 3.11.

Taomuma 3.11 - Xumnuecknii coctaB B % WTu B % AT Touek wucciemnoBaHus

noBepxHocTu odpasna Kpacno-opankessiit (rpynma RAL 2001)

Total table % WT.
Cnextpanbhas O Si S \Y Cr Mn Fe Ni Total
TOYKAa
S1 6.81 | 0.37 13.73 | 0.64 | 69.83 8.61 100
S2 4.62 | 0.37 14.86 | 0.64 | 70.93 8.58 100
S3 5.53 | 0.35]0.28 15.43 | 0.87 | 69.25 8.29 100
S4 7.3 |0.37]0.25 16.53 | 0.93 | 66.73 7.88 100
S5 16.5 0.18 | 18.67 | 0.57 | 56.37 7.73 100
S6 15.8 | 0.28 17.9 | 0.83 | 58.41 6.78 100
S7 16.49 19.01 | 0.85 | 57.16 6.49 100
S8 18.2 20.5 | 0.82 | 54.06 6.42 100
Total table % AT
Cne':gli?ﬂaﬂ @] Al Si K Ca Cr Mn Fe | Co| Ni | Total
S1 39.09 0.26 | 11.76 | 0.53 | 43.78 457 | 100
S2 41.51 0.21 0.22 | 1152 | 042 |41.84 428 | 100
S3 46.19 11.75 | 0.47 |37.48 0.3 |3.81| 100
S4 45.01 | 1.62 | 2.36 | 0.16 10.47 | 0.56 | 36.13 3.69 | 100
SH 46.58 0.22 11.76 | 0.48 | 37.43 3.53 | 100
S6 45.29 11.7 | 0.37 | 38.63 4,01 | 100
S7 42.18 0.3 10.94 | 0.39 | 41.6 4.6 100
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Pucynok 3.12. — Cnektporpamma xummuueckoro cocraa Touek NeS1-S8 npu

M3YyUYeHUH MOBEpXHOCTU 00pa3ia KpacHo-opanxkesiil (rpynmna RAL 2001)
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Ha pucynke 3.13 mokazaHa MHUKpOCTPYKTypa oOpasia npeta YepHo-3eIeHBIN

(rpynma RAL 6012) u pacmnonokeHue TO4eK MCCIICAOBaHUS Ha MOBEPXHOCTU CTAJIH.

Ha pucynke 3.14 cnektporpaMmbl XuMudeckoro cocraBa Touek Ne S1- S7 obpasia

Yepuo-3enenwrii (rpynma RAL 6012). Xwumudecknid cOCTaB TOYECK HCCIICTOBAHHS

npejcTaBlieH B Tabyuie 3.12.

50pm

Pucynok 3.13. — MukpocTtpyktypa obpasua nsera YepHo-3enensiii (rpynmna RAL

6012) u pacmoyiokeHHue TOYEK UCCIISOBaHUS Ha TTIOBEPXHOCTH CTAIH

abimna 3.12. - Xumuyeckuid coctaB B % uB % TOYEK HCCIEAOBaHUSA
Tab 312. - X % WT % AT

noBepxHocTu obOpasua YepHo-3enenslii (rpymnmna RAL 6012)

Total table % WT

Crnexrpannnas o) F Na Al Si cl K | cr | Mn |Total
TOYKA
S1 4.16 0.4 1755| 0.8 | 100
52 4.92 1816 | 1 | 100
S3 4.2 131 | 0.88 031 | 07 | 044 |17.44| 07 | 100
S4 4.18 0.36 1765| 1 | 100
S5 3.92 0.37 1751 1 | 100
S6 3.95 023 | 0.3 1722 09 | 100
S7 4.47 0.37 1737 1 | 100
Total table % AT
Cnexrpambmast | | £ | Na | Al | si|cl | K| cr [Mn| Fe | Ni | Total
TOYKA
S1 13.01 0.71 1688 | 0.7 | 61.9 | 676 | 100
S2 15.16 1723 09| 60.6 | 6.15| 100
S3 12.64 |3.31|185 053 | 094 | 054 | 16.13| 06 | 576 | 589 | 100
sS4 13.06 0.64 1697 | 09| 61.9 | 661 | 100
S5 12.33 0.67 1693 |09 | 624 | 672 | 100
S6 12.4 0.42 | 0.53 1662 | 08 | 62.3 | 6.96 | 100
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Pucynok 3.14. — CniektporpaMma XMMHYECKOT'O COCTaBa nuccienyemMbix TouekNe S1-

S7 npu u3ydeHun nmoBepxHocT odpasiia UepHo-3enensrii (rpynna RAL 6012)
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Ha pucynke 3.15 mokazana MHUKpPOCTPyKTypa oOpaslia ImBeTa 30JOTHCTO-
xenteiid (rpynma RAL 1004) u pacmonokeHue TOYeK HCCIIeJOBaHUs Ha TIOBEPXHOCTH
ctanu. Ha pucynke 3.16 mpeacTtaBieHbl CHEKTPOrpaMMbl XMMHYECKOTO COCTaBa
touek Ne S1- S8. Xummueckuii cOCTaB TOUEK MCCIIEIOBAHUS MMOBEPXHOCTH 0o0Opasia

neeTa 3os0TrcTo-KenThii (Tpynmna RAL 1004) npencrasiieH B Tadmure 3.13.

S50um

Pucynox 3.15. — MukpocTpykTypa oOpasiia 1seta 30JI0TUCTO-KeThIN (Tpymnma RAL

1004) u pacroyio’keHUe TOUEK UCCIICTOBAHMS Ha TIOBEPXHOCTH CTAJIN

Tabmuna 3.13. - Xumunueckuii coctaB B % WT u B % AT. Touek HcciieqoBaHUs

MOBEPXHOCTH 00pasia 3omoTrcTo-x)enThii (rpynma RAL 1004)

Total table %WT

Spfggeﬁm o | F|INa|A |si| s |cal cr | Mn| Fe | Ni | Total
s1 2.39 0.21 | 0.44 1808 | 1.1 | 69.5 | 8.27 | 100
52 3.29 0.52 1821 | 11 | 69 |7.84| 100
53 254 | 16 0.44 1755 | 09 | 69.2 | 7.78 | 100
sS4 214 0.39 | 017 1807 | 1 | 704 |7.82| 100
S5 248 0.56 1804 | 1 | 69.7 |817| 100
S6 2.28 0.45 1828 | 1 | 70 | 8 | 100
57 3.5 0.58 0.47 0.15| 17.89 | 0.9 | 68.6 | 7.86 | 100
S8 295 0.5 17.99 | 09 | 69.8 | 7.89| 100

Total table% AT

Splfgge‘;m o | F|lNa|A|si| s |cal cr |Mn]| Fe| Ni|Total
S1 7.76 0.41 | 081 1805 | 1 | 647 |7.32| 100
s2 | 1046 0.94 1783 | 1 | 629 | 6.8 | 100
3 8.01 | 4.24 0.78 1701 | 0.9 | 62.4 | 6.68| 100
sS4 6.99 0.72 | 0.28 1817 | 1 | 65.9 |6.97 | 100
S5 8.03 1.03 1799 | 1 | 648 |7.22| 100
S6 7.45 0.83 1833 | 1 | 653|711 100
s7 | 11.06 1.26 0.84 019 173 | 09 | 617 | 6.74| 100
S8 9.47 0.92 1776 | 0.8 | 641 | 6.9 | 100
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Pucynox 3.16. — CiekTporpaMma XUMHYECKOTO COCTaBa UCCIEAYEMbBIX TOUEK
Ne S1 — S8 npu n3yueHnn MoOBEpXHOCTH 00pasia mBeTa 30J0THCTO-)KEIIThIH

(rpymma RAL 1004)
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Htorosnie PE3yJIbTaThI (I)aBOBOFO aHalin3a ITOBCPXHOCTHBIX IIJICHOK,
HOJ'Iy‘-ICHHBIﬁ B PE3YyJbTAaTC IMPOBCACHUA JAHHOI'O MCCICAOBAHHA, IMPCIACTABJICHLI B

tabmurte 3.14.

Tabmuma 3.14. — Pesymprarel (ha30BOro aHagmM3a TMOBEPXHOCTHBIX TUICHOK

pa3HOOKpalIeHHbIX 00pa31ioB u3 ctaau 12X18H10T

®da3bl MaccoBas 10, %

3enensiil manopoTHUk (rpynmna RAL 6025)

Tsepapriit pactBop FeNi 29,0
Fe;0, 56,1
Kpacho-opanxesslii (rpynmna RAL 2001)
Tsepaprit pactBop (FECrNi) 52
NiO4Fe36-O4 39,6
Yepno-3enensii (rpynma RAL 6012)
Tsepaptit pactBop (CrNi) 83,2
FeO-Fe;03 14,8
3onotrcto-xenthii (rpymma RAL 1004)
Tsepaptit pactBop (CrNi) 83,1
FesO4 13,1

KauecTBenHblil (ha30BbIN aHAIN3 OKCHUIHBIX IJICHOK HA MOBEPXHOCTHU CTaJU
12X18H10T, mokazan namuuue okuciioB xkene3a (FesOs) m mukems (NiO4). Kpome
TOTO, HAOJIOMATM TBEPABIA PACTBOP XpoMa M HHUKEIS B JKeje3e. DTH DIEMEHTHI
o0nagaroT  ONM3KMMHM  KPUCTAUIOXMMUYECKMMU  MapaMeTpaMHu. MoxxHo
MPEANOJIOKUTh TAKKE HAIMYAE HA TIOBEPXHOCTH OOpaslloB 3alIUTHOW OKCHIHOU
IJIEHKW XpoMa, KoTopas He Obla 3a)MKCUPOBaHa M3-3a OUYE€Hb MaJIOW TOJIIIUHBI, HO B
JAHHOM CJydYae JIOJDKHa TMPUCYTCTBOBaThb, TaK KaK CoOJIepKaHHEe XpoMma B
ucciaenyeMoit cramu BechbMa Benuko (18 %). Pexxum nazepHOTO H3IydYeHUS TPH
KOTOPOM B OPAHKEBO-KPACHBIX OKCHJHBIX IUICHKaX Ha TOBEPXHOCTH CTaJH

12X18H10T o6pazyrorcs 3amuTtHble HaHouacTHIIBI cocTaBa NiOsFe; 6-Oq:
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f —gacTora cirenoBanus umitysibcoB - 100 xI;

P — MomHOCTE 1a3epHOTO N3nydeHusa cpeanss - 80 Br;

L — paccrosinne Mexay npoxojaamu jyda -- 0,005 mMm;

V — ckopocTs npoasmwkenus ayda — 400 Mmm/c;

N — KoIM4ecTBO MPOoxoa0B — 1.

C u3MeHeHueM OKpallluBaHUs TUICHOK B 3HAYMTEIILHOM CTENEHU H3MEHSETCS
MaccoBas A0Js ¢a3, HaAmpuUMEp OKUCIOB Keleza: OT 56 % B ImiIeHkax oOpasma
«3enenplii manopotHuk» (rpymma RAL 6025) mo 13,1 % B mnenkax oOpasia
3osaorucTo-xentoiid (rpymma RAL 1004) [39].

HccnepoBanne TpenuHOOOpa3oBaHUs B IJIEHKAX, OOpa30BaBIIMXCSA Ha
noBepxHocTH cranu 12X18HIO0T npu mapkupoBKE € pa3iaM4HBIMU IapaMeTpaMu
nposeaeHo npu ysennueHuu x1000, x3000, x7000.

[Ipy oTiaMuaroluxcs MapamMeTpax JIa3epHOro M3Iy4YeHHs CcPopMUpOBaHa
pasnuyHasi CTpYKTypa OKCUIHBIX IJIEHOK Ha MOBEPXHOCTU MCCIEIOBAaHHBIX 00pa3IoB
3 crann 12X18HI10T. Ckanupyromas 3J€KTpOHHAs MHUKPOCKOMMS MHpPU OOJBLINX
YBEIMYECHMAX II0Ka3aja, YTO MPU Pa3IMYHBIX [apaMeTpax JAa3epHOro HU3IyYEHHUS
KaueCTBO OKCUHBIX MJIEHOK OTIMYAETCS C TOUKU 3pEHUs TpeMHoo0pa3oBanus. [lpu
psaae pPEeXHMOB JTa3€pHOTO U3JIyYEHUS B OKCHUIHBIX IUIGHKaX HaOIroaaIu
oOpa3oBaHME TpELIMH, HaumOoJee OYEeBHJIHO 3a(PUKCUPOBAHHBIX JIMLIb TPHU
yBenmueHnu X7000. @opmMupoBaHUE CETKH TPEIIMH B OKHCHBIX IUIEHKAX HE MOXKET
HE CHU3UTh KaYECTBO HAHOCUMOM J1a3€PHON MapKUPOBKHU.

MukpocTpykTypa oOpasua «3eneHblii manopoTHuk» (rpymmna RAL 6025)
npejacTaBiieHa Ha pucyHke 3.17, a pexxum JiazepHoi 00pabOTKH MPUBENICH HUXKE:

— yacToTa uMIyiabcoB F= S0kIi;

- MOIIHOCTB u3iyueHust P = 60BT;

— paccrosinne mexay pactpamu L — 0,005mm;

- CKOPOCTH TIpoiBkeHus yda V = 500MM/cexk;

— yucio npoxooB N = 2.
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Pucynoxk 3.17. — MUKpoCTpyKTypa MOBEpPXHOCTH 00pa3ia «3eJeHbIi MarnopOTHUK
(rpynma RAL 6025) mpu yBenuuenusix x1000, x3000 u x7000

MukpocTtpykTtypa obOpasna «KpacHo-opamxkeBwlity (rpymma RAL  2001)
IIpe/ICTaBIICHa Ha pUCYHKe 3.18, a pekum J1azepHoi 00paOOTKH MPUBEICH HUKE:

- yacTota uMiyiabcoB F= 100kI 1;

— MOITHOCTH u3nydeHusi P = 80BT;

— paccrosaue mexay pactpamu L — 0,005mm;

- CKOpOCTb npoaBmkenus jiyda V = 400mm/cex;

— yucio mpoxoaoB N =1

Pucynox 3.18. — MukpocTpyKTypa moBepxXHOCTH 00pa3ia «KpacHO-opaHKeBbIi»

(rpynma RAL 2001) npu yBenmmuenusix x1000, x3000 u x7000
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MuxkpocTpykTypa mHoBepXHOCTH oOpasua «YepHo-zenensiity (rpymma RAL
6012) npu yBenumuenusix x1000, x3000: u x7000 npencrasiena Ha pucyHke 3.19, a
PEXKUM J1a3epHON 00pabOTKH MPOIKUCAH HUXKE:

- yacToTa uMIyjibcoB F= 20kI 11;

- MOITHOCTH u3iydeHus: P = 35BT;

— paccrosaue mexay pactpamu L — 0,001mm;

— CKOpOCTh npoaBmwkenwus ryda V = 300mm/cex;

- yucio mpoxoaos N =1

L 100 MKm

Pucynok 3.19. — MuKpOCTpyKTypa MOBEpXHOCTH 00pasia «HepHO-3eIeHbIN»

(rpynma RAL 6012) mpu yBenmuenusix x1000, x3000 u x7000

MukpocTpyKTypa MOBEPXHOCTH 00pasia «30JI0TUCTO-XKeNThli» (rpynmna RAL
1004), a pexum npu yBeaudeHusx x1000, x3000 u x7000 npeacTaBieHa Ha PUCYHKE
3.20, a pexxum J1a3zepHOi 00pabOTKH TaHHOTO 00pasiia MPUBEICH HUXKE:

- yacTota umiryiabcoB F= 100 Im;

— MOITHOCTH u3nydyeHusi P = 80BT;

— paccrosiHue Mexay pactpamu L — 0,003mmM;

- CKOpOCTh npoaBmkenus iyda V = 300mm/cex;

- yucio npoxoaoB N =1
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Pucynox 3.20 — MuUKpOCTpYKTypa OBEPXHOCTH 00pa3iia «3010TUCTO-KEI TN

(rpynmna RAL 1004) npu yBenmuuenusix x1000, x3000 u x7000

Cetka TpemuH o0pa3oBaiach Mpu:

— ckopocTsx mpoasmwkenus yda 400...500 mm/c;

— paccTossHUM Mexay npoxoaamu jyda 0,005 mm;

— YBEJIIMUEHUH MOIIHOCTH Jla3epHOro uznydeHus 10 80BT;

— yacToTe UMITyJbcoB 10 100kI 1r;

— MOBTOPHOM IIPOXO0KJACHUE JTyYa.

Tpemunubr Ha 00pabOTAaHHOW MOBEPXHOCTU OTCYTCTBYIOT MPHU CIEAYIOIIUX
napameTpax:

— MOIIIHOCTH J1a3€pHOTro u3inyuyeHus 35BT;

— yacTtoTe uMitysibcoB 20kI11;

— CKOPOCTH MpoxokaeHus Tyda 300mMm/cek;

- OJIHOKPATHOM MPOXOKJIEHUU JTyyYa.

[Tpu oTnMuaromMxcs mapamMeTpax Ja3epHOro HU3IydeHHus chopMUpoBaHa
pasnuyHas CTPYKTYypa OKCHJHBIX IUIEHOK Ha ITOBEPXHOCTU UCCIIEOBAaHHBIX 00pa3lioB
u3 ctamu 12X18H10T. Ckanupyromasi 3J€KTpOHHAs MHUKPOCKONUS MpU OOJBIINX

YBCIIMYCHUAX IIO0Ka3ajd, 49TO IIPHU PA3JIMYHBIX IIapaMCTpax JIa3CPHOI0 H3IYUYCHUA
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KAueCTBO OKCHUIHBIX IJIEHOK OTJIMYAETCS C TOYKH 3PEHHUS] MEXAHMYECKUX CBOWCTB.
Pan pexxuMoB  Ja3epHOro M3JIy4YEHHUs CIPOBOLMPOBAIM B OKCHUAHBIX IUICHKAaX
TpeIMHOOOpa3oBaHue, Hauboliee OYEBHJIHO 3a(UKCUPOBAHHOE JIMIIb  MPH
yBenmuernn x7000. Cerka TpenuH oOpa3zoBajiack Mpu 00Jiee BBICOKHX CKOPOCTSIX
npoaBuxkenus ayda (400...500 Mm/c), HAUMEHBIIIEM PACCTOSHUN MEXKIY MPOXOJIaMHU
ayda (0,005 MM). YBenuyeHHe MOIIHOCTH Jia3epHOro u3inydeHus n0 80BT, 4yacToThl
umnynscoB 10 100k u ckopoctu npoaBmkeHus ayda a0 400 Mm/cex TpHUBENO K
00pa30BaHUI0 MHOTOYMCIICHHBIX TPENIMH Ha MOBEpPXHOCTH MeTawia. [loBTopHOE
MPOXOXKJEHUE Jyda, MO-BUAUMOMY, TaKXKe€ CIIOCOOCTBOBAJIO 0Opa30BaHUIO TPEIIUH
Ha MOBEPXHOCTH 00pa3uoB. TpemurHbl Ha 00padOTaHHON MOBEPXHOCTH OTCYTCTBYIOT
IIpY MOIIHOCTH JIazepHOro wusnydeHus 35 Br, wgacrore mmmynscoB 20 kl'm wu
ckopoctu npoxoxaeHus tyda 300mm/cek. DopMupoBaHHe CETKU TPEIIUH B OKUCHBIX

IUICHKAaX HE MOKET HE CHU3UTh KaueCTBO HAHOCHUMOM J'IEBGpHOﬁ MAapKHPOBKH.
3.4. BbIBoabI 110 TPeTheil ri1aBe

1. VYCTaHOBIEHO BIMSHUS MHUKPOT€OMETPUU  CIOKHOTO  PEryJISPHOTO
penbeda noBepxHocTH, cPopmupoBanHoro mnpu LJIM, Ha 1nBerooOpa3zoBaHue Ha
MIOBEPXHOCTU HeEpkaBeroulel cranu. OnpeneneHa KOPPENSIUsS MEXAYy MUPUHON
HEPOBHOCTEH pesibeda U [IBETOM OKpPAIIMBAaHUSI IOBEPXHOCTH HEPIKABEIOILEH CTaNIH.

2. Omnpenenensl pexxumbl [IJIM aist mojiydyeHus LIBETOB HA MOBEPXHOCTH
HEP)KABEIOLEH CTali, COOTBETCTBYIOIIMX psANYy KOHTPACTHBIX TPYIII IO IIKaJe
RAL:3enensiit nanopotauk (rpynmna RAL 6025); Kpacno-opanxessblit (rpymnmna RAL
2001); Yepno-3enmensniii (rpynma RAL 6012);3omotucro-xenteiii (rpymma RAL
1004).

3. VYcTaHOBIEHO, YTO M3MEHEHHE TIIyOMHBI HEPOBHOCTEH PETYISIPHOIO
penbeda Ha MOBEPXHOCTH HepxkaBerouiel cramu B 1,5 paza MOTHOCTBIO U3MEHSET
L[BET OKpAIlIMBaHUs MOBEPXHOCTH;IIPU ITOM MapaMeTphbl IIEPOXOBATOCTUUZMEHSIIHUCH

B nuamna3oHe R,, =0,261...0,167 mxm uR,,=-3,063...1,870 MkM.
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4, N3ydyen a3oBbIii coOCTaB IUIGHOK Ha MOBEPXHOCTH MeTalyia Mpu
Ja3epHOM MapKUpOBKE METaJUIMUECKOW MoBepxHocTh HcecnmenoBaHue — mokxasalno,
U3MEHEHHUIO OKpallMBaHUSA IUIEHOK B 3HAYUTENIILHOM CTENEHU COOTBETCTBYET
M3MEHEHUE MACCOBOM JIOJIM OKCHJIIOB.XKene3a: oT 56% B miieHkax oOpas3ua «3eneHblid
nanopotHuk» (rpynna RAL 6025) no 13,1% B miienkax oOpa3iia 30J10TUCTO-KEIThIH
(rpynma RAL 1004). Okcuanble mieHKH Ha mnoBepxHoctu crtamu 12X18HI10T,
BO3ZHHKIIIME B pe3yibTaTe JlazepHoil oOpadotku, comepkatr Fe304 wu NiO4  Ha
ocHoBe pacTBopoB Cr u Ni.

S. N3yyeHO MEeXaHMYECKOE COCTOSSHUE OKCHJIHBIX IUIEHOK C MOMOUIBIO
AIIEKTPOHHON MHUKpOCKONHH. VccienoBanne nmokasaio, 4YTo psiji peKUMOB JIa3€pHOIO
U3ITyYCHUs] CIPOBOIMPOBAIM B OKCHAHBIX IUIEHKAX TpPeIKUHOOOpa3oBaHue. IOTU
TPEUIMHBI MOKHO OTYETIMBO HaOmoaarh juiib npu yBenudeHuu x7000. Cerka
TpeImMH 00pa3oBaiiach MpU CKOpocTsx mpoaBmwkeHus nyda 400...500 mm/c u
pacctositHun  Mexay npoxomamu Jsyda 0,005 wmwm. [loBTopHOE mpOXOXKAECHUE
JydaTakKe CrnocoOCTBOBAIO OOpa30BaHUIO TPEIIMH Ha IMOBEPXHOCTH OOpa3IloB.
@opMHUPOBAHUE CETKHU TPEUIUH B OKUCHBIX IUICHKAaX HE MOYKET HE CHU3UTh KaueCTBO

HAaHOCUMOM JIa3epHOI MapKUPOBKHU.
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I'JIABA 4. U3YYEHUE BO3MOKHOCTEHN U
3AKOHOMEPHOCTEM JIABEPHO MAPKUPOBKHU
XPOMUCTBIX TAJIbBBAHUYECKHUX MOKPBITUI
YIJIEPOAUCTOM CTAJIH 08 U JIATYHMU J163

4.1. TosxyyeHue W HCCJIEeI0BAHME LBETOBOI0 M300pa’keHUS HA

crasu 0,8 u sarynm JI63

PaccmoTpeHa 3aBUCHMOCTH TMOJY4a€MOI'O IIBETOBOTO H300paKEHUS TIPU
Ja3epHOM MApPKUPOBKE METAIMYECKUX IUIACTUH C TMOKPBHITUEM OT TapaMeTpoB
JA3ePHOTO0 MBJIYYCHUS H TEIIOPU3UYECKUX XapaKTEPUCTHUK 00padaThIBaCMbIX
MatepuasioB. B HacTosiiiee Bpemsi He M3BECTHBI pabOThI, MOCBSIIEHHBIX H3YYCHUIO
IPAaBUPOBKM W MAapPKUPOBKH METAUIMYCCKUX IOKPBITHH, TIO3TOMY JIaHHOE
HCCIICIOBAHUE TIPEJICTABISAECT HAYYHBIM W NPAKTUYECKUH MHTEpeC. XPOMOBBIE
MOKPBITUSL HE CIIOCOOHBI CO3/aBaTh C JKEJIE30M ralibBAHUYECKYIO Mapy U MO3TOMY HE
MOTYT  DJICKTPOXMMHUYECKM  3alluilaTh kene3o. [lpu  B3auMojeWcTBUM €
KOHIICHTPUPOBAHHON a30THOM KHUCIOTOM Ha TOBEPXHOCTH Xpoma o0pasyercs
HEpacTBOpHMMasi OKCHJIHAs IUJICHKA, JaHHBIA MPOIIECC Ha3bIBAa€TCS IacCUBAIUEn
xpoma. XpoM HE pearupyer ¢ OpraHWYeCKUMH KHUCJIOTaMH, a Takke ¢
cepoBojopoioM. I[Ipu B3aumomecTBUM ¢ BO3MyXOM aTMoc(epbl HE MEHSIET CBOETro
IIBETAQ, TaK € TMOKPHIBAICh IIACCUBHOM IIJICHKOW, KOTOpas MpPENATCTBYET
JaybHenIemMy paspyiiennto merasia [40].

BriOop s uccnenoBanus 00pas3iioB U3 CTAIM U JJATyHH OOOCHOBAaH MOMHMO
IIMPOKOTO PACIpPOCTPAHEHHUS B MPOMBIIIJIEHHOCTH, MPEXK/E BCEr0 UX Pa3IMYHLIMU
Teriopu3nyeckuMu cBoicTBaMmu. [lapaMeTpsl TEMIOMPOBOJHOCTH, TEINIOEMKOCTH U
TEMIEPATYPONPOBOJAHOCTH, HCIOJb30BAHHBIX B  JKCIEPUMEHTE MaTEpHUaJOB,

npejcTaBiacHbl B Tabmuie 4.1. [41].
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Tabmuna 4.1. —Temnodusudeckrie XapakKTEpUCTUKN METAILJIOB MOIOKKH [42]

Metann
XapakTepucTuka
Craib 08 Jlatyns JI63
TennoemkocTs, kJIx/(xrC) 0,381 0,481
TemnonposoarocTs, B1/(M°C) 60 110
TemepaTyponpoBOIHOCTb, M2/C 12,5 26,4

[TokpeiTHe 00pa3lloB TrajJbBaHUYECKUM XPOMOM IO3BOJIUJIO YPOBHSTH IS
o0oux oOpa3loB TakoW MmapaMeTp Marepuana Kak Kod()QPUIUEHT OoTpa)keHus. ITOT
napameTp BiMseT Ha 3(G(HEKTUBHOCTH JazepHOl 00paboTku. YUYeM BbIlIE STOT
ko3 duieHT, TeM OOJBIIYyI0 MOIMHOCTh JIA3€PHOTO  M3IYYEHUS  HYKHO
WCIIOJIB30BaTh 11 HAHECCHWS MAapKUPOBKM HAa TOBEPXHOCTh. [l mpoBemeHus
HKCIIEPUMEHTa HEOOXOJIMMO HAHECTH MOKPBITHE XpoMa ToimuHoi 1 mxMm. Pacuer
BPEMEHU XPOMHUPOBAHUS JIJIS1 TIOJYYCHHSI TOJIIUHBI MOKPHITUS 1 MKM TTPOW3BOIMIICS

no opmyie, npemioxkenHo Smmonsckum A.M [43]:

t = 1000 x —F_ (4)

CxDpXxa'
rac [ BpEMs XPOMHUPOBAHHUA, MHUH, h — TOJIIHMHA CJIOA XPpOMOBOT'O ITOKPBITHA,

MM; ¥ — YAeIbHBIH Bec XpoMa, T/cm®; C — dIeKTPOXMMHYECKUH SKBUBAJIEHT,

r/(A-4ac); o — BBIXOJ XpOMa M0 TOKyY, %; Dy — IIIOTHOCTH TOKa, A/qM2,

[ToBepxHOCTH, 00Opa3ia ouMilleHa OT MbUIM W O0e3kupeHa. [[ns momyuyeHus
TOJIIIMHBI TMOKPBITUS XpoMa | MKM Ha CTaJbHOM M JIAaTyHHOW IJIACTHMHAX OBLIO
3aTpayeHo 2 MUHYTHI.

B cBsi3u ¢ Tem, uTo 0 azepHoil 00pabOTKE XPOMUPOBAHHBIX OKPBITUHN € LEIBIO
NOJIyYeHHUsl yIpaBisieMoro (OpMUPOBAHMS IIBETa B HAYYHBIX IEPBOMCTOYHHUKAX

CBEJICHMI HET, IEPBOHAYAIBHO ObLIa MTPOBe/IcHa TecToBas 00paboTka (Tadyuua 4.2.).
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Tabnuma 4.2. — Pexxumbl 1a3epHON MapKUPOBKHU OTBITHBIX 00pa3iioB

MoutHOCTb
Paccrosinue
CxopocTh nazepHoro | Yacrora
Howmep MEXITY Yucino Bennunna
MpoXo/a, W3JIy4YEHUS, | UMITYJIBCO
CEerMEHTa| pacTpamy, MPOXOJIOB pachokycupoBKu
MM/C % B, K I
MM
(o120 BT1)

1 0,01 50 1 35 20 0
2 0,01 50 3 30 20 0
3 0,01 100 2 40 20 0
4 0,01 500 1 95 100 5
5 0,01 500 1 95 100 3
6 0,01 500 1 95 100 2
7 0,01 500 1 95 100 1
8 0,01 500 1 95 100 0

C noMmouipbl0 TECTOBBIX MPOXOAOB C(HOPMHUPOBANIOCH MOHUMAHUE, KakKue
nmapaMeTpsl JIa3epPHOTO H3IIyYeHUs HEOOXOIWMbI aiisi (OPMHUPOBAHHS IIBETOBOTO
U300paXeHWsI M B KaKWX JWama3oHaXx HEOOXOJUMO KOPPEKTHPOBAaTh JIaHHBIC
nmapaMeTpsl IS TOJIYYCHUS Pa3IMIHBIX I[BETOB. [IpoBelneHHBIC WCCIEI0OBaHUS
MoKa3ajy, 4TO, MPUMEHss MapaMeTphbl Ja3epHON MapKHUPOBKH, MPECTABICHHBIC B
TabyuLe, MPU YCIOBUU HUCIIOJIB30BaHUs 00pa3l0B COOTBETCTBYIOLUX HCCIETYEMbIM,
rapaHTUPOBAHO BOCIPOU3BEICHUE IIBETOBBIX H300pa)XCHHM, MPEICTaBICHHBIX Ha
pucynke 4.1.

IlBera wuaeHTHdUIMpOoBaIM C ToMombl0 Mkanel 1BeToB NCS (anrm.
Natural Color System, ecrectBeHHas cuctema 1Beta) Mcmoaws3dys  NCS
UACHTU(DULIIMPOBAHBI HEKOTOpPHIE MOJy4YeHHble IBeTa. [Ipm 3TOM MNpOU3BOAMIIOCH
cpaBHenue opuruHaabHoro Mo NCS ¢ mBetom, 3adukcupoBaHHBIM (HOTOKAMEPO.

Pe3ynbTaThl npencrabieHsl B Tabnuiie 4.3.
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NONO pexuMOE nazepHoi 06paboTku XpOMUPOBaHHOM cTanu 08
1 2 I 3 | 4 I 5 | 3 I 7 [ s
I'Ionygenuoe COOTEETCTBYOWEE 3STUM DEXUMEM UBSETCBOE M306257KEHVI8

NONO pexumos nazepHon oBpaboTEM XPOMMPOBaHHOM NaTyku J163
1 2 [ 3 [ a | 5 I 6 | 7 | s
MonyJyeHHOEe COOTBETCTBYIOLLEE STUM PEXUMaM LBETOBOE M30BpakeHue

Pucynok 4.1. — BocripousBeieHne 1IBETOBBIX U300pa)KEHUH, MOTyICHHBIX B
COOTBETCTBHUH C PA3JIUYHBIMU PEKUMAMHU JIA3EPHOU MapKUPOBKU HA XPOMHUPOBAHHBIX

noBepxHOCTAX cTami 08 1 natyru JI63, cHATHIX mox yriom 90°

Tab6muma 4.3. — [IpucBoenue koga NCS 11BETOBBIM ceTMEHTaM

Konm niBera NCS HomMmepa npsaMoyroJibHbIX CETMEHTOB

Jlist o6pasiia u3 XpoMupoBaHHOM cTaym 08

S 4050-GY 1
S 5540-G10Y 2
S 5030-Y40R 3

Jnst o6pasna u3 xpomupoBaHHOM JaTyHu JI63
S 7020-G90Y 1
S 5040-Y60R 2
S 2060-G70Y 3
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AHanu3upys MOJTy4YeHHBIE PE3yJIbTaThl, MOKHO YTBEpPXKIaTh, YTO Ojaromaps
Oomnee ObICTpOMY pa3orpeBy U Oojiee MHTEHCHBHOMY OTBOJY TeIUIa MpU 00paboTKe
JaTyHHOTO oO0pa3la TOKPBITOTO XPOMOM, TIOMYYEHBI IIBETOBbIC HN300pakeHUs
OTJIMYHBIC OT I[BETOBBIX M300PaKCHUM, TIOJYYCHHBIX MMPU AHAIOTHYHBIX MTapamMeTpax
Ja3epHO 00pabOTKH XpOMUPOBAHHOTO CTaibHOrO oOpaszua. Ctaib obnamaer Oonee
MEIJICHHBIM 110 CpPaBHGHHIO C JIAaTYHBIO pa30TPEeBOM H Oojiee MeEAJICHHBIM
OCTHIBAHHUEM.

Temmodgusndeckue  XapakTepUCTUKH  BJIUSAIOT  Ha  (OPMHUPOBaHHUE
TEMITEPaTypPHOTO TOJIT M COOTBETCTBEHHO BPEMS MPOTEKAHUS XUMUICCKON PEaKIIHH,
B pe3yJibTaTe KOTOPOH 0Opa3yeTrcsi OKCHHAs IUICHKAa pa3HOil TommuHbl. TommuHa
IUICHKA 3aBUCUT OT MHTEHCUBHOCTH TMPOTEKAHUS XUMUYECKOM peakiuu, a
WHTEHCHUBHOCTh 3aBHUCUT OT TEMIIEPATyPhl 30HBI TEPMHUYECKOTO BIUSHUS U 30HBI

JIa3€pHOTO BO3JICHCTBHS.
4.2 MareMaTu4yeckas MoOJeJb

Ha ocHoBaHMM AaHHOTO HcciefoBaHMs Oblla pa3paboTaHa MaTeMaTHyecKas
MOJIeJIb B BUJE COBOKYIHOCTH KOJMYECTBEHHBIX XapaKTEPUCTHK OIPEAEICHHOIO
npoiiecca U cBsAzed Mexxay Humu [44]. [nsg monydeHHss MaTeMaTHYSCKOW MOJEIH
HAIIEro UCCIeI0BaHUs ObUIA BHIOPAHBI CIEAYIOIIME TapaMeTph:

- KO3((PUIIMEHT MEePEKPBITHS MATEH, MOJIYYaEMbIX C MTOMOILBIO JITA3€PHOTO
Jayda:

Dp—

K=—1Z (4)

Dp

- TEIJIOBAsi DHEPTUsS Ha TOBEPXHOCTH HKCCIEAyeMOro o0paslia Iocie

_ 2(1-R)Q | , Aot
T = k/'TE'D—Z p-cm’ (5)
4

— MOIITHOCTh UMITYJIbCA JIA3EPHOTO U3IYUYCHHS, KOTOpasi TPeOyeTCss YTOOBI

JIA3CPHOIr0 U3JIYyYCHUA:

UCCJIENYEMYIO TOBEPXHOCTh Pa30rpeTh:
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- CKOPOCTh  MpPOXOJa TMOJy4YHUM U3  BbIpaxeHus koddduurenta
HEePEKPBITHUS, MOJyYEHHOTO B XO0j¢e uccienoBaHus. VI oObequHssl mpencTaBiIeHHbIe
BBIPQXEHHUS, BBIBEJIEM (POPMYITy MaTEMaTHIECKONH MOJIEIH

_ n/.20-R) 1
f=0Q 2 ,/t.x/.p.c.n’ (7)

4

rie f — 4acToTa CIeJOBAaHHA WMIyIbcoB; Q/ - yCpemHeHHBIH mapameTp
MOIITHOCTH; C — IapaMeTp XapaKTEepU3YIOLIUN YIEIbHYIO TEINIOEMKOCTh MaTepUaa,
Ao napaMeTp XapaKTepU3YIOLIM TEeIIoNpOBOAHOCTh Marepuana; D — pasmep
Ja3zepHoro msaTHa; Q — MOIIHOCTH UMMyJbca; ! — BpeMsi ogHOro mmmyibsca; R —

MapaMeTp XapakTEPUIYIOLINNA CTENECHb OTPAXKEHUSI CBETOBOM SHEPTHUU.

JlazepHasi MapKuUpOBKa Hallja MIUPOKOE MPUMEHEHHE B MPUOOPOCTPOCHHUU
[45], e HeoOXOAMMO HAHOCHTH HEOOJIBINNE M300PaKCHHS, HO TMPHU ITOM JaHHBIC
M300paXKeHUsl JOJDKHBI OBITh YHUTA€Mbl W UYETKO BOCHPOM3BOAUMBIMU. [loaTomy
paspaboranbl pexumbl [[JIM  miig moiaydeHHs yCTOMYMBO BOCHPOHM3BOJIUMBIX
LIBETOBBIX M300pakKeHHI1 Ha MOBEPXHOCTU XpOMHUpOoBaHHOM cTanu 08 u natyHu JI63,

MPUMEHSEMBIX B IPUOOPOCTPOEHUHU.

4.3 Pa3paboTka aBTOMATH3MPOBAHHOIO HAHECEHHUS LIBETOBOIO

H300paKeHusl HA XPOMHMPOBAHHBIEC IOBEPXHOCTH

[Tonyuyennsie B xo/e paOOTHl JaHHBIC 3a(UKCUPOBAHBI U UCIOJIb30BAHBI JISI
HalMCaHUsl TPOTPAaMMHOTO oOecredeHus: ISl JIa3epHOM YCTAaHOBKM Ha SI3bIKE
nporpammupoBanust JavaScript [46]. Llenpto mporpamMmbl - SBASETCS TOMOIIb
OIepaTopy Ja3epHOT0 CTaHKa B 0A00pE MapaMeTpOB JIsl pa3IMYHbIX MAaTEPUATIOB U
MOJTY4Y€HUH Ha HUX IIBETHOT'O U300paKeHMUSI.

Hanuune momoOHON mporpaMmbl MOXKET YIPOCTUTH PabOTy MO HAaHECEHHUIO
LBETHOM  MapKUPOBKM HA  METAUIMYECKUE  IIOBEPXHOCTH U  YBEJIUYMUTH
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MPOU3BOJUTEIILHOCT,  padOTHl  OmMepaTopoB  JlazepHoro  obopyaosanus. [10
IpEeACTaBIIET cOO0M 0a3y JaHHBIX C IMApaMeTpaMu JIa3epHONM MapKUPOBKHU, KOTOPHIE
MPUMEHSUTUCH JUIsl HAHECEHUsI U300pakeHUsl Ha 00pasIlbl, U I[BETOB, MOJIYYCHHBIX B
xoqe paboThl. 3agauell MPUIOKEHHsI OYJEeT SBISATHCSA MPEAOCTaBICHHE MapaMeTpOB
Ja3epHOTO0 Jiy4a JJisi BHIOPAaHHOTO METajula B 3aBUCHUMOCTH OT BBIOPAHHOTO IIBETA,
KOTOPBIN HY>KHO MOJY4YUTh Ha MaTepHuae.

[Iporpamma 11t mogdoopa napameTpoB JIA3epHON MapKUpOBKH «JIa3kon», ObL1a
3apeructpupoana 06 wmapra 2024 roma, o 4eM TOBOpPUT «CBHUIEIBCTBO O
rOCyJIapCTBEHHOM peructparuu nporpammsl st 9BM Ne2024615431 (pucynok 4.4)
[48].

JlanHast mporpamMma mpeaHa3HaueHa JUisl B3aUMOJEHCTBUA C 0a30i JaHHBIX
apamMeTpoB JIA3€pPHOTO HW3IY4YEHHUS ISl MOJYYEHHUS OIPEACIEHHOIO LIBETOBOIO
M300paKeHHsI Ha MaTepuaiax, BHECEHHBIX B mporpammy. [Iporpamma obecneunBaer
BBITIOJTHEHUE CIEAYIOMUX (QYHKIUMI:

o BBIOOp MaTepualia u3Jieausi, BEIOOp JKeIaeMoro 1BETa;

o BBIBOJl Ha OKpaH JOCTYNMHOW MAJUTPhl I[BETOB B 3aBUCHUMOCTH OT
BBIOPAHHOTO MaTepuaia u3zeius;

o BBIOOD I[BETA, HKEJIAEMOTO K MOJTYUYEHHUIO Ha U3/ICIINH;

o BBIBOJI Ha AKpPaH MapaMeTpOB JIA3€PHOT0 WU3IYUYEHHS B 3aBUCHUMOCTH OT
BBIOPAHHOTO 1IBETA;

o n00aBJIEHHE HOBBIX 3amucel B 0a3y NaHHbIX.

L NpeaACTaBJICHUC JaHHBIX B BUAC Ta6JII/II_[I)I.
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Pucynok 4.4. — CBUIETEIBCTBO O PETUCTPALIMH TPOTPAMMBI
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4.4 BbIBOABI IO IJIABE YeThIpe

1. OmnpeneneHo BAMSHUE Pa3IUUUS  TEIUIOPHU3UYECKUX XapaKTEPUCTHK
MaTtepuanoB-moaioxkek (ctamu 08 m matyrm JI63) Ha ¢dopMmupoBaHWE IIBETOBOTO
M300paKEeHUS HA MaTepuase-MOKPLITUU — XPOME TIPH JIa3epHON MapKHUPOBKE.

2. [TomyyeHsl ~ BOCHpPOM3BOJMMBIE  LBETOBBbIE  HM300pakKeHUs  Ha
xpomupoBaHHoW ctasm 08 u marynm JI63. HaumGonee xapakTepHbI€ IIBETOBBHIC
nzo0paxenus oreHensl 1o mkaite NCS: S 4050-GY, S 5540-G10Y, S 5030-Y40R, S
7020-G90Y, S5040-Y60R, S 2060-G70Y.

3. PazpabGotanst  pexumbl  [[JIM  BOCHpPOM3BOJIMMBIX  IIBETOBBIX
M300pakeHHi Ha XpoMupoBaHHOU ctanu 08 u narynu JI63.

4, Pa3paborana wmaTemMartuueckas MOJEIb B  BUJIE COBOKYIMHOCTH
KOJIMYECTBEHHBIX XapaKTEPUCTUK OIPEIEIICHHOIO Mpoliecca JIa3epHONM MapKUPOBKHU U
CBSA3€U MEXKY HUMHU

S. Pa3paGotana mnporpamma st  noabdopa MapaMeTpoB  JIa3epHOMU
MapkupoBKH «Jlazkon» 3apeructpupoBanHas 06 mapta 2024 roga, «CBUAETENBCTBO

0 rOCYJapCTBEHHOW peructpanuu nporpammsl 1iist IBM Ne2024615431
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SAKVIIOYEHUE

1 MW syueHo BnusHHE Pa30BOr0 COCTaBa OKCUIAHBIX IUICHOK Ha TMOBEPXHOCTH
MeTajula NpH TEPMHYECKOM HUMITYJIbCHOM JIA3€PHOM BO3JEHCTBUM B JMaIla30HE
(opMHUpOBaHUSA LBETHBIX OKCHUAHBIX CTPYKTyp. MccienoBanue moxasano, 4YTO
W3MEHEHUIO OKpallMBaHUs IJIEHOK B 3HAYUTEIbHOM CTENEHU COOTBETCTBYET
U3MEHEHHUE MacCOBOW JIoIM OKCHIOB kene3a. C  MOMOUIbIO  3JIEKTPOHHOU
MHUKPOCKOIIUU HU3YYEHO TPEIMHOOOpPa30BaHNUE B OKCHJHBIX IIJIEHKaX. Y CTaHOBJIEHO,
YTO TMpPU OIPEACNICHHBIX I[apaMeTpax Ja3epHOr0 W3JIy4YeHUsT Ha TOBEPXHOCTH
0o0pa3oB BO3HUKAET CETKAa TPELIUH, KOTOPYIO MOKHO HaOJI0J1aTh, HA4YMHAS C
yBenuuenus: x7000. Cerka TpemnH oOpa3oBaiach HOPU CKOPOCTAX IPOJBHIKEHUS
ay4da 400...500 mm/c u paccTostHuu Mexay npoxoaamu jyda 0,005 mMm. IloBTopHOE
IPOXOXKJACHUE JTydya TaKKe CIOCOOCTBOBAJIO 0OPAa30BAaHUIO TPELIUMH HA MMOBEPXHOCTU
00pasIioB.

2 BpisBIE€HO BIMSHHE MHKPOIE€OMETPHUM CIIOKHOTO PETYJISPHOro peibeda
MOBEPXHOCTH, C(POPMUPOBAHHOTO MPU TEPMUUYECKOM HMMIIYJbCHOM JIa3€PHOM
BO3JICMCTBUM Ha I[BETHbIE HM300paKeHUs HAa IMOBEPXHOCTU HEPKABEIOIICH CcTaju.
YcTaHOBIIEHO, YTO W3MEHEHUE TIIyOMHBI HEPOBHOCTEH pErysspHOro penbeda Ha
MOBEPXHOCTH HEpyKaBeromell cramu (mmokasareiau mepoxoBarocth R, u Ry)
IIOJIHOCTBIO M3MEHSET ILBET OKpAIIMBAaHUS IOBEPXHOCTH; IIPU HTOM IMapaMeTphI
IEPOXOBATOCTH M3MEHsUIMCh B auamnasoHe R, =0,261...0,167 wMkM wu
R, =3,063...1,870 MxMm.

3 Ompenenenbl peXUMbl TEPMUYECKOTO JIA3€PHOTO BO3JACHCTBUS NS
MOJIy4YeHHUs]  3aJlaHHbIX  [IBETOB HA TOBEPXHOCTHM  HEPXKABEIOLIEH  CTajH,
COOTBETCTBYIOIIMX PAAY KOHTpAcTHBIX rpymnm mno mkaie RAL M XpoMHpOBaHHBIX
noBepxHocTsAx cranu 08 u jmatynu JI63. Ha oCHOBaHMM JaHHBIX MOJIYYEHHBIX MpU
UCCJIeIOBAaHUM pa3paboTaHa mporpamma Juisi padboThl ¢ 0a30M JaHHBIX MOJTYYEHHBIX

PE3yIbTATOB MPH Ja3epHOM 00padOTKE METATINYECKUX 00PA3IIOB C MTOKPHITHEM.
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IMPUJIOKEHME 1

3ajaHHbIe apaMeTPhI JIa3ePHOI0 U3J1y4YeHusd A noaydenus HJIM

Ha ONBITHOM IJIACTHHE U3 HepskaBewoued craau 12XH10T

Tab6muma IT 1.1 — Iapamerpsr u3nyuenus 1 miactuabl 12XHI0T

Ne | Ne cneBa B DOHeprus Ckopoctb nepemenienus: | PacgokycupoBka,
psiaa psny umItyJjbca, MJbx Jayda, MM/C AF, MM
1 2 3 4 5
1. 1. 0,5 2,0 0,6
1. 2. 0,5 2,0 0,4
1. 3. 0,5 2,0 0,2
1. 4, 0,5 2,2 0,2
1. 5. 0,5 2,4 0,2
1. 6. 0,5 2,6 0,2
1. 7. 0,5 2,8 0,2
1. 8. 0,5 3,0 0,4
1. 9. 0,5 3,0 0,2
2. 1. 0,5 2,4 0,2
2. 2. 0,5 2,2 0,2
2. 3. 0,5 2,0 0,2
2. 4, 0,5 2,2 0,2
2. 5. 0,5 2,4 0,2
2. 6. 0,5 2,6 0,2
2. 7. 0,5 2,8 0,2
2. 8. 0,5 3,0 0,2
2. Q. 0,5 3,0 0,6
3. 1. 0,5 3,0 0,4
3. 2. 0,5 2,8 0,4
3. 3. 0,5 2,6 0,4
3. 4, 0,5 2,4 0,4
3. 5. 0,5 2,2 0,4
3. 6. 0,5 2,0 0,4
3. 7. 0,5 3,0 0,4
3. 8. 0,5 2,8 0,4
3. Q. 0,5 3,0 0,6
4. 1. 0,5 3,0 0,2
4, 2. 0,5 2,8 0,2
4, 3. 0,5 2,6 0,2
4, 4, 0,5 2,4 0,2
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[Tpogomxenue Tabmus: [11.1.

1 2 3 4 S
4. 5. 0,5 2,2 0,2
4. 6. 0,5 3,0 0,4
4. 7. 0,5 2,4 0,4
4. 8. 0,5 2,2 0,4
4. 9. 0,5 2,0 0,4
S. 1. 0,5 2,6 0,3
S. 2. 0,5 2,4 0,3
S. 3. 0,5 2,6 0,3
S. 4. 0,5 2,4 0,3
S. S. 0,5 2,6 0,2
S. 6. 0,5 2,4 0,2
S. 7. 0,5 2,2 0,2
S. 8. 0,5 2,0 0,2
S. 9. 0,5 2,6 0,6
S. 10. 0,5 2,8 0,6
S. 11. 0,5 3,0 0,6
6. 1. 0,5 3,0 0,2
6. 2. 0,5 3,0 0,4
6. 3. 0,5 2,8 0,4
6. 4. 0,5 2,8 0,2
6. S. 0,5 2,6 0,2
6. 6. 0,5 2,4 0,2
6. 7. 0,5 2,2 0,2
6. 8. 0,5 2,0 0,4
6. 9. 0,5 2,0 0,2
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IMPUJIOKEHMUE 2

IHapamerpsl JazepHoro usayudenus noaydenus LHJIM

Tab6muma I1 2.1. — [TapaMeTpsl Ta3epHOTO U3TYYCHHS IJIS TTOJTYISHUS IBETOBOTO

I/1306pa)KeHI/I$I Ha UCCIICAYCMBIX IIJIACTHHAX

Crpoxka Ne F P L \% n Crpoka | Ne F P L \% n
1 200 100 | 0,005 200 1 5 10 | 150 | 100 | 0,03 600 2
2 200 100 | 0,005 300 1 11| 150 | 100 | 0,03 600 3
3 200 100 | 0,005 400 1 0 F P L V n
1 4 200 100 | 0,005 500 1 1| 150 | 100 0,02 200 1
5 200 100 | 0,005 500 1 2| 150 | 100 | 0,02 200 1
6| 200| 100 | 0,005| 600 1 3| 150 | 100 | 0,02 | 300 2
7 200 100 | 0,005 600 1 4] 150 | 100 | 0,02 300 2
No F P L Vi n 6 51| 150 | 100 | 0,02 400 2
1 200 100 0,03 | 200 1 6| 150 | 100 | 0,02 400 1
2 200 100 | 0,03 200 2 7| 150 | 100 | 0,02 500 1
3 200 100 0,03 300 1 8 | 150 | 100 0,02 500 2
5 4 200 100 0,03 300 2 9| 150 | 100 0,02 600 3
5 200 100 0,03 400 1 10 | 150 | 100 0,02 600 3
6 200 100 | 0,03 400 2 Ne F P L \% n
7 200 100 | 0,03 500 1 1| 150 | 100 | 0,01 200 1
8 200 100 0,03 500 2 2| 150 | 100 0,01 300 1
No E P L \V n 3| 150 | 100 0,01 300 2
1 200 100 | 0,03 200 1 41 150 | 100 | 0,01 400 1
2 200 100 | 0,03 200 2 5| 150 | 100 | 0,01 400 2
3 200 100 0,03 300 1 6| 150 | 100 0,01 500 1
3 4 200 100 0,03 300 2 7 7 150 | 100 0,01 500 2
5| 200 100| 0,03]| 400 1 8| 150 | 100 | 0,01 | 600 1
6| 200| 100 | 0,03| 400 2 9| 150 | 100 | 0,01 | 600 2
7 200 100 0,03 500 1 10 | 150 | 100 0,01 700 1
8 200 100 0,03 500 2 11 | 150 | 100 0,01 700 2
Ne F P L \V; n 12 | 150 | 100 | 0,01 800 1
1 150 100 0,03 | 200 1 13| 150 | 100 | 0,01 800 2
2 150 100 | 0,03 300 1 No F =] L \Vj n
3| 150 100| 0,03 ]| 400 1 1 150 | 100 | 0,005 | 200 |1
4| 150 | 100| 0,03 400 2 2 150 | 100 | 0,005 | 400 |1
S5 5| 150 100| 0,03 ]| 400 3 3 150 | 100 | 0,005 | 600 |1
6| 150 | 100| 003| 500 1 8 4 150 | 100 | 0,005 | 700 |1
7| 150 100| 0,03] 500 2 5 150 | 100 | 0,005 | 700 |2
8| 150 | 100 | 003| 500 3 6 150 | 100 | 0,005 | 800 |1
9 150 100 | 0,03 600 1 7 150 | 100 | 0,005 | 800 2
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[Tponomxenue Tadbmus I12.1.

Crtpoka Ne F P L V n ] Crpoka | Ne F P L \Y n
1 150 80| 0,03 200 1 8 100 | 100 | 0,01 600 2
2 150 80| 0,03 300 1 11 9 100 | 100 | 0,01 700 1
3 150 80| 0,03 400 1 10 100 | 100 | 0,01 700 2
4 150 80 | 0,02 400 1 Ne F P L V n
5 150 80 | 0,02 300 1 1 100 | 100 | 0,02 200 1
6 150 80 | 0,02 200 2 2 100 | 100 | 0,02 | 300 1
7 150 80| 0,01 200 2 3 100 | 100 | 0,02 | 300 2
8 150 80| 0,01 300 2 4 100 | 100 | 0,02 | 400 1
9 150 80| 0,01 400 2 5 100 | 100 | 0,02 | 400 2

10 150 80 | 0,005 400 3 12 6 100 | 100 | 0,02 500 1
11 150 80 | 0,005 200 2 7 100 | 100 | 0,02 500 2
9 12 150 80 | 0,005 300 2 8 100 | 100 | 0,02 600 1
13 100 80| 0,03 200 1 9 100 | 100 | 0,02 600 2
14 100 80| 0,03 300 1 10 100 | 100 | 0,02 700 1
15 100 80| 0,03 400 1 11 100 | 100 | 0,02 700 2
16 100 80 | 0,02 400 2 Ne F P L \Y n
17 100 80| 0,02 300 3 1 100 | 100 | 0,03 200 1
18 100 80 | 0,02 200 3 2 100 | 100 | 0,03 | 300 1
19 100 80| 0,01 200 2 3 100 | 100 | 0,03 | 300 2
20 100 80| 0,01 300 2 4 100 | 100 | 0,03 | 400 1
21 100 80| 0,01 400 1 13 5 100 | 100 | 0,03 | 400 2
22 100 80 | 0,005 400 1 6 100 | 100 | 0,03 500 1
23 100 80 | 0,005 300 1 7 100 | 100 | 0,03 500 2
24 100 80 | 0,005 200 1 8 100 | 100 | 0,03 600 1
Ne F P L \Y n 9 100 | 100 | 0,03 600 2
1 100 100 | 0,005 200 1 Ne F P L \Y n
2 100 100 | 0,005 400 1 1 50 100 | 0,005 | 200 1
3 100 100 | 0,005 600 1 2 50 100 | 0,005 | 300 1
4 100 100 | 0,005 600 2 3 50 100 | 0,005 | 400 1
10 5 100 100 | 0,005 700 1 4 50 100 | 0,005 | 500 1
6 100 100 | 0,005 700 2 5 50 100 | 0,005 | 600 1
7 100 100 | 0,005 700 3 6 50 100 | 0,005 | 600 2
8 100 100 | 0,005 800 1 7 50 100 | 0,005 | 700 1
9 100 100 | 0,005 800 2 8 50 100 | 0,005 | 700 2
10 100 100 | 0,005 800 3 14 9 50 100 | 0,005 | 800 1
Ne F P L \Y n 10 50 100 | 0,005 | 800 2
1 100 100 | 0,01 200 1 11 50 100 | 0,005 | 800 3
2 100 100 | 0,01 300 1 12 50 100 | 0,005 | 900 1
3 100 100 | 0,01 400 1 13 50 100 | 0,005 | 900 2
11 4 100 100 | 0,01 400 2 14 50 100 | 0,005 | 900 3
5 100 100 | 0,01 500 1 15 50 100 | 0,005 | 1000 |1
6 100 100 | 0,01 500 2 16 50 80 0,005 | 1000 |1
7 100 100 | 0,01 600 1 17 50 80 0,005 | 1000 |2
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[Tponomxenue Tadbmus I12.1.

Crtpoka Ne F P L V n ] Crpoka | Ne F P L \Y n
18 50 80 | 0,005 | 1000 3 7 50 100 | 0,01 700 1
19 50 80 | 0,005 900 1 8 50 100 | 0,01 700 2
20 50 80 | 0,005 900 2 9 50 100 | 0,01 800 1
21 50 80 | 0,005 900 3 10 50 100 | 0,01 800 2
22 50 80 | 0,005 800 1 11 50 100 | 0,01 900 1
23 50 80 | 0,005 800 2 12 50 100 | 0,01 900 2
24 50 80 | 0,005 800 3 13 50 80 0,01 900 1
25 50 80 | 0,005 700 1 14 50 80 0,01 900 2
26 50 80 | 0,005 700 2 16 15 50 80 0,01 900 3
27 50 80 | 0,005 700 3 16 50 80 0,01 800 1
28 50 80 | 0,005 600 1 17 50 80 0,01 800 2

14 29 50 80 | 0,005 600 2 18 50 80 0,01 800 3
30 50 80 | 0,005 600 3 19 50 80 0,01 700 1
31 50 80 | 0,005 500 1 20 50 80 0,01 700 2
32 50 80 | 0,005 500 2 21 50 80 0,01 700 3
33 50 80 | 0,005 500 3 22 50 80 0,01 600 1
34 50 80 | 0,005 400 1 23 50 80 0,01 600 2
35 50 80 | 0,005 400 2 ] Crpoka | Ne F P L Vv n
36 50 80 | 0,005 400 3 1 50 60 0,01 200 1
37 50 80 | 0,005 300 1 2 50 60 0,01 | 300 1
38 50 80 | 0,005 300 2 3 50 60 0,01 | 300 2
39 50 80 | 0,005 300 3 17 4 50 60 0,01 | 400 1
40 50 80 | 0,005 200 1 5 50 60 0,01 | 400 2

0 F P L \Y n 6 50 60 0,01 | 400 3

1 50 60 | 0,005 200 1 7 50 60 0,01 200 1

2 50 60 | 0,005 300 1] Crpoka | Ne F P L \Y n

3 50 60 | 0,005 300 2 1 50 100 | 0,02 200 1

4 50 60 | 0,005 400 1 2 50 100 | 0,02 | 300 1

5 50 60 | 0,005 400 2 3 50 100 | 0,02 | 400 1

15 6 50 60 | 0,005 500 1 4 50 100 | 0,02 500 1
7 50 60 | 0,005 500 2 5 50 100 | 0,02 500 2

8 50 60 | 0,005 600 1 6 50 100 | 0,02 | 500 3

9 50 60 | 0,005 600 2 7 50 100 | 0,02 600 1

10 50 60 | 0,005 700 1 8 50 100 | 0,02 600 2

11 50 60 | 0,005 700 2 18 9 50 100 | 0,02 600 3

12 50 40 | 0,005 200 1 10 50 100 | 0,02 700 1

Ne F P L \Y n 11 50 100 | 0,02 700 2

1 50 100 | 0,01 200 1 12 50 100 | 0,02 700 3

2 50 100 | 0,01 300 1 13 50 80 0,02 700 1

16 3 50 100 | 0,01 400 1 14 50 80 0,02 700 2
4 50 100 | 0,01 500 1 15 50 80 0,02 700 3

5 50 100 | 0,01 600 1 16 50 80 0,02 600 1

6 50 100 | 0,01 600 2 17 50 80 0,02 600 2
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[Tponomxenue Tadbmus I12.1.

Crtpoka Ne F P L V n ] Crpoka | Ne F P L \Y n
18 50 80 | 0,02 600 3 26 50 80 0,03 | 300 3
19 50 80 | 0,02 500 1 27 50 80 0,03 200 1
20 50 80 | 0,02 500 2 28 50 80 0,03 200 2
21 50 80 | 0,02 500 3 29 50 60 0,03 200 1
22 50 80 | 0,02 400 1 30 50 60 0,03 200 2
23 50 80 | 0,02 400 2 31 50 60 0,03 200 3
24 50 80 | 0,02 400 3 19 32 50 60 0,03 | 300 1
25 50 80 | 0,02 300 1 33 50 60 0,03 | 300 2

18 26 50 80 | 0,02 300 2 34 50 60 0,03 | 300 3
27 50 80 | 0,02 200 1 35 50 60 0,03 | 400 1
28 50 60 | 0,02 200 1 36 50 60 0,03 | 400 2
29 50 60 | 0,02 200 2 37 50 60 0,03 | 400 3
30 50 60 | 0,02 300 1 38 50 40 0,03 100 1
31 50 60 | 0,02 300 2 Ne F P L \Y n
32 50 60 | 0,02 400 1 1 20 100 | 0,03 1000 |1
33 50 60 | 0,02 400 2 2 20 100 | 0,03 1500 |1
34 50 60 | 0,02 400 3 3 20 100 | 0,03 2000 |1

Crpoxka Ne F P L \Y n 4 20 100 | 0,03 2500 |1

1 50 100 | 0,03 200 1 5 20 100 | 0,03 [3000 |1
2 50 100 | 0,03 200 2 6 20 80 0,03 3000 |1
3 50 100 | 0,03 300 1 7 20 60 0,03 |3000 |1
4 50 100 | 0,03 300 2 8 20 60 0,03 2000 |1
5 50 100 | 0,03 300 3 9 20 60 0,03 1000 |1
6 50 100 | 0,03 400 1 10 20 60 0,03 500 1
7 50 100 | 0,03 400 2 11 20 40 0,03 1000 |1
8 50 100 | 0,03 400 3 12 20 40 0,03 900 1
9 50 100 | 0,03 500 1 13 20 40 0,03 800 1
10 50 100 | 0,03 500 2 14 20 40 0,03 600 1
11 50 100 | 0,03 500 3 20 15 20 40 0,03 | 400 1
12 50 100 | 0,03 600 1 16 20 40 0,03 200 1

19 13 50 100 | 0,03 600 2 17 20 40 0,03 100 1
14 50 100 | 0,03 600 3 18 20 40 0,02 1000 |1
15 50 80| 0,03 600 1 19 20 40 0,02 800 1
16 50 80| 0,03 600 2 20 20 40 0,02 600 1
17 50 80| 0,03 600 3 21 20 40 0,02 | 400 1
18 50 80| 0,03 500 1 22 20 40 0,02 200 1
19 50 80| 0,03 500 2 23 20 40 0,02 100 1
20 50 80| 0,03 500 3 24 20 40 0,01 1000 |1
21 50 80| 0,03 400 1 25 20 40 0,01 800 1
22 50 80| 0,03 400 2 26 20 40 0,01 600 1
23 50 80| 0,03 400 3 27 20 40 0,01 | 400 1
24 50 80| 0,03 300 1 28 20 40 0,01 200 1
25 50 80| 0,03 300 2 29 20 40 0,01 100 1
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[Tponomxenue Tadbmus I12.1.

Crtpoka Ne F P L V n ] Crpoka | Ne F P L \Y n
30 20 40 | 0,005 | 1000 1 37 20 35 0,02 | 300 4
31 20 40 | 0,005 800 1 38 20 35 0,02 | 300 5

20 32 20 40 | 0,005 600 1 39 20 35 0,03 |50 1
33 20 40 | 0,005 400 1 40 20 35 0,03 |50 2
34 20 40 | 0,005 200 1 21 41 20 35 0,03 100 1
35 20 40 | 0,005 100 1 42 20 35 0,03 100 2

Crpoka 0 F P L \Y n 43 20 35 0,03 100 3

1 20 35| 0,01 50 1 44 20 35 0,03 | 200 1
2 20 35| 0,01 50 2 45 20 35 0,03 | 200 2
3 20 35| 0,01 100 1 46 20 35 0,03 | 200 3
4] 20| 35| 001 100| 2]|Cwoxa N |F P |L v n
5 20 35| 0,01 100 3 1 20 35 0,01 |50 1
6 20 35| 0,01 200 1 2 20 35 0,01 |50 2
7 20 35| 0,01 200 2 3 20 35 0,01 100 1
8 20 35| 0,01 200 3 4 20 35 0,01 100 2
9 20 35| 0,01 200 4 5 20 35 0,01 100 3
10 20 35| 0,01 300 1 6 20 35 0,01 | 200 1
11 20 35| 0,01 300 2 7 20 35 0,01 | 200 2
12 20 35| 0,01 300 3 8 20 35 0,01 | 200 3
13 20 35| 0,01 300 4 9 20 35 0,01 | 200 4
14 20 35| 0,01 300 5 10 20 35 0,01 | 300 1
15 20 35| 0,01 400 1 11 20 35 0,01 | 300 2
16 20 35| 0,01 400 2 12 20 35 0,01 | 300 3
17 20 35| 0,01 400 3 13 20 35 0,01 | 300 4

21 18 20 35| 0,01 400 4 14 20 35 0,01 | 300 5
19 20 35| 0,01 400 5 15 20 35 0,01 | 400 1
20 20 35| 0,01 500 1 99 16 20 35 0,01 | 400 2
21 20 35| 0,01 500 2 17 20 35 0,01 | 400 3
22 20 35| 0,01 500 3 18 20 35 0,01 | 400 4
23 20 35| 0,01 500 4 19 20 35 0,01 | 400 5
24 20 35| 0,01 500 5 20 20 35 0,01 | 500 1
25 20 35| 0,02 50 1 21 20 35 0,01 | 500 2
26 20 35| 0,02 50 2 22 20 35 0,01 | 500 3
27 20 35| 0,02 100 1 23 20 35 0,01 | 500 4
28 20 35| 0,02 100 2 24 20 35 0,01 | 500 5
29 20 35| 0,02 100 3 25 20 35 0,02 |50 1
30 20 35| 0,02 200 1 26 20 35 0,02 |50 2
31 20 35| 0,02 200 2 27 20 35 0,02 100 1
32 20 35| 0,02 200 3 28 20 35 0,02 100 2
33 20 35| 0,02 200 4 29 20 35 0,02 100 3
34 20 35| 0,02 300 1 30 20 35 0,02 | 200 1
35 20 35| 0,02 300 2 31 20 35 0,02 | 200 2
36 20 35| 0,02 300 3 32 20 35 0,02 | 200 3
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[Tponomxenue Tadbmus I12.1.

Crtpoka Ne F P L V n ] Crpoka | Ne F P L \Y n
33 20 35 0,02 200 4 29 20 35 0,02 100 3
34 20 35 0,02 300 1 30 20 35 0,02 200 1
35 20 35 0,02 300 2 31 20 35 0,02 200 2
36 20 35 0,02 300 3 32 20 35 0,02 200 3
37 20 35 0,02 300 4 33 20 35 0,02 200 4
38 20 35 0,02 300 5 34 20 35 0,02 | 300 1

29 39 20 35 0,03 50 1 35 20 35 0,02 | 300 2
40 20 35 0,03 50 2 36 20 35 0,02 | 300 3
41 20 35 0,03 100 1 23 37 20 35 0,02 | 300 4
42 20 35 0,03 100 2 38 20 35 0,02 | 300 5
43 20 35 0,03 100 3 39 20 35 0,03 50 1
44 20 35 0,03 200 1 40 20 35 0,03 50 2
45 20 35 0,03 200 2 41 20 35 0,03 100 1
46 20 35 0,03 200 3 42 20 35 0,03 100 2

Crpoxka Ne F P L Vv n 43 20 35 0,03 100 3

1 20 35 0,01 50 1 44 20 35 0,03 200 1
2 20 35 0,01 50 2 45 20 35 0,03 200 2
3 20 35 0,01 100 1 46 20 35 0,03 200 3
4 20 35 0,01 100 2 | Ctpoka | Ne F P L \Y n
5 20 35 0,01 100 3 1 20 30 0,005 | 20 1
6 20 35 0,01 200 1 2 20 30 0,005 | 30 1
7 20 35 0,01 200 2 3 20 30 0,005 | 35 1
8 20 35 0,01 200 3 4 20 30 0,005 | 40 1
9 20 35 0,01 200 4 5 20 30 0,005 | 45 1
10 20 35 0,01 300 1 6 20 30 0,005 | 50 1
11 20 35 0,01 300 2 7 20 30 0,005 | 55 1
12 20 35 0,01 300 3 8 20 30 0,005 | 60 1
13 20 35 0,01 300 4 9 20 30 0,005 | 70 1

23 14 20 35 0,01 300 5 10 20 30 0,005 | 75 1
15 20 35 0,01 400 1 11 20 30 0,005 | 70 1
16 20 35 0,01 400 2 24 12 20 30 0,005 | 85 1
17 20 35 0,01 400 3 13 20 30 0,005 | 90 1
18 20 35 0,01 400 4 14 20 30 0,005 | 95 1
19 20 35 0,01 400 5 15 20 30 0,005 | 100 1
20 20 35 0,01 500 1 16 20 30 0,005 | 105 1
21 20 35 0,01 500 2 17 20 30 0,005 | 110 1
22 20 35 0,01 500 3 18 20 30 0,005 | 115 1
23 20 35 0,01 500 4 19 20 30 0,005 | 120 1
24 20 35 0,01 500 5 20 20 30 0,01 20 1
25 20 35 0,02 50 1 21 20 30 0,01 25 1
26 20 35 0,02 50 2 22 20 30 0,01 |30 1
27 20 35 0,02 100 1 23 20 30 0,01 |35 1
28 20 35 0,02 100 2 24 20 30 0,01 |40 1
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[Tponomxenue Tadbmus I12.1.

Crtpoka Ne F P L V n ] Crpoka | Ne F P L \Y n
25 20 30| 0,01 45 1 13 20 30 0,005 | 90 2
26 20 30| 0,01 50 1 14 20 30 0,005 | 95 2
27 20 30| 0,01 55 1 15 20 30 0,005 | 100 2
24 28 20 30| 0,01 60 1 16 20 30 0,005 | 105 2
29 20 30| 0,01 65 1 17 20 30 0,005 | 110 2
30 20 30| 0,01 70 1 18 20 30 0,005 | 115 2
31 20 30| 0,01 75 1 19 20 30 0,005 | 120 2
32 20 30| 0,01 80 1 20 20 30 0,01 20 2
Crpoka 0 F P L \Y n 21 20 30 0,01 25 2
1 20 30 | 0,005 20 2 25 22 20 30 0,01 |30 2
2 20 30 | 0,005 30 2 23 20 30 001 |35 2
3 20 30 | 0,005 35 2 24 20 30 0,01 |40 2
4 20 30 | 0,005 40 2 25 20 30 0,01 |45 2
5 20 30 | 0,005 45 2 26 20 30 0,01 50 2
25 6 20 30 | 0,005 50 2 27 20 30 0,01 55 2
7 20 30 | 0,005 55 2 28 20 30 0,01 60 2
8 20 30 | 0,005 60 2 29 20 30 0,01 65 2
9 20 30 | 0,005 70 2 30 20 30 0,01 70 2
10 20 30 | 0,005 75 2 31 20 30 0,01 75 2
11 20 30 | 0,005 70 2 32 20 30 0,01 80 2
12 20 30 | 0,005 85 2
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IMPUJIOKEHME 3

Pe3yabTaTrhl H3MEPEHUS 3JI€MEHTOB H300PaKeHUs IIOBEPXHOCTH

00pa3uoB, 00padOTAHHBIX JIA3EPHBIM H3JIy4YCHUEM

Tabmuma 11 3.1 — M3mepeHuwe 30H Ja3epHOTO W TEPMUUYECKOTO BO3ACHCTBUS Ha

uccleIyeMbIX o0pasiax

Oo6pa3zen Nel

Howmep 1 2 3 4 5 6 7 8 9 10
3amepa

3JIB 5,965 | 5965 | 6,211 | 5965 | 4,928 4,92 5,535 | 5412 | 6,4575| 4,981

3TB 20,11 | 19,372 | 19,003 | 19,311 | 22,201 | 21,7095 | 19,864 | 18,388 | 21,463 | 21,094

X 1o 3JIB — 5,6342 X no 3TB - 20,25195
o o 3JIB — 0,56119 o mo 3TB — 1,289399
Oo6pa3zen Ne2
Homep 1 2 3 4 5 6 7 8 9 10

3amepa

3JIB 5,211 | 5,166 | 4,4895 | 4,6445 | 4,0585 | 4,583 | 4,797 | 4,182 | 4,551 | 4,198

3TB 22,017 | 25,83 | 28,351 | 27,121 | 27,0605 | 25,953 | 26,629 | 25,215 | 26,875 | 26,0145

X o 3JIB — 4,5881 X o 3TB — 26,1068
o o 3JIB - 0,39131 o no 3TB — 1,682343
Oo6pazen Ne3
Homep 1 2 3 4 5 6 7 8 9 10

3aMepa

3JIB 4,182 | 4,2435 | 3,2595 | 3,3825 | 3,018 2,706 | 3,075 | 3,7515 | 3,0135 | 2,7675

3TB 23,431 | 20,233 | 20,356 | 22,996 | 23,124 | 20,110 | 22,755 | 22,939 | 23,431 | 21,892

X 1o 3JIB — 3,3399 X no 3TB — 22,1271
o no 3JIB — 0,549052 oo 3TB -1,37636
Oo6pazen Ne4
Homep 1 2 3 4 5 6 7 8 9 10

3amepa

3JIB 3,444 | 3,567 | 3,813 | 3,3825| 3,936 | 4,1045 | 3,44 | 2,891 | 4,182 | 4,486

3TB | 20,418 | 21,894 | 21,402 | 22,447 | 21,279 | 21,279 | 22,14 | 23,001 | 21,340 | 21,528
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[Tponomxenne Tabmuis I1 3.1

X o 3JIB - 3,725

X 1o 3TB - 21,6729

o no 3JIB — 0,469231

o o 3TB - 0,724253

Oo6pa3zen Ne5

Howmep 1 2 3 4 5 6 7 8 9 10

3amepa
3JIB 3,136 | 2,952 | 2,46 | 3,198 | 2,952 2,644 | 4,059 | 2,521 | 2,952 | 2,767
3TB 21,341 | 22,939 | 24,415 | 20,049 | 24,415 | 23,001 | 20,787 | 22,755 | 23,247 | 24,784

X 1o 3JIB — 2,9643 X no 3TB — 22,77345
o o 3JIB — 0,456373 oo 3TB —1,604261
Oo6pa3zen Ne6

Howmep 1 2 3 4 5 6 7 8 9 10

3amepa
3JIB | 2,7675 | 2,829 | 2,952 | 3,013 | 3,3825 | 3,567 | 2,1525|2,2755 | 2,521 | 2,398
3TB 23,677 | 25,522 | 21,033 | 22,693 | 23,37 | 19,618 | 23,800 | 23,493 | 23,308 | 21,402

X o 3JIB — 2,78595 X o 3TB — 22,7919
o no 3JIB — 0,463001 oo 3TB —-1,6818
Oo6pazen Ne7

Howmep 1 2 3 4 5 6 7 8 9 10
3JIB 1,891 | 2,091 | 1,5375 | 1,7835 | 2,6445 | 1,5375 | 1,783 | 1,599 | 1,722 | 1,7835
3TB 21,648 | 23,862 | 26,506 | 22,693 | 23,493 | 24,784 | 25,215 | 20,971 | 25,153 | 26,568

X 1o 3JIB — 1,8372 X o 3TB 24,0896
o o 3JIB — 0,329536 omo 3TB 1,912156
Oopa3zen Ne§

Homep 1 2 3 4 5 6 7 8 9 10
3JIB 1,652 | 1,722 | 2,214 | 1,291 | 1,660 1,845 | 2,767 | 1,722 | 1,722 1,722
3TB 25,707 | 22,078 | 24,477 | 23,739 | 23,739 | 23,431 | 22,570 | 23,247 | 26,322 | 23,431

X o 3JIB - 1,8319 X no 3TB — 23,8743
o no 3JIB — 0,397691 o no 3TB —1,310654
Oopa3zen Ne9

HOMep1‘2‘3‘4‘5‘6‘7‘8‘9‘10

obpasma




[Tponomxenne Tabmuis I1 3.1

3JIB 2,128 | 1,107 | 1,722 | 1,7835 | 1,476 1,66 2,214 | 1599 | 1,845 | 2,337
3TB 23,001 | 24,046 | 23,001 | 25,661 | 23,001 | 23,001 | 24,231 | 24,292 | 20,602 | 25,584
X no 3JIB — 1,7872 X no 3TB — 23,70215
o o 3JIB — 0,368125 oo 3TB — 1,325736
Oo6pazen Nel2
Homep 1 2 3 4 5 6 7 8 9 10
oOpa3sia
3JIB 3,7195 | 3,198 | 3,505 | 2,275 | 3,227 2,214 | 2,644 | 3,628 | 2,644 | 3,198
3TB 18,45 | 23,493 | 22,693 | 20,541 | 22,386 | 23,677 | 21,279 | 22,816 | 23,124 | 23,985
X 1o 3JIB — 3,02555 X no 3TB — 22,24455
o o 3JIB — 0,546434 o o 3TB —1,706075
Oo6pazen Nel3
Homep 1 2 3 4 5 6 7 8 9 10
3JIB | 3,3,567 | 4,059 | 2,9505 | 3,6285 | 3,567 3,222 | 3,628 | 3,214 | 3,357 | 3,091
3TB 18,265 | 21,033 | 22,756 | 22,755 | 23,247 | 22,386 | 26,014 | 25,030 | 23,247 | 23,124
X o 3JIB — 3,4465 X no 3TB — 22,7859
c o 3JIB — 0,3125846 o mo 3TB —2,099472
Oopaszen Ne 14
Howmep 1 2 3 4 5 6 7 8 9 10
3JIB 5195 | 51795 | 7,195 | 7,441 | 6,088 6,211 | 5851 | 6,273 | 5995 | 5,473
3TB 19,741 | 17,527 | 17,712 | 18,757 | 18,265 | 18,757 | 18,425 | 19,741 | 18,265 | 20,295
X o 3JIB — 6,0905 X o 3TB — 18,74885
o o 3JIB — 0912891 o o 3TB —0,912891
Oo6pa3zen Nel5
Homep 1 2 3 4 5 6 7 8 9 10
3JIB 4,719 | 5289 | 6,642 | 5497 | 54575 | 4535 | 5781 | 5904 | 4,612 | 5,473
3TB 18,327 | 20,725 | 20,541 | 19,434 | 19,741 | 20,049 | 20,295 | 19,372 | 21,402 | 20,652
X 1o 3JIB - 5,39115 X no 3TB — 19,9875
c o 3JIB — 0,650039 o o 3TB — 0,89809
Oo6pa3zen Nel6

HOMep‘1‘2’3’4‘5‘6‘7‘8‘9‘10
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[Tponomxenne Tabmuis I1 3.1

3JIB 3,612 | 3,658 | 3,567 | 2,890 | 4,120 3,136 | 2,890 | 3,567 | 2,46 4,305
3TB 17,712 | 21,586 | 23,554 | 20,172 | 22,509 | 22,447 | 22,263 | 23,124 | 22,201 | 3,0135
X o 3JIB - 3,42075 X o 3TB - 19,85835
o o 3JIB — 0,5748 o no 3TB - 6,15331
Oo6pa3zen Nel7

Homep 1 2 3 4 5 6 7 8 9 10
3JIB 5,0725 | 4,134 | 5412 | 4,243 | 4,858 4,305 | 5227 | 4,781 | 5,342 | 5,580
3TB 19,495 | 23,124 | 21,279 | 19,188 | 20,971 | 21,217 | 19,434 | 20,541 | 19,618 | 20,602

X 1o 3JIB — 4,8957 X no 3TB — 20,54715
o o 3JIB - 0,521271 o mo 3TB — 1,1195503
O6pasey Ne18

Howmep 1 2 3 4 5 6 7 8 9 10
3JIB 4,92 4,674 | 4,735 | 5,227 4,305 4,428 | 5166 | 6,211 | 5412 | 6,457
3TB 20,725 | 21,525 | 20,541 | 19,434 | 21,279 | 22,324 | 17,958 | 19,065 | 20,049 | 19,311

X 1o 3JIB — 5,1537 X o 3TB — 20,2212
o mo 3JIB —0,714742 o o 3TB —1,313856
Oo6pa3zen Nel9

Howmep 1 2 3 4 5 6 7 8 9 10
3JIB 2,152 | 2,091 | 1,476 | 1,0455| 1,291 0,922 | 1,906 | 1,845 | 1,476 | 1,537
3TB 25,461 | 25,276 | 21,771 | 25,030 | 26,937 | 23,001 | 24,601 | 24,354 | 23,801 | 23,801

X 1o 3JIB — 1,5744 X no 3TB — 24,4032
o no 3JIB — 0,420325 oo 3TB —-1,42819
Oo6pa3zen Ne20
Homep 1 2 3 4 5 6 7 8 9 10
3JIB 1,045 | 1,107 | 2,398 | 1,107 | 1,0455 0,984 | 0,984 | 1,414 | 1,722 1,23
3TB 26,691 | 24,846 | 21,525 | 24,354 | 25,830 | 23,554 | 25,030 | 25,461 | 24,108 | 23,001
X o 3JIB - 1,3038 X no 3TB — 24,4401
o o 3JIB — 0,448008 ocno 3TB —-1,491634
Oo6pa3zen Ne21
Homep ‘ 1 ‘ 2 ‘ 3 ‘ 4 ‘ 5 ‘ 6 ‘ 7 ‘ 8 ‘ 9 ‘ 10




[Tponomxenne Tabmuis I1 3.1

3JIB 1,168 | 1,295 | 1,722 | 2,599 2,599 2,276 | 2,275 | 1,537 | 1,353 | 1,291

3TB | 25,645 | 25,399 | 24,169 | 23,062 | 24,784 | 21,525 | 25,399 | 24,354 | 23,923 | 23,739

X no 3JIB - 1,81135 X no 3TB — 24,20025
o o 3JIB — 0,569495 o o 3TB — 1,250416
Oo6pazen Ne22
Homep 1 2 3 4 5 6 7 8 9 10

3JIB

3TB 27,183 | 25,953 | 26,199 | 24,538 | 24,477 | 29,151 | 25,645 | 24,846 | 26,014 | 26,076

X 1o 3JIB - X 1o 3TB - 26,00835
o o 3JIB — ono 3TB —1,385973
Oo6pa3zen Ne23
Howmep 1 2 3 4 5 6 7 8 9 10

3JIB 0,861 | 0,984 | 0,922 | 1,738 | 2,291 2,091 | 1,291 | 1,173 | 1,107 | 1,722

3TB 22,755 | 24,723 | 24,477 | 25,953 | 25,276 | 23,739 | 24,538 | 24,718 | 24,538 | 24,984

X 1o 3JIB — 1,4182 X no 3TB — 24,5703
o no 3JIB — 0,508625 o no 3TB - 0,857911
Oopasen Ne24
Howmep 1 2 3 4 5 6 7 8 9 10

3JIB 1,6605 | 2,583 | 1,414 | 2,104 | 3,628 2,952 | 3,567 | 2,644 | 1,360 | 1,660

3TB 23,37 | 25,707 | 22,942 | 21,279 | 21,771 | 21,955 | 24,723 | 23,116 | 21,955 | 24,354

X o 3JIB - 2,3575 X o 3TB - 23,1174
o no 3JIB —0,848798 o no 3TB —1,445302
Oo6pa3zen No25
Homep 1 2 3 4 5 6 7 8 9 10

3JIB 1,660 | 1,476 | 1,476 | 1,230 1,414 1,845 | 1,353 | 1,476 | 0,6765 | 1,653

3TB 26,752 | 22,324 | 24,046 | 24,354 | 23,862 | 24,046 | 24,661 | 25,522 | 23,739 | 23,247

X o 3JIB — 1,39605 X o 3TB — 24,2556
o 1o 3JIB — 0,305512 o 1o 3TB — 1,214251
Oo6pa3zen No26
HOMep‘1’2’3‘4‘5‘6‘7‘8‘9‘10




[Tponomxenne Tabmuis I1 3.1

3JIB 1,537 | 1,537 | 0,676 | 1,906 | 1,906 0,922 | 1599 | 0,952 | 1,291 | 0,984

3TB 22,632 | 24,538 | 24,969 | 22,693 | 23,185 | 24,477 | 26,260 | 22,848 | 24,907 | 25,399

X 1o 3JIB - 1,3314 X o 3TB — 24,1911
o o 3JIB — 0,432047 o mo 3TB —1,271577
Oo6pa3zen No28
Homep 1 2 3 4 5 6 7 8 9 10

3JIB 0,984 | 0,799 | 0,615 | 1,292 | 1,115 1,115 | 1,238 | 0,696 | 1,030 | 1,107

3TB 21,955 | 21,525 | 19,987 | 19,926 | 19,065 | 19,180 | 18,511 | 21,217 | 19,68 | 19,557

X 1o 3JIB — 1,02655 X o 3TB - 20,06055
o o 3JIB — 0,200953 o mo 3TB —1,138272
Oo6pa3zen No29
Howmep 1 2 3 4 5 6 7 8 9 10

3JIB 1,722 | 1,414 | 1,599 | 1,291 1,722 1,414 | 1,045 | 1,353 | 1,476 | 1,720

3TB 18,019 | 19,003 | 18,880 | 19,003 | 18,081 | 19,343 | 21,771 | 17,835 | 18,081 | 19,559

X o 3JIB — 1,4758 X no 3TB - 18,9668
o o 3JIB — 0220545 ono 3TB —1,16382
Oo6pa3zen Ne30
Howmep 1 2 3 4 5 6 7 8 9 10

3JIB 1,537 | 1,599 | 1,722 | 2,275 1,599 1,968 | 1,722 | 1,414 | 0,809 | 1,136

3TB 19,126 |15,559 |19,065 | 18,573 | 19,372 | 17,773 | 19,987 | 21,085 | 15,805 | 20,295

X o 3JIB —1,5783 X no 3TB - 18,6643
o no 3JIB - 0,407651 ono 3TB —1,818423
Oo6pa3zen Ne31
Homep 1 2 3 4 5 6 7 8 9 10

3JIB 1,1685 | 1,845 | 0,922 | 1,9065 | 1,722 1,291 | 1,476 | 1,168 | 1,414 | 1,660

3TB 20,295 19,434 |16,236 | 19,126 | 18,511 | 18,696 | 21,955 | 18,327 | 19,249 | 18,880

X o 3JIB — 1,45755 X o 3TB — 19,07115
o o 3JIB — 0,324198 o o 3TB — 1,455486
Oo6pazen Ne32
HOMep‘1’2’3‘4‘5‘6‘7‘8‘9‘10
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[Tponomxenne Tabmuis I1 3.1

3JIB 4,366 | 4,059 | 3,321 | 3,382 | 3,690 4,043 | 4,227 | 3,136 | 4,243 | 4,243

3TB 17,405 | 17,466 | 16,359 | 16,666 | 17,113 | 17,179 | 16,928 | 19,420 | 15,006 | 17,477

X 1o 3JIB - 3,8713 X no 3TB — 16,79387
o o 3JIB — 0,450732 oo 3TB —0,748727
Oo6pazen Ne33
Homep 1 2 3 4 5 6 7 8 9 10

3JIB 3,075 | 2,214 | 2,460 | 2,706 | 3,997 3,259 | 3,690 | 2,583 | 2,952 | 4,120

3TB 18,388 | 17,220 | 17,097 | 18,942 | 16,851 | 17,773 | 19,912 | 16,297 | 17,281 | 18,001

X 1o 3JIB - 3,10575 X no 3TB — 17,41817
o o 3JIB — 0,654878 o o 3TB - 0,820384
Oo6pa3zen No34
Howmep 1 2 3 4 5 6 7 8 9 10

3JIB 3,382 | 2,214 | 2,952 | 2,583 | 2,152 3,013 | 2,275 | 3,612 | 3,444 | 2,829

3TB 19,680 | 19,249 | 17,281 | 16,543 | 19,065 | 16,420 | 19,864 | 17,297 | 17,405 | 16,851

X o 3JIB — 2,84585 X no 3TB - 17,96575
o no 3JIB —0,532034 o no 3TB — 1,345085
Oo6pa3zen Ne35
Howmep 1 2 3 4 5 6 7 8 9 10

3JIB 1,845 | 1,845 | 1,23 1,414 | 2,521 2,152 | 2,091 | 1,660 | 2,890 | 2,829

3TB 18,511 | 17,958 | 18,327 | 19,680 | 19,065 | 18,081 | 18,388 | 17,835 | 17,589 | 19,188

X no 3JIB — 2,04795 Xno 3TB - 18,4623
o no 3JIB — 0,563694 o no 3TB - 0,662883
Oo6pa3zen Ne36
Homep 1 2 3 4 5 6 7 8 9 10

3JIB 1,537 | 1,353 | 0,676 | 1,476 1,353 1,107 | 1,599 | 1,476 | 1,414 | 1,968

3TB 20,848 | 19,065 | 17,466 | 20,479 | 20,725 | 19,065 | 19,327 | 18,019 | 18,511 | 18,696

X no 3JIB — 1,39605 X no 3TB — 19,12035
o no 3JIB — 0,334408 oo 3TB —1,180647
Oo6pa3zen Ne37

HOMep‘1’2’3‘4‘5‘6‘7‘8‘9‘10




[Tponomxenne Tabmuis I1 3.1

3JIB 5,043 | 5965 | 5,719 | 4,567 | 5,658 5275 | 5017 | 5321 | 5,628 | 5,551

3TB 15,222 | 15,744 | 15,867 | 16,851 | 16,851 | 19,676 | 16,974 | 16,789 | 17,511 | 17,869

X no 3JIB — 5,37465 X o 3TB - 16,9356
o no 3JIB - 0,414515 o o 3TB - 1,258186
Oo6pa3zen Noe38
Homep 1 2 3 4 5 6 7 8 9 10

3JIB 5,781 | 5,166 | 4,7355 | 4,551 | 4,981 4370 | 4912 | 4,265 | 4912 | 4,152

3TB 15,006 | 16,051 | 15,067 | 16,666 | 15,129 | 17,644 | 17,013 | 19,013 | 20,880 | 17,847

X o 3JIB — 4,7828 X o 3TB - 17,032
o o 3JIB — 0,483922 o o 3TB — 1,899068
Oo6pa3zen Ne39
Howmep 1 2 3 4 5 6 7 8 9 10

3JIB 4,428 | 4,120 | 4,444 | 4981 | 3,874 4,350 | 4,088 | 5719 | 4350 | 4,412

3TB 16,728 | 15,928 | 17,466 | 16,605 | 15,498 | 17,022 | 17,559 | 16,345 | 17,051 | 16,960

X no 3JIB — 4,47695 X no 3TB — 16,71645
o no 3JIB — 0,524836 o no 3TB — 0,64922
Oopaszen Ned40
Howmep 1 2 3 4 5 6 7 8 9 10

3JIB 4,211 | 4,382 | 5,043 | 5043 | 3,751 4,366 | 4,981 | 5,658 | 3,936 4,92

3TB 15,683 | 16,543 | 16,174 | 16,420 | 16,174 | 15,992 | 15,067 | 15,559 | 16,297 | 17,035

X o 3JIB — 4,6293 X no 3TB - 16,09485
o no 3JIB - 0,593019 o o 3TB — 0,554583
Oo6pa3zen Ne41
Homep 1 2 3 4 5 6 7 8 9 10

3JIB 5,658 | 53505 | 4,674 | 5535 | 4,489 49020 | 3,842 | 4519 | 4,842 | 4,781

3TB 15,744 | 13,714 | 16,297 | 15,805 | 15,559 | 16,669 | 16,129 | 17,575 | 15,452 | 15,329

X o 3JIB — 4,8612 X o 3TB — 15,82765
o no 3JIB — 0,544325 o no 3TB — 1,00045
Oo6pazen Ne42

HOMep‘1’2’3‘4‘5‘6‘7‘8‘9‘10




[Tponomxenne Tabmuis I1 3.1

3JIB 5,781 | 5,043 | 559 | 5350 | 4,489 5,412 | 4,797 | 5,043 | 4,551 | 4,674
3TB 15,375 | 14,883 | 15,252 | 16,912 | 15,760 | 16,851 | 13,776 | 16,789 | 15,669 | 16,174
X no 3JIB - 5,07375 X no 3TB — 15,74425
o o 3JIB — 0,449366 o o 3TB - 0,992622
Oo6pazen Ne43
Homep 1 2 3 4 5 6 7 8 9 10
3JIB 3,8905 | 3,227 | 3,444 | 2,644 | 3,813 2,829 | 3,043 | 3,290 | 3,735 | 3,674
3TB 15,867 | 17,466 | 17,650 | 19003 | 15,436 | 17,821 | 16,435 | 17,297 | 16,621 | 16,605
X o 3JIB - 3,3915 X no 3TB - 17,02035
o o 3JIB — 0,428182 o o 3TB — 1,041402
Oo6pa3zen Ned4
Homep 1 2 3 4 5 6 7 8 9 10
3JIB 4,612 | 4,366 | 3,321 | 3,259 | 3,505 4,829 | 3,567 | 5166 | 5965 | 4,797
3TB 16,420 | 17,712 | 16,666 | 18,327 | 16,051 | 16,666 | 15,129 | 16,728 | 15,129 | 16,022
X o 3JIB — 4,33895 X o 3TB - 16,4852
o no 3JIB —0,903524 o no 3TB — 1,0005946
Oopazen Ned4S
Howmep 1 2 3 4 5 6 7 8 9 10
3JIB 2952 | 2,644 | 2521 | 2,706 | 2,767 2,460 | 2,952 | 1,444 | 3,120 | 2,698
3TB 18,019 | 16,420 | 19,618 | 16,420 | 18,880 | 18,880 | 16,006 | 17,805 | 17,666 | 17,613
X o 3JIB - 2,6266 Xno 3TB - 17,7331
o no 3JIB — 0,462436 o no 3TB —1,18896
Oo6pa3zen Ne46
Homep 1 2 3 4 5 6 7 8 9 10
3JIB 1,353 | 1,660 | 1,722 | 1,968 | 1,722 1,599 | 1,858 | 1,321 | 2,829 | 1,997
3TB 17,835 | 19,864 | 20,233 | 18,142 | 19,557 | 18,081 | 17,944 | 17,773 | 18,543 | 19,220
X o 3JIB — 1,80305 X o 3TB — 18,7195
o no 3JIB — 0,42566 oo 3TB -0,919214
Oo6pa3zen Ne47

HOMep‘1’2’3‘4‘5‘6‘7‘8‘9‘10
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[Tponomxenne Tabmuis I1 3.1

3JIB 1599 | 2,398 | 1,722 | 1,660 | 1,476 2,029 | 1,845 | 1,751 | 2,013 | 3,690

3TB 18,019 | 19,372 | 16,912 | 18,142 | 20,725 | 18,573 | 19,188 | 17,404 | 16,297 | 17,035

X no 3JIB — 2,01855 X o 3TB — 18,1671
o no 3JIB — 0,643447 o o 3TB — 1,339954
Oo6pa3zen Ne49
Homep 1 2 3 4 5 6 7 8 9 10

3JIB 4,854 | 3,628 | 3,813 | 4,013 | 3,628 4,735 | 4551 | 4,583 | 4,933 | 5,195

3TB 17,716 | 16,174 | 19,495 | 16,174 | 16,867 | 17,035 | 17,773 | 17,209 | 17,546 | 18,795

X o 3JIB — 4,39365 Xno 3TB - 17,4787
o o 3JIB - 0,575117 o o 3TB —1,053798
Oo6pa3zen No50
Homep 1 2 3 4 5 6 7 8 9 10

3JIB 3,874 | 4,612 | 4920 | 4,829 | 3,505 3,444 | 4,842 | 5,503 | 4,904 | 4,703

3TB 16,482 | 15,375 | 17,343 | 17,281 | 18,081 | 14,883 | 13,591 | 15,530 | 17,466 | 15,853

X 1o 3JIB — 4,51385 X o 3TB - 16,18865
o no 3JIB —0,676489 o no 3TB —1,39378
Oo6pa3zen NeS1
Howmep 1 2 3 4 5 6 7 8 9 10

3JIB 3,813 | 4,674 | 3,936 | 4,305 | 3,936 3,567 | 3,350 | 3,503 | 4,032 | 4,455

3TB 17,022 | 17,158 | 17,498 | 19,495 | 17,944 | 17,343 | 17,161 | 18,733 | 18,094 | 18,455

X o 3JIB - 3,95715 X no 3TB - 17,8905
o no 3JIB —0,426419 ono 3TB -0,811386
Oo6pazen Ne52
Howmep 1 2 3 4 5 6 7 8 9 10

3JIB 4,043 | 2,813 | 3,366 | 4,166 | 4,243 4,781 | 4,280 | 4,428 | 4,059 | 4,583

3TB 16,883 | 18,543 | 18,912 | 16,698 | 17,682 | 17,990 | 17,006 | 18,359 | 17,926 | 16,455

X no 3JIB — 4,0772 X no 3TB — 17,6456
o no 3JIB — 0,583041 o o 3TB — 0,844852
Oo6pa3zen No54

HOMep‘1‘2’3’4‘5‘6’7‘8‘9‘10




[Tponomxenne Tabmuis I1 3.1

3JIB 2,952 | 3,874 | 2,767 | 3,874 | 3,690 3,366 | 3,075 | 3,874 | 3,933 | 3,247

3TB 16,605 | 17,158 | 15,436 | 19,003 | 16,543 | 17,773 | 18,019 | 16,238 | 17,546 | 17,770

X 1o 3JIB — 3,46555 X no 3TB — 17,20945
o o 3JIB —0,438681 oo 3TB —1,028374
Oo6pa3zen No55
Homep 1 2 3 4 5 6 7 8 9 10

3JIB 2,829 | 2,214 | 3,690 | 2,644 | 2,644 3,075 | 3,075 | 3,628 | 2,952 | 4,247

3TB 18,038 | 18,573 | 18,204 | 19,065 | 18,265 | 17,035 | 17,404 | 16,359 | 17,035 | 17,770

Xno3JB-31 Xno 3TB - 17,775
o o 3JIB — 0,600067 o o 3TB — 0,818588
Oo6pa3zen No56
Homep 1 2 3 4 5 6 7 8 9 10

3JIB 1,230 | 2,890 | 1,599 | 2,337 | 1,291 2,460 | 2,460 | 1,735 | 2,005 | 2,300

3TB 18,450 | 18,081 | 19,987 | 17,404 | 19,188 | 18,313 | 18,450 | 14,402 | 18,215 | 17,950

X 1o 3JIB — 2,03085 X o 3TB - 18,04415

o no 3JIB —0,551352 o no 3TB — 1,460624

130




