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BJIUSIHUE TOJIIAHBI HEPUOJIA MHOTOCJIOHMHOTI'O TOKPBLITHUS
MoN/CrN HA ®U3UKO-MEXAHUYECKHUE XAPAKTEPUCTUKHU

B. A. Cros00Boii
Hayuonanvnoiii nayunsviii yenmp «Xapbko8ckuil (huzuko-mexHuueckuil UHCmMunmymy,
Xapwvkos, Ykpauna
[Toctynuna B penakuuto 30.09.2016

B pabote paccMoTpeHO BIUSHHE TIEpHOIa CIIOEB Ha yBENMUEeHHEe MUKpOTBepAocTH 10 39 I'Tla mHOTO-
CIIOWHOTO BaKyyMHO-TyroBOT0 MOKPBITHT MON/CrN. [1okazaHo, 4To HOHHAST OYHCTKA XPOMOM U MOJTHO-
JICHOM TTOBEPXHOCTHU MOUIOKKH NPUBOAUT K 00pa30BaHMIO 30HBI B3aUMHOM 1u(dy3uH, ymydriaromen
aznre3noHHble cBoiicTBa. MHorocioiiHsie MON/CrN HOKpBITHS IPH OCKACHUU Ha TIOBEPXHOCTH IO/~
JIOKKH ¢ roteHnuanom —20 B npuBoasT K 00pa3oBaHNIO HETEKCTYPUPOBAHHOTO MOKPHITHS ¢ KOd(hu-
nuenToM Tpenust okono 0,15. [Ipon3BoacTBEeHHBIE UCTIBITAHNS TTOKA3aIH YBEIIMUEHNE pecypca padoThl
WHCTPYMEHTA ¢ BaKyyMHO-IyTOBBIM MOKpEITHEM MON/CrN 1o 6 pa3 1o cpaBHEHHIO ¢ HHCTPYMEHTOM
0e3 TIOKPBITHSL.

KuaroueBsie cioBa: MHOTOCHOIHOE MTOKphITHE MON/CrN, HaHOCTPYKTYpa, Colep:KaHue a30Ta, MU-
KpPOTBEPAOCTb, AaBJICHUE PadOYero rasa, ynpouHeHHE IOBEPXHOCTH PEXKYIIEr0 HHCTPYMEHTA.

BIUIMB TOBHIUHMU ITEPIOAY BAT'ATOIHIAPOBOI'O IIOKPUTTA
MoN/CrNHA ®I3UKO-MEXAHIYHI XAPAKTEPUCTUKU
B. O. Croa6oBnii

Y po06oTi pO3MITHYTO BIDIMB TEpioay IIapiB Ha 30UThbIIeHHS MikpoTBepaocti g0 39 I'Tla Garato-
IapoBOro BakyyMHO-ayroBoro TOKpUTTS MoN/CrN. Iloka3aHo, M0 i0HHE OYHINEHHS XPOMOM
1 MOJTIO/ICHOM TTOBEPXHI ITiIKITaIKH TPU3BOAUTH JI0 YTBOPEHHS 30HU B3aEMHOI TU(Y3ii, KA TOMIIIIIye
anresiitni BiactuBocti. bararomaposi MoN/CrN MOKpHUTTS Y OCaIKEHHI HA TIOBEPXHIO MiAKIAIKU
3 moteHuianoM —20 B mpu3BoAATh 10 yTBOPEHHSI HETEKCTYPOBAHOTO TOKPUTTS 3 KOS]ILlIEHTOM TepTs
Omm3bko 0,15. BupoOHuui BUIpoOyBaHHS OKa3aliH 301IbIICHHS pecypcy poOOTH IHCTPYMEHTY 3 BaKy-
YMHO-TyTOBUM MTOKPHATTSIM MON/CrN 1o 6 pasiB y MOpiBHSIHHI 3 IHCTPYMEHTOM 0€3 TTOKPUTTSI.
Kurouosi ciioBa: 6araromapose mokputts MoN/CrN, HAaHOCTPYKTypa, BMICT a30Ty, MiKPOTBEPIICTh,
TUCK POOOYOTO ra3y, 3MIITHEHHS [TOBEPXHI PIXKY4IOTO IHCTPYMEHTY.

EFFECT OF THICKNESS OF PERIOD MULTILAYER COATINGS
MoN/CrN ON PHYSICAL AND MECHANICAL PROPERTIES
V. A. Stolbovoy

The paper considers the influence of the period of the layers to increase the micro-hardness up to 39 GPa
multilayer vacuum arc coating MoN/CrN. It is shown that ion cleaning of chromium and molybdenum
substrate leads to the formation of the interdiffusion zone improves adhesion properties. Multilayer MoN/
CrN coating deposited on the substrate surface potential of —20 V to result in formation of non-oriented
coating with a friction coefficient of about 0.15. Production tests have shown an increase in tool life with
vacuum arc coating MoN/CrN to 6 times compared with the uncoated tool.

Keywords: multi-layer coating MoN/CrN, nanostructure, nitrogen, micro-hardness, working gas
pressure, hardening of the surface of the cutting tool.

BBEJIEHUE

CoBpeMeEHHOE pa3BUTHE ITPOMBIIIIIEHHOCTH AMK-
TyeT HOBbIE TPeOOBaHMSI IO YIPOUYHEHHUIO U CHU-
YKEHHIO U3HOCA IETAJICH MAILIWH, y3JI0B arperaroB
u uHcTpyMeHTa. Hanbosnee nepcrneKTUBHBIM
Y IIUPOKO MPUMEHUMBIM METOIOM YIIPOYHEHUS
IIOBEPXHOCTH SBIISICTCA HAHECEHUE BAKYYMHO-
JyTOBBIX MOKPBITUM HUTPUIAOB TYTOILIABKUX
METAJIOB. DTOT METOJ MO3BOJISAET IPOU3BO-
JUTh IIPEIBAPUTEIILHYIO OUUCTKY U aKTUBALIWIO

MIOBEPXHOCTH JI€Tajeil B BaKyyMe, UuTO B Jlajlb-
HeHIeM NPUBOAUT K XOPOIIEeH aare3un Mexmy
MOKPBITHEM U YIPOUHsieMO# AeTanbio [1]. Otu
HUTPUJIHBIE TOKPBITUS JOCTUTAIOT TBEPAOCTH
25-32 I'lla u 061aAar0T XOPOIIUMH U3HOCOC-
TOMKKMMHU cBoiicTBamu npu pezanuu [2—-5]. Ho
TaKasi TBEp0CTb IPUBOAUT K HOBBIIEHUIO XPYII-
KOCTH MaTepuaja MOKPBITUS, U 3a4acTyl0 3TU
MOKPBITUSL HE pabOTOCTIOCOOHBI NP yAAPHBIX
1 3HAKOIIEPEMEHHBIX Harpy3Kax.
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B. A. CTOJIBOBOM

Jlnst CHUKEHUs XPYNKOCTH B JYTOBBIX
MOKPBITUAX NMPUMEHSIETCS METOJMKA HaHE-
CEHMS CIOMCTBIX CUCTEM C YepeJaOBaHUEM
TBEPJOTr0 U MATKOTO CJI0s TU00 HUTPUIHBIX
CJIOEB pa3IU4YHbIX 2JIEMEHTOB. MHOrOCI0MHbIE
BAKYYMHO-JIYTOBbI€ IMOKPBITHS MO3BOJISIIOT
YMEHBUIUTh BEJIUUYMHY BHYTPEHHHUX Hamps-
KEHUN U CHU3UTb XPYIKOCTh, HO MUKPOTBEP-
JIOCTh IIPU ATOM HE CHM)KAETCSI OTHOCUTEJILHO
MOHOCJIOMHBIXHUTPH/IBIX MOKPBITHH, a 3a4ac-
TYI0 U HECKOJbKO yBenuuuaetcs 0 40 ['Tla
[6,7]

HauOonee ycrnemHbIMu HUTPUIHBIMU Ma-
TepuajlaMM B IOKPBITUAX, HANBLISIEMBIX Ha
PEXYUIUNA UHCTPYMEHT, SIBJISIIOTCS HUTPHUIBI
MosinbieHa u xpoma. Jlo HegaBHEro BpeMeHu
[8—11] Takre MHOTrOCIIOIHBIE TOKPBITHS MPAK-
THUYECKH HE HU3y4YaJIUCh, HO B OTAEIbHOCTHU
HUTPUBI XpOMa U MOJIMO/IeHa JOCTAaTOYHO 1IH-
POKO UCIIOJIB3YIOTCS B Tpon3BoacTse [1, 12, 13].
[TosTOoMy HcciienoBaHUS BIUSHUS PEKUMOB
Ha"eceHuss MoN/CrN Ha usMeHeHne (HU3UKO-
MEXaHUYECKUX CBOWCTB B 3TUX MOKPBITUAX SB-
JsieTCsl BOCTPEOOBAaHHBIM.

METOAUKA IMTOJYUYEHUA
MHOTI'OCJIOMHBIX BAKYYMHO-
JIYTOBBIX MoN/CrNITOKPBITHM
BakyymHo-ayrossie MHOroCn0iHbIe MON/CrN
MOKPBITHSI OBLTM HAHECEHBI B MOIU(PHUITUPOBAH-
Hol yctaHoBKe «BYJIAT-6», npunuunuanbHas
cXeMa KOTOpO# MmokaszaHa Ha puc. 1. O6pa3ibl
OBLTH PACITOJIOKEHBI HA METAJUTHUECKOM TITIOC-
KOM TOJITIOKKO/IeprKaTeie, KOTOPBIM HaXOIUTCS
Ha paccrogHuu 200 MM OT HcTIapuTenel Xxpoma
1 MoinOieHa.

B kxadecTBe 00pa3moB MCHOIb30BAIUCH
MOJMPOBAHHbBIE MOJIOKKN U3 HEPKABEIOIIEH
cranu 12X18HI9T ¢ pasmepamu 18 x 18 X
3 MM, KOTOpBIE MPEIBAPUTEIHHO IPOMBIBATIU
LIEJIOUYHBIM PACTBOPOM B YIBTPA3ByKOBOM BaHHE
u 3arem Hedpacom C2-80/120. BakyymHyro Ka-
Mepy oTkauuBanu 10 Aasiacaus P=0,3-10"°I1a.
Y TIPOM3BOAMIIA HOHHYIO OUYUCTKY U AaKTUBALIUIO
MOBEPXHOCTH TMOJIOKEK OOMOApANPOBKON HO-
HaM{ METAaJIJIOB, NI0JjaBasi OTPUIIATEIbHBIN MO-
tenuunan —1300 B na noanoxky. Tok ayru nms
Monuoena cocrasisut 120 A, a st xpoma —
100 A. TIpouecc OYUCTKHU TPOU3BOTHUIICS
10—15 MuHYT ITp1 HENPEPHIBHOM BpalllEHUH 10~
ioxkoaepkarens. [lociie O4MCTKHU B BaKyyMe

6
Mo N = "/ = I Cr
7 _/l
| 81
120 A |+ +| 100 A
l *
= 20B 1
4 ~_8_
Puc. 1. 1 — BakyymHas kamepa, 2 — MeTaJUIMYECKUIl

9KpaH, 3 — Harekarelnb a3ora, 4 — HalbUIeMble 00pas3iipbl,
5 — ucnapuTeIs Xpoma, 6 — HCTIapyuTelh MOIMO/eHa, 7 —
HCTOYHMKY MUTAHUS IYTU, § — UCTOYHMK MUTAHUs MOJ-
JIOKKH, 9 — MOBOPOTHBII MEXaHU3M

U pazorpeBa o0pa3IoB MIPOU3BOJUIN HaHECE-
HHE CJIOA YUCTOTO MaTepualia Karoja B Teye-
Hue | MuH. 3aTeM MPOU3BOIMIN OCAXKICHHUE
MHOTOCJIOWHBIX MOKPBITHH B TeueHue | yaca.
J11st 5TOrO KpaH pacnoarajiv neprneHauKysp-
HO IJIa3MEHHBIM TTOTOKaM OT KatoaoB. [laBie-
HUE a30Ta B BAKYYMHOM KaMepe TP OCaXKICHUU
nokpelTuii coctasisuio 0,4 Ila. Toku nyru co-
craBmsuia 120 A nst monuoaena u 100 A st
xpoMa. OTpuLlaTeIbHBIN MOTEHIIMAT Ha MO/JI-
noxke cocrasisul 20 B. CkopocTh ocaxaeHus
MHOTOCJIOWHBIX ITOKPBITUH B CPEAHEM COCTaB-
nsuta 3 HM/c. Bpemst HarbuieHUsI MHOTOCIIOMHBIX
MoN/CrN nokpsITHii cocTapisuio 1 yac.

Jlis ynpaBieHHs TIpOLECCOM HAaHECEHUS
MHOTOCJIOMHBIX MOKPBITUH MCIOJIB30BATN KO-
MaH0-koHTposuiep [ 14]. Komanno-konTposiep
OJTHOBPEMEHHO BKJIFOUAET 00a UCTIApUTEIIs, ITPO-
HCXOAUT OCAXIEHUE C OJHOM CTOPOHBI IKpaHa
cinosg MoN, a ¢ npyroii ctoponst ciosi CrN.
Bpems HanpuieHUS KaXI0TO CJIOST COCTABJIS-
710 300 ¢, 150 ¢, 80 c, 40 c. [Tocne HaHeceHus
MIEPBOTO CIIOsI 00a UCTIAPUTEIIS BBIKITFOUAIOTCS,
ITIOBOPOTHBIM MEXaHHU3M pa3BOPAYMBAECT dKpPaH
Ha 180°, 1 cHOBa BKJIIOYarOTCsl 002 UCIApUTETISL.
Takol pexuM 0CaKIeHUs MPOI0JKAETCS B Te-
yeHue | yaca.

Da30BO-CTPYKTYPHBIM aHAIU3 MPOBO-
IHUJICS METOJOM PEHTITeHOBCKOW nudpak-
TomeTpun B usnydenun Cu-k . Pasmenenue
npoduneil Ha COCTaBISMIOIIUE OCYIIECT-
BJISIIOCH C MCHOJB30BAaHUEM MaKeTa Mpo-
rpamM «NewProfile». DaemeHTHBIN cocTaB
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HCCIIEJ0BAJICS SHEPrOUCIIEPCHOHHBIM METOIOM
Ha pacTpOBOM NIEKTPOHHOM MUKpockone FEI
NovaNanoSEM 450. TepaocTs usmepsiaach
METOJIOM MUKPOUH/IEHTUPOBAHUSI C TUPAMUJION
Bukxkepca B kauecTBE HHIEHTOPA IIPH Harpy3Kax
50 u 100 r. UccnenoBanne mpou3BOAUIOCH HA
MUKpoTBepaomepe JIM-8.

dortorpaduu MomnepeyHbIx cpe30B MHOTO-
CJIOMHBIX TOKPBHITUN ObLIN MOJy4YEHBbl HA MU-
kpockone Quanta 200 3D ¢ ucnonp3zoBaHuemM
JI€TEKTOpa BTOPUUYHBIX IEKTPOHOB, KOTOPHIN
oOnazaet HanOONIBIINM JIaTepaIbHBIM pa3pere-
HueMm (110 3,5 am). CreMka u300pakeHH TIPo-
BOJIMJIACH B PEXKMME BBICOKOTO BaKyyMa.

PE3VJIBTATBI U OBCYXXJIEHUE

Jlnst ynydiieHus: aAre3MOHHBIX CBOMCTB MEXY
MIOBEPXHOCTHIO MOJUIOKKH U HANBIIIEMBIM
MOKPBITUEM MPUMEHSIETCS MOHHAs OYMCTKA,
NpUBOJAIIas K 00pa30BaHUIO MEPEXOAHOU
30HBI (pUC. 2), TOKa3aHHOW CEPBIM IBETOM Ha
Marepuane MoiiaoXKHu. T. K. O4ucTKa MeTa-
JUTMYECKUMH MOHAMH MTPOUCXOAUT B BHICOKOM
BakyyMme p = 0,001 I1a u npu orpuniareabHOM
noreHimane Ha nomioxke 1300 B, aTo mpuso-
TUT K 6oMOapAUpOBKE MOBEPXHOCTH MOHAMHU
Mo u Cr u, KaK clieICTBUE, K pa3orpeBy I0-
JUIO’KKH U €€ YaCTUYHOMY PaCHbLICHHIO.

10/ON
nowrotrol |
| l

crnoun

MepexoaHbliii

Puc. 2. Tonepeunslii cpe3 Ha TpaHHUIIE MOUI0KKA — MHOTO-
CJIOMHOE MOKPBITHE

Opnnako HeOOJBIIIOE KOJIMYECTBO MaTepuana
KaTojia BCE K€ OCaKJIAaeTCs Ha MOBEPXHOCTH
MO/JIOKKU M MOXKET AU PyHaIupoBaTh HA He-
00JbIIYI0 TITyOUHY MaTepuaa, TakuM 00pa3om
MIPOUCXOTUT (POPMHUPOBAHUE IEPEXOAHOTO CIIOS
MEXy MOKPBITHEM U TIOJUTOKKOU (pHC. 2).

Belmie Hag IepexoIHBIM CIIOeM YKa3aH MoJ-
CJIOM YMCTOTO XpOMa M MOJIHO/IeHA C B3aUMHBIM
nepeMennBaHieM. TONIHA CII0EB COCTaBIISIET
14-16 um st Mo u 10-12 um g Cr. Crois
Maliasi TOJIIMHA CIIOEB CBsI3aHA C TEM, YTO
MIOCJIE OYMCTKH Ha MPSIMOM ITy4Ke OCaKIaeTCs

HEeOOJbIION CI0M MpU HENPEPBIBHOM HCHape-
HUU KaTOJI0B C HEMIPEPHIBHO BPAILIAIOLIUMCSI T10-
JUTOXKKOZIEpIKaTenem (puc. 2).

VYnpasneHue ycaoBUSMH HAaHECEHUS TOJ-
IIMHAMU HUTPUAHBIX CJIOEB B MHOTOCJIOWHOM
oKpbITU MON/CrN npuBOIUT U K ©3MEHEHHIO
MEXaHUUYECKUX XapakTepucTuk. [Ipu Hanecennn
OTHOCHUTEJIbHO TOJICTBIX EPUONIOB /1 = 2,5 MKM
B MHOTOCIOWHOM MOKpeITHH MON/CrN dhopmu-
PYIOTCS CJIOM € pa3HbIMH TOJIIIMHAMU puc. 3 (a,
0) npu unTepsae ocaxaeHus 300 c.

1
l

s =
= s
= =
3 3
a
T ————

1
9

|
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|
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Puc. 3. BakyymHo-mgyroBoe mHorocnoinoe (11 cioe)
MoN/CrN nokpsiTre ¢ uaTepBaiom 300 ¢

OO6mas TonmuHa MOKPBITHS (puC. 3a) co-
crapiseT npuonusutensuo 14,1 mxm. Hetou-
HOCTh CBSI3aHa C TOJIIMHOW MEPEXOTHOMN 30HBI
MEXKy TOKPBITUEM U MOJIOKKONW U HEPOBHOC-
THIO 32 CUET KareabHOH (Da3bl HA TOBEPXHOCTH
NMOKpbITU. UepHbIe c10M Ha pHUC. 3 3TO ClIOU
MoN, a cBetibie — CrN. Tommuna MoN He-
CKONBKO BhIIe, 4eM CrN. DTo CBS3aHO C TEM, YTO
CKOPOCTHU OCX/JICHUsI pa3Hble (Juist Xxpoma 3 HM/C,
Ut MonnOieHa 4,5 Hm/c). MUKpoTBepIOCTh Ta-
KOTO MOKpbITHA cocTaBisieT H =26 ['Tla. Ota mu-
KPOTBEPJIOCTH COOTBETCTBYET MHUKPOTBEPIOCTH
JUIs1 OJTHOCJIOMHBIX MOKPBITHI HAa OCHOBE XpOMa.

YMeHbIIeHHEe TONIUHBI Ieproaa i =~ 1Mk
MIPUBOJIUT U K CYIIECTBEHHOMY YMEHBIIIEHUIO
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B. A. CTOJIBOBOM

o0mel TOJIIUHBI TOKPBHITHSA 10 13,3 MKM,
puc. 4 (a, 6). ITO CBI3aHO C YBEINICHHUEM KOJIH-
9yecTBa cpabaThIBAaHUHN MTOBOPOTHOTO MEXaHMU3-
Ma NpU OTKJIKYeHUU ucnapureiaeit Mo u Cr.
MuUKpOTBEPAOCTh MOKPBITUS BO3pACTaET 110
H=28TITla.

[Tpu Gonbirem yBeauvdeHuu (puc. 46) B MHO-
TOCJIOWHOM MOKPBITUU BUIHBI YETKHE TPAHUIIBI
CJIOCB W HE 3aMETHO B3aMMHOE TIEPEMEIITUBAHNE.
KanenbHnas ¢asza, npucyTcTByIomas BHyTpU

it

==

Puc. 4. BaxyymHO-gIyroBoe MHOrocinoiHoe (24 ciuos)
MoN/CrN nokpsiTre ¢ uHTepBaioM 150 ¢

CJIOE€B, IPUBOIUT K CMEIICHUIO U HEPOBHOCTIM
CJIEYIONIEro closi, HO uepe3 1-3 cios ucka-
KEHUs B ciI0sX ucuezaroT. OHaKo eciiy Kariu
JIOCTATOYHO OOJBIINE U PACIOJIOKEHBI Ha TO-
BEPXHOCTH (pHuc. 42), TO KOJUYECTBO CJIOEB,
HeoOXoauMoe AJs BbIpaBHUBAHUS CJIOEB,
YBEJIMYUBACTCSI.

Ha (puc. 5a, 6, ) moka3ana o01as TONIIN-
Ha MOKPBITHS, HAHECEHHOIO MPU UHTEpBaje
ocaxxaeHus 80 c¢. O0mas TOMIIMHA IPU TAKOM
pexXuMe ocakaeHus 3a 1 yac yMeHbIIaeTcs 10
12,2 mxMm (puc. 5a). TonmrHa nepuoja cocTas-
nset 526 HM, U, KaK BUJHO U3 puC. 40, clion
MoN Ttak ke Oomnpre, uem CrN.

U

noud niaHoxada

Wi

Puc. 5. BakyymHO-myroBoe MHorocioitHoe (44 cios)
MoN/CrN nokpsitie ¢ naTepBaioM 80 ¢

Crnoucras cTpyKTypa IOJIHOCTBIO IOBTOPSI-
eT pernbed MOBEPXHOCTH MaTepuaa MOAI0KKH,
HO 4epe3 ONpeesIeHHOE KOJIMUYECTBO EPUOJIOB
IIOKPBITUE U CJIOH, B YACTHOCTH, CTAHOBATCS
6osee poBHbIMU. [Ipu GoiibllieM yBeIUUEHUU
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(puc. 56) 3amedena B3aumHas 1uddy3us u 00-
pa3oBaHUE MEPEXOJHBIX CI0EB HA T'paHUIAX
pa3HbIX 31eMeHTOB NOKpbeITUS MoN u CrN.
Takue u3MeHeHus B CTPYKTYp€e MOKPBITHS IIPU-
BOJIST K YBEJIMYEHUIO MUKPOTBEPAOCTH 10 H =
30 I'Tla.

CHuxeHue nHTepBaia HanbuieHus 10 40 ce-
KYHJl Ha OJIMH CJOW NPHUBOJMUT K YMEHbIIIE-
HUIO OOIIEH TONIUHBI MOKPBITH 10 11,7 MKM
(puc. 6a). CHIWKeHuUE epuoa cioes 10 273 HM

MPUBOJAUT K YBEIMUEHHUIO Pa3MBITOCTH Ha Tpa-
HULAX cJI0€eB (pHcC. 68) U YBEIUUEHUIO MUKPOT-
Bepnoctu 1o H =32 I'Tla.

U

1ouo MiqHToxada

Puc. 6. BakyymHo-ayropoe mMHorocionHoe (88 cioe)
MoN/CrN nokpsiThe ¢ uHTepBajiom 40 ¢

JlanpHelnee yMeHbIIEHUE TOJIIUHBI IIEpU-
ona 1o h =25 HM ¥ MeHbIIE B MHOTOCJIIOMHOM
nokpbITH MON/CrN MpUBOJHT K CYIIECTBEHHO-
MY YBEIMUYEHUIO MUKpoTBepaocTH 10 /=39 I'Tla
Y YMCHBIICHHUIO TUPPAKIINOHHBIX ITUKOB pPHC. 7.
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Puc. 7. Yyactku Iu(PaKIMOHHBIX CHEKTPOB MOKPBITHIA,
TIOJTYYCHHBIX IIpU OTPULATCIIBHOM MOTCHUUAJIC Ha I0A-
noxke 20 B u naBnennu asora 0,4 Ia npu pasHoii TommuHe
crmoeB: 1 — 300 um, 2 — 70 aM, 3 — 20 HM, 4 — 12 1M [9]

OcaxieHre MHOTOCJIOMHBIX TOKPBITUH C He-
OOJIBIIMM OTPHUIATENbHBIM MOTEHIIMATIOM Ha
noanoxke 20 B mpuBoaut k popMupoBaHHIo
OJTMHAKOBOTO THIA KPUCTANIMYECKON PEIIeTKH
ctpykrypHoro tuna Bl (I'IK tuma NaCl). I1pe-
HMMYILIECTBEHHAs! OPUEHTALUS POCTA KPUCTAIUIN-
TOB € 0Cbt0 [311], neprneHuKyIspHO IIIOCKOCTH
pocTa, cBsi3aHa C OTHOCUTEIBHBIM YCUIJICHUEM UH-
TEHCUBHOCTH COOTBETCTBYIOMIETO pedrekca. [Tpu
3ToM B ciiosix CrN Takod THI TEKCTYyphl Oojee
BbIpakeHHbIN. CoJlepKaHue a30Ta B TOKPHITUU
cocraBisieT nopsiaka 19 at. % [8].

VYBennueHne MUKPOTBEPAOCTH MPHU YMEHb-
LIEHUU MEPHOJIa CIIOEB B MHOTOCJIOMHOM Ba-
KYYMHO-JYTOBOM MOKPBITUH MOJHOCTbIO
COMIAacyeTCs C MOJIETISIMA M TEOPUSIMU, BBIIBU-
HyTeiMH J. S. Koehler [15], B koTOpbIX moka-
3aHO, YTO YJIyYII€HUE MEXaHUUYECKUX CBOMCTB
MHOTOCJOWHBIX MOKPBITUN NIPHU YMEHBbIIE-
HUU KaXJI0TO U3 CJIOEB 10 ypoBHA 1-20 HM
CBSI3aHO C MEPEXOA0M B HAHOMETPOBYIO 00-
JaCTh TOJIIIUH YE€PENYIOMUXCS CI0EB, UTO,
B CBOIO OYepeab, NOAaBIsAeT GOPMUPOBAHIE
JUCIIOKALMM, a pa3HHUIAa B MOAYJSAX YIPY-
TOCTHU Pa3HBIX 2JIEMEHTOB COCEIHUX CIOEB
MOJIABIIIET MOOMITBHOCTH JUcToKarmid. Veprek S.
HECKOJIBKO TOMOIHUI 3P (HEKTH YyIPOUYHCHUS
TaKUX MHOTOCJOWHBIX CTPYKTYpP U CBSI3aJ MX
CO CcJIe/ICTBUEM OOMOApAUPOBKY SHEPTUUHBIMU
MOHAMU B MPOIECCE OCAXKACHUS CI0EB MpPU
OTPHUIIATEILHOM HANPSHKEHUU CMEIICHUS Ha
oOpaslie, MPUBOIALIEM K YIIJIOTHEHUIO TPaHUI]
CJIO€B U MTOBBILIEHUIO OCTATOYHBIX HAIIPSKEHUI

[16, 17].
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Co3zianre MHOTOCJIOMHBIX TOKPBITUH C HAHO-
METPOBBIM NEPUOJOM CIIOEB MPUBOAUT K yIyU-
IIEHUIO TTPOYHOCTHBIX XapaKTEPUCTHK CaMOTO
nokpeiTusi. Ha puc. 8 moka3zaHbl BO3MOXKHBIE
MEXaHU3MbI, BIMSIOLIME HA TPOYHOCTh MOKPbI-
Tusi. B mepBy1o oueper BO3HUKIASA TPEIIMHA
pacuieIuIsieTCsl Ha TpaHuIaX 3€pPeH U, KakK cle/-
CTBUE, POUCXOIUT CMEIICHUE TPEIINHBI B TIe-
PEXOHOM CJI0€ Ha TPaHUIlaX Pa3HBIX CIOEB.
B nmepexogHoM ciioe MpOWCXOIUT CHUKEHHUE
BHYTPEHHUX HAMpPSHKEHUM MOKPBITUS, a €CIU
TOJIIIIMHA TIEPHOA CII0SI ACCATKH HAHOMETPOB,
TO MOXET BOSHUKHYTh TaK Ha3bIBacMasi HAaHO-
IIacTHYHOCTS, onucannas H. Hollek B [18, 19].

i

Cnon «a» Tpeiynra

Cnoi «6» TpelwnHa

[MepexoHbIn cnowv unm

rpaHuubl croeB L -
paniu Cnon «a»

TpellumnHa

Cnon «6»

Puc. 9. KonycHast (hpe3a ¢ MHOTOCIIOWHBIM BaKyyMHO-/IyTO-
BbIM 1TOKpbITHEM MON/CrN

PacLuenneHuve TpeLwwuHbl Ha rpaHuLe
<::| 3epeH, pa3BeTBINEHNE TPELLUMHBI,
penakcaums HanpshkeHui
CwmeLleHne TpeLmHbl
Ha rpaHuLe croes

O6pasoBaHue NepexoaHoro Crios,
paccrnoeHne Ha NPOMEXYTOUHbIE
cnov

Mnactuueckasn gedopmMauns Ha
rpaHuuax guccunauum aHeprum

1 penakcauuv TpeLUnH, yMeHbLUEHNE
pacnpocTpaHeHnst TPeLLMHbI

Moanoxka

Puc. 8. MexaHNU3MEBI IOBBIIICHUS MPOYHOCTHU B MHOT" OCJIOMHBIX HUTPUAHBIX HOKPBITUAX

HaubGonpmas MUKpOTBEpIOCTh MPU HAU-
MEHBIINX TOJIIMHAX NEPUOJIA CIIOSI TO3BOJISIET
WCIIOJIb30BaTh TAKOE MOKPBITUE IS YIIPOYHE-
HUS TIOBEPXHOCTH MHCTPYMEHTA, paboTarolie-
ro 1Mo TpyAHOOOpabaThIBa€MbIM MaTepHalaM,
a HeOoNbIol K03 (PUIUEHT TPEHUS OKOJIO
0,15 [8] mo3BOAsIET CHU3UTHh HAaBOJAKUBa-
HUE U MpUIUNAHUE MeTajula K pexylien mno-
BEpXHOCTH MHCTpYMeHTa. B wacTHOCTH, Ha
puc. 9, mokazaHsl KOHYCHBbIE (pe3bl (Topell
0 3,0 u 0 3,4 mm) u3 TBepaoro cmasa (YL10,2)
¢ MHOrocsioiHbIM MoN/CrN mokpbITHeM U Ha-
MMEHBIINMHU 1teproaoM ciioeB 10-20 HM.

PaboTocrnocoOHOCTh pe3bl C MHOTOCIIOMHBIM
nokpeiTueM MoN/CrN nipu 06paboTke aeranei
W3 JIETUPOBAHHOW KOHCTPYKIIMOHHOW CTalIu
18XT'T (HRC 20-22) yBenuuuBaercs q0 1200
neranei no cpaBHeHuto ¢ 200 geranamu npu
pabote (ppe3nr 6e3 MOKPHITHSI.

BbIBO/IbI

1. Ucnonb3yemasi B paboTe METOIMKA HOH-
HOW OYMCTKH yIPOUYHSAEMBIX JI€TaJeH IPUBOIUT
K BHEJPEHUIO aTOMOB XpOMa U MOJIMO/IEHA B Ma-
Tepual MOMAJI0KKHA U 00pa30BaHUIO 30HbI B3a-
UMHOHN 1uddy3un, ymydiaromen are3noHHble
CBOMCTBA.

2. YMeHbIIIEHHE NepUoa CII0EB B MHOTOCIIOM-
HOM BaKyyMHO-1yroBoM MoN/CrN nokpsITuu
IIPUBOJUT K YBEIMYEHUIO MUKPOTBEPAOCTH J10
39 I'lla, ogHako KO3 OUIMEHT TPEHHS MpaK-
THUYECKH HE U3MEHSETCS U COCTABIISIET OKOJIO
0,15.

3. B MHOrocioiHbIX BaKyyMHO-AyTOBBIX
nokpeITUsIX MoN/CrN ¢ ToamnuHoi nepuozaa
ciios o1 600 HM 1 HUKe 0OHApYKUBAETCS B PO-
MEKyTKaxX MEXJIy CJIOSIMU IepexoaHas 30Ha;
IIOKa3aHO €€ BIMSIHHUE HA IPOYHOCTHBIE XapaK-
TEPUCTUKH CAMOTI'0 MOKPBITHS.
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4. Takast METO/IMKA MTOITOTOBKY MTOBEPXHOCTH
Y HAaHECEHUs MHOTOCIIOMHOIO MOKPBITHUS Jlajia
BO3MOXKHOCTB PEIIUTh TPOOIEMYy YBEIHMUCHUS
pecypca poOOThI TBEPAOCIUIABHOTO MHCTPYMEH-
Ta 710 6 pas.

ABTOp BBIpa)kaeT 0JarolapHOCTh JOKTOPY
TEXHUYECKUX HayK, CTapLIIEMy HaydHOMY CO-
TpyAHUKY bepecHeBy Bsdyecnasy MapTeiHOBHUYY.
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