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HOBbIE MATEPUAJIbI U TEXHOJIOTUW NPOU3BOACTBA

VIIK 621.793.18

B. JI. TupwoBs, a-p TexH. HayK, npogeccop

MeTannopexyuwmm UHCTPYMEHT
U3 NOPOLIKOBOMU CTaNU C AUCNEPCHOU CTPYKTYPOMN
U aIMa30no400HbIM HAHOMOKPbITUEM

CaHkm-llemepbypeckuli 20CyoapcmBeHHbIl noaumexHu4eckul yHusepcumem,

1. A. TONONAHCKUN, KaH[. TEXH. HAYK _
000 «HNY ,,[nazmauyeqsmp”» (CaHkm-llemepbype)

JIOCMHOU hpo4YHoCcMuU.

B mpomecce 3sKCIIyaTaly MeETAJJIOPEKY-
[I[er0 MHCTPYMEHTA ero pesxXyLiafl KpOoMKa HC-
IBITHIBAET BBICOKHE KOHTAKTHEIE HANIPAXKEHUA
(4000 MIIa u 6ojiee) 1 MHTEHCUBHOE TEIIJIOBOE
BO3JIeNCTBYE 3a CUYeT BbIJeJEeHHUA TeNJOThl IPH
pe3aHny. YUYacTKM HHCTPYMEHTa, VIaJIeHHBbIE
OT pexXyllled KPpOMKH, HAXOAATCA II0J BO3JEMC-
TBHEM HMOBBINIEHHDLIX HAIPAMKEHUH N3ruda u Kpy-
yeHudA. Pabora MHOruX BHJ0OB MHCTPYMEHTOB CBSI-
3aHa TaKKe C VIapHbIMH HarpyskaMy U BHOpa-
I[IAMY, HaIpUMep, IPU [IPEPLIBUCTOM pPe3aHHHU.
OueBHAHO, 4YTO pPadOTOCIOCOOHOCTL peXKyIie-
r'o UHCTPYMEHTA B 3HAYNTEJNIHHOU Mepe 3aBUCHUT
OT MEeXaHUYeCKHUX CBOUCTB HHCTPYMEHTaJbHO-
ro Marepuaja, npexkJe BCero oT ero TBepiaoCcTH,
IIPOYHOCTH U BA3KOCTH, & TAKKE OT TEILJOCTOU-
KOCTH MJIM CIIOCOOHOCTH MarepHaJja COXPaHSATH
[IOBBIINIEHHYIO TBEPAOCTL IIPH HArpeBe.

K dyucny rambosiee pacinpocTpaHeHHbIX HHCTPY-
MEHTAJIbHbIX MaTepHAaJIOB OTHOCATCA ObBICTPOpE-
xymme crtaau (BC). B cocras BC BxoaaT mckIiIo-
YUTEJIbHO Je(pUIIUTHBIE U JOpOorue Jerupyroliimue
3JIEMEHTBI — BOJIbppam, MOJIHOAEH U KODAaJIbT,
KOTOphIe INMPHUIAIOT CTAJAM HeoOXOAMMBIN YPO-
BEHb MEXaHUYECKUX, TEXHOJO'HUYEeCKUX 1 PYHK-
IIMOHAJBHBIX CBOUCTB. lIpupoaHble 3amackl 3TUX

N 1 (49)/2009

[IpedcmasneHa KoHyenyua 3¢pekmusHocmu npuMeHeHUA UHCMPyMeHma u3 nopouwKosou
6sicmpopexywed cmanu ([16C) ¢ Mukpokpucmannuyeckod cmpykmypodl, cooepxaujeli HaHopa3-
MepPHYI0 YNPOYHAIWYIO a3y, @ MaKxe UHCmMmpymeHma ¢ aamMa3ono0obHsiM HaHonokpsimuem. [16C
¢ HaHopasmepHol ynpoyHswwed ¢pazol obaadaem 8bICOKUMU XAPAKMeEPUCMUKaMu NPpoYHOCMU,
BA3KOCMU U MensoCmMoUKoCmMU, Ymo 3Ha4dumesnsHo nossiwaem pabomocnocobHoCmMb UHCMPY-
MeHma 8 yCn08usx YepHosol 06pabomku, npepsisucmo20 pe3aHua u subpayuu, a makxe npu
BbICOKOCKOpOCMHOU obpabomKe mpydHoobpabameisaemeix mamepuanos. [IpumeHeHue mexHo-
N102UU QUHUWHO20 NNA3MEHHO20 YNPOYHEHUA C HaHeceHueM aama3ono0obHo20 HAHONOKPbLIMUS
nogelliaem U3HOCOCMOUKOCMb pexylieeco UHCMpyMmeHma 3a c4yem yMeHbUeHUa KoagpuyueHsma
mpeHus, yseauyeHUa NoBepxXHOCMHOU Mukpomseepdocmu, XapocmouKocmu U NoB8bIWeHUS ycma-

MEeTaJIJIOB BO MHOI'OM HCYepHaHbl, II09TOMY 0C000
AKTYaJIbHOU ABJAETCA 3aJa4a MOBLIIIEHHA 3]-
(beKTUBHOCTHU HHCTPYMEHTa U COKpPaAlleHUSA ero
pacxona. CymiecTBeHHOMY YBEJINUYEHHIO MEXaHU-
YeCKUX M PYHKIIMOHAJBbHBIX CBOHNCTB TpalMIlH-
orHbIX BC nmpenarcrByerT KapbugHasa HEeOTHOPOI-
HOCTH CTPYKTYPBI. HeMm BEIIIe CTeneHh KapOuma-
HOM HEOMHOPOIHOCTH, TEM HUXXe MeXaHUUYeCKHUe
ceoucTBa. Hanpumep, B mpyTKax AUMaMeTPOM
15-25 mm (2-#1 6ang kapObuJHOM HEOOZHOPOAHOC-
TY) NIpefes NMPOYHOCTH IpY N3rude TepMHUYeCcKH
oOpaboTaHHBIX 00pa31oB crajau P6MS cocraBJis-
eT 3600-3700 MIla 1 ynapras BA3KOCTE Ha 00-
pasax 0e3 Haapesa 390—400 RlIJR/Mz. ITH Ke
XapaKTepPUCTHUKUA CBOUCTB B NMPYTKaX JUAMETPOM
90-110 mm (8- Oanxn KapOHIAHON HEOLHOPOI-
HOCTH) cHM KarTca o ypoBHA 1800—-2000 Mlla
n 150-180 RI[JH/M?". SHAUUTEJbHOE BIIHAHUE
Ha npouynoctb bC oOkas3piBaeT U pa3mep 3ep-
Ha. Ilpy HEeM3MEeHHOM pacnpeiesieHnn KapOnuaoB
1 pOCTe 3epHa B JBa pas3a NPOYHOCTE ctaxu P18
camkaerca Ha 200-300 MIla [1].

Ha npoTrssxeHur MHOTUX JieT 60prba ¢ KapOu -
HON HeogHOPOoAHOCTHIO BC Besack nmyremM coBep-
IINeHCTBOBAHUA TEXHOJIOTMH JUThA U Jedopma-
I[N CJINUTKOB, HO KapAMHAJBbHOE pellIeHNe 3TOU

43j



EXANNOORPAROTK

npobJieMBbl CTaJI0O BO3MOXKHBIM TOJILKO Ha . 0aase
TEeXHOJIOTUHM MMOPOILIKOBOH METAJIJIVPTUH, BKJIIIO-
YyaoIlley paclhblleHHe MeTaJIJINYeCKOr'o pacIlia-
Ba M IIocJeayiollee KOMOAKTHPOBAHHE PAacIbl-
JIECHHBIX IIODPOIIIKOB B IJOTHBIE, OECIHOpPHCThIE
3aroTOBKH crnocobamMu ropsdey InjaacTHYeCKOU
nedopmanuu,

Hnaxkyio crans O0ObIYHO PaCHBLIAIOT BBICO-
KOCKOPOCTHBIM IIOTOKOM a30Ta, YTO IOBBLIHIAET
CKOPOCTHh OXJIaKJeHUA saTBeg,ueBanmero METaJI-
jla B ThICSA4HU pa3 (mo 10%-10 K/c). Ctonp BBICO-
KHe CKOPOCTH OXJaKIEeHHUA CO3TAI0T B KalJAX
MeTaJljla 3HAUHUTEJIbHOe IepeoxJjaskienue. B pe-
3yabpTare (QOpMHpPyeTCA IAUCIIEPCHAA CTPYKTY-
pa mopoImkoBoi OwicTpopekyied craau (II1BC),
IS KOTOPOM TUIIMYHBI MeJIKOe 3€pHO, PaBHO-
MEpHOe paciipelieJIeHe IIePBUYHBIX MEJIKUX Kap-
OMIOB ¥ CHJBHOE IIepPecCHLII[eHHe TBeploro pac-
TBOpAa yIVIEPOAOM U KapOuaoo0pasyroniuiMu 3Je-
MeHTaMHi. [Ipm 3TOM HEOOXOAMMO YUYHTBHLIBATH,
uyto IIBC, Kak u apyrue aucunepCuoOHHO-TBepe-
IOITHE CIIJIAaBBI, ABJIAIOTCS €CTEeCTBEHHBIMH HAHO-
MmMaTepuagamu. llpy nucriepcMOHHOM TBEPAEHHUU
IIBC (B nponecce oTnycka) U3 CUJLHO IIepechl-
INeHHOI'0 TBEPAOT'O pacTBopa BhljeJaseTcsa oco0o
aucrnepcHas rapbugnasa ¢aiza ¢ pazMepoMm dac-
T, MeHee 50 HM. HaHopa3mepHasa xKapOugHas
(haza gonoaHuTeabHO ynpouHset 11BC.

IlepBble uccaegoBaHUA IO NPHUMEHEHUIO TEX-
HOJIOTHH DAaCHLLJIeHHS N ObBICTPOro 3aTBepieBa-
HUSA MeTaJJINYeCKNX PaCIJABOB AJA IIOJNYUYEHUS
OBICTPOPEKYINHUX CTaJEH ¢ OMHOPOAHOM IHCIIepC-
HOM CTPYKTYPOM Ol BeINIOJHEHBI B 1960-x ro-
nax ¢dpupmon «Kpycmubi» (CIIIA). HccrrenoBaaace
craan T15, koropas cogepxkuT B % mo macce: yr-
nepoxa 1,5; xpoma 4,0; Boasbhpama 12,0; Bana-
mudg 5,0; kobaspta 5,0. Ha puc. 1 conocraBisroT-
CsA MUKPOCTPYKTYPBI IOPOIIIKOBOM M CTAHIAPT-
HOHM (CJIMTOYHOM) ObIcTpOpekyIen craau T15.

Ob6pas3nel mMandgoB BBIpE3aHbl U3 IPYTKOB
) 50 mMm. Pazmep KapOngoB y NOPOUIKOBOM CTA-
an 1-3 MKM npu cpeagHem 3HaueHum 1,4 MKM,
TOrna Kak y OOBIYHOM CTaJIx CpPeAHHUM pa3Mep
Kapougos 9,2 MKM, a MaKCHUMAJbHBIN pa3Mep

Puc. 1. MuKpocTpyKTYpa MOPOoIIKOBOU (@) K CTaH-
napTHoii (6) 6picTpopexxyiieit craau T15, x250

l:

HOBbLIE MATEPUAJIbI U TEXHONOTWUU NTPOU3BOACTBA

Tabruya 1

MexaRuvyecKye CBOMCTBA MOPOIIKOBOM M CTAHOAPT-
HOM craau T15

{

a . e

TBep- I[Ipenen YanapHas

Mapxa OOCTh | INPOYHOCTH |BA3BKOCTHY, Mg "
(TexHOJOTrUA) HRC |(uaru6), MIla i (% eMOCTDb
| T15 67 4750 19 2,2
(1roponIKoBasi) \
’ T15 - 66 2180 5 0,6
(crargaprHasn)
| * O6pasne! [{Tapnu ¢ C-06pa3HbIM Hagpe3oM.

*% JllnudyemocTs — OTHOIMMEHHE MAaCChl YIaJeH-
HOT'O 1PV UIIJIN(POBKE MeTaja K IToTepe MacChl IIJIH-
doBaJILHOrO Kpyra. _

KapbuaublXx dactul, — 34 Mrm. Iloka3aTesnbHa
pa3HUIlA ¥ B OJHOPOLHOCTHU paclpeAesJeHuda Kap-.
bugHoM (haspl. Ecau y NOpPONIKOBOM cTaJu NIpH
cpegHeM 00BbeMHOM coJep:KaHuM KapOuaHoH
daser 12,8 % Ha pasHbIX HOJAX HLIH@a Couep-
xarca or 12,2 no 13,4 % ¢assl, To y 00bIYHOU
cTaJIi CoAepKaHue KapOunos uamensercd or 6,3
no 20,8 %. MexaHuuyecKue CBOMCTBA M HLIHQDY-
€MOCTDb IIOPOUIKOBOM M cTaHAAPTHOH ctajau T15
COIIOCTaBJIAOTCA B Tabs. 1.

1loBBIlIIEHVE MEXaHUUYECKHUX CBOMCTB IIODOIII-
KoBOHN crtanu T15 compoBoXKAaeTCcd 3IHAUUTEJIb-
HbBIM YBEeJIUYEHHEM CTOMKOCTM HHCTPYVMEHTOB.
Hanpumep, npu ToxkapHou 00padoTKe JerasieH
13 apMKo-)XeJje3a (O4eHb BS3KHM MaTepuaJ)
CTOMKOCTEH PE310B U3 NOPOMIKOBOM cTaJi 115 co-
crapuyia 180 MuH, TOorza Kak TaKkue »Ke pes3Ibl
N3 CTAHJAPTHOM CTAJIK PaboTasid IO NEePEeTOUYKU
TOJABKO 30 MUH.

B Poccuu lleHTpalbHBIM HaAY4YHO-HCCJIENO-
BATEJLCKHHN HHCTUTYT MmarepunasoB (IIHWUUM),
CaHkT-IleTepOyprekmuil rocyiapCcTBEHHBI IO -
rexHndecknil yauBepcurer (CIIGIIIY) u apyrue
IPEANPUATHAS HA NIPOTAKEHNU PAJA JIeT UCCIeNO0-
Baqu cBoicTBa IIBC mapku 10P6M5-MII u croii-
KOCTh PeXXVyIIero MHCTPYMEHTa H3 3TOM CTaJiu
B CPABHEHUHU C MHCTPYMEHTOM M3 CTaHAAPTHBIX
craseir P6M5 n P18. B pesyabrare aTUX HCCaEI0-
BAHUHW OBbLIY IOJYy4YEeHbl COPTOBOM IIPOKAT U IIPO-
BOJIOKA ¢ npouHocThio 5500-6500 MIla u yaap-
HOM BA3KOCTHIO 000—700 KI[}R/Mz IPH TBEPAOCTU
64-66 HRC. 9T xapakKTepHCTHKH IPOYHOC-
T U BA3KOCTH B 2—3 pas3a IIPeBbIIIIaiT aHaJo-
rHYHBIe CBOMUCTBA CTaHAapTHOW ctaam P6MSO.
HeobOxonmMo oTMETUTh M HEKOTOpPOE IOBBINIEe-
HUe TeNJIOCTOMKOCTH NOPOINKOBOM cTtajgu. Tak,
oObIyHAaA cTans P6MS nocse ornnycka npu 620 °C
B TeyeHue 4 4 coxXpaHAeT TBEPAOCTh Ha YPOB-
He 58 HRC, Torxa xak craas 10P6MS-MII —
Ha ypoBHe 60 HRC. 9T mcciaenoBanmua TakKe
nokasanu, 9yro u3 IIBC nenecoobpa3Ho nNponu3Bo-
IUTDH IPEXKJEe BCErO MEJIKUM UHCTPYMEHT, AJsA KO-
TOPOr0 NPOYHOCTb MaTepraJia 0COOEHHO BaKHA.
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Tabaruuya 2
Pe3yaprarsl HCNIBITAHMH MEJIKOr0 PeKylero MHCTPYMEHTA
¥ o | 106paﬁaTBIBaeM];IﬁJ Pexxum pesanuda CTOHKOCTE
THl'fm HHCTPYMEHTA J, MM MaTepHal V. wfwun | S, v/ N =
" T 3,3 | Cr. OXH3M®A 6,7 0,056 MM/06 18/5 | 3.6
BepJa |
CIIUPATHHEIE 3,4 Cor. 14X17H2 0,4 _ Pyunas | 6/3 2,0
I'OCT 10902-77, 4,2 | 5,9 Pyuanas 86/9 | 9,6
k. Al I}gﬁ%Mf’-MH 6,0 Cr. 9XC 8,5 |  Pyunas | 78/18 | 4,3
) 9,5 | Cr. 12X18HIT 19,1 0,026 | 10/1,7 | 6,0
| 4,0 15,7 | 3 33/16 | 2,0
. X18H9T -
BLH Cr. 21859 Py 13-33 15/9 | 1,7
10,0 Cr. X19M 14-28/10-20 | 21-64/17-21 | 31/23 1,3
| 6,0 | 33-52/33-42 | 26-33/21-26 | 16/12 1,3
& | 10,0 | Cr. 45, 44 HRC 6,3 25 8/2 4,0
pPe3kl t 1
KOEITERETS 6,0 Cr. 09X17H3CJI 13,3 40 182/95 | 1,9
10P6M5-MII | 8,0 Cr. 20X13 15,1 50 | 149/70 | 2,1 |
P6M5 50 |  Cr. 14X17TH2 11,1 40 100/50 | 2,0
6,0 Amonani 116 |—1-52/33-41 | 160/104-130 | 105/60 | 1.8
10,0 33-41/25-33 |200-255/130-160| 180/150 | 1,2
6,0 | 2016 |  60/50 | 30/17 | 1,7
8,0 Turar BT5 20/16 80/60 32/17 | 1,9
10,0 | | 20/16 60/45 | 45/34 | 1,3
M2 [Cr. 14X17H2, 34 HRC — - 240/37 | 6,5
M3 _ _ 8000 3.9
) 2000
1 P — A AnmmHHHH AJI2 ) 6000 -
ClIelINaJIBHDBIC - 1800 ’
10"6;‘%3““ M2 |  Turau BT14 - | - | 414/106 | 3,9
M2 ~ _ 1810
‘Twran BT1-0 | | 380 4,8
| -M2 Turan BT3 - - | 732/122 | 6,0 |

N3BecTHO, YTO 40 (0% MeJIKUX MHCTPYMEHTOB
BBIXOJAUT U3 CTPOSA He II0 IPUUYKNHE PABHOMEPHO-
-~ TO U3HOCA, a U3-3a NOJIOMOK M BBIKPOIINBaHUA
peXylllel KPpOMKH.

B tabn. 2 npencraBiieHbl pe3yJbTAThl CPABHU-
TEJIBHBIX MCIIBITAHUM MEJIKOI'0 PeKyIlero HHCTPY-
MedTa u3 crasein 10P6M5-MII, P6M5 u P18.

Nunexcom N B Tadbnuine 0003HAUYEHO YHUCJIO OT-
BEPCTUM, BBLINIOJIHEHHBIX IIPY CBEPJIEHUUN U Hape-
3aHUU pe3ndbl, UM BpeMs (ppesepoBaHUA (MUH)
I0 3aTyILIeHUus Ppesbl. B uncianTene pexXxum pe-
3aHUSA Y Pe3yaAbTAThl UCHBITAHUU IIOPOIIIKOBOIO
HHCTPYMEHTA, B 3HAMEHATEeJIe — TO »Ke JIJA CTaH-
TapTHOI'O UHCTPYMEHTA.

Haunbonee 3HauMTeJIbHOE IOBBIIIIEHHE CTOM-
KOCTH ITIOPOIIKOBOI0 HMHCTPYMEHTa JOCTUTHY-
To Ha cBepaax K =2,0 + 9,6, MUHUMAaJIbHOE —
Ha KoHIeBbIX dpezax (K = 1,2 + 4,0). B no-
cJelHeM c¢Jydae HaJgo V4YecThb, YTO IIOPOIIKO-
BbIe pe3bl paboTasan npm 0o0Jiee BBICOKUX CKO-
pocTaAx pe3anua V u mogaum S. BeICOKHUE IOKaA-
zaTeJn Koaddumuedra CTOUKOCTH ¥ ero MUHU-
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MaJIbHbIM Pas3dpoc xXapaKTepHbl AJA METUNKOB
(K = 3,2 +~6,5). B uearom cpaBHUTEJIBHO 00JIb-
oM pa3dpoc KoadpdPHuIeHTa CTOMKOCTH 00bsC-
HAeTCA TEM, YTO HUCIBITAHUA IPOBOAUINCE 0O-
jlee 4yeM Ha JeCATH NPEeRNPUATHAX IIPY MHOTHUX
IepeMeHHbIX (haKTopax (KaueCTBO U3TrOTOBJIEHUSA
VHCTPYMEHTA, PEKUIM Pe3aHuA, JKeCTKOCThL CTaH-
Ka, KBaaudpukanusa padoyero, MeTOANKA OIEH-
KH B JpP.), KOTOpPble NIPAaKTHYECKHN HEBO3MOXKHO
crabuamsuposarts [2].

B nocnegnme roanl AOJd IXOIOJHUTEJILHOTO
VIIPDOUHEHUS NOBEPXHOCTH METAJJIOPeXKyIlle-
o MHCTPYMEHTAa LIHNPOKO HCHOJbL3VIOTCA Qu-
suyeckue (PVD) nu xumuuyeckue (CVD) meTonsl
HaHEeCeHUA TOHKOIJIEHOUYHBIX HN3HOCOCTOMKHUX
[IOKPBITUM Ha OCHOBE TYI'OMNJABKHUX COeINHEe-
Hui. [nsa mHCTpyMeHTa M3 OBICTPOPEKYIIMNX
crajel NpUMeHSIoTcCA B ocHOBHOM PVD npo-
I[eCChI, KOTOPhIe B OOJBIINHCTBE CJIyYaeB II03-
BOJIAIOT HAHOCHUTD OJHO- 1 MHOI'OCJIOUHDbIE ITOK-
pPBITHA Ha OCHOBE HUTPHUAOB, KapOugos, Kap0Oo-
HUTPHUAOB TUTAHA, XpOoMa, IIUPKOHUA, OKCHAA

45|
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ﬁ Tabruya 3
PeayJpTaThl HCNBITAHHH MHCTPYMEHTOB U3 crasm P6M5 no ¥ nocae OIIY
e MaTeI;HaJI __Croitkocts H—FOTHOCHTEJIBHOE
Tun . Opraxuszanns,
* obpabdaTsIiBaeMOU [IOBRIHIECHHE
UHCTPYMEHTA L__p3 A TOTOBK I (Tbilg ?;E?’q.) (;1:13‘”?[11(5{13) CTONKOCTH HpOBOﬂHBIII_aJI UCTIBITAHUA
Csepsio &4 2,0 116 = | — 2,0 «HIIO ABTomaruxrn», OI'YII,
1 ExarepuaOypr
_ i - : . . _
Csepao & 2,1 30XTCA 1600 5000 3,0 INEKTPOMANINHOCTPOUTEIBH I
_ 1 N sasoj «Jlence», OAO, Kupor |
| Csepao & 3,0 BY 70 0,08 0,46 ; 3,(9 MoTopocTpoOuTENbHBIN
| - 1 N ) B L | 3aBos, OAQO, XapobKoRB
CaepJo & 4,2 12XH3A | I 99 5,0 3aBOJI TEXHOJOTHYECKOU
i B -~ - | | - | ocmacrxku, OAO, Hukoiaen
Ceepiso O 5 AKT 300 1. 4080 mT. 13,6 «TonauBHEBIe cucremsbr», 000,
_ . | J i Cauxr-Ilerepbypr |
CgepJiio © 8,9 Ct45 0,045 0,183 4,0 IloaraBckuilt TypboMexaEMYeCKUN
| _L _ , | | zaBon, OAQO, Ilomxrasa
Metuux M3 BT1-0 5 12 2,4 HIILIL «IIO ,,Crapr“», PI'VII,
l = g_&}_peqﬂblﬁ e
\ MeTtunk M8 Cr40X 2 u 6 u [ 3,0 KpoRrmiragTcKut MOpCKOM
l | 3aBof, DI'VII, Kpoamraar
Merunk M10 | 12X18H10T 1y | 2,254 2,25 «DnexTporoMmiexc», OAO,
E ] _ | | MunycmHCK
| Merunx M16 Cr35J1 0,008 0,08 10,0 | ° BaroHocTpOMTeIBHBIX
) | ) | | zasop, PI'YII, Yere-Raras
Metuurk M24 40X 80 . 240 . 3,0 | KanyxXckuif TYypOMHHBINA 3aBO/,
1 | _ _ OAO, Kanyra
l PasBepTka & 8 CuiaymMuH 2.5 15,3 0,0 3aBoa «Ilporpecc», O0O,
L _ F . B | | | Cauxr-IlerepOypr
Passeprka & 14 Y8BA 4 9 2,25 «[lapcrocesabcKkui
| zaBog — Cobuar, 3AO,
| J ' B | ITymxun
| Pas3pepTra & 20 Cr40X 2,8 6,8 2,4 «Knesrpakropogerans», Kll,
. 1 o ) o | - Kuen
| dpesa X12 571 MM | 2320 MM 4,1 | «MAPT», OAO,
KoHuenaa & 10 . - ~ Cankr-IlerepOypr
dpesa | Ct495 0,016 0,039 | 2,4 «llapckoceabCcKuu
mnoHouHaa & 12 | zaBog — Codus», 3A0,
| i _ _ ) | ' | ~ Ilymkus
PDpeasa CrAC-14 5500 16 500 3,0 ABTOarperaTHbIN
dacoHHAaA I | sasog, OAQ, [TuMHUTpPOBrpas
3eHKep Ct45 3 4 6 4 2,0 KpoHImITaATCKUI MOPCKOH
| o | * | | sasox, PI'YII, Kpormranr
TPeaeu; (baCOHHBIK CYH20 0,15 0,4 2l YipAHOBCKHUN MOTOPHBIM 38BOI,
KPYyIJIBIH | B T OAQ, YaIbsSHOBCK
Pesenr oTpesnoit Cr4d5 29 16 « 3,0 KpoHmTaZTCKNI MOPCKOH
N ] ) X ] - zapox, PI'YII, Kpormiranr
anioMuana. U3secTHo, 4TO faHHBIE TYI'OIIJIAB- MuoroJjieTHue HcCCJIeIOBaAHUA U ONBIT IIPO-

KUe COeJUHEeHUs, NMes KPUCTAJIINYECKHE CTPYK- MBIIIIJIEHHOrO OCBOEHHUSA PAa3/INYHBIX TEXHOJIOI'UU
TYPBI, 00€CIeYNBAIOT MOBBIIIIEHHVIO TBEPAOCTh, | HOKDPBLITUH AJA YIIPOYHEHUA PEXXKYLIUX UHCTPY-
HO OJHOBPEMEHHO OTJIMYAIOTCA BLICOKOH Xpyi- MeHToB u3 bC nosBoamnau paszpaboraTs TEXHOJIO-
KOCTBIO. I JOCTHKEeHUA NOBLINIEHHBIX ajJre- TI'HMI0 0€3BaKyyMHOI0O IIJIa3MEHHOI'0 HaHeCeHUA YII-
3NOHHLIX CBOMACTB HaHeCeHUe INOKPBITUHA B IPO- POYHHAIOIIEr0 ajiMa3onojo0HOro HaHONOKPHITHUSA
neccax PVD ocyiecTsiasercsa npi CpaBHUTEJABHO Ha OCHOBe Kapbupaa, HUTpHJAa U OKCHJA KpeM-
BBICOKMX TeMIIepaTypax Harpesa HHCTPYMEH- HUA, 00eCcedynBaIOLIEro 3HAYUTENbHOE MTOBLIIIe-
Ta, YTO MOXKEeT NPUBOAUTH K OTIYCKY M pa3yn- HHe CTOMKOCTU MHCTpyMeHTa. IIoKprITre HaHO-
pouneHuo BC. CUTCH IIpy aTrMocepHOM JaBJEHHH N MUHUMAJIb-
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Tabruya 4

duinyecKkne CBOMCTBA M3BECTHLIX MATEPHAJIOB IIO-
KPBITHM

(ioc'raB IMlmp11:-TBe];:’,u;cnc'I:I:..,,. I'Tla Tr‘w, °C f
MOKPHITHA L )

- TIN 19-22 600 | 0,5
TiC 28—30 1 400 =
TiCN | 30 400 | 0,4
TiAIN 30-35 540 0,4

TiAICrN - 35 920 0,4
TiAICrYN 27 950 -
CrN 16-21 700 0,5
Al504 21-30 1200 =
ZrN 28 600 0,6
MoS, ' 15 | — 190,02

HOM HarpeBe usaeauut oxkoso 100 °C. Ilponecc
ABJIAETCHA 3aKJIUYNTEJbHOU (PMHULIHOM ollepa-
IIeM, HO3TOMY OH HA3BaH (PUHMIIHLIM IIJIa3MeEH-
HbIM yipouHeHneMm (PIIY) [5]. B Tabis. 3 npuBe-
IeHBl pe3yJbTAThl MPOU3BOJACTBEHHBIX HCIIBLITA-
HUM MEeTaJJIOPEXKYVIUINX UHCTPYMEHTOB M3 CTAJH
PO6M5 no u nocie DIIY.

HanocumMmoe HOKpBITHE HaA OCHOBE Kapbuia,
HUTPUJA ¥ OKCHUAA KpeMHHUA obJjiagaeT pSIOM
VHHUKAJbHbBIX CBOMUCTB: MUKPOTBEPAOCTLIO ITIOPSHA/I-
ka 92 I'Tla, ctocobHOCTBEIO 0€3 OKHCJIEHS BhIJEP-
*KuBarhb Temneparypsl g0 1100 °C, HUBKHM KO-
apPueHToM TpeHusa (Haapumep, paBabIM 0,07
o craau 11I1X195). s cpaBEaeHus B Ta0Ja. 4 11pu-
BeJleHbl 3HAUEHUA MUKPOTBEPAOCTH, TEMIIEPATY-
pPbI HayaJia OKHCJIeHUs, Ko duueHTa Tpeaud [
N3BECTHBIX MaTepHaJIOoB, HCIOJbB3yEeMbIX B IIO-
KPBITUAX, HAHOCHMBIX BaAKYYMHBLIMH METOAaMHU
PVD [3]. Ha puc. 2 npeacrasaena ¢pororpadusa
oOpa3sila ¢ HIOKPBITHEMN, HOJYUYEHHAA C NCIIOJIb30-
BaAaHMEM PacCTPOBOr'0 3JIEKTPOHHOrO MHUKPOCKOIIA
JEOL JSM-6460LV («Jeol», Anonusa). YcaoBus
(hopmMupoBanua NokpoIiTHA npu PIIY xapakrre-
PU3YIOTCA TaKiKe IMOBBINIEHHOU aJre3uen MOKphI-
TS K OCHOBE 34 CUeT aKTUBHBIX X€MOCOPOIIHOH-
HbIX IPOIECCOB. JTO NMOATBEPKAaeTCSA IPOBeIeH-
HBIMH HCCJEJOBAHHSIMM aJre3soHHBIX CBOMCTB
NOKPBITHA C HUCIOJbB30OBAHHEM CKJEpOMETpUYe-
ckoro meroaa. McneiTaHHIO IIOABEprajiich 00-
pasipbl 13 TepmoobpadboranHou craau Po6MOS ¢ 1o-
KpbITUEM, HaHeCeHHRIM PI1Y, 1 nmokpeiTHEM HUT-
puga TUTaHa, HAHECEHHBbIM HMOHHO-IIJIA3MEHHbIM
HaIIBLJIEHNEM B BaKkyyMe. B KauecTBe MHJAEHTOpPA
[IPUMEHSJICA aJMa3HbIll KOHYC PokBeia c yr-
JIoM npH BepmuHe 120°, mepeasuraeMbld 110 II0-
BEPXHOCTH INOKPBITUHA CO CKOPOCThIO 3 CM/MUH.
BeprukanbHas Harpys3ka Ha UHIEHTOP YBEJIU-
yuBaJach JO TeX IIOp, IIOKa He JOCTUTrajach ee
KPpUTUUECKAaA BeJIWYHNHA, IPU KOTOPOU IIOKPHI-
THEe- OTCJIauBaJIOCh OT NOMJOXKKHN. [laHHYIO KpH-
TUYECKVIO HATrPY3KY ONpeaeasan, UCCIenys I10-
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" Banpeccoera .

Puc. 2. M3o0pakenne oOpazma u3 craau P6M5
C aJMa30onono0HBIM HAHOIOKPEITUEM, x3500

JyYeHHbIe IJapanvHbl N0/ MeTajjorpapuyecKkum
MHIKPOCKONOM. B peayinsTare JaHHBIX HNCCIENO-
BAHUU BBLIABJIEHO, UTO KPUTHYECKas Harpyska,
IIPU KOTOPOU IOABIAJNCEHL IIEPBbIE€ CKOJIBI U OT-
CJIO€HUE IOKPHITHUA U3 HUTPHUIA TUTAHA, COCTAB-
aana 39 H, a nas nokpbiTHH, HAHECEHHBIX Me-
ropoMm DITY, — 65 H.

IO HEeKTHBHOCTD MOKPBLITUSA, HAHOCKMOI'0 Me-
TonoM P@IIY, cBsI3aHa ¢ ero NOBEINICHHBIMU aH-
THPPUKIMOHHBIMH CBOUCTBAMMY M, COOTBETCTBEH-
HO, HUBKUM K03 dunmeHToMm TpeHus. lizsecTHo,
YTO MMEIOIIHHUCA B COCTaBe€ INOKPHITUA OKCHI
KpeMHUSA ABJAECTCH BBICOKOTEMIIEPATYPHBIM Ca-
MOCMA3KIBAKIIMMCSA MATEepHaJioM K OTHOCHUTCH
K TBEPAOCMAa304YHBIM NOKpPbITHAM. [losTOMY 1O-
MOJIHUTENILHOE HaJIn4YUe Bcerja CyHleCTBYIOIeH
TBEPAOU CMAa3KH B BHJE TOHKONJJEHOYHOI'O IIO-
KPbITUA Ha paboOUYMX IMOBEPXHOCTAX WHCTPYMEH-
Ta II03BOJIAeT ocabuTh TpeboBaHUSI K KAa4eCTBY
HaHeceHust COMX, a B oTnesbHBIX clIyuaax obec-
ieuynBaTh 06padoTky 6e3 COINK.

OaHa 13 IJIaBHBIX NPHUYUH H3HAIIIUBAHUS Pa-
Oounx MOOBEPXHOCTEN peXXyllero MHCTPYMEHTA
CBA3aHa C ABJEHUEM YCTaJOCTH, KOTOPOE I PHU-
BOAUT K M3MEHEHUIO0 MUKPOI€OMETPHH IOBEPX-
HOCTHOT'O CJIOSI MHOTAa naske 0e3d 3aMeTHOI'0 JIH-
HEeMHOr'o uay odbeMHOro n3Hoca. B aTtom cayuae
Ha NATHaAX (PaKTHUYECKOro KOHTAKTa HaOII0NaI0T-
CA PUCKH, IUTHUHTH, CcJIeJbl CXBAThIBAHUA, MHUK-
POTPENINHBI, BLIKPOIIINBAHUA, KOTOPhIE NPU 3KC-
JyaTalliyi KFHCTPYMEHTA SABJIAITCA KOHUEHTpPA-
TOPaAMU HAaNpPAXKEHUN, NPUBOAAILIMMU K 0oJee
OIIACHBLIM IIOBpPEXJIEeHUAM, 4YeM PABHOMEPHBIU
H3HOC TOTO Ke o0bema. YeTaslocTHasd NIPOYHOCTD
AeTalJieyl B 3HAUNUTEJIbHOU CTEIIeHU oNpeesisieTcs
[IIEPOXOBATOCTHIO MOBEPXHOCTHA M (PUIUKO-MeXa-
HUYECKHMHU XapPaKTepUCTUKAMM ITOBEPXHOCTHO-
ro caod [4]. U3BecTHO, YTO yeM MeHbIIIE Ilapa-
MeTPhI [IEPOXOBATOCTH MOBEPXHOCTH M, COOTBET-

o




Tabauya 5

IlapamMeTpbl IIEPOXOBATOCTH ITOBEPXHOCTH 0 M IIOC-
Jae OIIY

[Tapamer B - Crenensn
mepO}EOBaTOI()}TIfI IRmﬂx_ kg nedexTHOCTHU, K ]
Ho PITY | 4,171 0,43 0,89
i IIocse PDITY 2,69] 0,39 o 0,85 l

CTBEHHO, CTeleHb Ae(hpeKTHOCTHU ITOBEPXHOCTHOI'O
CJIOSA, TeM BhIIIEe YCTAJOCTHASA IIPOYHOCTH JIETa-
Jer. Kpome 3TOro, MHOro4nCJIeHHEIMI HCCJIeIOBA-
HUAMU JOKA3aHO IOBBIIIEHHUE YCTAJIOCTHOMN IIPO-
YHOCTH 3a CYEeT CO3JaHUA Ha IIOBEPXHOCTHU (IpH
(PHMHUUIHON OIepanni) TEeXHOJOI'HYeCKHX OCTa-
TOUHLIX HANIPAXEHUU CKaATUA.

W3BeCcTHO, YTO yCpeAHEHHBIM KPHUTEPHUEM JIe-
(PEeKTHOCTH IMOBEPXHOCTH MOMKET ABJATHCHA IIa-
pamerp K:

h =1 - Ry/Ryaxs (1)

rae R,,,x — HauboabIlIasg BBICOTA HEPOBHOCTEH
npodpuida; B, — cpegHee apupMeTHUUYECKOE OT-
KJIOHEeHUe Ipoduias.

g sKcnmepuMeHTAJbHOM OIEHKM IIapaMer-
POB III€POXOBATOCTU OBIJIM HM3TOTOBJIEHBI IIJIOC-
Kue obpasnpr pasmepamu 100 x 100 x 10 mm
13 TepmoobpaboranHou craau P6M5, xoropere
C OJHOU CTOpOHHI maudosaauck. Ilocae sToro
Ha OAHY M3 IIOJOBHH IMINX(POBAHHON ITOBEPXHOCTH
ObLJI0 HaHeceHO NOKpbITHe MeToaoM PIIY. C uc-
IIOJIb30BaHUEeM Hpoduyorpada-mnapodpuniaomMmerpa
«Ilepromerp M2» (bpupma «Mahr», I'epmanusn)
OBLIN CHATHI IIapaMeTpPhI IIIEPOX0BATOCTH IIOBEPX-
HOCTH 1o u nocJge PIIY. Pe3yabrarsl nccenosa-
HUSA NpeacTaBJIEeHBLI B Tadu, 5.

Ilpu pacuerax o dhopmyne (1) napamerp K mnoc-
ae PIIY ymenpmmiaca Ha 5%, UTO XapaKTepU3y-
eT HaJuuye TeHJIeHIUU YMeHbIUIeHuA nedeKTos,
KOTOPbIE MOI'YT ABJIATHCA KOHIIEHTPATOPAMH Ha-
IIPAXKEHNN [IOCJIe Ipollecca YIIPOYHEHUS.

OnHUM M3 acIeKTOB YCTAJIOCTHOI'O H3HAIIINBA-
HUSA TBEPABLIX TeJ ABJIACTCA U3YUYEHUE TeXHOJIOTH-
YeCKUX ocTaTouyHbIX HanpsaxeHni (OH), Bo3HUK-
HOBEHNE KOTOPBLIX CBSA3aHO C HEOXHOPOIAHOCTBIO
JIMHENHBIX U 00'beMHBIX M3MEHEeHUH MaTepuaJia
B IIpoLlecCe U3roTOBJEHUA JeTasier. Bung u pexu-
MBI T€XHOJIOTUYECKOTI'0 BO3AEMCTBUSA OIIPEHeIAIOT
3HAK, BeJUYHNHY N KapTUHY pacupeaeiennsa OH.
PactaruBamoniye HanpsaxeHusa oObIYHO OTPHILA-
TEeJIBHO BJIHUAIOT HA 3KCIJyaTalHOHHBIE XapakK-
TEePUCTHUKH, CIIOCOOCTBYA PACKPBLITHIO U Pal3BH-
TUIO YCTAJIOCTHBIX TPEILHNH, KOTOpbIe 00pa3yloT-
cA Ha nedeKTax, Bcerma NMENINXCsa B peaJibHOM
TBEPAOM TeJie BCJEICTBHE €ero HeOIHOPOMIHOC-
™. HanpaxxeHausa c:Katusg, Hao00pPOT, TOPMO3IAT
pPa3BUTHE IIOBEPXHOCTHBIX TPEHNH, CIoCOOCTBY-
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IOT NepeMelIeHNI0 oUYara 3apoKIeHUA YCTaJOCT-
HOM . TPEIMHBI II0J IIOBEPXHOCTL, I'[e JEeHCTBY-
IOT MEHbIIIHE HArpPy3KH U OTCYTCTBYET KOHTAKT
C BHeIIHeNl cpemou. B pesyibTrare Bo3pacrTaer
COIIPOTHUBJIEHUE YCTAJIOCTHOMY paspyHIEHHIO.
BO3HMKHOBEHUIO YCTAJIOCTHBIX TPEIUH CIOCO0-
CTBYIOT Tak)e Je(peKTsl MexaHW4YeCcKoM oOpa-
O0OTKM (IapanuHbI, PHUCKH), METAJJJAYPruYecKUe
nedeKTn! (II0PpbI, OKCUJAHBIE U NIJAKOBBIE BKJIIO-
YeHU). YCTaJOCTHbIE TPELIMHBI MOTYT BO3HH-
KaThb TaKXKe Ha MeK(a3HbBIX 1 MEXKPHUCTAJIJIUT-
HBIX 'PaHUILAX.

B ycroBusax pesaHUA MHCTPYMEHT UCIHEBITHI-
BaeT PaCTArUBAKOIIUEe HAIPAXKEHUA IOBEPXHO-
CTHBIX cJoeB. llpakTuuyecKu Bech MHCTPYMEHT
OPOXOAUT (PUHUNIHYVIO TEXHOJOTMUYECKVYIO OIle-
panun abpasuBHOU 00pabOTKHU (3aTOYKH), KOTO-
pad NPUBOAUT K 00pa30BaAHUIO HA IIOBEPXHOCTH
TaKkKe pactaruBapinux Of. B peayibrare B ye-
JIOBUAX JKCILIyaTalluy paboure pacTATUBAIOIIE
HAIPAXKEHUA CKJIAIbIBAIOTCA C TEXHOJOrnYe-
ckumu OH, 4TO HeraTuBHO CKa3bLIBAETCA HA IIPO-
Ireccax M3HOocA. |

Hpu ncnoaws3zoBanmnu PIIY ¢ vaHeceHUEeM aJi-
MAa30II0J00HOIr0 HAHONMOKPBITHUA TeMIIepaTypa OcC-
HOBBI He npessiiaer 100 ... 120 °C, a remmepary-
pa HAHOCHMOTI'O ITOKpbITUuss — 60oJiee 10002000 °C,
KO3 PUIINEHT JIUHENHOT'O PACIINPEHUA HAHOCUMO-
ro OKPBITHA cocTaBsieT mopsiaka 0,8 -107° °oCc1,
a KOo3(bpUITMEeHT TUHEMHOIO PaclINPeHNs OCHOBHOIO
MmarepuaJja craan PoMS — nopaaka 11 - 1079 oC1,
IloaToMy TeopeTnuyeCcKM JaHHBIN NIPOoIlece IO KeH
obecrieunBaTh 00Pa30BaHUE B METAJLIE OCHOBEI CoKII-
MalNUX OCTATOUHBIX HAIIPAXKEHU.

B menax onpeneneHnsa BJAUSAHUA IIpollecca
PDI1Y Kak OKOHYATEJBHOIO Ha TEX HOJIOTHYECKUE
OH B 110BEepXHOCTHOM CJIO€ MHCTPYMEHTAJbHBIX
cTaJIer, NPoHIeAIIINX MEeXaHUYEeCKYI0, TepMuye-
CKYIO M abpasuBHYIO 00padoTKYy, ObIJIN IIPOBEICHEI
nsmepenusa OH, gnsa dyero mcnoss3oBajsach anlia-
paTrypa HepaspyILIallero KOHTPOJIS OCTATOUHBIX
U IKCIIJIVATAIIMOHHEIX HANPAMEHNM B MeTajljax
u ciiiaBax «CHUTOH», KOTOpas MIO3BOJIAET OHpEe-
JATH MeXaHUUYeCKHe HANPAXEeHUA IPH u3Mepe-
HAU aMIJIUTYAHO-(PAa309aCTOTHEIX XapaKTepucC-
THK. Ha oCHOBaHMM aHaJIN3a NMOJYUYEHHBIX 30D
HapsXKeHUuH ObIJI0 IOKa3aHo, UTO IOCJEe OKOHYA-
TeJIbHOK HIINGOBAJIbHON onepalnuy Ha IOBEPX-
HOCTH 00pas3yITCs pacTAruBalilre OCTaTOYHbIEe
HanpsxxeHus. Ilociie PIIY B moAnjIeHOYHOH 30HE
00pa3yroTes CXKHMAIOIINE OCTATOUYHBIE HAIIPSI-
skeHUa nopaaka 80 MIIa. Ha sToMm ocHoOBaHUU
rexuoJsiorusa PIIY moxeT OBITH PEKOMEHIOBaHA
KaK OKOHYAaTeJbHBIN (PHMHUINHBINA IIponecc ooOpa-
OOTKH NMOBEPXHOCTEM, paboTalIINX B YCIOBUAX
TPEeHUA WU M3HOCAa, — IIpoIece, NPernATCTBY IO
PacCIIPOCTPAHEHHUIO TPEIUH U HOBBIIIAIOIINU YC-
TAJIOCTHYIO IIPOYHOCTb.
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Puc. 3. PurummHoe mJIa3MEeHHOE VYIPOYHEHHE
MeTYNKA

Ha puc. 3 npepcraBiieH mnmponecc HaHeCeHUA
aJIMa30M0400HOT0 HAHONOKPBLITUA HA METYHK.

B zakirouenue ciaeayerT OTMEeTUThL, UTO CIIEI[H-
anucrtamu CIIOI'ILY, SAO «CHU3-IIpom» 1 HIID
«IlnasmaneHTp» B NHUIIMATUBHOM IIOPSAJAKE BIIED-
BhIe U3I'0TOBJIEHA IIPEACTABUTEIbHAA NAPTU MeJI-
KOro HHCTPpYMeHTa (KOHIIeBbIe (ppe3bl & 6 MM,
ceepJa ¥ 3 mm u ap.) u3 11bC ¢ anmazomonob-
HLIM HaHONOKpPbhITHEM. HayaTbl MapKeTHHIOBBIE
MCCJeJIOBAHUA B IeJAX BBIABJIEHUS IIOTPEOHOC-
T OTE€YECTBEHHBIX IPEeANpUATUN B TAKOM HHC-

14-17 anpeas 2009 r, Canr-Metep6ypr

TpyMeHTe. HIID «IlnasmanenTp» roros nepeaats
IJIA IPOU3BOACTBEHHOTO OIIPOOOBAHUSA ONBITHBIE
[IAPTHUHN HOBOT'O MHCTPYMEHTA 3aUHTEPECOBAHHBIM
npegnpuATuAM. CoOOTBETCTBYIOIIUE 3asIBKU Ha-

npasasiTe o agapecy: 191167, Cauxr-IleTepOypr,
a/a (7, v/@ (812) 445-24-96, (812) 528-74-84,
(901) 320-08-02. E-mail: office@plasmacentre.ru
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Nipn noasgpxke Cesepo-3anQaHors
heaepOALHOrO OKPYra POCCUIACKOM Pesepaumm

11-5 M&M\/Hdpﬂﬁ.ﬂﬁﬂ Hay4HO-NpaKTU4eckas KondepeHums

«'rzxuanomu PEMOHTA, BOCCTAHOBJIEHUA ¥ YIIPOYHEHMS
BETANEN MAIIMH, MEXAHHM3MOB, OBOPYIOBAHMNA,
HHCTPYMEHTA M TEKHOHONHECKOH OCHACTKH»

Tembl kordepeHuny:
* TReHUe K _H3HOC, 3alliitTa OT KOPpPO3WK, KOHCTPYKLUHWOHHbIe, TEXHONOIrHeCcknue K 3KCnnyartauuoHHbIe MeTOAb! obecnevyeHUn KavyecTsa

NOBbLIWEHUA JONTOBEYHOCTH U3AeNnun

« TEXHONOrUW ANATHOCTUKY, AedeKTaL K, MOWKK, OMUCTKHU, BOCCTaHOBNEHUA reOMEeTPUY, YNpoUYHeHus nosepxHocT, obpaboTku

HaHECEHHbIX I'IOI(PI:ITHﬁ, OKpaCkK1 U KOHCepBalUWUn

B pamiax koHdepeHumm NponayT:
« lixona-cemunap «BCE METORbI NOBLILIEHWA CTOKMKOCTY MHCTPYMEHTA, LTAMNOB XOROQHOID AEGOPMUPOBAHUS, NPECC-DOPM

K APYIOY TEXHONOMUMECKOU OCHACTKU

+ llkona-cemunap «HATNABKA A HANBINERWE ~ BbibOP TEXHONIOTAW, OBOPYAOBAHUA ¥ MATEPUAJIOB»
+ LUkona-cemuHap «PEMOHT, BOCCTAHOBNEHUE, YIIPOYHEHWE W KOHTPONL KAYECTBA NTUTERHOW OCHACTKM, KY3HEHHO-HPECCOBDTO

MHCTPYMENTA W LUTAMOOR»

« (lixona-cemuHap «KOHCTPYUPOBAHVE OETANEX W YINOB TPEHUA C NOBLILUEHHOU ONTOBEYHOCTRIO U USHOCOCTORKOCTRION

K HaH0AY KOHEDESOEHL ByAsT 1BAtH CODDHAK AOKAGADE. TICBHUKOMMIECH C TEMOIMM AOKATAGE MDEALRYLIX KOHDOODOHLIM Bu MOXOTE HO COITTE WWW.DICEMACOnite.fu 8 PDOIAGAe «KOHDBDSHLM»

Oprasn3aTops:

¢ Cankr-letepbyprciost rocyAQpPCTBEHHbIR
NOAVTEXHUHECKUA YHUBEPCUTET

% HI'Itb mamﬂl-’ﬁHTp
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