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Puc. 1. KoncTpykuus paguaabHO-TOPLEBOTO YINIOTHUTEIBHOIO yCTPOUCTBA

Puc. 2. ®parmeHT yepTeka HUKHEH CeKLUU

Ke. BTOpoll psii COCTOMT W3 IIECTH BHYTPEHHUX
cekiuii (1), oOXMMaeMbIX BTOpPOW OpaclieTHOM
NPYXUHOU. Ycuiine NOJKaTus TOPLEBBIX NOBEPX-
HOCTeH o0ecrieunBacTcs NpyKMHaMu (Ha CXeMe He
MMOKa3aHBbl).

CymiecTBeHHOE BIHMsIHAE Ha PabOTy YIUIOT-
HEHMH W BEJIMYMHY YTe4eK uepe3 HHUX (repme-
TUYHOCTH) OKAa3bIBAIOT XapaKTEePUCTUKU YIUIOT-
HUTENBHBIX [OBEPXHOCTEH, a HMMEHHO: JOIyCK
MapajyieIbHOCTH TOPLEBBIX MOBEPXHOCTEH CeK-
uuit (E n K) He nomken mpessimiats 0,02 MM, 10-
IIyCK MX INIOCKOCTHOCTHU JOJDKEH OBITH B Ipenenax
0,3—-0,6 mukpomeTpoB [3], IepOXOBATOCTh KOHTAK-
TUPYIOLINX ITOBEPXHOCTEH (B TOM YHCJIE BHYTPEH-
Hel) 1Mo mapameTpy Ra HE IOHKHA IPEBBINIATH
0,1 mukpomerpa. TonmuHa KOMITJIEKTa BHYTpEH-
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HUX CEKIUI JOIDKHA MPEBHIIIAaTh TONIIMHY HAPYXK-
HBIX ceKnuii He Oonee, yeM Ha 20 MHUKPOMETPOB.
BuauMmeblii mpocBeT MeXay BCTaBKOW Bajla U BHY-
TPEHHHM JTMAMETPOM CETMEHTOB HWXHEW W BHY-
TPEHHEW CeKIui HEe JI0IyCKaeTCsl.

HpI/IBe]IeHHBIe BBIIIC 3HAYCHHUA IapaMETpOB
110 HMCIOmeﬁCH TEXHOJIOTHUHN H3TOTOBJICHUS TAaKHX
W3JEIUI TONYy4YaroT HPU PY4YHOH IPUTHUPKE IIO-
BEPXHOCTEH CHa4ajla Ha YYTYHHOM IUIUTE CO CBO-
0OMHBIM a0pa3uBOM, a 3aTeM Ha MaToBOM muIHdO-
BaHHOH CTEKJISTHHOM TuuTe Oe3 abpasuBa. JlaHHBIHA
mpolecc KpailHe HENpOM3BOIUTENIEH, a TaKkxke
TpeOyeT ydacTusi B HEM BBICOKOKBAaJIM(PHULIUPOBAH-
HBIX pabounx. IMEHHO OT WX KBaTU(UKAIUH CY-
IIECTBEHHO 3aBUCHT KOJIMYECTBO Opaka Ha JTaHHOU
oreparuu. [loMuMo ommcaHHBIX TpoOIeM ¢ TOTy-
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Puc. 3. Cxema NpUTHPKH Ha CTAHKE C TOBOJIKOBBIM MEXaHU3MOM, I7Ie: HIKHEE 3B€HO | — MHCTPYMEHT
(uundoBaNIBHBIN KPYT WM IPUTHP); BEpPXHEE 3BEHO 2 — ONpaBKa C HAKJICEHHBIMU Ha Hee
CerMeHTaMu; 3 — MPIKHUM CO cPeprIecKOoii TOIOBKOM, Ha KOTOPBIH IepeaaeTcsl yCHiine U BO3BPaTHO-
MIOCTYTIAaTeNIbHOE JBIDKEHHE ITOJa4YH OT IMTOBOAKA CTaHKa

Taoauuna 1. ITapameTps! MPUTHPKH TOPIIEBBIX TOBEPXHOCTEH CETMEHTOB C MCIIOIB30BAHUEM
KepaMHUYECKUX MPUTHPOB

[Tapamerp HNHuTeHcuBHOCTH Bennuuna
Paccrosinue mexny [Tapamerp Bpems
1IepoXoBaTocTu Ra, cbheMa MaTepuana, CHHMaeMOIr0
HACcEYKaMHu, MM IUIOCKOCTHOCTH, MM 00paboTKH, MHH
MKM MKM/MUH MIPUITYCKA, MKM

40 0,05 0,0006 0,8 62,5

30 0,07 0,0006 1,9 26,3

20 0,09 0,0006 4,1 50 12,2

10 0,1 0,0006 6,8 7,35

5 0,15 0,0006 7,9 6,3

YEeHHEM CaMMX H3JCTHH, BOSHUKAIOT MPOOIEMBI C
NPUTHPOYHBIMU TUTUTAMH: B HPOLECCEe MPUTHPKU
OHH OBICTPO W3HAIINBAIOTCS, TEPSAs BO3MOXKHOCTBH
MOJy4YaTh 3asBJICHHYIO IIEPOXOBAaTOCTh M ILIO-
CKOCTHOCTbH CEKIIHH.

B cBs3u ¢ yBenmmueHumeM oObeMa HPOU3BOA-
CTBA JBUTATEJNIeH aKTyaJbHBIM CTAaHOBHUTCS BOIPOC
MOBBIIICHUS TPOU3BOANUTEIBHOCTH H3TOTOBICHHS
TOPILEBBIX YIUIOTHEHUN, B TOM YHUCJIE COKpalleHUE
BPEMEHH BBINOJHEHHS (UHHUIIHBIX MPUTHPOYHBIX
onepanui.

Ha npeanpustun OOO «Bupuam» Obuia pas-
paboTaHa W W3rOTOBJIICHA YCTaHOBKA MO MOJY-
YEHUIO 3aroTOBOK W3 NHporpapura W HCIbITaHA

145

MPOTPECCUBHASI TEXHOJOTHS 00PaOOTKU TOPLEBBIX
YIUIOTHEHUIl € HCIOJIb30BAaHUEM COBPEMEHHOTO
000pYIOBaHHS C YHCIOBBIM MIPOTPAMMHBIM yIIpaB-
neaveM (YIIY). OuHUIIHBIE TPUTUPOYHBIE OIIe-
panyuy COITIaCHO 3TOW TEXHOJIOTMU BBIOJIHSUINCH
Ha nutMdoBanbHO-noaupoBansHoM cranke 31HTI-
320. Ha puc. 3 npuBeneHa cxema pabOThl JaHHOTO
CTaHKa.

B npemiokeHHOW TEXHOJOIMH MpPEABAPH-
TeJIbHAsl IPUTHPKA OCYLIECTBIUIACh C HCIOJIb30-
BaHMEM aJMa3HBIX MEJKO3EPHUCTHIX KPYIOB Ha
OakenuToBOM cBs3ke. OuHUITHAS 00pabOTKa IMpo-
M3BOJMIIACH C ITOMOIIBIO CIIELMAIbHO pa3paboTaH-
HOTO TIPUTHPA, H3TOTOBIEHHOTO W3 CMEIIaHHON
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kepamMuku Mapku VCS 45 ¢ HaHECEHHBIMU C TIO-
MOIIBIO JIa3epa Ha €ro TOPLEBYIO IOBEPXHOCTH Ha-
CCUKaMH.

Hcnonp3oBaHue cTaHka Ha ONEpaLusX Mpea-
BapUTENbHON MPUTHUPKU IIO3BOIMIO YMEHBIIUTH
BpeMs 00paboTku B aBa paza ¢ 30 mo 15 muHyT
(mpu cusaTHH npumycka 100 MKM), MONyYWB TPU
9TOM 3aJ[aHHbIE TEXHHYECKHE MapaMeTphI.

[Tpon3BOAUTENFHOCT (PUHUIIHOW MPUTHP-
K{ CYIIECTBEHHO 3aBHCHUT OT KOJIMYECTBA HACEUEK
(mara), HaHECEHHBIX Ha IOBEPXHOCTh MPHUTHpA
HacedeK [4]. bbun mpoBeaeHBI SKCTIEPUMEHTHI 10
MIPUTUPKE CETMEHTOB C UCIIOJIb30BAHUEM IIPUTUPOB
C Pa3JIMYHBIM IIaroM Hacedek.

[Ipu ucnonb30BaHUU JaHHOM CXEMBI IPUTHUP-
KM TUIOCKOCTHOCTb W3JENHsA B 3HAYUTEIBHOW CTe-
[IEHH 3aBUCHT OT INIOCKOCTHOCTHU IPUTHPA, TaK KaK
pu 00paboTKe MPOUCXOAUT KOIMPOBAHHUE ITOBEPX-
HocTu mputHpa. [lo3ToMy BaKHOH XapakTepucTu-

KOI1 Tpoliecca MPUTHPKH SBISETCS HHTCHCUBHOCTH
HW3HOCa MputHpa. B ominume or ucnonb3yemo-
ro B 0a30BOH TEXHOJIOTUW CTEKJISTHHOTO TPUTH-
pa, KepaMUYEeCKUU MPUTUP TOKa3ajdl 3HAYUTEIHLHO
OOJBIIYI0 HM3HOCOYCTOHYHMBOCTh. DKCIIEPUMEHTHI
MIPOM3BOMIMIINCH HAa OJMHAKOBOH (3apaHee ompee-
JIEHHOW) CKOPOCTH BpallleHUs] MHCTPYMEHTa U YCH-
JIMW NPWXUM. Pe3ynprarel SKCIEPUMEHTOB MPUBE-
neHsl B Ta0m. 1.

[IpoBeneHHbIE HCCNEAOBaHUS IOKA3ajld, YTO
HCIIOJIB30BAHUE KEPAMHMUYECKOIO IPUTHpA Ha OIe-
panu (pUHUATITHON TPUTHPKH MOBBIIIAET MPOU3BO-
TUTEIHHOCTh 00pa0OTKY B /IBa pa3a M YBEITUIHBACT
M3HOCOYCTOMYMBOCTh TOBEPXHOCTH WHCTPYMEHTA
B TPH pas3a, uyTO MO3BOJMJIO COKPAaTUTh BpeMs Ha
CMEHY MPUTHpPA U €T0 BOCCTAHOBJICHUE.

IIpuTupka BHYTpPEHHEH IOBEPXHOCTU OCY-
LIECTBIISUIACh Ha CIIEHAIbHO pa3pabOTaHHOM MpU-
CIOCOONICHUU IO KEPaMUUECKOH BTYJIKE.

Cnucok JIuTepaTrypsbl

1. Pacnopsokenue [IpasurensctBa PO ot 24 nexabps 2012 . Ne 2509-p O6 yTBepKaeHUH rocynap-
cTBEeHHOM nporpaMMmbl Poccuiickoit deneparyu «Pa3BuTie aBUAlMOHHONW MPOMBIIIIEHHOCTH Ha 2013—

2025 rogbl».

2. KoHCTpyKuusl M MPOEKTUPOBAHUE ABUALIMOHHBIX I'a30TypOMHHBIX OBUrareiei: yuyeOHUK AT BY-
30B M0 CIIELMAJIBHOCTH «ABHALMOHHBIC ABHUIaTeNd U 3HepreTndeckue ycraHoBkw» / Ilox pen. Xponu-

Ha /I.B. — M. : Mamunoctpoenue, 1989.

3. benoycoB, A.M. KoHCTpyKIIMS ¥ TIPOEKTUPOBaHKE YIUIOTHEHWH BPAIAIONIMXCS BaJIOB TypOOMa-

ITUH JBUTAaTENIel JieTarenbHBIX ammaparoB / AWM. bemoycos, B.A. 3penoB. — KyiiOsimes :

CKHI aBHAITMOHHBIN HHCTUTYT, 1989. — 104 c.

KyiiObrmreB-

4. Toshio Shikata, Hirokazu Tokoro, Takanobu Nishimura, Masaharu Kinoshita, Norio Masuda, US

Patent, 1989.

References

1. Rasporyazheniye Pravitel’stva RF ot 24 dekabrya 2012 g. Ne 2509-r Ob utverzhdenii
gosudarstvennoy programmy Rossiyskoy Federatsii «Razvitiye aviatsionnoy promyshlennosti na 2013—

2025 gody».

2. Konstruktsiya i proyektirovaniye aviatsionnykh gazoturbinnykh dvigateley: uchebnik dlya vuzov
po spetsial’nosti «Aviatsionnyye dvigateli i energeticheskiye ustanovki» / Pod red. Khronina D.V. —

M. : Mashinostroyeniye, 1989.

3. Belousov, A.l. Konstruktsiya i proyektirovaniye uplotneniy vrashchayushchikhsya valov
turbomashin dvigateley letatel’nykh apparatov / A.l. Belousov, V.A. Zrelov. — Kuybyshev

Kuybyshevskiy aviatsionnyy institut, 1989. — 104 s.

Ne 7(133) 2022

146

© H.IO. Kosenenos, A.A. I'pubanos, 2022




HAYKA U BU3HEC: IIYTHU PABBUTUSA

Paznen: Texnosorus MAaIIMHOCTPOCHUHA

YK 658.512.4.07

U.H. XPYCTAJIEBA, JI.Il. TACIOK, JI.I" YHEPHbIX, C.H. CTEIIAHOB, A.A. JIAIITEB
@I'AOY BO «Canxm-Ilemepbypeckuil norumexnuyeckull ynugepcumem

Illempa Benuxoeoy, e. Cankm-Ilemepoype

HOBBIINEHUE DOPEKTUBHOCTH
TEXHOJOI'MYECKOI'O TPOLHECCA
CBOPKHN HA OCHOBE UMUTALIUOHHOI'O
MOAEJIUPOBAHUA

Kniouesvle cnoea: aBromMaru3zauus; MMHTa-
LUOHHAsT MOJENb; MHOTOKPUTEPHAJIbHBIM aHaju3;
CpeACTBa NPOM3BOACTBA; TEXHOJIOTHYECKUH Mpo-
uecc cOopKu.

Annomayus. B pabote paccmarpuBaercs pe-
LICHWE 33/1a4d MO TOBBIICHUIO 3(deKTHBHOCTH
TEXHOJIOTUYECKOW TMOATOTOBKU CpPEIHECEPUHHO-
ro mpousBojacTBa. llenbio paboThl sBIsieTCs pas-
paboTKa WMWTAIMIOHHON MOJENH, ITO3BOJISIONICH
[IPOBOANUTH aHAJIN3 PA3IMYHBIX BApUAHTOB TEXHO-
JIOTMYECKOTO IPOIecca U ONPEAEISATh PALlMOHAIIb-
HbI BapuanT. OCHOBHBIM METOIOM HCCIIEJOBAHUS
SIBJISIETCS. MHOTOKPUTEpHAJIbHBINA aHanu3. Pazpabo-
TaHHAs MOZAEb NMPUMEHSUIACh Ha ATale TEXHOJO-
THYECKOM MOArOTOBKH COOPOYHOTO MPOHM3BOACTBA
i w3nenust «MammHka Uis pe3ku». B pabote
MPEACTaBICHBl PEe3yNbTaThl MOICIHUPOBAHUS Ppa3-
JUYHBIX BapHaHTOB TEXHOJOTMYECKOTO Mpolecca
cOOpKHU JIsl JAHHOTO M3JIENTUS ¥ OTPEJICIICH PaIfo-
HaJIbHBII BapHaHT.

CoBpeMeHHBIE MaIIMHOCTPOUTENbHBIE TIpPE-
mpusATHA, padoTalole B YCIOBHAX KpyHmHOCE-
pUIHOTO W MaccOBOTO THIIOB IPOWM3BOACTBA Xa-
PaKTEpU3YIOTCS CIIOKHOW CTPYKTYPOU IBHKEHUS
ITOTOKOB, YIPaBIEHYECKOTO COCTaBa, MHOTOoOpa-
3ueM O0OPYIOBaHUS, HHTEHCUBHOCTBIO IPOU3BOJI-
CTBEHHOTO mpouecca u T.4. [1; 2] 1 noBelieHus
3¢ (EeKTUBHOCTH TTPOU3BOJICTBEHHOTO MpoIiecca Ha
NPEANPUATUAX JAHHOTO THUIA IIMPOKO MPUMEHS-
FOTCsI COOPOYHBIC TIOTOYHBIC JIMHUM.

Kaxxp1ii TeXHOJIOTHYECKUN MPOIIECC XapaKTe-
pH3YETCS MHOJKECTBOM YIIPABIIIEMBIX TTAPAMETPOB,
B YHCJIO KOTOPHIX BXOAT TEXHOJIOTHYECKUE Iapa-
METpPBI TPOU3BOJICTBEHHOTO TIPOIIECCa, METOIBI Op-
TaHM3AIH TPOU3BENIEHHOTO TpoIecca, KBamupu-
Kanwst pabouux [3; 4].
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[MoBwimenus 3¢ppeKTUBHOCTH TPOU3BOJICTBEH-
HOTO TIpOoIlecca MOXHO JIOOUTHCS B TOM YHUCIIE 3a
CUCT CHIDKEHHUS TPYHOEMKOCTH JTara TEXHOJIOTH-
YECKOW MOJTrOTOBKM IMPOW3BOJACTBA. B HacTosiiee
BpeMs IS pEIICHUs TaHHOW 33]]a4i ONTHMAaJIbHBIM
SIBJIICTCSL METOJl UMHUTAIIMOHHOTO MOJCIUPOBAHMUS,
KOTOPBIM TO3BOJISIET Ha 3Tale TEXHOJIOIMYECKOH
MOJITOTOBKK TPOM3BOJCTBA OMPEACIUTL PaIlHO-
HAJIBHYIO CTPYKTYPY NMPOU3BOJCTBEHHOIO y4acTKa,
a TaKXKe TEXHOJIOTHYECKUE MapaMeTphl OTIEIbHBIX
TEXHOJIOTMYECKUX NEPEXOAOB [5; 6].

TakuMm 00pa3oM, LeENb0 pabOThl SIBISETCS
pa3paboTka UMHUTAIIMOHHOW MOJENH, 00ecreynBa-
fomeil noBbiieHne A(()EKTUBHOCTH TEXHOJIOTH-
YECKOW TOATOTOBKH TPOM3BOJACTBA COOPOYHON
JIUHUM 3a CYEeT aHajin3a MHOXKECTBA BapHUaHTOB
TEXHOJIOTUYECKOTO TIporecca cOOpkH U BBIOOpa
paIOHAIBHOTO BapHaHTa Ha OCHOBE MHOTOKPHUTE-
pHATBHOTO aHAIN3a.

Onucanue HMHTaIIHOHHOﬁ MOJ€EJIHN

Ha ocHOBe MMHTAIIMOHHBIX SKCIEPUMEHTOB
OCYILECTBISIETCS BBIOOP pPalMOHAIBLHON CTPYKTY-
PBI IPOU3BOJICTBEHHOTO YYaCTKa M PallOHAIBHBIX
TEXHOJIOTHYECKIX IMapaMeTpOB Ha OCHOBE CIENy-
IOINUX LENEBBIX MMOKa3aTeNlel: JIUTEIBHOCTD MPO-
M3BOJCTBEHHOTO IIMKJIA, TEXHOJOrudeckas cebe-
CTOUMOCTB.

B kayecTBe rpaHUYHBIX YCIOBUII OyayT BBI-
CTynaTb. MakKCHMalbHas JJIUTENBHOCTh IPOM3-
BOJICTBEHHOTO IIMKJIA, MaKCHUMallbHas TEXHOJO-
ruyeckas ce0eCTOMMOCTh, MaKCHMaJbHasi CyMMma
KaIllUTaJIbHBIX BIOXKEHUH.

PazpaboranHass ”MUTAaIMOHHAs MOJENbL OyaeT
COCTOSITh U3 CIIEAYIOIIMX IIaroB:

— pacder TakTa BBIITYCKa;

— pacmpeneleHHe IIIaroB IO TEXHOJIOTH-
YECKUM CTaHIIHSIM;
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— pacdeTr ONTUMAJbHON MapTUH 3aIyCKa;

— pacuer NepuoJUYHOCTH 3alycKa JeTajnel B
MIPOU3BOJICTBO;

— pacueTr UINTENBHOCTH TEXHOJIOTHYECKOTO
LUKJIa M3TOTOBICHUS NapTHU W3IETUA OCHOBHOM
cOOpKH;

— pacder mapaMeTpoB Y3JIOBBIX CTaHIIHIH;

— pacdeT TEepHUOTUYHOCTH 3aIycka MapTHi
JleTalieil B MpOU3BO/ICTBO;

— pacder TEXHOJIOTHYECKOW ceOecTOMMOCTH
€TMHUTIBI U3/IENHS.

ANTOpPUTM MMHUTAITMOHHON MOJEIH TPEICTaB-
JieH Ha puc. 1.

Onncanme MaTeMaTHYECKHX
3aBUCHMOCTeEM AJisl pacueTra
TEXHOJOI'HYE€CKHUX IMapaMeTpoB
c0OpOYHOM MOTOYHOM JIMHUHU

TakT MOTOYHOH JTMHHUHU Ompeesercs mo (op-
myne [7]:

F
r=—2; (1)
Ny
Fy=(1.T. K. —T L (2)
Cha ﬂp cM TN CM cyM) 100 |’

rne F5 — addexruBHBI QoHA BpeMeHH 3a IIAHO-
BBIM Mepuojl, MUH; N — KOJTUYECTBO U3/ACIINH, MOJI-
JeKalUX BBIIYCKY B IUIAHOBBIN IEPHOJl BPEMEHU,
wrt.; JI, — 9Mcno pacdyeTHbIX AHEH B pabodyem me-
puoze; T., — IPOIOMKHUTEIHHOCTh paboueil cme-
HBl, MUH; K, — K03 duimenT cMeHHOCTH padoT;
Teyw — CyMMapHOe BpeMmsi 3a TEPHOJ COKPAIICHUs
paboyero BpeMEHHM B Tpa3AHUYHBIC [HH, MUH;
Prp — TPOLEHT BPEMEHM ILIAHOBOTO TEXHUYECKOTO
00CITy)KMBaHHUS 110 OTHOLICHUIO K HOMHUHAJILHOMY
($hoHIY BpeMeHH.

BennunHa onTtuManbHOM mapTHU  3amycka
ompenensercs mo dpopmyne [7]:

2DS
o = ®)

rne D — o6weM moTrpebienust pecypca (HeoOXoau-
MO€ KOJMYECTBO JeTajel/n3aennii) B IUIaHOBOM
HepHOJE; /i — 3aTparhl, 00yCIOBIEHHbIE XPaHEHUEM
€IMHUIIB] 3alaca B T€UEHHE BCEro IUIAHOBOTO Iie-
puona; S — 3arparel Ha MepeHanaJKy TeXHOJIOTHU-
4ecKoro 00opy0BaHMs/3aTpaThl Ha 3aKyIKY.
Pacuer mepmomgMyHOCTH 3amycka Jeraieil B
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NPOU3BOACTBO PACCUMTHIBAETCS 110 (HOPMYJIE:
f =D/ Ropt» (4)

rne D — o0veM moTpebieHust pecypcea (HeoOXoau-
MO€ KOJIMYECTBO JIeTaJel/U3aenuii) B IUIAHOBOM
TIEPHOJIE; 71,,,, — ONITUMAJIbHAS aPTHs 3aITyCKa, IIT.

Pacyer IIUTENBFHOCTH  NIPOM3BOICTBEHHO-
r0 IMKJIAa HM3TOTOBJIECHUS MApPTHH COOPKH EIMHHIT
(Thap) MPOU3BOIMTCS TIO CIIETYIOMIMM (HOPMYIIaM.

[Tpu mocnenoBaTenbHO-NAPATIICIIEHOM JBHKE-
HUU TIpEeAMETOB Tpyaa [7]:

m (To5)
T;)ESX. = noptz C -
= (5)
_1 (TOC)
(g - p)xm g
, :
p : Ci

~
Il
—

HpI/I HapaJ'IJ'IeJH)HOM OBHXKCHUN HpeJIMeTOB
Tpyna [7]:

oc
oc (TLHT )imax
Trex. = (nopt - p)T +
i (6)
TOC )
m ( wr /.

+

b

i=1 Ci
TJIe 7 — 9HUCIIO OTepalliii B TEXHOJIOTHUECKOM TIPO-
necce (uucio craniuii); C; — MPUHATOE YUCIIO pa-
604nx MecT (CTaHKOB) Ha i-i omepayuu (cTeneHb
pacnapautenuBanust cranuuu), wr; (Tor | — HOp-
Ma INTYYHOIO BPEMEHM Ha i-U onepaunﬁ, MHH.;
P — pa3Mep TRAHCIOPTHOM (MepenaToyHoN) map-
THUH, IIT; ij  — HauMEHbIlIasi HOpMa BPEMEHU
Mexnay k-it napé’ﬁ CMEXXHBIX OIEpalii ¢ y4eToM
KOJIMYECTBa EAMHUIl 000pYyIOBaHUS, MHH.

Pacder mapameTpoB y3JIOBBIX CTaHIIUI MPOU3-
BOJIUTCS TIO CIEMYIOIIEMY allTOPUTMY.

1. OmnpeneneHre MUHHUMAJIBHOIO KOJIHYECTBA
Y3JIOBBIX CTAHITUH:

cyM
_ nopt Tn/c6 (7)
I’lyc —F—,
2
rae Tl_(l:/ycl\g — CYMMApHOC€ BpCMA HU3TOTOBJICHUA

10ICO0POK /ISt OJIHOTO U3IENHMS, MUH; M, — OI-
TUMaJbHAsl MapTHsl 3amycka; Fy — 3¢ddexTuBHbIHI
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MapTiaM SaryCHa
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EE LT T fe ]
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(ST TS T

Puc. 1. Alroput™ HIMHTAIIMOHHOW MOJETH

¢ona pabouyero BpeMeHH 3a MEPHO.

2. Ormpenenenne Tuma moncoopku (online/
offline).

Online noxcOopka — y370Basi COOpOYHAsT €IH-
HHIA, cOOpPKa KOTOPOW MPOM3BOIUTCS Hapajuielib-
HO OCHOBHOH COOPKH C Y4E€TOM TaKTa BBITYCKa.

Offline moacOopka — y30Bast COOPOYHAs €IH-
HHIA, COOpKa KOTOPOil MPON3BOANTCS HE3aBUCHMO
OT OCHOBHO# COOPKH.

Tun noacOOpKH ONpeneNnseTcss Ha OCHOBE cie-
JYIOIIETO HePaBeHCTBA:
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@®)

Z"CinSSrl,

rae TC’yM — CyMMapHO€ BpeMs W3TOTOBJICHHS ITOJI-
cOOpOK Ha i-OW CTaHIMU Il OIHOTO W3JICIHS;
7 — PUTM TIOTOYHOW JIMHUH, S — YPOBEHb pacma-
pajyieuBaHusl (-0 CTAHIIMK OCHOBHOW COOpKH;
| — ypoBeHb pacnapaisienuBaHus (-0 CTaHIIUHU y3-
JI0BOM COOPKH.

Ecmn TZYMS <rl, TO BCe MOACOOPKH HM3rOTaB-
nmuBatotcs Online. Ecin Tc’yM >rl, To U3 cymmap-
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[ 271)

Es

[5c-2717] E

Puc. 2. Uepapxuueckas cxema y3JI0BBIX cOOpPOK

HOTO BPEMEHM H3TrOTOBJIEHHS NOACOOPOK Ha i-OM
CTaHLUU (TCIYM) HCKIIFOYAETCSl CyMMapHOE€ BpeMs
W3TOTOBJICHHS TOACOOPOK HH3IIETO YPOBHS JUIS
paccMmarpuBaeMoil cTaHuu (puc. 2).

HckinroueHne BpeMEHH BBINOIHEHHs 101c60-
pox u3 (T, CZYM ) IpOM3BOAUTCSA 0 TEX MOp, ITOKa HE
OyZIeT BBIMOJHATHCS YCIOBHE BhIpaskeHHS (8).

3. OmpegneneHue ONTHMAJIBLHOM MapTUH 3a-
nycka offline-nogcOopok:

2DS
Ropt—ys = T’ ©)

rme D — ooweM moTpebnenus pecypca (HeoOxomu-
MO€ KOJMYECTBO JeTajel/n3aeNnii) B IUIaHOBOM
nepuoe; & — 3arparsl, 00yCIOBICHHBIE XpaHEHUEM
SIMHMIIBI 3a1aca B TCUCHHUE BCETO IUIAHOBOTO Iie-
puona; S — 3arparel Ha MepeHaNaJKy TeXHOJIOTHU-
4eCcKOro 000pyI0BaHHsI/CTOUMOCTD 3aKyTIKH.
Pacuer TexHonormuyeckoit ceGecToMMOCTH
€IMHUIIBI U3JENHUs MPOn3BoaUTCs 1o hopmyne [8]:

C,y = M +3% 4 5

(8] ocC ocC
ocn T 95 +Sp +I1P™,

(10)

rne C, — TeXHOIOTWYecKas ce0ecTOMMOCTh OcC-
HOBHOHM CcOOpKH, py0. M TexHoiorndeckas cebe-
CTOMMOCTb Y3JIOBOM cOOpKH, py0.; # — KOINIECTBO
Y3JIOBBIX COOPOK B M3/CIHH, IIT.; M — 3aTparhl Ha
OCHOBHBIE MaTepHajbl (32 BBIYETOM OTXOAOB) HJIH
CTOMMOCTH 3arOTOBKH S,,. IUI1 OCHOBHOW COOpPKH,
py0.; 3, — 3arparbl Ha 3apabOTHYIO IJIaTy OCHOB-
HBIX TIPOM3BOJICTBEHHBIX paboynX OCHOBHOM cOOp-
KH, pyO0.; Sye — 3aTPAThl HA OBICTPOU3HAILIMBAEMYIO
TEXHOJIOTHYECKYI0 OCHACTKYy OCHOBHOM cOOpKH,
py0.; S, — 3aTparhl Ha TEXHOIOTHYECKYIO SHEPTUIO
Il OCHOBHOM cOOpKH, py0.; S, — 3aTparsl Ha 00-
CIIy’)KUBaHHE W PEMOHT OOOPYJIOBaHHS OCHOBHOM
cOopku, py6.; [P — mpoume 3arparhl OCHOBHOM
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cbopkw, pyoO.

4. OmpenencHre parliOHAIBHO TEXHOJIOTH-
YeCKOro Tpoliecca.

Juis onpezneneHUst palMOHAIBLHOTO BapuaHTa
TEXHOJIOTUYECKOr0 Iporecca COOPKH HCIONb3yeT-
cs1 hopmya:

LK, CiK
Fpp ==L 122 (11)
Tpin  Crmin

rae 7; — AMUTeNTsHOCTh TTPOU3BOICTBEHHOTO MUKIIA
[0 i-OMy BapHaHTy TEXHOJOTHYECKOTO IMPOIECcca;
Tin MUHUMAaJIbHAS JTUTENFHOCTh IPOW3BO/-
CTBCHHOT'O IMWKJIa U3 BCEX paCCYUTAHHBIX BapUaH-
TOB; K; — BeCOBOW KOA(Q(HIIUEHT JJIsl OIpEICIICHHS
S3HAaYMMOCTHU KPUTECPUA «I[J'II/ITGJH)HOCTI) IIpoOU3BOA-
CTBEHHOT0 LMKJay; C,; — BEIMYMHA 3aTPaT Ha U3TO-
TOBJIEHHE MMAPTHH JeTallel Mo i-OMY BapHaHTy TeX-
Hosorudeckoro mpouecca; C.,;, — MUHUMaJIbHas
BEIMYMHA 3aTpaT M3 BCEX PACCUMTAHHBIX BapHaH-
TOB; K, — BECOBOI KO PHUIMEHT /IS OTIPE/IeICHUS
3HaYMMOCTH Kputepus «BemuanHa 3aTpary.
PanmonanbHBIM BapHaHTOM TEXHOJIOTHYECKO-
ro mpomecca OymeT SBISATHCS BapHaHT C MHHH-
MaJIbHBIM 3HAYCHHEM Toka3aTens (Fop).
PesynwraTsl onpeneneHns panuoHAIBHOTO Ba-
pHaHTa TEXHOJIOTHYECKOTO Mpoliecca cOOpKU u3jie-
nus «MaluHKa Ui pe3Ku» MOJIyqaloTcs Ha OCHO-
Be pa3pabOTaHHON MMUTAIIMOHHOW MOJICIIH.
MarmrHa ans pe3ky npegHazHadeHa JUist Mpo-
BE/ICHUS BPE30K B TPYOOIPOBOIBI M COCYIBI, Pabo-
TaloKe 1oJ JaBjieHneM, 0e3 0CTaHOBKU HX pabo-
ThI, OOLIMI BHJ KOTOPOH HpeacTaBlieH Ha puc. 3.
Bribop o0opynoBanusi MPOU3BOAMTCS MO KOH-
KPETHBIEC YCJIOBHSI BPE3KH, B TOM YHCIE C YUETOM
BEJIMYMHBI JTaBJICHHUS TEPEKAYNBAEMOTO IMPOAYKTa
B TPyOONPOBOE O] BPE3KY M T€OMETPHUIO IPUCO-
€IMHUTEIEHOTO 000PYIOBaHUS.
MammHa A7 pe3Kd COCTOUT M3 CIIEAYIOLINX
Y3IIOBBIX COOpOK: Bajl BBIIBIDKHOHM, BaJI CHIIOBOH,
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Puc. 3. MamuHa a5 pe3ku

Taomuma 1. Pe3ynsrarsl pacueToB BapuaHTOB TEXHOJIOTHYECKOTO Iporiecca COOPKU M3AEI S
«MamuHa as pe3K»

[Tapametp Bapuanr | | Bapuanr 2 | Bapuant3 | Bapuanr 4
KomnmuecTBo crannuii 0cHOBHOM cOOpKH 4 wr. 4 mr. 4 wr. 4 mr.
KonmyecTBo pabodnx 0CHOBHOM COOPKU 14 gen. 13 ger. 13 gen. 13 wem.
KonuuecTBo craHuuii y310Boii cOOpKH 2 mr. 2 mr. 2 mr. 2 mr.
KommaectBo pabounx y3:10Boi cOopkH 4 yer. 3 gen. 3 yen. 3 yen.
KanmnranbHbie BToXeHUS 0 pyO®. 60 000 py6. | 60000 py6. | 60 000 py6.
JIMUTEeNnbHOCTH MPOU3BOICTBEHHOTO IIMKJIA 339 MuH. 346 mMuH. 345 MuH. 344 mMuH.
CebecTouMoCTh COOpKH 84 870 py6. | 82 585 py6. | 82578 py6. | 82 576 pyo.
PeiTuHr 1,0166 1,0079 1,0072 1,0065

BUHT XOJOBOM, IITaHra Jeparens, MepeKIIro-
4arellb.

B T1abn. 1 mpencraBieHbl pe3yibTaThl pacde-
TOB YETBHIPEX BAPUAHTOB TEXHOJOTMYECKOrO IPO-
necca coopku uzaenus «MaruHa Juis pe3Ky.

[Ipoananm3upoBaB pe3ynbrarbl Talm. 1, Mbl
NPUHSUIM PELICHUE HCIONb30BaTh BapuaHt Ne 4
TEXHOJIOTMYECKOrO IpoLecca, TaK Kak B HEM HeE
HapylIaeTcsl YCJIOBUE KalMUTAIbHBIX BIIOKEHUM,
ObUTa yMEHBIIIEHAa JTUTENFHOCTh TEXHOJOTHYe-
CKOIo IIpoLecca U COKpaleHbl IPOU3BOJACTBEHHBIC
3aTpaThl.

Hpe}IHO)KCHHaH UMHUTAllMOHHAaA MOJICJIb II0-

3BOJISIET CHPOEKTHPOBaTh MHOXXECTBO BapHaHTOB
TEXHOJOIMYECKUX IIPOLECCOB COOPKM M31enus,
a TaKXkKe IPOBECTH MHOTOKPUTEPHAIbHBIM aHa-
JIU3 W OIPENEeNUTh PAalMOHAJIbHBIE 3HAUEHUS TEX-
HOJIOTUYECKUX MapaMeTpoB IPOU3BOACTBEHHOTO
mpouecca. AHajau3 pazIUYHbIX BapUaHTOB TEXHO-
JIOTHYECKOTO Tponecca cOOpKU ¢ MOMOUIBIO UMU-
TaLlMOHHON MOZENIM Ha 3Tale TEXHOIOIMYECKOH
MTOJATOTOBKHU MPOU3BOACTBA MO3BOJIUT B 3HAUYNUTEINb-
HOW CTENEHU MOBBICUTH 3(PPEKTUBHOCTH IMPOU3-
BOJCTBEHHOTO MpoOLEcca 3a CYET CHIDKCHHS TPY-
JOEMKOCTH M CceOECTOMMOCTH H3TrOTaBINBACMOM
MPOLYKLUH.
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EJI. IEBAIIIOBA, M.M. PAJIKEBUY, M.B. AKOBUI]KAA
@I'AOY BO «Canxm-Ilemepbypeckuil norumexnuyeckull ynugepcumemn

Ilempa Benuxoeoy, e. Cankm-Ilemepoype

HOBBIIHEHUE TOYHOCTHA
PASMEPOB CJTOXKHOITPO®UJIBHBIX
U3JIEJUNA U3 JTUCTOBOI'O METAJLIIA
METOJOM CBOBOJHOMW 'MBKHU

Knrouesvie cnosa: aBTOMaTu3UpOBaHHBIM KOM-
IJICKC; THOKA; JINCTOBOM MPOKAT; MPOCKTHPOBAHUE;
NPYXUHEHUE; TEKCTypa; TEXHOJIOTHYECKUU TMpo-
1ecc; TPEXMEPHOE aBTOHOMHOE IPOrpaMMHPOBa-
HUE; CIOKHOMPO(PUILHOE U3JIEIHE.

Annomayus. B naHHON cTaThe paccMOTpeHa
METOJIMKA TPOCKTHPOBAHUS TEXHOJIOTHUECKOTO
MpoIiecca M3rOTOBJICHUS CIOKHOMPO(PIIBHBIX W3-
JeNIMi M3 JINCTOBOTO MaTephaia METOAOM CBOOOJ-
HO# THOKH. [IpemoxkeH BaprHaHT aBTOMaTHIECKOTO
moad0opa WHCTPYMEHTA C TIOMOIIBI0 BRICOKOTEXHO-
JIOTUYHOM MPOTPaMMBI, TPAUMEHSEMOH Ha 000pyIo-
BaHUMU U cBOOOIMHON ruOku Metamation Flux nns
ONTUMU3ALUU TEXHOJIOTUYECKOTO IMpoliecca Ha OC-
HOBE y4eTa (akTOpOB, BIMSIOIINX Ha MPYKUHCHHC
MeTaa, Juist ooecriedeHus: Oojiee BBICOKOTO Kave-
CTBa IMOJIy4aeMbIX JCTallCH.

PaccmarpuBaemblid METOJ ONTHUMHU3ALMU TEX-
HOJIOTUYECKOTO MPOIIeCCa MOMYyUEHHUs CIOXKHOIPO-
(PUIBHBIX M3ICNIMH U3 METAIMYECKOTO JIMCTOBOTO
MpoKaTra METOAOM CBOOOJHOW THOKM OCHOBaH Ha
MPaKTUKE WCITOJIb30BAHMSI aBTOMATH3UPOBAHHOM
nporpammel  Metamation Flux, ydYuThIBaromei
(hakropsr (k-factor, penen MPOYHOCTH U T.J.) IS
COKpAIIeHHs BPEMEHH MPOU3BOJICTBA U y/IETIeBIIe-
HUS ce0eCTOMMOCTH KOHEYHOTO MPOAYKTA.

BBenenue

I'nOka MeTanna — OMH U3 CaMBIX MOMYIISPHBIX
cnoco0oB 00paboTku MeTajutonpokara. bnaromaps
el MOXKHO TOJYy4UTh CaMble pa3Hbie (OPMBI H3/e-
JIU#, BOCTPEOOBAaHHBIX B JIIOOOM BHJIE IPOMBIIII-
JICHHOCTH, CTPOUTEIBCTBE, B BEHTUIISIIMOHHBIX
cHCTeMaX, B CHCTEMaX BOJOCHAOKEHHs, ra30BbIX
TpyOOonpoBoaax, B OBITY.

153

[Ipu rubke 3aroToBOK HEOOXOAUMO MPHIEP-
JKUBAThCS TEXHOIIOTUH, UCKIIIOYarolield oOpa3oBa-
HUE TPEIIMH Ha MOBEPXHOCTU M BO3HHUKHOBCHHC
ckianok [1].

Jnst Toro 4ToOBl 00ECIEUUTh TOYHOCTH Pa3-
MEpPOB JeTalld, Ha IPOM3BOJCTBE pa3padaThIBAIOT
TEXHOJIOTUYECKUI TMPOIeCC, 3KCICPUMEHTAIbHO
[IPOBEPSICTCST TEXHOJOTUS U IPU HEOOXOIUMOCTHU
BHOCATCSl YTOYHEHHUSA. 3a CYET ITOro 3Tama IMpo-
HCXOMUT TIOTEPsI BPEMEHH, M JTO BJICYET 32 COOOi
3HAYUTEIHHOE TIOBBIMICHUE TPYAOEMKOCTH MPH
BHEJIPCHUU HOBOW TEXHOJIOTHH, & TAKXKE MPHUBOIUT
K YBEIUYCHHUIO CE0CCTOMMOCTH JICTAJIH.

MeTonnbl

B mpenmaraemoif TEXHOJOTMH PAacCMOTPEHO
BIMSHUE MCXOAHOTO Marepuana, TOJIIMWHBI JId-
CTa, BHYTPEHHETO M BHEIIHETO pajnycoB rHOKH, a
TaKXe TEKCTYpHl Je(OopMaliy MPOKaTa, CKOPOCTH
ru0a Ha TOYHOCTh MOIYy4aeMOTo H3JeNus IPU Orie-
paumu TuoKu.

[NonyueHnnast wHQOpMaIMs SBISETCS OIpe-
JeTsIomed mpu  pa3paboTKe TEXHOJIOTHYECKUX
MPOIIECCOB  M3TOTOBJICHUS  CIOXKHOMPO(QUILHBIX
W3JICTNIA C WCIONBb30BaHHEM aBTOMATH3UPOBAaHHO-
ro xommiekca Metamation Flux. B naHHOM KoM-
IUIEKCE TPUMEHSETCd TPEXMEPHOE aBTOHOMHOE
IIPOTPaMMHUPOBAHUE, KOTOPOE JaeT BO3MOXHOCTD
HA/IeXKHO YNPaBIATh MPOLIECCOM Pa3pabOTKU TeX-
HOJIOTHHU Tporiecca THOKH. Ilpu 3TOM MOIHOCTBIO
HCKITIOYAeTCsl TpeiBapuTeNbHas TECTOBasl OLIEHKa
U OKCIEPUMEHTalbHas NPOBEPKa NPaBHIBLHOCTH
pa3paboTKH TexIporecca F’HOKH.

HUcnonezoBanue nporpammel Metamation Flux
MOXKET 00eCHneynTh TIPOLECC aBTOMATHUECKOTO
noa0dopa ruOOYHOr0 HHCTPYMEHTA, UCKITF0Yast 3Tal
IKCIEPUMEHTAIBHOM OTpabOTKH, U OGiarogaps yue-
Ty (U3UKO-MEXaHMUYECKUX CBOMCTB HUCIIOIB3yeMO-
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JingcmusecKan Gepamaiug

Puc. 1. Cxema rubku ¢ ykazaHueM BUJIOB Je(opMaluu

ro MeTajjia, B OCOOEHHOCTH MOCIEA0BATEIbHOCTH
MIEPEXOIOB MPHU THOKe, 00eCIeUnBacT BHICOKOE Ka-
YeCTBO JIeTaleH.

HpI/IMeHeHI/Ie aBTOMaTI/I3I/IpOBaHHOFO KOM-
IIJICKCA TITIO3BOJIAT YMGHI)HII/ITI) TPYILOGMKOCTI) nu
COKpaTUTh 3aTpaThl BPEMEHU OT MPOCKTUPOBAHUS
mpoiecca 10 €ro IpakTHUYEeCKOW peaau3alud B
MIPOU3BOJICTBO, ONTHUMAJIEHO TMOA00paTh TEXHOJO-
TUYECKYIO0 OCHACTKY.

[IpumMeHeHne aBTOMaTU3UPOBAHHOTO KOMILIIEK-
Ca TIO3BOJIUT COKPATHTh BPeMsI U YMEHBIIUTH TPY-
JIOEMKOCTh OT MPOEKTHPOBAaHUS Mpollecca 10 ero
MIPaKTHYECKOW pealln3alii B MMPOU3BOICTBO.

Pe3yabTarthl U 00cy:xaeHne

Ha xoHeuHbI pe3yasraT CBOOOAHOH TI'MOKH
OKa3bIBAIOT BIMSHHE TAKHE MapaMeTphl Mpolecca,
Kak MpelneibHbI paanyc Tuba, TOJIIMHA JIMCTA,
HaIpaBJICHUE BOJIOKOH MeTaiia (TeKCTypa), Me-
XaHUYECKUE CBOWCTBA, JOMYCTUMOE OTKIIOHCHUC
KOH(HUTYpaIy TOTOBOW JeTalld, KOTOPBIE CIEIY-
€T YYUTHIBaTh NpU pa3pabOTKe TEXHOIOTUYECKOTO
mporecca.

B cBsi3u ¢ OTCyTCTBHEM B HAcCTOAIIEE BpeMs
BO3MOXXHOCTH aBTOMAaTH3MPOBAHHOTO YYeTa BCEX
[apaMeTpoB, BIHSAIONUX HAa TOYHOCTHb U3TOTOBIIE-
HUS U3AENUsl THOKOHM, dTal MOATOTOBKH TEXHOJO-
THYECKOTO Tpollecca AOCTAaTOYHO TpymoeMok. OH
TpeOyeT CIEeNHaTbHOTO TPOU3BOACTBEHHOIO 000-
PYZOBaHHS AJISl SKCIIEPUMEHTAIBHON OIIEHKH TpY-
JOEMKOCTH H3JICITHSI.

Crnemyer OTMETHTH, YTO MPHU MOJAEIUPOBAHUHU
TEXHOJIOTUYECKOTO Tpolecca BBOISATCS HCXOJ-
HBIE MAapaMeTphl, OMUCHIBAIOIINE (DU3NKO-MEXaHU-
YECKUE CBOMCTBA, XAPaKTCPUCTHKHU JIMCTA, KOTO-
pbI€ 3aTCM aBTOMATHYCCKU HCIIOJIB3YIOTCA IIpU
pa3pabotke mpoiiecca cBOOOIHOW TUOKH, YTO MPH-
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BOJIUT K YCKOPEHHIO Ipollecca moadopa UHCTPY-
MEHTa, 00eCIIeYrBas IPU 3TOM BBICOKYIO TOYHOCTh
JeTaNiell CO CI0KHBIM TPOQUIIEM.

Nmeercs nBa BaxHeWmMX (akTopa, BIIHSIO-
IIMX Ha pa3Mepbl AeTanu mocie rudku. K HuMm ce-
JIyeT OTHECTH B MIEPBYIO O4Yepenb 00paTHOE MPYKH-
HEHUE JIeTajl ¥ YMEHbBIIIEHUE TUIOIMAIH ITONepey-
HOTO CEYCHHS JINCTa B MeCTe u3ruoa [2].

Bemumunna ynpyrux aedopmanuii mpu rulke
XapakTepu3yeTcs YIJIOM TPYXHHEHWS, TpPEeIcTaB-
JISTFOIIAM COOO0H pa3HOCTh MEXAY BEIMYMHOHN yIvia
JETalld MOCJIe THOKW M BEJIMYMHON yIJia B IITaM-
e (puc. 1).

[IpyxuHEeHue MpU THOKE 3aBHCHT OT MHOTHX
(bakTOpOB, OCHOBHBIMH U3 KOTOPBIX SIBJISIOTCS
MEXaHUYEeCKUE CBOWMCTBAa Marepuana (YeM BBIIIIC
MOJyJib YIPYTOCTH M YE€M TBEpPKE MarepHall, TeM
OOoJIbIIIe YTON MPYXUHECHUS) U OTHOIICHUE pajnyca
rUOKM K TOJNIIMHE Marepuaya (4eM OOJbIIe Yroil
MpY>KUHEHUS], TeM OOoJIbIle paanyc THOKN).

B mporecce rubku JIMCTOBOTO MeTallla BHEIII-
HUW paguyc yBEIWYUBACTCA, a BHYTPESHHHHA —
yMeHbIaercs [3], mpoucxomuT ABa Buaa nedop-
Marun. B Touke conpukocHOBeHUs paboueit yactu
IyaHCOHA C JETajbl0 TPOWCXOMUT IUIACTHYECKAs
nedopManys, 9T0 COMPOBOXKIACTCS yIPOIHEHUEM
MeTtamia. B Mecrax, I1e OTCyTCTBYET COIPHKOCHO-
BeHHE pabouell YacTH MyaHCOHA C JIETaJbIo, TIPO-
HUCXOOUT ympyras naedopmaiiusi, KOTOpas 3acTaB-
JIAET JIeTallb BEPHYTHCSA B UCXOJHOE COCTOSHHUE. 3a
CUET 3TOrO MPOMCXOIUT MPYKMHEHUE METajlia 1o-
CJIe TOTO, KaK CHUMAETCsI Harpy3Ka.

Jluct meramna Mo JUIMHE MOXET OTIMYaThCS
KaK TI0 TOJIIWHE, TaK M MO CBoicTBaM. Tak Kak B
OOJIBIIMHCTBE CIy4yacB MpPYXKUHEHUE JACTaIH IO-
JIOXKUTEIBHO, T.€. yroji JeTald ToidydaeTcs OOib-
e yrjia mramna, TO P MPOSKTUPOBAHUH YTOI
[ITamIia JOKeH OBITh B3SAT MEHBIIE yIvia JIEeTalH.
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Taéauua 1. OtinoHenue yria ruoku ot 90° IpH pasIUIHBIX OTKIOHEHHSX OCH ¥

“ 1° 1,5° 2° 2,5° 3° 3,5° 4° 4,5° 5°

Vmm
4 0,022 0,033 0,044 0,055 0,066 0,077 | 0,088 | 0,099 | 0,11
6 0,033 0,049 0,065 0,081 0,097 0,113 0,129 | 0,145 | 0,161
8 0,044 0,066 0,088 0,11 0,132 0,154 | 0,176 | 0,198 | 0,22
10 0,055 0,082 0,11 0,137 0,165 0,192 | 0,22 0,247 | 0,275
12 0,066 0,099 0,132 0,165 0,198 0,231 0,264 | 0,297 | 0,33
16 0,088 0,132 0,176 0,22 0,264 0,308 | 0,352 | 0,396 | 0,44

[ToaToMy Hepeako KOPPEKTHPOBKA TEXHOJIOTH-
YEeCKOTo mporiecca THOKU TpedyeTcs Jake BHYTpHU
OJTHOM TIApTHU MeTallia.

VYopyrue aegopmanuu BO BpeMs OIEpamyiu
THOKH M3MEHSIOT (popMy AeTaiu, ee pa3Mephl, IMo-
ABJISIETCS] IOTPEOHOCTH B JAOTIOJTHHUTEIHHOMN Omepa-
LMY TPaBKH.

OcHOBHBIE (aKTOPHI, BIUSIONINAE Ha MPYKUHE-
HUE MeTaJlja.

1. CsaoiicTBa MaTepuayia. Yron MpyKHUHEHUS
TeM OOJbIlle, YeM BBIIIE MpeAeT MPOYHOCTH Ha
pactsbkenue. Ecnu cpaBHHMBaTh, Hampumep, THO-
Ky TOHKOJIMCTOBOW MEIW M CTalH, TO Tpagyc Mpy-
KUHCHHS, KOTOPBII HY)KHO UMETh BBHJy Ha KOM-
neHcauuto y meau, oyaer 0,5°, a y cramm — 1°.
HepxaBeromasi ctaab MOXKET IPEBBICUTH 2° Ha
KOMITCHCAITHIO.

2. Tommwmua nucta. IlpyxuHeHHne TeM BBIIIE,
yem tomme Metaynl. [loatomy, 4TOOBI OOecte-
yuTh yroj 90° Ha ctanu 3 MM U TOJIIMHE METaj-
ma 1 MM, UCHIONB3YIOT yroil B 88°, 4TOOBI mocie
BO3BpAIlleHUs] ITyaHCOHA B HCXOJHOE IMOJIOKEHHE
JIeTallb 32 CYET OCTATOYHOW AeQopMaliy MpHHIIA
yrox 90°.

3. CkopocCTh nepeMenieHnss HHCTPYMEHTa OT-
HOCUTENIbHO JeTand. Ilpu MenneHHo#ll ckopocTu
MepeMelIeHNs] IyaHCOHa OTHOCHUTENBHO JeTallu
MPOMCXOJUT CHATHE OCTAaTOYHBIX HANpPsIKEHHUH, KO-
TOpPBIE BIUSIOT HA OCTAaTOYHYIO Ae(hOopMaLHIo.

4. Pamnyc rubku. Yem Ommxe paauyc ruOku
K TOJNIIMHE MEeTajja, TeM MEHBIIE OCTaTOYHas Je-
(dopmarmsi. Uem MeHbIle pPacKpbITHE MAaTPHIBI U
paanyc TyaHCOHA, TeM OOJbIe TUIONIAb MpPHIIe-
ra"usi paboYrX YacTe OCHACTKU K 3arOTOBKE, TeM
MeHbIe yrpyras aeopmanusi. C yMeHBIICHHEM
BO3IEMCTBUS YIpyToi nedopMary yMeHbIIaeTcs
OCTaTOYHas JaedopMaIrusl.

155

5. HampaBneHue MpPOKAaTKU CO37a€T BOJOKHA
B CTpykrype. Ilpu coBmajeHuu JMHHU NPOKAaTa C
JTUHUEH TH0a yroil MpyXUHEeHHs OylneT MHHUMAallb-
HbIM [4]. Ho cinoxHONpO(UIbHBIC MOABEPTaloTCs
ruOKe Kak TOMepeK, Tak M BHOJb BOMOKOH. Cie-
JyeT TPH aBTOMAaTHUYECKOM MOJ00pe MHCTPYMEHTa
YUUTHIBATh HAIlpaBJI€HUE MPOKaTa, 4ToOBl odecte-
YUTh MUHMMAJbHOE NMPYXUHEHHE MeTajula Ha Hc-
MIOJTHUTENBHBIX pa3Mepax.

6. TouHocTe THOKM TakXke 3aBHCUT OT Ha-
CTPOMKH OCH Y TpaBepchl CTaHKa, (OPMUPYIOLIECH
yron Tubku [5].

TpaBepca ¢ TOMOIIBIO MyaHCOHAa BIABIIH-
BaeT JIMUCT Ha BbIOpaHHYI0 DIyOMHY 1o ocu Y,
V-00pa3zHyr0 TOJIIOCTh MAaTpHUIBL. 3aroTOBKa TO-
YEYHO COIPHUKACAETCS C IIOJIKAMHU MAaTpHLbl U HE
COIIPUKACAETCSl CO CTEHKaMH MaTpullbl. DTO O3Ha-
YaeT, YTO YIoj TMOKM ONIpEneNseTcs MOJIOKEHUEM
IyaHCOHA TI0 OCH Y, a He reoMeTpuell THOOYHOTO
WHCTPYMEHTA, KaK B CIIy4yae IITaMIIOBKH.

To4HOCTE HACTPOWKHU OCH Y Ha COBPEMEHHBIX
npeccax — 0,01 mm.

[MpuBenenHas Huxke Tabm. 1 mMoKa3bIBaeT OT-
KJIOHEeHHEe yra TuOku oT 90° mpu pa3nu4HbBIX OT-
KJIOHEHUSIX OcH Y.

Ha naHHBI MOMEHT ITpOrpaMMBbl CUCTEM aBTO-
MaruzupoBanHoro npoektuposanus (CAIIP), xo-
TOpBIE OCYIIECTBISAIOT MOAO0P MHCTPYMEHTA, Y4H-
TBIBAIOT TEOMETPHUIO AETAIH, HO HE YUYUTHIBAIOT BCE
BBILIETIPUBEACHHBIE (DAKTOPbI Ul KOMIICHCALUH
OCTaTOYHOH AedopMaIiu.

B naHHOW cTaThe paccMarpuBaeTCA BBICO-
KOTEXHOJIOTHYHAsl ~ IporpamMma,  IpUMEHseMast
Ha oOOpymOoBaHWHM [JII CBOOOMHOM THOKH —
Metamation Flux. B mporpaMme TpOHCXOIUT aB-
TOMAaTUYECKUH TOAOOpP HHCTPYMEHTA, PacCUUTHI-
BaeTCd pa3BepTKa B 3aBHCHMOCTH OT BBIOpaHHOM
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Puc. 2. Dcku3 TEXHOIOTHYESCKOTO MPOIecca THOKK U3 mporpaMmbl Metamation Flux
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Puc. 3. ®akropsl, yuntsiBatomuecs B nporpamme Metamation Flux npu pa3paboTke
TEXHOJIOTHYECKOTO TIporecca

ocHacTkH (puc. 2).

Pacuer pa3BepTky B mporpaMmMe IpOUCXOIUT B
3aBucuMOCTH oT K-(pakropa (ko3dduimenra cme-
IIEHUsS YCIOBHOTO HEWTPAIBHOTO CJIOS), KOTOPBIN
BBIYHCIISIETCS AKCIIEPUMEHTAIBHO, JTNOO €r0 MOX-
HO paccuuTarh 1o dopmymne (1).

Tak kak HEWTpaJbHBIN CJIOW BCEraa CMEIIeH K
LEHTpY HM3ruba (B CTOPOHY CXKATBhIX BOJIOKOH), TO
Beerma 0 < K < 0,5. 3ameueno, uto K-akrop 3a-
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BHCHUT OT OTHOILIECHHS BHYTPEHHEro paauyca ruo-
ku R x Tonmmae Metaia s (1):

K = RIs. (D

K-daxTop B mporpamMMe MOXHO TPHHATH Ca-
MOCTOSITENTFHO, JTUOO BOCIOJBH30BATHCS PEKOMEH-
IyeMBIMU U3 TIporpaMMbl Metamation Flux B 3aBu-
CUMOCTH OT MapKu Marepuana (puc. 3).
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B pabote paccMoTpeHbl (haKTOPbI, BIHSIOLINE
Ha pe3yJabTaT Mpolecca CBOOOMHOM TMOKH JIMCTO-
Boi geramu. OTMEUEHBI MapaMeTphbl, OKa3bIBalO-
IMe 3aMETHOE BJIMSHUE Ha IPOLIECC HM3TOTOBIE-
HUS JIUCTOBOW JETajl METOAOM CBOOOIHON I'MOKH,
a UMCHHO HAMNpaBJICHUE TPOKATKH HCXOJHOTO
JIUCTa W CBOMCTBa Marepuayia, B YACTHOCTH Mpe-
Jiell TPOYHOCTH Ha PacTsDKEHHWE JMCTOBOW 3aro-

TOBKH.

[pennoxxena MeToIMKa POSKTUPOBAHUS TEX-
HOJIOTUYECKOTO TIPOIleCCa M3TOTOBJICHUS W3JICIUN
CO CIIOXHBIM MPO(UIEM W3 JIMCTOBOTO Marepuala
METOZIOM CBOOOHOW T'MOKH C y9E€TOM OTMEUYECHHBIX
MapaMeTpoB ¢ MOMOIIBIO TporpaMMmbl Metamation
Flux nna obecnedenus 0ojee BBICOKOTO KayecTBa
MOJY9YaeMbIX JICTATICH.
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T'A. MAKAPOBA, 3.C. CABUHOB

@I'AOY BO «Canxm-Ilemepbypeckuil norumexnuyeckull ynugepcumem

Ilempa Benuxoeoy, e. Cankm-Ilemepoype

MPOBJEMBI IPOEKTUPOBAHUS
TEXHOJOTUYECKON OCHACTKH
JIJISI OBPABOTKH 3YBUYATBIX KOJIEC
HA 3YBO3AKPYIUISSIOIINUX CTAHKAX

Kurouegvle cnosa: 3y003akpymisiONINid cra-
HOK; 3yO4aTble Kojieca; KyJauyKOBBI MEXaHU3M; Ky-
Ja40K; MOJCPHHU3ALUS; TPACKTOPHS MEepEeMEIICHHS
HHCTPYMEHTA.

Aunomayus. Llensio paboThl sSBISETCS MPOEK-
TUPOBAaHUE M MPOU3BOACTBO KOMIUIEKTa OCHACTKH,
MIPUTOHOTO 1t 00pabOTKM JTF000H HOMEHKIIATYPbI
3aroTOBOK Ha MOJEPHU3UPOBAHHOM cTaHKe SE580.

3amadeit paboOTHI SIBISIETCS OOECIICUCHUE II0-
BTOPSEMOCTH OOpaOOTKM 3aroTOBOK, a TaKXke
YMEHBIIIEHHE BCIIOMOTATEIhbHOTO ¥ TIOATOTOBH-
TEBHOTO BPEMEHH.

['mmoresa: aHanmu3 MPOU3BOACTBA IO HU3TOTOB-
JICHUIO 3yOYaThIX KOJIEC IOKa3ad, YTO OCHOBHOU
NpUYMHONW Opaka Ha (QUHANBHBIX ONEpaulusiX II0
JOBOJKE 3yOuaThIX BEHLOB (3y0O03aKpYIJIEHUH) SIB-
JsIeTCs. HECOBMAJCHUE TEXHONOTMYECKHX W KOH-
CTPYKTOPCKHX 0a3, a TakKe HEKOPPEKTHOE Jelie-
HUE TpUITyCcKa 3arOTOBKHM B MpoIecce HaJaIKd H
paboThl. Pe3ybTaToM BBINMOIHEHHOW paboThI ABIIS-
€TCsl CIPOEKTUPOBAHHBIM M W3TOTOBJIEHHBIA KOM-
IUIEKT OCHACTKH, PEIIAIONIMK ONHCAaHHBIC BBIIIC
PpOOIEMBEL.

3y0uarbie Koeca MCIIONB3YIOTCS B OOIBIIHH-
CTBE COBPEMEHHBIX IPOU3BOJCTB: OOOPOHHOM,
AaBTOMOOWJIEHOM, cTaHkocTpouTenbpHOU [1; 2].
[Ipon3BoacTBO 3y04aTHIX KOJIEC — CI0KHBIN MHOTO-
ATAHBIN MPOIECC, BKIOYAIONUN MHOXECTBO Me-
To70B (hopMooOpazoBanusi. OAHON U3 (HUHAIBHBIX
00paboToK sBusieTcs: 3y0o3akpyriienue. OHO TpH-
MEHSIETCS Il OOJerdeHus 3alleTIeHus 3y0uaThix
nepenad B mporecce pabotsl mexanusMma [4]. Bep-
HO ¥ 00paTHOE: MIPH HEKAYE€CTBEHHO BHITIOJTHEHHOM
3y003aKkpyrieHuu (TIpu omuOKke paboThl AETUTENSI
WY HEBEPHOM HalaJKe TEXHOJOTMYECKOW OCHACT-
KH) TEepeKIIOYeHUE TPOUCXOTUT CO 3HAYUTETHHO
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OOJIBIIMMH YCHIIMSIMA M MOXKET NPUBOAMTH K aBa-
pysM.

B 3y0o3akpyrisitomieM cranke monenu SES80
B pe3ysbTaTe MOJIEPHHU3AIMH YCOBEPLICHCTBOBAH
Kyna‘IKOBLIﬁ MCXaHHU3M, YTO ITO3BOJIHMJIO HMCKIIIO-
YUTHh OIMOKY paboThl nmenurtens craHka [4; S].
CrenoBarenpbHO, OCTAaBIIEHCS TPOOIEMOil SBISCT-
Csl OTCYTCTBHE OCHACTKH, IO3BOJIIOILEH KOppek-
THO IPOU3BOIUTH HAIAAKY CTaHKa WU BBIITYyCKAaTbh
KaueCTBEHHYIO MPOAYKIHUIO C MAaKCUMAaJbHOH IO-
BTOPSEMOCTBIO.

B kadectBe mpumepa B paboTe paccMaTpuBa-
eTcs TPOEKTUPOBAaHUE OCHACTKU Uil 3arOTOBKH,
npeacTaBIeHHON Ha puc. 1.

KommniekT ocHacTkd HEOOXOAMMO HCIONb-
30Barh U1 OOpabOTKH psiia 3aroTOBOK, OTIIMYa-
IOLIMXCSI TEOMETpHUEH, crocoOoM Oa3upoBaHUS U
T.O. B cBs3u ¢ 3THM IIPUHATO PCUICHNUEC U3TOTOBUTH
0a30BbIil KOMIUIEKT, KOTOPBIH, B CBOIO O4Yepenb, Oy-
Jet 0a3upoBaThCS HA CTOJIE CTAHKA M SIBIISITHCS OC-
HOBOH Ul MPOEKTHUPOBAHMS KOMIUIEKTAa OCHACTKH
07l K&KAYI0 OTAEJBHYIO IeTajlb B YACTHOCTH.

Takxe Ba)KHO OTMETHUTbh, YTO KaXKIbIi U3 KOM-
IUIEKTOB OCHACTKH JOJKEH OBITH MPOCT B HKCILIY-
araiuy, TpeOOBaThb MHUHHMMAJIBHOTO KOJMYECTBA
BpPEMEHH Ul MOHTa)Ka U AEMOHTaXa Ha CTaHKE U
BKJIIOUaTh B ce0s1 KaK MOYKHO MEHBLIEE KOIUYECTBO
nerajeld 1 ObICTPO U3HAIIMBAEMBIX SJIEMEHTOB.

Baxnoit ¢QyHkuneil ocHacTku SIBIsIETCS 3a-
IATAa BHYTPEHHUX JJIEMEHTOB CTAHKA OT CTPYXKKH,
KOTOpasi MPOHUKAET Yepe3 OTBEPCTUE B IIMHHAETC
W3IeTHsE ¥ criocoOHa BBIBECTH U3 CTPOS MOJBHXK-
HBIC DJICMCHTHI W IOAIIMITHUKH. JIJISI YCTpaHCHUA
JMAHHOW TIPOOJIEMbI HEOOXOTUMO TIPETyCMOTPETh
pe3uHOBOE JIMOO0 BOMIOYHOE YIUIOTHEHHE, HE Tpe-
Oyroliee JOITON U TSHKeNIor (PU3MYECKH 3aMEHBI.

Hanee ompenensiercs crnocod 6a3upoBaHus
3aroTOBKM Ha craHke. Vcxoms u3 ycloBHH TeXHO-
JIOTHYECKOTO 3CKH3a, Oa3upoBaHUE HEOOXOOMMO
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Puc. 2. KommiexT ocHacTkH 1yt 00pabOTKU AeTaIH

OPpOU3BOAUTL IO ACIUTCIBHOMY OUAMETPY BHY- ueneﬁ H€O6XOZ[I/IMO HU3roTOBUTH 3Y6‘{aTYIO BTYJIKY
TPCHHCTO 3y6anor0 BCHIIA 3aroTOBKH. ﬂﬂﬂ OTHUX METOJOM I[OJ'I6J'ICHI/I$1. Tak kak 3]1€MEHTBI OCHACT-
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KM — LITy4YHBIE W3AETHS, €CTh CMBICH HCIOJIb30-
BaTh MEHee MPOU3BOIUTEIbHBIN, HO O0Jiee TOYHBIH
JONOEKHBIN CcTaHOK. basupoBaHHe 3aroTOBKH IO
HUKHEMY TOPIly HE BBI3BIBACT BUIUMBIX CIOXK-
HOCTEH.

Ha pwuc. 2 mokazan 6a30BbIil KOMITJIEKT OCHACT-
ku (BKIOHarOImui B ceds omnopy (1), Brynky (2) ¢
YIUIOTHUTENBbHBIM KoJbIioM (11), mmuty (3) u BUH-
THI (9)), KOTOPBIN YCTaHABIUBAETCS Ha TUIAHIIAWOY
crona ¢ momorisio BUHTOB (10). 3ybOuaras BTy:-
Ka (4), SBISIIONIascs yCTAaHOBOYHOW 0a3oit s 3a-
TOTOBKH, YCTaHABIHMBacTCS Ha 0a30BBIH KOMIUICKT
OCHAaCTKM H (UKCHpYeTCs OT INPHUBOPOTA BHH-
toM (12). Jlanee ycranaBiuBaeTcs 3aroToBka (13),
(ukcupyrorascs maiooi (5) myreMm mprkuma ee
Tsrort (8). st obecriedeHus: MOBTOPSEMOCTH 00-

POTKHU U ACJICHUA 3arOTOBKH HCIIOJIB3YCTCA pydKa
(6) u maner (7). [locne nenenus u Gukcauu gera-
JI Ha OCHACTKE PY4Ky B cOOpE C MaibleM CIlenyeT
W3BJIEYb U3 30HBI 00pabOTKHU. JIeMOHTaX KOMILIEK-
Ta MPOUCXOIUT B 0OPaTHOM TOPSIKE, 32 UCKITIOYC-
HHUEM JEIUTENBHON PYUKH.

BriBox: uTOroM paGoOTHI SIBISETCSI CIIPOEKTH-
POBaHHBIM M W3TOTOBICHHBIA KOMIUIEKT OCHACTKHU,
MO3BOJISIOLINN TPOU3BOAUTE 00PaOOTKY 3aroTOBOK
C MaKCUMaJIbHOH MOBTOPSAEMOCThIO. Takxke s
MepeHanajki CTaHka Ha JAPYroi Turmopasmep 3a-
TOTOBOK He TpeOyeTcsi MHOTO BpeMeHH: 0a3oBBbIit
KOMILIEKT OCTaeTCsl Ha MeCTe, a 3aMEHE MOJIeKaT
TOJBKO 3yOuarasi BTynka (4) M, BOZMOXKHO, Tayell
(7), ecnm crnemyromasi 3aroTOBKa WMEET JAPYTOM
MOJIYITb.
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Ilempa Benuxoeoy, e. Cankm-Ilemepoype

METAJIJIOTPA®OUYECKHUE UCCJEJOBAHUS
C MIPUMEHEHHWEM CTPYHUHOM
SJEKTPOJUTHO-IIJIASMEHHOM
OBPABOTKH MOBEPXHOCTH

Kniouesvie cnosa: meramnorpaduueckue uc-
CIICIOBaHUS; TpaBJICHHE; MIEPOXOBAaTOCTb MOBEPX-
HOCTH; LUIK(Q; 3IEKTPOJIMTHO-TIa3MEHHass o0pa-
0oTKa.

Annomayus. PaccMoTpeHa BO3MOKHOCTb TpH-
MEHEHHsI CTPYWHOH 3JIEKTPOJUTHO-IIIIA3MEHHOMN
00pabOTKK TPU MPUTOTOBJICHUHU NLTH(OB 1 Me-
tayutorpaduaeckux ncciaenosanuii. [lokazano, 9ro
10 XapaKTepUCTUKaM IIIepOXoBaToCTH Oe3medop-
MaI[MOHHAsl TIOTOTOBKAa NUIH(OB TPH 3IEKTPO-
JUTHO-TNIA3MEHHON 00paboTKe COOTBETCTBYET aHa-
JIOTUYHOHM TIO 3aadaM TPaIWIMOHHONH 00paboTke
nociie numdoBanus u TpaBieHus. [logTBepxkneHa
TUIIOTE32 O BO3MOXHOCTH 0e31e(OopMalOHHOMI
MIOJTOTOBKU MOBEPXHOCTH CO 3HAYMTEIBHOH IIEpO-
XOBATOCTBIO JJIsI METaJUIorpaguyecKux Hccieno-
BaHUMU.

BBenenue

MexaHU4yecKHe CBOMCTBa U3JEIUN MAIIHUHO-
CTPOMUTEJILHOIO MPOU3BOJCTBA 3aBHUCAT B IEPBYIO
o4yepenb OT CTPYKTYpbl, (GOPMHUPYIOLICHCS B MPO-
1ecce IMOJYYCHHs 3aroTOBOK M W3TOTOBJICHUS H3-
nenwii.  OnTmdueckas MeTtamiorpadus ocTaeTcs
OCHOBHBIM METOIOM H3YUYCHHUS MHKPOCTPYKTYPBI
METAUTMIECKIX MaTepuaioB. AJTOPUTM MeTal-
nmorpapUUecKuX HMCCIIEOBAaHUHN BKIIOYaeT B cebs
nu$oBaHUE W TIOJIHPOBKY TMOBEPXHOCTH 00pas-
LIOB AJI1 U3y4eHHs B oTpaxkeHHOM cBetre [1]. On-
HAaKO B METACTa0MIILHBIX AyCTCHUTHBIX CTAIISAX WU
CTaJIsIX C OOJBIIMM KOJHYECTBOM OCTATOYHOTO
AyCTCHUTA CTPYKTypa CIIOCOOHA IMpeTeprieBaTh U3-
MEHEHHUS [2] Kak B TIpPOIECCe IKCILTyaTalliu, Tak
U B MPOIECCE MEXaHMYECKOrO BO3ACHUCTBUS TPHU
abpasuBHO# 00paboTke moBepxHocTu. OOpaszoBa-
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HHUE MapTeHcuTa AedopMaLuy, MPOUCXOISIIEE IPH
abpa3uBHOM HITM(OBAHWU, MPUBOAUT K HEAOCTO-
BEPHOCTH MH(OPMAIMU O CTPYKType MaTepHuaia B
Cep/LEBUHE.

B mpaktuke ontudeckolr MeTaiuiorpaduu mu-
POKO pacHpOCTpaHEHBl pa3IuYHbIE BUABI 3JIEKTPO-
XUMHYECKOTO BO3/ICUCTBUS Ha CTaJUU TOJIMPOBA-
Hus nudoB. OHAKO Takask 00padoTKa BO3MOXKHA
TOJIBKO TIOCJIE€ JTOCTaTOYHO TOHKOTO MITH(OBAHUS
MIOBEPXHOCTH M BO3JEICTBYET HAa MAIYIO IIyOUHY.
CrpyiiHas 3JEeKTPOTUTHO-TNIa3MEHHas 00padoTka
MTOBEPXHOCTH MPUBOIUT K YHAJICHUIO C IIOBEPXHO-
CTH 3HAYUTENHHOTO 00beMa MaTepHuaja 1 sBISETCS
OIHUM U3 CIIOCOOOB, MO3BOJISIOIINX YAATUTh C T10-
BEPXHOCTH CJION MaTepHuayia MpU BBICOKOM HCXOJ-
HOM IIEpOXOBaTOCTH MOBEPXHOCTH Ra > 25 MKM.
Janupiii BuA 0O6pabOTKM MO3BOISIET MOMyYarh IO-
JIUPOBaHHbBIE TIOBEPXHOCTH C MapaMeTPOM IIEPOXO-
BarocTu Ra > 0,034 MKM.

MaTepua.m)l U METOAMKA

UccnenoBanus mpou3BOIMINCh Ha oOpasiax
cranmu 95X18 (I'OCT 5949-2018). Ilocie mpoxar-
HOTO HarpeBa CTalb NOABEprajach OTKUTY. 3aKai-
Ka ¢ BbIcOKO# Temmnepatypsl 1 190 °C npousBoau-
JIach JUISL TIOMY4YeHHUs OOJBIIOTO KOJWUYEeCTBa (IO
90 %) ocrarounoro aycreHura [3].

Ilocne Tepmuueckoit 0OpabOTKMU C IOMOILBIO
mpoduinomerpa 7TR-200 wu3Mepsiach MCXOmHAsS
[IEpPOXOBaTOCTh Ra TOPLEBOH MOBEPXHOCTH. 3a-
TEM NPOM3BOAMIOCH HIIH(oBaHME HA LUTUQO-
BaJIbHOW OyMare C IociieloBaTebHBIM YMEHBIIIe-
HUEM pa3Mepa 3epHa abpas3uBa B COOTBETCTBHHU C
Tabn. | mpu M3MEHEHWHW HanpaBlIeHUs MUIM(OBa-
Hus Ha 90°.

[Mocne nutndoBanus 00pa3ibl MOJUPOBAIUCH
Ha BOWJIOYHOM KpYyTe C MCIOIH30BAHWEM CYCIICH-
3UM C CONEpKaHWEeM 2 T OKCHIAa aJiOMUHUS Ha
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Ta6aunua 1. 3aBHCHMOCTSD IIEPOXOBATOCTH Ra OT XapaKTepUCTHK NUTH(OBAIBHOM OymMaru u
MTOJTUPOBAHUS

Homep nepexona mumudosanus Howep 3?:?;50;,;2 4a6p asmpa Pa3Me[_; g;::l;l:’)ifﬁ A [epoxoBarocTs Ra, MKM
be3 mmmdosku - — 1,36
1 40 400-500 0,44
2 60 250-315 0,39
3 120 100-125 0,35
4 400 28-40 0,32
5 1500 7-10 0,31
6 2000 5-7 0,29
ITonupoBanue - — 0,22

Ta0nuuna 2. Pe3ynbrarsl H3MepeHuil EepoXoBaTOCTU MPU CTPYHHOM MEeKTPONUTHO-IIa3MEHHOM
o0bpaboTke

MexaneKTpoaHbIi

Temneparypa B MmecTe

Ne | Hanpsoxenue, B HPOMEKYTOK, MM oBpaoTku, °C Ra, Mmxm CocTaB 3IeKTponuTa
1 275 3-3,5 48 3,21 NaCl (35 r/n) B BOzIE
2 330 12 43 6,11 NaNOj; (50 r/m) B Boze
3 300 7 76-80 0,22 Na,SO, (4 r/n) + H,SO, (30 r/n) B BOKE
1 11 BOJBI. OTBETCTBYIOILIEH MOJMPOBAHHON MOBEPXHOCTHU TO-

[Tocne xaxxgoro mepexona onepanuy HLIAo-
BaHUsI U TOCJIE MOJIMPOBKH M3MEpsIach MIepOXOBa-
TOCTb TIOBEPXHOCTH Ra.

C npoTHBOMOJIOXKHOIO TopHa oOpasen mox-
Beprajics CTPyHHOM 53IEKTPOIUTHO-IIIA3MEHHOMN
00paboTKe Ha yCTaHOBKE C OecCTyNeHYaThIM pe-
TCYJIUPOBAHUEM HAIPSDKEHUSI C MOJIBIM KaToaoM [4].
PerynupyempiMu napameTpamMu SBISUIMCH HaIps-
XKEHUE, MEXIJIEKTPOIHBIH MPOMEXYTOK M COCTaB
anekTponuta. KoHTponmupoBagack MIepOXOBAaTOCTb
MOBEpXHOCTHU Ra.

Crpykrypa oOpasiia u3ydajiach C ITOMOIIBIO
Metatorpaduueckoro mukpockona JIOMO ME-
TAM JIB-41.

Pesynbrarel u oOcyxaeHue: B TaOl. 2 mpea-
CTaBJICHbI Pe3yJIbTaThl M3MEPEHUH MIEpOXOBATOCTH
MOBEPXHOCTH MPH CTPYHHOU BIEKTPOIUTHO-IIIA3-
MEHHOI 00paboTKe.

[IpousBenen monbop pexuma, odecreUnBaro-
LIM{ [TOJyYEeHUE IEPOXOBAaTOCTH MOBEPXHOCTH CO-
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clie ee MeXaHM4eCKO 00paboTKH.

B pesyasrare mnpoBeneHHBIX HCCIETOBAaHUN
BBISIBIIEHO, YTO OJIHOBPEMEHHO C TOJHMPOBKOIl MO-
KET MPOMCXONUTH TpaBJIEHUE, MPUBOJALIEE K BBI-
SIBIIEHUIO CTPYKTYpHI (puc. 1).

Temmneparypa Ha HOBEpXHOCTH oOpasla He
npessimana 80 °C, 4yTo HE NMPUBOIUT K CTPYKTYp-
HBbIM M3MEHEHUSAM B CIUIaBax jKeJe3a.

3aKkJIoueHne

CrpyiiHas >IeKTPONMTHO-TUTa3MEHHasi o0pa-
00TKa MOBEPXHOCTH MPUMEHUMA IJISI TPOBEIEHUS
MeTauorpa(puuecKux UCCIETOBAHNN M TTO3BOJISET
n30eXaTh CTPYKTYPHBIX H3MEHEHHH, CBS3aHHBIX
¢ medopmarmeii. B mampHelmem 1enecoodpazna
pa3paboTKka peXHMOB IS HCCIEIOBaHHUS CTPYK-
Typbl IIMPOKOTO Kpyra JIETUPOBAHHBIX CTayied, a
TaK)KE W3yUYeHUE BO3MOXKHOCTEH 3TOrO BUJA BO3-
HCﬁCTBHH Ha MOBCPXHOCTL JIs1 MOBBIMICHHUA IIPO-
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NPUMEHEHUE METOJ0OB MAILIMHHOT O
OBYUYEHMUS JJISI OITUMU3BAIIUN
IMAPAMETPOB INIPOLIECCOB CUHTE3A
MMOKPBITUM ITO

Knioueswvie crosa: 0GaliecoBCcKass ONTUMHU3ALNS;
MarHEeTPOHHOE pAacCIbUICHUE; MalIMHHOE OO0yue-
HUE; OKCHUJ UHNSA-0JI0BA.

Annomayus. TeHIeHIUs pa3BUTUS UHAY-
CTPUU MaTepHaJIOBEICHUS W MHKPOAJIEKTPOHUKH,
B YaCTHOCTH, WJET MO MyTH BHEAPEHHS B Ipollec-
CBI CMHTE3a Pa3IMYHBIX MaTepHaNIOB C 3aJaHHBIMHU
CBOMCTBAaMHU IIOXO/IOB, COYETAIOMINX MAIIHHHOE
obydenne u paboTy ¢ OONBITUM HAOOPOM TaHHBIX.
B pabote paccmarpuBaeTcs OaX0A PELICHUs 3a1ad
TOYHOTO CHHTE3a Ha MPHMEpE MOIYUYECHHs IUIEHOK
okcun-uHUs onosa (IT0). B mpouecce nzydeHus
¢uzuku pocta mwieHok /70 Bo BpeMsl peaKTHBHOTO
MarHeTpOHHOIO PAcNbUICHUS BBIIENISIOTCS KIIIOUe-
BBIE CBOWCTBA MarepHaja M MapaMeTpbl CHHTE3a,
BIIHSIOIINE Ha MOTYyYaeMbli pe3yJbTar.

OmnmcaH anropuT™M NpUMEHEHHUs] MeTona Oaiie-
COBCKOW ONTUMM3ALUHU, KOTOPBIA IMO3BOJIUT yBEIU-
YUTHh CKOPOCTh CHHTE3a MaTepUalIOB C 3alaHHBIMU
CBOICTBaMHU M YIPOCTUTh UX nomydeHue. Kparko
OyAyT TOABENEHBI MTOTH TMOAXOAAa M TOCTaBJIECHBI
3a/1auu Ha OyayIire Ucciie0BaHusl.

BBenenue

B nocnennee Bpems HaOnonaeTcst HEMPEpPhIB-
HBIH pOCT B cdepax pa3padOTKH M TPUMEHEHUS
MPO3PAYHBIX MOITYIPOBOAHUKOBBIX OKCUIOB [1; 2].
OnHUM U3 CaMBIX MEPCHEKTUBHBIX U3 HUX SIBISACT-
¢ okcua mHausg-onoBa (70 — Indium Tin Oxide).
On mpexacrasiseT co0oi TBEpABI pacTBOp OKCH-
noB uanus (1) u onosa (IV) ¢ xumuueckoit ¢op-
MyJoi. IlomynsipHOCTE MaTepuall NOJy4usI 3a CYET
CBOMX BBICOKMX OJJIEKTPHUECKHX M ONTHYECKHX
CBOMCTB, Onaromaps 4eMy MIMPOKO IPUMEHSETCS
B KadgecTBe [1-5]: mpo3padHbIX IPOBOASAIINX IJICK-

Ne 7(133) 2022

164

TPOZOB B JUCIUIEAX; MaTepuasia B OPraHNYEeCKUX U
HEOPraHWYECKUX CBETOM3IYUYaIOUIMX AHOJAaX; OT-
paxarens unppakpacuoro (UK) uznyuenus B na-
3epax; MOKPBITHS Ha CBETONOMIOMIAIONINX 3JIEMEH-
Tax (COJIHEUHbIE MaHENH).

WuTepec BBI3BIBAET pa3HOBUAHOCTH TAKUX IO-
KPBITHIA, KaKk HUTEBHUHbIC, 00JaJarollue 3a cueT
CBOMX TE€OMETPHYECKHX pa3MEepOB JOMOTHUTEINb-
HBIMHU TIPEUMYIIECTBAMU U TIPUMEHEHHSIMHU.

Hanecenne /70 TIOKPBITHHA BO3MOXKHO Kak B
BUJIC TOHKOW IUIEHKH, TaK U B BHJIE HAaHOCTPYK-
TYPUPOBAaHHOTO TIOKPBITHA C IIOMOIUBIO OObIY-
HOTO PEAaKTUBHOTO MAarHETPOHHOI'O PACIBbUICHUS
(MP) [3-5].

VYnpaBineHue coCTaBOM U CBOMCTBaMHU IJIEHOK
OCYIIECTBISIETCS. MyTEM HW3MEHEHHUs] TEXHOJIOTHU-
YEeCKUX TapaMeTpoB MpoLEecca MarHeTpOHHOIO
pacmbUIeHHs: COCTaBa M MapLUalIbHBIX JaBICHUN
ra3oB (peaKTHBHBIX, HHEPTHBIX ), TApaMETPOB Mar-
HETPOHHOTO pa3psAa, TEMIIEPaTyPhl MOIOKKOAEP-
xaress u fp. g momydeHus OnpeneieHHOro Co-
CTaBa M CBOWCTB IICHKA HEOOXOTUMO IMOAOUPAThH
MHOKECTBO IIapaMeTpoOB BpyuHy0. Pemienue mo-
NOOHOM 3a1aull BPYYHYIO SIBISETCSI IJIMTEJIBHBIM,
TPYAO3aTPaTHBIM MIPOLIECCOM U TpedyeT mpuBIeye-
HUS BBICOKOKBAJIM(PULIUPOBAHHBIX CIICLIMAIHCTOB.

B cBs3u ¢ 3TUM mpeaniaraeTcs CO34aHUE MO-
Je MAIIMHHOTO OOy4YeHHs, MO3BOJIIOUICH 10
KeJIaeMoMy pe3ynprary (CBOMCTBaM  IUICHKH)
MPEACKa3bIBaTh HEOOXOAMMBIE TEXHOJOTHYECKHUE
napaMeTpsl Ipoliecca MarHETPOHHOTO paclblie-
Hus. Takum o0pa3oMm, TUTaHUPYETCSl YCTPaHUTH
MPUBEICHHYIO BHIIIE MPOOIeMy — HEOOXOIUMOCTD
moadopa napamMeTpoB paclbUICHHS BPYYHYIO.

MeToabl

Jns gocTmkeHus MOCTaBICHHON Ienu Heoo-
XOJIMMO BBECTH TpeOOBaHUS K OyayIei cucreme:
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Puc. 1. Onmcanue pocra HaHOHUTEH [70 [4]

1) He TpeOyeT OONBIIOTO YKCTa TaHHBIX;

2) BO3MOXXHOCTh  ONTHUMH3ALUUK  (QYHKIHH
CpeAHEN pa3MEPHOCTH;

3) BO3MOXHOCTb ONTHMHU3AIMH (PYHKIUU C
HEU3BECTHOM 3aBUCUMOCTBIO.

AHanu3upys KpUTEpHH K CHUCTeME W PalOThI
[0 TMOXOXKMM TEMAaTHUKaM, MBI BBIACIWIA MOJEINb
0aileCOBCKOM ONTUMMU3ALNUA. JTO METOI MAIIUHHO-
ro o0ydeHus, MpeTHa3HaYeHHBIN IS ONTHMU3AIAN
neneBoi pyHKUIWHU f{x), TIIe OlleHKa HOBOTO 3HAYe-
HUS 3aHUMaeT 3HadnTeNbHOe Bpems. OCHOBHAs 3a-
Jaga, KOTOPYIO PelIaeT MeToJ], — 3TO MOMCK MaKCH-
MaJIbHOTO 3HAYCHUS MEJICBON (DyHKIUNA. AITOPUTM
SIBJISIETCS] XOPOIIIO TPUMEHUMBIM J1iist Henddepen-
HUMpyeMbIX GyHKIUH cpeaHeit pasmepHocTy (10 20
MapaMeTpoB), NPEACTABIAIONIMX COOOW «UepPHBIN
SIIUK» (HEU3BECTHAS 3aBUCUMOCTH) [6; 7].

Cam MeTOoJ] COCTOUT U3 IByX yacTeit [6].

1. TayccoBckasi perpeccusi UCTIONb3YeTCsl A
MOJeTMpOoBaHus LeneBoi GyHkuuu. OHa OnHChHIBa-
€T paclpezieJieHue BEpOsSTHOCTEH 3HAYeHUH (QyHK-
UM f{x) B HEM3BEIAHHBIX TOYKaX X Ha OCHOBE yXKe
W3BECTHBIN JTaHHBIX.

2. ®yskmms oTO0pa HAa OCHOBE ITOCTPOSHHO-
ro ['ayccoBckoll perpeccueil pacnpeneneHus npes-
CKa3bIBaeT CIIEAYIOIIee 3HAYSHHE X, TIIe HaXOMUTCS
MOTEHUUAJIBHBIN ONTHUMYM. B OT/iMuKe OT mepBoro
KOMITOHEHTa, UMEETCSI MHOXKECTBO BO3MOXKHBIX Pe-
aNMM3ani: OKHJaeMoe yIydIleHHe; OUCK SHTPO-
MUY, TPAJUEHT 3HAHUH H T.]I.

Croco6 mUpOKO MPUMEHSIETCS ISl PEUICHUS
OOJILIIIOTO KOJIMYECTBA PA3NUYHBIX 3ajad, CpeIu
KOTOpBIX [8]: CeHCOpHBIE CeTH, aBTOMaTH4ecKas
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HACTpOIiKa alropuTMOB, TIIyOOKOe 00yueHHe, T'eH-
HBIA OU3alH.

Taxoke ATOT MOIXOJ YXKe HCIOIB30BAIICS IS
pelnreHus moo0HBIX 3a7a4 U MoKa3an ce0s ycrenl-
Ho. Tak, B pabote [9] OoNTHMHU3NPOBAIIA TTOIBHXK-
HOCTh JBIPOK B Marepuaine «spiro-OMeTAD» B
3aBUCHMOCTH OT CMEUIMBAHHUSA PA3TUIHOTO KOJH-
gecTBa pacTBopoB HTMSs, JIerupyromux IT00aBoK,
macTu()UKaTOPOB U BpeMeHH oT)kura. bosee toro,
B JJaHHOHM paboTe mapasuieibHO MPOUCXOIUT OITH-
MH3alUs 1IeJIEBOTO MapaMeTpa Ha JIBYX BBIOOpKaX.
O0¢ BBIOOPKH CXOAATCS B OHOM INI00aThHOM Mak-
CUMYME, YTO TOBOPUT O XOPOIIEH BOCIPOU3BOIHU-
MOCTH METOJa.

B pabote [10] mMozmens ucCmoNb30Banach s
MUHUMH3AIUN COMPOTUBJICHUS TuIeHOK 1i0,, ne-
TUPOBAHHBIX Nb B 3aBUCHMOCTH OT JaBIICHHS pPe-
aktuBHOTO Taza (0,) B MpOIECce MAarHETPOHHOTO
pacnbuieHrs. B kauecTBe WM3HAYANBHBIX JaHHBIX
CAeNaHbl M3MEpPEHUs COMPOTHBICHHUS ITOKPHI-
THS: TI0 KpasM (Touk: 2 * 10°u3*10° ITa) n
B cepenmne (2,7 * 10° [Ta) nnamazona w3MEHEHUS
nasienuss O,. Ha ocHOBe 3TOro MOAeNnb MOXET
MMOCTPOUTh TPEANOIIOKEHHE O ICJIEBOH (YHKIIUU
U TpelcKa3arh HOBOE 3HAUCHUE MaBIICHUS Tasa,
TAC NpCAIoIOXUTCIbHO HAXOAUTCId MUHUMYM CO-
npotuBiieHus. Tlocne npoBeneHus: HOBOTO JKCIIe-
pUMEHTa ¢ TOJIYYCHHBIM 3HAYCHHEM TapameTpa
pocTa HuccieAoBaTeNd OOHOBJSUIM OaHK JaHHBIX
U OMSTH MOJABAIA €r0 MOJACTH JUIsl CICIYIOIIETO
npefckazanusi. B pesynsrate MUHHMaIbHBIE 3HA-
YEHHsI COIMPOTHUBIICHUS TPH HWCIOIH30BAHUU MH-
wenen Tipg4Nbg 602 1 Tiy 9sNb o,05 ymanoce no-
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cTiub 4yepe3 11 u 15 maroB cooTBETCTBEHHO.

Pabotsl [11-13] pemarotr moxoxyto mpooiemy,
OIIHAKO HWCIIOJIb3YIOT METOIBI, AJsl KOTOPBIX JHOO
HEOOX0aUM OO0JIBIION HAabOp 3KCIEPUMEHTAIBHBIX
JaHHBIX, MO0 yXe HMMEeeTCS H3BECTHas MOAEIb
npornecca. JlaHHbIE YCIIOBHS NPOTHBOpEYaT ycTa-
HOBJICHHBIM TPEOOBaHUSM.

Pe3yabTarthl U 00cy:xaeHHe

B pesynbrare ananmsza ¢puszmkum mporecca po-
cTta TieHoK /70 BBISICHEH MEXaHU3M pOCTa HHTE-
BUAHBIX cTpyKTyp /70 B Metone MP. UM saBnseTcs
CaMOKaTaJIUTUYECKUI MpPOIEeCC pPOocTa Map—KHJI-
kocte—TBepaoe (II7KT). Tak, nepBoHaYaIbHO TaphI
WHAMS, OJI0Ba M KHUCJIOPOAAa OCaXJAIOTCS Ha MOJA-
JIOXKKE B BHJE Kamenb. Janee neHTpoM pocTta cTa-
HOBSTCS CaMU KalUIH, TJIeé POCT HAaHOKPHUCTAIUIOB
HAauWHACTCSl Ha TPaHMIE KHUIKOCTb—TBEpPAOE NpHU
MIepeHaCHIeHNH Xuakoctu. Kpome muddysun k
TBEPJIOW TPaHWIIE BHYTPH KarlIH, Takke ObLia 3a-
Me4YeHa TOBEepXHOCTHas AUQQy3us 0 HAHOCTPYK-
Type BHYTPh KalUIM, YTO YBEIUYHBAJIO CKOPOCTH
pocta. Takum o00pazoM, 0Opa30BBIBAIOTCS HHTE-
BUJIHBIE CTPYKTYPHI CO CepHUIeCcKO Karieh Ha UX
xoHrie (puc. 1) [4].

Brigenens! KinrodeBble CBOWCTBA HUTEBUIHBIX
IJICHOK:

— compotusnenue (/R);

—  K03(Q(UIHMEHT NpOIyCcKaHUs B BHIUMOM
nuanazone ([70);

— k03 dunreHT oTpaxkeHuss B HMH(Ppaxpac-
HoM nuanasone (IRC).

Onucansl BaXKHBIE HapaMETPhl Mpolecca po-
CTa IIEHOK MeTogoM MP:

— pacxoibpl PEeaKTHBHOTO U PabO4yero ra3oB
(05,(00) u Ar(OA) cCOOTBETCTBEHHO) — 3HAUCHUS
MapuuaIbHBIX NaBiieHuil B I1a;

— mHarpeB nomnoxku (OST) — Temmeparypa
MTOJUTOXKKH B Tpaaycax Llenbcus;

— MoWHOCTH pacnbuieHus (OP) — MOIIHOCTD
(Bartel), mogaBaeMasi Ha CUCTEMY MarHeTPOHHOTO
PacCTbUICHHUS;

— Bpewms HambuteHus (OT) — Bpems (CeKyH-
IIbI), B T€Y€HHE KOTOPOTO OYyIEeT MPOUCXOAUTH TPO-
[1ecC HaIBUICHHUSI.

OmnpezneneH aJrOpuTM peMIEHUS TOCTaBJICH-
HOM 3ajauM cuHTe3a HuTteBUaHoro /70, Tae onTu-
MHU3HPYEMBIMU TTapaMeTPaMHy SBISIOTCSA KITIOYEBbIC
croiictBa wieHok /R, ITC, IRC (o0miee 00603Haue-
Hue kak OUT), a BXOAHBIMH TapaMeTpaMu MOje-
mu — mapaMmerpsl nporecca pocrta OO0, OA, OST,
OP, OT (o6miee ob60o3HaueHue kak IN):
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— Cco37aHHMe HaYaJIbHOTO Habopa JaHHBIX de-
pe3 u3mepenus napametpoB OUT mpu pa3sTudHbIX
BXOJIHBIX TlapaMeTpax mpouecca IN;

— TIOCTPOCHUE IIEJIEBOI (DYHKIIUH MOJICIIBIO;

— Ha ocHoBe QyHkiuu OUT npenckasbiBa-
10TCA HOBble 3HaueHus [N, The Npemrnonoxu-
TEHHO HAXOAMUTCS ITI00ATBHBIN ONTHMYM;

— TIPOBEIEHHE DKCIIEPMMEHTA C IapameTpa-
mu IN™" s Beraucnenus 3Hauenuiit OUT™";

— oOHoBIIeHME 0aHKa JAHHBIX HOBOM TOYKOM
Ha OCHOBE ITyHKTOB 4 1 5;

— TIOBTOpPEHHE IYHKTOB 2-5 70 Tex Iop,
IoKa He OyayT YIOBJIETBOPEHBI YCJIOBUS (TIONTy4Ye-
HEI 3aJJaHHBIC CBOMCTBA).

Tak KaKk UMEeTCs HECKOJIBKO CBOMCTB ILICHOK,
TO JIJISL UX MapaJICIIbHOM ONTUMH3AIMH HEO0X0 -
Ma 3aMEHa Ha CYNEpIO3UIMI0 CBOWCTB. Tak, aus
MOJTyYeHUS] MUHUMAILHOTO [, MAaKCUMANBHBIX 7
U [z HEOOXOAMMas 3aMeHa:

Zsum:alR_ﬂITC_71RCa (1)

rae /g, — cyneprno3unus cBoicts (QyHKIus, KOTO-
PYI0 HEOOXOAUMO MUHUMHU3UPOBATH); MTOJIOKHUTEIb-
Hble KOO(OUIMEHTHI o, 3, Y MO3BOJSIOT CTAaBUTH
MPUOPUTETH ONITUMHU3ALIUN MEXIY CBOMCTBaMH.

Paznuumst B pasMepHOCTH AaHHBIX MOXKHO
YCTPaHUTb, 100ABUB HOPMAJIM3ALHIO TI0 OCH Y JUIs
Ka)XJIOTO CBOMCTBa Iepe] UX MPHUBEACHHUEM K CY-
MEPIO3HULIUH.

3aKkjoueHne

OrnrcaH MOIXoA K PEIICHHIO 3ajadd CHHTE3a
MaTepHaioB ¢ 3aJaHHBIMA CBOWCTBAMH C TIOMO-
mpio0 MeTona baliecoBckoit ontumu3zanuu. Criocod
MTOXONT TSl MPUMEHEHHUS K ONTUMU3AINN HEH3-
BECTHBIX 3aBUCUMOCTEH NPU OTCYTCTBUU OOJBIIO-
ro Habopa 3KCIEPUMEHTATBHBIX JIAHHBIX, a TAKXKe
pu paboTe ¢ HECKOJIBLKUMU MapaMeTPaMHU.

B kauecTBe mpumepa MpUBEACH aJTOPUTM OII-
TUMU3UPOBAHHOTO CHHTE3a HUTEBUIHBIX IUICHOK
ITO B 3aBUCHMOCTH OT MapaMeTpoB mpouecca MP.
s sToro m3ydeHa ¢u3MKa mporecca U BIOCIE/-
CTBHH BEIJICJICHBI KIIFOUEBELIC CBOMCTBA ILJICHOK, a
TaKKe BIUAIOIINE HA HUX MapaMeTphl pocTa.

HampaBnenne pmanpHEHIIMX HCCIECAOBAHHUN
MpeanoaraeT pa3paboTKy M CO3JaHHE YCTaHOB-
KH PEaKTUBHOTO MArHETPOHHOTO pAaCHbUIEHUS C
MOCIEAYIOUM TPOBEJCHUEM 3KCIIEPUMEHTOB C
MIPUMEHEHHUEM OTTMCAHHOTO B pabOTe METO/a OTTH-
MU3AaLUN 11T CHHTE3a HUTEBUAHBIX IUIeHOK [70 ¢
3aJJaHHBIMU CBOMCTBaMHU.
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Abstracts and Keywords

K.A. Agakhanova
Using BIM Technologies for Project Cost Management

Keywords: BIM technologies; digitalization; construction industry; digital innovations.

Abstract. The purpose of the study is to analyze the impact of BIM technologies on project cost
management; the task is to form specific directions for optimizing the cost of construction. It is assumed
that traditional and existing methods of design solutions are outdated and require changes As a result of
using BIM technologies, it will be possible to achieve the greatest effect, i.e., to reduce the budget, the
number of errors and deadlines, while not compromising the quality of the project.

D.V. Egorova, A.V. Popova, V.R. Muromsky

Creation of a Unified Information Space for Management of Production
and the Life Cycle of Manufactured Products

Keywords: automated system; product life cycle; rocket and space technology; incoming control;
quality documents.

Abstract. Conducting the process of input control and launching materials into production in “paper”
form leads to numerous errors in the design of accompanying documentation, creates prerequisites for
the re-sorting of materials in the production of products, increases the complexity of the input control
process, which does not add value to products, and also significantly complicates the process of forming
actual costs for presenting a fixed price of the product to the customer. The purpose of this article is to
describe the problems and set the task of automating the process of managing the life cycle of rocket and
space technology products. The tasks are to describe the requirements for a unified information space
for managing the production and life cycle of manufactured products and products at a rocket and space
industry enterprise. The hypothesis is based on the assumption that existing automated systems of the
SCM, ERP, MES class do not allow taking into account the specifics of the process of input control and
start-up of materials. As a result of the study, the requirements for an automated life cycle management
system for rocket and space technology products are presented, which allows to quickly obtain the
necessary information about the product delivered to the customer at all stages of production in the
context of materials written off in the product and purchased components.

V.S. Artemyev, A.A. Khakimov, E.M. Bashirova

Improving Automated Control of the Compensating Device in Power Supply Systems
at Oil and Gas Industry Enterprises

Keywords: automated control of the reactive power compensation device; capacitor bank; higher
harmonics.

Abstract. Theoretical and experimental research methods were used in the implementation of
the project. Theoretical studies were carried out on the basis of studying the theory of reactive power
compensation, the principles of automatic control and modeling. In experimental studies, in order to
improve the quality of automatic control of the compensating device, a mathematical simulation model
was used, based on the initial data obtained from the selected object, and implemented in Matlab
Simulink.
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T.G. Oreshenko, D.K. Lobanov, M.S. Fedorov, A.D. Shirokov

Implementation of Wireless Sensor Networks Based
on the ATtiny13 Microcontroller

Keywords: Internet of Things; network design; network layer protocols.

Abstract. The purpose of the study was to determine the design features of wireless networks based
on ATtinyl3. The tasks were to solve the problems of input, processing, transmission and reception of
data. The assumption about the impact on the operation of the transceiver pair of adjacent devices is
confirmed. Experimental testing confirms the possibility of using such devices as the basis for creating
sensor networks of the Internet of things.

V.P. Shuvalov, I.G. Kvitkova

Maintenance of Long-Reach Access Networks Focused
on Ensuring Dependability

Keywords: optical access networks; dependability; failure; degradation of optical fiber; maintenance
strategy.

Abstract. Requirements are imposed on optical access networks to ensure dependability indicators
that allow users to guarantee the required quality of service. The cause of network failures may be cable
breakage or degradation of the fiber optic line. Therefore, timely maintenance of optical networks is
important, which will prevent failure and prevent communication interruption. The paper considers the
technologies of maintenance and repair of passive optical access networks. The types of maintenance
and repair work are described. An optimal strategy is proposed to ensure a given value of a complex
dependability indicator.

A.lL Balakin, V.Ya. Kopp, N.A. Balakina

Simulation of an Asynchronous Automated Line with the Return
of Products for Re-Service Based on Measurement Results

Keywords: synchronous automated line; measurement; simulation model; control; repeated
maintenance; performance.

Abstract. The purpose of the work is to analyze the functioning of an asynchronous automated line
with the return of products for re-service based on the results of measurements using the simulation
modeling method. Tasks: building a simulation model of an automated line, conducting a multifactorial
machine experiment, analyzing research results. The hypothesis of the study is to increase the
productivity of an asynchronous automated line when using structures with the return of products for
re-service. The methods of simulation modeling and general scientific research methods are used
in the work. The article considers the structure of an asynchronous automated line with the return of
products for re-service; its simulation model is proposed. A block diagram of one of the simulation
model segments, a listing of the program in GPSS language is given. The analysis of the results of a
multifactorial machine experiment was carried out, which showed the possibilities of increasing
the productivity of an asynchronous automated line when using the return of products for repeated
maintenance according to the measurement results.

S.V. Palmov, A.V. Aparin
Human Face Recognition from Images with Python

Keywords: computer vision; face recognition; neural network; Python; machine learning.
Abstract. The paper explores the possibilities of face recognition using machine learning. The
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purpose of this study is to conduct an experiment aimed at assessing the probability of correct face
recognition by identifying the tested person in the images. The research methods are the analysis
of literary sources on the topic of scientific work, analysis of research results, machine learning. The
research hypothesis is as follows: using 128-dimensional encoding and the face-recognition library,
you can create software that allows you to implement reliable recognition of a person in an image. The
results of the experiment confirmed the hypothesis of a high quality of human recognition in images
using these methods.

V.L. Kodanev, E.A. Trofimova, A.A. Alisov, A.Ya. Polezharova

The Development of Architecture of a Secure Automated System
of Distance Learning for Commercial Bank Employees

Keywords: automated system; information protection; architecture development.

Abstract. The purpose of the study is to increase the effectiveness of the protection of personal data
of employees of a commercial bank during distance learning. The task is to analyze possible means of
protecting confidential information in an organization. When working on the article, general scientific
methods of analysis and synthesis were used. The results are as follows: a model of the architecture of a
secure automated distance learning system for employees of a commercial bank has been developed.

AM. Yudina

The Application of the Interoperability Principle for the Implementation
of Information Security in the Cyberinformation Environment

Keywords: information security; information relations; cyberinformation environment; international
legal regulation; principle of interoperability.

Abstract. The purpose of this article is to consider the application of the principle of interoperability
in the implementation of information security in the cyber information environment at the state level.
The research objectives are to formulate and justify the application of the principle of interoperability to
the cyber information environment, to describe the nature of legal uncertainty in the field of regulation
of the IT sector, which reduces the effectiveness of information security at the global level. As a result,
the mechanism and approaches to ensuring information security using the principle of interoperability
are described using the analysis of the functioning of providers in Russia as an example.

A.M. Yudina
New Opportunities for State Regulation of Cybersecurity in Russia

Keywords: cybersecurity; information relations; cyber environment; international legal regulation;
cybersecurity; interoperability.

Abstract. The purpose of this article is to study the specifics of the problems of state regulation of
the sphere of cybersecurity at the present stage of civilizational development. To achieve this goal, the
following tasks were completed: an analysis of the cybersecurity system in its state and legal aspects
was carried out; it is proposed to consider the inclusion of the principle of interoperability, which allows
standardizing, certifying IT systems and expanding the classification of the definition of “information”,
including the category “harmful cyberinformation”, in order to streamline and harmonize the processes
of rule-making and law enforcement, in particular, the legal regulation of information relations in the
cyber environment; cyber threats and the possibility of their prevention at the state level analyzed. As
a result of the study, the prospects for the integration of IT and the possibilities of state regulation of
cybersecurity in Russia have been identified.
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D.A. Ivanychev, E.Yu. Levina, A.Yu. Podbolotov, E.A. Malyavin

Simulation of the Stress-Strain State of Anisotropic Bodies in Problems
from the Action of Body Forces

Keywords: body forces; inverse method; nonaxisymmetric problems; anisotropy; transversely
isotropic bodies; Fourier series.

Abstract. The aim of the study is to determine the stress-strain state of transversely isotropic
bodies of revolution, which are under the action of stationary non-axisymmetric body forces, given by
the cyclic law of sine or cosine. The body boundary is free from external forces and dependencies of
a kinematic nature. The problem posed involves the development of an inverse method for the class
of stationary non-axisymmetric problems from the action of body forces. A theory is proposed for the
formation of the basis of the spaces of internal states, which includes displacements, deformations,
stresses and body forces. Further, on its basis, using the method of integral overlays, a basis of internal
spatial states is induced. The orthonormalization of the basis is carried out on the basis of the recursive-
matrix Gram-Schmidt orthogonalization algorithm. After orthogonalization of the basis, the desired
state is determined by a Fourier series, where the coefficients of this linear combination are definite
integrals. Verification of the solution is carried out by comparing the given field of body forces with the
one obtained in the course of the solution. The solution of the problem for a circular rock cylinder with
the corresponding conclusions about the convergence of the series is given. A graphical visualization
of the results is presented. The advantage of the presented approach is that the most time-consuming
calculations, namely the construction of an orthonormal basis, are performed once for a body of a certain
configuration. This basis can be used to solve various problems for a circular cylinder.

PL. Artamonova, E.L. Kuzina, M.A. Vasilenko, V.V. Pankova
Modeling Method in the Economic Assessment of Transport Services

Keywords: transport corridor; legal restrictions; SMGS; KOTIF; MTK.

Abstract. International transport corridors are part of the external transport market, while their
effectiveness should take into account the effectiveness of foreign economic commodity exchange
provided by transport. The article deals with the task of a comprehensive assessment of the impact
of legal and operational restrictions on the effectiveness of the functioning of transnational corridors.
A comparative analysis of the organizational and logical characteristics of transport corridors in the
conditions of existing restrictions is carried out.

V.S. Boldyrev

The Choice of Adequate Optimization Algorithms of Chemical-Technological
Systems in the Engineering of Multi-Assortment Low-Capacity Painting Production
by Means of an Expert System

Keywords: optimization; expert systems; organization of production; paint technologies; paints and
varnishes; small scale chemistry.

Abstract. The article presents a methodology for applying the ideology of expert systems, which
allows designers and production managers to automate the engineering process, significantly reducing
the search space for structural types of chemical-technological systems, their optimizing structural-
functional models and algorithms for structural and parametric optimization. The strategy of organizing
the production of multi-assortment production of paints and varnishes is given and described.
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N.O. Vasetskaya

Document Management Peculiarities in Quality Management System
at Technical Universities

Keywords: standardization; quality management system; document management; document flow;
technical university.

Abstract. Documentation management in the quality management system at a technical university
is the most important process that ensures the correct accounting and implementation of state standards,
including standards for defense products. The purpose of the article is to analyze the process of
documenting the standardization system of the university in accordance with the requirements of
international standards ISO 9001 and additional requirements of GOST RV 0015-002. The hypothesis
of the study is based on the assumption that an effective documentation management system will allow
the university to obtain certain advantages in increasing competitiveness in various fields of activity. The
methods used are system analysis, synthesis, analogy, generalization, classification. The article considers
the procedure for managing university documents, develops an algorithm for managing standardization
documentation in accordance with the necessary requirements.

LA. Vinnikov

Standardization of Methods for Evaluating the Output Parameters
of Operational Amplifiers

Keywords: microelectronics; integrated circuits; analog circuits; operational amplifiers; electrical
parameters; measurement methods.

Abstract. The purpose of the article is to study the issues of standardization of methods of electrical
parameters of integrated analog microcircuits, namely operational amplifiers (hereinafter referred to as
op—amps), which have been widely used in both general and special-purpose equipment. To achieve this
goal, the main standard approaches for estimating the accuracy of the electrical parameters of the op-
amp have been investigated. Research hypothesis: the possibility of using pulse measurement methods
using a precision high-speed analog—to-digital converter (ADC). Scientific methods used in this article
are analysis, generalization, experimental research and synthesis. The main result is the proposal to use
pulse measurement methods using a precision ADC. The results of studies of experimental samples have
shown that pulse methods are quite applicable for measuring the accuracy of the electrical parameters of
the op-amp. Therefore, it is necessary to rework the existing standards into regulatory documents on OU
and include modern measurement methods in them.

E.V. Glebova, E.P. Lapteva

Practical Aspects of Keeping Updated the Safety Management System
of Food Products

Keywords: safety; food products; HACCP system; federal law; sanitary rules and regulations;
technical regulations.

Abstract. The food safety management system — Hazard Analysis and Critical Control Points, where
Hazard Analysis is an analysis of risks to the life and health of consumers, and Critical Control Points
are critical control points, is recognized worldwide as an effective method of ensuring food safety , and
its implementation at an enterprise for the manufacture of food products implies not only the availability
of certain documents developed as part of the implementation and operation of the system, but also
their maintenance in an up-to-date state, which is of great importance for the efficiency of the system.
As a working hypothesis, an assumption was made about the need to identify and systematize sources
of information to keep the system up to date. As part of the study, an analysis of the recommended
steps and principles for the development of the HACCP system was carried out, on the basis of which
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recommendations were given on information sources, monitoring of which on a systematic basis will
ensure that the HACCP system at the enterprise is up to date.

E.V. Kislyakova

The Concept of the “House of Quality” as a Tool of Comprehensive Assessment
and Improvement of Product Quality

Keywords: total quality management; quality function deployment; the concept of the “house of
quality”.

Abstract. The goal is to analyze the possibilities of using the Japanese concept of “House of
Quality” for a comprehensive assessment of product quality and improvement management. The task
is to deploy the quality function on the example of M-125 ceramic bricks. The research hypothesis is
as follows: “House of quality” is an effective method of deploying the quality function, allowing you
to improve the quality of products. The research methods are literature study, questioning, competitive
analysis, and quality management methods. As a result, the “House of Quality” diagram was built; the
main directions of quality improvement were identified.

V.P. Kuzmenko

Application of the Adaptive Multi-Pulse Positional Modulation Algorithm
to Improve the Quality of Communication in the Visible Light Area When
Controlling LED Lighting

Keywords: intelligent lighting; visible light communication; lighting control efficiency; lighting
control.

Abstract. The paper discusses the principles of applying the adaptive multipulse positional
modulation algorithm to increase the stability of communication in the visible light region at different
light levels. The main purpose of the work is to investigate possible ways to increase the stability of the
system reception rate under various illumination scenarios and without introducing additional hardware
to improve the efficiency of intelligent LED lighting control. Previous studies in the application of the
algorithm for multiplexing illumination frames have shown the need to refine the method under study.
The article uses methods of mathematical and analytical analysis.

T.G. Oreshenko, D.K. Lobanov, M.S. Fedorov, K.V. Radionova

Confirmation of the Resource Indicators of the Onboard Equipment
of Space Vehicles

Keywords: reliability indicators; life tests; active lifetime.

Abstract. The purpose of the study was to determine the requirements for ensuring the reliability
of the onboard equipment, for which three methods were used to assess the compliance of the aircraft
with the specified reliability indicators. The assumption is confirmed that the onboard equipment life
tests, although it allows a preliminary assessment of the feasibility of the resource requirements, does not
guarantee it from the appearance of malfunctions and failures during the normal operation of subsequent,
including serial spacecratft.

N.B. Khalilulina, Yu.Yu. Cheremukhina

The Problem of Introducing Digital Technologies in the Process of Internal Audit
of the Quality Management System of an Enterprise in the Radio-Electronic Industry

Keywords: quality system; quality management; digitalization; electronic document management
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system; audit; electronic form.

Abstract. The purpose of the study is to develop recommendations for the introduction of electronic
document management in the process of internal audit. To achieve the goal, it is necessary to complete
the following tasks: to analyze the requirements of national quality standards for the introduction
of digital technologies in the quality management system (QMS), to determine the main stages of
the QMS verification procedure necessary to convert the process into electronic form. The research
methods are analysis, comparison, grouping, systematization, generalization, induction and deduction,
and forecasting. The results of the study are as follows: a set of measures and recommendations for the
transition of internal audit to electronic form has been developed.

M. V. Chuvashov
Tasks and Directions of Informatization of Health Care

Keywords: informatization; health care; medical information systems.

Abstract. The purpose of the study is to determine the main tasks and directions of informatization
in health care. The hypothesis is as follows: the most promising area of healthcare informatization is
the diagnosis of diseases. The methods of analysis, synthesis, classification, comparison are used
in the study. The results obtained are a diagram of the relationship between the directions of digital
transformation, formed recommendations for the digitalization of activities applicable to companies in
particular and sectors of the economy in general.

G.A. Goncharov

Global Conflict and the Outlines of the New World Order
in Modern Humanitarian Scientific Thought (based on the results
of the 20th International Likhachev Scientific Readings)

Keywords: Likhachev scientific readings; global conflict; hybrid war; sanctions; traditional values;
world order; hegemony; multipolarity; sovereignty.

Abstract. The article is devoted to the analysis of the main results of the scientific discussion
that unfolded at the annual conference “International Likhachev Scientific Readings” held on June
9-10, 2022 (hereinafter the Readings). The purpose of the study is to analyze the accumulated global
contradictions in the modern world, the resolution of which objectively requires a radical restructuring
of the current geopolitical and geo-economic order, as well as the search for ways to build a new world
order based on the principles of ensuring global security, multipolarity, political, economic, cultural
sovereignty of the countries of the world, carried out within the framework of the 20th international
Likhachev readings.

E.S. Kulikova
Social Media as a Tool for Territory Promotion

Keywords: social media; SMM; digital marketing; VKontakte; Odnoklassniki; Twitter; YouTube.

Abstract. The stable development of digital technologies provides modern enterprises and
organizations selling goods and services with ample opportunities for virtual interaction with the
consumer. In the context of the development of the Digital Economy 2024 program, the digitalization of
the territories of the regions on the Internet becomes an important aspect. Due to the current availability
of a large number of digital marketing tools, regional administrations feel the need to stand out from
competitors, draw the attention of the population to their territory, increase the awareness of the territory,
and optimize the cost of virtual advertising. The purpose of the article is to analyze the tools and services
of SMM to promote the territory. The article describes the possibilities of social media in solving these
problems. The advantages of SMM in comparison with traditional marketing are listed.
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E.N. Lobacheva, T.I. Kuznetsova, M.A. Kuznetsov
New Control Systems for Modern High-Tech Production

Keywords: laser section technology; workpiece quality control; HD LASr [strand] control system;
SIAS product surface control.

Abstract. In modern conditions, in order to improve production management, there is a need to
automate the process of product control. In this regard, the relevance of a comprehensive study of quality
control systems for the surfaces of metal products, blanks, equipment sizes, etc. is increasing. The
purpose of the study is the analysis of new automated control systems of modern high-tech production.
The objectives are to determine new forms of automated control and their impact on production
efficiency. The research hypothesis is as follows: forms of production control and their development in
a crisis. The research methods are systematic approach, generalization, and a comparative analysis. The
results are as follows: various control systems for high-tech production were analyzed, ways to reduce
production costs in a crisis were identified.

T.L. Pervushina, E.I. Galiutinova
Innovative Infrastructure of the Region and Its Improvement

Keywords: innovative activity; innovation infrastructure; innovation system; innovation; region;
digital technologies.

Abstract. One of the priority areas of socio-economic development of the Russian Federation is
the development of science, national innovation system, technology and effective mechanisms for the
implementation of innovation policy. The infrastructure occupies a significant part of the innovative
system. It serves as a link between the creators of innovation and manufacturers of goods and services,
is a factor in the activation of innovative processes. The purpose of the research is to study the modern
innovation infrastructure of the Krasnoyarsk Territory. Tasks: to study the theoretical aspects of the
regional innovation infrastructure, assess the role of digital platforms as an element of the digitalization
of innovation infrastructure, suggest ways to improve the innovation infrastructure. Research methods
are scientific data analysis, description, comparison and synthesis. Results of the study: ways to improve
the innovation infrastructure of the Krasnoyarsk Territory by creating a digital platform are proposed.

Yu.A. Salavatova, Yu.O. Sapozhnikova
Information Technologies for Providing the Lending Process In a Bank

Keywords: digital economy; information technology; credit.

Abstract. The purpose of the study is to analyze the bank’s information technologies used in the
lending process, to identify shortcomings and formulate proposals for improving the process of lending
to individuals. The hypothesis is as follows: remote registration of a loan application is an effective
means of improving the efficiency of the bank’s activities and loyalty of customers. The results obtained
are the business process model “loan process using a mobile application”, the algorithm of the client’s
actions to obtain a loan using information technology. The study uses general scientific methods:
analysis, synthesis, and dialectics.

V.V. Sulimin, V.V. Shvedov
The Analysis of Technologies for Smart City Environment

Keywords: smart city; environment protection; digitalization.
Abstract. The concept of a smart city includes a fairly wide range of characteristics of this new
phenomenon for modern society. The main goal of creating smart cities is the comfortable living in them
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of people with a high level of well-being. The quality of living conditions for people in smart cities
directly depends on how clean their natural environment is. The purpose of the article is to describe
the essence of smart city technologies in the context of ecology. The article discusses the features of
the development of the ecological vector of creating cities with maximum amenities for residents. The
probable risks associated with a careless attitude to objects of animate and inanimate nature are listed;
the ways of high-quality environmental protection of cities of the future are outlined.

N.A. Todor, A.S. Vasilyev

To the Question of Improving Road Safety in the Territory
of the Republic of Karelia

Keywords: traffic safety; run off road; accident; traffic accident; transport.

Abstract. The goal is to establish the potential for increasing the level of safety in the operation of
road transport facilities on the territory of the Republic of Karelia. To achieve this goal, the following
tasks were completed: the statistics of transport accidents typical for the Republic of Karelia in 2021
were studied; the most common types of traffic accidents were identified and the causes of their
occurrence were studied. As a result of the study, recommendations were formulated to improve road
safety in the territory of the Republic of Karelia.

Hu Liyang, Wang Huan

A Study of the Chinese Translation of Russian Documents
on the Development of the Northern Sea Route in the Context of the Theory
of Translation Compensation

Keywords: cultural omission; translation of documents into Chinese; development of the Russian
Northern Sea Route; theory of translation compensation.

Abstract. With the achievement of consensus on the initiative of joint construction of the Ice Silk
Road between Russia and China, Chinese experts and scientists are paying more and more attention
to the Northern Sea Route every year. However, there is still a lack of relevant Chinese translations of
Russian texts for review. Given the cognitive gaps in the transfer of information from one language to
another, cultural omission is inevitable. Using the method of examples and the method of induction, the
author tries to demonstrate the applicability of the theory of translation compensation to the study of
the Chinese translation of documents on the development of the Northern Sea Route. Using the theory
of translation compensation, this study first provides an overview of the problem of researching the
development of the Russian Northern Sea Waterway and indicates the significance of text research, and
then discusses cultural omissions and compensation strategies in the process of translating into Chinese
the literature on the development of the Russian Northern Sea Waterway from linguistic and aesthetic
levels, to ensure the translation into Chinese of relevant literature, provide literary support for China’s
scientific participation in the development of the waterway, and promote the overall construction of
the Ice Silk Road. Through the analysis of translation examples, the author found that the theory of
translation compensation can effectively eliminate ambiguities and misunderstandings in the translation
process such texts into Chinese.

H. Arslan, M.T. Korotkikh

Calculation Substantiation of Thermo-Mechanical Clamping Devices
for Machine Devices

Keywords: clamping device; shape memory; thermomechanical power drive; machine tools.
Abstract. The article is devoted to characterization of thermomechanical clamping devices using
shape memory alloy (SMA) materials. Power clamping elements that can be used in machine tools
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are considered. As a result of the work done, a drive has been developed that allows the fastening and
unfastening of workpieces to be carried out remotely in an automated production environment. Such a
drive can be used in various small-sized devices capable of developing large forces.

Yu.B. Egorova, A.V. Chelpanov, L.V. Davydenko

On the Classification of Titanium Alloys Depending on Aluminum
and Molybdenum Equivalents

Keywords: classification; cluster analysis; regression analysis; titanium alloys; phase and chemical
composition; aluminum and molybdenum equivalents.

Abstract. The article presents modern ideas about the classification of titanium alloys according to
the phase composition in the annealed state. The purpose of the work was to refine the classification
depending on the aluminum and molybdenum equivalents. Based on regression and cluster analyses,
the chemical and phase compositions of 140 domestic and foreign alloys were compared depending
on aluminum and molybdenum equivalents. The concept of digital classification of titanium alloys is
proposed. A classification diagram of titanium alloys has been constructed in the coordinates “aluminum
equivalent — molybdenum equivalent” with statistically confirmed boundaries between the regions of
existence of a, pseudo a-, a + B-alloys and pseudo B-alloys. A package of applied programs “Titanium
alloys: digital classification” has been developed.

N.Yu. Kovelenov, A.A. Gribanov

Increasing the Efficiency of Finish Machining of Segments
for Mechanical Seals

Keywords: aircraft engine; mechanical seals; isotropic pyrolytic carbon; finishing; efficiency
improvement; ceramic lapping; laser serration.

Abstract. The article discusses the solution of the problem of improving the productivity of finishing
the mechanical seals of a gas turbine aircraft engine, as well as reducing the wear of the working surface
of the tool and increasing its durability. The goal is to modify and test the proposed technology using
grinding and polishing equipment for operations without abrasive lapping of the end surfaces of the seal
segments, as well as the use of a specially designed ceramic lapping with laser incisions that provide
increased material removal rate, demonstrating the benefits that increase production efficiency. The main
method of research is the method of lean production. The result obtained during the modification of the
technology demonstrates the advantages compared to the old finishing technology.

LN. Khrustaleva, D.P. Gasyuk, L.G. Chernykh, S.N. Stepanov, A.A. Laptev
Improving the Efficiency of the Assembly Process Based on Simulation

Keywords: automation; means of production; assembly process; multicriteria analysis; simulation
model.

Abstract. The paper considers the solution of the problem of improving the efficiency of
technological preparation of medium-scale production. The aim of the work is to develop a simulation
model that allows analyzing various options for the technological process and determining the rational
option. The main research method is multi-criteria analysis. The developed model was used at the
stage of technological preparation of assembly production for the product “Cutting Machine”. The
paper presents the results of modeling various options for the assembly process for a given product and
determines a rational option.
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E.L. Levashova, M.M. Radkevich, M.V. Yakovitskaya

Increasing the of Size Accuracy for Complex Profile Products from Sheet Metal
by the Air Bending Method

Keywords: bending; springing; texture; technological process; complex profile product; sheet metal;
design; automated complex; three-dimensional offline programming.

Abstract. This article discusses the methodology for designing the technological process for
manufacturing complex-shaped products from sheet material by the method of air bending. A variant
of automatic tool selection using a high-tech program used on Metamation Flux air bending equipment
is proposed to optimize the technological process based on taking into account factors affecting metal
springback to ensure higher quality of the parts obtained.

The considered method for optimizing the technological process of obtaining complex-shaped
products from metal sheets by air bending is based on the practice of using the Metamation Flux
automated program, which takes into account factors (k-factor, tensile strength, etc.) to reduce
production time and reduce the cost of the final product.

T A. Makarova, Z.S. Savinov

Problems of Design of Technological Tooling for Processing Gears
on Gear Rounding Machines

Keywords: gear wheels; modernization; gear rounding machine; cam; cam mechanism; tool path.

Abstract. The aim of the work is the design and production of a tooling set suitable for processing
any range of workpieces on a modernized KSM-5530 machine. The task of the research is to ensure
the repeatability of the processing of workpieces, as well as to reduce auxiliary and preparatory time.
The hypothesis is based on the assumption that the analysis of production for the manufacture of gears
showed that the main reason for the rejection of the final operations for finishing the gear rims (tooth
rounding) is the discrepancy between the technological and design bases, as well as the incorrectly
working algorithm for dividing the workpiece. The result of the work performed is a designed and
manufactured set of equipment that solves the problems described above.

V.G. Teplukhin, A.1. Popov, V.N. Kudryavtsev, M.V. Yakovitskaya

Metallographic Investigations Using Jet Electrolyte-Plasma
Surface Treatment

Keywords: metallographic test; metallographic specimen; electrolyte-plasma treatment; etching;
surface roughness.

Abstract. The possibility of using jet electrolytic-plasma processing in the preparation of specimens
for metallographic studies is considered. It is shown that, in terms of roughness characteristics, the
deformation-free preparation of specimens during electrolyte-plasma processing corresponds to
traditional processing as for grinding as etching. The hypothesis about the possibility of deformation-free
surface preparation with significant roughness for metallographic studies is confirmed.

LA. Belianov, A.A. Osipov

Application of Machine Learning Methods to Optimize the Parameters
of ITO Coating Synthesis Processes

Keywords: bayesian optimization; magnetron sputtering; machine learning; indium tin oxide.

Abstract. The trend in the development of the materials science and microelectronics industry, in
particular, is towards the introduction of approaches combining machine learning and work with a large
data set into the processes of synthesis of various materials with desired properties. The paper considers
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an approach to solving problems of precise synthesis on the example of obtaining films of indium tin
oxide (ITO). In the process of studying the physics of growth of ITO films during reactive magnetron
sputtering, the key material properties and synthesis parameters that affect the result are identified. An
algorithm for applying the bayesian optimization method is described, which will increase the speed of
synthesis of materials with desired properties and simplify their production. The results of the approach
will be briefly summed up and tasks for future research will be set.
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