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© V. Perevertov, M. Abulkasimov, G. Afanasyev, M. Akayeva

Abstract. In modern railway transport, ensuring the quality, reliability, and durability of
rolling stock (RS) and track machines (TM) is critical. Effective management of manufacturing
processes for parts, components, and assemblies is possible through the implementation of additive
and nanotechnologies, as well as flexible manufacturing systems integrated with modern
information management and transport systems. The study aims to analyze and improve
engineering processes in railway transport by using traditional, additive, and nanotechnologies to
enhance the quality of parts. Specific objectives include: investigating the potential of additive
technologies (3D printing) to produce complex components; evaluating the effectiveness of
nanotechnologies to improve strength, wear resistance, and corrosion resistance of parts and
assemblies; developing and optimizing quality control methods using modern sensors and devices,
including industrial computed tomography; assessing the economic impact of implementing
nanostructured coatings and advanced production processes. Additive technologies allow the
production of complex parts and reduce the weight of components without compromising strength.
Nanotechnologies enable the formation of defect-free materials and nanoscale structures,
increasing durability and service life of parts by 2—5 times. Quality control is performed via surface
diagnostics and incoming material inspection. The introduction of nanostructured coatings on
cutting tools, springs, and railway components improves wear resistance, strength, and reliability.
Modern synthesis and material processing methods reduce production costs, extend maintenance
intervals, and enhance the efficiency of railway engineering. Integration of traditional, additive,
and nanotechnologies with advanced control and management systems improves the quality,

44 This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives @
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reliability, and economic efficiency of railway transport component production. Technologies such
as ultra-high-strength springs and nanocoatings ensure longevity, reliability, and enhanced
performance of RS and TM under the conditions of JSC “Russian Railways.”

Keywords: nanotechnology, additive technologies, railway engineering, flexible
manufacturing systems, nanocoatings, quality control, 3D printing

For citation: V. Perevertov, M. Abulkasimov, G. Afanasyev, M. Akayeva. Nanomaterials
and synthesis of hybrid technologies in shaping parts of transport engineering // Industrial
Transport of Kazakhstan. 2025. Vol. 22. No. 87. Pp. 44-57. (In Russ.).
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AnHoTanus. Ka3ipri 3amMaHfbl TEMIp)KOJI TachIMajay CajlaChlHAA MOJBIKHOW Kypam
(ITC) »xone >xon mammHamapeiHbH (IIM) canacel, ceHIMLTIT )KoHE OCPIKTITIH apTTHIPY MaHBI3IbI.
JocTypiii, aiTUTUBTIK )KOHE HAHOTEXHOJIOTHSUIAPABI KOJIaHy, COHai-aK 3aMaHay ! aKIapaTThIK-
Oackapy »KoHE TPaHCIIOPTTHIK KYHEIepMEH HHTETpallUsIIaHFaH HKEM/T1 OHIPIC )KYHeIepiH eHTi3y
apKbUIbl OeJIIIeKTep MEH arperarrapibl OHIIpy MpoLecTepiH THiMal Oackapyra OoJajbl.
3epTTeyaiH MaKcaThl — TEMIP)KOJI TEXHUKACHIHBIH OOJIIIEKTEPIH OHIIPY CalachlH apTThIPY YIIiH
WHXKCHEPIIK TMPOIECTepAl JOCTYPJi, AAJUTUBTIK KOHE HAHOTEXHOJOTHSUIAPIBI KOJIIAHBII
XKeTinaipy. MinageTTepi: Kypaen OemeKTepai OHipy YIIiH aJIUTUBTIK TeXHOIoTusap b (3D-
OachIn MIBIFapy) MYMKIHIIKTEPIH 3€pTTey; HAHOTEXHOJIOTUSIIAPAbIH O6NIeKTepiH OepiKTIriH,
TO3yFa JKOHE KOPPO3HsIFa TOIIMIUIITIH apTThIpy THIMIUTITIH Oarayiay; 3aMaHayd JAaTYUKTEP MEH
KYPBUIFBUIAP/IBI, OHBIH IMIIHIE OHIIPICTIK KOMIBIOTEPIiK TOMOTrpadusHbl KOJJAaHA OTHIPHII
camaHbl Oakplay OJICTEpiH 93Ipyiey >KOHE OHTAWIaHABIPY; HaHOKAOaTTap MEH JKaHa OHIIpIC
TEXHOJOTHSUIAPBIH €HT13y/1IH YKOHOMUKAIBIK THIMAUIITIH Oaranay. AJIMTUBTIK TEXHOJIOTHUsIIAP
apKbUTBl Ke3 KEJTeH KYPACNUIIK JeHreriHeri OemeKTepal kacayFa xKoHe OJIapAblH MacCachlH
azaiityra Oonaapl. HanoTexHonorustmap neekTci3 Marepuangap MEH HaHOeIIIeMi
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KYPBUIBIMAAP Il KAJIBITITACTRIPYFa MYMKIHAIK Oepeni, Oy OemnmekTepAaiH OepikTiri MeH KbI3MET
ery Mep3iMiH 2-5 ece aprreipaabl. Camanbl Oakpliay O€TTIK IHMAarHOCTUKA KOHE Kipic
MaTepHaIapbIH TEKCEPY apKbUIBI XKYy3ere achlpbuianbl. HaHokabaTTapasl KecKil Kypaiaapaa,
cepimnmnenep/e xKoHe TeMip>KoJl OeJIIeKTepiHe KOIAaHy 0JIapAblH TO3yFa TO3IMIUTIriH, OepIKTIriH
KOHE CEHIMJIUIITIH apTThIpaabl. JocTyp:i, aJAUTHBTIK KoHE HAaHOTEXHOJOTHUSIApAbl 3aMaHayr
OakpuIay JKoHe Oackapy yienepiMeH OipiKTipy TeMip:konl OeJIeKTepiH eHIIPYAiH camlachlH,
CEHIMJIUTITIH JKOHE YKOHOMUKAJIBIK THIMIUTITIH apTThIpabl. OTe KOFaphbl OEpIKTi cepimnmenep MeH
Ha”oKaOarTap TexHonorusiapsl [1C sxone [IM-HiH y3aK KbI3MET €TYiH, CeHIMIUTITH )KOHE HKYMBIC
THIMIUTITIH KAMTaMachI3 eTel.

Tyiiin co3aep: HAaHOTEXHOJIOT U, aJITUTUBTIK TEXHOJIOT U4, TEMIpPXKOIT
MalTuHOCTPOSHUE, MKEeMI1 OHIpiC JKYyhenepi, HaHOKabaTTap, camaHbl Oakpuiay, 3D-06acwim
LIBIFapy
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AHHOTaUUsl. B COBPEMEHHBIX YCIOBUSIX DPa3BUTHS KEIE3HOIOPOKHOTO TPAHCIIOPTa
ocoboe 3HaueHWE TMPUOOPETAeT TMOBBINICHUE KAadecTBa, HAJCKHOCTH M JOJITOBEYHOCTHU
noaBmxHOro coctara (I1C) u myreBsix mamuu (IIM). DddexkTrnBHOE ynpaBieHue mporeccamu
MMpOn3BOACTBA ,[[eTaJIeﬁ, Y3JIOB U arp€raroB BO3MOXKHO 6J1ar0;[ap;1 BHCAPCHUIO aAJUTHUBHBIX U
HAHOTEXHOJIOTHA, a TaKKe THUOKHUX TPOU3BOACTBEHHBIX CHCTEM, HHTETPHPOBAHHBIX C
COBPEMEHHBIMU WH(POPMALMOHHO-YIPABISIOIMMH M TPaHCIOPTHBIMH cuctemMamu. Llenb
UCCIICIOBAHMS — aHAJIN3 U COBEPIICHCTBOBAHNE TEXHOJIOTUIECKUX MPOIIECCOB MAITMHOCTPOCHHUS

46 This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives @
4.0 International License @ s




Industrial Transport of Kazakhstan. Vol.22 (3). 2025

C IPUMEHEHHUEM TPAJIUILMOHHBIX, AJIUTUBHBIX U HAHOTEXHOJIOTUN IS TOBBIMICHUS KayecTBa
JleTajel KeNne3HOJOPOKHOIO TPAaHCIOPTa. 3aJayd HCCIEAOBaHUSl BKJIIOYAIOT: HCCIIEIOBAHHE
BO3MOKHOCTEH NMPUMEHEHHUS aJUTUBHBIX TexHOOoTui (3D-mevatn) st MpoOM3BOCTBA AeTaleh
000U  CIOXKHOCTH;  ompenencHue A(PGEKTUBHOCTH HAHOTEXHOJOTUW s YIy4IICHHUS
NPOYHOCTHBIX, H3HOCO- M KOPPO3MOHHOCTOMKHMX XapaKTEpPUCTUK JeTalell U arperaros;
pazpaboTka W ONTUMU3AIMS METOJOB KOHTPOJS KadyecTBa C HMCIOJIh30BAaHHUEM COBPEMEHHBIX
MAaTYUKOB M YCTPOMCTB, BKJIIOYAas MPOMBIIUICHHYIO KOMIIBIOTEpHYIO TOMOrpaduio; OlLEeHKa
PKOHOMUYECKOTO d((deKkTa BHEAPEHUS HAHOCTPYKTYPUPOBAHHBIX TIOKPHITHMA UM  HOBBIX
TEXHOJOTMYECKHX MpoleccoB. Vcnonb3oBaHue aJTuTUBHBIX TEXHOJIOTHN MO3BOJISET CO3/1aBaTh
neTand 0e3 OrpaHWYCHHUs CIOKHOCTH M YMEHBIIATh Maccy u3lenuii 0e3 MOTepH MPOYHOCTH.
Hanorexnomoruu  oGecrieunBaoT  ¢GopMHupoBaHHe  «0e3lMePEeKTHBIX»  MaTepuajoB H
HAaHOPA3MEPHBIX CTPYKTYp, MOBBIMIAIOMIMX JOJITOBEYHOCTh U pecypc aeraneil B 2-5 pas.
KonTponp kauecTBa OCyIIECTBISIETCS Yepe3 AMArHOCTUKY MOBEPXHOCTH M BXOJHON KOHTPOIb
MaTepuanaoB. BHeIpeHHEe HaHOCTPYKTYPHUPOBAHHBIX MOKPHITHM HA PEXKYIIHNE HHCTPYMEHTHI,
npyxunbl, aetand [IC m [IM moBblaeT MX U3HOCOCTOMKOCTH, MPOYHOCTh M HAJICKHOCTD.
[IpuMeHeHre COBPEMEHHBIX METOJOB CHHTE3a U OOpabOTKH MaTepuaioB MO3BOJSET CHU3UTH
MPOU3BOJICTBEHHBIE PACXOJbI, YBETHYUTh MEXPEMOHTHBIH CPOK OOOpYNOBaHUS U MOBBICUTH
9 (HEKTUBHOCTh  JKETE3HOMOPOKHOTO  MAIIMHOCTpOeHHWs.  VHTerpamus  TpaguIllMOHHBIX,
aJJIMTUBHBIX W HAHOTEXHOJOTHH C COBPEMEHHBIMH CHCTEMaMHU KOHTPOJSI M YIpaBIICHUS
CHOCOOCTBYET TIOBBIIICHHIO KadyecTBa, HAJCKHOCTH M SKOHOMHUYECKOH 53(ddekTuBHOCTH
MIPOM3BOJICTBA JleTaJIel >KEJIE3HOJO0POKHOIO TPaHCHOpPTa. TEXHOJOTHMH CBEPXBBICOKOIPOUHBIX
OPYXUH ¥ HAHOMOKPBITUH 00€CIeYnBAIOT JIOJTOBEYHOCTh, HAJECKHOCTh U TOBBLIIICHUE
skcruTyaTanoHHbIX XapaktepucTtuk [1C u [IM B ycnoBusix OAO «PX».

KuroueBble ¢JIOBa: HAHOTEXHOJIOTHH, AJAUTHUBHBIE TEXHOJOTHH, >KEJIE3HOIOPOKHOE
MaIIMHOCTPOEHHUE, TMOKHE MPOU3BOJCTBEHHBIE CUCTEMbI, HAHOMOKPBITHS, KOHTPOJIb KauecTBa,
3D-neuath

s nutupoBanusi: B. IlepeeproB, M. AOGynkacumos, I'. AdanacreB, M. Akaesa.
Hanomatepuanbl W CHHTE3 THUOPUAHBIX TEXHOJOTMH Tpu (GopMOOOpa3OBaHUU JETaleit
TpaHCTIOpTHOTO MamuHocTpoeHun//[lompinuienHpId TpancnopT Kazaxcrana. 2025. T. 22. No. 87.
Ctp. 44-57. (Ha pyc.). https://doi.org/10.58420.ptk.2025.87.03.004.

KonduaukT uHTEpecoB: aBTOPHI 3asBISIOT 00 OTCYTCTBUH KOH(DINKTAa HHTEPECOB.

BBenenune

TpancnoptHas cucrema OAO «PX/I» obecrneunBaeT MOOMJIBHOCTh U MaHEBPEHHOCTh
Bcex BU10B noaBrxkHOro cocrana (I1C) u myreBbix mammus (IIM), a Taxke cucTemsl B 1IEJIOM NpU
HAJIMYUKM HEOOXOJUMBIX pPE3EpBOB IPOIMYCKHOH M NpOBO3HOH cmocoOHocTu. Ha poct
rpy3oo6opota IIC TpoOW3BOJICTBEHHON NPOMYKIMH BIHUSAIOT Takue (HaKTOpPBI, KaK KadecTBO,
0€3011aCHOCTb U HaJIe)KHOCTb.

Pa3BuTHe MalIMHOCTPOUTENBHBIX TEXHOJOTMH TpeOyeT BHEIAPEHUS COBPEMEHHBIX
MeTOA0B (opMOOOpa30BaHUsl 3aroTOBOK. TEXHOJIOTMYECKHE NPOLECChl B MAIIMHOCTPOCHUU
npuHsATO Toapaszaenate Ha TpamgunuoHueie (TT), anmutuBHble TexHonoruu (AT) wu
Ha"otexHojoruu (HT) (B.IL. IlepeseptoB, IO.A. bouapos, A.Il. Anapees, 1987; IlepeBepToB
B.IT., 2019). K ocHOBHBIM MeTO1aM POPMOOOPA30BaAHUS OTHOCSTCS:

- OcaxaeHue;

- JIutné;

- ®opmoBaHue;

- 'annrBanomnnacTuka;

- O6paboTKa MaTepuaioB AaBICHUEM;

- Mexanuueckas 00pab0oTKa pe3aHueEM;

- DnexTpodu3nueckas 1 IEKTPOXUMHUYECcKast 00paboTKa;

- COopKa COCTaBHBIX YacTeH 3arOTOBKHU WIIM H3/ICIIHS,;
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- AITMTHBHBIE TEXHOJIOTMM — HU3TOTOBJIEHUE JeTanel mo uudpoBoil MOAETH METOAOM
MOCIIOMHOTO JO0aBICHUS MaTepHana;

HanoTtexnomoruu — 06paboTka u MmoauduKamnus Mareprasa Ha ypOBHE aTOMOB M MOJIEKYJI
JUISL CO3JaHUsl MATEPUAJIOB U U3/IENIUN C YHUKAJIbHBIMU CBOMCTBAMH.

Poct 00BbeMOB TpPy30BBIX W MACCAKUPCKUX IMEpeBO30K B Pd TpeOyeT MOBHIICHUS
HaJeKHOCTH W KauecTBa yciayr PXKJI, 4To BO3MOXXHO 3a CYET BHEAPEHHUS AJAUTUBHBIX U
HaHOTeXHOJoruid B mpousBoactBo geraneit [IC wu TIM. Hcnonp3oBaHue TrUOKHX
npou3BoAcTBeHHbIX cucteM (I'TIC) u coBpeMeHHBIX MaTepuaioB IMO3BOJSET YIYUIIUTh
MIPOYHOCTHBIE, W3HOCOCTOMKME M OSKCIUIyaTallMOHHBIE XapaKTEPUCTHUKUA W3JIE€IUN, CHHU3UTh
MIPOU3BOACTBEHHBIE OTXO/IbI M COKPATUTH PACXOIbI.

OOBEKT HCClIeIOBaHUS - TpaHCTOpPTHOe MarmuHocTpoeHue B ycioBusix OAO «PXK]»,
BKJIIOYAsi IPOU3BOJICTBO JI€TACH U y3JI0B MOJABUKHOTO COCTAaBa U IMyTEBBIX MAIIIHH.

[Ipenmer wuccnenoBaHusi - TNPUMEHEHHE aJJUTUBHBIX W HAHOTEXHOJIOTWH, THOKHUX
MPOU3BOACTBEHHBIX CUCTEM U COBPEMEHHBIX JTATYUKOB JJISI KOHTPOJISL KAYECTBA B MMPOU3BOJICTBE
neranen I1C u IIM.

Lenp uccnenoBanus - UCCAEOBATh BO3MOKHOCTH MOBBIILICHUS KaueCTBa, HAJACKHOCTU U
JIOJITOBEYHOCTH JETAJIEW TPAHCIIOPTHOTO MAIIMHOCTPOEHUS IyTEM WHTErpallvM aJJUTUBHBIX U
HaHOTEXHOJIOTH B THOKue npousBoacTBeHHbIe cucTeMbl OAO «PXK/I».

3amaun ucciaeqoBaHus:

- TIlpoBectn aHanM3 COBPEMEHHBIX METOJOB (GOpMOOOpa3oBaHMs JAeTaneii B
MaIIMHOCTPOEHUN: TPAAUIIMOHHBIX, AITUTUBHBIX U1 HAHOTEXHOJIOTHil.

- PaccMoTpeTh CTPYKTYpY M BO3MOXHOCTH THOKMX npou3BoAcTBeHHBIX cucteM (I'TIC) u
«YMHBIX» MPou3BoJICTBeHHBIX cucTeM (YIIC).

- HccnenoBaTh npuMeHEHHE MOPOIIKOBBIX, KOMIO3WIMOHHBIX M HAaHOMATEpPHAJIOB, a
TaK)K€ METOJbI UX KOHTPOJISI C UCIIOJIB30BAHUEM COBPEMEHHBIX JaTYMKOB U yCTPOMCTB.

- OrueHuTh BIUSHUE AJJUTUBHBIX M HAHOTEXHOJOTMM HAa KadyeCTBO, HAJIEKHOCTb M
noarosevy”octh peraneit I1C u IIM.

- Pa3paboraThs pekoMeHIaNuy 0 BHEAPESHUIO COBPEMEHHBIX TEXHOJIOTHIA JJIs1 TIOBBIIICHUS
3¢ (HEeKTUBHOCTH MPOU3BOICTBA U COKPALICHUS POU3BOICTBEHHBIX PACXO/I0B.

Metonbl uccienoBanus. Mcnonb30BaHbl CUCTEMHBIM aHajlW3, CPABHUTEIIbHBIM aHaN3
TPAAUIMOHHBIX U COBPEMEHHBIX TEXHOJIOTMM, MOJEIMPOBAHUE TEXHOJOTMYECKUX MPOLECCOB C
ucnonszoBanueM CAD/CAM/CAE, aHanu3 AaHHBIX KOHTPOJISI KauecTBa, a TaKXKE METOIbI
JKCIEPUMEHTaJIbHOro TectupoBanus jetaned u y3noB IIC m [IM ¢ wucnonb3oBaHueM
HAaHOMAaTEPHUAJIOB U aJINTUBHBIX TEXHOJIOTHM.

Hayuynass rumore3a. BueapeHue anauTHUBHBIX W  HAHOTEXHOJOTMH B  THOKHE
MIPOU3BOJICTBEHHBIE CHCTEMbI TPAHCIIOPTHOTO MAIIMHOCTPOEHHUSI OOECreurnBaeT 3HAUYUTEIHHOE
MOBLIIIEHHE Ka4YeCcTBa, HaAe:)KHOCTH U goaroseynoctu aeranei I1C u IIM 3a cueT onTUMHU3aIUA
nporeccoB (GHopmMooOpa3zoBaHUsl, CHUKEHHS MPOU3BOJCTBEHHBIX OTXOJOB U TOYHOTO KOHTPOIS
apaMeTpoB MaTEpPHAaJIOB.

Marepuaabl 1 METOBI.

TexHonorun «yMHBIX» pon3BoAcTBeHHBIX cucteM (YIIC) adpdexTnBHO npuMeEHSIOTCS B
MAIIMHOCTPOEHUH B BHAE TMOKNX mpou3BoAcTBeHHBIX cucteM (I'TIC), koTopble BKIIOYAIOT TpU
MO/ICICTEMBI:

[ToacucreMa 3aroTOBUTENBHON 00paOOTKH — Ky3HEUYHO-IITAMIIOBOYHOE MPOU3BOJCTBO,
JUTEHHOE MPOU3BOICTBO, CBapKa, epepadOoTKa MIIaCTMACC U MOPOIIKOB, TEpMHIUYECcKas 00padoTka
u ap. (IlepeseptoB, 2023: 73; IlepeBeptoB, 1987: 35-45; Ilepeseptos, 2017: 102-110;
[Tepesepros, 2018: 56-63; Ilepeeptos, 2020: 77-85; [1epeBepton, 2021: 90-98).

Iloncucrema oxoHuUaTenbHON 00pabOTKH — 00paboTka MarepuanoB pezanuem (OMP),
BKITIOUAIOIIas CBepIieHue, (hpe3epoBanue, ToucHue u ap. ([lepesepros, 1987: 35-45; [Tepereptos,
2020: 77-85).
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CoOopounast mojacuctemMa, OObeIWHEHHAS €IWHON TPAHCIOPTHOW W HWH(POPMAIIMOHHO-
yOpaBIAIONIEH CHCTEeMaMH, WHTETPUPOBAaHHAs C KOHCTPYMPOBAaHHEM U TEXHOJIOTHEH
M3TOTOBJICHUS U3AEIHI, 4TO 00ecrIedrBaET B3aMMHOE IPOHUKHOBEHHE MOJCUCTEM U HHTETPALIUIO
TpaZMLIMOHHBIX, AITUTUBHBIX U HaHOTeXHOoJorui (IlepeBepros, 2023: 73; [lepeBepros, 2018: 56—
63; IlepeBeptoB, 2022: 120-128).

PasBurtue mudpossix TexHonorui B npoekrupoBanun (CAD), MogenupoBaHuM U pacueTax
(CAE), a taxxke B MexaHooOpabotke (CAM) mpuBeao K poCTy NMPUMEHEHHUS aIJIUTHBHBIX
texHonoruil (AT) /uis M3roTOBICHUS UHCTPYMEHTOB, JIUTEHHBIX (pOpM U aeTanell MOJABHKHOTO
coctana (I1C) u myreBsix mamun (HTTC) (ITepeBeptos, 2019: 45-53; [TepeBepton, 2021: 90-98).
Ha 6a3ze AT co3matorcs poOOTH3MPOBAHHBIE TEXHOJIOTHYECKHE KOMIUIEKCHI U THOKHE
IPOM3BOJCTBEHHbIE MOXyIu Uil 3D-medaTtd  MOPOIIKOBBIMH, KOMIIO3UIIMOHHBIMM U
HaHOMaTepHallaMH, KOTOPbIe KJIACCH(PULUPYIOT 110:

- UCIIOJIb3yEMbIM MaTepuanaM (KUAKHUE, ChIITyuue, MOJUMEPHbIE, METAINIONOPOIIKOBBIE 1
ap.);

- HAJIMYMIO JIA3€PHOT0 000py10BaHHUS;

- METO/IaM T10/IBO/Ia SHEPTHH JJ1s (PUKcaluu ciios (TerIoBoe Bo3AeiHCcTBHE, 00myueHne Y @
WIN BUAUMBIM CBETOM, CBSI3YIOLIHUI COCTaB U 1Ip.);

- MeToJaM (popMUPOBAHUS CIIOS;

- TUIY ABVMIKEHUS U JIp.

HaHOoTeXHOMOTUH BKIIIOUAIOT COBOKYITHOCTh METOAOB 00paOOTKM W U3MEHEHUS CBOMCTB
MaTepuala Ha HAHOMETPOBOM YypOBHE. B oTiauume OT TpaguLMOHHBIX TEXHOJOIHH,
HAHOTEXHOJIOTHM TIO3BOJIAIOT YIPABIATH OTICIBHBIMU aTOMaMU M MOJIEKYJIaMH, CO3/aBas
MaTepualibl ¢ HOBBIMU (DPU3MKO-XUMHUYECKUMU U Ouosnorndeckumu cBoiictBamu (Ilepesepros,
2019: 45-53; IlepeBeptos, 2022: 120-128).

Ocoboe BHUMaHHE B WCCIEIOBAaHWUHU YACISIIOCH KOHTPOJIIO KadecTBa wu3nenuid. B
TPaJUIMOHHBIX U JIMTUBHBIX MPOU3BOACTBAX KOHTPOJIO MOAJIEKAT apaMeTPhl, BIUAIONINE HA
kauecTBO mpoaykuuu. IIpm AT KOHTpoib BHYTPEHHEW CTPYKTYpbl H3IEIUS BO3MOXKEH C
MOMOIIBIO TPOMBIIIIEHHON KoMIbioTepHOoil Tomorpaduu (KT), uro mo3BosnsieT 3apaHee OLEHUTD
U ONTUMHU3HPOBATH MapaMeTpbl (GOpMOOOpa3oBaHUs U CHH3UTH MporeHT Opaka (IlepeBeptos,
2021: 90-98).

KiroueBsie anementsl YIIC, onpenenstomnue kauecTBo U 3G(HEKTUBHOCTH MPOU3BOJICTBA,
BKJTIOYAIOT:

- ObicTpozeiicTByromue  HcronHUTeNbHble  opranel  (MO)  TeXHOIOTHYEeCKOro
00opyaoBaHuS;

- BBICOKOTOYHBIC M HAJEXHBIC JaTYUKH (CEHCOPHI), 0OECIIEUNBAIOIINE CTAOMIBHOCTD H
ObICTpOJIeHiCTBUE MPOLIECCOB.

[IpumeHeHre MOPOIIKOBBIX, KOMIO3UIMOHHBIX M HAHOMATEpUAJOB B COUYETAHUU C
FMOKMMHU TEXHOJIOTUSIMM TpeOyeT KOHTPOJII M JUarHOCTUKU IapaMeTpoB C IOMOILBIO
COBPEMEHHBIX CEHCOPHBIX CHCTEM. BpIOOp /JaTUYMKOB OCHOBBIBAE€TCS Ha IPUHLHUIE
MaKCHUMaJIbHOIO COOTBETCTBHMS XapaKTEepUCTHK JaTuyuka TpeOoBaHusM u3Mepenuil. Ilpu
HEBO3MO>KHOCTH JIOCTHKEHUSI COOTBETCTBUS NMPUMEHSIOT METO/Ibl KOMIIBIOTEPHON ToMorpaduu
JUIs OTIpeJIeJIEHUs] BHYTPEHHHX MapaMeTpoB u3aenus 1o popmoodpazosanus (Ilepeseptos, 2021:
90-98).

Jl1s u3MepeHust XMMUYECKOTO COCTaBa METAJIJIOB U CIUIABOB MPUMEHSIOTCS IOPTATUBHBIE
nazepuble  cnektpoMerpbl JIMC-01, o6ecneunBaromuye BBICOKYIO CKOPOCTb KOHTPOJIS
(ITepeBeptoB, 2021: 90-98). [lns KOHTpOds TemiepaTypsl Ipu OOpabOTKE MaTepHalioB
UCIIOJIB3YIOTCSl OECKOHTAKTHBIE (DOTOTOHHO-CEJIEKTUBHbBIE BOJIOKOHHO-ONITUYECKUE TaTYUKH TUIIA
HPT-1 (ITepeBeptos, 2022: 120-128; [Tepeepros, 2021: 90-98).

Takum o0pa3oM, B KaUeCTBE METOJOB UCCIEI0BAHUS IPUMEHSIINCH:

- QHAJIU3 JIUTEPATYPhl U MATEHTHBIX UICTOUHUKOB,;
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- 0030p COBpPEMEHHBIX MPOM3BOIACTBEHHBIX TEXHOJIOTHH (TEXHOJIOTHU JIUThS, 00PaOOTKH
napieHueM, 3D-mevatr, HAHOTEXHOJIOTUH );

- CUCTEMHBI MMOAXO0]T K OILICHKE KaueCTBA U Ha/I€KHOCTHU U3JIEIIHIA;

- HCTIOJIb30BaHME CeHCOpHBIX cucTeM U KT a1 KOHTposist mapaMeTpoB U3AENINI;

- MoaenupoBaHue TexHojornueckux mpoueccoB CAD/CAM/CAE mist onTumMu3aium
¢dopmooOpa3oBaHus 1 MOBHIIEHUS 3()PEKTUBHOCTH POU3BOCTBA.

PesyabTaTsl n 00Cy:KICHHS.

®opmoobpazoBanre jgeranu 1npu AT OCHOBBIBaeTcs Ha TOCIOHHOM HapallMBaHUU
W3JIeTUsl CTPYWHBIM WM JIa3€PHBIM CTIIOCOOOM (KOHIIEHTPUPOBAHHOW SHEPTHei) mo mudpoBoi
Mozenu, a BhIMyck jaetaneit ¢ nmomouipio AT (3D-meuarh) OTIMYAIOTCS OT TPAIULIMOHHBIX
TEXHOJIOTHH CICAYIOIMHMMH MTPEUMYIIECTBaMU: | ) U3TOTOBJICHHE JETaNeH JIFOOOU CIIOXKHOCTH W3-
32 OTCYTCTBHS OTPaHUYCHHI, CBOWCTBEHHBIX TPAJUIIMOHHBIM TEXHOJIOTHSM; 2) BBISIBICHUE
BO3MOKHOCTEH HOBBIX J€Tajlel B TPAHCIIOPTHOW TEXHOJIOTMYECKOW CUCTEME, T.€. IPUMEHEHHE B
JUArHOCTHKE Y3JIOB (AeTalieil); 3) CHUKEHUE MACChI JIETaIl HE CKa3bIBA€TCs HA UX MPOYHOCTH; 4)
MCIIOJIb30BaHNE MaTepuana s (OPMUPOBAHUS U3/ETUS UCKIIOYAeT OTXOJbl IMPOU3BOJICTBA U
CHIDKACT TPOM3BOJCTBEHHBIE pAcXojbl, IOCKOJIBKY He TpeOdyeT [uig Hayajla Ipolecca
MCIIOJIb30BAaHUSI MAaCCUBHBIX 3arOTOBOK M3 METajljla WIM IUIACTUKA U MOCIEAYIOIIEro yAaleHus
U3JIMIIKOB MaTepHaja ¢ MoMoInbio oOpaborku MartepuanoB pe3anueM (OMP) — cepnenwue,
dbpesepoBaHueM, TOUEHHE U T. A I HOJy4YeHHUs TpeOdyeMoil KOH(UTrypaluu U TOYHOCTH
(ITepeBeptos, 2022: 39; [1epesepTos, 2023: 75).

HaHoTexHONIOTUN — COBOKYNHOCTb METOJOB 00pabOTKH, W3TOTOBIEHUS, W3MEHEHUs
COCTOSIHUS, CBOMCTB, (DOPMBI CBHIpbsI, MaTepHaia, OCYIIECTBISEMbIX B IMPOIECCEe MPOU3BOICTBA
IPOAYKIIMM B HAHOMETPOBOM Juarna3zoHe. «ChIpbeM» SBISIOTCS OTAEIbHbIE aTOMBI (CUCTEMBI), a
HE MPUBBIYHBIC B TPAIUIMOHHON TEXHOJOTUH MHUKPOHHBIC WM MaKpPOCKOIMHYECKHE OO0BEMBI
MaTepuaia, cojepiallie MUUIMapAbl aTOMOB M MOJEKyJl. B orimume oT TpaaunuoOHHOU
TEXHOJOTHH JIsl HAHOTEXHOJIOTUM XapaKTEePeH «UHAWBHIYAIbHBII» MOIXO0J, MPU KOTOPOM
BHEIIHEE YIPaBJICHUE JOCTUTAeT OTAENbHBIX aTOMOB M MOJIEKYJI, YTO MO3BOJIAET CO37aBaTh U3
HUX Kak «Oe3nedeKTHhIe» MaTepHaibl ¢ MPHUHIUINUAATHHO HOBBIMU (DU3HKO-XUMHUYECKHUMH U
OHMOJOTrMYECKUMH CBOMCTBAMH, TaK U HOBBIE KJIACCHI YCTPOMCTB ¢ HAHOMETPOBBIMU pa3MepaMHu.

OCOOEHHOCTH KOHTpPOJIA KauyecTBa B TPAAMIMOHHOM U aANTUBHOM IPOM3BOJCTBAX —
KOHTPOJIMPOBAaTh U AMArHOCTUPOBATh MapameTphl ((akTopbl), KOTOpPHIE BIUSIOT HAa KaY€CTBO
BBIXOJHOM MPOAYKIHMH. Tak MpH MPOU3BOACTBE U3JEIHI ¢ MOMOIIBI0 AT MBI HE MOKEM YBHUIETh
kauecTBO 3D-nevyatu BHYTpH u3zenust (Ka4ecTBO CIIEKaHMsI METAITIMYECKOIO MOPOLIKA BHYTPH),
a KOHTPOJIMPYEM TOJBKO HapyXHYIO IMOBEPXHOCTh JAeTainu. HeoOXoAuMo KOHTPOJIHPOBATh
TE€OMETPUIO M3/EIHs, IOTOMY YTO IOCJIE TEXHOJOTUYECKOTO MPOIecca BhIPALIUBAHUS U3/EINS,
a TaKKe TOCJe PAa3NUYHBIX MPOILIECCOB MOCTOOPAOOTKH (TEPMUYECKUX, MEXAaHUYECKHX H Jp.),
TeOMETPHUSI U3JENINS MOXKET MEHATHCS, YTO HEOOXOAUMO YUUTHIBaTh pHU MojeiarupoBanuun CAD-
Moznenu. HeoOxomuM BXOAHOW KOHTPOJIb U JHUAarHOCTUKA PACXOJIHBIX MAaTepUaOB
(METayuIONOPOIIKOBbIX KOMIO3UIMM) M KOHTPOJIb TpeOOBaHMM K CHIPBIO Ha COOTBETCTBUU
peasibHbIM 3HaueHUsIM. OCHOBHBIMH dlieMeHTaMu TypOyneHTHbIX YIIC, onpeaensonux Ka4ecTBO
M UX TEXHWYECKHe TMoKazaTend  S(PQPEKTUBHOCTH  NPOM3BOJACTBA,  ABISIOTCS: -
ObICTPOJCHCTBYIOIINI  UCHONHUTENbHBIH  (paboumii) opran (MO) TexHONOrHYeckoro
o0opyoBaHus; 2- AAaTYMKH (CEHCOPHI) — (pyHKIMOHANBHBIE npeodpaszoBarenu (PIT) Beicokoi
TOYHOCTH U HAJCKHOCTH, CTAOMIBHOCTU W OBICTPOACHCTBUS, YHU(PUIIMPOBAHHBIC, C HU3KUMU
MaccorabapuTHBIMU NOKa3aTEIsIMU SHEPronoTpeOaeHus. DTO 3aCTaBISAIOT UCKAaTh BO3MOKHOCTH,
KaK KOHCTPYKTUBHO TEXHOJIOTHYECKOTO COBEPIIECHCTBOBAHMS AJIEMEHTOB U CTPYKTYPHBIX CXEM
u3BecTHBIX MO u OII, Tak u cozmanus HOBbIX MeTOI0B X cuHte3a (Ilepesepros, 2022: 39).

[TprMeHeHre MOPOIIKOBBIX, KOMIO3UIIMOHHBIX, HAHOMATEPHUATIOB U THOKUX TEXHOJIOTUN
Ha HX OCHOBE IapaMeTpbl KOTOPBIX HEOOXOAUMO KOHTPOJMPOBATH, IUArHOCTUPOBATh U
YOPAaBIATH C MOMOIIBI0 COBPEMEHHBIX JATYUKOB U YCTPOICTB, 00ECIIEUUT KauecTBO Aeraneii. B
OCHOBE BBIOOpAa [ATUYMKOB JICKHT MPHUHIUIN MaKCHMaJIbHOTO COOTBETCTBHSI TpeOOBaHH
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U3MEPEHU ¥ BO3MOXKHOCTEH (XapakTEpUCTHK) JaT4yWKa. AJCKBaTHBIM BBIOOp Tpedyer
aNpUOPHBIX 3HAHMM, KaKk 00 00BEKTEe U3MEPEHH, TaK U O JaTYMKaX, U3 KOTOPBIX JOJDKEH OBITh
caenad Be1oop. Eciu TpeGyemMoro cooTBETCTBUS JOCTUYD HE YAACTCs, TO HEOOXOAMMO YOS TUThCS,
4TO TPEOOBAHUS K AATYHKY SBISIOTCS MPUHIMITUAIBHO PEANN3yEMbIMU, a JUISI  PEIICHUS TaKUX
3a/1a4 MPUMEHATh TEXHOJOTHIO TPOMBINUICHHONW KommbioTepHoil Tomorpaduu (KT) — merton
BOCCTAHOBJICHUS BHYTPEHHEH CTPYKTYpbI 00BEKTa HOCPEICTBOM MHOTOKPATHOT'O MPOCBEYMBAHUS
B pa3IMYHBIX Tepecekaronuxcs HampaieHusx. B AT nyxuo npumensate KT mis otpaGoTku
pPEKMMOB CHHTE€3a TEXHOJOTHH: KaXKIO€ M3/EIUE YHHMKAJIBbHO, KaK M BCE MapaMeTpbl A €ro
W3TOTOBJICHHS, KOTOpBIE  JIydlle momoOpaTh eme a0 GopMooOpa3oBaHus (BBIpAITUBAHUS)
U3JIeNusi, YTOOBl COKPAaTUTh MPOLEHT Opaka (HEroAHOH MPOIYKIMH) U COKOHOMHUTH PACXOIHBIN
marepuain (Ilepesepros, 2022c¢: 39; Ilepeeptos, 2023: 75).

TpaHCcOpTHOE MAIIMHOCTPOCHHUE SIBISETCA MOTPEOHMTENEM HAHOCTPYKTYpPUPOBAH-HBIX
MaTepuaoB (CTaJd M YYTyHbl, TUTAaH W €ro CIUIaBbl, aJIOMUHHUEBbIE CIUIABbI, KepamMHKa W
IJIACTMACCHI, MOPOIIKOBBIE U KOMIIO3UIMOHHBIE, MaTE€pHalIbl C MaMATHIO) U KOMIUIEKTYIOIINE
HaHOM3AEIU. DKOHOMUYECKH 3¢ deKT gocTuraercs oT BHEAPEHUS TEXHOJOTUU HAHECEHUs
M3HOCOCTOMKUX HAHOIMOKPBITMH Ha pexymme uHcTpyMeHTbl OMP (cBepna, ¢pesbl u T.1.),
mTaMIbl ¥ TIpecc-hOpMbl B Ky3HEUHBIX MallMHax oOpaboTku mMarepuanoB aaBieHuem (OM]I),
auTelHBIe  (QOpPMBI, a TakXKe H3HOCOCTOMKUX, KOPPO3MOHOCTOMKHX, IKAPOCTOMKHX H
BOJIOOTAJIKUBAIOITUX TTOKPBITHHA JACTaJIe MAIlMH U MEXaHU3MOB JJis1 moABMKHOTO coctaBa (I1C)
u nyteBbix MamuH (IIM) B ycnoBusix PXK/I, Bkiitouast 371€MEHTBI TOPMO3HBIX CUCTEM U IIOJIBECKY
(TIpy>XUHBI).

HanoctpykTypupoBaHHasi MpoAyKUus (eTayd, y3Jbl, arperatsl) HHCTPYMEHTAJIBHOTO U
TpUOOTEXHUYECKOTO HANPABIEHUS M TEXHOJIOTHMSI HAHECEHHs HAHOMOKPBITUNA YIy4IIUT
KAaueCTBEHHbIE II0Ka3aTeau (MPOYHOCTb, TBEPAOCTh, IUIACTUYHOCTh, H3HOCO- Kapo U
KOPPO3MOHHAsI CTOMKOCTb M T.O.) TOCPEICTBOM BBEIEHHUS TOTO WM HHOTO 3JIEMEHTa B
aJIbTEpHATUBHBIN TEXHOJIOTMYECKUH Iporiecc (JINThE, IPECCOBAHNE, HAHECEHUE TOKPBITHH U T.1.),
MOJTy4YEeHUsI HAHOMOPOILIKOB M HAHOMPOIYKTHI, B KOTOPHIX HCHOJB3YIOTCS HAHOTEXHOJIOTHH,
KOHCTPYKIIMOHHBIE KOMITO3UTHbIE MaTepuaibl Ha 0a3e BBICOKONPOUHBIX BOJOKOH IS
MPOMBIIIJIEHHOTO  NPUMEHEHUS B aBUACTPOCHHUM,  IKEJIE3HOAOPOKHOTO  TPAHCIOPTA,
aBTOMOOWJIBHOW M cTpouTenbHO-T0poxkHON TexHuke (HTTC), nns mpousBoacTBa abpa3WBHBIX
MaTepuasoB, OypOBBIX U METAJII000pabaThIBAIONINX HHCTPYMEHTOB. JTa MPOIYKIHUS HE YCTYTaeT
UMIIOPTO3aMEIIAONIEeH MPOAYKIMH, OOECTIEYUBAIONINX IOBBIINIEHHE KayecTBa M HAAEKHOCTU
MaIIlH U MEXaHU3MOB.

DTO cTajbHBIe U KEPAMHUUYECKHUE HU3JENUS KOHCTPYKIMOHHOTO, MHCTPYMEHTAIBHOTO U
TpUOOTEXHUYECKOTO HA3HAYEHUs, HEp)KaBelIlue O0O0JOYKH, (UTHUHTH HOBOTO TOKOJIEHMS,
u3zenust sl TpaHcnopTHoro MammHoctpoeHus (Ilepeseptos, 2022¢: 40).

[Tpon3BOACTBO YIABTPaJUCIEPCHBIX HAHOTIOPOIIKOB HAILLJIM IPUMEHEHHUE B y3J1aX TPEHUS
BCEX BHJIOB O0OpYIOBaHUS: TEXHOJIOTUM BOCCTAHOBJICHMS W3HOIICHHBIX y3J0B U MEXaHHU3MOB
IIPOMBIIIJIEHHOTO 00OpYIOBaHUS 10 MEPBOHAYAIBHBIX MapaMeTPOB C MOMOIIBI0 CHEIMATBHBIX
pPEMOHTHO BoccTaHOBUTENbHBIX cocTaBoB (PBC). Croumocts penoBamuu (pemonrta) nmo PBC
TEXHOJOTMH B 2—3 pa3za HUKE, YEM IIPU HCIOJIb30BAHUN OOBIUYHBIX TEXHOJIOTUMN, UTO MO3BOJISIET
3aMEHUTh IUTAHOBBIE PEMOHTHI JieTaneil 000pyJOBaHUSA IJIAHOBO-TPEAYNPEAUTEIHHON
00paboTKOI C YBEIMUEHUEM MEXPEMOHTHOTO cpoka B 1,5—2 pa3a. DKOHOMUS JIEKTPOIHEPTUU U
toruuBa nocie PBC cocrasinser 10—-15 %. OTta TeXHONOIHUS UCHOIB3YETCS Ha MPENIPHUITHSIX:
MOCKOBCKOM keJIe3HOU Jopore u MeTpornoiuTeHe, Ha «Camore» u T.1. DPPekT odecnieunBaercs
Ha METaJNIMYECKOW WIIM KEePaMHUYECKOl OCHOBE, B pe3yJsibTaTe 00pa3oBaHHUS B MOBEPXHOCTHBIX
CIIOSIX W3/eNHus HaHO(Aa3HBIX KOMIUIEKCOB. HaHOCTpyKTypu3amusi MOBEPXHOCTEH meTanei
NOAMMNITHUKOB cKoNbkeHus (kadenusi) [IC u IIM moBbIaeT ux AOATOBEYHOCTH B 2—3 pasa (¢
150-200 mo 500-600 MiH. LMKIIOB), MOJTOBEYHOCTh WHCTPYMEHTa BO3pacTaeT B 5—6 pas.
[Topomiky MEAHBIX CIUIABOB HMCIONB3YIOTCS Ui MPOU3BOACTBA MPOTUBOM3HOCHBIX MpENnapaTroB
Mapkn PuMET, Bkiroyarommpe HaHOYACTUIBI, AKTHBHBIE B 30HAX TPEHHS W TOKPBITHIE
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CHenuaibHOI 000JI04KOi, KOTOpbIE CBOOOIHO LIMPKYIUPYIOT B Maciie, HE B3aUMOJICHCTBYSI C HUM,
a UCTOJB3YS €ro KaK CPEJCTBO IOCTAaBKU B 30HBI TpeHUs. [loa neificTBreM BBICOKOH TeMmuepaTyphbl
U JaBJC€HHs, KOTOpble HEOOXOAMMO KOHTPOJIMPOBaTh W JIMArHOCTHUPOBATH, HAHOYACTHUIIBI
AKTUBUPYIOTCS M HA4YMHAIOT CO3/aBaTh HA IIOBEPXHOCTU IAap TPEHMsI HOBBIM CIIOM, KOTOPBIA
oOpa3yeTcsi Mpu B3aUMOJICHCTBUU YacTUIl Mpenaparta U MPOTYyKTOB H3HOCA METATMYECKON
MOBEPXHOCTH W NPUHMMAET Ha ceOs BCIO HArpy3Ky C MOBEpXHOCTU map TpeHus. Ilpu stom
HaOmonarorces cinemayromue npoieccel (IlepeBepros, 2022c¢: 40; IlepeBeptos, 2023: 76):

1) HopManH3aIys CTPYKTYPBI KPUCTALTUIECKON PEIIETKH MaTeprana,

2) CHATHE TIOBEPXHOCTHOM YCTaJIOCTH,

3) 3) 3amoyiHeHHE 3aJUPOB.

Ha npennpusitusax PO peanusytorcs tpagununonnsie (T) u axnutuBabie TexHOT0THN (AT)
Ha HaHOYpPOBHE:

1-37eKTpO3pO3UOHHAsT HAHOpa3MepHasi 00paboTKa paboYMM HHCTPYMEHTOM;

2-3NIeKTPOXUMHUYECKass OTAENOYHass M pa3MepHass o0paboTka pabodux MOBEPXHOCTEH
Harpy>KeHHBIX JeTajeil MallluH U MEXaHU3MOB;

3- MOHHO-TIJTa3MEHHOE YNPOYHEHWE WHCTPYMEHTa, JAeTaleld MallMH C HaHECEeHUEeM
MOKPBITUS TOIIIUHON 10 2 MKM, TOBBIIIAIONIKE UX PA0OTOCIIOCOOHOCTS;

4-mMonuuKaIys MOBEPXHOCTH 3a CUET TEXHOJOTHH CKOPOCTHBIX XMMHUKO-TEPMUYECKHX
B3aMMOJICHCTBHI TIIa3MEHHBIX CTPYH C MOBEPXHOCTHIO METAJUIA C LENbIO MOBBIIIEHUS U3HOCO U
KOPPO3UOHHOU CTOMKOCTH, TBEPAOCTHU JIETUPOBAHHBIX CTAJIEH;

5- 3aKkanka TOBEPXHOCTHM Ha MIyOMHY 110 2 MM C BO3MOXKHOCTBIO PEryJIHpOBaHUS
napaMeTpOB MOBEPXHOCTHOTO CJI0s; 6-MOHHO-TNIA3MEHHOE OCAX/IEHUE C OJIYUYCHHUEM MOKPBITHS
W3 CIEKTpa MaTepuajioB JIOOOTO COCTaBa C 3aJIaHHOW CTPYKTYypod (HAHOKPUCTAJUTMYECKOM,
aMOp(HOH, KPUCTATUTNIECKOIH, KOMIIO3UTHOM);

6-pUMEHEHHE TOJMMEPHOTO HAHOKOMIIO3MTa M  O00OpYyIOBaHHMsS [UIsl CHHTE3a
HAHOKEPAMUYECKUX MMOKPBITUH;

7-co3aaHNe TEXHOJIOTUH POU3BOACTBA CBEPXBBICOKONPOUHBIX MPY>KUH U U3HOCOCTOMKHUX
U3JIeNTUi U3 HAHOCTPYKTYPHBIX KEPAMUUYECKHX M METAJTIOKEPAMUYECKHX MaTEpPHaJIOB;

8-co3maHne MOHOJUTHOTO TBEPAOCIUIABHOIO METAJUIOPEKYIIEro MHCTPYMEHTa C
HAHOCTPYKTYPHPOBAHHBIM MOKPHITHEM U PEXKYIIEr0 HHCTPYMEHTa U3 CBEPXTBEPIOTr0 MaTepuaa
u T.1. (IlepeBeptos, 2022c: 40; Ilepeeptos, 2023: 75)

[Tokazarenu kauecTBa (HaJICKHOCTh, JOJITOBEUYHOCTD, PECYpC U T. 1) A€Tallei TpaHCIIOPTHOTO
MAaIlIMHOCTPOEHUSI, HM3TOTOBJIEHHBIX I10 HOBOM TEXHOJIOTMM YBEIMYMBAIOTCS B 2-5 paza ¢
HAaHOMETPOBOM  TOYHOCTBIO TMPH  HCIONB30BAaHUHM  OOOpPYIOBAHUS  DIEKTPOUCKPOBOW U
AIIEKTPOXUMHUIECKON 00paboTKH, (hpe3epoBaHs U MUTU(OBAHUS, TIOTTMPOBAHMUS U IOBOJKH U JIp.

Tpenn — TexXHONOTHs HaIbUIGHWE HAHOMATEPHAIOB HA U3JENHs C TOJyYeHUEM
HAaHOCTPYKTYPHPOBAHHBIX  TOKPBHITUH,  HAHOCHUMBIX  METOJAaMH  BBICOKOCKOPOCTHOTO
ra30TepMHUYECKOr0 HAMBIJICHHUS] HWCXOJHBIX MAaTEepHalloB B BHJIE PAacCTBOPOB MM CYCIEH3H,
COJIEpKAIIUX HAHOPAa3MEpHbIE YaCTHUIBl IIO3BOJIIET IOJydaTh TMOKPBHITUS C 3aJaHHBIMA
xapaktepuctukamu B ycinoBusix OAO «PX]]». HaHoTexHonoruu pemarot npodieMy TpeHHs U
KOPPO3UH MaTepHANIOB IyTEM MPUMEHEHHUS HAaHOPAa3MEPHBIX YACTHIl B HHTHOUTOPaxX KOPPO3HU
HOBOro Marepuana. OQHON M3 AMHAMUYHO PA3BHBAIOIIMXCS 00IacTell HAaHOTEXHOJIOTHH SIBISIETCS
pa3paboTKka ¥ TIPOM3BOJCTBO BBICOKOA(D(EKTUBHBIX AHTU(PPUKIMOHHBIX, MPOTUBOM3HOCHBIX |
oxnakaaronmx coctaros i JIBC, mpuMeHeHre KOTOPhIX MPUBOIUT K COKPAILICHUIO PacX0a TOTUIUBA
Ha 2-7 %, uzHoCcy neraneit B 1,5-2,5 pasza, yBelnWUeHHMIO MOIIHOCTH nBuratens Ha 2-4 %
(ITepeBepTtoB, 2023: 76).

TexHonorus no0aBIeHNsI HAHOYACTHLL B TPAHCIIOPTEPHBIE JIEHTHI, pabounii OpraH JIEHTOYHOTO
KOHBeWepa, YBEIMYMBAET MX TUOKOCTh M YMEHBIIIAeT HM3HOC. TexHonoruss HaHECEHUS
HAHOCTPYKTYPHPOBAHHBIX TIOKPHITHH YBEININBAET U3HOCOCTOMKOCTh MHCTPYMEHTA B 2—2,5 pa3a
¥ OCHOBBIBAETCS HAa METOJIE BaKYyMHOTO OCaXJCHUS W3 IUIa3Mbl, MOJy4aeMON B pe3yibTare
UcHapeHus Marepuaa. Takoe TEXHHYECKOE PEIIEHHE MOBBIIIAET H3HOCOCTOMKOCTh MHCTPYMEHTA,
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YTO TO3BOJISIET MTPOU3BOAUTH O0OOpPaOOTKY MeETa/uIOB Ha 00jee BBICOKHX CKOPOCTAX U
YBEIUYMBAET CPOK CHyXObl HMHCTPYMEHTA. VYIIyUIIEHHE TEXHUYECKUX XapPaKTEPUCTHUK
(TBEpIOCTH, BA3KOCTH) HHCTPYMEHTA C HAHOTIOKPHITUSIMU I TexHonoruit OMP) npuBoauT
YBEIUYCHUIO MPOUZBOAUTEIHHOCTH TPyAa U CHUKEHUIO CE0ECTOMMOCTH M3TOTaBIMBAEMOU
Ipy MOMOIIU MHCTpyMeHTa. [lo cpaBHEHHIO ¢ MHCTpYMEHTOM 0€3 MOKPBHITHS HPOUCXOIUT
yBelMueHne 00beMa CHUMaeMoro Meraia B 2—2,5 pasza, CTOMKOCTh MEXAY MepeToYKaMu U
CKOpOCTh pe3aHus Bo3pacTaeT B 1,5-2 paza. Co3naHue Npeuu3uOHHBIX, JIEKTPOXUMHUYECKHUX
CTAHKOB U T.Jl. HAXOJUT MPUMEHEHHUE B JBUTATEIECCTPOCHUH, IHEPTETUKE, UHCTPYMEHTAILHOM
MPOU3BOJACTBE IS M3HOCOCTOMKUX HW3JEIUNA M3 HAHOCTPYKTYPHUPOBAHHOW KEpaMHUKU U
METAJJIOKEPAMHUKH, & K HHUM OTHOCSTCS W3ACNHS W y3Jbl C YHUKAJIbHBIMH CBOWCTBAMH:
BBICOKOUM MPOYHOCTHIO, U3HOCOCTOUKOCTHIO, YCTOMUMBOCTHIO K KOPPO3UHU, TETIIOCTOUKOCTHIO:
MOJIIUITHUKU CKOJIbKEHUS U KOJIbIIa TOPLOBBIX YIUIOTHEHUH, OCEBOM MHCTPYMEHT, CMEHHBIE
MHOTOTpaHHblEe TJIACTHMHBI M T.A. J[7A9 HacocHOM TeXHUKH (CHUCTEM) BBIINYCKAIOT W3
HAHOCTPYKTYPHBIX METAJUIOKEPAMUK pa3IudHble TpHOOTeXHUYECKHue wu3aenust (y3Ibl,
MOABEPKEHHbIE TPEHHUIO M U3HOCY), pabOTaIOMMX B CIOXKHBIX YCJIOBHUSAX O3KCIUIyaTallud U
UMEIOIINE TTOBBIIICHHYI0 U3HOCOCTOWKOCTR; PACIIMPEHHBIN Auana3oH pabo4ux Temmeparyp;
XUMUYECKYI0 HHEpPTHOCTb. Vcmonib30BaHHE HAHOCTPYKTYPHBIX MaTE€pHUalioB IO3BOJISET
MOBBICUTH PECYpPC U HaJEKHOCTh MPOMBIIUIEHHOTO HacOoCHOTro obopynoBanus Ha 20-30 %.
Brinyck kepamMuyecKoro M METaJJIOKEPAaMUUYECKOTO pexyliero uHcrpymeHta mias OMP
METAJUIOB U KOMIIO3UIIMOHHBIX MaTE€pHaloOB, XapaKTEPHU3YIOUIUXCS BBICOKON TBEPIAOCTHIO,
NPOYHOCTBIO UM TEPMOCTOMKOCTBHIO  IMO3BOJUT  YBEJIMYUTh  MPOU3BOJUTEIHHOCTH
o0pabaTbIBaroIIero 000pyA0BaHMS, MOBBICUTH TOYHOCTh T'€OMETPHUECKUX IMapaMEeTpOB IMpHU
obpaboTtke neraneii (Ilepeeptos, 2023: 76).

HoBble KOHCTPYKTHBHBIE PEIICHUs CPEJICTB MEePEBIKCHUS M PEMOHTA TyTH TPeOyIOT
NPUMEHEHUsI YCTPOWUCTB 1Jis TopmoxkeHus Ttenexku [IC, TIM, Barona ¢ He3aBUCUMO
BpaIalOMKUMUCS  KoJiecaMH, oOecrneunBaImuX 0e30macHocTh U 3(P(PEKTUBHOCTh UX
UCIIOJIb30BaHUs B MYyTH cienoBaHus. PazpaboTanHas cxema AMCKOBOIO TOPMO3a KOJIECHOM
napsl [IC ¢ He3aBUCUMBIM BpallleHUEM KOJIEC ¢ TPUMEHEHHEM HAaHOMAaTEpPUAJIOB MOBBICUT UX
HaJIEXHOCTH U 0€30IIaCHOCTD.

Pexymuii MHCTpYMEHT H3 HAHOMOPOIIKAa HHUTpHUAa Oopa TpeaHa3HA4YeH s
ucnosnp3oBanusi B OMP wu oOecriednT TOBBINNIEHHE HW3HOCOCTOMKOCTH K aOpa3uBHBIM
MarepuanaMm, yBEIWYEHUE TMPOU3BOIUTEIBHOCTH HHCTpyMeHTa. IIpu sToM 3aTpaThl Ha
00paboTKy netaneil HHCTPYMEHTOM CHIKaroTcs 10 60 %, 4To BaxXHO MPHU CO3AAHUM HOBBIX
texHonorudi  OMP. Co3maHue  TEXHOJIOTHMUECKOTO  OOOpYyIOBaHUS  1Jg  CHHTE3a
MHOTO()YHKIIMOHATBHBIX HAHOKEPAMUYECKUX TMOKPBHITHH Ha aJIOMHUHHEBBIX U MarHHEBBIX
MOBEPXHOCTAX, 3alMIIAIOIINX METauIbl OT KOPPO3MHM, YTO OCOOEHHO BaXXHO B
xKene3nogopoxkHom wmamuHoctpoeHuu (Ilepesepro, 2022: 41). IlokpbiTHE HAHOCUTCS
METOJIOM MHKpoayroBoro okxcuaupoBanus (MJO), KoTopslii mMo3BOJISIET (QOPMHPOBATH
HaHOCTPYKTYPUPOBAHHBIE KEPAMUKOTIOAOOHBIE CJIOM Ha TMOBEPXHOCTH ATIOMHUHUS, MarHwus,
TUTaHa, IUPKOHUS U APYTUX METAUIOB. B 3aBHCUMOCTH OT ycloBUii 00pabOTKU MaTepuaia
MOXHO TOJy4aTh [IOBEPXHOCTH JeTajiedl pas3IMYHOrO0 Ha3HA4YEeHUSA: H3HOCOCTOMKMUE,
KOPPO3MOHHO-3aIUTHBIE, JJIEKTPOU3OIANNOHHBIC, TEIIOCTOMKNE WIM HMX COYETaHHS.
TexHomOTUsT MTPOU3BOACTBA CBEPXBBHICOKOMPOUHBIX MPYKHH  TMOBBIIMIAET MX HAJEKHOCTb,
JOJITOBEYHOCTD, PENAKCAIMOHHYI0 CTOMKOCTh MPYKUH MyTEM OINEpaluu ropsueil HaBUBKHU
NPYXUHBl TPH ONTUMAILHOM COYETAHMM KOHTPOJHUPYEMBIX MapaMETPOB: TEeMIIEpaTyphl
HarpeBa, CTENEeHH JaeQopMalluu MpPU HABUBKE, CXEMbl M PEXKHUMA OXJAXKICHHS — 3aKalKU
MOCJICIOBAaTEIPHO  KaXXJIOr0  BHUTKA HAaBUBAGMOW  TPYXKHUHBI  JIs1  (DOPMHUpPOBAHHS
HAaHOPa3MEPHOW CTPYKTYphl, O0OecHeurBaOIIeii BHICOKHE MPOYHOCTHBIE XapaKTEPUCTUKU
npyxuH (Puc. 1) ¢ yBeJIMUYEHHBIM CPOKOM CITyKOBI U YPOBHEM JOTYCTUMBIX HANPSIKCHUH,
UCKIIFOYEHUEM HUX OCaJKM U COYJapeHHs] BUTKOB, MOBBIIIEHHON pabOTOCIIOCOOHOCTHIO B
ycioBusx Hu3kux temnepatyp (Ilepeseptos, 2022: 41).
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JUI1 Ka4yecTBEHHOTO H3MEpeHUs (KOHTPOJS) XMMUYECKHX 3JIEMEHTOB B MeETaJUlax M
CIUIaBax IMpeJHa3HaueH creKTpoMeTp JsazepHblil mopratuBHb JIMC-01, obecneunBarommii
BBICOKYIO CKOPOCTb KOHTPOJISI KA4eCTBA XUMHUECKOr0 COCTaBa M T.JI.

Jis  KOHTpons TeMmIeparypbl Ipu 00paboTKe MaTepuasioB pa3paboTaHbl HOBBIE
OECKOHTaKTHbIE, OBICTPOAEHCTBYIOIIME (POTOTOHHO CEJIEKTHBHBIE BOJOKOHHO-ONTHYECKUE
natuuku- ycrpoictBa tuna UPT-1 (IlepeBeptoB, 2022: 41).

CBEPX" POYHbIEe NPYHWNHDBL TEXHONMONNA NPOM3BOACTEA

Nopavan HasnBkKa (MCNONBLIYETCA NPU COZAAHNM NPYRIUH ANA ANA X/ NOABMAHOIO COCTABA, C/X TeXHWKK 1 np.)

g -

.

@ INCKTPONOANPOBIHME

Puc. 1. AITopuTM TEXHOJIOTHH IPOU3BOJICTBA CBEPXIIPOUHBIX NPY>KUH A noaBmxHOoro cocrasa (I1C) u myreBbix
mammH (ITM) (IlepeBepros, 2022: 41).

3akiao4enue.

B xone mpoBeneHHOro ucciiefoBaHMs Oblla IOCTaBJI€HAa 1€b — aHAJIU3 U OLIEHKa
BO3MOXXHOCTEHl ~ NPUMEHEHHUS  TPaJWLMOHHBIX, AIJUTHBHBIX W  HAHOTEXHOJOTMH B
AKEJE3HOI0POXKHOM MarrmHocTpoeHun Ha nmpumepe OAO «PXX» ¢ 1ieapto NoBbIIICHHUS KaYeCTBa,
HAJEKHOCTH U JOJTOBEYHOCTH IOJBMKHOIO COCTaBa M ITyTEBBIX MalIWH. {1 nocTHKeHus
JAHHOW IEIU HCIOJIb30BAIMCh KOMIUIEKCHBIE METOIBl MCCIENOBAaHUA, BKIIOYas AaHAIU3
JUTEPATYpPhl U MATEHTHBIX UCTOYHUKOB, 0030p COBPEMEHHBIX MPOU3BOICTBEHHBIX TEXHOJIOTHU,
CUCTEMHBIH NOJIXOJ K OIIEHKE KayecTBa M HAJEKHOCTH W3JEIUl, a TaKkKe HU3yuYeHHe
BO3MO>KHOCTEM IPUMEHEHMSI CEHCOPHBIX CUCTEM M TEXHOJIOIMI KOHTPOJIS Ka4eCTBa.

Henn uccnemoBaHus peaan30BaHbl CIETYIOMUM 00pa3oM: MPOBEACH JCTANbHBIA aHAN3
TEXHOJIOTUYECKUX IpoLeccoB (OopMOOOpa30BaHUs 3aroTOBOK U JieTajled, BKIIIOYAIOIIUX
TPaJUIIMOHHBIE TEXHOJOTMH (IUThE, MeXaHWueckass o0paboTka, o0paboTka JaBICHHEM),
aJIUTHBHbIE TexHoJoruu (3D-mevarh, poOOTU3MPOBAHHBIE KOMIUIEKCHI) M HAHOTEXHOJIOTHU
(HaHOTIOPOIIIKH, HAHOTIOKPHITHS, MOAM(HUKAINS TOBEpXHOCTEH). MccaenoBaHbl MHTETPAlMOHHBIC
BO3MOYKHOCTH «yMHBIX IPOU3BOACTBEHHBIX CHCTEM», BKIIIOYAIOIUX THOKHE MPOU3BOJICTBEHHbBIE
MOJyJTH, WH(GOPMAIIMOHHO-YIPABJISIOMINE CHCTEMBI, CHCTEMBl MOHUTOPHHTA W JHATHOCTHKH.
Ocoboe BHHMMaHHE YJENEHO METoJaM KOHTpOJs KadecTBa IpH IPOMU3BOJCTBE JeTaylell ¢
npumeHerrneM AT u HT, BkiTto9ast MCTioyib30BaHIE POMBIIIIIICHHON KOMITBIOTEPHOI ToMOoTrpadun
JUI OLIEHKM BHYTPEHHEH CTPYKTYpbl M3AEIUl M oOecreueHHue TOUYHOCTU T'€OMETPHM JeTajei
mocye mocroopaboTKH.

B pesynbrare ucciiejoBaHus MOJIy4YEHbI CIEAYOINE KIYEBbIEC PE3YJIbTaThI:
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- IloBbimenne >(PQPEeKTUBHOCTH MNPOU3BOACTBEHHBIX mporeccoB. IlpumeHeHue
QJIUTHBHBIX TEXHOJIOTHMI TO3BOJIAET M3rOTABIMBATH JETAINM JIO00M CIOXKHOCTH 0e3
HEOOXOMMOCTH UCIOJIb30BaHUSI MACCUBHBIX 3ar0TOBOK, YTO YMEHbIIAET OTXO/bl IPOU3BOCTBA
U COKpaIllaeT 3aTpaThl Ha 00paboTKy MaTepHuaa.

- IloBblnieHME KadecTBa M HANCIKHOCTH AeTaneil. Mcmonp3oBaHME HaHOMATEpUAIOB U
HAHOIOKPBITUI 00ecreunBaeT yBEIMYEHUE MPOYHOCTHBIX XaPAKTEPHCTUK, M3HOCOCTOUKOCTH,
TEPMOCTOMKOCTH U KOPPO3MOHHOM YCTOWYMBOCTH JE€Tajeld, BKJIIOYas SJIEMEHThI TOPMO3HBIX
CUCTEM, TMOAIUMIHUKKA U TPYXKHUHBl IOJIBWKHOIO cocTaBa. JlonroBeuHocTh JeTaneit
YBEJIMUYUBAETCS B 2—5 pa3 10 CPAaBHEHUIO C TPAAULIMOHHBIMU TEXHOJIOTHSMH.

- MTerpanus ruOKUX U MHTEIUICKTYaIbHBIX CUCTEM yTpaBieHus. BHeqpeHue 1aT4MKoB U
CEHCOPHBIX CHCTEM II03BOJIIET KOHTPOJIMPOBATH MAapaMeTphl IIPOU3BOJACTBEHHBIX NPOLIECCOB B
pearbHOM BpeMEHH, 0OecIieurBasi COOTBETCTBUE CTAaHAApPTaM KauecTBa M CHIDKEHHE MPOLIEHTa
Opaka.

- DxoHomuueckuil 3¢ ¢ext. [IpumeHeHne TexHoIOruii HaHOCTPYKTypHupoBanusi u PBC-
TEXHOJIOTUI MO3BOJSET COKPATUTh 3aTpaTbl Ha PEMOHT M JKCIUIyaTallUio 00O0pyJOBaHUS,
YBEJIMUYUTh MEXKPEMOHTHBIN NIEPHOJ, CHU3UTh PacXo JIEKTPOIHEpruu U Tomausa Ha 10—15 %.

Br1BOZBI HCCEN0OBaHUS OATBEPKAAIOT BBIABUHYTOE aBTOPOM YTBEPKACHHUE O TOM, YTO
UHTETpalys TPaAMLMOHHBIX, AaJAUTUBHBIX M HAHOTEXHOJOTMH B  JKEJIE3HOAOPONKHOE
MalIMHOCTPOEHHUE CYIECTBCHHO MOBBIIAET KAYECTBO U HAJEKHOCTh IPOU3BOAUMBIX U3JCIINH, a
TaK)K€ OTKPBIBAET HOBBIE BO3MOYKHOCTHU MJI1 ONTHUMHU3ALMU TPOU3BOACTBEHHBIX IIPOLECCOB.
Jloka3aHo, 4YTO UCHONb30BaHUE HAHOMATEPHUATIOB U THUOKUX TEXHOJOTHYECKUX CHUCTEM
o0OecrieuMBaeT yYHUKaJbHbIE CBOMCTBA  M3JEIMHA, KOTOpPHIE HEBO3MOXXHO  MOJYYHTh
TPaZIULUOHHBIMU METOJAMH, U 3HAYUTENIBHO PACIIUPSET MOTEHUUAI IUArHOCTUKA U KOHTPOJIA
[1apaMeTPOB U3CIIHMN.

[TepcniekTUBBI JanbHEHIIICH paOOThI BKIFOYAIOT:

- Buenpenue texnonoruit AT u HT B cepuiiHOe MpOM3BOACTBO AETajl€il MOABMKHOIO
cocTaBa M IYTEBBIX MaIlMH, BKJIKOYasg KOMIUIEKCHOE HcHosb3oBaHue 3D-nedarn,
POOGOTU3NPOBAHHBIX MOJTYJICH U CEHCOPHBIX CUCTEM KOHTPOJISl KauecTBa.

- Pa3paGoTka HOBBIX KOHCTPYKTMBHBIX pELIEHHH M WHHOBAllMOHHBIX MaTEpUAJIOB,
BKJIIOUAsE HAHOKOMIIO3UTBI W HAHONOKPBITHS, MM YJIy4II€HHS M3HOCOCTOMKOCTH U
JIOJITOBEYHOCTH AETAJICH NPHU Pa3INYHbIX JKCILTyaTallMOHHBIX HAarpy3Kax.

- IlpumeHeHne MeETOAOB KOMIIBIOTEPHOIO MOJEIMPOBAHUSA MW  HCKYCCTBEHHOI'O
MHTEJIJIEKTA JJIs1 ONITUMU3ALIUN TEXHOJIOTMYECKUX MPOLIECCOB, IPOTHO3UPOBAHUS U3HOCA JIeTallel
U MOBBILIEHUS TOYHOCTH (HOpMOOOpa30BaHMUS.

- Pacumpenue npumenenust PBC-texHonoruii 1 HaHOCTPYKTYpUPOBAHHBIX MaTepUalioB
JUIs TIPOIJIEHHsI pecypca 000pyAOBaHMs, IOBBIIIEHUS O€30MaCHOCTM M 3KOHOMHYECKOM
3P PEKTUBHOCTH HKCILUTyaTalUH JKEJIE3HOT0OPOKHOTO TPAHCIIOPTA.

[TpakTyeckoe 3HAa4YEHHE MWCCIENOBAHUSA 3aKJIOYAeTCs B TOM, 4YTO IIOJy4YEHHBIE
pe3ybTaThl MOTYT ObITh BHEJIPEHBI HA MPEAIPUATHUAX KEJIE3HOAOPOKHOTO MAILIMHOCTPOEHUS JUIsI
MOBBILICHNSI HA/IEKHOCTHU U IOJITOBEYHOCTH ITOABM)KHOTO COCTABa, CHUKEHUS DKCIUTYaTal[MOHHBIX
pacxoll0OB W TIOBBIICHHS KadecTBa OOCITY>KMBAaHHS MACCAXUPOB M TPy30B. PaspaboraHHbIE
aJITOPUTMBI IPOU3BOJCTBA CBEPXBBICOKONPOUYHBIX NPY>KUH, METObI HAHECEHUSI HAHOIIOKPBITHH 1
NpPUMEHEHHsST HAHOMATEepHaJoB  O0ECIEYMBAIOT  BO3MOXKHOCTb  CO3JAHHA  TPOJYKIIHH,
KOHKYPEHTOCIIOCOOHOH 10 KayecTBY € 3apyOeKHBIMHU aHAJIOTaMH, YTO CIIOCOOCTBYET Pa3BUTHUIO
MMIIOPTO3aMEIIEHNS 1 THHOBALIMOHHOW MOJIEPHU3AIIUHN OTPACIIH.

Takum oOpa3oMm, NPOBEIEHHOE HCCIEJOBAHUE MOJATBEPXKAAET aKTYyaJbHOCTb U
IPAKTUYECKYI0 3HAaYUMOCTh MHTETpalMM TPAJULUOHHBIX, aJJUTUBHBIX M HAHOTEXHOJIOTUH B
KEJIE3HOJOPOKHOE  MAIIMHOCTPOEHHUE,  JEMOHCTPUPYET  BO3MOKHOCTH  IIOBBIILIECHUS
3G GEKTUBHOCTH MPOU3BOACTBEHHBIX IMPOLECCOB U YIYUIICHHS KauYECTBEHHBIX XapaKTEPHCTUK
U3JENUNA, a TaKKe OTKPBIBACT IEPCHEKTUBBl MAANBHEHIIMX MCCICAOBAHUA W BHEAPEHUs
WHHOBAIIMOHHBIX pelIeHU B mpoMbluieHHON mpakTuke OAO «PXK/]».
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