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METO/I EJJEKTPOKOHCOJIJIALII (EJEKTPOCHIKAHHS) SIK
BUCOKOE®EKTUBHUI METO/I JIJIsI KOMIIAKTYBAHHS HAHOIIOPOIIIKIB 3
METOIO OTPUMAHHSA KOMIIO3UTHUX MATEPIAJIIB IHCTPYMEHTAJIBHOI'O
TA KOHCTPYKIIMHOI'O ITIPU3HAUYEHHSI

J-p Ttexn. Hayk E.C. I'eBopksH, kaHa. TexH. Hayk B.O. Unmkasua, acn. M.B. Kuciamus

METO/ 3JIEKTPOKOHCOJIMAALIUU (QJEKTPOCIHEKAHUS) KAK
BBICOKO?®®EKTUBHBIA METO/ JJI1 KOMIIAKTUPOBAHMUS
HAHOITIOPOHIKOB C HEJBIO ITIOJYYEHHUA KOMIIO3UIITUMOHHBIX MATEPHUAJIOB
NHCTPYMEHTAJIBHOI'O U KOHCTPYKIIMOHHOI'O HASHAYEHUA

J-p Texn. Hayk J.C. 'eBopksiH, kaH[. TexH. HayK B.A. Unmkana, acn. M.B. Kuciiuna

ELECTROCONSOLIDATION METHOD (ELECTRIC SINTERING) AS A HIGHLY
EFFICIENT METHOD FOR THE COMPACTION OF NANOPOWDERS TO OBTAIN
COMPOSITE MATERIALS FOR INSTRUMENTAL AND STRUCTURAL PURPOSE

Dr. of techn. sciences E.S. Gevorkyan, Ph.D. V.Ah&hkala, graduate st-t M.V. Kyslytsia

Haoaemvca onuc cnocoby ompumanusi AKICHO HOBUX KOMNO3UMHUX —Mamepianie
IHCMPYMEHMANbHO20 MAa KOHCMPYKYIUHO20 NPUSHAYEHHS HA OCHOBI HAHONOPOWIKIE OKCUOY
anominito. HasoOdsmbca npuxkiaou cmeopeHux HAHOKOMHO3UMHUX Mamepianie, apMOSaHux
gonokHamu (kapbOioy kpemHuito). Onucylomvcs nepeeacu 3acmocy8anHs eleKMPOCNIKAHHS 5K
Memoody 0Nl Cepilino20 U20MO8GIeHHs 8UpoDI& 3 HAHONOPOWIKIG. [laembcs nosacHeHHs OeaKux
ocobnusocmelti npoyecy ix cnikamuHsi.

Knrouoei cnosa. manonopowiku, cyxe KOMNAKMYBAHHS, €l1eKMPOCNIKAHHSA, HAHOKEPAMIKU,
PO3n00JiNn winbHocmi, epagimosa gopma.

Ilpusooumcsa onucanue cnocoda NONYYEHUS KAYECMBEHHO HOBbIX  KOMHO3UYUOHHBIX
Mamepuanos UHCMPYMEHMAIbHO20 U KOHCMPYKYUOHHO20 HA3HAYEHUSl HA OCHO8E HAHONOPOUIKO8
oxcuda anomunus. Ilpueoodsmcsa npumepvl CO30AHHLIX HAHOKOMNOZUMHLIX ~MAMEPUANO8,
apmuposannvix 8onokHamu (kapouda xpemuus). ORUCHIBAIOMC NPEUMYUECMEA NPUMEHEHUs
INEeKMPOCNEKAHUS 8 Kayecmee Memooa 05l CEPULHO20 U320MOGNeHUs U30eNULl U3 HAHONOPOUKOE.
Jlaemcs obvacHenue HeKOmMopvIX 0COOeHHOCmel NPoYeccd ux CNeKaHus.
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Kniouesvie cnosa. HAHONOpOWIKU, CYX0e  KOMNAKMUPOBAHUE,
HAHOKepaMUKU, pacnpeoeierue niomHocmu, epagumosas popma.

JJIEKMpOoCcnexKarue,

This paper describes a method for producing a dai@ely new composite materials for
instrumental and construction purposes based omalum oxide nanopowders. The advantages of
the use of ultrafine (nano) powders. Examples egtatanocomposite materials which contain
reinforcing elements in the form of fibers (silicorarbide). The advantages of using
electroconsolidation direct passing current in tiheanufacture of ceramics for cutting and
structural elements. The feasibility of using eleobnsolidation by direct current passing, relying
on its distinctive features. We describe the massster processes, kinetics of growth since
consolidation and direct current is passed throtlyé compactability bulk. The advantages of hot-
pressing by passing direct current compared with camventional compression: decrease the
sintering temperature, the density increase ofafG0% of the theoretical and the other. Presents
the pictures derived nanocomposite structure coimagi reinforcing elements — fibers. An
explanation of some of the features of the singepirocess.

Keywords: nanopowders, dry compaction, electric sinteringanoceramics, density
distribution, the graphite form.

Beryn. TexHomoriss CTBOPEHHS HOBHUX
KepaMiYHMX MaTepiajliB 1 HaHOKEepaMiKu
BKJIIOYA€ PO3POOKY BHCOKOSIKICHUX TOPOILKIB,
B TOMY YHCII YIbTPa- 1 HAHOAUCTICPCHUX, JIJIS

BUPOOHUIITBA  OKHCHOI 1 0e3KUCHEBOI
KepaMiKH 31 CTa0lIbHUM XIMIYHHM, (a30BUM 1
TPaHyJIOMETPUYHUM  CKJIQJOM,  PO3POOKY
HOBUX BH/IIB apMYIOUHX €JIEMCHTIB
(HuTKOIOMIOHUX KPUCTAJIIB, BOJIOKOH,
Mikpocdep, JUCTIEPCHUX YaCTHUHOK);

BUCOKOMIITHMX TEPMOCTIHKUX KOMIO3UTHUX
MarepiaiiB, B TOMY YHMCJII HAHOKEPAMIYHHX, Ha
OCHOBI  TYrOIUIaBKHX  CIIOJYK  HITPHUJIIB,
KapOiiB, OKCHIIB 1 BHCOKOMPOIYKTUBHHUX
€KOJIOTIYHO YHCTUX TEXHOJOTI OTpUMaHHs
BUpPOOIB, HAyYKOBUX OCHOB IIPOCKTYBaHHS
CIIEiaIi30BaHOT0 TEXHOJOTIYHOro 00JIa HaH-
HS 3 aBTOMaTU30BaHOIO CCTEMOIO YIIPaBIIiHHS
1 KOHTPOJIO SIKOCTI KepaMIYHMX MartepialiB i
BHPOOIB 1 oro BupoOHHUIITBA. HOB1 KepamivHi
Mmarepiaid, B TOMY 4YHCIi HaHOKepaMmika i
HAaHOKOMIIO3UTH, MAIOTh YHIKaJbHI BIACTHBO-
CTi 1 eKCIUTyaTaliifHi XapaKTePUCTHKH.

AHaJi3 oCTaHHIX JocaigkeHbL 1
nyoJaikaniii. IlpoBigni 3apyOikHi  GipMu
MPOTSTOM OCTAaHHIX POKIB MPOBOASTH BEIIHKI
HAJIKP 3 po3poOieHHss 1 BUKOPUCTAHHS
MEPCIEKTUBHUX KEpaMIYHUX MarepiaiaiB B
aBTOMOO1IBHIN, aBlariiyii, XIMIYHIHA,
€JICKTPOHHIM, METATYypTiiHIN MPOMHCIOBOCTI,

MenuuuHi. barato poOiT BeneTbcs B pamKax
HalllOHATBHUX 1 MDKHApOJHUX  IPOTpaM,
3HayHa  YaCcTHMHA  SKUX  (iHAHCYETbCA
BignoBigaumu aepskaBamu (Atrap B CIIIA,
"Micsune cBiTno" B Smnownii, "EBpuka’ B
€spori). Bxxe 1o 1995 poky npoBiani ¢ipmu
CIIA, Smownii, HiMmeuunuy BUHINIIN HA SIKICHO
HOBUM pIBEHb TOTOBHOCTI JO IIHPOKOTO
BIIPOBA/KECHHSI KEPaMIYHUX JeTalell B cepiiiHi
JBATYHHM 1  oprasizamii iX  MacoBOro
BupoOHunTBa. Skmo mo 2000 poxy B CIIA
BUKOPHUCTOBYBaJM 165 MiTbHOHIB KEpaMidHHUX
neraneit Ay aBToMoOimiB Ha cymy 1 Minbsipn
nonapis, g0 2020 poky 1e  umCIO
nporHo3yeThes A0 800 MinbiioHIB neTanel Ha
cymy 12,5 minmesapaiB monapiB. OCHOBHHMH
HanpsIMKaMd po3po0OK € XIMIYHMHA CHHTE3
BHUCOKOYHCTOI CHPOBHHH, B TOMY YHCII
yabTpa- 1  HAHOAWUCHEPCHUX  IOPOIIKIB

OKCHIIB, KapOiiB, HITPUIIB, a TaKOX
apMYIOUYUX €JIEMEHTIB — BOJIOKOH,
HUTKOITO10HUX KpHUCTAIB, e(heKTUBHI

TEXHOJIOTIi ()OpMyBaHHS, CIIIKaHHS, 3'€THAHHS
1 MexaH19YHO1 0OpOOKH BHPOOIB.

BusHaueHHS MeTH Ta 3a4a4i JOCJia-
JKeHH. 3 Oy Ha MEepPCHeKTUBHICTh
CTBOPEHHSI BHPOOIB 3 HAHOKOMIIO3UTHHUX
MarepiaiaiB, HaMH TPOBOJATHCS JOCIIHKCHHS
3 OAep)KaHHS BHUPOOIB HAa OCHOBI pI3HUX
HaHOIOPOIIKIB OKCHUIIy aJTIOMIHIIO, OKCHIY
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IUPKOHIIO, Kapbinmy Bonbppamy, KapOidy
KpeMHito. Ha >xanb, B 1aHMl Yac MOKU HEMae
BITYM3HIHOTO CEpIHHOr0 BUPOOHWKA MOI0-
HOTO POJy CYOMIKpPOHHHUX 1 HAHOMOPOIIKIB.
Hamu Oynmu mpoBeneHi  JOCHIDKEHHS 3
rapsdoro MpPECyBaHHS METOJIOM TIPSMOTO
MPOIMYCKAaHHS CTPYMY IOPOIIKIB BiJ] Pi3HUX
BUpoOHUKiB [1, ¢.162].TIpoBeacHi mociimKeH-
HSl JI03BOJIMJIM OTPUMATH MaTepialnyd 3 HOBUM
piBHEM (i3UKOMEXaHIYHUX BIACTHBOCTEH, IpH
IbOMY 3HM3UTH TEMIIEpaTypy CIIKaHHS 1 4ac
BUTPUMKH, W0 J03BOJIIE i1HTEHCHU(DIKyBaTH
mpolec OTPUMaHHS MarepiajiiB 3a paxyHOK
MIBUJKOCTI MiAHOMY TeMmeparypH, camoi
TEeMIIepaTypH CIIiKaHHs 1 yacy BUTpUMKH. [Ipu
IIbOMY TIPUTHIYYETHCS PICT 3€pHA, IO B

KIHLIEBOMY pe3yabTari CIPUATIINBO
MMO3HAYAETHCS Ha (hi3uKO-MeXaHIYHUX
XapaKTEepUCTHKaX OTPUMAHMX  MaTepialiB.

YucieHHUMH  JTOCHIDKEHHSIMH BCTAaHOBJICHO,
III0 HAaHOCTPYKTYpPHA K€paMika Ma€ YHIKaJIbHI
BJIACTUBOCTI 1 eKCIUTyaTarinHi
XapaKTepUCTHKH  BHACHIIOK  (HOpMyBaHHS
MPUHITAIIOBO 1HIIOI CTPYKTYpPHOI iepapxii B
MOPiBHSAHHI 3 KPYITHOKPUCTATIYHUMHU
ananoramu [2,c. 41; 3,c. 4]. Hanomerposi i
CYOMIKpOHHI pO3MipH CTPYKTYPHUX €JIEMEHTIB
(3epeH, arperartiB) 0OyMOBIIIOIOTH IiJIBHUIICHY
TPIILIMHOCTINKICTD (ynapny B'SI3KICTB),
MIIHICT 1 TBEPAICTh KEPaMiKH, KOMIO3HUTIB 1
MOTEHIIITHO J03BOJIAIOTH JOCATTH MapaMeTpiB

"kepamiyHoi cram”. VY  ¢yHKIIOHATBHOT
HAaHOKEPAMIiKU (' e30-, CETHETO-,
JETeKTPUIHOT, HaJIIPOBITHOT 1 iH.)

MOJIMNIIYIOThCA €JIeKTPO(di3HyUHi, MarHiTHI Ta
1HIT BJIACTHUBOCTI. Y 3B'A3KY 3 IIUM JOCHTh
aKTyaJbHOIO € 3ajaya pO3poOKH
KOHKYPEHTOCTIPOMOXXHHUX TEXHOJIOTIN
BUTOTOBJICHHS BUPOOIB PI3HOTO MpPU3HAYCHHS
3 HaHOCTPYKTYPHOT KEepaMiKH.
HaiiBaxxuBimoro CTaIIcIo TEXHOJIOT1T
BUTOTOBJICHHS HaHOKepaMiku € (HhopMyBaHHS
SKICHUX TIpecyBaHb (KOMIIAKTiB) 3aJaHol
dopMu 3 KepaMiYHMX  HAHOIOPOIIKIB.
Hanomopomiku KepaMmidyHMX CKJIaaiB (4acTo
IyX€ CKJIAQIHHX) MarTh MeETacTaOlIbHUN
CTPYKTYpHO-(ha30BHI CTaH, PO3BHHYTY
MUTOMY MOBEPXHIO 1 BHACIIZOK LOTO BUCOKY

MOBEPXHEBY AKTHUBHICTb, CXWIBHICTh 1O
arjoMepyBaHHs.  MeTOIl  KOMITaKTyBaHHS
HAHOIOPOIIKIB €JIEKTPOCIIKaHHAM 3a0e31euye
PIBHOMIpHMA  PO3MOAUT  WIUTBHOCTI B
MPECyBaHHAX CKJIaTHOT bopmu 0e3
3aCTOCYBaHHsI OyIb-SKUX IUIacTH(IKATOPIB,
SKi € TOTCHLIWHUMHU JDKEpellaMu JIOMIIIOK 1
JOIaTKOBOI  TIOPUCTOCTI B BHpoOax, AKi
CIIKAIOThCS. Y TPECYBaHHSAX MIiHIMI3yIOThCS
BHYTpPIIIHI ~ HAmpyra 1 MakponedexTu
(po3urapyBaHHsl, TPILIMHY 1 T.II.), THM CaMHM
BUKITIOYAIOTHCS 3apOJIKM BUHUKHEHHS TaKUX
Makpoae]eKTiB 1 MpH CHiKaHHI MpecyBaHb
HaHOKOMITO3HTIiB. ExoHOMIYHA e(eKTUBHICTH
pe3yNbTaTiB JOCTIIKEeHb noJisirae B
MIJIBUIIECHHI SKOCTI Ta eKCIUTyaTallliHUX
XapaKTepUCTHK BUPOOIB  (IUIACTUYHOCTI 1
TBEPJOCTI Pa3oM 3 MIIHICTIO, 3HOCOCTIHKOCTI,
PIBHOMIPHOCT] INIJIBHOCTI, €IEKTPO(I3UIHUX
BJIACTUBOCTEH 1 T. I1.) BHACTIIOK (hOopMyBaHHS
HAaHOCTPYKTYpU B  CI€YEHI  Kepawmili,
BHUKJIIOYEHHS TUIaCTU(]IKATOPIB B TEXHOJIOTI, B
MMBUIIEHH] E€KOHOMIYHOCTI TEXHOJIOTTYHOTI'O
MpoIIeCy 3a paXyHOK 3aCTOCYBaHHS CEPIHHOTO
oOJafHaHHS, CKOpPOYEHHS 4YHCIa OTepalliu,
eHepro- 1 TPYIOMICTKOCTI MPOIIECY.
3acTocyBaHHS METOJYy OTpPUMaHHS BUPOOIB 3
YIBTPAIUCIIEPCHUX TOPOIIKIB 3  PO3MIpPOM
3epHa 0,1-0,2 MKM mpsSIMHUM TpONYCKaHHAM
CTPYMYy JIO3BOJIIE OTPUMAaTH BHUCOKOMIUTHHI
Marepiaiy, siK 3 eJIeKTPONPOBIIHUX MOPOILIKIB,
TaK 13 JICJICKTPUIHHX.

OcHoBHa yacTHHA AoCaiTKeHHA. bynu
IpOBEICH1 eKCTICpUMEHTH OTpUMaHHS
IHCTpYMEHTAJIBHUX PDKYYMX IUIACTHH Ha
ocuoBi ZrO2-SiC  @osnokHa) (pUCYHOK).
CrikanHst poBoaWIM B TpadiToBUX (opmax
mpu Temmneparypi 1600T 1 tucky 30 MIla.
Becw mpouec narpiBy 3aiimae 8-10 xB, ToOTO
MIBUJIKICTh TIAHOMY TEMIIEpaTypu CTaHOBHJIA
150-200€C/xB. TBepaicTh OTpHUMaHHUX 3pa3KiB
HRA 91-94, rpimmHoctiiikicth K= 8-
10 MHa-Mllz, 10 TOBOPUTH IPO T€, 110 JTaHHUI
MaTepiall He TOCTYNAEThCsS HAMOLIBII MOITy-
JSpHIA 1HCTpYMeHTanbHIM kKepamini BOK 71
(7% ALOs; 21% TIC;, 9% ZrQ), sxa
OTPUMYETHCSI 3BHUAHUM CIIOCOOOM Trapsaoro
NpeCyBaHHs IHAYKIIHHIM HarpiBaHHSM.
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10pm NSC_KTIP
SEM WD 10mm

CtpyKTypa Kepamiku, OTpPUMAHOI eJIEKTPOKOHCOJIIIaIli€F0 HAHOTIOPOIIIKiB
npu temmeparypi 1600T i Tucky 30 MIla

Bynu mpoBeneHi NOCTIKEHHS PLKYYUX
BJIACTUBOCTEH ITMX MarepiaiiB mpu 0O0poOII
crani Y8 3 tBepaictio HRC 54-56. 5k Bigomo,
OIIHICIO 3 oco0MBOCTER CHIKaHHA
TYTOIJIABKUX CIIOJNIYK € HH3bKa audysiiiHa
PYXJIUBICTh, $IKa YCKIQJHIOE JIOCSTHEHHSI
HEOOXITHOI Al 1HCTPYMEHTAIbHOI KepaMiku
HYJI60BO1 TopuctocTi [4, ¢.34]. 3a3Buuaii s
aKTHBAlii CIIKaHHS TYTOIUIABKUX  CIIOJIYK
BUKOPHUCTOBYIOTh PIi3HI aKTUBAaTOpH. Y pasi
XIMIYHOTO ~AKTUBYBAaHHS BBOJATBHCS  pi3HI
00aBKH, SKI CTBOPIOIOTH piaky dazy. Llew
Ipolrec Mae psJ OCOOMMBOCTEH 1 HE 3aBXKIu
OLIBHUN npu BUT'OTOBJICHHI
IHCTpYMEHTANIbHOI KEpaMiKU Yy 3B'SI3KY 3 THM,
mo pigka ¢asza 3HWKYE TBEpPAICTh 1
3HOCOCTIMKICTh ~ MaTepiany. 3acTOCyBaHHS
rapsdoro IMpecyBaHHS TMpH  OTPUMaHHI
OKCHJIHOI  KepaMiKu  J03BOJISIE  3HM3HUTHU
TEeMIIepaTypy CIKaHHS 1 OTpUMaTH MaTepiai 3
[IUTBHICTIO,  OJIM3BKOI0 10  TEOPETUYHOI.
Hampukinan, 3 ramHO3eMy pi3HUX Mapok 0e3
nobaBok 1 3 mobaskoro 0,2-0,4 % MgOmnpu
tucky 50MIla 1 Ttemmeparypax 1700T
MOXYTh OYTH OTpUMaHi 3pa3KH 3 IIIIbHICTIO
98,5-99,5 % [7¢. 52-67]. Ilpu 3BHUaHOMY
CHiKaHHI Taka WIUIBHICTE BUXOAUTH IPHU
temmeparypi  1800-1900C. V mnHamomy x

BUMAJKY enekTpocmikanas ke npu 1400T
puxoauth 100 %a NiyIbHICTG.

BucHoBKH 3 gocCaigxkeHHs] i mepcnek-
THBH, TOJAJBIIMA PO3BUTOK Yy [TaHOMY
HANPAMKY. Bimomo, 10 CHiKaHHS OKCHUAY
QITIOMIHIIO BIJOYBA€THCS IMiJI BIUTMBOM TaKWUX
MEXaHI3MIB MacoONepeHoCy: B'SI3KO1  Tewil,
miacTuyHoi  gedopmariii, BUIIAPOBYBaHHS-
KOHJIeHcallii, 00'eMHOI, 3€pPHOTPAaHUYHOI 1
noBepxHeBo1 audys3ii [5, ¢c. 56]. [Ipu rapsaomy
npecyBaHHI OCHOBHUMH MeXaHi3MaMu
VIIUTbHEHHSI KepaMiKyd Ha KIHIIEBOMY €Talll €
wiactuuHa gedopmanis 1 audysia. Y pasi

CIIEKTPOCITIKAHHS (emexTpOoKOHCOT ALTiT)
HaHOITOPOIIIKIB e pouec JIe110
Binpi3HA€eThCA.  I[UTBHICTE  €MEKTPUYHOTO

cTpyMy Oinbplie B paifoHi Benukux mop. Lle
CTBOPIOE  TpaJleHT  TeMmIepaTypd, IO
OPU3BOOUTH 1O  YTBOPEHHS  TpajlieHTa
BakaHCii. TaM, J1e BENUKI MOPH, BIIMOBIIHO 1
Oinpiie BakaHciid. Bakancii y cBowo uepry
TU(YHIYIOTH Bl BEIUKUX TOP y O1K MEHIIIHX,
10 MPU3BOJUTH JI0 CKOPOUEHHS BEITUKUX TIOP.
Januii mpouec MOPOTWICKHUN  BUIAIKY
3BHYAIHOTO CIIIKaHHSA, KOJIM BEJIHKI TOpHU
pOCTYThH 3a paxyHOK MaJIeHbKHUX.
HailiBaxuBimuM mapamMeTpoMm, IO BIUIUBAE
JIO TIEBHOT MEX1 Ha MPOLEC CIIKaHHS OKCHUIY
aJIIOMiHIIO, € Temmeparypa. EjxexTpocnikaHHs
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JI03BOJISIE OTPUMATH UIUTBHUN MaTtepial mpu OyXKe  CUJIBHO  BIUIMBAaE HA  MPOLECH
OLTBIII HU3BKUX TeMIlepaTypax, 11(0) MaconepeHocy TMpH  CIIKaHHI  TOPOIIKIB,
MEepEeIIKoHKae pocTy 3epHa [6, C.1]. 3a3Buuaii VIOBUIBHIOE  YCaJKy 1  TIEpEIIKOIKAE
poriec rapsiaoro pecyBaHHS (hopMyBaHHIO MIKYaCTKOBUX KOHTAakTiB. [Ipum
CYIPOBOKYETHCS JIBOMa nporecamMmu: MPOXO/UKCHHI  CTPyMy MDK  YaCTUHKaMHU
VIIUTbHEHHSIM 1 3pOCTaHHSAM 3epHa. THCK B MOPOIIKIB BHHHUKAIOTH EJIEKTPUYHI PO3PSIH,
IBOMY BUMIAJIKY crpusie 3HAYHOMY 11 TPU3BOJIUTH 10 OUMIIEHHS 1X TTOBEPXHI BiJl
MIPUCKOPEHHIO YCAJIKH, ajle MPaKTUYHO MaJio PI3HUX JOMIIIOK 1 YTBOPEHHS MIIHOTO 3B'SI3KY
BIUIMBA€ Ha KIHETHKY pocTy 3epHa. [lopomrku MK YacTHHKaMH MOpouikiB. Bucoka ymcrora
HEMETaTIYHUX TYTOIUIABKHX CIIOJIYK MaroTh MOPOIIKY, WOTO BY3bKHH TI'paHyJIOMETPUIHHN
JesiKI KPUCTAIOXIMIUHI 0co0MMBOCTI. Marouun CKJIaf iIBUIIYIOTh OJTHOPITHICTB
MEepeBaXHO  10HHUH  ab0  KOBaJCHTHUU MIKPOCTPYKTYpPH,  JTO3BOJISIIOTH  CITIKATHUCS
XIMIYHUH TUD 3B'3Ky, BOHH YTBOPIOIOTH MaTtepially 1 MiJBUIIEHHS  TeMIepaTypu
E€HEePreTUYHO MIITHI KPUCTAJIYHI CTPYKTYpH, MPU3BOJIUTE J0 KaTacTpOo(PidHOTO 3pOCTaHHS
10 BU3HAYAIOTh X BHCOKY TEILJIOBY CTIMKICTb, 3epHa. Takum YHHOM, npoBeieH1
TBEPICTh, MIIHICTh, MOAYJIb MPYKHOCTI, EKCIICPUMEHTH 3 OTPUMAaHHS 3HOCOCTIMKHX
HU3bKUI TEMIIEpPATypPHUN KoeilieHT pLKyYnX MarepiajiiB Ha OCHOBI HaHOITOPOIIKIB
posmupeHHs. L{g1 eHeprernyHa cTallIBHICTD OKCHJy aJIOMIHII0 1 IHUPKOHIIO JIO3BOJISIOTH
aTOMIB B KPHCTAIIYHUX PEIIiTKaX BU3HAYA€ 1X OTpUMAaTH I1HCTPYMEHTAIbHUM Marepian 3
HU3BKY nudy3iitHy pyxmuBicTh. L oOcTaBuHa BHCOKUMU PLKYyUYUMH BJIACTUBOCTSIMH.
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VJIK 656.025.2

OO0 BCTAHOBJIEHHS BIIVIMBY CTOXACTUYHUX KOJIUBAHb OB’'€MIB
IHEPEBE3EHD ITACA’KHUPIB HA OCHOBHI IIOKAZHUKH E®EKTUBHOCTI
OYHKINIOHYBAHHSA MICBKOI'O ABTOBYCHOI'O MAPHIPYTY

J-p Texn. nayk 10.0. laBiniu, acucr. O.€. doas

OB YCTAHOBJIEHWHU BJIUSAHUS CTOXACTUYECKUX KOJEBAHU OB BEMOB
INEPEBO3OK ITACCA’KHPOB HA OCHOBHBIE IOKA3ATEJIN DOPEKTUBHOCTHU
OYHKIIMOHUPOBAHUS I'OPOJCKOI'O ABTOBYCHOI'O MAPIIPYTA

J-p Ttexn. nayk FO.A. lauany4, accuct. E.E. Jloas

ABOUT SATTING OF THE INFLUENCE STOCHASTIC OSCILLATI ONS VOLUME
OFPASSENGER ON THE BASIC PARAMETERS EFFECIENCY OF FUNCTIONING OF
CITI BUS ROUTES

Doctor of Technical Sciences Y. Davidich, researdassistant O. Dolya

Y cmammi odocniosceno numanns wodo 6naugy cmoxacmuuHocmi 00’ €Mi6 nepegezeHb
nacax)cupie Ha MICbKUX MApupymax 3a2aibHO20 KOPUCMYBAHHA HA OCHOBHI NOKA3HUKU
epexmuernocmi  mapwpymy i3 3aKynigni aemooycig. BuxnadenHo npoeHo306aHi pesyrbmamu
¢dynkyionysanus mapwpymy 6 nepiodi uacy, wo 3a0e3neueHo CMEOPEeHHIM Bi0N0GIOHO20
NPOSPAMHO20 NPOOYKMY.

Knruoei cnoea: nacasicup, sipozionicms, sumpamu, 06’ eMu nepegeseHs.

B cmamve uccnedosan 6onpoc o0 6aUAHUU CMOXACMUYHOCMU 00BEMO8 NepeBo30K
nAaccax)cupo8 Ha 20pOOCKUX Mapuipymax ooue2o0 nolb308aHus HA OCHOGHble NoKa3amenu
mapwpyma no 3aKynke agmoo6ycos. M3n0ocenvl npocHozupyemvie pe3yibmamol QYHKYUOHUPOBAHUS
mapuipyma 8 nepuooe 8pemeHu, umo o0becneyeHo paspabomKol  COOMEEemCmayuie2o
NPOSPAMMHO20 NPOOYKMA.

Knroueswie cnosa: naccasicup, 6eposimHocms, pacxoowvl, 06vbembl nepeso3ox.
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