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MAHNIHHOBE/ITEHUE U MAIIIMHOCTPOEHHE

YIK 371.261:621.9.06+372.8

OYHKIIMOHAJIBHOE ITPOEKTHPOBAHHME
B METOJUKE NIO3HAHUSA JUCIIUTIJINHBI <METAJVIOPEXKYIIUE CTAHKHU»

Kano. mexu. nayx, npop. A.H. TOJTEMEHEBCKHH
(ITonouxuii zocyoapcmeennbtii ynugepcument)

Paccmampueaemcs ucnonvzoeanue yHKYUOHATLHOZO NPOEKMUPOBAHUSL 8 MEMOOUKe NO3HAHU UHICe-
HEPHOU OUCYUNIUHBL <MEeMALIOPeXNCyuue CIAaHKU», OCHOBAHHOU HA Napaouzme NO3HAaHUsl, 6asupyloweiics Ha 3a-
KOHe PA36emeaeHUs MEXAHUYECKOU IHEP2UL 8 KUHEMAMUYECKUX YeNnsxX U NPUHYUNE B03MOICHBIX nepemMeujeHul.
DYHKYUOHATIbHOE NPOEKMUPOBAHIE KAK CUHME3 KUHEMAMUYECKOU CIpPYKMYypbl Memaiiopexlcyueco Cmanka no 3d-
KOHY e20 (YHKYUOHUPOBAHUsL, 3a0a8AeMoMy Cnocobom gopmoobpazyioueli obpabomku. Umepayuonnovlii xa-
pakmep PYHKYUOHATLHO20 NPOEKMUPOSAHUSL, NOCLEO08AMENLHO NPUOTUNCAIOWUL OM IMANA K ANy, HA4UHas
C AHAU3A COOMBEMCMBYIOUie20 cnocoba popmoobpaszyoweil 0opabomxu, K peueHuro NoOCMasieHHol 3a0ayu.

Knrwouesvle cnosa. @ynkyuonanvrHoe npoekmuposanue, MemoouKa NO3HAHUA UHICEHEPHOU OUCYUNTUHBI
«uemanopexicyuue CmaHku», cnocob gopmoobpasyioweti 06pabomxu, KUHeMamuieckas Cmpykmypd, mansl
NPOEKMUPOBAHUSL.

BBenenue. CoBpeMCHHAsT YHUBEPCUTETCKAsE METOJUKA TPEHOJaBAHUS JUCIUILUIMHBI «METAILIOPCSIKYIITHE
CTaHKHM» OCHOBaHA Ha TapajuWrMe Mo3HaHWs, Oazupyromeics Ha (yHIAMEHTATbHBIX IMTOJIOKEHHSIX TEOpeTHde-
cKoit MexaHuku [1]: 3aK0He pa3BeTBICHHS MEXaHHIECKON DHEPTUH B KAHEMATHYECKHUX LEMSAX W MPUHITAIC BO3-
MOJKHBIX TIepEeMEIICHNAH, N3BECTHOM B KWHEMAaTHKe Kak nmpuHIuN Jamambepa. OTa METOIUKA BKIIOYAET JIOTH-
YECKH CBSI3aHHBIC YaCTH. OCHOBHI TEOPUH (pOpMO0OOpa30BaHUS PEATEHBIX IOBEPXHOCTEH B MAIIMHOCTPOCHHH,
MOHSATHE O crocode hopmoodpasyromieit 00padOTKH W TIOHATHE O KHHEMATHIEeCKOW CTPYKType, QyHKIMM U Ha-
CTpOIKE METAITOPEXKYIIUX CTaHKOB [2]. B yueOHOit nutepaType, B TOM Yncie B (GyHIAMEHTAIBHOM yueOHUKE
JUISL By30B II0 HANpaBJICHHIO MOArOTOBKH «KOHCTPYKTOPCKO-TEXHOJIOTHYECKOE O0eCHeyeHne MallMHOCTPOU-
TENILHBIX MPOU3BOACTBY [3], peKOMEHlyeMOM THUIIOBOU MPOrPaMMOi AUCIUTUTHHEI «MeTaopexyIue CTAaHKU,
OCHOBOIIOJIATAIOIIKE MTOHATHUS MapaUrMbl MO3HAHUS MPEICTABISIOTCS KaK YK€ M3BECTHBIC, TCXHHUCCKUE pellie-
Hus. Takoi 00e3TMYCHHBIH MTOAX0]] HE CTUMYJIUPYET TBOPYECKOE MBIIUICHUE NPU U3YUYCHUHM BUPTYaJIbHBIX TEX-
HHYECKHX pelIeHuil (cmocoboB Gopmoobpasyroieii 00paboTKM) U COOTBETCTBYIOLIMX UM PEalbHBIX TEXHHYE-
CKUX OOBEKTOB (KHHEMATHYECKOU CTPYKTYPhI METAIOPEKYIIMX CTAHKOB), SIBISIFOIIUXCS OOBEKTAMH HHTEIUIEK-
TyaJbHOM COOCTBEHHOCTH M 3aIIUIIaeMBIMU IATEHTaMH Ha n300pereHus. /laHHOE sIBIIEHUE, 110 CYIIECTBY, SBII-
€TCs MMPOTHBOPEYHEM MEXKIY COBPEMEHHOW MapaJurMOM MO3HAHUS U CJIOKUBIICHCS METOJMKOM MPErno aBaHus
JUICITUIUIMHB] «METAJTIOPEKYIIHE CTAHKU». DTO MPOTHBOPEUHE MOKHO YCTPAHUTH ITOCPEACTBOM BKIIOYCHUS (DYHK-
[OMOHAIBHOTO MTPOEKTHPOBAHUS B METOIUKY ITPETIOIaBAHUS TUCIIATUIHHEL.

OcHoBHas YacTh. OYHKIHOHATBHOE POCKTHPOBAHNUE — ATO CHHTE3 TEXHHIECKOTO 00BeKTa (CTPYKTYpHOM
CXEMbI METAJLIOPEKYIIETO CTAHKA) MO 33JaHHOMY (YHKIIMOHATIHHOMY HA3HAYCHHUIO WM 110 3aKOHY ero (yHK-
LMOHUPOBAHMS, 33aJaBacMOMy crocoboMm (opmoobpasyromieli 00paboTku. B y4eOHOM Tmporiecce MpearnoyuTH-
TEJILHO UCIIOJIb30BAaHHE 3aKOHA (PYHKIMOHMPOBAHHS PEaJbHOTO TEXHMYECKOTO0 00BEKTa, NOIy4aeMOoro Ha OCHO-
BC aHAIM3a BUPTYaIBHOTO TEXHUYECKOTO PEUICHUs — criocoba Gpopmoobpasyromeii oopadoTku. B atom ciyyae,
10 CYIIECTBY, HEMOCPEACTBCHHO HA JICKIIMH WM MPAKTUYECKOM 3aHSATHH MOXHO MPOCICAHUTH MyTh CO3JaHHUS
WIH «U300pETCHUSA» KHHEMATHYCCKON CTPYKTYPBI CTAHKA.

[Iporece GyHKIMOHATHHOTO TMPOEKTUPOBAHUS HOCHUT UTCPAIIMOHHBIN XapakTep, TO €CTh OT dTama K dTa-
1y, HAYMHAS C aHAJIM3a COOTBETCTBYIOMIET0 criocoba hopmoobpasyromieit 06paboTKH, MOCIEA0OBATEIBHO TIPH-
OmmKaeT K pemICHHIO MOCTaBICHHON 3amadn. MeTonnky (YHKIIMOHAJHHOTO NPOCKTHPOBAHUS PACCMOTPUM
Ha TpuMepe pa3paboTKH CTPYKTYpPHOH CXEMBI CTaHKa Uil 0OpabOTKH IUTMIICBBIX BAaJIOB W BaJ-IIECTEPEH Uep-
BAYHBIMH (hpe3aMu. XapaKTepUCTHUECKUN 00pa3 yepBsIHOW (Hpe3bl ecTh K-JIEMEHTHBIM KJIACC PaBHOMOIIHBIX
mHOxecTB {M,}, rie {M,} — MHOECTBO MaTepUAILHBIX TOYEK, 00PA3YIOIIUX BEPIIUHHYIO U OOKOBBIE PEIKYIIIHAE
KPOMKH KaxJ0ro 3y6a ¢pess [4].

Ha nepeom smane ananuupyrot crocod Gpopmoobpazyrorieii 00paboTKH, Mo IeKai pealn3alny B K1-
HEMAaTHYECKOW CTPYKType pa3padaThiBacMOro CTaHKa. BOKOBBIC MOBEPXHOCTU MPSMOOOYHBIX ILIHIICB OYCPUYCHBI
OTpe3KaMU TPSIMOiA, a OOKOBBIC IOBEPXHOCTH JBOJIBBEHTHBIX IIUIMICB — OTPE3KaMH JICBOM M MPaBOW IBOJIEBCHT.
JluHus psAMOOOYHBIX U 3BOJIEBEHTHBIX ILIUIICB MO JUIMHE MOXKET OBITh KaK MPSAMOW, TaK U BUHTOBOU.

2



IIPOMBILIJIEHHOCTA. [IPUKIIA/THBIE HAVKHU. Mawunosedenue u mauunocmpoenue M 11

YepssuHas (pe3a mpeactaBiseT coOOM COBOKYIMHOCTh MCXOJHBIX PEXYIIUX PEEK, PaCIONIOKCHHBIX
Ha [UIMHIPE ¥ CMEIIEHHBIX OJ{Ha OTHOCUTEIBHO JPYroi M0 BUHTOBOW JMHUH. PexyIuii KOHTYp 3yObeB, Kax-
JIbIiT 13 KOTOPBIX MMEET MPAaBYIO U JIEBYIO PSXKYIIHNE KPOMKH B BUJIC MAaTEPUATIbHBIX JIMHHUN, OYEPUYEH OTPE3KaMHU
OPSIMBIX [UTST IPSIMOGOYHOTO TIUTHIIA M OTPE3KaMHM JIEBOW M TIPaBOM 3BOJIBBEHT TS 3BOJBBEHTHOTO mutHia (3yba
KoJeca). Pasmepsl peyrinx 3yObeB 0OBIYHO COOTBETCTBYIOT pa3MepaM BIIaIMH MEKITY Hape3aeMbIMH MITAIIAMH
(3y0bsiMH), a WX TEOMETPHUYECKOE B3aUMHOE IMOJIOKEHHE OOYCIOBIEHO HEOOXOMMMOCTBIO BBITIOJHEHHUS IEIH-
TENBHOTO TMpOIecca MW OMPEAEIACTCS OKPYXKHBIM IIarOM HApe3aeMoro IDIUIEBOrO Baia (3y6uaroro koieca).
dopMma pexyiel KpOMKH 4epBIIHON ¢Gpe3sl U popma mpoduisd 3yda win NUIMIA Hape3aeMoro Baja pas3iinda-
10TCst MEKAy co00#. [ToaTromy npoduiu nuuies (3y0beB) MOKHO MOJYYHUTh TOJIBKO MTOCPEICTBOM O0KaTa.

BocnpousBosiias BUHTOBAs JIMHUSI 110 JUTHHE nuthia (3y0a) oOpasyeTcsi MOCPEACTBOM KacaHHsl, TaK Kak
obpa3yeMasi BUHTOBASI JIMHUS SIBISICTCS] KACATEIBHON K PSY JOMOJHUTENBHBIX OKPYXHOCTEH, CO3/1aBaeMbIX Bpa-
MIAOIMMHCS MaTEPHAILHBIMU TOYKAMH BOCIPOU3BOJSIIETO PEKYINEro KOHTYpa (XapaKTepHCTHYECKOTO 00pasa
uHcTpyMenTa). Takum o6pa3om, oOpasoBaHue OOKOBO MOBEPXHOCTH BUHTOBOTO HLTHIA (3y0a) JOIKHO OCYIIECT-
BJIATBCA coYeTaHneM obKkaTa (IpoQuib ML WK 3y0a) ¥ KacaHus (JIMHMS MUIMIA WIK 3y0a 110 IJIUHE).

Ha pucynke 1 mpuBeneHa cxema KJIACCHIECKOTO crioco6a oOpabOTKH MUIMIIEBBIX BaJOB W BAJI-IIECTEPEH
YepBIIHON Ppe30id.

3acomoska Dpesa

/ \ /
/

B,

Pucynok 1. —Cnocod ¢pe3epoBanus dyepBsiaHoii gpe3oi
IIJIMIEBBIX BAJIOB H BAJI-IIECTEPEH

Ilo xiraccy oOpa3oBaHuMS MOBEPXHOCTH YCTAHABIMBAEM KOJIMIECTBO IABIDKEHMH (popmoobpazoBanws. st Boc-
NPOM3BENIEHHs TPOQHI UTHIEB (3y0beB) 00KATOM (hpe3e M 3ar0TOBKE COOOMIAIOT (PYHKIIMOHAIBLHO CBS3aHHbIE
JBHYKEHHSI COOTBETCTBEHHO B 1 Bo, 00pasyromiue cioxHoe popmoodpasyroliee apmkenre Dy(B1Bs) CKOpoCTH pesa-
Hust. JIJst BOCTIPOM3BE/ICHUSI KACAHMEM BUHTOBO# JIMHHH M0 JUTMHE NUTHIEB (3yObeB) — (QYHKIIMOHAIIBHO CBSI3aHHbBIC
JIBHDKEHHSI COOTBETCTBEHHO /73 U1 By, 00Opasyroiiue cioxHoe hopmoobpasyroiiee nsmkenne Dyl13B,) mogauu.

Ipu dpesepoBanry NPSMBIX IIIMIEB U OPAMO3YOBIX KOJEC OTMAAaeT HEOOXOJUMOCTh B IIBHKCHUU Bjy.
B sTOM cityuae clioxHOe AByXdJieMeHTapHoe (hopmoobpasyioiee apmkenne @yI13B,) npeobpasyercs B IpOCToe
nsxeHne O115).

IIpu ¢pesepoBanum YepBSIYHBIMU (hpe3amMu MPOLECCHI JCICHHUS M BPE3aHUS OCYIIECTBISIOTCS MOMYTHO
B mporiecce hopmooOpazoBanus. CiaeqoBaTebHO, OCHOBHAS YaCTh CTPYKTYPHI CTaHKA JOJDKHA COCTOSITH TOJBKO
U3 CIOXKHBEIX (hopMoolOpasyromux rpymi Dy (B1By) u @(I1;B,) npu Gpe3epoBaHUU BUHTOBBIX HUIMIIEB (3yObEB)
WK U3 CJIOXHOM U IPOCTON GOPMOOOPa3yIOLIMX TPYIIT COOTBETCTBEHHO D\(B1B5) n @(I13) npu dppesepoBaHuu
HPAMBIX IUTHIEB (3yObEB).

Ha emopom smane ocymecTBISIIOT Tpadideckoe opopmiicHHe (PHCYHOK 2) MOABMKHBIX MCTIOTHUTENb-
HBIX OPraHOB CTPYKTYPHO#H CXeMbI CTaHKa. VICTIONHUTENbHBIN OopraH, Hecymmid (pesy, IpeAcTaBiIseT coOoM
mImuHAEAb 1, CMOHTHUPOBAHHBIA ¢ BO3MOXKHOCTBIO BpalllcHUS B; B KOPIyCe MHCTPYMEHTAJIBHOTO CYIIOPTA.
IMoctymarenbHoe nBMXKEeHUE [13 CYMIIOPTA MO HAMPABISIONIAM, MApaLICIbHO OCH [ICHTPOB CTaHKa, 00ecIcunBa-
€TCsl TATOBBIM BajioM 7B, BHITIOJHEHHBIM B BUE Mepeaud BUHT — raiika. MicnogHUTENbHbIN OopraH, Hecymui
3aroTOBKY, 3TO INIUHJEIb, CMOHTHPOBAHHBIA C BO3MOXHOCTBIO BpalieHus B, u B, B cTanuoHapHOM OJoKe 2,
Ha3bIBaeMOM 0a0KOU H3IeIInsl.

Ha mpemvem smane pemaroT BOIPOC O KOIWIECTBE MCTOYHUKOB MEXaHMYECKOW SHEPTUH, BBHITOIHIIOT
rpadudaeckoe opopMIICHHE CBA3EH MEXITy HCTOYHNKAMH MEXaHUIECKON YHEPTHH U UCIOTHUTEIHHBIMU OpTraHaMH,
yCTaHaBIMBAIOT OPraHbl HACTPOHKH IMapaMeTPOB UCIIOTHUTENBHBIX IBHKCHUH.

Ipu ¢pesepoBaHNM BUHTOBBIX IUIHIEB (3yObeB) HA IIMTHHIEIE 3aTOTOBKH HEOOXOIMMO CYMMHpPOBATH
3JIEMEHTapHbBIE NBIKEHUS B, U By, BXosmue B 00e GpopmooOpasyromue rpynmnsl. CYMMHUPOBAHHE 3TUX JBHKE-
HUHM Ha OJTHOM HCITOJTHUTEIHHOM OpPTaHe MOKHO KakK (QH3MYECcKH, Tak W anredpamdecku. [Ipn pusmueckom cio-
JKCHUU B KUHEMATHYCCKOW CTPYKTYpE CTaHKa HEOOXOIMMO HCIIOJB30BAaTh TUIAHCTAPHBIN CYMMHUPYIONIMNA MeXxa-
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Hu3M (muddepenman). Anredpandeckoe (0e3mubhepeHranbHOe) CIoKEHHE BO3MOXKHO MPH YCIOBUH, YTO CyM-
MHpYyEMbIC JBIKCHHS UMCIOT OJMHAKOBYIO CKOPOCTHYIO XapaKTEPHCTUKY, MPOMODKUTEIBHOCTh HX OJHMHAKOBA
U CO3JaI0TCS OHM OJHUM HCTOYHHKOM IBWKEHHUS. [BrokeHust B, U B, Ha3BaHHBIM YCJIOBHSM YIOBIETBOPSIOT.
B stoM cityyae ucnonHuTeNbHbIE ABMKEHHS D(B1B,) u D(I13B,) npeobpasyiorcs K Buny D(B1B, + By) u OI13).
Ipu 5TOM MeXIy KHHEMAaTHYECKHMMH IPyIIIaMy 0053aTeNIbHO TOJDKHA OBITh KHHEMaTHYeCKas CBA3b.

HInundens

3azomoexa

Pucynok 2. —HcnorHuTeIbHBIE OPraHbl CTPYKTYPHOIf cXeMBbI CTAHKA

Pazpabotaem Oe3mudhepeHIMaTbHYI0 KHHEMAaTHYSCKYIO CTPYKTYPY CTaHKa C OOIIUM 3JICKTPOABHUraTe-
neM 1711 00enx (GopmMooOpa3yroNIuX TPYIIIL.
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Pucynok 3. —Be3anddepennnanbHasi CTpyKTYpHasi cxeMa
HIMIe-3y00()pe3epHOro cTaHka

s Bocipou3sBeeHUs CI0kKHOTO hopmoobpasyrouiero asmxenust @ (B18, £ B,), BOCIPOU3BOAALIETO
obpasyrouryro — npod b HuHIeB (3yObeB), COCAUHUM LIMHHIETb 3aTOTOBKU CO MIMHHASTEM (pe3bl MOCPEencT-
BOM KHHeMaTHiyeckoi nenu 1 — 2 — 3 — 4, obecnieunBaronieil (yHKIMOHAIBHOE COTJIACOBAaHUE JABMKEHHS B
¢ anrebpamyeckoii cymmoit B, + B, nBuwkeHuit B, u B, DTa 1enb, Ha3biBaeMasi BHYTPEHHEW CBS3bIO, 00ccIeun-
BaeT MOTEHIMAIBEHYIO BOBMOXKHOCTh BOCIIPOM3BEICHHSI TPAEKTOPHHU CJI0)KHOTO HCHOJHUTEIBHOTO IBHXKCHHSI.
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Bo BHYTpEHHE#H CBA3U pa3MEIAl0T OPraH HACTPOUKH iy HA TPAEKTOPHUIO 3TOrO JABMKeHUs. st cOOOIeH s
JIBIDKCHUS MCTIOJHUTEILHBIM OpPTaHaM COCJMHUAM MCTOYHHK MEXaHUYECKOU dHEPTHUU — JICKTPOBUTaTeNb My —
C BHYTPEHHEH CBA3BIO MOCPEACTBOM BHEMIHEH CBsA3n 5 — 3. B 3Toif CBs3M pasMeniaoT opraH HaCTPOWKH iy
Ha CKOPOCTh BOCIIPOM3BECHMUS TPACKTOPHU UCIIOIHUTEIBHOTO JBIKeHuUs. KnHemaTnieckoe 3BeHO 3, BXOsliee
B 00€ CBS3H, MPUHATO HA3BIBATh 3BEHOM COCIMHEHHS CBs3eil. Ero pacmonoskeHre BO BHYTPEHHEH CBSA3H UMEET
NPUHITAITAAIFHOE 3HAYCHNE U 3aBHCUT OT PACUCTHOW IETH I OpTaHa HACTPOMKH iy. DIIeMEHTapHBIC ABHKE-
Hust By, By, Bs, 00pasyrolye clioxHoe aABmkeHue ookara @ (BB, + By), Bcerjaa 0IHOBPEMEHHBI M OMHAKOBBI
TI0 TIPOJIOIDKUTENEHOCTH. JTO TIO3BOJISIET OLIEHUBATH CKOPOCTH CJI0KHOTO HUCTIONTHUTEHFHOTO IBIKEHUS Yepe3 CKO-
POCTh OIHOTO W3 BXOJSIIMX B HETrO 3JEMCHTAPHBIX MBIKCHUN. OOBIYHO 3TO ABUKEHUE UCIIOJHUTEILHOTO OPraHa,
HUMEIOUIETO OOJBIIYI0 CKOPOCTH U MOTPEOIISIOIIETO OONBIIYI0 MOITHOCTE. B MPOCKTUPYEMOii CXeMe 3TO IIMKUHIEITb
¢pessl. CrieoBaTEeIbHO, 3BEHO COCTUHEHUS CBsi3eil 3 1enecoo0pasHo pacroiarath MEKIy IIMUHAEIeM (Qpes3s
¥ OPraHOM HACTPOMKHU Ha TPAEKTOPHIO iy.

CIpoeKTHPOBaHHAS! COBOKYITHOCTh MCIIOJTHUTEILHBIX OPTaHOB, HCTOYHUKA SHEPTHU JBMKCHUSI, BHYTPCH-
HEell U BHEILIHEH CBSA3EH MMEHYETCS KUHeMAmuuecKkol epynnoi ¢ Ha3BaHUEM, COOTBETCTBYIOUINM HA3BaHUIO IBU-
JKCHHUS, KOTOPOE OHA BOCTIPOM3BOAUT. [IpryueM BHYTPEHHSS CBsI3b STOW TPYIIBI MPH (yHKIMOHUPOBAHUHM UMHU-
THUPYET YepBsUHyI0 nepenady. CKOpocTh 3TOM umuTanuu (TeMI BOCHPOU3BEAeHHs 00pa3yroieii oopabaTriBae-
MOH TTOBEPXHOCTH) 3aBHCHUT TOJBKO OT CKOPOCTH 3BEHA COEJAMHEHUsI CBsA3Ei 3, SIBIISIOMIETOCS KOHEUYHBIM 3BEHOM
BHEIITHEH CBS3M. DTO MPAaBHJIO XapaKTEPHO JJIS JIFOOOH CIIOKHOU (hopMOOOpas3yroNIeH TPyIIbl, UMHTUPYIOIICH
Mo0YyIo mepeaady, HanmpuMep, 3y09aTyro Win 3y04aTo-peedaHyto.

[MoctymatenpHas mapa <«HaNpaBITIONINE CTAHWHBI CTaHKA — CYNIOPT» 00ECIeYHnBaeT MOTCHIHAIBHYIO
BO3MOKHOCTE OCYIICCTBICHUS JBIKEHUSI /13, BOCTIPOU3BOIAIIETO JIMHAIO NUTHIECB (3yObeB). JlaHHast mapa — 3To0
BHYTPEHHSIS CBA3b NPOCTOM (popMooOpasyronieii rpymsl DgI13).

CoearHNM CYIIIOPT — IOABMYKHOE 3BEHO ATOM TPYIIIBI, HA3bIBAEMOE 3BCHOM COCIMHEHHS CBS3CH, — C AIIeK-
TpoaBuraresieM M; MOCPeICTBOM BHEIIHEH KUHEMAaTHIECKOU CBSI3U

5—iy,—3—iy— 2—is— R—>mygma 6 > 7— 8— TB — cynnopm.

B 27T0ii cBSI3U pa3MeIaloT OpraH HACTPOUKH i HA CKOPOCTh BOCIIPOM3BEICHUS MIPSIMOJIMHEHHON TPACKTOPUT
HCTIONIHUTENIBHOTO JIBHXKEHHUS [13.

Ipu QyHKIHOHMPOBAHMK BHYTPEHHSISI CBSI3b MPOCTO# (opmoobpasyromieii rpymmsl Dg(/13) uMUTHPYET
MOCTYMATENbHYI0 KHHEMATHYECKYIO mapy. CKOPOCTh 3TOM UMUTALMK (TEMI BOCIIPOU3BEICHUS HATPABIISIONICH
00pabaThiBaeMoil TIOBEPXHOCTH) 3aBHCHT TOJIBKO OT CKOPOCTH IBWKCHHUS CYIIIOPTA, SBISIOMIETOCS 3BEHOM CO-
€IUHEHUS CBSI3EH.

DyHKIIMOHATIBHOE TMPOEKTUPOBaHKE (HOPMOOOPA3YIOIINX TPYII IIITUIe-3y00Ppe3epHOro cTaHKa BBITION-
HEHO Ha BepOasbHOM si3bike. [Ipu aHaIM3e KHHEMATHYECKON CTPYKTYPBI CIIeyeT OTAaTh MPEANOYTECHHE SI3BIKY
COBPEMEHHOM MapaJMrMbl MMO3HAHKUS CTAHOYHOTO 00opymoBanus [2], obecrneunBaromeMy GONBIIYI0 HATISIHOCTD
U KOMIIAaKTHOCTh OmucaHus. [IpuBeJeM JIOTMKO-MaTeMaTHYECKOE ONUCAHUE CTPYKTYPHOH CXEMbI Ha JIOTHKO-
MaTEeMaTUYECKOM SI3bIKE ATOM MapaurMbl.

I'pynma ¢opmoobpazoBaHusi, CO3MAMOMIAs CIOKHOE, JBYXDIEMEHTAPHOE, 3aMKHYTOE JBH)KEHHE OOKaTa
@(B1B; * B,), Boctpou3Boisinasi 00pa3yoomlyo — npod b nuiuies (3yones).

BHyTpeHHSIsI CBsI3b IPYIIIBI KIMEET BHUI:

By — ¢peza — 4 — 3 —iy— 2— 1 — wnunoenv 3a2omosku — B,.

Buemnsis cBs3b:

M;—5—i,— 3.

I'pynna HactpauBaeTcs o ABYM MapaMeTpaM: Ha TPAEKTOPHIO U CKOPOCTb PE3aHusl OpraHaMHu HaCTPOUKH
COOTBETCTBEHHO Iy H ly.

I'pynma ¢popmMooOpa3oBaHms, CO3AIOMIAs IPOCTOE, HE3AMKHYTOE ABMKeHne monaun Dg(I13), Bocmpous-
BOJIAIIAsE JIMHUIO 110 JUIMHE NLIULEB (3yObeB).

BHyTpeHHSS CBA3B TPYIIIHI — IOCTyNATeNbHAS Mapa:

Hanpaeisowue CMaHuHbl — CYynnopm @pesol.
BrenHssa cBsI3b.

M;—5—i,—> 3> iy—> 2> is—> R—> uwy¢pma 6 > 7— 8 > TB — cynnopm — I13.

I'pynma HacTpauBaeTcsi HA CKOPOCTh ([0/1a4y) OPraHOM HACTPOMKH s, HA MyTh U UCXOAHYIO TOUKY YIIO-
paMHM CHCTEMBI YIPaBJICHHsI, Ha HAalpaBJieHHE peBepcoM R.

®dopmoobpazyrole TpyNIbl CBI3aHbl OOIIMM 3JIEKTPOJIBUTATENIEM, a YacTh BHYTPEHHEH CBs3M rpynmsl @y
SBJISIETCS TAK)KE YaCThIO BHEIIHEH CBA3M rpynisl D,

J1s1 yCKOPEHHOTO mepeMenteHust (MO3UIHOHNPOBAHMS) CYNIIOPTa IIPU HaJTaAKe CTAaHKa B €r0 CTPYKTYp-
HYIO CXEMy LIeJIecO00pa3HO BBECTH HEHACTPAWBAEMYIO BCIIOMOTATENbHYIO Tpymy Bc(l1,) ¢ OTACTBHBIM JJIeK-
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TpojaBUraTeneM. BHYTpEHHsIsS CBsI3b 3TOM TPYIIbl OyIeT COBNAAAaTh ¢ BHYTPEHHEH CBsI3bI0 (hopMooOpasyrorieit
rpymnbl @g, a BHEIIHSISI CBSI3b UMETh BHUL!
M,— 9— 7— 8— TB — cynnopm — I1,.

[pyueM TpH HaNAJOYHBIX MEPEMENIEHUAX CYIIOPTa BHELIHAS CBA3b (HOPMOOOpAsyIOmEel rpynbl Pg
OTKJTIOYAETCS OT UCTIOJHUTENBLHOTO oprada (CynmnopTa) mocpeacTBOM CLEMHON My(QThI 6.

Jlnst Hape3aHus MPSMBIX IITUAIEB U MPAMO3YObIX KOJIEC U3 CIOKHOTO ABMKeHUS Dy(B1B, * B,) uckioua-
€TCsl 3JIEMEHTAPHOE JIBUKEHHE B4 INNUHAENA 3ar0TOBKH. DOPMAIILHO 9TO HE U3MEHAET KUHEMATUYECKYIO CTPYK-
Typy rpynnsl @,. OqHAKO ee HACTPOUKA U3MEHAETCS, TAK KaK OTNAAAET HEOOXO0JMMOCTh B BUHTOPE3HOM JBHKE-
HHM 3arOTOBKH OTHOCHUTEJILHO HHCTPYMEHTA.

Ha uemeepmom smane BoiBoast popmyisl HacTpoliku (PH) it OpraHoB HACTPOMKH iy, iy, Is.

Opran HacTpOUKH Iy. BHyTpeHHsss cBsi3b rpynnsl @ (B1B, £ B;) CONEPKHUT OJUH OPraH HAaCTPOUKH.
TToaTOMy pacdeTHast HEMb IS STOTO OpraHa HACTPOWKHU COBIAIAET C BHYTPEHHEHN CBA3BIO.

Ilpy Hape3aHun MPAMBIX OUTHIEB (3yObeB) 3a OAMH 00OPOT 3aroToBKM (nBHXKeHHE B,) (pesa nenaet

z o
X 060poToB (IBMXEHUE B1) M IepeMenIacTcsi Mo 0Opasyroleii MIHHIPA Ha BEIHIHHY S MM.
Jlnst moJTydeHWst BUHTOBBIX NITHICB (3yObeB) MU TepeMeIieHnH (hpe3sl Ha BETHYHHY S 3arOTOBKA JOJIK-

S
Ha JIOTIOJIHUTEIIFHO TIOBEPHYTHCA Ha T obopora (mBIKEHHE By), 4TO COOTBETCTBYET AOTIOIHATEILHOMY TTOBOPO-

Ty (pe3sl HA * (E] [ﬁ?sj

CrieoaresibHO, pacuetHsie repemenienns (PIT) mpu 06paboTKe BUHTOBBIX HLIUIEB (3yObEB) HMEIOT BHUI:
z s
1 06. 3azomoexu (B, £ B;) — Pl (li ?j 06. ¢hpeswt (By),

rae K — 4ncno 3axomoB (pessl; Z — YKCIIO Hape3aeMbIX HUTHLEB (3yObeB); T — Iar BUHTOBOH JMHHH LUTHLCB
(3y0ObeB); S—momaua, MM/00 3arOTOBKH.
Torzaa ypaBHenue kunematuaeckoit nemu (YKLII):

Z 183 =10 | 2|
K U°T
@H:

. _ kg
IX - —’
s
z[1+—
T
rae C;— NpOM3BeAEHHE NIEPENATOUYHBIX OTHOIIEHUH MOCTOAHHBIX MIEPENAyY PACYETHOMN LIETIH.
IIpu 06paboTKe NpsAMBIX HLIHIER (3y0neB) PIT uMeroT Bu:

1 06. 3acomoexu (By) — 506. @pesvl (By).

Torma YKII:
E = 1C1 i .
k iy
®H:
_ kig
i = —=.
z

OpraH HaCTPOWKH iy.
PacderHas memnb cBsI3pIBAST AIEKTPOABUTaTeNh M7 co mmuHaeneM ¢pesbl. CnenoBarensHo, PIT umeror Bu:

-1 -1
Ha MUK~ — gy, Mun(By).

Torpa, YKL
Rgp = Np1° C2° iV'
®H:
C_ My
IV_ —!
an B:2

TAe ¢, —IPOU3BCACHUC MEPEAATOYHBIX OTHOIICHUI ITOCTOSHHBIX nepeaad paC‘-IeTHOﬁ LCIIH.
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OpraH HaCTPOWKH s
PacuerHas uenp CBA3BIBACT LIMHHACIB 3arOTOBKHU ¢ cynmnoptoM ¢pessl. CiaenoBatensHo, PIT uMerot Bu:

1 06. 3a2omoexu — SMum npodoabHO20 nepemeuiers gpesvl (I13).

Torma, YKII:
s=1 Cc3* iS'PTB-
OH:
S

Re

rae Prg — mar TATOBOTO Baja; ¢z — MPOU3BEICHNE MEePeNaTOUYHBIX OTHOIICHUH MOCTOSHHBIX Nepenady pac-
YEeTHOM IEIIH.

CoBpeMeHHasl TCH/CHIMS B 00JIACTH CTAHKOCTPOCHHUS — UCIIONIL30BaHHUE Pa3CibHBIX PEryIUPYEMBbIX TPH-
BOJIOB B (POpMOOOPA3yOLIKMX rpymiax. ITo MO3BOISET 3aMEHUTh MEXAHUUECKHE OPTaHbl HACTPOMKH |y | is Tapa-
METPOB «CKOPOCTB>» YaCTOTHBIMH IPEOOPa30BaTEIAMH, YCTAHABINBACMBIMU B 3JICKTPUYECKYIO CXEMY. DTUM YCIIO-
BUSIM YIIOBIICTBOPSIET CTPYKTypHasi cxema luiuie-3ybodpeseproro cranka (pucyHok 4), paspaboraHHas
M0 METOAMKE ()YHKIIMOHATHHOTO MPOCKTUPOBAHHS.

Is

M,

IlInunoens B, B,
] \\
i
i I T
|
|
|

Cynnopm
<->11

s

2

Pucynok 4. —CTpykTypHas cXeMa muinne-3yéogpesepHoro
CTaHKa ¢ pa3AeJbHLIMH PEryJMpyeMbIMI PHUBOIAMH

Orta cxeMma, Kak M IpeACTaBICHHAs BBIIIE, 00€CIIEINBaET BO3MOKHOCTh OOpaOOTKH MPSIMBIX U BHHTOBBIX
uutnieB (3yobes). Ilpu ocHamennn cranka mporpammupyeMbiM koHTposiepom tuma NC (Numerical control)
U3 KHHEMAaTHYECKOUW CTPYKTYPbI HCKITFOYACTCS OTIEIBHBIN DIICKTPOJBUTATE b JJIsi YCKOPEHHOTO TEPeMEIICHHSI
cymmopra. IIpu 3ToM BBIGOp mapamerpa «CKOpOCTh» (paGoduas mojava Wik MO3HUIIMOHUPOBaHKE) OyIeT ocyrie-
CTBJIATBCS AITOPUTMOM PabOThI MPOrPAMMHUPYEMOrO KOHTpOUIepa. [IpUHLIMIUATIBHEIM OTIMYHEM PacCMaTpH-
BAEMOM CXEMBI SIBISIETCS HEOOXOINMOCTh HCIIONIBL30BAHMS TUIAHETAPHOTO CYMMHPYIOIIETO Mexanu3ma (nudde-
peHImana) st GU3NIECKOTO CIIOKEHUS JABYX IBIDKCHHH Ha OJJHOM HCIOJHUTEIBHOM OpraHe — IIMHHIENE 3aro-
TOBKH. [IpoBeIeM aHaIN3 HA3BAHHOM CXEMBI HA JIOTHKO-MATEMAaTHIECKOM A3BIKE COBPEMEHHOMU TapaJurMbl.

I'pynna popmMooOpa3oBaHusi, CO3A0IIAs CIOXKHOE, IBYXIJIEMEHTAPHOE, 3aMKHYTOE JABMKEHHE 00Ka-
ta @(B1B>), BOCIPOU3BOIUT 00pa3yoLIyI0 Ipy 00paboTKE KaK BUHTOBBIX, TAK M NPSIMBIX IUIHIEB (3yObeB).

BHYTpeHHSIS CBA3b 9TOM IPYIIBEI UMEET B

Bi—>4—-3—>iy,—>6—-2—>2—>1— B,
BHewHss CBsI3b, COSAUHSIONA DIIEKTPOABUIaTENb M7 CO 3BEHOM COCAMHEHHUS CBA3EH 3, UMEET BHI:

M;—5—i,— 3.

7



2018 BECTHHUK I1OJIOLIKOI'O I'OCYJ[APCTBEHHOI' O YHUBEPCUTETA. Cepusa B

I'pymia HacTpauBaeTCs IO JBYM MapaMeTpaM: Ha TPACKTOPHIO — MEXAHUUYECKHM OPraHOM HACTPOUKH iy,
Ha CKOPOCTh BOCIPOU3BEACHUS O0pa3yloliel, MM CKOPOCTh PE3aHUsl — MPOrPaMMHO MOCPEICTBOM 3aJaHus
KpYTOBOM YacCTOTHI AJIEKTpOABUTATENS M.

I'pynna popmooOpazoBanus, CO3/AAIONIAS CIIOKHOE, [BYXIIEMEHTAPHOE, HE3aAMKHYTOE BUHTOBOE JIBHKE-
uue Dg(I13B,4), BOCIPOU3BOAMUT HAIIPABIIAIOILYIO IIPH 00pa0OTKE BUHTOBBIX HIUTUIIEB (3yObER).

BuyTpenHsisi CBA3b 3TOM rpymibl UMEET BUA:

II5 — cynnopm — TB — 7 — mygpma 8 > R— iy = 9 — X — 2 — 1 — wnunoens 3acomosxu — By,
BHelHsist CBsI3b, COSANHSIIONIAS JIEKTPOABHUIATENb M, CO 3BEHOM COCIMHEHHS CBsI3el 7, UMEET BHII:
M, — 10 - 7.

I'pynma HacTpamBaeTcs HO IATH IapaMeTpaM: Ha TPACeKTOPHIO — MEXaHHMYECKHM OPraHOM HACTPOMKA iy,
Ha CKOPOCTbh BOCIIPOM3BEACHHS HAMpaBsiome (mogady) — mporpaMMHO TOCPEACTBOM 3aJaHus KPYroBOi yac-
TOTBI 3JICKTPOABUTATENS Mo, HAa yTh U HCXOHOE MOJ0XKEHHE — IPOIPaMMHO, Ha HalpaBlieHHe — peBepcoM R.

Dopmoobpasyrorue rpymmsl Dy(B1By) u @(I13B,) coeqMHEHBI CYMMHUPYIOIUM MEXaHH3MOM X U UMCIOT
001 y9acTOK BO BHYTPEHHHUX CBS3SIX, COCTUHSIONTUN CYMMUPYIONUH MEXaHU3M X CO IIMUHICIIEM 3arOTOBKH.

IIpocras rpynma popmooOpazoBanHus, CO3MAIOMIAs HIEMEHTaPHOE, HE3aAMKHYTOE TIPSMOJIMHEHHOE JIBIKE-
aue @(I13), BOCIPOM3BOAUT HAIPABIIAIOILYIO TP 00pabOTKe IPAMBIX IIIMIEB (3yObeB). DTa rpyIna obpasyer-
Csl IOCPE/ICTBOM pa3pbiBa My(BTOH 8 KMHEMaTHUYECKOH CBSI3M MEX/Y 3BEHOM COCIMHEHHMs CBsi3eil U peBepcom R
CII0kKHO# (hopmooOpasyromeit rpynnsl Pg(/138,4). BHyTpeHHSsIs CBSI3b NPOCTON IPYIIIBI — IIOCTYIATEIbHAS [apa;

Hanpasnawue CMmaHutbl — Cynnopm gpessl.
BHe1Hsist cBsI3b, COSANHSIONIAst JJICKTPOABHUIATENb M, ¢ CYNIIOPTOM, UMEET BUJ:
M, — 10— 7 — TB — cynnopm — 1.

I'pynma HacTpauBaeTCs MO YETHIPEM MapaMeTpaMm:

- Ha CKOPOCTh BOCIPOM3BEICHHs HAMpasJisitoliei (moady) — IporpaMMHO, IIOCPEICTBOM 3a/IaHHsI KPYTo-
BOM 4aCTOTHI ANIEKTPOABHUraTels Mo,

- Ha IYTh W UCXOJTHOE TOJI0KECHUE — IIPOTPaMMHO;

- Ha HalpaBJICHHUE — peBepcoM R.

dopmoobpasyromue rpynnbsl Dy (B1B,) u P I13) He UMEIOT KHHEMATHYECKOU CBA3H M COEUHEHBI MEXKLY
c000i1 uepe3 oOMMiA CTAaITMOHAPHBIN OJIOK — CTAHUHY CTaHKA.

Brisozx @H 111 MEXaHUYECKHX OPraHOB HACTPOMKH iy, iy

OpraH HaCTPOUKH Iy.

Buytpennsis cBs3b rpymibl @, (B1B2) COAEPIKUT OJUH OpraH HACTPOMKH. I109TOMY pacueTHas IEMb JIJIsk 3TOrO
OpraHa HaCTPOMKH COBMAJaeT ¢ BHyTpeHHel cBs3bto. Cienosarenbho, PIT umerot By

00uH 06. 3a2omoeku (B,) — z/ko6. ¢ppesvi (By),

rie K —uuncio 3ax0/10B Gpe3nl; Z— YUCIIO0 HAPE3aeMbIX MUTHIIEB (3yObeR).
Torna, YKII:

2k = 1 ¢4 iy - (1/iy),

A ¢4 — OPOU3BCACHNUC NEPEAATOUYHBIX 0TH01H€HI/II71 IMOCTOAHHBIX MIE€peaav pvaeTHOﬁ LU, iz — OepeaaTo4HoC
OTHOIICHUEC CYMMUPYIOIIET'O0 MEXaHU3Ma.
dH:
ix=ca-iy -kl z

Opran HacTpOHKH iy. PacueTHas Hemp mIf 3TOro OpraHa HACTPOIKHU COBIAJACT C BHYTPEHHEH CBA3BIO
rpynnsl @1138,4), BOCIPOM3BOIALICH BUHTOBYIO Hampasisitouyto. [loatomy PII mst pacuetHoit uenu, obecre-
YHMBAIOIIEH COTTIACOBAaHHE MEPEMEIICHIUS YEPBIIHON (PPE3bl BAOND 3arOTOBKHU C €€ JOTOJHHUTEIbHBIM BPAIICHH-
€M, UIMEIOT BUJ:

T mm nepemewenus gpesvl (I13) — 0oun 06. 3azomosxu (By),

rae T — ar BAHTOBOM JIMHUK Hape3aeMbIX IUTUIEB (3yObeB).
Torma YKILI:
1:T/PTB'iy'iz'C5.
OH:
iy=cs iz PrplT,

A€ C5 — MPOU3BCACHUC MCPEAATOYHBIX OTHOILICHUI ITOCTOSHHBIX nepeaad paC‘-IeTHOﬁ Lenu, iz — OepeaaTovHoC
OTHOILICHHWEC CYMMHPYIOLIECTO MEXaHU3Ma, PTB — Igar TsroBoIro BaJjia.
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I1pu ucnonb3oBanuu Goiee pasBuToi cucteMsl UITY MexXaHHUECKHE OpraHbl HACTPOHKH Iy, iy MOXKHO 3a-
MEHHTH IEKTPOHHBIMU CBSI3IMU Ha OCHOBE TUIIOBBIX MHTETPAIbHBIX CXEM. Takoe TEeXHHYECKOE pelIeHue Ipea-
JI03k€eHO B pabote [5].

3akarouyenue. C Mmo3uiuii COBPEMEHHON HAyYHOW TapagurMbl MO3HAHUS METaJUIOPEKYIIUX CTAHKOB,
OCHOBaHHOW Ha TEOPHU BOCIPOU3BEACHHS PEANbHBIX TOBEPXHOCTEH B MAaIMHOCTPOCHUH, PACCMOTPEHO HCTIOJNb-
30BaHNE (PYHKIMOHAIBHOTO ITPOSKTUPOBAHUS B METOIUKE IPETIOABAHUSI OCHOBOIIOIATAIONINX TTOHATHH «KHUHE-
MaTHU4YecKas TPYINa» U «KWHEMaTH4IeCKas CTPYKTypa CTaHKa», 4TO IO3BOJSIET HEMOCPEACTBEHHO Ha JIEKLUH
WIM NPaKTHYECKOM 3aHATUM Ha OCHOBE aHajM3a croco0oB (opmMooOpasyromeld oOpabOTKH HPOEKTHPOBATH
(u300peTaTh) KMHEMATHYECKYIO CTPYKTYPY METAUIOPEXKYLIErO CTaHKa. Takoi MoaxXo[ HpH HCHOJIB30BAHUH
(DyHKIIMOHAJIBHOTO POEKTUPOBAHKS B YIEOHOM IIPOLIECCE CTUMYJIMPYET TBOPUECKOE MBIIUICHHE PU U3yYECHUH
PeaIbHBIX TEXHUYECKHUX PEILICHHH.
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FUNCTIONAL DESIGN IN THE TEACHING METHODDISCIPLINES
METALWORKING MACHINES

A. GOLEMBIEVSKI

The use of functional design in the teaching ofrerging discipline “metal cutting machines” is idered,
based on the paradigm of cognition, based on ttetbeanching of mechanical energy in kinematic chain
and the principle of possible displacements. Fumai design as a synthesis of the kinematic stractu
of a metal cutting machine according to the lawitsffunctioning, given by the method of shapingcpssing.
The iterative nature of functional design, consiiieapproximating from stage to stage, starts wiitd analysis
of the corresponding method of shaping processmthe solution of the task.

Keywords: functional design, methods of teaching engineediggipline “metal-cutting machines”,
method of forming processing, kinematic structdesign stages.
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YK 621.774

BJUSHUE TAPAMETPOB XOJIOJHOW MPOKATKH TPYE
HA UBMEHEHHE TOJILINHbI CTEHKHA BAOJIb KOHYCA JE®OPMALINN

Kano. mexu. nayk, ooy. C.B. IIHVNIHITEHKO; B A.TEPEIIIEHKO
(Hauuonanvnaa memannypzuueckan akademus Yxkpaunot, [nenp);
Kano. mexu. nayk, ooy. A.B. I1YIAH
(ITonouxuii zocyoapcmeennvlit ynugepcument)

Paccmampueaemcs eruanue ynpyzoti oepopmayuu Kiemu u mepMuyeckux UCKANCeHUll pyubs Kaiubpa
Ha U3MEHeHUue MONWUHBL CIEHKU NO OJuHe pabouezo KOHYca CMAHA XOA00HOu npoxamxu mpyo. Ilpusedenvl
pe3yibmamyl nPogedeHnbIX dIKcnepumenmos. Coenamn 618600, YMo HA MOYHOCHb CHEHKU OCHOBHOE GIUsIHUE OKd-
3bl8AEN NPYIHCUHA KILEMU U MEPMULEeCKUe UCKANCEHUsT PYUbs KATUOPA, CA3AHHbIE C PA3IUYHBIMU MEXHOL02UYe-
CKUMU (hakmopamu npokamxu mpy6 6 cmaHax Xono00HoU NuibeepHoti npoxamku. Pesyrsmamer npogedennvix sxc-
NEPUMEHNO8 HEe0DX0OUMbL 071 OANbHEUUUX UCCAEO08AHULL, KOMOpble 0Y0Yym NPOBOOUMbCS 8 OAHHOM HANPABGIEHUU
u Mo2ym Oblmb UCNONBL308AHBL NPU NPOEKMUPOBAHUU MEXHOIOSUYECKUX MAPUPYIO8 NPOKAMKU MPYO HA CMAHAX
XOJI0OHOU RPOKAMKU MPYO 0151 OAHHOU MAPKU CIMATU U €€ AHAN0208 U 051 HOOOOH020 NPOKAMH020 CIMAHA.

Knrwouesvle cnosa. xonoonas npoxamxa mpyo, cman, MexHOA02UHECKU Mapuipym, KambposKa uHcmpy-
Menma, pabouutl Konyc, oehpopmayuonHble XapaKmepucmuKy.

BBenenue. XoomHas poKaTka TPyO SBISETCS MUKIMYECKUM TporieccoM. [IpokaTHbIe BaJKM B COCTaBe
pabodueli KIIeTH OCYIIECTBISIOT BO3BPATHO-TIOCTYIIATENBHBIC ABIKEHUS W, NMEPEKaTHIBAsACH IO TPyOe-3arOTOBKE,
00KMMAIOT €€ Ha KOHUYECKOM OMPABKE B YMCHBIIIAIOIIEMCSI IPOCBETE KAIMOpa. MapIipyT NpOKaTKu U KaTuOpOBKa
WHCTPYMEHTA JUIi KOHKPETHOTO CTaHa XoyoqHoi npokatku Tpy6 (XIIT) HenocpeacTBEHHO BIAMSIOT KaK Ha MPOU3-
BOJIMTEIbHOCTh, TAK M HA TOYHOCTH MPOKaThiBaeMbIX TpyO [1—4]. B HacTosiiiee Bpemst UTMQOBaHKUE PyUbs KO-
POB TI0JT OKOHYATEJILHBIN pa3Mep BBIMOIHACTCSA HA COBpEeMEHHBIX cTankax ¢ YITY, 4ro mo3BoIsieT nonyyarh WHCT-
PYMEHT C BBICOKO#t TOYHOCTBIO paboueii MOBEPXHOCTH (TO K€ MOXKHO CKa3aTh U 00 ompapkax craHa XIIT). OnHako
B XOJIC TIPOKATKU KaK HETOYHOCTh HACTPOWKHM CTaHa, TaK U ympyras nedopmarnus netaieii KIeTH IPUBOJIST K UC-
Ka)KEHHIO 3aJI0KCHHBIX B KAJIMOPOBKY MHCTPYMEHTA pacTpeeNieHnil 1e(h)OpMalHOHHBIX XapaKTePHUCTHK BIOJb KO-
Hyca aehopManuy. JJaHHbIE HCKaXEHHS BIUSIOT Ha PACTIPEACIICHNE CHIIOBBIX XapaKTEPUCTHK, YCIOKHSIIOT HACTPOii-
Ky CTaHa, PUBOJIAT K M3MEHEHHIO TOYHOCTH W MEXaHUYECKUX XapaKTEPUCTHK TOTOBBIX TPYO [2—6].

IMocranoBka mpo6Jembl. CyIecTByeT METOIMKA pacdeTa KaTMOPOBKH pydbs kanmnOpoB ctaHa XIIT, ko-
TOPBIN TTO3BOJISIET YUUTHIBATE YIPYTYIO JeQOpMaIiio KIETH N0 JUTHHE padodero KoHyca IpH MpsMOM U 00pat-
HOM xo7¢ Kietu [6—9]. Ognako st e€ mpuUMeHeHHsT HeOOXOAUMO 3HATh pachpeneicHue AehopMalny BIOJb
pabouero KoHyca JJIs KaXI0ro Ciiydasi npokatku (Mapka CTaid, CTaH, KaIHOPOBKA, BEIMYMHA MOJAYH U TIP.).
OTH JAaHHBIC MOXHO IMOJYYUTh, B TOM YHUCIE, MPOU3BE/S CPABHUTEIBHBIC MCCICIOBAHUS PACIPEICICHHS TOJ-
LIMHBI CTCHKYU U JHaMeTpa TPYOsI BIOJIb paboyero KOHyca COrNIACHO PACUYETHBIM M PEeajbHBIM JaHHBIM. [loaTOMY
JANTbHEHIITUE UCCIICAOBAHUS B TOM HAIIPABICHHUH SIBJISFOTCS aKTYaIbHBIMH.

OcHoBHas 9acTh. [Iponecc oOxarus Ha cranax XIIT ocymecTBIsSETCS NMPU HATWYHH YIPYTroro aedop-
MHUPOBaHHs KJIETH [IPU IPAMOM 00paTHOM paboumx xonax [6—7]. Yupyras pedopMalius KIETH HE SBIAETCS 0-
CTOSIHHOW BeJIMUNHOM (PUCYHOK 1), OHA M3MEHSETCS MO JUTHHE pabodyero Xoaa B 3aBUCHMOCTH OT KalHOPOBKH,
COCTOSTHUSI 000OpYIOBAaHUS CTaHa, MaTepuasa TpyOsl U APYTUX (GaKTOPOB.

0,25 T
3
< 027 DKcnepuMeHTaIbHbIE TaHHbIE
3
1~
S 0157
§
v 01T
i~
e [aHHble, Noay4YeHHble Npu
S
% 0,05 T moaennposaHnn
S

0 L] L] L] L] L] L]
0 100 200 300 400 500 600
Cuna, KH

Pucynok 1. —3aBucumMocts ynpyroii fe¢opmanuu BajaxkoBoro ysia crana XIIT
OT CHJIBI IIPOKATKHU COTJIACHO IKCIIEPUMEHTATLHBIM JAHHBIM M pacueTy [8]
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W3-3a n3MeHeHus1 BeJIMYUHBI YIPYTrUX AeGopMaluil KIeTH MEHSETCs BeJIMYMHA 3a30pa MEXKy BaJKaMu
(pucyHOK 2), BCIIEACTBHE YEro M3MEHIETCS 3apaHee 3ajJ0KeHHOE B (HopMy IeGOpMHUPYIOIIEro HHCTPYMEHTA
pacnpezeneHne qe)OpMaNMOHHBIX XapaKTePUCTHK BAOJIb pabodero konyca [6-9].

0,121

o
o
s

o
o
I

Ynpyras aepopmaums
KNEeTU, MM

o
o
)

0 100 200 300
[AnHa KoHyca gedopmauym, Mm

PucyHok 2. —Pe3yJibTaThl 3aMepPOB BeTHYHHBI «IPY:KHHBI KJeTn» crana XIIT-32
npH npokaTtke Tpyon! u3 cranu 20 (Mapmpyt 57%3,5...30%2) [6-7]

BonpmnHCTBO M3MEHEHHH YCIIOBUI NMPOKATKH NMPUBOIUT K M3MEHEHHIO YIPYTOH AedopMaIiy KIETH.
Tak, M3MEeHEHNEe KOHYCHOCTH OITIPABKH BBI3BIBACT 3HAYMTEIHHOS M3MEHEHHE XapaKTepa pacipeneneHus aedop-
MAIMOHHBIX XapaKTEPUCTUK BIOJIL pabouero konyca (pucyHok 3) [10], uto, B CBOIO 04epe/ib, MOPOXKIAET H3ME-
HEHUE CHUIIOBBIX XapaKTEPUCTHUK (0 YeM MOXKHO CYJMTh 110 M3MEHEHHUIO TBEPAOCTH MOBEPXHOCTH PabOUEro KOHy-
ca (cM. pucynok 3). Bee 3Tv u3MeHeHHsI PUBO/ISIT K M3MEHEHHUIO paclpeieSicHUs yIpyroi aedopManuu KieTH
BJI0JIb pabouero koHyca. [Ipu 3TOM Kak MapipyT, TaK U MaTepUa TPYObl OCTAIOTCS MPESIKHUMH.

784 3,71 Rb npu 2tga =0-037

724 s 3,31 00158
2 6643 2,91
< 2216
5 60 £ 2,51
ML
@ 5445 2,11
(= [
484 1,74
424 1,34
364 09 . . . : —
0 20 160 200

40 80 1
[LnvHa koHyca gedopmauu, MM

PucyHok 3. —VI3MeHeHHe TOJUIMHBI CTEHKH U TBEPAOCTH B/10JIb Padoyero KoHyca
NpH NpoKaTKe TPyOb! 13 ciaBa AMr2 mo mapmpyTty 38%3...23%]1c npuMeHeHHeM KaTHOPOBOK
¢ Pa3INYHOIl KOHYCHOCTBIO ONIPaBKHU (MOCJIETHUI y4aCTOK 30HbI 00:KaTHs He moka3aH) [10]

Ipomece XIIT xapakTepusyercs: OOMBIION TUHAMUYHOCTBIO, 1a)Ke B CTaHAX CTApOW KOHCTPYKIUH HMe-
J1aCh BO3MOYKHOCTB MPOKATKH TPyO co ckopocthio 100...1201BoiHBIX X040B KJIETH B MUHYTY. B COBpeMEHHBIX
CTaHaX KOJIMYECTBO ABOIHBIX X0/10B gocturaer 280u Gosee B MUHYTY, U 9TO MOXKET BbI3bIBATh 3HAYMTEIbHbIC
TETUTOBBINCIICHAS OT IUIACTHYECKOU medopmartin (pucyHok 4). I[IprdyeM maHHBIN MPOIECC TMPOUCXOIUT B MTHO-
BEHHOM oy4are Je(opManuy 3a J0JH CEeKYH/Ibl, 1 TeIUIOBBIACICHHUS MOTYT 3HAYUTEJIbHO MOBJIHSATH HA CHUJIOBBIE
U ge(hOpMaIHOHHBIE MTAPAMETPhI TPOIECCa, UCKA3UTh ouar Je(opMaliui 3a CUET TEIUIOBOTO PACIIUPEHUS MaTe-
puana pabdouero uHcTpymenTa [11; 12].

I
2000 290C

Pucynok 4. —Pe3yJbTaThl KOHEYHO-3/1€eMEeHTHOI 0 MojieJiupoBanus npouecca XIIT,
TeMIepaTypa padouero konyca nocije 40 1BOiHbIX X0/10B KiieTH [13]
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Ha pucynke 4 nokasaHo pacrpelesieHue TeMIepaTypbl Ha IOBEPXHOCTH TPYOBI 1OCIE COpPOKa ABOMHBIX
xomoB [13]. 3 mMozenu BHIHO, YTO camasi BBICOKAas TeMIepaTypa OTMEYAeTCs B CEpeAMHE paboyero KoHyca,
rae HaOmopaeTcst Hanbosiee MHTCHCUBHAS Te(hOpMaIIns.

B urore Ha pacnipenencHne neOpMAaIIOHHBIX XapaKTEPUCTUK BOJIb PAO0OYEro KOHYCa BIMSIET HE TOJIBKO
MIPY’KUHA KJIETH, HO U TEPMUIECKHE NCKAKEHHS Pydbs KanOpa. OneHUTh CyMMY JaHHBIX HCK)KCHUH IJIS KaK-
JIOTO KOHKPETHOTO CIIy4asi MOXHO TOJIKO C ITOMOIIBIO CPABHUTEIBHOTO aHAJIM3a PACUETHOTO pPacIpeieiIeHUs
rEOMETPHIECKUX [IaPaMeTPOB (HAMPUMEp, TONIINHBI CTCHKH) Pab0dero KOHyca C peabHbBIM.

Ha coBpeMeHHOM 3Tame pa3BUTUS PBIHOYHBIX OTHOLICHHWH MPEANPHATHS, NMPOU3BOAAIINE TPyOOIIpO-
KaTHYIO TIPOJXYKIIMIO, OPUEHTHPOBAHBI HA pacminpenue e€ copramenTa. OcBanBalOTCs paHee He XapaKTepHbIC
JUISL JaHHBIX NPEANPUATHI MapKu ctajied u ciiaBoB. [loiydyenue nHpopManun o peaabHbIX XapaKTepUCTHKAX
nponecca XIIT mo3BosisieT NPUHSTH aJeKBAaTHbIE MEPHI 110 YCTPAHEHUIO OTKJIIOHEHUI OT TpeOyeMbIX mapamer-
pos nporuecca [6—10].

Marepuaj ucciaegoBanmii. [ ananu3a BeIMYMHBI OTKJIOHEHUS PEAIBHBIX 3HAUCHUH TONIINHBI CTEHKH
B KOHTPOJIBHBIX CEYCHHSX BIOJb Pab0dero KOHyca OT PacyeTHBIX (COIacHO KamMOpPOBKE B TEX )K€ CCUCHMSIX)
BbIOpaH MapuipyT npokatku Tpyo u3 craiu TP316Lua crane XIIT-55: 57%6,0— 25%2,5./lanHblii MapuipyT
HMEET CIEIYIOINE XapaKTCPUCTUKH!

- 00KaTue 10 TONIIMHE CTEHKH — 58%;

- obkaTue 1o auamerpy — 56%;

- Q-pakrop — 0,9...1%;

- BRITSDKKA — 5,44 ¢ = 82%).

Jliist 3TOr0 MapIipyTa ¢ MOMOLIBI0 pacyeTHO# nporpamMmbl «Buxpb» (BAO «Centpasuc [Iponakus FOkpeiis»)
paccunTaHa KaJauOpOBKa M M3rOTOBIICH paboumnii mHcTpyMeHT st ctana XIIT-55. B xoxe npokaTku npoMsII-
JICHHOM MapTHH TPYO MO 3TOMY MapupyTy 6bUT 0TOOpaH KoHYC Aedopmannn (PUCYHOK 5).

Pucynok 5. —Konyc nedopmauun (padounii konyc) crana XIIT-55
(ctans TP316L, mapmipyT 57%6,0— 25x2,5)

Konyc nedopmarmu 0611 paspe3an Ha 14 cedeHuil, COOTBETCTBYIONINX KOHTPOJBHBIM CCUCHHUSIM Kaluo-
POBKH. B Ka0M cedeHur OBUIO HAWJCHO MAaKCUMAIbHOE M MAUHUMAIILHOE 3HAYCHUE TOJIIIMHBI CTCHKU U B CO-
OTBETCTBHUHM C 3TUMH JAHHBIMH PACCUMTAHO €€ cpeHee 3HaucHue (Tabauia 1, pucyHok 6).

Tabmmma 1. —Cpenane 3HaUeHUS TOJNIUHBI CTCHKH B KOHTPOJBHBIX CEUCHHUAX paboduero KoHyca
¥ pacyueTHast TOJIIMHA CTEHKH COTIIACHO KamuOpoBke (ctamp TP316L,Mapmpyt 57%6,0— 25%2,5)

Ne ceuerms | O 1 2 3 4 5 6 7 8 9| 10 11 12 18 14
Koopmnata | | 4 | g0 | 120| 160 200 240 280 320 360 400 440 480 [5860

CCUCHUIA

Space. 6 | 537| 462] 4| 351 3,18 2,85 266 256 251 255 25| 25| 25

Spar. 521| 507| 4,96 456 394 3,34 303 27 2|57 256492249 2,56 2,53 2.5

dakTHyecKasi TONIIMHA CTCHKU B OOJBIIMHCTBE CEYCHUH paboyero KOHyca MMeEeT OOJBIINE 3HAYCHHUS,
4yeM pacuyeTHas e€ TOJIINHA COTIIaCHO KaJHOpOBKe.

YautsiBas TIOJTYYCHHBIC 3HAYCHU S, pACCYUTAHO OTKIIOHCHUE q)aKTI/I‘-IeCKI/IX 3HAYCHUH OT PaCYCTHBIX.

DMM = Spacu. - Sd;axm,:MM; (1)
S acu. Sgba)cm
D,, =2~ [1009%. @

pacy.

12



HIPOMBILIJIEHHOCTSD. IIPUKIIAJTHBIE HAYVKHU. Mawunosedenue u MawiuHocmpoeHue

M 11

TonwwuHa CTEHKU
w >
w v H v v
: : . : N

N
[
:

Sd)aKT

Spacu

p———

1 2 3 4 5 6 7 8 9

0 11 12 13

Homep ceyenus

PucyHok 6. —CpenHue 3HaYeHHs TOJLIMHBI CTEHKH B KOHTPOJILHBIX CeYeHHUsIX pafoyero KoHyca
U pacyeTHasi TOJIIHHA CTEHKH COrJIacHo Kaiauoposke (ctaas TP316L, mapmpyTt 57%6,0— 25x%2,5)

XapakTep pacupenesneHuss QYHKIHMH Ay, BIOJb pabovyero KOHyca NPaKTHYEeCKH IOJHOCTHIO COBIIAIAET
C XapakTepoM pacrpenencHus GYHKIUN paCIeTHBIX 3HaAYCHHI cuitbl fedopmanuu (pucyHku 7, 8).

aedbopmaumm, kH
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PucyHok 7. —OTKJIOHeHHE CPeHEro 3HAYeHHs] TOJIIHUHBI CTEHKH (COrJIacHoO 3amMepam)
B KOHTPOJILHBIX CeYeHHUSIX Pa0oyero KOHyca OT ee pacyeTHOr0 3HAYeHHsI COIVIACHO KAJIHOpOBKe

800

(ctans TP316L, mapmipyT 57%6,0— 25x2,5)

Mp. xoa knetn
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120

Pucynok 8. —PacueTHble 3HaYeHHSI CHJIBI 1e()OPMAIIHH B KOHTPOIBHBIX CeYeHHSIX Pa60ouero KoHyca
(ctans TP316L, mapupyT 57%6,0— 25%2,5,ctan XIIT-55)

Ha ocHOBe mONy4eHHBIX SKCIEPUMEHTANBHBIX JAaHHBIX B JaJbHEUIIEM MOXXHO BBIBECTH 3aBHCHMOCTB,
KOTOpast TIO3BOJIUT OIPENEIATh pealbHOe 3HAUYEHUE TOJIIHWHBI CTEHKA B KOHTPOJIBHBIX CEUCHHAX pabouero Ko-
HyCa B 3aBHCHMOCTH OT PAaCUCTHBIX 3HAYCHHU CHITBI nedopmaniu (171 TaHHON MapKd CTald W IJst TIOMOOHOTO

MIPOKATHOI'O CTAHA).

3akiouenne. AHanus PE3YyJIbTATOB, MOJYUYCHHBIX B XOJC SKCIICPUMCHTAJILHOTO UCCIICAOBAHUA U3MCHCHUA
TOYHOCTHU TOJIIIHUHBI CTCHKHU II0 JJIMHC pa60qero KOHYCa CTaHa XOHO[[HOﬁ IIPOKAaTKn pr6, IIO3BOJISICT KOHCTATU-
POBaTh, 4YTO HAa TOYHOCTb CTCHKN OCHOBHOC BJIMAHUEC OKA3bIBAIOT YIIpyTras ,ue(i)opMaunﬂ U TCPMUYCCKUC UCKaAKE-

13



2018 BECTHHUK IIOJIOLIKOI'O I'OCYJJAPCTBEHHOI'O YHUBEPCHUTETA. Cepus B

HUSI Py4bsi KaIuOpa, CBSI3aHHbBIC C PA3JIMYHBIMU TEXHOJIOTHUECKUMHE (aKTOPaAMU MPOKATKU TPYO B CTAHAX XO-
JIOJIHOM MUJIBIePHON MPOKATKU. AHAIIN3 JINTEPATYPHBIX HCTOYHMKOB HCCIECIYyEMOM TEMATHKE, BBIMOIHEHHbIH
B paMKax JaHHO# pabOoTHI, TIOATBEPIKIACT PE3yIbTaThl IPOBEACHHOTO dKCTIepuMenTa. [lonydeHHBIE pe3yapTa-
TBI MO’KHO HMCITOJIb30BaTh MPH MPOCKTUPOBAHUM MApIIPYTOB M aHAIN3E YCJIOBHM MPOKATKH TPYO I MapKH
cranu TP316Lu e€ aHaIOroB 1 MMOA0OHOTO MTPOKATHOIO CTaHa.
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INFLUENCE OF COLD PIPE ROLLING PARAMETERS
TO CHANGE THE WALL THICKNESS ALONG THE CONF OF DEFO RMATION

S. PILIPENKO, V. TERESHCHENKO, A. DUDAN

The influence of the dastic deformation of the cage and thermal distortions of the caliber brook on the
change in wall thickness along the working cone of the cold rolling mill tube is considered. The results
of the experiments. It was concluded that the accuracy of the wall is mainly influenced by the cage spring
and thermal distortions of the caliber brook associated with various technological factors of tube rolling in cold
pilger rolling mills. The results of the experiments carried out are necessary for further studies that will
be carried out in this direction and can be used in the design of technological pipe rolling routesin cold rolling
mills for this steel grade and its analogues and for a similar rolling mill.

Keywords: cold rolling of pipes, mill, technological route, tool calibration, working cone, deformation
characteristics.
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YK 519.87:621.822.6
BEHUBJIET-®@YHKIUA JIJISI TMATHOCTHUKHA MOJAIMMUITHUKOB KAYEHUSA

F0.I1. ACIAMOB; kano. mexn. nayx H.I'. IABbI/IOB
(Benopyccxuit 2ocyoapcmeennvlii yHugepcumem ungopmamuxu u paouodnekmponuxu, Munck)

Pacemampusaiomes asmomamuyeckue cucmemvl 6UGPAYUOHHOU OUACHOCTUKU, HO36ONSIOWUE Peulams
3a0ayu OYeHKU MEXHUYECKO20 COCMOSIHUL POMOPHO20 000py008aHus be3 npusieyeus SKkcnepmos. [l 06pabomxu
HECMAYUOHAPHBIX BUOPAYUOHHBIX CUSHALO8 WUPOKOE PACHPOCIPAHEHIe NOYYUTL Gelilem-aHau3, 0OOHAKO Kave-
CcMeo 6eusiem-anaiu3a 6 OOIbULOL CINEeNeHU 3a8UCUM Om 8bIOPAHHOU Oa3UCHOU QYHKYuu. Asmopamu npeono-
Jlcena bazuchas Qynkyus, npeOHasHa4ennas 0Jis1 OUASHOCMUKY NOOUWUNHUKO8 KAYEHUs HA OCHOB8e Gelislem-
ananuza. Ilpusedeno eé mamemamuueckoe 0OOCHOBAHUE U CPAGHUMENbHLI AHAIU3Z C OpPYyeUMU OA3UCHbIMU
setienem-@yuxyuamu. Ilpedocmaesnenvt pesyrbmamvl mecmuposanus OA3UCHOU QYHKYUU HA MOOETbHbIX CUSHANAX.

Knrouesvle cnosa:. noodwunHuku Kaverus, BUOPOOUASHOCIUKA, YUGPO8as 06pabomKka cueHaIos8, eligiemn-
npeobdpaszosanue, 6A3UCHAL PYHKYU.

Beenenne. B Hacrosimee Bpems sl OLCHKH TEXHHYECKOTO COCTOSHHSI POTOPHOTO OOOPYZOBAHUS HC-
HOJIB3YIOTCSL METOABI 00PabOTKH BUOPOCHIHAIOB B YaCTOTHOM M YacTOTHO-BpeMeHHO# oGnactsax [1—4]. Hau-
Oonbliiee PacMpOCTpaHEHHUE MOJTYUYHIM CICKTPaNbHbIE METOIbl BUOPAMOHHOM AHATHOCTHKU HAa OCHOBE Mpeod-
pasoBanusi Oypbe. B COOTBETCTBHH C yKa3aHHBIM MOAXOAOM KKAOMY Ae(heKTy 000pyIOBaHHs CTABUTCS B CO-
OTBETCTBHE HA0Op Ae(eKTHBIX YacToT. Hampumep, pakOBHHBI U TPEIIMHBI HA BHYTPCHHEM/HAPYKHOM KOJbLEC
HOIIMIHIKA Ka4eHUs OyIyT OPOXKAATH YAAPHBIC POLIECCHI C YaCTOTON ITIOBTOPCHHSI, PABHON YaCTOTE MepeKa-
TBHIBAHUS TEN KAYCHUs 10 BHYTpeHHeMy/HapyxHOMY Koublly (BPFI / BPFO) [4].

Fld\l—[ +—cos(9)j
Fld\l—(l—— cos(e)j

rae F1 —uacrota Bpanienust Bana; Nb — konumuectBo Ten kauenus; Bd — quamerp tena xayenust; Pd — nuamerp
JIENUTETFHON OKPYKHOCTH; O — yroJl KOHTAaKTa.

ITo coBokymHOCTH Ne()EeKTHBIX YaCTOT, OOHAPYKCHHBIX B CICKTPE M CICKTpe Orubaromicii BUOpaiu,
JienaeTcs 3aKiIoueHne o Thme Aedekra o0opyIOBaHUS M CTENCHH ero pa3BUTHA. IIpocToTa, yHHBEpCaIbHOCTH
NPUMEHCHHUS U OOJIBIIOE KOJMYSCTBO CIPABOYHOM JIMTEPATYPhI CTAIHM MPUYHMHON MIUPOKOTO PACIPOCTPAHCHUS
CHEKTPAIbHBIX METOJOB BHOpAIMOHHOHN AnarHocTWKdA. OJHAKO CYIIECTBEHHBIM HEIOCTATKOM CIHEKTPalTbHBIX
METOJIOB aHau3a SBISCTCS HU3Kas d()()EKTUBHOCTh MX HCIIONB30BAHUS JJI1 00PaOOTKU HECTAI[MOHAPHBIX CHUT-
HaJoB [5] M3-3a pa3MbITHS CIIEKTPOB. HecTanMoOHapHOCTH CUTHAIOB BO3HUKACT BCIICACTBHE TOTO, UTO B MPOIIEC-
Ce IKCIUTyaTal[ii CKOPOCTh BpAIICHUs Baja 00OPYIOBAaHUS HE SBISACTCS MOCTOSHHOW BenuuuHOW. [Iprumnna 3a-
KITFOYaeTCsl B I3MEHEHUH PeXXuMa padOTHl, HATPY3KH, pa3iNdHasi CTENICHb N3HOMIEHHOCTH 3JIEMEHTOB | T.1. IIpu-
MepOM 000PYAOBaHHS C IIOCTOSHHO U3MCHSIOIICIHCS CKOPOCTHIO BPAIIICHHUS BAJIOB SIBIISICTCS BETPOTCHEPATOP.

C oIHOW CTOPOHBI, peIIeHNe YKa3aHHOH MPOOJIEMBI JIGKHUT B 00IaCTH aNTOPUTMOB YTOYHEHHS YaCTOTHI
BpallleHusl Baja U ciexenus 3a Heil [5; 6]. C apyro#t cTOpoHBI, HHCTPYMEHTOM 00pabOTKM HECTAI[MOHAPHBIX
CUTHAJIOB SIBJSIETCSl BEHBJIET-aHAIM3, MATEMATHICCKHI aImapaT KOToporo paspaboran yueHsIMu Mopite, Jloberm,
Mauia u apyrumu [7; 8]. [IpuMeHUTEIbHO K BUOPALIMOHHOMN AUATHOCTHKE JAHHBIN MOJXO/] €Ille HEJIOCTATOYHO
npopaboTaH, HO, IO HAIIEMy MHEHHIO, SBIISETCS MEPCIEeKTUBHBIM. CleayeT OTMETHUTh, YTO OOJBINOE BIHSHHE
Ha Ka4eCTBO BCHBIICT-aHAIN3a OKAa3bIBaCT BHIOOP 0a3ucHOW QyHKIUHU. B naHHO paboTe aBTOpamMu MpeaioKeHa
OasmcHas BeWBIEeT-QYHKINSA A7 JHATHOCTHKH MOJIINITHUKOB KadeHus. Take B paboTe MpUBEIEHBI pe3yabTa-
ThI 9KCIICPUMCHTOB, IPOBEICHHBIX HA MOJICIBHBIX BUOPAIIMOHHBIX CHTHAJIAX.

OcHoBHas 4acThb. JInHEWHOE YaCTOTHO-BpEeMEHHOE MpeoOpa3oBaHNE YCTaHABIMBACT CBS3b CHTHANA C Ce-
MEHCTBOM BOJIHOBBIX (DYHKIIHH, XOPOIIO CKOHIICHTPUPOBAHHBIX 10 BPEMEHH U IO 9acTOTe. DTH BOJHOBBIE (DYHK-
IIIH Ha3BIBAIOTCS YaCTOTHO-BPEMEHHBIMU aTOMaMH.

BPFI

BPFO

Ecmu pPaccMOTPETh 0611166 CEeMEHCTBO YaCTOTHO-BPCMCHHBIX aTOMOB {(py} o’ rac y MOKET OBITH MHOI'O-
!

MH/ICKCHBIM T1apaMETPOM, U IPEAIONIOKHUTD Y@, oL (R) Q oL (R) U ||(R/|| =1, Torga COOTBETCTBYIOLIEE JTUHEH-

HOE Y4aCTOTHO-BPEeMEHHOE IpeobpasoBanue curnana X[ L (]R) omnpenensercs Kak
™0) = [ xO)G 1) =(xq,)-
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2018 BECTHHUK IIOJIOLIKOI'O I'OCYJJAPCTBEHHOI'O YHUBEPCHUTETA. Cepus B

ATtoMm CDpre C OKHOM CTPOMTCS C IIOMOIIBIO OKHA {J, CABUHYTOT'O Ha U X MOAYJIMPOBAHHOI'O YaCTOTOH ®:
—_ — Lot
(py(t) - gu,w(t)_ el g(t _U).

BeiiBier-atoM — 310 PaCTsKCHME B Spa3 U CABUI HA U MAaTECPUHCKOIO BelBIIETA l//:

@,(1) =, ()= %w(%“j

BeiiBieTs u npeo6pasoBaHI/Ie CDpre C OKHOM MMCIOT 3HCPIUi0, XOPOLIO JIOKAJIU30BaHHYIO BO BPEMCHHU,
B TO BpEM4 KaK UX npeo6pa303aHHe (Dpre CKOHLCHTPUPOBAHO I'TIABHBIM 06pa30M B OIpaHAYCHHOM JUANa30HE YaCTOT.
I[J'Iﬂ aHaJiu3a CTPYKTYpbl CUTHAJIOB paSHI/I‘IHOﬁ JIUTCIbHOCTHU H€06XO,HI/IMI)I YaCTOTHO-BPEMCHHBIC aTOMbI
C pa3IMYHbIMU BPEMCHHBIMU HOCHUTCIIAMMU. BeﬁBneT-npeo6pasoBaHHe pacKiIaablBa€T CUr'HAJIbI IO PACTAHYTBIM

¥ CIBUHYTHIM BeliBneram. ®yukmms (| O L° (]R) Ha3bIBACTCSl BEUBIICTOM, €CJIH BBITIOJIHSIIOTCS CJICAYIOIIHNE YCIOBUS:

1) pyuxyus Y(t) umeem nyneeoe cpeonee
j W(t)dt = 0. 1)

Oynxuus P(t) nopmuposana, |jy| =1, u nmeer uentp B t =0. YacTo i MPAKTHICCKUX TPHIOKEHHI

OKa3bIBAETCS HEOOXOAUMBIM, YTOOBI HE TOJIBKO HYJIEBOM, HO U MEpBbie K MOMEHTOB ObLIM PaBHBI HYIIIO:
+00
jtkw(t)dt =0 i 0<k<p, (2)

torma (t) opToroHanbHa JFO60MY MHOTOWIEHY cTerieu P — 1. Takoii BeiBiieT HassiBaeTCs BeiBeToM K-ro mopsia-

ka. BeiiBnetsl, obnanaromye OONbIIMM KOJHYECTBOM HYJIEBBIX MOMEHTOB, MO3BOJISIOT aHAIU3UPOBATH MEJKO-
MmacirrabHble (IIyKTyallud U OCOOSHHOCTH BBICOKOTI'O MOPSI/IKA, HTHOPUPYIOT PEryJsIpHbIE MOJIHHOMHHAIBHbIC
COCTaBISIFOLIME CHTHAJIA;

2) ¢yuryus y(t) Henpepwigna no eceii OnuHe, T.e. HE UMEET TOUCK pa3pbiBa. B HEKOTOPBIX MPUITOKEHH-
sx Tpebyercs HenpepbiBHAs qudepeHunpyemocts [8];

3) @ynxyua y(t) Oonorcna Ovimb o2panuueHa u 10KAIU308AHA NO épemMenu u no wacmome. Heobxonu-
MBIM ¥ JIOCTATOYHBIM YCIIOBHUEM SIBISACTCS

+00

[lw(t)et<e. 3)

-0

Jlokanu3anus BelBiIeT-QyHKIUI BO BpEMEHH MOAPa3yMEBaeT BBIOJHEHHE OJHOTO M3 3aKOHOB YOBIBAHUS:

- |
a) t™", rme m= const, 6) 3KCIOHEHIMAILHOTO € H, rae K> 0, mu6o 6osiee GrICTPOro. XOopoIio JTOKaTH30BaHHAS
¢bynkuus y(t) uMeer GbicTpoe yObIBaHHE. DTO O3HAYAET, YTO [yIs JIt0Ooro mokaszaresss MO N cymiecTByeT KOH-

cranra C, Takas, 4To

OtOR  |w(t)| s —=—;
1+[t]

4) asmomoodenvnocmy basuca — Bee Belinetsl cemeiictBa ), () umeror oanHakoByio hopmy (KomnyecTBo

OCIMJIIATIHI), TaK KaK TTOIYYA0TCs TOCPEICTBOM MacITabMpOBaHKS M CIBHIa MaTepuHCKOTO BeiiBimera (t) .
BeiiBer-npeodpazoBanue oT BpeMeHH U i MaciTaba S ecTh

W(u,s) = (X, ) = fx(t)%w* [t_Tujdt'

BeiiBnet-npeoOpa3oBaHe MOXKET OBITh IIEPETIHCAHO B BHJIE CBEPTKH

+00

w9 = [x)Tw (2 = ) )5

—00

e w0 =u (7).

16



IIPOMBILIJIEHHOCTA. [IPUKIIA/THBIE HAVKHU. Mawunosedenue u mauunocmpoenue M 11

Ipeobpazosanue Pypse J (U) ectb

V. (0) =i (so).

+oo

Tak xak y(0) = I y(t)dt =0, To  —nepenarounas XapaKTEPUCTHKA IUANA30HHOTO (UIIBTPA, T.€. BEHBIET-

npeobpa3oBanue (5) BHIUUCIAET CBEPTKY C PACTSIHYTHIM JHana3oHHbIM (unbtpoM. Ecian y — BemiecTBEeHHBIN
BEMBIIET, TOT A

WA(U, S) = fx(t)%\y(%j .

Jns BeliBneT-nipeoOpa3oBaHMs BBINOJIHSICTCS 3aKOH COXPAaHEHHS! SHEPIUH, HO BEHBIET yJOBJIETBOPSET
YCIOBHIO IOIYCTHMOCTH, OnpeaensieMoit Teopemoii Kanpaepa, Moprne u I'poccmana [7].

Mycts yOL? (]R) — BeEIIeCTBEHHAS QYHKIIVSI, TaKast 94TO

c,= Imdm <o, (®)
5
Torna mo6as XL (R) yaoBneTBOpSICT paBeHCTBY:
1777 1 (t-u), ds
1) =— Wi —y| — |du—-. 7
P :

Hpe,unono;xeﬂne (6) Ha3bIBACTCS YCJIOBUEM JOMYCTUMOCTHU I BCUBJICTOB. I[J'If[ TOr0 YTOOBI HUHTETpall

OBLT KOHEYHBIM, TpedyeTcs \|1(0) =0. D10 0OBACHAET, OYEMy BEHBIETHI JOJKHBI HMETh HYIEBOE CpEJHEE

3Hauenue. Eciu \V(O) =0u \|/(co) HEMPEPHIBHO AUPPEPEHIIMPYEMBI, YCIOBHE JONYCTUMOCTH BBIMOIHSIETCS.
Bripaxxenue (7) 3amaer o0paTHOE BEHBIIET-NPE0OPA30OBaHHE.
CreayeT OTMETHTb, UTO BEiBIET MOXKET CUMTaThcs 6asucHoil dynkmueii L° (]R) TOJILKO B TOM CIIyyae,

€CJIH TIOCTPOCHHBIH C TIOMOIIIBIO €r0 0a3uC OPTOHOPMHPOBAH B 00paTHOE Mpeodpa3oBanue cymecTByeT. OMHAKO
CTpOTHE JIOKA3aTelIbCTBA TOJHOTHI M OPTOTOHAIBHOCTH CIIOKHBI M TpoMo3zku [8]. Kpome Toro, mist mpakTude-
CKHUX IIeJiell 4acTO JOCTATOYHBIM SIBISETCS YCTOHYMBOCTh M IIPUOIU3UTENBLHAS» OPTOrOHAIBHOCTh CHCTEMBI
¢byHkuuit paznoxenus. Kak npaBuio, Ajis aHalM3a CUTHAJIOB UCTIONB3YIOTCS TaKUE «I0YTH 0a3MCHbBIC» BEUBIIETHI.

BeiiBiier-GpyHKIMs JIs1 IHATHOCTHKH NMOJUIMNHHKOB KayeHusi. Bo MHorux paborax mo BHOpaimoH-
HOW TMAarHOCTUKE pa3pabaThIBAIOTCS U aHAIM3UPYIOTCS MOJEIH YIAAPHBIX MPOIECCOB B IMOANIMITHUKAX KaYCHUS
npu Hajguuuu aedexToB. B wactHocTH, B [9—11] ymapHblil mporiecc pacCMaTpUBAETCS KaK rapMOHHYIECKOE KOJie-
Oanwme, 3aTyxarllee M0 IKCIOHSHIIMATFHOMY 3akoHy. Ha pucyHke 1 mpencTaBieHbl IpUMEpBl yIAPHBIX HM-
MyJbCOB B MOJIIUAMHUKAX KAUCHHS MIPU HATUYUU ACPCKTOB.

100 : ; ; : ‘ ‘ 100

50 50

Signal mis?
o
Signal, mis?
o

-50 -50

100 . L L . . . . 100
0 5 10 15 20 25 30 35 40

Time, ms

a —1edeKT Tea KauyeHus; 6 —Ae)eKT HapyKHOr0 KoJIbIa

Pucynok 1. —/ledeKT moamMMMHUKA KaYeHUs

OyHKOHSA 111 AMATHOCTHKH MOINIMITHUKOB KadeHHsS TOJDKHA MaKCHMAalbHO COOTBETCTBOBATH (hopme
YAapHBIX WMITYJIbCOB M UMETHh XOPOIIYIO0 JOKATU3alHdi0 BO BPEMEHHONW M YacTOTHOH oOmacTsax. B kaudectse
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2018 BECTHHUK IIOJIOLIKOI'O I'OCYJJAPCTBEHHOI'O YHUBEPCHUTETA. Cepus B

BeiiBNeT-QYHKIUMU Al aHANKM3a MOJIIMIHUKOB KaueHus BbIOpaH BeiiBier y [12; 13], cocTosmuii U3 nByx
yacreil (8). IlepBas yacTh BeiiBieTa \ ONKMCHIBAETCSA BhIpaxkeHueM Juis BeiiBaera MEXH (Mexican Hat),
a BTOpAsi 4aCTh MMEET HKCIIOHEHIIMAIbHBIN 3aKOH 3aTyXaHHMs:

VT (axf e 2| o<t <0
w(t,00,k) = (FJ(T (wt) jeXp = mpu—o00 <t <0; o

cos(wt) exy{—kt) mpu 0<t < oo,

rae o = 2xf,— nukianueckas 4acrora (pan/c); f,— Hecymas (pesonancuas)) wactota (I'm); K — xoadduuuent
3aTyXaHusI.

B xoxe aHanm3a BBISABICHO, YTO paccMaTpuBaeMas BelBineT-GyHkims  (8) obmamgaer CleayomuMu He-
ZIOCTaTKaMU:

1) ¢ysKIHMA Y He SBISETCS HEMpepbiBHO auddepenmpyemoii B Touke t = 0;

2) oOyHKUMH Y UMeeT HyJIeBoH MOMEHT (1), OTJAMYHBI OT HyJIsl, T.e. HE BHIMOJHACTCS YCIOBHE HOIyC-
THMOCTH, B YaCTHOCTH

T k
j Y(t)dt = 0

BpeMeHHas peanu3anusi paccMaTpuBaeMoil BeiBieT-QyHKIMU ¢ Hecyei yactotoi fo= 1000l npen-
CTaBJeHa Ha pucyHke 2. Pumckumu undpamu | u |l 0603HaueHbI epBast 1 BTOpas 4acTu BbipaxkeHus (8) co-
OTBETCTBEHHO.

<
o

Wavelet, mis?
o

o
o

-1

oOF——m———————— e — = — —

1 2 3 4 5

-2 1
Time, ms
| —gacte MEXH; Il — 3xcnioHeHIIaIbHASI YaCTh

PucyHok 2. —Ba3ucHasi QyHKIHS JJ151 TMATHOCTHKH NOAIIMNHUKOB KadyeHus y(t, o, k)

Jnst yeTpaHeHHs] yKa3aHHBIX BBIIIE HEJOCTATKOB MPOBOAUTCS MoauduKauus BeiBieTra. Beeaem moHsTue
ko3 dunmenta popmsr FF (Form Factor), Toraa koadduiuent 3aryxanus K u3 Beipaxkenus (8) mpumer Buj

_fo_ w

-19._9 9
FF  2nFF @)

Breaewm cnemyromniue 0003HauCHUS:

(Zwtjz

, st

f o (twa)= 1{@] exg -~/
T

a

fop (t, @, FF) = cog(wt) ex;{—ij
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IIPOMBILIJIEHHOCTA. [IPUKIIA/THBIE HAVKHU. Mawunosedenue u mauunocmpoenue M 11

B paMKax HpeﬂCTaBHHCMOﬁ pa60T1,1 OITYCTUM MPOMEIKYTOYHBIC pACUCThI U MPUBCACM UTOTOBOC BBIPAKC-

nue (10) MoaubuIMpoBaHHOi 6a3HCHOMN (YHKIMH AT AUATHOCTHKM MOAUTMITHEKOB Kadenus "&® :

fren (L, 0,8,), —0<t<0;

WMt W, FF) =1 f ., (t,w.a), 0<t£%; (20)

1
fo (1, W, FF), —<t<oo,
e(p( ) 2(&)

rac a1 nu 82 — HOIPaBOYHbBIC KOS(l)(l)I/IIII/IeHTLI, pacCcUnTbIBacMbIC CJICAYIOIUM 06pa30M:

-1
& 4 1’
[ I E—

n) 4FF

a, =(a+B)". (12)

(11)

Jus pacuera koddduiyenTa a, UCIOIb3YITCA BCIOMOraTelibHble K03 (hHUIUEHTSL:

—3—2 :3—3— =—ps Hz
“‘\/2+Q'B @'Q(sj{zj’

p=-2, q= —n—ﬁ(sRm(m,al) +S,,(@,FF)),

R _IWme, 2-a 1 L 1
Smh(mal)—wﬁz@ff ﬁ +ZGX{ g],

1
_ 4TPFF? DeXp( 4FFJ

SoaFF) = (L+ 4CFF?)’

2 F e
3necw erf (x) = —Je “dt — dynkims ommbok (pynxuus Jammaca).
o

N
MEXP

Beitner-¢yukuuto (10) o603naunm kak MEXP unu BBUJly HAJIMYHUA B €€ OCHOBE JIBYX OCHOBHBIX

zakonoB f . u f_ (MEXH +EXP). ins kooddurmenta popmsr FF = 1, COOTBETCTBYOMIETO OPHTHHAIBHOI

exp
3anucy BelBneT-(pyHknuu (8), 3HaueHHs apaMeTpoB a; U a; COOTBETCTBEHHO paBHbI & = 2,0343 a, = 2,1890

Betisner-¢pynkius MEXP ynosnersopsier TpeGoBanusm (1)—(4)u yenosuro nonyctumoct (6). yHKIusS
HMMEET TOJIbKO HYJIEBOM MOMEHT, PaBHBIN HYJIIO:

Ttolp(t)dt =0.

BeiiBiner MEXP siBisiercst oauH pa3 HenpepbiBHO auddepeHiupyeMoi GyHKINEH, B TO BpeMs Kak JJIs
o w
IPOU3BOJHON BTOPOTo nopsiaka Touku {, =0 u t, = o SIBJISIIOTCS] TOUKaMU paspsiBa | poza.
Tt

Bpemennas peanusamnusi MEXP u ero cnekrp mis Hecymei gactotsl fg = 1000T'n 1 xo3ddunnenrta
dopmer FF = 1 mpencrasnens! Ha pucyHke 3. Pumckumu mudpamu |, Il u Il o60o3HadeHBI TpU YacTu BhIpa-
xenus (10) COOTBETCTBEHHO.

N3menenne ko3ddunuenra popmer FF okaspiBaeT Hauboublice BIUSHAC HA YKCIOHCHIIMATBHYIO YacTh
BeitBera MEXP. I1o 3To#i npuyKHe B IpEACTaBICHHOM MOAM(UKAIMK 1epBas yacThb BeiiBaera MEXP (I — pucy-
HOK 3, a) UCTIOJIb3YETCs B KAYECTRE MPOTUBOBECA JISl TOCTHKEHUsI Hys1ieBoro cpenHero (1), a Bropas — uist CBsi3u
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2018 BECTHHUK IIOJIOLIKOI'O I'OCYJJAPCTBEHHOI'O YHUBEPCHUTETA. Cepus B

nByx 3akoHOB MEXH u EXP. Bropas gacte BeliBiera n3amensiercst o 3akony MEXH mns noctvxenus mudde-

PECHIUPYEMOCTHU BEHBIIETa B TOUKE tO =0mu JJIA CBSA3U IBYX 3aKOHOB BEHBIIETAa B TOUKE tl = %T[.

«107

15

11 11

-
] [=2]

o
2]
I

w

Wavelet, m/s®
(=]

Spectrum, m/s?

[N

e g

1 2 3 4 5 0 0.5 1 1.5 2 25

-2 -1
Time, ms Frequency, kHz
a 0

a — BpeMeHHasl peajn3anus BeliBjeTa nocjie MoIu(puKanmm;
6 — ®ypbe-06pa3 OPUTrHHAIBLHOTO H MOAM(HUIUPOBAHHOTO BeliBIeTa;
I, I — vacte MEXH; lll — 3xcnoHeHnManbHAasA 4acTh

Pucynok 3. —BeiiBaer-pynkuus MEXP

Kak npencrasneno Ha pucyske 3, 6, @ypbre-o6pas Beiinera MEXP cmemen B 00:1acTh HU3KHX 4acToT,
4yto obbscusercss Biamsuuem f . (t,w,a) (I, ll, pucynok 3, a), ognako 3naueHune Dypbe-obpasa BeiiBiera

Ha HyJIeBOH "actote ctporo pasHo Hymo (V™7 (0)=0.

CreyeT OTMETHTB, YTO BBelneHue koddduimenta dopmbel FF B Bbipaxenue mns Beiisieta MEXP (10)
JICNIACT BO3MOXKHBIM TIOCTPOCHHUE IIENIOTO CeMEHCTBa 0a3MCHBIX (PYHKIUH C Pa3IUYHBIM YACTOTHO-BPEMCHHBIM
paspelieHreM B IMpeaesiaX OJHOI0 BBIOPAHHOTO MacmTaOHOro koddduuueHta S. [Ipu 3Tom ¢opma BeitBieTa
OyZeT COXpaHSTh CX0XKeCTh. JJaHHBIA (aKT MOXKET OBITh UCIOJIB30BaH JUJIsl MOCTPOCHUS 0a3UCOB pa3speKEHHOU
BEHBIIETHOH mexkommosuiuu [14].

Pe3yabTaThl M ux odcy:kaeHue. /st onenkn 3G GEeKTUBHOCTH BBIACICHUS yIaPHBIX TPOIIECCOB B BUOpa-
[IMOHHOM CHTHaJIe Ae(QEKTHOTO MOAMUITHIKA KaueHMsI IIpH rmoMoiny BeiiBiera MEXP npoBoauTces ero cpaBHH-
TebHBIN aHam3 ¢ BeliBnetamu MEXH n MORL, Hame My mupokoe MpUMEHEHHE:

aht?) [ 2t

(O 1—T[2 =z |

PMOR (t, ) = co( Bat) exré—(oztz)

Bonpmas gacts sHeprun BetiBiaera MEXH cocpenoTodena B riiaBHOM JieniecTke, BeieacTeue vero MEXH
o6namaeT BEICOKUM KOd()(GHUIIMEHTOM KOPPENSLN C CUTHATIAMH Pa3IMIHON GOPMBI, HO TIPH 3TOM UMEET HU3KYIO
n30MpaTenbHOCTh B YacTOTHOUW oOnactu. BeiiBaer MORL mMeer mmpokoe NMpUMEHEHHE BO MHOTHX 3aJadax
BeilBlIeT-aHAIN3a BCIICJICTBUE HMU3KOTO 3HAYCHHSI YaCTOTHO-BPEMEHHOI0 paspereHus [7].

JIJis KOpPEKTHOTO CPaBHEHUSI KaXKAasi BEHBIET-YHKIUS MTOABEPracTCs MpeIBapUTEeIbHON HOPMUPOBKE:

w(t) =%, (13)

1/2

rae "lIJ" = “qJ(t)rdt —HopmMa pynkumm P (t).

Pe3onaHcHBIC "acTOTH f, MCHONB3yeMBIX BEHBIICTOB CKOPPEKTUPOBAHBI TaKMM 0Opa3oM, 4TOOBI MX

neiicTBUTeNnbHBIE 3HaueHNs cocTaBsn f, = 1kI'm. J{na seitenera MEXP mpu xoaddumente dpopmsr FF = 1

KOY(QHUIIMEHT KOPPEKIMK PE30HAHCHOH JacToThl coctasmsier Ki'™F =1,0083;mw1s Beitenera MEXH xoaddu-

ument pasen kM®® =1.1117; mis MORL koodduument k'R =1,
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HopmupoBannsle BeliBneT-¢pyHKIMK 1 X @ypbe-00pa3sl npecTaBieHbl HAa pUCYHKE 4.

0.06
0.04
©
>
@
- 0.02
=}
@
N
g 0
£
o
z
-0.02
0.04 . . . . . . .
2 -1 0 1 2 3 4 5
Time, ms
a
-4
35 =10
——MEXP
3 P N MEXH |
/) \ ——-MORL
% 25] p) | J
£ ol J | ' J
g 7 N
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Pucynok 4. —HopmupoBaHHblii 0a3uc npu f~0 =1kl

B KkadecTBe TECTOBOIO CHIHAlAa KCIOJIb30BaHA IOCJEIOBATEIbHOCTh SKCIOHEHIMANIBHBIX HMITYJIbCOB
¢ pasnuuHbIME Koo unuentamu popmbl FF (koaddunmenramu 3aTyxaHus):

N —
s¥(t ) = D57 (-4t ) w,, FF ), (14)
i=1
. 21FF
S5t 0, FF) = sm(wt)Eéx;{ th , Kt<o s
0, —w<t<O.
iz

—EXP X
3nech S, (t,0,FF) — QyHKIMS SKCTIOHEHIMANBLHOTO UMITyJIbca, HopMupoBanHas no (13); FF = FF, 2
pernieTka 3HadeHUH K03()PHUIMEHTOB (OPMBI TECTOBBIX UMITYJIHCOB.

[pumep TectoBoro curnana ™ (t,0,) (14) ¢ wactoroii 3anonuenus f, =1 k1 u pemerkoil koadQu-

uenToB gopmel { FF} = {l, 2,4, 8,16} NpeJICTaBeH Ha PUCYHKE 5, a.
CpaBHeHHE NPUBEICHHBIX BEHWBJIETOB MPOBOIMTCA B TEPMHUHAX OTKIMKa resp(y,FF). IMox oTkiaMkoM

resp(y, FF) BeiiBnera  Ha UMITy/bCHBI cUrHAN S, OyneM HOHHMATh

resp(y,FF) = max[ en\( cor(@(t) g(t FF.))H (16)

rae env(x(t)) — orubaromiass curHana X(t), momydeHHas npu momoinM npeobpaszoBanus ['miabbepra;
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o

COI’I’(X(t),y(t)) = J Xt)y¢—1)dT — xoppemsiuvonnas ¢yuxuus curnanos X(t) u y(t); lI_J('[,(.oO) — HOPMHPO-

—00

BanHas 1o (13) eeitBner-pynkuusa P (t,w,); %(t,FFi) — HopMupoBaHHBIH 1O (13) TeCTOBBI MMITYIbCHBIH
curnai ¢ kodpdurmenrom popmer FF .

@akruuecku noj otkiaukoMm resp(Y, FF) mnonumaercst koadduuuent koppensuuu [TupcoHa, Tak kak
Y TECTOBBIC IKCIIOHCHIUATIBHBIC UMITYJIBChI, 1 BEUBICT-()YHKLIUKN UMCIOT SANHUYHYIO HOPMY.

Kpussie otiiuka resp(y, FF) tpex mccienyemsix BeiiBneTos ) Ha TecTOBBIH cuTHANT S™

(t,w,) mpen-

CTaBJICHBI Ha PUCYHKE D, 0.

0.06 T T T T T
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4 = ] o
- 0.02 .
g 0 | | & 0.
5] .
=z 05F et ]
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04f ]
0.04 — | I | I | I | I | 03 | | | |
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Time, s Form Factor
a 0

@ —TeCTOBbIii CHrHAM S (t, ®g); 6 —KpUBBIE OTKJIMKA BEHBJIETOB HA TECTOBBI CUTHAJ £XP (t, @)

Pucynok 5. —OTki1uK BeiiBJIeTOB HA TECTOBBIH CUIHAJ

Kak BuaHO Ha pucyHKe 5, ¢, IpU HU3KHX 3HAYCHUAX KO3d(duimeHTra (GOpMbI TECTOBBIX HMITYJIHCOB
FF < 0,59 nanbonemmm otkiaukoM obnamaeT BeiiBimer MEXH. I[Ipuynna B TOM, 9TO NMPH TaKMX 3HAYCHUAX KO-
¢ dummenta Gopmbl FF TecTOBBIE MMITYIBCHI BHIPOMKTAIOTCS B SAUHUYHBIN BCIUIECK M CTAHOBATCS OTM3KAMH
o ¢popme k MEXH. TIpenmymectBo B oTkimke MEXH Tem 6osbine, 4em MeHbIne kodGduimmueHT Gopmbl TeCTo-
BBIX UMITYJIbCOB. Tak, Hanpumep, npu FF = 0,250tkimmk MEXH na 11,67%060ms1m1e, yem y MEXP, u Ha 33,37%
6omnbire, vem y MORL.

Ipu koaddumuente popmor 0,59< FF < 9,93E, korna TectoBbie CHrHAIBI IPUOOPETAIOT GOPMY IKCIIO-
HCHIIMAIBHBIX UMITYJIECOB, HAUOOJBIIIAM OTKIUKOM CPEIIU aHATH3UPYEMBIX 0a3UCHBIX (QYHKIUI 00JaiacT BEWB-
aer MEXP. MakcuMalbHbIi OTKJIMK COOTBETCTBYET KO3 HUUUEHTY HopMbl TecToBBIX curnaioB FF = 1,297,
Ha KoTopoM oTKIMK MEXP Ha 8,09%060mbmme, yem y MORL, u Ha 13,36%00b111e, vem y MEXH.

Makcumym otkirka MORL cooTBeTcTBYeT KOIPDUITMEHTY TECTOBBIX HMITYIbcoB FF = 1,542 ITpu aTom
ero otkiuk Ha 7,17%mnwmxke, uem y MEXP, Ho Ha 8,72%BbIme, vem y MEXH.

Betiner MORL o6Gmamaer 6onpimmmM oTkimkoM, 9eM MEXP, Tonbko HaunHas ¢ koddduimenta GpopMbl
TECTOBBIX UMITYICOB FF > 9,935 Ilpu atom npeumymectso MORL B oTkiuke He mpebitmact 1,2% EF = 16).

ANTOPUTM HMCHOJB30BaHUS NOJXydeHHOW OasucHol ¢yHkuuun MEXP B 3amauax BHOpOAMarHOCTHKH po-
TOPHOTO 00OPYIOBAHKSI AHAJIOTHYEH ANTOPUTMY, OTUCAHHOMY B [12].

3akJ/roueHue

B xope uccnenoBanus paccMOTpeHa 0a3ucHas (GYyHKIUU sl BHOPAIMOHHOW JUATHOCTHUKH MO IIAITHIUKOB
kayeHus. OcylecTBIeHa e¢ MOAUMUKAIUS IS YCTPAHCHUS BBISBICHHBIX HEIOCTATKOB.

IIpoBeneH cpaBHUTENBHBIN aHaIN3 MOJIYYEHHOTO BEMBIIETA C IIMPOKO NMpUMeHseMbIMU BeiiBieTamu MEXH
1 MORL. B pe3ynbraTte 3KCIIEpIMEHTOB YCTaHOBIIEHO, YTO TOTy4YeHHas BeiBiieTHas QyHkiusa obnanaer Ha 8,09%
JYYIIAM OTKIMKOM Ha 3KCTIOHEHIMAbHBIE UMITYJIbCHBIE Bo3neicTBus, ueM MORL, u Ha 13,36%myqmum oT-
kKoM, uem MEXH.

JINTEPATYPA

1. Aopamos, M.JI. Bubpoauarnoctika SHepreTHYecKoro odopynoBaHus . ydued. mocodue 1o IUCHUILTMHE
«Jlnarsoctrka B Teruodnepretuke» [ M.JI. A6pamos. —Kemeposo, 2011. — 8Q.

22



IIPOMBILIJIEHHOCTA. [IPUKIIA/THBIE HAVKHU. Mawunosedenue u mauunocmpoenue MNe 11

10.

11.

12.

13.

14.

Bbapkos, A.B. BuOpaunoHHas JuarHoCcTHKa MallMH U 00opynoBaHus. AHannu3 BuOpauuu : yued. mocodue
/ A.B. Bapkos, H.A. Bapkosa. —CII6. : CIIoI' MTY, 2004. — 156.

Bbapkosa, H.A. BuOpannoHHast JuarHoCTHKa MaIllMH U 000pynoBaHus. PacueT OCHOBHBIX YacTell BHOpamuu
Y3JI0B MAalllMH, MapaMeTPOB M3MEPUTEIBHON ammapaTypbl W IMpaKTHYECKas JKCIEpTH3a . yded. mocobue
/ H.A. Bapkogsa, A.A. Bopucos. —CII6. : CIIGI'MTY, 2004. — 156.

KoctiokoB, B.H. OcHOBBI BHOpPOAaKyCTHYECKOW NUATHOCTHMKH W MOHHTOPHWHra MamidH . y4e0. mocobwe
/ B.H. Kocrtiokos, A.I1. Haymenko. —Owmck : U3a-8o OMI'TY, 2011. — 36@.

Eltabach, M. Rotating machine speed estimationgugiloration statistical approach / M. Eltabach,Gavaert
/l World Congress on Condition Monitoring — WCCM120 —Venue : ILEC Conference Centre, London,
2017.-P. 5.

ANTOpUTMBI YTOUHEHHSI 4acTOThI BPAILEHUs Bajla B 3a/ladyax BHOPOAMATHOCTHKU POTOPHOTO 00OpYIOBaHMS
/ YO.I1. Acnamos [u ap.] // Bectauk ITononkoro rocymapcreenHoro yuusepeurera. Cep. B, [Ipombinuien-
Hoctsk. [Ipukinanasie Haykm. — 2017, Ne 11, —C. 51-58.

Mallat, S. A wavelet tour of signal processing. Bparse way / S. Mallat. — Oxford : Academic Pr2g8ge9.
Acradoera, H.M. BeiiBner-aHanu3 : 0CHOBBI TeopHs U pumMepsl ipumenenus / H.M. Actadsesa // Yenexu
¢usnueckux Hayk. — 1996. -T. 166,Ne 11.

Howard, I. A review of Rolling Element Bearing Véiion / I. Howard // Detection, Diagnosis and Pragjs
Aeronautical and Maritime Research Laboratory, DiEpant of Defence, 1994.

Madar, E. An analytical model of rolling-elementa#ipnteraction in bearing inner race / E. Madar K@gan,
J. Bortman // World Congress on Condition MonitgrinWCCM 2017. Venue : ILEC Conference Centre. —
London, 2017.

Kogan, G. A new model for spall-rolling-elementdrdaction / G. Kogan, J. Bortman, R. Klein // Nogkm
Dyn, Nonlinear Dynamics-2016 Henuneiinas nunamuka-2016 : 5tn International conference, Kharkov,
27-30 september / National Technical University aidov Polytechnic Institute», 2016.

Haseiios, W.I'. JlnarHocTrka KauecTBa MOIIMITHIKOB Ka4eH s ¢ TIPUMEHeHneM BeliBieT-ananusa / V.I'. JlaBbI-
1o [u ap.] // Doxnaner BI'YHUP. — 2005. Ne 3 (11). —C. 48-52.

BacrokeBuy, C.1O. HccnenoBanue cMenieHns: MaKCUMyMa criekTpa MomHoctr 6asucHoit / C.10. Baciokesud,
N.I'. JaBbinos, C.A. Muranesuu // Texauueckue cpeacTsa 3amuthl nHpopmaimu : Te3. goki. VI Benopyc.-
poc. Hay4.-TexH. KOH(]., bpacias, 24—28mast 2010r. —C. 106.

PaspexeHHass BeiBieTHast JEKOMIIO3UIMS B 3ajadyaXx BHOPOJMArHOCTHUKM POTOPHOrO 00OpYyIOBaHUS
[ YO.I1. Acnamos [u ap.] /I Joxnaaet BIYUP. — 2017. Ne 8. —C. 91-98.

Hocmynuna 12.02.2018

WAVELET FUNCTION FOR ROLLING BEARING DIAGNOSIS
Y. ASLAMOV, |. DAVYDOV

Automatic systems of vibration-based diagnostics allow to solve problems of estimation of a technical

condition of rotary equipment without involvement of experts. Wavelet analysis became widely used to process
non-stationary signals. However, the quality of the wavelet analysis strongly depends on the chosen wavelet
function. The authors of the article proposed a basis function intended for the diagnosis of rolling bearings.
Wavelet mathematical justification and comparative analysis with other wavelets are provided. The article
contains the results of testing the proposed wavelet on model signals.

Keywords:vibration-based diagnostics, digital signal processing, wavelet transform, basis function.
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YK 644.37:68

OBECHEYEHUE BE3OITACHOCTH TPOU3BOJICTBEHHOM CPE/bI
B KABUHE MOBMJIBHOM CEJIBCKOXO3SMCTBEHHOMN TEXHUKHA

AJI. MUCYH,; kano. ¢pus.-mam. nayk, ooy. H.M. MOPO30BA;
0-p mexH. nayk, npogh. JI1.B. MUCYH,; A.A. IHHYYK, HB. CAMKEBHY
(Benopyccxuit 2ocyoapcmeennlii azpapuotil mexuuueckui ynueepcumem, Munck)

Paccmampueaemcesi npobnema obecneuenuss 6e30nacHocmu npou3800CMEeHHOU cpedbl 8 KabuHe Mo-
OUNBHOU CeNbCKOX03AUCMBEHHOU mexHuKu. Paspaboman memoouueckuti nooxo0 01si 000CHOBAHUSL MUKDO-
KAUMAMUYECKUX YCI08Ull NPOU3BOOCHEEHHOU CPedbl U MENTO3AUUMHBIX CEOUCME 00edCcObl ONepamopa OaH-
Hoeo euda mexuuxu. Ilpedcmasnen pacuem mepmMuyecko20 CONPOMUBLEHUS MENIO3AUWUMHOU 00edHCObl One-
pamopa, npeodsodHCeHO MEeXHUYECKOe YCMPOUCMBE0 011 ROOOEPIHCAHUS MPedyeMOll IANCHOCTIU 8030YXA 6 Ka-
OuHe MOOUNBHOU CeNbCKOX03AUCBEHHOU MeXHUKU.

Kniwouegvie cnosa. muxpoxiumam, 6e30nacHoCmb, RPOU3800CMBEHHAs CPedd, KADUHA CeNbCKOXO3AUCH-
BCHHOU MEXHUKU, MENI00OMeH 4en08eKd, MenI03auUMHAs 00exHcod.

Beenenue. ®usnonornyeckas HOpMa PEakIH Tella YEJIOBEKa MO3BOJISET OPraHM3MY aIalTHPOBATHCS
K OXJIZXKIAIOMIEH MIIM HarpeBalollell TemMrepaType Bo3Ayxa, MUKPOKINMATy. B ciryuae ke BO3HHMKAIOIIETo mepe-
TPEBaHUS] WM NEPEOXIAXKICHNS Tela, JaKe €CIM 3TO W HE OMAcHO ISl JKU3HM UYENIOBEKAa, CHMIKACTCS TPYIO-
crocoOHOCTh. IIpH pacdyerax TEIIOOIIYIIEHNH COCTOSHHSA YETI0BEKa IIMPOKO HCIIONB3YETCS MOHSITHE «TETIIIOBOM
GayaHc», MPH KOTOPOM OTMEUAETCS PABEHCTBO MEXAY TEIUI00Opa30BaHUEM U TEIUIOOTHaueH B opranusme. Eciu
M3MEHSIOTCS TEINIO(U3NYECKHE YCIIOBUS IPON3BOJCTBEHHOM CpeJibl, HallpuMep, B KaOWHe MOOMIIBHOM CEbCKO-
xo3sictBeHHO#N TexHukd (MCXT), To nipu pasinuHoit aestensHoctu onepatopa MCXT cructeMa TepMOperyIsium
OpraHu3Ma IPUBOJAUT B COOTBETCTBUE IPOLIECCH TEINIOOOPA30BaHMsS M TEIUIOOTIAYH, COXPAHss IPH 3TOM TeMIIe-
patypy Tena Ha oAHOM TocTosiHHOM ypoBHe (36,6 *+ 0,5) €. Ho BO3MOXXHOCTH CHCTEMBI TEPMOPETYIHPOBAHHS
OpraHu3Ma OrpaHUYEHbI: PH JUTUTEIHHOM M IIOCTOSIHHOM CHIYKEHHH TEMIEPATYPhl OKPYIKAIOIIETro Cpe/ibl CUcTeEMa
TEPMOPETYJISILIMU HE B COCTOSTHUHM 00ECIICUNTD YEI0BEKY KOM(OPTHOE CaMOTyBCTBHE U HACTYMAET AUCKOM(OPT.

OcHoBHast yacTh. /7151 co3manus KOMPOPTHHIX MUKPOKINMATHIECKUX YCIOBUH MPOU3BOJICTBEHHON Cpe-
JTbI TOJDKHBI YIUTHIBATHCS OCOOEHHOCTH TEIII0O0OMEHA YeI0OBeKa, BRITIOHSIOMEro GU3nIecKyro padboTy. Temre-
paTypa KOXH B JIF0OO0H TOUKH Teja SBISIETCS pPe3yIbTaTOM ACHCTBUS pAna (pakTOpoB, KOTOPBIE ONPEACIISIOT T1e-
penady Temia OT BHYTPEHHHX YacTel OpraHW3Ma M JIETKOCTh €r0 OTJadd B OKPYXKAIOMIYIO cpexy. DTH (paKkTopsl
B 3HAYMTEJILHON Mepe OTJIMYAIOTCS B Pa3HBIX YacTsX Tesia. Bo Bpemst BeImojHeHHs (U3UUECKOI HArpy3ku Ha-
OJro1aeTCsl MHTCHCUBHOE TEIUI000pa3oBaHue, IPOUCXOAILEE TIPH COKpAIeHHH paboTatomux Meim. Tak, yme-
peHHasl JBUTraTeNIbHas aKTHMBHOCTh YBEIMYMBACT TEILI00Opa3oBaHue B 2 pasa, a Tsxenas pabora — B 4...5 pas,
u 0OoJjiee CyIIECTBEHHO BO3PAcTaeT poiib (PM3MYECKOH TEIUIOPEryJIILNY, YBEIUMYUBACTCS M N3MEHSETCS COOTHO-
ICHHE CIOCO00B TernooTaaun [1].

s pacdera TeruioBoro OajlaHca Tejla 4eJoBeKa HanOoliee 4acTo MCIOJIB3YETCsl BRIPAXKEHUE, BKIIIOYAI0-
IIee TaKue MOKa3aTely, Kak CpeJHeB3BEIICHHAs TeMIleparypa Tena denoseka (i), Temooraaya teaa ucnapeHu-
em (Q,) u mokasarens TermtoonyieHus (t). CpeaHeB3BEIICHHAS TEMIIEpATypa Teja B UMEIONIEM MPAKTHYECKOE
3HaYeHHe AHanas’oHe QU3HIECKUX HArPY30K PabOTHHMKA — OT COCTOSHUS NoKos (remtonpoaykuus Q,) = 100Br)

1o Tsoxenoit paboter (3ueprosarparsl Q, = 300BT) — paccuntsiBaeTcs o ciueaymomei Gopmyne [2]:

t. =30+ 360 P70 (1 +1). 1)

st onpesienieHre CpeiHEB3BEIIeHHONW Temmeparypsl (f,) Ha KOXe HCIBITYEMOrOo OTMEUAIOTCS TOYKH,
B KOTOPBIX DJICKTPUYCCKAM TEPMOMETPOM 3aMepsIeTCsl ATOT MoKa3arelb. [Ipi 3TOM TeMIepaTypa OKpysKarormeit
cpensl (tog) Haxonutes B npenenax 19...23 T. TloouyepeHo M3MepsieTCsl TEMIIEPATyPa Tella Ha CEMH CTaHAAPTHBIX
y4acTKax — cTore, Hore (ToJIeHb WK Oepo), TPYIH, CIIMHE, KACTH, Iiede, roioBe. Kaxmaas u3 u3MepeHHBIX BEIH-
YUH YMHOKAETCS Ha YHCIIO, COOTBETCTBYIOIIEE J0JIE IO JAaHHOM JacTH OT 001ieit moBepxHocTH Tena [3]:

tK: OIORCTOHH + 0132tH01'Pl + Ollar‘pyﬂﬂ + 0117tCHHHLI + 01141'”'16‘{3 + OlOEKHCTH + OIOOIFOHOBH‘ (2)

3aTeM HCTIBITYEeMBIN BBITIOTHAET HHTCHCUBHYIO (U3NYECKYIO paboTy, IO 3aBEepIICHNH KOTOPOH B TE€X XKe
TOYKaX W TOH e MOCIENOBATEIBHOCTH M3MepsieTcs Temreparypa Tena. CpaBHUBAIOTCS Pe3yibTaThl 3aMEpOB
CPEIHEB3BEIICHHON TeMMepaTyphbl JO M MOCIE BBHITOJHEHHUS (PU3UUECKON HArpy3KH, IPOBOIITCS IMPOTHO3ZHBIC
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pacuetst (bopmyna (1)). nst yenoBuit oxiaxparomero Mukporiumara (Tt < 0) cpejHeB3BelIeHHAs TeMIIepaTypa
Tella YeJoBeKa JoJpKHa ObITh B peaenax 28...30 T.
Ucnapenue sinaru (I1B) ¢ nosepxuoctH Tena (popmyiaa (3)) —oauH U3 TIaBHBIX CIOCOOOB TEMIOOTIAYH:

1B = I1B, — ITB, + IIB,, (3)

rae 11B, = 1,48, — noTepu Bllard OpraHU3MOM H3-3a TEIUIOOTAAYH BCIEACTBHE €€ ucnapenus, r/u; I1B, , — mo-
TEepH BJIAr¥ OPraHU3MOM H3-3a TEIUIOOTAAYH HEOLIyTHMOI KOXKHOI nepcnmpanueil B pe3ynbrate 1uddy3un Boms-
HBIX MapoB, r/4; /1B, — IOTepH BJIaru OPraHW3MOM BCJICICTBHE TEIIOOTAaYH HCIIAPCHUEM BIIATH B JICTKUX, T/4.

B ycnoBusx remioBoro kom(popTa ¢ IOBEPXHOCTH KOXH B Te4eHHe oHoro yaca ucnapsiercs 40...50r
Biaru [3]. Beigesnenue moTta B KojuyecTse, npepbimaroniem 1501/4, conpsikeHo ¢ TemnoBsiM auckomdoptom [3],
KOTOPBIH BO3HUKAET U IPH JAABJICHUH I1apa B I10I0JISKHOM ITpocTpaHcTBe, npesbimatomem 201 Tla.

B yclioBHsIX HArpeBaIIEro MUKPOKIMMaTa IPOM3BOACTBEHHOM cpeabl (t > 0) st pacyera moTeph BIark
OPraHU3MOM HCIIONIb3YETCs CIIENYIONIast 3aBUCUMOCTS [2]:

IIB = [I1B,-0,65-Q, - Q,,) ]:1,75, 4)

rae /1B, —3HaYeHue MOTeph BJIArW OPraHM3MOM 4eioBeka (mpuHumaetcs paBHbIM 39r/4 ipu Q, —Q,o) ut = 0).

[onnepxanue TpeOyeMoro ypoBHs MUKPOKJIMMATA ITPOU3BOACTBEHHON CpeJibl 3aBUCUT OT ONTHMAJIEHOTO
COYCTAHUS TAPAMETPOB €€ TEIUIOBOI! 3aIMTHI U CHCTEMbl KOHIUIMOHMUPOBAHHUS BO3AyXa (BEHTIIALNH, OTOIUICHHS),
a Tak)Ke U3MEHSoIUXcs ycnouit akcrutyatarua MCXT (opuentarmu u ckopoctu amwxerns MCXT mo noio),
MOTOKA COJHEYHOM pajuanuy, IOoriouaeMoil Tejaom denoseka. Kpome aroro, oneparop MCXT Bo Bpems pado-
Yyell CMEHbI IEPHOIMYECKH TIOKUIAeT KaOMHY M 3aHHUMAeTCsl TEXHOJIOTHUECKHMH PEryJIMPOBKaMH, YCTPaHEHHEM
SKCIUTYaTallMOHHBIX OTKA30B U T.II., TO €CTh SHEPT03aTpaThl €r0 HE MOCTOSTHHEL. [103TOMY ¢ ydeToMm KiuMaTHde-
CKUX YCIIOBH BBITIOJIHEHHS pabOTHI MPaBIIIFHO MOJ00paHHAas TEIUIO3aIIUTHAS 0/IeXkK/Ia JOJDKHA CITOCOOCTBOBATH
coxpaHeHHIo 3710poBbs onepaTopa MCXT u moBbImeHHIO €ro paboTOCTIOCOOHOCTH, a TaKXKE COOTBETCTBOBATH
CIIEIYIOIIUM OCHOBHbIM 2USUEHUYeCKUM mpebo8aHUAM.

- obecrieynBaTh ONTHMAIBHBIN TOAOAEKHBINH MUKPOKIMMAT, CIIOCOOCTBYSI TEM CaMBIM TETJIOBOMY KOM-
¢dopty oneparopa MCXT;

- HE 3aTPyIHSATH €ro JbIXaHHe, KpOBOOOPAIeHNE U ABHKCHHUE,

- HE CMeIaTh U He CAABIMBATh BHYTPEHHUE OpraHbl, OIIOPHO-ABUIaTEIbHbIH anmnapar;

- OBITH IOCTaTOYHO NPOYHOH, JIETKO OYHMIATHCS OT BHEIIHUX M BHYTPEHHUX 3arps3HEHUH;

- HE COJAEpXkaTb BBIICIAIONUXCA B MPOU3BOJICTBEHHYIO Cpely TOKCHYHBIX XUMHUYECKHX IpHUMeced —
OTCYTCTBHUE (DU3NYECKUX M XUMHUYECKUX CBOHCTB, HEOIATONPUATHO BIMAIOIIMX HA KOXKY M OPTaHU3M B LICJIOM,;

- MMETh CPABHHUTEIBHO HEOOMBIIYIO Maccy (1o 8...10%Macchl Tena Y4eaoBeKa).

[Ipu pacdere TEMIO3aNIUTHBIX CBOWCTB CHEIMAIbHON ONEKIBl YUUTHIBAIOT OCOOCHHOCTH TEIIo0OMeHa
paboOTHHUKA, BBITIOIHSIONIETO (BU3UUECKYIO pabOTy, TIOATOMY 3HAYCHHUS dHEpro3aTpar, neHInTa TeIUIoTh, CpeaHe-
B3BEIICHHOW TEMITEpaTyphl Tesla IPUHIMAIOTCS C YIETOM TSDKECTH BBIITONHAEMOI paboTsl. TermionpoBoIHOCTD
TKaHH OJEXKIBI, XapaKTepusyiomas e¢ Teriooe conpotusieHue (Q,.,), PACCUMTHIBACTCS C YYETOM JHEPIHUH,
3arpaunBaeMoii oneparopoM MCXT Ha MexaHH4eCKyl0 paboTy:

Qw.p.: (QBT - Qa)'nl (5)

rae Q,, — obmue sHepro3arpatsl, Br; Q, — sHeprosarpaTsl Ha OCHOBHOW OOMEH B OpraHu3Me 4eloBeka, BT;
1 — TEPMHUYCCKUI KOIPPHUIMEHT MOJIC3HOTO ACUCTBHSI OJICHKIBI.

B KavecTBe eAMHUIBI TEIUIO3AIUTHON CIOCOOHOCTH TKAHU (CHUYKCHUS IIOTHOCTH TEILIOBOTO MOTOKA) MpPH-
HSITa BEJIMYUHA <«KJI0» — CANHHIA TEIUIOM30IAIIHOHHON XapaKTEPUCTUKHI OACKIbI, cooTBeTcTBYyomas 0,18 T-MYBr.
OnHa equHUIA «KIT0» 00eCIIeYNBAECT COCTOSIHHAE TETUIOBOTO KOMQOPTa, €ClH TEII000pa3oBaHue CTIOKOWHO CH-
JIIIIIETO YEI0BEKa COCTABIIET MPUMEpPHO 58 Br/M? a OKPYXKAIOIINA MUKPOKIUMAT XapaKTepU3yeTcsl TeMIepa-
Typoii Bo3ayxa, paBHoii 21 C, oTHocuTeIbHON BlIaXHOCTRI0O 50%u ckopocThio ABkeHus Bo3ayxa 0,1m/c [3].

Jlist 000CHOBaHUS TEIIO3AMUTHBIX CBOKHCTB oaexk bl oneparopa MCXT He0OX0quMO ONpeneTnTh oTe-
p¥ TeIIOTH Ha ucnaperue Biard (Q,e,) ¢ MOBEPXHOCTH TejIa U BEPXHUX JbIXaTEbHBIX ITyTEM:

Qm:n. = 012[(Q3T + D/TH.HP._ QM.p.)] = 072[(Q3T + D/TH.HP.) - (Qa-r_ Qo)'ﬂ]- (6)
PaJnalMOHHO-KOHBEKTHBHBIC OTepH (Q, . ):
Qp.K. = (QaT +D /TH.Hp.) - QHCH. - Qumx._ QM.p- (7)

3neck D — nedunur tennotel B opranusme, JIK; Tyqp — BPEMs HEMpephIBHOTO mpedbiBaHus oneparopa MCXT
B 3aJ[aHHBIX YCIOBHUSX, 4; Quy — IOTEPHU TEIJIOTHI HA HArPEB BAbIXaeMOro Bo3ayXa (Quuy) B 3aBUCHMOCTH OT TeM-
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nepaTypsl MPOU3BOACTBEHHOU cpenbl (PHCYHOK 1), a TakKe MIIOTHOCTh TEIUIOBOIO MOTOKA HA CIHHULLY MOBEPX-
HOCTH TeJia yenoBeka (Q);

q=Q/S (8)

CpenHeB3BeIllEHHas TEMIIEpaTypa Tejla 4YelOoBeKa s TEIUIOOIYIIEHUS «KOM(OPTHO» HAXOAUTCA
o ¢popmyse [3]:

tK.T. = 36107 - 0,0333T/S (9)

8.0 \

6,0 ™. \
\\
\ _
4,0 tg.°C
2 6 10 14

PucyHok 1. —3aBHCHMOCTb NOTEPH TEIIOTHI HA HATPEB BALIXaeMOro Bo3ayxa (Qu.x)
OT TeMIIEpPaTypbl MPOM3BOACTBEHHO¥ cpensl (1,)

3Hasi UIOTHOCTh TEIUIOBOTO MOTOKA, & TAK)KE 3HAYCHHUS] TEMIIEPATyp COOTBETCTBEHHO ISl OLIYLICHHS
«KOM(OPTHO> M IIPOU3BOACTBEHHOM CPEJIbI, OLIPEIEIIETCS CyMMapHOE TEPMUIECKOE CONPOTHBICHHE onex bl (Ry)

RZ = (tl(.T._ t@)/q (10)

U cHIKeHue e€ TertoBoro conpotusieHus (C) B COOTBETCTBHH CO CKOPOCTBIO MOTOKA Bo3ayxa (V) u Bo3ayxo-
npoHHIaeMocThio (BI]) MaTepuaioB Bepxa oaexasl [3]:

C = (0,07BII + 2)V. (12)
VTOoYHEeHHEe TePMHUECKOI0 CONPOTUBICHHS 0exk bl (R,) IPOBOANTCS HO eIyl 3aBUCHMOCTH:
R=Rs/C. (12)

Kak 0ZMH M3 BAPUAHTOB TEXHMYECKOTO PEIIEHHs Ui 00ecneueHus TpeGyeMOro MUKPOKIIMMATA IPOU3BO/I-
cTBeHHoM cpenpl (B kabue MCXT), B 4aCTHOCTH BIIAXKHOCTH BO3/yXa, TIPEJIAraeTCsl yCTPOUCTBO (PHCYHOK 2).

1 —nedaexrop; 2, 3 —kpenjenusi; 4, 7 —HUKHsS H BePXHssl CTEeHKH KOPIyca; 5 — KPbIIIKA FOPJI0OBHHBI;
6, 8 —BuHTHI, 9 —naTpydok; 10 —nmoablii uuanuap; 11 —pudaenne

PucyHok 2. —YcTpoiicTBO 15l yBJIa’KHEHHs] BO3/1yXa MPOM3BOACTBEHHON Cpe/ibl

[puHIUn paboThl paccMaTPUBAEMOI0 YCTPOMCTBA 3aKIFOYACTCS B TOM, YTO U3 AedIekTopa B maTpyOook
C TIOMOIIBIO IITATHOW CUCTeMBI BeHTHIsAK B kabuny MCXT mogaercst Temibiii Bo3nyx. OH IpOXOIUT Yepes
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VBJI&XKHCHHYIO PAcTBOPOM IYIIHIBI WU 3(QUPHBIX Macel XBOHM MOPUCTYIO BEPXHIOK TOJOBUHY BHYTPCHHEH
MOJIOCTH MPSIMOTO MOJI0ro nuauHapa. [loBopaunBas UIUIMHAP BOKPYT OCH CUMMETPUU, MOXKHO ONEPATUBHO MOJ-
JepXKHUBATh TPEOYEeMyIO CTEICHb YBIXHEHUS BO3AyXa NMPOM3BOJACTBEHHOH cpexbl. [Ipm 3Tom 3¢dupHBIE Macia
XBOW WJIM JYIIWIBI, KOTOPBIC HAIMONHSIIOT BO3AYX BHYTPH KaOWHBI MENBUAMIIMMU 4acTHIAMHU (adpO30ISIMH),
OKa3BIBAIOT OJIATOTBOPHOE BIHsSHKE Ha opranm3M omeparopa MCXT [4], mo3BoJIsiss TEM CaMbIM CHSTH yYCTaJIOCTh
Y TIOBBICUTH pab0TOCTIOCOOHOCTD.

3aknioyenue. Ha ocHOBaHWM pe3yJbTaTOB MPOBEIEHHOTO MCCIEAOBAHUS pa3padOTaH METOIMYESCKHHA
MOJXOM JUisi 00OCHOBAHUS MUKPOKIMMATHYCCKUX YCIOBHU MPOM3BOJICTBCHHOW CPEIbl C YYCTOM MOTEPH BIIArd
OpPraHU3MOM YEJIOBEKAa M3-32 TEIUIOOTIAY BCICICTBHE €€ UCMapeHus, TU(Qy3un BOASIHBIX MAPOB, a TAKKE IMO-
TEpH BJIArM OPraHU3MOM BCJIEJICTBUE TEILUIOOTAAYM UCTIAPEHUEM BJIard B JIETKUX YEJIOBEKA.

IIpuBeaen pacuer TEPMUYECKOTO COMPOTUBICHUS TEIIO3aUTHON onexabl oneparopa MCXT, npenio-
JKEHO TEXHUYECKOE YCTPOHCTBO VIS MOACPXKaHUS TpeOyeMoid BIaXKHOCTH Bo3yxa B kabune MCXT.

JINTEPATYPA

1. ®uznonoruyeckue U MeIUKO-OHOJIOTHYECKHE OCHOBBI O€30MACHOCTH KHU3HEACSATEIbHOCTH | MPAKTUKYM !
B 1ByX yactax / JI.B. Mucys [u ap.]. —Munck : BITATY, 2009. 4. 1 : ®dusnonorus yenoseka. — 128c.

2. Muxaitnos, M.B. MeToauka pacdera TEIUIOBOro OajaHCa YeloBEKa B IOMelleHn: THia Kadbud / M.B. Mu-
xaiinoB // Turuena u canurapus. — 1986. Ne 2. —C. 49-50.

3. MucyH, JI.B. ®usnonornvyeckue U MEIUKO-OMOJIOTHYCCKHE OCHOBBI OC30MACHOCTH JKHU3HEICATCIBHOCTH :
OpaKTHKYM : B 1ByX 4actsx / JL.B. Mucyn [u ap.]. —Munck : BI'ATY, 2010. -H. 2 : Meauko-61oiaorayeckue
OCHOBBI 0€30I1aCHOCTH JKU3HEACATeIbHOCTH. — 132¢.

4. Kabuna tpancnoptaoro cpezctsa : nat. BY 20533 J1.B. Mucyw, A.JI. Mucys, FO.B. Areiiunk, B.A. Areiiuuk,
A.H. T'ypuna. —Omny6u1. 30.10.2016.

Hocmynuna 17.05.2018

SECURITY OF THE PRODUCTION ENVIRONMENT
IN THE COCKPIT OF THE MOBILE AGRICULTURAL MACHINERY

A. MISUN, I. MOROZOVA, L. MISUN, A. PINCHUK, N. SAMKEVICH

The problem of ensuring the safety of the production environment in the cabin of mobile agricultural
machinery is considered. The methodical approach for substantiation of microclimatic conditions of the produc-
tion environment and heat-protective properties of clothes of the operator of this type of equipment is developed.
The calculation of thermal resistance of thermal protective clothing of the operator and the technical device
to maintain the required humidity in the cabin of mobile agricultural machinery.

Keywords: microclimate, safety, production environment, cabin of agricultural machinery, human heat
exchange, heat-shielding clothing.
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YK 669.7:624.01
TMOBBIIEHUE KAYECTBA CBAPHBIX COEJIJMHEHUI

un.-xop. HAH benapycu, 0-p mexn. nayx, npogp. @ H. IAHTEJIEEHKO,
KaHo. mexu. nayk, ooy. O.B. IIYMOB
(Benopycckuit nayuonaibnolii mexnuueckuii ynueepcumem, Munck)

TIpeonoaicenvl Hekomopbie nOOX00blL K NOGLIUEHUIO KAYeCMBA U320MOGNIEHUSL CBAPHBIX KOHCIMPYKYUL U3 MOH-
KOAUCMOBbIX 3a20mo6oK. [logvbiuienue kavecmea cmpemuiucy 006ecnedums 3a cuem YMeHbUeHUs OCIAmMOYHbIX Ha-
npsicenutl U Oepopmayuil ceapuvix coedunenuu. [Iposedeno mooenuposanue npoyecca uze0mosneHust 0y2060t
CBAPKOU CMBIKOBLIX CoeOuHenull demanell u3 aycmenumuoi cmanu. IIpoyecc npedcmagnen ¢ suoe Komounayuu me-
MO008 CEAPKUL C NPUHYOUMETLHBIM OXAANHCOCHUEM U CEAPKU C MEPMULECKUM PACMSANCEHUEM. SHAUEHUs. MeMNepamyp
8 CBAPUBAEMbIX OeMAISX NOTYHEHbL @ pe3yibimame peuieHust OupPepeHyuaIbHo20 ypasHeuss menionposooHOCHU
C OBUINCYIYUMCS UCOYHUKOM mena. Beauuunvt nanpsicenutl u depopmayuii coeOunHsaemMvix demanell onpeoeietvl
68 pesyibmame pewieHist ypasHeHull mepmoynpyeocmu. B xo0e uccnedosanus mooenu noyueHsl 3a6UCUMOCHIU MENCOY
PACRONOJICEHUEM 30HbL OXTANCOECHUS. U OCATNOYHBIMU HANPSNCEHUSIMU, YO NO360IUI0 ONPedeimb ONMUMAIbHbLE
pedrcumvl 0Y20801L CEAPKU 05l YMEHbUEHUSL OCMAMOYHBIX HANPSNCEHUI U Oepopmayuil 8 COeOUHAEMbIX OemasX.

Knrwouesvle cnosa:. 0yzosas ceapka, ceapnoe coeouneHue, OCMamoyHvle HAnpsdiCenus, OCmamouHule oe-
Gopmayuu, ynyuuienue kavecmad.

BBenenne. AycTeHUTHBIE HEP)KaBEIOIINE XPOMOHHUKENBBIE CTalM — IIMPOKO PAcHpPOCTPAHEHHBIC IPYIIIIEI
crasieii Gyarogapst MX BHICOKMM SKCIUTyaTal[HOHHBIM CBOMCTBAM (BBICOKO# IIIACTHYHOCTH, BEICOKOM BS3KOCTH U T.IL.),
a TaKke COCOOHOCTH paboTaTh B arpeCCHBHBIX YCIOBHUSIX B IIMPOKOM IHAaNa3oHe TeMrepatyp (0T KpHOTeHHBIX
1o 750 T u 6onee). OmHuM 13 HanboJee TEXHOJIOTHYHBIX CIIOCOOOB U3rOTOBJICHUS KOHCTPYKLHIA U3 ayCTCHUT-
HBIX CTaJICH CIIy>KHT JyroBasi cBapka, KOTOPO MpHCyIe HEpaBHOMEPHOE paclpeziejieHle TeMneparyp Ipu Ha-
rpeBe M OXJIAKAECHUH, U3MEHEHHE (a30BOro COoCTaBa MeTajula AeTaleil 1 Ap., 4To 00yCIOBIMBAET BO3HUKHOBE-
HHE 3HAYMTENbHBIX HANPSDKCHUH W nedopManuy B JeTaisX. DTH HANpPsDKEHHS U leopMaly MOTYT HOBIHUSTH
Ha Ka4eCTBO cOOMpaeMoil KOHCTPYKIMH, B YACTHOCTH, IPUBECTH K U3MEHEHUSIM €€ pa3MepoB U ()OPMBI, BBI3BAThH
CHIYKEHHE DKCIUTyaTal[MOHHBIX CBOMCTB H T.1. [1; 2].

OnHUM U3 BO3MOXHBIX ITyTeH MOBBINICHNS KA4€CTBA N3TOTABIMBAEMbIX M3/ICIUH 32 CYET NMOBBILICHHS TOY-
HOCTH TIPU CBAPKE TOHKOJMCTOBBIX (TOJIIMHOM 0 4 MM) 3arOTOBOK SIBJISICTCSI HCIIONB30BAHNE PA3IMYHBIX METOI0B
Oe3nedopmanonHoi cBapku. K Takum MeTozmaMm, B YaCTHOCTH, OTHOCSTCS METOJ NPEIBApUTEILHON ehopManuy,
METO TEPMUYECKOTO PACTSDKEHHMS, METO/I ONTUMAIBbHOM ITOCIIeJOBATEIFHOCTH BBIIOIHEHNUSI CBAPHBIX IIBOB [3; 4].

Mertoz TepMUYECKOrO PacTsHKEHMS pean3yeTcsl IPH JIOKaJbHOM HarpeBe 3aroTOBKH HO/BMIXKHBIM WIIH CTa-
THYHBIM UCTOYHHMKOM TEIUIA, PACIIOJIOXKEHHBIM TapajlieNIbHO CBapHOMY MIBY. [IpH 5TOM TEXHOJIOTHYECKUMH T1a-
paMeTpamMu CBapKH SIBISIOTCS TeMIeparypa, MIMpUHA U HPOJOJDKUTENILHOCTh HAarpeBa, a TaKKe €ro JIOKalu3a-
LMsl, TO €CTh yJaJleHHe OT CBapO4HOH xyru. Eciu oJHOBpEMEHHO ¢ IYroBOil CBapKOW OCYLIECTBIISTH HAarpeB
3aroTOBOK Ha HEKOTOPOM yJaJleHUH OT CBAPOYHOM JIyTH, TO BO3ZHUKAIOT PAcTATUBAOLIIE HAIIPSOHKEHUs! B 00J1aCTH
CBapHOTO 11IBA, KOTOPBIE CIIOCOOCTBYIOT PACIIMPEHUIO 3arOTOBOK, U CXKMMAIOLINE HANPSDKEHHUS B 30HE Harpesa.
IIpu sToM OOpa3yromuecs B MPHUIETAIOIIUX OOJACTIX PACTATHBAIONINE HANpsDKEHUS OyIyT CrocoOCTBOBATH
HEWTpanM3alMy COKUMAIONIMX HANPsDKEHUH B OOJACTH CBApHOTO IIBAa JO AOMYCTHMBIX 3HAYCHWH, HE IPEBBI-
LIAIONIUX IPeJesl TEKY4eCTH, YTO, B CBOIO OYepelb, MO3BOJIUT MPENyNPEeKAaTh BOSHUKHOBEHUE IUIACTHYESCKUX
nedopmanuii B o6macté cBapHOTo mBa. [10CKOIBKY YMEHbIICHHE IUPUHBI 00JIACTH HarpeBa M yBEIUYCHHUE €ro
TEeMIepaTyphl BEAET K YBEIMUYCHHIO CXKUMAIOIIUX HANpPsDKEHUI B 00NacTH HarpeBa, TO BO3MOJXKEH 000D 3Ha-
YeHWH JaHHbIX [IAPaMETPOB, IIPH KOTOPBIX 3TH HANPSDKEHUS He IIPEBBIIANI Obl JOITYyCTHMBIX 3HAUCHHUI.

Hcnons3yemble uIsi MOJICTUPOBAHHS CBAPOYHBIX HPOLIECCOB IBYXMEPHBIE MOJIEIH — MOJEIb MONEepeYHO-
TO CEYCHHUS M MOJIENIb B IUIOCKOCTH — O0JIafaloT PSAOM IPEUMYIIECTB, K KOTOPHIM CIIEAYET OTHECTH OTHOCH-
TEJIBHYIO NPOCTOTY MX (OPMYJIHpOBaHHMs, cokpamieHne Bpemenu Boruncienuidt B 30...100pa3 no cpaBHEHUIO
CO BpPEMEHEM, 3aTpayrBacMbIM Ha BBIYHMCIICHUS IIPU aHAJIM3€ TPEXMEPHBIX MOJIEIICH CBapKH.

Tak Kak MOieJIb TIOTIEPEYHOr0 CEeYEHUsI MPENoaraeT, YTo MOTOK TeIla B HalpaBJeHHH CBAPKU PaBEH Hy-
JI10, TO B CIIy4ae CBApOYHOro Ipoliecca, KOTa TEIJIOBO MOTOK Iepel HICTOYHUKOM TeIlIa U 1103311 HEro He3HaYH-
TEJICH, TIPU ABYXMEPHOM MOCIHPOBAHMN MOXHO OOECIEYHUTh JOCTATOYHO BBICOKYKO TOYHOCTH BBIYHCICHHUH [5].
TouHOCTb BEIYHCIICHUH B paMKax JaHHOM MOZENH TaKkKe BO3PACTAaeT IPH MOACIUPOBAHNH TEIUIOBBIX IPOIIECCOB
IIPH CBAapKe METAJJIOB C HU3KOH TEINIONPOBOAHOCTEIO, HAPUMED, CTAJICH Pa3IMYHBIX MapoK, OCOOEHHO aycTe-
HHUTHBIX, TEIUVIONPOBOIHOCTD KOTOPBIX B CPEAHEM B 4 pa3za MEHBIIE, YEM Y YIJICPOIUCTHIX CTANICH.

Mopenb B IUIOCKOCTH OCHOBBIBAeTCS HA HPEAIOJIORKEHHH, YTO NOTOK TEIUIa B HAIPAaBICHHH HOPMAaJH
K IUIOCKOCTH CBapK{ paBeH HYJI0. B oTiauume oT MOJENIM NMONEpeYHOro CEYeHUs AaHHas MOJENb I03BOJISET
MIPOU3BOINTH BBIYMCIICHUS! HAYAJILHOTO ¥ KOHEYHOTO IIEPEXOAHOr0 Ipolecca, HO TpeOyeT OObIIero KoJnyecT-
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Ba BBIUMCIICHUI 3a CYET OOJBIIET0 KOJMYECTBA BPEMEHHBIX IAroB. Tak Kak B JaHHOW MOJICNIH TEIUIOBOW MOTOK
OTPaHUYUBACTCS IUIOCKOCTBIO CBAPUBACMBIX IUTACTHH, TO TOCTATOYHO BHICOKAs TOYHOCTH BBIYHCIICHUH JOCTHTA-
eTCsI IPH MOJACTHPOBAHNH CBAPKHU JINCTOBBIX 3aTOTOBOK, a TAK)KE IPU CBapKe JeTajel BEICOKOKOHIICHTPHPOBAH-
HBIMH HCTOYHHUKAMH TEIUIA, HATIPUMED, TUIa3MOMH, JTa3epOM HITH SJIEKTPOHHBIM JTydoM [6].

OcHoBHasA yacTh. [IpuMeHeHHe MeTOqa TEPMHUYECKOTO PACTSDKEHHS HE IO3BOJISET MOJHOCTHIO Tpeay-
NPEIUTh BOSHUKHOBEHHE IUIACTHYSCKOW AedOopMaIiii MpH CBapKe JHMCTOBBIX 3arOTOBOK TONIIMHON 10 4 MM
1 U30ekaTh HEJOIMyCTUMOTO HapyIIeHHs (opMbl KOHCTpYKUIWH. [lo 3Toit mpuumHe A BBIIOJHEHHS JTYyTrOBON
CBapKH ¢ MUHUMAaJbHBIMHU HANPsDKCHMSIMU U 0e3 nedopmaruii HeoOX0AMMO HCIIOIb30BaTh KOMOMHAIUIO He-
CKOJIKHX METOJIOB Oe3aeopMalMoHHON CBapKH, HaNpuMep, KOMOWHAIIMIO METOJIa TEPMHUYECKOTO PACTSKCHUS
U METOJIa CBapKH C NPUHYMTEIBHBIM OXJIAXJICHUEM BBICOKOTEMIIEpAaTypHOU obsacTu cBapHoro miBa [7; 8].
Tak Kak Ipu AYroBOW CBapKe BO3HUKAIOT PACTATUBAIOIINE HANPSHKCHUS B OOJIACTH CBAPHOTO IIBA, OXJIAXKICHHC
3ar0TOBOK MEXIy CBAPOYHOHN AYToil M 00JacThIO JOMOJHHUTEIBHOTO HarpeBa obOecrneyuBacT 3PQGEKT TepMuye-
CKOT'O PACTSKCHHS BCICICTBUEC TEMIICPATYPHOTO TpamucHTa. Takke NPUHYIUTEIBHOEC OXJIAKICHHE OTPAHUYH-
BaeT IUIOMIA/Ib ITeperpeBa MeTajuia B 00JIaCTH CBapHOTO IIBA M YMEHBIIACT CPEIHUE 3HAUCHHS CKUMAIOIINX Ha-
MIPSDKEHUH B TAaHHOH 00JIacTH.

[IpoBenenHoe B paboTe MOAEIMPOBAHUE TEPMOMEXaHHUECKUX IIPOIECCOB, MPOTEKAIOMINX TPU AYTOBOH
CBapKe TOHKOJHUCTOBBIX 3ar0OTOBOK, BKITIOYAJIO TEPMUYECKUN U TEPMOMEXaHUYECKUI aHanu3. TepMudeckuii aHamms
COCTOSUT U3 OTIepaIyii ONpe/IeIeHIS TeIIO(pU3MIECKUX CBOMCTB MaTepHaIoOB CBAPHBAEMBIX JeTallel, MOACIHPOBa-
HUS TIPOIIECCOB MEPEavr TeIla OT JBIKYIIEHCS CBApOYHOU AYTH, Pa3pabOTKH KOHEYHO-JIEMEHTHOW MOJIEINH,
BBIYKCJICHHS 3HAYEHHUN TeMIlepaTyphl HarpeBa MeTa/ula B 3aBHCUMOCTU OT KOOPJMHAT U BpeMeHH cBapku [9].
[Ipu BBHINOJHEHUU TEPMHUUYCCKOTO aHAIM3a MPOLECCa CBAPKU OBUIM 3aJaHbl TeIuio(pu3ndeckne CBOMCTBAa MaTe-
pHAaIoB JieTaliei, MPOBEICHO MOJICIUPOBAHKE TEIUIOBBIX MPOLIECCOB CBAPKH OT JBHXKYIIETOCS UCTOYHUKA TEIIA,
OIpEJICIICHBI 3HAYCHUS TEMIICPATyp HArpeBa METaJlIa COSAMHICMBIX JICTANCH I Pa3TUYHBIX MOMCHTOB CBaPKH.

3HayeHUE TEMIIEpaTyp HarpeBa MeTaia ONPEACIST B XO/€ PelIeHUs Tu(epeHIIaTbHOTO YPaBHCHHUS
TEILIONPOBOIHOCTH:

p-CdT/ 0t = I(A-OT/ dX) / dx + d(A-IT / dy) / dy + dA-IT / 02) / 0z + Q

rie P — IJIOTHOCTh MaTepuana, kr/m>; C, — ynensHas temnoemkocts, Jux/kr-°C; T — temneparypa, °C; A — ten-
JOTPOBOIHOCTD, BT/M-°C; Q — BXOIAIIH# TEIIIOBOM MOTOK, Br/m®.

Tak kak JJis ydeTa paJualliOHHbIX ¥ KOHBEKTHBHBIX MOTEPh TEIlIa MTOBEPXHOCTH CBApHUBAaEMBIX JeTajei
paccMaTpHUBaIUCh KaK MOTIOUIAIONIME TETJIO TPaHUIIbl, TO BhIpAXKEHUE [UIsl ONPEAETICHUS BXOSIIET0 TEIIOBOTO
nmotoka Q 3amuChIBAIOCH B BUJIC:

Q = Garc + Gon (.[ dv)_l — Qi (_[ dV)_l,
qKUH = -[KKOH (T—Tm.) dA,

qusn = IK'KP(T4_ To‘(l,) dA!

T71€ Qarc — TETUIOBOM MOTOK OT IJIA3MEHHOM JIyTH, BT/MS; Qon — TIOTEPH TETLIA C TIOBEPXHOCTH 32 CYET KOHBEKIUH, BT;
0.z — TIOTEPH TETLTA C TIOBEPXHOCTH 32 CUET M3IyUeHHs, BT; K., — KO3Q(HUIHEHT TemmooOMeHa ¢ BHEIIHEH Cpeoi,
Br/mM*C; kp — kooddumment temoobmena mnyuerneM (kp = 0,8); k — mocrosinnas Credana — BombiMana
(x = 5,67-10 Br/m*°C?); T,. — Temneparypa oxpyxaromeii cpeast (T, = 20°C).

OrmpeziesieHHOE B X0/ TEPMHUYIECKOTO aHAN3a PACIIpe/IC/ICHUE TEMITEPATyp MOBEPXHOCTH CBAPUBAEMBIX
Jerajed TIpu JyroBOW CBapKe C MPUHYANTEIHHBIM OXJIaXICHHEM BBICOKOTEMITEPATYPHBIX 00JIacTel CBapHOTO
COEIMHEHNS IPUBEICHO Ha pUCyHKe 1.

200
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PucyHok 1. — PacnpeneseHne TeMnepaTyp NoBePXHOCTH CBAPMBAEMBIX JeTajieii (M30TepMbI)
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[TonmyuyeHHBIC TaHHBIC CBUICTENHCTBYIOT 00 00pa30BaHUM TP BBITOJHCHUU CTHIKOBOTO COCIUHCHUS MPH
MOMOUIN JYTOBOW CBapKH C MPUHYIUTENbHBIM OXJIQXKIEHUEM CUMMETPUYHBIX OTHOCUTEIBLHO CBApPHOTO IIBA 4e-
penyromuxcss 00IacTel MOBBIIIEHHBIX W MOHMKEHHBIX TEMIIEPATyp, MEPEMEIIaloONINXCs BCIex 3a CBApOUHON
JIYTOH M CO3/TAIONINX YCIOBHS U PeaTH3aliid METOIa TEPMHYECKOTO PACTSDKEHUS I CBAPUBACMBIX JCTaICH.

TepMoMexaHNYECKHI aHAIN3 BKIIIOYAI PEIICHUE YPaBHEHHHA TEPMOYIIPYTOCTH Ha OCHOBE JAHHBIX O pac-
npeeTICHUH TEMIIEPATyp B CBAPUBAEMBIX JETAJSX B pa3indHbie MOMEHTHI Bpemenn [10]. B mpouecce permenust
3a/la4d TePMOYNPYTOCTH OBUIM OMpECNICHBI JUHEWHbIC nedopMaliu €y, £y, YIIOBbIC aedopMaiuu Yyy, HOp-
MaJlbHbIE U KacaTeJIbHbIe HAMPSDKEHUS Oy, Oy U Txy.

JluHeitHple U yTIIOBBIC e OpMaIiH IeTaIel onpeesieHbl 1o GopMyiam:

€x = 0U / dx, ey = 0V / 0y (nuneiinbie); Yxy = 0U / dy + dV / 0X (yrioBsie),

rae U, V —nepeMenieHns TOUYEK IETaId B HAIIPABJIICHUN KOOPIAMHATHBIX OCEH X, Y COOTBETCTBEHHO, M.

HopManbHble HANIPSKEHUS B IETANAX OBLIM OIPEAeIeHEI 10 CIEAYIOIUM (opMyIaMm:
ox=Cllex +Cl2-ey— pr, oy=Cl2¢&x +C22¢y — b'Tp,

rae T, —Temmneparypa geranei, °C.
KacatesnbHble HATIPSDKCHUS B JACTANAX OBUTH OmpenesieHsl Kak Txy = C33yxy. [Ipu 3TOM GbLTH HCIIOTB30-
BaHbI CIIEAYIONIHE 3aBUCUMOCTH MEX/y BEITHUHHAMHU:

G=E-((1 +v)-(1- 2v))™ C11 = C22 = G-(t v); C12 = Gv; C33 = G-(1 v)- 0,5;b =G-a-(1 +v).

3neck E — Monyne FOnra, Mlla; v — xoaddumnuent [lyaccona; 0 — kodQPUIMEHT TEPMHUUECKOTO PACITUPEHUS
MaTepHaia IeTajc; °oct,

B pabore B pe3ynbTare MPOBEICHHOTO TEPMOMEXaHUYECKOTO aHAN3a HANICHBI BEIMYMHBI HAMTPSKCHUHA
1 aedopmaruii, BOSHHKAIOIIMX B MPOIECCE CTHIKOBOW TyrOBOW CBAPKH TOHKOJWCTOBBIX JETANCH U3 ayCTCHHT-
HoM cramu. CBapKa BBITIOTHEHA C OXJIaXIEHHEM BEICOKOTEMIIEpaTyPHOIl 007IacTH CBapHOTO IIIBA.

Pacnipenencare BeNWYHHBI OCTaTOYHBIX HANPSHUKCHWH B CEYCHHWH CBAPHOTO INIBAa B 3aBUCHUMOCTH OT yJa-
JICHWS 30HBI OXJIXKACHUS OT CBAPOYHOI JYTH, a TakoKe MPU PA3NWYHBIX 3HAUCHUAX IIUPHUHBI JTaHHOHN 30HBI IPH-
BEJICHBI HA pUCYHKE 2. JlaHHOE pacrpe/ie]ICHUe PEICTABICHO B BUIC JIMHUN YPOBHS, KOTOPBIC OBLTH MOCTPOCHBI
0e3 UCIOJIb30BAHMUS IBYMEPHON HHTEPITOJISAIUH.

25
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Pucynok 2. — PacnpeneiieHne ocraTouHbIX HanpsikeHuii (MIIa) Ha mOBEPXHOCTH HCC/IeAYeMBIX 06pa3LoB
B 3aBHCHMOCTH OT y/1aJIeHHsI 30HbI oXJIaxaeHust (X) 0T CBapOYHOI Ayr'd H IUMPHHBI 30HbI (B)

B X0A€ pacucTOB YCTAHOBJICHO, YTO MIPU YMCHBIIICHUUN IUPHUHDBL obmactu OXJIAXKACHUA NPOUCXOAUT 06pa-
30BaHUC PACTATHUBAIOINX HaprDKeHI/Iﬁ B IICHTpaHLHOﬁ obnactu COCAUHCHUA. O‘-ICBI/I[[HO, 9TO ABJIACTCA CICACT-
BHUEM YBCIWYCHUA TEMIICPATYPhbl META/lJIa B MPUJICTAIOIINX K CBAPHOMY LIBY obmactsax Ipyu YMCHBIICHUUN IUPU-
HEI 00J1aCTH OXJIaXACHUA. Taxum 06p330M, PE3yIbTAThI BBIUMCIICHUN IMOKa3bIBaKOT, YTO HMCIIOJIB30BAHUC OXJIAXK-
JACHHSA MPU BBINOJHCHUN CTBIKOBOI'O COCAMHCHHSA TOHKOJMCTOBBIX L[eTaneﬁ us3 aYCTGHHTHOﬁ CTaJId IO3BOJIACT
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3HAYUTEIbHO CHU3UTH BEJIMYMHY OCTATOYHBIX HANPsOHKEHUN. B 4acTHOCTH, MPU ONTUMAIbHBIX 3HAYEHUSX [LIUPUHBI
00JIaCTH OXJIAXKICHUS MOCTE TYrOBOM CBAPKH B CPEJC aproHa C KMCIOJIb30BAHUEM TBEPAOTO THUOKCHIA YIiepoia
3HAUYCHUsI OCTATOYHBIX HANPSDKEHUH ObLIH CHIKEHBI B 1,3 pa3a o cpaBHEHHIO CO CBapKOil 6e3 OXJIaKICHUS.

3akuarwouenne. J[s onpeneneHnss MEpONPHUATHI TI0 TOBBIIIEHUIO Ka4eCTBa COOMpPaeMOl KOHCTPYKIIUH
MPOBEICHO MOJETHPOBAHUE IMpoIecca AYTOBOH CBAapKH CTHIKOBBIX COCIMHEHHH TOHKOJHMCTOBBIX 3arOTOBOK
W3 ayCTEHUTHOU cTamu. B MomenmmpoBanuu OblIa MCIIONB30BaHA KOMOWHAITNS METOJa CBAPKU C MPUHYIAUTENb-
HBIM OXJIQ)KJICHHEM M METOJla TEPMHUYECKOTO pacTspkeHus. VccnenoBanrne IpOBOAMIOCH IPH IIOMOIIH YHCIICH-
HOTO MOJICTUPOBAHMS, KOTOPOE BKIIIOYAIO CO3/aHHE CETKH KOHEUHBIX 3JIEMEHTOB, OIpEICICHUE TEIUIO(U3H-
YECKUX CBOMCTB CBapHUBAEMbIX MAaTEPHUAIOB, 3aJaHNE HAYaJbHBIX U TPAHUYHBIX YCIOBUN pacyeTHOM MOJEIH.
IIpu sTOM B MOAENH Mpoliecca TyroBOM CBapKU YUUTHIBAIIOCH SBJICHUE BHICOKOTEMIIEPATYPHOH pellakcaluy Ha-
MPSDKEHUN B COEIUHSIEMBIX JIETaNSIX.

IIpoBeneH TepMOMEXaHUYCCKUI aHAK3, B XOJEC KOTOPOTO IMOJIYY4CHO pelieHue audQepeHnaibHOro
YpaBHEHUS TEIUIONPOBOAHOCTH M JUIsl PA3IUYHBIX MOMEHTOB BPEMEHH OIpENEIeHbl 3HAYeHHsl TEeMIIeparyp,
KOTOPBIM OBIIM MTOCTaBJICHB! B COOTBETCTBHE 3HAUCHUS HAIPSDKCHUH M IeOpMannii B CBApUBAEMBIX IETAIIAX.

BrimosiHeHHBIE B paMKax aHAIH3UPYEeMOW MOAETH PacueThl MO3BOJIIIN YCTAHOBUTH B3aMMOCBSI3b MEXK-
Iy peKMMaMH{ AYTOBOH CBapKH M OCTATOYHBIMH HANIPSHKCHUSAMH U Ae(QOpPMAIMsIMHU B CBApUBAEMBIX ICTAJAX,
YTO TI03BOJIIET OCYIIECTBUTH ONTHMHU3AINIO PEKUMOB CBAPKH C IIETHI0 MUHUMH3AINN OCTATOYHBIX HAIPSKECHIH
u nedopmarmii.
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Hocmynuna 22.06.2018

INCREASING QUALITY OF WELDING JOINTS

F. PANTELEENKO, A. SHUMAU

Some ways to increase the quality of welding canstns of the sheet pieces had been proposedsin th

work. It has been tended to increase the qualityelding constructions at the cost of reductiorrasidual

stresses and deformation of welding joints. It wagormed the arc welding simulation of butt joinfsaustenitic
steel. The process has been presented as a comhioéforce-cooling and thermal extended weldifige values
of temperature of welded pieces had been evaluatesblution of partial differential equation of hesansfer

with the moving heat source. The values of streaadsdeformation of welded pieces had been evaluaye
solution of the thermal elasticity equations. Itsavaluated the functional connections betweemdloéng zone
location and residual stresses, which allowed tlwdlated the optimal welding conditions to suplg tminimal
residual stresses and deformation of welded pieces.

Keywords: arc welding, welding joint, residual stresses,desl deformation, increasing quality.
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YIK 621.91.01/02

BJIMAHHUE YTJIOB B IIVIAHE PEXKYIIEI'O JIE3BUSI MTHCTPYMEHTA
HA NIEPOXOBATOCTH OBPABOTAHHOM MOBEPXHOCTH C®EPHI

0-p mexu. nayk, npogp. HH. IIOIIOK;, H.I1. KYHIIEBHUY,
kano. mexu. nayk P.C. XMEJIBHHIIKHﬁ i B.C. AHUCHMOB; I' U. 'BO3/Tb
(ITonoukuii zocyoapcmeennvlit ynugepcument)

Ananuzupyemcs usMeHeHue eIuduH Y206 8 NAAHe Le36Usl PedCyueco UHCmMpyMeHma npu oopabomke
chepuueckux nosepxnocmeti Oemaneil HA MOKAPHOM CMAHKE € YUCIOBbIM NPOSPAMMHbIM YNPAGIeHUEM
u npu KomoOuHupoeanHou obpabomre. Ilpusedenvl Gopmynvl Ons onpedeieHuss napamempa ulepoxo8amocmu
U yena Kacawus pexncyujeco UHCMpPYMEeHma, nepemewaronecocs no cepureckoii nosepxnocmu. Paccmompero
UBMeHeHUe 3HAUeHU Y2ll08 6 NIAHEe HA NePexo0ax 8Pe3anUs U ebIXAXCUSAHUs Npu 06pabomke cghepuieckoll no-
BEPXHOCIU 8PAUATOUWUMCS PEHCYUWUM UHCIMPYMEHIMOM C HOCMYRAMEbHbIM 08UNCEHUEM NOOAYU.

Kntouesvle cnosa. wepoxosamocmov, cghepuueckas NOGePXHOCMb, Yelbl @ NIAHe Jle36us, moueHue,
KOMOUHUPOBAHHAS 06pabomka.

Beenenne. Kak u3BectHo [1], 3HaUCHHS YTIIOB JIE3BHUS PEXKYIIETO HHCTPYMEHTA B TIPOIIECCE PE3AHUS H3-
MEHSIIOTCS M3-32 KPUBHU3HBI 00pabaThiBaeMOW IMOBEPXHOCTH JETAJH, HAIPABICHUS BEKTOpa PE3yNbTHPYIOIIEH
CKOPOCTH pe3aHus U T.I. ITH U3MECHEHHUSI OKa3blBAIOT CYILECTBEHHOE BIIUSIHUAE HA (DU3MUYECKHUE U TEXHOJIOTHYe-
CKHE XapaKTePUCTHKH OOpabOTKH, B YAaCTHOCTH Ha IIIEPOXOBATOCTh OOPAaOOTAHHOW IOBEPXHOCTH JCTAIIH.
W3BecTHO TakKe, YTO HA MapaMeTp IIEPOXOBATOCTA 00pabOTaHHOW MOBEPXHOCTH HAUOOIBIICE BIUSHHUE OKA3bI-
BAaIOT YIJIbI B TUIAHE JIC3BHS M BEJIMYMHA TIOAAa4YH. [[JIsi OCTPO3aTOUECHHOTO JIE3BHs YIIIbI B INIAHE HMEIOT CIICAYIO-
Iy QYHKIMOHAIBHYIO CBSI3b C TAPAMETPOM IIEPOXOBATOCTH MOBEPXHOCTH RZ:

Etgdn [igd

) 1
tgo, +tgd @

R7A¢)= §
rge S — nopjada Ha obopor (S, =const), Mm/00; ¢ — ruaBHEIA yron B mnane, pax; ¢, — BCIIOMOTaTeIbHBII
yroJ B IUIaHE, TPa.

[Ipoananu3upyeM AaHHYIO 3aBHCHMOCTH IPUMEHHUTENHFHO K KOHTYPHOH 00paboTKe chepHuecKoii moBepx-
HOCTH JIETAJIN TOKApHBIM PE3LIOM U BPAIIAIOIIUMCSI MHOTOJIE3BUITHBIM PEXYILIUM UHCTPYMEHTOM.

1. Brusinue yIJIOB B IUIaHe Je3BHs HA LIEPOX0BATOCTh c(hepuuecKoii MOBepPXHOCTH
NnpHu KOHTYPHOI1 00padoTKe HA TOKapHOM cTaHke ¢ UITY
IIpeoGpasyem dyukuuio Rz= Rfd) x dynxuuu, 3asucsmeii or ¢. ITycTs € — yros mpu BepIIMHE pe-

XKYILEro JIe3BUsI HHCTPYMEHTA, 00TAYMBAOLIETO MO KOHTYPY C(EepUYecKyro MOBEpXHOCTh AeTanu (puCyHOK 1),
npuuéMm € = const.

As

P1

Ps—Ps — padouas njiockocThb

Pucynok 1. —PacnoJioikenue yriioB jie3BHsl pekyliero HHCTpymenTa ¢, €, ¢,

Ha cepryecKoii MOBEPXHOCTH
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IMony4yaem ¢ +e+¢, =1, ¢, = 11— (P +€).
IoacTaBum naHHOE paBeHCTBO B popmyny Rz= RZ¢):

90T (@ +£)) (1o

R = ;

=3 tg(— (¢ +¢€)) + tod

_ G‘tg@ +g) g

RA0)= 3 —tg(d+€)+tgd’

- o 99 Og@+e)

R = .

R tg(¢ +€) - tod

Ot QyHKIMM TaHTEHC NepeéM K QYHKINSIM CUHYC U KOCHHYC!
ﬂgsin@he) ﬂgsin@ﬂz)

_ coshp cosp+e)_ cop cod(+e ) _
Ra9) = §Dsin(q) +g) _sing ¥ sinp +¢& YJco$ — cof(+¢ ) sifp
cospp+e) cod cog(+¢ [ cas

_ ing (sing +¢) _ sinp Osing +¢€ )_
- §E§sin(q>+£—¢) = & sine -
=S [—ILEEEQCOS@—q)—s)— cosp+o+e )= S [ cos— cosgre))
? sing 2 2sire
Hrak,
- So _
RZA¢) = Seine [fcose - cos(® +¢ ),

rae COSse = constsine = const
IIposeném uccienosanue Gpyukuun Rz= R¥J):

SO

Ssine [fcose - cos(d +¢ )

RA¢) =

1. D(R2) = (~0; +o)

Orpannunsaemcs ¢ (0;17):

S
(<] - =
— [cos - cos)

a) ecm ¢ =0, To RZ0)=—
2si

6) ecmn ¢ =TT, To RZAT) = Sf’ [icose - cos(zi+e )= C
2sine

2. Haiiném Touku skcTpemyma:

RZ() = > [f0-2(-sin(2 +e)) =—>

2sine 2Sire Sire

Pemiaem ypasuenue: RZ($) =0.
S Bin(2p+¢g) _ o
sing ’

sin(2p +¢€)= 0;
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20+ =Tk, kO Z;

o="K_% voz
2 2

OrpannuuBaemes Tonbko 3Havenusmu K =0, k=1, K=2, 1o ectb

€
k=0, ¢=-_;
¢ 2
T—¢€
k=1, ¢ =——;
¢ 2
k=2, ¢:2n—s:n_£
2 2

m—¢€
DyHKIHSA OCTUTACT MakcuMyMa ipu ¢ = —— (PHCYHOK 2):

2 2sine 2sire

Rzmax= R{Bj - S [ﬁ COS — co% d%ﬂ:'jj _ S(cose+1)

€ yBenu4MBaeTcsi = @ yMeHbIIaeTCs;

COSE yMEHBIIIACTCS
. = RzmaxymeHnsIaercs.
SiN€ yBenu4uuBaercs

S

—€ 0 —¢ 2T-¢

Pucynok 2. —Cxema n3MeHeHHsI YIJIa () B CBSI3H C YIJIOM €

Kak cnemyer u3 mpoBeaeHHoro uccienoanus ¢ynkiuuu Rz= RZ), mapamerp Rz mepoxoBaroctu
cepruuecKkoil IOBEPXHOCTH, 00pA30BaHHOM JIE3BUEM PEKYIIET0 HHCTPYMEHTA, IepeMENIaoIUMCs 110 KOHTY-
py (pucyHOK 3), ZOCTHraeT MAKCUMAIBHOTO 3HAUCHHUS Ha y4acTKe MOBEPXHOCTH OT HAYAIBHOW TOYKH 00paboT-

ki H 10 TOUYKH A, TO ecTb pH yrie ¢, :%:72,5’ (e=35°, ¢, =3°).

HeobxonnMo ompenennuTs 3HaUYEHHNE yrila KOHTAaKTa |, KOTOPOMY OyIeT COOTBETCTBOBAaTh HAaMMEHBIIIAS

IEPOXOBATOCTb TIOBEPXHOCTH.
IIycte JAOB = .

LA«B-mwmﬁmmmmﬁ:myMBzmmM=E%E=g—%.
2. AOAC — npsmoyronehsi, Tak kak OA [0 AC (OA —paanyc okpyxuocts, AC —KacareibHas).

ihmmnDBAC=E—EMMB=E—(E—EJ=E,
2 2 \2 2)7 2

Tlo ananornun ABC =

N =
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3. Paccmotpum AA4BK :

0A4KB = OKBK, = € (xak BHyTpEHHHE HAKPECT JIe)KALIHE);

OKAB=¢,+0CAB=¢, +%;

OABK = 0ABC +0CBK =%+T{—s—g—¢H =E2+ —e-9,,.

ol

ITo Teopeme o cymme yrios tpeyronbHuka UKAB +UA4BK +UA4KB =T1U

pop, T _
Torma ¢, +—+=+——g—¢, +£=
roa ¢, >t 5 b, T

Tt
“:E_¢A+¢H'
T € T TT € €
Ho ¢, =E—E.3Haqm, u=§——2+—2+¢H :—2+¢H,
Urak,
_ €
u—§+¢H- (3)

Pucynoxk 3. —Cxema 151 onipe/iesieHHsI YTJIa KOHTAKTa [U

PesynbraTs! pacueros 1o dopmynam (2) u (3) npu €=35°, ¢, =3° nnogaue 0,2Mm/06 CBUAETEILCTBY-
FOT 0 MaKCMMaJbHOM 3HAYCHHUHM IIepoxoBatocTH RZ cocrasmsromem 11 MKM, 9TO COOTBETCTBYET MOCTHIKCHHIO
yria kontakrta [ =20,5. To ecTb mpu 3aJaHHBIX 3HAYCHMSIX IapaMeTpoB £, ¢, M S MakCHMalbHOE 3HAUCHUC

napamerpa Rz Habmronaercst Ha ydyacTke c()epUUECKON MOBEPXHOCTHM OT HayaidbHOM TOukM H 10 Touku A
Ha yrie KoHTakTa [l = 69,5 , a MUHUMallbHOE — Ha y4acTKe OT TOUKU A 1o Touku B npu U = 20,5.

Jl1st MpOBEPKH MOJTyYCHHBIX pacYETHBIX MaHHBIX ObLIa MpomM3BencHa oopadoTka pesom Pafana SVIJCR 2020
chepudeckol MOBEPXHOCTH JNeTanu auaMeTpoM 38 MM Ha TOKapHOM cranke mojenu 16K20D3, ocHanieHHOM
VUITY Sinumerik 802Dpupmbr SiemensPexumsr o6pabotku: t = 1 mm; § = 0,2mMM/06; N = 1200mun L
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V3MepeHue IepoxoBaToCTH 00paboTaHHO# IOBEPXHOCTH MPOU3BOIMIOCH Ha npoduorpade-npodunomerpe
mozemu «Taylor Hobson precision Form Taly surf 12@smoka3ano, uto 3HaueHus: napamerpa Rz Haxomsres
B mpexaenax 6,3...8,0MKM mpakTHUYECKH Ha BCEH MOBEPXHOCTH C(epsl, 32 UCKIIIOYCHUEM YYacTKa MMOBEPXHOCTH
BOJIM3H OCEBOW JIMHUH JIETANH, T1e OHa JocTuraet 3HadeHus: Rz20 MkM B CBSI3U CO CHHIKEHHEM CKOPOCTH pe3a-
HHS 0 HYJICBBIX 3HAYCHUI U 00pa30BaHUEM Ha JIE3BUH HAPOCTA, YXY/IIIAIOIIET0 KAYeCTBO 00PaOOTKH.

2. BiusiHde YIJIOB B IUIaHe JIe3BHsSI HHCTPYMEHTA HAa HIEPOX0OBATOCTh cepuyecKoii MOBEPXHOCTH

npu KOMOUHUPOBAHHOH 00padoTKe

OnpezennM U3MEHEHNE YIIIOB B Iu1aHe ¢ u ¢, Je3Bus npu KOMOMHUPOBAHHOMN 00paboTke cdhepruueckoit
MOBEPXHOCTH BPAIIAIOIIAMCS HHCTpyMeHTOM (prcyHOK 4) [2].

Ocpb BpaleHus AETaM PACHOIAraeTCs MO YIIoM 1| K TOPU30HTAIBLHOM OCH.

PexxylieMy MHCTPYMEHTY COOOLIAETCs [JIaBHOE BpalIaTeNbHOE JBUKEHHE /[T, a JeTalld — BpallaTeIbHOe
IBIDKCHHE /]S U IOCTYNATeIbHOE IBUKEHHE []S1.

Vbl B [UIaHE ONPENENSIOTCS B OCHOBHOM IUIOCKOCTH MEXKIY IOJIOKEHUSIMHU IUIOCKocTH pe3anust Pn — Pr,
KacaTeJIbHOM K PexyIeii KpoMke, i paboueil mwiockocti PS — PSnpoxosiiieii 4epe3 BEKTOPbl CKOPOCTH IJIaBHO-
rO JBHIKCHHS M JBIKCHUS moaauu [1].

P

Pe, Pss

P

PﬂcyHOK 4. —A3mMeHeHHEe KHHEMATHYECKHUX IIABHOIO ¢ 1 BCIIOMOraTeJIbHOI0 1 YIJjoB
B IIVIaHE JIE3BUA PEKyUIero HHCTPyYMEHTa

PaccMoTtpuM J1Ba mepexo/ia KOMOMHUPOBAHHON 00pabOTKH: Bpe3aHue U Bhixaxxuauue [3].

IIpu Bpe3aHum MOJOXKECHUE OTCUETHOM IS OMPENENICHUs YIVIOB B IUIaHEe paboded miockoctu Psi—Ps:
OIpeNeNsIeTCs MPOIOIBHON mogadeit .

[Ipu BBIXaXXMBAaHUU NOJOXKEHUE paboyeil miockoctn PS—P S m3mensercs u onpeaensercs Kpyropoit mo-
naueii Ss. MisMeHeHue monokeHuil padoueii MI0CKOCTH MPUBOIUT K M3MCHCHHIO 3HAYCHUH YTJIOB B TUIAHE.

[Ipu Bpe3aHnn MHCTPYMEHTA B 3aTOTOBKY 3a CUET MOCTYMATENBHOTO OBIKEHUS J[Sn pexymas Kpom-
Ka, CBS3aHHAs C YrJIOM B IUIaHe ¢, y4acTBYeT B Cpe3aHHH HaHOOJIbIIEH CTOPOHBI CEUCHHUS CPE3aeMOro

CJIOSI, TO €CTh SBISAETCA YIACTKOM TIaBHOM pexymeid KpoMku. Ha mepexose BeIXa)kuBaHUS, KOTJa OCTyIa-
TEeIBHOE JBIKEHUE /[Sn OTCYTCTBYET W COBEpIIAeTCS BpamlaTeIbHOE ABIKCHHE /[Sg, TOJOKEHHE pabdodei
wiockocTn (P—Ps3) m3mensieTcst u yrisl B miane ¢, u ¢, NPUHUIMAIOT MCHBIIEC 3HAYCHHE [0 CpaBHE-
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Huwo ¢ ¢, u ¢ ,,. U3BectHo [1], uro Takne 3HaueHns yrinoB ¢, u ¢, MPUBOAAT K CHIDKEHHIO opMHpYe-

MBIX HEPOBHOCTEH Ha IIOBEPXHOCTH C(HEpEL.
V3MeHeHHe 3HAUYCHUH YITIOB B IITaHE JIC3BHS ONpPE/EIseTCs YIIIOM HAKJIOHA OCH BPAILCHHS JICTalH 1
OTHOCHTENHO TOPU30HTAINBHON ocHu, To ecTh § ,=¢ ,—1N; ¢ ,=N—¢ ,,. YTON 1 3amaeTcs HCXOAA U3 KOH-

¢dburypanun oOpabaTeiBaeMOil TOBEPXHOCTH IETAIH M MOXKeT u3MeHaThes ot 0 mo 90°.

Kak moka3pIBarOT pacdeThl, U3MCHCHUS 3HAYCHUI MEPCIHUX U 3aTHUX YTIIOB JIC3BUS MPH U3MCHCHUH
YaCTOThI BpAIlleHUs MHCTPyMEHTa He3HayuTelbHbl (B mpenenax 0,25 rpan) [4]. daunbie pacdersl OyayT
CIIpaBEUIMBBI HA JTAalle BBIXa)XKUBAHUS M JJIs yIIOB B IUlaHe. MI3MEHEHHs 3THX YIJOB ONPEICISIOTCS B OC-
HOBHOM YyTJIOM YCTAHOBKH 1. JIJIsI MCKIIOYCHUS BIUSHUS yria YCTAHOBKU OCH JCTAJH 1|, ONPEACISIONICTO
CXeMy KOMOMHHPOBaHHON 00pabOTKU ChepUvecKoil MOBEPXHOCTH BPAINAOIIUMCI HHCTPYMEHTOM, Ha 3HA-
YeHHs yIJIOB B IUIaHe Je3Bust ¢, u ¢, NPEaIoXeHO MOATauYMBATh PEXYIIYI0 KPOMKY JIe3BHs ¢ 00pa3oBa-

HHEM y4acTKa JJIUHHOU 2...4 MM H yIJOM B IjiaHe, pasHeiM 1...5° [5].

bbuta npousBeneHa o6paboTKa MapTHUH 3ar0TOBOK BPAIAIOIIMMCSI HHCTPYMEHTOM M M3MEpPEeHa LIepo-
XOBaTOCTh MOJYYCHHBIX CHEPHUUECKUX TTOBEPXHOCTEH.

®dparMeHT pe3yabTaTOB U3MEPCHHUIA MPEICTABICH HA PUCYHKE 5 B BUJC MTPODHIOTPaMMEL.

20 =20

157 H15

10 E10
I [h.\ n .
2 : A n ,A-v""‘L"'l"\-«-M ; 2
= 1 T e, e T =
Po0) " W T
& ] : =
S S
= 1 L =

10 =10

15 c-15

20 F-20

i

T T T T T T T T T T T T T T T T T T T T T
282 84 HF 295 300 302 304 306 308 N0 312 4 N6 FB 320 322 324 326 328 330 332
MANAMMETDEI

Pucynok 5. —®parmenT npopuiaorpamMmsl cheprnyeckoii NOBEPXHOCTH A€TAJIH,
00padoTaHHON BPaIAIOINMCH HHCTPYMEHTOM

Kak BunmHO U3 mpoduiorpaMMel, 00padoTka chepruuecKux MOBEPXHOCTEH MHCTPYMEHTOM C YIJIOM MOJ-
TOYKK @, paBHBIM 5°, oOecrieunBacT BBICOTY HepoBHOCTeW B mpenenax Ra 0,4...1,2MkM, 94TO COOTBETCTBYET
YUCTOBOM 00paboTKe.

3akaiouyeHue

1. ITpu xkoHTYpHOU 00pabOTKE chepruuecKkor MOBEPXHOCTU IETANIH HA TOKApHBIX cTaHkax ¢ UITY Heobxo-
IVMO YIHUTHIBATh N3MCHEHHE YITIOB B INTaHE ¢ u ¢, Je3BHS 3a CUET yIyla KOHTaKTa |, CYIIECTBEHHO BIHSIOIINX

Ha [IEPOXOBATOCTh 00PabOTAHHOMN MOBEPXHOCTH. J[Jisi yMEHbIIICHHUS BHICOTH HEPOBHOCTEH M MOJIy4EHHUS] paBHOMEp-
HOI1 IIEPOXOBATOCTH 110 BCEi MMOBEPXHOCTH C(hepbl PEKOMEHIYETCS YIPaBISATh U3MEHEHUEM MTOJa41 HHCTPYMEHTA.
2. ITpu oOpaboTke cheprueckoii MOBEPXHOCTH AETAN BPAIIAIOIIAMCS JIE3BHMHBIM HHCTPYMEHTOM H3Me-
HCHHE YIJIOB B IIaHE JIC3BUS 3a CYCT JBIKCHHA MHCTPYMEHTA M JICTAlU HE3HAYUTEIBHBI, YTO MCKIIOYACT UX
BJIMSIHUC Ha IIEPOXOBATOCTh 00pabOTaHHON MOBEPXHOCTH. BIUsSHKE yriia yCTAHOBKH OCH JICTAlU 1| HA 3HAYCHUS
VIJIOB B IJIAHE U HIEPOXOBATOCTh MOBEPXHOCTH PEKOMEHAYETCS KOMICHCHPOBATh MMOATOYKOM y4acTKa pexKyie
KPOMKH JUTMHOW 2...4 MM 1 yriaoM ¢ = 1...5° 49To oOecreunBacT MOIydeHHE MICPOXOBATOCTH MOBEPXHOCTU

¢ mapamerpom Ra= 0,4...1,2vkmM.
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INFLUENCE OF TOOL CUTTING EDGE ANGLES AT ROUGHNESS
OF THE PROCESSED SURFACE OF THE SPHERE

N. POPOK, I. KUNTSEVICH, R. HMELNICKY, V. ANISIMQV, G. GVOzZDZ

The change of tool cutting edge angle when machisipherical surfaces of parts on a CNC lathe
and in combination machining is analyzeldormulas for determining the roughness parameted dhe
angle of contact of the cutting tool moving alongherical surface are given. The change of todfiroy
edge angles on transitions of piercing and nursimgen machining a spherical surface with a rotating
cutting tool with a translational feed motion isnsidered.

Keywords: roughness, spherical surface, tool cutting edgdertgrning, combined processing.
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YK 621.926

OIIPEJEJIEHHE OCEBOI'O YCHJIUA
B ®PUKIIMOHHOM MPUBO/IE ILTAHETAPHOM MEJIbHUIIBI

0-p mexH. nayk, ooy. IL.E. BAHTEXOBHY: kano. mexn. HayK, ooy. ' M. XBECBKO,
kano. mexn. nayk /I.H. BOPOBCKHH
(Benopycckuii 2ocyoapcmeennstii mexnonozuueckuii ynueepcumen, Munck)

Paccmampusaromea eonpocei, céazanHvle ¢ onpedeienuem 0cegoe0 KOHMAKMHO20 YCUaUs 01 YCmoudugo
pabomvl 21eMeHMO8 PPUKYUOHHOU Nepedayu NIaHemapHoU MelbHUYbl 6€3 NPOCKAIb3bl8aHus. Buinoanen ananus
BIUAHUSA KOHCIMPYKMUBHBIX U MEXHOI02UYECKUX NAPAMempO8 HA e2o 8eauyduny. s nposedeHus ucciedo8anus
8b10pAHA 20PU3OHMATLHAS NIAHEMAPHAS MEbHUYA C 8HeUiHell 00KamKol noMoabHblX bapabanos. Ha xapakxmep
OBUICEHUSL 3A2PY3KU 8 NOMOTbHBIX 6apabaHax NiaHemapHou MelbHUYbl CYUEeCMEeHHOe GUAHUE OKA3bl8AIOM
2eomempuieckue napamempsbl OMOENbHbIX Y3708 azpe2amd, NOIMOMY B8€OeHbl 2eoMempuyecKue Kpumepuu,
ompascaroujue COOMHOUEHUe MeHCOY IMUMU NAPAMEempPamy U NOIYHeHbl 3d8UCUMOCTU USMEHEHUS 0CeB020
YCUnUs Om Ux 3HAUeHul.

Knroueevie cnosa. nnanemapuas menvHuyda, QpUKYUOHHbIN NPUBOO, 0Cegoe Ycuaue, CUld MpeHus,
MOMeHm UHepyuu.

BBenenue. [InanerapHbie MEIBHUIBI MIPEICTABISIOTCS HANOOJIEE IEPCICKTHBHBIM arperatoM JUisi TOHKO-
TO W CBEPXTOHKOr0 momoja. O0 3TOM CBHIETEIBCTBYIOT MHOTOUHCIICHHBIC MyOIMKAIMU B OTCYCCTBCHHBIX U 3a-
PYOESKHBIX HAYYHBIX H3aHusAX [1—4]. 3HauNTEeIbHBIC HHEPIHOHHBIC CHIIBI, CO3aBAEMbIC B 3THX arperarax, Cro-
COOCTBYIOT TIOBBIIICHHIO 3((HEKTUBHOCTH M3MEIbUCHHS, HO OJHOBPEMEHHO SIBIIAIOTCS MPUIMHON BO3HHKHOBE-
HUS OOJIBIINX JMHAMUYCCKUX HATPY30K B JICMEHTaX KOHCTPYKIUH IJIAHETAPHBIX MEIBHUI] M UX MPUBOJIC.

Panee aBropamm maHHOH pPabOTHI OBUIO M3YYeHO W3MEHEHHE MMHAMHYECKHX HArpy30K B IIAHCTApPHOU
MENBHHUIIE C PEMEHHBIM 1 3yOuaTsiM mpuBojioM [5; 6], paspaboTana Metoanka Ux pacdera. Kaxmpiit U3 yKa3aHHBIX
MPUBOJIOB UMEET CBOM MPEUMYIIIECTBA U HEJJOCTATKU. 3y0UaThlii IPUBOJ CII0KEH B M3TOTOBICHUM M SKCILTYaTAIHH,
PEMEHHOI B 3TOM IDIaHE CPaBHUTEIHHO MPOIIIE, HO IMeeT OoJree HU3KUH KO (PUINECHT IOJIE3HOTO JCHCTBHS.

Ha nammr B3rmiz, st HeOONMBIINX M3MEIBYHUTEINCH IaHETapHOTO THIA, IPUMEHSAEMbIX B MAaJTOTOHHA)KHBIX
MPOU3BOJICTBAX, TP MPOBEIICHUU SKCIICPUMEHTAILHBIX UCCIICIOBAHUN, BO3MOXKHO UCIIONIB30BaHUE (PPUKIIMOHHOTO
npuBoja. OIHAKO 3TOT MPHUBOJ UMEET OJIMH CYLICCTBCHHBIN HEJJOCTATOK — CYIIECTBYET BEPOSITHOCTh OTHOCUTEIIB-
HOTO TIPOCKaJIB3BIBaHMS KoJiec (DPUKIMOHHONW maphl. Ho jierkast perynupoBKa IepeaaTOYHOrO YHCiia MEXaHU3Ma,
a COOTBETCTBCHHO M COOTHOILICHHS YaCTOT BPAIICHHUs pa3MOJIBHBIX 0apa0aHOB M BOJAMIIA, HUBEIHPYET YKa3aHHBIN
BBIIIIC HEJOCTATOK, YTO OCOOCHHO BAXKHO B CIydYae JKCIICPUMCHTAIBHBIX HCclienoBaHuid. boiee Toro, cectu
K MHHAMYMY HPOCKaJIb3bIBAHHE MOXKHO TIPH CO3JaHWU COOTBETCTBYIOIIETO KOHTAKTHOTO MABJICHUS B SJIEMEHTaX
(bpukimonHo nepenaun. [loaTomMy cyTh pacdyera (GPUKIMOHHOM MEpeadyn CBOIUTCS K OTPEICICHUIO CHIIBI KOH-
TaKTHOTO JIABJICHUS MKy KoJiecaMu (PPUKIIMOHHON Mapel, 00eceunBaroeii paboTy 0e3 mpocKaab3bIBaHHUS.

OcHoBHas yacThb. Kak n3BecTHO, MaKCUMaITbHBIE HATPY3KH HA MPUBO/T JTFO00H MaluHBl BOZHUKAIOT B MO-
MEHT ee 3amycka. [ImanerapHas MelnbHUIA HE SBISETCS UCKIItoYeHHeM. [loaToMy 11t crabmimbHOTO IIycKa 1 pado-
TBI arperata KpaiHe BaKHO JIMKBUIUPOBATh B3AUMHOE MPOCKAJIb3bIBaHHE (DPUKIIMOHHBIX JIEMCHTOB Ha 3TOH CTa-
Juu paboyero mukia.

B xadecTBe 00BekTa uccienoBaHUs ObLIa MPUHATA W300paKeHHAss HA pUCyHKe 1 TutaHeTapHas MeNbHHUIA
¢ (OpUKIMOHHBIM TPUBOJIOM [7]. OpHKIMOHHAS TIEpeIayda MPEeACTaBIsieT cO00i HEMOABMKHBIN [IEHTPAIbHbIN KO-
HYC, IT0 KOTOPOMY OOKAaTHIBAIOTCSI CMEHHbIE KOHHYECKHE KOJIEca, HaCa)KCHHBIC Ha BaJlbl TIOMOJBHBIX 0apabaHOB.
[lyrem ycTaHOBKM Ha BaylaXx KOJIEC Pa3HOTO AMaMeTpa MOXKHO MEHSTH COOTHOIICHHE YacTOT BpamieHus Oapaba-
HOB 1 Boamia. HeoOxoaumoe naieHue B (PUKIIMOHHON Mape co3MaTes 3a CYET OCCBOTO MEPEMCIICHHS U MIPH-
JKATHsl HEMOJBMYKHOTO KOHYCa K IMOBEPXHOCTH KOJEC OJHUM U3 M3BECTHBIX CHOCOOOB: MPYKUHOW, BUHTOBBIM
MEXaHU3MOM WM HX KoMOMHaImel. B cBs3u ¢ 3TiM 3a1a4ga onpeaeneHnsi KOHTaKTHOTO JaBJICHUS TPAHCPOPMUPY-
€TCsl B METOJIMKY pacueTa OCCBOM CKUMAFOIICH CHIIBI.

Brauayie HE0OX0IUMO pacCcUUTaTh MOMEHT HHEPIIMH OapabaHa OTHOCHTEIIEHO IICHTPAIBHOW OCH CHMMETPHU:

I, =20, +l, (1)

e lx —MOMEHT WHEPIIMH TOPIIEBON KPBIIIIKH TOMOJIbHOTO O6apabaHa; | - — MOMEHT nHepIuy OOKOBOH CTEHKH.
DTH HapaMeTpsl pacCYMTHIBAOTCA 110 hopmynam (2), (3):

| _ mld*
K32

[50p, )
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_ il

(B [p, 3

IC

rae d — BHemHui quametp Oapabana; d — TOJIIMHA TOPIIEBON CTEHKHU MM CTEHKU OapabaHa; p — IJIOTHOCTh Mate-
puaia CTeHKHU 1 nwinHapa; L — muna O6apabana.

3 4

R R N

1 —aBuraresn; 2 —NpUBOAHOIT MexaHn3M, 3 —()PUKIUOHHAS Mepeaava;
4 —moMonbHbIN 6apadaH; 5 —oNOpPHBIE CTOHKH

Pucynok 1. —Ilnanerapuas MeJbHHIA ¢ GPUKIHMOHHBIM MPHBOIOM

TTony4yrB MOMEHTHI MHEPLMH, MOKHO HPUCTYNATh K PACYETy MOMEHTA OTHOCHTENBHO LIEHTPAIbHOM OCH
cummeTpuH 1o popmyte (1).

O0BbeM 3arpysku, e Macca M MOJIOKEHUE B MOMOJIBHOM OapabaHe OKa3bIBAIOT 3HAUYUTENIBLHOE BIIHSHUE
Ha pacrhpesieieHne JMHAMUYECKHX HArPYy30K B arperare. Y4ecTh 3TO BIMAHUE MOKHO, BKIIIOUMB B pacyeT MOMEHT
UHEPLIUH 3arPy3KH OTHOCUTEIBHO LIEHTPATBHON OCH CHMMETPHH.

MoMeHT HHepLHH Tena B 06IIeM BHJe paccunThiBaeTcs mo dopmyste | = mr2 3aech I’ — pajuyc HHepLuy,
am-—ero Macca. Macca 3arpy3KH ¢ TIONepeYHbIM CEYEHHEM B BHIE CETMEHTA

m=p, L[5, 4)
re P, — IVIOTHOCTH 3arPy3KH; S — IUIOMIa b CErMeHTa.
B cBoto ouepenp, miommaas cermenta [8]

S =0,507 20y~ siny), ®)
31ech I 5 — BHYTPEHHUI paauyc Oapabana; Y — MOJOBUHA yIjla CEKTOpa, pal.
Paanyc unepiun — 310 paccrosuue loc (pucyHok 2), onpezessemMoe 1mo Gopmyie:
| = A [sin'y
¢ 32y -siny)

C yuerom Beipaxkenuii (4)—(6) mocie moaCTaHOBKM U MpeoOpa3oBaHuii momydmwiu HopMyiy Ui pacdyera
MOMEHTA HHEPLIUH 3arpy3KHd OTHOCUTEIBHO OCH, COBIAIAIOIIEH ¢ 0ChI0 Oapabana (Touka O):

_d; I .
|3_EZDLE)3[GGB/ sin %y 2Dsm21Dco?sy) (7)

(6)

rae dE =27 5

Ipy GpUKCUPOBAHHOM IIOTHOCTH 3arPy3KH U TE€OMETPUYECKUX MapaMeTpax 0apabaHOB 3TOT MOMEHT HHEP-
X 3aBUCUT TOJIBKO OT yTJia .

Hmes Bce nmapamMmeTpbl, paCCUMTAHHBIC BBILIC, MOYKHO OIPECACINUTD CyMMapHLIﬁ MOMCHT UHCPIUU 6apa6aHa
C 3al"py3KOI7[ OTHOCUTEIBHO ocu O:
I() = IE + I 3 (8)

['naBHBI MOMEHT BHEUIHUX CHJI, IIPHIOKEHHBIA K 0apabaHy, HANpsIMyIO 3aBUCUT OT YIJIOBOTO YCKOPEHHMS
B IIEPHOJI €T0 PAa3roHa JI0 BBIX0/a Ha CTAOWIIBHBINA PEXKHM, a TAK)KE OT MOJIOKEHHS 3arpy3KH.
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Cocrasum muddepeHnranbHoe ypaBHeHHE BpalleHus 6apabaHa BOKPYr cCOOCTBEHHOM IEHTPaIbHON OCH:
W
I, Gc;—t =M, ©)

nim
MS=1, 3, (10)

(® —yroJi HOBOPOTA BOAMJIA; [} —yroJ 3ana3ibiBanust; C —HEHTpP Mace 3arpy3Kn

Pucynok 2. —Cxema pacroJio;keHHsI CHJI B IOIePeYHOM ce4eHHH! MOMOJILHOro 6apadana

CornacHo dKCIIepUMEHTAIBHBIM HCCieoBanusM [9], MpoBeICHHBIM paHee, 3arpy3ka B GapabaHe miaHe-
TapHOW MENBHHUIBI PACIIONAaraeTCs B BHIC CETMEHTA, MEPEMEIIAOIIErocsi BMECTE C BOIMIOM M OTCTArOIIEro
ot Hero Ha yrou 3 = 40...60°.

U3 cxeMbl, IpUBEACHHON Ha pucyHKe 2, u hopmyssl (10) samuinemM BeIpaKCHHE, OTpaKaromiee TIaBHbIH
MOMEHT BHEIITHUX CHIT:

M -G, Biny =1, . (11)

BeIpasum MOMEHT depe3 CHIy TpeHus W ¢ yueroM ypaBHenust (10) sammmieM pa3BepHYTOE BBIPaXKCHHE
JUTS TIIABHOTO MOMEHTA BHEIITHUX CHIT:

d
M = FTP ]—;’ , (12)

d _
fINGZ -Gl Sing =1, 2, (13)

rae d., — cpennuii quamerp oOkaTku; N — HopManbHas peakuys; f — ko3DdHUIMEHT TpeHNs B MeCTe KOHTAKTa
(OPUKITMOHHBIX KOJIEC.

IockonbKy (PUKIHOHHBIE KOJIeCa UMEIOT KOHUUECKYI0 (DOpPMY, YCHIIUE CIKATHS MEXIY HUMH MOXKHO U3-
MEHSITh uepe3 oceBoe ycuiue F, mapasiensaoe ocu BpareHust (pucyHok 3).

DTO yCHITHE CBSI3aHO C HOPMAIBHOU PEaKIUEH COOTHOICHHEM

N = F [8ina. (14)
C yuerom (14) ypaBuenue (13) npumer BuI;

d
f F Bina B2~ Gl [siny =1, 2. (15)

_ 1, [E+G, Siny
f Sina [,
VYpasuenue (16) sipasercst pacYETHBIM M MO3BOJISIET OMPEACTUTH OCHOBHOM MapamMeTp, OT KOTOPOTO 3aBUCHUT

yCTOIUMBBIN Oe3 MPOCKaNIb3bIBAHMS PEXUM padoThl GpUKIMOHHOM nepenaqn. [IpuueM ¢ UCIIONIB30BaHUEM 3TOTO

YpaBHCHHA MOKHO MPOAHAJIU3UPOBATH 3aBUCUMOCTU OCCBOI'0 YCUJIUA OT YIJIOBOI'O YCKOPCHMSA, CTCIICHU 3aIrpy3KU
6apa6aHOB, TeOMETPHUICCKUX COOTHOLICHUN MCIbHUIIBI 1 q)pHKIIHOHHOfI nepeaavu.

F

(16)
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Crenenb (kK03 dHULMEHT) 3arpy3Kku 0apabaHOB PACCUMTHIBAIACH KAK OTHOIICHHE IUIOLIAfCii cerMeHTa ¢
Y ronepevHoro ceyeHus bapadana Sy

‘ _i_O,S[ﬂZD/— sin%)
- m '

)

17

U3 ypasuenus (17) BUaHO, 9TO KO3 PUIMEHT 3aTPy3KH ONPEAEISETCS TOJBKO YIIIOM Y. [ €OMETpHUYECKHE CO-
OTHOIIEHHUS! (PPHUKIIMOHHOM HIEpEIaYH 10 aHaIoruu ¢ padoroii [10] oleHMBaAIKCH Yepe3 reOMeTpHIECKHi KpuTepuii K:

k=to (18)

p

rae R, —panuyc HENOJBMIKHOTO KOHYCA B TOUKE KACAHUs C IOABHKHBIM (DPUKLHOHOM (PHCYHOK 3).

Cuna TspkecTH 3arpy3ku B ypaBuenuu (16) paccumthiBaeTcsi uepes
Mmaccy, onpeaensiemyio mo ¢opmyie (4). Cpeauuii paguyc GpHUKIHOHHBIX KO-
JIEC MOXHO BBIPa3UTh Yepe3 reoMeTpUUecKuil kpurepuil u3 dopmyisr (18).
VYron y B ypaBuenuu (16) usmeHsieTcsi B 3aBUCHMOCTH OT YIJjIa TIOBOPOTA BO-
- muna . [locne apudmeTnyeckux NpeoOpa3oBaHuii UX CBS3b C YUETOM yriia
OTKJIOHEHUsI CETMEHTA 3arpy3KH 3 yCTaHABIUBACTCS B BHJIE

e {q: —[g —Bﬂ. (19)

Ecnu Beectr 0603Ha4YeHue O = (g - Bj, TO CHHYC yria \y OyneT om-

s

| penensaThes 1o hopmyIie

\ siny = sing Cco®— cop O sib (20)

npu 3ToM ¢ = QL.
CrienyeT OTMETHTB, YTO YIJIOBOE yCKOpeHHe B ypaBHenuu (16) Bo
Pucynok 3. _C‘{HOB*‘" cxema BpeMsi pa3roHa He ocTtaercs noctossHubiM. Kak BunHo u3 gopmysn (9) u (10),
$puxumonnoii neperayn € = do / dt. ITpu gocTHXKeHNH CTAGHILHOTO PEKUMA, KOTAa o = CONgt, yro-
Boe yckopenue € = 0.
TToCKONBbKY CErMEHT 3arpy3KH HETOCPEACTBEHHO CBSI3aH C BOMIOM M YTIIOM €ro MOBOPOTA, YTO OUECBHIIHO
u3 Beipakerust (20), yrioBoe yCKOpEHHUe JydIlie BRIPa3UTh Y4epe3 YIIIOBYIO CKOpOCTh Boawiaa Q. OHa cBsi3aHa ¢ yT-
JIOBOM CKOPOCTHIO GapabaHa IpH BHEIIHENH 0OKaTKe Yyepe3 TeOMETpUYECKUit KpuTepuii K cooTHOIEHHEM

w=0B K. (21)
k

C y4eToM BBILICH3IIOKEHHOTO, B pacyeTHoe ypaBHeHue (16) MOXKHO BHeCTH KOPPEKTHBEL. B pesysbprate mo-
Tyurnd auddepeHnaibHoe ypaBHeH e, IPU UCTIONB30BAHUN KOTOPOTO MOXKHO Y4YECTh BIIMSIHUE HA OCEBOC YCH-
JMe, U3MCHEHUE YIIIOBOM CKOPOCTH M YCKOPEHHUSI TIPU Pa3roHe, a TAKKe T'€OMETPUYCCKUX COOTHOLICHHH JIeMeH-
TOB npuBoza (kpurepuii K) u crenenu 3arpy3ku uepes ee ciity Tshkect G, panuyc loc 1 MOMEHT uHepuuH | 3.

Dopmyna (16) npumer Bua

l, DHTkB%—?+G [, {sinQt toH - cot sif)
f Sina Ik[R,

F= 22)

PacuéTpl POBOMMIINCH TS IUIAHETAPHOW MENBHHILI ¢ auamerpoM OapadaHoB 100 mM, mmuaoi 200 mm
1 TomuuHO# crenku 5 mM. Cpexnuii pagnyc Ry, HemoasmkHOTO Koneca npuauMancs paBasiM 100mm. ['eomerpu-
YeCKHI KpUTEpHid M3MeHsuIcs B quana3one k = 0,2...0,8,a koaddunuent 3arpysku k; = 0,1...0,9.

B KauecTBe HAYAIBHBIX YCIOBHIA K pacdeTe [o ypaBHeHHo (22) npurumanmick: t= 0, Q= 0 u & = 30pan/c®
['paHMYHBIC YCIIOBHS ONPECISIINCH IpH 3HaueHnsx € = Opan/c? u Q = 30pa/c.

B muiaHeTapHO# MeJbHUIE, KaK U B JI000M MEXaHH3ME, MAKCUMAIIbHbIE HATPY3KH Ha 3JIEMEHTHI MPUBOJIA
MPUXOMATCSA HA MOMEHT IyCKa arperara BBUIY MPEOI0JICHUSI UM MOMEHTOB MHEPIIUH MOKOSI BCEX JIEMEHTOB.

Wmest BbIpakeHHE JJIsi OCEBOTO YCHUIIHs, ONPEICIIUM 3aBUCUMOCTL ATOTO Mapamerpa OT yriia MoBOpoTa
BOJMJIA B MOMEHT IyCKa arperara OT BPEMEHHU MpH CTerneHu 3arpy3ku O6apadanoB 0,5 u mepenaTrouHoM yucie
¢dpukuponnoro peaykropa 0,51 /st HAMMSAHOCTH NPEACTABUM Ha PUCYHKE 4, U3 KOTOPOTO BHIHO, YTO M3MEHE-
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HHE OCEBOT0 YCHJIUSI MMPOUCXOAUT HEJIMHEWHO. B MOMEHT mycka OHO JocTHTraeT MakcuMaibHbIX 3HaueHuid 850H, mo-
CJIe Yero CHUKAETCS BCE BPEMsI BHIXOJ[a arperara Ha HOMHUHAJbHBIN (pabounii) pesxum. Ilocne aToro ycusume ycra-
HaBjmBaeTcs Ha ypoBHe 50 H u nmeproanvyecku U3MEHSIETCSI ¢ MUHUMAaJIbHOM, HE3HAYUTEIbHOW aMILTUTYIOM.
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PucyHok 4. —3aBHCHMOCTB 0CEBOT0 YCHJIHS
OT BpeMeHH Pa3roHa IpH yIioBoii ckopoctu Boxuia 30pan/c

Kax Bugno u3 ¢opmysisl (16), Ha CHIOBYIO CXeMy arperata 3HAuHTEJbHOE BIHMSHHE OKa3bIBaeT OOLIMil
MOMEHT HHEPLHH, KOTOPBIi, B CBOIO OYepeib, 3aBUCHT OT MOMECHTA MHEPLHH 3arpy3Kd (CTETICHH 3aroJIHCHHUS
OapabaHa). DTOT mapamerp omuchkiBaeTcsi yriioM Y. COOTBETCTBEHHO, ObLIO MPUHATO PEIICHHE M3yYUTh CTCIICHb
aroro BiusiHusL. [Ipu nepenatouHom uncie GppukiponHoro peaykropa 0,5u tex ske yrinoBbIx ycKopeHusx Oapada-
HOB OBLIH MOJTYYCHBI 3aBHCHMOCTH MAKCHUMAIIBHOT'O OCEBOT0 YCUITHS OT Kod(duuneHTa 3arpy3ku K (pucyHok 5).

ITo mpexncTaBiIeHHOH 3aBUCUMOCTH MOXKHO CKa3aTbh, YTO MPHU yBEIMUCHUH CTETICHU 3arpy3ku OapabaHa,
a COOTBETCTBEHHO M €r0 MacChl, 0CEBOE yCHJINE YBEIMUUBACTCA 32 CUET OOIBIIETO OTPHIBAa (PPUKIIMOHHBIX PO-
JMKOB OT OOKaThIBAEMOW MOBEPXHOCTH MHEPLMOHHBIMHU cuiamMu. Kpome T0T0, 3a C4eT HEMMHEHHOro yBENu-
YEHMS [UTOLIAAN MONEePEeYHOro cedeHus cermenta (5) MOXKHO HAGIIIOIATh TaKOe )K€ HEIMHCHHOE yBEIHYCHHE
oceBoro ycuius. Taxke Ha 0CEBOE YCHINE 3HAYUTENBHOE BIMAHUE OyIyT OKa3bIBaTh M TCOMETPHUYECKUE Ta-
pamerpsl pPUKIHOHHOM Tepenadn (PUCYHOK 6), a IMEHHO COOTHOLICHHE HaMETPOB MMOABHKHBIX (QPUKIHO-
HOB M HETOJBIKHOTO KOHYCa. DTO COOTHOLICHUE OMUCHIBACTCS TEOMETPUUCCKIM KpuTepueM K.
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Pucynok 5. —3aBHCHMOCTb 0C€BOT0 yCHIHS Pucynok 6. —3aBHCHMOCTE 0CeBOT0 YCHIHS
oT K03 (pHunKeHTa 3arpy3KH NOMOJILHBIX 0apabaHoB 0T reoMeTpUYecKoro Kpurepusi K

Io 3aBUCHMOCTH, MPEACTABICHHON HAa PUCYHKe 6, MOXKHO CyJMTh O TOM, 4TO (DPUKIMOHHAsS Mepesada yc-
ToWYMBa 0€3 N3MCHEHUsI OCEBOT0 YCHJIMS pabOThI IIPH reoMeTpuIecKoM kputepuu 6osee 0,5.
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3akmouyenune. [IpoBeeHHOE HUCCIEIOBAHKE TI0 OMPEICICHUIO OCEBOTO YCHIHS B (DPUKIIHOHHOM MPUBO/IC
TUIAHETAPHON MEJIBHUIIBI TI03BOJIHJIO MONIYYUTh PE3YJIbTAThl, UMCIOIIUC 3HAUCHHUE JJIsI PEIICHUS paccMaTpUBac-
MOTr0 BOIpoca!

- MpEeAJIoKeHa METOArKa pacdera (PPUKIHOHHOTO MPHUBOJA IUIAHETAPHON MEJBHHIBI Yepe3 OINpeelieHUe
0CEBOTO YCHIIHSI, HEOOXOIUMOTO 151 pabOThl PPUKITMOHHOM Taphl O€3 MPOCKATb3bIBAHUS;

- HaWJIEHBI OCEBBIE MOMEHTHI HHEPIIMHU OapabaHa 1 3arpy3Ky,

- cocraBiieHo audhepeHnrantpHOe ypaBHEHHE IBIKeHUS OapabaHa;

- MPOBEJICH aHaIM3 W3MEHEHHsI OCEBOTO YCHIIUS OT CTEIEHH 3arpy3KH U F€OMETPHYECKOr0 COOTHOIICHHUS
KoJiec (DPUKIIMOHHOM TIepeIayu;

- YCTaHOBJICHBI 3HAYCHUS MAPAMETPOB, 00CCIICUMBAIOIINX YCTOUYHUBYIO pa0b0OTy (PPUKIIMOHHOTO PEIYKTOPA.

Ipennaraemyro aBTopamMu JaHHON PaOOTHI METOJUKY pacdeTa MOXKHO PEKOMCHJIOBATh VIS HCIIOJIb30BAHUS
TP IPOCKTUPOBAHUY U SKCILTyaTallMK arperaTtoB INIAHETAPHOTO THIIA C (PPUKIIMOHHBIM IIPHBOJIOM.
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DETERMINATION OF AXIAL EFFORTS
IN FRICTIONAL DRIVE OF A PLANETARY MILL

P. VAITEKHOVICH, G. KHVES'KO, D. BOROVSKIY

The issues related to the determination of the axial contact force for the stable operation of the elements
of a frictional transmission of a planetary mill without slippage are considered. The analysis of the influence
of structural and technological parameters on its value. For the study, a horizontal planetary mill was chosen
with an external run-in of the grinding drums. Snce the nature of the load movement in the grinding drums
of a planetary mill is greatly influenced by the geometric parameters of individual units of the unit, geometric
criteria were introduced reflecting the relationship between these parameters and the dependences of the axial
force change on their values were obtained.

Keywords:planetary mill, friction drive, axial force, friction force, moment of inertia.
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MATEPHA/IOBE/IEHHUE

YK 621.923

KOPPO3MOHHAS CTOMKOCTD IETAJIEN U3 JEI'MPOBAHHBIX CTAJIEH
INOCJIE MATHUTHO-ABPAZUBHOHU OBPABOTKHA

0-p mexn. nayx, npogp. I1.M. AKY/IOBHY; kano. mexn. nayk, ooy. 1.E. CEPI'EEB;
B.B. llIABYHA, C.K. [YBHOBHIIKHH
(Benopycckuii 2ocyoapcmeennwlii azpapHulii mexuuueckuii ynugepcument, Munck)

Paccmompen memoo nogwiuieHust KOPpPOZUOHHOU CIMOUKOCMU Oemaell U3 1e2UPOBaAHHbIX cmanel nymem
Gdopmuposanuss MuKponpopuis ux nosepxHocmett QUHUUHON MACHUMHO-A0pasusHol oopabomxoi. [lpedcmas-
JIeHbl pe3yibmamyl IKCHEPUMEHMATIbHBIX UCCLe008AHULL KOPPOUOHHOU CMOUKOCMU 06pAbOMAHHBIX NOBEPXHO-
cmetl BHYmMpenHe20 Kolblya NOOWURHUKA U 3aKaAmMo4H020 poauka. Tlokazano enusHie uepoxoeamocmu nogepx-
HOCMU HA KOPPO3UOHHbIE CEOUCMEA YKAZAHHBIX KONEY, NOTYYEHHbIX PA3HbIMU CROCODAMU.

Knwouesvle cnosa. xonvya noOWUNHUKOS, 3AKAMOUHLLI POIUK, MASHUMHO-AOpasusHas obpabomkda,
KOPPO3UOHHASA CMOUKOCb, UWepOX08amoCchb.

Beenenne. B pesynsTaTe KOppO3HUH METAIT TEPSET CBOM (HU3MKO-MEXaHHIECKHUE CBOMCTBA (IIPOYHOCTH,
TUIACTHYHOCTD), BCIEIACTBHE YETO BBIXOIAT U3 CTPOSI 0OOPYIOBaHUE, MAIIHHBI, MCXaHH3MBbI, Pa3pyIIaoTCs Me-
TaJUTMYECKUe KOHCTPYKIUU. [I0JHOCTBIO MPENOTBPATHTh KOPPO3HMIO METAIJIOB HEBO3MOXKHO, TIO3TOMY €IMHCT-
BEHHBIM IyTeM 0OpBOBI C Hell SBISIETCS TOMCK crOco00B ee 3amemieHus [1]. B HacTosmiee Bpems 60ps0y ¢ Kop-
pO3ucii BEAYT Cpa3y B HECKOJIBKUX HAMPABICHUSIX: MBITAIOTCS U3MCHHUTH CPEIY, B KOTOPOH paboTaeT MeTasliu-
YECKOE U3CIHE; MOBIHUATh HA KOPPO3UOHHYIO YCTONYMBOCTH CAMOTO MaTepHaia; MPeIOTBPATHTh KOHTAKT MEXK-
JIy METAJUIOM U arpeCCUBHBIMU BEIIECTBAMY BHEUIHEH cpelibl. KOppO3HOHHYIO CTOWKOCTh CTaJIleii MOYKHO IMOBHI-
CUTHh BBEJICHHEM B HMX COCTAB CICIMAJBHBIX JICTHPYIOUIMX 3JICMCHTOB, HAHECCHHUEM 3alIUTHBIX TMOKPBITHI,
naccuBanueil u T.1. [1]. Koppo3uoHHas cTOWKOCTh AeTaieil MallluH ONMpeaessieTcs MoOKa3aTe MU KauyecTBa uX
MTOBEPXHOCTEH, KOTOpbIe (POPMHUPYIOTCS B OCHOBHOM Ha (PMHMIITHBIX orepanusx oopadboTku. [Tokazarenu kade-
CTBa MOBEPXHOCTH MOTYT TAK)Ke 3aBUCETh M OT MPEANISCTBYIOIINX ONepalrii, TaK KaK MpH MeXaHUIeCKoi oOpa-
60TKE MMEeT MECTO TEXHOJIOTHYECKash HacleACTBeHHOCTE [2; 3]. OMHNM M3 OCHOBHBIX MOKa3aTesiell KauecTBa
MOBEPXHOCTEH, BIHUSIOLUIMX HA KOPPO3HOHHYIO CTOMKOCTD, SIBIISICTCS IEPOXOBATOCTh TOBEPXHOCTH.

OcHoBHas yacth. M3Bectro [4], uTo paGoure MOBEPXHOCTH ACTANCH MAIIWH B 3aBUCHMOCTH OT CIOC00a
00paboTKH UMEIOT Pa3HyIo0 MEPOXOBATOCTh. DUHUIIHEIE CITOCOOBI 00pabOTKU 00ECIIeYrBaIOT HAMMEHBIITYIO IIIe-
POXOBAaTOCTh MOBEPXHOCTEH, YTO MOBBIMIACT UX KOPPO3UOHHYIO CTOMKOCTh. B CBSI3M ¢ 9TUM MpPEJICTaBISACT HHTEPEC
OMPEJICIUTh BIMSHUC IICPOXOBATOCTH OBEPXHOCTEH, MOMYYCHHBIX Pa3HBIMU criocobamMu 00pabOTKH, Ha KOPPO3H-
OHHBIC CBOMCTBA. PaccMOTpHM 3TO BiMsSHKE HA IPUMEPE BHYTPEHHETO KOJIbIIA ITOIIIUITHAKA U 3aKATOYHOTO POJIHKA.

Knaccuyeckue crioco0bl (UHHUIIHON 00pabOTKH MOBEPXHOCTEH KOJICI| MOAIIMITHUKOB U 3aKaTOYHBIX PO-
nukoB — numudosanue, cynepbunuinuposanue [5; 6]. OqHako 3TH BUAbI 00PabOTKH COMPOBOKIAIOTCS PAIOM
(haxTOpoB (TEMIOBBIE, M3HOC aOPA3UBHOTO MHCTPYMEHTA H JIP.), KOTOPbIE MPUBOJST K CHUKEHHIO TOUHOCTU 00-
paboTKH, a TaK)Ke BBI3bIBAIOT M3MEHEHHE (H3MKO-MEXaHHMYECKUX CBOMCTB MOBEPXHOCTHOTO CJIOS, B YaCTHOCTH
3a CUET MOSBJICHUS HEOAHOPOJHOCTH CTPYKTYPHI U TBepAOCTH [7]. YKasaHHbIe He(eKTHI CYIIECTBEHHO CHUKAIOT
Ka4eCTBO IMOBEPXHOCTEH eTallell U, KaK CJIeICTBUE, KOPPOZUOHHYIO CTOHKOCTb.

OnHUM U3 TIEPCTIEKTUBHBIX CIIOCO00B (PMHHITHON 00paOOTKH IMMOBEPXHOCTEH JeTaei SIBIISIOTCS CIIOCOOBI,
OCHOBaHHbIC Ha HCIOJb30BAHMH DJIACTUYHOMN CBS3KM HJIM HE3aKPEIJICHHOTro abpa3uBa, K KOTOPOW M OTHOCHUTCS
MarHuTHO-a0pasuBHas o6padoTka (MAQ) [8]. DToT cmoco® mpocT B pealus3anuy, KOJIOTHYECKH O€30MaceH,
obecrieynBaeT BHICOKOE KayecTBO 00pabOTaHHBIX MOBEPXHOCTEH AeTaliel M CyIIeCTBEHHOE MOBBIIIEHNE UX CO-
MPOTHUBIISIEMOCTH M3HOCY, KOPPO3UU M MEXaHWYCCKHM HArpy3kam, 00JaJacT BBICOKOH MPOM3BOIMTEIBHOCTHIO,
YCIIEITHO KOHKYPHUPYET C MPOIIECCAMU XUMHUUECKON U 3JIEKTPOXUMHYECKOH 00padoTku [8; 9].

DKCcreprMeHTaIbHBIE UCCIIE0BAHUS POBOIIIKCH Ha 00pasiiax kosel noamunaukos (Marepuan [IX15
I'OCT801-78)u 3akarounbix ponukoB (Matepuan X12M 'OCT 5950-73)mocie TokapHO# 00paboTKH, HuHbo-
Bauus 1 MAO. MaruutHo-abpa3uBHas 00paboTKa npoBoaniIack Ha ctanke mojenu COT 2.150.00.00.000.

ITapamerpsl 1 pexxumbl MAO: MarauTHas mHAyKIus B = 1 Tx; ckopocTs pesanus V, = 2,5M/c; ckopocTs
ocrurin Vo= 0,2m/c; ammumaryaa ocuuuisaiun A = 1 MM; Koo GUIMEHT 3aN0IHEHNS 3a30pa K, = 1; BeIn4u-
Ha pabouero 3azopa 6 = 1 mm; Bpems obpadborku t = 120 ¢./[ist MAO moBepXHOCTH BHYTPCHHETO KOJIbIA
HOIINITHAKA UCII0JIb30Baau (GeppoabdpasuBHblii mopomok (PAII) Ha ocHOBe GOPHIOB XKele3a, 3€PHUCTOCTHIO
A = 100/160MKM; it 06pabOTKH MOBEPXHOCTH 3aKaTo4HOro poiuka — JK15KT Ha ocHOBe kapOuaa THTaHa
TV 6-09-03-483-813¢epuucroctbio A = 100/160mkM. B kauecTBe cCMa304HO-0XJIaXk IAFOMIETO TEXHOJIOTHYECKO-
ro cpencrea ucnonszoBaan CuaMA-1 TY 38.5901176-91, 5%s1ii Boanslii pactBop. Mcxonnas mepoxosa-
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TOCTh TIOBEPXHOCTH KOJIblLIa HOALIMITHUKA M 3akaToyHoro poiuka Ra; = 0,8...1mxm. Mopdonorus u gopma
yactur] ®AII Ha ocHOBe GOpUIOB Kele3a Oiu3ka K pomOuueckoit popme (pucyrok 1, a). Mopdosorus u popma
gactur; ®AIl Ha ocHOBe kKapOuma THTaHa Gnm3ka K cepudeckoit popme (pucyrok 1, 6). ITonyueHHBIC TaHHBIE
10 [I0KA3aTeIsIM KOPPO3HOHHOM CTOMKOCTH CPaBHUBAIIKCH C aHAIOTMYHBIMHY [TapaMeTpamu npu numdosannu [7].

Pucynok 1. —Mopdosiorusi ¢peppoadpasuBHOro nopomxa
Ha ocHOBe Gopu10B keie3a (¢) yBeanuenne x100u K15KT (6) yBenmuenune x500

Mertoarka NPOBEAEHHUS SKCIIEPHUMEHTA 10 OIPEASIICHHIO KOPPO3HOHHO CTOHKOCTH 00pabOTaHHBIX MOBEPX-
HOCTEH 6HympeHHe20 KOIbYd NOOWUNHUKA BKIIOYANa YCKOPEHHBIC MCIBITAHUS MPU IIEPUOANYESCKOM WIIH IOJ-
HoM Tiorpyxernn B 20%+eb1ii Bogusiit pacteop NaCl mpu temneparype 20 C na 288 wacos; sakamounozo po-
quxa — B 10%+siit Bognblii pactBope NaCl mpu temneparype 20 C na 336 yacos. [Ipu omeHke KOppO3HOHHOI
CTOMKOCTH MCIOJIb30BaId KaueCTBEHHBIC MOKAa3aTel — U3MEHEHHE BHEIIHErO BUIA MOBEPXHOCTH MeTasta [10].
[pu 3TOM BU3yalbHO OLICHHBAIH IBET, MOTYCKHEHHE MOBEPXHOCTH; HAINYUE M PACIPEICICHHE BUIUMBIX KOP-
PpO3HOHHBIX JedekToB u Jp. s onpeneneHus KOJIWYEeCTBA M MECTOINOJIOKEHUs 1e(eKTOB IPHUMEHSIIN CETKY-
malJIoH ¢ KBagpaTaMu 5X5MM, H3rOTOBJICHHYIO U3 IUIACTHKA, KOTOPYIO HAKJIABIBAIN HA UCIIBITYEMbIi 0Opasel.

Ha pucynkax 2, 3upencrasieHsl (POTOCHUMKH KOJICL] TIOAIIMITHUKOB M 3aKaTOYHOTO POJIMKA TIOCIIE UC-
NBITAHUN HA KOPPO3UOHHYIO CTOUKOCTb.

a o 8 2

a — 10 HaYaJ1a IKCIepuMenTa; 6 —4epe3 1204; ¢ —uepe3 1924; 2 —yepe3 2884

PucyHnok 2. —®oTocHUMKH 00pa31[0B BHYTPEHHEr0 KOJIbIA MOAIINIHAKA, 06padoTanHoro metorom MAO
Y MO/IBEPrHYTOr0 HCIBITAHUIO Yepe3 ONpeeeHHOe BpeMs

a — 10 HaYaJia IKCIepuMeHTa; 6 —4epe3 484; ¢ —4epe3 3364; 1; 2 —ouaru Koppo3uu

Pucynok 3. —®@oTtocHHMKH 00pa3na 3aKaTOYHOI0 POJHKA, 06padoTanHOro Mmerofom MAO
M MO/IBEPrHYTOr0 HCIBITAHUIO Yepe3 ONpeeIeHHOe BpeMs
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Ha cuumKkax mpociekuBaeTcs KHHETHKa Pa3BUTHSI KOPPO3UHU Ha UCIIBITYEMbIX o0pasnax, 00paboTaHHBIX
meTogoM MAO (cm. pucysku 2, 6—2; 3, 6—6).

B nccneoBaHMAX y4HTHIBAIACh M MHTEHCUBHOCTH KOPPO3UH II0CIIE TOKapHOIT 00paboTKy, Tak Kak Ha pas-
BUTHE KOPPO3UU MOXKET OKa3bIBaTh BIMAHHUE TEXHOJIOTHYESCKas HACIEACTBEHHOCTb.

MHTEeHCHBHOCTE pa3BUTHS KOPPO3UH OTpaskeHa B Tabmiwie 1 mpu pa3amaHBIX METoAax 00paboTKH.

Tabmuua 1. —/HTEHCHBHOCTD Pa3BUTHSI KOPPO3nH 00pa3uoB (KOIBIIO MOAUIMIHIKA U 3aKATOYHBIH POJIUK)
B 3aBHCHMOCTH OT BPEMEHH TIOTPY>KEHHS X B PACTBOP

Komnblo nogmmnauka 3aKaTOYHbIA POIUK
BpeMmst IUIOIA/1b, 3aHUMAEMOIl TOBEPXHOCTH BpeMsi IUIOIa/Ib, 3aHUMAEMOIl TOBEPXHOCTH
MIPOBEACHHUS Koppo3sueit, % MIPOBEACHHUS Koppo3sueit, %
9KCIEPUMEHTA, 4 nocie nocie nocie 9KCIICPUMEHTA, 4 nocie nocie rocie
TOKapHOH | cymep¢uHu- MAO TOKapHOH | cynmepduHH- MAO
00pabOTKH | MIMPOBaHHS 00paboTKU | MIMPOBaHHs
20 14 6 3 48 7 6 3
60 29 16 8 96 14 8 5
120 51 24 13 168 18 12 8
192 60 28 16 240 25 16 10
288 71 33 18 336 32 18 12

B mporecce 00paboTky AeTanei Ha MX HOBEPXHOCTH (HOPMUPYIOTCS HEPOBHOCTH — OTKJIOHEHHS OT T€0-
METPHIECKOH (GOPMBI (BOIHUCTOCTH, ILIEPOXOBATOCTD H JP.), KOTOPBIC U ONMPEACISIOT TOMOrpaduio MOBEPXHO-
ctu. Tomorpadust 06pabOTaHHBIX MOBEPXHOCTEH 3aBHCUT OT criocoba MeXaHMYeCcKoW 00pabOTKH, reoOMeTpHH
HWHCTPYMEHTA, PSKUMOB PE3aHUsL.

Ha pucynke 4 npencrapneHa tonorpadus MoBepXHOCTEH mocie TOKapHOi 00padoTku (a), mociue uumdo-
Bauus (6) u MAO (g).

SEMHV-2000kV WD 14.2020 mm
View felg: 1736 ym  Det: SE Delector
PC: 11 SEMMAG: 1.00 kx

SEM Tog0 s WO T2
Ve fae T3 4m  Dat 5 D
b SEMIG 100k [mm—

a o €
a —nocJje TOKapHoii 00padoTky; 6 —nocJie mudoBanus; ¢ —nocie MAO

PucyHnok 4. —Tonorpadguu noBepxHocreii ucciieqyeMbix 00pa3uos (yBeaundyenue x50)

Ha pucynke 5 noka3zanbsl npoQuiiorpaMmmsl MOBEpXHOCTHOTO ciiosi nocie numudosanus 1 MAO. Ha no-
BEPXHOCTH IOCJIE TOKAPHO# 00paboTKU (CM. pHUCYHOK 4, @) OCTAaINCh HEPOBHOCTH B BUJIE BIAMH U rPEOCIIKOB.

Takum 00pa3oM, MIEPOXOBATOCTH MOBEPXHOCTH 3aBHCUT OT PEKMMOB 0OpaOOTKH, TEOMETPHU PEXYIIEH
KPOMKH WHCTPYMEHTA U T.1.

B e L B

ol o — b

Pucynok 5. —IIpodusorpaMMbl HOBEPXHOCTHOTO CJI0SI KOJIbUA MOXIIUITHAKA
nociie mtndosanus (a), mocaie MAO ()
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T'uctorpamma (pucyHoK 6, @) WIUTFOCTPUPYET pachpeaeieHie BRICOT HEPOBHOCTEH, OIM3KOE K rayccoB-
CKOMY, YTO IOATBEPKAACTCS TaKKe 3HAYCHUSIMHU acCUMMETpUH. 3HaueHue rnapaMerpa Ra npu ToueHnu moxer
BapbHPOBATHCS BECbMA CYIIECTBEHHO, TaK KaK 3aBHCUT OT (OPMBI PEXYIIEH KPOMKH pe3lia, TTyOHHbI pe3aHHs
Y OTHOILICHUS MOJA4YH K YaCTOTE BpalleHHs 3arotoBku [11].

% Pacnipenenenue BbICOT

282832283
Riax, MKM
a

Stp (%) Wr [%]
100 i

&0 A

£ B

20 an

0 0

04 . . ' . - i

o 0 a0 &0 ED 100 o 20 40 0 50 100

Rﬂﬂtv % Rmax, %
0 6

a —TUCTOrpaMMa pacnpeaejieHusi BbICOT,
0 — OIIOPpHAsi KPUBas MOBEPXHOCTH; 6 —MaACJT0EMKOCTh

PucyHnok 6. —Tonorpadguyeckue XapakTepHCTHKH OBEPXHOCTH N0CJIe TOKAPHOii 06padoTKH

Kak BusHO 13 rpaKOB MAacIOeMKOCTH (PUCYHOK 6, 6), IpU TPEHUH TAKOW MOBEPXHOCTH MPOUCXOIUT
JOCTAaTOYHO OBICTpOC yianeHue rpeberikoB HepoBHOCTEH (110 50% oT 06IIeit BBICOTHI), TIOCIE Yero HACTYIMAaeT
HEKOTOpasi cTabuinu3auus. BriaanHel, BO3HUKAOLIME B 00pasiie, JOCTATOYHO Y3KHE U CTPOTO OPHUSHTHPOBAHBI
MOTIEPEK HANIPABJICHHIO JIBUYKEHUs HHCTpyMenTa [11].

Xapakrep HEpOBHOCTEH M MPO(UIOrpaMMa ITOBEPXHOCTH Tocie nutndoBanus (cM. pucyuku 4, 6; 5, a)
MPEACTaBIsIeT COOOM MHOKECTBO MapaslielIbHO PACIOI0KEHHBIX LApaIHH, MPOU3BEICHHbIX a0pa3uBHBIMU 3ep-
HaMH, HaXOJIIUMUCS Ha nepudepun nuMpOBaIbLHOTO Kpyra. 3epHa, YIaCTBYIOLIUE B mpouecce nuindoBaHus,
HMMEIOT Pa3HyI0 CTENEHb U3HOCA, YTO NPUBOAUT K HEOJHOPOAHOCTH MOIY4aeMOil IEPOXOBATOCTH TOBEPXHOCTH.
HoBble 3epHa, KOTOpbIE HE MOJBEPIIIUCH U3HOCY, MPOU3BOST PE3aHNE TOBEPXHOCTH.

ITockoabKy MHCTPYMEHT Ui MPaBKU NUIH(OBAIBHBIX KPYrOB MPUAACT MOBEPXHOCTH HUIH(OBATBHOTO
Kpyra sIpKO BBIPOXKCHHYIO HANPABJICHHYIO CTPYKTYPY, TO COBMECTHO C TPACKTOPHEH JBMXKCHUS IUTH(OBAIEHOTO
KpyTa 3TO OTpeieIsieT aHM30TPOIHOCTE MOTy4aeMOi TOBEPXHOCTH (PUCYHOK 7).

Oco0eHHOCTHIO NUTH()OBAHMS ABISICTCS HAIMYNE HA TIOBEPXHOCTH YETKO BBIPAXKCHHBIX BNAJWH. /|aHHBIC
BIIQJIMHBI CO3/IAIOTCSl OCTPHIMH 3€PHAMH, KOMUPYIOIIMMHU CBOW MPOQUIL Ha MOBEPXHOCTh. [ paduk omopHOU
KpUBOW 00pabOTaHHOI TOBEPXHOCTH MPUBEICH HAa PUCYHKE 7, 6.

IMockosbky nuinOBaIbHBII KPYTr BPAIIaeTcsi ¢ BHICOKOH CKOPOCTBIO, MHAWBUAYAIbHBIE KOHTAKTHBIC
B3aMMO/JICHCTBYSI HAKIIAJBIBAKOTCS IPYT Ha APyra U COBMCMIAIOTCS, BKIOYAsl pPE3aHUE, aJle3UOHHBIN 1 abpa-
3UBHBIH HM3HOC, IUIACTHYECKYIO Ae(opMaiuio M TpeurHooOpa3oBaHue, OJHOBPEMEHHO MPOHMCXOSIUE Ha
Bceit oOpabaTriBaeMoi moBepXHOCTH. CIeCTBUEM TaKOTO KOMIUIEKCHOTO B3aUMOACHCTBUS SBIISIETCS OITM3Kast
K FayCCOBCKOHM CTPYKTYypa MOBEPXHOCTH C PEIKUMHU BIAJMHAMHM, OCTABISICMBIMH CIMHUIHBIMU a0pa3uBHBIMH
3epHamu [11].

B nportecce MAO moBepxHocTh hopmupyetcs gyactiunamu OAIT npudam3nTeT-HO paBHOTO pa3Mepa, KOH-
TaKTHPYIOIIUMH C IMOBEPXHOCTHIO B PA3JIMYHBIX MECTAX M TOJ MPOU3BOJIBEHBIM yriioM. KOIMYecTBO €MHUYHBIX
B3aUMOJICUCTBUH, MPUXOAAIINXCS HA yYaCTOK MIOBEPXHOCTH, ONPEACISICT IIyOrHy 00pa3yroleiicss Ha HeM BIa/Iu-
HBL. B pesysbrarte xapaktep HepoBHOCTEH 1 mpoduiorpamma moBepxHoctr mocie MAO (cum. pucysku 4, 6; 5, 6)
HMMEECT CITy4aiHbIH XapaKTep HE TOJNBKO I10 IUIOIA{, HO U 10 aMILIUTYIC.
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Pucynok 7. —Tonorpaguyeckne XapakTepucTHKH NOBEPXHOCTH Mocjae NLTH(OBAHUS

I'ucrorpamMma pacrnpezmeneHust BEICOT (PUCYHOK 8, a) MOKa3bIBaeT rayCCOBCKYIO MPHPOIY MOBEPXHOCTH.
OrmopHasi KprBasi MOBEPXHOCTH (PUCYHOK 8, 6) MMeeT MJIaBHBIA MepeXxo] OT 30HbI HE3HAYUTEILHOTO KOHTAKTA

B 30HY Pa3BUTOT'0 KOHTAKTAa, 4YTO SABJISICTCA MMOJIC3HBIM €€ CBOICTBOM C TOYKH 3pCHUA TpI/I6OJ'IOFI/II/I [11]
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0— OIIOPHAsi KPUBas MOBEPXHOCTH; 6 —MaACJT0EMKOCTh

Pucynok 8. —Tonorpaguyeckne xapakTepucTHKH NoBepxHocTH nocie MAO

ITocte MAO Ha MOBEpXHOCTH OCTAarOTCSl CAMHWYIHBIE MHUKPOBIAAWHBI. JlaHHBIE MHKpPOBIAJAWHBI HMEIOT
CiTy4JaiHbIE KOOPAWHATHI IO TOPU30HTAIIN M Pa3MeEpbl, OHAKO MX (opMa MPUOIN3UTEIBHO OANHAKOBA, YTO yKa-

3bIBaCT HA OJTHOBPEMEHHO MHOXECTBEHHBIH XapakTep B3anMOCHCTBHI U CilydaiiHoe uxX pacmnpeznencaue [11].
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3akmouenune. B xofe vcciaeoBaHuil YyCTaHOBIICHO, YTO 00pasel Kobla noamunauka mocie MAQ, Bbi-
nepxkasiuunii 228 4acos ucnbiTanuii B 20%+0m pactBope NaCl, umeer 18% Koppo3HOHHBIX MOPaXEHUH Ha IO~
BepxXHOCTH (KOppo3usi ObIIA BEIABICHA JIMIH HA paboyeM ydacTKe BHYTPEHHETO KOJbIla MOANINITHAKA), a 00pa-
3€ll 3aKaTOYHOI'0 POJIMKA, BhIaep KaBiinii 3364acoB ucnbitanuii B 10%+0om pacteope NaCl, umeer 12%xkoppo-
3HOHHBIX TOPAKECHUH Ha TOBEPXHOCTH.

AHanm3 pe3yIbTaTOB HKCIEPUMEHTA CBHICTEIBCTBYET O TOM, 9T0O MAQ MOBHIIaeT KOPPO3UOHHYIO CTOH-
KOCTh [TOBEPXHOCTH BHYTpPEHHero kousblia moammnHuka B 1,83 pasza, a 3akatounoro ponuka — B 1,5 pasa,
pu 3ToM Mopdodiorust 1 coctaB @ ATl He 0Ka3bIBAIOT CYNIECTBEHHOTO BIUSHUSA HA KOPPO3HOHHYIO CTOHKOCTb.
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Hocmynuna 30.05.2018

THE CORROSION RESISTANCE OF PARTS MADE
OF ALLOYED STEELS AFTER MAGNETIC ABRASIVE FINISHING

L. AKULOVICH, L. SERGEEV, V. SHABUNYA, S. DUBNOVITSKY

A method for increasing the corrosion resistance of parts made of alloyed steels by forming a micro-
profile of their surfaces by finishing magnetic-abrasive processing is considered. The results of experimental
studies of the corrosion resistance of the machined surfaces of the inner ring of the bearing and the seaming
roller are presented. The effect of surface roughness on the corrosion properties of these rings obtained
by different methodsis shown.

Keywords: bearing rings, seaming roller, magnetic abrasive treatment, corrosion resistance, roughness.
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YK 621.792

TMPOIECC ®OPMUPOBAHUSA MOKPBITUI
M3 ICEBJOCIIJIABOB T'NNEP3BYKOBOM METAJIIM3AIIMEN

0-p mexu. nayx, ooy. M.A. BEJIOITEPKOBCKHH
(Ooveounennviit uncmumym mawunocmpoenus HAH Benapycu, Munck)

Paccmampueaemcs memoo cunep3gyko8ou Memaniu3ayuu, HanpaeIeHHulll Ha GopmMuposanue ROKPbIMuL
00HOBPEMEHHBIM PACTbLIEHUEM PA3HOPOOHBIX MEMAIN08 ¢ 00pA308aHUeM NCeBOOCHAAB08, 001a0AIOUUX BbICO-
Kumu mpubomexnudeckumu ceoticmeamu. OnpeoeneHvl yCio8us, npu coOM00eHuU KOMopvlx 06ecneuusaemcs
BbICOKOE KAYeCMB0 NCEBOOCNIABHBIX NOKPLIMUIL.

Kniouesuvie cnosa:. ncesoocnnasmole casomepmudecKue nOKpoblmus, cunep38yKoeas mMmemaiiu3ayusl.

BBenenue. B HacTosimee BpeMs MPaKTHYECKHA BCE KPYIMTHOTaOApUTHBIC NETAIH CATbHUKOBBIX Y3JI0B THI-
pocHCTeM, JIETANIN TOJABECKU TPY30BBIX aBTOMOOMIICH, ITOKKH BHOPOTACHTENCH MOIBIKHOTO YKEJIE3HOIOPOKHO-
TO COCTaBa, BUOPOBAIBI IyTEBBIX MAITWH, BAJIKA MPOKATHBIX CTAHOB METAJUTYPTHIECKOTO MTPOU3BOJICTBA H APY-
THE DJIEMEHTHI CHJIOBBIX CHCTEM M JTUHAMUYECKH HATPYKEHHBIX Y3JIOB TPEHUS M3TOTABIWBAIOTCS W BOCCTAHAB-
JIMBAIOTCS C MCIOJIb30BAHUEM Pa3JIMUHBIX METOA0B UHXKeHepuu nmosepxHocTH [1]. TIpu atom k cBoiicTBam ¢op-
MHUPYEMBIX TTOBEPXHOCTHBIX CJIOCB U HAHOCHMBIX TIOKPBITHH MPEIBSIBIAIOTCS TPeOOBAaHNUS, KOTOPBIC HEBO3MOXKHO
00€eCICUnTh, UCTIONB3Ys TPAJAUIMOHHBIC MATCPHANBI M METObI MOAUDUIIUPOBAHUSA. ITO OTHOCUTCS HE TOJIBKO
K JICTasIM TPUOOTEXHUUYCCKUX COIPSDKCHUM, HO, HAIPUMEDP, M K 3JIEMEHTaM 3€PHO- U KOPMOYOOPOYHBIX KOM-
0aifHOB, KOHTAKTHUPYIOIINX C BOPOXOM 3€JICHOW MaccChl, MOTOKAMH 3¢pHA W T.II., KOTJa HEOOXOAMMO HAHOCUTh
3aIUTHOE U3HOCOCTOMKOE MOKPBITHE, KOTOPOE JOJDKHO 00JafaTh KaK ONpeACICHHBIME TUAPO(POOHBIME XapaK-
TEPUCTHKAMH ¥ KOPPO3HOHHON CTOMKOCTBHIO, TaK U BBICOKOM CTOHKOCTHIO K THIPOAOpa3HBHOMY W3HAIIUBAHUIO.
To ecTh, C OHOIN CTOPOHBI, UMETh U3HOCOCTOMKOCTD CTaJM, a C APYroil — MoKa3aTeln CMauyuBa€MOCTH IIMHKA
nin noimuamuga. Heobxoammoe codeTaHue TBEPAOCTH, HU3KOTO KOd(DPUIIMEHTa TPEHHS, COMPOTUBICHUS U3-
HAIIMBAHWIO B MPUCYTCTBUN aOpa3uBa, AeMII(PpUPYIOMINX CBOHCTB, KOPPO3UOHHON CTOWKOCTH 3a4acTylO0 OTpaHU-
YeHO YKOHOMHYECKUMHU COOOPaKCHHUSIMH.

OfHUM U3 HOBBIX MEPCHCKTHUBHBIX METOIOB TPUOOTECXHHUUECKOTO MATCPUANIOBEICHHUS SIBIISICTCS HCIIOJb-
30BaHHE TakK Ha3biBaeMoi «O’Spray»TexHoa0rny, KOraa u3Ieline Wik MOKPhITHE (GOpMUpPYETCs U3 paciiIaBlicH-
HBIX YaCTHUI] IBYX WU TPEX MATCPHAIOB, IEPCHOCHMBIX IMEPEMEIINBAONIUMHUCS BBICOKOCKOPOCTHBIMHU T'a30BbI-
mu notokamu [2; 3]. Tlociie KpUCTALTM3aUK YaCTUI] 00pa3yIOTCs TICEBOCILIABEI, 00 Jaf0NNe YHUKATbHBIMH
cBoiicTBamMu. MaTepuaibl THIIA IICEBAOCIUIABOB XapaKTEPU3YIOTCS PSAIOM BaXKHBIX CBOWCTB — COUCTAHUEM BBICO-
KUX 3HAYCHUI TEeMIIepPaTyphl IIABICHUS ¢ MEXaHUYECKOI MPOYHOCTHIO, TBEPIOCThIO, AeMII(UPYIOIIEH Croco0-
HOCTBIO, H3HOCOCTOWKOCTBIO, CITIOCOOHOCTBIO K CaMOCMa3bIBaHWIO B YCJIOBHSX CYyXOTO TpeHUs, THIPO(OOHO-
cThio. BMmecte ¢ Tem m3BecTHbIe MeTomasl «O’Spray»BecbMa 3HEPrOEMKH, TPEOYIOT HCIOIB30BAHUS IOPOTO-
CTOSIIIIETO CIHEUATH3UPOBAHHOTO OOOPYIOBAHUS W PACXOJHBIX MAaTEPHANIOB, a TaKXe HEe MPUMEHSIOTCS TPH
BOCCTAHOBJICHHUHM JAeTaliell 1 He paboTOCIIOCOOHBI B TSKEJIOHATPYKEHHBIX y3J1aX TPEHHs, 4TO 00yCIOBJICHO BO3-
HUKHOBEHHUEM B IOBEPXHOCTHBIX CJIOSX ICEBIOCILIABOB MOBPEXKICHNN Ha TpaHUIAX pasjielia YacTHIl ¢ Pa3iind-
HBIMHM ME€XaHUYECKHUMH CBOHCTBAMH.

JIyis mony4YeHHs TCEBIOCIUIABHBIX MOKPBITUI CO CTPYKTYPOW U CBOMCTBAMH, MPUCYIIUMHU KOMITO3UIIHOH-
HBIM MaTepHualiaM, B IMOCJICIHHE TObI BCE IIUPE MCHONB3YIOTCS METO/IBI JJICKTPOUCKPOBOTO JICTHPOBAHMS, HOHHO-
IUTa3MEHHOT'O0 MarHEeTPOHHOTO PACIBUICHUS, Ta30TEPMUYECKOr0 HAMBUICHUS, B YaCTHOCTH 3JCKTPOIYrOBOM
METAJUTU3AI[UH, TP ITOM MOCICHHSSI TEXHOJOTHUsS SBIsCTCS Hauboliee MPOU3BOJUTEIBHBIM, SKOHOMHYHBIM
U YIOOHBIM JIJIsl HCIIOJIb30BAHUSI B CEPUIHOM MPOM3BOJICTBE MeTO0M [4—6].

Ilenpro mccnemoBaHuid, pe3ybTaThl KOTOPBIX TMPEICTABIEHBI B NAHHOH paboTe, SBHUIIOCH HMCCIIEIOBaHUE
IPOIIECCa HAHECEHUS TICEBIOCILIABHBIX MOKPHITHI METOIOM IMIEP3BYKOBOM MeTaumsaruu (M), OJHUM K3 caMbIX
BBICOKO(D(DEKTUBHBIX HA COBPEMEHHOM JTaIle TEXHOJOTHUECKUX ITPHEMOB Ta30TEPMHUECKOTO HATIBIJICHUS U OTIIH-
YAIOMIUXCS BBICOKUMH JTHHAMHYECKUMHY TIapaMeTpaMH PacTbUISIONIETO TOTOKA, YTO M 00yCIOBUJIO Ha3BaHUE TPO-
necca. ['umep3BykoBass METAIIH3AIUS OTIMYACTCS OT TPAJUIIMOHHON DIICKTPOMETAIUTH3AIMK UCTIOIh30BAHUEM
HEMPEPHIBHOTO MCTOYHUKA YHEPTUH JJIsl HATPEBa ra3a, PaclbUIAIONICTO paCIIaBICHHbBIC B Iyre mpoBoioku. Harpe-
ThIi 10 Temmeparypsl okoo 2000 T ras, ucrekas uepes coruio JlaBaist, npuodperaet ckopocts 1100...1500u/c,
YTO [O3BOJISICT PA30THATH YACTHUIIBI PACHIBUICHHOTO MaTepuaa Jo ckopocteii mopsiaka 450m/c [7].

O6opynoBaHue U MeTOAMKH Hccaeq0BaHuii. /{151 HaHeCeHUsI TICEeBIOCIUIABHBIX MOKPBITHIA UCIIOJIB30-
BaJIMCh MPOBOJIOKU JuaMeTpoM OT 1,6 u BhIle U3 craneil MapreHCUTHOTO Kiacca 40X13, aycTeHUTHOrO Kiac-
ca 12X18H10T, 6pon3 bpODd7-0,2u bpAXK9-4, uunka 111, amomuans AMr3.
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CrpyitHo-aOpa3uBHas OArOTOBKA MIOBEPXHOCTH 00Pa3IOB OCYIIECTBIUIACH AICKTPOKOPYHIOM IpaHyJIsIIU-
eit 1,4...1,7vm mo 'OCT 3647-80npu naBnennu Bozmyxa 0,4...0,6MIIa, pacxomae Bo3ayxa OT 2,5...5,0m°/Mun,
yIJIe aTaku MeXAy cTpyeil abpasuBa M HOBepXHOCTbIO Aetanu 60...75rpan, paccrosHuu ot comia g0 oOpada-
ThIBaeMoit getanu 70...100mm.

[TokpbITHST HAaHOCHJIMCH Ha YCTaHOBKE Ul THMHEp3BYKOBOM Metammzauun AJIM-10, paspaboranHO#
B O0BbeIMHEHHOM MHCTHTYTe MammHocTpoenus HAH Benapycu [7]. B kxauectBe roprodero rasa st GOpMHPO-
BaHMs pacTblIsionero (akeia UCHonb30Bajcs npomnat. [Tocie HanbUIEHHE TOBEPXHOCTH IICEBIOCILIABA MTO[BEP-
rajach MEXaHW4eCKO# nutnpoBKe ¢ GUHUITHON TOBOAKON Ha abpa3uBHOi Oymare P 320.

TopucTOoCTh MCEBIOCIUIABHBIX MOKPBITHH, HAMBUICHHBIX Ha miacTuHbl (50X50x5mM) u3 cranu 45, cocras-
mwima = 2...4 00.%. UccrnenoBanne (asoBOro COCTOSIHUS HAIBLICHHOTO IICEBAOCIUIABA OCYIICCTBISUIM HA -
¢bpakromerpe IPOH-2.0 B MOHOXpOMaTH3UpOBaHHOM K0OansToBoM (COKo) m3mydenuu npu Hanpsokennd 30 kB
1 aHogHOM Toke 10 MA. PacmudpoBka peHTTeHOIpaMM OCYLIECTBISIIACH IPH MOMOILH IIPOrpaMMHOT0 obecrie-
yenusi Crystallographica Search-Matehkaprorexoit PDF-2. Merannorpadudyeckue UCCICAOBAHHS MPOBOIH-
much Ha ontmdeckoM Mmukpockonie AJIbTAMU MET 1IMT. M3mepenus TBepJocTy 1o Bukkepcy — Ha TBepI0-
mepe DuraScan 2@pu narpyske Ha unaentop P = 10r u 10xr.

TpuboTexHUYECKHE WUCIBITAHUS OOPA3IOB HAIBUICHHOTO CIUIaBa MPOBOAMINCHL Ha TpubomeTpe ATBII.
HcnplTanus OCyIIECTBISUINCH MO CXEME BO3BPATHO-IIOCTYIATEILHOTO ABM)KCHUSI KOHTAKTUPYIOIIUX TEN MPH CPea-
Heil ckopoctu B3aumHoro nepemertenus ~ 0,1 m/c. IIpu HCOBITAHUAX HCHIOIB30BANIOCH KOHTPTEIO, H3TOTOBJICH-
HOe U3 3aKaneHHoit cranu Y8 (800 HV10).

IosiyyeHHBbIE pe3yabTaThI U UX 00cysKIeHHe. B Xome 3KcIIepiMeHTaIbHBIX MCCIeaoBanuii mporecca ['M
TNICEB/IOCIIIIABHBIX TOKPBITUI 3aMEUCHO, YTO MPH MOJKIIOYCHUH IIPOBOJIOKH M3 00Jiee TYroIiaBkoro Marepuaia
K TIOJIOXKUTEIEHOMY ITOTEHIMATy CBAPOYHOTO HCTOYHHUKA, UCHONIB3YIomerocs B ycranoBke AJIM-10, paBHoMep-
HOCTb PAacIbUICHUS! PE3KO BO3pACTacT M JOCTUTAET CBOEr0 MakCHMMyMa IIPH HEKOTOPOM YBEIIMUCHHUHU TUaMeTpa
JIETKOIUTABKOM NPOBOJIOKH OTHOCHTEJILHO TYTOILIaBKOI. BeposTHO, 3T0 ciencTBHe TOro, 4TO ¢ KaToa MCIyCKaeT-
Csl IOTOK DJIEKTPOHOB, KOTOPBIH IIEPEHOCUTCS Ha aHOJI. B pe3ynbrare coyqapeHus 21eKTPOHOB C HOHAMU MeTall-
Jla aHOJa M IIPOHCXOIHUT OOJIbLIEE TEIUIOBBIACICHNUE, YeM Ha KaToae [8].

Pesynbratsl uccnenoBanuii npuseeHs! B Tabnune 1. [TpoBosoka, ormeuenHast B Tabnune 1 B rpade «ryro-
IUIABKUI MaTepran», MOIKITI0YAIACh K ITOJIOKUATSILHOMY ITOJIIOCY CBapouHOro ucrounnka BJIY-506.

Ta6ﬂnua 1. —HCHOJ’IL?)yeMI)Ie B UCCJICAO0BAaHUAX MaTCpHaJibl U KaUCCTBO HOKpLITHﬁ, TMOJTYUYCHHBIX
npu FHHGpSByKOBOﬁ MCETaJllIM3allun

Marepuan Juamerp Marepuan Juamerp
. . . . Pe3ynbraThl MeTaUIM3ALHH,
No TYTOILIaBKOW TYTOILIaBKOW JIErKOIUIaBKOU JIErKOIUIaBKOU
KaueCTBO MOKPHITHUS
HPOBOJIOKH HPOBOJIOKH, MM HPOBOJIOKH HPOBOJIOKH, MM
1 cTanb 2,0 ANOMUHHN 1,6 Nmetotes nedeKTHBIC yUaCTKH
2 TO XK€ 2,0 TO XKeE 2,0 NmetoTest nedexTHBIE yaacTKI
3 n 2.0 2.4 ITpouecc CTaGIil’.]'IeH,
Ka4YeCcTBO NOKPBITHIi Xopoluee
4 - 2,0 -"- 2,5 Nmetotcst nedeKTHBIC yUaCTKH
5 - 1,6 =" 1,8 NmetoTest nedexTHBIE yaacTKI
6 . 1.6 2.0 Iponecc cTaﬁp:neH,
Ka4ecTBO MOKPLITHI XopolIee
7 B 2,0 == 2,0 [pouecc He cTabuiieH
" IIpouecc cTaduieH,
8 i 2,0 Gpomsa 2,0 pout »
Ka4ecTBO MOKPLITHII X0polIee
9 . 2.0 T0 e 2.2 Iponecc CTaﬁlil’.]IeH,
Ka4eCcTBO NOKPBITHIi Xopoluee
10 B 2,0 - 2,5 [pomuecc He cTabuiieH
11 . 1.8 2.0 IIponecc CTaﬁlil’.]IeH,
Ka4eCcTBO NOKPBITHIi Xopolee
12 - 1,8 - 2,2 Nmerotest 1eeKTHBIC yIacTKU
13 - 2,0 LHHK 1,8 Ipouecc He cTabuineH
14 - 2,0 TO XKe 2,0 [pomuecc He cTabuiieH
" " Iponecc craduien,
15 - 2,0 - 2,5 pont "
Ka4YeCcTBO MOKPBITHI Xopolee
16 - 1,6 - 1,8 Nmerotest 1eeKTHBIC yIacTKU
" " I TaOMJIeH,
17 . 1.6 o 2.0 pouecce ¢ 6u e
Ka4ecTBO MOKPLITHI XopolIee
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Oxonuanue Tadmuusl 1

Marepuan Huamerp Marepuan Huamerp
. . . . Pe3ynbraThl MeTaIM3ALHIH,
Ne TYTOILIaBKON TYrOIUIABKOM | JIETKOIUIABKOH | JICTKOILIaBKOM
KaueCTBO MOKPHITHUS
HPOBOJIOKH HPOBOJIOKH, MM HPOBOJIOKH HPOBOJIOKH, MM
18 OpoH3a 2,0 ATIOMUHHI 1,6 Ipouecc He cTabuineH
19 TO XK€ 2,0 TO XK€ 1,8 Nmerotest teeKTHRIC yIacTKU
20 - 2,0 - 2,0 Nmetotest neeKTHBIC yUaCTKH
" " I a ,
21 e 2.0 n_ 2.2 pouecc CT. 61{nen
Ka4eCTBO MOKPBITHIi Xopolee
22 - 2,0 - 2,5 Nmerotest teeKTHBIC yIacTKU
23 . 18 n 2.0 Hpouecc CTaGIil’.]'IeH,
Ka4YeCcTBO NOKPBITHIi Xopolee
24 - 1,8 - 2,5 Nmetotcs neeKTHBIC yUaCTKH
25 - 2,0 LIMHK 1,8 Nmerotest teeKTHBIC yIacTKU
26 - 2,0 TO XKe 2,0 Ipouecc He cTabuineH
27 - 2,0 - 2,2 [pomuecc He cTabuiieH
28 . 2.0 n 25 Hpouecc CTaGIil’.]'IeH,
Ka4YeCcTBO NOKPBITHIi Xopolee
29 ATIOMUHHI 2,0 LIMHK 2,0 Nmetotest nedeKTHBIC yUaCTKH
11| al
30 TO Xke 2,0 TO XK€ 2,2 pouecc c 6'{““’
Ka4eCcTBO NOKPBITHIi Xopolee
31 - 2,0 - 2,5 Ipouecc He cTabuineH
32 - 1,8 - 2,5 [pomuecc He cTabuiieH
33 . 18 . 2.0 Ipouecc CTaGIil’.]'IeH,
Ka4YeCcTBO NOKPBITHIi Xopolee
34 - 1,8 - 1,8 Nmetotcs nedeKTHBIC yUaCTKH
" " I a ,
35 e 1,6 n_ 1,8 pouecc CT 61{nen
Ka4eCTBO MOKPBITHIi Xopolee
36 - 1,6 - 2,0 Nmerotest teeKTHBIC yIacTKU

B xoze aHanm3a MOMY4CHHBIX PE3YIbTATOB BBIIEIICHBI MpU XApaKmepHvie epYynnbl pesicumos HanvlieHus
u Kawecmea nOKpuimuil.

B nepsyro Bxoaunu mokpeITusi, GOPMUPOBaHUE KOTOPBIX NMPOMCXOIMIO NPU OTCYTCTBHUHM CTaOUIBHOCTH
Ipolecca METAU3arH (IIePephIBbI, UICBKU» MeTauia). [IOKpBITHS HAaHOCHJINCH HEPABHOMEPHO, IIOBEPXHO-
CTHasl MOPUCTOCTh HaxoAMiIack B peaenax ot 3 1o 10%,pazmep oTKphITHIX IO cocTaBuil OT 8 10 30 MkM.

Y emopoii epynnel nokpeimuil POLECC HAHECCHUs MpephIBaNICs Yepe3 Kaxasie 8...12 ¢, BO30OHOBIs-
SICh BHOBB, HO IPU 3TOM Ha HOKPBITUH 00Pa30BBIBANTUCH Ne(EKTHBIC yU4acTKU (HAIUIBIBBI) U3 OOJBIINX KYCKOB
(ot 40 mo 100MKM) pacIuIaBICHHOTO MaTepuaia MPOBOJIOK.

Tpemvs epynna xapakTepu3oBajach CTaOMIBHOCTBIO Mpoliecca TUIEP3BYKOBOI METaJUIM3aIMH, PAaBHO-
MEPHOCTBIO (POPMHUPOBAHHUS TOKPBITHH, HU3KOI mopucTocThio (< 3%).

IIpu maTemaTHueckoi 00pabOTKE ITHX PE3yJIbTATOB IOJyYeHa SMIHPUYECKask 3aBUCUMOCTD MEXIY
JMAaMETPOM PacHblISEeMbIX IPOBOJOK U MX TEMIIEPaTypOl IUIaBIEHUS, KOTOpas ONMCHIBACTCS CIEIYIOIINM
BBIPa)KECHHEM:

d, =d, (7,/ T,)*%, 1)

rae d,, 7, — auameTp (MM) 1 Temnepatypa rasieHus (°C) Gosee JerkoruiaBkoi npoBosioku, mM; d;, 7; — nua-
metp (MM) 1 Temmepartypa miainenust (°C) 6ojiee TYyromaBkoi MpoOBOIOKH.

Crienyrouiuit 3Tan uccieqoBaHui ObUT MOCBAIICH H3YyYCHUIO TICEBIOCIUIABHBIX MOKPBITHI «CTalb-OpoH3a».
Ha pucynke 1 npencraBieH GOTOCHUMOK 00pasiia KOMIIO3UIIMOHHOTO TIOKPHITHSI «CTallb-OpOH3a» M €T0 MUKPO-
CTPYKTYypa, Ha KOTOPOH Pa3IMYMMBl EPEMEKAIOIINecs CIIOM CTAIBHBIX M OPOH30BBIX YacTHL. TBEpAOCTH IO-
kpeiTHst coctaBuma 250...270 HV 10.

Pe3ynbraThl MPOBEJEHHOTO PEHTICHOCTPYKTYPHOTO aHAJIM3a ITOKPBITHS M3 IICEBIOCIUIABA «CTalb-OpOH3a»
CBHACTEIBCTBYIOT O TOM (PHCYHOK 2), 4TO MOKPBITHE COICPKHUT cieayoue dassl: a-Fe,y-Fe, Cu, FgO,.

Tarxoke OBLIM TPOBEICHBI CPaBHUTEIbHBIE TPUOOTEXHWMUECKHE HCIBITAHHMS O0pa3Ia UCXOAHOH OpOH3BI
¥ Ta30TePMHUYECKOTO TIOKPBITHS U3 IICEBIOCILIABA «CTallb-OpOH3a».
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a o0

Pucynok 1. —®oTocHUMOK (a) 1 MHKPOCTPYKTYpa (0) 06pa3ua nceBIoCiaBa «CTajab-0poH3a»,
MOJIy4eHHOT0 METO/I0OM IMIIEP3BYKOBOI MeTaTH3aAlHH
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PucyHok 2. —®@parMeHT peHTIeHOBCKOii ANPPAKTOrpaMMBbI
OT MOBEPXHOCTHBIX CJIOEB NCEBAOCILIABA «CTAJIL-0pPOH3a»

Ha pucynke 3 nokaszaHbl 3aBUCHMOCTH JIMHEHHOTO M3HOCA OT MYTH TPEHHs MPH HCIBITAHUSIX OPOH3bI
¥ KOMITO3UIIMOHHOTO TOKPBITUS B YCJIOBHUSIX TPEHHUsI CO CMa304HbIM MaTtepuanioM Jluron-24. JlapneHue B X0/€
poBeeHus ucnbiTanuii cocraisuio 10 MITa.

[Mosy4eHHbIe pe3yibTaThl CBHACTENLCTBYIOT O TOM, YTO MPH MCIBITAHUIX CTAHAAPTHONH OPOH3bI pErUCT-
pUpyeTcst OBICTPBIN BBIXO/ HAa CTAUI0 YCTAHOBUBIIETOCS M3HANIMBAHUS U OTHOCHTEIBHO BBICOKUI H3HOC 00-
pasa. [Ipy 5TOM HHTEHCHBHOCTB JMHEHHOTO H3HALIMBAHKS OPOH30BOro o6pasia coctasui |, = 0,9010°%,

B cnydae TpHUOOTEXHHYECKUX HCIBITAHMH Ta30TEPMUYECKOr0 KOMITO3HI[HOHHOTO IMOKPBITHS <«CTallb-
Oponza» craaus npupadboTku 3aBepmaetcs mociie 1700...2000m mytu Tpenus. [Ipu 3TOM BeIMYKMHA JTHHEHHOTO
M3HOCA TICEBJIOCILIABA «CTallb-OPOH3a» CYIIECTBEHHO HIKE BEJIMYHMHBI M3HOCA OpOH30BOro oOpasia. MHTeHcus-
HOCTh JIMHEHHOT0 M3HAIIMBAaHUS 00pa3lia Ha CTa UK YCTAHOBHUBILIETrocs TpeHus cocrasiser |, = 0,4810 ° Takum
00pa3oM, U3HOCOCTOMKOCTh KOMIIO3UIIMOHHOTO ra30TepMHUUYECKOro MOKpeiTHS B = 20 pa3 mpeBbllIaeT U3HOCO-
CTOMKOCTh UCXOAHOU OPOH3bI.

Ha cnenyromem 3rtamne UCCICAOBAIUCH MOKPHITHS, IMOJYYCHHBIC COBMECTHBIM PACIBUICHUEM MPOBOJIOK
M3 CTajell pa3jiMYHbIX KJIACCOB. XMUMUYECKHI COCTaB PACHbUIIEMBIX MATEPUANIOB M HAHECCHHOTO MOKPBITHS
npuBe/ieH B Tabuuie 2. MUKpOCTPYKTypa MOKPHITHS MIOKa3aHa Ha pUCYHKE 4.
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Pucynok 3. —3aBHCHMOCTD JHHEH{HOT0 H3HOCA OT IMYTH TPEHHSI NPH HCIBITAHUAX OPOH3BI
M KOMINO3HIIMOHHOT0 MOKPBITHS B YCJI0BHAX TPEHHSI CO CMa30YHBIM MaTepuaiom Jluron-24

Tabauna 2. —XUMHAYEeCKHI COCTaB PACIbUIACMBIX ITPOBOJOK U HAHECCHHOTO MOKPBITHS

KoHuenTparys sneMeHToB, Macc.%
Marepuan
C Cr Ni Ti Mn Si Fe
40X13 0,42 13,2 0,60 0,35 0,40 0,42 OCHOBa
12X18H10T 0,12 18,3 10,1 0,80 2,00 0,80 OCHOBa
IMokpeiTue 0,2...0,3 15,7 3,97 - 0,75 0,44 OCHOBa

Pucynok 4. —-MHUKpOCTPYKTypa HCeBIOCIIABA
U3 BBICOKOXpOMHUCTBIX cTajeit 40X13u 12X18H10T, nosyyennoro merogom I'M

DdparMeHT PeHTIeHOBCKOMN TU(PPAKTOrPaAMMBI OT MTOBEPXHOCTHBIX CJIOEB MCEBOCILIABA U3 BHICOKOXPOMHU-
croix craneit 40X13u 12X18H10T npexactaBieH Ha pUCYHKE 5, KOTOPBIH CBHICTEILCTBYET O TOM, YTO (ha3oBbIit
COCTaB TICEBIOCIUIaBa BKIOUaeT B ceOs: y-Fe (6006.%), a-Fe (1506.%), okcunst F&O, n FeO (2506.%).
TToBBINIEHHOE KOIMYIECTBO ayCTCHATA B TA30TEPMHIIECKOM TICEBIIOCILIABE CBSI3aHO C OCOOBIMH YCIOBUAMH (GOPMH-
POBaHUSI TOKPBITHH TIPH HATIBUICHHUH, B PE3yJIbTATE KOTOPBIX MPOTEKACT M30TCPMHIUIECKAS BBIICPKKA HAMBIIICMBIX
CIIOEB TIPH TEMIIEpATypax, MPEBBIIAONIAX HHTEPBAI MAPTECHCUTHOTO MpeBpaleHns. KpoMe 9Toro, NOTOIHHUTEb-
Hasl TEPMHYECKasi CTAOMIN3AIMS ayCTCHUTHON (a3bl B TMCEBIOCIUIABE O0OCCIICINBACTCS BHICOKHM COJIEPKaHUEM
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B HeM HuKens (cMm. Tabmuuy 1). TBepAOCTh HambUICHHOTO MceBAocmiaBa coctamsier ~ 370...380 HV 10,
YTO OJM3KO K TBEPJIOCTH ra30TEPMHUYECKOT0 OKPBITHS U3 aycTeHUTHOU cramn 06X 19HOT.
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PucyHok 5. —®parmMeHT peHTreHoBcKoii mudpaxrorpammsl (CoK,)
OT MOBEPXHOCTHBIX CJIOEB ICEBIOCIUIABA H3 BhICOKOXpoMHCThIX craseii 40X13u 12X18H10T

Awnanu3 pe3yibpTaToB TPHOOTEXHUUECKUX UCIIBITAHUI TICEBIOCIIABA U3 BHICOKOXPOMHUCTBIX CTallel B yCJIO-
BUSIX TPeHHS 0€3 CMA30YHOrO MaTepHaia, a Takke Mmokpbithid u3 craneid 40X13 u 06X19HIT 6e3 cma3zouHOrO
marepuana npu 1,5 MIIa mokazan (pucyHok 6), 9TO M3HOCOCTOWKOCTBH TICEBIOCIIABA M3 BBICOKOXPOMHUCTBIX
craneit 40X13 u 12X18H10T coorerctBerno B 3,8 mu 12,0 pa3 BeImie, 4eM y ra30TepPMHUYECKUX MMOKPHITHH
u3 crajeir 40X13 u 06X19HIT. IIpu 3TOM MHTCHCHBHOCTH MAacCOBOTO M3HAIIMBAHUS IICEBIOCIUIABA, [TOJYUYCH-
HOTO THIICP3BYKOBOM METaUTM3aIMe, cocTaBser ~ 1,210 3 Mmr/wm.
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Pl/IcyHOK 6. —3aBHCHMMOCTH MAaCCOBOI0 H3HOCA OT MYTH TPEHUH AJISl Ta30TEPMUYECKUX HOKpblTl/Iﬁ
u3 crajei PA3INYHBIX KJIACCOB, a TAKKE ICEBA0CILIaBA U3 BLICOKOXPOMHUCTBIX craJeit

B npornecce GppUKIMOHHOTO B3aMMOJICHCTBHS CHIDKAETCS COJEp)KaHUE ayCTCHUTHOH (a3bl B OBEPXHO-
CTHBIX CJI0SX IceBaociuiaBa 10 ~ 45 00.%, a ero MukpoTBepAOCTh Bo3pacraet 10 ~ 850 HV 0,01 Breicokas u3-
HOCOCTOMKOCTB TiceBocIIaBa u3 aAByx craneii — 40X13 n 12X18H10T — nocruraercs 3a cueT nedopmManmoHHo-
AKTHMBUPOBAHHOT'O Y — O-IIPEBPALICHUS, NPOTEKAIONIEro B IPOLECCe TPEHUsI B TOBEPXHOCTHBIX CJIOSIX MOKPHI-
THSI, a TAKXKE 3a cYeT JeOpMalMOHHOTO yrpouHeHus y-azel. Kpome 3TOro, NoBbIIEHHBIE TPHOOTEXHUYECKUE
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CBOMCTBA TICEBIOCIUIABA 00ECHIEYMBAIOTCS HAMYKUEM B HEM YacTHIl U3 mapTreHcuTHoM cramu 40X 13, kotophie
00yCIIOBIHBAIOT 00Jiee BBICOKYIO IIPOYHOCThH MOKPHITHS. B 4acTHOCTH, AJIsI Cliy4asi TpeHUs 0€3 CMa304HOro Ma-
Tepraa ra30TePMHUYECKOr0 MOKPHITHSA M3 aycTeHuTHO# ctanmn 06X19HIT, comeprkariero OJM3K0E KOJIMIECTBO
v-dasbl (= 68 006.%), perucTpupyeTcst IMOBBILEHHBIH U3HOC (CM. PUCYHOK 6), 00YCIOBJIEHHbIM HU3KUMH IPOYHO-
CTHBIMH CBOWCTBAMH HAIMBUICHHBIX YaCTHII.

Takum 00pa3oM, U3 MOJTYYSHHBIX PE3YNIbTATOB CICAYET, YTO IICEBJOCIUIABHOE MOKPHITHE HA OCHOBE BbI-
cokoxpomucThix ctaneir 40X13 u 12X18H10T xapakrepu3yeTcs BRICOKOH H3HOCOCTOMKOCTBIO B YCIIOBHSIX TPe-
HUs 0€3 CMa30YHOr0 MaTepHana.

3akiwuenue. VccienoBanue MeTo/Ia TUIIEP3BYKOBOM METAUTU3ALUE IPH OJHOBPEMEHHOM PaCHblICHUH
MPOBOJIOK PA3IMYHBIX METAUIOB C [EJIBIO TTOJYIEHUSI ICEBIOCIUIABHBIX MOKPBITHI TOKA3aJI0:

- 1u1st 0OecreyeH s BEICOKO# CTaOMITbHOCTH MpoLiecca U KauecTBa (GOPMUPYEMBIX MOKPBITHH HEOOXOIMMO
K 60Jiee TYrOMmIaBKO# MPOBOJIOKE MOABOAUTH MOJ0KUTEIbHBIN MOTEHIIUAN OT CBAPOYHOTO UCTOYHHMKA ITUTAHUS,

- nquametp GoJiee JErKOIUIaBKOM MPOBOJIOKU CJIEAYeT BBIOMPATh B 3aBUCHMOCTH OT TEMIIEPATYp IUIaBJIe-
HHSI IPOBOJIOK U {aMeTpa 0oJiee TYroIIaBKOH MPOBOJIOKH.

B mporecce BblimosiHeHHsT pabOThl HUCClieoBaHa CTPYKTypa, (a3oBblii COCTaB, TBEPIOCTh M H3HOCO-
CTOHKOCTh KOMITO3MI[HOHHOTO MOKPBITHs «cTainb 40X13-0poH3a», MoIy4eHHOr0 METOI0M TUIIeP3BYKOBOI MeTall-
mu3auud. [Toka3aHo, 4TO M3HOCOCTOMKOCTh CHOPMUPOBAHHOTO TceBnociIaBa B = 20 pa3 mpeBblIAaeT U3HOCO-
CTOMKOCTh UCXOTHOH OPOH3BI.

HccnenoBaHo CTpYKTYpHO-(hA30BO€ COCTOSIHUE U TPHOOMEXaHUYECKHE CBOWCTBA MCEBOCILIABA U3 BBICO-
koxpomucThix crameii 12X18H10T u 40X13. IToka3aHo, 94TO MCEBAOCIUIAB XapaKTEPU3YETCS MOBBIIICHHBIM
conepxkanneM y-assl (% 60 06.%) ¥ OTHOCHTEIBHO MOHIKCHHBIM 3HAYEHHEM TBEPIAOCTH, COCTABIISIONIAM
370...380 HV 10YcraHOBICHO, YTO H3HOCOCTOWKOCTH TICEBIOCIIABA U3 BBICOKOXPOMHUCTHIX cTaner 12X18H10T
n 40X13 B ycnoBusix cyxoro tpenust B 3,8 u 12,0 pa3 Bbllle M3HOCOCTOWKOCTH Tra30TEPMHUYECKUX ITOKPHITHH
n3 mapreHcuTHoM 40X13 u aycrenutHo# cram 06X19HI9T cooTBeTCTBEHHO.

Ha ocHOBaHWMHM MOJYYEHHBIX IAHHBIX CIENIAH 6bl00. METOJ THUIEP3BYKOBON METAUIU3AIMU MO3BOJISET
(hopMHPOBATH MOKPBITHS ¢ BBICOKUMH (PH3MKO-MEXaHMYECKUMH CBOMCTBAMU M3 YKOHOMHYHBIX MCEBIOCILIABOR,
YTO CYUIECTBEHHO PACIIMPSIET 00JaCTh UCIOJIB30BAHUSI JAHHOTO METO/A.
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THE STUDY OF THE FORMATION OF COATINGS
OF PSEUDOPLANES HYPERSONIC METALLIZATION

M. BELOTSERKOVSKY
The method of hypersonic metallization aimed at the formation of coatings by simultaneous spraying

of dissimilar metals with the formation of pseudo-alloys with high tribotechnical properties is considered.
The conditions under which the high quality of pseudo-alloy coatingsis ensured are determined.

Keywords: pseudoplane thermal spray coating, hypersonic metallization.
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BJIUSHUE MEXAHUYECKOW AKTUBAIIAA HA CTPYKTYPY KOMITO3UIIMOHHBIX ITOPOIIIKOB
HA OCHOBE CBEPXBBICOKOMOJIEKYJISIPHOT'O ITIOJIMDTUJIEHA,
HAITOJJHEHHOI'O KAPEMJ1OM BOPA

0-p mexu. nayk B.H. JKOPHUK;, C.A. KOBAJIEBA,;
0-p mexnu. nayk M.A. BEJIOIIEPKOBCKHH; axao. HAH Benapycu, 0-p mexu. nayx I1.A. BUTA3b
(Obveounennviii uncmumym mawiunocmpoenus HAH Benapycu, Munck);
0-p xum. nayk T.@. TPHIOPbEBA
(Hncmumym xumuu meepoozo mena u mexanoxumuu CO PAH, Hoeocubupck),
Kano. mexu. nayk, ooy. A.B. IYIAH
(ITonoukuii zocydapcmeennslii yrugepcuniem)

Memooamu penmeenosckoil ougpaxyuu, ckanupyiowei s1ekmponnoi mukpockonuu, UK-Qypve cnek-
MPOCKONUU UCCTEO08AHBL NPOOYKMbL MEXAHUYECKOU AKMUSAYUL NOPOUKOBOU CMECU C8EPXEbICOKOMOJIEKYIAPHO-
20 ROMUIMUNEHA U MUKPOKpUCIaLiuyecko2o kapouoa 6opa (B4C), nposedennoli 6 6biCOK0IHEP2EMUYECKOU a-
PO60IL naanemapHol menvhuye ¢ snepeonanpsxcennocmoto | = 1,1 Bmlz npu onumenvnocmu om 5 do 25 mumn.
Toxazano, yumo 6 ycnogusix UHMEHCUBHBIX YOAPHO-COBUL0BbIX OeDOPMAayuLl hOPMUPYIOMCIL NOAUMEPHBIE KOMNO-
suyuonHvle yacmuyvl yeuyunamotu gopmot pazmepom 100...160ukm ¢ xaomuunvim pacnpedenenuem @ HUX Ydac-
muy kapouoa 6opa pasmepom 1...5mrm, npu 3mom OKUCTUMENbHOU OeCmMPYKYUU NOAUMePd He HabIo0aemcs.
OCHOBHBIMU BOZMONCHBIMU PE3VILIMAMAMY 63AUMOOCUCMEUST NOTUMEPHOU MAMPUYbl U OUCHEPCHBIX NOPOUKOE
HANOIHUMENs, NPU MEXAHUYECKOU aKMUBAYUYU AGISIOMCI NPOYECChbl CUUBKU NPU HEKOMOPOM BePOSMHOM YMeHb-
WeHuU e2o0 MOAEKYIAPHOU Maccol. Mexanuueckas akmusayusi cCnocoocmsyem Qopmuposanuio cmpyKkmypol Kap-
buoda bopa ¢ menvuum cooepaicanuem yerepooa (Bg.sC).

Knrwuegvie cnosa: mexanuueckas akmusayus, MUKPOCHPYKMYpPA, KOMRO3UNIbL, CEEPXEbICOKOMONEKYIAPHbILIL
noausmuneH, kapouo oopa.

CBepXBBICOKOMOJIEKYIIApHBIN monuaTiieH (CBMIID) Gnaromapss BBICOKMM 3HAYEHHSAM MOJIEKYIISIPHOM
macchl (10 10 r/moib) 0671a1a€T PAIOM TOCTOMHCTB, B YHCIIE KOTOPEIX XOPOLINE aHTH(PHKIMOHHBIC CBOHCTBA,
BBICOKAs yJapONPOYHOCTh, CTOMKOCTD K PAaCTPECKUBAHMIO IO/ HANIPSHKCHUEM B KOPPO3HOHHBIX Cpelax, a TaKkKe
TIPY TIOBBIIIEHHON TeMIIepaType CTaOMIBHOCTh Pa3MepOB, CTOMKOCTh K UCTHPAHUIO H Y-HU3ITY9ICHHUIO, UTO JIETIaeT
€ro TEepCIeKTUBHBIM MAaTepHaNoM Ui psAfga npuioxeHnid. OJHUM U3 METOJIOB, MO3BOJIAIONINX CYIIECTBCHHO
MOBBICHTh KaK MeXaHndeckue xapakrepucTukd CBMIID ans mpuMeHeHHWs B HarpyKEHHBIX KOHCTPYKIHSX,
TaK M MOJYYUTh HEOOXOAMMBIC cOuYeTaHHs (UIUKO-MEXaHUUYECKHX, TPUOOJIOTMYECKHMX U TEIIO(QU3NUECKUX
CBOWCTB AJISl €r0 UCHOIb30BAHUS B y3JIaX TPEHUS, SIBISETCS JUCIEPCHOE YINPOUHEHHE U MOJTY4YEHUE MOIUMEp-
HBIX KOMIO3ULIHOHHBIX MaTepuanoB [1]. Kommosuuuonusie matepuansl Ha ocHoe CBMIID u HamomHHTENS
B BHUJIe OOpa MM ero coeAMHeHn ciyxaT 3¢ (GeKTUBHOH 3alUTONH OT HEHTPOHHOTO M3Iy4eHus. K Tomy e kap-
Oupx OGopa xapakTepHu3yeTcs YHHKalbHOH KOMOWHAaIuedl cBOWCTB (HU3Kas IIIOTHOCTH, BBICOKAs TeMIIepaTypa
TUIABJICHUS, TEPMHUYECKast CTAOMIBHOCTE, BHICOKAS TBEPAOCTh M CTOMKOCTh K MCTHPAHHIO U JIp.), KOTOPbIE ena-
FOT €T0 MaTepHalioM IS IMUPOKOTO JHara30Ha MPUMEHEHHH.

OM3UKO-MEXaHMYECKIUE CBOWCTBA KOMIIO3WIIMOHHBIX MAaTEpHANIOB HA OCHOBE IIOJIMMEPOB CTPYKTYpPHO
YyBCTBUTEIBHBI H OIPEACISIIOTCS aTOMHBIM, MOJICKYJISPHBIM W HaJMOJEKYJISIPHBIM CTPOCHHEM BEIECTBA.
[Ipu 3TOM OCHOBOIIOJNIATAIOIIYIO POJIb B CTPYKTYPOOOpPa30BaHIH KOMIIO3UTOB HIPalOT (ha30BOE COCTOSHUE H CTe-
MICHb TUCTICPCHOCTH HATIOJIHHUTEIS, €r0 paclpeelieHre B MaTpHIe, MeK(pa3zHasi MOBEPXHOCT U MPOIIECCH B3aH-
MOJICHCTBHS HA TPaHULIC MEX/y YaCTUIIAMH JUCIEPCHOM (ha3bl M NOIMMEPHOI MaTpHLCH.

OpnHako B cwty 0OJbLION ANHMHBL oauMepHbIX neneid CBMIID uMeer kpaifHe HU3KHI MTOKa3aTeb TEKY-
YEeCTH PACIUIaBa, YTO HE MO3BOJIICT IepepadaThiBaTh €ro TPAJAMIMOHHBIMU JIi KOHCTPYKIMOHHBIX TUIACTHKOB
METOJaMH, TAKUMH KaK JIUTHE MOJ JABJICHUCM, ITHEKOBask SKCTPY3us U Jp. [ToNCK myTei MOBBIICHUS TEXHOIIO-
rudeckux cBoiicte CBMIID 0e3 3aMETHOTO CHIDKCHHUS €r0 MEXaHUYCCKHX XapaKTCPUCTUK — aKTyabHAs HAYYHO-
TeXHW4YecKas mpoobsieMa. [lepcreKTUBHBIM SIBIISIETCS METOJT (OPMUPOBAHUS KOMIO3UTOB Ha ocHoBe CBMIID,
0a3upyromuics Ha TEXHOJIOTHH TBepaodaszHoro nedopManuoHHOTo cMerenus. OgauM u3 3P PEeKTUBHBIX CIO-
cO0OB TaKMX TEXHOJOTHH CITy)KUT WHTCHCHUBHAsI MEXaHWYecKas 00paboTKa, IPOBOIMUMAs B BEICOKOIHEPreTHIE-
CKUX TUTAHETAPHBIX [IAPOBBIX MEJFHHUIIAX.

B ycnoBusX WHTEHCHBHBIX YIapHO-CIBUTOBBIX Ae(OpMaIliii B MaTepraiax pean3yroTcs MPOIEecChl Iia-
CTHYECKOTO Ae(hOpMUPOBAHUS, AUCIICPTHPOBAHUS, ITEPEMEIINBAHUSA, KOTOPBIE MPUBOIAT K YBEIWYCHHIO KOH-
TaKTHBIX TOBEPXHOCTEH N (PU3UKO-XUMHYECKUM IIpolieccaM B3aMMOJCHCTBHS ¢ (POPMHUPOBAHUEM KOMIIO3UTHBIX
cTpykTyp [2]. YpOBeHb JOKAIbHBIX JABICHUN U TEMIEPATYpP, BOSHUKAIONIUX B YCIOBUIX MEXaHMYECKOH aKTHh-
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BALlMH, 3aBHCHT OT FCOMETPHICCKUX XAPAKTEPUCTHK MEIbHUIIBI, CKOPOCTHBIX PEXKUMOB, BEIOOpA Pa3MOBHBIX T
(suepronanpspxennoctH, 1) [3] u pusrko-MexaHHUeCKHX CBOICTB 00pabaThiBaeMoro Beiectsa. JlehopMauoHHsIit
OTKJIUK IIOJIMMEPOB SBJISACTCS BSA3KOYIPYI'MM, IEMOHCTPUPYS XapaKTePUCTUKH KaK YIPYTroro TBEpPIOro BEIlecT-
Ba (00paTUMOro MEXaHMYECKOrO OTKIIMKA), TaK M BA3KOU JKHUAKOCTH (HEOOPATHMBIA MEXaHMYECKHH OTKIIHK),
H, CJIEOBATENIBHO, 3aBHCHT HE TOJIBKO OT CTPYKTYPHI MOJIMMEPA, HO U OT JUIMTEILHOCTH Bo3xekcTus. IIpu sTom
HEKOTOpbIe MOJICKYJIIPHBIE MOJbI O] IeHCTBUEM MEXaHUYECKHX HAIPSDKEHUH MOTYT OBITh OoJiee neopMUpyeMEl,
yeM apyrue. Mexannueckas aktuBanus (MA) criocoGCTBYET MOBBIMIEHHIO PEAKIIMOHHOM CIIOCOOHOCTH HOJIMMEpa
¥ MOXET MPUBOAKUTH K ero MOJUGHUIMPOBAHHUIO 32 CUST U3MCHCHUI HAaIMOJICKYIISIPHOI CTPYKTYPbI i MOJICKYJIIPHOTO
CTpOeHUs (IIPOLIECCOB Pa3pbiBa BHYTPUMOJICKYISIPHBIX CBSA3€H U MpoLieccoB ciumBkh) [4]. Mexanudeckas 06paboTka
NPUBOJMT K yBenudeHuto iotHoctn CBMIID, Monynst ynpyroctu ¥ 0THOBPEMEHHO K CHIDKEHHUIO Koo dHIeHTa
TpeHwus U npejena Tekydectd [5]. Meron mexanoaktuBanuoHHoi 06padotkr CBMIID no cpaBHeHHIO, HAPUMED, €
METOZOM TOpSIYEro MPECCOBaHMS MpPHU MOBBIICHHBIX TemmepaTypax (mo 300 T) obiamaeT mpenMyLiecTBOM,
MOCKOJIbKY He TpeOyeT CO3JaHusl CennabHOM aTMochephl AJIsl TPEAOTBPALICHUS OKHCIUTEIbHON eCTPYKIIUH.

Lenp manHO# pabOTHI — HCCIEJOBaHUE MPOLECCOB (HOPMUPOBAHUST MHUKPOCTPYKTYPHI IIOJIMMEPHBIX KOM-
HIO3UTOB Ha OCHOBE CBEPXBBICOKOMOJIEKYJISIPHOTO MONUATHIICHA M MUKPOKPHCTAIIMIECKUX IIOPOIIKOB KapOuna
0opa B YCIOBHIX MEXaHOAKTHBAIIMOHHON 00pabOTKH.

MarepuaJjbl M1 MeTOAbI HcCaed0BaHUii. 1I3r0TOBICHIE KOMIIO3UIIMOHHBIX OPOLIKOB OCYILECTBIIIIOCH
MyTeM MEXaHW4eCKOH 0O0pabOTKH, MPOBOIUMON B BBICOKOIHEPTETUYECKON IIAHETAPHOU IIApOBON MENLHHUIIE
AxtuBatop 2S ¢. HoBOCHOMPCK) ¢ BOISHBIM OXJIX/ICHHEM, B BO3AYIIHOM aTMochepe. O6bem GapaGana 250cm>,
JMaMeTp apoB 7 MM, 3arpy3ka mapoB — 370r, HaBecka oOpabarsiBaemoro oopasua — 40r, CKOpoCTh BpalleHUs
GapabanoB Bokpyr obuei ocu ~ 60006/mun. Bapabans! u mapsl u3rotoBiaeHs! u3 cranu IIX15. Duepronanps-
JKEHHOCTb Tpoliecca MexaHuueckoii akrusauuu | = 1,1 Br/r [6].

JmurensHocTh 00paboTky T cocraisiia 5, 10u 25 mun. KosnmuecTBo 10361 nepegaHHON MeXaHUUECKOM
sHepruu D onpeaensuioch AmuTenbHOCTRI0 06padoTku, D = It (kIx/r).

Cocras noporkoBoit cmecu — 20mac.% CBMIID + 80mac.% B,C.

B kauecTBe MCXOJHOTO MAaTPHYHOI'O MaTepuaja MCIOJIB30BANICS MOPOLIOK CBEPXBBICOKOMOJICKYIISIPHOTO
nomoTHIeHa Mapkn GUR 4120npomssozcrea Ticona GMbH [epmanus) € mornekymsipHoii maccoii 4-10° rimons
u pasmepom chepruecknx gactur 100...160mkM. B kadecTBe HAIOIHUTES MCIOIB30BAJICS MMOPOIIOK MOHO-
KpHCTayunueckoro kapouma 6opa B4C co cpemanm pasmepom gactuil 100... 160mkm.

PentrenoaudpakinoHHbIE U3MEPEHHUS TIOPOIIKOB BHINOIHEHBI Ha nudpakTomerpe D8 Advance (Bruker,
['epmaHus) ¢ UCMOJB30BaHMEM XapakTepuctuueckoro m3nydenus CUK,. Pa30Bblil aHANTN3 TPOBOAMICS C MPH-
MeHeHHeM 0a3bl peHTreHorpaduueckux cranaapros ICDD PDF2.Pacuer u yrouneHue npoQuiIbHEIX U CTPYK-
TYPHBIX MMapaMeTPOB BBIMOIHIACH 0 METOAY HAUMCHBIIMX KBAJAPATOB C MPOBEICHHEM MOJTHONPODHIBHOTO
ananusza mudpakrorpamm B [10 TOPAS ¢ ucnons3oBanneM uTepalmoHHoi mpouenypsl Ilaynmu (Pawley) [7].
HccnenoBanusi MUKPOCTPYKTYPHBIX XapaKTEPHCTHK (pa3mepa KPUCTAILTUTOB L 1 MUKpOHANPSHKEHHUH €) POBOIH-
JIMCh ¢ MCTONb30BaHueM «ayos-Doitrr» (double Voightieronosnoruu, B koTopoii npodumi qubpakuuy Ha pas-
Mep KpPUCTAUIUTOB M Ha MUKPOMCKaXKEHHsI 0000LIEHHO omuchIBaoTcs pyHkimsMu Doiirra. [i1s pasnencHus BKia-
JIOB B yIIMPEeHHE IMKOB OT L ucmomnp3oBanack GpyHkims JlopeHia, 0T MUKpoHanpsbKkeHui € — Gynknus [aycca.

VccnenoBanuss MHUKPOCTPYKTYPBI M XHMHYECKOTO COCTaBa IOJY4aeMbIX KOMIIO3UTOB HPOBOAMINCH
Ha CKaHHPYIOIIEM JJIEKTPOHHOM MHKpockore «CamScan 4» (OxfordInstrumentSurius) ¢ MUKkpoaHaiu3a-
topoMm Inca-350.MK-uccienoBanus npoBoIuInCh ¢ ucnoyb3oBanneM UK-Oypre cexkrpomerpa Nicolet iS10
(ThermosScientific CIIIA) MeToq0M HapyIIEHHOTO MOJHOIO BHyTpeHHEero orpaxenus (HIIBO) Ha kpucraiie
aJMa3sa B JHala3oHe 4000...400cm L

JKcnepuMeHTAIBHbIE Pe3yJbTAThl M HX 00cy:KIeHne. B pe3ysibraTe HHTEHCHBHON MEXaHUYECKOH 00-
paboTku cMecH noJMMepa 1 MOopollka Kapouaa 0opa ¢ JIUTENBHOCTBIO OT 5 10 25 MHH, YTO COOTBETCTBYET 3HA-
YeHUsIM J103bI Mexanuueckoi sueprun D ot 0,33 10 1,65k x/r, peHTreHOrpaduyecku perucTpupyemsiii Gpaszo-
BBI cOcTaB 0Opas3lOB MPEICTaBICH OCHOBHBIMM KpUCTAIMYecKuMu (asamu kapbunma 6opa B,C Ne 35-0798
(mpoctpanctBennas rpynmna R3m)u B1gC Ne 44-1206 (R3m)p-Fe Ne 06-0696u Ne 40-19958 Gase peHTreHO-
rpaduyeckux mopomkoBeix cranaapros JCPDS PDF2Ha HavajibpHOU CTajud MEXaHHYECKOW aKTUBAMU (IpH
D = 0,33k/Ix/r) peructpupyercs npucyrcteue dassl yriaepoaa (C) (pucyHok 1), KoTopast ¢ yBEIHUEHHEM 3HAYE-
HUH 1036 3aKa4rBaeMoil Mexanndeckoii sueprun (o 0,66x][x/r 1 Gosee) ucyesaer. MexaHnuecKast aKTHBALHSI
CIocoOCTBYET (hparMEeHTALIMH MOHOKPHCTAIUTMYCCKUX KAPOUIHBIX YaCTHII 0 pa3Mepa KpUCTALIUTOB Lpyc = 149HM,
OJTHAKO TTApaMeTpPbl TOHKOH CTPYKTYPhl H3MEHSIOTCs HesHauntenpHo: Ag = 0,003 A;Ac = 0,007 A ¢a6muma 1),
YTO MOXKET OBITH 00YCIOBICHO KONEOAHUsIMHU B cofiepkannu yriaepoaa (~ 19,3%ar. [8]).

Bricokast abpa3uBHasi cHoCOOHOCTh KapOuaa 6opa crocoOCTBYET MOSIBICHHUIO B COCTABE CMECH HAaHOKpPH-
CTAJUTHYECKOTO Kee3a (nopsaka ~ 9mac.%) ¢ pasmMepom KpucTammutoB Lee= 21...18HM B pe3ynbrarte Hamoa
OT CTAJILHBIX PA3MOIBHBIX TeJ M CTEHOK Oapabana. YBeIMueHHkII IapaMeTp pemeTky xkenesa g0 a = 2,874 (A)
MOXeT ObITh 00ycioBJIeH (JOPMUPOBAHHEM TBEPJIOI'O PACTBOPA C YIJIEPOJOM, YTO MOATBEPKAAIOT M BBHICOKHE
3HaYeHUs MUKpoHanpsbkenui (1,679...1,235%).
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E|35-0798 (*) - Boron Carbide - B4C EI03_0259 (Q) - (CHZ)X
44-1206 (*) - Boron Carbide - B10C 06-0696 (*) - Iron, syn - Fe

Pucynok 1. —/IngpaxkrorpaMmbl nopomkos ucxognoro CBMIID
u komno3utoB CBMIIJ/B,C, nojiy4eHHbIX NpH Pa3IMYHbIX 3HAYeHus1X D

Tabnuna 1. —MukpocTpykTypHbIe Tapamerpsl paz CBMITD/B,C

3nauenust D, kJx/r
®da3a 1 ee napameTpsl

0,33 0,66 1,65
B.C a (A 5,603 5,601 5,600
c(A) 12,084 12,067 12,077

63199 > 200 145 149
(=S — — 0,110
aFe a(A) 2,874 2,871 2,871

L (um) 21 19 18
& 1,679 1,235 1,418

CBEepXBBICOKOMOJICKYJIIPHBIH ITOJIMATUIICH — aMOP(QHO-KPUCTAIMIECKHN MOJIUMEp, B KOTOPOM B HCXO-
HOM COCTOSIHMM KPHCTaJUIMUECKas CTPYKTypa IpeJcTaBiIeHa OpTopoMOnYeckod (a3oil ¢ HMpOCTPaHCTBEHHOMH
rpymmnoii Pnam (62 npeumyinectBeHHol opueHTanuei no miockoctu (110). MHTeHCHBHOCTD pediekca, OTBe-
YaroUIero AaHHOH INIOCKOCTH, 3HAYNTEIBHO IIPEBOCXOAMUT ocTaibHble. C yBeIMYEHUEM JUIMTEIBHOCTH 00paboT-
ku 10 3Hauenuit D = 1,65k x/r (nmpu t = 25MuH) HaGIOMACTCS CHUKEHUE HHTEHCUBHOCTH MHKOB KPHCTAILIH-
yeckoit yactu (110)u (200) amopdHoro rasno. JaHHbli (aKkT CBUACTEIBCTBYET 00 YMEHBLICHUH Pa3MEpOB KpH-
CTAJIUTOB KPUCTAUIMIECKON YacTH IIOJIUMEPA, YTO MOXKET OBITh 00YCIIOBICHO M3MEHEHHEM KOH()OpPMalnoH-
HOT'O COCTOSIHUS IIOJIUMeEDA.

Mo maHHBIM (PAKIMOHHOTO aHAIN3a HA HAYAIBHOM dTarne (T = 5MuH) MEeXaHUIECKOH aKTHBALUH MIPOKCXO0-
QAT W3MeJbUCHIE YacTHIl KapOuma 6opa, uTo o0ycioBiauBacT noseicHue (pakiun Metnee 40 MM (pucyHOK 2).
IIpu 3TOM Tarke MPOMCXOOUT (POPMHUPOBAHHE KOMIIO3HTOB C NPEUMYIIECTBEHHBIM COJAEPKAHUEM IIOJIHMEpa.
HaGmonaercs Bbicokas nedopMaiys HCXOJHBIX YaCTHUIl IOJMMepa U 0Opa30oBaHUE YeIIyHdaThIX arjioMeparos.
C yBenMuYeHHEM JJIMTENILHOCTH 00pabOTKH pa3Mep KOMITO3MLMOHHBIX YaCTHIl BO3pPAacTaeT 3a CUET HPOLIECCOB
TUIACTHYECKOTO 1e()OPMUPOBAHUS U CIICKAHHUSI.

Iocie MexaHWYeCKO# akTHBaUUK NpH 3HaYeHuH 1036l D = 1,65k /Ix/r yacTuisl kapOuga Gopa u3menpya-
10TCsL 10 ypoBHS 1...5MKM, IpH 3TOM OHM pacripeiesieHbl XaOTHYHO, B TO BpeMs KaK HaMOJI YaCTHII XKeye3a PaBHO-
MEpHO pacrpeziesicH B MaTpuiie noiumepa (pucynok 3). Kpymnuble yactuus! kapbuaa (~5 MkM), B OTIHYHE OT Mel-
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KuX 4acTHil (~ 1 MKM), HIMEIOT BRIPaXKEHHYIO TPaHHILy pa3zelia ¢ OJIMMEPOM, YTO TOBOPHT O TOM, YTO 0Opa30BaHHs
JIOCTaTOYHO IIPOYHBIX CBSI3€H MeX1y pa3INYHBIMU KOMIIOHEHTaMH MTOPOLIKOBON KOMIIO3UIIUY HE IPOUCXOJUT.

50
45
40
35
30
25
20 +—
158 -

W 5 MUHYT

B 10 MUHYT

MpoueHT oT 06Le maccbl

225 MUHYT

[unana3zoH pasmepos

PucyHnok 2. —I'ncrorpaMma pacnpe/esieHHsl 4acTUIl 110 ppaKuusiM,
MOJTy4eHHasl 110 JAHHBIM CHTOBOI'0 AHAIN3a

Bec%
39,44

5121

o 043
Fe 892
Cynma 100

Signal A = SE1

Pucynok 3. —Ilopomkosasi komnozuuusst CBMIII/B,C, o6padorannas npu D = 1,65k I/t

PesynbraTel nccrienoBanus xumudeckux cpszeit B8 CBMIID u xapOume Oopa ¢ pasiIndHON IIHTEIHHO-
ctpi0 MA metonamu UK-ciekTpocKomiy peacTaBIeHBl Ha PUCYHKE 4.

©
© -3 o N
o éé 230 3 o
! A s § S
I \ \ - n =3 3
i | D=1.65 Kwr \ 23 |[[—= 298~ 83
1 w=
3 ! \ =7 | SE Y
. - ,
.‘/\J V p— \J AN
< ‘ \
. \
. g
< g
- © D=0.66 Kx/r N
§ S
- 4 M S
g
1) r \ g
< ~ Q&
And < D=0.33k0x/r
3000 2500 1500 1000 0 pron 0 Wm0
o1 BoHoBOE YHCAO (Ch-1)
a 73

Pucynok 4. —-UK-®ypbe cnekTpbl HCX0AHOro nopomka CBMIID (a)
U KoMno3uuuoHHbIX Yactuny CBMIIJ/B,C (0), nosyueHHbIX nocsie MA npu pasjin4HbIX 3HaYeHusx D
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Ha Bcex criekTpax noiy4eHHbIX 00pa3LoB PErHCTPUPYIOTCS TI0JI0CH MOTJIoNIeH s, Xapaktepusle 111 CBMITD
(pucyHok 4, a), Takue kak aymiet (2913cym ™ u 2846¢M ), OTBEUAIONIMIA 32 CHMMETPHUHBIE ¥ ACHMMETPUUHBIC
BasicHTHBIC Kostebanus C—H, myrurer (1468CM_1 U 1458CM_1), OTBeUaroIIuii 3a neopmarornsie koxeoanuss C—H,
11 Tostockl kprcrammanoctd (730cM ™ i 719em ™), oTBevarolye 3a MasTHHKOBbIE KoneGanmst & CHy (prcyHOK 4, 6).
O/HAKO WX MHTEHCHBHOCTH 3HAYMTEIHHO CHH)KEHA yKe mocie o6paborku co 3uadennem D = 0,33 kJ[x/r.
IosiBIIsieTCsl JOMOMHATENBHOE [Ied0 B obnactn 2913cM ™ B CTOpOHY HH3KO4YacTOTHOMN obnactu. ITocie MA
mpu D = 1,65k/Ix/r popmupyercst miedo monocsl 730 cv . VCUe3HOBEHHE MOTOC KPHCTAIMYHOCTH ITOJIH-
srunena (1468cM ™ 1 730cM ™) pH 9TOM MOKET GBIT CBA3AHO C HAPYIIEHHEM KOH(OPMALMOHHON PEryIpHOCTH
Makpomoiekys. O6 amop¢u3anuy NoiMMepa MOXKET CBHIETEIbCTBOBATh U (hopMuUpoBaHUE MU HY3HOI MOTIOCKH
B JMamna3oHe 1300...1400cm L C YBEJIMUYEHUEM JUIUTEILHOCTH MEXAaHMYECKOW aKTHBAIMM MPOUCXOIUT TAKXKe
dopmuposanue u poct auddy3HBIX mONOC B Auamasonax 1450...1600u 3000...3300cy . Ionoc, npuuaie-
KalMX coupTaM uiM ketoHaM, nosioc C—O u C=C, KoTopble yKa3bIBaJK Obl Ha OKHUCIUTEIBHYIO AECTPYKLHIO
HoJjmMepa, He PerucTpUpyeTcs.

OnHOBPEMEHHO Ha CIIEKTPaxX PETHCTPUPYIOTCS XapaKTEpHBIC MOIOCHI MOTTIOMEHHs Kapouaa 6opa, KoTo-
pbie cooTBeTcTBYI0oT B—C BatenTHBIM KoneGanmsim: 1059¢em (va CB3), 946¢em ™ (v sCB3), 866u 837cm ™ [9].

ATOMHas cTpyKTypa KapOuaa 6Gopa mupoko obcyxaanack B aureparype [10—13].

OCHOBHOH CTPYKTYpHO# eauHHIleH KapOuma Oopa siBiseTcss 12-ATOMHBIN HKOCa3ap, KOTOPBIH pacro-
JIO’KCH B BEPIIMHAX POMOOIAPUUCCKOM PEIISTKH TPUIOHANBHOM cuMMeTprn (IpocTpaHcTBeHHas rpymnma R3m)
U 3-aTOMHBIC JIMHEHHBIC LENH, CBA3BIBAIOIINE HKOCadApbl BAoub [111] pombGosapuueckoir ocu. Pasianuaror
JBe CTaOHJIBbHBIC CTPYKTYypHBIC KOHGUrypauun kapouma: 6oratoe yrieponom coeaunenne By C (unn B1,Cs)
¢ HICaTU3UPOBAHHON CTPYKTYypHOIl koHpuryparmeit (B;y) CCC (rme (Bip) mpeacrasiser co6oil HKocadapu-
yeckue atombl 1 CCC o6o3Hadaet atomsl neneil) [10] 1 nmpomexyTouHoe coequnenue, dboraroe 6opom BgsC
(unu B;13C;), KOTOpOE OMKCBHIBACTCS HACATH3UPOBAHHON CTPYKTYpHOH hopmyioit (B;y) CBC, rae B uenu ueH-
TpaJIbHBIM aToM yriepoja 3ameHsier 6op. B TBepiom cocTosiHuM yriiepoa MMeeT MIMPOKOH AMana3oH pacTBO-
pumocTy B ctabuiabHOU (aze o ~ 810 ~ 20ar.% C.

Coneprxanue yriiepoja B kapOuje OyneT BIAUATh Ha MOJIOKEHHE TOJIOC MoTJomeHus cBsi3u B—C, koTopbie
YyBCTBUTEIBHBI K OMKHEMY NOpsAAKY. C yMEHBIIEHHEM COJEpP)KaHHs YIIepoaa B CTPYKTYpE OHU CIABHIAIOTCS
B HU3KOYACTOTHYIO 00JacTbh, YTO, BO3MOXKHO, 00YCIIOBIEHO MCKa)KEHHEM CHMMETPHH OKTa’pa KapOuaa mpu mo-
BBIICHHM KOHIICHTPAIMH yIIePONHbIX BakaHcuii. Tak, monoca ~1600cM ' IPHIHCHBACTCS ACCHMETPHIHBIM
BaJICHTHBIM KoneGanmsiM va C—B—C, a monoca 410cm™ — nepopmannonubiM kosebanusm C—B—C B cTpykType
coenunenus Bg sC. Ilosienne nonoc npu 380un 1450cm™ nmeer MecTo B Gonee GOraThIx GOPOM KOMIIOZHITHSX
B KayecTBE HOBBIX MOJI, BO3HHKAIOIINX IPH PACTSDKEHUH W M3rHOe CBsi3eil, KOTOPBIE COAEpKaT aToM yriiepoja
B ueHtpanbHoM y3ne B—C—Bumu C—C—C [12].ITocie MexaHHYecKol 00pabOTKH MOYKHO OTMETUTD MOSIBICHUE
pAla MoJioC MOTJIOLIEHUS B AUana3oHe 1450...1600:M_1, MHTEHCUBHOCTh KOTOPBIX C YBEJIMYEHUEM JUIUTEIbHO-
CTH 00pabOTKHM PacTeT U CMEIIAETCsl B HU3KOYACTOTHYIO 00JIacTh CIIEKTPa, YTO 00YCIIOBJIEHO CTPYKTYPHOH He-
CTaOMIBHOCTHIO KapOuaa 0opa MpH BBICOKUX HANPSDKCHUSX, CBSI3aHHBIX C BHEIIHUMH HAarpy3KaMH H IOSIBICHHU-
eM HeymnopsimodeHHOH (assl [12]. MOKHO MPEeanoIoKuTh, YTO MPH MEXaHUYECKOH aKTHBALMH MHKPOKPUCTAI-
nmudeckoro kapouna 6opa u CBMIID mpoucxoaut odbennenne kapouaa 6opa yriaepoaom.

B T0 e Bpemst mmpoKasi monoca B auanasone 1130...1458&M ", HHTEHCHBHOCTD KOTOPOM TAKIKE YBEIIH-
guBaeTcs K 25mMua MA, MoxeT ObITh 00yCiI0BICHa BalieHTHBIME KosieOanusimu B—O—C,a Takke BaJICHTHBIMH
konebanusamu B—O (1380...131®M ). YBenuueHne IMTENBHOCTH 00paboTKH 10 3Hayenuit D = 1,65k Ix/r
MPUBOIKT TAKXKe K (POPMHPOBAHMIO IIHPOKOH MOIOCKH mormomenns B guanasone 3100...3300cm ™, koTopas
cootBercTByeT B—OH BanentHbiM konebanusam. [Tockonbky nedopmannonHas o6paboTka IPOBOIUTCS B BO3-
JYIIHOK atMocdepe, BIaXHOCTh KOTOpoit MokeT nocturath /0%, To k 00pa3oBaHHBIM pajiKajiaM B Pe3yJbTaTe
BBICOKHX TEMIIEpATyp M JABJICHHS B IIITHE KOHTaKTa npucoeaunsiercs rpymmna OH.

3akJ/0ueHue

B yci10BHSIX MHTEHCHBHONH MEXaHH4YEeCKOil 00pabOoTKHM MOPOLIKOBEIX cMeceil nopomkoB CBMIID u kap-
6una 6opa B4C c pasmepom wactuny 100...160MkM (opmupyroTcsi moauMepHble KOMITO3HIMOHHBIE YaCTHIIBI
yenryityaTtoi ()OpMBI ¢ XaOTHUYHBIM paclpelieJIeHHeM B HUX 4YacTull KapOuna 6opa pasmepom 1...5MkM u pas-
HOMEpHO paclpeseeHHbBIM B MaTpHLE IOJMMeEpa HAaHOKPHUCTAUIMYECKUM JKeJie30M B KojindecTBe ~ 9mac.%,
MOSIBUBIIIMCS B PE3YJIbTATE HHTEHCHBHOTO HAMOJIA.

Mexanndeckas akTUBaIKs CIIOCOOCTBYET (hOPMHUPOBAHUIO CTPYKTYPHI KapOuaa 6opa ¢ MEHBIIUM COAEP-
xanneMm yriaepoaa (BgsC). OOpa3oBanuii CIMPTOB MM APYTHX COCAMHCHHH HE YCTAHOBIICHO, YTO KOCBEHHO
YKa3bIBa€T Ha OTCYTCTBHE CYLIECTBEHHOH OKHCIUTENBHON AECTPYKIUH MojuMepa. OCHOBHBIMH BO3MOXKHBIMHU
pe3ysibTaTaMH B3aUMOJICHCTBUS MOJIUMEPHON MATPUIBI U JUCIIEPCHBIX MOPOIIKOB HAMOJHUTENS P MA siB-
JISIFOTCSI MPOLIECCHI CITUBKH, T.€. 00pa30BaHUE B CTPYKTYPE MOMEPEUHBIX CBsI3eH (IIOMEPEYHO CIIMTBIX CTPYKTYP),
HPU HEKOTOPOM BO3MOKHOM YMEHBIICHHU €r0 MOJICKYJISIPHOI MacChl.
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INFLUENCE OF MECHANICAL ACTIVATION ON STRUCTURE
OF COMPOSITE POWDERS BASED ON ULTRAHIGH-MOLECULAR
WEIGTH POLYETHYLENE FILLED BY BORON CARBIDE

V.ZHORNIK, S. KOVALEVA, M. BELOTSERKOVSKY,
P.VITYAZ, T. GRIGORYEVA, A.DUDAN

The products of mechanical alloying (MA) of a posméxture of ultrahigh-molecular weight polyethygéen
and microcrystalline boron carbide {B) produced in the high-energy spherical planetaniyl during with
an energy density | = 1.1 W/g for a duration ofgbta 25 minutes were studied by the methods ddyXliffraction,
scanning electron microscopy and FT-IR spectroscdpys shown that the polymeric composite parscle
of flake form of a size of 100...166h with a chaotic distribution in them of the borcarbide particles of size
of 1...5um are formed during mechanical alloying. Oxidatidegradation of the polymer is not observed.
MA promotes the formation of a boron carbide stouetwith a lower carbon content {BC). The main possible
results of the interaction of the polymer matrixdadispersed filler powders in MA are the crosssligk
processes with some possible decrease in its mategaight.

Keywords: mechanical activation, microstructure, compositdt;ahigh-molecular weight polyethylene,
boron carbide.
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YK 548.232.4

KOJIEBAHUSA CKOPOCTH U KPUBU3HbI
OCECUMMETPUYHOM ®A30BOM 'PAHUIIbI KPUCTAJLJIN3ALIMA
B NEPEOXJIA’KIEHHOM PACIIJIABE

0-p usz.-mam. nayx, npogp. 0.H. IIABJTIOBCKHH,; kano. puz.-mam. nayx, ooy. /1.I'. KPOJIb
(Fomenvckuit 2ocyoapcmeennviit mexuuueckuit ynusepcumem umenu I1.0. Cyxozo)

Paccmompenul epaduenmmuvle ceoticmea menziogo2o nois Ha (hazosoll spanuye 8bICOKOCKOPOCHHOU KPUCIAI-
JU3AYUY OOHOKOMNOHEHIMHO20 NePEOXIANCOEHHO20 PACNIABA. YUMEHO, Ymo no Mepe YEenudeHus: NepeoxaiaicOeHus
VCUIUBAEMCSL POTib OKALHO-HEPABHOBECHO20 mennonepenocd. IIpu nposedenuy anamumuyeckux npeoopas’osanuil
NPUMEHAENC. MPEXMEPHBIL OPMOLOHATLHLIIL OA3UC, COOMBEMCMBYIOWUIL KACAMETbHOUL, 2IA6HOU HOPMATU U OUHOD-
manu k ¢azoeoti epanuye. Tlonyuenvi @ 6HOM UOE BbIPAIICEHUSI NPOU3BOOHBIX O MEMREPAMYPbl U KOMHOHEHNO8
BEKMOPA MENNI0B020 NOMOKA NO HOPMATLHOU Koopouname. Mamemamuyeckoti MoOenvlo nosigieHus BOKo8ol 6emsu
OeHOpuma Cysicum spaoueHmuas Kamacmpogha, ¢ Hacmynienuem Komopou npou3gooHvle om memMnepamypvl U men-
JI08020 NOMOKA CMAHOBIMCS HeoepaHuenHo 6oavuumu. Tloxkazansl npudunbl paspyuenus meniogo2o nous. Ilpeo-
CMagienbl Pe3yibMambl YUCIEHHbIX PACYENO8 GIUSIHUS NEPUOOUHECKUX NO BDEMEHU BO3MYUEHUTI CKOPOCIU U KDUBU3-
Hbl (ha30601 2paHUYbl HA CIPYKMYPY MENI08020 NoJsl. Bulnoanen conocmagumenvhblil ananu3 pexicumos Koeoa-
HUll 6ONU3U GePUIUHBL OEHOPUMA U HA KOHeYHOM yoaneHuu om Hee. Ilocmpoenvl (pazosvle nopmpemsl cucmembvl
«pacnias —kpucmani». Pacuemol 6bIn0IHeHbl 0715 NEPEOXAANCOEHHO20 PACIIABA HUKEIS.

Knrouesvle cnosa. s6omoyus (hazoeotl epanuyvl, MOpHOIOSUYECcKds YCMouHusocns, 6epuluna 0eHopuma,
O0KO6as1 6emeb.

Beenenue. IIponecchl BBICOKOCKOPOCTHOM KPUCTAIIM3AMU TIIYOOKO TEPEOXJIaKACHHOTO paciiiaBa Ciry-
JKaT OCHOBOW MEPCHEKTUBHBIX CIIOCOOOB TOJIyYEHHsS MaTepHaloOB C HOBBIMH (DYHKIHMOHAIBHBIMU CBOHCTBaMH.
B Hactosiiee BpeMsi B 9KCIIEPUMEHTANIBHBIX YCIOBHSAX AOCTHTHYTHI ckopoctu pocta 20...70m/c mpu riyOune
nepeoxnaxaenus pacmnasa 10 300 K. Mcropus nanHoro Bompoca u 6ubnunorpadus u3aoxeHs! B [1].

BaxxHbIM acnekToM NpoOJEeMBl pocTa SBJISICTCS JEHAPUTHOE BETBICHUE M aHAIN3 MOP(OIOTHUECKOl He-
ycToiunBocTH (azopoit rpanuipl (OIY). CoBpeMeHHOE COCTOSHUE 3TOW MpoOIeMbl U GHOIHOrpadus UMEITCs
B pabotax [2; 3]. B mpeacraBnsiemMoii paboTe paccMaTpUBACTCS POCT KpUCTA/Ia U3 OJHOKOMIIOHEHTHOTO Tiepe-
OXJIAKICHHOTO paciuiaBa ¢ MO3ULHI TEOPUH JIOKAIbHO-HEPABHOBECHOTO TeruionepeHoca [4]. PaboTa mpomomkaet
uccrnenosanus [5—8] u umeer crenyronme uen: 1) H3yquTh rpagieHTHbIC CBOHCTBA TEILIOBOTO MO Ha JIMHUHK POCTa,;
2) npoaHaNIU3UPOBATH KOPPEILILIHIO «KPHBU3HA — CKOPOCTh MEPEMEILCHHS BEPLIMHbI ACHIPUTA.

HopmasibHble NPOU3BOJHBbIE TeMIIePATYPbl H KOMIIOHEHTOB BEeKTOPA TeIJI0BOro moTroka. Paccmot-
puM OT' (IByMepHYIO IUIOCKYIO JHOO OCECMMMETPHYHYIO), 00IadalolIy0 HECTAIIMOHAPHON KPUBU3HOM. YpaB-
HEHHE JIMHUU POCTA TIOCTYINPYEM B CIEAYIOLIEM BHJE:

— p(t) —
= x+ A(t) - [B(y)]" = 0.
Orta anpuopHas 3aBHCHMOCTh OCHOBaHA Ha JKCIEPHMMEHTABHBIX cBeleHHsAX [9] o cylecTBOBaHWM Iie-

PHOIMYECKHX M0 BPEeMEHHU BO3MYIICHUI CKOPOCTH W KPUBU3HBI BEPIIMHBI JeHApUTA. 31echk t — Bpems; B mIioc-
koM (Vv =0) mByxMepHOM ciydae X,Y — OPSIMOYrOJbHBIC JIEKAPTOBBI KOOPMHATHI; B CIIydae OCEBOM CHMMET-

pun (V =1) KoopamMHaTa X COOTBETCTBYET OCH CUMMETPHHM; Y — pajuaibHas koopaunara; B =B(y) — nemnpe-

peiras pynkums; B(y) =1, B(y) =dB/dy=0 npu y=0, npuaem B(y=0)=1. 3aKkoH IBHKCHHS BEPLIMHBI

nenaputa (Y =0): X;(t,y =0) = X,(t) =1- A(t),, t 20 . dazopas rpanuua aBrKeTCs BieBo, dx,/dt= -At)<o0.
T'eomerpuueckue cBoiicTBa @I mpencTaBisITOTCS GopMyIamMHu:

G=lgrad|, G=[i+pB** V82" B =pB"8, p=p(t)>1, sin[Féy co$=%'

AJITOPUTM MOCTPOEHHUSI KPUBOJMHEHHBIX KOOPIMHATHBIX OCEH ¢ OPTOTOHAIbHBIM GasucoMm S, N, b (ka-
careJbHasl, TJIaBHas HOpMaJlb U OMHOpMaib K moBepxHoctr ®OI') usnoxken B [10], cM. Taxke [7]. Pa3oas rpanu-

ua X; = B” — A mepememaercs co ckopocteo N = (po InB-A)/G u obnagaer cpenHel KpUBU3HOU

K=K +Ky K= 5, Kzzvy%. B, = B,(y.1) = pB"*E + p(p-1)B"7E". M

B ciiyyae p(t) =1 monydaem 3aBucumoctu it OI' cTanuoHapHOM (POPMBI.
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PaGoTaeM ¢ IByMEpHBIMH YPaBHEHHSIMH TeIuionepenoca [4]:

oT  dq,  dq, . v aa, od, oT
C—+—+—2+—-q,=0; ——)\—, +y—==-A—:v=0,1.
ot dx oy yqz GV ox ' BTV g ay

OcHoBHbIe 0003HaueHus: 1T — Temneparypa; ((0;,0,) — BEKTOp YICIEHOrO TEIUIOBOrO IIOTOKA; A — KO-
3¢ QULUEHT TEIIONPOBOIHOCTH; C — O00BEMHAsi TEIUIOEMKOCTh; Y — BpPEMs peJIaKCallid TEIUIOBOTO IOTOKa,
W =\ /(yC) — KBaJpaT CKOPOCTH PACIpPOCTPaHEHHs TEILUIOBHIX BO3MYyIIeHumii. IToce mepexosa oT apryMeHTOB

(%, ¥,t) k (s,n,t) momygaem ypasuenus st Gyakumii T, 0, O :

1,2 (3,0 -q.sinp) o0~ Be, I a2 fein) + 2 eosp) -
Ag— (vsinﬁzaj?”[v $E3‘ja(::= 2 (3)
n=- 20y B, B oog ¥ B g0t
V[0, 258+ 2% |- gsirp- oo
Tl 5y -,
ﬂa——%g—T véizénaaqs”— Blén qs Tycop—>= q” —ysinB—= qs—

asinf dcosB ;
- - +q, cof3 —q,sinp.
\(qs ot On ot ] d, cosB - q,sinp

3neck =0 +0, =0, +0,; 0 = q,SiNB+0,cosB, 0, =g, cosB+q,sinp.

.9 dy 9G _B dB, 0B 2
= A+— = A-pBPIn B: , = pBBP 1+ pinB
u B(y,t) ' G P % Gca a P @+ pinB),

p=dp(t)/dt, B=dB(y)/dy.
JaHHble TpHM ypaBHEHHUsI 0Opa3ylOT CHCTEMY JIMHEHHBIX HEOJHOPOJHBIX alreOpandecKux YypaBHEHHH

oT 0 0
110 OTHOIINCHWIO K HOPMAJIBHBIM ITPOU3BOAHBIM —— & y & . Onpe;[enmenb OTON CUCTEMBI PaBCH

on’" an ' an
7\V§31 2 2 - N2 Est
A=—3>M*“-1), M°=—-, N=-2, 5
G-t = G ©
HopmMasbHbie IPOU3BOIHBIE MTOACYUTHIBACM 110 (HhOpMyIam:
T A
om___ A 6
on  cyG(N?-w?) ©
aq K,
M =_ =2 , 7
on  cyG*(N?-w?) 0
99, _My+BM, @8)
on 3

All =My +BM; =M, Alz =cx (M, - Bln3)_)\r|1G2 .
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Da30ByI0 rpaHHIly KPUCTALIM3AIMU MOJCIHPYEM OBEPXHOCTHIO CHIIBHOTO pa3pbiBa TEILIOBOTO IOJIS.
JlMHaMHU4eCKHe YCIIOBUS COBMECTHOCTH IOJTydaeM 0ObIYHBIM 0Opasom [11]:

0y =9, cosB-B;) =g cosB; )
. . ON
Oy =0;SINB~-PB;) =a.sinB+ N(u, —u*)—L(N +VEJ; (10)
TU N
T, =Tc—°TK—%; q,=a|, d,=[a]; U,u-const (11)

3BE3J0YKOI OTMEUCHBI TapaMeTphl paciulaBa; MHICKC | YKa3bIBaeT, YTO 3HauYCHME (QYHKIMH OTPE/eIeHO Ha IpaBoit
CTOpOHE pa3pbiBa, B TBepIOH (aze; L — Temora da3oBoro nepexona eqUHALB 00beMa BEIIECTBA; || — KUHETHYE-
ckuif ko3 duuueHt pocra; U — noBepxHOCTHAsI 3Heprus rpaHulbl pasjena ¢as; T, — paBHOBeCHas TeMIepaTypa

kpuctaumzanun; ¢ =du / dT.
Ioapo6Hoe ob¢cyxaeHue ycaosuit (9)—(11)umeercs B [7]. 3aech momyckaeTcst ciydail OZHOMEPHOTO He-
CTaLIOHAPHOT'0 TEIUIOBOTO MO paciuiaBa: O = gy(X,t) , To=T4(X,t) . s onpeneseHHOCTH aHANM3UPYEM BapUaHT

N =Nn, 0,=q4,, npuaumas N <0, g;>0. Oynkuun T;, d,, 0 onpexensem ¢ nomompto (9)—(11)uepes

HapaMeTpsl paciuiasa O, T. [Ipoxuddepenimposas no kacarensHoH koopauHate Gopmyinst (9)—(11),Haxonum

(O_TJ _on [ﬂ] _ 9% [aij _ 09y
os), os ' \os) os \os) o0s

HopwmanbsHbie mpon3BogHbIC Ha (a30BOM IpaHUIIe

3.5
on);"Lan ), Lon ),

nojcuuteiBaeM Ha ocHoBe (9)—(11)u ux AuddepeHIHanbHbIX CICACTBHUIA, MOTy4aeMbIX BO3ACHCTBUEM OllepaTo-

0_29d d0 . 0 _0 . d
— =—cos3+—sin — =—sinf-—cosB .
pop 0s 0Xx $ oy pu on 0x B oy P

Takum 06pa3oM, MbI pelraeM MoIyoOpaTHYO 3a1a4y: 3a1aeM U3 PU3HIeCKHX cooOpaXkeHHi BU (ha3oBoii
IpaHMIEBI; YKa3bIBaeM TeMIlepaTypHoe moie pacmasa T.(X), §.(X) u BbrdmciseM B TBepnoit dase T, 0., 0,

a TaxKe MX MPOM3BOAHbIC 0/0N MO HOPMaNM K JUHUK POCTa. JIaHHBIA [MOAXOA MO3BOISIET HAWTH: CBSA3b CKOPO-
ctu N u kpuBu3Hbl K; 3aKoHOMepHOCTH BiksiHus Kotebannid Gynkumii A(t) , p(t) Ha moBeaeHHe TEIIOBOrO MO,

YCIJIOBHSI TOSBJICHUSI HEYCTOMYMBOCTEW B CHCTEME «PAaCIIaB — KPUCTAILI» MO/ BO3JACUCTBHEM MEPUOTUUECCKOM
HEOJHOPOIHOCTH TEIIOBOTO MOTOKA G (X) .

O0cy:xaenne pe3yabTaToB. MareMaTHYeCKOH MOJENBIO MOSBIEHHS OOKOBOW BETBH JICHIPHUTA Ha (ha3o-
BOM TpaHHUIIC CIIY)XUT IpaJMeHTHAs KaTtacTpoda, ¢ HACTYIUICHHEM KOTOpoi npou3BoaHbie (12) craHoBsTCs Heor-
paHUYEHHO OOJBIIMMH. AHAJIN3 MOJYUYCHHBIX BBIPRKEHUH MMO3BOJISET YTBEPHKAATh, YTO CYILECTBYIOT TPH NPUYH-
HBI Pa3pyLIEHUs TEIUIOBOTO MO Ha TMHUU POCTa.

I. U3 (6), (7) sicHO, 4YTO paspylieHHEe MPOUCXOAUT B <BBYKOBOI» TOUKE (X}, yhtY), xorma
NZ(yhtY) =W snecs Xt =X, (Y tY).

Il. Cornacno (5), (8), rpanuenTHas karactpoda HacTyHaeT B TOYKe ocTaHOBKH (X, Y,,t) @I, xorna
N(y,,t.)=0, Te. (pB°InB), = (A)r . DTOT BapWaHT BO3MOXKEH TOJIBKO IPH HECTAlMOHAPHOM KpuBu3HE DT,
xorna GyHkius P(t) He sABISIETCS TOKIECTBEHHON KOHCTaHTOW. B wactHoM ciydae, korma P(t) = const, kpususna
craiponapra (0K /0t =0, cm. (1)), 4 rpagueHTHast KaTacTpodha MOKET HOABUTHCS TOJIBKO B «3BYKOBOI» TOUKE.

OrMmeTuM TAaKXKC, YTO B KHHEMATUYCCKOM OTHOLICHHUU A(t) XapaKTepu3yeT CKOPOCTh, OTBCUAIOLIYTIO I10-

cTynarenpHON KomroneHte aswkenus OI; P(t) ompenenser yrioByr ckopocTh kacaTenbHo# k OI' B kaxmoi
ee Touke. B pusnueckom otHomennn A(t) OMMCHIBAET CKOPOCTb ABHKCHHS BEPIIMHBI AeHapuTa; P(t) BXOAUT
B (popmyny st kpusususl K (y = 0,t) = p(t)B(y =0).

lll. TIpu noncuere npoussonnoit (0q,/0t); , sxonsueit B My, M3, nossasercs 9°N/at?, r.e. popmy-

ne1 (12) comepixat npousBoHbie TpeThero nopsaka dXA(t)/dt®, d®p(t)/ df.
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I'paauentHas karactpoda mosBisiercs, korma P(t) u () A(f) comepxar BXOILIYIO aJIUTHBHO CTe-
MICHHYO JTHO00 JIOTapru(MUIECKYI0 OCOOCHHOCTH:

(t,-1)°%, t,>0, 0<a<l; (t,—t)’In(t, -t), t;>0.

W3 paccMOTpeHHsI aHATUTHIECKUX BhIpakeHuil 1, u M, SICHO, 9TO JOKanbHAsE HEPAaBHOBECHOCTD IIPOSIB-
JseT ceOsl He TONBKO 10 OTHOIICHUIO K TEIIOBOMY MOTOKY (CM. cliaraeMsle, coAepikaliue MHOxuTenn Yog, /ot ,
y0Q, /0t ), HO ¥ 1O OTHOLICHHIO K YTy [, XapakTepusyromeMy AByMEpHbIe reoMerputeckue cBoiicta @I (cm. cma-
raemble, coepraie MHoxutenn YOSinf/ot , yocod3/ot). Takum oOpa3om, HopMaibHbIe npou3BoaHbie (6)—(8)

0 0 .
coZiepiKaT cllaraeéMbIe BHIa VE (qrI COSB) , Y— (qS C0513) , @ 9TO 3HAYHT, YTO HA (OHE JOKATHHOW HEPABHOBECHOCTH

ot

IpOLECCa POCTA HAOIIIOMAETCSl HEMHEHHOe (MYIbTUILIMKATHBHOE) B3aMMOIEHCTBHE TEILIOBBIX U MOP(OJIOruye-
cKknuXx cBoMCTB DI

[IpuBenem 31ech MpUMEPHI pacueTa BEICOKOCKOPOCTHOTO 3aTBEPIEBAHMUS MEPEOXIIAKISHHOTO pacIuiaBa
HUKeJs. Beramcnenus BeIMONHAEM B Oe3pa3MepHBIX NMEPEMEHHBIX. bepeM criemyromue mMacmTaObl BEIHYNH:

G =C=c, A =A=A,, T,=T., y,=10°M, K,=10m, N,=3mlc, X, =A,/(GN,)=4010°u,
t =% /N, =(4/3)A0°%, q,=c¢TN,, L =L/cT,), M,=N,/T,. Temnodusndeckue CBONWCTBA HHUKEJS:
c=56200, Ix/(v® Gpan); A =69Br/(m®Gpan); L=21400,Tx/m>; T,=1728K; U =181 Jlx/m*;
pn[1544 2594, m/(c[rpan) ; y= 138107 ,c; T. =1661 K. 31ech YHCIOBBIC 3HAUCHHSA I ¥ Y COOTBETCTBYIOT

pacIuIaBy YMCTOTO HUKEI, epeoxuiaxaeHuoro Ha 67 K [5]. TeroBoe mone pacmiasa co3naercst uictounukom 0, (X) :

_, 9T dg(x) _ .
==\, x| dx g,(x), xO[x,0], x <O.

PaCCManI/IBaeM (1)14314qu1<1/1 COL[ep)KaTeJ'ILHLIﬁ BAapUAHT HE3aTYyXaKIICro TEIUIOBOTO ITOTOKA:!

0. () =g'sin®(kx) ; g, k —const, g >0,

1
x 1 . 21
T.0=T"-| & | X - sin@kx) |, L<(-x), T.(x=0)=T°>0.
() [A]{Z K 2k x) K (=x), T.(x=0)

B uactHoMm ciyuae Of =0, T.e. npu G (X)=0 mmeem omHopomHoe Temnosoe moine T, =T.° =const,
xO(-,0]. Kpome Toro, ObUI pacCMOTpEH 3aTyXaloWWii MO0 KOOPJAMHATE TEIUIOBOM IIOTOK BHJA
g (X) = ge™*sin’(k.X) ; q3 k., n. — nomoxurensHble BenuyuHbl. OTMETHM, YTO PE3YNbTATHI PACUETOB IS
n. =0 u n. >0 He coaepkar CyIECTBCHHbIX KA9ECTBCHHBIX PAa3INYHIi.

Uens pacueros —waiitu T, d,, dy, 9T,/dn, dq,/dn, 0q,/0n xak Qpynkuuu aprymenTos Y, t.

I'paduku >THX 3aBUCUMOCTEl cTpouM mpu ¢ukcupoBanioM Yy >0 mpu t>0. 3xecs Yy =0 — BepuinHa

JICHIPUTA; YeM OOoJIbIIe pajuabHAas KOOPJMHATA Y, TEM JAJIbIIe HAXOIUTCS M3ydacMmas TOYKa JIMHHUH POCTa
ot ocu genzapura; N, =—N . BoruncineHre npon3BOAHBIX BBITOJIHIOCH C IOMOLIBIO porpamMmbel Mathcad.

Ha pucynkax 1-3mpescraBieHbl pe3ylbTaThl pacueTa 0CeCUMMETpUYHON (KoHnueckoi) I iyt BapuaH-
ta B(y)=1+ny, y>0,

A(t) = % (L-cosyt), t20. (13)

OT0 3HAaYUT, 4TO CKOPOCTH DPI' UCHBITHIBACT MIEPHOANYECKOE BO3MYILeHHE &, SiNWt.

Hust p(t) momyckarotcs ABa Cirydvas:
p(t) =1+ (a, sinw;t)”; (14)
p(t) =1+a,(d-sinwt), a, >0. (15)

3mecs 8, &,, N, W, W, — IOCTOSHHbIEC BeMM4uHbL. J[s1 3aBucuMocty (14) nMeeM HEOTPHIATENIBHOE OTKIIO-

HEHUE OT SAWHHUIIBI, 3aBUCHUMOCTD (15) naet 3HaKomepeMeHHOe OTKIIOHEHHe &, Sinuw,t ot 1+4a, .
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OGcyauM pe3y TbTaThl pacueTo, osydennsie mpu V =1, N° =-N, = 307 m/c, k. =1.

Wudopmarust, IpeacTaBICHHAs Ha PUCYHKaX 1 M 2, O3BOISIET CYAUTH 00 MHTEpBaiax, B KOTOPBIX MEHS-
FOTCSI OCHOBHBIC TTapaMeTpPhl TEIUIOBOTO MOJISI HA JIMHUK POCTa. PacdeTsl moKkasand, 9To M3MEHEHHE peXnUMa KO-
nebanuit Gynkuun p(t) He BIHMsACT NPUHIUMHATLHBIM 00pa30M Ha HECTaLOHAPHBIC CBOMCTBA CKOPOCTH POCTA.

T

, oT, /an

{5

- 0.925

ag./on
70

-80

-90

0q,/on

60
40
20

75

80

Pucynok 1. —TensoBoe cocTosiHue AeHAPHTA
B KOHEYHOI OKPECTHOCTH €ro BEPIIHHBI VISl pesknMa KoJiedanuii (15):
ni=1a;=01;0,=0,5a,=04,0,=1;q'5= 0,01y=0,01

Cpasuenne pucynkoB 1 u 3 roBoput o Tom, uto Bapuantsl (14) u (15) pasnuyarorcs reoMeTpUIeCKUME

KoHOUrypamusaMu (a3oBbIX IOPTPeToB. [IpHHIMNMANBHBIX Pa3nuuuid (U3NYECKOrO XapakTepa MEXIy STUMH
pexXuMaMu KoJieOaHU HeT.

Pucynok 2 orHocurcs k nepudepun neaaputa: y =10; pucyHok 1 n1eMOHCTpHpYeT CBOHCTBa Ipolecca
B KOHe4HOH okpectHocTH Bepumtbl (Y = 001) , roe Gonblias KpHBU3HA JHMHHU POCTA B 3HAYMTEIBHOH CTEMEHH
BJIMSICT Ha IPaJIMEHTHBIC CBOMCTBA TEIIOBOTO IOJISL.

Brun Taxoke MPOBCACHBI PACUCThI JId ABYXMCPHBIX IJIOCKUX or. HOZ[pO6HOCTI/I 9THX BBIYUCIICHUN 31€Ch
HE PUBOAATCA. Pe3yJ'ILTaTLI CpaBHCHUSA TMO3BOJIAIOT YTBCPIKAATh, YTO PA3JINYUA MCKIAY IUIOCKON M OCECUMMET-
pPI‘-IHOﬁ or XOpOoIIo BBIPAXKCHBI B KOJIMYCCTBCHHOM OTHOILICHUU. I[JIF[ NpeACTaBJICHHBIX 31€Ch PCKUMOB pPOCTa
OTCYTCTBYIOT IPHUHLUIIMAJIBHBIC KAYECTBCHHBIC PA3JIMUMs MEXKAY BapuaHTaMu V = Ouv=1.

68



HIPOMBIIIJIEHHOCTA. IIPUKJIA/[THPIE HAYKHU. Mamepuanosederue

- 0.9991

- 0.006
~ 0.004

- 0.002

Pucynok 2. —CBoiicTBa TenjoBoro moJjs
Ha nepudepnn ocecMMMETPHYHOTO AeHAPHUTa Y = 1119 pe:knma koJiedanmii (15)
(BxomHbIe MapaMeTpshI 321241 TAKHE Ke, KaK Ha pucyHke 1)

Oh dqg,/on
0.8
40
0.6 30
20
Kd 10
0.2 574
57.4 550
57.5
57.6
K K

PPlcyHOK 3. —HOpMaJ‘IbHaﬂ COCTABJIAKOIIAA TEIJIOBOI'O IOTOKA
B OKPECTHOCTH BEPUIMHBI 0CECHMMETPUYHOr0 TeHAPUTA ISl pekuMa Koiedanuii (14):
n,=0,7,a;,=0,1;0,=0,5;a,=0,1;0, = O,5;q1D= 0,005y =0,01
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3akimouenne. HpeZ[CTaBJ'ICHLI PE3YIbTAaThl AHAJTUTHUICCKOI'O XU YHUCJICHHOI'O UCCIICAOBAHUS TCIUIOBBIX CBOICTB
JABYXMCPHBIX JIMHHAH pocrTa, 06naz[afom1/1x IUTOCKOM M OCEBOH CUMMCTPUAMMU. AHanu3 BBIIOJHEH JJIg CJIy4JacB
MEPUOANYCCKOTO M0 BPEMEHHN BO3MYIICHUSA CKOPOCTU U KPUBU3HBI OCGCHMMeTpH‘{HOﬁ (1)2130130171 TrpaHULBbL. O6Ha-
PYKEHbI CYIIECTBCHHBIC KOJIMYCCTBCHHLIC PA3JIMYUA MCKAY PCKUMaMU KoJicOaHuil BOIU3H BCPUIMHBI ACHAPUTA
1 Ha KOHEYHOM YJaJICHUHN OT HEC.

Hoxa3aH0, 4YTO OCHOBHBIMU NapaME€TpaMH BJIMAHUSA Ha TCIJIOBOC COCTOSIHUC JIMHUHN POCTA ABJIAIOTCA Yac-
TOTa U (1)333 KoJieOaHuii. YCTaHOBHGHO, 4YTO Ha (l)OHe JIOKaJIbHOMI HCPABHOBECHOCTHU IIpoLEcca poCTa Ha6n}o,uaeT-
Csl HeJIMHEHHOE BSaHMOHGﬁCTBHC TCILIOBBIX U MOp(l)O.HOFI/I‘leCKI/IX CBOICTB (1)2130130171 TrpaHULBbL.
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Iocmynuna 24.05.2018

THE OSCILLATIONS OF THE VELOCITY AND CURVATURE
OF THE AXIALLY-SYMMETRICAL PHASE BOUNDARY
AT CRYSTALLIZATION IN AN OVERCOOLED MELT

O. SHABLOVSKY, D. KROLL

The gradient properties of the heat field on thagghboundary are studied at high-speed crystaibnat
of a unicomponent overcooled melt. The increaswlg of locally-nonequilibrium heat transfer at intgfied
overcooling is taken into account. The analytic@nsformations were carried out with the aid of taete-
dimensional orthogonal basis, which correspondedhi® tangent, the main normal and the binormalhaf t
phase boundary. Explicit expressions for the déikiea of the temperature and the heat flux vecterabtained.
The origin of a lateral branch of a dendrite wamalated mathematically by the gradient catastropien the
derivatives of the temperature and the heat flictarebecome infinitely large. The tree reasonstlfier heat field
destruction are indicated. Numerical calculations the influence of time-periodical perturbatiomsthe velocity
and the curvature of the phase boundary affectimgstructure of the heat field. The oscillationiregs at the
dendrite top and in the distant zone are collafBlde phase portraits for the system “melt — crystaBre built
in the coordinates “velocity — curvature — temperat, “velocity — curvature — heat flux” etc. Alhe calculations
were carried out for the overcooled nickel melt.

Keywords: interface evolution, morphological stability, i dendrite, side branch.
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YK 621.923

OCOBEHHOCTHU MATHUTHO-ABPABUBHON OBPABOTKHU C PETEHEPAIIMEN KOHTYPA
PEXYHEI'O MTHCTPYMEHTA UMITYJIbCHBIM MATHUTHbBIM ITOJIEM

0-p mexu. nayk, npogy. I.M. AKYIOBUY,
Kano. mexu. nayk, ooy. M.M. /IEYKO; O.H. BOPOILIIYXO
(Benopycckuit 2ocyoapcmeennulii azpapuslii mexuuueckuil ynueepcumem, Munck)

Paccmampusaemces enusnue pecenepayuu KOHmMypa pesicyuie2o UHCMpYMeHma UMnyaibCHbIM MASHUMHBIM
noiemM Ha Kauecmeo NosepxXHocmell demaneli u npou3go0umeIbHOCHb Npu MAZHUMHO-abpa3ueHol oobpabomxe.
Yemanoeneno nonosicumenvroe enusHue OONOIHUMENbHO20 MAZHUMHO20 NOJIL HA KAYeCmeo U Npouseoou-
MeIbHOCMb MAZHUMHO-abpaszusHou obpabomku. Onpedenienvl ONMUMATbHbIE 3HAYEHUS 8APbUPYeMbIX DaK-
mopog, obecneuusarouue MAKCUMAIbHOE 6IUsIHUE HA YMEHbUIEHUe WEePOX08AMOCU ROCIe YKA3aHHOU 0bpa-
OomKU ¢ OONOIHUMENbHOU MASHUMHOU CUCTEMOU.

Knroueesvie cnosa. maznumno-abpasuenas oopabomka, heppoadpazughvill NOPOUWOK, NOIOCHBIL HAKO-
HEUHUK, peceHepayusi KOHMypa pexicywje2o UHCmpymMeHma, ¢peppoadbpasusras wémka.

BBenenue. Pa3zsutre BbICOK03(D(EKTUBHBIX TEXHOJIOTHI U3TOTOBICHHUS JICTAJCH MAIlIMH BCce OoJiee yxKe-
CTOYaeT TpeOOBaHUs K MPOU3BOAUTEIBHOCTH ONEpanuii 00pabOTKH 3aroTOBOK M KaueCTBY MOBEPXHOCTEH Jie-
TaneH, YepTekeid caMux neraneil kak mo Gopme, Tak ¥ 0 TOYHOCTH. DTO SABIAETCS MOTHBAITUEH COBEPIICHCT-
BOBaHMS (PUHUIIHBIX CIOCOOOB MEXaHMYECKOW 00pabOTKM W CO3JaHUs TPUHIIMIHAIHLHO HOBBIX METOJOB,
B TOM YMCJIE OCHOBAaHHBIX HA HHOM XapaKTepe B3aNMOJICHCTBISI HHCTPYMEHTA C IIOBEPXHOCTHIO JICTAJH.

ITpu GunaMIIHON abpa3uBHONW 00pabOTKE TPAAUIIMOHHBIMUA CIIOCOOAMH Ha OTACNBHBIX y4acTKax MOBEpPX-
HOCTeH 00pabaThiBaEMbIX JETajel BOSHUKAIOT MOIPENIHOCTH (GOPMBI M pa3dpoc BeNWYuH miepoxoBatoctu [1].
B pesynbpTaTe mapaMeTphl KauecTBa Ha Pa3IMYHBIX YYaCTKaX MOTYT 3HAYUTEIBHO OTIUYATHCS APYT OT APYyTa,
U [uisi oOecrieueHus: TPeOOBaHUN YEPTEKa MOTYT MOTPEOOBATHCS JOMOJHUTEIBHBIC JOBOJOYHBIC ONCPAIIHH,
KOTOpPBIC, KaK MPABUJIO, BHIMOJHSIOTCS BPYYHYIO U SIBJISFOTCS TPYTOCMKUMH.

B MammHOCTPOCHUH IIUPOKO HCIIONB3YIOTCS IETANHM THIIA TNl BPAICHHUS ¢ paO0YUMHU MOBEPXHOCTSIMHU
MOJ| TIOCAJIKY, K KOTOPBIM NPEABSIBIAIOTCA 0CO00 BBICOKHME TPEOOBAaHUS KaK MO TOYHOCTH (POPMBI U BEIUYHHE
HIEPOXOBATOCTH, TAaK U MO MOKAa3aTeNsIM (hU3UKO-MEXaHHUCCKUX CBOMCTB MOBEPXHOCTHOTO ciosi. IIpuMeHeHue
MarHuTHO-a0pasuBHOM 00paboTkr (MAQ) 10 CpaBHEHHIO ¢ TPAJAUIHOHHBIMU criocobamMu abpa3uBHOM 00paboT-
KH CIIOCOOCTBYET 00pa30BaHHUIO BBEICOKOTO Ka4eCTBA MOBEPXHOCTH M CTPYKTYPHI MIOBEPXHOCTHOTO CJIOS 32 CUET
HEBBICOKOH TeMIIEpaTyphl B 30HE pe3aHusl.

Ilenv pabomsl — yCTaHOBHUTH BIHMSHHC PETCHEPALNH KOHTYpa PEXYIIero MHCTPYMEHTa MarHUTHBIM II0-
JIeM Ha KauyeCTBO TIOBEPXHOCTEH AeTanel ¥ MPON3BOANTENFHOCTh IPH MarHUTHO-a0pa3uBHOI 00paboTke.

OcHoBHas 4yacThb. JloctounctBamu MAOQO, B OTIIMYHE OT TPAAUIIMOHHBIX CTIOCOO0B (PMHUTITHON 00paboT-
KU, SBIISTIOTCSI BO3MOXKHOCTh PETYJIHPOBAHUS IJIOTHOCTH U JKECTKOCTH 00padaThIBAIOIIETO HHCTPYMEHTa, cop-
MHUPOBaHHOTO u3 (heppoabpazusHoro mopoimika (DAIT), obecrieueHre MapaMeTPOB HMIEPOXOBATOCTH 0OpabAaTHI-
BaeMbIX moBepxHocteil B mpeaenax Ra (0,01...0,63)mkm, cHimkeHus BonmHucTOocTH B 8...10 pas, rpanHocTtH
10 2 pa3 [2]. Yka3zaHHbIE TEXHOIOTHYECKHE MPOIECCH JIETKO MOIAI0TCS aBTOMATH3AIMH, TOCKOJIbKY JJIEKTPHU-
YECKHE U MArHUTHBIC TIOTOKH YHEPTUU MPOCTHI B PEATU3aIUH U YIOOHEI B YIIPABICHUU.

Bwmecre ¢ Tem MarauTHO-abpa3uBHas 00paboTKa HMEeT HEJJOCTATOK — CHIDKAeT HHTEHCUBHOCTD «caMope-
TeHepanum» KOHTYpa PEeXYIIEr0 HHCTPYMEHTa B pabodueill 30HE, UTO HETaTHBHO CKA3bIBACTCS HAa MPOM3BOIM-
TEJILHOCTH M KayecTBe 00paboTKH, PU3MKO-MEXaHMYECKHX CBOMCTBAX 00pabaThiBa€MBIX IOBEpXHOCTEM [2; 3].

AHann3 M3BECTHBIX TEXHOJOTHYECKHX CXeM W KOHCTPYKIHH ycTpoiicTB mist MAO mokasai, 9To Hau-
GoJbIIast IPOU3BOAUTEIBHOCTD MPOIIECCA TOCTUTACTCS 3a CYET COOOMICHNS OCIIIUIHPYIONINX ABIDKCHIA YacTH-
maM D AII B pabouem 3a3ope. OQHAKO MPH TIOTEPE PEXKYITUX CBOUCTB KOHTYpa Geppoadpa3uBHON METKH MO Me-
pe e€ paboTel TpeOyercs mepeopueHTarus yactun DAIl, yeMy HpEnsITCTBYIOT COCEIHHE YAaCTHIBI TUIOTHOM
(deppoadbpasuBHO mETKH. [To3TOMY CTOUT 3a/1a4a MPUHYIUTESIHLHON IEPEOPUCHTAINH C pEreHepaliell KOHTypa
pexyiero nHCTpymeHnTta. OIMH U3 BAPUAHTOB PEIICHUS MMOCTABICHHON 33a]]aui — MCIIOJIb30BAHKUE HAIIPABJICHHBIX
MAarHUTHBIX TOTOKOB OT JBYX CHCTEM, PacloNOKeHHBIX moja yriom 90° mpyr x npyry u pabOTalOUIMX B UM-
mynbCHOM pexxume (pucyHok 1) [4].

OcHoBHOe MarHuTHoe nosie Benuuunoit B = 0,9Tn ynepxxuBaer ¢eppoabpa3uBHbIH MOPOIIOK B pabouem
3a3ope U GpopMupyet peppoadbpasuBHyIo METKY. B 3T0 Bpems mpoucxoaut mporece Mukpopesanus. [lo mepe mo-
Tepu pexymei cocoonoctrn yactuiy @AIl, Haxomamuxcs B KOHTaKTe ¢ 0OpabaThIiBaeMOi 3arOTOBKOM, OTKITIO-
YaeTcsl OCHOBHAs MarHuTHast cucteMa (MC) 1 BKITFOUAETCsI NOTIOMHATENbHASL. JIOTIONTHUTEIbHAST MATHATHASL CHC-
TeMa IeHepupyerT B paboueM 3a30pe dMIeKTPOMarHuTHyro MHAyKuuoo By > 1,1 Tn. [Ipu BKiIOYeHUH OHOJHH-
TENBHOW KaTYIIKH M3MEHICTCS XapaKTep paclpeAeieHUs CHIOBBIX JMHWHA MarHWTHOTO MOid. PacmpenereHue
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CHJIOBBIX JIMHUH MarHUTHOI'O noJisd, TCHEPUPYEMBIX B pa6oqu 3a30p¢c ﬂOHOHHHTGHLHOﬁ MarHUTHOM KaTymKOﬁ,
paccuuTaHo METOAOM KOHCYHBIX 3JIECMCHTOB IIPU MMOMOIIU NPOTPaMMbI FEMM u OpeACTaBIICHO HA PUCYHKC 2.
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1, 2 —c00TBEeTCTBEHHO KATYIIKH H MOJIOCHbIe HAKOHEYHHMKH OCHOBHOI MarHUTHOI CHCTEMBI;
3 —MarHuTonpoBox; 4 —KaTyuIKa J0NOJHHTEIbHOl MArHUTHOW CHCTEMBI;
5 —HaKOHEYHUK JONOJHHUTEIbHOl MArHUTHON cHcTeMbl;, 6 —o00padaTbiBaemasi 1eTalb,
8, kd — paGoumnii 3230p OCHOBHOIi U JOMOJIHUTEIbHOl MATHUTHON CHCTEMbI COOTBETCTBEHHO

PucyHok 1. —CxemMa UMIYJIbCHOIi pereHepaniyu KOHTYPa pe:Kyliero HHCTpPyMeHTa

jon_Opuin, AXY_biepn Weskow o lain
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1 —ocHOBHOIf MOTOK; 2 —MOTOK pacceMBaHus; 3 —MarHUTONPOBO/;, 4 —3aroToBKa

PucyHok 2. —PacnpenesieHue CHIOBbIX JTMHHIA MATHUTHOTO TOJISt
npu padoTe J0NOJHUTENBHON KaTyLIKH, pacCYMTAHHOe B mporpamme FEMM

JononHuTtenbHOE MarHUTHOE TT0JIe elCTBYeT Ha (eppoabpasuBHyto mETKy mox yriaom 90°u paspyiaer eé,
yactuipl ATl nmepemeniarorcs B pabouuii 3a30p JOMOTHUTEIBHON MarHUTHOU cUCTeMbl. OJHOBPEMEHHO UM-
MyJIbC MArHUTHOTO TI0JIs, HAaBESACHHBINA B pabodeM 3a30pe IOMOJHUTEIBHONH MarHUTHOW CHCTEMBI, BO3JICHCTBYET
1 Ha 00pabaThIBaeMyI0 3ar0TOBKY.

3areM MPOM3BOIUTCS OTKITFOUCHHE JOTIOTHATEIBHON MAarHUTHOW CUCTEMBI M BKIIFOUCHUE OCHOBHOM. Deppo-
a0pa3uBHBIN MOPOLIOK MEepeMenIaeTcsl B padovnii 3a30p OCHOBHOI MarHUTHO# cucteMbl. DopmMupyercst pereHe-
pupoBaHHas peppoabpa3uBHas METKA C BOCCTAHOBICHHOW PEXYIIEH CITOCOOHOCTBIO 3a CUET 3aMEHBI 1 000poTa
(heppoabpazuBHBIX YaCTHIl, KOHTAKTHPYIOMUX C 00pabaTeiBaeMoil 3aroToBkoi. Takoe moouepEénHoe mepeKITto-
YeHWE OCHOBHOM W JTOTIOTHUTEIHHON MarHUTHOW CHCTEMBI TTO3BOJISICT MPONU3BOANTE 00pabOTKy BCeria OCTPHIMH
KpoMKkaMu (heppoabpa3uBHBIX YaCTHII.

Jlis monTBEpKACHUS PAlMOHAIBHOCTH IIPUMEHEHHS TOTIOTHUTEIIFHOTO MarHUTHOTO TOJIS C IENBI0 pere-
HEpaluy KOHTYpa peXyIero MHCTPYMEHTa ObLIa CcO3/1aHa HKCIEPHUMEHTANbHAS YCTAHOBKA C JOMOJHHUTEIBHON
MAarHUTHON CHCTEMOM, Ha KOTOPOU MPOBE/ICH Pl SKCIICPUMCHTOB.

YcoBus MPOBEJCHUS YKCIICPUMEHTA: MArHUTHAS MHYKIMS OCHOBHON MarHUTHOM cucteMbl Bo = 0,9Tn;
MarHuTHass MHIYKIUA JOIOIHUTENbHOM MarHuTHOM cuctemsl By = 1,1...1,9Tn; pabounii 3a30p OCHOBHOM Mar-
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HUTHOM cucTeMbl Op = 1 MM; pabounii 3a30p JOMOJHUTEIHHON MATHUTHON CHCTEMBI 5;[ = 0,5mMm; 3epHECTOCTH
(deppoadpasusHoro mopomka FeTIC A = 100...160mkM; ckopocTs riaasaoro asmwkenus V = 0,1...0,9wm/c;
BpeMs oOpaborku T = 30...90c; uHTEpBaN BKIIOYECHUS AONOJIHUTEILHOW MarHUTHOW cucteMsl U = 5...25¢;
IIPOJOJDKUTENIBHOCTD LIMKJIA PAOOThl JONONHUTEIbHON MAarHUTHOM CUCTEMBI Ty = 2...6 c. O6pa3naMu CliyKuiu
MopLIHeBbIe nanblbl @ = 25MM (Matepuan — ctans 12XH3A, TBepaocTs moBepxHocTHOro cios 58...62 HRC).

BrixoaHbsle moka3aTenu: U3MEHEHHE IMIEPOXOBATOCTH MOBEPXHOCTEH aeraneld, ARa, MM, nmpousBoau-
tenbHocTs MAO, Am, Mr/c. M3mepeHne IepoXoBaTOCTH IMOBEPXHOCTH MPOU3BOAMIOCH Ha mpoduiorpade-
npoduiomerpe Mitutoyo SJ-201PMacca seraneii B3BermBanacsk Ha Becax Massa-K BK-60Q tounoctsio go 0,01r.

DKcnepumenmanbHble UCCIe008ANUS GIUAHUSL OONOIHUMENbHO20 UMNYIbCHO20 MACHUMHO20 NOJISL HA Ka-
uecmgeo MAO. ®opmupoBanre MUKpoIpoduis moBepxHocTH pu MAO IPONCXOIUT B pe3yiIbTaTe OTHOBPE-
MEHHO TPOTEKANOIINX 2-X MEXaHW3MOB BO3ICHCTBHS abpasuBa: 1) cpe3aHue BEPIIHH MCXOTHOTO TPOGHIIS;
2) mpope3aHue HOBBIX YIIyOJICHUH HA MTOBEPXHOCTH.

HcxomHas MOBEPXHOCTH, MOJMYYCHHAS TOCIIC YHCTOBOTO TOYCHUs, UMEET OoJiee IepOXoBaThIil Mpoduib
10 CpaBHEHHIO ¢ abpa3zuBHOW 00paboTkoi. IIpn 3TOM mpobieMaTHYHO MOTydaTh TOYHOE 3HAYCHHE HMCXOIHOU
LIEPOXOBATOCTH Ha BCEX 3aroTOBKAaxX, KOTOpbie B AajbHeiimeM noaseprince MAO, Tak Kak MHUKPONpoduib
npu 00paboTke GopMupyeTcs Mo BO3ACUCTBUEM OOJBIIOrO YKcia ciiydaiiHbX (akTopoB. B pesynbrare pac-
npe/esieHre mapamMeTpa IMepoxoBaTocT Ra B UCXOIHOM COCTOSHUM MMEJIO paccerBaHKe, MOKA3aHHOE Ha THC-
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torpamme (pucyHok 3).
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Pucynok 3. —-I'mcrorpamMma pacnpeneneHus
HCXO/IHOI 11epOX0BATOCTH NOBEPXHOCTH

Pacnpenenenne UCXOAHOW HIEPOXOBATOCTH OJIM3KO K HOPMAJIbHOMY M MMEET 3HAUUTEIbHYIO JTUCIIEPCHUIO
(cpennexBaaparuuHoe otkinonenue Racocrasuno 0,21mkm). [109TOMY HElb3s IOMYCTUTD, YTO B HCXOHOM CO-
CTOSIHMH BCE 3arOTOBKH OBLIM paBHOIEHHBI. OdeBuIHO, 9T0 P MAOQO 3aroToBKH ¢ OOJIbIIEH HUCXOTHON IIIepO-
XOBaTOCThIO OyAyT B OOJNBINEH CTENEHH IOIBEP>KEHBI IEPBOMY MEXaHH3MY (OPMHPOBAHUS MHUKPOTIPODUIS,
¥ U3MCHCHHUE napamerpa Ra it Hux MoxeT ObITh 00Jiee 3HAUUTEIBHBIM, YEM JUISL 3aTOTOBOK C MAJIOW UCXOTHOM
nepoxoBarocThio. CiieoBaTesibHO, (PAKTOP «UCXOJHAsS ILIEPOXOBATOCTHY» JOJDKEH ObITh BKIIOYEH B YpaBHEHHE
perpeccuy, ONKCHIBAIOIIEEe U3MEHEHHE LIEPOXOBATOCTH B pe3yibrare MAO Ha pasnuyHbIX pexuMax. B sTom
cilydae Kak[plil JyOJib, BEITIOJHEHHBIN IPU OJJUHAKOBBIX pexuMax MAO, cTporo roBopsi, He sIBJISETCS MMOBTOPE-
HHUEM, TaK KaK OTJIMYAETCs UCXOJHOM IIepoXoBaTocThi0. [lo3ToMy npenBapureipHas 00paboTKa JaHHBIX, BKIIO-
Yarollas BIYUCICHUE CPEIHUX U JUCIIEPCHI B KaXI0W TOUYKE IJIaHA IKCIEPUMEHTA, HE NMEET CMBICIA.

Iouck ypaBHEHHS PErpeccU CBOAWICS K B BHIY MOJHHOMHUAIBHONW MOJCITH 2-TO MOPsIKAa B HOPMHUPO-
BaHHBIX KOOPJMHATAX, B KOTOPOE BKIIFOUEH Takxke (akTtop R, . PacueTsl BBIMOIHEHB! ¢ TOMOIIBIO TPOTrPAMMBI
STATISTICA, mpouenypa GRM (General Regression Modeloéinast perpeccnoHHast MOJIEIB).

JIyist BBISIBIICHUST «BBIOPOCOB» — aHOMAJIBHO OOJIBIINX PA3HOCTEH MEKAY SKCIICPUMCHTAIBHBIM U pac-
YETHBIM 3HAYEHHEM ITapaMeTpa B TOUYKE [JIaHA — KCIOJH30BAIU OIEHKU CTHIOJACHTU3UPOBAHHBIX YIATEHHBIX
ocratkoB S.DRes [5]Pe3ynbraT HaGIIOICHHUS UCKITIOTANICS U3 pacueToB, ecnu s Hero |S.DRes| > 3.

Ha ocHOBe Mojy4eHHBIX AaHHBIX PACCUUTAHBI KOI(P(HUIMEHTb! ypaBHEHUSI PErPECCHH, CTATUCTUYECKAs
3HAYMMOCTh KOTOPBIX OICHHBAJAach MO Kpureputo CThIOJACHTA HA OCHOBE IUCIEPCHH, 0a3UPYIOIICHCS HA OCTa-
TOYHOH cymMMe KBajparoB. Hesnaunmblie ko3 UIIHEHTHI UCKIIOUAINCH M3 YPABHEHHSI METOAOM 00paTHOro Mo-
LIArOBOr0 MCKJIFOYCHUS, TaK KaK [UIaH SKCIIEPUMEHTA He OPTOrOHANBHbBIN. B HTOre MojyueHo ypaBHEHUE BUIa

ARa= Ry, - b+ b X+ b X X- B X X B XX¥ R

KOTOPOE OIHCHIBAET PE3YJIbTATHI IKCIIEPUMEHTa ¢ KO3((DUIIMEHTOM MHOXXECTBEHHOM Koppessiuuu I = 0,9.
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AHanu3 BeIMYuH KOA((GUIMEHTOB PErpeccuy MoKa3ai, 4To (pakTopoM, HauboJiee BIHSIONMM Ha U3Me-
HCHHE IICPOXOBATOCTH, SBISCTCS MCXOJHAS IIEPOXOBATOCTh. UeM OHa 0oJjbIie, TeM OOJbIIC U3MCHEHUE IIEPO-
xoBaTocTd B pesysnbrare MAO. B cpeanem mepoxoBatocTh mocic MAQO ymeHnsimaeTcst Ha 87% OT MCXOMHOM
Benm4uuHbI, MUHYC 0,26 MKM.

BropsM 1o 3HaUMMOCTH SBIsieTCss MHAYKTHBHOCTH By (X, ). Bo3pacranme mnpykTuBHOCTH Hambonee
3HAYMMO BJIMSIET Ha YMEHBIIEHHE IIepoxoBaTocTu nocie MAO. VBenrueHne HapsHKEHHOCTH MAarHUTHOT'O MOJISt
YBEJIMYHBACT BO3/CHCTBUE NOMOJIHUTEIBHON MAarHUTHOW CHUCTEMbBI HA PEreHEepalUi0 KOHTYypa PEeKYIIEro MHCT-
pYMEHTa, BBI3BIBASI 3HAUUTEIbHOE H3MEHEHHE MePOX0BaTOCTH (PUCYHOK 4).

Ré;ocner MKM

0,46

0,42

0,38

034

0,3

1;Bﬂ, Tn

Pucynok 4. —3aBucumocTs mepoxosaTtoctu nociie MAO
OT BEeJIMYMHBI MATHUTHON MHAYKIMH, FeHepHPYeMOii 10NM0JHUTeIbHOI KaTymkoii B

B uucne rnaBHbix 5Q)EKTOB — BpeMs 00pabOTKH, BIUSHUE KOTOPOro HenuHeitno (X7 ), mpu 3ToM OnTH-

MallbHBIM SIBJISIETCSI CPE/IHEE 3HAUYCHHE BPEMEHU B BapbHPYEMOM HMHTEpBaje. ITO MOXHO OOBSCHHUTH TEM, YTO
MIPH MajJlOM BpeMEHH 00paOOTKH HE YCIIEBAIOT yIaTUThCs MCXOIHBIE MUKPOHEPOBHOCTH, a MPH OOJBIIOM (Hop-
MHpYeTCsi OOJIbIIE HOBBIX.

®axropbl X, u X, HAZ0 NPU3HATH, HE OKA3BIBAIOT CTATUCTUMECKH 3HAYMMOIO CAMOCTOSTENBLHOTO BIMSHU,
MX POJIb MPOSABJISAETCSA TOJNBKO BO B3aUMOJEHCTBUAX ¢ ApyruMH (akTopamu. Bzanmoneicteue X, X, ykaspisaet

Ha TO, YTO M3MEHEHHE LIEPOXOBATOCTH IPU YBEINYEHHH MHIAYKTHBHOCTH MOYKHO YBEIHYHUTH OJHOBPEMEHHBIM
YBEJIMYCHUEM YHUCIIA BKIIOYCHHUH OMOJHUTEIBHOTO MarHUTHOTO moJisi. Ho mpu 3TOM, Kak moka3bIiBaeT B3anMo-
neiictre Gpaktopos X, X, MEPHOBI BKIIOYEHHS JOTIONTHATENBHOTO MATHUTHOTO TOJIS [ENECO00Pa3HO TPUHATE

MHHUMAaJIbHBIMU.
BsanmonetictBue GpakTopoB X X, yKa3eIBaeT Ha TO, YTO JOTIONHUTENBHOE YMEHBIICHHE NIEPOXOBATOCTH
nocsie MAO MoeT ObITh JOCTUTHYTO IPH OOJIBIION CKOPOCTH pe3aHusl.
Takum 00pa3oM, MakCUMalbHOE CHIKEHHUE 1epoxoBaTocTu nocie MAO MoxkeT ObITh MMOJy4eHO Ha pe-
XKUMe 00pabOTKH, IPUBEICHHOM B Tabnuue 1.

Tabnuna 1. —OntumanbsHble 3HaYCHHS (PAaKTOPOB

OnruManbHbIE 3HaUeHHS (paKkTopoB Pacuerroe snaterie ARG, MKM
X1 X2 X3 X4 Xs
0 1 1 1 -1
T,C By, Tn V, m/c u, c T, C 0,8MRa, — 0,17
60 1,9 0,9 25 6

Dkcnepumenmanvhvle UCCIE008AHUA GIUAHUA OONOTHUMENLHO20 MAZHUMHO20 NOJIA HA NPOU3E0OUmeNb-
nocms MAO npoBonvNch Ha yctaHoBKe DY-6. IIpu aTOM OBLT peain3oBaH METOJ 5-Tn (akTOpHOrO MaTeMaTH-
YEeCKOro UIAHUPOBaHUs. B KauecTBe HCCIEAyeMOro mapaMmerpa npuHuManach npoussoautensHocts MAO (Y).
BapeupyeMbIMu (paKTOpaMU B DKCIEPUMEHTE SBIISUIMCH: BpeMs 00pa0oTku T (Xi); MarHUTHAs WHIYKIHS JO-
HOJIHUTEIBbHOI MarHUTHOH cucteMsl By (Xp); ckopocTs riaBHoro aBwkeHus V (Xs); MHTEpBal BKIIOUCHUS
JOMOJHUTEIbHON MarHUTHOM cHUCTeMBI U (X4); IPOJOIKUTENBHOCTD LMK PA0OTHI AOMOJHUTEIBHOH MarHuT-
HOit cucteMsl Ty (Xs).
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YpaBHEHHE perpeccuy UCKaIM B BUJIE TIOJIMHOMHAIEHON MOZAENN 2-TO MOpsi/IKa B HOPMUPOBAHHBIX KOOP-
JauHatax. Pacuersl BbimosHeHbI ¢ moMolibio nporpammel STATISTICA, npouenypa GRM (General Regression
Model —o6ias perpeccioHHast MOJEIND).

HecMmoTpst Ha TO, YTO AMCIIEPCHH TIO TOYKAM IUIaHAa OZHOPOXHBI, CPEAN HKCIICPHUMEHTAIbHBIX 3HAUCHHUI,
BKJIIOYAIONIHX 110 5 y0iield B Ka)XKI0# TOYKE IUIaHa, MOT'YT IIPUCYTCTBOBATh <«BBIOPOCHI» — IKCIIEPHUMEHTAIbHBIE
TOYKH, MMEIoIIHe OOJBIINE OTKJIOHEHHUS OTHOCHTENBHO COOTBETCTBYIOIINX PACUETHBIX 3HAUCHHUH COITIACHO IIO-
Jy4eHHOMY YpaBHCHHUIO perpeccuu. Takue TOYKH CYLIECTBEHHO CHI)KAIOT TOYHOCTh OLIEHKH IIapaMeTpOB per-
PECCHOHHOI'O ypaBHEHHs M BBI3BIBAIOT MX CMEIUCHHUS. JIJIs BBIABICHHS IONOOHBIX OIBITOB IIPUMEHSIOTCS Pa3-
JIMYHBIE NIPOLEAYPHI OLIEHKH OCTATKOB — Pa3HOCTH MEXIY KCIIEPUMEHTAJIbHBIM U PACUCTHBIM 3HAYCHUEM Iapa-
MeTpa B TOUYKe MiaHa. MbI MCHONB30BAM OLCHKH CThIOJCHTU3UPOBAHHBIX yaajeHHbIX octaTkoB S.DRes [5].
PesynbraT HaOIOJCHUS HCKIIOYANCS U3 pacdeTos, eciau aist Hero |S.DRes| > 2,5Ha ocHoBaHuM 3THX OaH-
HBIX paccyUTaHbl KO3()(UINMEHTHl ypaBHEHHS PErpecCchy, CTaTHCTHYECKas 3HAYMMOCTh KOTOPBIX OLICHHWBAJIACh
no kpureputo CrerozeHta. Hesnaunmble k03()(QUINMEHTHI HCKITIOYANCh U3 YPAaBHEHUSI METOJIOM 00OpaTHOTo 1o-
IIar0BOT0 MCKIIIOYEHUS, TaK KaK IUIaH SKCIICPUMEHTa HEOPTOTOHAJICH.

B urore mony4eHo ypaBHEHHE CIEAYIOLIETO BUA:

Am=h-BX+B X+ BX- B XX+ B XX b X% hXX h% b

B pesynbrate BBINOJIHEHHBIX SKCHEPHMEHTOB YCTAHOBJICHO, YTO 110 CTCIICHU BIMSHUS HA IPOM3BOAM-
TenabHOCTh MAO napaMeTpbl MOXKHO pacnosokuTh Bpsaa. V — 1 — VXU - By - ByX 1.

Bo3spacranue ckopocti V(X3) Hanbonee cnocoOCTBYeT YBETHUYCHHIO IPOU3BOJUTEIBHOCTU (PUCYHOK 5),
npuuéM 3Ta 3aBUCHMOCTh HEJIMHEWHAs!, U OTPULATENbHBIH KO3 UIMEHT pu KBaApaTUIHOM 3(P(EKTe ITOTo *Ke
(baxTOpa yKasbIBacT, YTO MPUPOCT MPOU3BOJUTEILHOCTH 3aMEIISIETCS 10 MEPE POCTa CKOPOCTH.

Am, mr/c

8,5
6,5 |
45,

2,5

0,4V, m/c
PucyHok 5. —3aBHCHMOCTH TIPOM3BOIHTEILHOCTH OT CKOPOCTH pe3anust

BTopeIM 110 3HaYMMOCTH (HaKTOPOM SBIISIETCS BpeMs 00paboTku T (X;). IHTEHCHBHOCTH ChEMa MeTajlia
C IOBEPXHOCTH 00padaThIBacMO JIeTaIl TUHEHHO YMEHBIIACTCS 0 X0y BpeMEeHH, oJHaKo 3ddekT sToro dak-
Topa B3aumoeicTByeT ¢ V(X3) u U(Xy). YMEHBIICHHE MOXKHO <BaTOPMO3UTH», €CJIU MPH OONBIIAX CKOPOCTSIX
MPUMEHSTh MAJIbIe HHTEPBAJ BKJIFOUCHUS TOTOIHUTEIHHON MATHUTHON CHCTEMBI.

VBenudeHue B paboueM 3a30pe MarHUTHON MHIYKIUH TOMONTHUTEIFHON MarHuTHO cucteMsl By(X;) He-
JIMHEHHO MOBBIIIAET MIPOU3BOAUTEILHOCTh, IPUYEM MOJIOKUTEIBHBIN KBapaTUUHBINA () (EKT yKa3pIBaeT HA UH-
TEHCUBHBIH pocT (PHCYHOK 6).

Am, mr/c

8,5+

7,5

6,5

\
|
0 11 13 15 17 91,B,;Tn

PucyHok 6. —3aBHCHMOCTb NPOM3BOAUTEILHOCTH OT BeTHYHHBI MATHUTHON HHIYKIMH,
reHepupyeMoii 10I0JHUTEILHOI KaTyluKoii By
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WuTepBai BKIFOYCHHUS JOMOJHUTEIBHON MarHUTHOH cucTeMbl U(Xy) U IPOAOKUTEIBHOCTD LIHKIA pabo-
ThI JOMOJIHUTEIbHON MarHUTHOI CHCTeMbI Tj;(Xs) HE OKa3bIBalOT CTATHCTHYECKH 3HAYUMOIO CAMOCTOSTEIBHOTO
BIIMSIHUSL, UX POJIb TIPOSIBISIETCS TOJIBKO BO B3aMMOACHCTBUAX ¢ Apyrumu pakropamu. [100XKUTENbHOE BIUSHUC
yBeINYEHUs! HHAYKUMK By MOXKeT ObITh yCHIICHO BO3PACTAHUEM [UINTEIBHOCTH BKIIIOYEHHUS Ty JOIOIHUTEILHON
MarHUTHOH CHCTEMBI.

OnTUMHU3aLHOHHAS 3a]a4a [0 MOKCKY PEXHMa, 00eCIIeUHBAIOLICIO MAKCHMABHYIO IPOU3BOANUTEIBHOCTb,
peuteHa B nporpamme MSExcelmeromom OIII" (0606uiéHHbINA MpUBeACHHBIN rpagueHT) [6]. B pesynbsrate mo-
JYYCHO, YTO ONMTUMAJIbHBII PEXKUM HAXOJHUTCS Ha FPAHHUIIC H3YYCHHOTO (haKTOPHOTO NpocTpaHcTBa (Tabnuua 2).

Tabauua 2. —OnrumainbsHble 3HaYCHUS (PaKTOPOB

OnTuMmanbsHble 3Ha4eHUs (pakTopoB Pacuernoe 3HaueHne Am
X1 Xz X3 X4 Xs 8,44wmrlc
T,C By, Tn V, mlc u, c T, C OkcnepuMeHTanbHble 3HaueHHs AM
30 1,9 0,9 5 6 9,33; 8,33, 7,67, 8,33

IIpoBen€HHBIN SKCIEPUMEHT JOKA3bIBAET MOJOKUTEIbHOE BO3CICTBUE AOMOJHUTEILHOTO UMITYJILCHOTO
MarHMTHOTO HOJIsl Ha npou3BoauTeabHOoCcTs MAO. IlpuMeneHue 10noJHUTENIHOTO MarHUTHOTO mosist npu MAO
MO3BOJISIET pereHepUpoBaTh heppoadpa3uBHYIO METKY M COXPAHATH € PEKYIIYIO0 CIOCOOHOCTh Ha TPOTSKCHUN
JUTUTEIIBHOTO BpeMeHH (PHCYHOK 7).

Am, mr/c

10,0+

8,0+

6,0+

4,01

2,04

LS}

! ! ! ! ! ! ! L

0 30 60 90 120 15

1 —0e3 perenepauuu geppoadpazuBHON WETKY,
2 —c pereHepanueii J0NOJHATEJbHBIM HMITYJIbCHBIM MATHHTHBIM 10JIEM

Pucynok 7. —3aBHCHMOCTH NPOU3BOANTEILHOCTH OT BpeMeHH 00padoTKH

B 3akiroueHre UCCIEIOBAHKS MOXHO CJ/IENIATh CIIEAYIOIIIE BHIBOIBI:

- B pe3yJibTaTe NPOBEJAEHHBIX IKCIIEPUMEHTOB YCTAHOBIICHO MOJIOXKHUTEILHOE BIUSHUE JOMOIHUTEIBHOTO
MarHUTHOTO MOJIsl HA KAYeCTBO M IPOU3BOIUTEILHOCTh MArHUTHO-a0pa3suBHOM 00paboTKY;

- ONpEIeIICHbI ONTHMAITbHBIC 3HAYCHHUSI BAPHUPYEMBIX (DAKTOPOB, 0OCCIICUNBAOIINE MAKCHMAIILHOE BIIUSIHUC
Ha yMEHBIICHHE IepoxoBaTocT nociae MAO ¢ TomonmHUTENHON MarHUTHOI cuctemoi: T = 60c; By = 1,9Tu;
V =0,9m/c;u=25¢c; 1 =6¢;

- OmpeaeicHbl ONTHMAaJbHBIC 3HAYCHHS BapbUPYEMBIX (DAKTOPOB, 0OECICUMBAIONINE MAKCHMAIbHYIO
npousBoautensHocts MAO ¢ fononHuTenbHOM MarHuTHO#M cucremoit: T = 30¢; By = 1,9Tx; V = 0,9 m/c;
u=5c;1;=6c.
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FEATURES OF MAGNETIC-ABRASIVE MACHINING WITH CUTTIN G TOOL CONTOUR
REGENERATION BY PULSED MAGNETIC FIELD

L. AKULOVICH, M. DECHKO, O. VOROSHUHO

The influence of the contour regeneration of th#iruy tool by a pulsed magnetic field on the gyalit

of the surfaces of parts and performance in magnatirasive processing is considered. The positifecte
of an additional magnetic field on the quality apefformance of magnetic abrasive treatment washésked.
The optimal values of the variable factors providthe maximum effect on the reduction of roughaétes this
treatment with an additional magnetic system arermeined.

Keywords: magnetic-abrasive machining, ferroabrasive powgele tip, cutting tool contour regeneration,
ferroabrasive brush.
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YK 621.785.545

MMOBBIINEHUE MTPON3BOJUTEJIBHOCTH JU®®Y3NOHHOI'O HACBIIMEHUSA ITPOBOJIOKHU
IIYTEM 2JIEKTPOKOHTAKTHOI'O HAI'PEBA B PEXKUME TEPMOLUKJINPOBAHUA

M.B. CEMEHYEHKO
(ITonouxuii zocyoapcmeennslii ynueepcument)

Paccmampusaemces nepcnekmusHocms CO30aHUSL NPOGOIOUHO20 MAMEPUANA ONPEOeNIeHHO20 Xumuye-
CK020 cocmasa 0is popMupo8anus 3aumumuslx nokpoimutl. Ilpeonodxcen cnocob ougy3uonnoeo nacvluyeHUs
CMANbHOU NPOGONIOKU 8 YCLOBUAX DIEKMPOKOHMAKMHO20 HA2PEEA 6 Pecume mepMOYUKIUPOBAHUs, OCHOBAH-
HbLIL HA COBMEUeHUU INeKMPOKOHMAKMHO20 HAZPe8a U MEPMOYUKTUPOBAHUSL, OCYUeCEIACMO20 N0 MASMHUKO-
6ot cxeme. Ilpednoscena memoouxa OnMUMU3AYUU PENCUMOE OUPDY3UOHHO20 Necuposanus U OUPy3uoHHo2o
omaicuea CManbHoOU NPOBONIOKU NPU USMEHEHUU OUAMEMPA NPOBONOKU, XUMUYECKUX COCMABO8 MAmMepuaid npo-
60JI0KU U Hacvlwaiowell cpedvl, Bpemeru 00pabomxu.

Kntouesvle cnosa. 3awjumuvie nOKpblmus, 1e2upyroujue 3J1eMeHmbl, CIONCHONC2UPOSAHHASL NPOBONIOKA,
oughpysuonnoe HacviujeHue, MepMoOYUKIUPOBAHUE .

Beenenue. [[ist pOopMUPOBaHKS BOCCTAHOBHUTENBHBIX MOKPBHITHIH MCHOJB3YETCSl POBOJIOKA C MOIXO/s-
[IAM XHUMHYECKHM COCTaBOM. BHJ M KOJIIMYECTBO JIETHPYIOIIMX JIEMEHTOB, BXOISIIMX B COCTAaB MPHCAJA0YHOTO
Marepuasna, ONpeAessiioT 3allUTHbIe (YHKIMH M JOJITOBEYHOCTH (hopMHpyeMoro nokpbitusi. [IponsBoautenu
Npe/IaraloT BHICOKOJIETMPOBAHHYIO MPOBOJIOKY, OTJIMYAIOIIYIOCS BHICOKOW CTOMMOCTBIO, YTO JeJIaeT SKOHOMHU-
YEeCKH HEBBITOHBIM €€ UCIOJIb30BAHME MPU YIPOYHEHUH MIIM BOCCTAHOBJICHHUH JICHIEBBIX MaJIOPECYPCHBIX JIeTa-
aeit. Kpome Toro, GONBIIMHCTBO MPEANPHATHN HE UMeeT (PUHAHCOBOH BO3MOXKHOCTH AJIsI MPUOOPETEHHS POBO-
JIOKH Pa3IMYHBIX MApOK VTS 3aIUThI IOBEPXHOCTEH, paOOTAOLINX B KOHKPETHBIX YCIIOBHSIX.

OnTUManbHBIM BAPUAHTOM SBJIACTCS TMOKYIKa ACIICBOIl YrIIepOAUCTON MPOBOJNIOKH, KOTOpas OymeT uc-
MOJIb30BATHCSI B KAUYECTBE OCHOBBI ISl M3TOTOBJICHHUS YKOHOMHOJIETHPOBAHHOT'O MaTepuaia ¢ TpeOyeMbIM XUMH-
4ecKuM cocTaBoM. [locneayromee nud(hy3uoHHOE HACHIIICHUE TIO3BOJIMT MOJIYYUTh HEOOXOOMMOE COACPIKAHUE
JICTUPYIOIINX 3JIEMEHTOB B MPHUCAJ0YHOM MaTepuaie u (GopMHPYyeMOM HOKPBITHH MyTeM MoAOOpa COCTaBa Ha-
CBIIAIOILEH CMECH U PEXXUMOB TEPMUYECKOT0 Bo3aeiicTeus [1].

HNuddy3nonHoe HachllleHHE ATMHHOMEPHBIX H3IEJIMi B MEYH B MOPOIIKOBBIX CMECSIX — TPYAOCMKHIl
npouecc. [Ipeanpusitie TOMHKHO pacroarath 000pyJ0BaHHEM, MTO3BOJISIIOLIMM HAIPETh MPOBOJIOKY 10 Tpedye-
Mot Temmepartypbl. Kpome Toro, He0OGX0qMMBI CrieIHalbHbIe KOHTEHHEPH! [2], obeceunBaromue paBHOMEPHOES
HACBIICHUE MPOBOJIOKM B MPOJOJILHOM U MOMEPEYHOM HarpaBieHHH. VX mpuMeHeHHe OrpaHuyYMBaeT MpOTs-
JKEHHOCTh MPOBOJIOYHOIO MaTepHana MU CY)XaeT BO3MOXHYIO 00JAcTh MCIONB30BAaHHE MPOBOJOKH. ANbTepHA-
THBHBIM pelIeHHeM siBisieTcs Tud(by3HOHHOE HACBIICHHE TyTEM 3JIEKTPOKOHTAKTHOI'O HAIPEBa B PEKUME Tep-
MouukiupoBanus [3; 4]. [Ipx 3TOM o[ AMEKTPOKOHTAKTHBIM HATPEBOM MOHUMACTCSI TEXHOJIOTHUESCKUiT MpoLece
CKBO3HOT'O HArpeBa METaJlIa 3a CYET TEIUIOBOW SHEPTHH MPOTEKAIOLIEr0 M0 METAILTy JIEKTPHIECKOro Toka [5].
Crioco6 M03BOJIUT TOBBICHTB POU3BOUTENBHOCTD Mporiecca AU((HY3HOHHOTO HACHILICHHUS U ONYYUTh SKOHOMHO-
JISTUPOBAHHYIO MPOBOJIOKY € TPEOyeMOii KOHLIEHTPALUEH JIETHPYIOLIUX dJIEMEHTOB.

Mertonbl. PeanuzoBars crnoco0 au)(y3MOHHOTO HACBIMICHHS MPOBOJIOKH MYTEM 3JIEKTPOKOHTAKTHOTO
HarpeBa B pEKUME TEPMOLMKINPOBaHus [6] MOKHO Ha crenmansHO# ycraHoBke [7] (pucyHok 1), cocrosieit
u3 Tpanchopmaropa 1; KOHTEHHEpa ¢ HACBHIIIAIONMICH CMECHIO 2; TOKOIMPOBOISIIINX POJUKOB 3; OJI0OKa yrpaBs-
JISTIONTUX UMITYJIbCOB 4; perymnsTopa 5. PaboTaeT yctaHOBKa clieAylomuM o0pa3oM: HeoOpaboTaHHAs IPOBOJIOKA
MIPOXOAUT KOHTEWHEDP 2 ¢ HACHILAKIIEH cMechio co ckopocthio V = 0...0,1m/MuH. K TOKONpOBOAAIIUM PO-
nauKaM 3 HOoJaeTcs AIEKTpUYecKuil TOK oT TpaHcdopmaropa 1. Biok ynpasisionmx UMIyiscoB 4 yepes3 pery-
astop 5 obecneynBaeT pealu3alU0 PeKHMa TEPMOLMKIUPOBAHHUS. DJICKTPHUUYCCKUHA TOK MPOIYCKaIH udepes
MPOBOJIOKY LMKIWYECKH C JUTUTEIBHOCTHI0 MMITysbca 1...10 ceKyHa U JUTUTEbHOCTBIO Tay3bl 1...3 CeKyHBL.
Cuuty Toka m3mensui ot 15 10 30 A npu nocrosiHHOM HanpspkeHun 16,8B.

Hamu nposeneno nuddysnonnoe nacsimenue npososiokn CBO8['2C 'OCT 2246-80nuamerpom 1,2 Mm
60poOM, LIMHKOM, THTAHOM U antoMuHHeM. J{udQy3rnoHHOE HACBIILICHHE MPOBOJIOKU OCYIIECTBISUIN: 60pOM B TIO-
porke deppobopa ©b 17 (17%B) I'OCT (14848-69)u cmecu, cocrosimenn uz 99%B,C + 1% NaF;mumanom
B moporike (epporurana ®Tu 35 (35% Ti)[OCT 4761-91;amomunuem B CMECH, COCTOSIIEN U3 OKCHIA AT~
muHus (Al,O3) 1 uncroro amomunus (Al).

MerasiorpaduyecKkue UCClieI0BaHMUs! MPOBOJIOKH, MOKPBITHH MPOBOAWIM HA HUTHM(AX, U3TOTOBJICHHBIX B CO-
oreercTBud ¢ TOCT 9.302.Hcnonb3oBani Meraiorpadhuyeckuii komiieke Ha 6ase mukpockomna Nikon-Epiphot.
W3MepeHrne MUKPOTBEPIOCTH CTPYKTYPHBIX COCTABJISIOIMX MIPOBOAMIM Ha MHKpoTBepaomepe ldentaMet 1106
(Bukepc) ¢ kamepoit UI-1540Cu ynpaBisioIiM KOMITBIOTEpPOM B KoMmiuiekTe. Kpome Toro, mpoBeaeHs! uccie-
JOBAHHS 3aBHCHMOCTH MPOHM3BOIUTEILHOCTH GOPUPOBAHUS POBOJIOKH, H3MEPSEMOil B T/MM*MHH (KOIHYECTBO
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JICTUPYIOLICTO 3JICMCHTA, BBEACHHOTO B €AMHUIY IUIOIIAAN 3a CAUHUILLY BpeMGHI/I), oT q)paKIII/IOHHOFO cocTraBa
HaCLIHIaIOIIIGﬁ CpCabl. I[J'IH 9TOIr0 NOPOLIOK (bepp060pa B 3aBUCUMOCTH OT q)paKIlI/IOHHOFO cocCTaBa 4aCTHI OBLI

pasjiesieH Ha 4eThIpe IPYNIbL: mepBas rpymmna — 10 63 MkM; Bropas — ot 63 go 160 mkm; Tpetbsi — oT 160 Mkm
10 200mkmM; uerBeprast rpynna — ot 20010 315MkmM.

3 2 3

Hamnpasnenue

JIBWOKECHUS IIPOBOJIOKHU

Juddy3roHHbI croii / A=y

HeobpaboTaHHas

— : \ TIPOBOJIOKA
4

5 AN d

220B g

PucyHnok 1. —Cxema j1a60paTOpPHOii ycTaHOBKM 151 1M () ()Y3HOHHOTO HACHILIEHHUS TPOBOJIOKH

Pa3zpabotana mertoauka (PUCYHOK 2), MO3BONSIOIIAS HA3HAYUTH ONTHMANBHBII pPEKUM 00pabOTKH
JUIS TIPOBOJIOKH Pa3JIMYHOTO JHAaMETpa, KOTOPYIO MPEJICTOUT MOABEPrHYTh AU((Yy3MOHHOMY HACHIILEHHIO
B KOHKPETHOH cpesie AJs MOJIy4eHHs MaTepualla ONpeeICHHOI0 XUMHUYECKOr0 COCTaBa.

OmnpezeneHne MaKCUMalIbHOTO pexkumMa 00paboTKu

(T T,
v

OmnpezeneHne MUHUMAaJIbHOTO peXUMa 00paboTKH

(T )

'
Mmin

]
Umin Mmax

!

HaznaueHnue AByX MpOMEKYTOUYHBIX PEXKUMOB 00pabOTKH:
1.t <1, ,T,=1

nmm

2.1, =1, ,T,<T

g MeTaJ'IJIOFpa(l)I/I‘{GCKI/Ie HCCICAOBAaHUA TPOBOJIOKH

Pmax

!

[Homyuen
OmnpeneneHue HAWIy4IIero BapuaHTa U3 JBYX PEKUMOB 00pabOTKH: TpeGyeMbiii
- JUIsl JIETHPOBAHUS O ToJIUHE AU} Y3HOHHOTO CIIOS; > pesymsTaT?
- st 1uh(hy3MOHHOTO OTXKHTa — 10 MUKPOTBEPIOCTH

I v

HET Aa

A

Haznadenue cieqyronmix IByX PeXUMOB 00pabOTKH

v

OnTuManbHBIN peXUM 00pabOTKH MPOBOJIOKH

PucyHnok 2. —MeToauka oNTUMH3ANUHU Pe:KUMOB A1 (Py3HOHHOTO JIETHPOBAHHUS
H AP PY3HOHHOI0 OTKHIa NPOBOJIOKH B YCJIOBHAX HUKJIHYECKOI0 31eKTPOHATPeBa
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Ipu 3amaHHON CHIIE TOKA ONPEAEIseTCs BpeMs HarpeBa (UIMTEIBHOCTb MMITyJbca T, ) M OXJIaXKICHHS
(nInTeNBHOCTH Mays3bl T, ) UL KaXKIOTO IIUKIIa 00pabOTKH.

[lepBOHaYAILHO ONPEEIISIIM MAKCUMAJIBHBIH M MUHUMAIBHBINH PEKUMBI 00paOb0TKH IPOBOJIOKH.

MakcumanbHBIH pexuM 00paboTKH — PEeXKHUM, IIPH KOTOPOM NPOBOJIOKA HAarpeBaeTcs 10 TEMIEpaTyphl,
OnM3KOHM K TeMIepaType IUIaBICHUS. MPOBOJIOKA OIUIABIIAETCS, HO MPU 3TOM O0OECIICUNBAETCS HEMPEPHIBHOCTD
npouecca (MakCMMaJbHO BO3MOXKHAs UIMTENBHOCTD MMITYJIbCa T, 1 MHHHUMAJIBHO BO3MOXKHAs JUIHTEIBHOCTD

nmay3si T, ). Kpome 3rtoro, npy HasHaYeHWH HAHHOTO PEeKUMa HEOOXOAMMO YYHTHIBATH OCOGCHHOCTH HACHI-
min

LIAOMIEH cpelibl — 0TCYyTCTBHE MUppoddderra, BO3ropaHus HACKIIIAOICH CPEIbl.
[Ipyu MUHUMATTLHOM peXUMe 00pabOTKH MPOBOJIOKA HATPEBACTCS 0 BUAUMOIO KPacHOTrO CBeUeHUs (Mu-
HMMAJbHO BO3MOXKHAS JUIMTENIBHOCTh MMITYJbCa T, M MAaKCHMAaIbHO BO3MOXHAS JUIMTEIBHOCTb May3bIT, ).

JanHbIil pexum 00pabOTKH 3aBUCHUT OT XapaKTEPUCTUK M CBOMCTB 00pabaTbIiBaeMOM ITPOBOJIOKH.

[anee HazHauanuch 1Ba MPOOHBIX pesKUMa 00pabOTKH:

1) AIMTENBHOCTH UMILYJIBCA ONPEACISIACH [IyTEM YMEHBIUCHHSI MAKCHMAIbHON JAIUTEIBHOCTH HUMITYJIb-
ca Ha BEJIMYMHY, He IIPEBBIIAIONIYIO 1 CeKyHIy; [UTMTEILHOCT I1ay3bl — MUHUManbHas. [Ipy 9TOM Ha moBepxHO-
CTH IIPOBOJIOKH MOJHOCTHIO NCKIIFOYAJIMCh YYACTKU OIIABIICHHS;

2) UTMTETPHOCTH UMITYJIbCa MUHUMAIIbHAS, IJIMTEIBHOCTD May3bl MCHBIIE MAKCHMAIBHON [UTHTESILHOCTH
may3sl Ha 1 cexkyHIy.

[poBoauince Metauorpaduueckue UCCIISIOBaHUS ¢ LIENbI0 ONPEIeIeHNs] Ka4eCTBa BHINOJIHCHHOH 00-
paboTku: HanMuue U ToiuMHa Mu(dy3HOHHOTO CII0sl, 3HaUCHHE MUKPOTBEPAOCTH TU(PQY3UOHHOTO CIIOS U Ma-
TepHuaja npoBoyIokH. ONpeaensics PeXuM ¢ HAWITyUIINM KauecTBOM I (y3HOHHOTO CIIOsI.

[anee Ha3Hauanuch pexxuMbl 00pabOTKH:

- IyTeM yMEHBLICHUS JUTUTEIbHOCTH UMITYJIbCA — €CIIN BHIOPaH MaKCUMaJIbHBIN PeXUM 00paboTKy;

- IyTeM YBEJIWYEHHS JJIUTEILHOCTH UMITYJIbCa — €CJIM BEIOpaH MUHUMAIIBHBIA PEXHM.

Hasznayenue pexnmMoB 00pabOTKH MPOU3BOIST /10 NOTYYEHHS ONTHMAIIBHOTO PE3yJIbTaTa.

OcHoBHas 4acTb. PaspaboTaHHas METOIMKA NO3BOJNWIA HAa3HAYUTH JIMTEIBHOCTh MMILYJIbCA M JUTH-
TEIBbHOCTb Tay3bl AN HAChIIEHUs NpoBojoku nuHkoM — T, = 0,15¢, T, = 1¢; amoMuHueM, 60poM U TUTAHOM —

T,=10c, 1,=1c.

MHUKPOCTPYKTYpa aJINTHPOBAHHOM MPOBOJIOKH IIPEACTABIICHA HA PUCYHKE 3.

Pucynok 3. —-MukpocTpykTypa
AJIMTHPOBAHHOI PoBoIoKH, X50

Mertamnorpaduieckre UcCiIe0BaHus IPOBOJIOKH, ITOABEPTHYTOH TU(PPY3NOHHOMY HACHIILIEHHIO O0pOM
B opotike peppodopa @b 17, nokasanu, 4to GopMUpOBaHKs XUMHUYecKoro coequHeHus (FeBu FeB,) He mpouc-
xoauT. MukporBepnocts A Py3nOHHOTIO CII0s COOTBETCTBYET MUKPOTBEPAOCTH TBEPAOIO pacTBopa Gopa
B 0-kesiese. ['paueHT KOHIEHTpauuy Oopa B MONEPEYHOM CEYSHHH IPOBOJIOKH B HAIPABICHUH OT IOBEPX-
HOCTHU K LIEHTPY MEHBIIE [0 CPAaBHEHHIO C TU(PPY3MOHHBIM HACHIIICHHEM B NEeYd. DTO CHIKACT PHCK CKa-
JbIBaHUA C(HOPMHUPOBAHHOTO CIIOS, IPEIOTBPAIlas TEM CaMbIM YMEHBLICHHE KOHIEHTPALUH JIETHPYIOLIETO
JJIeMEeHTa B Ipolecce GOPMHUPOBAHUS BOCCTAHOBUTEIHHOTO IMOKPHITHA. [IpH 3TOM KadecTBO MOBEPXHOCTH
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HAMHOTO JIy4Ille, YeM y MPOBOJIOYHOr0 MaTepuaia, HoABEPrHyTOro Au(Ppy3MOHHOMY HACBHINEHUIO B YCIIO-
BHSIX TICYHOTO HArpena.

Meraiorpaduueckie HCCIEIOBaHUS MTPOBOJIOKH, NOABEPTrHYTOH Mu()(y3HOHHOMY HACBHILIICHHIO THTA-
HOM, TIOATBEPAMINA (POPMUPOBAHUE CILIONTHOTO CJI0st (PUCYHOK 4, a). 3HaueHHe MHUKPOTBEPIAOCTH AU(PPy3HOH-
Horo cJiosi aBHo cHikaercst or 3500...420QMI1a na noBepxHocTu obpasia g0 1200...1500MI1a Ha Buanmoit
TpaHUIe pasera «Cioi — cepameBuHa» (pPUCYHOK 4, 6).
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g 2500 \o& *
2 2000 *2 R
£ 1500 — W —
g 1000 >
=
Z 500
0 : : —. :
0 50 100 150 200 250
PaccTtosHue ot noBepxHOCTU, MKM
a 0

a — MEKpOCTpYKTYypa, x100;6 —u3MeHeHHe MUKPOTBEPIOCTH B MONEPEYHOM CeYeHUH

Pucynok 4. —TuTtaHupoBaHHAsI MPOBOJIOKA

HccnenoBanue BIMSHHUSA COCTABOB, UCIONb3YEMBIX ISl TU((Y3HOHHOTO HACBHIIICHUS B PEXXKUME TEPMO-
LUKITAPOBaHMs cMeceii [8], mokasano, 4To B Ka4ecTBE HACHIIAOMICH CPEABI MPEAMOUYTUTEIBHO IPHMEHSTH I10-
POIIKM YUCTBIX METAIUIOB JIHOO MOPOIIKM XUMHUYECKHX BEIIECTB, U3 KOTOPHIX BBIJCICHHE aKTHBHBIX aTOMOB
JIETUPYIOLIETO 3JIEMEHTa HE TPeOyeT JUINTEIILHOTO BPEMEHHU M BBICOKOI TeMIepaTypbl. DTO 00yCIIOBICHO 0CO-
6enHocTsIME M (OY3MOHHOTO HACHIIEHHS CTAIBHOW IPOBOJIOKM ITyTEM IMPOMYCKaHUS TOKa 4epe3 H3Jelue,
MIpH KOTOPOM TEMIIEpaTypa MPOBOJIOKH BBIIIE TEMIIEPATyphl HACHIIAIOIIEH CMECH M TeMIlepaTypa mpolecca
MIOCTOSIHHO MEHsieTcs. B ciydae npuMeHeHHs XUMHYECKHX BEIIECTB, pasJlaralolinxcs Mpyu BHICOKOH Temmnepa-
Type B yCIOBHUSX UIMTEILHONW M30TEPMUYECKOM BbINEpkKKH, 11U Qy3noHHBIN croli popMHpOBaTHCS HE OyneT
M3-32 HEJIOCTATOYHOCTH BPEMEHH JUIS BBIIEJICHUS! aKTHBHBIX aTOMOB JIETHPYIOLIEro 3jeMeHTa. Tak, nmpu Ha-
CBILIICHUH TPOBOJIOKK OopoM B cmecH, comepxamieir 99% B4C + 1% NaF,popmuposanus nuddy3noHHOro
CIIOST He HAOJIF01aI0Ch.

HccnenoBanus BIMAHUS (PAKIMOHHOTO COCTAaBa HACBHIIIAIOUICH CPEAbl HA MPOU3BOIUTEIBHOCTD IIPOIIEC-
ca rnokasainu, 4To 1u(Qy3uoHHBIIH Ci10i HauOOMIbIIeH TONIMHBI GopMHUpYETCs NpU pa3Mepe YacTull 10 63 MKM.
OnHako B 3TOM CIIydae MecTaMH HAOJIIOJACTCsl 3HAUYUTENBHOE NMPUIIEKAHNE YaCTUI] K IIOBEPXHOCTH MPOBOJIOKH,
MIPEISITCTBYIOIIEE €€ MTPOXOKACHUIO MEXAY SJIEKTPOKOHTAKTHBIMHU POJIMKAMH, YTO JETIaeT MPOLECC HACHIIICHUS
HecTaOWIBHBIM. BenepcTBue 3Toro s 60pupoBaHust CTaIbHOW MPOBOJIOKH PEKOMEHIYETCs MPUMEHSTh HAChI-
LIAFOIIYO Cpeny ¢ pa3MepoM yactull oT 63 10 160Mkm.

3akaodenne. [IpemiosxeHHbIH crocod MO3BOJSET MOJYYUTh OTHOCHTEIBHO HEIOPOTYI0 HPOBOJIOKY
110 CPaBHEHUIO CO CJIOKHOJICTUPOBAHHBIM IPOBOJIOYHBIM MaTEpUaoM U 32 3HAUUTEJIBHO MEHBIIMH MEPHOJ Bpe-
MEHH 110 CPABHEHHUIO C TPAULIMOHHBIM HACHILIICHUEM B Meur (BpeMsi HAXOKICHHS KaXKI0ro MHKpooObeMa MeTaia
[IPOBOJIOKH B 30HE (P (Y3HOHHOTO HACHILICHHUS COCTABILIET 2. ..4 MUHYTHI BMECTO HECKONIBKHX 4acoB). K Tomy ke
HET OTPaHUYCHUH 10 JurHE 00paboTku. IlomyyeHHas 3KOHOMHO-TIETHPOBaHHAS IPOBOJIOKA MOXKET HCIIOIB30BaTh-
CsI HE TOJIBKO KaK MPHCAI0YHbIA MaTepual mpu (JOpMHUPOBAHNH 3AIIUTHOTO TMTOKPBITHS, HO U KaK TOTOBOE U3/IEIHE.

Taxum 06pa3om, Ha OCHOBAaHHMH NPOBEJICHHOTO HCCIIEA0BAHUS MOKHO CAETATh CICAYIOIIUE 6616000b1.

- IPUMCHEHHE CIJIOKHOJIETHPOBAHHON NMPOBOJIOKK Al (JOPMHUPOBAHMS BOCCTAHOBUTEIBHBIX MOKPBITHH
HE BCerja SKOHOMHYECKH ONpaBJaHHO. lIpencTaBisercs akTyaJbHBIM 3aMEHa JOPOTOCTOSIIETO Marepuana
Ha MEHee 3aTPaTHYI0 SKOHOMHO-JETHPOBAHHYIO IPOBOJIOKY IPH BOCCTAHOBJICHUH MJIM YIPOYHEHUH HEIOPOTHX
MaJIOpECYPCHBIX JIeTaNeH.

- mudy3MOHHOE HACHIICHHUE, peaU3yeMoe IIyTeM COBMEILEHHS 3JIEKTPOKOHTAKTHOTO HarpeBa u Tep-
MOLMKIIMPOBAHUS, — OJJUH M3 CIIOCOOOB ITOJYYECHHUs JICIIEBOM 3KOHOMHO-JIETMPOBAHHOW NPOBOJIOKH 3aIIMT-
HBIX MOKPBITUH;

- pa3paboTaHHAas METO/IMKA [I03BOJIICT HA3HAYUTH ONTUMAJIEHOE BPEeMsI HAarpeBa (AIHTEIBHOCT UMITYJIbCa T;,)
U OXJAXACHUS (WINTENBHOCTh May3blT, ) IPH 3aJaHHOH cuiIe Toka Juisi AU((Y3HOHHOrO HACHILICHHS IIyTEM
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JJIEKTPOKOHTAKTHOTO HATPEBa B PEXKUME TCPMOLUKIMPOBAHUS MPOBOJIOKU PA3IMYHOTO JUAMETPA U3 Pa3HBIX CPE].
Hasnauensl pexumsl s HaceimeHus npoBosioku CBO8I'2C 'OCT 2246-80auamerpom 1,2 MM: IUHKOM —
T,=0,15¢, T, = 1c; amomunuem, 6opom u Tutanom — T, = 10c¢, T, = 1c.

- muddy3UOHHOE HACBINIEHUE CTAIBHONW MPOBOJOKU C MPUMEHEHHEM MUKIMYECKOr0 3JEKTPOHArpeBa
UMEET Pl 0COOEHHOCTEH, KOTOPble HEOOXOAMMO YYUTHIBATH MPU HA3HAYCHUM PEKUMa 00pabOTKH M BHIOOpE
COCTaBa HachIIaonel cpeabl. Tak, B KAUeCTBE HACHIMIAIONICH CPEIbl CIIEMYET UCIOIb30BATh MTOPOIIKH YHUCTBIX
METAJIIOB JIMOO MOPONIKM XMMHUUYECKHUX BEHIECTB, U3 KOTOPBIX BBIJIC/ICHHE aKTUBHBIX ATOMOB JIETHPYIOLIETO dJie-
MeHTa He TpeOyeT JUIMTENbHOrO BPEMEHH U BBICOKOU Temmeparypbl. MiMeer 3HaueHue (QpaKIMOHHBIN COCTaB.
Jlyist GopupoBaHusl CTAILHON MPOBOJIOKH PEKOMEHIYETCSl IPUMEHSATh HACBIIIAIOIIYIO CPEly C pa3MEePOM YaCTHI]
ot 63 10 160MKM;

- NPUMEHEHHUE DIIEKTPUYECKOIO TOKA, MPOXOISAIIEr0 Yepe3 MPOBOJIOKY C JIMTEIBLHOCTHIO HMITYJIbCA
0...10 cexyna 1 mumuTenbHOCTBIO Tay3sl 0...3 CEKYHIBI, O3BOJIAET HOBBICHTh IPOU3BOIUTENLHOCTE AU PY3H-
OHHOT'O HACBILIEHHUS CTAJIBLHON MPOBOJIOKH PA3IMYHBIMM XUMHYECKUMH DJIEMEHTAMH, CHIKask BpeMsi 00pabOTKH
Ka)KJJ0ro MUKPOOOBEMa IIPOBOJIOKH ¢ HECKOJIBKHUX YacoB 10 2...4 MUHYT.
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IMPROVING THE PERFORMANCE OF DIFFUSION SATURATION
OF THE ELECTRIC WIRE BY HEATING IN THE REGIME OF TH ERMAL CYCLING

M. SEMENCHENKO

The prospects of creation of a wire material of a certain chemical composition for the formation of
protective coatings are noted. The method of diffusion saturation of a steel wire in the conditions of electrocontact
heating in the mode of thermal cycling is offered. The method is based on the combination of electrocontact
heating and thermal cycling, carried out by pendulum circuit. The technique of optimization of modes of
diffusion alloying and diffusion annealing of a steel wire at change of diameter of a wire, chemical compositions
of a material of a wire and the saturating environment, time of processing is offered.

Keywords: protective coatings, alloying elements, complex-alloyed wire, diffusion saturation, thermal cycling.

82



ITIPOMBILIJIEHHOCTA. [IPUKIIA/THBIE HAVKHU. Mamepuanosedenue Me 11

YK 621.62:678.546

BJIMAHUE PEXKMMOB HAHECEHUA MOJN®UIINPOBAHHBIX
MOJMMEPHBIX MOKPBITUI HA UX AJITE3UMOHHYIO TPOYHOCTH

I''A. BAPUKOB; K.M. JIPO3]]
(Ynusepcumem zpasicoanckoit 3auumot MIC Pecnyonuxu Benapyce, Munck);
0-p mexu. nayk, ooy. B.U. )KOPHUK
(Obveounennviii uncmumym mawunocmpoenus HAH Benapycu, Munck)

Tokaszano, umo MOOUPUYUPOBAHUE 2A30NTIAMEHHBIX ROTUMEPHBIX NOKPLIMULL HA OCHO8E NOPOUWKO8 NOMU-
omunenmepepmanama ([12TD), nonwmunena evicoxoeo oasnenust ([IB]) u nonamuoa (I14-6) oucnepcrocmoio
150...250uxm neopeanuueckumu nanornumensmu (cumann oucnepcrocmoio 100...150uxm, amomunuesas nyo-
pa oucnepcrocmoio 10...20mxm) cnocobecmeyem ysenuuenuio ux adzesuu k cmanu Ha 15...20% . Haubonee 6vi-
cokue nokazamenu npounocmu cyenaenus (7,9...8,5MIla) umerom noxpvimus Ha octoge nopouika [13T®. bonee
PAYUOHATLHBIE C TNOUKU 3PEHUS A02E3UOHHOU NPOUHOCU NOKPBIMULL PEHCUMbL 2A30N1AMEHH020 HanvlieHus (Ouc-
manyus Hanviienus |, dasnenue 2oproueti cmecu ¢ kamepe ceopanus P) naxoosmes ¢ npeoenax: P = 0,30 MIla,
| = 200...220mm 0ns noxkpuimuii na ocrose nopowxa IIITD; P = 0,30 MIla, | = 170...18Qum 0ns noxpuimuii
Ha ocnose nopoutkos IIOB u I14-6.

Knrouesvie cnoesa. NOJIUMEPHbLE NOKPbIMU, cA30N1AMEHHOe HANnblleHUe, MquopawweprnZ HanoJiHumeio,
pedAcUMbl HanvlileHUsl, aoee3uoHHas npoOYHOCMb.

BBenenue. PaboTocrnocoOHOCTh U3IENUI ¢ TOKPBHITUSIMHA B 3HAYUTEIHHON CTCIICHU ONPEACISICTCS MPOoY-
HOCTBIO CLEIUICHUS TOKPBITUI C OCHOBOM, TO €CTh UX aJr¢3UOHHON MPOYHOCTHI0. AHaIN3 padoT MO M3YYCHUIO
PpaboTOCIOCOOHOCTH M3ACIHIA C MOJTUMEPHBIMU OKPBITUSIMH, TOTYYCHHBIMH PA3IMYHBIMU, B TOM YHCJIC W ra30-
TEPMUYECKUMH, MeToaMu [1—4], moKa3sIBaeT, 4TO MPU BCEM MHOr00Opa3vM BO3AEHCTBYIONIMX BHEIIHUX (haKkTO-
POB, KOTOPBIM MOJBEPraeTcsi B MPOLIECCE IKCIUTyaTalluy M3AEIUNA MOBEPXHOCTh MOJMMEPHOTO MOKPBITHUS, OCHOB-
HOW MPUYMHON €ro pa3pylleHUs SIBISETCS HEIOCTAaTOUHAs aAre3MOHHAas MPOYHOCTb M HEBBICOKAsl YCTONYMBOCTH
aATe3UOHHBIX CBS3EH «oimMep — MeTainr». OCHOBHBIM yCJIOBHEM PabOTOCTIOCOOHOCTH KOMITO3UITHH «METaJlI-
TIOJIMEP» SIBIIETCS] COXpaHEHHE CIUIONTHOCTH MOKPBITHS, TaK Kak oOpa3oBaHMe JIOO0OTO CKBO3HOTO aedekTta
B ITOJIMMEPHOM MOKPBITHY TIPUBOIUT K HAPYIIICHHIO are3MOHHOM CBSI3H ¥ TIOSIBIICHIIO KOPPO3uK MeTaima [5].

Anre3noHHAs MPOYHOCTh — MHOTO(AKTOPHBIN MMOKa3aTelb, 3aBUCSAIINN OT IPUPOABI ITOJMMEpPa, OCHOBBI
n ycioBuii popmupoBaHus MOKpHITUSA. Hambosee BBICOKOH aare3MOHHOW MPOYHOCTHIO OOJIATAIOT MOKPBHITHS
M3 MOHOMEPHBIX M OJIMTOMEPHBIX IIEHKOOOpa3oBaTeeil, mpeBpaiaeMbie B OIUMEPHOE (TPEXMEPHOE) COCTOS-
HHUE HEMOCPEACTBEHHO Ha OCHOBE. MOHOMEpPHI M OJMTOMEPHI B PsE CIy4aeB CIOCOOHBI XEMOCOPOMPOBATHCS
HA TIOBEPXHOCTH METAJUIOB, a MOCICAYIOIAs UX TOJMMEPU3AIUs WK MTOJTUKOHICHCAIUS IPUBOIUT K 00pa3oBa-
HUIO PUBHUTHIX MMOJMMEPOB, XUMHIECKHU CBA3aHHBIX C OCHOBOIA [6].

W3BecTHO TakkKe, 4TO YBEIMYCHHUIO THOKOCTH LEMel crmocoOCTBYET AOCTHXKCHHUE OOJBIIEIO MOJIEKY-
JISIPHOTO KOHTAKTa, a MOBBIIICHUE MOJSPHOCTH — YCUJICHUIO B3aMMOJCHCTBHS Ha Mexk(a3Hoi rpanuiie. OqHako
JUTST K&KIOW TIOJTMMEPHOM CHCTEMBI CYIIECTBYET ONTUMAaNIbHAS CTETICHb MOJIIPHOCTH, BBIIIIE KOTOPOH Bo3pac-
TAroIIee AUMOJb-TUITOIBHOE B3aNMOICHCTBHE MEXKY IETISIMH YMEHBIITACT UX aJATe3HOHHYIO0 CIIOCOOHOCTD [7].

Ipu aTOM, Kak oTMedeHo B pabore [6], nMeeTcs onpeneneHHas KOPPEAIUS aJAre3un ¢ SHEPTHEH CBI3H
MOJIEKYJT B TojiuMepe (dHEpTHeil KOTE3WH): YeM BBIIIC DHEPTUs KOTe3uH (DYHKIIMOHAIBHBIX TPYIII MOJIUMEpA,
TEM BBIIIIE €T0 aAre3NOHHAs CTIOCOOHOCTB.

PaccmarpuBatoTcsi Takyke BO3MOXXHOCTH ITOBBIIICHHS aATE3WH TOTUMEPHBIX MMOKPHITHH 00BEMHBIM MO-
quduIupoBaHreM HaHOCUMOro mosiumepa [8—12]. HanmonHuTe M MUPOKO UCIIONB3YIOTCS IS H3MEHEHUS Me-
XAHUYECKUX, CTPYKTYPHBIX, XUMUYECKUX U JIPYTUX CBOICTB MOJHMMEPOB, B TOM YHCJI€ TPOUYHOCTH aAr€3UOH-
HBIX COEJIMHEHUN moiumep-meTai. HanosHuTenu B 3aBUCUMOCTH OT UX MPUPOABI MOTYT KaK YBEJIUYHUBATh,
TaK U YMEHbIIATh MPOYHOCTh aAr€3MOHHOTO COENUHEHMs. B yacTHOCTH, BBEJEHHE YacTHULl OKCHAA LUPKOHUS
B CBEPXBBICOKOMOJIEKYJISIPHBII MOJUATUIICH MOBBIIIAET aAT€3HOHHYIO MPOYHOCTh ra30IUIAMEHHBIX MOJTUMEPHBIX
moKpeITHii B 2...4 pasa [10]. MccnenoBanne BIUSHAS Ha KOTC3MOHHYIO U aIre€3HOHHYIO MPOYHOCTD moamd(up-
HBIX TIOKPBITHI TIPH BBEACHWU B HUX IBYOKHCH THTaHA ITOKA3aJ0, 9TO C YBEINICHNEM COJCPIKaHUS HATIOIHUTE-
st 10 16 06.% BHYTpeHHHE HANPSHKEHHS BO3PACTAIOT, & MPH MPEBBIIICHUH YKA3aHHOTO YPOBHSI HAUMHAIOT CHU-
JKaTbCs. Y CTaHOBIICHO TaKXe, YTO IOJ ACHCTBHEM BHYTPEHHUX HANPSHKCHHUN UTUTENbHAS alre3MOHHAs MPOY-
HOCTb cHIKaeTes [12].

Henp manHO# pabOTH — YCTAHOBJIEGHHE XapaKTepa 3aBHCHMOCTH aATE3MOHHOW MPOYHOCTH Ta30IlIaMeH-
HBIX MOJUMEPHBIX MOKPBITHHA C peXUMaMH HANbUICHUS, IPaHyJIALHUENd TOJTUMEPHOTO MOPOIIKA U CTENEHBIO MO-
JU(PUIUPOBAHUS MOKPHITHS HAIOJHUTEIISIMH PA3IMYHOM MPUPOJIBI U TUCTIEPCHOCTH.
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MarepuaJjibl H METOAMKA UCCIe0BAHUI. B kauecTBe MaTpULbl KOMIO3HIHOHHOTO TIOKPBITHS HCIIOJb-
30BaJIMCh TPaHyibl MonudTHICHA Bbicokoro aaBneHus ([OCT 16337-77)npousBoactea 3aBoma <«IlomuMup»
OAO «Hagran» (r. Hosonosornk), noauamuga ITA-6 (TY 6-13-3-88)npoussoactea OAO «Aszor» (r. I'poaHo)
u noimeTriaentepedranara (TOCT 51695-2000pouseoactea OAO «MOruineBXUMBOJIOKHO», H3MEIbYEHHBIE
1o muctiepcaoctd 30...400MkM.

B kauecTBe HEOPraHMYECKUX TOOABOK HMCIOJIB30BAINCH MOPOLIKU CICAYIOMINX BEIIECTB: CUTALT (H3MEIIb-
gennoe crekiio BBC) ¢ pasmepom wacturr 100...150Mkm U amroMuHEAeBast yapa ¢ pasmepom gactail 10... 20Mim.
JlaHHBIC HEOpraHWYeCcKHe N00aBKH BBOAMIIMCH B Pa3IMYHBIX KOJMYECTBAX B IOJMMEPHBIH ITOPOIIOK M CMELIH-
BaJIICh ¢ 00pa30BaHHEM KOMIIO3HI[MOHHOTO cocTaBa. Jlanee mpon3BOAMIOCH Ia30IUIAMEHHOE HAITBUICHUE TIOJTY-
YEHHOW CMECH Ha peXHMMax, MPUHATHIX sl nonuMepa. C ydeTom AaHHbIX [8] HambuleHHE Ta30IIAMEHHBIX I10-
KpbITUH 1ipu cpenHeM pasmepe wactui rnosuMepa 100...300MkM ocymiecTBIISUIOCH B HOPMaJbHOM IIAaMEHH
(mpu cooTHOLIEHNH BO3ayxa u nporaHa B cmecu 20/1...24/1).

HcenenoBanoch BIMSIHAE COACPIKAHKS HATIOJIHHUTES!, BH/IA OJMMEPHON MaTpULa 1 IUCTICPCHOCTH € YacTHIL,
a TAKKe PEKMMOB HAIBUICHUS (AMCTAHINSL, JaBJICHUE TOPIOYEeH CMECH) Ha POYHOCTH aAT€3HOHHOTO COSAMHCHHS.

Jnst u3MepeHus TONIIMHEL TOJIMMEPHBIX MOKPBITHH NCTIOIB30BANICS IH(PPOBON MArHUTHBIA TONIIHHOMED
MTII-2M, pa3paborannsiii Uacturyrom npukiaanoi ¢pusznkn HAH Benapycu. IIpodHOCTh ClEIUICHHS TOKPBI-
THsI C OCHOBHBIM METAIIOM (are€3UOHHas IIPOYHOCTH) ONPEAENIach ITUHTOBEIM MeTogoM [13].

Pe3ysabTaThl HCcIeA0BaHMIl H HX 06cyKaeHHe. Pe3ynbTaThl HCCleIOBaHUS BIMSHHSA BHIA M KOHIICH-
TpalUK MUKPOPAa3MEPHOrO HAMOJIHHUTEIS Ha YPOBEHb aAr€3MOHHOW IIPOYHOCTH KOMIIO3UIIMOHHOTO IOJIUMEPHO-
IO TIOKPBITHS CBUACTENBCTBYIOT O TOM, YTO 3Ta 3aBUCHMOCTh HMEET IKCTPEMAIIbHBIN XapakTep, MpU 3TOM BeJIH-
YMHA KPUTHYECKOTO COACPKAHMS HAMONHHUTENS U Ul CUTAIA, M AJIS AIOMUHHUEBOM MyAPBI COCTABISAET MPH-
MepHo 15 06.%. OxHako 171k BapHaHTa ¢ CUTAIIOM aAre3HOHHAsk IPOYHOCTh MOJU(HUIUPOBAHHOTO MOKPBITHS
0Ka3aJach HECKOJNBKO BhIIIC. B 1e70M, BBEICHHE MUKPOPA3MEPHBIX HEOPraHUYECKHX HATIONHUTENCH B MOJIHITH-
JieH Bbicokoro aasnenus ([I9BJI) ciocoOcTByeT yBeIMUCHHIO ero aare3un K cranu Ha 15...20 % fabmuua 1).

Ta6muna 1. —BriusHue HAMOTHATENS Ha MPOYHOCTD CIETUICHUS MOKPBITHH 13 [19B/]

Hanonaurens Copepxanne HanoHUTENS, 00.% IIpounocts cuemnenus, Mlla
be3 nanonnuTens _ 6.24
S 6,51
10 7,00
Curann 15 7,11
20 6,65
25 5,93
30 5,70
S 6,30
10 6,45
AmomMuHHIeBas myapa 15 6,63
20 6,29
25 5,68
30 5,08

DKkcneprMeHTaNbHbIE UCCIACJOBAHHS 110 ONPENCJICHUIO BIUSIHUS pa3Mepa 4acTHI] HAMbBLISIEMOTO IOJIU-
MEpHOr0o MaTepHaa Ha aJre3MOHHYIO IIPOYHOCTh MTOKPBITHS MPOBOAMIKCH CieayroimuM odpasom. Ha npeasapu-
TEJILHO MOATOTOBICHHYIO TOBEPXHOCTh METO/IOM ra30IUIaMEHHOT'0 HAIBUICHHSI HAHOCHIIMCh CMECH TTOJIMMEPHBIX
nopoukoB ¢ cutawioM (1006.%) co cpeauum pazmepom dactui noaumepa ot 50 10 350MkM mpu Oyaldmin= 1,5
(31ech Omax¥ Amin — COOTBETCTBEHHO MAKCHMAJIbHBIA U MHUHHUMAJIBHBINA pa3Mephbl YaCTHI[ HAMBLIIEMOTO OPOIIIKA).
TonmuHa MOTMMEP-CUTAIUIOBOTO MOKPhITUs cocTtaBisuia 0,8...1,0mM.

Pe3ynbTaThl 9KCIEPUMEHTAIIBHBIX HCCIICIOBAHUIA 110 OMPEACTICHUIO BIHUSHUS pa3Mepa MOJMMEPHBIX Yac-
THII HA a/IF€3UI0 HAHOCUMOTO MOKPBITUS U3 PA3TMYHBIX MOJUMEPOB MPEACTaBIICHBI HA pucyHKe 1.

[Mosy4eHHbIe JaHHbIE CBUACTEIBCTBYIOT O TOM, YTO IPU HAHECEHUH PA3JIHYHBIX HOJIUMEPHBIX MOKPBITHI
HanOOoIbIIAs aAre3MOHHAS IPOYHOCTh JOCTHIACTCsl HAMBIJICHUEM MOPOIIKOB C pa3MepaMi YacTHIl B JHala30He
or 100 no 300 MKM, 9TO MOXKET OBITH OOYCIOBICHO CIICAYIOIIMMHU OOCTOSATECILCTBAMH. Bo-nepsulx, MPH ra3o-
IUIAMEHHOM HalbUICHUH MOPOIIKK ¢ pazMepamu dactul] meHee 100 MKM mojBepraroTcsi MOBBIILIEHHOW TepMO-
OKHCJIUTEIBHOW JIECTPYKIMH, YTO MPUBOJUT K MOMAJAHUIO HE HOJHOCTHIO CTOPEBIIMX YACTHUI] B 30HY KOHTaKTa
HoJIMMepa C HAMbUISIEMOM MOBEPXHOCTH M, COOTBETCTBEHHO, CIIOCOOCTBYET CHMIKEHHIO MPOYHOCTH CLETUICHHS
HOJIMMEPHOTO MOKPBITUSI ¢ OCHOBOIL. Bo-6mopwbix, MOPOIIKH ToauMepa ¢ pasmepamu 4actull 6oiee 300 MM
HE yCIEBAIOT PACIUIABUTHCS MOJ ACUCTBHEM Teruia (akesa, 9YTO NPUBOJUT K MOMAJAHUIO HE MOJHOCTHIO MPO-
[UIABJICHHBIX YACTHUIl B 30HY KOHTAKTa MOJMMEPA U HAMBUIIEMOW MOBEPXHOCTU U CIOCOOCTBYET CHIKCHHIO
QJIFe3UOHHOU TPOYHOCTH MOKPHITHS.
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O‘-ICBI/IL[HO, 4YTO IpH HAJIUYINUU B HOpOHIKOBOﬁ KOMIO3UINU KPYHHBIX U MCJIKUX q)paKum‘/i ux H€06XOZlI/IMO
K.HaCCI/I(i)I/IIII/IPOBaTL Ha Oosee y3KHﬁ paSMepHLIﬁ JAnaria3oH, MOCKOJIbKY HAarpeB U OIUIABJICHUC KPYIHbIX U MCJIKUX
MOJIMMEPHBIX YaCTUL] IIPOUCXOJUT HCPABHOMEPHO. KPYIIHBIC YaCTHULIBI HEC YCIICBAIOT IMOJTHOCTHIO PaCIlJIaBUTHCH,
a MCJIKHMC CroparoT. 910 IIPUBOJAUT K BOZHUMKHOBCHHIO B HAIBLIACMOM ITOKPBITUHM BHYTPCHHUX HaHpHX(CHHﬁ,
TIMOABJICHUIO TPCINWH U, KaK CICACTBUC, CHUKCHUIO aIre3nOHHOU IIPOYHOCTH IMOKPBITHA.

o, MIla

8

4

50 100 150 200 250 300 350, MkM

Pucynok 1. —3aBHCHMOCTH MPOYHOCTH G CHENJIeHHST MOKPBITHIA
OT cpeHero pa3Mepa d YacTHII OPOLIKOB MOJMATHIIEHTepedTanaTa (m),
noju3THjIeHa (A) 1 nonamuza (e)

Pe3ynbTaThl SKCIIEPUMEHTATBHBIX UCCIISIOBAHUM TI0 OMPEIEIICHAI0 ONTHMAIBHOTO (PPaKIIMOHHOTO JHara-
30Ha MMOJMMEPHBIX MMOPOIIKOB €O cpeauumM pazmepom dactuil or 10010 300MkM, mpeacTaBiicHHBIE HA PUCYHKE 2,
CBUJICTEIIBCTBYIOT O TOM, YTO MakKCHMaJbHAasi POYHOCTh CIETUICHUS TOKPBITHI ¢ OCHOBOM HAGIIIOMAaeTCs TS CO-
otHOmeHUs Umaf/dmin< (1,8...2,0).

G MIla

7,5

7,0 »
sl | | IN

6,0 -

55 ‘“—\!
“wm\l

15 2,0 2,5 304

ad

max/ dmin

¢ —II9T® BT, m —1I9B/I; A—IIAG;

PucyHok 2. —3aBHCHMOCTb NPOYHOCTH CHENJIEHHUS MOJUMEPHBIX MOKPBITHIA
ot cooTHOMmeHus! Oa /iy (conepixanue namosnutesst 10 06.%)

IIpu 3TOM NpUBeICHHBIC HA PUCYHKaX 1 M 2 TaHHBIC MOKA3BIBAIOT, YTO HAMOOJBIIECH MPOYHOCTHIO CIECH-
JeHHs1 00aJaf0T CHUTAIUI-TIOJUMEPHBIC TOKPBITHS HA OCHOBE IMOPOIIKA MONHMATHICHTEpedTanaTa, 4To MOKET
OBITH 00YCITOBIIEHO 0OJiee BHICOKUM YPOBHEM dHEPIUH (DYHKIMOHAIBHBIX TPYIII IS 3TOTO MOJMMEpa 10 CpaB-
HeHuto ¢ noymatieHom [IBDJT u moauamugom I1A-6 [6].

AO0ze3uonnas npoyHOCMb 2A30NIAMEHHBIX NOIUMEPHBIX NOKPLIMULL 8 3HAYUMENbHOU CMeneHu 3a8Ucum
om OUCMAHYUY HANBLICHUS U pacxooa coplodeli cmecu (0asieHUs 8 Kamepe c2opanust), KOomopwle A6II0mcs 00-
HUMU U3 OCHOBHBIX MEXHOIOSUYECKUX NAPAMEMPO8 NPOYECCa POPMUPOBAHUsL ROKPIMUSL.

CoryacHO peKOMEHIALUAM, TPUBEAEHHBIM B paborax [8; 9; 14], onTuManbHas JUCTAHIUS HAIbUICHHS
npu GOpMUPOBAHUM MOKPBHITUH MOPOINKOBBIMU MaTe€pHajaMH JOJDKHA BBIOMPATHCS U3 YCIOBUS IOCTHIKCHHS
YacTUI[AMH MaKCHMaJbHOM TeMIIepaTyphl, HO MPH 3TOM BO3ICUCTBHE caMoro (hakeiaa Ha CJIOH JOJDKHO OBITh
MUHUMAaJBHBIM BO M30€KaHUE IeperpeBa MaTepuaia clioss  OCHOBBI. VX0 U3 3THX COOOpaKCHHUN JUCTAHIIHS
HaIIbUJICHHUS! IOPOLIKOB ITOJUMEpOB Oblia BeiOpaHa B npexenax 100...300mm.
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PeSyJ’ILTaTLI HucciacaoBaHuAa 3aBUCMMOCTHU aﬂl"eSHOHHOﬁ MPOYHOCTU MNOJHUMCPHBIX HOKpLITI/Iﬁ OT AUCTaH-
1YW HAlIbUJICHUSA MPUBCACHBI HA PUCYHKE 3.

o, MIla ‘ _ | ! |

75 100 125 150 175 20@25 250 [, Mmm
1-IIDT®; 2 -TIDHJ; 3 —-TIA-6

PucyHok 3. —3aBHCHMOCTb POYHOCTH CLEINJIEHHS] HANIBLIEHHBIX CJI0eB
OT TUCTAHIMH HanbLIeHus (cpeaHuii pazmep yactun ~ 150mMkm)

[IpoBeneHHbIN aHAIM3 MOKa3al, YTO Hanboyiee BBICOKYIO MPOYHOCTH CLEIUICHHUS! MOKPBITHUS C OCHOBOI
BO BCEM HCCIIEIOBAHHOM [HMara3oHe IUCTAHLUI HaMbUICHUS WUMEIOT MOKPBITHS M3 MOJHUATWICHTepedTanara,
NpUYEM JUCTAHLIMS HANbUICHHS Ul TOPOIIKOB C pasMepoM vactuil okoso 100 MkM moimkHa OBITH HE MeHee
200...220mmMm. [Ins noanamuaa ITA-6 u noaustunena [I19B/] ata BennunHa gomkHa coctaBiaath 170...180mm.

B pesynbrare uccienoBaHus BIMSHUS JaBJICHUS TOPIOYEl CMECH B KaMepe CropaHHs Ha IPOYHOCTh Clie-
IUICHUS] IOKPBITUS C OCHOBOM B nuana3oHe nasnenuit P = 0,05...0,30MI1a ycranoBieHo O113K0€ K PSIMO Ipo-
HNOPIMOHAILHOMY yBEJIMUYCHHE aJJr€3MOHHON ITPOYHOCTH NOKPBITHH ITPH MOBBIILICHUH JaBJICHHUS [OpIoYeil cMe-
CH B KaMepe CrOpaHus ¢ MaKCHMMaJbHBIMH €€ 3HAYCHUSIMH Ha YPOBHE G, = 5,3...7,9MIIa npu P = 0,30MIIa.
[ono0HBIN XapakTep 3aBUCUMOCTH, BEPOSTHO, O0YCIIOBJICH TEM, YTO C MOBBILICHUEM JABJICHHS TOPIOYMX I'a30B
B Kamepe CrOpaHus yBEeJIMIWBACTCS CKOPOCTh UCTEYCHHS Ta30BOTO MOTOKA U3 coruta Topenku [8] u, ecrecTBeH-
HO, BO3pACTalOT CKOPOCTH I0JIeTa ¥ KHHETHYECKasi JHEPIHsl YaCTHIl OPOIKa. DTO, B CBOIO O4epelb, OJaronpu-
STHO CKa3bIBAETCS Ha XapaKTepe B3aMMOJICHCTBHS MOCIEIHUX C HOBEPXHOCTHIO OCHOBBI U a/I'€3UOHHOI! ITPOYHO-
CTH HAIBUICHHBIX TOKPHITHH. OHAKO MOBBIIATH JaBJICHUE TOPIOYEH CMECH B KaMepe CrOpaHHsi TOPEJIKH BbIIIE
BEpXHEro ypoBHs BbIOpaHHOro quamnaszona (P > 0,30MIla) sxkoHomuvecku HeneaecoodbpasHo [8].

3akarouenne. [TokasaHo, 4YTO 3aBHCHMOCTh aJI'€3MOHHON MPOYHOCTH KOMIIO3UIIMOHHOTO HOJMMEPHOTO
HOKPBITUSL OT KOHLIEHTPALUMKY MUKPOPa3MEPHOTO HAIOJHUTENS. UMEET SKCTPEMalbHBIN XapakTep, Py 3TOM Be-
JMYMHA KPUTHYECKOTO COAEPKaHUSI HANOJHUTENS COCTaBiseT npuMepHo 15 06.%, u BBeneHHe MUKpOpa3Mep-
HBIX HEOPraHWYCCKHX HAMONHHUTENCH (CHTAJLI, aFOMHHUEBAs MyApa) B MOJMMEPHBIC MOKPBITHS Ha OCHOBE I1O-
pouikoB [I2T®, II9B/] n ITA-6 criocoOcTByeT yBeIMUYESHUIO UX aare3uu K cranu Ha 15...20%.

C Touku 3peHus oOecredeHus aare3HOHHON MMPOYHOCTH TIOKPHITHS Haubosee 1enecoo0pa3Ho UCTIOIb30-
BaTh MMOJIMMEPHBIC MOPOIIKK AucrepcHocTsio 150...250MKkM, mpu 3TOM HanbosIee BBICOKHE MMOKA3aTeIH MMPOU-
HOCTH CIICTUICHHS BbISBJICHBI y MOKPBHITHI HA OCHOBE MOPOILKA MONMATHIIEHTEpedTaIaTa. DT0 MOKET ObITh 00Y-
CJIOBJICHO 0OJiee BHICOKUM YPOBHEM DHEPIHU (YHKIIMOHAIBHBIX IPYII B 3TOM MOJUMEPE 10 CPABHEHUIO C HOJIHU-
stunenoM I19BJ] u monmmamugom ITA-6.

B pesymbTare MCCIEIOBAHUS B3aUMOCBSI3H PEKUMOB T'a30IIAMEHHOTO HAIBUICHHS (IUCTAHIINS HATIBI-
aenus |, naBiaeHue TroproYel cMecH B KaMepe cropanust P) ¢ anre3MoHHOI MPOYHOCTHIO HAMBUICHHBIX MOTAMEP-
HBIX TOKPBITHH G, MOKa3aHO, YTO B MCCIICJIOBAHHOM JHWalla30HE yKa3aHHBIX TEXHOJIOTHYECKHUX IapaMeTpoB
(I = 100...300mm, P = 0,05...0,30MI1a) HauboIIbIINE 3HAUCHUS TOKA3ATEIS O UMEIOT MECTO JJIsl TIOKPBITHIH
Ha ocHoBe nopomuika [I9T® npu P = 0,30MIla u | = 200...220MmM, a a1 HOKPBITHHA Ha OCHOBE MOPOIIKOB
3B/ u [TA-6 npu P = 0,30MIlaul = 170...180um.
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Iocmynuna 05.08.1018

INFLUENCE OF MODES OF APPLICATION OF MODIFIED
POLYMER COATINGS ON THEIR ADHESION STRENGTH

G. VARIKQV, K. DROZD, V. ZHORNIK

It is shown that the modification of gas-flame pudy coatings based on poly-ethylene terephthaRiEeT]},
high-pressure polyethylene (HDPE) and polyamide-@4owders with a dispersion of 150...250 microns
by inorganic fillers (100...150 microns citall, @inum powder with a dispersion of 10...20 micrdnsjeases
their adhesion to steel by 15...20%. The highessrateadhesion strength (7,9...8,5 MPa) have coativased
on PET powder. More rational from the point of vielvadhesive strength of coatings modes of flamaysm
(spraying distance |, the pressure of the comblestitixture in the combustion chamber P) are witRirs 0,30 MPa,
| = 200...220 mm for coatings based on PET powdrer 0,30 MPa, | = 170...180 mm for coatings based
on LDPE and PA-6 powders.

Keywords: polymer coatings, flame spraying, microfine fillspraying modes, adhesion strength.
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YK 621.791

OCOBEHHOCTH MPUMEHEHW A TOKPBITUI
TP N3IrOTOBJEHHUU SJIEKTPOXUPYPTUYECKUX NUHCTPYMEHTOB
JUISI BUTTOJIAPHOM BBICOKOYACTOTHOM CBAPKH

kano. mexu. nayk A.I'. /IVBKO; kano. mexu. nayk HA. YBEPTKO
(Hucmumym snexmpoceapxu um. E.O. [lamona, HAH Ykpaunwt, Kues);
0-p mexu. nayx, npop. A.B. TEEE/[EB
(Hayuonanwvuuviit mexnuueckuii yu-m Ykpaunol
«Kueeckuii nonumexnuueckuii uncmumym umenu Hzopa Cukopckozo»)

IIpedcmaeneno KoMnieKcHoe ucciedo8anue no NPUMEHEHUI0 MOK08 8bICOKOU YACMOMbL 8 XUPYPSULECKOU
npaxkmuxke. Paspabomana wupoxas camma 060py0osanust, 6 COCMaA8 KOMOPO20 X005 INEKMPOXUPYPIULECKUE
uncmpymenmul. Basicnetiuum 1eMenmom KOHCMpPYKYUU maxKux UHCMpPYMEHMO8 CyICUm NOKpvimue, obecneyu-
saroujee HAOEHCHYI0 pabonmy npu MHO20PA3080M UX UCHOTIb308AHUL, COOMBEMCMBYSI NPU IMOM PAOY MEOUYUHCKLUX,
CaHUMAaPHO-2USUCHUYECKUX U meXHudeckux mpebosanuti. I1o pesytomamam ucnvimanuii Oisk CEPULiHO20 GbINYCKA
MHO20PA308020 JNEKMPOXUPYPULECK020 uHcmpymenma eviopano nokpvimue < TIGER-Drylac» xomopoe cezo-
OHSL YCREWHO NPUMEHSEMCS. NPU U320MOBNIEHUL CEPUIHO BbINYCKACMbIX INEKMPOXUPYDSULECKUX UHCTNPYMEHMO8
OJ151 WUPOKO UCNOIb3YeMO20 8 KIUHUKAxX Ykpaurul ceapouroeo komniekca EKB3-300 dlamonmeo».

Knwuesvie cnoea. evicokouacmomuas ceapKa, aneKkmpoxupypeudecKkue UHCmMpPYMeHmbl, XUMUYeCKas
CMOUKOCMb nOKpblmulZ, Jicugble buonocUYecKue mMKaHu, 6uocoeMecmuMocmb, aﬂeKmpo6e3onaCHocmb.

Hcmonb30Banre BO3MOKHOCTEH COSTUHEHHSI OMOJOTHYECKIX TKaHEH CBAPKOW C LEIbI0 YIIYUIISHHUS 3/10-
POBBS YeTIOBEKa M KaUecTBa €ro JKW3HM SBJSIETCS B HACTOAIICE BPeMs OJHUM M3 NPHOPUTETHBIX HAIIPaBIICHHHA
Hay4dHBIX HccaenoBanuii. B MucTutyTe amekTpocBapku nmenu E.O. [TaToHa BexyTcsl KOMIUIEKCHBIE HCCIIEIOBA-
HUS TI0 IPUMEHEHHUIO TOKOB BBICOKOI 9acTOTHI B XHUPYPTrUUECKOil IpakTHKe, pa3paboTaHa MIMpoKas ramMmma 000-
pYJOBaHHUs, B COCTaB KOTOPOT'O BXOJST 3JICKTPOXUPYPTUUECKIE HHCTPYMEHTHI. BaXKHEHIIUM 3J1€MEHTOM KOHCT-
PYKLUMH TaKMX WHCTPYMEHTOB CIIYXHT IOKpbITHE, OOecleUMBaloliee HaACKHYI0 pabOTy IpU MHOTOpPa3oBOM
UX HUCTOJIb30BaHUH. [IOKpBITHE DIIEKTPOXUPYPIrHYECKUX HHCTPYMEHTOB JIOJDKHO COOTBETCTBOBATH LEJIOMY PSILy
MEIUINHCKHUX, CAaHUTAPHO-TMIMEHMYECKUX W TEXHHYECKUX TPEOOBAaHHH, OCHOBHBIMH W3 KOTOPBIX SIBIISIOTCS:
0MOCOBMECTUMOCTD, JIEKTPOOE30MaCHOCTh, XUMHYECKAsh CTOMKOCTh K JE3MH(UIMPYIOUNM U CTCPHIM3YIOIUM
pacTBopaM, MEXaHHYECKasi MPOYHOCTh, OOCCIICUeHHE PABHOMEPHOCTH M OJHOPOJHOCTH HaHeceHHs (OTCYTCTBHE
0P, BKJIIOYEHHI), SCTETHYECKUM BHELTHHUI BH]I.

ABTOpaMH MIPECTaBIIEMON PaOOTHI IPOBEICHEI MHOTOUHCIICHHBIE SKCIIEPUMEHTHI 110 UCTIBITAHUAM TTOKPHI-
THUA MEIWITMHCKAX MHCTPYMEHTOB, PEKOMECHIYEMBIX [UTS MPIMEHECHUSI B MEIUIMHCKOHN MpaKTHKe: [THAHUI-aKpHI;
SMOKCHUKPEMHEOPTraHNIecKasi 3Mallb, CIEeIHAIbHBINA JTaKOKPACOYHBIH MaTepuall, HONMNITUIICH; TIOPOIITKOBOE MTOKPHI-
THE B KOMIIO3MIMHU C droKcunommaGupabiMu cmonamu (TIGER-Drylac).Ilo pesysibraraM UCIBITaAHUM IS CEpUii-
HOT'O BBIIIYCKa MHOTOPa30BOr0 JJIEKTPOXMPYPrHYECKOTO MHCTPpyMEHTa BBIOpaHO HOKphiTHe «TIGER-Drylac».
DNEKTPOXUPYPrUUECKUH HHCTPYMEHT C TAKUM TTOKPBITHEM OBLIT YCIICIIHO UCTIBITAH IPH NTPOBEJICHUN XUPYPIHUECKUX
omnepanuii Ha xuBoTHBIX. Ceroans nokpeitie «TIGER-Drylac»ycnenino npuMeHseTcs mpu U3roTOBJICHUH CEpHii-
HO BBIITYCKaeMBIX JIEKTPOXUPYPTUUECKUX MHCTPYMEHTOB Jutsi cBapouHoro komiuiekca EKB3-300 dlatonmen»,
KOTOPBI IIMPOKO UCTIONB3YETCs B KIIMHUKAX Y KDaUHBI.

B Unctutyre anextpocBapku (MIC) um. E.O. IlaToHa B HacTosimiee BpeMsi BEAYTCS KOMIUICKCHBIC HC-
CIICIOBAHUSI TI0 IPUMEHEHUIO TOKOB BBICOKOM YaCTOTHI B XUpyprudeckoit npaktuke [1—4]. Pazpaborana mupo-
Kas TaMMa anmapaTypbl, B COCTaB KOTOPOH BXOIAT OWMMOJSPHBINA BRICOKOYACTOTHBIN ammapar M AJIEKTPOXUPYp-
THYECKUE HHCTPYMEHTHI.

o cpaBHEHUIO C TPAAUIIMOHHBIMU MEXaHHIECKUMHU (HUTOYHBIC, CKOOKOBBIE, KJIEEBBIC), DIICKTPUUCCKUMHU
(;TazepHbIe, TUIA3MEHHBIE) M IPYTHMH M3BECTHBIMHA METOJAMH, KOTOPBIC TIPUMCHSIFOTCS B XUPYPTHUECKON TpaK-
THKE IS pe3aHus, KOAry IS U COSINHEHNS CBAPKOH KHUBBIX OMOJOTHYECKIX TKaHEH, TaKue CBapOYHBIE KOM-
IJIEKCHI IMEIOT PSIJ] CYIIIECTBEHHBIX MPEUMYIECTB [5].

BaxHeHIIUM 3JIEMEHTOM KOHCTPYKLMH OWIOJSIPHBIX 3JIEKTPOXUPYPTrHYECKUX HMHCTPYMEHTOB CIIY)XKHT I10-
KpBITHE, KOTOPOE HAHOCUTCS HA MIOBEPXHOCTH €ro OpaHiiei n 31ekTponoB. ITokpeiTre HeoOxomuMo 11t obecneye-
HUS JIEKTPOo0OE30IaCHOCTH MEAMIMHCKOTO MepCOHaa, 3alUThl AllMeHTa IPU IPOBEACHUH ONIEPATHBHOIO BMeE-
LIaTEeNbCTBA U ACTETUYECKOT0 BHEITHETO BHUAa MHCTPYMEHTOB. [Ipu aTOM BaxKHOM 3amaueil sBisieTcsi HEOOX0au-
MOCTB oOecIieueHHs aAre3HOHHON MPOYHOCTH, PABHOMEPHOCTH M OJHOPOJHOCTH MOKPHITHS TI0 BCEH ITOBEPXHO-
CTH HaHECEHHs, OTCYTCTBUS ITOCTOPOHHUX BKJIFOUEHHH, IOP W BO3MOKHOCTH HAaHECEHHS MAapKHPOBKH HA MHCT-
pyment. Taxxke HEOOXOAUMO YUUTHIBATh, YTO IIPUMEHEHHE OWUIOJSPHBIX HHCTPYMEHTOB B OIEPAIlMOHHON 00Y-
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CJIOBJINBAET KOHTAKTHPOBAHHE 3JIEKTPOAHBIX TIOBEPXHOCTEH € )KUBOM OMOJIOTMYECKOM TKaHbIO, IO3TOMY IOKPHITHE
JIOJDKHO OBITh M3rOTOBJIEHO M3 OMOCOBMECTHMBIX MaT€pUaioB, COOTBETCTBOBATh TOKCUKOJIOTHYECKHM, CAHUTAPHO-
TUTHEHUYECKUM M MEIUIIUNHCKUM TPEOOBAHUSIM.

B cBsi31 ¢ HEOOXOAUMOCTBIO IE3MH(EKIMN U CTEPUITU3ALNH IEKTPOXUPYPIHIECKUX HHCTPYMEHTOB Iie-
pen onepanusiMH OKPBITHS TOJDKHBI OBITh CTOMKMMH K CTEPHIM3YIOIIUM U IE3NHOULMPYIOIUM PacTBOPaM.

W3zBectHbIe 3apyOesxHbIe (GUPMBI pa3INYHBIX cTpaH EBporbl 1 AMEpUKH BBITYCKAIOT 3JIEKTPOXUpYpruye-
CKHE MHCTPYMEHTHI OJHOPA30BOTO MPUMEHEHUs, KOTOpPbIE MOCIE ONepaluil yTuin3upyorcs. B OonbiinHcTBe
CITy4aeB TAKUEC HHCTPYMEHTBI HMEIOT MOJIMMEPHOE MOKPBITHE TehioHOM [6].

[o psimy NpUUYUH 3JIEKTPOXUPYPTUUECKHE HHCTPYMEHTBI OT€YECTBEHHOTO MPOMU3BOJICTBA SIBISIIOTCSI MHO-
ropa3oBbIMH, YTO BIIEYET 32 COOOM, KpOME MEPEYUCIICHHBIX BBIIIE, HECKOJIBKO BaXKHEHIIHMX CrerupUuecKux
TpeOOBaHUI K HUM CaMHM U K MX HOKPBHITUSAM. B CBSI3M ¢ BBINIEH3I0KEHHBIM JIeJIacM BBIBOJ — HOKPBITHS JICK-
TPOXUPYPTUUECKUX WHCTPYMEHTOB JIOJDKHBI 00J1aJaTh psiIOM CBOMCTB, ONpPEIEIISieMbIX YCIOBUSIMH MX paOOTHI.
[epBoouepeAHbIME TPEOOBAHUSMH SIBISIOTCS aAT€3HMOHHAS MPOYHOCTH, AIIEKTPOOE30MaCHOCTh U CTOHKOCTD
[PU NPOBEACHUH MMPEAONEePALUOHHO TOATOTOBKH, & HIMEHHO MEPONPHATHIA 10 Ne3UH(EKIUH U CTSPHIH3ALIUH;
IpY MUHUMAJIBbHO BO3MOJKHOM TOJIIMHE CJIO0S HOKPBITHE DJIEKTPOXUPYPIHUYECKUX HWHCTPYMEHTOB JOJIKHO BbI-
JIEPIKUBATh MCIIBITAHUS Ha dJIEKTpobe3onacHocTh (mpoboii) [7; 8].

OGBIYHO TIPIMEHACMBIC MEXAaHUYCCKHE MEAUIIMHCKAE MHCTPYMEHTHI (TUHIETHI, 38XKUMBI H JIp.) H3TOTaB-
JIMBAKOT U3 HepkaBerowlei ctanu (tuna 12X18HI9T, 12X18H10T).

I[pu pa3paboTke ¥ U3rOTOBICHUHU SIEKTPOXUPYPTHIECKUX HHCTPYMEHTOB K JUCTAIbHBIM KOHI[AM MX OpaHIien
cepebpsiapiMu puriosiMu (Trma [1Cp-50) npunanBaroT GUITOJISAPHBIE SJIEKTPOIBI, MATEPHATIOM KOTOPBIX SBIISIOTCS
Mezb M1, KoMIo3uT Meb-MouOeH [9] U HEeKOTOpbIe APyrue OHOCOBMECTHMBIC MAaTePHAIIbI, 3aTEM Ha TOBEPXHOCTH:
OpaHieii, MecTa Maiiku ¥ Hapy>KHbIX OBEPXHOCTEH JIEKTPOI0B HAHOCUTCS M30JISILIUOHHOE MTOKPBITHE.

st monydeHus pa3pelinTebHbIX JOKYMEHTOB Ha HCIOJIb30BAHUE JJIEKTPOXUPYPIUUECKUX HMHCTPYMEH-
TOB B OIEPALIMOHHOI HAMHU TIPOBE/ICH OJIHBIA 00BEM UCIIBITAHUH: TPOBEPKA U30JISILIMHU JIEKTPOXUPYPTrHYECKOTO
HHCTPYMEHTa Ha npo0oii; mpoBepKa CTOMKOCTH K Ae3uH(pekun (MPOBOAUTCS NEepe CTepUIn3auei); mpoBepKa
CTOMKOCTU K CTEPHJIM3AL[H WHCTPYMEHTOB CTEPUIIM3YIOUIMMHU PEarceHTaMH; MPOBEpKa MEXaHUYECKOW CTOMKO-
CTH HHCTPYMEHTA B Cllydae ero CBOOOIHOro majaeHus [7].

COBMECTHO ¢ MEAMIIMHCKUMH pabOTHUKaMHM HaMH MCCIICAO0BaHbl M MIPOBEPEHBI Ha 00pa3Lax KHMBbIX TKa-
HE psi/i MOKPBITUI JIEKTPOXUPYPrHIECKIX HHCTPYMEHTOB, MMEIOIINX XapaKTePUCTHKK, HEOOXOAUMBIC ISl CO3-
JIAHUSI MHOTOPA30BbIX MHCTPYMEHTOB JUIsl CBAPKH, PE3KH M KOATyJSIIIMU JKUBBIX TKaHEH, U pa3peuieHHbIX s
MIPUMEHEHHS B KIIMHUUECKUX YCJIOBHAX. B mpouecce npoBeaeHus KIIMHUYECKUX UCIIBITaHUI 3JIEKTPOXUPYypruye-
CKMX MHCTPYMEHTOB NPHICPIKHBAIUCH MPHUHIMIIOB OMOITHKY, 3aKOHOATENIbHBIX HOPM M TpeOOBaHHUil MO HpoBe-
JEHUIO TaKuX UCHbITaHuii: XenbcuHckoi aexaapanuun (2000r.); Koncrturynuu u I'paxkaanckoro komekca Y-
paunbl (1996 u 2006r. coorBeTcTBeHHO); OCHOB 3aKOHOJATENBCTBA YKpauHbl 00 oxpaHe 340poBbs 1992rt.;
ITocTaHOBICHHMS 0 KIMHUYCCKHUM HCCIICAOBAaHUSIM MUHHCTEPCTBA 3ApaBooxpaHeHust Ykpausbl Ne 66 Ipo 3at-
BEPIKCHHS TIOPSIKY TIPOBEICHHS KITIHIYHIX BUIPOOYBaHb JIIKAPCHKUX 3aCO0IB Ta EKCIEPTHU3U MaTepiaiB KIiHITHUX
BUMPOOYBaHb 1 THIIOBOTO MOJOKEHHS MPO KOMIcCito 3 muTanb eTuku» (2006r1.); 3akoHa Ykpauust No 3447-1V
«[Ipo 3axXKCT TBAPUH BiJI )KOPCTOKOTO MOBOKEeHHs» (2006r.).

ABTOpamMu OBLUTH H3y4eHBI TuTeparypHbie manubie [10], B KOTOPBIX comepKaTcs PEKOMEHIAIMH TI0 MaTe-
puanaM, pa3pelleHHbIM K MCIIOJIb30BAHUIO B MEJUIIMHCKON MPAKTUKE: ITOJMITUIICH, MTOJINKapOOHATHI, OJIUMEDHI,
tepudTonar, nonurerpadropsTuiieH (TedaoH), TOTUIPONUICH, IONUYPETAHbI, IMAHUI-aKPHIL.

CornacHo TeXHUYECKUM TPEOOBAHUSIM, HPEIBSBISIEMbIM K JIEKTPOXUPYPrHIECKOMY HHCTPYMEHTY MEJIH-
LIMHCKOTO Ha3HAYEHHs, a TAK)KE YUUTHIBAs CTOMMOCTb U HEKOTOPBIE IPYrHe aCTeKThl €r0 IPUMEHEHHS, U3 BbIIIe-
MIEPEYHCIICHHBIX BUJIOB TIOKPBITUI peaibHble SKCIEPHUMEHTHI OBbUTH ITPOBEICHBI TOJIBKO BEIOOPOYHO, HA Hanboiee
MOIXOAALIMX U3 HUX. Hao OTMETUTh, YTO BBIOOP MOKPBITHS 3IEKTPOXUPYPrHYECKHUX HHCTPYMEHTOB MHOIO-
Pa30BOro NPUMEHEHUs IPOBOMIHN C YIETOM COOJIOACHUS MEAUIIMHCKUX TPABUII U HOPM MO UX TPUMEHEHHIO
B MEJMLHCKON IPaKTHKE. DTO CIY)KHJIO OPUEHTUPOM BO BCEX HAIIMX SKCIEPHUMEHTAX.

DeKTPOXUPYPTrUUECKHE HHCTPYMEHTBI C KACEGbIM HOKPLIMUEM <Yuanuo-akpun» paspabotku MHcTuTyTa
oprannyeckoir xumu HAH YkpauHb! ObUTH UCTIBITAHBI TIPU MPOBEIEHUN XUPYPTHISCKHUX ONEparuii Ha KPblI-
cax M Kposinkax. JlaHHO€ MOKPBITHE HAHOCUTCSI METOJIOM MOJIMMEPHU3aMOHHOTO OKPALIMBaHUs, HE HYXKIaeTcs
B MOCJIONHOM HAHECEHHH, B CBS3U C YeM HE BO3HHKAIOT MPOCIONKH, HAIMYHE KOTOPHIX MPUBOAUT K HEpaBHOMEP-
HOCTH PacHpe/iesieHHs] CUJI CLEIUICHHUS TOKPBITHS ¢ OCHOBOW. OIHOBPEMEHHO MOXKET ObITh HAHECEHO OHOPOJI-
Hoe MokpbITHe TonmuHOM 0T 50 10 320 MkM. [epBble IKCIIEPUMEHTHI MPOBOAMIN Ha 00pa3nax 3JIeKTPOXUpyp-
TMYECKUX NMUHIETOB B KonmyectBe 20 mTyk. Bul npoBeneH MUK NpeonepaoHHbIX IPOLEayp 1Mo Je3nHpeK-
X XUPYPTHIECKOTO HHCTPYMEHTA C TIOMOIIBI0 MypaBbuHOM kuciaoThl (50 it MypaBsuHO#M KuCIOTH 13 100 M1
MEePEKUCH BOAOPOAA ¢ A00ABICHHEM IUCTUILIMPOBAHHON BoIbl (Bech 00beM — 51). DTOT pacTBOp, MO HAIIMM
JaHHBIM, HanboJiee YacTo NpUMEHseTCsl B KInHUKax. [locne ne3nHdeKkuuyn 3Th HHCTPYMEHTHI ObUTH MCIIBITAHbI
B OIICPAIMOHHON MPH MPOBEJCHUHN OMEPATHBHBIX BMEIIATEIBCTB Ha KMBOTHBIX (Kpbicax). IIpu Temmeparype
HarpeBaHus OMOIOTHYeCKUX TKaHe# 75...85 °CuuHIeThI BhIIEPKUBAIU HE O0JIbIIe 3-X OTepalHil.
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VcnipiITaHus meghuoHo8bIx NOKpbimuil, HAHECCHHBIX Ha JJEKTPOXUPYPrHICCKHE HHCTPYMEHTBI, HECMOTPS
Ha UX BBICOKOTEMIIEPATYPHBIEC XapaKTePUCTUKH, ObUTH HeyaauHbiMH. Cpa3y Mocie CTEPUITU3AIMHA HArPEB DIIEKTPO-
JIOB ¥ OMOJIOTMYECKO# TKAaHU MPH MPOXOKACHUN BBICOKOYACTOTHOIO TOKA MIPUBOAUT K PA3PyLICHUIO 3THX MTOKPBITHIA.

JanbHeilme ucciaeqoBaHus Kacaluch pa3pabOTKH TEXHOJOTMH HAHECCHUsI Ha DIICKTPOIbI M OpaHIIn
OMITOJSPHOTO JJIEKTPOXHUPYPIHYECKOI0 MHCTPYMEHTA 3alIMTHBIX KPEMHMMOPraHWYECKHX IMOKphITHH [11; 12]
Y MPOBEICHNS] COOTBETCTBYIOIIUX MCIBITAHUI. DTH HOKPHITHS ObUIN pa3paboTaHbl Ha Kaeape XUMUHU BSDKYIINX
HOJIMMEPOB U KOMIIO3UTHBIX MaTepuanoB HaruonansHoro yuusepcurera (KIIM wmenn Hropss CHKOpCKOro)
HOJ1 PyKOBOJCTBOM JJOKTOpa TEXHUUECKUX HAYK, mpodeccopa B.A. CBuaepckoro.

Jeyxxomnonenmuas smane IKO-501 6 xauecmee nokpvimus npeAcTaBisieT coO0i CYCIEH3UIO MUTMEH-
TOB W HAMOJHHUTENICH B CHHTETHYECKOM IUICHKOOOpasyromeM MoAuGHIHPOBAHHOM PAcTBOPE SMOKCUIHOM CMO-
JIbI HA OCHOBE KPEMHHUHOPTraHUYEeCKOro Jiaka, KOTOPOE MMPUBOAUTCS B TBEPAOE COCTOSIHHE C TIOMOLIBIO MOJUATH-
JICHNIOIMAMKHA, MMEET BCE HEOOXOAMMbIE CAHUTAPHBIE Pa3pEIleHUs U BhITycKaeTcs cepuitno. Dmans DKO-501
COOTBETCTBYET TEXHHYECKUM M MEIHLIUHCKHUM TPeOOBaHUSIM, HEOOXOAUMBIM ISl M3TOTOBJICHHUS OHIIOISPHOTO
INEKTPOXUPYPrHUECKOTO HHCTPYMEHTA.

JLJ1st 3K TPOXUPYPrUYECKUX HUHCTPYMEHTOB, paOOTAIOIINX B YCIOBUSIX MAaKCUMAJBbHBIX PEXKHMOB OUIO-
JISIPHOM BBICOKOYACTOTHOM KOATYJSAIMH, PE3KH M CBAapKH OONBIIMX 0OBEMOB XHBBIX TKaHel (Hampumep, mpu
abIOMHHABHBIX OHKOJIOTHIECKUX OTEPaIisX), Ha Kadeape XAMUH BSDKYIIUX MOJAMEPOB M KOMITO3UTHBIX Ma-
tepuanoB Hannonansaoro yausepcurera (KIT) paspabGorana crienuaibHas TEXHOJIOTHS MHOIOCIOMHOIO HaHe-
CEeHUS TIOKPBITUSI HA DJICKTPOAbI M OpaHIIU DJIEKTPOXUPYPIUYECKUX HHCTPYMEHTOB. JlJisi 9TOr0 MCHOJIB30BAIIH
naxokpacounvlii mamepuan (JIKM), nocne HaHeCeHUs: KOTOPOTO MPOU3BOJIIIN <GaNeKaHUe» B MEYU MPU TeMIepa-
type 1100 °Cu nonroBpeMeHHYIO BBIIEPKKY P KOMHATHOW TeMIIepaType.

Baxueiimeir xapakTepUCTHKON SIBISETCS aAre3usi MOKPBITHH, KOTOpas 3aBHCUT OT MHOTOYHCIICHHBIX
(haxTOpoB U 00YCIIOBIICHA B3aMMOJICUCTBUEM MEKIY MOJIEKYJIAMH KOHTAKTHUPYIOMIUX Tes. [Ipu OlleHKe aare3u-
OHHOW MPOYHOCTH PELIAIOIICe 3HAUYCHUE UMEET IUIOMIAIb KOHTAKTA MOKPBITUS C MIOBEPXHOCTHIO JeTajiel Meau-
UHCKOTO WHCTpyMeHTa [13]. [l monydeHnst HeoOX0MMMON aAre3nOHHOM POYHOCTH MOKPBITHS C OCHOBHBIM
MaTepuaioM OpaHIeil 3JeKTPONHCTPYMEHTA U DIIEKTPOTHOTO Matepuaia (He Mernee 10 MIla) paspaGorana Tex-
HOJIOTUSI HAHECCHUSI NPOCIOUKU OKUCU YUPKOHUS METOJIOM MHUKPOIUIA3MEHHOI'0 HAIBUICHUS HA MPEIBAPUTEIHHO
OYHIICHHYIO MOBEPXHOCTh 3JIEKTPOXUPYPTUUECKOr0 HHCTPYMEHTa. JTa MPOCIIoiiKa JaeT BO3MOXKHOCTh obecrie-
YHUTh OIPEACICHHYIO [IEPOXOBATOCTh MOBEPXHOCTH, Ha KOTOPYIO HAHOCHTCSI KPEMHUNIOP2AHUYECKOe NOKPblmue,
YBEJAMYHBasl TIPH STOM aJTre3UOHHYIO [IPOYHOCTh MOKPBITHS. OKHUCh LUPKOHUS XapaKTePH3yeTCsi MajJbiM KO-
(DUIHEHTOM TEIUIOBOTO PACIIMPEHHS H CTOMKOCTHIO K XUMUYECKUM BO3/ieiicTBUsIM. [Ipociiolika OKUCH [IUPKOHHS
€ MaJbIM KO3 (QHUIIMEHTOM TEIUIOBOTO PACLIMPEHHS MO3BOJISCT YMEHBLINTD Pa3sHUIly KO3()(DHULIHEHTOB TEIIOBO-
IO PACIIUPEHUS] MATEPHAJIOB, U3 KOTOPBIX U3TOTOBIISETCS DIIEKTPOXUPYPIHIECKUI HHCTPYMEHT U €r0 MOKPhITHE,
YTO MO3BOJISET 3HAYUTEIBHO CHU3HUTh OMACHOCTh MEXAHUYECKOTO Pa3pyIIeHUsI MOKPHITUS. [IOKPBITHS 3JIEKTPO-
XUPYPrUYECKOr0 HHCTPYMEHTA, MOJYYCHHBIE M0 OMHUCAHHOW BBIIIE TEXHOJIOTHH, TAKKE OOECIICUMBAIOT XMUMHUYE-
CKYIO CTOHKOCTb K CTEPHJIN3YIOIINM U IE3MHPHUIUPYIOLIMM PAaCTBOPaM, YTO HEOOXOIUMO IPH MMPOBEACHUU CTEPH-
JIM3AIMHU AIIEKTPOXUPYPIUUECKOr0 MHCTPYMEHTA; COXPAaHEHHE HAJICKTPUYECKHX CBOMCTB MPH NPOTEKAHUU Iepe-
MEHHOTO TOKa HampspkeHueM, cocrapisomum 15008, B Teuenne 60 cekyH, CTOMKOCTS Oe3 pa3pyIIcHHs B TEUe-
ure 3001KKII0B pabOTHI BHICOKOYACTOTHOTO allliapara Ha MaKCHMAaIbHBIX PeKUMax mpH temmeparype g0 120 °C.

OnbITHAS MAPTHS SJACKTPOXUPYPTUICCKUX HHCTPYMEHTOB B KoamdectBe 50 mryk ¢ noxkpsimuem IKO-501
oIpoOOBaHa Ha BO3JEHCTBUE TEPMHUUYECKHX HAIPY30K MPU UCIBITAHUAX HA TEPMOLMKIMPOBAHKE, KOTOPbIE [POBO-
JULTHCH TpH chenyromux ycnousax: HarpeB 10 +300 °Ce TeueHne 1 MHHYTHI; OXJTaXICHHE BO3IYXOM HA MPOTSI-
sxenun 10 MuHYT (10 KOMHATHOUN TeMIlepaTypsl). Bee 21eKTpOMHCTPYMEHTHI Bhiaepxkanu 193 1ukia «Harpes —
OXJIAXKICHUE, YTO SBIICTCS JOCTATOYHO XOPOIIMM MOKa3aresieM paboTOCIOCOOHOCTH HCIIBITAHHOTO HOKPBITHSI.

B kadyecTBe BO3MOYKHOTO TOKDPBITHS MHOTOPA30BBIX JJICKTPOXUPYPIUUECKUX HWHCTPYMEHTOB aBTOPAMHU
TaKKe ObUT UCTIBITAH NOAUIMUNIEH, KOTOPBIA IIHPOKO MPUMEHSETCS B MEIULUHCKON MPAaKTHUKE U MHIIEBON Mpo-
MBIIUICHHOCTH. [[ONIMATHIIEH HAHOCHUJICS HA TIOBEPXHOCTH 3JIEKTPOXUPYPrHUECKUX MHCTPYMEHTOB B BHE CYC-
MEH3UH U3 TOHKOM3MEJIBYCHHOI'O MOJHMMEpa, PaCTBOPUTEINs, BOJbI M cradbmunu3atopa. CycreHsus, mojorperas
10 260...275 °CHaHocHiach Ha HHCTPYMEHT pacibuieHneM. OCHOBHBIM MPEMSTCTBHEM, KOTOPOE HE MMO3BOJISCT
MIPUMEHHUTD 3TH MOKPBITHS ISl K3TOTOBJICHUSI MHOTOPA30BbIX AJIEKTPOXUPYPIHUUCCKUX HHCTPYMEHTOB, SBISLIOCH
TO, YTO THOJIMITUIICH HE BBIIAEPKUBAET OCHOBHOTO TPEOOBAHHMS, MPEABIBISEMOTO K MOKPBITHIO: Pa3MsryaeTcst
(«mbiBeT») ipu Harpesanuu Boime 80 °C.

HecMoTpst Ha HEKOTOPBIE OTMEYEHHBIE MMOJIOKHUTEIILHBIE PE3yIbTAaThl UCIIBITAHHBIX aBTOPAMHU MOKPBITHH,
JUTsL IPOU3BOACTBAa MHOTOPA30BOT0 dIEKTPOXUPYPTHYSCKOTO HHCTPYMEHTA OHU OKAa3aJUCh HEMPUTOAHBIMH.

[pu nanpHeiimeM BBIOOPE MOKPBITHS, COOTBETCTBYIOLIETO TPEOOBAHUSIM MPOU3BOACTBA MHOTOPA30BOTO
3NEKTPOXUPYPIrHUECKOr0 HHCTPYMEHTA, HaMK ObUTO BeIOpaHO monmumepHoe nokpeitue «TIGER-Drilacy» (mpoussoa-
cra Tiger Coating Gmbh CoAgctpus), KOTOpOe OTBeYaeT BCeM TPeOOBAHHUAM JCHCTBYIOLIEIO CAHUTAPHOIO 3a-
KOHOJIATENbCTBA YKpPauHbl, KPUTEPUSIM OE30MACHOCTH, IMEET CepTU(UKAT Ka4eCTBa, B KOTOPOM yKa3aHbl OCHOB-
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HBIC €ro xapakrtepuctuku. Cpok JeiicTBrs cepTrdrKaTa MOCTOSHHO OOHOBMIACTCSA. MeXxaHHYeCKUe CBOMCTBA 3TOTO
TOKPBITHS, TEMIICpATypa IUIABJICHHS, XUMUYECKasi CTOMKOCTh OMPEACIISIFOTCS MEXKIyHAPOIHBIMA HOPMAaTHBAMHU.

Iokpeitre «TIGER-Drilac» co3gano Ha 0CHOBE HACBHIIEHHBIX CJIOKHBIX HOJIUI(GHPOB B KOMIIO3HLIUH
C DIOKCUIIONMI(PUPHBIMU CMOJIAMH, MIUTMEHTaMH W HamonHuTeIsiMA. CoBMecTHO ¢ MHCTUTYTOM XMMHUHU BBICO-
KOMOJEKYJSIpHBIX coenuaeHnii HAH YKpauHBI 110 METOIMKE, OMMUCAHHOM B [9], OBUIH BBIIOIHEHB! TOKCHKOJIOTO-
TUTUCHUYECKHE UCCIICIOBAHIS 1 0000IICHBI HX Pe3yNlbTaThl, 0()OPMIICHHBIE B BHIE JOKIMHUYESCKAX MCITBITAaHIH
mokpbIThst «TIGER-Drilac»,HaneceHHOTO Ha SIIEKTPOXHUPYPTHUECKHE WHCTPYMEHTHI (MUHIIETHI). [Ipu 3TOM mo-
TBepkIeHa Oe3omacHOCTh MOKpbITH «TIGER-Drilac»mo pa3npakaroriemMy ¥ CEHCHOMITH3UPYIOLIEMY BIHSHHUIO
Ha MOJIOTBITHBIX KUBOTHBIX, CAEIAHO 3aK/I04YeHue, uto nonumepuoe nokpeitue «TIGER-Drilac»,nanecennoe
Ha 00pasibl CBAPOYHBIX OUIOSIPHBIX XUPYPrHYECKUX MHCTPYMEHTOB (IIHHIETOB), OTBEYAET BCEM HOPMATHB-
HBIM TPeOOBAHUAM, KOTOPBIC TPEABSIBISIOT K JAHHOMY BHUIY MaTCPUAJIOB, U SIBISCTCS OC30MACHBIM IS IPUME-
HEHUSI 10 HA3HAYCHUIO, T.C. B MCIUIIMHCKOM MPaKTHKE.

Jiist mosydeHust CBUACTENBCTBA O TOCYIAPCTBEHHON PEruCTpalliy Ha CEPUIHBIN BBITYCK CBAPOYHOTO KOM-
iekca «QIeKTPOKOAryIsITop BbICOKO4acTOTHBIN cBapouHblii EKB3-300»,B cocTaB KOTOPOTO BXOIST AJIEKTPOXH-
pyprdeckre HHCTPYMEHTHI, IPOBE/IeHB! KBATH(UKAIIMOHHBIE UCTIBITAHMSA, U COTJIacHO IIporpamMme 3THX HCIIBITa-
HUH DIIEKTPOXUPYPTHICCKUI HHCTPYMEHT OBLT MPOBEPEH 0 BCEM JCHCTBYIOMIMM CaHUTAPHBIM HOpMam [15; 16].

[IpoBepka yCTOWMIMBOCTH K JE3MH(MEKITNH HIEKTPOXUPYPTHIECKOTO MHCTPYMEHTA OCYIIECTBIISUIACh MyTeM
norpyxenusi uacTpymenta B 0,1%#s1i1 pactBop DroTtab-dopre (mpomssoactsa dupmer «Hosomen», Poccust)
B TeueHHe 1 MUHYTHI, C TIOCIEIYIOMIEH MPOMBIBKOI MPOTOYHON BOJOH; ITOCIIE 3TOTO MPOMBIBATH AUCTHIIIHPO-
BaHHOM BOJIOH JIJIsI YIJICHUS COJICBOTO HAJIETa.

IIpoBepka yCTOMYMBOCTU K CTEPHIIM3AIMU DIICKTPOXUPYPrHUECKOTO0 MHCTPYMEHTA MPOM3BOIUIACH XU-
MUYECKAMHU METOJIAMH ITyTEeM HOTPYKCHHS HHCTPYMEHTa B XUMUUCCKUE PACTBOPEI:

1) MHCTPYMEHT ¢ NpeIBAPUTEIbHO HAHECCHHBIM MOKPHITHEM TOTPYKaiu B 6%+HbIil pacTBOp MEPEKUCH BO-
JIOPOJIa ¥ BBIICP)KUBAIIH B TeucHUe 6 4, 3aTeM npombiBaiii 1040 TUTpamMu CTEPUITBHOM AUCTUILTUPOBAHHON BOJIBI;

2) WHCTPYMEHT C MPEABapUTENIFHO HAHECCHHBIM MOKPHITHEM 3aMauuBaiu B 1%-HoM pacTBope DKoTald-
¢dopte B TeueHne oHOTrO Yaca, npombiBai 1040 JUTpaMu CTEPUIIbHOM JUCTHIUIMPOBAHHOM BOJIBI;

3) MHCTPYMEHT C TIpEIBapUTEIFHO HAHECEHHBIM MOKPHITHEM 3amaunBand B 8%-HoM pactBope JIuzo-
dopmun 3000 (pomssoacta Gpupmel «JIuzodopm Jp. Xanc Pozeman 'MBX») B TedeHHe OJHOIO 4aca, Mpo-
MbiBanu 1040 nuTpamMu CTEPUIbHON ANCTUILTUPOBAHHOW BO/IbI;

4) MHCTPYMEHT C TIPECIBAPUTEILHO HAHCCEHHBIM TOKPHITHEM 3aMaunBaid B 5%-om pacteope Kopso-
nekc-6asuk (nmpoussozctea «bome Xemu 'M6X») B TeueHue 4-x yacos, nmpombiBain 1040 TUTpaMu CTEPUIILHON
JUCTUJLTUPOBAHHOW BOJIBI.

B urore ObUTHM MOJTYYCHBI TOJOKUTEIBHBIC PE3YIbTATHI MCIBITAHHUIA: MTOCIC JBAJIATH ITUKJIOB KaXIOTO
W3 TPOBCICHHBIX UCIBITAHUI BHEIIHUAN BH] MIOBEPXHOCTEH IJICKTPOXUPYPrHYSCKOIO0 HHCTPYMEHTA C OKPBITHU-
em «TIGER-Drilac»ue usmenuics.

«ba30BbIi» KOMIUICKT OWITOISIPHBIX 3JIEKTPOXHPYPTUUECKUX HHCTPYMEHTOB (IIMHIIETHI M 32)KMMBI)
BXOJHT B COCTaB CBAPOYHOI0 KOMILIEKCa «DIEKTPOKOArYJISATOP BBHICOKOYACTOTHBINH cBapounbiii EKB3-300».
JlaHHBIN KOMIUIEKC UMEET CBHICTEIBCTBO O TOCyaapcTBeHHOM peructparuu Ne 14574/2015koTopoe ymo-
CTOBEpSIET, YTO MPOUIEIIINN POLEAYPY TOCYyJapCTBEHHON PernCTpanyuy KOMIUIEKC B TIOJHOM Mepe COOTBETCT-
BYET BCEM CaHHUTAPHBIM M THTHCHUIECKUM HOPMaM, YCTAHOBICHHBIM Ha TEPPUTOPUH Y KPaWHBI.

Ha pucynke 1 npencrasnen cBapounsiii kommieke EKB3-300 [14].

Pucynok 1. —Csapounblii kommiekec EKB3-300
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Ha pucynke 2 noka3aHsl B KayecTBe IpUMeEpa CEPUHHO BBIITyCKaeMble OUIONISPHBIC JIEKTPOXUPYPrH-
YecKue MHCTPYMeHTHl ¢ mokpeitHeM «TIGER-Drylac»,nmpennasnaueHHble 115 IPUMEHCHHUS] B COCTaBe CBa-
pounoro komiuiekca EKB3-300.

il
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Pucynok 2. —IIpumep cepuiiHO BBIMYCKAeMBbIX OHIOJISPHBIX 3JIeKTPOXHPYPrU4ecKUX HHCTPYMEHTOB

Hcnons3oBaHre BOZMOXKHOCTEH, MPEAOCTABIAEMbIX HOBBIMU TEXHOJIOTHSIMUA CBAapKH OHMOJIOTHYECKHUX TKa-
Hel C IEbI0 yIYYLICHUs! 3J0POBbs YeJOBeKa M KauecTBa €ro KU3HH, SIBISETCS B HACTOSIIEE BPEMs OJHUM
U3 IPUOPUTETHBIX HampasieHuil HayuHslx uccaenosanuit UOC um. E.O. ITaToHa COBMECTHO € PSIOM MEAULUH-
CKHUX Y4pexaeHul YKpanHbl, Hayatslx eme B 1990x ropax.

Crnoco0 BBICOKOYACTOTHOM CBapKH >KUBBIX TKaHeW, pazpaboranusiii B IOC, mokaszan cBoo 3QQeKTus-
HOCTb M YCIICLIHO HCIOJIb3YEeTCsl B MEIULIMHCKON mpakTuke yxe 6omee 10 et [17—20].3a 310 BpeMs: 0CBOCHO
GoJiee COTHH PAa3MHYHBIX XUPYPTUYECKUX METOAWK M YCIEIIHO BBIIOJHEHO 0Oiee IBYXCOT THICSY XUpPypTHUe-
CKUX ONEpalui B TaKWX 00NAcTAX, KaKk o0mas u abgoMHUHAIbHAS XUPYPTHsl, TPAaBMATOIOTH, IyIbMOHOJIOTHS,
MIPOKTOJIOTHS, YPOJIOTHS, MAMMOJIOTHS, OTOPUHOJIAPUHTOJIOTUsI, THHEKOJIOT s, 0(pTarIbMOIoTHs U 1p.

Ha ceropmsmanii neHp, M0 HAITNM OLEHKaM, B YKpaWHe Ha ammaparax, pa3pa0oTaHHBIX B MHCTHTyTE
anektpocBapku uM. E.O. TlaTona, BeinonuHsiercs B cpeaneM ot 15 g0 20 Teic. oniepartiuii B rof.

[To cpaBHEHHUIO C TPaIUIIMOHHBIMH TEXHOJOTUSMH, IPUMEHSEMBIMU B XUPYPIHH, CIIOCOO BBICOKOYACTOT-
HOM CBapKH )XKMBBIX TKaHEH oOecreunBacr:

- OeckpoBHOE, ObICTpOE, YI0OHOE ISl XMpypra U MajJoTpaBMaTHYHOE JUIsl AllMeHTa BBIIIOJIHEHHE Ollepa-
THUBHBIX BMEIIATEIbCTB; HA/IC)KHBII reMocTa3s;

- CHI)KeHHe KpoBonoTteph (0osee yem Ha 50%);

- COKpAIICHUE MPOJOLKUTEeNbHOCTH onepanuii Ha 20...50%;

- BBICOKYIO CTCIICHb HEBO3BPAIICHHS OHKOJIOTHIECKUX MPOLECCOB (abIacTuIHOCTH);

- OTCYTCTBHE HarHOEHU;

- OBICTPYIO U MOTHOIICHHYIO ITOCIICOTIEPAMOHHYIO Pea0MINTALINIO,

- BO3MOYKHOCTb XUPYPTUYECKOTO JIeUSHHsT OOJIBHBIX, KOTOPBIC CYUTAIHNCh HeomepabenpHpiMu [21; 22].

[IpeumymecTBa 3TOr0 crioco0a MOATBEPKAECHB MHOTOUNCICHHBIME OT3BIBAMH XHPYPTOB, a TaKXKE He-
OJHOKPaTHO OTMEYAINCh B AOKIANaX, NPEACTABICHHBIX Ha MEXIyHapOAHBIX HAYYHO-NIPAKTUIECKUX KOH(e-
penuusx [23-29].

[To oT3bIBaM ONEPUPYIOIIMX XUPYProB, ceapounvili komniekc EKB3-300, BblTycKaromuiics cepuitHO
B YKpauHe, UMEET pPsiJi CYIIECTBEHHBIX MPEHMYILIECTB Iepe] TPaIUIHUOHHO NPUMEHSEMBIM 00OpYHOBaHUEM,
a MOKPBITHE 3JIEKTPOXUpyprudeckux nHctpyMeHToB « TIGER-Drilac» sBisercs cToiKMM K XHMHYECKHM peak-
THBaM, 0€30IaCHBIM KaK JJIS TAIIMEHTA, TaK M JJIsl OTIEPUPYIOLIET0 XUpypra.

o pe3ynbpraTaM MPOBEAECHHBIX HCCIEIOBAHUH CIEIAHbI CICAYIOIINC BIBOABI:

- B paMKax KOMIUIEKCHBIX HCCIIEIOBaHNH, poBosuxcs B HcTHTyTe 2mmekTpocBapku uM. E.O. latona
110 TIPUMEHEHHUIO TOKOB BBICOKOW YaCTOTHI B XMPYPTHH, U3Y4EHBI CYIIECTBYIOIIHNE MEAWLMHCKUE, CAHUTapHO-
TUTHEHUYECKHE M TEXHHUYECKHE TPeOOBaHUsI O€30MacCHOCTH, KACAIOUIUECS! MOKPBITHH 3JIEKTPOXHPYPTHUECKUX
HMHCTPYMEHTOB, OIIPEICIICH IepedeHb OMOCOBMECTHMBIX MOKPBITHI, OTBEYAIOIINX YKa3aHHBIM TPEOOBaHUSM,
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- coBMecTHO ¢ MHCTHTYTOM Opranndeckoit xumun, HanmonaneueiM yausepeutetoM (KIIW umenu Urops
CHKOPCKOro) MpOBeACHbI MHOTOYUCICHHBIC SKCIIEPHUMEHTBI [0 MCTIBITAHUSM MOKPHITHH MEAUIUHCKUX HHCTPY-
MEHTOB, PEKOMEH/IyeMbIX ISl IPUMEHEHUS B MEIUINHCKOH MPaKTUKE: IMAaHUI-aKPUJI; SIMTOKCUKPEMHUHOPraHu-
yeckas aManb (IKO-501); cnienmanbHelil nakokpacoynsiii Matepuan (JIKM); moausTuiieH; HOPOLIKOBOE MOKPBI-
THE B KOMIO3ULUH C dMoKcUnonmGpupHeiMu cmonamu «TIGER-Drylac»;

- JIOKa3aHo, YTO HAMIYYIIHMM IOKPBITHEM 3JIEKTPOXHPYPIUUECKOro HHCTpyMeHTa sBisiercs: «TIGER-Drylac»
KaK OTBEYAIOIIEE BCEM HEOOXOAMMBIM TPEOOBAaHMSIM M HOPMAaTHBHBIM JOKYMEHTaM, YCIICIIHO BbIIEPKUBAIO-
IIee Kak MEXaHW4YeCKHe, TaK U MCIBITaHUs Ha MPeIoNepalioHHY0 1e3MHPEKINIO ¥ CTepuiIn3anuio, oe3omnac-
HOE JJIsl TAIMeHTa ¥ XUPYpTa,

- SKCHEpPHMEHTAaMH Ha 00pa3lax OMOJIOTHYECKHX TKaHEH M >KMBOTHBIX IOKa3aHO OTCYTCTBHE pasipa-
HKAIOIIET0 ¥ CCHCUOMIH3UPYIOIIEro BiusHus moKpbiTus «TIGER-Drylac» HaHeceHHOro Ha 3JeKTPOXUpyprude-
CKHI MHCTPYMEHT;

- OPraHM30BaH CEPHUIHBIN BBHIMYCK cBapouyHoro kommickca EKB3-300 dlatonmen» ¢ HabOpoM 3Iiek-
TPOXUPYPrHYECKUX MHCTPYMEHTOB, UMeroIuX NokpbiTue «TIGER-Drylac»,ycnemno BHeApsieMOro B KIIMHHU-
KU YKpauHBbL.
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Iocmynuna 27.06.2018

PECULIARITIES OF USING COATINGS IN THE MANUFACTURE
OF ELECTROSURGERIC INSTRUMENTS FOR BIPOLAR HIGH-FRE QUENCY WELDING

A. DUBKO, N. CHVERTKO, A. LEBEDEV

A comprehensive study on the use of high-frequenagnts in surgical practice is presented. A wide
range of equipment, which includes electrosurgitetruments, has been developed. The most important
element of the design of such tools is a coatiag #msures reliable operation with their reusabkeuwhile
meeting a number of medical, sanitary and techmeqlirements. According to the results of thestést serial
production of reusable electrosurgical instrumese¢ected coating “TIGER-Drylac”, which is now susséully
used in the manufacture of commercially availablecteosurgical instruments for widely used in aisi
of Ukraine of the welding set, EKVZ-300 “Patonmed”.

Keywords: high-frequency welding, electrosurgical instrungnthemical resistance of coatings, living
biological tissues, biocompatibility; electrical fedy.
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n3 INICEBJOCIIVIABOB METOJOM I'MITEP3BYKOBOUM METAJUIM3ALINHN

0-p mexn. nayx M.A. FEJIOITEPKOBCKHH; kano. mexn. nayk A.B. COCHOBCKHH,
kano. mexu. nayk A.H. TPUTOPYHK
(Ooveounennviit uncmumym mawunocmpoenus HAH Benapycu, Munck);
Al AJIOBUHK
(0AO «Hegpmeszasoomonmasc», Hosononouyk, Pecnyonuxa Benapyce);
Kano. mexu. nayk, ooy. A.B. IVIAH
(ITonoukuii zocydapcmeennnlii yrugepcunient)

Hccneoosanvl ocobennocmu opmuposanus ncesOOCNIA6HbIX NOKPLIMULL MEemoOOM 2UNep38yKO8olU Me-
manauzayuu. M3yuensvt cmpykmypa u c8oucmaa NOKpulmull, NOJYYeHHbIX 0OHOBDEMEHHbIM PACIbIIEHUEM NPOBO-
JIOK U3 cmaineti MapmeHCUmHO20 U ayCMeHUmHo20 K1dccos. YcmaHnoeieHa céa3b Mexcoy Kauecmeom NOKpulmul,
Gopmupyembix npoBOIOKAMU C PATUYHBIMU MeMRepamypamy NiasileHus, U COOMHoOuleHueM Ux ouamempos,
a makaice NOJAPHOCMBIO NOOKIIOYUEHUs NPOBOJIOK K UCHOUHUKY C8APOYHO20 MOKd.

Kniouesvie cnosa. nces0ocnniasvl, cunep3eyko8as Memaiiuzayus, CmpyKmypa, mpubomexnuiecxkue
ceoticmea.

BBenenue. BoJbIIMHCTBO METOOB ra30TEPMHUYECKOTO HAIBIICHUS TIO3BOJIAIOT TOIydaTh reTepodasHeie
TIOKPBITHSL CO CTPYKTYPOH W CBOWCTBAMH, MPUCYIINMH KOMIO3HWITMOHHOMY MaTepuairy. B mporecce rumep3By-
koBo#l Metayutmzarmu (I'M) AByX pasHBIX MO COCTaBYy MJIM Pa3HOPOIHBIX MPOBOJOK [1] dopmupyercs MHOrO-
KOMIIOHCHTHOE TIOKPBITUE, B KOTOPOM YaCTHUIIBI KKIOT0 M3 HAHOCUMBIX METAIUIOB MM CIUIABOB COXPAHSIOTCS
WHIUBUAYAIBHO, XOTS MPU METAJUTM3ALMU OHU U HAXOJWIKCH B PACILIaBICHHOM COCTOSIHUU. [10100HBIE MHOTO-
KOMIIOHCHTHBIC TIOKPBITUS HA3BIBAIOT IICEBIOCIUIABHBIMU. MaTepHaibl THIIA TICEBIOCIUIABOB XapaKTePU3YIOTCS
PSAIOM BaXKHBIX CBOWCTB — COYETAHMEM BBICOKUX 3HAUCHHIA TEMIECPATYpPhI TUIABICHUS U UCIIAPCHUS C MEXaHUYe-
CKOH MPOYHOCTHIO, TBEPAOCTHIO, JeMI(HUPYIOIIEi CIOCOOHOCTBIO, H3HOCOCTOWKOCTBIO, CIIOCOOHOCTBIO K CaMo-
CMa3BIBAHUIO B YCIOBHSX CYyXOTO TPEHHS, & TAKXKE BBICOKAM YPOBHEM 3JIEKTPO- M TEIUIONMPOBOTHOCTH [2; 3].
TpeOyemble cBOICTBA IICEBIOCINIABOB MOIYJAOT IIyTEM W3MEHEHHS COOTHOIICHIS KOMIIOHEHTOB.

[TockoIBKY METO.l THIEP3BYKOBOH METAaJUIM3AIlUH MO3BOJISIET MCHOIB30BATh IS HAHECEHHS IOKPBITHA
MPOBOJIOKH W3 PAa3NWYHBIX CIIABOB M B JIOCTATOYHO IMHUPOKHX INPEAeiax W3MEHSITh AMaMETPhl PacIbIIeMbIX
TIPOBOJIOK, 3a/1a4ei MCCIIEOBAHMUS, PE3YIbTaThl KOTOPOTO OTPaKeHBI B JTAHHOW paboTe, SBHIIOCH MCCIIEIOBAHNE
ocobeHHocTe nporiecca ' MCeBAOCIIIaBOB U3 PA3JIMYHBIX CTANCH U KOMOMHAIMI «CTalb — [IBETHONH METaJLI».

MartepuaJbl, 060pyI0BaHNEe W METOMHKH MCCJIeT0BaHU. [IceBIOCIIIABEI U3 MPOBOJIOYHBIX MATEPHUAIIOB
HAHOCHJIUCh C KCIIOJb30BAHMEM YCTAHOBKH JUIS THIEp3BYKOBoi Metamumusamuu AJ[M-10, paspaboranHoU
B O0beanHeHHOM HHCTHTYTe MamnHocTpoeHuss HAH Benapycu [4]. B kadectBe roprodero rasa mis GopMHUpO-
BaHUsI PACIBUISIONIETO (haKena MCIOIB30BaJICS MponaH. MaTepual pacubUIIeMBIX MPOBOJIOK: CTallb MAPTCHCHUT-
Horo kiacca 40X13, cranp aycrenutHoro kiacca 12X18H10T, 6ponsa bpAXK9-4, uunk 11, amomuamnii AMr3.

DONeKTpUUecKne MapaMeTpsl METALTH3AINH, a TAKKe JaBJICHUE MPOIaHa M BO3IyXa, IMO/IaBaeMBIX B Ka-
Mepy CropaHus U 00pa3yIOMINX PEaKTHBHYIO PACIBULIIONIYIO CTPYIO, COOTBETCTBOBAIM ITACIIOPTHBIM JaHHBIM
ycranoBku AIIM-10.

Mertamnorpadudaeckue Ucclea0BaHus MPOBOIMINCH Ha onTrdeckoM MuKpockorie AJIbTAMU MET 1IMT.
HccnenoBanue (ha30BOro COCTOSIHUS HAMBUICHHOT'O TICEBIOCILIABA OCYIISCTBISUIN Ha qudpakromerpe JIPOH-2.0
B MOHOXPOMATHU3UpOBaHHOM K00aapToBoM (COK,,) m3nyuennu npu Hanpspkeann 30 kB u anomHom Toke 10 MA.
PacimudpoBka peHTreHOrpaMM OCYILECTBISIIOCHh MpH oMoy nporpammuoro obecrneuenus Crystallographica
Search-Matcle kaprotekoit PDF-2.

W3mepenus TBepAoCTH M0 Bukkepcy BhIMONHSUIMCH Ha TBepaomepe DuraScan 2Qipu Harpyske Ha WH-
nenrop (P), pasroit 10T u 10kr.

TpubOTEXHUYECKUE UCTIBITAHUS OOpa3I0B HAMBUICHHOTO CIUIaBa MPOBOAMWINCH Ha Tpubomerpe ATBII.
HcnbITanus OCYIECTBISLIMCH IO CXEME BO3BPATHO-TIOCTYIIATEILHOTO IBMIKCHHST KOHTAKTHPYIOIIUX TEI IPH CPEI-
HEll CKOPOCTH B3aUMHOTO repemertenus ~ 0,1 m/c B pexknMe Tperus 6e3 cMa304HOro MaTepuaa (yaensHas Ha-
rpy3Ka HCIbITaHud cocTaisiia p = 1,5MIla). [Ipu UCHBITAaHUAX HCIIOJIB30BAIOCH KOHTPTEIO, U3TOTOBIEHHOE
u3 3akanenHoi cramn Y8 (800 HV10).Ucnbrranus npoBoamucs 10 noctmwkenus 20 000MKIOB ¢ MPOMEKYTOY-
HBIMH B3BeIIMBaHUsIMHU. [1yTh Tpenust coctaBisur = 1200m.

Pe3yabTaThl MccjeaoBaHui U uX o0cy:kaeHne. Ha mepBom sTame paboThl OBUIH BBITIOTHEHBI MCCIIEIO-
BaHUs TICEBIOCIUIABA, MOJYyYaeMOro PaclbUICHHEM CTalbHBIX mpoBojaok 40X13 u 12X18H10T. YcraHOoBIEHO,
9T0 (POpPMHUPYEMOE ITOKPHITHE COCTOUT HE TOJIBKO M3 OTACIHHBIX YaCTHII MAPTEHCUTHOW W ayCTEHUTHOW CTaleH,
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HO ¥ U3 CIUIABJICHHBIX YACTHI], MIMCIONINX PAa3HBI XUMHUYECKUH COCTaB. B 4acTHOCTH, HANBLICHHBIC YACTHIIBI
MICEBIOCIUIABA UMCIOT PA3IMYHOE COACPIKAHKUE yriiepoa, XpoMa, HUKEIs, JKeJie3a U APYTUX JICTHPYIOUINX 3Jie-
MEHTOB, YTO 00YCJIOBIMBAET OTIMIHA B UX (PU3NKO-MEXaHUIECKUX CBOMCTBAX.

YcpenHeHHbI XUMHUYECKU COCTAaB HalbUIeHHOro metoaoM ['M mceBmociiaBa M3 BBICOKOXPOMHUCTBIX
craneit 40X13 u 12X18H10T npencrasieH B Tabauie 1. XapakTepHasi MUKPOCTPYKTYpPa HAMBUICHHOTO MICEBIO-
CIUTaBa W3 BRICOKOXPOMUCTHIX CTajJel MoKa3aHa Ha pucyHke 1.

Tabmuma 1. —XuMmudeckunii cocTaB HAMBIIIEMBIX MIPOBOJIOK U YCPETHEHHBIH COCTaB HAIBUICHHOTO TICEBIOCILIABA

Marepuar KOH.HCHTpaLH/ISI BIIC.MCHTOB, macc.% .

C Cr Ni Ti Mn Si Fe
40X13 0,42 13,2 0,60 0,35 0,40 0,42 OCHOBaA
12X18H10T 0,12 18,3 10,1 0,80 2,00 0,80 OCHOBaA
IIceBmocriuiaB 0,2...0,3 15,7 3,97 - 0,75 0,44 OCHOBa

Pucynok 1. —XapakTepHasi MHKPOCTPYKTYpa IceBIOCIIABA
M3 BBICOKOXpOMHCTBIX cTajeii 40X13u 12X18H10T

®parMeHT peHTIeHOBCKON TU(PaKTOrpaMMBbl OT IIOBEPXHOCTHBIX CJIOEB MCEB/OCIIIIABA U3 BHICOKOXPOMHU-
crbix cranei 40X13u 12X18H10T npencrasiieH Ha pUCyHKeE 2.
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PucyHok 2. —@parmMeHT peHTreHoBcKoii mudpaxrorpammsl (CoK,)
OT MOBEPXHOCTHBIX CJIOEB NCEBIOCIUIABA H3 BBICOKOXpoMHCThIX craseii 40X13u 12X18H10T

Kak cnenyer u3 mudpaktorpammsl, (pa3oBblidi COCTaB MCEBAOCIUIABA BKIOYaeT B cebs: y-Fe (6006.%),
a-Fe (1506.%), oxcuapr FeO, n FeO (2506.%). TToBbImeHHOE KOJMYECTBO AYCTEHUTA B Ta30TEPMUIECKOM TICEBIO-
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CIUIAaBE CBS3aHO C OCOOBIMH YCIOBHSAMH (DOPMHUPOBAHMS MOKPBITHIl MPH HambUICeHHH [5], B pe3ynbTaTe KOTOPBHIX
OPOTEKAST U30TEPMHUYCCKAsl BBIICPIKKA HAMBUIIEMBIX CIIOCB MPH TEMIIEpaTypax, MPEBBIIAOIINX HHTEPBAT Map-
TEHCUTHOTO IpeBpaienus. Kpome 3Toro, AONONHHUTENbHAS TePMUUYECKas CTaOWIM3alUs ayCTCHUTHOH (a3bl
B [ICEBIOCIUIABE 00ECIIEUMBACTCS BEICOKUM COJCP)KaHUEM B HeM Hukessi (cM. tabuumy 1). TBepaocTs HaIbI-
JICHHOTO TiceBaociuiaBa cocrapisieT ~ 370...380 HV 10470 01M3K0 K TBEPAOCTH ra30TEPMUICCKOTO MOKPHI-
THUS M3 aycTeHUuTHOM ctanmn 06X19HIT [5].

Pe3ynbraThl TpHOOTEXHHYECKUX HCIBITAHHI IICEBAOCIIABA U3 BHICOKOXPOMUCTHIX CTANCH B YCIOBHAX Tpe-
HHS 0e3 CMa304YHOT0 MaTepHuaa peacTaBieHsl Ha pucyHke 3. Kpome sToro, Ha pucyHke 3 IpUBEIESHBI 3aBUCHMO-
CTH MacCOBOTO U3HOCA OT IYTH TPEHHUS IS Fa30TepPMHUYCCKUX NOKpbITHI 13 craneid 40X13u 06X19HIT [6].
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PﬂcyHOK 3. —3aBHCHMOCTH MaCCOBOI0 M3HOCA OT YT TPEHUs
AJISl Ta30TEPMUYECKUX HOKpblTl/Iﬁ u3 crajei Pa3/IMYHBIX KJIACCOB,
a TaKiKe NMCeBAOCIIaBa U3 BBICOKOXPOMHUCTBIX crajeit

Awnanun3 rpaMKoB, IPEICTaBICHHBIX Ha PUCYHKE 3, TOKA3bIBACT, YTO N3HOCOCTOMKOCTH IPH CYXOM TPEHHU
TniceB/iocILIaBa 13 BbicokoxpoMucThix cranei 40X13 u 12X18H10T npumepno B 3,8 paza u B 12,0pa3 Bbliie, yem
y razorepMuueckux nokpbituid u3 craneit 40X13 n 06X19HIT, coorBercTBeHHO. [IpH 3TOM MHTEHCHBHOCTH Macco-
BOTO M3HANIMBAHKS MOTYYEHHOTO THIIEP3BYKOBOI METALTH3AIKE [ICEBIOCILIABA COCTaBseT 0komo 1,2107° Mr/m.
B mpouecce (GpUKIMOHHOTO B3aMMOIEHCTBHS CHHXKACTCS COACPIKAHHWE ayCTEHUTHOH (ha3bl B MOBEPXHOCTHBIX
closix TiceBaociuiaBa 10 =~ 4500.%, a ero MuKpoTBepa0CTh Bo3pactaeT 10 ~ 850 HV 0,01.

TIpeanosoKeHo, 4TO BBICOKAass W3HOCOCTOMKOCTh ICEeBIOCILIaBa u3 aByx cramedl 40X13 m 12X18H10T
JOCTHUraeTcs 3a cyeT ne(OopMalOHHO-aKTUBUPOBAHHOTO Y—0-IPEBPAICHNS, IPOTEKAIOIIETO B MPOLEcce Tpe-
HUS B TIOBEPXHOCTHBIX CJIOSIX MOKPBITHS (PUCYHOK 4), a Takke 3a cueT Ae(hOpMAaIlMOHHOTO YIPOYHEHHS Y-(a3sl
¥ BO3MOXKHOTO €€ HACBIICHUsI a30TOM B Ipolecce HambuieHus [5; 6]. Kpome 3Toro moBblieHHbIE TPUOOTEXHHU-
YecKHue CBOWCTBA IICEBOCIUIABA OOECIEUMBAIOTCS HAJIMYHMEM B HEM 4acTHIl M3 MapTeHCUTHOW cramu 40X13,
KOTOpBIE 00YCIIOBINBAIOT OOJIee BHICOKYIO IPOYHOCTh MOKPHITHS. B wacTHOCTH, 17151 citydast TpeHus 6e3 cMa3ou-
HOTO MaTepHajia ra30TepMHUYECKOT0 MOKPBITHS U3 aycTeHHTHOH ctamn 06X19HIT, coneprkamero 6au3koe Ko-
au4ecTBO Y-¢hasbl (= 68 00.%), perucTpupyeTcsi MOBBIICHHBIH H3HOC (PUCYHOK 3), 00YCIOBICHHBIH HU3KUMHU
MPOYHOCTHBIMH CBOHCTBAMH HAITbUIEHHBIX YaCTHII.

Takum 00pa3oM, MOKHO 3aKJIIOYKThH, YTO ICCBAOCILIAB Ha OCHOBE BBICOKOXPOMHCTHIX craimeii 40X13
n 12X18H10T, momydaembiii mMeromoM I'M, MOKET OBITH HCIIOJIB30BaH IPH BOCCTAHOBJICHUH-YIPOYHCHHUU
OomnbIIOro Kilacca AeTaiei, paboTalomuX B IPUCYTCTBUU arPECCHBHBIX CPEI.

Ha cnenyromiem stare uccieoBaHU U3ydallich 0COOCHHOCTH (OPMHUPOBAHHMS IICEBIOCILIABOB. «CTAJIb-
AIOMUHUIT»; «CTallb-OpOH3a»; «CTaJb-IUHK»; «OpPOH3a — AJIIOMUHUI»; «OpOH3a — IIMHKY; QIIOMUHUI — IUHK,
P Pa3INyHOM COOTHOLICHUH IMAMETPOB PACIIBUIIEMBIX IIPOBOJIOK

B xoze uccnenoBanus BBISIBICHO, YTO TIPH MTOJKIIOYEHUH IPOBOJIOKH U3 OoJiee TyroruiaBKoro Marepuana
K ITOJIOXKUTEJIbHOMY TOTEHIIMATy CBAPOYHOI0 UCTOYHHKA, MCIOJIb3YIOIETocs B ycTaHoBKe I'M, paBHOMEPHOCTD
pacrbUIeHHs pe3Ko BO3pacTajia M JI0CTHrajga CBOEro MakCUMyMa IIPH HEKOTOPOM YBEJIIMYEHHH JUaMeTpa JIETKO-
TUIaBKOM MPOBOJIOKM OTHOCUTEJBHO TYTOIIaBKOI. BeposiTHel Bcero, 3To MPOUCXOANT B CHITY TOTO, YTO C KaToJa
UCITyCKaeTCsl MOTOK AJIEKTPOHOB, KOTOPBIM MEPEHOCUTCSI Ha aHoJ. B pesynbTrate coyaapeHus 2JIEKTPOHOB C HO-
HaM{ MeTajlla aHO/a U IIPOMCXOANUT OOJIbLIIee TEIUIOBBIICICHUE, YeM Ha KaToae [7].
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B mpezcTaBieHHBIX HIKE pe3ysIbTaTax MPOBOJIOKA U3 MaTepualia, UMEIOIIECTO B BRIOPAHHOM mape OOJIBIIYI0
TEMIIEpaTypy TUIABJICHHS, ITOIKITI0YANach TOJIBKO K TIOJIOKUTEILHOMY TOJIIOCY cBapovHOoro uctounuka B/IY-506.

OrnenuBanach cTabMILHOCTD Tiporiecca ['M 1 BHEIIHEe KauecTBO MOKPBITHIA. Pe3ynbTaThl NCCIeI0BaHII
MpeCTaBICHbI B Ta0IUIE 2.
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PucyHok 4. —®parMeHT peHTreHoBcKoii rudpaxrorpammser (CoKg)

OT MOBEPXHOCTHBIX CJIOEB IICEB0CILIABA U3 BbICOKOXPOMHCTBIX cTasteii 40X13
u 12X18H10T nocse Tpenust 6e3 cma3ku npu 1,5MIla

Tabnuua 2. —Pe3ynbTaThl, MOJTy4EHHBIC IIPH FHIIEP3BYKOBOW METAIUIN3AIMHU TICEBIOCILIABOB

Marepuan Huamerp Marepuan Huamerp
Nl . . . . PesynbraThl MeTamn3anuy,
o YrOIUIaBKOM TYrOILUIaBKOH JIErKOIUIaBKON JIErKOIUIaBKON AUCCTEO TOKDLITHS
TIPOBOJIOKU TIPOBOJIOKH, MM TIPOBOJIOKU [POBOJIOKH, MM P
1 cTalb 2,0 ATIOMUHUI 1,6 Nmerotest neeKTHBIE yIaCTKH HOKPHITHS
2 TO XKe 2,0 TO XKe 2,0 NmeroTest neeKTHbIC yIaCTKH HOKPBITHS
Ilpoyecc cmabunen
3 _n_ 2'0 _n_ 2,4 p L! - '
Kauecmeo NOKpbUmuil Xopouiee
4 - 2,0 - 2,5 NmeroTcst neeKTHbIC yIaCTKH HOKPBITHS
5 M- 1,6 M- 1.8 Wmerotest neeKTHBIE yIaCTKH HOKPHITHS
Ipoyecc cmabunen
6 _n_ 1'6 _n_ 2]0 p l’l V ’
Kauecmeo NoKpblmuil Xopouiee
7 S 2,0 - 2,0 IIponecc He crabuieH
Ilpoyecc cmabunen
8 2,0 6poHsa 2,0 POy e,
Kauecmeo NoKpblmuil Xxopouiee
Ipoyecc cmabunen
9 2,0 T0 e 2,2 poy et
Kauecmeo NOKpblmuil Xopouiee
10 - 2,0 - 2,5 ITpouecc He cTabuieH
Ipoyecc cmabunen
11 n_ 1,8 n_ 2’0 [poy, 5 1
Kauecmeo NoKpblmuil Xopouiee
12 - 1,8 - 2.2 Nmerotcst ieheKTHBIE y4aCTKU HOKPBITUS
13 - 2,0 IUHK 1,8 IIponecc He crabuieH
14 - 2,0 TO XK€ 2,0 ITpouecc He cTabuieH
Ipoyecc cmabunen
15 n 2’0 n 2’ 5 [poy, * 1
Kauecmeo NOKpblmuil Xopouiee
16 - 1,6 - 1,8 Nmetotest nedeKTHBIC yIaCTKH HOKPBITHS
Ipoyecc cmabunen
17 1,6 2,0 poy et
Kauecmeo NoKpblmuil Xopouiee
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OkoHuaHue TabIuIbl 2

Marepuan Juamerp Marepuan Juamerp S
Ne |  TyrommaBkoit TYTOILIaBKOH JIETKOIIIIaBKOM JIETKOILIIaBKOM };aquTBO oK HTH; ’
HPOBOJIOKH HPOBOJIOKH, MM HPOBOJIOKH HPOBOJIOKH, MM P
18 6poH3a 2,0 ANOMUHHUN 1,6 ITpouecc He cTabuieH
19 TO XKeE 2,0 TO XKeE 1.8 MmetoTest nedeKTHBIE YIaCTKU MOKPBITUS
20 - 2,0 - 2,0 Nmetotest nedeKTHBIC yUaCTKH HOKPBITHS
21 n 20 o 29 Ipoyecc cmabunen,
' ' Kayecmeo nOKpblmull xopouiee
22 - 2,0 M- 2,5 NmetoTest tedeKTHBIE YIaCTKU MOKPBITUS
23 n_ 18 . 20 Ilpoyecc cmabunen,
' ' Kayecmeo NOKpblmull xopouiee
24 - 1,8 M- 2,5 NmetoTest tedeKTHBIE YIaCTKU MOKPBITUS
25 - 2,0 LHHK 1.8 Nmetotest nedeKTHBIC yIaCTKH HOKPBITHS
26 - 2,0 - 2,0 IIponecc He crabuieH
27 - 2,0 - 2,2 I[Tpouecc He cTabuieH
28 n 20 o 25 Ipoyecc cmabunen,
' ' Kauecmeo NOKpblmull Xxopouiee
29 ANIOMUHHUN 2,0 LHHK 2,0 Nmetotest nedeKTHBIC yIaCTKH HOKPBITHS
Ilpoyecc cmabunen,
30 TO XK€ 2,0 TO XK€ 2,2 poy N
Kauecmeo NOKpblmuil Xopouiee
31 - 2,0 - 2,5 ITpouecc He cTabuieH
32 - 1,8 - 2,5 IIponecc He crabuieH
33 n_ 18 o 20 Ilpoyecc cmabunen,
' ' Kauecmeo NOKpblmull xopouiee
34 - 1,8 M- 1.8 MmetoTest edeKTHBIE YIaCTKU MOKPBITUS
35 n 16 o 18 Ipoyecc cmabunen,
' ' Kauecmso NOKpulmuil Xxopouiee
36 - 1,6 - 2,0 Nmetotcst nedeKTHBIC yUaCTKH HOKPBITHS

B xojie aHanm3a TMOMYYCHHBIX PE3yIbTATOB OBLIN BBIZACICHBI TPH XapaKTePHBIE TPYIIIBI PEKUMOB HAIIBI-
JIEHWs M KayeCTBa TMOKPHITHH. B MepByr0 BXOMWIM TOKPHITHA, (POPMHUPOBAHKE KOTOPBIX MPOMCXOJUIO MIPU OT-
CYTCTBHU CTabWIBHOCTH MPOIECCa METAIM3ANNK (IePEPhIBbI, «UICBKH» MeTamia). [IOKPHITHA HaHOCHIKCH
HEPaBHOMEPHO, OBEPXHOCTHAS TIOPUCTOCTL HAXOAMIAach B npeaeiax or 3 10 10%, pasMep OTKPBITHIX TIOp CO-
craBui oT 8 10 30 MKM.

V crepyrommeit rpynmsl MOKPBITHH MPOIECC HAHECEHHs TPEPHIBANICS Yepe3 Kaxasie 8...12 ¢, Bo300HOBIS-
SCh BHOBB, HO NPH 3TOM Ha TOKPHITHH 00pPA30BBLIBAIKMCH Ne()EKTHBIE YIaCTKH (HAIUIBIBBI) U3 OOJIBIINX KYCKOB
(ot 40 1o 100MKM) pacIuIaBIEHHOIO MaTepHaja IPOBOJIOK.

TpeThst TpyIIa XapaKTepU30Balach CTAGHIBHOCTBIO MPOIECCa THIICP3BYKOBOW METAJUIM3AINH, PaBHO-
MEPHOCTBIO ()OPMUPOBAHUS MOKPBITHI, HU3KOU MOpUCTOCTBIO (< 3%).

[pr MaTemMaTHYeCKO#t 06pabOTKE PE3yIbTATOB MMOTyUYEeHA SMITHPUYCCKast 3aBUCHMOCTE MEXIY JTHAMETPOM
PacIBUISIEMBIX TIPOBOJIOK U UX TEMIIEPATypOi TUIABJICHHS, KOTOPAsI OIIMCHIBAETCS CIICAYIONIAM BBIPAKECHHUEM:

d/d, = (T 1 T,)°%,

rae d,, 7; — COOTBeTCTBEHHO AnameTp (MM) U Temmeparypa miasnenus (°C) Goee JerKomIaBKoi MPOBOJIOKH, MM;
d;, T, — muametp (Mm) 1 Temneparypa miainenus (°C) 0oJee TyromiaBkoi MpOBOIOKH.

OTMEYeHO TaKXke, YTO MPH PACIBUICHHH TOJIBKO CKATBHIM BO3AYXOM (CXeMa TPaIuLHOHHO SIEKTPOIYyTo-
BOIl METaJUIM3alNK) IHAa30H JHAMETPOB MPOBOJIOK, 00OSCIICYNBAOIINX CTAOMIBHBIN MPOLECC, HECKOIBKO pac-
LIUPSIETCS], YTO MOYKHO OOBSCHHUTH OOJBIICH «IyBCTBHTEIBHOCTHIO» IPOLECCA TUIEP3BYKOBOM METAIUIN3ALHH,
00YCITOBICHHOW BEICOKMMH JMHAMHYIECKAM ITapaMeTpaMH CTPYH.

3akJroueHue

HccnenoBano cTpyKTypHO-()a30BOe COCTOSIHHE U TPUOOMEXaHUYECKUE CBOWCTBA MOKPBITHII IICEBIOCILIABA
n3 BhICOKOXpOoMHUCTBIX cTanelt 40X13 n 12X18H10T, mosy4eHHOro rMiep3ByKOBON MeTauIi3anuei. Y CcTaHoB-
JICHO, YTO TICEBIOCILIAB COMEPIKUT aHOMAIILHO BBICOKOE KOMHUYECTBO Y-(hasbl (= 60 06.%), 4To BEpOATHO CBI3aHO
C MOBBIIICHHBIM COJCPKAHUEM B HEM HHKEsl, 00eCICUNBAIOIETO TEPMUICCKYIO CTAOHIN3AIMI0 ayCTCHUTHOI
(ba3pl, a TakKe 0COOBIMH YCIOBHAME (HopMuUpoBaHus ['M MOKpBITHIA.
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[okazaHo, 4To TCEBIOCIIaB U3 BHICOKOXpOMUCTHIX craned 40X13 u 12X18H10T xapakrepusyercst cpas-
HUTENBHO HeBbICOKOH TBepaocThio 370...380 HV 101 npu 5TOM NOBBIIEHHOH H3HOCOCTOMKOCTBIO B PEXKUME Tpe-
HIst 6€3 CMA304HOr0 MaTepuana. IHTeHCHBHOCTh MACCOBOTO M3HAIIMBAHHS TICEBIOCIUIaBA coctaBmsieT 1,2107° Mr/m,
9T0 coO0TBeTCTBeHHO B 3,81 12,0pa3 Bhlilie, 4eM y ra30TepMHUICCKHUX MOKPbITHH U3 ctajei 40X13 u 06X19HIT.
BeIcokas M3HOCOCTOMKOCTH IICEBIOCIDIaBA M3 BBICOKOXPOMHCTBIX CTajlell JIOCTHIaeTcs 3a CYET NPOTEKaHUs
B €r0 MOBEPXHOCTHBIX CJIOSX Je(h)OpMalMOHHO-aKTHBUPOBAHHOTO Y—0-IIPEBPALICHHs, IPUAAIONIEI0 UM MOBBI-
IICHHY}0 MHKPOTBEPIOCTh M H3HOCOCTOMKOCTH, a TaKXkKe 3a cYeT Ae(OPMALMOHHOTO YNPOYHEHHS Y-(assbl.
Kpome 3TOro, ZONMOIHUTENBHBINH BKJIAJ B YIPOYHEHHE IICEBIOCIIIaBA MOXET BHOCHTbH HACHILICHHE €r0 a30TOM
B IIpOLieCCe HAIBUICHUS.

YcTaHOBIIEHO, YTO NPU OAHOBPEMEHHOM PACHBUICHUHU MPOBOJIOK M3 MAaTepUaliOB C passIMuHOI TeMmepa-
TYpO# MapjeHus («CTalb-ATIOMUHHIY; <CTAb-0POH3a%», (CTAJb-LUHK», <OPOH3a-AFOMUHUID», «OPOH3a-LIHMHKY;
«QIIOMHUHHUA-I[HHK») METOJIOM THIIEP3BYKOBOH METa/UTH3aLIK, PABHOMEPHOCTh MPOLECCa U KaYeCTBO MOKPHITHIT
JOCTHTAJIM MaKCUMyMa IIPH IOJAKIIOYEHNH POBOJIOKH M3 0oJiee TYTOIIaBKOTO Marepuaia K IMOJ0XKHTEIbHOMY
NOTEHIHATY CBAPOYHOTO UCTOYHHKA, HCIIOJIB3YIOLIErocs B ycTraHoBKe I'M.

OtMeyeHa CBA3b KayecTBa MOKPHITHH C COOTHOLICHHEM AWAMETPOB PacHbUIIEMBIX NPOBOJIOK M3 MaTe-
PHAJIOB ¢ Pa3IMyYHOI Temmeparypoil uiasineHus. [lomydeHa sMnmpuyeckas 3aBHCHMOCTD MEXAY JHaMeTpaMu
PACHBUIAEMBIX IIPU T'MIEP3BYKOBOH METAIUIN3ALUH IIPOBOJIOK U UX TEMIIEPaTypo IIaBICHHS.
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FEATURES OF COATINGS OF PSEUDOPLANES METHOD
OF HYPERSONIC METALLIZATION

M. BELOTSERKOVSKY, A. SOSNOVSKIY, A. GRIGORCHIK,
A. ELOVIC, A. DUDAN

The features of the formation of pseudo-alloy coatings by hypersonic metallization are investigated.
The structure and properties of coatings obtained by simultaneous spraying of wires from martensitic
and austenitic steels are studied. The connection between the quality of coatings formed by wires with different
melting temperatures, and the ratio of their diameters, as well as the polarity of the wires to the welding current
source is established.

Keywords: pseudoplane, hypersonic metallization, structure, tribological properties.
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XUMHYECKHE TEXHOIOIT'HH

YIK 665.766.4

WHHOBAIIMOHHBIE UAEN MOJEPHU3AIIMA TPOHECCA ATIKMWJIMPOBAHUS ®EHOJIA
C IIEJIBIO MOBBIIMNEHUA KAYECTBA AJIKHUJIATA

Kano. xum. nayk, ooy. C.B. IOKPOBCKAA, EAl. KOPBYT
(ITonouxuii zocyoapcmeennslii ynueepcument)

Paccmompenvt ocnosuvie nHanpagienus MOOEpHU3AYUU NPOBeOeHUsl NPOYecca AIKUIUPOBAHUs heHoaa
na COOO «JIJIK-Hagpman». [lokazanvl meopemuueckue 0CHO8bl RPOYECca aiKUIUPOSAHUs (EHONd, A MAKHCe
nepcnekmueHble HANPAasNIeHUs. COBEPUEHCINBOBAHUSL MEXHONIO2ULl npou3so0cmea ankuigenora. B pamxax mo-
OepHU3aYUY C YeTblO VIYYUEHUS] KaYecmea Yenegozo npooyKma npediodcend 3amMena ankuIupyouezo a2eHma
mempamepos nPOnUIeHa Ha Alb@a-onehunbl, paccCMOmMpeHa NePCneKmued 3amMeHbl MAKponopucmozo cyib@o-
KamuoOHUMHO20 KAMaiu3amopa Ha 6onee 3Qh@exmugublil YeoIumcooepiucayull Kamuiu3amop mopoeHum, oona-
OIoWULl YIYYULEeHHBIMU (DUBUKO-XUMUYECKUMU U IKCHIYAMAYUOHHBIMU Xapakmepucmukamu. Paccmompena 603-
MOJICHOCTb 8800d HOB020 0OOPYOOBAHUS 8 IKCNIYAMAYUIO, d UMEHHO GbINAPHO20 annapama npeo 6j10Kom pas-
2OHKU ANKUNDEHONA, 051 YIAYHUEHUS KAYeCmed pasoeieHus npoO0yKmogol CMecu.

Knroueeswvie cnoesa. Hed)mexuMMItGCKa}l nPOMBIUIEHHOCMb, np0u3eodcm60 ¢€H0ﬂbelx npucadok, ajlku-
Jupoearue d)eHOJla, L;ewzumcodepofcamue Kamaauszamopbl, Cyﬂbd)OKamMOHHble Kamaauszamopbl.

OnHa U3 aKTyalbHBIX 3aj/lad, MOCTABJICHHBIX Iepel OEJIOPYCCKUMH M POCCHICKUMH IPOU3BOIMTEIISIMH
Macell, — yay4IleHHe KadyecTBa CMa30YHBIX MAacel C LeNbi0 00ecledeHus IINTEIbHON 1 0e30TKa3HOi paboThI
TPaHCIIOPTa, TEXHOJIOTUYECKOTO 000PYI0BaHUS U COBPEMEHHBIX YHEPICTUUECKIX YCTAaHOBOK.

Jst obecrieuenust 3¢ekTHBHON pabOTHl CMa304HbIE MaTepHaibl JODKHBI 00JanaTh OMpENeICHHBIMHI
CBOWCTBaMH, HAIPUMEP, UMETh COOTBETCTBYIOIIYIO BA3KOCTh, BBICOKYIO NMPOYHOCTDH IUICHKH, MAIyl0 KOPPO3H-
OHHOCTb UM HU3KYIO TEMIIEpaTypy 3acThlBaHHs, 00/asaTh XOPOLUIMMH aHTH()PUKLMOHHBIMU, MOIOIIMMH U JIHC-
HEePrUPYIOMIMME CBOWCTBaMHU, ObITh HeTOKCHYHBIME [1]. C 1enbro yaydIneHnss XHMMOTOJOTHIECKHX CBOMCTB
B 0a30BbIC Macia BBOIAT NPUCAAKHU (100aBKH) pa3inyHOTO (HYHKIHOHAIBHOTO ACHCTBHS. B cBs3H ¢ 9TUM y Ipo-
M3BOJUTEINICH Macell B IEHTPEe BHUMAHUS TPUMEHEHNE HOBBIX, a TAK)KE COBEPIICHCTBOBAHUE CYIIECTBYIOUTHX TEX-
HOJIOTHH MOJTy4eHHs] NPUCATOK K MOTOPHBIM MacilaM, 4To SIBJISIETCS Hanbouiee MporpecCUBHBIM U 9KOHOMHUYECKH
BBITOAHBIM CIIOCOOOM TOJYYEHHS BBICOKOKAYECTBEHHBIX MOTOPHBIX Macell OT€YECTBEHHOT'O IMPOM3BOJICTBA.
B cBsi3u ¢ Bo3pocIMHu TpeOOBaHMSIMH K Ka4€CTBY CMa304HBIX Macell U MPOrpeccoM B 00JIaCTH MOTOPO- M Ma-
MIMHOCTPOCHHS HauboJIee MePCIeKTUBHBINA TyTh MPOM3BOJACTBA MOTOPHBIX Macel — HCIIOJIF30BaHHE NPH UX MIPH-
TOTOBJICHUH TTAaKETUPOBAHHBIX IPUCAJOK PA3IMYHOTrO (PYHKIMOHAIBHOTO AeicTBus. [loaToMy B mocieaHue roipt
BeAymye 3apy0OexHbie (GUPMBI IO MPOU3BOACTBY Macell M MPUCAIOK JJIS HUX MOCTaBISIOT HA MHPOBOW PHIHOK
HE OTZAEJbHBIC MIPUCA/IKU, @ TOTOBBIE NAKEThI IPHCATOK.

Crenmanucramu nipousBoactBa COOO «JIJIK-Hadran» pazpabaThiBaroTCsl MEPCIEKTUBHBIE KOMIIIEKC-
HBIE IIPOrPaMMBbl, HAIPABJICHHBIE HA COBEPILCHCTBOBAHHME TEXHOJIOTMU NPOU3BOJCTBA npucajgok. CymecTBylo-
1as TEXHOJIOTWYECKass CXeMa IPOU3BOICTBA MTO3BOJISACT BEIPA0ATHIBATE ITUPOKUI CIIEKTP MPUCATOK C Pa3HBIMU
(yHKIIMOHAJIBHBIMU CBOMCTBAMH, HCIIOJIb30BaHNE KOTOPHIX MTO3BOJISICT BHIPA0ATHIBATh IIPAKTUYECKH BCE OCHOB-
HBIE TPYMITEI MOTOPHBIX Macell, IPUMEHIEMBIX B TeXHHKe. OTHUM U3 OCHOBHBIX HAIIPABICHUN Pa3BUTHS MPHUCaA-
Jok cobcrBenHoro npousBozactea B COOO «JIJIK-HadTan» siBisieTcss NnpUMEHEHUE B KA4ECTBE CHIPhS JUIs all-
KHI(EHONBHBIX NPUCAIOK AoAenniI(eHona, KOTOPHIHA, B CBOIO O4epenb, Ierecoodpa3Hee BCero moiayvars, Mc-
0JIb3YS B Ka4eCTBE ChIPhs (peHou U anbda-oseHHBI.

AnxunupoBanue peHosna, Kak U IpyTUX apOMAaTHIECKUX COSAWHEHHH, IPOTEKAET Yepe3 CTAAHIO IIpHcoe-
JIMHEHHS TPOTOHUPOBAHHOIO AIKHIKATHOHA K Sp>-THOPUIM3HPOBAHHOMY aTOMy YIIEPOJA B apOMATHUECKOM
sape ¢ o0pa3oBaHreM KapOKaTHOHA (G-KOMILIEKCa), KaK MOKa3aHo Ha pucyHke 1.

HO +R" —— Ho

Pucynok 1. —O0pa3zoBaHue KapOKaTHOHA

Cumrator, 4T0 00pa3oBaHue aIKUI(EHOTIA IPOTEKACT Jalee, Kak ¥ IPU TPAIUIHOHHOM aTKWIAPOBAHUH
apOMAaTHYECKUX YTIIEBOJOPOMIOB, B SAPO B pe3yibTaTe OBICTPOTO OTHICIUICHHWS HMPOTOHA OT YKa3aHHOTO KOM-
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wiekca (pucyHok 2). OqHAKO IJIs G-KOMIUICKCOB BBIIICYKA3aHHOTO THIIA XapaKTepHA BBICOKAs MOABHIKHOCTb
MNPOTOHA B TUAPOKCHIBHOM rpymie. [109ToMy OHM CKJIOHHBI K €T0 OTHICIUICHHIO ¢ 00pa30BaHUEM HEHTPAILHOTO
ANKUILUKIOreKCaJHeHOHa, MePEerpyIITUpYIoIerocs B ankmiheHoa (pucyHok 3).

H "
HO » HO R+ H
R

Pucynok 2. —OTiienieHne NPOTOHA OT G-KOMILJIEKca

H H
HO % 0= —— HO R
rR H R

Pucynok 3. —O06pa3zoBaHue HEHTPAJLHOT0 ATKHJINHKIOTeKCATHEHOHA,
neperpynnupymouerocst B ajJxkugenosn

IIpomexxyTouHOE 00pa30BaHUE ATKUIIUKIOTCKCAHMCHOHA CUNTACTCS OTIIMIUTEIBHON YepTON MEXaHH3Ma
ATKWIHPOBaHMs (PeHOa U APYTUX PEaKIUH MIEKTPOPHIBHOTO 3aMeleHusI B (peHomax.

JlumuTHpYIOLIeH CTaJnell peakuuy alKWIMpOBaHUs (eHONA SBISETCS, KaK MPaBuiio, 00pa3oBaHue Kapo-
katuoHa. OOpa3oBaHKUe IUKIOTEKCATUCHOHA HIET CHHXPOHHO C JIEKTPO(HILHON aTakol (peHoma anKuIKaTHO-
HOM. Eciii CHHXPOHHOCTBH HapyIaeTcsi, TO 00pa3yroTces alnkmwi(eHHIoBbie Y3PUpPbI, KOTOPbIE MO/ IeiiCTBHEM KH-
CJIOT JIETKO MEPETPYIITUPOBHIBAIOTCS (M30MEPU3YIOTCS) B ANKMI(PEHOb! (PUCYHOK 4).

HO —
O

R+

L »

Pucynoxk 4. —O0pa3oBanue aaxuigeHoaa

B3anmoelicTBrue MoJeKybl (peHoma ¢ 3MeKTpOGUIBLHBIM KapOKaTHOHOM osieprHa TTPOXOIUT Yepe3 cTa-
JII0 00pa30BaHUs MPOMEKYTOUHOTO KOMIUIEKCA. DHEPIusi aKTHBALMU PEaKIMU, MPOXOIIIEH Yepe3 mepexo-
HOE COCTOSIHHE, NOJ00HOEe Mapa-O0EH30XWHOHY, MEHbIIE, YeM OpPTO-OEH30XMHOHA, BCJIEJCTBHE JTOTO Mapa-
3aMeIleHUE MTPOTEKAeT ObICTpee, YeM OPTO-3aMellCHHE.

Ha cooTHOLIEHNE CKOPOCTEH STHX peakIiii CYIIECTBEHHOE BIMSHUE OKA3bIBACT CTPYKTYpa ojeduHa.

AJIKWITMPOBaHUE TIPOTEKAET MOCIIEI0BATENIBHO ¢ 00pa30BaHUEM MOHO-, IU- ¥ TPHAIKWI(EeHOI0B. 13BecTHO,
4yT1Oo BeiaencTBue d3ddexra conpsKeHus, BBI3BIBAEMOIO THIPOKCHWIIBHOW TPYNIIOHN, DJIEKTPOHHAS IJIOTHOCTh
B apoMaTH4ecKoM syipe (eHosa MOBBIIEHA B OPTO- M Iapa-mojoxeHusx. [loaTomy mnepBudHas artaka sijpa
AIKUJIKATHOHOM JIOJDKHA OBITh HAIPaBJIEHA MMEHHO B 3TH MOJOXKEHHs. B OOJBIINX KOJIMYECTBAX MOJIYYAIOTCS
napa-3aMenieHHble aTKWI()EHOIbI 10 CPABHEHUIO C OPTO-3aMELICHHBIMH H30Mepamu. [103ToMy ¢ MOBbIILICHUEM
AKTHBHOCTH KaTallM3aTopa, TeMIIepaTypbl U MPOAOIDKATEIBHOCTH PEaKIMK 0JIs [lapa-u30Mepa MOXKET BO3PaCTH
ot 60...80m0 95%wu Gosiee 3a CUET TaKOW H30MEPH3ALINH.

[Ipu mocnenoBaTenbHOM BBEACHUH aIKHIIBHBIX IPYIII MepBasi CTaAus MPOTeKaeT ObICTpee BTOPOiA, a 1mo-
CIIEITHSS, B CBOIO ouepenib, ObIcTpee TpeThel. Ha cocTaB MpoyKTOB Takke BIMSET Peakiysl NepeatkuInpOBaHuUs
MeXIy nosimankuiadenosoMm U ¢eHosoM. C MOBBIIICHHEM AaKTUBHOCTH KaTalU3aTopa, TEMIEepaTyphbl U Ipo-
JIOJDKUTEILHOCTH PEaKLUK COJIepKaHne MOHOAIKWI(EHOJIOB B MOJIy4aeMOH CMECH 3HAYHUTEJIFHO BO3PACTaET.
[osToMy U1 MONTyYeHHsST MOHOQJIKMI(EHOJIOB COOTHOLIEHHE MCXOIHBIX KOMIIOHEHTOB OEpyT 3KBHMOJIIPHOE
WY ¢ HeOOIBIINM M30BITKOM (peHoua, a JuIst oyueHHs TuanKuideHona Tpedyercs: n30bITOK onedHuHa.

HesxenaTenbHbIMH, HO HEM30SKHBIMHM PEAKIMIMU B TPOLECCe aJKMIMPOBAHMS SBIAIOTCS: 00pa3oBaHUE
3(hupoB (HEHOIIOB, BBIXOA KOTOPBIX B HEOJIATONPHUATHBIX YCIOBHIX MOXeT qocturaTh 50%Ha ChIphE; mosMmMepu-
3anust oneuHOB. OOIIMM METOAOM TMOAABICHUS ITHX PEAKLHUil SIBJISCTCS MOHMKEHUE TEMIIEPATyPhl, HOCKOJIb-
Ky peaxius ajJKUJIMPOBAHUSA UMEET CaMyl0 HU3KYIO SHEpTuio akTuBarmu (0koso 21 kJ[»/MOIb), U CHIDKCHHE
KOHIICHTpaIu oyeuHa.
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Takum 00pa3oM, CKOPOCTh U CEICKTUBHOCTH MPOIIECCa aKIIMPOBaHUS (DeHOJIA 3aBHCHUT OT psia (haKTOpOB:

- THIIA ¥ aKTUBHOCTH KaTaIH3aTopa,;

- CTPYKTYpHI UCTIONB3YeMOro oJe(uHa,

- COOTHOIICHHS UCXOTHBIX KOMIIOHEHTOB,;

- TEXHOJIOTUYECKHX (PAKTOPOB, TaKMX KaK TEMIEparypa, MPOJODKUTEIFHOCTh PEaKIiH, HaJMdHe pac-
TBOpHTENS 1 Jp. [2].

IIporecc mponsBoacTBa anKwiIheHoTa M OACHI()EeHOTIa COCTOUT U3 CTaJANi MPUTOTOBICHHUS PEaKIHOH-
HOW CMecCH, aJKIINpOBaHMUA ()eHOIa TeTpaMepaMy IpONHIeHAa Ha KaTHOHOOOMEHHOM KaTalu3aTope, (ppakino-
HUpoBaHUs noneiideHona. OMHAKO HCIONB30BaHUE CYJIb(DOKATHOHUTA BBOIHUT 3HAYUTCIHHBIC OTPAHUYCHUS
B TEXHOJIOTHIO BEIICHHS MPOLIEcCca aJKHUIINPOBaHMS: MakCUMallbHas TeMmepatypa B peakrope 120 T Benencreue
OTPBIBA KUCJIOTHBIX aKTUBHBIX CYJIB(OTPYIII OT TUBUHIICTHPOIBHON MATPHIIBI; MCHBIIIASI CEJICKTUBHOCTh PEaK-
UK CUHTE332 MOHOIOACIIMI(EHOA, CIIeI0BATEILHO, CHUYKACTCSI KAYECTBO [IEJICBOT0O MPOYKTA.

AHaiu3 MaTCHTHOW JUTEPaTypbl UICHTHOUIUPOBAT BO3MOKHOCTh YCOBEPIICHCTBOBAHUS Ipoliecca Mo-
JMyYCHUs NOJCUMIPECHONA MyTEM 3aMEHBbI HU3KOTEMIICPATypHOH KaTHOHHOW CMOJIBI Ha 0ojee TepPMUYECKH YC-
TOMYMBBIE LEOJUTHl TUIAa MOPACHUT. BeiieacTBre NOPUCTON CTPYKTYpPBI LIEOJIUTA C ONPEAEIEHHBIM pa3MepoOM
KaHAJOB BO3PACTaeT CEJIEKTUBHOCTH LENEBOM pEeaKknnu CHHTE3a MOHOIOICIIpeHora. MoHOAOACTHI()EHOIBI
TIpU JaNbHEHIEH peaknnuu ¢ MATUCEPHUCTBIM (HOCHOPOM U TOCIESNOBATEIBHON HEWTpalM3anmueld IMHKOBBIMU
6emmnamu obpasyror npucaagky BHUMHII-353, or crepryeckoil OpHeHTAlMH KOTOPOH 3aBUCHUT BO3MOYKHOCTH
JATBHEWIIIETO CHHTE3a MPUCAIOK ¢ 00JIee CI0KHOU CTPYKTYPOH.

BaxHO OTMETHUTH BIUSHUC (aKTOpa YETKOCTU pa3ACICHUsI MPOIYKTOBOH CMECH M3 PEaKTOpa, TaK Kak
MMEHHO TIO COJICPKAHUIO MPUMECEH OIICHUBAIOT MPHUIOJHOCTh UCTIOIB30BAHUS MPOJIYKTA U CHHTE3a MpHca-
JOK. [TaTeHTHBIN MOUCK JTUTEPATYPHI ONMPEACTII BO3MOXHOCTh YCTAHOBKHY BBIIAPHOTO aIapara Uit pa3rpys-
KM KOJIOHH 0JIOKa aJKWJIMPOBAaHMS MO (EHOJIY W MPEIOTBPALICHHS TEPMOICCTPYKIUHU, YMCHBIIICHHUS KHCIIOT-
HBIX OTJIOKEHUM.

PaccmoTpeHa BO3MOXKHOCTh 3aMEHBI CHIPbS — B KaYECTBE ANKWJIMPYIOMICTO arcHTa Ielieco00pa3Ho Hc-
MOJTE30BaHKE ab(a-0e(hUHOB, KOTOPBIE HMEIOT TEHACHIIUIO K MIPUCOCTNHECHUIO B MI-TIOJOKEHUE B KOJIBIE MO-
JIeKyJIbI PeHoa, a TaKKe HCKITIoUatoT 00pa3oBaHue TUIAO0ACIIII(DEHOIOB.

IeeBBIM TPOXYKTOM pEaKIH{ aJKMIMPOBAHHS SBIAETCS MOHOAoxaemmiIheHod. B mporecce BaxHYIO
POJb WIpaeT BHUI alKWINpYomero areHra. Heo6xommmo, 9To0Bl CEeKTUBHOCTE peakui 00pa30BaHUS MOHO-
JoenuiI(eHona yBenuaniaack. [Ipu alknianpoBaHUN TeTpaMepaMy IPOIMICHA BBIXO]] LIEIEBOTO MPOIYKTa JT0C-
turaet 42%mua npoayxr [3].

B Tabnune 1 npuBeneHb CpaBHUTEIbHBIE XapaKTEPUCTHKH asib(ha-0Je(GUHOB U TETpaMepoB IPOITHIICHA.

Tabmuma 1. —XapakTepucTuku anbda-oneGuHOB U TETpaMEPOB MPOITHUICHA

CaoiicTBO Adabda-onepunni (Cyp) TeTpamepsl nponuieHa

Brewmmii sy Ipo3paynast *UIKOCTh 3 Ipo3paynast *UIKOCTh
6e3 MEXaHWIECKUX PUMECEi C JKEJATOBATLIM OTTEHKOM

ITnorHocts npu 20 °C, rlem® 0,76 0,785
PpaKkLHMOHHBII COCTAB:
- Havajo kuneuus, °C - 170
- koHel kunenus, °C - 215
Coneprxanue onepunos, Y% macc.:
-Cqo 98,0 94,0
- Boitre Cqp 1,0 50
- mmke Cqop 1,0 1,0
Conepxanue Biaru, % macc. 0,0100 0,05
Bpomuoe gmcio (r) Br/100r 83...95 110...120

MOo3KHO clienaTh BBIBOJ O LEIECOO0PAa3HOCTH UCIONB30BaHUs anb(a-oaeHOB B KAYECTBE aTKUIUPYIO-
HIET0 arcHTa, TaK KaK UCXOJs U3 CTEPUYECKOro (hakropa CHHTE3a IEJICBOIO MPOIYKTa IOMCIHIPEHONIA BEPOSIT-
HOCTh MOJYYCHHUS IM-AoAeumI(peHona 1aéT BO3MOKHOCTh I CHHTe3a B nanpHeimem npucanku BHUMHII-353
KaK ChIpbs ISl Tocienytomero noiydenus npucagok BHUWHII-354 u BHUMHIT 714. IlnotHocTts anbda-
onepuHoB Qpakiun Cqp HUKE, YUEM TETPAMEPOB MPOMHUIICHA, CIICA0BATEIBHO, YMEHBIIATCS 3aTPAThl HA CMeEIIIe-
HHUE UCXOJIHBIX PEarcHTOB UIS aJKIIMNPOBAHUS, YMEHBIIATCS dHEPreTHIecKre 3aTpaTsl Ha mporecc. C 3KOIoTH-
YeCKON TOYKH 3peHHUs O0JIee BBITOTHO ATKIINPOBaHHE ab(a-oaeGruHaMu — 3a CYET UIMHHBIX YTIICBOIOPOTHBIX
xBocToB poxermihenon Ha 60% ObicTpee pasmaraercsi, YeM I0AeIIBSHOI, MOTyUYCHHBIN PU aJKWIHPOBAHNH
TeTepaMepaMu TponmieHa [4].

Boee Toro, cormacHo qaHHBIM [5], IpH aNKAIAPOBAHUHM aPOMATHIECKHUX YTIIEBOJOPOIOB O-0JdehHHAMHA
¢ 10...14 atomamu yriaepoja apoMaTHIECKUE YIIIEBOAOPOABI C IIMHHBIMUA OOKOBBIMHU IEISIMH MMEIOT 3HAYH-
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TeNbHO OoJiee BBICOKMIT BBIXOJ 2-DEHMIBHOTO M30MEpa, KOTOPBIH SIBISETCS HPENNOYTUTEIbHBIM BCIEICTBUE
TOTO, YTO YIJIEBOJOPOJIHBIE XBOCTHI B pe3yJbTaTe AANbHEHIIEro cyab(pHUpoBaHUs BELIECTBA IPUIAIOT MOIOIIUE
CBOMCTBA M CBOMCTBO COJIFOOMITH3ALINH.

Taxoxe ObUIO 3aMEUCHO, YTO ATKWINPOBaHUE (EeHOIA -aneHHaMU ¢ JUIMHHOM YIiepoaHOil LIeNbio HMeeT
psn npobneM. Yem Oosblie AaMHA yriIEeBOJOPOJHOTO XBOCTa o-oie(HHA, TEM MEHbIIash 00bEMHAs CKOPOCTh
HEeo0X0AMMa, TaK KaK PAaCTBOPHMOCTh PEar¢HTOB YMEHBIIUTCS COOTBETCTBEHHO. I10CKONBKY 0-0eUHEI XyKe
CMELIMBAIOTCS C JKUJIKUM aJIKWII(EHOJIOM, CYILIECTBYET HEOOXOJUMOCTh B YCTAaHOBKE NPEABAPUTEIHLHOTO CMECH-
TeJsL CBIPbSI IIepe MEIIAIKOi. B NomonHeHne 0TMeTHM, 4TO HCIIOIb30BaHUE JUIMHHOLECTIOYEYHBIX 0-0JIe(HHOB
KaK pPearcHTOB MOKET NPUBECTH K (POPMHPOBAHUIO KOKCOBBIX OTJIOKCHHH Ha MOBEPXHOCTH KaTalHW3aTopa.
UYeM BHIIIE MOJICKYJISIPHAs Macca 0-oJe(HHa, TeM CIIOKHEEe KOHTPOJIUPOBaTh 00pa30BaHNUE BTOPUYHBIX IPOTYK-
TOB, @ UMEHHO JTUJI0JeIII(EHOIIOB.

OIHaKO UMEIOTCS U TIOJIOKUTENNBHbBIE CTOPOHBI UCIIOIBE30BAaHMS 0-0JIC(UHOB B KaUECTBE ANKWIHPYIOIIETO
areHra: 00JIbIIAsk KOHBEPCHS CHIPBS, CEIEKTUBHOCTh PEakMy 00pa3oBaHHsi MOHOJIOJCLMIPEHOIA U CPOK CITYXK-
OBl KaTaIM3aTOPa TAKXKE YBEIUYUBAIOTCS.

CormacHo ucTouHHKY [6], MONBHOE OTHOIIEHHE 0-0eHHOB K (enony cocrtasiser ot 10:1 o 3:1;
a-oneduHOB K katanuzaropy — ot 20:1 10 2:1; BEIX0a MOHO3aMEIEHHBIX apOMaTHYeCKuX yriieBogopoaos 80%,
cpexn koTopblx /0% ankwinpoBaHBl B Napa-NoOJOXKeHHE. TeMneparypa B peakTope MOXET BapbUPOBATHCS
ot 20 no 260 T, npu 3TOM NpernouTHTENLHBI TeMneparypsl B quana3oHe or 10010 170 T. B kavyecTBe kara-
JTM3aTOpa PACCMATPUBACTCS MOPJCHHT ¢ pa3mepamu mop 6,7...7,5 A.

[Ipennaraercst B KauecTBE CHIPBS Ul IOJIyYEHHUS O-0JIEUHOB HCIIOJIB30BATh ITHJICH, NPOU3BOAUMBII
Ha OAO «lonmumMup». DTHIIEH HAINPaBISIETCS HA YCTAHOBKY JUTS TIPOM3BOICTBA MOJHATb(a-oeuHOB ¢ IpuMe-
HeHueM peakuun @punens —Kpadrca Ha katanusarope TpudTopua 60pa U CIIMPTOB B KAUECTBE COKATaIN3aTo-
poB (pucyHok 5).

Henacepimenubie

OJIUTOMEDBL
KaTalln3aTop KaTaiM3arop Jumep,
CH,=CH, R —-CH,=CH, S TpUMED,
BF; TeTpamep,

Pucynok 5. —IlepBasi cTagusi Npou3BoACTBA NoJuANb(a-0ePUHOB

Crezyromas crajiis NPOU3BOJCTBA 3aKIIFOYAETCS B MHAPOrEHE3AMH HEHACKIEHHBIX OJIMTOMEPOB, YTO J0C-
THIaeTCsl BBEICHUEM KJIACCHUECKUX KATaJIU3aTOPOB, HAIIPUMED, HUKENS HA KU3eIbIype WM Majulagds Ha HOCH-
Telle, B KAYECTBE KOTOPOTro BEICTYMAET okcua amomMunus Al,Os (pucyHok 6).

Ni wm Pd

Henacenmennsle  mapaguHOBBIC
YTIIEBOJIOPO/IBI

Henacpimennsie
OJIUTOMEPBL H,

v

Pucynok 6. —BTopasi cragusi npou3BoACTBa Noanalbda-onedpuHoB

Ha tpetbeit, mocnenneit craanuy HachILIEHHBIE OJIMTOMEPHI TOABEPraloT neperonke. [IpuBenennas rex-
Hojorus ucnonszyercs OAO HWKHEKAMCKHE®TEXWM npu npousBoactee dpakiuu anbha-onedruHos
CouCy [7]

Ha ocHoBanuuM mpoBeAeHHBIX HccnenoBanuii [8—11] panuoHaNbHBIM SIBISETCS PEILICHHE YCTAHOBKH
BEIIIAPHOTO allllapara I0CiIe MEIIAlIKH IS OTACNCHUS OT PEeaKIHOHHONH MacChl BRICOKOKHITALINX IpUMeceit
U CYIb(OKHUCIIOT.

CymHocTh croco0a MmoyiydeHus mapa-TpeT-0yTuindeHosia  yCTPOWCTBA ISl €T0 OCYIIECTBICHUS HILTIO-
CTPHUPYETCSl CXeMOW Ha PUCYHKE 7.

IIpennaraemslii crioco6 moxydeHus napa-Tper-0yTrmideHosa BEICOKOTO KadecTBa BKIIIOYACT:

- ankuaupoeanue heHona n300yTUIIEHOM Ha reTepOreHHOM CYJIb(OKaTHOHUTHOM KaTalu3aTope,

- omoeneHue BRICOKOKHUITIIINX MPUMECEH OT PEakIIMOHHON MacChl, COCTOSImEN 3 (eHoma, mapa-TpeT-
oyrungenona, OTB®, 2,4m-Tper-OyTrideHomna 1 BHICOKOKHUITIINX TPUMECEH, ITyTeM €€ IJICHOYHOTO MCIIapeHMs,

- pasoeieHue PEaKIIMOHHON MacCHl METOOM BaKyyMHOM PeKTH(PHUKAINN B TPEX KOJOHHAX C BBIACICHIEM
B TIEpPBOI1 KOJIOHHE YacTH ()eHoJa, BO BTOPOi — (heHona u opTo-TpeT-0yTHiideHona, KOTOpble PEUUPKYIHPYIOT
Ha CTaJMI0 aJKUJIMPOBAHUS, B TPETheH — mapa-Tper-OyTuiadeHosa B BUAE MUCTHILIATA U cMecu 2,4-1u-Tper-
OyrnideHona u OCTaTOYHOro mnapa-tper-OyTuiadeHosa B BHAE KyOOBOrO OCTaTKa, KOTOPBIH PELUPKYIHPYET
Ha CTaJIUIO AJTKWIAPOBaHMS PeHoIa N300y THIICHOM.
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Jliis mpenoTBpalleHus MONAfaHus mapa-TpeT-0yTwideHona B BakyyMco3aaromiee 000pyIoBaHUEe U T10-
cienyroniei 3a0UBKU 000pyIOBaHUS MIPY €0 KPUCTAUIN3AIMHA Ha BAKYYMHOW JIMHUH OCYIIECTBIISAIOT abcopOIn-
OHHOC yJIaBJIMBaHUC HECKOHICHCUPOBABIIHNXCS MAPOB Mapa-Tper-OyTuindenona.

PﬂcyHOK 7. —Cxema NMOJTYYE€HHUS NMPOAYKTA AJIKWJINPOBAHMSA ¢ IPUMEHEHMEM BbINIAPHOI'O anmaparta

YCeTpoHCTBO TSl OCYIIECTBICHUS YKa3aHHOTO CIOCO0a CONEPIKUT. peakTop alkwinpoBaHwms 1 ¢eHomna
M300yTHIICHOM Ha I'eTepOreHHOM CYJIL(OKATHOHUTHOM KaTajM3aTope, CHaOXeHHbIH TpyOonpoBoaom 12 BeiBoa
PeaKkUMOHHOM Macchl; MEPBYIO M BTOPYIO KOJIOHHBI BaKyyMHOW pekTuduKanuu S u 6, coeanHeHHble TpyOompo-
BOJIOM 24; TpyOonpoBoasl 25, 26 BbIBOJa PEUUPKYIUPYIOMINX TOTOKOB TUCTHILIATA, COSANHEHHBIE C PEAKTOPOM
ankunpoBanus 1. Peakrop ankuimposanust 1 TpyOonpoBosom 12 BeIBosla peakIIMOHHOM Macchl COSIMHEH C ILIe-
HOYHBIM HCTIapUTEIeM 2, 000pyI0BaHHBIM EMKOCTSIMHU IIpHeMa KyOoBOro ocratka 3 M AUCTHILIATA 4, COeIMHEH-
HBIMH C IUICHOYHBIM HCIApPHUTENIEeM 2 IOMOJHUTEIbHBIMU TpyOonpoBomamu 13 u 14; npueMHuk 4 aucTHLIATA
IUICHOYHOT'O HCIapuTest 2 ApyruM TpyodompoBoaoM 15 coemnHeH ¢ mepBoi peKTHPHKAIMOHHON KOJOHHOH 5;
BTOpasi peKTH(UKAIIMOHHAsI KOJOHHA 6 coemuHeHa TpyOoonpoBoaoM 17 ¢ JOMOJHUTENBHON TpeThel peKTr(hHKa-
IHOHHON KOJIOHHOW 7, KyOOBasi 4acTh KOTOPOM, CHaOXeHHas TpyOorpoBoaoM 19 BeIBOIA PEIMPKYIUPYIOIIETO
MOTOKA, COCAMHEHA C PEAKTOPOM AIKHJIMPOBaHWA 1, a BEpXHAS 4acTh CHaO)keHa TpyOompoBomom 18 BeiBoma
IIapOB TOBAPHOTO IPOJYKTa, COSAUHEHHBIM ¢ aediermatopoM 8, KOTOpklil coenuHeH TpybonposogoM 20 ¢ cemna-
paropom 9. Cenaparop coenuHeH TpyoonpoBoaoM 22 ¢ eMkocTbio 11 nprema ToBapHOTo napa-Tper-OyruideHomna
Y JIOTIOJIHUTENBHBIM TpyOonpoBogoM 21 ¢ abcopbepom 10, HIOKHSISL YaCTh KOTOPOTO COeMHEHa TpyOonpoBoaoM 23
C EMKOCTBIO 4 IprueMa AUCTUIIIATA IUIEHOYHOTO UCTIApUTEIIA.

Ocy1mecTBieHNEe Crocoda noyyenus napa-mpem-oymuigheHona NOsSICHIETCS B HIKENPUBEACHHOM PU-
Mepe ¢ HCHOJIb30BaHUEM YCTPOWCTBA JUISL €r0 OCYLIECTBICHHUS.

B peakrop ankunipoBanus 1 3arpysxatoT nu300yTiIeH 1 (eHOJI, BO3BPATHBIE (DeHOJI M OPTO-TpeT-OyTriIheHoI
o Tpybornposomam 25 u 26, BeimensieMbie B PeKTH()HUKAMOHHBIX KOJIOHHAX 5 1 6 B BHAE ANCTHILIATA, IO TPY-
6omnpoBoay 19 — KyOOBBIH OCTATOK PEKTH()HUKAMNOHHOW KOJIOHHBI 7. PeakMOHHYIO Maccy 1o Tpybomposoay 12
MOJAIOT B BBINAPHOI ammapaT, B KOTOPOM HMPOUCXOIUT OTAEICHHE OT OCTANBHBIX HPOAYKTOB, BEIBOJAT IO TPY-
6onpoBoay 13 B eMKOCTh mpHeMa KyOOBOro ocrarka 3, a AUCTHILIAT 10 TpybonpoBoay 14 B emxocts 4. Hcmons-
30BaHME IUICHOYHOTO MCHAPEHHs IJIs IPEAOTBPAILECHHUS ITONAaJaHUsl BTOPHYHBIX POJAYKTOB HA CTAJUIO BAKyyM-
HOW peKTH(UKALMHU, TPUCYTCTBUE KOTOPBIX NMPHBOAUT K CHIDKEHHIO KaueCTB TOBAapHOI'O NMPOAYKTa, MO3BOJISAET
TaKKe NPOBOJUTH PEAKIHIO AIKWIMPOBAHUS IPH MEHbLIEM M30bITKE ()eHOJIa 110 OTHOLICHUIO K M300yTHIIEHY,
TaK Kak B 3THUX YCJIOBUSX HaOmrojaercst OONBIIMKA BBIXOJ TOBAapHOTO Mapa-TpeT-OyTmideHos, Hexenu B Onu-
JKalIlleM aHaJlore, ¥ HET HaIOOHOCTH OrpaHUYMBaTh 00pa3oBaHue OOOYHOTO MpoaykTa 2,4--TpeT-OyTrideHona,
KOTOPBIH BO3BPAIAIOT B KAYECTBE PELMKIIA B PEakTop ajaKuiIupoBanus 1.

PaznenuB B eMKoCTH 4 peakLMOHHYIO MacCy Ha JIB€ YacTH, OJHY MOJAIOT Ha opouieHue abcopbepa 10
mo Tpy6orpoBoay 16, a 0obIIy0 HAMPABIAIOT Yepe3 TpyodompoBoa 15 Ha pekTH(UKAIMIO B TPH MOCICIOBA-
TEJIbHO paboTaromiye PeKTH()UKAIMOHHBIE KOJOHHBI 5, 6 n 7. JlucTiutar KomoHH 5, 6, cocrosmmii u3 GeHona
¥ OpTO-TpeT-OyTEIiIheHONa, 110 TpybonpoBoaam 25 u 26 moaaroT 00paTHO B PeakTOp alKMIMPOBaHus. biaromaps
TOMY, 94TO KyOOBBIH OCTaTOK KOJIOHHBI 7, TPEACTABIISIONINIA CO00H cMech 2,4-1u-Tper-OyTridenona u mapa-
TpeT-OyTHiadeHona, He CONEP>KUT BTOPHYHBIX NPOAYKTOB, €I0 HAIIPABIIIOT OOPaTHO Ha CTAIMIO aJKWINPOBAHUSL
1o Tpyoonposoxy 19 ¢ mesbio NOBBIMIEHHS BBIXOJA LETIEBOr0 MPOAYKTa. JJMCTHILIAT KOJIOHHBI 7/, COleprKalHil
napa-TpeT-0yTHiadeHoI BEICOKOT0 KayecTBa, KOHJICHCHPYIOT B lediermarope 8, COEMHEHHOM C KOJIOHHOH Tpy-
6onpoBosioMm 18, nanee ero HanpasistoT no Tpydonposoay 20 B cenaparop 9, rie NpoUCXOAUT pa3lIesICHHUE K-
KOI 4acTu M HECKOHJAEHCHpOBaBIIMXCS HapoB. M3 cenaparopa mo TpyOonpoBoay 22 »KHAKYIO 4acTh MOIAIOT
B eMKocTh 11 mpuema ToBapHOTro napa-tper-OyruideHona, u mo TpyoonpoBoxy 21 HECKOHICHCUPOBABIINECS
napsl napa-Tper-oyruideHosa nocrynaioT B abcopbep 10, rae npoucxoaur ux ynasiuBaHue. Tem cambpIM yaa-
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eTcsl n30ekKarTh IoTeph TOBAPHOTO MPOAYKTa U 00ECIIEYNTh CTA0MIIBHYIO0 paboTy BaKyyMCO3JAroLIero 06opyno-
Banus. KyOoByto yacth abcopbepa BBIBOIST 1O TpyOOnpoBoay 23 B eMKOCTS 4.

IIpemmaraemas rpymnma u300peTeHus MO3BOJISET TOIYIUTh TOBAPHBIA MPOIYKT, OYHMICHHBIN OT TIPUMECEH,
CHIDKAIOIUX €r0 OCHOBHBIC XapaKTEPUCTHUKH, TAKHE KaK KOHICHTPALUs OCHOBHOTO BELIECTBA, TEMIEpaTypa
KPUCTAIM3AlMK M LBETHOCTh, YTO, B CBOIO OYepelb, MO3BOJISIET HCIOJb30BaTh €ro B (hapMaleBTHUECKOH
MPOMBIIIJICHHOCTH M IIPOU3BOCTBE PA3JIMYHBIX TOJIUMEPOB U MIACTU(HUKATOPOB, U TOBBICUTH BBIXOJ LIEJIEBO-
ro npojaykra [8].

AxTyanpHOU npobiemMoli B HedTenepepadaThiBaroed 1 HePTEXUMUIECKON POMBIIUICHHOCTH SBIISICTCS
MOBBIILICHUE KAUeCTBa NPOU3BOANMOM NPOAYKINH U CHHXKEHHE SHEPronoTpeOIeH S TEXHOIOTMYECKHIX MTPOLIECCOB.
C oroii nensto Ha npeanpusitin «JIJIK-Hadran» npoBogurcst psn MeponpusiTHii HHHOBAaIMOHHOTO XapakTepa.
B ux 4mcio BXOAWIIO COBEPIICHCTBOBAHHUE NMPOMEXKYTOUHON cTaguu cuHTe3a npucaaku BHUM HIT 353 —npo-
LeCC AKUIMPOBaHKs (peHosa TeTpaMepamu npomnuieHa [12].

[TpuHKMMas BO BHUMaHKE, YTO B3aMMOJCHCTBHE ()eHOJIA U TeTpamepa MpOoIIeHa MPOMCXOAUT Ha KaTaju-
THYECKHUX EHTPAX, PACIIOIOKEHHBIX TTIABHBIM 00pPa30M BHYTPH TPaHyll Cylb(POKaTHOHHUTA (B €T0 mMopax), IpH-
MEHEHHE CYJIb(HOKATHOHUTOB C T'eJICBOM CTPYKTypoii rpanyn tuma KY-2-8 HenenecoodpasHo.

U3 BbINyCcKaeMbIX MPOMBIILIEHHOCTBIO B cTpanax CHI' MakporopucThIx Cynb(pOKaTHOHUTOB HanboJee OTBe-
YAIOIIMM MPEIbABISEMbIM TPEOOBAHMSAM SIBIISIETCS MAKPOIOPUCTHIA cyibhokaTrnonut KY-23 10/60I'OCT 20298,
umerormii paanyc mop 250...600 A Takoii pasmep mop obecreunBaer BHICOKYIO CKOPOCTh aubdy3Hn peareH-
TOB ((heHO ¥ TETpaMep MPOINMIEHa) K aKTHBHBIM (KaTaJIHTHYECKUM) EHTPAM ¥ 00paTHYIO AUPQPY3UI0 IPOIYK-
TOB peakUuu (MOHO- U IH-AOACLII(PEHONIOB), YTO 00ECIEYNBACT BHICOKYIO CKOPOCTh MPEBPAILCHHUS HCXOTHBIX
peareHTOB B LIEJICBON MPOAYKT.

Cynbdokarnonut KVY-23 10/60061a1aeT 0COOCHHOCTBIO, OTIMYAIOIICH €ro OT APYTHX MaKpOMOPUCTHIX
cynbpoxarnonuTos Mapku KY-23. IIpu GosbiioM paauyce 1mop mnocjieaHue UMEIOT Majblii CyMMapHBIH 00beM
0,25...0,3cM>. D10 0GYCIOBICHO HATMYHEM TAaK HA3bIBAEMOIl «CKPBITOM IIOPHCTOCTH», TO €CTh CyMMAapHbIii 00beM
[OP MOXET 3HAYMTEIBHO YBEIMYHBATHCS NPHU IEPEXOJE CYab(poKaTHOHHUTAa B pabodee (HaOyxiuee (HEHOIOM)
cocrosiHue. DTa 0c00eHHOCTh Cyib(okartronnta KY-23 10/60cHmKaeT 10 CpaBHEHHUIO C APYTUMHU MaKpOIIOpaMu
CMOJIOO0pa30BaHKeE B IPOLIECCE ATKUIMPOBAHKS U 00ECIIEYMBAET 3HAUNTEBHBIN CPOK CITyKObI KaTroHuTa [13].

Kak apTepHaTHBHBIE PEKOMEHIYIOTCS: UMITOPTHBIN Katnonut Purolite CT-175kartuonur KY-23-15/100
u KY-23-30/100B tabnuie 2 npeacraBieHbl GU3HYECKHE XapPAKTEPUCTHKH CYIIb(HOKATHOHHTOB.

Tabmuua 2. —Pusnyeckne XapakKTepUCTHKHU CYJIb(OKATHOHUTOB

VY aenbHas CyMMapHbIi [Nonnas Cpennmuii 3¢ heKTUBHBII
Tun xaTuoHuTa IIOBEPXHOCTb, o0BeM 1op, oOMeHHas! EeMKOCTb, pazuyc 1nop,
M/t emlr MI-9KB./T A

KVY-2.8 <01 0,018 2,5 7...13
KV-23, 30/100 55...70 0,6...0,8 3,5 200...300
KVY-23, 15/100 30...40 0,4...0,6 4,2 290...400
KV-23, 10/60 10...15 0,2...0,3 3,6...4,0 300...480
Purolite CT-175 30 0,5 4,1 650

MouieKyJipHBIe CHTa, KOTOPbIe TIPHTOJTHBI B KAYECTBE KATATH3aTOpa, I0JKHBI MMETh pasMep mop 6,7...7,5 A
1 UIMETh COOTHOIIEHHE KpeMHwui:amroMuani oT 30:1 10 2:1. MOpaeHHUT B YaCTUYHO HIIH IOJTHOCTBIO KMCIOTHON
(dopMe MOKeT OBITh HCIIONB30BaH AN IIpoLecca ajJKWINPOBaHKs. [lepBOHAYaIEHO MOPACHHUT PeaIn30BbIBACTCS
B aMMOHHMIHOM (opme, HO py 500 T neosut NoNMHOCTBIO TEPSIET CBOIO KUCIOTHYIO (yHKUMIO. L{eonuThl ¢ MeHb-
MM pa3MepoM Top, Takue kak ZSM-5, ZSM-11 pa3mep nop koTopsix coctaBiser 5,4 A, ne npospisior kara-
JUTUYECKON aKTHBHOCTH B PEAKLMIX AJKWJIMPOBAHHMS apOMaTHYECKUX yIJIeBOA0ponoB. LleonuTsl ¢ Gonbmmm
pasmepom nop (13 A), uem y mopaepura, Takue kak Y-I€0IHThI, HMEIOT BHICOKYIO PEAKIHOHHYIO CIOCOGHOCT,
HO MCHBIIYIO CEICKTUBHOCTD B PEAKLHAX aNKHIUPOBaHus [6].

Takum 00pa3oMm, B KayecTBE KaTaiu3aTropa B IpoLiecce alIKMIMpoBaHus (eHoa anbha-onepuHaMu NpUHAT
mopaeaut CBV-21A. B ta6nuiie 3 nprBeaeHbl OCHOBHBIE XapaKTEPUCTUKU BHIOB JAHHOTO Karanu3aTopa [14].

Tabanua 3. —XapakTepUCTHKA [ICOTUTA MOPIACHHUT

Karanmsar MonbsHOE COOTHOIIIEHUE HomunansHas Na,O% wa IInomane
3410p SiO/AI,05 KaTHOHHas opmMa &Jvomace. IIOBEPXHOCTH, M/T
CBV-10ADS 13 Harpwii 6,6 425
CBV-21A 20 AmMuak 0,08 500
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3akarvenne. Ha OCHOBaHUHM pE3yNBTATOB MPOBEACHHOTO HCCICIOBAHUS BBHIOPAHBI U OOOCHOBAHBI
OCHOBHbIE HANPABIEHUS MOOEPHUZAYUYU OJIOKA ANKUTUPOBAHUSL (heHONA ONeUHAMU

- 3aMeHa aJKHIUPYIOIIEro areHTa,;

- 3aMeHa KaTann3aTopa mpolecca alkuinpoBanus GpeHoa;

- yCTaHOBKA BBINAPHOTO alliiapara rnepej 6J0KOM OTAEIECHHs IPOYKTOBOM CMECH.
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INNOVATIVE IDEAS OF PHENOL ALKYLATION PROCESS MODER NIZATION
WITH THE AIM OF ALKYLATE QUALITY IMPROVEMENT

S. POKROVSKAYA, A. KORBUT

The directions of improvement of phenol alkylawocess in JV “LLK-NAFTAN” are viewed. The theory
of phenol alkylation process and different waygechnology improvemente determined. The alkylation agent
substitution from tetramers of propylene to alphefios is proposed as the way of modernization. Sthghoca-
tionite catalysts substitution on zeolite catalysirdenite which has better chemical performancerabirictics
is proposed as the other the way of process mazian. In order to improve the quality of the mainoduct
the new evaporator embed opportunity is represented

Keywords: petrochemical industry, production of phenolic adis, the alkylation of phenol, zeolite
catalysts, sulphocationite catalysts.
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YK 665.775

MNOJYYEHHUE HA OCHOBE HEﬁTPAHH3QBAHHLlX KHCJIBIX TYAPOHOB
HEOTEXUMHWYECKUX NPEAIIPUATAU BUTYMHBIX MATEPHUAJIOB

KaHno. mexu. nayk, ooy. F0.A. BYJIABKA,
Kano. mexu. nayk, ooy. 10.B. BUIIIHAKOBA; B.A. IAXOBHUY; A.C. MOCKAJIEHKO
(ITonouxuii zocyoapcmeennslii ynueepcunent)

IIpedcmagnenvl pe3yromamol UCCICO08AHUS NO HEUMPATUZAYUU KUCTO20 2YOPOHA NPOU3B00CMEA Cylbdo-
HamHwix npucadox Hegpmexumuyeckoeo npeonpuamus COOO «JIJIK-Hagpman» 0010Mumoeot Mykoi u wiamom
xumeoodoouucmku ¢ TOI]. Ilpeonosicen cnocod ymunuszayuu KUCIbIX 2yOPOHO8 HemexuMuieckux npeonpusimuli,
KOMOPblll 3aKT0UAemcs 8 NOJYYEeHUU HA OCHO8e Hellmpaiu3068aHHO20 KUCL020 2YOPOHA NPOU3B00CmEa Cyibgho-
HAMHBIX NPUCAOOK OOLOMUMOBOU MYKOU AUOO WIAMOM XUMBOOOOUUCIKU MACMUK OUMYMHBIX KPOGELbHbIX
eopsuux, coomsemcemeayiowux mpedosanuim I'OCT 2889.1Ipednazaemviii cnocob nosgonsiem CHUSUMb HAZPY3KY
HA OKPYAHCAIOWYIO CPEOy, PACUUPUMb OA3Y CHIPbEBLIX PECYPCO8 OISl NOLYUEHUS OUMYMHBIX MAMEPUATIO8 3d CHem
UCNONL308AHUS OMXOOA NPOUZBOOCIBA U YOCUUECEUMb NPOYECC NOJYUEHUS OUMYMHBIX MACTIUK.

Knrwoueevie cnoea. xucnvlii 2yOpoH, HeUmpaiuzayust, WiaMXUME0000YUCKYU, 00IOMUMOBAS MYKA,
oumymmsle MACmMuKu.

Beenenue. Kucisie ryaponst (KI') oOpa3yroTcst mpu CEpHOKUCIOTHOM OYMCTKE MHHEPAIBHBIX Macell,
MOJYYCHNH CyTb(OHATHBIX IMPUCAIOK, B MPOLECCAX ATKIINPOBAHHS C UCIIOIB30BaHNEM CEpHON KHCIIOTHI B Ka-
YecTBE KaTanu3aropa U Ap. B 3HaUHTENBHBIX KOJMYECTBaX COCPEIOTOUCHBI HA HedTenepepadbaTHIBAIOMINX 3aBO-
JlaX TaKuX TOpoJoB, Kak ['posubiii, Yda, Hmwxuauit Hoeropon, Bonrorpan u npoune. Kucieiii rypoH, Hakarim-
BasiCh B OTBaJIaX U OTKPBITHIX MPYIaX-HAKOMUTEISAX KaK OTXOJ, SBJISCTCS CEPHE3HOM IKOJIOTHMIESCKOM mpoOieMoi —
C TCYCHHEM BPEMEHU IPOMCXOJIUT BHIMBIBAHHE KHCJIOTHI aTMOC(HEpHBIMU ocafkamu U Bbinenenue SO, u SO,
B pPE3yJIbTaTe YCro 3arpsi3HIIOTCS BOJHBIA W BO3IYIIHBIA OacceifHbl. Bompoc parMoHambHON YTHIN3AIUH KHC-
JIBIX TYJIPOHOB TOKA €IIe OCTACTCs HE PEHICHHBIM. B criucke He()TEOTXOMOB KUCIBIC TYIPOHBI 10 00bEMY 3aHH-
MAar0T BTOPOE MECTO U OTHOCSITCS K HanboJjee TpyaHO yTunusupyembiM [1]. B To ke Bpemst KHCIIbIA TYAPOH sB-
JSIETCS IEHHBIM BTOPUYHBIM MaTEPHUAIBHBIM PECYPCOM VIS MTOMYICHUS HEKOTOPBIX TOBAPHBIX HEPTEIPOIYKTOB.
IlocrostHHAs MOTPEOHOCTH B IOPOKHOM M CTPOMTEIHFHOM OMTYMax W KPOBEIBHBIX MACTHKaX C OTHOCHTEIHHO
BBICOKOW Ce0ECTOMMOCTBIO 00YCIOBIMBAET HEOOXOIUMOCTh ITOMCKA HOBBIX IMyTeH MX MOIYYCHHUS, B TOM UHCIIE
C UCTIOJIb30BaHUEM HEJIOPOTHX W MECTHBIX KOMIIOHEHTOB CHIPBSI, B YACTHOCTH KHCIIBIX TYAPOHOB, YTO OTIPEIes-
eT aKTyaIbHOCTh UCCIICIOBAHUH B TaHHOM HampasieHuu [1; 2].

AHaJu3 MATCHTHBIX UCCIICIOBAHUI MOKA3all, YTO CYIIECTBYIOT PAa3JIMYHBIC METOIBI MIEPepabOTKH KHCIIBIX
TYJIPOHOB C MOJyYCHHEM OMTYMHBIX MAaTCPHUAJIOB, B KAUeCTBE O0S3aTCIBHBIX CTAIWid, KaK MPaBUIIO, BKIIFOYAFO-
IIMe MX HEWTPaJM3alMi0 BOJHBIM PACTBOPOM INEIOYCH; IPOILECC COMPOBOXKIACTCS 00pa30BaHHEM OOJBIIOrO
KOJIMYECTBA CTOYHBIX BOJI, KPOME TOTO IIEJIOYH SIBIISIOTCS JJOPOTOCTOSIIIMMU pearenTamu [1].

enp naHHOTO MCCIENOBAHUS — HEUTPATH3AIKS KHCIBIX I'yIPOHOB MPOU3BOJICTBA CYIb(OHATHBIX MpHUCa-
nok Hedrexumuueckoro npexnpustusi COOO «JIJIK-Hadran» n0moMnToBONH MYKOH M HIJIAMOM XHMBOJOOYH-
ctku Ha TOL] ¢ morydeHneM Ha OCHOBE MPOTYKTOB HEUTpaIH3auy ONTYMHBIX MaTEpHAIIOB.

Metoabl ucciaenoBanuii. B xauecTtBe nepBoro HEUTPaIU3yIOMIET0 areHTa MCIO0JIb30BaIN MTPUPOIHBIN
MHUHEpall — JOJIOMHTOBYIO (M3BECTHAKOBYIO) MYKy, mpousBoaumyto mo I'OCT 14050-93Ha mnpeanpusTuu
OAO «Jlonmomut» ¢ pH = 7,45,Br1c0KO€ comepkanne CaCQ u MgCO; mo3BoJsieT IPOrHO3MPOBATH XOPOIIIYIO
HEUTPaTU3YIONIYI0 CIIOCOOHOCTH IS KUCIIOTO TYAPOHA. B KadecTBe BTOPOTO0 HEHTPAIN3YIOIIETO areHTa NCTIOb-
30Bald OTXOJ — IUIaM XUMBOI004YHCTKH ¢ ITomorkoi TOI] ¢ pH = 10,51,k0TOpsIi A0 HACTOSIIETO BPEMEHH
HE HAXOJUT KBATU(UIIMPOBAHHOTO MPUMEHEHHS M CKAIUIMBACTCS B OTBaJaxX Kak oTxoJ] 5 kiacca (MpakTUuecKu
He omaceH). IIlmaM XMMBOMOOYMCTKH MMeeT cleayromuil xumuueckuii cocras: CaCQ, CaO, MgCQ, MgO,
Fe(OH}, SiO,, OCHOBHBIM KOMITIOHEHTOM SIBIISIETCS] KAPOOHAT KaJIbI[HSL.

O0paboTKy KUCIIOrO TYAPOHA MPOBOIMIM B ABE cTanuu. Ha mepBoil cTaiuy KUCIBIA TYAPOH HArpEBaIH
1o temneparypsl 80, 90, 100, 110C u cMemmBaIi ¢ HEHTPATM3YIOLIMM areHTOM, JOJIOMHUTOBYIO MYKY U IIJIaM
XMUMBOJOOYUCTKH T00aBsu B KoHIeHTpanusax 5, 10, 151 20% macc. Ha kucibiii ryapoH. OCHOBHBIC XUMHUYC-
CKHE pEaKIy HeUTpaTu3aiy KACIOTO Ty JpOHa:

CaCO; + H,SO, = CaSQ + H,O + CQO;
MgCO3 + H,SO, = MgSQ + H,O + CQ;

[ ]
CaCO3+2R @ SOH |R @SO3 I| Ca+ H,0 + CQ.
\ /2
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[ocne BeIgEpkMBaHKs 00pa30B B T€UCHUE 24 4aCOB BBHINOJIHSIIOCH OINPEEIICHNEe KUCIOTHOTO YKcia, 00-
IIei KMCIIOTHOCTH ¥ TEMIIEPaTyphl pa3MsrdeHus 1o koibly u mapy no 'OCT 11506.

Kucnommnoe uucno onpenemnsiii o METOUKe, IPUBEICHHON B [3]: HABECKY KHCIIOro I'yApOHa PacTBOPSUIH
B OEH30JIbHO-KEPOCHHOBOW CMECH, NPHJIMBAIIN AUCTHJUIMPOBAHHYIO BOJY M IEPEMEIINBAJIHN VIS TOTO, YTOObI pac-
TBOPUMBIE OpraHUYECKHEe CYJIb(QOKUCIOTHI Iepenun B Boay. [lolydeHHyr0 cHCTEMY BBUIMBAIN B JACIUTEIBHYIO
BOPOHKY M OTCTaMBaiu 24 yaca JI0 pa3lelieHUs SMYJIbCHH Ha J(Ba ciios. Bognas yacts TuTpoBanacs 0,1H pac-
TBOPOM TuApOKcHAa Hatpust. O6wyio KuciomHocms ONPENESIIA CIOcOO0OM HETIOCPEICTBEHHOTO TUTPOBAHM,
npemioxeHHsiM B.M. Peibakom u U.E. BitomunbeiM [4; 5]. Crioco6 3akimroyaeTcst B CISAYOIIEM: HABECKY KUCIO-
ro TyApPOHA PacTBOPSUIM B HEHTpPaIM30BaHHOM CIIMPTO-OEH30JIBHOM pacTBope W TuTpoBanu 0,54 BoIHBIM pac-
tBopom NaOH B mpucyrcTBun nHankatopa ¢eHonpTansenHa. ITOT Crocod XapakTepusyeTcst 0ojiee J0CTOBep-
HBIMH 3HAQ4YEHHSIMU OOILEH KHCIOTHOCTH BCIEICTBUE TOTO, YTO B HEM YUUTHIBAIOTCS BCE BHIbI KUCIOTHOCTH.
K xoHIy THTpOBaHMS MPOUCXOAUT PACCIOCHHE, ¥ TI0 HIDKHEMY BOJHOMY CIIOI0 YCTaHABIMBAJIN KOHEIl THTPOBAHUSL.

Pe3ysabTarel M HX 00cyxIeHHe. XapaKTEPHUCTHUKH MCXOAHOTO 00pa3siia KUCIIOTO T'yIpOHa IPOU3BOACTBA
cynb(oHaTHBIX npucagok HepTexumuueckoro npeanpustias COOO «JIJIK-Hadran» npencrasnens! B Tadmuue 1.
Hns ncenenyemoro obpasua ObUIM ONpesesieHbl KMCIOTHOE YMCIIO, KHCIOTHOCTh, TEMIIEpaTypa pa3MsIrdeHUs
o koutbity 1 mapy mo 'OCT 11506u riyouna nponnkanus uriisl pu 25 C mo T'OCT 11501.

Hcxonublii oOpaser; npencTapiseT coOoi YepHyIO TBEPIYIO JIMIKYIO MAacCy € PE3KHM CHeHU(pHUIecKUM
3araxoM, 0 KOHCUCTEHIIMY HallOMUHAEeT IutacTWivH. [Ipn Bo3aeHCTBUM CTaTHYECKUX HArpy30K IPOSBIISET BbI-
pa’k€HHBIE CBOIICTBA HEHBIOTOHOBCKUX KHJKOCTEMN.

Tabmmua 1. —XapakTepuCTHKH KUCIIOTO TyJpOHa, 0TOOPAaHHOTO Ha YCTAaHOBKE CYJIL()OHATHBIX MIPUCAIOK

ITokazatenn 3HaveHne
IBer UepHsblii, bnecTsmuit
3amax Peskuit
Kucnorroe uucno, mr NaOH/r 117,07
Kucnorunocts, % 11,34
TemmepaTypa pa3MArdeHus 1o KoJblly | mapy, 45 50
°C o I'OCT 11506 ’
I'nmy6una nponukanus urist npu 25 C 138.40

mo 'OCT 11501

YCTaHOBJIEHO, YTO 3aBHCUMOCTH KHUCJIOTHOT'O YHCJIA KUCIOTO T'yIpOHA OT KOHIEHTPAILMH JOJIOMUTOBOM
MYKH HOCHUT JIMHEWHBII xapakrep, npu temneparypax 80, 90u 100 T creneHp U3MEHEHHsI KMCIOTHOTO YUCIIa
OJIMHAKOBA, B TO BpeMs Kak HanboJiee CylIeCTBEHHOE CHI)KEHHE KUCIOTHOTO YKcia Oosiee ueM B 2 pa3a OTHOCH-
TEJILHO UCXOIHOTO 00pasna 3ahMKCHPOBAHO IPH HEHTPaIH3aUK 10JOMHUTOBOM MyKoi mpu Temmeparype 110 T.
310, BEpOSATHO, CBS3aHO C TEM, 4TO IIpU TepMooOpabdoTke kucioro ryapona npu 110 T npoucxoant HU3KOTEM-
nepaTypHoe pas3JIoXKeHHUE, pacial] CyJb(POKUCIOT B MPOLECCe TEPMUUECKOTO KPEKHHI'a, B3aUMOICHCTBIE CEpHOI
KUCJIOTBI CO CMOJIMCTO-MACIIIHBIMH U CMOJIUCTO-ac(ajbTeHOBBIMH BEILECTBAMH OPTaHUYECKOH 4acTH KHCIIOTO
T'YApOHA, KOTOPBIE BBICTYIIAIOT B POJI OPraHMYECKUX BOCCTAHOBMTEJICH, NAHHBIM MPOLECC CIOCOOCTBYET CHH-
KEHHIO KUCIOTHOTO uncna [1; 6; 7]. AHajornuHas 3aBUCUMOCTb YCTAHOBJICHA U M0 MOKA3aTeNio 00Iel KHCIoT-
HOCTH. MakcUMaJIbHOE CHIDKEHHE MOKa3aTellsl KHCIOTHOCTH YCTAHOBJICHO IIPU HEWTpaau3allMd J0JIOMUTOBOM
MYKO# U TepMoo0OpabdoTke kucioro ryapona mpu 110 T. ITpu 310l TeMmeparype 0CTaTOYHass KUCIOTHOCTh I10-
ciie HeliTpanuzaunu cocrasisieT Bcero 0,61%,4to roBopuT 0 NMPaKTUUECKH MTOJTHOM OTCYTCTBHH BOJOPACTBOPH-
MBIX KHACJIOT ¥ () PEeKTUBHOCTH MpoLIecca HEUTpaTH3aIIiH.

VCTaHOBJICHO, YTO IOBBILICHHE TEMIICPATYPBI pa3MsirdeHus (T.€. TEIUIOCTOMKOCTH) KHUCIIOro Iy ApoHa Ha-
OJroiaeTcsl Ha BCeM TEMIIEpaTypHOM MHTepBasie oOpabotku. Hambosee Bbicokne mokasaTenu 3aMKCHPOBAHBI
npu temrneparype 110 T. IIpu 3ToM CKOpPOCTH BO3pacTaHUsI U3MEHEHHS TEMIEpaTypbl pa3MsIrdeHus yBEJINYu-
BaeTCsA C POCTOM TeMIlepaTypbl o0padoTky. Tak, mpu noOaBKe HAa HEWTPAIU3ALMIO OJIOMHTOBOW MYKH, COCTaB-
msromeit 5% macc., mpu Temneparypax 1o 100 T remnepatypa pasmsirdeHust Bozpacraet He 6oiee yeM Ha 1,5 T,
anpu 110 T Temneparypa pasmsiraeHus ypeanunBaercsi Ha 6 °C. BeposiTHO, 3TO CB3aHO HE TOJBKO C BIIUSIHHU-
€M JOJIOMHUTOBOI MYKH, HO ¥ C IPOTEKaHHEM XMUMHYECKHX PEAKINil HU3KOTEMIIEPaTypPHOTO Pa3JIOKEHHUS.

Ha pucynke 1 nmokazana 3aBUCUMOCTb U3MEHEHHS KHCIOTHOTO YMCJIA KUCJIOTO T'y/ipOHa MOcie HeHTpa-
JU3alMU JTOJIOMHUTOBOM MYKOW M IIJIaMOM XMMBOAOOYHMCTKH npu Temneparype 110 T. YcranosieHo, 4ro
6oisiee 3 dexTHBHO Mpoliece HEHTPaIN3alUy OCYIIECTBISETCSA IPH MCIOIB30BAHUH [IUIaMa XUMBOJOOYHCTKY,
YTO KOPPEIUPYET CO 3HAUCHUEM PH HEHTpann3yIomuX areHToB.
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Kucnornoe uncno, mr NaOH/r

PucyHok 1. —3aBHCHMOCTH H3MEHEHHs] KHCJIOTHOIO YHCJIa KHCIOI0 FyIPOHa
nocJie HeHTPAIM3ANMH 10JIOMHUTOBOI MYKOH M IIJIaMOM XHMBOJOOYUCTKH Npu Temmnepatype 110 T

AmHanornyHasi 3aBUCUMOCTb MPOCJISKMBACTCSI U 110 M3MEHEHHIO OOIIeil KUCIOTHOCTH TYAPOHA IOCIe HEeH-
TpaJIM3aLiX JOJIOMUTOBOH MyKO# U 1iaMoM xumBooouucTky rpu 110 . Ipu 3ToM npakTrdecky HeHTpaJIbHbINA
MPOAYKT MOYKHO TIOJIYYUTh MpH 100aBKe IIIaMa XUMBOIOOUMCTKH 0Koj10 10% macc., a Takoe ke 3HaYeHHE 00-
el kucnotHocTr —npu 20%+0ii nobaBke K0JIOMHUTOBOI MykH. Takum 00pa3oM, IjlaMa XMMBOJOOUHCTKH HEOO-
XOJIMMO BJIBO€ MEHBIIIE J1s 3 PEKTHBHOTO Npoliecca HeHTpaU3aly KUCIIOTO I'YIPOHa, YeM JI0JIOMUTOBOH MYKH.

Ormpezenena IUHEHHAs 3aBUCUMOCTh NU3MEHEHH TeMIeparypsl pasmsardenns o Kulll kucioro ryapona
nocie HeWTpanu3aluu J0JOMUTOBOH MYKOH U IIaMOM XUMBOA0OUYHCTKH npH Temieparype 110 T (mocrosep-
HOCTh anmpokcuMarmu RE = 0,91...0,95).YcTaHOBIEHO, YTO NPH KOHLEHTPAIMSIX HEHTPATH3YIOMEro areHTa
10 10% macc. Temmeparypa pasMsr4eHHs IOBBIIIACTCS NPAKTUYSCKA HAa OAMHAKOBYIO BeaMuuHY, Ha 6...8 C,
a TPy YBEJTMYCHUHU KOHIIEHTpanuy Bhime 15% macc. TemIocTOMKOCTh MOBBIMIASTCS B OOJIBIIEH CTENIEHU OT IUIa-
Ma XMMBOJIOOYHCTKH, BEPOSITHO, 32 CYET NMPOTEKaHMs Oojiee MHTEHCHBHBIX NPOLECCOB XMMUYECKOTO B3aUMO-
JeHCTBHA U CTPYKTYpOOOpa3oBaHuUs.

Ha ocHOBe mpoayKTOB HEHTpaIM3alMU KHCJIOTO TyJpOHA MPEeIaracTcs mojydaTb MacTHKY OMTYMHYIO
KpOBEIIbHYIO ropsiuyto, coorBerctBytomyto 'OCT 2889, nockonbKy Uit MONydeHHs] JaHHOM MacTUKU TpHMe-
HSFOTCS pa3JInYHbIE ITBIJIEBU/IHBIC HAIIOIHUTENHN, B YACTHOCTH TOHKOMOJIOTBIE JIOJIOMHUTBHI.

B kadecTBe BsOKYLIETro JUIs IPUTOTOBICHUS MAaCTUKH UCIIOJIB30BAJIM 1B TOBAPHBIX OUTyMa!

- HedTsHO# noposxkHbiit 6utym BHJI 60/90,Beimyckaemsrii mo TOCT 22245;

- ctpoutenbHbiid Outym mapku BH 90/10,Bbimyckaemsiit mo FOCT 6617.

Jnst ncXOqHBIX GUTYMOB OTIpEJeNICHEL:

- reMnepatypsl ux pasmsiraenust no Kulll mo TOCT 11506 ¢ BH/I 60/90 : 53 €; y BH 90/10 : 110 €);

- ryOuna nponukanus urisl npu 25 C mo 'OCT 11501 ¢ BHJ 60/90 : 68,4%0,Mm, y BH 90/10 :
15x0,1mm).

B KadecTBe KOMIIOHEHTa MAaCTHKU B OMTYMHOE BsDKyIee 100aBisuii B KoHnenTpamusax 10, 15u 20%macc.
HPOJIYKT HEHTpaIM3aliK IJJAMOM XUMBOAOOYNCTKH T1pH Temriepatype 110 T.

AHanu3 3aBUCHUMOCTH TIyOHHBI MPOHUKAHMS Wbl TIpH 25 C OMTYMHOM MacTHKH OT W3MCHEHMS KOHIICH-
TpaLyy MPOAYKTa HEHTpaIH3aLiy KUCIOro T'yJpOoHa MOKa3al, 4To MOJIy4eHHas No0aBKa NPaKTHYECKU HE BIMSAET
Ha Tokasarenp neHerpanuy outyma BH 90/10¢ m3Ha4aibHO BBICOKUM COZICpKaHHeM ac(hanbTeHOB, a [0OaBIeHHE
HEUTPaJIBLHOro MPOAyKTa K qopoxkaoMy 6urymy BHJI 60/90npruBoaMT K CYIIECTBEHHOMY IOBBIIIEHHIO €TI0 TBEP-
JoctH, Oojee 4eM B 2 pa3a yMEHbIIAeTcs INIyOMHA NMPOHUKHOBEHWs WIJbl npu BoBiedeHun 20% macc. Heli-
TPaNBHOTO MPOAYKTa, YTO, BEPOSITHO, CBSA3aHO C YBEIWYEHHEM CO/ICPXKaHUs acaIbTCHOB.

AHaJu3 3aBHCHMOCTH TEMIIEpPaTyphl pa3MsAryeHus OMTYMHOW MAacTHKH OT M3MEHEHHsS KOHICHTPAaLUU
NpOIyKTa HEHTpaIU3aluy KUCIIOTO TYAPOHA CBHICTENILCTBYET O TOM, YTO TEMIIepaTypa pa3MAr4eHHs MacTH-
k1 Ha ocHoBe BHJI 60/90moBbimraercsi, Tak Kak 100aBISICTCS HEUTPAIBHBIA MPOLYKT C TEMIICPaTypOil pa3Msir-
yenust 60 C u, BEpOATHO, IPOUCXOJAT JONOJIHUTEIbHBIC TPOLECCH CTPYKTYPUPOBaHHSL, @ TEIJIOCTOMKOCTh Mac-
tukd Ha ocHoBe BH 90/10yxyniaercs, mocKoabKy K HeMy TOOABISIOT 00JI€e JISTKOIUIABKUI KOMITOHEHT.

st GUTYMHBIX MacTHK OINpeJesIeHbl TEMIIEpaTypa XpyNKOCTH B MOPO3MIBHON Kamepe, TMOKOCTb U Tell-
nocroiikocts o I'OCT 2889.PesynbraTsl npuBeneHsl B Tadaune 2. YCTaHOBICHO, YTO MOJIy4YEHHbIC 3HAYCHUS
HE BBIXOJIST 32 HOPMATHBHBIC 3HAYCHHMS /151 MacTHK Mapok MBK-I'-65 u MBK-T"-85.
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Tabnuua 2. —XapakTeprCcTHKH OUTYMHBIX MACTHK Ha OCHOBE HEHTPaJIbHOI'O KUCIOTO IYAPOHA

HanmeHoBaHue nokasarens o 'OCT N ) o 'OCT N )
2ggg | HeHTpabHOro KI" muamom 2ggg | HeHTpaibHOro KT miamom
(15%wmacc.,110C) (15%wmacc., 110T)

1. Tenocroiikocts B Teuenue 54, °C,

He Meree 65 65 85 85
2. Temnieparypa pasMsArdeHus o MeToy

«obIA ¥ mapa, °C 68...72 74,5 88...92 102
3. Tubkocts npu Temmeparype (18+2)C 15 15 30 30

Ha CTEp)KHE TMaMETPOM, MM (BBLICpKHBAET) (BBLICpKHBAET)

)

4. S;izgﬁcgggreoﬂanonﬂmem, % Macc., 25 30 10 15 25 30 10 15
5. Cozmeprxanue Boasl, % Macc. CIIEMIBI OTCYTCTBHE CIIC/IBI OTCYTCTBHE
6. Temmeparypa XpyIKOCTH GUTYMHOTO _15 ke —15 _12 e —12

BsDKy1ero, °C, He BbllIe

3akaouenue. [ToxkazaHo 4TO MPOIYKT HEWTpPAIW3alMU KHCJIOTO TyIpOHA IPOHM3BOACTBA CyJb(pOHAT-
Hbe1X npucanok COOO «JIJIK-Haran» mmamom xumBogoounctku ¢ [Tomomkoit TOIl MoxkeT OBITh yTHIN3UPO-
BaH IyTEM CMEIICHUS ¢ OUTYMHBIMU BSDKYILMMH U ITOJTYYEHHSI MACTHK OMTYMHBIX KPOBEJIBHBIX FOPSYNX, COOTBET-
crBytomux TpedoBanusm ['OCT 2889./1ns1 HeliTpanu3anuy Takke MOXKET ObITh IPUMEHEHA JI0JIOMHUTOBAs MYyKa,
HO B Y/IBOGHHOM 00beMe Ha HeWTpanuzauuio. [Ipearaemplii crioco0 yTHIM3alny KUCIBIX I'YAPOHOB HedTexu-
MHYECKHUX HPENNPUSATHH MO3BOJISET CHU3UTHh HArpy3Ky Ha OKPYXKAIOIIYIO0 CpPely, PaclIMpUTh 0azy CBHIPbEBBIX
pecypcoB JuIs TOJyYEHUs] OMTYMHBIX MaTepHaIoOB 332 CYET MCIOJIB30BAHUS OTXO/a MPOM3BOJCTBA U YJICIIEBUTh
npoLecc NoJTy4yeHns! OUTYMHBIX MacTHK.
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PRODUCTION OF BITUMINOUS MATERIALS ON THE BASIS
OF NEUTRALIZED ACID TARS OF PETROCHEMICAL ENTERPRIS ES

Y. BULAUKA, Y. VISHNYAKOVA, V. LIAKHOVICH, H. MASKALENKA

The article presents the results of the study anra#zing acid sludge from the production of sudphate
additives by the JLLC “LLK-Naftan” with dolomiteoflir and chemical water slurry obtained with thephef
bituminous roofing hot mastics corresponding to thguirements of GOST 2889 on the basis of a nkzeth
products. The proposed technology makes it posgibéxpand the raw material base resources for iolrig
bituminous materials through the use of productteand to reduce the cost for obtaining bitumentiogss

Keywords: acid sludge, neutralization, water treatment sleidgolomite flour, bituminous mastics.
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(ITonouxuii zocyoapcmeennslii ynueepcunent)

AHanusupytomess mpe60o6anus K Kauecmey CO8PEMEHHbIX MOBAPHLIX OU3ETbHbIX MONIUE 3UMHUX KIACCO8.
Paccmompennvl cnocobwl pecynuposanuss memnepanmypsl ROMymMHeHUs Ou3elbHblx monaug. Paccmompensi doc-
MOUHCMBA U HEAOCMAMKU NPOYECCo8 KAMAIUmuyeckoll denapapunuzayuu OuzenvHbix gpakyuil. [lpueedensi u-
mepamypHule OaHHble 00 UCNOAL308AHUU 0ENPECCOPHBIX NPUCAOOK Ol CHUINCEHUSL MeMNEPamypbl NOMYMHEHUs
OU3eIbHO20 MONIUEA U UXx dpdexmuernocmu. Hzyueno enusHiue QpakyuoHHO20 cOCmaséa Ha memMnepamypy no-
MYMHEHUsL 2UOPOOHUUEHHOU OU3ETIbHOU PPaKyuu U OU3eIbHOU Qpaxkyuu, noIYYeHHOU 8 npoyecce 2UOPOKPEKUH-
2a sakyymuvix 2azouneii. IIposedena oyenka CHUNCEHUS MeMNEPAmypbl NOMYMHEHUs OU3CTbHbIX PPaAKYutl npu
000a6/1eHUU K HUM KEPOCUHOB8 PAZIUYHO20 RPOUCXOXHCOCHUS. Bulagnenvl 3aKOHOMEPHOCIY USMEHEHIUs meMnepamy-
Dbl NOMYMHEHUS. OU3CBHBIX MONIUE OM UX PPAKYUOHHO2O COCABA, (PUSUKO-XUMULECKUX CBOUCE, COOCPHCANUSL
BbICOKONNIABKUX NAPAPUHOE U APOMAMUYECKUX Y2ne6000p0008. TIpednodceno pezpeccuonnoe ypasnenue Ol
APOHOZUPOBAHUS TNEMNEPATYPbL NOMYMHEHUS OUZCALHO20 MONIUEA MHOLOKOMIOHEHIMHO20 COCMAEA.

Knrwouesvle cnoesa:. ouzenvrnoe moniueo, memnepamypa NOMymuenus, (Ppakyuorubslil cocmas, Kepocumbl,
2UOPOOUUCIIKA, 2UOPOKPEKUHE.

Bgenenne. B Hacrosiiee Bpems JU3eNbHOE TOIUTUBO SIBISIETCS OJHUM M3 Haubosiee BOCTpeOOBaHHBIX Hed-
TEenpoyKToB. TpeboBanus, NpeabsIBIsieMble K HU3KOTEMIIEPAaTYPHBIM CBOMCTBAM JH3EJIbHBIX TOILIMB, OIIPEae-
JSIFOTCSL KIIMMATHYECKUMHU YCJIOBUSIMH MX TMpUMeHeHHs. Hu3koTeMneparypHble CBOHCTBA NU3ENIbHBIX TOILIHB
XapaKTePU3YIOTCS TAKUMH TTOKA3aTeNIIMHU, KaK TeMIIepaTypa MOMYTHEHHs W MpeeiibHas Temreparypa Quibt-
pyemoctu (IIT®). s TomaMB, MPUMEHSEMBIX B YCIOBUAX YMEPEHHOTO Kimmara, corigacHo I'OCT 32511
u CTh 1658pernamentupyercs Toipko [ITD. [To Benmuune [ITOD nusenbHbie TOILIMBA qenaTcs Ha copTa: A, B,
C, D, E, F./lu3enbHble TOMIIMBA, MPEJHA3HAUYCHHBIC JJIS1 HCIIOJIb30BAHUS B YCIOBHSIX apKTHYECKOTO U XOJIOJHO-
ro 3UMHEro KiIMMaTa, nojpasaeisitor Ha knaccel: 0, 1, 2, 3, 4pu3koremMnepaTypHble CBOHCTBA KOTOPBIX peria-
MEHTHUPYIOTCS He ToJbKO 1o BenuyuHe [ITD, Ho u TemnepaType nomyTtHeHus. [Io cpaBHEHUIO C TOIJIUBOM AJIs
YMEPEHHOTO KJIMMara IUIOTHOCTb M BS3KOCTh TOIUIMB JUISi @PKTUYECKOTO M XOJIOJHOTO 3UMHET0 KiIMMaTa HUXKE,
a Mana3oH MU3MEHEHUsl [UIOTHOCTH Inupe. TOmIMBa AJsi apKTUYECKOr0 M XOJOAHOTO 3UMHET0 KIMMaTa UMEIOT
obGusieryenHbIi ppakunonHslii cocraB — npu 340 T nomkHO neperonsaTbest He MeHee 95% ot ux oobvéma. Takxke
HUMEETCS OrpaHUYEHHE 110 cojepxkannio (ppakiuii (He 6onee 10%06.), Beikunaroniux npu 180 T.

HuskoremnepaTypHble CBOICTBa JM3EJILHOTO TOIIMBA 3aBUCAT, TJIaBHBIM 00pa3oM, OT €ro IPyHIIOBOTO
U (pakumonHoro cocrasa. J{ist odecriedeHus TpeOyeMbIX TEMIIEPATYP MOMYTHEHUsI 3MMHHE U apKTHYECKUE TOTI-
JMBA TIOJNYYalOT IMyTeM OOJEervyeHus uX (PpakIUOHHOrO cocraBa. Tak, sl MOJNYYEHHUS IU3CIBHOTO TOILIMBA
¢ Temneparypoii momytHeHust MuHyc 25 C TpeOyercst MOHU3UTH ero Temreparypy kKonma kumnenus 1o 320 T,
a JUIsl TIONyYeHHUs TOIUTMBA ¢ TemmepaTypoit momytHeHus munyc 35 C —mo 280 T [1]. [Ipu 3ToM B Iu3enpHOM
TOILUIMBE CHHXKACTCS COJEPIKAHHE BBHICOKOMOJICKYJISIPHBIX Mapa()uHOB HOPMAIBHOTO CTPOCHHS, KOTOpbIE, KpHU-
CTAJUTU3YSCh [PU MOHMKEHUU TEMIIEPATYPBI, JACTAIOT TOIUIUBO MYTHBIM.

IMomumo oOseryenusi HpakUOHHOTO COCTAaBA, MOHU3HUTh TEMIIEPATYPY NOMYTHEHHS JANU3EIbHBIX TOTLIHB
MOXKHO IyTéM UX JenapadHHU3aLIH, a TAKKE BBEACHUEM CIICLHAIBHBIX IEPECCOPHBIX mpucaaok [2]. [pouec-
chl AenapaduHU3alMK OCHOBAaHbI HAa BBIICICHUH W3 AM3EIbHBIX (pakumnii mapauHOB HOPMAIILHOTO CTPOCHHUS
WJIM MU3MEHEHUH MX YTIIEBOAOPOIHOTO cocTaBa. K mepBoMy THIy IPOLIECCOB OTHOCSTCS AenapaduHU3aius Kpu-
CTaJUM3anrell U3 pacTBOpPOB, ancopOrmonHas ([eoquTHas) W KapObaMuaHas AenapaduHU3AINS; KO BTOPOMY —
KaTaJUTUYECKAs THAPOAenapaQUHU3ANNS U KaTATUTHYECKas THApOu30aenapaguHu3anusi.

B nocnenHee Bpemst B IPOMBIIUICHHOCTH BCE 00JIbllice TPUMEHEHNE HAXOIMT MIPOLECC KATATUTHYECKOM
JenapadHU3AIMN CPETHEIUCTHIUIATHBIX (pakyuid, B KOTOPOM 3a CYET CEJIEKTUBHOI'O TMIPOKPEKHHIA MPOMC-
XOMAT PEaKIUH PaCIICIUICHHs TapaMHOBBIX YTIIEBOIOPOIOB HOPMAJIbHOTO cTpoeHus [2—6]. K mocromHcTBam
npolecca KaTaIMTHIeCKON JenapadMHNU3alMN OTHOCSTCS: MMPOCTOTA TEXHOJIOTMYECKOTo 0(opMIIeHHS, BO3MOX-
HOCTh OCYIIECTBIICHHUS MPOLIECCa HA NEHCTBYIOIIMX YCTaHOBKaX THAPOOYHMCTKH HPU HEOOJBLIMX W3MEHEHHSX
CXEMBbI M HEBBICOKHX 3aTparax Ha peKOHCTPyKuuio. OIHAKO y ATOT0 MPOoIlecca MMEIOTCS M HeJOCTATKH — CHUKa-
eTcsl LIETAHOBOE YHCIIO TTOJYy4aeMOro THAPOreHH3aTa, YMEHBIIAETCS BBIX0/I KOMIIOHEHTA TOBApPHOI'O IN3EJILHOTO
TOILIMBA, TAK KaK KaTalnu3aTophl jAenapaduHu3aiiy He 00IagaloT CeIeKTUBHOCTBIO B OTHOILICHUH JJIMHBI YIJje-
BOJIOPOHON 1eny H-niapaduHoB. [loaToMy nenecooOpaszHo mojaBepraTh TuapoaenapaguHI3aluy TOJIBKO BBICO-
KOKHITSIIIUE TH3eIIbHbIC TUCTUILISTHI.

[Iponecc kaTamuTH4YEeCKOl ruIpou3oaenapapuHU3aK AU3EIbHBIX (PaKLIUil 3aKI04aeTCs B IPOTEKa-
HUHW peakiuii THApon3oMepu3anun H-napadunaos [7]. [lomydaemMbie B 3THX peakusx H3onapagpuHbl OCTAIOTCS
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B COCTaBE ILIEJIEBOTO IIPOAYKTa. DTO obecrieunBaeT Oosiee BBICOKUI BBIXOJ JU3EIbHBIX (PAKLHHA 110 CPAaBHEHHIO
C TMPOLECCOM KaTaJIUTHYECKOH nenapadUHNU3aMK U HE CONPOBOXKIACTCS 3aMETHBIM YXYALICHHEM UX MOTOPHBIX
XapaKTEepUCTHK, TaK KaK MaJopa3BETBICHHbIE M30MapauHbl UMEIOT JIOCTATOYHO BHICOKHME LIETAHOBBIC YHCIIA.
OnHako Ui TIPOBE/ICHHs Tpoliecca KaTATUTHIECKON rHapou3oaenapa@uHu3aiu HeoOX0AUMBI KaTaln3aTophl,
colepiKallie IIATUHY, [UTsl KOTOPO# KaTATUTHYCCKUMU SIaMU SIBISIFOTCS cCoeAnHeHusI cepsl [8; 9]. B cBsizu ¢ aTum
JUISL OCYLIECTBIICHHSI M3oJenapaduHu3aiy qU3eIbHBIX (PaKIMid HCIONBb3yeTCs NBYXCTYIEHYAThId MHpolecc,
BKJIIOYAIOLIUH CTaJMK THAPOOOECCEepUBAaHUs, OTIEICHHUS OT T'MAPOIreHH3aTa CepoBOJIOPOAA C Ta3aMH, a 3aTeM
yKe TIPOBEJICHHE Ipoliecca I'uaApor3oMepu3anin. Takxke BeayTcs UCCIIeJOBaHuUs [0 pa3paboTke Ooliee [IeIeBbIX,
HE COZIePIKAILKX [UIATHHY, KAaTAIH3aTOpoB u3oaenapadpunmusanuu [10].

OIBIT MPaKTHYECKOTO TPUMEHEHHS IETPECCOPHBIX MPUCATOK TTOKA3aJl, 9YTO OHH CITOCOOHBI 3 PeKTHB-
HO CHWXATh TEMIIeparypy 3acTbiBaHus qu3enbHoro tomusa Ha 30...40 T, [IT® —na 15...20 T, Ho oka3bl-
BAIOT HE3HAYMTENILHOE BIMSHUE HA TEMIIEPaTypy IOMYTHEHHUSI — IENPECCHs JaHHOTO IOKA3aTellsl COCTABISET
B cpemreM 3...4 °C [11]. UccrnemoBaHusiMu B OOJACTH TOJNYYCHUS TPHUCANOK, CHIKAIONUX TEMIEPATypy
MOMYTHEHHUSI JU3EIbHOTO TOIUIMBA, B HACTOSIICEC BpEMsl 3aHUMAETCs Psii KOMIaHH, B yacTHocTH BASF
u Clariant,a taxxke BHUU HIT [12; 13].

Haubosnee rirybokne ncciiefoBaHus B 00JIACTH TIOTYICHUS U OLEHKH d(PPEKTUBHOCTH ACTIPECCOPHBIX TPH-
CaJIOK, CHIKAOIIIMX TEMIIEpaTypy TIOMYTHEHHS TU3EIBHBIX TOIUTHB, PEICTABICHBI B TaTeHTe [14], T71e B KayecTBe
JIETIPECCOPHON NPHUCAAKH UCCIIEIOBAH COMOJMMEP MAJIICMHOBOTO aHTUAPHIA C 0-0JICPHHOM, a TAKKE COTOJIUMED
MMHJAa MAJICMHOBOTO aHruApHuaa ¢ o-osnepuHoM. Kak mokasanu uccieoBaHus, MAKCUMAIIbHAs ITIPECCHs TeM-
nepaTypbl MIOMYTHEHHUSI [IPU UCIOJIb30BAHUH TAKUX MPHCAA0K MOXxeT jocturath 8 °C. OfHAKO MpU 3TOM HE0O-
XOIUMO MPOBOIUTh MHAWBHIYAIbHBII TOAOOP MPUCAIKH ISl KAXKIO0H MapTHH AU3EIBHOrO TOILINBA, YTO B MPO-
MBILIICHHBIX YCJIOBHSX, OCOOCHHO IIPH MOJIYYEHUH JU3EIBHOrO TOIUIMBA M3 KOMIIOHEHTOB Pa3JIMuHOIO IPOHC-
XOXKICHHUSI — THAPOOUYHIICHHBIX TH3EJIbHBIX (DPAKLHUiL, TU3eTbHBIX (DPAKLUIT IPOLECCOB THAPOKPEKUHrA U IIpP. —
MPaKTHYECKH HEBO3MOXKHO. OImyOJIMKOBAaHHBIX AaHHBIX 00 HCIOIB30BAHUHU MIPUCAOK, CHIDKAIOLIUX TEMIIepaTy-
Py IOMYTHEHHS B COCTaBE [TAKETOB MPUCAJIOK K AN3EIBbHBIM TOIUIMBAM, WM 0COOCHHOCTEH MX B3aMMOJACHCTBHS C
JETIPECCOPHBIMH TPUCAKAMH JPYroro PYHKIHOHAILHOTO JASHCTBHS — JUCIEPIHPYIOLIMMH U IIPOTHBOM3HOCHBIMHU
MpHUcaJKaMK — aBTOPAMHU HACTOSILEH CTaThH HE HailIeHO.

B cBsi3u ¢ BbIIECKa3aHHBIM, Han0oJIee IPOCTHIM CIIOCOOOM HOIYHYEHHUS AU3EIBHOTO TOILINBA C 33aHHOM
TEMIIEpaTypOi IOMYTHEHUSI SIBIISICTCS. PETYJIMPOBAHKE €r0 IPYIMIIOBOI0 U (PPAKIMOHHOTO COCTAaBa. DTO MOXKET ObITh
JIOCTUTHYTO M3MEHEHHEM MHTEpBaJa TEMIIEPATYP KHUIICHHS JIM3eNbHBIX (ppaKiiiii, BXOASIIMX B COCTAB TOBAPHOIO K-
3€JIbHOTO TOIUIMBA, & TAKXKE ITyTEM CMEIIMBAHMS IM3EIbHBIX (PPAKLMI PA3IIIHOTO IIPOUCXOKICHHS C KEPOCHHAMH.

HccnenoBaresibekasi 4acThb. B kauecTBe 00beKTa HCCIIEI0BaHHI ObLIN BHIOPAHBI TU3EIIbHbIE U KEPOCHHO-
Bble (PPAKIUHM, TOJYYSHHbBIE B [IPOLIECCE THAPOOYNCTKU MPSIMOTOHHBIX (DpaKivii, BBIACICHHBIX U3 CMECH 3ara/iHo-
Cubupckux HedTel, U B Iporiecce '’MAPOKPEKHHIa BAKYYMHBIX T'a30iiel o TexHonorun «HOHUKpEeKuHr».

C 11eJIbI0 OLICHKH BIMSIHHS Ha TEMIEpaTypy MOMYTHEHHsS HCCIEAYEeMbIX JIH3eIbHbIX (DPPAKLUi coaepika-
MIAXCSI B HUX BBICOKOKHITANIMX YTJICBOIOPOIOB C TIOMOIIBI0 aBToMarnueckoro anamusaropa AD 86 5G (ISL)
ObLTH NONTy4YeHbI (hpakuy 00JIer4eHHOTo (pakIHOHHOTO cocTaBa. Ileperonka 00pa3oB NMPOBOIMIACE 10 TEM-
nepatrypsl 300u 330 T. KpuBble KHNIEHUSI NCXOJHBIX TU3EIbHBIX (pakumii, ¢ppakiuii 061ery€HHOro Gpaxum-
OHHOTO COCTaBa, a TAK)XKe KEPOCHHOB, MPHBEICHBI HA PUCYHKE 1 (IITPUXOBBIMH JIHHHSIMH MOKAa3aHBI KPHUBBIC
KUIICHHS HCXOIHBIX ANU3CIbHBIX (DpaKuuii).

100 100 |
90 P 90 a ﬁd"‘
80 80 &
j I J/I
70 7 70 1 / ~
‘E 60 i ' 60 1
G:E 50 f °\:E50 I / ,A
Q
£ 40 S 40 2
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Temmnepatypa, °C Temmneparypa, °C
a 0

Pucynok 1. —Kpusbie kunenusi 06pasuos ruapoounienHoii (I'O) nuzenbHoii ppakuun u kepocuna (a)
U IU3eJIbHOI (pPaKIMK U KEPOCHHA, NOJY4YeHHbIX B npouecce ruapokpexkunra (I'K) BakyyMHBbIX ra3oiijeii(6)
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BrusiHre BBICOKOKHUIISIINX YTIEBOAOPOIOB, COJAECPKAIIMXCS B UCCIIEAYEMbIX TU3EIbHBIX (DPAKIMSX, HA UX
TEeMIepaTypy MOMYTHEHHS, OLIEHEHHOE MO MOKa3aTelsiM (PaKIMOHHOTO COCTaBa. TEMIEPaType, MPH KOTOPO
neperonsiercs 10, 50u 90% ot 06béma (pakimu, u coaepkannio Gppakmuu, Beikumatomiei npu 250u 300 T,
MPEACTABICHO HA PUCYHKE 2.

Temmneparypa neperosky, °C Conepsxanite dpaxmmi, % 06.
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PucyHok 2. —3aBHCHMOCTD TeMIepaTypPhl HOMYTHEHHS 06pPa3oB
THIPOOYMIIEHHOM TU3eJIbHOI (ppakuuu (CIIOUIHBIE JIMHUH) U IU3eJbHOH Gpakuuy,
MOJIY4eHHOJ B polecce riIPOKPEKHHIa BAKYYMHBIX ra30iijieii (IITPHXOBBIE JIMHHH) OT TeMIIEPaTyphl,
npu Kotopoii neperonsiercst 10, 50u 90% ot ux 06béma (@) u conep:xanus ppakuun, Boikunamwieii npu 2501 300 T (6)

VYaaneHue W3 NU3EIBHBIX (PAKIUN BBHICOKOKHUISAIIUAX YTICBOIOPOAOB M TEM CaMbIM OOJICrYeHHE HX
(hpaKIMOHHOTO COCTaBa, 0E3yCIOBHO, IPUBOIUT K CHUIKCHUIO UX TEMIIEPATyphl MOMYyTHEHUs. [Ipu 3TOM Xapak-
TEp CHIDKCHHS TCMIICPATypPhl IOMYTHEHHS y THAPOOUYHIICHHOW AU3EIbHON (Ppakiuy B 3aBUCIMOCTH OT TEMIIC-
parypsl, ipu Kotopoii neperousercs 10, 50u 90%ot e€ 00béMa, naentuueH. Y nanenue u3 Gpakiuuu yrieBoao-
pozoB, Bbikunaromux npu temmeparype Boime 350 T, crnocoOCTBYyeT CHHKEHHIO TeMIepaTypbl MOMYTHEHUS
Bcero Ha 1 °C, nmpuyeM y Iu3elbHOM Qpakiyu, MOJydeHHON B Mpolecce MMAPOKPEKHHIa BaKyYMHBIX Ta30iieH,
NP TEX JKE YCIOBUSIX HAOMIOAAETCs CHIKEHHE TeMIiepaTypbl ioMmyTHeHus Ha 8 °C. OueBHIHO, 3TO CBSI3aHO C 0CO-
OEHHOCTSAMH MOJIEKYIIIPHO-MAaCcCOBOTO PACHPEICICHNS B UCCIEAYEMBIX TU3ENbHBIX (PaKIUAX YIICBOIOPOIOB,
TTOBBIMIAOINX UX TEMIIEPaTypy MOMYTHEHUs. B nu3enpHO# (pakmum mpormecca THAPOKPEKHHTa TaKUE YTIIEBO-
JIOPOJIBI HAXOIATCS TPEUMYIIECTBEHHO BO (pakiuu, BeIkunaroiieit npu temmeparype Boimie 330 T, a B mpsimo-
TOHHOUW THJIPOOYUINCHHON AU3EIbHON (DpaKIMK OHU BXOJST B COCTAB U OoJiee NErkux (ppakiuii, 4To, BEPOSITHO,
CBSI3aHO C OCOOCHHOCTSAMU YIJIICBOIOPOIHOTO COCTaBa MCCIeAyeMbIX (pakimii. u3enbHbie (pakuuu mporecca
THUIIPOKPEKUHTA, 00Nanas 0osee TSHKENBIM (PAKIMOHHBIM COCTABOM II0 CPABHCHHIO C THIPOOYHIICHHBIMH JTU-
3eIBHBIME (PPAKIUIMHU, UIMCIOT MEHBIIYIO IUIOTHOCTh M TOKAa3aTellb mpeioMicHus. CBOMCTBa TU3EIBHBIX (paK-
LU TIPEeICTaBIICHBI B TAOIHUIIE.

CBoiicTBa AM3ENBHBIX (QPaAKIUH

oxasarens I'mapoounieHHsle au3enbHble Gpakuuy | JusenbHble (ppakiuy npouecca rupoOKPEKHHIa
170...360 € | 170...350 € | 170...345 € | 200...360 € | 200...350 € | 200...340 €

[TnotHOCTH TIpH 15 C, kr/m® 840,0 839,7 834,2 835,6 835,4 833,7
Bsiskocts mpu 40 C, mm?/c 3,5802 3,4315 2,9216 3,6301 3,1310 2,6520
IleranoBEIil MHAECKC 58,1 54,7 54,6 60,2 55,7 52,8
CozepixaHue cepsl, MI/Kr 4,67 - - 2,60 - -
Tokazarens mpenoMenus, N2 1,4667 1,4657 1,4631 1,4633 1,4629 1,4622
e | | e | s | w | e
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OGuierdenne GppakUHOHHOTO COCTaBa AM3ENbHON (HpaKIMHU Mpollecca THAPOKPEKHUHra IPUBOIMUT K PE3KO-
My najgeHuio e€ ueranoBoro uuzaekca: ¢ 60,2 y ¢paknun 200...360 € no 52,8y dpaxkuuun 200...340 €
u 1o 34,5y ¢ppakuun 180...230 €. IIpu 3ToM Temmeparypa Hadasa KPUCTAUTH3ANHN ITOCICIHCH paBHA MH-
Hyc 67 °C. Bo3MOXHO, 3TO CBSI3aHO C TeM, YTO AM3elibHbIe (DPAKIMU HPOLEecca TMAPOKPEKHHIA COCTOSAT IPEUMY-
IIECTBEHHO U3 CMEUIAHHBIX MapadrHO-HAPTEHOBBIX M H30MapaMHOBBIX YriieBOAOPOAOB. [IpHyéM ¢ moBbIILICHHEM
TeMIepaTypbl KUIICHHsI MOJISIpHAas: Macca M30napaduHOBBIX YIIIEBOJOPOAOB YBEINUUBAECTCS, 4 CTENICHb UX Pa3BETB-
JAEHHOCTH YMCHBIIIAETCS. DTO TOATBEPIKAACTCS TeM (akToM, 9T0 TeMieparypa momytHenust ¢pakin 330...360 €,
MOJIy94aeMoii B IpoIecce THAPOKpeKrHra, paBHa miroc 15 C, neranoBbiit uumekce cocrasister 80,9, mokasarens
npenomnenus N3’ pasen 1,4649,a conepxanue napa@uHOB HOPMATILHOTO CTPOEHHS, OOPA3YIOMMX KOMILIEKC

¢ xapbamuoM, cocrasisieT Bcero 7,7%macc. B pesynbrate kapdamMuHOM NenapaduHU3aK TeMIiepaTypa no-
mytHeHus ¢ppakuun 330...360 € npouecca runpokpekutra cHuzmiacs 1o mwioc 9 °C, T.e. Ha 6 °C.
AnanornyHas (Gpakius THAPOOYMIIEHHOTO AW3ENIBHOIO TOIUIMBA HMeENa TeMIepaTypy IOMYTHEHHS

wioc 17 °C, ueranossii maaekc 60,1, mokazarens mpeaoMICHUS n;o, paBubiit 1,4729,conepxanne naaguHOB,

00pa3yomux KOMIUIEKC ¢ KapOaMuioM, coctaBmiio 18,2%wmacc. B pesynbrate kapbamMuaHoi nenapaduHu3aiu
TemIepaTypa noMmytHenus ruapoouniieHsoi ¢ppakuuu 330...360 € canzmnacey no munyc 3 °C, t.e. na 20 C.

Takum 00pa3oM, CHIKEHHUIO TEMIIEpaTypbl HIOMYTHEHHS U3€IbHBIX (Ppakuuii criocoOCTByeT oberyeHue
uX (PaKIMOHHOTO cOoCTaBa MYTEM CHIDKEHHS TEMIIEpaTypbl KOHIA KUIIEHUs, T.€. yJaJeHue HanboJjee BHICOKO-
KUISIIUX yTIIeBo10po1oB. OfHAKO JaHHBIM CIOCO0 CHMXKET BBHIPA0OTKY KOMIIOHEHTA JW3EIBHOTO TOILIMBA
U 3 dexTHBHOCTD AeHCcTBUS (IPUEMHUCTOCTD) NEMPECCOPHBIX MPHUCAIOK MO mokasaTento «lIpexenpHas Temiie-
parypa ¢uasTpyemoctu» [16; 17].

JpyruM croco0GoM yiyqnieHus: HU3KOTEMIIEpaTyPHBIX CBOIMCTB IHU3ENBHBIX TOIUIMB SIBISIETCS BBEICHHUE
B HX cOCTaB KepocuHOB [18]. B cBsi3u ¢ 3THM OBLITO MPOAHATM3UPOBAHO WX BIMSHHE HA TEMIICPATYPY IIOMYTHE-
HUS HCCIICAYEMBIX AN3CIbHBIX (pakiuil (PHCYHOK 3).

Conepxxanue kepocuHa, % macc.
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Pucynok 3. —Binsinue 100aBKH KePOCHHOB HA TeMIepaTypy NOMYTHEeHUS
ruapooynIneHHoi qusenbnoi ppakuun (FOAT — cnuomHbIe JIMHUM) M AU3eJbHO Gpakuuu,
MOJIy4eHHO# B mpouecce ruApoKpeKunra Bakyymubix rasoiiieii (ITT'K — mrpuxoBblie JTHHIN)

YcTaHOBIIEHO, YTO MpH A00ABJICHUN KEPOCUHA MHTEHCUBHOCTh CHYDKEHHSI TEMIIEpaTyphl IIOMYTHEHHMS /1N~
3eJbHBIX (DPPAKLMIT 3aBUCUT OT MX NMPOMCXOXICHUs. Tak, BBeJIeHHE KEPOCHHOB B JIM3EIbHYIO (ppakuuio, mnoiy-
YEHHYIO B IIpOlecce TMAPOKPEKHMHIa, MPAKTHYECKH HE OKa3bIBAET BIMSHHSA Ha €€ TeMIepaTypy HOMYTHEHHS.
Temneparypa MOMYTHEHUs THIPOOYHILECHHONW AN3ENBHON (pakuuy MpH K00aBICHUH THAPOOUYHIIEHHOTO KEpo-
CHHA CHI)KaeTcst 0oJiee MHTCHCHBHO, YeM IIPH J00aBICHHN KEPOCHHOBOH ()pakimy mponecca IHAPOKPEKHHTa.
BeposTHO, 3TO CBA3aHO C pa3iIndueM Kak (pPakIHOHHOTO, TaK H XUMHYECKOTO COCTaBa KEPOCHHOB.

Ilo cpaBHEHHIO ¢ KEPOCHHOM I'MAPOKPEKHHIA I'MAPOOYHILIECHHBIH KEPOCHH UMeeT Ooliee MIMPOKHI (pax-
LIMOHHBII COCTaB M MEHBILYIO TeMIIeparypy Hadaia kurenus (pucyHok 1). ComepikaHue B HCCIeIyeMOM obpasiie
KEPOCHHA THAPOKPEKHHTa H-mapaduHoB coctaBisier 8,4% macc., usonapaduuaoB U HaprenoB — 71,0%macc.,
apoMaTHYeCKHX yriaeBopoponos — 20,6%macc. B ruapoouniieHHOM KepocHHe coziepkaHue H-apaHOB COCTAB-
aser 15,4%macc., uzonapadgunoB u HapTeHOB — 67,3%Macc., apomaTnyeckux yrieBogoponos — 17,3%macc.
B ruzspoounIieHHOM KepOCHHE BBILIE COAEp)KaHue H-apauHOB. B CBS3M ¢ 9THM 110 CPaBHEHUIO C KEPOCHHOM
rugpokpekrHra Ha 9 °C Bblile ero Temmneparypa Hayalla KpUCTAJUIM3alMK, KOoTopasi coctasiseT Munyc 58 T,
Y BBIIIE LIETAHOBBIM MHAEKC. LleTaHOBBIE MHIEKCHI THAPOOYHMIICHHOTO KEPOCHHA M KEPOCHHA THIIPOKPEKUHIa
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paBsbl cootBeTcTBeHHO 47,0u 34,5.01HaKko Ha TeMIeparypy Havana KpHCTaJUIM3alMKd KEPOCHHA, TOMUMO 00-
IIEr0 COJEPXaHUsi H-Tapa(UHOB, OKAa3blBACT BIMSHHE U WX MOJEKYJSPHO-MaccoBoe pacmpenencaue [19].
Io cpaBHEHHIO C KEPOCHHOM THIPOKPEKHHTa, B THIPOOUYHIIEHHOM KEPOCHHE CO/epKaTcsi Oosee BHICOKOMOIIE-
KyJsIpHbIE H-apagMHbI, TAK KaK €ro TeMIIepaTypa KOHIA KAIICHUS BbILIIE.

Kak mokasasnu ucciieioBaHus, CHIXKCHUE TEMIIEPATYphl Hauaja KUIICHUS! KePOCHHa, a TaKKe 100aBleHHe
TSDKEJIOT0 OCH3MHA HE OKa3bIBAIOT CYIECTBEHHOI'O BIIMSIHUS Ha TeMIeparypy MoMyTHeHus cMecH. [Ipu BBeze-
UM B ausensHbie Gpakuun 10% macc. ruapoouninennoi pakiuu 140...180 € ux temneparypa moMyTHEHHUS
cHIpKaercs He 6oiee ywem Ha 1 °C.

CretoBatenbHO, 3Q(HEKTUBHOCTD BIMSHUSI KEPOCHHOB HA CHIDKEHHE TEMITEPATYPhl IOMYTHEHUSI AU3EIIBHBIX
(dpakiyii onpeaeNnsieTcs CoAepKaHuEM B CMECH H-MapaMHOB U MX MOJIEKYJIIPHO-MACCOBBIM PACMpPEIe/ICHUEM, a
TaKXKe PACTBOPSIOLICH CIIOCOOHOCTBIO IO OTHOLICHUIO K H-MapadrHaM, BXOASIIMX B COCTAB CMECH HM30mapaduHo-
BBIX, HA)TEHOBBIX M aPOMATHUYECKUX YIIIEBOJOPOIOB. [Ipu 3TOM CojiepKaHUe apOMaTHYECKUX YIIIEBOJOPOJIOB
3aMETHOTO BJIMSHHS HA CHM)KEHHE TeMIIepaTyphbl IOMYTHEHUsI HE OKa3biBaeT. Tak, BBegenue 1% macc. cmecu
apOMaTHIECKUX YTJIEBOJOPOIOB, COCTOsIIEH 13 alkuioeH3070B Cg...CigC mpeodiiagaHueM TPUMETHIOEH30I0B,
BOOOIIIE HE OKa3ajo HHUKAKOTO BIIMSHHS HA TEMIEpaTypy MOMYTHEHHUSI UCCICAYEMBIX IHM3EJbHBIX (QpaKiuil.
CMech apoMaTHYECKUX YIJIEBOIOPOIOB HMENa CIICAYOIIIe CBOMCTBA: HHTepBaibl Beikumanus ot 16010 200 T;

nokasaresb mpesiomnenns N3 cocrasui 1,5043;Temneparypa Hauana kpuctammsanuu muxyc 28 C; miot-

Hocth pu 20 C cocraBuia 879,8KF/M3.

BaxkHas mpakTHdeckas 3a/1aua [pu MOJTyYEeHUH 3UMHUX JTU3CIbHBIX TOIUTUB MyTEM CMEUIMBAHUS Pa3iny-
HBIX KOMIIOHEHTOB — MPOTHO3UPOBAHHME TEMIIEPATyphl MOMYTHEHHUSI CMeceil. B pesynbTaTe KOppEsIIMOHHO-
PErPECCHOHHOTO aHAITM3a JAHHBIX MOTYYEeHO YPaBHEHHE, TIO3BOJISIONIEE MPOrHO3UPOBATH TEMIIEPATYPY IOMYTHEHHS
Ju3enbHOro TOruBa (T0y, °C) CI0KHOTO KOMIIOHEHTHOTO COCTaBa B 3aBUCHMMOCTHU OT €ro miotHoctd npu 15 C
U cojepikanus Gppaxiuu, Beikunaromei npu 250 T, ¢ Tounocteio (£2) °C npu ypoBHe HanexHocTH 95%:

Tl'l()M = 0, 0148:R_ 0, GWZSOOC

rae R — miotsocTs mpu 15 C, kr/m% Vogpe — COAEPKAaHHS B AM3EIBHOM TOILTHBE (DPAKIMH, BHIKMITAIONIEH
npu 250 T, % 00.

O0nem BeIOOpKH coctaBui 173 Habmroaenus. J(pamna3oH MpoOrHO3UPOBAHUS TEMIIEPATYPhl IOMYTHEHHS —
ot munyc 5 °C no munyc 32 C. I'panuisl u3mMeHeHus nepeMenHbix: R — ot 815,910 839,2Kr/M3; Vogpe —or 25,8

10 69,6%06. KoadduimmeHT MHOKECTBEHHON KOPPEISILIMKA PErPecCHOHHOr0 ypaBHeHus paseH 0,989 . Kpurepuii
@uepa F pasen 3929,3.CraTucTryueckas 3Ha4UMOCTh — t-cTaTUCTHKA (akTOpoB R 1 V55 paBHA COOTBETCT-

BEHHO 26,7u 47,8.0T0 CBUIETENLCTBYET O TOM, YTO CTATUCTHYECKH TEMIIEpaTypa MOMYTHEHUs B OoJjbLIel cre-
IICHU CBs3aHa ¢ (PPaKLMOHHBIM COCTaBOM TOIUIMBA, Y€M C €r0 IUIOTHOCTHIO. UeM Ooubllie B CMECEBOM JAN3EIIb-
HOM TOIUIMBE (hpakuuu, Beikunaromen npu remneparype 250 T, tem Huxe ero temrneparypa nomyTtaenus. I1o-
Jy4EeHHOE ypaBHEHHE PEKOMEHIYETCSl NMPUMEHSATH JUIS CMECEH, COCTOSIINX U3 THIPOOYMIIECHHBIX TU3EIbHBIX
(pakumii, Au3enbHBIX Qpakuuii nporecca rAPOKPEKUHra U KEPOCHHOB, NpU ycinoBuH, uto npu 180 T nepero-
usiercs He 6osee 3% 00. cmecu, a 95%0T e€é 00béMa BEIKHITACT B AMana3zone Temmeparyp ot 281,510 356,6 T.

3akiaouenue. Temieparypa NOMYTHEHHUS TU3EIbHBIX (pakuil 3aBHCUT OT COACPKaHUI B HUX BBICOKO-
IIaBkuxX napaduHoB. VX ypayneHue ImyTéM CHIDKEHMS TeMIIepaTyphl KOHIA KUICHHS (PaKUUH M TEM CaMbIM
obJsieryenue e¢ (pakIHMOHHOTO COCTaBa SIBISIETCS HamOoJyiee MPOCTHIM U d(P(GEKTHBHBIM CHOCOOOM CHMKEHHS
TEeMIIepaTypbl TIOMYTHEHUS THAPOOYHUIIICHHON AU3ENbHON (QpakUuy U JU3eibHON (pakuuy, Mojay4eHHo# B Ipo-
1ecce THAPOKPEKHHIa BaKyyMHBIX ra3oiiicii. BBeneHue B cocTaB IU3EIbHOTO TOIUIMBA KEPOCHHOB C IIEJBIO
CHIYKEHUSI €T0 TEeMIIEpaTyphl IIOMYTHEHHSI MasIod(GeKTHBHO. [IpH 3TOM HHTEHCHBHOCTH CHM)KEHHS TEMIIEpaTy-
PBI IOMYTHEHHSI CMECH 3aBHUCHUT OT IPOUCXOXICHHSI M CBOWCTB CMEIIMBAEMBIX KOMIIOHEHTOB. CHIDKEHUE TEM-
neparypsl Hadasla KMIEHUS JIU3€IbHOTO TOIUIMBA U YBEIMUYCHUE COJEPKaHMs B HEM apOMaTHUECKHUX YIJICBOZO-
POJIOB HE CIIOCOOCTBYET CHI)KEHHUIO €r0 TEMIIEPaTyphl IOMYTHEHHS.
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METHODS OF REGULATING THE CLOUD POINT OF DIESEL FUE LS
A. YERMAK, I. BURAYA, A. SPIRIDONOV, E. SYUBAREVA, |. KOVALYOVA

The analysis of requirements to quality of modern diesel fuels of winter classes is carried out. Methods
of regulation the cloud point of diesel fuels are considered. Advantages and disadvantages of catalytic dewaxing
of diesel fractions are analyzed. The literature data on the use of depressant additives to reduce the cloud point
of diesel fuel and their efficiency are presented. The effect of the fractional composition on the cloud point of the
hydrotreating and hydrocracking diesel fractions is studied. The estimation of the decrease in the cloud point
of diesel fractions with the addition of kerosene of different origin was carried out. The regularities of changes
in the cloud point of diesdl fuels fromtheir fractional composition, physical and chemical properties, the content
of high-melting paraffins and aromatic hydrocarbons are revealed. A regression equation for predicting
the cloud point of diesel fuel of multicomponent composition is proposed.

Keywords: diesel fuel, cloud poin, fractional composition, kerosene, hydrotreating, hydrocracking.
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YK 621.774

BJUSHUE TAPAMETPOB XOJIOJHOW MPOKATKH TPYE
HA UBMEHEHHE TOJILINHbI CTEHKHA BAOJIb KOHYCA JE®OPMALINN

Kano. mexu. nayk, ooy. C.B. IIHVNIHITEHKO; B A.TEPEIIIEHKO
(Hauuonanvnaa memannypzuueckan akademus Yxkpaunot, [nenp);
Kano. mexu. nayk, ooy. A.B. I1YIAH
(ITonouxuii zocyoapcmeennvlit ynugepcument)

Paccmampueaemcs eruanue ynpyzoti oepopmayuu Kiemu u mepMuyeckux UCKANCeHUll pyubs Kaiubpa
Ha U3MEHeHUue MONWUHBL CIEHKU NO OJuHe pabouezo KOHYca CMAHA XOA00HOu npoxamxu mpyo. Ilpusedenvl
pe3yibmamyl nPogedeHnbIX dIKcnepumenmos. Coenamn 618600, YMo HA MOYHOCHb CHEHKU OCHOBHOE GIUsIHUE OKd-
3bl8AEN NPYIHCUHA KILEMU U MEPMULEeCKUe UCKANCEHUsT PYUbs KATUOPA, CA3AHHbIE C PA3IUYHBIMU MEXHOL02UYe-
CKUMU (hakmopamu npokamxu mpy6 6 cmaHax Xono00HoU NuibeepHoti npoxamku. Pesyrsmamer npogedennvix sxc-
NEPUMEHNO8 HEe0DX0OUMbL 071 OANbHEUUUX UCCAEO08AHULL, KOMOpble 0Y0Yym NPOBOOUMbCS 8 OAHHOM HANPABGIEHUU
u Mo2ym Oblmb UCNONBL308AHBL NPU NPOEKMUPOBAHUU MEXHOIOSUYECKUX MAPUPYIO8 NPOKAMKU MPYO HA CMAHAX
XOJI0OHOU RPOKAMKU MPYO 0151 OAHHOU MAPKU CIMATU U €€ AHAN0208 U 051 HOOOOH020 NPOKAMH020 CIMAHA.

Knrwouesvle cnosa. xonoonas npoxamxa mpyo, cman, MexHOA02UHECKU Mapuipym, KambposKa uHcmpy-
Menma, pabouutl Konyc, oehpopmayuonHble XapaKmepucmuKy.

BBenenue. XoomHas poKaTka TPyO SBISETCS MUKIMYECKUM TporieccoM. [IpokaTHbIe BaJKM B COCTaBe
pabodueli KIIeTH OCYIIECTBISIOT BO3BPATHO-TIOCTYIIATENBHBIC ABIKEHUS W, NMEPEKaTHIBAsACH IO TPyOe-3arOTOBKE,
00KMMAIOT €€ Ha KOHUYECKOM OMPABKE B YMCHBIIIAIOIIEMCSI IPOCBETE KAIMOpa. MapIipyT NpOKaTKu U KaTuOpOBKa
WHCTPYMEHTA JUIi KOHKPETHOTO CTaHa XoyoqHoi npokatku Tpy6 (XIIT) HenocpeacTBEHHO BIAMSIOT KaK Ha MPOU3-
BOJIMTEIbHOCTh, TAK M HA TOYHOCTH MPOKaThiBaeMbIX TpyO [1—4]. B HacTosiiiee Bpemst UTMQOBaHKUE PyUbs KO-
POB TI0JT OKOHYATEJILHBIN pa3Mep BBIMOIHACTCSA HA COBpEeMEHHBIX cTankax ¢ YITY, 4ro mo3BoIsieT nonyyarh WHCT-
PYMEHT C BBICOKO#t TOYHOCTBIO paboueii MOBEPXHOCTH (TO K€ MOXKHO CKa3aTh U 00 ompapkax craHa XIIT). OnHako
B XOJIC TIPOKATKU KaK HETOYHOCTh HACTPOWKHM CTaHa, TaK U ympyras nedopmarnus netaieii KIeTH IPUBOJIST K UC-
Ka)KEHHIO 3aJI0KCHHBIX B KAJIMOPOBKY MHCTPYMEHTA pacTpeeNieHnil 1e(h)OpMalHOHHBIX XapaKTePHUCTHK BIOJb KO-
Hyca aehopManuy. JJaHHbIE HCKaXEHHS BIUSIOT Ha PACTIPEACIICHNE CHIIOBBIX XapaKTEPUCTHK, YCIOKHSIIOT HACTPOii-
Ky CTaHa, PUBOJIAT K M3MEHEHHIO TOYHOCTH W MEXaHUYECKUX XapaKTEPUCTHK TOTOBBIX TPYO [2—6].

IMocranoBka mpo6Jembl. CyIecTByeT METOIMKA pacdeTa KaTMOPOBKH pydbs kanmnOpoB ctaHa XIIT, ko-
TOPBIN TTO3BOJISIET YUUTHIBATE YIPYTYIO JeQOpMaIiio KIETH N0 JUTHHE padodero KoHyca IpH MpsMOM U 00pat-
HOM xo7¢ Kietu [6—9]. Ognako st e€ mpuUMeHeHHsT HeOOXOAUMO 3HATh pachpeneicHue AehopMalny BIOJb
pabouero KoHyca JJIs KaXI0ro Ciiydasi npokatku (Mapka CTaid, CTaH, KaIHOPOBKA, BEIMYMHA MOJAYH U TIP.).
OTH JAaHHBIC MOXHO IMOJYYUTh, B TOM YHUCIE, MPOU3BE/S CPABHUTEIBHBIC MCCICIOBAHUS PACIPEICICHHS TOJ-
LIMHBI CTCHKYU U JHaMeTpa TPYOsI BIOJIb paboyero KOHyca COrNIACHO PACUYETHBIM M PEeajbHBIM JaHHBIM. [loaTOMY
JANTbHEHIITUE UCCIICAOBAHUS B TOM HAIIPABICHHUH SIBJISFOTCS aKTYaIbHBIMH.

OcHoBHas 9acTh. [Iponecc oOxarus Ha cranax XIIT ocymecTBIsSETCS NMPU HATWYHH YIPYTroro aedop-
MHUPOBaHHs KJIETH [IPU IPAMOM 00paTHOM paboumx xonax [6—7]. Yupyras pedopMalius KIETH HE SBIAETCS 0-
CTOSIHHOW BeJIMUNHOM (PUCYHOK 1), OHA M3MEHSETCS MO JUTHHE pabodyero Xoaa B 3aBUCHMOCTH OT KalHOPOBKH,
COCTOSTHUSI 000OpYIOBAaHUS CTaHa, MaTepuasa TpyOsl U APYTUX (GaKTOPOB.
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Pucynok 1. —3aBucumMocts ynpyroii fe¢opmanuu BajaxkoBoro ysia crana XIIT
OT CHJIBI IIPOKATKHU COTJIACHO IKCIIEPUMEHTATLHBIM JAHHBIM M pacueTy [8]
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W3-3a n3MeHeHus1 BeJIMYUHBI YIPYTrUX AeGopMaluil KIeTH MEHSETCs BeJIMYMHA 3a30pa MEXKy BaJKaMu
(pucyHOK 2), BCIIEACTBHE YEro M3MEHIETCS 3apaHee 3ajJ0KeHHOE B (HopMy IeGOpMHUPYIOIIEro HHCTPYMEHTA
pacnpezeneHne qe)OpMaNMOHHBIX XapaKTePUCTHK BAOJIb pabodero konyca [6-9].
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PucyHok 2. —Pe3yJibTaThl 3aMepPOB BeTHYHHBI «IPY:KHHBI KJeTn» crana XIIT-32
npH npokaTtke Tpyon! u3 cranu 20 (Mapmpyt 57%3,5...30%2) [6-7]

BonpmnHCTBO M3MEHEHHH YCIIOBUI NMPOKATKH NMPUBOIUT K M3MEHEHHIO YIPYTOH AedopMaIiy KIETH.
Tak, M3MEeHEHNEe KOHYCHOCTH OITIPABKH BBI3BIBACT 3HAYMTEIHHOS M3MEHEHHE XapaKTepa pacipeneneHus aedop-
MAIMOHHBIX XapaKTEPUCTUK BIOJIL pabouero konyca (pucyHok 3) [10], uto, B CBOIO 04epe/ib, MOPOXKIAET H3ME-
HEHUE CHUIIOBBIX XapaKTEPUCTHUK (0 YeM MOXKHO CYJMTh 110 M3MEHEHHUIO TBEPAOCTH MOBEPXHOCTH PabOUEro KOHy-
ca (cM. pucynok 3). Bee 3Tv u3MeHeHHsI PUBO/ISIT K M3MEHEHHUIO paclpeieSicHUs yIpyroi aedopManuu KieTH
BJI0JIb pabouero koHyca. [Ipu 3TOM Kak MapipyT, TaK U MaTepUa TPYObl OCTAIOTCS MPESIKHUMH.
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PucyHok 3. —VI3MeHeHHe TOJUIMHBI CTEHKH U TBEPAOCTH B/10JIb Padoyero KoHyca
NpH NpoKaTKe TPyOb! 13 ciaBa AMr2 mo mapmpyTty 38%3...23%]1c npuMeHeHHeM KaTHOPOBOK
¢ Pa3INYHOIl KOHYCHOCTBIO ONIPaBKHU (MOCJIETHUI y4aCTOK 30HbI 00:KaTHs He moka3aH) [10]

Ipomece XIIT xapakTepusyercs: OOMBIION TUHAMUYHOCTBIO, 1a)Ke B CTaHAX CTApOW KOHCTPYKIUH HMe-
J1aCh BO3MOYKHOCTB MPOKATKH TPyO co ckopocthio 100...1201BoiHBIX X040B KJIETH B MUHYTY. B COBpeMEHHBIX
CTaHaX KOJIMYECTBO ABOIHBIX X0/10B gocturaer 280u Gosee B MUHYTY, U 9TO MOXKET BbI3bIBATh 3HAYMTEIbHbIC
TETUTOBBINCIICHAS OT IUIACTHYECKOU medopmartin (pucyHok 4). I[IprdyeM maHHBIN MPOIECC TMPOUCXOIUT B MTHO-
BEHHOM oy4are Je(opManuy 3a J0JH CEeKYH/Ibl, 1 TeIUIOBBIACICHHUS MOTYT 3HAYUTEJIbHO MOBJIHSATH HA CHUJIOBBIE
U ge(hOpMaIHOHHBIE MTAPAMETPhI TPOIECCa, UCKA3UTh ouar Je(opMaliui 3a CUET TEIUIOBOTO PACIIUPEHUS MaTe-
puana pabdouero uHcTpymenTa [11; 12].

I
2000 290C

Pucynok 4. —Pe3yJbTaThl KOHEYHO-3/1€eMEeHTHOI 0 MojieJiupoBanus npouecca XIIT,
TeMIepaTypa padouero konyca nocije 40 1BOiHbIX X0/10B KiieTH [13]
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Ha pucynke 4 nokasaHo pacrpelesieHue TeMIepaTypbl Ha IOBEPXHOCTH TPYOBI 1OCIE COpPOKa ABOMHBIX
xomoB [13]. 3 mMozenu BHIHO, YTO camasi BBICOKAas TeMIepaTypa OTMEYAeTCs B CEpeAMHE paboyero KoHyca,
rae HaOmopaeTcst Hanbosiee MHTCHCUBHAS Te(hOpMaIIns.

B urore Ha pacnipenencHne neOpMAaIIOHHBIX XapaKTEPUCTUK BOJIb PAO0OYEro KOHYCa BIMSIET HE TOJIBKO
MIPY’KUHA KJIETH, HO U TEPMUIECKHE NCKAKEHHS Pydbs KanOpa. OneHUTh CyMMY JaHHBIX HCK)KCHUH IJIS KaK-
JIOTO KOHKPETHOTO CIIy4asi MOXHO TOJIKO C ITOMOIIBIO CPABHUTEIBHOTO aHAJIM3a PACUETHOTO pPacIpeieiIeHUs
rEOMETPHIECKUX [IaPaMeTPOB (HAMPUMEp, TONIINHBI CTCHKH) Pab0dero KOHyca C peabHbBIM.

Ha coBpeMeHHOM 3Tame pa3BUTUS PBIHOYHBIX OTHOLICHHWH MPEANPHATHS, NMPOU3BOAAIINE TPyOOIIpO-
KaTHYIO TIPOJXYKIIMIO, OPUEHTHPOBAHBI HA pacminpenue e€ copramenTa. OcBanBalOTCs paHee He XapaKTepHbIC
JUISL JaHHBIX NPEANPUATHI MapKu ctajied u ciiaBoB. [loiydyenue nHpopManun o peaabHbIX XapaKTepUCTHKAX
nponecca XIIT mo3BosisieT NPUHSTH aJeKBAaTHbIE MEPHI 110 YCTPAHEHUIO OTKJIIOHEHUI OT TpeOyeMbIX mapamer-
pos nporuecca [6—10].

Marepuaj ucciaegoBanmii. [ ananu3a BeIMYMHBI OTKJIOHEHUS PEAIBHBIX 3HAUCHUH TONIINHBI CTEHKH
B KOHTPOJIBHBIX CEYCHHSX BIOJb Pab0dero KOHyca OT PacyeTHBIX (COIacHO KamMOpPOBKE B TEX )K€ CCUCHMSIX)
BbIOpaH MapuipyT npokatku Tpyo u3 craiu TP316Lua crane XIIT-55: 57%6,0— 25%2,5./lanHblii MapuipyT
HMEET CIEIYIOINE XapaKTCPUCTUKH!

- 00KaTue 10 TONIIMHE CTEHKH — 58%;

- obkaTue 1o auamerpy — 56%;

- Q-pakrop — 0,9...1%;

- BRITSDKKA — 5,44 ¢ = 82%).

Jliist 3TOr0 MapIipyTa ¢ MOMOLIBI0 pacyeTHO# nporpamMmbl «Buxpb» (BAO «Centpasuc [Iponakus FOkpeiis»)
paccunTaHa KaJauOpOBKa M M3rOTOBIICH paboumnii mHcTpyMeHT st ctana XIIT-55. B xoxe npokaTku npoMsII-
JICHHOM MapTHH TPYO MO 3TOMY MapupyTy 6bUT 0TOOpaH KoHYC Aedopmannn (PUCYHOK 5).

Pucynok 5. —Konyc nedopmauun (padounii konyc) crana XIIT-55
(ctans TP316L, mapmipyT 57%6,0— 25x2,5)

Konyc nedopmarmu 0611 paspe3an Ha 14 cedeHuil, COOTBETCTBYIONINX KOHTPOJBHBIM CCUCHHUSIM Kaluo-
POBKH. B Ka0M cedeHur OBUIO HAWJCHO MAaKCUMAIbHOE M MAUHUMAIILHOE 3HAYCHUE TOJIIIMHBI CTCHKU U B CO-
OTBETCTBHUHM C 3TUMH JAHHBIMH PACCUMTAHO €€ cpeHee 3HaucHue (Tabauia 1, pucyHok 6).

Tabmmma 1. —Cpenane 3HaUeHUS TOJNIUHBI CTCHKH B KOHTPOJBHBIX CEUCHHUAX paboduero KoHyca
¥ pacyueTHast TOJIIMHA CTEHKH COTIIACHO KamuOpoBke (ctamp TP316L,Mapmpyt 57%6,0— 25%2,5)

Ne ceuerms | O 1 2 3 4 5 6 7 8 9| 10 11 12 18 14
Koopmnata | | 4 | g0 | 120| 160 200 240 280 320 360 400 440 480 [5860

CCUCHUIA

Space. 6 | 537| 462] 4| 351 3,18 2,85 266 256 251 255 25| 25| 25

Spar. 521| 507| 4,96 456 394 3,34 303 27 2|57 256492249 2,56 2,53 2.5

dakTHyecKasi TONIIMHA CTCHKU B OOJBIIMHCTBE CEYCHUH paboyero KOHyca MMeEeT OOJBIINE 3HAYCHHUS,
4yeM pacuyeTHas e€ TOJIINHA COTIIaCHO KaJHOpOBKe.

YautsiBas TIOJTYYCHHBIC 3HAYCHU S, pACCYUTAHO OTKIIOHCHUE q)aKTI/I‘-IeCKI/IX 3HAYCHUH OT PaCYCTHBIX.

DMM = Spacu. - Sd;axm,:MM; (1)
S acu. Sgba)cm
D,, =2~ [1009%. @

pacy.
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TonwwuHa CTEHKU
w >
w v H v v
: : . : N

N
[
:

Sd)aKT

Spacu

p———

1 2 3 4 5 6 7 8 9

0 11 12 13

Homep ceyenus

PucyHok 6. —CpenHue 3HaYeHHs TOJLIMHBI CTEHKH B KOHTPOJILHBIX CeYeHHUsIX pafoyero KoHyca
U pacyeTHasi TOJIIHHA CTEHKH COrJIacHo Kaiauoposke (ctaas TP316L, mapmpyTt 57%6,0— 25x%2,5)

XapakTep pacupenesneHuss QYHKIHMH Ay, BIOJb pabovyero KOHyca NPaKTHYEeCKH IOJHOCTHIO COBIIAIAET
C XapakTepoM pacrpenencHus GYHKIUN paCIeTHBIX 3HaAYCHHI cuitbl fedopmanuu (pucyHku 7, 8).

aedbopmaumm, kH

OTK/IOHEHWE OT PAcYeTHOro 3HaYeHUA
TOALL,. CTEHKMU, %

-15,0 ~

100 T

o
=)

o
[S)

'
wn
o

)

-100 T

10 11 13 14
CeueHusn 30HbI 06KaTUA
CTEHKM U1 30Hbl NPEAOTAE/IKU
KoHyca aed.
(1 ceu. = 40 mm)

PucyHok 7. —OTKJIOHeHHE CPeHEro 3HAYeHHs] TOJIIHUHBI CTEHKH (COrJIacHoO 3amMepam)
B KOHTPOJILHBIX CeYeHHUSIX Pa0oyero KOHyca OT ee pacyeTHOr0 3HAYeHHsI COIVIACHO KAJIHOpOBKe

800

(ctans TP316L, mapmipyT 57%6,0— 25x2,5)

Mp. xoa knetn

O6p. xo4, KNetTu

| | | | | | | | | |
160 200 240 280 320 360 400 440 480 520

[AnnHa KoHyca gedbopmaum, Mm

|
120

Pucynok 8. —PacueTHble 3HaYeHHSI CHJIBI 1e()OPMAIIHH B KOHTPOIBHBIX CeYeHHSIX Pa60ouero KoHyca
(ctans TP316L, mapupyT 57%6,0— 25%2,5,ctan XIIT-55)

Ha ocHOBe mONy4eHHBIX SKCIEPUMEHTANBHBIX JAaHHBIX B JaJbHEUIIEM MOXXHO BBIBECTH 3aBHCHMOCTB,
KOTOpast TIO3BOJIUT OIPENEIATh pealbHOe 3HAUYEHUE TOJIIHWHBI CTEHKA B KOHTPOJIBHBIX CEUCHHAX pabouero Ko-
HyCa B 3aBHCHMOCTH OT PAaCUCTHBIX 3HAYCHHU CHITBI nedopmaniu (171 TaHHON MapKd CTald W IJst TIOMOOHOTO

MIPOKATHOI'O CTAHA).

3akiouenne. AHanus PE3YyJIbTATOB, MOJYUYCHHBIX B XOJC SKCIICPUMCHTAJILHOTO UCCIICAOBAHUA U3MCHCHUA
TOYHOCTHU TOJIIIHUHBI CTCHKHU II0 JJIMHC pa60qero KOHYCa CTaHa XOHO[[HOﬁ IIPOKAaTKn pr6, IIO3BOJISICT KOHCTATU-
POBaTh, 4YTO HAa TOYHOCTb CTCHKN OCHOBHOC BJIMAHUEC OKA3bIBAIOT YIIpyTras ,ue(i)opMaunﬂ U TCPMUYCCKUC UCKaAKE-
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HUSI Py4bsi KaIuOpa, CBSI3aHHbBIC C PA3JIMYHBIMU TEXHOJIOTHUECKUMHE (aKTOPaAMU MPOKATKU TPYO B CTAHAX XO-
JIOJIHOM MUJIBIePHON MPOKATKU. AHAIIN3 JINTEPATYPHBIX HCTOYHMKOB HCCIECIYyEMOM TEMATHKE, BBIMOIHEHHbIH
B paMKax JaHHO# pabOoTHI, TIOATBEPIKIACT PE3yIbTaThl IPOBEACHHOTO dKCTIepuMenTa. [lonydeHHBIE pe3yapTa-
TBI MO’KHO HMCITOJIb30BaTh MPH MPOCKTUPOBAHUM MApIIPYTOB M aHAIN3E YCJIOBHM MPOKATKH TPYO I MapKH
cranu TP316Lu e€ aHaIOroB 1 MMOA0OHOTO MTPOKATHOIO CTaHa.
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INFLUENCE OF COLD PIPE ROLLING PARAMETERS
TO CHANGE THE WALL THICKNESS ALONG THE CONF OF DEFO RMATION

S. PILIPENKO, V. TERESHCHENKO, A. DUDAN

The influence of the dastic deformation of the cage and thermal distortions of the caliber brook on the
change in wall thickness along the working cone of the cold rolling mill tube is considered. The results
of the experiments. It was concluded that the accuracy of the wall is mainly influenced by the cage spring
and thermal distortions of the caliber brook associated with various technological factors of tube rolling in cold
pilger rolling mills. The results of the experiments carried out are necessary for further studies that will
be carried out in this direction and can be used in the design of technological pipe rolling routesin cold rolling
mills for this steel grade and its analogues and for a similar rolling mill.

Keywords: cold rolling of pipes, mill, technological route, tool calibration, working cone, deformation
characteristics.
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YK 519.87:621.822.6
BEHUBJIET-®@YHKIUA JIJISI TMATHOCTHUKHA MOJAIMMUITHUKOB KAYEHUSA

F0.I1. ACIAMOB; kano. mexn. nayx H.I'. IABbI/IOB
(Benopyccxuit 2ocyoapcmeennvlii yHugepcumem ungopmamuxu u paouodnekmponuxu, Munck)

Pacemampusaiomes asmomamuyeckue cucmemvl 6UGPAYUOHHOU OUACHOCTUKU, HO36ONSIOWUE Peulams
3a0ayu OYeHKU MEXHUYECKO20 COCMOSIHUL POMOPHO20 000py008aHus be3 npusieyeus SKkcnepmos. [l 06pabomxu
HECMAYUOHAPHBIX BUOPAYUOHHBIX CUSHALO8 WUPOKOE PACHPOCIPAHEHIe NOYYUTL Gelilem-aHau3, 0OOHAKO Kave-
CcMeo 6eusiem-anaiu3a 6 OOIbULOL CINEeNeHU 3a8UCUM Om 8bIOPAHHOU Oa3UCHOU QYHKYuu. Asmopamu npeono-
Jlcena bazuchas Qynkyus, npeOHasHa4ennas 0Jis1 OUASHOCMUKY NOOUWUNHUKO8 KAYEHUs HA OCHOB8e Gelislem-
ananuza. Ilpusedeno eé mamemamuueckoe 0OOCHOBAHUE U CPAGHUMENbHLI AHAIU3Z C OpPYyeUMU OA3UCHbIMU
setienem-@yuxyuamu. Ilpedocmaesnenvt pesyrbmamvl mecmuposanus OA3UCHOU QYHKYUU HA MOOETbHbIX CUSHANAX.

Knrouesvle cnosa:. noodwunHuku Kaverus, BUOPOOUASHOCIUKA, YUGPO8as 06pabomKka cueHaIos8, eligiemn-
npeobdpaszosanue, 6A3UCHAL PYHKYU.

Beenenne. B Hacrosimee Bpems sl OLCHKH TEXHHYECKOTO COCTOSHHSI POTOPHOTO OOOPYZOBAHUS HC-
HOJIB3YIOTCSL METOABI 00PabOTKH BUOPOCHIHAIOB B YaCTOTHOM M YacTOTHO-BpeMeHHO# oGnactsax [1—4]. Hau-
Oonbliiee PacMpOCTpaHEHHUE MOJTYUYHIM CICKTPaNbHbIE METOIbl BUOPAMOHHOM AHATHOCTHKU HAa OCHOBE Mpeod-
pasoBanusi Oypbe. B COOTBETCTBHH C yKa3aHHBIM MOAXOAOM KKAOMY Ae(heKTy 000pyIOBaHHs CTABUTCS B CO-
OTBETCTBHE HA0Op Ae(eKTHBIX YacToT. Hampumep, pakOBHHBI U TPEIIMHBI HA BHYTPCHHEM/HAPYKHOM KOJbLEC
HOIIMIHIKA Ka4eHUs OyIyT OPOXKAATH YAAPHBIC POLIECCHI C YaCTOTON ITIOBTOPCHHSI, PABHON YaCTOTE MepeKa-
TBHIBAHUS TEN KAYCHUs 10 BHYTpeHHeMy/HapyxHOMY Koublly (BPFI / BPFO) [4].

Fld\l—[ +—cos(9)j
Fld\l—(l—— cos(e)j

rae F1 —uacrota Bpanienust Bana; Nb — konumuectBo Ten kauenus; Bd — quamerp tena xayenust; Pd — nuamerp
JIENUTETFHON OKPYKHOCTH; O — yroJl KOHTAaKTa.

ITo coBokymHOCTH Ne()EeKTHBIX YaCTOT, OOHAPYKCHHBIX B CICKTPE M CICKTpe Orubaromicii BUOpaiu,
JienaeTcs 3aKiIoueHne o Thme Aedekra o0opyIOBaHUS M CTENCHH ero pa3BUTHA. IIpocToTa, yHHBEpCaIbHOCTH
NPUMEHCHHUS U OOJIBIIOE KOJMYSCTBO CIPABOYHOM JIMTEPATYPhI CTAIHM MPUYHMHON MIUPOKOTO PACIPOCTPAHCHUS
CHEKTPAIbHBIX METOJOB BHOpAIMOHHOHN AnarHocTWKdA. OJHAKO CYIIECTBEHHBIM HEIOCTATKOM CIHEKTPalTbHBIX
METOJIOB aHau3a SBISCTCS HU3Kas d()()EKTUBHOCTh MX HCIIONB30BAHUS JJI1 00PaOOTKU HECTAI[MOHAPHBIX CHUT-
HaJoB [5] M3-3a pa3MbITHS CIIEKTPOB. HecTanMoOHapHOCTH CUTHAIOB BO3HUKACT BCIICACTBHE TOTO, UTO B MPOIIEC-
Ce IKCIUTyaTal[ii CKOPOCTh BpAIICHUs Baja 00OPYIOBAaHUS HE SBISACTCS MOCTOSHHOW BenuuuHOW. [Iprumnna 3a-
KITFOYaeTCsl B I3MEHEHUH PeXXuMa padOTHl, HATPY3KH, pa3iNdHasi CTENICHb N3HOMIEHHOCTH 3JIEMEHTOB | T.1. IIpu-
MepOM 000PYAOBaHHS C IIOCTOSHHO U3MCHSIOIICIHCS CKOPOCTHIO BPAIIICHHUS BAJIOB SIBIISICTCS BETPOTCHEPATOP.

C oIHOW CTOPOHBI, peIIeHNe YKa3aHHOH MPOOJIEMBI JIGKHUT B 00IaCTH aNTOPUTMOB YTOYHEHHS YaCTOTHI
BpallleHusl Baja U ciexenus 3a Heil [5; 6]. C apyro#t cTOpoHBI, HHCTPYMEHTOM 00pabOTKM HECTAI[MOHAPHBIX
CUTHAJIOB SIBJSIETCSl BEHBJIET-aHAIM3, MATEMATHICCKHI aImapaT KOToporo paspaboran yueHsIMu Mopite, Jloberm,
Mauia u apyrumu [7; 8]. [IpuMeHUTEIbHO K BUOPALIMOHHOMN AUATHOCTHKE JAHHBIN MOJXO/] €Ille HEJIOCTATOYHO
npopaboTaH, HO, IO HAIIEMy MHEHHIO, SBIISETCS MEPCIEeKTUBHBIM. CleayeT OTMETHUTh, YTO OOJBINOE BIHSHHE
Ha Ka4eCTBO BCHBIICT-aHAIN3a OKAa3bIBaCT BHIOOP 0a3ucHOW QyHKIUHU. B naHHO paboTe aBTOpamMu MpeaioKeHa
OasmcHas BeWBIEeT-QYHKINSA A7 JHATHOCTHKH MOJIINITHUKOB KadeHus. Take B paboTe MpUBEIEHBI pe3yabTa-
ThI 9KCIICPUMCHTOB, IPOBEICHHBIX HA MOJICIBHBIX BUOPAIIMOHHBIX CHTHAJIAX.

OcHoBHas 4acThb. JInHEWHOE YaCTOTHO-BpEeMEHHOE MpeoOpa3oBaHNE YCTaHABIMBACT CBS3b CHTHANA C Ce-
MEHCTBOM BOJIHOBBIX (DYHKIIHH, XOPOIIO CKOHIICHTPUPOBAHHBIX 10 BPEMEHH U IO 9acTOTe. DTH BOJHOBBIE (DYHK-
IIIH Ha3BIBAIOTCS YaCTOTHO-BPEMEHHBIMU aTOMaMH.

BPFI

BPFO

Ecmu pPaccMOTPETh 0611166 CEeMEHCTBO YaCTOTHO-BPCMCHHBIX aTOMOB {(py} o’ rac y MOKET OBITH MHOI'O-
!

MH/ICKCHBIM T1apaMETPOM, U IPEAIONIOKHUTD Y@, oL (R) Q oL (R) U ||(R/|| =1, Torga COOTBETCTBYIOLIEE JTUHEH-

HOE Y4aCTOTHO-BPEeMEHHOE IpeobpasoBanue curnana X[ L (]R) omnpenensercs Kak
™0) = [ xO)G 1) =(xq,)-
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ATtoMm CDpre C OKHOM CTPOMTCS C IIOMOIIBIO OKHA {J, CABUHYTOT'O Ha U X MOAYJIMPOBAHHOI'O YaCTOTOH ®:
—_ — Lot
(py(t) - gu,w(t)_ el g(t _U).

BeiiBier-atoM — 310 PaCTsKCHME B Spa3 U CABUI HA U MAaTECPUHCKOIO BelBIIETA l//:

@,(1) =, ()= %w(%“j

BeiiBieTs u npeo6pasoBaHI/Ie CDpre C OKHOM MMCIOT 3HCPIUi0, XOPOLIO JIOKAJIU30BaHHYIO BO BPEMCHHU,
B TO BpEM4 KaK UX npeo6pa303aHHe (Dpre CKOHLCHTPUPOBAHO I'TIABHBIM 06pa30M B OIpaHAYCHHOM JUANa30HE YaCTOT.
I[J'Iﬂ aHaJiu3a CTPYKTYpbl CUTHAJIOB paSHI/I‘IHOﬁ JIUTCIbHOCTHU H€06XO,HI/IMI)I YaCTOTHO-BPEMCHHBIC aTOMbI
C pa3IMYHbIMU BPEMCHHBIMU HOCHUTCIIAMMU. BeﬁBneT-npeo6pasoBaHHe pacKiIaablBa€T CUr'HAJIbI IO PACTAHYTBIM

¥ CIBUHYTHIM BeliBneram. ®yukmms (| O L° (]R) Ha3bIBACTCSl BEUBIICTOM, €CJIH BBITIOJIHSIIOTCS CJICAYIOIIHNE YCIOBUS:

1) pyuxyus Y(t) umeem nyneeoe cpeonee
j W(t)dt = 0. 1)

Oynxuus P(t) nopmuposana, |jy| =1, u nmeer uentp B t =0. YacTo i MPAKTHICCKUX TPHIOKEHHI

OKa3bIBAETCS HEOOXOAUMBIM, YTOOBI HE TOJIBKO HYJIEBOM, HO U MEpBbie K MOMEHTOB ObLIM PaBHBI HYIIIO:
+00
jtkw(t)dt =0 i 0<k<p, (2)

torma (t) opToroHanbHa JFO60MY MHOTOWIEHY cTerieu P — 1. Takoii BeiBiieT HassiBaeTCs BeiBeToM K-ro mopsia-

ka. BeiiBnetsl, obnanaromye OONbIIMM KOJHYECTBOM HYJIEBBIX MOMEHTOB, MO3BOJISIOT aHAIU3UPOBATH MEJKO-
MmacirrabHble (IIyKTyallud U OCOOSHHOCTH BBICOKOTI'O MOPSI/IKA, HTHOPUPYIOT PEryJsIpHbIE MOJIHHOMHHAIBHbIC
COCTaBISIFOLIME CHTHAJIA;

2) ¢yuryus y(t) Henpepwigna no eceii OnuHe, T.e. HE UMEET TOUCK pa3pbiBa. B HEKOTOPBIX MPUITOKEHH-
sx Tpebyercs HenpepbiBHAs qudepeHunpyemocts [8];

3) @ynxyua y(t) Oonorcna Ovimb o2panuueHa u 10KAIU308AHA NO épemMenu u no wacmome. Heobxonu-
MBIM ¥ JIOCTATOYHBIM YCIIOBHUEM SIBISACTCS

+00

[lw(t)et<e. 3)

-0

Jlokanu3anus BelBiIeT-QyHKIUI BO BpEMEHH MOAPa3yMEBaeT BBIOJHEHHE OJHOTO M3 3aKOHOB YOBIBAHUS:

- |
a) t™", rme m= const, 6) 3KCIOHEHIMAILHOTO € H, rae K> 0, mu6o 6osiee GrICTPOro. XOopoIio JTOKaTH30BaHHAS
¢bynkuus y(t) uMeer GbicTpoe yObIBaHHE. DTO O3HAYAET, YTO [yIs JIt0Ooro mokaszaresss MO N cymiecTByeT KOH-

cranra C, Takas, 4To

OtOR  |w(t)| s —=—;
1+[t]

4) asmomoodenvnocmy basuca — Bee Belinetsl cemeiictBa ), () umeror oanHakoByio hopmy (KomnyecTBo

OCIMJIIATIHI), TaK KaK TTOIYYA0TCs TOCPEICTBOM MacITabMpOBaHKS M CIBHIa MaTepuHCKOTO BeiiBimera (t) .
BeiiBer-npeodpazoBanue oT BpeMeHH U i MaciTaba S ecTh

W(u,s) = (X, ) = fx(t)%w* [t_Tujdt'

BeiiBnet-npeoOpa3oBaHe MOXKET OBITh IIEPETIHCAHO B BHJIE CBEPTKH

+00

w9 = [x)Tw (2 = ) )5

—00

e w0 =u (7).
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Ipeobpazosanue Pypse J (U) ectb

V. (0) =i (so).

+oo

Tak xak y(0) = I y(t)dt =0, To  —nepenarounas XapaKTEPUCTHKA IUANA30HHOTO (UIIBTPA, T.€. BEHBIET-

npeobpa3oBanue (5) BHIUUCIAET CBEPTKY C PACTSIHYTHIM JHana3oHHbIM (unbtpoM. Ecian y — BemiecTBEeHHBIN
BEMBIIET, TOT A

WA(U, S) = fx(t)%\y(%j .

Jns BeliBneT-nipeoOpa3oBaHMs BBINOJIHSICTCS 3aKOH COXPAaHEHHS! SHEPIUH, HO BEHBIET yJOBJIETBOPSET
YCIOBHIO IOIYCTHMOCTH, OnpeaensieMoit Teopemoii Kanpaepa, Moprne u I'poccmana [7].

Mycts yOL? (]R) — BeEIIeCTBEHHAS QYHKIIVSI, TaKast 94TO

c,= Imdm <o, (®)
5
Torna mo6as XL (R) yaoBneTBOpSICT paBeHCTBY:
1777 1 (t-u), ds
1) =— Wi —y| — |du—-. 7
P :

Hpe,unono;xeﬂne (6) Ha3bIBACTCS YCJIOBUEM JOMYCTUMOCTHU I BCUBJICTOB. I[J'If[ TOr0 YTOOBI HUHTETpall

OBLT KOHEYHBIM, TpedyeTcs \|1(0) =0. D10 0OBACHAET, OYEMy BEHBIETHI JOJKHBI HMETh HYIEBOE CpEJHEE

3Hauenue. Eciu \V(O) =0u \|/(co) HEMPEPHIBHO AUPPEPEHIIMPYEMBI, YCIOBHE JONYCTUMOCTH BBIMOIHSIETCS.
Bripaxxenue (7) 3amaer o0paTHOE BEHBIIET-NPE0OPA30OBaHHE.
CreayeT OTMETHTb, UTO BEiBIET MOXKET CUMTaThcs 6asucHoil dynkmueii L° (]R) TOJILKO B TOM CIIyyae,

€CJIH TIOCTPOCHHBIH C TIOMOIIIBIO €r0 0a3uC OPTOHOPMHPOBAH B 00paTHOE Mpeodpa3oBanue cymecTByeT. OMHAKO
CTpOTHE JIOKA3aTelIbCTBA TOJHOTHI M OPTOTOHAIBHOCTH CIIOKHBI M TpoMo3zku [8]. Kpome Toro, mist mpakTude-
CKHUX IIeJiell 4acTO JOCTATOYHBIM SIBISETCS YCTOHYMBOCTh M IIPUOIU3UTENBLHAS» OPTOrOHAIBHOCTh CHCTEMBI
¢byHkuuit paznoxenus. Kak npaBuio, Ajis aHalM3a CUTHAJIOB UCTIONB3YIOTCS TaKUE «I0YTH 0a3MCHbBIC» BEUBIIETHI.

BeiiBiier-GpyHKIMs JIs1 IHATHOCTHKH NMOJUIMNHHKOB KayeHusi. Bo MHorux paborax mo BHOpaimoH-
HOW TMAarHOCTUKE pa3pabaThIBAIOTCS U aHAIM3UPYIOTCS MOJEIH YIAAPHBIX MPOIECCOB B IMOANIMITHUKAX KaYCHUS
npu Hajguuuu aedexToB. B wactHocTH, B [9—11] ymapHblil mporiecc pacCMaTpUBAETCS KaK rapMOHHYIECKOE KOJie-
Oanwme, 3aTyxarllee M0 IKCIOHSHIIMATFHOMY 3akoHy. Ha pucyHke 1 mpencTaBieHbl IpUMEpBl yIAPHBIX HM-
MyJbCOB B MOJIIUAMHUKAX KAUCHHS MIPU HATUYUU ACPCKTOB.

100 : ; ; : ‘ ‘ 100

50 50

Signal mis?
o
Signal, mis?
o

-50 -50

100 . L L . . . . 100
0 5 10 15 20 25 30 35 40

Time, ms

a —1edeKT Tea KauyeHus; 6 —Ae)eKT HapyKHOr0 KoJIbIa

Pucynok 1. —/ledeKT moamMMMHUKA KaYeHUs

OyHKOHSA 111 AMATHOCTHKH MOINIMITHUKOB KadeHHsS TOJDKHA MaKCHMAalbHO COOTBETCTBOBATH (hopme
YAapHBIX WMITYJIbCOB M UMETHh XOPOIIYIO0 JOKATU3alHdi0 BO BPEMEHHONW M YacTOTHOH oOmacTsax. B kaudectse
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BeiiBNeT-QYHKIUMU Al aHANKM3a MOJIIMIHUKOB KaueHus BbIOpaH BeiiBier y [12; 13], cocTosmuii U3 nByx
yacreil (8). IlepBas yacTh BeiiBieTa \ ONKMCHIBAETCSA BhIpaxkeHueM Juis BeiiBaera MEXH (Mexican Hat),
a BTOpAsi 4aCTh MMEET HKCIIOHEHIIMAIbHBIN 3aKOH 3aTyXaHHMs:

VT (axf e 2| o<t <0
w(t,00,k) = (FJ(T (wt) jeXp = mpu—o00 <t <0; o

cos(wt) exy{—kt) mpu 0<t < oo,

rae o = 2xf,— nukianueckas 4acrora (pan/c); f,— Hecymas (pesonancuas)) wactota (I'm); K — xoadduuuent
3aTyXaHusI.

B xoxe aHanm3a BBISABICHO, YTO paccMaTpuBaeMas BelBineT-GyHkims  (8) obmamgaer CleayomuMu He-
ZIOCTaTKaMU:

1) ¢ysKIHMA Y He SBISETCS HEMpepbiBHO auddepenmpyemoii B Touke t = 0;

2) oOyHKUMH Y UMeeT HyJIeBoH MOMEHT (1), OTJAMYHBI OT HyJIsl, T.e. HE BHIMOJHACTCS YCIOBHE HOIyC-
THMOCTH, B YaCTHOCTH

T k
j Y(t)dt = 0

BpeMeHHas peanu3anusi paccMaTpuBaeMoil BeiBieT-QyHKIMU ¢ Hecyei yactotoi fo= 1000l npen-
CTaBJeHa Ha pucyHke 2. Pumckumu undpamu | u |l 0603HaueHbI epBast 1 BTOpas 4acTu BbipaxkeHus (8) co-
OTBETCTBEHHO.

<
o

Wavelet, mis?
o

o
o

-1

oOF——m———————— e — = — —

1 2 3 4 5

-2 1
Time, ms
| —gacte MEXH; Il — 3xcnioHeHIIaIbHASI YaCTh

PucyHok 2. —Ba3ucHasi QyHKIHS JJ151 TMATHOCTHKH NOAIIMNHUKOB KadyeHus y(t, o, k)

Jnst yeTpaHeHHs] yKa3aHHBIX BBIIIE HEJOCTATKOB MPOBOAUTCS MoauduKauus BeiBieTra. Beeaem moHsTue
ko3 dunmenta popmsr FF (Form Factor), Toraa koadduiuent 3aryxanus K u3 Beipaxkenus (8) mpumer Buj

_fo_ w

-19._9 9
FF  2nFF @)

Breaewm cnemyromniue 0003HauCHUS:

(Zwtjz

, st

f o (twa)= 1{@] exg -~/
T

a

fop (t, @, FF) = cog(wt) ex;{—ij
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B paMKax HpeﬂCTaBHHCMOﬁ pa60T1,1 OITYCTUM MPOMEIKYTOYHBIC pACUCThI U MPUBCACM UTOTOBOC BBIPAKC-

nue (10) MoaubuIMpoBaHHOi 6a3HCHOMN (YHKIMH AT AUATHOCTHKM MOAUTMITHEKOB Kadenus "&® :

fren (L, 0,8,), —0<t<0;

WMt W, FF) =1 f ., (t,w.a), 0<t£%; (20)

1
fo (1, W, FF), —<t<oo,
e(p( ) 2(&)

rac a1 nu 82 — HOIPaBOYHbBIC KOS(l)(l)I/IIII/IeHTLI, pacCcUnTbIBacMbIC CJICAYIOIUM 06pa30M:

-1
& 4 1’
[ I E—

n) 4FF

a, =(a+B)". (12)

(11)

Jus pacuera koddduiyenTa a, UCIOIb3YITCA BCIOMOraTelibHble K03 (hHUIUEHTSL:

—3—2 :3—3— =—ps Hz
“‘\/2+Q'B @'Q(sj{zj’

p=-2, q= —n—ﬁ(sRm(m,al) +S,,(@,FF)),

R _IWme, 2-a 1 L 1
Smh(mal)—wﬁz@ff ﬁ +ZGX{ g],

1
_ 4TPFF? DeXp( 4FFJ

SoaFF) = (L+ 4CFF?)’

2 F e
3necw erf (x) = —Je “dt — dynkims ommbok (pynxuus Jammaca).
o

N
MEXP

Beitner-¢yukuuto (10) o603naunm kak MEXP unu BBUJly HAJIMYHUA B €€ OCHOBE JIBYX OCHOBHBIX

zakonoB f . u f_ (MEXH +EXP). ins kooddurmenta popmsr FF = 1, COOTBETCTBYOMIETO OPHTHHAIBHOI

exp
3anucy BelBneT-(pyHknuu (8), 3HaueHHs apaMeTpoB a; U a; COOTBETCTBEHHO paBHbI & = 2,0343 a, = 2,1890

Betisner-¢pynkius MEXP ynosnersopsier TpeGoBanusm (1)—(4)u yenosuro nonyctumoct (6). yHKIusS
HMMEET TOJIbKO HYJIEBOM MOMEHT, PaBHBIN HYJIIO:

Ttolp(t)dt =0.

BeiiBiner MEXP siBisiercst oauH pa3 HenpepbiBHO auddepeHiupyeMoi GyHKINEH, B TO BpeMs Kak JJIs
o w
IPOU3BOJHON BTOPOTo nopsiaka Touku {, =0 u t, = o SIBJISIIOTCS] TOUKaMU paspsiBa | poza.
Tt

Bpemennas peanusamnusi MEXP u ero cnekrp mis Hecymei gactotsl fg = 1000T'n 1 xo3ddunnenrta
dopmer FF = 1 mpencrasnens! Ha pucyHke 3. Pumckumu mudpamu |, Il u Il o60o3HadeHBI TpU YacTu BhIpa-
xenus (10) COOTBETCTBEHHO.

N3menenne ko3ddunuenra popmer FF okaspiBaeT Hauboublice BIUSHAC HA YKCIOHCHIIMATBHYIO YacTh
BeitBera MEXP. I1o 3To#i npuyKHe B IpEACTaBICHHOM MOAM(UKAIMK 1epBas yacThb BeiiBaera MEXP (I — pucy-
HOK 3, a) UCTIOJIb3YETCs B KAYECTRE MPOTUBOBECA JISl TOCTHKEHUsI Hys1ieBoro cpenHero (1), a Bropas — uist CBsi3u
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nByx 3akoHOB MEXH u EXP. Bropas gacte BeliBiera n3amensiercst o 3akony MEXH mns noctvxenus mudde-

PECHIUPYEMOCTHU BEHBIIETa B TOUKE tO =0mu JJIA CBSA3U IBYX 3aKOHOB BEHBIIETAa B TOUKE tl = %T[.

«107

15

11 11

-
] [=2]

o
2]
I

w

Wavelet, m/s®
(=]

Spectrum, m/s?

[N

e g

1 2 3 4 5 0 0.5 1 1.5 2 25

-2 -1
Time, ms Frequency, kHz
a 0

a — BpeMeHHasl peajn3anus BeliBjeTa nocjie MoIu(puKanmm;
6 — ®ypbe-06pa3 OPUTrHHAIBLHOTO H MOAM(HUIUPOBAHHOTO BeliBIeTa;
I, I — vacte MEXH; lll — 3xcnoHeHnManbHAasA 4acTh

Pucynok 3. —BeiiBaer-pynkuus MEXP

Kak npencrasneno Ha pucyske 3, 6, @ypbre-o6pas Beiinera MEXP cmemen B 00:1acTh HU3KHX 4acToT,
4yto obbscusercss Biamsuuem f . (t,w,a) (I, ll, pucynok 3, a), ognako 3naueHune Dypbe-obpasa BeiiBiera

Ha HyJIeBOH "actote ctporo pasHo Hymo (V™7 (0)=0.

CreyeT OTMETHTB, YTO BBelneHue koddduimenta dopmbel FF B Bbipaxenue mns Beiisieta MEXP (10)
JICNIACT BO3MOXKHBIM TIOCTPOCHHUE IIENIOTO CeMEHCTBa 0a3MCHBIX (PYHKIUH C Pa3IUYHBIM YACTOTHO-BPEMCHHBIM
paspelieHreM B IMpeaesiaX OJHOI0 BBIOPAHHOTO MacmTaOHOro koddduuueHta S. [Ipu 3Tom ¢opma BeitBieTa
OyZeT COXpaHSTh CX0XKeCTh. JJaHHBIA (aKT MOXKET OBITh UCIOJIB30BaH JUJIsl MOCTPOCHUS 0a3UCOB pa3speKEHHOU
BEHBIIETHOH mexkommosuiuu [14].

Pe3yabTaThl M ux odcy:kaeHue. /st onenkn 3G GEeKTUBHOCTH BBIACICHUS yIaPHBIX TPOIIECCOB B BUOpa-
[IMOHHOM CHTHaJIe Ae(QEKTHOTO MOAMUITHIKA KaueHMsI IIpH rmoMoiny BeiiBiera MEXP npoBoauTces ero cpaBHH-
TebHBIN aHam3 ¢ BeliBnetamu MEXH n MORL, Hame My mupokoe MpUMEHEHHE:

aht?) [ 2t

(O 1—T[2 =z |

PMOR (t, ) = co( Bat) exré—(oztz)

Bonpmas gacts sHeprun BetiBiaera MEXH cocpenoTodena B riiaBHOM JieniecTke, BeieacTeue vero MEXH
o6namaeT BEICOKUM KOd()(GHUIIMEHTOM KOPPENSLN C CUTHATIAMH Pa3IMIHON GOPMBI, HO TIPH 3TOM UMEET HU3KYIO
n30MpaTenbHOCTh B YacTOTHOUW oOnactu. BeiiBaer MORL mMeer mmpokoe NMpUMEHEHHE BO MHOTHX 3aJadax
BeilBlIeT-aHAIN3a BCIICJICTBUE HMU3KOTO 3HAYCHHSI YaCTOTHO-BPEMEHHOI0 paspereHus [7].

JIJis KOpPEKTHOTO CPaBHEHUSI KaXKAasi BEHBIET-YHKIUS MTOABEPracTCs MpeIBapUTEeIbHON HOPMUPOBKE:

w(t) =%, (13)

1/2

rae "lIJ" = “qJ(t)rdt —HopmMa pynkumm P (t).

Pe3onaHcHBIC "acTOTH f, MCHONB3yeMBIX BEHBIICTOB CKOPPEKTUPOBAHBI TaKMM 0Opa3oM, 4TOOBI MX

neiicTBUTeNnbHBIE 3HaueHNs cocTaBsn f, = 1kI'm. J{na seitenera MEXP mpu xoaddumente dpopmsr FF = 1

KOY(QHUIIMEHT KOPPEKIMK PE30HAHCHOH JacToThl coctasmsier Ki'™F =1,0083;mw1s Beitenera MEXH xoaddu-

ument pasen kM®® =1.1117; mis MORL koodduument k'R =1,
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HopmupoBannsle BeliBneT-¢pyHKIMK 1 X @ypbe-00pa3sl npecTaBieHbl HAa pUCYHKE 4.

0.06
0.04
©
>
@
- 0.02
=}
@
N
g 0
£
o
z
-0.02
0.04 . . . . . . .
2 -1 0 1 2 3 4 5
Time, ms
a
-4
35 =10
——MEXP
3 P N MEXH |
/) \ ——-MORL
% 25] p) | J
£ ol J | ' J
g 7 N
2 | < N 1
=15 Ry ~
1r ya / \\ o 1
L ! \ e
05F - # v -]
- 7’ ~
gl < ~
0 Hd —_ L =
0 05 1 1.5 2
Frequency, kHz
0

a —BpeMeHHas peajqu3anus; 6 — Pypbe-06pa3bl BeiiB1eTOB

Pucynok 4. —HopmupoBaHHblii 0a3uc npu f~0 =1kl

B KkadecTBe TECTOBOIO CHIHAlAa KCIOJIb30BaHA IOCJEIOBATEIbHOCTh SKCIOHEHIMANIBHBIX HMITYJIbCOB
¢ pasnuuHbIME Koo unuentamu popmbl FF (koaddunmenramu 3aTyxaHus):

N —
s¥(t ) = D57 (-4t ) w,, FF ), (14)
i=1
. 21FF
S5t 0, FF) = sm(wt)Eéx;{ th , Kt<o s
0, —w<t<O.
iz

—EXP X
3nech S, (t,0,FF) — QyHKIMS SKCTIOHEHIMANBLHOTO UMITyJIbca, HopMupoBanHas no (13); FF = FF, 2
pernieTka 3HadeHUH K03()PHUIMEHTOB (OPMBI TECTOBBIX UMITYJIHCOB.

[pumep TectoBoro curnana ™ (t,0,) (14) ¢ wactoroii 3anonuenus f, =1 k1 u pemerkoil koadQu-

uenToB gopmel { FF} = {l, 2,4, 8,16} NpeJICTaBeH Ha PUCYHKE 5, a.
CpaBHeHHE NPUBEICHHBIX BEHWBJIETOB MPOBOIMTCA B TEPMHUHAX OTKIMKa resp(y,FF). IMox oTkiaMkoM

resp(y, FF) BeiiBnera  Ha UMITy/bCHBI cUrHAN S, OyneM HOHHMATh

resp(y,FF) = max[ en\( cor(@(t) g(t FF.))H (16)

rae env(x(t)) — orubaromiass curHana X(t), momydeHHas npu momoinM npeobpaszoBanus ['miabbepra;
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o

COI’I’(X(t),y(t)) = J Xt)y¢—1)dT — xoppemsiuvonnas ¢yuxuus curnanos X(t) u y(t); lI_J('[,(.oO) — HOPMHPO-

—00

BanHas 1o (13) eeitBner-pynkuusa P (t,w,); %(t,FFi) — HopMupoBaHHBIH 1O (13) TeCTOBBI MMITYIbCHBIH
curnai ¢ kodpdurmenrom popmer FF .

@akruuecku noj otkiaukoMm resp(Y, FF) mnonumaercst koadduuuent koppensuuu [TupcoHa, Tak kak
Y TECTOBBIC IKCIIOHCHIUATIBHBIC UMITYJIBChI, 1 BEUBICT-()YHKLIUKN UMCIOT SANHUYHYIO HOPMY.

Kpussie otiiuka resp(y, FF) tpex mccienyemsix BeiiBneTos ) Ha TecTOBBIH cuTHANT S™

(t,w,) mpen-

CTaBJICHBI Ha PUCYHKE D, 0.

0.06 T T T T T
0.9
0.041 | FF=1 1
@ FF=2
% FF=4 o
4 = ] o
- 0.02 .
g 0 | | & 0.
5] .
=z 05F et ]
0.02 E T
04f ]
0.04 — | I | I | I | I | 03 | | | |
05 06 07 08 09 1 1.1 1.2 1.3 14 0 8 10 12 14 16
Time, s Form Factor
a 0

@ —TeCTOBbIii CHrHAM S (t, ®g); 6 —KpUBBIE OTKJIMKA BEHBJIETOB HA TECTOBBI CUTHAJ £XP (t, @)

Pucynok 5. —OTki1uK BeiiBJIeTOB HA TECTOBBIH CUIHAJ

Kak BuaHO Ha pucyHKe 5, ¢, IpU HU3KHX 3HAYCHUAX KO3d(duimeHTra (GOpMbI TECTOBBIX HMITYJIHCOB
FF < 0,59 nanbonemmm otkiaukoM obnamaeT BeiiBimer MEXH. I[Ipuynna B TOM, 9TO NMPH TaKMX 3HAYCHUAX KO-
¢ dummenta Gopmbl FF TecTOBBIE MMITYIBCHI BHIPOMKTAIOTCS B SAUHUYHBIN BCIUIECK M CTAHOBATCS OTM3KAMH
o ¢popme k MEXH. TIpenmymectBo B oTkimke MEXH Tem 6osbine, 4em MeHbIne kodGduimmueHT Gopmbl TeCTo-
BBIX UMITYJIbCOB. Tak, Hanpumep, npu FF = 0,250tkimmk MEXH na 11,67%060ms1m1e, yem y MEXP, u Ha 33,37%
6omnbire, vem y MORL.

Ipu koaddumuente popmor 0,59< FF < 9,93E, korna TectoBbie CHrHAIBI IPUOOPETAIOT GOPMY IKCIIO-
HCHIIMAIBHBIX UMITYJIECOB, HAUOOJBIIIAM OTKIUKOM CPEIIU aHATH3UPYEMBIX 0a3UCHBIX (QYHKIUI 00JaiacT BEWB-
aer MEXP. MakcuMalbHbIi OTKJIMK COOTBETCTBYET KO3 HUUUEHTY HopMbl TecToBBIX curnaioB FF = 1,297,
Ha KoTopoM oTKIMK MEXP Ha 8,09%060mbmme, yem y MORL, u Ha 13,36%00b111e, vem y MEXH.

Makcumym otkirka MORL cooTBeTcTBYeT KOIPDUITMEHTY TECTOBBIX HMITYIbcoB FF = 1,542 ITpu aTom
ero otkiuk Ha 7,17%mnwmxke, uem y MEXP, Ho Ha 8,72%BbIme, vem y MEXH.

Betiner MORL o6Gmamaer 6onpimmmM oTkimkoM, 9eM MEXP, Tonbko HaunHas ¢ koddduimenta GpopMbl
TECTOBBIX UMITYICOB FF > 9,935 Ilpu atom npeumymectso MORL B oTkiuke He mpebitmact 1,2% EF = 16).

ANTOPUTM HMCHOJB30BaHUS NOJXydeHHOW OasucHol ¢yHkuuun MEXP B 3amauax BHOpOAMarHOCTHKH po-
TOPHOTO 00OPYIOBAHKSI AHAJIOTHYEH ANTOPUTMY, OTUCAHHOMY B [12].

3akJ/roueHue

B xope uccnenoBanus paccMOTpeHa 0a3ucHas (GYyHKIUU sl BHOPAIMOHHOW JUATHOCTHUKH MO IIAITHIUKOB
kayeHus. OcylecTBIeHa e¢ MOAUMUKAIUS IS YCTPAHCHUS BBISBICHHBIX HEIOCTATKOB.

IIpoBeneH cpaBHUTENBHBIN aHaIN3 MOJIYYEHHOTO BEMBIIETA C IIMPOKO NMpUMeHseMbIMU BeiiBieTamu MEXH
1 MORL. B pe3ynbraTte 3KCIIEpIMEHTOB YCTaHOBIIEHO, YTO TOTy4YeHHas BeiBiieTHas QyHkiusa obnanaer Ha 8,09%
JYYIIAM OTKIMKOM Ha 3KCTIOHEHIMAbHBIE UMITYJIbCHBIE Bo3neicTBus, ueM MORL, u Ha 13,36%myqmum oT-
kKoM, uem MEXH.
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WAVELET FUNCTION FOR ROLLING BEARING DIAGNOSIS
Y. ASLAMOV, |. DAVYDOV

Automatic systems of vibration-based diagnostics allow to solve problems of estimation of a technical

condition of rotary equipment without involvement of experts. Wavelet analysis became widely used to process
non-stationary signals. However, the quality of the wavelet analysis strongly depends on the chosen wavelet
function. The authors of the article proposed a basis function intended for the diagnosis of rolling bearings.
Wavelet mathematical justification and comparative analysis with other wavelets are provided. The article
contains the results of testing the proposed wavelet on model signals.

Keywords:vibration-based diagnostics, digital signal processing, wavelet transform, basis function.

23



2018 BECTHHUK IIOJIOLIKOI'O I'OCYJJAPCTBEHHOI'O YHUBEPCHUTETA. Cepus B

YK 644.37:68

OBECHEYEHUE BE3OITACHOCTH TPOU3BOJICTBEHHOM CPE/bI
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Paccmampueaemcesi npobnema obecneuenuss 6e30nacHocmu npou3800CMEeHHOU cpedbl 8 KabuHe Mo-
OUNBHOU CeNbCKOX03AUCMBEHHOU mexHuKu. Paspaboman memoouueckuti nooxo0 01si 000CHOBAHUSL MUKDO-
KAUMAMUYECKUX YCI08Ull NPOU3BOOCHEEHHOU CPedbl U MENTO3AUUMHBIX CEOUCME 00edCcObl ONepamopa OaH-
Hoeo euda mexuuxu. Ilpedcmasnen pacuem mepmMuyecko20 CONPOMUBLEHUS MENIO3AUWUMHOU 00edHCObl One-
pamopa, npeodsodHCeHO MEeXHUYECKOe YCMPOUCMBE0 011 ROOOEPIHCAHUS MPedyeMOll IANCHOCTIU 8030YXA 6 Ka-
OuHe MOOUNBHOU CeNbCKOX03AUCBEHHOU MeXHUKU.

Kniwouegvie cnosa. muxpoxiumam, 6e30nacHoCmb, RPOU3800CMBEHHAs CPedd, KADUHA CeNbCKOXO3AUCH-
BCHHOU MEXHUKU, MENI00OMeH 4en08eKd, MenI03auUMHAs 00exHcod.

Beenenue. ®usnonornyeckas HOpMa PEakIH Tella YEJIOBEKa MO3BOJISET OPraHM3MY aIalTHPOBATHCS
K OXJIZXKIAIOMIEH MIIM HarpeBalollell TemMrepaType Bo3Ayxa, MUKPOKINMATy. B ciryuae ke BO3HHMKAIOIIETo mepe-
TPEBaHUS] WM NEPEOXIAXKICHNS Tela, JaKe €CIM 3TO W HE OMAcHO ISl JKU3HM UYENIOBEKAa, CHMIKACTCS TPYIO-
crocoOHOCTh. IIpH pacdyerax TEIIOOIIYIIEHNH COCTOSHHSA YETI0BEKa IIMPOKO HCIIONB3YETCS MOHSITHE «TETIIIOBOM
GayaHc», MPH KOTOPOM OTMEUAETCS PABEHCTBO MEXAY TEIUI00Opa30BaHUEM U TEIUIOOTHaueH B opranusme. Eciu
M3MEHSIOTCS TEINIO(U3NYECKHE YCIIOBUS IPON3BOJCTBEHHOM CpeJibl, HallpuMep, B KaOWHe MOOMIIBHOM CEbCKO-
xo3sictBeHHO#N TexHukd (MCXT), To nipu pasinuHoit aestensHoctu onepatopa MCXT cructeMa TepMOperyIsium
OpraHu3Ma IPUBOJAUT B COOTBETCTBUE IPOLIECCH TEINIOOOPA30BaHMsS M TEIUIOOTIAYH, COXPAHss IPH 3TOM TeMIIe-
patypy Tena Ha oAHOM TocTosiHHOM ypoBHe (36,6 *+ 0,5) €. Ho BO3MOXXHOCTH CHCTEMBI TEPMOPETYIHPOBAHHS
OpraHu3Ma OrpaHUYEHbI: PH JUTUTEIHHOM M IIOCTOSIHHOM CHIYKEHHH TEMIEPATYPhl OKPYIKAIOIIETro Cpe/ibl CUcTeEMa
TEPMOPETYJISILIMU HE B COCTOSTHUHM 00ECIICUNTD YEI0BEKY KOM(OPTHOE CaMOTyBCTBHE U HACTYMAET AUCKOM(OPT.

OcHoBHast yacTh. /7151 co3manus KOMPOPTHHIX MUKPOKINMATHIECKUX YCIOBUH MPOU3BOJICTBEHHON Cpe-
JTbI TOJDKHBI YIUTHIBATHCS OCOOEHHOCTH TEIII0O0OMEHA YeI0OBeKa, BRITIOHSIOMEro GU3nIecKyro padboTy. Temre-
paTypa KOXH B JIF0OO0H TOUKH Teja SBISIETCS pPe3yIbTaTOM ACHCTBUS pAna (pakTOpoB, KOTOPBIE ONPEACIISIOT T1e-
penady Temia OT BHYTPEHHHX YacTel OpraHW3Ma M JIETKOCTh €r0 OTJadd B OKPYXKAIOMIYIO cpexy. DTH (paKkTopsl
B 3HAYMTEJILHON Mepe OTJIMYAIOTCS B Pa3HBIX YacTsX Tesia. Bo Bpemst BeImojHeHHs (U3UUECKOI HArpy3ku Ha-
OJro1aeTCsl MHTCHCUBHOE TEIUI000pa3oBaHue, IPOUCXOAILEE TIPH COKpAIeHHH paboTatomux Meim. Tak, yme-
peHHasl JBUTraTeNIbHas aKTHMBHOCTh YBEIMYMBACT TEILI00Opa3oBaHue B 2 pasa, a Tsxenas pabora — B 4...5 pas,
u 0OoJjiee CyIIECTBEHHO BO3PAcTaeT poiib (PM3MYECKOH TEIUIOPEryJIILNY, YBEIUMYUBACTCS M N3MEHSETCS COOTHO-
ICHHE CIOCO00B TernooTaaun [1].

s pacdera TeruioBoro OajlaHca Tejla 4eJoBeKa HanOoliee 4acTo MCIOJIB3YETCsl BRIPAXKEHUE, BKIIIOYAI0-
IIee TaKue MOKa3aTely, Kak CpeJHeB3BEIICHHAs TeMIleparypa Tena denoseka (i), Temooraaya teaa ucnapeHu-
em (Q,) u mokasarens TermtoonyieHus (t). CpeaHeB3BEIICHHAS TEMIIEpATypa Teja B UMEIONIEM MPAKTHYECKOE
3HaYeHHe AHanas’oHe QU3HIECKUX HArPY30K PabOTHHMKA — OT COCTOSHUS NoKos (remtonpoaykuus Q,) = 100Br)

1o Tsoxenoit paboter (3ueprosarparsl Q, = 300BT) — paccuntsiBaeTcs o ciueaymomei Gopmyne [2]:

t. =30+ 360 P70 (1 +1). 1)

st onpesienieHre CpeiHEB3BEIIeHHONW Temmeparypsl (f,) Ha KOXe HCIBITYEMOrOo OTMEUAIOTCS TOYKH,
B KOTOPBIX DJICKTPUYCCKAM TEPMOMETPOM 3aMepsIeTCsl ATOT MoKa3arelb. [Ipi 3TOM TeMIepaTypa OKpysKarormeit
cpensl (tog) Haxonutes B npenenax 19...23 T. TloouyepeHo M3MepsieTCsl TEMIIEPATyPa Tella Ha CEMH CTaHAAPTHBIX
y4acTKax — cTore, Hore (ToJIeHb WK Oepo), TPYIH, CIIMHE, KACTH, Iiede, roioBe. Kaxmaas u3 u3MepeHHBIX BEIH-
YUH YMHOKAETCS Ha YHCIIO, COOTBETCTBYIOIIEE J0JIE IO JAaHHOM JacTH OT 001ieit moBepxHocTH Tena [3]:

tK: OIORCTOHH + 0132tH01'Pl + Ollar‘pyﬂﬂ + 0117tCHHHLI + 01141'”'16‘{3 + OlOEKHCTH + OIOOIFOHOBH‘ (2)

3aTeM HCTIBITYEeMBIN BBITIOTHAET HHTCHCUBHYIO (U3NYECKYIO paboTy, IO 3aBEepIICHNH KOTOPOH B TE€X XKe
TOYKaX W TOH e MOCIENOBATEIBHOCTH M3MepsieTcs Temreparypa Tena. CpaBHUBAIOTCS Pe3yibTaThl 3aMEpOB
CPEIHEB3BEIICHHON TeMMepaTyphbl JO M MOCIE BBHITOJHEHHUS (PU3UUECKON HArpy3KH, IPOBOIITCS IMPOTHO3ZHBIC
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pacuetst (bopmyna (1)). nst yenoBuit oxiaxparomero Mukporiumara (Tt < 0) cpejHeB3BelIeHHAs TeMIIepaTypa
Tella YeJoBeKa JoJpKHa ObITh B peaenax 28...30 T.
Ucnapenue sinaru (I1B) ¢ nosepxuoctH Tena (popmyiaa (3)) —oauH U3 TIaBHBIX CIOCOOOB TEMIOOTIAYH:

1B = I1B, — ITB, + IIB,, (3)

rae 11B, = 1,48, — noTepu Bllard OpraHU3MOM H3-3a TEIUIOOTAAYH BCIEACTBHE €€ ucnapenus, r/u; I1B, , — mo-
TEepH BJIAr¥ OPraHU3MOM H3-3a TEIUIOOTAAYH HEOLIyTHMOI KOXKHOI nepcnmpanueil B pe3ynbrate 1uddy3un Boms-
HBIX MapoB, r/4; /1B, — IOTepH BJIaru OPraHW3MOM BCJICICTBHE TEIIOOTAaYH HCIIAPCHUEM BIIATH B JICTKUX, T/4.

B ycnoBusx remioBoro kom(popTa ¢ IOBEPXHOCTH KOXH B Te4eHHe oHoro yaca ucnapsiercs 40...50r
Biaru [3]. Beigesnenue moTta B KojuyecTse, npepbimaroniem 1501/4, conpsikeHo ¢ TemnoBsiM auckomdoptom [3],
KOTOPBIH BO3HUKAET U IPH JAABJICHUH I1apa B I10I0JISKHOM ITpocTpaHcTBe, npesbimatomem 201 Tla.

B yclioBHsIX HArpeBaIIEro MUKPOKIMMaTa IPOM3BOACTBEHHOM cpeabl (t > 0) st pacyera moTeph BIark
OPraHU3MOM HCIIONIb3YETCs CIIENYIONIast 3aBUCUMOCTS [2]:

IIB = [I1B,-0,65-Q, - Q,,) ]:1,75, 4)

rae /1B, —3HaYeHue MOTeph BJIArW OPraHM3MOM 4eioBeka (mpuHumaetcs paBHbIM 39r/4 ipu Q, —Q,o) ut = 0).

[onnepxanue TpeOyeMoro ypoBHs MUKPOKJIMMATA ITPOU3BOACTBEHHON CpeJibl 3aBUCUT OT ONTHMAJIEHOTO
COYCTAHUS TAPAMETPOB €€ TEIUIOBOI! 3aIMTHI U CHCTEMbl KOHIUIMOHMUPOBAHHUS BO3AyXa (BEHTIIALNH, OTOIUICHHS),
a Tak)Ke U3MEHSoIUXcs ycnouit akcrutyatarua MCXT (opuentarmu u ckopoctu amwxerns MCXT mo noio),
MOTOKA COJHEYHOM pajuanuy, IOoriouaeMoil Tejaom denoseka. Kpome aroro, oneparop MCXT Bo Bpems pado-
Yyell CMEHbI IEPHOIMYECKH TIOKUIAeT KaOMHY M 3aHHUMAeTCsl TEXHOJIOTHUECKHMH PEryJIMPOBKaMH, YCTPaHEHHEM
SKCIUTYaTallMOHHBIX OTKA30B U T.II., TO €CTh SHEPT03aTpaThl €r0 HE MOCTOSTHHEL. [103TOMY ¢ ydeToMm KiuMaTHde-
CKUX YCIIOBH BBITIOJIHEHHS pabOTHI MPaBIIIFHO MOJ00paHHAas TEIUIO3aIIUTHAS 0/IeXkK/Ia JOJDKHA CITOCOOCTBOBATH
coxpaHeHHIo 3710poBbs onepaTopa MCXT u moBbImeHHIO €ro paboTOCTIOCOOHOCTH, a TaKXKE COOTBETCTBOBATH
CIIEIYIOIIUM OCHOBHbIM 2USUEHUYeCKUM mpebo8aHUAM.

- obecrieynBaTh ONTHMAIBHBIN TOAOAEKHBINH MUKPOKIMMAT, CIIOCOOCTBYSI TEM CaMBIM TETJIOBOMY KOM-
¢dopty oneparopa MCXT;

- HE 3aTPyIHSATH €ro JbIXaHHe, KpOBOOOPAIeHNE U ABHKCHHUE,

- HE CMeIaTh U He CAABIMBATh BHYTPEHHUE OpraHbl, OIIOPHO-ABUIaTEIbHbIH anmnapar;

- OBITH IOCTaTOYHO NPOYHOH, JIETKO OYHMIATHCS OT BHEIIHUX M BHYTPEHHUX 3arps3HEHUH;

- HE COJAEpXkaTb BBIICIAIONUXCA B MPOU3BOJICTBEHHYIO Cpely TOKCHYHBIX XUMHUYECKHX IpHUMeced —
OTCYTCTBHUE (DU3NYECKUX M XUMHUYECKUX CBOHCTB, HEOIATONPUATHO BIMAIOIIMX HA KOXKY M OPTaHU3M B LICJIOM,;

- MMETh CPABHHUTEIBHO HEOOMBIIYIO Maccy (1o 8...10%Macchl Tena Y4eaoBeKa).

[Ipu pacdere TEMIO3aNIUTHBIX CBOWCTB CHEIMAIbHON ONEKIBl YUUTHIBAIOT OCOOCHHOCTH TEIIo0OMeHa
paboOTHHUKA, BBITIOIHSIONIETO (BU3UUECKYIO pabOTy, TIOATOMY 3HAYCHHUS dHEpro3aTpar, neHInTa TeIUIoTh, CpeaHe-
B3BEIICHHOW TEMITEpaTyphl Tesla IPUHIMAIOTCS C YIETOM TSDKECTH BBIITONHAEMOI paboTsl. TermionpoBoIHOCTD
TKaHH OJEXKIBI, XapaKTepusyiomas e¢ Teriooe conpotusieHue (Q,.,), PACCUMTHIBACTCS C YYETOM JHEPIHUH,
3arpaunBaeMoii oneparopoM MCXT Ha MexaHH4eCKyl0 paboTy:

Qw.p.: (QBT - Qa)'nl (5)

rae Q,, — obmue sHepro3arpatsl, Br; Q, — sHeprosarpaTsl Ha OCHOBHOW OOMEH B OpraHu3Me 4eloBeka, BT;
1 — TEPMHUYCCKUI KOIPPHUIMEHT MOJIC3HOTO ACUCTBHSI OJICHKIBI.

B KavecTBe eAMHUIBI TEIUIO3AIUTHON CIOCOOHOCTH TKAHU (CHUYKCHUS IIOTHOCTH TEILIOBOTO MOTOKA) MpPH-
HSITa BEJIMYUHA <«KJI0» — CANHHIA TEIUIOM30IAIIHOHHON XapaKTEPUCTUKHI OACKIbI, cooTBeTcTBYyomas 0,18 T-MYBr.
OnHa equHUIA «KIT0» 00eCIIeYNBAECT COCTOSIHHAE TETUIOBOTO KOMQOPTa, €ClH TEII000pa3oBaHue CTIOKOWHO CH-
JIIIIIETO YEI0BEKa COCTABIIET MPUMEpPHO 58 Br/M? a OKPYXKAIOIINA MUKPOKIUMAT XapaKTepU3yeTcsl TeMIepa-
Typoii Bo3ayxa, paBHoii 21 C, oTHocuTeIbHON BlIaXHOCTRI0O 50%u ckopocThio ABkeHus Bo3ayxa 0,1m/c [3].

Jlist 000CHOBaHUS TEIIO3AMUTHBIX CBOKHCTB oaexk bl oneparopa MCXT He0OX0quMO ONpeneTnTh oTe-
p¥ TeIIOTH Ha ucnaperue Biard (Q,e,) ¢ MOBEPXHOCTH TejIa U BEPXHUX JbIXaTEbHBIX ITyTEM:

Qm:n. = 012[(Q3T + D/TH.HP._ QM.p.)] = 072[(Q3T + D/TH.HP.) - (Qa-r_ Qo)'ﬂ]- (6)
PaJnalMOHHO-KOHBEKTHBHBIC OTepH (Q, . ):
Qp.K. = (QaT +D /TH.Hp.) - QHCH. - Qumx._ QM.p- (7)

3neck D — nedunur tennotel B opranusme, JIK; Tyqp — BPEMs HEMpephIBHOTO mpedbiBaHus oneparopa MCXT
B 3aJ[aHHBIX YCIOBHUSX, 4; Quy — IOTEPHU TEIJIOTHI HA HArPEB BAbIXaeMOro Bo3ayXa (Quuy) B 3aBUCHMOCTH OT TeM-
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nepaTypsl MPOU3BOACTBEHHOU cpenbl (PHCYHOK 1), a TakKe MIIOTHOCTh TEIUIOBOIO MOTOKA HA CIHHULLY MOBEPX-
HOCTH TeJia yenoBeka (Q);

q=Q/S (8)

CpenHeB3BeIllEHHas TEMIIEpaTypa Tejla 4YelOoBeKa s TEIUIOOIYIIEHUS «KOM(OPTHO» HAXOAUTCA
o ¢popmyse [3]:

tK.T. = 36107 - 0,0333T/S (9)

8.0 \

6,0 ™. \
\\
\ _
4,0 tg.°C
2 6 10 14

PucyHok 1. —3aBHCHMOCTb NOTEPH TEIIOTHI HA HATPEB BALIXaeMOro Bo3ayxa (Qu.x)
OT TeMIIEpPaTypbl MPOM3BOACTBEHHO¥ cpensl (1,)

3Hasi UIOTHOCTh TEIUIOBOTO MOTOKA, & TAK)KE 3HAYCHHUS] TEMIIEPATyp COOTBETCTBEHHO ISl OLIYLICHHS
«KOM(OPTHO> M IIPOU3BOACTBEHHOM CPEJIbI, OLIPEIEIIETCS CyMMapHOE TEPMUIECKOE CONPOTHBICHHE onex bl (Ry)

RZ = (tl(.T._ t@)/q (10)

U cHIKeHue e€ TertoBoro conpotusieHus (C) B COOTBETCTBHH CO CKOPOCTBIO MOTOKA Bo3ayxa (V) u Bo3ayxo-
npoHHIaeMocThio (BI]) MaTepuaioB Bepxa oaexasl [3]:

C = (0,07BII + 2)V. (12)
VTOoYHEeHHEe TePMHUECKOI0 CONPOTUBICHHS 0exk bl (R,) IPOBOANTCS HO eIyl 3aBUCHMOCTH:
R=Rs/C. (12)

Kak 0ZMH M3 BAPUAHTOB TEXHMYECKOTO PEIIEHHs Ui 00ecneueHus TpeGyeMOro MUKPOKIIMMATA IPOU3BO/I-
cTBeHHoM cpenpl (B kabue MCXT), B 4aCTHOCTH BIIAXKHOCTH BO3/yXa, TIPEJIAraeTCsl yCTPOUCTBO (PHCYHOK 2).

1 —nedaexrop; 2, 3 —kpenjenusi; 4, 7 —HUKHsS H BePXHssl CTEeHKH KOPIyca; 5 — KPbIIIKA FOPJI0OBHHBI;
6, 8 —BuHTHI, 9 —naTpydok; 10 —nmoablii uuanuap; 11 —pudaenne

PucyHok 2. —YcTpoiicTBO 15l yBJIa’KHEHHs] BO3/1yXa MPOM3BOACTBEHHON Cpe/ibl

[puHIUn paboThl paccMaTPUBAEMOI0 YCTPOMCTBA 3aKIFOYACTCS B TOM, YTO U3 AedIekTopa B maTpyOook
C TIOMOIIBIO IITATHOW CUCTeMBI BeHTHIsAK B kabuny MCXT mogaercst Temibiii Bo3nyx. OH IpOXOIUT Yepes
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VBJI&XKHCHHYIO PAcTBOPOM IYIIHIBI WU 3(QUPHBIX Macel XBOHM MOPUCTYIO BEPXHIOK TOJOBUHY BHYTPCHHEH
MOJIOCTH MPSIMOTO MOJI0ro nuauHapa. [loBopaunBas UIUIMHAP BOKPYT OCH CUMMETPUU, MOXKHO ONEPATUBHO MOJ-
JepXKHUBATh TPEOYEeMyIO CTEICHb YBIXHEHUS BO3AyXa NMPOM3BOJACTBEHHOH cpexbl. [Ipm 3Tom 3¢dupHBIE Macia
XBOW WJIM JYIIWIBI, KOTOPBIC HAIMONHSIIOT BO3AYX BHYTPH KaOWHBI MENBUAMIIMMU 4acTHIAMHU (adpO30ISIMH),
OKa3BIBAIOT OJIATOTBOPHOE BIHsSHKE Ha opranm3M omeparopa MCXT [4], mo3BoJIsiss TEM CaMbIM CHSTH yYCTaJIOCTh
Y TIOBBICUTH pab0TOCTIOCOOHOCTD.

3aknioyenue. Ha ocHOBaHWM pe3yJbTaTOB MPOBEIEHHOTO MCCIEAOBAHUS pa3padOTaH METOIMYESCKHHA
MOJXOM JUisi 00OCHOBAHUS MUKPOKIMMATHYCCKUX YCIOBHU MPOM3BOJICTBCHHOW CPEIbl C YYCTOM MOTEPH BIIArd
OpPraHU3MOM YEJIOBEKAa M3-32 TEIUIOOTIAY BCICICTBHE €€ UCMapeHus, TU(Qy3un BOASIHBIX MAPOB, a TAKKE IMO-
TEpH BJIArM OPraHU3MOM BCJIEJICTBUE TEILUIOOTAAYM UCTIAPEHUEM BJIard B JIETKUX YEJIOBEKA.

IIpuBeaen pacuer TEPMUYECKOTO COMPOTUBICHUS TEIIO3aUTHON onexabl oneparopa MCXT, npenio-
JKEHO TEXHUYECKOE YCTPOHCTBO VIS MOACPXKaHUS TpeOyeMoid BIaXKHOCTH Bo3yxa B kabune MCXT.
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SECURITY OF THE PRODUCTION ENVIRONMENT
IN THE COCKPIT OF THE MOBILE AGRICULTURAL MACHINERY

A. MISUN, I. MOROZOVA, L. MISUN, A. PINCHUK, N. SAMKEVICH

The problem of ensuring the safety of the production environment in the cabin of mobile agricultural
machinery is considered. The methodical approach for substantiation of microclimatic conditions of the produc-
tion environment and heat-protective properties of clothes of the operator of this type of equipment is developed.
The calculation of thermal resistance of thermal protective clothing of the operator and the technical device
to maintain the required humidity in the cabin of mobile agricultural machinery.

Keywords: microclimate, safety, production environment, cabin of agricultural machinery, human heat
exchange, heat-shielding clothing.

27



2018 BECTHHUK I1OJIOLIKOI'O I'OCYJ[APCTBEHHOI' O YHUBEPCUTETA. Cepusa B

YK 669.7:624.01
TMOBBIIEHUE KAYECTBA CBAPHBIX COEJIJMHEHUI

un.-xop. HAH benapycu, 0-p mexn. nayx, npogp. @ H. IAHTEJIEEHKO,
KaHo. mexu. nayk, ooy. O.B. IIYMOB
(Benopycckuit nayuonaibnolii mexnuueckuii ynueepcumem, Munck)

TIpeonoaicenvl Hekomopbie nOOX00blL K NOGLIUEHUIO KAYeCMBA U320MOGNIEHUSL CBAPHBIX KOHCIMPYKYUL U3 MOH-
KOAUCMOBbIX 3a20mo6oK. [logvbiuienue kavecmea cmpemuiucy 006ecnedums 3a cuem YMeHbUeHUs OCIAmMOYHbIX Ha-
npsicenutl U Oepopmayuil ceapuvix coedunenuu. [Iposedeno mooenuposanue npoyecca uze0mosneHust 0y2060t
CBAPKOU CMBIKOBLIX CoeOuHenull demanell u3 aycmenumuoi cmanu. IIpoyecc npedcmagnen ¢ suoe Komounayuu me-
MO008 CEAPKUL C NPUHYOUMETLHBIM OXAANHCOCHUEM U CEAPKU C MEPMULECKUM PACMSANCEHUEM. SHAUEHUs. MeMNepamyp
8 CBAPUBAEMbIX OeMAISX NOTYHEHbL @ pe3yibimame peuieHust OupPepeHyuaIbHo20 ypasHeuss menionposooHOCHU
C OBUINCYIYUMCS UCOYHUKOM mena. Beauuunvt nanpsicenutl u depopmayuii coeOunHsaemMvix demanell onpeoeietvl
68 pesyibmame pewieHist ypasHeHull mepmoynpyeocmu. B xo0e uccnedosanus mooenu noyueHsl 3a6UCUMOCHIU MENCOY
PACRONOJICEHUEM 30HbL OXTANCOECHUS. U OCATNOYHBIMU HANPSNCEHUSIMU, YO NO360IUI0 ONPedeimb ONMUMAIbHbLE
pedrcumvl 0Y20801L CEAPKU 05l YMEHbUEHUSL OCMAMOYHBIX HANPSNCEHUI U Oepopmayuil 8 COeOUHAEMbIX OemasX.

Knrwouesvle cnosa:. 0yzosas ceapka, ceapnoe coeouneHue, OCMamoyHvle HAnpsdiCenus, OCmamouHule oe-
Gopmayuu, ynyuuienue kavecmad.

BBenenne. AycTeHUTHBIE HEP)KaBEIOIINE XPOMOHHUKENBBIE CTalM — IIMPOKO PAcHpPOCTPAHEHHBIC IPYIIIIEI
crasieii Gyarogapst MX BHICOKMM SKCIUTyaTal[HOHHBIM CBOMCTBAM (BBICOKO# IIIACTHYHOCTH, BEICOKOM BS3KOCTH U T.IL.),
a TaKke COCOOHOCTH paboTaTh B arpeCCHBHBIX YCIOBHUSIX B IIMPOKOM IHAaNa3oHe TeMrepatyp (0T KpHOTeHHBIX
1o 750 T u 6onee). OmHuM 13 HanboJee TEXHOJIOTHYHBIX CIIOCOOOB U3rOTOBJICHUS KOHCTPYKLHIA U3 ayCTCHUT-
HBIX CTaJICH CIIy>KHT JyroBasi cBapka, KOTOPO MpHCyIe HEpaBHOMEPHOE paclpeziejieHle TeMneparyp Ipu Ha-
rpeBe M OXJIAKAECHUH, U3MEHEHHE (a30BOro COoCTaBa MeTajula AeTaleil 1 Ap., 4To 00yCIOBIMBAET BO3HUKHOBE-
HHE 3HAYMTENbHBIX HANPSDKCHUH W nedopManuy B JeTaisX. DTH HANpPsDKEHHS U leopMaly MOTYT HOBIHUSTH
Ha Ka4eCTBO cOOMpaeMoil KOHCTPYKIMH, B YACTHOCTH, IPUBECTH K U3MEHEHUSIM €€ pa3MepoB U ()OPMBI, BBI3BAThH
CHIYKEHHE DKCIUTyaTal[MOHHBIX CBOMCTB H T.1. [1; 2].

OnHUM U3 BO3MOXHBIX ITyTeH MOBBINICHNS KA4€CTBA N3TOTABIMBAEMbIX M3/ICIUH 32 CYET NMOBBILICHHS TOY-
HOCTH TIPU CBAPKE TOHKOJMCTOBBIX (TOJIIMHOM 0 4 MM) 3arOTOBOK SIBJISICTCSI HCIIONB30BAHNE PA3IMYHBIX METOI0B
Oe3nedopmanonHoi cBapku. K Takum MeTozmaMm, B YaCTHOCTH, OTHOCSTCS METOJ NPEIBApUTEILHON ehopManuy,
METO TEPMUYECKOTO PACTSDKEHHMS, METO/I ONTUMAIBbHOM ITOCIIeJOBATEIFHOCTH BBIIOIHEHNUSI CBAPHBIX IIBOB [3; 4].

Mertoz TepMUYECKOrO PacTsHKEHMS pean3yeTcsl IPH JIOKaJbHOM HarpeBe 3aroTOBKH HO/BMIXKHBIM WIIH CTa-
THYHBIM UCTOYHHMKOM TEIUIA, PACIIOJIOXKEHHBIM TapajlieNIbHO CBapHOMY MIBY. [IpH 5TOM TEXHOJIOTHYECKUMH T1a-
paMeTpamMu CBapKH SIBISIOTCS TeMIeparypa, MIMpUHA U HPOJOJDKUTENILHOCTh HAarpeBa, a TaKKe €ro JIOKalu3a-
LMsl, TO €CTh yJaJleHHe OT CBapO4HOH xyru. Eciu oJHOBpEMEHHO ¢ IYroBOil CBapKOW OCYLIECTBIISTH HAarpeB
3aroTOBOK Ha HEKOTOPOM yJaJleHUH OT CBAPOYHOM JIyTH, TO BO3ZHUKAIOT PAcTATUBAOLIIE HAIIPSOHKEHUs! B 00J1aCTH
CBapHOTO 11IBA, KOTOPBIE CIIOCOOCTBYIOT PACIIMPEHUIO 3arOTOBOK, U CXKMMAIOLINE HANPSDKEHHUS B 30HE Harpesa.
IIpu sToM OOpa3yromuecs B MPHUIETAIOIIUX OOJACTIX PACTATHBAIONINE HANpsDKEHUS OyIyT CrocoOCTBOBATH
HEWTpanM3alMy COKUMAIONIMX HANPsDKEHUH B OOJACTH CBApHOTO IIBAa JO AOMYCTHMBIX 3HAYCHWH, HE IPEBBI-
LIAIONIUX IPeJesl TEKY4eCTH, YTO, B CBOIO OYepelb, MO3BOJIUT MPENyNPEeKAaTh BOSHUKHOBEHUE IUIACTHYESCKUX
nedopmanuii B o6macté cBapHOTo mBa. [10CKOIBKY YMEHbIICHHE IUPUHBI 00JIACTH HarpeBa M yBEIUYCHHUE €ro
TEeMIepaTyphl BEAET K YBEIMUYCHHIO CXKUMAIOIIUX HANpPsDKEHUI B 00NacTH HarpeBa, TO BO3MOJXKEH 000D 3Ha-
YeHWH JaHHbIX [IAPaMETPOB, IIPH KOTOPBIX 3TH HANPSDKEHUS He IIPEBBIIANI Obl JOITYyCTHMBIX 3HAUCHHUI.

Hcnons3yemble uIsi MOJICTUPOBAHHS CBAPOYHBIX HPOLIECCOB IBYXMEPHBIE MOJIEIH — MOJEIb MONEepeYHO-
TO CEYCHHUS M MOJIENIb B IUIOCKOCTH — O0JIafaloT PSAOM IPEUMYIIECTB, K KOTOPHIM CIIEAYET OTHECTH OTHOCH-
TEJIBHYIO NPOCTOTY MX (OPMYJIHpOBaHHMs, cokpamieHne Bpemenu Boruncienuidt B 30...100pa3 no cpaBHEHUIO
CO BpPEMEHEM, 3aTpayrBacMbIM Ha BBIYHMCIICHUS IIPU aHAJIM3€ TPEXMEPHBIX MOJIEIICH CBapKH.

Tak Kak MOieJIb TIOTIEPEYHOr0 CEeYEHUsI MPENoaraeT, YTo MOTOK TeIla B HalpaBJeHHH CBAPKU PaBEH Hy-
JI10, TO B CIIy4ae CBApOYHOro Ipoliecca, KOTa TEIJIOBO MOTOK Iepel HICTOYHUKOM TeIlIa U 1103311 HEro He3HaYH-
TEJICH, TIPU ABYXMEPHOM MOCIHPOBAHMN MOXHO OOECIEYHUTh JOCTATOYHO BBICOKYKO TOYHOCTH BBIYHCICHHUH [5].
TouHOCTb BEIYHCIICHUH B paMKax JaHHOM MOZENH TaKkKe BO3PACTAaeT IPH MOACIUPOBAHNH TEIUIOBBIX IPOIIECCOB
IIPH CBAapKe METAJJIOB C HU3KOH TEINIONPOBOAHOCTEIO, HAPUMED, CTAJICH Pa3IMYHBIX MapoK, OCOOEHHO aycTe-
HHUTHBIX, TEIUVIONPOBOIHOCTD KOTOPBIX B CPEAHEM B 4 pa3za MEHBIIE, YEM Y YIJICPOIUCTHIX CTANICH.

Mopenb B IUIOCKOCTH OCHOBBIBAeTCS HA HPEAIOJIORKEHHH, YTO NOTOK TEIUIa B HAIPAaBICHHH HOPMAaJH
K IUIOCKOCTH CBapK{ paBeH HYJI0. B oTiauume oT MOJENIM NMONEpeYHOro CEYeHUs AaHHas MOJENb I03BOJISET
MIPOU3BOINTH BBIYMCIICHUS! HAYAJILHOTO ¥ KOHEYHOTO IIEPEXOAHOr0 Ipolecca, HO TpeOyeT OObIIero KoJnyecT-
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Ba BBIUMCIICHUI 3a CYET OOJBIIET0 KOJMYECTBA BPEMEHHBIX IAroB. Tak Kak B JaHHOW MOJICNIH TEIUIOBOW MOTOK
OTPaHUYUBACTCS IUIOCKOCTBIO CBAPUBACMBIX IUTACTHH, TO TOCTATOYHO BHICOKAs TOYHOCTH BBIYHCIICHUH JOCTHTA-
eTCsI IPH MOJACTHPOBAHNH CBAPKHU JINCTOBBIX 3aTOTOBOK, a TAK)KE IPU CBapKe JeTajel BEICOKOKOHIICHTPHPOBAH-
HBIMH HCTOYHHUKAMH TEIUIA, HATIPUMED, TUIa3MOMH, JTa3epOM HITH SJIEKTPOHHBIM JTydoM [6].

OcHoBHasA yacTh. [IpuMeHeHHe MeTOqa TEPMHUYECKOTO PACTSDKEHHS HE IO3BOJISET MOJHOCTHIO Tpeay-
NPEIUTh BOSHUKHOBEHHE IUIACTHYSCKOW AedOopMaIiii MpH CBapKe JHMCTOBBIX 3arOTOBOK TONIIMHON 10 4 MM
1 U30ekaTh HEJOIMyCTUMOTO HapyIIeHHs (opMbl KOHCTpYKUIWH. [lo 3Toit mpuumHe A BBIIOJHEHHS JTYyTrOBON
CBapKH ¢ MUHUMAaJbHBIMHU HANPsDKCHMSIMU U 0e3 nedopmaruii HeoOX0AMMO HCIIOIb30BaTh KOMOMHAIUIO He-
CKOJIKHX METOJIOB Oe3aeopMalMoHHON CBapKH, HaNpuMep, KOMOWHAIIMIO METOJIa TEPMHUYECKOTO PACTSKCHUS
U METOJIa CBapKH C NPUHYMTEIBHBIM OXJIAXJICHUEM BBICOKOTEMIIEpAaTypHOU obsacTu cBapHoro miBa [7; 8].
Tak Kak Ipu AYroBOW CBapKe BO3HUKAIOT PACTATUBAIOIINE HANPSHKCHUS B OOJIACTH CBAPHOTO IIBA, OXJIAXKICHHC
3ar0TOBOK MEXIy CBAPOYHOHN AYToil M 00JacThIO JOMOJHHUTEIBHOTO HarpeBa obOecrneyuBacT 3PQGEKT TepMuye-
CKOT'O PACTSKCHHS BCICICTBUEC TEMIICPATYPHOTO TpamucHTa. Takke NPUHYIUTEIBHOEC OXJIAKICHHE OTPAHUYH-
BaeT IUIOMIA/Ib ITeperpeBa MeTajuia B 00JIaCTH CBapHOTO IIBA M YMEHBIIACT CPEIHUE 3HAUCHHS CKUMAIOIINX Ha-
MIPSDKEHUH B TAaHHOH 00JIacTH.

[IpoBenenHoe B paboTe MOAEIMPOBAHUE TEPMOMEXaHHUECKUX IIPOIECCOB, MPOTEKAIOMINX TPU AYTOBOH
CBapKe TOHKOJHUCTOBBIX 3ar0OTOBOK, BKITIOYAJIO TEPMUYECKUN U TEPMOMEXaHUYECKUI aHanu3. TepMudeckuii aHamms
COCTOSUT U3 OTIepaIyii ONpe/IeIeHIS TeIIO(pU3MIECKUX CBOMCTB MaTepHaIoOB CBAPHBAEMBIX JeTallel, MOACIHPOBa-
HUS TIPOIIECCOB MEPEavr TeIla OT JBIKYIIEHCS CBApOYHOU AYTH, Pa3pabOTKH KOHEYHO-JIEMEHTHOW MOJIEINH,
BBIYKCJICHHS 3HAYEHHUN TeMIlepaTyphl HarpeBa MeTa/ula B 3aBHCUMOCTU OT KOOPJMHAT U BpeMeHH cBapku [9].
[Ipu BBHINOJHEHUU TEPMHUUYCCKOTO aHAIM3a MPOLECCa CBAPKU OBUIM 3aJaHbl TeIuio(pu3ndeckne CBOMCTBAa MaTe-
pHAaIoB JieTaliei, MPOBEICHO MOJICIUPOBAHKE TEIUIOBBIX MPOLIECCOB CBAPKH OT JBHXKYIIETOCS UCTOYHUKA TEIIA,
OIpEJICIICHBI 3HAYCHUS TEMIICPATyp HArpeBa METaJlIa COSAMHICMBIX JICTANCH I Pa3TUYHBIX MOMCHTOB CBaPKH.

3HayeHUE TEMIIEpaTyp HarpeBa MeTaia ONPEACIST B XO/€ PelIeHUs Tu(epeHIIaTbHOTO YPaBHCHHUS
TEILIONPOBOIHOCTH:

p-CdT/ 0t = I(A-OT/ dX) / dx + d(A-IT / dy) / dy + dA-IT / 02) / 0z + Q

rie P — IJIOTHOCTh MaTepuana, kr/m>; C, — ynensHas temnoemkocts, Jux/kr-°C; T — temneparypa, °C; A — ten-
JOTPOBOIHOCTD, BT/M-°C; Q — BXOIAIIH# TEIIIOBOM MOTOK, Br/m®.

Tak kak JJis ydeTa paJualliOHHbIX ¥ KOHBEKTHBHBIX MOTEPh TEIlIa MTOBEPXHOCTH CBApHUBAaEMBIX JeTajei
paccMaTpHUBaIUCh KaK MOTIOUIAIONIME TETJIO TPaHUIIbl, TO BhIpAXKEHUE [UIsl ONPEAETICHUS BXOSIIET0 TEIIOBOTO
nmotoka Q 3amuChIBAIOCH B BUJIC:

Q = Garc + Gon (.[ dv)_l — Qi (_[ dV)_l,
qKUH = -[KKOH (T—Tm.) dA,

qusn = IK'KP(T4_ To‘(l,) dA!

T71€ Qarc — TETUIOBOM MOTOK OT IJIA3MEHHOM JIyTH, BT/MS; Qon — TIOTEPH TETLIA C TIOBEPXHOCTH 32 CYET KOHBEKIUH, BT;
0.z — TIOTEPH TETLTA C TIOBEPXHOCTH 32 CUET M3IyUeHHs, BT; K., — KO3Q(HUIHEHT TemmooOMeHa ¢ BHEIIHEH Cpeoi,
Br/mM*C; kp — kooddumment temoobmena mnyuerneM (kp = 0,8); k — mocrosinnas Credana — BombiMana
(x = 5,67-10 Br/m*°C?); T,. — Temneparypa oxpyxaromeii cpeast (T, = 20°C).

OrmpeziesieHHOE B X0/ TEPMHUYIECKOTO aHAN3a PACIIpe/IC/ICHUE TEMITEPATyp MOBEPXHOCTH CBAPUBAEMBIX
Jerajed TIpu JyroBOW CBapKe C MPUHYANTEIHHBIM OXJIaXICHHEM BBICOKOTEMITEPATYPHBIX 00JIacTel CBapHOTO
COEIMHEHNS IPUBEICHO Ha pUCyHKe 1.
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PucyHok 1. — PacnpeneseHne TeMnepaTyp NoBePXHOCTH CBAPMBAEMBIX JeTajieii (M30TepMbI)
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[TonmyuyeHHBIC TaHHBIC CBUICTENHCTBYIOT 00 00pa30BaHUM TP BBITOJHCHUU CTHIKOBOTO COCIUHCHUS MPH
MOMOUIN JYTOBOW CBapKH C MPUHYIUTENbHBIM OXJIQXKIEHUEM CUMMETPUYHBIX OTHOCUTEIBLHO CBApPHOTO IIBA 4e-
penyromuxcss 00IacTel MOBBIIIEHHBIX W MOHMKEHHBIX TEMIIEPATyp, MEPEMEIIaloONINXCs BCIex 3a CBApOUHON
JIYTOH M CO3/TAIONINX YCIOBHS U PeaTH3aliid METOIa TEPMHYECKOTO PACTSDKEHUS I CBAPUBACMBIX JCTaICH.

TepMoMexaHNYECKHI aHAIN3 BKIIIOYAI PEIICHUE YPaBHEHHHA TEPMOYIIPYTOCTH Ha OCHOBE JAHHBIX O pac-
npeeTICHUH TEMIIEPATyp B CBAPUBAEMBIX JETAJSX B pa3indHbie MOMEHTHI Bpemenn [10]. B mpouecce permenust
3a/la4d TePMOYNPYTOCTH OBUIM OMpECNICHBI JUHEWHbIC nedopMaliu €y, £y, YIIOBbIC aedopMaiuu Yyy, HOp-
MaJlbHbIE U KacaTeJIbHbIe HAMPSDKEHUS Oy, Oy U Txy.

JluHeitHple U yTIIOBBIC e OpMaIiH IeTaIel onpeesieHbl 1o GopMyiam:

€x = 0U / dx, ey = 0V / 0y (nuneiinbie); Yxy = 0U / dy + dV / 0X (yrioBsie),

rae U, V —nepeMenieHns TOUYEK IETaId B HAIIPABJIICHUN KOOPIAMHATHBIX OCEH X, Y COOTBETCTBEHHO, M.

HopManbHble HANIPSKEHUS B IETANAX OBLIM OIPEAeIeHEI 10 CIEAYIOIUM (opMyIaMm:
ox=Cllex +Cl2-ey— pr, oy=Cl2¢&x +C22¢y — b'Tp,

rae T, —Temmneparypa geranei, °C.
KacatesnbHble HATIPSDKCHUS B JACTANAX OBUTH OmpenesieHsl Kak Txy = C33yxy. [Ipu 3TOM GbLTH HCIIOTB30-
BaHbI CIIEAYIONIHE 3aBUCUMOCTH MEX/y BEITHUHHAMHU:

G=E-((1 +v)-(1- 2v))™ C11 = C22 = G-(t v); C12 = Gv; C33 = G-(1 v)- 0,5;b =G-a-(1 +v).

3neck E — Monyne FOnra, Mlla; v — xoaddumnuent [lyaccona; 0 — kodQPUIMEHT TEPMHUUECKOTO PACITUPEHUS
MaTepHaia IeTajc; °oct,

B pabore B pe3ynbTare MPOBEICHHOTO TEPMOMEXaHUYECKOTO aHAN3a HANICHBI BEIMYMHBI HAMTPSKCHUHA
1 aedopmaruii, BOSHHKAIOIIMX B MPOIECCE CTHIKOBOW TyrOBOW CBAPKH TOHKOJWCTOBBIX JETANCH U3 ayCTCHHT-
HoM cramu. CBapKa BBITIOTHEHA C OXJIaXIEHHEM BEICOKOTEMIIEpaTyPHOIl 007IacTH CBapHOTO IIIBA.

Pacnipenencare BeNWYHHBI OCTaTOYHBIX HANPSHUKCHWH B CEYCHHWH CBAPHOTO INIBAa B 3aBUCHUMOCTH OT yJa-
JICHWS 30HBI OXJIXKACHUS OT CBAPOYHOI JYTH, a TakoKe MPU PA3NWYHBIX 3HAUCHUAX IIUPHUHBI JTaHHOHN 30HBI IPH-
BEJICHBI HA pUCYHKE 2. JlaHHOE pacrpe/ie]ICHUe PEICTABICHO B BUIC JIMHUN YPOBHS, KOTOPBIC OBLTH MOCTPOCHBI
0e3 UCIOJIb30BAHMUS IBYMEPHON HHTEPITOJISAIUH.

25
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Pucynok 2. — PacnpeneiieHne ocraTouHbIX HanpsikeHuii (MIIa) Ha mOBEPXHOCTH HCC/IeAYeMBIX 06pa3LoB
B 3aBHCHMOCTH OT y/1aJIeHHsI 30HbI oXJIaxaeHust (X) 0T CBapOYHOI Ayr'd H IUMPHHBI 30HbI (B)

B X0A€ pacucTOB YCTAHOBJICHO, YTO MIPU YMCHBIIICHUUN IUPHUHDBL obmactu OXJIAXKACHUA NPOUCXOAUT 06pa-
30BaHUC PACTATHUBAIOINX HaprDKeHI/Iﬁ B IICHTpaHLHOﬁ obnactu COCAUHCHUA. O‘-ICBI/I[[HO, 9TO ABJIACTCA CICACT-
BHUEM YBCIWYCHUA TEMIICPATYPhbl META/lJIa B MPUJICTAIOIINX K CBAPHOMY LIBY obmactsax Ipyu YMCHBIICHUUN IUPU-
HEI 00J1aCTH OXJIaXACHUA. Taxum 06p330M, PE3yIbTAThI BBIUMCIICHUN IMOKa3bIBaKOT, YTO HMCIIOJIB30BAHUC OXJIAXK-
JACHHSA MPU BBINOJHCHUN CTBIKOBOI'O COCAMHCHHSA TOHKOJMCTOBBIX L[eTaneﬁ us3 aYCTGHHTHOﬁ CTaJId IO3BOJIACT
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3HAYUTEIbHO CHU3UTH BEJIMYMHY OCTATOYHBIX HANPsOHKEHUN. B 4acTHOCTH, MPU ONTUMAIbHBIX 3HAYEHUSX [LIUPUHBI
00JIaCTH OXJIAXKICHUS MOCTE TYrOBOM CBAPKH B CPEJC aproHa C KMCIOJIb30BAHUEM TBEPAOTO THUOKCHIA YIiepoia
3HAUYCHUsI OCTATOYHBIX HANPSDKEHUH ObLIH CHIKEHBI B 1,3 pa3a o cpaBHEHHIO CO CBapKOil 6e3 OXJIaKICHUS.

3akuarwouenne. J[s onpeneneHnss MEpONPHUATHI TI0 TOBBIIIEHUIO Ka4eCTBa COOMpPaeMOl KOHCTPYKIIUH
MPOBEICHO MOJETHPOBAHUE IMpoIecca AYTOBOH CBAapKH CTHIKOBBIX COCIMHEHHH TOHKOJHMCTOBBIX 3arOTOBOK
W3 ayCTEHUTHOU cTamu. B MomenmmpoBanuu OblIa MCIIONB30BaHA KOMOWHAITNS METOJa CBAPKU C MPUHYIAUTENb-
HBIM OXJIQ)KJICHHEM M METOJla TEPMHUYECKOTO pacTspkeHus. VccnenoBanrne IpOBOAMIOCH IPH IIOMOIIH YHCIICH-
HOTO MOJICTUPOBAHMS, KOTOPOE BKIIIOYAIO CO3/aHHE CETKH KOHEUHBIX 3JIEMEHTOB, OIpEICICHUE TEIUIO(U3H-
YECKUX CBOMCTB CBapHUBAEMbIX MAaTEPHUAIOB, 3aJaHNE HAYaJbHBIX U TPAHUYHBIX YCIOBUN pacyeTHOM MOJEIH.
IIpu sTOM B MOAENH Mpoliecca TyroBOM CBapKU YUUTHIBAIIOCH SBJICHUE BHICOKOTEMIIEPATYPHOH pellakcaluy Ha-
MPSDKEHUN B COEIUHSIEMBIX JIETaNSIX.

IIpoBeneH TepMOMEXaHUYCCKUI aHAK3, B XOJEC KOTOPOTO IMOJIYY4CHO pelieHue audQepeHnaibHOro
YpaBHEHUS TEIUIONPOBOAHOCTH M JUIsl PA3IUYHBIX MOMEHTOB BPEMEHH OIpENEIeHbl 3HAYeHHsl TEeMIIeparyp,
KOTOPBIM OBIIM MTOCTaBJICHB! B COOTBETCTBHE 3HAUCHUS HAIPSDKCHUH M IeOpMannii B CBApUBAEMBIX IETAIIAX.

BrimosiHeHHBIE B paMKax aHAIH3UPYEeMOW MOAETH PacueThl MO3BOJIIIN YCTAHOBUTH B3aMMOCBSI3b MEXK-
Iy peKMMaMH{ AYTOBOH CBapKH M OCTATOYHBIMH HANIPSHKCHUSAMH U Ae(QOpPMAIMsIMHU B CBApUBAEMBIX ICTAJAX,
YTO TI03BOJIIET OCYIIECTBUTH ONTHMHU3AINIO PEKUMOB CBAPKH C IIETHI0 MUHUMH3AINN OCTATOYHBIX HAIPSKECHIH
u nedopmarmii.
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INCREASING QUALITY OF WELDING JOINTS

F. PANTELEENKO, A. SHUMAU

Some ways to increase the quality of welding canstns of the sheet pieces had been proposedsin th

work. It has been tended to increase the qualityelding constructions at the cost of reductiorrasidual

stresses and deformation of welding joints. It wagormed the arc welding simulation of butt joinfsaustenitic
steel. The process has been presented as a comhioéforce-cooling and thermal extended weldifige values
of temperature of welded pieces had been evaluatesblution of partial differential equation of hesansfer

with the moving heat source. The values of streaadsdeformation of welded pieces had been evaluaye
solution of the thermal elasticity equations. Itsavaluated the functional connections betweemdloéng zone
location and residual stresses, which allowed tlwdlated the optimal welding conditions to suplg tminimal
residual stresses and deformation of welded pieces.

Keywords: arc welding, welding joint, residual stresses,desl deformation, increasing quality.
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YIK 621.91.01/02

BJIMAHHUE YTJIOB B IIVIAHE PEXKYIIEI'O JIE3BUSI MTHCTPYMEHTA
HA NIEPOXOBATOCTH OBPABOTAHHOM MOBEPXHOCTH C®EPHI

0-p mexu. nayk, npogp. HH. IIOIIOK;, H.I1. KYHIIEBHUY,
kano. mexu. nayk P.C. XMEJIBHHIIKHﬁ i B.C. AHUCHMOB; I' U. 'BO3/Tb
(ITonoukuii zocyoapcmeennvlit ynugepcument)

Ananuzupyemcs usMeHeHue eIuduH Y206 8 NAAHe Le36Usl PedCyueco UHCmMpyMeHma npu oopabomke
chepuueckux nosepxnocmeti Oemaneil HA MOKAPHOM CMAHKE € YUCIOBbIM NPOSPAMMHbIM YNPAGIeHUEM
u npu KomoOuHupoeanHou obpabomre. Ilpusedenvl Gopmynvl Ons onpedeieHuss napamempa ulepoxo8amocmu
U yena Kacawus pexncyujeco UHCMpPYMEeHma, nepemewaronecocs no cepureckoii nosepxnocmu. Paccmompero
UBMeHeHUe 3HAUeHU Y2ll08 6 NIAHEe HA NePexo0ax 8Pe3anUs U ebIXAXCUSAHUs Npu 06pabomke cghepuieckoll no-
BEPXHOCIU 8PAUATOUWUMCS PEHCYUWUM UHCIMPYMEHIMOM C HOCMYRAMEbHbIM 08UNCEHUEM NOOAYU.

Kntouesvle cnosa. wepoxosamocmov, cghepuueckas NOGePXHOCMb, Yelbl @ NIAHe Jle36us, moueHue,
KOMOUHUPOBAHHAS 06pabomka.

Beenenne. Kak u3BectHo [1], 3HaUCHHS YTIIOB JIE3BHUS PEXKYIIETO HHCTPYMEHTA B TIPOIIECCE PE3AHUS H3-
MEHSIIOTCS M3-32 KPUBHU3HBI 00pabaThiBaeMOW IMOBEPXHOCTH JETAJH, HAIPABICHUS BEKTOpa PE3yNbTHPYIOIIEH
CKOPOCTH pe3aHus U T.I. ITH U3MECHEHHUSI OKa3blBAIOT CYILECTBEHHOE BIIUSIHUAE HA (DU3MUYECKHUE U TEXHOJIOTHYe-
CKHE XapaKTePUCTHKH OOpabOTKH, B YAaCTHOCTH Ha IIIEPOXOBATOCTh OOPAaOOTAHHOW IOBEPXHOCTH JCTAIIH.
W3BecTHO TakKe, YTO HA MapaMeTp IIEPOXOBATOCTA 00pabOTaHHOW MOBEPXHOCTH HAUOOIBIICE BIUSHHUE OKA3bI-
BAaIOT YIJIbI B TUIAHE JIC3BHS M BEJIMYMHA TIOAAa4YH. [[JIsi OCTPO3aTOUECHHOTO JIE3BHs YIIIbI B INIAHE HMEIOT CIICAYIO-
Iy QYHKIMOHAIBHYIO CBSI3b C TAPAMETPOM IIEPOXOBATOCTH MOBEPXHOCTH RZ:

Etgdn [igd

) 1
tgo, +tgd @

R7A¢)= §
rge S — nopjada Ha obopor (S, =const), Mm/00; ¢ — ruaBHEIA yron B mnane, pax; ¢, — BCIIOMOTaTeIbHBII
yroJ B IUIaHE, TPa.

[Ipoananu3upyeM AaHHYIO 3aBHCHMOCTH IPUMEHHUTENHFHO K KOHTYPHOH 00paboTKe chepHuecKoii moBepx-
HOCTH JIETAJIN TOKApHBIM PE3LIOM U BPAIIAIOIIUMCSI MHOTOJIE3BUITHBIM PEXYILIUM UHCTPYMEHTOM.

1. Brusinue yIJIOB B IUIaHe Je3BHs HA LIEPOX0BATOCTh c(hepuuecKoii MOBepPXHOCTH
NnpHu KOHTYPHOI1 00padoTKe HA TOKapHOM cTaHke ¢ UITY
IIpeoGpasyem dyukuuio Rz= Rfd) x dynxuuu, 3asucsmeii or ¢. ITycTs € — yros mpu BepIIMHE pe-

XKYILEro JIe3BUsI HHCTPYMEHTA, 00TAYMBAOLIETO MO KOHTYPY C(EepUYecKyro MOBEpXHOCTh AeTanu (puCyHOK 1),
npuuéMm € = const.

As

P1

Ps—Ps — padouas njiockocThb

Pucynok 1. —PacnoJioikenue yriioB jie3BHsl pekyliero HHCTpymenTa ¢, €, ¢,

Ha cepryecKoii MOBEPXHOCTH
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IMony4yaem ¢ +e+¢, =1, ¢, = 11— (P +€).
IoacTaBum naHHOE paBeHCTBO B popmyny Rz= RZ¢):

90T (@ +£)) (1o

R = ;

=3 tg(— (¢ +¢€)) + tod

_ G‘tg@ +g) g

RA0)= 3 —tg(d+€)+tgd’

- o 99 Og@+e)

R = .

R tg(¢ +€) - tod

Ot QyHKIMM TaHTEHC NepeéM K QYHKINSIM CUHYC U KOCHHYC!
ﬂgsin@he) ﬂgsin@ﬂz)

_ coshp cosp+e)_ cop cod(+e ) _
Ra9) = §Dsin(q) +g) _sing ¥ sinp +¢& YJco$ — cof(+¢ ) sifp
cospp+e) cod cog(+¢ [ cas

_ ing (sing +¢) _ sinp Osing +¢€ )_
- §E§sin(q>+£—¢) = & sine -
=S [—ILEEEQCOS@—q)—s)— cosp+o+e )= S [ cos— cosgre))
? sing 2 2sire
Hrak,
- So _
RZA¢) = Seine [fcose - cos(® +¢ ),

rae COSse = constsine = const
IIposeném uccienosanue Gpyukuun Rz= R¥J):

SO

Ssine [fcose - cos(d +¢ )

RA¢) =

1. D(R2) = (~0; +o)

Orpannunsaemcs ¢ (0;17):

S
(<] - =
— [cos - cos)

a) ecm ¢ =0, To RZ0)=—
2si

6) ecmn ¢ =TT, To RZAT) = Sf’ [icose - cos(zi+e )= C
2sine

2. Haiiném Touku skcTpemyma:

RZ() = > [f0-2(-sin(2 +e)) =—>

2sine 2Sire Sire

Pemiaem ypasuenue: RZ($) =0.
S Bin(2p+¢g) _ o
sing ’

sin(2p +¢€)= 0;
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20+ =Tk, kO Z;

o="K_% voz
2 2

OrpannuuBaemes Tonbko 3Havenusmu K =0, k=1, K=2, 1o ectb

€
k=0, ¢=-_;
¢ 2
T—¢€
k=1, ¢ =——;
¢ 2
k=2, ¢:2n—s:n_£
2 2

m—¢€
DyHKIHSA OCTUTACT MakcuMyMa ipu ¢ = —— (PHCYHOK 2):

2 2sine 2sire

Rzmax= R{Bj - S [ﬁ COS — co% d%ﬂ:'jj _ S(cose+1)

€ yBenu4MBaeTcsi = @ yMeHbIIaeTCs;

COSE yMEHBIIIACTCS
. = RzmaxymeHnsIaercs.
SiN€ yBenu4uuBaercs

S

—€ 0 —¢ 2T-¢

Pucynok 2. —Cxema n3MeHeHHsI YIJIa () B CBSI3H C YIJIOM €

Kak cnemyer u3 mpoBeaeHHoro uccienoanus ¢ynkiuuu Rz= RZ), mapamerp Rz mepoxoBaroctu
cepruuecKkoil IOBEPXHOCTH, 00pA30BaHHOM JIE3BUEM PEKYIIET0 HHCTPYMEHTA, IepeMENIaoIUMCs 110 KOHTY-
py (pucyHOK 3), ZOCTHraeT MAKCUMAIBHOTO 3HAUCHHUS Ha y4acTKe MOBEPXHOCTH OT HAYAIBHOW TOYKH 00paboT-

ki H 10 TOUYKH A, TO ecTb pH yrie ¢, :%:72,5’ (e=35°, ¢, =3°).

HeobxonnMo ompenennuTs 3HaUYEHHNE yrila KOHTAaKTa |, KOTOPOMY OyIeT COOTBETCTBOBAaTh HAaMMEHBIIIAS

IEPOXOBATOCTb TIOBEPXHOCTH.
IIycte JAOB = .

LA«B-mwmﬁmmmmﬁ:myMBzmmM=E%E=g—%.
2. AOAC — npsmoyronehsi, Tak kak OA [0 AC (OA —paanyc okpyxuocts, AC —KacareibHas).

ihmmnDBAC=E—EMMB=E—(E—EJ=E,
2 2 \2 2)7 2

Tlo ananornun ABC =

N =
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3. Paccmotpum AA4BK :

0A4KB = OKBK, = € (xak BHyTpEHHHE HAKPECT JIe)KALIHE);

OKAB=¢,+0CAB=¢, +%;

OABK = 0ABC +0CBK =%+T{—s—g—¢H =E2+ —e-9,,.

ol

ITo Teopeme o cymme yrios tpeyronbHuka UKAB +UA4BK +UA4KB =T1U

pop, T _
Torma ¢, +—+=+——g—¢, +£=
roa ¢, >t 5 b, T

Tt
“:E_¢A+¢H'
T € T TT € €
Ho ¢, =E—E.3Haqm, u=§——2+—2+¢H :—2+¢H,
Urak,
_ €
u—§+¢H- (3)

Pucynoxk 3. —Cxema 151 onipe/iesieHHsI YTJIa KOHTAKTa [U

PesynbraTs! pacueros 1o dopmynam (2) u (3) npu €=35°, ¢, =3° nnogaue 0,2Mm/06 CBUAETEILCTBY-
FOT 0 MaKCMMaJbHOM 3HAYCHHUHM IIepoxoBatocTH RZ cocrasmsromem 11 MKM, 9TO COOTBETCTBYET MOCTHIKCHHIO
yria kontakrta [ =20,5. To ecTb mpu 3aJaHHBIX 3HAYCHMSIX IapaMeTpoB £, ¢, M S MakCHMalbHOE 3HAUCHUC

napamerpa Rz Habmronaercst Ha ydyacTke c()epUUECKON MOBEPXHOCTHM OT HayaidbHOM TOukM H 10 Touku A
Ha yrie KoHTakTa [l = 69,5 , a MUHUMallbHOE — Ha y4acTKe OT TOUKU A 1o Touku B npu U = 20,5.

Jl1st MpOBEPKH MOJTyYCHHBIX pacYETHBIX MaHHBIX ObLIa MpomM3BencHa oopadoTka pesom Pafana SVIJCR 2020
chepudeckol MOBEPXHOCTH JNeTanu auaMeTpoM 38 MM Ha TOKapHOM cranke mojenu 16K20D3, ocHanieHHOM
VUITY Sinumerik 802Dpupmbr SiemensPexumsr o6pabotku: t = 1 mm; § = 0,2mMM/06; N = 1200mun L
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V3MepeHue IepoxoBaToCTH 00paboTaHHO# IOBEPXHOCTH MPOU3BOIMIOCH Ha npoduorpade-npodunomerpe
mozemu «Taylor Hobson precision Form Taly surf 12@smoka3ano, uto 3HaueHus: napamerpa Rz Haxomsres
B mpexaenax 6,3...8,0MKM mpakTHUYECKH Ha BCEH MOBEPXHOCTH C(epsl, 32 UCKIIIOYCHUEM YYacTKa MMOBEPXHOCTH
BOJIM3H OCEBOW JIMHUH JIETANH, T1e OHa JocTuraet 3HadeHus: Rz20 MkM B CBSI3U CO CHHIKEHHEM CKOPOCTH pe3a-
HHS 0 HYJICBBIX 3HAYCHUI U 00pa30BaHUEM Ha JIE3BUH HAPOCTA, YXY/IIIAIOIIET0 KAYeCTBO 00PaOOTKH.

2. BiusiHde YIJIOB B IUIaHe JIe3BHsSI HHCTPYMEHTA HAa HIEPOX0OBATOCTh cepuyecKoii MOBEPXHOCTH

npu KOMOUHUPOBAHHOH 00padoTKe

OnpezennM U3MEHEHNE YIIIOB B Iu1aHe ¢ u ¢, Je3Bus npu KOMOMHUPOBAHHOMN 00paboTke cdhepruueckoit
MOBEPXHOCTH BPAIIAIOIIAMCS HHCTpyMeHTOM (prcyHOK 4) [2].

Ocpb BpaleHus AETaM PACHOIAraeTCs MO YIIoM 1| K TOPU30HTAIBLHOM OCH.

PexxylieMy MHCTPYMEHTY COOOLIAETCs [JIaBHOE BpalIaTeNbHOE JBUKEHHE /[T, a JeTalld — BpallaTeIbHOe
IBIDKCHHE /]S U IOCTYNATeIbHOE IBUKEHHE []S1.

Vbl B [UIaHE ONPENENSIOTCS B OCHOBHOM IUIOCKOCTH MEXKIY IOJIOKEHUSIMHU IUIOCKocTH pe3anust Pn — Pr,
KacaTeJIbHOM K PexyIeii KpoMke, i paboueil mwiockocti PS — PSnpoxosiiieii 4epe3 BEKTOPbl CKOPOCTH IJIaBHO-
rO JBHIKCHHS M JBIKCHUS moaauu [1].

P

Pe, Pss

P

PﬂcyHOK 4. —A3mMeHeHHEe KHHEMATHYECKHUX IIABHOIO ¢ 1 BCIIOMOraTeJIbHOI0 1 YIJjoB
B IIVIaHE JIE3BUA PEKyUIero HHCTPyYMEHTa

PaccMoTtpuM J1Ba mepexo/ia KOMOMHUPOBAHHON 00pabOTKH: Bpe3aHue U Bhixaxxuauue [3].

IIpu Bpe3aHum MOJOXKECHUE OTCUETHOM IS OMPENENICHUs YIVIOB B IUIaHEe paboded miockoctu Psi—Ps:
OIpeNeNsIeTCs MPOIOIBHON mogadeit .

[Ipu BBIXaXXMBAaHUU NOJOXKEHUE paboyeil miockoctn PS—P S m3mensercs u onpeaensercs Kpyropoit mo-
naueii Ss. MisMeHeHue monokeHuil padoueii MI0CKOCTH MPUBOIUT K M3MCHCHHIO 3HAYCHUH YTJIOB B TUIAHE.

[Ipu Bpe3aHnn MHCTPYMEHTA B 3aTOTOBKY 3a CUET MOCTYMATENBHOTO OBIKEHUS J[Sn pexymas Kpom-
Ka, CBS3aHHAs C YrJIOM B IUIaHe ¢, y4acTBYeT B Cpe3aHHH HaHOOJIbIIEH CTOPOHBI CEUCHHUS CPE3aeMOro

CJIOSI, TO €CTh SBISAETCA YIACTKOM TIaBHOM pexymeid KpoMku. Ha mepexose BeIXa)kuBaHUS, KOTJa OCTyIa-
TEeIBHOE JBIKEHUE /[Sn OTCYTCTBYET W COBEpIIAeTCS BpamlaTeIbHOE ABIKCHHE /[Sg, TOJOKEHHE pabdodei
wiockocTn (P—Ps3) m3mensieTcst u yrisl B miane ¢, u ¢, NPUHUIMAIOT MCHBIIEC 3HAYCHHE [0 CpaBHE-
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Huwo ¢ ¢, u ¢ ,,. U3BectHo [1], uro Takne 3HaueHns yrinoB ¢, u ¢, MPUBOAAT K CHIDKEHHIO opMHpYe-

MBIX HEPOBHOCTEH Ha IIOBEPXHOCTH C(HEpEL.
V3MeHeHHe 3HAUYCHUH YITIOB B IITaHE JIC3BHS ONpPE/EIseTCs YIIIOM HAKJIOHA OCH BPAILCHHS JICTalH 1
OTHOCHTENHO TOPU30HTAINBHON ocHu, To ecTh § ,=¢ ,—1N; ¢ ,=N—¢ ,,. YTON 1 3amaeTcs HCXOAA U3 KOH-

¢dburypanun oOpabaTeiBaeMOil TOBEPXHOCTH IETAIH M MOXKeT u3MeHaThes ot 0 mo 90°.

Kak moka3pIBarOT pacdeThl, U3MCHCHUS 3HAYCHUI MEPCIHUX U 3aTHUX YTIIOB JIC3BUS MPH U3MCHCHUH
YaCTOThI BpAIlleHUs MHCTPyMEHTa He3HayuTelbHbl (B mpenenax 0,25 rpan) [4]. daunbie pacdersl OyayT
CIIpaBEUIMBBI HA JTAalle BBIXa)XKUBAHUS M JJIs yIIOB B IUlaHe. MI3MEHEHHs 3THX YIJOB ONPEICISIOTCS B OC-
HOBHOM YyTJIOM YCTAHOBKH 1. JIJIsI MCKIIOYCHUS BIUSHUS yria YCTAHOBKU OCH JCTAJH 1|, ONPEACISIONICTO
CXeMy KOMOMHHPOBaHHON 00pabOTKU ChepUvecKoil MOBEPXHOCTH BPAINAOIIUMCI HHCTPYMEHTOM, Ha 3HA-
YeHHs yIJIOB B IUIaHe Je3Bust ¢, u ¢, NPEaIoXeHO MOATauYMBATh PEXYIIYI0 KPOMKY JIe3BHs ¢ 00pa3oBa-

HHEM y4acTKa JJIUHHOU 2...4 MM H yIJOM B IjiaHe, pasHeiM 1...5° [5].

bbuta npousBeneHa o6paboTKa MapTHUH 3ar0TOBOK BPAIAIOIIMMCSI HHCTPYMEHTOM M M3MEpPEeHa LIepo-
XOBaTOCTh MOJYYCHHBIX CHEPHUUECKUX TTOBEPXHOCTEH.

®dparMeHT pe3yabTaTOB U3MEPCHHUIA MPEICTABICH HA PUCYHKE 5 B BUJC MTPODHIOTPaMMEL.

20 =20

157 H15

10 E10
I [h.\ n .
2 : A n ,A-v""‘L"'l"\-«-M ; 2
= 1 T e, e T =
Po0) " W T
& ] : =
S S
= 1 L =

10 =10

15 c-15

20 F-20

i

T T T T T T T T T T T T T T T T T T T T T
282 84 HF 295 300 302 304 306 308 N0 312 4 N6 FB 320 322 324 326 328 330 332
MANAMMETDEI

Pucynok 5. —®parmenT npopuiaorpamMmsl cheprnyeckoii NOBEPXHOCTH A€TAJIH,
00padoTaHHON BPaIAIOINMCH HHCTPYMEHTOM

Kak BunmHO U3 mpoduiorpaMMel, 00padoTka chepruuecKux MOBEPXHOCTEH MHCTPYMEHTOM C YIJIOM MOJ-
TOYKK @, paBHBIM 5°, oOecrieunBacT BBICOTY HepoBHOCTeW B mpenenax Ra 0,4...1,2MkM, 94TO COOTBETCTBYET
YUCTOBOM 00paboTKe.

3akaiouyeHue

1. ITpu xkoHTYpHOU 00pabOTKE chepruuecKkor MOBEPXHOCTU IETANIH HA TOKApHBIX cTaHkax ¢ UITY Heobxo-
IVMO YIHUTHIBATh N3MCHEHHE YITIOB B INTaHE ¢ u ¢, Je3BHS 3a CUET yIyla KOHTaKTa |, CYIIECTBEHHO BIHSIOIINX

Ha [IEPOXOBATOCTh 00PabOTAHHOMN MOBEPXHOCTH. J[Jisi yMEHbIIICHHUS BHICOTH HEPOBHOCTEH M MOJIy4EHHUS] paBHOMEp-
HOI1 IIEPOXOBATOCTH 110 BCEi MMOBEPXHOCTH C(hepbl PEKOMEHIYETCS YIPaBISATh U3MEHEHUEM MTOJa41 HHCTPYMEHTA.
2. ITpu oOpaboTke cheprueckoii MOBEPXHOCTH AETAN BPAIIAIOIIAMCS JIE3BHMHBIM HHCTPYMEHTOM H3Me-
HCHHE YIJIOB B IIaHE JIC3BUS 3a CYCT JBIKCHHA MHCTPYMEHTA M JICTAlU HE3HAYUTEIBHBI, YTO MCKIIOYACT UX
BJIMSIHUC Ha IIEPOXOBATOCTh 00pabOTaHHON MOBEPXHOCTH. BIUsSHKE yriia yCTAHOBKH OCH JICTAlU 1| HA 3HAYCHUS
VIJIOB B IJIAHE U HIEPOXOBATOCTh MOBEPXHOCTH PEKOMEHAYETCS KOMICHCHPOBATh MMOATOYKOM y4acTKa pexKyie
KPOMKH JUTMHOW 2...4 MM 1 yriaoM ¢ = 1...5° 49To oOecreunBacT MOIydeHHE MICPOXOBATOCTH MOBEPXHOCTU

¢ mapamerpom Ra= 0,4...1,2vkmM.
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Hocmynuna 22.08.2018

INFLUENCE OF TOOL CUTTING EDGE ANGLES AT ROUGHNESS
OF THE PROCESSED SURFACE OF THE SPHERE

N. POPOK, I. KUNTSEVICH, R. HMELNICKY, V. ANISIMQV, G. GVOzZDZ

The change of tool cutting edge angle when machisipherical surfaces of parts on a CNC lathe
and in combination machining is analyzeldormulas for determining the roughness parameted dhe
angle of contact of the cutting tool moving alongherical surface are given. The change of todfiroy
edge angles on transitions of piercing and nursimgen machining a spherical surface with a rotating
cutting tool with a translational feed motion isnsidered.

Keywords: roughness, spherical surface, tool cutting edgdertgrning, combined processing.
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YK 621.926

OIIPEJEJIEHHE OCEBOI'O YCHJIUA
B ®PUKIIMOHHOM MPUBO/IE ILTAHETAPHOM MEJIbHUIIBI

0-p mexH. nayk, ooy. IL.E. BAHTEXOBHY: kano. mexn. HayK, ooy. ' M. XBECBKO,
kano. mexn. nayk /I.H. BOPOBCKHH
(Benopycckuii 2ocyoapcmeennstii mexnonozuueckuii ynueepcumen, Munck)

Paccmampusaromea eonpocei, céazanHvle ¢ onpedeienuem 0cegoe0 KOHMAKMHO20 YCUaUs 01 YCmoudugo
pabomvl 21eMeHMO8 PPUKYUOHHOU Nepedayu NIaHemapHoU MelbHUYbl 6€3 NPOCKAIb3bl8aHus. Buinoanen ananus
BIUAHUSA KOHCIMPYKMUBHBIX U MEXHOI02UYECKUX NAPAMempO8 HA e2o 8eauyduny. s nposedeHus ucciedo8anus
8b10pAHA 20PU3OHMATLHAS NIAHEMAPHAS MEbHUYA C 8HeUiHell 00KamKol noMoabHblX bapabanos. Ha xapakxmep
OBUICEHUSL 3A2PY3KU 8 NOMOTbHBIX 6apabaHax NiaHemapHou MelbHUYbl CYUEeCMEeHHOe GUAHUE OKA3bl8AIOM
2eomempuieckue napamempsbl OMOENbHbIX Y3708 azpe2amd, NOIMOMY B8€OeHbl 2eoMempuyecKue Kpumepuu,
ompascaroujue COOMHOUEHUe MeHCOY IMUMU NAPAMEempPamy U NOIYHeHbl 3d8UCUMOCTU USMEHEHUS 0CeB020
YCUnUs Om Ux 3HAUeHul.

Knroueevie cnosa. nnanemapuas menvHuyda, QpUKYUOHHbIN NPUBOO, 0Cegoe Ycuaue, CUld MpeHus,
MOMeHm UHepyuu.

BBenenue. [InanerapHbie MEIBHUIBI MIPEICTABISIOTCS HANOOJIEE IEPCICKTHBHBIM arperatoM JUisi TOHKO-
TO W CBEPXTOHKOr0 momoja. O0 3TOM CBHIETEIBCTBYIOT MHOTOUHCIICHHBIC MyOIMKAIMU B OTCYCCTBCHHBIX U 3a-
PYOESKHBIX HAYYHBIX H3aHusAX [1—4]. 3HauNTEeIbHBIC HHEPIHOHHBIC CHIIBI, CO3aBAEMbIC B 3THX arperarax, Cro-
COOCTBYIOT TIOBBIIICHHIO 3((HEKTUBHOCTH M3MEIbUCHHS, HO OJHOBPEMEHHO SIBIIAIOTCS MPUIMHON BO3HHKHOBE-
HUS OOJIBIINX JMHAMUYCCKUX HATPY30K B JICMEHTaX KOHCTPYKIUH IJIAHETAPHBIX MEIBHUI] M UX MPUBOJIC.

Panee aBropamm maHHOH pPabOTHI OBUIO M3YYeHO W3MEHEHHE MMHAMHYECKHX HArpy30K B IIAHCTApPHOU
MENBHHUIIE C PEMEHHBIM 1 3yOuaTsiM mpuBojioM [5; 6], paspaboTana Metoanka Ux pacdera. Kaxmpiit U3 yKa3aHHBIX
MPUBOJIOB UMEET CBOM MPEUMYIIIECTBA U HEJJOCTATKU. 3y0UaThlii IPUBOJ CII0KEH B M3TOTOBICHUM M SKCILTYaTAIHH,
PEMEHHOI B 3TOM IDIaHE CPaBHUTEIHHO MPOIIIE, HO IMeeT OoJree HU3KUH KO (PUINECHT IOJIE3HOTO JCHCTBHS.

Ha nammr B3rmiz, st HeOONMBIINX M3MEIBYHUTEINCH IaHETapHOTO THIA, IPUMEHSAEMbIX B MAaJTOTOHHA)KHBIX
MPOU3BOJICTBAX, TP MPOBEIICHUU SKCIICPUMEHTAILHBIX UCCIICIOBAHUN, BO3MOXKHO UCIIONIB30BaHUE (PPUKIIMOHHOTO
npuBoja. OIHAKO 3TOT MPHUBOJ UMEET OJIMH CYLICCTBCHHBIN HEJJOCTATOK — CYIIECTBYET BEPOSITHOCTh OTHOCUTEIIB-
HOTO TIPOCKaJIB3BIBaHMS KoJiec (DPUKIMOHHONW maphl. Ho jierkast perynupoBKa IepeaaTOYHOrO YHCiia MEXaHU3Ma,
a COOTBETCTBCHHO M COOTHOILICHHS YaCTOT BPAIICHHUs pa3MOJIBHBIX 0apa0aHOB M BOJAMIIA, HUBEIHPYET YKa3aHHBIN
BBIIIIC HEJOCTATOK, YTO OCOOCHHO BAXKHO B CIydYae JKCIICPUMCHTAIBHBIX HCclienoBaHuid. boiee Toro, cectu
K MHHAMYMY HPOCKaJIb3bIBAHHE MOXKHO TIPH CO3JaHWU COOTBETCTBYIOIIETO KOHTAKTHOTO MABJICHUS B SJIEMEHTaX
(bpukimonHo nepenaun. [loaTomMy cyTh pacdyera (GPUKIMOHHOM MEpeadyn CBOIUTCS K OTPEICICHUIO CHIIBI KOH-
TaKTHOTO JIABJICHUS MKy KoJiecaMu (PPUKIIMOHHON Mapel, 00eceunBaroeii paboTy 0e3 mpocKaab3bIBaHHUS.

OcHoBHas yacThb. Kak n3BecTHO, MaKCUMaITbHBIE HATPY3KH HA MPUBO/T JTFO00H MaluHBl BOZHUKAIOT B MO-
MEHT ee 3amycka. [ImanerapHas MelnbHUIA HE SBISETCS UCKIItoYeHHeM. [loaToMy 11t crabmimbHOTO IIycKa 1 pado-
TBI arperata KpaiHe BaKHO JIMKBUIUPOBATh B3AUMHOE MPOCKAJIb3bIBaHHE (DPUKIIMOHHBIX JIEMCHTOB Ha 3TOH CTa-
Juu paboyero mukia.

B xadecTBe 00BekTa uccienoBaHUs ObLIa MPUHATA W300paKeHHAss HA pUCyHKe 1 TutaHeTapHas MeNbHHUIA
¢ (OpUKIMOHHBIM TPUBOJIOM [7]. OpHKIMOHHAS TIEpeIayda MPEeACTaBIsieT cO00i HEMOABMKHBIN [IEHTPAIbHbIN KO-
HYC, IT0 KOTOPOMY OOKAaTHIBAIOTCSI CMEHHbIE KOHHYECKHE KOJIEca, HaCa)KCHHBIC Ha BaJlbl TIOMOJBHBIX 0apabaHOB.
[lyrem ycTaHOBKM Ha BaylaXx KOJIEC Pa3HOTO AMaMeTpa MOXKHO MEHSTH COOTHOIICHHE YacTOT BpamieHus Oapaba-
HOB 1 Boamia. HeoOxoaumoe naieHue B (PUKIIMOHHON Mape co3MaTes 3a CYET OCCBOTO MEPEMCIICHHS U MIPH-
JKATHsl HEMOJBMYKHOTO KOHYCa K IMOBEPXHOCTH KOJEC OJHUM U3 M3BECTHBIX CHOCOOOB: MPYKUHOW, BUHTOBBIM
MEXaHU3MOM WM HX KoMOMHaImel. B cBs3u ¢ 3TiM 3a1a4ga onpeaeneHnsi KOHTaKTHOTO JaBJICHUS TPAHCPOPMUPY-
€TCsl B METOJIMKY pacueTa OCCBOM CKUMAFOIICH CHIIBI.

Brauayie HE0OX0IUMO pacCcUUTaTh MOMEHT HHEPIIMH OapabaHa OTHOCHTEIIEHO IICHTPAIBHOW OCH CHMMETPHU:

I, =20, +l, (1)

e lx —MOMEHT WHEPIIMH TOPIIEBON KPBIIIIKH TOMOJIbHOTO O6apabaHa; | - — MOMEHT nHepIuy OOKOBOH CTEHKH.
DTH HapaMeTpsl pacCYMTHIBAOTCA 110 hopmynam (2), (3):

| _ mld*
K32

[50p, )
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_ il

(B [p, 3

IC

rae d — BHemHui quametp Oapabana; d — TOJIIMHA TOPIIEBON CTEHKHU MM CTEHKU OapabaHa; p — IJIOTHOCTh Mate-
puaia CTeHKHU 1 nwinHapa; L — muna O6apabana.

3 4

R R N

1 —aBuraresn; 2 —NpUBOAHOIT MexaHn3M, 3 —()PUKIUOHHAS Mepeaava;
4 —moMonbHbIN 6apadaH; 5 —oNOpPHBIE CTOHKH

Pucynok 1. —Ilnanerapuas MeJbHHIA ¢ GPUKIHMOHHBIM MPHBOIOM

TTony4yrB MOMEHTHI MHEPLMH, MOKHO HPUCTYNATh K PACYETy MOMEHTA OTHOCHTENBHO LIEHTPAIbHOM OCH
cummeTpuH 1o popmyte (1).

O0BbeM 3arpysku, e Macca M MOJIOKEHUE B MOMOJIBHOM OapabaHe OKa3bIBAIOT 3HAUYUTENIBLHOE BIIHSHUE
Ha pacrhpesieieHne JMHAMUYECKHX HArPYy30K B arperare. Y4ecTh 3TO BIMAHUE MOKHO, BKIIIOUMB B pacyeT MOMEHT
UHEPLIUH 3arPy3KH OTHOCUTEIBHO LIEHTPATBHON OCH CHMMETPHH.

MoMeHT HHepLHH Tena B 06IIeM BHJe paccunThiBaeTcs mo dopmyste | = mr2 3aech I’ — pajuyc HHepLuy,
am-—ero Macca. Macca 3arpy3KH ¢ TIONepeYHbIM CEYEHHEM B BHIE CETMEHTA

m=p, L[5, 4)
re P, — IVIOTHOCTH 3arPy3KH; S — IUIOMIa b CErMeHTa.
B cBoto ouepenp, miommaas cermenta [8]

S =0,507 20y~ siny), ®)
31ech I 5 — BHYTPEHHUI paauyc Oapabana; Y — MOJOBUHA yIjla CEKTOpa, pal.
Paanyc unepiun — 310 paccrosuue loc (pucyHok 2), onpezessemMoe 1mo Gopmyie:
| = A [sin'y
¢ 32y -siny)

C yuerom Beipaxkenuii (4)—(6) mocie moaCTaHOBKM U MpeoOpa3oBaHuii momydmwiu HopMyiy Ui pacdyera
MOMEHTA HHEPLIUH 3arpy3KHd OTHOCUTEIBHO OCH, COBIAIAIOIIEH ¢ 0ChI0 Oapabana (Touka O):

_d; I .
|3_EZDLE)3[GGB/ sin %y 2Dsm21Dco?sy) (7)

(6)

rae dE =27 5

Ipy GpUKCUPOBAHHOM IIOTHOCTH 3arPy3KH U TE€OMETPUYECKUX MapaMeTpax 0apabaHOB 3TOT MOMEHT HHEP-
X 3aBUCUT TOJIBKO OT yTJia .

Hmes Bce nmapamMmeTpbl, paCCUMTAHHBIC BBILIC, MOYKHO OIPECACINUTD CyMMapHLIﬁ MOMCHT UHCPIUU 6apa6aHa
C 3al"py3KOI7[ OTHOCUTEIBHO ocu O:
I() = IE + I 3 (8)

['naBHBI MOMEHT BHEUIHUX CHJI, IIPHIOKEHHBIA K 0apabaHy, HANpsIMyIO 3aBUCUT OT YIJIOBOTO YCKOPEHHMS
B IIEPHOJI €T0 PAa3roHa JI0 BBIX0/a Ha CTAOWIIBHBINA PEXKHM, a TAK)KE OT MOJIOKEHHS 3arpy3KH.
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Cocrasum muddepeHnranbHoe ypaBHeHHE BpalleHus 6apabaHa BOKPYr cCOOCTBEHHOM IEHTPaIbHON OCH:
W
I, Gc;—t =M, ©)

nim
MS=1, 3, (10)

(® —yroJi HOBOPOTA BOAMJIA; [} —yroJ 3ana3ibiBanust; C —HEHTpP Mace 3arpy3Kn

Pucynok 2. —Cxema pacroJio;keHHsI CHJI B IOIePeYHOM ce4eHHH! MOMOJILHOro 6apadana

CornacHo dKCIIepUMEHTAIBHBIM HCCieoBanusM [9], MpoBeICHHBIM paHee, 3arpy3ka B GapabaHe miaHe-
TapHOW MENBHHUIBI PACIIONAaraeTCs B BHIC CETMEHTA, MEPEMEIIAOIIErocsi BMECTE C BOIMIOM M OTCTArOIIEro
ot Hero Ha yrou 3 = 40...60°.

U3 cxeMbl, IpUBEACHHON Ha pucyHKe 2, u hopmyssl (10) samuinemM BeIpaKCHHE, OTpaKaromiee TIaBHbIH
MOMEHT BHEIITHUX CHIT:

M -G, Biny =1, . (11)

BeIpasum MOMEHT depe3 CHIy TpeHus W ¢ yueroM ypaBHenust (10) sammmieM pa3BepHYTOE BBIPaXKCHHE
JUTS TIIABHOTO MOMEHTA BHEIITHUX CHIT:

d
M = FTP ]—;’ , (12)

d _
fINGZ -Gl Sing =1, 2, (13)

rae d., — cpennuii quamerp oOkaTku; N — HopManbHas peakuys; f — ko3DdHUIMEHT TpeHNs B MeCTe KOHTAKTa
(OPUKITMOHHBIX KOJIEC.

IockonbKy (PUKIHOHHBIE KOJIeCa UMEIOT KOHUUECKYI0 (DOpPMY, YCHIIUE CIKATHS MEXIY HUMH MOXKHO U3-
MEHSITh uepe3 oceBoe ycuiue F, mapasiensaoe ocu BpareHust (pucyHok 3).

DTO yCHITHE CBSI3aHO C HOPMAIBHOU PEaKIUEH COOTHOICHHEM

N = F [8ina. (14)
C yuerom (14) ypaBuenue (13) npumer BuI;

d
f F Bina B2~ Gl [siny =1, 2. (15)

_ 1, [E+G, Siny
f Sina [,
VYpasuenue (16) sipasercst pacYETHBIM M MO3BOJISIET OMPEACTUTH OCHOBHOM MapamMeTp, OT KOTOPOTO 3aBUCHUT

yCTOIUMBBIN Oe3 MPOCKaNIb3bIBAHMS PEXUM padoThl GpUKIMOHHOM nepenaqn. [IpuueM ¢ UCIIONIB30BaHUEM 3TOTO

YpaBHCHHA MOKHO MPOAHAJIU3UPOBATH 3aBUCUMOCTU OCCBOI'0 YCUJIUA OT YIJIOBOI'O YCKOPCHMSA, CTCIICHU 3aIrpy3KU
6apa6aHOB, TeOMETPHUICCKUX COOTHOLICHUN MCIbHUIIBI 1 q)pHKIIHOHHOfI nepeaavu.

F

(16)
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Crenenb (kK03 dHULMEHT) 3arpy3Kku 0apabaHOB PACCUMTHIBAIACH KAK OTHOIICHHE IUIOLIAfCii cerMeHTa ¢
Y ronepevHoro ceyeHus bapadana Sy

‘ _i_O,S[ﬂZD/— sin%)
- m '

)

17

U3 ypasuenus (17) BUaHO, 9TO KO3 PUIMEHT 3aTPy3KH ONPEAEISETCS TOJBKO YIIIOM Y. [ €OMETpHUYECKHE CO-
OTHOIIEHHUS! (PPHUKIIMOHHOM HIEpEIaYH 10 aHaIoruu ¢ padoroii [10] oleHMBaAIKCH Yepe3 reOMeTpHIECKHi KpuTepuii K:

k=to (18)

p

rae R, —panuyc HENOJBMIKHOTO KOHYCA B TOUKE KACAHUs C IOABHKHBIM (DPUKLHOHOM (PHCYHOK 3).

Cuna TspkecTH 3arpy3ku B ypaBuenuu (16) paccumthiBaeTcsi uepes
Mmaccy, onpeaensiemyio mo ¢opmyie (4). Cpeauuii paguyc GpHUKIHOHHBIX KO-
JIEC MOXHO BBIPa3UTh Yepe3 reoMeTpUUecKuil kpurepuil u3 dopmyisr (18).
VYron y B ypaBuenuu (16) usmeHsieTcsi B 3aBUCHMOCTH OT YIJjIa TIOBOPOTA BO-
- muna . [locne apudmeTnyeckux NpeoOpa3oBaHuii UX CBS3b C YUETOM yriia
OTKJIOHEHUsI CETMEHTA 3arpy3KH 3 yCTaHABIUBACTCS B BHJIE

e {q: —[g —Bﬂ. (19)

Ecnu Beectr 0603Ha4YeHue O = (g - Bj, TO CHHYC yria \y OyneT om-

s

| penensaThes 1o hopmyIie

\ siny = sing Cco®— cop O sib (20)

npu 3ToM ¢ = QL.
CrienyeT OTMETHTB, YTO YIJIOBOE yCKOpeHHe B ypaBHenuu (16) Bo
Pucynok 3. _C‘{HOB*‘" cxema BpeMsi pa3roHa He ocTtaercs noctossHubiM. Kak BunHo u3 gopmysn (9) u (10),
$puxumonnoii neperayn € = do / dt. ITpu gocTHXKeHNH CTAGHILHOTO PEKUMA, KOTAa o = CONgt, yro-
Boe yckopenue € = 0.
TToCKONBbKY CErMEHT 3arpy3KH HETOCPEACTBEHHO CBSI3aH C BOMIOM M YTIIOM €ro MOBOPOTA, YTO OUECBHIIHO
u3 Beipakerust (20), yrioBoe yCKOpEHHUe JydIlie BRIPa3UTh Y4epe3 YIIIOBYIO CKOpOCTh Boawiaa Q. OHa cBsi3aHa ¢ yT-
JIOBOM CKOPOCTHIO GapabaHa IpH BHEIIHENH 0OKaTKe Yyepe3 TeOMETpUYECKUit KpuTepuii K cooTHOIEHHEM

w=0B K. (21)
k

C y4eToM BBILICH3IIOKEHHOTO, B pacyeTHoe ypaBHeHue (16) MOXKHO BHeCTH KOPPEKTHBEL. B pesysbprate mo-
Tyurnd auddepeHnaibHoe ypaBHeH e, IPU UCTIONB30BAHUN KOTOPOTO MOXKHO Y4YECTh BIIMSIHUE HA OCEBOC YCH-
JMe, U3MCHEHUE YIIIOBOM CKOPOCTH M YCKOPEHHUSI TIPU Pa3roHe, a TAKKe T'€OMETPUYCCKUX COOTHOLICHHH JIeMeH-
TOB npuBoza (kpurepuii K) u crenenu 3arpy3ku uepes ee ciity Tshkect G, panuyc loc 1 MOMEHT uHepuuH | 3.

Dopmyna (16) npumer Bua

l, DHTkB%—?+G [, {sinQt toH - cot sif)
f Sina Ik[R,

F= 22)

PacuéTpl POBOMMIINCH TS IUIAHETAPHOW MENBHHILI ¢ auamerpoM OapadaHoB 100 mM, mmuaoi 200 mm
1 TomuuHO# crenku 5 mM. Cpexnuii pagnyc Ry, HemoasmkHOTO Koneca npuauMancs paBasiM 100mm. ['eomerpu-
YeCKHI KpUTEpHid M3MeHsuIcs B quana3one k = 0,2...0,8,a koaddunuent 3arpysku k; = 0,1...0,9.

B KauecTBe HAYAIBHBIX YCIOBHIA K pacdeTe [o ypaBHeHHo (22) npurumanmick: t= 0, Q= 0 u & = 30pan/c®
['paHMYHBIC YCIIOBHS ONPECISIINCH IpH 3HaueHnsx € = Opan/c? u Q = 30pa/c.

B muiaHeTapHO# MeJbHUIE, KaK U B JI000M MEXaHH3ME, MAKCUMAIIbHbIE HATPY3KH Ha 3JIEMEHTHI MPUBOJIA
MPUXOMATCSA HA MOMEHT IyCKa arperara BBUIY MPEOI0JICHUSI UM MOMEHTOB MHEPIIUH MOKOSI BCEX JIEMEHTOB.

Wmest BbIpakeHHE JJIsi OCEBOTO YCHUIIHs, ONPEICIIUM 3aBUCUMOCTL ATOTO Mapamerpa OT yriia MoBOpoTa
BOJMJIA B MOMEHT IyCKa arperara OT BPEMEHHU MpH CTerneHu 3arpy3ku O6apadanoB 0,5 u mepenaTrouHoM yucie
¢dpukuponnoro peaykropa 0,51 /st HAMMSAHOCTH NPEACTABUM Ha PUCYHKE 4, U3 KOTOPOTO BHIHO, YTO M3MEHE-
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HHE OCEBOT0 YCHJIUSI MMPOUCXOAUT HEJIMHEWHO. B MOMEHT mycka OHO JocTHTraeT MakcuMaibHbIX 3HaueHuid 850H, mo-
CJIe Yero CHUKAETCS BCE BPEMsI BHIXOJ[a arperara Ha HOMHUHAJbHBIN (pabounii) pesxum. Ilocne aToro ycusume ycra-
HaBjmBaeTcs Ha ypoBHe 50 H u nmeproanvyecku U3MEHSIETCSI ¢ MUHUMAaJIbHOM, HE3HAYUTEIbHOW aMILTUTYIOM.
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PucyHok 4. —3aBHCHMOCTB 0CEBOT0 YCHJIHS
OT BpeMeHH Pa3roHa IpH yIioBoii ckopoctu Boxuia 30pan/c

Kax Bugno u3 ¢opmysisl (16), Ha CHIOBYIO CXeMy arperata 3HAuHTEJbHOE BIHMSHHE OKa3bIBaeT OOLIMil
MOMEHT HHEPLHH, KOTOPBIi, B CBOIO OYepeib, 3aBUCHT OT MOMECHTA MHEPLHH 3arpy3Kd (CTETICHH 3aroJIHCHHUS
OapabaHa). DTOT mapamerp omuchkiBaeTcsi yriioM Y. COOTBETCTBEHHO, ObLIO MPUHATO PEIICHHE M3yYUTh CTCIICHb
aroro BiusiHusL. [Ipu nepenatouHom uncie GppukiponHoro peaykropa 0,5u tex ske yrinoBbIx ycKopeHusx Oapada-
HOB OBLIH MOJTYYCHBI 3aBHCHMOCTH MAKCHUMAIIBHOT'O OCEBOT0 YCUITHS OT Kod(duuneHTa 3arpy3ku K (pucyHok 5).

ITo mpexncTaBiIeHHOH 3aBUCUMOCTH MOXKHO CKa3aTbh, YTO MPHU yBEIMUCHUH CTETICHU 3arpy3ku OapabaHa,
a COOTBETCTBEHHO M €r0 MacChl, 0CEBOE yCHJINE YBEIMUUBACTCA 32 CUET OOIBIIETO OTPHIBAa (PPUKIIMOHHBIX PO-
JMKOB OT OOKaThIBAEMOW MOBEPXHOCTH MHEPLMOHHBIMHU cuiamMu. Kpome T0T0, 3a C4eT HEMMHEHHOro yBENu-
YEHMS [UTOLIAAN MONEePEeYHOro cedeHus cermenta (5) MOXKHO HAGIIIOIATh TaKOe )K€ HEIMHCHHOE yBEIHYCHHE
oceBoro ycuius. Taxke Ha 0CEBOE YCHINE 3HAYUTENBHOE BIMAHUE OyIyT OKa3bIBaTh M TCOMETPHUYECKUE Ta-
pamerpsl pPUKIHOHHOM Tepenadn (PUCYHOK 6), a IMEHHO COOTHOLICHHE HaMETPOB MMOABHKHBIX (QPUKIHO-
HOB M HETOJBIKHOTO KOHYCa. DTO COOTHOLICHUE OMUCHIBACTCS TEOMETPUUCCKIM KpuTepueM K.
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Pucynok 5. —3aBHCHMOCTb 0C€BOT0 yCHIHS Pucynok 6. —3aBHCHMOCTE 0CeBOT0 YCHIHS
oT K03 (pHunKeHTa 3arpy3KH NOMOJILHBIX 0apabaHoB 0T reoMeTpUYecKoro Kpurepusi K

Io 3aBUCHMOCTH, MPEACTABICHHON HAa PUCYHKe 6, MOXKHO CyJMTh O TOM, 4TO (DPUKIMOHHAsS Mepesada yc-
ToWYMBa 0€3 N3MCHEHUsI OCEBOT0 YCHJIMS pabOThI IIPH reoMeTpuIecKoM kputepuu 6osee 0,5.
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3akmouyenune. [IpoBeeHHOE HUCCIEIOBAHKE TI0 OMPEICICHUIO OCEBOTO YCHIHS B (DPUKIIHOHHOM MPUBO/IC
TUIAHETAPHON MEJIBHUIIBI TI03BOJIHJIO MONIYYUTh PE3YJIbTAThl, UMCIOIIUC 3HAUCHHUE JJIsI PEIICHUS paccMaTpUBac-
MOTr0 BOIpoca!

- MpEeAJIoKeHa METOArKa pacdera (PPUKIHOHHOTO MPHUBOJA IUIAHETAPHON MEJBHHIBI Yepe3 OINpeelieHUe
0CEBOTO YCHIIHSI, HEOOXOIUMOTO 151 pabOThl PPUKITMOHHOM Taphl O€3 MPOCKATb3bIBAHUS;

- HaWJIEHBI OCEBBIE MOMEHTHI HHEPIIMHU OapabaHa 1 3arpy3Ky,

- cocraBiieHo audhepeHnrantpHOe ypaBHEHHE IBIKeHUS OapabaHa;

- MPOBEJICH aHaIM3 W3MEHEHHsI OCEBOTO YCHIIUS OT CTEIEHH 3arpy3KH U F€OMETPHYECKOr0 COOTHOIICHHUS
KoJiec (DPUKIIMOHHOM TIepeIayu;

- YCTaHOBJICHBI 3HAYCHUS MAPAMETPOB, 00CCIICUMBAIOIINX YCTOUYHUBYIO pa0b0OTy (PPUKIIMOHHOTO PEIYKTOPA.

Ipennaraemyro aBTopamMu JaHHON PaOOTHI METOJUKY pacdeTa MOXKHO PEKOMCHJIOBATh VIS HCIIOJIb30BAHUS
TP IPOCKTUPOBAHUY U SKCILTyaTallMK arperaTtoB INIAHETAPHOTO THIIA C (PPUKIIMOHHBIM IIPHBOJIOM.
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DETERMINATION OF AXIAL EFFORTS
IN FRICTIONAL DRIVE OF A PLANETARY MILL

P. VAITEKHOVICH, G. KHVES'KO, D. BOROVSKIY

The issues related to the determination of the axial contact force for the stable operation of the elements
of a frictional transmission of a planetary mill without slippage are considered. The analysis of the influence
of structural and technological parameters on its value. For the study, a horizontal planetary mill was chosen
with an external run-in of the grinding drums. Snce the nature of the load movement in the grinding drums
of a planetary mill is greatly influenced by the geometric parameters of individual units of the unit, geometric
criteria were introduced reflecting the relationship between these parameters and the dependences of the axial
force change on their values were obtained.

Keywords:planetary mill, friction drive, axial force, friction force, moment of inertia.
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MATEPHA/IOBE/IEHHUE

YK 621.923

KOPPO3MOHHAS CTOMKOCTD IETAJIEN U3 JEI'MPOBAHHBIX CTAJIEH
INOCJIE MATHUTHO-ABPAZUBHOHU OBPABOTKHA

0-p mexn. nayx, npogp. I1.M. AKY/IOBHY; kano. mexn. nayk, ooy. 1.E. CEPI'EEB;
B.B. llIABYHA, C.K. [YBHOBHIIKHH
(Benopycckuii 2ocyoapcmeennwlii azpapHulii mexuuueckuii ynugepcument, Munck)

Paccmompen memoo nogwiuieHust KOPpPOZUOHHOU CIMOUKOCMU Oemaell U3 1e2UPOBaAHHbIX cmanel nymem
Gdopmuposanuss MuKponpopuis ux nosepxHocmett QUHUUHON MACHUMHO-A0pasusHol oopabomxoi. [lpedcmas-
JIeHbl pe3yibmamyl IKCHEPUMEHMATIbHBIX UCCLe008AHULL KOPPOUOHHOU CMOUKOCMU 06pAbOMAHHBIX NOBEPXHO-
cmetl BHYmMpenHe20 Kolblya NOOWURHUKA U 3aKaAmMo4H020 poauka. Tlokazano enusHie uepoxoeamocmu nogepx-
HOCMU HA KOPPO3UOHHbIE CEOUCMEA YKAZAHHBIX KONEY, NOTYYEHHbIX PA3HbIMU CROCODAMU.

Knwouesvle cnosa. xonvya noOWUNHUKOS, 3AKAMOUHLLI POIUK, MASHUMHO-AOpasusHas obpabomkda,
KOPPO3UOHHASA CMOUKOCb, UWepOX08amoCchb.

Beenenne. B pesynsTaTe KOppO3HUH METAIT TEPSET CBOM (HU3MKO-MEXaHHIECKHUE CBOMCTBA (IIPOYHOCTH,
TUIACTHYHOCTD), BCIEIACTBHE YETO BBIXOIAT U3 CTPOSI 0OOPYIOBaHUE, MAIIHHBI, MCXaHH3MBbI, Pa3pyIIaoTCs Me-
TaJUTMYECKUe KOHCTPYKIUU. [I0JHOCTBIO MPENOTBPATHTh KOPPO3HMIO METAIJIOB HEBO3MOXKHO, TIO3TOMY €IMHCT-
BEHHBIM IyTeM 0OpBOBI C Hell SBISIETCS TOMCK crOco00B ee 3amemieHus [1]. B HacTosmiee Bpems 60ps0y ¢ Kop-
pO3ucii BEAYT Cpa3y B HECKOJIBKUX HAMPABICHUSIX: MBITAIOTCS U3MCHHUTH CPEIY, B KOTOPOH paboTaeT MeTasliu-
YECKOE U3CIHE; MOBIHUATh HA KOPPO3UOHHYIO YCTONYMBOCTH CAMOTO MaTepHaia; MPeIOTBPATHTh KOHTAKT MEXK-
JIy METAJUIOM U arpeCCUBHBIMU BEIIECTBAMY BHEUIHEH cpelibl. KOppO3HOHHYIO CTOWKOCTh CTaJIleii MOYKHO IMOBHI-
CUTHh BBEJICHHEM B HMX COCTAB CICIMAJBHBIX JICTHPYIOUIMX 3JICMCHTOB, HAHECCHHUEM 3alIUTHBIX TMOKPBITHI,
naccuBanueil u T.1. [1]. Koppo3uoHHas cTOWKOCTh AeTaieil MallluH ONMpeaessieTcs MoOKa3aTe MU KauyecTBa uX
MTOBEPXHOCTEH, KOTOpbIe (POPMHUPYIOTCS B OCHOBHOM Ha (PMHMIITHBIX orepanusx oopadboTku. [Tokazarenu kade-
CTBa MOBEPXHOCTH MOTYT TAK)Ke 3aBUCETh M OT MPEANISCTBYIOIINX ONepalrii, TaK KaK MpH MeXaHUIeCKoi oOpa-
60TKE MMEeT MECTO TEXHOJIOTHYECKash HacleACTBeHHOCTE [2; 3]. OMHNM M3 OCHOBHBIX MOKa3aTesiell KauecTBa
MOBEPXHOCTEH, BIHUSIOLUIMX HA KOPPO3HOHHYIO CTOMKOCTD, SIBIISICTCS IEPOXOBATOCTh TOBEPXHOCTH.

OcHoBHas yacth. M3Bectro [4], uTo paGoure MOBEPXHOCTH ACTANCH MAIIWH B 3aBUCHMOCTH OT CIOC00a
00paboTKH UMEIOT Pa3HyIo0 MEPOXOBATOCTh. DUHUIIHEIE CITOCOOBI 00pabOTKU 00ECIIeYrBaIOT HAMMEHBIITYIO IIIe-
POXOBAaTOCTh MOBEPXHOCTEH, YTO MOBBIMIACT UX KOPPO3UOHHYIO CTOMKOCTh. B CBSI3M ¢ 9TUM MpPEJICTaBISACT HHTEPEC
OMPEJICIUTh BIMSHUC IICPOXOBATOCTH OBEPXHOCTEH, MOMYYCHHBIX Pa3HBIMU criocobamMu 00pabOTKH, Ha KOPPO3H-
OHHBIC CBOMCTBA. PaccMOTpHM 3TO BiMsSHKE HA IPUMEPE BHYTPEHHETO KOJIbIIA ITOIIIUITHAKA U 3aKATOYHOTO POJIHKA.

Knaccuyeckue crioco0bl (UHHUIIHON 00pabOTKH MOBEPXHOCTEH KOJICI| MOAIIMITHUKOB U 3aKaTOYHBIX PO-
nukoB — numudosanue, cynepbunuinuposanue [5; 6]. OqHako 3TH BUAbI 00PabOTKH COMPOBOKIAIOTCS PAIOM
(haxTOpoB (TEMIOBBIE, M3HOC aOPA3UBHOTO MHCTPYMEHTA H JIP.), KOTOPbIE MPUBOJST K CHUKEHHIO TOUHOCTU 00-
paboTKH, a TaK)Ke BBI3bIBAIOT M3MEHEHHE (H3MKO-MEXaHHMYECKUX CBOMCTB MOBEPXHOCTHOTO CJIOS, B YaCTHOCTH
3a CUET MOSBJICHUS HEOAHOPOJHOCTH CTPYKTYPHI U TBepAOCTH [7]. YKasaHHbIe He(eKTHI CYIIECTBEHHO CHUKAIOT
Ka4eCTBO IMOBEPXHOCTEH eTallell U, KaK CJIeICTBUE, KOPPOZUOHHYIO CTOHKOCTb.

OnHUM U3 TIEPCTIEKTUBHBIX CIIOCO00B (PMHHITHON 00paOOTKH IMMOBEPXHOCTEH JeTaei SIBIISIOTCS CIIOCOOBI,
OCHOBaHHbIC Ha HCIOJb30BAHMH DJIACTUYHOMN CBS3KM HJIM HE3aKPEIJICHHOTro abpa3uBa, K KOTOPOW M OTHOCHUTCS
MarHuTHO-a0pasuBHas o6padoTka (MAQ) [8]. DToT cmoco® mpocT B pealus3anuy, KOJIOTHYECKH O€30MaceH,
obecrieynBaeT BHICOKOE KayecTBO 00pabOTaHHBIX MOBEPXHOCTEH AeTaliel M CyIIeCTBEHHOE MOBBIIIEHNE UX CO-
MPOTHUBIISIEMOCTH M3HOCY, KOPPO3UU M MEXaHWYCCKHM HArpy3kam, 00JaJacT BBICOKOH MPOM3BOIMTEIBHOCTHIO,
YCIIEITHO KOHKYPHUPYET C MPOIIECCAMU XUMHUUECKON U 3JIEKTPOXUMHYECKOH 00padoTku [8; 9].

DKCcreprMeHTaIbHBIE UCCIIE0BAHUS POBOIIIKCH Ha 00pasiiax kosel noamunaukos (Marepuan [IX15
I'OCT801-78)u 3akarounbix ponukoB (Matepuan X12M 'OCT 5950-73)mocie TokapHO# 00paboTKH, HuHbo-
Bauus 1 MAO. MaruutHo-abpa3uBHas 00paboTKa npoBoaniIack Ha ctanke mojenu COT 2.150.00.00.000.

ITapamerpsl 1 pexxumbl MAO: MarauTHas mHAyKIus B = 1 Tx; ckopocTs pesanus V, = 2,5M/c; ckopocTs
ocrurin Vo= 0,2m/c; ammumaryaa ocuuuisaiun A = 1 MM; Koo GUIMEHT 3aN0IHEHNS 3a30pa K, = 1; BeIn4u-
Ha pabouero 3azopa 6 = 1 mm; Bpems obpadborku t = 120 ¢./[ist MAO moBepXHOCTH BHYTPCHHETO KOJIbIA
HOIINITHAKA UCII0JIb30Baau (GeppoabdpasuBHblii mopomok (PAII) Ha ocHOBe GOPHIOB XKele3a, 3€PHUCTOCTHIO
A = 100/160MKM; it 06pabOTKH MOBEPXHOCTH 3aKaTo4HOro poiuka — JK15KT Ha ocHOBe kapOuaa THTaHa
TV 6-09-03-483-813¢epuucroctbio A = 100/160mkM. B kauecTBe cCMa304HO-0XJIaXk IAFOMIETO TEXHOJIOTHYECKO-
ro cpencrea ucnonszoBaan CuaMA-1 TY 38.5901176-91, 5%s1ii Boanslii pactBop. Mcxonnas mepoxosa-
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TOCTh TIOBEPXHOCTH KOJIblLIa HOALIMITHUKA M 3akaToyHoro poiuka Ra; = 0,8...1mxm. Mopdonorus u gopma
yactur] ®AII Ha ocHOBe GOpUIOB Kele3a Oiu3ka K pomOuueckoit popme (pucyrok 1, a). Mopdosorus u popma
gactur; ®AIl Ha ocHOBe kKapOuma THTaHa Gnm3ka K cepudeckoit popme (pucyrok 1, 6). ITonyueHHBIC TaHHBIE
10 [I0KA3aTeIsIM KOPPO3HOHHOM CTOMKOCTH CPaBHUBAIIKCH C aHAIOTMYHBIMHY [TapaMeTpamu npu numdosannu [7].

Pucynok 1. —Mopdosiorusi ¢peppoadpasuBHOro nopomxa
Ha ocHOBe Gopu10B keie3a (¢) yBeanuenne x100u K15KT (6) yBenmuenune x500

Mertoarka NPOBEAEHHUS SKCIIEPHUMEHTA 10 OIPEASIICHHIO KOPPO3HOHHO CTOHKOCTH 00pabOTaHHBIX MOBEPX-
HOCTEH 6HympeHHe20 KOIbYd NOOWUNHUKA BKIIOYANa YCKOPEHHBIC MCIBITAHUS MPU IIEPUOANYESCKOM WIIH IOJ-
HoM Tiorpyxernn B 20%+eb1ii Bogusiit pacteop NaCl mpu temneparype 20 C na 288 wacos; sakamounozo po-
quxa — B 10%+siit Bognblii pactBope NaCl mpu temneparype 20 C na 336 yacos. [Ipu omeHke KOppO3HOHHOI
CTOMKOCTH MCIOJIb30BaId KaueCTBEHHBIC MOKAa3aTel — U3MEHEHHE BHEIIHErO BUIA MOBEPXHOCTH MeTasta [10].
[pu 3TOM BU3yalbHO OLICHHBAIH IBET, MOTYCKHEHHE MOBEPXHOCTH; HAINYUE M PACIPEICICHHE BUIUMBIX KOP-
PpO3HOHHBIX JedekToB u Jp. s onpeneneHus KOJIWYEeCTBA M MECTOINOJIOKEHUs 1e(eKTOB IPHUMEHSIIN CETKY-
malJIoH ¢ KBagpaTaMu 5X5MM, H3rOTOBJICHHYIO U3 IUIACTHKA, KOTOPYIO HAKJIABIBAIN HA UCIIBITYEMbIi 0Opasel.

Ha pucynkax 2, 3upencrasieHsl (POTOCHUMKH KOJICL] TIOAIIMITHUKOB M 3aKaTOYHOTO POJIMKA TIOCIIE UC-
NBITAHUN HA KOPPO3UOHHYIO CTOUKOCTb.

a o 8 2

a — 10 HaYaJ1a IKCIepuMenTa; 6 —4epe3 1204; ¢ —uepe3 1924; 2 —yepe3 2884

PucyHnok 2. —®oTocHUMKH 00pa31[0B BHYTPEHHEr0 KOJIbIA MOAIINIHAKA, 06padoTanHoro metorom MAO
Y MO/IBEPrHYTOr0 HCIBITAHUIO Yepe3 ONpeeeHHOe BpeMs

a — 10 HaYaJia IKCIepuMeHTa; 6 —4epe3 484; ¢ —4epe3 3364; 1; 2 —ouaru Koppo3uu

Pucynok 3. —®@oTtocHHMKH 00pa3na 3aKaTOYHOI0 POJHKA, 06padoTanHOro Mmerofom MAO
M MO/IBEPrHYTOr0 HCIBITAHUIO Yepe3 ONpeeIeHHOe BpeMs
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Ha cuumKkax mpociekuBaeTcs KHHETHKa Pa3BUTHSI KOPPO3UHU Ha UCIIBITYEMbIX o0pasnax, 00paboTaHHBIX
meTogoM MAO (cm. pucysku 2, 6—2; 3, 6—6).

B nccneoBaHMAX y4HTHIBAIACh M MHTEHCUBHOCTH KOPPO3UH II0CIIE TOKapHOIT 00paboTKy, Tak Kak Ha pas-
BUTHE KOPPO3UU MOXKET OKa3bIBaTh BIMAHHUE TEXHOJIOTHYESCKas HACIEACTBEHHOCTb.

MHTEeHCHBHOCTE pa3BUTHS KOPPO3UH OTpaskeHa B Tabmiwie 1 mpu pa3amaHBIX METoAax 00paboTKH.

Tabmuua 1. —/HTEHCHBHOCTD Pa3BUTHSI KOPPO3nH 00pa3uoB (KOIBIIO MOAUIMIHIKA U 3aKATOYHBIH POJIUK)
B 3aBHCHMOCTH OT BPEMEHH TIOTPY>KEHHS X B PACTBOP

Komnblo nogmmnauka 3aKaTOYHbIA POIUK
BpeMmst IUIOIA/1b, 3aHUMAEMOIl TOBEPXHOCTH BpeMsi IUIOIa/Ib, 3aHUMAEMOIl TOBEPXHOCTH
MIPOBEACHHUS Koppo3sueit, % MIPOBEACHHUS Koppo3sueit, %
9KCIEPUMEHTA, 4 nocie nocie nocie 9KCIICPUMEHTA, 4 nocie nocie rocie
TOKapHOH | cymep¢uHu- MAO TOKapHOH | cynmepduHH- MAO
00pabOTKH | MIMPOBaHHS 00paboTKU | MIMPOBaHHs
20 14 6 3 48 7 6 3
60 29 16 8 96 14 8 5
120 51 24 13 168 18 12 8
192 60 28 16 240 25 16 10
288 71 33 18 336 32 18 12

B mporecce 00paboTky AeTanei Ha MX HOBEPXHOCTH (HOPMUPYIOTCS HEPOBHOCTH — OTKJIOHEHHS OT T€0-
METPHIECKOH (GOPMBI (BOIHUCTOCTH, ILIEPOXOBATOCTD H JP.), KOTOPBIC U ONMPEACISIOT TOMOrpaduio MOBEPXHO-
ctu. Tomorpadust 06pabOTaHHBIX MOBEPXHOCTEH 3aBHCUT OT criocoba MeXaHMYeCcKoW 00pabOTKH, reoOMeTpHH
HWHCTPYMEHTA, PSKUMOB PE3aHUsL.

Ha pucynke 4 npencrapneHa tonorpadus MoBepXHOCTEH mocie TOKapHOi 00padoTku (a), mociue uumdo-
Bauus (6) u MAO (g).

SEMHV-2000kV WD 14.2020 mm
View felg: 1736 ym  Det: SE Delector
PC: 11 SEMMAG: 1.00 kx

SEM Tog0 s WO T2
Ve fae T3 4m  Dat 5 D
b SEMIG 100k [mm—

a o €
a —nocJje TOKapHoii 00padoTky; 6 —nocJie mudoBanus; ¢ —nocie MAO

PucyHnok 4. —Tonorpadguu noBepxHocreii ucciieqyeMbix 00pa3uos (yBeaundyenue x50)

Ha pucynke 5 noka3zanbsl npoQuiiorpaMmmsl MOBEpXHOCTHOTO ciiosi nocie numudosanus 1 MAO. Ha no-
BEPXHOCTH IOCJIE TOKAPHO# 00paboTKU (CM. pHUCYHOK 4, @) OCTAaINCh HEPOBHOCTH B BUJIE BIAMH U rPEOCIIKOB.

Takum 00pa3oM, MIEPOXOBATOCTH MOBEPXHOCTH 3aBHCUT OT PEKMMOB 0OpaOOTKH, TEOMETPHU PEXYIIEH
KPOMKH WHCTPYMEHTA U T.1.

B e L B

ol o — b

Pucynok 5. —IIpodusorpaMMbl HOBEPXHOCTHOTO CJI0SI KOJIbUA MOXIIUITHAKA
nociie mtndosanus (a), mocaie MAO ()

47



2018 BECTHHUK IIOJIOLIKOI'O I'OCYJJAPCTBEHHOI'O YHUBEPCHUTETA. Cepus B

T'uctorpamma (pucyHoK 6, @) WIUTFOCTPUPYET pachpeaeieHie BRICOT HEPOBHOCTEH, OIM3KOE K rayccoB-
CKOMY, YTO IOATBEPKAACTCS TaKKe 3HAYCHUSIMHU acCUMMETpUH. 3HaueHue rnapaMerpa Ra npu ToueHnu moxer
BapbHPOBATHCS BECbMA CYIIECTBEHHO, TaK KaK 3aBHCUT OT (OPMBI PEXYIIEH KPOMKH pe3lia, TTyOHHbI pe3aHHs
Y OTHOILICHUS MOJA4YH K YaCTOTE BpalleHHs 3arotoBku [11].

% Pacnipenenenue BbICOT

282832283
Riax, MKM
a

Stp (%) Wr [%]
100 i

&0 A

£ B

20 an

0 0

04 . . ' . - i

o 0 a0 &0 ED 100 o 20 40 0 50 100

Rﬂﬂtv % Rmax, %
0 6

a —TUCTOrpaMMa pacnpeaejieHusi BbICOT,
0 — OIIOPpHAsi KPUBas MOBEPXHOCTH; 6 —MaACJT0EMKOCTh

PucyHnok 6. —Tonorpadguyeckue XapakTepHCTHKH OBEPXHOCTH N0CJIe TOKAPHOii 06padoTKH

Kak BusHO 13 rpaKOB MAacIOeMKOCTH (PUCYHOK 6, 6), IpU TPEHUH TAKOW MOBEPXHOCTH MPOUCXOIUT
JOCTAaTOYHO OBICTpOC yianeHue rpeberikoB HepoBHOCTEH (110 50% oT 06IIeit BBICOTHI), TIOCIE Yero HACTYIMAaeT
HEKOTOpasi cTabuinu3auus. BriaanHel, BO3HUKAOLIME B 00pasiie, JOCTATOYHO Y3KHE U CTPOTO OPHUSHTHPOBAHBI
MOTIEPEK HANIPABJICHHIO JIBUYKEHUs HHCTpyMenTa [11].

Xapakrep HEpOBHOCTEH M MPO(UIOrpaMMa ITOBEPXHOCTH Tocie nutndoBanus (cM. pucyuku 4, 6; 5, a)
MPEACTaBIsIeT COOOM MHOKECTBO MapaslielIbHO PACIOI0KEHHBIX LApaIHH, MPOU3BEICHHbIX a0pa3uBHBIMU 3ep-
HaMH, HaXOJIIUMUCS Ha nepudepun nuMpOBaIbLHOTO Kpyra. 3epHa, YIaCTBYIOLIUE B mpouecce nuindoBaHus,
HMMEIOT Pa3HyI0 CTENEHb U3HOCA, YTO NPUBOAUT K HEOJHOPOAHOCTH MOIY4aeMOil IEPOXOBATOCTH TOBEPXHOCTH.
HoBble 3epHa, KOTOpbIE HE MOJBEPIIIUCH U3HOCY, MPOU3BOST PE3aHNE TOBEPXHOCTH.

ITockoabKy MHCTPYMEHT Ui MPaBKU NUIH(OBAIBHBIX KPYrOB MPUAACT MOBEPXHOCTH HUIH(OBATBHOTO
Kpyra sIpKO BBIPOXKCHHYIO HANPABJICHHYIO CTPYKTYPY, TO COBMECTHO C TPACKTOPHEH JBMXKCHUS IUTH(OBAIEHOTO
KpyTa 3TO OTpeieIsieT aHM30TPOIHOCTE MOTy4aeMOi TOBEPXHOCTH (PUCYHOK 7).

Oco0eHHOCTHIO NUTH()OBAHMS ABISICTCS HAIMYNE HA TIOBEPXHOCTH YETKO BBIPAXKCHHBIX BNAJWH. /|aHHBIC
BIIQJIMHBI CO3/IAIOTCSl OCTPHIMH 3€PHAMH, KOMUPYIOIIMMHU CBOW MPOQUIL Ha MOBEPXHOCTh. [ paduk omopHOU
KpUBOW 00pabOTaHHOI TOBEPXHOCTH MPUBEICH HAa PUCYHKE 7, 6.

IMockosbky nuinOBaIbHBII KPYTr BPAIIaeTcsi ¢ BHICOKOH CKOPOCTBIO, MHAWBUAYAIbHBIE KOHTAKTHBIC
B3aMMO/JICHCTBYSI HAKIIAJBIBAKOTCS IPYT Ha APyra U COBMCMIAIOTCS, BKIOYAsl pPE3aHUE, aJle3UOHHBIN 1 abpa-
3UBHBIH HM3HOC, IUIACTHYECKYIO Ae(opMaiuio M TpeurHooOpa3oBaHue, OJHOBPEMEHHO MPOHMCXOSIUE Ha
Bceit oOpabaTriBaeMoi moBepXHOCTH. CIeCTBUEM TaKOTO KOMIUIEKCHOTO B3aUMOACHCTBUS SBIISIETCS OITM3Kast
K FayCCOBCKOHM CTPYKTYypa MOBEPXHOCTH C PEIKUMHU BIAJMHAMHM, OCTABISICMBIMH CIMHUIHBIMU a0pa3uBHBIMH
3epHamu [11].

B nportecce MAO moBepxHocTh hopmupyetcs gyactiunamu OAIT npudam3nTeT-HO paBHOTO pa3Mepa, KOH-
TaKTHPYIOIIUMH C IMOBEPXHOCTHIO B PA3JIMYHBIX MECTAX M TOJ MPOU3BOJIBEHBIM yriioM. KOIMYecTBO €MHUYHBIX
B3aUMOJICUCTBUH, MPUXOAAIINXCS HA yYaCTOK MIOBEPXHOCTH, ONPEACISICT IIyOrHy 00pa3yroleiicss Ha HeM BIa/Iu-
HBL. B pesysbrarte xapaktep HepoBHOCTEH 1 mpoduiorpamma moBepxHoctr mocie MAO (cum. pucysku 4, 6; 5, 6)
HMMEECT CITy4aiHbIH XapaKTep HE TOJNBKO I10 IUIOIA{, HO U 10 aMILIUTYIC.
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Pucynok 7. —Tonorpaguyeckne XapakTepucTHKH NOBEPXHOCTH Mocjae NLTH(OBAHUS

I'ucrorpamMma pacrnpezmeneHust BEICOT (PUCYHOK 8, a) MOKa3bIBaeT rayCCOBCKYIO MPHPOIY MOBEPXHOCTH.
OrmopHasi KprBasi MOBEPXHOCTH (PUCYHOK 8, 6) MMeeT MJIaBHBIA MepeXxo] OT 30HbI HE3HAYUTEILHOTO KOHTAKTA

B 30HY Pa3BUTOT'0 KOHTAKTAa, 4YTO SABJISICTCA MMOJIC3HBIM €€ CBOICTBOM C TOYKH 3pCHUA TpI/I6OJ'IOFI/II/I [11]
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Pucynok 8. —Tonorpaguyeckne xapakTepucTHKH NoBepxHocTH nocie MAO

ITocte MAO Ha MOBEpXHOCTH OCTAarOTCSl CAMHWYIHBIE MHUKPOBIAAWHBI. JlaHHBIE MHKpPOBIAJAWHBI HMEIOT
CiTy4JaiHbIE KOOPAWHATHI IO TOPU30HTAIIN M Pa3MeEpbl, OHAKO MX (opMa MPUOIN3UTEIBHO OANHAKOBA, YTO yKa-

3bIBaCT HA OJTHOBPEMEHHO MHOXECTBEHHBIH XapakTep B3anMOCHCTBHI U CilydaiiHoe uxX pacmnpeznencaue [11].
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3akmouenune. B xofe vcciaeoBaHuil YyCTaHOBIICHO, YTO 00pasel Kobla noamunauka mocie MAQ, Bbi-
nepxkasiuunii 228 4acos ucnbiTanuii B 20%+0m pactBope NaCl, umeer 18% Koppo3HOHHBIX MOPaXEHUH Ha IO~
BepxXHOCTH (KOppo3usi ObIIA BEIABICHA JIMIH HA paboyeM ydacTKe BHYTPEHHETO KOJbIla MOANINITHAKA), a 00pa-
3€ll 3aKaTOYHOI'0 POJIMKA, BhIaep KaBiinii 3364acoB ucnbitanuii B 10%+0om pacteope NaCl, umeer 12%xkoppo-
3HOHHBIX TOPAKECHUH Ha TOBEPXHOCTH.

AHanm3 pe3yIbTaTOB HKCIEPUMEHTA CBHICTEIBCTBYET O TOM, 9T0O MAQ MOBHIIaeT KOPPO3UOHHYIO CTOH-
KOCTh [TOBEPXHOCTH BHYTpPEHHero kousblia moammnHuka B 1,83 pasza, a 3akatounoro ponuka — B 1,5 pasa,
pu 3ToM Mopdodiorust 1 coctaB @ ATl He 0Ka3bIBAIOT CYNIECTBEHHOTO BIUSHUSA HA KOPPO3HOHHYIO CTOHKOCTb.
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Hocmynuna 30.05.2018

THE CORROSION RESISTANCE OF PARTS MADE
OF ALLOYED STEELS AFTER MAGNETIC ABRASIVE FINISHING

L. AKULOVICH, L. SERGEEV, V. SHABUNYA, S. DUBNOVITSKY

A method for increasing the corrosion resistance of parts made of alloyed steels by forming a micro-
profile of their surfaces by finishing magnetic-abrasive processing is considered. The results of experimental
studies of the corrosion resistance of the machined surfaces of the inner ring of the bearing and the seaming
roller are presented. The effect of surface roughness on the corrosion properties of these rings obtained
by different methodsis shown.

Keywords: bearing rings, seaming roller, magnetic abrasive treatment, corrosion resistance, roughness.
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YK 621.792

TMPOIECC ®OPMUPOBAHUSA MOKPBITUI
M3 ICEBJOCIIJIABOB T'NNEP3BYKOBOM METAJIIM3AIIMEN

0-p mexu. nayx, ooy. M.A. BEJIOITEPKOBCKHH
(Ooveounennviit uncmumym mawunocmpoenus HAH Benapycu, Munck)

Paccmampueaemcs memoo cunep3gyko8ou Memaniu3ayuu, HanpaeIeHHulll Ha GopmMuposanue ROKPbIMuL
00HOBPEMEHHBIM PACTbLIEHUEM PA3HOPOOHBIX MEMAIN08 ¢ 00pA308aHUeM NCeBOOCHAAB08, 001a0AIOUUX BbICO-
Kumu mpubomexnudeckumu ceoticmeamu. OnpeoeneHvl yCio8us, npu coOM00eHuU KOMopvlx 06ecneuusaemcs
BbICOKOE KAYeCMB0 NCEBOOCNIABHBIX NOKPLIMUIL.

Kniouesuvie cnosa:. ncesoocnnasmole casomepmudecKue nOKpoblmus, cunep38yKoeas mMmemaiiu3ayusl.

BBenenue. B HacTosimee BpeMs MPaKTHYECKHA BCE KPYIMTHOTaOApUTHBIC NETAIH CATbHUKOBBIX Y3JI0B THI-
pocHCTeM, JIETANIN TOJABECKU TPY30BBIX aBTOMOOMIICH, ITOKKH BHOPOTACHTENCH MOIBIKHOTO YKEJIE3HOIOPOKHO-
TO COCTaBa, BUOPOBAIBI IyTEBBIX MAITWH, BAJIKA MPOKATHBIX CTAHOB METAJUTYPTHIECKOTO MTPOU3BOJICTBA H APY-
THE DJIEMEHTHI CHJIOBBIX CHCTEM M JTUHAMUYECKH HATPYKEHHBIX Y3JIOB TPEHUS M3TOTABIWBAIOTCS W BOCCTAHAB-
JIMBAIOTCS C MCIOJIb30BAHUEM Pa3JIMUHBIX METOA0B UHXKeHepuu nmosepxHocTH [1]. TIpu atom k cBoiicTBam ¢op-
MHUPYEMBIX TTOBEPXHOCTHBIX CJIOCB U HAHOCHMBIX TIOKPBITHH MPEIBSIBIAIOTCS TPeOOBAaHNUS, KOTOPBIC HEBO3MOXKHO
00€eCICUnTh, UCTIONB3Ys TPAJAUIMOHHBIC MATCPHANBI M METObI MOAUDUIIUPOBAHUSA. ITO OTHOCUTCS HE TOJIBKO
K JICTasIM TPUOOTEXHUUYCCKUX COIPSDKCHUM, HO, HAIPUMEDP, M K 3JIEMEHTaM 3€PHO- U KOPMOYOOPOYHBIX KOM-
0aifHOB, KOHTAKTHUPYIOIINX C BOPOXOM 3€JICHOW MaccChl, MOTOKAMH 3¢pHA W T.II., KOTJa HEOOXOAMMO HAHOCUTh
3aIUTHOE U3HOCOCTOMKOE MOKPBITHE, KOTOPOE JOJDKHO 00JafaTh KaK ONpeACICHHBIME TUAPO(POOHBIME XapaK-
TEPUCTHKAMH ¥ KOPPO3HOHHON CTOMKOCTBHIO, TaK U BBICOKOM CTOHKOCTHIO K THIPOAOpa3HBHOMY W3HAIIUBAHUIO.
To ecTh, C OHOIN CTOPOHBI, UMETh U3HOCOCTOMKOCTD CTaJM, a C APYroil — MoKa3aTeln CMauyuBa€MOCTH IIMHKA
nin noimuamuga. Heobxoammoe codeTaHue TBEPAOCTH, HU3KOTO KOd(DPUIIMEHTa TPEHHS, COMPOTUBICHUS U3-
HAIIMBAHWIO B MPUCYTCTBUN aOpa3uBa, AeMII(PpUPYIOMINX CBOHCTB, KOPPO3UOHHON CTOWKOCTH 3a4acTylO0 OTpaHU-
YeHO YKOHOMHYECKUMHU COOOPaKCHHUSIMH.

OfHUM U3 HOBBIX MEPCHCKTHUBHBIX METOIOB TPUOOTECXHHUUECKOTO MATCPUANIOBEICHHUS SIBIISICTCS HCIIOJb-
30BaHHE TakK Ha3biBaeMoi «O’Spray»TexHoa0rny, KOraa u3Ieline Wik MOKPhITHE (GOpMUpPYETCs U3 paciiIaBlicH-
HBIX YaCTHUI] IBYX WU TPEX MATCPHAIOB, IEPCHOCHMBIX IMEPEMEIINBAONIUMHUCS BBICOKOCKOPOCTHBIMHU T'a30BbI-
mu notokamu [2; 3]. Tlociie KpUCTALTM3aUK YaCTUI] 00pa3yIOTCs TICEBOCILIABEI, 00 Jaf0NNe YHUKATbHBIMH
cBoiicTBamMu. MaTepuaibl THIIA IICEBAOCIUIABOB XapaKTEPU3YIOTCS PSAIOM BaXKHBIX CBOWCTB — COUCTAHUEM BBICO-
KUX 3HAYCHUI TEeMIIepPaTyphl IIABICHUS ¢ MEXaHUYECKOI MPOYHOCTHIO, TBEPIOCThIO, AeMII(UPYIOIIEH Croco0-
HOCTBIO, H3HOCOCTOWKOCTBIO, CITIOCOOHOCTBIO K CaMOCMa3bIBaHWIO B YCJIOBHSX CYyXOTO TpeHUs, THIPO(OOHO-
cThio. BMmecte ¢ Tem m3BecTHbIe MeTomasl «O’Spray»BecbMa 3HEPrOEMKH, TPEOYIOT HCIOIB30BAHUS IOPOTO-
CTOSIIIIETO CIHEUATH3UPOBAHHOTO OOOPYIOBAHUS W PACXOJHBIX MAaTEPHANIOB, a TaKXe HEe MPUMEHSIOTCS TPH
BOCCTAHOBJICHHUHM JAeTaliell 1 He paboTOCIIOCOOHBI B TSKEJIOHATPYKEHHBIX y3J1aX TPEHHs, 4TO 00yCIOBJICHO BO3-
HUKHOBEHHUEM B IOBEPXHOCTHBIX CJIOSX ICEBIOCILIABOB MOBPEXKICHNN Ha TpaHUIAX pasjielia YacTHIl ¢ Pa3iind-
HBIMHM ME€XaHUYECKHUMH CBOHCTBAMH.

JIyis mony4YeHHs TCEBIOCIUIABHBIX MOKPBITUI CO CTPYKTYPOW U CBOMCTBAMH, MPUCYIIUMHU KOMITO3UIIHOH-
HBIM MaTepHualiaM, B IMOCJICIHHE TObI BCE IIUPE MCHONB3YIOTCS METO/IBI JJICKTPOUCKPOBOTO JICTHPOBAHMS, HOHHO-
IUTa3MEHHOT'O0 MarHEeTPOHHOTO PACIBUICHUS, Ta30TEPMUYECKOr0 HAMBUICHUS, B YaCTHOCTH 3JCKTPOIYrOBOM
METAJUTU3AI[UH, TP ITOM MOCICHHSSI TEXHOJOTHUsS SBIsCTCS Hauboliee MPOU3BOJUTEIBHBIM, SKOHOMHYHBIM
U YIOOHBIM JIJIsl HCIIOJIb30BAHUSI B CEPUIHOM MPOM3BOJICTBE MeTO0M [4—6].

Ilenpro mccnemoBaHuid, pe3ybTaThl KOTOPBIX TMPEICTABIEHBI B NAHHOH paboTe, SBHUIIOCH HMCCIIEIOBaHUE
IPOIIECCa HAHECEHUS TICEBIOCILIABHBIX MOKPHITHI METOIOM IMIEP3BYKOBOM MeTaumsaruu (M), OJHUM K3 caMbIX
BBICOKO(D(DEKTUBHBIX HA COBPEMEHHOM JTaIle TEXHOJOTHUECKUX ITPHEMOB Ta30TEPMHUECKOTO HATIBIJICHUS U OTIIH-
YAIOMIUXCS BBICOKUMH JTHHAMHYECKUMHY TIapaMeTpaMH PacTbUISIONIETO TOTOKA, YTO M 00yCIOBUJIO Ha3BaHUE TPO-
necca. ['umep3BykoBass METAIIH3AIUS OTIMYACTCS OT TPAJUIIMOHHON DIICKTPOMETAIUTH3AIMK UCTIOIh30BAHUEM
HEMPEPHIBHOTO MCTOYHUKA YHEPTUH JJIsl HATPEBa ra3a, PaclbUIAIONICTO paCIIaBICHHbBIC B Iyre mpoBoioku. Harpe-
ThIi 10 Temmeparypsl okoo 2000 T ras, ucrekas uepes coruio JlaBaist, npuodperaet ckopocts 1100...1500u/c,
YTO [O3BOJISICT PA30THATH YACTHUIIBI PACHIBUICHHOTO MaTepuaa Jo ckopocteii mopsiaka 450m/c [7].

O6opynoBaHue U MeTOAMKH Hccaeq0BaHuii. /{151 HaHeCeHUsI TICEeBIOCIUIABHBIX MOKPBITHIA UCIIOJIB30-
BaJIMCh MPOBOJIOKU JuaMeTpoM OT 1,6 u BhIle U3 craneil MapreHCUTHOTO Kiacca 40X13, aycTeHUTHOrO Kiac-
ca 12X18H10T, 6pon3 bpODd7-0,2u bpAXK9-4, uunka 111, amomuans AMr3.
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CrpyitHo-aOpa3uBHas OArOTOBKA MIOBEPXHOCTH 00Pa3IOB OCYIIECTBIUIACH AICKTPOKOPYHIOM IpaHyJIsIIU-
eit 1,4...1,7vm mo 'OCT 3647-80npu naBnennu Bozmyxa 0,4...0,6MIIa, pacxomae Bo3ayxa OT 2,5...5,0m°/Mun,
yIJIe aTaku MeXAy cTpyeil abpasuBa M HOBepXHOCTbIO Aetanu 60...75rpan, paccrosHuu ot comia g0 oOpada-
ThIBaeMoit getanu 70...100mm.

[TokpbITHST HAaHOCHJIMCH Ha YCTaHOBKE Ul THMHEp3BYKOBOM Metammzauun AJIM-10, paspaboranHO#
B O0BbeIMHEHHOM MHCTHTYTe MammHocTpoenus HAH Benapycu [7]. B kxauectBe roprodero rasa st GOpMHPO-
BaHMs pacTblIsionero (akeia UCHonb30Bajcs npomnat. [Tocie HanbUIEHHE TOBEPXHOCTH IICEBIOCILIABA MTO[BEP-
rajach MEXaHW4eCKO# nutnpoBKe ¢ GUHUITHON TOBOAKON Ha abpa3uBHOi Oymare P 320.

TopucTOoCTh MCEBIOCIUIABHBIX MOKPBITHH, HAMBUICHHBIX Ha miacTuHbl (50X50x5mM) u3 cranu 45, cocras-
mwima = 2...4 00.%. UccrnenoBanne (asoBOro COCTOSIHUS HAIBLICHHOTO IICEBAOCIUIABA OCYIICCTBISUIM HA -
¢bpakromerpe IPOH-2.0 B MOHOXpOMaTH3UpOBaHHOM K0OansToBoM (COKo) m3mydenuu npu Hanpsokennd 30 kB
1 aHogHOM Toke 10 MA. PacmudpoBka peHTTeHOIpaMM OCYLIECTBISIIACH IPH MOMOILH IIPOrpaMMHOT0 obecrie-
yenusi Crystallographica Search-Matehkaprorexoit PDF-2. Merannorpadudyeckue UCCICAOBAHHS MPOBOIH-
much Ha ontmdeckoM Mmukpockonie AJIbTAMU MET 1IMT. M3mepenus TBepJocTy 1o Bukkepcy — Ha TBepI0-
mepe DuraScan 2@pu narpyske Ha unaentop P = 10r u 10xr.

TpuboTexHUYECKHE WUCIBITAHUS OOPA3IOB HAIBUICHHOTO CIUIaBa MPOBOAMINCHL Ha TpubomeTpe ATBII.
HcnplTanus OCyIIECTBISUINCH MO CXEME BO3BPATHO-IIOCTYIATEILHOTO ABM)KCHUSI KOHTAKTUPYIOIIUX TEN MPH CPea-
Heil ckopoctu B3aumHoro nepemertenus ~ 0,1 m/c. IIpu HCOBITAHUAX HCHIOIB30BANIOCH KOHTPTEIO, H3TOTOBJICH-
HOe U3 3aKaneHHoit cranu Y8 (800 HV10).

IosiyyeHHBbIE pe3yabTaThI U UX 00cysKIeHHe. B Xome 3KcIIepiMeHTaIbHBIX MCCIeaoBanuii mporecca ['M
TNICEB/IOCIIIIABHBIX TOKPBITUI 3aMEUCHO, YTO MPH MOJKIIOYCHUH IIPOBOJIOKH M3 00Jiee TYroIiaBkoro Marepuaia
K TIOJIOXKUTEIEHOMY ITOTEHIMATy CBAPOYHOTO HCTOYHHUKA, UCHONIB3YIomerocs B ycranoBke AJIM-10, paBHoMep-
HOCTb PAacIbUICHUS! PE3KO BO3pACTacT M JOCTUTAET CBOEr0 MakCHMMyMa IIPH HEKOTOPOM YBEIIMUCHHUHU TUaMeTpa
JIETKOIUTABKOM NPOBOJIOKH OTHOCHTEJILHO TYTOILIaBKOI. BeposTHO, 3T0 ciencTBHe TOro, 4TO ¢ KaToa MCIyCKaeT-
Csl IOTOK DJIEKTPOHOB, KOTOPBIH IIEPEHOCUTCS Ha aHOJI. B pe3ynbrare coyqapeHus 21eKTPOHOB C HOHAMU MeTall-
Jla aHOJa M IIPOHCXOIHUT OOJIbLIEE TEIUIOBBIACICHNUE, YeM Ha KaToae [8].

Pesynbratsl uccnenoBanuii npuseeHs! B Tabnune 1. [TpoBosoka, ormeuenHast B Tabnune 1 B rpade «ryro-
IUIABKUI MaTepran», MOIKITI0YAIACh K ITOJIOKUATSILHOMY ITOJIIOCY CBapouHOro ucrounnka BJIY-506.

Ta6ﬂnua 1. —HCHOJ’IL?)yeMI)Ie B UCCJICAO0BAaHUAX MaTCpHaJibl U KaUCCTBO HOKpLITHﬁ, TMOJTYUYCHHBIX
npu FHHGpSByKOBOﬁ MCETaJllIM3allun

Marepuan Juamerp Marepuan Juamerp
. . . . Pe3ynbraThl MeTaUIM3ALHH,
No TYTOILIaBKOW TYTOILIaBKOW JIErKOIUIaBKOU JIErKOIUIaBKOU
KaueCTBO MOKPHITHUS
HPOBOJIOKH HPOBOJIOKH, MM HPOBOJIOKH HPOBOJIOKH, MM
1 cTanb 2,0 ANOMUHHN 1,6 Nmetotes nedeKTHBIC yUaCTKH
2 TO XK€ 2,0 TO XKeE 2,0 NmetoTest nedexTHBIE yaacTKI
3 n 2.0 2.4 ITpouecc CTaGIil’.]'IeH,
Ka4YeCcTBO NOKPBITHIi Xopoluee
4 - 2,0 -"- 2,5 Nmetotcst nedeKTHBIC yUaCTKH
5 - 1,6 =" 1,8 NmetoTest nedexTHBIE yaacTKI
6 . 1.6 2.0 Iponecc cTaﬁp:neH,
Ka4ecTBO MOKPLITHI XopolIee
7 B 2,0 == 2,0 [pouecc He cTabuiieH
" IIpouecc cTaduieH,
8 i 2,0 Gpomsa 2,0 pout »
Ka4ecTBO MOKPLITHII X0polIee
9 . 2.0 T0 e 2.2 Iponecc CTaﬁlil’.]IeH,
Ka4eCcTBO NOKPBITHIi Xopoluee
10 B 2,0 - 2,5 [pomuecc He cTabuiieH
11 . 1.8 2.0 IIponecc CTaﬁlil’.]IeH,
Ka4eCcTBO NOKPBITHIi Xopolee
12 - 1,8 - 2,2 Nmerotest 1eeKTHBIC yIacTKU
13 - 2,0 LHHK 1,8 Ipouecc He cTabuineH
14 - 2,0 TO XKe 2,0 [pomuecc He cTabuiieH
" " Iponecc craduien,
15 - 2,0 - 2,5 pont "
Ka4YeCcTBO MOKPBITHI Xopolee
16 - 1,6 - 1,8 Nmerotest 1eeKTHBIC yIacTKU
" " I TaOMJIeH,
17 . 1.6 o 2.0 pouecce ¢ 6u e
Ka4ecTBO MOKPLITHI XopolIee
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Oxonuanue Tadmuusl 1

Marepuan Huamerp Marepuan Huamerp
. . . . Pe3ynbraThl MeTaIM3ALHIH,
Ne TYTOILIaBKON TYrOIUIABKOM | JIETKOIUIABKOH | JICTKOILIaBKOM
KaueCTBO MOKPHITHUS
HPOBOJIOKH HPOBOJIOKH, MM HPOBOJIOKH HPOBOJIOKH, MM
18 OpoH3a 2,0 ATIOMUHHI 1,6 Ipouecc He cTabuineH
19 TO XK€ 2,0 TO XK€ 1,8 Nmerotest teeKTHRIC yIacTKU
20 - 2,0 - 2,0 Nmetotest neeKTHBIC yUaCTKH
" " I a ,
21 e 2.0 n_ 2.2 pouecc CT. 61{nen
Ka4eCTBO MOKPBITHIi Xopolee
22 - 2,0 - 2,5 Nmerotest teeKTHBIC yIacTKU
23 . 18 n 2.0 Hpouecc CTaGIil’.]'IeH,
Ka4YeCcTBO NOKPBITHIi Xopolee
24 - 1,8 - 2,5 Nmetotcs neeKTHBIC yUaCTKH
25 - 2,0 LIMHK 1,8 Nmerotest teeKTHBIC yIacTKU
26 - 2,0 TO XKe 2,0 Ipouecc He cTabuineH
27 - 2,0 - 2,2 [pomuecc He cTabuiieH
28 . 2.0 n 25 Hpouecc CTaGIil’.]'IeH,
Ka4YeCcTBO NOKPBITHIi Xopolee
29 ATIOMUHHI 2,0 LIMHK 2,0 Nmetotest nedeKTHBIC yUaCTKH
11| al
30 TO Xke 2,0 TO XK€ 2,2 pouecc c 6'{““’
Ka4eCcTBO NOKPBITHIi Xopolee
31 - 2,0 - 2,5 Ipouecc He cTabuineH
32 - 1,8 - 2,5 [pomuecc He cTabuiieH
33 . 18 . 2.0 Ipouecc CTaGIil’.]'IeH,
Ka4YeCcTBO NOKPBITHIi Xopolee
34 - 1,8 - 1,8 Nmetotcs nedeKTHBIC yUaCTKH
" " I a ,
35 e 1,6 n_ 1,8 pouecc CT 61{nen
Ka4eCTBO MOKPBITHIi Xopolee
36 - 1,6 - 2,0 Nmerotest teeKTHBIC yIacTKU

B xoze aHanm3a MOMY4CHHBIX PE3YIbTATOB BBIIEIICHBI MpU XApaKmepHvie epYynnbl pesicumos HanvlieHus
u Kawecmea nOKpuimuil.

B nepsyro Bxoaunu mokpeITusi, GOPMUPOBaHUE KOTOPBIX NMPOMCXOIMIO NPU OTCYTCTBHUHM CTaOUIBHOCTH
Ipolecca METAU3arH (IIePephIBbI, UICBKU» MeTauia). [IOKpBITHS HAaHOCHJINCH HEPABHOMEPHO, IIOBEPXHO-
CTHasl MOPUCTOCTh HaxoAMiIack B peaenax ot 3 1o 10%,pazmep oTKphITHIX IO cocTaBuil OT 8 10 30 MkM.

Y emopoii epynnel nokpeimuil POLECC HAHECCHUs MpephIBaNICs Yepe3 Kaxasie 8...12 ¢, BO30OHOBIs-
SICh BHOBB, HO IPU 3TOM Ha HOKPBITUH 00Pa30BBIBANTUCH Ne(EKTHBIC yU4acTKU (HAIUIBIBBI) U3 OOJBIINX KYCKOB
(ot 40 mo 100MKM) pacIuIaBICHHOTO MaTepuaia MPOBOJIOK.

Tpemvs epynna xapakTepu3oBajach CTaOMIBHOCTBIO Mpoliecca TUIEP3BYKOBOI METaJUIM3aIMH, PAaBHO-
MEPHOCTBIO (POPMHUPOBAHHUS TOKPBITHH, HU3KOI mopucTocThio (< 3%).

IIpu maTemaTHueckoi 00pabOTKE ITHX PE3yJIbTATOB IOJyYeHa SMIHPUYECKask 3aBUCUMOCTD MEXIY
JMAaMETPOM PacHblISEeMbIX IPOBOJOK U MX TEMIIEPaTypOl IUIaBIEHUS, KOTOpas ONMCHIBACTCS CIEIYIOIINM
BBIPa)KECHHEM:

d, =d, (7,/ T,)*%, 1)

rae d,, 7, — auameTp (MM) 1 Temnepatypa rasieHus (°C) Gosee JerkoruiaBkoi npoBosioku, mM; d;, 7; — nua-
metp (MM) 1 Temmepartypa miainenust (°C) 6ojiee TYyromaBkoi MpoOBOIOKH.

Crienyrouiuit 3Tan uccieqoBaHui ObUT MOCBAIICH H3YyYCHUIO TICEBIOCIUIABHBIX MOKPBITHI «CTalb-OpoH3a».
Ha pucynke 1 npencraBieH GOTOCHUMOK 00pasiia KOMIIO3UIIMOHHOTO TIOKPHITHSI «CTallb-OpOH3a» M €T0 MUKPO-
CTPYKTYypa, Ha KOTOPOH Pa3IMYMMBl EPEMEKAIOIINecs CIIOM CTAIBHBIX M OPOH30BBIX YacTHL. TBEpAOCTH IO-
kpeiTHst coctaBuma 250...270 HV 10.

Pe3ynbraThl MPOBEJEHHOTO PEHTICHOCTPYKTYPHOTO aHAJIM3a ITOKPBITHS M3 IICEBIOCIUIABA «CTalb-OpOH3a»
CBHACTEIBCTBYIOT O TOM (PHCYHOK 2), 4TO MOKPBITHE COICPKHUT cieayoue dassl: a-Fe,y-Fe, Cu, FgO,.

Tarxoke OBLIM TPOBEICHBI CPaBHUTEIbHBIE TPUOOTEXHWMUECKHE HCIBITAHHMS O0pa3Ia UCXOAHOH OpOH3BI
¥ Ta30TePMHUYECKOTO TIOKPBITHS U3 IICEBIOCILIABA «CTallb-OpOH3a».
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a o0

Pucynok 1. —®oTocHUMOK (a) 1 MHKPOCTPYKTYpa (0) 06pa3ua nceBIoCiaBa «CTajab-0poH3a»,
MOJIy4eHHOT0 METO/I0OM IMIIEP3BYKOBOI MeTaTH3aAlHH
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PucyHok 2. —®@parMeHT peHTIeHOBCKOii ANPPAKTOrpaMMBbI
OT MOBEPXHOCTHBIX CJIOEB NCEBAOCILIABA «CTAJIL-0pPOH3a»

Ha pucynke 3 nokaszaHbl 3aBUCHMOCTH JIMHEHHOTO M3HOCA OT MYTH TPEHHs MPH HCIBITAHUSIX OPOH3bI
¥ KOMITO3UIIMOHHOTO TOKPBITUS B YCJIOBHUSIX TPEHHUsI CO CMa304HbIM MaTtepuanioM Jluron-24. JlapneHue B X0/€
poBeeHus ucnbiTanuii cocraisuio 10 MITa.

[Mosy4eHHbIe pe3yibTaThl CBHACTENLCTBYIOT O TOM, YTO MPH MCIBITAHUIX CTAHAAPTHONH OPOH3bI pErUCT-
pUpyeTcst OBICTPBIN BBIXO/ HAa CTAUI0 YCTAHOBUBIIETOCS M3HANIMBAHUS U OTHOCHTEIBHO BBICOKUI H3HOC 00-
pasa. [Ipy 5TOM HHTEHCHBHOCTB JMHEHHOTO H3HALIMBAHKS OPOH30BOro o6pasia coctasui |, = 0,9010°%,

B cnydae TpHUOOTEXHHYECKUX HCIBITAHMH Ta30TEPMUYECKOr0 KOMITO3HI[HOHHOTO IMOKPBITHS <«CTallb-
Oponza» craaus npupadboTku 3aBepmaetcs mociie 1700...2000m mytu Tpenus. [Ipu 3TOM BeIMYKMHA JTHHEHHOTO
M3HOCA TICEBJIOCILIABA «CTallb-OPOH3a» CYIIECTBEHHO HIKE BEJIMYHMHBI M3HOCA OpOH30BOro oOpasia. MHTeHcus-
HOCTh JIMHEHHOT0 M3HAIIMBAaHUS 00pa3lia Ha CTa UK YCTAHOBHUBILIETrocs TpeHus cocrasiser |, = 0,4810 ° Takum
00pa3oM, U3HOCOCTOMKOCTh KOMIIO3UIIMOHHOTO ra30TepMHUUYECKOro MOKpeiTHS B = 20 pa3 mpeBbllIaeT U3HOCO-
CTOMKOCTh UCXOAHOU OPOH3bI.

Ha cnenyromem 3rtamne UCCICAOBAIUCH MOKPHITHS, IMOJYYCHHBIC COBMECTHBIM PACIBUICHUEM MPOBOJIOK
M3 CTajell pa3jiMYHbIX KJIACCOB. XMUMUYECKHI COCTaB PACHbUIIEMBIX MATEPUANIOB M HAHECCHHOTO MOKPBITHS
npuBe/ieH B Tabuuie 2. MUKpOCTPYKTypa MOKPHITHS MIOKa3aHa Ha pUCYHKE 4.
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Pucynok 3. —3aBHCHMOCTD JHHEH{HOT0 H3HOCA OT IMYTH TPEHHSI NPH HCIBITAHUAX OPOH3BI
M KOMINO3HIIMOHHOT0 MOKPBITHS B YCJI0BHAX TPEHHSI CO CMa30YHBIM MaTepuaiom Jluron-24

Tabauna 2. —XUMHAYEeCKHI COCTaB PACIbUIACMBIX ITPOBOJOK U HAHECCHHOTO MOKPBITHS

KoHuenTparys sneMeHToB, Macc.%
Marepuan
C Cr Ni Ti Mn Si Fe
40X13 0,42 13,2 0,60 0,35 0,40 0,42 OCHOBa
12X18H10T 0,12 18,3 10,1 0,80 2,00 0,80 OCHOBa
IMokpeiTue 0,2...0,3 15,7 3,97 - 0,75 0,44 OCHOBa

Pucynok 4. —-MHUKpOCTPYKTypa HCeBIOCIIABA
U3 BBICOKOXpOMHUCTBIX cTajeit 40X13u 12X18H10T, nosyyennoro merogom I'M

DdparMeHT PeHTIeHOBCKOMN TU(PPAKTOrPaAMMBI OT MTOBEPXHOCTHBIX CJIOEB MCEBOCILIABA U3 BHICOKOXPOMHU-
croix craneit 40X13u 12X18H10T npexactaBieH Ha pUCYHKE 5, KOTOPBIH CBHICTEILCTBYET O TOM, YTO (ha3oBbIit
COCTaB TICEBIOCIUIaBa BKIOUaeT B ceOs: y-Fe (6006.%), a-Fe (1506.%), okcunst F&O, n FeO (2506.%).
TToBBINIEHHOE KOIMYIECTBO ayCTCHATA B TA30TEPMHIIECKOM TICEBIIOCILIABE CBSI3aHO C OCOOBIMH YCIOBUAMH (GOPMH-
POBaHUSI TOKPBITHH TIPH HATIBUICHHUH, B PE3yJIbTATE KOTOPBIX MPOTEKACT M30TCPMHIUIECKAS BBIICPKKA HAMBIIICMBIX
CIIOEB TIPH TEMIIEpATypax, MPEBBIIAONIAX HHTEPBAI MAPTECHCUTHOTO MpeBpaleHns. KpoMe 9Toro, NOTOIHHUTEb-
Hasl TEPMHYECKasi CTAOMIN3AIMS ayCTCHUTHON (a3bl B TMCEBIOCIUIABE O0OCCIICINBACTCS BHICOKHM COJIEPKaHUEM
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B HeM HuKens (cMm. Tabmuuy 1). TBepAOCTh HambUICHHOTO MceBAocmiaBa coctamsier ~ 370...380 HV 10,
YTO OJM3KO K TBEPJIOCTH ra30TEPMHUYECKOT0 OKPBITHS U3 aycTeHUTHOU cramn 06X 19HOT.
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PucyHok 5. —®parmMeHT peHTreHoBcKoii mudpaxrorpammsl (CoK,)
OT MOBEPXHOCTHBIX CJIOEB ICEBIOCIUIABA H3 BhICOKOXpoMHCThIX craseii 40X13u 12X18H10T

Awnanu3 pe3yibpTaToB TPHOOTEXHUUECKUX UCIIBITAHUI TICEBIOCIIABA U3 BHICOKOXPOMHUCTBIX CTallel B yCJIO-
BUSIX TPeHHS 0€3 CMA30YHOrO MaTepHaia, a Takke Mmokpbithid u3 craneid 40X13 u 06X19HIT 6e3 cma3zouHOrO
marepuana npu 1,5 MIIa mokazan (pucyHok 6), 9TO M3HOCOCTOWKOCTBH TICEBIOCIIABA M3 BBICOKOXPOMHUCTBIX
craneit 40X13 u 12X18H10T coorerctBerno B 3,8 mu 12,0 pa3 BeImie, 4eM y ra30TepPMHUYECKUX MMOKPHITHH
u3 crajeir 40X13 u 06X19HIT. IIpu 3TOM MHTCHCHBHOCTH MAacCOBOTO M3HAIIMBAHUS IICEBIOCIUIABA, [TOJYUYCH-
HOTO THIICP3BYKOBOM METaUTM3aIMe, cocTaBser ~ 1,210 3 Mmr/wm.

24-

22+

204

18-

16+

14

124

104

8]

MaccoBBIA U3HOC, MT

T T T T T 1
600 800 1000 1200 1400

IlyTs Tpenus, M

T
0 200 400

Pl/IcyHOK 6. —3aBHCHMMOCTH MAaCCOBOI0 H3HOCA OT MYTH TPEHUH AJISl Ta30TEPMUYECKUX HOKpblTl/Iﬁ
u3 crajei PA3INYHBIX KJIACCOB, a TAKKE ICEBA0CILIaBA U3 BLICOKOXPOMHUCTBIX craJeit

B npornecce GppUKIMOHHOTO B3aMMOJICHCTBHS CHIDKAETCS COJEp)KaHUE ayCTCHUTHOH (a3bl B OBEPXHO-
CTHBIX CJI0SX IceBaociuiaBa 10 ~ 45 00.%, a ero MukpoTBepAOCTh Bo3pacraet 10 ~ 850 HV 0,01 Breicokas u3-
HOCOCTOMKOCTB TiceBocIIaBa u3 aAByx craneii — 40X13 n 12X18H10T — nocruraercs 3a cueT nedopmManmoHHo-
AKTHMBUPOBAHHOT'O Y — O-IIPEBPALICHUS, NPOTEKAIONIEro B IPOLECCe TPEHUsI B TOBEPXHOCTHBIX CJIOSIX MOKPHI-
THSI, a TAKXKE 3a cYeT JeOpMalMOHHOTO yrpouHeHus y-azel. Kpome 3TOro, NoBbIIEHHBIE TPHOOTEXHUYECKUE
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CBOMCTBA TICEBIOCIUIABA 00ECHIEYMBAIOTCS HAMYKUEM B HEM YacTHIl U3 mapTreHcuTHoM cramu 40X 13, kotophie
00yCIIOBIHBAIOT 00Jiee BBICOKYIO IIPOYHOCThH MOKPHITHS. B 4acTHOCTH, AJIsI Cliy4asi TpeHUs 0€3 CMa304HOro Ma-
Tepraa ra30TePMHUYECKOr0 MOKPHITHSA M3 aycTeHuTHO# ctanmn 06X19HIT, comeprkariero OJM3K0E KOJIMIECTBO
v-dasbl (= 68 006.%), perucTpupyeTcst IMOBBILEHHBIH U3HOC (CM. PUCYHOK 6), 00YCIOBJIEHHbIM HU3KUMH IPOYHO-
CTHBIMH CBOWCTBAMH HAIMBUICHHBIX YaCTHII.

Takum 00pa3oM, U3 MOJTYYSHHBIX PE3YNIbTATOB CICAYET, YTO IICEBJOCIUIABHOE MOKPHITHE HA OCHOBE BbI-
cokoxpomucThix ctaneir 40X13 u 12X18H10T xapakrepu3yeTcs BRICOKOH H3HOCOCTOMKOCTBIO B YCIIOBHSIX TPe-
HUs 0€3 CMa30YHOr0 MaTepHana.

3akiwuenue. VccienoBanue MeTo/Ia TUIIEP3BYKOBOM METAUTU3ALUE IPH OJHOBPEMEHHOM PaCHblICHUH
MPOBOJIOK PA3IMYHBIX METAUIOB C [EJIBIO TTOJYIEHUSI ICEBIOCIUIABHBIX MOKPBITHI TOKA3aJI0:

- 1u1st 0OecreyeH s BEICOKO# CTaOMITbHOCTH MpoLiecca U KauecTBa (GOPMUPYEMBIX MOKPBITHH HEOOXOIMMO
K 60Jiee TYrOMmIaBKO# MPOBOJIOKE MOABOAUTH MOJ0KUTEIbHBIN MOTEHIIUAN OT CBAPOYHOTO UCTOYHHMKA ITUTAHUS,

- nquametp GoJiee JErKOIUIaBKOM MPOBOJIOKU CJIEAYeT BBIOMPATh B 3aBUCHMOCTH OT TEMIIEPATYp IUIaBJIe-
HHSI IPOBOJIOK U {aMeTpa 0oJiee TYroIIaBKOH MPOBOJIOKH.

B mporecce BblimosiHeHHsT pabOThl HUCClieoBaHa CTPYKTypa, (a3oBblii COCTaB, TBEPIOCTh M H3HOCO-
CTOHKOCTh KOMITO3MI[HOHHOTO MOKPBITHs «cTainb 40X13-0poH3a», MoIy4eHHOr0 METOI0M TUIIeP3BYKOBOI MeTall-
mu3auud. [Toka3aHo, 4TO M3HOCOCTOMKOCTh CHOPMUPOBAHHOTO TceBnociIaBa B = 20 pa3 mpeBblIAaeT U3HOCO-
CTOMKOCTh UCXOTHOH OPOH3BI.

HccnenoBaHo CTpYKTYpHO-(hA30BO€ COCTOSIHUE U TPHOOMEXaHUYECKHE CBOWCTBA MCEBOCILIABA U3 BBICO-
koxpomucThix crameii 12X18H10T u 40X13. IToka3aHo, 94TO MCEBAOCIUIAB XapaKTEPU3YETCS MOBBIIICHHBIM
conepxkanneM y-assl (% 60 06.%) ¥ OTHOCHTEIBHO MOHIKCHHBIM 3HAYEHHEM TBEPIAOCTH, COCTABIISIONIAM
370...380 HV 10YcraHOBICHO, YTO H3HOCOCTOWKOCTH TICEBIOCIIABA U3 BBICOKOXPOMHUCTHIX cTaner 12X18H10T
n 40X13 B ycnoBusix cyxoro tpenust B 3,8 u 12,0 pa3 Bbllle M3HOCOCTOWKOCTH Tra30TEPMHUYECKUX ITOKPHITHH
n3 mapreHcuTHoM 40X13 u aycrenutHo# cram 06X19HI9T cooTBeTCTBEHHO.

Ha ocHOBaHWMHM MOJYYEHHBIX IAHHBIX CIENIAH 6bl00. METOJ THUIEP3BYKOBON METAUIU3AIMU MO3BOJISET
(hopMHPOBATH MOKPBITHS ¢ BBICOKUMH (PH3MKO-MEXaHMYECKUMH CBOMCTBAMU M3 YKOHOMHYHBIX MCEBIOCILIABOR,
YTO CYUIECTBEHHO PACIIMPSIET 00JaCTh UCIOJIB30BAHUSI JAHHOTO METO/A.
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THE STUDY OF THE FORMATION OF COATINGS
OF PSEUDOPLANES HYPERSONIC METALLIZATION

M. BELOTSERKOVSKY
The method of hypersonic metallization aimed at the formation of coatings by simultaneous spraying

of dissimilar metals with the formation of pseudo-alloys with high tribotechnical properties is considered.
The conditions under which the high quality of pseudo-alloy coatingsis ensured are determined.

Keywords: pseudoplane thermal spray coating, hypersonic metallization.
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YK 621.762.2

BJIUSHUE MEXAHUYECKOW AKTUBAIIAA HA CTPYKTYPY KOMITO3UIIMOHHBIX ITOPOIIIKOB
HA OCHOBE CBEPXBBICOKOMOJIEKYJISIPHOT'O ITIOJIMDTUJIEHA,
HAITOJJHEHHOI'O KAPEMJ1OM BOPA

0-p mexu. nayk B.H. JKOPHUK;, C.A. KOBAJIEBA,;
0-p mexnu. nayk M.A. BEJIOIIEPKOBCKHH; axao. HAH Benapycu, 0-p mexu. nayx I1.A. BUTA3b
(Obveounennviii uncmumym mawiunocmpoenus HAH Benapycu, Munck);
0-p xum. nayk T.@. TPHIOPbEBA
(Hncmumym xumuu meepoozo mena u mexanoxumuu CO PAH, Hoeocubupck),
Kano. mexu. nayk, ooy. A.B. IYIAH
(ITonoukuii zocydapcmeennslii yrugepcuniem)

Memooamu penmeenosckoil ougpaxyuu, ckanupyiowei s1ekmponnoi mukpockonuu, UK-Qypve cnek-
MPOCKONUU UCCTEO08AHBL NPOOYKMbL MEXAHUYECKOU AKMUSAYUL NOPOUKOBOU CMECU C8EPXEbICOKOMOJIEKYIAPHO-
20 ROMUIMUNEHA U MUKPOKpUCIaLiuyecko2o kapouoa 6opa (B4C), nposedennoli 6 6biCOK0IHEP2EMUYECKOU a-
PO60IL naanemapHol menvhuye ¢ snepeonanpsxcennocmoto | = 1,1 Bmlz npu onumenvnocmu om 5 do 25 mumn.
Toxazano, yumo 6 ycnogusix UHMEHCUBHBIX YOAPHO-COBUL0BbIX OeDOPMAayuLl hOPMUPYIOMCIL NOAUMEPHBIE KOMNO-
suyuonHvle yacmuyvl yeuyunamotu gopmot pazmepom 100...160ukm ¢ xaomuunvim pacnpedenenuem @ HUX Ydac-
muy kapouoa 6opa pasmepom 1...5mrm, npu 3mom OKUCTUMENbHOU OeCmMPYKYUU NOAUMePd He HabIo0aemcs.
OCHOBHBIMU BOZMONCHBIMU PE3VILIMAMAMY 63AUMOOCUCMEUST NOTUMEPHOU MAMPUYbl U OUCHEPCHBIX NOPOUKOE
HANOIHUMENs, NPU MEXAHUYECKOU aKMUBAYUYU AGISIOMCI NPOYECChbl CUUBKU NPU HEKOMOPOM BePOSMHOM YMeHb-
WeHuU e2o0 MOAEKYIAPHOU Maccol. Mexanuueckas akmusayusi cCnocoocmsyem Qopmuposanuio cmpyKkmypol Kap-
buoda bopa ¢ menvuum cooepaicanuem yerepooa (Bg.sC).

Knrwuegvie cnosa: mexanuueckas akmusayus, MUKPOCHPYKMYpPA, KOMRO3UNIbL, CEEPXEbICOKOMONEKYIAPHbILIL
noausmuneH, kapouo oopa.

CBepXBBICOKOMOJIEKYIIApHBIN monuaTiieH (CBMIID) Gnaromapss BBICOKMM 3HAYEHHSAM MOJIEKYIISIPHOM
macchl (10 10 r/moib) 0671a1a€T PAIOM TOCTOMHCTB, B YHCIIE KOTOPEIX XOPOLINE aHTH(PHKIMOHHBIC CBOHCTBA,
BBICOKAs yJapONPOYHOCTh, CTOMKOCTD K PAaCTPECKUBAHMIO IO/ HANIPSHKCHUEM B KOPPO3HOHHBIX Cpelax, a TaKkKe
TIPY TIOBBIIIEHHON TeMIIepaType CTaOMIBHOCTh Pa3MepOB, CTOMKOCTh K UCTHPAHUIO H Y-HU3ITY9ICHHUIO, UTO JIETIaeT
€ro TEepCIeKTUBHBIM MAaTepHaNoM Ui psAfga npuioxeHnid. OJHUM U3 METOJIOB, MO3BOJIAIONINX CYIIECTBCHHO
MOBBICHTh KaK MeXaHndeckue xapakrepucTukd CBMIID ans mpuMeHeHHWs B HarpyKEHHBIX KOHCTPYKIHSX,
TaK M MOJYYUTh HEOOXOAMMBIC cOuYeTaHHs (UIUKO-MEXaHUUYECKHX, TPUOOJIOTMYECKHMX U TEIIO(QU3NUECKUX
CBOWCTB AJISl €r0 UCHOIb30BAHUS B y3JIaX TPEHUS, SIBISETCS JUCIEPCHOE YINPOUHEHHE U MOJTY4YEHUE MOIUMEp-
HBIX KOMIO3ULIHOHHBIX MaTepuanoB [1]. Kommosuuuonusie matepuansl Ha ocHoe CBMIID u HamomHHTENS
B BHUJIe OOpa MM ero coeAMHeHn ciyxaT 3¢ (GeKTUBHOH 3alUTONH OT HEHTPOHHOTO M3Iy4eHus. K Tomy e kap-
Oupx OGopa xapakTepHu3yeTcs YHHKalbHOH KOMOWHAaIuedl cBOWCTB (HU3Kas IIIOTHOCTH, BBICOKAs TeMIIepaTypa
TUIABJICHUS, TEPMHUYECKast CTAOMIBHOCTE, BHICOKAS TBEPAOCTh M CTOMKOCTh K MCTHPAHHIO U JIp.), KOTOPbIE ena-
FOT €T0 MaTepHalioM IS IMUPOKOTO JHara30Ha MPUMEHEHHH.

OM3UKO-MEXaHMYECKIUE CBOWCTBA KOMIIO3WIIMOHHBIX MAaTEpHANIOB HA OCHOBE IIOJIMMEPOB CTPYKTYpPHO
YyBCTBUTEIBHBI H OIPEACISIIOTCS aTOMHBIM, MOJICKYJISPHBIM W HaJMOJEKYJISIPHBIM CTPOCHHEM BEIECTBA.
[Ipu 3TOM OCHOBOIIOJNIATAIOIIYIO POJIb B CTPYKTYPOOOpPa30BaHIH KOMIIO3UTOB HIPalOT (ha30BOE COCTOSHUE H CTe-
MICHb TUCTICPCHOCTH HATIOJIHHUTEIS, €r0 paclpeelieHre B MaTpHIe, MeK(pa3zHasi MOBEPXHOCT U MPOIIECCH B3aH-
MOJICHCTBHS HA TPaHULIC MEX/y YaCTUIIAMH JUCIEPCHOM (ha3bl M NOIMMEPHOI MaTpHLCH.

OpnHako B cwty 0OJbLION ANHMHBL oauMepHbIX neneid CBMIID uMeer kpaifHe HU3KHI MTOKa3aTeb TEKY-
YEeCTH PACIUIaBa, YTO HE MO3BOJIICT IepepadaThiBaTh €ro TPAJAMIMOHHBIMU JIi KOHCTPYKIMOHHBIX TUIACTHKOB
METOJaMH, TAKUMH KaK JIUTHE MOJ JABJICHUCM, ITHEKOBask SKCTPY3us U Jp. [ToNCK myTei MOBBIICHUS TEXHOIIO-
rudeckux cBoiicte CBMIID 0e3 3aMETHOTO CHIDKCHHUS €r0 MEXaHUYCCKHX XapaKTCPUCTUK — aKTyabHAs HAYYHO-
TeXHW4YecKas mpoobsieMa. [lepcreKTUBHBIM SIBIISIETCS METOJT (OPMUPOBAHUS KOMIO3UTOB Ha ocHoBe CBMIID,
0a3upyromuics Ha TEXHOJIOTHH TBepaodaszHoro nedopManuoHHOTo cMerenus. OgauM u3 3P PEeKTUBHBIX CIO-
cO0OB TaKMX TEXHOJOTHH CITy)KUT WHTCHCHUBHAsI MEXaHWYecKas 00paboTKa, IPOBOIMUMAs B BEICOKOIHEPreTHIE-
CKUX TUTAHETAPHBIX [IAPOBBIX MEJFHHUIIAX.

B ycnoBusX WHTEHCHBHBIX YIapHO-CIBUTOBBIX Ae(OpMaIliii B MaTepraiax pean3yroTcs MPOIEecChl Iia-
CTHYECKOTO Ae(hOpMUPOBAHUS, AUCIICPTHPOBAHUS, ITEPEMEIINBAHUSA, KOTOPBIE MPUBOIAT K YBEIWYCHHIO KOH-
TaKTHBIX TOBEPXHOCTEH N (PU3UKO-XUMHYECKUM IIpolieccaM B3aMMOJCHCTBHS ¢ (POPMHUPOBAHUEM KOMIIO3UTHBIX
cTpykTyp [2]. YpOBeHb JOKAIbHBIX JABICHUN U TEMIEPATYpP, BOSHUKAIONIUX B YCIOBUIX MEXaHMYECKOH aKTHh-
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BALlMH, 3aBHCHT OT FCOMETPHICCKUX XAPAKTEPUCTHK MEIbHUIIBI, CKOPOCTHBIX PEXKUMOB, BEIOOpA Pa3MOBHBIX T
(suepronanpspxennoctH, 1) [3] u pusrko-MexaHHUeCKHX CBOICTB 00pabaThiBaeMoro Beiectsa. JlehopMauoHHsIit
OTKJIUK IIOJIMMEPOB SBJISACTCS BSA3KOYIPYI'MM, IEMOHCTPUPYS XapaKTePUCTUKH KaK YIPYTroro TBEpPIOro BEIlecT-
Ba (00paTUMOro MEXaHMYECKOrO OTKIIMKA), TaK M BA3KOU JKHUAKOCTH (HEOOPATHMBIA MEXaHMYECKHH OTKIIHK),
H, CJIEOBATENIBHO, 3aBHCHT HE TOJIBKO OT CTPYKTYPHI MOJIMMEPA, HO U OT JUIMTEILHOCTH Bo3xekcTus. IIpu sTom
HEKOTOpbIe MOJICKYJIIPHBIE MOJbI O] IeHCTBUEM MEXaHUYECKHX HAIPSDKEHUH MOTYT OBITh OoJiee neopMUpyeMEl,
yeM apyrue. Mexannueckas aktuBanus (MA) criocoGCTBYET MOBBIMIEHHIO PEAKIIMOHHOM CIIOCOOHOCTH HOJIMMEpa
¥ MOXET MPUBOAKUTH K ero MOJUGHUIMPOBAHHUIO 32 CUST U3MCHCHUI HAaIMOJICKYIISIPHOI CTPYKTYPbI i MOJICKYJIIPHOTO
CTpOeHUs (IIPOLIECCOB Pa3pbiBa BHYTPUMOJICKYISIPHBIX CBSA3€H U MpoLieccoB ciumBkh) [4]. Mexanudeckas 06paboTka
NPUBOJMT K yBenudeHuto iotHoctn CBMIID, Monynst ynpyroctu ¥ 0THOBPEMEHHO K CHIDKEHHUIO Koo dHIeHTa
TpeHwus U npejena Tekydectd [5]. Meron mexanoaktuBanuoHHoi 06padotkr CBMIID no cpaBHeHHIO, HAPUMED, €
METOZOM TOpSIYEro MPECCOBaHMS MpPHU MOBBIICHHBIX TemmepaTypax (mo 300 T) obiamaeT mpenMyLiecTBOM,
MOCKOJIbKY He TpeOyeT CO3JaHusl CennabHOM aTMochephl AJIsl TPEAOTBPALICHUS OKHCIUTEIbHON eCTPYKIIUH.

Lenp manHO# pabOTHI — HCCIEJOBaHUE MPOLECCOB (HOPMUPOBAHUST MHUKPOCTPYKTYPHI IIOJIMMEPHBIX KOM-
HIO3UTOB Ha OCHOBE CBEPXBBICOKOMOJIEKYJISIPHOTO MONUATHIICHA M MUKPOKPHCTAIIMIECKUX IIOPOIIKOB KapOuna
0opa B YCIOBHIX MEXaHOAKTHBAIIMOHHON 00pabOTKH.

MarepuaJjbl M1 MeTOAbI HcCaed0BaHUii. 1I3r0TOBICHIE KOMIIO3UIIMOHHBIX OPOLIKOB OCYILECTBIIIIOCH
MyTeM MEXaHW4eCKOH 0O0pabOTKH, MPOBOIUMON B BBICOKOIHEPTETUYECKON IIAHETAPHOU IIApOBON MENLHHUIIE
AxtuBatop 2S ¢. HoBOCHOMPCK) ¢ BOISHBIM OXJIX/ICHHEM, B BO3AYIIHOM aTMochepe. O6bem GapaGana 250cm>,
JMaMeTp apoB 7 MM, 3arpy3ka mapoB — 370r, HaBecka oOpabarsiBaemoro oopasua — 40r, CKOpoCTh BpalleHUs
GapabanoB Bokpyr obuei ocu ~ 60006/mun. Bapabans! u mapsl u3rotoBiaeHs! u3 cranu IIX15. Duepronanps-
JKEHHOCTb Tpoliecca MexaHuueckoii akrusauuu | = 1,1 Br/r [6].

JmurensHocTh 00paboTky T cocraisiia 5, 10u 25 mun. KosnmuecTBo 10361 nepegaHHON MeXaHUUECKOM
sHepruu D onpeaensuioch AmuTenbHOCTRI0 06padoTku, D = It (kIx/r).

Cocras noporkoBoit cmecu — 20mac.% CBMIID + 80mac.% B,C.

B kauecTBe MCXOJHOTO MAaTPHYHOI'O MaTepuaja MCIOJIB30BANICS MOPOLIOK CBEPXBBICOKOMOJICKYIISIPHOTO
nomoTHIeHa Mapkn GUR 4120npomssozcrea Ticona GMbH [epmanus) € mornekymsipHoii maccoii 4-10° rimons
u pasmepom chepruecknx gactur 100...160mkM. B kadecTBe HAIOIHUTES MCIOIB30BAJICS MMOPOIIOK MOHO-
KpHCTayunueckoro kapouma 6opa B4C co cpemanm pasmepom gactuil 100... 160mkm.

PentrenoaudpakinoHHbIE U3MEPEHHUS TIOPOIIKOB BHINOIHEHBI Ha nudpakTomerpe D8 Advance (Bruker,
['epmaHus) ¢ UCMOJB30BaHMEM XapakTepuctuueckoro m3nydenus CUK,. Pa30Bblil aHANTN3 TPOBOAMICS C MPH-
MeHeHHeM 0a3bl peHTreHorpaduueckux cranaapros ICDD PDF2.Pacuer u yrouneHue npoQuiIbHEIX U CTPYK-
TYPHBIX MMapaMeTPOB BBIMOIHIACH 0 METOAY HAUMCHBIIMX KBAJAPATOB C MPOBEICHHEM MOJTHONPODHIBHOTO
ananusza mudpakrorpamm B [10 TOPAS ¢ ucnons3oBanneM uTepalmoHHoi mpouenypsl Ilaynmu (Pawley) [7].
HccnenoBanusi MUKPOCTPYKTYPHBIX XapaKTEPHCTHK (pa3mepa KPUCTAILTUTOB L 1 MUKpOHANPSHKEHHUH €) POBOIH-
JIMCh ¢ MCTONb30BaHueM «ayos-Doitrr» (double Voightieronosnoruu, B koTopoii npodumi qubpakuuy Ha pas-
Mep KpPUCTAUIUTOB M Ha MUKPOMCKaXKEHHsI 0000LIEHHO omuchIBaoTcs pyHkimsMu Doiirra. [i1s pasnencHus BKia-
JIOB B yIIMPEeHHE IMKOB OT L ucmomnp3oBanack GpyHkims JlopeHia, 0T MUKpoHanpsbKkeHui € — Gynknus [aycca.

VccnenoBanuss MHUKPOCTPYKTYPBI M XHMHYECKOTO COCTaBa IOJY4aeMbIX KOMIIO3UTOB HPOBOAMINCH
Ha CKaHHPYIOIIEM JJIEKTPOHHOM MHKpockore «CamScan 4» (OxfordInstrumentSurius) ¢ MUKkpoaHaiu3a-
topoMm Inca-350.MK-uccienoBanus npoBoIuInCh ¢ ucnoyb3oBanneM UK-Oypre cexkrpomerpa Nicolet iS10
(ThermosScientific CIIIA) MeToq0M HapyIIEHHOTO MOJHOIO BHyTpeHHEero orpaxenus (HIIBO) Ha kpucraiie
aJMa3sa B JHala3oHe 4000...400cm L

JKcnepuMeHTAIBHbIE Pe3yJbTAThl M HX 00cy:KIeHne. B pe3ysibraTe HHTEHCHBHON MEXaHUYECKOH 00-
paboTku cMecH noJMMepa 1 MOopollka Kapouaa 0opa ¢ JIUTENBHOCTBIO OT 5 10 25 MHH, YTO COOTBETCTBYET 3HA-
YeHUsIM J103bI Mexanuueckoi sueprun D ot 0,33 10 1,65k x/r, peHTreHOrpaduyecku perucTpupyemsiii Gpaszo-
BBI cOcTaB 0Opas3lOB MPEICTaBICH OCHOBHBIMM KpUCTAIMYecKuMu (asamu kapbunma 6opa B,C Ne 35-0798
(mpoctpanctBennas rpynmna R3m)u B1gC Ne 44-1206 (R3m)p-Fe Ne 06-0696u Ne 40-19958 Gase peHTreHO-
rpaduyeckux mopomkoBeix cranaapros JCPDS PDF2Ha HavajibpHOU CTajud MEXaHHYECKOW aKTUBAMU (IpH
D = 0,33k/Ix/r) peructpupyercs npucyrcteue dassl yriaepoaa (C) (pucyHok 1), KoTopast ¢ yBEIHUEHHEM 3HAYE-
HUH 1036 3aKa4rBaeMoil Mexanndeckoii sueprun (o 0,66x][x/r 1 Gosee) ucyesaer. MexaHnuecKast aKTHBALHSI
CIocoOCTBYET (hparMEeHTALIMH MOHOKPHCTAIUTMYCCKUX KAPOUIHBIX YaCTHII 0 pa3Mepa KpUCTALIUTOB Lpyc = 149HM,
OJTHAKO TTApaMeTpPbl TOHKOH CTPYKTYPhl H3MEHSIOTCs HesHauntenpHo: Ag = 0,003 A;Ac = 0,007 A ¢a6muma 1),
YTO MOXKET OBITH 00YCIOBICHO KONEOAHUsIMHU B cofiepkannu yriaepoaa (~ 19,3%ar. [8]).

Bricokast abpa3uBHasi cHoCOOHOCTh KapOuaa 6opa crocoOCTBYET MOSIBICHHUIO B COCTABE CMECH HAaHOKpPH-
CTAJUTHYECKOTO Kee3a (nopsaka ~ 9mac.%) ¢ pasmMepom KpucTammutoB Lee= 21...18HM B pe3ynbrarte Hamoa
OT CTAJILHBIX PA3MOIBHBIX TeJ M CTEHOK Oapabana. YBeIMueHHkII IapaMeTp pemeTky xkenesa g0 a = 2,874 (A)
MOXeT ObITh 00ycioBJIeH (JOPMUPOBAHHEM TBEPJIOI'O PACTBOPA C YIJIEPOJOM, YTO MOATBEPKAAIOT M BBHICOKHE
3HaYeHUs MUKpoHanpsbkenui (1,679...1,235%).
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Pucynok 1. —/IngpaxkrorpaMmbl nopomkos ucxognoro CBMIID
u komno3utoB CBMIIJ/B,C, nojiy4eHHbIX NpH Pa3IMYHbIX 3HAYeHus1X D

Tabnuna 1. —MukpocTpykTypHbIe Tapamerpsl paz CBMITD/B,C

3nauenust D, kJx/r
®da3a 1 ee napameTpsl

0,33 0,66 1,65
B.C a (A 5,603 5,601 5,600
c(A) 12,084 12,067 12,077

63199 > 200 145 149
(=S — — 0,110
aFe a(A) 2,874 2,871 2,871

L (um) 21 19 18
& 1,679 1,235 1,418

CBEepXBBICOKOMOJICKYJIIPHBIH ITOJIMATUIICH — aMOP(QHO-KPUCTAIMIECKHN MOJIUMEp, B KOTOPOM B HCXO-
HOM COCTOSIHMM KPHCTaJUIMUECKas CTPYKTypa IpeJcTaBiIeHa OpTopoMOnYeckod (a3oil ¢ HMpOCTPaHCTBEHHOMH
rpymmnoii Pnam (62 npeumyinectBeHHol opueHTanuei no miockoctu (110). MHTeHCHBHOCTD pediekca, OTBe-
YaroUIero AaHHOH INIOCKOCTH, 3HAYNTEIBHO IIPEBOCXOAMUT ocTaibHble. C yBeIMYEHUEM JUIMTEIBHOCTH 00paboT-
ku 10 3Hauenuit D = 1,65k x/r (nmpu t = 25MuH) HaGIOMACTCS CHUKEHUE HHTEHCUBHOCTH MHKOB KPHCTAILIH-
yeckoit yactu (110)u (200) amopdHoro rasno. JaHHbli (aKkT CBUACTEIBCTBYET 00 YMEHBLICHUH Pa3MEpOB KpH-
CTAJIUTOB KPUCTAUIMIECKON YacTH IIOJIUMEPA, YTO MOXKET OBITh 00YCIIOBICHO M3MEHEHHEM KOH()OpPMalnoH-
HOT'O COCTOSIHUS IIOJIUMeEDA.

Mo maHHBIM (PAKIMOHHOTO aHAIN3a HA HAYAIBHOM dTarne (T = 5MuH) MEeXaHUIECKOH aKTHBALUH MIPOKCXO0-
QAT W3MeJbUCHIE YacTHIl KapOuma 6opa, uTo o0ycioBiauBacT noseicHue (pakiun Metnee 40 MM (pucyHOK 2).
IIpu 3TOM Tarke MPOMCXOOUT (POPMHUPOBAHHE KOMIIO3HTOB C NPEUMYIIECTBEHHBIM COJAEPKAHUEM IIOJIHMEpa.
HaGmonaercs Bbicokas nedopMaiys HCXOJHBIX YaCTHUIl IOJMMepa U 0Opa30oBaHUE YeIIyHdaThIX arjioMeparos.
C yBenMuYeHHEM JJIMTENILHOCTH 00pabOTKH pa3Mep KOMITO3MLMOHHBIX YaCTHIl BO3pPAacTaeT 3a CUET HPOLIECCOB
TUIACTHYECKOTO 1e()OPMUPOBAHUS U CIICKAHHUSI.

Iocie MexaHWYeCKO# akTHBaUUK NpH 3HaYeHuH 1036l D = 1,65k /Ix/r yacTuisl kapOuga Gopa u3menpya-
10TCsL 10 ypoBHS 1...5MKM, IpH 3TOM OHM pacripeiesieHbl XaOTHYHO, B TO BpeMs KaK HaMOJI YaCTHII XKeye3a PaBHO-
MEpHO pacrpeziesicH B MaTpuiie noiumepa (pucynok 3). Kpymnuble yactuus! kapbuaa (~5 MkM), B OTIHYHE OT Mel-
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KuX 4acTHil (~ 1 MKM), HIMEIOT BRIPaXKEHHYIO TPaHHILy pa3zelia ¢ OJIMMEPOM, YTO TOBOPHT O TOM, YTO 0Opa30BaHHs
JIOCTaTOYHO IIPOYHBIX CBSI3€H MeX1y pa3INYHBIMU KOMIIOHEHTaMH MTOPOLIKOBON KOMIIO3UIIUY HE IPOUCXOJUT.

50
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35
30
25
20 +—
158 -

W 5 MUHYT

B 10 MUHYT

MpoueHT oT 06Le maccbl

225 MUHYT

[unana3zoH pasmepos

PucyHnok 2. —I'ncrorpaMma pacnpe/esieHHsl 4acTUIl 110 ppaKuusiM,
MOJTy4eHHasl 110 JAHHBIM CHTOBOI'0 AHAIN3a

Bec%
39,44

5121

o 043
Fe 892
Cynma 100

Signal A = SE1

Pucynok 3. —Ilopomkosasi komnozuuusst CBMIII/B,C, o6padorannas npu D = 1,65k I/t

PesynbraTel nccrienoBanus xumudeckux cpszeit B8 CBMIID u xapOume Oopa ¢ pasiIndHON IIHTEIHHO-
ctpi0 MA metonamu UK-ciekTpocKomiy peacTaBIeHBl Ha PUCYHKE 4.
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Pucynok 4. —-UK-®ypbe cnekTpbl HCX0AHOro nopomka CBMIID (a)
U KoMno3uuuoHHbIX Yactuny CBMIIJ/B,C (0), nosyueHHbIX nocsie MA npu pasjin4HbIX 3HaYeHusx D
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Ha Bcex criekTpax noiy4eHHbIX 00pa3LoB PErHCTPUPYIOTCS TI0JI0CH MOTJIoNIeH s, Xapaktepusle 111 CBMITD
(pucyHok 4, a), Takue kak aymiet (2913cym ™ u 2846¢M ), OTBEUAIONIMIA 32 CHMMETPHUHBIE ¥ ACHMMETPUUHBIC
BasicHTHBIC Kostebanus C—H, myrurer (1468CM_1 U 1458CM_1), OTBeUaroIIuii 3a neopmarornsie koxeoanuss C—H,
11 Tostockl kprcrammanoctd (730cM ™ i 719em ™), oTBevarolye 3a MasTHHKOBbIE KoneGanmst & CHy (prcyHOK 4, 6).
O/HAKO WX MHTEHCHBHOCTH 3HAYMTEIHHO CHH)KEHA yKe mocie o6paborku co 3uadennem D = 0,33 kJ[x/r.
IosiBIIsieTCsl JOMOMHATENBHOE [Ied0 B obnactn 2913cM ™ B CTOpOHY HH3KO4YacTOTHOMN obnactu. ITocie MA
mpu D = 1,65k/Ix/r popmupyercst miedo monocsl 730 cv . VCUe3HOBEHHE MOTOC KPHCTAIMYHOCTH ITOJIH-
srunena (1468cM ™ 1 730cM ™) pH 9TOM MOKET GBIT CBA3AHO C HAPYIIEHHEM KOH(OPMALMOHHON PEryIpHOCTH
Makpomoiekys. O6 amop¢u3anuy NoiMMepa MOXKET CBHIETEIbCTBOBATh U (hopMuUpoBaHUE MU HY3HOI MOTIOCKH
B JMamna3oHe 1300...1400cm L C YBEJIMUYEHUEM JUIUTEILHOCTH MEXAaHMYECKOW aKTHBAIMM MPOUCXOIUT TAKXKe
dopmuposanue u poct auddy3HBIX mONOC B Auamasonax 1450...1600u 3000...3300cy . Ionoc, npuuaie-
KalMX coupTaM uiM ketoHaM, nosioc C—O u C=C, KoTopble yKa3bIBaJK Obl Ha OKHUCIUTEIBHYIO AECTPYKLHIO
HoJjmMepa, He PerucTpUpyeTcs.

OnHOBPEMEHHO Ha CIIEKTPaxX PETHCTPUPYIOTCS XapaKTEpHBIC MOIOCHI MOTTIOMEHHs Kapouaa 6opa, KoTo-
pbie cooTBeTcTBYI0oT B—C BatenTHBIM KoneGanmsim: 1059¢em (va CB3), 946¢em ™ (v sCB3), 866u 837cm ™ [9].

ATOMHas cTpyKTypa KapOuaa 6Gopa mupoko obcyxaanack B aureparype [10—13].

OCHOBHOH CTPYKTYpHO# eauHHIleH KapOuma Oopa siBiseTcss 12-ATOMHBIN HKOCa3ap, KOTOPBIH pacro-
JIO’KCH B BEPIIMHAX POMOOIAPUUCCKOM PEIISTKH TPUIOHANBHOM cuMMeTprn (IpocTpaHcTBeHHas rpymnma R3m)
U 3-aTOMHBIC JIMHEHHBIC LENH, CBA3BIBAIOIINE HKOCadApbl BAoub [111] pombGosapuueckoir ocu. Pasianuaror
JBe CTaOHJIBbHBIC CTPYKTYypHBIC KOHGUrypauun kapouma: 6oratoe yrieponom coeaunenne By C (unn B1,Cs)
¢ HICaTU3UPOBAHHON CTPYKTYypHOIl koHpuryparmeit (B;y) CCC (rme (Bip) mpeacrasiser co6oil HKocadapu-
yeckue atombl 1 CCC o6o3Hadaet atomsl neneil) [10] 1 nmpomexyTouHoe coequnenue, dboraroe 6opom BgsC
(unu B;13C;), KOTOpOE OMKCBHIBACTCS HACATH3UPOBAHHON CTPYKTYpHOH hopmyioit (B;y) CBC, rae B uenu ueH-
TpaJIbHBIM aToM yriepoja 3ameHsier 6op. B TBepiom cocTosiHuM yriiepoa MMeeT MIMPOKOH AMana3oH pacTBO-
pumocTy B ctabuiabHOU (aze o ~ 810 ~ 20ar.% C.

Coneprxanue yriiepoja B kapOuje OyneT BIAUATh Ha MOJIOKEHHE TOJIOC MoTJomeHus cBsi3u B—C, koTopbie
YyBCTBUTEIBHBI K OMKHEMY NOpsAAKY. C yMEHBIIEHHEM COJEpP)KaHHs YIIepoaa B CTPYKTYpE OHU CIABHIAIOTCS
B HU3KOYACTOTHYIO 00JacTbh, YTO, BO3MOXKHO, 00YCIIOBIEHO MCKa)KEHHEM CHMMETPHH OKTa’pa KapOuaa mpu mo-
BBIICHHM KOHIICHTPAIMH yIIePONHbIX BakaHcuii. Tak, monoca ~1600cM ' IPHIHCHBACTCS ACCHMETPHIHBIM
BaJICHTHBIM KoneGanmsiM va C—B—C, a monoca 410cm™ — nepopmannonubiM kosebanusm C—B—C B cTpykType
coenunenus Bg sC. Ilosienne nonoc npu 380un 1450cm™ nmeer MecTo B Gonee GOraThIx GOPOM KOMIIOZHITHSX
B KayecTBE HOBBIX MOJI, BO3HHKAIOIINX IPH PACTSDKEHUH W M3rHOe CBsi3eil, KOTOPBIE COAEpKaT aToM yriiepoja
B ueHtpanbHoM y3ne B—C—Bumu C—C—C [12].ITocie MexaHHYecKol 00pabOTKH MOYKHO OTMETUTD MOSIBICHUE
pAla MoJioC MOTJIOLIEHUS B AUana3oHe 1450...1600:M_1, MHTEHCUBHOCTh KOTOPBIX C YBEJIMYEHUEM JUIUTEIbHO-
CTH 00pabOTKHM PacTeT U CMEIIAETCsl B HU3KOYACTOTHYIO 00JIacTh CIIEKTPa, YTO 00YCIIOBJIEHO CTPYKTYPHOH He-
CTaOMIBHOCTHIO KapOuaa 0opa MpH BBICOKUX HANPSDKCHUSX, CBSI3aHHBIX C BHEIIHUMH HAarpy3KaMH H IOSIBICHHU-
eM HeymnopsimodeHHOH (assl [12]. MOKHO MPEeanoIoKuTh, YTO MPH MEXaHUYECKOH aKTHBALMH MHKPOKPUCTAI-
nmudeckoro kapouna 6opa u CBMIID mpoucxoaut odbennenne kapouaa 6opa yriaepoaom.

B T0 e Bpemst mmpoKasi monoca B auanasone 1130...1458&M ", HHTEHCHBHOCTD KOTOPOM TAKIKE YBEIIH-
guBaeTcs K 25mMua MA, MoxeT ObITh 00yCiI0BICHa BalieHTHBIME KosieOanusimu B—O—C,a Takke BaJICHTHBIMH
konebanusamu B—O (1380...131®M ). YBenuueHne IMTENBHOCTH 00paboTKH 10 3Hayenuit D = 1,65k Ix/r
MPUBOIKT TAKXKe K (POPMHPOBAHMIO IIHPOKOH MOIOCKH mormomenns B guanasone 3100...3300cm ™, koTopas
cootBercTByeT B—OH BanentHbiM konebanusam. [Tockonbky nedopmannonHas o6paboTka IPOBOIUTCS B BO3-
JYIIHOK atMocdepe, BIaXHOCTh KOTOpoit MokeT nocturath /0%, To k 00pa3oBaHHBIM pajiKajiaM B Pe3yJbTaTe
BBICOKHX TEMIIEpATyp M JABJICHHS B IIITHE KOHTaKTa npucoeaunsiercs rpymmna OH.

3akJ/0ueHue

B yci10BHSIX MHTEHCHBHONH MEXaHH4YEeCKOil 00pabOoTKHM MOPOLIKOBEIX cMeceil nopomkoB CBMIID u kap-
6una 6opa B4C c pasmepom wactuny 100...160MkM (opmupyroTcsi moauMepHble KOMITO3HIMOHHBIE YaCTHIIBI
yenryityaTtoi ()OpMBI ¢ XaOTHUYHBIM paclpelieJIeHHeM B HUX 4YacTull KapOuna 6opa pasmepom 1...5MkM u pas-
HOMEpHO paclpeseeHHbBIM B MaTpHLE IOJMMeEpa HAaHOKPHUCTAUIMYECKUM JKeJie30M B KojindecTBe ~ 9mac.%,
MOSIBUBIIIMCS B PE3YJIbTATE HHTEHCHBHOTO HAMOJIA.

Mexanndeckas akTUBaIKs CIIOCOOCTBYET (hOPMHUPOBAHUIO CTPYKTYPHI KapOuaa 6opa ¢ MEHBIIUM COAEP-
xanneMm yriaepoaa (BgsC). OOpa3oBanuii CIMPTOB MM APYTHX COCAMHCHHH HE YCTAHOBIICHO, YTO KOCBEHHO
YKa3bIBa€T Ha OTCYTCTBHE CYLIECTBEHHOH OKHCIUTENBHON AECTPYKIUH MojuMepa. OCHOBHBIMH BO3MOXKHBIMHU
pe3ysibTaTaMH B3aUMOJICHCTBUS MOJIUMEPHON MATPUIBI U JUCIIEPCHBIX MOPOIIKOB HAMOJHUTENS P MA siB-
JISIFOTCSI MPOLIECCHI CITUBKH, T.€. 00pa30BaHUE B CTPYKTYPE MOMEPEUHBIX CBsI3eH (IIOMEPEYHO CIIMTBIX CTPYKTYP),
HPU HEKOTOPOM BO3MOKHOM YMEHBIICHHU €r0 MOJICKYJISIPHOI MacChl.
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INFLUENCE OF MECHANICAL ACTIVATION ON STRUCTURE
OF COMPOSITE POWDERS BASED ON ULTRAHIGH-MOLECULAR
WEIGTH POLYETHYLENE FILLED BY BORON CARBIDE

V.ZHORNIK, S. KOVALEVA, M. BELOTSERKOVSKY,
P.VITYAZ, T. GRIGORYEVA, A.DUDAN

The products of mechanical alloying (MA) of a posméxture of ultrahigh-molecular weight polyethygéen
and microcrystalline boron carbide {B) produced in the high-energy spherical planetaniyl during with
an energy density | = 1.1 W/g for a duration ofgbta 25 minutes were studied by the methods ddyXliffraction,
scanning electron microscopy and FT-IR spectroscdpys shown that the polymeric composite parscle
of flake form of a size of 100...166h with a chaotic distribution in them of the borcarbide particles of size
of 1...5um are formed during mechanical alloying. Oxidatidegradation of the polymer is not observed.
MA promotes the formation of a boron carbide stouetwith a lower carbon content {BC). The main possible
results of the interaction of the polymer matrixdadispersed filler powders in MA are the crosssligk
processes with some possible decrease in its mategaight.

Keywords: mechanical activation, microstructure, compositdt;ahigh-molecular weight polyethylene,
boron carbide.
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YK 548.232.4

KOJIEBAHUSA CKOPOCTH U KPUBU3HbI
OCECUMMETPUYHOM ®A30BOM 'PAHUIIbI KPUCTAJLJIN3ALIMA
B NEPEOXJIA’KIEHHOM PACIIJIABE

0-p usz.-mam. nayx, npogp. 0.H. IIABJTIOBCKHH,; kano. puz.-mam. nayx, ooy. /1.I'. KPOJIb
(Fomenvckuit 2ocyoapcmeennviit mexuuueckuit ynusepcumem umenu I1.0. Cyxozo)

Paccmompenul epaduenmmuvle ceoticmea menziogo2o nois Ha (hazosoll spanuye 8bICOKOCKOPOCHHOU KPUCIAI-
JU3AYUY OOHOKOMNOHEHIMHO20 NePEOXIANCOEHHO20 PACNIABA. YUMEHO, Ymo no Mepe YEenudeHus: NepeoxaiaicOeHus
VCUIUBAEMCSL POTib OKALHO-HEPABHOBECHO20 mennonepenocd. IIpu nposedenuy anamumuyeckux npeoopas’osanuil
NPUMEHAENC. MPEXMEPHBIL OPMOLOHATLHLIIL OA3UC, COOMBEMCMBYIOWUIL KACAMETbHOUL, 2IA6HOU HOPMATU U OUHOD-
manu k ¢azoeoti epanuye. Tlonyuenvi @ 6HOM UOE BbIPAIICEHUSI NPOU3BOOHBIX O MEMREPAMYPbl U KOMHOHEHNO8
BEKMOPA MENNI0B020 NOMOKA NO HOPMATLHOU Koopouname. Mamemamuyeckoti MoOenvlo nosigieHus BOKo8ol 6emsu
OeHOpuma Cysicum spaoueHmuas Kamacmpogha, ¢ Hacmynienuem Komopou npou3gooHvle om memMnepamypvl U men-
JI08020 NOMOKA CMAHOBIMCS HeoepaHuenHo 6oavuumu. Tloxkazansl npudunbl paspyuenus meniogo2o nous. Ilpeo-
CMagienbl Pe3yibMambl YUCIEHHbIX PACYENO8 GIUSIHUS NEPUOOUHECKUX NO BDEMEHU BO3MYUEHUTI CKOPOCIU U KDUBU3-
Hbl (ha30601 2paHUYbl HA CIPYKMYPY MENI08020 NoJsl. Bulnoanen conocmagumenvhblil ananu3 pexicumos Koeoa-
HUll 6ONU3U GePUIUHBL OEHOPUMA U HA KOHeYHOM yoaneHuu om Hee. Ilocmpoenvl (pazosvle nopmpemsl cucmembvl
«pacnias —kpucmani». Pacuemol 6bIn0IHeHbl 0715 NEPEOXAANCOEHHO20 PACIIABA HUKEIS.

Knrouesvle cnosa. s6omoyus (hazoeotl epanuyvl, MOpHOIOSUYECcKds YCMouHusocns, 6epuluna 0eHopuma,
O0KO6as1 6emeb.

Beenenue. IIponecchl BBICOKOCKOPOCTHOM KPUCTAIIM3AMU TIIYOOKO TEPEOXJIaKACHHOTO paciiiaBa Ciry-
JKaT OCHOBOW MEPCHEKTUBHBIX CIIOCOOOB TOJIyYEHHsS MaTepHaloOB C HOBBIMH (DYHKIHMOHAIBHBIMU CBOHCTBaMH.
B Hactosiiee BpeMsi B 9KCIIEPUMEHTANIBHBIX YCIOBHSAX AOCTHTHYTHI ckopoctu pocta 20...70m/c mpu riyOune
nepeoxnaxaenus pacmnasa 10 300 K. Mcropus nanHoro Bompoca u 6ubnunorpadus u3aoxeHs! B [1].

BaxxHbIM acnekToM NpoOJEeMBl pocTa SBJISICTCS JEHAPUTHOE BETBICHUE M aHAIN3 MOP(OIOTHUECKOl He-
ycToiunBocTH (azopoit rpanuipl (OIY). CoBpeMeHHOE COCTOSHUE 3TOW MpoOIeMbl U GHOIHOrpadus UMEITCs
B pabotax [2; 3]. B mpeacraBnsiemMoii paboTe paccMaTpUBACTCS POCT KpUCTA/Ia U3 OJHOKOMIIOHEHTHOTO Tiepe-
OXJIAKICHHOTO paciuiaBa ¢ MO3ULHI TEOPUH JIOKAIbHO-HEPABHOBECHOTO TeruionepeHoca [4]. PaboTa mpomomkaet
uccrnenosanus [5—8] u umeer crenyronme uen: 1) H3yquTh rpagieHTHbIC CBOHCTBA TEILIOBOTO MO Ha JIMHUHK POCTa,;
2) npoaHaNIU3UPOBATH KOPPEILILIHIO «KPHBU3HA — CKOPOCTh MEPEMEILCHHS BEPLIMHbI ACHIPUTA.

HopmasibHble NPOU3BOJHBbIE TeMIIePATYPbl H KOMIIOHEHTOB BEeKTOPA TeIJI0BOro moTroka. Paccmot-
puM OT' (IByMepHYIO IUIOCKYIO JHOO OCECMMMETPHYHYIO), 00IadalolIy0 HECTAIIMOHAPHON KPUBU3HOM. YpaB-
HEHHE JIMHUU POCTA TIOCTYINPYEM B CIEAYIOLIEM BHJE:

— p(t) —
= x+ A(t) - [B(y)]" = 0.
Orta anpuopHas 3aBHCHMOCTh OCHOBaHA Ha JKCIEPHMMEHTABHBIX cBeleHHsAX [9] o cylecTBOBaHWM Iie-

PHOIMYECKHX M0 BPEeMEHHU BO3MYIICHUI CKOPOCTH W KPUBU3HBI BEPIIMHBI JeHApUTA. 31echk t — Bpems; B mIioc-
koM (Vv =0) mByxMepHOM ciydae X,Y — OPSIMOYrOJbHBIC JIEKAPTOBBI KOOPMHATHI; B CIIydae OCEBOM CHMMET-

pun (V =1) KoopamMHaTa X COOTBETCTBYET OCH CUMMETPHHM; Y — pajuaibHas koopaunara; B =B(y) — nemnpe-

peiras pynkums; B(y) =1, B(y) =dB/dy=0 npu y=0, npuaem B(y=0)=1. 3aKkoH IBHKCHHS BEPLIMHBI

nenaputa (Y =0): X;(t,y =0) = X,(t) =1- A(t),, t 20 . dazopas rpanuua aBrKeTCs BieBo, dx,/dt= -At)<o0.
T'eomerpuueckue cBoiicTBa @I mpencTaBisITOTCS GopMyIamMHu:

G=lgrad|, G=[i+pB** V82" B =pB"8, p=p(t)>1, sin[Féy co$=%'

AJITOPUTM MOCTPOEHHUSI KPUBOJMHEHHBIX KOOPIMHATHBIX OCEH ¢ OPTOTOHAIbHBIM GasucoMm S, N, b (ka-
careJbHasl, TJIaBHas HOpMaJlb U OMHOpMaib K moBepxHoctr ®OI') usnoxken B [10], cM. Taxke [7]. Pa3oas rpanu-

ua X; = B” — A mepememaercs co ckopocteo N = (po InB-A)/G u obnagaer cpenHel KpUBU3HOU

K=K +Ky K= 5, Kzzvy%. B, = B,(y.1) = pB"*E + p(p-1)B"7E". M

B ciiyyae p(t) =1 monydaem 3aBucumoctu it OI' cTanuoHapHOM (POPMBI.
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PaGoTaeM ¢ IByMEpHBIMH YPaBHEHHSIMH TeIuionepenoca [4]:

oT  dq,  dq, . v aa, od, oT
C—+—+—2+—-q,=0; ——)\—, +y—==-A—:v=0,1.
ot dx oy yqz GV ox ' BTV g ay

OcHoBHbIe 0003HaueHus: 1T — Temneparypa; ((0;,0,) — BEKTOp YICIEHOrO TEIUIOBOrO IIOTOKA; A — KO-
3¢ QULUEHT TEIIONPOBOIHOCTH; C — O00BEMHAsi TEIUIOEMKOCTh; Y — BpPEMs peJIaKCallid TEIUIOBOTO IOTOKa,
W =\ /(yC) — KBaJpaT CKOPOCTH PACIpPOCTPaHEHHs TEILUIOBHIX BO3MYyIIeHumii. IToce mepexosa oT apryMeHTOB

(%, ¥,t) k (s,n,t) momygaem ypasuenus st Gyakumii T, 0, O :

1,2 (3,0 -q.sinp) o0~ Be, I a2 fein) + 2 eosp) -
Ag— (vsinﬁzaj?”[v $E3‘ja(::= 2 (3)
n=- 20y B, B oog ¥ B g0t
V[0, 258+ 2% |- gsirp- oo
Tl 5y -,
ﬂa——%g—T véizénaaqs”— Blén qs Tycop—>= q” —ysinB—= qs—

asinf dcosB ;
- - +q, cof3 —q,sinp.
\(qs ot On ot ] d, cosB - q,sinp

3neck =0 +0, =0, +0,; 0 = q,SiNB+0,cosB, 0, =g, cosB+q,sinp.

.9 dy 9G _B dB, 0B 2
= A+— = A-pBPIn B: , = pBBP 1+ pinB
u B(y,t) ' G P % Gca a P @+ pinB),

p=dp(t)/dt, B=dB(y)/dy.
JaHHble TpHM ypaBHEHHUsI 0Opa3ylOT CHCTEMY JIMHEHHBIX HEOJHOPOJHBIX alreOpandecKux YypaBHEHHH

oT 0 0
110 OTHOIINCHWIO K HOPMAJIBHBIM ITPOU3BOAHBIM —— & y & . Onpe;[enmenb OTON CUCTEMBI PaBCH

on’" an ' an
7\V§31 2 2 - N2 Est
A=—3>M*“-1), M°=—-, N=-2, 5
G-t = G ©
HopmMasbHbie IPOU3BOIHBIE MTOACYUTHIBACM 110 (HhOpMyIam:
T A
om___ A 6
on  cyG(N?-w?) ©
aq K,
M =_ =2 , 7
on  cyG*(N?-w?) 0
99, _My+BM, @8)
on 3

All =My +BM; =M, Alz =cx (M, - Bln3)_)\r|1G2 .
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Da30ByI0 rpaHHIly KPUCTALIM3AIMU MOJCIHPYEM OBEPXHOCTHIO CHIIBHOTO pa3pbiBa TEILIOBOTO IOJIS.
JlMHaMHU4eCKHe YCIIOBUS COBMECTHOCTH IOJTydaeM 0ObIYHBIM 0Opasom [11]:

0y =9, cosB-B;) =g cosB; )
. . ON
Oy =0;SINB~-PB;) =a.sinB+ N(u, —u*)—L(N +VEJ; (10)
TU N
T, =Tc—°TK—%; q,=a|, d,=[a]; U,u-const (11)

3BE3J0YKOI OTMEUCHBI TapaMeTphl paciulaBa; MHICKC | YKa3bIBaeT, YTO 3HauYCHME (QYHKIMH OTPE/eIeHO Ha IpaBoit
CTOpOHE pa3pbiBa, B TBepIOH (aze; L — Temora da3oBoro nepexona eqUHALB 00beMa BEIIECTBA; || — KUHETHYE-
ckuif ko3 duuueHt pocra; U — noBepxHOCTHAsI 3Heprus rpaHulbl pasjena ¢as; T, — paBHOBeCHas TeMIepaTypa

kpuctaumzanun; ¢ =du / dT.
Ioapo6Hoe ob¢cyxaeHue ycaosuit (9)—(11)umeercs B [7]. 3aech momyckaeTcst ciydail OZHOMEPHOTO He-
CTaLIOHAPHOT'0 TEIUIOBOTO MO paciuiaBa: O = gy(X,t) , To=T4(X,t) . s onpeneseHHOCTH aHANM3UPYEM BapUaHT

N =Nn, 0,=q4,, npuaumas N <0, g;>0. Oynkuun T;, d,, 0 onpexensem ¢ nomompto (9)—(11)uepes

HapaMeTpsl paciuiasa O, T. [Ipoxuddepenimposas no kacarensHoH koopauHate Gopmyinst (9)—(11),Haxonum

(O_TJ _on [ﬂ] _ 9% [aij _ 09y
os), os ' \os) os \os) o0s

HopwmanbsHbie mpon3BogHbIC Ha (a30BOM IpaHUIIe

3.5
on);"Lan ), Lon ),

nojcuuteiBaeM Ha ocHoBe (9)—(11)u ux AuddepeHIHanbHbIX CICACTBHUIA, MOTy4aeMbIX BO3ACHCTBUEM OllepaTo-

0_29d d0 . 0 _0 . d
— =—cos3+—sin — =—sinf-—cosB .
pop 0s 0Xx $ oy pu on 0x B oy P

Takum 06pa3oM, MbI pelraeM MoIyoOpaTHYO 3a1a4y: 3a1aeM U3 PU3HIeCKHX cooOpaXkeHHi BU (ha3oBoii
IpaHMIEBI; YKa3bIBaeM TeMIlepaTypHoe moie pacmasa T.(X), §.(X) u BbrdmciseM B TBepnoit dase T, 0., 0,

a TaxKe MX MPOM3BOAHbIC 0/0N MO HOPMaNM K JUHUK POCTa. JIaHHBIA [MOAXOA MO3BOISIET HAWTH: CBSA3b CKOPO-
ctu N u kpuBu3Hbl K; 3aKoHOMepHOCTH BiksiHus Kotebannid Gynkumii A(t) , p(t) Ha moBeaeHHe TEIIOBOrO MO,

YCIJIOBHSI TOSBJICHUSI HEYCTOMYMBOCTEW B CHCTEME «PAaCIIaB — KPUCTAILI» MO/ BO3JACUCTBHEM MEPUOTUUECCKOM
HEOJHOPOIHOCTH TEIIOBOTO MOTOKA G (X) .

O0cy:xaenne pe3yabTaToB. MareMaTHYeCKOH MOJENBIO MOSBIEHHS OOKOBOW BETBH JICHIPHUTA Ha (ha3o-
BOM TpaHHUIIC CIIY)XUT IpaJMeHTHAs KaTtacTpoda, ¢ HACTYIUICHHEM KOTOpoi npou3BoaHbie (12) craHoBsTCs Heor-
paHUYEHHO OOJBIIMMH. AHAJIN3 MOJYUYCHHBIX BBIPRKEHUH MMO3BOJISET YTBEPHKAATh, YTO CYILECTBYIOT TPH NPUYH-
HBI Pa3pyLIEHUs TEIUIOBOTO MO Ha TMHUU POCTa.

I. U3 (6), (7) sicHO, 4YTO paspylieHHEe MPOUCXOAUT B <BBYKOBOI» TOUKE (X}, yhtY), xorma
NZ(yhtY) =W snecs Xt =X, (Y tY).

Il. Cornacno (5), (8), rpanuenTHas karactpoda HacTyHaeT B TOYKe ocTaHOBKH (X, Y,,t) @I, xorna
N(y,,t.)=0, Te. (pB°InB), = (A)r . DTOT BapWaHT BO3MOXKEH TOJIBKO IPH HECTAlMOHAPHOM KpuBu3HE DT,
xorna GyHkius P(t) He sABISIETCS TOKIECTBEHHON KOHCTaHTOW. B wactHoM ciydae, korma P(t) = const, kpususna
craiponapra (0K /0t =0, cm. (1)), 4 rpagueHTHast KaTacTpodha MOKET HOABUTHCS TOJIBKO B «3BYKOBOI» TOUKE.

OrMmeTuM TAaKXKC, YTO B KHHEMATUYCCKOM OTHOLICHHUU A(t) XapaKTepu3yeT CKOPOCTh, OTBCUAIOLIYTIO I10-

cTynarenpHON KomroneHte aswkenus OI; P(t) ompenenser yrioByr ckopocTh kacaTenbHo# k OI' B kaxmoi
ee Touke. B pusnueckom otHomennn A(t) OMMCHIBAET CKOPOCTb ABHKCHHS BEPIIMHBI AeHapuTa; P(t) BXOAUT
B (popmyny st kpusususl K (y = 0,t) = p(t)B(y =0).

lll. TIpu noncuere npoussonnoit (0q,/0t); , sxonsueit B My, M3, nossasercs 9°N/at?, r.e. popmy-

ne1 (12) comepixat npousBoHbie TpeThero nopsaka dXA(t)/dt®, d®p(t)/ df.
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I'paauentHas karactpoda mosBisiercs, korma P(t) u () A(f) comepxar BXOILIYIO aJIUTHBHO CTe-
MICHHYO JTHO00 JIOTapru(MUIECKYI0 OCOOCHHOCTH:

(t,-1)°%, t,>0, 0<a<l; (t,—t)’In(t, -t), t;>0.

W3 paccMOTpeHHsI aHATUTHIECKUX BhIpakeHuil 1, u M, SICHO, 9TO JOKanbHAsE HEPAaBHOBECHOCTD IIPOSIB-
JseT ceOsl He TONBKO 10 OTHOIICHUIO K TEIIOBOMY MOTOKY (CM. cliaraeMsle, coAepikaliue MHOxuTenn Yog, /ot ,
y0Q, /0t ), HO ¥ 1O OTHOLICHHIO K YTy [, XapakTepusyromeMy AByMEpHbIe reoMerputeckue cBoiicta @I (cm. cma-
raemble, coepraie MHoxutenn YOSinf/ot , yocod3/ot). Takum oOpa3om, HopMaibHbIe npou3BoaHbie (6)—(8)

0 0 .
coZiepiKaT cllaraeéMbIe BHIa VE (qrI COSB) , Y— (qS C0513) , @ 9TO 3HAYHT, YTO HA (OHE JOKATHHOW HEPABHOBECHOCTH

ot

IpOLECCa POCTA HAOIIIOMAETCSl HEMHEHHOe (MYIbTUILIMKATHBHOE) B3aMMOIEHCTBHE TEILIOBBIX U MOP(OJIOruye-
cKknuXx cBoMCTB DI

[IpuBenem 31ech MpUMEPHI pacueTa BEICOKOCKOPOCTHOTO 3aTBEPIEBAHMUS MEPEOXIIAKISHHOTO pacIuiaBa
HUKeJs. Beramcnenus BeIMONHAEM B Oe3pa3MepHBIX NMEPEMEHHBIX. bepeM criemyromue mMacmTaObl BEIHYNH:

G =C=c, A =A=A,, T,=T., y,=10°M, K,=10m, N,=3mlc, X, =A,/(GN,)=4010°u,
t =% /N, =(4/3)A0°%, q,=c¢TN,, L =L/cT,), M,=N,/T,. Temnodusndeckue CBONWCTBA HHUKEJS:
c=56200, Ix/(v® Gpan); A =69Br/(m®Gpan); L=21400,Tx/m>; T,=1728K; U =181 Jlx/m*;
pn[1544 2594, m/(c[rpan) ; y= 138107 ,c; T. =1661 K. 31ech YHCIOBBIC 3HAUCHHSA I ¥ Y COOTBETCTBYIOT

pacIuIaBy YMCTOTO HUKEI, epeoxuiaxaeHuoro Ha 67 K [5]. TeroBoe mone pacmiasa co3naercst uictounukom 0, (X) :

_, 9T dg(x) _ .
==\, x| dx g,(x), xO[x,0], x <O.

PaCCManI/IBaeM (1)14314qu1<1/1 COL[ep)KaTeJ'ILHLIﬁ BAapUAHT HE3aTYyXaKIICro TEIUIOBOTO ITOTOKA:!

0. () =g'sin®(kx) ; g, k —const, g >0,

1
x 1 . 21
T.0=T"-| & | X - sin@kx) |, L<(-x), T.(x=0)=T°>0.
() [A]{Z K 2k x) K (=x), T.(x=0)

B uactHoMm ciyuae Of =0, T.e. npu G (X)=0 mmeem omHopomHoe Temnosoe moine T, =T.° =const,
xO(-,0]. Kpome Toro, ObUI pacCMOTpEH 3aTyXaloWWii MO0 KOOPJAMHATE TEIUIOBOM IIOTOK BHJA
g (X) = ge™*sin’(k.X) ; q3 k., n. — nomoxurensHble BenuyuHbl. OTMETHM, YTO PE3YNbTATHI PACUETOB IS
n. =0 u n. >0 He coaepkar CyIECTBCHHbIX KA9ECTBCHHBIX PAa3INYHIi.

Uens pacueros —waiitu T, d,, dy, 9T,/dn, dq,/dn, 0q,/0n xak Qpynkuuu aprymenTos Y, t.

I'paduku >THX 3aBUCUMOCTEl cTpouM mpu ¢ukcupoBanioM Yy >0 mpu t>0. 3xecs Yy =0 — BepuinHa

JICHIPUTA; YeM OOoJIbIIe pajuabHAas KOOPJMHATA Y, TEM JAJIbIIe HAXOIUTCS M3ydacMmas TOYKa JIMHHUH POCTa
ot ocu genzapura; N, =—N . BoruncineHre npon3BOAHBIX BBITOJIHIOCH C IOMOLIBIO porpamMmbel Mathcad.

Ha pucynkax 1-3mpescraBieHbl pe3ylbTaThl pacueTa 0CeCUMMETpUYHON (KoHnueckoi) I iyt BapuaH-
ta B(y)=1+ny, y>0,

A(t) = % (L-cosyt), t20. (13)

OT0 3HAaYUT, 4TO CKOPOCTH DPI' UCHBITHIBACT MIEPHOANYECKOE BO3MYILeHHE &, SiNWt.

Hust p(t) momyckarotcs ABa Cirydvas:
p(t) =1+ (a, sinw;t)”; (14)
p(t) =1+a,(d-sinwt), a, >0. (15)

3mecs 8, &,, N, W, W, — IOCTOSHHbIEC BeMM4uHbL. J[s1 3aBucuMocty (14) nMeeM HEOTPHIATENIBHOE OTKIIO-

HEHUE OT SAWHHUIIBI, 3aBUCHUMOCTD (15) naet 3HaKomepeMeHHOe OTKIIOHEHHe &, Sinuw,t ot 1+4a, .
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OGcyauM pe3y TbTaThl pacueTo, osydennsie mpu V =1, N° =-N, = 307 m/c, k. =1.

Wudopmarust, IpeacTaBICHHAs Ha PUCYHKaX 1 M 2, O3BOISIET CYAUTH 00 MHTEpBaiax, B KOTOPBIX MEHS-
FOTCSI OCHOBHBIC TTapaMeTpPhl TEIUIOBOTO MOJISI HA JIMHUK POCTa. PacdeTsl moKkasand, 9To M3MEHEHHE peXnUMa KO-
nebanuit Gynkuun p(t) He BIHMsACT NPUHIUMHATLHBIM 00pa30M Ha HECTaLOHAPHBIC CBOMCTBA CKOPOCTH POCTA.

T

, oT, /an

{5

- 0.925

ag./on
70

-80

-90

0q,/on

60
40
20

75

80

Pucynok 1. —TensoBoe cocTosiHue AeHAPHTA
B KOHEYHOI OKPECTHOCTH €ro BEPIIHHBI VISl pesknMa KoJiedanuii (15):
ni=1a;=01;0,=0,5a,=04,0,=1;q'5= 0,01y=0,01

Cpasuenne pucynkoB 1 u 3 roBoput o Tom, uto Bapuantsl (14) u (15) pasnuyarorcs reoMeTpUIeCKUME

KoHOUrypamusaMu (a3oBbIX IOPTPeToB. [IpHHIMNMANBHBIX Pa3nuuuid (U3NYECKOrO XapakTepa MEXIy STUMH
pexXuMaMu KoJieOaHU HeT.

Pucynok 2 orHocurcs k nepudepun neaaputa: y =10; pucyHok 1 n1eMOHCTpHpYeT CBOHCTBa Ipolecca
B KOHe4HOH okpectHocTH Bepumtbl (Y = 001) , roe Gonblias KpHBU3HA JHMHHU POCTA B 3HAYMTEIBHOH CTEMEHH
BJIMSICT Ha IPaJIMEHTHBIC CBOMCTBA TEIIOBOTO IOJISL.

Brun Taxoke MPOBCACHBI PACUCThI JId ABYXMCPHBIX IJIOCKUX or. HOZ[pO6HOCTI/I 9THX BBIYUCIICHUN 31€Ch
HE PUBOAATCA. Pe3yJ'ILTaTLI CpaBHCHUSA TMO3BOJIAIOT YTBCPIKAATh, YTO PA3JINYUA MCKIAY IUIOCKON M OCECUMMET-
pPI‘-IHOﬁ or XOpOoIIo BBIPAXKCHBI B KOJIMYCCTBCHHOM OTHOILICHUU. I[JIF[ NpeACTaBJICHHBIX 31€Ch PCKUMOB pPOCTa
OTCYTCTBYIOT IPHUHLUIIMAJIBHBIC KAYECTBCHHBIC PA3JIMUMs MEXKAY BapuaHTaMu V = Ouv=1.
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- 0.9991

- 0.006
~ 0.004

- 0.002

Pucynok 2. —CBoiicTBa TenjoBoro moJjs
Ha nepudepnn ocecMMMETPHYHOTO AeHAPHUTa Y = 1119 pe:knma koJiedanmii (15)
(BxomHbIe MapaMeTpshI 321241 TAKHE Ke, KaK Ha pucyHke 1)

Oh dqg,/on
0.8
40
0.6 30
20
Kd 10
0.2 574
57.4 550
57.5
57.6
K K

PPlcyHOK 3. —HOpMaJ‘IbHaﬂ COCTABJIAKOIIAA TEIJIOBOI'O IOTOKA
B OKPECTHOCTH BEPUIMHBI 0CECHMMETPUYHOr0 TeHAPUTA ISl pekuMa Koiedanuii (14):
n,=0,7,a;,=0,1;0,=0,5;a,=0,1;0, = O,5;q1D= 0,005y =0,01
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3akimouenne. HpeZ[CTaBJ'ICHLI PE3YIbTAaThl AHAJTUTHUICCKOI'O XU YHUCJICHHOI'O UCCIICAOBAHUS TCIUIOBBIX CBOICTB
JABYXMCPHBIX JIMHHAH pocrTa, 06naz[afom1/1x IUTOCKOM M OCEBOH CUMMCTPUAMMU. AHanu3 BBIIOJHEH JJIg CJIy4JacB
MEPUOANYCCKOTO M0 BPEMEHHN BO3MYIICHUSA CKOPOCTU U KPUBU3HBI OCGCHMMeTpH‘{HOﬁ (1)2130130171 TrpaHULBbL. O6Ha-
PYKEHbI CYIIECTBCHHBIC KOJIMYCCTBCHHLIC PA3JIMYUA MCKAY PCKUMaMU KoJicOaHuil BOIU3H BCPUIMHBI ACHAPUTA
1 Ha KOHEYHOM YJaJICHUHN OT HEC.

Hoxa3aH0, 4YTO OCHOBHBIMU NapaME€TpaMH BJIMAHUSA Ha TCIJIOBOC COCTOSIHUC JIMHUHN POCTA ABJIAIOTCA Yac-
TOTa U (1)333 KoJieOaHuii. YCTaHOBHGHO, 4YTO Ha (l)OHe JIOKaJIbHOMI HCPABHOBECHOCTHU IIpoLEcca poCTa Ha6n}o,uaeT-
Csl HeJIMHEHHOE BSaHMOHGﬁCTBHC TCILIOBBIX U MOp(l)O.HOFI/I‘leCKI/IX CBOICTB (1)2130130171 TrpaHULBbL.
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THE OSCILLATIONS OF THE VELOCITY AND CURVATURE
OF THE AXIALLY-SYMMETRICAL PHASE BOUNDARY
AT CRYSTALLIZATION IN AN OVERCOOLED MELT

O. SHABLOVSKY, D. KROLL

The gradient properties of the heat field on thagghboundary are studied at high-speed crystaibnat
of a unicomponent overcooled melt. The increaswlg of locally-nonequilibrium heat transfer at intgfied
overcooling is taken into account. The analytic@nsformations were carried out with the aid of taete-
dimensional orthogonal basis, which correspondedhi® tangent, the main normal and the binormalhaf t
phase boundary. Explicit expressions for the déikiea of the temperature and the heat flux vecterabtained.
The origin of a lateral branch of a dendrite wamalated mathematically by the gradient catastropien the
derivatives of the temperature and the heat flictarebecome infinitely large. The tree reasonstlfier heat field
destruction are indicated. Numerical calculations the influence of time-periodical perturbatiomsthe velocity
and the curvature of the phase boundary affectimgstructure of the heat field. The oscillationiregs at the
dendrite top and in the distant zone are collafBlde phase portraits for the system “melt — crystaBre built
in the coordinates “velocity — curvature — temperat, “velocity — curvature — heat flux” etc. Alhe calculations
were carried out for the overcooled nickel melt.

Keywords: interface evolution, morphological stability, i dendrite, side branch.
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YK 621.923

OCOBEHHOCTHU MATHUTHO-ABPABUBHON OBPABOTKHU C PETEHEPAIIMEN KOHTYPA
PEXYHEI'O MTHCTPYMEHTA UMITYJIbCHBIM MATHUTHbBIM ITOJIEM

0-p mexu. nayk, npogy. I.M. AKYIOBUY,
Kano. mexu. nayk, ooy. M.M. /IEYKO; O.H. BOPOILIIYXO
(Benopycckuit 2ocyoapcmeennulii azpapuslii mexuuueckuil ynueepcumem, Munck)

Paccmampusaemces enusnue pecenepayuu KOHmMypa pesicyuie2o UHCMpYMeHma UMnyaibCHbIM MASHUMHBIM
noiemM Ha Kauecmeo NosepxXHocmell demaneli u npou3go0umeIbHOCHb Npu MAZHUMHO-abpa3ueHol oobpabomxe.
Yemanoeneno nonosicumenvroe enusHue OONOIHUMENbHO20 MAZHUMHO20 NOJIL HA KAYeCmeo U Npouseoou-
MeIbHOCMb MAZHUMHO-abpaszusHou obpabomku. Onpedenienvl ONMUMATbHbIE 3HAYEHUS 8APbUPYeMbIX DaK-
mopog, obecneuusarouue MAKCUMAIbHOE 6IUsIHUE HA YMEHbUIEHUe WEePOX08AMOCU ROCIe YKA3aHHOU 0bpa-
OomKU ¢ OONOIHUMENbHOU MASHUMHOU CUCTEMOU.

Knroueesvie cnosa. maznumno-abpasuenas oopabomka, heppoadpazughvill NOPOUWOK, NOIOCHBIL HAKO-
HEUHUK, peceHepayusi KOHMypa pexicywje2o UHCmpymMeHma, ¢peppoadbpasusras wémka.

BBenenue. Pa3zsutre BbICOK03(D(EKTUBHBIX TEXHOJIOTHI U3TOTOBICHHUS JICTAJCH MAIlIMH BCce OoJiee yxKe-
CTOYaeT TpeOOBaHUs K MPOU3BOAUTEIBHOCTH ONEpanuii 00pabOTKH 3aroTOBOK M KaueCTBY MOBEPXHOCTEH Jie-
TaneH, YepTekeid caMux neraneil kak mo Gopme, Tak ¥ 0 TOYHOCTH. DTO SABIAETCS MOTHBAITUEH COBEPIICHCT-
BOBaHMS (PUHUIIHBIX CIOCOOOB MEXaHMYECKOW 00pabOTKM W CO3JaHUs TPUHIIMIHAIHLHO HOBBIX METOJOB,
B TOM YMCJIE OCHOBAaHHBIX HA HHOM XapaKTepe B3aNMOJICHCTBISI HHCTPYMEHTA C IIOBEPXHOCTHIO JICTAJH.

ITpu GunaMIIHON abpa3uBHONW 00pabOTKE TPAAUIIMOHHBIMUA CIIOCOOAMH Ha OTACNBHBIX y4acTKax MOBEpPX-
HOCTeH 00pabaThiBaEMbIX JETajel BOSHUKAIOT MOIPENIHOCTH (GOPMBI M pa3dpoc BeNWYuH miepoxoBatoctu [1].
B pesynbpTaTe mapaMeTphl KauecTBa Ha Pa3IMYHBIX YYaCTKaX MOTYT 3HAYUTEIBHO OTIUYATHCS APYT OT APYyTa,
U [uisi oOecrieueHus: TPeOOBaHUN YEPTEKa MOTYT MOTPEOOBATHCS JOMOJHUTEIBHBIC JOBOJOYHBIC ONCPAIIHH,
KOTOpPBIC, KaK MPABUJIO, BHIMOJHSIOTCS BPYYHYIO U SIBJISFOTCS TPYTOCMKUMH.

B MammHOCTPOCHUH IIUPOKO HCIIONB3YIOTCS IETANHM THIIA TNl BPAICHHUS ¢ paO0YUMHU MOBEPXHOCTSIMHU
MOJ| TIOCAJIKY, K KOTOPBIM NPEABSIBIAIOTCA 0CO00 BBICOKHME TPEOOBAaHUS KaK MO TOYHOCTH (POPMBI U BEIUYHHE
HIEPOXOBATOCTH, TAaK U MO MOKAa3aTeNsIM (hU3UKO-MEXaHHUCCKUX CBOMCTB MOBEPXHOCTHOTO ciosi. IIpuMeHeHue
MarHuTHO-a0pasuBHOM 00paboTkr (MAQ) 10 CpaBHEHHIO ¢ TPAJAUIHOHHBIMU criocobamMu abpa3uBHOM 00paboT-
KH CIIOCOOCTBYET 00pa30BaHHUIO BBEICOKOTO Ka4eCTBA MOBEPXHOCTH M CTPYKTYPHI MIOBEPXHOCTHOTO CJIOS 32 CUET
HEBBICOKOH TeMIIEpaTyphl B 30HE pe3aHusl.

Ilenv pabomsl — yCTaHOBHUTH BIHMSHHC PETCHEPALNH KOHTYpa PEXYIIero MHCTPYMEHTa MarHUTHBIM II0-
JIeM Ha KauyeCTBO TIOBEPXHOCTEH AeTanel ¥ MPON3BOANTENFHOCTh IPH MarHUTHO-a0pa3uBHOI 00paboTke.

OcHoBHas 4yacThb. JloctounctBamu MAOQO, B OTIIMYHE OT TPAAUIIMOHHBIX CTIOCOO0B (PMHUTITHON 00paboT-
KU, SBIISTIOTCSI BO3MOXKHOCTh PETYJIHPOBAHUS IJIOTHOCTH U JKECTKOCTH 00padaThIBAIOIIETO HHCTPYMEHTa, cop-
MHUPOBaHHOTO u3 (heppoabpazusHoro mopoimika (DAIT), obecrieueHre MapaMeTPOB HMIEPOXOBATOCTH 0OpabAaTHI-
BaeMbIX moBepxHocteil B mpeaenax Ra (0,01...0,63)mkm, cHimkeHus BonmHucTOocTH B 8...10 pas, rpanHocTtH
10 2 pa3 [2]. Yka3zaHHbIE TEXHOIOTHYECKHE MPOIECCH JIETKO MOIAI0TCS aBTOMATH3AIMH, TOCKOJIbKY JJIEKTPHU-
YECKHE U MArHUTHBIC TIOTOKH YHEPTUU MPOCTHI B PEATU3aIUH U YIOOHEI B YIIPABICHUU.

Bwmecre ¢ Tem MarauTHO-abpa3uBHas 00paboTKa HMEeT HEJJOCTATOK — CHIDKAeT HHTEHCUBHOCTD «caMope-
TeHepanum» KOHTYpa PEeXYIIEr0 HHCTPYMEHTa B pabodueill 30HE, UTO HETaTHBHO CKA3bIBACTCS HAa MPOM3BOIM-
TEJILHOCTH M KayecTBe 00paboTKH, PU3MKO-MEXaHMYECKHX CBOMCTBAX 00pabaThiBa€MBIX IOBEpXHOCTEM [2; 3].

AHann3 M3BECTHBIX TEXHOJOTHYECKHX CXeM W KOHCTPYKIHH ycTpoiicTB mist MAO mokasai, 9To Hau-
GoJbIIast IPOU3BOAUTEIBHOCTD MPOIIECCA TOCTUTACTCS 3a CYET COOOMICHNS OCIIIUIHPYIONINX ABIDKCHIA YacTH-
maM D AII B pabouem 3a3ope. OQHAKO MPH TIOTEPE PEXKYITUX CBOUCTB KOHTYpa Geppoadpa3uBHON METKH MO Me-
pe e€ paboTel TpeOyercs mepeopueHTarus yactun DAIl, yeMy HpEnsITCTBYIOT COCEIHHE YAaCTHIBI TUIOTHOM
(deppoadbpasuBHO mETKH. [To3TOMY CTOUT 3a/1a4a MPUHYIUTESIHLHON IEPEOPUCHTAINH C pEreHepaliell KOHTypa
pexyiero nHCTpymeHnTta. OIMH U3 BAPUAHTOB PEIICHUS MMOCTABICHHON 33a]]aui — MCIIOJIb30BAHKUE HAIIPABJICHHBIX
MAarHUTHBIX TOTOKOB OT JBYX CHCTEM, PacloNOKeHHBIX moja yriom 90° mpyr x npyry u pabOTalOUIMX B UM-
mynbCHOM pexxume (pucyHok 1) [4].

OcHoBHOe MarHuTHoe nosie Benuuunoit B = 0,9Tn ynepxxuBaer ¢eppoabpa3uBHbIH MOPOIIOK B pabouem
3a3ope U GpopMupyet peppoadbpasuBHyIo METKY. B 3T0 Bpems mpoucxoaut mporece Mukpopesanus. [lo mepe mo-
Tepu pexymei cocoonoctrn yactuiy @AIl, Haxomamuxcs B KOHTaKTe ¢ 0OpabaThIiBaeMOi 3arOTOBKOM, OTKITIO-
YaeTcsl OCHOBHAs MarHuTHast cucteMa (MC) 1 BKITFOUAETCsI NOTIOMHATENbHASL. JIOTIONTHUTEIbHAST MATHATHASL CHC-
TeMa IeHepupyerT B paboueM 3a30pe dMIeKTPOMarHuTHyro MHAyKuuoo By > 1,1 Tn. [Ipu BKiIOYeHUH OHOJHH-
TENBHOW KaTYIIKH M3MEHICTCS XapaKTep paclpeAeieHUs CHIOBBIX JMHWHA MarHWTHOTO MOid. PacmpenereHue
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CHJIOBBIX JIMHUH MarHUTHOI'O noJisd, TCHEPUPYEMBIX B pa6oqu 3a30p¢c ﬂOHOHHHTGHLHOﬁ MarHUTHOM KaTymKOﬁ,
paccuuTaHo METOAOM KOHCYHBIX 3JIECMCHTOB IIPU MMOMOIIU NPOTPaMMbI FEMM u OpeACTaBIICHO HA PUCYHKC 2.
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1, 2 —c00TBEeTCTBEHHO KATYIIKH H MOJIOCHbIe HAKOHEYHHMKH OCHOBHOI MarHUTHOI CHCTEMBI;
3 —MarHuTonpoBox; 4 —KaTyuIKa J0NOJHHTEIbHOl MArHUTHOW CHCTEMBI;
5 —HaKOHEYHUK JONOJHHUTEIbHOl MArHUTHON cHcTeMbl;, 6 —o00padaTbiBaemasi 1eTalb,
8, kd — paGoumnii 3230p OCHOBHOIi U JOMOJIHUTEIbHOl MATHUTHON CHCTEMbI COOTBETCTBEHHO

PucyHok 1. —CxemMa UMIYJIbCHOIi pereHepaniyu KOHTYPa pe:Kyliero HHCTpPyMeHTa

jon_Opuin, AXY_biepn Weskow o lain
YRR N

B n o uswsran |
Ay

1 —ocHOBHOIf MOTOK; 2 —MOTOK pacceMBaHus; 3 —MarHUTONPOBO/;, 4 —3aroToBKa

PucyHok 2. —PacnpenesieHue CHIOBbIX JTMHHIA MATHUTHOTO TOJISt
npu padoTe J0NOJHUTENBHON KaTyLIKH, pacCYMTAHHOe B mporpamme FEMM

JononHuTtenbHOE MarHUTHOE TT0JIe elCTBYeT Ha (eppoabpasuBHyto mETKy mox yriaom 90°u paspyiaer eé,
yactuipl ATl nmepemeniarorcs B pabouuii 3a30p JOMOTHUTEIBHON MarHUTHOU cUCTeMbl. OJHOBPEMEHHO UM-
MyJIbC MArHUTHOTO TI0JIs, HAaBESACHHBINA B pabodeM 3a30pe IOMOJHUTEIBHONH MarHUTHOW CHCTEMBI, BO3JICHCTBYET
1 Ha 00pabaThIBaeMyI0 3ar0TOBKY.

3areM MPOM3BOIUTCS OTKITFOUCHHE JOTIOTHATEIBHON MAarHUTHOW CUCTEMBI M BKIIFOUCHUE OCHOBHOM. Deppo-
a0pa3uBHBIN MOPOLIOK MEepeMenIaeTcsl B padovnii 3a30p OCHOBHOI MarHUTHO# cucteMbl. DopmMupyercst pereHe-
pupoBaHHas peppoabpa3uBHas METKA C BOCCTAHOBICHHOW PEXYIIEH CITOCOOHOCTBIO 3a CUET 3aMEHBI 1 000poTa
(heppoabpazuBHBIX YaCTHIl, KOHTAKTHPYIOMUX C 00pabaTeiBaeMoil 3aroToBkoi. Takoe moouepEénHoe mepeKITto-
YeHWE OCHOBHOM W JTOTIOTHUTEIHHON MarHUTHOW CHCTEMBI TTO3BOJISICT MPONU3BOANTE 00pabOTKy BCeria OCTPHIMH
KpoMKkaMu (heppoabpa3uBHBIX YaCTHII.

Jlis monTBEpKACHUS PAlMOHAIBHOCTH IIPUMEHEHHS TOTIOTHUTEIIFHOTO MarHUTHOTO TOJIS C IENBI0 pere-
HEpaluy KOHTYpa peXyIero MHCTPYMEHTa ObLIa CcO3/1aHa HKCIEPHUMEHTANbHAS YCTAHOBKA C JOMOJHHUTEIBHON
MAarHUTHON CHCTEMOM, Ha KOTOPOU MPOBE/ICH Pl SKCIICPUMCHTOB.

YcoBus MPOBEJCHUS YKCIICPUMEHTA: MArHUTHAS MHYKIMS OCHOBHON MarHUTHOM cucteMbl Bo = 0,9Tn;
MarHuTHass MHIYKIUA JOIOIHUTENbHOM MarHuTHOM cuctemsl By = 1,1...1,9Tn; pabounii 3a30p OCHOBHOM Mar-
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HUTHOM cucTeMbl Op = 1 MM; pabounii 3a30p JOMOJHUTEIHHON MATHUTHON CHCTEMBI 5;[ = 0,5mMm; 3epHECTOCTH
(deppoadpasusHoro mopomka FeTIC A = 100...160mkM; ckopocTs riaasaoro asmwkenus V = 0,1...0,9wm/c;
BpeMs oOpaborku T = 30...90c; uHTEpBaN BKIIOYECHUS AONOJIHUTEILHOW MarHUTHOW cucteMsl U = 5...25¢;
IIPOJOJDKUTENIBHOCTD LIMKJIA PAOOThl JONONHUTEIbHON MAarHUTHOM CUCTEMBI Ty = 2...6 c. O6pa3naMu CliyKuiu
MopLIHeBbIe nanblbl @ = 25MM (Matepuan — ctans 12XH3A, TBepaocTs moBepxHocTHOro cios 58...62 HRC).

BrixoaHbsle moka3aTenu: U3MEHEHHE IMIEPOXOBATOCTH MOBEPXHOCTEH aeraneld, ARa, MM, nmpousBoau-
tenbHocTs MAO, Am, Mr/c. M3mepeHne IepoXoBaTOCTH IMOBEPXHOCTH MPOU3BOAMIOCH Ha mpoduiorpade-
npoduiomerpe Mitutoyo SJ-201PMacca seraneii B3BermBanacsk Ha Becax Massa-K BK-60Q tounoctsio go 0,01r.

DKcnepumenmanbHble UCCIe008ANUS GIUAHUSL OONOIHUMENbHO20 UMNYIbCHO20 MACHUMHO20 NOJISL HA Ka-
uecmgeo MAO. ®opmupoBanre MUKpoIpoduis moBepxHocTH pu MAO IPONCXOIUT B pe3yiIbTaTe OTHOBPE-
MEHHO TPOTEKANOIINX 2-X MEXaHW3MOB BO3ICHCTBHS abpasuBa: 1) cpe3aHue BEPIIHH MCXOTHOTO TPOGHIIS;
2) mpope3aHue HOBBIX YIIyOJICHUH HA MTOBEPXHOCTH.

HcxomHas MOBEPXHOCTH, MOJMYYCHHAS TOCIIC YHCTOBOTO TOYCHUs, UMEET OoJiee IepOXoBaThIil Mpoduib
10 CpaBHEHHIO ¢ abpa3zuBHOW 00paboTkoi. IIpn 3TOM mpobieMaTHYHO MOTydaTh TOYHOE 3HAYCHHE HMCXOIHOU
LIEPOXOBATOCTH Ha BCEX 3aroTOBKAaxX, KOTOpbie B AajbHeiimeM noaseprince MAO, Tak Kak MHUKPONpoduib
npu 00paboTke GopMupyeTcs Mo BO3ACUCTBUEM OOJBIIOrO YKcia ciiydaiiHbX (akTopoB. B pesynbrare pac-
npe/esieHre mapamMeTpa IMepoxoBaTocT Ra B UCXOIHOM COCTOSHUM MMEJIO paccerBaHKe, MOKA3aHHOE Ha THC-

50 -

torpamme (pucyHok 3).
40
30
20
o ||
0 - [ —

05 07 09 11 13 15 1,7
Ra mxMm

60 -

YacroTa

Pucynok 3. —-I'mcrorpamMma pacnpeneneHus
HCXO/IHOI 11epOX0BATOCTH NOBEPXHOCTH

Pacnpenenenne UCXOAHOW HIEPOXOBATOCTH OJIM3KO K HOPMAJIbHOMY M MMEET 3HAUUTEIbHYIO JTUCIIEPCHUIO
(cpennexBaaparuuHoe otkinonenue Racocrasuno 0,21mkm). [109TOMY HElb3s IOMYCTUTD, YTO B HCXOHOM CO-
CTOSIHMH BCE 3arOTOBKH OBLIM paBHOIEHHBI. OdeBuIHO, 9T0 P MAOQO 3aroToBKH ¢ OOJIbIIEH HUCXOTHON IIIepO-
XOBaTOCThIO OyAyT B OOJNBINEH CTENEHH IOIBEP>KEHBI IEPBOMY MEXaHH3MY (OPMHPOBAHUS MHUKPOTIPODUIS,
¥ U3MCHCHHUE napamerpa Ra it Hux MoxeT ObITh 00Jiee 3HAUUTEIBHBIM, YEM JUISL 3aTOTOBOK C MAJIOW UCXOTHOM
nepoxoBarocThio. CiieoBaTesibHO, (PAKTOP «UCXOJHAsS ILIEPOXOBATOCTHY» JOJDKEH ObITh BKIIOYEH B YpaBHEHHE
perpeccuy, ONKCHIBAIOIIEEe U3MEHEHHE LIEPOXOBATOCTH B pe3yibrare MAO Ha pasnuyHbIX pexuMax. B sTom
cilydae Kak[plil JyOJib, BEITIOJHEHHBIN IPU OJJUHAKOBBIX pexuMax MAO, cTporo roBopsi, He sIBJISETCS MMOBTOPE-
HHUEM, TaK KaK OTJIMYAETCs UCXOJHOM IIepoXoBaTocThi0. [lo3ToMy npenBapureipHas 00paboTKa JaHHBIX, BKIIO-
Yarollas BIYUCICHUE CPEIHUX U JUCIIEPCHI B KaXI0W TOUYKE IJIaHA IKCIEPUMEHTA, HE NMEET CMBICIA.

Iouck ypaBHEHHS PErpeccU CBOAWICS K B BHIY MOJHHOMHUAIBHONW MOJCITH 2-TO MOPsIKAa B HOPMHUPO-
BaHHBIX KOOPJMHATAX, B KOTOPOE BKIIFOUEH Takxke (akTtop R, . PacueTsl BBIMOIHEHB! ¢ TOMOIIBIO TPOTrPAMMBI
STATISTICA, mpouenypa GRM (General Regression Modeloéinast perpeccnoHHast MOJIEIB).

JIyist BBISIBIICHUST «BBIOPOCOB» — aHOMAJIBHO OOJIBIINX PA3HOCTEH MEKAY SKCIICPUMCHTAIBHBIM U pac-
YETHBIM 3HAYEHHEM ITapaMeTpa B TOUYKE [JIaHA — KCIOJH30BAIU OIEHKU CTHIOJACHTU3UPOBAHHBIX YIATEHHBIX
ocratkoB S.DRes [5]Pe3ynbraT HaGIIOICHHUS UCKITIOTANICS U3 pacueToB, ecnu s Hero |S.DRes| > 3.

Ha ocHOBe Mojy4eHHBIX AaHHBIX PACCUUTAHBI KOI(P(HUIMEHTb! ypaBHEHUSI PErPECCHH, CTATUCTUYECKAs
3HAYMMOCTh KOTOPBIX OICHHBAJAach MO Kpureputo CThIOJACHTA HA OCHOBE IUCIEPCHH, 0a3UPYIOIICHCS HA OCTa-
TOYHOH cymMMe KBajparoB. Hesnaunmblie ko3 UIIHEHTHI UCKIIOUAINCH M3 YPABHEHHSI METOAOM 00paTHOro Mo-
LIArOBOr0 MCKJIFOYCHUS, TaK KaK [UIaH SKCIIEPUMEHTA He OPTOrOHANBHbBIN. B HTOre MojyueHo ypaBHEHUE BUIa

ARa= Ry, - b+ b X+ b X X- B X X B XX¥ R

KOTOPOE OIHCHIBAET PE3YJIbTATHI IKCIIEPUMEHTa ¢ KO3((DUIIMEHTOM MHOXXECTBEHHOM Koppessiuuu I = 0,9.
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AHanu3 BeIMYuH KOA((GUIMEHTOB PErpeccuy MoKa3ai, 4To (pakTopoM, HauboJiee BIHSIONMM Ha U3Me-
HCHHE IICPOXOBATOCTH, SBISCTCS MCXOJHAS IIEPOXOBATOCTh. UeM OHa 0oJjbIie, TeM OOJbIIC U3MCHEHUE IIEPO-
xoBaTocTd B pesysnbrare MAO. B cpeanem mepoxoBatocTh mocic MAQO ymeHnsimaeTcst Ha 87% OT MCXOMHOM
Benm4uuHbI, MUHYC 0,26 MKM.

BropsM 1o 3HaUMMOCTH SBIsieTCss MHAYKTHBHOCTH By (X, ). Bo3pacranme mnpykTuBHOCTH Hambonee
3HAYMMO BJIMSIET Ha YMEHBIIEHHE IIepoxoBaTocTu nocie MAO. VBenrueHne HapsHKEHHOCTH MAarHUTHOT'O MOJISt
YBEJIMYHBACT BO3/CHCTBUE NOMOJIHUTEIBHON MAarHUTHOW CHUCTEMbBI HA PEreHEepalUi0 KOHTYypa PEeKYIIEro MHCT-
pYMEHTa, BBI3BIBASI 3HAUUTEIbHOE H3MEHEHHE MePOX0BaTOCTH (PUCYHOK 4).

Ré;ocner MKM

0,46

0,42

0,38

034

0,3

1;Bﬂ, Tn

Pucynok 4. —3aBucumocTs mepoxosaTtoctu nociie MAO
OT BEeJIMYMHBI MATHUTHON MHAYKIMH, FeHepHPYeMOii 10NM0JHUTeIbHOI KaTymkoii B

B uucne rnaBHbix 5Q)EKTOB — BpeMs 00pabOTKH, BIUSHUE KOTOPOro HenuHeitno (X7 ), mpu 3ToM OnTH-

MallbHBIM SIBJISIETCSI CPE/IHEE 3HAUYCHHE BPEMEHU B BapbHPYEMOM HMHTEpBaje. ITO MOXHO OOBSCHHUTH TEM, YTO
MIPH MajJlOM BpeMEHH 00paOOTKH HE YCIIEBAIOT yIaTUThCs MCXOIHBIE MUKPOHEPOBHOCTH, a MPH OOJBIIOM (Hop-
MHpYeTCsi OOJIbIIE HOBBIX.

®axropbl X, u X, HAZ0 NPU3HATH, HE OKA3BIBAIOT CTATUCTUMECKH 3HAYMMOIO CAMOCTOSTENBLHOTO BIMSHU,
MX POJIb MPOSABJISAETCSA TOJNBKO BO B3aUMOJEHCTBUAX ¢ ApyruMH (akTopamu. Bzanmoneicteue X, X, ykaspisaet

Ha TO, YTO M3MEHEHHE LIEPOXOBATOCTH IPU YBEINYEHHH MHIAYKTHBHOCTH MOYKHO YBEIHYHUTH OJHOBPEMEHHBIM
YBEJIMYCHUEM YHUCIIA BKIIOYCHHUH OMOJHUTEIBHOTO MarHUTHOTO moJisi. Ho mpu 3TOM, Kak moka3bIiBaeT B3anMo-
neiictre Gpaktopos X, X, MEPHOBI BKIIOYEHHS JOTIONTHATENBHOTO MATHUTHOTO TOJIS [ENECO00Pa3HO TPUHATE

MHHUMAaJIbHBIMU.
BsanmonetictBue GpakTopoB X X, yKa3eIBaeT Ha TO, YTO JOTIONHUTENBHOE YMEHBIICHHE NIEPOXOBATOCTH
nocsie MAO MoeT ObITh JOCTUTHYTO IPH OOJIBIION CKOPOCTH pe3aHusl.
Takum 00pa3oM, MakCUMalbHOE CHIKEHHUE 1epoxoBaTocTu nocie MAO MoxkeT ObITh MMOJy4eHO Ha pe-
XKUMe 00pabOTKH, IPUBEICHHOM B Tabnuue 1.

Tabnuna 1. —OntumanbsHble 3HaYCHHS (PAaKTOPOB

OnruManbHbIE 3HaUeHHS (paKkTopoB Pacuerroe snaterie ARG, MKM
X1 X2 X3 X4 Xs
0 1 1 1 -1
T,C By, Tn V, m/c u, c T, C 0,8MRa, — 0,17
60 1,9 0,9 25 6

Dkcnepumenmanvhvle UCCIE008AHUA GIUAHUA OONOTHUMENLHO20 MAZHUMHO20 NOJIA HA NPOU3E0OUmeNb-
nocms MAO npoBonvNch Ha yctaHoBKe DY-6. IIpu aTOM OBLT peain3oBaH METOJ 5-Tn (akTOpHOrO MaTeMaTH-
YEeCKOro UIAHUPOBaHUs. B KauecTBe HCCIEAyeMOro mapaMmerpa npuHuManach npoussoautensHocts MAO (Y).
BapeupyeMbIMu (paKTOpaMU B DKCIEPUMEHTE SBIISUIMCH: BpeMs 00pa0oTku T (Xi); MarHUTHAs WHIYKIHS JO-
HOJIHUTEIBbHOI MarHUTHOH cucteMsl By (Xp); ckopocTs riaBHoro aBwkeHus V (Xs); MHTEpBal BKIIOUCHUS
JOMOJHUTEIbHON MarHUTHOM cHUCTeMBI U (X4); IPOJOIKUTENBHOCTD LMK PA0OTHI AOMOJHUTEIBHOH MarHuT-
HOit cucteMsl Ty (Xs).
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YpaBHEHHE perpeccuy UCKaIM B BUJIE TIOJIMHOMHAIEHON MOZAENN 2-TO MOpsi/IKa B HOPMUPOBAHHBIX KOOP-
JauHatax. Pacuersl BbimosHeHbI ¢ moMolibio nporpammel STATISTICA, npouenypa GRM (General Regression
Model —o6ias perpeccioHHast MOJEIND).

HecMmoTpst Ha TO, YTO AMCIIEPCHH TIO TOYKAM IUIaHAa OZHOPOXHBI, CPEAN HKCIICPHUMEHTAIbHBIX 3HAUCHHUI,
BKJIIOYAIONIHX 110 5 y0iield B Ka)XKI0# TOYKE IUIaHa, MOT'YT IIPUCYTCTBOBATh <«BBIOPOCHI» — IKCIIEPHUMEHTAIbHBIE
TOYKH, MMEIoIIHe OOJBIINE OTKJIOHEHHUS OTHOCHTENBHO COOTBETCTBYIOIINX PACUETHBIX 3HAUCHHUH COITIACHO IIO-
Jy4eHHOMY YpaBHCHHUIO perpeccuu. Takue TOYKH CYLIECTBEHHO CHI)KAIOT TOYHOCTh OLIEHKH IIapaMeTpOB per-
PECCHOHHOI'O ypaBHEHHs M BBI3BIBAIOT MX CMEIUCHHUS. JIJIs BBIABICHHS IONOOHBIX OIBITOB IIPUMEHSIOTCS Pa3-
JIMYHBIE NIPOLEAYPHI OLIEHKH OCTATKOB — Pa3HOCTH MEXIY KCIIEPUMEHTAJIbHBIM U PACUCTHBIM 3HAYCHUEM Iapa-
MeTpa B TOUYKe MiaHa. MbI MCHONB30BAM OLCHKH CThIOJCHTU3UPOBAHHBIX yaajeHHbIX octaTkoB S.DRes [5].
PesynbraT HaOIOJCHUS HCKIIOYANCS U3 pacdeTos, eciau aist Hero |S.DRes| > 2,5Ha ocHoBaHuM 3THX OaH-
HBIX paccyUTaHbl KO3()(UINMEHTHl ypaBHEHHS PErpecCchy, CTaTHCTHYECKas 3HAYMMOCTh KOTOPBIX OLICHHWBAJIACh
no kpureputo CrerozeHta. Hesnaunmble k03()(QUINMEHTHI HCKITIOYANCh U3 YPAaBHEHUSI METOJIOM 00OpaTHOTo 1o-
IIar0BOT0 MCKIIIOYEHUS, TaK KaK IUIaH SKCIICPUMEHTa HEOPTOTOHAJICH.

B urore mony4eHo ypaBHEHHE CIEAYIOLIETO BUA:

Am=h-BX+B X+ BX- B XX+ B XX b X% hXX h% b

B pesynbrate BBINOJIHEHHBIX SKCHEPHMEHTOB YCTAHOBJICHO, YTO 110 CTCIICHU BIMSHUS HA IPOM3BOAM-
TenabHOCTh MAO napaMeTpbl MOXKHO pacnosokuTh Bpsaa. V — 1 — VXU - By - ByX 1.

Bo3spacranue ckopocti V(X3) Hanbonee cnocoOCTBYeT YBETHUYCHHIO IPOU3BOJUTEIBHOCTU (PUCYHOK 5),
npuuéM 3Ta 3aBUCHMOCTh HEJIMHEWHAs!, U OTPULATENbHBIH KO3 UIMEHT pu KBaApaTUIHOM 3(P(EKTe ITOTo *Ke
(baxTOpa yKasbIBacT, YTO MPUPOCT MPOU3BOJUTEILHOCTH 3aMEIISIETCS 10 MEPE POCTa CKOPOCTH.

Am, mr/c

8,5
6,5 |
45,

2,5

0,4V, m/c
PucyHok 5. —3aBHCHMOCTH TIPOM3BOIHTEILHOCTH OT CKOPOCTH pe3anust

BTopeIM 110 3HaYMMOCTH (HaKTOPOM SBIISIETCS BpeMs 00paboTku T (X;). IHTEHCHBHOCTH ChEMa MeTajlia
C IOBEPXHOCTH 00padaThIBacMO JIeTaIl TUHEHHO YMEHBIIACTCS 0 X0y BpeMEeHH, oJHaKo 3ddekT sToro dak-
Topa B3aumoeicTByeT ¢ V(X3) u U(Xy). YMEHBIICHHE MOXKHO <BaTOPMO3UTH», €CJIU MPH OONBIIAX CKOPOCTSIX
MPUMEHSTh MAJIbIe HHTEPBAJ BKJIFOUCHUS TOTOIHUTEIHHON MATHUTHON CHCTEMBI.

VBenudeHue B paboueM 3a30pe MarHUTHON MHIYKIUH TOMONTHUTEIFHON MarHuTHO cucteMsl By(X;) He-
JIMHEHHO MOBBIIIAET MIPOU3BOAUTEILHOCTh, IPUYEM MOJIOKUTEIBHBIN KBapaTUUHBINA () (EKT yKa3pIBaeT HA UH-
TEHCUBHBIH pocT (PHCYHOK 6).

Am, mr/c

8,5+

7,5

6,5

\
|
0 11 13 15 17 91,B,;Tn

PucyHok 6. —3aBHCHMOCTb NPOM3BOAUTEILHOCTH OT BeTHYHHBI MATHUTHON HHIYKIMH,
reHepupyeMoii 10I0JHUTEILHOI KaTyluKoii By
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WuTepBai BKIFOYCHHUS JOMOJHUTEIBHON MarHUTHOH cucTeMbl U(Xy) U IPOAOKUTEIBHOCTD LIHKIA pabo-
ThI JOMOJIHUTEIbHON MarHUTHOI CHCTeMbI Tj;(Xs) HE OKa3bIBalOT CTATHCTHYECKH 3HAYUMOIO CAMOCTOSTEIBHOTO
BIIMSIHUSL, UX POJIb TIPOSIBISIETCS TOJIBKO BO B3aMMOACHCTBUAX ¢ Apyrumu pakropamu. [100XKUTENbHOE BIUSHUC
yBeINYEHUs! HHAYKUMK By MOXKeT ObITh yCHIICHO BO3PACTAHUEM [UINTEIBHOCTH BKIIIOYEHHUS Ty JOIOIHUTEILHON
MarHUTHOH CHCTEMBI.

OnTUMHU3aLHOHHAS 3a]a4a [0 MOKCKY PEXHMa, 00eCIIeUHBAIOLICIO MAKCHMABHYIO IPOU3BOANUTEIBHOCTb,
peuteHa B nporpamme MSExcelmeromom OIII" (0606uiéHHbINA MpUBeACHHBIN rpagueHT) [6]. B pesynbsrate mo-
JYYCHO, YTO ONMTUMAJIbHBII PEXKUM HAXOJHUTCS Ha FPAHHUIIC H3YYCHHOTO (haKTOPHOTO NpocTpaHcTBa (Tabnuua 2).

Tabauua 2. —OnrumainbsHble 3HaYCHUS (PaKTOPOB

OnTuMmanbsHble 3Ha4eHUs (pakTopoB Pacuernoe 3HaueHne Am
X1 Xz X3 X4 Xs 8,44wmrlc
T,C By, Tn V, mlc u, c T, C OkcnepuMeHTanbHble 3HaueHHs AM
30 1,9 0,9 5 6 9,33; 8,33, 7,67, 8,33

IIpoBen€HHBIN SKCIEPUMEHT JOKA3bIBAET MOJOKUTEIbHOE BO3CICTBUE AOMOJHUTEILHOTO UMITYJILCHOTO
MarHMTHOTO HOJIsl Ha npou3BoauTeabHOoCcTs MAO. IlpuMeneHue 10noJHUTENIHOTO MarHUTHOTO mosist npu MAO
MO3BOJISIET pereHepUpoBaTh heppoadpa3uBHYIO METKY M COXPAHATH € PEKYIIYIO0 CIOCOOHOCTh Ha TPOTSKCHUN
JUTUTEIIBHOTO BpeMeHH (PHCYHOK 7).

Am, mr/c

10,0+

8,0+

6,0+

4,01

2,04

LS}

! ! ! ! ! ! ! L

0 30 60 90 120 15

1 —0e3 perenepauuu geppoadpazuBHON WETKY,
2 —c pereHepanueii J0NOJHATEJbHBIM HMITYJIbCHBIM MATHHTHBIM 10JIEM

Pucynok 7. —3aBHCHMOCTH NPOU3BOANTEILHOCTH OT BpeMeHH 00padoTKH

B 3akiroueHre UCCIEIOBAHKS MOXHO CJ/IENIATh CIIEAYIOIIIE BHIBOIBI:

- B pe3yJibTaTe NPOBEJAEHHBIX IKCIIEPUMEHTOB YCTAHOBIICHO MOJIOXKHUTEILHOE BIUSHUE JOMOIHUTEIBHOTO
MarHUTHOTO MOJIsl HA KAYeCTBO M IPOU3BOIUTEILHOCTh MArHUTHO-a0pa3suBHOM 00paboTKY;

- ONpEIeIICHbI ONTHMAITbHBIC 3HAYCHHUSI BAPHUPYEMBIX (DAKTOPOB, 0OCCIICUNBAOIINE MAKCHMAIILHOE BIIUSIHUC
Ha yMEHBIICHHE IepoxoBaTocT nociae MAO ¢ TomonmHUTENHON MarHUTHOI cuctemoi: T = 60c; By = 1,9Tu;
V =0,9m/c;u=25¢c; 1 =6¢;

- OmpeaeicHbl ONTHMAaJbHBIC 3HAYCHHS BapbUPYEMBIX (DAKTOPOB, 0OECICUMBAIONINE MAKCHMAIbHYIO
npousBoautensHocts MAO ¢ fononHuTenbHOM MarHuTHO#M cucremoit: T = 30¢; By = 1,9Tx; V = 0,9 m/c;
u=5c;1;=6c.
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FEATURES OF MAGNETIC-ABRASIVE MACHINING WITH CUTTIN G TOOL CONTOUR
REGENERATION BY PULSED MAGNETIC FIELD

L. AKULOVICH, M. DECHKO, O. VOROSHUHO

The influence of the contour regeneration of th#iruy tool by a pulsed magnetic field on the gyalit

of the surfaces of parts and performance in magnatirasive processing is considered. The positifecte
of an additional magnetic field on the quality apefformance of magnetic abrasive treatment washésked.
The optimal values of the variable factors providthe maximum effect on the reduction of roughaétes this
treatment with an additional magnetic system arermeined.

Keywords: magnetic-abrasive machining, ferroabrasive powgele tip, cutting tool contour regeneration,
ferroabrasive brush.
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YK 621.785.545

MMOBBIINEHUE MTPON3BOJUTEJIBHOCTH JU®®Y3NOHHOI'O HACBIIMEHUSA ITPOBOJIOKHU
IIYTEM 2JIEKTPOKOHTAKTHOI'O HAI'PEBA B PEXKUME TEPMOLUKJINPOBAHUA

M.B. CEMEHYEHKO
(ITonouxuii zocyoapcmeennslii ynueepcument)

Paccmampusaemces nepcnekmusHocms CO30aHUSL NPOGOIOUHO20 MAMEPUANA ONPEOeNIeHHO20 Xumuye-
CK020 cocmasa 0is popMupo8anus 3aumumuslx nokpoimutl. Ilpeonodxcen cnocob ougy3uonnoeo nacvluyeHUs
CMANbHOU NPOGONIOKU 8 YCLOBUAX DIEKMPOKOHMAKMHO20 HA2PEEA 6 Pecume mepMOYUKIUPOBAHUs, OCHOBAH-
HbLIL HA COBMEUeHUU INeKMPOKOHMAKMHO20 HAZPe8a U MEPMOYUKTUPOBAHUSL, OCYUeCEIACMO20 N0 MASMHUKO-
6ot cxeme. Ilpednoscena memoouxa OnMUMU3AYUU PENCUMOE OUPDY3UOHHO20 Necuposanus U OUPy3uoHHo2o
omaicuea CManbHoOU NPOBONIOKU NPU USMEHEHUU OUAMEMPA NPOBONOKU, XUMUYECKUX COCMABO8 MAmMepuaid npo-
60JI0KU U Hacvlwaiowell cpedvl, Bpemeru 00pabomxu.

Kntouesvle cnosa. 3awjumuvie nOKpblmus, 1e2upyroujue 3J1eMeHmbl, CIONCHONC2UPOSAHHASL NPOBONIOKA,
oughpysuonnoe HacviujeHue, MepMoOYUKIUPOBAHUE .

Beenenue. [[ist pOopMUPOBaHKS BOCCTAHOBHUTENBHBIX MOKPBHITHIH MCHOJB3YETCSl POBOJIOKA C MOIXO/s-
[IAM XHUMHYECKHM COCTaBOM. BHJ M KOJIIMYECTBO JIETHPYIOIIMX JIEMEHTOB, BXOISIIMX B COCTAaB MPHCAJA0YHOTO
Marepuasna, ONpeAessiioT 3allUTHbIe (YHKIMH M JOJITOBEYHOCTH (hopMHpyeMoro nokpbitusi. [IponsBoautenu
Npe/IaraloT BHICOKOJIETMPOBAHHYIO MPOBOJIOKY, OTJIMYAIOIIYIOCS BHICOKOW CTOMMOCTBIO, YTO JeJIaeT SKOHOMHU-
YEeCKH HEBBITOHBIM €€ UCIOJIb30BAHME MPU YIPOYHEHUH MIIM BOCCTAHOBJICHHUH JICHIEBBIX MaJIOPECYPCHBIX JIeTa-
aeit. Kpome Toro, GONBIIMHCTBO MPEANPHATHN HE UMeeT (PUHAHCOBOH BO3MOXKHOCTH AJIsI MPUOOPETEHHS POBO-
JIOKH Pa3IMYHBIX MApOK VTS 3aIUThI IOBEPXHOCTEH, paOOTAOLINX B KOHKPETHBIX YCIIOBHSIX.

OnTUManbHBIM BAPUAHTOM SBJIACTCS TMOKYIKa ACIICBOIl YrIIepOAUCTON MPOBOJNIOKH, KOTOpas OymeT uc-
MOJIb30BATHCSI B KAUYECTBE OCHOBBI ISl M3TOTOBJICHHUS YKOHOMHOJIETHPOBAHHOT'O MaTepuaia ¢ TpeOyeMbIM XUMH-
4ecKuM cocTaBoM. [locneayromee nud(hy3uoHHOE HACHIIICHUE TIO3BOJIMT MOJIYYUTh HEOOXOOMMOE COACPIKAHUE
JICTUPYIOIINX 3JIEMEHTOB B MPHUCAJ0YHOM MaTepuaie u (GopMHPYyeMOM HOKPBITHH MyTeM MoAOOpa COCTaBa Ha-
CBIIAIOILEH CMECH U PEXXUMOB TEPMUYECKOT0 Bo3aeiicTeus [1].

HNuddy3nonHoe HachllleHHE ATMHHOMEPHBIX H3IEJIMi B MEYH B MOPOIIKOBBIX CMECSIX — TPYAOCMKHIl
npouecc. [Ipeanpusitie TOMHKHO pacroarath 000pyJ0BaHHEM, MTO3BOJISIIOLIMM HAIPETh MPOBOJIOKY 10 Tpedye-
Mot Temmepartypbl. Kpome Toro, He0OGX0qMMBI CrieIHalbHbIe KOHTEHHEPH! [2], obeceunBaromue paBHOMEPHOES
HACBIICHUE MPOBOJIOKM B MPOJOJILHOM U MOMEPEYHOM HarpaBieHHH. VX mpuMeHeHHe OrpaHuyYMBaeT MpOTs-
JKEHHOCTh MPOBOJIOYHOIO MaTepHana MU CY)XaeT BO3MOXHYIO 00JAcTh MCIONB30BAaHHE MPOBOJOKH. ANbTepHA-
THBHBIM pelIeHHeM siBisieTcs Tud(by3HOHHOE HACBIICHHE TyTEM 3JIEKTPOKOHTAKTHOI'O HAIPEBa B PEKUME Tep-
MouukiupoBanus [3; 4]. [Ipx 3TOM o[ AMEKTPOKOHTAKTHBIM HATPEBOM MOHUMACTCSI TEXHOJIOTHUESCKUiT MpoLece
CKBO3HOT'O HArpeBa METaJlIa 3a CYET TEIUIOBOW SHEPTHH MPOTEKAIOLIEr0 M0 METAILTy JIEKTPHIECKOro Toka [5].
Crioco6 M03BOJIUT TOBBICHTB POU3BOUTENBHOCTD Mporiecca AU((HY3HOHHOTO HACHILICHHUS U ONYYUTh SKOHOMHO-
JISTUPOBAHHYIO MPOBOJIOKY € TPEOyeMOii KOHLIEHTPALUEH JIETHPYIOLIUX dJIEMEHTOB.

Mertonbl. PeanuzoBars crnoco0 au)(y3MOHHOTO HACBIMICHHS MPOBOJIOKH MYTEM 3JIEKTPOKOHTAKTHOTO
HarpeBa B pEKUME TEPMOLMKINPOBaHus [6] MOKHO Ha crenmansHO# ycraHoBke [7] (pucyHok 1), cocrosieit
u3 Tpanchopmaropa 1; KOHTEHHEpa ¢ HACBHIIIAIONMICH CMECHIO 2; TOKOIMPOBOISIIINX POJUKOB 3; OJI0OKa yrpaBs-
JISTIONTUX UMITYJIbCOB 4; perymnsTopa 5. PaboTaeT yctaHOBKa clieAylomuM o0pa3oM: HeoOpaboTaHHAs IPOBOJIOKA
MIPOXOAUT KOHTEWHEDP 2 ¢ HACHILAKIIEH cMechio co ckopocthio V = 0...0,1m/MuH. K TOKONpOBOAAIIUM PO-
nauKaM 3 HOoJaeTcs AIEKTpUYecKuil TOK oT TpaHcdopmaropa 1. Biok ynpasisionmx UMIyiscoB 4 yepes3 pery-
astop 5 obecneynBaeT pealu3alU0 PeKHMa TEPMOLMKIUPOBAHHUS. DJICKTPHUUYCCKUHA TOK MPOIYCKaIH udepes
MPOBOJIOKY LMKIWYECKH C JUTUTEIBHOCTHI0 MMITysbca 1...10 ceKyHa U JUTUTEbHOCTBIO Tay3bl 1...3 CeKyHBL.
Cuuty Toka m3mensui ot 15 10 30 A npu nocrosiHHOM HanpspkeHun 16,8B.

Hamu nposeneno nuddysnonnoe nacsimenue npososiokn CBO8['2C 'OCT 2246-80nuamerpom 1,2 Mm
60poOM, LIMHKOM, THTAHOM U antoMuHHeM. J{udQy3rnoHHOE HACBIILICHHE MPOBOJIOKU OCYIIECTBISUIN: 60pOM B TIO-
porke deppobopa ©b 17 (17%B) I'OCT (14848-69)u cmecu, cocrosimenn uz 99%B,C + 1% NaF;mumanom
B moporike (epporurana ®Tu 35 (35% Ti)[OCT 4761-91;amomunuem B CMECH, COCTOSIIEN U3 OKCHIA AT~
muHus (Al,O3) 1 uncroro amomunus (Al).

MerasiorpaduyecKkue UCClieI0BaHMUs! MPOBOJIOKH, MOKPBITHH MPOBOAWIM HA HUTHM(AX, U3TOTOBJICHHBIX B CO-
oreercTBud ¢ TOCT 9.302.Hcnonb3oBani Meraiorpadhuyeckuii komiieke Ha 6ase mukpockomna Nikon-Epiphot.
W3MepeHrne MUKPOTBEPIOCTH CTPYKTYPHBIX COCTABJISIOIMX MIPOBOAMIM Ha MHKpoTBepaomepe ldentaMet 1106
(Bukepc) ¢ kamepoit UI-1540Cu ynpaBisioIiM KOMITBIOTEpPOM B KoMmiuiekTe. Kpome Toro, mpoBeaeHs! uccie-
JOBAHHS 3aBHCHMOCTH MPOHM3BOIUTEILHOCTH GOPUPOBAHUS POBOJIOKH, H3MEPSEMOil B T/MM*MHH (KOIHYECTBO
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JICTUPYIOLICTO 3JICMCHTA, BBEACHHOTO B €AMHUIY IUIOIIAAN 3a CAUHUILLY BpeMGHI/I), oT q)paKIII/IOHHOFO cocTraBa
HaCLIHIaIOIIIGﬁ CpCabl. I[J'IH 9TOIr0 NOPOLIOK (bepp060pa B 3aBUCUMOCTH OT q)paKIlI/IOHHOFO cocCTaBa 4aCTHI OBLI

pasjiesieH Ha 4eThIpe IPYNIbL: mepBas rpymmna — 10 63 MkM; Bropas — ot 63 go 160 mkm; Tpetbsi — oT 160 Mkm
10 200mkmM; uerBeprast rpynna — ot 20010 315MkmM.

3 2 3

Hamnpasnenue

JIBWOKECHUS IIPOBOJIOKHU

Juddy3roHHbI croii / A=y

HeobpaboTaHHas

— : \ TIPOBOJIOKA
4

5 AN d

220B g

PucyHnok 1. —Cxema j1a60paTOpPHOii ycTaHOBKM 151 1M () ()Y3HOHHOTO HACHILIEHHUS TPOBOJIOKH

Pa3zpabotana mertoauka (PUCYHOK 2), MO3BONSIOIIAS HA3HAYUTH ONTHMANBHBII pPEKUM 00pabOTKH
JUIS TIPOBOJIOKH Pa3JIMYHOTO JHAaMETpa, KOTOPYIO MPEJICTOUT MOABEPrHYTh AU((Yy3MOHHOMY HACHIILEHHIO
B KOHKPETHOH cpesie AJs MOJIy4eHHs MaTepualla ONpeeICHHOI0 XUMHUYECKOr0 COCTaBa.

OmnpezeneHne MaKCUMalIbHOTO pexkumMa 00paboTKu

(T T,
v

OmnpezeneHne MUHUMAaJIbHOTO peXUMa 00paboTKH

(T )

'
Mmin

]
Umin Mmax

!

HaznaueHnue AByX MpOMEKYTOUYHBIX PEXKUMOB 00pabOTKH:
1.t <1, ,T,=1

nmm

2.1, =1, ,T,<T

g MeTaJ'IJIOFpa(l)I/I‘{GCKI/Ie HCCICAOBAaHUA TPOBOJIOKH

Pmax

!

[Homyuen
OmnpeneneHue HAWIy4IIero BapuaHTa U3 JBYX PEKUMOB 00pabOTKH: TpeGyeMbiii
- JUIsl JIETHPOBAHUS O ToJIUHE AU} Y3HOHHOTO CIIOS; > pesymsTaT?
- st 1uh(hy3MOHHOTO OTXKHTa — 10 MUKPOTBEPIOCTH

I v

HET Aa

A

Haznadenue cieqyronmix IByX PeXUMOB 00pabOTKH

v

OnTuManbHBIN peXUM 00pabOTKH MPOBOJIOKH

PucyHnok 2. —MeToauka oNTUMH3ANUHU Pe:KUMOB A1 (Py3HOHHOTO JIETHPOBAHHUS
H AP PY3HOHHOI0 OTKHIa NPOBOJIOKH B YCJIOBHAX HUKJIHYECKOI0 31eKTPOHATPeBa
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Ipu 3amaHHON CHIIE TOKA ONPEAEIseTCs BpeMs HarpeBa (UIMTEIBHOCTb MMITyJbca T, ) M OXJIaXKICHHS
(nInTeNBHOCTH Mays3bl T, ) UL KaXKIOTO IIUKIIa 00pabOTKH.

[lepBOHaYAILHO ONPEEIISIIM MAKCUMAJIBHBIH M MUHUMAIBHBINH PEKUMBI 00paOb0TKH IPOBOJIOKH.

MakcumanbHBIH pexuM 00paboTKH — PEeXKHUM, IIPH KOTOPOM NPOBOJIOKA HAarpeBaeTcs 10 TEMIEpaTyphl,
OnM3KOHM K TeMIepaType IUIaBICHUS. MPOBOJIOKA OIUIABIIAETCS, HO MPU 3TOM O0OECIICUNBAETCS HEMPEPHIBHOCTD
npouecca (MakCMMaJbHO BO3MOXKHAs UIMTENBHOCTD MMITYJIbCa T, 1 MHHHUMAJIBHO BO3MOXKHAs JUIHTEIBHOCTD

nmay3si T, ). Kpome 3rtoro, npy HasHaYeHWH HAHHOTO PEeKUMa HEOOXOAMMO YYHTHIBATH OCOGCHHOCTH HACHI-
min

LIAOMIEH cpelibl — 0TCYyTCTBHE MUppoddderra, BO3ropaHus HACKIIIAOICH CPEIbl.
[Ipyu MUHUMATTLHOM peXUMe 00pabOTKH MPOBOJIOKA HATPEBACTCS 0 BUAUMOIO KPacHOTrO CBeUeHUs (Mu-
HMMAJbHO BO3MOXKHAS JUIMTENIBHOCTh MMITYJbCa T, M MAaKCHMAaIbHO BO3MOXHAS JUIMTEIBHOCTb May3bIT, ).

JanHbIil pexum 00pabOTKH 3aBUCHUT OT XapaKTEPUCTUK M CBOMCTB 00pabaTbIiBaeMOM ITPOBOJIOKH.

[anee HazHauanuch 1Ba MPOOHBIX pesKUMa 00pabOTKH:

1) AIMTENBHOCTH UMILYJIBCA ONPEACISIACH [IyTEM YMEHBIUCHHSI MAKCHMAIbHON JAIUTEIBHOCTH HUMITYJIb-
ca Ha BEJIMYMHY, He IIPEBBIIAIONIYIO 1 CeKyHIy; [UTMTEILHOCT I1ay3bl — MUHUManbHas. [Ipy 9TOM Ha moBepxHO-
CTH IIPOBOJIOKH MOJHOCTHIO NCKIIFOYAJIMCh YYACTKU OIIABIICHHS;

2) UTMTETPHOCTH UMITYJIbCa MUHUMAIIbHAS, IJIMTEIBHOCTD May3bl MCHBIIE MAKCHMAIBHON [UTHTESILHOCTH
may3sl Ha 1 cexkyHIy.

[poBoauince Metauorpaduueckue UCCIISIOBaHUS ¢ LIENbI0 ONPEIeIeHNs] Ka4eCTBa BHINOJIHCHHOH 00-
paboTku: HanMuue U ToiuMHa Mu(dy3HOHHOTO CII0sl, 3HaUCHHE MUKPOTBEPAOCTH TU(PQY3UOHHOTO CIIOS U Ma-
TepHuaja npoBoyIokH. ONpeaensics PeXuM ¢ HAWITyUIINM KauecTBOM I (y3HOHHOTO CIIOsI.

[anee Ha3Hauanuch pexxuMbl 00pabOTKH:

- IyTeM yMEHBLICHUS JUTUTEIbHOCTH UMITYJIbCA — €CIIN BHIOPaH MaKCUMaJIbHBIN PeXUM 00paboTKy;

- IyTeM YBEJIWYEHHS JJIUTEILHOCTH UMITYJIbCa — €CJIM BEIOpaH MUHUMAIIBHBIA PEXHM.

Hasznayenue pexnmMoB 00pabOTKH MPOU3BOIST /10 NOTYYEHHS ONTHMAIIBHOTO PE3yJIbTaTa.

OcHoBHas 4acTb. PaspaboTaHHas METOIMKA NO3BOJNWIA HAa3HAYUTH JIMTEIBHOCTh MMILYJIbCA M JUTH-
TEIBbHOCTb Tay3bl AN HAChIIEHUs NpoBojoku nuHkoM — T, = 0,15¢, T, = 1¢; amoMuHueM, 60poM U TUTAHOM —

T,=10c, 1,=1c.

MHUKPOCTPYKTYpa aJINTHPOBAHHOM MPOBOJIOKH IIPEACTABIICHA HA PUCYHKE 3.

Pucynok 3. —-MukpocTpykTypa
AJIMTHPOBAHHOI PoBoIoKH, X50

Mertamnorpaduieckre UcCiIe0BaHus IPOBOJIOKH, ITOABEPTHYTOH TU(PPY3NOHHOMY HACHIILIEHHIO O0pOM
B opotike peppodopa @b 17, nokasanu, 4to GopMUpOBaHKs XUMHUYecKoro coequHeHus (FeBu FeB,) He mpouc-
xoauT. MukporBepnocts A Py3nOHHOTIO CII0s COOTBETCTBYET MUKPOTBEPAOCTH TBEPAOIO pacTBopa Gopa
B 0-kesiese. ['paueHT KOHIEHTpauuy Oopa B MONEPEYHOM CEYSHHH IPOBOJIOKH B HAIPABICHUH OT IOBEPX-
HOCTHU K LIEHTPY MEHBIIE [0 CPAaBHEHHIO C TU(PPY3MOHHBIM HACHIIICHHEM B NEeYd. DTO CHIKACT PHCK CKa-
JbIBaHUA C(HOPMHUPOBAHHOTO CIIOS, IPEIOTBPAIlas TEM CaMbIM YMEHBLICHHE KOHIEHTPALUH JIETHPYIOLIETO
JJIeMEeHTa B Ipolecce GOPMHUPOBAHUS BOCCTAHOBUTEIHHOTO IMOKPHITHA. [IpH 3TOM KadecTBO MOBEPXHOCTH
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HAMHOTO JIy4Ille, YeM y MPOBOJIOYHOr0 MaTepuaia, HoABEPrHyTOro Au(Ppy3MOHHOMY HACBHINEHUIO B YCIIO-
BHSIX TICYHOTO HArpena.

Meraiorpaduueckie HCCIEIOBaHUS MTPOBOJIOKH, NOABEPTrHYTOH Mu()(y3HOHHOMY HACBHILIICHHIO THTA-
HOM, TIOATBEPAMINA (POPMUPOBAHUE CILIONTHOTO CJI0st (PUCYHOK 4, a). 3HaueHHe MHUKPOTBEPIAOCTH AU(PPy3HOH-
Horo cJiosi aBHo cHikaercst or 3500...420QMI1a na noBepxHocTu obpasia g0 1200...1500MI1a Ha Buanmoit
TpaHUIe pasera «Cioi — cepameBuHa» (pPUCYHOK 4, 6).

4500
@ 4000 *
S 3500
& 3000 AN .
g 2500 \o& *
2 2000 *2 R
£ 1500 — W —
g 1000 >
=
Z 500
0 : : —. :
0 50 100 150 200 250
PaccTtosHue ot noBepxHOCTU, MKM
a 0

a — MEKpOCTpYKTYypa, x100;6 —u3MeHeHHe MUKPOTBEPIOCTH B MONEPEYHOM CeYeHUH

Pucynok 4. —TuTtaHupoBaHHAsI MPOBOJIOKA

HccnenoBanue BIMSHHUSA COCTABOB, UCIONb3YEMBIX ISl TU((Y3HOHHOTO HACBHIIICHUS B PEXXKUME TEPMO-
LUKITAPOBaHMs cMeceii [8], mokasano, 4To B Ka4ecTBE HACHIIAOMICH CPEABI MPEAMOUYTUTEIBHO IPHMEHSTH I10-
POIIKM YUCTBIX METAIUIOB JIHOO MOPOIIKM XUMHUYECKHX BEIIECTB, U3 KOTOPHIX BBIJCICHHE aKTHBHBIX aTOMOB
JIETUPYIOLIETO 3JIEMEHTa HE TPeOyeT JUINTEIILHOTO BPEMEHHU M BBICOKOI TeMIepaTypbl. DTO 00yCIIOBICHO 0CO-
6enHocTsIME M (OY3MOHHOTO HACHIIEHHS CTAIBHOW IPOBOJIOKM ITyTEM IMPOMYCKaHUS TOKa 4epe3 H3Jelue,
MIpH KOTOPOM TEMIIEpaTypa MPOBOJIOKH BBIIIE TEMIIEPATyphl HACHIIAIOIIEH CMECH M TeMIlepaTypa mpolecca
MIOCTOSIHHO MEHsieTcs. B ciydae npuMeHeHHs XUMHYECKHX BEIIECTB, pasJlaralolinxcs Mpyu BHICOKOH Temmnepa-
Type B yCIOBHUSX UIMTEILHONW M30TEPMUYECKOM BbINEpkKKH, 11U Qy3noHHBIN croli popMHpOBaTHCS HE OyneT
M3-32 HEJIOCTATOYHOCTH BPEMEHH JUIS BBIIEJICHUS! aKTHBHBIX aTOMOB JIETHPYIOLIEro 3jeMeHTa. Tak, nmpu Ha-
CBILIICHUH TPOBOJIOKK OopoM B cmecH, comepxamieir 99% B4C + 1% NaF,popmuposanus nuddy3noHHOro
CIIOST He HAOJIF01aI0Ch.

HccnenoBanus BIMAHUS (PAKIMOHHOTO COCTAaBa HACBHIIIAIOUICH CPEAbl HA MPOU3BOIUTEIBHOCTD IIPOIIEC-
ca rnokasainu, 4To 1u(Qy3uoHHBIIH Ci10i HauOOMIbIIeH TONIMHBI GopMHUpYETCs NpU pa3Mepe YacTull 10 63 MKM.
OnHako B 3TOM CIIydae MecTaMH HAOJIIOJACTCsl 3HAUYUTENBHOE NMPUIIEKAHNE YaCTUI] K IIOBEPXHOCTH MPOBOJIOKH,
MIPEISITCTBYIOIIEE €€ MTPOXOKACHUIO MEXAY SJIEKTPOKOHTAKTHBIMHU POJIMKAMH, YTO JETIaeT MPOLECC HACHIIICHUS
HecTaOWIBHBIM. BenepcTBue 3Toro s 60pupoBaHust CTaIbHOW MPOBOJIOKH PEKOMEHIYETCs MPUMEHSTh HAChI-
LIAFOIIYO Cpeny ¢ pa3MepoM yactull oT 63 10 160Mkm.

3akaodenne. [IpemiosxeHHbIH crocod MO3BOJSET MOJYYUTh OTHOCHTEIBHO HEIOPOTYI0 HPOBOJIOKY
110 CPaBHEHUIO CO CJIOKHOJICTUPOBAHHBIM IPOBOJIOYHBIM MaTEpUaoM U 32 3HAUUTEJIBHO MEHBIIMH MEPHOJ Bpe-
MEHH 110 CPABHEHHUIO C TPAULIMOHHBIM HACHILIICHUEM B Meur (BpeMsi HAXOKICHHS KaXKI0ro MHKpooObeMa MeTaia
[IPOBOJIOKH B 30HE (P (Y3HOHHOTO HACHILICHHUS COCTABILIET 2. ..4 MUHYTHI BMECTO HECKONIBKHX 4acoB). K Tomy ke
HET OTPaHUYCHUH 10 JurHE 00paboTku. IlomyyeHHas 3KOHOMHO-TIETHPOBaHHAS IPOBOJIOKA MOXKET HCIIOIB30BaTh-
CsI HE TOJIBKO KaK MPHCAI0YHbIA MaTepual mpu (JOpMHUPOBAHNH 3AIIUTHOTO TMTOKPBITHS, HO U KaK TOTOBOE U3/IEIHE.

Taxum 06pa3om, Ha OCHOBAaHHMH NPOBEJICHHOTO HCCIIEA0BAHUS MOKHO CAETATh CICAYIOIIUE 6616000b1.

- IPUMCHEHHE CIJIOKHOJIETHPOBAHHON NMPOBOJIOKK Al (JOPMHUPOBAHMS BOCCTAHOBUTEIBHBIX MOKPBITHH
HE BCerja SKOHOMHYECKH ONpaBJaHHO. lIpencTaBisercs akTyaJbHBIM 3aMEHa JOPOTOCTOSIIETO Marepuana
Ha MEHee 3aTPaTHYI0 SKOHOMHO-JETHPOBAHHYIO IPOBOJIOKY IPH BOCCTAHOBJICHUH MJIM YIPOYHEHUH HEIOPOTHX
MaJIOpECYPCHBIX JIeTaNeH.

- mudy3MOHHOE HACHIICHHUE, peaU3yeMoe IIyTeM COBMEILEHHS 3JIEKTPOKOHTAKTHOTO HarpeBa u Tep-
MOLMKIIMPOBAHUS, — OJJUH M3 CIIOCOOOB ITOJYYECHHUs JICIIEBOM 3KOHOMHO-JIETMPOBAHHOW NPOBOJIOKH 3aIIMT-
HBIX MOKPBITUH;

- pa3paboTaHHAas METO/IMKA [I03BOJIICT HA3HAYUTH ONTUMAJIEHOE BPEeMsI HAarpeBa (AIHTEIBHOCT UMITYJIbCa T;,)
U OXJAXACHUS (WINTENBHOCTh May3blT, ) IPH 3aJaHHOH cuiIe Toka Juisi AU((Y3HOHHOrO HACHILICHHS IIyTEM
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JJIEKTPOKOHTAKTHOTO HATPEBa B PEXKUME TCPMOLUKIMPOBAHUS MPOBOJIOKU PA3IMYHOTO JUAMETPA U3 Pa3HBIX CPE].
Hasnauensl pexumsl s HaceimeHus npoBosioku CBO8I'2C 'OCT 2246-80auamerpom 1,2 MM: IUHKOM —
T,=0,15¢, T, = 1c; amomunuem, 6opom u Tutanom — T, = 10c¢, T, = 1c.

- muddy3UOHHOE HACBINIEHUE CTAIBHONW MPOBOJOKU C MPUMEHEHHEM MUKIMYECKOr0 3JEKTPOHArpeBa
UMEET Pl 0COOEHHOCTEH, KOTOPble HEOOXOAMMO YYUTHIBATH MPU HA3HAYCHUM PEKUMa 00pabOTKH M BHIOOpE
COCTaBa HachIIaonel cpeabl. Tak, B KAUeCTBE HACHIMIAIONICH CPEIbl CIIEMYET UCIOIb30BATh MTOPOIIKH YHUCTBIX
METAJIIOB JIMOO MOPONIKM XMMHUUYECKHUX BEHIECTB, U3 KOTOPBIX BBIJIC/ICHHE aKTUBHBIX ATOMOB JIETHPYIOLIETO dJie-
MeHTa He TpeOyeT JUIMTENbHOrO BPEMEHH U BBICOKOU Temmeparypbl. MiMeer 3HaueHue (QpaKIMOHHBIN COCTaB.
Jlyist GopupoBaHusl CTAILHON MPOBOJIOKH PEKOMEHIYETCSl IPUMEHSATh HACBIIIAIOIIYIO CPEly C pa3MEePOM YaCTHI]
ot 63 10 160MKM;

- NPUMEHEHHUE DIIEKTPUYECKOIO TOKA, MPOXOISAIIEr0 Yepe3 MPOBOJIOKY C JIMTEIBLHOCTHIO HMITYJIbCA
0...10 cexyna 1 mumuTenbHOCTBIO Tay3sl 0...3 CEKYHIBI, O3BOJIAET HOBBICHTh IPOU3BOIUTENLHOCTE AU PY3H-
OHHOT'O HACBILIEHHUS CTAJIBLHON MPOBOJIOKH PA3IMYHBIMM XUMHYECKUMH DJIEMEHTAMH, CHIKask BpeMsi 00pabOTKH
Ka)KJJ0ro MUKPOOOBEMa IIPOBOJIOKH ¢ HECKOJIBKHUX YacoB 10 2...4 MUHYT.
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IMPROVING THE PERFORMANCE OF DIFFUSION SATURATION
OF THE ELECTRIC WIRE BY HEATING IN THE REGIME OF TH ERMAL CYCLING

M. SEMENCHENKO

The prospects of creation of a wire material of a certain chemical composition for the formation of
protective coatings are noted. The method of diffusion saturation of a steel wire in the conditions of electrocontact
heating in the mode of thermal cycling is offered. The method is based on the combination of electrocontact
heating and thermal cycling, carried out by pendulum circuit. The technique of optimization of modes of
diffusion alloying and diffusion annealing of a steel wire at change of diameter of a wire, chemical compositions
of a material of a wire and the saturating environment, time of processing is offered.

Keywords: protective coatings, alloying elements, complex-alloyed wire, diffusion saturation, thermal cycling.
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YK 621.62:678.546

BJIMAHUE PEXKMMOB HAHECEHUA MOJN®UIINPOBAHHBIX
MOJMMEPHBIX MOKPBITUI HA UX AJITE3UMOHHYIO TPOYHOCTH

I''A. BAPUKOB; K.M. JIPO3]]
(Ynusepcumem zpasicoanckoit 3auumot MIC Pecnyonuxu Benapyce, Munck);
0-p mexu. nayk, ooy. B.U. )KOPHUK
(Obveounennviii uncmumym mawunocmpoenus HAH Benapycu, Munck)

Tokaszano, umo MOOUPUYUPOBAHUE 2A30NTIAMEHHBIX ROTUMEPHBIX NOKPLIMULL HA OCHO8E NOPOUWKO8 NOMU-
omunenmepepmanama ([12TD), nonwmunena evicoxoeo oasnenust ([IB]) u nonamuoa (I14-6) oucnepcrocmoio
150...250uxm neopeanuueckumu nanornumensmu (cumann oucnepcrocmoio 100...150uxm, amomunuesas nyo-
pa oucnepcrocmoio 10...20mxm) cnocobecmeyem ysenuuenuio ux adzesuu k cmanu Ha 15...20% . Haubonee 6vi-
cokue nokazamenu npounocmu cyenaenus (7,9...8,5MIla) umerom noxpvimus Ha octoge nopouika [13T®. bonee
PAYUOHATLHBIE C TNOUKU 3PEHUS A02E3UOHHOU NPOUHOCU NOKPBIMULL PEHCUMbL 2A30N1AMEHH020 HanvlieHus (Ouc-
manyus Hanviienus |, dasnenue 2oproueti cmecu ¢ kamepe ceopanus P) naxoosmes ¢ npeoenax: P = 0,30 MIla,
| = 200...220mm 0ns noxkpuimuii na ocrose nopowxa IIITD; P = 0,30 MIla, | = 170...18Qum 0ns noxpuimuii
Ha ocnose nopoutkos IIOB u I14-6.

Knrouesvie cnoesa. NOJIUMEPHbLE NOKPbIMU, cA30N1AMEHHOe HANnblleHUe, MquopawweprnZ HanoJiHumeio,
pedAcUMbl HanvlileHUsl, aoee3uoHHas npoOYHOCMb.

BBenenue. PaboTocrnocoOHOCTh U3IENUI ¢ TOKPBHITUSIMHA B 3HAYUTEIHHON CTCIICHU ONPEACISICTCS MPOoY-
HOCTBIO CLEIUICHUS TOKPBITUI C OCHOBOM, TO €CTh UX aJr¢3UOHHON MPOYHOCTHI0. AHaIN3 padoT MO M3YYCHUIO
PpaboTOCIOCOOHOCTH M3ACIHIA C MOJTUMEPHBIMU OKPBITUSIMH, TOTYYCHHBIMH PA3IMYHBIMU, B TOM YHCJIC W ra30-
TEPMUYECKUMH, MeToaMu [1—4], moKa3sIBaeT, 4TO MPU BCEM MHOr00Opa3vM BO3AEHCTBYIONIMX BHEIIHUX (haKkTO-
POB, KOTOPBIM MOJBEPraeTcsi B MPOLIECCE IKCIUTyaTalluy M3AEIUNA MOBEPXHOCTh MOJMMEPHOTO MOKPBITHUS, OCHOB-
HOW MPUYMHON €ro pa3pylleHUs SIBISETCS HEIOCTAaTOUHAs aAre3MOHHAas MPOYHOCTb M HEBBICOKAsl YCTONYMBOCTH
aATe3UOHHBIX CBS3EH «oimMep — MeTainr». OCHOBHBIM yCJIOBHEM PabOTOCTIOCOOHOCTH KOMITO3UITHH «METaJlI-
TIOJIMEP» SIBIIETCS] COXpaHEHHE CIUIONTHOCTH MOKPBITHS, TaK Kak oOpa3oBaHMe JIOO0OTO CKBO3HOTO aedekTta
B ITOJIMMEPHOM MOKPBITHY TIPUBOIUT K HAPYIIICHHIO are3MOHHOM CBSI3H ¥ TIOSIBIICHIIO KOPPO3uK MeTaima [5].

Anre3noHHAs MPOYHOCTh — MHOTO(AKTOPHBIN MMOKa3aTelb, 3aBUCSAIINN OT IPUPOABI ITOJMMEpPa, OCHOBBI
n ycioBuii popmupoBaHus MOKpHITUSA. Hambosee BBICOKOH aare3MOHHOW MPOYHOCTHIO OOJIATAIOT MOKPBHITHS
M3 MOHOMEPHBIX M OJIMTOMEPHBIX IIEHKOOOpa3oBaTeeil, mpeBpaiaeMbie B OIUMEPHOE (TPEXMEPHOE) COCTOS-
HHUE HEMOCPEACTBEHHO Ha OCHOBE. MOHOMEpPHI M OJMTOMEPHI B PsE CIy4aeB CIOCOOHBI XEMOCOPOMPOBATHCS
HA TIOBEPXHOCTH METAJUIOB, a MOCICAYIOIAs UX TOJMMEPU3AIUs WK MTOJTUKOHICHCAIUS IPUBOIUT K 00pa3oBa-
HUIO PUBHUTHIX MMOJMMEPOB, XUMHIECKHU CBA3aHHBIX C OCHOBOIA [6].

W3BecTHO TakkKe, 4TO YBEIMYCHHUIO THOKOCTH LEMel crmocoOCTBYET AOCTHXKCHHUE OOJBIIEIO MOJIEKY-
JISIPHOTO KOHTAKTa, a MOBBIIICHUE MOJSPHOCTH — YCUJICHUIO B3aMMOJCHCTBHS Ha Mexk(a3Hoi rpanuiie. OqHako
JUTST K&KIOW TIOJTMMEPHOM CHCTEMBI CYIIECTBYET ONTUMAaNIbHAS CTETICHb MOJIIPHOCTH, BBIIIIE KOTOPOH Bo3pac-
TAroIIee AUMOJb-TUITOIBHOE B3aNMOICHCTBHE MEXKY IETISIMH YMEHBIITACT UX aJATe3HOHHYIO0 CIIOCOOHOCTD [7].

Ipu aTOM, Kak oTMedeHo B pabore [6], nMeeTcs onpeneneHHas KOPPEAIUS aJAre3un ¢ SHEPTHEH CBI3H
MOJIEKYJT B TojiuMepe (dHEpTHeil KOTE3WH): YeM BBIIIC DHEPTUs KOTe3uH (DYHKIIMOHAIBHBIX TPYIII MOJIUMEpA,
TEM BBIIIIE €T0 aAre3NOHHAs CTIOCOOHOCTB.

PaccmarpuBatoTcsi Takyke BO3MOXXHOCTH ITOBBIIICHHS aATE3WH TOTUMEPHBIX MMOKPHITHH 00BEMHBIM MO-
quduIupoBaHreM HaHOCUMOro mosiumepa [8—12]. HanmonHuTe M MUPOKO UCIIONB3YIOTCS IS H3MEHEHUS Me-
XAHUYECKUX, CTPYKTYPHBIX, XUMUYECKUX U JIPYTUX CBOICTB MOJHMMEPOB, B TOM YHCJI€ TPOUYHOCTH aAr€3UOH-
HBIX COEJIMHEHUN moiumep-meTai. HanosHuTenu B 3aBUCUMOCTH OT UX MPUPOABI MOTYT KaK YBEJIUYHUBATh,
TaK U YMEHbIIATh MPOYHOCTh aAr€3MOHHOTO COENUHEHMs. B yacTHOCTH, BBEJEHHE YacTHULl OKCHAA LUPKOHUS
B CBEPXBBICOKOMOJIEKYJISIPHBII MOJUATUIICH MOBBIIIAET aAT€3HOHHYIO MPOYHOCTh ra30IUIAMEHHBIX MOJTUMEPHBIX
moKpeITHii B 2...4 pasa [10]. MccnenoBanne BIUSHAS Ha KOTC3MOHHYIO U aIre€3HOHHYIO MPOYHOCTD moamd(up-
HBIX TIOKPBITHI TIPH BBEACHWU B HUX IBYOKHCH THTaHA ITOKA3aJ0, 9TO C YBEINICHNEM COJCPIKaHUS HATIOIHUTE-
st 10 16 06.% BHYTpeHHHE HANPSHKEHHS BO3PACTAIOT, & MPH MPEBBIIICHUH YKA3aHHOTO YPOBHSI HAUMHAIOT CHU-
JKaTbCs. Y CTaHOBIICHO TaKXe, YTO IOJ ACHCTBHEM BHYTPEHHUX HANPSHKCHHUN UTUTENbHAS alre3MOHHAs MPOY-
HOCTb cHIKaeTes [12].

Henp manHO# pabOTH — YCTAHOBJIEGHHE XapaKTepa 3aBHCHMOCTH aATE3MOHHOW MPOYHOCTH Ta30IlIaMeH-
HBIX MOJUMEPHBIX MOKPBITHHA C peXUMaMH HANbUICHUS, IPaHyJIALHUENd TOJTUMEPHOTO MOPOIIKA U CTENEHBIO MO-
JU(PUIUPOBAHUS MOKPHITHS HAIOJHUTEIISIMH PA3IMYHOM MPUPOJIBI U TUCTIEPCHOCTH.
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MarepuaJjibl H METOAMKA UCCIe0BAHUI. B kauecTBe MaTpULbl KOMIO3HIHOHHOTO TIOKPBITHS HCIIOJb-
30BaJIMCh TPaHyibl MonudTHICHA Bbicokoro aaBneHus ([OCT 16337-77)npousBoactea 3aBoma <«IlomuMup»
OAO «Hagran» (r. Hosonosornk), noauamuga ITA-6 (TY 6-13-3-88)npoussoactea OAO «Aszor» (r. I'poaHo)
u noimeTriaentepedranara (TOCT 51695-2000pouseoactea OAO «MOruineBXUMBOJIOKHO», H3MEIbYEHHBIE
1o muctiepcaoctd 30...400MkM.

B kauecTBe HEOPraHMYECKUX TOOABOK HMCIOJIB30BAINCH MOPOLIKU CICAYIOMINX BEIIECTB: CUTALT (H3MEIIb-
gennoe crekiio BBC) ¢ pasmepom wacturr 100...150Mkm U amroMuHEAeBast yapa ¢ pasmepom gactail 10... 20Mim.
JlaHHBIC HEOpraHWYeCcKHe N00aBKH BBOAMIIMCH B Pa3IMYHBIX KOJMYECTBAX B IOJMMEPHBIH ITOPOIIOK M CMELIH-
BaJIICh ¢ 00pa30BaHHEM KOMIIO3HI[MOHHOTO cocTaBa. Jlanee mpon3BOAMIOCH Ia30IUIAMEHHOE HAITBUICHUE TIOJTY-
YEHHOW CMECH Ha peXHMMax, MPUHATHIX sl nonuMepa. C ydeTom AaHHbIX [8] HambuleHHE Ta30IIAMEHHBIX I10-
KpbITUH 1ipu cpenHeM pasmepe wactui rnosuMepa 100...300MkM ocymiecTBIISUIOCH B HOPMaJbHOM IIAaMEHH
(mpu cooTHOLIEHNH BO3ayxa u nporaHa B cmecu 20/1...24/1).

HcenenoBanoch BIMSIHAE COACPIKAHKS HATIOJIHHUTES!, BH/IA OJMMEPHON MaTpULa 1 IUCTICPCHOCTH € YacTHIL,
a TAKKe PEKMMOB HAIBUICHUS (AMCTAHINSL, JaBJICHUE TOPIOYEeH CMECH) Ha POYHOCTH aAT€3HOHHOTO COSAMHCHHS.

Jnst u3MepeHus TONIIMHEL TOJIMMEPHBIX MOKPBITHH NCTIOIB30BANICS IH(PPOBON MArHUTHBIA TONIIHHOMED
MTII-2M, pa3paborannsiii Uacturyrom npukiaanoi ¢pusznkn HAH Benapycu. IIpodHOCTh ClEIUICHHS TOKPBI-
THsI C OCHOBHBIM METAIIOM (are€3UOHHas IIPOYHOCTH) ONPEAENIach ITUHTOBEIM MeTogoM [13].

Pe3ysabTaThl HCcIeA0BaHMIl H HX 06cyKaeHHe. Pe3ynbTaThl HCCleIOBaHUS BIMSHHSA BHIA M KOHIICH-
TpalUK MUKPOPAa3MEPHOrO HAMOJIHHUTEIS Ha YPOBEHb aAr€3MOHHOW IIPOYHOCTH KOMIIO3UIIMOHHOTO IOJIUMEPHO-
IO TIOKPBITHS CBUACTENBCTBYIOT O TOM, YTO 3Ta 3aBUCHMOCTh HMEET IKCTPEMAIIbHBIN XapakTep, MpU 3TOM BeJIH-
YMHA KPUTHYECKOTO COACPKAHMS HAMONHHUTENS U Ul CUTAIA, M AJIS AIOMUHHUEBOM MyAPBI COCTABISAET MPH-
MepHo 15 06.%. OxHako 171k BapHaHTa ¢ CUTAIIOM aAre3HOHHAsk IPOYHOCTh MOJU(HUIUPOBAHHOTO MOKPBITHS
0Ka3aJach HECKOJNBKO BhIIIC. B 1e70M, BBEICHHE MUKPOPA3MEPHBIX HEOPraHUYECKHX HATIONHUTENCH B MOJIHITH-
JieH Bbicokoro aasnenus ([I9BJI) ciocoOcTByeT yBeIMUCHHIO ero aare3un K cranu Ha 15...20 % fabmuua 1).

Ta6muna 1. —BriusHue HAMOTHATENS Ha MPOYHOCTD CIETUICHUS MOKPBITHH 13 [19B/]

Hanonaurens Copepxanne HanoHUTENS, 00.% IIpounocts cuemnenus, Mlla
be3 nanonnuTens _ 6.24
S 6,51
10 7,00
Curann 15 7,11
20 6,65
25 5,93
30 5,70
S 6,30
10 6,45
AmomMuHHIeBas myapa 15 6,63
20 6,29
25 5,68
30 5,08

DKkcneprMeHTaNbHbIE UCCIACJOBAHHS 110 ONPENCJICHUIO BIUSIHUS pa3Mepa 4acTHI] HAMbBLISIEMOTO IOJIU-
MEpHOr0o MaTepHaa Ha aJre3MOHHYIO IIPOYHOCTh MTOKPBITHS MPOBOAMIKCH CieayroimuM odpasom. Ha npeasapu-
TEJILHO MOATOTOBICHHYIO TOBEPXHOCTh METO/IOM ra30IUIaMEHHOT'0 HAIBUICHHSI HAHOCHIIMCh CMECH TTOJIMMEPHBIX
nopoukoB ¢ cutawioM (1006.%) co cpeauum pazmepom dactui noaumepa ot 50 10 350MkM mpu Oyaldmin= 1,5
(31ech Omax¥ Amin — COOTBETCTBEHHO MAKCHMAJIbHBIA U MHUHHUMAJIBHBINA pa3Mephbl YaCTHI[ HAMBLIIEMOTO OPOIIIKA).
TonmuHa MOTMMEP-CUTAIUIOBOTO MOKPhITUs cocTtaBisuia 0,8...1,0mM.

Pe3ynbTaThl 9KCIEPUMEHTAIIBHBIX HCCIICIOBAHUIA 110 OMPEACTICHUIO BIHUSHUS pa3Mepa MOJMMEPHBIX Yac-
THII HA a/IF€3UI0 HAHOCUMOTO MOKPBITUS U3 PA3TMYHBIX MOJUMEPOB MPEACTaBIICHBI HA pucyHKe 1.

[Mosy4eHHbIe JaHHbIE CBUACTEIBCTBYIOT O TOM, YTO IPU HAHECEHUH PA3JIHYHBIX HOJIUMEPHBIX MOKPBITHI
HanOOoIbIIAs aAre3MOHHAS IPOYHOCTh JOCTHIACTCsl HAMBIJICHUEM MOPOIIKOB C pa3MepaMi YacTHIl B JHala30He
or 100 no 300 MKM, 9TO MOXKET OBITH OOYCIOBICHO CIICAYIOIIMMHU OOCTOSATECILCTBAMH. Bo-nepsulx, MPH ra3o-
IUIAMEHHOM HalbUICHUH MOPOIIKK ¢ pazMepamu dactul] meHee 100 MKM mojBepraroTcsi MOBBIILIEHHOW TepMO-
OKHCJIUTEIBHOW JIECTPYKIMH, YTO MPUBOJUT K MOMAJAHUIO HE HOJHOCTHIO CTOPEBIIMX YACTHUI] B 30HY KOHTaKTa
HoJIMMepa C HAMbUISIEMOM MOBEPXHOCTH M, COOTBETCTBEHHO, CIIOCOOCTBYET CHMIKEHHIO MPOYHOCTH CLETUICHHS
HOJIMMEPHOTO MOKPBITUSI ¢ OCHOBOIL. Bo-6mopwbix, MOPOIIKH ToauMepa ¢ pasmepamu 4actull 6oiee 300 MM
HE yCIEBAIOT PACIUIABUTHCS MOJ ACUCTBHEM Teruia (akesa, 9YTO NPUBOJUT K MOMAJAHUIO HE MOJHOCTHIO MPO-
[UIABJICHHBIX YACTHUIl B 30HY KOHTAKTa MOJMMEPA U HAMBUIIEMOW MOBEPXHOCTU U CIOCOOCTBYET CHIKCHHIO
QJIFe3UOHHOU TPOYHOCTH MOKPHITHS.
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O‘-ICBI/IL[HO, 4YTO IpH HAJIUYINUU B HOpOHIKOBOﬁ KOMIO3UINU KPYHHBIX U MCJIKUX q)paKum‘/i ux H€06XOZlI/IMO
K.HaCCI/I(i)I/IIII/IPOBaTL Ha Oosee y3KHﬁ paSMepHLIﬁ JAnaria3oH, MOCKOJIbKY HAarpeB U OIUIABJICHUC KPYIHbIX U MCJIKUX
MOJIMMEPHBIX YaCTUL] IIPOUCXOJUT HCPABHOMEPHO. KPYIIHBIC YaCTHULIBI HEC YCIICBAIOT IMOJTHOCTHIO PaCIlJIaBUTHCH,
a MCJIKHMC CroparoT. 910 IIPUBOJAUT K BOZHUMKHOBCHHIO B HAIBLIACMOM ITOKPBITUHM BHYTPCHHUX HaHpHX(CHHﬁ,
TIMOABJICHUIO TPCINWH U, KaK CICACTBUC, CHUKCHUIO aIre3nOHHOU IIPOYHOCTH IMOKPBITHA.

o, MIla

8

4

50 100 150 200 250 300 350, MkM

Pucynok 1. —3aBHCHMOCTH MPOYHOCTH G CHENJIeHHST MOKPBITHIA
OT cpeHero pa3Mepa d YacTHII OPOLIKOB MOJMATHIIEHTepedTanaTa (m),
noju3THjIeHa (A) 1 nonamuza (e)

Pe3ynbTaThl SKCIIEPUMEHTATBHBIX UCCIISIOBAHUM TI0 OMPEIEIICHAI0 ONTHMAIBHOTO (PPaKIIMOHHOTO JHara-
30Ha MMOJMMEPHBIX MMOPOIIKOB €O cpeauumM pazmepom dactuil or 10010 300MkM, mpeacTaBiicHHBIE HA PUCYHKE 2,
CBUJICTEIIBCTBYIOT O TOM, YTO MakKCHMaJbHAasi POYHOCTh CIETUICHUS TOKPBITHI ¢ OCHOBOM HAGIIIOMAaeTCs TS CO-
otHOmeHUs Umaf/dmin< (1,8...2,0).
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PucyHok 2. —3aBHCHMOCTb NPOYHOCTH CHENJIEHHUS MOJUMEPHBIX MOKPBITHIA
ot cooTHOMmeHus! Oa /iy (conepixanue namosnutesst 10 06.%)

IIpu 3TOM NpUBeICHHBIC HA PUCYHKaX 1 M 2 TaHHBIC MOKA3BIBAIOT, YTO HAMOOJBIIECH MPOYHOCTHIO CIECH-
JeHHs1 00aJaf0T CHUTAIUI-TIOJUMEPHBIC TOKPBITHS HA OCHOBE IMOPOIIKA MONHMATHICHTEpedTanaTa, 4To MOKET
OBITH 00YCITOBIIEHO 0OJiee BHICOKUM YPOBHEM dHEPIUH (DYHKIMOHAIBHBIX TPYIII IS 3TOTO MOJMMEpa 10 CpaB-
HeHuto ¢ noymatieHom [IBDJT u moauamugom I1A-6 [6].

AO0ze3uonnas npoyHOCMb 2A30NIAMEHHBIX NOIUMEPHBIX NOKPLIMULL 8 3HAYUMENbHOU CMeneHu 3a8Ucum
om OUCMAHYUY HANBLICHUS U pacxooa coplodeli cmecu (0asieHUs 8 Kamepe c2opanust), KOomopwle A6II0mcs 00-
HUMU U3 OCHOBHBIX MEXHOIOSUYECKUX NAPAMEMPO8 NPOYECCa POPMUPOBAHUsL ROKPIMUSL.

CoryacHO peKOMEHIALUAM, TPUBEAEHHBIM B paborax [8; 9; 14], onTuManbHas JUCTAHIUS HAIbUICHHS
npu GOpMUPOBAHUM MOKPBHITUH MOPOINKOBBIMU MaTe€pHajaMH JOJDKHA BBIOMPATHCS U3 YCIOBUS IOCTHIKCHHS
YacTUI[AMH MaKCHMaJbHOM TeMIIepaTyphl, HO MPH 3TOM BO3ICUCTBHE caMoro (hakeiaa Ha CJIOH JOJDKHO OBITh
MUHUMAaJBHBIM BO M30€KaHUE IeperpeBa MaTepuaia clioss  OCHOBBI. VX0 U3 3THX COOOpaKCHHUN JUCTAHIIHS
HaIIbUJICHHUS! IOPOLIKOB ITOJUMEpOB Oblia BeiOpaHa B npexenax 100...300mm.
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PeSyJ’ILTaTLI HucciacaoBaHuAa 3aBUCMMOCTHU aﬂl"eSHOHHOﬁ MPOYHOCTU MNOJHUMCPHBIX HOKpLITI/Iﬁ OT AUCTaH-
1YW HAlIbUJICHUSA MPUBCACHBI HA PUCYHKE 3.

o, MIla ‘ _ | ! |

75 100 125 150 175 20@25 250 [, Mmm
1-IIDT®; 2 -TIDHJ; 3 —-TIA-6

PucyHok 3. —3aBHCHMOCTb POYHOCTH CLEINJIEHHS] HANIBLIEHHBIX CJI0eB
OT TUCTAHIMH HanbLIeHus (cpeaHuii pazmep yactun ~ 150mMkm)

[IpoBeneHHbIN aHAIM3 MOKa3al, YTO Hanboyiee BBICOKYIO MPOYHOCTH CLEIUICHHUS! MOKPBITHUS C OCHOBOI
BO BCEM HCCIIEIOBAHHOM [HMara3oHe IUCTAHLUI HaMbUICHUS WUMEIOT MOKPBITHS M3 MOJHUATWICHTepedTanara,
NpUYEM JUCTAHLIMS HANbUICHHS Ul TOPOIIKOB C pasMepoM vactuil okoso 100 MkM moimkHa OBITH HE MeHee
200...220mmMm. [Ins noanamuaa ITA-6 u noaustunena [I19B/] ata BennunHa gomkHa coctaBiaath 170...180mm.

B pesynbrare uccienoBaHus BIMSHUS JaBJICHUS TOPIOYEl CMECH B KaMepe CropaHHs Ha IPOYHOCTh Clie-
IUICHUS] IOKPBITUS C OCHOBOM B nuana3oHe nasnenuit P = 0,05...0,30MI1a ycranoBieHo O113K0€ K PSIMO Ipo-
HNOPIMOHAILHOMY yBEJIMUYCHHE aJJr€3MOHHON ITPOYHOCTH NOKPBITHH ITPH MOBBIILICHUH JaBJICHHUS [OpIoYeil cMe-
CH B KaMepe CrOpaHus ¢ MaKCHMMaJbHBIMH €€ 3HAYCHUSIMH Ha YPOBHE G, = 5,3...7,9MIIa npu P = 0,30MIIa.
[ono0HBIN XapakTep 3aBUCUMOCTH, BEPOSTHO, O0YCIIOBJICH TEM, YTO C MOBBILICHUEM JABJICHHS TOPIOYMX I'a30B
B Kamepe CrOpaHus yBEeJIMIWBACTCS CKOPOCTh UCTEYCHHS Ta30BOTO MOTOKA U3 coruta Topenku [8] u, ecrecTBeH-
HO, BO3pACTalOT CKOPOCTH I0JIeTa ¥ KHHETHYECKasi JHEPIHsl YaCTHIl OPOIKa. DTO, B CBOIO O4epelb, OJaronpu-
STHO CKa3bIBAETCS Ha XapaKTepe B3aMMOJICHCTBHS MOCIEIHUX C HOBEPXHOCTHIO OCHOBBI U a/I'€3UOHHOI! ITPOYHO-
CTH HAIBUICHHBIX TOKPHITHH. OHAKO MOBBIIATH JaBJICHUE TOPIOYEH CMECH B KaMepe CrOpaHHsi TOPEJIKH BbIIIE
BEpXHEro ypoBHs BbIOpaHHOro quamnaszona (P > 0,30MIla) sxkoHomuvecku HeneaecoodbpasHo [8].

3akarouenne. [TokasaHo, 4YTO 3aBHCHMOCTh aJI'€3MOHHON MPOYHOCTH KOMIIO3UIIMOHHOTO HOJMMEPHOTO
HOKPBITUSL OT KOHLIEHTPALUMKY MUKPOPa3MEPHOTO HAIOJHUTENS. UMEET SKCTPEMalbHBIN XapakTep, Py 3TOM Be-
JMYMHA KPUTHYECKOTO COAEPKaHUSI HANOJHUTENS COCTaBiseT npuMepHo 15 06.%, u BBeneHHe MUKpOpa3Mep-
HBIX HEOPraHWYCCKHX HAMONHHUTENCH (CHTAJLI, aFOMHHUEBAs MyApa) B MOJMMEPHBIC MOKPBITHS Ha OCHOBE I1O-
pouikoB [I2T®, II9B/] n ITA-6 criocoOcTByeT yBeIMUYESHUIO UX aare3uu K cranu Ha 15...20%.

C Touku 3peHus oOecredeHus aare3HOHHON MMPOYHOCTH TIOKPHITHS Haubosee 1enecoo0pa3Ho UCTIOIb30-
BaTh MMOJIMMEPHBIC MOPOIIKK AucrepcHocTsio 150...250MKkM, mpu 3TOM HanbosIee BBICOKHE MMOKA3aTeIH MMPOU-
HOCTH CIICTUICHHS BbISBJICHBI y MOKPBHITHI HA OCHOBE MOPOILKA MONMATHIIEHTEpedTaIaTa. DT0 MOKET ObITh 00Y-
CJIOBJICHO 0OJiee BHICOKUM YPOBHEM DHEPIHU (YHKIIMOHAIBHBIX IPYII B 3TOM MOJUMEPE 10 CPABHEHUIO C HOJIHU-
stunenoM I19BJ] u monmmamugom ITA-6.

B pesymbTare MCCIEIOBAHUS B3aUMOCBSI3H PEKUMOB T'a30IIAMEHHOTO HAIBUICHHS (IUCTAHIINS HATIBI-
aenus |, naBiaeHue TroproYel cMecH B KaMepe cropanust P) ¢ anre3MoHHOI MPOYHOCTHIO HAMBUICHHBIX MOTAMEP-
HBIX TOKPBITHH G, MOKa3aHO, YTO B MCCIICJIOBAHHOM JHWalla30HE yKa3aHHBIX TEXHOJIOTHYECKHUX IapaMeTpoB
(I = 100...300mm, P = 0,05...0,30MI1a) HauboIIbIINE 3HAUCHUS TOKA3ATEIS O UMEIOT MECTO JJIsl TIOKPBITHIH
Ha ocHoBe nopomuika [I9T® npu P = 0,30MIla u | = 200...220MmM, a a1 HOKPBITHHA Ha OCHOBE MOPOIIKOB
3B/ u [TA-6 npu P = 0,30MIlaul = 170...180um.
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INFLUENCE OF MODES OF APPLICATION OF MODIFIED
POLYMER COATINGS ON THEIR ADHESION STRENGTH

G. VARIKQV, K. DROZD, V. ZHORNIK

It is shown that the modification of gas-flame pudy coatings based on poly-ethylene terephthaRiEeT]},
high-pressure polyethylene (HDPE) and polyamide-@4owders with a dispersion of 150...250 microns
by inorganic fillers (100...150 microns citall, @inum powder with a dispersion of 10...20 micrdnsjeases
their adhesion to steel by 15...20%. The highessrateadhesion strength (7,9...8,5 MPa) have coativased
on PET powder. More rational from the point of vielvadhesive strength of coatings modes of flamaysm
(spraying distance |, the pressure of the comblestitixture in the combustion chamber P) are witRirs 0,30 MPa,
| = 200...220 mm for coatings based on PET powdrer 0,30 MPa, | = 170...180 mm for coatings based
on LDPE and PA-6 powders.

Keywords: polymer coatings, flame spraying, microfine fillspraying modes, adhesion strength.
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YK 621.791

OCOBEHHOCTH MPUMEHEHW A TOKPBITUI
TP N3IrOTOBJEHHUU SJIEKTPOXUPYPTUYECKUX NUHCTPYMEHTOB
JUISI BUTTOJIAPHOM BBICOKOYACTOTHOM CBAPKH

kano. mexu. nayk A.I'. /IVBKO; kano. mexu. nayk HA. YBEPTKO
(Hucmumym snexmpoceapxu um. E.O. [lamona, HAH Ykpaunwt, Kues);
0-p mexu. nayx, npop. A.B. TEEE/[EB
(Hayuonanwvuuviit mexnuueckuii yu-m Ykpaunol
«Kueeckuii nonumexnuueckuii uncmumym umenu Hzopa Cukopckozo»)

IIpedcmaeneno KoMnieKcHoe ucciedo8anue no NPUMEHEHUI0 MOK08 8bICOKOU YACMOMbL 8 XUPYPSULECKOU
npaxkmuxke. Paspabomana wupoxas camma 060py0osanust, 6 COCMaA8 KOMOPO20 X005 INEKMPOXUPYPIULECKUE
uncmpymenmul. Basicnetiuum 1eMenmom KOHCMpPYKYUU maxKux UHCMpPYMEHMO8 CyICUm NOKpvimue, obecneyu-
saroujee HAOEHCHYI0 pabonmy npu MHO20PA3080M UX UCHOTIb308AHUL, COOMBEMCMBYSI NPU IMOM PAOY MEOUYUHCKLUX,
CaHUMAaPHO-2USUCHUYECKUX U meXHudeckux mpebosanuti. I1o pesytomamam ucnvimanuii Oisk CEPULiHO20 GbINYCKA
MHO20PA308020 JNEKMPOXUPYPULECK020 uHcmpymenma eviopano nokpvimue < TIGER-Drylac» xomopoe cezo-
OHSL YCREWHO NPUMEHSEMCS. NPU U320MOBNIEHUL CEPUIHO BbINYCKACMbIX INEKMPOXUPYDSULECKUX UHCTNPYMEHMO8
OJ151 WUPOKO UCNOIb3YeMO20 8 KIUHUKAxX Ykpaurul ceapouroeo komniekca EKB3-300 dlamonmeo».

Knwuesvie cnoea. evicokouacmomuas ceapKa, aneKkmpoxupypeudecKkue UHCmMpPYMeHmbl, XUMUYeCKas
CMOUKOCMb nOKpblmulZ, Jicugble buonocUYecKue mMKaHu, 6uocoeMecmuMocmb, aﬂeKmpo6e3onaCHocmb.

Hcmonb30Banre BO3MOKHOCTEH COSTUHEHHSI OMOJOTHYECKIX TKaHEH CBAPKOW C LEIbI0 YIIYUIISHHUS 3/10-
POBBS YeTIOBEKa M KaUecTBa €ro JKW3HM SBJSIETCS B HACTOAIICE BPeMs OJHUM M3 NPHOPUTETHBIX HAIIPaBIICHHHA
Hay4dHBIX HccaenoBanuii. B MucTutyTe amekTpocBapku nmenu E.O. [TaToHa BexyTcsl KOMIUIEKCHBIE HCCIIEIOBA-
HUS TI0 IPUMEHEHHUIO TOKOB BBICOKOI 9acTOTHI B XHUPYPTrUUECKOil IpakTHKe, pa3paboTaHa MIMpoKas ramMmma 000-
pYJOBaHHUs, B COCTaB KOTOPOT'O BXOJST 3JICKTPOXUPYPTUUECKIE HHCTPYMEHTHI. BaXKHEHIIUM 3J1€MEHTOM KOHCT-
PYKLUMH TaKMX WHCTPYMEHTOB CIIYXHT IOKpbITHE, OOecleUMBaloliee HaACKHYI0 pabOTy IpU MHOTOpPa3oBOM
UX HUCTOJIb30BaHUH. [IOKpBITHE DIIEKTPOXUPYPIrHYECKUX HHCTPYMEHTOB JIOJDKHO COOTBETCTBOBATH LEJIOMY PSILy
MEIUINHCKHUX, CAaHUTAPHO-TMIMEHMYECKUX W TEXHHYECKUX TPEOOBAaHHH, OCHOBHBIMH W3 KOTOPBIX SIBIISIOTCS:
0MOCOBMECTUMOCTD, JIEKTPOOE30MaCHOCTh, XUMHYECKAsh CTOMKOCTh K JE3MH(UIMPYIOUNM U CTCPHIM3YIOIUM
pacTBopaM, MEXaHHYECKasi MPOYHOCTh, OOCCIICUeHHE PABHOMEPHOCTH M OJHOPOJHOCTH HaHeceHHs (OTCYTCTBHE
0P, BKJIIOYEHHI), SCTETHYECKUM BHELTHHUI BH]I.

ABTOpaMH MIPECTaBIIEMON PaOOTHI IPOBEICHEI MHOTOUHCIICHHBIE SKCIIEPUMEHTHI 110 UCTIBITAHUAM TTOKPHI-
THUA MEIWITMHCKAX MHCTPYMEHTOB, PEKOMECHIYEMBIX [UTS MPIMEHECHUSI B MEIUIMHCKOHN MpaKTHKe: [THAHUI-aKpHI;
SMOKCHUKPEMHEOPTraHNIecKasi 3Mallb, CIEeIHAIbHBINA JTaKOKPACOYHBIH MaTepuall, HONMNITUIICH; TIOPOIITKOBOE MTOKPHI-
THE B KOMIIO3MIMHU C droKcunommaGupabiMu cmonamu (TIGER-Drylac).Ilo pesysibraraM UCIBITaAHUM IS CEpUii-
HOT'O BBIIIYCKa MHOTOPa30BOr0 JJIEKTPOXMPYPrHYECKOTO MHCTPpyMEHTa BBIOpaHO HOKphiTHe «TIGER-Drylac».
DNEKTPOXUPYPrUUECKUH HHCTPYMEHT C TAKUM TTOKPBITHEM OBLIT YCIICIIHO UCTIBITAH IPH NTPOBEJICHUN XUPYPIHUECKUX
omnepanuii Ha xuBoTHBIX. Ceroans nokpeitie «TIGER-Drylac»ycnenino npuMeHseTcs mpu U3roTOBJICHUH CEpHii-
HO BBIITYCKaeMBIX JIEKTPOXUPYPTUUECKUX MHCTPYMEHTOB Jutsi cBapouHoro komiuiekca EKB3-300 dlatonmen»,
KOTOPBI IIMPOKO UCTIONB3YETCs B KIIMHUKAX Y KDaUHBI.

B Unctutyre anextpocBapku (MIC) um. E.O. IlaToHa B HacTosimiee BpeMsi BEAYTCS KOMIUICKCHBIC HC-
CIICIOBAHUSI TI0 IPUMEHEHUIO TOKOB BBICOKOM YaCTOTHI B XUpyprudeckoit npaktuke [1—4]. Pazpaborana mupo-
Kas TaMMa anmapaTypbl, B COCTaB KOTOPOH BXOIAT OWMMOJSPHBINA BRICOKOYACTOTHBIN ammapar M AJIEKTPOXUPYp-
THYECKUE HHCTPYMEHTHI.

o cpaBHEHUIO C TPAAUIIMOHHBIMU MEXaHHIECKUMHU (HUTOYHBIC, CKOOKOBBIE, KJIEEBBIC), DIICKTPUUCCKUMHU
(;TazepHbIe, TUIA3MEHHBIE) M IPYTHMH M3BECTHBIMHA METOJAMH, KOTOPBIC TIPUMCHSIFOTCS B XUPYPTHUECKON TpaK-
THKE IS pe3aHus, KOAry IS U COSINHEHNS CBAPKOH KHUBBIX OMOJOTHYECKIX TKaHEH, TaKue CBapOYHBIE KOM-
IJIEKCHI IMEIOT PSIJ] CYIIIECTBEHHBIX MPEUMYIECTB [5].

BaxHeHIIUM 3JIEMEHTOM KOHCTPYKLMH OWIOJSIPHBIX 3JIEKTPOXUPYPTrHYECKUX HMHCTPYMEHTOB CIIY)XKHT I10-
KpBITHE, KOTOPOE HAHOCUTCS HA MIOBEPXHOCTH €ro OpaHiiei n 31ekTponoB. ITokpeiTre HeoOxomuMo 11t obecneye-
HUS JIEKTPOo0OE30IaCHOCTH MEAMIMHCKOTO MepCOHaa, 3alUThl AllMeHTa IPU IPOBEACHUH ONIEPATHBHOIO BMeE-
LIaTEeNbCTBA U ACTETUYECKOT0 BHEITHETO BHUAa MHCTPYMEHTOB. [Ipu aTOM BaxKHOM 3amaueil sBisieTcsi HEOOX0au-
MOCTB oOecIieueHHs aAre3HOHHON MPOYHOCTH, PABHOMEPHOCTH M OJHOPOJHOCTH MOKPHITHS TI0 BCEH ITOBEPXHO-
CTH HaHECEHHs, OTCYTCTBUS ITOCTOPOHHUX BKJIFOUEHHH, IOP W BO3MOKHOCTH HAaHECEHHS MAapKHPOBKH HA MHCT-
pyment. Taxxke HEOOXOAUMO YUUTHIBATh, YTO IIPUMEHEHHE OWUIOJSPHBIX HHCTPYMEHTOB B OIEPAIlMOHHON 00Y-
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CJIOBJINBAET KOHTAKTHPOBAHHE 3JIEKTPOAHBIX TIOBEPXHOCTEH € )KUBOM OMOJIOTMYECKOM TKaHbIO, IO3TOMY IOKPHITHE
JIOJDKHO OBITh M3rOTOBJIEHO M3 OMOCOBMECTHMBIX MaT€pUaioB, COOTBETCTBOBATh TOKCUKOJIOTHYECKHM, CAHUTAPHO-
TUTHEHUYECKUM M MEIUIIUNHCKUM TPEOOBAHUSIM.

B cBsi31 ¢ HEOOXOAUMOCTBIO IE3MH(EKIMN U CTEPUITU3ALNH IEKTPOXUPYPIHIECKUX HHCTPYMEHTOB Iie-
pen onepanusiMH OKPBITHS TOJDKHBI OBITh CTOMKMMH K CTEPHIM3YIOIIUM U IE3NHOULMPYIOIUM PacTBOPaM.

W3zBectHbIe 3apyOesxHbIe (GUPMBI pa3INYHBIX cTpaH EBporbl 1 AMEpUKH BBITYCKAIOT 3JIEKTPOXUpYpruye-
CKHE MHCTPYMEHTHI OJHOPA30BOTO MPUMEHEHUs, KOTOpPbIE MOCIE ONepaluil yTuin3upyorcs. B OonbiinHcTBe
CITy4aeB TAKUEC HHCTPYMEHTBI HMEIOT MOJIMMEPHOE MOKPBITHE TehioHOM [6].

[o psimy NpUUYUH 3JIEKTPOXUPYPTUUECKHE HHCTPYMEHTBI OT€YECTBEHHOTO MPOMU3BOJICTBA SIBISIIOTCSI MHO-
ropa3oBbIMH, YTO BIIEYET 32 COOOM, KpOME MEPEYUCIICHHBIX BBIIIE, HECKOJIBKO BaXKHEHIIHMX CrerupUuecKux
TpeOOBaHUI K HUM CaMHM U K MX HOKPBHITUSAM. B CBSI3M ¢ BBINIEH3I0KEHHBIM JIeJIacM BBIBOJ — HOKPBITHS JICK-
TPOXUPYPTUUECKUX WHCTPYMEHTOB JIOJDKHBI 00J1aJaTh psiIOM CBOMCTB, ONpPEIEIISieMbIX YCIOBUSIMH MX paOOTHI.
[epBoouepeAHbIME TPEOOBAHUSMH SIBISIOTCS aAT€3HMOHHAS MPOYHOCTH, AIIEKTPOOE30MaCHOCTh U CTOHKOCTD
[PU NPOBEACHUH MMPEAONEePALUOHHO TOATOTOBKH, & HIMEHHO MEPONPHATHIA 10 Ne3UH(EKIUH U CTSPHIH3ALIUH;
IpY MUHUMAJIBbHO BO3MOJKHOM TOJIIMHE CJIO0S HOKPBITHE DJIEKTPOXUPYPIHUYECKUX HWHCTPYMEHTOB JOJIKHO BbI-
JIEPIKUBATh MCIIBITAHUS Ha dJIEKTpobe3onacHocTh (mpoboii) [7; 8].

OGBIYHO TIPIMEHACMBIC MEXAaHUYCCKHE MEAUIIMHCKAE MHCTPYMEHTHI (TUHIETHI, 38XKUMBI H JIp.) H3TOTaB-
JIMBAKOT U3 HepkaBerowlei ctanu (tuna 12X18HI9T, 12X18H10T).

I[pu pa3paboTke ¥ U3rOTOBICHUHU SIEKTPOXUPYPTHIECKUX HHCTPYMEHTOB K JUCTAIbHBIM KOHI[AM MX OpaHIien
cepebpsiapiMu puriosiMu (Trma [1Cp-50) npunanBaroT GUITOJISAPHBIE SJIEKTPOIBI, MATEPHATIOM KOTOPBIX SBIISIOTCS
Mezb M1, KoMIo3uT Meb-MouOeH [9] U HEeKOTOpbIe APyrue OHOCOBMECTHMBIC MAaTePHAIIbI, 3aTEM Ha TOBEPXHOCTH:
OpaHieii, MecTa Maiiku ¥ Hapy>KHbIX OBEPXHOCTEH JIEKTPOI0B HAHOCUTCS M30JISILIUOHHOE MTOKPBITHE.

st monydeHus pa3pelinTebHbIX JOKYMEHTOB Ha HCIOJIb30BAHUE JJIEKTPOXUPYPIUUECKUX HMHCTPYMEH-
TOB B OIEPALIMOHHOI HAMHU TIPOBE/ICH OJIHBIA 00BEM UCIIBITAHUH: TPOBEPKA U30JISILIMHU JIEKTPOXUPYPTrHYECKOTO
HHCTPYMEHTa Ha npo0oii; mpoBepKa CTOMKOCTH K Ae3uH(pekun (MPOBOAUTCS NEepe CTepUIn3auei); mpoBepKa
CTOMKOCTU K CTEPHJIM3AL[H WHCTPYMEHTOB CTEPUIIM3YIOUIMMHU PEarceHTaMH; MPOBEpKa MEXaHUYECKOW CTOMKO-
CTH HHCTPYMEHTA B Cllydae ero CBOOOIHOro majaeHus [7].

COBMECTHO ¢ MEAMIIMHCKUMH pabOTHUKaMHM HaMH MCCIICAO0BaHbl M MIPOBEPEHBI Ha 00pa3Lax KHMBbIX TKa-
HE psi/i MOKPBITUI JIEKTPOXUPYPrHIECKIX HHCTPYMEHTOB, MMEIOIINX XapaKTePUCTHKK, HEOOXOAUMBIC ISl CO3-
JIAHUSI MHOTOPA30BbIX MHCTPYMEHTOB JUIsl CBAPKH, PE3KH M KOATyJSIIIMU JKUBBIX TKaHEH, U pa3peuieHHbIX s
MIPUMEHEHHS B KIIMHUUECKUX YCJIOBHAX. B mpouecce npoBeaeHus KIIMHUYECKUX UCIIBITaHUI 3JIEKTPOXUPYypruye-
CKMX MHCTPYMEHTOB NPHICPIKHBAIUCH MPHUHIMIIOB OMOITHKY, 3aKOHOATENIbHBIX HOPM M TpeOOBaHHUil MO HpoBe-
JEHUIO TaKuX UCHbITaHuii: XenbcuHckoi aexaapanuun (2000r.); Koncrturynuu u I'paxkaanckoro komekca Y-
paunbl (1996 u 2006r. coorBeTcTBeHHO); OCHOB 3aKOHOJATENBCTBA YKpauHbl 00 oxpaHe 340poBbs 1992rt.;
ITocTaHOBICHHMS 0 KIMHUYCCKHUM HCCIICAOBAaHUSIM MUHHCTEPCTBA 3ApaBooxpaHeHust Ykpausbl Ne 66 Ipo 3at-
BEPIKCHHS TIOPSIKY TIPOBEICHHS KITIHIYHIX BUIPOOYBaHb JIIKAPCHKUX 3aCO0IB Ta EKCIEPTHU3U MaTepiaiB KIiHITHUX
BUMPOOYBaHb 1 THIIOBOTO MOJOKEHHS MPO KOMIcCito 3 muTanb eTuku» (2006r1.); 3akoHa Ykpauust No 3447-1V
«[Ipo 3axXKCT TBAPUH BiJI )KOPCTOKOTO MOBOKEeHHs» (2006r.).

ABTOpamMu OBLUTH H3y4eHBI TuTeparypHbie manubie [10], B KOTOPBIX comepKaTcs PEKOMEHIAIMH TI0 MaTe-
puanaM, pa3pelleHHbIM K MCIIOJIb30BAHUIO B MEJUIIMHCKON MPAKTUKE: ITOJMITUIICH, MTOJINKapOOHATHI, OJIUMEDHI,
tepudTonar, nonurerpadropsTuiieH (TedaoH), TOTUIPONUICH, IONUYPETAHbI, IMAHUI-aKPHIL.

CornacHo TeXHUYECKUM TPEOOBAHUSIM, HPEIBSBISIEMbIM K JIEKTPOXUPYPrHIECKOMY HHCTPYMEHTY MEJIH-
LIMHCKOTO Ha3HAYEHHs, a TAK)KE YUUTHIBAs CTOMMOCTb U HEKOTOPBIE IPYrHe aCTeKThl €r0 IPUMEHEHHS, U3 BbIIIe-
MIEPEYHCIICHHBIX BUJIOB TIOKPBITUI peaibHble SKCIEPHUMEHTHI OBbUTH ITPOBEICHBI TOJIBKO BEIOOPOYHO, HA Hanboiee
MOIXOAALIMX U3 HUX. Hao OTMETUTh, YTO BBIOOP MOKPBITHS 3IEKTPOXUPYPrHYECKHUX HHCTPYMEHTOB MHOIO-
Pa30BOro NPUMEHEHUs IPOBOMIHN C YIETOM COOJIOACHUS MEAUIIMHCKUX TPABUII U HOPM MO UX TPUMEHEHHIO
B MEJMLHCKON IPaKTHKE. DTO CIY)KHJIO OPUEHTUPOM BO BCEX HAIIMX SKCIEPHUMEHTAX.

DeKTPOXUPYPTrUUECKHE HHCTPYMEHTBI C KACEGbIM HOKPLIMUEM <Yuanuo-akpun» paspabotku MHcTuTyTa
oprannyeckoir xumu HAH YkpauHb! ObUTH UCTIBITAHBI TIPU MPOBEIEHUN XUPYPTHISCKHUX ONEparuii Ha KPblI-
cax M Kposinkax. JlaHHO€ MOKPBITHE HAHOCUTCSI METOJIOM MOJIMMEPHU3aMOHHOTO OKPALIMBaHUs, HE HYXKIaeTcs
B MOCJIONHOM HAHECEHHH, B CBS3U C YeM HE BO3HHKAIOT MPOCIONKH, HAIMYHE KOTOPHIX MPUBOAUT K HEpaBHOMEP-
HOCTH PacHpe/iesieHHs] CUJI CLEIUICHHUS TOKPBITHS ¢ OCHOBOW. OIHOBPEMEHHO MOXKET ObITh HAHECEHO OHOPOJI-
Hoe MokpbITHe TonmuHOM 0T 50 10 320 MkM. [epBble IKCIIEPUMEHTHI MPOBOAMIN Ha 00pa3nax 3JIeKTPOXUpyp-
TMYECKUX NMUHIETOB B KonmyectBe 20 mTyk. Bul npoBeneH MUK NpeonepaoHHbIX IPOLEayp 1Mo Je3nHpeK-
X XUPYPTHIECKOTO HHCTPYMEHTA C TIOMOIIBI0 MypaBbuHOM kuciaoThl (50 it MypaBsuHO#M KuCIOTH 13 100 M1
MEePEKUCH BOAOPOAA ¢ A00ABICHHEM IUCTUILIMPOBAHHON BoIbl (Bech 00beM — 51). DTOT pacTBOp, MO HAIIMM
JaHHBIM, HanboJiee YacTo NpUMEHseTCsl B KInHUKax. [locne ne3nHdeKkuuyn 3Th HHCTPYMEHTHI ObUTH MCIIBITAHbI
B OIICPAIMOHHON MPH MPOBEJCHUHN OMEPATHBHBIX BMEIIATEIBCTB Ha KMBOTHBIX (Kpbicax). IIpu Temmeparype
HarpeBaHus OMOIOTHYeCKUX TKaHe# 75...85 °CuuHIeThI BhIIEPKUBAIU HE O0JIbIIe 3-X OTepalHil.
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VcnipiITaHus meghuoHo8bIx NOKpbimuil, HAHECCHHBIX Ha JJEKTPOXUPYPrHICCKHE HHCTPYMEHTBI, HECMOTPS
Ha UX BBICOKOTEMIIEPATYPHBIEC XapaKTePUCTUKH, ObUTH HeyaauHbiMH. Cpa3y Mocie CTEPUITU3AIMHA HArPEB DIIEKTPO-
JIOB ¥ OMOJIOTMYECKO# TKAaHU MPH MPOXOKACHUN BBICOKOYACTOTHOIO TOKA MIPUBOAUT K PA3PyLICHUIO 3THX MTOKPBITHIA.

JanbHeilme ucciaeqoBaHus Kacaluch pa3pabOTKH TEXHOJOTMH HAHECCHUsI Ha DIICKTPOIbI M OpaHIIn
OMITOJSPHOTO JJIEKTPOXHUPYPIHYECKOI0 MHCTPYMEHTA 3alIMTHBIX KPEMHMMOPraHWYECKHX IMOKphITHH [11; 12]
Y MPOBEICHNS] COOTBETCTBYIOIIUX MCIBITAHUI. DTH HOKPHITHS ObUIN pa3paboTaHbl Ha Kaeape XUMUHU BSDKYIINX
HOJIMMEPOB U KOMIIO3UTHBIX MaTepuanoB HaruonansHoro yuusepcurera (KIIM wmenn Hropss CHKOpCKOro)
HOJ1 PyKOBOJCTBOM JJOKTOpa TEXHUUECKUX HAYK, mpodeccopa B.A. CBuaepckoro.

Jeyxxomnonenmuas smane IKO-501 6 xauecmee nokpvimus npeAcTaBisieT coO0i CYCIEH3UIO MUTMEH-
TOB W HAMOJHHUTENICH B CHHTETHYECKOM IUICHKOOOpasyromeM MoAuGHIHPOBAHHOM PAcTBOPE SMOKCUIHOM CMO-
JIbI HA OCHOBE KPEMHHUHOPTraHUYEeCKOro Jiaka, KOTOPOE MMPUBOAUTCS B TBEPAOE COCTOSIHHE C TIOMOLIBIO MOJUATH-
JICHNIOIMAMKHA, MMEET BCE HEOOXOAMMbIE CAHUTAPHBIE Pa3pEIleHUs U BhITycKaeTcs cepuitno. Dmans DKO-501
COOTBETCTBYET TEXHHYECKUM M MEIHLIUHCKHUM TPeOOBaHUSIM, HEOOXOAUMBIM ISl M3TOTOBJICHHUS OHIIOISPHOTO
INEKTPOXUPYPrHUECKOTO HHCTPYMEHTA.

JLJ1st 3K TPOXUPYPrUYECKUX HUHCTPYMEHTOB, paOOTAIOIINX B YCIOBUSIX MAaKCUMAJBbHBIX PEXKHMOB OUIO-
JISIPHOM BBICOKOYACTOTHOM KOATYJSAIMH, PE3KH M CBAapKH OONBIIMX 0OBEMOB XHBBIX TKaHel (Hampumep, mpu
abIOMHHABHBIX OHKOJIOTHIECKUX OTEPaIisX), Ha Kadeape XAMUH BSDKYIIUX MOJAMEPOB M KOMITO3UTHBIX Ma-
tepuanoB Hannonansaoro yausepcurera (KIT) paspabGorana crienuaibHas TEXHOJIOTHS MHOIOCIOMHOIO HaHe-
CEeHUS TIOKPBITUSI HA DJICKTPOAbI M OpaHIIU DJIEKTPOXUPYPIUYECKUX HHCTPYMEHTOB. JlJisi 9TOr0 MCHOJIB30BAIIH
naxokpacounvlii mamepuan (JIKM), nocne HaHeCeHUs: KOTOPOTO MPOU3BOJIIIN <GaNeKaHUe» B MEYU MPU TeMIepa-
type 1100 °Cu nonroBpeMeHHYIO BBIIEPKKY P KOMHATHOW TeMIIepaType.

Baxueiimeir xapakTepUCTHKON SIBISETCS aAre3usi MOKPBITHH, KOTOpas 3aBHCUT OT MHOTOYHCIICHHBIX
(haxTOpoB U 00YCIIOBIICHA B3aMMOJICUCTBUEM MEKIY MOJIEKYJIAMH KOHTAKTHUPYIOMIUX Tes. [Ipu OlleHKe aare3u-
OHHOW MPOYHOCTH PELIAIOIICe 3HAUYCHUE UMEET IUIOMIAIb KOHTAKTA MOKPBITUS C MIOBEPXHOCTHIO JeTajiel Meau-
UHCKOTO WHCTpyMeHTa [13]. [l monydeHnst HeoOX0MMMON aAre3nOHHOM POYHOCTH MOKPBITHS C OCHOBHBIM
MaTepuaioM OpaHIeil 3JeKTPONHCTPYMEHTA U DIIEKTPOTHOTO Matepuaia (He Mernee 10 MIla) paspaGorana Tex-
HOJIOTUSI HAHECCHUSI NPOCIOUKU OKUCU YUPKOHUS METOJIOM MHUKPOIUIA3MEHHOI'0 HAIBUICHUS HA MPEIBAPUTEIHHO
OYHIICHHYIO MOBEPXHOCTh 3JIEKTPOXUPYPTUUECKOr0 HHCTPYMEHTa. JTa MPOCIIoiiKa JaeT BO3MOXKHOCTh obecrie-
YHUTh OIPEACICHHYIO [IEPOXOBATOCTh MOBEPXHOCTH, Ha KOTOPYIO HAHOCHTCSI KPEMHUNIOP2AHUYECKOe NOKPblmue,
YBEJAMYHBasl TIPH STOM aJTre3UOHHYIO [IPOYHOCTh MOKPBITHS. OKHUCh LUPKOHUS XapaKTePH3yeTCsi MajJbiM KO-
(DUIHEHTOM TEIUIOBOTO PACIIMPEHHS H CTOMKOCTHIO K XUMUYECKUM BO3/ieiicTBUsIM. [Ipociiolika OKUCH [IUPKOHHS
€ MaJbIM KO3 (QHUIIMEHTOM TEIUIOBOTO PACLIMPEHHS MO3BOJISCT YMEHBLINTD Pa3sHUIly KO3()(DHULIHEHTOB TEIIOBO-
IO PACIIUPEHUS] MATEPHAJIOB, U3 KOTOPBIX U3TOTOBIISETCS DIIEKTPOXUPYPIHIECKUI HHCTPYMEHT U €r0 MOKPhITHE,
YTO MO3BOJISET 3HAYUTEIBHO CHU3HUTh OMACHOCTh MEXAHUYECKOTO Pa3pyIIeHUsI MOKPHITUS. [IOKPBITHS 3JIEKTPO-
XUPYPrUYECKOr0 HHCTPYMEHTA, MOJYYCHHBIE M0 OMHUCAHHOW BBIIIE TEXHOJIOTHH, TAKKE OOECIICUMBAIOT XMUMHUYE-
CKYIO CTOHKOCTb K CTEPHJIN3YIOIINM U IE3MHPHUIUPYIOLIMM PAaCTBOPaM, YTO HEOOXOIUMO IPH MMPOBEACHUU CTEPH-
JIM3AIMHU AIIEKTPOXUPYPIUUECKOr0 MHCTPYMEHTA; COXPAaHEHHE HAJICKTPUYECKHX CBOMCTB MPH NPOTEKAHUU Iepe-
MEHHOTO TOKa HampspkeHueM, cocrapisomum 15008, B Teuenne 60 cekyH, CTOMKOCTS Oe3 pa3pyIIcHHs B TEUe-
ure 3001KKII0B pabOTHI BHICOKOYACTOTHOTO allliapara Ha MaKCHMAaIbHBIX PeKUMax mpH temmeparype g0 120 °C.

OnbITHAS MAPTHS SJACKTPOXUPYPTUICCKUX HHCTPYMEHTOB B KoamdectBe 50 mryk ¢ noxkpsimuem IKO-501
oIpoOOBaHa Ha BO3JEHCTBUE TEPMHUUYECKHX HAIPY30K MPU UCIBITAHUAX HA TEPMOLMKIMPOBAHKE, KOTOPbIE [POBO-
JULTHCH TpH chenyromux ycnousax: HarpeB 10 +300 °Ce TeueHne 1 MHHYTHI; OXJTaXICHHE BO3IYXOM HA MPOTSI-
sxenun 10 MuHYT (10 KOMHATHOUN TeMIlepaTypsl). Bee 21eKTpOMHCTPYMEHTHI Bhiaepxkanu 193 1ukia «Harpes —
OXJIAXKICHUE, YTO SBIICTCS JOCTATOYHO XOPOIIMM MOKa3aresieM paboTOCIOCOOHOCTH HCIIBITAHHOTO HOKPBITHSI.

B kadyecTBe BO3MOYKHOTO TOKDPBITHS MHOTOPA30BBIX JJICKTPOXUPYPIUUECKUX HWHCTPYMEHTOB aBTOPAMHU
TaKKe ObUT UCTIBITAH NOAUIMUNIEH, KOTOPBIA IIHPOKO MPUMEHSETCS B MEIULUHCKON MPAaKTHUKE U MHIIEBON Mpo-
MBIIUICHHOCTH. [[ONIMATHIIEH HAHOCHUJICS HA TIOBEPXHOCTH 3JIEKTPOXUPYPrHUECKUX MHCTPYMEHTOB B BHE CYC-
MEH3UH U3 TOHKOM3MEJIBYCHHOI'O MOJHMMEpa, PaCTBOPUTEINs, BOJbI M cradbmunu3atopa. CycreHsus, mojorperas
10 260...275 °CHaHocHiach Ha HHCTPYMEHT pacibuieHneM. OCHOBHBIM MPEMSTCTBHEM, KOTOPOE HE MMO3BOJISCT
MIPUMEHHUTD 3TH MOKPBITHS ISl K3TOTOBJICHUSI MHOTOPA30BbIX AJIEKTPOXUPYPIHUUCCKUX HHCTPYMEHTOB, SBISLIOCH
TO, YTO THOJIMITUIICH HE BBIIAEPKUBAET OCHOBHOTO TPEOOBAHHMS, MPEABIBISEMOTO K MOKPBITHIO: Pa3MsryaeTcst
(«mbiBeT») ipu Harpesanuu Boime 80 °C.

HecMoTpst Ha HEKOTOPBIE OTMEYEHHBIE MMOJIOKHUTEIILHBIE PE3yIbTAaThl UCIIBITAHHBIX aBTOPAMHU MOKPBITHH,
JUTsL IPOU3BOACTBAa MHOTOPA30BOT0 dIEKTPOXUPYPTHYSCKOTO HHCTPYMEHTA OHU OKAa3aJUCh HEMPUTOAHBIMH.

[pu nanpHeiimeM BBIOOPE MOKPBITHS, COOTBETCTBYIOLIETO TPEOOBAHUSIM MPOU3BOACTBA MHOTOPA30BOTO
3NEKTPOXUPYPIrHUECKOr0 HHCTPYMEHTA, HaMK ObUTO BeIOpaHO monmumepHoe nokpeitue «TIGER-Drilacy» (mpoussoa-
cra Tiger Coating Gmbh CoAgctpus), KOTOpOe OTBeYaeT BCeM TPeOOBAHHUAM JCHCTBYIOLIEIO CAHUTAPHOIO 3a-
KOHOJIATENbCTBA YKpPauHbl, KPUTEPUSIM OE30MACHOCTH, IMEET CepTU(UKAT Ka4eCTBa, B KOTOPOM yKa3aHbl OCHOB-
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HBIC €ro xapakrtepuctuku. Cpok JeiicTBrs cepTrdrKaTa MOCTOSHHO OOHOBMIACTCSA. MeXxaHHYeCKUe CBOMCTBA 3TOTO
TOKPBITHS, TEMIICpATypa IUIABJICHHS, XUMUYECKasi CTOMKOCTh OMPEACIISIFOTCS MEXKIyHAPOIHBIMA HOPMAaTHBAMHU.

Iokpeitre «TIGER-Drilac» co3gano Ha 0CHOBE HACBHIIEHHBIX CJIOKHBIX HOJIUI(GHPOB B KOMIIO3HLIUH
C DIOKCUIIONMI(PUPHBIMU CMOJIAMH, MIUTMEHTaMH W HamonHuTeIsiMA. CoBMecTHO ¢ MHCTUTYTOM XMMHUHU BBICO-
KOMOJEKYJSIpHBIX coenuaeHnii HAH YKpauHBI 110 METOIMKE, OMMUCAHHOM B [9], OBUIH BBIIOIHEHB! TOKCHKOJIOTO-
TUTUCHUYECKHE UCCIICIOBAHIS 1 0000IICHBI HX Pe3yNlbTaThl, 0()OPMIICHHBIE B BHIE JOKIMHUYESCKAX MCITBITAaHIH
mokpbIThst «TIGER-Drilac»,HaneceHHOTO Ha SIIEKTPOXHUPYPTHUECKHE WHCTPYMEHTHI (MUHIIETHI). [Ipu 3TOM mo-
TBepkIeHa Oe3omacHOCTh MOKpbITH «TIGER-Drilac»mo pa3npakaroriemMy ¥ CEHCHOMITH3UPYIOLIEMY BIHSHHUIO
Ha MOJIOTBITHBIX KUBOTHBIX, CAEIAHO 3aK/I04YeHue, uto nonumepuoe nokpeitue «TIGER-Drilac»,nanecennoe
Ha 00pasibl CBAPOYHBIX OUIOSIPHBIX XUPYPrHYECKUX MHCTPYMEHTOB (IIHHIETOB), OTBEYAET BCEM HOPMATHB-
HBIM TPeOOBAHUAM, KOTOPBIC TPEABSIBISIOT K JAHHOMY BHUIY MaTCPUAJIOB, U SIBISCTCS OC30MACHBIM IS IPUME-
HEHUSI 10 HA3HAYCHUIO, T.C. B MCIUIIMHCKOM MPaKTHKE.

Jiist mosydeHust CBUACTENBCTBA O TOCYIAPCTBEHHON PEruCTpalliy Ha CEPUIHBIN BBITYCK CBAPOYHOTO KOM-
iekca «QIeKTPOKOAryIsITop BbICOKO4acTOTHBIN cBapouHblii EKB3-300»,B cocTaB KOTOPOTO BXOIST AJIEKTPOXH-
pyprdeckre HHCTPYMEHTHI, IPOBE/IeHB! KBATH(UKAIIMOHHBIE UCTIBITAHMSA, U COTJIacHO IIporpamMme 3THX HCIIBITa-
HUH DIIEKTPOXUPYPTHICCKUI HHCTPYMEHT OBLT MPOBEPEH 0 BCEM JCHCTBYIOMIMM CaHUTAPHBIM HOpMam [15; 16].

[IpoBepka yCTOWMIMBOCTH K JE3MH(MEKITNH HIEKTPOXUPYPTHIECKOTO MHCTPYMEHTA OCYIIECTBIISUIACh MyTeM
norpyxenusi uacTpymenta B 0,1%#s1i1 pactBop DroTtab-dopre (mpomssoactsa dupmer «Hosomen», Poccust)
B TeueHHe 1 MUHYTHI, C TIOCIEIYIOMIEH MPOMBIBKOI MPOTOYHON BOJOH; ITOCIIE 3TOTO MPOMBIBATH AUCTHIIIHPO-
BaHHOM BOJIOH JIJIsI YIJICHUS COJICBOTO HAJIETa.

IIpoBepka yCTOMYMBOCTU K CTEPHIIM3AIMU DIICKTPOXUPYPrHUECKOTO0 MHCTPYMEHTA MPOM3BOIUIACH XU-
MUYECKAMHU METOJIAMH ITyTEeM HOTPYKCHHS HHCTPYMEHTa B XUMUUCCKUE PACTBOPEI:

1) MHCTPYMEHT ¢ NpeIBAPUTEIbHO HAHECCHHBIM MOKPHITHEM TOTPYKaiu B 6%+HbIil pacTBOp MEPEKUCH BO-
JIOPOJIa ¥ BBIICP)KUBAIIH B TeucHUe 6 4, 3aTeM npombiBaiii 1040 TUTpamMu CTEPUITBHOM AUCTUILTUPOBAHHON BOJIBI;

2) WHCTPYMEHT C MPEABapUTENIFHO HAHECCHHBIM MOKPHITHEM 3aMauuBaiu B 1%-HoM pacTBope DKoTald-
¢dopte B TeueHne oHOTrO Yaca, npombiBai 1040 JUTpaMu CTEPUIIbHOM JUCTHIUIMPOBAHHOM BOJIBI;

3) MHCTPYMEHT C TIpEIBapUTEIFHO HAHECEHHBIM MOKPHITHEM 3amaunBand B 8%-HoM pactBope JIuzo-
dopmun 3000 (pomssoacta Gpupmel «JIuzodopm Jp. Xanc Pozeman 'MBX») B TedeHHe OJHOIO 4aca, Mpo-
MbiBanu 1040 nuTpamMu CTEPUIbHON ANCTUILTUPOBAHHOW BO/IbI;

4) MHCTPYMEHT C TIPECIBAPUTEILHO HAHCCEHHBIM TOKPHITHEM 3aMaunBaid B 5%-om pacteope Kopso-
nekc-6asuk (nmpoussozctea «bome Xemu 'M6X») B TeueHue 4-x yacos, nmpombiBain 1040 TUTpaMu CTEPUIILHON
JUCTUJLTUPOBAHHOW BOJIBI.

B urore ObUTHM MOJTYYCHBI TOJOKUTEIBHBIC PE3YIbTATHI MCIBITAHHUIA: MTOCIC JBAJIATH ITUKJIOB KaXIOTO
W3 TPOBCICHHBIX UCIBITAHUI BHEIIHUAN BH] MIOBEPXHOCTEH IJICKTPOXUPYPrHYSCKOIO0 HHCTPYMEHTA C OKPBITHU-
em «TIGER-Drilac»ue usmenuics.

«ba30BbIi» KOMIUICKT OWITOISIPHBIX 3JIEKTPOXHPYPTUUECKUX HHCTPYMEHTOB (IIMHIIETHI M 32)KMMBI)
BXOJHT B COCTaB CBAPOYHOI0 KOMILIEKCa «DIEKTPOKOArYJISATOP BBHICOKOYACTOTHBINH cBapounbiii EKB3-300».
JlaHHBIN KOMIUIEKC UMEET CBHICTEIBCTBO O TOCyaapcTBeHHOM peructparuu Ne 14574/2015koTopoe ymo-
CTOBEpSIET, YTO MPOUIEIIINN POLEAYPY TOCYyJapCTBEHHON PernCTpanyuy KOMIUIEKC B TIOJHOM Mepe COOTBETCT-
BYET BCEM CaHHUTAPHBIM M THTHCHUIECKUM HOPMaM, YCTAHOBICHHBIM Ha TEPPUTOPUH Y KPaWHBI.

Ha pucynke 1 npencrasnen cBapounsiii kommieke EKB3-300 [14].

Pucynok 1. —Csapounblii kommiekec EKB3-300
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Ha pucynke 2 noka3aHsl B KayecTBe IpUMeEpa CEPUHHO BBIITyCKaeMble OUIONISPHBIC JIEKTPOXUPYPrH-
YecKue MHCTPYMeHTHl ¢ mokpeitHeM «TIGER-Drylac»,nmpennasnaueHHble 115 IPUMEHCHHUS] B COCTaBe CBa-
pounoro komiuiekca EKB3-300.
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Pucynok 2. —IIpumep cepuiiHO BBIMYCKAeMBbIX OHIOJISPHBIX 3JIeKTPOXHPYPrU4ecKUX HHCTPYMEHTOB

Hcnons3oBaHre BOZMOXKHOCTEH, MPEAOCTABIAEMbIX HOBBIMU TEXHOJIOTHSIMUA CBAapKH OHMOJIOTHYECKHUX TKa-
Hel C IEbI0 yIYYLICHUs! 3J0POBbs YeJOBeKa M KauecTBa €ro KU3HH, SIBISETCS B HACTOSIIEE BPEMs OJHUM
U3 IPUOPUTETHBIX HampasieHuil HayuHslx uccaenosanuit UOC um. E.O. ITaToHa COBMECTHO € PSIOM MEAULUH-
CKHUX Y4pexaeHul YKpanHbl, Hayatslx eme B 1990x ropax.

Crnoco0 BBICOKOYACTOTHOM CBapKH >KUBBIX TKaHeW, pazpaboranusiii B IOC, mokaszan cBoo 3QQeKTus-
HOCTb M YCIICLIHO HCIOJIb3YEeTCsl B MEIULIMHCKON mpakTuke yxe 6omee 10 et [17—20].3a 310 BpeMs: 0CBOCHO
GoJiee COTHH PAa3MHYHBIX XUPYPTUYECKUX METOAWK M YCIEIIHO BBIIOJHEHO 0Oiee IBYXCOT THICSY XUpPypTHUe-
CKUX ONEpalui B TaKWX 00NAcTAX, KaKk o0mas u abgoMHUHAIbHAS XUPYPTHsl, TPAaBMATOIOTH, IyIbMOHOJIOTHS,
MIPOKTOJIOTHS, YPOJIOTHS, MAMMOJIOTHS, OTOPUHOJIAPUHTOJIOTUsI, THHEKOJIOT s, 0(pTarIbMOIoTHs U 1p.

Ha ceropmsmanii neHp, M0 HAITNM OLEHKaM, B YKpaWHe Ha ammaparax, pa3pa0oTaHHBIX B MHCTHTyTE
anektpocBapku uM. E.O. TlaTona, BeinonuHsiercs B cpeaneM ot 15 g0 20 Teic. oniepartiuii B rof.

[To cpaBHEHHUIO C TPaIUIIMOHHBIMH TEXHOJOTUSMH, IPUMEHSEMBIMU B XUPYPIHH, CIIOCOO BBICOKOYACTOT-
HOM CBapKH )XKMBBIX TKaHEH oOecreunBacr:

- OeckpoBHOE, ObICTpOE, YI0OHOE ISl XMpypra U MajJoTpaBMaTHYHOE JUIsl AllMeHTa BBIIIOJIHEHHE Ollepa-
THUBHBIX BMEIIATEIbCTB; HA/IC)KHBII reMocTa3s;

- CHI)KeHHe KpoBonoTteph (0osee yem Ha 50%);

- COKpAIICHUE MPOJOLKUTEeNbHOCTH onepanuii Ha 20...50%;

- BBICOKYIO CTCIICHb HEBO3BPAIICHHS OHKOJIOTHIECKUX MPOLECCOB (abIacTuIHOCTH);

- OTCYTCTBHE HarHOEHU;

- OBICTPYIO U MOTHOIICHHYIO ITOCIICOTIEPAMOHHYIO Pea0MINTALINIO,

- BO3MOYKHOCTb XUPYPTUYECKOTO JIeUSHHsT OOJIBHBIX, KOTOPBIC CYUTAIHNCh HeomepabenpHpiMu [21; 22].

[IpeumymecTBa 3TOr0 crioco0a MOATBEPKAECHB MHOTOUNCICHHBIME OT3BIBAMH XHPYPTOB, a TaKXKE He-
OJHOKPaTHO OTMEYAINCh B AOKIANaX, NPEACTABICHHBIX Ha MEXIyHapOAHBIX HAYYHO-NIPAKTUIECKUX KOH(e-
penuusx [23-29].

[To oT3bIBaM ONEPUPYIOIIMX XUPYProB, ceapounvili komniekc EKB3-300, BblTycKaromuiics cepuitHO
B YKpauHe, UMEET pPsiJi CYIIECTBEHHBIX MPEHMYILIECTB Iepe] TPaIUIHUOHHO NPUMEHSEMBIM 00OpYHOBaHUEM,
a MOKPBITHE 3JIEKTPOXUpyprudeckux nHctpyMeHToB « TIGER-Drilac» sBisercs cToiKMM K XHMHYECKHM peak-
THBaM, 0€30IaCHBIM KaK JJIS TAIIMEHTA, TaK M JJIsl OTIEPUPYIOLIET0 XUpypra.

o pe3ynbpraTaM MPOBEAECHHBIX HCCIEIOBAHUH CIEIAHbI CICAYIOIINC BIBOABI:

- B paMKax KOMIUIEKCHBIX HCCIIEIOBaHNH, poBosuxcs B HcTHTyTe 2mmekTpocBapku uM. E.O. latona
110 TIPUMEHEHHUIO TOKOB BBICOKOW YaCTOTHI B XMPYPTHH, U3Y4EHBI CYIIECTBYIOIIHNE MEAWLMHCKUE, CAHUTapHO-
TUTHEHUYECKHE M TEXHHUYECKHE TPeOOBaHUsI O€30MacCHOCTH, KACAIOUIUECS! MOKPBITHH 3JIEKTPOXHPYPTHUECKUX
HMHCTPYMEHTOB, OIIPEICIICH IepedeHb OMOCOBMECTHMBIX MOKPBITHI, OTBEYAIOIINX YKa3aHHBIM TPEOOBaHUSM,
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- coBMecTHO ¢ MHCTHTYTOM Opranndeckoit xumun, HanmonaneueiM yausepeutetoM (KIIW umenu Urops
CHKOPCKOro) MpOBeACHbI MHOTOYUCICHHBIC SKCIIEPHUMEHTBI [0 MCTIBITAHUSM MOKPHITHH MEAUIUHCKUX HHCTPY-
MEHTOB, PEKOMEH/IyeMbIX ISl IPUMEHEHUS B MEIUINHCKOH MPaKTUKE: IMAaHUI-aKPUJI; SIMTOKCUKPEMHUHOPraHu-
yeckas aManb (IKO-501); cnienmanbHelil nakokpacoynsiii Matepuan (JIKM); moausTuiieH; HOPOLIKOBOE MOKPBI-
THE B KOMIO3ULUH C dMoKcUnonmGpupHeiMu cmonamu «TIGER-Drylac»;

- JIOKa3aHo, YTO HAMIYYIIHMM IOKPBITHEM 3JIEKTPOXHPYPIUUECKOro HHCTpyMeHTa sBisiercs: «TIGER-Drylac»
KaK OTBEYAIOIIEE BCEM HEOOXOAMMBIM TPEOOBAaHMSIM M HOPMAaTHBHBIM JOKYMEHTaM, YCIICIIHO BbIIEPKUBAIO-
IIee Kak MEXaHW4YeCKHe, TaK U MCIBITaHUs Ha MPeIoNepalioHHY0 1e3MHPEKINIO ¥ CTepuiIn3anuio, oe3omnac-
HOE JJIsl TAIMeHTa ¥ XUPYpTa,

- SKCHEpPHMEHTAaMH Ha 00pa3lax OMOJIOTHYECKHX TKaHEH M >KMBOTHBIX IOKa3aHO OTCYTCTBHE pasipa-
HKAIOIIET0 ¥ CCHCUOMIH3UPYIOIIEro BiusHus moKpbiTus «TIGER-Drylac» HaHeceHHOro Ha 3JeKTPOXUpyprude-
CKHI MHCTPYMEHT;

- OPraHM30BaH CEPHUIHBIN BBHIMYCK cBapouyHoro kommickca EKB3-300 dlatonmen» ¢ HabOpoM 3Iiek-
TPOXUPYPrHYECKUX MHCTPYMEHTOB, UMeroIuX NokpbiTue «TIGER-Drylac»,ycnemno BHeApsieMOro B KIIMHHU-
KU YKpauHBbL.
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PECULIARITIES OF USING COATINGS IN THE MANUFACTURE
OF ELECTROSURGERIC INSTRUMENTS FOR BIPOLAR HIGH-FRE QUENCY WELDING

A. DUBKO, N. CHVERTKO, A. LEBEDEV

A comprehensive study on the use of high-frequenagnts in surgical practice is presented. A wide
range of equipment, which includes electrosurgitetruments, has been developed. The most important
element of the design of such tools is a coatiag #msures reliable operation with their reusabkeuwhile
meeting a number of medical, sanitary and techmeqlirements. According to the results of thestést serial
production of reusable electrosurgical instrumese¢ected coating “TIGER-Drylac”, which is now susséully
used in the manufacture of commercially availablecteosurgical instruments for widely used in aisi
of Ukraine of the welding set, EKVZ-300 “Patonmed”.

Keywords: high-frequency welding, electrosurgical instrungnthemical resistance of coatings, living
biological tissues, biocompatibility; electrical fedy.
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YK 621.793

OCOBEHHOCTH INIOJIYYEHUA HOKP@THﬁ
n3 INICEBJOCIIVIABOB METOJOM I'MITEP3BYKOBOUM METAJUIM3ALINHN

0-p mexn. nayx M.A. FEJIOITEPKOBCKHH; kano. mexn. nayk A.B. COCHOBCKHH,
kano. mexu. nayk A.H. TPUTOPYHK
(Ooveounennviit uncmumym mawunocmpoenus HAH Benapycu, Munck);
Al AJIOBUHK
(0AO «Hegpmeszasoomonmasc», Hosononouyk, Pecnyonuxa Benapyce);
Kano. mexu. nayk, ooy. A.B. IVIAH
(ITonoukuii zocydapcmeennnlii yrugepcunient)

Hccneoosanvl ocobennocmu opmuposanus ncesOOCNIA6HbIX NOKPLIMULL MEemoOOM 2UNep38yKO8olU Me-
manauzayuu. M3yuensvt cmpykmypa u c8oucmaa NOKpulmull, NOJYYeHHbIX 0OHOBDEMEHHbIM PACIbIIEHUEM NPOBO-
JIOK U3 cmaineti MapmeHCUmHO20 U ayCMeHUmHo20 K1dccos. YcmaHnoeieHa céa3b Mexcoy Kauecmeom NOKpulmul,
Gopmupyembix npoBOIOKAMU C PATUYHBIMU MeMRepamypamy NiasileHus, U COOMHoOuleHueM Ux ouamempos,
a makaice NOJAPHOCMBIO NOOKIIOYUEHUs NPOBOJIOK K UCHOUHUKY C8APOYHO20 MOKd.

Kniouesvie cnosa. nces0ocnniasvl, cunep3eyko8as Memaiiuzayus, CmpyKmypa, mpubomexnuiecxkue
ceoticmea.

BBenenue. BoJbIIMHCTBO METOOB ra30TEPMHUYECKOTO HAIBIICHUS TIO3BOJIAIOT TOIydaTh reTepodasHeie
TIOKPBITHSL CO CTPYKTYPOH W CBOWCTBAMH, MPUCYIINMH KOMIO3HWITMOHHOMY MaTepuairy. B mporecce rumep3By-
koBo#l Metayutmzarmu (I'M) AByX pasHBIX MO COCTaBYy MJIM Pa3HOPOIHBIX MPOBOJOK [1] dopmupyercs MHOrO-
KOMIIOHCHTHOE TIOKPBITUE, B KOTOPOM YaCTHUIIBI KKIOT0 M3 HAHOCUMBIX METAIUIOB MM CIUIABOB COXPAHSIOTCS
WHIUBUAYAIBHO, XOTS MPU METAJUTM3ALMU OHU U HAXOJWIKCH B PACILIaBICHHOM COCTOSIHUU. [10100HBIE MHOTO-
KOMIIOHCHTHBIC TIOKPBITUS HA3BIBAIOT IICEBIOCIUIABHBIMU. MaTepHaibl THIIA TICEBIOCIUIABOB XapaKTePU3YIOTCS
PSAIOM BaXKHBIX CBOWCTB — COYETAHMEM BBICOKUX 3HAUCHHIA TEMIECPATYpPhI TUIABICHUS U UCIIAPCHUS C MEXaHUYe-
CKOH MPOYHOCTHIO, TBEPAOCTHIO, JeMI(HUPYIOIIEi CIOCOOHOCTBIO, H3HOCOCTOWKOCTBIO, CIIOCOOHOCTBIO K CaMo-
CMa3BIBAHUIO B YCIOBHSX CYyXOTO TPEHHS, & TAKXKE BBICOKAM YPOBHEM 3JIEKTPO- M TEIUIONMPOBOTHOCTH [2; 3].
TpeOyemble cBOICTBA IICEBIOCINIABOB MOIYJAOT IIyTEM W3MEHEHHS COOTHOIICHIS KOMIIOHEHTOB.

[TockoIBKY METO.l THIEP3BYKOBOH METAaJUIM3AIlUH MO3BOJISIET MCHOIB30BATh IS HAHECEHHS IOKPBITHA
MPOBOJIOKH W3 PAa3NWYHBIX CIIABOB M B JIOCTATOYHO IMHUPOKHX INPEAeiax W3MEHSITh AMaMETPhl PacIbIIeMbIX
TIPOBOJIOK, 3a/1a4ei MCCIIEOBAHMUS, PE3YIbTaThl KOTOPOTO OTPaKeHBI B JTAHHOW paboTe, SBHIIOCH MCCIIEIOBAHNE
ocobeHHocTe nporiecca ' MCeBAOCIIIaBOB U3 PA3JIMYHBIX CTANCH U KOMOMHAIMI «CTalb — [IBETHONH METaJLI».

MartepuaJbl, 060pyI0BaHNEe W METOMHKH MCCJIeT0BaHU. [IceBIOCIIIABEI U3 MPOBOJIOYHBIX MATEPHUAIIOB
HAHOCHJIUCh C KCIIOJb30BAHMEM YCTAHOBKH JUIS THIEp3BYKOBoi Metamumusamuu AJ[M-10, paspaboranHoU
B O0beanHeHHOM HHCTHTYTe MamnHocTpoeHuss HAH Benapycu [4]. B kadectBe roprodero rasa mis GopMHUpO-
BaHUsI PACIBUISIONIETO (haKena MCIOIB30BaJICS MponaH. MaTepual pacubUIIeMBIX MPOBOJIOK: CTallb MAPTCHCHUT-
Horo kiacca 40X13, cranp aycrenutHoro kiacca 12X18H10T, 6ponsa bpAXK9-4, uunk 11, amomuamnii AMr3.

DONeKTpUUecKne MapaMeTpsl METALTH3AINH, a TAKKe JaBJICHUE MPOIaHa M BO3IyXa, IMO/IaBaeMBIX B Ka-
Mepy CropaHus U 00pa3yIOMINX PEaKTHBHYIO PACIBULIIONIYIO CTPYIO, COOTBETCTBOBAIM ITACIIOPTHBIM JaHHBIM
ycranoBku AIIM-10.

Mertamnorpadudaeckue Ucclea0BaHus MPOBOIMINCH Ha onTrdeckoM MuKpockorie AJIbTAMU MET 1IMT.
HccnenoBanue (ha30BOro COCTOSIHUS HAMBUICHHOT'O TICEBIOCILIABA OCYIISCTBISUIN Ha qudpakromerpe JIPOH-2.0
B MOHOXPOMATHU3UpOBaHHOM K00aapToBoM (COK,,) m3nyuennu npu Hanpspkeann 30 kB u anomHom Toke 10 MA.
PacimudpoBka peHTreHOrpaMM OCYILECTBISIIOCHh MpH oMoy nporpammuoro obecrneuenus Crystallographica
Search-Matcle kaprotekoit PDF-2.

W3mepenus TBepAoCTH M0 Bukkepcy BhIMONHSUIMCH Ha TBepaomepe DuraScan 2Qipu Harpyske Ha WH-
nenrop (P), pasroit 10T u 10kr.

TpubOTEXHUYECKUE UCTIBITAHUS OOpa3I0B HAMBUICHHOTO CIUIaBa MPOBOAMWINCH Ha Tpubomerpe ATBII.
HcnbITanus OCYIECTBISLIMCH IO CXEME BO3BPATHO-TIOCTYIIATEILHOTO IBMIKCHHST KOHTAKTHPYIOIIUX TEI IPH CPEI-
HEll CKOPOCTH B3aUMHOTO repemertenus ~ 0,1 m/c B pexknMe Tperus 6e3 cMa304HOro MaTepuaa (yaensHas Ha-
rpy3Ka HCIbITaHud cocTaisiia p = 1,5MIla). [Ipu UCHBITAaHUAX HCIIOJIB30BAIOCH KOHTPTEIO, U3TOTOBIEHHOE
u3 3akanenHoi cramn Y8 (800 HV10).Ucnbrranus npoBoamucs 10 noctmwkenus 20 000MKIOB ¢ MPOMEKYTOY-
HBIMH B3BeIIMBaHUsIMHU. [1yTh Tpenust coctaBisur = 1200m.

Pe3yabTaThl MccjeaoBaHui U uX o0cy:kaeHne. Ha mepBom sTame paboThl OBUIH BBITIOTHEHBI MCCIIEIO-
BaHUs TICEBIOCIUIABA, MOJYyYaeMOro PaclbUICHHEM CTalbHBIX mpoBojaok 40X13 u 12X18H10T. YcraHOoBIEHO,
9T0 (POpPMHUPYEMOE ITOKPHITHE COCTOUT HE TOJIBKO M3 OTACIHHBIX YaCTHII MAPTEHCUTHOW W ayCTEHUTHOW CTaleH,
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HO ¥ U3 CIUIABJICHHBIX YACTHI], MIMCIONINX PAa3HBI XUMHUYECKUH COCTaB. B 4acTHOCTH, HANBLICHHBIC YACTHIIBI
MICEBIOCIUIABA UMCIOT PA3IMYHOE COACPIKAHKUE yriiepoa, XpoMa, HUKEIs, JKeJie3a U APYTUX JICTHPYIOUINX 3Jie-
MEHTOB, YTO 00YCJIOBIMBAET OTIMIHA B UX (PU3NKO-MEXaHUIECKUX CBOMCTBAX.

YcpenHeHHbI XUMHUYECKU COCTAaB HalbUIeHHOro metoaoM ['M mceBmociiaBa M3 BBICOKOXPOMHUCTBIX
craneit 40X13 u 12X18H10T npencrasieH B Tabauie 1. XapakTepHasi MUKPOCTPYKTYpPa HAMBUICHHOTO MICEBIO-
CIUTaBa W3 BRICOKOXPOMUCTHIX CTajJel MoKa3aHa Ha pucyHke 1.

Tabmuma 1. —XuMmudeckunii cocTaB HAMBIIIEMBIX MIPOBOJIOK U YCPETHEHHBIH COCTaB HAIBUICHHOTO TICEBIOCILIABA

Marepuar KOH.HCHTpaLH/ISI BIIC.MCHTOB, macc.% .

C Cr Ni Ti Mn Si Fe
40X13 0,42 13,2 0,60 0,35 0,40 0,42 OCHOBaA
12X18H10T 0,12 18,3 10,1 0,80 2,00 0,80 OCHOBaA
IIceBmocriuiaB 0,2...0,3 15,7 3,97 - 0,75 0,44 OCHOBa

Pucynok 1. —XapakTepHasi MHKPOCTPYKTYpa IceBIOCIIABA
M3 BBICOKOXpOMHCTBIX cTajeii 40X13u 12X18H10T

®parMeHT peHTIeHOBCKON TU(PaKTOrpaMMBbl OT IIOBEPXHOCTHBIX CJIOEB MCEB/OCIIIIABA U3 BHICOKOXPOMHU-
crbix cranei 40X13u 12X18H10T npencrasiieH Ha pUCyHKeE 2.
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PucyHok 2. —@parmMeHT peHTreHoBcKoii mudpaxrorpammsl (CoK,)
OT MOBEPXHOCTHBIX CJIOEB NCEBIOCIUIABA H3 BBICOKOXpoMHCThIX craseii 40X13u 12X18H10T

Kak cnenyer u3 mudpaktorpammsl, (pa3oBblidi COCTaB MCEBAOCIUIABA BKIOYaeT B cebs: y-Fe (6006.%),
a-Fe (1506.%), oxcuapr FeO, n FeO (2506.%). TToBbImeHHOE KOJMYECTBO AYCTEHUTA B Ta30TEPMUIECKOM TICEBIO-
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CIUIAaBE CBS3aHO C OCOOBIMH YCIOBHSAMH (DOPMHUPOBAHMS MOKPBITHIl MPH HambUICeHHH [5], B pe3ynbTaTe KOTOPBHIX
OPOTEKAST U30TEPMHUYCCKAsl BBIICPIKKA HAMBUIIEMBIX CIIOCB MPH TEMIIEpaTypax, MPEBBIIAOIINX HHTEPBAT Map-
TEHCUTHOTO IpeBpaienus. Kpome 3Toro, AONONHHUTENbHAS TePMUUYECKas CTaOWIM3alUs ayCTCHUTHOH (a3bl
B [ICEBIOCIUIABE 00ECIIEUMBACTCS BEICOKUM COJCP)KaHUEM B HeM Hukessi (cM. tabuumy 1). TBepaocTs HaIbI-
JICHHOTO TiceBaociuiaBa cocrapisieT ~ 370...380 HV 10470 01M3K0 K TBEPAOCTH ra30TEPMUICCKOTO MOKPHI-
THUS M3 aycTeHUuTHOM ctanmn 06X19HIT [5].

Pe3ynbraThl TpHOOTEXHHYECKUX HCIBITAHHI IICEBAOCIIABA U3 BHICOKOXPOMUCTHIX CTANCH B YCIOBHAX Tpe-
HHS 0e3 CMa304YHOT0 MaTepHuaa peacTaBieHsl Ha pucyHke 3. Kpome sToro, Ha pucyHke 3 IpUBEIESHBI 3aBUCHMO-
CTH MacCOBOTO U3HOCA OT IYTH TPEHHUS IS Fa30TepPMHUYCCKUX NOKpbITHI 13 craneid 40X13u 06X19HIT [6].
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PﬂcyHOK 3. —3aBHCHMOCTH MaCCOBOI0 M3HOCA OT YT TPEHUs
AJISl Ta30TEPMUYECKUX HOKpblTl/Iﬁ u3 crajei Pa3/IMYHBIX KJIACCOB,
a TaKiKe NMCeBAOCIIaBa U3 BBICOKOXPOMHUCTBIX crajeit

Awnanun3 rpaMKoB, IPEICTaBICHHBIX Ha PUCYHKE 3, TOKA3bIBACT, YTO N3HOCOCTOMKOCTH IPH CYXOM TPEHHU
TniceB/iocILIaBa 13 BbicokoxpoMucThix cranei 40X13 u 12X18H10T npumepno B 3,8 paza u B 12,0pa3 Bbliie, yem
y razorepMuueckux nokpbituid u3 craneit 40X13 n 06X19HIT, coorBercTBeHHO. [IpH 3TOM MHTEHCHBHOCTH Macco-
BOTO M3HANIMBAHKS MOTYYEHHOTO THIIEP3BYKOBOI METALTH3AIKE [ICEBIOCILIABA COCTaBseT 0komo 1,2107° Mr/m.
B mpouecce (GpUKIMOHHOTO B3aMMOIEHCTBHS CHHXKACTCS COACPIKAHHWE ayCTEHUTHOH (ha3bl B MOBEPXHOCTHBIX
closix TiceBaociuiaBa 10 =~ 4500.%, a ero MuKpoTBepa0CTh Bo3pactaeT 10 ~ 850 HV 0,01.

TIpeanosoKeHo, 4TO BBICOKAass W3HOCOCTOMKOCTh ICEeBIOCILIaBa u3 aByx cramedl 40X13 m 12X18H10T
JOCTHUraeTcs 3a cyeT ne(OopMalOHHO-aKTUBUPOBAHHOTO Y—0-IPEBPAICHNS, IPOTEKAIOIIETO B MPOLEcce Tpe-
HUS B TIOBEPXHOCTHBIX CJIOSIX MOKPBITHS (PUCYHOK 4), a Takke 3a cueT Ae(hOpMAaIlMOHHOTO YIPOYHEHHS Y-(a3sl
¥ BO3MOXKHOTO €€ HACBIICHUsI a30TOM B Ipolecce HambuieHus [5; 6]. Kpome 3Toro moBblieHHbIE TPUOOTEXHHU-
YecKHue CBOWCTBA IICEBOCIUIABA OOECIEUMBAIOTCS HAJIMYHMEM B HEM 4acTHIl M3 MapTeHCUTHOW cramu 40X13,
KOTOpBIE 00YCIIOBINBAIOT OOJIee BHICOKYIO IPOYHOCTh MOKPHITHS. B wacTHOCTH, 17151 citydast TpeHus 6e3 cMa3ou-
HOTO MaTepHajia ra30TepMHUYECKOT0 MOKPBITHS U3 aycTeHHTHOH ctamn 06X19HIT, coneprkamero 6au3koe Ko-
au4ecTBO Y-¢hasbl (= 68 00.%), perucTpupyeTcsi MOBBIICHHBIH H3HOC (PUCYHOK 3), 00YCIOBICHHBIH HU3KUMHU
MPOYHOCTHBIMH CBOHCTBAMH HAITbUIEHHBIX YaCTHII.

Takum 00pa3oM, MOKHO 3aKJIIOYKThH, YTO ICCBAOCILIAB Ha OCHOBE BBICOKOXPOMHCTHIX craimeii 40X13
n 12X18H10T, momydaembiii mMeromoM I'M, MOKET OBITH HCIIOJIB30BaH IPH BOCCTAHOBJICHUH-YIPOYHCHHUU
OomnbIIOro Kilacca AeTaiei, paboTalomuX B IPUCYTCTBUU arPECCHBHBIX CPEI.

Ha cnenyromiem stare uccieoBaHU U3ydallich 0COOCHHOCTH (OPMHUPOBAHHMS IICEBIOCILIABOB. «CTAJIb-
AIOMUHUIT»; «CTallb-OpOH3a»; «CTaJb-IUHK»; «OpPOH3a — AJIIOMUHUI»; «OpOH3a — IIMHKY; QIIOMUHUI — IUHK,
P Pa3INyHOM COOTHOLICHUH IMAMETPOB PACIIBUIIEMBIX IIPOBOJIOK

B xoze uccnenoBanus BBISIBICHO, YTO TIPH MTOJKIIOYEHUH IPOBOJIOKH U3 OoJiee TyroruiaBKoro Marepuana
K ITOJIOXKUTEJIbHOMY TOTEHIIMATy CBAPOYHOI0 UCTOYHHKA, MCIOJIb3YIOIETocs B ycTaHoBKe I'M, paBHOMEPHOCTD
pacrbUIeHHs pe3Ko BO3pacTajia M JI0CTHrajga CBOEro MakCUMyMa IIPH HEKOTOPOM YBEJIIMYEHHH JUaMeTpa JIETKO-
TUIaBKOM MPOBOJIOKM OTHOCUTEJBHO TYTOIIaBKOI. BeposiTHel Bcero, 3To MPOUCXOANT B CHITY TOTO, YTO C KaToJa
UCITyCKaeTCsl MOTOK AJIEKTPOHOB, KOTOPBIM MEPEHOCUTCSI Ha aHoJ. B pesynbTrate coyaapeHus 2JIEKTPOHOB C HO-
HaM{ MeTajlla aHO/a U IIPOMCXOANUT OOJIbLIIee TEIUIOBBIICICHUE, YeM Ha KaToae [7].
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B mpezcTaBieHHBIX HIKE pe3ysIbTaTax MPOBOJIOKA U3 MaTepualia, UMEIOIIECTO B BRIOPAHHOM mape OOJIBIIYI0
TEMIIEpaTypy TUIABJICHHS, ITOIKITI0YANach TOJIBKO K TIOJIOKUTEILHOMY TOJIIOCY cBapovHOoro uctounuka B/IY-506.

OrnenuBanach cTabMILHOCTD Tiporiecca ['M 1 BHEIIHEe KauecTBO MOKPBITHIA. Pe3ynbTaThl NCCIeI0BaHII
MpeCTaBICHbI B Ta0IUIE 2.
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PucyHok 4. —®parMeHT peHTreHoBcKoii rudpaxrorpammser (CoKg)

OT MOBEPXHOCTHBIX CJIOEB IICEB0CILIABA U3 BbICOKOXPOMHCTBIX cTasteii 40X13
u 12X18H10T nocse Tpenust 6e3 cma3ku npu 1,5MIla

Tabnuua 2. —Pe3ynbTaThl, MOJTy4EHHBIC IIPH FHIIEP3BYKOBOW METAIUIN3AIMHU TICEBIOCILIABOB

Marepuan Huamerp Marepuan Huamerp
Nl . . . . PesynbraThl MeTamn3anuy,
o YrOIUIaBKOM TYrOILUIaBKOH JIErKOIUIaBKON JIErKOIUIaBKON AUCCTEO TOKDLITHS
TIPOBOJIOKU TIPOBOJIOKH, MM TIPOBOJIOKU [POBOJIOKH, MM P
1 cTalb 2,0 ATIOMUHUI 1,6 Nmerotest neeKTHBIE yIaCTKH HOKPHITHS
2 TO XKe 2,0 TO XKe 2,0 NmeroTest neeKTHbIC yIaCTKH HOKPBITHS
Ilpoyecc cmabunen
3 _n_ 2'0 _n_ 2,4 p L! - '
Kauecmeo NOKpbUmuil Xopouiee
4 - 2,0 - 2,5 NmeroTcst neeKTHbIC yIaCTKH HOKPBITHS
5 M- 1,6 M- 1.8 Wmerotest neeKTHBIE yIaCTKH HOKPHITHS
Ipoyecc cmabunen
6 _n_ 1'6 _n_ 2]0 p l’l V ’
Kauecmeo NoKpblmuil Xopouiee
7 S 2,0 - 2,0 IIponecc He crabuieH
Ilpoyecc cmabunen
8 2,0 6poHsa 2,0 POy e,
Kauecmeo NoKpblmuil Xxopouiee
Ipoyecc cmabunen
9 2,0 T0 e 2,2 poy et
Kauecmeo NOKpblmuil Xopouiee
10 - 2,0 - 2,5 ITpouecc He cTabuieH
Ipoyecc cmabunen
11 n_ 1,8 n_ 2’0 [poy, 5 1
Kauecmeo NoKpblmuil Xopouiee
12 - 1,8 - 2.2 Nmerotcst ieheKTHBIE y4aCTKU HOKPBITUS
13 - 2,0 IUHK 1,8 IIponecc He crabuieH
14 - 2,0 TO XK€ 2,0 ITpouecc He cTabuieH
Ipoyecc cmabunen
15 n 2’0 n 2’ 5 [poy, * 1
Kauecmeo NOKpblmuil Xopouiee
16 - 1,6 - 1,8 Nmetotest nedeKTHBIC yIaCTKH HOKPBITHS
Ipoyecc cmabunen
17 1,6 2,0 poy et
Kauecmeo NoKpblmuil Xopouiee
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OkoHuaHue TabIuIbl 2

Marepuan Juamerp Marepuan Juamerp S
Ne |  TyrommaBkoit TYTOILIaBKOH JIETKOIIIIaBKOM JIETKOILIIaBKOM };aquTBO oK HTH; ’
HPOBOJIOKH HPOBOJIOKH, MM HPOBOJIOKH HPOBOJIOKH, MM P
18 6poH3a 2,0 ANOMUHHUN 1,6 ITpouecc He cTabuieH
19 TO XKeE 2,0 TO XKeE 1.8 MmetoTest nedeKTHBIE YIaCTKU MOKPBITUS
20 - 2,0 - 2,0 Nmetotest nedeKTHBIC yUaCTKH HOKPBITHS
21 n 20 o 29 Ipoyecc cmabunen,
' ' Kayecmeo nOKpblmull xopouiee
22 - 2,0 M- 2,5 NmetoTest tedeKTHBIE YIaCTKU MOKPBITUS
23 n_ 18 . 20 Ilpoyecc cmabunen,
' ' Kayecmeo NOKpblmull xopouiee
24 - 1,8 M- 2,5 NmetoTest tedeKTHBIE YIaCTKU MOKPBITUS
25 - 2,0 LHHK 1.8 Nmetotest nedeKTHBIC yIaCTKH HOKPBITHS
26 - 2,0 - 2,0 IIponecc He crabuieH
27 - 2,0 - 2,2 I[Tpouecc He cTabuieH
28 n 20 o 25 Ipoyecc cmabunen,
' ' Kauecmeo NOKpblmull Xxopouiee
29 ANIOMUHHUN 2,0 LHHK 2,0 Nmetotest nedeKTHBIC yIaCTKH HOKPBITHS
Ilpoyecc cmabunen,
30 TO XK€ 2,0 TO XK€ 2,2 poy N
Kauecmeo NOKpblmuil Xopouiee
31 - 2,0 - 2,5 ITpouecc He cTabuieH
32 - 1,8 - 2,5 IIponecc He crabuieH
33 n_ 18 o 20 Ilpoyecc cmabunen,
' ' Kauecmeo NOKpblmull xopouiee
34 - 1,8 M- 1.8 MmetoTest edeKTHBIE YIaCTKU MOKPBITUS
35 n 16 o 18 Ipoyecc cmabunen,
' ' Kauecmso NOKpulmuil Xxopouiee
36 - 1,6 - 2,0 Nmetotcst nedeKTHBIC yUaCTKH HOKPBITHS

B xojie aHanm3a TMOMYYCHHBIX PE3yIbTATOB OBLIN BBIZACICHBI TPH XapaKTePHBIE TPYIIIBI PEKUMOB HAIIBI-
JIEHWs M KayeCTBa TMOKPHITHH. B MepByr0 BXOMWIM TOKPHITHA, (POPMHUPOBAHKE KOTOPBIX MPOMCXOJUIO MIPU OT-
CYTCTBHU CTabWIBHOCTH MPOIECCa METAIM3ANNK (IePEPhIBbI, «UICBKH» MeTamia). [IOKPHITHA HaHOCHIKCH
HEPaBHOMEPHO, OBEPXHOCTHAS TIOPUCTOCTL HAXOAMIAach B npeaeiax or 3 10 10%, pasMep OTKPBITHIX TIOp CO-
craBui oT 8 10 30 MKM.

V crepyrommeit rpynmsl MOKPBITHH MPOIECC HAHECEHHs TPEPHIBANICS Yepe3 Kaxasie 8...12 ¢, Bo300HOBIS-
SCh BHOBB, HO NPH 3TOM Ha TOKPHITHH 00pPA30BBLIBAIKMCH Ne()EKTHBIE YIaCTKH (HAIUIBIBBI) U3 OOJIBIINX KYCKOB
(ot 40 1o 100MKM) pacIuIaBIEHHOIO MaTepHaja IPOBOJIOK.

TpeThst TpyIIa XapaKTepU30Balach CTAGHIBHOCTBIO MPOIECCa THIICP3BYKOBOW METAJUIM3AINH, PaBHO-
MEPHOCTBIO ()OPMUPOBAHUS MOKPBITHI, HU3KOU MOpUCTOCTBIO (< 3%).

[pr MaTemMaTHYeCKO#t 06pabOTKE PE3yIbTATOB MMOTyUYEeHA SMITHPUYCCKast 3aBUCHMOCTE MEXIY JTHAMETPOM
PacIBUISIEMBIX TIPOBOJIOK U UX TEMIIEPATypOi TUIABJICHHS, KOTOPAsI OIIMCHIBAETCS CIICAYIONIAM BBIPAKECHHUEM:

d/d, = (T 1 T,)°%,

rae d,, 7; — COOTBeTCTBEHHO AnameTp (MM) U Temmeparypa miasnenus (°C) Goee JerKomIaBKoi MPOBOJIOKH, MM;
d;, T, — muametp (Mm) 1 Temneparypa miainenus (°C) 0oJee TyromiaBkoi MpOBOIOKH.

OTMEYeHO TaKXke, YTO MPH PACIBUICHHH TOJIBKO CKATBHIM BO3AYXOM (CXeMa TPaIuLHOHHO SIEKTPOIYyTo-
BOIl METaJUIM3alNK) IHAa30H JHAMETPOB MPOBOJIOK, 00OSCIICYNBAOIINX CTAOMIBHBIN MPOLECC, HECKOIBKO pac-
LIUPSIETCS], YTO MOYKHO OOBSCHHUTH OOJBIICH «IyBCTBHTEIBHOCTHIO» IPOLECCA TUIEP3BYKOBOM METAIUIN3ALHH,
00YCITOBICHHOW BEICOKMMH JMHAMHYIECKAM ITapaMeTpaMH CTPYH.

3akJroueHue

HccnenoBano cTpyKTypHO-()a30BOe COCTOSIHHE U TPUOOMEXaHUYECKUE CBOWCTBA MOKPBITHII IICEBIOCILIABA
n3 BhICOKOXpOoMHUCTBIX cTanelt 40X13 n 12X18H10T, mosy4eHHOro rMiep3ByKOBON MeTauIi3anuei. Y CcTaHoB-
JICHO, YTO TICEBIOCILIAB COMEPIKUT aHOMAIILHO BBICOKOE KOMHUYECTBO Y-(hasbl (= 60 06.%), 4To BEpOATHO CBI3aHO
C MOBBIIICHHBIM COJCPKAHUEM B HEM HHKEsl, 00eCICUNBAIOIETO TEPMUICCKYIO CTAOHIN3AIMI0 ayCTCHUTHOI
(ba3pl, a TakKe 0COOBIMH YCIOBHAME (HopMuUpoBaHus ['M MOKpBITHIA.
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[okazaHo, 4To TCEBIOCIIaB U3 BHICOKOXpOMUCTHIX craned 40X13 u 12X18H10T xapakrepusyercst cpas-
HUTENBHO HeBbICOKOH TBepaocThio 370...380 HV 101 npu 5TOM NOBBIIEHHOH H3HOCOCTOMKOCTBIO B PEXKUME Tpe-
HIst 6€3 CMA304HOr0 MaTepuana. IHTeHCHBHOCTh MACCOBOTO M3HAIIMBAHHS TICEBIOCIUIaBA coctaBmsieT 1,2107° Mr/m,
9T0 coO0TBeTCTBeHHO B 3,81 12,0pa3 Bhlilie, 4eM y ra30TepMHUICCKHUX MOKPbITHH U3 ctajei 40X13 u 06X19HIT.
BeIcokas M3HOCOCTOMKOCTH IICEBIOCIDIaBA M3 BBICOKOXPOMHCTBIX CTajlell JIOCTHIaeTcs 3a CYET NPOTEKaHUs
B €r0 MOBEPXHOCTHBIX CJIOSX Je(h)OpMalMOHHO-aKTHBUPOBAHHOTO Y—0-IIPEBPALICHHs, IPUAAIONIEI0 UM MOBBI-
IICHHY}0 MHKPOTBEPIOCTh M H3HOCOCTOMKOCTH, a TaKXkKe 3a cYeT Ae(OPMALMOHHOTO YNPOYHEHHS Y-(assbl.
Kpome 3TOro, ZONMOIHUTENBHBINH BKJIAJ B YIPOYHEHHE IICEBIOCIIIaBA MOXET BHOCHTbH HACHILICHHE €r0 a30TOM
B IIpOLieCCe HAIBUICHUS.

YcTaHOBIIEHO, YTO NPU OAHOBPEMEHHOM PACHBUICHUHU MPOBOJIOK M3 MAaTepUaliOB C passIMuHOI TeMmepa-
TYpO# MapjeHus («CTalb-ATIOMUHHIY; <CTAb-0POH3a%», (CTAJb-LUHK», <OPOH3a-AFOMUHUID», «OPOH3a-LIHMHKY;
«QIIOMHUHHUA-I[HHK») METOJIOM THIIEP3BYKOBOH METa/UTH3aLIK, PABHOMEPHOCTh MPOLECCa U KaYeCTBO MOKPHITHIT
JOCTHTAJIM MaKCUMyMa IIPH IOJAKIIOYEHNH POBOJIOKH M3 0oJiee TYTOIIaBKOTO Marepuaia K IMOJ0XKHTEIbHOMY
NOTEHIHATY CBAPOYHOTO UCTOYHHKA, HCIIOJIB3YIOLIErocs B ycTraHoBKe I'M.

OtMeyeHa CBA3b KayecTBa MOKPHITHH C COOTHOLICHHEM AWAMETPOB PacHbUIIEMBIX NPOBOJIOK M3 MaTe-
PHAJIOB ¢ Pa3IMyYHOI Temmeparypoil uiasineHus. [lomydeHa sMnmpuyeckas 3aBHCHMOCTD MEXAY JHaMeTpaMu
PACHBUIAEMBIX IIPU T'MIEP3BYKOBOH METAIUIN3ALUH IIPOBOJIOK U UX TEMIIEPaTypo IIaBICHHS.
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FEATURES OF COATINGS OF PSEUDOPLANES METHOD
OF HYPERSONIC METALLIZATION

M. BELOTSERKOVSKY, A. SOSNOVSKIY, A. GRIGORCHIK,
A. ELOVIC, A. DUDAN

The features of the formation of pseudo-alloy coatings by hypersonic metallization are investigated.
The structure and properties of coatings obtained by simultaneous spraying of wires from martensitic
and austenitic steels are studied. The connection between the quality of coatings formed by wires with different
melting temperatures, and the ratio of their diameters, as well as the polarity of the wires to the welding current
source is established.

Keywords: pseudoplane, hypersonic metallization, structure, tribological properties.
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XUMHYECKHE TEXHOIOIT'HH

YIK 665.766.4

WHHOBAIIMOHHBIE UAEN MOJEPHU3AIIMA TPOHECCA ATIKMWJIMPOBAHUS ®EHOJIA
C IIEJIBIO MOBBIIMNEHUA KAYECTBA AJIKHUJIATA

Kano. xum. nayk, ooy. C.B. IOKPOBCKAA, EAl. KOPBYT
(ITonouxuii zocyoapcmeennslii ynueepcument)

Paccmompenvt ocnosuvie nHanpagienus MOOEpHU3AYUU NPOBeOeHUsl NPOYecca AIKUIUPOBAHUs heHoaa
na COOO «JIJIK-Hagpman». [lokazanvl meopemuueckue 0CHO8bl RPOYECca aiKUIUPOSAHUs (EHONd, A MAKHCe
nepcnekmueHble HANPAasNIeHUs. COBEPUEHCINBOBAHUSL MEXHONIO2ULl npou3so0cmea ankuigenora. B pamxax mo-
OepHU3aYUY C YeTblO VIYYUEHUS] KaYecmea Yenegozo npooyKma npediodcend 3amMena ankuIupyouezo a2eHma
mempamepos nPOnUIeHa Ha Alb@a-onehunbl, paccCMOmMpeHa NePCneKmued 3amMeHbl MAKponopucmozo cyib@o-
KamuoOHUMHO20 KAMaiu3amopa Ha 6onee 3Qh@exmugublil YeoIumcooepiucayull Kamuiu3amop mopoeHum, oona-
OIoWULl YIYYULEeHHBIMU (DUBUKO-XUMUYECKUMU U IKCHIYAMAYUOHHBIMU Xapakmepucmukamu. Paccmompena 603-
MOJICHOCTb 8800d HOB020 0OOPYOOBAHUS 8 IKCNIYAMAYUIO, d UMEHHO GbINAPHO20 annapama npeo 6j10Kom pas-
2OHKU ANKUNDEHONA, 051 YIAYHUEHUS KAYeCmed pasoeieHus npoO0yKmogol CMecu.

Knroueeswvie cnoesa. Hed)mexuMMItGCKa}l nPOMBIUIEHHOCMb, np0u3eodcm60 ¢€H0ﬂbelx npucadok, ajlku-
Jupoearue d)eHOJla, L;ewzumcodepofcamue Kamaauszamopbl, Cyﬂbd)OKamMOHHble Kamaauszamopbl.

OnHa U3 aKTyalbHBIX 3aj/lad, MOCTABJICHHBIX Iepel OEJIOPYCCKUMH M POCCHICKUMH IPOU3BOIMTEIISIMH
Macell, — yay4IleHHe KadyecTBa CMa30YHBIX MAacel C LeNbi0 00ecledeHus IINTEIbHON 1 0e30TKa3HOi paboThI
TPaHCIIOPTa, TEXHOJIOTUYECKOTO 000PYI0BaHUS U COBPEMEHHBIX YHEPICTUUECKIX YCTAaHOBOK.

Jst obecrieuenust 3¢ekTHBHON pabOTHl CMa304HbIE MaTepHaibl JODKHBI 00JanaTh OMpENeICHHBIMHI
CBOWCTBaMH, HAIPUMEP, UMETh COOTBETCTBYIOIIYIO BA3KOCTh, BBICOKYIO NMPOYHOCTDH IUICHKH, MAIyl0 KOPPO3H-
OHHOCTb UM HU3KYIO TEMIIEpaTypy 3acThlBaHHs, 00/asaTh XOPOLUIMMH aHTH()PUKLMOHHBIMU, MOIOIIMMH U JIHC-
HEePrUPYIOMIMME CBOWCTBaMHU, ObITh HeTOKCHYHBIME [1]. C 1enbro yaydIneHnss XHMMOTOJOTHIECKHX CBOMCTB
B 0a30BbIC Macia BBOIAT NPUCAAKHU (100aBKH) pa3inyHOTO (HYHKIHOHAIBHOTO ACHCTBHS. B cBs3H ¢ 9TUM y Ipo-
M3BOJUTEINICH Macell B IEHTPEe BHUMAHUS TPUMEHEHNE HOBBIX, a TAK)KE COBEPIICHCTBOBAHUE CYIIECTBYIOUTHX TEX-
HOJIOTHH MOJTy4eHHs] NPUCATOK K MOTOPHBIM MacilaM, 4To SIBJISIETCS Hanbouiee MporpecCUBHBIM U 9KOHOMHUYECKH
BBITOAHBIM CIIOCOOOM TOJYYEHHS BBICOKOKAYECTBEHHBIX MOTOPHBIX Macell OT€YECTBEHHOT'O IMPOM3BOJICTBA.
B cBsi3u ¢ Bo3pocIMHu TpeOOBaHMSIMH K Ka4€CTBY CMa304HBIX Macell U MPOrpeccoM B 00JIaCTH MOTOPO- M Ma-
MIMHOCTPOCHHS HauboJIee MePCIeKTUBHBINA TyTh MPOM3BOJACTBA MOTOPHBIX Macel — HCIIOJIF30BaHHE NPH UX MIPH-
TOTOBJICHUH TTAaKETUPOBAHHBIX IPUCAJOK PA3IMYHOTrO (PYHKIMOHAIBHOTO AeicTBus. [loaToMy B mocieaHue roipt
BeAymye 3apy0OexHbie (GUPMBI IO MPOU3BOACTBY Macell M MPUCAIOK JJIS HUX MOCTaBISIOT HA MHPOBOW PHIHOK
HE OTZAEJbHBIC MIPUCA/IKU, @ TOTOBBIE NAKEThI IPHCATOK.

Crenmanucramu nipousBoactBa COOO «JIJIK-Hadran» pazpabaThiBaroTCsl MEPCIEKTUBHBIE KOMIIIEKC-
HBIE IIPOrPaMMBbl, HAIPABJICHHBIE HA COBEPILCHCTBOBAHHME TEXHOJIOTMU NPOU3BOJCTBA npucajgok. CymecTBylo-
1as TEXHOJIOTWYECKass CXeMa IPOU3BOICTBA MTO3BOJISACT BEIPA0ATHIBATE ITUPOKUI CIIEKTP MPUCATOK C Pa3HBIMU
(yHKIIMOHAJIBHBIMU CBOMCTBAMH, HCIIOJIb30BaHNE KOTOPHIX MTO3BOJISICT BHIPA0ATHIBATh IIPAKTUYECKH BCE OCHOB-
HBIE TPYMITEI MOTOPHBIX Macell, IPUMEHIEMBIX B TeXHHKe. OTHUM U3 OCHOBHBIX HAIIPABICHUN Pa3BUTHS MPHUCaA-
Jok cobcrBenHoro npousBozactea B COOO «JIJIK-HadTan» siBisieTcss NnpUMEHEHUE B KA4ECTBE CHIPhS JUIs all-
KHI(EHONBHBIX NPUCAIOK AoAenniI(eHona, KOTOPHIHA, B CBOIO O4epenb, Ierecoodpa3Hee BCero moiayvars, Mc-
0JIb3YS B Ka4eCTBE ChIPhs (peHou U anbda-oseHHBI.

AnxunupoBanue peHosna, Kak U IpyTUX apOMAaTHIECKUX COSAWHEHHH, IPOTEKAET Yepe3 CTAAHIO IIpHcoe-
JIMHEHHS TPOTOHUPOBAHHOIO AIKHIKATHOHA K Sp>-THOPUIM3HPOBAHHOMY aTOMy YIIEPOJA B apOMATHUECKOM
sape ¢ o0pa3oBaHreM KapOKaTHOHA (G-KOMILIEKCa), KaK MOKa3aHo Ha pucyHke 1.

HO +R" —— Ho

Pucynok 1. —O0pa3zoBaHue KapOKaTHOHA

Cumrator, 4T0 00pa3oBaHue aIKUI(EHOTIA IPOTEKACT Jalee, Kak ¥ IPU TPAIUIHOHHOM aTKWIAPOBAHUH
apOMAaTHYECKUX YTIIEBOJOPOMIOB, B SAPO B pe3yibTaTe OBICTPOTO OTHICIUICHHWS HMPOTOHA OT YKa3aHHOTO KOM-
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wiekca (pucyHok 2). OqHAKO IJIs G-KOMIUICKCOB BBIIICYKA3aHHOTO THIIA XapaKTepHA BBICOKAs MOABHIKHOCTb
MNPOTOHA B TUAPOKCHIBHOM rpymie. [109ToMy OHM CKJIOHHBI K €T0 OTHICIUICHHIO ¢ 00pa30BaHUEM HEHTPAILHOTO
ANKUILUKIOreKCaJHeHOHa, MePEerpyIITUpYIoIerocs B ankmiheHoa (pucyHok 3).

H "
HO » HO R+ H
R

Pucynok 2. —OTiienieHne NPOTOHA OT G-KOMILJIEKca

H H
HO % 0= —— HO R
rR H R

Pucynok 3. —O06pa3zoBaHue HEHTPAJLHOT0 ATKHJINHKIOTeKCATHEHOHA,
neperpynnupymouerocst B ajJxkugenosn

IIpomexxyTouHOE 00pa30BaHUE ATKUIIUKIOTCKCAHMCHOHA CUNTACTCS OTIIMIUTEIBHON YepTON MEXaHH3Ma
ATKWIHPOBaHMs (PeHOa U APYTUX PEaKIUH MIEKTPOPHIBHOTO 3aMeleHusI B (peHomax.

JlumuTHpYIOLIeH CTaJnell peakuuy alKWIMpOBaHUs (eHONA SBISETCS, KaK MPaBuiio, 00pa3oBaHue Kapo-
katuoHa. OOpa3oBaHKUe IUKIOTEKCATUCHOHA HIET CHHXPOHHO C JIEKTPO(HILHON aTakol (peHoma anKuIKaTHO-
HOM. Eciii CHHXPOHHOCTBH HapyIaeTcsi, TO 00pa3yroTces alnkmwi(eHHIoBbie Y3PUpPbI, KOTOPbIE MO/ IeiiCTBHEM KH-
CJIOT JIETKO MEPETPYIITUPOBHIBAIOTCS (M30MEPU3YIOTCS) B ANKMI(PEHOb! (PUCYHOK 4).

HO —
O

R+

L »

Pucynoxk 4. —O0pa3oBanue aaxuigeHoaa

B3anmoelicTBrue MoJeKybl (peHoma ¢ 3MeKTpOGUIBLHBIM KapOKaTHOHOM osieprHa TTPOXOIUT Yepe3 cTa-
JII0 00pa30BaHUs MPOMEKYTOUHOTO KOMIUIEKCA. DHEPIusi aKTHBALMU PEaKIMU, MPOXOIIIEH Yepe3 mepexo-
HOE COCTOSIHHE, NOJ00HOEe Mapa-O0EH30XWHOHY, MEHbIIE, YeM OpPTO-OEH30XMHOHA, BCJIEJCTBHE JTOTO Mapa-
3aMeIleHUE MTPOTEKAeT ObICTpee, YeM OPTO-3aMellCHHE.

Ha cooTHOLIEHNE CKOPOCTEH STHX peakIiii CYIIECTBEHHOE BIMSHUE OKA3bIBACT CTPYKTYpa ojeduHa.

AJIKWITMPOBaHUE TIPOTEKAET MOCIIEI0BATENIBHO ¢ 00pa30BaHUEM MOHO-, IU- ¥ TPHAIKWI(EeHOI0B. 13BecTHO,
4yT1Oo BeiaencTBue d3ddexra conpsKeHus, BBI3BIBAEMOIO THIPOKCHWIIBHOW TPYNIIOHN, DJIEKTPOHHAS IJIOTHOCTh
B apoMaTH4ecKoM syipe (eHosa MOBBIIEHA B OPTO- M Iapa-mojoxeHusx. [loaTomy mnepBudHas artaka sijpa
AIKUJIKATHOHOM JIOJDKHA OBITh HAIPaBJIEHA MMEHHO B 3TH MOJOXKEHHs. B OOJBIINX KOJIMYECTBAX MOJIYYAIOTCS
napa-3aMenieHHble aTKWI()EHOIbI 10 CPABHEHUIO C OPTO-3aMELICHHBIMH H30Mepamu. [103ToMy ¢ MOBbIILICHUEM
AKTHBHOCTH KaTallM3aTopa, TeMIIepaTypbl U MPOAOIDKATEIBHOCTH PEaKIMK 0JIs [lapa-u30Mepa MOXKET BO3PaCTH
ot 60...80m0 95%wu Gosiee 3a CUET TaKOW H30MEPH3ALINH.

[Ipu mocnenoBaTenbHOM BBEACHUH aIKHIIBHBIX IPYIII MepBasi CTaAus MPOTeKaeT ObICTpee BTOPOiA, a 1mo-
CIIEITHSS, B CBOIO ouepenib, ObIcTpee TpeThel. Ha cocTaB MpoyKTOB Takke BIMSET Peakiysl NepeatkuInpOBaHuUs
MeXIy nosimankuiadenosoMm U ¢eHosoM. C MOBBIIICHHEM AaKTUBHOCTH KaTalU3aTopa, TEMIEepaTyphbl U Ipo-
JIOJDKUTEILHOCTH PEaKLUK COJIepKaHne MOHOAIKWI(EHOJIOB B MOJIy4aeMOH CMECH 3HAYHUTEJIFHO BO3PACTaET.
[osToMy U1 MONTyYeHHsST MOHOQJIKMI(EHOJIOB COOTHOLIEHHE MCXOIHBIX KOMIIOHEHTOB OEpyT 3KBHMOJIIPHOE
WY ¢ HeOOIBIINM M30BITKOM (peHoua, a JuIst oyueHHs TuanKuideHona Tpedyercs: n30bITOK onedHuHa.

HesxenaTenbHbIMH, HO HEM30SKHBIMHM PEAKIMIMU B TPOLECCe aJKMIMPOBAHMS SBIAIOTCS: 00pa3oBaHUE
3(hupoB (HEHOIIOB, BBIXOA KOTOPBIX B HEOJIATONPHUATHBIX YCIOBHIX MOXeT qocturaTh 50%Ha ChIphE; mosMmMepu-
3anust oneuHOB. OOIIMM METOAOM TMOAABICHUS ITHX PEAKLHUil SIBJISCTCS MOHMKEHUE TEMIIEPATyPhl, HOCKOJIb-
Ky peaxius ajJKUJIMPOBAHUSA UMEET CaMyl0 HU3KYIO SHEpTuio akTuBarmu (0koso 21 kJ[»/MOIb), U CHIDKCHHE
KOHIICHTpaIu oyeuHa.
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Takum 00pa3oM, CKOPOCTh U CEICKTUBHOCTH MPOIIECCa aKIIMPOBaHUS (DeHOJIA 3aBHCHUT OT psia (haKTOpOB:

- THIIA ¥ aKTUBHOCTH KaTaIH3aTopa,;

- CTPYKTYpHI UCTIONB3YeMOro oJe(uHa,

- COOTHOIICHHS UCXOTHBIX KOMIIOHEHTOB,;

- TEXHOJIOTUYECKHX (PAKTOPOB, TaKMX KaK TEMIEparypa, MPOJODKUTEIFHOCTh PEaKIiH, HaJMdHe pac-
TBOpHTENS 1 Jp. [2].

IIporecc mponsBoacTBa anKwiIheHoTa M OACHI()EeHOTIa COCTOUT U3 CTaJANi MPUTOTOBICHHUS PEaKIHOH-
HOW CMecCH, aJKIINpOBaHMUA ()eHOIa TeTpaMepaMy IpONHIeHAa Ha KaTHOHOOOMEHHOM KaTalu3aTope, (ppakino-
HUpoBaHUs noneiideHona. OMHAKO HCIONB30BaHUE CYJIb(DOKATHOHUTA BBOIHUT 3HAYUTCIHHBIC OTPAHUYCHUS
B TEXHOJIOTHIO BEIICHHS MPOLIEcCca aJKHUIINPOBaHMS: MakCUMallbHas TeMmepatypa B peakrope 120 T Benencreue
OTPBIBA KUCJIOTHBIX aKTUBHBIX CYJIB(OTPYIII OT TUBUHIICTHPOIBHON MATPHIIBI; MCHBIIIASI CEJICKTUBHOCTh PEaK-
UK CUHTE332 MOHOIOACIIMI(EHOA, CIIeI0BATEILHO, CHUYKACTCSI KAYECTBO [IEJICBOT0O MPOYKTA.

AHaiu3 MaTCHTHOW JUTEPaTypbl UICHTHOUIUPOBAT BO3MOKHOCTh YCOBEPIICHCTBOBAHUS Ipoliecca Mo-
JMyYCHUs NOJCUMIPECHONA MyTEM 3aMEHBbI HU3KOTEMIICPATypHOH KaTHOHHOW CMOJIBI Ha 0ojee TepPMUYECKH YC-
TOMYMBBIE LEOJUTHl TUIAa MOPACHUT. BeiieacTBre NOPUCTON CTPYKTYpPBI LIEOJIUTA C ONPEAEIEHHBIM pa3MepoOM
KaHAJOB BO3PACTaeT CEJIEKTUBHOCTH LENEBOM pEeaKknnu CHHTE3a MOHOIOICIIpeHora. MoHOAOACTHI()EHOIBI
TIpU JaNbHEHIEH peaknnuu ¢ MATUCEPHUCTBIM (HOCHOPOM U TOCIESNOBATEIBHON HEWTpalM3anmueld IMHKOBBIMU
6emmnamu obpasyror npucaagky BHUMHII-353, or crepryeckoil OpHeHTAlMH KOTOPOH 3aBUCHUT BO3MOYKHOCTH
JATBHEWIIIETO CHHTE3a MPUCAIOK ¢ 00JIee CI0KHOU CTPYKTYPOH.

BaxHO OTMETHUTH BIUSHUC (aKTOpa YETKOCTU pa3ACICHUsI MPOIYKTOBOH CMECH M3 PEaKTOpa, TaK Kak
MMEHHO TIO COJICPKAHUIO MPUMECEH OIICHUBAIOT MPHUIOJHOCTh UCTIOIB30BAHUS MPOJIYKTA U CHHTE3a MpHca-
JOK. [TaTeHTHBIN MOUCK JTUTEPATYPHI ONMPEACTII BO3MOXHOCTh YCTAHOBKHY BBIIAPHOTO aIapara Uit pa3rpys-
KM KOJIOHH 0JIOKa aJKWJIMPOBAaHMS MO (EHOJIY W MPEIOTBPALICHHS TEPMOICCTPYKIUHU, YMCHBIIICHHUS KHCIIOT-
HBIX OTJIOKEHUM.

PaccmoTpeHa BO3MOXKHOCTh 3aMEHBI CHIPbS — B KaYECTBE ANKWJIMPYIOMICTO arcHTa Ielieco00pa3Ho Hc-
MOJTE30BaHKE ab(a-0e(hUHOB, KOTOPBIE HMEIOT TEHACHIIUIO K MIPUCOCTNHECHUIO B MI-TIOJOKEHUE B KOJIBIE MO-
JIeKyJIbI PeHoa, a TaKKe HCKITIoUatoT 00pa3oBaHue TUIAO0ACIIII(DEHOIOB.

IeeBBIM TPOXYKTOM pEaKIH{ aJKMIMPOBAHHS SBIAETCS MOHOAoxaemmiIheHod. B mporecce BaxHYIO
POJb WIpaeT BHUI alKWINpYomero areHra. Heo6xommmo, 9To0Bl CEeKTUBHOCTE peakui 00pa30BaHUS MOHO-
JoenuiI(eHona yBenuaniaack. [Ipu alknianpoBaHUN TeTpaMepaMy IPOIMICHA BBIXO]] LIEIEBOTO MPOIYKTa JT0C-
turaet 42%mua npoayxr [3].

B Tabnune 1 npuBeneHb CpaBHUTEIbHBIE XapaKTEPUCTHKH asib(ha-0Je(GUHOB U TETpaMepoB IPOITHIICHA.

Tabmuma 1. —XapakTepucTuku anbda-oneGuHOB U TETpaMEPOB MPOITHUICHA

CaoiicTBO Adabda-onepunni (Cyp) TeTpamepsl nponuieHa

Brewmmii sy Ipo3paynast *UIKOCTh 3 Ipo3paynast *UIKOCTh
6e3 MEXaHWIECKUX PUMECEi C JKEJATOBATLIM OTTEHKOM

ITnorHocts npu 20 °C, rlem® 0,76 0,785
PpaKkLHMOHHBII COCTAB:
- Havajo kuneuus, °C - 170
- koHel kunenus, °C - 215
Coneprxanue onepunos, Y% macc.:
-Cqo 98,0 94,0
- Boitre Cqp 1,0 50
- mmke Cqop 1,0 1,0
Conepxanue Biaru, % macc. 0,0100 0,05
Bpomuoe gmcio (r) Br/100r 83...95 110...120

MOo3KHO clienaTh BBIBOJ O LEIECOO0PAa3HOCTH UCIONB30BaHUs anb(a-oaeHOB B KAYECTBE aTKUIUPYIO-
HIET0 arcHTa, TaK KaK UCXOJs U3 CTEPUYECKOro (hakropa CHHTE3a IEJICBOIO MPOIYKTa IOMCIHIPEHONIA BEPOSIT-
HOCTh MOJYYCHHUS IM-AoAeumI(peHona 1aéT BO3MOKHOCTh I CHHTe3a B nanpHeimem npucanku BHUMHII-353
KaK ChIpbs ISl Tocienytomero noiydenus npucagok BHUWHII-354 u BHUMHIT 714. IlnotHocTts anbda-
onepuHoB Qpakiun Cqp HUKE, YUEM TETPAMEPOB MPOMHUIICHA, CIICA0BATEIBHO, YMEHBIIATCS 3aTPAThl HA CMeEIIIe-
HHUE UCXOJIHBIX PEarcHTOB UIS aJKIIMNPOBAHUS, YMEHBIIATCS dHEPreTHIecKre 3aTpaTsl Ha mporecc. C 3KOIoTH-
YeCKON TOYKH 3peHHUs O0JIee BBITOTHO ATKIINPOBaHHE ab(a-oaeGruHaMu — 3a CYET UIMHHBIX YTIICBOIOPOTHBIX
xBocToB poxermihenon Ha 60% ObicTpee pasmaraercsi, YeM I0AeIIBSHOI, MOTyUYCHHBIN PU aJKWIHPOBAHNH
TeTepaMepaMu TponmieHa [4].

Boee Toro, cormacHo qaHHBIM [5], IpH aNKAIAPOBAHUHM aPOMATHIECKHUX YTIIEBOJOPOIOB O-0JdehHHAMHA
¢ 10...14 atomamu yriaepoja apoMaTHIECKUE YIIIEBOAOPOABI C IIMHHBIMUA OOKOBBIMHU IEISIMH MMEIOT 3HAYH-
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TeNbHO OoJiee BBICOKMIT BBIXOJ 2-DEHMIBHOTO M30MEpa, KOTOPBIH SIBISETCS HPENNOYTUTEIbHBIM BCIEICTBUE
TOTO, YTO YIJIEBOJOPOJIHBIE XBOCTHI B pe3yJbTaTe AANbHEHIIEro cyab(pHUpoBaHUs BELIECTBA IPUIAIOT MOIOIIUE
CBOMCTBA M CBOMCTBO COJIFOOMITH3ALINH.

Taxoxe ObUIO 3aMEUCHO, YTO ATKWINPOBaHUE (EeHOIA -aneHHaMU ¢ JUIMHHOM YIiepoaHOil LIeNbio HMeeT
psn npobneM. Yem Oosblie AaMHA yriIEeBOJOPOJHOTO XBOCTa o-oie(HHA, TEM MEHbIIash 00bEMHAs CKOPOCTh
HEeo0X0AMMa, TaK KaK PAaCTBOPHMOCTh PEar¢HTOB YMEHBIIUTCS COOTBETCTBEHHO. I10CKONBKY 0-0eUHEI XyKe
CMELIMBAIOTCS C JKUJIKUM aJIKWII(EHOJIOM, CYILIECTBYET HEOOXOJUMOCTh B YCTAaHOBKE NPEABAPUTEIHLHOTO CMECH-
TeJsL CBIPbSI IIepe MEIIAIKOi. B NomonHeHne 0TMeTHM, 4TO HCIIOIb30BaHUE JUIMHHOLECTIOYEYHBIX 0-0JIe(HHOB
KaK pPearcHTOB MOKET NPUBECTH K (POPMHPOBAHUIO KOKCOBBIX OTJIOKCHHH Ha MOBEPXHOCTH KaTalHW3aTopa.
UYeM BHIIIE MOJICKYJISIPHAs Macca 0-oJe(HHa, TeM CIIOKHEEe KOHTPOJIUPOBaTh 00pa30BaHNUE BTOPUYHBIX IPOTYK-
TOB, @ UMEHHO JTUJI0JeIII(EHOIIOB.

OIHaKO UMEIOTCS U TIOJIOKUTENNBHbBIE CTOPOHBI UCIIOIBE30BAaHMS 0-0JIC(UHOB B KaUECTBE ANKWIHPYIOIIETO
areHra: 00JIbIIAsk KOHBEPCHS CHIPBS, CEIEKTUBHOCTh PEakMy 00pa3oBaHHsi MOHOJIOJCLMIPEHOIA U CPOK CITYXK-
OBl KaTaIM3aTOPa TAKXKE YBEIUYUBAIOTCS.

CormacHo ucTouHHKY [6], MONBHOE OTHOIIEHHE 0-0eHHOB K (enony cocrtasiser ot 10:1 o 3:1;
a-oneduHOB K katanuzaropy — ot 20:1 10 2:1; BEIX0a MOHO3aMEIEHHBIX apOMaTHYeCKuX yriieBogopoaos 80%,
cpexn koTopblx /0% ankwinpoBaHBl B Napa-NoOJOXKeHHE. TeMneparypa B peakTope MOXET BapbUPOBATHCS
ot 20 no 260 T, npu 3TOM NpernouTHTENLHBI TeMneparypsl B quana3oHe or 10010 170 T. B kavyecTBe kara-
JTM3aTOpa PACCMATPUBACTCS MOPJCHHT ¢ pa3mepamu mop 6,7...7,5 A.

[Ipennaraercst B KauecTBE CHIPBS Ul IOJIyYEHHUS O-0JIEUHOB HCIIOJIB30BATh ITHJICH, NPOU3BOAUMBII
Ha OAO «lonmumMup». DTHIIEH HAINPaBISIETCS HA YCTAHOBKY JUTS TIPOM3BOICTBA MOJHATb(a-oeuHOB ¢ IpuMe-
HeHueM peakuun @punens —Kpadrca Ha katanusarope TpudTopua 60pa U CIIMPTOB B KAUECTBE COKATaIN3aTo-
poB (pucyHok 5).

Henacepimenubie

OJIUTOMEDBL
KaTalln3aTop KaTaiM3arop Jumep,
CH,=CH, R —-CH,=CH, S TpUMED,
BF; TeTpamep,

Pucynok 5. —IlepBasi cTagusi Npou3BoACTBA NoJuANb(a-0ePUHOB

Crezyromas crajiis NPOU3BOJCTBA 3aKIIFOYAETCS B MHAPOrEHE3AMH HEHACKIEHHBIX OJIMTOMEPOB, YTO J0C-
THIaeTCsl BBEICHUEM KJIACCHUECKUX KATaJIU3aTOPOB, HAIIPUMED, HUKENS HA KU3eIbIype WM Majulagds Ha HOCH-
Telle, B KAYECTBE KOTOPOTro BEICTYMAET okcua amomMunus Al,Os (pucyHok 6).

Ni wm Pd

Henacenmennsle  mapaguHOBBIC
YTIIEBOJIOPO/IBI

Henacpimennsie
OJIUTOMEPBL H,

v

Pucynok 6. —BTopasi cragusi npou3BoACTBa Noanalbda-onedpuHoB

Ha tpetbeit, mocnenneit craanuy HachILIEHHBIE OJIMTOMEPHI TOABEPraloT neperonke. [IpuBenennas rex-
Hojorus ucnonszyercs OAO HWKHEKAMCKHE®TEXWM npu npousBoactee dpakiuu anbha-onedruHos
CouCy [7]

Ha ocHoBanuuM mpoBeAeHHBIX HccnenoBanuii [8—11] panuoHaNbHBIM SIBISETCS PEILICHHE YCTAHOBKH
BEIIIAPHOTO allllapara I0CiIe MEIIAlIKH IS OTACNCHUS OT PEeaKIHOHHONH MacChl BRICOKOKHITALINX IpUMeceit
U CYIb(OKHUCIIOT.

CymHocTh croco0a MmoyiydeHus mapa-TpeT-0yTuindeHosia  yCTPOWCTBA ISl €T0 OCYIIECTBICHUS HILTIO-
CTPHUPYETCSl CXeMOW Ha PUCYHKE 7.

IIpennaraemslii crioco6 moxydeHus napa-Tper-0yTrmideHosa BEICOKOTO KadecTBa BKIIIOYACT:

- ankuaupoeanue heHona n300yTUIIEHOM Ha reTepOreHHOM CYJIb(OKaTHOHUTHOM KaTalu3aTope,

- omoeneHue BRICOKOKHUITIIINX MPUMECEH OT PEakIIMOHHON MacChl, COCTOSImEN 3 (eHoma, mapa-TpeT-
oyrungenona, OTB®, 2,4m-Tper-OyTrideHomna 1 BHICOKOKHUITIINX TPUMECEH, ITyTeM €€ IJICHOYHOTO MCIIapeHMs,

- pasoeieHue PEaKIIMOHHON MacCHl METOOM BaKyyMHOM PeKTH(PHUKAINN B TPEX KOJOHHAX C BBIACICHIEM
B TIEpPBOI1 KOJIOHHE YacTH ()eHoJa, BO BTOPOi — (heHona u opTo-TpeT-0yTHiideHona, KOTOpble PEUUPKYIHPYIOT
Ha CTaJMI0 aJKUJIMPOBAHUS, B TPETheH — mapa-Tper-OyTuiadeHosa B BUAE MUCTHILIATA U cMecu 2,4-1u-Tper-
OyrnideHona u OCTaTOYHOro mnapa-tper-OyTuiadeHosa B BHAE KyOOBOrO OCTaTKa, KOTOPBIH PELUPKYIHPYET
Ha CTaJIUIO AJTKWIAPOBaHMS PeHoIa N300y THIICHOM.
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Jliis mpenoTBpalleHus MONAfaHus mapa-TpeT-0yTwideHona B BakyyMco3aaromiee 000pyIoBaHUEe U T10-
cienyroniei 3a0UBKU 000pyIOBaHUS MIPY €0 KPUCTAUIN3AIMHA Ha BAKYYMHOW JIMHUH OCYIIECTBIISAIOT abcopOIn-
OHHOC yJIaBJIMBaHUC HECKOHICHCUPOBABIIHNXCS MAPOB Mapa-Tper-OyTuindenona.

PﬂcyHOK 7. —Cxema NMOJTYYE€HHUS NMPOAYKTA AJIKWJINPOBAHMSA ¢ IPUMEHEHMEM BbINIAPHOI'O anmaparta

YCeTpoHCTBO TSl OCYIIECTBICHUS YKa3aHHOTO CIOCO0a CONEPIKUT. peakTop alkwinpoBaHwms 1 ¢eHomna
M300yTHIICHOM Ha I'eTepOreHHOM CYJIL(OKATHOHUTHOM KaTajM3aTope, CHaOXeHHbIH TpyOonpoBoaom 12 BeiBoa
PeaKkUMOHHOM Macchl; MEPBYIO M BTOPYIO KOJIOHHBI BaKyyMHOW pekTuduKanuu S u 6, coeanHeHHble TpyOompo-
BOJIOM 24; TpyOonpoBoasl 25, 26 BbIBOJa PEUUPKYIUPYIOMINX TOTOKOB TUCTHILIATA, COSANHEHHBIE C PEAKTOPOM
ankunpoBanus 1. Peakrop ankuimposanust 1 TpyOonpoBosom 12 BeIBosla peakIIMOHHOM Macchl COSIMHEH C ILIe-
HOYHBIM HCTIapUTEIeM 2, 000pyI0BaHHBIM EMKOCTSIMHU IIpHeMa KyOoBOro ocratka 3 M AUCTHILIATA 4, COeIMHEH-
HBIMH C IUICHOYHBIM HCIApPHUTENIEeM 2 IOMOJHUTEIbHBIMU TpyOonpoBomamu 13 u 14; npueMHuk 4 aucTHLIATA
IUICHOYHOT'O HCIapuTest 2 ApyruM TpyodompoBoaoM 15 coemnHeH ¢ mepBoi peKTHPHKAIMOHHON KOJOHHOH 5;
BTOpasi peKTH(UKAIIMOHHAsI KOJOHHA 6 coemuHeHa TpyOoonpoBoaoM 17 ¢ JOMOJHUTENBHON TpeThel peKTr(hHKa-
IHOHHON KOJIOHHOW 7, KyOOBasi 4acTh KOTOPOM, CHaOXeHHas TpyOorpoBoaoM 19 BeIBOIA PEIMPKYIUPYIOIIETO
MOTOKA, COCAMHEHA C PEAKTOPOM AIKHJIMPOBaHWA 1, a BEpXHAS 4acTh CHaO)keHa TpyOompoBomom 18 BeiBoma
IIapOB TOBAPHOTO IPOJYKTa, COSAUHEHHBIM ¢ aediermatopoM 8, KOTOpklil coenuHeH TpybonposogoM 20 ¢ cemna-
paropom 9. Cenaparop coenuHeH TpyoonpoBoaoM 22 ¢ eMkocTbio 11 nprema ToBapHOTo napa-Tper-OyruideHomna
Y JIOTIOJIHUTENBHBIM TpyOonpoBogoM 21 ¢ abcopbepom 10, HIOKHSISL YaCTh KOTOPOTO COeMHEHa TpyOonpoBoaoM 23
C EMKOCTBIO 4 IprueMa AUCTUIIIATA IUIEHOYHOTO UCTIApUTEIIA.

Ocy1mecTBieHNEe Crocoda noyyenus napa-mpem-oymuigheHona NOsSICHIETCS B HIKENPUBEACHHOM PU-
Mepe ¢ HCHOJIb30BaHUEM YCTPOWCTBA JUISL €r0 OCYLIECTBICHHUS.

B peakrop ankunipoBanus 1 3arpysxatoT nu300yTiIeH 1 (eHOJI, BO3BPATHBIE (DeHOJI M OPTO-TpeT-OyTriIheHoI
o Tpybornposomam 25 u 26, BeimensieMbie B PeKTH()HUKAMOHHBIX KOJIOHHAX 5 1 6 B BHAE ANCTHILIATA, IO TPY-
6omnpoBoay 19 — KyOOBBIH OCTATOK PEKTH()HUKAMNOHHOW KOJIOHHBI 7. PeakMOHHYIO Maccy 1o Tpybomposoay 12
MOJAIOT B BBINAPHOI ammapaT, B KOTOPOM HMPOUCXOIUT OTAEICHHE OT OCTANBHBIX HPOAYKTOB, BEIBOJAT IO TPY-
6onpoBoay 13 B eMKOCTh mpHeMa KyOOBOro ocrarka 3, a AUCTHILIAT 10 TpybonpoBoay 14 B emxocts 4. Hcmons-
30BaHME IUICHOYHOTO MCHAPEHHs IJIs IPEAOTBPAILECHHUS ITONAaJaHUsl BTOPHYHBIX POJAYKTOB HA CTAJUIO BAKyyM-
HOW peKTH(UKALMHU, TPUCYTCTBUE KOTOPBIX NMPHBOAUT K CHIDKEHHIO KaueCTB TOBAapHOI'O NMPOAYKTa, MO3BOJISAET
TaKKe NPOBOJUTH PEAKIHIO AIKWIMPOBAHUS IPH MEHbLIEM M30bITKE ()eHOJIa 110 OTHOLICHUIO K M300yTHIIEHY,
TaK Kak B 3THUX YCJIOBUSX HaOmrojaercst OONBIIMKA BBIXOJ TOBAapHOTO Mapa-TpeT-OyTmideHos, Hexenu B Onu-
JKalIlleM aHaJlore, ¥ HET HaIOOHOCTH OrpaHUYMBaTh 00pa3oBaHue OOOYHOTO MpoaykTa 2,4--TpeT-OyTrideHona,
KOTOPBIH BO3BPAIAIOT B KAYECTBE PELMKIIA B PEakTop ajaKuiIupoBanus 1.

PaznenuB B eMKoCTH 4 peakLMOHHYIO MacCy Ha JIB€ YacTH, OJHY MOJAIOT Ha opouieHue abcopbepa 10
mo Tpy6orpoBoay 16, a 0obIIy0 HAMPABIAIOT Yepe3 TpyodompoBoa 15 Ha pekTH(UKAIMIO B TPH MOCICIOBA-
TEJIbHO paboTaromiye PeKTH()UKAIMOHHBIE KOJOHHBI 5, 6 n 7. JlucTiutar KomoHH 5, 6, cocrosmmii u3 GeHona
¥ OpTO-TpeT-OyTEIiIheHONa, 110 TpybonpoBoaam 25 u 26 moaaroT 00paTHO B PeakTOp alKMIMPOBaHus. biaromaps
TOMY, 94TO KyOOBBIH OCTaTOK KOJIOHHBI 7, TPEACTABIISIONINIA CO00H cMech 2,4-1u-Tper-OyTridenona u mapa-
TpeT-OyTHiadeHona, He CONEP>KUT BTOPHYHBIX NPOAYKTOB, €I0 HAIIPABIIIOT OOPaTHO Ha CTAIMIO aJKWINPOBAHUSL
1o Tpyoonposoxy 19 ¢ mesbio NOBBIMIEHHS BBIXOJA LETIEBOr0 MPOAYKTa. JJMCTHILIAT KOJIOHHBI 7/, COleprKalHil
napa-TpeT-0yTHiadeHoI BEICOKOT0 KayecTBa, KOHJICHCHPYIOT B lediermarope 8, COEMHEHHOM C KOJIOHHOH Tpy-
6onpoBosioMm 18, nanee ero HanpasistoT no Tpydonposoay 20 B cenaparop 9, rie NpoUCXOAUT pa3lIesICHHUE K-
KOI 4acTu M HECKOHJAEHCHpOBaBIIMXCS HapoB. M3 cenaparopa mo TpyOonpoBoay 22 »KHAKYIO 4acTh MOIAIOT
B eMKocTh 11 mpuema ToBapHOTro napa-tper-OyruideHona, u mo TpyoonpoBoxy 21 HECKOHICHCUPOBABIINECS
napsl napa-Tper-oyruideHosa nocrynaioT B abcopbep 10, rae npoucxoaur ux ynasiuBaHue. Tem cambpIM yaa-
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eTcsl n30ekKarTh IoTeph TOBAPHOTO MPOAYKTa U 00ECIIEYNTh CTA0MIIBHYIO0 paboTy BaKyyMCO3JAroLIero 06opyno-
Banus. KyOoByto yacth abcopbepa BBIBOIST 1O TpyOOnpoBoay 23 B eMKOCTS 4.

IIpemmaraemas rpymnma u300peTeHus MO3BOJISET TOIYIUTh TOBAPHBIA MPOIYKT, OYHMICHHBIN OT TIPUMECEH,
CHIDKAIOIUX €r0 OCHOBHBIC XapaKTEPUCTHUKH, TAKHE KaK KOHICHTPALUs OCHOBHOTO BELIECTBA, TEMIEpaTypa
KPUCTAIM3AlMK M LBETHOCTh, YTO, B CBOIO OYepelb, MO3BOJISIET HCIOJb30BaTh €ro B (hapMaleBTHUECKOH
MPOMBIIIJICHHOCTH M IIPOU3BOCTBE PA3JIMYHBIX TOJIUMEPOB U MIACTU(HUKATOPOB, U TOBBICUTH BBIXOJ LIEJIEBO-
ro npojaykra [8].

AxTyanpHOU npobiemMoli B HedTenepepadaThiBaroed 1 HePTEXUMUIECKON POMBIIUICHHOCTH SBIISICTCS
MOBBIILICHUE KAUeCTBa NPOU3BOANMOM NPOAYKINH U CHHXKEHHE SHEPronoTpeOIeH S TEXHOIOTMYECKHIX MTPOLIECCOB.
C oroii nensto Ha npeanpusitin «JIJIK-Hadran» npoBogurcst psn MeponpusiTHii HHHOBAaIMOHHOTO XapakTepa.
B ux 4mcio BXOAWIIO COBEPIICHCTBOBAHHUE NMPOMEXKYTOUHON cTaguu cuHTe3a npucaaku BHUM HIT 353 —npo-
LeCC AKUIMPOBaHKs (peHosa TeTpaMepamu npomnuieHa [12].

[TpuHKMMas BO BHUMaHKE, YTO B3aMMOJCHCTBHE ()eHOJIA U TeTpamepa MpOoIIeHa MPOMCXOAUT Ha KaTaju-
THYECKHUX EHTPAX, PACIIOIOKEHHBIX TTIABHBIM 00pPa30M BHYTPH TPaHyll Cylb(POKaTHOHHUTA (B €T0 mMopax), IpH-
MEHEHHE CYJIb(HOKATHOHUTOB C T'eJICBOM CTPYKTypoii rpanyn tuma KY-2-8 HenenecoodpasHo.

U3 BbINyCcKaeMbIX MPOMBIILIEHHOCTBIO B cTpanax CHI' MakporopucThIx Cynb(pOKaTHOHUTOB HanboJee OTBe-
YAIOIIMM MPEIbABISEMbIM TPEOOBAHMSAM SIBIISIETCS MAKPOIOPUCTHIA cyibhokaTrnonut KY-23 10/60I'OCT 20298,
umerormii paanyc mop 250...600 A Takoii pasmep mop obecreunBaer BHICOKYIO CKOPOCTh aubdy3Hn peareH-
TOB ((heHO ¥ TETpaMep MPOINMIEHa) K aKTHBHBIM (KaTaJIHTHYECKUM) EHTPAM ¥ 00paTHYIO AUPQPY3UI0 IPOIYK-
TOB peakUuu (MOHO- U IH-AOACLII(PEHONIOB), YTO 00ECIEYNBACT BHICOKYIO CKOPOCTh MPEBPAILCHHUS HCXOTHBIX
peareHTOB B LIEJICBON MPOAYKT.

Cynbdokarnonut KVY-23 10/60061a1aeT 0COOCHHOCTBIO, OTIMYAIOIICH €ro OT APYTHX MaKpOMOPUCTHIX
cynbpoxarnonuTos Mapku KY-23. IIpu GosbiioM paauyce 1mop mnocjieaHue UMEIOT Majblii CyMMapHBIH 00beM
0,25...0,3cM>. D10 0GYCIOBICHO HATMYHEM TAaK HA3bIBAEMOIl «CKPBITOM IIOPHCTOCTH», TO €CTh CyMMAapHbIii 00beM
[OP MOXET 3HAYMTEIBHO YBEIMYHBATHCS NPHU IEPEXOJE CYab(poKaTHOHHUTAa B pabodee (HaOyxiuee (HEHOIOM)
cocrosiHue. DTa 0c00eHHOCTh Cyib(okartronnta KY-23 10/60cHmKaeT 10 CpaBHEHHUIO C APYTUMHU MaKpOIIOpaMu
CMOJIOO0pa30BaHKeE B IPOLIECCE ATKUIMPOBAHKS U 00ECIIEYMBAET 3HAUNTEBHBIN CPOK CITyKObI KaTroHuTa [13].

Kak apTepHaTHBHBIE PEKOMEHIYIOTCS: UMITOPTHBIN Katnonut Purolite CT-175kartuonur KY-23-15/100
u KY-23-30/100B tabnuie 2 npeacraBieHbl GU3HYECKHE XapPAKTEPUCTHKH CYIIb(HOKATHOHHTOB.

Tabmuua 2. —Pusnyeckne XapakKTepUCTHKHU CYJIb(OKATHOHUTOB

VY aenbHas CyMMapHbIi [Nonnas Cpennmuii 3¢ heKTUBHBII
Tun xaTuoHuTa IIOBEPXHOCTb, o0BeM 1op, oOMeHHas! EeMKOCTb, pazuyc 1nop,
M/t emlr MI-9KB./T A

KVY-2.8 <01 0,018 2,5 7...13
KV-23, 30/100 55...70 0,6...0,8 3,5 200...300
KVY-23, 15/100 30...40 0,4...0,6 4,2 290...400
KV-23, 10/60 10...15 0,2...0,3 3,6...4,0 300...480
Purolite CT-175 30 0,5 4,1 650

MouieKyJipHBIe CHTa, KOTOPbIe TIPHTOJTHBI B KAYECTBE KATATH3aTOpa, I0JKHBI MMETh pasMep mop 6,7...7,5 A
1 UIMETh COOTHOIIEHHE KpeMHwui:amroMuani oT 30:1 10 2:1. MOpaeHHUT B YaCTUYHO HIIH IOJTHOCTBIO KMCIOTHON
(dopMe MOKeT OBITh HCIIONB30BaH AN IIpoLecca ajJKWINPOBaHKs. [lepBOHAYaIEHO MOPACHHUT PeaIn30BbIBACTCS
B aMMOHHMIHOM (opme, HO py 500 T neosut NoNMHOCTBIO TEPSIET CBOIO KUCIOTHYIO (yHKUMIO. L{eonuThl ¢ MeHb-
MM pa3MepoM Top, Takue kak ZSM-5, ZSM-11 pa3mep nop koTopsix coctaBiser 5,4 A, ne npospisior kara-
JUTUYECKON aKTHBHOCTH B PEAKLMIX AJKWJIMPOBAHHMS apOMaTHYECKUX yIJIeBOA0ponoB. LleonuTsl ¢ Gonbmmm
pasmepom nop (13 A), uem y mopaepura, Takue kak Y-I€0IHThI, HMEIOT BHICOKYIO PEAKIHOHHYIO CIOCOGHOCT,
HO MCHBIIYIO CEICKTUBHOCTD B PEAKLHAX aNKHIUPOBaHus [6].

Takum 00pa3oMm, B KayecTBE KaTaiu3aTropa B IpoLiecce alIKMIMpoBaHus (eHoa anbha-onepuHaMu NpUHAT
mopaeaut CBV-21A. B Ta6nuiie 3 nprBeIeHbl OCHOBHBIE XapaKTEPUCTUKU BHIOB JAHHOTO Karanu3aTopa [14].

Tabanua 3. —XapakTepUCTHKA [ICOTUTA MOPIACHHUT

Karanmsar MonbsHOE COOTHOIIIEHUE HomunansHas Na,O% wa IInomane
3410p SiO/AI,05 KaTHOHHas opmMa &Jvomace. IIOBEPXHOCTH, M/T
CBV-10ADS 13 Harpwii 6,6 425
CBV-21A 20 AmMuak 0,08 500
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3akarvenne. Ha OCHOBaHUHM pE3yNBTATOB MPOBEACHHOTO HCCICIOBAHUS BBHIOPAHBI U OOOCHOBAHBI
OCHOBHbIE HANPAGIEHUS MOOEPHUZAYUYU OIOKA ANKUTUPOBAHUSL heHONA ONeUHAMU

- 3aMeHa aJKHIUPYIOIIETro areHTa,

- 3aMeHa KaTann3aTopa mpolecca alkuinpoBanus GpeHoa;

- yCTaHOBKA BBINMAPHOTO alliapara rnepej 6J0KOM OTAEIEHHs IPOIYKTOBOM CMECH.
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INNOVATIVE IDEAS OF PHENOL ALKYLATION PROCESS MODER NIZATION
WITH THE AIM OF ALKYLATE QUALITY IMPROVEMENT

S. POKROVSKAYA, A. KORBUT

The directions of improvement of phenol alkylawocess in JV “LLK-NAFTAN” are viewed. The theory
of phenol alkylation process and different waysechnology improvemente determined. The alkylation agent
substitution from tetramers of propylene to alphefios is proposed as the way of modernization. Sthghoca-
tionite catalysts substitution on zeolite catalysirdenite which has better chemical performancerabirictics
is proposed as the other the way of process mazian. In order to improve the quality of the mainoduct
the new evaporator embed opportunity is represented

Keywords: petrochemical industry, production of phenolic adis, the alkylation of phenol, zeolite
catalysts, sulphocationite catalysts.
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YK 665.775

MNOJYYEHHUE HA OCHOBE HEﬁTPAHH3QBAHHLlX KHCJIBIX TYAPOHOB
HEOTEXUMHWYECKUX NPEAIIPUATAU BUTYMHBIX MATEPHUAJIOB

KaHno. mexu. nayk, ooy. F0.A. BYJIABKA,
Kano. mexu. nayk, ooy. 10.B. BUIIIHAKOBA; B.A. IAXOBHUY; A.C. MOCKAJIEHKO
(ITonouxuii zocyoapcmeennslii ynueepcunent)

IIpedcmagnenvl pe3yromamol UCCICO08AHUS NO HEUMPATUZAYUU KUCTO20 2YOPOHA NPOU3B00CMEA Cylbdo-
HamHwix npucadox Hegpmexumuyeckoeo npeonpuamus COOO «JIJIK-Hagpman» 0010Mumoeot Mykoi u wiamom
xumeoodoouucmku ¢ TOI]. Ilpeonosicen cnocod ymunuszayuu KUCIbIX 2yOPOHO8 HemexuMuieckux npeonpusimuli,
KOMOPblll 3aKT0UAemcs 8 NOJYYEeHUU HA OCHO8e Hellmpaiu3068aHHO20 KUCL020 2YOPOHA NPOU3B00CmEa Cyibgho-
HAMHBIX NPUCAOOK OOLOMUMOBOU MYKOU AUOO WIAMOM XUMBOOOOUUCIKU MACMUK OUMYMHBIX KPOGELbHbIX
eopsuux, coomsemcemeayiowux mpedosanuim I'OCT 2889.1Ipednazaemviii cnocob nosgonsiem CHUSUMb HAZPY3KY
HA OKPYAHCAIOWYIO CPEOy, PACUUPUMb OA3Y CHIPbEBLIX PECYPCO8 OISl NOLYUEHUS OUMYMHBIX MAMEPUATIO8 3d CHem
UCNONL308AHUS OMXOOA NPOUZBOOCIBA U YOCUUECEUMb NPOYECC NOJYUEHUS OUMYMHBIX MACTIUK.

Knrwoueevie cnoea. xucnvlii 2yOpoH, HeUmpaiuzayust, WiaMXUME0000YUCKYU, 00IOMUMOBAS MYKA,
oumymmsle MACmMuKu.

Beenenue. Kucisie ryaponst (KI') oOpa3yroTcst mpu CEpHOKUCIOTHOM OYMCTKE MHHEPAIBHBIX Macell,
MOJYYCHNH CyTb(OHATHBIX IMPUCAIOK, B MPOLECCAX ATKIINPOBAHHS C UCIIOIB30BaHNEM CEpHON KHCIIOTHI B Ka-
YecTBE KaTanu3aropa U Ap. B 3HaUHTENBHBIX KOJMYECTBaX COCPEIOTOUCHBI HA HedTenepepadbaTHIBAIOMINX 3aBO-
JlaX TaKuX TOpoJoB, Kak ['posubiii, Yda, Hmwxuauit Hoeropon, Bonrorpan u npoune. Kucieiii rypoH, Hakarim-
BasiCh B OTBaJIaX U OTKPBITHIX MPYIaX-HAKOMUTEISAX KaK OTXOJ, SBJISCTCS CEPHE3HOM IKOJIOTHMIESCKOM mpoOieMoi —
C TCYCHHEM BPEMEHU IPOMCXOJIUT BHIMBIBAHHE KHCJIOTHI aTMOC(HEpHBIMU ocafkamu U Bbinenenue SO, u SO,
B pPE3yJIbTaTe YCro 3arpsi3HIIOTCS BOJHBIA W BO3IYIIHBIA OacceifHbl. Bompoc parMoHambHON YTHIN3AIUH KHC-
JIBIX TYJIPOHOB TOKA €IIe OCTACTCs HE PEHICHHBIM. B criucke He()TEOTXOMOB KUCIBIC TYIPOHBI 10 00bEMY 3aHH-
MAar0T BTOPOE MECTO U OTHOCSITCS K HanboJjee TpyaHO yTunusupyembiM [1]. B To ke Bpemst KHCIIbIA TYAPOH sB-
JSIETCS IEHHBIM BTOPUYHBIM MaTEPHUAIBHBIM PECYPCOM VIS MTOMYICHUS HEKOTOPBIX TOBAPHBIX HEPTEIPOIYKTOB.
IlocrostHHAs MOTPEOHOCTH B IOPOKHOM M CTPOMTEIHFHOM OMTYMax W KPOBEIBHBIX MACTHKaX C OTHOCHTEIHHO
BBICOKOW Ce0ECTOMMOCTBIO 00YCIOBIMBAET HEOOXOIUMOCTh ITOMCKA HOBBIX IMyTeH MX MOIYYCHHUS, B TOM UHCIIE
C UCTIOJIb30BaHUEM HEJIOPOTHX W MECTHBIX KOMIIOHEHTOB CHIPBSI, B YACTHOCTH KHCIIBIX TYAPOHOB, YTO OTIPEIes-
eT aKTyaIbHOCTh UCCIICIOBAHUH B TaHHOM HampasieHuu [1; 2].

AHaJu3 MATCHTHBIX UCCIICIOBAHUI MOKA3all, YTO CYIIECTBYIOT PAa3JIMYHBIC METOIBI MIEPepabOTKH KHCIIBIX
TYJIPOHOB C MOJyYCHHEM OMTYMHBIX MAaTCPHUAJIOB, B KAUeCTBE O0S3aTCIBHBIX CTAIWid, KaK MPaBUIIO, BKIIFOYAFO-
IIMe MX HEWTPaJM3alMi0 BOJHBIM PACTBOPOM INEIOYCH; IPOILECC COMPOBOXKIACTCS 00pa30BaHHEM OOJBIIOrO
KOJIMYECTBA CTOYHBIX BOJI, KPOME TOTO IIEJIOYH SIBIISIOTCS JJOPOTOCTOSIIIMMU pearenTamu [1].

enp naHHOTO MCCIENOBAHUS — HEUTPATH3AIKS KHCIBIX I'yIPOHOB MPOU3BOJICTBA CYIb(OHATHBIX MpHUCa-
nok Hedrexumuueckoro npexnpustusi COOO «JIJIK-Hadran» n0moMnToBONH MYKOH M HIJIAMOM XHMBOJOOYH-
ctku Ha TOL] ¢ morydeHneM Ha OCHOBE MPOTYKTOB HEUTpaIH3auy ONTYMHBIX MaTEpHAIIOB.

Metoabl ucciaenoBanuii. B xauecTtBe nepBoro HEUTPaIU3yIOMIET0 areHTa MCIO0JIb30BaIN MTPUPOIHBIN
MHUHEpall — JOJIOMHTOBYIO (M3BECTHAKOBYIO) MYKy, mpousBoaumyto mo I'OCT 14050-93Ha mnpeanpusTuu
OAO «Jlonmomut» ¢ pH = 7,45,Br1c0KO€ comepkanne CaCQ u MgCO; mo3BoJsieT IPOrHO3MPOBATH XOPOIIIYIO
HEUTPaTU3YIONIYI0 CIIOCOOHOCTH IS KUCIIOTO TYAPOHA. B KadecTBe BTOPOTO0 HEHTPAIN3YIOIIETO areHTa NCTIOb-
30Bald OTXOJ — IUIaM XUMBOI004YHCTKH ¢ ITomorkoi TOI] ¢ pH = 10,51,k0TOpsIi A0 HACTOSIIETO BPEMEHH
HE HAXOJUT KBATU(UIIMPOBAHHOTO MPUMEHEHHS M CKAIUIMBACTCS B OTBaJaxX Kak oTxoJ] 5 kiacca (MpakTUuecKu
He omaceH). IIlmaM XMMBOMOOYMCTKH MMeeT cleayromuil xumuueckuii cocras: CaCQ, CaO, MgCQ, MgO,
Fe(OH}, SiO,, OCHOBHBIM KOMITIOHEHTOM SIBIISIETCS] KAPOOHAT KaJIbI[HSL.

O0paboTKy KUCIIOrO TYAPOHA MPOBOIMIM B ABE cTanuu. Ha mepBoil cTaiuy KUCIBIA TYAPOH HArpEBaIH
1o temneparypsl 80, 90, 100, 110C u cMemmBaIi ¢ HEHTPATM3YIOLIMM areHTOM, JOJIOMHUTOBYIO MYKY U IIJIaM
XMUMBOJOOYUCTKH T00aBsu B KoHIeHTpanusax 5, 10, 151 20% macc. Ha kucibiii ryapoH. OCHOBHBIC XUMHUYC-
CKHE pEaKIy HeUTpaTu3aiy KACIOTO Ty JpOHa:

CaCO; + H,SO, = CaSQ + H,O + CQO;
MgCO3 + H,SO, = MgSQ + H,O + CQ;

[ ]
CaCO3+2R @ SOH |R @SO3 I| Ca+ H,0 + CQ.
\ /2
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[ocne BeIgEpkMBaHKs 00pa30B B T€UCHUE 24 4aCOB BBHINOJIHSIIOCH OINPEEIICHNEe KUCIOTHOTO YKcia, 00-
IIei KMCIIOTHOCTH ¥ TEMIIEPaTyphl pa3MsrdeHus 1o koibly u mapy no 'OCT 11506.

Kucnommnoe uucno onpenemnsiii o METOUKe, IPUBEICHHON B [3]: HABECKY KHCIIOro I'yApOHa PacTBOPSUIH
B OEH30JIbHO-KEPOCHHOBOW CMECH, NPHJIMBAIIN AUCTHJUIMPOBAHHYIO BOJY M IEPEMEIINBAJIHN VIS TOTO, YTOObI pac-
TBOPUMBIE OpraHUYECKHEe CYJIb(QOKUCIOTHI Iepenun B Boay. [lolydeHHyr0 cHCTEMY BBUIMBAIN B JACIUTEIBHYIO
BOPOHKY M OTCTaMBaiu 24 yaca JI0 pa3lelieHUs SMYJIbCHH Ha J(Ba ciios. Bognas yacts TuTpoBanacs 0,1H pac-
TBOPOM TuApOKcHAa Hatpust. O6wyio KuciomHocms ONPENESIIA CIOcOO0OM HETIOCPEICTBEHHOTO TUTPOBAHM,
npemioxeHHsiM B.M. Peibakom u U.E. BitomunbeiM [4; 5]. Crioco6 3akimroyaeTcst B CISAYOIIEM: HABECKY KUCIO-
ro TyApPOHA PacTBOPSUIM B HEHTpPaIM30BaHHOM CIIMPTO-OEH30JIBHOM pacTBope W TuTpoBanu 0,54 BoIHBIM pac-
tBopom NaOH B mpucyrcTBun nHankatopa ¢eHonpTansenHa. ITOT Crocod XapakTepusyeTcst 0ojiee J0CTOBep-
HBIMH 3HAQ4YEHHSIMU OOILEH KHCIOTHOCTH BCIEICTBUE TOTO, YTO B HEM YUUTHIBAIOTCS BCE BHIbI KUCIOTHOCTH.
K xoHIy THTpOBaHMS MPOUCXOAUT PACCIOCHHE, ¥ TI0 HIDKHEMY BOJHOMY CIIOI0 YCTaHABIMBAJIN KOHEIl THTPOBAHUSL.

Pe3ysabTarel M HX 00cyxIeHHe. XapaKTEPHUCTHUKH MCXOAHOTO 00pa3siia KUCIIOTO T'yIpOHa IPOU3BOACTBA
cynb(oHaTHBIX npucagok HepTexumuueckoro npeanpustias COOO «JIJIK-Hadran» npencrasnens! B Tadmuue 1.
Hns ncenenyemoro obpasua ObUIM ONpesesieHbl KMCIOTHOE YMCIIO, KHCIOTHOCTh, TEMIIEpaTypa pa3MsIrdeHUs
o koutbity 1 mapy mo 'OCT 11506u riyouna nponnkanus uriisl pu 25 C mo T'OCT 11501.

Hcxonublii oOpaser; npencTapiseT coOoi YepHyIO TBEPIYIO JIMIKYIO MAacCy € PE3KHM CHeHU(pHUIecKUM
3araxoM, 0 KOHCUCTEHIIMY HallOMUHAEeT IutacTWivH. [Ipn Bo3aeHCTBUM CTaTHYECKUX HArpy30K IPOSBIISET BbI-
pa’k€HHBIE CBOIICTBA HEHBIOTOHOBCKUX KHJKOCTEMN.

Tabmmua 1. —XapakTepuCTHKH KUCIIOTO TyJpOHa, 0TOOPAaHHOTO Ha YCTAaHOBKE CYJIL()OHATHBIX MIPUCAIOK

ITokazatenn 3HaveHne
IBer UepHsblii, bnecTsmuit
3amax Peskuit
Kucnorroe uucno, mr NaOH/r 117,07
Kucnorunocts, % 11,34
TemmepaTypa pa3MArdeHus 1o KoJblly | mapy, 45 50
°C o I'OCT 11506 ’
I'nmy6una nponukanus urist npu 25 C 138.40

mo 'OCT 11501

YCTaHOBJIEHO, YTO 3aBHCUMOCTH KHUCJIOTHOT'O YHCJIA KUCIOTO T'yIpOHA OT KOHIEHTPAILMH JOJIOMUTOBOM
MYKH HOCHUT JIMHEWHBII xapakrep, npu temneparypax 80, 90u 100 T creneHp U3MEHEHHsI KMCIOTHOTO YUCIIa
OJIMHAKOBA, B TO BpeMs Kak HanboJiee CylIeCTBEHHOE CHI)KEHHE KUCIOTHOTO YKcia Oosiee ueM B 2 pa3a OTHOCH-
TEJILHO UCXOIHOTO 00pasna 3ahMKCHPOBAHO IPH HEHTPaIH3aUK 10JOMHUTOBOM MyKoi mpu Temmeparype 110 T.
310, BEpOSATHO, CBS3aHO C TEM, 4TO IIpU TepMooOpabdoTke kucioro ryapona npu 110 T npoucxoant HU3KOTEM-
nepaTypHoe pas3JIoXKeHHUE, pacial] CyJb(POKUCIOT B MPOLECCe TEPMUUECKOTO KPEKHHI'a, B3aUMOICHCTBIE CEpHOI
KUCJIOTBI CO CMOJIMCTO-MACIIIHBIMH U CMOJIUCTO-ac(ajbTeHOBBIMH BEILECTBAMH OPTaHUYECKOH 4acTH KHCIIOTO
T'YApOHA, KOTOPBIE BBICTYIIAIOT B POJI OPraHMYECKUX BOCCTAHOBMTEJICH, NAHHBIM MPOLECC CIOCOOCTBYET CHH-
KEHHIO KUCIOTHOTO uncna [1; 6; 7]. AHajornuHas 3aBUCUMOCTb YCTAHOBJICHA U M0 MOKA3aTeNio 00Iel KHCIoT-
HOCTH. MakcUMaJIbHOE CHIDKEHHE MOKa3aTellsl KHCIOTHOCTH YCTAHOBJICHO IIPU HEWTpaau3allMd J0JIOMUTOBOM
MYKO# U TepMoo0OpabdoTke kucioro ryapona mpu 110 T. ITpu 310l TeMmeparype 0CTaTOYHass KUCIOTHOCTh I10-
ciie HeliTpanuzaunu cocrasisieT Bcero 0,61%,4to roBopuT 0 NMPaKTUUECKH MTOJTHOM OTCYTCTBHH BOJOPACTBOPH-
MBIX KHACJIOT ¥ () PEeKTUBHOCTH MpoLIecca HEUTpaTH3aIIiH.

VCTaHOBJICHO, YTO IOBBILICHHE TEMIICPATYPBI pa3MsirdeHus (T.€. TEIUIOCTOMKOCTH) KHUCIIOro Iy ApoHa Ha-
OJroiaeTcsl Ha BCeM TEMIIEpaTypHOM MHTepBasie oOpabotku. Hambosee Bbicokne mokasaTenu 3aMKCHPOBAHBI
npu temrneparype 110 T. IIpu 3ToM CKOpPOCTH BO3pacTaHUsI U3MEHEHHS TEMIEpaTypbl pa3MsIrdeHus yBEJINYu-
BaeTCsA C POCTOM TeMIlepaTypbl o0padoTky. Tak, mpu noOaBKe HAa HEWTPAIU3ALMIO OJIOMHTOBOW MYKH, COCTaB-
msromeit 5% macc., mpu Temneparypax 1o 100 T remnepatypa pasmsirdeHust Bozpacraet He 6oiee yeM Ha 1,5 T,
anpu 110 T Temneparypa pasmsiraeHus ypeanunBaercsi Ha 6 °C. BeposiTHO, 3TO CB3aHO HE TOJBKO C BIIUSIHHU-
€M JOJIOMHUTOBOI MYKH, HO ¥ C IPOTEKaHHEM XMUMHYECKHX PEAKINil HU3KOTEMIIEPaTypPHOTO Pa3JIOKEHHUS.

Ha pucynke 1 nmokazana 3aBUCUMOCTb U3MEHEHHS KHCIOTHOTO YMCJIA KUCJIOTO T'y/ipOHa MOcie HeHTpa-
JU3alMU JTOJIOMHUTOBOM MYKOW M IIJIaMOM XMMBOAOOYHMCTKH npu Temneparype 110 T. YcranosieHo, 4ro
6oisiee 3 dexTHBHO Mpoliece HEHTPaIN3alUy OCYIIECTBISETCSA IPH MCIOIB30BAHUH [IUIaMa XUMBOJOOYHCTKY,
YTO KOPPEIUPYET CO 3HAUCHUEM PH HEHTpann3yIomuX areHToB.
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PucyHok 1. —3aBHCHMOCTH H3MEHEHHs] KHCJIOTHOIO YHCJIa KHCIOI0 FyIPOHa
nocJie HeHTPAIM3ANMH 10JIOMHUTOBOI MYKOH M IIJIaMOM XHMBOJOOYUCTKH Npu Temmnepatype 110 T

AmHanornyHasi 3aBUCUMOCTb MPOCJISKMBACTCSI U 110 M3MEHEHHIO OOIIeil KUCIOTHOCTH TYAPOHA IOCIe HEeH-
TpaJIM3aLiX JOJIOMUTOBOH MyKO# U 1iaMoM xumBooouucTky rpu 110 . Ipu 3ToM npakTrdecky HeHTpaJIbHbINA
MPOAYKT MOYKHO TIOJIYYUTh MpH 100aBKe IIIaMa XUMBOIOOUMCTKH 0Koj10 10% macc., a Takoe ke 3HaYeHHE 00-
el kucnotHocTr —npu 20%+0ii nobaBke K0JIOMHUTOBOI MykH. Takum 00pa3oM, IjlaMa XMMBOJOOUHCTKH HEOO-
XOJIMMO BJIBO€ MEHBIIIE J1s 3 PEKTHBHOTO Npoliecca HeHTpaU3aly KUCIIOTO I'YIPOHa, YeM JI0JIOMUTOBOH MYKH.

Ormpezenena IUHEHHAs 3aBUCUMOCTh NU3MEHEHH TeMIeparypsl pasmsardenns o Kulll kucioro ryapona
nocie HeWTpanu3aluu J0JOMUTOBOH MYKOH U IIaMOM XUMBOA0OUYHCTKH npH Temieparype 110 T (mocrosep-
HOCTh anmpokcuMarmu RE = 0,91...0,95).YcTaHOBIEHO, YTO NPH KOHLEHTPAIMSIX HEHTPATH3YIOMEro areHTa
10 10% macc. Temmeparypa pasMsr4eHHs IOBBIIIACTCS NPAKTUYSCKA HAa OAMHAKOBYIO BeaMuuHY, Ha 6...8 C,
a TPy YBEJTMYCHUHU KOHIIEHTpanuy Bhime 15% macc. TemIocTOMKOCTh MOBBIMIASTCS B OOJIBIIEH CTENIEHU OT IUIa-
Ma XMMBOJIOOYHCTKH, BEPOSITHO, 32 CYET NMPOTEKaHMs Oojiee MHTEHCHBHBIX NPOLECCOB XMMUYECKOTO B3aUMO-
JeHCTBHA U CTPYKTYpOOOpa3oBaHuUs.

Ha ocHOBe mpoayKTOB HEHTpaIM3alMU KHCJIOTO TyJpOHA MPEeIaracTcs mojydaTb MacTHKY OMTYMHYIO
KpOBEIIbHYIO ropsiuyto, coorBerctBytomyto 'OCT 2889, nockonbKy Uit MONydeHHs] JaHHOM MacTUKU TpHMe-
HSFOTCS pa3JInYHbIE ITBIJIEBU/IHBIC HAIIOIHUTENHN, B YACTHOCTH TOHKOMOJIOTBIE JIOJIOMHUTBHI.

B kadecTBe BsOKYLIETro JUIs IPUTOTOBICHUS MAaCTUKH UCIIOJIB30BAJIM 1B TOBAPHBIX OUTyMa!

- HedTsHO# noposxkHbiit 6utym BHJI 60/90,Beimyckaemsrii mo TOCT 22245;

- ctpoutenbHbiid Outym mapku BH 90/10,Bbimyckaemsiit mo FOCT 6617.

Jnst ncXOqHBIX GUTYMOB OTIpEJeNICHEL:

- reMnepatypsl ux pasmsiraenust no Kulll mo TOCT 11506 ¢ BH/I 60/90 : 53 €; y BH 90/10 : 110 €);

- ryOuna nponukanus urisl npu 25 C mo 'OCT 11501 ¢ BHJ 60/90 : 68,4%0,Mm, y BH 90/10 :
15x0,1mm).

B KadecTBe KOMIIOHEHTa MAaCTHKU B OMTYMHOE BsDKyIee 100aBisuii B KoHnenTpamusax 10, 15u 20%macc.
HPOJIYKT HEHTpaIM3aliK IJJAMOM XUMBOAOOYNCTKH T1pH Temriepatype 110 T.

AHanu3 3aBUCHUMOCTH TIyOHHBI MPOHUKAHMS Wbl TIpH 25 C OMTYMHOM MacTHKH OT W3MCHEHMS KOHIICH-
TpaLyy MPOAYKTa HEHTpaIH3aLiy KUCIOro T'yJpOoHa MOKa3al, 4To MOJIy4eHHas No0aBKa NPaKTHYECKU HE BIMSAET
Ha Tokasarenp neHerpanuy outyma BH 90/10¢ m3Ha4aibHO BBICOKUM COZICpKaHHeM ac(hanbTeHOB, a [0OaBIeHHE
HEUTPaJIBLHOro MPOAyKTa K qopoxkaoMy 6urymy BHJI 60/90npruBoaMT K CYIIECTBEHHOMY IOBBIIIEHHIO €TI0 TBEP-
JoctH, Oojee 4eM B 2 pa3a yMEHbIIAeTcs INIyOMHA NMPOHUKHOBEHWs WIJbl npu BoBiedeHun 20% macc. Heli-
TPaNBHOTO MPOAYKTa, YTO, BEPOSITHO, CBSA3aHO C YBEIWYEHHEM CO/ICPXKaHUs acaIbTCHOB.

AHaJu3 3aBHCHMOCTH TEMIIEpPaTyphl pa3MsAryeHus OMTYMHOW MAacTHKH OT M3MEHEHHsS KOHICHTPAaLUU
NpOIyKTa HEHTpaIU3aluy KUCIIOTO TYAPOHA CBHICTENILCTBYET O TOM, YTO TEMIIepaTypa pa3MAr4eHHs MacTH-
k1 Ha ocHoBe BHJI 60/90moBbimraercsi, Tak Kak 100aBISICTCS HEUTPAIBHBIA MPOLYKT C TEMIICPaTypOil pa3Msir-
yenust 60 C u, BEpOATHO, IPOUCXOJAT JONOJIHUTEIbHBIC TPOLECCH CTPYKTYPUPOBaHHSL, @ TEIJIOCTOMKOCTh Mac-
tukd Ha ocHoBe BH 90/10yxyniaercs, mocKoabKy K HeMy TOOABISIOT 00JI€e JISTKOIUIABKUI KOMITOHEHT.

st GUTYMHBIX MacTHK OINpeJesIeHbl TEMIIEpaTypa XpyNKOCTH B MOPO3MIBHON Kamepe, TMOKOCTb U Tell-
nocroiikocts o I'OCT 2889.PesynbraTsl npuBeneHsl B Tadaune 2. YCTaHOBICHO, YTO MOJIy4YEHHbIC 3HAYCHUS
HE BBIXOJIST 32 HOPMATHBHBIC 3HAYCHHMS /151 MacTHK Mapok MBK-I'-65 u MBK-T"-85.
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Tabnuua 2. —XapakTeprCcTHKH OUTYMHBIX MACTHK Ha OCHOBE HEHTPaJIbHOI'O KUCIOTO IYAPOHA

HanmeHoBaHue nokasarens o 'OCT N ) o 'OCT N )
2ggg | HeHTpabHOro KI" muamom 2ggg | HeHTpaibHOro KT miamom
(15%wmacc.,110C) (15%wmacc., 110T)

1. Tenocroiikocts B Teuenue 54, °C,

He Meree 65 65 85 85
2. Temnieparypa pasMsArdeHus o MeToy

«obIA ¥ mapa, °C 68...72 74,5 88...92 102
3. Tubkocts npu Temmeparype (18+2)C 15 15 30 30

Ha CTEp)KHE TMaMETPOM, MM (BBLICpKHBAET) (BBLICpKHBAET)

)

4. S;izgﬁcgggreoﬂanonﬂmem, % Macc., 25 30 10 15 25 30 10 15
5. Cozmeprxanue Boasl, % Macc. CIIEMIBI OTCYTCTBHE CIIC/IBI OTCYTCTBHE
6. Temmeparypa XpyIKOCTH GUTYMHOTO _15 ke —15 _12 e —12

BsDKy1ero, °C, He BbllIe

3akaouenue. [ToxkazaHo 4TO MPOIYKT HEWTpPAIW3alMU KHCJIOTO TyIpOHA IPOHM3BOACTBA CyJb(pOHAT-
Hbe1X npucanok COOO «JIJIK-Haran» mmamom xumBogoounctku ¢ [Tomomkoit TOIl MoxkeT OBITh yTHIN3UPO-
BaH IyTEM CMEIICHUS ¢ OUTYMHBIMU BSDKYILMMH U ITOJTYYEHHSI MACTHK OMTYMHBIX KPOBEJIBHBIX FOPSYNX, COOTBET-
crBytomux TpedoBanusm ['OCT 2889./1ns1 HeliTpanu3anuy Takke MOXKET ObITh IPUMEHEHA JI0JIOMHUTOBAs MYyKa,
HO B Y/IBOGHHOM 00beMe Ha HeWTpanuzauuio. [Ipearaemplii crioco0 yTHIM3alny KUCIBIX I'YAPOHOB HedTexu-
MHYECKHUX HPENNPUSATHH MO3BOJISET CHU3UTHh HArpy3Ky Ha OKPYXKAIOIIYIO0 CpPely, PaclIMpUTh 0azy CBHIPbEBBIX
pecypcoB JuIs TOJyYEHUs] OMTYMHBIX MaTepHaIoOB 332 CYET MCIOJIB30BAHUS OTXO/a MPOM3BOJCTBA U YJICIIEBUTh
npoLecc NoJTy4yeHns! OUTYMHBIX MacTHK.
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Hocmynuna 20.08.2018

PRODUCTION OF BITUMINOUS MATERIALS ON THE BASIS
OF NEUTRALIZED ACID TARS OF PETROCHEMICAL ENTERPRIS ES

Y. BULAUKA, Y. VISHNYAKOVA, V. LIAKHOVICH, H. MASKALENKA

The article presents the results of the study anra#zing acid sludge from the production of sudphate
additives by the JLLC “LLK-Naftan” with dolomiteoflir and chemical water slurry obtained with thephef
bituminous roofing hot mastics corresponding to thguirements of GOST 2889 on the basis of a nkzeth
products. The proposed technology makes it posgibéxpand the raw material base resources for iolrig
bituminous materials through the use of productteand to reduce the cost for obtaining bitumentiogss

Keywords: acid sludge, neutralization, water treatment sleidgolomite flour, bituminous mastics.

111



2018 BECTHHUK IIOJIOLIKOI'O I'OCYJJAPCTBEHHOI'O YHUBEPCHUTETA. Cepus B

YK 665.753.4
CIIOCOBbI PEI'YJIMPOBAHUS TEMIIEPATYPBI IOMYTHEHMUS JU3EJBbHBIX TOIIJINB

Kano. mexu. nayk, ooy. A.A. EPMAK; kano. neo. nayk, ooy. H.B. BYPAX, .
Kano. mexu. nayk, ooy. A.B. CIIHPH/[OHOB; E.B. CObAPEBA, H.B. KOBAJIEBA
(ITonouxuii zocyoapcmeennslii ynueepcunent)

AHanusupytomess mpe60o6anus K Kauecmey CO8PEMEHHbIX MOBAPHLIX OU3ETbHbIX MONIUE 3UMHUX KIACCO8.
Paccmompennvl cnocobwl pecynuposanuss memnepanmypsl ROMymMHeHUs Ou3elbHblx monaug. Paccmompensi doc-
MOUHCMBA U HEAOCMAMKU NPOYECCo8 KAMAIUmuyeckoll denapapunuzayuu OuzenvHbix gpakyuil. [lpueedensi u-
mepamypHule OaHHble 00 UCNOAL308AHUU 0ENPECCOPHBIX NPUCAOOK Ol CHUINCEHUSL MeMNEPamypbl NOMYMHEHUs
OU3eIbHO20 MONIUEA U UXx dpdexmuernocmu. Hzyueno enusHiue QpakyuoHHO20 cOCmaséa Ha memMnepamypy no-
MYMHEHUsL 2UOPOOHUUEHHOU OU3ETIbHOU PPaKyuu U OU3eIbHOU Qpaxkyuu, noIYYeHHOU 8 npoyecce 2UOPOKPEKUH-
2a sakyymuvix 2azouneii. IIposedena oyenka CHUNCEHUS MeMNEPAmypbl NOMYMHEHUs OU3CTbHbIX PPaAKYutl npu
000a6/1eHUU K HUM KEPOCUHOB8 PAZIUYHO20 RPOUCXOXHCOCHUS. Bulagnenvl 3aKOHOMEPHOCIY USMEHEHIUs meMnepamy-
Dbl NOMYMHEHUS. OU3CBHBIX MONIUE OM UX PPAKYUOHHO2O COCABA, (PUSUKO-XUMULECKUX CBOUCE, COOCPHCANUSL
BbICOKONNIABKUX NAPAPUHOE U APOMAMUYECKUX Y2ne6000p0008. TIpednodceno pezpeccuonnoe ypasnenue Ol
APOHOZUPOBAHUS TNEMNEPATYPbL NOMYMHEHUS OUZCALHO20 MONIUEA MHOLOKOMIOHEHIMHO20 COCMAEA.

Knrwouesvle cnoesa:. ouzenvrnoe moniueo, memnepamypa NOMymuenus, (Ppakyuorubslil cocmas, Kepocumbl,
2UOPOOUUCIIKA, 2UOPOKPEKUHE.

Bgenenne. B Hacrosiiee Bpems JU3eNbHOE TOIUTUBO SIBISIETCS OJHUM M3 Haubosiee BOCTpeOOBaHHBIX Hed-
TEenpoyKToB. TpeboBanus, NpeabsIBIsieMble K HU3KOTEMIIEPAaTYPHBIM CBOMCTBAM JH3EJIbHBIX TOILIMB, OIIPEae-
JSIFOTCSL KIIMMATHYECKUMHU YCJIOBUSIMH MX TMpUMeHeHHs. Hu3koTeMneparypHble CBOHCTBA NU3ENIbHBIX TOILIHB
XapaKTePU3YIOTCS TAKUMH TTOKA3aTeNIIMHU, KaK TeMIIepaTypa MOMYTHEHHs W MpeeiibHas Temreparypa Quibt-
pyemoctu (IIT®). s TomaMB, MPUMEHSEMBIX B YCIOBUAX YMEPEHHOTO Kimmara, corigacHo I'OCT 32511
u CTh 1658pernamentupyercs Toipko [ITD. [To Benmuune [ITOD nusenbHbie TOILIMBA qenaTcs Ha copTa: A, B,
C, D, E, F./lu3enbHble TOMIIMBA, MPEJHA3HAUYCHHBIC JJIS1 HCIIOJIb30BAHUS B YCIOBHSIX apKTHYECKOTO U XOJIOJHO-
ro 3UMHEro KiIMMaTa, nojpasaeisitor Ha knaccel: 0, 1, 2, 3, 4pu3koremMnepaTypHble CBOHCTBA KOTOPBIX peria-
MEHTHUPYIOTCS He ToJbKO 1o BenuyuHe [ITD, Ho u TemnepaType nomyTtHeHus. [Io cpaBHEHUIO C TOIJIUBOM AJIs
YMEPEHHOTO KJIMMara IUIOTHOCTb M BS3KOCTh TOIUIMB JUISi @PKTUYECKOTO M XOJIOJHOTO 3UMHET0 KiIMMaTa HUXKE,
a Mana3oH MU3MEHEHUsl [UIOTHOCTH Inupe. TOmIMBa AJsi apKTUYECKOr0 M XOJOAHOTO 3UMHET0 KIMMaTa UMEIOT
obGusieryenHbIi ppakunonHslii cocraB — npu 340 T nomkHO neperonsaTbest He MeHee 95% ot ux oobvéma. Takxke
HUMEETCS OrpaHUYEHHE 110 cojepxkannio (ppakiuii (He 6onee 10%06.), Beikunaroniux npu 180 T.

HuskoremnepaTypHble CBOICTBa JM3EJILHOTO TOIIMBA 3aBUCAT, TJIaBHBIM 00pa3oM, OT €ro IPyHIIOBOTO
U (pakumonHoro cocrasa. J{ist odecriedeHus TpeOyeMbIX TEMIIEPATYP MOMYTHEHUsI 3MMHHE U apKTHYECKUE TOTI-
JMBA TIOJNYYalOT IMyTeM OOJEervyeHus uX (PpakIUOHHOrO cocraBa. Tak, sl MOJNYYEHHUS IU3CIBHOTO TOILIMBA
¢ Temneparypoii momytHeHust MuHyc 25 C TpeOyercst MOHU3UTH ero Temreparypy kKonma kumnenus 1o 320 T,
a JUIsl TIONyYeHHUs TOIUTMBA ¢ TemmepaTypoit momytHeHus munyc 35 C —mo 280 T [1]. [Ipu 3ToM B Iu3enpHOM
TOILUIMBE CHHXKACTCS COJEPIKAHHE BBHICOKOMOJICKYJISIPHBIX Mapa()uHOB HOPMAIBHOTO CTPOCHHS, KOTOpbIE, KpHU-
CTAJUTU3YSCh [PU MOHMKEHUU TEMIIEPATYPBI, JACTAIOT TOIUIUBO MYTHBIM.

IMomumo oOseryenusi HpakUOHHOTO COCTAaBA, MOHU3HUTh TEMIIEPATYPY NOMYTHEHHS JANU3EIbHBIX TOTLIHB
MOXKHO IyTéM UX JenapadHHU3aLIH, a TAKKE BBEACHUEM CIICLHAIBHBIX IEPECCOPHBIX mpucaaok [2]. [pouec-
chl AenapaduHU3alMK OCHOBAaHbI HAa BBIICICHUH W3 AM3EIbHBIX (pakumnii mapauHOB HOPMAIILHOTO CTPOCHHUS
WJIM MU3MEHEHUH MX YTIIEBOAOPOIHOTO cocTaBa. K mepBoMy THIy IPOLIECCOB OTHOCSTCS AenapaduHU3aius Kpu-
CTaJUM3anrell U3 pacTBOpPOB, ancopOrmonHas ([eoquTHas) W KapObaMuaHas AenapaduHU3AINS; KO BTOPOMY —
KaTaJUTUYECKAs THAPOAenapaQUHU3ANNS U KaTATUTHYECKas THApOu30aenapaguHu3anusi.

B nocnenHee Bpemst B IPOMBIIUICHHOCTH BCE 00JIbllice TPUMEHEHNE HAXOIMT MIPOLECC KATATUTHYECKOM
JenapadHU3AIMN CPETHEIUCTHIUIATHBIX (pakyuid, B KOTOPOM 3a CYET CEJIEKTUBHOI'O TMIPOKPEKHHIA MPOMC-
XOMAT PEaKIUH PaCIICIUICHHs TapaMHOBBIX YTIIEBOIOPOIOB HOPMAJIbHOTO cTpoeHus [2—6]. K mocromHcTBam
npolecca KaTaIMTHIeCKON JenapadMHNU3alMN OTHOCSTCS: MMPOCTOTA TEXHOJIOTMYECKOTo 0(opMIIeHHS, BO3MOX-
HOCTh OCYIIECTBIICHHUS MPOLIECCa HA NEHCTBYIOIIMX YCTaHOBKaX THAPOOYHMCTKH HPU HEOOJBLIMX W3MEHEHHSX
CXEMBbI M HEBBICOKHX 3aTparax Ha peKOHCTPyKuuio. OIHAKO y ATOT0 MPOoIlecca MMEIOTCS M HeJOCTATKH — CHUKa-
eTcsl LIETAHOBOE YHCIIO TTOJYy4aeMOro THAPOreHH3aTa, YMEHBIIAETCS BBIX0/I KOMIIOHEHTA TOBApPHOI'O IN3EJILHOTO
TOILIMBA, TAK KaK KaTalnu3aTophl jAenapaduHu3aiiy He 00IagaloT CeIeKTUBHOCTBIO B OTHOILICHUH JJIMHBI YIJje-
BOJIOPOHON 1eny H-niapaduHoB. [loaToMy nenecooOpaszHo mojaBepraTh TuapoaenapaguHI3aluy TOJIBKO BBICO-
KOKHITSIIIUE TH3eIIbHbIC TUCTUILISTHI.

[Iponecc kaTamuTH4YEeCKOl ruIpou3oaenapapuHU3aK AU3EIbHBIX (PaKLIUil 3aKI04aeTCs B IPOTEKa-
HUHW peakiuii THApon3oMepu3anun H-napadunaos [7]. [lomydaemMbie B 3THX peakusx H3onapagpuHbl OCTAIOTCS
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B COCTaBE ILIEJIEBOTO IIPOAYKTa. DTO obecrieunBaeT Oosiee BBICOKUI BBIXOJ JU3EIbHBIX (PAKLHHA 110 CPAaBHEHHIO
C TMPOLECCOM KaTaJIUTHYECKOH nenapadUHNU3aMK U HE CONPOBOXKIACTCS 3aMETHBIM YXYALICHHEM UX MOTOPHBIX
XapaKTEepUCTHK, TaK KaK MaJopa3BETBICHHbIE M30MapauHbl UMEIOT JIOCTATOYHO BHICOKHME LIETAHOBBIC YHCIIA.
OnHako Ui TIPOBE/ICHHs Tpoliecca KaTATUTHIECKON rHapou3oaenapa@uHu3aiu HeoOX0AUMBI KaTaln3aTophl,
colepiKallie IIATUHY, [UTsl KOTOPO# KaTATUTHYCCKUMU SIaMU SIBISIFOTCS cCoeAnHeHusI cepsl [8; 9]. B cBsizu ¢ aTum
JUISL OCYLIECTBIICHHSI M3oJenapaduHu3aiy qU3eIbHBIX (PaKIMid HCIONBb3yeTCs NBYXCTYIEHYAThId MHpolecc,
BKJIIOYAIOLIUH CTaJMK THAPOOOECCEepUBAaHUs, OTIEICHHUS OT T'MAPOIreHH3aTa CepoBOJIOPOAA C Ta3aMH, a 3aTeM
yKe TIPOBEJICHHE Ipoliecca I'uaApor3oMepu3anin. Takxke BeayTcs UCCIIeJOBaHuUs [0 pa3paboTke Ooliee [IeIeBbIX,
HE COZIePIKAILKX [UIATHHY, KAaTAIH3aTOpoB u3oaenapadpunmusanuu [10].

OIBIT MPaKTHYECKOTO TPUMEHEHHS IETPECCOPHBIX MPUCATOK TTOKA3aJl, 9YTO OHH CITOCOOHBI 3 PeKTHB-
HO CHWXATh TEMIIeparypy 3acTbiBaHus qu3enbHoro tomusa Ha 30...40 T, [IT® —na 15...20 T, Ho oka3bl-
BAIOT HE3HAYMTENILHOE BIMSHUE HA TEMIIEPaTypy IOMYTHEHHUSI — IENPECCHs JaHHOTO IOKA3aTellsl COCTABISET
B cpemreM 3...4 °C [11]. UccrnemoBaHusiMu B OOJACTH TOJNYYCHUS TPHUCANOK, CHIKAIONUX TEMIEPATypy
MOMYTHEHHUSI JU3EIbHOTO TOIUIMBA, B HACTOSIICEC BpEMsl 3aHUMAETCs Psii KOMIaHH, B yacTHocTH BASF
u Clariant,a taxxke BHUU HIT [12; 13].

Haubosnee rirybokne ncciiefoBaHus B 00JIACTH TIOTYICHUS U OLEHKH d(PPEKTUBHOCTH ACTIPECCOPHBIX TPH-
CaJIOK, CHIKAOIIIMX TEMIIEpaTypy TIOMYTHEHHS TU3EIBHBIX TOIUTHB, PEICTABICHBI B TaTeHTe [14], T71e B KayecTBe
JIETIPECCOPHON NPHUCAAKH UCCIIEIOBAH COMOJMMEP MAJIICMHOBOTO aHTUAPHIA C 0-0JICPHHOM, a TAKKE COTOJIUMED
MMHJAa MAJICMHOBOTO aHruApHuaa ¢ o-osnepuHoM. Kak mokasanu uccieoBaHus, MAKCUMAIIbHAs ITIPECCHs TeM-
nepaTypbl MIOMYTHEHHUSI [IPU UCIOJIb30BAHUH TAKUX MPHCAA0K MOXxeT jocturath 8 °C. OfHAKO MpU 3TOM HE0O-
XOIUMO MPOBOIUTh MHAWBHIYAIbHBII TOAOOP MPUCAIKH ISl KAXKIO0H MapTHH AU3EIBHOrO TOILINBA, YTO B MPO-
MBILIICHHBIX YCJIOBHSX, OCOOCHHO IIPH MOJIYYEHUH JU3EIBHOrO TOIUIMBA M3 KOMIIOHEHTOB Pa3JIMuHOIO IPOHC-
XOXKICHHUSI — THAPOOUYHIICHHBIX TH3EJIbHBIX (DPAKLHUiL, TU3eTbHBIX (DPAKLUIT IPOLECCOB THAPOKPEKUHrA U IIpP. —
MPaKTHYECKH HEBO3MOXKHO. OImyOJIMKOBAaHHBIX AaHHBIX 00 HCIOIB30BAHUHU MIPUCAOK, CHIDKAIOLIUX TEMIIepaTy-
Py IOMYTHEHHS B COCTaBE [TAKETOB MPUCAJIOK K AN3EIBbHBIM TOIUIMBAM, WM 0COOCHHOCTEH MX B3aMMOJACHCTBHS C
JETIPECCOPHBIMH TPUCAKAMH JPYroro PYHKIHOHAILHOTO JASHCTBHS — JUCIEPIHPYIOLIMMH U IIPOTHBOM3HOCHBIMHU
MpHUcaJKaMK — aBTOPAMHU HACTOSILEH CTaThH HE HailIeHO.

B cBsi3u ¢ BbIIECKa3aHHBIM, Han0oJIee IPOCTHIM CIIOCOOOM HOIYHYEHHUS AU3EIBHOTO TOILINBA C 33aHHOM
TEMIIEpaTypOi IOMYTHEHUSI SIBIISICTCS. PETYJIMPOBAHKE €r0 IPYIMIIOBOI0 U (PPAKIMOHHOTO COCTAaBa. DTO MOXKET ObITh
JIOCTUTHYTO M3MEHEHHEM MHTEpBaJa TEMIIEPATYP KHUIICHHS JIM3eNbHBIX (ppaKiiiii, BXOASIIMX B COCTAB TOBAPHOIO K-
3€JIbHOTO TOIUIMBA, & TAKXKE ITyTEM CMEIIMBAHMS IM3EIbHBIX (PPAKLMI PA3IIIHOTO IIPOUCXOKICHHS C KEPOCHHAMH.

HccnenoBaresibekasi 4acThb. B kauecTBe 00beKTa HCCIIEI0BaHHI ObLIN BHIOPAHBI TU3EIIbHbIE U KEPOCHHO-
Bble (PPAKIUHM, TOJYYSHHbBIE B [IPOLIECCE THAPOOYNCTKU MPSIMOTOHHBIX (DpaKivii, BBIACICHHBIX U3 CMECH 3ara/iHo-
Cubupckux HedTel, U B Iporiecce '’MAPOKPEKHHIa BAKYYMHBIX T'a30iiel o TexHonorun «HOHUKpEeKuHr».

C 11eJIbI0 OLICHKH BIMSIHHS Ha TEMIEpaTypy MOMYTHEHHsS HCCIEAYEeMbIX JIH3eIbHbIX (DPPAKLUi coaepika-
MIAXCSI B HUX BBICOKOKHITANIMX YTJICBOIOPOIOB C TIOMOIIBI0 aBToMarnueckoro anamusaropa AD 86 5G (ISL)
ObLTH NONTy4YeHbI (hpakuy 00JIer4eHHOTo (pakIHOHHOTO cocTaBa. Ileperonka 00pa3oB NMPOBOIMIACE 10 TEM-
nepatrypsl 300u 330 T. KpuBble KHNIEHUSI NCXOJHBIX TU3EIbHBIX (pakumii, ¢ppakiuii 061ery€HHOro Gpaxum-
OHHOTO COCTaBa, a TAK)XKe KEPOCHHOB, MPHBEICHBI HA PUCYHKE 1 (IITPUXOBBIMH JIHHHSIMH MOKAa3aHBI KPHUBBIC
KUIICHHS HCXOIHBIX ANU3CIbHBIX (DpaKuuii).
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Pucynok 1. —Kpusbie kunenusi 06pasuos ruapoounienHoii (I'O) nuzenbHoii ppakuun u kepocuna (a)
U IU3eJIbHOI (pPaKIMK U KEPOCHHA, NOJY4YeHHbIX B npouecce ruapokpexkunra (I'K) BakyyMHBbIX ra3oiijeii(6)
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BrusiHre BBICOKOKHUIISIINX YTIEBOAOPOIOB, COJAECPKAIIMXCS B UCCIIEAYEMbIX TU3EIbHBIX (DPAKIMSX, HA UX
TEeMIepaTypy MOMYTHEHHS, OLIEHEHHOE MO MOKa3aTelsiM (PaKIMOHHOTO COCTaBa. TEMIEPaType, MPH KOTOPO
neperonsiercs 10, 50u 90% ot 06béma (pakimu, u coaepkannio Gppakmuu, Beikumatomiei npu 250u 300 T,
MPEACTABICHO HA PUCYHKE 2.

Temmneparypa neperosky, °C Conepsxanite dpaxmmi, % 06.
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PucyHok 2. —3aBHCHMOCTD TeMIepaTypPhl HOMYTHEHHS 06pPa3oB
THIPOOYMIIEHHOM TU3eJIbHOI (ppakuuu (CIIOUIHBIE JIMHUH) U IU3eJbHOH Gpakuuy,
MOJIY4eHHOJ B polecce riIPOKPEKHHIa BAKYYMHBIX ra30iijieii (IITPHXOBBIE JIMHHH) OT TeMIIEPaTyphl,
npu Kotopoii neperonsiercst 10, 50u 90% ot ux 06béma (@) u conep:xanus ppakuun, Boikunamwieii npu 2501 300 T (6)

VYaaneHue W3 NU3EIBHBIX (PAKIUN BBHICOKOKHUISAIIUAX YTICBOIOPOAOB M TEM CaMbIM OOJICrYeHHE HX
(hpaKIMOHHOTO COCTaBa, 0E3yCIOBHO, IPUBOIUT K CHUIKCHUIO UX TEMIIEPATyphl MOMYyTHEHUs. [Ipu 3TOM Xapak-
TEp CHIDKCHHS TCMIICPATypPhl IOMYTHEHHS y THAPOOUYHIICHHOW AU3EIbHON (Ppakiuy B 3aBUCIMOCTH OT TEMIIC-
parypsl, ipu Kotopoii neperousercs 10, 50u 90%ot e€ 00béMa, naentuueH. Y nanenue u3 Gpakiuuu yrieBoao-
pozoB, Bbikunaromux npu temmeparype Boime 350 T, crnocoOCTBYyeT CHHKEHHIO TeMIepaTypbl MOMYTHEHUS
Bcero Ha 1 °C, nmpuyeM y Iu3elbHOM Qpakiyu, MOJydeHHON B Mpolecce MMAPOKPEKHHIa BaKyYMHBIX Ta30iieH,
NP TEX JKE YCIOBUSIX HAOMIOAAETCs CHIKEHHE TeMIiepaTypbl ioMmyTHeHus Ha 8 °C. OueBHIHO, 3TO CBSI3aHO C 0CO-
OEHHOCTSAMH MOJIEKYIIIPHO-MAaCcCOBOTO PACHPEICICHNS B UCCIEAYEMBIX TU3ENbHBIX (PaKIUAX YIICBOIOPOIOB,
TTOBBIMIAOINX UX TEMIIEPaTypy MOMYTHEHUs. B nu3enpHO# (pakmum mpormecca THAPOKPEKHHTa TaKUE YTIIEBO-
JIOPOJIBI HAXOIATCS TPEUMYIIECTBEHHO BO (pakiuu, BeIkunaroiieit npu temmeparype Boimie 330 T, a B mpsimo-
TOHHOUW THJIPOOYUINCHHON AU3EIbHON (DpaKIMK OHU BXOJST B COCTAB U OoJiee NErkux (ppakiuii, 4To, BEPOSITHO,
CBSI3aHO C OCOOCHHOCTSAMU YIJIICBOIOPOIHOTO COCTaBa MCCIeAyeMbIX (pakimii. u3enbHbie (pakuuu mporecca
THUIIPOKPEKUHTA, 00Nanas 0osee TSHKENBIM (PAKIMOHHBIM COCTABOM II0 CPABHCHHIO C THIPOOYHIICHHBIMH JTU-
3eIBHBIME (PPAKIUIMHU, UIMCIOT MEHBIIYIO IUIOTHOCTh M TOKAa3aTellb mpeioMicHus. CBOMCTBa TU3EIBHBIX (paK-
LU TIPEeICTaBIICHBI B TAOIHUIIE.

CBoiicTBa AM3ENBHBIX (QPaAKIUH

oxasarens I'mapoounieHHsle au3enbHble Gpakuuy | JusenbHble (ppakiuy npouecca rupoOKPEKHHIa
170...360 € | 170...350 € | 170...345 € | 200...360 € | 200...350 € | 200...340 €

[TnotHOCTH TIpH 15 C, kr/m® 840,0 839,7 834,2 835,6 835,4 833,7
Bsiskocts mpu 40 C, mm?/c 3,5802 3,4315 2,9216 3,6301 3,1310 2,6520
IleranoBEIil MHAECKC 58,1 54,7 54,6 60,2 55,7 52,8
CozepixaHue cepsl, MI/Kr 4,67 - - 2,60 - -
Tokazarens mpenoMenus, N2 1,4667 1,4657 1,4631 1,4633 1,4629 1,4622
e | | e | s | w | e
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OGuierdenne GppakUHOHHOTO COCTaBa AM3ENbHON (HpaKIMHU Mpollecca THAPOKPEKHUHra IPUBOIMUT K PE3KO-
My najgeHuio e€ ueranoBoro uuzaekca: ¢ 60,2 y ¢paknun 200...360 € no 52,8y dpaxkuuun 200...340 €
u 1o 34,5y ¢ppakuun 180...230 €. IIpu 3ToM Temmeparypa Hadasa KPUCTAUTH3ANHN ITOCICIHCH paBHA MH-
Hyc 67 °C. Bo3MOXHO, 3TO CBSI3aHO C TeM, YTO AM3elibHbIe (DPAKIMU HPOLEecca TMAPOKPEKHHIA COCTOSAT IPEUMY-
IIECTBEHHO U3 CMEUIAHHBIX MapadrHO-HAPTEHOBBIX M H30MapaMHOBBIX YriieBOAOPOAOB. [IpHyéM ¢ moBbIILICHHEM
TeMIepaTypbl KUIICHHsI MOJISIpHAas: Macca M30napaduHOBBIX YIIIEBOJOPOAOB YBEINUUBAECTCS, 4 CTENICHb UX Pa3BETB-
JAEHHOCTH YMCHBIIIAETCS. DTO TOATBEPIKAACTCS TeM (akToM, 9T0 TeMieparypa momytHenust ¢pakin 330...360 €,
MOJIy94aeMoii B IpoIecce THAPOKpeKrHra, paBHa miroc 15 C, neranoBbiit uumekce cocrasister 80,9, mokasarens
npenomnenus N3’ pasen 1,4649,a conepxanue napa@uHOB HOPMATILHOTO CTPOEHHS, OOPA3YIOMMX KOMILIEKC

¢ xapbamuoM, cocrasisieT Bcero 7,7%macc. B pesynbrate kapdamMuHOM NenapaduHU3aK TeMIiepaTypa no-
mytHeHus ¢ppakuun 330...360 € npouecca runpokpekutra cHuzmiacs 1o mwioc 9 °C, T.e. Ha 6 °C.
AnanornyHas (Gpakius THAPOOYMIIEHHOTO AW3ENIBHOIO TOIUIMBA HMeENa TeMIepaTypy IOMYTHEHHS

wioc 17 °C, ueranossii maaekc 60,1, mokazarens mpeaoMICHUS n;o, paBubiit 1,4729,conepxanne naaguHOB,

00pa3yomux KOMIUIEKC ¢ KapOaMuioM, coctaBmiio 18,2%wmacc. B pesynbrate kapbamMuaHoi nenapaduHu3aiu
TemIepaTypa noMmytHenus ruapoouniieHsoi ¢ppakuuu 330...360 € canzmnacey no munyc 3 °C, t.e. na 20 C.

Takum 00pa3oM, CHIKEHHUIO TEMIIEpaTypbl HIOMYTHEHHS U3€IbHBIX (Ppakuuii criocoOCTByeT oberyeHue
uX (PaKIMOHHOTO cOoCTaBa MYTEM CHIDKEHHS TEMIIEpaTypbl KOHIA KUIIEHUs, T.€. yJaJeHue HanboJjee BHICOKO-
KUISIIUX yTIIeBo10po1oB. OfHAKO JaHHBIM CIOCO0 CHMXKET BBHIPA0OTKY KOMIIOHEHTA JW3EIBHOTO TOILIMBA
U 3 dexTHBHOCTD AeHCcTBUS (IPUEMHUCTOCTD) NEMPECCOPHBIX MPHUCAIOK MO mokasaTento «lIpexenpHas Temiie-
parypa ¢uasTpyemoctu» [16; 17].

JpyruM croco0GoM yiyqnieHus: HU3KOTEMIIEpaTyPHBIX CBOIMCTB IHU3ENBHBIX TOIUIMB SIBISIETCS BBEICHHUE
B HX cOCTaB KepocuHOB [18]. B cBsi3u ¢ 3THM OBLITO MPOAHATM3UPOBAHO WX BIMSHHE HA TEMIICPATYPY IIOMYTHE-
HUS HCCIICAYEMBIX AN3CIbHBIX (pakiuil (PHCYHOK 3).

Conepxxanue kepocuHa, % macc.
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Pucynok 3. —Binsinue 100aBKH KePOCHHOB HA TeMIepaTypy NOMYTHEeHUS
ruapooynIneHHoi qusenbnoi ppakuun (FOAT — cnuomHbIe JIMHUM) M AU3eJbHO Gpakuuu,
MOJIy4eHHO# B mpouecce ruApoKpeKunra Bakyymubix rasoiiieii (ITT'K — mrpuxoBblie JTHHIN)

YcTaHOBIIEHO, YTO MpH A00ABJICHUN KEPOCUHA MHTEHCUBHOCTh CHYDKEHHSI TEMIIEpaTyphl IIOMYTHEHHMS /1N~
3eJbHBIX (DPPAKLMIT 3aBUCUT OT MX NMPOMCXOXICHUs. Tak, BBeJIeHHE KEPOCHHOB B JIM3EIbHYIO (ppakuuio, mnoiy-
YEHHYIO B IIpOlecce TMAPOKPEKHMHIa, MPAKTHYECKH HE OKa3bIBAET BIMSHHSA Ha €€ TeMIepaTypy HOMYTHEHHS.
Temneparypa MOMYTHEHUs THIPOOYHILECHHONW AN3ENBHON (pakuuy MpH K00aBICHUH THAPOOUYHIIEHHOTO KEpo-
CHHA CHI)KaeTcst 0oJiee MHTCHCHBHO, YeM IIPH J00aBICHHN KEPOCHHOBOH ()pakimy mponecca IHAPOKPEKHHTa.
BeposTHO, 3TO CBA3aHO C pa3iIndueM Kak (pPakIHOHHOTO, TaK H XUMHYECKOTO COCTaBa KEPOCHHOB.

Ilo cpaBHEHHIO ¢ KEPOCHHOM I'MAPOKPEKHHIA I'MAPOOYHILIECHHBIH KEPOCHH UMeeT Ooliee MIMPOKHI (pax-
LIMOHHBII COCTaB M MEHBILYIO TeMIIeparypy Hadaia kurenus (pucyHok 1). ComepikaHue B HCCIeIyeMOM obpasiie
KEPOCHHA THAPOKPEKHHTa H-mapaduHoB coctaBisier 8,4% macc., usonapaduuaoB U HaprenoB — 71,0%macc.,
apoMaTHYeCKHX yriaeBopoponos — 20,6%macc. B ruapoouniieHHOM KepocHHe coziepkaHue H-apaHOB COCTAB-
aser 15,4%macc., uzonapadgunoB u HapTeHOB — 67,3%Macc., apomaTnyeckux yrieBogoponos — 17,3%macc.
B ruzspoounIieHHOM KepOCHHE BBILIE COAEp)KaHue H-apauHOB. B CBS3M ¢ 9THM 110 CPaBHEHUIO C KEPOCHHOM
rugpokpekrHra Ha 9 °C Bblile ero Temmneparypa Hayalla KpUCTAJUIM3alMK, KOoTopasi coctasiseT Munyc 58 T,
Y BBIIIE LIETAHOBBIM MHAEKC. LleTaHOBBIE MHIEKCHI THAPOOYHMIICHHOTO KEPOCHHA M KEPOCHHA THIIPOKPEKUHIa
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paBsbl cootBeTcTBeHHO 47,0u 34,5.01HaKko Ha TeMIeparypy Havana KpHCTaJUIM3alMKd KEPOCHHA, TOMUMO 00-
IIEr0 COJEPXaHUsi H-Tapa(UHOB, OKAa3blBACT BIMSHHE U WX MOJEKYJSPHO-MaccoBoe pacmpenencaue [19].
Io cpaBHEHHIO C KEPOCHHOM THIPOKPEKHHTa, B THIPOOUYHIIEHHOM KEPOCHHE CO/epKaTcsi Oosee BHICOKOMOIIE-
KyJsIpHbIE H-apagMHbI, TAK KaK €ro TeMIIepaTypa KOHIA KAIICHUS BbILIIE.

Kak mokasasnu ucciieioBaHus, CHIXKCHUE TEMIIEPATYphl Hauaja KUIICHUS! KePOCHHa, a TaKKe 100aBleHHe
TSDKEJIOT0 OCH3MHA HE OKa3bIBAIOT CYIECTBEHHOI'O BIIMSIHUS Ha TeMIeparypy MoMyTHeHus cMecH. [Ipu BBeze-
UM B ausensHbie Gpakuun 10% macc. ruapoouninennoi pakiuu 140...180 € ux temneparypa moMyTHEHHUS
cHIpKaercs He 6oiee ywem Ha 1 °C.

CretoBatenbHO, 3Q(HEKTUBHOCTD BIMSHUSI KEPOCHHOB HA CHIDKEHHE TEMITEPATYPhl IOMYTHEHUSI AU3EIIBHBIX
(dpakiyii onpeaeNnsieTcs CoAepKaHuEM B CMECH H-MapaMHOB U MX MOJIEKYJIIPHO-MACCOBBIM PACMpPEIe/ICHUEM, a
TaKXKe PACTBOPSIOLICH CIIOCOOHOCTBIO IO OTHOLICHUIO K H-MapadrHaM, BXOASIIMX B COCTAB CMECH HM30mapaduHo-
BBIX, HA)TEHOBBIX M aPOMATHUYECKUX YIIIEBOJOPOIOB. [Ipu 3TOM CojiepKaHUe apOMaTHYECKUX YIIIEBOJOPOJIOB
3aMETHOTO BJIMSHHS HA CHM)KEHHE TeMIIepaTyphbl IOMYTHEHUsI HE OKa3biBaeT. Tak, BBegenue 1% macc. cmecu
apOMaTHIECKUX YTJIEBOJOPOIOB, COCTOsIIEH 13 alkuioeH3070B Cg...CigC mpeodiiagaHueM TPUMETHIOEH30I0B,
BOOOIIIE HE OKa3ajo HHUKAKOTO BIIMSHHS HA TEMIEpaTypy MOMYTHEHHUSI UCCICAYEMBIX IHM3EJbHBIX (QpaKiuil.
CMech apoMaTHYECKUX YIJIEBOIOPOIOB HMENa CIICAYOIIIe CBOMCTBA: HHTepBaibl Beikumanus ot 16010 200 T;

nokasaresb mpesiomnenns N3 cocrasui 1,5043;Temneparypa Hauana kpuctammsanuu muxyc 28 C; miot-

Hocth pu 20 C cocraBuia 879,8KF/M3.

BaxkHas mpakTHdeckas 3a/1aua [pu MOJTyYEeHUH 3UMHUX JTU3CIbHBIX TOIUTUB MyTEM CMEUIMBAHUS Pa3iny-
HBIX KOMIIOHEHTOB — MPOTHO3UPOBAHHME TEMIIEPATyphl MOMYTHEHHUSI CMeceil. B pesynbTaTe KOppEsIIMOHHO-
PErPECCHOHHOTO aHAITM3a JAHHBIX MOTYYEeHO YPaBHEHHE, TIO3BOJISIONIEE MPOrHO3UPOBATH TEMIIEPATYPY IOMYTHEHHS
Ju3enbHOro TOruBa (T0y, °C) CI0KHOTO KOMIIOHEHTHOTO COCTaBa B 3aBUCHMMOCTHU OT €ro miotHoctd npu 15 C
U cojepikanus Gppaxiuu, Beikunaromei npu 250 T, ¢ Tounocteio (£2) °C npu ypoBHe HanexHocTH 95%:

Tl'l()M = 0, 0148:R_ 0, GWZSOOC

rae R — miotsocTs mpu 15 C, kr/m% Vogpe — COAEPKAaHHS B AM3EIBHOM TOILTHBE (DPAKIMH, BHIKMITAIONIEH
npu 250 T, % 00.

O0nem BeIOOpKH coctaBui 173 Habmroaenus. J(pamna3oH MpoOrHO3UPOBAHUS TEMIIEPATYPhl IOMYTHEHHS —
ot munyc 5 °C no munyc 32 C. I'panuisl u3mMeHeHus nepeMenHbix: R — ot 815,910 839,2Kr/M3; Vogpe —or 25,8

10 69,6%06. KoadduimmeHT MHOKECTBEHHON KOPPEISILIMKA PErPecCHOHHOr0 ypaBHeHus paseH 0,989 . Kpurepuii
@uepa F pasen 3929,3.CraTucTryueckas 3Ha4UMOCTh — t-cTaTUCTHKA (akTOpoB R 1 V55 paBHA COOTBETCT-

BEHHO 26,7u 47,8.0T0 CBUIETENLCTBYET O TOM, YTO CTATUCTHYECKH TEMIIEpaTypa MOMYTHEHUs B OoJjbLIel cre-
IICHU CBs3aHa ¢ (PPaKLMOHHBIM COCTaBOM TOIUIMBA, Y€M C €r0 IUIOTHOCTHIO. UeM Ooubllie B CMECEBOM JAN3EIIb-
HOM TOIUIMBE (hpakuuu, Beikunaromen npu remneparype 250 T, tem Huxe ero temrneparypa nomyTtaenus. I1o-
Jy4EeHHOE ypaBHEHHE PEKOMEHIYETCSl NMPUMEHSATH JUIS CMECEH, COCTOSIINX U3 THIPOOYMIIECHHBIX TU3EIbHBIX
(pakumii, Au3enbHBIX Qpakuuii nporecca rAPOKPEKUHra U KEPOCHHOB, NpU ycinoBuH, uto npu 180 T nepero-
usiercs He 6osee 3% 00. cmecu, a 95%0T e€é 00béMa BEIKHITACT B AMana3zone Temmeparyp ot 281,510 356,6 T.

3akiaouenue. Temieparypa NOMYTHEHHUS TU3EIbHBIX (pakuil 3aBHCUT OT COACPKaHUI B HUX BBICOKO-
IIaBkuxX napaduHoB. VX ypayneHue ImyTéM CHIDKEHMS TeMIIepaTyphl KOHIA KUICHHS (PaKUUH M TEM CaMbIM
obJsieryenue e¢ (pakIHMOHHOTO COCTaBa SIBISIETCS HamOoJyiee MPOCTHIM U d(P(GEKTHBHBIM CHOCOOOM CHMKEHHS
TEeMIIepaTypbl TIOMYTHEHUS THAPOOYHUIIICHHON AU3ENbHON (QpakUuy U JU3eibHON (pakuuy, Mojay4eHHo# B Ipo-
1ecce THAPOKPEKHHIa BaKyyMHBIX ra3oiiicii. BBeneHue B cocTaB IU3EIbHOTO TOIUIMBA KEPOCHHOB C IIEJBIO
CHIYKEHUSI €T0 TEeMIIEpaTyphl IIOMYTHEHHSI MasIod(GeKTHBHO. [IpH 3TOM HHTEHCHBHOCTH CHM)KEHHS TEMIIEpaTy-
PBI IOMYTHEHHSI CMECH 3aBHUCHUT OT IPOUCXOXICHHSI M CBOWCTB CMEIIMBAEMBIX KOMIIOHEHTOB. CHIDKEHUE TEM-
neparypsl Hadasla KMIEHUS JIU3€IbHOTO TOIUIMBA U YBEIMUYCHUE COJEPKaHMs B HEM apOMaTHUECKHUX YIJICBOZO-
POJIOB HE CIIOCOOCTBYET CHI)KEHHUIO €r0 TEMIIEPaTyphl IOMYTHEHHS.
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METHODS OF REGULATING THE CLOUD POINT OF DIESEL FUE LS
A. YERMAK, I. BURAYA, A. SPIRIDONOV, E. SYUBAREVA, |. KOVALYOVA

The analysis of requirements to quality of modern diesel fuels of winter classes is carried out. Methods
of regulation the cloud point of diesel fuels are considered. Advantages and disadvantages of catalytic dewaxing
of diesel fractions are analyzed. The literature data on the use of depressant additives to reduce the cloud point
of diesel fuel and their efficiency are presented. The effect of the fractional composition on the cloud point of the
hydrotreating and hydrocracking diesel fractions is studied. The estimation of the decrease in the cloud point
of diesel fractions with the addition of kerosene of different origin was carried out. The regularities of changes
in the cloud point of diesdl fuels fromtheir fractional composition, physical and chemical properties, the content
of high-melting paraffins and aromatic hydrocarbons are revealed. A regression equation for predicting
the cloud point of diesel fuel of multicomponent composition is proposed.

Keywords: diesel fuel, cloud poin, fractional composition, kerosene, hydrotreating, hydrocracking.
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