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IlanoBHi aBTOpPH My0aikaniii!

PenakmiitHa komnerist 30ipHIKa «MarmHOOY TyBaHHSD BXKUBAE 3aXOIIB I0/I0 MiIBUILICHHS SIKOCTI HAIIIOTO BUIAHHS, CIIPSMOBAHI Ha BXO-
JDKCHHSI B TIPOBI/THI CBITOBI HAyKOMETpHYHI Oa3H. 3 L1i€r0 METOFO CaiiT 30ipHHKa repeHeceHuii Ha miatdopmy Open Journal Systems i BpoBamky-
€THCS] He3aIe)KHE PElieH3YBaHHsI PYKOIIHCIB, IO MOJIAIOTECS 10 ITyOmikarii. 30ipHIK «MarmHOOy yBaHHSD Terep Mae BIIACHHI CaliT, SIKUH po3Ta-
LIOBY€ThCSI 32 MOCKIaHHsM: http://jmash.uipa.edu.ua

Bukopucranns mwiatdopmu Open Journal Systems j103Boi1se aBTOMaTH3yBaTh BECh BUIABHUYMI HPOLIEC: MOAYY PyKOIHCIB aBTOPAMH,
PelLieH3yBaHHsI, BHECEHHS PEIAKTOPCHKHX MPABOK, POSMIILECHHS CTaTel y BIAKPUTOMY JOCTYI 1 iX HMOAAJIbIe IHACKCYBaHHS HAYKOMETPUYHUMU
6azamu. M1 OYMHAEMO MIPHIAMATH PYKOIICH Yepe3 CaliT 301pHHKA, 1 HaflaBaTH TaM pe3yJIbTaTH peLieH3yBaHHs. [l Iboro BCi y4aCHHKH BUIABHU-
HOro MPOLIECY, BiJI aBTOPIB JI0 PELICH3EHTIB 1 peIakTOpiB, IIOBUHHI 3apeeCTPYBATHCS Ha caifTi. CaiiT JOCTYIHHI B TPOX MOBHHX BEpCisIX: YKpaiHCh-
Ka, POCIiiChbKa Ta aHIJIHCHKa, TOMY Y HAIIMX iHO3EMHHX aBTOPIB HE TIOBMHHO OYyTH MOBHHX IpoOiieM. Ha dac mepeximHoro mepiofy pyKoImcH
TIPUAMATOTEC 1 32 CTAPOIO CXEMOIO, aJIe JJABAlTE pPa3oM OCBOFOBATH IIEPCIIEKTUBHY PEIAKTOPCHKY IHIaTdopMy.

3 MeTor0 3a0e31eUeHHST BUCOKOI SIKOCTI BIIABAHH, CTaTi, SIKi OTPUMAIIM HU3BKY OLIHKY PEIEH3EHTIB, He Oy/IyTh OmmyOiiKoBaHi. ¥ pasi
BUHMKHEHHs! TPY/IHOLLLB, THIIiTh Ham Ha E-mail: mashynobuduvannia@uipa.edu.ua.

3anporiryeMo (axiBIliB B Tamy3i MalIMHOOYIyBaHHs OpaTH y4acTh y PElCH3YBaHHI, B MPOIIECI PEECTpaLlii Ha CaifTi 30ipHUKa € MOYKITH-
BICTB NOJIATH 3aITUT Ha JI0/IABaHHS B PELICH3CHTH.

Mu [I0KIIa1aeMOo 3yCIITb 10 PO3IIHMPEHHEO reorpadii aBTOpIB, 1 3aIPOIIyeMO SIK YKPATHCHKHUX, TaK 1 3apyObKHIX aBTOPIB MOJABATH PYKO-
TwcH 110 30ipHUKa. [Ipr rmoadi CTaTTi CITijT CTeKHUTH 3a TpaBIIaMu 0(OPMIICHHS Ta aKaJIEMIYHOIO IOOPOUIECHICTIO.

JlaBaiiTe pa3oM MOCTIIHO MOKPAITyBaTH HaMI 30ipHHK 3 METOFO BHBECTH HOT0 B JIiICPH MATMHOOYJIBHOTO HANPSIMKY !

I'onoBuuii penakTop
Kynpisino Onexcanap BosioqnumMmupoBuy

Dear Authors,

The editorial board of the journal "Engineering” is taking steps to improve the quality of our publication with the aim of en-
tering the world's leading scientometric databases. Accordingly, the website of the journal is moving to the Open Journal Systems
platform and an independent review of manuscripts submitted for publication is being introduced. The journal "Engineering™ now has
its own website, which you can visit following the link http://jmash.uipa.edu.ua.

Using the Open Journal Systems platform allows automating the entire publishing process, which includes submitting man-
uscripts by authors, reviewing, editing, publishing articles in the open access, and then indexing them by scientometric databases. We
are beginning to accept manuscripts via the website of the journal, which is where we are also starting to present the results of re-
viewing. To this end, all participants in the publishing process, from authors to reviewers and editors, must register on the website. T

he website is available in three languages: Ukrainian, Russian and English, so our foreign authors will not encounter any
language-related problems. During the transition period, the manuscripts are still accepted according to the previous scheme, but let
us start exploring this promising editorial platform together.

In order to ensure high quality of published articles, those papers which have received a low rating from reviewers will not be pub-
lished. In case of technical difficulties, please email us at mashynobuduvannia@uipa.edu.ua.

We are inviting specialists in the field of mechanical engineering to take part in reviewing; for this purpose, while register-
ing on the website of the journal there is an opportunity to submit a request to become a reviewer.

We are making efforts to expand the geography of the authors, so we are inviting both Ukrainian and foreign authors to
submit manuscripts to the journal. When submitting an article, you should follow the guide for authors and the rules on academic
honesty.

Let us together constantly improve our journal in order to make it a leader in the field of mechanical engineering.

Oleksandr Kupriyanov
Editor-in-Chief

YBakaemble aBTOpPbI MyOIHKAIHii!

PenakimonHast Kowterust cOopHUKa «MaIIMHOCTPOCHHE» TPENPUHIMACT IIard 10 TIOBBIIICHHIO KA4ecTBa HAIICTO W3/IaHus,
HaIpaBJICHHbIC Ha BXOXICHHE B BEIyIIIME MUPOBbIC HayKoMeTpruieckue 0asbl. C 3TOH IIeSIbio caiiT cOOpHHMKa repeHeceH Ha riardopmy Open
Journal Systems 1 BBOTCS HE3aBUCHMOE PELICH3UPOBAHHKE TT0/IABAEMbIX K MyOmHKaimy pykorrceid. CO0pHIK «MallMHOCTPOSHHE» Tereph
HMeeT COOCTBEHHBIH CaiiT, KOTOPBIH pacrionaraeTes 1o cepuike: hitp:/jmash.uipa.edu.ua

Hcnoms3oBanue miardopmbr Open Journal Systems mo3Bossier aBTOMAaTH3UpOBaTh BECh M3AATENBCKHIA TIPOLIECC: MOJATy PyKOIH-
cell aBTOpaMH, pelieH3UPOBAHNE, BHECEHUS PEJAKTOPCKIX MPABOK, Pa3MeIleHHe CTaTeil B OTKPBITOM JOCTYIIC MX TIOCIIEAYIONIee HHICKCHPO-
BaHHE HAyKOMETPUUYCCKMMH Oazamu. Mbl HadMHaeM NPUHAMATE PYKOIHMCH Yepe3 caiiT COOPHHKA, ¥ TIPEIOCTABIISTH TaM Pe3YJIbTaThl PELicH-
3upoBaHusL. {11 3TOro BCe YYaCTHHKHM H3IATEIHCKOTO TPoIiecca, OT aBTOPOB JI0 PELICH3SHTOB U PEIaKTOPOB, JOJDKHEI 3apErHCTPAPOBATHECS HA
caifre. CalfT JOCTyTIEH B TpeX SI3bIKOBBIX BEPCHSIX: YKPAUHCKHH, PYCCKUM M aHTYIMICKUIA, TO3TOMY Y HAILIMX MHOCTPAHHBIX ABTOPOB SI3bIKOBBIX
ipoGIieM ObITh He JOMDKHO. Ha Bpemst epexoIHOTo Meprosia PYKOITHICH MPUHAMAIOTCS M TIO CTAPOH CXeMe, HO JaBaiiTe BMECTe OCBaNBATh
TIEPCIIEKTHBHYO PEAKTOPCKYIO IIaThopMy.

C 1enbro 00ecTiedeHusT BRICOKOTO KauecTBa M3IaBaeMbIX CTaTei, MOTyUYHBILTE HU3KYIO OLICHKY PELICH3eHTOB MaTepHalIbl He OyIyT
OIMyONMKOBaHbL. B citytae TeXHUUeCKIX TpyaHoCTeH, munmte Ham Ha E-mail: mashynobuduvannia@uipa.edu.ua

[purnammaem CrelyaicToB B 00JIACTH MAITMHOCTPOCHHS YYacTBOBATh B PEICH3UPOBAHNH, B MPOLIECCE PETHCTPAINY Ha caifTe
COOpHHMKA €CTh BOSMOMKHOCTB IOJIATh 3aIPOC Ha JI00ABJICHHE B PELICH3CHTBI.

MBI NpHKITAIBIBAEM YCIITHS IO PACIIMPEHHIO Teorpadi aBTOpOB, U MPUIIIAIIAeM KaK YKPAUHCKHX, TaK H 3apyOeKHBIX aBTOPOB
TI0/1aBaTh PYKOIUCH B cOopHHK. [IpH Iofjade CTaThi CII/LyeT CISAUTb 3 IPaBHIaME OOPMIICHHS H aKaJIeMUYECKO#T T0OPOIIOPSIOYHOCTEIO.

JlagaifTe BMecTe IMOCTOSIHHO YITy4IIaTh HAIll COOPHFHIK C IIENTBIO BRIBECTH €0 B JIMIEPBI MAIIMHOCTPOHTEBHOTO HallpaByieHus1!

I'maBHbIA pegaxkTop
KynpusinoB Anexcanuap Biragumuposuy
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OITUMIBALIA JUHAMIYHUX HABAHTAKEHD Y IPYKHUX EJJEMEHTAX
BAHTA)KOHII[ﬁOMHI/IX KPAHIB IIPU PIBHUX CITIOCOBAX HII[I7IOMY BAHTAXY
O©Jloseiikin B.C., Yook 10.B., Kagukauo 1.0.

Hayionanvnuti ynieepcumem 6iopecypci i npupoookopucmysantsa Yxkpainu

Indopmanisa npo aBTOpiB:

Jlogeiikin BsigeciaB Cepriitouu: ORCID: 0000-0003-4259-3900; lovvs@ukr.net; 1oKTop TeXHIYHHX HAYK;
3aBigyBau Kadenpu KOHCTPYIOBaHHS MallMH 1 oOnanHaHHS, HarionampHuil yHiBepcureT OiopecypciB i mpHpojo-
KOpUCTYBaHHs YKpaiHu, HaB4aiabHUI Kopiyc Nell, By I'epoiB O6oponn, 12, m. Kuis, 03041, Ykpaina

Yoeuwk IO0piii BacuasoBuu: ORCID: 0000-0002-0608-0203; ychovnyuk@ukr.net; kanauaar TexHIYHUAX
HayK, foueHT, HamionansHuii yHiBepcuTeT OiopecypciB i IPHPOJOKOPHCTYBAHHS YKpaiHM, HaBYaIbHUI Kopiryc Ne7,
By1. ['epoiB O6oponu, 12, M. Kuis, 03041, Ykpaina

Kanuxamno IBan Onexcanaposud. ORCID: 0000-0002-5686-5869; kadykaloivan@nubip.edu.ua; acucrent
kadenpy KOHCTPYIOBaHHs MallIvH 1 oOnaaHanHs, HarloHanbHUE yHiBepcuTeT OiopecypciB i MPHPOJIOKOPHUCTYBAHHS
VYxpainu; HapuanbHui kopiyc Nell, Byn. ['epoiB O6oponu, 12, m. Kuis, 03041, Ykpaina

ITix yac poOOTH BAaHTAXKOIITHOMHOT TEXHIKH B €JIEMEHTaX MPUBOY Ta METAIOKOHCTPYKITIT
BUHUKAIOTh 3HAYHI JWHAMIYHI HABAaHTAXKCHHS, 10 MPU3BOIATH 10 MPHIIBUIIICHOTO BUXOMIY €je-
MEHTIB KOHCTPYKIIii 1 MEXaHI3MiB 3 JlaJy Ta BAHUKHCHHS aBapiHUX cUTyamii. [IutaHHs yCyHEHHS
JUHAMIYHAX HABAaHTA)KEHb HE BHUPIIIEHE 1 I0CI, TOMY B JaHiil poOOTI MpoBEACHA ONTHMI3aIlis JH-
HAMIYHHUX HaBaHTAKEHb y MPYKHHUX eleMeHTaX (KaHaTax) BAHTAKOIMIAMOMHUX KPaHIB MPH Pi3HUX
criocobax MmigioMy BaHTaXYy: «3 IiJJXBATOM», 3 Baru», «3 3emMjIi». ¥ SKOCTI KPUTEPitO ONTUMI3aIlil
(miHiMizalii BKa3aHMX HAaBaHTaKEHb) Y MEPEXiTHUX PEKUMaxX (YHKIIOHYBAHHS BaHTAXKOIIIIHOM-
HOTO KpaHa (IyCK, raJlbMyBaHHS, PEBEpCYBaHH:) 3alPOINIOHOBAHMUM, (DYHKI[IOHAN, IKUI € CEPEIHbO-
KBaJpaTUYHUM 3HAYEHHSM KOoe(illieHTa TMHAMIYHOCTI Ha 1HTEpBaJIi Yacy, 10 BiIMOBiIa€ TPUBAJIO-
CTI MEepexiHOTO TpoIlecy, 1 mpuiiMae MiHIMalbHe 3Ha4eHHs. s po3B’sA3Ky 3amadi onTUMi3arii
PEXUMY pyXy MEXaHi3My HiIiOMy BaHTa)Xy BUKOPHUCTOBYBAJIMCh METOM KJIACHYHOTO BapialliifHoO-
IO YHCJICHHS. 3a JIOMIOMOTO0 IUX METO/IIB BCTAHOBJICHI BIAMOBIAHI (ONTUMAJIbHI) PEKUMH (3aKOHH)
PYXY BaHTaXy Ta €JICKTPOMEXaHIYHOI CHCTEMH MPUBOIHOTO MEXaHI3My HiIHOMY.

OTtpumaHi y JaHOMY JOCTIKEHHI pe3yJbTaTh MOXYTbh OyTH y MOJAJIBIIOMY BHKOPHCTaH1
JUIsL YTOYHEHHS ¥ BJIOCKOHAJICHHS ICHYIOUHX IHXEHEPHUX METOJIIB PO3PaxyHKY MEXaHI3MiB IiJio-
My KpaHiB 3 BAHTQ)KEM Ha THYYKOMY IiJIBICI SIK Ha CTAJisX 1X MPOCKTYBaHHs / KOHCTPYIOBAHHSI, TaK
1 B YMOBax peajbHOl eKCIUTyaTalli.

Kniouogi cnosa: ontumizaiisi, IMHaAMiKa, HAaBAaHTAKEHHS, KAHATH, BAHTAXOI1JHOMHI KpaHH,
crocoou MigioMy, BaHTaX.

Jogeiikun B.C., Yosniok 10.B., Kaovikano H.A. «OntuMuzanus JUHAMAYECKUX HATPy30K
B YIPYTHUX dJIEMEHTaX IPy30MObEMHBIX KPAHOB MPHU PA3IUYHBIX CIIOCO0aX MOAbEMA TPy3a».

Bo Bpems paGoOThI TPy30MIOABEMHON TEXHUKH B JIEMEHTaX MPHUBOJA U METAJUIOKOHCTPYK-
MU BO3HUKAIOT 3HAUUTENbHBIE JUHAMUYECKUE HATPYy3KH, MPHUBOJSIIMNE K YCKOPEHHOMY BBIXOTY
JJICMEHTOB KOHCTPYKIIMM W MEXaHU3MOB M3 CTPOS W BO3SHHKHOBCHHS aBapUIHBIX CHUTyamnwid. Bo-
MPOC YCTpaHEHUsI TUHAMHYECKHX Harpy30K HE PEIIeH 10 CUX MOp, IOTOMY B JaHHOH paboTte mpo-
BEJICHAa ONTHMHM3AINS JUHAMHYCCKHX HArpy30K B YIPYTHX 3JieMeHTaX (KaHatax) rpy30MoabeMHbBIX
KpaHOB IPU Pa3IMYHBIX CIIOCO0AaX MOAbEMa Irpy3a «C MOJIXBATOM», «C IMOMOIIBIO BECA», KC 3EMIIU».
B kauecTBe KpuTepHs ONTHMHU3AIUU (MUHUMH3AIMKA YKa3aHHBIX HArPY30K) B MEPEXOIHBIX PEIKH-
MaxX (QYHKIIMOHHUPOBAHUS TPY30I0ILEMHOTO KpaHa (IyCcK, TOPMOXXCHHE, PEBEPCUPOBAHUE) Mpe/-
JI0XKeH, (PYHKIIMOHAN, KOTOPBIA SBIISCTCS CPEIHEKBAIPATHYHBIM 3HAUCHUEM KO3 PUIMCHTA TUHA-
MUYHOCTH Ha MHTEpBaJIe BPEMEHH, COOTBETCTBYIOIIMHA JUIUTEIHHOCTH MEPEXOJHOTO IMpoliecca, U
MPUHAMAECT MUHUMAIbHOE 3Ha4YCHHE. )1 pelIeHus 3a1aui ONTHMH3AIMN PEXKIMa JIBHKCHUS Me-
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XaHU3Ma TOoJAbeMa Ipy3a UCIOIb30BATHUCH METO/IbI KIIACCHYECKOTO BapUAIMOHHOTO ucuucieHus. C
MOMOIIBIO 3THX METOJOB YCTAQHOBIJICHBI COOTBETCTBYIOIIUE (ONTHMAJbHBIC) PEXKHUMBI (3aKOHBI)
ABWIKCHUS I'py3a U BHGKTpOMexaHquCKOﬁ CUCTCMBI ITPUBOJAHOTO MEXaHMU3Ma IMOAbEMA.

[Tosy4yeHHBIC B TAaHHOM HCCJICOBAHUH PE3yJIbTaThl MOTYT OBITh B JalbHEHIIEM HCIIOJIB30-
BaHbI JJId YTOYHCHUA U COBCPIICHCTBOBAHHA CYHICCTBYIOIINX HHKCHCPHBIX MCTOJOB pacucTa MC-
XaHH3MOB I0JJb€Ma KPaHOB C IPy30M Ha TMOKOM IOJBECe KaK Ha CTaJUsIX MX MPOCKTUpoBaHHs /
KOHCTPYUPOBAHUSA, TaK U B YCJIOBHUAX peaﬂbHOﬁ SKCILTyaTaluu.

Knroueswvle cnosa: ontiMuzanus, JMHAMUKA, HArpy3Ka, KaHATbl, IPY30M0JbEMHbIC KPaHBbI,
CHOCOOBI MOBEMA, TPY3.

Loveykin V., Chovniuk Yu., Kadykalo I. «Optimisation of dynamic loads in elastic elements
of load lifting cranes with different methods of lifting».

During the work of lifting machinery there are considerable dynamic loads in the elements
of the drive and the metal structure, which lead to the rapid failure of the elements of the structure
and mechanisms and emergencies. The issue of elimination of dynamic loads has not been solved
yet, so in this work, the dynamic loads in the elastic elements (ropes) of load lifting cranes have
been optimized within various methods of cargo lifting: “pick-up”, “using weight”, “from the
ground”. As a criterion for optimization (minimization of the specified loads) in the transient modes
of operation of the crane (start, brake, reversal), the functional, which takes the minimum value and
is the root mean square of the dynamic coefficient at the interval of time, corresponding to the dura-
tion of the transition, is proposed. Classical variational calculus methods were used to solve the
problem of optimizing the mode of motion of the lifting mechanism. With these methods, the ap-
propriate (optimal) modes (laws) of cargo movement and the electromechanical system of the drive
mechanism of lifting are established.

The results obtained in this study can be further used to refine and improve existing engi-
neering methods for calculating lifting mechanisms of the crane with flexible suspension both at the
design / construction stages and under actual operating conditions.

Keywords: optimisation, dynamics, loading, ropes, load lifting cranes, methods of lifting,
cargo.

1. ITocTanoBKa nmpoodJieMu

BanTaskomiiiioMHI Ta TPAHCIIOPTYIOUl MAIIMHK € HEBiJ'€MHHM €JIEMEHTOM (4aCTHHOIO) CY-
YaCHOT'O BUPOOHUIITBA, OCKIJIBKU 3 X JIOTIOMOTOIO 3[1HCHIOETHCS MEXaHi3allisi OCHOBHHX TEXHOJIIO-
TYHUX MPOIECIB W TOMOMDIKHUX pOOIT. Y MOTOYHMX W aBTOMATH30BAHUX JIHISAX POJIb MiAHOMHO—
TPAHCHOPTHUX MAIMH SIKICHO 3pocia i BOHM CTaJlM OPTraHIYHOK YaCTUHOIO TEXHOJOTTYHOTO
oOJiaiHaHHS, a BIUTUB iX HA TEXHIKO—CKOHOMIYHI ITOKa3HUKH ITiAMPUEMCTBA CTaB JIOBOJI1 CYTTEBHM.

3amis  30UIbIICHHS BHUPOOHMLTBA MPOTPECHBHUX 3aco0iB  MexaHizamii  migidoMHO—
TPAHCIIOPTHUX, HABAHTAXXyBaJIbHO—PO3BAHTAXXYBaJIbHUX Ta CKIIAJCHKUX POOIT, Y TOMY YHUCII BaH-
TaKOMITHOMHHAX MAIUH 3 AUCTAHLINHUM Ta TPOTPAMHUM KEepyBaHHSM, 30UTBIICHHS TPOIYKTHB-
HOCTI ¥ TIOKpAIll€HHS TEXHIKO—€KOHOMIYHUX TOKAa3HUKIB M1IHOMHO—TPAaHCIOPTHUX MallIKH,
MIJBUIICHHS 1X MIIIHOCTi, HAAIMHOCTI i TOBrOBIYHOCTI HEOOX1JHO 3aCTOCOBYBAaTH HOBITHI METOAU
pO3paxyHKy i KOHCTPYIOBAaHHSI, TOCTIHHO iX yTOUYHIOBATH W BIOCKOHAMIOBAaTH. OCOOIMBO aKTyallb-
HUM € BHUPIIICHHS MPOOJIEM 3MEHIICHHS TUHAMIYHUX HaBaHTa)KEHb HA MPYXKHI CIEMEHTU (KaHATH)
BaHTaXOII THOMHHX KpaHiB, KOJIM OCTaHHI (PyHKIIIOHYIOTh y MEPEXiJHUX PeKUMax podoTH (Myck,
rajibMyBaHHs, pEBEpCYBaHHS TOIIIO).

2. AHaJji3 ny0Jikanii mo Temi qocaaizKeHHs

VY nepioJ HEYCTAJICHOTO PyXy y ME€XaHi3Max MiIiOMy BaHTaXXy KpaHiB MTOCTIHHO BUHUKAIOTh
JMHBMIYHI HaBaHTA)KCHHs KOJIMBHOTO Xapaktepy [1]. Benmnunna i xapakrep 1ux HaBaHTaKEHb 3a-
JIeKaTh BiJ| CTETIEHS MPYXKHOCTI 3’ €IHYIOYMX JIAHIIIOTIB, BEJIUYHH 1 PO3MOALTY PyXOMHX Mac y CH-
CTeMI, 3aKOHIB 3MIHU 30BHILIHIX HABAHTAXKE€Hb — PYLIIMHUX CUJI 1 CUJI OMOpiB. BruiuB HaBaHTa)keHb
Ha TPYXKHY CUCTEMY MPHU3BOAUTH U O KOJUBAHb Mac, 1 y IPYKHHUX 3B’ s3KaX BUHUKAIOTH JTUHAMIYHI
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HaBaHTAXXCHHSA, OCOOJIMBO Y MEXaHi3Max IEpecyBaHHS W MOBOPOTY NPH PI3KUX MyCKax 1 rajb-
MyBaHHI. 3HaUHUH BHECOK Yy pO3pOOKY MUTaHb TWHAMIKK BaHTAKOIIIHOMHUX MaIlliH BHECTH A.A.
Baiincon [2], M.I1. Anekcanapos [3,4], C.A. Kazak [5], M.C. Komapos [6], M.M. T'ox6epr [7]. Ta-
KO TTUTAHHSM JIOCJIIJKEHHS 1 YCYHEHHS HeOaKaHMX MPOILCIB MiJ yac poOOTH BaHTaXKOIIIHOMHOT
TEXHIKM 3aiiMaiCh 3aKOPAOHHI Ta BITYM3HsHI HaykoBui Ta BYeHi [10-17]. ¥ uurToBaHuX BUIlE po-
00Tax PO3TJISIHYTI BOKJIMBI aCIEKTH (DYHKI[IOHYBaHHS BaHTKOMIJHOMHUX KpaHiB, HABEJICHI TUITOBI
PO3paxyHKOBI CXEMH JJIsi MOJICIIOBAHHS TUHAMIYHHUX IMPOIECIB, M0 BiAOYBAIOTHCA Y MeEXaHi3Max
MiIHOMY BaHTaXy, 3aKPIIUICHOrO0 Ha KaHAaTaX, BU3HAYCHI AMHAMiI4HI KOE(]illi€HTH HaBaHTaXCHb Y
NpY)XKHUX eJleMeHTax Tomo. lIpore, Ha OyMKy aBTOpIB JAaHOTO JOCHIDKEHHS, MUTAHHSAM OI-
tumizarii (MiHiMi3alii AMHAMIYHAX HABAHTA)XEHb) PEKUMIB PYXy BAHTAXKOIIIHOMHHX MEXaHI3MiB,
o (YHKIIOHYIOTh y mepexinHux (MIBUIKOIUIMHHMX) YMOBaX, MPUAUICHO HEJOCTATHIO YBary Jo-
cmiaaukiB. i mpoGaemu, 3amayi ciaif po3B’s3yBaTH, BUKOPUCTOBYIOUM Cy4YacHI, HAyKOBO OOTpyH-
TOBaHI MeToaM (HampUKIa, METOIM MaTeMaTHYHO! (i3UKHM Ta KJIACHYHOTO BapialliifHOrO YHCIICH-
Hs), MOCTIHO YTOYHIOKOYH M BJOCKOHAIIOIOYH PO3PaXyHKOBI CXEMH BKa3aHHMX BHUINE MEXaHI3MiB 3
HAsBHUMH y HHUX MPYKHUMH eJleMeHTaMu (KaHaTaMu), siKi i MPUBOASTH 0 BUHUKHCHHS HeOaXka-
HUX KOJIMBHUX MPOIIECIB Y €IeMEHTaX BaHTAXKOIIIHOMHUX KPaHiB 1, K HACIHIJIOK, JO TUHAMIYHUX
NepeBaHTAKEHb IUX €JIEMEHTIB i 1HIINX BY3IIiB.

VY maHoMy JIOCiKeHHI OyAyTh 4aCTKOBO BUKOPHCTaHI pe3yasTatu podotH [1].

3. [locTanoBKa MeTH Ta 3aBAAHHA JOCTiIKEeHHSA

Merta maHoi poOOTH mojisirae y oOIpyHTyBaHHi (i3 BUKOPUCTAHHSAM aHATITHYHUX METO/IB Ta
MIiIXO/IB) ONTUMAJIBHUX PEKUMIB (YHKIIOHYBaHHS BAaHTAKOIIIMOMHUX KpaHIB Yy MEPeXiJHUX
nporiecax (MycKy, TalbMyBaHHs, PEBEPCYBaHHsI) 3a Pi3HUX CHOCOOIB MiAHOMY BaHTaxy («3 Barm»,
«3 MIJIXBATOM», «3 3€MJIi»), SIKi JIO3BOJISIFOTh MIHIMI3yBaTh HPOTSATOM MPOMIXKKY 4acy, L0 TPUBAE
nepexiHui Mpollec, JMHAMIUHI HaBAHTaXKEHHS Y MPYXKHUX eleMeHTax (kaHarax). Kpim Toro, mpu
peaizamii MeTd poOOTH BCTaHOBIICHI: 1) 3aKOHHM PyXy OKpPEMHX EJIEMEHTIB BaHTaXOIiIHOMHOTO
MexaHi3My KpaHa (BIlaCHE BaHTaXy i €JEKTPOMEXaHIYHOI CUCTEMHM HOro MmigioMy), ki BiamoBiga-
I0Th 33JJAHUM KPUTEPIsIM SKOCTI TAKUX PyXiB; 2) BU3HAUCHI OCHOBHI IIApaMETPH LIUX PEKHUMIB.

4. BUKJaJ 0CHOBHOI'0 3MiCTY JIOCJIi/IKEHHSI

AHaJi3 TMHAMIYHUX HaBaHTa)XCHb Y JIBOMACOBIM MPYXHIHA CHCTEMI MpH ii MOCTyHaIbHOMY

pyci. Pymriitae 3ycuist P = const.

Bigomo [7], mo BaHTa)xomigiioMHI KpaHW (HAIPUKJIaJ, MOCTOBI) € BEIYyYHMMH MaIlMHAMHU
[I0I0 MEPEMIICHHS BaHTaXiB (3arOTOBOK Ta JCTajei) MK TEXHOJOTIYHUMH OIEpallisiMi, TOOTO
BOHH 0€310CepeIHbO MPUIIMAIOTh YYacTh y BUTOTOBIICHHI MPOYKIIii.

JluHaMiuHI HaBaHTaXEHHS 1 PO3TONAYBaHHS TOJOBXKYIOTh 1 3HUKYIOTh SIKICTh BUKOHAHHS
orepallii, 1110 3HauHO 301JIbIIy€e TPUBATICTh YCHOTO BUPOOHUYOTO mporiecy/nukiy. Ha oaHy BUpo0-
HUYYy TEXHOJIOTIUHY orepallito npumnanaae 8...10 onepariiii mo nmepemimiennio BanTaxy [8,9].

3amis po3B’sA3Ky BHHHUKAIOUMX MPOOJIEM CIij MiABHILYBATH CTEIMiHb aBTOMATH3aLli €JIeK-
tpomexaniunoi cucremu (EMC) kpana. Ile 103BOIHMTh BpaXyBaTH HU3KY KIHETHUHHX MapaMeTpiB,
KOTp1 BIUIMBAIOTh HA JMHAMIYHI HABAHTAXKCHHS 1 PO3rOMyBaHHS BaHTaXIB MIPH iX MEPEMIIICHHI.

Omxke, A1 MOOYAOBH pamioHaTbHUX/ONTUMANIBHUX (SKi MIHIMI3YIOTh JHHAMIYHI HaBaHTa-
KCHHS y MPY)KHUX SIIEMEHTAaX MEXaHi3My IMiAHOMY BaHTaXXy — TaKHX, SIK KaHATH) €KCILUTyaTalliiHIX
PSKUMIB BEPTHKAIBHOTO IMepeMinienHs BaHTaxiB EMC (MOCTOBOro) KpaHa CiiJi BHPIIIUTH
HacTymnHi 3aaa4i: 1) po3poOUTH MaTeMaTHYHUI OMUC TEXHOJIOTIYHOTO MPOIIECY BEPTUKAIBHOTO Iie-
pemimenns BantaxxiB EMC (MOCTOBOro) KpaHa [ist 3aaHuX PYIIHHUX CHJI 1 ONIOPiB; 2) BU3HAYUTH
KiHEMaTH4YHi 3aKOHOMIpHOCTI pyxy enemenTtiB EMC, kotpi (hopMyroTh TUHAMiYHI HAaBaHTAXEHHS, 1
JOCITIIUTH iX Y HEePEXigHUX peKuMax (YHKIIOHYBaHHS KpaHa; 3) JaTH PEKOMEHJIAIII1 040 mo0y-
JIOBU PalliOHAIbHUX/ONTUMAIBHIX CKCIUTyaTalliitHuX pekuMiB kepyBanHs EMC (MocToBoro) kpana
3a Pi3HKUX CIIOCOOIB MiIHOMY BaHTaXKy («3 Barm», «3 MiJXBaTOM», €3 3€MIII»).

VY sikocti 00’ exta gocmipkenns npuiiHaTa EMC nigiiomy BaHTaXiB MOCTOBUM KPaHOM THITY
HK 1090A, skuii Mae HACTylHI TEXHIYHI XapaKTePHUCTUKH. 1) HOMiHaJbHA Maca BaHTaXy
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| =16x10%kz; 2) Maca KpaHOBOrO MOCTy m, =25x10°xz; 3) Maca Biska m, = 6110°k2; 4) wBna-
KicTh miniiomy BaHTaxy V »0,33m/c; 5) BucoTa mponsoTy Oanku h=25u; 6) cucrema enekTpo-
[IPUBOY — TUPUCTOPHHI MEPETBOPIOBAY YACTOTH — aCMHXpOHHHUH enexkrpoasuryHn (TTIU — AJT) 3
3aKOHOM PEryJIFOBaHHSI Ul% = const -

[IpenMerom OCTIIKEHHS € KIHEMaTU4HI 3aKOHOMIPHOCTI pyXy BaHTaxy 1 enementiB EMC
Ha MEBHUX eTarax miioMy pi3sHHUMH crioco0amu («3 Barm», «3 MmiJxBaTOM», «3 3eMIIi»).

Pi3H1 yacTUHM MeXaHI3MIB KpaHa IOYMHAIOTh CBiM pyX HeoJHOYacHO. OCKUIbKH y MEpIINi
MOMEHT IIyCKy BaHTaX I€ HE II04aB pyXaTHCh, a YaCTMHH MeEXaHi3My, fKi 00epTarThCs,
3/iMCHIOIOTH PO3TiH JI0 TMEBHOI IBUAKOCTI (V,), PyX BaHTaxy BilOyBaeThCs JHMIIE TICisA BUOOPY

3a30py (cnabunu kaHaty). L[ oOcTaBuHA MPHU3BOIUTH 10 BUHUKHEHHS J10JJATKOBHX 3YCHJIb. | BaH-
TaX, 1 YaCTUHU MEXaHI3My HOro migiomMy He € abCOJIIOTHO JKOPCTKUMHU. J[0AaTKOB1 3yCHILIA TpU3-
BOATH SK 110 KoymmBanb EMC, Tak i camoro BaHTaxy. HacaiikoM KOJMBHUX MPOIECIB € TUHAMIYHI
HaBaHTakeHHs. [Ipu mepemimenHi BantaxiB EMC mocToBoro kpaHa MoBHHHA 3a0e3ledyyBaTd
MIHIMYM JMHaMIYHAX HAaBaHTaXKEHb 3a 3a/1aHOI MPOAYKTUBHOCTI (PYHKIIOHYBAaHHS BaHTAXKOMIHO-
MHOT'0 MEXaHI3MYy.

Bimomo, 1m0 Ha MOCTOBUX KpaHaxX HaWOLIbINI JUHAMIYHI HABAHTAKCHHS BUHHKAIOTH TPH
migioMi «3 migxBaTomM» 4M npu TajgbmyBaHHi [3,4,9]. SIkmio 1o oO0CTaBUHY HE BpaxOBYBaTH Ha
MEPUINX eTanax MmiaioMy BaHTaXxy, TOAl TPUBAIICTh MPOIIECY IYCKY CYTTEBO 301IBITYETHCH.

Criouatky pO3IJISIHEMO JAMHAMIYHI HAaBaHTA)KEHHS Ta 3aKOHHM PYXY y JIBOMAcoBiil cucremi 3
niHilHOI0 KOpCTKicTIO C ¥ Macamu m, (mpuBeseHa maca yactun EMC nigiiomy, sixi o6epTaioThes)

Ta m, (Maca BaHTaxy).
Ha Bxasani Macu Ait0Th pyIiiiHi cuan P (mocTiiiHi, He3anexHi Bij yacy t) i cunu omopy Q

(y Bursimi cuim Baru BaHtaxy) (puc. 1). Jlo Takoi cucTeMu MOXKHA IIPUBECTH MEXaHI3MU iAoMY,
JIe JKOPCTKICTh KaHATIB TOJIICIIACTIB HabaraTo MEHIA KOPCTKOCTI caMoro MpUBOAY, CTPIYKOBI Ta
JaHIoroBi kouBeepu Tta iH. [1]. [lig miero 30BHIMIHIX CHII y HEyCTaJICHHH TEpioJ y NPYXKHIH cu-
cremi (KaHaTax) BUHUKAIOTh KOJMBHI MPOLECH.

E JudepenianbHi piBHIHHS pyXy Mac y IEpexXiTHAN mepio
X po0OTH MeXaHi3My MiAHOMY BaHTaXy (HANPUKIIAM, IyCKY)
MaroTh BuJ [1]:
° 1y 2
< d“x
- impx& +Cx(x - %p) = P; % = L
g 1 dt? (1)
X 4 1 q2
— . X
Am, k& - Cx(x; - Xp) = -Q; &, = 22;
ms dt
’ ne Xq,X, — HEpEeMilleHHs BIANOBIIHO IEPIIOi i Apyroi

+ q Mac; Q B3sTa 31 3HAKOM MIHYC K CHJIa OTIOpY.

V piBasHHsAX (1) mepun cKIagoBi — CHIM iHEpLil
BIIMIOBIIHOT MacH, APYT1 — CHJIM TPYXKHOCTI y 3B 3Ky. Y
npaBiii yacTuHi piBHAHB (1) — cuiM, Ai0Yi Ha CUCTEMY Y
1epioJ] HEYCTaJIEHOTO PyXY.

Puc. 1. — PozpaxyHkoBa cxema aBO-
MAacoBOI IPY>KHOI CUCTEMHU TIPH T10-

CTyNaJIbHOMY PYyCi: ( — IIPUCKOPEHHs
BUIBHOTO HNaJiHHsA, Q = m2 Xg.

3 nBox piBHsSHb cuctemu (1), micis HECKIAAHUX IIEPETBOPCHb 1 BBEICHHS HOBOI 3MiHHOI

X = (X = X,) — Pi3HHIII IEPEMILIEHb MaC, MOKHA OTPMMATH OJHE AU(PEPEHIIANBHE PIBHAHHS UL X
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8&+p2XX:m2XP+m1XQ’ )
m, xm,

. -1 .
ne o= |Cx(my +mMy) - xpyroea yacToTa BIACHMX KOJHMBaHb IBOMacoBoi cuctemu, C . Ilepion
mg xm
Al

BJIACHMX KOJMBaHb | ,C BU3HAYAETHCS 31 CITIBBITHOIICHHS

T:@:2px —mlxm2 . 3)
p \ Cx(my +my)

3aranpHui po3B’s30K (2) xapakrepusye aedopmaiiiro mpy>KHOTro JIAHIIOra (X(t)) um

JUHAMI4YHE 3yCHILIS Y HbOMY, OCKUIBKH:

P()uHaMilme © PO =Cx (Xl - X2) =Cxx. 4)
Po3B’s130k (2) i3 BpaxyBaHHsaM (4), Ma€ BU/:
i P+
P, = Axcos(pt) + Bxsin(pt) +M. (5)
m +m,

Y (5) - (A,B) — mocriiiHi iHTerpyBaHHs UM aMIUTITYId KOJIMBaHb JMHAMIYHUX HABAHTa)KCHb

y KaHari, JUIs BU3HAYeHHsI KOTPUX HEOOX1JHO BCTAHOBUTH OYATKOBI YMOBH.

A. SIKI110 10YaTKOBI YMOBH: X| =0 = 0; ﬁ|t:0 = dx =0, o610 paxriano Py 20, Toxui:
t=0
A=_MP+rmQ p_g (6)
my + m,

@DaKTUYHO TaKl IOYATKOBI YMOBH pealli3yl0ThCs JUIsl MEPIIOi CTajali MAHOMY «3 MiAXBaTOMY,

KOJIM KaHart Ie HeHanpyxenuii (P, =0), a pyx apyroi macu BincyTHiit (X, = %, =0), To6T0 IIpOTA-

rom Bubopy cinabuxu xanaty. Toai wis Py maemo:

P = (mQ +m,P)

) (m, +m,) x(1-cos pt) = B, x(1 - cos pt), @)

ne P, — nocriiina ckiazoBa HaBaHT@XeHb, KOTpa JOPIBHIOE CyMi CTaTHYHMX Ta iHepuiHMX (Bin

macu M, ) HaBaHTaXeHb, 1 BU3HAYAETHCS 32 (HPOPMYIIONO:

Pn:(m1Q+m2P):anQJranp, (8)
(my +my)
L om

, N, = — koeoimienTn po3noairy Mac y cuctemi. (TyT i y mopasbiiomy
my +my my +m,

e n1:

MPHUUAHATI Mo3HaYeHHs pobotu [1]) .
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Jlnst 3’sicyBaHHS TIMTAHHS, HACKIIBKH JUHAMIYHI HABAHTAXXCHHS Y MPY/KHKUX 3B’ s13Kax (KaHa-

Tax) MEPEBUINYIOTh BEIMYMHY CTATHCTUYHHX HABAHTAXKEHBb y MEPIOJ HEYCTAICHOTO PyXYy, HOIaMO
dopmyay (5) (a1 MOYaTKOBUX YMOB, 3raJaHUX BHIIE) TAKUM YHHOM:

Py =Q+(P-Q)xn,x(1-cospt). 9)

MakcumalbHi 3HaUYEHHS aMILTITY/] KOJIMBaHb HABAaHTAKEHHsI Y MPYXKHUX 3B’sI3KaX HACTyIa-

* . . .
IOTb Y MOMCHTH 4Yacy tn, K1 BU3HAQYAXOThCA 3 HACTYIIHUX CITIBBIAHOIICHD.

px(2n-1)
7p .

cos(pt) =-10 pt, =p(2n-1), nTN Ut = (10)

[Ipu npomy mMaemo:
P()max:Q'I'ZX(P_Q)XnZ- (11)
HaliMeHnn HaBaHTaXEHHsA y KaHaTax OyJyThb y MOMEHTH 4acCy 1., fKi BM3HA4alOThCH 3

HACTYITHUX CITiBBITHOIICHB!

cos(pt) = +1 0 pxty = 2px(k-1), kTN Ot =P K= (19)
p
Ipu wpomy st Py i, Maemo:
P() min = Q (13)
Po3max KoJiMBaHb HABAHTAXKCHB Y TIPY)KHHX 3B’ A3KaX CKJIaJae:
m
A = Pomsx = Pymin =21 (P = Q)#n, = 2x(P - Qpr——2—. (14)
posmaxa msXx min (ml + mz)
KoeimieHT TMHAMIYHOCTI y IbOMY BHITAKy BU3HAYAETHCA 32 (DOPMYIIOHO:
K, R (1- cos pt) :2xsin2§E9. (19)
Pn e29¢

3anexHicTh (15) momana Ha puc. 2.

| I |
| I |
| | |
| I |
| I |
| I |
I I |

ZEN N 7R, S AN S/ 7

Puc. 2. — 3ayexHicTh I(a Big t (15).
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b. Slkmo mouyaTtkoBi ymMOBH (yTOYHEHI): X| =0 = 0; )?i|t_0 =V,, 10610 paxktuno P, €0,
TOI:

A=

_myP+mQ _Cv,
m+m, p

(16)

@DaKTUYHO TaKi MOYATKOBI YMOBH peasli3yl0ThCs ISl EepIIoi cTajii miaioMy «3 MiJIXBaTOM»,
xonu Kanar we Henanpyxenuii (P, =0), a pyx apyroi macu Bixcytniit (X = &2 =0), To6T0
MPOTIrOM BUOOPY CTabMHM KaHATy (CITiJ 3a3HAYMTH, 110 HA BIAMIHY BijJ BHUIAJKy, PO3IJISHYTOTO Y
m A, ko ¥=0, ﬁz =0 0 ﬁl =0, To6T0 OyB BiZICYTHI} NOCTyNalbHUM PyX Macu 1y, y BUNaj-

ky . b —ipu &, = 0 (nepyxoma maca m,), % 10, ¥ =V,, 10610 icHye movaTKOBa LWIBUIKICTH

pyxy Macu My, komu Bantax (M, ) me He nouas il pyx (¥, =0), a wactunn mexanismy EMC
(Maca m,) siki 00epTarOThCs, PO3irHaHi 0 NMEBHOI MIBUAKOCTI 0OEPTaHHS 1 MAIOTh JIiHIMHY MIBU-
KicTb o6epTanbHOro pyxy V).

Po3B’s130k (2) st Takux movatkoBux yMoB (1. B) mae Bua;

cv,

P, = P, 1(1-cos pt) + Cl\f tsin pt=Q + (P - Q)xny #(L- cos pt) + —xsin pt. (17)

MiHiManbHi 3HAYCHHS HABAHTAXKCHHS y KaHaTaX Oy/yTh y MOMCHTH 4acy t. , sKi BU3Haua-
IOTHCS 3 HACTYIIHUX CIiBBIJHOIIEHB!

—_

1 - A R
'|Tg(pt)=—%u pt; =iXp—arctgae CVo 8 iTN O
. P Xp gp 0

I n n p [}
T . (18)
| ¢ 2 CV, 0l
T glxp- arCtgg " U
. i )
1) p
[Ipu bomy [utst Py i Maemo:
* CV - *
P, min = P, *{L - cos(pt; )} + =2 xsin( pt;). (19)
OCKIJIbKH y IPAaKTHYHKUX BUITAKaX BUKOHYETHCS HEPIBHICTH:
P, >> CVo , (20)

Y
. . * .
TOJli MAaKCHMaJIbHI 3HaUEHHs HaBaHTa)KeHb y KaHaTaX OyayTh y MomeHT yacy t, (10) i ckia-

aIOTh.
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(21)

Po3Max konnBaHb HaBaHTaKEHb Y NPy KHUX 3B’s3KaX BU3HAYAETHCA 31 Cl'IiBBiI[HOI_HeHHSI:

Yo sin(p )i (- + 211+ (S0)2y . (22)
p U 0 p Eﬁ

-~ é *
Apo&uaxa @ épn X{l_ COS(pti )}+
e

KoedimienT nuHaMiqHOCTI y IIbOMY BUIAJAKy BU3HAYAETHCA 32 (OPMYIIOH0:

k, = (L- cos pt) + ;:XVF‘)’ xsin( pt). (23)

3anexHicTh k, (t) (23) MorkHa ojaTh y iHIIil popmi:

xsin(pt - &), (24)

1-1-O

. "
A€ a= arctgg IZ:XVP”
(o]

=

. * . .
MakcumanbHl 3HAYEHHS ka BUHHMKAIOTh y MoMeHTH (t j) yacy, sKI BHM3HA4arTbCs 31

CHIBBIIHOILIECHHS:
(prt; -2)=P+2px(j-1, jTN 0t]—*=l'?p+2p(j-1)‘4+a”/p. (25)
2 182 i
IIpu npomy mMaemo:
2
Kymax =1+ 145 Vo 3 (26)
TIL¥

MiHiManpHI 3HAYCHHS ka BUHHUKAIOTh Y MOMEHTHU (tl* ) Yacy, sKi BH3HA4YalOThCSA 31

CHIBBIIHOLIICHHS:
(prt, -a) = -g+2pX(I -1), ITNUOY :i-g+a+ 2p(l —1)%/p. (27)
|

[Ipu ubomy maemo:

+1<0. (28)

I(dmin =1- E

I'padik 3anexnocti k,(t) (24) y BunaaKy 1no4atkoBux yMoB 1. b HaBesieHuii na puc. 3.

©Jloseiikin B.C., Yosnrok 10.B., Kagukaino 1.0., 2019 13
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ks

Puc. 3. — Sanexuicts Ky Bin t (24).

B. SIkiio noyaTkoBi yMOBHU: X\ Q ﬁ|t 0 " = 0, T006TO paKTHUHO Pa Q, Toni:
c’
A=- My * PHada =Ny X PHa()Jz; PHadfz =P - Q > 01 B=0. (29)
(mg +m,)

L5 cutyaris peanizyeTbecsi MPH MiAKOMI BaHTaXy «3 Baru», KOJIH JI0 MOYATKY MYCKY CHUCTE-
Ma 3HAXOJWJIACh ITiJl HABAHTAXKEHHAM (KaHATH HANPYXKCHi, OCKUIBKM BAaHTaXX 3HAXOIMTHCS HE Ha

OIIOpi, 1 PO3TATHYTI CUJIOKO Baru Macu M, ). Toxi maemo:
P, =mQ+n,xP-nyxP,,, xcospt=P, -n, x(P -Q)xcospt (30)
MaxkcumanbHi 3Ha4eHHS aMIUTITY]] KOJIMBaHb HaBaHTAXEHb Yy MPYKHUX 3B’S3KaX HACTyTa-

* . .
10Th y MoMeHTH 4acy {, (10) i npuiimaroTs:

Pmax= P t X (P-Q =2nP+(n, -ny)*Q (31)
MiHiManpHi 3HaYEHHS aMIUTITY]l KOJIMBAaHb HABAaHTAKEHHS Yy KaHATaX BUHUKAIOTH Y MOMEHT

qacy t: (12). Ipu upomy mnst Py, Maemo:

Pymin = Py =2 X(P = Q) = (m, +ny)xQ. (32)

Po3Mmax kolnBaHb HaBaHTaKEHb Y NPy KHUX 3B’s3Kax CKJIaJlac.

~
~

Aposmaxa_ P + Ny X(P Q) P + N, X(P Q) 2n2 X(P Q) 2n2 Haoxr (33)
KoedirieHT 1uHaAMIYHOCT] Y IIbOMY BUIIAJKY BU3HAYAETHCS 32 (HOPMYJIIOIO:
k,=1- M2 X(P=Q) s pt =1- 2" Chaon Praon y cos pt =
Pn Pn
Ny n,P -n
N2 (P=Q), o pt=1- (2P =15Q) ;s pt. (34)
nQ +n,P (n,P -nQ)

Otxe, y IIbOMY BHIIQJKy 1 pO3Max KOJHMBaHb 1 KOEQILI€HT AMHAMIYHOCTI MEHIII, HIXK Y

BUIIAJIKy, OUCAHOMY Y IIYHKTI A.

. * .
Maxkcumanbhi 3Ha4eHHs K, BUHHKalOTh y MomeHTH dacy t,, (10) i cknanarors:

14 ©Jloseiikin B.C., Yosnrok 10.B., Kagukaino 1.0., 2019
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K :1+(n2P—n2Q) _ 2”2P+(”1‘”2)Q. (35)
omax (NP +nQ) (NP +nQ)

*
MiHiManbHI 3HAY€HHS ka BHHHKAIOTh y MOMeHTH 4acy 1, (12) i ckiajgarots:

_ (NP -nyQ) _ (n +ny)Q _ (36)
(NP +nQ) (NP +nQ)

I'padik 3anexnocri K, (t) a1g Bunanky 1. B mo4aTkoBUX yMOB HaBEE€HUH Ha puC. 4.

ka min —

* * * *
(3po3ymino, mo Bkasani Bume 3Hauenus {,, T, t; 1 i [IOBMHHI HaJle)KaTH iHTEpBaITy [0.t,].

net, - TPUBAIICTH MYCKY/PO3rOHY CHCTEMH i THOMY BaHTaXYy).

(,P-n, @)

2 4+ / P ppmar

\ m,P-m, Q)

i P-r, @)

0 | ! e | |
/2 T w2 m sy /2 ot
Puc. 4. — Sanexuicts K, () (34).

BucnoBxu

VY Mexax MozelNi TUCKPEeTHUMHE (30CepeKCHUMHM) MapaMeTpaMu BCTAHOBIICHI 3aKOHU PyXy
MEXaHIYHOT JIBOMAcOBOi MOJeNi, sika MOJACIIOE (YHKIIOHYBAaHHS MEXaHi3My MiIHOMY BaHTaXy
(MocToBOr0) KpaHa, sl TPHOX CHOCOOIB MiJHOMY BaHTaXy: a) «3 MiJIXBATOM», «3 Bark», «3 3eMIIi».
AHaNITUYHO ONKMCaHI OCHOBHI XapaKTEPUCTUKHU X PyXiB KOJMBHOTO Xapakrepy: 1) ammuityxaa; 2)
qacToTa; 3) nepiof; 4) KoedillieHT TUHAMIYHOCTI. 3apONOHOBaHI KpUTEPil SKOCTI pyXy, KOTpi 103-
BOJISIIOTh Y PEXUMax IyCKYy MiHIMI3yBaTH KOE(IMIEHT AMHAMIYHOCTI JJIs BCIX TPhOX, 3a3HAYCHHUX
BHUIIIE, CIIOCOOIB MiZOMY BaHTaXy Ta 3aKOHU PyXy MEXaHIYHOI CUCTEMH, 5IKi 3aJJ0BOJIbHAIOThH BKa-
3aHUM KpuTepisiM. OTpuMaHi y poOOTi pe3yJbTaTH MOXKYTh y MOAAIBIIOMY CIyI'yBaTH U yTOY-
HEHHS 1 BJOCKOHAJICHHS ICHYIOUYHMX 1H)XKEHEPHUX METOJIIB PO3PaXyHKY MEXaHi3MiB MiJHOMYy BaHTa-
XKy PI3HUMH CrIoco0amMu («3 Baru», «3 IMiAXBaTOM», «3 3¢MJIi») IpH (YHKI[IOHYBaHHI KPaHiB y Iepe-
XiTHUX pekuMax (IyCKy, ralbMyBaHHS, pEBEpCy Ta iH.) 1 y peXuMax peaslbHOI eKCILTyaTallii.
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JOpOXKHii konemk; ByJ1. KorenbHuKkiBebKa, 3, M. Xapkis, 61051, Vkpaina

B cTarTi po3risiHyTHII HaNpyXeHUH CTaH TPHOXIIAPOBOI IMIIHAPHUYHOI KOHCTPYKLIL 3 ypa-
XyBaHHSIM €Heprii 3CyBy 3allOBHIOBaya. B TpbOXIIAapoBiii KOHCTPYKIiM /Ba 30BHINIHI IIapu
3’€IHaHI 3a JOTIOMOTO0 3allI0BHIOBAYa, IKUH Ma€ MEHIIY MILHICTh Y MOPIBHAHHI JI0 30BHIIIHIX IIa-
piB. 3anoBHIOBaY 3a0e3Meuye Mpy>kKHI BIACTUBOCTI OOOJIOHII 1 MpAIlOe Ha Mepeiady 30BHIIIHBOTO
TUCKY Ha 30BHILIHI LIapH 1 MONEPEUHUX 3yCHUIIb 3CYBY.

XopcTKicTh y TpbOXIIAPOBUX KOHCTPYKIIM 3HA4YHO BUINA, HIX Yy CYLUIBHHUX METaJIeBHX
KOHCTpYKLisX. KpiM TOro, BOHM BUTPUMYIOTH 1 OibIlll HABAHTA)XEHHS, SKI BUHUKAIOTh MPH MPHK-
JIaJIEHH] 30BHINIHIX HABAHTAXXEHb.

B 3anexxHOCTI BiJ MOIYJIIO MPY>KHOCTI 3alIOBHIOBAaYa Y MOMEPEYHOMY HANPSIMKY B TPbOXIIIa-
POBHX KOHCTPYKIIISIX MOXYTh BUHHKATH 1 onepeyHi aedopmariii.

B craTTi Oy10 po3rIsiHyTO piBHSHHS 3MIHEHHSI KPUBU3HU OKPEMOTO KiJIbIISl Y BUMIAKY, KOJIU
HAaBaHTa)XCHHsI HAa OOOJIOHKY PO3MOJUICHO BIPOAOBXK OJHIET TBIPHOI 1 BU3HAYEHI HOpPMaJlbHI Ha-
MPY>KEHHsI B TUIONT cumeTpii pu x = 0.

[Ipu mpoBeneHHI po3paxyHKiB OyJuM BUKOPUCTAaHI TIMOTE3W MPO BiJACYTHICTh PO3TATHEHHS
KUJIeIb BIIHOCHUX Je(opMaliii B OKpY>KHOMY HalpsIMKy Ta BiJICyTHOCTI 3CYBY CE€peIMHHOI IOBEp-
XHI.

ByB cknanenuii Bupa3 ais NOTEHIIAIbHOI €Heprii 1 3a JormoMororo piBHsSHHA Elinepa Bapia-
LiHOT 33724l OTPUMAHO JIiHiliHEe HeoIHOpiAHEe AudepeHwiliHe piBHAHHS 4eTBEpPTOro crymento. Ilic-
JIs1 BUPIIIEHHS IIbOTO PIBHAHHS aHAJITHYHUM METOJOM OYJIO OTpUMaHa 3aJIeXKHICTh IS padialbHIH
MepeMillieHb, 10 Ja€ 3MOTY BU3HAYATH OKPY’KHI 1 HOpMasbHI HaNpy>K€HHS B IIMJIIHAPUYHIN 00010~
HI.

OTpumaHe B HAyKOBOMY JIOCIIDKCHHS PIIIEHHS 3a/1a4ul MIIIHOCTI TPhOXIIIAPOBOi IUIIHIAPH-
YHOT KOHCTPYKIII1 I03BOJIsSI€ BUSHAYUTH HAIPY>KCHHS B OOOJIOHIII B 3aJIGKHOCTI HE TUIBKHU BiJ T€O0-
METPUYHHUX 11 HapaMeTpiB, ajie 1 MOJYJIIO 3CYBY 3allOBHIOBaYa, 110 MOKPAILIY€e JOCTOBIPHICTh Mpoe-
KTyBaHHS 1 €KCIUTyaTallilo0 TAKMX KOHCTPYKLIH, 110 Aa€ MEeBHI peKOMEeHAallii 10 11 BUKOPUCTAHHIO.

Kniouogi cnosa: nuninapuvaaa 000JI0HKA, HAPYKEHHS, MIIHICTh, €HEPTis 3CYBY, 3aIlIOBHIO-
Bay, KpUBHU3HA.
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®unposckas, H.H., Caenyxuukos E.Jl., IlepeBozuuk U.A. «Onpenenenrne npoyHocTu
TPEXCIONHON MHUJIMHIPUIECKON 000I0UKH».

B cTtaThe paccMOTpeHO HaNpsHKEHHOE COCTOSIHUE TPEXCIOMHON IUIMHIPUYECKON KOHCTPY-
KUK € YUYCTOM SHCPruu CABHUIA 3aIIOJIHUTCIIA. B TpeXCHOﬁHOﬁ KOHCTPYKIHUH IBa BHCHIHUX CJIOA
COCANHCHBI C ITIOMOIIIBIO 3aIIOJIHUTECIIA, KOTOpLIfI HMECT MCHBINYIO IMPOYHOCTb B CPABHCHHUU C BHC-
ITHUMH CIIOSIMH. 3aTOJTHUTEh 00ECIICUnBaET yIPYyTrrue CBOMCTBAa 000I0UYKE U paboTaeT Ha repeaady
BHCIIHCTO JAaBJICHHA HAa BHCIIHUC CJIOU WU ITOTICPCHHBIX yCI/IJII/Iﬁ caBUra.

KecTtkocTh TPGXCHOIZHOP'I 000JI0YKH 3HAYUTEIILHO BBIIIIC, YEM B CIIJIOIIHBIX MCTAJINIMYCCKUX
KOHCTpYKLUAX. KpoMe TOro, oHM BBIAEPKUBAIOT U OOJIBLINE HArpy3Kd, KOTOPbIE BOZHUKAIOT IPU
,HeﬁCTBHH BHCIHIHUX CHJI.

B 3aBucumoctu ot MOAYJIA YHOPYTOCTH 3aIIOJIHUTEIIA B IMOIICPEYHOM HallpaBJICHUH B TPEXC-
JIOMHBIX KOHCTPYKIHUAX MOTYT BO3SHHUKATh U IIOIICPECUYHBIC /:[e(bopMaum/I.

B crarse ObLIO pPaccMOTPCHO YpPAaBHCHUC U3MCHCHHUC KPUBU3HBI OTACJIBHOI'O KOJIbIIA B CIIy-
qaec, Koraga HarpyskKa Ha 06OJ'IO‘-IKy pacnpeaciicna BA0JIb O,Z[HOI71 HaHpaBJ’I}IIOIJ_Ieﬁ " ONIpCACIICHBI HO-
PMAJIBHBIC HAIIPAKCHHA B IIJIOCKOCTH CUMMCTPHU IIPU X :0.

[Tpu mpoBeneHUN pacyeToB ObUIM HCIIOJIB30BAaHBI TUIOTE3bI MPO OTCYTCTBHE PACTSIKECHHUS
KOJIel] OTHOCUTENbHBIX Jedopmanuii B OKPYKHOM HaIlpaBJIIEHUU U OTCYTCTBHS CIBUIA CPEIUHON
IIOBEPXHOCTH.

Bruto cocraBieno BBIPAXXCHHUC IJIA HOTGHHI/IEIJ'IBHOFI OHEPIvr U C IIOMOIIBIO YPAaBHCHUA Dn-
Jiepa BapUaIllMOHHOW 3a/layd MOJYYeHO JUHEHHOE HEeOAHOpOAHOE auddepeHIInaIbHOe ypaBHEHUE
quBepTOﬁ crenenu. Ilocne peliCeHus 3TOTO YPpaBHCHHUA aHAJIUTUYCCKHUM MCETOJO0M ObL1a IMOJIyucCHa
3aBUCHUMOCTD IJIA paJualIbHbIX nepeMemeHI/HZ, 4TO AAaC€T BO3MOXKHOCTD MOJIYUYUTb OKPYIKHBIC U HO-
pMalibHbIC HANIPSDKEHUS B HWJIMHIPUIECKON 000II0UKe.

HonyquHHe B HAYYHOM HCCJICAOBAHUHN PCHICHUA 3aa4r IMPOYHOCTHU Tp@XCJIOfIHOfI IMUJIINH-
I[pPI‘ICCKOfI KOHCTPYKIHWH IMO3BOJIACT OMPCACIIUTL HAIIPSKCHUA B 000JI04Ke HE TOJIHKO B 3aBHCHUMO-
CTHU OT Fr€OMCTPHUYCCKUX €€ MapaMETPOB, HO U MOAYJIA CABUT'A 3alIOJITHUTECIIA, YTO IMOBBIIACT JOCTO-
BEPHOCTh IIPOCKTUPOBAHUA M IKCILTyaTallUI0 TAKHUX KOHCTpYKI_II/Iﬁ " aacT OoNnpEACICHHBIC PEKOMCH-
Jaluy 110 €€ UCII0JIb30BAHUIO.

Knroueswie cnosa. HNUIMHAPHUYCCKAasA O60J’IO‘{Ka; HaprI)KeHI/IH; HpOLIHOCTB; SHEpPTIHUiA CIABUra,
3aI10JIHUTEID, KpHUBU3HA.

Fidrovska N., Slepugnikov E., Perevoznic I. «Definition of durability of cylinder three
layer design».

In the article consideration strained condition of three layer cylinder design with calculation
of energy displacement fill in. In three layer design two outward layer united with help fill in, which
have lesser durability as compared with outward layer. Full in securing elastic property of cylinder
and work on transmission outward pressure on outward layer and cross-section effort of
displacement. Hardness three layer design considerable higher than in unbroken metallic design.
Besides that they stand and large loading, which arise in the time of action outward forces.

In dependent on modulus elasticity of full in diametrical direction in three layer design can
be arise and diametrical strains.

In the article consideration the equation change of crookedness separate ring in case when
loading on cylinder distribute along one direction and define normal strain in the plan symmetry by
X =0.
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In the time of conduct calculations use hypothesis of absence stretching of rings relative
strains in district direction and absence of displacement the middle plan.

Was composite expression for potential energy and with help the equation Eyler of the
variation problem receive long inhomogeneous differential equation forth power. After decision this
equation of analyst method was receive dependence for radial transference, what let possibility to
receive district and normal strains in cylinder.

Acknowledge the receipt in scientific research decision equation of durability three layer
design allow to receive strains in cylinder not only in dependence from geometrical its parameters
but and of modulus displacement outward layer, what rise reliable project and exploitation so
design and give definite recommendations for use.

Keywords: cylinder casing; strain; durability; energy of displacement; outward layer;
crookedness.

Berym.

VY pi3HUX raimy3sx TEXHIKH, TAKUX SIK aBlaOyayBaHHS, cyA00yyBaHHs OyIBHULTBO Ta 1HIII
3HAXOJATh 3aCTOCYBaHHs OaraTolapoBi KOHCTPYKILii, B OCHOBHOMY TpbOXIIApOBI IUIACTUHU Ta
00010HKHU. TphoXIIapoBa KOHCTPYKITiS CKIAAAE€ThCS 3 IBOX MIITHUX 30BHIIIHIX MIAPiB, K 3’€IHAHI
3a JIONMOMOTOIO 3alOBHIOBayYa. 3alOBHIOBAUEM SIBIIIETHCS MaTepial, SKUA Mae MEHIIY MIlHICTh, HIX
30BHIIIIHI IapH, ajie 3abe3nedye Npy>KHi BIaCTUBOCTI 000JI0HII 200 TuIacTUHLI. PO3BUTOK XiMiuHOT
MIPOMHCIIOBOCTI JIO3BOJISIE B SIKOCTI MaTepiasliB 30BHIMIHIX IIApiB i 3alIOBHIOBaYa BUKOPUCTOBYBATH
CKJIOIUIACTHKH 1 €OKCHUIIHI CMOJIH.

Orasia pilensb, siKi MAIOTHL Micue.

TproxmiapoBumMu  0OOJIOHKaMHU  3aiiMaiiics 0araTo BIAOMHX BYEHHX, TaKUX SK
C.A.AmbGapiromsn [1], K.3.I'amimos [2] , E.I. I'puromok [3], I1.M.Ori6anos [4] , C.H.Kau [5], I,
Conseii [6], JI.Houemn [7]. Ilpu OyayBaHHi piBHSHB JJIs 30BHIIIHIX IIapiB BUKOPUCTOBYIOTh TillO-
te3u Kipxroda-JlsBa, 1 cepeqHporo mapy — 3aloBHIOBaya — rinoTe3a mpo 3arnoBHIOBaYa TPhOX-
1apoBi 0OOJOHKH MOXYTh OYTH 3 JIETKUM 1 )KOPCTKUM 3aroBHIOBaueM. [[71st 1eTkoro 3amoBHIOBaYa
BIJIHOIIIEHHSI MOJYJIsl MPY>KHOCTI 30BHIITHBOTO IIAPY JO0 MOJYJISl MPY>KHOCTI 3aIIOBHIOBAaYa CKJIAJIAE

10% -10* . 3oBHimHI mapu 6epyTh Ha ceOe Bce HABAHTAXKEHHS HA CTUCK-PO3TATHEHHS. 3aIlOBHIOBAY
Ipalioe Ha Iepesayy HOpMajabHOTO THUCKY Ha 30BHIIIHI IIApH 1 MONEpEeYHUX 3yCUib 3CyBY. B 3ane-
AKHOCTI Bl MOJYJIFO IIPY’KHOCTI 3allOBHIOBa4a y MONEPEYHOMY HANpsIMKY B TPHOXILAPOBUX KOHC-
TPYKIISAX MOXKYTh BUHHKATH 1 TOTIEpEUHi Jeopmartii.

IMocTanoBKa npodJeMu

TproxiapoBi 000JOHKH MalOTh SKOCTI, K1 BIICYTHI Y CYLIIbHUX METaJIEBUX KOHCTPYKIIISIX.
BoHM MaroTh BUCOKY JKOPCTKICTB 1 MOXYTh BUTPUMYBATH OLIbIIT MUTOMI HABAHTAXKCHHS.

Meta — npoBecTH aHATITUYHI JOCITIJKCHHS, sIKI BU3HAYATh JiMICHI HAaBaHTAXXEHHS 1 TPHOX-
LIapOBUX LWITHAPUYHUX 00OJIOHKAX.

BukJiax ocHoBHOTr0 MaTtepiany

SAxio o6o0HKa Mae JAeKiIbKa IIapiB, TO MPH ii po3paxyHKy Tpebda 000B’I3KOBO BpaxOBYyBa-
TH €HEPrilo 3CyBY 3allOBHIOBayYa.
CyMapHi MOMEHTH 3THHY OyJeMO po3risiiaT y BUTIsii [5]

me =mg +m. =x(x)b (), 1)
ne samani Mg =X, (X) b (f),
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X (X) — CTaTMYHO HEBU3HAYCHA (PYHKIIIS, sIKa 3MIHHA BIIOJIOBXK OOOJIOHKH.
B upoMy BHUNaAKy 3MiHIO€THCS 3a1exHicTh (mpu M =0)
2 I
D, 21w, )

- Wn+ (2)|
RZ§ Tf? [/

ne W, — saraneni 3HaueHHs pajiaTbHEX TIEpEMillleHb
W, = W, + W,y =X (X)b (F)
Ile MOSCHIOETBCA THUM, IO Yy BHUMAIKY TPHOXIIAPOBOI OOOJIOHKM KpUBU3HA OOOJOHKU

c, IPOXOJUTh HE TUIBKH 3a PaxyHOK Iii MoMeHTiB 3runy M, aje i BHACTIZOK BILIMBY IONEPEYHHUX

CHJI Qf ,SIKi BUKJIMKAKOTb I[OTI/I‘{Hi HAIIPYy>KCHHS 3alIOBHIOBAa4a

——

F 1
ne F = h- toBmuna 3anoBHIoBayva.
PiBHSHHS 3MIHEHHS KPUBU3HU OKPEMOTO KIJIbI[Sl MPEACTaBUMO Y BUIIISAI

, ) X
1afw,  0_ &m  p O 3)

REEqr 5T 8D, TG F;

19Q . ) )
e = -— — IHTCHCHUBHICTH paalaJIbHOI'O HABAHTAXCHHS,
° R qF

Po_ — 3mina kpuBH3HE KibLs B HACTIZOK 3CyBY 3aIIOBHIOBAYA.
G, F

zap

Po3rnsHemMo BUMa 0K KOJM HaBaHTa)KEHHS HAa 0OOJIOHKY pPO3IOJIIIEHE BIIOJIOBXK OJIHI€T TBI-
paoi mpu =0 . B mutommai cumerpii npu x =0 HOpMaibHI HaNpyKEHHsI BU3HAYAIOThCS 3a Gopmy-

JOXO

M pL? pelg’
S, =—ty= Rcosf:0,04 - cosf 4
03 Y 8p R d&Rj @

z

MOMEHT 3rvHy B JIOBUIBHOMY HEPETHHI KUIBLS OJMHUYHOI IIUPUHHU BiJl il HABAHTAXKEHHS p
1 JOTUYHUX CHII

R, e
m, :g—gl+0,5003f—(p -f)sinfy (5)
A
3 ypaxyBanHsM 3anexHocTi (5) piBHsHHA (3) npuiiMae BUIIIA
127w 0 €1,5cosf +(p -F)sinf 1+0,5cosf - (p -f)sinfu
LTt eul=x () o 1) -f)snfl
RENF 0 8 G,, R F D, f
[Ticns Bupimenns piBHsHHSA (6) OTprMaeMo BUpa3 s palialibHUX MEepeMillieHb
1
w, = R’ (x) i% §F (0,5p cosT - 0,75sinf +0, 25F cosf) - 1 +
™
+#gf(0,25fcosf+0,255inf - 0,5p cosf) } 7)
zap

Ha ocHOBI rinoTe3u mpo BiJICYTHICTh PO3TATHEHHS KUIEIb BiIHOCHUX Aedopmariiii B OKpy-

KHOMY HampsIMKY Ja€ 3MOTY 3HaWTH HepeMilleHHS Vi, 1o nornuniii o ayra S
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w, 11,
o =_" 4+
R RYf

+fcosf(1,25F +0,5p)-F |+

1 = gF° cost +

zap

+0,25sinf (F° - 2pf? +F-2) | }.

['imoTe3a BiACYTHOCTI 3CYBY CEpEIMHHOI OBEPXHI JJa€ MOXKIIUBICTD 3HANTH 3B'SI30K MiXK IIe-

peMIilIeHHAMHU Un 0 OCi X 1 IepeMillleHHSIMU Vn 10 TIOTUYHIN 0 AyTH S

Tu, v, _

— +

RIf  x

- L ¢0,5F +sinf (2F° +0,5pF” - 0,68F +1) -
Dt

_cosf (o, 25F* +1,32F2 - 0,5pF - 0,5) it

3MiHEHHsS] KPUBU3HH CEPEIUHHOI MOBEPXHI B HAMIPSIMKY TBIpPHOT

2
C,=- 1w,
ﬂ'XZ )
C, = ?T—iD §F cos(0,5p +F)-0,75F sinf -1y +
i
+ GO’ ZEF gF cosf(2p +F)+Fsinfy }
zap

3MiHEHHsS] KPUBU3HH CEPEAMHHOI MOBEPXHI B OKPY>KHOMY HAIPIMKY

1 eTw, 6
f R2 g ﬂfz ng,
c, -x(x)1|'- gcosT +sinf (p - F)j -
TG

-%gcosf +sinf(p +F)+1j }.
t
JlogaTkoBi HOPMaJIbHI HANIPY KEHHS

fu, ERgﬂxl 1
x ¢ §G, RF €

S xdod
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L §sinf (F° - 2,82F - 1) +0,25cosF (F* - 11F° - 2pF + 2)i -
TG RZF € L

ésinf (f3 -2,82f -1) +

(8)
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+0,25c0sF (F* -11F* - 2pF +2) |- %gsinf (2F° +0,5pF* - 0,68F +1) +
t

+0,5F2 - cosF (0,25F +1,32F? - 0,5pF - 0,5) ] }
CkrazaemMo BUpa3 [yl NOTEHIIaIbHOI eHeprii

é1 diep

X U
G=N éEmef +Tsxdodex — Mg, Cy Ldef (10)
€ U

[TincTaBisgeMo BiAMOBIIHI BUPA3U 1 OTPUMAEMO

L2 . N .
o= pfTx(x)0°€33266,80 589230 x*(x)€3343 2,28 O
§ X ,§GLRF’ D’ § R & D GRF:

zap

p #1032 39,71 0
20R§ D, G RF;

PiBusinns Edinepa Bapiariiinoi 3agaqi
1G de ﬂG(_jdzae G ©

™) EIx () o BT ()5

Lle npuBoEe A0 JiHIHHOTO HEOJHOPIAHOTO AU(EPEHLIHHOIO PIBHAHHS YETBEPTOrO CTYIIECHIO
BiIHOCHO (yHKITIT X (X)
4
' (x)
x*

+4kx (x) = kp(x) (11)

2 2,28 33440

G RF D ;

£33266,89 589230

2 pa4r2 2 =
EGZLRFT D7

€103,2 39,71 0

2 =

= D, GzapR F p
£33266,89 589230
2p R*E 2 p4r2 7 =

G, RF D;

zap /]

RE

Pitrennsim piBusinas (11) Oyne Bupas

x (x) =e ™ (C,sink,x+C, cosk x) +e“* (C,sink x +C, cosk x) +x (12)

hast
BucHoBku
OTpumaHe pilIeHHs 3a/Ja4i MIIIHOCTI TPHhOXIIAPOBOI IMIIHAPUYHOT KOHCTPYKIIII JT03BOJIsE
BHU3HAYUTH HANPYKCHHS B OOOJIOHIN B 3aJIC)KHOCTI HE TUIBKM T'€OMETPUYHHX ii MMapameTpis, aie i

MO/JIYJIIO 3CYBY 3allOBHIOBAYa, IIO MOKPAIY€E JOCTOBIPHICTh MPOEKTYBAHHS 1 EKCILTyaTallil0 TaKuX
KOHCTPYKIIIH.
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CPABHUTEJIbHBIN AHAJIN3 TEMIIEPATYPBI PE3AHUS [TIPU
HIJIN®OBAHUU U TOYEHUU U YCJIOBUS EE YMEHBIHIEHUS
OIloasuckuii B. U.

HIIO «Hmnepus memannos», 2. Xapbkos

HNudpopmanus 06 aBTope:

Honanckui Bnaoumup Heanosuu — ORCID: 0000-0001-54482-9955; fokusnicl@gmail.com; xammmmat
TEeXHHUYECKUX Hayk, ['eHepanbHbiii aupekrop, HIIO «Mmnepus meramnos», I'puroposckoe mocce, 88, r. XapbKos,
61020, Ykpauna

[IpuBeneHbl aHAIMTHYECKUE 3aBUCUMOCTH IS ONPEACICHHUS TEMIIEpaTyphbl pe3aHus Ipu
(G oBaHUU ¥ TOYCHUU HAa OCHOBE TPEJICTABICHUS CHUMAaeMOI0 IIPUITYCKa B BUJE MTAKeTa HJICMEH-
TapHBIX TPSMOJHMHEWHBIX auabaTHUECKUX CTEPKHEH, KOTOPhIC MEPepe3aroTcs PeKyIUM HHCTPY-
MEHTOM B nporecce 00padoTku. Takoi MOAX0 K pacyeTy TeMIeparypbl pe3aHusl 03BOJISET C eU-
HBIX TIO3HMIHN OIICHHUTh TEXHOJOTHUYECKHE BO3MOXKHOCTH TPOIECCOB NLIHM(OBAHUS U TOYCHHUS H
Hay4yHO 0OOCHOBaHHO MOJOWUTH K BBIOOPY Hanbonee 3pPeKTUBHOTO MeTo1a (PUHUIIHON MeXaHUYe-
ckoil 0OpaboTku aeraneil mammH. [lokazano, 4To mpu HMIM(OBAHUHM PACXOXKICHUE PACUCTHBIX H
AKCIEPUMEHTAIBHBIX 3HAYCHUN TeMITepaTyphl pe3anus HeOonbmoe — B penenax 10 %. IIpu to-
YEHUU 3TO PACXOXKAECHUE YBEIMYMBAeTCA 10 2 pa3 W 0ojee, YTO CHUXKAET TOYHOCTh PAcCUETOB.
VCTaHOBJICHO, YTO MPUYMHON TAKOro OOJBIIOrO PACXOXKICHUS SIBISICTCS MEPUOAMYECKHHA (auc-
KPETHBIN) XapakTep Mepepe3aHus PEKYLIIMM HHCTPYMEHTOM JJIEMEHTApHBIX IMPSIMOJIMHEHHBIX
anuabaTuyeckux crepxHen. Mexoas uz atoro, ans 0ojiee TOUHOTO pacueTa TeMIIepaTypbl pe3aHus
MIPU TOYCHHUH YYTEHO KOJIMYECTBO IEpepe3aHuil aaqnabaTHIecKOro CTEPXKHs, T.€. KOJIMYECTBO dJie-
MEHTapHBIX 00BEMOB 00padaTHIBAEMOr0 MaTepHaia, 00pa3yommxcs 3a BpeMs MPOXOKICHHUS pe3-
IIOM 30HBI pe3anus. [10BOJ TerIa K AIeMEHTapHOMY HPSIMOJIMHEHHOMY ainabaTHYeCKOMY CTEpiK-
HIO pacCMaTpUBAJICA TUCKPETHO M3MEHSIONUMCS BO BpeMEHH. B pe3ynbraTe BHIOJHEHHBIX pacye-
TOB YCTAHOBJICHO, YTO B 3TOM CJy4ae TeMIlepaTrypa pe3aHus Npu TOUEHUH yMEHbIIAeTCsl MpUOIIH-
3UTENBHO B 2 pa3a, a 3TO NPUBOJNUT B COOTBETCTBUE TEOPHUIO U MPAKTUKY MEXaHWYECKOW 0OpaboT-
ku. Takke yCTaHOBJICHO, YTO YeM MEHbIIE KOJMYECTBO dJIEMEHTAPHBIX 00beMOB 00pabaThIBAEMOTO
MaTepuala, 00pa3yIoIMXCcs 3a BpeMsl IPOXOXKACHUS PE3LIOM 30HbI pe3aHusl, TEM MEHbILIE TeMIepa-
Typa pe3anus. Hanpumep, npu oCyIIecTBICHUH TOYEHUS C MUHUMAJIBHO BO3MOKHBIM KOJIMYECTBOM
9JIEMEHTAPHBIX 00BEMOB 00padaTHIBAEMOro Marepuaia, oOpasyIoUMXCs 32 BpPeMs MPOXOXKICHHS
PE31I0M 30HBI pe3aHusi, PaBHBIM 2, TEMIIEpaTypa pe3aHus MOXKeT ObITh yMeHbIIeHa 70 10 pas.

KuaroueBble cioBa: mexaHudeckas oOpaboTka; pesell; nuiMdoBaibHBIA KPYT; YCIOBHOE
HaMpsDKEHUE Pe3aHwsl; Ka4ecTBO 00PadOTKH; MPOU3BOAUTEILHOCT 00pabOTKH.

Ilonancokuit B. I. «IlopiBHAIBHUIA aHAaI3 TeMIepaTypH pi3aHHs NpH HuliQyBaHHI Ta TO-

YiHH1 i yMOBH ii 3MEHILIEHHS»

24 ©Ilonsuckuii B. 1., 2019


mailto:fokusnic1@gmail.com;

ISSN 2079 — 1747 Mammno0OynyBanus, 2019, Ne24
DOI 10.32820/2079-1747-2019-24

Marepiajio3HABCTBO

HaBeneHo aHaniTH4HI 3aJI€KHOCTI JJIsi BUZHAYEHHSI TEMIIEPATypy pi3aHHs MpHU LUTIPYyBaHHI
Ta TOYiHHI HA OCHOBI MO/AHHS TMPUIYCKY, 10 3HIMAETHCS, Y BUIIISII TAKETY €IeMEHTApHUX IPSIMO-
JIHIWHUX aJ1a0aTHIHUX CTPHIKHIB, K1 IMEPEPi3al0ThCs PiI3AIbBHAUM IHCTPYMEHTOM B MpoIieci o0poo-
ku. Takuil miaxix 10 po3paxyHKy TeMIIepaTypH pi3aHHS J103BOJIAE 3 €JUHUX MO3MIIH OLIHUTH TEX-
HOJIOT14YHI MO>KJIMBOCTI MPOLECIB HITi(yBaHHS Ta TOUIHHS i HAYyKOBO OOIPYHTOBAHO MiAIMTH 10 BU-
O0opy HaWOUIBI eeKTUBHOTO MeTOy (iHIITHOI MeXaHiuHO1 00poOKu neraneit mamwuH. [TokazaHo,
0 1pu IUTipyBaHHI PO3OKHICTH PO3PAXyHKOBHX 1 €KCIEPHUMEHTAIBHUX 3HAYCHb TEMIIepaTypu
pizanHs He3HauHa — B Mexkax 10 %. [Ipu TouiHHI 1151 po301KHICT 301IbIIY€ETHCS 70 2 pa3iB 1 O1Jib-
11e, 10 3HWXKY€E TOYHICTh PO3paxyHKiB. BCTaHOBIEHO, 0 MPUYKUHOIO TaKO1 BETUKOI pO301’KHOCTI €
nepioguuHui (IUCKPETHUI) XapaKTep Mepepi3aHHs pi3abHUM IHCTPYMEHTOM €JIeMEHTApHUX psi-
MOJIHIHHUX a/iadaTUYHUX CTPUXKHIB. BUX0asium 3 1bOTO, A1 O1IbII TOYHOTO PO3PAXyHKY TEMIIe-
paTypu pi3aHHS MPU TOYiHHI BPaXOBaHO KUIBKICTh Mepepi3aHb aaiadaTUIHOTO CTPUXKHS, TOOTO Ki-
JBKICTh eJIEMEHTapHUX 00 €MiB 00pOOIFOBAHOIO MaTepiaiy, IO YTBOPIOIOTHCS 3a Yac MPOXOKEH-
HS pi3leM 30HU pi3aHHs. [ligBeaeHHs Teruia 10 eleMEHTapHOro MPSMOJIIHIKHOTO aaiabaTUYHOTrOo
CTPMXKHSL PO3TIISIIANOCS JAUCKPETHO 3MIHIOBAaHUM B 4aci. B pesynbraTi BUKOHAHUX pO3pPaxyHKIB
BCTAHOBJIEHO, 1110 B IIbOMY BHIIaJKy TeMIIEpaTypa pi3aHHs IIPU TOUIHHI 3MEHIIYEThCS PUOIU3HO B
2 pa3W, a Iie IPUBOJNTH y BIAMOBIIHICTH TEOPIIO Ta MPAKTHKY MEXaHIYHOT 00poOKH. Takox BCTaHO-
BJICHO, [0 YMM MEHIIIE KiIbKICTh €JICMEHTAPHUX 00 €MiB 0OpPOOIIOBAHOTO MaTepiay, 10 yTBOPIO-
IOThCS 32 4ac MPOXOPKEHHS PI3LEM 30HM Pi3aHHSA, TUM MEHIIE TeMIieparypa pizaHHs. Hanpuxian,
NP 3IIACHEHH] TOYIHHS 3 MiHIMAJILHO MOKJIMBOKO KiJIBKICTIO €JeMEHTapHUX 00 eMiB 00poOIioBa-
HOT'0 MaTepiaiy, 110 YTBOPIOIOThCA 3a Yac MPOXOPKEHHS pi3LieM 30HM pi3aHHs, PIBHOIO 2, TemIepa-
Typa pizaHHs Moxke OyTH 3MeHmiena 10 10 pasis.

KirouoBi cioBa: mexaniuna oOpoOka, pizenp, NuTihyBaTbHUA KPYT, YMOBHE HAIPYKECHHS

pi3aHHs, AKICTh 0OPOOKH, MPOYKTHUBHICTH 0OPOOKH.

Polyansky V. «A comparative analysis of the cutting temperature during grinding and
turning and the conditions for its reduction»

Analytical dependences are given for determining the cutting temperature during grinding
and turning based on the representation of the removed allowance in the form of a package of
elementary straight-line adiabatic rods that are cut by a cutting tool during processing. Such an
approach to calculating the cutting temperature makes it possible to evaluate technological
capabilities of grinding and turning processes from a single point of view and scientifically
substantiate the choice of the most effective method of finishing machining of machine parts. It is
shown that during grinding the discrepancy between the calculated and experimental values of the
cutting temperature is small - within 10%. When turning, this discrepancy increases to 2 times or
more, which reduces the accuracy of the calculations. It is established that the reason for such a
large discrepancy is the periodic (discrete) nature of the cutting by the cutting tool of elementary
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rectilinear adiabatic rods. Based on this, for a more accurate calculation of the cutting temperature
during turning, the number of cuts of the adiabatic core, i.e. the number of elementary volumes of
the processed material generated during the passage of the cutter cutting zone. The heat supply to
the elementary rectilinear adiabatic rod was considered discretely varying in time. As a result of the
calculations, it was found that in this case, the cutting temperature during turning decreases by
about 2 times, and this brings the theory and practice of machining in line. It was also established
that the smaller the number of elementary volumes of the processed material generated during the
passage of the cutting zone by the cutter, the lower the cutting temperature. For example, when
turning with the smallest possible number of elementary volumes of the processed material
generated during the passage of the cutting zone by the cutter equal to 2, the cutting temperature can
be reduced to 10 times.

Keywords: mechanical processing; cutter; grinding wheel; conditional cutting voltage;
processing quality; processing performance

BBeaenue

IToBblIeHNe KadecTBa U MPOU3BOJUTEIBHOCTH MEXAaHMUECKOW OOpaOOTKHU SBISIOTCS BaX-
HEUITMMU 3a/1ayaMy CO3J]aHUsI KOHKYPEHTOCIIOCOOHOW MAIIMHOCTPOUTENIbHON NpoayKiuu. [1oato-
My IPUMEHEHHE B IPOU3BOJCTBE COBPEMEHHBIX METaJUIOpexyMx ctankoB ¢ YITY tuma «obOpaba-
TBHIBAIOLIMH LIEHTP» M MPOTrPECCUBHBIX COOPHBIX PEXYIIUX JIE3BUHHBIX TBEPAOCIUIABHBIX M KE€paMu-
YECKHX MHCTPYMEHTOB C M3HOCOCTOMKMMH MOKPBHITUSAMHU 3apy0eKHOTO MPOU3BOJICTBA OTKPHIBACT
IIMPOKHE MEPCIEKTUBbI PEIICHUs MOCTABICHHBIX 3a7ad. OnHako BbIOOp Hamboisiee 3pGHEeKTUBHBIX
METOJIOB MEXaHHYECKOH 00pabOTKH KOHKPETHBIX JIeTalleii B OCHOBHOM IPOM3BOJUTCS HHTYUTHBHO
Ha OCHOBE MPAKTUYECKOTO OIBITA TEXHOJIOTa, YTO HE BCErJla OKa3bIBACTCS ONpaBJaHHBIM. JTO CBS-
3aHO C OTCYTCTBHUEM B HACTOSILEE BPEMs TEOPETUYECKUX TEXHOJIOIMYECKHX PELIeHUH, He0OX0au-
MBIX JIJIs1 IPaBUJIBHOTO BHIOOpA pallMOHAIbHBIX METOJI0OB MEXaHUUecKoi 00paboTku. B ocoboil me-
pe 3TO OTHOCHUTCA K TEIUIO(U3NYECKUM PELICHUSM, KOTOPbIE HE MO3BOJISIOT B OJIHOM 00bEeMeE Mpo-
BECTH CpaBHEHUE TEMIIEpaTypbl PE3aHUs Ul TAKUX METO/I0B OKOHYATEIbHOM 00pabOTKU KaK ILIH-
¢doBanue u TOUeHUE U BBIOpaTh Hambosee 3¢ dexTuBHbIi MeToa. [loaTomy B paboTe perraercs ak-
TyajbHas 3aJa4a JaJbHEHIIero pa3BUTHs MaTeMaTUYECKUX MOJIeNIel TeIJIOBBIX MIPOLIECCOB IPU Me-
XaHU4YeCcKoN 00paboTKe [Isi HayyHO OOOCHOBAHHOTO OIPENETICHUs YCIOBUM YMEHbIIEHUS TeMIle-
patypbl pe3aHust ¥ HOBbILIEHHS 3 (HEKTUBHOCTH 00pabOTKH.

1. AHajau3 mocjeIHUX UCCIeTOBAHNN U MYy TUKAIMT

MareMaTHUECKOMY MOJICIMPOBAHUIO TEMIIEPATYPhl PE3aHUs IPH MEXaHUUECKOH 00paboTKe
nocssieHsl padotel [1-3]. OqHako B HUX AJIs pelieHus: CIoXHOro auddepeHmanbHoro ypaBHe-
HUS TEIUIOTIPOBOAHOCTH TIPUHSATO HYJIEBOE 3HAUCHUE TEMIIEPATyphl pe3aHus Ha OECKOHEUYHOM y/a-
JICHUU OT ACUCTBUS TEIUIOBOTO MCTOYHHMKA. DTO OTPAaHMYMBAET BO3MOXKHOCTH ONpEIeNCHHs TTyOu-

Hbl IIPOHUKHOBCHHA TCILJIA B HOBCpXHOCTHBIfI clIoH O6pa6aTBIBaeMOﬁ ACTAIM, KOTOpasd OOJIXKHA
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MPUHUMATh HEe OECKOHEUHOE, a KOHEYHOe 3HaueHue. [[03ToMy BaKHO ONpPENeNUTh TEMIIEpaTypy
pe3aHuA 1pu IJ_IHI/I(bOBaHI/II/I U TOYCHUHU C YUCTOM KOHCYHOI'O 3HAYCHHA FJIy6I/IHBI IMPOHUKHOBCHUSA
TeIJla B MOBEPXHOCTHBIN clloi 0OpabaThiBaeMON J1eTajli U Ha ATOH OCHOBE YTOUHHMTH M3BECTHBIE
Tero(U3nYeCcKre peleHus. ITO MO3BOJUT HAyYHO-000OCHOBAHHO MOJOUTH K YCTaHOBJIEHUIO YCIIO-
BUI YMEHbBILIEHUs TeMIepaTypbl pe3aHus NpH HUIM(OBAHUN U TOUCHHH.

2. TocTraHoBKa npodJjeMu

B pa6ote [4] npeanoxkeHa pacueTHas cxema TeMIIEpaTypbl pe3aHus npu uuidoBanuu (puc.
1), nmo3BossitonIas riryOMHY TIPOHUKHOBEHHMS TETIa B TIOBEPXHOCTHBIH Cllol 00pabaTeiBaeMoil 1eTa-

JIM pacCMaTpUBaTh KOHEYHON BEJTMYMHOM.

V I

o

Puc. 1 — PacueTHas cxema onpesiesieHus TEMIIEpaTypbl pe3aHusl IPH TUIOCKOM IUTH(OBa-
HuM: 1 — mmdoBanbHelii Kpyr; 2 — o0pabaTbiBaeMblil MaTepual; 3 — aauadaTUYeCKHil CTepKEHb

(Il — AJIMHA Cp€3aHHOﬁ qacTu a,Z[I/Ia6ElTI/I‘-IeCKOI‘O CTCPKHA, IZ - rle6HHa IMPOHUKHOBCHUSA TCIIIa B

TIOBEPXHOCTHBIH 1101 00pabareiBaemoii neranu; V. — CKOPOCTh Kpyra)

JUist 3TOro CHUMaeMblii HPUIYCK INPEJICTaBIIEH MAaKeTOM 3JIEMEHTapHBIX HPSIMOJUHEHHBIX
anabaTHIeCKUX CTePIKHEH, KOTOphIe P NUIM(OBAHUN MEPEPe3ar0TCs NUIM(OBATEHBIM KPYTOM U
110 KOTOPBIM 00pa3yroleecs: Ipy pe3aHuH TEIUI0 YXOAUT B MOBEPXHOCTHBIN ClIO 00pabaThiBaeMo-
ro Marepuaja BCJIEICTBUE €ro TEIUIONPOBOIHOCTH. B mpenenax riayOunsl mimndoBaHus TEIUIOBOI

MOTOK TEepEeMEeNIaeTcsl BIOJb aIuabaTHUeCKOro CTepKHS C MOCTOSHHON CKOpocThio V  , paBHOMU

pes
CKOPOCTH Ilepepe3aHus aiuabaTu4ecKoro CTepxkHs HUIM(OBAIBHBIM KPYIOM, JABUXKYILUMCS PaBHO-
MEpPHO CO cKopocThto V, — BHosib oOpabaTbiBaeMol neTanu. Mcxoas U3 Takoro NpeacTaBIECHUs
Ipolecca pe3aHusi, He0OOXO0AUMO ONPENEIUTh TEMIIEPATYPy Pe3aHus NpU NUIN(OBAHUU M TOUYCHUU

1 Hay4yHO 0OOCHOBAHHO MO/A0MTH K BbIOOpY Hanbosee 3pPpeKTUBHOTO MeTOAa (PUHUIITHON MEXaHU-

YecKoi 00pabOTKH AeTalIel MaIllvH.
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4. llenbro uccjie0BaAHUS SIBIIICTCS TEOPETUUECKOE OOOCHOBAHHME YCIOBUN YMEHBIICHUS
TEMIIEPATYpPhl Pe3aHUs MPHU IITUGOBAHUHA U TOUYCHUU U pa3padOTKa MPAKTUICCKUE PEKOMEHIAINH
10 TIOBBIIEHUIO 3P PEKTUBHOCTH MEXaHUUECKOW 00pabOTKH.

5. M310:xeHHe OCHOBHOIO MaTepuaJia

Hcxons u3 pacueTHOM cxembl, MPUBEIECHHON Ha pHC. 1, ycTaHOBIEHA aHAIUTUYECKas 3aBU-

CHMOCTB JUIS OIIPEJICIICHUS TeMIIepaTypsl pe3anus ( npu nuiudoanuu [5, 6]:

2 q 5 q _cxri\/prXt
1__Iermax —e 1
g Omax o ’ (1)
re O =S/ (CX r) — MakCHUMaJlbHasi TeMIepaTypa pe3aHus, Ipaa; S — YCIOBHOE
HAanpsoKeHHe pesanms, H/M% C — ylenbHas TEIUIOEMKOCTh 06GpaGaThIBAEMOro MaTepHala,
Jlx/(kr-Tpan); I — IIOTHOCTD 0GPabATHIBAEMOrO MaTepuana, Kr/m’; I — ko3 dunment rerio-

MPOBOAHOCTH 0OpabaTbiBaeMoro marepuania, Br/(m-rpan); t — BpeMs nepepesanus 3JIeMEHTapHOTO

HpﬂMOHHHeﬁHOFO aI[I/Ia6aTI/ILI€CKOl"O CTCPIXKHA, C.

Hpu mumposanmn t =t/V ;V =V, xJ0,5xt/R , rne t— riybuna mundosanus, m;

pes3 !
RKP — paaunyc nutnoBaIbLHOrO Kpyra, M. 3aBUCHMOCTD (1) mprMeHHMa W 1P TOYEHHUH, paccMart-

puBas t =a/V_ ; V.=V xtgh , rie a — TommuHa cpesa, M; V — ckopocTh pe3anus, m/c; b —

pe3 !
YCHOBHBIﬁ yroj ciaBura O6pa6aTBIBaeMOFO MarepuaJia. B wmTore mokaszaTrenb CTENECHH 4YHCHa

e»2,72 B mpaBoii vactu 3aBucumoct (1)  paBen: mpu  numoOBaHMH ~ —

(cxr/1)xv,, xtx j0,5xt/ R,, ; Ipu TOUEHMH — (cxr/1)raxvtgb.

BrimonHeHHble pacueTsl TeMIepaTyphl pe3aHus (| NMpH HUTH(GOBaHUN HA OCHOBE 3aBHCHUMO-
cru (1) mokaszanu Ha TOCTATOYHO BBICOKYIO CTEIECHBb €€ CXOAUMOCTH C 3KCIIEPUMEHTAIBHBIMH JIaH-
HbMH (pacxoxaenue B nipenenax 10 %). [Ipu ToueHUH CTaIbHBIX 3arOTOBOK HMEET MECTO PACXOXK-
JICHHE PACUETHBIX M HKCIEPUMEHTAIbHBIX 3HaYEHUN TemImeparypbl pe3aHus ( 1o 2 pa3 u Ooiee,
YTO CHH)KACT TOYHOCTh PacdeToB. [IpUUUHOI 3TOMY SIBJISIETCS MEPUOTUUCSCKHNA (IMCKPETHBI) Xa-
paxkTep mepepe3aHuss PeKyIUM HHCTPYMEHTOM 3J€MEHTApHBIX MPSAMOIUHEHHBIX aJIna0daTHYeCKuX
crepxkHeii (puc. 1), KOTOpBIil He yYUTBHIBACTCS B pacyeTax.

ITponiecc numgoBaHus OCYLIECTBISAETCS ¢ OTHOCUTENILHO HEOOJIBLION CKOPOCTBIO JAETalln
\Y

Ooem

U COOTBETCTBEHHO HEOOJBIION CKOPOCTBIO TEpPEPe3aHusi IEMEHTAPHOTO MPSIMOJIMHEHHOTO
anuabaTn4ecKoro crepxkus uumposanbubiM kpyrom V. (puc. 1). Ilostomy popmuposanue Tem-

neparypsl pe3aHus ( MPOUCXOIUT (HAaKTHMUECKHU B YCIOBHSIX HEMPEPHIBHOTO XapaKTepa mepepesa-
HUS IUTH(OBATIBLHBIM KPYTOM 3JI€MEHTAPHBIX NPSIMOJIMHEHHBIX anquadaTuyeckux crepxHeil. Cueno-

BAaTEJIbHO, pacyeT TEMIIEPATYPhl pe3aHust (| NpH NUIH(OBAHUU HA OCHOBE 3aBUCHMOCTH (1) MOXKHO

28 ©Ilonsuckuii B. 1., 2019



ISSN 2079 — 1747 Mammno0OynyBanus, 2019, Ne24
DOI 10.32820/2079-1747-2019-24

Marepiajio3HABCTBO

MPOM3BOAUTH 0€3 ydera MepruouYeckoro (IMCKPETHOr0) XapaKkTepa mnepepe3anus MuIu(oBaTbHbIM
KPYTOM 3JIEMEHTAPHBIX MPSIMOJIUHEHHBIX aIna0aTHUYECKUX CTePKHEH.

[Ipu TOYEHHUH, BO-TIEPBBIX, CKOPOCTh pe3aHust V 3HAUUTENHHO OOJbIIE CKOPOCTU JIETalln
\Y

Ooem

Ipu HI.]'II/I(bOBaHI/II/I. BO-BTOpBIX, Oouble TOJIIIMHA Cpe€3a U TOJIIMHA 3JIEMCHTAapPHOI'O ob0beMa

MaTepuala, OTAeIIEMOTr0 OT OCHOBHOW MacChl MaTrepuaia B pe3yjbTaTe ero CABUIOBOM nedopma-
uuu. B pe3ynpraTe 3HaUMTEIbHAS YaCTh BBIACISIONIEIOCS MIPU PE3aHUU TEIUIa MOCTOSHHO YHOCUTCS
o0pa3yromencst CTpyKKOH. ITO MPUHINIHAIBHO U3MEHSAET 3aKOHOMEPHOCTH (HOPMHUPOBAHHS TEM-
repaTyphl pe3aHus ( NPy TOUCHUH U, €CTECTBEHHO, TPUBOJINT K €€ YMEHbIIeHHIO. [loaToMy pacuer
TEMIIepaTypbl pe3aHusi ( MPH TOUCHUH Ha OCHOBE 3aBUCUMOCTH (1) TOJIKEH OTJIMYATHCS OT aHAJIO-
TUYHOTO pacyeTa, BBIINOIHAEMOTro MpH nutudoBanuu. st 3Toro HeoOX0UMO MOTyYeHHbIE pacyeT-
HbI€ 3HAUEHUSl TEMIEPaTyphbl pe3aHus ( yMEHbIIATh B 3aBUCUMOCTH OT KOJIMYECTBA Mepepe3aHuii
aanabaTUYeCKOro CTEPKHS N, T.€. B 3aBUCUMOCTHU OT KOJMYECTBA AIEMEHTAPHBIX 00beMOB 00pabda-
THIBAEMOT'0 MaTepuaja, 00pa3yIonIuxcs 3a BpeMs MPOXOKIECHUST Pe3IloM 30HBI pe3aHus. B tadm. 1

NPUBECHBI PACCUNTAHHBIC Ha OCHOBE 3aBUcHMOCTH (1) 3HaueHus otHomenus ( /(Q,., , IPUHAMAsS
Ui oOpabaTkiBaeMoro wmatepuasia — crtamu 45 koaddumueHT TeMrepaTyporpoBOIHOCTH

1/(crr)=8:10°m/c; € =0,824x10" ¢; V,,, =0,607 m/c.

Ta6auua 1- PacuerHsie 3HaueHus oTHowenus 4 /q, .,

n 2 3 4 5 6 7 8 9 10 11

q / Amax 0,1 |[0,3658| 0,522 | 0,6158 [ 0,6729 | 0,7191 | 0,7558 | 0,7823 | 0,8042 | 0,8205

Kak BugHO, yeM Oosplie BeaudMHa N, TeM Ooiblie oTHoeHue ( /(. OueBuaHO, IpU

TOYCHHUH BEIMYHMHA N 3HAYUTCIBHO MCHBIIC, YEM IIPHU IJ_U'II/I(I)OBaHI/II/I. CJ'IC,Z[OBaTeHLHO, Ipu TO4C-

HHUU YMEHBIIACTCs OTHOIIeHue ( /(],,, ¥ TeMIeparypa pe3aHus ( , 4TO IPHBOJHUT B COOTBETCTBHEC

pacyeTHbIe U SKCIIEPUMEHTAIbHbIE 3HAUEHUsI TeMIIepaTyphl pe3anust ¢ . C y4eToM 3TOro peleHus,
NOJTy4eHHbIC Ha OCHOBE 3aBUCHMOCTH (1), HE0OXOIMMO KOPPEKTHUPOBATh, YMHOXKAs PaCUCTHOE 3HA-

4yeHue (| Ha oTHomeHue q /J,,, , IPUBEACHHOE B Ta0OI. 1, /U1 3aJaHHON BEIUYHMHBI N .

HpI/I HIJ'II/I(l)OBaHI/II/I BCJIMYMHA N IPpUHUMACT JOCTATOYHO OoIbIINE 3HAYCHUS H, uCxXonasa Hus3

Tabin. 1, otHommenue q /q,,, ®1. Ilostomy 3aBucumocts (1) He TpeOyeT KOPPEKTUPOBKU. DTHM U

00BsiICHSIETCS TOT (aKT, YTO pacyeThl TEMIEPATyphl pe3aHus ( NpU NUIU(POBAHUU MO 3aBUCUMOCTHU
(1) npuBOAAT K YJOBJIETBOPHUTEIBHBIM PE3yJibTaTaM, a MPU TOUYCHHUH MMEET MECTO PACcXOXKICHHE
pacUeTHBIX U SKCIIEPUMEHTAIbHBIX 3HAUEHUH TeMIiepaTyphl pe3aHus ( .

Hcxons u3 3TOro, BO3HUKAET HEOOXOIUMOCTh TEOPETHUECKOrO ONpEeAEIeHUs BEIMYUHBI N

IIpU TOYCHUH. TaHreHHI/IaHBHYIO COCTABJIAIOIIYO CHUJIbI PE3aHUSA MOXKHO BbIPA3UTh 3aBHCUMOCTBIO

[7]:
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P, =sxF, (2)
rae F =zxa, x¢ — muiomaab KOHTaKTa 00padbaTeiBaéMOro Marepuaa ¢ nepeaHel NoBepXHO-

CTBIO peslid, M°, Z — KOJMYECTBO KOHTAKTHPYEMBIX DIIEMEHTAPHBIX 00BEMOB 0OpaGaThIBAEMOrO
MaTepuaia ¢ NepelHel MOBEPXHOCThIO pe3iia (B JaHHOM Ciydae Ul HyJIEBOTO TEpPEeIHEro yria
pesla); @, — JUIMHA KOHTAaKTa 3JIEMEHTApHOro oObeMa oOpabaTeiBaeMOro mMarepuaia ¢ nepeaHen
MOBEPXHOCTHIO PE3IIa, M; 6 — IIUPHUHA CPE3a, M.
Cuia, BO3HMKAIOIIAS B YCJIOBHOM ITOCKOCTH CABUTA 00pabaThiBaeMOro Marepuraia, paBHa
P=t,xLxs, 3)
rae t , — mpenes MpOYHOCTH HA CABUI 00pabaThIBa€MOro Marepuana, H/M% L - piuna

YCIIOBHOH IIJIOCKOCTH C/ABUTa 00pabaThIBAEMOro MaTepuaa, M.

N3 ycnoBus P =P,xcosb ¢ yuerom wusBectHbx cooTHomenui S /S, =tgbh [4];
S.. 't »2 u3aBucumocreii (2) u (3), umeem:

%_L
2xzxcosh

(4)

2
rae S, — Ipezel MPOYHOCTH Ha CXaTue oOpadaTbiBaeMoro marepuaina, H/m®.
Torma n=a/a, =2xzxcosb . Kak mpaBuio, OCHOBHAasI CHJIOBas HAIPSDKEHHOCThH Ipoliecca

pe3aHus JOCTUTACTCS B MOMEHT CheMa JIBYX HIKEPACIOI0KEHHBIX JIEMEHTapHBIX 00bEeMOB 00pa-
OaTpiBaeMoro marepuaia [8]. DTo cBsi3aHO, BO-NIEPBBIX, C HEOOXOMMOCTBIO JTOCTHKCHUS CHJIbI P B
MOMEHT OTJICJICHHS JJIEMEHTapHOTO 00beMa OT 0OpabaTeiBaeMoro Marepuaina. Bo-BTopsix, B obec-
NeYeHnn ¢ CuiIoil P ero manpHeimero mpoaBMKeHHs (32 CYET IUIACTUYECKOTO TEYCHUs) BIOJIb
YCJIOBHOM TUIOCKOCTH CABHMIa 00pabaThIBAEMOro MaTepHaja 10 MOMEHTa OT/CJICHHUs HOBOIO dJie-
MEHTapHOro o0bemMa OT oOpabarbiBaeMoro matepuaina. HecomHeHHO, U B JanbHeimeM Oyner 3a-
TpaucHa OIpPE/CIICHHAs DHEPIUsl Ha MPEOJOJICHUE ero TPEHHs C MepeaHeil MOBEPXHOCTHIO pe3lia.
OI[HaKO OHa 6y,[[€T 3HAYUTCIIbHO MCHBIIIC BHGPFHﬁ, 3aTpa4yruBa€MbIX Ha OTACIICHHUEC 3JICMCHTAPHOI'O
o0beMa OT 0OpabaThIBAaEMOro Marepuaja M OOECHCYCHHE ero IUIACTHYECKOrO TEYCHHS BIIOJb
YCJIOBHOW IUIOCKOCTH ciBHra oOpadaTbiBaemoro matepuana. [lostomy B 3aBucumocti (1) ator
(akTOp MOXHO HE PacCMaTpPUBATb.

C y4eToM CKa3aHHOTO, B 9TOM Clly4dae 3a OCHOBY MOXKHO NpPHHSTH 3HaueHue Z = 2. Torxa,

ucxojs u3 3aBucumoctd N=a/a =2xzxcosb, Bemuunna N ®4 u oruowenue /g, » 0,5

(ta6m. 1). [TosTomy B 3aBucuMocTH (1) crenyer yuuThiBaTh yMEHBILICHUE TEMIIEPAaTyphl pe3aHus (
NpUOJIM3UTENBHO B 2 pa3a, YTO NMPHUBOJUT B COOTBETCTBUE PAacUETHBIC U 3KCIIEPHUMEHTAJIbHBIC J1aH-
HbI€, MOJIyYE€HHbIE NPU TOYEHUH CTaJbHBIX 3aroTOBOK. O4eBUAHO, MpU 00pabOTKe XPYNKUX Mare-

puanoB (4yryHoB) 3Hauenust N u ¢ /q,,, (Tadm. 1) OynyT emie MeHbIIe, YTO MO3BOIUT OoJee 3Ha-

YUTENIbHO YMEHBIIUTh TEMIIEPATYPY pe3aHus J .
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Takum 06pa3oM, B paboTe 000CHOBaHbI OTIIMUUTENbHBIE OCOOEHHOCTH (POPMHUPOBAHUS TEM-
nepaTypsl pe3aHus MPU TOUYEHUH 0 OTHOIICHUIO K nutidoBanuio. [lomyueHHble pe3yabTaThl M03-
BOJISIFOT YTOYHUTH PacueThl TEMIEpaTyphl pe3aHus NIPHU TOUYCHHH. V3 MpUBEIEHHOTO pEeIIeHHs Clie-
AyeT Ba)KHBIHN HpaKTI/IT-IeCKI/Iﬁ BBIBO/, COCTOSIHII/IfI B TOM, 4YTO AJid CHUIKCHHA TEMIICPATYPhI PC3aHUA
q IIprU TOYCHHUU CICAYCT YMCHbBIIATHL BCIMYHHBI Zun, HaIrmpumcep, BCIUYHUHY N 10 MUHUMAJILHO

BO3MOXKHOI'O 3HaueHus N = 2. Torma, coriacHo Ta0II. 1, OTHOLICHHE ( /qmax N COOTBCTCTBCHHO

TemIeparypa pe3anus  MOryT ObITh yMeHbIeHbl 10 10 pa3. DTo mocturaercs, riaaBHbBIM 00pazoMm,

3a CUET YBEJHMYCHHUS YCJIOBHOTO yIjia CIBUTa 00pabaThiBAGMOro MaTepuaia b myTeM CHIDKCHHS

MHTEHCHBHOCTH TPCHHUS B 30HE pe3anus [9] v MOBBIIIEHHUS PEKYINEH CIIOCOOHOCTH HHCTPYMEHTA.
BriBoabI

HpHBeI[eHI)I AHAIIUTUYCCKUC 3aBUCHUMOCTU JII OIPCACIICHUA TEMIICpATyphl PE3aHUA IMPU
IlIJ'II/I(l)OBaHI/II/I M TOYCHHHU HA OCHOBC MMPCACTABJICHNUA CHUMACMOI'O IPUITYCKa B BUJC ITaAKETa 3JICMCH-
TapHBIX MPSIMOJMHEHHBIX aqua0aTHUYECKUX CTEP)KHEU, KOTOPHIE MEePEPe3atoTCsl PeKYIIUM HHCTPY-
MEHTOM B Mporiecce 00padotku. [TokazaHo, YTO MPU TOUEHHH CTAIBHBIX 3arOTOBOK JUIst O0Jiee TOY-
HOTO pacueTa TeMIepaTypbl pe3aHuss HEe0OX0AUMO YUUTHIBATh KOJIMYECTBO epepe3anuil annadbaTu-
YECKOro CTEP)KHS, T.€. KOJIMYECTBO 3JIEMEHTAPHBIX 00bEMOB 00padaThBAEMOro0 MaTepHaia, oopa-
SYIOIIUXCA 3a BpEMs HNPOXOKIACHUA PE3LHOM 30HBI PC3aHUA. Pacueramn YCTAHOBJICHO, YTO B 3TOM
cllydae TeMmIlepaTtypa pe3aHus MPH TOYSHUH YMEHBIIAETCs IPUOIU3UTENHHO B 2 pa3a, a 3TO IPUBO-
JIT B COOTBETCTBHE TCOPHUIO U MPAKTUKY MEXaHHUYECKOUW 00paboTku. Takke yCTaHOBJICHO, YTO YeM
MEHBIIIE KOJMYECTBO JJIEMEHTAPHBIX 00BEMOB 00pabaThiBAEMOro Marepuaa, o0Opa3yrommxcs 3a
BpeMsI IIPOXOXKJICHHS PE3IIOM 30HBI PE3aHusl, TEM MEHBIIIC TEMIIEpaTypa pe3aHusi, KOTopas 3a CyYeT
3TOTrO MOXeET ObITh yMeHbleHa 10 10 pas.
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MATEMATHUYHE MOJEJIIOBAHHSI POBOYOI IIOBEPXHI KPYT'A

B YMOBAX EJIEKTPOEPO3IMHOI'O AJIMA3HOT'O LIJII®GYBAHHSA
©CTtpenbuyk P. M.}, IlleskoBuii O.M.?
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HaLﬂOHCZJZbHZ/lU MEeXHIYHUU YHIeepcumem «XapKIGCbKMM NONIMEXHIYHUU THCMUmMYni»
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Crpeabuyk Poman Muxaitiosuy: ORCID: 0000-0002-7221-031X; r.m.strelchuk@gmail.com; kaumumar
TeXHIYHUX HAyK; JOIEHT Kadenpu iHpopMaLifHIX KOMIT IOTEPHUX TEXHOJIOTIH 1 MaTeMaTuky, YKpaiHChKa iH)KeHEPHO-
nejaroriyHa akazuemis, Bys1. YHiBepcuretrchka 16, M. Xaprekos, 61003, Ykpaina

Hlenxoeuii Onexcanap Mukonaiiopuu: ORCID: 0000-0002-7414-4854; alnikshelk@gmail.com; moxtop
TEeXHIYHUX HayK; 3aBilyBad KadelIpu IHTErpOBaHUX TEXHOJOTiH MammHOOynyBaHHs iM. M. ®@. Cemka; HanioHansHuid
TEXHIYHUI YHIBEepCHUTET «XapKiBCHKHI MONITEXHIYHUN IHCTUTYT», ByJI. Kuprnndona, 2, M. Xapkis, 61002, Ykpaina

VY po6oTi HaBeAeHO aHaMi3 GopMyIT I MAPAXyHKY YUCIIa 3€peH aiMa3Horo Kpyra, BiACTa-
Hell MK HUMH, X po3noiniB. Pe3ynbraTi 3acCHOBaHI Ha €KCIIEPUMEHTAIBHUX JOCHIKEHHSAX 1 po3-
PaxyHKOBUX METOJIaX 3 MOJEIIOBAaHHSIM KOHKpPETHOI (popMHU 3epeH. PO301KHICTh KUIBKICHUX JaHUX
MOSICHIOETBCS PI3HUM METOJWYHUM MiJIX0A0M - mpodinorpadyBaHHs, METO BIJOUTKIB, ONTHYHHIH,
METO]1 TepMOIIap, MIaHIMETPUYHUHN, MIKPOLLTI(IB 1 1HIII, a B pO3PaXyHKOBUX METO/1axX - BIAMIHHIC-
TIO IPUHHATOT GOPMH 3€pHA 1 BUXIJHUX PO3MIPIB 3€peH, 3aCHOBAaHMX Ha MO3HAYEHHI 3€pHUCTOCTI
nopoiky. KpiMm Toro, 3 METor0 BCTAaHOBJIEHHS! JOCTOBIPHUX PE3yJbTATIB, KOKEH 13 3a3HAYEHUX Me-
TOJIB MOPOJKYE LMK Psii OCOOJIIMBUX METOAMK 1 OpUriHanbHUX minxoxiB. Ilpodinorpadysanus
po60Y0i MOBEPXHI Kpyra MOXKe 31ACHIOBATUCS aJIMa3HOI TOJIKOIO, JTIOJIOTOTIONIOHUM HIYTIOM, 13 3a-
IIUCOM Tpo(ijorpam 3a JBOMa JONOMIKHHUM JIHISX, €KBIIUCTAHTHO PO3TAILIOBAHUM II0JI0 KOHTPO-
JLOBAHOT, 3 OIIIHKOIO pelbedy TOKOMPOBOIAIIEH TOJIKOIO ISl O1IBII BUPA3HOTO PO3Mi3HABAHHS all-
Ma3HUX 3€peH 1 BUCTYIIB METaJeBoOi 3B's13KHU 1 T. . | Tak B koskHOMy Metoai. [Ipu nbomy y Biamnosi-
JTHOMY BIMITHOMY CII0COO1 HAaBOJUTHCS aHAIII3 MepeBar OJHOIrO 1 HEAOMIKIB IHIIOTO MIXOY.

Haii0inp1 10CTOBIpHUM PO3paxXyHKOBUM METOJIOM MOJXKE BBaXKaTHUCS TOH, IpU SKOMY pe-
3yJBTATH BiMOBIIAIOTH EKCIICPUMEHTAIBHUM JIaHUM, OTPUMAHHUM MOIITYYHUM MiApaxXyHKOM YHCIa
3epeH B OJHOMY Kaparti 1 BiANOBIIHOTO B OAMHUII 00'€My aJIMa30HOCHOTO IIapy. Y po3paxyHKax
Taka BIJMOBIAHICTh JJO3BOJISIA CYJUTH PO JOCTOBIPHICTH PE3YJIbTATIB.

ITpoBouBCs aHami3 1 pO3paxyHOK 3€pEH, KOTPl YTPUMYIOThCS Ha poOOUiii MO-MOBEPXHI KPY-
ra npu HaiiMeHIuii ruOuH1 3aropTaHHs B 3B's311. baraTto 10CHiIHUKIB SIK BU3HAYAJIbHOI'O Iapame-
Tpa NpUHMaOTh MAKCUMaJIbHY BUCOTY BUCTYIIAHHS 3€p€H HAJl PIBHEM 3B'A3KHU. Y 3B'A3KY 3 LIUM BiJ-
3HAYMMO, 1110 MiHIMaJIbHA TJIMOMHA 3aKJIaICHHS € OUIbII HaiiHOIO (CTiHKO0), (hi3MYHO sKa BU3HA-
Ya€ThCS BEJIMUYMHO0, MEHILIOI0 MIPOIO 3aJI€KUTh B1Jl BUIIAJIKOBO (DaKTOPIB, 1110 BIJIMBAIOTh.

PosrisiHyTa MMOBIpHOCHO-CTaTUCTUYHA MOJIETh poO0Y0i MOBEPXHI MUTIPYBAILHOTO Kpyra
JI03BOJISIE OIMCATH PO3MOJLT OPIMHAT TOUOK CYMapHUM PLKYUUM HpodieM 3 ypaxyBaHHSIM Xapak-
TEPUCTHKH aJIMa30BMICHOTO IIapy.

Knwuoei cnosa: enexrpoeposiiiHe anmasHe HUTiQyBaHHSA, poOoda MOBEpXHS KpyTa, eJIeMeH-
TapHUNA PLKYYUi TPOQiIIb.

Cmpenvuyk P.M., lllenxosoni A.H. «MaTtematudeckoe MOJCIHUpOBaHUE pabodeil moBepx-
HOCTH KpyTa B YCJIOBHUSAX IEKTPOIPPO3ZUOHHOTO AJIMA3HOIO IIITHM(POBAHUSI»

B pabote npuseneHo ananu3 GpopMyil A IMOACUYETa YUCIIa 3€PEH alIMa3HOr0 Kpyra, paccTo-
SHUM MEX1y HMMH, UX pacrpeneneHuil. Pe3ynbraTsl OCHOBaHbI Ha SKCIEPUMEHTAIBHBIX UCCIIEN0-
BaHUSIX M PaCUETHBIX METO/aX ¢ MOAETUPOBAHUEM KOHKpETHOH (opmbl 3epeH. HecoBnanenue ko-
JMYECTBEHHBIX JAHHBIX OOBSICHAETCS Pa3IUYHBIM METOJUYECKUM IOJIX0A0M — mnpoduiorpapupo-
BaHWE, METOJI OTIEYATKOB, ONTHYECKHIA, METO TepMOTMap, IIAHUMETPUICCKHIH, MUKPOIUIN(OB U
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JpyTHE, @ B paCUETHBIX METOAAX — PA3JIMYUEM MPHHATON (OPMBI 3epHA U UCXOIHBIX pPa3MEpOB 3e-
PEH, OCHOBaHHBIX Ha 00O3HAYEHHUU 3€PHUCTOCTU Nopolka. Kpome TOro, ¢ 1eiabi0 yCTaHOBICHHS
JIOCTOBEPHBIX PE3yJIbTATOB, KX/ U3 OTMEUEHHBIX METOAOB MOPOXKIACT LENbIA psili 0COOSHHBIX
METOJMK W OPUTMHAIbHBIX 10AX0J0B. [Ipodunorpapupoanue paboueil MOBEPXHOCTU Kpyra Mo-
KET TPOM3BOJUTHCSA aMa3HOW WIJIOH, JO0JIOTOOOPa3HBIM ILIYIOM, C 3alUChIO MpOoUIorpaM Mo
JByM BCIIOMOTI'aT€JIbHBIM JIMHUAM, 3KBUAMCTAHTHO PACIOJIOKEHHBIM OTHOCHTEIBHO KOHTPOJIUpYE-
MO, C OIIEHKOH penbeda TOKOMPOBOASIIEH UTJIoN sl 00Jiee OTYSTIUBOTO PACTIO3HABAHMSI aiMas-
HBIX 3€PEH U BBICTYIIOB METAJUIMYECKOM CBA3KM U T. 4. U Tak B kaxnom Merone. [Ipu aToM B coOT-
BETCTBYIOLIEM OTIMYUTEIBHOM CIIOCOOE MPUBOIUTCS aHAINU3 IPEUMYIIECTB OJJHOIO U HEIOCTATKOB
Jpyroro noaxoza.

Haubonee 10CTOBEpHBIM pacuyeTHBIM METOJIOM MOXKET CUUTATHCSA TOT, IPU KOTOPOM PE3yJib-
TaThl COOTBETCTBYIOT 3KCIIEPUMEHTAIBHBIM JaHHBIM, ITOTYYCHHBIM IOLITYYHBIM IIOJCYETOM YHCIIA
3€peH B OJHOM KapaTe U COOTBETCTBEHHO B €AMHMIIE 00bEMa alIMa30HOCHOTO cios. B pacuerax Ta-
KO€ COOTBETCTBHE I103BOJISUIO CYJUTh O JOCTOBEPHOCTHU PE3YJIbTATOB.

[Tpou3BoamiICca aHaIM3 U pacyeT 3epeH, yIEPKUBAIOIINXCA Ha pabovel MOBEPXHOCTH KpyTa
IIpY HaUMEHbLIEeH NTyOuHe 3a/1€KU B CBsI3Ke. MHOTHe Uccie10BaTell B KaueCTBE ONPEeIAIOIIero
rapamerpa NpUHUMAOT MaKCUMAaJIbHYI0 BBICOTY BBICTYIIAHUS 3€pEH HAJl YPOBHEM CBA3KU. B cBA3M
C 9THM OTMETHM, YTO MHUHHMAJIbHasi TIyOWHa 3a/IeNIKU sBIsieTcst Oosiee HaaexkHOU (ycTOHYMBOIL),
¢bu3nvecku omnpeaensieMoll BEIMYMHOM, B MEHBIIEH Mepe 3aBHCALICH OT CIydailHO BO3AEHCTBYIO-
X GakTopoB.

PaccmoTpenHast BEpOATHOCTHO-CTATUCTHYECKAass MOJAETb pabouell MOBEpPXHOCTH HUTU(O-
BaJIBHOI'O Kpyra IO3BOJISIET ONMCATh PACIPEICIICHUE OpIUHAT TOYEK CyMMAapHBIM PEKYIIHUM IIpO-
¢buiieM ¢ y4eToM XapakTepUCTUKH alIMa30COIePKAIIETO CIOS.

Knrwouesvie cnosa: 31eKTpo3pO3MOHHOE aMa3HOe HIIM(oBaHue, pabodasi MOBEPXHOCTh KPY-
ra, 3JIeMEHTAPHBINA PEXKYIIUI TPOPHITH.

Strelchuk R., Shelkovoy A. «Mathematical modeling of the working surface of the wheel in
the conditions of electroerosive diamond grinding»

The paper presents an analysis of formulas for calculating the number of grains of the dia-
mond wheel, the distances between them, and their distributions. The results are based on experi-
mental studies and calculation methods with simulation of a specific shape of grains. The discrep-
ancy in the quantitative data is explained by a different methodological approach - profiling, imprint
method, optical, thermocouple method, planimetric, microsections, and others, and in calculation
methods - by the difference in the accepted grain shape and initial grain sizes, based on the designa-
tion of the grain size of the powder. In addition, in order to establish reliable results, each of the
noted methods gives rise to a number of special techniques and original approaches. Profiling of the
working surface of the circle can be carried out with a diamond needle, a chisel-like probe, with the
recording of profilograms along two auxiliary lines, equidistantly located relative to the controlled
one, with an assessment of the relief of the conductive needle for more distinct recognition of dia-
mond grains and protrusions of a metal bond, etc. each method. Moreover, the corresponding dis-
tinctive method provides an analysis of the advantages of one and the disadvantages of another ap-
proach.

The most reliable calculation method can be considered the one in which the results corre-
spond to experimental data obtained by piecewise counting the number of grains in one carat and,
respectively, per unit volume of the diamondiferous layer. In the calculations, this correspondence
made it possible to judge the reliability of the results.

The analysis and calculation of grains held on the working surface of the circle at the small-
est embedment depth in the bundle was carried out. Many researchers as the determining parameter
accept the maximum height of the protrusion of grains above the ligament level. In this regard, we
note that the minimum embedment depth is more reliable (stable), physically determined value, at
least depending on randomly acting factors.
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The considered probabilistic-statistical model of the working surface of the grinding wheel
allows us to describe the distribution of the ordinates of the points with the total cutting profile, tak-
ing into account the characteristics of the diamond-containing layer.

Keywords: erosion diamond grinding, working surface of a circle, elementary cutting profile.

Beryn

PoGoya nmoBepxHs anMa3zHOro HUTi(YBaIbHOTO KpyTa SBJISE COOOK0 CYKYITHICTh BEIHUKOI Kijlb-
KOCTI XaOTHYHO PO3TAIlIOBAaHUX aJIMa3HUX 3€pPEH, 31EMEHTOBAHMX METAJIEBOIO 3B'A3K0I0. ['eomeTpu-
YHI TapaMeTpy pesbe]y € BUNIAJKOBUMHU BETMUYMHAMH. Y IbOMY 3B'SI3KY JUISl BABUYCHHS 3aKOHOMIPHO-
CTEH €JIEKTPOEPO31MHOTO AIMa3HOTO MITi(yBaHHS JOLLIFHO BUKOPUCTOBYBATH METOIU TEOPii NMOBI-
pHOCTEH i MAaTeMaTU9HOI CTATHCTUKH.

MeTopoJiorisi J0CTiAKEHHS

Bynemo BBaxkaty, 1110 poboya MOBEPXHs Kpyra MpecTaBlieHa PsIoM MOCIII0OBHO pO3TaIlIoBa-
HHX eleMeHTapHuX pikyuux npodinis (EPIT) [1], ski MaroTh BTSN TIIOCKMX KPHBUX, OTPHMAaHHX
MIEPETUHOM AJIMa3HOTO KpyTa ITyYKOM IUIOIIUH, IO MPOXOAATh Yepe3 HOoro Bich 1 NEPHEHAUKYISIPHUAX
BEKTOPY HIBUAKOCTI pizanHs (puc. 1). 3aKOHOMIPHOCTI PO3TallyBaHHs aJIMa3HUX 3EpeH Ha PoOouUiit
NOBEpXHI Kpyra, xapakrepuctuku EPII, BU3Ha4atoThCs po3MipaMu 3epeH, BETMUUHOIO X BUCTYTIAHHS

HaJl piBHEM 3B'S3KH 1 TApaMETPOM IIOPCTKOCTI TOBEPXHi 3B's13kU Ras; [2].

AnMasHi 3epHa MarOTh y OLIBLIOCTI BU-
NaJKiB HEMpaBWIbHY T'€OMETpUuYHy Gopmy i
pi3HI po3MipH B MeXax OJHIET 3ePHUCTOCTI, y
pEe3yNbTaTi YOro Ba)KKO XapaKTepH3yBaTH PoO-
3MIp 3€pHa OJHIE]T TEOMETPUYHOIO BEIMYU-
HOI0. 3EpHUCTICTh aJIMa3HOTO MOPOIIKY BH-
3HAYAEThCSI PO3MIpaMU THI3J y CBITJI JBOX
KOHTPOJIbHUX CHT, 4Yepe3 OJHE 3 SKHX 3epHa
HPOXOJATh, a HA 1HIIOMY 3aTpuMyroThcs. Of-
HaK, SK MpaBwio, (pakTUIHHUN PO3MIp 3EpHA,

Puc. 1 Jlo Bu3HaYeHHs po6odOi IOBEpXHi Kpyra cyKyn- ~ OOYMOBJIEHHMH IiJ MIKpPOCKOIOM, OlIblIE THi-
HICTIO eleMeHTapHuX pixkydnx npodinis (EPII) 371a cuta [3].

Lle MOSACHIOETHCS THM, [0 YAaCTKH HMOJOBXEHOI (POPMU MOXKYTh MPOXOAUTH Yepe3 KBaJpaTHi
THI3[Ia CUTa CTOsl, a IUIOCKI — 1o JiaroHaii. Tomy, KpiM OCHOBHOI (paxiiii B CKJIa/i JAHOTO TOPOIIKY
3aBKAM 30epiraroTbes moOivyHI Gpakiii — KpynHimie 1 ApiOHie ocHOBHOI. HasBHICTh moO1UHUX (pa-
KIII TPUBOAMTH 10 3HAYHOTO BIAXWJICHHS (PAaKTUYHOTO CEPEIHBOTO PO3MIPY 3€pPEH BiJ po3Mipy, KOT-
pHii XapaKTepu3ye THi3AaMU CyMIKHUX KOHTPOJIBHUX CHUT.

SIK1o BpaxyBaTH, IO B PEAILHOMY IHCTPYMEHTI 3€pHO MOXKE PO3TALIOBYBAaTHCA OYyAb-SKOIO
CBOEIO YACTUHOI CTOCOBHO 30BHILIHBOT poO0OYOT MOBEPXHI, TO 3a €KBIBAIEHTHY (hopMy 3epHa JOLi-
JBHO MPUHHATH (opMy mapa i giamerpoM dgp, yBakaroun BCi HOTO Kpankw piKyduMmH. [l BU3HA-
YEHHS CEpPeAHbOr0 €KBIBAJEHTHOrO Jiamerpa ey CKOPHCTaEMOCS (OPMYJIOIO, 3aIIPOIIOHOBAHOI B PO-
0oTi [4] muis migpaxyHKy MacH 4aCTKU HENPaBUIIbHOT hopMu:
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N = o0t @)

o' a“¢p

ne N — urcino abpa3uBHUX YacTOK Yy HaBicI, T, Q - HaBicka abpa3uBHOTO MOPOIIKY, T; K, —
Koe(illieHT yrmaKkyBaHHs (3aIOBHEHHS) 00CSTY YacTKaMH HEPaBHIBLHOT ()OPMH; p, - IILIBHICTH abpa-
3WBY, F/CM3; dep — €KBIBAJICHTHHI yCepeTHEHUH JliaMeTp aIMa3HOTO 3ePHaA, MM.
Bepyuu o yBary, 1o s amMa3Horo MOPOIIKY p, =3,53 rlem®; Q=0,2 r; K, =0,25, OJIEP)KIMO:
4 = 6,1
? YN

ne N —ymcio anMasHUX 3epeH y HaBicll piBHIN 1 kapaty, THC. LIT.

(2)

Otpumana ¢opmysia JA03BOJISIE BU3HAYUTH CEPE/IHINA CKBIBAJICHTHHU JiaMeTp JUIS aJIMa3HUX
3epeH 1o YKCiy X y HaBicIll B 1 kaparti.

VY Tabnuii 1 HaBeeHI 3HAYCHHS CePEeTHBOTO EKBIBAJIEHTHOTO JiaMeTpa 3epHa s aJIMa3HOTO
nopoky mapku AC6.

Tabauus 1 — 3HaueHHs cepeTHBOT0 EKBIBAJICHTHOTO /liaMeTpa 3epHa
JUIsL a7IMa3HOro nopoiuky Mapku AC6

3epHUCTICTH aTMa3HOTO Cepenne uncio 3epeH B 1 CepenHiii ekBiBaJIEHT-
MTOPOMIKY, Z, MKM Kaparti mopormka, N, Trc. mir. HHUiT giametp 3epHa, ep,MM

400/315 2,44 0,453
315/250 4,53 0,368
250/200 8,41 0,300
200/160 15,6 0,244
160/125 29,1 0,198
125/100 54,0 0,161

100/80 100 0,131

80/63 186 0.106

63/50 346 0,086

50/40 644 0,070

Takum 4MHOM, €KBIBaJIGHT aJMa3HOTO 3e¢pHa y (GopMi miapy, mo Mae cepeaHiilt giamerp dep,
00uYHMCIICHUH 3 YMOBH 30epeKeHHs Macu aOpa3MBHOI PEYOBMHHM 1 YHCIIA 3€peH, 3aKIaJICHUX B 00CST
aJIMa3HOTO KPyra, Ja€ MOKJIUBICTh 3MOJICIIOBATH iJIeaTi30BaHUi TUTI(PyBaIbHUN IHCTPYMEHT, IO
CBOil Oy/J10Bi 1 OCHOBHUM BJIACTUBOCTSIM, 1110 HAWOUIBIII BiAMOBIJa€ pealbHOMY IPOTOTHILY.

MaremaTuyHa Mo/1eJ1b

Bucora 3epen Haj piBHEM 3B'SI3KM 3aJISKUTh BiJl YMOB 3aKpIIICHHS 3€pHA 3B'A3YBaHHAM 1
HaBaHTAKEHHs, SIKE BOHO CIpHUiiMae B mporeci nuripyBanus. Beranosieno [5], mo s HalOLib
TUTIOBUX PEXHUMIB OOpOOKM MaKCHMallbHa BHCOTa BHCTYINAHHS 3€peH IepedyBac B MEkax
0,18...0,25 ix po3mipy. V Takuii criocid Ha poOOYiil MOBEPXHI aIMa3HOTO MUTIPYBAIHLHOTO KpyTa
BUIAJKOBUM 00pa3oM pO3TalIOBYIOTHCA 3€pHA, IO BUCTYMAIOTh HAJ MOBEPXHEIO 3B'SI3KM Ha BEJH-
ypHy h,, mo 3miHoeTbest B Mexax Bix 0 10 0,25 dgp. PesynbraT nociipkeHs OKa3yoTh, IO PO3-
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MOJTiJT 3HAYCHDb N, y 3a3HaYCHUX MEXKaX 3 JOCTATHHOKO HAMIMHICTIO MOYKHA OMHCATH 3aKOHOM HOp-
MaJILHOTO PO3MOJILTY BUY:

1 S 2s? E
f(h)= ——¢ =" 0 (3)
s

ne Nep - cepetis BUCOTA BBICTYIIAHHS 3€PEH Hal 3B'SI3KOI0.

VY pO3rIIsHYTOMY BWITQJIKy IOJIE PO3CIFOBAHHS 3HAYEHb BUCOTH 3€PEH HAJ[ PIBHEM 3B'SI33KH
nexuth y Mexax Big 0 1o 0,25 dgp. ¥V 3B'13Ky i3 UM MaeMo:
h._-h

o d
S = —smax smin — P 4
" 6 24 @

Ac Sh — CCpCAHE KBAAPATUIHC Bi,Z[XI/IHeHH}I.

[opcTKiCTh MOBEPXHI 3B'SI3KH, 110 XapaKTEPU3Y€ETHCS CepeiHiM apu(PMETUIHUM BiJIXUIICH-
HAM poduTio Ra,s, 3a51ekKUTh Bl BETUKOT KIJILKOCTI (PaKTOPIB 1 BIANOBIIHO LIEHTPAJIbHINA IpaHNY-
Hill TeopeMi Teopii HMOBIPHOCTEH 1 MOXKHA IPUHHSATH, 1110 BOHA TAKOX IM1IKOPSAETHCS HOPMATILHOMY
3aKOHY PO3IOALTY:

@
&

[N
DOO 8
I

N
n
N
=-l--1- O

f(Ra,) = o 2 , (5)
36
JI€ G5 — CEPEIHE KBAJPATUYHE BIIXWICHHS NTapaMeTpa ILOPCTKOCTI MOBEPXHI 3B'SI33KU aJIMa-
3HOI'O Kpyra.
Ockinpky Npod1Ib MOBEPXHI 3B'SI3KM CTAI[MIOHAPEH 1 ONMUCYETHCS HOPMAJILHUM 3aKOHOM pO-
3M0ALTY MK ITapaMeTpaMH Gs;, 1 Ras; Mae MicIie CITiBB1THOLICHHS:

Ra:ee :Sce E (6)
Y

OTxe, BeTMUMHA CEPETHHOIO KBAAPATUYHOIO BIAXUIIEHHS Oy/ie piBHa!

s = Ra%ﬁ | @)
p

Taxum unHOM, OpauHaTa goBUTbHOT Kpanku EPII anma3Horo kpyra BU3HaYa€eThCs ABOMA HE-
3aJIe)KHUMH BHUIIAJIKOBUMH BeTMYUHAMU N, 1 Rass, KOXKHA 3 SIKMX IIJKOPSETHCS HOPMAJIBHOMY 3aKO-
Hy po3noziry. [{ns BusHaueHHs 3akoHy posnonity opauHat EPII noTpiGHO 3HAWTH MIUIBHICTH pO3-
O[Ty BUNIAIKOBOT BeTMUUHHU: Y= N,y Rass, TOOTO 3po0UTH KOMITO3HIIIO 3aKoHIB po3noaity f (h;) if
(Rass).

3acToCcoByIOUH 3araibHy (GOpMyITy U KOMIIO3HIIIT 3aKOHIB po3mnoainy [6] maemo:

¢ Ra, (y-Ra,-h,)’!

l \ ¥ g 2s s6 ZS,% de . (8)
zps hS 36 ¥

V¥
g(y) =g, f(Ra,)f(y-Ra,)dRa, =

Po3kpuBaroun AyKKH B MOKa3HUKY HMOJIHTErpaibHid (QYHKIT 1 IpUBOISYM MOAIOH] YICHU
OJIeP)KUMO:

1 ¥ a2, _
9 = goaps 08 W 9)
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2
2 2 _
2s.s., 2s? 2s?

3 iHTErpaaIbHOTO BUpPaXyBaHHS BiIOMO, II10:

E' AC—BZE'
¥ -ax2+2ex-cq, — |P Aod
0_¥e dX - K (10)
[Migcrasmsroun (10) B (9), micis mepeTBOPEHb MaEMO:
g_ (y_hr'ﬂ)z ﬂ
Lifetetly (11)

a(y) = L ”
JsZ+s?2p

Takum unHOM, 3aK0H posnoainy opauHat EPIT € 3akoHoM HOpMaJIbHOTO PO3MONLTY 3 MaTe-
MaTHUYHUM OYIKYBaHHSIM M. 1 cepeaHIM KBaIpaTHYHUM BIIXWJICHHSIM G, SIKI BU3HAYAIOTHCS CIIiB-
BIJTHOIIEHHSAMU

m, =h

e cp!?

(12)
S, =S/ +s>.

VY nporieci 0OpoOKH Yepe3 NesKuil mepeTuH oOpoOII0BaHOTO BUPOOY 3a OJIMH 00epT aamas-
HOTO Kpyra HMpOXOJIuTh neBHa KibKicTh EPII, koxxHuil 3 skux 3HIMae map marepiany. Pesynprar
nocnigoBHoro BBy EPII Moxke OyTu mpeactaBieHuil K BILTUB, 110 OOTHMHAE, OJEP>KyBaHOI IpH
nakstaaeHdi EPIT ogun Ha omnoro [7]. 1ls, mo oOruHae, Ha3uMBaHa CyMapHUM PiKYYHM MpodiieM
(CPII) ypaxoBy€ pa3sHOBHCOTHICTh KOHTAKTYIOUHMX 3€pE€H 1 HMOBIPHICTH 1X mHepekpHTTs. Ywmcio
nocnigoBHo posramoBanux EPII, mo dopmyrots CPII i3 001ikoM iX HE3aleKHOCTI BUSHAYAETHCS
SK:

n = PO (13)

ne D, — niamerp anMasHOTO Kpyra, MM; | — cepenHs BigcTaHb MiXK 3epHAMHU, PO3TAIIOBaHU-
MU Ha poOOUiif MOBEPXHI Kpyra, MM.

3akoH posnoainy opauHat CPIT Mmoxxe OyTu 3HaiAeHUI 31 CITIBBITHOIIICHHS

F(y)=¢f (v )8 (13)

Bynemo BBaxkaTH, mo po3mnoxaisn opauHat CPIT migkopsieTbess HOpMaIbHOMY 3aKOHY PO3IIO-
JTy 3 MAaTEMAaTUYHUM OYiKyBaHHSM Me 1 CEPEIHIM KBaIPATUYHUM BiIXUICHHSM Ge.
[TapameTpu HOpMasIbLHOTO po3noalTy IpH Ne>100 3 1OCTaTHHOIO TOYHICTIO MOKYTh OYTH PO-
3paxoBaHi 1o popmyiax:
m, =1,55n)"'s ;

s, =,/0,49%% +sZ,

1Ie Ge — CepeqHE KBaapaTuieckoe BigxmieHHs EPII.

(14)

BucHoBku

PosrisiHyTa MMOBIpHOCHO-CTaTUCTUYHA MOJIEIh poO0OY0i MOBEPXHI HMUTIPYBAIBLHOTO Kpyra
JI03BOJIsIE€ onucaTH po3noin opauHaT kpanok CPII i3 ypaxyBaHHSIM XapaKTepUCTHKU alIMa303Mic-
TOBHOTO Iapy.

38 © Crpenpuyk P. M., Hlenkosuit O.M., 2019



ISSN 2079 — 1747 Mammno0OynyBanus, 2019, Ne24
DOI 10.32820/2079-1747-2019-24

Marepiajio3HABCTBO

CnucoK BUKOPHCTAHOI JTiTepaTypu:

1. Topodeer B. JI. OcHoBBI mpouibHO# anma3Ho-abpasuBHON 06pabotku / B.J[. lopodeer. — Caparos :
Wzn-Bo Capatos. roc. yH-ta, 1983. — 186 c.

2. In process estimation of fracture surface morphology during wheel scribing of a glass sheet by high-speed
photoelastic observation / R. Hasegawa, S. Matsusaka, H. Hidai [et al.] // Precis Engineering. — 2016. —N 48. — Pp. 164-171.

3. OcHognl anmazHoro nutrdoBanus / M. @. Cemko, A. U. I'pabuenko, A. ®. Pab [u np.]. — Kues : Texnuxa,
1978. - 192 c.

4. Gutsalenko Yu. Exploitative destruction features for detonation ultra-dispersed diamonds of initial me-
tallic protection for abrasive powder grains to diamond-spark grinding tools / Yu. Gutsalenko, C. lancu, S. Bratan //
Fiability & Durability. — 2015. — Supplement No. 1 (14). — Pp. 3-8.

5. Ko63aps JI. E. TlporpeccuBroe anmasHo-uckposoe nutudosanue / JI. E. Ko6-3aps, B. A. ®anees, H. K.
Beszybenko. — Xappkos : XI'TIY — XHIIO «®3/]», 1995. — 152 c.

6. Koshy P. Mechanism of Material Removalin Electrical Discharge Diamond Gridning / P. Koshy, V. K. Jain,
G. K. Lal // International Journal of Machine Tools and Manufacture. — 1996. — VVol. 36, Iss. 10. — Pp. 1173-1185

7. dusnKo-MareMaTHIECKasT TeOpUs IMPOLECCOB 06pa6OTKI/I MaTepruajIoB M TECXHOJOTHUHW MAIIMHOCTPOCHUA.
B 10 1. T. 4. Teopuss abpa3uBHON W anma3HO-abpa3uBHON 00paboTku marepuanos / [Tox obmur. pea. @. B. HoBukosa
u A. B. SIkumosa. — Onecca : OHITY, 2002. — 802 c.

References

1. Dorofeev, VD 1983, Osnovy profilnoj almazno-abrazivnoj obrabotki, lzdatelstvo Saratovskogo
gosudarstvennogo universiteta, Saratov.

2. Hasegawa, R, Matsusaka, S, Hidai, H, Chiba, A, Morita, N & Onuma, T 2016, ‘In-process estimation of
fracture surface morphology during wheel scribing of a glass sheet by high-speed photoelastic observation’, Precis
Engineering, no. 48, pp. 164-171.

3. Semko, MF, Grabchenko, Al, Rab, AF et al. 1978, Osnovy almaznogo shlifovaniya, Tehnika, Kiev.

4. Gutsalenko, Yu, lancu, C & Bratan, S 2015, ‘Exploitative destruction features for detonation ultra-
dispersed diamonds of initial metallic protection for abrasive powder grains to diamond-spark grinding tools’, Fiability
& Durability, Supplement no. 1 (14), pp. 3-8.

5. Kobzar, LE, Fadeev, VA & Bezzubenko, NK 1995, Progressivnoe almazno-iskrovoe shlifovanie, Harkovskij
gosudarstvennyj politechical universitet, HNPO FJeD, Harkov.

6. Koshy, P, Jain, VK & Lal, GK 1996, ‘Mechanism of Material Removalin Electrical Discharge Diamond
Gridning’, International Journal of Machine Tools and Manufacture, vol. 36, iss. 10, pp. 1173-1185.

7. Novikov, FV & Jakimov, AV (eds.) 2002, Fiziko-matematicheskaja teorija processov obrabotki materialov i
tehnologii mashinostroenija, vol. 4 Teorija abrazivnoj i almazno-abrazivnoj obrabotki materialov, Odesskij
nacionalnyj politehnicheskij universitet, Odessa

Crartsa Hagidnwia o penakuii 12 sxostas 2019 p.

© Crpenpuyk P. M., Hlenkosuit O.M., 2019 39



ISSN 2079 — 1747 MammHo6ynyBanus, 2019, Ne24
DOI 10.32820/2079-1747-2019-24

Marepiajio3HABCTBO

DOI 10.32820/2079-1747-2019-24-40-51
V/IK 621.87
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B po6orti po3risiHyTa MeToarKa MoOYyJOBHM MaTEeMaTHYHOI MOJIEi KpaHa-MaHIMyIsITopa B
IUTOIIMHI 3MIHM BHJIBOTY CTPLIOBOi CHCTEMHM i3 BaHTakeM. MaTeMaTH4Ha MOJeNb MoOyJoBaHa i3
BpaxyBaHHSM TPhOX OJHOYACHUX PYXiB, a caMe, KyTOBOI'O IEpeMIIlEHHs PYKOATI, JIHIHHOTO Tepe-
MIIIEHHS TEIECKOMIYHOI CeKIil Ta KOJIMBAJIBHOTO PYXY 3aXBaTHOT'O MPHUCTPOIO 3 BaHTaxeM. Pospa-
XOBaHO (DYHKIIIT 3MIHM KIHEMAaTHYHHUX Ta JUHAMIYHUX XapaKTEPUCTHK CTPLIOBOI CHCTEMH 3a OJIHO-
YaCHOTO MEPEeMIlIeHHS i1 JaHOK Ta BIUIMBY KOJMBAJIBHOTO PyXy BaHTaxy. [loOymoBa MmareMaTHYHOI
MOjIeJIi BUKOHYETHCS 13 3aCTOCYBaHHSIM piBHSAHB Jlarpanxka apyroro poay. Ilpu nupomy 3a y3aranib-
HEH1 KOOPAWHATH MOJIeNi KpaHa-MaHIMyJIsIToOpa NPUHHATO KyTOBI KOOPAMHATH MOJIOXKEHHS PYKOATI
Ta BIIXWJIECHHS BaHTAXYy, a MOJIOXKEHHS TEJIECKOMIUHOI CEKIli BU3HAYAETHCS JIHINHOI y3arajibHe-
HOIO KOOPAMHATOI0 BUCYBAHHS IITOKY MPUBOIHOTO T1APOLMITIHIPY.

MexaHiuH1 XapaKTepUCTUKHU MIPUBOIY MPEICTaBICHI Yy BUTIISAII KBaIpaTUUHUX 3aJI€KHOCTEH
MDK JIFOYAMH 3YCHUIAMH Ta MIBHAKOCTSAMHU MEPEMIllIeHb MITOKIB CHJIOBHUX Tiaponmiinapis. Kepy-
BaHHSI €JIEMEHTaMU MPUBOY NPEICTABICHO y BUTJISI PIBHSIHB BUTPATH poO0YOi PIAMHM 31 3MIHOIO
TUIOMII MPOXITHOTO Mepepidy y Yaci 3a JiHIHHUM 3aKOHOM.

B pesynbpTaTi OTpuMaHO PiBHSHHS PYXy KpaHa-MaHIIYJSITOpa 3 BpaXyBaHHSIM BIUTUBY 1HEp-
IIAHOT CKIIQJI0BOT KOXHOI JIAHKH CTPIJIOBOi CHCTEMHU Ta BIUIMBY KOJMBAJIBHOTO PYXy BaHTaXy Ha
JUHAMIYHI HaBaHTKCHHS €JIEMEHTIB METaJOKOHCTPYKIIII Ta TipaBiaidyHOro npuBoay. Po3pobieHa
MaTeMaTU4HA MOJIEIb I03BOJISIE€ TEOPETHYHO BU3HAYUTH BIUTUB OJJHOYACHOTO MEPEMIIIICHHS PyKOSTI
Ta TEJNECKOMIYHO1 CEeKI[ii Ha KOJMBAaHHS BAaHTaXXy Ta BIUIUB KOJMBAHHS BAaHTAXy Ha JAMHAMIYHI Ha-
BaHTa)XCHHSI, SIKI BAHUKAIOTh B CTPUIOBIH cHCTEMI Ta eleMEHTaX MPHUBOY KpaHa-MaHIMyJIsSTOpa.

Knrwuoei cnosa: maremMaTM4yHa MOJENb, 3MiHA BHJIBOTY, CYMIIIEHHS pyXiB, KpaH-
MaHIMyJIATOp, piBHAHHSA Jlarpamka Ipyroro poay, AMHaMi4HI HAaBaHTAXXCHHS, KOJTUBAHHS BaHTaXY.

JloBeiikuH B.C., PomaceBuu 10.A., Cnnogo0a A.A. «MartemaTudeckas MOJIEIb JUHAMUKHU
W3MEHEHUS BbUIETA CTPEJIOBOM CHCTEMBbI KpaHa-MaHHUITYJIATOPA TIPH COBMEIIEHUHN JBM)XCHUH PYKO-
SITH U TEJIECKOITMYECKOM CEKIIUU.

B pabore paccMoTpeHa MeTOJIMKAa TIOCTPOCHHS MaTEMaTHYeCKOW MOJICIH KpaHa-
MaHUITYJISITOPA B TUIOCKOCTH MU3MEHEHHUS BBLJIETA CTPEIIOBOM CHUCTEMBI C Tpy30oM. MareMatuyeckast
MOJIEJIb TIOCTPOCHA C YYETOM TPEX OJTHOBPEMEHHBIX JIBH)KCHHM, @ UMEHHO, YTJIOBOTO TIEPEMEIICHHS
PYKOSITH, JTHHEWHOTO TEPEMEIICHHS TEJICCKOMMUSCKON CEKIMU M KOoJeOAaTeThHOrO JIBUKCHUS 3a-
XBaTHOTO YCTPOMCTBa C rpy3oM. Paccuntano ¢yHKIMM W3MEHEHUS KUHEMATHYECKUX U JUHAMUYE-
CKHMX XapaKTEPUCTUK CTPEJIOBOM CHCTEMbI IIPU OJJHOBPEMEHHOM NEPEMEIICHUH €€ 3BEHbEB U BIIHS-
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HUS KOJieOaTeNbHOTO IBWKECHHS Trpy3a. [locTpoeHHe MareMaTH4YeCKOW MOJETH BBIMOJHSIETCS C
npuMeHeHueM ypaBHeHuid Jlarpamxka Broporo pona. Ilpu sTom 3a 00001IeHHBIE KOOPIUHATHI MO-
JIeM KpaHa-MaHUIYJIATOpa NPUHSTO, YTIOBbIE KOOPAMHATHI MOJOXKEHUS PYKOSTH U OTKIOHEHHS
rpy3a, a MOJOKEHUE TEeNeCKOMUYECKON CEKIIUU OMpeeiaeTcs JMHeHHONH 00001IeHHONH KOopIuHa-
TOM BBIIBMXKCHUS IITOKA MPUBOHOTO THIPOLIMIIUH]IPA.

MexaHu4yecKkue XapakTepUCTUKU NMPUBOA MPEICTAaBICHHbIEC B BUJIE KBAJPATUYHBIX 3aBUCH-
MOCTEH MEXy JCUCTBYIOIIMMH YCUIUSIMU U CKOPOCTSIMU NEPEMEIICHHUM ITOKOB CHIIOBBIX THAPO-
UWIMHIPOB. YIIpaBJIeHUE 3JeMEHTaMU MPHUBOJIA MPEICTaBICHO B BUJAE YpaBHEHMI pacxoja pado-
Yyel )KUIKOCTH ¢ U3MEHEHUEM ILIOIA M TPOXOJIHOI0 CEYEHHUsI BO BPEMEHH 3a JIMHEUHBIM 3aKOHOM.

B pesynbrare mosiydeHo ypaBHEHUE ABWKCHHS KpaHAa-MaHUIYJSATOpPA C YUYETOM BIHUSIHUA
WHEPIUOHHONW COCTAaBJISIOMIEH KaXKJIOTO 3BEHA CTPEIOBOM CHCTEMBI M BIHMSHHUA KOJeOATEIHHOTO
JBUKEHUSI TPy3a Ha IMHAMUYECKHE Harpy3Kd 3JEMEHTOB METAJUIOKOHCTPYKUUHU U TUIPABINYECKO-
ro npuBoja. PazpaboranHas mareMaTnyeckasi MOJEIb I103BOJISIET TEOPETUUECKU OIPENEIUTD BIMSI-
HUE OJHOBPEMEHHOTO MEPEMEIEHUS PYKOSITH M TEJIECKOIMYECKON CEeKIIMU Ha KojeOaHus rpysa u
BIIMSHHUE KOJIEOAHUS Tpy3a Ha JUHAMHUYECKUE HArpy3Kd, BO3HMKAIOIIWE B CTPEJIOBOWM CHUCTEME M
3JIEMEHTaX NMPUBOJIa KpaHa-MaHHUITYJIATOPA.

Kniouesvie cnoga:. mateMaTnyeckas MoJielb, U3MEHEHHUE BBLIETA, COBMEIIEHUE JABUKCHUH,
KpaH-MaHUIYJISTOp, ypaBHeHUs JlarpaHxka BTOpOro pojia, TMHAMHYECKHE HArpys3Kkd, KojeOaHus

rpysa.

Loveikin, V., Romasevich Yu., Spodoba O.0. «Mathematical model of the dynamics vary-
ing the radius jib system loader crane at adjustment movement arm and telescopic section»

In the paper considers the method of constructing a mathematical model in the plane of
change of departure of the jib system of a link loader crane with a load. The mathematical model is
built with three simultaneous movements, namely, the simultaneous angular movement of the arm,
the linear movement of the telescopic section and the oscillatory movement of the gripping device
with a load. The functions of changing the kinematic and dynamic characteristics of the jib system
while simultaneously moving its links are calculated. The construction of a mathematical model is
performed using the Lagrange equations of the second kind. In this case, for the generalized coordi-
nates of the model of a loader crane, the angular coordinates of the position of the links of the jib
system and the angular deviation of the load, and the position of the telescopic section is determined
by the linear generalized coordinate of the extension of the rod of the drive hydraulic cylinder.

The mechanical characteristics of the drive, presented in the form of quadratic dependencies
between the acting forces and the speeds of movement of the rods of the power hydraulic cylinders.
The control of the drive elements is represented as equations of the working fluid flow rate with a
change in the flow area of the according to a linear law.

As a result, the equation of motion of the loader crane was obtained, taking into account the
influence of the inertial component of each link of the jib system and the influence of the oscillatory
movement of the load on the dynamic loads of the metal construction and the hydraulic drive ele-
ments. The developed mathematical model makes it possible to theoretically determine the effect of
the simultaneous movement of the jib and arm on the oscillations of the load, and the effect of the
oscillation of the load on the dynamic loads arising in the jib system and elements of the loader
crane drive.

Key words: mathematical model, varying the radius, combination of movements, loader

crane, Lagrange equations of the second kind, dynamic loads, load oscillations.

ITocTanoBka npodyaemu.

B mpomeci BUKOHAaHHS TEXHOJOTIYHOTO IPOIECY PO3BAHTAKyBaJIbHO-3aBAHTAXKYBAJIBHUX
olepariii B eIeMEeHTax CTPIJIOBOI CHCTEMHU Ta €IeMEHTax NMPUBOAY KpaHA-MaHIITyJsATOpa BUHHUKA-
I0Th JIMHAMIYHI HaBaHTAXXCHHS, B HACIIJIOK HEPIBHOMIPHOTO OOEpPTaHHS CTPLIOBOi CUCTEMHU NIpHU
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PIBHOMIpHOMY I€pEMIIIEH] ITOKIB IAPOUMIIHAPIB. JuHAMIYHI HAaBaHTa)KEHHS 3aJ1€KaTh B1J KiHe-
MaTUYHHUX MapaMeTpiB 3’ €HAHHS JJAHOK CTPIJIOBOi CUCTEMU KpaHa-MaHIIyJISITOpa Ta BiJl XapaKTepy
3MIHH IIBUKOCTI MEPEMIIIEHHS JaHOK CTPLIOBOI CUCTEMU 3 BAHTAXKEM.

[Ipu cymimieHHi omnepaiiii 0JHOYaCHOIO MepEeMIIlleHHs IBOX JIAHOK CTPIJIOBOT CUCTEMH MO-
’KHA 3HAYHO MiJBUIMUTH TPOAYKTHBHICTh, HAJIAHICTh €JIEMEHTIB T1IpaBIiuyHOrO OOJaJHAHHS Ta
CTPLIOBOi CHCTEMH KpaHa-MaHIIyJIATOpa, a TAKOX 3HU3UTH JMHAMIYHI HABAHTA)KEHHS, SKI BHHU-
KalOTh B €JIEMECHTAX CTPLUIOBOI CHCTEMHU Ta MPHUBOJHUX MeXaHi3max. Jlyis BU3HAYCHHS TIHCHUX IH-
HaMIYHUX HABAaHTA)KEHb B €JIEMEHTAX KOHCTPYKIIi KpaHa-MaHIIMyJIsITOpa MPU CyMIIICH] pyXiB JIJAHOK
CTPIJIOBOI CHCTEMHU HEOOX1THO MaTH aJICKBaTHI MaTeMaTHUYHI MOJIETI.

AHaJi3 OCTaHHIX JOCTiKeHb 1 myOJikauiii.

B poGorax [1-7] BHCBITIEHO OCHOBHI METOAM MOOYJIOBH MaTeMaTHYHOI MOJEIi KpaHa-
MaHinyssTopa. B manux pobortax cTpijoBa cUcTeMa KpaHa-MaHIIyJIssTopa Mpe/iCcTaBleHa sIK ToJIo-
HOMHA MEXaHI4Ha CHCTeMa, B Kiil LIEHTp Baru JaHOK €JIEeMEHTIB METATOKOHCTPYKLIi CriBHasae 3 ix
TC€OMETPUYHUMH ITapaMeTpaMHu.

B po6otax [8-11] po3risiHyTo moOy10By MaTeMaTHYHOI MOJIENi KpaHa-MaHiIyJIsaTopa, BCTa-
HOBJICHO 3B'SI30K MIX KIHEMaTHYHMMHU 3aJIEKHOCTAMHU IMPHUBIAHOI JAHKU KpaHa-MaHINyJSITOpa Ta
BaHTaxXy. [IpoaHanmizoBaHO BIUIMB JMHAMIYHMX HABAHTA)XEHb HA €JIEMEHTH METaJIOKOHCTPYKIIi
CTPLIIOBOi CUCTEMH KpaHa-MaHIMyJsTOpa.

B po6oti [12] po3risiHyTO BIUIMB IiAJATIMBOCTI pOOOYOI PiAMHU Ta €ICMEHTIB TiapaBiid-
HOT'O MPHUBOJy Ha JAMHAMIYHY HaBaHTAXXEHICTh KpaHa-MaHIMyJSATOpa 3 TiIPONPUBOIOM IpU CyMi-
IIEHH1 OJJHOYACHOT'O PYXY JIAHOK CTPLJIOBOT CUCTEMH.

B po6otax [13-15] po3risiHyTo aHai3 BIUIMBY CyMIllIGHHS PYXiB TPbOX JIAHOK CTPIJIOBOT CH-
CTEMH Ha JMHAMIYHy HaBaHTa)KEHICTh KpaHa-MaHinmyJsTopa. [Ipu nocuts Benmukomy o0Cs31 po3riis-
oy TpoOjieMyd AMHAMIYHOTO aHalli3y CYMIIIEHHS OJHOYACHOTO PYXy JIAHOK CTPUIOBOI CHUCTEMH,
PO3B’SI30K JaHOi 3a/1a4l Ui KpaHIB-MaHIMYJIATOPIB 3 T'IPONPUBOIOM HE PO3IVISIHYTO 3 BpaxXyBaH-
HSIM KOJIMBaHHS BaHTa)Ky Ha KIHIIl CTP1JIOBOi CHCTEMH.

IMocTaHoBKa MeTH Ta 3aBIaHHS T0CTiZKEeHHS

Mertoto naHoi poOoTH € moOyA0Ba MaTeMaTUYHOT MOJIEN] AMHAMIKU 3MiHM BHJIBOTY CTpPLIIO-
BOI CHCTEMU KpaHa-MaHIMyJsATOpa MPH CYyMIMIEHH] Onepalliidi 0JJHOYaCHOT'O KyTOBOTO MEPEMIIICHHS
PYKOSATI Ta 301IbIIEHHS BUJILOTY CTPLIOBOI CUCTEMH 33 paXyHOK BUCYBAHHS TEJIECKOMIYHOI CEKIIii 3
KOJIMBAHHSIMHU BAHTA)Xy HA KIHII CTPLIOBOI CUCTEMH, a TaKOX JOCITIHKCHHS JTUHAMIKKA 3MIHU BU-
JBOTY CTPLIOBOI CUCTEMHU KpaHa-MaHIMmyJIsTopa.

Bukiaag ocHOBHOro martepiaJy.

[Ipu gocmimkeHi TUHAMIKK 3MiHH BUJIBOTY CTPLJIOBOi CHUCTEMH KpaHa-MaHIMMyJsTOpa MpU
CyMillleHI pyXiB (KyTOBE MEpeMillleHHsI PYKOSATI, JiHIMHE MepeMilleHHs TeJISCKOMIYHOT CeKiii Ta
KOJIMBaHHS BaHTa)XXy) MPUHMAEMO HACTYIIHI MPUITYLICHHS: BBa)KAEMO, L0 yCi JJAHKU CTPLIOBOI CH-
CTeMH € aOCOJIOTHO TBEPIi Tijia, OKPIM BaHTaXy, KU 3[1HCHIOE KOJTUBAaHHS Ha IIApHIPHOMY Mij-
BiCi B IUTOIIMHI 3MIHU BUJIBOTY; TEPTS B PyXOMHUX €JIEMEHTaX 1 B’sI3Ke TEPTS PiIMHU B TPYOOTPOBO-
JlaX HE BPaxOBY€EMO; CTUCIUBICTh poO0OYOi PIAMHU B €IE€MEHTaX PUBOIY HE BPaXOBYEMO.

[Ipuiimaroun HaBeAEHI MPUITYLIEHHS, CTPLIOBY CHUCTEMY KpaHa-MaHINMyJsATOpa B IpoOLEci
3MIHM BWJIBOTY BaHTaXy IPHU CYMIIICHHI OAHOYACHO JBOX OCHOBHHX PYXIB JIAHOK CTP1JIOBOi CHC-
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TEMH Ta KOJHMBAJHHOTO PYXY 3aXBaTHOTO MPUCTPOIO 3 BAHTAXKEM IPEJICTABISIEMO SK TOJIOHOMHY
MEXaHIYHy CHCTEMY 3 TpbOMa CTyIeHsIMHU BiIbHOCTI (puc.l). KyToBi KOOpAHHATH MOJOXKCHHS CTPi-
JIOBOi CHCTEMH BIJIPaxOBYEMO BiJ OCi X, a KyTOBY KOOpPJIMHATY BIIXWJICHHs BaHTaxy Bij oci Y. 3a
y3arajgbHEHI KOOPJAWHATH CHCTEMH MPUHMAEMO: KyTOBY KOOPAHHATY IIOBOPOTY PYKOATI b ; KyTOBe
BIJIXWJICHHS Bl BEpPTHUKaJl IIAPHIPHOIO MiJIBICY 3aXBATHOTO MPHUCTPOIO Pa3oM 3 BaHTa)XeMm N, Ta
NiHIAHY KOOPAMHATY BUCYBaHHsI ITOKY IPUBOAHOIO Tigpoumninapy U,

0, \ Y 7
£
L, [™ V: Vs Vi

A i

X2

X3
X4

Puc. 1 — JlunamiuyHa MOZIEIIb CTPIJIOBOI CHCTEMH KpaHa-MaHIMyJIATOpa B MPOIECi 3MiHU BU-

JBOTY MIPU CYMILIEHI PyXiB:
l;- JOBXHMHAa CTpUIH; l,- JOBXHMHAa PYKOATI; l3- JOBXKHHA UIApHIPHOIO MiABICY;
m,, m,, M,, M, - MacH BIANOBIIHO CTPLIU, PyKOSATI TE€IECKOMIYHOI CEKLIT Ta BAHTAXKY; 01,05,03,04.05 -
KyTH YTBOPEHI T€OMETPUYHUMH [apaMeTpaMu eJIEMEHTIB CTPLIOBOI CUCTEMHU Ta MPUBOJIHUX MeXa-
HI3MIB KpaHa-MaHIIYyJATOPA; X, X, , X5, X, - TOPU30HTAIbHI KOOPJMHATH LIEHTPIB Mac CTPUIU, PyKOs-
Ti Ta BaHTaxy; Y;,Y,,Ys, Y, - BEPTHKaIbHI KOOPIUHATH LEHTPIB Mac BIIIOBIAHO CTPLIM, PYKOSTI

Ta BaHTAXKYy.

Bupaszumo koopauHaTH HEHTPIB Mac ISl PYKOSATI, TEIECKOMIYHOI CeKIii Ta 3aXBaTHOIO Me-
XaHI3My 3 BaHTa)KEM KpaHa-MaHIIyJISITOpa Yepe3 y3aralbHEeHl KOOpAUHATH:

X, = IEZCos(b )

| &
Ly, = 32 Sin(b);
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}X3 :glz +$9xCos(b),
T e 2 g
; 2 U.o )
Yy, =Cl, + =22« Sin(b
gl in(b);
in—@ +U,)xCos(b)+1, xSin(n )
A ' 3)
iYs = (I, +U,)xSin(b) -1, xCosf).

Jlnst cKiajaHHs piBHSAHb PyXy KpaHa-MaHIMyJIATOpa B MPOLECi 3MiHU BUJIBOTY CTPLIOBOI CH-
CTEMH 3 BaHTA)XEM 32 OJHOYACHOTO KyTOBOT'O MEPEMIIIEHHS PYKOSATI, JIHIMHOTO MEepeMIlIeHHs Te-
JICCKOITIYHOT CEKIlii Ta KOJUBAHHS BaHTa)Xy BHUKOPHUCTOBYEMO piBHSHHS Jlarpamka apyroro pomuy,
SIK1 JJIs1 CHCTEMHU, HaBeJieHol Ha (puc. 1), MarOTh BUTIISL

dar _ar_,

Ldt fb 7 qb’

td T qT 17

ga v 4
Ldt 13, U, . 30, ®)
id T 9T _ . I

ne t- gac; T ,/I- BIAMOBIAHO KiHETHYHA Ta MOTEHIAJbHA €HEPIisl CTPIIOBOI CUCTEMH Kpa-
Ha-MaHIIyJsITopa B NPOLEC] 3MiHM BUIBOTY BaHTaxy, Q,,Q, ,Q, - HEKOHCEpBATHBHI CKIAIO0BI

y3araJbHEHUX CHUJI CUCTEMH, 110 BIJIOBIIAIOTH y3araJlbHeHUM KoopauHaram b,U,,n .

Bupa3umo KiHeTHYHY €HEpTilo CTPIJIOBOI CUCTEMH KpaHa-MaHIIyJIaTopa;
1 1
T:EX\szt&Z +§xm3x(ﬁ§+§(§)+m4x(ﬁf+§(f), (5)

ae M, - Maca TeJIEeCKOIMIYHOI CeKLii; M,- Maca BaHTaxy; J, - MOMEHT iHepuii pyKosTi BifHO-
CHO oci ii obepranus, Touku £ (puc. 1).

3anuiieMo BUpa3 NOTEHIIaIbHOI €Heprii CTPII0BOI CUCTEMU KpaHa-MaHIIyJIaTopa B poLeci
3MiHU BUJIBOTY

11 = (myy, +myy, + m,y, )1 g, (6)
ne § - MpUCKOPEHHS BIILHOTO M IHH.

Bi3zsmMeMo moxigHi BiI[ KIHETUYHOTL eHepri’i (5) 10 BXOJATH B CI/ICTeMy piBHsHB (4):

ﬂT_ ﬂ&z 3 ﬂ&:g ﬂ&4
—=m, )& + +m,

fib § ‘Hb T E TRRETS: § ‘Hb TS
T e, T, L, 0. &, TR, %0 ", . T 0

=m,Gk, —2 + 2 s+ m,ER 9 L
qu, - ", Yot M o, s § 10, H 0,

ﬂ:mg 2+&2m_+mg ﬂﬂ3+§{3ﬂ—&3—+ Q 4+&4ﬂ&4

I S T T Ry fn "“fng ()
! £y 0 o, &, Th b
E_&:JZ&-I-mg &2_: g3%+&3ﬂ_%g+m4gﬁ42[_bzl+§(4%g;

mo_ g, ™ 1y, 0 Ty, 0 1%, T, 0.
=m o T+m —+ I,
ﬂl-&3 2§ ﬂUa &2 ﬂU3 7} 3@ ﬂUs &3 ﬂUs /] 4§ ﬂUs &4 ﬂUsEI
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ﬂT_m$ﬂ ﬂ;ﬁ2+&2&9+ma 3+&3ﬂ_§l3_ ma 4+§(4ﬂ&4

mwoE an B 4g4ﬂn n g
d T X, %, fly ‘IW )
= 3,8+ %, —2 2 4§, 223  ach
Gy Mk %ﬂ gy Sg&% g
W, g Wb, | 2 e, ‘IW4
W%'nb Yoo 'nb,z, g ﬂb 4 b &&4 1 T 1
d 17 _ 2. % ) ‘ﬂy&z 0 e X, Mk,
— = %, I — + R
dt 14, ng& U, v us % ﬂU ﬂu35+m3§8&5 U, T U, *
Ws 0. &, Tx, ¥, 0
+ T+m,c& + %
%ﬂU ﬂU3{a 4g 4ﬂU3 ﬂU3 @‘4 ﬂU &4 ﬂugﬂ
d qT X )1
ag_r& 2 &ﬂxz 2 +@2 ﬂyz_l_%&__l_ 3§8&3ﬂ_n3 11]1n3+@3ﬂy3+&3 L,
X Tk, ﬂy M, 6
%, —*+ K, 4 4z
+m9 ﬂn+ an @&4ﬂn+&4ﬂng
Bi3zbMeMO yacTKOBI MOXIiHI BiJ MOTEeHIIaNbHOT eHeprii (6):
ﬂH Em ﬂyg +m, ﬂyg +m, ﬂY4_ ‘g:
b b * b “ b g
17 _& Ty, Ty, 0
=¢m,—>+m, T 8
10, g ETORMAEE TV 'g; (8)
LA 7
n ‘ﬂn

Bu3HaunMo HEKOHCEPBATHUBHI CKJIAI0BI y3aralbHEHUX CHII, [0 BXOJATh B CUCTEMY PiBHSHB
(4). lnst mporo ckiagaeMo PiBHSHHS €JIeMEHTapHUX POOIT:

Q,db = F, xdU,,
Qu.dU, = F, 1dU,. 9)

B orpumaHomy piBHSHHI BHpPa3MMO Bapiallilo NepeMillleHHs MITOKIB IPOLMIIHIPIB Yepes
Bapialiio y3arajJbHeHUX KOOPJIUHAT, B Pe3yJIbTaTl YOI0 OTPUMAEMO:

U, .
=F —=:
Q =F, .
Qu, = Fs,

3
ne F,- 3ycuiuid B TIAPOLMIIHAPI IPUBOLY PYKOATI; F,- 3ycHiuis B rigpounuiIiHapi IPUBOAY

TEJIECKOINYHOI CEKIIII.

[TincraBusim Bupasu (7 — 10) B cuctemy piBHSHB (4), OTpUMaEMoO cucTeMy audepeHItiaib-
HUX PIBHSHB PYXYy KpaHa-MaHIIyJsTOpPa B MPOLECI 3MiHU BHIILOTY CTPIJIOBOT CUCTEMH 3 BaHTaXKEM
IIPU CYMILIEHI JBOX PYXIB!
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~

&

':'sz@%m §8&2xﬂX2+&&2xﬂy2 ga&jx +&23xﬂy3 g 4+&&4 ﬂy“_

|
:l::—szﬂﬂLé gm X% m, K: m X%_ 9;
1 g
|
T & X3 Y3 x, ﬂy4 Y _ & 1y, ﬂyA
—m. X X +x mx8&x + =k, -cm,x +m, X ixQ;
: 3 gg&s &&3 3!21 g U, % ﬂUsIZJ ’ g ; U, ﬂuaﬂ ’
T @ ﬂx ﬂy 0 _ y
. 8 x4 L 24 xq.
,:\m4xg4 ‘ﬂn+@4x‘ﬂng muﬂnxg
(11)

3HalIeMO KOOpAWHATH MPUBOJHUX MEXaHI3MIB (puc. 2), 10 BXOAATh B CHCTEMY PIBHSHBb
(12).

CF =U, =/CD? + DF ? - 2xCD * DF Cos(DCDF ). (12)
Jlnst Bu3HaueHHss DCDF crioyatky po3risiHeMO YOTUPHOX JlaHKoBUi MexaHi3m EDFG (puc.

2), i Bu3HauMMo aiaronais DG:

DG = /EG? + DE? - 2xEG x DE xCos(DDEG ). (13)

Puc. 2 — Kinematuuna cxema npuBoJia pyKosiTi

PDEG =p -(g; +b -a). (14)
[Ticns migcranoBku Bupasy (15) B 3anexHnicts (14) otpumaemo:
DG = /EG? + DE? - 2+EG xDE *Cos(g, + b -a). (15)

BuKOpUCTOBYIOUM TEOPEMY CHHYCIB, 3alIUILIEMO:
SinDDEG _ SinDEDG
DG EG

(16)

3 piBusaas (17) 3HaX0AMMO:

DADE = ArcSing EG Sin{g; +b -a)g
e DG /]

7)

Kyt DFDG 3naiinemo 3 Bupasy:
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FG? =DF + DG? -2xDF xDG xCosDFDG. (18)
Toni:
£ DG® + DF* - FG? 0
PFDG = ArcCo DG” + DF” - FG I (19)
S§ 2xDFxDG
Cknagiu Bupasu (18) 1 (20) snaitnemo xytr DEDF:
. g EGSinlg; +b -a)g £ DG? + DF? - FG? §
DEDF = ArcSing——— a. )0, Arcco D" *DF* - FG*0 (20)
8 DG g g 2:DFxDG g
Tenep moxHa 3Haiitu KyT DCDF :
DCDF =p - BEDF -q,. (21)
ITicns migcraHoBku Bupasy (22) B 3anexHicts (13) orpumaemo:
U, =4/CD? + DF 2 + 2xCD xDF xCos(DEDF -q,,). (22)

Pymuriifni 3ycusuist B CUJIOBHUX TIAPOIMIIHAPAX BU3HAUAIOTHCSA 3 MEXaHIUHUX XapaKTEPHUCTUK,
SIK1 TIPEJICTABJICH] Y BUIJISAI KBaAPATUYHUX 3aJIEKHOCTEH MK JIFOYMMH 3yCHJUISIMHU Ta IIBHIKOC-
TSAMU TIEPEMIIIEHb IITOKIB CUIOBHUX T1IPOLMITIHAPIB:

_ LAY,
F,=P xAx [1-2 =2
2 H A2 Q2

Fy =P At

(23)

ne: P, - THCK piiuHM B TiIpaBiIiuHii cUCTEMi CTBOPEHUH HAcOCOM; A, - IJIOIIA HOPIIHS I'ij-
POLMIIIHIPA IPUBOLY PYKOATI; A, - IUIONIA NOPIIHSA TAPOLUMIIHIPA IPUBOLY TEIECKOIIYHOI CEKIIii;
ng MIBUJKICTh TIEPEMIIIEHHS ITOKY TiIPOIMIIHAPA IPUBOLY PYKOSATI, @3 MIBUJIKICTh TIepeMilleH-

HS IITOKY TiAPOLMITIHAPA MPUBOIY TEIECKOMIYHOIT CEKIIii.

Butpara po6ouoi piauHu, sika IpOTiKae Yepes3 TiIpopo3NoUTbHUK U HAJaHHS IPUBOIHUM
TAPOLMIIIHAPAM MOTPIOHOTO PeXUMY MYyCKYy Ta MOJAJIBLIOTO MEPEMIIEHHS CTP1I0BOT CUCTEMH, BU-
3HAYA€THCS] HACTYITHUMHM 3QJICKHOCTSIMHU, BIMOBIIHO IS TIAPOMMIIHAPIB MPUBOY PYKOATI Ta Te-

JIECKOMIYHOI CeKIT:
Q2 =mt f2 X M’
r
/zx g xDP (24)
Q3 =mr f3x 73,

ne: DP, - mepenan THcky B rizpounninapi npuBoxy pykosti; DP;- mepeman Tucky B rigpo-
LUWTIHAP] TPUBOAY TEIECKOIMIYHOI CEKIIil; m - Koe(ilieHT BUTpaTu poOOUOl piIMHH, SIKUN 3aJI€KUTh
BiJI KOHCTPYKILIi Ipoceis Ta BU3HAYAETHCS CKCIIEPUMEHTAIBHO (A1 KPOMKOBUX TiPOPO3MOALIH-
HukiB M =0.65-0.7); f,, f,- momi npoxinHux nepepiziB rixpaBIivHOrO PO3NOAIIBHHUKA; I - TH-
TOMa Maca piJIuHH.

JInst po3paxyHKy AMHAMIKH 3MiHU BHJIBOTY CTPLIOBOi CHCTEMH KpaHa-MaHiIyJIsTOpa BHKO-
puctaeMo Taki BuUXimHi mapamerpu: M, =155ke, m, = 65ke, m, = 650xe, |, = 4m, 1, =21n,

,=08u, AO=16m  OB=05m, CD=16m | =4u DF=0425u, FG=0,425x,
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EG =0,425m, DE =0,255x, P, =20x10°a, A, =0,00915%°, A, =0,003115x2,

q, =0192pao, q, =1378pao, q, =0,384pao, d, =0157pao, q; =157pad, r =850kz/r’
a = 0,1pao.

[ToyaTkoBi yMOBHU pyXy MaHimyistopa: b [0] =0.2, @[0] =0, U, [O] =0, @3[0] =0,n [O] =0,
rk[0] = 0.

[lincraBuBmmm B cuctemy piBHsSHb (11) BuXimHI mapaMeTpu Ta IOYaTKOBI YMOBH i
pO3B’sA3aBIIM 1i, BU3HAYEHO KIHEMAaTHYHI 1 CHJIOBI XapaKTEpPUCTHKH CTPUIOBOI CHCTEMH KpaHa-
MaHimyJsTopa Ta modynoaHo rpagiuni 3anexsocti (puc. 3). [Ipu po3B’s3ky cucTeMu piBHSHB OY-
70 MPUHUHATO TaKi MPHUITYIIEHHS: Yac BiIKPUBAHHS 30JJOTHUKOBOTO T'iIPOPO3NOAIIBHIKA CTAHOBHUTD
0,1 ¢; mroma mpoxXiTHOTO Mepepi3y TiAPOPO3NOAITLHIKA 3MIHIOBAIACH 32 JTIHIHHUM 3aKOHOM.

AHani3zyrouu HaBeJeH1 rpadidyHi 3aJIeKHOCTI MEPEMIILIEHHS €JIEMEHTIB MPUBOIY Ta JIAHOK
cTpinioBoi cuctemu (puc. 3, a — puc. 3, B), MO’KHA BU3HAYKUTH Y BiIMOBIIHOCTI 0 TEOMETPHYHUX Ta
KIHEMaTHUYHUX XapaKTEPUCTHK (PYHKIIOHATIBHY 3aJICKHICTh KYTOBOTO MEPEMIIICHHS JJAHOK CTPLJIO-
BOT CHUCTEMH IPHU JIHIHHOMY MEPEMILIeHH] IITOKIB CUJIOBHUX T1POLMIIHIPIB.

Po3B’s13aB1M cucTeMy PiBHAHB 3 BUXIIHUMHU IapaMeTpaMy Ta MOYaTKOBUMH yMOBaMH, IO-
OynoBaHO TpadivHi 3aJeKHOCTI PO3TOHY Ta BUXOAY HA yCTAICHUH PyX IUTOKIB MPUBOAHUX TiApO-
IWITIH/PIB Ta BIANOBITHO JJAHOK CTPiJI0BOI cucteMu (puc. 3, T — puc. 3, €) 3a yMOBU OJHOYACHOTO
MEePEMIILEHHS PYKOSITI, TEJIECKOMIUHOI CeKlii Ta BaHTaXKy. AHaII3YI0uu rpadivHi 3a1e€KHOCTI I1IBU-
JKOCTEH IMTOKIB CHJIOBUX T1IPOIMIIHIAPIB, MOXKHA 3a3HAYMTH, IO PO3TIH IITOKY TiIPOIIIIHIPA
nepeMilIeHHsT pyKosTi BinOyBaeThcs mpoTsirom 0,5 ¢, a Ha ycTaJeHOMY pyCi CyIpPOBOKY€ETHCS M-
HaMIYHUMHM HABAaHTAKCHHSAMU KOJIMBAJIBHOIO xapakrtepy. llpu mpomy MakcumanbHe 3HAa4EeHHS
MIBHIKOCTI ycTajgeHoro pyxy cranoButh 0,075 m/c. Jlns mToKy TigpouiIiHapa MPUBOAA TEIECKO-
MIYHOT CeKIil BHXiJ Ha yCTaJleHHH pyX BinOyBaeTbes npotsaroM 0,15 ¢, npu 1ipboMy MIBUIKICTH Ie-
peminienHs cranoButhb 0,105 m/c. Buxin Ha ycranenuit pyx pykosdri (puc. 3, 1) BinOyBarThCs y Bi-
JTOBITHOCTI /10 BUXO/AY Ha YCTAJICHUI pyX IITOKY MPUBOJHOTO TiAPOIMIIIHAPA, B TOAAIBIIOMY CY-
MIPOBOJUKYEThCA JAMHAMIYHUMHU HaBaHTOKEHHAMU. KyToBa IIBHUIKICTH MEPEMIIICHHS PYKOATI Ha
MOYaTKy yCTaJeHOro pyxy craHoBuTh 0,23 paj/c, mpu moaaibuioMy MepeMillieHi He3HAYHO 3POCTAE.
[TocTynoBe 3pocTaHHs MIBUAKOCTI PYKOSTI IIPU YCTAJIEHOMY pYCl IITOKY TAPOLMIIIHAPA BUKIMKAHE
KIHEMaTHYHUMHM [1apaMeTpaMu CTPLIOBOI CUCTEMU KpaHa-MaHIMMyJsATOpa Ta BiIMNOBIHO KOJIHMBAJIb-
HUM pyxoM BaHTaxy (puc. 3, 3).

I3 cucremu piBusnb (11) Ta BupasiB (23-24) Bu3HaueHO (QYHKIIOHATIBHY 3aJE€KHICTh 3MiHU
TUCKY B poOOUYMX Kamepax TipOLMIIHAPIB B MPOLEC] OAHOYACHOIO MEePEMIIllEHHs PYKOsTI, Tenec-
KomiuHO1 cekiiii Ta BaHTtaxy (puc. 3 € — puc. 3 k). Sk BUIHO 3 rpadidHUX 3aJIC)KHOCTEH THCK Ha
noyatky pyxy jopisuroe 2x107 [1a, mo Biamosigae THcKy po60uoi pimuuu B rigpocuctemi. Ipu
[0/1aJIbIIOMY MEPEMIIIEH] JJAHOK CTPLJIOBOI CUCTEMH 1 BUXOAY ii HA yCTaJeHUM pyX TUCK B TAPOIH-
MHIPi MPUBOLY PYKOATI cTaHOBUTH mpubmusno 7+10°/1a, Ta CympOBOMKY€EThCA HE3HAYHHUMHU KO-
AUBaHHAMMU. Lle cnpuunMHEHO 1HEPLIHHO CKJIAJ0BOO JIAHOK CTPLIOBOI CUCTEMHM Ta BiJIOBIIHO BH-
HUKHEHHsI B Hill Ta eJeMeHTaxX NPUBOAY JUHAMIYHMX HABAHTAKEHb CIIPUYMHEHUX KOJIHMBAJIbHUM
pyxom BaHTaxy (puc. 3, 3).

BpaxoByroun iHepIiiiHi CKJIaZIOBi JJAHOK CTPLIOBOI CUCTEMHU Ta KOJMBAHHS THCKY poO0YOi
PIOVHY B MPUBIIHKUX TiAPOIMIIIHAPAX, TOOYIOBAHO 3aJI€KHICTh KOJUBAHHS BaHTaXy HA KiHIII CTPi-
JIOBOi CHCTEMH TIPH OJIHOYACHOMY MEPEMIIICHI PyKOATI Ta TeJIEeCKOMiYHOI cekii (puc. 3, 3).
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Puc. 3 - I'padixu hyHKIIIH 10 OMUCYIOTH MEPEMIIICHHS
CTPIJIOBOI CHCTEMH:a) — IepPEeMILlIeHHS ITOKY i APOLIiH-
Jipa MPUBOJTY PYKOATI; 6) — MepeMillleHHsI [IITOKY TPHBOIY
TENIECKOIYHOI CEKIlii; B) — KyTOBE MEPEMIIlICHHS PYKOSATI;
T) — HIBUAKICTH TIEPEMIIIIEHHS ITOKY TiAPOIIiHAPA TIPH-

BOJIy PYKOSTI; JI) — IMBUIKICTH KyTOBOTO MEPEMIIIICHHS
PYKOSITI; €) — MIBUAKICTD TIEPEMIIIIEHHS [IITOKY TiAPOIIHITi-

HJIpa MPUBOJY TEJIECKOIIYHOI CEKIIil; €) — 3MiHa THCKY B
TiIPONMITIHAP] PUBOIY PYKOSITI; )K) 3MiHA TUCKY B TiIpo-
LATHIPI OPUBO/IY TEIECKOIIYHOT CEKIlii; 3) — KOMUBAHHS
BaHTaXYy.
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I3 HaBeneHoi rpadiuHoil 3aJ€KHOCTI MOKHA MOOAYUTH XapaKTEpHY BIAMNOBIIHICTH BIJIXH-
JIEHHS 3aXBAaTHOI'O MEXaHi3My 3 BaHTa)keM BiJ BepTukaii (puc. 3, 3) ska 30iraroThbCs 10 4acy i3 Jau-
HAMIYHUMH HaBaHTa)KCHHSIMH B €JIEMEHTAX MPUBOJY, JJAHKAX CTPiIoBoi cuctemu (puc. 3, 1 — puc.
3, €) Ta KOIMBAaHHAM TUCKY poOoy4oi pigunu (puc. 3, € — puc. 3, k). Buxoasuu 3 moyaTkoBUX yMOB
Ha MOYaTKy pyXy BIAXWIEHHS BaHTaxy BiAcyTHe. IIpu BUXOII Ha ycCTaJeHMH pyX TeJIECKOMIYHOI
cekuii (puc. 3, ¢) BigxuneHHs BaHTaxy ctaHoBuTh - 0,01pao, a konuBanHs pykosTi (puc. 3, 1) €

He3HAYHUMU. [IpoTSAroM mepemillieHHs CTPUIOBOI CHCTEMH MaKCHUMAaJbHE BIAXWICHHS BaHTaXy
cranoBUTh 0,041pao , 1O YCKIAAHIOE MO3MLIOHYBAaHHS BaHTAXy IPU PO3BAHTAKYBAJIbHO-

HaBaHTa)XyBaJbHUX OIEpalisiX Ta IPU3BOAUTH O 30UIbIIEHHS JUHAMIYHUX HAaBaHTa)XEHb B eJeMe-
HTaX METaJOKOHCTPYKLIi Ta MPUBOLY.

BucHoBkH.

B pe3ynbTati NpoBeAEHOro A0CiKEHHs T0O0YA0BaHO MAaTeMAaTUYHY MOJIeNb AUHAMIKU 3Mi-
HU BWIBOTY B IUIOLIMHI MEPEMIIEHHS CTPUIOBOI CHCTEMM 3 BaHTaKE€M KpaHa-MaHiIyJsropa 3a
YMOBH CyMIIIEHHSI OJTHOYACHOTO KyTOBOT'O NEPEMIIlIeHHS PYKOSTI, JIIHIHHOTO MepeMillieHHs Telec-
KOMIYHOI CeKIIii Ta 3aXBaTHOTO MPHUCTPOIO 3 BaHTakeM. [IpoBeieHo nMHAMIUHUI aHali3 MEeXaHi3My
MEepPEMIILIEHHS PYKOSATI Ta OJJHOYACHOTO MEPEMIIIEHHS TEIECKOMIYHOI CEKIIil 3 BpaXyBaHHSIM BILUIUBY
KOJIMBAJILHOTO PYXY 3aXBaTHOTO MPHUCTPOIO 3 BaHTakeM. OTpuMaHo TpadivHi 3aJ1€KHOCTI KiHEMa-
TUYHUX XapaKTEPUCTUK Ta AMHAMIYHUX HaBAHTA)XXEHb B CTPIJIOBIA CHCTEMI Ta €J1E€MEHTaX MPHUBOIY
KpaHa-MaHilyJjsITopa. 3alpolOHOBaHAa MaTeMaTUYHa MOZENb A€ 3MOT'Y BU3HAUMUTH JIICHI IWHaMI-
YHI HaBaHTAKCHHS B €JIEMEHTaX KOHCTPYKLIi MaHINyJATopa Ta NPUBOJHUX MEXaHI3Max 3a yMOBHU
OJTHOYACHOTO MEPEMILIEHHS JBOX JIAHOK CTPIJIOBOT CUCTEMH Ta BaHTaXy Ha KiHII cTpiiu. OTpumMaHi
pe3yJbTaTi MOYKHA BUKOPUCTATH Y MIPOCKTYBAaHHI HOBUX CTPUIOBUX CUCTEM KpaHiB-MaHIMYJISATOPIB,
a TaKOXX IXHBOTO PAI[iOHAIBHOTO BUKOPUCTAaHHS B YMOBAaX EKCILTyaTallii.
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CyyacHu#l piBeHb PO3BUTKY TEXHIKH IMOTpPeOy€e BCE HOBI BUMOTH J0 HAJIMHOCTI 1 JJOBrOBid-
HOCTI migiioMHuX KaHaTiB. [lpu BHOOpI KOHCTPYKLIi KaHATIB MOTPIOHO BUXOIHTHU i3 THX yMOB, B
SIKMX BOHH OYyIlyTh €KCIUTyaTyBaTHCS 1 IIPOBOJAMTH PO3PAXyHKH caMe BUXOJSYH 3 IUX YMOB. MeTon
PO3paxyHKy KaHaTIB, KM 3aCTOCOBYETHCS CTAHIAPTOM Ha TEMEpilIHill yac, He BimoOpaxkae Jiiic-
HUX YMOB poOOTH KaHATy 1 He 3a0e3neuye Horo moTpiOHOi TOBroBiYHOCTI. B THX po3paxyHKax, siki
HABOJISATHCSI B HABUANIBHIHN 1 OBIKOBIH JIiTEpaTypi, HEJOOUIHIOETHCS BIUIUB TEOMETPUYHUX 1 IPYXK-
HUX MapaMeTpiB KaHATHUX OJIOKIB HA JOBrOBIYHICTh KaHaTy. KaHaT BUOHMpPAETHCS TIILKH 3 YMOB Ha
PO3TATHEHHS, B TOW 4Yac, SIK €KCIIEPUMEHTAIBHO JOBEACHO, 110 PO3PUB JIPOTHHOK B OLIBIIOCTI BU-
NaJIKiB BUHUKA€E CaMe TPU MPOXOHKCHHI KaHATOM OJIOKY.

Posrnsparoun cuiy, sSiKi BAHMKAIOTh NPH HAOIraHHI KaHATy Ha IIKiB, BU3HAYCHA 3aJICKHICTh
CWJIM HATATY JIPOTY KaHATy Ha MEepexigHii JUISHIN B 3aJI€KHOCTI Bl pajilyCy macma, pajiycy IIKiBa
1 KyTa 3BMBKHM ApOTUHOK. IIpy HabiraHHi KaHATy Ha LIKiB MOJOBXXEHHS MPOBOJIOKM HA BUITYKIIIN
CTOpPOHI KaHATy B 3aJIS)KHOCTI BiJl CHJI TepTsA OyAe pO3MOIIIATHECS B CTOPOHY CTHCKY Ha BOTHYTIH
CTOpoHi KaHaty. Lle mogoBxeHHs 3MiHIOE OCHOBE 3yCHUIIISL B TIPOBOJIOLT.

Jlist 3a0e3meueHHi BiICYTHOCTI 3HOITYBaHHS KaHATy 1 OJI0KY, B TOYIll CXOy KaHaTy 3 OJIOKY,
Oyia oTpuMaHa MaTeMaTUYHA 3aJICKHICTh JJI1 MAKCUMAIIBHO JIOIYCTHUMOTO KyTa BiIXMJICHHS KaHa-
Ty, SIKHH CXOJie 3 OJIOKYy. 3 YMOBH NPWISITAHHS KaHATY JI0 OOpPTy OJIOKY 1 3amoOiraHHs mepeoMmy
KaHaTy 10 Kparo O0OpTy piBuaka OyB BU3HAUECHUI MAKCHUMAJIBbHO JOMYCTHMHUA KyT HOBOPOTY KaHATY
B MICIIi BIJPUBY MOTO BiJI MOBEPXHi OJIOKY.

KyT po3kputrTs piBuaka GJIOKY BH3HAYAETHCS 13 YMOBH 3MEHIICHHS KPYUYeHHS KaHATy MpHU
Horo JieBiarlii 1 HOro BEIMYMHA MA€ JyKe 3HAYHHWIA BIUIMB Ha IOBIOBIYHICTH KaHaTy. B poboTi OyIio
MIPOAHAI30BaHO BIUIMB KyTa PO3KPUTTS piBUaka OJIOKY Ha JOMYCTHMHN KyT BIIXWJICHHS KaHaTy,
SIKWH 30irae 3 OJIOKY.

BHacnmiiok KOpCTKOCTI KaHaTy 1 TOro, 10 HOro KpUBU3HA B 30HI HaOIraHHs Ha OJIOK 3MiHIO-
€ThCSI HE MUTTEBO, a 3 JEAKOI KIHIIEBOIO IIBUAKICTIO, IPH HAOITaHHI KaHATy Ha OJIOK, IPHIIATaHHS
KaHaTy HE MPOXOIUThH IO BCii HOBXUHI pydyis. [IpuiHABIIM 3aKOH 3MiIHEHHSI HABAaHTAXXKCHHS 3iTHY-
TOrO KaHATy 3 ypaxyBaHHIM CHJIM TEPTs MK OJIOKOM 1 KaHATOM OyJI0 OTpUMaHO (HOPMYIY VIS BH-
3HAYEHHS KyTa, Ha SKOMY KaHAT BIIXOAUThH Bia 070Ky. Lle m03BOMsie oTpuMaTH OLIBII pealibHy Kap-
THHY HaBaHTa)XEHHs KaHATy, IKUH 3irHyTHI Ha OJI011i.

Kniouogi cnosa: xpaH, MexaHi3M MigiioMy; KaHAT, KAHATHUN OJIOK; KOHTAKTHI HAMPY>KEHHS,
KYT BIIXWJICHHS KaHATY; JOBIOBIYHICTh KaHATa.
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Quoposeckaa H.H., Ilucapyoe A.C., Jlomakun A.A. «YCOBEpPUICHCTBOBAaHUE METOIUKHU
OIpEIETICHUS JOJITOBEYHOCTH KAHATOB

CoBpeMeHHbII YPOBEHb Pa3BUTHUSI TEXHUKU TpeOyeT Bce HOBble TpeOOBaHUS K HA/IEKHOCTU
Y JOJTOBEYHOCTH MOIBEMHBIX KaHATOB. [Ipy BEIOOpPE KOHCTPYKIIMM KaHATOB HYXKHO HCXOJUTH U3
T€X YCJIOBUH, B KOTOPBIX OHU OyAyT 3KCILUTyaTHPOBATHCS, U MMPOBOJUTH PacYEThl UMEHHO UCXOJS U3
3TUX yCI0BUH. MeToJ pacuera KaHAaTOB, KOTOPBIM IPUMEHSETCS CTaHAAPTOM B HACTOSIIECE BpPEMs,
HE OTpa)kaeT NEHCTBUTENIbHBIX YCIOBUH pabOTHl KaHaTa W HE 00eClevyrBaeT ero HeOOXOAUMYIO
JOJITOBEYHOCTh. B TeX pacderax, KOTOpbIC MPUBOASTCS B YYEOHOH M CIIPaBOYHON JHTEpaType,
HEJOOIICHUBAETCS BIUSHUE T€OMETPUUECKUX U YIPYTHX MapaMeTpoB KaHATHBIX OJOKOB Ha JIOJITO-
BEUHOCTh KaHaTa. KaHar BeIOMpaeTCs TOMBKO U3 YCIOBUN HA PACTSHKEHUE, B TO BPEMs, KaK JKCIIe-
PUMEHTAIIBHO J0Ka3aHO, YTO pa3pbiB MPOBOJIOK B OOJBIIMHCTBE CIy4aeB BO3HUKAET UMEHHO IPU
IIPOXOXKJAEHUH KaHATOM OJIOKa.

PaccmaTpuBasi cuiibl, BO3HHKAIOUIME MpU HaOeraHWu KaHaTa Ha LIKWB, OMpEJesIeHHA 3aBH-
CHMOCTb CHJIbI HATSKEHUSI IIPOBOJIOKM KaHATAa HA NEPEXOJHOM y4acTKE B 3aBUCMMOCTH OT pajuyca
Mpsiiy, paguyca MIKMBAa U yria CBUBKHU MpoBoJiok. [Ipum HaOeranuu kaHata Ha UIKUB YJUIMHEHHE
MIPOBOJIOKH Ha BBIMYKJION CTOPOHE KaHATa B 3aBHCHUMOCTH OT CWJI TpeHUs OyJeT pactpenesiThCs B
CTOPOHY C)KaTHsl HA BOTHYTOM CTOPOHE KaHaTa. JTO yAJIMHEHHE MEHSET OCEBOE YCUIIUE B IIPOBOJIO-
Ke.

Jlnia obecriedeHust OTCYTCTBUS M3HOCA KaHaTa U OJI0Ka, B TOUYKE CXOJa KaHarta ¢ 0yioka, Oblia
MOJy4eHa MaTEMATUYECKAsl 3aBUCUMOCTD JIJI1 MAKCUMAJIBHO JOITYCTUMOIO yIJia OTKJIOHEHUS! KaHa-
Ta, KOTOPBIM cxoauT ¢ O1oka. M3 ycnoBus npuiieranusi kaHara K 60pty OJ0Ka U MpeAoTBpalleHus
repesioMa KaHaTa o Kparo 60pTa pyubs ObUI OIPEEIEH MAKCUMAJIBHO J0ITyCTUMBII YToJl IOBOPO-
Ta KaHaTa B MECTE OTPhIBA €r0 OT IMOBEPXHOCTHU OJIOKA.

YTon packpbITUSL pydbst OJIOKa OMpPENeseTCs] U3 yCIOBUS YMEHBIIICHHUS KPyUeHHUs KaHaTa
IIPU €ro JIEBUALMU U €r0 BEJIMYMHA UMEET BECbMa 3HAUYUTEIbHOE BIMSHUE Ha JOJITOBEYHOCTh KaHa-
ta. B pabore ObUIO MpOaHATM3UPOBAHO BIUSHUE YIJIa PACKPBITUS PYydbs OJOKa Ha JIOMYCTUMBIMA
yTOJI OTKJIOHEHUS KaHaTa, KOTOpHIi cOeraer ¢ OJoka.

BcrencTBue keCTKOCTH KaHaTa M TOTO, YTO €r0 KpUBU3HA B 30HE HaOeranus Ha OJIOK MEHS-
€TCsl He MTHOBEHHO, a C HEKOTOPOIl KOHEUHOI CKOPOCTbhIO, P HaOeraHuu KaHata Ha OJIOK, Mpuiie-
raHWe KaHaTa HE MPOXOIUT MO BCEH JUIMHE pyubs. [[puHAB 3aKOH U3MEHEHUS HArpy3KU COTHYTOIO
KaHaTa C yY4eTOM CHJIbI TPEHUS MEX]y OJIOKOM M KaHaTOM, ObLIO MOJydeHOo (GopMyIly JUIsl ompese-
JICHUs yTIa, Ha KOTOPOM KaHaT OTXOJUT OT 0J0Ka. DTO MO3BOJISET MOIYyUYUTh O0siee peaIbHyIo Kap-
TUHY Harpy3KH KaHaTa, U30THyTOro Ha OJIOKe.

Knrouegvie cnoea: xpaH, MexaHU3M MOJBEMA; KaHAT, KAHATHBINA OJIOK; KOHTAKTHBIC HaIps-
YKEHUs; yroJl OTKJIOHEHHUs KaHaTa, JOJrOBEYHOCTh KaHaTa.

Fidrovska N., Pysartsov O., Lomakin A. «Improving the methodology for determining the
durability of steel wire ropes»

Current technologies require more and more new standards for the reliability and durability
of hoisting ropes. When choosing the design of the steel wire rope it is necessary to consider the
conditions in which they will be operated and make calculations based on these conditions. The cur-
rent standard-based method of calculating the steel wire ropes does not reflect actual steel wire rope
operating conditions and does not ensure the required durability. The calculations provided in the
course books and reference guides underestimate the impact of the geometric and elastic parameters
of the rope sheaves on the durability of the steel wire rope. The rope is selected only based on the
conditions on extension, while it has been experimentally proved that the wire breakage occurs pre-
cisely in most cases when the rope passes through the sheave.

Considering the forces that arise when a steel wire rope is rolled on a pulley, the dependence
of the tension of the rope wire on the transition point is determined, depending on the radius of the
pulley, and the angle of the wire twist. When the rope runs on a pulley, the elongation of the wire
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on the convex side of the rope, depending on the friction forces, will be distributed to the compres-
sion, side on the concave side of the rope. This elongation changes the axial force in the wire.

To ensure the absence of wear of the rope and the sheave, at the point of the rope coming off
the sheave, a mathematical relationship has been obtained for the maximum allowable deflection
angle of a rope coming off the sheave. The maximum allowable rotation angle of the rope at the
point of its detachment from the surface of the sheave has been determined based on the contact of
the rope with the sheave rim and prevention of the rope fracture along the edge of the groove rim.

The expansion angle of the sheave groove is determined considering the reduction the tor-
sion of the rope when it is deviated, and its amount has a very significant effect on the durability of
the steel wire rope. The thesis contains the analysis of the influence of the expansion angle of the
sheave groove on the allowable deflection angle of the rope coming off the sheave.

Due to the inflexibility of the steel wire rope and the fact that its curvature in the zone of
winding on the sheave does not change instantly, but with a certain terminal speed, when the rope
winds on the sheave, the contact of the rope does not occur along the entire length of the groove. By
applying the law of changing the load of a bent rope, taking into account the frictional force be-
tween the sheave and the rope, a formula has been obtained to determine the angle at which the
steel wire rope comes off the sheave. This provides a more truthful overview of the load of the rope
when bent on the sheave.

Keywords: crane, hoisting mechanism, steel wire rope, rope sheave, contact stresses, deflec-
tion angle of a steel wire rope, durability of steel wire rope.

Beryn

MeTto po3paxyHKy KaHaTiB, KUl 3aCTOCOBY€ETbCS CTaHJApPTOM Ha TENEpIlIHii yac He BiJO-
Opaxae AificHUX yMOB poOOTH KaHaTy 1 He 3a0e3nedye Horo noTpioHoi JOBroBiYHOCTI. B THX po3-
paxyHKax, Kl HaBOJSATHCA B HABYAJIBbHIH 1 JIOBIIKOBIH JIiTepaTypi, HETOOIIHIOETHCS BILIUB T€OMET-
pUYHUX 1 NIPYKHUX TapaMmeTpiB OJIOKIB HAa JOBrOBIYHICTh KaHaTiB. KaHaT BHOWpAEThCS TIIBKH 3
YMOB Ha PO3TATHEHHS, B TOW 4Yac, K €KCIIEPUMEHTAJIbHO J0BEIEHO, 110 PO3PUB JIPOTHHOK B OlIb-
IIOCTI BUMAAKIB BUHUKAE caMe TIPU IPOXOKEHHI KaHAaTOM OJIOKY.

ExcniepumenranbHi nociipkenss, ski nposoauiucs b.C. KoBanscskum [1], .. XKutkoBum
[2], K. M. MacnenikoBum [3], A.I. Komuunuwm [4], 1.®. Hikitinum [5] Ta iHIIMMYU nokasanu, 1o J10-
BrOBIYHICTb KaHATy 3aJIEKHUTh BiJ] HOr0 KOHCTPYKIi, PEKUMIB €KCIUTyaTallll 1 He MOXe BU3HAYaTH-
¢S TIIBKY CTaTHYHOK MIIHICTIO.

BBakanocs, 1110 OCHOBHOIO NMPUYMHOIO PpyHHYBaHHS KaHATy € BToma Matepiany. Koxuwuii
JpIT KaHATy BUTPUMY€E BHU3HAYEHY KUIBKICTh MEPETHHIB, TOMY €KCIEPHUMEHTAIBHO HEOOXiTHO BH-
3HaYaTu 3aJIeKHICTh MIXK CTPOKOM CITy>KOM KaHaTy 1 pi3HUMH (akTopamH, siki 00yMOBIIOIOTh HOTO
3HOC.

1.AHaJni3 0CHOBHHUX JIOCJIi/KeHb i myOJikaniii

[TuTaHHAMU KOMILJICKCHUX JOCHTI/DKEHh BUTPUBAJIOCTI CTAJCBUX KaHATIB 3aliMamCs Taki
BueHi sk b.C. KoBanbscbkwmii [1], K.M. Macnenikos [3], B. Bepune [6], H.€. Mapkwman [7], J.I.
XKurkos [3], B.A. ManinoBcbkuii [8, 9] Ta iHmi.

Bynu nmpoBeneni nociipkeHHs, SIKi HalpaBJieH! Ha CTBOPEHHSI OCHOB Oy/IBEJTbHOT MEXaHIKH
CTaJIeBOTO KaHATYy, sika 0a3yeThCsl HA 3arajJbHUX MPUHLHUIIAX MEXaHIKU 1e()OpMOBAHOTO Tija 1 Bpa-
XoBye€ crenndiky KaHaty sk ckiagnoro arperaty. M.®. I'mymko [10] crBopuB ocHOBH Teopii po3-
PaxyHKY, SIKi I03BOJISIIOTh JOCTATHBO TOYHO OLIIHUTH BEJIMUYMHY HANpy>KeHb, K1 BUHUKAIOTh B CTa-
JIeBUX MiAHOMHUX KaHaTaX. B poborti [11] mociimkyBanocss KpydeHHs KaHaTy, K€ BUKIMKaHE HOTo
JIeBiali€ro 1 MoKa3aHo, 10 BOHO 3aJICKHUTh B KyTa pO3KPUTTS piBuaka. | uim Oinbiie KyT aeiamii
THM OLIbIlIC Kpy4YeHHs KaHaTy (Tab.1).
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Taoauus 1 — 3anexHicTh Kpy4eHHs KaHATy BiJ KyTa JeBialii npo poboTi Ha
0J10Kax 3 Pi3HUMH KyTaMH PO3KPHUTTS KAHABKH.

BB kyTa nieBianii Ta KyTa po3KpUTTS pydist OJIOKYy Ha
KpyTiHHA cTajeBoro kanaty gaiamerpom 20,0 MM

30 rpanycis 60 rpanycis
Kyt nesiauii, rpan | 1 [ 15 2 | 25] 3 ] 4 | 5
3aJIe)KHICTh KPYTIHHS KaHATY BiJ] KyTa JeBialii npu KyTi po3kputTs py4is 30 rpaaycis
KpyTiuns Bin gesiamii, rpam/m | 172 | 286 | 401 | 516 | 573 | 802 | 976

3aJIe)KHICTh KPYTIHHS KaHATY BiJl KyTa JeBlallii mpu KyTi po3KpHUTTs pydis 60 rpaxycis

KpyTings Bix Aesiauii, rpaa/m | 115 [ 172 | 229 | 286 | 344 | 401 | 516

KyT po3kputrTs piBuaka GJIOKY BH3HAYAETHCS 13 YMOBH 3MEHIICHHS KPYUYEHHS KaHATy MpHU
foro nesiamii. B Tabmuiii 1 HaBeneH1 3aneXHOCTI KPYUYSHHsI KaHATY BiJ KyTa JeBiallii mpu poOoTi Ha
LIKIBaX 3 PI3HUMU KyTaMU PO3KPUTTS piBUaKa OJIOKY.

2. IToctaHoBKa MpodJ1eMH

JlocBiz ekcrutyaTalii mokasye, 10 KyT PO3KpUTTS ILIKiBa, SKUI pEeKOMEHJOBaHUN B HOpMa-
751X, HE BIJIOBi/Ia€ yMOBaM poOOTH TaleBUX KaHaTiB. BOKOBI MOBEepxHi piBYaKiB IIKiBIB, sIKi BUKO-
HaHl 0 IUM HOpPMaM MaroTh IHTEHCUBHHM 3HOC B HACIIIOK HEAOCTATHBOTO KyTa PO3KpUTTs. Tomy
IIKiBY TaJIeBUX OJIOKIB 1 KpOH OJIOKIB IMOBHHHI MaTH KyT PO3KPHUTTS CTIHOK KaHaBkH S50° mpotu 40-
45° mo OCT 24-191-01.

[IpoBeneHi TecTy 1 MpaKTHKa MOKa3aJH, 10 BEJIMYMHA TOBOPOTY KaHATY HaBKPYTH CBOET OCI
3aJIeXKUTh BIJ KyTa pO3KpUTTS piByaka. Yum OUIbLIMI KyT, TUM MEHIIE Oy/ie CKpydyBaTUCS KaHaT.
Ane GaraTo ¢ipM BHTOTOBJISIFOTH IIKiBY 3 KyTamu -30°, 35° Ta 45°, BpaxoByIOUH NpH I[bOMY BUMO-
TH PI3HUX CTaHIAPTIB.

3. MeTa npo0.semu.

MeTo10 HayKOBOIO JTOCIIIPKEHHS SBJISETHCS YAOCKOHAJICHHS METOJUKHA BU3HAUYEHHS JJOBIO-
BIYHOCTI KaHATy UIAXOM YpaxyBaHHS HOBUX (DaKTOpIB, sIKi CYTTEBO BILUTUBAIOTH HA pOOOTY KaHATY.

4. BukJjiajieHHsI 0OCHOBHOI'0 MaTepiany

b.C. KoBanbchkwuii [1] 3amponoHyBaB HOBHiII METOJ PO3pPaxyHKY KPaHOBHX IiJIHOMHHUX Ka-
HATIB HA JIOBFOBIYHICTh, SIKMM BPaxOBY€ BIUIMB KPAaTHOCTI MOJICHACTY 1 po3Mipu OapabaHy Ha Me-
xaHi3M niaiomy. OHUM 3 OCHOBHHMX IapaMeTpiB 3HOCY € paJiajibHUN TUCK KaHATy Ha OJIOK, KU
MPOTOPIIHUN HATATHEHHIO KaHaTy 7. PagiaibHUI THCK BU3HAYa€ HANPY)KEHUU CTaH APOTY B Mic-
LSX KOHTAKTY OJIHE 3 OJTHUM 1 3K0JI000M Oprany HaBUBKH.

3anexwnicth (1.10) MmoxHa 3amucaTy y po3ropHyTOMY BHUIJISII

D= ABCEd +abc (2)
: d g

1e 0. — KoeQIIieHT, SIKUI 3aJIeKUTh Bi Marepiaiay 00Ky (ctams — 1,1; yaByn — 1,0; mropa-
mrominii — 0,8; kanpos — 0,6);

b — koedimienT, sikuii BigoOpaXkae BILTUB pajiiycy 3aKpyIJICHHS Py4is I' 1 3aJIe)KUTh BiJl HATS-
THEHHS KaHaty 1 HanpsaMy 3BUBaHHA. [Ipu 3amaci mirtHocTi m=5 _ 6 3Ha4YeHHS HaBeJeHI B Ta0.2.
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Ta6auns 2 — 3nadeHns koedimieHta b
r/d 3BUBAHHSA
XPECTOBE OJTHOCTOPOHHE

0,53 1 1
0,56 1,04 1,02
0,60 1,10 1,05

© 1,30 1,20

¢ — Koe(iIieHT, SKUi BpaxoBye METaJIeBE 3alIOBHEHHS Iepepidy kaHaTy. J{is mectumnacmo-
Bux kanariB Tina TK ¢ = 0,21, JIK ¢ =0,20, ning Bocemu macosux ¢ = 0,23.
A — koedillieHT, IKUil BCTAaHOBIIIOE 3B'5130K Benuunuu D/d 3 kijgpkicTio nukiais N.

Ha ocHoBi gociimkeHs Ha MpOOIKHUX MAIIMHAX MOYKE OyTH BCTAHOBJICHA TaKa 3aJICKHICTh

a=_Ct | 2

Ha ocHosi excriepumentis Cko6mna [12], Bepuue [6] ta inmmx C¢=14,5,C¢=56000.
V mexax N =30000 _ 300000 A=0,23/N ;

B — xoeditieHT, KUl BpaxoBY€ BIUIMB KOHCTPYKIli kaHaTy. [Ipm Mexi MIIHOCTI OpOTYy
s =1600 , 1800 MlIla itoro 3naueHHs HaBeaCHO B Ta0I.3.

Tabauus 3 — 3naueHHs koedirienra B

. 3BUBaHHSA
KoHncrpykuis
XPECTOBE OJIHOCTOPOHHE
6x19+0OC TK 1,15 0,95
6x19+0C JIK-P 1,00 0,90
6x37+0C TK 1,20 1,10
6x37+0C TJIK-O 1,06 0,95

C — koeiLi€eHT, IKUH BPaxOBY€ BIUIUB PO3MIPY JPOTY HA MEKY BUTPUBAJIOCTI IIPU MYJIbCY-
IOYMX KOHTAKTHUX HANpy>KEHHSAX, HOro 3HaYeHHs1 HaBe/leHO B Ta0.4.

Tab6anus 4 — 3nauenns koedimienra C

KoncTpykiis kaHaty d
6x37+o0.c. 0,96 1 1,04 1,06 1,08
6x19+o0.c. 0,94 1 1,06 1,10 1,13

D — niametp G710KY;
d — miameTp KaHaTy.

Sk OyJ0 BKa3aHO BUIE, KyT PO3KPHUTTS piBYaKa KaHATHOTO OJIOKY JTy’Ke CHJIBHO BIUIMBA€E Ha
JIOBIOBIYHICTH pOOOTH KaHaTy, ayie ioro He Oyio BpaxoBano y ¢popmyii b.C. KoBanscekoro. Hamu
OyJIM MpOBeJeHI EKCIIEpUMEHTaIbHI JOCTIIKEHHs, HA OCHOBI SKMX Oyja BHBeAcHa (Gopmyna s
BU3HAYCHHS BIUIMBY KyTa PO3KPHUTTS piBYaKa OJIOKY Ha JOBrOBIYHICTH KaHATY

h=0,2(0,2b -1) (3

I'padik 3anexnocti koedirieHTy h Big KyTa po3KpUTTS piByaka OJOKY HaBeleHa Ha puc. 1.
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AHasli3 OTpUMaHMX pPillIeHb [T0Ka3aB, 1110 KPIM OCHOBHUX (PaKTOPIB, sIKi BKJIKOUYEHI B METOIM-
Ky PO3paxyHKy KaHaTiB Mo cTpoky ciyx0u b.C.KoBanbChkuM, € Ie psj 1HIIMX MOKA3HHKIB, SKi
MAalOTh 3HAUYHUH BIUIUB 1 BpaxXyBaHHS SKHUX JTOTIOMOYKE 3HAYHO ITiBUIIUTH TOBrOBIYHICTh KPAHOBHX

KaHAaTIB.
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YIPABJIIHHS SAKICTIO MEXAHIYHOI OBPOBKHU
©I'opaeeB A.C.

Ykpaiucoka inocenepno-nedazoziuna axaoemis
Indopmauis npo aBTopa:
Topaece Auapiii Cepriiiouu: ORCID: 0000-0001-6521-3937; gordeew@Uukr.net; 1oKTOp TEXHIYHHMX HAYK;

npodecop kadenpu iHGOPMAIIHHAX KOMIT IOTCPHUX TEXHOJOTIH 1 MaTEeMaTHKH, YKpaiHChKa IH)KEHEPHO-IIEAaroriuua
akajzeMis, ByJ. YHiBepcuterchka 16, M. Xapekos, 61003, Ykpaina

Mertoro po6GoTH € po3poOKa CIEKTPAIBHOI Teopii CUCTEM 31 3MIHHUMU MapaMeTpaMH CTOCO-
BHO aHAJII3y SAKOCTI MexaHI4HOi 00poOku. Po3pobka crekTpaabHOI Teopii HeOOXiaHA JJI MOI0JIaH-
HS TPYAHOULIIB IPU MPOEKTYBaHHI KJacy HecTallloHapHUX cucteMm. [Ipu 1poMy BupimyeTbcs 3a-
BJIAHHS BUSIBJIICHHS 3aKOHOMIPHOCTEH PO3CIIOBAHHS SIKICHUX IMOKa3HUKIB MPU MEXaHIYHIM 00pooii.
Ha ocHoBi rapmosiitHOro aHajuizy Kiaacu(ikyrThCs (aKTOpH, IO BIUIMBAIOTh HA BUXIJHY SKICTh
BUPOOIB Ta Oyay€eThCSI MaTeMaTHYHA MOJIEb MEXaHIYHOI 00OpPOOKH, 110 PO3IIIAJAETHCS AK MOJirap-
MOHIIHHI mporiec.

TexHooriuH1 CUCTEMU MEXaHIYHOT 00pOOKH BIJTHOCATHCS /10 HECTALIOHAPHUX CHUCTEM 3 CH-
JIOBUMH 1 TEIJIOBUMH BILTMBaMH. KpiM TOro, po3moain moxubok MexaHiuHoi oOpoOKH Ha JeTepmi-
HOBaHI 1 BUIIAJKOBI Mae Oarato HeBW3HadeHOCTi. Hampukian, 3HOC IHCTPYMEHTY TPaIUIliiHO Bif-
HOCHUTBCS JI0 JIETEPMIHOBAaHUX IPOLECIB, a 3 MAaTEeMaTHYHOI TOYKH 30py IEH MpOIeC OMHCYETHCS
MapKOBHMHU JIAHIIOTaMH (amapaT, 3aCTOCOBYBaHHIA JUIS OMUCY BUIAJIKOBHX IPOIECiB). Y Oarathox
BHUIIQ/IKaX Ba)KKO BUPIIINTH, YU CTOCYETHCS JaHE SBUILE JI0 IETEPMIHOBAaHUX a00 BHUITaIKOBHM.

B pesynbrati npoBeneHoi pobotu Oys0 BCTAHOBIIEHO, IO BCi 00ypeHHs, 110 BIUIMBAIOTH HA
nporec 0OpoOKH MaTepiajiiB pi3aHHIM, MPU3BOMAATH, B KIHIIEBOMY IMiJCYMKY, 0 BIIHOCHUX 3CYyBIB
IHCTPYMEHTY 1 3arOTOBKH, SIKI MO>KHA YSIBUTU CYyNepIO3uLiell NMOCTIHHOI CKJIaJ0BOi 3MILIEHHS 1
OKpeMHUX I'apMOHIK BIOpO3MiIlIEHHS.

[Toxubka nmpodiaro MOBEPXHI ASTalll TAKOX MOXE OyTH MPEACTaBICHA CYNEPIO3UIIIEI0 TIOC-
TIHHOT CKJIAZIOBOI OXUOKH 1 ii OKpeMHX rapMOHIK, IO CTBOPIOE MEPEAYMOBH iIeHTUdIKAIIT OKpe-
MHUX FapMOHIK BIOPO3MIIIEHHS 3 TapMOHIKaMH IpOQIt0 MOBEPXHi AeTali sl IPOTHO3YBaHHS TOY-
HOCT1 00pOOKH, JIarHOCTUKYU MPUYNH TOYHICTHUX B1JIMOB 1 YIIPaBIiHHS TOYHICTIO.

Kniouogi cnoea. TouHICTH, SKICTh, MeXaHIYHa 00pOOKa, CIEKTpaIbHUI aHaii3, MPOTHO3Y-
BaHHsI, TEXHOJIOT1Sl MAIIMHOOY AyBaHHS.

TI'opoees A.C. «YnpaBlieHHE KQ4UeCTBOM MEXaHMUECKOU 00pabOTKM»

Lenbto paboThl sBIsIETCS pa3pabOTKa CIIEKTPAIbHOM TEOPUU CUCTEM C MEPEMEHHBIMHU Mapa-
MeTpaMH IPUMEHUTEIBHO K aHAJIM3y KadecTBa MEXaHW4ecKoi o0paboTku. Pa3paboTka criekrpasb-
HOW TeopuH HeoOXOoAMMa Il MPEOIOJICHHUS] TPYIHOCTEH MPH MPOEKTUPOBAHUH KJIACCa HECTAIHO-
HapHbIX cucteM. [Ipu 3TOM perraeTcs 3a1aya BeISABICHHUS 3aKOHOMEPHOCTEH paccesiHUs KaueCTBEH-

HBIX TIOKa3aTesield Ipu MEXaHWIECKOH 00paboTKe; Ha OCHOBE TapMOHUYECKOTO aHalnM3a Kiaccudu-
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IUPYIOTCA (baKTopI)I, BIIMAIOIIMEC HA BBIXOJHOC KAYE€CTBO PI3I[€JIPII>'I; CTPOUTCA MaTEMaTH4ECKasa MO-
JIeJIb MEXaHMYECKON 00pabOTKH, paccCMaTPUBAEMOM KaK TOJTUTapMOHUYECKUH TIpOIIecC.

TexHONIOrNYECKHE CUCTEMBI MEXaHNUECKOM O6pa6OTKI/I OTHOCATCA K HCCTAIMOHAPHBIM CHC-
TEMaM C CHUJIOBBIMU U TCIIJIOBBIMU BOBI[@fICTBI/I?IMI/I. KpOMe TOro, ACJICHUEC HOFpGIHHOCTGfI MCXaHU-
YeCcKOU 06pa6OTKI/I Ha JCTCPMHUHUPOBAHHBIC U cnyqaﬁHHe HUMECT MHOT'O HeOHpe,ZleJICHHOCTeﬁ. Ha-
IpUMEP, U3HOC HHCTPYMEHTA TPAAULIUMOHHO OTHOCHUTCA K JETCPMUHHUPOBAHHBIM IIpoHeccaM, a ¢ Ma-
TEMAaTHYECKOI TOYKH 3pCHUA 3TOT HNPOUECC OIHUCBIBACTCA MAPKOBCKHMMHU LCIIAMU (armapaT, Impume-
HIEMBIHI JJ11 OITMCaHUuA CﬂyqaﬁHLIX HpOL[eCCOB). Bo mHOrmx ClIydasax TpyAHO PCHINTb, OTHOCUTCA
JIKX pacCMaTpruBaACMOC ABJIICHUC K ACTCPMHUHUPOBAHHBIM HJIN CﬂyqaﬁHBIM.

B pesynbrare mpoBeneHHON pabOThl ObLIO YCTaHOBIIEHO, YTO BCE BO3MYIIEHUS, BO3JEHCT-
BYIOIIKUEC HaA ITPOLECC 06pa6OTKI/I MaT€purajloB pe€3aHUEM, IPUBOJAT, B KOHCYHOM HUTOI'C, K OTHOCH-
TCJIIbHBIM CMCIICHHUAM HMHCTPYMCHTA W 3arOTOBKH, KOTOPBLIC MOXHO IPCACTABUTH cynepnomuneﬁ
MOCTOSIHHOM COCT&BJ’IHI—OH.ICIZ CMCHICHUA U OTACIIBHBIX I'APMOHHUK BI/I6pOCMeH_IeHI/II>'I.

[TorpemHocTs npo@uiis MOBEPXHOCTU AETAIU TAK)KE MOXKET ObITh IPEJCTaBICHA CyHepIIo-
3PILII/I€I>1 MHOCTOSIHHOU COCT&BJISHOH.IGFI MOrpCIIHOCTU U €€ OTACIBbHBIX FAPMOHUK, YTO CO3ACT NPCI-
IIOCBIJIKH I/I,I[GHTI/I(i)I/IKaI_[I/II/I OTACJIBHBIX 'APMOHHUK BH6pOCMCHl€HHfI C TrapMOHUKaAMH HpO(l)I/IJ'ISI I1I0BEC-
PXHOCTH ACTAIN IJI MPOTHO3UPOBAHHA TOYHOCTHU 06pa6OTKI/I, ANArHOCTUKH MMPUYUH TOUYHOCTHBIX
OTKAa30B U YIIPaBJIICHHUA TOYHOCTLIO.

Knroueenvte cnoesa: TOYHOCTDH, Ka4Y€CTBO, MCXaHUYCCKas 06pa60T1<a, CHeKTpaHBHLIP'I aHaJIn3,
MPOTrHO3UPOBAHUE, TCXHOJIOTMA MAIIMHOCTPOCHU .

Gordeev A. «Quality Management of Machining»

The aim of the work is to develop the spectral theory of systems with variable parameters in
relation to the analysis of the quality of machining. The development of spectral theory is necessary
to overcome difficulties in designing a class of non-stationary systems. This solves the problem of
identifying patterns of dispersion of quality indicators during machining; On the basis of harmonic
analysis, factors that influence the output quality of products are classified; A mathematical model
of machining is being considered, considered as a polyharmonic process.

Technological systems of machining relate to non-stationary systems with power and
thermal effects. In addition, the division of machining errors into deterministic and random has
many uncertainties. For example, tool wear traditionally refers to deterministic processes, and from
a mathematical point of view, this process is described by Markov chains (an apparatus used to
describe random processes). In many cases, it is difficult to decide whether the phenomenon in
question is deterministic or random.

As a result of the work, it was found that all the perturbations that affect the process of
processing materials by cutting ultimately lead to relative displacements of the tool and the
workpiece, which can be represented by a superposition of the constant component of the
displacement and individual harmonics of vibration displacements.
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The error of the surface profile of the part can also be represented by a superposition of the
constant component of the error and its individual harmonics, which creates the prerequisites for
identifying individual harmonics of vibration displacements with harmonics of the surface profile of
the part to predict processing accuracy, diagnose the causes of precision failures and control
accuracy.

Keywords: accuracy, quality, machining, spectral analysis, forecasting, engineering
technology.

Beryn

OpHMM 3 BaXJIMBHUX MOKA3HUKIB SIKOCTI MAIIMHOOYIIBHOI HNPOAYKIIi € 1X HaAllHICTh. Y
npo6emi 301IbIIeHHS HAIIHOCTI MAaMHOOY IIBHOT MPOAYKIIi SKICTh MOBEPXHI 3aBXKIM Majo Be-
nuke 3HaueHHd. OnyOiKoBaHO 3HaYHY KUIBKICTH Mpallb, B SKUX BUKJIQJal0ThCS TEOPETHYHI IMOJIO-
KEHHSI TOYHOCTI 0OpOOKH 1 MPUHOMHU TEXHIYHOTO aHANI3Y SIKOCTI KOHCTPYKIIiH 1 TEXHOJIOTH Y€ChKO-
ro npoiecy BurotopieHHs [1-15]. ¥V pe3ynbTari HuUX JOCIIIPKEHb HAKOIMYCHI HEOOXIIHI TaH1 Jis
PO3paxyHKy TOYHOCTI TEXHOJIOTIYHUX TporeciB. A.b. SIXHH 3ampornoHyBaB METOAHM PO3PAXyHKY
JEeSIKUX CKJIQJIOBUX CyMapHOi MOXUOKH OOPOOKH 1 OLIHKKA TOYHOCTI MPOIECIB MEXaHIuHOI 00pOOKH,
3aCHOBaHI Ha TIOJIOKCHHSAX Teopii HWMOBIPHOCTEW 1 MaTeMaTHYHOI CTaTUCTHKU. [loTim
A.IT.Cokol0BCKIii PO3BUHYB PO3PaxyHKOBO-aHAJITUYHUM METOJl TOYHICTHHX pPO3pPaxyHKIB, LIO
BpPaxXOBY€ BIUIUB TEXHOJOTIYHOI CUCTEMU i Ai€0 3yCHUIIb Pi3aHHS, HETOYHOCTI 00JIalHaHHS, 3HOCY
IHCTpYMEHTY, MOXHOKOIO TH HaJaroKeHHs, remmeparypu i iH. [2]. C.A.Bacin 3anpornoHyBaB aHa-
JITUYHAA METOJ JOCHIDKCHHS MHUTaHb TOYHOCTI MexaHiuHoi o0poOku [1]. Pobotu A.I'.Cycnosa
MOB's13aHi 3 MpoOJieMaMu OTPUMaHHSI HEOOXiAHOT TOYHOCTI OOPOOKHM HUIAXOM YIpaBiiHHA J1edop-
Marlii SMH TEXHOJIOTIYHOT cuctemu [4].

Y poborax [7, 8, 10], npucBsiueHHX aHAi3y TOYHOCTI OOPOOKH HA METAJIOPI3aIbHUX BEPC-
TaTax, nepeadavyaerses, 1m0 OOypeHHs, 110 BIUIMBAIOTh HA MPOILEC, BUKIMKAIOTh NPYXKHI Mepemi-
IICHHS JIAHOK TEXHOJIOTIYHOT CHCTEMH .

AHai3 3aCTOCOBYBaHMX B JaHMH 4ac METOIB OLIHKH 1 YHIpPaBIiHHA CyMapHOI HMOXHOKOIO
00pOOKH T03BOJIUB MPUNTH 10 BUCHOBKY IPO aKTYaJbHICTh BUPIIICHHS 3aBAaHb YIIPaBJIiHHSA SKiC-
TIO MeXaHI4HOT 00poOKu. MeToro poboTH € po3polKa CIEKTPaIbHOI TEOPil CUCTEM 31 3MIHHUMHU
napaMeTpaMH CTOCOBHO aHali3y SIKOCTI MexaHiuyHOi 00poOku. Po3pobka crniekrpaiibHoOi Teopii HeoO-
XiiHa JUIsl TOJ0JIaHHs TPYAHOIIIB MPU MPOEKTyBaHHI KJacy HecTallloHapHuX cucteM. Ilpu npomy
BUPIIY€ETHCS 3aBJJaHHS BHUSBIICHHS 3aKOHOMIPHOCTEH PO3CIIOBaHHS SIKICHUX MOKa3HHUKIB IPU MeXa-
HIYHIH 00pOOIIi.

Knacudgikanis ¢paxkropis, 110 BIVIMBAKTH HA AKICTH MEXaHIYHOI 00pPOOKH

TexHoz0riuH1 cucTeMu MexXaHiuHO 0OPOOKH 1 BITHOCATHCS 10 HECTALllOHAPHUM CUCTEMaM 3
CHUJIOBUMH 1 TETUIOBUMH BIUTMBaMU. Hampukiaz, 3HOC 1HCTPYMEHTY TPaJIWIIMHO BIIHOCUTHCS IO
JIeTepMiHOBAaHHUM IIPOLIECIB, a 3 MATEMAaTHYHOI TOUKH 30pYy LIEH MpoLec ONUCY€ETHCS MAPKOBUMH Jia-
HIForamH (amapart, 3aCTOCOBYBAHHUH JUISl OMKUCY BUIAIKOBHX MPOIIECiB). Y 0arath0X BHIAJKAX BaXK-

KO BHPIIIUTH, Y1 CTOCYETHCS JAHE SIBUIIE 10 ACTEPMIHOBAaHNUM a00 BHUITaIKOBUM.
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dopma crneKkTpadbHUX aIrOPUTMIB HE 3aJIeKUTh Bl BUIy 0a3MCHOI CUCTEMM (DYHKIIIH, 110
HaJa€ CIeKTPATbHOMY aHAIIi3y MPOCTOTY 1 YHIBEpCAbHICTh. Bijl Buly 6a3MCHOI CHCTEMU 3aJIekKaTh
JIMILE YHCENIbHI BUPAKEHHSI CIIEKTPAIbHUX XapaKTEPUCTHK CUCTEM. 3 ypaxyBaHHSIM BUILE CKa3aHO-
ro aBTopoM OyJia po3pobiieHa kiacugikailis moxubok i MexaHidyHoi 00poOku (tabi. 1), ska 103Bo-
Jsi€ BUPILIYBAaTH OCHOBHI TEOPETUYHI 3aBJaHHS aHAI3y, CUHTE3Yy 1 €KCIEepUMEHTAIbHOI0 IOCHi-
JDKEHHS! TEXHOJIOTTYHUX CUCTEM 31 3MIHHUMU IIapaMeTpaMH sIK IIPU J€TepMIHOBAaHUX, TakK 1 P BU-
MaIKOBUX B3a€EMOJIIfAX.

[TapameTpuuHi 30ypeHHS MOXKYTh OyTH SIK NEPIOAUNYHUMH, TaK 1 HemepioAuyHux. Junamiu-
HI AedopMalii BUHUKAIOTh 3a3BUYail MpU MEpIOAMYHUX MapaMEeTPUYHHUX 30ypeHb, MOB'A3aHHUX 31
3MiHHOIO kopcTKicTio cuctemu BIII. [lyxe gacto mpu JOCTIKEHHI TUHAMIYHHUX MPOLECIB JOBO-
JUTHCS CTUKATHCA 3 aHAJII30M MOXJIMBHMX BIUIMBIB, NPUPOJA SKUX HAM IMOBHICTIO He sAcHa. Lli mii
MOXYTb OyTH BUKJIMKaHI SIK 30BHIIIHIMH HEKOHTPOJIbOBAaHUMH 30ypEeHHIMH, TaK 1 HEKOHTPOJIbOBA-
HUMH 3MiHaMHU reoMeTpii 1 mapamerpiB cuctemu. Ilpornecu, 1Mo onucyoTh 1eTepMiHOBaHI SBUIIA,
MOXYTh OyTH NEPIOAMYHUMH a00 HETEPIOANYHUX. Y CBOIO YEPry MEPIOANYHI MPOIECH MOXKHA PO3-
JUINTH Ha TapMOHiiHI 1 mojirapMoHiiiai. /o HemepioAMYHUX BiTHOCATHCS Maike MepioaAnYHi 1 me-
pexigHi mpouecu. MoXHa TPUBECTH OaraTo MPUKIAMIB (I3MYHHMX SBHII, SKI 3 JOCTATHBOIO IS
MPAKTUKHA HAOIMKCHHSM OMHICYIOThCS TaApPMOHIMHNME Tiporiecamu. Jlo iX 4ymcia BiTHOCSITBCS KOJIH-
BaHHS YaCTOTH 0OepTaHHS IIIUHJIEN, BIOpallil BepcTaTta Ha X0JI0CTOMY XOAY 1 1HIII SIBUIA.

XBUIIACTICTh 00pPOOJIEHUX MOBEPXOHb MAa€ CHUHYCOIJAIbHUM XapakTep, 10 € HACIiAKOM KO-
muBanb cuctemu CIII/], 1m0 BUHUKAIOTH Yepe3 HEPIBHOMIPHICTh CHJI pi3aHHs, HAsIBHOCTI HEBPIBHO-
BaXEHUX Mac, MOXUOOK MPUBOY. 3 TOUKHU 30py aHajdi3y rapMOHINHI MPOLECH MPEACTABISAIOTh CO-
0010 o7HY 3 HaumpocTimux Gopm QyHKIIT gacy. Jlo momrapMoHIHHUX BIAHOCATHCS TaKl THUIH BH-
MaIKOBUX TIPOLECIB, SIKI MOXKYTh OyTH onucaHi (YHKII€I Yacy, TOYHO IMOBTOPIOE CBOI 3HAYECHHS
yepe3 oxHakoBi iHTepBamu X(H)=X()nTp), n=1, 2, 3, ... 3a ACAKUMH BHUHATKAMH, IOJirapMOHIiiHI
MIpoLIECH MOXKYTh OyTH IpeJicTaBieHl nopyd dyp'e.

SIBua, SKUM BiANOBIJAIOTH MOJITAaPMOHIMHI MpolecH, 3yCTpidaroThCs Habarato dvacriiie
SIBUIII, OTIMCYBAaHUX YUCTO TapMOHIKWHOI QyHKIier0. Hacrpasi, Kojv TOW 4K 1HITUH MPOIIEC BiTHO-
CSATH JI0 TUIY TApMOHIWHUX, TO HaiyacTimie MpU IIbOMY MAalOTh Ha yBa3i TUIBKH HOTO HAOJIMKEHE
ySIBJIIGHHS, XOUa HAcMpaB/i BiH € NojirapMoHiiini. Hanpuknan, npu petensHOMY AOCIHIIPKEHH] IPo-
¢imorpaM XBUJISICTOCTI NMOBEPXHI MOXKHA BUSIBUTU HEBEJMKI KOJMBAHHS 3 4acCTOTaAMM BUIIMX rap-
MOHIK. B iHImINX BUMajkax B nepioguuHoMy (i3MYHOMY MPOLEC] MOXKYTh OyTH MPUCYTHIMH rapMo-
HIHI KOMITOHEHTH 3 BITHOCHO BEJIMKUMHM aMIuTiTy1aMu. Hanpukiman, BiOpartii arperaTHOro Bepcra-
Ta, 110 MPALIOE NEKITbKOMa IHCTPYMEHTAaMH, MICTATh 3a3BUYail IHTEHCUBHY TapMOHIHHY KOMIIOHE-
HTY. Jlo mojirapMoHiHUX BUMAIKOBUX MPOLECIB, SIK OyAe MOKa3aHO Jalli, BITHOCATHCS TaK0X pO3-
CIIOBaHHA JIMCHHUX pO3MIpIB IpU MeXaHIYHIN 00poOii 1 mpodiiorpaMu MiKpOHEPOBHOCTEH 00p00-
JICHUX MTOBEPXOHb.

Maifke nepioJuuH1 IPOLECH MOYKHA OIMCATH PAJOM F'APMOHIHHHUX KOJMBaHb, YACTOTH SIKHUX

MopiBHSIHHI. Maiike nepioln4Hi Npouecu MOKyTh OyTH onucaHi QYHKIII€O Yacy.
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Tabmuus 1 - Knacu nporieciB BIacTHBHX MeXaHiuHiN 00poOI
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SBuia, SIKMM B1ANOBIIAIOTH MaibkKe-MepioJUyHI IPOLIECH, 3yCTPIYatOThCS JOCUTh YacTO MPU
MiCYMOBYBaHHI JBOX 1 OuIbIle HE3aleKHUX TapMOHIWHUX mpoueciB. Ilpukimamom wmaiixe-
MEePIOAMYHOTO SBUIIA MOXE CITY)KUTH BiOpallisi 00JaiHaHHs, 110 MPAIIO€ B ACHHXPOHHOMY PEKHUMI.

Jlo nepexiIHuX HEeNepioAUYHUX MPOLECIB BIAHOCATHCS BC1 HENEPIOAMUHI MPOLIECH, SIKI HE €
Maibke NepioIMYHUMU MpoLecaMy. [HIMMMH ClI0BaMH, MEPeXiiHi NpolecH BKIIYAIOTh B cebe Bce
HE PO3TJIAHYTI paHillie MPOIECH, sIKi MOXYTh OyTH ONMHCAHI BiANOBIAHUMHU (YHKIISAMHU Yacy. SIBu-
1112, SIKAUM BiJIITOBIAA0OTh TIEPEXi/IHI MPOIECH, TOCUTh YUCIICHHI 1 pi3HOMaHITHI. Hampukinan, mpouec
3HOCY pIXKYYOro 1HCTPYMEHTY, BUIbHI KOJUBAHHs 1HEPUIHHOI MEXaHIYHOI CHUCTEMH IICIs HpPUIIH-
HEHHS [l CUJIU, 110 BUMYIIYE, 3MiHa 3yCHJIJISl HA MEXaHI3MU BepcTaTa MiCis MPUIUHEHHS pi3aHHS.
BaxxnBa BiAMIHHICTh MEPEXiJHUX MPOLECIB BiJ MEPIOAMYHHUX 1 MaiKe-MepioAUYHHUX TOJIATaE B
TOMY, IO X HEMOXJIUBO YSIBUTH 32 JOTIOMOTOI0 JUCKPETHOTO CrieKTpa 4acToT. OHaK B OLIBIIOCTI
BUII/IKIB OTPUMYIOTh Oe3IepepBHE CIEKTPAIbHE TOAaHHS NEPEXiTHUX MPOIIECiB, BUKOPUCTOBYIOUU
inTerpan dyp'e .

[Ipomiecu, mo BiAMOBIAAIOTh BUMAAKOBUM (PI3MUHUX SIBUIN, HE MOXHA OMHUCATH TOYHUMHU
MaTeMaTUYHUMH CIiBBIJTHOIICHHSMH, OCKUIBKHA pE3yJIbTaT KOKHOTO CIIOCTEPEKEHHS HE IMiJUIArae
BiATBOpEHHIO. 3 Tabmuii 1 BUAHO, 0 (aKTOpH, 110 BU3HAYAIOTH SKICTh MEXaHI4HOI 00pOOKH (TOU-
HICTh, IIOPCTKICTh, XBHJISICTICTB), MAOTh MOJIrapMOHiiHy mpupoay. Lle o3Hauae, 1110 BOHH HE €
CTPOTO BMIIAJIKOBUMH 1 MiJUIATaI0Th MPOTHO3YBaHHIO. JaHuii (akT BiAKpUBAE MOXKIMBOCTI BUKOPHU-

CTOBYBATH CUCTEMH YTPABIIIHHS AKICTIO MEXaHIYHOI 00pOOKH, 3aCHOBaHI Ha MPOTHO3YBaHHi.

BucnoBku
Bce o0ypenHs, 1110 BIUIMBAIOTh Ha Mpolec 00poOKH MaTepiajiiB pi3aHHAM, IPU3BOJATH, B Ki-

HIIEBOMY ITiJICYMKY, J0 BIIHOCHHUX 3CYBIB IHCTPYMEHTY 1 3arOTOBKH, SIKi MOXKHA YSIBUTH CYIIEpIIO-
3UIlieH MOCTIMHOI CKIIA0BOi 3MIMICHHS 1 OKpEMUX rapMoHIK BiOpo3mimieHHs. [loxubka npodimto
MOBEPXHI JIETalll TAKOXK MOKe OyTH MpeACTaBlieHa CYMEePIO3UINIEI0 MTOCTIHHOT CKIIAA0BOT MOXUOKH i
il OKpeMHX rapMOHIK, 1[0 CTBOPIOE MEPeyMOBH 17IeHTU(IKALlT OKPEMHUX TapMOHIK BIOPO3MILIICHHS
3 rapMOHIKaMH TpOo(dUII0 MOBEPXHI JAeTall JJIsd MPOTHO3YBAHHS TOYHOCTI OOpOOKH, JT1arHOCTUKH

MIPUYMH TOYHICTHUX BIIMOB 1 YIIPaBJIIHHS TOUHICTIO.
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HUX HayK, JOIEHT KadeapH IHTerpOBaHUX TEXHOJIOTIH B MalIMHOOYTyBaHHI 1 3BapIOBAIEHOTO BUPOOHHUIITBA, YKpaiHCh-
Ka IHKeHepHO-TIeJaroriyHa akaiemis; ByJ1. YHiBepcureTcbka, 16, M. Xapkis, 61003, Ykpaina.

Mera poboTH TIOJISITa€ y MPOJOBKEHHI CTPOKY CIY)KOHM METaJIOPI3aibHOTO 1HCTPYMEHTY
HUIAXOM HarviaBieHHs ejekTpomamu jeroanumu W, C, B, Ti i pigko3eMenbHUMH MeTajaMu
(P3M), 718t i ABUINEHHS TEIUIOCTIMKOCTI i 3HOCOCTIMKOCTI pi3LIEBOr0 i IITAMIIOBOTO iIHCTPYMEHTY.

Bynu Burorosneni enextponau i3 npoty CB-08A 3 pyTHI-TOPUCTOKATIBIIIEBUM TOKPUTTSIM.
VY SKOCTI pO3KUCIIIOBaUiB 3aCTOCOBYBaU (hepomaprasens i peporutad. Xpom, MoJibaeH 1 BaHaa1H
YBOAWIN y BUTIIAI (DEpOCIUIABIB, a BYTJIEIb y BUTIISAAI TpaditTy cpibiscToro i kapOifiB KpEeMHIO,
THTaHa i BOJMb(paMy. 3 METOK 3HMKEHHsS BapTocTi enekrpoxaiB kapoimu W, Ti, Si, a Takox Ko-
0anbT yBOAWIIM B UIMXTY MOKPUTTS Y BUIJIS/II BIAXO/IIB Bijl 3aTOUEHHS TBEPAOCIUIABHOTO 1HCTPYMeE-
Hra 31 crurasis T30K4, T15K6, BK8 i in.

[ToKpUTTSI HAHOCHUITUCSI HA CTPHXKHI IPECOBUM criocobom. [ mocmimkeHp poOuiy Haruias-
nenHs po3mipom 80x20x20 mm.

TBepaicTh HAIUTABICHOTO METANy TIEPEBIPSIIN HAa TIOBEPXHI BOCBMHIIAPOBOTO HAIUIABJICHHS,
BUKOHAHOTO JUIsI KOHTPOJIIO XIMIYHOI'O CKJIaJy HAIJIaBIEHOI'O METay.

HarpiBanHs HaruiaBiieHb Mij] 3arapTyBaHHS 3/IIMCHIOBABCS B COJISHIN XJ10pOapieBiii BaHHI 10
temneparypu 1225°C. Butpumka npu 1iit Temneparypi cranoBuia 20 XB. 3arapTyBaHHs IPOBOIH-
nocst macii. JlochmipkeHHsT piXy4yuX BJIAcTUBOCTEH HAIlIaBIE€Hb MPOBOJIMIIOCS 3 BUKOPHUCTaHHAM
METOy TOPIIEBOTO OOTOYYBAaHHS.

Enextpox Nel mpusHaueHMid IiIs1 3HOCOCTIMKOTO HAIUIABIICHHS PIXYYHX KpaloK OOpi3HHX
mramiiB. Enextpon Ne3 mpusHaueHui a1 HaruiaBiaeHHs oOpi3HMX MmaTpuilb. Enexrpom Ne2 mst
HaIUIaBJIEHHS! poOOYO0i YaCTUHU PI3LIB 1 HOXKIB AJIs pi3aHHS MeTaly. 3HOCOCTIMKICTh pi31iB HaIlIaB-
JeHUX eJIeKTpoaoM Ne2 He MoCTyHaeThCs Pi3LsiM, BUTOTOBIEHUM 31 ctaii P6MS5. CriiikicTs ke 00-
pi3HUX MaTpHIb 31 cTaii 45 i3 3anmponoHOBaHUM HarulaBieHHsM Buile B 8-10 pa3iB y mopiBHSHHI 3
Matpuismu 3i craini SXHM.

Kntouoei cnosa: 3HOCOCTIMKICTD, JIETYBaHHS, €IEKTPOJH, AYTOBE HAIJIaBJICHHS, METAIOpi-

KY4YUH ITHCTPYMEHT, TBEPICTb.

H3zomoea E.A. «Pa3zpaboTka 3J€KTpOIOB 1)1 HAIJIABKK pabodeil YaCTH METAIJIOPEKYIIETO

MHCTPYMEHTa»
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Llenb paboTHI 3aKIiItOYaeTCsl B MPOJICHUN CPOKa CIY)KOBI METAIIOPEKYIIETO HHCTPYMEHTA
MyTeM HaIulaBku aiekTponamu jerupoBanHbivu W, C, B, Ti u peako3eMelbHbIMH METaJUIaMH
(P3M), 1151 MOBBIIICHHS TEIFIOCTOMKOCTH U M3HOCOCTOWKOCTH PE3I[0BOrO M HITAMIIOBOI'O HHCTPY-
MEHTA.

Bbuti U3roTOBIEHBI ANEKTPO b U3 TPoBOIOKU CB-08A ¢ pyTHiI-hTOpHUCTOKATBIIMEBUM TOK-
peiTHeM. B kauecTBe packucinuTenel npuMeHsuin peppomaprasel] 1 pepporutad. Xpom, MOIHOICH
Y BaHAQWUU BBOJWIU B BHJIe (EpPOCILIABOB, a YIJIEPO B BUAE TpaduTa cepeOpUcToro u KapoOumaoB
KpEeMHHS, TUTaHa U Bosib(pama. C 1EeNIbI0 CHUKEHUSI CTOUMOCTH AJIeKTpooB kapouael W, Ti, Si, a
TaKke KoOaJIbT BBOJWIM B IIUXTY MOKPBITUS B BUJE OTXOJOB OT 3aTOYKH TBEPIOCILIABHOTO MHCT-
pymenTa u3 cruiaBoB T30K4, T15K6, BK8 u np.

[TokpbITHE HAHOCUITUCH HA CTEP’KHU MPECCOBBIM criocoOoM. J[i1s uccnenoBaHuii aenanu Ha-
aBku pazmepom 80x20x20 mwm.

TBepIOCTh HAIIABICHHOTO METaJlIa MPOBEPSIIN HA MOBEPXHOCTU BOCHMUCIIONHOW HAIUIaB-
KH, BBITTOJTHEHOH ISl KOHTPOJIS XHMUYECKOTO COCTaBa HAIIABICHHOTO METaJlIa.

HarpeB HaruiaBok moj 3akajKy OCYIIECTBIISUIM B COJISTHOM XJopOapueBUil BaHHE JI0 TEMIIe-
patypsl 1225°C. Breiaepskka mpu 3Toi Temneparype coctaisuia 20MuH. 3akajika MpoOBOIUIOCH Ma-
cIe.

HccnenoBanue pexylux CBOMCTB HAIUIABOK MPOBOAMIIOCH C MCIIOJIb30BAaHHUEM METO/1a TOp-
LIEBOA OOTOYKMU.

Onexrpon Nel mpenHasHaueH A U3HOCOCTOMKOW HAIUIABKHU PEXYIIUX KPOMOK OOpPE3HBIX
mramnoB. Dnektpoa Ne3 mpeaHasHaueH sl HaIlIaBKU OOpe3HBIX MaTpuil. Dinektpon Ne2 nmis Ha-
IUIaBKK paboyeil yacTu pe3loB U HOXKEW i pe3ku Meraiia. VI3HOCOCTOMKOCTh Pe3loB HaIulaB-
JICHHBIX AJIEKTPoAoM Ne2 He ycTymaeT peslaM, U3roTOBICHHBIM 13 cTainun P6MS.CroiikocTs ke 00-
PE3HBIX MaTpHIl U3 cTayu 45 ¢ npeasiokeHoil HaruaBkoi Boiie B 8-10 pa3 mo cpaBHEHUIO C MaTpu-
namu u3 ctam SXHM.

Knruegwie cnosa: n3HOCOCTONKOCTD, JIETHPOBAHUE, AIIEKTPOAbI, AyroBas HaljlaBKa, MeTall-

JOPEXYIINI UHCTPYMEHT, TBEPAOCTb.

Izotova E. «Development of electrodes for surfacing the working part of a metal-cutting
tool»

The purpose of the work is to extend the service life of metal cutting tools by surfacing with
alloyed electrodes W, C, B, Ti and rare-earth metals (REM), to increase the heat resistance and
wear resistance of the cutting and stamping tools.

Electrodes were made from Sv-08A wire with rutile-fluorocarbon coating. Ferromanganese
and ferrotitanium were used as deoxidants. Chromium, molybdenum and vanadium were introduced
in the form of ferroalloys, and carbon in the form of silver graphite and silicon carbides, titanium
and tungsten. In order to reduce the cost of electrodes, carbides W, Ti, Si, as well as cobalt were
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introduced into the charge of the coating in the form of waste from sharpening carbide tools from
alloys T30K4, T15K6, VKS, etc.

The coating was applied to the rods by a press method. For research did surfacing size
80x20x20 mm.

The hardness of the deposited metal was checked on the surface of the eight-layer surfacing,
made to control the chemical composition of the deposited metal.

The surfacing for hardening was carried out in a salt chlorobarium bath to a temperature of
1225 ° C. The exposure at this temperature was 20 min. Quenching was carried out in oil.

The study of the cutting properties of surfacing was carried out using the end turning
method.

The Nel electrode is designed for wear-resistant surfacing of cutting edges of cut dies.
Electrode No. 3 is intended for surfacing of edged dies.. Ne2 electrode for surfacing the working
part of cutters and knives for metal cutting. The wear resistance of the cutters surfaced by the Ne2
electrode is not inferior to the cutters made of P6M5 steel. The resistance of the cut matrices from
steel 45 with the proposed surfacing is 8-10 times higher compared to the matrices from 5XHM
steel.

Keywords: wear resistance, alloying, electrodes, arc surfacing, metal cutting tool, hardness.

IMocTanoBKa npodJeMu

3a ocTaHHI POKH JOCSTHYTI 3HAUYHIIIE YCIIXU B €KOHOMIi IOPOTUX METANIiB 1 TBEPAUX CILIa-
BIB [IPU BUTOTOBJICHHI CKJIaIHUX Pi3aJIbHUX 1HCTPYMEHTIB.

[IponykTrBHUM 1 €(hEeKTUBHUM CIIOCOOOM BUTOTOBJICHHSI CKJIQJHOTO 1IHCTPYMEHTA, Y SKOMY
poboya yacTHHA CKJIAA€THCS 31 IBUAKOPI3aIbHOI cTam abo TBEpAOro CIUIaBy, a HEpoOOUa YacTUHA
- 3 IHCTpYMEHTaJIbHOI ByTJIelIeBOi a00 KOHCTPYKIIMHOI CTalll, € eJIEKTPOAyroBe HarutaBieHHs. Kpim
TOr0, HAIUIABJIEHHS - HaWOUIbLI YHIBEpCAJIbHHUI METOJl BIJHOBJIEHHS 3HOIIEHHUX pOOOUYMX IMOBEp-
XOHb IHCTPYMEHTA, 1110 JIO3BOJISIE TIOJIMIIUTH SKICTh 1 3HU3UTH BapTiCTh BIJIHOBJICHUX jaetanei [1].

Haifuacrimie HamiaBistoTh poO0Ui 3HOCOCTINKI ITAPH IITAMITIB, TPU3HAYEHUX JIJIS XOJIOTHO-
ro i rapsyoro neopMyBaHHS MeTaly, poOoUi MOBEPXHi Pi3LiB, KpalKu HOXKIB IS pi3aHHS U 00-
pyOKM MeTally 3 METO MiJIBUIIEHHS BJIACTUBOCTEH pOOOYOi YaCTMHM 1HCTpPYMEHTa abo IXHBOIrO
BiJIHOBJIEHHA. HamaBneHHs: poOo4yoro mapy NOBUHHE 3a0€31€UYUTH TOJIOBHUM YMHOM 301IBIICHHS
3HOCOCTIMKOCTI Ta TEeMJIOCTIIKOCTI.

Jlist 1€l MeTH po3poOJIAIOTECS 1 BIPOBAKYIOTHCS HOBI HAIJIABOYHI MaTepiaiu, JIeTOBaH1
TYTOIUIABKUMH 3'€JHAHHSMH, 10 XapaKTEPU3YIOTbCS BHCOKOIO TBEPIICTIO, IMiJBUIIEHUM OMNOPOM
3HOILIYBaHHS, 3HAYHOIO TEIJIOCTIMKICTIO, TOMY PO3pOOKa HOBUX €KOHOMHOJIETOBAaHUX HAIJIABOYHUX
€JIEKTPO/IIB € aKTyaJIbHUM 3aBIaHHSIM.

AHAaJIi3 oCTaHHIX JOCJTIIKEeHb

Marepian pi3aJIbHOTO IHCTPYMEHTY ITOBUHEH MaTH BUCOKY TBEPHICTh JJIs HaAiHHOT poOOTH

MPOTATOM TPUBAJIOTO Yacy. 3HaUHE MiJABHUILEHHS TBEPAOCTI IHCTPYMEHTAJIBHOIO MaTepiaiy Io Io-

68 ©I3otoBa. K.O., 2019



ISSN 2079 — 1747 Mammno0OynyBanus, 2019, Ne24
DOI 10.32820/2079-1747-2019-24

IMpuxkaagna mexaHika

PIBHSIHHS 13 TBEPIICTIO 0OpOOIIOBAaHOI 3aroTiBJIi MOBUHHE 30€piratucs W Mpu HarpiBaHHI 1HCTPY-
MEHTa B IPOIIECi pi3aHHs.

OCKUIBKY IITaMITH XOJIOAHOTO BHCADKEHHS i 0OpyOKH CIIpUHMAarOTh 3HAYHI TMHAMIYHI Ha-
BaHTKEHHs BApPTO OOMEKYBaTH TPAaHUYHY TBEPAICTh, sIK npaBmio, He Bume HRC 60.

IlepepaxoBaHi eKcIUTyaTalilHi BIACTUBOCTI IHCTPYMEHTa MOXHA JOCATTH LUIAXOM JETy-
BaHHs. BMicT kapOi0yTBOPIOIOYMX €JIEMEHTIB 1 BYTJICIIO TTOBUHEH 3a0€3MEeYUTH OJIep KaHHS Hak-
O1pII OaraTHX IO JIETYBaHHIO KapOi/liB MPH MiHIMAJIBLHOMY MEPEXO/Ii JIETYIOUHX €JIEMEHTIB Y TBEp-
JIMiA PO3YMH OCHOBH [2].

Buxonguu 3 BapTOCTI pI3HUX JETYyIOUHX JOOABOK 1 BIIACTUBOCTEH YTBOPEHUX HUMH TBEPIUX
(a3, HalOLIBII parliOHaTFHUMHU JJIsi CTBOPEHHS 3HOCOCTIMKUX, TEIDIOCTIHKHUX 1 MIIIHUX HAIUIaBIICHb
MPHUUHATO BBa)KaTH XPOM, MapraHellb, Hikelb, 6op. Taki enementn sik Mo,W, V, C, Ti 3actocoBy-
BaJIMCS B MEHIIUX 00cATax y 3B'SI3Ky 3 TUM, 10 BOHM JAe(dinuTHI i gopori. OJHaK OCTaHHIM YacoM
CIIOCTEPIraeThCsl TEHACHIIIS 10 BCE OUIBIIIOr0 BUKOPUCTAHHS KX JICTYFOUUX elIeMeHTIB [3, 4].

B octanH1 poku ISl OJIMIIEHHS Psily BIACTUBOCTEN HAIJIaBOYHUX MaTepiajiB IOYaau 3a-
CTOCOBYBAaTH MIiKpo100aBKHu pigko3emenbHux MetaniB (P3M). MikposeryBaHHs piAKo3eMeIbHUMU
MeTaJlaMH ICTOTHO BIUIMBA€ Ha BEJIMUMHY 3€pHA, HA CTAH I'PaHUIlb 3€PEH.

VY wmeit yac juid oJep)KaHHS HAIUIaBOYHUX MaTepiaiiB Juisi poOOYMX YaCTHH PIKYHOro u
LITAMIIOBOTO 1HCTPYMEHTa yce OLIbII HIMPOKE MOIIMPEHHS OJEP>KYIOTh TaKi CUCTEMHU JIETyBAaHHS:
W-V-B; Fe - C-Cr; Cr-Mo-W-Co-B-T [5].

CTpyKTypa TakuxX HaIUIaBICHHX METAJiB CKIAJA€ThCS 3 JISTOBAHOTO TBEPIOTO PO3UYHHY (Ma-
PTEHCHTY ¥ 3aJIMIIKOBOTO ayCTEHITY), HACHYCHOTO 3MIIHIOIOYMMHU KapOigoO00puaHuMH i iHTepMe-
TaNiIHUMU (pa3amu, UM 1 OOYMOBIIOETHCSI BUCOKA 3HOCOCTIHKICTD, TEIIOCTIMKICTD 1 TEIJIONPOBIA-
HICTh WX CIUIaBiB [5, 6].

JInst BiTHOBJICHHS ¥ 3MIIHCHHS IIBHIKO3HOIIYBAHUX JETAJCH INTaMIIiB (MaTPHIlb, MyaHCO-
HIB) peKOMEHIYIOThCS enekTpoan Mmapok DH-60M, O311I-1.

OnHak Ha3BaHi €JNEKTPOAM He 3a0e3MeuyroTh HaJIe)KHOI CTIMKOCTI 1HCTpyMEHTa uepe3 Bu-
KpalllyBaHHS HaIlJIaBJIeHb y MPOLECI eKCIUTyaTallii, MosBH TPILIMH HA 3aMKHYTHX LIBax. Haruiag-
JICHHSI JTAHUMHU €JICKTPOAAMH JO3BOJISIE IMiIBULITUTH CTIHKICTh OOPYOHHUX IITAaMIIIB yChOTO JIUIIE HA
20% [6,7].

3acrocyBaHHS IS 3MIIIHEHHSI pLKYYHX Kpaiok iHcTpyMeHTa enekrpoais O3U - 1, O3U - 2,
O34 - 3, LI1 - 1M, OJIH - 1 i iM noaiOHUX €KOHOMIYHO HEAOILIBHO, Yepe3 BETUKUI BMICT y iX-
HbOMY TIOKPHTTI Ie(PIIUTHUX TOPOTHX €JIEMEHTIB - BaHA/Ii10, BOJIbPpamy, MOIiOIeHy i 1H.

ITocTanoBKa 3aBIaHHA JOCJTIKEHb

3aBaHHAM JAHOTO JOCITIJKEHHS SIBJISETHCS MPOAOBKEHHS CTPOKY CIYXKOU MeTaniopixKy4o-
ro iIHCTPYMEHTY IIISIXOM HATIUIABJICHHS CIICHiaTbHUMH €IIEKTPOIaMHU.

Enextposa Tako) MOBHHEH MAaTH TapHI TEXHOJOTIYHI BIACTHUBOCTI, JO3BOJIATH poOUTH Oara-
TOpPa30BE HAILIABJICHHS JeTajeH, 30epiraloun Mmpu bOMY HEOOXiJIHI €KCILTyaTaliiiHi XapakTepHc-

TUKU 1HCTpyMeHTa. [Ipu 1ipoMy Tpeda ITOCIIIUTH BIUIMB JIETYIOUHUX €JEMEHTIB Ha TBEPJICTh HaIljla-
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BJIGHOTO MeTany. JloCHiauTH MOXKJIMBICTh BBEJICHHS B IMUXTY MOKPUTTS BIIXOJIB BiJ] 3aTOYCHHS
TBEPJOCIUIABHOTO 1HCTpyMeHTa. Po3poOHUTH CKIaj ra3onuiakoyTBOPIOIOYOl YaCTUHH HIMXTH TMOK-
PUTTSA eNeKTpoAiB. JJocmiauTu BIUIMB TepMIYHOT 0OpOOKH HA TBEPAICTh HaILJIaBIECHOTO MeTany. Jlo-
CHIANTH PDKYYH BJIACTUBOCTI IOCHITHUX HAIlJIaBJICHb.

ExcnepuMeHTa/IbHA YaCTHHA

Jlist nociipkeHs OyJiM BUTOTOBJICH] 5 BapiaHTIB eleKTpoaiB i3 ApoTy CB-08A 3 mOKpHUTTSIM,
JICTOBAaHUM PI3HUMH €JIEMEHTaMH. Y SKOCTI pPO3KHCIIOBAaYiB 3aCTOCOBYBaIM (epomapraHers i ¢e-
potuTaH. XpoM, MOdi0/IeH 1 BaHa (il YBOAWIN Y BUIIIAI (hepOCIUIaBiB, a ByTJelb y BUTIIAAL Tpadi-
Ty cpibasictoro i kapOifiB KpeMHIil0, TUTaHa ¥ Bojbpamy. s MigBUIIEHHS 3HOCOCTIMKOCTI, a
TaKO 3HIKEHHS ra30HACHUYEHOCTI 10 ckiany nokputTs Beoqwm 0,5-1,0% Y;03. 3 MeToro momin-
1IeHHsT 00pOOIIOBAaHOCTI HAIUIABIEHOTO METaly 10 CKJIAAy MOKPUTTS eJIEKTpoJa BBOIWIM OOp.
TBepaicTh HAMIABIEHOTO METATy MEpPEeBipsUTM HAa MOBEPXHI BOCBMUIIAPOBOTO HATUIABJICHHS, BUKO-
HAHOT'O /7151 KOHTPOJIIO XIMIYHOI'O CKJIay HAaIlJIaBI€HOTO METaly.

VY Tabn. 1 HaBeneH1 CKiIaJ MIMXTU NOKPUTTS JOCIITHUX €JIEKTPOIIB. 3 METOIO 3HM>KEHHS Ba-
procTi enexkrpoaiB kapoiau W, Ti, Si, a Takox K00anbT YBOAWIM B IIUXTY Y BUIJISL BIAXOIB Bij
3aTOYEHHs TBEpIOCIUIaBHOTO iHCTpyMeHTa 31 crutaBiB T30K4, T15K6, BKS8 i in. [TokpuTTs HaHOCH-
JHCS IPECOBUM criocobom. J[imst mocmimkenp poOmmm HartaBieHHsT po3Mipom 80xX20x20 mm. Harpi-
BaHHS HAIUIABJICHb I11J] 3arapTyBaHHs 3/1iCHIOBABCS B COJISHIM Xjo0pOapieBii BaHHI 10 TeMIIepary-

pu 1225°C. Butpumka mipu 11t Temneparypi ctaHoBuia 20 XB. 3arapTyBaHHS POBOIMIIOCS MaCIi.

Tabauuns 1 - Cxia MUXTH TOKPUTTS €IIEKTPOIIB

KoMIIOHEeHTH BapianTu enextponis
MTOKPUTTS 1 2 3 4 5
Mapmyp 24,0 24,0 20,0 28,0 26,0
ITnaBikoBui mImat 10,0 10,0 10,0 10,8 10,0
Pytun 5,0 5,0 5,0 5,0 45
FeSi 1,0 1,0 1,0 0,5 0,5
FeMn 0,8 0,8 0,8 0,5 0,5
FeCr 7,0 7,0 6,0 6,2 6,5
FeMo 10,0 10,0 10,0 15,0 15,0
FeV 50 50 6,0 50 50
I'padit 2,0 2,0 2,0 3,0 3,0
Cmona 50 50 50 50 3,0
Cona 0,7 0,7 0,7 0,7 0,7
Y,0; 1,0 (Y)1,0 0,5 (Y)0,3 (Y)0,3
FeTi 3,0 3,0 2,0 HEMae HEMAE
FeBAI 0,3 1,0 HeMae HEMae (FeB)3
Penit 12,0 12,0 HeEMae HeMae HeMae
Bigxonn 13,2 13,2 32,0 (T30K4)20,0 (BK8)20,0

[Ticns 3arapTyBaHHsS HAIUIABJICHHS IiIJABATKCS BiAMamy. 3TiHO BOJILGPAMOMOIIOACHOBI

ctai 3700yBalOTh MaKCUMAJIbHY BTOPUHHY TBEPICTh Micis Biamany npu 540-660°C.
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3aMIIKOBUI ayCTEHIT cTajeil 3 MOJiOI€HOM TaK0oX MEHII CTIMKUI MpOTH BiAmaidy, y mopi-
BHSIHHI 3 BOJIb()pAMOBHUMU CTAJISIMHU, 1 IEPETBOPIOETHCSA TOJIOBHUM YHHOM IPH OJTHOKPATHOMY Bif-
naji. JIHs 3HATTS HanpyT y CTayiel, mo MicTaTh Outbme 3-4% Mo qocTaTHii TBOKpAaTHUMA BiAmall.

JlocmipKyBaHi HaIUIaBJICHHS TTiAIaBAINCS TBOKpAaTHOMY Biamany mpu temnepatypi 560°C ¢
BUTPUMKOIO IIpH Lii TemmnepaTypi 1 roauHy i HACTYNHOMY OXOJIOJKEHHS Ha MOBITpi. 3 METOIo
3HIKEHHS BapTOCTi eekTpoaiB kapoigu W, Ti, Si, a Takok KOOaIbT YBOAWIM B IIUXTY MOKPUTTS Y
BUIJISIII BIXOIB Bij] 3aTOYCHHS TBEPAOCIUIaBHOTO iHCTpyMeHTa 3i ciutaBiB T30K4, T15K6, BK8 i
1H.

XiMIYHUH CKJIa]l BAKOPHCTOBYBAHUX BITXOIB 3a3HAYCHUH y Ta0. 2.

Taoauusa 2 - XiMiyHUi CKIIag BiAXOaiB

No i/t Enementn KinekicTs, %
1 Kap0in kpemHiro 3e1eHuit 50,0 -60,0
2 Monoxkap0in Boabhpamy 70-110
3 MoHoxkap0ij TuTaHa 0,7-1,2
4 BineHuii Byriens 0,1
5 KobGansT 08-1,2
6 3aiizo 28,0-36,0

JlocaikeHHsT piKy4HX BJIACTUBOCTEH HaIUIaBJIEHb MPOBOAMIIOCS 3 BUKOPUCTAHHSM iCHYIO-
94Oro METOAY TOPIIEBOrO OOTOYYBaHHS, IO BOJOIE PSIOM TIepeBar mepe]] iHIUMH eKCTPECHUMHU
METOJIaMH.

Pe3yabTaTn n10ociiikeHn

PesynpTat aHamizy XiMi9HOTO CKIIaJy HAIUIABICEHOTO METay IMpejacTaBieHi B Tabn. Mik-
POCTPYKTypa MeTaly, HaIruiaBieHoro enekTpoaom Nel, micns TepmidHOi 00poOKH sBIIsi€ cOO0I0 BU-
COKOJIETOBAaHUI MapTeHCUT, KapOiax Opi€HTOBAHI MO CITL, 3aJUIIKOBUH aycTeHiT < 5%. TBepaicTh
HarutaBiieHHs - HRC 54-56.

Tabauusa 3 — XiMigHUIA CKIIa] MeTaly, HAIUIaBIEHOTO JOCIITHIUMHE €IEKTPOJaMHU.

el M| s c Mo | w | v | Ti| B | col Al
n/o
1 |09 |042| 270 | 035 | 31| 87 | 12 | 011|035 | - | 027
2 | 111|043 | 199 | 035 | 35 | 93 | 12 | 015|025 | - | 018
3 110 | 03 | 08 | 30 | 60| 70 | 15| - | 12| o5 | -
4 09| 05| 03| 30 |60 50 | 13| 10 |001]o02]| -
5 [ 09 | 04 | 10 | 13 [ 30| 22 | 10 | 005|001 02 | -

Mertau, HarIaBIeHUN eNeKTpoIoM Ne2, miciisi TepMOOOPOOKH TaKOXK Ma€e CTPYKTYpy roida-
CTOTO MAapTEHCUTY, KapOiJlk CITYACTOro PO3TAlIyBaHHs, KpiM TOTO, IpiOHI KapOiau ycepeauHi 3ep-

Ha ¥ 3aJIMIIKOBUH ayCTEHIT y KUIbKOCTI 5-7%. TBepaicth HamutasineHoro merainy HRC 55-57.
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MertaJt, HaIIaBICHUN eJIeKTPoIoM Ne3, mmiciist TepMOOOPOOKH TaKOX Ma€ CTPYKTYpy roirda-

CTOTO MapTEHCUTY, KapOiu CITYACTOro po3TallyBaHHS, KpIM TOTO, IpiOHI KapOinu ycepeauHi 3ep-

Ha ¥ 3aJIMIIKOBHIA ayCTeHIT y KibkocTi 5-7% (puc. 1). TBepuictp HaruiasieHoro metainy HRC 55-
57.

Puc.1 - MikpocTpyKTypa MeTally, HalJIaBJICHOI O eJIEKTPOIaMU S5 BapiaHTIB
miciist TepMidHOi 00poOKH; (X450)

MiKpOoCTpyKTypa MeTally, HaIIaBJICHOTO elIeKTpo oM Ned, sBiisie cOO0I0 MapTEHCHUT, BETTHKE
KUTBKICTh IpiOHUX KapOimiB chepoBuaHOi 1 mimacTuHYacToi (Gopmu, romxyacti 6opumu. TBepaicTb
HaraBieHoro metainy HRC 64-67.

TepmooOpoOiieHe HarIaBIeHHs, BUKOHAHE eNeKTpoaoM NeS5 Mae CTpyKTypy MapTeHCUTY
KapOiau ciTyacToro po3ramryBaHHs. He3HauHa KiTbKiCTh 3aJIMIIIKOBOTO aYCTEHITY BUSBICHOTO PEH-
tredorpadiuno. TBepaicte HarraBneHoro mertanry HRC 58-60.

BumnpoOyBaHHs AOCHITHUX Pi3LiB HAa 3HOCOCTIHKICTh. OOpOOKa pe3ybTaTiB eKCIIEPUMEHTIB
JI03BOJIHJIA TIPEJICTABUTH HACTYITHI BUCHOBKH:

Hatikparioro CTIHKICTIO BOJIOJIIOTE Pi3li, PiKy4a YaCTHHA SKUX HAIUIABJICHA EICKTPOJIaMHU
Neol. ITicns TepmiuHOi 00pOOKH piBeHb CTIMKOCTI 1X V=45 M/xB. OfHaK, C1iJ] 3a3HAYUTH I1iBHIIIC-
HY KPUXKICTh PIXKY4O0i Kpailku, 1110 00YMOBJIEHO BMICTOM BEJIUKO1 KITbKOCTI Oopy - 1 - 1,2 %.

Tpoxu ycTynaroTh iM MO CTIHKOCTI pi3ili, HaraBieHi enektpogoM Ne2. Ilicims TepMiuHOL
00poOKH piBeHb CTIHKOCTI iX Vgp=42 M/XB.

CTiliKiCTh pi3IliB, HAIIABICHUX eIEKTPoaoM Ne2 miciist TepmiuHoi 00pobku Ver=40 m/xB.

Pizmi, nanasneni enekrpoaamu Ne3 1 Ned micnst TepmidHOT 00pOOKH MArOTh MPUOIHU3HO O-
HAKOBHIA piBeHb cTiiikocTi Vo= 30-31 m/XB.

OdeBuIHO, 116 00YMOBIICHO BiJICYTHICTIO B HAIUIABJICHOMY METaJIi XpOMY.

BucHoBku

Po3po6neno enextpoa Nel npusHaueHui A 3HOCOCTIMKOTO HAIIABJICHHS PIXKYUUX Kparlok
00pi3HuX mTamiB.. Enextpon Ne3 mpusHaueHHi AJs1 HAaIUTaBICHHA OOPi3HUX MaTpuilb. EnexTpon
Ne2 nnist HanaBieHHsT pOOOYOT YACTUHM Pi3LIB 1 HOXIB JUISl pi3aHHS METaly. 3HOCOCTIMKICTh pi3LiB
HAIUTABJICHUX €JICKTPoAoM Ne2 He TOCTYHa€eThCs Pi3IsaM, BUTOTOBICHHUM 31 ctam P6MS. CrilikicTh
e 0Opi3HUX MaTpuLb 31 cTaii 45 i3 3anponoHOBaHUM HarulaBieHHAM Buile B 8-10 pa3iB y mopis-

HSHHI 3 MaTpHIIMu 31 ctaini SXHM.
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HNIABUILNEHHSA MIPOAYKTUBHOCTI PYTUJIOBUX EJIEKTPO/IIB
©I3o1oBa. K.O.
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Ingopmanis npo aBTopa:
I3oroBa Katepuna Onexcangpiua: ORCID 0000-0002-6585-6681, itmzv@uipa.edu.ua, kaHauaar TexXHid-

HUX HayK, JOLEHT KadeapH iHTerpoBaHUX TEXHOJIOTIH B MAalIMHOOYTyBaHHI i1 3BapIOBATEHOTO BUPOOHHUIITBA, YKpaiHCh-
Ka IHKeHepHO-TIeJaroriyHa akaemis; ByJ1. YHiBepcureTcbka, 16, M. Xapkis, 61003, Ykpaina.

MeTor po3poOKH € IMiIBHINEHHS MPOAYKTUBHOCTI i 3BapPIOBATBHO-TEXHOJIOTIYHUX BIIACTH-
BOCTEH PYTHJIOBUX €JIEKTPOIB 32 paXyHOK BUKOPUCTAHHS 3aJ1iI3HOTO MOPOIIKY B SIKOCTI JEIIEBOTO
il eeKTUBHOTO HAMIOBHIOBAYA MPH 3BapIOBAHHI IIABICHHSM.

Po3po0iieHo MeToaNKy po3paxyHKy MOKA3HUKIB MPOAYKTUBHOCTI, IO JO3BOJISI€ BU3ZHAYUTH
KOoe(iI[ieHTH HaIJIaBJICHHS, PO3IUIABIIOBAHHS ¥ 1HIII MapaMeTpu €JNEKTPOIIB 13 3aJli3HUM MOPOILI-
KOM Y TIOKPHUTTI, 3aJI€)KHO BiJl BMICTY 3aJIi3HOTO TIOPOIIKY B IOKPUTTI M peKUMY 3BaprOBaHHSI.

JloCmipKeHO MEXaHi3M MPOLECY YTBOPEHHS T'a30BUX MOPOKHUH NP OararomapoBOMy Ha-
IUIaBJICHHI BUCOKOINPOIYKTUBHUMU €JIEKTPOJaMH 13 3aii3HUM MopoiikoM. [lokazaHo, mo mnpouec
BiJI0YBA€THCS B OCHOBHOMY Ha CTaJlii BAHHU i OCHOBHOIO MPUYHHOIO iIXHHOT'O YTBOPEHHS € BOJCHD.

Brenenns depocuiiio 10 CKIaay MOKPUTTS MOMITHO ITIBHINYE TMPOIYKTUBHICTh HaIlJIaB-
JICHHSI, aJie TIPH IIbOMY 3HAYHO ITiIBUIIY€ThCS CXWIBHICTH JI0 YTBOPSHHS Mop. BBenenus 5 % rema-
TUTY JO3BOJIMJIO 3HATU IPOOJIEMYy YTBOPEHHS TOP.

XiMIiYHHMNA aHaNi3 CKIaay W BUIIPOOYBaHHS MEXaHIYHHMX BJIACTUBOCTEH HAIUIABICHOTO METa-
Jy MOKa3yIoTh, 10 IPHU BUKOPUCTAHHI 3a113HOTO MOPOUIKY €JEeKTPoau NepedyBaroTh Ha PiBHI BH-
Mor z10 Tuny 946 3a 'OCT 9467. BukitoueHo yTBOPEHHS HOP 1 rapsSYuX TPIIIUH.

Po3po06iieHi pyTHUIIOBI €EKTPOAM 13 3ali3HUM IMOPOIIKOM Ha 0a3i MiHepaJbHOI CHPOBHUHU
Ykpainu, 10 BOJOAIIOTH MIBUIICHUMH 3BAPIOBATBHO-TEXHOJIOTIYHUMH BIACTHBOCTAMU i Koeii-
€HTOM HarutasjiceHHs 16-18 r/Arog.

Knrwuosi cnoea: enextpon, 3alli3HAN MOPOIIOK, 3BAPIOBAHHS, MPOIYyKTHBHICTh, MIOPH, PY-
THJI, TPIIAHU.

H3omoea E.A. «IloBblllIeHNE TPON3BOAUTEILHOCTH PYTUIIOBBIX AJIEKTPOIOBY.

Llenpto  pa3paboOTKH  SBIAETCS  MOBBIIICHHE IPOU3BOJUTEIBHOCTH M CBApOYHO-
TEXHOJIOTUYECKUX CBOMCTB PyTHJIOBBIX JIEKTPOJIOB 32 CUET MCIOJIb30BAaHUS KEJIE3HOTO MOPOIIKa B
KauecTBe JemeBoro v 3(h(HeKTUBHOTO HAMIOJHUTEIIS [IPU CBAPKE IJIABICHUEM.

Pazpaborana MeTonuka pacyera rmokasaresiel IpOu3BOIUTEILHOCTH, TIO3BOJISIET ONPEICIUTh
K03 (ULIMEHTHI HATUIABKH, PACIUIaBICHUS U JIPYTHe MapaMeTphl AIEKTPOAOB C HKEJIE3HBIM MOPOIII-
KOM B MTOKPBITHH, B 3aBUCUMOCTH OT COJIEP>KaHUs KEJIE3HOTO MOPOIIIKA B IOKPHITHH U PEKUMA CBa-
PKU.

HccnenoBan MexaHU3M Tpoliecca 00pa3oBaHUs Ta30BBIX MOJOCTEH IPU MHOTOCIOWHON Ha-
IJIaBKE BBICOKOIIPOU3BOIUTENBHBIMH JIEKTPOJAAMH C KEJIE3HBIM ITOPOIIKOM.

[Toka3zaHo, 4TO MpoOLECC MPOUCXOIUT B OCHOBHOM Ha CTa/IMU BaHHBI U OCHOBHOW MPUYMHOMN
uXx 00pa3oBaHus SABISETCS BOJOPOI.

BBenenue ¢deppocmiuius B COCTaB MOKPBITHS 3aMETHO YBEIHMUUBACT MPOU3BOIUTEILHOCTD
HaIUTaBKH, HO IIPHU STOM 3HAUUTEIHHO MOBBIIIAETCS CKIIOHHOCTH K 00pa3zoBaHuio mop. Beenenue 5%
reMaTuTa MO3BOJIMIIO CHATH MPo0sieMy 00pa3oBaHus MOP.

XUMUYECKHUI aHallW3 COCTaBa U UCIBITAHUS MEXaHUYECKUX CBOMCTB HAIJIABJICHHOI'O METall-
Ja TOKa3bIBAIOT, YTO MPH HCIIOJIB30BAaHUU KEJIE3HOTO MOPOIIKA AIEKTPOAbl HAXOAATCS HAa YPOBHE
TpeboBanmii k Tuy 946 mo 'OCT 9467.

HcknroueHo o0pa30BaHus MO U TOPSYUX TPEIIUH.
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PazpaGoTanHbie PyTHIIOBBIE JIEKTPOJIBI C KEJIE3HBIM IOPOIIKOM Ha 0a3e MHHEPaJIbHOTO
CBIpbsl YKpauHbl, 00JIaJafONNX MOBBIICHHBIMUA CBAPOYHO-TEXHOJIOTHUYECKIMHU CBOMCTBAMH M KO3-
¢dounmenrom HartaBku 16-18 r/Au.

Kntouesvie cnosa: >nexTpon, jkeNe3HbI MOPOMIOK, CBapKa, MPOU3BOAUTEIHLHOCTD, BPEM,
PYTHII, TPEIIHHBL

Izotova E. «Improving the performance of rutile electrodes»

The aim of the development is to increase the productivity and welding and technological
properties of rutile electrodes through the use of iron powder as a cheap and effective filler in fusion
welding.

A methodology for calculating performance indicators has been developed, it allows
determining the coefficients of surfacing, melting and other parameters of electrodes with iron
powder in the coating, depending on the content of iron powder in the coating and the welding
mode.

The mechanism of the process of formation of gas cavities during multilayer surfacing with
high-performance electrodes with iron powder is investigated. It was shown that the process occurs
mainly at the stage of the bath and the main reason for their formation is hydrogen.

The introduction of ferrosilicon in the coating composition significantly increases the
productivity of surfacing, but it significantly increases the tendency to form pores. The introduction
of 5% hematite allowed to remove the problem of pore formation.

Chemical analysis of the composition and testing of the mechanical properties of the
deposited metal show that when using iron powder, the electrodes are at the level of requirements
for type E46 according to GOST 9467. The formation of pores and hot cracks is excluded.

Developed rutile electrodes with iron powder based on mineral raw materials of Ukraine,
which have improved welding and technological properties and a deposit coefficient of 16-18 g /
Ah.

Keywords: electrode, iron powder, welding, productivity, time, rutile, cracks.

ITocTanoBka npodaemu

B ocranni poku B YkpaiHi i 32 KOpJJOHOM HIMPOKO 3aCTOCOBYIOTHCS €IEKTPOAHU 13 3aII3HUM
MOPOIIKOM Y TIOKPHUTTI, IO 3a0€3Me4yI0Th IiIBUIICHY MPOIYyKTHBHICTh PyYHOTO JyTOBOTO 3BapIO-
BaHHs [1]. 3aBAsSKK HAsABHOCTI 3ali3HOTO MOPOIIKY B IMOKPHUTTI i PETEIBHO MigiOpaHOMY CKIIay
MOKPUTTA MOJI0HI €JIeKTPOAN MAIOTh JOCUTh TapHI 3BapIOBajIbHO-TEXHOJIOT1UHI BIAacTUBOCTI. Ta-
KUM YHMHOM, IIMPOKE 3aCTOCYBaHHS €JIEKTPOIIB 3 BUCOKMM KOE(]illiEeHTOM HaIlJIaBJICHHs BIJKpPHUBA€E
OUTBIIII MOKJIMBOCTI IMiJBUILEHHS IPOAYKTUBHOCTI pyYHOTO JYTOBOTO 3BapIOBAaHHS.

AKTyallbHUM € 3a7ia4a po3pOOHTH PYTHIIOBI €IEKTPOIH 13 3aJII3HUM IOPOIIKOM Ha 0a3i Mi-
HEepaJIbHOI CHPOBHHHU YKpaiHH, 110 BOJOMIIOTH ITiIBUIIICHUMH 3BapIOBAILHO-TEXHOJIOT1YHUMH BIIAC-
THUBOCTSIMHU i KoedilienToM HarutaBieHHs 16-18 r/Aro.

AHaJIi3 0CTaHHIX J0CTiXKeHb

VY TenepimHii Yac NPUAUIIETHCS BEJIUKA yBara CTBOPEHHIO €JIEKTPOIIB 13 3aIi3HUM IOPOIII-
KOM y MOKpHTTi [2-4]. OcHOBOO 111 pO3pOOKH €IEKTPO/IB 3 MiIBUILECHO MPOAYKTHBHICTIO CIIy-
*uid Biomi mokputtst OMM-5, [IM-7, MP-3, AHO-4, YOHUM-13 1 in.

Crin 3a3HaYUTH, 10 O BUCOKONPOIYKTUBHUX €NIEKTPO/IIB 13 3aJ1i3HUM MOPOIIKOM BHSIBHIIN
3HAYHUIA iHTEepec 1 3akopaoHOM [5, 6].

VY HalOnmK4l poKM B HalIiil KpaiHi Hami4aeThCsl 301IbIIEHHS BUPOOHUITBA 3aJII3HOTO IO-
POLIKY JUIsl HOTPEO €JIEKTPOIHOTO BUPOOHUITBA. SIKIIO NMPUIHATH, 1110 MPOJYKTUBHICTH Mpalll Ipu
3BapIOBaHHI €JEKTPOJAMH 13 3aJII3HUM TOPOIIKOM ITiJIBUIIUTHCS B TIOPIBHSAHHI 31 3BHYAHUMHU €Jie-
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krpomgamu Ha 30-35 %, To, K MOKa3aaw pO3paxyHKH, €KOHOMisl TUTbKM 3apOOITHOI IUIATH CKIIAJIe
6smm3pk0 500 THC. TpH. Y PIK.

OnHak €KOHOMIYHI TepeBaru BHCOKOMPOIYKTUBHHX EJIEKTPONIB UM HE BUYEPITYIOTHCS.
Enextpoau 13 3a/1i3HUM MOPOIIKOM 1 BEIMKOIO TOBIIMHOIO MOKPUTTS BIAPI3HIIOTHCS JTOCUTh MaJu-
MU BTpaTaMH MeTally Ha po30pH3KyBaHHS IIpH 3BaproBaHHi. Hanpuknan, 3aBAsky HE3HAYHOMY pO3-
OpU3KYBaHHIO i rapHiil BiAMIIBHOCTI [IUIAKIB, MOJIETIICHHIO MPalli PH OYMIICHHI MIBIiB BiJ OpH3iB 1
IIJIAKiB, BApTICTh 3BAPEHUX Pe3epBYapiB 3HIKY€EThHCS MpuOIn3HO Ha 12 %.

IlocTanoBka 3aBIaHHS J0CTiTXKEeHb

Meroro mpaHoi poOOTH € po3poOKka HOBUX BHUCOKOMPOIAYKTUBHHUX €IICKTPOAIB THIy D46 Ha
0a3i MiHEpaJIbHOT CUPOBUHHU Y KpaiHU /I 3BapIOBaHHS BIAMOBINAJbHUX KOHCTPYKITIH 3 BYTJICIIEBUX
CTajiell Ha 3MIHHOMY ¥ MOCTIHHOMY CTpyMi, IO 3a0e3MeuyoTh KOS(hIIEHT HAIJIaBJICHHS HE MEHIII
16 r/Aroj. 3a paXyHOK BUKOPHCTaHHS 3aJIi3HOTO TOPOIIKY B SKOCTI JCHICBOrO i €()eKTHBHOTO Ha-
MOBHIOBaYa MPH 3BaPIOBAHHI MIJIABJICHHSM.

ExcnepumeHTaibHA YaCTHHA

JInst OoCIipKeHb BUKOPUCTOBYBAITUCS METAJIEBI €JIEKTPOIH ISl pyYHOTO AYTOBOTO 3Baplo-
BaHHS BYTJICHIEBUX | HU3bKOJIETOBAHHUX CTAJIEH, III0 BUTOTOBJISIFOTHCS criocoOoM obmpecyBaHHs. st
BUTOTOBJICHHSI JOCIIHUX TMapTii BUKOPHCTOBYBAIHM IMPEC MPOMKCIOBOIO BHUrOTOBICHHS (puc.l).
CTprKHI €IeKTPOAIB BUTOTOBJISUTH 31 CTAJIEBOrO 3BaproBaibHOTO JpoTy Mapku CB-08A 3a 'OCT
2246 niameTpoM 5 1 6 MM. 3aCTOCOBYBAJIOCS TOKPUTTSI €IEKTPO/IIB PYTHIIOBOTO BU/1Y, OCHOBY SIKOT'O

CTaHOBUTh MiHepan — pyTHIXT10,, BUKOPHUCTOBYBAHUHN Y BUIIISAI PyTHIIOBOTO KOHIIEHTpaty mo TY
4-267-73.

VYV SKOCTI PO3KHCIIOBaYa METally IIBa 3aCTOCOBY-
BaBcs pepomapranens Mapka ®Mu 1,0 3a 'OCT 4755
i ¢pepocuniniii Mmapku Cu-45 3a TOCT 1415. Ak Hanos-
HIOBaY BUKOPUCTOBYBAIM 3aJi3HUN IMOPOIIOK MapKH
IT2K1 3a TOCT 9849. KoediwieHT Baru MOKPUTTS €ICK-
TpoaiB craHoBuB 147-175 %. mpu TOBIIMHI MOKPUTTS
Ha CTOpoHy 2,7-3,0 MM eNleKTpOJiB AiaMeTpoM S MM, i
3,0-3,6 MM - enexTpoxiB giameTpoM 6 MM. ABTOMATHY-
HE BH3HAYEHHS KOe]illieHTa Macu MOKPUTTS POOHIIH 3a

noromororo npuinany BMA-100. Burotosnsiu Bapias-
T enektpoiB 3 50 % 3ai3HOT0 MOPOIIKY i CHCTEMOIO

Puc.1 - Ilpec 11t BUTOTOBICHHS
€JICKTPO/IiB

MOKPHUTTS PYTHI-TIOABOBHUH mimart (Tabi.l).

Taoauus 1 - Cknaa NOKPUTTIB JOCTIAHUX €IEKTPOIIB 13 3aI1i3HUM HOPOUIKOM B %0

HalimenyBaHHs BapianTtu cknany mOKpUTTS
KOMITOHCHTIB 1 2 3
PyTun 12 19 34
[TonboBuit mmnat 34 27 12
Depocuiitiit 4 4 4
3aJti3HUN TOPOIIOK 50 50 50
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Pe3yabTaTn n10ociaiiKkeHn

[Ipu BUBYECHHI PI3HUX METATYPTIHHUX CHCTEM OYJIO BCTAHOBJICHO, IO MPOAYKTHUBHICTh PO3-
IIJIaBJICHHS €JIEKTPO/Ia B 3HAYHINM Mipi 3aJICKHUTh BiJ] CIIIBBIAHOIIEHHS OCHOBHUX KOMITOHEHTIB Y I10-
KpuTTi. Byno BH3HA4€HO, IO HASBHICTh Y MOKPUTTSAX OJHOMMEHHUX KOMIIOHEHTIB, alie B3ATUX Y
PI3HHX CIIBBiJIHOIICHHSX, HE BU3HAYA€ OJHAKOBI 3BapIOBAILHO-TEXHOJOTIYHI BIACTHBOCTI €JIEKT-
poais (Tabu. 2).

HasBHICTB 3aJ1i3HOT0 MOPOIIKY B HOKPUTTI 00YMOBMIIO €Ki 3MiHH 3aralbHONPUIHATOT Me-
TOJIMKHM BU3HAYEHHS XapaKTEPUCTUK IUIaBJIECHHS €l1eKTpoAiB. ToMy pu BUBUEHHI €JIEKTPOJIIB 13 3a-
J13HUM MOPOIIKOM KOPUCTYBAJIUCS TPOXH 3MIHEHOIO METOJUKOIO. 3aMiCTh OJJHOTO KOEe]IIiEHTa po-
3IUIaBJICHHS yBeJIEH] J1Ba KOe(ILIEHTH PO3IUIABICHHS CTPUXKHS (e 1 KOE(DILIEHT PO3ILIABICHHS €lle-
KTPOJA Olps.

Tabauus 2 - [IpoayKTUBHICTD PO3IUIABICHHS JOCTIIHUX €JIEKTPOMIIB 13 3aJ113HUM HOPOIIKOM

BapianT Koedimient macu Koedirmient namnas- | IIpoayKTHBHICTH PO3ILIaB-
eJIeKTpoaa MOKPHUTTS B % JIeHH B I/Aron JICHHS eJIEKTPojia B T/TOT
1 180 13,2 3660
2 180 17,1 5030
3 180 18,4 5320

HasBHICTb 3a113HOT0 MOPOIIKY B HOKPUTTI 00YMOBUIIO A€AK] 3MiHH 3arajlbHONPUIHATOT Me-
TOJUKU BU3HAUYECHHS XapaKTEPUCTHK IUIABJICHHS €l1eKTpoiB. ToMy npu BUBUEHHI €IEKTPOIIB i3 3a-
J13HUM MOPOIIKOM KOPUCTYBAIMUCS TPOXU 3MIHEHOIO METOIMKOI0. 3aMICTh OHOT0O KoedilieHTa po-
3IUIABJIEHHS YBEJIEHI Ba KOE(iLIEHTH PO3ILIABICHHS CTPHAKHSA Opc 1 KOE(ILIEHT PO3ILIABICHHS €Jle-
KTPOJa Ojp,. Koe(ilieHT po3IIaBIeHHs CTPUKHS BU3HAYAEThCA K KOE(DIIIEHT PO3ILIABICHHS €JIeK-
TPOIB, MOKPUTTS SIKUX HE MICTUTh 3aJ113HOTO ITOPOIIKY:

G
a, =—e2lAu,
P It

1)

ne G¢ — Bara po3IUIaBJICHOTO CTPWXKHS B T; | — cuia 3BaproBasibHOTO CTpyMy B A; t — 9ac TOpiHHS
IyTH B TOJ.

KoedimieHT po3mimaBieHHs €lEKTpoJa, IO BPaXOBYE Bary pO3ILIABICHOTO MOPOLIKY IPH
IUTaBJICHHI €JIEKTPO/ia, BU3HAYAETHCS 10 (hopMmyi:

G. +
o = S *Qoen 2/ Au,
It (2)
1€ Joe.n — Bara 3aji3HOrO MOPOIIKY B PO3IUIABJICHIA YaCTUHI TOKPUTTS B T
KoeditieHT BTpaT po3paxoByeThCs 10 (Gpopmyi:
. & G 0
c gJICJ’l /] (3)

ne G, — Bara HarIaBJI€HOTO METay B T.
[TpogyKTUBHICTH PO3IUIABICHHS €IEKTPOJa 13 3aJ1i3HUM MOPOLIKOM Y MOKPUTTI BU3HAYAETD-
cs o hopmyi:
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Op = Ops 2lAu, 4)

VY pesynbraTi cepii eKcriepuMeHTIB OyB po3poOJieHUI ONTHUMAalbHHUM BapiaHT €JIeKTPOJa,
CKJIaJl TIOKPUTTS ¥ MEXaHI4HI1 BIACTHBOCTI SIKOTO Mpe/cTaBieHi B Ta0n.3. XiMIYHUI CKJIa/ HariaB-
nenoro merany B %: 0,09-0,12 C; 0, 62-0,80 Mn; 0, 28-0,40 Si; 0,025-0,031 S; 0,023-0,030 P.
JlaHi eJIeKTpOau MaroTh HACTYIIHI XapaKTEPUCTUKH: KOE(DILIEHT MAaCH MOKPUTTS JTOPIBHIOE
140%, xoedimient posruiasienns 18 r/Aron, xoedimient HaraBaeHas 17, 8 r/Aroxa, koeditieHT
BTpart 4-6 %.
Ta6auus 3 - Ckiag MOKPUTTS i MEXaHI4HI BJIaCTUBOCTI €JIEKTPO/IIB

Ckanaz nokputts B % MexaHiuHi BIaCTUBOCTI

PyTun 17 | Mexa minHocTi B Mlla 541-546
[TonpoBHHA 1IIIAT 10 | BigHocHe momoBxeHHd B % 22, 2-26,7
3asi3zHui TOPOIIOK 61 | BigHocHe 3By>keHHS B % 53, 3-67,9
®depomapranenp 5 | YmapHa B'sS3KiCTh ¥ Jlx/em?
®Depocuiniit 4 | y BUXiZHOMY CTaHi 145-175
[emono3a 3 | micng mtyyHoro crapinHs  62-116

AmHaunizyloul OTpHMaHi JaHi, MO>KHA 3pOOUTH BHCHOBOK, IO XapPaKTEPUCTUKH IUIABICHHS
€JICKTPOJIa i MEXaHIYHI BIACTHBOCTI HAIUIABJICHOTO METaTy JIOCUThH BUCOKI. IIpu 1ipomy 3abe3mneuy-
€TbCs TapHe (HOPMYBaHHS 3BapPHUX IIBIB XOPOIIIE BIAIIICHHS UTaKy (puc. 2).

HasBHiCTh TEeMaTHTy B MOKPHUTTI B KiibKocTi 6% m03B0-
JIUJIO TIOBHICTIO BHKIIIOYHTH YTBOPECHHS TA30BHX MOPOXK-
HUH, HE3AIEKHO BiJ TPaHyJIOMETPUYHOTO CKIIAAY 3alli3-
HOro mopouky. [loganeiia nepeBipka eIeKTPOJIiB 3 Te-
MaTUTOM y TIOKPUTTI J0O3BOJIMJIA BCTAaHOBUTH, 1o 5%
reMaTUTy JIOCUTh JIJISl TIOBHOTO W HaJidHOTO YCyHEHHS
ra3oBUX MOPOXKHUH Y HAIUIaBICHOMY MeTani. BurmpooOy-
BaHHS TMOKa3aJd, IO IIi eNeKTPOIN MAaroTh BHCOKI 3Ba-

PIOBIBHO-TEXHOJIOTIYHI BIIACTUBOCTI ¥ BHCOKI IMOKa3HU-
Puc.2 — 3oBHimHil BUrI KU MIPOJYKTUBHOCTI - KOE(]ILliEHT HAIJIaBICHHS y MeXax
3BapHOrO 3’ €IHaHHSA 14-16 r/Aroz.

ITo MexaHIYHUX BJIACTUBOCTAX €JIEKTPOAU 33J0BOJIBHAIOTH BUMOIaM, IPOIIOHOBAHUM JI0 TH-
my enekTpoiB 946 3a 'OCT 9467.

BuknazeHi pe3ynbraTi eKCIIEpUMEHTIB JO3BOJIMIN BCTAaHOBUTHU HAacTynHe. [ npugymies-
HS peaklii, 110 BeAyTh 10 YTBOPEHHS ra30BUX MOPOXKHUH, IOTPIOHO reMaTuTy MeHIue 5 %, SKIo
BUKOPUCTOBYETHCS OUTbIIIE OKMCICHUHN 3aTI3HUIA OPOLIOK. SIKIIIO TOKPUTTS MICTHTD (hEPOCHITIIIH,
10 MiBUIIYE KOe(DILIEHT HAIIABJICHHS, T€, 00 BUKIIOUYUTH YTBOPEHHS Ta30BUX MOPOKHHH, TOT-
p16HO BBOAUTH B MOKPUTTA Ouibiue 5 % remaTury.

BucHoBku

[IpakTruHO MiATBEPKEHA 3AJICKHICTD MPOAYKTUBHOCTI HATUTABJICHHS B1Jl BMICTY PYTHIIY,
MoJIbOBOTO mmaty i FEMN. BUKOpUCTOBYI0YM pO3paxyHKOBHI METO1 MO>KHA BUSHAUUTH MPOAYK-
TUBHICTh HAIUIABIICHHS €JIEKTPO/IIB 13 3aJ1I3HUM MOPOIIKOM Y TIOKPUTTI KOHKPETHOTO CKJIaly
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Pe3synbpTatu anani3zy XiMIYHOrO CKJIaAy ¥ MEXaHIYHUX BUIIPOOYBaHb HAIJIABICHOTIO METAITy
MOKa3yI0Th, 10 TPH BUKOPUCTAHHI 3aJ1i3HOTO TIOPOIIKY i BMICTI BYTJICIHIO B METAJII IIIBA HE BUIIIE
0,13 %, mexaHi4HI BIaCTHBOCTI MepeOyBarOTh Ha PIBHI BUMOT JI0 €JIeKTpoAiB Tuiy 946 3a TOCT
9467.

Po3pobmeni pyTHIIOBI €IEKTPOIH 13 3a1i3HUM MOPOILKOM 1 PyA0-MiHEPAIBHOIO CUPOBHHOIO
VYkpainu, BOJIOAIIOTH MmigBUIeHUM 10 16-18r/Aroa koedimieHTOM HAIUTABACHHS ¥ MOJIMIICHUMU
3BapIOBAIIBHO-TEXHOJIOTITYHUMH BIIACTUBOCTSIMH.

CnucoOK BUKOPHCTAHUX JKepeJ:

1. Urnargenko B. I1. CocTosiHne M TEHAEHIWHU Pa3BUTHS MPOW3BOJICTBA CBAPOUYHBIX MAaTEPHUANIOB B CTpaHaX
CHI / B. IlI. Urnaruenko, A. U. byraii // CoopHuk nokianos 1-oii MexmayHapoIHOH KOH(pEPEHIUH MO CBAPOYHBIM
Matepuaniam crpan CHI'. — Kpacunonap, 22-26 uronst 1998 r. — M., 1998. — C. 15-20.

2. BnusiHMe CTENEeHU OKHMCIEHHOCTH Ha OCOOCHHOCTH CTPYKTYPhl M MEXaHHUUYECKHE CBOWCTBA MeTajula IIBa,
BBITTOJTHEHHOTO 3JIEKTPOJAaMH C PYTHIIOBBIM M HWiIbMeHHTOBBIM OKphiTusiMu / . K. TToxoaus, Komspa I'.E., SBgorma
W.P. [u np.] // ABTOMaTH4eckas cBapka. — 1982. - Ne 2. — C. 10-14.

3. Cumyun 3. A. CoBpeMeHHbIE HITbMEHUTOBBIE A5eKTposl / 3. A. Cummun. — M. : Porekc, 2002. — 30 c.

4. Ssmomun U. P. HoBeie amextpomst MOC mm. E.O. IlatoHa mms cBapKu KOHCTPYKIHMN W3 HU3KOYTIIEPOIHU-
CTBIX M HU3KOJNETHpOBaHHBIX ctaneit / Y. P. SIsmormmn // C6opHUK moKIanoB 1-0if MexmyHapoaHo# KoH(epeHIHn Mo
cBapo4HbIM Matepuanam crpad CHI'. — Kpacronap, 22-26 urons 1998 r. — M., 1998. — C. 135-137.

5. Farias J.P. The effect of magnesium content on the arc stability of SMAW E7016-C2L/8016-C2 covered
Electrodes / J. P. Farias, A. M. Quites, E. Surian // Welding Journal. — 1997. — no 5. — Pp. 124-250.

6. Jariyabon M, Davenport AJ, Ambert R, Connolly BJ, Willians SW , Price DA (2007). The effect of
welding parameters on the corrosion behaviour of friction stir welded AA2024 — T351. Corrosion Sci., 49:
877-909.

References

1. Ignatchenko, VP & Bugaj, Al 1998, *Sostojanie i tendencii razvitija proizvodstva svarochnyh materialov v
stranah SNG’, Shornik dokladov 1-0j Mezhdunarodnoj konferencii po svarochnym materialam stran SNG, Moskva, pp.
15-20.

2. Pohodnja, IK, Koljada, GE, Javdoshhin, IR, Markasheva, LI & Svecinskij, VG 1982, ‘Vlijanie stepeni
okislennosti na osobennosti struktury i mehanicheskie svojstva metalla shva, vypolnennogo jelektrodami s rutilovym i
ilmenitovym pokrytijami’, Avtomaticheskaja svarka, no. 2, pp. 10-14.

3. Sidlin, ZA 2002, Sovremennye ilmenitovye jelektrody, Roteks, Moskva.

4. Javdoshhin, IR 1998, ‘Novye jelektrody 1JeS im. E.O. Patona dlja svarki konstrukcij iz nizkouglerodistyh i
nizkolegirovannyh stalej’, Sbornik dokladov 1-0j Mezhdunarodnoj konferencii po svarochnym materialam stran SNG,
Moskva, pp. 135-137.

5. Farias, JP, Quites, AM & Surian, E 1997, *The effect of magnesium content on the arc stability of SMAW
E7016-C2L/8016-C2 covered Electrodes’, Welding Research Supplement, Welding Journal, no. 5, pp. 124-250.

6. Jariyabon M, Davenport AJ, Ambert R, Connolly BJ, Willians SW , Price DA (2007). The effect of
welding parameters on the corrosion behaviour of friction stir welded AA2024 - T351. Corrosion Sci., 49:
877-909.

Crarta Hamiinoia no penakiii 17 »xostas 2019 p.

©I30t0Ba. K.O., 2019 79



ISSN 2079 — 1747 MammHo6ynyBanus, 2019, Ne24
DOI 10.32820/2079-1747-2019-24

Ipukiaagna MexaHika

DOI 10.32820/2079-1747-2019-24-80-85
VJIK 621.791

YIOCKOHAJIEHHS MATEPIAJIIB 1J151 '”A30BOI'O 3BAPFOBAHHSI YABYHY
O©Kagain M. A.

Yrpaincora inoicenepno-nedacocivna akademis
Ingopmanis npo aBTopa:
Kanin Muxkona Aunapiiiopuu: ORCID: 0000-0002-4068-2718; svargof@gmail.com; xaHmumaT TEXHIYHUX

HayK; JIOLEHT Kadeapy iHTerpoBaHUX TEXHOJIOTIH B MallMHOOYAYBaHHI Ta 3BaplOBAILHOIO BUPOOHHITBA; YKpaiHChKa
IHKEHEepHO-TIe/laroriyHa akaieMist; ByJ. YHiBepcuteTcbka, 16, M. Xapkis, 61003, Ykpaina.

MeToro MOCHTiIKEHHSI € CTBOPEHHS IPyTKa JJIsi Ta30BOT0 3BapIOBaHHS YaBYHHHX JIETAJICH, 3
MOKPAIICHUMHU MEXaHIYHIMHU XapaKTePUCTUKAMHU 1 MEHIIOKO TBEPAICTIO METalTy IIBa.

Hemonikom BimoMHUX 3BaprOBAJIbHUX MPYTKIB € BUCOKA TBEPICTh 1 HU3bKI MEXaHIYHI BJac-
TUBOCTI MeTany mBa. Lle He 103BOJIsiE BHKOPUCTOBYBATH 3rajlaHi MPUCAJAKOBI TMPYTKH AJIs 3Bapro-
BaHHS BIJIMOBIIaJIbHUX KOHCTPYKIIIH 1 HAaIIaBJIEHHS JeTalIeH, IO IMiUIATaloTh MEXaHiuHii 00poOii
B IIPOMHUCIIOBHUX 00’ €Max.

VY SKOCTI MPHUCAIKOBOrO MaTepialy IpU Ta30BOMY W €JIEKTPOIyTrOBOMY 3BapIOBaHHI YaBYHY,
BUKOPUCTOBYBaIU MpyTKH AiameTpoM 8-10 mm i3 waByny mapku A abo b 3a TOCT 2671-80. fAx
(broc pu ra30BOMY 3BaproBaHHI BUKOPHCTOBYBasd Oypy TexHiuny 3a ['OCT 8429-77, npoxapeny
npu Temreparypi 300-350° C ipoTsirom 2 -X TOIUH.

B sixocTi nerytouoi no6aBku P3M y yaByHHUX NMpyTKax BUKOPUCTOBYBAJIHM 1TPiii 1 epOiii.

[TepeBipKy 3BaprOBaIbHO-TEXHOJIOTIYHUX BIACTUBOCTEH JOCTITHUX CKIAIIB MPYTKIB MPOBO-
JMIM TIPH Ta30BOMY (AIEeTHIICHO-KHCHEBOMY) 1 €JIEKTPOAYrOBOMY 3BApIOBAHHIO BHCOKOMIIIHOTO
yapyHy Mapku BY 40.

Ha migcraBi npoBeseHUX BUIIPOOYBaHb 3BapIOBAIbHO-TEXHOJIOTIYHUX BJIACTUBOCTEH JIOCITI-
JHHUX TPYTKIB BU3HAYEHO, IO ONTUMAIBHUM € TpyToK Ne2, mio 3a0esrnedye rapHy 3MOYyBaHICTh
3BapIOBAIBHOT BaHHM pikuM MeTanoM. Illnaku nerkoruiaBki i He YTPYIHSIOTh BEJICHHS MPOIECY
3BapIOBaHHS PO3POOOK BEIUKOT0 00csaTy. JleeKTiB 3BapeHUX IIBIB HEMAE.

CTpyKTypa HaIIaBJICHOTO METay y IMOBEPXHI MIBa Ha rIIMOMHI 10 1,5-2 MM miepiTHA 3 He-
BEJIMKHMHU JTUITHKAMU ayCTEHITY JeHIpUTHOI opieHTamii. [lani mo BUCOTI mBa ax 10 JiHIi cIijIaBy B
CTPYKTYp1 NepeBakae nepiiT. BkiatoueHHs ¢eputy 1 neMeHTuTy oguHu4Hi. ['padit kynsacTuit cepe-
JTHBOI BETMYHMHH, ACKiTbKA APiOHIIIe, H)K B OCHOBHOMY METaJTi.

TBepaicTs B mi 30H1 ckiangae 220-229 HB 1 103Bos1s€ IETKO MPOBOJAUTH MEXaHIYHY 00p00-
Ky 3BapHHUX LIBiB 3BUYAWHUM METAIOPIKYUHM IHCTPYMEHTOM.

Knruosi cnosa: npyToK, 4aByH, 3BapIOBaHHs, TBEPICTh, TPIIIMHU.

Kanun H.A. «YcoBeplIeHCTBOBaHNE MaTEPUANIOB JIJIsl Ta30BOM CBApKU UyTyHa».

Llenbio wiccaeIOBaHuUs SIBIISIETCSI CO3/IaHUE TIPYTKA JJISl Ta30BOM CBApKH YYT'YHHBIX JI€TaJICH,
C YJIy4IIEHHBIMU MEXaHUUYECKUMH XapaKTePUCTUKAMH U MEHbIIEH TBEPIOCTHIO METaslIa I1IBa.

HemoctaTkoM M3BECTHBIX CBApPOYHBIX MPYTKOB SIBISIETCS BHICOKASI TBEPJOCTh U HU3KUE Me-
XaHWYECKHEe CBOMCTBA METaJUla I1Ba. DTO HE MO3BOJISIET UCIOJIb30BATh YIOMSHYThIE IPUCAI0UYHbIE
MIPYTKH I CBAPKU OTBETCTBEHHBIX KOHCTPYKIIMIA M HAIIABKH JeTaleH, MOJIekKAIINX MEXaHIeC-
KOl 00paboTKe B MPOMBIIIICHHBIX 00bEMaX.

B kauectBe mpucagoyHOro Marepuaina mpu ra30BOM U AJIEKTPOAYTOBOM CBapKe UyryHa, HC-
M0JIb30BaU NPYTKU AuaMeTpoM 8-10 mm u3 uyryna mapku A uinu b no 'OCT 2671-80. B kauectse
(roca Tpy Ta30BOM CBapKe MCMOIB30BaM Oypy Texamueckyro o 'OCT 8429-77, npokalieHHYIO
npu temneparype 300-350°C B TeueHue 2-X 4acos.

B kauectBe nerupyromeit 106aBku P3M B yyryHHbBIX IPyTKax KCIOJIb30BAJIM UTTPUM U 3p-
Ouii.
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[TpoBepKy CBapOYHO-TEXHOJOTHUECKUX CBOMCTB HCCIEAYEMBIX COCTABOB NPYTKOB IPOBO-
JIMJIH TIPH Ta30BOM (AIlETUIICHO-KKCIOPOIHON) M JIEKTPOILYTrOBOM CBapKe BHICOKONPOYHOTO YyTyHA
mapku BY 40.

Ha ocHOBaHMU MPOBEIEHHBIX HUCIBITAHUNA CBAPOUHO-TEXHOJOTHYECKHX CBOMCTB HCCIEIye-
MBIX TIPYTKOB OIMPEJENICHO, YTO ONTUMAIIBHBIM SBIISICTCS IPYTOK Ne2, 4To 00ecreyrBaeT XOpOUIyto
CMa4YMBAa€MOCTh CBAPOYHOI BaHHBI XUJIKUM MeTayuioM. lllnmaku nerkoriaBkue ¥ He 3aTPYIHSIOT
BEJICHUE MPOIIecca CBAPKHU pa3/ielok 0obmioro oobeMa. JleekToB CBapHBIX MIBOB HET.

CrpyKTypa HaruiaBI€HHOIO0 MeTaJlla Ha MOBEPXHOCTH 1IBa HA TiayOuHe 1o 1,5-2 MM nep:iu-
THast ¢ HEOONBIIMMHU yYacCTKaMH ayCTeHHWTA JCHAPUTHOW opueHTauuu. Jlanee mo BhICOTE IIBa 10
JMHUHM CIJIABJICHUS B CTPYKType mpeobianaeT nepaut. Bxinrouenue peppura v ieMeHTUTa eTMHNY-
HbL ['padut mapoBuAHbIN cpeqHel BETMYMHBI, HECKOJIBKO MEJIbue, YeM B OCHOBHOM MeTaJlie.

TBepaocth B 3T0M 30HE coctaBisieT 220-229 HB u mo3BossieT 1eTKo MpOBOAUTH MEXaHUYEC-
KyI0 00pabOTKy CBapHBIX IIBOB OOBIYHBIM METAIOPEKYIIUM HHCTPYMEHTOM.

Knroueswie cnosa: npyTok, 4yryH, CBapKa, TBEpAOCTh, TPEIIUHBI.

Kalin N. «Improvement of materials for gas welding of cast iron».

The aim of the study is to create a bar for gas welding of cast iron parts, with improved
mechanical characteristics and lower hardness of the weld metal.

A disadvantage of the known welding rods is the high hardness and low mechanical
properties of the weld metal. This does not allow the use of the mentioned filler rods for welding
critical structures and surfacing of parts to be machined in industrial volumes.

As a filler material in gas and electric arc welding of cast iron, rods with a diameter of 8-10
mm from cast iron of grade A or B according to GOST 2671-80 were used. As a flux in gas
welding, we used a technical drill according to GOST 8429-77, calcined at a temperature of 300-
350 ° C for 2 hours.

Yttrium and erbium were used as an alloying and rare-earth metals additives in iron bars.

The welding-technological properties of the investigated rod compositions were checked
during gas (acetylene-oxygen) and electric arc welding of high-strength cast iron of grade VCh 40.

Based on the tests of the welding and technological properties of the rods under study, it was
determined that rod No. 2 is optimal, which ensures good wettability of the weld pool with molten
metal. Slags are fusible and do not impede the conduct of the welding process for cutting large
volumes. No weld defects.

The structure of the deposited metal on the surface of the weld at a depth of 1.5-2 mm is
pearlitic with small areas of austenite of dendritic orientation. Further along the height of the weld
to the fusion line, perlite prevails in the structure. The inclusion of ferrite and cementite are single.
Spherical graphite of medium size, slightly smaller than in the base metal.

The hardness in this zone is 220-229 HB and allows easy machining of welds with
conventional metal cutting tools.

Keywords: bar, cast iron, welding, hardness, cracks.

IocTanoBka npodJjemu

YaByH MIMPOKO 3aCTOCOBYETHCS SIK KOHCTPYKLIHHHUIA MaTepiall, o BiJpi3HAETHCS XOPOIIH-
MH JIMBAPHUMH BJIACTUBOCTSIMH 1 MaJIUM KOe(DIIIEHTOM JIIHIMHOTO PO3MIUPEHHS, MAa€ BUCOKY 3HOCO-
CTIMKICTB 1 0OpOOIIIOBAHICTb.

VY 4YaBYHHHX BWJIMBOK Ha PI3HUX CTaJisgX 00OpOOKH BUABISIOTHCA pi3Hi aedextu. Kpim toro,
3HIKEHA MILHICTh 1 BUCOKA KPUXKICTh YaBYHIB NMPU3BOJATH B OKPEMHUX BHUMAAKaX /10 MOJOMKHU B
MpolLeci eKCIuTyaTallii BATOTOBIEHUX 3 HUX JAETajeil, a e B CBOIO Uepry MPU3BOAUTH O BUXOIY 3
naxy abo mpoctoro obnagaHaHHs [1]

MeToro TOCTiPKEHHS € CTBOPEHHS MPUCAAKOBOTO MPYTKA JUIsl Ta30BOTO 3BApIOBAHHS YaBy-
HHUX JeTalied, 3 MOKPAIIEHUMH MEXaHIYHHUMH XapaKTePUCTUKAMH 1 MEHIIOK TBEPJICTIO METaTy
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11Ba, 110 3a0€3MeUy0ThCS 3a PAXyHOK 3MIHU CUCTEMHU PO3KUCIIECHHS 1 JIETYBAaHHS METaly IIBa KOM-
MIOHEHTaMH IPyTKa.

AHaJIi3 0CTaHHIX J0C/TiIXKeHb

BucokoMiliHi MarHi€eBi 4aByHHM NpH OJHAKOBUX YMOBAaX MarOTh JIEIIO Kpally PiAKOTEKY-
YiCTb, HIX Cipi YaByHH. 3aBASKH I[bOMY CTBOPIOIOTHCS XOPOILi NMEPEIyMOBH Il OTPUMAHHS IiJIb-
HOro, 0€3 TOp 1 IUTAKOBUX BKJIIOYEHbB, HATUIABICHOTO MeTany. OHaK 3HaYHA CXMIBHICTh MarHi€Bo-
r'0 YaByHY JI0 YTBOPEHHS YCaJI0YHUX PAKOBHH CTBOPIOE JIOJIATKOBI TPYTHOIII IPH HOTO 3BapIOBaHHI
[1,2,3]. OcranniM yacoM HaMiTHJIACS TEHIICHIIiS BUKOPUCTAHHS pifko3eMenbHUX eneMeHTiB (P3M)
[4]. TIpu 3BaproBaHHI YaByHY YTBOPIOETHCS 30HA 3HMKCHOI TUIACTUYHOCTI, 110 3HAYHO YCKJIAIHIOE
nporec 3BaproBaHHs. [Ipu 3BaproBaHHI BUCOKOMIIHOIO YaBYHY OTPUMATH 3BapHi 3'€IHaHHS, 110 Mi-
IHOCTI 1 TUTACTHYHOCTI OJIM3BKI 10 OCHOBHOTO METAly, 3HAYHO Ba)kKue, HIXK IIPH 3BaprOBaHHI Ciporo
YaByHY, TUM OiJIbIlIe, 1110 MarHii, 110 BBOJAUTHCS B YaBYH, 301IbIIYE HOTO CXUIBHICTh 10 YTBOPEHHS
CTPYKTYp BiaOLITy.

HenomnikoM BiIoMHX 3BaproBajibHHUX MPYTKIB [5] € BUCOKa TBepHiCTh 1 HM3bKI MeXaHIuHI
BJIACTUBOCTI MeTany miBa. e He 103BoJIsie BUKOPUCTOBYBATHU 3TajiaHi MPUCAIKOBI MPYTKHU AJIS 3Ba-
PIOBAaHHS BIANOBIJAIbHUX KOHCTPYKIIM 1 HAIrUIaBIeHHS JeTajield, M0 MiUIsIraloTh MEXaHI4Hii 00-
poOI1Ii B IPOMHUCTOBUX 00’ €Max.

OCHOBHUMM NPUYUHAMH, IO SIKUM HEMOKJIMBO OTPUMATH SKICHMHA MeTaj LIBa MpH 3Bapro-
BaHHI 1 HAIJIABJICHH] YaBYHHUX JleTajleil B IPOMMCIOBUX YMOBAaX € HEJIOCKOHAIa CHCTEMa PO3KHC-
JICHHS 1 JIeryBaHHS HOT0 MpHCaaKOBUM MpyTKoM [6]. Metan mBa Mae miIBUILEHY TBEPAICTh HU3BKI
MeXaHI4YHi BJIACTHUBOCTI, 110 00YMOBIIIOE€ CXHIBHICTD /10 YTBOPEHHS MIJKUX TPIILMH, SIKI 3HHKYIOTb
eKCIUTyaTaIifHy CTIHKICTh 3BApHUX 1 HAIUIABJICHUX JICTAJICH.

ExcnepuMeHTa/IbHA YACTHHA

Yapynni npytku 3a OCT 2671-80 mist ra30Boro 3BaproBaHHS SBISIOTH COOOIO YaBYH €BTE-
KTHUYHOTO ¥ 3a€BTEKTOITHOTO CKJIaAy 3 ByTJieleBUM ekBiBasieHToM 4,3 - 4,8 %. Brenenus pinkose-
MEJIBHUX METaTiB JI0 CKJIaJy 3BaplOBaJbHOTO IMPYTKa O3BOJISIE OJEPKATH HAIUTABICHHNA METal 3
KyJssicToro (ro0yispHoio) dhopmoro rpadity. [IpyTku pi3HHX AiaMeTpiB BimmuBaiu B rpadiToBi Ko-
KiTi. MeTaut 11 IpyTKiB BUIUIABJSUTM B 1HAYKIIHHUX Mevax, 110 3a0e3MedyoTh BUCOKY TeMIlepary-
py neperpiBy (1400-1580° C) 3 perystoBaHHAM BUTPHUMKH METaly B pigkomy crani He menmm 10-15
XB. XiIMIUHHUH CKJIaJl TPbOX BapiaHTIB OTPUMAHHUX NPYTKiB HaBeJeHUH y Tab. 1.

Jis OpiBHAHHA, Y SKOCTI MPHCAIKOBOIO MaTepially MpH Ta30BOMY 3BaprOBaHHI YaBYHY,
BUKOPUCTOBYBANHUCS NMPyTKU HiamerpoM 8-10 mm i3 waByHy Mapku A 3a 'OCT 2671-80. Sk ¢uroc
MIpH Ta30BOMY 3BaplOBaHHI BUKOpUCTOBYBanu Oypy TexuiuHy 3a [OCT 8429-77, nmpoxapeHy npu
temneparypi 300-350° C mpotsarom 2 -x roguH. B sxocti neryrouoi i mo6asku P3M y yaByHHHX
MPYTKaxX BUKOPUCTOBYBAJIM ITPiH 1 epOiid.

[epeBipKy 3BaprOBaIbHO-TEXHOJIOTTYHUX BIACTHBOCTEU MOCIIIHUX CKIIAIIB MPYTKIB MPOBO-
JIWJTA TIPU Ta30BOMY 3BapIOBAHHIO BUCOKOMIIIHOTO yaByHY Mapku BY 40. Imitarito nedekriB poou-
JM TIUISIXOM CTPOKKM KaHAaBOK HA MOBEPXHI YaBYHHHX IIacTuH ToBIMHOK 30 MM. TBepaicth me-
TaJly IIBa ¥ HAIUIaBJICHOTO MeTajay BUMipioBanu Ha mpwiani TK-2, MiKpoTBepaiCTh 3aMipsuld Ha
npuiaai [IMT-3. [IpoOu 115 XiMi4HOTO aHAMI3y HAIUIABJICHOTO METATy BiIOMpaIM 3 BEpXHiX IIapiB
HAIUIABJICHHS. 3arajbHHUil XapakTep MIKPOCTPYKTYPH 3BAapE€HUX WIBIB OLIHIOBAIH 3a JIOTIOMOTOIO
onTtu4HOTro Mikpockona MIM —8M Ha nonepeunnx Mikpouutidax po3mipom 15x25x30 mm, mporpa-
BIICHUX B 5 %-HOMY CIIUPTOBOMY PO3YHHI a30THOI KHCIIOTH.
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Taoauusa 1-XiMiuyHMA cKIax JOCHITHUX NPYTKIB B %

Bapianr 3BaproOBaJIbHO-TEXHOJIOTIYHI BIaCTHBOCTI
npyTKa
A Henocratas 3Mo4yBaHIiCTh PiAKMM METaJIOM IMOBEPXHI OCHOBHOTO Metany. lloranuit

3aXUCT 3BapIOBAIILHOI BaHHHU, IMiJIBUIICHA TYTOIUIABKICTh. € 3allUTAKOBKH METAITy IIBa.
3MOYyBaHICTh 3BapIOBAIGHOI BaHHU PIAKUM METAJIOM 3aJIOBLIbHA. Y TBOPSATHCS JIET-

1 KOIUTaBKI IITaKH. 3allIaKOBOK 1 HECTIJIABOK HEMAE.
3MOUyBaHICTh 3BapIOBAaJIbHOI BaHHU PIIKAM MeTanoM rapHa. lllnakm merkoruiaBki i
2 HE YTPYAHAIOTH BeIEHHS MPOLECY 3BapIOBaHHS PO3p00OK Benukoro odcsary. edekriB 3Ba-

PEHHX IIIBiB HEMAE.

3Mo4yBaHICTh 3BaplOBANbHOI BaHHH rapHa. CHOCTEpIraeTbesi KUMIHHA PiKOTO MeTa-
3 7y, YTBOPATHCS MOpPH B HamuiaBieHoMy Metanmi. Lllnaku 3aHanTo piAKOTEKyd i i moraHo
BKPHUBAIOTh METa LIBA.

Pe3yabTaTn n10ciiakeHb

Jlns 3a0e3nedeHHsl CTPYKTYPH YaBYHY 13 TJI00YJISIpHUM TpadiToM y MPOIOHOBAHMM CKIIaf
IpyTKa yBeJeHi piakozeMenbHi MeTanu B KinbkocTi 0,03-0,5%. IlepebyBatoun B HaI1aBIeHOMY Me-
TaJii pa3om 3 marHiem, P3M 3ab6e3neuye riao0ymnsipHy ¢hopmy rpadiTy.

BuxopucTtanss ogHoyacHo ABoX e(peKTHBHUX MoaudikatopiB - MarHito i P3M no3Bosuio
0JIepKaTu MOBHICTIO KYJISICTUN IrpadiT npu MEHIIOMY BMICTI IIUX MOAU(IKATOPIB y CKIIaAl NPYyTKIB,
YUM TPU PO3IIILHOMY IXHHOMY 3acCTOCyBaHHI. L[e MOSCHIOETHCS THUM, IO Jiss MOIU(DIKATOPIB, K
MpaBujIo, MiacyMoByeThesa. Kpim Toro, P3M npuaymyroTh [it0 TaKUX MIKIIJIUBUX €JIEMEHTIB SK Bi-
CMYT, CBHHEIlb, CypMa, TUTAH, MHII K, OJOBO MPHUCYTHIX Y BUIJISAL JOMILIKM B YyaBYHaXx, BiJTHOB-
JIOI0YM TUM CaMHUM KYJLICTYy GopMy TpadiTy, a TaKoK CHPHUSIOTh OYMIICHHIO METally BiJ CIpKH U
ra3iB, OJIPiIOHIOIOTH 3€PHO, IMiIBUIYIOTh MEXaHIYHI BIIACTUBOCTI 3BAPHOTO 3'€ THAHHS.

PesynbpTatn BUNpoOyBaHHS 3BapIOBAIBHO-TEXHOJIOTIYHUX BIACTUBOCTEH 1 SIKOCTI HAILIABJIC-
HOTO METaly IpHU ra30BOMY 3BaprOBaHHI BUCOKOMIIIHOTO YaBYHY 13 3aCTOCYBaHHSM NPYTKIB MapKu
A 1 mocniTHUX BapiaHTIB MPYTKiB HaBeJeHI B Ta0OI. 2,

Taoauus 2 - Pezynpratl BUNpoOyBaHHS 3BapIOBAIbHUX MIPYTKIB

Bapiant 3BaproOBaJIbHO-TEXHOJIOT1YHI BIACTHBOCTI
pyTKa
A HenocratHs 3MO4yBaHICTh PiAKMM METAJIOM MOBEPXHI OCHOBHOTO MeTaiy. [To-

raHu# 3aXUCT 3BapIOBaIbHOI BAaHHH, I1JIBUIIEHA TYTOIUIABKICTh. € 3allUIaKOBKU
MeTajly IIBa.

1 3MOYYBaHICTh 3BaPIOBAIBHOT BAHHHU PIIKUM METAJIOM 3aJ10BUIbHA. Y TBOPATHCS
JIEFKOIUIABKI IUIAKU. 3aIUIAKOBOK 1 HECIUIABOK HEMAE.
2 3MOYyBaHICTh 3BapIOBAIBHOT BAHHH PIIKUM MeTayioM rapha. lllnaku nerkorna-

BKi i HE yTPYIHSIOTH BECHHS MIPOILECY 3BAPIOBAHHS PO3POOOK BEIMKOTO 00Cs-
ry. JledekTiB 3BapeHHX IIIBIB HEMAE.

3 3MO4yBaHICTh 3BapIOBAIIbHOI BAHHU rapHa. CrocTepiraeThCsi KUIMHHS PiIKOTO
MeTaiy, yTBOPATHCS IOpH B HaruiaBieHoMy metaii. Lllnaku 3aHanTo pinkoTeky-
4i i IOTaHO BKPHBAIOTh METAJI IIBA.

Ha mizacraBi npoBeieHuX BUNIPOOYBaHb 3BapPIOBAIbHO-TEXHOJIOTTUHUX BJIACTUBOCTEN AOCIHI-
JHUX NPYTKIB BU3HAYEHO, 1110 ONTHUMAJIBHUM € NMpYTOK BapianTa Ne 2. J{ist meranorpagiyHoro aoc-
J1JKEHHS SKOCTI HAIUIABIEHOI0 MeTally W 30H TEpMIYHOIO BIUIMBY OyJIM BUKOPUCTaHI 3pa3KH, 3a-
BapeHi ra30BUM 3BapIOBaHHSM 13 3aCTOCYBaHHSM IpyTKa BapianTa Ne 2 1 npyTka mapku A. Meraio-
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rpadiuHUMU JTOCIIHKEHHSIMH YCTaHOBJIEHO 10 [0 MAaKPOCTPYKTYpl Ha 000X 3pa3Kax YITKO MPOsB-

JII€THCS HAIUTABJICHUH MeTaj BHCOTOIO 8-9 MM 1 30HM TEpMIYHOTO BIUIMBY IIMPUHOIO 10 10 MM, Ui-
TKOI JIiHIT CIUTaBKM OCHOBHOTO W HaruiaBiieHoro Metany Hemae (puc. 1). CTpyKTypa OCHOBHOTO Me-
tany (puc. 2) B 000X BUNAIKaX CKIAIAETHCS 3 MEPIITy, KyJIACTOro rpadity cepeaHix po3mipiB i
OJJMHUYHUX JOCHTH IPiOHUX BKIIIOYEHb LIEMEHTUTY. DEpHT € MPUCYTHIM y HEBEIUKiH KUTBKOCTI (10

5 %). TBepaicTh OCHOBHOTO MeTany cTanoBuTh 210-217 o HB.

84

Puc. 1 - MakpocTpyKTypa IIBa [Ipy 3BapIOBaHHI CepiiiHUM (a) i AOCTiTHUM IPpyTKOM (0)

CtpyKTypa HaIIaBJICHOTO METAIy B IMMOBEPXHI mBa Ha TuOuH1 g0 1,5-2 MM miepiiTHa i
HEBEJIMKUMHU JUTHKAMHU ayCTEHITY IEHIPUTHOI opieHTarii. Jlaai mo BHCOTI ImIBa ax N0 JIiHIT
CIUIaBKU B CTPYKTYpi IIepeBakae MepJIiT.

TBepaicTs y 1iii 30H1 B 000X BUnaakax ctaHoBUTh 220-229 on. HB. Britouenns gepury
i nemeHTUTY ofuHMYHI. ['padit KymscTuii cepeHboi BEIWYHHU, TPOXHU JIpiOHIIIE, HIX B OCHO-
BHOMY MeTaui.Y 30HiI TEPMIYHOTO BILUTUBY Ha 000X 3pa3Kax BiJ3HAYAETHCS 3HAUHE 301IBIICHHS
KUIBKOCTI (pepuTy B NOPIBHAHHI 3 OCHOBHHUM METaJOM. TBEpAICTb Yy 30HI TEPMIYHOI'O BILTUBY
000x 3pa3kiB ctanoButh 170-198 on. HB.

Jlo6aBku P3M yTBOPIOIOTH JOJATKOBI LEHTPU KpUcTali3allii rpadiTy, 110 y CBOIO Yepry,
3HM)KY€ WMOBIPHICTh YTBOPEHHS TapTiBHUX CTPYKTYP Y 30Hi1 cruiaBku. Kpim toro, P3M, mo Bo-
JIOMIFOTH OLIBIIIOK0 CIIOPITHEHICTIO IO KUCHIO 1 CIPKH, CIIPUSIOTH OYMILNECHHIO TPAaHUIIb 3€PEH IT1e-
PJiTHOT MaTpHIll 3a PaXyHOK YTBOPEHHS OKCHIIB 1 okcucyiabdiaiB P3M i, sk HacmigoK, miaBH-
LIYEThCS CTIMKICTh HAIUIABICHOTO METally ¥ epexiTHOi 30HU IPOTH YTBOPEHHS TPIIIMH 1 1OP.

["a30Be 3BaproBaHHS 3pa3KiB 3 BHCOKOMILI-
HOI'O YaBYHY 3A1MCHIOBAJIM 3BAPIOBAJIbHUM Majlb-
HUKOM 3 HakoHeYHHKOM Ne5 i migirpisom g0 600-
750° C. Pesynbratd BUIPOOYBAaHHS MEXaHIUHUX
BJIACTUBOCTEH IpH BUMPOOYBAHHAX HA PO3PHB 1
BUTHH, a TaKOX TBEPAICTh HAIUIABJICHOTO METalIy
i mepexiJHOI 30HM HaBejCHI B TaOl. 2, 3, a BH-
IS 3BapeHMX JleTalieil moka3ano Ha puc. 3. Ilic-
Js1 3aKIHYEHHS 3BAPIOBAHHs HAIUIABJICHUM MeTall
MePEBIPSAETHCA 30BHIIIHIM OrisiioM. [Ipu 1mipomy
HNOBHUHHI OYTH BIJCYTHI ITOpH, PAaKOBUHH, IILIAKOBI

BKIIIOUEHHS, MIiApPi3H, MPOXKOTH, TPIIUHU B Ha-

Puc. 2 - Mikpoctpykrypa IUIaBJICHOMY MeTaJi i mepexiaHiil 30Hi.
ocHOBHOTO Metaiy (x 250)
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Puc. 3 — Burnsaa yaByHHHX JeTasieil micis 3BapioBaHHS

Tabauus 2 — MexaHiuHI BTaCTUBOCTI 3BaPCHUX 3'€ THAHD

Martepian Mexa MIIHOCTI ['panuns Te- BinnocHe Y napua
3paska TIPH PO3PHBI, KY9OCTi, TOTOB)KEHHH, B'SI3KIiCTB,

MIla MIla % Jixlem?
BY 40 409-412 263-306 12, 7-195 18-26
Meran mBa | 496-512 213-291 29, 7-30,5 38-42
Taoauus 3 — TBepaicTh MeTaly 3BapEHOro 3'€JHAHHS.
Marepian 3pa3ka Tsepaicts, HB

HAILJIaBJICHOTO METaly MepexiaqHol 30HU
BY 40 170-180 190-200
Meran mBa 170-180 180-200
BucHoBku

Po3pobnennii ckitag mpyTKa JUisi ra30BOT0 3BAPIOBAHHS YaBYHY, III0 MiCTUTh HOBY CHUCTEMY
neryBaHHs 1 po3kucieHHs. CTpyKTypa HAIUIaBJICHOTO METaly y MOBEPXHI IIBa Ha rmOuHi 10 1,5-2
MM TIEpJIITHA 3 HEBEJIMKUMU NUISTHKAMHU ayCTEHITY JCHIPUTHOI opieHTarii. TBepaicTh B Iiil 30H1
cknanae220-229 HB. I'padit kynsacTuii cepeHbO1 BETWYNHH, ACKiTbKa IpiOHIIIe, Hi’)K B OCHOBHO-
My MeTaii. 3MOYyBaHICTh 3BapIOBAILHOI BaHHH PiIKUM MeTanoM rapHa. [llmaku nerkomnaski. [e-
(eKTiB 3BapeHUX LIBiB HEMAE.
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PO THTEPBAJIM IKOCTI ITPH OITHIII TEXHOJIOI'TI BUTOTOBJIEHHSI
BUPOBIB 3A IAPAMETPOM TOUYHOCTI JIIHIMHOT'O PO3MIPY
©Jlamuayep H.J0.!, ITtamunii O.J1. 2, Bo6puubka I'.C.°
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Ykpaincoka inowceneprno-neoazoziuna akaoemis
. o . o . .o . 2
Xapxiecokuii HayiOHATbHUL A8MOMODITLHO-00POJICHIN YHIGEpCUmem
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akazieMist; Bya. YHiBepcuteTcbka, 16, M. Xapkis, 61003, Ykpaina

Hramnuii Oner Amutposuy: ORCID: 0000-0001-6123-7253; olegptashniy@gmail.com; xaumumaT memaro-
TYHUX HayK; JOUEHT Kadeapu BUINOI MaTeMaTukd, XapKiBChbKHH HalllOHAILHUH aBTOMOOINBHO-JIOPOXKHIN YHIBEpCH-
tet; Bya1. SI. Myaporo, 25, m. Xapkis, 61002, Ykpaina

Boopuubka Naauna Cepriisua: ORCID: 0000-0003-2793-5108; bogalina31@ukr.net; kanauaar negaroriy-
HUX HayK; JOICHT KadeIpu BHUINOT MaTeMaTHKH; XapKiBChKUIH HAllIOHATHHUN aBTOMOOLTHHO-TOPOXKHIA YHIBEPCHUTET;
By SI. Mynporo, 25, m. Xapkis, 61002, Ykpaina

Cepen nutanp 3a0e3MeueHHs SIKOCTI MPOAYKIIIi BaXKIIMBOIO CKJIAJIOBOO € OIlIHKA SIKOCTI Te-
XHOJIOT1# i1 BUTOTOBIIEHHS. SIKICTh TEXHOJIOTIT OLIIHIOETHCS 3a SAKICTIO OTPUMaHUX BHPOOiB. OHUM
3 TIOKa3HMKIB SAKOCTI BUPOOIB MalmIMHOOYAyBaHHS € JIHIMHUN po3mip netaneil. bBynp-skuii Bupiod
MO>Ke OyTH BUTOTOBJICHO 3 JIOIIOMOTOIO Pi3HMX TEXHOJIOTiH, aJjie KOJKHA 3 HUX 3a0e3nedye i He of-
HAKOBY SKIiCTb. BHCOKa SIKICTh CYyNPOBO/IXKY€ETHCS 301IBIICHHSAM BUTPAT, IO B YMOBaX KOHKYPEHIIIi
Ha PUHKY € HE 3aBX/M NPUIATHUM JIJIsl BAPOOHHKIB MPOIYKITi.

B 3anexHocTi Big motped BUpOOHUKA MO0 SIKOCTI, CTA€ HEOOXiTHUM BH3HAUYUTH TEXHOJIO-
rito, mo 3abe3neuye OaxkaHy AKICTh. PO3IISHYTI MUTaHHS CTBOPEHHS IHCTPYMEHTY OIIHKH SKOCTI
BHUTOTOBJICHHSI JIETAJC 32 TOYHICTIO PO3MIPIB 3 METOI BHU3HAYCHHS TPaAallii SKOCTI TEXHOJOTIH.
J1J1s1 IIbOTO TIPOTIOHYETHCS BIIPOBA/KEHHS OIIIHKHM TEXHOJIOTIH 3 IHTEpBaJIaMH SIKOCTI.

B nociikeHHAX BUKOPUCTAHO TEOPETUYHUHN amapar Teopii IMOBIpHOCTEH Ta MaTeMaTUYHOT
CTATUCTUKH. 3aIllPOMIOHOBAHO BHKOPHUCTAHHS 3arajbHOi MOJIEJi PO3MOAUTY JIHIHHUX PO3MIpPIB Je-
TaJIell Ta 3HAMIEHNX OIIHOK ii mapameTpiB. [loka3aHo, M0 3amporOHOBaHAa MOJIENIb Ma€ TP Pi3Hi
(G opMU IUTBHOCTI PO3MOALTY IIPH OJHAKOBOMY TEOPETHYHOMY PO3Maxy OIIHOK BEPXHBOTO Ta HUX-
HBOTO 3HAYEHHS PO3MIpiB Ta MPHU OJHAKOBOI KIIBKOCTI mpoBeaeHux BuMipis. Lli ¢popmu MoxyTh
11eHTU(IKYBaTH SKICTh TEXHOJIOTIH, IK BUCOKY, CEPEIHIO Ta HU3BKY.

Ha 6a3i orpumaHux po3paxyHKiB OyIyeThCsl CHUCTEMa rpajaiii, o BU3HAYAE MIPU 3a1aHO-
My 00’€Mi BUMIPIOBaHb SIKICHY XapaKTEPUCTUKY TEXHOJIOT1i BUTOTOBJICHHS BUPOOiB. BukopucranHs
3alpONOHOBAHMUX PE3YJIbTATIB J1a€ MOXKIIMBICTh aHANi3yBaTH AKICTh MPOLECY BUTOTOBJICHHS BUPO-
01B 31 3poCTaHHAM IXHBOTO 00’emy. OTprMaHi pe3yJbTaTH A03BOJISIOTH 3HAWTH OLIHKY JOILIHHOT
KUIBKOCTI BUTOTOBJICHHS BHPOOIB 3 Oa)kaHOK sIKicTIO. IIpoBeneHi MOCHIKEHHS JTOTIOMAararTh Y
BUPIIIECHH] TUTAHHS YIPABIIHHS SKICTIO MPOIYKIIii MAaIIMHOOY TyBaHHSI.

Kniouogi cnosa: SKiCTh, TOUHICTD, JIIHIMHUNA PO3MIp, N€TaJIb, TEXHOJIOTiS BATOTOBIICHHSI.

Jamnayep H.IO., IImawnotii 0./]., boopuykasa I'.C. «O0 nHTepBaiaXx Ka4ecTBa MpHU OICH-
K€ TEXHOJIOTHI W3TOTOBIICHUS U3JICIUI 110 TTapaMeTpy TOYHOCTH JIMHEHHOTO pa3Mepa

Cpenu BOMPOCOB OOecTeueHUs] KauyecTBa MPOIYKIMH BaKHOW COCTABIISIOIICH SIBIISICTCS
OIICHKa KauyeCTBa TEXHOJOTHU €€ M3roTOBJICHUS. KauecTBO TEXHOIOTHU OIICHUBACTCS TI0 KAYECTBY
IIOJIYUCHHBIX H3II€JIHﬁ. OI[HI/IM M3 IOKa3aTelIied KauecTBa I/I3IIGJII/Iﬁ MalIMHOCTPOCHUA ABJIACTCA JIU-
HElHbI pa3mep neraineid. JIroboe m3menue MOXKeT OBITh MPOU3BEICHO MPH MOMOIIY Pa3JIMYHBIX
TEXHOJIOTHH, HO KaXK/las U3 HUX 00eCreurnBaeT M He OJIMHAKOBOE KaueCTBO. BhICOKOE KauecTBO CO-
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MMPOBOXKAACTCA YBCIMYCHHUECM 3aTPAT, 4YTO B YCIIOBUAX KOHKYPCHIIMH HAa PBIHKC HC BCECrAa IMPUCMIIC-
MO JIJIs1 TPOU3BOIUTENCH TPOTYKIUH.

B 3aBHCcHMMOCTH OT TOTPEOHOCTEH MPOW3BOIUTEIIS, KACAIOMIMXCS KauyecTBa, MOSBISICTCS
H606XOI[I/IMOCTI:> ONpECACIINTG TEXHOJOI"MI0, KOTOpas oOecrieunBaeT JKejlaTellbHOE KadecTBO. Pac-
CMOTPCHBI BOIIPOCHI CO3JJaHUA MHCTPYMCHTA OLICHKU KauCCTBA U3IOTOBJICHHUA I[eTaHefI II0 TOYHO-
CTH pasMEPOB C NLEJIBIKO OIPEACTICHUA I'paJalluil Ka4CCTBa TEXHOJIOTHH. I[J'ISI OTOro npeajaracrcs
BHCAPCHUEC OLICHKHU TEXHOJIOTUH C HHTCPpBAJIaMU KauCCTBA.

B HUCCIICAOBAHUAX HCIIOJIB30BaH TCOpeTI/I‘leCKI/Iﬁ arrmapar TCoOpuun BepO}ITHOCTefI n MareMma-
TUYECKOW CTaTUCTUKH. [IpenoskeHo MCIONb30BaHUE OOINEH MOJENU paclpeneiCHHs JTHHEHHBIX
PasMCpoOB I[eTaJ'ICfI n HaﬁI[GHHBIX OLICHOK €€ IIapaMeETpPOB. HOKaBaHO, 4UTO IPCIIOKCHHASA MOICIIb
UMEeT TPH pa3iuyHble (OPMBI IUIOTHOCTH PACIpPEEICHUs IPU OJWHAKOBOM TEOPETUYECKOM pa3-
Max€ OLCHOK BEPXHETO U HUKHETO 3HAYCHHUA PasMEPOB U IIPU OJUHAKOBOM KOJIMYECTBC IIPOBCACH-
HBIX W3MEpeHuH. DT (HOpMBI MOTYT HIACHTU(HUIMPOBATH KAUYECTBO TEXHOJIOTUH, KaK BBICOKOE,
CpE€OHEC U HU3KOC.

Ha ocHose MOJIYUYCHHBIX paCUCTOB CTPOUTCA CUCTECMA I'padallliy, KOTOpas ONpCACIACT IPHU
3a1aHHOM o0BneMe I/ISMepeHI/Iﬁ Ka4€CTBCHHYIO XapaKTCPUCTUKY TCXHOJOI'MH H3TOTOBJICHUA H3IC-
mi. Mcnoabp3oBanue NPCAJIOKCHHBIX PE3YJIbTATOB AACT BO3MOXHOCTL AHAJIIM3UPOBATH KAa4YCCTBO
mponecca MU3roTOBIICHHA I/ISI[GJ'II/IfI C pOCTOM HX o0BeMa. HonyquHHe PE3YyJIbTAaThl IMO3BOJISAIOT
HaUTH OLICHKY HCHCCOOGpaI*}HOI‘O KOJIM4YeCTBa HU3IrOTOBJIICHUSA H3IICJIHI71 C JKC€JIa€MbIM Ka4d€CTBOM.
HpOBeI[eHHLIe HCCIICOOBAaHUs IIOMOI'alOT B PCIICHWHN BOIIPOCOB YIIPABJICHHUA Ka4€CTBA IIPOAYKIUH
MalllnHOCTPOCHHUH.

Knroueewie cnosa. Ka4de€CTBO, TOYHOCTD, JIMHEWHBIA pa3MmeEp, aeTalib, TEXHOJIOTHUSA H3IOTOB-
JICHUSL.

Lamnauer N., Ptashnyi O., Bobrytska H. «About quality intervals in assessing the manu-
facturing technology of products by the accuracy parameter of linear size»

Among the issues of ensuring product quality, an important component is the assessment of
the quality of its manufacturing technology.

The quality of technology is assessed by the quality of the products received. One of the in-
dicators of the quality of engineering products is the linear size of the parts. Any product can be
produced using various technologies, but each of them provides not the same quality. High quality
is accompanied by increased costs, which in a competitive market is not always acceptable for
manufacturers.

Depending on the needs of the manufacturer regarding quality, it becomes necessary to iden-
tify a technology that provides the desired quality. The issues of creating a tool for assessing the
quality of manufacturing parts by the accuracy of size to determine the gradation of the quality of
technology are considered. It is proposed to introduce assessment of technology with intervals of
quality.

The research used the theoretical apparatus of probability theory and mathematical statistics.
The use of a general model of the distribution of the linear dimensions of parts and the found esti-
mates of its parameters is proposed.

It is shown that the proposed model has three different forms of distribution density with the
same theoretical range of estimates of the upper and lower sizes and with the same number of
measurements. These forms can identify the quality of technology as high, medium, and low.

Based on the calculations obtained, a gradation system is constructed that determines, for a
given volume of measurements, a qualitative characteristic of the technology for manufacturing
products.

Using the proposed results makes it possible to analyze the quality of the manufacturing
process of products with an increase in their volume. The results obtained allow us to find an esti-
mate of the appropriate amount of manufacturing products with the desired quality. The conducted
studies help in resolving issues of quality management of engineering products.

Keywords: quality, accuracy, linear size, machine part, manufacturing technology.
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ITocTanoBKka nmpod;eMH Ta ii 3B’f130K 3 BayKJIMBMMH HAYKOBHMM i NPAKTHYHUMH 3a-
BIAHHSMH

[TpomucnoBe BUpOOHULTBO € (h1arMaHOM €KOHOMIKH OyIb-sKOi JepkaBH. [any3p Mamiu-
HOOYTyBaHHSI € OCHOBOIO IIPOMMCIIOBOCTI. PO3BUTOK TNPOMHUCIOBOCTI HE MOXIUBHUIL Oe3 3abe3rme-
YeHHs SKOCTI NpoayKIii. 3a0e3revyeHHs SIKOCTI B CBOIO Yepry CYNPOBOIXKYETHCS TEXHOJIOTIEKD BH-
TOTOBJICHHS, JUISI SIKOT 3aCTOCOBYIOTBCS 1HCTpYMEHTH i1 OIiHKH. OIiHKa SKOCTI TEXHOJOTIH MpOBO-
JMTHCS Ha OCHOBI aHaJIi3y SKOCTI OTpUMaHUX BHPOOiB. OJHUM 3 IMOKA3HUKIB SKOCTI BUPOOIB /eTa-
Jeil € TOYHICTh JIIHIMHOTO po3Mipy. 3abe3neunTd HEeOOX1JHY TOYHICTb MOKJIMBO 32 JIOIIOMOI'OIO
PI3HHUX TEXHOJIOTIH Ta pi3HOTO OOsagHaHHS. CTae HEOOX1AHUM OLIIHUTU Ta OOpaTH Ty TEXHOJIOTIIO
BUT'OTOBJICHHS, [0 € €KOHOMIYHO JIOIIJILHOIO Y BiJMTOBITHOCTI 3 Oa)kaHOIO sKicTIO. [[71s1 mboro Mae
CEHC MPOBOJUTH I'PAJIAIIIO0 SIKOCTI TEXHOJIOTH.. [IuTaHHS OLIHKHK SIKOCTI HacamIepe 1 BUPIIITYOTh-
sl 32 JOIOMOTr'0OK0 HMOBIPHOCHO-CTATUCTUYHUX METO/IB YNPaBIIIHHA SKICTIO. TakuM 4MHOM, BHKO-
pUCTaHHS WMOBIPHOCHO-CTATUCTUYHUX MOJIENE Ta OLIHOK iX MapaMeTpiB J03BOJIATH PO3B’sI3aTH
3a/1a4y OIIHKH SIKOCTi TEXHOJOT1H.

AHaJIi3 OCTaHHIX J0CTiIKeHb | myOJikamii

3abe3mnedeHHs SKOCTI MpoAyKuii mpobiema, mo TypOye BUPOOHMKIB y Bcix Kpain. Otpu-
MaHHSI TIPOIYKIII HEOOXITHOT SIKOCTI € KOMIUIEKCHUM TpoliecoM. BiTUn3HsAHI Ta 3aKOPAOHHI T0CIi-
JTHUKU B raixy3i sSIKOCT1 IPUIUISIIOTh yBary pi3HUM acleKTaM y 3arajlbHOMY KOMILJIEKC] 3aX0/1iB, 110-
110 3a0e3meueHHs sIKocTi. JlocipkeHHs 110 IBOM acleKTaM Yy B3a€EMO/Iii - KOHTPOJIb Ta TEXHIYHE 00-
CIIyrOBYBaHHs o0OagHaHHs po3riisinyTi B [1]. [IpuHuun noOGyxoBH KOHTPOIBHOT KApTH PO3IIISTHYTO
B [8].

KoHTposb SIKOCTI, SIK OJTUH 3 IHCTPYMEHTIB SIKOCTI BUTPA€ BaXIIUBY POJIb I MOHITOPUHTY,
aHaJi3y JaHUX IS BUSBJICHHS Ta pillleHHS NpolieM BUPOOHWYMX mporieciB. Taki MUTaHHS pO3T-
JSHYTI B [2-6].

AHali3 cy4yacHUX HayKOBHUX JPKEpell B raiysl SKOCTI JI0BiB, 110 Oy/b-SKMI 1HCTPYMEHT JUIs
il TOCATHCHHS MOBMHEH PO3MIAIATHCSA B CYKYIHOCTI 3 MiHiMi3ami€to BUTpar [/], B TOMy 4ucCIi
OB’ s13aHy JIOIUIHHICTIO 3aCTOCOBAHO1 TEXHOJIOTI.

MeTo10 po60TH € 3aIIPONIOHYBATH OLIIHKY SIKOCT1 TEXHOJIOT1H BUTOTOBJIEHHS JeTajel Ha oc-
HOBI 11 rpajalii Ta IHCTPyMEHT aHaJli3y SIKOCTI IMPOILECY iX BUTOTOBJIECHHS 31 30UIBLICHHAM KUJIBKO-
CTI.

BuxkJiiag ocHOBHOro Marepiany

B po6orti [9] nponoHyeTbes po3paxyHKOBa MOJEIb JIHIHHUX PO3MIPIB MIPU BUTOTOBJICHHI
neraneil MamuH. L1 MOJIeNb Mae YOTUPH NapaMeTpa a - MOJAJIbHE 3HAYEHHs, D - HUKHA Mexa Ta
¢ - BepxHs Mexa posmipy, K - mapamerp dpopmu posmipis, sika Busnadena mpu K >0 ta K< -1, ne
b<a<c ta b30.

3anpornoHoBaHa Mojienb B [9] Mae 3HaUHMIT HENONIK, a caMe, BOHA HE JJO3BOJISIE 3HAWTH OLli-
HKH 11 apaMeTpiB, OCKIJIBKM Cy4acHI OOYMCIIOBAIbHI METOJIU HE MOXKYTh JaTU PO3B’sI3aHHs CHUC-
TEMH YOTHPHOX PaLiOHATIBHUX (YHKIH 3 yoTupMa HeBijoMuMH. ToMmy BUIIIAL MoJieni He € pobo-
YUM JJIS1 IPAKTUYHOTO 3aCTOCYBaHHs. 3BiJICH BUIUIMBAE, IO TpeOa BUJO3MIHUTH MapaMeTpu JaHOi
MOJIeTli TaK, mo0 BOHA cTana poOoUoro.

Jljig OUIHKM HapaMeTpiB JaHOi MO Ta JJs TOro, Mo0 LEeHTpajJbHI MOMEHTH BUpPayKaIu-
cs uepe3 TeopeTuuHmit posmMax C—b, BU3HAYUMMO MojaibHe 3HAYEHHS A 4epe3 Oe3po3MipHY Be-

JIMYMHY, CIIBBiIHOLICHHS ( AiNeHHs Bixpi3ky Benmuunow C-b, ne q=(a-b)/(c - a).
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B npomy Bumazaky maemo a = (b +c¢q)/(1+q) Ta

‘I é _ _ ,_llkl‘J
T (1+k)él- EX Z(Lq(():() C)S U
: : _ ?
i € U bexg2 e, 1)
-1 c-b 1+q
f)=1 ) s
T € ab-x+qg(c-x)§ U
T+ g -2 aes ae-xo"y
) € ~° ’d b+ac yee
¥ c-b ’ 1+q
3HaiineHa ¢yHkiis posnoxiny juist miei momeni F(X) [10], sika B Touri MomanbHOro 3Ha-
YCHHA a .
- 9
F(a)=——
(@) 1+q

MarematiuHe O4iKyBaHHS M (X) BHIAAKOBOi BenmuuHd X 3 wimbHicTIO posnoaity (1)

Ma€ BUTJIAL .

M(x):3kb+kbq+b+bq+3ch+kc+c+qc_ 2)
21+ q)(2k +1)

Amnaiiz mozeni (1) mokasas, 110 BOHA Ma€ TPH Pi3HI (OPMH IIUILHOCTI PO3MOALTY MPHU OJ1-
HAaKOBOMY TEOPETHMYHOMY po3Maxy C-D i mpu ommakoBiil ximpkocTi N mimiiiHux posmipis. Lla
¢opma 3 yBITHyTUMHU KPUBUMH, SIKI aCUMOTOTHYHO HAOIMKYIOTBCS 10 MOJH Ta MAIOTh CaMy BEJH-
Ky 4acTOTy HOSIBU PO3MIipy B TOYIll HaJaro/pKeHHs po3Mipy. TyT 3HaueHHS MUIBHOCTI PO3MOILTY B
MOJIi € HeoOMexkeHO Benuke unciio. Taka ¢opma kprBoi (1) TOBOPHUTH MPO BUCOKY SIKICTh TEXHO-
J0ril BUTOTOBJICHHS JETalicii 3a mapaMeTpoM JIiHiHOrO po3mipy. Popma kpuBoi (1) Burisaay aBa
TOBOPUTH, 1110 KPUBI YBITHYTI, Ta B TOYLll HAJIArO/PKEHHS CTaHKa & 3HAYEHHS LIUIBHOCTI PO3MOALITY
(1) xinueBe. Taka popma KpUBOi TOBOPUTH MPO CEPEIHIO SKICTh TEXHOJIOTIi BUTOTOBIICHHS JIeTaleh
3a mapaMeTpoM JIiHIHHOTO po3Mipy. Tpers ¢popMa KpUBOi C OMYKJIMMU KPUBUMHU 1 KIHIEBOIO LI1JIb-
HICTIO pO3M0/LTy B MOJl. Lle roBopuTh po BENUKHUI PO3KUA 3HAYEHb JIHIMHOIO po3Mipy AeTajei,
a 3HAYUTh MA€ HU3bKY SKICTh TEXHOJIOT1i BUTOTOBJICHHS JA€TaleH.

BuzHaunMo, siki rpaHUIll Mae CepeHE 3HAYCHHS PO3MIPIB IMPH KOXKHIN 3 IUX BU3HAYCHHUX
TPHOX SIKICHHX XapaKTEePUCTHKax TexHousoriit ans mozxeni (1). Busnavaroun mapamerp dopmu K
yepe3 napamerpu Mozeni (1) i MarematuuHe ouikyBaHHS (2) MaeMo:
_ bg+b+cqg+c-2X-2Xq 3)
4X +4%q-bg-3b-3cq-c’
n

. . — [
e M (X) 3aMIHEHO Ha BHOIPKOBE CepeIHE 3HAYEHHS X = — aX:
i=1

N - 00’eM BUMIpIOBaHb JIIHINHUX PO3MIpIB AeTajei.
Jlnst po3mipiB BUPOGIB 3i 3HAYCHHAMH (>1, pOo3B’si3yroun HepiBHicTs K <-1 maemo, mio
IIPY 3a/laHOMYy N TEXHOJOI'1i BUTOTOBJIEHHS JIeTaleil 3 BUCOKOIO SIKICTIO MAIOTh I'PAHUIIl CEPEAHbO-
r'0 pO3Mipy BUIIIALY:
b+cq _ . _bE+a)+c(3a+1) @
1+q 4(1+q)
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Slkmo q>1 1 k>1, To MaemMo cepeliHIO AKICTh TEXHOIOTII BUTOTOBJICHHS JeTalell 3 rpa-

HULISIMH CEPETHBOTO PO3MIPY JeTali:
b(3+0)+c(3a+1) ___b(2+a)+c(2q+1) | 5)
4(1+q) 3(1+0q)

Husbka sSKicTh TEXHOJIOTII BUTOTOBJICHHS JIeTallell MAalOTh TPAHMII CEPEAHBOTO PO3MIPY Je-

Tasieii 3 po3s’s3anus Hepisricts 0<K <1 npu q>1
b(2+q)+c(2q+1)<7<b+c. 6)
3(1+q) 2

Jnst 3Hayens (<1 rpaHuIi cepeHBOro po3Mipy AeTalieid Ul Pi3HHUX SKOCTEH TeXHOJOTiH

BU3HAYAIOTHCS 32 POpMyIIaMu:
1) Ilpu BHCOKi#t IKOCTI TEXHOJIOTII:
b(3+a) +c(@+D) _; b+ca ™
4(1+q) 1+q

2) Jnis cepeqHbO1 IKOCTi TEXHOJIOTII:

b(2+q)+c(29+1) . bB3+q)+c(3q+1) (8)
3(1+q) 4(1+q)
3) Jlnst HU3BKOI SKOCTI TEXHOJIOTII:
b+c<¥<b(2+q)+c(2q+1) )
2 3(1+q)

Ha Puc.l npezacraBieHo 1HTEpBalu CEpPEAHIX 3HAUYEHb PO3MIPIB MPHU PIZHUX TEXHOJOTISAX
BHUTOTOBJICHHs BUpoOiB mpu mapamerpax ( =0,5, b=2 i c=6.

InTepean HH3EKOI AKOCTI InTepean EMCORD] AKOCTI

332 336 34 344 348 352 35 36 3064 368 372 376 38 384 388 39 319% 4402

Puc. 1. — [HTEpBany SKOCTi TEXHOJIOTiH BUTOTOBJICHHS JeTajlell 3a mapaMeTpoM JIIHIHHOTO po3Mipy MpH ma-
pametpax 4 =0,5, b=2 u ¢ =6 moneni (1)

BucHoBku
Otpumani pe3ynbTatu po3paxyHkoBux Gopmyi (4), (5), (6), (7), (8) ta (9), i MeToaH OIIHKK
napameTpiB Mozeni (1) B [10] 103BOIsIFOTH: BU3HAYMTH IIPHU 3aJaHOMY 00’ €Mi BuMiproBanb N sKic-
HY XapaKTEePUCTHKY TE€XHOJIOT1i BUTOTOBJICHHS BUPOOIB 3a HapaMeTpOM JiHIHHOTO po3mipy, poouTH
aHaJIi3 MPOIECY BUTOTOBIICHHS BUPOOIB 3 pOCTOM 00’e€My iX BHroTOBJICHHS N, 3HAWTH OIIHKY He-
o0xigHoro o6’emy N mpu BUTOTOBJIEHHI BUPOOIB y BU3HAUEHOMY 1IHTEPBAII SKOCTI.
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IMPROVING THE PROCESS OF HEATING THE BANDAGES OF
LARGE COMPOSITE ROLLING ROLLS TO BE DISMANTLED
©Lebed' V. T., Zaliatov A. F.

Donbass State Engineering Academy
Information about the authors:

Lebed" Vladimir Timofeyevich: vl.ti.lebed@gmail.com; doctor of technical sciences, associate professor of
the department “Processes of automation production”; Donbass State Engineering Academy, 72, Academic street, Kra-
matorsk, Donetsk Region, Ukraine, 84313

Zaliatov Artem Faritovich: arty1783@gmail.com; assistant of the department “Processes of automation pro-
duction”; Donbass State Engineering Academy, 72, Academic street, Kramatorsk, Donetsk Region, Ukraine, 84313

One of the directions which ensures a significant economic effect in resource- and energy-
intensive technologies is the process of restoring the large-sized composite rolls for rolling mills.
The defining operation of this process is the separation of the mating bandage and the roll’s axis by
thermal action on the embracing part. The general principles and results of the development, re-
search and creation of an improved technological process for heating the products under study in a
high-speed heating furnace have been described.

An integrated approach to solving the problem, based on theoretical and experimental stud-
ies, made it possible to develop a mathematical model of the process of dismantling large-sized
composite rolls by thermal action on the basis of the put forward hypothesis and preliminary results
of laboratory studies.

The development of the mathematical model is based on the process of rotation of the roll
when it is being heated in the furnace and the subsequent dismantling of the bandage from the axis
of the composite roll.

The methods of modeling the multi-mass electromechanical systems in relation to the drive
of a high-speed heating furnace have been analyzed.

The dynamic model of the process of opening the bandage has been investigated and ana-
lyzed. Preliminary results have been obtained that characterize the operation of a dynamic system.

The expediency of subsequent research and development of the control system for the opti-
mal performing of the heating process of the roll has been established.

Key words: composite rolls; thermal dismantling; heating furnaces; automatic control

Jledins B. T., 3aasaToB A. ®. «Y10CKOHAJICHHS MPOIECY HArpiBy OaHIaXiB BeIMKOradapw-
THUX CKJIQJICHUX BaIBIFOBATHHIX BAJIKIB, K1 IMiUISITAI0Th JEMOHTAXKY»

OnHuM 3 HampsMKIB, 110 3a0e3Meuye 3HAUHUI €KOHOMIYHUHN e(heKT B pecypco- Ta EHepro-
€MHHX TEXHOJIOTISX € MPOIIEC BiJHOBICHHS BEITUKOTa0ApPUTHUX CKIIAJCHHUX MPOKATHUX BAJIKiB. Bu-
3HAYAJILHOIO OIEpPaIli€l0 IBOTO MPOIIECY € PO3'eAHAHHS TMOB'SA3aHUX OaHa)ka Ta BiCl BUPOOY MLIs-
XOM TepMOJiii Ha iX OXOILTIOI0YY JeTanb. BukiiageHo 3araabHi NOJO0XKEHHS 1 pe3yJIbTaTH po3poOKH,
JOCITIJIKCHHS 1 CTBOPEHHS BIIOCKOHAJICHOTO TEXHOJIOTTYHOTO MPOIIECY HATPIiBY TOCIIKYBaHUX BH-
poOiB B meyi MIBUAKICHOTO HArPIBY.

KoMruiekcHu# miaxia g0 BUPIIICHHS 3aBIaHHsI, 10 0a3y€ThCS HA TEOPETUYHUX 1 EKCIIEPH-
MEHTAIBHHUX JOCIIPKEHHSIX JO3BOJIUB PO3POOUTH MaTEMAaTHYHUN MOJEIH MPOLECy JEMOHTaXy Be-
JUKOTabapUTHUX CKJIAJCHUX BAJIKIB TEPMOJIIE€I0 HA IiJICTaBl BUCYHYTOI T1IIOTE3M 1 MOMEPEAHIX pe-
3yJIbTaTiB BUKOHAHUX JIAOOPATOPHUX AOCIHIHKEHb.

B ocHOBY po3po0OKH MareMaTHYHHX MOJIEII MMOKJIAJICHO MPOIeC 0OePTaHHS BajKa IpU HOTo
HarpiBaHHI B €Yl 1 MOAAJBIIOTO JEMOHTaXy OaH/Iaxa 3 0Ci CKIQJACHOTO BUPOOY.

[IpoananizoBaHO METOIU MOJIEITIOBaHHS 0araTOMacoBUX €JIEKTPOMEXaHIYHUX CHCTEM CTO-
COBHO MPHUBOJY M€yl MBUIAKICHOTO HArpiBYy.
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JlocnmipKeHo Ta MPOaHaAIi30BaHO JAWHAMIYHA MOJIENb MPOLECY PO3KpHUTTA OaHnaxa. Otpu-
MaHi MMoTepeaH1 pe3yJIbTaTH, SKi XapaKTepu3yITh pOOOTY JUHAMIYHOI CHCTEMH.

BcraHOBiI€HO AOIUIBHICTH HOJAIBIIONO BUKOHAHHS JOCHIIKEHb 1 PO3POOKH CHCTEMH
yIpaBIIiHHS JIJIs1 ONTHMAaJIBHOTO MPOBEJICHHS NIPOIIECy HArpiBy BHpoOa.

Kniouosi cnoea: ckianeHi BaAJIKW; TEPMIYHHIA JEMOHTAX TEPMO/IIEI0; OMAIOBAIIBHI TIei;
aBTOMATHYHE YIPaBIIiHHS

Jebeov B. T., 3anamoe A. @. «CoBeplIeHCTBOBaHUE TTpoIiecca HarpeBa OaHIaxel KpyIHo-
rabapuTHBIX COCTaBHBIX IMPOKATHBIX BAJIKOB, MOJUICKAIINX JIEMOHTAXY»

OpHuM W3 HalpaBlIeHUH, 00ECIIeUNBAIOIIMM 3HAYUTENbHBIN dKOHOMUUYEcKHil 3¢ deKT B pe-
CYpCO- U SHEProeMKHX TEXHOJIOTHSX SBJSETCS MPOIECC BOCCTAHOBICHUS KPYIMHOTabapUTHBIX CO-
CTaBHBIX MPOKATHBIX BAJIKOB. ONpenemstonien onepanyen 3Toro npouecca sBiseTcs pa3beIUHEHNE
COIPSDKEHHBIX OaHJaka M OCH M3JENUs IyTeM TEepPMOBO3JCHCTBUS Ha HX OXBAaTHIBAIOUIYIO JETalb.
N3nosxeHbl 0011IKe MOJI0KEHHS U Pe3yJIbTaThl pa3paboTKH, UCCIEAOBAHUS U CO3AaHUSI YCOBEPIICHC-
TBOBAHHOT'O TEXHOJOIMYECKOI'0 IpOLEecca HarpeBa H3y4aeMbIX H3JEIMM B I€YM CKOPOCTHOTO
Harpesa.

KommiekcHbIN MOAX0/] K PEHICHUIO 3aa4H, 0a3upYIONUiicS Ha TEOPETUIECKUX U IKCIIEPH-
MEHTAJIbHBIX HCCIIEIOBAaHUAIX MO3BOJIMI pa3paboTaTh MaTeMaTU4YHY MOJEIb IpoIecca AeMOHTaXa
KpYIHOTabapUTHBIX COCTAaBHBIX BAJIKOB TEPMOBO3ICHCTBUEM Ha OCHOBAHHH BBIIBUHYTOH TUIOTH3BI
Y TIpeBapUTEIBHBIX PE3yJbTaTax BBITOJHEHHBIX JIAOOPATOPHBIX UCCIIETOBAHUM.

B ocHOBY pa3pa0oTku MareMaTHUYHON MOJIENH TOJIOKEH MPOLECC BPALICHUS BaJIKa MPH €ro
HarpeBaHuU B II€YU U MOCTEAYIOLIETO IeMOHTaKa OaH/1axa ¢ OCH COCTaBHOTO MU3/IEIHS.

IIpoaHann30BaHbl METObI MOAEIUPOBAHUS MHOIOMACCOBBIX JIEKTPOMEXaHUUECKUX CUCTEM
MIPUMEHUTEIBHO K IPUBOY II€YH CKOPOCTHOrO Harpesa. MccnenoBana u npoaHaan30BaHa JUHAMU-
YyecKasi MOJIEIIb TIpoliecca pa3KphITUS OaHmaxa.

[Tonmydensl mpeaBapUTeIbHBIE PE3YIbTAThI, KOTOPbIE XapaKTePU3YyIOT paboTy AMHAMUYECKOM
CUCTEMBI.

YcraHoBieHa 11€7€C000Pa3HOCTh MOCIEAYIOIIETO BHIIOTHEHHSI HCCIE0BaHUN U pa3paboTKu
CUCTEMBI YIIPaBJIECHUS Ul ONTUMAJIBHOTO ITPOBEAEHUS MPOLIECCa HarpeBa U3IeHusl.

Kniouegvie cnoea’ cocTaBHbIE BAJIKU; JIEMOHTaX TEPMOBO3/IEHCTBUEM; HAIpEeBaTEIIb-
HBbIE [1€YH1; ABTOMAaTUYECKOE yIPABICHUE

1. Relevance of the work

One of the effective areas related to resource - and energy-intensive technologies is the
process of restoring the heavy-weight products related to bodies of rotation [1].

These are, for example, Large-sized Composite Rolling Rolls (LSCR) (Fig. 1), which have
worked out their resources and can be the subject to subsequent restoration or can be used as high-
quality billets.
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Figure 1- Compound rolling roll
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2. Purpose and objectives of the article

The aim of the research was the development, research and creation of an improved techno-
logical process for heating process LSCR in a fast heating furnace (FHF) (Fig. 2) for dismantling.

At the same time, the creation of a control system was considered for this process with a
help of information-measuring control system for the disclosure of the embraced and embracing
parts (EEP) of the LSCR in FHF for the subsequent dismantling of this product [2].

In accordance with the set goal, the following was accomplished:

1). Analysis of the heating functions under consideration of the LSCR in FHF [3].

2). The developments of physical and mathematical models of the process for disclosing of
the mating parts during heating of LSCR in FHF;

3). Mathematical modeling of the heating process of LSCR for dismantling;

4). Experimental system for controlling the separation of EEP.

Scientific novelty lies in:

1) Putting forward a theoretical hypothesis of the process of heating the bandage of the
composite product in the FHF for its dismantling;

2) The confirmation of theoretical developments by experimental studies.

The introduction of the developed measuring system will increase the efficiency of disman-
tling of composite heavy weight rolls (CHWR) for the entire range of sizes that can be placed in the
FHF [5].

Theoretical and experimental studies based on the hypothesis [4, 5], which has been put
forward about the change in the position of the center of bandage’s mass relative to its axis, will
make it possible to further optimize the process of thermal dismantling.

The results of the research will allow:

- to lay the groundwork for the development of an intelligent control system for the dis-
placement of the center of mass of the bandage during the heating and disclosure process of the
EEP of the composite rolls;

- to monitor and register a number of parameters of the heating operation in real time to dis-
play the process on the monitor of the operator’s panel.

This allows to ensure a significant reduction in energy consumption for heating operations in
the furnace.

The object of the research is the process of heating the bandage LSCR in FHF.

The practical value of the research lies in the development of a mathematical model and the
creation of the basic prerequisites for the subsequent development of a measuring system that al-
lows you to control the process of opening the EEP when heating the bandage in the FHF. This will
make it possible to lay down the basic provisions for controlling the process of heating of the band-
age in FHF when the process will be implemented in an industrial environment.

3. Analysis of published literature

A search on the topic of research performed in the scientific and technical information envi-
ronment of the countries of Great Britain, Germany, Italy, Russia, the USA, France, the Czech Re-
public, and Japan showed that there are partial studies on the reuse of equivalent standard sizes of
composite rolls, as well as the use of composite rolls with a set of interchangeable bandages at some
foreign enterprises (for example, Union Electric Steel (USA), Kobe Steel (Japan)) [1, 6-9]..
Given the results of a patent search, having studied the solutions found for thermal dismantling of
such products, it is acceptable to conclude that this topic of research in heavy engineering is im-
portant.

4. The main part

In the process of heating a uniform rotating bandage in the FHF (Fig. 3), its inner diameter
undergo changes.

In this case, the positions of the center of the bandage’s axis relative to the center of the axis
of the roll and the speed of rotation (rotation) of the bandage (2) relative to the center of the axis of
the roll (1) are being changed ( Fig.3).
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1 - composite roll, 2 - electric motor, 3 - driving roller

Figure 3 - Maintaining the process of the bandage’s heating
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1 - axis of the roll; 2 — bandage
a- condition of the product before heating the bandage CHWR; b- in the process of heating
the bandage; c - the position of the heated bandage on the roll’s axis at the final stage;
Aj - is the intermediate clearance; A - is the final value of the gap.
Figure 4 - Changing the position of the center of mass of the parts of the composite roll dur-
ing heating of the bandage in the FHF

Consideration of the technological process of dismantling a large composite roll under the
influence of heating in the FHF is represented by three interacting subsystems: 1) a bandage and 2)
the axis of the composite roll; 3) an electric drive of the FHF rotation mechanism.

The structure of the model is presented in two parts: the electric, which includes the control
system, electric drive, feedback sensors, and mechanical part consisting of a bandage and the axis of
the composite roll [9].

The
bandage
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The Composite Rolling Mill Rolls
Figure 5 - Structural diagram of the dismantling process

The considered structural diagram of the technological process (Fig. 5) allows you to build a
physical and mathematical model of the process of heating the bandage for dismantling the compo-
site roll. To implement the mathematical model, analytical [10, 11] and experimental methods have
been used [12, 13]. The analytical method allows to create a computational-theoretical model of the
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processes occurring in the object under scrutiny in accordance with the equations which describe
the physical laws. The coefficients of these equations are the physical parameters obtained by theo-
retical research and characterize the object and the working processes in it: - structural elements of
the object; - parameters of the working body; - heat transfer coefficients, etc. The model under con-
sideration allows us to reveal the physical essence of the main stages of the process under study and
analyze the change in the parameters of the EEP and the course of the heating operation [4, 5].

Due to the lack of the possibility to measure directly the controlled parameters of the relia-
bility of these process characteristics and calculating the values of the coefficients, difficulties arise
when describing the equations. The equations describing electric and thermal parameters are de-
rived on the basis of the known design parameters and characteristics of a theoretical analysis of the
processes which occur in the object under scrutiny. The experimental part of the simulation is to
obtain the transient characteristics of the object.

During the implementation of the FHF heating process, the composite roll band is heated in
the HSHF.

It is known [14] that the diameter of the bandage varies according to the linear law:

d, =dx(1+axT)

where d; -is the diameter of the bandage under the influence of temperature t;
d -is the output diameter of the bandage;
a- is the coefficient of linear expansion of the metal (for steel 13.1*10°);
b- T - heating temperature, °C
The gap Z (t) between the bandage and the axis of the composite roll can be determined by the
formula:

Z(t)=d,(t)-d
The speed of rotation of the bandage depends on the speed of rotation of the CHWR and the

contact area of the connected inner surfaces of the axle and the bandage [15 — 17]. The equations of
the process under scrutiny have the form:

wg a(t)<a,
. Kk
T,p?+T,xp+1
1 0

&
WBXgl— 2 +Z3Zk
e Tlp +T2Xp+1ﬂ

Wy (t) = (wg

Z<z,a(t)2a,,

where k —is the gain and

T, and T, - time constant of the electric part of the drive;

w, and w, - the speed of the bandage and roll respectively;

a, - the opening angle at which the area of contact of the inner surface of the bandage with

the surface of the roll does not provide rigidity;
Z, - the required gap value.

When operating an electric motor, the torque of the motor must balance the static resistance
of the working machine and the dynamic torque caused by the inertia of the moving masses. The
equation of moments of the electric drive can be written in the form:

M=M.+M .,
where M - moment of the electric motor;
M .- static moment of resistance;
M ., - dynamic moment.
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Dynamic or inertial moment, as you know from mechanics, is equal to:
dw
M iy = J el
where J -is the moment of inertia of the moving masses, reduced to the motor shaft, kg / m?;
W - angular speed of the motor shaft, ¢,
The moment of inertia of the bandage changes in time due to the change in the inner diame-
ter of the bandage:

M=M.+M .,

_1, 0 B adi(t) /500
3,0 =Zrm, xR +ESRW/J0 L
BTN T Aﬂﬂ

where m, - mass of the bandage.

In the Laplace formula, the velocity equation can be expressed as:

M, (P)-M:(p)
w(p)=—= —,
Jxp
where M - the moment that takes into account the process of disclosure. Asynchronous

motor equations have the form:

M(p)-M.(p)-M,(p)
Jxp '

M () =2t

Fig. 6 shows the model of the drive. Experimental studies were conducted on a personal
computer using the Mat Lab software application.
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Figure 6 - Mathematical model of the drive

Fig. 8, 9 summarize the results obtained in the simulation. The dependence of the opening
angle on the current gap value A is established. As an example, a composite at mill roll of a thick-
sheet mill has been considered.

A number of basic discrete values of the diameter of the bandage during its heating were de-
termined Dy 5 = 1201.0mm (a); 1201.5mm (b); 1202.0mm (c); 1203.0mm (d); 1204.0mm (f); where
d = 1000 mm is the nominal diameter of the fitting surface of the roll axis (Fig. 7).

According to the analysis (Fig. 7), its diameter increases during the heating of the bandage,
and in the result of which, the contact area of the mating surfaces of the bodies of revolution de-
creases and oscillations of the embracing part of the product appear, which disappear after the for-
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mation of the required gap is completed (Fig. 8) The results of technical solutions for the automa-
tion of this process are reflected in the following works [18- 21].

QD
(op
()
o
—h

Figure 7- The calculated angle of the contact surface of the bandage and the axis of the roll
when changing the diameter of the bandage during its heating

For step-by-step confirmation (or refutation) of the theoretical hypothesis of the trajectory of
motion of the center of mass of the bandage relative to the center of mass of the axle and to test the
possibility of fixing the disconnection of the EEP using IR sensors, an experimental facility was
created.

The industrial facility (Fig. 9) consists of a FHF model (which includes a frame, electric mo-
tor, a clutch and support rollers) and a LSCR model (roll axis and four interchangeable bushings).
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Figure 8 - The trajectory of the center of mass of the bandage
at changing the inner diameter

The product under study is a model of LSCR in a ratio of 1:20.

Installation " .
model — Measurmg SFSIEIH " PC ::> Monitor

Figure 9 - Block diagram of the experimental model

During the implementation of the technological process rotating bandage LSCR is heated in
FHF. In the laboratory conditions of the department it is not possible to perform diameters, based
on the calculation of the linear expansion of metal at 100, 200, 300 degrees Celsius.

In the general version, the LSCR model has the following characteristics: axle length - 422
mm; diameter - 100 mm and its mass - 25 kg; length of the sleeve - 140 mm and its inner diameter,
mm: 100.0 (with tension); 100.1 (for temperatures 100° C); 100.4 (200°C); 100.8 (300°C),
respectively; its outer diameter is 121 mm; weight of one bushing 8.8 kg.
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The rotation of the axis is provided by rollers on which the axis of the model of the compo-
site roller. One of the rollers is connected to the RD-09A motor via the clutch (Fig. 10). The electric
motor ensures four revolutions per minute, which is the closest to the actual technological process.
The industrial installation model is shown in Fig. 10.

In the laboratory conditions of the department it is not possible to perform heating, there-
fore, to simulate the expansion of the bandage under the influence of high temperatures (up to
920°C) bushings were made, with different internal.

The characteristics of the engine are given in table 1.

1 —roll axis; 2 — bandage; 3 — support rollers; 4 — electric motor PD-09A; 5 — coupling; 6 — frame
Figure 10 — Industrial plant model

Table 1 - Characteristics of the RD-09A electric motor

Parameter Value
Power supply voltage, V 127
Frequency, Hz 50
Idle current, A 0,1
Frequency of revolutions, rpm 1200
Power, W 10
Reduction 1/137

For the processing of information, measurements and data transmission to the 1 / O device, a
measuring system is created, which is shown in Fig. 11.

The The

transducer transducer

Hardware-Computing USB
Platform — PC

Figure 11 — Structural diagram of the measuring system
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Based on the functionality of the installation, the Arduino UNO board was chosen as the
hardware and computing platform. The choice is due to the fact that the board in its design has
already a power controller, a microcontroller, a programmer, interfaces for connecting devices (Fig.
12) and software libraries, which facilitate the work of creating the measuring system. At the
conceptual level, all boards are programmed via RS-232 (serial connection), but the implementation
of this method is different depending on the version. The Serial Arduino board contains a simple
inverted circuit for converting RS-232 signal levels. Current boards, such as Diecimila, are
programmed via USB due to USB- to -serial converter chip. The Arduino Integrated Development
Environment is a cross-platform Java application that includes a code editor, a compiler and a
firmware transmission module [22].

Based on the block diagram (Fig. 11), sensors are selected that will measure the position of
the centers of mass of the bandage and the axis of the roll relative to each other. The choice of
sensors is due to the accuracy of the input data conversion to the output, the range of measurement,
optimal geometric parameters and mass, the reliability of installation and operation cost.

The Arduino Integrated Development Environment compares two types of TCRT5000 and
SHARP-GP2Y0A710KOF sensors by the above criteria. It is stated that TCRT5000 corresponds to
the experimental setup better than the SHARP-GP2YO0A710KOF. In the table 2 their characteristics
are shown.

Table 2 - Sensor characteristics

Parameter TCRT5000 SHARP-GP2YO0A710KO0F
Range, mm 1-15 1000-5500
Accuracy, mm 0.2 0.3
Dimensions, mm Tx7x12 58.0x17.6 x 22.5
The cost is $ 0.8 11.2

The distance to the object by the sensor is determined by triangulation. The light pulse (in
the IR range: 850 + 70 nm [23]) is emitted and reflected back from the obstacle. The angle of falling
the light beam depends on the distance to the reflecting object. Triangulation works by detecting
this reflected beam and identifying a reflection angle from which the distance is determined.

The measurement system of the experimental unit should be flexible to certain changes,
namely: adding more sensors to the system; changing the positions of the sensors relative to each
other; the change of sensor connections. Therefore, it is advisable to use a circuit board on which all
the elements are fixed without soldering and are connected by wires.

The diagram of connection of the sensor to the Arduino board is shown in Fig. 12.

1 — Arduino hardware and computing platform; 2 — bread board;
3 — IR sensors; 4 — resistance 510 Om; 5 — resistance 10 Kom
Figure 12 — Circuit for connecting of sensors to the board Arduino
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The measurement system is shown in fig. 13.

1 — Arduino hardware and computing platform; 2 — bread board;
3 - IR sensors; 4 — resistance 510 Om; 5 — resistance 10 Kom

Figure 13 — Measuring system

Considering the above, a program has been created that measures the output voltage from
the sensor (0 ... 5 V) and converts it to a numerical distance value based on the characteristics of the
sensor.

The general view of the experimental unit is shown in Fig. 14

This ensured the connection of the board to the sensors and obtaining the values. Since Ar-
duino is one of the most convenient ways of programming the tools on microcontrollers, the device
programming language is based on C / C ++ [22]. Any Arduino application has two required func-
tions: setup () and loop (). The Setup () function is started once, after each connection to power.
This function is used to initialize variables, to set the mode of operation of digital ports etc.

Figure 14 - General view of the experimental setup.
An Arduino board was programmed for the experimental studies on the installation.

The above function initializes the required variables of type double (floating point variables
are larger than the normal float variables). In these function analog ports 0 and 5 are started to
which sensors are connected [22]. The loop () function in an infinite loop consistently executes the
commands described in its hardware. This means that when the function is completed, it will be
called again [19]. In this function, the variables declared above, are assigned values which come to
ports 0 and 5 from the sensors.
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The values range from 0 to 1024, since Arduino has an ADC (bit-to-digital converter) of bit
depth 10.

After the values are received, data is transmitted via the COM port. Since there are two sen-
sors in the experimental setup, the decision has been taken to divide values by the symbol "$».
Based on the above, we have the initial program algorithm for the Arduino board shown in Fig. 15.

It is known [23], that infrared sensors are sufficiently sensitive to environmental factors
(light, heat, etc.), which results in inaccurate readings (up to 25%). The sensors are planned to be
installed directly under the rotating shaft, which rotates and this adds such an exciting factor as vi-
bration. Based on the above, it was decided to introduce a signal filter for the board into the pro-
gram.

The Kalman filter (FC) [24] is an efficient recursive filter that estimates the state vector of a
dynamic system using a series of incomplete and noisy measurements.

The algorithm operates in two stages. At the stage of forecasting, the FC extrapolates the
values of the state variables as well as their uncertainties. At the second stage, according to the
measurement results, the extrapolation result is specified. Due to the step-by-step nature of the algo-
rithm, it is possible to track the state of an object in real time (using only current measurements and
information about the previous state and its uncertainty). Based on the above, it was decided to im-
plement the FC programmatically. Since the information comes from two sensors in the experi-
mental setup, both signals need to be filtered.

Software FC is implemented separately from the sensor located under the axis of the shaft
and for the sensor which is to be mounted under the bandage of the shaft. The average deviation is
calculated in Excel. The function calculates the average deviation from the column (A) into which
the unfiltered values from the sensors are to be entered.

The rate of response to change the values is to be set by the experimenter, based on the re-
quirements for the time of the experiment, and it is 0.05. After the introduction of FC to the Ar-
duino hardware and computing platform, we have the final version of the program algorithm for
Arduino (Fig. 16).

A complete code listing for the Arduino hardware platform has been developed. Microsoft's
Visual Studio 2010 solution has been chosen as the development environment. It is planned to cre-
ate software in Visual Basic .NET [25].

A complete code listing of the software for the hardware has been developed. This language
is based on a .NET framework (works with CLR), and a programming language has also been de-
veloped.

Considering the advantages and disadvantages of VB.NET programming language, it was
decided to synthesize software for experimental installation in VB.NET. Based on the functionality
of the program, an algorithm for the future software product has been created (Fig. 17).

Based on the functionality of the program, it was decided to create an experimenter's work-
place (program interface).

The automated workplace (AWP) should contain the following components: fields for enter-
ing geometric data of the study object and experiment number; fields for selecting the connection
port and data rate; element of graphic image of received data; information about the time of the ex-
periment; experiment start button. The picture of the workplace is shown in Fig. 18.

Based on the functionality of the program, we built the algorithm. A serial port is used to
communicate between the board and the PC. On this basis, we will add to the program the element
SerialPort, which is a serial connection resource.

The project folder already has a database in which it is planned to store the values obtained
during the experiment. Once connected to the board, a table is created in the database. The table
name consists of information such as the experiment number and the date and time of the experi-
ment. After that, the Splter and Splter Two functions separate the value of the sensor under the axis
from the value of the sensor under the bandage, separated by the symbol "$".
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Figure 15 - Initial program algorithm  Figure 16 - The final version of the program
for the Arduino platform algorithm for Arduino

The program ignores if the data from the board is more than 1024. This allows you to sepa-
rate the erroneous reading of unnecessary signals. Otherwise, a point is created on the graph (the
value of the sensors relative to time), and the process is repeated again. It also records to the data-
base where the result of the experiment, axis and bandage parameters, experiment number and time
are recorded. The distance between EEP is determined mathematically by looking at the value from
the board. Full program code listing has been developed.

At the first stage of the experiment, a roll with a bandage is to be installed the inside diame-
ter of which was 100.0 mm. The valid interval of the first stage of the experiment is 0.02 mm.

Based on the data obtained during the experiment, it was found that the measurement error
at this stage was up to 22 %.

The previous obtained values testify that it is possible to measure the separation of the roller
axis and the bandage by the developed measuring system.

For further (complete) verification it is advisable to make a number of changes to the meas-
uring system, for example, to increase the number of sensors (up to eight); to use a higher bit ana-
log digital converter (ADC); install the sensors at an angle of 45° relative to each other along the
forming (forming) surface of the bandage.
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5. Conclusions

1. A review and analysis of the sources of technical information, as well as the market for
raw materials and capabilities of potential customers, shows that in the process of reuse of disman-
tled parts of the LSCR there is a large reserve of savings.

2. It is established that due to the existing technology of dismantling the LSCR, the ma-
chine-building enterprises can obtain parts for the restoration of the rolls; high quality workpieces
for rolls of smaller size; high quality workpieces for various other parts.

3. The stage of heating of the rolls for further process of dismantling was considered and
performed on the basis of modern methods of automation (to control the disengagement of the con-
jugated surfaces) based on the use of new equipment (partially, FHF), which ensures increased prof-
itability of operations of disassembly and improvement the quality of service.

4. In order to test the theoretical hypothesis, an experimental setup has been developed,
consisting of FHF and CHWR maodels with ratio to 1:20. To simulate the expansion of the bandage
under the influence of high temperatures were made bushings (bandages), with different internal
diameters, based on the formula of linear expansion of the metal for 100, 200, 300 degrees Celsius,
respectively.

5. A measuring system has been developed, consisting of: Arduino hardware and computing
platform; two TCRT5000 sensors (one sensor measures the position of the center of mass of the ax-
le and the other the bandage); the motherboard; the connecting wires.

The algorithm and software have been created to ensure the connection of the board with
sensors and Arduino hardware platform.
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After implementing FC into Arduino hardware platform we have the final version of the al-
gorithm of the program for Arduino.

Experimenter AWP has been developed to provide visualization of the experiment process,
logging and recording of the data obtained. Additionally the software in Visual Basic. NET has
been developed.

Experimental studies have shown that this measuring system works correctly, responding to
changes in bandage diameters. Accuracy, at this stage — up to 30%.

6. According to the received experimental data recommendations are made up for the design
of an industrial installation. The automatic industrial installation system must consist of two S7-300
series programmable controllers; two Sinamics G120 frequency adjustable actuators; switching and
relay contactor equipment. The installation must guarantee measurement accuracy of up to 1.5%
and reliability of up to 90%.

7. Based on received calculations, which show that the biggest economic benefit is achieved
due to roll restoration depending on sizes and energy savings.

The economic effect of re-assembling of the component supporting rolls with the restoration
of the axle, on the example of the plate rolling mill of metallurgical plant with amounts to UAH
800,000.

The full economic effect consists of the economic benefit in the reconditioning of the com-
pound support rolls and the additional economic advantage in the above mentioned sum due to the

optimal heating of the bandage of the used roll.
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KOHTAKTHBIE JABJIEHUSA B COEJJMHEHUAX
CT'APAHTUPOBAHHBIM HATSI'OM
OMaJuunkuii 1. ®., Cmupnos H. I1.
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HNudopmanust 06 apTopax:

Manuukuii Urops ®@enopouy: ORCID: 0000-0003-0026-2791; malickiy1925@gmail.com; xaumunar tex-
HUYECKUX HayK; NOLEHT Kadeaphl METaJo PEXYIIero o00pyIOBaHU M TPAHCIIOPTHBIX CHCTEM; YKpanHCKas HHKCHep-
HO-TIeJarornyeckas akageMus; yia. YHuBepcurerckas, 16, r. Xapokos, 61003, Ykpauna.

Cmupuos HUrops Ierposuu: ORCID: 0000-0002-5982-8123; smirnov_ip@gmail.com; kaHaumar TexHude-

CKUX HAyK; JIOICHT Ka(eIpbl HHTETPUPOBAHHBIX TEXHOJIOTHH B MAIIHHOCTPOCHUU U CBAPOYHOTO MPOU3BOJICTBA; YKpa-
WHCKasl HHKCHEePHO-TIeJarOTHIECKas akaieMust; ViI. Y HuBepcuterckad, 16, r. Xaprkos, 61003, YkpaunHa.

B coBpeMeHHOM MaIIMHOCTPOCHUM LIMPOKO MPUMEHSIIOTCS HEMOJBUYKHBIE COCAMHEHUS IO
MOCaJIKe C TapaHTHUPOBAHHBIM HATATOM, KOTOpbIe HE TPeOYyIOT JOMOJHUTENbHBIX JeTanel i uX
HAJC)KHOTO coenuHeHus. BriOop HEOOXOMMMOU MOCAAKU MPOW3BOIUTCS HA OCHOBAaHHUU pacdera
HEO0OXOMMBIX KOHTAKTHBIX JaBJICHUN B compspkeHUH. [Ipu 3TOoM, ¢ 0AHON CTOPOHBI, KOHTAKTHOE
JaBJICHUE JJOJDKHO 00ECIeunBaTh TPEOyeMYO POYHOCTh COSAMHECHUS HA CJIBUT M MPOBOPAaYUBAHUE,
a c Ipyroi - He IOJDKHO MPEBBIIIATH MIPE/IeJIOB TEKyUeCTH MaTeprasoB COEIMHAEMBbIX JeTaleH.

OCHOBHBIM MapamMeTPOM, 00CCTICYUBAIONINM IPOYHOCTh COTPSDKCHHSI Ha CABUT M KPYUCHHE,
SIBJIIETCS. BEJIMYMHA KOHTAKTHOTO JIaBieHHs. MUHUMaIbHO HEOOXOIMMOE KOHTAKTHOE JaBICHUE B
CONPSDKEHUU  OMPENENSIOT M3  YCIOBUA TMPEBBIIMICHUS CHJION TPEHUs CABUTAIOLUX U
MIPOBOPAYMBAIOIINX yCUIUH. MakcUMalbHO JOMYCTUMOE YAENbHOE KOHTAaKTHOE JaBIICHHUE B
COCIMHEHHH, TPU KOTOPOM OTCYTCTBYET IUTacTUYeCKas nedopMaIusi Ha KOHTAKTHBIX MOBEPXHOCTSIX
COEMHSIEMBIX JIeTaJiel, OnpeaeseTcs o TEOpUU HaubONIbIINX KacaTelbHbIX HAMPsHKEHUN

KonTakTHOE naBiieHHE MPU M3BECTHOW BEIMYMHE HATATA HPUHSITO ONPEAENSTh pEUICHUEM
3a1a4u JIssMe ¥ MPUHUMATH TTOCTOSTHHBIM IO BCEH JUTMHE COTIPSIKCHHUS.

B nopaBnsromeM ke  OONBIIMHCTBE CIlydyaeB OXBaTbiBaeMasl JeTalb JIIMHHEE
oxBathIBaromieil. [Ipu 3ToM pacmnpeneneHue KOHTAKTHOTO JIaBJICHUS 1O JJIMHE COCIUHECHHS MMEET
0oJiee CIIOKHBIN XapakTep, 3aBUCSIINUNA OT JMHEHHBIX pa3MEpPOB COMPSATAEMbIX JAeTalei, uX (GopMmbl,
IEPOXOBATOCTH MOBEPXHOCTH, METO/Ia COOPKH U psifa Apyrux (paxTopos, KoTopeie Gopmyna Jlsme
He yuuThiBaeT. Jlegopmanusi Toi yacTH Bajia, Ha KOTOPYIO MOCaK€HA OXBaThIBAIOIIAS JI€Talb, IO
JUTMHE COTNPSDKEHUsSI HEpaBHOMEpPHA. BBICTyMmaromme 4acTy OXBaThIBAEMOW JCTaJM, BBIXOIAIICH 3a
Mpezelibl OXBATHIBAOLIEH, MPEMSATCTBYIOT pagualbHOMYy MEPEMEIICHUI0 CMEXKHBIX CEYEHHUH, UTO
MPUBOIUT K KOHIIEHTpAIlMW HAINpPSDKEHUH y KpaeB OXBaThIBAIOUIEH neTanu. TakuMm oOpasom,
HWCTUHHOE paclpeeieHUe AaBICHUM 10 JJIMHE COSAMHEHUSI OCTAETCS HE BbISBJICHHBIM.

B crarbe mocraBneHa M pelleHa 3ajada SKCIEPUMEHTAJIbHO OINPENeauTbh (haKTUYECKUe
KOHTAKTHBIE JIaBJICHHSI B COCTMHEHUH C TapaHTHPOBAHHBIM HATSATOM U CPABHUTH UX C PACUECTHBIMU
110 OOIIETTPUHATON METOIMKE 3HAYCHHSIMHU.

B pesynprate mpoOBEICHHBIX HCCIECNOBAaHMN OBLUTH HaieHbl (PAKTHUYECKHUE KOHTAKTHBIC
JABJICHUS B COCAMHEHUY C TAPAHTUPOBAHHBIM HATATOM W MPUBEICHBI MOMPABOYHBIE KOI(PPHUITUESHTHI
B 3aBHCHMOCTH OT CIIoco0a cOOPKHU COSAMHSIEMBIX JETaNCH.

KiroueBbie ciioBa: mocajaka ¢ HATATOM, IPOYHOCTh COIPSKEHHUS, KOHTAKTHOE JIaBJICHUE,
¢dbopmyna JlsaMe, KOHIIEHTpalMsl HANpsDKCHHM, OXBaTbhlBaeMas IeTallb, OXBaThIBAIOIAs JETAallb,
npeccoBasi cOopka, cOOpKa ¢ HarpeBoOM.

Maniuvkuii 1.®., Cmupnos I.I1. «<KontaktHuil TUCK B 3'€JHAHHSAX 3 TapaHTOBAHUM HaTs-
TOMY.
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VY cydacHOMy MammHOOYIyBaHHI IMIMPOKO 3aCTOCOBYIOTHCS HEPYXOMi 3'€JHAHHS IO MOCA/IIII
3 TapaHTOBAHUM HATSTOM, SIKi HE BUMAraroTh JIOJATKOBHX JIETaJICH s X HaIIHHOTO CIIONYYCHHSI.
Bubip HeoOXxi1HOT OCaIKU MTPOBOJUTHCS HA MiJICTaBl PO3paXyHKY HEOOXITHUX KOHTAKTHHX THUCKIB
B crnoiydeHHi. [Ipu 1mpomy, 3 omHOro OOKy, KOHTaKTHHH THCK Mae€ 3a0e3rneuyBaTH HEOOXimHY
MIIHICTP 3'€IHAHHS Ha 3CYB 1 00epTaHHs, a 3 1HIIOTO - HE MOBUHHO MEPEBUIIYBAaTH MEX TEKY4YOCTi
MarepiaiiB AeTaneH, mo 3'¢ THYIOThCS.

OCHOBHMM MapamMeTpoM, 110 3a0e3redye MIIHICTh CIIOJTYYEeHHS Ha 3CyB Ta OOepTaHHs, € Be-
JMYUHA KOHTAKTHOTO TUCKY. MiHIMallbHO HEOOXiHUI KOHTAKTHHI THUCK B CIIOJNyYEHHI BU3HAYAIOTh
3 YMOBH IIE€PEBUIICHHS CHIJIOI0 TEPTS 3CYBHUX 3YCHIIb Ta 3yCHJIb, IO KPYTATh. MaKCUMAaIbHO JOITY-
CTMMHUH MUTOMHU KOHTAaKTHHH THUCK B 3'€JJHAHHI, TIPU SKOMY BiJICYTHS IUIaCTH4YHA Jedopmarlis Ha
KOHTAKTHHX MOBEPXHSX JETaJNeH, M0 3'€IHYIOThCS, BU3HAYAETHCA 110 TEOPii HAMOUIBIINX JOTHYHUX
HaIpy>XCHb

KoHTakTHMIA THCK MPH BiIOMIN BEJTMYUHI HATATY MPUUHATO BU3HAYATH PIIICHHSIM 3aBIaHHS
JlsMe 1 mpuiiMaTH MOCTIHHUM 10 BCil JOBKHHI CITOTyYEHHS.

VY nepeBakHil ke OUIBIIOCTI BUMIA/IKIB OXOIUTIOBAaHA J€Tajb AOBIIE TOMH, 10 oXorutoe. [Ipu
IIOMY PO3IOJI KOHTAKTHOTO THCKY IO JOBXHHI 3'€THAHHS Ma€ OUIbII CKIIQIHUN XapakTep, 10
3aJICKUTH BiJl JTIHIMHUX pO3MIipiB AeTaneH, ix (opMH, MOPCTKOCTI MOBEPXHI, METOY CKJIAJaHHS Ta
psany iHmMX (akTopis, aki popmyna JIsme He BpaxoBye. Jledhopmarris Tiel YaCTHHH Baly, Ha SKY I10-
CaJpKeHa JIeTajb, 0 OXOIUTIOE, TIO JOBXKUHI CIIOyYeHHSI HepiBHOMIpHA. BucTynaroui wacTuHu Jie-
TaJi, SIKy OXOIUTIOIOTh, BUXOJHMTH 332 MEXi TOH, IO OXOIUTIOE, MEPENIKOHKATh paialbHOMY Tie-
PEMIILIEHHIO CYMIXKHUX MEPETUHIB, 110 MPU3BOAUTH O KOHLIEHTPAIlil HaNpyXeHb O/ KpaiB aeradi,
IO OXOIUTIOE. TaKuM YHMHOM, MIHCHHIA PO3MOALT TUCKIB TIO JIOBXKHUHI 3'€JHAHHS 3aJIUIIAETHCS HEBH-
SIBJICHHM.

VY craTTi nocraBieHa Ta BUpIIIEHA 33a/ja4a eKCIIEPUMEHTAIILHO BU3HAYUTH (DAKTHUHUI KOH-
TAaKTHUIA TUCK B 3’€JJHAHHI 3 TaApAaHTOBAaHMM HATATOM 1 MOPIBHATH HOTO 3 PO3PAaXyHKOBHM 3a 3arajb-
HOTIPUIHSATOI0 METOIUKOIO.

B pesynbrari mpoBeAeHHX AOCTIIKEHb Oylo 3HAiICHO (aKTUYHE 3HAYCHHS KOHTAKTHOTO
THUCKY B 3’ €JHaHHI 3 TapaHTOBAaHUM HATATOM 1 HaBEJICHI NOMPaBOYHI KOe(iliEHTH 3aJIeKHO Bij CIO-
coOy CKJIaJlaHHS 3'€JHYBAJIbHUX JI€TaJIEH.

KirouoBi cnoBa: mocajika 3 HATATOM, MIIIHICTh CIIOJNYYCHHS, KOHTAKTHHHA THUCK, (opmyiia
JIsiMe, KOHIIEHTpAIIisl HallPy>KeHb, JIETallb, 0 OXOILTIOETHCS, I€Talb, III0 OXOILIIOE, MpecoBa 30ipKa,
30ipKa 3 HarpiBaHHIM.

Malickiy 1., Smirnov I. «Contact pressures in connections with guaranteed interference fit».

In modern mechanical engineering, compound with a guaranteed preload are widely used,
which do not require additional parts for their reliable connection. The selection of the required fit
is made based on the calculation of the required contact pressures in conjunction. In this case, on
the one hand, contact pressure should provide the required shear and rotation strength of the joint,
and on the other hand, it should not exceed the yield strengths of the materials of the parts to be
joined.

The main parameter ensuring the strength of the pair in shear and torsion is the magnitude of
the contact pressure. The minimum required contact pressure in conjugation is determined from the
condition that the frictional force exceeds the shear and cranking forces. The maximum allowable
specific contact pressure in the joint, at which there is no plastic deformation on the contact surfaces
of the parts to be joined, is determined by the theory of maximum shear stresses

Contact pressure at a known preload value is usually determined by solving the Lame prob-
lem and taken constant over the entire length of the interface.

In the vast majority of cases, the shaft is longer than the sleeve. Moreover, the distribution of
contact pressure along the length of the connection is more complex, depending on the linear di-
mensions of the mating parts, their shape, surface roughness, assembly method and a number of
other factors that the Lame formula does not take into account. The deformation of that part of the
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shaft on which the sleeve is fitted is uneven along the mating length. The protruding parts of the
shaft that extend beyond the edges of the sleeve prevent the radial movement of adjacent sections,
which leads to a concentration of stresses at the edges of the enclosing part. Thus, the true pressure
distribution along the length of the joint remains undetected.

The article poses and solves the problem of experimentally determining the actual contact
pressures in compound with a guaranteed preload and comparing them with the values calculated by
the generally accepted methodology.

As a result of the studies, the actual contact pressures in compound with a guaranteed pre-
load were found and correction factors are given depending on the method of assembly of the con-
nected parts.

Keywords: preload, contact strength, contact pressure, Lame formula, stress concentration,
shaft, sleeve, press assembly, assembly with heating.

ITocTanoBka npoo1emMbl.

B coBpeMeHHOM MalIMHOCTPOEHUU IIMPOKO MPUMEHSIOTCS HEMOJABUKHBIE COCAUHEHHUS IO
MOCaJKe C rapaHTUPOBAHHBIM HATATOM, KOTOpPBIE HE TPEOYIOT MOTOJHUTEIBHBIX JACTAICH I UX
HaJIeKHOTO coeanHeHus1. OCHOBHBIM MapaMeTpoM, 00€CTICUUBAIOIITUM IMPOYHOCTh COTPSKEHUS, SIB-
JSIeTCsl BeTMYMHA KOHTAKTHOTO JaBieHUs. BoiOOp HEOOX0IUMOI MOCaaKi MPOU3BOIUTCS HA OCHO-
BAaHHUM pacyeTa He0OXOAMMBIX KOHTAKTHBIX JIAaBJIICHUN B conpsbkeHuu. [Ipu 3ToM, ¢ OHON CTOPOHBI,
KOHTaKTHOE JIaBJICHUE JIOJDKHO 00ecTeunBaTh TPeOyeMyt0 MPOYHOCTh COSAMHECHUS HA CIIBUT H IPO-
BOpauMBaHUE, a C APYrod - He JOJKHO IPEBBIIATh MPEEIOB TEKYyYECTH MAaTepUaloB COEAMHsIE-
MBIX JeTalei.

AHaJIHN3 MOCJIeAHUX UCCIEeT0BAHNMH.

OCHOBHBIM MapaMeTpPOM, 0OECIIEYNBAIOIINM ITPOYHOCTH CONPSDKCHHS HA CIIBUT U KPYUYCHUE,

SIBJISICTCS] BEJIMYMHA KOHTAKTHOTO JIABJICHHSI, 4TO BUIHO U3 popmyd (1) u (2)

Fmp:n'dl—pkfa (l)
d’Lp, f
M mp = pzpk, (2)

rae F,, - cuna tpenust, H; M,,, - MomenT Tpenns, HM; d - HOMUHAIBHBIN THaMeTp COIpsDKe-
Hus, M; L - JutiHA conpsiKeHus, M; Py - KOHTAKTHOE AaBiicHue, [1a; f - koadurment tpeHus.

MuHUMaIBHO HEOOXO0IMMOE KOHTAKTHOE JaBIICHUE Py B COMPSDKEHUU OMPENENSIOT 1Mo (op-

Mynawm, I1a:
- IIpU pacyCTax Ha oceBoOU cABUI
Px>Po/dL=F,,,/zdLf, 3)
- IIpU pacyeTax Ha CKPyYMBAOIIUNA MOMEHT
p>2M,, /d’L=2M,,,/7d°L, (4)

- IPY pacyeTax Ha OJJHOBPEMEHHOE JAECHCTBUE OCEBOM CHIIBI U KPYTSILETO MOMEHTA

1 ami, _ 1 , . 4M.,
pK 3 pd7L Ptzm + d2 - def Fmp + d2 ’ (5)

rae P,. - oceBas cuia, nercTByomas Ha coequHenue, kH;

M,y - KpyTsiuii MoMeHT, Hm.
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MakcuMansHO A0IMYCTUMOC YACIBHOC KOHTAKTHOC JAaBJICHHC B COCAWMHCHHH, IIPU KOTOPOM
OTCYTCTBYCT INIaCTHYCCKAasA I[e(l)OpMaI_[I/ISI Ha KOHTAKTHBIX IMOBCPXHOCTAX COCAUHACMBIX )leTaneﬁ,
OIPCACIICTCA IO TCOPHUU HaMOOJBIINX KacaTCIbHBIX HaHpH)KeHI/Iﬁ U HC OOJDKHO HPCBbLIIIATH

MEHBIIIEE U3 3HAYECHUU

pmax1:O758XSTlél_gil; L’J’ pmax2 :0’58XST221_§: H'
g ed ) H é d. '] g

rac or , oz — NPEACIibl TCKYUYCCTH OXBaTBEIBAEMOM H OXBaTBIBaIOHleﬁ JA€TaJln COOTBCTCTBCHHO,

MIla, ds, d; - nuameTpaibHBIC pa3Mepbl OXBAThIBAEMOI M OXBaThIBarolie aeranu (puc. 1), m.

KoHTakTHOE maBjeHUE TPU HM3BECTHOU
[\ ] BEIIMYMHE HATATA TMPHUHATO OMPEIEIATh pellie-
[ % HUEM 3a/ayu JIsMe U mpUHUMATh MOCTOSHHBIM
~ H 10 BCEW nHe conpsbkenus, [1a:
elho e [ l\ ******* d

eE. E:.@

//N w p"zig%Czéd’ (6)

III€ O - HATSAT, M,
Puc. 1 — Cxema coequneHust

E1, E> - MOyIu yIIpyTOCTH MaTepHalia OXBaThIBAEMOM M OXBATBHIBAIOIICH JETAIM COOTBET-
CTBEHHO,
C1, Cy - x03hPHUIMEHTHI )KECTKOCTH OXBATHIBAEMOW M OXBATBIBAIOIICH JETaH, OMpEes-

I0TCS TI0 hopMyIIaM

d’+d} _ditd’
Crya ™ CTggt™ ™

rae Hi, Y2 - koaddunmentsl Ilyaccona oxBaTbiBaeMoil M OXBaThIBAIOILIEH J€Talld COOTBET-
CTBEHHO.

Takum oOpa3oM, BeIMUMHA KOHTAKTHOTO JABJICHUS OIpejesseTcs perieHueM 3aaaun JIsamo
1 YCIIOBHO IPUHUMAETCS IOCTOSTHHOW 10 BCEW JUIMHE CONPSIKEHMUSL.

B nonasnstoniem ke OOJIBIIMHCTBE CIy4yacB OXBaTblBaeMas JI€Tajlb JUIMHHEE OXBaThIBAIO-
mieid. [1pu 3TOM pacrpenenenne KOHTAKTHOTO JaBJIEHUS 1O JUIMHE COSIMHEHUS UMeeT 0ojee CIoxk-
HBIA XapakTep, 3aBUCALIMNA OT JIMHEHHBIX pa3MepoB COIpPSraeMbIX jAeTayei, uX (popmsl, epoxoBa-
TOCTU MOBEPXHOCTH, METOJa COOPKU U APYTUX (HaKTOPOB, KOTOphIe hopmyra JIsiMe HE yUUTHIBAET.
Jedopmarus Toil yacTu Balsia, Ha KOTOPYIO IMOCAKeHA OXBAThIBAOILAs I€Talb, MO JJIMHE COMpsIKe-
HUSl HEpaBHOMEpHA. BrIcTymaronue yacTu oXBaThIBa€MOM JETaH, BHIXOJAIICH 3a Mpeaesbl oXBa-
TBHIBAIOIIEH, MPEMSITCTBYIOT PaJdajIbHOMYy IEPEMELICHUI0 CMEXHBIX CEUEHH, YTO MPUBOJIUT K

KOHIICHTPALIMU HANPSHKEHHUH Y KpaeB OXBaThIBAIOMIEH JeTanu. TakuM oOpa3oM, HCTUHHOE pactpe-
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JICTICHUE JaBJICHUI 110 JUIMHE COSTUHEHHS OCTAeTCs HE BBISBICHHBIM. VcclieioBaHuEe KOHTAKTHOTO
JIABJICHUS 10 JUTMHE COMPSDKCHUS paccMaTpuBajinch B paborax [3] u [4].

Leab cTaThH — YKCIIEPUMEHTAILHO ONPEIEIUTh (PAKTUUIECKIUE KOHTAKTHBIC JIaBJICHUS B CO-
CIMHCHUH C TAPAHTUPOBAHHBIM HATSTOM, CPABHUTh MX C PACYCTHBIMH 3HAYCHUSIMH U HAWTH IOTIPa-
BOYHBIE KOA(PPUIIMEHTHI B 3aBUCUMOCTH OT CIIOC00a COOPKU COSTMHIEMBIX JICTaNCH.

OcHOBHOIT MaTepHAaJl.

B xauecTBe 00pa3noB /Ui MCCIEJOBAaHUN CITYXKHIIM JETAIN: BaJl M BTYJKA, N300paKCHHBIC
Ha puc. 2. BTynka umeer npooIbHbIE Ma3bl JUI BO3MOXXHOCTH MPUIIOKEHHS KPYTSIIEr0O MOMEHTA.
Pasmepsl conpspxenns: auametp - 49 MM, mHa - 48 M.

DKCHepUMEHTATbHBIC UCCIICOBAHMS MPOBOAWINCH 10 METOy, mpemiokeHHomy Illathko
W.N. [3], npu KOTOPOM KOHTAKTHOE JIaBJIICHHE U3MEPSIIOCHh C MOMOIIBIO H3MEPHUTEILHOTO dJICMEHTA
- wthips (puc. 3, mo3. 4) ¢ HakJIeeHHBIMH Ha Hero TeH3oAaryukamu (mo3. 3). LlTeipu ObLIM BMOH-
THPOBaHbI B PaJMalbHbIC OTBEPCTHUS, IPOCBEPICHHBIC B Basie (1103 2) B TPEX CEYEHHSX, a MPOBOAA
OT JIATYMKOB K MOCTOBO# cxeme (1103. 5) MOHTUPOBAIUCH B LICHTPAIbHOE OTBEPCTHE, IPOCBEPIICH-
HOe BJI0Jb ocH Baia. OXBaThIBAIOMIMN AJIEMEHT coeanHeHus (mo3. 1) cobupaicsi ¢ BajgoM AByMs

PpasiIMuHbIMHU crocodamu. 3anpeccom<0171 1 TCIIJIOBBIM MCTOAOM.

N
1]
1 1
2 |
3 |
ﬂ,\ﬂ 7/ ,,,,, S
5 1
:
—
Puc. 3 — Cxema u3MepeHHs KOHTAKTHBIX JTaBICHHMA

Puc. 2 — O6pa3up! aetaneit 11 UCIIBITAHUI: o merony lareko M1,
a - Baj, 0 - BTyJKa

Bbutn M3roToBIIEHBI 00pa3Ibl BAJIOB U BTYJIOK C HOMUHAJIBHBIM THAMETPOM conpspkeHus d =
49 MM u gymHOM conpspkeHus L = 48 MM ¢ BenmunHamu HatiIroB 22 mxM, 34 mkm, 40 MM u 60
MKM. OOpa3iibl ObLIIM COOpaHbl IByMSI METOJIJaMU: IIPECCOBBIM U C HATPEBOM OXBAaThIBAEMOU J€TaNH.
KoHTakTHOE JaBJIeHUE NPU JaHHBIX HATAraX ONPEACISIOCh TeopeTndecku o ¢popmyie (6), momy-
JIY yIPYrocTd NPUHUMAIUCH )i cTaiu Eq = Ep = 2,01-10" Ia, kod¢urmenTs! [lyaccona [y = U
= 0,3. KoapduuueHTsl KeCTKOCTH COOTBETCTBEHHO OXBATHIBAEMOH M OXBAaTBIBAIOIICH JETalU
onpeznemsuuck o gopmynam (7): C1 = 0,7 u C; = 2,3. OOpasupl ObUIH NOABEPTHYTHI OCEBOMY
C/IBUTY.

ITpu nmonmy4yeHHOH 3KCIIEPUMEHTAIBHO BEIMYMHE YCUIIUS OCEBOro caBMra P, U pacyeTHbIM
1o popmyiie (6) 3HaYCHHEM KOHTAKTHOTO JaBJICHUS Py ONpeAessuics KO3 UIMeHT TpeHust
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PL‘ﬂ
pdLp,

PacueTHsie 110 (I)opMyne (6) N OKCIICPUMCHTAJIBHBIC 3HAUYCHUA KOHTAKTHOI'O JAaBJICHUS B 34~

(8)

BUCHMOCTH OT HAaTsra 1o cBejeHbl B Tabmuiry 1. Tam ke mpuBeacHbI MOTydeHHbIE 10 Gopmyie (8)
KO2(pUITUEHTHI TPEHUS.
Tabmumna 1 — TeopeTnyeckoe U IKCIIEPUMEHTATFHOEC KOHTAKTHOE JTABJICHHUE TIPU Pa3IUIHBIX

crocobax coopku

Crioco6 Ycunue Hatar 8, | Koaddumment | KonrakrHoe maBne- | KoHTakTHOE naBiieHHE
cObopku cnsura P, kH MKM Tpenwus, f uue no Jlsame (dop- IKCIEPEMEHTAILHOE,
MmyJa 6) px, MIla MIla
120 22 0,515 31,4 39
Tepmo- 160 34 0,445 48,5 43,5
BO3/ICHCTBHEM 185 40 0,425 57 68
245 60 0,376 86 87,6
62,2 22 0,515 31,4 25,1
Mpeccossiit 90 34 0,445 48,5 36,3
105 40 0,425 57 56,5
125 60 0,376 86 73

CoryacHO 3KCIIEpUMEHTAIBHBIM JTAHHBIM KOHTAKTHOE JIaBJICHHE, MOJIy4YEeHHOE 10 (opMyJie
(6) mpu mpeccoBoit coopke mpumepHo Ha 8-10% BblIIIe AEHCTBUTEIBHOTO, a IPH COOPKE C HATPEBOM

oxBatsiBatoniei nerainu, Ha 20-30% umxke (puc.4).

100
. ‘ ’.
; ==t
= . " - | p—
E“ / "’l/
$ 60 /
: f
-,
g =7
T 40 —.....:.'_..--/
g " /
g -
g 20
T
N
0
22 34 40 60
Hartar, Mkm

Puc. 4 — Teopernueckoe 1 3KCIEPUMEHTAIbHOE KOHTAKTHOE AAaBJICHUE IPU PA3IMYHBIX CIOC00ax
COOpKH: MyHKTUPHAsSI JTUHUS — 110 hopmyiie (6), ITPUXITYHKTUPHAS JIMHKS — IPU COOPKE ¢ Harpe-

BOM, CIUIOIITHAsS JIUHUS — MPU TTPECCOBOM COOPKE.
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BoiBoa: Takum o0pazoM, MOXHO YTBEepXKIaTh, 4To (opmyna JIsMme HE YUHUTHIBAET TaKHE
(hakTOpBI KaK METOJ] COSAMHEHUS C TAPAHTUPOBAHHBIM HATATOM, KO (PHUIIMEHT TPEHUS, KOTOPBIN C
YBEJIMUYEHUEM KOHTAKTHOTO JABJICHHUS YMCHBIIACTCS, METOJl OOpaOOTKH COMPSATacMbIX MOBEPXHO-
cTeil. Jlns ompenenenrs HCTUHHOTO 3HAYEHUSI KOHTAKTHOTO JABJICHUS NIl COOPKU C TEPMOBO3/ICH-
ctBUEeM B popmyy Jlsime HykHO BBecTH K03 duimeHt meroaa coopku K. Ilpu cOopke ¢ HarpeBom
koaddunument K cnenyer npunumats K=1,2-1,3.

_ d
E& + di
eE. E:g
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B poGoTi mpoBeneHo ekcriepuMeHTalbHE TOCTIKEHHS] 3aKOHOMIPHOCTEH 3MIHHM IOIepey-
HUX [IEpEMIIIeHb B 30HI 1IBa I/l Yac KpUCTaJi3alii Ipyu aproHo{yroOBOMY 3BapIOBaHHI €EKTPOIOM,
10 HerwiaBUThes, amoMiHito Mapku AJI0. OTpumaHi JaHi MOKYTh OyTH BHKOPHCTaHI IpU BHOOPI
ONITUMAJILHOTO PEXXHUMY 3BapIOBaHHs, O€3MI€YHOI0 3 TOYKHU 30py KPUCTAIUIM3ALUOHHOIO PO3TPICKY-
BaHHS.

VY cTarTi po3rIAga€ThCs JOUUIbHICTh BUKOPUCTAHHS CTATUCTUYHUX METOJIIB aHAi3y TOUHO-
cTi, crabuibHOCTI M kepyBanHs TII, mo nependayae KOHTPOJIb MPOIECY JIUIIE 33 OJHUM IMOKa3HU-
KOM sIKOCTI BUpoOy. J[ist 6e3po3MipHOro MOKa3HUKA SKOCTI PO3MISHYTO OLIHKM MapaMmeTpiB Ta
3HANWJIEHO YUCIIOBI XapaKTEpUCTHKU X Mozened. Ha ocHOBI oTpuMaHUX OIIHOK 3aIpONOHOBAHO
METOJ] BU3HAYCHHS SKOCT1 TEXHOJIOTIYHUX MPOLECIB Y MAIIMHOOYAyBaHHI.

OTtpuMaHi pe3ynbTaTu CB1IYaTh IO Te, 1110 PU 3BapIOBAaHHI IUIACTHH BCTHK 0e3 3a30py Oa-
30Ba BI/ICTaHb B 3aJISKHOCTI BiJ LIBHJIKOCTI 3BapIOBaHHS 1 TeMIepaTypu HONEPeIHbOIr0 MilirpiBy,
MOX€E 3MEHIIYBAaTHUCS, 301IBIIYBATHCS, a00 3aJIMIIATACA HE3MIHHOIO. MOMEHT, KOJI MMOYUHAETHCS
301MKeHH 0a30BUX TOYOK, CTAHOBUTH HAHOLIBIIMI 1HTEpPEC 3 TOUKU 30py OLIHKU MOXJIMBOCTI
YTBOPEHHS KpUCTaTI3alliHUX TPIIIMH Y 3BAPEHOMY IIBl. YMOBH, IPHU SKHX 3MEHIIECHHS 0a30BoOi
BIJICTaHI B1I0YBa€ThCs OHOYACHO 3 MPOTIKAHHIM KpUCTalli3allii MeTally B y)Ke 3rajyBaHOMYy Iepe-
TUHI € 0€3MeYHUMHU LI0JI0 YTBOPEHHS KpUCTaNI3aliiHUX TPIIIMH, TaK SIK ocjlablieHa JUISHKA IIBa
MiJIA€ThCS BIUIMBY, 1110 CTUCKAE, BiJl HABKOJIMIIHBOIO METAJy, SIKE MMOBHICTIO a00 YaCTKOBO KOMIIe-
HCY€ HAMpPyTH PO3TATHEHHS, SIKI 00YMOBIICHI CKJIATHOIO yCaaKoro. SKio >k 6a30Ba BiJICTaHb 3aJld-
LIA€ThCSl HE3MIHHUMU TiJ1 Yac KpUCTajii3allii, 1ie CBIAYUTH MPO HASBHICTb HANPYTU PO3TATYBAHHS,
sKa 00yMOBJIEHAa YCKJIQJHEHOIO ycaakoro. Lle Takok cTBOproe HeOE3NeKy YTBOPEHHs KpUCTali3a-
MIMHUX TPIIIUH, OCKIJIBKH HAIPYTH, SK MPaBUJIO, KOHIEHTPYIOThCSA B HAHOULIbII C1abKoi OChOBOT
TUISHII IBY, e METall TBEPAHE B OCTAHHIO Yepry.

©CurnukoB b.B., Mapmry6a B.I1., Mipomranaenko H.M., Conogeii JI.B., lupokos Credan, 2019 115


mailto:ludsol@ukr.net;
mailto:fan.gogle@gmail.com;

ISSN 2079 — 1747 MammHo6ynyBanus, 2019, Ne24
DOI 10.32820/2079-1747-2019-24

Ipukiaagna MexaHika

[Tpu 3BaproBaHHi TIACTHH 3 amoMiHio Mapku AJI0 TOBImKHOIO 4 MM 301IBIICHHS IIBHIKOC-
Ti 3BaproBaHHs 3 8 10 32 M/ro MPU3BOIUTH JI0 MOSBU HAIPYT, IO PO3TATYIOTh, B 00JacTi mepedy-
BaHHS METaJy IIBY y TBEPJOPIIKOMY CTaHi, [0 MOXKE MPU3BOJAUTH 10 BUHUKHEHHS KpUCTaTi3aIliii-
HUX TPIIIHH.

Knrouosi cnoea: sixicth, TEXHOJIOTIYHUN MPOLIEC, MOJICTIOBAHHS, YHUCIIOBI XapaKTEPUCTUKH,
0e3p03MipHUI TTOKA3HUK.

Cumnuxoe b.B., Mapwyoa B.I1., Mupownuuenko H.M., Conogeii JI.B., Illupoxoe Cme-
¢an «Vcnionp3oBaHUE UHTETPUPOBAHHBIX TEXHOJOTHU MPH OINpPEASICHUH TONEPEeYHbIX Iedopma-
LUSAX METaJula B 30HE 111Ba IIPU aproHOJYTOBOM cBapke amoMuHUA Mapku AJI0».

B pabote npoBeseHO IKCIEPUMEHTANbHOE UCCIIEIOBAaHIE 3aKOHOMEPHOCTEN N3MEHEHHS I10-
IIEPEYHBIX NIEPEMEILEHUI B 30HE 1IBA IPU KPUCTAJLUIU3ALUU IIPU AprOHOAYTOBOM CBapKe aJIFOMUHHUS
Mapku AJI0 HermmaBsmmMcs dmekTpoaoM. llomydyenHsle JaHHbIE MOTYT OBITH MCIIOJB30BAaHBI MPH
BbIOOpE ONTUMAJIBHOTO PeXXMMa CBApKH, O€30IIaCHOTO € TOYKU 3PEHUs] KPUCTANIM3ALIOHHOIO pac-
TPECKUBAHUSI.

B cratbe paccmarpuBaercs 11e51€cO00pa3HOCTh MCIIOJIb30BaHMUS CTaTUCTUYECKUX METO/I0B
aHalmM3a TOYHOCTH, cTabwibHOCTH W ympasienus TII, mpemycmarpuBaeTcsi KOHTPOJb Ipolecca
JMIIb [0 OJHOMY IOKa3aTeiro KayecTBa uzaenus. st 6e3pazMepHOro nokasaressi KayecTBa pacc-
MOTPEHBI OLIEHKHU [IapaMeTPOB U HAWJIEHbl YUCIIOBBIE XapaKTEPUCTUKU 3TUX Mojened. Ha ocHose
IIOJIyYEHHBIX OLICHOK INPEIJIOKEH METOJ OIPEIEIICHUs KauyecTBa TEXHOJIOIMYECKHX IPOLECCOB B
MalIMHOCTPOEHUH.

ITomyueHHble pe3ysibTaThl CBUAETENBCTBYIOT O TOM, YTO IIPU CBApPKE IUIACTUH BCTHIK 0€3 3a-
30pa 0a3oBasi pacCTOSIHUE B 3aBUCUMOCTH OT CKOPOCTH CBapKU M TEMIIEPATYyphl IPEIBAPUTEIBLHOTO
IIOIOTPEBA, MOXKET YMEHBIIATHCA, YBEINYMBATHCS MM OCTaBaThCS HEM3MEHHOW. MOMEHT, Koraa
HaunHaeTcs cONmKeHne 6a30BbIX TOYEK, MPEACTABIACT HAaHOOIBIINN HHTEPEC C TOUKU 3PEHHS Olle-
HK{ BO3MOKHOCTH 00pa30BaHMs KPUCTAJUIM3ALMOHHBIX TPEIIMH B CBAPHOM ILBE. Y CJIOBHUS, IPU KO-
TOPBIX YMEHbIIIEHHE 0a30BOr0 PAaCcCCTOSHHS MPOUCXOAUT OJHOBPEMEHHO C MPOTEKaHHEM KpPHUCTAa-
JAM3aliK MeTalla B AaHAJIM3UPYEMOM CEUCHMHU SIBIAIOTCSA O0€30IacHBIMM IPU CO3JaHUU KPHUCTaILIH-
3allMOHHBIX TPELIMH, TaK KaK OcjJabJeHHBIH y4acTOK IlIBa IOABEPraeTCsl CKUMAIOLIEMY BO3JIEHCT-
BUIO OT OKPYKAIOILEro METaljla, MOJHOCTBIO WM YACTUYHO KOMIICHCUPYET HAIPSKEHUS pacTsKe-
HUSI, KOTOpBIE 00YCIIOBIICHBI CIIOKHOHN ycankoi. Eciu sxe 6a30Boe pacCTOSIHUE OCTaeTCsl HEM3MEH-
HBIMH BO BpeMs KPUCTAJUIM3ALMK, 3TO CBUAETENbCTBYET O HAIMYMM HAIPSKEHUS PACTSKCHUS, KO-
TOpast 00yCJIOBJIEHa OCJIOKHEHHOHN yCaJKoil. DTO TakXkKe CO3/1aeT OMacHOCTbh 00pa30BaHUs KpHCTall-
JU3alMOHHBIX TPEUIMH, TaK KaK HaIlPsDKEHUs, KaK IPaBUilo, KOHLEHTPUPYIOTCs B Haubosee ciaadoit
0CeBOM 00J1acTH 1IBA, 1€ METAILI 3aTBEPACBACT B IIOCIECIHIO OYEPEb.

ITpu cBapke miuactuH u3 amomuHug Mapku AJI0 TonmumHONW 4 MM yBeIUYEHHE CKOPOCTH
cBapku ¢ 8 10 32 M/4 IPUBOUT K MOSIBIICHUIO PACTATHBAIONINX HAPSHKEHUI, B 001acTH 1peObiBa-
HUS METalla IIBa B TBEPJAOKUIKOM COCTOSIHMM, YTO MOYKET IPUBOJUTH K BOSHUKHOBCHMIO KpHUC-
TaJIN3aLMOHHBIX TPEIIHH.

Knrwouesvie cnosa: xauecTBO, TEXHOJIOIMUYECKHU ITpoLECC, MOJECIUPOBAHHUE, YUCIICHHBIE Xa-
PaKTEepUCTUKH, O€3pa3MEpHBI OKa3aTeb.

Sitnikov B., Marshuba V., Miroshnichenko N., Solovey L., Shirokov Stefan «The use of
integrated technologies for determining the transverse deformations of metal in the weld zone dur-
ing argon-arc welding of aluminum grade ADO».

An experimental study of the patterns of changes in transverse displacements in the weld
zone during crystallization during argon-arc welding of ADO grade aluminum with a non-
consumable electrode was carried out. The data obtained can be used to select the optimal welding
mode, safe from the point of view of crystallization cracking.

The article discusses the feasibility of using statistical methods for analyzing the accuracy,
stability and control of TP, provides for process control on only one indicator of product quality.
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For a dimensionless quality indicator, parameter estimates are considered and numerical
characteristics of these models are found. Based on the obtained estimates, a method for
determining the quality of technological processes in mechanical engineering is proposed.

The results obtained indicate that when butt welding without a gap, the base distance,
depending on the welding speed and preheating temperature, may decrease, increase or remain
unchanged. The moment when the rapprochement of the base points begins is of greatest interest
from the point of view of assessing the possibility of the formation of crystallization cracks in the
weld. Conditions under which a decrease in the base distance occurs simultaneously with the
crystallization of the metal in the analyzed section is safe when creating crystallization cracks, since
the weakened section of the weld is subjected to compressive action from the surrounding metal,
fully or partially compensates for tensile stresses, which are caused by complex shrinkage. If the
base distance remains unchanged during crystallization, this indicates the presence of tensile stress,
which is due to complicated shrinkage. This also creates the risk of crystallization cracks, since
stresses are usually concentrated in the weakest axial region of the weld, where the metal hardens
last.

When welding plates made of aluminum, grade ADO, 4 mm thick, an increase in the welding
speed from 8 to 32 m/h leads to tensile stresses in the region where the weld metal is in a solid-
liquid state, which can lead to crystallization cracks.

Keywords: argon, tungsten electrode, welding speed, aluminium, the seam, lateral move-
ments, crystallization cracks.

1. ITocTanoBka NpodJieMH B 3arajibHOMY BUIJISIAI

VY mporeci kpucTaizaili TBEpAOPIIKOro METAITy IIIBa, 110 MA€ MaJie BiJI-HOCHE MOIOBKCHHS,
Marepiaj 3a3Ha€ ycaJKy i miIaeThCs BIULIMBY 3BaproBaibHuX Aedopmanii [1]. Y neit nepion HaBiTh
HE3HAYHI HaNpyrW PO3TATHCHHS MOXKYTh IPU3BECTH 0 YTBOPEHHS KPUCTANi3alliiHUX TPiluH [2-
4]. OcHOBHI 3aKOHOMIPHOCTI BUHUKHEHHS JedopMalliii 1 HalpyKeHb MPHU Iyro-BOMY 3BaprOBaHHI
AIIOMIHI€BUX IJIACTHH, IO PO3MIISHYTI B poboTax [5, 6]. Ha miacraBi ekcniepuMeHTaIbHOTO JT0CTi-
JDKEHHSI 3aKOHOMIPHOCTEH 3MIHM 3BaproBajib-HUX Ae(opmaliiii 3a JONOMOIOK METOLY MyapOBUX
cMyT OyB 3p00JIeHUI BUCHO-BOK TIPO TE, IO JIJIS AIFOMIHIEBUX CIUIABIB XapaKTEPHHUM € MOTICPEIHHIA
CTHUCK MeTaly y 3BaproBaJbHOI BaHHI [/]. 31 3pOCTaHHSIM LIBHIKOCTI 3BapIOBAaHHS ITIK CTUCHEHHS
3CyBa€ThCs B OiK OUThII HU3BKHX TeMIlepatyp 3acturanns. [Ipu npomy nependavasocs [5, 6], mo
3BapIOBAJIbHI HANIPYTH 3'ABISIOTHCS y BaHHI TUIBKU MICIsS JOCATHEHHS TemmepaTypu conuayc. [Ipu
TEMIIepaTypi K BHILIE COJIAYCy Ma€ BiIOyBaTUCS BiIbHE IMEPEMIIIEHHS METalTy B 3BapIOBAJIbHY
BaHHy. OlHaK Ha-CHpaB/i HAlpyrd y 3BaApHOMY IIBI BUHHUKAIOTh IiJl yac rnepeOyBaHHS METaly B
TBEPJOPIAKOMY CTaH1 IPU TeMIepaTypax, 110 MEePEeBUILYIOTh TOUKY COJIiAYCY, TOOTO BOHM KOHIIEH-
TPYIOTHCS B HaOLIbII citaOkoi misHI [8].

3 orsAay Ha BHUIICBHKIIAZCHE, MOXKHA 3pOOMTH BHCHOBOK, LIO JUIS BHOOPY ONTHMAaIbHOTO
peXUMy 3BaprOBaHHs, O0€3MEYHOTO 3 TOYKH 30py KPHCTAII3aI[iiHO-TO PO3TPICKyBaHHS, HEOOX1THO
BHUBUUTHU 3aKOHOMIPHOCTI MONEpEeYHUX Aedopmariiii MeTary 1iBa mijJ yac nepeOyBaHHs HOTo B TBE-
PAOPIIKOMY CTaHi.

2. AHaJji3 nociaikeHb i myoJsikamniii mo Temi crarTi

3BaproBaJIbHI HANPYTH Ta JAe(opmMariii JOCTIHKYBaJIHU 1 TPOJOBKYIOTh BUBUATH BEJIHKA KiJlb-

KICTh BITUM3HSHHUX 1 3apyOKHMX BUCHHMX. PO3risiHeMO Juie Aesiki CTOPOHU JaHOTO MUTaHHS, IO
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0e3mocepeIHbO CTOCYIOTHCS MPOOJIEMH YTBOPEHHSI TapsiYMX TPIIIMH 3 ypaxyBaHHSIM BHMOT, IOJIO
3BapIOBaHHs aJTIOMiHiIO. 3 1i€i TOUYKH 30py BEJIMKE 3HAUYEHHS Ma€ JAWHAMiKa THMYAacOBHX HAmpyr i
nedopmariiii y 3s8apHOMY IIBI.

Posrnsmaroun TemrmeparypHe mojie Ha OBEPXHI METally HaBKOJIO JKEepela TeIuia, o mepe-
MIIIAETHCS, aBTOp poOoTH [9] MPUXOIUTH 10 BUCHOBKY IO T€, IO B PE3YJITATI MiABUIICHHS TEM-
nepaTypu CMyTrd MeTally OJIM3bKO OCi IIBa 30UIBIIYIOTHCS MO JOBXKHHI OUIbIE, HIXK THapajeiabHi
CMYTH, II0 PO3TAIlOBaHi Ha Kpaiikax faii BiJ oci. BHacmigoK IbOTO IUIACTHHH, IO 3BAPIOIOTHCA,
IparHyTh 3ITHYTHCS 3 YTBOPEHHSAM 3a30py Momepeay 1 33ady JKepesa TeIUloTH, a 0e3rocepeHbo
roriepe Ty BaHHH 3aBXKIM CTBOPIOETHCS 007IaCTh BUCOKHUX HAIIPYT Ta CTUCHEHHS.

HasiBHicTh 00nacTi Hampyr, MO0 CTUCKAIOTh a00 AedopMalliil monepeny 3BaproBaIbHOI BaH-
HH, L0 PYXAETHCS, MPUPOJIHO, Ta HE € HEOE3MEeUHO0, TaK K TyT METal IJIaBUThCS, a HE TBEpJHE.
Kaprtuna nHampyr i aedopmariiii npu 3BaproBaHHI B XBOCTOBIH YaCTHHI IIBA, 3AJICKUTH BiJl PEKUMY
3BaprOBaHHsl, 0COOJIMBO BiJ MIBUAKOCTI MPOIIECY, HASIBHOCTI 3a30py a00 0OpoOIEHHS, BIaCTUBOCTEH
MeTally, TOBIIMHY 1 IIMPHHMU IJIACTHH, )KOPCTKOCTI KPIIUICHHS TOMO. Y HOPMaJIbHUX YMOBaX XBOC-
TOBY YaCTUHY BaHHU OXOIUTIOIOTH 3BaplOBaJIbHI HANPYTH, 10 CTUCKAIOTh. TyT M MPOTUCTOSATH yca-
JIOYH1 HAIPYTH MEePEeXiTHOI 30HHU, IO PO3TATYIOTh. 3 TOUKU 30pY 3ar00iraHHs rapsyux TPILIUH MOs-
Ba 3BapIOBAILHUX HANPY’KeHb, IO CTUCKAIOTh, KOPHCHA.

B po6orti [10] po3rissHyTO BIUIMB pEXUMY 3BapIOBAaHHS Ha TEXHOJIOTIYHY MII[HICTh IIBIiB
QITIOMIHIEBUX CIUTAaBiB. Big3HaueHo, 10 BIUIMB IIBUJKOCTI 3BapIOBAaHHS Ha CTIHKICTh METajy IIIBa
JI0 YTBOPEHHS KpPHCTANi3alliiHUX TPIIIMH HE 3aBXIU OJHO3HAYHO. Tak, KpiM MIBUAKOCTI, HEOOXia-
HO BPaxOBYBaTH TaKoX 1 (hOpMy MpoOBapy, HAMPSMOK POCTY KPUCTAJIB Ta iH.

[Tpu 3BaproBaHHI CTUKOBHUX IIBIB IJIACTHH a00 MOJIOTHUII aBTOpH podotu [9] crocrepiranu
HACTYIHY KapTHHY. SIKIIO IIOB BApUTHU 3 HEMOBHUM (Ha MIMOMHY MEHII 2/3 TOBIIMHMU JIKCTA) MPO-
IUTaBJICHHEM JIHCTA (TOBIIMHOKO OinbIie 3...5 MM) CXHIIBHOTO O YTBOPEHHS TPIIIHMH CIUIABY, O30~
BXKHI TPILIMHU HE BUSABIAIOTHCA. 3a3BUYAll MPU LIbOMY MOXJIMBO YTBOPEHHS MONEPEYHUX TPILIUH.
[Ipu opHOMPO-X1THOMY 3BapIOBaHHI CTUKOBHX IIIBIB 3 HOBHUM IPOBapoM (Gopma IIBa MEHII CIpHsi-
TJIMBA 1 3pocTae HeOe3MneKa yTBOPECHHS MO30BKHIX TPIIIKMH. Y pa3i 3BaproBaHHs 0€3 MONepeIHbOTO
1 CyMyTHBOTO MAIrPiBY 3 BiIHOCHO BEITUKOIO IIBUAKICTIO B OCHOBHOMY BiJIOYBa€ThCs 30IMKCHHS
Kpailok. SIKI10 3BaproBaTH IUIACTHHU 3 MAJIOK0 LIBUJIKICTIO, TO B MPOLEC 3BAPIOBAHHS METajl BCTH-
ra€e OXOJIOHYTH HAaCTUIbKH, [0 OCTaHHI JUISIHKY I11BA B1TUYBAIOTh HAIIPYTH PO3TATHEHHS.

VY psini pocaikeHb BUBYaiacs aedopmMallist MeTaly LIBY B IPOLEC YTBOPEHHS TPIILUMH IpU
3BaplOBaHHI 3 OJJHOYACHUM 3aIlCOM 3HaueHb Temieparypu. [Ipu BuMiproBaHH1 TeMIepaTypu MeTa-
Jy B MPOLIEC] 3BapIOBAHHS, SIKMH XapaKTepHU3Y€EThCS HEOAHOPIIHUM TEMIEpaTypPHUM IIOJIEM 3 BEIH-
KUM TPaJlEHTOM TeMIepaTyp, HalOUIbIIOro MOIIMPEHHS HaOylIu TepMolapu. 3 4yucia iCHYHUHX
TepMoIIap, IO 3a3BUYail BUKOPUCTOBYIOTH /ISl BUMipy Temrieparyp B maiamazoni 300...700° C, B po-
6oTi [11] Oysa oOpana xpomernb-aitoMesieBa Tepmonapa. Jlana TepMonapa mopsij 3 JiHIHHOO Tep-
MOEJIEKTPUYHOI XapaKTePUCTUKOIO NP JocuTh BUCOKii EPC Binpi3HA€ThCSA B AOCTIIKYBAaHOMY [Ii-

ana3oHl TeMIepaTyp HE3HAYHOI0 PO3YMHHICTIO B piAKOMY aitoMiHii. LIs xapakrepucTtuka nysxe Ba-
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JKJIMBA I BUKOPUCTAHHS TepMomapu 0e3 3aXMCHOr0 4YoXJja 3 METOI0 3HWKEHHS 11 1HepPILIMHOCTI.
Taxa Tepmomnapa, BurotoiieHa 3 apoty aiamerpom 0,10...0,15 mm, Habupae Temneparypy 300° C 3a
yac, mo He nepesuurye 0,5 c. [ 30epekeHHs1 cTaOlIbHUM OTIOPY BUMIPIOBAIBHOTO KOHTYPY 3a-
CTOCOBYBAJINCS KOB3al04l KOHTAKTU. [CTOTHHI BIUIMB Ha TOYHICTh BUMIPIOBAHHS HaJa€ crociO BBe-
JICHHS cliasi TepMoIapu B piakuil meran. Tepmonapy aiamerpom menie 0,8 MM uepes TEIUIOBY Jit0
JIYTU HE BJIA€ThCSl BBOJAWTH B 3BaplOBAJIbHY BaHHY 3BEpXY. BUIbII 3py4HUM BUSBUIOCS BBEACHHS
criasi TepMOIIapy B 3BaploBajibHy BaHHY 3HU3Y (0TBip miamerpom 0,6 mm). Ilpu 11bOMy BHSBHIOCS
HEOOXITHUM BBOJUTH CHail TepMo-Napu Ha Taky IIMOMHY, 00 B MpOIieci 3BaploBaHHs BiH HE BU-
CTyIIaB HaJl PIBHEM PIJIKOrO METaly, KU MOKPHUBAE JHO 3BaproBabHOI BaHHU. [Ipu Oinbmiomy ai-
ameTpi oTBOpYy ab0 HeBeNuKil INIMOMHI 3aHYypEHHS, Clail TEPMOMAapH MOTaHO 3MOYYETHCS PIIKUM
MetajioM. [1oTiM KiHIII TepMoTapH MiIKJIFOYaINCs Yepes3 OIip /10 rajlbBaHOMETpa abo ocruiorpada.

Jlnst BumiproBanHs nedopmarii OyB ckoHcTpyioBanuii nedopmomerp [9]. HasBHicTh Mik
HKKaMH J1e(hopMOMETpa BOX MPY>KUH, 1110 B3a€EMHO BPiBHOBAXKYIOTb, OJIHA OJIHY J103BOJISIE 3HU3U-
TH JI0 MIHIMYMY TUCK TOJIOK Je()OpMOMETpa Ha METaJ, 110 KPUCTAII3Y€EThCA. Y MOMEHT YTBOPEHHS
3 3pPOCTAIOYMX KPHUCTAJIB KOPCTKOTO KapKaca, TUCK TOJOK MPAKTUYHO JOPiBHIOE HYI0. BoHO 30i-
JBITYETHCS B MPOIIECI KpUCTAITI3allii B Mipy 3pOCTaHHS a0COJIFOTHOI BeTUYMHH Jedopmariii. 3aBs-
KM OJJHOYACHOMY 30UTBIICHHIO IIUX 3YCUJIb 1 MIITHOCTI METaITy, 1[0 KPUCTAII3Y€EThCSI, BEPXHIO TEM-
nepaTypHy MeXY BUMIpPIOBaHb MpPUJIAZy BIANOCSA MiJHATH ICTOTHO BHILE TEMIIEPATypu COJITYCY.
[lepemimienHs royiok aepopmMoMerpa NEPETBOPIOETHCS B €IEKTPUUHMIM CUTHAJ 3a JOIMOMOTOI0 TEH-
30010piB. BeTynHMii curHan Bijg TeH30JaTYMKa 3amucyeThesi Ha ociuiorpadi oxnoyacuo 3 EPC
tepmomnapu. Lle 3abe3nedye aBTOMaTHUHY CHHXpOHi3allito 3amucu aedopmariii i remnepaTtyp y
qaci.

OpurinaiabHy METOJUKY BHMIpIOBaHHS MEPEMIIIEHb 3BapIOBAIbHUX KPOMOK IIPH 3aTBEPAiH-
HI METajIy 3aCTOCyBaiu aBTopu podoTH [12]. BoHu BimMOBHIKCS Bix BUKOpUCTaHHS AehopMomMeTpa
3 HUKKaMHU, 10 3aMOPO’KYIOTh B TUII IIBY, BBa)KalO4H, 110 TUCK, IKUH BOHU CTBOPIOIOTH, JOPIBHIOE
OIOpy MeTaily B iHTepBali KpuxkocTi. s Bu3HaueHHs aedopmariiii 3acrocyBaiu KiHO3HOMKY B3a-
€MHOTI0 IOJIOKEHHS KOHTPOJIBHUX TOYOK 0a3H, 110 BUMIPIOBAIIM, B POIEC] MPOXOIKEHHS yepe3 Hel
3BapHOT ayru. [Ipu KiHO3HOMKY (DIKCYBalIM PUCKH, IO MEPEXPEILyIOTh-Csl, SIKI HAHECEH1 Ha Ti JIiJIs-
HKU Kpa#oK, L0 3'€AHYIOThCS, SKI HE MOBUHEHHI oraB-nsaTHcsA. CKIIaloBl 3pa3Ku 3BaplOBaIMC
KPYTOBHMH IIIBAMU TIPH HEPYXOMOMY MAIBHUKY 1 KIHOKaMepH.

3. Bukjiai o0CHOBHOT0 MaTepiaiy

[lepemiiieHHs 3BaprOBaJIbHUX KPOMOK IIIBY IPH 3aTBEPAIHHI METaIy MPOBO-AMIN O€3KOHTA-
KTHUM METOJIOM 33 METOJMKOIO, sika HaBeJaeHa B poOoTi [12]. ABTOpH BiIMOBHIIUCS BiJl BUKOPHUC-
TaHHA JeOopMOMETpa 3 HKKaMH, 1110 3aMOPO->KEHUMH B TiJi IIBA, BBAKAIOUH, 1110 THCK, IKUH BOHU
CTBOPIOIOThH, JOPIBHIOE 3 ONOPY METay B 1HTEepBail KpUXKOCTI. J[1s Bu3HaueHHs nedopmariii 3a-
CTOCYBAJI KiHO3MOMKY B3a€EMHOTO TOJIOKEHHSI MEPEXpeIlyoThCs PUCOK BUMIPIOBAIBbHOI 0azu B

IpoIIeci MPOXOKEeHHS yepe3 Hei ayru (puc. 1).
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s IIpu 3BaproBaHHI BHUKOPHCTOBYBAJIU

+ NaJbHUK 3 MPO30POI0 KPHUILIKOK, IO J0-

_,_——-""":— 3BOJIIE CTIocTepiraTé 1 (iKCyBaTH Ha Ki-

HOIUTIBLI 3MiHU 0a3u MK KOHTPOJIbHUMH

el >
e

{L; ® BIIMITKaMM, TIOTIEPEAHBO HAHECCHUMH

[ —— 3J1iBa 1 mpaBopy4 Bijx oci mBa. KiHo3ziom-

o +Ixe = Ky BUPOOJsUIH 31 MBUAKICTIO 8...24 xan-

Puc. 1 — Cxema 3BaproBalIbHOI BaHHHU: piB B cexyHnay. Ilicas nposiBIeHHs IUIIBKU

1B — MOBXKWHA 3BapIOBAIBHOI BAHHH,; 1XB — TOBKHHA BiZicTaHb MK BiIMITKAMH KOKHOI 0a3u

XBOCTOBOI YaCTUHM 3BapIOBAIILHOI BaHHU; + — Ilepexpe- . .
BUMIPIOBAJIA 32 JOIOMOI'OK I1HCTPYMEH-

LIYIOTbCA PU3MKH; 1X — MIPOMiDKHE MOJIOKEHHS PUCOK, )
TAJIBHOI'0 MIKPOCKOIIA.

1[0 [IEPEXPEILYIOThCS

J11s1 3MEHIIIEHHS TOXUOKW BUKOPUCTOBYBaNK 0a3y 14...16 MM, npu sikiii moxuOka cTaHOBHIIA
He Oinpire 0,2 %. B ekcriepuMeHTax BUKOpUCTOBYBaU miactuHu po3Mmipamu 200X150 mm 3aBTOB-
Ky 4 MM. 3BaproBaHHs MIPOBOJMIN BOJIb(PpaMoBUM enekTpoaoMm mapku EBJI niamerpom 4 MM Ha
3MIHHOMY CTpyMi Bix Jokepena skupiieHHss TIP-300/] 3 BukopucranHsM npucagHoro apoty CBAS
JiaMeTpoM 2 MM Ha peXuMax, 3a3HaueHux y Tabmuui.IlpucTpiit ams KpirnsieHHs 1 miAirpiBy IiacTHH
CKJIaJaJIOCs] 3 €KCIIEPUMEH-TAJIbHOI HarpiBaJlbHOI €JEKTPUYHOI IJIMTH, Ha SIKY MICTHBCS CTOJHK 31
3pa3KoM, IO JOCTIHKYBAIU. 3pa3Kul MIAITPIBAIM A0 3aBIaHO] TeMrepaTypu T, MOTiM BiIKIIOYaIN
MPUCTPIH, 110 HATPpiBa€ Ta MOYUHAIN IPOLIEC 3BAPIOBAHH.

Ha puc. 2 npencrapieHi pe3yabTaTH BUMIPIOBaHb BIIHOCHHX mepeMminieHs d, y %, KpoMok,
10 3BapIOIOTh, B MOMEPEYHOMY HANPSMKY TPU 3BApIOBaHHI IUIACTHH 3 amtoMiniro Mapku AJI0 3i
mBuakicTio 8, 16, 24 i 32 m/roa. [loyaTok BUMIpIOBaHb BiTHOCHUX HEPEMIIlICHb BIAMOBIIa€ MOMEH-
Ty NPOXO/KEHHS AYTH 4epe3 nepepis, 10 aHaJi3yI0Th, KIHELb — MOMEHTY 3aBEpIICHHS KpUcTaii3a-
1ii 3BaproBaJibHOT BaHHU (Ta0J1.).

OtpumaHi pe3yJbTaTu CBiAYATh MPO Te€, IO IPU 3BapOBaHHI IJIACTUH BCTUK 0€3 3a30py B
Mipy BIJJQJICHHS TyTH Bl TIepepi3y, 10 aHAM3yI0Th, 0a30Ba BIJICTaHb B 3aJICKHOCTI B1J] IIBUAKOCTI
3BapIOBaHHs 1 TeMIepaTypy MONEPEAHbOro MiAIrpiBy, MOXe 3MEHIIYBAaTUCS, 30UIbLIyBaTHCS, a00
3aJMIIATHCA HE3MIHHOIO. MOMEHT, KOJIM ITOYMHAETHCS 30JIMAKEHHsT 0a30BMX TOUYOK, CTAHOBUTH Hali-
OUTBIINI 1HTEpPEC 3 TOUKH 30PY OL[IHKH MOXKIMBOCTI YTBOPEHHS KPHCTANI3aliifHUX TPIIIUH Yy 3Bape-
HOoMy miBi [9]. YMOBH, mpu sSIKMX 3MEHIICHHS 0a30BOi BifCTaHi BiOyBa€ThCsS OJHOYACHO 3 MPOTi-
KaHHSM KpHCTaji3alii MeTaly B yKe 3raJlyBaHOMY NEpETUH1 € Oe3MeYHUMHU L1010 YTBOPEHHS KpuC-
TaNi3aI[iiHUX TPIIIHH, TaK SK OCIA0JIeHa NIJsSTHKA [IBa MiJIA€ThCS BILUTUBY, IO CTUCKAE, BiJ] HABKO-
JMIIHBOIO METay, SIKe IOBHICTIO 00 YaCTKOBO KOMIIEHCY€ HANPYT'H PO3TATHEHHS, sIKI 00yMOBJIEHI
CKJIQ/IHOIO yCaJIKOI0. SIKIII0 5k 6a30Be BIACTaHb 3JIMIIAETHCS HE3MIHHUMM I11]1 Yac KpUcTami3alii, e
CBIAYUTH IIPO HASBHICTh HANPYTU PO3TATYBaHHS, sika 00yMOBJIEHa YCKJIaJHEHO ycazakor. Lle Ta-
KOK CTBOPIO€ HEOE3MEeKy YTBOPEHHS KPHUCTaN3aliiHUX TPIIIMH, OCKUIbKM HAIpyTH, K MPaBUIIO,

KOHIICHTPYIOTBCS B HAaHOLIBII CJ1a0K0i OCbOBOI JUIAHIII IIBY, Jie METaJl TBEpAHE B OCTAHHIO Yepry.
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Tabmurs. - OpieHTOBHI PEKUMHU aBTOMATUIHOI aprOHOIYTOBOTO 3BapIOBAHHS
HEIJIAaBKUM EJICKTPOJIOM CTHKOBHUX 3'€JHaHb amtoMiHito Mapku A/J[0 ToBmuHO0O 4 MM

Ne 138, A V3B., M/rox V1., M/ron Tn.,° C
OIIBITA
1 190 8 22 20
2 220 16 27 20
3 260 24 32 20
4 320 32 38 20
5 170 8 22 100
6 200 16 27 100
7 240 24 32 100
8 300 32 38 100
9 160 8 22 150
10 190 16 27 150
11 230 24 32 150
12 290 32 38 150
13 150 8 22 200
14 180 16 27 200
15 220 24 32 200
16 280 32 38 200

OpaHak CXWIBHICTD /10 YTBOPEHHS TPILIMH, MOB's3aHa 3 AepopMalisiMu MeTaly IIBY, SKi
3yMOBJICHI BIUTUBOM HAaBKOJIMIIHBOTO METATy Ta 3AJICKHTH 1 BiJl IHIIMX YNHHHUKIB. TPOTSHKHOCTI
TEMIIEpAaTypPHOTO 1HTEPBAIY KPUXKOCTI, IIOJI0 BIMOBIA-HOTO TOJIOBXEHHS B I[bOMY 1HTEpBAJI,
TEMITy HapoCTaHHs jaedopmaiiil po3rary-BaHHsa. ToMmy MOCTiMHMI 0OCAT BUMiproBaHOi 0a3u B
1HTepBaJll KpUCTai3alii He € GaKTOpOM, KU HEMUHYY€e MPU3BOAUTH IO YTBOPEHHS KpHCTali-
3aifHUX TPIIIMH — BiH TUIBKW CBITYUTH IIPO TEHICHIIIIO 3POCTAHHS HEOE3MEKU PO3TPICKyBaH-
Hs1. 3aJIe)KHOCTI, 10 OTPUMAaHI MPH TOCIIKEHHI 3BapIOBaHHSI IJIACTUH aJTFOMIHIIO 31 MIBUIKICTIO
8 m/rox (puc. 2, a), CBIIYUTD PO HASIBHICTH Ae(opMalliii CTUCHEHHS B NepioJl epeOyBaHHs Me-
Tay LIBa B TBEPJOPIIKOMY CTaHi, sIK IPU MiIrPiB1 3pa3KiB, Tak 1 6€3 HbOro. Y pasi 301IbIIEeHHS
IIBMIKOCTI 3BaproBaHHs 70 16 mM/roj, TBepie MeTal IIBYy MPH 3BapIOBaHHI IJIACTUH O€3 Imijir-
piBY, SIKHi CIIOYATKY ITiJIaBaBCs BILIMBY Je(OpMaliii CTUCHEHHS, a IOTIM PO3TAryBaHHs (pHC.
2, 0), O CIIpUsE 3HWKEHHIO CTIMKOCTI 3'€JHAHHS, 110 3BapIOIOTh, IPOTH YTBOPEHHS KPHUCTAIi-
3anidHuX TpimuH. [lixirpiB 3paskiB npu i meuakocTi 3BaproBanHs 10 100° C i Buie crpuse
YCYHEHHIO HAIpyT, L0 PO3TATYIOTh B 00JIaCTi epeOyBaHHs METally IIBa B TBEPAOPIIKOMY CTa-
Hi. [Tomasbie 301bIIeH-HsI MBUAKOCTI 3BaptoBaHHs 10 24 M/roJ1 IPU3BOAUTH JI0 TOTO, IO IijIi-
rpiB 3pa3kiB 10 100° C 3 MeTOI0 yCyHEHHsI HAlpyT, 110 PO3TATYIOTh, BUABISETHCA HEJOCTATHIM
(puc. 2, B). HasiBHicTh nedopmalliii CTHCHEHHS B Mepioj nepeOyBaHHs METally IIBY B TBEPOPi-
JIKOMY CTaHi focsiraeTbes npu migirpisi miaactud 10 150 1 200° C. 31 30iabIIeHHSIM BUIKOCTI
3BaprOBaHHs 10 32 M/TOI, 1110 J103BOJIsA€ 3a0e3meunTr aedopmallii CTUCHEHHS B METaJll IIBa, 10

KPHCTAIII3Y€ThCS, SIKE MOMIIMBO JinIe pH miairpisi mactud 10 200° C (puc. 2, r).
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Puc 2. BigHOCHI nepeMilieHHs1 KpOMOK, 110 3BapIOIOTh B MONIEPEYHOMY HANPSMKY TpH:
a—VcB =8 m/rox; 6 —VeB =16 m/rox; B — VeB = 24 mfron;, r — VeB = 32m/rog;
0-0—Ton=20°C; #¢ — Tn = 100° C; x-x — Ta = 150° C; #-=- — Tn = 200° C

BucHoBku

ITpu 3BaproBanHi acTuH 3 amoMiHito Mapku AJI0 3aBToBLIKM 4 MM 301IBIIEHHS IIBUIKOCTI
3BaproBaHHs 3 8 10 32 M/TO IPU3BOAUTH [0 MOSBU HAIIPYT, IO PO3TATYIOTH, B 00J1aCTi riepeOyBaHHS
MeTally MIBY Y TBEPAOPIIKOMY CTaHi, 0 MOXKE TPU3BOJIUTHU 10 BUHUKHEHHS KPHCTANI3AIMHUX TPi-
uwH. [Tpu 3BaproBanHi Oe3 MmifirpiBy BUHMKHEHHS KpPUCTAT3alliiHUX TPILIMH HaMEHII HMOBIPHO
npu Ve = 8 m/roa. [onepennii miairpis miactud anominito Mapku AJI0 3aBTOBIIKK 4 MM CIIpHSiE
YCYHEHHIO HampyT, IO PO3TATYIOTh, B 00J1acTi iepeOyBaHHs METaly IIBY Y TBEPIOPIAKOMY CTaHi i,
SIK HACJIIJIOK, TIBHMINEHHIO CTIMKOCTI 3BapHOTO 3'€JHAHHS MPOTH YTBOPEHHS KPUCTATI3AIIMHUX Tpi-
uwH. OTpUMaHi pe3yJibTaTh MOXKYTh OyTH BUKOPHCTaHI1 /Uil BUOOPY ONTUMAJIbHUX PEXHUMIB 3BaplO-

BaHHA aoMiHio Mapku AJI0, sike Ge3medne 3 TOUKU 30py KPUCTANi3aliiHOTO PO3TPICKYBAHHS.
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Lenbto uccnenoBanuii ObUIO CO3/IaHME HAJIKHBIX METOIOB pacuyeTa (pyHIaMeHTOB, o0ecte-
yyBaoUMX Oe30macHyr paboTy YCTaHOBOK IITaMIIOBKM JeTajed C HCHOJIb30BaHHUEM YIapHO-
HUMITYJIbCHOTO HArpyskeHus (3JEKTPOTUAPABIMYCCKHIA yaap, B3pbIB, THEBMO M CTATUKO JUHAMHYEC-
ckuii yaap). s pacuera paccmarpuBaeM (GpyHIAMEHT PACIIOIOKCHHBIA HA TIOBEPXHOCTH YIIPYTOro
OCHOBAHHUS M HATrPY>KCHHBIM accuMeTpudHOi Harpyskoi P (r,t). Cuntas GyHIaMEHT KECTKUM, T10-
aydeHo auddepeHnnanbHOe ypaBHEHUE IBIDKEHUS (yHAaMeHTa Oe3 ydera koseOanmid. [lamee
MpearoiaaraeM, YT0 TOPU3OHTAIBHOE MEPEMENICHHE OTCYTCTBYET, TO 3TO JOIYyIIEHHE M acCUMET-
PUYHBIN XapaKTep 3a1a4u MO3BOJISIET UCIOIb30BaTh BAPHALIMOHHBIA METO/I PeIIeHUs. DTO MO3BOJIS-
eT 3anucath AuddepeHnnanbHoe ypaBHEHHE, TOrAa KojeOaTeabHOe ABM)KEHHE YIPYTroro OCHOBA-
HUS O]l Harpy3KOW paBHO BEJIMYHMHE PEaKlUU IPyHTa, pacnojoKeHHoro noj ¢pynmameHToM. Ilo-
JYy4EeHHOE YpaBHEHUE OMUCHIBACT JABWKCHHE YIPYTOTo JEMEHTA 3a IMpe/iejlaMi OCHOBAHUS U TI03-
BOJIIET YUECTh BJIMUSHUE YIPYTHMX U MHEPIUOHHBIX CUJI TPYyHTa B 3TOW 00JIACTH Ha MapameTpsl JIBU-
XKEHUS PyHIaMEHTA.

[Ipenmnonaraercs, uto ¢popMa KojeOaHUN yIPyroro OCHOBaHHs COOTBETCTBYET CTaTUYECKOM
ocajnke. [lomyueHo obiee pernieHne ypaBHEHUS KoJieOaHUI B BHUJIE MOIUPUITUPOBAHHOW (DyHKIIUN
beccens. BoimonnuB HeoOXxoauMble MpeoOpa3zoBaHusl, MOMYyUYUM, YTO MOJI IeHCTBUEM MTHOBEHHOIO
HMITYJIbCa, KECTKUH (YHIAMEHT Ha YIIPYTOM OCHOBAaHUH COBEPIIACT FApMOHUYECKHE KOJIeOaHUs ¢
KpyroBoil yactotoit. Jlns BerurcieHus: kodhUIHEeHTOB HEOOXOAMMO 3HATh XapakTep HepeMerie-
HUS 10 TIIyOuHe ocHoBaHWs. [lomyueHHBIC B CTaThe BBIPAKCHUS JJISI OMPEICIICHUs YaCTOTHI CBO-
00HBIX KOJeOaHUH KeCTKOTO (PyHIaMeHTa Ha yIPyroM OCHOBAHMHU MOJ IEHCTBUEM UMITYJIbCHOTO
Harpy>KeHUs TIO3BOJISIET PEIIaTh MEbIA P/l 33/1a4 10 BEIOOPY PeKUMOB (yHIaMEHTOB TEXHOJIOTH-
YECKUX YCTAaHOBOK YJapHO-HMITYJIbCHOT'O HAarpy>KeHHs, OCYIECTBISIEMOTr0 SHEPruei B3phiBa B TU/-
pocpexne.

Knrouesnvie cnosa: yaapHo-UMITyJIbCHOE Harpy’>keHUe, pacueT, ABM)KEHHE, MTHOBEHHbBIN HM-
MyJIbC, YacTOTa KOJICOaHUH KECTKOTO (PyHJaMEHTA.

®Dponoe €.A., Kopooko b.0., Azapxoeé B.B., /lepaokina €.C. «Bu3HaYCHHS YaCTOTH BiJlb-
HUX KOJIMBAHb )KOPCTKOTO (PYHIAMEHTY Ha IIPYXKHIA OCHOBI MiJ] TI€I0 IMITyJIbca BUOYXY»
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MeTor JochiaKeHb OyJio CTBOPSHHS HAAIHUX METOIIB pO3paxyHKy (DyHIAMEHTIB, IO 3a-
0e3neuyioTh Oe3rneuHy poOOTy YCTAaHOBOK IITAMITyBaHHS JeTajeil 3 BUKOPUCTAHHSAM yJAapHO-
UMITYJIbCHOTO HaBaHTa)XXEHHs (€JICeKTPOTiApaBIivHUil yaap, BUOYXOBE BaHTa)KECHHs, ITHEBMO 1 CTa-
THKO JAMHAMidHHUN yraap). s po3paxyHKy po3risimaeMo GpyHIAMEHT pO3TallOBaHUN Ha MOBEPXHi
NpPY>KHOI OCHOBHM 1 HABAaHTAXXCHUI acCHMETpUYHUM HaBaHTakeHHsM P (I, t). Braxaroun dyHnameHt
KOPCTKUM, OTpUMaHO AudepeHIianbHe pIBHAHHSA pyXy ¢GyHIaMeHTy 0e3 ypaxyBaHHS KOJHMBaHb.
Jlani npuIryckaemo, 0 rOPU30HTAIbHE MEPEMILICHHS BiJICYTHE, TO 1€ JOMYIICHHS Ta aCUMETpUY-
HUM XapakTep 3aBJaHHA J03BOJIsi€ BUKOPUCTATH BapialiiHui mMeTo] piteHHs. Lle no3Bosse 3amnu-
catu qudepeHIiagbHe PIBHAHHS, TOJI KOJIMBAIBHUN PyX MPY>KHOI OCHOBH ITiJ] HABAHTAXKECHHSAM J10-
PIBHIOE BEJIMYMHI pEaKIlii IPyHTY, pO3TalIOBaHOTO Mmija ¢pyHaamMeHToM. OTpUMaHe PiBHSHHS OIHCYE
PYX IpPY’KHOTO €JIEMEHTY 3a MEeKaMH OCHOBH 1 JIO3BOJISIE BPaXyBaTH BIUIMB MPY>KHUX 1 1HEPUIHHUX
CWJI TPYHTY B 1Iii 00acTi Ha mapaMmeTpu pyxy ¢yHaamenTy. [lepeadadaerncs, mo GpopmMa KOJUBaHb
MIPY>KHOI OCHOBH BIAIMOBIA€ CTaTUYHOMY ocimaHHIO. OTpuMaHo 3aranbHe pimieHHS OTpuMaHi B
CTaTTi BUPA3M AJIsl BU3HAUYECHHS YAaCTOTH BUIBHUX KOJMBAHb >KOPCTKOrO (PYHIAMEHTY Ha MPYKHIN
OCHOBI ]l JI€0 IMIYJLCHOTO BAaHTAKEHHS JIO3BOJISIE€ BUPINIYBATH UMK PsJ 3aBlIaHb MO0 BUOODPY
pexuMiB (yHIAMEHTIB TEXHOJOTIYHUX YCTAHOBOK YIapHO -IMITYJILCHOTO HaBaHTAXCHHS, 3/I1MCHIO-
BaHOTO CHEPri€r0 BUOYXY Yy TAPOCEPEIOBHUIIL.

Knrouoei cnoea: ynapHo-iMIyJbCHE HaBaHTAXEHHsI, PO3PAXyHOK, PYX, MUTTEBHI IMITyJIbC,
94acToTa KOJIMBAaHb JKOPCTKOTO (DyHIIAMEHTY.

Frolov E., Korobko B., Agarkov V., Deryabkina E. «Determination of frequency of free vi-
brations of hard foundation on the resilient founding under the action of impulse of explosion».

The aim of the research was to create reliable methods for calculating foundations that en-
sure the safe operation of stamping parts using shock-impulse loading (electro-hydraulic shock, ex-
plosive loading, pneumatic and static-dynamic shock). For calculation, we consider a foundation
located on the surface of an elastic base and loaded with an asymmetric load P (r, t). Considering
the foundation to be rigid, a differential equation for the movement of the foundation without vibra-
tions is obtained. Further, we assume that there is no horizontal displacement, then this assumption
and the asymmetric nature of the problem make it possible to use the variational solution method.
This allows you to write a differential equation, then the oscillatory motion of the elastic base under
load is equal to the magnitude of the reaction of the soil located under the foundation. The obtained
equation describes the movement of the elastic element outside the base and allows you to take into
account the influence of the elastic and inertial forces of the soil in this area on the parameters of
the movement of the foundation.

It is assumed that the vibrational shape of the elastic base corresponds to a static draft. A
general solution of the oscillation equation is obtained in the form of a modified Bessel function.
Having completed the necessary transformations, we find that under the action of an instantaneous
impulse, a rigid foundation on an elastic base performs harmonic oscillations with a circular fre-
quency. To calculate the coefficients, you must know the nature of the movement along the depth of
the base. The expressions obtained in the article for determining the frequency of free vibrations of
a rigid foundation on an elastic foundation under the influence of pulsed loading allow us to solve a
number of problems in choosing the modes of foundations of technological installations for shock-
pulse loading carried out by the explosion energy in a hydraulic medium.

Keywords: impulse loading, calculation, motion, instantaneous impulse, oscillation frequen-
cy of a rigid foundation.

1.BBenenue.
[[ITaMoBKa JHUCTOBBIX NETANCH CIOXKHOW KOHPUTYpaLUU U3 TPYyAHOACPOPMHUPYEMBIX H
MaJIOIJIACTUYHBIX MAaTEpUAJIOB MPEACTABIAET COOOM CIOXKHBINA Mpouecc, TpeOyonii MpuMeHeHne

CHEeLMAIBHOr0 3HeproeMkoro obopynosanus. lllupokoe pacmpocTpaHeHHE B HPOMBIIIIICHHOCTH
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CIIOCOOOB M3rOTOBJICHUS JI€TaJel C TOMOIIbIO yAapHO-UMITYJIbCHBIX UCTOYHHUKOB HEPIUU MOBJIEK-
70 3a co00i co3maHue Ui ITHX IeNed Pa3sIUYHBIX TEXHOJOTHYECKUX IMPOIECCOB M YyCTAaHOBOK
(;mexTporupaBiInyecKas, B3pbIBHAs, ITHEBMOYAApHas, CTaTUKO-JAMHAMHYECKas I[ITAMIIOBKA).
Heorbeminemoii yacTbro 11000M Takoil yCTaHOBKHU fABIseTCS (DyHAAMEHT, IpeIHa3HAYeHHBINH IJIs
pa3MelIeHs] Ha HEM TE€XHOJIOTMYECKON OCHACTKU M IEpEaroLIei cpelibl, a TaKkKe AJs NpeaoTBpa-
LICHUs1 CeHICMUYECKOr0 BO3JEHCTBUS UMITYJIbCHOM Harpy3Ku Ha OKpYy’Karollee LeX0Boe 000py1oBa-
HUE.

2.ITocTaHoBKA MPOOJIEMBI.

[TocTerneHHOEe BBITECHEHHE CYIIECTBYIONIETO Ky3HEYHO-IIPECCOBOI0 000pymoBanus (1M-
MYJIbCHOW, TTHEBMOYIAPHOW M CTATHKO-ITUHAMUYECKOW IITAMIIOBKH), @ TAKXKE CTPEMJICHHE IOCTa-
BUTH BBICOKOCKOPOCTHBIE CIIOCOOBI 00paboTKu MeTaiioB [1-3] Ha TEXHOJOTMUYECKHUI MOTOK TPeOy-
0T CO3JIaHMsI HAJEKHBIX METOJOB pacuera (yHIaMEHTOB, oOecreunBaromux 0e30macHyo paboTy
YCTAHOBOK B L[€X€ M JOCTaTOYHYIO MX JIOJTOBEYHOCTb. BmecTe ¢ TeM HEOOXOAMMO HCKaTh MyTH
CHIDKEHUS Beca (yHIaMEHTOB C II€JIbI0 YMEHbBIIEHUS CTOMMOCTH TEXHOJIOTMYECKOH YCTaHOBKH,
000pyI0BaHUSI.

Jlns pelieHys 3TUX BOIPOCOB HEOOXOAMMO 3HATh MapaMeTphbl JBMXKEHUS (yHIaMEHTOB IO/
NEICTBUEM yAapHO-UMITYJIbCHOM HArpy3KH M UX YacTOTY CBOOOJHBIX KOJIEOaHHM, CYIECTBYIOIINE
METOJMKH HE YUYHUTBHIBAIOT CHEIU(PUKY yAapHO-UMITYyJIBCHOIO Harpy>eHus B TaKOrO BUJA YCTaHO-
BOK [4].

Llenpi0 TaHHOTO HMCCIEIOBAHUS SBISIETCS OINpPEEIEHUEe YAaCTOTHBIX KoyieOaHui (yHIaMeH-
TOB Ha yIIPYT'OM OCHOBAHUH IO I€HCTBUEM YIaPHO-UMILYJIbCHOI'O HAIPy>KEHUS.

3. OcHOBHOI1 MaTepHall.

PaccmoTpuMm Kpyribliil B tuiaHe (yHIAMEHT pajuyca R, PacloJIOKEHHBIH Ha MOBEPXHOCTH
yIpPYroro OCHOBAHHUS U 3arpy KEHHbIA aCUMMETPUYHON BHELIHEH Harpy3KoH P(r,t),

Cuntas pyHIaMEHT KECTKHM, 3allUIIEM B LWIMHIPUYECKON cucTeMe KOOpAuHAT nudde-
peHLIMaNbHOE YpaBHEHHUE IBIKEHUS QyHAaMeHTa 0e3 ydyeTa 3aTyxaHus KOoJIeOaHui:

Mﬂz—VZV+Q(t):P(t), 1)
1t

rae M - macca pynnamenta; Q(t) - cymmapHas cuia peakiuu ynpyroro ocHoBanus; P (t) -
CyMMapHas BHEILLH:s, Harpy3Ka Ha (yHIaMeHT.

Peakiun ynpyroro ocHOBaHUSI HaiiieM NpH CIEIYIOLIEM YIPOLIAIOMEM PEAIOI0KEHUU!
TOPU30HTAJIbHBIE IIEPEMELIEHHSI TPYHTA OTCYTCTBYIOT WJIM MaJlbl HACTOJBKO, YTO MMU MOKHO IIpe-
HeOpeub. YUUThIBask 3TO JOIMYIEHHE, a TAKXKEe aCHMMETPUYHBINA XapakTep 3a/J1a4H, MOXKHO, UCIOJIb-
3ysl BApHAIIMOHHBIN MeTo[ [5], mpeacTaBUTh HCKOMBIE MTEpeMeIeHUsT PyHIaMEHTa B BUJIC

u(r,q,z,t)=0
V(r,q,z,t)=0 (2)
W(r,q,z,t)=W(r,t)xy (z)
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3necy U, V, W — cocrapisironie nepeMenieHusl B HalpaBieHUd KOOpAUHAT I', 6, Z- cooT-
BETCTBEHHO, ¥ (Z) — QyHKIMsI, XapakTepu3ylolas 0e30nacHyo paboTy pacipe/e/icHie mepeMerie-
HHI 110 BBICOTE OCHOBAaHUsI, BEIOMpaeMasi 3apaHee B COOTBETCTBUU C (PM3MYECKHMH YCIOBUSIMHU 3a-
JavH.

[Tpu ycnosuu (2) BeiOHpaeM ¢yHKuuIo y(z) Tak, 4ro0sl y(Z)=1, u paccMOTpuM paBHOBECHUE
3JIeMEHTa YIPYroro OCHOBaHMs C YYETOM MHEPUUOHHBIX cui. Toraa muddepeHunanbHoe ypaBHe-

HUE JIBVDKCHUS YIIPYTOTO OCHOBAHWSI 3AIUIIIETCS CIICTYIOIUM 00pa3oMm:

g2 U 2
2méﬂ W(zr,t) +lﬂW(r,t)a -IW(r,t)- ml—ﬂ W(zr,t) +q(r,t) =0, (3)
g Ir rfr gy qr
KosdduneHTs 1aHHOTO YypaBHEHHS UMEIOT BHA!
m=_ Eofa ] = Eosll; m, = e, 4)

rue.

ho= g y2(2)dz,
(H)

ST Y¢2(Z)dz,
(H)
p — IULIOTHOCTH TPYHTA,
E

Ey = >~ IIPUBEJCHHBIN MOJyJIb YIIPYTOCTH T'PYHTA,
1-n

Ng = 1n_— npuBeneHHbIN ko3 punnent Ilyaccona rpyHra.
-n

Juddepennuanbroe ypaBHeHue (3) omuchiBaeT KoebaTeabHOE IBUKEHUE YIIPYTrOoro OCHO-
BaHUs 0] Harpy3koi (I, t), paBHOI MO BEIMYHMHE PEaKIMy IPYHTA, PACHOI0KEHHOTO Mo hyH/Ia-
MeHTOM. [lockonbky GhyHIaMEHT UMEET KOHEYHBIC pa3Mephl, TO B YIPYrOM OCHOBAHUHU CJIETyEeT pac-

CMaTpHuBaTH ABC obiactu (pI/IC. 1), KoJIeOaHHs KOTOPBIX OIMCHIBAKOTCS YPABHCHUSIMU.

npu 0Er£R

T LAY gy (= M IW(D LD )
Ir? roqr 2m  qt? 2m
npu0Er £¥
ﬂZWZ(ri t) +£ﬂW2(r7t) —aw (r, t) =ﬂﬂ2W2(r1 t) - 0, (6)
r? rooqr 2 2m g2

rae R — paguyc pyngamenra; a2 =1 / 2m.

[TockobKY (YHIAMEHT TPUHST )KECTKUM, TO M3 YCIIOBHSI COBMECTHOCTH nepeMenieHust QyHa-
MeHTa u ympyroro ocuoBanus (puc.l) moxuo mis obmactu O£ r £ R nomyuwnrs mckomsie mepe-

MeleHus pyHaaMeHTa:
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W, = CT (1), (7)

rae C — nocrosinnast; T(t) —pyHKIMs, 3aBHCSIIas TOJLKO OT BPEMCHH.

JUist  HaxXOoXKAEHWS  NEepEeMEICHHU
W, (r, t) npencraBuMm uX B BHJE MPOU3BE/IC-

R HUS ByX (YHKIUH, U3 KOTOPBIX OJHA 3aBU-

CUT TOJIBKO OT KOOpAMHATHI I, a Apyras —

TOJIBKO OT BPEMCHHA t

i W, (r,t) = F,(r)T(t), (8)
W; I / /// e ITpu sTOoM ypaBHenue (6) mocie pas-
D /j' i JIeTICHHS TICPEMCHHBIX 3aIUILIETCS B BUJIC
z W, =cI(1) d2F2+£d2F2_a2F
dr? __r_dr 2_om T8 (9)
Puc. 1.- OGnactu ynpyroro ocHoBaHusl. = = T
2 mT

[TomyuenHoe ypaBHEHHE OMMCHIBACT JBMKEHUE YIPYroro OCHOBAaHUS 3a Iipenenamu GyHaa-
MEHTA ¥ MO3BOJISIET YUECTh BIUSHUE YIIPYTHX U MHEPIIMOHHBIX CHJI TPYHTA B 3TOM 00JIacTH Ha ma-
pameTphl IBIKEHUS PyHIaMEHTA.

[Ipennonaras, uto gopma KoneGaHUd yIpyroro OCHOBaHUSI COOTBETCTBYET (hopMe CTaThuyde-
CKOM OCaJIKH, MOJY4YuM Jyisi onpenesieHus GyHkiun @o(r) oqHopoaHoe quddepeHInaIbHOe ypaB-
HEHHUE:

2 2
d’F, , 1d Fz_azezo (10)
dr? r dr

Hcxons u3 pusudeckoro coaepkaHusl 3aa9u, TPAHUYHBIC YCIIOBHS 3a1a[IUM B CJICTYIOIIEM
BUJIE. TIPH r ®¥ W, =0

opu r =R W, =W, (11)

Oormiee pemrenne ypaBuenust (10) MoxeT ObITH MpeICTaBICHO Yepe3 MOAUDUIIUPOBAHHBIC -

¢yukuuu beccens:

F,(r)=Cily(ar) +CyKq(ar) (12)
Hcnonw3yst rpannunbie ycinoBus (10) u yuutbiBas Beipaxenue (8) momydunm:
CT(t) 13
=——K,(ar), (13)
27K, @R) o(@ar)

npudeM O£ 1 £ ¥.
PeakTHBHBIC CHIIBI YIIPYroro OCHOBAHUS B 00JacTH O£ r £ R ONPEICIAIOTCS U3 yPaBHEHUS
(4), xoTopoe mpu 3aBUCUMOCTH (7) IPUMET BH/I;
q(t) = ICT (t) + m,CT (t) (14)
[MonHasi peakTUBHAS CHJIAa YIIPYrOro OCHOBAHWS, PACIOJIOKEHHOTO HEIOCPEICTBEHHO IO

(byHIaMEHTOM:
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N
©
Pl

Qx(1) = § §(a(tyr) drdg =pRZC[IT (t) + mT ()] (15)
00

Kpome cunbl Qg (t) Ha dynaamenT QeACTBYIOT (QUKTUBHBIE PEAKLUH, PACIPEACICHHBIE 110

KOHTYpY nojomBsl ¢pyHaamenra [1]. s ux onpeneneHus He0oOXOAUMO MOACUYUTATH pabOTy HOp-
MaJIbHBIX U KacaTelIbHBIX HAMPSHKCHHH, a TaKke padOTy WHEPLUOHHBIX CHJI yIIPYroro OCHOBaHHS,
PACIOJIOKEHHOTO 32 IpeesniaMu GpyHnameHTta. [Ipy, 3ToM 3a BO3MOXKHOE €IMHUYHOE ITepeMelIeHHEe
3[1eCh HYKHO NIPUHSATH TIepeMelIeHHe:
W, =1.K@0 (16)
Ko(@R)
Torna cymmapHasi peakTHBHAs CWJia YIPYTOro OCHOBAaHUS, PACIOJIOKECHHOTO, B 00JIACTH

REr £, onpeneyurcs BIPaXEHUEM:

Qp()=1¢ 0 0ty Wo +s, Wo , I VZVW0+r dr dq dz, (17)
(H) 0 RE r fit p

TAC Tzr, 07z — COOTBETCTBEHHO KAaCaTCJIbHBIC U HOPMAJIbHBIC HAIIPSAXCHNS, BOSHUKAIOIINE B YIIPYT'OM
OCHOBAHUMU.

Brinonsus HCO6XOI[I/IMLIC Hp606p330BaHI/IH, IOy YHM.

¢ K@R) eKZ@r) ,0_, U 18
Q,(t)=pR%Ca2l —L==L_T(t)+m, c—L =2 _1-To(t), (18)
’ ¢ ark@R)  EKE@R) ;g

rae Ki(oR) — momuduimpoBannas GpyHkuus beccerns BToporo pojia nmepBoro mopsiika.

IMoxcrasiss Beipaxkenus (15) u (18) B ypaBuenue (1) u ucmons3ys ¢popmyiy (7), mocie He-
CJIOKHBIX ITPe0Opa3oBaHuil MOTYYUM, AJI. CBOOOJHBIX KoJieOaHui (yHIaMEHTa CJelyIollee ypaB-
HCHHUE!

K;(@Rr)

| +2] 1\ Y/

Tos aRKy(@R) - _, (19)
KZ(aR) ’

'KZ@R)

My +m

rze MoMacca eAMHUIBI IOBEPXHOCTH (PyHAAMEHTA.
[lon neiicTBUEM MIHOBEHHOT'O MMITYJIbCA KECTKUM (DyHAAMEHT Ha yIPYyroM OCHOBaHHH CO-

BEpHIACT IIPOCTBIC TAPMOHHUYCCKUC KoJIeOaHHMS C prrOBOf/'I YacCTOTOM, onpeﬂenﬂeMoﬁ BBIPA’KCHUCM

K,(@R)
LN aRKy(@R)
2 L
my 1+ﬂ K12(aR)
Mo Ko (aR)

(20)

WO =

Jlns BeruMciaeHus Ko3hduuueHToB HeoOXOAMMO 3HATh XapaKTep paclpeleseHus rnepeme-
IICHHUH 10 TTyOuHE OCHOBaHUS, T. €. QYHKIHIO ¥ (Z). AHAIHM3 psifa SKCHEPHUMEHTAIBHBIX TaHHbBIX
[7-10] mokasbiBaet, 4T0 MCKOMasi (PYHKIMS MOKET OBITh XOpPOIIO alpPOKCUMHPOBaHA 3aBHCHUMO-

CTBIO
y(z)=e7, (21)
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rjae y — Ko3hOUIMEHT, 3aBUCIINI OT yIPYTUX CBONCTB ITPYHTA U U3MEHSIOIIHMICS B TIpejie-
max y=1,2+1,8 M2

BuIBOABI.

[Tomyuenbl BeIpaXeHUs JUIsl ONPEACIICHHS] 9acTOThI CBOOOAHBIX KOJIEOaHM KeCTKOro (yH-
JJaMEHTa Ha YIPYrOM OCHOBAaHUM MOJ ACHCTBUEM MMITyJIbCa HArPYKEHUs. DTH 3aBUCUMOCTH, 03~
BOJISIFOT PEIIUTH MEJIBIN PsAJl 3a7a9 110 BEIOOPY ONTHUMAIBHBIX PEKUMOB paboThl GyHIAMEHTOB TEX-

HOJIOTHUYCCKUX YCTAHOBOK B YCJIIOBHAX YAAPHO-AUHAMHUYCCKOI'O HArpy>XCHUA.
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A0 YBAI'M ABTOPIB

V 3B’s13Ky 31 3MIHOIO pelaKkLifHOI MOJITUKHU Ta MOMyJIspU3aLi€ro 32 KOPJOHOM 30ipHHKa Ha-
ykoBux mpaipb YIITA «MammaoOyayBanas» (qami — 30ipHHK) yepe3 cBiTOBI Oibmorpadiuni, Hay-
KOMETpHUYH1 023, MI)KHAPO/IH1 KaTaJIOTH MOBIAOMIISIEMO HACTYIIHE.

HaykoBuii ¢axoBuit 30ipHUK mpuiiMae 10 myOsikalii HayKoBi mpalli 3 TUTaHb TEXHOJOTIT
MaIrHOOY TyBaHHs, MiIHIMAJIbHO-TPAHCIIOPTHUX MAIIIMH, BEPCTATIB Ta IHCTPYMEHTIB 1 INHAMIKH Ta
MIIIHOCT] MAaIIIKH.

301pHUK 3apeecTpoBaHO Y MIKHAPOIHOMY LIEHTpP1 MEPIOAUYHUX BHUJIAHb, HOMY IPHUCBOEHO
MixxHapoauuii cTanmaptHuii Homep cepianbHoro Bumanns ISSN (International Standard Serials
Number) 2079-1747 (print). 30ipHUK 1HIEKCYETHCS B MDKHAPOAHUX KaTaJlorax Ta HAyKOMETPHYHHX
6azax manux: PIHII, Index Copernicus, Google Scholar, ROAR (Registry of Open Access
Repositories), OpenDOAR (The Directory of Open Access Repositories).

ITyOnikaniiiHa eTHKa Ta npaBuiIa 0(pOPMIUICHHS HAYKOBHUX IMyOJiKkamin

Penakuiiina koserist 30ipHUKa OPIEHTYETHCS B pOOOTI HA HOPMU Ta MPUHIMITKA MIKHAPOIHOT
opranizanii Committee on Publication Ethics (COPE), 1i mosituka 0a3oBaHa Ha PEKOMEHJIAIISIX
Budapest Open Access Initiative (BOAI).

Omy0mikoBani B 36ipHnKy HaykoBuX mpaip YIITA cTarti MaroTh OyTH pe3yabTaToOM HayKo-
BUX JOCII/DKCHB aBTOPIB, BHCCKOM y PO3BHTOK HAayKH i 3a0e3ledyBaTH CIaJKOEMHICTh HAYKOBHX
NOMIAAIB. 3 ypaxyBaHHSIM LbOTO PENaKilisi BCTAHOBIIOE CTAHAAPTU €TUYHOI MOBEMIHKH JUIs BCIX
CTOpIH, 1[0 OEPYTh y4acTh B MPOILIEC My OTiKaIlii.

O0o0B’s13xkH aBTOPIB

1. Cmanoapm aemopcmea

ABTOpCTBO Mae OyTH OOMEKCHE JIHIIC TUMH, XTO BHIC 3HAYHUH BHECOK B O/IepKaHHs pe-
3yJ'ILTaT1B pociukeHHs. (po3poOKa KOHLEILiT, HayKoBoi ifei Ta iHil.). ABTOp, sIKHi IPEICTaBLsE
pesakuii pyKONKC, MOBUHEH rapaHTyBaTH, [0 HUM BKa3aHO BCiX CITIBABTOPIB, IO BOHM Oaduniy i
CXBAJIWJIM OCTATOYHMUI BapiaHT PYKOMHKCY i 3rOHI 3 ii MOJAHHSM 10 pelaKLii s myoiikauii.

CratTi, 10 MOAATHCS aclipaHTaMy, 3100yBadaMi, OBHHHI MAaTH DPCKOMCH/IALIIO HAYKO-
BOT'0 KepiBHUKA, SKILO BiH HE € CIIIBABTOPOM CTaTTi.

2. Cmanoapm o0HoKpamHuocmi (HerI/IHYCTI/IMiCTB MapajenbHuX ny6ﬂi1<auiﬁ)

ABTOp HE IOBUHCH [0J1aBaTH 110 PEJAKLLT PyKOIHC paHilie 0Hy6J'IlI<OBaH01 crarTi. BiH He MOBHHEH
TAaKO>K T0/[aBATH PYKOIIHC OJIHIET 1 Ti€T K 32 3MICTOM CTaTTl B PEAKLIii JCKUIBKOX ncypHamB OJTHOYACHO.

[Tomaua pykonucy 0IHOYaCHO B KUJIbKA KYPHAJIIB € HEETUYHOIO 1 HETPUHHATHOIO.

3. Cmanoapm 0ocmyny 00 6UXIOHUX OaHUX, TOCIIIJDKEHHS Ta X 30epiranHs.

ABTOp 3000B’s13aHNH [0/1ATH BUXiJHI MaTepianu (1aHi) AOCIIKCHHS HA BUMOTY pefjakiii i
MOBHHEH OyTH TOTOBHUI HajaTH MmyOIiuHUI 10CTyN 10 HUX. ABTOpP NOBHHEH 30epirartu 1ii J1aHi npo-
TATOM IIEBHOTO Yacy Micis ny6n11<au11

4. Cmanoapm opuzinaivHocmi i HeRPURYCIUMICHIL RAAZIAMY

ABTOp OBHHEH IPEJICTAaBUTH B PEAAKIIII0 aOCOIIIOTHO OPUriHAJIbHY CTAaTTIO. SIKIIO BiH BU-
KOPUCTOBYBaB poOOTH a00 BKIIIOYAE B CBOIO CTATTIO (hparMeHTH 3 poOiT (UUTaTH) HIIKX OCi0, TO
TaKe BUKOPHCTaHHs Mae OyTH HalCKHUM YMHOM O(popMICHE (JAlK, BUHOCKA HA JDKEPENO LIUTY-
BaHH$, BKa3iBKa OpI/IFIHaJIBHOFO JUKEpeIia B 616J110rpa(1)1qH0My CIIMCKY JIO CTaTTi).

[Tnariar B Oyap-skii (hopMi € HEETUYHOIO 1 HEIPUIHATHOIO MOBEIIHKOIO aBTOPA.

5. Cmanoapm niomeeposrcenns oxcepe

ABTOp TOBHHCH B 0i0M0rpadidHOMY CIICKY NPABUIBHO BKA3aTH HAYKOBI Ta IHIII JPKepena, siKi
BIH BUKOPUCTOBYBAB y XOJIi IOCII/DKEHHSI Ta SIKI MaJIM ICTOTHHH BIUIMB Ha PE3yJIbTATH JOCIIDKCHHSL.

Jlxepena, Ha sKI € BHUHOCKM B TEKCTI PYKONMCY CTaTTi, NMOBMHHI OyTHW BKazaHl B
000B’s13K0BOMY TOpsAKY. [HpoOpMaris, oTpuMaHa 3 HEOPIIIHHIX (HpI/IBaTHI/IX) mxepen (po3MoBa,
JIMCTYBaHHS, OOrOBOPEHHS 3 TPETIMHU 0COOaMHU Ta iH.), HE TIOBUHHA BUKOPUCTOBYBATHCS.

6. Cmanoapm eunpaenieHHs ROMUTIOK 6 ONYDIIKOBAHUX POOOMAX

AKio aBTOP BUABUTH CYTTEBY HOMUIKY abo HETOYHICTh Y BKE OIyOIKOBaHIil CTaTTi, TO BiH
3000B’s13aHUI HEralHO MOBIIOMUTH NPO LE PEAKLIIO 1 CIPUSATH 1i y BUIPABICHHI IOMUIIKH.

SIKIo pefakuis Ai3HA€ThCs PO IMOMUIKY BiJ TPETIX 0Ci0, TO aBTOp 3000B’s3aHMIl HEraifHO
YCYHYTH IIOMHJIKY 200 IPEJCTaBUTH JI0Ka3H ii BIICYTHOCTI.
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3arajibHi npaBuJa 0popMIIeHHS HAYKOBUX ILyOJrikamii

1. Jlo npyky npuiiMaroThCs HAyKOBI CTaTTi, 110 MalOTh HAYKOBY 1 MPAaKTHYHY I[IHHICTh. Pe-
JaKI[isl mpuiMae CTaTTi, MOBHICTIO MiArOTOBJIEHI 10 APYKY B 30ipHHMKY HayKoBUX mpais. Crarri,
oopMIICHHS SIKUX HE BIAMOBIIa€ BKa3aHUM BHMOTaM, HE IPUHMAIOTBCS 10 JAPYKY.

2. Pimenns mozao myOumikaiii (MO3MTHBHE YW HETaTUBHE) MOBIIOMIIAEThCS aBTOpY. CTarTs
Mo>ke OyTH IOBEpPHEHaA JIJIsl TOOPaIfoBaHHs. Pykonucu aBTopaM He MOBEPTAIOThCA.

3. Crarri, Bific/iaHi aBTOpaM Ha JOOMNPAIIOBaHHS, TIOBHHHI OYTH MMOBEPHEHI JI0 PEAAKIIil HEe
mizHime, Hixk yepe3 10 qHiB micns ii ogepxaHHs.

4. JTo po3riisity IpUMAalOThCsT HAYKOBI CTATTI 00csiroM He MeHie 12-15 tuc. 3HakiB (BKIIIOYa0Un
Tabuwi, rpadiku, pucyHKH), hopmMar manepy — A4, opieHTallist — KHIKKOBA, BCI TIOJIST — 2 CM, MIXKPSIIKO-
Bui inTepBai — 1,5, kerib mpudTy — 14, rapuitypa — Times New Roman, adzai — 1,25 cm.

5. ®opmynH, pUCYHKH, TaOJIHIN BCTABISIOTHCS MO TEKCTY OJpa3y IICiIs TOCHIIAaHHS Ha HUX.
ImrocTparii moBuHHI OyTH YITKUMH, (POPMYIIM — HAMKMCaAH] 3arajJbHO MPUHHATOI CUMBOIIKOI0. P03-
Mip mpudTy B UTOCTpaniifHoMy MaTtepiam He meHme 10 mr.

6. CrarTi O#alOThCs B IPYKOBaHOMY (2 MpPUM.) Ta B €JICKTPOHHOMY BapiaHTaX y BHIJISI
¢aiiniB (tekcr popmaramu DOC, RTF, rpadiku, pucyuku — JPEG, TIFF). SIkmo TekcT craTti pa-
30M 3 UTFOCTpAIisiIMi BUKOHAHO y BUIJIAI OJHOTO (hailiry, TO HEOOXiAHO JOAATKOBO MOAATH (aiii i3
imroctpanismu (oHa imrocTpalis — oauH Qaiin).

7. Ha enexkTpoHHy azipecy peakilii MoJaeTbcsi KOMIUIEKT (aiiiiiB, A0 AKOro Mae OyTH 1oxa-
HO OIIHC, JI¢ 3a3HAYAIOTHCS:

- Ha3Ba TEKCTOBOT'O PEAKTOPA,

- iMmeHa ¢aiiis,

- Ha3Ba 30ipHUKA

- Ha3Ba CTAarTI,

- PO3LI HAYKH,

- Mpi3BHUIIE, IM’ 5 Ta IO 0ATHKOB1 aBTOPIB.

8. [lo penakii npuiimatoThest Jokymentu Microsoft Word sepciii mo 2003 poky (Word 11,
Microsoft Office 2003). Joxymentu Word 2007, Word 2010 B ¢opmari *.doCX He npuiiMmaoThCsl.

9. Penaxiiis 3anuinae 3a coOOO0 MPaBO BHOCHTH TIOMPABKY JI0 CTaTe, He 3MIHIOIOYHA OCHOBHOTO
3MicTy. BimoBigambHICTh 3a ITUTYBaHHS Ta IOCTOBIPHICTH 1H(GOpMAIlii HECYTh aBTOPU CTATEH.

10. MoBa ny0utikaniid: ykpaiHChKa, pOCiiChKa, aHTIIChKa.

11. Cnix gitko po3meskoByBatu tupe ( — ) ta aedic ( - ). HeoOxiaHO BUKOPHUCTOBYBATH OJ-
HOTHITHI JIANKY («...» — I YKPATHCBKOTO Ta POCICHKOro TEKCTy CTarTi Ta *“..."”" — JJIs aHIJIiChKO-
ro). He nomyckaerscst craBuTH ab3anHuil BigcTyn mpobinamu Ta kiasimiero Tab. Psaku TekcTy B
Mekax ab3aily He MOBUHHI PO3AUIATHCS KiaBimero Enter.

12. He nomyckaeThCcsi BUKOPUCTAHHS MEpeHOCIB. Mk iHiIlianaMu, iHiIiaJaMy Ta MPi3BUIIEM
CTaBUTHCS HEPO3PUBHUIL 1poOis. Hymepartisi cTopiHOK HE IPOCTaBIISETHCS.

13. 36ipHHK 3 OITyOJTIKOBAaHOKO CTATTEIO HAJICHIIAETHCS aBTOPOBI MOIITOO 200 BUIAETHCS Y PEIAKIIii.

Crpykrypa HaykoBoi crarTi (Bianosigao Bumor JICTY 7152:2010
«Buganns. OpopmieHHs myOmikamiil y )KypHanax i 30ipHHKax»)

Marepianu, mogani g0 30ipHHKA, MaloTh BianoBigaTu BuMoram IlocranoBu Ilpesuaii BAK
Vxpainu Big 15.01.2003 p. Ne7-05/1 «IIpo migBuiieHHs BUMOT 10 ()aXOBHX BUIaHb, BHECEHHX JIO
nepenikiB BAK Ykpainu», [loctanoBu Kabinery MinictpiB Ykpainu Big 27 ciuns 2010 p. Ne 55
«[Ipo BHopsiAKyBaHHS TpaHciaiTepauii yKpaiHCbKOro ajigaiTy JATHHULECIO» Ta MOBUHHI MaTH Taki
HeoOX1IH1 BiJOMOCTI:

1. Imnexc YK (BupiBHIOBaHHsS 1O JIiBOMYy Kparo). Busznauntu xon YJIK Bu Moxere Ha
caifri 6i6miorexu: http:/library.uipa.edu.ua/

2. Ha3Ba cratTi (BUpiBHIOBaHHS 10 EHTPY, MPH(T — HAIIBXKUPHUI, BEJIUKI JIITEPH).

3. IpizBuie Ta iHiniagam aBTopiB, criiBaBTOPIB (IPHUPT HAITIBKUPHUIA)
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4. AHotauisi (aBTOpCcbKe pe3toMe) 0e3 clioBa «AHOTAI[iS» IMMOJAEThCS TPHOMA MOBAMH —
YKPaiHCBKOI0, POCIHCHKOI0, aHIIIMCHKO0. AHOTAIliS MICTUTh MPI3BHUINA Ta iHiIiaau aBTOpiB (HAarmi-
BXXHPHUH KYPCiB), Ha3BYy CTATTI y JIallKax, TEKCT aHOTalii. OOcar aHoTallii MOBUHEH OyTH HE MEHIIIE
1800 3HakiB.

5. KnouoBi ciioBa (HamiBkupHuii KypcuB) — 5-6 ci1iB yepe3 Kpanky 3 KOMOK TPhOMa MO-
BaMH — YKPaTHCHKOIO, POCIHCHKOI0, aHTIIIHCHKOO.

6. TexcT HayKOBOI CTATTI.

7. CniucoKk BUKOPHCTAHMX JIZKepes YKpaiHChKOI0 a00 POCIMChKOI0 MOBAMH BIJIOBIIHO /10
JACTY TOCT 7.1-2006 (muBuce cait Oi0miorexu http://library.uipa.edu.ua/vikladacham-i-
kuratoram.html),  anrmilickkoro  MOBOK  BIANOBIZHO 10  MIDKHApOJHHUX  CTaHAAPTIB
(https://web.library.ug.edu.au/files/424/filename.pdf). B opurinansHux poboTax HUTYIOTh HE OLIbII
15 mparp, a B ompsimax — 10 50. Civicok MOBMHHUN MICTUTH TyOJtikantii 3a octanHi 10 pokiB, 611k
paHHI IOIYCKAOTHCS JIUIIE B OCOOTMBUX BUTIAKAX.

8. References — crucok BUKOPUCTAHUX JKEPEN JTATHHCHKUMH JIITEpaMH BiAMOBIIHO 10 CTa-
uaapry Harvard (ITocranoBa KabGinery MinictpiB Ykpainu Big 27 ciuns 2010 p. Ne55 «IIpo Bmopsi-
JKYBaHHS TpaHCIITEpaIlil YKpaiHCHKOTro anaBiTy JaTHHHUIIEIO»).

Ha caiiti http://www.slovnyk.ua/services/translit.php MoxHa OE3KOINITOBHO CKOPHCTATUCS
CEepBICOM TpaHCIIiTEpallii yKpaiHOMOBHOTO TEKCTY B JIATUHUIIIO.

Ha caiiri http://www.translit.net e cepsic s TpaHciiTepailii pociiiCbKOMOBHOTO TEKCTY
(cranmapt BGN).

9. CrarTs MOBHMHHA CYIPOBOKYBATHUCS ABTOPCHKOK TOBIIKOK (Ui KOXXHOI'O aBTOPA)
TpbOMa MOBaMH — YKPaiHCHKOIO, POCIHCHKOIO, aHTIIHCHKOIO.

10. ABTOpCHKaA JIOBiKa MICTUTh HACTYTIHI JIaHi:

- Ha3Ba CTATTI,;

- MPi3BHILIE, TOBHE iM’S Ta 10 0ATHKOBI;

- PIK HApOJHKCHHS,

- BUCHUU CTYIIiHb, BUCHE 3BaHHS,

- Miciie po6oTH (aHIIHCHKOI0 MOBOIO — ITOBHA O(iIIHHO-TIPUIHATA Ha3Ba YCTAHOBH);

- ocaja,;

- inentrdikarop ORCID (muBrch caiit Giomiorexu: http:/library.uipa.edu.ua/naukovtsyam/item/768-
reiestratsiia-vchenykh-u-mizhnarodnomu-reiestri-orcid.html);

- azipeca JuIs JIMCTyBaHHs, TejaedoH, e-mail;

- aJgpeca Ui BIIITPaBKU aBTOPCHKOTO EK3EMILISPY.

VY kiHmi goBiaku Tpebda 3a3HaunTu «Ilomanuii maTepian panimie He mMyOIiKyBaBcs 1 10 1HIIMX
BHUJIABHUIITB HE HAJICWIIaBCs». «He 3amepedyto MpoTy BUCTABICHHS MIOBHOTO TEKCTY CTATTI HA CAMT
HamionaneHoi 6i6morekn Ykpainu iM. B.1. Bepnaacekoro, B pedeparuBHy 6a3y maHux «YkpaiHika
HayKOBa» Ta MOBHOTEKCTOBY 0a3y nanux «HaykoBa nepioanka Ykpainu», cailt HaykoBoi 6i6miore-
ku YIIIA.

Pexomenamuii 10 HanucaHHs aHOTaMii (ABTOPCHLKUX pe3l0Me) 10 HAYKOBHUX CTaTeil

Jlo myOmikanii npuiMarThCsl PYKOIIMCH 3 MAKCHUMalbHO KOHKPETH30BAaHMMM aHOTALISMHU.
Kommno3umiiiHo aHoTaliisi Moxke OyTu 30ynoBana 3a npunnunamu IMRAD (Introduction, Methods
(Methodology), Results and Discussion). 3arajipHOBU3HAHOK CBITOBOO MPAKTUKOK € BUKOPUCTAH-
Hsl aHOTAaIlii (aHITIHCHKOI MOBOIO — resume uu abstract) He yiuiie sk CTPYKTypHOTO KOMIIOHEHTa
BJIACHE HAYKOBOI CTaTTi, aje i K OKpeMOi HayKOBOi pOpMH, 110 Ma€ HAa METI O3HAHOMUTH y Haii3a-
TAIBHIIIUX PUCAX 13 CYTTIO Ta 3MICTOM JIOCIIIKCHHS.

AKTYaJbHICTh — aKTyaJIbHICTh OCHIDKEHHS. MeTa — MeTa 1 3aBHaHHs JociipkeHHs. He
CJIiJ] TIOBTOPIOBATH Ha3BYy CTATTi. SIKIO 3 Ha3BU CTATTI MeTa Ta 3aBIAaHHSA POOOTH € 3PO3yMUTHUMH,
TO i€ peYeHHs ciij npomyctuty. Hanpuknan, MoxxHa Bka3atu — Po3risHyTi HanpsMku... He Buko-
PUCTOBYBATH Taki cjioBa K «B 11t ctarti, B cTarTi». KOMIETeHTH AOCHIIHUKH YyJI0BO PO3YMIIOTb,
110 MOBa HJie caMe Ipo Bamry crarrio.
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MeToau (MeTo10J10TisI TOCTIIKeHHSI) — BiZIOMOCTI PO Te, KOJIH, JI€, SIK IIPOBOIMIIOCS IOCITIDKCHHS;
sika iH(OpMaAIIis, METOM BUKOPHUCTOBYBAJIUCS, XTO OyB BKIFOUCHHI B TPYITy MmiagociiaHux. Merox ado me-
TO/0JIOTI0 TIPOBEICHHSI POOOTH JIOIUIHHO OMHMCYBAaTH B TOMY BHIIAJIKY, SIKIIO BOHM BIIPI3HSIOTHCS HOBH3-
HOIO 200 iX po3po0OKa CTAaHOBUTBH CAaMOCTIHHY YacTHHY poOoTH. Y pedeparax TOKYMEHTIB, III0 ONHCYIOTh €KC-
TIepUMEHTAITbHI POOOTH, BKa3yHOTh [DKEPEIa IAHUX 1 XapakTep iXHb0I 0OPOOKH.

Pe3yabTaTH — OCHOBHI BUCHOBKU (KOHKPETHKA), Pe3yJIbTaTh JOCHipKeHHs. Hampukimam —
BcranoBieHo. .., 3’s1coBaHo..., [Tokazano... Ta iH. Pe3yabTaTn poO0OTH ONUCYIOTH IPAaHUYHO TOYHO
i inpopmaTuBHO. HaBOASITH OCHOBHI TEOPETUYHI Ta EKCIIEPUMEHTAIBHI pe3yJbTaTh, (aKTHYHI Ja-
Hi, BUSIBJICHI 3B’SI3KM 1 3aKOHOMIpHOCTI. [Ipu 11bOMy mepeBara HaJa€TbCsi HOBUM PE3yJbTaTaM 1 Ja-
HUM JIOBIOCTPOKOBOTO 3HAUYCHHSI, BOKJIMBHM BIJIKPUTTSIM, BUCHOBKaM, sIKi CIIPOCTOBYIOTh HasBHI
Teopii, a TAKOXK JaHWMHU, 1110, Ha JYMKY aBTOpa, MatOTh MPAKTUYHE 3HAYCHHSL.

BucHOBKH MOXYTh MICTUTH PEKOMEHAIIi1, OIIHKH, IMPOTO3MIIii, T1IIOTE3H, OMKMCaH] y CTaT-
Ti. He pekoMmenayerbcst BKka3zyBarty, mo Bamn miaxig abo MeToauka € KpaluMH, HiXK B 1HIIUX aBTO-
piB. Lle € 3p0o3yMiauM 13 caMOro CTaTyCy CTaTTi K HAyKOBOI.

IlepcnexTnBM — iHpOpMAIis PO TE, SIK OTPUMAHHUN PE3YIbTAT CITiBBIIHOCUTHCS 3 BHCHOBKAMHU
IHIIUX YYEeHUX, SIK1 TIEPCIIEKTUBH AOCITIHKEHHS, HAIIPSIMU TIOJAITBIIOT pOOOTH, CKIIAIHOCTI.

[Tpu miAroTOBII aHOTAIT CITiJi BUXOIUTH 3 TOTO, 1[0 BU muimeTe 1jis KOMIETEeHTHUX JAOCIHTi-
JHHKIB 1 OIMPOKOTO KOJIa MOTCHIIWHUX aHTIIOMOBHHUX KOpHCTyBadiB. TOMy MOXeTe BBOJIUTH [0
aHorallii crienianbHi TepMian. CIIiJl 9iTKO BUKIAAATHA CBOIO MO3MINIIO0. Bif CTHIIO 11 BUKIIaeHHS 3a-
JCKHUTh KIJTBKICTh 3BEPTaHb 1, 0 € OCOOJIMBO BAKJIUBUM 1 aKTyaJbHUM ChOTOMHI, KUIBKICTh IIUTY-
BaHb Bamoi my0uikarii. AHOTaIlisl He MOBUHHA MICTUTH 3araJIbHUX CIIIB.

ABTOpPCBHKE pe3l0Me TIOBUHHO BUKJIAJATH CYTTEBI (hakTH POOOTH, 1 HE TOBUHHO MEPeOLTbIITY-
BaTH a00 MICTHTH MaTepiall, KU BiICYyTHI B OCHOBHIH YyacThHI MyOJIiKarii.

BigomMocrTi, 1m0 MIiCTATBCS B 3aroJIOBKY CTaTTi, HE MMOBUHHI MTOBTOPIOBATUCS B TEKCTI aBTOP-
cbKOro pe3tome. CKOPOUYEHHS Ta yMOBHI IIO3HAYEHHS HE JOIMYCKAIOTHCS.

B aBTOpCchKOMY pe3toMe He POOIATHCS MOCHUJIAHHS Ha HOMEp ITyOuTiKallii B CIIUCKY JIiTepaTy-
pH JIO CTAaTTI.

Cunij yHUKATH 3aiiBUX BCTYNMHHUX ¢pa3 (HampUKIaj, «aBTOp CTATTi po3risipae»). [cropuyni
JIOBIJIKH, SIKIIIO BOHU HE CTAHOBIISATH OCHOBHHIA 3MICT JOKYMEHTA, OIKC paHilie omy0IiKoBaHUX pPo-
01T Ta 3araJIbHOB1JIOMI ITOJIOXKEHHS B pedepati He HABOIATb.

VY TekcTi aHOTAIil CITiJl BYKUBAaTH CHHTAKCUYHI KOHCTPYKIIil, BIACTUBI MOBI HAyKOBHX 1 TeX-
HIYHUX TOKYMEHTIB, YHUKATH CKJIQIHUX IPAMAaTHUYHHX KOHCTPYKI[i# (HE 3aCTOCOBYBaHUX Yy HAYKO-
Bill aHITIMCHKI MOBI).

OOcsT TeKCTy BH3HAYAETHCS 3MICTOM IyOstikaliii (00csarom BigoMocTeit, IX HayKOBOIO HiHHi-
¢TI0 Ta / a00 MPAaKTUYHUM 3HAYCHHSM), ajic He mMoBUHHMIT 0yTH Menme 1000 3nakiB.

IIpuxiaaa aBTOPCHKOro pe3droMe YKPaiHChbKOI MOBOIO:

3HayHa YaCTHHA IUIAHIB IO BIIPOBAKEHHIO 3MiH, 1110 MICTATh B CBOIll OCHOBI HOBOBBE/ICHHH,
a00 He JOXOAWTH JI0 MPAKTUYHOI peatizawii, abo B AICHOCTI MPUHOCUTh Ha0araTo MEHIIE KOPHUCTI,
HIXK IJIaHYyBalIoCH. .. . .... VY cTarTi NpONOHYETHCS MEXAHI3M ..., 3aCHOBAaHUI Ha aHami3i ... JlociiakeH-
HSl CIIMPA€EThCS HA 3B MPaBUJI 1 MPOLELYP, IO MICTATH CEPit0 METO/IiB, BUKOPUCTAHHS SIKMX J103BO-
aste ... Jlo Takux MEeTOIB BITHOCATHCS: ....Pe3ynpTaTromM po3po0sieHoi aBTOPOM METOJIUKH ... € IPO-
MO3ULIA ..... , IKa B CBO{M KOHIIENITYaJIbHIM OCHOBI OPIEHTYETHCS HA ...BUIIYKYBAaHHS IUIAXIB Ta MIPHU-
CKOpUTbH peastizaliio......, [0 B KIHLEBOMY pe3yJIbTaTl IPU3BEE JI0. ...

Pexomenganii 10 HANMCAHHS TEKCTY HAYKOBOI CTaTTI

Bignosiguo mo ITocranosu [pe3unii BAK Vkpainu Big 15.01.2003 p. Ne7-05/1 «IlIpo mia-
BUIIIEHHS BUMOT 10 (axoBUX BUAAaHb, BHECeHHX N0 mepemnikiB BAK VYkpainu», TekcT cTarti mae
OyTH 13 3a3HAYCHHIM HACTYITHUX €JICMEHTIB!

- IOCTAHOBKA NMPOOJIeMH Yy 3arajJbHOMY BUIJISA/I Ta 11 3B A30K 13 BaXKJIMBUMU HAyKOBUMH YU
MPAKTUYHUMH 3aBJIaHHSMU,
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o yBaru aBTOpiB

- aHaAJI3 OCTaHHIX AOCHiI:KeHb 1 MyOmiKaliil, B SKUX 3aM0YaTKOBAHO PO3B’S3aHHS TAHOI
po0JIeMH 1 Ha sIKI CIUPAETHCSI aBTOP, BUIIJICHHS HEBUPIMICHUX PaHIIIe YaCTHH 3arajibHoi mpooJe-
MU, KOTPUM TIPUCBSIUYETHCS O3HAYCHA CTATTS,

- opmy/rroBaHHs HiJjiei craTTi (MOCTaHOBKA 3aBIAHHS);

- BUKJIa/I OCHOBHOI'0 MaTepiajy JOCIIKCHHS 3 TIOBHUM OOTPYHTYBaHHSIM OTPUMAHHX Hay-
KOBUX pe3yJbTaTiB,;

- BUCHOBKH 3 JJAHOTO JIOCTIIKSHHS 1 IEPCIIEKTUBH MOJAJIBIIINX PO3BIIOK Y TAHOMY HAIIPSIMKY.

Oc00,1MBOCTI CTHJII0O HAYKOBOI CTATTi

Yacto aBTOpH, SKi NEKIAPYIOTh 3BEPTaHHS JI0 HAYKOBOi MPOOJIEMaTHKH, BUKOPHCTOBYIOTH
[pU [bOMY IyOMIIUCTUYHUI CTHIIb BUKJIALy. 3MIIIAaHHS CTWIIB HE € BUIIPABIAHUM, OCKUIBKH CTBO-
pPEHHS SIKICHOTO IHTEJIEKTYaJIbHOTO MPOAYKTY HE MOXKE aCOIFOBATHUCS 13 IMyOJIIIUCTUYHICTIO Y Oy1b-
akii ii popwmi. [lyOminucTrka i Hayka — 1€ 7Bl IMOBHOLIHHI, BaXKJIMBI JUIs CYyCIUIBHOTO PO3BUTKY, ajie
30BCIM BiJIMiHHI c(hepH IHTEIEKTyaIbHOTO caMOBHpaxkeHHs. OTKe, MOYMHAOYH 31 CTaJIii OCMHUCIICHHS
npuiioMiB 300py iH(opmamii Ta 3aKiHUyOYH (GOpMaMH BUKJIAAYy TUX KOHIEIIIH Ta imeH, 1o sSKux
JIUIIOB aBTOP y pe3y/IbTaTi JOCHTIKEHHS, CIIIJ] YITKO Ta OJTHO3HAYHO OPIEHTYBATHCS HA 3arajlbHOBH-
3HaHI HAYKOBI CTAHJAPTH PiBHS apryMEHTOBAHOCTI Ta CTUIIIO BUKJIAy MaTepiany.

[Ipu oMy Tpeba mam’sTaTH, MO0 y CTaTTI He OyJI0 O€3/I0Ka30BUX TE3 Ta KOHIEHIIIN; yCi
7161 3HaXOMIINCS Y 3aKOHOMIPHOMY Ta OOTPYHTOBAaHOMY B3a€MO3B’SI3KY; aBTOpP MPAarHyB JI0 Mak-
CUMaJIbHO1 00’ €KTUBHOCTI Ta MOIIYKY HayKOBOI ICTUHHU, BUTbHOI BiJl TUCKY 171€0JIOTIi Ta €MOIIii.

PeKOMeHI[aIIﬁ A0 CKJIAJAaHHA CIIMCKY BUKOPUCTAHUX JIZKEPeEJI

ITicns craTTi TOKAETHCS 2 CIUCKU.

CnucoK BUKOPHCTAHHUX JuKepest (3BUUalinuii criucok iteparypu) ta References (crmcok
st MbkHapoaHux bJ1, 1e naHi yKpaiHChKOI/pOCIHCHKOK MOBOIO OIMHMCYIOTHCS 32 JOMIOMOTOI0 Tpa-
ucmireparii (http://www.slovnyk.ua/services/translit.php), a mkepena aHrmiiicbKO0 TyOIFOIOTHCS 31
circky «CHCOK BUKOPUCTaHUX Jukepen»). HeoOxinHo B ommc nokymenty B Crricky ta References
BHOCUTH BCiX aBTOpIB, HE CKOPOUYIOUHM MEPETIK O TPhOX, SK II¢ PEKOMEHIOBAHO YMHHUM Y HAC
JIepKaBHUM CTaHIAPTOM.

IMpaBuna odpopmiienns: cnucky Jgirtepatypu References, rpanciairepoBanoro y pomas-
cbKoMy andasiTi (TaTuHMIA)

[IpaBuiabHUN ONKMC BUKOPHCTOBYBAaHUX JDKEPEN y CIHMCKAX JIITEPATypH € 3alOpyKOI0 TOro,
110 IIUTOBaHA ITyOJTiKallis Oy/ie BpaxoBaHa ITiJl Yac OWiHIOBAHHSI HAYKOBOI TisIbHOCTI ii aBTOPIB,
oTXe, (0 JIAHIII0XKKY) — AisTIbHOCTI OpraHi3ailii, periony, KpaiHu.

3a HUTYBAHHAM KYPHAJy BH3HAYAETHCS HOro HAYKOBMIi piBeHb, aBTOPUTETHICTH, e(hek-
TUBHICTb JISTTBHOCTI HOTO peAaKIiifHOT KOJIeTii 1 T. 1. 3 I[bOT0 BHXOUTh, 110 HAWOLIBII 3HAYYIIIUMH
CKJIaJI0OBUMHU B Oi0miorpadiuHuX MOCWIAHHSAX € MPi3BHINA aBTOPIB i Ha3BH KypHadiB. [Ipudaomy
JUISL TOTO, 00 BCi aBTOpH IyOiKaIlii Oyi BpaxoBaHi B CUCTeMi SCOPUS, HeOOXiTHO B ONMHC CTATTI
BHOCHTH NPi3BUILIA BCIX AaBTOPIiB, HE CKOPOUYIOUH iX JI0 TPOX, YOTUPHOX Ta IHIIIE.

Jlns opopmitenns crmcky niteparypu References HeoOXigHO KOpPHCTYBaTHCh CTaHIApTOM
Harvard (https://web.library.ug.edu.au/files/424/filename.pdf).

Ilpuxnao onucy cmammi 3 JcypHany:.
Fritzkowski, P & Kaminski, H 2009, ‘Dynamics of a rope modeled as a discrete system with ex-
tensible members’, Computational Mechanics, no. 44(4), pp. 473-480. doi:10.1007/s00466-009-0387-2.

Ilpuknao onucy KHuzu:
Loveikin, V, Chovniuk, Yu, Dikteruk, M & Pastushenko, S 2004, Modeliuvannia dynamiky
mekhanizmiv vantazhopidiomnykh mashyn, RVV MDAU, Mykolaiv.
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301pHUK HayKOBHX Hpaib «MammHoOy 1yBaHHS», Haka30M MiHICTepCTBa OCBITU 1 HAyKH YKpaiHu
Bix 11.07.2016 p. Ne 820 BHeceHO 710 mepeliKy HayKOBHX (PaxoBHX BUAAaHb YKpaiHH, B IKOMY MO-
KYTb IyOJIIKYBaTUCS pe3yJbTaTu JUCEPTALIiHUX poOIT Ha 3700yTTS HAYKOBUX CTYIIEHIB JIOKTOpA 1
KaH#1aTa TEXHIYHUX HAyK

HAYKOBE BU/IAHHSA

V]IK 621 — 622

Mamuno6ynyBanns. 30ipHUK HayKoBHX mpaub. Bumyck 24. — XapkiB, YKpaiHChKa
imkenepHo-neaaroriuna akagemis (YIITA), 2019. — 136 c.

Y 30ipHUKY TOJAHO pE3yJbTaTH HAYKOBUX JOCIIHDKCHb B Tally3l MalIMHOOYyBaHHS.
PosrasHyTo BakiivBi IpoOIeMH MIIHOCTI, CTIHKOCTI, poOOTO34aTHOCTI, TUHAMIKHA BaHTAaXKOIIIIHO-
MHUX, TPAHCIIOPTYIOYNX MAIIMH Ta BEPCTATIB, a TAKOK MUTAHHS TEXHOJIOT1] MAIIMHOOY TyBaHHSI.

Jlyist BUKJIaaviB, HAYKOBIIIB, aCIlipaHTiB, (paxiBIliB B raixy3i MalmmHOOyyBaHHS.

SCIENTIFIC EDITION

UDC 621 - 622

Engineering. Collection of Scientific Papers. Issue 24. — Kharkiv, Ukrainian Engineering
Pedagogics Academy (UEPA), 2019. — 136 p.

There were considered the important problems of strength, steadiness, capacity for work,
dynamics of loading transporting, technological, machines and imporers, also a question of ma-
chine-building technologic.

For instructors, research workers, post graduates, experts in the field of machine-building.
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