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IHcTUTYT enekTpo3eapioBatHs iM. €.0. Matona HAH Ykpaihm, Kuis

PO3POBKA TEXHIYHOIO MPOEKTY MOBI1bHOI MALLUHU
AJ19 NPECOBOIO 3BAPIOBAHHS TPYB
LUWPOKOIro COPTAMEHTY

ITpu OymiBHUITBI PiISHOMAHITHUX HPOMUCJIO-
BUX Ta CIJIbCHKOTOCIOAPCHKUX 00’€KTIB i Oy iB-
HUIITBI TPYOOIIPOBO/IIB BUKOPUCTOBYIOTh TPYOU 3
HeBeMKuMU jiamerpamu. [liist 3BapioBatHst TPyO
TPAUIIIITHO BUKOPUCTOBYIOTh METOJl PYYHOTO Ty~
TOBOTO 3BapIOBaHHS Ta aBTOMATUYHOTO 3BapIOBaH-
H4 B 3axucHOMY cepeioBuiiii. [Ipy BUKOHaHHI 1TMX
pobit moTpibHiI KBasti(hikoBaHiI 3BapIOBATIbHUKH.
Hanpukiiazm, mpu OymaiBHUITBI Cy4acHOI TEIIHIL
Ha 10 ra norpi6Ho 10 8 KBami(PiKOBAaHKUX 3BAPIO-
BabHUKIB. OINH 3BapIOBAIBHUK 32 8-TOAMHHUN
pobounii eHb BUKOHYy€e 70—75 3BapHUX 3'€/IHAHb
Tpy6 piamMeTpoM Biz 38 10 57MM 3 TOBIIUHOIO CTiH-
ki 10 4 MM. TIportec OyaiBHUIITBA CydaCcHOI TEILIN-
11i ToTpeby€e BUCOKOE(hEKTHBHUX METO/IIB aBTOMA-
TUYHOTO 3BapIOBaHHS, SIKi I03BOJISIIOTH OTPUMYBa-
i cTabiibHi i Hajiiini 3BapHi 3'eqnanns. B Incru-
TyTi enexrpo3BapioBanig (IE3) im. E.O.IlaTona
HAHY BupoioBx 10Broro 4acy mpoBOSThCS Ha-
YKOBI POOOTH 110 PO3POOII aBTOMATU30BAHUX IIPO-
1eciB 3BaptoBanHst. OuH i3 po3podIeHnx Mpo-
TIECiB € TTpecoBe 3BapIOBAHHS JyTOI0, KEPOBAHOIO
Mar"iTHuM nosem (II3M/T).

Enextpuuna gyra mif Mi€l0 Mar"diTHOTO TOJIS
TepecyBa€EThCSA B 3a30Pi MiXK TOPIIMU 3BapioBa-
HUX JleTanedl. Bucoka MBUIKICTh TepecyBaHHS
nyru (o 280 M/c) 1a€ MOKJIMBICTH OTPUMYBATH
piBHOMIpHE HarpiBaHHS TOPIIIB ieTajeil 1Mo BCiil
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3BapioBaHill MoBepxHi. 3BapHe 3’efHaHHS (op-
MYETbCS B Pe3yJbTaTi IMJIACTUYHOI aedopmartii
TOPIIIB JleTaJlei.

[nctutyT esekrposBaproBanns im. €.0. Ilarto-
Ha Ma€ mareHTH i mybsikarii B obmacti [I3M/]
[1—7]. Po3pobiieni B incTuTyTi TexHosorii ta
CTallioHapHe yCTaTKyBaHHS ITiITBEPAWIN Tiepe-
Baru Meroxy II3M/I. ocuimkerns 1mo po3poOii
TEXHOJIOT1 Ta IPOMMCJIOBOIO iHCTPyMEHTa I
MIPECOBOTO 3BAPIOBAHHS 3 HATPiBAaHHAM JleTaseit
JIyT010, KEPOBAHOIO MArHITHUM T10JIEM Y MOHTaK-
HUX YMOBaX, € TOCUTh aKTYaJIbHUMH.

Ha mouaTtky BUKOHaHHS HAyKOBO-TEXHIUHOTO
POeKTy HeoOXisHO OyJI0 MpoaHali3yBaTH iCHY-
1oui cxemu [13M/] 3 MeTOI0 CTBOpEHHS MOOLIBHOT
MalimHu Baroio 70 80 Kr /11 IPecoBOro 3Bapio-
BaHHs TPyO MAJIOTO jliaMeTpa.

IcHye nekisnbKa MPUHIIMIIOBO Pi3HUX CXEM 3Ba-
PIOBaHHS IyTol0, KEPOBAHOIO MATHITHUM IIOJIEM,
ajie HAMOIIBIN TOMUPEHUM € CIOCiO TTPECOBOTO
3BapioBaHHd (puc. 1). Y 11boMy BUTIA/IKY 3Bapio-
BaHi setasi (Hamp., TpyOM) Ta MarHiTHI CUCTEMU
po3TallloBaHi Ha OAHIN oci. MaruiTHi cucteMu
CTBOPIOIOTh MAarHiTHI MOTOKH, SIKi CIIPsIMOBaHi
Ha3ycTpiu o/luH ofiHOMY. B 3a30pi Mix TOpIisIMU
TpyO CTBOPIOETHCS pajiiaibHa CKJIa0Ba 1HIYKII
KepyI4oro MarHiTHOro moJs. J{yry 30ymKyorh
Mi’K KPOMKaM# TPYO.

Bich nyru (a K HACJHIOK, 1 CTPyM JyTH) Ma-
I0Tb OJIMH HAMIPSIMOK 3 Biccio TpyO. B3aemoist ak-
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ClaJIBHOTO CTPyMY IyTHU ra 3 pa/liaJIbHOIO CKJIa/I0-
BOIO IHAYKIiI B, MArHITHOTO MOJIst CTBOPIOE CILLY
F, sixa mepecyBae nyry:

F=k-IxB, (1)

1e k — xoedilieHT, SKMii 3aIeKUTh BiJ 6araThbox
(hbakTOpiB, y TOMY unci BiJi po3Mipy 3a30py Mix
Tpybamu.

Enexrpuyna nyra, nepecyBalounch 3 BUCOKOIO
MTBUIKICTIO TT0 TOPIISX JIeTase, 1o 3BapIOI0ThCS,
porpisac ix Ha HeoOXiaHy rbuny. @opmyBaH-
Hs1 3'€[HaHDb BiOYBAETHCS TPU CTUCHEHHI Ta
CHIJIBHIN TIAacTU4HIN JechopMmartii TOpITiB seTa-
JIel, 1110 3BapIOIOThCA.

3a pe3yJBraTaMi POBeICHINX HAYKOBUX JIOCJTi-
JUKeHb OyJia BUTOTOBJIeHa MOOLTbHa ManiHa [T3M/]
TpyO MIMPOKOTO COPTAMEHTY B MOHTAKHUX YMO-
Bax Ta Ha BUpoOHUITBI. OCHOBHI TEXHIYHI XapakK-
TEPUCTUKHU YCTAHOBKY HaBezieHi B Tabr. 1.

[Tpouiec [I3M/] na ycranosii M/IB1 (puc. 2),
sIKa CKJIA/IA€ThCS 3 MAIIIMHU, 3BapIOBAJIBHOTO BU-
MpSMJISTIa TIOCTIHOTO TOKY Ta Iachu KepyBaHHs,
BUKOHYEThCS TaKUM dnHOM (puc. 3). Tpybu mir-
HO 3aTHCKYIOTHCSI MEXaHIYHUMU MTPUBOJAMH Ma-
mrHK. [locTiliHi MarHiTH CTBOPIOIOTH MarHiTHI MO-
TOKH, SIK1 CIIPSIMOBAHi Ha3yCTpiy OJIMH OTHOMY,
BHACJIIZIOK YOT0 B 3a30pi MizK TpybaMu CTBOPIOE-
ThCS pajliajibHA CKJIAI0Ba IH/YKIT MarHiTHOTO
noJst. Jlyry 30yaKyooTh MiK KpoMKaMu TPyO
(puc. 4), B pe3yJsbraTi BiCh 3BapiOBAJIbHOTO CTPY-
My (BiCb 1 CTPyM JIyTH) Ma€ OJIUH HAIIPSIMOK 3 Bi-
ccio Tpy6. Baaemoyist akcianbHOTO CTPyMYy yTH 3
paiaIbHOIO CKJIAZIOBOIO 1H/IYKITi1 MAarHiTHOTO TI0-
JISL CTBOPIOE CUITY, siKa IiepecyBae ayry. [Iporec
3BapIOBaHHS BUKOHYETHCS IIIJIIXOM HarpiBaHHS
TOPIIB TPYO [0 CTaHy MJIACTUYHOI gedopmarrii.
[Ticns narpiBanHs BUKOHY€ETbCS ocazika. [licas
3aBepIleHHsI 3BapioBaHHs (puC. 5) TpyOu BuitMa-
I0TbCS 13 3aTUCKHUX NPUCTPOiB Maiuuu. Maium-
Ha TIOBEPTAETHCS B MOJIOKEHHS TI0YaTKY HACTYII-
HOTO 3BapIOBaHH4.

Ha ocHoBi npoBegernx BUPoOyBaHb 3BaPHUX
3’€/lHaHb BCTAHOBJIEHI MEXaHIYHi BJIACTUBOCTI (JIUB.
Tab1. 2). BunpoOyBaHHs mokasaju, 10 3Bapio-
BaHH$ 3 HarpiBaHHSM JIyToI0, 1[0 [1ePeCyBAETHCS
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3BaploBaJIbHA IyTa

MarHiTHI cucteMu

Puc. 1. Cxema npouecy II3M/I Tpy6

Puc. 2. Yeranoka M/IB1 mis1 ipecoBoro 3BapooBants Tpy6

Tabruys 1

HaiimenyBanus 3uayeHns
MakcruMaspHa TJI0IIA OTePEYHOTO Tie-
pepisy Tpy6H, 1110 3BaPIOETHCST, MM 750
MaxcumanbHUN 30BHINIHIH fiamMeTp Tpy-
6u, 1110 3BapIOETHCS,MM 64
3ycwist ocanku Makcumasibie, KH (kIc) 60 (6000)
3ycuiiist 3aTUCKAHHST MaKCUMAaJIbHe,
kH (xIc) 120 (12000)
IIpoaykTuBHICTD pU 3BapIOBaHHI, CTU-
KiB y TOUHY 100
Hampyra mepeski skuBnenss, B 380
Yacrora Mepexi skuBJeHHs, T11 50
[MorysxHicTb, kBa 50
Maca ycranosku; B/1Y; madwu, Binnosiza-
Ho, kI’ 80; 280; 15
TaGapuTHi po3mipu, MM 793 x 366 x 290
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Puc. 3. Ycrarnoska Tpy0 y 3aTHCKHI IPUCTPOI 3BaPIOBATBHOL
MaIIuHU

Puc. 4. TIporec 1pecoBoTo 3BapioBaHHsA TPYO AiaMeTpOM
51 x 4 MM yTOI0, KEPOBAHOIO MArHITHIM TI0JIEM, Ha MaIlHHi

y MarHiTHOMY 11011, 3a6e311edy€e OTpUMAaHHS SIKic-
HUX 3BApHUX 3’€/HAHb, AKi 32 MIITHICTIO 1 Tj1ac-
TUYHICTIO BIIIIOBIZIAIOTh BUMOTaM J[IIOYUX TEXHIY-
HUX YMOB.

Ha puc. 6 npencrasieni pe3yabraTu BUTIPO-
OyBaHb Ha 3TMH ILIAHOK, BUPI3aHUX i3 3BaApHOIO
3’enHaHHs TPyO miaMeTpoM 42 x 4 MM, Ta Micast
BUIIPOOYBaHb Ha PO3pUB TPyOH piamerpom 51 x
x 3,5 MM (puc. 7).

Po3spob ennii mpoiiec 3BapioBaHH JaCTh MOXK-
JIMBICTHh CTBOPIOBATHU 3’€HAHHSA 3 MiHIMAaJIbHO
MO’KJINBUM BHYTPIIIHIM ITi/ICHJICHHSAM IIiCJIS BU-
KoHaHHS ocanku (puc. 8). [eomerpuyni po3mipu
MmijicuJieHHs mBiB (Ticd 3BapIOBAaHHSA) MAOTh
3HAUEHHS, SIKi HE MEPEBUNIYIOTh BCTAHOBJIEHI IO
nitouomy BHill 111.42-80. Ile mano MOXIUBICTH
BUKJIIOUUTH TPYIOMICTKY OIEPAITito 3HATTS BHYT-
PIIIHBOTO TIi/ICUJIEHHS 3BapeHux BiB. KepyBaH-
HST TIPOTIECOM 3BApPIOBAHHS 3[iICHIOETHCST aBTOMA-
TUYHO B MOMEHT JIOCSITHEHHS TOPISAMU JleTajeit
HEeOOXiTHOT TeMIIepaTypH, 10 3HAYHO ITiIBUIILYE
cTablIbHICTD SKOCTI 3BapHUX 3'€IHaHb, BUKJIO-
Yae BIJIUB KOJIUBAaHb JKUBUJIHHOI €JIEKTPOMEPeKi,
SIKi BUKJIMKAIOTh 3HAYHI BIJIXUJIEHHS TTapaMeTpiB
PEKMMY 3BapIOBaHHS.

[Ipomec TI3M/I nacTh MOKJIMBICTD 3a JOTIOMO-
rof0 BUTOTOBJIEHOTO MOOIJIBHOTO yCTaTKyBaHHS
SIKICHO Ta MIBUIKO BUKOHYBATH POOOTH TI0 3BapIO-
BaHHtO TPyO. [Ipoitec 3BaproBaHHST BUKOHYETHCS
6€3 JI0JaTKOBUX 3BapIOBAJIbHUX MaTepiasiis, BOIM
JIUIST OXOJIO/IKEHHS Ta 3aXUCHOro ragy. Yac 3Bapio-
BaHHA BITHOCHO Ay’Ke Majnii (Hamp., yac 3Bapio-

M/B1 BaHHsI TPyOU JiameTpom 51 x 2 MM cKJIajae 7 c).
Tabuys 2
2
Mapxa craii Poswip 1py6, oy MiTa KOV Aejew
MM OcHOBHUI MeTasl 3BapHe 3’€IHAHHST OcHoBHUI MeTaJl 3Bapue 3'€HAHHSA
Cramb 20 32x5 488...509 478..501 94...100 88..94
502 490 98 90
Craib 20 51x4 488...509 476...499 92...100 86...94
502 488 97 90
Crainb 20 57x3 485...505 474...498 90...100 84..92
496 486 95 88
Craub 35 51 x4 538...565 528...554 56...64 52..96
551 541 60 70
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Puc. 5. 3pasku 3BapHUX 3’€qHaHb TPYO AiameTpoM 22 MM Ta
51 MM, BUKoHaHuX MetogoMm I13M/]

Puc. 6. Pesybrat BUTpoOYBaHb Ha 3TUH 3BaPHUX 3’ €THAHD
Tpy6 niamerpom 42 x 4 Mm

Puc. 7. 3sapre 3’eqnanus Tpyou miamerpoM 51 x 3,5 MM Tric-
Jist BUPoGYBaHb HA PO3PUB

Puc. 8. Makpouuridh 3BapHOro 3’€IHAHHS TPYOU iaMeTPOM
51 x 3,5 Mm
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Pospob6iiena texxosorist II3M/I gactb MOKIIH-
BiCTh 3HAYHO MiABUIATH TTPOLyKTUBHICTH TIpaIli
i CTBOPIOBATH BUCOKOSIKICHI 3BapHi 3'€/ITHAaHHS B
Pi3HUX YMOBaX BUPOOHUIITBA. 3ACTOCYBAHHSI HO-
BOI TEXHOJIOTII Ta 00JIafHaHHS TIpH Oy IiBHUIITBI 1
ra TeIJIuIb J03BOJISIE TIHATU TPONYKTUBHICTDH
mpaiti B 5,3 pasu, sekonomutr 2000 Kr eJIeKTPOoIiB,
3HU3UTH BUTPATU €JIeKTPoeHeprii Ha 5,2 tuc. KBt/
rOJ1 Ta 3HAYHO MOKPALUTH YMOBH TIpalli.

CTBOpeHuil TUM 3BapOBAJbHOI YCTAHOBKH
M/IB1 3abe3meunTh 3BapioBaHHs TPYO AiaMeTpoM
70 60 MM SK y TIOJTbOBUX, TaK i B CTAI[IOHAPHUX
YMOB2X B /lialla30Hi TeMIlepaTypu HaBKOJTUITHBOTO
cepenosuiia —20 + +40 °C. Ha 6asi mganoi ycra-
HOBKU MOXKe OyTH CTBOPEHMII MOOLIBHUI 3BapIO-
BaJIbHUIT KOMILTeKC. Takuii KoMIuieke Gyjie MaTu
BUCOKY MOOIJIBHICT Ta XOPOIIT MaHEBPOBI MOJXK-
JIMBOCTI 1 I03BOJIUTh BUKOHYBATU 3BapIOBaHHA i
MOHTaK TPYOOIPOBO/IIB HA BUCOTI /10 5 M.

Pospobiena mobisnbHa yeranoska aast II3M/]
Mozke OyTH BIIPOBajisKeHa Ha 00’ekrax OymiBHU-
1ITBA, arPOTTPOMUCIIOBOTO KOMILJIEKCY Ta IIPOMUC-
JIoBOCTI Tipu 3BapioBanHi Tpy6. CTBOpeHUiT KOM-
JIeKC MOOITBHOTO yCTaTKyBaHHSI, TPUHITUIIOBO
HOBA TEXHOJIOTiS aBTOMAaTUYHOTO TIPECOBOTO 3Ba-
PIOBAHHS 3 BUKOPUCTAHHSIM Y/IAPHOI TEXHOJOTil
BUKOHAHHS OCA/IKU 32 MOKa3HUKAMU ITPOyKTUB-
HOCTI Ta AKOCTi BiJINIOBiJIJa€ CBITOBUM CTaHJap-
TaM, a 3a JIeIKUMU IMOKa3HUKAMU 1 TIePEeBUNIYE iX.
YerarkyBaHHS 37aTHE 3a0€311€4UTH BUCOKI TeM-
1 3BaPIOBAHHST HEMMOBOPOTHHX CTUKIB TPYO 3 Ma-
JIUM JiaMeTPOM Ta TPyOOIIPOBOIIB B Pi3HUX Te0-
rpadivyHUX i KJIIMAaTUYHUX YMOBAX.

BMCHOBKHU

1. BuroToBJiena ta mpoBe/ieHa HaJa/iKa JA0CJTi/l-
HOIO 3pasKa 3BapIOBaJbHOI MOOLIBHOI MalIMHK
s IT3MUI.

2. PospobJieHa TexHOJIOTIT 3BapioBaHHs TPYO
niametpoM 20+60 MM B MOHTOKHUX YMOBAX.

3. IIpoBeneHo HeoOXiaHI MeXaHiYHI BUITPOOY-
BaHHS 3Pa3KiB TPyO 3 HEBEJMKUM JiaMETPOM 3
METOI0 BU3HAUYEHHS SIKOCTI 3BapHUX 3’€/IHaHb Ha
PiBHiI OCHOBHOI'O MeTaJy.
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Pospobienwii mpottec [I3M/] 1a€ MOKIUBICTD
3a JIONIOMOTOI0 BUTOTOBJIEHOTO MOGIJIBHOTO yCTAT-
KyBaHHSI SIKiCHO Ta IIBUIKO BUKOHYBATH POOOTH
1o 3BapioBaHHIO TPy6 miamerpom a0 60 Mm. 3a
metoznom [I3M/l moxkHa BukoHyBaTH 10 450 3Ba-
pHUX 3’€HaHb TPYO poBKMHOI 10 10 M 3a 7 TO-
JIVH B TI0JIbOBUX yMoBax. [Ipu ibomy po3pobiiena
TEeXHOJIOTiST 3BAPIOBAHHS Ta YCTATKYBAaHHS JIaCTh
3MOTY BHKOHYBATH IIPOIleC 3BapKu 0Oe3 J10/aTKO-
BUX 3BapPIOBAJIbHUX MaTePiaJliB, BOAM JIJIST OXOJIO-
JKEHHS Ta 3aXUCHOTO Ta3y.
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