MIHICTEPCTBO OCBITHU I HAYKH YKPAIHHA
3anopi3bKkuil HanioHaNbHUI TeXHiYHMH yHiBepcHuTeT

METOJANYHI BKA3IBKH
10 t1abopaTopHoi podoTu Ne 12
3 muctiutiag “ OcHOBH Teopii HamIaBieHHs" ISl CTYACHTIB OCBITHBOT
nporpamMu «BiHOBJICHHS Ta MiABUIIICHHS 3HOCOCTIMKOCTI AeTaneH i
KOHCTPYKIIi#» 5151 BCIX ()OpM HABYAHHST

2016
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MeroanuHi BKa3iBKH A0 J1abopaTtopHOi podotn Ne 12 3 aucuurmiiHu
“OcHoBH Teopil HaruIaBiIeHHS" JUIS CTYACHTIB OCBITHBOI MpOrpaMu
«BiIHOBNIEHHSA Ta MiABUIIEHHS 3HOCOCTIHKOCTI JeTalied i KOHCTPYKIIiH»
st Beix ¢opm HaBuanusa /Y. O.€. Kanycrsn — 3anopiioks: 3HTY,
2016.-10c.

Yxnanau: O.€. Kanyctas, cT. BUKiagad
Pentenzent: A.O. lllyminoB , KaHJ. TeXH. HAYK, JOICHT
Kopekrop: L.I1. ABepuenko

Bimmosinaneawii 3a Bumyck: O.€. Karyctsa
3aTBEpIKEHO
Ha 3aciganni kapenpu OT3B
[Iporokon Ne 7 Bin 26.04.2016
3aTBEpIKEHO

Ha 3aciganai HMK 1©®
[Iporoxon Ne 9 Bix 12.05.2016

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

3MICT
1 META POBOTHU ..ooiiiiiiee e 4
2 BOT VT it 4
3 MATEPIAJIU, IHCTPYMEHT, IIPUJTAU,
OBJTATHAHHIS ..o e 8
4 BKA3IBKHM 3 TEXHIKHW BE3IEKMU ....ccccvvvviiiieiieee 9
5 IOPSJJOK NPOBEJIEHHS JABOPATOPHOI
POBOTH ..ottt 9
6 BMICT 3BITY oo 9
7 KOHTPOJIBHI BATIUTAHHSA ..o 10
JIITEPATYPA et 10

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

JOCJIIAKEHHSA BJACHUX HAIIPYKEHD IIPU
3BAPIOBAHHI

1 META POBOTH

BuBuut  yMOBM  BHHMKHEHHS  BJIACHMX  HalpyXeHb  —
TEMIIEPATYPHUX Ta 3AJTUIIKOBUX

2BCTYII

Tepmoenektponna emicist (epexr Piuapacona, epext Emicona) -
SBHIIEC BUPHUBAaHHS €IEKTPOHIB 3 MeETally MPH BHCOKIH TeMIepaTypi.
KonreHTpallisi BUIbHUX €IEKTPOHIB B METaJlaX JIOCUTh BUCOKA, TOMY HaBITh
OpH CepeiHIX TeMIepaTypax BHACHIZOK PO3MOITY EIeKTPOHIB 3a
MIBUAKOCTSIMU (1O eHepril) JesKi eNeKTPOHHM MaloTh SHEpriio, JOCTaTHIO
JUIS  TIOJIOJIAHHS ~TOTEHIliifHOro Oap'epy Ha KOpAOHI Meramy. 3
MiIBHIICHHSM TEeMIEpaTypyd 4YHCIO eNEKTPOHIB, KiHETHYHA eHepris
TEIJIOBOTO pyXy SKWAX Ourblie poOOTH BHXOAY, pocTe, 1 SBHIIE
TEPMOEJIEKTPOHHOT eMiCii CTa€ MOMITHHUM.

JocnikeHHsT 3aKOHOMIPHOCTEH TEepPMOENEKTPOHHOI eMicii MoXHa
MPOBECTH 3a JIOMOMOTOK HAWIMPOCTIMIOl JBOCICKTPOIHOI JIaMIH -
BaKyyMHOI'O JioJla, IO TPEACTaBIsE COOOI0 BiKa4aHWK OasioH, IO
MICTUTh JBa enekrpomu: katog K i anox A. B HalnpocTilioMy BHIaIKy
KaTOZIOM CIY)KHTh HHTKa 3 TYIOIUIABKOrO Mertany (Hampukiaji,
BOJIb(hpaMy), pO3KAPIOETHCS EISKTPUYHUM CTPYMOM. AHOJI Haifuacriiie
Mae (opMy MeTalNeBOro IWIIHApa, M0 OTouye Karon. SKkmo maion
BKITIOYMTH B JIAHIIOT, TO MPH MPOXKAPIOBaHHI KaToja i mojadyi Ha aHoJ
MO3UTHBHOI Hanpyru (010 KaTo/a) B aHOJHOMY JIaHI[FO31 Ji0/la BUHUKAE
CTpYM. SIKIIO MOMIHATH MONISIPHICTH Oatapei, TO CTPYM HPUIHHSETHCS, SIK
O cwIbHO KaToA Hi pozxapioBanu. OTxe, KaTOA BHUITYyCKa€ HETaTHBHI
YaCTUHKH - €JIEKTPOHH.

SIKmo miATpUMYBaTH TEMIIEPaTypy PO3KapeHoro KaTtoja MoCTIHHOT i
3HATH 3aJIOKHICTh AHOAHOTO CTPYMY Bill aHOTHOI HAMpyrd - BOJBT-
aMIIepHY XapaKTepPUCTHKY, TO BUSBIISAETHCS, [0 BOHA HE € JIHIHHOI, TOOTO
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JUIS  BaKyyMHOro jiofga 3akoH Oma HE BHKOHYEThCS. 3aJICKHICTh
TEPMOEJIEKTPOHHOTO CTPYMY BiJl aHOAHOI HANpyrd B 00JacTi Maamx
MO3UTHBHUX 3HAYCHb OIMHUCYEThCS 3aKOHOM TPbOX Apyre (BCTAaHOBJICHHM
pociiicbkum ¢isukom C. A. borycmaBcbkuM i aMepHKaHCHKUM (izukom I.
Jlenrmropom):

[lpu 30UIbIICHHI aHOJHOI HANPYTH CTPYM 3pOCTAE€ JO JACSIKOrO
MaKCHUMaJIbHOTO 3HAa4YeHHsI, 3BaAHOTO CTPyMOM HacuyeHHs1. Lle o3nauae, 1o
Maie BCi €IEKTPOHU, SKi BUIITAIOTh i3 KaTOM, JIOCATAIOTh aHOa, TOMY
nojanpiie 30UTBIICHHS HANpPY>KEHOCTI TMOJsi HE MOXE TNPUBECTH M0
301TbIIEHHS] TEPMOENEKTPOHHOro cTpymy. OTXe, NIIBHICTE CTPyMY
HACHUECHHS XapaKTepu3ye eMiciliHy 3JaTHICTh MaTepialy KaToa.

3MeHIIeHHST POOOTH BUXOIY MPU3BOAWUTH 10 PI3KOro 301UIBIICHHS
IIUILHOCTI CTPYMYy HacHuYeHHS. TOMY 3aCTOCOBYIOTHCS OKCHJHI KaTOIH
(mampuknan, HIKENb, MOKPUTHII OKCHIOM IIEIOYHO3EMEIBHOTO METaly),
pobora Buxojy sikux nopishtoe 1-1.5 eB.

B ocranni poku A7 3BaprOBaHHs, HAaIUIaBJICHHS, TAlKH, OTIIABJICHHS
1 IHIIMX MPOIIECiB BUKOPHCTOBYIOTh OKCUIHHI TOPOIIKOBHI KaToJ, cXxeMa
SKOro TMoka3zaHa Ha puc. 2.1. Bin sBisge co0ow  MigHMIA
BOJIOOXOJIOJDKYBAHUM JiepKaTelb, B TJIyXe OTBIp SKOrO 3ampecoBaHa
aKTHBHA MopomkonofioHa BcraBka. Jlo 11 ckiagy BXOISTH TOPOLIKH
MmetaliB (UpKOHiI0 a00 radHilo0), iHII XiMiYHI CIIOJYKH 1 TEXHOJIOTIYHI
no6asku. [liamerp rimyxoro orBopu 3-5 mM. [lepiie BKIIOUEHHS AyrH 3
MOPOIIKONOAI0HOI0 KaToJI0OM HEOoOXiIHO BHUKOHYBaTH B
KHCIOpocoepkaiied razosii atmocdepi. Ilpu npoMy akTHBHA BCTaBKa
OKHCITIOEThCSI 1 Ha HIid YyTBOPIOETHCS OKCHJHA EMICiiiHA IUTIBKa, IO
CIIy’)KUTh B TOJNAJBIIOMY PIiJKUM EMITEPOM KaTOJHOIO eJIEKTPOHHOIO
cTpyMy. B mopanpmomMy OKCHAHHMN KaTOA MOXXHAa BUKOPHCTOBYBATH IMpPH
TOpiHHI SIK Ha TOBITPi, TaK i B OyJb-KOMY aKTHBHOMY a00 iHEpTHOMY rasi.

JlyroBoro po3psiji BiJpi3HSEThCS BHCOKOIO camocTabinmizamii. Edekr
camocTabiTi3alii 4iTKO TPOSBISETHCA TMOYMHAIOUM 3 CHIM CTPYMY IIyTH
300-325 A. Be3 monatkoBoro comia, crabumi3ylodoro MmoToKy raszy ado
MAarHiTHOTO IOJISl MOJKHAa OTpUMaTh Ayry AoBxuHooo 150 mwm. [Ipu mpomy
MIBMJIKICTh IHTEHCHBHHUX Ta30BHX MOTOKIB BiJ KaTo/Aa 70 aHoa (KaTomHOro
aytTsi) gocsirae 102 m / c.

CriliKicTh IYroBOTrOo pO3psAy IITKOBUTO 3aJIEKHTh BiJl CTIHKOCTI
KaTOJHHUX MPOIIECiB. Y CTallioHapHOMY PEKUMI TOPIHHS IYTH JYyTOTPOHY
KaToJJHA TUISIMA PO3TAIIOBYETHCS Y 3arTUOICHH] KaToI0Aep KaTelsl.
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INokaszana Ha puc. 2.1 popma emiciliHOT IUTIBKH KaTORy - KpaTep, Ka
crpusie crabinizamii KaTOJHOT TUISIMH JYTH, KOTPUH €HEPreTHYHO BUTIAHO
NMPUB'A3yBaTHCS IUIKOBUTO JIO0 JHA Kparepy, OO0 TyT Haii0uibma
KOHIICHTpAIlisl aKTUBYIOUMX NPUCAIOK (KaNbIliid, O6apiid, CTPOHIIiH Ta iHIIe).
a TAaKOXK HalOUTBII BEMKa TeMIeparypa eMiciiiHOT ITiBKH

Llfo l \

a) 0)

1 - MigHWIA KaTOMOAEpKaK, MO OXOJOMKYEThCSA BOJIOKD; 2 - TIOPOIIKOBA aKTHBHA
BCTaBKa; 3 - piJKa eMiciifHa TUTiBKa; 4 - KaTo/AHA TUIsAMa; 5 - MPUKATOIHA JIIJITHKA CTOBIA
IIyTH; 6 - CTpyMeHi KaTOIHOTO OYTTS; 7 - CTPyMEHI KOHBEKTHBHOTO MOTOKY MOBITPSI.

AZ —3arnu0OJIeHHS] KaTOIHOTO IATHA

Pucynok 2.1 - CxemMa OKCHAHOTO MOPOIIKOBOrO0 Karoay (a) Ta
eJICKTPUYHUX OB Y HbOMY(0)

Jyxe BelMKe 3HAUYEHHS Ma€ TaKOX KPHBH3HA KATOJHO! IUTIBKH.
SKmo moBepxHsl KATOAHOI IJIIBKM Ma€ BUTIISA IJIOIIMHH, TO €NEKTPOHH
MicIsl BUXOY 3 KaTOAY BHACHIZOK TEPMOEMICIi, pyXaroTbCsl MPSIMOIIHIIHO
M0 HOPMaM JI0 MOBEPXHi KaToMy i HE 3MIHIOIOTh HANpsM PyXy Yy CTOBILY
JyTH.

SIKmo moBepxHsS KaTOAy KpHBa, TO Taky came ¢opmy Oyne martu i
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TOpelb CTOBNA IyrH. Y TaKMX YMOBaxX €NEKTPOHU eMicii, Takox OyayTh
pyXaTHCs MICIsl BUXOMy 3 KaTo[y 10 HOpMam Ji0 HOro moBepxHi (KpHBOI).
PoszirnaBmmice Ha OpHIM OMSHII  KaTOJHOTO MAAiHHS HAMNPYrd i
MPOMIIOBIIN AESKUN Map Mmia3MH, KOXKEH eJIeKTPOH MOXKe YBITH Ha Taky
JUISTHKY €IeKTPUYHOTO MOJIs, Ie Horo pyx Oyze raJbMyBaTHCS LM IIOJIEM.
VY npoMy BUNAAKY TPAEKTOPisS PyXy €JIeKTpoHY Oylne BHUKPHBIIIOBATHUCS.
PoszirnaBmmice Ha OpHIM OiMSHII KaTOJHOTO MAAiHHS HAMPYrd i
MPOMIIOBIIN AESKUN Map Mmia3MH, KOXKEH eJIeKTPOH MOXKe YBITH Ha Taky
JUISTHKY eIeKTPUYHOIO TOJIs, JIe Horo pyXx OyJe raibMyBaTHCS LM II0JIEM,
npu3Bene A0 30UIbIIEHHS Mepepidy ioHi3almii razomapoBoi ¢asu crosia
nyru. Llum siBUIeM MOSICHIOIOTH 301UTbIIEHHS TYCTHHH KaTOAHOTO CTPYMY Y
MOPOKHUCTHX KAaTOMIB, 1 SK HACTIJOK 30UIbIICHHS TYCTUHU CTPyMy €
JOCSTHEHHs y kaToai, Bxke npu ctpymi 100 A npu 3armubnenni go 0,2 mm,
temnepatypu 17000-18000 K. A temneparypa y CBOI 4epry, rapaHTye
MOCTIMHICTh TepMOeEMicii 3 KaTooy 1 TepMIYHOT IucoLianii MOJeKyISIPHIX
KOMITOHEHTIB Ayru. Tak, y Jy3i JyroTpoHY HaBiTh Take TEpMOJMHaMidHA
MirHe 3'eqHanns sk aszor (U = 9,756 B) Oyme mikoM gucoIfiiioBane i B
3Ha4YHIA MHpi 10HI30BaHE.

Po3mip kaToOAHOT TUIsIME TOCTATHRO Beukui 1 mpu ctpymi 450 — 600
A nopisnroe y niepepizi 1,3-1,8 mm. ['yctrHa cTpymy, Ipu 3MiHEHI CTpyMy
y JIBa pa3u, He 3MIHIOEThCs 1 cTabunizyeThes npu 3HaueHHsX Ou1st 300 A/mMm
(mpwm akTUBHIN BCTaBIi AlaMeTpOM 4 MM).

AJie He TUTbKM HaJIMHOK TEPMOEMICIEIO MOSCHIOETHCS CTaOLIBHICTD
JyTU AYTOTPOHY.

Y croBmi ayrd, a ocoOMMBO Tiepen KaTOAOM, YTBOPIOETHCS
MPOCTOPOBUH  3apsii, SKAH BIATBOPIOE MDK  EIIEKTpOJAaMH  JIyXkKe
HEPIBHOMIPHHUH PO3MO/LT MOTEH B (puc. 2.2 0).

Y eNeKTpONpoBiHINA YacTHHI CTaBKa YT JIiHII EKBIMOTEHI[iaJliB
BUKPHBIIOIOTbCA, MPHYOMY 4YHM ONMK4e J0 KaToay, THM Oinblie, y
3ariauOJICHHI KaTOJy CKBIMOTEHIANd PO3MIIIYIOTCA AYXKE IIUIBHO, IO
BKa3ye Ha BEJIMKHIA TPAIEHT HANIPYT ¥ Y LIbOMY MicIli (10 IECATKIB BOJIBTIB
Ha MM JIOBXXKHMHH Jyru). Bemmka nampyra y CTIHOK OKCHIHOTO KaTOAy
cTabLIi3ye NPOIleC aBTOCTIEKTPOHHOI eMicii.

Jns BHSABICHHS MapaMeTpiB B 1y31 3 OKCHAHUM IOPOIIKOBUM
karogoM (OKCHAM JaHTaHy, ITpif0, IMPKOHIO, Oapilo) MmodyIyeEMO
BOJIbTAMIIEpHY XapakTepuctuky nyru (BAX) y mosirpi. [ns nopiBHSHHS
nopsin 3 Heto mokaxkemMo BAX BomegpamoBoi nyru y aproHi, Ta BAX
KOMIIAKTHOT'O OKCHHOTO KaToy y MoBiTpi (prucyHOK 2.2).
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° - BOoNb(paMOBHH KaToJl y aproHi;

* - KOMIIAKTHUH OKCUAHUN IUPKOHIEBHI KATOA y MOBITPI;

+ - MOPOLIKOBUI OKCHTHUI KaToJ| y TOBITPi.

Pucynok 2.2 - BonbraMiiepHa XapakTepUCTHUKA IYTH TPU JTOBXKHUHI
nyru 40 MM Ta MiTHOMY aHO/II

BAX mopomkoBOro OKCHIHOTO KaTOAy MPSIMOJIIHIHHO BHCXiTHA.
Taka BAX OyBae TimbKM y Jay3i IJIa3MOTpPOHIB, Jie¢ CTOBI AYTH
OOTHCKY€ETBCSL COMJIOM IUIa3MOTPOHY. Y BHMNAAKY 3 TOPOIIKOBUM
OKCUJIHUM KaToJOM Taxkui Burian BAX mnoB'a3aHuil 3 JOCHIIHKEHHSIM
MaKCHUMaJIbHOIO CTYIEHIO 10Hi3allil y Ay31 y CKJIaj SIKO1 BXOISTh OKCHAM
IIUPKOHII0, 0apiro, CTPOHIIIO Ta iH. €IEMEHTIB, IO JIETKO 10HI3YIOThCS, Y
OMY BHIAJKy MaKCHMaJbHUH CTYIMiHb 10OHI3allil AOCSATAETHCS BXKE MPH
HEBENTMKNX 3HAUYEHHSX CTPYMY Ta TeMIepaTypH.

o=

3 MATEPIAJIU, IHCTPYMEHT, IPUJIA/INA,
OBJATHAHHA

Jyrorpos.
BumiproBambHi mpuiIa i NOCTIHHOTO CTPYMY Ta HAIIPYTH.

[Tnactuna 3 Mifmi.
Jliniiika.
BunpsmiroBau BZY-506.

SUE A
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4 BKA3IBKH 3 TEXHIKHW BE3IIEKH

1. Jlo naGopaTOpHUX POOIT JIOMYCKAIOTHCA CTYACHTH  ITICIS
THCTPYKTaXXy 3 OXOPOHH TpaIli Ta MOKEKHOI OE3IeKH.

2. 3a00poHS€ThCS BMUKATH €JIEKTPUYHI MPHJIAZW Ta OOJaJHaHHS
0e3 103BOJTY 3aBiAy0Y0ro JJabopaTopiero abo BUKIIAaaua.

3. V BunaaKy BUSBJIEHHS HEMOIaI0K 00IaIHAHHS CTYACHT IOBUHEH
HEraifHO MOBIJOMHUTH BHKJIaJlaua a0do0 3aBigyr0doro jgadopaTopiero.

4. 'V BumajKy BUHUKHEHHS MOXeXi ab0 TMOpa3KH eIeKTPUIHUM
CTPYMOM CTYJCHTH IOBWHHI JiTH Yy BIUIMOBIAHOCTI i3 3aTBEpKESHUMHU
THCTPYKIISIMH 3 OXOPOHi Mpalli Ta MOKeKHOi Oe3MeKH.

5 MOPSJOK MPOBEJIEHHS JABOPATOPHOI
POBOTH

5.1 BeimMkuyTu Bunpsmmosad B/1Y-506.
5.2 3anmanuTH Iyry IyroTpOoHY.

5.3 3H4TH OKa3HUKH CTPYMY Ta HAIIPYTH
5.4 Buksountet prOOopH.

6 3SMICT 3BITY

[MoOynyBaT BONBTaMIIEPHY XapaKTEPUCTHKY JAyTH. 3pOoOUTH
MOSICHEHHS Ta BUCHOBKH Tpo OynoBy BAX.
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7 KOHTPOJIBHI 3AITUTAHH A

7.1 o Take BONbTaMIIEPHA XapaKTEPUCTHKA ?
7.2 bynoa myru.

7.3 Tporiecu Ha KaToIi?

7.4 Sxi npouiecu BinOyBarOTHCS Y CTOBMI AyTU?
7.5 1Illo Take moTeHIfian i0Hi3ammil

7.6 lonizyroui enemeHTH?

7.7 PiBusinns Cara?

7.8 3anexHicTh CTYIEHIO 10HI3allii BijJ CKJIay KaToua?
7.9 SIki OyBaroTh KaTOAM?

7.10 Bunu enekTponpoBiIHOCTI Y CTOBMI OyTu?
7.11 TlagiHHS HAIIPYTH y CTOBMI OyTu?

7.12 Ctpym Hacu4eHHs y 1y3i?
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