MIHICTEPCTBO OCBITHU I HAYKH YKPAIHHA
3anopi3bKkuil HanioHaNbHUI TeXHiYHMH yHiBepcHuTeT

METOJANYHI BKA3IBKH
10 tabopaTtopHoi podoTu Ne 13
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 BKa3iBku a0 JabopatopHoi pobotu Ne 13 3 aucnumiiau
“OcHoBu Teopil HaruIaBiIeHHS" JUIS CTYACHTIB OCBITHBOI MpOTpaMu
«BiTHOBNIEHHSA Ta MiABUIIEHHS 3HOCOCTIHKOCTI JeTalied i KOHCTPYKIIiH»
st Beix ¢opm HaBuanusa /Y. O.€. Kanycrsn — 3anopixoks: 3HTY,
2016.-10c.

Yxnanau: O.€. Kanyctas, cT. BUKiagad
Pentenzent: A.O. lllyminoB , KaHJ. TeXH. HAYK, JOICHT
Bimmosinaneawii 3a Bumyck: O.€. Karyctsa

3aTBEpIKEHO

Ha 3aciganni kadgenpu OT3B

[porokon Ne 8 Bix 1.06.2016

3aTBEpIKEHO

Ha 3aciganai HMK 1©®
ITporoxon Ne 10 Bix 21.06.2016

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 9
4 BKA3IBKHM 3 TEXHIKHW BE3IEKMU ....ccccvvvviiiieiieee 9
5 IOPSJJOK NPOBEJIEHHS JABOPATOPHOI
POBOTH ..ottt 9
6 BMICT 3BITY et 10
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

JOCJIAXKEHHS BOJAbT-AMIIEPHOI
XAPAKTEPUCTUKHN OKCHAHHUX KATOAIB
EJEKTPUYHOI AYI'HU

1 META POBOTH

[MoOynyBaTi BOJIBT-aMIIEpHY XapaKTEPHCTHUKY IYI'M OKCHIHOT'O
MOPOIIKOBOr0 Karoay. [IpoaHanizyBaTu 3aJeXKHICTh MIX JIOBXKHHOIO JIyTH,
HATpYyrol Ta CHUJIOK 3BaploBaNbHOrO cTpyMy. IlopiBHATH i mapameTpu
OKCHJIHOT'O ITOPOLIKOBOT'O KaTOAY 3 TTapamMeTpaMH BYTUIbHOI JyTH.

2BCTYII

Tepmoenextporna emicis (edekr Piuapmcona, edekt Emicona) -
SBHIIEC BUPHUBAaHHS €IEKTPOHIB 3 MeETally MPH BHCOKIH TeMIepaTypi.
KonreHTpallis BUIbHUX €IEKTPOHIB B METaJlaX JIOCUTh BUCOKA, TOMY HaBITh
NpH CepeiHIX TeMIepaTypax BHACHIZOK PO3MOITY EIeKTPOHIB 3a
HMIBUAKOCTSIMU (IO eHepril) AesKi eNeKTPOHHM MaloTh SHEpriio, JOCTaTHIO
JUIS  TIOJIOJIAHHS —TOTEHIliifHOro Oap'epy Ha KOpAOHI Meramy. 3
MiJBUIICHHSIM TEMIIEPATypy YHCIO €JIEKTPOHIB, KIHCTUYHA CHEpPTis
TEIJIOBOTO pyXy SKWAX Ourblie poOOTH BHXOAY, pocTe, 1 sBHIIE
TEPMOEJIEKTPOHHOT eMiCii CTa€ MOMITHHUM.

JocnikeHHsT 3aKOHOMIPHOCTEH TEepMOENEKTPOHHOI emicii MoXHa
MPOBECTH 3a JIOMOMOTOK HAWIMPOCTIMIOl JBOCICKTPOIHOI JIaMIH -
BaKyyMHOI'O JioJla, IO TPEACTaBIsE COOOI BigKayaHWUW OasioH, IO
MICTUTh JiBa enekrpomu: katog K i anox A. B HalnpocTilioMy BHIAIKy
KaTOZIOM CIY)XHTh HHTKa 3 TYIOIUIABKOrO Mertany (Hampukiaji,
BoJb(paMy), sKa POIPKAPIOETHCS  CIEKTPUYHHM  CTPYMOM. AHOJ
Haifuacrime mae gopmy MeTaleBoro HHUIIHIpPA, II0 OTOYYE Karol. SIKio
JIOJ] BKIIOYHMTHU B JIAHITIOT, TO MIPY MPOXKAPIOBAHHI KaTO/A 1 Mo1ayi Ha aHOJ
MO3UTHBHOI Hanpyru (010 KaTo/a) B aHOJHOMY JIAHI[FO31 Ji0/la BUHUKAE
CTpYM. SIKIIO MOMIHATH MOJISPHICTH Oatapei, TO CTPYM NPUIHHSETHCS, SIK
O cuIbHO KaToA Hi pozxkapioBanu. OTxe, KaTOA BHUITYyCKa€ HETaTHBHI
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YaCTUHKH - €JIEKTPOHH.

SIKmo miATpUMYBaTH TEMIIEpaTypy PO3KapeHoro Katoja MoCTIHHOT i
3HATH 3aJIOKHICTh AHOAHOTO CTPYMY Bill aHOTHOI HAMpyrd - BOJBT-
aMIIepHY XapaKTepPUCTHKY, TO BUSBIIETHCS, [0 BOHA HE € JiHIHHOI, TOOTO
JUIS  BaKyyMHOro jiofga 3akoH Oma HE BHKOHYEThCS. 3aJICKHICTh
TEPMOEJICKTPOHHOTO CTPYMY BiJl aHOAHOI HANpPyrd B 00JacTi Maiamx
MO3UTHBHUX 3HAYCHb OMHUCYETHhCS 3aKOHOM TPhOX JAPYTUX (BCTAHOBJICHHM
pociiicbkum ¢isukom C. A. borycmaBcbkuM i aMepHKaHCHKUM (izukom I.
Jlenrmropom):

| = BU¥?

ne B — koediieHT, mo 3an1eXuTs Big GopMu Ta po3MipiB eIeKTPOIiB
Ta IX B3A€EMHOI'O PO3TAlllyBaHHS.

[lpu 30imbIICHHI aHOAHOI HANPYTH CTPYM 3pPOCTA€ 0 JIESIKOTO
MaKCHUMaJIbHOTO 3HA4YeHHsI, 3BaAHOTO CTPyMOM HacuyeHHs1. Lle o3nauae, 1o
Maiie BCl eJIEKTPOHH, SAKi BHIITAIOTh 13 KaTOja, JOCATAal0Th aHO/a, TOMY
nojanpiie 30UTBIICHHS HANpPY>KEHOCTI TMONsi HE MOXE TNPUBECTH M0
301TbIIEHHS] TEPMOENEKTPOHHOro cTpymy. OTXe, MIIBHICTE CTPyMY
HACHUEHHS XapaKTepu3ye eMiciliHy 3[JaTHICTh MaTepialy KaToa.

3MeHILIeHHST POOOTH BUXOIY MPU3BOAUTH 0 PI3KOro 301UIBIICHHS
IIUTLHOCTI CTPYMYy HacHuYeHHS. TOMY 3aCTOCOBYIOTHCS OKCHJHI KaTOIU
(mampuknan, HiKedb, TMOKPUTHH OKCHIOM JIY)KHO3EMEIBHOTO METaly),
pobora Buxofy sikux nopisHtoe 1-1.5 eB.

B ocranni poku A7 3BaproBaHHs, HAaIIaBJICHHS, TAlKH, OTIIABICHHS
i IHIIMX MPOILECiB BUKOPUCTOBYIOTh OKCHIHUI MOPOIIKOBUN KaToJ, cXeMa
SKOro TMmoka3zaHa Ha puc. 21. Bin sBisge co0ow  MigHMIA
BOJIOOXOJIOJDKYBaHHM JiepiKakK, B TIIyXUH OTBIp SIKOTO 3alpecoBaHa aKTHBHA
nopomkonoaiona BcraBka. Jlo ii ckimagy BXOASTH TOPOLIKM MeETalliB
(mmpkoHio abo radHiro), iHII XiIMIYHI CITOMYKHM 1 TEXHONOTIYHI JOOaBKH.
Hiamerp Triayxoro otBopy 3-5 wmm. Ilepmie BkiIroYeHHS Ayru 3
MOPOMIKONOAIOHUM KaToI0M He0OXiJHO BUKOHYBAaTH B Ta30Biil atMocdepi,
0 BMilllye KUCEHb. [Ipy 1IbOMY aKTHBHA BCTaBKa OKUCIIIOETHCS 1 HA Hiii
YTBOPIOETHCS OKCHIHA eMiciiiHa TIJIiBKa, L0 CIY)KUTh B TOJAIBLIIOMY
PIAKMM €MITepOM KaTOJHOIO EJIEKTPOHHOrO CTpyMmMy. B momanbmioMmy
OKCHUJHHUU KaToJ] MOXXHA BUKOPHUCTOBYBATHU NPH TOPiHHI K Ha MOBITPI, TaK
i B OyIb-IKOMY aKTHBHOMY a00 iHEpTHOMY rasi.

JlyroBuii po3psiz Bipi3HSAETHCS BUCOKOIO camocTabimizarieto. Eexr
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camocTabiTi3alii 4iTKO MPOSBISETHCS, OYMHAIOYH 3 CHJIH CTPyMY JAyTH
300-325 A. be3 m0AaTKOBOrO COIUIa, CTaOLII3yHOYOro MOTOKY raszy abo
MAarHiTHOTO IOJISl MOJKHAa OTpUMAaTh Ayry aoBxuHooo 150 mwm. [Ipu mpomy
MIBHMJIKICTh IHTEHCHBHUX Ta30BHX MOTOKIB BiJ KaTo/Aa 70 aHoja (KaTomHOro
nyTTs) nocsrae 102 m/c.

CTifiKicTh JyroBOrO PO3PSAAY IUIKOBUTO 3aJICKHUTHh Bij| CTIHKOCTI
KaTOJHHUX MPOIIECiB. Y CTallioHapHOMY PEXUMI TOpIHHS IYTH JYyTOTPOHY
KaTOJIHA TUISIMA PO3TAIIOBYETHCS Y 3arIMOJICHH] KaTO0/IepKaKa.

INokaszana Ha puc. 2.1 popma emiciliHOT IUTIBKH KaTORy - KpaTep, Ka
crpusie crabinizamii KaTOJHOT TUISIMHU JYTH, KOTPUH €HEPreTHYHO BUTIAHO
MPUB'A3yBaTHCA IUIKOBUTO JI0 JHA Kparepy, OO0 TyT Haii0uibma
KOHIICHTpAIlisl aKTUBYIOUMX NPUCAIOK (KaNbIliid, 6apiid, CTPOHIIi Ta iHIIe).
a TAaKOXK HallOUTBII BeTMKa TeMIIepaTypa eMiCiifHOT MITIBKH.

1 - wmigHWid  KaTomonepXkak, 1o
OXOJIOJDKYEThCS BOJNOKO; 2 - TIOPOIIKOBA
aKTHUBHA BCTaBKa; 3 - pijKa emiciiiHa TUTiBKa,
4 - xatonmHa WIIMa; 5 - IPUKATONHA JUITHKA Ll o
CTOBMA JYrH; 6 - CTpyMEHI KaTOIHOTO JTYTTS; l \
7 - CcTpyMeHI KOHBEKTHBHOTO TIOTOKY
TIOBITPSI.

AZ — 3arnOJIEHHS KaTOIHOTO IISITHA Pl/IcyHOK 22 - Cxema

Pucynox 21 - CXeMa gpexrppunux OB y OKCHAHOMY
OKCHJIHOTO [IOPOIIKOBOTO KaTONY  gatopy
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Jyxe BelMKe 3HAYEHHS Ma€ TaKOX KPHBH3HA KATOJHO! TUTIBKH.
SKmo moBepxHs KATOAHOI IJIIBKM Ma€ BUTIISA IJIOIIMHH, TO €NEKTPOHH
MicIsl BUXOAY 3 KaTOAY BHACHIZOK TEPMOEMICIi, pyXaroTbCsl MPSIMOIIHIIHO
M0 HOpPMaM JI0 TIOBEPXHi KaToAy i He 3MIHIOIOTH HampsiM PyXy y CTOBIIi
JyTH.

SIKmo moBepxHS KaToAy KpHBa, TO Taky came ¢opmy Oyne matu i
TOpelb CTOBNA IyrH. Y TaKMX YMOBaxX ENEKTPOHU eMicii, Takox OyayTh
pyXxaTHCs MICIIsl BUXOMy 3 KaTo[y 10 HOpMam Ji0 HOro moBepxHi (KpHBOI).
PoszirnaBmmice Ha oOpHIM OiNSHII  KAaTOJHOTO MAAiHHS HAMNPYrd i
MPOKUIIOBIIN AESKUAN Map Mmiia3MH, KOXKEH eJIeKTPOH MOXKe YBITH Ha Taky
JUISTHKY €JIeKTPUYHOTO OIS, Ie Horo pyx Oyze raJbMyBaTHCS LM IIOJIEM.
VY nboMy BUNAAKY TPAEKTOPiS pyXy €JIeKTpOHY Oylne BHUKPHBIIIOBATHCS.
PoszirnaBmmice Ha OAHIM OiNSHII  KaTOJHOTO MAAiHHS HANPYrd i
MPOMIIOBIIN AESKUAN Map Mmia3MH, KOXKEH eJIeKTPOH MOXKe YBITH Ha Taky
JUISTHKY eeKTPUYHOIO TOJIs, JIe Horo pyXx OyJe raibMyBaTHCS UM II0JIEM,
IO MPU3BEE 0 30UTBIICHHS Mepepi3y 10Hi3allii ra3onapoBoi a3y cToBma
nyru. Llum siBUILEeM MOSICHIOIOTH 30UTbIIEHHS TYCTHHH KaTOAHOTO CTPYMY Y
MOPOXKHUCTHX KATOJIB, 1 SK HACIIJOK, 30UIBIICHHS TYCTHHH CTPYMY €
JOCSTHEHHs y kaTtoai, Bxke npu ctpymi 100 A npu 3armubnenni go 0,2 mwm,
temnepatypu 17000-18000 K. A Temneparypa y CBOK 4epry, rapaHTye
MOCTIMHICTh TepMOeEMicii 3 KaToMy 1 TepMiYHOT aucoLiamii MOJeKyIsIpHIX
KOMITOHEHTIB Ayru. Tak, y Ay3i OJyroTpoHy HaBiTh Take TEPMOAWHAMIUHO
MirHe 3'eqHanns sk aszor (Ui = 9,756 B) Oyme mikoM gucoIfiiioBane i B
3Ha4YHIA MHpi 10HI30BaHE.

Po3Mmip kaTomHOT MISIMU JOCTaTHHO BEJIMKUH 1 JIOPIBHIOE y Tepepisi
1,3-1,8 MM nipu ctpymi 450 — 600 A. [pu 3MiHeHi CTpyMy y /iBa pa3u Horo
T'YCTHHA, HE 3MIHIOETBCS 1 cTabunizyeTbes npu 3HaueHHsx Outst 300 A/mm
(mpm akTUBHIN BCTaBIi AlaMeTpoM 4 MM).

AJle He TUTbKY HaJIMHOK TEPMOEMICIEIO MOSCHIOETBCS CTaOLIBHICTD
JYTU AYTOTPOHY.

Y croBmi ayrd, a oOcoOMMBO Tiepen KaTOAOM, YTBOPIOETHCS
MPOCTOPOBUH  3apsii, SKAH BIATBOPIOE MDK  EIIEKTPOJAMH  JyXKe
HEPIBHOMIPHHUH PO3MO/LT MOTEHINAIB (puc. 2.2).

Y eNeKTpOIpoBiHIA YacTHHI CTaBKa Jyrd JIiHII EKBIMOTEHI[iaJIiB
BUKPHBIIOIOTbCSA, MPHYOMY YHM ONMK4e IO KaTody, THM Oinblie, y
3ariauOJICHHI KaTOy EKBIMOTEHIANM PO3MIIIYIOTCSA AYXKe IIUIBHO, IO
BKa3ye Ha BEIMKUI TPAJIIEHT HANPYTH y [[bOMY MicIli (10 JeCATKIB BOJIBTIB
HAa MM JIOBXXHMHHM Jyru). Bemmka nampyra y CTIHOK OKCHIHOTO KaTOdy
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cTabLIi3ye POIIEC aBTOCTIEKTPOHHOI eMicii.

Jns BHUSABICHHS MapaMeTpiB B 1y31 3 OKCHAHHUM IOPOIIKOBHM
KaToioM (OKCH/IM JIaHTaHy, ITpil0, IUPKOHIIO, 0api) MoOyIyeEMO BOJIBT-
amriepHy xapakrepuctuky ayru (BAX) y nositpi. [{yist mopiBHSHHS mopsia 3
Hero nokaxkeMo BAX BonbdpamoBoi nyru B aproni, Ta BAX kommnakTHOTr0
OKCHJTHOTO KaToay y noBitpi (puc. 2.3).

(4B
7
63 NL —

4o
30—
20
10

v o 200 300 W0 I, A

° - BOoNb(paMOBHH KaToJl y aproHi;

* - KOMIIAKTHUHA OKCUAHUN IUPKOHIEBHH KATOA y MOBITPI;

+ - MOPOLIKOBUI1 OKCHTHUH KaToJ| y TMOBITPi.

Pucynok 2.3 - BAX ayru npu posxuHi nyru 40 MM Ta MigHOMY
aHoxi

BAX mopomkoBOro OKCHIHOTO KaTOAy MPSIMOJIIHIHHO BHCXiTHA.
Taka BAX OyBae TimbKM y Jay3i IJIa3MOTpPOHIB, Jie¢ CTOBI JAyTH
OOTHCKY€ETBCSL  COMJIOM IUIa3MOTPOHY. Y BHMNAAKY 3 TOPOIIKOBUM
OKCUIHMM KaTofoM Takuii Buja BAX moB'si3aHuil 3 JOCTIIKEHHSM
MaKCUMAJIbHOT'O CTYIIECHIO 10HI3aIll y y3i, y CKJIaJ K01 BXOJSITh OKCHIU
IIUPKOHI0, 0apiro, CTPOHIIIO Ta iH. €IEMEHTIB, IO JIETKO 10HI3YIOThCS, Y
bOMY BHIaJKy MaKCHUMaJbHUH CTYIMiHb 10OHI3allil AOCSATAETHCS BXKE MPH
HEBENTMKNX 3HAUYEHHSX CTPYMY Ta TeMIepaTypH.

o=
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3 MATEPIAJIU, IHCTPYMEHT, IPUJIA/INA,
OBJATHAHHA

Jyrorpos.
BumiproBasbHi Mpuia i NOCTIHHOTO CTPYMY Ta HAIIPYTH.

[Tnactuna 3 Mifi.
Jliniiika.
Bunpsmisia BY-506.

SUE A

4 BKA3IBKH 3 TEXHIKHW BE3IIEKH

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

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

3. V BUnajaKy BUSBJIECHHS HEMOIaI0K 00IaIHAHHS CTYACHT IIOBUHEH
HEraifHO MOBIJIOMHUTH BHKJIaJlaua a0do 3aBiqyr0doro jgadopaTopiero.

4. YV BumajKy BUHUKHEHHS MOXeXi ab0 TMOpa3KH EIeKTPUIHUM
CTPYMOM CTYJCHTH IOBUHHI JiATH Yy BIUIMOBIAHOCTI i3 3aTBEpXKESHUMHU
THCTPYKIISIMH 3 OXOPOHi Mpalli Ta MOKeKHOi Oe3MeKH.

5 MOPSJOK MPOBEJIEHHS JABOPATOPHOI
POBOTH

5.1 BeimMkuytu Bunpsmmosad B/1Y-506.
5.2 3anmanuTH Iyry IyroTpoHY.

5.3 3H4TH OKa3HUKH CTPYMY Ta HAIIPyTH
5.4 Buksmountet puOOopH.
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6 3SMICT 3BITY

[MooynyBatt BAX nyru. 3poOUTH TIOSCHEHHS Ta BHCHOBKH IIPO
OynoBy BAX.

7 KOHTPOJIBHI 3AITUTAHH A

7.1 1o Take BONbTaMIIEPHA XapaKTEPUCTHKA ?
7.2 bynoa ayru.

7.3 Ilporiecu Ha KaToOIi.

7.4 Sxi npouiecu BinOyBalOTHCS y CTOBIII AYTH.
7.5 1Illo Take moTeHIlian i0Hi3amii?

7.6 loHi3yro4i eJIeMEHTH.

7.7 PiBusaus Cara.

7.8 3anexHicTh CTYIEHIO 10H13allii BiJ CKJIay KaToa.
7.9 SIki OyBaroTh KaTOAM?

7.10 Bunu e1ekTponpoBiIHOCTI Y CTOBIII AyTH.
7.11 TlagiHHS HANIPYTH Y CTOBIII JYTH.

7.12 CtpyM Hacu4eHHS y IIy3i.
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