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IIporpamMa oCcBIiTHLOI0 KOMIIOHEHTY

1. Onuc 0CBIiTHBLOI0O KOMIIOHEHTY, HOI0 MeTa, NpeAMeT BUBYCHHS TA
pe3yJIbTAaTH HABYaHHSA

OcgiTHiii komrnoHeHT “TexHoJiorisa Ja3epHoi po3MipHOI 00pPOOKH” TIONOBXKY€E 3arajbHy
TEXHOJIOT1YHY MIATOTOBKY (axiBIIB 3 ypaxyBaHHSIM cHenugiku MoOyJOBH TEXHOJOTIYHUX OMNepaiii
Ja3epHOi po3MipHOi OOpOOKHM, IO TOB’SI3aHO 13 OCOOJMBOCTSAMH IHCTPYMEHTY Ta iX pe3yJabTarTiB
Oco0uBICTh TEXHOJOTIYHUX ONEparliil 1Ja3epHOi 00pOOKH MOJIATaE B TOMY, 110 (axiBellb Ma€e CIpaBy 3 HE
MarepiajJbHUM, YaCTO-TyCTO HE BUAMMUM IHCTPYMEHTOM Y BUIVISLJII 3TYCTKY MOTY>KHOI €JeKTPOMAarHiTHOI
eHeprii, sikuil HaOyBae ekCIuTyaTaliifHuX (peXMMHUX) BIACTUBOCTEH JIMIIIE IMiJl YaCc BUKOHAHHS omeparlii,
TOMY MpoLeaypH ii MPOeKTyBaHHS Ta MPAKTUYHOI peani3auii JOKOPIHHO BIAPI3HSAIOTHCS BiA MOAIOHUX
3aBJaHb HE TIABKH 3 MEXaHiuHOi OOpOOKH pi3aHHAM, a ¥ AN IHIIMX, HETPAAMLIHHUX METOMIB, SKi
BIZTHOCSATBCS IO KIIacy €NeKTPOQI3NKO XiMIYHUX BHIIB OOPOOKH.


http://www.roz.kpi.ua
mailto:kotlyarovv@ukr.net

MeTo10 BHKJIAJaHHS OCBITHBOIO KOMIIOHEHTY € HaJaHHS CTYACHTaM MOJIMBICTH OBOJIOAIHHS
QJTOPUTMOM CTBOPEHHS TEXHOJIOTIYHOI omeparii J1a3epHoi po3MmipHOi (abo mpenu3iiiHoi) 00poOKH, 110
BKJIIOYAE JI0 ceOe TaKy MOCIiAOBHICTD Jiil U1 CTaHIAPTHUX BUPOOHUYMX CHUTYAIiil:

® [onepeaHs MOPIBHSUIbHA OI[IHKA MOXJIMBOCTEH 1HIIMX HETPAIUIIHUX METOAIB 0OpoOKH, a

TaKOX MEXaHIYHOT OOpOOKM pi3aHHSIM, IO TOPKAETHCA PO3MIPHUX, SKICHUX, MOKa3HHUKIB
MPOYKTUBHOCTI Ta COOIBAPTOCTI, JUIsl OOIPYHTYBaHHS BUOOPY METOY;
aHaJi3 IpUIATHUX TEXHOJIOTTYHUX cXeM 00pOOKH (orepauiiHuX ecKi3iB) 3 LI€I0 K METOIO;
peXUMHE 3a0e3IedeHHsl 00paHoi cxeMH 0OpOOKHU 3 ypaxyBaHHSIM BUMOT TEXHIYHOT'O 3aB/JIaHHS
(T3) Ta MOXKIMBOCTEH TEXHOJIOTIYHOTO 00JIaJHAHHS B3arai ado /10 SKOTO € JOCTYII.
TakuM yMHOM, MPeAMETOM OCBITHHOI'0 KOMIIOHEHTY € TE€XHOJIOTi4He 3a0e3neueHHs: 00paHoro
nporecy GopMOyTBOPEHHS 3aJJaHUX €JIEMEHTIB 3arOTOBKH.
s mera Moxe OyTH JOCATHyTa B pa3i 3aCBOEHHS CTYICHTaMU HACTYMHHUX HNPOrPaMHHUX
pe3yabTaTiB HAaBYAHHS BiAOBIIHO /IO MOCTITOBHOCTI JIiid:
Komnemenmnocmeri:

3K 1. 3garHicTh 10 aOCTPaAKTHOTO MUCIICHHS, aHATI3Y Ta CHHTE3Y
3K 2. 3HaHHS Ta po3yMiHHS IPEIMETHOI 00J1aCTi Ta pO3yMiHHS MPOQECIHHOIT TiTLHOCTI.
3K 3. BMiHHS BUSIBIIATH, CTAaBUTH Ta BUPIITyBaTy IpoOIeMu.
3K 4. 3gaTHiCTh 3aCTOCOBYBAaTH 3HAHHS Y IPAKTUYHUX CUTYAITisX.
@K 1. 3narHicTs aHamizy MarepiaiiB, KOHCTPYKII Ta MpPOIECiB Ha OCHOBI 3aKOHIB, TEOpil Ta
METOIIB MaTeMaTHKH, MPUPOAHUYUX HAYK 1 MPUKIATHOT MEXAHIKH.
®K 3. 3parHiCTb NPOBOTUTH TEXHOJOTIYHY 1 TEXHIKO-€KOHOMIYHY OLIHKY €(EeKTHBHOCTI
BUKOPHUCTaHHS HOBUX TEXHOJIOT1H 1 TEXHIYHUX 3aCO01B.
®K 7. 3patHicTh 3aCTOCOBYBAaTH KOMIT IOTepH30BaHi cucrtemMu mnpoektyBaHHs (CAD),
BupooHunTBa (CAM), imxenepaux gociikeHb (CAE) Ta cnemianizoBane MpuKIIagHe TporpaMHe
3a0e3neueHHs I BUPILICHHS 1H)KEHEPHUX 3aBJaHb 3 MPHUKIIATHOT MEXaHIKH.
®K 9. 3nmatHICTh TpEACTaBICHHS PE3ylIbTaTiB CBOET 1HXXEHEPHOI MISUIBHOCTI 3 JOTPUMaHHSIM
3araJIbHONIPUMHATUX HOPM 1 CTAaHJAPTIB.
®K 10. 3gaTHICTh ONMUCYBATH Ta KJIAaCU(DIKYBaTH IMIMPOKE KOJIO TEXHIYHMX 00’ €KTIB Ta MPOIECIB,
IO TPYHTYETHCS HA TIIMOOKOMY 3HaHHI Ta PO3yMiHHI OCHOBHUX MEXaHIYHUX TEOPiH Ta MPaKTHK, a
TakoXX 0a30BUX 3HAHHSIX CYMDKHUX HayK.
®K 16. 3natHicTs 00MpaTH ONTUMANIBHI Ta PO3POOJIATH HOBI TEXHOJOTII Ta OONagHAHHA IS
Ja3epHUX Ta (PI3MKO-TEXHIYHHMX TMPOIECIB 3 METOK IIJIBUIICHHS MPOIYKTUBHOCTI Ta
KOHTPOJIbOBAHOCTI IIUX MPOLECIB.
®K 17. 3parHICTh BNPOBAHKYBATH Ta OCBOIOBATH TEXHOJIOTIYHI MPOIECH BUPOOHUIITBA HOBOI
NPONYKIIil, MEpeBIPATH SKICTh MOHTaXy Ta HAJAro[UKEHHS NpH BHUNPOOYBaHHAX 1 3/1adi B
€KCILTyaTalliro HOBUX 3pa3KiB BUPOOIB, BY3JIiB, JieTallel 1 KOHCTPYKIIi.
Pesynbrary HaBuaHHS OCBITHHOIO KOMIIOHEHTA JETalli3ylOTh TaKi MPOrpaMHi pe3yabTaTH HaBYAHHS,
nependadeHi OCBITHBOIO MPOTPAMOI0 «IHIICUHIPUHE 36APIOBAHHSL, IAZEPHUX MA CNOPIOHEHUX MEXHONO0T»:

PH 7.3actocoByBarr HOpPMATHMBHI Ta JOBIJKOBI JaHi JJIi KOHTPOJIO BIAMOBIAHOCTI TEXHIYHOT
JIOKyMEHTAIlil, BUpOOiB 1 TEXHOJOTiN CTaHJapTaM, TEXHIYHUM yMOBaM Ta 1HIIUM HOPMaTHBHUM
JOKYMEHTaM.

PH 8. 3Hatu 1 po3yMiTH OCHOBM 1H(OpPMALIMHUX TEXHOJIOTiH, MPOrpaMyBaHHS, MPAKTUYHO
BUKOPHCTOBYBaTH TPUKIANHE TIPOTpaMHE 3a0e3NMeUeHHs ISl BUKOHAHHS  1H)KEHEPHHUX
poO3paxyHKiB, 00poOKH iH(pOpMaIIil Ta pe3yabTaTiB eKCIIePUMEHTAIBHUX J0CTIIKEHb.

PH 9. 3HaTtu Ta po3yMITH CyMIXHI rany3i (MeXaHiKy piJiuH 1 rasiB, TEIUIOTEXHIKY, €I€KTPOTEXHIKY,
€JIGKTPOHIKY) 1 BMITH BHUSBJISTH MDKAMCUUIUTIHAPHI 3B’A3KM MPUKIAAHOT MEXaHIKW Ha PiBHI,
HEOOX1JHOMY /ISl BAKOHAHHS 1HIIMX BUMOT OCBITHBOI IMPOTPaMHU.

PH. 23. OntumanbHO oOMpaTd, 3aCTOCOBYBATH, KOMIIOHYBAaTH 1 MEPEBIPATH TEXHIYHUM CTaH Ta
pecypc TEXHOJIOTIYHOTO OOIaHAHHS IS Ja3epHUX Ta (Pi3UKO-TEXHIYHUX TEXHOJIOTIH .

PH 24. Po3poOnaTu TEXHOJOTiYHI MHpoIecH Ta omnepamii ja3zepHux Ta (i3MKO-TEXHIYHUX
TEXHOJIOT1H 3 BUKOPUCTAHHSM iX IepeBar Ta 0CoOIIMBOCTEH.
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PH 25. Po3poOnaATu TEXHOJOTiuHI MHpolecH Ta omnepamii Jja3epHuX Ta (i3MKO-TEXHIYHHUX
TEXHOJIOT1H 3 BUKOPUCTAHHSM iX IepeBar Ta 0CoOIMBOCTEH.

2. IIpepekBi3uTH Ta MNOCTPEKBI3UTH OCBITHHOI0 KOMIIOHEHTY (Micue B
CTPYKTYPHO-JIOTiYHiil cXeMi HABYAHHS 32 BiANOBI/IHOI0 OCBITHLOIO MPOTPAMOI0)

JUnisi  yCIHIITHOTO 3aCBOEHHS MaTepialy OCBITHBOTO KOMIIOHEHTY HEOOXiTHI 3HaHHS, SKi
OJICPXKYIOTHCSI CTYJICHTOM y TornepenHix Kypcax: «TexHonoriuni cucreMu y BUPOOHUITBI»; “@Dizuka
B3a€MOJii KOHIEHTPOBAHMX IOTOKIB eHeprii 3 peyoBuHOI0”; “TexHosorii Ta ycTaTKyBaHHS
3BapPIOBAHHS IIABJIECHHAM, Ja3ePHUX Ta CHOPiAHEeHUX npouecis. YacTuna 2”;.

3HaHHSA, OTPUMaHI MPH BHBYCHHI JAHOT MUCIMIUIIHM BHKOPUCTOBYIOTHCS CTyIASHTAaMHU TIiJ 4ac
IiITOTOBKH KBaidikaitHux pooiT OakaiaBpiB.

3. 3MicT OCBITHBOT0 KOMIIOHEHTY
Beryn.

Pozzin 1. XapakTepucTHKH HeTpaAMUiiiHUX MeTOiB PO3MipHOi 00poOKHU

Tema 1.1. IlopienanHna mexHono2iuHux ma mexHiko-eKOHOMIYHUX NOKA3HUKIE, GUABIEHHS nepeeaz ma
HeooNiKi6 naszepHoi pozmiproi oopooxu (JIPO)

Pozpin 2. ®izu4Hi 0CHOBH J1a3epHOI po3MipHOi 00poOku (JIPO). ETanu pyiinHyBaHHsi MmaTepiany
3aroTOBKM IIy4YKOM J1a3¢PHOT0 BUIIPOMiHIOBAHHS:

Tema 2.1. Emanu Oiannsa 1a3epHO20 NPOMEHS. HA 3A20MOBKY

Tema 2.2. Buou éniugy onpomineHHs Ha Mamepian 3a20moeKu

Tema 2.3. llnaxu kepysanHs pe3yiomamamu 1a3epHo20 ONPOMIHEHHSL

Po3nin 3. YMoBH Ta ajropuT™M NpPOEeKTYBAHHS TEXHOJIOTIYHOI omepamii Ja3epHoi po3MipHoL
00pooxu (JIPO)

Tema 3.1. Ymoeu ma obcmasunu npoexmyeants mexuonociunoi onepayii JIPO:

Tema 3.2. Ancopumm npoexmyeanus mexnono2iunoi onepayii JIPO

Po3nin 4. TexHosoriuni cxemu o0OpoOKH TOpPOXXKHUH (OTBOPiIB, JIYHOK, IIIIMH, MAa3iB)
pi3HOMaHiTHOI opmMHu Ta po3MipiB

Tema 4.1. Memoou ynpasninusa ¢hopmoro nonepexy nopodcHuHu

Tema 4.2. @opmysanns ma nepemeopeHHs KayCmuKu nyuKa 6UnpOMiHIO8aAHHSL..

Tema 4.3. Cxemu ¢opmoymeopenns 2nubOKUX OmMEOpié 3 MAIUM NONEPeKOM 34 PAXyHOK
BUKOPUCMANHA ABUWY HENIHIUHOI onmuKu npu 06poodyi omeopie 3 acnekmmoro enuounoio h/d >100
Tema 4.4. Cxemu 0O6poOKU MOYHUX MA OMBOPI8 CKIAOHO20 NPOQIN0 6 MOHKUX 3A20MOBKAX, HAHO
MexHonoz2ii

Tema 4.5. Memoou ynpasninusa no300824CHb010 OPMOI0 HOPONHCHUH.

Po3zpin 5. Metonn BU3HAYCHHS PeKUMY JIa3epHOI 00pOOKH NOPOKHUH

Tema 5.1. Ilpoenosysanmns pesynvmamis 0OpoOKU 3a AHANTMUYHUMU MOOETAMU

Tema 5.2. I[Ipoexmysannus pexcumie JIPO 3a ananimuunumuy Mooensimu

Tema 5.3. Jlocnioscenun ma mooentosanus onepayiu JIPO

Tema 5.4. IIpoexmysannus pescumie JIPO. Oono kpumepianvhi 3a0aui

Tema 5.5. Ilpoexmysanus pescumis JIPO. bacamo kpumepianvui 3a0aui

Tema 5.6. IlInaxu napamempuuno2o KepyeaHHsi percumom 0opooKu

Tema 5.7. Hepeoxcummni memoou niosuuyenns sxkocmi JIPO

4. HapuanbHi MaTepiajam Ta pecypcu

baszosa nimepamypa



Texnomnoris nazepHoi 006poOku [Tekcr]: migpyunuk./ B.I1. Kotnsapos. - Hixwuna: HIY im. M. T'orons, - 2010. —
308 c¢.  Hoctym: HTb HTYY  «KIll», caiit xadempm  http:/ltft.kpi.ua/ua/,  «Moodle»
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https://campus.kpi.ua/tutor/index.php?mode=mob&show&irid=227811

Texnonoris nazepHoi po3mipHoi 00poOku. [Texct]| Haounwit HapdanebHUi nociOHuk / B.I1. Kotmspos. -Kuis:
HTYY «KIlly, - 2023. — 210 c. Hoctym: HTb HTYY «KIIl» http://ela.kpi.ua/handle/123456789/7907, caitt
Kagenpu http://1tft kpi.ua/ua/, CAMPUS:
https://campus.kpi.ua/tutor/index.php?mode=mob&show&irid=227810

MetonuvHi BKa3iBKH IS BHKOHAHHS JaO0OPaTOpHHUX POOIT Il CTymeHTIB cremianbHOocTi 131 «llpukmagaa
MexaHikay npH iX cremiaizaiii «JlazepHa TexHika Ta KOMII FOTepH30BaHi mporiecH (Pi3uKo-TeXHIuHOT 00pOOKH
marepianiByy. Ki HTYY «KIII imeni 1. Cikopcbkoro», - 22 c.; rpud MMI, npotokon H.-M. Pagu MMI Nell
BiZ 26.06.2017 p- Hocrym: http:/1tft kpiua/ua/,
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2. Kotmapos B.IL., // Inxenepis onTumizauii TeMmepaTypHUX IKepesl B JIa3epHid mpenusiiiHid oGpoodui /
Kuie. HTYYVY «KIII» Mechanics and Advanced Technologies - 2023 — 2 Towm 7
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Ingpopmayiiini pecypcu

1._http://1tft.kpi.ua/ua/, (caiir kadenpu JIT Ta ®TT)
2. login.kpi.ua (caiitt KAMIIYC’y)

3. library.ntu-kpi.kiev.ua (caiit HaykoBo — TexHiuHoi 6i0mioTexu KIII im. Iropst Cikopcbkoro)

5. MertoauuHi mMarepianu Takox AoctynHi B Moodle 6 IT/[H « Cikopcokuti» <https://do.ipo.kpi.ua/> a6o B

akkayHTi Kotlyarov. Valery@LLL .kpi.ua

HaByaJabHHU KOHTEHT

5. MeToanka onaHyBaHHSI OCBITHOI0 KOMIIOHEHTY

HaBuanbHuii Marepiail OCBITHBOTO KOMIIOHEHTY BUKJIAIAEThCS HA 3aHATTAX 3TIIHO 31 HACTYITHOO

CTpYKTypoIO (Tabm. 1).

Tabnuis 1. CTpykTypa BUKJIQAaHHS OCBITHBOTO KOMIIOHEHTY

KinpkicTh roauH
Ha3Bu po3ainiB Ta Tem VY Tomy uncii
Yevor | Jlekmii | Ilpakr. | JlaGopa | CPC
0 3aHATTS T.
poboTH
Beryn
Ocn0 3micmy KpeoumHoz2o Mooy, 1020 CMpYKmypu,
NpU3HAUenus, HasyaibHa 6aza ma Mmicye 8 cucmemi
nio2omosku axieus 2 1 1 - -
Po3znin 1. Xapaxmepucmuxu nempaouuintnux memooie pomipHoi o6pooKu
Tema 11 Topisnanmus MeXHON02IYHUX ma
MEeXHIKO-eKOHOMIUHUX NOKA3HUKIG, UABICHHS nepesaz ma
Heoonikie nazepnoi poamiproi 06podxu (JIPO) 4 1 1 - 2
Po3znin 2. @izuuni ocnosu nazepnoi posmipuoi 06pooxu. Emanu pyinysanus mamepiauy 3a20moeKu
NYUKOM J1A3ePHO20 GUNPOMIHIOGAHHS
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Ha3su po3aiiis Ta TeM

KiibpKiCTh TOOUH

VYV tomMy unci

Yewor | Jlekuii | Ilpakr. | Jla6opa | CPC
Y 3aHATTA T.
poOoTH
Tema 2.1. Emanu Oisanns 1a3epHoco nNpomeHs Ha
3020MOBKY 4 1 1 - 2
Tema 2.2. Buou enausy onpoMmiHeHHS HA Mamepian
3020MOBKU 5 2 1 - 2
Tema 2.3. Llnaxu xepysaHus pe3yibmamamu 1a3epHO20
ONPOMIHEHHS 5 2 1 - 2
Po3zain 3. Ymosu ma ancopumm npoexmysanms mexuonoziunoi onepauii JIPO
Tema 3.1. Obcmasunu ma ymosu npoexmyamis 4 2 1 1
Tema 3.2. Aneopumm npoexmy8aHHs MeXHOL02IUHOI
onepauii JIPO 4 2 1 - 1
MoayiabHa KOHTPOJbHA podoTa 1 2 1 1
Po3znin 4. Texnonoziuni cxemu 00pooKku noposxcnun (omeopis, wiinun, nazig) piznomanimuoi gpopmu ma
po3mipie
Tema 4.1. Memoou ynpaeninnsa ¢opmoio nonepexy
NOPONCHUHU 3 1 1 - 1
Tema 4.2. Dopmyeanus ma nepemeopeHHs KayCMUKU
NYUKA GUNPOMIHIOBAHHS K IHCMPYMEHY 4 1 1 - 2
Tema 4.3. Cxemu popmoymeopenns anuboKux omeopis 3
MAAUM NONEDEKOM 4 2 1 - 1
Tema 4.4. Cxemu 00pobKu mMOUYHUX mMa OMEOPIE
CKIAAOH020 NPOQINio 5 2 1 - 2
Tema 4.5. Memoou ynpasninHs no8300824CHbOI0 HOpMOIO
NOPONCHUHU 5 2 1 - 2
Po3nia 5. Memoou suznauenus ma peanizauii pescumy 1azepHoi 00poOKU ROPOIHCHUHU
Tema 5.1. Ilpocnosysanus pesyrbmamie 00poOKu 3a
AHATTMUYHUMU MOOCTIAMU 6 2 - 2 2
Tema 5.2. Ilpoexmyeanuss  pescumic  JIPO  3a
AHATTMUYHUMU MOOETAMU 7 2 1 2 2
Tema 5.3. Jlocnioxcenns ma mooeniosanus onepauii JIPO 7 2 1 2 2
Tema 5.4. Ilpoexmysanus pescumie JIPO. Oono
KpumepianvbHi 3a0ayi 11 2 1 6 2
Tema 5.5. Ilpoexmysanus peoicumie JIPO. bazamo
Kpumepiaivhi 3a0a4i 12 2 2 6 2
Tema 5.6. Lnsaxu napamempuyHo2o Kepy8aHHs PeHCUMY
00pobOKU 5 2 1 2
Tema 5.7 Hepeorcumni memoou nioguwyenus skocmi JIPO
5 2 1 2
MonysibHa KOHTPOJbLHA podoTa 2 2 1 1
PI'P 10 - - - 10
3anix 8 2 6
Bceboro roqun 120 36 18 18 48
5.1.  Jlexyiuni 3anamms
Ne Hasga Temu nexiiii Ta nepesigik OCHOBHUX ITUTaHb
JIEK (nepenix oudaxmuunux 3acoois, 3asoanus na CPC 3 nocunannsam Ha rimepamypy)
1 Beryn. MeTa Ta 3a1a4i 0CBiTHHLOI0 KOMIIOHEHTY.
Posnin 1. Xxapakmepucmuxu nempaouyiinux memooie posmipnoi 00pooxku
1 Tema 1.1. Micue nasepHOi po3MipHOi 00poOKM y cHCTeMi €leKTPO(i3MYHMX Ta EIEKTPOXiMIYHHX
MetoniB (E®XMO). Ilopiasauasa (EOXMO) 3a TexHIKO-€KOHOMIYHUMH IOKa3HHKaMH Yy PI3HHX
YMOBax 00poOKHU




Jliteparypa: 6a3oBa - [1], crop. 8-11; [2], TIp. 1, cm. Ne 10-12,

3apnanng Ha CPC: KIJ'ILKICHI ILOCSIFHCHHH Bl,I[HOCHO pOSMlpHI/IX SKICHUX Ta €KOHOMIYHHUX ITOKa3HUKIB
KOHKYPEHTHMX MeTofiB. HaBecTn Ti, 3 AKMX JasepHa po3MmipHa oOpoOKa MepeBepIye MOCATHEHHS
IHIIMX METOMiB. SIki MpaKkTWYHI TEXHOJIOTiIYHI 3a1adi 0OpOOKM OTBOpIB BUPIIIYIOTECS 3 MCHIINMH
BUTpaTaMi (€KOHOMIYHMMM Ta TEXHIYHUMH) 3 BMKOPHUCTAHHSAM HETPAJMLIHHUX METOMIB OOpOOKH.
BuOparu Haii6i1bm eeKTUBHUI MeTON (OPMYBAaHHS CHCTEMH 3 YOTHPhOX OTBOPIB 111aMeTp0M 0,1 MM,
SIKI PO3TAILLIOBAHO Y KyTaX KBaipary i3 CTOPOHOO 0,5 mM. 3aroToBKka — JIMCTOBHI Marepiam i3
KOHCTpyKU1HHOI kepamiku 22XC ToBmuHOIO 0,5 MM. O6erHTYBaTI/I 3po0neHnit BUOip MUTSIXOM aHaTi3y
MOJKJTHBOCTEH KOXKHOTO 3 METO/IIB B yMOBaX MOCTABJICHOTO 3aBIaHHSI.

Jliteparypa: nogatkosa []

Po3pin 2. ®i3nyni ocHOBH Jia3epHOi po3MipHoI 00podku. ETanu pyiiHyBaHHA MaTepiaJjy 3aroToBKH

NMY4YKOM JIA3ePHOr0 BUNIPOMiHIOBAHHS

Tema 2.1. lapameTpH my4Kka BUNPOMiHIOBaHHS,

AKI BU3HAYAIOTh XapakTep B3a€MOJIl BUIIPOMIHIOBaHHsS 3 MarepialoM 3aroToOBKU. Brums TersioBux
BIIACTMBOCTEH Marepialy 3aroTOBKM Ha PE3yJbTaT [ii BUIIPOMIHIOBaHHA. MeTonu mapamMeTpu4HOro
BIUTMBY Ha ITy4YO0K BHHpOMlHIOBaHHSl

Jlireparypa: 6a3oBa - [1], crop. 12-16; [2], IIp. 1, ci. Ne 16-19, [6], cTop. 280 - 286

3apnanns na CPC: Hapectu He3anexH1 Ta KOMIUIEKCHi HapaMeTPH My4YKa BUIPOMIHIOBAHHSA Ta 3B'A30K
MIK HUMH. SIKI TerIo(i3u4Hi BIaCTUBOCTI MaTepialy 3aroTiBKH BILTMBAIOTh HAa XapaKTep Ta
pe3yNbTaTH AisIHHS IPOMEHS Ha 3aroTiBKy. BusHaunTh 3aco0u napaMeTpuyHOIro KEpyBaHHS ITy4YKOM
BUIIPOMIHIOBaHHS/

Jlireparypa: nogarkosa [1]

Tema 2.2. ETanu mnepeTBOPeHHs eHeprii BUNMPOMiHIOBaHHA. BuUIM BIUIMBY ONpOMiHEHHsI Ha
MartepiaJ 3aroTOBKHU

[TormvHeHHs Ta MEPETBOPEHHS IPOMEHKUCTOI €HEprii pi3HMMM MaTepianamu. 3akoH byrepa. Harpis Ta
pyHHYBaHHsS Marepiady 3aroToBKM 3a IMITyIbCHOMY Ta O€3MEpPEpBHOMY  pEXHMMI Iofadi €Heprii
BUIIPOMIHIOBaHHSI.

Jlireparypa: 6asosa - [1], crop. 17-22; [2] Ilp. 1, . Ne 19-23; [6], cTop. 276 - 280

3apnanna Ha CPC: Hasectu eTanu BSaCMOJlll ki XapaKkTepHI 7l BUCOKUX PIBHIB IHTEHCUBHOCTI
(6lnbiue, Hbx 10° Br/cm®). BigOuTTs Ta MONIMHAHHS MPOMEHEBOT CHEpTii MOBEPXHEIO 3aroTOBKH. YnM
BU3HAYA€ETHCS PiBeHb KoedilieHTy nonmHaHHA? 3aKoH nomiMHaHHA byrepa: 00’ eMHuit Ta
MOBEPXHEBHUI XapaKTep MOTIMHAHHS Ta 3B’SI3aHUI 3 IIMM BUJ PyHHYBaHHS MaTepialy 3a paXyHOK HOro
neperpiBy. Ski 3 TPbOX BHIIB HarpiBy MaTepiaiy IIy4KoM Ja3epHOTO BUIIPOMIHIOBAaHHS MOKHA
BUKOPHUCTOBYBATH JIIsl PO3MIpHOTO (hopmMoyTBOpeHHs? Bubparu Ta 00rpyHTYBaTH THII J1a3epa,
BUIPOMIHIOBAHHs SIKOTO MOXe OyTH €(hEKTHBHO BUKOPUCTAHO IS sIKiCHOT 00poOKu oTBOpiB 20,05 MM
MIMOMHOIO 1 MM y 3aTOTOBKM 3 KOHCTpYyKLikHik kepamini 22XC. Ha BHyTpilIHil IOBEPXHi OTBOPY HE
JIOIYCKAEThCA AP 3aCTHIIOrO po3iuiaBy. IIOpiBHAHHS NPOBECTH 3 BAKOPMCTAHHAM piBHIB
HOPMOBaHOTO Koe(ilieHTy normuHanHs B (s KepaMiKH: k 0,09 xan/ (CM c. rpaz[) ¢, = 0,37
kan/(rrpan), T,= 3500 °C, L, = 2,6.10° kan/r, o o6 = 30 M, a_y06 = 10% ¢

Jliteparypa: nogaTkoBa [1]

Tema 2.3. IllasiXu KepyBaHHsI Pe3yJIbTATAMHU JIA3€PHOTO ONPOMiHEHHs. 3aJIeKHICTh MOKA3HUKIB
onepauii BiJ y4aCHHKIB TeXHOJIOriYHOI onepauii

AHaJti3 KepOBAHOCTI PO3MIPHUMH Ta SKICHUMH XapaKTEPUCTUKAMH PE3YJBTATiB 00POOKH.

Jlireparypa: 6a3osa - [1], crop. 24-26; [2], IIp. 2, c1. .Ne 3-5

3apnanns va CPC: Hasectn moxnmBocti JIPO BitHOCHO MOKasHUKIB 0OpOOKH OTBOPIB (JIyHOK). SKi
napaMeTpH 3aroTiBKW IMOBHHHI OyTH BpaxoBaHi IpH MPOEKTYBaHHA TexHoloriuHoi oneparii JIPO. ki
IUSIXA KePYBAHHsI TEXHOJOTIYHOIO OTEpaIli€l0 HeOOXiTHO BHKOPHUCTOBYBATH IS BHKOHAHHS T3 Ha
oTepario.

Jliteparypa: 1onaTtkosa [1]

Po3aia 3. YM0BH Ta aJIrOpUTM NPOECKTYBAHHSA TEXHOJOriYHoI onepauii JIPO

Tema 3.1. O6cTaBUHE TAa YMOBH NPOEKTYBAaHHA MeTOM KepyBaHHS MOMEPEYHOT Ta TOB3I0BKHBOT
(hopMOr0 TOPOKHUHM IILT Yac JIa3epHOI 00pOOKH

Tema 3.2. AITOpUTM NPOEKTYBAHHS TEXHOJOTiYHOI onepaii JIPO.

®opMyBaHHS Ta INEPETBOPEHHS KAyCTHKU My4YKa BUIPOMIHIOBAHHS B PE30HATOPI Ta ONTUYHUMH
eneMeHTamu (Jlinzamu). [mnOuHa pi3KOCTi ONTHYHOT CUCTEMH.
Jliteparypa: 6azosa — [1], ctop. 30-35; [2], [Tp. 2, ci. Ne 14-25, [3], cTop.
3apnanna Ha CPC: TexHONOr4HI CXeMu (l)OpMYBaHHH OTBOPIB ITyYKOM JIA3€PHOTO BUIIPOMiHIOBaHHs. B
KX yMOBaX e(ekTHBHAa Ta 4M iHWA cxema? SIki 3acobu KOHLEHTpauil NPOMEHHUCTOI eHeprii
BUKOPUCTOBYIOTBCSL y LUX cxemax. (DOpMyBaHHsS Iy4Ka BHIIPOMIHIOBAHHS Yy PE30HATOpI, HOro
IIEPETBOPEHHS TOHKOK C(EPHYHOIO JIiH3010. [NMOMHA pI3KOCTI ONTHYHOI cucTeMu, ii BIUIMB Ha
MOB3JIOBXHIN NPO(]isb OTBOPY: 32 SIKOT YMOBH MOXKHA 00OpOOUTH LM HAPHYHHUNA OTBIip?
Jliteparypa: gonarkosa [3]

Po3nin 4. Texnonoziuni cxemu 06pooKku nopodicnun (omeopis, wiinun, nasie) piznomanimuoi popmu ma

po3mipie

i

Tema 4.1. Merogm ynpasiaiHHs ¢(opMoI0 ToNepeKy MNOPOKXKHMHU. TexHoJIoriyHi cxemu
¢opmyBaHHsI pPO3MIPHHX eJIEMEHTIB BUPOOY

OO6pobka y «ranbHI» Ta «OmmwKHIA» 30HI. IIpoekiiiiHi cxemn 00pOOKH: PO3paxyHOK IapameTpis
TIPOCKITIHHOT cucTeMu, TabapuTHUH po3paxyHOK. [Ipukiaan oOpoOKY y maabHIi 30Hi.

Jliteparypa: 6a3oBa — [1] CTOp. 36 42; [2] Ip. 3, cin. Ne 2-17

3aBgaHHﬂ na CPC: ObpoOka y “HaibHIA” 30HI: AKI OTBOPH 3a MOMEPEYHUM 3Pi30M MOXKHA 00pOOUTH Y
“manpHiA” 30HI. BubOparm, HakpecnuTH Ta po3paxyBaTdh ONTHYHY CHCTEMY AJsl OOpOOKH KilbLEBOI
nopoxHUHU 210 MM mmprunoro 0,1 MM Dy4YKOM BUIIDOMIHIOBAHHS Jiazepa Ha rpaHari aiamerpom 10 Mm
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Ta 3 KyToBUM po3xomkeHHsM 0,005 pan. [IpuiiHATH MOKa3HWK MEepPEIOMIICHHS MaTepially ONTHYHUX
€JIeMEeHTIB piBHUH 1.5.

[IpoekmiitHa cxema 0OpoOKHM OTBOPIB CKIamHOI ()OpPMHU y TOHKHX 3arotoBkax. [loOymyBatm onTHuHy
cucreMy Uil (GOpPMYBaHHS ITydyKa JIa3€PHOTO BHUIIPOMIHIOBAHHS CKJIAJHOTO MOIEPEYHOro mpodiito ta
KOHIEHTpaLlii HOro eHeprii Ha MOBEPXHIO 3ar0TOBKU. BUOpaTy THIT Ta HAKPECIUTH ONTUYHY CXEMY JJIs
MPOeKIiiHIA 00poOKH BikHA KBaJpaTHOI onepedHoi Gopmu 50%50 MKM Y TUTIBII 3 XpOMY 3aBTOBIIKH
10 MKM Ha TOBEPXHi CKJISIHOI IUIACTUHKH. BumpomiHioBad Ha pyOiHi 3 nOBKUHOKO XBWIl A = 0.6943
MKM, J[iaMeTpoM Iy4ka 5 MM 3 KyToM po3xomxkenHs 0,003 pax. CximacTi cxeMy akTHBHO-TIPOEKIIHHOT
OTITHYHOI CHUCTEMH IS BUKOPHUCTAHHS 3 Ja3epoM Ha Mapax Mili, SIKHA Ma€ Koe(iIlieHT MiICHICHHS
aKTUBHOTO cepenoBuma o = 102 em™.

Jliteparypa: fofarkosa [1]

4,5

Tema 4.2. ®opMyBaHHS Ta NePeTBOPEHHA KAYCTHKH MyYKAa BUNPOMiHIOBAHHS AIK iHCTPYMEHTY
[poexuiiitHa cxema 0OpOOKH OTBOPIB CKIAAHOT POPMH Y TOHKHX 3arOTOBKAX.

3apnanHs Ha CPC: [loOymyBaTm oONTHYHY cHcTeMy s (QOpMYyBaHHS Iydyka JIa3epHOTO
BHUIIPOMIHIOBAHHS CKJIAJHOTO IOMEPEYHOTO MPO(iai0 Ta KOHIEHTpamii HOro eHeprii Ha MOBEPXHIO
3aroToBKH. BHOpaTn THUI Ta HAaKPECIUTH ONTHYHY CXEMY IS MPOEKIliiHiii 0OpoOKH BikKHA KBaJApaTHOI
noriepedHoi hpopmu 50%50 MKM y TUTIBII 3 XpoMy 3aBTOBIIKA 10 MKM Ha MOBEPXHI CKIISTHOT ITACTHHKU.
Jliteparypa: nonarkoBa — [1]

5,6

Tema 4.3. Cxemu ¢opMOYTBOpPEHHSI IJIMOOKMX OTBOPIB 3 MAaJIMM MONEPEKOM 3a PaxyHOK
BUKOPHCTAHHS SIBUIL HEJIHIHHOI ONITHKH TP 00poOIIi OTBOPIB 3 acreKTHOI0 ruouHoo h/d >100
CknanmHocti 00poOku mmbokux otBopiB (/ > 10 d) cBepmieHHsM (MexaHO oOpoOKka) TOB’sI3aHi sIK 3
ITOCTAa4aHHSIM OXOJIO/PKYBaJIbHOI PITUHU B 30HY OOPOOKH, TaKk 1 3 BIABEHCHHIM CTPYKKH dYepe3
TBMHTOBI KaHaBKU CIIPaIbHOrO cBepmia. ToMy cBepia Ui NIMOOKOTO CBEPIJIEHHS BHUTOTOBJIAIOTH
WIockuMu Ta mycrotrumMmu. [Ipu mpomenuctii oOpoOui (y1azepHa abo €IEKTPOHHO IPOMEHEBa)
TPYOHOILII MOB’S3aHi 31 CKIaJHICTIO CTBOPEHHS Ha JIHI OTBOPY, IO OOpOOISETHCS, TEIUIOBE JXKEPENO
BHCOKOi TyCTUHH TIOTYKHOCTI W,> 107 Br/cm? BHacigok sBuIna Audpaxilii, 0 HaJae MOB3I0BKHEOMY
poiar0 KayCTUKK IPOMEHs GopMy rinep0osoiga o0epTaHHs 3 MiHIMAJIBHUM PO3MIPOM TOPJIOBHHH Y
(dboxanpHIN TUTOMMHI JTiH3KM (00’€KTHBY) TpHU HYJIHLOBOMY 3HAYCHHI KyTa pO30DKHOCTI TIpoMeHs 0.
Crioco0u moionaHHs UX mepemmko. TpancokaropH, 3acTOCYBaHHS BUCOKO IHTEHCHBHHX IIPOMEHIB.
3apmannsg Ha CPC: OcHoBu HemiHiHHOI omTukw. SBume Oarato ()OTOHHOTO TOTIIMHAHHS. YMOBH
MIEPETBOPEHHS YaCTOTH MPOMEHSs (TeHeparlis 2, 3 ...rapMOHIKH)

Jlitrepatypa Ga3oBa [2]

Jlireparypa: momarkosa — [2]

Tema 4.4. Cxemu 00pOOKH TOUYHUX MIKPO OTBOPiB B TOHKHX 3aroTOBKaX, HAHO TeXHOJIOTIl.

Mikpo OTBOpH HaWYacTillle BUKOPHCTOBYIOTH JJISl KEPyBaHHSA [03aMH PiguHHU ab0 ra3y B MEIUYHUX
CUCTeMax, B aplampuiagax Juisl aBTOMaru3alii poOOTH BUKOHABYMX EJIEMEHTIB CHCTEMH Ta
iHopMaruBHOrOo iX 3abe3neueHHs. [IpyU IbOMY YacTO HOPMYETHCS HE HOro po3Mmip, a MpOIyCKHA
3narHicTh. ToMy IpH iX BHUTOTOBJICHHI TOTPIOHO aBTOMAaTU3yBaTd Hporec o0poOKH 3 HOPMOBAHOIO
BHUTparoro rasy (TOBiTpsi) yepe3 oTBip. He 3amkam mpu BUKOHAHHI TEXHIYHOTO 3aBIaHHA Ta HOTO
BIIPOBAPKCHHS Y BUPOOHHUIITBI BiICYyTHE TEXHOJIOTIYHE OOJIaAHAHHS, SIKE 31aTHE JOCATTH BiIIOBIIHHX
pesynbrariB. U € MOXIHMBICTH MOJIEpHI3yBaTd Te OONIaJHAHHA, SKE €, JUIsl BUKOPHCTAaHHS B
po3pobneniii onepanii? TyT € IUIIXW BUKOHAHHS 3aMOBJICHHS.

3apnanns Ha CPC: BU3HA4YUTH IUIAXU KEPYBaHHS YMOBaMH ONPOMIHEHHS 3arOTOBKM 3a/IaHO1 TOBIMHH
B OIlepalliiX BUTOTOBJICHHS TOYHHUX MIKPO OTBOpIB ab0 CKiIagHOTrO 3a ¢opMoro momepeky. Jle Tpeda
PO3TalIOBYBaTH 3aroTiBKy B KayCTHII J1a3epHOTO mpomeHs? JlaliTe BU3HAYCHHS «IOBKHHH Pernes» Ta
TIOB'SDKUTH 11 3 TOBIIMHOIO 3arOTOBKH. SIKHM YHHOM PO3MOBCIOIKYETHCS MPOMIHE 3 IHTCHCHBHICTIO >
10" Br/cm? B Ipo30pHuX JieneKTpuKax ?

Jlirepatypa 0azoBa [ 1]

Jliteparypa gonaTtkosa [1]

Tema 4.5. Metonm ynpapJiiHHSA NOB3/10B:KHH0I0 (JOPMOIO MOPOKHIUHH

Metonn KepyBaHHS TIOB3IOBXKHIM TpodigeM TOpOoKHWHU. HeHackpi3Hi Ta HACKpi3HI MOPOKHUHHU.

Hunianprana ceitiosa Tpyoka (LICT).

Jlireparypa: 6azoBa — [1], ctop. 43-50; [2], IIp. 3, cim. Ne 17 -23

Hnsxu He3a1eKHOTO KepyBaHHS MOB3I0BKHBOI0 POPMOIO 00pOOISIEMOTO €JIEMEHTY BHPOOY.

Jliteparypa: 6azosa — [1], ctop. 43-53; [2], [Ip. 3, ci1. Ne 21-25

3apnanng Ha CPC: ®opMu MOAOBKHBOTO MPOQII0 OTBOPIB Ta JIYHOK Ta BIUIMB Ha HHOTO MapameTpiB

onpomineHHs. DopMyBaHHS MUIIHAPUYIHOI CBITIOBOI TpyOKu. CKIACTH ONTHUYHY CXEMY I 0OpOOKH

OWTHIPAYHOTO OTBOPY AiameTrpoM 20,3 MM y 3aroToBIi TOBIIMHOIO 3 MM y IWITIHAPUYHIN CBITIIOBiH

}\py6ui JULL TAKHX rapaMeTpiB Mmydka BUNIPOMIHIOBaHHS: Aiamerp 10 mm, kyT poszxomxenns 0,002 pan,
=1,06.10" MMm.

Po3nia 5. Memoou eusnauenns ma peanizauii pexcumy 1a3epHoi 00pooKu nopoIcHUHYU

Tema 5.1. IIporHo3yBaHHs1 pe3yJbTATiB 00POOKH 32 AaHATITHYHUMU MOJEJIAMH

Merto IPOTrHO3yBaHHS PE3yNbTATIB JIA3epHOI pO3MIPHOT 00pOOKH

OCOoOIMBOCTI AHATITHYHOTO Ta EKCIIEPUMEHTAIHLHOTO METOIIB MPOCKTYBaHHsS. MeTomnka po3poOKH
aHamiTHYHUX  ((PYHKIIOHATBHUX) MOJEJeH Tmpolecy Ja3epHOi OOpOOKHW; TeruIoBl KOHIEMIii
(dopmoyTBOpeHHs TOpoKHUH. DeHoMeHonoriva Moaenb. OOMeXeHHS! B BUKOPUCTAHHS aHAITHYHUX
MOJenen.

Jliteparypa: 6a3osa — [1], ctop. 53-62; [2], [Ip. 4, cin. Ne 2-11

3apnanHsa Ha CPC: IlopiBHAJBHI XapaKTEPUCTUKH PO3PAaXyHKOBHUX pPE3YNBTaTiB IPOTHO3YBAaHHSI
omepariii OoOpoOKM OTBOPIB 3a AaHANITHYHAMHA MOICISAMH, TPUINHH HEJOCTaTHbOI TOYHOCTI
PO3paxyHKiB.

Pospaxysaru pesyinsratu 06poOku 3arotoBk i3 crani 18X2H4BA (L, = 8100 xIx/xr, p = 7,8.107
kr/cM’, k = 0.3 Br/(em.rpan), ¢ = 0,6 xJDr/(krrpan), ¢’= 0,52 kJbr/(kr.rpan), a = 0,07 em?/c, T, =
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3010°C, T,, = 1520°C, A = 0,67) 3a Takux yMoB ornpoMiHroBanHs: E =5 Ik, T = 500 mkc, dy = 10~ cm,
D=1,6 cm, F =10 cm, AF = 0. IlopiBasiTH Mixk c00010 Ofiep kaHi pe3ylIbTaTH Ta OI[IHUTH 1X 3 TTO3UIIii
TOYHOCTI TIEpEABIIICHHS.

Jlireparypa gogatkosa [3]

Tema 5.2. IlpoektyBanus pexumin JIPO 3a anagiTHYHUMEU MOEJIAMH

Po3paxyHok pexnMiB 0OpOoOKH KBa3iCTAI[iOHAPHUM IMITYJBCOM: cxeMa (OpMyBaHHS JTyHKH; BHXiIHA
TEIJIOBA MOJIENb; YaCTKOBI PIllICHHS I 3amada (OpMyBaHHS HETIMOOKUX MTOPOKHHH, IS TITHOOKHX
OTBOPIB, ISl TTHOOKUX IWIIHAPUIHUX OTBOPIB, IS IIHOOKUX IMITIHAPUIHUX OTBOPIB y 3ar0TOBKAX i3
TEIUIONIPOBIAHNX MaTepiaiiB.

Metoza 00poOKH MOPOKHUH MTyYKaMH BUIIPOMiIHIOBAHHS B YaCTOTHO-IMITyJIbCHOMY pexumi. Cxema
(dhopMyBaHHS JIyHKH.

Jliteparypa: 6a3oBa — [1], ctop. 63-71; [2], IIp. 4, ci1. Ne 12-19

3apnannsg Ha CPC: Po3paxyHKOBI MOJIEITI MPOCKTYBAHHS PEXKUMIB J1a3epHOi 00pOOKH OTBOPIB i3

T IBUIICHOIO SIKICTIO pe3yabraTiB (3a Steffen’om). 3a paxyHOK SIKUX AOMYIIEHb TOCATHYTO aHATITHIHE
pilleHHS PiBHAHHS TEIUIONPOBIAHOCTI HATrPiBy 3arOTOBKH JIa3€pHUM ONPOMiHIOBaHHIM. YuM
BJIPi3HAIOTHCS PEKUMHU 0OPOOKH ““ITaIKMM™ IMITYJIbCOM OTBOPIB Y TOHKMX 3aTOTOBOK, ITHOOKUX
OTBOPIB, OTBOPIB IIMJIIHAPUYHOT TOB3I0BXKHBOT POPMU, Ta OTBOPIB y TEIJIONPOBIAHUX MaTepianax?
BusHaunty pexxuMu 06poOku yHKH giamerpom 1072 ¢cM Ta mmmounoro 0,05 cM y 3aroToBwi 13 JaTyHi
JIC59 (L, = 5,1 kJl/kr, T, = 2500°C, T,,, = 1230°C, k = 1,17 B1/(cm.rpan), a = 0,34 cm*/c, p = 6,2.107
Kr/cm®) oHEM iMl'IyJ'ILCOM BiTbHOI renepaii (BI'), skuit Mo)kHA TPUHHATH AK “KBa3icTallioHapHUAN
npu inTeHcuBHOCTI onpomintoBanHs [ < 10° Br/cm?. 110 3MiHUTBCS y peKUMax OMPOMiHIOBAHHS, SKIIO
BHUKOHAaTH BUMOTY (hOpMYBaHHS OTBOPY LWHIIHAPUYHOI hopmu?

JlitepaTypa gonarkosa [3]

Tema 5.3. JocaimkeHHs1 Ta MoaeI0BaHHs onepaniii JIPO

ExcnepuMeHTaJIbHI MeTOAU NIPOEKTYBAHHA Ollepaliii JiazepHoi po3MipHoi 00pooku (1)
ExcnepuMenTalbHi METOIM BHOOPY PEXUMIB 0OpOOKH: OHO (PaKTOPHI METOIHU OCIIHKEHB MPOIIECy;
METOJUKa aKTHBHOTO 0araToakToOpHOrO €KCIIEpHMEHTY JIsl BU3HAUCHHS PEXXUMIB Jla3epHOi 0OPOOKH.
Knacudikanis ¢akTopiB 3a KepoBaHICTIO Ta MiHIUBICTIO. OIS METOAIB PaHKyBaHHS KEPYEMHX
¢axTopiB.

Jliteparypa: 6a3oBa — [1], cTop. 75-83; [2], IIp. 5, cim. Ne2-8

3apmanHsg Ha CPC: Mertoanka omHO(AKTOPHUX €KCTIEPUMEHTAIBFHUX TOCIHIHKEHb MPOIECy JIa3epHOi
00poOku oTBopiB. Hasectm (y sKICHOMY TIONaHHi) pE3y/IbTaTd BIUIMBY TIapaMETpiB  IydKa
BUIIPOMIHIOBaHHS Ta YMOB OOpOOKHM Ha PO3MIpU OTBOPIB (AiameTp Ta mnbuHy). OCHOBHI BUCHOBKH IO
pesynbratax onHO (PaKTOPHUX MOCIHIIKEHb: MOXJIHMBICTE BHOOPY PEXMUMIB OOpPOOKH Ta KepyBaHH:
nporecoM. JlaHi MateMaTHYHOTO MOJICITIOBaHHS MPOIIECY 3a MU pe3ybTaTaMu: iX MPUHHATHICTD JUIs
MIPOCKTYBAHHS OIIEPAITii.

BusHauntn 3a rpadikamMu EKCIEPHUMEHTAIBHHX ONHO (AKTOPHUX MOCITIKEHb PEKHUMH OOpPOOKH
oTBOpiB AiamerpoM 0,3 MM Ta muOUHOIO 1,5 MM y 3aroToBIi i3 cTam 45 32 YMOB OIHO IMITYJTECHOTO Ta
0arato iMIIyIbCHOTO OINpPOMiHIOBaHHS. UM MOXIMBO pillleHHS Oarato KpHUTepiaJbHUX 3a1ad 3a
JIOTIOMOTOI0 WX JaHUX.

Jliteparypa onarkosa [3]
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Tema 5.3. locaimkeHHs1 Ta Moaer0oBaHHs onepauiii JIPO (mogoBxeHHs )

ExcneprMeHTaJIbHI MeTOAU NPOEKTYBAHHA Ollepaliii JiazepHoi po3MipHOi 00pooku (1)
ExcniepumenTanbHi MeToau BUOOPY peXUMIB 00pOOKH: 0AHO (aKTOPHI METOAM JOCTIIKEHb MPOLECY;
METOJIUKA aKTHBHOTO 0araTo(akToOpHOTrO €KCIIEpHMEHTY AJIsl BU3HAUCHHS PEXXUMIB Jla3epHOi 0OpOOKH.
Knacudikanis ¢axropiB 3a kepoBaHIicTIO Ta MiHIHMBICTIO. ODIsAJ METOMIB PaHTYBaHHS KEPYEMHX
(akTopis.

AHani3 3HAYHOCTI BIUIMBY (aKTOpiB TMpolecy Ha PO3MIpHI pe3yabTatd 0o0poOKu. MeToamka,
eKCIIEpUMEHTAJIbHI MJIaHH, PAH)XKUPOBOYHI PsIM KepyeMHUX (DAaKTOPIB IO iX BIUIMBY Ha IOIEPEUHY Ta
MOB3JI0BXHIO (HOPMY MOPOKHUHH, HA TOYHICTH OOPOOKH.

Jlirepatypa: 6azoBa — [1], cTop. 83-114, 39-51; [2], IIp. 5, cim. Ne9-17

3apnannsa Ha CPC: OOrpyHTYBaTH HEOOXiIHICTH Oararo (pakTOpHOI METOIUKH AOCHIKEHb MPOLECIB
J1a3epHOT pO3MipHOI 0OPOOKH, K €AMHOI B YMOBaX CKIIAIHOI B3a€MOJIiT 6araThox (pi3MIHUX Ta XIMITHUX
SBUIIl Y 30HI ONMPOMiHIOBaHHSA. ETamm mociimkeHbh B yMOBax 3HAYYINOTO IISSHHS BEJIHMKOI KUIBKOCTI
¢akropiB. ExciepumenTansHi 11and, ki €(eKTUBHI 3 €eKOHOMIYHHMX Ta YaCOBHX MipKyBaHb Ha eTari
HEPEIUIaHyBaHHA _ €KCIIEPUMEHTIB. YMOBM BMKOPHMCTaHHs KOMIIDOMICHMX IUIaHiB bpoacekoro,
METOMMKa 1X MOOYHOBM 1 OJEPKAHHA MOJENl IIPOLECY 3 BHU3HAYEHMM CKaagoM. Jloriune
OOTpYHTYBaHHS Ha0OpY (akTopiB, K1 BKIIOUAIOTHCS JI0 TOCTYIHOBAHOT MOJIEI MPOLIECY.

CkJacTy IjIaH eKCIIePUMEHTY Ha eTalli NepeAruIaHyBaHHs Uil TAKHX YMOB!

- HacnueHuit 1wraH tamny J®PE mis omiHkA eQeKTUBHOCTI JHUIIE JIHIHHUX WICHIB I TPHOX
(hakTopiB: eHeprii, KyTa po3XomkeHHs Ta (POKYCHOI BiicTaHi POKYCYIOUOi CHCTEMHU;

- KOMIIDOMICHHMH TUIaH JUIi MOJENI JPYroro IOPsAAKY 3a yMOBM 3Ha4dylloi [ii JiHIHHHUX,
KBaJpaTUYHUX Ta MAapHUX €(eKTiB ycix (pakTopiB 3 MEPLINM:

n n 2 N
y=a,+ 2aX; + 2a;X; + X a;XX;
0" =% T A%t T A SN
i=1 i=1 i=2

Je: X; — eHEepris BUIPOMIHIOBaHHS, X, — TPHUBAIICTh IMIYIBCY, X3 — KYT PO3XOKEHHS ITy4Ka
BUIIPOMIHIOBaHHSI.

PamxupoBouHuii pssl BIUIMBY KepyeMHX (AaKTOPiB Ha PO3MipHi HOKa3HUKH IIPOLECY JIa3€pHOi 00poOKH
OTBOpIB: AlaMeTp Ta INIHOMHY JAJI HEHACKPI3HUX OTBOPIB Ta JiaMeTp BXiTHOI Ta BUXITHOI YACTHUH — AJIS
HAaCKPIi3HUX OTBOPIB.

Jliteparypa: 6asosa — [1], ctop. 75-83: [2], IIp. 5, cii. Ne2-8
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3apnanag Ha CPC: Meromnka omHO(MAKTOPHHUX E€KCIIEPUMEHTAIBLHUX JOCIHIHKEHD MPOIeCy Ja3epHoi
00poOkm orBopiB. Hasectm (y sKICHOMY IIOZaHHI) pe3ylbTaTH BIUIMBY IIapaMETpPiB ITyYKa
BUIIPOMIHIOBaHHS Ta YMOB OOpOOKHM Ha PO3MIpU OTBOPIB (AiameTp Ta mnbuHy). OCHOBHI BUCHOBKH IO
pesynbratax onHO (PaKTOPHUX HOCIHiIKEHb: MOXJIHMBICTE BHOOPY PEXHMIB OOpPOOKH Ta KepyBaHHS
nporecoM. JlaHi MaTeMaTHYHOTO MOJAEITIOBaHHS MPOIIECY 33 UMM pe3ylbTaTaMu: iX MPUHHATHICTD IS
MIPOCKTYBAHHS OTEPAaIlii.

BusHaunt 3a rpadikamMH EKCIEPUMEHTAIBHHX ONHO (AKTOPHUX MOCITIDKEHL PEKUMH OOpPOOKH
oTBOpiB AiamerpoM 0,3 MM Ta muOuHOIO 1,5 MM y 3aroToBlli i3 cTam 45 3a yMOB OTHO IMITYTECHOTO Ta
0araro IMIyJILCHOTO ONPOMiHIOBaHHSA. UM MOXIMBO DpillleHHs 0araro KpuUTepiallbHUX 33134 3a
JOTIOMOTOI0 IUX JaHUX.

Jliteparypa nonarkosa [3]

13 Tema 5.3. JocaimkeHHs1 Ta Moae0oBaHHs onepauiii JIPO (mogoBixeHHs )
ExcnepuMeHTaJ bHI METOAM MPOEKTYBAHHA ONepalliii J1azepHoi po3MipHoi 00pooku (3)
SxicTh pesynbrariB 00poOKH; BpaxXyBaHHS ITiJ] YaC MPOEKTYBAHHS PEKHUMIB BUMOT JIO BiITBOPIOBAHOCTI
pe3yNbTaTiB, SIKOCTI MOBEPXHi, CTaHy MPHJIEIIIOrO A0 MOBEPXHi LIapy Marepiainy. Bumoru 1o KyToBHX
Ta IIPOCTOPOBUX XapaKTEPUCTHK My4YKa BUMPOMiHIOBAHHS.
Jliteparypa: 6a3osa — [1], ctop. 135-145; [2], Ip. 6, ci. Nel17-21
3apnanHs Ha CPC: [Toka3HUKHM SKOCTI OTBOPIB MiCHs Ja3epHOi 00pOOKHU. SIKOI0 BENWIMHOIO 3pYUIHO Ta
1H(OOPMATHBHO OIMCYBaTH HECTAOUTBHICTH PO3MIPIB OTBOPIB B yMoOBax apeidy piBHS HACTPOUKH?
PamxupoBouHuii psn (akTopiB MpoIecy IO iX BIUIMBY Ha NOKAa3HHWK BIATBOPIOBAHOCTI PO3MIpiB
orBopiB. [Ipuknan MpoeKTyBaHHs ONepallii BUTOTOBIECHHS CEpPii HACKPi3HUX OTBOPIB 3 HOPMOBAHOIO
TOYHICTIO PO3MIpiB 3 BUKOPHCTAHHAM MaTeMaTHYHOT MOJIelli IpoLiecy 0OpoOKH.
JlitepaTtypa gonarkosa [3]

14 | Tema 5.4. IlpoexktyBanHs pe:xkumiB JIPO. Oqno kputepianabHi 3agaui
IIpakTHKa BUKOPHCTAHHS eKCIEPUMEHTAIbHOIO NPOEKTYBAHHSA
[TpuKkaa mpoeKTyBaHHs ONepalii JUIs 1a3epHOi po3MipHOi 00pPOOKH OTBOPIB 3aIaHOTO PO3MIDY.
Jliteparypa: 6a3oBa - [1], crop. 93-100, 26-27, 41-44, 48-51, 56-57; [2], IIp. 6, ci1. Ne 2-10
3apnanns Ha CPC: Cknactu HaOip (3 Tppox) (hakTopiB, sSKi HAWOITBII 3HAYYIIIE BIUIMBAIOTh Ha:
- PO3MIpH HEHACKPI3HUX OTBOPIB;
- PO3MipH HACKPI3HOTO OTBODY.
[IpuBectn mpukiIa; MOBHO ()aKTOPHOTO IUTAHy Ui IHUX (DAKTOPiB, BU3HAYUTH HEOOXiNHY KiJIBKICTh
eKCIIepUMEHTAILHUX TOYOK. Ha skux piBHSIX Tpeba (ikCyBaTW 3aimuINKH 3HAYYIIHX (AKTOPIB IS
ofiep’KaHHsI HAaMEHIINX MO PO3MipaM OTBOPIB.
JliTepaTypa 101aTkoBa

15 Tema 5.4. llpoextyBanus pexkumis JIPO. OnHo kputepianbHi 3axa4i (OZOBKEHH).
IIpukaax mpoeKTyBaHHS onepailii 00pooku mpodiTbLHUX 0TBOPIB.
[Ipuxman BuOOpy pexuMiB OOpOOKHM TOPOKHHMH 3 3aJaHOI0 TOYHICTIO. [IpoexTyBaHHS omepariit 3
yPaxyBaHHSAM BHUMOI JI0 SIKOCTi IOIEPEYHOI Ta MOB3IOBXKHBOI (OpMH HOPOXKHHMH. MOKIMBICTH
BUTOTOBJICHHS TIOPOKHHH 13 33JaHUMH BIAXUIICHHSIMH TTOB3IOBKHBOTO MTPOQIIIO.
Jliteparypa: 6a3oBa - [1], crop. 100-118; [2], [Ip. 6, cii. Ne 10-16
3apnanns Ha CPC: ®dopMyBaHHS y3arajJbHEHOIO MOKa3HUKA BIAXUIICHHS AIMCHOT MOB30BXHBOI (HOPMHU
OTBOPIB BiX 3amaHOi I HOTO BHUKOPHUCTAHHS 3 METOIO TOIIYKY ONTHMAJIBHOTO PEXHMY OOPOOKH.
PamkupoBouHHi Psi/l BILIMBY KEPyEMHX (DaKTOPIB MPOLIECY HA y3aralbHEHUH MOKa3HUK AKOCTI hOPMHU.
Pospaxysaru Koe(giuieHT Bapiamil po3MipiB OTBOPIB MicCJIs Jla3epHOi 0OPOOKH, SKIIO TOJIE PO3CISTHHS 1X
JiaMeTpiB He MEPEBUIILYE T0NIe AOMYCKY 9 KBaliTETy, a HOMiHANBHUHA po3mip — 0,08 MM.
JliTepaTypa JIoaTkoBa

16 | Tema 5.5. IlpoexktyBanus pesxkumiB JIPO. bararo kpurtepiaabHi 3agaui

17 | OnTuMizaunis onepauii JiazepHoi po3MipHOi 00poOKu.
V3aranpHeHa ¢yHkmist Oaxanocti. Ilpukman onTumisanii omepauii j1a3epHOi 0OpoOKHM KOHIYHHX
OTBOpIB i3 3aJaHOI0 TOYHICTIO Ta MAaKCHUMAJIBbHOIO NPOAYKTHBHICTIO. MeTonu MepeTBOPEeHHS
OaraTokpuTepiaJbHUX 3a7ad B OJHOKpiTepialnbHi (METON HEBU3HAYEHUX MHOXHHKIB Jlarpamika,
mrpadHuX QYHKITIH).
Jliteparypa 6a3oBa — [1], crop. 118-129; [2] Ilp. 6, cia. Ne 10-16; IIp. 7; cim. Ne 2-18, Ip. 8, cm. No2-18
3apmanHa Ha CPC: YoMy OaraTokpHTeplanbHICTh 33/1ad MPOEKTYBAaHHS TEXHOJOTIYHHX ONepariii
na3epHoi OOpOOKM CIIOHYKa€ A0 BHUKOPUCTAHHS €KCIICPUMEHTANbHUX MeToHiB onTtumizauii? Ilmsxu
MOAOJIAHHS OaraTOKpUTEPiaibHOCTI AJsl CIPOIIEHHsS ONTUMi3aliiHux 3afgad. [loHATTS y3aranbHEHOT
%)yHKui'l' 0axxaHOCTi. AJITOPUTM E€KCIIEPUMEHTAIFHOTO METOLY ONTHMIi3allii 3 BUKOPUCTaHHAM (DYHKIIH

axxaHocti. HaBectn npukinany GopMyBaHHS UX QyHKIIIH.

CripoekTyBaTé TEXHOJOTIYHY oOrepalito J1azepHoi o0pobku orBopiB 20,4H12 xoniuHOi dopmu (3
KoHycomoiOHicTIO 0,4 MM) y 3aroTOBKax KOPITyCiB iH’€KI[IHHUX TOJIOK 3aBTOBINKA 3 MM. TpuBamicTh
oreparlii He MOBMHHA NepeBUIIyBaTr 25 ¢. Marepian 3arotoBku - natyss JIC59 (L, = 5,1 x/Ix/kr, T, =
2500 °C, T, = 1230 °C, k = 1,17 Br/(cm.rpan), a = 0,34 cm?/c, p = 6,2.107 kr/cm®). Bukopucraru nani
EKCTIEPUMEHTAJIbHUX JOCIIKEHb 110 MOJEIIOBAaHHIO IIpoLecy 00pOOKH TaKMX OTBOPIB.
JliTeparypa gonaTkosa [3]

18 | 3anikosa Konmpoavua poboma

5.2, Ilpaxmuuyni 3aHamms

OcHOBHI 3aBJJaHHS UKy MPAKTUYHUX 3aHSThH




Lukn nmpakTHYHUX 3aHATh Ma€ MU0 3aKPIIICHHS TOJOBHHX TEM OCBITHHOTO KOMITOHEHTY, SIKi 3aCBOEHO
TEOpPEeTUYHO. B 3B’A3Ky 3 THM, 1[0 TOJIOBHUM HOro 3aBJaHHSAM € HAJaHHS 3HAHb 1 YMiHb BHOOPY €(hEKTHBHOTO
MeToay OOpoOKHM, BHalloi TEXHOJOTIYHOI CXeMHU omepallii Ta BU3HAUYEHHS HEOOXiTHOTO 3a MPH3HAYCHHSM il
TEXHOJIOTYHOTO OCHAIIIEHHS.

[HIIMM 3aBHaHHAM 3aHATH € HAAOAHHS YMiHHS 3aXUCTY PO3pPO0OK, I YOr0 HaHOIIBI BT Ta
TMpare31aTHi pillleHHs, SKi CTBOPEHI CTYAeHTaMH, ITiIBEPTalOTHCS aHaJi3y Ha IATEHTHY YHUCTOTY 3 METOIO
oopmIIeHHS 3as8BKH Y BIANOBIAHY 1HCTAHIIIO [UI1 0QOPMIIEHHS JOKyMEHTY 1HTEeNIEKTYalbHOI BIACHOCTI (ITaTeHTY
Ha BUHAaXij a00 KOPUCHY MOJETb).

Ne 3/m. Haspa Temu 3aHsTTS

1 AHaJi3 MOKIIMBOCTEH €IeKTPO-(hI3UKO-XIMITHIX METOIIB 00poOku Marepianis (E@XMOM).
AnpiopHi 001acTi BUKOPHCTAHHS KOXKHOTO 3 HUX, MEKH 1X PO3MIPHHUX, SKICHUX Ta 1HIINX
MOXKJIUBOCTEH.
[TopiBHAHHS 3 MOXJIMBOCTSIMH OTI€paIliil Ja3epHOT 0OPOOKH.

1 Etanu nissHAS Ma3epHOTO MPOMEHS Ha Marepiasl 3aroTOBKH. BIUIHB Ha pe3ynbTaT 1a3epHOTo
OIPOMIHEHHS. 3AJIEKHICTh BUAY MISTHHS BUT TEII0(hI3MYHUX BIACTUBOCTEN MaTepialy 3aTOTOBKH.

2 OO0cTaBUHYU, YMOBH Ta TOPSIOK NIPOSKTYBaHHS OIEpalliil JIa3epHOi po3MipHOi 00pOOKU. AJITOPUTM
OPOEKTYBAHHS TeXHOIOT1YHOI oneparii JIPO.

2 TexHOOTIYHI CXeMU OTepartiil Ja3epHOi Po3MipHOT 00POOKH MIKpO €JIEeMEHTIB 3arOTOBKU (JIYHKH,
OTBODH, Ma3H Ta HIUTUHH).

3 3acobu GpopmyBaHHs 00pOOITIOBAILHOTO IHCTPYMEHTY 13 JTa3epHOro npoMeHs. Etanu pezonaropHoro ta

1032 PEe30HATOPHOTO MiATOTOBJICHHS J1a3epHOTO IPOMEHS [T HOTO IepEeTBOPEHHS.
OnTHYHI eJEMEHTH U1 IEPETBOPEHHS MPOMEHS B IHCTpYMeHT. KaycTHKa 1a3€pHOT0 IIPOMEHS

3 TexHosoriuHi cxemu ornepaiiii opMyBaHHS OTBOPIB METOIOM TPEMAHAIIi]l Tijla 3aTOTOBKH.
Cxemu (hOpMOYTBOPEHHS THOOKHMX OTBOPIB 3 MAJIUM IIOIIEPEKOM

4 Cxemu 06poOKYU MOUHUX MA OMEOPIE CKAAOHO20 NPOQINIO 8 MOHKUX 320MOBKAX, HAHO MEXHO02].
MeToay yIpaBiIiHHS TOB3I0BXHLOI0 (DOPMOIO ITOPOKHUHH.

5 BukopurcTaHHs aHATITHYHUX Mojelieii JOPMOyTBOPEHHS OTBOPIB JIa3EPHUM IPOMEHEM IS
IIPOTHO3YBaHHs PE3YIIBTATIB TEXHOIOITYHUX omnepatiii. [1opiBHIHHS pe3yabTaTiB Bl PI3HUX MOJIEIIEH

5 JlocmipkeHHs Ta MozAemoBaHHs ornepairii JIPO.

6 [IpoektyBaHHS pe:kuMiB (hOpMYyBaHHS OTBOPIB B METAJIEBUX BHPOOaX 3a MPHOIMKEHIMH PillleHHSIMH
PIBHSHHSI TETIONPOBiAHOCTI. [lepenyMOBH X BUKOPHCTAHHS.

6 [poexryBanns pexxumiB JIPO. OnHo KpuTepiaibHi 3a1a4i MojientoBaHHs Ipoliecy 00poOKu
pPO3MIpHHUX eaeMeHTIB 3a miaHamu [1DE. PaHrosi miarpaMu uisl MTOKa3HUKIB TEXHOJOTTYHUX ONEPAINii.

7 IIpoekTyBaHHS PEKUMIB TEXHOJIOTIYHUX OIEpaliil IpH X OLIHII 3a OararbMa KpUTEPISIMHU.

8 L1sixu mapaMeTPUYIHOTO KEPYBAHHS PEXKHMOM 00POOKH

9 Hepexxumui MeToan miasumenHs sskocti JIPO

* Jliteparypa noparkosa [1 - 4]

5.3.  Jlabopamopmni 3auamms

OcHOBHI 3aBJaHHS IIUKITY Ja0OPaTOPHUX 3aHSATb.

Hukn nabopaTopHUX poOIT Ma€e LIJUTIO MPAKTUYHOTO 3aKPiIUICHHS TOJIOBHUX TEM OCBITHHOTO KOMITOHEHTY,
SKI BHBYEHO TEOpETHYHO. B 3B’SA3Ky 3 THM, IO HOro TOJOBHMM 3aBJaHHSAM € HaJaHHSI 3HaHb Ta YMiHb
IIPOTHO3YBAHHS PE3yJbTaTiB Ta MPOEKTYBaHHS TEXHOJIOTIYHOI omepaillii, TO BCi JlaboparopHi poOOTH TOB’S3aHO 3
LI€I0 TISUTEHICTIO (haxiBIIs.

Ne . KinbkicTts aya.
Ha3zga naboparopHoi pobotu e
3/ TOJIMH
1 [TporHo3yBaHHS pe3yNbTaTiB TEXHOJIOTIYHOI OMepallii Ta MPOEeKTYBaHHS PEKUMIB 8

Ja3epHOT po3MipHOT 00pOOKH 32 aHATITHYHIUMH METOaMH, OI[iHKa SKOCTI
nmpoekTyBaHHs. HapuanbHuit mocioHuK 1 10 podotu:
https://campus.kpi.ua/tutor/index.php?mode=

http://Itft kpi.ua/ua/

2 [IpoekTyBaHHS PEKUMIB JIa3epHOI PO3MIPHOI 0OPOOKH eKCIIepUMEHTATBHUMU 8
meronaMmu. HaBuansHuii mocioHuk 1 10 podoru:
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https://campus.kpi.ua/tutor/index.php?mode=mob&show&irid=237539$
http://ltft.kpi.ua/ua/

http:/1tft.kpi.ua/ua/
https://campus.kpi.ua/tutor/index.php?mode=

3 OdopMieHHs pe3ynbTaTiB eKCIIEPUMEHTIB, 00po0Ka (haKTHYHOTO Marepiaiy, 2
BHUCHOBKH TIPO SIKICTh aHAJIITHYHUX MPOTHO3HUX Mozenel npouecy JIPO, 3axuct
poOIT

6. Camocriiina po6ora

CamocriitHa pobOora (48 rom) crymenTta monsrae y miarorosmi (30 rom.) 1o JEKIIHHHX,
NPAKTUYHUX 1 JIA0OPATOPHHMX 3aHATh UUISXOM OINpAIfOBAaHHS PEKOMEHIOBAHOI JTeparypH i
MirOTOBIIl BIAMOBIIEH Ha KOHTPOJIbHI 3aMUTaHHS AJS JIEKIii 1 1a00paTOPHHUX 3aHATh, MIATOTOBKH 10
MOJYJIBHOI KOHTPOJIbHOI po00TH (2 rof.), BUKOHAHHS po3paxyHKoBo-rpadiuHoi podotu (10), a Takox
y MiATOTOBII J0 3aIiKy (6 TOxI.).

Ne Ha3zBu TeM i nuTanb, 1110 BHHOCUTHCS Ha CAMOCTIiHE OIpaIIOBaHHS Ta S
. Kinskicts roqua CPC
3aH [IOCHUJIaHHS Ha HAaBYAJIbHY JIITEpaTypy
1 Tema 1.1. Ilopisnanuns mexHono2iyHUx ma mexHiko-eKOHOMIYHUX

NOKA3HUKIB, BUSBNEHHS Nepesas ma HeooriKie 1a3epHOi po3MIpHOL
o0bpooxu (JIPO):

- MOKJIMBOCTI CTBOPEHHS KOMOIHOBaHOTO 200 Ti0pHUIHOTO 1
IHCTPYMEHTIB Ha 0a3i Ja3epHOTro MPOMEHS Ta OLTBII JEIIeBUX 3aC00iB
(eHepreTMYHUX TOJMIB, TA30BUX CTPYMEHIB, MMOTOKIB, TOIIO)
Jlireparypa: 6azoBa - [1]

JonaTtkoBa —[1 - 4]

2 Tema 2.1. Emanu OisiHHs 143ePHO20 NPOMEHS HA 3A20MOBKY:
- LUISIXY TiIBUIIEHHS e()eKTHBHOCTI BUKOPHUCTAHHS IIPOMEHHUCTOT 1
eHeprii Ha ycix eranax ii HepeTBOpEeHHsI Ta BUKOPUCTAHHS.
Jliteparypa: nogarkoa — [1]

Tema 2.2. Buou eniugy onpomiHeHHs Ha Mamepian 3a20moeKuU:
- BIUIMB ()a30BOTO CTaHy Marepiajly 3ar0OTOBKH B 30H1 1
OTIPOMiHEHHS Ha KUTBKICHI Ta SKICHI MOKa3HUKH TEXHOJIOTI9HOI omepaitii,
OTTHMI3allis CTaHy MaTepiaiy.

Jliteparypa: nonarkosa — [1, 2]

Tema 2.3. naxu xepysauHs pe3yibmamamu 1a3epHO20 ONPOMIHEHHSL:

- rapaMeTpHyYHe KePyBaHHS IIyYKOM JIa3€pPHOTO BUIIPOMIHIOBAaHHS 1
PE30HATOPHUMH Ta 1033 PE30HATOPHUMH 3ac00aMu
Jliteparypa: 6azoBa — [1]

Jliteparypa nonarkosa [3]

3 Tema 3.1. Obcmagunu ma ymosu npoexmy8ants mexHol02iuHol onepayii
JIPO:

- [UISAXH MTOIIMPEHHS KOPUCHOI iHpopMarii Ha 6a3i qaHux 1
kpecieHHs BupoOy ado Texuiunoro 3aBaanas (T3) Ha MPoeKTyBaHHS
TEXHOJIOTIYHOI orepartii.

Jlitepatypa: 6azoBa — [2]

Tema 3.2. Aneopumm npoexmysanns mexuono2iunoi onepayii JIPO:

- OLIIHUTH KLTBKICHO Ha BUTBHOMY Matepiaii (MeTal, IieJIeKTPUK) 1
BaroBy CKJIJOBY TeIIO(i3UNYHMX HOTO MapaMeTpiB Ha TEMIT HarpiBaHHS
3aroTOBKH JIa3€PHUM IIPOMEHEM;

- CKJIACTH TepeTiK HeOOX1JHUX JisSTHB Ha MPOIIEC JTa3ePHOT 1
PO3MipHOT 0OpOOKH 3 METOIO oNTHUMI3aliil Gpa3u HarpiBaHHs Marepiaiy B
30H1 OIPOMiHEHHS

Jliteparypa: nomarkosa - [3]

4 Tema 4.1. Memoou ynpasninns gpopmoro nonepexy nopoICHUHU:
- OLIIHUTH Ha KOHKPETHUX MPUKIIaJaX TEXHIKO-eKOHOMIYHI TOKa3HUKH 1
oreparliit 00poOKHY B TanbHil Ta OMMKHIN 30HAX.
Jliteparypa: nogarkoBa — [2]

Tema 4.2. Dopmysanns ma nepemeopeHHs KayCmuKu ny4xa
BUNPOMIHIOBAHHSL: 1
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- XapaKTEPUCTUKHU AKOCTI JiazepHoro npomenst BPP, M? ta uuisixu ix
MOKPAIeHHS BIUIMBOM Ha MapaMeTPH Pe30HATOPY

Jliteparypa: nogarkoa — [1]

Tema 4.3. Cxemu popmoymeopents 2iuboKux omeopie 3 Maium
nonepexom:

- 03HAHOMHTHCS 13 3aKOHOMIPHOCTSIMH TIEPETBOPECHHS ITyJIKa
Ja3epHOT0 BUMIPOMIHIOBAaHHS CHCTEMOIO JIiH3 (00'€KTHBaMU);
Jliteparypa 6azosa [1]

Jliteparypa nonatkoBa [2]

Tema 4.4. Cxemu 06pobKu MOUHUX MIKPO 0ME0PIE CKIAOH020 NPOPiio:
- JOKa3aTH MOXKIIMBOCT] KOMIICHCALT XpoMaTn4yHoi abepartii
00'€KTUBaMH 13 CHCTEMOIO JIiH3, BATOTOBJICHHX 13 Pi3HHUX 32 ONTHYHOIO
TYCTHHOIO MaTepialiB (axpomMaramu);

Jliteparypa nonarkosa [2]

4.5. Memoou ynpaenints n0830084CHb010 (HOPMOK NOPONCHUHU

- OTIMICAaTH TEXHOJIOTIYHUH MPUHITATI 0OPOOKH HAITITHOOKHX
otBopiB (I/d > 12); B pexumi razonazepHoi 00poOku abo Ha
KOPOTKUMH iMITyJIbCaMu

- OIIHCATH TEXHOJIOTIYHHUHA MPUHIIUT 00OpPOOKH MiKpO OTBOPIB
MIKpO IMITylTbcaMH (TIiYKaMu MKC TpuBaocTi) (d < 5 Mkwm).
Jliteparypa: nogarkosa [2]

5 Tema 5.1. IIpocnosysanus pe3yibmamis 00poOKU 3a AHATTMUYHUMU
MoOenamu:

- 0COOJTMBOCTI aHATITUYHOTO Ta EKCIIEPUMEHTAIBHOTO METO/IIB
NPOEKTYBaHHS; METOANKA PO3POOKH aHAMITHYHUX (PyHKIIOHATBHHX )
MoJIeIiel mpoliecy JIa3epHoi 00pOOKH; TEeTUIOBI KOHIEMIIIT
(hopMOYTBOPEHHS TTIOPOXKHUH; ()EHOMEHOIOTIYHI MOCII; TPOTHO3YBAHHS
pe3ynbraTiB 0OpOOKH B BUKOPUCTAHHSM aHANITHYHUX MOJIENCH.
Jliteparypa 6a3oBa [1], [2], mogaTrkoBa [1]

Tema 5.2. IIpoexmyesanns pesicumis JIPO 3a anarimuunumu MoOeismu:

- aHAJIITUYHE PIIICHHS PiBHSHHS TETUIONPOBIAHOCTI i3 CIIPOLICHHAMH J.
Steffen’a, npocnianTy eTanu Ta pe3yabTaTy 3MiHEHHSI PIBHSIHHS.

Tema 5.3. /locnioscenna ma mooenroeanns onepayii JIPO:

- eKCIepUMEHTAIbHI METOU BHOOPY PeXUMIB 00poOKH: OTHO (PaKTOpHI
METOAU JOCIiPKEHb MPOIIECY; METOJANKA aKTHBHOTO 0araroakTOpHOTO
eKCIIEpUMEHTY Ul  BU3HAYCHHS PEXUMIB  JazepHoi  0OpOOKH.
Kiracudikartist ¢hakTopiB 3a KEpOBAHICTIO Ta MIHIUBICTIO. OIS METOIB
pamKyBaHHs KepyeMUX (aKTopi..

Jliteparypa: nogarkosa - [1]]

Tema 5.4. Ilpoexmysanns pesicumis JIPO. Oono kpumepianvhi 3a0aui:

- aHaJi3 3HAYHOCTI BIUIMBY (aKkTOpiB MpOlECy Ha PO3MIipHI
pe3yabrat  OOpOOKM:  METOJUKA,  CKCIICPUMEHTAlbHI  IUIaHH,
PaHKUPOBOUHI PsIiU KepyeMHUX (AKTOPIB IO IX BIUIMBY HA IIOIEPEUYHY Ta
MOB3/IOBXHIO (hOpMY MOPOKHUHH, HA TOUYHICTH OOPOOKH.

Jliteparypa: 6a3oBa —[1], [2]

Tema 5.5. Ilpoexmysannus pesxcumis JIPO. Bacamo kpumepianoHi 3a0aui.
- TTOPIBHATH ONITUMAJIBHI 332 PI3HUMH KPUTEPISIMH ONITHMAJIEHOCTI
eKCIIepUMEHTAJIbHI TUIaHH 3 TOYKH 30pYy HAWIIBHIIIOTO JOCSITHEHHS
pe3yJIbTaTy 10CTaTHHOI TOYHOCTI B YMOBaX MPOEKTYBAHHS PEXKUMIB
00po0OKH;

- BUKOHATH B MEXaX CHIBPOOITHHKIB Ka)eIpH EKCIIEPTHY OLIIHKY
BIUIUBY KepyeMHX (aKTOpiB Ha TOYHICTH OTBOPIB MiCJIS JIa3epPHOI
00po0OKH, MOOYTyBaTH PaHTOBY Jiarpamy;

- 3poOUTH aHall3 SKOCTel (TIepeBar i HeMoiKiB) METOIB
ONTUMi3alii 6araTOKpUTEpiaJbHUX TEXHOIOTIYHUX 3a]ad.

Jliteparypa: 6a3oBa — [1], [2],; mnomarkoBa - [1]

7. IloiTHKA BUKJIAJAHHS TA 3ACBOCHHS OCBITHBOI'0 KOMIIOHEHTY
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IIpaBusa BiaBiIyBaHHS 3aHATH

BiaBinyBaHHS JIEKIii, NMPaKTHYHUX 3aHATh, & TAKOX BIJICYTHICTh HA HUX, HE OIIHIOETHCA. OJHAK,
CTyJICHTaM PEKOMEH/IY€EThCS BiIBIIyBaTH 3aHSTTS, OCKIJIbKM Ha HUX BUKJIAIAEThCS TEOPETUUHUIN MaTepial
Ta PO3BHBAIOTHCS HABMUKH, HEOOX1THI 111 BUKOHAHHS CEMECTPOBOIO 1HIMBITyaIbHOTO 3aBIaHHS.

Jnst cryneHTiB, siki OepyTh Ha ceOe BIAMOBINANBHICTH 3a OpraHi3allilo 1 MJIAaHyBaHHS CBOTO 4acy JJis
HABUAHHS, € MOXJIUBICTh OINAHOBYBAaTH JUCLUIUIIHY Yy 3MIIIAHOMY pPEXUMi: O3HAaHOMIJIEHHS 3
TEOPETHYHUM MaTepiaJioM JISKI[iH 1 po3B’sA3yBaHHs MPAKTUYHUX 3aBIAaHb — CAMOCTIHHO, 32 HEOOX1THOCTI
MIPOBE/ICHHS KOHCYNbTAIlli BUKJIagayeM 3riiHO rpadiky KOHCYNbTalild 1 BIJBEIEHOIO Ha HUX Yacy, y
BIIMOBIIHOCTI JI0 TEJAroridyHOr0 HaBaHTAXKEHHs BUKIanada. JlabopaTopHi poOOTH BUKOHYIOTHCS Y
IPyHOBOMY PEKKMI IiJ] KEPIBHUIITBOM BiAMOBIATHFHOTO BUKIIAAa4a.

IIpaBu/ia noBeAiHKM HA 3aHATTAX.

[IpaBuna MOBEAIHKM Ha 3aHATTAX PENIAMEHTYIOTbCSI €TUYHMMU HOPMaMH: BCl yYaCHUKHU OCBITHHOTO
MpoIeCy B YHIBEPCUTETI MOBHHHI JOTPUMYBATHCh BUMOT YHHHOTO 3aKOHOAaBcTBa YKpainu, Craryty i
[IpaBun BHyTpimHEBOro po3nopsaky KIII im. Irops CikopchbKoro, 3araJbHONPHHHATHX MOPATbHUX
NPUHIMUIIB, MIATPUMYBAaTH  arMocdepy  JOOPO3UUIMBOCTI,  BIAMOBINANBHOCTI, MOPAJHOCTI H
TOJICPAHTHOCTI, 10AWIMBO CTABUTHUCS JI0 YHIBEPCUTETCHKOTO MaifHa.

[1ig yac aynMTOPHUX 3aHATH CTYIECHTH MOBUHHI TOTPUMYBATUCH JIIIOUYMX MPABHJI OXOPOHU Tpalli, Oe3nexu
KUTTEMAISUTBHOCTI 1 TpaBWJI TOXKEKHOT O€3MeKkw, a B pa3l HaBYaHHSA 3a JUCTAHIIHHOK (OPMOIO
BUKOHYBATH BUMOTH II0JI0 OE3MEKH Ta 3aXMCTY 37I0POB's i 4ac poOOTH 3 EKPaHHUMU IPUCTPOSIMHU.

IIpaBuiia npu3HaYEHHS 320X04YBAJBHUX Ta IITPadHUX 0aJiB

CryneHntu 3000B’s13aHi JOTPUMYBATHUCS TEPMiHIB BUKOHAHHS YCiX BUJIIB POOIT, mepeadaueHuX KypcoMm.
[TopyiieHHsT TepMiHIB BUKOHAHHS TICBHOTO BHJy POOIT BPaxOBYEThCS 3TIJHO PEHUTHHIOBOI CHCTEMHU
ouintoBaHHs. Ilix yac aii BOeHHOT0 cTaHy IITPagHi 6a/1M He HAPAXOBYIOThCSI.

IIponyuieHi KOHTPOJILHI 3aX01M:

SKII0 KOHTPOJIBHI 3aXOW MPOMYIIEHI 3 MOBAKHUX MPUYHH (XBOopoOa abo Baromi KUTTEBI OOCTABUHM),
CTYACHTY HAAA€TbCA MO)KJ'II/IBiCTL AOAATKOBO CKJIACTHU KOHTPOJIBHE 3aBAaHHA HPOTATOM HaﬁGHI/I)KqOFO
TWKHSA. B pa3i mopymieHHs TepMiHIB BUKOHAHHS 3aBIaHHS 3 HEMOBAXXHUX IPUYMH, CTYICHT HE
JIOITYCKAETHCS 10 CKIIAJJaHHS €K3aMEHY B OCHOBHY CECifo.

IosiTuka moao akaaemiunoi godpouecnocti noknaano omucana y Komekci Yecti KIII im. Irops
Cixopcwkoro (Attps://kpi.ua/code) 1 nmependadae MOBHY BIAMOBIIATBHICTh CTYJIEHTA 3a T€, III0 BC1 BAKOHAHI
HUM 3aBJIaHHs B1IOB1Ial0Th MPUHLIMIIAM aKaJeMiuyHOi JOOpOYECHOCTI.

8. BI/IHI/I KOHTPOJIIO TAa peﬁTHHFOBa CHUCTEMA OHiHIOBaHHSI pe3y.]1]>TaTiB HaBYaHHA

Llomounuii KOHmMPOJib.

3a TEeMOIO JEKIIMHUX 3aHATh, Ha MPAKTUYHUX POOOTaX MPOBOAATHCS eKCHpec OMMTYBAHHS 3a
MPOMIGHUMH paHillle TeMaMH, SKi CIIOHYKalOTh KPaloMy pO3yMIHHIO Marepiaiy, 0 BHKIAJA€ThCs, Ta
ONHUTYBAHHS 32 TEMOIO JIeK1lii 00 3aHATTS.

Kanenoaprnuii konmpone.

JIJis KOHTPOJIO MOTOYHOTO CTaHy BUKOHAHHS BUMOT cmuialycy JABidi Ha ceMecTp 3a rpadikoM
HABYAJILHOTO Tpoliecy YHiBepcuTeTy abo [HCTUTYTYy MpoBOAATHCA MOAYJIBHI KOHTPOJIBHI poOOTH, TeMa
sakux Bukiagena B Jlomatky B nmo cumabycy, a cucrema ouiHtoBaHHS HaBeieHa B PCO 0CBITHBOTO
KOMITOHEHTY.

Cemecmposuil KOHMPOb.
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https://kpi.ua/code

B skocrti KOHTPOJIFO 3HAHb, OIIAHOBAHUX CTYACHTaMH 3a CCMCCTP BUKIIAAAHHSIA OCBITHBOI'O
KOMITOHCHTY, HaB4aJIbHUM I1JIAHOM nepez[6aqu0 CKJIadaHHs 3aJ'IiKy, YMOBH OOIMIYCKY A0 AKOTO Ta NPUHIUIL
OI_IiHIOBaHH}I BUKJIaACHO B PCO ocBitHBOTO KOMITOHCHTY.

Petimuneosa cucmema oyintoeanus pe3ynbmamis HAGUAHHS CIYOEHMIE

1. PeHTUHT cTyneHTa 3 OCBITHROTO KOMIIOHEHTY pO3paxoByeTbcs BUXoAsud 13 100-0anpHOI mIKamu.
PeiiTunr (IpoTAaroM ceMecTpy) CKIagaeThes 3 0amiB, M0 CTYACHT OTPUMYE 3a:
— po0OTYy Ha IPAKTUYHUX 3aHATTAX (18 3aHATH);
— BUKOHaHH Ja0opaTopHUX poodit (2 podoTH);
— BHKOHAHHSI po3paxyHKoBo-rpadigHoi podotu (1 podora).
2. Kputepii HapaxyBaHHs 0aiB:
2.1. PoGoTa Ha NpaKTUYHHUX 3aAHATTAX:
— aKTUBHa TBOpYa poboTa — 2 6asam x 18 =36;
— pobota 3 MO3UTUBHUM pe3ysbTaTtoM — 1 6aa x 18 =18;
— rmacuBHa pobora — 0 6axiB x 0.
2.2. BukoHaHHs J1aDOpaTOPHUX POOIT:
Jla6.poGota Ne 1:
— Oe3goranHa podora —20 0aJis;
— € TMeBHI HEJIOMIKYU Y MiATOTOBII Ta/abo BukoHaHHI pobotu —10-19 6aJis;
— pobota He BUKOHaHA a0o0 He 3axuineHa —) 0aJiB.
Jla6.poGota Ne 2:
— oOe3goranHa poOota — 24 0aJis;
— € TeBHI HEJIOMIKYU Y MATr0TOBI Ta/abo BUKoHaHHI poboTu — 10-23 6aJiB;
— pobota He BUKOHaHA a0o0 He 3axuineHa —) 0aJiB.
2.3. BukoHaHHs po3paxyHkoBo-rpadiunoi po6oru (PI'P):
— TBOpPYO BUKOHaHA poOoTa — 20 6aJiB;
— poOOTy BUKOHAHO 3 HE3HAUHUMU Henonikamu — 15-19 6anis;
— po0OTy BUKOHAHO 3 TIEBHUMHU MMOMUIKaMU — 7-14 HaJiB:
— poboTy He 3apaxoBaHO (3aBJaHHS HE BUKOHaHe a0o € rpy0i momuiku) — 0 6aJiB.
— TpHUMITKa: 3a KOXKHUH TIKACHB 3ammi3HeHHs 3 moganasaM PI'P Ha mepeBipky HapaxoByeTbCs mITpadHU
ryr -1 6a7 (ycporo He Oijibie —3 6aJtiB).

R=3%(r,,+r,+r,,)=36+44+20=100 6ann

3. YMOBOIO NMO3MTMBHOIO MNEPLIOr0 KaJeHJAAPHOI0 KOHTPOJI (Ha 8 THXKHI) € OTPUMaHHS HE
meHme 11 6aaiB Ta BUKOHAHHS NEpLIOi JJabopaTopHOi poOOTH (Ha Yac arecTarlii).

4. YMOBOIO NO3UTHBHOI APYIOro KaJeHJAApHOIr0 KOHTPOJIO (Ha 14 TH)KHI) — OTPUMaHHS HE MEHILE
22 6ajiB, BUKOHAHHS MEPILOT 1abopaTopHOT poOOTH Ta MEPIIOTo eTamy Apyroi poboTH (Ha Yac arecraitii)
3a YMOBH NOJIaHHS 1151 KOHTPOJt0 PI'P.

5. YMOBOIO JIOIYCKY /10 3aJlIKy € 3apaxyBaHH BCiX JaboparopHux pooit, PI'P.

Crynentu, ski HaOpamd TPOTATOM CEMeCTpy HeoOXigHy KutbkicTh OanmiB (R>60 maroTh
MOXJIUBOCTI:

- OTpUMATH 3aJIIKOBY OLIHKY (3aJliK) TaK 3BaHUM «aBTOMAaToOM» BIJMOBIAHO 10 HaOpaHOTO
PEUTHHTY;

- BUKOHYBATH 3aJ1IKOBY KOHTPOJIbHY pOOOTY 3 METOIO MiIBULIIEHHS OLIHKH;

- y pa3i OTpUMaHHSA OI[IHKM OUTBIIOI, HI)K «aBTOMAaroM» 3 PEUTHHTY, CTYACHT OTPUMYE
OIIIHKY 3a pe3yJbTaTaMH 3aJiKOBOi KOHTPOJIBHOI POOOTH;

- y pa3i OTpMMaHHS OLIHKH MEHIIO, HI’K «aBTOMaTom» 3 peitunry (< 60 6aiiB), monepenHii
PEUTHHT CTyJeHTa 3 AUCIUIUTIHA CKaCOBYETHCS, 1 BIH OTPUMYE OIIHKY TUTBKH 3a pe3yJIbTaTaMU 3aJTIKOBOi
KOHTPOJIBHOT POOOTH.

SIKIO pEeUTHHT CTyIeHTa JIeXHUTh MeHine 3a 60 6aniB BiH 3000B’s3aHUII BUKOHYBATH 3aJIiKOBY
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KOHTPOIIbHY pOOOTY.

6. Ha 3ajiKy CTyAeHTH MOBHHHI BUKOHATH NUCbMOBY KOHMPOIbHY pobonty ab0 NaTh YCHY 8i0N08iob.
KoxHe 3aBnaHHS MOBHMHHO YTPUMYBAaTH TPbOX TEOPETUYHMX 3alUTaHHS (3aBJaHHS) 1 OJHE MpPAaKTHYHE.
Koxwne 3aBnanns ckinageHo 3 [leperniky 3anuTanb 10 3aTiKy 3 OCBITHBOTO KOMIOHEHTY. Ko)kHe 3amuTanHs
OIliHIOEThCS Y 20 6aJtiB 32 TAKUMU KPUTEPISIMHU:

«BiAMIHHO», TIOBHA Bi/AIOBi/b, HE MeHIIEe 95% moTpiOHOI iH(pOpMAIlii, 110 BUKOHAHA 3T1HO 3 BAMOT'aMHU
JIO PiBHS «yMIiHBY, (TTOBHE, O€3MIOMUITKOBE O3B’ sI3yBaHHs 3aBaanHs) — 20-19 6auiB;

«ayske 100pe» Maibke NMOBHA BiANOBiAb, He MeHIIe 85% mnoTpiOHOT iHpOpMallii, IO BUKOHAHA 3T1THO 3
BHMOTaMHU JI0 PIBHsI «yMiHbY, (IIOBHE, OE3IIOMUIIKOBE PO3B’si3yBaHHs 3aBaHHs ) — 15-18 GauiB;

«100pe», TOCTaTHhO MOBHA BiJMOBiAb, HE MeHIIE 75% moTpiOHOT iH(pOpMaIlii, III0 BUKOHAHA 3TiAHO 3
BHMOTaMH JI0 PIBHS «yMiHb a00 € He3HauHI HETOYHOCTI (ITOBHE PO3B’SI3yBaHHS 3aBJIaHHS 3 HE3HAUHUMH
HeToyHOCTsIMU) — 12-15 OaJiB;

«3a/10BiJILHOY», HEMOBHA BIANOBIAL, HE MeHIIe 65% moTpiObHOi iHdOpMarlii, Mo BHKOHAHA 3TIAHO 3
BUMOTAMH JIO0 «CTEPEOTHITHOTO» PIBHS Ta JIESK1 MOMIIIKH (3aBIaHHS BUKOHAHE 3 IEBHUMU HETOJIIKAMH) —
9-11 6axis;

«I0CTAaTHBO», HEMOBHA BiANOBiAb, He MeHIIe 60% mnoTpiOHOI iH(OpMalii, 0 BUKOHAHA 3TiTHO 3
BUMOTaMH JI0 «CTEPEOTHITHOTOY» PIBHS Ta JACSAKI MOMUJIKU (3aBIaHHS BUKOHAHE 3 TIEBHUMH HEJIOJIIKAMH) —
5-8 6auis;

«He3a10BiIbHOY, BIJTOBIIb HE BIAMOBIAE YMOBAM JI0 «IO0CTaTHHOY», MeHIIe 60% — 0 6aJiB.

Vo = 20x4 = 80 0as1iB
7. PO3paxyHOK IIKAJIX CEMECTPOBOTO PEUTHUHTY:

RD =vr,,, + 1, = 20 + 80 =100 Oauis

* Jlng JomycKy 0 3ajiKy CTYICHTH IOBHMHHI 3aXMCTHUTH J1abOpaTOpHi pOOOTH Ta BHUKOHATH 1
3axuctutu PI'P.
8. CrTylaeHTH, IO 3 MOBaXHUX NPUYMH MalOTh HPOMYCKH JIEKLUIWNHUX, Ja00paTOpHUX 3aHAThH
JOTYCKAIOTHCS A0 371aBaHHs poOIT JHIle 32 HASBHOCTI MEIUYHOI JOBIIKH.
9. lllTpadHi Ta 3a0x0uyBasbHI Oaym 3a (He Oibire 10% Bix 7, AT KOXKHOL TPYTIH):
® Tpomyck JadoparopHoi poboTH 6e3 moBakHOT MpudnHH - (-)1 Oa;
e HecBoeyacHe (Ti3HINIE HIXK HAa THXKAeHB) ogaHHs PI'P (-) 3 6anu;
® yyacTh Y (GakyabTeTChKill onimMmiaal 3 AWCUMIUIIHE, MOAEpHi3auii J1aboparopHUX pooOiT,
BUKOHAHHS 3aB/IaHb 13 YJOCKOHAJICHHSA IUAAKTUYHUX MaTepiajiiB 3 JUCHUIUTIHA HAJA€ThCS Bif 5
10 10 3a0xouyBaIbHUX OaiB.
10. Cyma craproBux 6aiiiB Ta OaiiB 3a 3aJiKOBY KOHTPOJIbHY POOOTY EPEBOAUTHCS /10 3aJ1iIKOBOT
OLUHKH 3T1JIHO 3 TaOIUIEIO:

banu O1iHKa
100...95 Bigminno
94...85 Jly»xe moope
84...75 JloOpe
74...65 3aJI0BIILHO
64...60 JlocTaTHbo
Memnire 60 He3anoBuisHO

Craprosuii peiitunr menme Hix 0,5 r-(26
0aJiB).
€ He 3apaxoBani ytaboparopHi podotu abo He
3apaxoBaHa PI'P

He nonymeno
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9 [NopaTkoBa iHhopMauifl 3 OCBITHbLOro KOMMOHEHTa
ITuranas 11 caMOIIATOTOBKH 40 BUKOHAHHS PI'P:

https.://campus.kpi.ua/tutor/index.php ?mode=
[MuTaHHs A1 CAMOMIATOTOBKH JI0 CKJIAJAHHS 3aTIKY:

https://campus.kpi.ua/tutor/index.php?mode=

[Ipuknax TecTy 32 yMOBHU CKJIaJaHHA 3aJIiKy on-line:

https://campus. kpi.ua/tutor/index.php?mode=

Cuitadyc 0CBiTHHOIO KOMIIOHEHTY:

Po6ouy nporpamMy ocBiTHLOr0 KOMIIOHEHTY (cHi1a0ycy):
Craaneno: podecop, 1.1T.H., nmpodecop Kotnspos Banepiii [TaBmoBuy

YxBasieHo Kaeaporo J1a3epHOI TeXHIKH Ta Qi3UKO-TEXHIYHUX TEXHOJIOTI (MPoToKoJ Ne5 Bij
17.11.2023)

IHoroxxeno Meroguunor komicier incrturyty HH IM3 im. €.0. [Iatona (mporoxos Ne 5/23 Bin
11.12.2023)
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https://campus.kpi.ua/tutor/index.php?mode=mob&show&irid=237446
https://campus.kpi.ua/tutor/index.php?mode=mob&show&irid=237444

JlonaTku 10 cuiadycy

OCBiTHHOr0 KoMnoHeHty TJIPO
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Kwuis 2021

Jonarox 1
710 CUIIIIa0yCy OCBITHROTO KOMIIOHEHTY
“TexHOIIOTIs JIa3epHOi po3MipHOi 00poOku” (7 cemecTp)
Temaruka iHAWBIyaIbHUX 3aB/IaHb

(po3paxyHkoBo-TpadiyHi poOOTH)
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Kuis 2021
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TemaTuka AXYHKOBO-IrpadiyHux 3aBaaHb

Beryn

Tema.l. XapakTepuCTHKH HeTPAANLIIHUX MeTONIB po3MipHOI 00po0KH

1.1. llopisHanHa mexHoN02IYHUX MA MEXHIKO-eKOHOMIUHUX NOKA3HUKIB, UABILEHHS Nepesds ma HeOONIKi8 1a3epHOi
posmipnoi obpoodxu (JIPO)

3aBaannga 1.1

3arajibHi XapaKTEPUCTUKU €IeKTPO(i3UKO-XIMIYHUX METOHIB po3MipHOi 00poOku. KinbKicHi JOCATHEHHS
BIIHOCHO PO3MIpHHX, SKICHUX Ta €KOHOMIYHUX TMOKa3HWKIB KOHKYPEHTHHX MeTofiB. HaBect Ti, 3 AKMX Ia3epHA
po3MipHa 00poOKa mepeBepIIye JOCATHCHHS IHIIIUX METOIB. SIKi MPpaKTUYHI TEXHOJIOTIYHI 3a/1a4i 00pOOKHU OTBOPIB
BUPILIYIOTHCS 3 MEHIIUMH BUTpaTaMu (€KOHOMIYHMMH Ta TEXHIYHUMH) 3 BUKOPUCTAHHSIM HETPaAULIHHUX METO/IB
00poOKH.

3aBaanns 1.2

Bubparu Haii6inbm edekTHBHUNA MeTon GOpMYyBaHHs CHCTEMH 3 YOTHPHOX OTBOPIB AiameTpom 0,1mm, siKi
PO3TaIIOBaHO y KyTax KBajapary i3 cropoHoro 0,5MM. 3aroToBka — JIMCTOBHIA MaTrepial i3 KOHCTPYKLIHHOT KepaMiKH
22XC TopmuHOIO 0,5MM. OOTpyHTYBaTH 3pO0JeHUI BHOIp MUISIXOM aHATi3y MOMUJIMBOCTEH KOXKHOTO 3 METOJIB B
YMOBAX MMOCTABJICHOTO 3aBIAHHS.

Tema 2. ®i3u4Hi 0CHOBH JiazepHOi po3MipHoi 00poOku. ETanm pyiiHyBaHHA MaTepiady 3aroTOBKH
My4YKOM JIa3ePHOT0 BUITPOMiHIOBAHHS

2.1. Emanu OisHusA 1a3epHO20 NPOMEHS HA 3A20MOBKY

3aBnanns 2.1
Ananmiz  ¢i3UYHUX SIBHI, SKI CYINPOBOMXKYIOTh IPOLEC ONPOMIHIOBaHHS 3arOTOBKHM JIa3€PHHUM
BHIIpOMiHIOBaHHSAM. HaBecTn eramm B3aeMonii, SIKi XapakTepHi IJI1 BHCOKHX DiBHIB iHTEHCHBHOCTI (OisbIe, HiX
10° Br/cm?). BigOuTrs Ta MOIIMHAHHSA TPOMEHEBOI €HEPTii MOBEPXHEIO 3aroTOBKU. UMM BM3HAYAETHCS PiBEHD
koedinienty mormHanHA? 3akoH mornuHaHHS byrepa: o0’eMHMI Ta NMOBEpXHEBUH XapakTep MOIIMHAHHS Ta
3B’SI3aHUA 3 MM BUJ PYWHYBaHHS Marepiany 3a paxyHOK Horo meperpiBy. SIki 3 TphOX BHIB HArpiBy Marepiamy
IIYYKOM JIa3€PHOTO BUIIPOMiIHIOBaHHSI MOJKHA BUKOPHCTOBYBATH JJIsl PO3MIpPHOTO (hOPMOYTBOPEHHS?

3aBgannga 2.2.

Bubparu Ta oOrpyHTYBaTH THI Ja3epa, BUIIPOMIHIOBAHHS SKOTO MOXe OyTH e(eKTHBHO BUKOPHCTAHO IS
skicHOi 00poOku orBopiB 20,05 MM mmMOMHOI | MM y 3aroToBKM 3 KOHCTpyKUilHiH kepaminmi 22XC. Ha
BHYTpIIIHIM TMOBepXHi OTBOPY HE MAOMYCKAae€ThCS Iap 3acTUMIOrO po3myaBy. I[lOpiBHSHHA NPOBECTH 3
BUKOPHCTAaHHAM PiBHIB HOPMOBAHOTO KoediuicHTy nornuHaHHsa B (mnsa kepamikm: k = 0,09 kan/(cm.c.rpan), c,
=0,37 xan/(r.rpan), T, = 3500°C, L, = 2,6.10° kan/r, a,_; o = 30 cM™, 05106 = 10% cm™).

2.2. Buou eénnugy onpominentsa na mamepian 3a20moeKu

3apgannga 2.3.

HarpiB Ta pyitHyBaHHS Marepialy 3aroTOBKH 3a YMOBH ii ONPOMIHIOBAaHHS y PEKHMaxX IMITYJIbCHOI Ta
Oe3nepepBHOT Nozadi eHeprii BunpoMiHioBanHs. KibKicCHHI CKIal MPOAYKTIB PyHHYBaHHS y epo3iiiHOMY (akeri.
3anexHICTh ONTHYHUX XapaKTePUCTUK (akey (HOro TyCTHHH) Bil IHTEHCUBHOCTI ONPOMIHIOBAaHHS, Ta OOMEXKEHHS,
sIKi HeoOXiTHO BPaXOBYBAaTH 32 YMOB O€3MEPEPBHOTO PEKUMY OINMPOMIHIOBaHHS. SIKi TBOCTOpPOHHI OOMEXEeHHS Ha
4acTOTy MMoJa4i IMITyJIhCiB HEOOXiTHO BPAaxOBYBaTH 332 YMOB IMITYJBCHOTO OIPOMIHIOBAHHS JUIS ITiJBUIIECHHS
e(eKTHBHOCTI omnepaii?

2.3. Llnsaxu xepyganus pe3yibmamamu 1a3epHo20 ONPOMIHEHHs.

3aBnanns 2.4.

Bu3HaunTH 4acoBi XapaKTEPHCTHKH OMPOMIHIOBAHHS y IMIYIBCHOMY pPEXHMi Ui TAaKUX YMOB 0OpOOKH
HEHACKPI3HUX OTBOPIB ITyYKOM JIa3epHOTO BUIPOMIHIOBaHHS: MaTepian 3aroToBku — ctans 18X2H4BA (L, = 8100
kJUk/kT, p = 7,8.107 kr/cm?), po3mipu orBopis dxh: 0,1x1 MM (LIBUAKICTE PO3JILOTY MPOAYKTIB pylinyBanus V = 10°
cMm/c).
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Tema 3. YMOBH Ta aJITOPUTM NPOEKTYBAHHS TeXHOJIOTi9HOI onepanii JIPO
Tema. 3.1. Obcmasunu ma ymosu npoeKmy8aHHs.
3aBnanns 3.1.

HaBectn mepenik ¢axropiB, fKi BIUIMBAIOTh Ha Pe3yJdbTaTH PO3MIpHOI OOpPOOKH Ja3epHHM HpPOMEHEM,
PO3MOAUIAIONN IX Ha Ti, IO KEPYIOTh MPOIIECOM B3aEMOJIi ITydYKa Ta 3arOTOBKH, Ta Ti: Bi CTaHy SIKHX 3aJIE€XKHUThH
pesynbrar. Kitacudikartiss po3MipHHX, SIKICHAX Ta MIOKa3HUKIB MPOIyKTUBHOCTI oreparlii 00poOKH OTBOPIB.

3aBnannga 3.2.

Buodinumu 3 nacmynumoco nepenixky gakmopie mi, wo € ymogsamu 006poOKu, ma mi, wo 003601A10Mb
CUCMEMAMUYHO BNIUBANU HA NpoYyec 0OPOOKU 1a3epHUM NpOMeHeM OMBOPI6 (KIbKICHI ma SKICHI pe3yibmamu).
eHnepeisl GUNPOMIHIOBAHHS, MENTOEMKICIb Mamepiany 3a20MO6KY, NUMOMA 2yCMUHa Mamepiany, noO08XHCEHICb
ONPOMIHIOBAHHS, OlaMemp ma Kym pPO3XOONCEHHs NYUKA GUNPOMIHIOBAHHS, WOPCMKICINb NOBEPXHI 3A20MO6KU, il
moswuna y micyi o6pooOKu, po3nodinl IHMEHCUBHOCMI ) nepepizi NPOMeHI0, O0BAUCUHA XGUNE BUNPOMIHIOBAHHS,
memnepamypa niaeieHHs ma GURAPYEAHHS, NUMOMA eHep2isi PYUHYGAHHA 1020, AKMUBHICMb NO GIOHOWEHHIO 00
KUCHIO, a30my, y2ieyio, Kym NaoiHHs NPOMeHIO Ha 3a20MOBK).

Tema 3.2. Anzopumm npoexmyeanHs mexnono2iunoi onepayii JIPO
3ananns 3.3.

ANTOpPUTM TIPOEKTYBaHHs ormepanii JazepHoi po3MipHOi 00poOKH. MeToan BCTaHOBICHHS PEKUMY
ONIPOMIHIOBAaHHsS Ha TEXHOJIOTIYHOMY OOmagHaHHIO. 3acoOM JONATKOBOTO BIOCKOHAJIEHHs omepauii. BusHaueHHs
€KOHOMIYHO1 e(heKTUBHOCTI po3po0IeHOT onepailii: po3paxyHOK MAITUHHOTO Yacy AJISi eKOHOMIYHHX OIiHOK.

Sasaannsa 3.4.

Po3paxyBary MamMHHUI Yac BHTOTOBIEHHS OJHOTO BHPOOY 3 JIa3epHOIO MPOIIMBKOIO OTBOPIB 32 TaKUX
YMOB:

- 3020M06KA MA€E OOUH OMBIP, AKUL 00poOaAEMbC 00HUM iMnyIbeom mpusanicmio T = 300 mxc;

- 3020MOBKA MAE CiM OMBOPIE, KONICHUL 3 KOMPUX 00pOONAEMbCA OOHUM IMIYIbcoM mpusanicmio T = 500
MKC 3 4acmomoio ix Haoxoodicenus f = 2 Iy,

- 3aroToBKa Ma€ OIWH OTBip, SIKUH 0OpOOJs€ThCS MicThOMa iMmynbcamu TpuBamicTio 300 Mkc, sKi
MOoIaroTh 3 yacToToro 12 I'm;

- 3020MOGKA MAE CIM OMBOPIB, KOJCHUU 3 KOMPUX 00podasicmbcs wicmvoma imnynbcamu mpusanicmio 300
MKC.

Tema 4. TexnoJioriuHi cxeMn 00poOKH NMOPOKHUH (OTBOPIB, INIVINH, NAa3iB) pi3HOMaHITHOI popMu Ta
po3mipiB

4.1. Memoou ynpaeninus (popmoio nonepexy nopoICHUHU
3aspanng 4.1.

ki cxemu OOpOOKH IMOPOKHUH BHKOPUCTOBYIOTH B omepaiisx JIPO? IloB’sokiTh iX BUKOPUCTAaHHS 3
po3MipHUMH Ta 3 (OPMOIO TMOPOKHWH, a TaKoX 3 BHUMOTaMH JO iX sAKOCTi. HaBemiTh mpuxiamu peaizariii
HaBEJICHUX CXEM IS TOPOXKHUH MPOCTOI Ta CKIaaHOI (OPMH.

4.2. Dopmyeanms ma nepemeopeHHs KayCmuKy nyuKa UnpOMIHIOBAHHS K [HCIPYMEHNY

3asoannsn 4.2.

Dopmysanus nyyka GUNPOMIHIOBAHHS Y DE30HAMOpPI, 1020 NEPEMBOPEHHs MOHKOIO CHeputHo TiH3010.
Tubuna piskocmi onmuunoi cucmemu, il 6MIUE HA NOB3008XCHIU NPOPilL OMEOPY: 3a SKOI YMOBU MOJNCHA
06pobumu yuninOpuuHull omeip? Axumu 3acobamu MOXCHA ONEPATNUBHO GNIUBAMU HA NONEPEK Ma NO3008MHCHI
PO3MIpU NEPEemBOPEHO20 JIIH3010 NYUKA BUNPOMIHIOBAHHA?

3asoanns 4.3.

Bubpamu, naxpeciumu ma pospaxyeamu onmuuHy cucmemy 01 00pooKu Kinvyesoi noposcHunu 210 mm
wupunorw 0,1 mm nyukom unpominio8anHs aasepa Ha eparami diamempom 10 mm ma 3 Kymoeum po3xo0H#CeHHIM
0,005 pao. Ipuiinamu nokazHuK neperomienHs Mamepiany OnNmudHux eremenmis pienul 1.5.

4.3. Cxemu (POpMOYTBOPEHHSI TUOOKUX OTBOPIB 3 MAJTUM MONIEPEKOM

3asoannsn 4.4.

Hasecmu cxemy 06podku «y Oanvriiy 30mi. AKi 3a xapaxmepucmukamuy omeopu o6pooooms 3a yicio
cxemoro? Hum moocna enausamu Ha nonepex ma npohine omeopy 3a yier cxemoro onpominenns? Haeecmu
npuKaIaAou peanizayii 06podOKU 0omeopis «y OANbHILLY 30HI.

Aki cneyianbHi onmuyHi enemMeHmu UKOpUCMOosyoms 0 0OpobKu «y OanvHiuy 30H1. [Ipoananizyiime, wjo
3a8acac ix WUpPOKoMy 3aCmoCy8anHIO.
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4.4. Cxemu 06poOKU MOYHUX MA OMBOPI6 CKAAOHO20 NPOGLNIO
3aeoanns 4.5.

Yomy o00pobka mMOUHUX OMEOPI6 GUKOHYEMbCSA 30 ONPOMIHEHHAM «y ORudicHiuy 30ui? Aki ymosu
obmexcyoms il 3acmocy8anHs?

Ilpoekyitina cxema 0bpobku omeopie ckiadonoi gopmu y moukux zaeomoskax. Ilooyoyeamu onmuumy
cucmemy 051 hopMy8anHs NYUKA 1A3EPHO20 BUNPOMIHIOBAHHS CKIAOHO20 NONEPEUH020 NPOIinio ma KoHYeHmpayii
020 eHepeii Ha NoGepxXHIO 3a20mo6KU. IlopsaooK pO3paxyHKy 2eoMempuyHux ma ONMUYHUX Hapamempis
NPOeKyitHOoI cucmemu.

Koumypno-npoexyiiina cxema obpodxu ax 3acio nioguwyenis: eQpekmusHoCmi GUKOPUCANHS eHepeli nyuKa
BUNPOMIHIOBAHHSL.

Buxopucmanna axmuenoi npoekyiiinoi cxemu 01s 00pobku @acowHux omeopie 6e3 empam eHepelii.
Konmypha 0bpobra omeopis ckaaonozo nepepizy poamipom oinvuum uisc 1 mm.

3aseoanns 4.6.

Bubpamu mun ma nakpeciumu onmuuny cxemy 01 npoeKyiliHil 0OpoOKU BIKHA K8AOPAMHOI NOnepeyHoi
Gopmu 50x50 mxm y nuieyi 3 xpomy 3aemoguiku 10 Mrkm Ha noeepxui ckasHOI naacmunky. Bunpomintosayu Ha pyoOini
3 0osoicunoro xeuni A = 0.6943 mxm, diamempom nyuxa 5 mm 3 kymom poszxooicenns 0,003 pao. Ckaacmu cxemy
AKMUBHO-NPOEKYIUHOI Onmu4Hoi cucmemu Oisl BUKOPUCMAHHSL 3 1A3ePOM HA Napax mioi, AKull mae Koe@iyicum
niocunenns akmuenozo cepedosuwya a = 107 cm’’.

4.5. Memoou ynpaeiints n0830084CHbOI0 (POPMOIO NOPONCHUHU
3aeoannsn 4.7.

Aki napamempu 006pobKu (napamempu NYYKa GUAPOMIHIOBAHHS A YMOG ONPOMIHIOBAHHS) 3HAUYULE
BNAUBAIOMb HA NOG3008ICHIU NPoGinL omeopy nicis nazepHoi obpobku? 3anedxcnicmv npoinio 6i0 63aEMHO20
NONIOJICEHHS NYUKA BURPOMIHIOBAHHS A 3A20MOGKU. SAKUM YUHOM, 3MIHIONOYU YMOBU ONPOMIHIOBAHHS, GNIUBAIONY
Ha nO830084CHIll npoine omeopy?

Memoo onucysans cKiaoHo20 NpoQinio cucmemoro 8i0xXuniensv 6i0 yurinopuunoi gopmu. Mooenosanis
npoyecy 00pOOKU eKCNEPUMEHMATbHUMU MEemOo0aMu, SUKOPUCMAHHA Mooereld Olisl NPOeKmy8aHHs onepayii
00poOKU OMBOPIE HeYUNTHOPUUHOL hopmu.

3aeoanns 4.8.

Dopmysanns yuniHOpuuHoi ceimnogoi mpyoxu. Craacmu, HAKpeciumu ma po3paxyeamu 2eoMempuyHi
CNiBBIOHOWIEHHSL ONMUYHOI cucmemu 015 0OpoOKu omeopie yuninopuunoi gopmu diamempom 0,2 mm nyyxom
BUNPOMIHIOBAHHSL HE3MIHHUX POMIDIE Y MENCAX 3A20MOBKU MOSWuHo 3 Mm. Bunpominiosau — nasep na pyoini (A
= 0,6943 mxm) — 3 nyuxom diamempom 5 mm i kymom po3zxodacenns 0,003 pao. Pospaxyeamu pedxcumu oopodKu
CUCTEMAMUYHOIO NOCTIO0BHICIIO NIYKIB, SKW0 3a20mosKka suecomoeiena i3 aamyni JICS9 (L, = 5,1 kllxc/ke, T, =
2500°C, T,, = 1230°C, k = 1,17 Bm/(cm.2pao), a = 0,34 cm’/c, p = 6,2.107 ke/cm’).

3aeoanns 4.9.

Tokasnuxu skocmi no830083#CHL020 NPOQIiN 0Meopy nicis razeproi 0bpooku. ki hakmopu eusnauaromo
ix pieenv? Hasedimb 0CHOBHI napamempu KepyeaHHs pieHem KOHYCONOOIOHOCMI, KIIbKICMIO pO3Nasy,
xeunsicmocmi, wopcmrocmi ma iH. Yum yckiaousemovcsi 00HOUACHe CKOPOUEHHS OCHOBHUX HeOO0iKie npoginto?

3aeoanns 4.10.

AHxoi mendenyii mpeba oompumysamucs, wod smeHuumy pigeb WopCcmKoCmi NOBePXHi CMIHOK 0meopy
nicnss aaseproi 0bpooku? Yomy cmane V8 mae menwuil pieenv wopcmxocmi Higc cmaib 45 3a 00HAKOBUX
pedicumax 0opobku? Ckaadime Haubitbw epexmusHull HaAOIp napamempie 0151 KepPYy8AHHS SKICMIO NOBEPXHI
0b6pobeHux omeopig?

3asoannn 4.11.

Hoschimy  npuuunu  3MiHeHHA 61ACMUBOCMEN NPU NOBEPX08020 wWiapy Mamepiany 3a20MOBKU 8
00poOIEeHOMY PO3MIDHOMY elleMenmi (Om@ip, nas, WiNuHa, mowo). Y aKux eunaoxkax smMiHeHull wap mamepiaiy 0ins
CMIHOK OMBOPI6 nicia 1a3epHoi 0bpodKu 8eaxcacmvcs Hebadxcanum? Axuil mexunonozivnull napamemp HatOinbw
enausae Ha toeo 2aubuny? Hum 6i0pisHAIOMbCA Wapu 3MIHEeH020 Mamepiany y 8y2leyesux ma 1e208aHux cmanei?
Yu mooicna ompumamu eghekm 3miyHeHHs KOMboposux cniagie? Haeedimv npuxiadu cmpykmypu yux wapis o
Hememanie (Kepamika, CKio, aimas, mowjo).
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Tema 5. MeToan BU3HAYEHHS Pe;KUMY JIa3epHOI 00po0KH MOPOKHUHHA

5.1. Ilpoenozysanus pezyibmamis 06poOKU 3 AHANIMUYHUMU MOOETAMU
Sapganng 5.1.

AmHaniTHuHi MeToau mporHo3yBaHHs pesynbTartiB JIPO. IlepeBaru Ta HEJOMIKM X BUKOpUCTaHHI. MeTonu
iXx moOynmoBu: Teopisi po3MipHOCTel, OamaHC eHeprii y 30HI 00poOku, penHomenomoriuni moxeni. IlopiBHsITBHI
XapaKTEPUCTUKH PO3PAXyHKOBUX PE3yIIBTATIB IPOTHO3YBAaHHS OTepallii 00OpoOKH OTBOPIB, MPUYNHHU HEIOCTATHHOL
TOYHOCTI POTHO3IB.

3aBnanHga 5.2

PospaxyBatu pe3ynsrati 00poOKu 3arotoBku i3 crami 18X2H4BA (L, = 8100 kJIx/kr, p = 7,8.107 kr/em®, k
= 0,3 Br/(cm.rpan), ¢ = 0,6 kJlx/(kr.rpax), ¢’= 0,52 xJIx/(kr.rpan), a = 0,07 em*/c, T, = 3010°C, T, = 1520°C, A =
0,67) 3a Takux ymoB ompominroBanusa: E = 5]k, t = 500 mkc, dy = 102 cm, D = 1,6 cm, F = 10 cm, AF= 0.
[TopiBHATH MiX cO00FO0 OfieprkaHi Pe3yabTaTH Ta OMIHUTH 1X 3 MO3UIIIH TOYHOCTI TIepeABIIIEHHS.

5.2. Ilpoexmysanns pesicumis JIPO 3a ananimudnumu Mooensmu
3aBnanns 5.3.

HaBectn mepemxyMoBH pO3pOOKH PO3PAaXyHKOBHX MOJENCH MPOEKTYBaHHS DPEXUMIB JIa3epHOI 0OpoOKH
OTBOPIB i3 IMABHINEHOIO SKICTIO pe3yisTariB (3a Steffen’om). 3a paxyHOK SIKHX TOMYIIEHBb TOCATHYTO aHATITHIHE
pillleHHST PiBHSHHS TETUIONPOBIAHOCTI HArpiBy 3aroTOBKHM JIa3€pHUM ONPOMIHIOBaHHAM. UWM BiJpi3HSIOTHCS
peXUMH O0OpOOKH “DIaAKKM” IMITYyTbCOM OTBOPIB Y TOHKHX 3arOTOBOK, IFTMOOKHUX OTBOPIB, OTBOPIB LMJIIHAPHUYHOT
MTOB37I0BXXHBOT (POPMH, Ta OTBOPIB Y TETUIOMPOBIAHUX MaTepianax?

Sasaannsa 5.4.

Busnauntu pexumu 00poOku nyHku giamerpom 107 ¢cm ta mmbuunoro 0,05¢M y 3arorosui i3 saryni JIC59
(L, = 5,1 xJx/kr, T, = 2500°C, T,, = 1230°C, k = 1,17 Br/(cm.rpan), a = 0,34 cmM*/c, p = 6,2.10° kr/c™?) ogauM
iMmmynbcom BinmbHOI TeHepanii (CI'), skuii MOXHa TNPUAHATH SK “KBa3icTalliOHApHUI® TpPU IHTEHCHUBHOCTI
onpominroBanns I < 10° Br/cm?. 1[0 3MiHUTBCS y PEXKMMAX ONPOMIHIOBAHHS, SKIIO BUKOHATH BUMOTY ()OpMYBaHHs
OTBOPY OWITIHApHIHOT hopmMu?

3aBmanny 5.5.

B sKkuX TEXHONOTiYHMX BHUMAJKAX 3aCTOCOBYETHCS IMIYIbCHA OOpOOKa OTBOPIB MEPIOTUIHOIO
TIOCTIOBHICTIO MMYKiB (mpyra 3amada Steffen’a). SIkuM dYHHOM HOCATAEThCS pPEANBHICTH TaKoi CXEMH
ornpomiHioBaHHs? 3acobu crabimizamii miukoBOi CTpyKTypHu immynbcy BIT abo cTBOpeHHs perymspHol
MOCIIIOBHOCTI MiUKiB mpH Oe3nepepBHii Moaadi eHeprii HakauyBaHHS aKTUBHOTO CEpEelOBHIIA. 3a PaxXyHOK SIKHX
0COONUBOCTEN y peskuMax OJIepKaHO PO3PaxXyHKOBI MOJIENI, aIeKBATHI IS PIIICHHS Pi3HUX TEXHOJIOTIYHUX 3a1a4?

3aeoanns 5.6.

Busnauumu pexcumu 06pobxu aynxu oiamempom 2.107 cm ma enubunoio 0,15 cm y 3aeomosyi i3 ramymi
JIC59 (L, = 5,1 klloc/xe, T, = 2500°C, T,, = 1230°C, k = 1,17 Bm/(cm.2pad), a = 0,34 cm’/e, p = 6,2.10° ke/cm’)
PecYNAPHOI NOCTIO08HICMIO NIUKIB, AKI NOOAMbCA Y 30HY 00POOKU 3 HEe3MIHHUM Nepio0OM HAOXOONCeHHs ma
cmabinonum pisnem inmencusnocmi (I, 2 10° Bm/cm’? [lleudkicmo poznwonty npodykmie nazephoi eposii npuiinamu
pienoro 10° cu/c.

5.3. Hocnioxcenns ma mooenosanns onepayii JIPO

3aBganna 5.7.

B saxkux eunaokax 3acmocosyemvcsi Memoouxka 00HO (PAKMOPHUX eKCNePUMEHMANbHUX O00CIONCeHb
npoyecy nazepnoi obpobxu omeopis. Hasecmu (y aKicHOMy noodammi) pe3yibmamu 6Raugy napamempis nyuxa
BUNPOMIHIOBAHHA MA YMO8 00pobxu Ha posmipu omeopie (diamemp ma 2eaubuny). OCHOBHI BUCHOBKU NO
pe3yIomamax 00HO QAKMOPHUX OOCHIOHNCEHb: MONCIUBICMb 8UOOPY pedcumie 0OpOoOKU ma KepySaHHs NPOYECOM.
Hani mamemamuynozo MoOenoeanus npoyecy 3a YUMU pe3yibmamamu: ix APUUHAMHICIb O NPOEeKMYSaHHs
onepayitl.

3aeoannsa 5.8..
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Busnauumu 3a epagixamu excnepumeHmanbHux 00HO PAKMOPHUX OOCTIONHCEHb PENCUMU 0OPOOKU OMEOPIE
diamempom 0,3 mm ma enubunoro 1,5 mm y 3aeomosyi i3 cmani 45 3a ymM08 00HO IMAHYIbCHO20 mMa Oazamo
IMIYIbCHO20 ONPOMINIOBAHHA. QU MOJMKCIUBO pilenHs 6azamo KpumepianoHux 3a0ay 3a 00NOMO2010 YUX OAHUX.

3aeoanns 5.9.

Obrpynmysamu HeobXioOHicmb bazamo axmopHoi MemoouKku O0CHIONCeHb NPOYecia a3epHOL pO3MIPHOT
00poOKU, K COUHOT 8 YMOBAX CKAAOHOI 83A€MOOIT Oa2amvox i3uyHUX ma XiMivHUX 68Uy Y 30Hi ONPOMIHIOBAHHS.
Emanu Oocnioocenv 6 ymosax sHauyujo2o OisHHA 6eluKkoi Kitbkocmi axmopis. ExcnepumeHmanvHi niauu, sKi
ehekmugHi 3 eKOHOMIUHUX MA YACO8UX MIPDKY6AHb HA emani neped WIAHYBAHHSA eKCHepuMenmis. Ymoesu
BUKOPUCMAHHSL KOMIPOMICHUX NIanie bpodcvkoco, memoouka ix nobyoosu Onisi odepoiicants mooeni npoyecy 3
susHaueHum ckaaoom. Jloeiune oOrpynmysanus Habopy paxmopis, sAKi 6KIOYAIOMbCS 00 NOCYIbOBAHOI MOOeNi

npoyecy.
3aeoanna 5.10.

Ckrnacmu nian ekcnepumeHnty Ha emani nepeo NAAHY8aHHA Oid MAKUX YMO8:

- Hacuyenul naan muny JH®E ons oyinku eexmuenocmi nauwmie NIHIUHUX YieHIE 08 MPbOX
gaxmopis: enepeii, Kyma po3xo0diceHHs ma hoKYCHOI 8iI0CmMaHi hoKyCyrouoi cucmemu,

- KOMAIPOMICHUL NAAH 0J151 MOOei Opy2020 NOPAAOKY 3a YMOBU 3HAYUYWOL Oil NIHIUHUX, K8AOPAMUYHUX
ma napHux eghexmis ycix paxkmopis 3 nepuum:

n n n
2
y=a, +Z¢ixi +Zaiixi +Zalixlxi9
P il i—2

de: X, — eHepeisi GUNPOMIHIOBAHHS, X, — MPUBANICMb IMAYILCY, X3 — KYM PO3XOONCEHHS NYuKa
BUNPOMIHIOBAHHSL.

3aeoannsa 5.11.

lna saxoi yini Oyoyroms petimuneosi paou (paod, nobdyO0osauuil 3a piHeMm pauey 6nausy Gakmopy Ha
BIONOBIOHUL NOKA3HUK) 8NJIUBY KEPYEMUX (PAKMOPI6 HA POIMIDHI NOKAZHUKU NPOYec)y 1a3epHOi 0OpodOKU omeopis:
Jdiamemp ma 2nubuny 01 HEHACKPIZHUX OMEopie ma Oiamemp 6XIOHOI ma GUXIOHOI YacmuH — OISl HACKPIZHUX
omeopis. Hasecmu npukiad tio2o GUKOPUCMAHHA OJisi NiO20MOBKU eKCNePUMEHMY Ol MOOEN8AHHS Npoyecy
8U2OMOBIeHHS HOPON’CHUH.

3aeoanna 5.12.

Crrnacmu Habip (3 mpbox) haxmopis, sKi HaUOIIbW 3HAUYULE BRIUBAIOMb HA:

- PO3MIpU HE HACKPIZHO20 OMBOpY;

- PO3MIPU HACKPIZHO20 OMBOP).

Ipusecmu npuxnad bacamo ¢haxmopHo2o niawy 018 Yux Qaxmopis, eusHauumu HeoOXiOHy KilbKicmb
eKCnepuMeHmanbHux moyox. Ha sikux pienax mpeba ¢hikcysamu 3amumku 3HAYYWUX Gaxmopie 011 00epHCaAHHs
HAUMEHWUX N0 POIMIPAM OMEOpIs.

5.4. Ilpoexmysanns pesicumis JIPO. Oono kpumepianvhi 3a0adi
3aeéoannsn 5.13.

AKumu noxKasHUKAMy AKOCMI ONUCYIOMb OME0pU NiCAsA Aa3epHoi obpobku. SKorw eenuyunow 3pyuHo ma
iHghopmamueno onucysamu HecmadibHiCMb PO3MIPI6 0omeopis 6 ymosax opeugy piens Hacmpotku? Petimuneosuii
PO hakmopie npoyecy no ix 6niu8y Ha NOKAZHUK 8i0MEOPIEaHOCmI po3mipie omeopis. IIpuxnad npoexmysarnHs
onepayii 6U20MOGIEHHA cepii HACKPIZHUX OMEOPI6 3 HOPMOBAHOK MOYHICMIO PO3MIPIE 3 BUKOPUCMAHHAM
Mamemamuunoi mooeni npoyecy oopooKu.

3aeoannsa 5.14.

3oiticnumu  cnpoby  cnpoexmysamu  onepayilo  Omeopy  CKIAOHOI  N063008JCHbOI  hopmu
EeKCNePpUMEHMATbHUM Memo0oM 3a 8i0nosiono memooukoio 3 BOE. Yu odepowcano 3a006invhi pesyrvmamu
npoexmyeannsn? Ax noscnumu ompumanui pezyromam? DopmyeanHs Y3aealbHEHO20 HOKAZHUKA GIOXULEHHS
OTlICHOI n083008JICHLOL hopmu 0MEopie 6i0 3a0AHOI 015 U020 SUKOPUCIAHHS 3 MEMOI0 NOWYKY ONMUMATLHOZO
pexcumy 06pobru. s uoeo SUKOPUCMOBYEMbCS CMBOPEHHS Y3A2abHeH020 MNOKA3HUKA SKOCMI omeopy?
Peiimuneosuil pso enaugy xepyemux gaxmopie npoyecy Ha y3azanibHeHull NOKA3HUK sikocmi gopmu. Buxonamu
NOULYK ONMUMATLHO20 PEHCUMY 00POOKU 30 YUM NOKAZHUKOM.
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3aeoannsa 5.15.

Pospaxysamu koegiyienm eapiayii posmipie omeopig niciisi i1azepHoi 00podKU, AKWO noie po3CiAHHA iX
diamempis He nepesuwgye noie oonycky 9 xeairimemy, a Hominarvhuti poamip — 0,08 mm. Busnauumu pescum
006pPOOKU MAKUX OBOPIE eKCNEPUMEHMATLHUM MEMOOOM.

5.5. Ilpoexmysanus pesxcumie JIPO. bacamo kpumepianvhi 3a0aui.
3agoanna 5.16.

Hosicuims, uyomy 6Oacamoxpumepianvia oyiHKa pe3yiomamy 00poOKU YCKAAOHIOE piulenHs 3a0aui
NPOEKMYBAHH MEeXHON02IUHOI onepayii 1azepHoi 0OpoOKU [ CNOHYKAE 00 GUKOPUCHMIAHHA eKCNEPUMEHMATbHUX
Memodie onmumizayii? Aki gioomi wiisaxu nooonanHs b6aeamoxpumepiarbHoCmi Oisi CRPOUeH s ONMUMI3AYIUHUX
saoau. [lonsmms ysacanvhenoi yukyii Oasxcanocmi. Aneopumm eKCnepuMeHmAaibHo20 Memoody onmumizayii 3
BUKOpUCTAHHAM QYHKYI 6adcanocmi. Hasecmu npukiadu ¢opmyeanms yux yHkyiil.

3aeoanna 5.17.

Cnpoexmysamu mexnono2iuny onepayiio nazeproi o06pooxu omeopie 20,4HI12 xoniunoi gopmu (3
Konyconodibnicmio k = 0,4 mm) y 3acomosxax kopnycig in ’ekyitinux 2onox 3aemoguiku 3 mm. Tpusanicmo onepauu
ne nosunna nepesuwysamu 25 c. Mamepian sacomosxu - namyns JIC59 (L, = 5,1 kllouc/xe, T, = 2500°C, T,, =
1230°C, k = 1,17 Bm/(cm. 2pad), a = 0,34 cv’/c, p = 6,2.10° ke/cm’). Buxopucmamu Oani exchepumenmanvHux
00CidAHCEHb NO MOOETIOBAHHIO NPOYecy 0OPOOKU MAKUX OMEOPIs.

25



Jlonarox 2

710 CHII1a0yCy OCBITHBOTO KOMITOHEHTY
“TexHoIOT1s JIa3epHOi po3mMipHOi 00poOku” (7 cemecTp)

(Temaruka 3aBraHb)

26



Kuis 2022

IlepeJik 3aBIaHbL HA KOHTPOJILHI po00TH:

Tema 1. XapakTepucTUKH HeTPAAULIIHUX MeTOAIB PO3MipHOI 00pO0OKH.

1.1. Ilopiensanus mexHon02iuHUX Ma MexXHIKo-eKOHOMIUHUX NOKA3HUKIB, GUSENIeHHS nepedaz ma HeooiKi 1a3epHoi
posmipHoi 06pobku (JIPO)

KonTpoJsbHe 3apaanns Ne 1.1

[IpoanamizyBaru 3araibHi XapaKTepUCTUKH eNEKTPODiI3UKO-XIMIYHUX METOJIIB pO3MipHOT OOPOOKH.

HaBectn KinbKicHi AOCSTHEHHS BiJHOCHO PO3MIPHUX, SIKICHUX Ta €KOHOMIYHHX MOKAa3HUKIB KOHKYPEHTHHX
METOiB.

3. BuninurH Ti. 3 KX J1a3epHa po3MipHa 00poOKa MepeBepIIye JOCATHEHHS! IHIIAX METOIIB.

4. Slxi mpaKTW4HI TEXHOJOTIYHI 3a1a4i 00pOOKH OTBOPIB BHUPILIYIOTHCS 3 MEHIIUMH BUTpaTaMu (€KOHOMIYHHUMU
Ta TEXHIYHUMH) 3 BUKOPUCTAHHAM HETPAIUIIHHIX METONIB 00pOOKN?

N —

KontponabHe 3aBnannsa Ne 1.2

1. BuOparn HaiiOinbm edexkTHBHUN MeTox (OpMyBaHHS CHUCTEMH 3 YOTHUPHOX OTBOpIB miamerpom 0,1mM, siKi
pO3TalIoBaHoO y KyTax KBanpaTy i3 cropoHoro 0,5MM. 3aroToBka — JIMCTOBHM Marepiai i3 KOHCTPYKULiiHOT
kepamiku 22XC toBmmHOIO 0,5MM.

2. OOrpyHTYBaTH 3p0o0JeHNH BUOIp MUITXOM aHANI3y MOXKIHMBOCTEH KOKHOTO 3 METOZIB B YMOBaX MOCTABICHOTO
3aBIaHHS.

Tema 2. ®iznuHi 0CHOBH JIa3epHOI po3MipHOI 00po0ku. ETanu pyiiHyBaHHsI MaTepiajly 3aroTOBKHM IIy4KOM
JIa3epHOr0 BUNPOMiHIOBAHHSI.
2.1. Emanu Oisinna n1a3epHo2o npomeHts Ha 3a20MmoseKy

Kontpoabne 3aBranns Ne 2.1

1. TlpoanamizyBati (Hi3W4HI SIBUINA, SKi CYNPOBODKYIOTH IIPOIEC OIPOMIHIOBAHHS 3arOTOBKH JIa3ePHUM
BUTIPOMiHIOBaHHSIM.

2. Hasectu etanu B3a€MOIii, sIKi XapakTepHi 171 BACOKKMX PiBHIB iHTeHCUBHOCTI (Oinbie, Hixk 10° Br/cm?).

3. OmuiHUTH pPojih BIAOWUTTA Ta MOTIHMHAHHS IPOMEHEBOI €HEPTii IIOBEPXHEIO 3aTOTOBKH. UMM BH3HAYAETHCS PIBEHD
koe(illieHTy TorTHHAHHA? 3aKOH MOTMTUHAHHS byrepa: 00’€MHHI Ta TOBEpXHEBUH XapakTep MOITIMHAHHS Ta
3B’s13aHUH 3 UM BUJ PYHHYBaHHS MaTepiany 3a paXyHOK HOTO IIeperpiBy.

4. OOrpyHTyBaTH: SKi 3 TpbhOX BHUAIB HArpiBy Marepiady IIy4KOM JIA3epHOTO BHUIPOMIHIOBAHHA MOXKHA
BHKOPHUCTOBYBATHU TSI PO3MipHOTO (hOPMOYTBOPECHHSI?

KonTpoJsbHe 3apnanns Ne 2.2

1. BuOpatu Ta OOrpyHTYBaTH THI ja3epa, BUIPOMIHIOBAHHS SKOTO MOXKe OyTH €()DEKTHBHO BHUKOPHUCTAHO IS
saKicHOI 00poOku oTBOpiB 20,05MM TIHOWHOIO IMM y 3aroToBKM 3 KOHCTPYKIiHHIA kepamiri 22XC. Ha
BHYTPIIIHIA IOBEPXHI OTBOPY HE JOMYCKAETHCS AP 3aCTUTIIOTO PO3ILIABY.
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2.

[opiBHIHHS POBECTH 3 BUKOPUCTAHHIM PiBHIB HOpMOBaHOTO Koe(ilieHTy normuHanHs B (s kepamiku: k =
0,09 kan/(cm.c.rpan), ¢, =0,37 kan/(r.rpaxn), T,=3500°C, L, = 2,6.10° kan/r, a,_; o6 = 30 cM™, 04106 = 10% cm™).

2.2. Buou eénauey onpomineHHs Ha Mamepian 3a20moeKu

98]

Kontponbne 3aBnanns Ne 2.3

BusHaunTH eramm HarpiBy Ta pyHHYBaHHS MaTepialy 3aroTOBKM 3a YMOBH ii ONPOMIHIOBAHHS Yy pEXHMax
IMITYITECHOT Ta Oe3mepepBHOI MoAadi eHeprii BUITPOMiHIOBAHHS.

BukoHaru aHani3 KUTbKiCHOTO CKJIaly MPOAYKTIB PyHHYBaHHS y epo3iiHOMY (akeri.

HaBectu 3anexHiCTh ONTHYHUX XapaKTEPUCTHK (hakery (HOro ryCTHHM) BiJl iIHTEHCUBHOCTI ONIPOMiHIOBAHHS.
SIki oOMekeHHS HeOOX1JHO BpaXOBYBaTH 3a YMOB Oe3IIepepBHOTO PEKUMY OTIPOMIHIOBAHHS Ta SIKi TBOCTOPOHHI
OOMEXEeHHS Ha 4acTOTy Mojadi iMIyJIbCiB HEOOX1THO BpaXOBYBaTH 32 YMOB IMIYJIbCHOTO OTIPOMIHIOBAHHS JIs
iBUIICHHS ¢()ESKTUBHOCTI oreparii?

Kontponabne 3aBnanns Ne 2.4

BusHaunTH 9acoBi XapaKTePUCTUKH OMPOMIHIOBAHHS Y IMITYITbCHOMY PEXHMI JUISI TAKHX YMOB 00pOOKH

HEHACKPI3HUX OTBOPIB ITyIKOM JIA3€PHOTO BUITPOMiHIOBAHHS:

Marepian 3arotoBku — cranb 18X2H4BA (L, = 8100 xJIx/kr, p = 7,8.107 kr/cm?),
po3mipu otBopie dxh: 0,11 MM (LIBUAKICTH PO3IILOTY MPOAYKTIB pylinyBanHs V = 10°cm/c).

2.3. lnsaxu Kepysanus pe3yibmamamu 1a3epHo20 ONPOMIiHEeHHs

Kontponbne 3aBnanns Ne 2.5

HaBecrtu nepemnik gaxTopis, sSKi BILTMBAIOTH HA PE3yJABTaTH PO3MipHOI 0OPOOKH JTIa3epHUM IIPOMEHEM,

PO3IONIISTIOYH 1X Ha Ti, IO KEPYIOTH MPOIIECOM B3a€MOJIIT ITydKa Ta 3arOTOBKH, Ta Ti, BiJ] CTAHY SKHUX 3aJICKUTh
pe3ynbTart.

1.
2.

3pobutn Kinacudikaiio po3MipHHX, SKICHUX Ta MOKa3HUKIB MPOJYKTUBHOCTI omepaiiii 00poOKH OTBOPIB.
JlaT OLiHKY MOXIJIMBOCTI KepyBaHHA OKa3HUKaMH 32 IOTIOMOT'OI0 KEPYEMHX (PaKTOpiB.

KonTtpoJabHe 3aBaanHs Ne 2.6

BupinuTa 3 HacTYITHOTO Mepetiky GakTopiB Ti, 10 € yMOBaMH 00pOOKH, Ta Ti, IO JO3BOJISIOTH

CHCTEMaTHYHO BIUIMBATH Ha IpoLec 0OpOOKH Ja3epHIUM MPOMEHEM OTBOPIB (KUIBKICHI Ta SIKICHI Pe3ybTaTH):

eHepzis GUNPOMIHIOBAHHA,

MEenJI0EMHICIb Mamepiany 3a20MoeKu,

NUMOMA 2YCMUHA Mamepiany, N0O0BHCEHICMb ONPOMIHIOBAHHS,
diamemp ma Kym pO3X00XHCEHHS NYYKA BUNPOMIHIOBAHHS,
WOPCMKICMb NOBEPXHI 3A20MOBKU,

MOBWUHA 3A20MOBKU Y MicYyi 00pOOKU,

PO3n00IN IHMEHCUBHOCII ) Nepepi3i NPOMEHIO;

008IAHCUHA XBUJLT BUNPOMIHIOBAHHS,

memnepamypa niaeienHs ma eUunapyeanHs Mamepiany 3a20moeKu,
nUMoMa eHepeisi pYuHy8aHHs Mamepiany 3a20MoeKu;
AKMUBHICTNL NO BIOHOUWLEHHIO 00 KUCHIO, A30MY, 8Y2leyio;

KYm RAOTHHS NPOMEHIO HA 3A20MOBK).

Tema 3. YMOBH Ta aJITOPUTM NPOEKTYBaHHSI TeXHOJIOTiuHOI onepanii JIPO
3.1. Obcmasunu ma ymosu npoexmy8anHs.
Kontpoabne 3aBnannsa Ne 3.1

[Io maeThCst Ha yBa3i IpH BpaxyBaHHI 00OCTaBUH Ta YMOB IPOEKTYBaHHs TEXHOJIOT1YHOI onepartii?

28



2. S$Ixi o0cTaBUHH BPaxOBYIOTHCS MPH PO3POOLII TEXHOJIOTIHHOT CXEMH OTepartii?
3. Ywui yMOBH BH3HAYAIOTh 3MICT Ta PE3YNIBTATH TEXHOJIOTIYHOI onepartii?

3.2. . Aneopumm npoexmysanns mexnono2iunoi onepayii JIPO
Kontponbne 3aBnanns Ne 3.2

[IpoananizyBaTu adropuT™ MPOEKTYBaHHS OIEpallii Ja3epHO1 po3MipHOT 0OPOOKH.

HaBectn MeTomm BCTAHOBICHHS pPEKHMY OIPOMIHIOBAHHS Ha TEXHOJOTIYHOMY oONamHaHHIO. 3acolu
JOIaTKOBOTO BAOCKOHAJICHHS OTepaltii.

3. Bu3HaYUTH NOKAa3HUKH €KOHOMIYHOI e(peKTUBHOCTI Uil po3po0iIeHol onepalii: po3paxyHKH MAIIMHHOTO Yacy
JUTSI eKOHOMIYHHX OITIHOK Pi3HHX 32 3MICTOM OITepartiii.

[N

Kontponbne 3aBnanns Ne 3.3

1. Po3paxyBaru TEXHIKO-CKOHOMIYHMI TOKAa3HHMK OMepallii - MallMHHUNA 4Yac BUTOTOBIICHHS OIHOTO BUPOOY
JIa3€PHOIO TPOITUBKOI0 OTBOPIB 32 TAKUX YMOB!
- 3a20MOBKA MAE 00UH OMSIp, AKUU 00pPOOIAEMbCA 00HUM imnyavbcom mpuganicmio T = 300mxc 3
enepeicio E = 2 J]c;
- 3A20MOBKA MAE CiM OMBOPIB, KONCHUL 3 KOMPUX 00POOALEMbCL OOHUM IMNYIbCOM Mpusanicmio T
500 mxc, enepeicto 5 Joc 3 wacmomoio ix Haoxooxcenna V=2 1y,
- 3aroTOBKa Ma€ OJUH OTBIp, KU1 00pOOIsIETHCS MIicThOMA iMITylIbcamMu TpuBaticTio 300 MKc, eHeprielo
1 JIx, SIKi TOIAr0Th 3 4acToTo v = 12 I'1I;
- 3a20MOBKA MAE CIM OMBOPIB, KONCHULL 3 KOMPUX 00POOILEMbCA WICMbOMA IMIYIbCAMU MPUBATICINIO
300 mxc, enepeicto 0,5 Hoic, axi nooaroms 3 wacmomoro V=10 1y.
2. Slka onepartis HaitOIbm edexTuBHA? 110 € MoKa3HUKOM ePEeKTHBHOCTI oreparii?

w

Tema 4. TexnoJioriuni cxemMn 00po0KH NOPOKHUH (OTBOPIB, IIiTHH, a3iB) pi3HOMaHITHOI popmu Ta
po3MipiB.

4.1. Memoou ynpasninns ¢hopmoio nonepexy nopoNCHUHU
Kontpoabne 3aBnanns Ne 4.1

1. Hagecmu mexnonociyni cxemu HoOpMySaHHs OMEOPI8 NYHUKOM JA3EPHO20 GUNPOMIHIOBAHHS. B siKux ymoeax
epexmuena ma uu iHwa cxema?

2. Busnayumu, sKi 3acobu KOHYeHmMpayii NPpOMeHUCmoi eHepeii GUKOPUCMOBYIOMbCS V cXemMax o0OpoOKu y
“Oanvnin” wu “nuowcuin” 3onax?

4.2. @opmysanns ma nepemeopentsl KayCmuKku nyyka sUNPOMIHIOBAHHS K THCIPYMEHNY
KonTpoJbHe 3apnanns Ne 4.2

1. Ilpoananizyeamu MonHCIUBOCMi POpMYSaHHA NYUKA SUNPOMIHIOBAHHS Y PE3OHAMOPI ma 1020 nepemeopeHHs.
MOHKOIO CepuiHOIO NH3010.

2. Obrpynmysamu 6nue 2iuOUHY PIZKOCMI ORMUYHOL CUCmeMU Ha NOG3008ICHIN NPOQINb OMEoPY: 3a AKOL yMOSU
MOAICHA 0OpOdUMU YUNTHOPUYHUL OMEID?

4.3. Cxemu (popMOYyTBOPEHHS ITIMOOKUX OTBOPIB 3 MAITUM
MOTIEPEKOM

Kontponbne 3aBnanns Ne 4.3
1. Axi omeopu 3a nonepeunum 3pizom ModcHa 0bpodoumu y “0anvHitl” 30Hi.
2. Bubpamu, Haxpeciumu ma po3paxyeamu onmuyHy cucmemy 0Jig 00poOKU Kilblye8oi NOPONCHUHU:
®  posmipu: 210 mm wupunoro 0,1 mm;
®  NYYOK BUNPOMIHIOBAHHA la3epa Ha epanami mae Jiamemp 10 mm ma kym posxoocenns 0,005 pao,

®  NIOKA3HUK NepeloMIeHHs Mamepiany OnmudHux enemenmie n = 1.5.
3. Obrpynmysamu cxemu KOHMYpHOI 00pOOKU OMBOPI6 CKAAOH020 nepepizy po3mipom Oinbuium Hioe 1 mm.

4.4. Cxemu 00pOOKH TOYHHX Ta OTBOPIB CKIIQJIHOTO MPOdLITI0

KonTpoJsbHe 3apnanns Ne 4.4
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Hasecmu npoexyitiny cxemy 06podxu omeopis ckiadHoi hopmu y mOHKUX 3a20MOBKAX.

Tlobyoysamu onmuuny cucmemy 0isi QOPMYBAHHI NYUKA 1A3EPHOSO BUNPOMIHIOBAHHS CKIAAOHO20 NONEPEUHO20
npo@inio ma KoHyeHmpayii o2o enepeii Ha NOBEePXHIO 3a20MOBKIU.

Busnauumu nopsoox po3paxyHky eeomempuyHux ma onmuyHUX napamempie npoexyitinoi cucmemu.

3a paxynox sakux Axocmell KOHMYPHO-NPOEKYIliHA cXxeMd 0OpoOKu niosuwye egheKmusHicms SUKOPUCMAHHA
eHepeii nyuKa sunpomiHio8anHs?

Haiime OyinKy GuKopucmaHHs axmuenoi npoexyitunoi cxemu 011 00poOKu aconnux omeopie b6e3 empam
enepelii.

KonTtpoJabHe 3aBnanns Ne 4.5

Bubpamu mun ma naxkpeciumu onmuuHy cxemy O1s Npoekyitinill 0OpoOKu GiKHA KEAOpaAmHoi nonepeyHoi
Gopmu:

poamip - 50X50 mrm;

3a20mMoe6Ka - Ni6KAa 3 Xpomy 3a6mosuiku 10 MKM HG NOBEPXHI CKIAHOI NIACTUHKU,

BUNPOMIHIOBAY HA PYOIHI:

oosorcuna xeuni A = 0.6943 mux,

oiamemp npomeHs 5 mm;

xym posxoooicennst 0,003 pao.

Cknacmu cxemy akmugHO-npOeKYitiHoi ONMUYHOL cucmemu 015t BUKOPUCTAHHSL 3 1A3ePOM HA NAPAX Mioi, AKUll
Mmae Koepiyienm niocunenns akmuenozo cepedosuwa a = 10° cm™.

4.5. Memoou ynpasnints n0830082CHb0I0 HOPMOIO HOPOICHUHU
KonTpoJsibHe 3aBnanns Ne 4.6

Hagecmu napamempu 06pobku (napamempu nyuxa SUNPOMIHIOBAHHS MA YMO8 ONPOMIHIOBAHNS), SKI 3HAUYWe
BNIUBAIOMb HA NOB300BXHCHIl NPOPIiL OMBOPY NICA AA3ePHOI 0OPOOKL.

Oyinumu 6nIU8 3AEMHO20 NOLONCEHHA NYUKA GUNPOMIHIOBAHHA MA 3A20MOBKU HA NOB3008M4CHILl NPOQPinb
OmMBopY. AKum uunHoMm, 3MIHIOIOHU YMOBU ONPOMIHIOBAHHS, BRAUBAIOMb HA NOB3008IHCHIU NPOPinL omeopy?
Busnauumu memoo onucyeanms ckiadno2o npoginio cucmemoro 8ioxunens 6i0 YuiiHOpuyHoi ¢opmu.
Bukonamu mooenrosanns npoyecy oOpoOKU eKCHEPUMEHMATbHUMU Memooamu;, SUKOPUCmamu mooeii OJis
npoexmysants onepayii 00pobKu omeopie HeyuriHOpuuHoi popmu.

Kontponbsne 3aBnanns Ne 4.7

Busnauumu ymosu ghopmysanusn yuninOpuyHoi c8imao8oi mpyoxu.

Crrnacmu onmuyny cxemy 3 YUIHOPUYHOIO CEIML080I0 MPYOKOI0 015t 0OPOOKU YUNIHOPUUHO20 OMBOPY:

® OJiamemp 20,3 mm;

®  MOBWUHA 320MOBKU 3 MM,

® napamempu nyuxa eunpominiosanusn: diamemp D = 10 mm, kym posxodxcenns 8 = 0,002 pao, oosaxicuna
xeuni A= 1,06.107 um.

Kontponbsne 3aBnanns Ne 4.8

Ckracmu ma po3paxyeamu 2eoMempuyHi CNni6GIOHOWIeHHs ONMUYHOI cucmemu O 0OpOOKU OMBOpI8
YUniHOpuuHoi gpopmu.:
diamemp omegopy d = 0,2 mm;

moswuna 3a20mosxku 1 mm.
NYYOK GUNPOMIHIOBAHHA MAE HE3MIHHI POZMIDU Y MeJHCAX 3a20MOBKU,
BUNPOMIHIOBAY — J1A3ep HA PYOIHI:
oosorcura xeuni A = 0,6943 mxm;
Jiamemp nyuka D = 5 mm;
Kym posxooxcenns 8= 0,003 pao.
Pospaxyeamu pesicumu 0b6podKu cucmemamuynoio nOCIO0GHICMIO NIUKIB, SAKWO 3A20MOBKA BUSOMOBTEeHA 13
aamymi JIC59 (L, = 5,1 lluc/xe, T, = 2500° C, T,, = 1230 C, k = 1,17 Bm/(cm 2pad), a = 0,34 cm’/c, p =
6,2.107 ke/cm’).

Tema 5. MeToau BU3HAYEHHSI PesKMMY JIa3epHOi 00pOOKHU MOPOKHUHH

30



5.1. Ilpoenosysanns pesyromamis 06poOKU 30 AHATTMUYHUMU MOOETAMU
KonTpoJabne 3apnanns NeS.1

1. JlaTm OmiHKY aHaJITHYHUM METOAAM IPOEKTYBaHHS PEXHUMIB JJA3€PHOTO ONPOMiHIOBaHHA. HaBectn mepeBaru
Ta HEAOJNIKU IX BHUKOPUCTAHHS.

2. [IlpoanamizyBatn MeToam ix TOOYIOBH: Teopis po3MipHOCTeH, OalaHC eHeprii y 30HI 0O0poOKwH,
(heHOMEHOJIOTIYH1 MOJIETI.

3. TlopiBHSATH XapaKkTEpHCTHKH pPO3PaXyHKOBUX pe3ylbTaTiB MPOTHO3YBaHHS omepaiii oOpoOKH OTBOpIB Ta
OOI'pYHTYBaTu NPUYMHU HEJOCTaTHHOI TOUHOCTI PO3paxyHKIiB.

KonTtpoJabHe 3aBganns Ne 5.2

1. Po3paxyBaru pe3yasTaTid 0OpoOKH OTBOPY 3a TAKHX YMOB:
- 3arortoBka i3 cram 18X2H4BA (L, = 8100 x/lx/kr, p = 7,8.107 kr/cm?, k = 0,3 Br/(cm.rpan), ¢ = 0,6
kJUx/(xr.rpan), ¢’= 0,52 xJIx/(xr.rpan), a = 0,07 em’/c, T, = 3010°C, T, = 1520°C, A = 0,67);
- ymoBu onpowmintoBanns: E = 5 JIxk, T = 500mkc, dy = 102 cm, D = 1,6 cm, F = 10 cM, AF = 0.
2. TlopiBHATH Mik cO00I0 OJiepKaHi pe3yNbTaTH Ta OLIHUTH iX 3 MO3MLIN TOYHOCTI MepeABILICHHS.

5.2. Ilpoexmysanns pescumis JIPO 3a ananimuunumu mooenimu
Kontponbne 3aBnannsa Ne 5.3

1. Jlatn omiHKY pO3paxyHKOBili MoOJeNi NMpOEKTYBaHHS PEXHUMIB JlazepHOi 0OpoOKHM OTBODIB i3 MiABHIICHOIO
SIKICTIO pe3yabTaTiB (3a Steffen’om).

2. 3a paxyHOK SIKMX JOMYIICHb NTOCSITHYTO aHANITUYHE PIlICHHs PIBHSIHHS TETUIONPOBITHOCTI HArpiBy 3arOTOBKH
Ja3epHUM OIPOMiHIOBAHHIM?

3. YuM BiAPI3HAIOTHCSA PEXXUMH 00OPOOKH “IITagKkuM’” IMITYJICOM OTBOPIB y TOHKHX 3aTOTOBOK, IJTHOOKUX OTBODIB,
OTBOPIB HWTIHIPUYHOI MOB3OBKHBOT (JOPMH, Ta OTBOPIB Y TEILIONPOBIHNX MaTepianax?

KonTpoJsbHe 3apnanns Ne 5.4

1. BuszHauntu pexxumu 00poOKH TyHKH:

- niamerp 10~ cm, mmubuna 0,05 cM;

- 3arotoska - naryb JIC59 (L, = 5,1 xJlx/kr, T, = 2500°C, T,, = 1230°C, k = 1,17 Br/(cm.rpan), a = 0,34
cm?/c, p = 6,2.107 kr/em?)

- PSKUM ONPOMIHIOBaHHS - OOWMH IMIOYNIbC BibHOT reHepauii (iMmynsc CIT MOXHa TPUAHATH SIK

“KBasicTal[ioHapHuil” NpH IHTEHCUBHOCTI onpominioBanns [ < 10° Br/em?).
2. o 3MiHUTBCS Y peKUMax ONMPOMIHIOBAHHS, SIKIIO MOTPiOHO c(hOpMyBaTH OTBIp MMTIHAPUYIHOI (hopMu?

KonTpoJibHe 3apaanns Ne 5.5

1. OOrpyHTyBaTd BUKOPHCTaHHS OOpPOOKH OTBOpIiB 3 MiJBUIIEHMMH BHMOTaMH JO iX SKOCTI IMIyJbCOM 3
MepioANYHOI0 TOCITIIOBHICTIO MIUKIB (Ipyra 3amaya Steffen’a).

2. SIk mocsATaeThCs peanbHICTh 3 ypaxyBaHHAM YMOBHOCTI TaKOl CXEMH OIPOMIHIOBAaHHS, K1 3aco0H ii peaizartii?

3. 3a paxyHOK SIKMX OCOOJHMBOCTEH Yy pEKUMax OICPKaHO PO3paxyHKOBI MOJeNi, OJHAKOBO aJeKBaTHI s
pilIeHHS Pi3HUX TEXHOJOTIYHUX 3a1a4?

KonTtpoJabHe 3aBaanHs Ne 5.6

BusHauuTH pexxuMu 00pOOKH TYHKH:

e oiamemp 2.107 cm ma anubuna 0,15 cm;

® 3azomoexa - namyus JIC59 (L, = 5,1 kllac/xe, T, = 2500° C, T,, = 1230°C, k = 1,17 Bm/(cm. 2pad), a = 0,34
cem’/e, p = 6,2.107 ke/em’)

®  YMOBU ONPOMIHIOBAHHS - NOCHIOOBHICMb NIUKIB, SKI NOOAIOMbCA ) 30HY 00pOOKU 3 HE3MIHHUM Nepiooom
HaoxoO0xcenns ma cmabinonum pienem inmencusnocmi (I, 2 10° Bm/cm.”; weuoxicmo posnvony npooykmie
nazepnoi eposii nputinamu pienoio 10° cm/c).

5.3. Hocnioocenus ma mooenosanns onepayiii JIPO

KonTpoJibHe 3aBaanns Ne 5.7
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oe:

Hamu oyinky ooyinbHocmi MemoOuxy 0OHOGAKMOPHUX eKCHePUMEHMATbHUX O0CHIONCEHb NPoyecy Nd3epHOi
00pobKU OMBOPIS.

Hasecmu (y aKichomy nooamui) pe3ynomamu 6naugy napamempis nyuka 6UNpOMiHIOBAHHS Ma yMo8 00poOKuU Ha
po3mipu omeopie (diamemp ma 2iubuHy).

3pobumu 0CHOBHI BUCHOBKU NO pPe3YIbMAMAax 0OHODAKMOPHUX OOCHIONCEHb: MONCIUBICIb 8UOOPY DEXCUMIE
00pOOKU Ma KepyB8aHHsl NPOYECOM.

Ob6cyoumu Modcaugicms MamemMamuiHo20 MOOeNI08AHHS NPOYeCy 3a YUMU Pe3VIbMamamu. ix nputiHAmMHICmMb
OJ151 NPOEKMYBAHHS ONePaAYill.

KonTtpoabHe 3aBaanns Ne 5.8

Busnauumu 3a epagikamu excnepumeHmanvbHux OOHOMAKMOPHUX OOCAIONCEHb pedcuMi 00poOKU 0meopie
diamempom 0,3 mm ma erubunoro 1,5 mm y 3aeomosyi i3 cmani 45 3a ymos 00HO iMnyibcHO20 ma b6azamo
IMRYNIbCHO20 ONPOMIHIOBAHHA.

Yu moorcaugo piwenHs 6a2amo KpumepiaibHux 3a0a4 3a 00nomozoio yux oanux? Obrpynmysamu 8i0nosiobs.

KontponbsHe 3aBnanns Ne 5.9

Obtpynmysamu  HeobXionicms Oazamo (aAKmopHoi MemoouKy O0CHIONHCeHb NPOYecie 1a3epHOi pOo3MIpHOT
00pobKU, K €OUHOI 6 YMO08AX CKIAOHOI 63aeMO0ii 6azamvox Qi3uyHUX ma XiMIYHUX s6ul V 30HI
ONPOMIHIOBAHHAL.

Cxaacmu emanu 00CHONCEHD 8 YMOBAX 3HAUYUI020 OIAHHSA BENUKOI KITLbKOCMI haxmopis.

Hagecmu npuxnadu excnepumeHmanoHux nianie, sAKi eqexmueni 3 eKOHOMIYHUX MA 4acO8UX MIPKY8aHb HA
emani nepeoniamy8aHHs excnepumenmis. AHKi yMoeu 6UKOPUCMAHHA KOMNpOMICHUX naawnie bpodcvkoeo,
Memoouka ix noby0osu 071 00ePAHCAHHA MOOEi RPoYecy 3 GUSHAYECHUM CKI1A0OM?

Obrpynmytime Habip haxmopis, AKi GKIOUAIOMbCL 00 NOCMYIbOBAHOL MOOeNi npoyecy.

KounTtpoabne 3aBnanns Ne 5.10

Craacmu naan exchepumenmy Ha emani nepeoniany8ants s MaKux YMog:

Hacuyenuil nian muny JOF 0ns oyinku epexmugHocmi auuie JiHIHUX YieHi 01 mpbox (hakmopis: enepeii,
Kyma po3x00iceHHs ma Qokychoi eiocmani ¢hoxkycyrouoi cucmemius;

KOMAPOMICHULL NIAH 0151 MOOENT OpPYy2020 NOPSOKY 34 YMOGU 3HAYYWOL Oii NIHIUHUX, K8AOPAMUYHUX MA NAPHUX
eghexmig ycix gpakmopie 3 nepuium:

n n n
2
y=a,+ Za,.xi + Zaﬁx, + Zalixlxi,
i=1 i=l1 i=2

X; — eHep2is UNPOMIHIOBAHHS, X, — MPUBATICING IMIYILCY, X3 — KYH PO3XOONCEHHS NYUKA GUNPOMIHIOBAHHSL.

Axuil 3 yux naanie Haukopomuui?

5.4. Ilpoexmysanus pexcumie JIPO. O0no kpumepianvhi 3a0aui

KonTposbHe 3apaanns Ne 5.11

Tlpoananizysamu pandicuposounuii pso 6niugy Kepyemux (axkmopie na po3mipHi NOKA3HUKU Npoyecy ada3epHol
00pobKU 0MBEOPI8:

diamemp ma enuOUHY - OJisL HEHACKPIZHUX OMEOPI6;

diamemp 6XIOHOT Ma 6UXIOHOT YACMUH — OJI51 HACKPIZHUX OMEOPIS.

Bubpamu ma obrpynmysamu nabip xepyemux paxmopie 0ns cmeopeHHs HaxmopHo20 npocmopy 00CHi0NCeHb
npoyecy azeproi 00pooKu.

5.5. Ilpoexmyesanns pescumis JIPO. bazamo xpumepianvui 3adadi
KonTpoJbHe 3apnanns Ne 5.12
Crnacmu Habip (3 mpbox) paxmopis, axi Hatlbinbu 3HAUYUe BNAUBAIOMb HA:

PO3MIpU HEHACKPIZHUX OMBOPIE;
PO3MIpU HACKPIZHO20 OMBOPY.
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Ilpusecmu npuxnad nosHo QaxmopHozo niany 0pyeo20 HOpSAOKY Ol Yux axmopis, eusHauumu HeoOXioHy
KIbKICMb eKCnepUMeHmManbHux mo4ox.

Ha sxux pienax mpeba @hikcysamu 3anuKu 3HAUYWux Gakmopis 0is 00epiHCaHHs HAUMEHUUX NO Po3Mipam
omeopig?

KonTpoJsbHe 3apnanns Ne 5.13

Busnauumu, womy 6aeamo xpumepianbhicms 3a0a4 RPOeKMy8anHts MexXHOA0SIYHUX onepayiil 1azeproi 0opodxu
CHOHYKAE 00 BUKOPUCTIAHHS eKCNEPUMEHMNATILHUX MeMOo0ie Onmumizayii.

Hasecmu winsixu nodonanns 6azamo kpumepiaibHOCmi 0I5l CRPOWEHHS ONMUMI3AYIUHUX 3A0ay.
Obrpynmysamu HeoOXiOHICIb GUKOPUCMAHHS Y3a2albHeHol (hyHKYil baxcanocmi.

Busnauumu anreopumm exCnepuMeHmaibH020 Memooy ONMmuMizayii 3 UKOPUCANHAM (DYHKYIL 6axicanocmi.
Hasecmu npuxnaou gpopmyeanus yux ¢yyHxyii.

Konmponvue 3a60anna Ne 5.14
CripoeKTyBaTé TEXHOJIOTIYHY OIIEpaIlifo Jla3epHOi 00POOKH OTBOPIB:

diamemp - 20,4H12 mm;

N063006CHSL hopMa — KOHIUHA 3 KOHYconodionicmio k = 0,4 mm;

3A20MOBKA - KOPNYC iH 'eKYIHOI 201KU 3a8MOBUKYU 3 MM.

mamepian 3azomoexu - ramyus JIC59 (L, = 5,1 x/oc/xe, T, = 2500°C, T,, = 1230°C, k = 1,17 Bm/(cm. 2pad), a
= 0,34 cM’/e, p = 6,2.107 ke/em’);

mpuganicme onepayii He NOGUHHA nepesuuyyeamu 25 c.

Hpumimxa: euxopucmamu OaHi eKCNepUMEHMATbHUX O0CHIONHCEHb NO MOOETIO8AHHIO Npoyecy 00pOOKU MAaKUX
0meopis.
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Jonartok 2
HepeniK IIUTAaHb OO CK3aMCHY 3 OCBITHBOI'O KOMITOHCHTY

«TexHoJi0rist J1a3epHOI pO3MIPHOI 00POOKI»

Kuis 2021
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l. [IpoananizyBatu micye nasepnoi 0bpodoxku y cucremi Enexrpodismunux Tta EnexTpoXximidHHX
METO/1IB OOPOOKH.

2. Hagectu pesyromamu oonogaxmopnux memodie IOCIIIKEHb IPOLECY Ja3epHOi PO3MIpHOI
00pOOKH: TTOPSITIOK BUKOHAHHSI, MOXJIMBOCTI, IIEPEeBaru Ta HEJAOIKH.

3. HaBectu nopsoox po3spaxynuky napamempie enemenmis npoekyilinoi cucmemu. BukoHatu
rabapuTHHUI po3paxyHOK (Ha 0a3i MPaKTUYHUX 3aHATH)

4. SKi asuwa euHuKaromv ni0 YAC NOIUHAHHA eHep2ii 1a3epHo20 SUNPOMINIO8AHHS TIOBEPXHEIO
3aroToBKU. Bukopucraru 3axkon byzepa-Jlambepma njis XapakTEPUCTHKNA 00pOOTIOBAIbHIX MaTepiaiB.

5. SIKUM YMHOM BIUTMBAIOTh OCHOBHI MapaMeTpH MpoLecy 00pOOKH Ha enubUuHy nopOoHCHUHU.

6. Konu 3acTOCOBYETBCS KOHMYPHO - NpoeKyitiHull Memood oopobKku MOpokHUH. HaBectn ontuuny
cxeMmy JUIsl Horo peadizallii. (HaBeCTH MPaKTUYHI Pe3yIbTaTH HOTro 3aCTOCYBaHHS).

7. SKi mexanizmu Hazpisants ma pylHy8aHHs MaTepiary 3arOTOBKH 3a JIA3ePHUM OMPOMIHIOBaHHSIM?

Sk BIUTMBAE€ pEXHMM OINPOMIHIOBAHHS Ta BJIACTUBOCTI Marepiajly Ha XapakTep isHHSA Iy4ka
BUIIPOMIHIOBAaHHS?

8. Sk enausarome ochosHi napamempu npoyecy 0opobKuy Ha MOTIEPEUHi PO3MIPU MOPOKHUH? .

9. HaBectu onrtrnuHy cxeMy Jij1si pOpMYBaHHS ITydKa JJa3€PHOTO BUIIPOMIHIOBAHHS IIPH BUKOPHUCTAHHI
AKMUBHO20 NPOEKYILIHO20 Memody 0OpOOKU NOpodcHUH. SIKUM CHIBBITHOLICHHSM napamempig. (MPUKIAA
13 IPaKTUYHUX 3aHATH)

10. ki ocobrueocmi pyliHyeanHs mamepianié 3a IMIYIbCHUM Ta O€3MEpepBHUM pEKUMaMU
OTIPOMIHIOBaHHSA, IO JOAAIOTH PO3PUBH y MOCTadaHHI eHeprii? Skwii piBeHb IMITYyJIbCHOI (IIIYKOBOI1)
MOTYXHOCTI JIOCSATAETHCS?

11.  Sxe mnpu3HAYCHHS METONMKHA Ta TepeBard MawTb OaeamopakmopHi  memoou
excnepumenmanvrux (B®E) nocnimkens nponeciB JIPO aiis MopentoBaHHs Ta ONTHMI3AIIii: 0COOIMBOCTI,
YMOBH 3aCTOCYBaHHsI, IHTEpIpETAIlisl pe3y/IbTaTiB.

12.  Haectu cxemu ¢GopMyBaHHS TOPOXKHUH Kpymioi (GopMHu mpenanayicto. (IaTH TPHUKIAH,
PO3DIISIHYTI Ha MPAKTUYHUX 3AHATTSIX).

13. HaBectu emanu 63aemo0ii Tydka Ja3epHOTO BUIIPOMIHIOBAaHHS 3 MaTepiajioM 3aroToBKHU. Sk
3aJICKUTH KiNbKICMb emanie BiJl TOCSITHYTOTO PiBHS T'YCTHHU MOTY>KHOCTI TEIUIOBOTO JKepesna?

14. Ha sxi rpynu MOKHA MOIUTHTH (hakmopu npoyecy aazepHoi 0opooKu, Bi PiBHS IKUX 3aJICKUThH
pe3ynbTaT TEXHOIOTIYHOI onepartii?

15. 3. HaBectu eramu npoyecy (opmoymeopenHs HACKPIZHUX MA HEHACKPIZHUX omeopié (JIYHOK)

JTa3epHUM BUIIPOMIHIOBAHHSM, THIH TOB3IOBXHIX MPO(MITIB 3rifHO 3 JaHUMU NPAKTUYHUX 3aHATH 32
JIOTIOMDKHOIO JIITEpaTypoto [5].

16. HaBectu ancopumm npoexmyeanus mexnonociunoi onepayii nazepHoi po3MipHOi 0OpoOKH Ta
BU3HAYUTHU OCOOIMBOCTI BUKOHAHHS MOTO €TalliB 3 YpaXyBaHHSM BIACTHUBOCTEH IHCTPYMEHTY — Iy4Ka
Ja3epHOTO BUIPOMIHIOBAHHS.

17. HaBectu cxnao epynu xepyemux ¢paxmopis nporecy gazepHoi 00poOKH, sSIKi 3MIHIOIOThCS SIKICHO,
a00 KibKicHO. SKi ghaxmopu nompiono ¢ikcysamu Ha BUSHAYCHUX PIBHSIX 1] 4ac 00pOOKU?
18. Sk 3aneXKUTh n0630068CHS hopMu HEHACKPIZHUX NopodicHuH (JTYHOK) BiJ B3aEMHOTO TOJIOKEHHS

mig 9ac oOpoOKM MydYKka BUIPOMIHIOBAHHS Ta 3aroTOBKH? SIKMM YWHOM MO)KHA BIUIMBaTH Ha (Qopmy
OTBOPY Ta HOTO NIMOWHY 3TiTHO 3 TaHUMH NMPAKTUYHUX 3aHATH 32 JOMOMDKHOIO JIiTeparyporo [5].

19.  IlpoBecTu KpUTHUYHHUHA 021580 Memodié NPoecHO3VEAHHA pPe3yibmamie ma npoeKmysanHs peXuMiB
Ja3epHO1 0OPOOKH MOPOKHHUH.

20. HaBectu psou 3nauywocmi énaugy kepyemMux ¢GakTopiB Ha MOMEPEUHi PO3MIpH MOPOKHUH (JIUTIIE
JUTst JTiHIHHUX QakTopiB). st 40TO Ta IKUM YHHOM MOYKHA BUKOPUCTOBY8AMU PAOU 3HAUYUWOCMI?

21. Sk BmIuBaIOTh Kepyemi (aKTOpU HA KOHYCONOOIOHICMb OmEopie TICIs IJa3epHOi PO3MipHOI
00poOKHu (pe3ysbTaTH BUKOHAHHS J1abopaTtopHoi poOoT No2).

22.  TlpoanamizyBaTu aranimuyni MoOeNi NPOSHO3Y8AHHS pe3yibmamie ONepalliid J1a3epHoi po3MipHOL

00poOku. Hapectn wmeToguku iX mOOyAyBaHHS: pIIICHHS TEIUIOBUX 3ajad, BUKOPHUCTAHHS Teopii
PO3MIPHOCTI, 3aKOHY 30€pEKECHHS SHEePrii.

23. Buxonaru xracugikayito gpaxkmopis, siki BILTMBAIOTh Ha PE3YJIBTATH JIA3€PHOI po3MipHOT 0OPOOKH,
3a X KEPOBAHICTIO Ta MOXKJIMBICTIO KOHTPOJIIOBATHUCS.
24.  Hasecmu nopsook Oiti TpH TNPOEKTyBaHHI pEXUMIB OOpOOKHM OTBOpIB 13 3aJIaHOIO

KOHYCOTO/II0HICTIO €KCIIEPUMEHTATLHIM METOIOM. (QJITOPUTM BHKOHAHHS JTaOopaTtopHoi podoTu Ne2).
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25.  HaBectu ymo6u po3pobxu ¢enomenonocivnux mooeneti IpoLecy jga3epHoi 00poOKH HEHACKPI3HUX

MOPO’KHUH (JIYHOK).

26. SlkuM 4YMHOM MOXXHAa BUKOHYBAaTH BHMOIp PEXUMIB JlazepHOi OOpOoOKH 3a 6acamogaxmoprumu
Mooenamu Tipotiecy (AOCBiI BUOOPY pexuMy B 1abopatopHiil po6oTi Ne2):

° 3 BukopuctanusiMm [IEOM

° rpadgiyHIM criocoOom?.

27.  Axumu noxasHukamu 6UKOHYEMbCA Onuc ¢opmu CKIATHUX 3a MpOo(diIeM MOPONKHHUH IS
(dhopmanizarii po3MipHUX Pe3yIbTaTiB eKCIIEPUMEHTATbHUX A0CIIIKEHb?

28.  HaBectu cxknad noninomianvnoi moodeni nazepHoi posmipnoi o6pooxu, xKoedilmieHTH perpecii, X
PO3MIpPHICTB 332 HATYPAJILHOTO Ta KOJOBOT'O 3aMKCy PiBHIB (haKTOPiB.

20. [IpoanamnizyBatu mounicme nepeosiujenHss pe3yibmamis J1a3epHoi po3mipHoi o06podKu 3a
aHAJITAYHUMH MOJICIISIMU TIpoiiecy 00poOku. [TosicHUTH pe3ysibTaTi po3paxyHKiB.

30.  TlokasaTH, YM MOXHCAUBO 0OPOOUMU CKAAOHO NPOQINbHI NOPOHCHUHU I3 3ACMOCYBAHHAM CUCTIEMU
Modenel psady nepemunis npoghinto omseopy nis BUOOPY pexxumy oopoOku. (mpaktuye 3aHATTS Ne 9 [5])
31. SAxi  memoou ¢opwmysanus nonepexy TIOPOXKHHH ITy9KOM JIa3€PHOTO BUIPOMIHIOBAHHS

3aCTOCOBYIOThCA? 38 ’s13amu mexHono2iyni cxemu 06pobOKu 3 BUMOTaMH 10 OOpOOITIOBAILHUX OTBOPIB.
(aH1 MPaKTHYHKX 3aHATH 32 MPAKTUIHUAM 3aHATTAM No7 [6]).

32. HaBectu mexuonociuny ma pospaxynkogy cxemu AJiS BH3HAUCHHS PEXUMIB  00pOOKH
KBa3iCTAI[IOHAPHUM IMITYJLCOM JIA3€PHOTO BHIIPOMIHIOBAHHS. Ky MOOelb pYUHYSaHHS Mamepiany
3aroTOBKH BUKOpHUCTAaHO aBTOpoM J. Steffen?.

33.  HaBectu noxasnuxu sikocmi nopoxcuun Ticus ii na3epHoi o0OpoOku. SIki ocobaueocmi npoginio
XapakTepHi sl MOPOKHUH, 0OPOOIEHUX JTa3ePHUM ITPOMEHEM

34.  HaBectu cxeMy @opmy8aHHs KAYCMUKU NYYKA 1A3€PHO20 GUNPOMIHIOBAHHA ) pe3oHamopi. SIKkuMu
napamempamu pe3oHamopa MO>KHa BITUBATH HA XapaKTEPUCTUKU KayCTUKU?

35. Sxuit mexanizm ymeopeHnHs omeopy 3acmoco8yemuvcs 0711 00poOKU HAO Maiux omeopis (IeKiabKa
MIKpOMeTpiB)?. SIKHM YHHOM BU3HAYAIOTHLCS pedicumu 0OpoOKU OMBOpie y 3a20moeKax i3 gonveu, niigok?
(npaktuyne 3aHATTA Ne 8 [5])

36. SAxuit cmamucmuunull. NOKA3ZHUK MOYHOCMI 0OPOOKU NOPOJICHUH 3ACTOCOBYIOTH TIPHU OIKCI
nporecy 00poOKHu MaTeMaTHYHOI0 MozesUTi0? Jloka3zaTn HEOOXiIHICTh HOTO BITHOCHOTO XapaKTepy

37.  Haectu cxeMy (opMyBaHHS KAayCTHUKH IydKa JIa3€pHOTO BUIIPOMIHIOBAHHS MEPETOMIIIOIOUUMU
ONITUYHUMHU €JIEMEHTaMH, ii XapaKTepHi MEPETUHH, PO3MIpHU Ta BIACTUBOCTI.

38.  HaBecTu TexXHONOTIYHY Ta PO3PAXyHKOBY CXeMH [JJsi BHU3HAYEHHS PEXUMIB 0OpOOKHU
KBa3iCTAI[IOHAPHUM IMITYJIBCOM JIA3€pHOTO BHUIIPOMIHIOBAHHS TIUOOKHX 0ME0pi6 YUliHOpUuuHoi gopmu.
Ay modens pylinyeanns mamepiaiy 3aTOTOBKHA BUKOpPUCTaHO aBTopoM J. Steffen?.

39. HaBectu psou smauywocmi enaugy kepyeMmux (akTopiB Ha TOKa3HUK TOYHOCTI OOPOOKH
MOPOXKHUH (JIuIe JuIst JTHIHHUX (akTopiB). st 4Ooro ta SKMM YMHOM MOYKHA GUKOPUCMOBYBAMU PSAOU
3Hauywocmi? (IPUKJIAIH 3 €TAITy MiITOTOBKU EKCIIEPUMEHTY B JJabopaTopHii podoTi Ne2)

40. [Ilo Take oOpoOka y “manbHii 30HI”, TPHUKIAAN 3aCTOCYBaHHS OCOOIMBOCTI pesynbTariB? ki
HENOMIIKY i€l cxeMu?
41. HaBecTn TEXHOJIOTIYHY Ta PO3PAaxXyHKOBY CXEMH ]Il BU3HAYCHHS PEXKHUMIB OOPOOKH IMITYJIbCOM

Ja3epHOTO BUIIPOMIHIOBAHHS 3 PETYISIPHOIO MIYKOBOIO CTPYKTYpOIO SIKy Moenb pyiHyBaHHSI MaTepiaty
3aroTOBKH BUKOpHUCTAaHO aBTOpoM J. Steffen?.

42.  Hasecmu nops0ox Oili TIpU TPOSKTYBaHHI PEKUMIB OOpOOKH OTBOPIB i3 3a/laHOI0 TOUYHICTIO
€KCIIEPUMEHTAJIbHUM METO/IOM. (JlabopaTopHa podota No2)
43. o Take erubuna pizkocmi (¢hoxycy) onmuyHux cucmem i3 IPO3OPHUX 3aJTOMITIOIOUHX MarepiamiB?

SIKuM YMHOM MOXXHA 8nIU8amu Ha it poamipu?

44. SIki MOXIIMBOCTI MAIOTh eKCHepUMEHMANbHI Memoou NPOeKMmMyBaAHHS PENHCUMIE J1A3epHOI POZMIDHOL
00pobxu omeopis? Ski nepedymosu BUKOPUCTaHHS METOIWKH OaratopakTOpPHUX EKCIIEPUMEHTIB?
(ominka moxxiuBocTi [IDE npu BukonanHi nabopatoproi podoTu Ne2)

45.  HaBectu onmuuny cxemy ma ii ecabapumuuii po3paxyHok st 00poOKH TOPOKHUH IHIIIHAPHYHOTO
npoduTI0 y HIMIIHIAPUYHIN CBITIOBIH TpyOLi
46.  AIxi exonomiuni ma mexHiuHi nepesacu Mae jga3epHa oOpoOka y mopiBHsaHHI 3 iHUMH EOXMOM.
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47.  HaBectu Mmootcnusi mMemoOuKku exkcnepumMeHmanbHux 00Caiodcens MPOLECy Ja3epHOi PO3MipHOT

0o0poOKku: 00’€KTMBHA HEOOXIAHICTh, IepeBarn Ta HEAONIKM Yy TMOpIBHSAHHI MDK co0ol0 Ta 3

BUKOPUCTAHHSIM TEOPETUYHUX PO3PAXYHKIB.

48. [IpoanamizyBatu 3acmocosHicms NpOeKyiHUX Memoodie 0OpoOKU y BIIHOUIEHHI 10 PO3MIpIB Ta

(hopMU TOPOKHUH

49. Jlokazatu 00’ €KTUBHY HEOOXITHICTb ONMUMI3AYIUHO20 MemOoOy pIiuleHHs 3a0adi NpPoeKm)8aHHs.

pedcumie oopobKu peaabHOI TEXHOIOTIYHOI oneparii.

50. ki gizuuni obmedxcenns na 2UOUHY NOPOJNCHUHU MAE OJHO IMITYJIbCHA Jla3epHa oOpoOka? Jlis

YOro 3aCTOCOBY€EThCS 6azamo iMnyibcHa 06poOKuU i3 3MIHHUMU YMOGAMYU OTIPOMIHIOBAaHHS?

51. HaBectu cxemu npucmpoisé i peanizalii METOAY KOHTYPHOTO BHpI3aHHSI Il BUIOTOBJICHHS
npodiIbHUX Ta MOPOKHUH BEJTUKUX pO3MipiB.(IpakTuuHe 3aHATTA Ne§ [5])

52. S$Iki 3aCTOCOBYIOTBCS MEeMOOUKU NPOEKMYBAHHS 6A2amoKpumepiaibHux 3a0ay B yMOBaxX ONTHMI3allil
pexxuMiB 00poOku? (eTanu MiAroTOBKH J10 JabopatopHOi podoTu Ne)

53. Sk enausaioms ochoeui napamempu npoyecy oopooKu Ha TIOTIEPEIH] PO3MIPH TOPOKHUH?

54. Ski eneMeHTH Komn tomepHoi onmuKxu, sKi 3aCHO8AHI HA AsuwWi iHmepghepenyii ceimua, MOXKHA

BUKOPHCTOBYBAaTH sl (hopMyBaHHS TPOQUIBHOT KAayCTHKH Ty4yKa Ja3epHOTO BHUIIPOMIHIOBAHHS

(romorpadyiuHi e1eMeHTH Ta TIOCKi pokycaropu)

35. o Take nogepxuesuil Koe@iyicnm NO2TUHAHH eHep2ii 1a3epHO20 GUNPOMIHIO8AHHS 1 BT YOTO

3JICKHICTh HOTO PiBEHBb?

56.  SIki nepedymosu 3acmocysanus Oazamogaxkmopuux memooié NOCIIIDKCHHS JUIS aHaizy Ta

MIPOEKTYBaHHS MPOIIECiB J1a3epHOT po3MipHOi 00poOKU?

57. HaBectu cxemu 06pobdxu noposcnun kpyenoi ¢oopmu memodom mpenauayii Ta TPWIATA I iX

peanizanii. (mpaktuuHe 3aHATTS Ne§[5])

58.  Sxa € 83aemo3anedxcHicme mide napamempamuy MpoLEcy, BIACTUBOCTSIMHU MaTepialy 3arOTOBKH Ta

pesyabrataMu o0poOKu?

59. OOrpyHTyBatu BHOIp cmpameeii ananizy 3HA4YWOCMi 6NIUBY KePYEMUX (Hakmopie TPolecy

00poOKHM Ha HOT0 KiNIBKICHI Ta SIKICHI pe3yJIbTaTH.

60. Omnucaru memoo y3aeanoHenoi hyHxyii baxcanocmi K 3acid IEPETBOPEHHS OaraToKpUTEpialbHUX

3aad B OJHOKpuUTepiaibHy. [loscHUTH mpHU3HAYeHHS YacTKOBOi 1 y3arajabHEHOI (yHKIIi OakaHOCTI:

HEOOXiTHICTh 1X 3aCTOCYBaHHS, MPHUKIIAA (HOpMyBaHHS.

61.  Haectu anropuT™m NpoeKTyBaHHS TEXHOJIOTIUHUX ONEpalliil Ja3epHOT po3MipHOi 0OPOOKH.

62.  HaBectu psaau 3HAYYHIOCTI BIUIMBY KepyeMUX (aKTOpiB Ha IIHOMHY MOPOXHHUH (JIMINE IS

JTiHIAHUX (akTopiB). I 4oro Ta SKUM YMHOM MOKHA BUKOPHUCTOBYBATH PN 3HAYYIIOCTI? (MpaKTHUYHE

3aHATTA Ne 11)

63. JIy1s1 40TO BUKOPHCTOBYIOTH 3MiHHI YMOBHU 0OpOOKH (3MiHHI PiBHI €HEPTii, OJ0KEHHS 3arOTOBKH Y

KayCTHKH ITy4YKa) MPH Ja3epHiit 00poOIli MopokHUH?

64.  IlpoanamizyBatu aHanimuyHi ma eKCnepumMeHmanvHi MemoOou BU3HAUYEHHS PEXHUMIB Ja3epHOi

00pOOKY MTOPOKHUH Ta HABECTH iX IMEPEBATH Ta HETOJIKH.

65. HaBectu psau 3HAYYNIOCTI BIUIMBY KepyeMHX (DAKTOPIB Ha nonepeuni posmipu (JUIIE IS

TiHIHHUX ¢akTopiB). g 4oro Ta SKUM YMHOM MOKHA BUKOPHCTOBYBATH PSIIU 3HAYYHIOCTI? (TpaKTHYHE

3aHATTS Ne 11).

66. Axuii  nopsaoox onmumizayii O6acamo  KpumepianibHOi MEXHON02IYHOI  3a0aui METOIOM
y3arajabHeHO1 QYHKITIT OaxaHOCTI

67.  3a AKUMHU DpUHIUNAMHU MOOYI0BaHI aHANITUYHI MPOTHO3HI MOJEII MPOLECY JIa3epHOi pO3MipHOT
00po6ku? HaBecTr MOpiBHSIIBHY TOYHICTh NIEPEABIIIICHHS PE3Yy/IbTaTIB.

68.  UuM nOpUHIUIMIATBHUM BIIPI3HAIOTHCS EKCIEPUMEHTANIbHI KOMIIPOMICHI IuaHu bpoacbkoro;
pPO3LIUPEHHS Ta CTUCHEHHS piBHIB (akTopiB? IlepeBaru iX BUKOPUCTAHHS.

69.  Hasecmu nopsoox Oili TpU TPOSKTyBaHHI pEXHUMIB OOpOOKM OTBOpIB 13 3aJlaHOIO
KOHYCOTO/110HICTIO €KCIIEPUMEHTAIbHUM METO/IOM

70. HaBectu mnpukinanu euxopucmauus 3aKoHy 30epediceHHsi eHepeli s TOoOyJOBH MoJelen
PO3MIpHUX TOKa3HUKIB MPOIECy Ja3epHOi 0OpOOKH MOpPOXHUH. (TpakTudHe 3aHATTS Ne9, nmaGoparopHa
poGota Nel)

71. Onucatu  memoouxy 3anucy @opmu CKIAOHO Npo@inbhux TOPOXKHUH s (opmaizamii

pE3yBTaTIB ICITUTIB.
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72.  SIxi MOXIMBOCTI Ma€ METOAUKA EKCIEPUMEHTAIbHOTO TMPOEKTYBaHHSI PEXUMIB Ja3epHOi
po3MipHOi 00poOku? 11{o Take MacUBHUIA Ta AKTUBHUHN €KCIIEPUMEHTH?

73. ]l oOpoOKu SIKMX 32 PO3MIPOM Ta SIKICTIO MOPOKHUH BHKOPUCTOBYIOTh CXEMHU HPOEKIIIHOIOo
MeTO/ly 0OpOOKH, OCHOBHI CITIBB1THOIIICHHS?

74. 3. Hasectu ommuuny cxemy ma ii eabapumuuii po3paxynok Ui OOpPOOKH TOPOKHUH
MWTIHAPUIHOTO TPOGUTIO Y NWITHIPUYHIA CBITIIOBIH TPyOIi.

75.  Sxi  memoou ¢hopmysanus nonepexy TIOPOXKHHMH ITyYKOM JIA3€PHOTO  BHUIIPOMIHIOBaHHS
3aCTOCOBYIOThCS? 36 si3amu mexHono2iuni cxemu 00poOKy 3 BAMOTaMH JI0 00pOOTIOBAIBHIX OTBOPIB.

76.  HaBecTu TEXHONOTIYHY Ta PpO3PAXyHKOBY CXEMM [UId BH3HAuU€HHS pPEXHUMIB 0OpOOKH

KBa3ICTAI[IOHAPHUM IMITYJBCOM JIa3€PHOTO BUIIPOMIHIOBAHHSI OMEOPI6 B 3arOTOBKAX 13 TEIJIONPOBITHUX

MarepiaiiB. fKky mooens pylinyeanHs mamepiany 3ar0OTOBKM BUKOpHCTaHOo aBTopoM J. Steffen?..

77. HaBectu noxasnuku sikocmi nopoxcuun Ticis ii j1azepHoi oOpoOku. SIki ocobaueocmi npoginio

XapakTepHi sl MOPOXKHUH, 0OPOOIEHUX JTa3ePHUM IIPOMEHEM

78. SK 3aJCKUATH MOO00BULL CKAAO) MA KYM pO3X00dceHHs: TydKa JIa3epHOTO BUIIPOMIHIOBAHHS BiJl

(dhopMu Ta po3TanryBaHHs A3EpKai pe3oHaropa?.

79.  HaBecTn TEXHONOTIYHY Ta pO3PAaXyHKOBY CXEMH [UIS BH3HAUEHHS pPEXHUMIB 0OpOOKH

KBa3iCTAI[IOHAPHUM IMITYJIbCOM JIa3€pHOTO BUIIPOMIHIOBaHHS omeopis geauxoi enubdbunu (1/d = 10). Hky

MOoOenb pYUHYBaHHsA Mamepialy 3aroTOBKM BUKOpUCTaHO aBTopoM J. Steffen?

80.  Sxuit cmamucmuunull NOKA3HUK MOYHOCMI 0OPOOKU NOPOJCHUH 3aCTOCOBYIOTH TPHU OMHCI

rporecy oOpoOKH (HaBeCTH MPHJIA OI[IHIOBAHHS TOYHOCTI oreparlii B JabopaTopHiit podoti Ne 2).

81. HaBectn cxemy (opMyBaHHS KayCTHKH ITydYKa JIa3epHOTO BUIPOMIHIOBAHHS IEPEIIOMIIIOIOYUMU
ONITUYHUMH €JIEMEHTaMH, ii XapaKTepHi NEPETHHH, PO3MIpPH Ta BIACTUBOCTI.

82. JlokazaTu Ha TMpuUKIaai oOpoOKH CKIaJAHO NPO(UIBHHX OTBOPIB, IO ONTHMI3aIisd € 00’ €KTUBHOI
HEOOX1IHICTIO TIPU MPOEKTYBaHHI 0arato KpUTepialibHUX 3a7ad.

83. HaecTu psiiu 3HaUyIIOCTI BIUIMBY KEPYyEMUX (PAKTOPIB HA CTATUCTHYHUN MOKa3HUK TOYHOCTI (JIUIIe
s miHidHEX (akropiB). s 4oro Ta SIKUM YMHOM MOXKHA BHKOPHUCTOBYBAaTH PSIM 3HAYYHIOCTI
(npakTuane 3aHATTA Ne 11)

84.  Illo Take oOpoOka y “mampHiil 30HI”, MPUKIAIM 3aCTOCYBaHHS OCOONMBOCTI pe3ynbTariB? ki
HEIIOJIKY €] cxeMu?.
85. HaBectu TEXHONOTIYHYy Ta pO3PAaXyHKOBY CXeMH Ui BH3HAu€HHS pPEXHMIB 0OpOOKH

KBa3iCTAI[IOHAPHUM IMITYJILCOM JIA3€PHOTO BUIIPOMIHIOBAHHS omeopis manoi enubunu (1/d << 10). Hxy
MoOenb pyUuHy8aHHs Mamepiay 3aroTOBKY BUKOpUCTaHO aBTopoM J. Steffen?.

86.  Hasecmu nopsook Oiii pu TPOEKTYBaHHI PEXKHUMIB OOpPOOKHM OTBOpPIB i3 3aJIaHOI0 TOYHICTIO
MIOTIEPEYHHUX PO3MIpiB EKCTIEPUMEHTAIBHUM METOJIOM

87. 3a SKMMH yMOBaMH € MOXJIMBICTH OOpPOOKM OTBOpIB MPaBWIBHOI MOIepedHoi (opmu, ski
BJIACTUBOCTI ITyYKa BUMIPOMIHIOBAHHS BU3HAYAIOTH II€W MTOKA3HUK OTBOPY?

88. HaBectu onmuumny cxemy ma ii eabapumnutl po3paxynox ajist 00poOKH MOPOKHUH ITIHAPUIHOTO
npoduTI0 y HWITHIPUYHIN CBITIIOBiH TpyO1Li.

89. [Ilo Take 0OpoOka y “OnrrkHIM 30HI”, MPHUKIAJAA 3aCTOCYBaHHS OCOOJHMBOCTI pe3ynbrariB? ki

HEIOJKY i€l cxeMu?
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1. 3a SKUMH Q3HAKAMHU BITHOCATHCS MeTomu o00poOkum y rpymy Enexkrpodizmunux Ta
eIeKTPOXIMIYHUX BUAIB 00poOKu (EDXMO)?

A. 3a HEMaTepiaJbHICTIO IHCTPYMEHTY
B. 3a BnacTMBOCTSMU Marepiay 3arOTOBKH, sika 00pOOISEThCS
C. 3a JOCATHYTHM piBHEM SKOCTi 0OpOOJICHOTO €JIeMEHTY 3arOTOBKH
D. 3a HECWJIOBUM IIUIIXOM PYHHYBaHHsI MaTepially 3aroTOBKH.
2. YuMm BUALIAETECA 00pOOKa 3arOTOBOK JIa3epHUM MPOMEHEM BiJ iHIINX MeToaiB EOXMO?
A. MOXIHBICTIO (DOPMYBaHHS HEKPYTIIUX OTBOPIB
B. 00poOka BUKOHYEThCS 0€3 MEXaHIYHOTO HaBAaHTAKEHHS 3aTOTOBKHU
C. MOXIUBICTh 0OpPOOKH HAATBEPANX MaTepialiB

D. MoximBicTh 00p0oOKH JTFOOMX MaTepiais.

3. 3a JKUM IMOKa3HUKOM OOpOOJICHHX €IeMEHTIB Ja3epHa o0poOKa BiPi3HAETHCS Bl 1HIIIMX METOIIB
EDOXMO?

A. HaWOLIBIINI pO3MIp 00POOIIIEMOTO EIEMEHTY

B. HalirmumOmmii enemMeHt, mo o0poonseTbes

C. HaWTOYHIII PO3MIpPHI pe3ysbTaTH 00pPOOICHUX €JIEMEHTIB

D. naiibinpina BiTHOCHA TIIMOMHA 0OPOOICHOTO eIeMEHTY (aCTeKTHA ITHOMHA).

4. SIKUM YMHOM BUTPAYa€ThCS €HEPris BUIIPOMIHIOBAHHS IPU HAIIPABJICHHI J1a3€pHOI0 MIPOMEHIO Ha
MTOBEPXHIO 3arOTOBKH?

A. TIOTJIMHAETHCS B MaTepiaili B MIOBEPXHEBOMY MOTO IIapi

B. BinOHMBaeThCs Bl MOBEPXHI 3arOTOBKH

C. mpoXoaMTh HACKPI3h TiJIa 3aTOTOBKU

D. BigOuUBaeTHCS, MOTTIMHAETHCS Ta POXOAUTH Yepe3 3arOTOBKY.

5. Bin skux oOCTaBHH 3ajeXUTh OajgaHC €Heprii B 30H1 ONMPOMIHEHHS (OIS MOTTMHEHO, BiIOUTOT
Ta, 110 MPOUIILIA Yepe3 3ar0TOBKY?

A. BiJ piBHS €Heprii B IpOMEHi
B. Bix BnacTHBOCTEH MaTepiary 3aroTOBKH
C. BiJ XapaKTepUCTHUKH MOBEPXHI 3aTOTOBKH

D. Big moeqHaHHS AOBXKHHH XBWJII BUIIPOMIHIOBAHHS 3 BIACTUBOCTSIMH 3arOTOBKH Ta YMOB
OTIPOMiHEHHS.

6. SIKuM YMHOM MOXJIMBUI HAUNIPOCTIIMIA BIUIMB Ha OajlaHC eHeprii B 30Hi ONPOMiHEHHS MOBEPXHi
3aroTOBKHU?

A. 3MIHEHHSIM MaTepianxy 3arOTOBKH
B. 3acTtocyBaHHsM na3epa 3 iHIINMH TapaMeTPaMH ITPOMEHS
C. dapOyBaHHSM OBEPXHI 3aTOTOBKU

D. wnarpiBaHHSM 3aroToBKH a0o0 ii TOBEPXHI.

7. Ha mo BuTpavyaeThCs_IOIIMHYTa YacTUHA TEIUIOBOI EHEprii, 10 yTBOpHJAcsS B 3aroToBli B
pe3ynbTari i onmpomiHeHHs?

A. Ha pyiiHyBaHHs MaTepiajly 3arOTOBKH
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B. Ha po3msruyeHHs marepiany 3aroTOBKU
C. Ha mokpallleHHs BIaCTUBOCTEH Marepially 3arOTOBKHU Ta 1i IOBEPXHI

D. Ha mociiioBHICTH SBUII] B MaTepialli 3arOTOBKH.

8. SlkuM YMHOM MOXKHA KEpyBaTH XapaKTepPoM Ta BIJIOM (hOpMYyBaHHS 00pOOIIOBaTLHOT HOPOKHUHU

BHACIIIJIOK TEIUIOBOTO PYWHYBaHHS Marepially 3aroTOBKH B 30HI Jiii TEMJIOBOTO JHKEpesa, CTBOPEHOTO B
pe3yJbTaTi JIa3epHOTO OMPOMIHEHHS?

A. TPUBAIICTIO ONIPOMIHEHHS
B. 1HTEHCHBHICTIO B 30H1 OIPOMIHEHHS
C. ymoBamHM po3TallyBaHHs IPOMEHS Ta 3arOTOBKH
D. BiAMoBiIHUM MOETHAHHSM BIACTUBOCTEN BUIPOMIHIOBAHHS Ta MaTepially 3arOTOBKH.
9. 1o xapakTepu3ye koedinieHT nornuHaHHs o byrepa — Jlambepra?
A. KUIBKICTh TOTIMHYTOI €HEprii MaTepiajJoM 3aroTOBKH BiJl /il IMITYJIbCY BUITPOMIHIOBaHHS
B. posmnonin moTyXHOCTI BUIIPOMIHIOBAaHHS Ha TIOBEPXHIi 3aTrOTOBKU
C. po3mip monepeky HOPOKHUHH, 110 00POOIIIETHCS
D. rmOuHa MOpOKHUHHU, ITI0 0OPOOIIIETHCS.

10. Skuii_eTan TEIIOBOTO MPOIIECY, IO PEaTi3y€eThCs ITiJT Yac OMPOMIHEHHS 3arOTOBKH, IMPOITYIICHE
Ha cxemi?

[T |

BUIIaPOBYBaHHs MaTepially 3arOTOBKU
(bopMyBaHHSI [OJIS1 TEMIIEPATYPHUX HAPYy>KEHb

HarpiBaHHs Marepianty 3aroTOBKH

o0 >

IIOITTMHAaHHA CHCpl"ﬁ BI/IHpOMiHI-OBaHHH MIOBCPXHECIO 3arOTOBKHU.

11. SIkuii eTan TEMJIOBOTO MPOIIECY, 110 PEeani3y€eThCs MiJl Yac OMPOMiHEHHS 3arOTOBKHU, MPOIYIICHE
Ha cxemi?

A. mornmHaHHS CHCpFiI BI/IHpOMiHI-OBaHHH TTOBEPXHCHO 3arOTOBKU

B. BunapoByBaHHs MaTepialy 3arOTOBKU
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C.

D.

(dbopMyBaHHS [OJIS1 TEMIIEPATYPHUX HAIPYy>KEHb

HarpiBaHHs OBEPXHI 3aTOTOBKH.

Orpouiveniorsazomians
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12. Slkuii eTam TEIIOBOTO IMPOLIECY, IO peai3yeThes i 4ac OMPOMIHEHHS 3aTOTOBKH, TPOIYIIECHE

Ha cxemi?

o 0w

13. Sxunii
Ha cxemi?

A.

Otpovisensn szz0miany

Tovkais e Pazsbsasn euepei q [ i v Ao
wap ey ot doewms | 1 wosseowamers | 1 v vomspo s somins

T

opuyoans menoosagn Guepena Hagpisauss posspyi aaomiy
auacnidok menonpoadHoCT A (i

Dopwyeanms oo
Dopuysaiis nssawosn o Brepena Hazpisasn vammepiany azeomiow
‘ o o o S e ENSIMIHUK HE TBFHER b
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TIras0E WA WaDEpBny § Ve
isomepas ppaacein

Oxonoive s wamepiany
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HarpiBaHHS MOBEPXHI 3aTOTOBKU
(dbopMyBaHHS OIS TEMITEPATyPHHUX HATPYKEHb
MOTJIMHAHHS €HepTii BUIIPOMIHIOBAaHHS MIOBEPXHEIO 3aTOTOBKU

BUIIAPOBYBaHHs MaTepially 3arOTOBKHU.

€TaIl TCIJIOBOI'O IIPOIIECY, 10 peani3y€TLc;1 Hil[ qac OHpOMiHeHHH 3aroTOBKH, ITPOITYHICHE

BUIIapOBYBaHHs MaTepially 3arOTOBKU
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B. HarpiBaHHs OBEpXHi 3arOTOBKU
C. morMHaHHA €Heprii BUIIPOMIHIOBAHHS [TOBEPXHEIO 3arOTOBKHU

D. ¢opmyBaHHs NS TeMIepaTypHUX HaNpy>KEHb.

14. SIkuil piBeHb IHTEHCHBHOCTI JIa3€PHOTO IPOMEHs Ha TOBEPXHI 3aroTOBKH JIOCTATHIN Ui
pYHHYBaHHS 3arOTOBKH 13 MeTay?

A. I, ~ 10° Br/em®
B. I, ~ 10* Br/em®
C. I,~ 100 Br/cm®
D. I,> 10°Br/cm™.
15. SIKi TexXHIYHI Ta CHUTYaTWBHI JIaHHI TIOBMHHI BPaxXxOBYBaTHCS TEXHOJOTOM IPH IMPOEKTYBaHHI

TEXHOJIOTIYHO] oreparlii 1a3epHoi po3MipHOi 00poOKH?

A. texniuHe 3aBmaHHs (T3) Ha omeparito (XapaKTepUCTUKU 0OpOOIIIOBAILHOTO €JIEMEHTY Ta
BHMOTH JI0 HOTO SIKOCTI)

B. pi3HOMaHITHI BIaCTUBOCTI Marepiaily 3aroTOBKH (MEXaHi4YHi, TeTI0(i3udHi Ta XiMidHi)

C. po3MipHI XapaKTepUCTUKH 3aroTOBKH, ii 00’eMHa ¢opMa Ta SKICTh CTaHy IOBEPXHI, JI¢
Oyne oOpoOIIOBaTUCS €JIEMEHT

D. T3, npupoaHi BIaCTUBOCTI 3aroTOBKH Ta i1 Marepiaiy.
16. SIKuM mIpencTaBIsAeThCS NEPIINA eTall IPOIEIYPH MPOEKTYBaHHS TEXHOJIIOTIYHO1 Orepartii?

A. BUKOHATH EKCIEPHMEHTAJbHI CIPOOM BHIOTOBUTH 3aJaHUI €NEMEHT 3aroTOBKH 3a
pI3HUMH MeTO1aMU 00pOOKH

B. BHKOHaTH MOIIyK MPUKJIAiB BUKOHAHHS IMOAIOHUX OTIEpaIlii 3a JIITepaTypHUMH JTaHUMHU

C. mpuiiHATH pilleHHS BUKOHAHHS OIepalii Ha TOMy OOJaJHaHHI, K€ € B HAsSBHOCTI Ha
BUPOOHMIITBI

D. mpoaHai3yBaTy TEXHIYHI Ta €KOHOMIYHI MOKa3HUKH KOHKYPEHTHHX METOJIiB 0OpOOKH.

17. Jxuii eTan NpOEKTYBAHHSA TEXHOJOTIYHOI onepaii He € 000B’A3KOBUM, a 3aCTOCOBY€ETHCS JIUILIE B
€KCTPAOpAMHAPHUX BUMAIKAX?
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A. mepuuit — BuOip MeToay 0OpoOKH eleMEeHTY 3a/laHuX napaMeTpiB y oOpaHiif 3aroToBIli
B. moctuit — oOpaHHs METO/IIB HAJIAILITYBaHHS Ja3€PHOI TEXHOJIOTIYHOI YCTaHOBKHU
C. BOCBMMIA — OIlIHKa €KOHOMIYHO1 €()eKTUBHOCTI po3p00IIeHOT TEXHOIOT1UHOT onepaii

D. chomuii — po3poOka 101aTKOBUX 3aCO0IB Ta METOIB BJOCKOHAJICHHS MPOIECY OOPOOKH.

18. Jlo siKOi KIJBKOCTI TEXHOJIOTIYHMX cXeM (OpMYBaHHS €JIEMEHTIB PO3MIpHOI (Ipenu3iifHoi)
00poOKHM MOKHA 3BECTH yC1 CXEMHU, 110 3aCTOCOBYIOTHCS Y TIPAKTHII?
A. 10 0€e3KIHEYHOT KIJIBKOCTI
B. JI0 OHIET
C. IO IBOX
D. IO TPBOX.
19. 3a SKMMM UUISXaMH “TOTYIOTR” JIa3ePHUN MPOMIHE A BUKOHAHHS HHUM (DYHKIIi 3arOTOBKH

00pOOIIAFOYOTrO THCTPYMEHTA TEXHOJIOTIYHOT oreparii?
A. 3MIHCHHSM KOMITOHOBKH JIa3¢pHOI TEXHOJIOTIYHOI YCTAHOBKH 1 TEXHOJIOTTYHOTO MOMYJIS

B. 3acrocyBaHHSIM 30BHIIIHBOI ONTHYHOI CHUCTEMH JJIsl HAaJaHHA MPOMEHIO IMOTPIOHHX
BIIACTUBOCTEU

C. oOpaHHSM BIANOBITHOTO TUIY Jia3epa 3 HAOMMKEHUMH 10 MOTpPeOd XapakTepUCTUKaMHU
POMEHS

D. nanamtyBaHHSIM pe3oHaTopa Jiazepa (MOro MOBKHHHU Ta BUIAOM J3€pKai) IJIsl HaJlaHHS
MIPOMEHIO MPOCTOPOBUX (PO3MIPHHUX Ta KYTOBHMX) XapaKTEPUCTHUK, MOTPIOHUX IJIs HOTO
[IEPETBOPEHHS B pOOOYUI IHCTPYMEHT.

20. B sxux Bumagkax BUKOPUCTOBYETHCSI 00pOOKa MOPOKHUH B OIVDKHIN 30H1”?7
A. nyg 00poOKH MOPOKHUH CKJIAIHOTO MONEPEKY Ta BEIUKOI NIMOUHU
B. mis hopmyBaHHS TOUHHX 3a pO3MipaMH, ajie MPOCTHX 3a POPMOIO IMONEPEKY MOPOKHHH
C. s hopMyBaHHS MOPOKHHUH IMITIHAPUIHOT popMu

D. B pa3i morpebi BUTOTOBJICHHS HENIMOOKHMX TIOPOKHMH TOYHHUX 3a PO3MIpaMH Ta
MPABWJIBHUX 32 TIOMEPEKOM IMPOCTHX TOPOXHHWH (OTBOPIB) Ta CKIATHUX 32 (OPMOIO
(IpSIMOKYTHI OTBOPH Ta HEKPYTI0i popmu).

21. 3a KO0 TEXHOJIOTIYHOI0 CXEMOIO PealTi3y€eThCsl 00poOKa ‘B OmimKHIN 30HI™?
A. 3a CBOEIO CXEMOIO
B. 3a cxemMo10 KOHTYpHOTO BHpi3aHHS NMPOdiIo MOPOXKHUHE (cxema 2)
C. 3a koMOIHOBaHOO cxeMoto (cxema 3)
D. 3a cxemoro 1 3 mpodiroBaHHSIM MONIEPEKY MPOMEHS Ha PiBHI MOBEPXHi 3aTOTOBKH.

22. ki OCHOBHI TEXHOJIOTIYHI 3aBJaHHS BUPIIIYIOTHCS y aKTHBHIN MPOEKIIHHIN cxemi 0OpoOKHu y
“OnmKHIM 30H1”?

A. CKOPOUYYETHCA HIJIAX IIPOMEHS 10 3arOTOBKH

B. cTBOpIOETHCS MOXKIUBICTH ONEPATUBHOTO 3MiHEHHS MPOQUII0 MOPOXKHHUHHU, SIKY Tpeda
00pobsaTH

C. € MOXIHBICTH 3MEHIIYBATH KYT PO3XOKEHHS JIA3€PHOTO IMPOMEHS BUKIIOYCHHSIM
IudpakIifHuX SIBUIT HA BUX1THOMY J3€pKajli pe3oHaropa

D. 3MeHIIyIOTBCS BHUTpaTH C€HEPTrii HaKadyyBaHHS AaKTHBHOTO CEPEIOBHINA BHACIIIOK
npodiTIOBaHHS TIOMEPEKy IMPOMEHS B PE30HATOpl 1 BIACYTHOCTI OOpi3aHHS 3ailBUX
YACTHH TIOTIEPEKY.
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23. SIkuMH 1IIIXaMU MOYKHA 30UIBIIMTH PO3MIPU TONEPEKY KPYyIJIoro OTBOPY, SKUH MOxke OyTH
o0po0ieHunit Ha cepiiiHil (3BUYAliHIN) 1a3epHild yCTaHOBII?

A. 30LIbIICHHSIM IOIICPCKY 30HU OHpOMiHeHHH OIITUYHHUMHU METOJaMU

B. TpemnaHarii€ero B3J0BX KOHTYpPY MOPOXHHHH TICPETBOPEHHSM IPOMEHS Y ITyCTOTUIAN
1HCTpyMeHT (6€3 BiTHOCHOTO MePEMIIIeHHS OCTaHHBOTO Ta 3aTOTOBKH )

C. ckaHyBaHHSIM TIPOMEHSI B3JIOBX KOHTYpYy IOpPOXXHUHHM ULUIIXOM IPOrPaMHOTO
MEePEMIIIEHHS CTOJTY 13 3arOTOBKOIO 200 ONTHYHOI CUCTEMHU

D. BHKOpHCTaHHSM TMPHCTPOIB JIOJATKOBOTO TIEPEMIIIEHHS MPOMEHS B3IOBXK KOHTYpPY
OTBOpY (CKaHyBaJIbHI CUCTEMH).

24. SIKuM YHMHOM 3aJIe)KMTh_ MOB3IOBXKHIA 1Podiib HEHACKPiI3HOI MOPOXHHUHU (OTBOPY) Bif
BIZTHOCHOTO TOJIOKEHHSI KayCTHKH ITPOMEHSI Ta 3aTOTOBKHU?
A. npodiib 0TBOPY KOTIiI0€ TPO]isIb KayCTUKHA TIPOMEHS
B. npodiib 0TBOPY HE 3aJIEKUTh BiJ| MOJOKEHHS KayCTUKU Ta 3aTOTOBKH B B3JJOBX OC1 IIPOMEHS
C. npod e ipuiiMae GopMy MPSMOTO KOHYCY TIPH 3arTMOJICHH] IIPOMEHS B TiJI0 3aTOTOBKH Ta

3BOPOTHIN IpU PO3TAllyBaHHI i1 MOBEPXHI 32 MEPETSKKOIO KAyCTUKH ITPOMEHS

D. podisIb 0TBOPY, MOYMHAIOYH 3 JTAJICKUX 3MIIIEHb TIOBEPXHI 3aTOTOBKH 3 PIBHS MEPETSIKKU B
00U/Bl CTOPOHU, Ma€ MpsIMY KOHIUHY (opMy, sIKa MepeXOoaUuTh B MIIIHAPUYHY TP MPUOIKEHH]
MIOBEPXHI /IO TMEPETSIKKH, aje HAaHTIIMOIIe yTBOPIOIOTHCS OTBOPH MU JIesskoMy ii 3armmuOnenHi (Ha 2 — 3%
BiZl GOKYCHOT BifICTaHi JiH3U) Npu HOPMYBaHHI Y I[bOMY.

25. 3a IKUM METOIOM 00pOOKH JTOCATAETHCS ITIHIAPHIHUN TPOodiiah OTBOPY (TOPOKHUHH)?
A. B pa3i 00pOOKH TOHKHX 3arO0TOBOK (DOKYCHY BiZICTaHb 30UIBIIYIOTH 0 (GOPMYBaHHS Y KayCTUKU
MOABIMHOI TOBKHUHU Pejies O1abI0l, HIXK TOBIIMHA 3arOTOBKU
B. JOOIPAIIOBAHHSAM OTBOPY IIUISIXOM HOTO KaixiOpyBaHHS ITyaHCOHAMU
C. 1wTi(hyBaHHSIM IMOPOKHIHU BUTBHUM aOpa3uBOM JIJIsl SMEHIICHHS Pi3HMIII MK BXOJIOM B OTBIp Ta

BHUXOAOM 3 HBOI'O

D. 3aCTOCYBAHHSIM CXEMH ONPOMIHEHHS KayCTHKOIO HWITIHIPUYIHOI (POPMH, PO3TAIIOBYIOUN
doxycyrouy NiH3y Ha HUIAXy IpoMeHs Ha BijcTtaHi 1 = D/0 Bix BunpomMiHioBaya.

26. SIkuii METO/ BHM3HAUYEHHS PEXHUMY Ja3epHOi po3MipHOi 00poOku Bamu BBaxaroThbCs KpaliuMu
(TOYHIIIMMH B pe3yibTaTax, JICTITUMHU Ta ONCTPIIIMMHU B peatizartii)?

A. aHAJITHYHUH 3 BUKOPUCTAHHAM (Di3UWIHUX 3aJIS)KHOCTEH pe3yabTraTiB 0OpoOKH Bifl HAOOPY piBHIB
napameTpiB 00poOKu

B. eKCTIEpUMEHTAIBHUN, B IKOMY BHKOPUCTOBYIOTHCS TaOMu4HI 200 rpadivHi 3a1e:KHOCTI
pe3ynbTaTiB 00pOOKH BiJl PiBHIB MapaMeTpiB 0OPOOKH

C. KOMOIHOBaHHMIA, 32 SIKUM KOPUCTYIOTHCS METOIOM b. /17151 BUSHAYEHHS pexXuMy 0OpOOKH OIM3HKOTO
JI0 33JJaHOTO €JIEMEHTY 3a Oro po3MipHUMH 1 IHIIUMH MOKa3HUKAMHU Ta YTOUHEHHS LIbOTO PEXHUMY 10
KOHKpeTHuX BUMOr T3 3a MeToI0M a

D. eKCIIEpUMEHTAIbHUN METO]] 3 MaTEMaTUYHUM MOJIEJTFOBAaHHM IMIPOLIECY 33 30BHILIHIMU
NPOSIBICHHSIMU HOTO Tedii [y moOyJOBU SIBHUX MOZENEH I KOXKHOTO MOKa3HUKA OTeparrii.

27. Axmii 3aranpbHO BiIoMUK (bI3MYHHA _3aKOH(M) BHUKOPHUCTOBYIOTh MaiKe BCi PO3POOHUKH
aHAJITHYHUX TPOTHO3HHUX MOJIEel 00pOOKH JTa3epHUM MPOMEHEM PO3MIPHHUX €JIEMEHTIB B 3aTOTOBIII?

A. (heHOMEHOJIOTIYHY MOJIE) b YTBOPEHHS OTBOPY MPOMEHEM 3 KayCTUKOK KOHIYHOTO MPOQiTi0
B. 3aKOH BCECBITHBHOTO TSXKIHHS

C. 3aKOHOMIPHOCTI TETUIONPOBITHOCTI TBEPUX T
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D. 3axoH 30epexeHHs eHeprii.

28. 3a paxyHOK SKUX IIOCTYIIOK Ta 3YCHJb BiJ JIa3epHUX TexHoJoriB BueHoMy Steffen’y B 1979 p
B/AJIOCS PO3POOUTH J1it04y A0 CUX Iip METOJUKY MPOEKTYBAHHS PEXHUMIB JIa3€pHOT PO3MIpHOi 0OpoOKH
MeTaniB?

A. CIPOLIEHHSM TEIJIOBOT MOJIEN1 pyHHYBaHHS METaliB HAAKPUTUYHUMU PIBHAMH IHTEHCUBHOCTI B
30H1 ONIPOMIHEHHS

B. ypaxyBaHHSM piBHS NOIIMHAHHS €HEeprii BUIIPOMIHIOBAaHHS MOBEPXHEIO 3arOTOBKU
C. YMOBHOIO HE3MIHHICTIO TEIUIO(I3NIHUX XapaKTEPUCTUK METAIIIB BiJl TEMIIEpaTypH
D. BUKOHAHHSM YMOBH cTabi1i3allli 4acoBOro pexuMy Iojiadi eHeprii MpoMeHs B 30Hy 00pOOKH.

29. 3a gkuM anroputMoM (TIOPSIKOM) BiOYyBA€THCS MPOEKTYBAaHHS PEXHUMIB Jla3epHOI 00poOKH 3a
Steffen’om?

A. BU3HAYAIOTHCS PIBHI MapaMeTpiB JJA3€PHOTO ONPOMIHEHHS Y HACTYITHOMY TTOPSIIIKY:
IHTEHCHUBHICTB B 30H1 onpomineHns I,; immynbcna enepris E; TpuBanicTs iMIynsCy T; AlaMeTp NPOMEHs
Ha MOBEPXHi 3aroToBKH dy; KyT po30ikHOCTI mpomenst 0; GpokycHa BiicTaHb ONTHYHOTO TIEPETBOPIOIOYOTO
enementy F; 30inbiienns Teneckony [anines I, Ta Bennuuna A iioro posnany

B. iMmyniecHa eHepris E; TpuBaiticTs iMITysIbCy T; IiaMeTp IpOMEHs Ha TIOBEPXHi 3ar0TOBKH dy; KyT
PO301KHOCTI MPOMEHS 0; IHTEHCHBHICTb B 30HI ONIPOMiHEHHs I; TpUBaIiCTh IMIYIIbCY T; AlaMETP
IIPOMEHS Ha MOBEPXHi 3aroToBKHU dy; KyT po301KHOCTI pomens 0; (hoKycHa BiICTaHb ONTUYHOTO
nepeTBopiotouoro exementy F; 30inbmenns teneckony [amines I, Ta Benmuuuna A ioro posnamy

C. IiaMeTp MPOMEHs Ha MOBEPXHi 3aroToBKH dy; KyT po30iKHOCTI mpomeHst 0; iHTeHCUBHICTH B 30H1
onpominenHs I,; iMnynscHa enepria E; TpuBanicTs iMIynbCy T; AlaMeTp NPOMEHs Ha IIOBEPXHI
3aroToBKHU dy; KyT po30iKHOCTI mpomens 0; hokycHa BiicTaHb ONTHYHOTO MEPETBOPIOIOYOrO eaeMeHTy F;
30inbmIeHHs Teneckony ["amines I, Ta BenumunHa A Horo posnany

D. TPUBAJIICTh IMITYJIbCY T; IHTEHCUBHICTb B 30H1 onpoMiHeHHs L,; iMnynscHa enepria E; niamerp
MIPOMEHS Ha MOBEPXH1 3aroTOBKH dy; KyT po301>KHOCTI poMeHst 0; poKycHa BiICTaHb ONTHYHOTO
nepeTBoprotouoro enementy F; 36inbmenns teneckony [anines I, Ta Benmuuna A fioro posnamy.

30. Sxum uymHoM B pimeHHsx Steffen’a 3amay mpoekTyBaHHS PEKUMIB OOPOOKM BpPaXOBYETHCS
TEIUIONPOBIJIHICTE _METAJICBUX 3arOTOBOK Ta HEWUTpaNi3yeThCs ii BIUIMB Ha MOB3JOBXKHIO (QopMy
00pobieHoro oTBOPY?

A. 1i BIUIUBOM HEXTYIOTh

B. 30U1b11yIOTH IHTEHCHUBHICTH B 30H1 OIIPOMIHEHHS

C. BHUKOPHCTOBYIOTH 0arato imMITyJabCHY 0OpoOKy OTBOPIB (ITOPOKHHUH)
D. cKOpoYeHHSM TPUBATICTIO OPOMiHEHHS.

31. YoMy Juisi TPOEKTYBaHHS CKJIATHUX TEXHOJOTIYHUX OIepalliii, He3BaKal4dl Ha BIAIICTh
METOIMKK TpoekTyBaHHs Steffen’a, NpPONOHYETbCS BHUKOPUCTAHHA EKCIEPUMEHTAIBLHOTO METOMY
MIPOEKTyBaHHS?

A. HEJIOCTATHS TOYHICTh MPOEKTYBAHHSI B 3B S3KY 3 JACSIKHMH CIPOIIECHHIMH MPOIIECY pyWHYBaHHS
Marepiaay 3aroTOBKU
B. HEMOJXKJIMBICTh TIPOCKTYBaHHS PEXKUMIB 0OPOOKH 3arOTOBOK 13 HEMETAJIIB
C. nesiki ymMmoBH (DyHKILiOBaHHS MeToquku Steffen’a, mpuitHsTi TeXHOIOraMu 3 J1a3epHOi 00pOOKH, Y

MIPaKTHIII arapaTHO BaKKO a00 HE pealli3yeMUMi 30BCIiM

D. B meromuni Steffen’a BpaxoBylOTbCS JIMIIE PO3MIpHI MOKA3HUKH OOPOOIIOBATBHUX
€JIEMEHTIB, TOKA3HUKH SKOCTI Ta TEXHIKO-€KOHOMIYHI HE TIPUIHSATI 10 yBaru.

32. UM OPUHIMIIOBO BIIPI3HSAIOTECS METOAM KIACHYHOTO (0JHO (haKTOPHOTO) EKCIEPUMEHTY Ta
1oBHO ¢aktopHoro ekcriepuMentyBanus (I1DE)?
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A. NEPIINMI — KIIACUYHUIN €KCIIEPUMEHT — HE MA€ MIPAKTUYHOTO AJITOPUTMY JJIsl JOCATHEHHS
BHUCYHYTOI ITI€pel HUM METH

B. NEepUINA — TPU MOJIENIIOBAaHHI B 0arato KOOpJMHATHOMY ITPOCTOP1 MAa€ HECKIHUEHY TPUBAIICTh

C. B PE3yJIbTaTi BAKOHAHHS MOJICTIOBAHHSA 32 KJIACHYHOIO METOUKOIO0 OTPUMYETHCS Oarara KilbKicTh
OZHO (aKTOPHUX MoJieNneil, Kl Mpu 00’ €THaHHI iX B MOJIeJIb MPOLIECY, BTPAYaOTh 3p0O3yMUIICTh Ta AKICTh

D. KOYKHUH eTart AocipKeHb 32 MeToANKoIo [IOF KOHTpot0eThes CTaTUCTUYHUMH METOJIaMH, TOMY
(eiikoBi 1aHHI OJIOKYIOTHCS Ta QITOPUTM BUIPABISETHCS, TOOTO TYIMKOBI CUTYAIlil BUKJIIOUEH1

33. Yomy eKclepuMEHTaJIbHE JOCIIKEHHS CKIAJAHUX IIPOLECiB, $KI ONUCYIOThCS OaraTrbma
noka3Hukamu, B [IOE BUKOHYIOTHCS B [Ba eTalny: NepeArIaHyBaHHs JOCTIKEHb Ta IX BUKOHAHHSA?

A. 1o 6 monepeaHpo (TIPUOIM3HO) BUSIBUTH MOKIIMBOCTI METOIUKH
B. nans oTpuMaHHS YaCTKHU CKJIaJI0BUX 3araibHoi (popmu Moeni mpoiecy o0poOKu
C. nns nepeBipku nepeayMoB Aiisi BukoHaHHs [IOE

D. s noGynoBu 3a CIIPOIIEHUMH IJIaHAMU PAHTOBHX JliarpaMm I0 BIUTUBY (pakTOPiB, SKUMHU
KEPYIOTh MPOIECOM, Ha OTO BHXiIHI MOKa3HUKH.

34. Axmo romoBHoro Bumorow a0 [IDE e 6e3ymMoBHA ydacTh ycix (akToOpiB B €KCHEPUMEHTI, IO
po6uTE oro Ge3kineunnm 3a TpuaiicTio (N = n*) Tomy, o KinbkicTs dakropis k 3a3Buuait
nepesutrye 20, TO SIKUM LUIIXOM 1151 Tipo0JieMa HeHTpasi3yeTbest?

A. BUKOPHUCTOBYIOTh MeTouKy [IDE B mpocTux 3amayax (oqHO- a00 ABOX- (paKTOpHI JiHIKHHI 3a/1a41)
B. HUIIXOM 00’ € THAHHS IEKIIbKOX eleMEeHTapHUX (aKTOPiB y CKIIAJHI Ta BapilOBaHHSAM OCTaHHIX
C. 3HEBAror0 YNHHUKIB, SKi Ha JYMKY JOCIITHHUKIB, CJIa00 BILTMBAIOTH HA MPOIIEC, i 0OMEKECHHS

(bakTOpHOTO MPOCTOPY TUMH, SIK1 JIETKO BapPIIOIOTHCS

D. BUKOHAHHSM [TOCTABJICHOT YMOBH MOXJINBE OOMEKEHHS KIJIbKOCTI KEpOBaHUX YMHHUKIB 1
¢ikcarii yCiX IHIIMX Ha MOCTIHHUX HA Yac €KCTIEPUMEHTY PiBHSIX, 00 HEUTpaJi3yBaTH iX HEOUiKyBaHUI
BILJIMB Ha MPOLIEC.

35. [o Bimpi3Hs€ eKCIepUMEHTANbHI IIaHU BPOJCHKOTO 3a iX MOXKIMBOCTSIMH, YHIBEPCAIBHICTIO Ta
JIETKICTIO TUTAHYBaHHS 32 HUMH, TOOTO OpraHi3allii eKCIIepuMeHTy?
A. MO>XKJIUBICTIO OyTH 3aCTOCOBAaHUMMU JUIsI JIOCI1HKEHHS TIPOIECIB JIFOOOT CKIIaTHOCTI
B. JIETKICTIO (POpMYBaTH TUIAHH B MaTepiaabHOMY (3 PO3MIPHUM CKJIAJIOM PiBHIB (haKTOPIB) BUTTISAII
C. CHpOIIIeHa MPOLeAYypa CTATUCTUYHOTO aHAI3y eKCIIEPUMEHTATBHUX JaHUX
D. MOKJIMBICTh CKJIAJIATH IIJIaHH 13 (PAaKTOPIB PI3HOTO CTYIEHS BIUIMBY Ha MOKA3HUKH MPOIIECY

JIOITyCKal0YM HECUMETPHUHI IHTEpPBaJM 1X BapitOBaHHS.

36. SIka iHdopmartist mpo mporec, SKUK Oyne JOCHIIHKyBaTUCs, BUKOPUCTOBYETHCS TPH CKIIATaHHI
IUIaHy eKCIIEPUMEHTY, B TOMY YHMCII MPU BU3HAYEHHI HOTO PO3AUIBbHINA 34aTHOCTI Ta KIIBKOCTI (haKTOpiB,
SIKUMH BIH KepyeTbcs?

A. pe3yJbTaTu monepeaHix ab0 BUKOHAHUX EKCTIEPUMEHTIB 32 KIIACHYHOI0 METOIUKOIO
B. PO3paxyHKH MTPOTHO3HUX JaHUX 33 aHAJTITHYHUMH MOJIEIISIMU, SIKi OIIHCYIOTh JI0CIIIKY€E€MUIA
npoiiec
C. BUIIA/IKOBUM OOpaHHAM piBHIB (DaKTOPIB Ta iX KUIBKOCTI
D. JlaHl PaHTOBUX JiarpaM JJisi IOKa3HUKIB oreparii, 3aanux B T3 Ha OCTaHHIO.
37. B sixomy mopsiiky posraioBaHi (akTopu, SIKHMH KepyIOTh MpOIecoM 0OpoOKH, 3a BIUIMBOM Ha

niameTp otBopy d?

o, Marep, F, D,, 1, E, AF

F, 3, AF, 1, D,, Matep, E

F, AF, D,, Marep, d, E, t

E, AF, F, 6, Marep, D, 7.
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38. B sxoMmy HopsziKy posraiioBaHi (GpakTopu, SIKUMHU KepylOTh MpoLecoM oOpoOKH, 3a BIUIMBOM Ha
IMOMHY JIyHKHU (HEHacKpi3Horo otopy) h?

A. F, E, N, AF, Marep, D, ©

B. E, N, AF, F, Marep, D, ©

C. AF, F, N, E, Marep, D, ©
D. F, AF, E, Marep, D, 7.

39. B sikomy mopsiiky posraioBaHi (akTopH, SKHMH KepYIOThb MPOIECOM 0OpOOKH, 3a BIUIMBOM Ha
MOB3IOBXKHIO ()OPMY JIyHKH, HANPHUKIIAJ], KoHyconoaioHicTio k?

A. AF,D,, 0,E,F
B. F,0,AF,D, E
C. AF,E,F,D,, 0
D. F, AF, 0, E, D,.

40. 3a SKMM MOPSJIKOM MOBHMHHA BHKOHYBAaTHCS IPOILEAypa BH3HAYCHHS ONTHUMAIBHUX PEKHMIB
TEXHOJIOT1UHOI omeparlii ja3epHoi 0OpoOKM OTBOPIB B pa3i HEOOXITHOCTI 3a0e3MEYUTH 3aJaHH PIBEHBb
JIMIIIE OJIHOTO iX TOKa3HMKA (QIHOKPUTEpiabHa 33/1a4a) eKCIIEPUMHTAIBHIUM MeTozoM Ha 6a3i [IDE?

A. MOCTYJTFOBaHHSI BUAY MOJIENi, 0OMEXYIOUH KiJTbKICTh B3aEMOJIIH 3M0POBUM TITy3/I0M; TIEpEeBipKa
aHAJITHYHUM 200 EKCTIEPUMEHTATBHUM IIIJISIXOM TapaHTii0 CTBOPEHHS OTBOPY 3aIJIAaHOBAHOTO BULY
(OTBOpPY YM JIYHKH) Y HAHOUIBIII KPUTUYHUX €KCIIEPUMEHTAIBHUX TOYKAX; peasizallis eKCIIepUMEHTY 3
BUKOHAHHSIM IIE€PEBIPOK BiMOBIIHUX NEPEAYMOB Ta CTATUCTUYHOIO OOPOOKOIO OTPHUMAaHUX (haKTUIHUX
JaHWX; 13 oTpuMaHoi MareMatudHoi mozeni Buay Y = f (X, X,...X,) BU3HAUalOTh CIIOJTYYEHHS PiBHIB
(axTopiB, sike HEOOXiHE I JOCATHEHHS TTOKAa3HUKA 33JaHOTO PiBHS, TOOTO NMpHpiBHIOWYH Y = Y,
TUM YU 1HITUM METOJOM

B. (hopMyBaHHs KOOPAMHAT Ta MEX 1X 3MIHIOBaHHS B €KCIIEpUMEHTI Ha 0a3i aHai3y PaHTOBOI
Jiarpamu Jijisl TIOKa3HUKa, SKUM BCTaHOBICHO Y T3; BCTaHOBICHHS PO3IUTBHOT 3AaTHOCTI MO ISt
o0paHuX Kepyrouux (akTopiB; MOCTYIIOBAHHS BUIY MOJIEN1, OOMEXYIOUH KIJIbKICTh B3a€MO/Iii 3T0POBUM
[JTY3]I0M; TIepEeBipKa aHATITHYHUM 200 EKCIIEPUMEHTAILHUM IIJITXOM TapaHTii0 CTBOPEHHS OTBOPY
3aIJIaHOBAHOTO BHUY (OTBOPY YM JYHKH) Ta PO3MIPY Y JESKUX €KCIIEPUMEHTAIBHUX TOUKAX

C. MOCTYJTIOBaHHS BUAY MOJIENi, OOpaHHs IJIaHy eKCIIEPUMEHTY Ta HOro peasizalis 3 BAKOHAHHAM
MEPEeBIPOK BiIMOBIAHUX TIEPEAYMOB Ta CTATUCTHYHOIO OOPOOKOI0 OTpUMaHUX (DAKTHYHUX JaHUX; 13
oTpuMaHoi MaTemMatu4Hoi mozeni Buny Y = f (X, X,...X,) BU3Ha4al0Th CIIONy4YeHHS PiBHIB (haKTOPiB, K
HEOOXi/THe JIJIsl TOCSITHEHHS TTOKAa3HHUKA 33JJaHOTO PiBHS, TOOTO MpupiBHIOYH Y = Y ,,,, THM YH IHIIUM
METOJIOM

D. (opMyBaHHs KOOPIMHAT Ta MEX iX 3MIHIOBaHHS B €KCIIEPUMEHTI Ha 0a3i aHaJli3y paHroBO1
JiarpaMu Jijisl TOKa3HHKA, sSIKUid BCTaHOBIIEHO Y T3; BCTaHOBIIGHHS PO3AUTHHOL 31aTHOCTI MOJIET JJIst
00paHuX Kepyrouux (akTopiB; MOCTYIIOBAHHS BUy MOJIeli, 0OOMEXYIOUH KiJIbKICTh B3a€EMOJIIH 3710pOBUM
[UTy3/10M; NepeBipKa aHATITUYHUM 200 €KCIIEPUMEHTAIBHUM IIIJIIXOM TapaHTii0 CTBOPEHHS OTBOPY
3aIJIaHOBAHOTO BUAY (OTBOPY UM JIYHKH) Y HalO11bII KPUTUYHUX EKCIIEPUMEHTAIIBHUX TOUKaX; OOpaHHs
IUTaHY €eKCIIEpUMEHTY Ta Horo peanizailis 3 BAKOHAaHHSM MEePEeBIPOK BIANOBIIHUX MEPEIYMOB Ta
CTaTUCTUYHOIO 00POOKOIO OTpUMaHMX (PaKTUYHMX JIAaHUX; 13 OTpUMaHOi MaTeMaTnyHoi Mmozeni Bugy Y = f
(X, X,...X,)) BU3HAUAIOTh CTIOJIYyUYEHHS PIBHIB ()aKTOPIB, IKE HEOOX1HE ISl JOCATHEHHS MTOKA3HUKA
3aJJaHOTO PiBH:, TOOTO NPUPiBHIOWYH Y =Y ,,,, TUM YH 1HIIUM METOJOM.

41. 3a gKMM HOpPSJIKOM MOBMHHA BUKOHYBaTHCS NPOLEAYpa BU3HAYCHHS ONTHUMAJIbHHUX PEXKHUMIB
TEXHOJIOTIYHOT ormeparlii JJa3epHoi 00poOKHU OTBOPIB B pa3l HEOOXITHOCTI 3a0€3MEYNTH 3alaHUil PIBEHb
JIeKIIBbKOX X MOKa3HUKIB (OaraTokpuTepiaibHa 3a/1a4a) eKCIepUMEHTaIbHIM MeToioM Ha 0a3i [IDE?

A. 00'eTHAaHHS OKPEMUX MMOKa3HUKIB B €JMHUN TTOKAa3HUK, BU3HAYCHHS KOMIUIEKCY (haKTOPiB, SAKi
BILJIMBOBIII JJIsI KOKHOTO 3 HUX Ta peaii3alis eKCIepUMEHTY 3 BU3HAUYEHHSIM 3aJI€KHOCTI 3arajIbHOTO
MOKa3HMKA BiJ] 00paHOro nepemiky (Gakropis, SKUMU KEPYIOTh IIPOLIECOM 00pOOKH; 3 0fepKaHOT TAKUM
YHUHOM MOJIeJIi IPOLeCy METOJaMH aHAJIITUYHOI T€OMETpli BU3HAYAIOTh NMOTPi10H1 PiBHI KEPYIOUUX
dbaxTopiB
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B. MOJIEJTIOBAHHSI ITPOLeCy 0OpOOKH BITHOCHO MMOKa3HUKIB, BEIMUMHA SKUX oOMexkeHa T3 Ha
OTIepaliio 3a aJITOPUTMOM MOJIETIOBAaHHS OHOKPUTEPIAIbHOI 3a/1a4l 3 00OpaHHSAM B SIKOCT1 KEPYIOUUX
(axTOpiB TUX 3 BIANOBITHUX PAHTOBHX Jiarpam, siKi HalBIUIMBOBIILI JJISi KOKHOTO 3 HOPMOBaHHUX
MMOKa3HUKIB; BUKOPUCTOBYIOUU KOXKHY MOJIETTh OKPEMO, BU3HAYAIOTh HAOOPH KEPYIoUuX (PakTopiB st
KO)KHOTO 3 NMOKAa3HMKIB 3 HACTYITHUM 00’ €IHAaHHIM OKPEMUX I'PYIl PEXKHUMIB B OJTUH, KOPUTYIOUH X
MPOTHJICKHI BIUTMBU HA TTOKA3HUKH SKUMOCH YHHOM

C. JUIL HOPMOBaHMX MOKa3HUKIB OTBOPiB B T3 Ha omnepailito oOMparoTh CBiil HUISIX AOCATHEHHS 1l
3aJJaHOr0 PiBHS, B TOMY YHCJI IHITUMH METO1aMU 00poOKH abo ToonpaltoBaHHs 00poOIEeHUX OTBOPIB,
TOOTO pO30MBarOUM OTMEPAIIiIO HA JEKUTbKA CKIaJI0BUX

D. MOJICTTIOBaHHS TIpoliecy 0OpoOKH BiTHOCHO TIOKa3HUKIB, BeTUYMHA KX oOMexkeHa T3 Ha
OTIepallio 3a AITOPUTMOM MOETIOBAaHHS OTHOKPUTEPIaNbHOI 3a/1aui 3 00paHHSIM B SKOCTI KEPYIOUUX
¢dakTopiB TUX 3 BIANOBIIHUX PAHTOBHX JAlarpam, ki HAMBIUIMBOBIIII 1711 KO)KHOTO 3 HOPMOBAaHUX
MOKA3HMKIB; OfIep’KaHi TAKMM YMHOM MOJIeIi Ipoliecy 00’ €IHYIOThCS B €JUHY MaTeMaTHUYHy MOJEIb 32
00paHOI0 METOIMKOIO ONTUMI3AIli] (HAMpUKIIaI, 3 y3arajabHeHO (QyHKIIE€ 0akaHOCTI, a00 uepes
mrpadHi QyHKIIii, a00 3 BUKOPUCTAHHIM MHOXHHMKIB Jlarpanska); MeToaMu aHaJIITUYHOI TeOMeTpii 3
€IMHOT MOZIeJIl IPOLECY BU3HAYAIOTh MOTPIOHI PiBHI KEPYIOUUX (PaKTOPIB.

42. [Ilo MaeThcs Ha yBa3i B MOHATTI SKICTh 0OPOOJIEHOTO OTBOPY MicHs Ja3epHOi 00poOKu?

A.

B. 30BHINIHIN BUIJISA OTBOPIB Ta MICIb iX PO3TallyBaHHs Ha 3arOTOBIII 3 OI[IHKOIO BiJICYTHOCTI
HAJIMITAHHS MaTepialy y BXOJy B HOTO MOPOKHUHY Ta BUILIECKIB 3aCTHIVIOTO MaTepiay 3 BUXiTHOL
YaCTHHU OTBOPY

0OMEKEHHS TTOJIsI PO3CISTHHS PO3MIpY OTBOPIB IMOJIEM JIOMYCKY HAa HHOTO IiCIIst 00pOOKH

C. BiIMOBIAHICTH (hopMHU OTBOPIB (iX MOMEpeKy) reOMETPUYHUM X MPEICTaBICHHAM (KpyIUie,

OaraTtorpaHHe, iH.)

D. KOMIIJIEKC TIOKAa3HHUKIB OIIHIOIOYHMX TOYHICTB JIIHIMHHUX Ta KyTOBUX XapaKTE€PUCTHUK, BIITOBIAHICTD
MOTIepEKyY Ta MOB3AOBKHBOI (popMHU 3a1aHiil, 0OMeKeHY OPCTKICTh CTIHOK OTBOPY, Ta HAsIBHICTH JIPOCCY
Ta rpary Ha MOro KpoMKax.

43. 3a AKMM DOKa3HUKOM IOBHHHA MTOPIBHIOBATHUCS TOYHICTh PO3MIpPIB OTBOPIB, 00POOIEHUX B PI3HUX
€KCIIEPUMEHTaIbHUX ToUKax Iutany [IOE?

A. 3a BEJIMYMHOIO TOJISL PO3CISTHHS PO3MipiB MOMEPEKy OTBOPIB MPH OaraToKpaTHii MOBTOPHOCTI

orepaiii o0poOKU B KOXKHii Toulll ekcriepuMeHTanbHoro miany [IOE

B. 3a BIPOTIAHICTIO PO3TAITyBaHHS PO3MIpIB OKPEMHUX OTBOPIB Ha JIIHIMHIHN IIKaI B MeXax MmoJIs iX

PO3CisTHHS

C.

3a BEJIMYMHOIO PI3HULI MK HaOLIBIINM Ta HAMMEHIINM 3 PO3MipiB OTBOPIB B 00p00iIeHiii mapTii
BUPOOIB
D. 3a BEJIMYMHOIO BITHOCHOTO PO3CISIHHS pO3MIpiB B 00pOOIIeHiH mapTii BUpoOiB (KoedirieHTa
Bapiarlii po3mipy vy ), IO JO3BOJISE MOJIC PO3CISTHHS PO3MIpIB MOPIBHIOBATH 3 HOMIHATBHUM (UM
OCEPETHEHHUM ) PO3MIPOM.

44. Y domy mnojsAramTh BiIOMI NPUHIMON PIlICHHS OararoKpuTepiadbHUX 3a/1ady ONTHMi3alil
00’€eKTIiB?
A. y TOITYKY KOOPJUHAT B ()aKTOPHOMY TIOJIi €KCTpEMaTbHIX 3HAYeHb MOJIEIICH OKPEMHEX

HOPMOBAHUX MMOKA3HHUKIB 3 HAaCTYITHUM ix YCEPCAHCHHAM, IO MOKE HpI/I6J'II/I3I/ITI/I IMPOCKTYBAJIbHUKA N0

3arajibHOTO PIICHHS 3a7a4l ONTUMI3aIlil

B. B PO3MO/ALII IPOLECY BUTOTOBJIEHHS 33J]aHOTO €JIEMEHTY BUpOOy Ha pi3Hi onepariii Moxe 1 1HII1

MeTou 00poOKK ab0 TOONPAIIOBAHHS €JIEMEHTY

C. HOLIYK PeKUMY 00pOOKH 3aJJaHOTO €JIEMEHTY SIK OJJHOKPHUTEpIalIbHY 3aJa4y, HallPUKIIaJI,

BIZTHOCHO PO3MIPHHUX XapaKTEPHUCTHK €IEMEHTY, III0 00POOISETHCS, 2 BUMOTH OTPUMAHHS 1HIITUX

MOKA3HMKIB oneparii 3abe3neuyoThes CrelialbHIMU BUAaMU OpraHizallii oneparii, Hapukiai,
aIanTHBHOIO (POPMOIO 200 3aCTOCYBAHHSM JOAATKOBOTO TEXHOIIOTIYHOTO OCHAIICHHS

D. BCUIAKUMU 3yCHJUISIMH TIEPEBECTH 3a]1a4y B OTHOKPUTEPiaIbHY, 00’ € JHYIOUN MTOKa3HUKH 200
MaTeMaTU4HI MOJENi 1X 3aJIeKHOCTE! BiJ Kepyrounx (hakTopiB B €JMHY (YHKIIIO, TOIIYK KOOPAUHAT
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eKCTpeMaJbHUX 3HAYEeHb [MOKA3HUKIB MOXe OyTH BUKOHAHO 32 BiIOMUMH allTOPUTMAMU, HAPUKIIAA, XyKa
— JIxxuBca abo iH.

45. SAxuM yMHOM MOXHa OOQ’€IHATH TIOKA3HUKH PI3HOCTOPOHHIX XapaKTEPUCTHK OOpoOIeHUX
€JIEMEHTIB B €IMHUM, TOCATHYTUI pIBEHb SKOrO Oyle rapaHTyBaTW OTPUMAaHHS KpUTEplalbHUX 3HAYCHb
JUTS yCiX TTOKa3HHKIB 3 T3

A.  SKIIO PI3HOCTOPOHHI XapakKTEPUCTHKU €JIEMEHTY MarOTh OJIHY PO3MIPHICTh, HAPHUKIAA, MKM, TO
BOHHM MOXYTb OyTH 00’€JHAHUMU B €IMHHUI MOKA3HUK Yepe3 F€OMETPUUHY 3aJIEKHICTh MK HUMH,
SK 1€ 3po0JIeHO B Mozesl 30UIbIIeHHs 00’€My JYHKHM mpu ii (OpMyBaHHI JIa3epHUM MPOMEHEM
yepe3 CBITIIOBHM KOHYC, SIKMM TOB’SI3y€ IMMOMHY Ta paliyc JIyHKH (()EHOMEHOJIOTIYHAa MOJENb
Beiiko, Jlibencona)

B.  pi3HOpO3MipHI MTOKa3HUKHA MOXHO 00’€qHATH B €aUHY apuPMeTHYHY (DYHKIIIO, IO MIHIMI3YEThCS
IpU ONTHMI3alii, MEepeTBOPIOIOYM iX B (YHKLIOHATM HEB’S3KM MK (PAKTUYHMM 3HAUYCHHSIM
MOKAa3HWKAa Ta HOTO KPHUTEPIEM SIK iX PI3HUIO, 3BEJCHY B KBAaJpar ISl BHUKIIOYCHHS BiJ €MHHX
3HauYEHb

C.  pi3HOPO3MIipHI NMOKa3HUKU MOXKHA 00’€THATU B €MHY apupMeTHYHY (PyHKIIiIO, 110 MiHIMI3y€ThCs
IIPU OTNITUMI3aIlli, IEPETBOPIOIOUH 1X B Koe(DilieHTH Bapialii (PaKTHUHUX 3HaYeHb TTOKa3HUKIB BiJ iX
KpHUTEPIiB, 3Be/ICH] B KBaIpaT JUIsl BUKIIOUEHHS BiJl’EMHUX 3HaYE€Hb

D. crBOprOIOYM 3aMiHy KOMILIEKCY PO3MIpHUX MOKAa3HUKIB 0OPOOICHOTO eIEMEHTY Ha CHCTEMY OIlIHOK
iX HaOMMKEHOCTI /IO 3a1aHOTO PIBHS KOXKHOTO 3 HUX (HAIPHUKJIIA, 3 IPUBATHUX (DYyHKINIH 0a)KaHOCTI
g;,) 3 00OMEXEHHSM JIONYCTUMUX iX 3HaYEHb Ta 3 MOJAJBIIMM 00’ €THAHHSM Y y3arajibHeHy (DyHKIIi0
O6axkarocti D vepe3 (yHKIIiI0, 1110 T03BOJISE BPAXOBYBAaTH HAMMEHIII, aJie ITIe TOMyCTHUMI, 3HAYCHHS
MPUBATHUX 0a)KaHOCTEH.

46. [IpoanamnizyiiTe yMOBH JOCATHEHHS AOMYCTUMHX Ta BHUCOKHX piBHIB 0e3po3MipHOi (yHKIil

!
el enl) | R
MPUBATHOI 0a’kaHOCTI &i PUTEPT Vi) niis Bunagkie MexoBUX 3HAYCHD 6e3po3mipHOi (yHKLII y ; >
0, moB’s13aH01 3 piIBHAMH MTOKAa3HHUKA Y;, SIKI BIAMOBIIAIOTh HOTO KpHTepiro B T3.

A. JUISL 3HAYEHHS O€3pO3MipHOTrO MOKa3HUKA Y ; < 0
B. JUISL 3HAYEHHS 0€3pO03MipHOTrO MOKa3HUKA y ; = 0
C. JUIS 3HAYEHHS 0€3pO3MIpHOrO MOKa3HUKA Y ; << ()
D. 71 3HAYEHHs 0€3pO3MipHOTrO MOKa3HUKA y ;> 0.

47. 3 HaBeneHol Ta0m. 5.14 00epiTh xoua mo ogHOMY pexkumy (Ne moci.), mpu peanisarii onepartii
BUTOTOBJICHHSI OTBOPIB JJISL TOJOK B 1H €KIIHHUX INMPHUIAX, IPH SKOMY (SKUX) 00poOieHuii oTBip Oyme
MaTH pO3MipHI MTOKA3HHUKH (JliaMeTp OTBOPY Ta MOTO TOYHICTh, HASIBHICTh KOHIYHOTO BXOAY Ta JOCTaTHIO
st T3 mpoayKTUBHICTH Omeparii, J0CTaTHbO MaJHid piBeHb MAIIMHHOTO Yacy T,,.,)-

A. NeNe 4 Ta 20 ans ronku giamerpom 0,4 mm; NeNe 11 Ta 26 amns ronku giametpom 0,6 mv; Ne 17
JUTs ToNK| tiameTpom 0,8 MM

B. NeNe 15 Ta 26 s ronku niamerpom 0,4 mm; NeNe 13 ta 24 nyis ronku aiamerpom 0,6 mm; Ne 17
JU1s Tosky iamMerpoM 0,8 MM

C. NeNe 1 ta 18 gys ronku giamerpom 0,4 mm; NeNe 3 ta 15 mis ronku giamerpom 0,6 mm; Ne 10
Ui Tonku aiametpom 0,8 MM

D. NeNe 8 ta 16 ans ronku miamerpom 0,4 mm; NeNe 7, 20, 22, 23, 25 ta 27 1u1st TONKHU AiaMeTPOM
0,6 MM; HeMa€ s TONKHU fgiametrpom 0,8 MM

48. Sxuil_anropuTM BHMarae mpoleaypa OnTUMi3allli pexxuMiB 0OpOOKH B TEXHOJIOTTYHIN
orepauii mpu 6araro KpuTepiaJlbHUX BUMOTax /10 ii pe3ynbTariB?

A. nopsiIoK 1:

1. 00’eHaHHA MOKa3HUKIB i3 T3, Ha siki B T3 BCTaHOBJIEHO I'paHUYHI KPUTEPIi, B y3araJbHEHHI 32
THM YU 1HIIUM CIIOCOO0M;

1. MOJIETIOBaHHS MPoIiecy 0OPOOKH BiTHOCHO y3arajlbHEHOTO MOKA3HUKA;
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1.

1v.

ii.

1il.

1v.

1l.

iii.

1v.

ii.

iii.

1v.

Vi.

BUKOHY€TBCSI CTATUCTUYHMIA aHaJi3 €KCIIEPUMEHTY 32 BEJIMUMHAMH y3arajibHEHOTO MMOKa3HUKa,
JUISL IKMX B pa3l HO3UTUBHUX PE3YNIbTaTIB aHaJ3y OylyeThCsl MaTeMaTuyHa MOJIETb;

METOAAMH aHAJITUYHOI FeOMeTpil AOCTIIKYETHCSI MOZENIb Ta BUKOHYEThCS MONIYK KOOpIUHAT
eKCTpeMaJIbHUX TOUOK a00 CTaI[lOHApHUX Ul OOpaHUX PIBHIB y3arajJbHEHOI'O MMOKa3HUKA,

oJIep’KaHi KOOpIMHATU B (DaKTOPHOMY IPOCTOPI CKJIAJAlOTh KOMIUIEKCH PEXHMIB peaiizamii
oneparii

MOPSIOK 2:

MOJICIIIOBAHHSI TpoIiecy 0OpOoOKH BiIHOCHO KOXKHOTO 3 TIOKa3HHUKIB, Ha siKi B T3 BCTAaHOBJICHO
TpaHUYHI KpUTEPii;

BUKOHYETBCSl CTATHCTUYHMN aHalli3 eKCIEepUMEHTY 3a BeJIMYMHAMHM, U1 SKHX B pasi
MO3UTUBHUX PE3YJbTaTIB aHai3y OyayHOThCS MaTeMaTHYHI MOJIEIII;

00’€THAHHS MaTEMaTUYHUX MOJICJICH B €JIHY;

METOJIaMH aHAJIITUYHOI TeOMEeTPii AOCTIKYEThCA y3arajibHeHa MOJIEb Ta BUKOHYETHCS MOLITYK
KOOPJMHAT EKCTPEMAJIbHUX TOYOK ab0 CcTalloHapHUX AJ1s oOpaHuX piBHIB Dj;

ollep>kKaHl KOOpJAWHATH B (PaKTOPHOMY TPOCTOPI CKJIAJAIOTh KOMIUIEKCH PEXHMIB peaizarii
ornepauii

HOpSJOK 3:

MOJICTFOBaHHS TIPOIECY OOpOOKHU BiTHOCHO KOKHOTO 3 MOKA3HHUKIB, Ha sKi B T3 BCTaHOBICHO
TPaHUYHI KPUTEPIi;

3a JJAHUMH €KCIICPUMEHTY B KOXKHIH TOYII €KCIIEPUMEHTAIBHOTO TUIaHy MiIPaxoOBYIOTh OKpeMi
OakaHOCTI Ta iX cepeHi 3HAYECHHS 3 U TIOBTOPHICTAMH Z;,;

B KOXKHIH TOYIII €KCTIEPUMEHTAIBHOTO TIJIaHY ITiIPaXOBYIOTHCS 3HAYCHHS y3araJbHEHOI (yHKIIIT
b6axanocrti D;;

B SKOCTI PeXHMIB OOpOOKM OOMparoTbCcs YMOBU EKCHEPUMEHTY B THX TOYKaxX IUIaHy, I
3HAYEHHS y3arajbHEeHOI (YHKIIi 0a)KaHOCTI MEPEBUIIYIOTh HIDKHIHM JOITyCTUMUI PiBEHB, TOOTO
0,4

nopsiok 4

MOJICTIIOBAaHHSI Tpoliecy 0OpoOKH BiTHOCHO KOKHOTO 3 TOKA3HHUKIB, Ha sKi B T3 BCTaHOBJIEHO
TpaHUYHI KPUTEPIi;

3a JTAaHUMU €KCTICPUMEHTY B KOXKHIH TOYIll €KCTIEPUMEHTAIBHOTO TUTaHY MiPaXoBYIOTh OKpEMi
OakaHOCTI Ta iX cepeHi 3HAYECHHS 3 U TIOBTOPHICTAMHU Z;,;

B KOXKHIH TOYIlI €KCTIEPUMEHTAIBHOTO IIJIaHy MiIPaXOBYIOTHCS 3HAYEHHS y3araJbHEHOI (QyHKIIIT
b6axanocrti D;;

BUKOHYETHCSl CTAaTUCTUYHUI aHalli3 eKCIIEPUMEHTY 3a BeaumuuHamu D;, 11 skux B pasi
MO3UTHUBHUX PE3YJBTATIB aHaJI3y OyAy€eThCsS MaTeMaTuyHa MOJIETIb;

METOJaMH aHATITHYHOI TeOMETPIi JOCTIKYEThCS y3aralbHeHa MOJICITh Ta BUKOHYETHCS MOIIYK
KOOPJAMHAT EKCTPEeMaJIbHUX TOYOK ab0 cTallioHapHUX I oOpaHuXx piBHIB D;;

oJlep’KaHi KOOpJIMHATU B (DaKTOPHOMY IPOCTOPI CKJIaJal0Th KOMIUIEKCH PEXHMIB peaiizaiii
omepartii.

Pesynpratu npoekTyBaHHS TEXHOJIOTTUHO]I omnepaiiii 00poOKH OTBOPIB 3 KOHIYHOIO BX1IHOIO AUISTHKOIO

niametpamu 0,4; 0,6 Ta 0,8 MM
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Tadanma 5.14

LepenHe Oxpemi §yuxmnii Gaxanocti | ¥saraJbHeHl PYHRIL
Ne JHaATeHHHA LEAHOCT]
boca]  BiATyKiE | d=10.6 | d=038 | D;

DLETE] e [ e e]e g | g | & | Dos | Dos | Dus
1205 740 (4418110713107 [5.4.007 [0.3495 J[0.4260 ][5.4.107 ][ 03294 JLo.00062 J[5.4007 40 10 T 10™
975|220 J[52][ 0,0032 | L6107 1.0.10™ ][ 0.45%0 L. 1.10™[L0.10™ ][ 0.6328 3107 1010 L1065 107810
1208] 594 J[47][1.69.10 6,410~ |[7.5.10°=[ 00003 [ 02948 |[7,5.10° [ 03385 |O.110 77510 [L 4103500 10-= |
1001][ 429 |[22][0.0008 0.9818 J[ 03642 J[L610™" m| 06577 |L210 =[0.9818 J[0.1076 [ 13107 210"
1183][ 262 |[44][3.9.107 5410700017 JB2.107™[5.4.007 ] 04229 [R50 54007 310 [ L10”[2.10-7 ]
971455 J[22][ 0.0039 0.9818 ][ 0.4500 J[3.7.1077 ][ 0.9818 ][ 0.6366 -5.7_1[::*"-"|| 0.1716 |[3.7.107][1,5.107"]
010][ 621 |[24][ 0,045 09514 |[ 06660 ][ 0.6507 ][ 09514 [ 05713 JL141077][ 0.9514 J[1510 ][ 0.7479 J[1.9.107]
763 ] 307 [13] n,snln 0,9998 J[ 0.6352 J[2.2.107"][ 0,9998 ] 02673 [6.7.10 [ 09998 [ 0.655 |[ 5510 J2.8.10
1301|574 J[40][79.10™ 3510 |[125.107|[[0.0925 |[3510 |[0.0642 J[6010 = |[3510™ 2310 [L7107][2610™
761] 26 [27][ 0.508L |5.5. m*" 0,8000 J[ 0.6323 Jf5.110™ 0.8000 J[ 026210 J2 107 08000 [ 310 28107 2107
100g] 537 |[28][2.81.107 1 ][ 0.,6922 ][ 0.0696 ][ 0.0003 ][ 0.6922 ][ 0.6863 ]5.7.107][ 0,6922 J[8.6.107 J[ 0.0244 J2.4.1071
827][ 248 J[27][_o.2698 [12. 0,3000 [ 0.6732 |p5.10"][ 0.8000 ]| 00247 J75.10" ][ 0.8000 J[ 610 |2 7.00 JLai0 ]
1133 722 |[35][7 35.107 [5.1107 [ 0.0228 || 05148 |[5,110® || 0.5095 |[142.107][ 5.1.10% [£.10~"][ 0,0039 || L6107
811][207 |[22][0.3275 ][3.55.107][0,9818 ][ 0.6686 |[5.0.107|[0,9818 J[ 03883 9.1.10*--'-" 09818 2310 RTI0Li0™]
973|563 J[24 ][ 0.0035 7 ][ 0,9514 ][ 04661 ][ 0.0323 ][ 0.9514 || 0.6381 s 10709514 ][ 0.0673 ][ 0.2432 |5.8.107™]
698 |[ 444 J[12][ 0,7096 0.9998 J[ 05583 J[ 182" [ 0.9998 J[ 06398 Ji2.10 ™) 09998 | 0.8084 ][ 5107 J6.9 107
1157772 J[27]3.76.10° L1100 0.8000 ][ o.0082 ][ 0.2257 |[ 0.8000 J[ 0.5218 DD 03 [ 08000 J[Li07™ D.1142| 0,3215
647] 241 |[ 9 |[ 0.6845 0] 09999 |[ 0.4696 |L.1.107""][ 09999 || 0.0067 25107 09999 P Li0 S0 A 10T oa0
1060|442 |[25][14210° 05452 |[0.1616 J[6.6.10™ |[ 05452 J[ 0.6819 2310 [ 05452 [ 0.0084 [ LI0T]LE10
741|600 J[17][ 05744 09985 ][ 0.6146 ][ 0.3s01 |[ 0.9985 J[ 02096 J[L.1.107"][ 09985 ][ 0.0365 |[ 0.6160 J[2.3.107]
1048] 503 |[27][ 6.5.10° 0,8000 ][ 0.1987 J[2.73.10™][ 08000 ][ 0.6787 J[7.3.107"][ 0,8000 ][ 0.0145 ][ 0.0001 JLi10™T
862 ] 698 J[27][ 0.1558 0,8000 ][ 0.6871 J[ 0.6028 ][ 08000 J[ 0 4r 9.6.107 [ 0.8000 J[9.3.107 [ 0.6922 [ 3.4.107
854 633 J[17][ 0.1798 | 0,9985 ][ 06858 ][ 09999 | 0,9985 || 04502 54107 09985 J[ 1110 ][ 0,8815 J2.2.10°°
054|547 J[27][0.0054 C0.8000 ][ 0.5319 ][ 0.0025 ][ 0,8000 [ 0.6215 JE.6.10 [ _0,8000 [ 0.1200 |[0.1075 J5.8107]
848 | 649 J[24][ 0.1987 00,8514 ][ 0.6842 ][ 0.6823 ][ 09514 |[ 02686 (38107 [ 09514 J[7.2.107 ][ 0,7632 |[5.6.107]
887|561 J[21 ][ 0.0919 0.9889 ][ 0.6914 J[ 0.0255 [ 0.9889 J[ 0.5376 J2.5.107) 0.9889 ][ 0.2126 |[ 02597 J[6.2.107]
282 604 |[22][ 0.1032 0.9818 ]| 0.6910 [ 04167 ][ 0.9818 J[ 05200 J[1.4.10][ 09818 J[ 0.0116 || 0.6566 [ L110™]
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