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IIporpamMmanaB4aJbHOI IMCHUIIIHA

1. OnucHaBYAJIbHOI TUCHHUILIIHM, Ti MeTa, MpeMeT BUBYAHHS TA Pe3yJbTATH HABYAHHS

Jlucumruiina

“@Dizuka JaszepiB”

BUBYAE OPUPOSLy CBITJIOBOTO BHUIIPOMIHIOBAHHSA, OCOOJIMBOCTI

BUMYIIICHOTO BHUIIPOMIHIOBAHHS, MPOIIECH TI'eHEpallil JIa3epHOr0 BHUIIPOMIHIOBAHHS B PE30HATOpPI Ta
3aJIeKHICTh TapaMeTpiB JIa3epHOr0 BUIIPOMIHIOBAHHS BiJl T€OMETPHYHHMX XapaKTEPUCTUK pEe30HATOpa,
3aKOHH TOIIMPEHHS Ja3epHOr0 BUIIPOMIHIOBaHHS B IPOCTOPI, HOro (hOKyCyBaHHS Ta nepeTBopeHHs. [1i
Yac BHMBYCHHS JaHOI JMCUMIUTIHM, CTYACHTH 3acBOIOIOTH CIIOCOOM Ta METOAWKU BHU3HAYCHHS
reOMETPUYHUX MapaMeTpiB JIA3EPHOIO PE30HATOPA; BH3HAYCHHS IMOTYKHOCTI Ja3epa MEBHOTO THITY 3a
3aJJaHMMU TTapaMeTpaMy; BU3HAUEHHs PE30HATOPIB Ha CTIMKICTh; BU3HAYEHHS XapaKTEPUCTHUK JIa3epHUX
My4yKiB C()OPMOBAHUX B CTIMKUX Ta HECTIMKMX pe30HATOpaxX; BU3HAYEHHS PO3IMOJALTY IHTEHCHUBHOCTI B
nepepisi JIa3epHOro myyka.

O6’em xypey cknanae 120 rogun (4 kpeautu), 3 SKUX /2 TOAWH - ayJUTOPHI 3aHATTA (JeKuiiHi 36,
npakTHyHuX 18 Ta nmaboparopuux 18) i 48 roauH BiIBOANUTHCS HA CaMOCTIHHY poOOTy CTyJeHTa, a Horo
BHUBUYCHHS 3aBEpUIYETbCA CKIaJaHHAM 3aiiky. Kypc cynpoBO/DKYeTbCS TEKCTOBUM MaTepiajioM 1
MIpe3eHTaIliSIMU.

[IpenmeroM BHMBUYEHHS AMCHUIUIIHM € (DI3MYHI NpoOLECH Ja3epHOi TeHepalii pi3HUX THIIB Ja3epis,
3aJIeKHICTh TapaMeTpiB TEHEPOBAaHOI'0 JIa3epHOrO MpPOMEHS 3 yMOBaMHM 30Y/KEHHS aKTHBHOTO
Cepe/IoBHILA Ta XapaKTepPUCTUKAMU PE30HATOPA.
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MerToro HaBYaJIBHOI JUCUHUIUTIHU € TJICHJICHHS y CTYJICHTIB KOMIIETeHTHOCTEeH y Binnmosianocti 1o OINI,
a came:

a) NporpaMHi KOMIIETEHTHOCTI:

@K 1 3patHicTh aHamizy MarepialliB, KOHCTPYKLIH Ta MPOLECiB HA OCHOBI 3aKOHIB, TEOpid Ta
METO[IB MaTeMaTUKH, TPUPOAHUYMX HAYK 1 MPUKIATHOT MEXAHIKH.

@K 12 3paTHICTH OIIHIOBATH Ta KOHTPOJIIOBATH MapaMeTPU KOHIICHTPOBAHMX JDKEpPEN €HEeprii mif
Yyac TeHepamii Ta NpH B3aeMOJii BHUIIPOMIHIOBAaHHS 3 pPEYOBHHAMH Ta PO3POOJSATH pIMICHHS IS
3abe3nedeHHs iX cTablIbHOCTI.

@K 19 3parHiCTP KOHCTPYIOBAaTH OKpEMi €JIEMEHTH Ta BY3JIM TEXHOJOTIYHOTO OOJaJHaHHS,
MPOEKTYBATH KOMIIOHEHTH KOMIUIEKCIB Ta CKJIQJaTH TEXHOJIOTiYHI CHCTEMH JJIsi BHpIIICHHS 3aBJaHb
BUPOOHMIITBA Y 3BAPIOBaHHI, JIA3EPHUX Ta CIIOPITHEHUX TEXHOJIOTISX.

0) nporpamMHi pe3yJibTaTH HABYAHHSL:

PH 9 3naru Tta po3yMiTu cyMikHI rajy3i (MEXaHiKy piAMH 1 rasiB, TEIUIOTEXHIKY, €JIEKTPOTEXHIKY,
€JIEKTPOHIKY) 1 BMITH BHSBJISITH MUDKAUCUMIUIIHAPHI 3B SA3KM MPUKIAAHOI MEXaHIKM Ha pIBHI,
HEOOXI1THOMY JIJIsi BAKOHAHHS 1HIITUX BUMOT OCBITHBOI ITPOrpamu.

PH 19 Po3zpaxoByBaTH, OLIIHIOBaTH Ta BUMIPIOBATH €HEPreTUYHI, 4aCOB1 Ta MPOCTOPOBI MapamMeTpu
BIUIMBY JIa3€PHOT0 BUIPOMIHIOBAHHS Ta KOHIIEHTPOBAHUX IOTOKIB €HEPrii HA PEUOBUHY JJIS 3/11HCHEHHS
TEXHOJIOT1YHUX OTeparliil.

PH 23 OntumanbHo o6upaTH, 3aCTOCOBYBAaTH, KOMIIOHYBAaTH 1 MEpEBIPATH TEXHIYHMNA CTaH Ta
pecypc TEXHOJIOTTYHOTO 00JIaTHAHHS [ JIa3ePHHUX Ta (HI3UKO-TEXHIYHUX TEXHOJIOT1H

2. TlpepexBi3uTH Ta MOCTPEKBI3NTH IUCHHUILIIHN (MicLle B CTPYKTYPHO-JI0Ti4Hiil cxemi
HABYAHHS 32 BiINOBIIHOI0 OCBITHBOIO NMPOTrPaMoI0)

JIst yCHiImHOTO 3aCBOEHHSI MaTepialy OCBITHROTO KOMIIOHEHTY HEOOXIIHI 3HaHHS, SIKI OJCPKYIOThCS
CTYJIGHTOM Yy TIONEPeNHIX Kypcax: 3araibHa (izuka (KBaHTOBa MexaHika); Buimia matemaruka, dizuka
B3a€MO/Ii1 KOHIIEHTPOBAHUX MOTOKIB €HEPrii 3 PEYOBUHOIO.

3HaHHS, SKI OJEpXaHO IIJl Yac BHUBYCHHS OCBITHBOI'O KOMIIOHEHTY, BHUKOPUCTOBYIOTBCS TIpH
MIPOXO/DKEHHI MEePEIMTUIOMHOI TIPAKTUKU Ta IIPU BUKOHAHHI JUTIIOMHOTO IPOCKTYBAaHHS.

3. 3MicT HAaBYAJBHOI AMCUUILIIHA

Pozmin 1. BCTVII

Tema 1.1: 3actocyBaHHS CBITJa, SIK JDKEpENIa TEIUIa, JUIsl TEPMIYHUX TeXHOIOrii. CBITIONpOMEHEBE
3BapIOBaHHS.
Posgin 2 3AKOHM TEIUIOBOI'O BUITPOMIHIOBAHHS. TIOCTYJIATHM EWHIITEMHA -
®I3MYHI OCHOBU JIABEPHOI TEHEPALIII CBITJIA.

Tema 2.1.3aK0oHH TEIJIOBOTO BUITPOMIHIOBAHHS.

Tema 2.2. [Toctynatu EininTeiina — (i3u4Hi OCHOBU J1a3epHOT reHepailii cBitia.
Po3ain 3. IIOTYXXHICTD JIASBEPHOI'O BUTTPOMIHIOBAHH A

Tema 3.1. ®i3uuH1 ABUILA, 110 CTBOPIOIOTH YMOBHU I'€HEpaLlii J1a3epHOr0 BUIIPOMIHIOBAHHSI.

Tema 3.2. I[ToTy>KHICTb Ja3epHOI0 BUIIPOMIHIOBaHHS.
Po3ain 4. TEOPIA JIASBEPHUX ITYUKIB.

Tema 4.1. Intepdepenuis 1 audpaxiis citia. GopMyBaHHs JIA3EPHOTO IMyYKa B PE30HATOPI.

Tema 4.2. BnacTuBocCTi J1a3epHOro Mmy4ka, cOpMOBAaHOTO B CTINKOMY Pe30HATOPI.

Tema 4.3. BnactuBocTi 1a3epHOro mydka, chopMOBaHOTO B HECTIHKOMY PE30HATOPI.

Tema 4.4. [lopiBHSHHS TapaMeTpiB c(HPOKYCOBAHUX

Tema 4.5. Ilepenaya cBITIOBOro Myyka MO CBITJIOBOJIOKHY.

Tema 4.6. Y3aranbHeH1 XapaKTepUCTUKU JIa3€pHOT0 MyUKa.
Po3gin 5. CO2-JIA3EP.

Tema 5.1. ®@i3uyni sBUmA 1 (i3UKO-TEXHIUHI 3aco0M 30yIKeHHS akTUBHOro cepenosuiia CO2-
nasepa.

Tema 5.2. JIazepH 3 TEIUIONPOBITHUM OXOJIOKEHHSM.

Tewma 5.3. CO2-na3epu 3 KOHBEKTUBHUM OXOJIO>KEHHSIM.



4.

HagpuanbHi MaTepianu Ta pecypcu

Bbazosa miteparypa

(yci Bunmannas HasBHi B Oi0mioteni KIII im. Iropss Cikopchkoro abo B €JEKTpOHHOMY BHIJISAL 3a
nocuianHaM https://classroom.google.com/c/MTEyNDESNjMINTk2?¢cjc=6bt4cpo)

1.
2.

3.

lapamyk B.I1. OcHoBu ¢i3uku nazepis. - K.: [Tymscapu 2012p. — 342c¢.

lapamyk B.I1., O.J1. Karnsk, O.0. ['onuapyk. - [Ipaktuyadi ocHOBH ¢i3uku Jia3epiB. HaBuanbHui
noci6uuk [ Enexkrponnwmii pecype]/ — HTYY “KIII”, 2015.— 116 c.

lapamyk B.I1. OcHoBu ¢i3uku nasepiB Uisi TEPMIYHUX TeXHOJOTiH. HaBuanbHHMI TOCIOHUK
(enmexTponnuit BapianT). — Kuis. 2010. — 344c.

Tumuuk I'.C. Jlazepu Ta nasepni texHozorii. HaBuampamii mociommk / — KIII im. Irops
Cikopcekoro, 2022. — 126 c.

®di3uka nazepiB [Enextponnnii pecypc] : kypc nexuint / HTYY «KIIl» ; ykman. O. . Karnsax. —
EnextponHni Texctosi aaHi (1 gaitn: 2,01 M6aiit). — Kuis : HTYY «KIII», 2015. — 162 c.
MeToauuHi BKa3iBKM 3 JIaOOpaTOpHMX poOIT O BUBYEHHS IUCHUILIIHU «Pi3uKa Ja3epiB»
[Enextponnuii pecypc| / HTYVY «KIIl» ; yknaa. O. [. Karnsik, O. O. T'onuapyk. — EnexrponHi
TekcToBl AaHi (1 gaitn: 659 Ko6aiit). — Kuis : HTYY «KIII», 2015. —27 c.

MeToauuHi BKa3iBKM [0 BUKOHAHHS JOMAIIHIX KOHTPOJBHUX pPOOIT 3 aucuuIuiiau «®Pi3uka
nazepiB» [Enexrponnuii pecypc] / HTYY «KIIly» ; ykman. O. 1. Karnsk. — EnektpoHHi TEKCTOBI
nani (1 gaitn: 974 Ko6aiit). — Kuis : HTYVY «KIll», 2015. - 49 c.

JloromixkHa JiTeparypa

1.

2.
3.

Orazio Svelto Principles of Lasers fifth edition / Orazio Svelto / Springer Science+Business
Media, LLC 2010. — 625p.

Einflihrung in die industrielle Lasermaterialbearbeitung. Rofin. 2002. — 144s.

bapanos 1.41., KonteB A.B., Moaens po3paxyHky cmabkoro BU-pospsimy cepemHbOro THCKY 3
yTBOpeHHsIM (OTOHIB B mapi Ta Qoroemiciero enekTpoHiB. Pizmka miazmu, 2007,1.33, Nel,
c.59...67.

[Hdopmariiitai pecypcu

1. https://classroom.google.com/c/MTEYNDESNjM1NTk2?cjc=6bt4cpo
2. Itft.kpi.ua (caiit xapenpu JITDT)
3. library.ntu-kpi.kiev.ua (caiit HaykoBo — TexHiuHOi 6i10mioTexrt HTYY «KIII im. Iropst CikopcbKoro»)

HaB4yajabLHN KOHTEHT

5. Meroanka onaHyBaHHsI HABYAJIbHOI JUCHUILTIHM(OCBITHHOT0 KOMIIOHEHTA)
Kinexicts ronuna
Bromy umcni
HA3BA PO3UIIB I TEM Beboro [paxTra MaGopatop
Jlexmii Hi . CpPC
Hi po6oTH
3aHATTS
PO31JI 1.BCTVII
Tema 1.1: 3acTrocyBaHHS CBiTa, SIK JKepea
TeIUIa, ISl TEPMIYHAX TEXHOJIOTIH. 5 2 2 1
CaiTIionpoMeHeBe 3BaproBaHHS.

PO3/I11 2 BAKOHH TEIUIOBOI'O BUIIPOMIHIOBAHHSL. [IOCTYJIATU EMHIITEMHA — ®I3UYHI

OCHOBMU JIA3EPHOI TEHEPAILIII CBITJIA.

Tema 2.1.3ak0HM TEMJIOBOTO BUIPOMiHIOBAHHS. 6 3 2 1

Tema 2.2. Iloctynatu Eifnmreiina — dizuuni
OCHOBH JIa3epHO1 reHepatii cBiTia.

7 3 2 2

PO3AUI3.IIOTYXHICTbD JIASEPHOI'O BUITPOMIHIOBAHH A




Tema 3.1 .qbi?,ani SIBUILIA, IO CTBOPIOIOTH YMOBHU 5 3 ’ ’

JUIsl TeHepallii J1a3epHOr0 BUIIPOMIHFOBAHHSL.

Tema 32 [ToTyxHicThaa3epHOro 9 3 9 9 5

BUTIPOMIHIOBAHHS.

MonynbpHakOHTpONIbHapoOoTay. | 3 1 2

PO31JT 4. TEOPIA JIABEPHUX ITYUKIB.

Tema 4.1. InTepdepenuis i audpakiis ciTia. 7 3 9 9

dopMyBaHHs JIa3epHOTO MyYKa B PE30HATOPI.

Tema 4.2. BnacTHBOCTI J1a3epHOTO MTyYKa, 8 5 5 5 5

c(OpPMOBAHOTO B CTIIKOMY pe30HATOPI.

Tema 4.3.BiacTUBOCTI JIa3€pPHOTrO MTy4Ka, 3 9 9 9 9

c(OpPMOBAHOTO B HECTIHKOMY PE30HATOPI.

Tema 4.4. TlopiBHAHHS TapaMeTpiB cPOKyCOBaAHUX

Ja3epHUX My4KiB, cHOPMOBAHHX Y CTIHKOMY i 4 1 3

HECTIIKOMY pe30HaTOpax.

Te}\da 4.5. Ilepenava CBITIOBOTO My4Ka IO 8 9 9 9 5

CBITJIOBOJIOKHY.

Tema 4.6.Y3aranbpHeH] XapaKTepUCTUKH JIA3EPHOTO 3 9 1

mydKa.

MopynpHa KOHTpOIbHA poOoTa 1.2 3 1 2

PO3 AT 5. CO,-JIA3EP.

Tema 5.1.®i3uuni sBumA i (i3UKO-TEXHIYHI 3acO00U

30y IKeHHsI akTUBHOTO cepenoBuiina CO,- 6 2 2 2

nasepa. Tmiroumii po3psim.

Tema 5.2. JIazepu 3 TEIIONPOBI IHUM 9 5 5 5 3

OXOJIO/DKEHHSM.

Tema 5.3.CO»-nazepu 3 KOHBEKTUBHIM 9 5 5 5 3

OXOJIO/DKEHHSM.

Bukonanns PI'P 10 10

3amik 8 2 6

BCbBOI'O 120 36 18 18 48
JIEKIIVHI 3AHATTS

PO3ALJI 1. BCTYII

1. Tema 1.1: 3acrocyBaHHs cBiTJIa, fIK [Kepeja Temjaa, [Jsi TePMiYHMX TeXHOJIOTIN.
CaitiI0npoMeHeBe 3BapIOBAHHSL.
Jlekuis 1. CaiTionmpoMeHeBa TEXHOJOrIYHAa YCTaHOBKA; MPHHLMIOBA onThuyHa cxema. llIBuakicTh

HarpiBaHHs. 3aJieKHICTh IMIBUJKOCTI HarpiBaHHs BiJl KOHCTPYKTHMBHHMX HapaMeTpiB ONTHYHOI CHCTEMH
CBITJIONPOMEHEBOI TEXHOJIOTYHOT YCTaHOBKH.
Jliteparypa: [1]

PO3JILJI 2 3AKOHH TEIIJIOBOI'O BUITPOMIHIOBAHHS. MMOCTYJIATA EMHIITEMHA -
®I3UYHI OCHOBH JIABEPHOI 'EHEPAIIIL CBITJIA.

Tema 2.1.3aK0HH TeN10BOro BUNPOMIHIOBAHHS.

Jlekuis 2. ®i3uyHi sBUIIA, TPU SKUX BUHUKAE CBITIIO.
3aKOHHU TEMJIOBOTO BUIIPOMIHIOBAHHS: TEIIOBE BHIpOMiHIOBaHHS 1 mpaBmiio IlpeBo; 3akon Kipxroda;

3akoH Ctedana —bonpimana; 3akoH 3MileHHs Bina; ¢popmyna BunpominioBanss [1nanka.



Jliteparypa: [1, 5]

Tema 2.2. Iloctynaru EiinmTeiina — (pisu4Hi 0CHOBM J1a3epHOI reHepauii cBiTia.

Jlekuis 3. Tunu nepexoniB B atomax i monekynax. [locrynatu EitHmreiina.

Cnexrpanbai koedimientu Eiinmreiina. Kontyp ninii nornuuanss (BunpoMintoBanus). Hupuna minii.
MexaHi3M Jila3epHOi reHepallii CBiTia.

Jliteparypa: [1, 3, 5]

PO341JI 3. IOTYXKHICTbD JIASBEPHOI'O BUITPOMIHIOBAHHS

Tema 3.1. ®@i3nuHi ABUINA, 110 CTBOPIOIOTH YMOBH I'eHepalii J1a3epHOro BUNPOMiHIOBAHHS.

Jlekuiss 4. IHTEeHCHBHICTH CBITIOBOro mOTOKY. 3akoH JlambGepra — byrepa — bepa. IloTyxHicTh
MOTJIMHAHHS, KOe(il[ieHTH NOTJIMHAHHA 1 migcuieHHs. [Ipouecu 3aceneHHs aTOMHUX (MOJEKYJISPHUX)
piBHIB. OnTtryHa Hakayka. OnTtudHe 30yDKEHHS Ja3epHOTO cepefoBHIma. 3-X 1 4-X pIBHEBI CXeMH
rerepamnii. [IpuHIMIIOBa cXema ja3epa 3 ONTHYHOIO HAKAYKOI. 30Y/KEHHS E€IEKTPOHHHM YIapOM.
[lepenaua 30yKeHHS IPU MDKATOMHUX (MDKMOJIEKYJISIPHUX) 31TKHEHHSIX. Po3ceeHHsI piBHIB: CIIOHTAaHHI
MEePEXO/IU; pelaKcalliifiHi MepexoIu.

Jliteparypa: [1, 5]

Tema 3.2. IloTyAHicTh J1a3epHOr0 BUNIPOMIiHIOBAHHS.

Jlekuiss 5. IlincuieHHs CBITJIOBOrO Mydyka MNpPU HOTr0 MPOXO/DKEHHI B 30yIKEHOMY aKTUBHOMY
Cepe/IoBHII: KOe(ILIEHT MIACUICHHS CJIadoro CUTHAJIY CBITJIOBOTO Iy4Ka; MAiFOYUNA KOe(ilieHT
MIJCUJIEHHS TMy4YKa IpH HOro NpoOXO/JKeHHI B 30yIKEHOMY AaKTHBHOMY CEpEIOBUINI, 1HTEHCHBHICTb
Hacu4eHHA. [IoTy>XHICTh Ja3epHOro BUIIPOMIHIOBAaHHS: OajlaHC MOTYKHOCTI MPH CTalliOHApHINA reHepartii;
MOTYKHICTh, KA TEHEPYETHCS AKTHBHUM CEpPEIOBHUINEM; TOTYXHICTh WIKIUTMBUX BTPAT; MOTYXHICThH
JIa3epHOTO BHIIPOMIHIOBAHHS. PO3paxyHOK k Ul CTPIDKHS 3 ILIOCKONAPANeNbHUMH 3ePKalbHUMH
TOPLSIMHU.

3aleXHICTh MOTYXHOCTI J1a3epHOro BUIpoMiHIOBaHHS Bin Ko i Kr. IluToma moTyxHicTh reHeparmil
nazepHoro BunpomiHtoBanHs. KK/ nazepHoi reneparii. JJoOpoTHICTE J1a3epHOro pe3oHaTopa.
Jliteparypa: [1-5]

PO31JI 4. TEOPIA JIABEPHUX ITYUKIB.

Tema 4.1. InTtepdepenuis i quppakuis cBitTaa. GopMyBaHHS JIA3€PHOT0 NMYYKA B Pe30HATOPI.
Jlekniss 6. InTepdepenmis cBiTia: CpitmoBa xBuisd. JlomaBanHsS KoivBaHb. KOrepeHTHICTh 1
iHTepdepeHIlis KonuBaHb. JlogaBaHHs KonuBaHb. IHTepdepeniis xBuinb. CTBOPEHHS KOT€PEHTHUX XBUJIb
B ontuii. YacoBa korepeHTHICTh. Hudpakiis ceitna: [Ipunnun [tolirenca — dpenens. 3actocyBaHHS
npunnuiy [roiirenca — ®penens. 3ouu Ppenens. [IpsimosniniiiHe mommpenHs cBiTia. [IpocTtoposa
KOrepeHTHICTh. DopMyBaHHS JIa3epHOrO IMydka B pe3oHaropi. CTiiiki 1 HECTiMiKi pe3oHaTOpH. YMOBa
CTIMKOCTI.

Jlirepatypa: [1-5]

Tema 4.2. BiiacTuBOCTi J1a3epHOro My4Ka, c()OPMOBAHOI0 B CTiliKOMY pe30HATOPI.

Jleknis 7. 'ayciBcbkuii mMy4oK, HOro mapameTpH i BJIACTMBOCTI. 3MiHa IapaMeTpiB IayCiBCbKOIO Iydka
npu mnomupeHHi B mpocTtopi. KyT po3OikHocTi rayciBebkoro mnyuka. KoHdokanbHuil mapameTp
rayCiBCbKOro Iydka. TuIM KOJMBaHb BHMCOKMX mopsakiB. [lapamerpu rayciBCbKOro Iyuka,
copMOBaHOrO B CTIHKOMY pe30HATOpi: KOMIUIEKCHUH mapamMeTp rayCiBCbKOro Iy4yka 1 Horo
BJIACTUBOCTI; 3aJIEXKHICTh IapaMeTpiB TayCIBCHKOI'O IydyKa BiJI F€OMETPUYHMX MHapaMeTpiB CTIHKOro
pe30HaTopa, B AIKOMY BiH (JOPMYETHCS.

Jliteparypa: [1-5]
Tema 4.3. BaacTtuBocTi j1a3epHOro my4ka, cpopMoBaHOro B HecTiiiKkOMy pe30HATOpi.

Jleknis 8. Xin npomMeHiB y HecTiiikomy pe3oHaropi (HP). 36inbienns HecTiiikoro pe3onaropa. Meroau
BUBEJICHHS I'€HEPOBAHOI'O JIA3€PHOr0 IyYKa 13 HECTIHKOTrO pe3oHaTopa. 3MiHa MapameTpiB J1a3epHOro
My4YKa HECTIHKOro pe3oHaropa MpH nomupeHHi B npoctopi. Koedimient pagianiiHux BTpaT B HECTIHKOMY
pe3onatopi. PoKycyBaHHS Ja3epHOro Myd4ka, c(OPMOBAHOTO B HECTIIIKOMY pE30HATOpi: MOJOKEHHS
TOPJIOBHHU C(OKYCOBAHOTO MyYKa.

Jliteparypa: [1, 3,5, 7]



Jlekuia 9. Jludpakuis @Dpaynrodepa. dudpakuis Ppaynrodepa mpu BHXOII JIA3EPHOTO MyyKa i3
HECTIKOTO pe3oHaropa. Po3mopin iHTEHCHBHOCTI B MiHIMaTbHOMY IMepepi3i CPOKYCOBAHOTO IMydYKa;
MiHIMaIBHUN po3Mip cdokycoBaHoro mnyuka. Po30DKHICTH Ja3epHOro Iydka, C(HOPMOBAHOTO B
HECTIKOMY pe30HaTOPi.

Jliteparypa: [1, 5]

Tema 4.4. IlopiBHAHHS TapaMeTPiB c(pOKYCOBAHHUX

JIa3epHUX NYYKiB, cGOpMOBaHNX Y CTIHKOMY i HeCTiiKOMy pe3oHaTopax.

Jlekuiss 10. BigHomieHHS BETMYMH TYCTHHHM TOTYXHOCTI Ha OCi C(OKYCOBaHMX Jla3epHUX MYYKIB,
cpopmoBanux B criiikomy ( TK TEMoo) i HEcTilikoMy pe3oHaTOpax.

BigHomeHHs: cepeHiX 3HA4Ye€Hb T'yCTHHH TOTYXXHOCTI B TOPJIOBHHI C(OKYCOBAaHHMX Ja3epHUX ITY4KiB,
cpopmoBanux B criiikomy ( TK TEMoo) i HEcTilikoMy pe30oHaTOpax.

BinHomieHHs cepeaHiX 3HAa4YeHb I'yCTHHHU IMOTYXKHOCTI B TOPJIOBHHI C(OKYCOBAHHX JIA3€pPHUX IYUKIiB,
cpopmoBanux B cTiiikoMmy (TK TEMnm) 1 HecTiliKoMy pe3oHaTOpax.

BrnuB koHcTpykTHBHUX napameTpiB CP 1 HP Ha po301kHICTh J1a3epHOro Mmydka 1 Horo moTy>KHICTb.
Jliteparypa: [1, 3, 5]

Tema 4.5. Ilepenaua cBiTJI0BOro my4ka no cBiTJ10BOJIOKHY.

Jlekuis 11. BynoBa cBiTinoBosOKHA. XiJ CBITJIOBOIO Iy4yKa IO CBITJIOBOJIOKHY. ['paHWYHMI KyT
30DKHOCTI C(OKYCOBAaHOTO TIydyka TMpH BBEIEHHI HOro B CBITJIOBOJA. ONTHYHI CXEMHU JIa3epHHUX
TEXHOJIOTIYHUX YCTaHOBOK 3 TIepejaueio BUMIPOMIHIOBAHHS 3a JJOIIOMOI'00 CBITJIOBOJIOKHA.

Po3paxyHOK ONTHYHOT cUCTEMH MPUCTPOIB BBOJLY JIA3€PHOT0 BUIIPOMIHIOBAHHS B CBITJIOBOJIOKHO, BUBOJTY
13 HBOTO, 1 POKyCyBaHHS Ha 0OpOOIIOBaHY JIETAlIb.

Jliteparypa: [1, 2, 5]

Tema 4.6. Y3arajibHeHi XapaKTepPUCTHKH JIa3ePHOT0 My4Ka.
Jlekuist 12. Crana nmepeTBOpEeHHS MyYKa 1 MOKa3HUK SIKOCTI IMydka. [ TmOnHa 4iTKOCTI.
Jlo sKOi MakcUMajbHOI TEeMIlepaTypd MOXKHA HarpiTu aOCOJIOTHO YOpHE TUIO Ja3epHUM

BHUIIPOMIHIOBAHHSIM.

Jliteparypa: [1, 3]

PO3ALJ 5. CO2-JIA3EP.

Tema 5.1. ®i3uuni aBuma i Qizuko-rexHiuyHi 3acodu 30y1:KeHHsI aKTUBHOro cepeaoBuma CQO:-
J1azepa.

Jlekniss 13. Ctpykrypa konuBHUX piBHIB Mojekyn CO2 i azory. Ilpomecu 30ymKeHHS 1 PO3CEICHHS
KoJuBHHX piBHIB MoJiekyu CO2  HacenenHocTi azepHux piBHiB MoJiekyau CO> 11 yac renepartii.
Jlirepatypa: [1-5]

Jlexuist 14. Tnirouuii po3psi.

3aneXHICTh HAMpyrd Ha MDKENEKTPOJHOMY IMPOMIXKKY BiJl BiJCTaHI MDK elekTpoaaMu. MexaHizm
MPOTIKAHHS CTPYMY B TIiI04OMY po3psiii. TepmiuHa HepiBHOBaXkHICTh maa3Mu. Llo oOMexye nmomnepeyuHi
po3Mmipu mo3uTuBHOrO cToBma? HopmaneHa rycTuHa cTpyMy Ha katoni (aHomi). HecrilikocTi Tiirodoro
po3psLy.

Jliteparypa: [1-3, 5]

Tema 5.2. Jlazepu 3 TemJIONPOBIAHMM OXO0JIOIKEHHSAM.

Jleknia 15. 3anexHicTh NOTYXHOCTI TeHepalii BiJ T'€OMETPUYHUX MapaMeTpiB TEMJIONPOBIIHO

OXOJIO/PKYBaHOTO Jla3epa.
OnnokaHanbHi 1 OararokaHanpHi TpyOwari CO2 nasepu: KOHCTPYKLIs, HapaMeTpud pe30oHaropa,

TCOMETPUYHI XapaKTEPUCTHUKHU JIa3epHOrO Mydka. MeToau OJep)KaHHS KOTEPEHTHOTO BUIPOMIHIOBAHHS
OaraTokaHAIBLHUX JIa3epiB.

Jlitepatypa: [1, 2]

Jleknis 16. CO2 na3ep 3 TEIUIONPOBIIHUM OXOJIOJKCHHSIM TUIaHAPHOI KOHCTPYKIIii: Oy/0Ba, mapamerpu
pe30HATOpa, TCOMETPUYHI XapAKTEPUCTUKH JIA3EPHOTO MyYKa.

Jlirepatypa: [1, 4].



Tema 5.3. CO2-s1a3epH 3 KOHBEKTUBHUM 0XOJIO/KEHHSM.
Jlekuis 17. [lopiBHsIbHI eHepreTnyHi XapakTepucTuku CO2-11azepiB 3 TEIIIONPOBITHIM i KOHBEKTHBHUM
oxoJo/pKeHHsAM. HabOmkeHuid po3paxyHOK MOTYXKHOCTI Ja3epHoro BumnpomiHtoBanHs COz-mazepa 3
KOHBEKTHBHHM OXOJIO/DKECHHSIM.
Jliteparypa: [1, 5]
Jlekuisi 18. Pe3onaTopu na3epiB 3 KOHBEKTHBHAM OXOJIO/DKEHHSM. Jlazepu 3 OChOBOIO Ta MOMEPEUHOIO
MIPOKAYKOIO; TEOMETPHYHI XapaKTEPUCTUKH iX Ja3epHHUX IMyUKiB.
Enexrponni cucremu B CO2 — na3epax, sik METOAM OOPOTHOM 3 HECTIHKOCTSIMH TIIIFOYOTO PO3PSIIY.
biiok — cxema CO2 na3epa 3 KOHBEKTUBHUM OXOJIOJIPKEHHSIM.

Jliteparypa: [1,3, 5]

[NPAKTUYHI 3AHATTA

[IpakTHyHi 3aHATTS HaANpaBleHI Ha 3aKpIIJICHHS 1 BUKOPUCTAHHA OTPUMAaHUX 3HAHb s
pO3paxyHKIB TapaMeTpiB JIa3€pHOTO0 BHUIPOMIHIOBAHHS, T€HEPOBAHOTO IEBHOIO THUITYy JIa3epaMu 13
3aJJaHUMU  KOHCTPYKTUBHUMH XapaKTE€pPUCTUKAMM, a TaKOX 3BOPOTHY 3aJady: XapaKTepUCTUKU
KOHCTPYKTUBHUX CKJIAJJOBUX JIa3epiB, AKI MOBHMHHI T€HEpPYBAaTH Jila3epHE BUIIPOMIHIOBAHHS 3a/JaHUX
napaMmeTpis.

Temu MpakTHIHKUX 3aHSATh:
1. IToGymoBa 300pakeHb B OTTHIII.
2. Po3paxyHOK I'yCTHHH MOTYXHOCTI B TUIONTMHI 300payKeHHS JpKepesia CBITIa PI3HUX CBITIONMPOMEHEBHUX
YCTaHOBOK.
3. OnHOPIAHICTH 30y IPKEHHS aKTUBHUX €JIEMEHTIB TBEPAOTIIILHUX J1a3ePiB.
4. Po3paxyHOK TOTY>KHOCTI Te€Heparii Ja3epHOr0 BUIPOMIHIOBAHHS TBEPJAOTUIBHUMH Ta Ta30BUMH
JazepaMu: PO3PAaXyHOK ONTHUMAJIBHOTO KoedimieHTa BIAOWUTTA BHUXIAHOTO JA3€pKaja Ta IOTY>KHOCTI
TE€HEPOBAHOTO JIA3EPHOTO BUIIPOMIHIOBAHHS JIa3epa 13 3aJJaHMMH PO3MipaMH aKTHUBHOT'O CEPEIOBHINA I10
JaHUM KoediIlieHTa MiICUICHHS CJIA0KOTO CUTHAJY, IHTCHCUBHOCTI HACHYCHHS 1 KOe(iIli€HTa IIKITTUBUX
BTpaAT.
5. 3HaXOo/pKEHHS TapaMeTpiB JIa3epHOro Iydka (KOH(GOKAIBHOTO TapameTpa, IMOJIOKECHHsS TOPJIOBUHU
My4Ka, MOJIOBOTO CKJIaay, CTajoi NEpPeTBOpPEHHs Iydka), chOPMOBAHOIO B CTIMKOMY pe30oHaTopi i3
3aIaHMMH KOHCTPYKTHBHUMH ITapaMeTpaMHu, 1 3BOPOTHA IIbOMY 3aj1a4a.
6. 3HaXO/PKCHHS IMapaMeTpiB Ja3epHOro mydka (KyTra po3ODKHOCTI, JdiamMeTrpa Iydka, 301IbIICHHS
pe3oHaTopa, CTanoi MEpPeTBOPEHHS Iydka), cOPMOBAHOTO B HECTIHKOMY pe30HATOpi 13 3aJaHUMHU
KOHCTPYKTUBHHUMU MapaMeTpamH, i 3BOPOTHA IIbOMY 3ajaya.
7. Po3paxyHOK ONTHYHOI CHCTEMU Iepe/adi Ja3epHOr0 BUIIPOMIHIOBAHHS MO CBITJIOBOJIOKHY BiJ Jla3epa
710 0OpOOITFOBAHOT JeTalIl.
8. PoszpaxyHok PreH i1 koedirieHTa BiIOUTTS BUXITHOTO JI3€pKaja rBUX TPyOUaCTOro 0JIHOKaHAILHOTO
CO2 na3epa 3 TEILIOMPOBITHUM OXOJIOKCHHSM.
9. Po3paxyHOK mapameTpiB pe3oHaTopa Jia3epa AJIsi TEXHOJIOTIYHOTO YCTaTKyBaHHS, MPU3HAYEHOTO IS
00poOKH JOBFOBUMIPHUX BHUPOOIB.

JIABOPATOPHI 3AHATTA

JIaGopatopHi poOOTH HampaBJeHI Ha 3aKpPIMJEHHS 1 BUKOPUCTAHHS OTPUMAHMX 3HAHb JJIS CBLIOMOTO i
LIECTIPSIMOBAHOrO BHOOpPY Js1a3epiB 1 (OKyCyBaHHS iX JIa3epHOTO MydKa JUIsl BUKOHAHHS KOHKPETHHUX
TEXHOJIOTIYHUX 3a/1ay.

Temu naGoparopHux pooiIT:

Po6ota 1. locnimkeHHs 3aKOHIB MOIMIUPEHHS, 3aJIOMJICHHS, BiIOUTTS cBiTiIa. B3aemois
JIa3€pHOT0 BUITPOMIHIOBAHHS 3 CEPEJOBUIIIAMH 3 PI3HUMHU KOe(]illieHTAMU 3aJTOMJICHHSI.

PoGora 2. Jlocnimxenns nporieciB 30y DKeHHS Ta TeHepallii TBepJOTIIbHUX CTPUKHEBHX JIa3€piB 3
TI0THUM HaKadyBaHHSM, BUBUEHHS 0COOIMBOCTEH iX Oy IOBH.



Po6ora 3. JlocmimkeHHs: 0COOIMBOCTEN TMCKOBHX JIa3epiB.
Po6ota 4. locnimkeHHs: 0COOTMBOCTEH Pe30HATOpa BOJIOKOHHOTO J1a3epa.

PoGota 5. HamiBrpoBiqHOKOBHI (1i0aHMI) Ha3ep. JocaipKeHHs MpoLeciB reHeparii.

PoGota 6. BuBuenns OynoBu ogHokanaabHUX CO2 Ja3epiB 3 TEMIONPOBITHIUM OXOJIOJHKECHHSIM.

OXOJIO/pKEeHHM. JloCmiHKeHHS TPOLIeCiB TeHepallii.

Po6ota 7. [Tnanapuuii CO2 na3ep 3 TEILIOMPOBITHAM OXOJIOKEHHIM. J[OCIIiIKSHHS MPOIIECiB

reHeparii.

Po6ota 8. CO2 na3ep 3 KOHBEKTUBHUM OXOJIOJLKCHHSIM 3 TIOB3JIOBXKHIM IPOKauYyBaHHSM Ta30BO1

cyminri. JlocmipKeHHs IpoLeciB TeHepartii.

Po6ota 9. CO2 na3ep 3 KOHBEKTHBHUM OXOJIOPKEHHSM 3 IOMEPEUYHUM ITPOKAuYyBaHHIM T'a30BO1

cymimti. JlocmiKeHHs MPpoIIeciB reHepaii.

6. CamocrTiiina po6ota cTyaeHTa

CamocriitHa poOOTa CTy/I€HTIB Ma€ HACTYIIHI HANIPSIMKHU:

Ha3Bu Tem 1 nutanb, M0 BUHOCUTHCS Ha CAMOCTIMHE OINpaIlfOBaHHS
Ta MOCUJIAaHHS HA HABYAIBHY JIITEPATypy

KinpkicTs roauu
CPC

PO31JI 1. BCTVII
Tema 1.1: 3acrocyBaHHs CBITNIa, K JKepena Teruia, Uil TEPMIYHHX

TexHoJor1i. CBITJIONPOMEHEBE 3BapIOBAHHS.

CPC: Hapuutucs OymyBatu 300pakeHHsSI JpKepena CBITJIa, KOJIM BOHO
po3MitieHe Mk (OKycoM 1 JIiH3010, MK TTOABIMHUM (DokycoMm 1 (hokycom, 3a
MOABIMHUM (POKYCOM. 3aCBOITH MOHSTTS «IIBUJIKICTh HATPIBAaHHS.

Jliteparypa: [1]

1

PO3AJT 2 3AKOHHM  TEINUIOBOI'O  BUIIPOMIHIOBAHHA.
TIOCTYJIATU EMHIITEMHA - ®I3UMYHI OCHOBH JIA3EPHOI
T'EHEPALIIL CBITJIA.

Tewma 2.1. 3aK0HHM TETIOBOTO BUIPOMi-HIOBaHHS.
CPC: BuBunTH 3aKOHH TEIJIOBOTO BUIIPOMIHIOBaHHS.

Tewma 2.2. [Toctynatu EitHmTeiina — hi3n4HI OCHOBH JIa3epHOI TeHepallii
CBITIIA.

CPC: nockonaso 3acBOITH TUIIM MEPEXO/IIB B aTOMax 1 MoJieKynax. BuBuutu
Bci TpH nocTynatu EffHmITeliHa, Ta CIiBBIIHOIICHHS MIX Koe]illieHTaMu
EitHiTeiiHa 17151 CIIOHTaHHOTO Ta BUMYIIICHOTO BUIIPOMIHIOBAHHSI.
Jlitepatypa: [1, 3, 5]

PO3UJT 3. IIOTYXHICTD JIABEPHOI'O BUITPOMIHIOBAHH A

Tema 3.1. @i3uuH1 ABUINA, IO CTBOPIOIOTH YMOBH JJISl T€HEPaILlii JIa3epHOro
BUITPOMIHIOBaHHS.

CPC: 3axon Jlambepta — byrepa — bepa. IloTyHIicTh nOrIMHaHHS,
KOoe(]ili€EHTH MOTJIMHAHHSA 1 MiACUJIECHHS. 3BepHYTH OCOOJIUBY yBary Ha
YMOBH MEepeXo/ly BiJl HOTJIMHAHHSA J0 MiJICUJICHHS; 1 Y MOKHA HarpiBaHHAM
aKTHUBHOT'O CEPEIOBHILA JOCITTH CTaHY MiICHICHHS.

CPC: OnTruna Hakayka. OntuyHe 30yKEHHS Ja3epHOro cepeioBUINa. 3-X 1
4-x piBHeB1 cxemu rerepauii. [IpunimnoBa cxema asepa 3 ONTHYHOIO
Hakaykoro. HaBuuTHCA YITKO PO3yMiTH, YOMY NPH ONTUYHIN HaKaylll HE
MOJKHA OJIEp>KaTH IeHepallito 1o JIBOPIBHEBIN cXeMi, po3pi3HATH 3-X 1 4-X




piBHEBI CXeMH I'eHepallii, a TAKO)K BUBYUTHU CKJIAZIOBI KBAHTPOHA 3
ONTUYHOIO HAKAYKOIO.
Tema 3.2. [ToTy>KHICTb Ja3€pHOT0 BUITPOMIHIOBaHHS.

CPC: BuBuuTu KOeQIli€eHT TWiACHICHHS C1adoro CHUTHaIy 1 diFoudid
KOC(ILI€HT MiJICHIICHHS; 3BEPHYTH OCOOJIMBY yBary Ipu sIKHX yMOBax i€
NEPUINA 1 APYTHIA.
Jlireparypa: [1-5]

PO31JI 4. TEOPIA JIABEPHUX ITYUKIB. 12
Tema 4.1. [nrepdepenuis i audpaxiis citiaa. @opMyBaHHS JTa3epHOTO
My4YKa B Pe30HATOPI.

CPC: BuBuuTH inTepdepeHiito Ta Tudpakiito CBITIa; BMITH 32 JJOTOMOT 00
30H @peHesnst po3B’sI3yBaTH MPOCTI 3a7a4i Mo Audpaxilii Ha IEHTPOBAHUX
niapparmax — KpyIiIMX Ta KUIbLIEBUX OTBOPAX; 3aKPUTUX KPYTIUM €KpPaHOM
0 IICHTPY

Tema 4.2. BmacTtuBOCTi Jla3epHOro ITydka, c(OpPMOBAHOTO B CTIHKOMY
pe3oHarTopi.

CPC: 3HaTu poO3MOJIA HANPYKEHOCTI €JIEKTPUYHOTO TOJISA 1 IHTEHCUBHOCTI
[0 pajiycy IONEpPEeYyHOro Mepepidy TIayCiBCbKOIOo MydyKa; 3HATH YMOBY
BUHUKHEHHS THUITIB KOJIMBaHb BUIIMX TMOPSJAKIB, BOJIOJITH YMIHHSIM
pO3Ii3HABATH TK BUIIUX MOPSIIKIB

Tema 4.3. BmactuBoCTi Ja3epHOro Iydka, C(OPMOBAHOTO B HECTIHKOMY
pe3oHaTopi.

CPC: 3Hatu BU3HAYCHHsS 30UIBIICHHS HECTIHKOTO pE30HATOpa; METOIN
BHUBEJICHHS JIA3€PHOTO Iy4YKa 13 pE30HATOpa; SK 3MIHIOETHCS PO3MOILT
IHTEHCUBHOCTI B TIOTIEPEYHOMY TIepepi3l Mydyka TpH HOTro TOMIUPEHHI B
MPOCTOPI.

Tema 4.4. IlopiBHsHHS mnapaMmeTpiB CGHOKYCOBaHUX JIA3E€PHHUX IY4KiB,
c(hopMOBaHUX Yy CTIHKOMY 1 HECTIHKOMY pe30HaTOpax.

CPC: 3Hatu npu SIKUX yMOBax JOLLUIbHO BUKOPUCTOBYBATH CTiHKi 1 HECTIHKI
PE30HATOPH.

Tewma 4.5. [lepenaua cBITIIOBOTO MyYKa 1O CBITJIOBOJIOKHY.

CPC: bynoBy CBITJIOBOJIOKHA 3 KPYTJIUM TEPEPi30M; TPAaHUIHHHN Ky T
MaJiHHS TPOMEHS Ha TOPEIb CBITIIOBOJIOKHA, MPU SIKOMY IIPOMIHb,
MOIITUPIOIOYHUCH 110 HhOMY, Ha HOro O14HIM MOBEPXHI BiI0OYBAETHCS TTOBHE
BHYTPIIIHE BIAOUTTS; YUCIOBA arlepTypa CBITIO BOJIOKHA.

Tema 4.6. Y3aranbHeHi XapaKTEpUCTUKH JIA3€PHOTO MyUKa.

CPC: ananiTu4HO ojiep>KaTu BUpa3 Ui CTajoi MEePEeTBOPEHHS MMydYKa 1 ioro
MOKa3HUKA $KOCTI. 3HAaTH BHU3HAUEHHS TJIMOMHU YITKOCTI MM IYYKiB
chopMOBaHUX B CP, HP Ta TAKOMY, 10 IPOMIIIOB Yepe3 CBITIIO BOJIOKHO
Jliteparypa: [1-5, 7]

PO3 1T 5. CO2-JIA3EP. 8

Tema 5.1. @i3uuHi ABUIIA 1 (I3UKO-TEXHIYHI 3acO0U 30y DKEHHSI aKTUBHOTO
cepenosuia COz-nazepa. Tnirouunit po3ps.

CPC: 3natu cxeMy €HepreTHYHUX PiBHIB MOJIEKYJIM BYTJIEKUCIIOTO ra3y Ta
a30Ty; (hi3UUHI MPOLIECH Mij TI€I0 IKUX BOHU 3aCEISIFOTHCS 1 pO3CENSIIOThCS,
qac KUTTS Ha PIBHSX.

Tema 5.2. JIazepH 3 TEIUIONPOBIAHUM OXOJIOKEHHSM.

CPC: flka 3anexHICTh MOTY>KHOCTI Ja3epHOi reHeparlii BiJ] MONEPEYHUX
pPO3MipiB aKTHUBHOIO CepeloBHUINA Ta JOBXUHM Horo. SIki mepeBaru i
HE/IOJIIKM MaloTh OaraTokaHajbHI Jla3epu MOPIBHAHO 3 OJHOKAHAJIBHUMH.
SIki pe30oHaTOpH 3aCTOCOBYIOTH B OJHOKAHAIbHHUX 1 OaraToKaHalbHHUX
nazepax




Tema 5.3. COz-na3zepu 3 KOHBEKTUBHUM OXOJIO/DKCHHSIM.

CPC: HaBunTucs BUIbHO MOPIBHIOBATH €HEPreTHYHI XapakTepucTHKu CO2-
Ja3epiB 3 TEIUIONPOBITHUM 1 KOHBEKTHBHHM OXOJIO/PKEHHSIM; IPOBOAUTH
HaOIMKEHUH po3paxyHOK MOTYKHOCTI JIazepHOro BunpomMiHioBaHHs CO2-
na3epa 3 KOHBEKTUBHUM OXOJIOPKEHHSIM

Jlireparypa: [1-6]

MoniTuka Ta KOHTPOJIb
7. IlojiTHKA HABYAJIbHOI TUCUUILIIHHA (OCBITHHOT0 KOMIIOHEHTA)

HaBuanbHuii mpoluec Ta CTOCYHKM MDK YYaCHMKaMM IIbOI'O IpOIECy, NMOBHHHI 0Oa3yBaTHCsS Ha
HOpMax B3aemomnoBaru, NpodeciiiHoi eTUKM Ta CYMIIIHHOTO CTaBJIGHHS 1O CBOix 000B’s3kiB. He
JIOIyCKaIOThCsl 00pa3/IvBil BUCIOBIIIOBAHHSA, HEHOPMAaTHBHA JIEKCUKA YK Oy/1b-AK1 IPOSIBU JUCKPUMIHALIII.

HopMu eTnuHOl MOBENIHKM CTYIEHTIB 1 MpaliBHUKIB BU3HaueHl y po3autn 2 Koxekcy uwecti
HarionanbHOro TeXHIYHOro yHiBepcuTeTy YKpaiHu «KUIBCbKMI MONITEXHIYHUN 1HCTUTYT iMeH1 Irops
Cixopcbkoroy. Jleranphime: https://kpi.ua/code

AKTHBHICTb Ha 3aHATTIX 3a0XOUYEThCA JOAATKOBUMH OallaMyU B PEHTHHI, y BHIAJKy HaJaHHS
JI0JTATKOBOI KOPUCHO1 1H(OpMaIlii 3a TEMOFO 3aHATTS, YU MPABWIBHUX BI/IMOBIICH HA MUTAHHS.

Jlo3BoJisieThCS M1 Yac Nap BUKOPUCTOBYBATH IMQPOBI MPHUCTPOi JUIsl MPOBEACHHS PO3PAXyHKIB,
MOIIYKY JO0JaTKOBOi 1H(opMalii Yu 3HAXO/DKEHHS BIAMOBIIHUKIB TEPMIHOJIOT 1HO3EMHHUMH MOBaMHU.
Opnak, mijg 4yac TPOBEACHHS KOHTPOJBHUX 3aXOJiB, BUKOPHUCTAHHS JOJATKOBUX 3ac00iB NU(pPOBUX,
MarepoBux, TOIo, - 3a0opoHeHo. CrucyBaHHs € 3a0opoHeHUM. [lomiTHKa Ta MPUHIMIK aKageMidHOL
nobpodecHocTi BU3HaueH1 y po3auii 3 Konekcy decti HallioHaIbHOTO TEXHIYHOTO YHIBEPCUTETY Y KpaiHu
«KuiBchbkuii momTexuiunuii iHCTUTYT iMeHi Irops Cikopeskoroy. JertanpHime: https://kpi.ua/code .

8. Buau KOHTPOJIIO Ta PEHTHHIOBA cUCTeMa OLiHIOBaHHA pe3yabTaTiB HaBuaHHA (PCO)

Ilomounuu xonmpoo.

[IpoTsiroM HaBYaHHS BUKOHYIOTHCS 9 1a0OpaTOPHUX POOIT KOXKHA 3 SIKHX OIIIHIOETHCS OKPEMO, a
PE3yJIbTaTH MOTOYHOT'O0 KOHTPOIIIO PETYIISIPHO 3aHOCATHCS BUKIIaAaueM y MotyJib «[1oTouHMiT KOHTPOIIb»
EnexTpoHHOro kamimycy.

Kanenoapnuii konmpone.

Kanenmapuuii KOHTpOJb MPOBOAUTHCSA JBIYI Ha ceMecTp 3a IpadikoM HABYAJIBHOTO MPOIECy
VYHiBepcuTeTy, K TpaBuiao, Ha 7-8 Ta 14-15 TWXKHAX ceMecTpy HaBYaHHS 1 peali3yeThCs HUIIXOM
BU3HAUYEHHS PIBHA BIAMOBIAHOCTI TOTOYHHMX JOCATHEHb (peHTHHTY) 3100yBaya BCTAHOBJIEHUM 1
Bu3HaueHUM B PCO kputepisim. Pe3ynbratu KaleHAapHOTO KOHTPOIIO 3aHOCSATHCS €K3aMEHATOPOM Y
Moayib «Kanennapauii KOHTpoby» EnekTpoHHOro KaMitycy.

[lepma Ta jgpyra YacTMHM MOAYJIBHOI KOHTposibHOI pobotu (MKP) mnpoBomsatecs mnepen,
BIJIMOBIIHO, MEPIUIOIO Ta APYTOIO aTeCTaLlISIMU.

Jlia oxep>kaHHs arecTallii moTpiOHO: BUKOHATH Ta 3[4aTU HE MEHINE MOJOBHHH BiAMpalbOBaHUX
1abopaTopHUX POOIT Ta OJIep>KaTU MO0 MOAYJIbHIM KOHTPOJIbHIN poboTi 50%+16am1, BITHOCHO MaKCUMYyMY
3a 110 KOHTPOJIbHY.

Cemecmposuii KOHMPOIb

HaBuanpHuM ruiaHoM nepeadadyeHo 3ajik.

YMOBOIO JIOMYCKY JI0 3aJliKy € 3apaxoBaHi J1abopaTopHi poOOTH Ta JOMAIIHS KOHTPOJbHA poOOTa.
JlomalliHs KOHTpOJibHAa po00Ta BHUKOHYIOTbCS CaMOCTIHHO, 3TiAHO I1HAMBITYaJdbHOIO 3aBJAHHS.
3a00pOHEHO 37aBaTh 4YyXKy poOOTY UM MaHIMy/IIOBATH BUXIAHMMHU JTAHUMH, MOAIOHI Aii mITpadyroThCs

BiJIHIMAaHHSIM TPETUHU 0alliB BiJl MAKCUMATBHOI KITBKOCTI OaiiB 3a JaHy poOoTy.

Petimuneosa cucmema oyiniosanms pe3yibmamis Hag4aHHs cvaeHmie 34 OCBIMHIM KOMHNOHEHMOM

PO3HO,Z[iJ'I HAaBYAJIbHOI'O 4YacCy 3a BUJAAMU 3aHATH i 3aBJJaHb OCBITHBOT'O KOMITOHCHTY 3I' iI[HO 3 p060‘-II/IM
HaB4YaJIbHUM ITJIAHOM.
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PeliTiHroB1 Ganu cTyeHT 3apo0Iisie MPOTATOM CEMECTPY 3a PaXyHOK HAIMCAaHHS MOIYJIbHOT
KOHTPOJILHOI pOOOTH, BUKOHAHHS 9 1a00paTOPHUX POOIT Ta JOMAIIHBOT KOHTPOJIBHOI POOOTH.

MojynbHa KOHTpoJbHA po0oTa

MoynpHa KOHTPOJIBHA POOOTA CKIIAAAETHCS 3 IBOX YACTHH, KOXKHA 3 SIKMX OLIHIOETHCS OKPEMO.

Barosuii 0an — 20 3a ko)HY YacTHHY. MakcuMaibHa KiJTbKICTh OalliB 3a BC1 KOHTPOJIBbHI POOOTH

nopisatoe 20x2 = 40 Ganis.
KonTponbaa Mmoxe OyTu y popmi BIAKPUTHUX MUTaHb HA PO3TOPHYTY BiANOBIAL a00 Matu hopmy
TECTy.
B nepiromy Bumaiky, KOHTpOJIbHA MICTUTh YOTHPH TUTAHHS, JIBA TCOPETUYHOTO CIPSIMYBAaHHS Ta
JIBa MIPAKTUYHOTO CIIPSMYBaHHS, KOJKHE 3 HUX OIIIHIOETHCS B 5 OalIiB.
Kputepii oriHioBaHHS:
- IIOBHA BIANOBIIb Ha BCi 3anuranus — 20 Oais;
- HasIBHICTh HE3HAYHUX IMOMIJIOK Y BIAMOBIIAX, SIKI HE 3MIHIOIOTH IMPABWIILHOI CyTi BiamoBiaen — 19 —
16;
- BIJMOBIIl HOCATH 3araJIbHAN XapakTep, B IIJIOMY BIpHI, aji¢ HE MalOTh KOHKPETHUX MOKA3HHUKIB YU
xapakTepuctuk — 15 —12.
B npyromy Bumaaky, KOHTpOJIbHA MICTUTh ABAJALATh NUTaHb HAa KOPOTKY BIAIMOBiAb, KOXKHE 3 SIKUX
OIIIHIOEThCA B 1 Oaut, a OIliHKA 3aJISKUTD B KITLKOCTI IPaBUIILHUX BiAMOBIICH.
JlaGopaTopHi po6oTH
BaroBuii 6an — 4 6anu 3a KokHY poboTy. MakcuMalibHa KIJTBKICTh OalliB 32 BC1 IPaKTUYHI pOOOTH

nopiBHioe 4x9=36.

KpuTepii oriHIOBaHHS KOYXHOT'O 3aB/JIaHHS

- TIOBHICTIO Ta IPaBUJILHO BUKOHAHE 3aBaHHs — 4 Oais;

- 3aBJaHHS BUKOHAHE B IILJIOMY BipHO, aJi¢ HasBHI MIEBHI HETOYHOCTI — 3.

PI'P

Baroswii 6ai1 — 24. MicTuth po3paxyHKOBY Ta rpadiuHy YaCTUHH, SIKi OI[IHIOIOTHCS] B KOMILIEKCI.
Kpurepii oriHroBaHHS:

- TIOBHICTIO Ta PaBUJIHLHO BUKOHAHE 3aBIaHHs — 24 OaJIiB;

- 3aBJaHHS BHUKOHAHE B I[UIOMY BipHO, ajie HasiBHI [I€BHI HETOYHOCTI Ta HE3HAYH1 MTOMUJIKH — 24-18;

- 3aBJaHHS BUKOHAHE 3 IOMIJIKAMH, aje¢ 3 JOCTaTHIM CTYNEHEM IPaBWILHOCTI, 1100 OyTH

3apaxoBaHuMm —17-14.
Pospaxynok wikanu (R) peiimunzy:

Cyma BaroBux OalliB KOHTPOJIbHUX 3aXOJliB MPOTATOM CEMECTPY CKIIAJaE:

RD = 20x2 +4x9+24 =100 6aJis.

V BUOAAKy HE3TOAM i3 MiACYMKOBOK OLIHKO 3TiIHO PEUTHHTY, CTYAEHT MA€ PaBO BIAMOBHUTHCS
BiJI pERTHHTY 1 HAOMCATH 3aIKOBY KOHTPOJBLHY podoty Barow 100 6amis. [Ipu 11b0My, HOOEPEIHBO

3ap0o0JIeHUIl PEUTHUHT aHVIbOBYETHCS.
JaikoBa KOHTPOJbHA poboTa
Barosuit 0an — 100.




Kpurepii oriHoBaHHS:

- [IOBHA Bi/INOBi/Ib HA 3aIIMTaHHS, BIANOBI/Ib BUKIAZECHA NPABUJIBHO, MUTAHHS PO3KPUTI B JIOCTATHIN
Mipi — 100 - 95 Ganis;

- He IOBHA BIAIOBIAL Ha 3aIIMTAHHSI a00 BIAMIOBIAL 3 IIEBHUMHU HETOUYHOCTIMHU — 94 — 74;

- YacTKOBA Bi/AINOBi/Ib HA 3aIIUTAHHS, UM BiIIOBI/Ib 3 CYTTEBUMH MOMIIKaMu — 73 — 60.

- CrygeHt, KOTpuii oTprMaB MeHIe 60 O6atiB HaPaBISIETHCS HAa TIEPECKIIAaH s 3aTTIKY.

TaGmurist BIAIMOBITHOCTI PEHTHHTOBUX OAJTiB OI[IHKAM 32 YHIBEPCHTETCHKOO IITKAJIOKO:

Kinvxicmo 6anie Ouyinka
100-95 BigMinHO
94-85 Hyxe nodpe
84-75 Hobpe
74-65 3a70BIILHO
64-60 JocratHpo
Memniie 60 HesanosinnHo
He BHKOHAHI YMOBH JOMYCKY He nmomymieno

9. [opaartkosa iHpopmauisa 3 gucumniiHm (0CBITHbOro KOMMNOHEHTA)

Po6ouy nporpaMmy HaB4aJIbHOI M CHUILIIHMA (cHiIa0yc):

Cru1aJieHo JIOIeHT, K.T.H., To1eHT, Karmsk Onekcii [IMutpoBud

YxBaJjieHo xadeaporo azepHoi TEXHIKU Ta (HI3UKO-TEXHIYHUX TEXHOJOT1H (mpoTtokoi Ne6 Bin 18.12.2024
p.)

IMoromxkeno Metonuunoro komiciero iHcTuTyTy HH IM3 iM.€.0.I1aTtona (mpotokon Ne5/25 Bin 24 ciuns
2025 p.)



JOJATOK A
OpieHTOBHI TUTaHHS Ha KOHTPOJIbHI 3aX0/I1
MKP 1.1

1.IToOymyiiTe XiZ MPOMEHIB B CBITJIONPOMEHEBIH YCTaHOBII ITPH TAKOMY IMOJIOKEHHI JPKEpesia CBITIIA 110
BIJTHOIIIEHHIO J10 JiiH3M: a>2F.
2.IToOynyiiTe XiJ MPOMEHIB B CBITJIIONPOMEHEBIH YCTaHOBII MTPH TAKOMY TMOJIOKEHHI JpKepesa CBiTIa 1Mo
BiJTHOIIIEHH!O 0 JiH3u: a=2F.
3.IloOyny¥iTe Xia MPOMEHIB B CBITJIOMPOMEHEBIN YCTAHOBIII, KOJU JKEPEJIO CBITJIa TOUKOBE, PO3MIIIEHE
Ha ocl 1 Ha Bixctadil 2F> a>F no mig3u.
4.I1oGynyiiTe XiJ1 IPOMEHIB B CBITJIONPOMEHEBIN YCTaHOBIII MIPU TaKOMY IOJIOXKEHHI JPKEpesia CBITIa Mo
BIIHOIIIEHHIO 10 JiH3u: 2F>a>F.
5.I1oOynayiiTe Xix mpoMeHiB micis (OKycCyBalibHOI JIIH3M 3 (JOKYCHOIO BijactaHHiO0 F, Ha sKky mnanae
LEHTPOBAaHUN (TOOTO CHMETPUYHHUI [0 TOJOBHOI ONTHUYHOI OCl JIIH3M) 30LKHMH (miadoKycoBaHUM)
CBITJIOBUM ITyYOK.
6. Ha30BiThb sKi € mepexoay B aToMax 1 MoJiekyiax. [laiite iM BU3HaAYCHHS.
7. Ha3BiTh BJIACTUBOCTI BUMYIICHHUX MEPEXO/IiB (TOOTO chopMyronTe mocTyaatu EfHmTeitHa).
8.5IK1 IpUYMHY PO3MIMPEHHS CIEKTPaIbHUX J1HII?
9.51xa posb BUMYIIEHOTO BUITPOMIHIOBaHHS B MEXaH13M1 JIa3€pHO1 reHepaiii citia’?
10.Ha3Bith Tpu GyHKIII, SIKI BUKOHYE Ja3epHUN PE30HATOP.
11.Chopmymrotite 3akoH JlamOepta — byrepa — bepa B audepenmianpHiit 1 iHTerpanpHid dopmi. [Ipu
SIKHUX YMOBaX CITpaBe/UIMBI Ha3BaH1 (POPMH IIOTO 3aKOHY?
12.Ilpn sxux ymMoBax IOTJIMHAHHS CBITJa B CEPEOBUINI 3MIHIOEThCS Horo miacuineHHsMm? Il{o Take
1HBepCHa HacemeHIcTh? Un MOYKHA CTBOPUTH HATrPIBaHHIM 1HBEPCHY HACEIICHICTh?
13. 3a skuX yMOB KOEIIlI€HT MMiICUICHHS BIIMIHHANA B HYJIs?
14.Yomy mpu ONTUYHIA HaAKa4Ill HE MOXKHA OJEpIKATH JIa3epHOI reHeparlii Ha JBopiBHEBIH cxemi? s
YOro BUKOPHUCTOBYIOTH TPU — 1 YOTHPUPIBHEBI cxeMu reHepaiii? HaspiTh BUMOru A0 dYacy XUTTS
30yDKEHHUX PIBHIB 1 1X PO3MIIIIEHHS 110 €HEPTisM.
15 [aiite BU3Ha4YeHHS KOedilli€HTa MiICHICHHS ca0Koro curuainy? Bim 4oro BiH 3aeXUTh?
1651k 3MIHIOETBCST KOEQILIEHT IMiJCUICHHS TIPH TOMMPEHHI CBITIOBOTO Iy4yka B 30y/KEHOMY
cepenoBuIli (3amuirTs Gopmyy)?
17.11l0 Take IHTEHCUBHICTh HACHYCHHS, JaiTe 11 BM3HaueHHHA? Bim yoro BoHa 3anexuth? BoHa €
XapaKTePUCTUKOIO CTaHy aKTUBHOT'O CEPEIOBUIIA UM MOTY>KHOCTI HAKayKu?
18.Hanumite ¢-my Uis NOTYKHOCTI JIa3€pHOrO BUMNpPOMiHIOBaHHA. Hamamiolite 3anexHicTh Pren Bin
KoedilieHTa miAcuiaeHHS cinadkoro curHainy I[loscHiTh Gi3UyHYy CyTh XapakTepHUX TOYOK i€l
3aJIeKHOCTI.
19.Hanumiite ¢-my 118 MOTYXKHOCTI J1a3epHOr0 BUIPOMiHIOBaHHA. HakpecniTh 3anexHicTh Pren Big
KoedinieHTa paaianiiiHux BTpaT. [10sCHITE Qi3UUHY CYyTh XapakTepHUX TOUOK i€l 3aJ1€KHOCTI.
20.YoMy 1OpiBHIOE MUTOMA MOTYXHICTh T'eHepallii?
21.5ki mpxepena cBiTia € KOrepeHTHUMU.
22 .5l 10Aal0ThCs IHTEHCUBHOCTI JJIs1 KOTEPEHTHUX 1 HEKOTEPEHTHUX JKepell CBITIa B KUTbKOCTI N.
23.Cdopmymroiite mpuniui [roiirenca. 1l{o HoBoro gogas B 1ieit npunimn 13apanryk13.
24.Ha Henpo3opuil KpyrJIMi €KpaH 3 YITKMMU KpasMH TaJla€ CBITJIOBMH IMYYOK 3 IJIOCKUM (pa3oBUM
¢dponTOM. fIKa OyJ]ie OCBITIEHICTh HA OCI Iy4Ka Ha PI3HUX BIJICTAHAX BiJ €KpaHy.



25. Ha Henpo3zopuii eKpaH 3 KPYIrJIMM OTBOPOM, Kpal SIKOTO YiTKi, Maja€ CBITJIOBUN MYYOK 3 TUIOCKHM
¢azoBumM GponTom. Ska Oyse OCBITICHICTh HA OCI IyYKa Ha Pi3HUX BIJCTAHAX BiJ €KpaHy, BiJl YOr0 BOHA
Oyze 3ayexarH.

26.Ha3BiTh (pi3uuHi SABUINA 1 K M X Ai€l0 GOPMYETHCS Ja3epHUM My4OK B pE30HATOPI.

27. Hanumite GopMyIly pO3MOALTY iHTEHCHBHOCTI MO pajiiycy B MONEPEYHOMY Ie€pepisi rayciBCbKOTrO
myJKa.

28.JlaiiTe BU3HAYCHHS CTIMKHMX 1 HECTIHKUX Pe30HATOPIB. 3aMUIIITh YMOBY CTIHKOCTI.

29.JlaiiTe Tpu BU3HAYCHHS pajiiyca rayCiBChbKOTO ITydKa.

30.Hamurrite popmyy aast po30iKHOCTI rayciBebkoro mydka (Moaa TEMoo).

31./laiiTe Bu3HaYeHHsI KOH(POKAIBHOTO MapaMeTpa Mydka Zo i HalUIIITh aHATITHYHY 3aJIEXKHICTD Zo Bif
paziyca Imy4ka B TOPJIOBHHI 1 TOBKHMHU XBHJII CBITJIOBOI'O BUITPOMIHIOBAHHSI.

32. Hamumite ¢-ny 115 KoH(pOKanbHOTro napameTpa Zo CTIMKOr0 CUMETPUYHOI'O pe3oHaTopa yepes Horo
KOHCTPYKTUBHI [TapaMeTpu: paJilyCc KPUBUHHU J3€pKall 1 B1ICTaHb MK HUMHU.

33.Yomy nopiBHIOE pajniyc KpuBUHU (azoBoro ¢poHTy Ha moBepxHi a3epkana CP. 34.Homy nopiBHIOE
paaiyc myuyka Moau BUIIoro nopsaky TEMmn 1 #oro KyT po3013kHOCTI.

15.Y1 € roMOLIEHTPUYHUM JIa3epHUM My4OK, chopMOBaHuUil B cTiiikomy pe3oHaropi. I1{o € noka3om ioro
TOMOLEHTPUYHOCTI Y1 HEroMoleHTpu4HOCTi. I1{o € Miporo HErOMOLIEHTPUYHOCTI CBITIOBOIO MMyYKa.
36./laiiTe BU3HaUEHHS «30UIBIIEHHS] HECTIMKOTO pe30HaTopay. SIk BUBOAUTHCA Ja3epHE BUIIPOMIHIOBAHHS
13 HECTIMKUX pe30oHaTopiB. [le 3aCTOCOBYIOTHCS HECTINKI PE30HATOPH.

37.Hamamoiite XiA HpOMEHIB B HECTIMKHX TEJNECKOMIYHOMY 1 KOH(OKaJIbHOMY pe3oHaTtopax. Sk
BHUBOJUTHCS JIa3epHE BUIIPOMIHIOBAHHS 13 HECTIMKUX PE30HATOPIB.

38.YUu € roMOIICHTPUYHUM JIa3epHUN My4OK, CHOPMOBAHHMI B HECTIHKOMY pe3oHaropi. Hamumiite G-y,
SIKy HEOOX1JIHO BUKOPUCTOBYBATH ISl OOYMCIICHHS TTOJIOKEHHS TOPJIOBUHH C(HOKYCOBAHOTO MyuKa; -1y
TSt KoedillieHTa KOPUCHUX BTpAT HECTIMKUX PE30HATOPIB.

39. Hanumite ¢-my s po30DKHOCTI JIa3epHOTO Mydka, c(hOPMOBAHOTO B HECTIHKOMY pE30HATOpI, i
JiaMeTpa TOpPJIOBHHH C(POKYCOBAHOTO IMyYKa, SKUi (JOKYCY€EThCS JH3010 3 (POKYCHOIO BifcTaHHIO F.

40. Onumith OymoBy cBiTioBOJIOKHA. 110 BH3HAYae yncioBa anepTypa CBITIOBOJIOKHA?
MKP u.2
1.Hakpecnits cxemy piBHiB MoJsiekyau CO2 1 No. Ha3BiTh uac kxuTTs Ha piBHI. BKaxkiTh BepXHiii Jla3epHU

piBEHb 1 HUKHIN JTa3epHUI PiBEHB 1 JOBXMHHU XBWJIb JIA3EPHOTO BUIIPOMIHIOBAHHS, 1110 BiJIMTOBIIAIOTh IIAM
HePEXOaaM.

2.Ha3BiTh pob BYIJIEKHCIIOrO Ta3y, a30Ty 1 refiito B akTuBHOMY cepenosuii CO2 nazepa.

3.5IKy ponb BUKOHY€ KaTOJHE MAaJiHHS MOTEHIIady B TJIIOUOMY PO3psiii, ki (i3uyHi sBHIA IiIOTH B
o01acTi KaTOAHOTO MaAiHHS MOTeHIaTy?

4.5lxa yacTHHA TJiI0YOr0 po3psiay Oepe ydacTh B 30ymKeHH1 akTUBHOTO cepenosuina COz maszepa 1 ki
€JIEKTPUYHI IapaMeTpu BH3HAYaIOTh 110 yacTUHy TP, sK BiA HHMX 3aJ€KUTh I'yCTUHA HOTY>KHOCTI
HaKauKu?

5.5lke Qi3uuHe SBUIIE BIJNOBIJAE 3a IMOMEPEYHI PO3MIPH TIIIOUOTO PO3psay, sKi (i3UuHl ABHIIA X
BHU3HAYaIOThH?

6.1l1o Take ionizamiiiHo neperpiBHa HecTikicTh(IITH) Taitouoro pospsay? SIk BoHa BUHHKae, TOOTO
HaMMIIITh TPUYUHHO-HACTIIKOBUH JTAHIIOT (Di3UMYHUX SIBUIL, 110 cCIpuunHIo0ThH [TTH?

7. YoMy BiICYTHS TepMidHa piBHOBAra B MO3UTUBHOMY CTOBIII TJIIFOYOT'O pO3psiLy?

8.111o Take na3zepu 3 TEIIONPOBITHUM 0X0J10/KeHHAM? Ha3BiTh BigoMi Bam Tunm mux nasepis.

9. Haspith Bigomi Bam TummM TEmIOMPOBITHO OXOJOMKYBaHMX Ja3epiB. Omumith OyaOBY OJHO-
KaHAJIBHOTO TpyOuaToro Jyasepa. Sk 3aJeXuTh MOTY>KHICTh JIA3€PHOTO BUIPOMIHIOBAHHS BiJl PO3MIpiB
aKTHUBHOT'O CEpeIOBHIIIA.

10. Onuite Oyn0BY OaraTokaHanbHOTo TpyOuatoro jnasepa (BTJI), skuif pe3oHaTOp BUKOPHCTOBYETHCS
B HhOMY. Ha3BiTh nepeBaru i Henomiku bTJI mopiBHAHO 3 0AHOKaHATIBHHUM.



11. Omumiite OynoBY Jasepa LIUIMHHOI KOHCTPYKLIi, SKMH PE30HATOP BHKOPHCTOBYETHCS B HBOMY.
Ha3sBiTh mepeBaru i HeZIOIIKK HOTo MOPIBHAHO 3 0araToOKaHAIBHUM TPYOUaTUM JIa3ePOM.

12.5Ixi pe3oHaTOpU BUKOPHUCTOBYIOTHCS B Jla3epax 3 TEIIOMPOBIIHAM OXOJIOKEHHSIM ?

13.11lo Take na3epu 3 KOHBEKTHBHUM OXoyoKkeHHAM? Ha3BiTh Bimomi Bam Tunum mux nasepis, a Takox
ONTUYHI 0COOIUBOCTI TX aKTUBHOTO CEPEIOBHUIIA

14. Hakpecnits npuaIunoBy cxemy CO:2 j1azepa 3 0CbOBOIO MPOKAYKOIO.

15. Hakpecnite npuaIunoBy cxemy COz j1azepa 3 HONepeyHOI0 MPOKAYKOIO.

16. SIki pe3oHATOPU BUKOPUCTOBYIOTHCS B JIa3epax TPyOUaTOro THITY 3 TEILIOMPOBIIHIM OXOJIOPKCHHSM 1
OCBOBOIO ITPOKAYKOIO?

17. SIxi pe3oHaTOpH BUKOPUCTOBYIOTHCS B JIa3epax 3 MONEPEYHOIO MMPOKAYKOI0?

18. Ha3BiTh MeTonu OOpOTHOM 3 HECTIMKOCTSMHM TJIIOYOrO pO3psily B Jiazepax 3 TEIUIONPOBIIHUM
OXOJIOJPKEHHSIM.

19. Ha3Bith MeToau OOpPOTHOM 3 HECTIMKOCTSMHU TIIIOYOrO po3psly B Jazepax 3 KOHBEKTUBHUM
OXOJIOJPKEHHSIM.

20.5Ix 3aneXUTh NOTY>KHICTb JIA3€pHOTO BUIIPOMIHIOBaHHs, TeHepoBaHoro CO:2 na3epom, BiJl Hallpyru Ha
TII0YOMY PO3pSAl 1 CTpPyMy po3psiay.

21.Hakpecnith cxemy piBHIB pyOiHOBOIO Jiazepa. BkaxiTh yac KUTTs Ha piBHI, skuil 3 HUX BJIP, a saxuit
HJIP. Tlo sikiii cxemi mparioe 1ei jga3ep: TphOXpiBHEBIN UM YOTUPHOXPIBHEBIH?

22. HakpeciiTe cxeMy piBHIB HEOJUMOBOTO Jlazepa. BkaxiTh Wac >KUTTS Ha piBHI, skuil 3 HUX BJIP, a
sxuit HJIP. ITo sixiit cxemi mpaltitoe 1eH j1a3ep: TpbOXPIBHEBIM UM YOTUPHOXPIBHEBINH?

23.HakpeciiTh ONTUYHI CXEMHU HaKayK{ 1 pe30HATOpa CTPHKHEBOIO TBEPAOTUIHHOIO Jlazepa 3 ONTHYHOIO
HaKa4yKoIo.

24. Hamumite GopMynu uisi po301KHOCTI JIa3€pHOTO IMydKa, CTajaoi MEPETBOPECHHS IMydYKa 1 TMOKa3HUKA
SIKOCT1 ITy4YKa CTPWKHEBOT'O TBEPAOTUILHOTO Jla3epa 3 ONTUYHOI Hakadkoro. [losicHITE ¢i3nuni
BEJIMYWHH, SIK1 BXOJATH B 111 (opMyIIH.

25.HakpecniTh ONTHYHI CXEMU HAKayKH 1 Pe30HATOpa JUCKOBOTO TBEPAOTIIBLHOTO Jia3epa 3 ONMTHYHOIO
HaKa4yKoIo.

26. Hamumite GopMynu s po301KHOCTI JIA3€PHOTO IydYKa, CTajaol MEPETBOPEHHS IydYKa 1 MOKa3HHKa
SIKOCTI Iy4YKa JIMCKOBOTO TBEPJIOTUILHOTO Jia3epa 3 ONTUYHOIO HAaKaukoro. [10osSCHITH (Gi3uyHI BEIUYNHH,
SIK1 BXOISATH B 111 (hOPMYJIH.

27.HakpeciiTh ONTUYHI CXeMU HaKauyKH 1 pe30HaTOpa BOJIOKOHHOT'O TBEPAOTIIHHOIO Jia3epa 3 ONTUYHOIO
HaKa4yKoIo.

28. Hanumiite popmynu ans po301KHOCTI Ja3epHOTO IMydKa, CTalol MEPETBOPEHHS My4yka 1 MOKa3HUKA
SIKOCTI ITy4Ka BOJIOKOHHOTO 0araToMo/I0BOTO TBEPJOTIIBHOTO Jla3epa 3 ONTHYHOI Hakaukoro. [10osCHITH
(b131uHI BETUYMHY, SIKI BXOJATH B 11l GOpMYIIH.

29.5Iki pe30HATOpU 3aCTOCOBYIOTh B CTPMIKHEBHX 1 JUCKOBUX TBEPIOTIIBHHX Ja3epax 3 ONTHYHOIO
HaKauKow?

30. SIxi pe3oHaTOPH 3aCTOCOBYIOTh Y BOJIOKOHHUX TBEPJAOTIIBHUX JIa3epax 3 ONTUYHOI HAKAYKO0?
31.HomMy B pe3oHaTOpax TBEPAOTLIBHMX Ja3epiB 3 ONTHYHOK HAKauKoKo (hOpMyeThCs Ja3epHUil Mydok
MOJIU BUILOTO MOPSAAKY?

32.3 axux Jetanei cKiIagaeTbcsl KBAaHTPOH CTPHXKHEBOTO TBEPOTLIBHOTO JIa3epa 3 ONTUYHOI HAKaYKOIO
BUITPOMIHIOBAaHHSIM HaliBIPOBIAHUKOBUX Ja3epiB?

33.5Iki mapameTpH pe3oHaTopa BU3HAYAIOTh PO30LKHICTB JIA3EPHOTO MyYKa Jia3epa CTPUKHEBOTO TUITY?
34.3 sxux nerasnel CKIaJaeThcsl KBAaHTPOH JUCKOBOTO TBEPJIOTIIBHOIO JIa3epa 3 ONTUYHOIO HAKAYKOI0?
35.5Iki mapameTpH pe3oHaTOpa BU3HAYAIOTh PO301KHICTH JIA3€PHOTO MyUKa J1a3epa AUCKOBOTO THITY?

36.3 skux naerasnei CKIaJaeThcsi KBAaHTPOH BOJIOKOHHOTO TBEPOTUIHHOTO Jla3epa 3 ONTHYHOIO HAKaYKOI0?
37.5Ixi mapamMeTpH pe3oHaTopa BU3HAYAIOTh PO30LKHICTB JIA3EPHOTO My4YKa Ja3epa BOJIOKOHHOIO THITY?



38.JlaiiTe BHM3HA4YEHHA 30HH MPOBIJHOCTI 1 BaJCHTHOI 30HM B HaMiBOpPOBiAHMKaX? SIK BIUIMBAIOTH
JOMIIIKH Ha eJIEKTPONPOBIIHICTh HAIIBIPOBIAHUKIB?

39.HamainoiiTe TPUHIMIIOBY EIEKTPUYHY cXeMy ja3epHoro mioma. Il{o Take siazepHe mosne, Ja3epHa
TiHiiKa, 1a3epHa MaTpuLs?

40.Yu BHCOKA SIKICTh CBITJIIOBOI'O BUIIPOMIHIOBaHHS JiazepHOi MaTpuui? Jle BUKOPUCTOBYIOThCS TOTYXHI
HaIBIPOBITHUKOBI J1a3epu?

JOJATOK b
OpientoBui TEMU PT'P

1. Onmcatu Oym0BY HEOAMMOBOTO Ha CKIIi j1a3epa (0e3 Jukepesa KUBICHHS ), HOro KOMIUIEKTYIOUHX 1 1X
XapaKTePUCTUKH, HAKPECIUTH KBAHTPOH (B MacmiTtali), B SIKOMY JKEpEIoM CBITIa 30Yy/UKEHHS €
IMITyJIbCHA Jlammna. [y akTUBHOrO eneMeHTa 3 J0oBkHHO 120MM 1 miamerpoM 12MM po3paxyBaTu
PO30LKHICTD IMy4Ka, HOTO CTally MEPEeTBOPEHHS 1 MOKa3HUK SKOCTI MydKa, SIKIIO Ipu poOoTi azepa AE
CIIOTBOPIOETHCS B TO3UTHUBHY JIIH3Y 3 ONTHYHOIO CHUJIOK0 2 MIONTpii, a BIJICTaHb MDK J3€pKajamMu
pe3onaropa 0,5m.

2. Onwucatu OyIOBY HEOAMMOBOIO Ha ITpii-ajlOMiHIEBOMY rpaHati jlazepa (0e3 mkeperna >KUBIIEHHS),
SKUI Tpalioe B IMIYJIbCHOMY pPEXKHMI, HOr0 KOMIUIEKTYIOUMX 1 X XapaKTepUCTUKH, HAKPECIUTH
KBaHTPOH (B MaciuTali), B SKOMY JKEPEJIOM cCBiTia 30yJDKEHHS € IMIyJbCHA jamna. [[is akTUBHOIO
eleMeHTa 3 JOBXKHMHOIO 90MM 1 JiameTpoM OMM po3paxyBaTh poO3ODKHICTH Myyka, HOro craiy
MEPETBOPEHHS 1 MOKA3HUK AKOCTI MyuKa, SKIIO NMpu poOoTi ja3zepa AE croOTBOPIOETHCS B MO3UTUBHY
JIH3Y 3 ONITUYHOIO CcUJjIor0 1,5 mionTpii, a BIACTaHb MK A3epKaiamu pe3onaropa 0,4m.

3. Onucatu OynOBY HEOAMMOBOTO Ha ITpii-aTlOMIHIEBOMY rpaHaTi jazepa (0e3 JpKepesia >KUBJICHHS),
KW TIPaIlO€ B HEMEPEPBHOMY PEXHMi, WOT0 KOMIUICKTYIOUHX 1 IX XapaKTEPUCTHKH, HAKPECIUTH
KBaHTPOH (B MacmiTali), B SKOMY JDKEPEJIOM CBITIa 30Yy/UKEHHS € AyroBa jamra. J[as akTUBHOTO
eJeMeHTa 3 JOBXKUHOI0 90MM 1 liaMeTpoM 6MM po3paxyBaTH MiHIMaJIbHY pO301KHICTh ITy4Ka, HOTO CTaITy
TIEPETBOPECHHS 1 MOKAa3HUK SIKOCTI MydKa, SKIIO Mpu poOoTi jazepa AE CrOTBOPIOETHCS B TO3UTHBHY
JIIH3Y 3 ONTUYHOIO CHJIOK 3 JIOMTpii, a BiICTaHb MK J3epKasiaMu pe3onaropa 0,3m. .

4. BHU3HAUUTH ONTUYHY CWIIy TEIJIOBOI JIIH3W aKTUBHOTO €JIEMEHTa Jla3epa Ha ITpii-aJroMiHIEBOMY
rpaHari, JEroBaHOMY HEOJMMOM, HemepepBHOi nii. AE mae po3mipu: moxuny 100mMm 1 miameTp 7mm,
BIICTaHb MK J3€pKajlaMHd pE30HaTOpa JOPIBHIOE MOJBiMHINA (POKyCHIM BiacTaHi TerwoBoi jiH3u AE,
pe3oHarop cumerpudyHuii. AE 30y/Ky€eThCsl CBITJIOM HaIiBIPOBITHUKOBHX JIa3€pPiB 3 JOBXKHHOI XBHII1
A=0,81MkM; B HhOMY Buusierbcs 150BT TeruioBoi moryxHOCTI. Bu3HAUMTH AiaMeTp TeHEpOBAaHOTO
My4YKa Ha JA3epKajiax, Horo po30iKHICTh, CTATy EPETBOPEHHS 1 OKa3HUK SKOCTI.

5. JIazep Ha iTpiii-amoMiHIEBOMY I'paHaTi, IETOBAHOMY HEOJUMOM, HenepepBHoi fii. B iioro pesonartopi
PO3MIIIIEHO Ha OAHIM OCl JBa KBaHTPOHM, aKTUBHI €JIEMEHTH SKUX MAlOTh PO3MipHU: JOBXKHUHY 90MM i
niametp 6MM. Ilig yac poGOTH BOHU CIIOTBOPIOIOTHCS B MO3UTHUBHY JIiH3Y 3 (POKYCHOIO BIJCTaHHIO M.
Pe3onatop cumerpuunuii. BuzHauntu giameTrp reHepoBaHOTO IMydYKa Ha J3epKajax, Horo po30iKHICTD,
CTally IEpETBOPEHHS 1 TOKa3HUK SKOCTI.

6. Po3paxyBaTu pe3oHaTOp HEOAMMOBOIO Ha ITpii-allOMiIHIEBOMY TIpaHaTi jla3epa HEMepepBHOI il 3
noTy>HicTio reHepartiii P=250Br, sikuii 30yKy€eTbcsl BUITPOMIHIOBAaHHSM JTIOJHHX JIa3€PiB.

B po60Ti BUKOHATH HACTYIIHE:

-BUOpaTH JOBXKUHY CTPW)KHS aKTHBHOTO CEpElOBUINA, SKIIO HOro aiaMeTp 2a=7MM, CIPOEKTYBaTH
OCBITJIIOBAY 3 MAaTPHUIIMH JIOJHUX JIa3epiB, KOTPi MAIOTh AOBKHUHY 10MM.

-BU3HAYUTH KOe(Dilli€HT BIOUTTS BUXITHOTO J3epKana;

- BU3HAYUTH PO301KHICTH FT€HEPOBAHOTO JIA3€PHOI0 My4Ka, HOro SKICTh 1 CTally NEPEeTBOPEHHS.

Binomo: mo ko"*°=0,1cm?, Lac=820 BT/cM?, MmIKiamuBi BTpaTH akTUBHOTO cepeosuina p,=0,002 cm™?, a
MOKa3HUK 3ajloMJIeHHs JopiBHIoe N=1,84; r1=0,995, AE npu poOoTi J1azepa CIOTBOPIOEThCA B JTiH3Y 3 F=
0,5M, a ioro pe3oHaTop CUMETPUYHUI.



7. B HeonuMOBOMY Ha iTpili-aJIFOMiIHIEBOMY TPaHaTi J1a3epi, KUl Mpalroe B HEIEPEPBHOMY PEXUMI 1 Ma€
AKTUBHUU €JIEMEHT JOBXHHOI0 120MM i1 miamerpoM 8MM, 1 pu poOOTI Jiazepa CIIOTBOPIOETLCS B JIIH3Y 3
F= 0,4m. B na3zepi 3actocyBatu pe30HATOp HANCTAOUIBHIMINUN TIPU 3MiHI MOTYKHOCTI My4yka. BusHauuTu
napamMeTpu Iyd4ka: KoH(oKalbHUN mapamerp Ta foro po30ikHicTh. Po3pobutu doxycyBanbHy cucremy
JUIS 1IhOTO Ty4YKa, sKa BiJyiajeHa BiJl BHXITHOTO J3epKana pe3oHaropa Ha Biactanb 0,5M, Taky 100
chokycoBaHUl MydoKk MaB paziyc ropioBunHu 0,15MMm. BuszHauuTe riamOuHy 9iTKOCTI C(hOKYCOBAHOTO
myJKa.

8. Kimpka HEOAMMOBHMX Ha ITpiii-adrOMiHIEBOMY IpaHaTi KBAaHTPOHIB HEMEPEpBHOI Jii BUCTaBIEHI Ha
OJHIM ONTHYHIN OCi, MOBHHHI T€HEPYBaTH CIUIBHUHN J1a3epHUN My4dok 3 moTyxkHicTio N>800BT. IIpn
poboti nazepa AE koxHUI crioTBOprOIOThCs B JiH3Y 3 F= 0,5M. J[3epkana pe3oHaropa po3MilieHi Bij
TopuiB KpaitHix AE Ha mojoBHHY BIACTaH1 MK OJVD>KHIMHM TOPISIMU CYCITHIX KBaHTpoHIB. [Ipu mpomy
Binomo, mo ko=0,08 cmt, mkimmmei BTpatn AC pa=0,002 cM?, I = 820 Br/cm?; mopxkuna AE 100mM,
n=1,84; r1=0,995,ropui mpocsitieHi 10 rgp=0,005.

B po0oTi BUKOHATH HACTYIIHE:

-BU3HAYUTH ONTHUMAaJIbHY KUIbKICTh KBAHTPOHIB ISl JOCATHEHHS 3a/1aHO1 MOTY>KHOCTI;

- BU3HAYUTH PO3OIKHICTH JIA3EpHOIO My4Ka, HOro SIKICTh 1 CTaJly MEPEeTBOPEHHS.

9. Po3poOutn i po3paxyBaTH ONTHYHY CXEMY BBOJY JIa3€pPHOTO ITyYKa OJHOKBAHTPOHHOTO Jia3epa B
OTITOBOJIOKHO 1 BHMBOJY 13 HBOTO, a TaKOX CcXeMmy (OKyCyBaHHS Ha AeTaib. [Ipu 1ipomy BigomMo, IO
KBAaHTPOH MOXKE TeHepyBaTH MaKCHMaibHy TOTykHicTh 400 BT, ko=0,08 cm?, Iie = 820 Br/em?,
wxigmsi BTpath AC pa=0,002 cm?, Topui mpocsitneni mo rep=0,005, n=1,84; r;=0,995. JliameTp
CEepIICBMHH ONTOBOJIOKHA piBHUHA 0,5MM, a #oro unciosa ameprypa An=0,25. AE mae nosxuny 100mMM i
pu PoOOTI Jiazepa CIIOTBOPIOETHCS B JiH3Y 3 F= 0,35M.

B po60Ti BUKOHATH HACTYITHE:

-po3paxyBaTH HapaMeTpH pe3oHaTopa 1 cOpMOBaHOIO B HbOMY ITydKa, a TaKOXK CXEMYy BBOJa IydKa B
OIITOBOJIOKHO;

-po3paxyBaTH 1 CKOHCTPYIOBAaTH (TOOTO HAKPECIUTH) ONTUYHY CHUCTEMY BHBOJY ITyYKa 13 OMTOBOJIOKHA 1
roro (pokycyBaHHs Ha JieTajb 3 JlaMeTpoM choKycoBaHOro myuka 0,4mm.

10.Po3paxyBaT MOTYKHICTb JIa3epHOr01 reHepalii Ta eHepreTUyHl XapaKTepUCTHKHU JDKepena KUBICHHS
CO2 —na3epa 3 TEIUIOMPOBIIHUM OXOJIO/DKEHHSAM TPYO4aTOi KOHCTPYKIIIT MOTYXHICTIO Prew =750 BT, sxuii
renepye mydok TK TEMqgo. Ilpu mpomy Bigomo, mo ko™ =0,005 cM™, mkiaamei BTpaTd akTHBHOTO
cepenosuia Pa=0,0001 cm?, Pua/L=400 Bt/™, enextpoontnunmii KKJI Meo=0,21, E/p=8B/cm-Topp,
r1=0,98.

B po0oTi BUKOHATH HACTYIIHE:

-BU3HAYUTH XIMIYHHUH CKIIaJ 1 pO3MipHU aKTUBHOT'O CEpEeOBHUIIA — IOBXKHHY 1 AiaMeTp TpyOKH;
-00YHCIIUTH MMPO30PICTh BUXITHOTO JI3EpKaa;

-po3paxyBaTH MOTY>KHICTh HAKAYKH, BEIMYUHY CTPYMY 1 HAPYTH.

11.Po3paxyBaru pezonHarop CO: —iazepa 3 TEIUIONPOBIIHUM OXOJOKEHHSIM TPyOuyaToi KOHCTPYKIIii
HOTYXHICTIO Prey =500 BT, B sikomy ¢opmyersest moma TEMoo. [Ipu nboMy Bigomo, Pua/L=400 Bt\m,
enektpoontuunuii KK Nne=0,21, ko"*¢ =0,005 eM™, mikimTuBi BTpaTH aKTUBHOIO CEPEAOBHINA
pa=0,0001 cmL.

B po60Ti BUKOHATH HACTYIIHE:

-BusnauuTu ximMiuHu cki1aja 1 po3Mipu aKTUBHOT'O CEpPEIOBHILA — TOBXKUHY 1 llaMeTp TpyOKH;
poO3paxyBaTH KpUBUHY J3€pKaJl pe30HATOpA 1 IX JiaMeTpH;

-00YHMCIUTH MTPO30PICTh BUXIHOTO J3epKaa;

-BU3HAYUTH PO3ODKHICTh MyYKa, HOr0 MOKA3HUK SIKOCTI 1 CTaTy TIePEeTBOPEHHSI.

12.Po3paxyBaTtu Pren, 0OrpyHTYBaTH BUOIp pe30HATOpa TEIJIONPOBITHO oxojomkyBaHoro CO2 — ma3epa
rtaHapHoi KoHeTpykuii (Slab — laser). Jlazep mae enextponu 3 muiomero a X L 1 Bucora mpocropy Mix
elleKTpoilaMu, B sikoMy roputb BYU — pospsn, b. Pospaxynku mnpoBecTH ais jasepa 3 TaKUMH



napamerpamu: eHeprokiag 6=50 Br/em®, a=4 cm, L= 100cm, b= 0,2cm, enexrpoontuunmii KKJI
Neo=0,24, Liac=1200 B1/cM?, IIKiAIUBI BTpaTH akTHBHOTO cepeaoBuina p,=0,001 cm™,

B po6oTi BUKOHATH HACTYIIHE:

-po3paxyBaTH Pre;

-00TpyHTYBaTH BUOIp PEe30HATOPA-CTIUKUN YW HECTIHKWI, BU3HAYMTH TC€OMETPUYHI MapaMeTpu HOTO
J3epKajl i TeOMETPUYHI XapaKTePUCTHKH T€HEPOBAHOTO MyYKa;

-pO3pOOUTH ONTHYHY CHCTEMY, sIKa POPMYE KOMIAKTHUN TIEpepi3 IMydKa.

13.Po3paxyBaru MOTY>XKHICTh JIa3epHOT0i FeHepallii Ta eHePreTHYHI XapaKTePUCTHKH JHKEPEea KUBICHHS
COz-nazepa 3 MIBUJIKOI OCHOBOIO IPOKAYKOIO, SKIIO J0oBkUHA AC CTaHOBUTH 2M, a Jla3ep IeHepye Ha
mozmi TEMoi. Ilpy 1mpoMy BiZmoMo, IO NHTOMHE €HeproBKaj cTaHoBuTh 6=5 Br/cm®, E/p=10B/(cm
Topp), p=20 Topp, enexrpoonTtuunuii KKJI neo=0,2; Ko“#°=0,02 cm?, pac=0,0001 cm™.

B po0oTi BUKOHATH HACTYIIHE:

-BU3HAYUTH XIMIYHUI cknag AC 1 jgiamerp TpyOKd, MO sIKIH BOHO IPOKAUyeTbCs, HAKPECIUTU
MIPUHIMTIOBY CXEMY pe30HaTopa.

-po3paxyBaTh Pyax, BETUUMHY CTPYMY 1 HAPYTH, MPEACTABUTH 3ATCKHICTD Pres=T(lxax).

14.PozpaxyBatu pe3onarop COz-nazepa 3 MBUAKOI OCHOBOIO MPOKAYKOIO 3 TOTYXKHICTIO TeHepallii Prex
=2000BT. Ilpu oMy BiOMO, L0 MUTOMUNA €HEPrOBKJIAJ CTAHOBUTH G=5 BT/cM3, enexTpoonTuyHHi
KKJI Me0=0,2, ko makc=0,01 cM?, pac.=0,0001 cm, masep renepye ua moai TEMio, Hemposopi a3epkana
pe3oHaTtopa MarTh kKoedimieHT BinoutTs 0,98.

B po0oTi BUKOHATH HACTYIIHE:

-BuszHaunt XIMI9HHIA CKJTa[ 1 PO3MIPH aKTUBHOTO CEPEIOBHINA, SKIIO BOHO MPOKAYYETHCS MO TPYOIT 3
KpYTJIUM Mepepi3oMm;

-00YHMCIIUTA KPUBUHY J3€pKaJl pe30HATOpa 1 HOT0 MPHUHITUIIOBY CXEMY, MTPO30PICTh BUXITHOTO J3EpKaa;
BU3HAYUTH PO3ODKHICTH ITy4YKa, HOTO MOKAa3HUK SKOCTI 1 CTally MIEPETBOPEHHS;

15. Po3paxyBaTu MOTY>KHICTh JIA3EPHOTO1 TeHEepaIlii Ta CHEPreTUYHI XapaKTEPUCTHKH JDKEpPEIa KUBIICHHS
CO2-na3epa 3 MIBUIKOI TONEPEYHOIO MPOKAYKOI 3 MOTYXHICTIO TeHeparii Prex>5000BT. [Ipu mpomy
BiZIOMO, 110 MTUTOMHII eHeproBknaja craHoBUTh 6=5 Br/cm®, E/p=12 B/(cM Topp), p=35 Topp, =150
Br/em?, Ko¥@°=0,012 cm™, mKkianmBi BTpaTH akTHBHOTO cepenoBuima p,=0,0001, Bucota pospsay H=4
CM, HEIPO30pi J3epKajia pe3oHaTopa MaroTh KoeditieHT BiaouTTs 0,98, nmazep renepye Ha Mmoai TEMoo.

B po6oTi BUKOHATH HACTYITHE:

-BH3HAYUTH PO3MIpH aKTUBHOTO CEPEOBHUIIA, HOTO XIMIYHHNA CKIIA/L;

-po3paxyBaTH MOTYKHICTh HAKAYKH, BETMYHHY CTPYMY i HAIIPYTH, IPEACTABUTH 3aISKHICTD Pren=Ff(luax);
-HaKpECIUTH MTPUHIIUIIOBY CXEMY PE30HATOPA 3 AKTHBHUM CEPEIOBHUIIICM.

16. Po3paxyBatu pe3zonatop COz-azepa 3 MBUIKOIO HONEPEYHOIO MPOKAYKOIO 3 MOTYXKHICTIO FeHepartii
Prex =3000BT. Bizomo, 1m0 Iuac=150 B1/cM?, k0"¥°=0,012 cm™, mkimmmsi BTpPaTH aKTUBHOT'O CEPEIOBHUIIA
pa=0,0001, Bucora po3psay H=3 cm, nazep renepye Ha mozi TEMuiz1.

B po0oTi BUKOHATH HACTYIIHE:

BU3HAYUTH PO3MIPU aKTUBHOTO CEPEIOBUIIA, HOTr0 XIMIYHUM CKIIa;

O0YHCIIUTH KPUBHMHY J3€pKall pe30HaTopa i Mpo30picTh BUXIHOTO JA3€pKaa;

BU3HAYUTH PO30IKHICTH ITyUYKa, Oro MOKa3HUK SKOCTI 1 CTally IEPEeTBOPEHHS;

-HaKpECIUTH MPUHLIUIIOBY CXEMY PE30HATOpa 3 aKTUBHUM CEpPEIOBUILIEM.

17.Po3paxyBaTi MOTY>KHICTh JIa3epHOT0i FeHepallil Ta eHEPreTUYHI XapaKTePUCTHKH JDKEpea KUBICHHS
1 mapameTpu HecTiiikoro pezoHatopa COz-na3epa 3 IIBUIKOIO MONEPEYHOIO MPOKAYKOI 3 MOTYKHICTIO
renepanii Pres>4000BT. Bimomo, mo Bucora pospsay H= 4cM, Gua=5 Br/em®, E/p=12 B/cm Topp, p=30
Topp, KKJI Neo= 0,2, Ko max=0,012 cM™, mikinnumsi BrpaTn akTuBHOTO cepenopuma p,—0,00012, Hemposzopi
J3epKaja pe3oHaTopa MaroTh KoediuieHT Binoutts 0,98.

B po60Ti BUKOHATH HACTYITHE:

-BU3HAYUTH PO3MipU aKTUBHOT'O CEPEIOBUIIA, HOTO XIMIYHUNA CKIIAJT;

-po3paxyBaTHP yax, BETMYHHY CTPYMY 1 HAPYTH, TPEICTaBUTH 3aTeKHICTD Pren=F(lxax);

-HaKpECIUTH MPUHLIUIIOBY CXEMY PE30HATOpa 3 aKTUBHUM CEpPEIOBUILIEM.



18.Po3paxyBatu Hectiikuii pesonatop COz-ma3epa 3 MIBUIKOIO MONEPEYHOI0 MPOKAYKOIO 3 MOTYKHICTIO
rerepanii Prex =3000BT. Bigomo, mo Bucota pospsgy H= 4cm, nuTtoMuii eHeproBKjaJ CTAaHOBUTH
Ona=5B1/cM3, KKJT Neo= 0,2, Kowax=0,012 cMm™, mxinmuBi BTpaTi akTHBHOTO cepenosuima p,=0,00012,
HEMpOo30pi JA3epKayia pe3oHaTopa MaroTh KoedimienT BigouTts 0,98.

B po6oTi BUKOHATH HACTYIIHE:

- BU3HAYUTH PO3MIpH aKTUBHOT'O CEPEIOBUINA, HOTO XIMIYHUH CKIIa;

- 00YHCIUTH KPUBUHY J3€pKaJl 1 ONITUMAaIIbHE 301IbIIEHHS PE30HATOPA;

- BU3HAYUTH PO30KHICTH ITyYKa, HOro MOKAa3HUK SKOCTI 1 CTally MEPETBOPEHHS;

- HAKPECIUTH MPUHIUIIOBY CXEMY PE30HATOpa 3 aKTUBHUM CEPEIIOBHIIIEM.

19.baratokanansuuii CO2 na3zep 3 noryxHictio rereparii 1800BT. Bigomo, mo TpyOka okpeMoro kaHaia
mae posMip: 1=900MM, Dropn=10MM, Tp=8MM; Ko™ =0,02 cm!, mkimBi BTpaTH aKTHBHOTO
cepenoBuma pP,=0,0001 cm?, koediumient BimbuTTa TiyXoro aszepkana 0,98, HMMTOMA MOTYKHICTH
reneparlii — 80 BT/M; kaHanu reHepyroTh HEKOT€PEHTHO.

B po0oTi BUKOHATH HACTYIIHE:

-po3paxyBaTH HOTro aKTHBHUHM €JIEMEHT, pajiyC KPUBHHHU I3€pKall i MPUHIIMIIOBY CXEMYy PE30HATOPA;
PO301KHICTD JIA3€PHOT0 IMyYKa, CTaTy IEPETBOPEHHS 1 TOKAa3HUK SIKOCTI,

-O0YHCIIUTHA ONITUMAIIBHAN KOE(PIIIEHT BIAOUTTS BUX1THOTO JA3€pKaa;

-BU3HAYUTH Jl1aMeTp c(POKYCOBAHOTO MyUKa, sIKIIO (oKycyBaibHa JiH3a Mae F=200mm.

-HaKpECIUTH MPUHIUIIOBY CXEMY pPE30HATOpa 3 aKTUBHUM CEpPEIOBUIIEM.

20. HeomumoBwii Ha 1Tpii — adrOMiHIEBOMY TpaHari ja3zep HemepepBHOI 1ii Mae noexkuny AE 120mm. B
oro KBaHTpoHI MoxHa BcraHoBuTH AE 3 miametrpom 8mm, a6o 12mm. AE npm pobGoti mazepa
CIIOTBOPIOIOTHCA B JiH3Y 3 F=1M Ta F=0,75M, BiamosiaHo.

- 13 JBOX 3alpOlOHOBAHUX CTPWIKHIB BHOEpITh TaKWM, SKUM 3a0e3leuye MEHIIY pPOo301KHICTh
T€HEPOBAHOTO My4Ka, 0OTpyHTYMTEe Barm BuOip 1 10BEIITh 11e 00UNCICHHSM;

- BUBHAUUTH PaAiyC JA3epHOTO MydKa Ha J3epKaiax 1 ix pasaiyc;

- po3paxyBaTH PO3ODKHICTH JA3€PHOTO ITy4yKa, MOPSAIOK CTApIIOi MOJIM, sSKa BUXOIUTH B TEHEpAIIIIo,
BU3HAYUTH TTOKA3HUK SKOCTI 1 CTATy IMEPETBOPEHHS.



