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1. OIUC HABYAJIbHOI JUCHUILJIIHUA

MeTta

[Tonsrae y dbopMyBaHHI y CTYJIEHTIB PO3YMIHHS Ta 3HAHb
b13UIHUX OCHOB METO/IIB Ta 3aco001B, SIK1
BUKOPHUCTOBYIOTBCS B 3ajJjadyaX  3axXUCTy  CHCTEM
HABKOJIUIITHLOTO CEPEIOBUIIA BiJl IIKIJJTMBUX BIUIUBIB.

KomMmrieTteHTHICTD

Kon Ta 3MicT KOMIIETEHTHOCTI 3T1THO 3 OCBITHBOIO

IPOrPaMoIo:

3K06 3paTHiCTh pO3pOOIIATH MPOCKTH Ta YIPABISTH HUMH.
3K07 3aiiicHeHHs 6€31eYHO1 TisUTBHOCTI.

CKOl1 3parHiCTP KOHTPOJIOBATH W OIIIHIOBAaTH €KOJIOTIYHI
PU3HKM BIUIMBY TEXHOT€HHHX OO’€KTIB 1 TOCIOJAPCHKOT
IISUIBHOCTI Ha TOBKULIA

CKO2 3partHICTh BUKOPUCTOBYBATH HAyKOBO-OOI'PYHTOBaHI1
METOJU OOpPOOKH PEe3yibTaTIB JOCTIIHKEHb B Taly31 TEXHOJOT1H
3aXUCTY HABKOJUIITHHOTO CEPEIOBUIIIA.

CKO3 3patHicTh IUIaHYyBaTH, MPOEKTYBATH Ta KOHTPOJIIOBATH
napamMeTpu poOOTH OKpPEMHUX BHJIIB OOJAJHAHHS, TEXHIKU 1
TEXHOJIOT1i 3aXUCTY HAaBKOJUIITHHOTO CEPEIOBUIIIA.

CK06 3paTHiCTh KOHTPOJIIOBATH U OLIHIOBATH €(EKTUBHICTH
PUPOJOOXOPOHHUX 3aXO0IB Ta 3aCTOCOBYBAHMX TEXHOJIOT1H.

Pesynbrar
HaBYAHHS

[TPO7 Po3po0asiTh CUCTEMH €KOJOTIYHOTO VYIPABIIHHS 3
notpumaHHaM BuMor ISO 14004, BcranoBioBaTH NpOLIEAYPH
Ta IUJIaHYBaTH 1 peai30ByBaTH NPHUPOJOOXOPOHHI 3aXOAH
IPOTSTOM BCHOTO JKUTTEBOTO IUKITY MPOIYKIITIi.

I[TPO9 OmintoBatn  3arpo3u  (Pi3WYHOTO, XIMIYHOTO Ta
OlosioriuHOTrO 3a0pyAHEHHs Olocdepu Ta MOro BIUIMBY Ha
TOBKULUIS 1 JIIOJWHY, BMITH aHai3yBaTH 3MiHH, IO
BiJIOYBalOTHCS B HABKOJUIITHBOMY CEPEIOBHUII MiJ BILTUBOM
OPUPOAHUX 1 TEXHOTEHHUX (PAaKTOPIB

[TPO6 3miiicHIOBaTH aHai3 COILIO0EKOHOMIKO-€KOJOTIHYHOTO
CTaHy MIANPUEMCTB, HACEJIEHUX IyHKTIB, pailoHiB, oOjacTeit
[IP10 OuiHoBaTH BIUIMB MPOMHUCIOBUX OO0’€KTIB Ha
HABKOJIMIITHE CEPEIOBUINE, HACIIIKH 1HXEHEPHOI MiSJILHOCTI
Ha JOBKULIS 1 TIOB’sI3aHy 3 UM BIAMOBIJAIBHICTh 32 IPUNHSATI
pIlIeHHS, TIJIAaHYBAaTH 1 MPOBOAUTH TPHUKIAIHI AOCTIHKCHHS 3
npoOJjieM BIUIMBY MPOMHCIOBUX OO ’€KTIB HA HABKOJIHUIIHE
CepeIOBHUILIE.

[1P13 BuxopucToByBaTH y NpaKTHUYHIA AISUIBHOCTI 3HAHHS
BITUM3HSHOTO Ta  MDKHAPOJHOTO  IPHUPOJIOOXOPOHHOTO
3aKOHO/1aBCTBA.

[IP14  IlpoekTyBaTM CHUCTEeMH 1 TEXHOJIOT1l  3axXHUCTy
HABKOJIMITHBOTO CEPEIOBUIIIA.

ITPO8 TlpoexkTyBaTh CHCTEMH KOMILUIEKCHOTO YIIPABIIIHHS




BiAxogaMH Ta  €KOJIOTO-€KOHOMIYHHMMHM  acClEKTaMH  IX
yTUIi3alii, OCHOBaMH  MPOEKTYBaHHA  TIOJITOHIB  JUIS
PO3MIIIICHHST BIiAXO/IB, OILIHIOBAaTH iX BIUIMB Ha JOBKULIS Ta
JTIOJTUHY

ba3oBi 3HaHHS

®i3u4HI OCHOBHM, METOJH, MOJIENl y TEXHOJOTISIX 3aXHUCTY
TIPUPOTHOTO CepeIOBHUIIIA. 3HaHHS HEOE3MeYHOCTI
aKyCTUYHHUX, TCIIOBUX, CIICKTPOMArHITHUX BUIIPOMIHIOBaHb
Ta pajiaiii. AJbTEpHATUBHI JDKEpeENa eHeprii Ta iX pecypcHu.

ba3oBi BMiHHS

3acTocoByBaTH 3HAHHS BIAMOBIMHMX 0a30BHX MPUHIIUIIB Ta
3aKOHIB (PI3UKM B PO3YMIHHI CKJIaIHUX (PI3UYHMX SBUI 3
METOI0 BHOOPY aJIeKBaTHUX 3aXO[1B YOC3IIEUCHHS CJIEMEHTIB
JOBK1JIJIS.

ba3oBi HaBUYKH

OOrpyHTOBYBaTH Ta 3aCTOCOBYBATH MPHUPOJIHI (Oe3IeyHi) Ta
LITYYHI CUCTEMH 1 TPOLIECH B OCHOBI TPUPOA03aXHUCHUX
TEXHOJIOT1i BIAMOBIIHO €KOJIOTTYHOTO IMIIEPATUBY Ta
KOHIIENIIIi CTAJIOT0 PO3BUTKY.

[ToB’s13aH1 Hewmae

cuitadycu

[lonepenns [HxeHepHO-(131YHI aCTIEKTH 3aXUCTY HABKOJIUIIHBOTO
JTUCLIMILIIHA cepeIoBUIIA

Hactynna Oxpemi po3ALIH TEXHOJOT1H 3aXUCTy HABKOJIMIIIHHOTO
JUCITUTUTIHA CEpeIOBHIIA

Kinbkicts rogun | nekrii: 30

MPaKTUYHI 3aHATTS: 15
71a00paTOpHi 3aHATTS: HEMAE
caMOCTiifHa poOoTa CTyIeHTIB: 75




2. MIPOT'PAMA HABYAJIBHOI JUCIUILITHA

2.1. JlekuiiiHi MoayJii

KinpkicTh
Kon Ha3zBa Mmoayns ta tem i
aynutopHi | CPC
3M-JI1 | 3axucT egeMeHTIiB JAOBKLLIA Bix  (izmunux
BILIUBIB.
1. Jxepena 3a0pyAHEHHSI TPUPOAHUX E€KOCHUCTEM Ta 3 3
METOJIM 3aXUCTY E€JIEMEHTIB reocdepu.
2. Texnonorii ounieHHs ra3i. OCHOBHI1 (hi13UYHI1 4 4
MEXaH13MHU OCAJ[KEHHS YaCTUHOK Ta OYMCTKU ra30BUX
BUKHJIIB.
3. @I3U4HI MEXaHI3MHU 3MEHLIEHHS EHEPreTUYHHUX 4 2
BILJIMBIB.
4. loHi3yro4i BUIIPOMIHIOBAHHS. 3aXHCT BiJ] pI3HUX 4 4
BU/IIB JDKEPEJI TA METOJIUKU HOT0 pO3paxyHKY.
ITinroToBka 10 MOAYJIbHOI KOHTPOJBHOI poboT MKP1 5
3M-JIZ | AlibTepHATHBHA Ta TEPMOsIIEPHA eHEPreTHKA.
5. [lopiBHANBHUI aHAI3 PI3HUX BUJIIB EHEPTETHUKHU Ta 2 2
npo0emMu BUKOpUCTaHHs. [TutanHs eHepreTnyHo1
O€3MeKH.
6. Eneprerrka BiTHOBIIFOBAHUX JIXKEPET. 4 4
Bitpoenepreruka. CoHsIUHA €HEPreTHKa.
7. SlnepHa eHepreTUKa. 2 2
8.Tepmosinepna  enepretuka. @Di3uyHi  OCHOBHU 8 8
KEPOBAHOTO TEPMOSNECPHOTrO cuHTE3y. [lanuBHuUi
LIUKII TEPMOSIAEPHOTO peakrtopa. Pi3UyHI NPUHLHUIN
Ta CUCTEMHU JJIsl YTPUMAaHHS TIJIa3MHU.
[TinroToBKa 10 MOYJIBHOI KOHTPOJBbHOI poboT MKP2 5
Pazom: 30 40

Koncynpranii: 'epacumon Ouier IBanosuy, BiBT, 14.30.ayn.315

IIpi3Bume i Mo 6aTHKOBI BHKIIa1a4a, THI THKHS Ta Yac 3a PO3KIJIAJ0M Map akaJeMidYHUX TOIUH, ayUTOPis.




2.2.

IIpakTHyHMii MOAYIb

KinpkicTh
Kon Ha3zBa Mmoayns ta tem i
aynurophi | CPC
3M-I11 | [IpakTuyHi 3aHATTS - pPO3B’sI3aHHS 3a7a4

1. ®13nyH1 METOAM TAa TEXHOJOI1I OYUIIEHHS 00’ €KTIB
MIPUPOTHOTO CEPEIOBUIIA

6

6

2. HopwmyBanusa pagiatiiitHoro ONPOMIHEHHS.
Po3paxyHOok mapameTpiB 3axHCTy: 3a KpaTHICTIO
ocnabyieHHs  eKCMO3WIIMHOT 103U, MOTY>KHOCTI

E€KCIIO3UIIIHOI 103U Ta 34 3aJaHOI0 aKTUBHICTIO.

3. 3axucT BiJ MJIOCHKUX Ta TOYKOBUX 130TPOIHUX
JDKEpeNl ONPOMIHEHHSI 3a JOMOMOTIOI TEXHOJOTIT
11apiB OCIA0JICHHS.

4. Po3paxyHKH 3axUCTy BiJ] HEMOHOCHEPTEeTHYHHX
mkepen. Homorpamu mjis  po3paxyHKy BOJHOTO
3aXMCTY BiJl HEUTPOHIB 3 (O, N) - JKEpeE.

Pazowm:

15

15

Koncynpramii: 'epacumon Osier IBanosuy, BiBT, 14.30.ayn.315

IIpi3Bume i mo 6aTHKOBI BHKIIa1a4a, THI THKHS Ta 9ac 3a PO3KIAZ0M Map akaJeMiuHUX TOJHH, ayTUTOPIs.

2.3. CamocTiiiHa po00Ta CTYy/I€HTa TA KOHTPOJIbHI 32aX01H

Kon . KinpkicThb Crpok
3aBnanHsa Ha CPC Ta KOHTPOJIbHI 3aX0IU
MOTYJISI TOJIMH | MPOBEICHHS
(cemecTp,
THKICHbD )
3M-JI1| e IlinroToBka H0 JEKIIMHUX 3aHIATH 15 2cem., 1-7
o [IMKP1 (000B’I3KOBUIA) 5 8
3M-JI2 | o IlinroroBka 10 JEKIIMHUX 3aHATH 15 2ceMm., 8-15
o [IMKP2 (000B’13KOBUIA) 5 14
3M-II1 | e IlinroTOBKA O MPAKTUYHUX 3aHSATH 15 2ceM., 1-15
e YO (000’s13k0BHI)
o [ligroTOBKA O ICIUTY 20
Pazowm: 75




2.3.1. Memoouka npogedeHH ma OUiHIO8AHHA KOHMPOJIbHO20 3aX00y 011 3M-
J1, 3M-JI2.

Opranizaiiiss KOHTPOJIIO 3HaHb CTYJIEHTIB MOOYJOBaHa 32 HAKOMUYYBaJIbHO-
MOJAYJIbHUM MPUHIIMIIOM 3T1IHO BUMOT Ji1040ro B yHiBepcureTi [lonoxenns «IIpo
MPOBENICHHSI M1ICYMKOBOTO KOHTPOJIIO 3HAaHb CTYICHTIBY.

3 meopemuuno2o Kypcy HaBUYaJIbHOI JUCIUIUIIHU CTYACHT MOBUHEH OyTH
TrOTOBHUM BIJINOBIAATH HA YCHI 3alIMTaHHS JIEKTOpA 1] Yac JCKIIMHUX 3aHSTh.

dopMaMu KOHTPOJTIO 3aCBOEHHS TEOPETHYHUX 3HAHD € YCHE OMMMTYBAHHSI i1
yac JIEKIIWHUX 3aHATHh (MOTOYHUU KOHTPOJIb), MOJYJIbHI KOHTPOJIBHI pOOOTH 3a
KOXXHUM 3MICTOBHMM MOJYJIEM (BHYTPIIIHBO CEMECTPOBUN KOHTPOJIb), CKIaJaHHS
icnuTy (I1JICYMKOBA aTecTaris).

MonynbHi koHTpoabHI podotn MKP1 ta MKP2 npoBoadtbcst y TeCTOBOMY
dbopmaTi Mo 3aBEPIICHHIO ONpAlIOBAaHHS MaTepialiB JEKIIHHUX 3aHATh. KoxHa 3
MOJYJIbHUX KOHTPOJBHUX POOIT  CKJIaJa€eThcsi 3 25 TECTOBUX 3aBjAaHb, SKi
OXOIUTIOIOTh YC1 TEMU JIAHOTO MOJYJISi HABYATIBHOI IUCIIUILIIHU.

Kosxna BipHa BiAMOBiAbL OIIHIOETHCS y 1 ab6o 2 Oamu (3M-JI2, 3M-JI2).
MakcumanbHa KUTBKICT, OalliB 32 BHUKOHAaHUW BapiaHT KOXKHOI MOIYJIbHOI
KOHTPOJIbHOI po0OTH cTaHOBITH 30 OaniB. MakcuManbHa KUIBKICTH OaniB, SIKY
CTYJICHT MOKE OTPUMATH 3 JICKIIMHOT YacTHHHU, ckiaaae 60 GaiB.

2.3.2. Memoouka npoeedeHH ma OUIHIOBAHHA KOHMPOJIbHO20 3aX00y 0151 3M-
I11.

BukoHaHHs MOZIyJisl POBOJIUTHCS Y BUTJISIAL OMpPAIfOBAaHHS T4 BUKOHAHHS
3aBJlaHb 3 PO3B’sSI3yBaHHS 3a7a4. MakcuMaibHa OIlIHKA 32 BUKOHAHHS MOAYJs 3M-
[11 nopiBHioe 40 G6asam. J{o 1i€l OIIHKK BXOJIUTHh OIlIHKA 32 BUKOHAHHS 3a7a4
KOKHOI TEeMH, CHCTEMAaTHYHICThL IIATOTOBKH JIO 3aHSATh, CHCTEMATHYHICTHh
B1JIB1lyBaHHS.

3arajpbHa MakCcUMajibHa KUIBKICTH OaB 3 AUCHMILTIHE «PI3MYHI OCHOBHU
TEXHOJIOT1M 3aXUCTy HABKOJUIITHHOTO CEPEIOBHUIIAY, IKY CTYACHT MOKE OTPUMATH
3a TEOPETUYHY Ta MPAKTUYHY YaCTUHH, ckiagae 100 Oamis.

2.3.3. Meronuka mpoBeICHHS Ta OLIHIOBAHHS KOHTPOJIBHOTO 3aXO0y IS
CEMECTPOBOTO ICITUTY.

CemecTtpoBuil icnuT (€K3aMeH) — 1€ MHUCbMOBAa (opMa IMiJICYMKOBOIO
KOHTPOJIIOIOYOr0 3axoJy B Mepioj 3allikoBo-ek3aMeHariiHoi cecii. Ilim yac
€K3aMEHY MEepEBIPSETHCA 3aCBOEHHS CTYJACHTOM TEOPETUYHOTO Ta MPaKTUYHOTO
Martepialy (3HaHb, BMIHb Ta HAaBUYOK, II0 BU3HAUCHI Yy cUJUIadyci HaBYaJbHOI
JUCLUMIUTIHK) 3 OKpPEMOi HaBYajdbHOI JUCHMUIUIIHKM 3a cemecTp. OILiHIOBaHHS
YCHIIIHOCTI BUKOHAHHS CTYJEHTOM LIbOTO 3aX0Ay 3IIHCHIOETBCS y GopMi
KUTbKiCHOT oriHku (6an ycmimmHOocTi). Jlomyck 1m0 icmuTy 3a miACyMKamu



MOAYJIbHOTrO HakonuuyBajibHOro KoHTposto (IICK) permamenryrorbes m. 2.4
[TonoxeHHs1 PO MPOBEACHHS MIACYMKOBOTO KOHTPOJIIO 3HaHb CTYACHTIB, a came,
CTYJICHT BBAXAEThCS JOMYIIEHUM JI0 MiJICYMKOBOIO CEMECTPOBOIO KOHTPOJIO 3
KOHKPETHOT HaBUYaJbHOI JUCLUMIUIIHM, SIKIIO BIH BHUKOHAB BCI BHAM POOIT,
nepeadoadeHi poOOUYOI0 HABUYAJIBHOI MPOrpamMor0 JUCHUILIIHU Di3WudHI OCHOBU
TEXHOJIOT1M 3aXHCTy HABKOJMIIHBLOTO CEpeloBUIlA 1 HaOpaB 3a MOIYJIbHOIO
cucTeMoro cymy 6aniB He MeHie 50% BiJ MaKCUMaJIbHO MOKJIUBOI 32 MPAKTUYHY

YaCTUHY AUCUHUIUIIHM (U1 1CTIUTY), TOOTO He MeHie 20 6anis 3a 3M-II1.
nepeadaveHi po6040r0 HABYAILHOO MPOrPaMOI0 JUCIUIUTIHA

3. PEKOMEHJIAIIIL IO CAMOCTIMHOI POBOTH CTYJIEHTIB
3.1. Moayas 3M-JI1 «3axucT ejieMeHTIiB J0BKLLIA BiJ (Gi3MYHUX BILIMBIBY.
3.1.1. [losuanns

Tema 1. [Ixepena 3a0pyJHEHHsSI NMPUPOJAHUX EKOCHUCTEM Ta METOJMU 3aXUCTY

€JIEMEHTIB reocdepu.

BuBueHHs TemMu mependavyae oINS JDKEPENT 3pPOCTAKOuOro HETaTHMBHOTO —BIUIMBY
rOCHOJAPCHKOI MIsTTBHOCTI JItoei Ha Oiocdepy, sik HeoOXiqHO1 6a3u uIst po3yMiHHS (i3UYHOI Ta
(b13UKO-XIMIYHOI CYTi TEXHOJOTTYHHUX IMPOLECIB, CIPSIMOBAHUX HA 3HUKEHHS I[OTO BIUTUBY Ta
3aXUCTy MPUPOIAHOTO cepeioBuma. [Ipu po3Tisai METOIB 3aXUCTy TAKHX EJICMEHTIB reocdepu,
K TPYHTH Ta BOJIHE CEpEOBHILE, 3BEPHITh yBary Ha pPi3HOMaHITHICTh METOMAIB (MEXaHIYHI,

¢bi3uuHi, XiMiuHI, 6ion0rqui) OUMCTKM CTIYHUX BOJ B 3aJEXKHOCTI BiA iX kiacudikamii
(moxomkeHHs) Ta ckinanxy. OcoOnuBoi yBaru morpeOyroTh 3aXOAM 3 OXOPOHM MOBITPS, AKICTb
SIKOTO BHACIIIJIOK HAassBHOCTI B HhOMY a€pO30JbHUX 3a0pyIHIOIOUNX PEUOBUH BIUTUBAE HE TITBKU
Ha JIIOJICBKUI OpraHi3Mm, ajie ¥ Ha OoOJaJHaHHS Ta TEXHOJOTIUHI MpOIECH. Aepo3oiib — IIe
JTUCIIEpCHA CHCTEeMa, J0 SKOi BIAHOCATh MW, AUM, TyMaH. 3a3BUYail aepo30JbHI CHCTEMHU
CKJIAJIAlOTHCS 3 YACTMHOK PI3HOT'O TTOXO/KEHHSI 1 3HAXOIAThCS B IMHAMIYHOMY CTaHi, BHACIIOK
HENepepBHOI B3aeMOJIi IMX YaCTMHOK: 30UTbIIEHHS, PYHHYBaHHS KOHTJIOMEpATiB, OCiTaHHS
YaCTHHOK, 110 BIUIMBAE HA TIPOIECH OCA/PKEHHS YaCTUHOK Ta OUYMINCHHS Ta3iB.

Jlimepamypa [1,2].

Tema 2. Texnomorii ouuieHHs Ta3iB. OCHOBHI (i3MYHI MEXaHI3MH OCaHKCHHS

YAaCTHUHOK Ta O4YMCTKHU Ia30BUX BI/IKI/II[iB.

BuBueHHs Temu mnepenbadae po3rNA] MEXaHi3MiB, SIKI BHUKOPHUCTOBYIOTbCS B POOOTI
MUJIOBJIOBIIIOBAYIB JJIsl OCAJKEHHS 3BaKEHUX B ra3i yacTUHOK. HeoOX11HO pO3IIISIHYTH CYTHICTh Ta
3aKOHOMIPHOCTI  (PI3UYHUX TMpOIECciB, $KI JieKaThb B OCHOBI MEXaHI3MIB TIpaBiTaliiHoOl
CeIMMEHTAllli, BIAIEHTPOBOIrO, I1HEpUIHHOTO, AU(Y3IHHOrO oOcalKeHHs. 3BEpHITh yBary Ha
BIZIMOBIHI 6€3p03MipHi apaMeTpH, sIKi JO3BOJSIOTH B paMKax METOy Teopii MoAiOHOCTI OLIHUTH
e(eKTUBHICTh OCA/KEHHS YaCTUHOK Y BUIAJKy BUKOPHUCTAHHS CYMICHHX MEXaHI13MIB OCAJKEHHS.
Came Metoj Teopii MOAIOHOCTI BUKOPUCTOBYIOTH JJISI PO3PAxXyHKY IMPOMHUCIOBHX Ta300YMCHHUX
cucteM. OHUM 3 HallOUTbII €PEeKTUBHUX BUJIIB OUUIICHHS ra3y BiJl JpiOHOAMCIIEPCHUX TBEPIUX
Ta PIAKUAX a€pO30JIiB € €JIEKTPHUYHE OYHUILEHHS Ta3iB Bi MUiIy. Y bOMY METO1 BUKOPUCTOBYETHCS
TOM (pakT, M0 y IPOMHUCIOBUX a€pPO30JsSX HEHUTpaIbHUX YACTUHOK MPAKTUYHO HE ICHYE, 1 BOHU
MaloTh CBI NPUPOJHMN eNeKTpUYHHM 3apsia (Tpuboszapsn). Po3rnsHbTe AeTanbHO MEXaHi3Mm
CJICKTPUYHOTO OYMIICHHS Ta3iB, CXeMy eJIeKTpo(uIbTpa Ta 3BEpHITH yBary Ha IapameTp
€JIEKTPOCTATUYHOTO OCA/KCHHS, SKUHA BBOJAATH JJIS OLIHKM CTYIEHS OYMINEHHS Ta3iB B
eNeKTpodiIbTpax.



Jlimepamypa [1,2].

Tema 3. ®i3uyHiI MEXaH13MU 3MEHILIEHHS €HEPTeTUYHHUX BIUIMBIB.

Pi3HOMaHITHICTh €HEPreTUYHHX JKEpeN 3a0pyIHEHHS, 0 SIKUX BIJHOCATH BiOpalliiiHi i
aKyCTHU4H1 Jii, €JEKTPOMAarHiTHI TOJiA 1 BUIPOMIHIOBAHHS, il PaJIOHYKJIIIAIB 1 10HI3YHOUHX
BUIIPOMIHIOBaHb, BiJIMOBITHO MOTPeOye BUKOPUCTAHHS PI3HUX METOMIB 3aXHUCTY, y TOMY YHCIi
pi3HUX (I3UYHMX MEXaHI3MIB 3HWKEHHS BIUIMBY. BIUIMB Ta 3axuCT BiJ 10HI3YHOYOTO
BUIIPOMIHIOBaHHSA Oy/ie PO3IIIIHYTUI OKPEMO.

[Ipu po3risani MUTaHHS OO0 BIUIMBY BIOPOAKyCTHYHUX (HAKTOPIB HEOOXITHO 3BEPHYTH
yBary Ha OCHOBHI JpKepeJa BiOpalliii Ta nrymy.

Pi3ni cnocobu kmacudikamii BiOpariiid 1MoB’s3aHi 3 iX BIUIMBOM Ha OPraHi3M JIFOJUHHU.
[TpoTspxHicTh 30HU Aii BiOpamii BU3HAYA€THCS BEIMYMHOIO iX 3aracaHHs B IPYHTI, sIKa CKJIaJae
1nb/m. BignoBigHo HEOOXIIHO 3BEPHYTH yBary Ha IapaMeTpH, M0 XapaKTepPU3yIOTh BiOpalliro;
TEXHIYHI 3aX0J¥ JUIA KOHTPOJIO BiOpamii; MeTtoam Ta ix (i3udHi OCHOBH, SIKHMH JOCATAIOTH
racinHs abo 3MEHIIIeHHs BiOpalrii.

Iym - 3ByK a00 CyKYyIHICTH 3BYKIB, IO Ha/IalOTh HECHPUSTIMBUHN BILJIUB HA JIIOJMHY Ta
OTOYYIOYE  CEpEIOBHUINE, CTBOPIOETbCS  TPAHCHOPTHUMH  3aco0amMH,  MPOMHCIOBUM
YCTaTKyBaHHSM, CaHITAPHO-TEXHIYHUMH ycTaHOBKamMH. OKpiM MHUTaHb HOPMYBAHHS Ta METOJIIB
00poTHOM 3 IIYMOM 3BEpHITH yBary Ha 00 ’€KTHBHI Ta Cy0 €KTHBHI XapaKTEPUCTUKH 3BYKOBUX
KOJINBaHb, PO3IMOJALT 3BYKOBHUX KOJIMBaHb 3a Jialma3oHOM 4YacTOT Ta BIUIMB iH(pa- Ta
yIABTPa3BYKy Ha JIOJIUHY.

OCHOBHUMH J[KEpellaMH €JeKTPOMArHITHUX KOJHMBAHb PI3HOTO Jiama3oHy YacToT €
pamioTexHiuHi O0’€KTH, JiHIT eleKTponepeaad, eISKTPUYHUN TPAHCIOPT, TEPMIYHI IEXH Ta
ninsakd.  [Ipu BUBUYEHHI Marepiajdy TEeMH 3BEpHITH OCOOJMBY yBary Ha HACHIIKH BIUTUBY
CJIEKTPOMArHITHOTO BHIIPOMIHIOBaHHS Ha JIIOAMHY; METOJIWKY BH3HAUEHHS Ta CTaHIapTH
FPaHUYHO JIOMYCTUMHUX PIBHIB €JIEKTPOMArHiTHOIO BHUIIPOMIHIOBaHHS (32 TYCTHHOIO TOTOKY
MIOBEPXHEBOI €HEeprii, 3a 3HAUEHHSIM HAIPY)KEHOCTI €JIEKTPUYHOTO MOJIS Ta BEIMYMHOIO 1HIYKIIT
MarHiTHOTO MOJi1) B pajloyacTOTHOMY Jlamna3oHl JJIsi HAceJIEHHS; 3aXOAM 3 METOI0 3aXUCTy
HaCeJIeHHS BiJ] BIUTUBY €JIEKTPOMArHiTHOTO OIPOMiHEHHS.

Jlimepamypa [1,2].

Tema 4. IoHi3yroui BUNPOMIHIOBaHHS. 3aXWCT BiJ PI3HUX BUIIB JKEpENT Ta
METOJIMKH KMOT0 PO3PaxyHKY.
IoHizyroue BHUIIPOMIHIOBAHHS CYNPOBOKYE OYIb-sKi BUAM Pail0aAKTUBHOTO pO3Maly.

[IpupoagHa Ta mITy4yHa pajiailis XapakTepHU3YETbCS JIBOMA momsrtsamu: 1)
pallOaKTUBHICTb; 2) /03U BUIPOMiHIOBaHHA. [lepie MOHATTS XapakTepu3ye pajaioi3oTom, a
JIpyre - B3a€MOJIII0 10HI3yIOUOTO BUIIPOMIHIOBAHHS 3 peyoBHHOI0. OTKe, INpU BUBUEHHI TEMU
nepur 3a Bce CIij 3raJlaT IPUPOY 1 BIACTHUBOCTI PI3HUX BHUJIB PaiOaKTUBHOIO (10HI3yIOYOr0)
BUIIPOMIHIOBAHHS, MEXaHI3MU iX B3a€EMOJIl 3 PEYOBHHOIO; 3aCBOiTM Ta 3HATH Taki 0a3oBi
HOHATTS, SK KOe(ilieHT SKOCTI BHUIPOMIHIOBAHHS, AaKTHUBHICTh; €KBIBaJIEHTHA 7032
BUITPOMIHIOBAHHS, OJMHUIII BUMIPIOBaHHS.

Enepris, 1110 BUIPOMIHIOETHCS pPal0aKTUBHUMH PEUOBHHAMHU, ITOTJIMHAETHCSI OPTraHi3MOM 1
BUKJIMKA€ 10HI3alllI0 aTOMIB 1 MOJIEKYJ] Marepiany, pyHHYIOUHM MOJIEKYJIM TKaHUH 1 KJIITHH.
[Tpoananizyiite (QakTopH, BiJ SKHX 3aJ€XKHUTh O10JOriyHa i 10HI3YHOUOr0 BUIPOMIHIOBAHHS;
3rajiaiiTe HOPMH DPAJl0aKTUBHOI OE3MEKH Ta METOAM PO3pPaxyHKy A03. JleTanbHO pO3IIsHbTE
(bi3u4HI MEeXaHI3MU 3aXKCTY BiJl PI3HUX BUJIB 10HI3YI0UOr0 BUIIPOMiHIOBaHHA. OHUM 3 METO/IiB
3aXUCTY € 3aXMCHI €KpaHH, AKi MOMIMHAITh a00 TaJbMyIOTh BHUCOKOEHEPTreTHYHI YaCTHHKHU
10HI3yI0YOTO BUIIPOMIHIOBAaHHS. 3BEPHITh YBary Ta 3aCBOITE METOJIMKU PO3PaXyHKY TOBIIMHU
3aXHMCHHUX €KPaHiB BiJ pi3HUX BUIIB 10HI3YIOUOTO BUIIPOMIHIOBAHHS.

Jlimepamypa [1,2,3].



3.1.2. [lumanus ons camonepegipku

Tema 1.

1. *Timpocdepa Ta rpyHTH, JKepena ii 3a0pyTHEHHS.

2. SIKi pO3pi3HAIOTHCS CTIYHI BOJIHM 32 JDKEPEIAMHM 1X MOXOKEHHS?

3. *SIki METOIM OYMIICHHS CTIYHMX BOJ BaM BifoMi? OxapakTepu3yiiTe KOXKHUN 3 HUX.

4, *fki dakTopu 3a0pyaHeHHs aTMOochepi MatOTh TII00ATBHUNA XapakTep?

5. TloxomkeHHs Ta JKepena JOKaIbHUX 3a0pyaHeHb arMocdepu. SIki YMHHUKM BIUIMBAIOTH HA
PO3CIIOBaHHS JIOMIIIOK y atMocdepi?

Tema 2.

6. *fki MeToau ounieHHs aTMOC(HEpH BiJl MUI0-Ta30BUX BUKHUIIB BaM BigoMi?

7. *Oxapakrepu3yiTe Cyxi MEeTOAM OYUCTKH ra3y BiJ MHIy. Y 4OMY HEIOJIIKH Ta IepeBaru Iboro
metony? BusHauTe HeJOMIKY Ta MiepeBaru BOJIOIMX METOJIIB OUUCTKH rasy.

8. *Sxi ocHOBHI (pi3UUHI MEXaHI3MHU OCA/DKEHHS 3BAXCHHUX Yy Ta3l YaCTHHOK BaM BifoMi? Y domy
[IOJIATAE KOKHUHI 3 [[UX METOJIIB?

9. Ski cunm, SIK pyIIiiHI, BAKOPHCTOBYIOTHCS B MpOLeCi ocaykeHHsA? SIki (hakTopu YUHATH OIip
npolecy OcaKeHH:?

10. *Y dvomy mnonsirae anroputm CToKca, SIKMH BHUKOPHCTOBYIOTH JJISi BU3HAUEHHS IIBUIKOCTI
0CaJPKEHHs YaCTUHOK 3a pi3HUMHU MeToaMu? YuMm 00yMOBIIEHE HMIMPOKE 3aCTOCYBAHHS 3aKOHY
Croxca moa0 oYHIIeHHs ra3y (MOBITps) Bl aepO30JbHUX YaCTHHOK (TIHITY).

11. [Ifo po3yMmitOTh MmiA MIBUAKICTIO 3aBUCaHHS aepo30sibHOT YacTuHku? YoMy AoOpiBHIOE
aepoIMHAMIYHUI OMip CepeIoBUINA MPH PyCi YACTUHKY 31 IIBUIKICTIO 3aBHCAHHS?

12. Slki nmapameTpu JUCIIEpProBaHOI PEYOBMHU Ta JUCIEPCIHOrO cepeloBHINA BIUIMBAIOTH Ha
HIBHJIKICTh OCA/KEHHS?

13. *Sxuii mpUHIMI 3aKJIaJeHO OCHOBOKO po0OTH Ta3oBux (inbTpiB? Ski MexaHizmMu (iibTparii
ra3oBUX JOMIIIOK ICHYIOTH?

14. *Sxuit npuHIMI MOKpOTo NuIoBIoBaeHH? SIKi Pi3MuHI MeXaHI3MU JieXaTh y 10ro ocHOB1?

15. *I1o Take abcopOuist Ta afgcopOLis 1 siKe iX 3HAUEHHS y TeXHIIll 3aXUCTy JOBKLLIA? Y SKHX
TEXHOJIOT1SIX OUMIIIEHHS ra30BUX BUKUIB BOHU BUKOPUCTOBYIOThCS abcopOuist?

Tema 3.

16. *[laiite Bu3HaueHHs MOHATH "myMm", "ynpTpa3Byk", "iH(pa3Byk", "BiOpamia". SAxumu
(b13MYHUMU TapaMeTpaMU BOHU XapaKTePU3YEThCS?

17. *Sxo10 € ais mymy, yabTpa- Ta iHQpa3ByKy, a Takoxk BiOpallii Ha opraHizm JoJuHU? Y yoMy
HoJIsirae iX HOPMyBaHHS?

18. IlepepaxyiiTe Ta OXapaKTepu3ylTe OCHOBHI METOJIH 3aXMCTY Bij BIUIMBY IIyMY, YJIbTpa- Ta
1H(pa3ByKy, BiOparii.

19. *Illo € OCHOBHMMH JDKEpellaMH BHCOKOYAaCTOTHHX E€JIEKTPOMArHiTHUX KOJINBaHb?
HU3KOYACTOTHHUX €JIEKTPOMArHiTHUX KOJUBaHb?

20. *SIxi 30HM Ta 3a SKHUM KpPUTEPIEM PO3PI3HSAIOTH IS OIIHKHA OiOJIOTIYHOTO BIUIUBY
€JIEKTPOMArHiTHOTO BULIPOMIHIOBaHHA?

21. *Sxum kimacudikarisM BiAIOBITAIOTh TPAHUYHO JOMYCTUMI PiBHI €IEKTPOMArHiTHHX MOJIiB?
SxuM BUMOraMm BiAMoBiAarOTh 3HaueHHs EMII, ski mpuilMarOThCs B SIKOCTI TPaHUYHO
JOTTYCTUMOTIO PiBHS OTIPOMIHEHHSI HaceJIeHHS?

Tema 4.

22. *I1{o Take ioHi3yroue BumpomiHioBanHHa? WMoro Tumm Ta ix mpupona. Bix skux dakropis
3aJIeKUTH 010JIOTIYHA /i 10HI3yI0UOro BUIpOMiHIOBaHHs? J1Jis 4Oro i SIKUM YHHOM BBEJCHUN
KOe(IIiEHT SIKOCTI BUIIPOMIHIOBaHHS?

23. *IIo Take ekBiBaJeHTHA 71032, B AKUX OJUHUIIIX BUMIPIOETbCS?

24. *Illo Ha3uBarOTh (HOHOBUM 1OHI3YIOUMM BHUIPOMIHIOBaHHsSM? 3 SKHX BHECKIB BOHO
CKJIaa€eThC?

25. *3axuct Big anbda-BUNPOMIHIOBAHHA. SIKUM YHHOM pO3pPaxoOBYEThCA MpoOIr anbda-

YaCTUHOK y 0araTOKOMIIOHEHTHOMY CepeOBHIIIi?
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26. *SIxi BUAM 3axXUCTy IOBHMHHI IependavaTuch MiJ 4ac poOOTH 3 JoKepenamu Oera-
BUNPOMIHIOBaHHA? SIKI Tpu BHUIM TPOOITY ENEKTPOHIB Y PEUOBHHI PO3PI3HAIOTH TMpHU
XapaKTEPUCTHIII TPOHUKHOI 3JaTHOCTI eJIeKTPOHIB? SIKk BOHU PO3paxoBYIOTHCS?

27.3a SKOK METOJWKOK  BH3HAYAKOTh TMOTPIOHY KPATHICTh OCIAOJEHHS TalbMiBHOTO
BUIIPOMIHIOBAHHS 3aXUCTOM [UIsl TOYKOBUX 130TPONMHHUX PAMIOHYKIiMIIB, IO BUITYCKAIOTh
0eTa-yaCTHMHKHM Ta MOHOCHEPTETHYHI eJIEKTPOHU KOHBEpCii ?

28. lllo ypaxoBye YMHHHMK HakomuueHHs? Jlo SKMX BHMIPIOBAaHMX MapaMeTpiB raMma-
BUIIPOMIHIOBAaHHS BiH MOXe BimHocuTHCS? Big sSKMX  XapakTepUCTHK TaMMa-
BUIIPOMIHIOBAHHS 1 3aXMCHOTO MaTepiany Ta iHINX (GaKTOPiB BiH 3aJI€KUTH?

29. *Illo Ha3zuBaroTh KoedimieHTOM ociabiaeHHs Tramma-punpomidioBanHsa? Illo mokasye map
nocnabnenns A1/k?

30. SIk  po3paxoByeTbCs TOBIIMHA EKPAHYKOYOro Mmapy Juisi HeoOXigHoro koedirieHTa
ocia0ieHHs] BUIIPOMIHIOBAHHS 32 METOJIOM MOCIA0II0I040ro mapy?

31. *SIky BenW4YMHY HA3UBAIOTh pajialliiiHIM BUXOJ0M (IIPOMEHEBOIO BiJIaY€I0) PEHTI€HIBChKOT
TpyOku? Bin 4oro 3anexuTh pamianidHui Buxin?

32. SlkuM YMHOM MO’KHA pPO3paxyBaTH TOBIIMHY 3aXHCTy i3 CBHHIIO BiJl IIMPOKOTO My4Ka
PEHTTEHIBCHKOTO BHIIPOMIHIOBaHHS 32 JIOTIOMOTOI0 HOMorpamm? Skuii KoedilieHT €
apaMeTpoM HOMOrpaMm?

33. *SIxi mpouecu B3aeMoOJlli HEUTPOHIB 3 PEYOBMHOIO CEPENOBHUINA CIiJI BPaxOBYBaTH IPHU
PO3paxyHKY 3aXUCTY BiJl HEUTPOHHOT'O BUITPOMIHIOBaHHS?

34. 3a AKUM 3aKOHOM Bi10yBa€eThCs OCIa0ICHHS By3bKOIO MOHOCHEPTeTUYHOIO MyUYKa MIBUIKUX
HEUTPOHIB y 3aXMCHOMY Matepiai?

(* - muTaHHSA UIS cCaMOTIEPEBIpKH 0a30BUX pe3y/IbTATiB HABYAHHS - 3HAHb, BMiHb, HABHYOK).

3.2. Moayab 3M-JI2 «<ATbTepHATHBHA Ta TEPMOSII€PHA €HEPTreTHKA».

3.2.1. Ilosuanns

Tema 5. [lopiBHANBHUI aHAaI3 PI3HUX BU/IB €HEPreTUKU Ta MpoOsieMu BUKOpUCTaHHS. [IuTanHs
€HepreTU4HOI Oe3MeKu.

ChorojiHi TpamuiliiHa eHepreTuka € ocHOBHUM (Oinmbine 85%) mkepenoM eHeprii uis
mroacTBa. Jlo TpaaulliiiHOT eHepreTUKH BIAHOCATh BYTUIbHI Ta ra30Bi TEIJIOBI €JIEKTPOCTAHIIII, a
takok TELl, mo mnpamorore Ha Masyri. He Bukimkae cymHIBY, 110 B HaHOIMXK4OMy
Maif0yTHbOMY KOJIMIIIHE JPKEPEJIO eHeprii - OpraHiuHi NajauBa — JOBEAETHCS JOIMOBHUTH, a MOXE
H 3aMiHUTH Ha 1HII BUOU BUpoOHMLTBAa eHeprii. Lle craHeTbcst AK uepe3 BHCHAKEHHS
IPUPOIHUX PECYPCIB, TAK 1 yepe3 3a0pyTHEHHs HaBKOJIUIIHBOTO CEPEIOBHUIIIA.

ANbTepHaTHBHA €HEPTETHKA — CHEPTeTHKA, 3aCHOBaHA HA BUKOPUCTAHHI BiTHOBIIOBAaHUX
JDKEpeJI eHeprii  — eHeprii BiTpy, COHAYHOI'O BUIIPOMIHIOBAaHHS, IPUIUIMBIB Ta Teria 3emui. J{o
MTOHOBJIIOBAHOT CJIIJI TaKOX BIAHECTHU T'1IPOCHEPTETUKY.

[Tpu BUBYEHHI TEMH 3BEPHITH YBary Ha €KOJIOTIYHI PU3MKH, ITOB’A3aH1 3 BUKOPUCTAHHAM
OpPTraHIYHOTO IajJBa Ta MEPCIEKTUBH BUKOPHCTAHHS aJbTEPHATHBHOI €HEPreTUKU SIK 3MIHHOI
CKJIaJI0BOi eHeprocrnokuBaHHs. OkpeMy yBary ciifi OpUIUIMTH BIIMIHHOCTAM Ta IiepeBaram
BUKOPUCTAHHS SIIEPHOI CHEPTETHKH.

Jlimepamypa [1].

Tema 6. Enepreruka BiTHOBIIOBaHUX JpKepeln. Birpoenepreruka. CoHs'UHA eHepreTHKa.

OueBuaHMMHU TiepeBaraMH BigHOBIIOBaHMX Jokepen eHeprii (B/IE) e Oesmeka,
€KOJIOTIYHICTh Ta MPaKTUYHA HEBUYEPITHICTh MOTOKY eHeprii. CyTTEBUMH HEIOJIIKaMU TaKHUX

11



B/IE, sk BITpOCHEpreTMKa Ta COHSYHA EHEepreTMka € HeCTaOUIbHICTh, JIOKAJIBHICTH Ta
CE30HHICTb.

[Ipu BUBYEHHI TEMH 3BEpHITH yBary Ha 3aJeXHICTh €(PEKTHMBHOCTI Ta €KOHOMIYHOCTI
poOOTH BITpOreHepaTopiB Ta (POTOCIEKTPUYHMX CTaHIIM BiJ iX JoKami3alii Ha MiCIEBOCTI;
MOPIBHSIMTE TepeBard Ta HEAONIKM LUX BUAIB EHEPreTHYHUX JDKEpelN; 3BEpHITH yBary Ha
(dakTopH, 10 BIUIMBAIOTh HAa HECTAOUIbHICTH BHUPOOJICHHS €HEprii BITPY Ta COHIIS; MPOOJIEMH,
NOB’s13aH1 3 HAKOMMUYEHHSM I/l Yac MIKOBOTO BUPOOJIEHHS 1 KOMIICHCAIII€I0 BTPAT Yy BUIAAKY
cray, Ta MOKJIMBI IUISXH 1X BUPIIIICHHS.

Jlimepamypa [1]

Tema 7. SInepHa eHepreTuka.

Ha cydacHuii MOMEHT siiepHa €Heprisi € TOJIOBHUM 1 €IMHUM KaHIWAATOM Ha pOIb
0a30BOi CKJIaJI0BOI €HeprocrnokMBaHHa. BoHa 3a0e3meuye cTalibHE €HEPronoCTayaHHS Ta
JI03BOJISIE MTPAKTHYHO HEOOMEKEHO HapOIyBaTH IMOTY)KHOCTI, a Mpu Oe3aBapiiiHii poOOTI He
3aBJIa€ MIKOJH JTOBKLLIIO.

Jlsisi aTOMHOI €HEPTreTHKH PO3PI3HAIOTH ABA SACPHUX NAIMBHUX IUKIA — BIIKPUTHA
(po3IMKHEHHMIA) Ta 3aKpUTUH (3aMKHeHUl). [Ipyn BUBUEHHI TEMH PO3TJISHBTE Il MAJUBHI ITUKIIH.
3aMKHEHUH SACpHUN TAIMBHUN IHUKJI Iependadae MmepepoOKy BiANPabOBAHOTO SIEPHOTO
NaJKuBa 3 PEaKTopy Ul BUIYUYCHHS ypaHy 1 IUNTYTOHIO 71l MOBTOPHOI'O BUTOTOBJICHHS SJIEPHOTO
MaJIMBa, 10 HA/IA€ TIEPeBary SICPHiN CHEPTreTHIll B TUIAHI BUUSPIIAHHS 3aI1aciB MaJuBa. 3BEPHITh
yBary Ha iHIII MEepEBaru, a TakKOX PU3HKH SACPHOI CHEPreTUKHU Ta TMOJITHKY PI3HUX KpaiH CBITY
II0/I0 TIPOTPaM PO3BUTKY SEPHOI EHEPTeTUKH.

Jlimepamypa [1]

Tema 8. TepmosinepHna eHepreTuka. @i3MYHI OCHOBHM KEPOBAHOTO TEPMOSICPHOTO CHHTE3Y.
[TanuBHU# 1K TepMmosiAepHOro peakropa. Pi3WYHI NPUHIMIN Ta CUCTEMH Uil YTPUMAaHHS
TUTa3MH.

3a cyyacHMM (i3UUHUM YSBJICHHSM, ICHye JIUIIE KiIbKa (DyHIaMEHTalIbHUX JKepel
eHeprii, sAKi, B MPUHIMII, MOXYTb OyTH OCBOEHI Ta BHUKOPUCTaHI JIIOACTBOM. SInepHi peaxiii
CHHTE3Y € OJIHUM 3 TaKuX JuKkepen eHeprii. ['0noBHa 1 QyHIaMeHTanbHa MepeBara TepMOosAepHOi
€HEpreTUKW  TOJSArae B TOMY, IO TYT HEMAa€ JIOBrO XKMBYYMX PaJlOaKTUBHHMX BIIXOIB, SIKI
XapakTepH1 JJIsl peakTopiB MOALTY, HEBUUYEPITHI 3aacy NajauBa 1 HeoOX1IHUX MaTepialliBb.

[Ipn BUBYEHHI TeMU 3BEpHITH yBary Ha (pi3MYHI OCHOBU KEPOBAHOI'O TEPMOSAEPHOTO
CHUHTE3Y: SIEpHI peakiii, IO CTAaHOBJATH IHTEpEeC /s KEPOBAHOTO TEPMOSJEPHOTO CHUHTE3Y
(peakiiist /eHepreTHUHUN BuXinm);  (i3WuHI ABHUINA, 10 BiAOYBAIOTHCS B PEAKIiHHO 3AaTHUX
CyMIIIax; y3arajJbHEHY YMOBY, 3a SIKOIO MOXe OyTH JOCATHYTHH MO3UTHBHMN BHUXIJ peakuii
(xputepiit Jloycona) ta cnocobu ii peamizauii. Po3riasHpTe MajauMBHUN LUK TEPMOSIEPHOTO
peakTopa i H1oro NpUHIUIIOBY CXEMY.

[IpakTiuni mpucTpoi As 3/A1MCHEHHS KEPOBAHOTO CHUHTE3Y, CIPOMOXKHI KOHKYpPYBaTH
€KOHOMIYHO 3 IHIIMMH JDKepelaMu €Heprii.  MOXHa pO3JUIMTH Ha JBa BeJIHMKI Kiacu: 1)
cTarfioHapHi a00 KBa3HMCTalllOHapHI CHUCTEMH, 3aCHOBaHI Ha MAarHITHOMY YTpPHUMaHHI rapsdoi
IU1a3MU; 2) IMITYJIBCHI CUCTEMH.

MarHiTHe yTpUMaHHS IOJISATa€ Y BUKOPUCTAHHI CHIIBHOTO MarHiTHOTO TIOJIS JIJISL Tapsiaoi
130J1A1ii CyMiIi Bij mepuioi CTiHKU peaktopa. Ciifl po3TsSHYTH 3arajibHi IPUHIUIIH, IO JIeXKaTh
B OCHOBI MAarHiTHOTO YTpPHUMaHHs, Ta  IX KOHKpPETHY peali3allilo y TaKuX CHCTeMax, SK
TOKAMAK, CTEJIAPATOPHU Ta BiIKpUTHX CHCTEMax JJsl MarHITHOTO YTPUMAaHHS IUIa3MH,
KOKHa 3 SIKUX I10 CYT1 € MarHiTHOIO MacCTKOIO.

B immynbcHuX cucTeMax 3 IHEpUIHHUM yTPUMaHHSM IUTa3MH BUKOHAHHS KpPUTEPiiO
JloycoHa ftocsiraeThCsl HE 32 paXyHOK TPUBAJIOTO YTPUMAaHHS IJ1a3MU, a 32 paXyHOK 301IbIIEHHS
il TyCTUHU B pe3yibTaTi CTUCHEHHs cyMimni. OCHOBHE (pi3UYHE 3aBAaHHS B LOMY HAIMPSIMKY
KEPOBAHOI'O TEPMOSIEPHOIO CUHTE3Y — OTPUMAHHS BUCOKHMX CTYIEHIB CTUCHEHHS B Takii Maii
KUJIBKOCTI MaJIMBA, SIKE JI03BOJIUTH BUKOPHCTOBYBATH TEPMOSICPHY €HEPTilo, 10 BUALIMIAcS 0e3

12



pyiiHyBaHHS Kamepu. OCHOBHI TEXHOJIOTIYHI MPOOJEeMU CTBOPEHHS IMITYJIbCHHUX DPEaKTOpiB
JeXaTh y Tally3l JpaidBepHOl TEXHIKH, CTBOPECHHI NPEIU3IMHMX MIIICHEH Ta CHUCTEM, IO
JIO3BOJISIFOTH MTOJIaBAaTH Ta KOHTPOJIIOBATH TOJI0KEHHS MillIEH] B KaMmepi.

Y Oynp-sikoMy 3 BIJOMHUX MPHUCTPOIB JJISI KEPOBAHOTO TEPMOSIACPHOIO CHHTE3Y
TEPMOSIIEPHI peaKIlii He MOXYTh YBIMTH B pEKUM HEKOHTPOJIHOBAHOTO HAPOCTAHHS MOTYXKHOCTI
0e3 MOAaNbIIOr0 3pUBY IUIA3MU Ta TNPUIHHEHHS peakuid. TakuM YUHOM, TEepMOSACPHUM
peakTopaM BIIaCTHBA BHYTpIlIHA Oe3neka. TMM He MeHII, Yy mpoleci poOoTH peakTopa B HbOMY
HaKOMHUYYIOTHCS PaMiOaKTHBHI €JIIEMEHTH, SKI MOXYTh MPEJCTABIATH BIJOMY pasialliiHy
HeOe3neKy Ui MepcoHaly, HACeJeHHs Ta HAaBKOJIMIIHBOTO cepefoBuiia. OTKe Mpu BUBUYCHHI
TEMH 3BEPHITHh TAKOX yBary Ha MOXUIMBI JDKEpeia paaioaKTUBHOCTI IPH POOOTI TEPMOSACPHOTO
peakTopa; MOpiBHSHHS O€3MEKH TEPMOSICPHOTO PeakTopa 3 OE3MEKOI0 peakTopa MOILTY Tiei Xk
MOTYXKHOCTI Ta Mpo0JyieMy nepepoOKu Ta 30epiraHHs pajioaKTUBHUX BiJIXO/IIB.

Jlimepamypa [1].

3.2.2. [lumannus onsa camonepesipku

Tema 5.

1.5k mKepena eHeprii BiTHOCATH A0 TPAJAUIIIHOT CHEpreTUKN?

2. 1o € OCHOBHUMM II€peBaraMy Ta BaJaMu TPAJAULIHHOI EHEPTETUKH.

3. OnumiiTe npobiemy 3abpyaHeHHs 6iocdepr TPOAYKTaMU 3TOPAHHS Ta IUISXHU ii BUPIIICHHS.
4. Illo po3yMitoTh TiJ] AIbTEPHATUBHOIO SHEPTETHKOI? SIKi BHIM €HEPTETHKH JI0 Hel BITHOCATH?
5.Y yoMy nepeBaru BUKOPUCTAHHS BIJHOBIIIOBAHUX JDKEPEN eHeprii?

Temu 6,7.

6. Illo Take reoTrepmanbHa eHepreTuka?

7. SIxi 0cOOIMBOCTI MOPCHKOI €HEPTETHUKHU?

8. ki BUAM BITPOreHEpaTOpiB BUKOPUCTOBYIOThH JJIsI MPOMHUCIOBOI BiTpoeHepreTuku? Ski
BUMOTH HaKJIaIAl0THCS Ha X PO3TAlIyBaHHS?

9..111o po3yMi€eThCs MiJ] Teli0eHEPTeTHKOI0?

10.Ywm BrumMBae COHsIYHA €HEPreTHKA TEIUIOBE 3a0pyAHEHHS aTMOCc(epu?

11. SIxi OCHOBHI Pi3HOBHIM COHSYHUX €JIEKTPOCTAHIIIM BaM Biomi?

12. V 4oMy mosdraroTb NepeBard  BHUKOPUCTaHHS  (OTOENEKTPUYHMX CTaHLIM  mepen
reJliOKOHIEHTpaTopaMu?

13.VkaxiTh HEJIOJIIKH COHSIYHOT EHEPIeTUKH IOPIBHSIHO 3 BITPOCHEPTETUKOIO.

14.51xi ¢hakTOpH BIUIMBAIOTh HA HECTAOUIBbHICTH BUPOOJIEHHS €Heprii BITpy Ta COHIA? SKi musxu
BUPIIIEHHS L1€T TpoOIeMu?

15. OxapakrepusyiiTe saepHI NaJUBHI LUKIH, SKI BUKOPUCTOBYIOTH B aTOMHIiHl eHepreTui.
16.Yomy MOXKHa BBaKaTH, IIO sIEPHA C€HEPris € TOJOBHUM KaHIWAATOM Ha PoOjib 0a30BOi
CKJIa/I0BOI €HEPrOCIOKMBAaHHA? Y 4OMy IIEpeBaru Ta pu3nKH il BAKOPUCTAHHS?

Tema 8.

17. HaBeniTh NpuKIIa Iy peakiiiii TepMOSAEPHOIO CUHTESY.

18. Ckinbku eHeprii gae TepMosiaepHuii cuaTe3? 3BigKu BoHA OepeThesi?

19. SIxi ymOBM NOTPiOHI 111 TEPMOSICPHOTO CUHTE3Y?

20. I1lo Take TepMosiepHa azmMa? YoMy TOPIBHIOE TEMITEPATypa TEPMOSICPHOT TUTa3MH?

21. Y yomy nosisirae kpurepiit Jloycona?

22. 1o rake TOKAMAK?

23. 1o Take CTEJIJIAPATOP?

24 Ha sixux (ismuHUX MpUHIHIIAX 0a3yeThCsi pOOOTa MarHITHOT ITACTKU?

25. 1o take Topoinansauii quBepTop? Lo Take apaiisep?

26. OWiHITh MEPCIIEKTUBU TEPMOSICPHOT CHEPTETHKH.

27. SIky pamianiiiHy 3arpo3y CTBOPIOE TEPMOSACPHHIA peakTop?
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3.3. Moayas 3M-II1. «Po3é’azyeanns 3a0au 3a memamu J1eKYilHUX MOOYJ1i6
3M-JI1, 3M-JI2»

3.3.1. [losuanns

Tema 1. ®i3uko-ximMiuH1 mporiecu B atMocdepi. Pi3uyHl MexaHI3MU OCaHKCHHS

YaCTHUHOK.

CkopoueHi MOBYaHHSI CTOCYIOTHCSI OCHOBHHX TOHSTH 1 BU3HAYEHb JAHOI TEMH, TAKUX SIK,
nanpukiag, ['IK, aepo3oib, IBUIKICTE OCIIaHHS a€pO30JIiB.

Bubip MeToy Ta TEXHOJIOTIi OUMIIICHHS MTOBITPS 3aJ€KUTh BiJ pO3Mipy Ta KOHLIEHTpAIil
3BOKCHUX YACTHHOK, ()I3MKO-XIMIYHUX BJIACTHBOCTEH 3a0pyaHIOBa4a 1 HEOOXITHOTO CTYIEHS
OUUIIICHHS.

Jlis BUBUYEHHS TeMHM PEKOMEHJIOBAaHO KOPHUCTYBAaTHCS METOJAMYHUMHU BKa3iBKaMHU J0
MPAKTUYHUX 3aHATh [4]. B mmx BKasiBKax HaBEACHI NMPHKIATU PO3B’S3aHUX 3a7a4, a TAKOK
3aMpOTIOHOBAHMM P 3a/1a4 JIsl O3B’ SI3aHHA CTYICHTaMH.

Ilpuknaou 3a60ans (numarHs 01 CAMONEPEBIPKUL):

1. OuinHiTh yac nepeOyBaHHS aMmiaky B Tpomocgepi, SKIIO0 HOro KOHIEHTpAIs MPUHMAEThCS
piBHOIO 0,005 MI/M°, a iIHTEHCHBHICTH HAIXOKEHHS OLIHIOETECS B 74 MITH.T/piK y TIepepaxyHKy
Ha €JIEMEHTHUH a30T.

2. B xoxHOMY KyOiuHOMY caHTHMETpi MoBiTps € 3-106 yactuHOK chepuuHoi popmu, cepenHiit
niamerp SKUX cTaHoBUTH 1 MKM. II[inbHicTE yacTHHOK mopiBHIOE 4 T/cM°. Un mepeBHIIyeThCS
sHaueHHs ['JIK m1s moBiTpst po604oi 30HH, 110 TOPIBHIOE 6 Mr/m3?

3. TlopiBHsiTe MIBUAKICT OCiIaHHS a€pO30JIiB 3 PO3MipaMU YaCTUHOK I' = 4 MKM, SIKIIO iXHS
IJIBHICTE CTAHOBUTH 3 1 2 r/cM® . SIK CIIBBIAHOCATHCS YacH TXHBOIO BHUBEIECHHS 3 aTMocdepH 3
BHUCOTH 5 M?

Tema 2. ®i3uko-xiMiUHI IPOLIECH Y Tiapocdepi Ta IPyHTaX.

CkopodeHi MOBYaHHS CTOCYIOTHCS OCHOBHUX TOHSTH 1 BU3HAYECHb JIaHOI TEMH, TaKUX SIK,
HANPUKIIAJ, CTIYHI BOJH, KOPCTKICTh 1 MY>KHICTh BOAM, 3HAUeHHS pH, moriuHanpHa 3/1aTHICTh
IPYHTIB 1 T. 1H.

JUis BUBUEHHS TEMH PEKOMEHJOBAaHO KOPUCTYBAaTHCA METOJAWYHMMHU BKa3iBKaMM J0
MpakTUYHUX 3aHATh [4]. B mux BkasiBkax HaBe[eHI MPUKIAIMA PO3B’SI3aHUX 3a7ad, a TaKOXK
3apoONOHOBAHUH P 3a/1a4 1Sl O3B’ A3aHHS CTY/I€HTaMU.

Ipuxnaou 3a60ans (numanus 018 camonepesipKu):

1. BusHauuTtu HaliMeHIly BiACTaHb (Bropy 3a TE€UI€0 PiuKM) BiJ HUTHOT'O BOA03a00py /10 MMYHKTY
CKHUJIQHHS CTIYHUX BOJ, SAKIIO C = 0,1, co = 30 Mr/m, 3a HACTYMHUX BUXITHHUX JaHUX: VB = 60,
Ve =03mc,y=1,0=1,2, Hy=3M,x=0,5.

2. SIka KUIBKICTh MI/N OpraHiyHoi pedoBuHH yMOBHOI ¢opmynn CH20 Mmorma yrBopuTHCS Y
BO/IONMI B mpo1ieci (POTOCUHTESY, SIKIIO OyJI0 MOPYHIEHO KOHTAKT 3 MOBITPSM Ta KapOOHATHUMU
OpOJaMM, PO3YMHEHHS YW BHUAUICHHA JIOKCHUIY BYIJIELIO Ta KapOOHATy Kalblil0 He
Bi0yBasocs? JIy)KHICTh BOAM y BUX1IHOMY pO3urHI ctaHoBHIA 1,5 MMone/n, pH = 7. ¥V mpouect
¢dorocunTe3y pH 30unbmuBcs g0 3HayenHs 10,5. Ipouec mpoTikaB npu HOPMaJIbHOMY THUCKY Ta
temriepatypi 25 °C.

Tema 3. OcHOBHI napameTpH BiOpalliil Ta 3ByKy, iX OL[IHIOBaHHS Ta
HOpPMYBaHHS.

CkopoueHi MOBYAaHHS CTOCYIOTHCS OCHOBHUX IOHATH 1 BU3HAYEHb JaHOI TEMH, TaKuX SK,
HalpuKiIaj, piBHI Ta BIAHOCHI piBHI BiOPOMIBHAKOCTI, Ta BIOPOMPUCKOPEHHS, IOPOTOBE
3HAa4YeHHs BIOPOLIBUIKOCTI, IHTEHCUBHICTH (CHJIa) 3BYKY, BIJIHOCHI piBHI 3BYKOBOT'O THCKY Ta
IHTEHCUBHOCTI. 3BEPHITh yBary Ha OJIMHUII BUMIPIOBAHHS [IUX BEJIUYHH.
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Ipuxnaou 3a60ans (numanus 01 camonepesipru):
1. I3orpomHe mxepeno 30ymxye y TOBITpl cepuuHy 3ByKoBy xBWito dactotu 3kl Ha
Bifcrani r1 =100M Big pKepena piBeHb ryqHoCTi 3ByKy L1=60 nb. Busnauutu piBeHb T'ydHOCTI
3ByKy Lo Ha Bigctani 2 =200M W BiACTaHb ro, Ha SKIH 3BYK NPUNUHSAE OyTH UYYTHUM: a)
HEXTYIOUH TOTTUHAHHSAM 3BYKY Y HOBITpi; 0) 3a 3Ha4eHHSAM KOe(]illieHTY MOTJIMHAHHS 3BYKa Y
noBiTpi k=2,4-10°n".

2. Buznauutu 11 3ByKa 4acToTH 3K[I| aMIUIITyly KOJIMBaHb THUCKY MOBITPS (Ap) , sKa

m
BiJMOBiae: a) mopory 4ytHocTi; 0) piBHIO ryuyHocti L=100 nb. IToxmactu T =300K, p =
1000 rITa.

Tema 4. 3axuct Bix anbda-BUNPMIHIOBaHb, €IEKTPOHHOTO, (POTOHHOTO Ta
HEHUTPOHHOT'O BUIIPOMIHIOBAHb
OCHOBHUM METOJIOM 3aXHCTYy BiJl pajiamii € 30UIbIICHHS BiJICTaHi 0 JpKeperna pajiamii.
OxHUM 3 METOAIB 3aXHUCTy € 3aXHUCHI €KpaHHW, sKI TOINIMHAIOTh abo0 TajJbMyIOTh
BHCOKOEHEPIeTUYHI YaCTUHKH 10HI3YF0UOT0 BUITPOMIHIOBAHHSI.

JUis BUBUEHHS TEMH PEKOMEH/JIO0BAaHO KOPHUCTYBaTHUCS METOJMYHHMMHU BKa3iBKaMU J10
MPAKTUYHUX 3aHATh [4]. B mmx BKasiBKax HaBEACHI NMPHUKIATU PO3B’SI3aHUX 3a7ad, a TaKOK
3allpOIIOHOBAHUH PAJ 3a/1a4 JJ1s1 pO3B’SI3aHHS CTYICHTaMU.

Ilpuknaou 3a60ans (numarHs 01 CAMONEPEBIPKU):

1. BuzHauntu 1OBXUHY IPOOIry o - YaCTUHKH 3 eHeprieio 21keB y mosiTpi.
2. Bu3HayuTH TOBLIMHY ILIAPy MOJOBHHHOIO OCHA0JEHHS Iydka PEHTTEHIBCHKUX IPOMEHIB 3
JIOBKHHOIO XBHJII 6,2HM Y CBUHITIO.

Tema 5. Po3paxyHOK 3axuCTy 3a KpaTHICTIO OCJIA0JICHHS €KCIO3UIIMHOL

JI03U, OTY>KHOCTI €KCIO3UIIIMHOT JI03M Ta 3a 33/IaHOK0 aKTUBHICTIO.

IIpn po3paxyHKy 3axMcTy BiJl TaMMa-BUIIPOMIHIOBAHHS 3pY4YHO KOPHUCTYBATUCS
YHIBEpCAJIbLHUM METOJIOM MOCIa0II0I040ro mapy, po3paxoBaHUM Ha OCHOBI Teopii ociiabjaeHHs B
MaTepiajax I[IMPOKMX IYYKiB TraMMa-BUIIPOMIHIOBAaHHS Bia ToukoBux Jokepen. Illap
nocialneHHss Ayk TOKa3ye TOBIIMHY €KpaHYBaHHS, fKa 3MEHUIYE /03y BHUIIPOMIHIOBAHHS
(rycTHHY MOTOKY €Heprii, T'yCTUHY MOTOKY 4acTMHOK Touo) B k pasi. Lleil Mmeron meranbHO
pO3MIAHYTUH B 1. 1. 5.5; 5.6 migpyunuka [1]. Tam ke (11.5.7) HaBeneHUH METOA KOHKYPYIOUUX
JHIN, SKAN 3BOJUTH PO3PAXyHKU 3aXUCTY JIJII HEMOHOEHEPreTUUHUX JKEPEN A PO3PaXyHKY
3aXMCTy BiJ] MOHOCHEPIeTHUHUX JKEpeld, MO YHIBepCaJbHUM TabiauisiM abo 3a mapaMmu
ocna0IeHHs.

4. IMTAHHA 10 3AXOAIB ITIOTOYHOI'O, NIICYMKOBOI'O TA
CEMECTPOBOI'O KOHTPOJIIO

4.1 TecToBi NUTAHHA 10 MOAYJIbHOI KOHTPOJILHOI podoTn moayJasa 3M-JI1.

1. OcHoBHMMHU OOCTaBMHAMM, III0 BU3HAYAIOTh I'€OXIMIYHUHN BIUTUB JIFOJUHH HA IPUPOLY, € ...
Jlimepamypa [1,c.8]
2. OuuineHHs ra30BOr0 MOTOKY Bij 3a0py/AHIOBAYIB IUISIXOM HOTO MPOMYCKAaHHS Kpi3b TBEPIl
MOPHCTI MaTepialii Ma€e Ha3BY MPOIIECY. ..
Jlimepamypa [1,c.11]
3. OCHOBHMMHU HampsiMaMU 3aXUCTy IPYHTIB BiJI JIerpaiallii € 3aX0/H ...
Jlimepamypa [1,c.13]
4. Meronu, 0 BUKOPUCTOBYIOTHCS ISl OYHMINCHHS TPOMHCIIOBHX CTOKIB, BKIIFOUAIOTh Y ceoe. . .
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Jlimepamypa [1,c.16]

5. PearenTtu, siki BUKOPHUCTOBYIOTH JUISI OCa/DKCHHS 3a0pyIHIOBAYiB MPH XIMIYHOMY CIOCOO1
OUUIICHHS, 1IC ...

Jlimepamypa [1,c.16]

6. JleTroui MpPOMHCIIOBI BHUKU/IHM, AKI € CyMIIIIIIO ra3iB (mapiB), mo He Hece B cobi TBepai abo
PIIKI 3a6ucii YacmuHKu, MatOTh Ha3BY ...

Jlimepamypa [1,c.19]

7. "Cyxi" MeToau TEXHOJIOT1i ra3004HIIEHHS - 11e METOJIH, SIKI ...

Jlimepamypa [1,c.21]

8. CryneHp oOuMIIEHHsS ra3y BiJl JOMIIIOK CHCTEMaMH BOJOIOTO OYHWIICHHS MOPIBHSHO 3
CUCTEeMaMH CYXOTO OYHIICHHS € ...

Jlimepamypa [1,c.22]

9. lo ocHOBHUX (DI3UYHHX MEXaHI3MIB OCA/PKCHHS 3BaXKCHUX B a3l YAaCTHHOK HAJICKATh. ..
Jlimepamypa [1,¢.23]

10. BigmeHTpoBEe  OCa/PKEHHS CIIOCTEPITa€ThCs, KOJW MOTIK TUCIIEPTOBAHOTO Ta3y (MOBITPS)
pyxaerbes ...

Jlimepamypa [1,c.23]

11.0camxenns, mo BiA0yBaETbCSI KOJIU Maca 1 MIBUAKICTh YACTUHOK HACTUIBKH BEJHKI, 110 BOHU
HE MOXXYTh YHUKHYTH NEPEIIKO/T 1 CITIyBaTH 33 Ta30BUM IIOTOKOM, MA€ Ha3BY ...

Jlimepamypa [1,c.23,24]

12. EnexTpooca/yKeHHsI YaCTUHOK MOXE B1JIOyBaTHCS IPH. ..

Jlimepamypa [1, c.24]

13.3akon CTokca i1l BA3HAYCHHSI OIIOPY CEPEIOBHUIIA PYyXy YACTHHKU MA€ BUTJISI;

Jlimepamypa [1, c.25]

14. AepoauHaMiyHMIA OMip cepelOBHILA P PYCl aepO30IbHOI YACTUHKH 31 HIBUJIKICTIO
3aBUCAHHS 3aJIEKUTD BIJ ...

Jlimepamypa [1, c.25]

15.3anexHICTh IBUAKOCTI OCAQ/PKEHHSI 3BAXEHUX YACTMHOK B TpaBITAIliiHIA cHUCTeMI
ra3004HUIIECHHS BiJ pO3Mipy (JlilaMeTpy) YaCTHHOK € ...

Jlimepamypa [1, ¢.27]

16.PiBastHHs 3a anroputMoMm CToKca, IO J03BOJISE BU3HAYUTH IBHJKICTH BIIIEHTPOBOTO
ocapKeHHs chepruIHNX YaCTHHOK, MAa€ BUTIISL:

Jlimepamypa [1, c.28]

17. Edexrt 3adensieHHs OYMHAE MPOSBIATUCS IPU OCAJKEHH] YACTUHOK, SKIIO ...
Jlimepamypa [1, ¢.33]

18.EdexTuBHicTh audy3iiHOTO 0CcaKEHHS € 00€pHEHO TMPOTOPILIHHOIO . ..

Jlimepamypa [1, ¢.37]

19.EnexTpruHe OYMIICHHS Ta3iB BiJl TOHKO- 00 IPpiOHOMUCTIEPCHUX TBEPAUX Ta PIIKUX
aepo30JIiB (3BayKEHUX YaCTHHOK MIITY Ta Kparesib TyMaHy) 3aCHOBaHe Ha ...

Jlimepamypa [1, ¢.37]

20. Pyx 3apsKeHUX YaCTUHOK JI0 0CAJJ0BOTO €JIeKTPOo/ia BiA0yBA€THCS MMiJ] 1I€I0 HACTYIMHHUX CHJI:

Jlimepamypa [1, ¢.39 ]

21.OCHOBHHUI BITMB Ha OCQJKECHHS YaCTUHOK B €JIEKTPO(IbTpax HATAOTh CHJIH ...
aepoJIMHaMIuHI Ta eJIeKTPOCTaTUYHI

Jimepamypa [1, ¢.39 ]

22 MakcumanbHu e(heKT 0CaKEHHS YaCTUHOK ITiJT JIEI0 eNEKTPUIHUX CHIT

Yy «MOKPHX)» IMAJIOBIIOBTFOBAYAX CIIOCTEPIra€ThCs, SKIIO ...

Jlimepamypa [1, c.40]

23.Y cyxux NWJIOBJIOBIIOBaYax Ta (QUIBTpaxX 3araJbHOTO MPHU3HAYCHHS MOXXYTh HaIIHHO
YTPUMYBATHCS] YACTUHKU PO3MIPOM ...
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Jlimepamypa [1, c.43]

25.ITniBkamu piguHu (BOAM) Y MOKPHUX IHJIOBJIOBJIIOBaYaxX HAAIMHO YTPUMYIOTHCS YAaCTHHKH,
PYX SKHX XapaKTepU3yeThCS 3HaYCHHSAM Re ...

Jlimepamypa [1, c.43]

25.11pu GapOoTaxxi Ha yJIOBIIOBaHY YaCTHHKY yCEpPEIUHI ra30BOr0 MiXypa JIif0Th MEXaHI3MH ...
Jlimepamypa [1, c.45]

26. B xaro31ifHAX MIJIOBIOBIIOBAYAX, y SKUX BUIUICHHS MUY 3 TA30BOTO MOTOKY 3aCHOBAHE Ha
BUKOPHUCTAHHI CHJIM 1HEPIIii, BILTUB Ha pOOOTY CTBOPIOIOTH HACTYITHI (hakTopH:

Jlimepamypa [1, c.49]

27. BiOpartiero Ha3UBaKOTh ...

Jlimepamypa [1, ¢.76,87]

28. JlokasibHMMH € BiOpariii, 1o ...

Jlimepamypa [1, c.77]

29. [TapameTrpamu, 1110 XapaKTEPHU3YIOTh BiOpaIlito €...

Jlimepamypa [1, c.78]

30. Haiibinpmr BaxkauBUM (PaKTOpOM, IO BIUIMBaE Ha (OPMyBaHHS Ta XapakTep BiOpaliiHuX
HaTOJIOTIH € ...

Jlimepamypa [1, c.81]

31. I'acinng BiOpamii IpyHTYEThCS Ha 3HWKECHHI PiBHS BiOpallii IUISIXOM MEPETBOPEHHS MEXaHIqHOT
eHeprii BiOpamii B ...

Jlimepamypa [1, c.85]

32. bynb-sikuii HebakaHui 3BYK a00 CYKYITHICTb 3BYKIB, 110 HAJAIOTh HECTIPUSATINBHUM BIIUB Ha
HABKOJIMIIIHE CEPEJIOBHILE 1 JIFOIMHY MAlOTh HA3BY ...

Jlimepamypa [1, c.88]

33. V mianmasoni wactor 10°-10% I'iy 3HaX0AATHCA KOMMBAHHS TIPY/KHUX CEPEIOBHIL, AKi
Ha3UBAIOTHCH ...

Jlimepamypa [1, c.88]

34. CepenHsi 3a 4acOM €Hepris, SKa NepEeHOCUTHCS 3BYKOBOIO XBUJICIO B OJJMHHUIIIO Yacy yepes
OJIMHHIIFO TUIOMI, TEPICHIUKYISPHOT HAITPSIMKY TIOITHUPEHHS 3BYKY Ma€ Ha3BY ...

Jlimepamypa [1, ¢.90]

35. PiBHeM nrymy Ha3MBarOTh BEJTMUMHY, sIKA IOPIBHIOE. ..

Jlimepamypa [1, ¢.90]

36. MexaHi3MOM TOTJIMHAHHS 3BYKY TaKMMH 3BYKONOTJIMHAIBHUMH MarepiajlaMH SIK BOJIOKHHCTI
MOPHCTI MaTepiaii € ...

Jlimepamypa [1, c.92]

37. Kpurepii, 3a IKUM 151 OLIIHKH 010JIOTTYHOTO BIJIMBY €J1EKTPOMArHiTHOIO BUIIPOMIHIOBaHHS
BUJUISIIOTh 1HAYKTUBHY (OJIMYKHIO) 30HY CTOCOBHO JDKEpeIia BUIIPOMIHIOBaHHS, 11€ ...
Jlimepamypa [1, c.95]

38. HagBrcokouacToTHa €1eKTPOMAarHiTHa €Heprisi BHKOPUCTOBYETHCS B ...

Jlimepamypa [1, c.95]

39. TI'panmyHO [OMyCTHMi piBHI €NEKTPOMATHITHUX TOJIB  BiAMOBINAIOTH  HACTYIHHM
KJIacudikamism: ...

Jlimepamypa [1, ¢.95]

40. 3axoau, 110 BUKJIIOYAIOTh BIUIMB HA JIIOIMHY €JIEKTPUYHUX PO3PSIIIB 1 CTPYMiB CTIKAHHS
MOBUHHI OyTH BXKUTI IPU BEIUYKHI HAIPYKEHOCT] €IEKTPUYHOTO MO E, 0 MEePEeBUILYE ...
Jlimepamypa [1, c.96]

41. MiunimanbHa BiacTanb Big oci 3ammanoBanoi [1JI wampyroro 750-1150 kB go mexi
HACEJICHOTO IYHKTY OBUHHA CTAHOBUTH ...

Jlimepamypa [1, ¢.99]

42. IoHi3yr04e BUITPOMiHIOBAaHHS — II€. ..

Jlimepamypa [1, c¢.101]

43. bera- po3man —1e ...
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Jlimepamypa [1, c.101]

44, ExBiBajieHTHA 7032 BUIIPOMIHIOBaHHS — II€ ...

Jlimepamypa [1, c.101]

45. ®oHOBE 10HI3yIOYE BUITPOMIHIOBAHHS CKJIAAAETHCS 3 ...

Jlimepamypa [1, c.102]

46. OgHopazoBe cymapHe onpomMineHHs 10 100-200 mOep BUKIHKAE ...

Jlimepamypa [1, c.102]

47. ]Jlns cepenoBUIAa TOBIIMHOK MEHIIE MaKCHMAJIbHOTO MPOOITY €JIEeKTPOHIB OCIa0IeHHS
HIUIBHOCTI MOTOKY 0€Ta-4aCTUHOK MPUOIU3HO CITiAYE 3aKOHY. ..

Jlimepamypa [1, ¢.56]

48. lllupokuii TYy4YOK BUIPOMIHIOBAHHS, IO CTBOPIOETHCA TPU MPOXOKEHHI ramma-
BUIIPOMIHIOBaHHS Yepe3 peYOBUHY CKIIAJIAETHCH 3 ...

Jlimepamypa [1, c.57]

49. EnepretnuHuil (axTop HAKONWYEHHS, SIKUA BOJATH JUIsl ypaXxyBaHHS BHECKY pO3CISHOTO
ramMMa-BUIIPOMIHIOBAHHS 3aJIEKHTH BifT ...

Jlimepamypa [1, c.57, 58]

50. BenwunHamu, 3aBIaHHs SKUX IMOTPiOHE /IS BU3HAYCHHSI HEOOX1THOT TOBIUHU €KpaHyBaHHS
MaTepiaiay 3a JOMOMOIOI YHIBEpCalbHUX TaONHULIb, €

Jlimepamypa [1, ¢.59]

51. PapianiifiHuii BUXiJ pEHTT€HIBCHKOI TPYOKH 3aJI€KUTh BIfT ...

Jlimepamypa [1, c.62]

52. KoeditieHT, 110 € mapaMeTpoM HOMOTIpaM, 3a AOMOMOIOI0 SIKUX MOXKHA PO3PaxXyBaTH 3aXUCT
13 CBUHIIIO BiJI HIMPOKOTO ITyYKa PEHTI€HIBCHKOTO BUIIPOMiIHIOBAaHHS, BKIIIOYAE B cebe. ..
Jlimepamypa [1, c.62]

53. [Iponecu HEMPYKHOTO PO3CIIOBaHHS HEUTPOHIB Y PEUOBHHI CYPOBOKYIOTHCA ...
Jlimepamypa [1, c.63]

54. 3axucT BiJl HEUTPOHHOTO BUITPOMIHIOBAHHSI IPYHTY€EThCS HA TIOTJIMHAHHI ...

Jlimepamypa [1, c.66]

4.2 TecTOBi NUTAHHS 10 MOY/JIbHOI KOHTPOJIbHOI po6oTn Moayas 3M-JI2.

1. 1o TpaauiiiiHOi eHepreTUKU BITHOCATD ...

Jlimepamypa [1, ¢.105,106]

2. HaiigemeBury TpaaulliifHy eHEprito Ha/la€ CIIAIOBAHHS ...

Jlimepamypa [1, ¢.106]

3. 3 mormsay eKoJyorii 3 TPaaWIliHHUX JDKepell eHeprii HalWMEHITy IIKOIy MPHPOJTHOMY
Cepe/IOBUIIY 3aB/Ia€ CIATIOBAHHA ...

Jlimepamypa [1, c.106]

4. EnepreTHka, sika 3aCHOBaHA Ha BUKOPUCTAaHHI BITHOBIIOBAHUX JIXKEpeJ eHeprii HOCUTh Ha3BYy ...
Jlimepamypa [1, c.106]

5. OcHoBHOIO MeTor0 iepexony Ha BJIE € ...

Jlimepamypa [1, c.111]

6.OCHOBH1 HEJIONIIKU BiHOBIIIOBAHUX JKEpEI eHeprii e ...

Jlimepamypa [1, c.106]

7. JIokanpHICTh BITPOGHEPT€TUKH TOB'A3aHa 3 TUM, 11O ...

Jlimepamypa [1, c.107]

8. Ilpu magiHHI HIBUAKOCTI BITPY B/ABIUI HOTYXKHICTh BITpOr€HEpaTopa Mala€ y ...

Jlimepamypa [1, c.107]

9. 3anexHicTh NOTYKHOCTI BITpOreHepaTopa BiJl IIBUAKOCTI BITPY € ...

Jlimepamypa [1, ¢.107]

10. BiTporenepatopu 3 TOPH3OHTAIBHOIO BicClo 0O6epTanHs poropa MaioTh KKJI, mo mocsrae ...
Jlimepamypa [1, ¢.108]
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11. JInst mpOMUCIIOBOI BITPOCHEPTeTHUKH BUKOPUCTOBYIOTHCS T'€HEPAaTOPH 3 JiaMEeTpOM pOTOpa...
Jlimepamypa [1, ¢.108]

12. JIns mpoMuUCIIOBOi BITPOSHEPT€TUKH BUKOPUCTOBYIOTHCS T€HEPATOPH 3 TOPU30HTAIBHO BiCCIO
pOTOpa MEPEBAKHO 3 HOTYNKHOCTIMH ...

Jlimepamypa [1, c.108]

13. TlepcrieKTUBHUMH MaiTaHYUKAMU IS PO3MIILIEHHS BITPOT€HEPATOPIB € ...

Jlimepamypa [1, c.108]

14. ConsyHHMi €JIEKTPOCTaHIlli, B SKUX BOJIa HArpiBa€ThCsl CBITIOM, K€ KOHIIEHTPYETHCSI 3a
JIOTIOMOT'OI0 CHCTEMH KEPOBAaHUX J3€pKall, MalOTh Ha3BYy...

Jlimepamypa [1, ¢.109]

15. Barapei ¢QoToeneMeHTIB, 0 BHUKOPHUCTOBYIOTHCS y SKOCTI COHSYHHUX €JIEKTPOCTAHIIIH,
maroth KK/ ...

Jlimepamypa [1, c.109]

16. PO3BUTOK BITPOCHEPTETUKH Ta COHSYHOI CHEPreTHKH Ha ChOTOJIHI BiJOYBA€THCS 32 3aKOHOM,
SAKAKN € ...

Jlimepamypa [1, c.109]

17. HectabinbHICTh COHSYHOI CHEPTETUKY TTOB’sI3aHA 3 ...

Jlimepamypa [1, c.109]

18. Eneprernyuna cuctemMa MOBHHHA CKJIAJATHCA 3 ...

Jlimepamypa [1, c¢.115]

19. BinnoBimoBaHi Jpkeperna eHeprii, Taki sIKk COHSYHA €HEepris Ta CHajlloBaHHSA 0ioMacH, MOXKYTh
BUKOPUCTOBYBATUCS Y SKOCTI ...

Jlimepamypa [1, c.115]

20. 3abes3neuye cTabiTpHE EHEProNOCTaYaHHS Ta JIO3BOJSE TMPAKTUYHO HEOOMEKEHO
HApOIIyBATH MOTYXHOCTI ...

Jlimepamypa [1, c¢.110]

21. T'onoBHMIT HEAOMIK SIIEPHOT EHEPTETUKH TOJISTAE Y ...

Jlimepamypa [1, ¢.110]

22. AKTHBHA 30Ha PEaKTOpa Ha IMIBUJKUX HEUTPOHAX 3 yciX OOKIB OTOYEHA!

Jlimepamypa [3¢.21]

23. Y sxocTi TemnoHocis B peakropi Tunty BBEP 3acTocoByeTbes:

Jlimepamypa [3¢.23]

24.Y sKoCTi CHIOBiIbHIOBaYA B peakTopax Turna PEMK BUKOPHCTOBYETHCH . ..

Jlimepamypa [3¢.21]

25. CtepikHi aBTOMAaTUYHOTO peryitoBaHHs B peaktopi Turry PEMK npusnadeHi st 3MiHH. ..
Jlimepamypa [3¢.23]

26.0mepaTuBHUI 3arac peakTHBHOCTI peakTopa BU3HAYAETHC ...

Jlimepamypa [3c.23]

27.IlepeBanTakeHHsT TETUIOBHAUIAIOUNX 301pOK 0€3 3ymUHKH pPOOOTH peakTopa MOKIWBE B
peaKkTopax TUIMY ...

Jlimepamypa [3c.23]

28.Yac 3Hax0/KEHHS JIepHOTO NaluBa B aKTHUBHIN 30H1 peakTopa BBEP cknanae:

Jlimepamypa [3c.21]

29. Y peakuisix CHHTE3Y €Hepris BUPOOISETbCA 32 PaXyHOK. . .

Jlimepamypa [1, c.110]

30. AnepHi peakuii, 110 CTAHOBIATH IHTEPEC JUIsI KEPOBAHOTO TEPMOSIIEPHOTO CUHTESY, II€. ..
Jlimepamypa [1, c.117]

31. Ilepepi3 peaxiii CHHTE3Y € (PYHKIIIEIO ...

Jlimepamypa [1, c.118]

32.3a HOpMaIbHOT TEMIIEPATYPH CYMII 130TOIMIB BOJHIO T iHIIUX JETKUX aTOMIB ...
Jlimepamypa [1, c.118]
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33. OOG'eMHa UIUIBHICTH BUAUICHHS €HEPrii B pearyodiil cymill Hpu TEpMOSIEpHINA peakiiii
CHUHTE3Y 3aJIC)KUThH BIJ ...

Jlimepamypa [1, c.119]

34. Tlpum BuCOKIM TeMmIiepaTypi, HEOOXIIHOI JJIA MPOTIKAHHS TEPMOSICPHOI peakiliii, CyMiml
3HAXOJHUTHCS B CTaHI ...

Jlimepamypa [1, c.119]

35. JIy11 HO3UTUBHOTO BUXOAY PEaKIlii CHHTE3y B CyMIIIi MOTPIOHO BUKOHAHHS YMOB:. ..
Jlimepamypa [1, ¢.120]

36. V3aranpbHeHy HEOOXiIHY YMOBY IMO3UTUBHOTO BUXOIy PEAKIIil CHHTE3y B CyMIllli HA/IAE ...
Jlimepamypa [1, ¢.120]

37. IlepeBaroto DT-peakii nopiBHsiHO 3 DD-peakiisivu €. ..

Jlimepamypa [1, c.121]

38. Kpurepiii JloycoHa mocsraeThcs 3a paxyHOK BEIMKOTO CHEPreTUYHOTO Yacy JKUTTS TUIa3MU
MIPU HEBEJIMKIH 11 MIIJTLHOCTI Yy CHCTEMAX ...

Jlimepamypa [1, c.121]

39. Yac XUTTS B IMITYJIbCHUX CHCTEMaX KePOBAHOI'O TEPMOSIEPHOIO CHHTE3Y €. ..

Jlimepamypa [1, c.122]

40. brnauker — 11€ ...

Jlimepamypa [1, c. 124]

41. YV TepMosIEpHOMY PEaKTOp1, IKUN MPALIOE HA CYMIII IEUTEPIil0 Ta TPUTIIO, TPHTIH ...
Jlimepamypa [1, c. 124]

42. IIpyHUMI MarHiTHOrO yTPUMAaHHS IUIa3MM IMOJISATa€ Y BUKOPUCTaHHI CUJIBHOIO MarHiTHOTIO
TOJISL JUIS . ..

Jlimepamypa [1, c.126]

43. Y cucreMax 3 MarHiTHUM YTPHUMAaHHSM IJIa3MH JJISl YHUKHEHHS TTO3J0BXKHIX JI0 MarHiTHOTO
HOJISt BTPAT, MOXKHA. ..

Jlimepamypa [1, ¢.127]

44 MarsiTHa nacTka i3 3aMKHYTHMH MarHiTHUMH TMOBEPXHSMH, B SIKii MOJOUAAJIbHE MarHiTHE
1oJie, 1110 YTBOPIOE MArHiTHI MOBEpPXHI, CTBOPIOETHCS CTPYMOM, IO IPOTIKA€ MO IJIa3Mi Mae
Ha3By...

Jlimepamypa [1, c.128]

45.OCHOBHMMH €JIEMEHTaMHU CHUCTeMHU MarHiTHoro yrpumanss miazmu « TOKOMAK» € ...
Jlimepamypa [1, c.128]

46. JluBepTop — 1€ €IeMEHT TePMOSIEPHOTO peaKTopa, IKUi 103BOJISE ...

Jlimepamypa [1, c. 129, ¢.130]

47. BincytHicts mia3moBux 3pHuBiB y CTEJIJIAPATOPi oOymoBieHa TuM, L0 piBHOBara
TUTa3MH ...

Jlimepamypa [1, c.139]

48. Y BIIKpUTHX CHCTEMaxX YTPHUMAaHHS YaCTUHOK TUIA3MHU y HAIPSIMKY B3/I0BXK MarHiTHOTO TIOJIS
JIOCATAETHCS 38 PAXYHOK. ..

Jlimepamypa [1, c.142]

49. JlpaiiBepaMu Ha3UBAIOTh ...

Jlimepamypa [1, c.144]

50. OcHOBHI TeXHOJIOT14H1 MPOOJIEMU CTBOPEHHS IMITYJIbCHUX PEAKTOPIB JI€kKaTh y rajysi
Jlimepamypa [1, c.154]

51. Bumoru 10 MarepiaiiB MepuIoi CTIHKM Ta ONaHKETy TepMosaepHuX peaktopax 3 DT-
peaxIriero — 1e ...

Jlimepamypa [1, c. 155, c.156]

52. IHoykoBaHa pagiOaKTHBHICTE B TEPIIOMY 3aXHCHOMY KOHTYpI TICHs 3yMUHKH
TEPMOSIIEPHOTO PEAKTOPa MOBHICTIO 3HMKYETHCS 10 O€3[IEYHOTO PiBHS MPOTATOM ...
Jimepamypa [1, c.115]
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4.3 TecToBi 3aBIaHHS 10 eK3aMeHalliiHOI po6oTH

TecToBi 3aBIaHHs OcHoBHa

No JiTeparypa,

CTOPIHKH

1. 3ax0/11 3 OXOPOHHU TMOBITPSI MOYKHA MOJIIJIUTH Ha ... [1]c.11

2. [TpoTrepo3iitni 3axoau U1t 60POTHOM 3 BOJHOIO €pO3i€r0 BKIIOUalOTh y cede | [1] c.13

3. JlJiss MEXaHIYHOTO OYHWIICHHS CTIYHUX BOJ BiJ HEPO3UMHHUX MexaHiuHuX | [1,c.16]
JIOMIIIOK BUKOPUCTOBYIOTb ...

4. JleTro4i MPOMUCIIOBI BUKHU/IH, SIKI € CyMIIINIIO Ta3iB (mapis), mo Hece B cobi| [1,c.19]
TBep/i 200 PiAKi 3BaKEH1 YACTHHKU, MAIOTh HAa3BY ...

5. Meroau TEXHOJOTIT Ta300YHIIEHHS, SKI BUKOPHUCTOBYIOTH Boay abo immii | [1,c.21]
piMHU,HATIEKATh JI0 ...

6. OcamkeHHs OpiOHUX YaCTHHOK Ha MOBEpPXHI abo cTiHI 00'ekTa B pe3ynbTati | [1] c.24
Oe3mepepBHUX 3ITKHEHb JAPIOHMX YaCTHHOK 3 MOJIEKYJIaMH Ta3y, IIo
3HAXOJIAThCS B OPOYHIBCHKOMY PYCi, Ma€ Ha3By ...

7. PiBHsAHHS, K€ ONMUCYE TIAPOJMHAMIYHMNA pPyX YacTUHKUA B CTOKCIBCbKOMYy | [1]c.27
PEXHUMI IIPU TPaBITAIIITHOMY OCa/PKEHH1, Ma€ BUTJISI:

8. Cunu, CHIBBIIHOIIEHHS MDK SKUMU Xapaktepusye kpurepiii Crokca | [1]c.31
(mapamerp iHepIii) Ipy IHEPLUIHHOMY OCaJKEHHI, 11€ CUJIH ...

9. OnHuM 3 HalOLTBI e(heKTUBHUX BUIIB OYMIICHHS T'a3y BijJ TOHKO-a00 [1]e.37
IPiOHOIUCIIEPCHUX TBEPIUX Ta PIIKUX aep0o30JIiB (3BAXKECHUX YaCTHHOK
MUAJTy Ta Kparejab TyMaHy) € ...

10. | EnexkTpodinbTpu 3a3BUYail CTBOPIOIOTH 13 KOPOHOK HETaTUBHOI MoJisipHOCTI | [1] ¢.38
BHACIIOK TOTO, IO ...

11. | Pyx ra3y (aepo3o:io) yepes 1map piiuHy, ska HaOyBae Burisay Oynsbamok | [1] c.44
(miHKM) ab0 CTPYMEHIB HAa3UBAETHCH ...

12. | Jlo kareropiii, Ha sIKi MOJUIAIOTHCS 3arajibHi BiOpallii, HaJIexKaTh ... [1]¢.78

13. | BennuwuHu, 3a JOTOMOTOI0 SKUX OIIHIOIOTH BiOpallito, 11€ ... [1] c.87

14. | AxyctuuHi KonMBaHHs 3 yacToTO0 BUIe 20k 11 MatoTh Ha3BY ... [1] c.88

15. | IlepeTBOpEHHS YaCTMHU €HEPTii 3ByKOBUX XBHJIb B TEIUIOBY €HEPIilO B [1] c.92
CEepEIOBUIIII, Uepe3 sKe MOIUPIOETHCS 3BYK, Ma€ Ha3BYy ...

16. | [lo 3ByKONOIIMHAIBHUX MaTepiajiB, Kl MOTJIMHAIOTH 3BYK Uepes3 [1] .92
nedopmariiro Bciei a00 YaCTMHH MOBEPXHI MaTepialy HAJISKATh ...

17. | JIinii enexTponepenady € OCHOBHUMHU JKepeJIaMH €JIeKTPOMArHITHUX [1] .95
KOJIUBAHb ...

18. | EnexTpu4HUI TPAHCIIOPT € JXKEPEIIOM ... [1] c.95

19. | I'panm4HO AONMYCTMMHUU piBEHb MAarHiTHOI CKJIaI0BOi (MarHiTHOI iHayKuii) | [1] ¢.97
€JIEKTPOMArHITHOTO TOJIsl Y KBapTHUPaX CTAHOBHUTS ...

20. | l'amma-ipoMeHSIMH Ha3UBAIOTh ... [1] c.101

21. | OnuHUISIMEA BUMIPIOBaHHS €KBIBAJICHTHOT JTO3M BUITPOMIHIOBAHHS € ... [1]c.102

22. | CepenHbopiuHa eKBiBaJICHTHA 7032 (POHOBOT'O BUIIPOMIHIOBAHHS JIEXKHUTD Y [1] c.102
MEXax ...

23. | MiHiManbpHa  TOBLIMHA IIApy PEYOBMHM, MpH  gkii  xkomeH 3 | [1]c.55
MOHOCHEPTEeTHYHUX €JIEKTPOHIB, IO MaJal0Th HOPMaIbHO Ha IIap, 3 HHOTO
HE BUJIITA€ Ma€ Ha3By ...

24. | EHepreTnuHuii (hakTOp HAKONMUYEHHS, SKHH BPaxoBYye BHECOK poacisiHoro | [1]c.57
raMMa-BUIIPOMIHIOBAHHSI y IIMPOKUH IMYy4OK NpPU MPOXOKEHHI Tamma-
BUIIPOMIHIOBaHHSI Yepe3 pEYOBUHY NPUHMAE 3HAYEHHS ...

25. | Ilpm po3rmsimi BIUIMBY PO3CISTHOTO TaMMa-BUIIPOMIHIOBaHHS Yy BUmNanky | [1]c.58
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3aCTOCYBaHHs 0ap’€pHO1 TeOMeTpii ...

26. | BigHomieHHs BUMIpsiHOI a00 pO3paxoBaHOi EKCIO3UIIHHOT 103U 6e3 | [1]¢c.59
3aXHUCTY 10 TPAHUYHO JOMYCTUMOI €KCIIO3HMIIIHHOT 103K Yy Til camiid Toulii
3a 3aXMCHUM €KPaHOM TOBUIMHOIO X MA€ Ha3BY ...

27. | 3amexHicTh Koe]ilieHTa, 10 € MapaMeTPOM HOMOTPaMM, 3a JOIMOMOTOI0 [1] c.63
SKHX MOXKHA PO3pPaxyBaTH 3aXUCT 13 CBUHITIO BiJl IIMPOKOTO MTy4Ka
PEHTIeHIBCHKOTO BUITPOMIHIOBAHHS, BiJ] BIICTAHI MK aHOJIOM
PEHTI'eHIBCbKOI TPYOKH Ta pOOOYHMM MICIIEM € ...

28. | Mexani3MoM B3aeMoj1ii HEHTpOHIB 3 eHepriero nonan 0,5 MeB 3 [1] c.63
PEUOBHHOIO CEPEIOBUINA €. ..

29. | OcnabneHHs BY3bKOI'O MOHOSHEPTeTUYHOTO MyYKa MIBUIKUX HEUTPOHIB Y [1] c.66
3aXMCHOMY MaTrepiaji 3aJIe)KHO BiJI TOBIMHM 3aXHCTY X € ...

30. | OgauM 3 HAWOLIBII MPOHUKIMBHUX BHUIAIB BTOPUHHOTO BHUIIPOMiHIOBaHHSA € | [1]c.74
BTOPHHHE T'aMMa-BUITPOMIHIOBAHHS B 3aXHCTI, IKE CYIIPOBOJIKYE ...

31. |3 mormsgy ekojorii HaWOUIBINY IIKOMY MPUPOTHOMY cepemoBumry 3aBaae | [1] ¢.106
CIAJIIOBAHHS ...

32. | CrabinpHICTh BUPOOJCHHS €HEprii Ta BigHOCHAa cBoOoma posmimieHHs € | [1] ¢.106
OCHOBHMMHU IlepeBaraMu €HEepreTUkH ...

33. | besneka, exonOriyHiCTP Ta MNpPaKTHYHA HEBHYEPIHICTh NOTOKY eHeprii | [1] c.106
IepeBaraMu. ..

34. | HectabinbHICTh BITPOCHEPTETUKH TTOB’SI3aHA 3 ... [1] c.107

35. |Ilpu 3pocraHHi IIBHAKOCTI BITPY BTPUYi TMOTYKHICTH BiTporeHeparopa | [1] c¢.107
3pOCTaE Y ...

36. | s npoMHUCIIOBOi BITPOEHEPI€TUKH BUKOPUCTOBYIOThCS T€HEPATOPH 3 [1] c.108
JiaMeTpoM poTopa...

37. | HenonikaMu COHSYHOT €HEPreTUKH B MOPIBHSHHI 3 BITDOGHEPT€TUKOIO € ... [1] c.109

38. | YnoBiJgbHIOBAY B aTOMHUX PEaKTOPax 3aCTOCOBYETHCS JUISL: [3] c. 20

39. | Y 30HI BiATBOpEHHS pEaKTOpa Ha MIBUJIKAX HEHTpPOHAX HakomuuyrwThes | [3] c.21
130TOIH ...

40. | Y xepoBaHOMY TEpMOSICPHOMY CHHTE31 sl BAPOOHUIITBA TPHTIIO, sikoro He | [1] ¢.117
ICHY€ B IPUPOJIi, BUKOPUCTOBYIOTHCS PEAKLI] ...

41. | BHacnioK KyJIOHIBCBKOTO BIAIITOBXYBAHHS MIXK SIAPaMU IIPU HU3bKIN [1] c.118
eHeprii YaCTUHOK Mepepi3u peakiiiii CHHTe3y € ...

42. | Kpurepiii JlIoycoHa Ha/la€ yMOBY Ha... [1] c.120

43. | CyuacHa TepMoOsiiepHa IporpaMa HalijieHa Ha 3/11iiCHEHHsI KepOBaHOTO [1] c.121
CHHTE3Y ...

44. | Kpurepiit JloycoHa nocsiraeThest 3a paxyHOK CTUCHEHHS TEPMOSIIEPHUX [1] c.121
11J7Ie¥ Ta CTBOPEHHS CYMIIIl 3 Ay’K€ BUCOKOIO HIUIBHICTIO Y CUCTEMAX ...

45. | CremianpHuil PUCTPil, OTOUYYIOUHH MJIa3My, y SKOMY BHIIsAEThCs eHepris | [1] c. 124
TEPMOSIIEPHUX PEaKIliil Ma€e Ha3BY...

46. | CucteMd 3 MarHiTHAM YTPUMaHHSM IUIa3MH MarOTh XapakTepHuil posmip | [1] c.121
T1a3MH OJIU3BKO. ..

47. | EpexTUBHICTh MarHiTHOI MaCTKU 3aJI€KUTH BIJ ... [1,c.127]

48. | Y TOKAMAKax cuioBi JiHii MarHiTHOr0 MoJisi YTBOPIOIOT ... [1]c.128,129

49. | 3puB mmazmu TOKAMAKa mnpu mepeBuimieHHi TrpaHumgHoro 3HaudeHHs | [1] ¢.133
mapamerpa 3 — Ie sSBUIIE ...

50. | MarniTHa nacTkKa i3 3aMKHYTHUMHU MarHITHIMH TIOBEPXHSIMH, B SKil [1] c.136
MOJIOUJaJIbHE MarHiTHE MoJIe, 1110 YTBOPIOE MArHiTHI MOBEPXHi, CTBOPIOETHCS
3a JIOMOMOTOI0 30BHIIIIHIX BUTKIB Ma€ Ha3RBYy...

51. | Buxonanus kputepito JloycoHa 3a paxyHOK 30UTbIIIEHHSI TYCTHHU B [1] c.143

pe3yabTaTi CTUCHEHHS CYMIllli IOCSITAETHCA B ...
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52. | V gkocTi apaiiBepiB BUKOPHCTOBYIOTH ... [1] c.144

53. | Jxepenamu paiOaKTHBHOCTI IIPH POOOTI TEPMOSIEPHOTO PEAKTOPA €. .. [1,]c.158,159
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