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1. OIUC HABYAJIbHOI JUCHUILIIHU

Merta

3a0e3ncueHHs] 3aCBOEHHS CTYIEHTAMHU y JIOCTaTHHO MOBHOMY 00’ €Mi
(byHIaMEeHTaIbHUX 3aKOHIB Cy4acHOT (hi3ukH, (popMyBaHHS Yy CTYJCHTIB
3arajJbHOTO (PI3MYHOTO CBITOTJISATY, OTPUMAHHS IIJTICHOT CHCTEMH 3HAHb
PO MPOIECH Ta SBHIIA, 10 BiA0OYBAaIOTHCS B HEXKUBIH 1 )KUBIH PUPOI,
PO3BHUTKY HAayKOBOTo (hi3MYHOrO crocoOy MHCIICHHS, BMIHHS OadyuTH
MPUPOJHUYO-HAYKOBO 3MICT MpOOJIeM, II0 BHHHUKAIOTh B MPAKTUYHIN
TISITBHOCTI (haxiBIIsl.

KomnerenTHicThb

K14  3pgartHicTh  mocimimkyBath  OiOXiMiuHI,  TiIpoOiOJIOTIYHI,
TiApOXiMIYHI, TEHETUYHI Ta 1HII 3MIHHA 00’ €KTIB BOJHHMX O10pecypciB Ta
AKBaKYJBTYPH 1 CEpeIOBHUIIA 1X ICHYBAHHS

PCBYJ'IBTaT HaBYaHHA

P 1401 BinTBOoproBatn BUpOOHHYI MPOIECH Y BOJHHUX Oiopecypcax Ta
aKBaKyJIbTypl B JaOOpPaTOPHHX Ta EKCIECPHUMCHTAJIbHUX YMOBAaX.
Kani6pyBat 1 BUKOpHUCTOBYBaTH HeOOXigHe oOOJiagHaHHS Ta
IHCTpYMEHTH, BJIOCKOHAIIOBATA METOIM JUIA OpraHizamii BUpOOHHYOTO
ImpoIecy y BOJHUX Olopecypcax Ta akBaKylIbTypi 3 YpaxyBaHHSIM
EKOJIOTYHUX, TEXHIYHUX Ta TEXHOJIOTTYHUX MOKIUBOCTEH

ba3oBi 3HaHHA

1) dbynnamenTansHi Gi3UuHi MOHATTS, 3aKOHU Ta TEOPii KIACHYHOI Ta
cydacHoi (i3uku;

2) cyrHicTh (Gi3MYHUX SBUI] Ta METOAM iX ONKCY, Tamy3i ix
MIPAKTUYHOI'O 3aCTOCYBaHHS,

3) ocHoBHI (i3MuHi BENMYMHM 1 XapaKTEPUCTHKH, B3AEMO3B’SI30K
(hi3UMYHUX BEJIIMYMH Ta X OJUHUIIb BUMIPIOBaHb,

4) MeToam noCiKEHb Ta 00pOOKHM iX PE3YIbTATIB.

ba3oBi BMiHHS

1) ananisyBatu B3a€MO03B 130K (Di3MIHUX ABUIL Pi3HOT IPUPOJIN;

2) BUAUIATA KOHKPETHWH (i3SMUYHUH 3MICT y NPHUKIAJHUX 3aj1ayax
MaiOyTHBOT CTIEIiaIbHOCTI,

3) 3acrocoByBaTy ()izu4Hi 3HAHHSA /IS PO3B’A3aHHS IPAKTHYHUX 3a71a4;
4) mNpakTHYHO 3IIMCHIOBATH MpOCTili (i3UYHI EeKCIIEPUMEHTH Ta
00p0o0JIATH TX pe3yJbTATH.

Ba3oBi HaBHUKH

1) 3acrocyBaru 6a30Bi (i3uuHi 3HAHHS NPU aHANI3i Ta NPOTHO3YBaHHI

MOXJIMBHAX HETaTUBHUX HACIIJKIB 3MIHM SKOCTI HaBKOJHIIHLOI'O
CepeIOBHUIIA.

[Tow’s13an1 cwimadycu | Hemae

[Tonepenni HEMae

JUCLUILTIHA

Hactynni HEMae

JUCLUILTIHA

Kinekicts roana

nekmii — 30rox.
naboparopHi 3aHITTS — 30r01.
camocTiiiHa po6oTta ctyaenTtis—120 rox.




2. MPOI'PAMA HABYAJIBHOI JUCHUILJIIHU

2.1. JlekuiiiHUi MOIYJIb.

Kon

Hazsa MOIAYJIA Ta TCM

KinbkicTs roanu

ayJIMTOPHI

CPC

3M-JI0

HyaboBuii MOaYyJIb 3 MeXaHIKH
Tema 1. Kinemamuxa mamepianvnoi mouku ma meepooz2o
mina.

OCHOBHI TIOHSAITTSA KJIACHYHOI MEXaHIKH — MaTepiaiabHa
TOYKa, TBEPJIE TUIO, CyLIbHE cepenoBuie. CHUCTEMU BiIUTIKY.
CepenHs Ta  MHTTE€Ba  IIBHAKICTh.  [IpUCKOpeHHS,.
HepiBHOMIpHUI I pPyX TOYKH Y3IIOBX JOBLJIBHOI TPA€EKTOPIi.
Po3knan pyxy TBEpAOro Tija Ha CKJIAJOBi: MOCTYHNAIbHUH Ta
oOepTasibHUi. 3B’A30K MIDK JIIHIKHUMHU Ta KyTOBUMH
3MIHHHMH.

0,5

MoayJ/ibHa TeCTOBA KOHTPOJIbHA po0oTa (HYJ1bOBa)

3M-JI1

Mexanika
MounekyJsipHa ¢i3zuka Ta TepMOAUHAMIKA
Tema 1. /Juuamixka mamepianvnoi mouku, cucmemu
MamepianbHux mo4ox.

IMmyneC Ta  MOMEHT  IMIYNIbCy TOYKHM 1 CHCTEMH
MmatepiaibHuX Toyok. Cunm B MexaHuui. PiBHSHHA pyXxy.
LenTp mac.

Tema2. /lunamixa meepoozo mina. 3akonu 36epexiceHns.

2.1. MOMEHT CHJIF, MOMEHT IMITYJIbCY BiJTHOCHO ITOJTFOCY
Ta oci. MomenT iHepuii. Teopema llITeiinepa. PiBHSHHS pyxy
TBEpAOrO Tijia.

2.2. [3o1p0BaHi cucTeMH. 3aKOHHU 30€peKeHHs IMITYJIbCY
Ta MOMEHTy iMmmynbcy. Pobora cun. IloreHuianbHi — cuin.
ITorenmianbHa 1 KiHEeTWYHa eHepris. 3akoH 30epexeHHsd 1
MEPETBOPEHHS €HEeprii B MeXaHili. 3aKoHU 30epekeHHs MpHU
31TKHEHHI TU1. PeaxkTuBHMi pyX. PiBHsAHHS Memepcbkoro.
Tema3. Inepuianovni i neinepyiuni cucmemu 6ionixy. Cunu
inepuii.

Cunmu i”epuii. HeinepuianbHi cucTeMH BUUIIKY, $KI
PYyXaloTbcs MOCTYNaJbHO Ta oOepTanbHO. PiBHSHHS pyxy Ta
3aKOHHU 30€peKeHHS B HEeIHEPLIaAbHUX CUCTEMAaX BIJUTIKY.
Tema 4 Mexanika pioun ma 2a3zis.

Tuck y pimuHax 1 razax. 3akoH [lackana. 3akoH
Apximena. Enementu rigpoaunamiku. 3akoH bepuyii.
JlaminapHa Ta TypOynenTHa Teuii. Yucno PeiiHonbca.
OOTikaHHS TiJI.

Tema 5. Enemenmu cneyianvhoi meopii 6i0nochocmi.
Tema 6. Monekynapno-xkinemuuna meopia ioeanvnux 2a3ie
1.1.TepmoauHamiuHi  mapameTpu. PiBHSHHA  cTaHy.
I3omporiecu B imeanbHOMY ra3i. OCHOBHE  piBHSHHS
MOJIEKYJISIpPHO-KIHETHYHOT Teopii rasiB. CepelnHs KiHETHYHA
eHepris MoJiekyl. Po3moain Mojekyn 3a  IIBHAKOCTSIMH
(posmoain Makcsemna). Posmoain bonsiimana, 6apoMerpuyHa
bopmyna.
1.2 Cepenne uyuciao 3ITKHEHb 1 JIOBXXKHHA BIJIBHOTO

1,5

0,5

0,5

1,5

0,5

1,5
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npobiry wmoiekya. SBumna mnepeHocy (TEIUIoONpOBITHICTS,
nuQy3is, BHYTPILIHE TEPTH).
Tema 7. Ilepuwiuit 3axon mepmoounamiku.

Buytpimns enepris. Temnora i po6ora. Ilepmmii 3akoH
TEPMOJAMHAMIKH, HOT'O 3aCTOCYBaHHS 10 130ITPOILIECIB.

Uwucno cTyneHiB CBOOOAM MOJEKYNI. 3aKOH PO3MOALTY
eHeprii 3a cTynmeHsMH CcBOOOaHM. TemJIOEMHICTH Tasy.
Aniabaruunuii mporec. PoGorta imeanpHOro razy B pi3HHX
130Mporiecax.

Tema 8. /Ipyeuit 3axon mepmoounamixu.

OO6opoTHi Ta HEeoOOpOoTHI mporecH. [lukimiuHi mporecH.
Hukn Kapno Ta i#oro koedimieHT kopuchoi nii. Teopema
Kapno.

Hpyruii  3akoH TtepmoauHaMmiku. Teopema Kapwo.
TepmoguHaMiuHe 1 CTaTUCTUYHE BU3HAYCHHS CHTpOIi, i
BrnactuBocti. Teopema Heprcra.

Tema 9. Aepecamni cmanu peuosunu. @azoei nepexoou.

Cunm Ta TOTEHHIATM MDKMOJEKYJISIPHOI B3aeMOIii.
Peanpni razu. Monens Ban-nep-Baansca.

3aranbHi BIacTUBOCTI Ta OynoBa piguHu. [ToBepxHeBuit
Hatsr. Kaminspai sBuna. BunaproBanHs Ta KHITIHHS PiIHHU.
Hacuuennii nap. MonekynspHa OyaoBa TBEpIUX Till.

[TonsarTss ¢a3u, ¢a30BUX NEPexoAiB IMEPIIOTO Ta
npyroro poxay. ®azosi nmiarpamu. PiBHanns Kianelipona-
Knaysiyca.

0,5

0,5

1,5

1,5

2,5

Moay/ibHa TeCTOBa KOHTPOJbHA poboTa Nel

3M-J12

EﬂeKTpOCTaTHKa. EJ'[eKTpOI[I/IHaMiKa Ta MArHETU3M
KonuBannst Ta xBuJji
Tema 1. Enexmpocmamuka

Enexktpocrarnune mosie. B3aemonis  eneKTpUUYHHMX
3apsniB, 3akoH Kynona. HampyxeHicTh moss, CHIIOBI JiHii,
MOTIK BekTopa HampyxeHocti. Teopema [ayca. Ilome
TOYKOBOTO 3apsiy, IUIOMKHH 1 Kyini. [ToTeHuian moss.

Knacudikaris PEYOBHUHU 3a €IEKTPUYHUMH
BJIACTUBOCTSAMU. [IpOBIIHUKY 1 AIETEKTPUKU B €IEKTPUUYHOMY
noiti. Enexkrpuuna emuicts. Konnencaropu. Enepris noss.
Tema 2. Ilocmininuii enekmpuynuil cmpym.

2.1 EnextpuyHuil CTpyM, I'yCTHHA CTpyMy. 3akoH Oma.
Omip mpoBiguukiB. EnexTtpopymriiina cuma. Pobota i
MOTYXHICTb CTpyMy. 3akoH Jxoyns-Jlenua.

2.2 EnexkTpuuHUil CTpyM y BakyyMi, ra30BUH poO3pAl.
[TonsATTA 1IpO MIIa3My.

Tema 3. Enekmpomaznemusm.

CranioHapHe MarHiTHe moje. I[HAYKIisT MarHiTHOTO
nonsi. 3akoH bio-Capapa-Jlannaca. IlpuHuun cyneprnosuuii.
MarniTHe 1ojie MPSAMOTo Ta KOJOBOro CTpymy. Bsaemomis
cTpyMmiB (3akoH Awmmepa). [lis eneKTpUYHOrO i MarHiTHOTO
TIOJIs1 HA pyXOMUH 3apsia, cuia JlopeHma.

MarnitHe nosne B peyoBuHi. Kiacudikarisi peyoBuH 3a
MarHiTHUMH BIaCTUBOCTAMU. DepOMarHeTUKH.

EnextpomarnitHa iHaykuis. 3akon Dapanes. PiBHSHHS
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MakcBeria Juist €JIeKTPOMarHiTHOTO TOJIs.
Tema 4. Konueannsa i xeuni.

2.1 BnacHi rapmoHiyHi KoJMBaHHsA (MeXaHiuHi,
CIEKTPOMArHiTHI) Ta iX XapakTepuctuku. JlomaBaHHS
KOJIMBaHb. 3racaroui KOJIMBaHHS TpPH HAsSBHOCTI TEpTs Ta
OMIYHOTO ornopy. Bumymieni konuBanus. Pe3onanc.

2.2 Tlonsarts Ta xapaktepuctuku xBuiil. Kiacudikaris
xBwib. PiBHsHHS xBuii. [lommpenns xswib. Edexr domnepa.
Enextpomarnitai xBwii. Enepris xBwm. Bekrop VYwmosa-
I[ToiinTinra. llkana eneKTpOMarHiTHUX XBUJIb.

MoayJibHa TeCTOBA KOHTPOJIbHA poOoTa Ne2

3M-JI3

Ontuka. EjileMeHTH KBAaHTOBOI MEeXaHiKH.
®i3nka aTOMHOrO f/Apa
Tema 1. Inmepgpepenuin i ougppaxuyia ceimna.

Korepentni  xBumi.  Ontu4yHa  pI3HUIS  XOAY.
Inrepdepenuis cpitna. Ilpunnun [roiirenca-®dpenens. 30Hu
@penens. Hudpakuis Ha miauHI 1 IAQPAKIiHHOI TpaTii.
Judpakmiitauit cnekrp. Judpakiis Ha KpUCTATIYHIA TpaTIli,
dbopmyna Bynbda-bperra.

Tema 2. Bzaemooia ceimna 3 peuosunoro.

BinbutTs, 3amomuienHs cBiTina. Jlucmepcis  cBITIIA.
[Tonapuzanisa cBiTna. 3akoH Maioca, 3akoH bproctepa,
MOJIBIfHE TPOMEHE3IOMJICHHS. PO3CISHHS Ta TMOTJIMHAHHS
CBITJIA.

Tema 3. Kopnyckynapui enracmueocmi e1ekmpomazHimHoz2o
6UNPOMIHIOGAHHAL.

TemoBe BunpomiHioBaHHs. 3akoHu Kipxroda, Bina,
Credana-bonpivana. ['inmoresa Ilnanka. doToenekTpuyuHUiA
epext. PiBHsnHsa EiHmreiina s goroedexty. Edext
Komnrona.

Tema 4. Xeunvosi énacmueocmi pewosunu.

KopmyckynsipHO-XBUIBOBHH Tyanizm. XBuii ae bpoiins.
XBuUnboBa (QYHKI[S, HUMOBIpPHICHA IHTEpHpEeTalisi KBaHTOBUX
sapuml. CHiBBiAHOIIEHHS HeBU3HaueHocTel [ eifzeHbepra.
PiBusaus peninrepa. [Ipunnun cynepno3uii.

Tema 5. Byooea amomie i mosiexyn.

Moneni 6ynoBu aroma. Teopiss aToma TiIpOreHy IO
bopy. KBaHTOBO-MexaHIYHMH ONHMC TiAPOTreHONOIIOHOTO
atoMa. KBaHTyBaHHSI €Heprii, MOMEHTY IMITYJIbCY 1 IpPOEKIii
MOMEeHTY imnynbcy. CmiH enekTpoHa. baratoenekTpoHHi
atomu, mpuHiun [laymi. BymoBa enekTpoHHHX OOOJIOHOK 1
BJIACTUBOCTI €JIEMEHTIB MEPI0OANYHOI cicTeMu MeHiereeBa.
Tema 6. @izuxa amomnozo aopa.

Bynosa 1 BnactuBocti aromHoro sapa. Ckman szapa.
Emnepris 3B'13ky 1 nedext Macu. [lpupona siaepHux cui.

PagioakTuBHE BUNPOMIHIOBaHHS Ta WOTr0 BHIU. 3aKOH
panioakTHBHOTO po3nany. [IpaBuia 3MileHHSI.

Snepni peakuii. Jlanmrorosi peakuis spep. Peakii
TEPMOSJIEPHOTO CUHTE3Y. SliepHa eHepreTHKa.

Enemenrapui YaCTUHKH, ix KJacudikartis.
dyHaMeHTalbHI B3aeMoli. KocMiuHe BUTTPOMIHIOBaHHSI.

1,5

1,5




Moay/ibHa TeCTOBa KOHTPOJIbHA podoTa Ne3 5

Icour 20

Paszom 30 80

Koncynpramii: Anapianosa [.C., 3rimHo 3 rpadikoM KOHCYJIBTaIlli, 3aTBEPIKEHUM
Ha 3aciganHi kadenpu: nmoneniyok 3 16.05 (aya.301 (2))

2.1. IpakTU4YHUIT MOLYJIb

Kon HazBa monyns ta tem KinpkicTh rogun

aynmutopni | CPC

3M-I11 Mpakruunuii moayap Nel. JIabopaTophi podoTu.
«MexaHika»
JIaboparopHa poboTta 1. "Bu3zHadeHHs MOXUOOK BUMipIOBAHb. 6 8

OOuucnenHs NOXMOOK HAa TPUKIALl BU3HAYEHHS TyCTUHU
MaTtepiany Tina".

JlabopaTopHa pobota 2. "Bu3HaueHHs MPUCKOPEHHS BUIBHOTO 4 4
MaJiHHs 32 JOIIOMOIOX0 MaTEMATUYHOr0 MassTHHUKA" .
«MoJaexyasipaa ¢izuka»

JlaboparopHa poOora 3. "BuzHadeHHs B'SI3KOCTI piIUHU 32 2 4
metonoM Crtokca'.
«EjgexkTpoMaraerusm»
Jlaboparopna pobGora 4. "JloChiDKEHHS — MarHiTHUX 6 8
BJIACTUBOCTEN (hepomMarneTuka'.
«Onruka»
JlabopatopHa poGora 5 "BusHaueHHS  KoedillieHTY 4 4
3aJIOMJIEHHS CKJIa 3a IOTIOMOT'0I0 MIKpOCKOITY .
JIaboparopHa po6oTa 6 "BuzHaueHHS TOBXKUHH CBITIOBOL 2 4
XBUJII 32 IOMIOMOT 010 AU(PPaKIiIHHOT IpaTKu"
JIaGoparopha pobota 7. " Buznauenns cranoi Credana- 6 8
Bonbsimana™.

Pazowm: 30 40

JIaGopaTopHi 3aHATTS NPOBOAATHCA y (I3WUHUX Jabopatopisix 3  «MexaHiku» Ta
«MonexyisipHOi Gi3uKu 1 TepMOIUHAMIKIY, «ENEeKTpUKH Ta enekTpoMarHeTusmy» , «OnTukm
Ha nabopaTopHOMY OONaJHAHHI, OMUC SKOTO HaBEJACHUN y BIMOBIIHUX METOJAMYHUX BKa3iBKax
110 TabopaTOpHUX POOIT.
Koncynpranii: Cianenpka JI.M., 3riiHO 3 rpadikoM KOHCYJIbTAIil, 3aTBEPIKEHUM
Ha 3aciganHi kadenpu: moHeaok 3 16.10 (aymn.302(2)).

2.2. CamocrTiiiHa po0oTa CTY/IeHTa Ta KOHTPOJIbHI 3aX01H

Kon 3ananns Ha CPC Ta KOHTPOJIBHI 3aX0/1H KinbkicTh Crpok
MOZYJIS TOJINH IIPOBEIECHHS
CPC (cemectp,
THXK]ICHD)
3M-JI0 [TinroTroBKa 10 JIEKIIHHUX 3aHIATH 0,5 2 ceM.; 2 THXKI.
BukoHaHHS MOZIYJBHOI TECTOBOI KOHTPOJIBHOI 5)
po6oTHu (000B’I3KOBHIN)




3M-JI1 [TinroToBKa 10 JIEKIIIHHUX 3aHATH 10,5 2; 2-6
CamocriiiHe BuBYeHHA Matepiany “Cunm B 1,5
MexaHimi” 3 Temu 1.
Camocriiine BUBUYEHHs Matepiany 1m.9.2. remu 9. 1,5
BukoHaHHd MOIYJIBHOI TECTOBOI KOHTPOJBHOL 5
poboTu (000B’I3KOBUIN)
3M-JI2 [TinroroBKa 10 JIEKIIWHUX 3aHATh. 11 2:6-10
CamocriliHe BUBYCHHS MaTepiany 1m.2.2. TeMu 2. 2
BukoHaHHd MOIYJIbHOI TECTOBOI KOHTPOJBHOL 5
pobotu (000B’I3KOBUIN)
3M-JI3 [TinroroBKa 10 JIEKIIWHUX 3aHATh. 13 2,11-15
BukoHaHHS MOZIYJBHOI TECTOBOI KOHTPOJIBHOI 5)
po6oTHu (000B’I3KOBHIN)
3M-I11 [linroroBKa 10 YCHOTO ONMUTYBAHHS. 15 1-15 TwxneHb
[TinroroBka (opopmnenns) MaTepiaiiB 25
nabopaTopHOi poOOTH (000B’I3KOBHUIA).
ITinroroska f0 icnuty (060B’I3KOBUIN) 20
Pazom: 120

2.3.1. Memoouka nposedeHHsA ma OUIHIOBAHHA KOHMPOIbHO20 3aX00y 01 3M-
JIO, 3M-JI1, 3M-J12, 3M-JI3

Oprani3alisi KOHTPOJIKO 3HaHb CTYJIEHTIB MOOYy/I0BaHa 32 HaKOINMYYBaJbHO-MOJYJIbHUM
OPUHIUIIOM 3TiJHO BHMOT jifouoro B yHiBepcuteri Ilonmoxenns «l[Ipo mpoBeneHHS
1ICYMKOBOT'O KOHTPOJIIO 3HaHb CTYJICHTIB.

3 meopemuunoco Kypcy HaBYQJIBHOI AWCIMIUIIHU CTYJACHT IOBHHEH OYTH TOTOBUM
BIJIMOBIAaTH HA YCHI 3allUTAaHHS JIGKTOPA Ii]] Yac JEeKIIHHUX 3aHATb.

dopMaMu KOHTPOJIO 3aCBOEHHS TEOPETUYHUX 3HAHb € YyCHE OINWUTYBAaHHS MijJ dYac
JEeKIIMHNUX 3aHATh (IOTOYHUN KOHTPOJIb), MOAYJIbHI KOHTPOJIbHI pOOOTH 32 KOKHUM 3MiCTOBHUM
MoJ1yJieM (BHYTPIIIHBO CEMECTPOBHI KOHTPOJIb), CKJIaJJaHHs 1CIIUTY (IT1ICYMKOBA aTeCTallis).

Bapiantu MoayNnbHUX KOHTPOJBHHX POOIT MICTATH 3alMTaHHS y TECTOBOMY BHUIJISIIL.
Koyxna BipHa BIAMOBIb OIIHIOETHCA Y 1 Oan. MakcuManbHa KiUTBKICTh OasliB 32 BUKOHAHHM
BapiaHT KOXKHOT MOAYJIbHOT KOHTPOJIBHOI POOOTH CTAHOBITH:
3M-JI0 — 5 6anis, 3M-JI1- 126anis, 3M-JI12-176anis , 3M-JI3- 16 Ganis

MaxkcumalnbHa KUIBKICTh OaiiB, SIKY CTYJIEHT MOK€ OTpUMATH 3 JIEKLIHHOI 4acTUHH,
cknanae 50 oaJis.

2.3.2. Memoouka npoeedeHHs ma OUIHIOBAHHA KOHMPOIAbHO20 3ax00y 01 3M-
11

DopMOI0 KOHTPOITIO MpakTUYHOro Moaynto 3M-I12 € ycHe onmuTyBaHHS Ta mepeBipka Ta
nepeBipka opopMIIEHHS MaTepialiB BUKOHAHO1 JJabopaTopHOi pobotn. Bcporo 3a mpaktuuni
(;rabopaTopHi) 3aHATTS CTYACHT MOXe OTpuMartu 25 0asis.

2.3.4. Memoouka nposedeHHsA ma OUYIHIO6AHHA KOHMIPOIAbHO20 3AX00y O

cemecmpoeozo icnumy

[TincymkoBuit cemectpoBuii KoHTpods (IICK) mepenbauae nBi dhopmu oOIiHIOBaHHS
YCIIIIHOCTI 3aCBOEHHS CTYJEHTOM HaBYAJIbHOTO MaTepialy AUCHUIUIIHU: KUIbKICHA OlliHKa (0ai
YCHIIIHOCTI);  sIKicHa ouiHka. KinbkicHa omiHka (0ajl yCHIIIHOCTi) — L€ BIJICOTOK, SKHi
CTaHOBUTH IHTErpajJibHa cyMmMa OajiB, OTPUMAHUX CTYJEHTOM Ha KOHTpPOJIIOIOUMX 3aXxo0Jax,
BIJIHOCHO MaKCHUMaJIbHO MOJKJIMBOI CyMH OaiiB, sKa BH3HadeHa MPOTPaMOI0 HaBYAILHOI
IUCHHILTIHA. SIKiCHA OIiHKa — II€ OIlIHKA, sKa BHCTABJIIETHCA Ha IMIACTaBl KIIBKICHOI OLIHKH
(bamy ycminmHOCTI) 3a OyJb-SKOI0 SIKICHOIO ITKajaor. B yHIBepcHUTETI BUKOPHUCTOBYIOTHCS Taki

8




IIKAIH SIKICHUX OLIHOK: — 4oTUpHOanpHa (BIAMIHHO, JOOpE, 3aI0BIILHO, HE33aJOBUIBHO) — IS
GbopMH CEMECTPOBOTO KOHTPOJIIO Y BUIJISAI CEMECTPOBOTO ICTIMTY (€K3aMeHY); — ceMuOaabHa
mkana ouiHoBaHHs ECTS — BUKOPHUCTOBYETHCS 32 KPEJUTHO-MOAYJIBHOI CHCTEMH OpraHizarii
HABYaJIBHOTO MPOIIECY.

CemecTpoBuii iciuT (ek3aMeH) — 11e MUCbMOBa (opMa MiICYMKOBOTO KOHTPOJOIOYOTO
3axo/y B IEpioj 3allikoBO-eK3aMeHariiHoi cecii. I1ig yac ek3ameHy mepeBipsSeThCS 3aCBOEHHS
CTYZCHTOM TEOPETHYHOIO Ta MPAKTHYHOTO Marepiany (3HaHb, BMiHb Ta HABHYOK, 1110 BU3HAYECH]
y cwurtabycli HaBYAJbHOI JUCHMIUIIHA) 3 OKPEMOi HaBYAJIbHOI JUCIMUIUIIHA 3a CEMECTp.
OniHIOBaHHS YCHIIIHOCTI BHKOHAHHS CTYAGHTOM LIbOTO 3aXOAy 3IIHCHIOETBCA y (opmi
KUIbKICHOT omiHku (0an ycmimHocTti). Jlomyck 10 icnuTy 3a MiJICYMKaMd MOIYJIBHOTO
HAKOMUYYBAIBHOTO KOHTPOJIIO periiaMeHTyoThes 1. 2.4  [lonoeHHs Tpo MpOBEACHHS
MiJICYMKOBOTO KOHTPOJIIO 3HAaHb CTYJACHTIB, a caMe, CTYISHT BBAXKAETHCSA JIOMYHICHUM JO
MiJICYMKOBOTO CEMECTPOBOTO KOHTPOJIO 3 KOHKPETHOI HAaBUAIBbHOI TUCHMILUIIHM, SKIIO BiH
BHKOHAB BC1 BUJIU pOOIT, mependadeHi poO0Y0r0 HaBUAILHOIO MPOrPaMOI0 JUCIHUILTIHY 1 HaOpaB
3a MOAYNBHOIO CHCTeMOIO cymy OamiB He MeHme 50% Bil MaKCHMaJIbHO MOXIIMBOI 3a
NPaKTUYHY YAaCTUHY JUCUMILIIHM (71 1cruTy), ToOTO He MeHIe 256aniB y cymi 3a 3M-II1.

Cryneur BBaxacrnsca gonyinenuM a0 IICK 3 maBuansHol gucuuIniind «Pi3ukay, SKIIO
BiH BUKOHaB yci BUIU poOiT, mependayeHi poO0OU00 HAaBYAIBLHOK MPOTrPaMoOI0 TUCIUILTIHHU, 1
HaOpaB 3a MOJYJBHOK CHCTEMOIO CyMy OaiB He MeHmIe 250aiiB 3a 3MICTOBHHI MOIYIh 3M-
I11. KosxeH cTyneHT, Kuii Ha JieHb icnuty Mae nomyck a0 [ICK 3 qucuuruiiam, Mo 3aKiHIyeThest
ICITUTOM, CKJIa/Ia€ TUCHMOBHIA iCITUT (€K3aMeH) 3a PO3KJIaJ0M €K3aMCHIB.

SIKIIO CTYJICHT Ha JICHb €K3aMCHY HE JIKBI/lyBaB 3a00PrOBaHICTh 3 MPAKTHYHOI YaCTHHH
HaBYAJIbHOI JMCUMWIUIIHM, BIiH HE JONYCKAEThCS N0 €K3aMeHy. SIKIIo CTyIeHT JIKBiayBaB
3a00ProBaHiCTh IO MPAKTHYHIN YaCTHHI JI0 JHS €K3aMEHY, TO BiH JOMYCKAETHCS BUKJIAaueM 0
eK3aMeHYy.

IlincymkoBa KoOHTpoJbHA  podoTa (icmuT) mnpencraBisie coOO TECTOBI
3aBJIaHHA, KOXKHE 3 SIKMX MICTUTH 25 3amuTaHb. MakcuMmaibHa OIlIHKA 3a pe3yJbTaTaMu
nicyMKOBOT aTectaii (icnuty) ctaHoBuTh 100 6aJiB.

3arajibHa OIlIHKAa 3a CEMECTP BHUBOIUTHCA SK CepeaHboapU(PMETHYHE 3a
MiJICYMKaMH TOTOYHOTO KOHTPOIIO (3 TEOPETHYHOI Ta MPAKTUIHOI YaCTHH) Ta

OLIIHKOIO 3a ICIUT.

3. PEKOMEHJAIIl 1O CAMOCTIHHOI POBOTH CTYJIEHTIB
3.1. Moayas 3M-JI0. HyaboBuii MOIYJIb 3 MEXaHIKH.

3.1.1. Ilosuannsa

Tema 1. Kinemamuxa mamepianonoi mouku ma meepoozo mina.

OCHOBHI MOHATTS KJIACUYHOT MEXaHIKH — MaTepiajibHa TOYKa, TBEPAE T110, CYLIIbHE
cepeioBUIIIE. Cucremn Bimriky. CepemHs Ta MHUTTEBAa MBHIKICTh. I[IpuckopeHHS,.
HepiBHOMipHMI pyX TOYKH Y3/10BX JOBUIbHOI TpaekTopii. Po3kian pyxy TBepaoro Tina Ha
CKJIaJOBl: MOCTyHaJbHUN Ta oOepTajdpHUil. 3B’A30K MK JIHIMHUMH  Ta KyTOBUMH
3MIHHUMH.

[Tpu BUBYEHHI TEMU 3BEpHYTH OCOOJIMBY yBary Ha Taki HUTAHHS:

PeyoBuna Ta mone sk (opMM ICHyBaHHS MaTepii; MEXaHIYHUH pyX SK HaimpocTimii
dopma pyxy Matepii. Di3uuHI MOJETI, 110 BUKOPUCTOBYIOTHCS B MEXaHilll (MaTepiajabHa TOYKa,
abCOIOTHO TBEpJe TUIO); BUIM MeXaHI4yHOro pyxy. KiHemaTtnyHi XapakTepuUCTHUKU pYyXY,
3BSI30K  MDK JIHIMHUMH Ta KYTOBUMH XapaKTepHUCTUKaMU pyXy. 3akoH pyxy mpu
NPSMOJIIHIHHOMY PIBHOMIPHOMY Ta piBHO3MIHHOMY pyci. CKi1asoBi TPHUCKOPEHHS TpHU
KPHUBOJIHIHHOMY pyci, 1X (hI3MUHHIA 3MICT.



VYCBIIOMUTH MOXIIUBICTH MPEACTABICHHS pPyXy TBEpAOro Tila fAK CYKYIMHOCTI
MOCTYMAJILHOTO Ta O0EPTAIBHOTO PyXy Ta BUKOPUCTAHHS JIHIMHUX Ta KyTOBUX 3MIHHHUX JJIs
OTHCY ITUX BUJIB PYyXY.

Jireparypa [1, 2, 3, 4, 9]

3.1.2. Ilumanns ona camonepegipku

1.* Illo Ha3uBarOTh MaTepiasibHOIO TOUKOI? YoMy B MeXaHilli BBOISATH TaKy MOJIENb?

2.* Illo Take cucrema BiTIKY?

3.* Slke piBHSHHS Ha3MBaIOTh KIHEMAaTHYHUM PIBHSHHSAM PyXy MarepiaabHOi Touku? BekropHa
Ta cKajsipHa opMa I[bOTO PIBHIHHS.

4* 1llo Take BekTop mepemimeHHsA? YuM BiAPI3HAIOTHCS HUIAX Ta nepemimeHHs? Ska 3
BEJIMYHUH € 3aBXKU OUIBIIIOIO 32 MOJyJIEM IPU KPUBOJIIHIHHOMY pyci Tina?

5.V sKoMy BUIIQJKy BEIMYMHU LUIIXY Ta MEPEMILIEHHS CIIBIaIal0Th?

6.* JlaiiTe 0O3HaUYEHHS CepeIHbOI MIBUIKOCTI 1 CEPEAHBOTO MPUCKOPEHHS, MUTTEBOT IIIBUIKOCTI 1
MHUTTEBOTO TIPUCKOpPEHHA. SIK BOHM HampaBiieHi? B SKHUX OIWHUILIX BHUMIPIOIOTBCS Y
Mi>KHapOIHIi CHCTEMI OJIUHUIIB?

7.* 3anuiiTh KIHEMaTUYHUHM 3aKOH pyXy Yy BHIAJIKY pIBHOMIPHOIO Ta pPIBHO3MIHHOIO
MPSAMOTIHIHHOTO PyXy MaTepialibHOI TOUKH. SIKi rpadiku 3ajeKHOCTI MIBUAKOCTI Ta KOOPIUHATH
B1JI 4YaCy BIAMOBIAAIOTh KOXXHOMY 3 HUX?

8.* Illo xapakTepu3ye TaHTeHIlaJIbHAa CKJIaJOBa MPUCKOPEHHA? HOpMaibHa ckiamoBa? Sk
HarpaBJIeHi iX Bekropu? ki ix Momymi?

9. Un MOXIMBHI pyX, OpHU SIKOMY BIJCYTHE HOpMalibHE MNPUCKOpPeHHA? TaHTeHIlialbHe
npuckopeHHs? HaBenite npuxiaay.

10. Yu € mpuCKOpEHHUM PIBHOMIPHHMH PyX Tija 1o Koiay? Y BHUIAAKYy MMO3UTHUBHOI BiAIOBIiJII
YKaXIiTh HANpPsIM MPUCKOPEHHs. SIK BU3HAYAETHCS HOTO BENUYHHA?

11.* 3a gxkuM NpaBUIOM BHU3HAUYAETHCS HAMPSM BEKTOpa KYTOBOI IIBHAKOCTI MarepialbHOT
TOUKH, 10 pyXaeTbes Mo koiy? Sk floro 3HaueHHs 3B’s3aHe 3 JIHINHHO MBUAKICTIO?

12. Sk wampaBieHUN BEKTOpP KyTOBOTO IMPHUCKOPEHHS Yy BUIAAKy OOepTaHHs Tila BiAHOCHO
HEPYXOMOi OCi: a) MPUCKOPEHOTr0; 0) YNOBIILHEHOT0?

(* - muTaHHsA U caMOoTepeBipKH 0a30BUX PE3yJbTATIB HABYAHHS -3HAHb, BMiHb, HABUYOK).

3.2. Moayab 3M-JI1 «Mexanika. MoJsiekyJsipHa (pi3uka Ta TepMOIMHAMIKA»

3.2.1. [losuanusa

Tema 1. [lunamixa mamepianvoHoi mouku, cucmemu mamepiaibHUxX mo4ox.

IMnynbc Ta MOMEHT IMITYyJIbCY TOYKM 1 CUCTEMH MaTepialibHUX TouoK. Cuiu B
mexanuill. PiBusHHA pyxy. LlenTp mac.

IIpu BUBUYEHHI TeMHU 3BEpHYTH yBary Ha Taki NMHUTaHHS: 3aKOHM HbIOTOHA; MpUHIMIT
HE3aJIeKHOCTI i1 CHJI;, PIBHSHHS PyXy MaTepiajibHOI TOUYKHM Ta CUCTEMH MaTepiajibHUX TOYOK.
Crain ycBiIOMHMTH, IIO Ha pyX OKPEMOro Tijla BIUIMBAIOTh YCi CHJIM (SK 3O0BHIILIHI, TaK 1
BHYTpIIIHI), 10 JiI0Th HAa HBOTO, B TOW 4Yac, sIK pyX CHUCTEMU TUI (MaTrepialbHUX TOYOK)
BU3HAYA€ThCS MI€I0 TUIBKM 30BHIIIHIX CHJI. 3 OCTaHHBOTO BHUIUIMBAE 3aKOH 30epeKEeHHS
IMITJIbCY 3aMKHEHOI CHUCTEMHU.

ITpu camocTiiiHOMY BUBYEHHI MUTaHHA PO CHJIM B MEXaHIIll 3BEPHYTH yBary Ha Qizu4Hy
MPUPOAY CUII TEpTs Ta MPYKHOCTI, BIIMIHY MDK CYXUM Ta B’S3KUM TEpPTAM; MK CHIIOIO
TSDKIHHS Ta Baroo Tina. 3HATH BUPas3H, 110 HAJIAal0Th BETUYUHY BiJMOBITHUX CHJI.

Jimepamypa [1, 2, 3, 4, 9]
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Tema 2. /lunamixa meepoozo mina. 3axkonu 36epeiceHus.

2.1. MOMEHT cuiIM, MOMEHT IMIYJbCY BIIHOCHO MOJIIOCY Ta Oci. MOMEHT iHepIii.
Teopema lllteiinepa. PiBHAHHS pyXy TBEpIOTO Tijna.

2.2. I3ompoBaHi cucteMu. 3aKOHH 30€pPEKEHHs IMITYJIbCy Ta MOMEHTY IMITYJIbCY.
Po6ora cun. [Totenmianbui cunu. [loTeHnianbHa 1 KiHeTUYHA €HEPris. 3aKOH 30epeeHHS 1
MIEPETBOPEHHS CHEPTii B MexXaHili. 3aKOHU 30€peKCHHS MPU 3ITKHEHHI Tijd. PeakTUBHMIA
pyx. PiBHsanHS MemepcrhKoro.

[Ipu BUBYEHHI 3aKOHY JUHAMIKH 00€pTaIbHOTO PYXy a0COJOTHO TBEPAOIO TiJIa 3BEPHIThH
yBary Ha BEJIWYMHHU, WO BXOJIATh JO HBOTO: MOMEHT IHEpIlii, HOro 3aJeXHICTh BiJ
T€OMETPUYHHUX BIACTHBOCTEH Ta MOJIOKEHHS OCi 00epTaHHs; MOMEHT CHJIM Ta MOMEHT IMITYJIbCY
BITHOCHO TIONIOCY Ta oOci oOepTaHHs. 3aKOH 30€peKEHHS MOMEHTY IMIYJIbCYy. 3aCBOEHHIO
Marepialy MOXK€ CHpPHSITH YCBITOMJICHHS aHajorii MK KiHEeMaTHYHUMH Ta JUHAMIYHUMU
XapaKTEPUCTHKAMH, SIKI BUKOPUCTOBYIOTHCS JUISL ONHCY HOCTYMAIBHOTO Ta 00€PTaIbHOTO PYyXiB
Tina.

[Tpu BuBYeHHI MuTaHp 1.2.2 MPUAUTITH YBary MUTaHHSAM: po0OoTa Ta ii 3aJMeXHICTh Bij
HANpPSIMY CHJIM BiTHOCHO TEpeMillleHHs, KIHeTUYHa eHepris Ta ii 3MiHa (TeopeMa Mpo KiIHETUYHY
€Hepriio); MOTEeHIiaTbHa E€HEepris. YCBIAOMUTH PI3HHIIO MK TMOHSTTSAMH POOOTH 1 €HEepril;
KOHCEPBAaTHBHUMH Ta JUCHUIIATUBHUMHU CHJIaMH. 3HATH YMOBH, 3a SKUX 30€piracTbcsi MexaHiuHa
EHEPTisl CUCTEMH.

Jlimepamypa [1, 2, 3, 4, 9]
Tema 4. Inepuianvni i neinepuyiiitni cucmemu gionixky. Cunu inepuyii.

[leperBopenns ["anines ans iHEpUIMHUX CUCTEM BIAJIKY. PIBHAHHS pyXy Ta 3aKOHU
30epeKeHHsI B HeIHEepLIaIbHUX cucTeMax Biiky. Cunu iHepuii. BinueHTposa cuiia iHepiiii,
cuna Kopioica, X BIUIMB Ha 17100ajibHI aTMOC(EPHI SBUIIIA.

[lpyn BHBYEHHI TEMH YCBIIOMHTH, 3 SIKOIO METOI0 Ta SIKHM CIIOCOOOM BBOZSTH CHIIH
iHepuii y HeiHepLiadbHUX CHUCTeMax BIJUIIKY; SKUH BWIVIAJ Ma€ pIBHAHHSA pyxXy Tida B
HelHepUianpHIA cucTeMi BLUIIKY. Po3risHyTH cwiu iHepuii (BIILEHTpoOBa cCHJia Ta cHJa
Kopionica), mo [aitoTh y cucTemax BiAJIiKy, SfKi 00epTalThCs; BIAMIHY MIDK YMOBaMH iX
BUHUKHEHHS; BIUIUB cuiid Kopiosica Ha pyX MOBITPSHUX Ta BOJHUX MOTOKIB.

Jlimepamypa [1, 2, 3, 4, 9]
Tema 5. Mexanika pioun ma 2asie.

Tuck y piamHax i razax. 3akoH [lackans. 3akoH  Apximena. IneanbHa pinuHa.
PiBusinHs HenepepBHocTi. PiBHsiHHS bepnymni. JlaminapHa Ta TypOyieHTHa Teuii. Uucio
Pelinonbaca. OOTIKaHHS TiJI.

[lpu BHMBYEHHI TeMM 3BEpHYTH yBary Ha Taki NHUTaHHS: THUCK; 3aKOHH TiJPOCTaTHKH;
MOHSATTS CTAl[lOHAPHOTO IOTOKY; BUKOPHUCTAHHA JIHIM Ta TpyOOK Teuii Juis aHami3y pyxy
pinuaun  abo ra3y. PiBHSAHHA HemepepBHOCTI Ta piBHAHHA bepnysii. JlaminapHuii Ta
TypOyJIEeHTHHUI pexXUMHU Tedii B’I3KO01 piIMHU; KPUTUYHE 3Ha4eHHsI yucia PeliHonb/ca.
Jlimepamypa [1, 2, 3, 4, 9]

Tema 6. Enemenmu penamugicmcoKkoi mexaHiku.

[loctynatn cnemiansHOi Teopii BimHOcHOCTI. IleperBopenns Jlopenna Hacniaku 3
neperBopeHb Jlopenna. [nrepBan. EnemMeHTH pensiTUBICTCHKOI qUHAMIKH. PensTuBiCTCh KUt
iMynsc. B3aemo3B’s130k Macu 1 eHeprii.

[Tpu BHBUYEHHI TE€MH 3BEpPHYTH yBary Ha TakKl MUTAHHS: MOCTYJIAaTH CIHELlalbHOI Teopil
BITHOCHOCTI; BiIMiHY nepeTBopeHb JlopeHna Bif mepeTBopeHb [ainines; BIIHOCHICTh MOHATTS

OJTHOYACHOCT1 TOJIM; MPOMDKKIB 4Yacy; OBXHHH TiJ; YMOBH, 3a SKHMX OCHOBHHHM 3aKOH
JMHAMIKA MaTepiabHOI TOUKH 30epirae cBoro (popMy (pelsITUBICTCHKUHM IMITYJIbC). 3HATH 3aKOH
B3a€MO3B’SI3KYy MacH 1 €Heprii.
Jimepamypa [1, 2, 3, 4, 9]
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Tema 6. Moaexkyaapno-Kinemuuna meopisa ideaibHux 2a3ie

1.1.Tepmoaunamiuni mapamerpu. PiBHsSHHS cTaHy. [3omporiecu B ifealibHOMY rasi.
OcHOBHE pIBHSHHSA MOJEKYJISIPHO-KIHETUYHOI Teopii rasiB. CepenHsl KiHETUYHA EHEpris
moisiekyn. Posmoxmin wmornekyn 3a mBuakocTsmMu (po3monin  Makcesenna). Posmonin
boneiimana, 6apomerpuyna hopmyia.

1.2 Cepenmne umclIO 3ITKHEHb 1 JOBXHHA BIIBHOTO MpOoOIry MoJiekyi. SBuima
NEePEeHoCy (TerIONPOBIAHICTh, AU(PY3isi, BHYTPILIHE TEPTH).

[Tpu BuBueHHi m.1.1 Temn 6 HEOOXigHO 3aCBOITH OCHOBHI ITOJIOKEHHS MOJICKYJISIPHO-
KIHETHYHOI TeOopil; 3HATH OCHOBHI TEPMOJIMHAMIUHI MPOIIECH Ta PIBHSAHHS CTaHY 1/1€JIbHOTO ra3y
(piBHsiHHA MenpaeneeBa — Kuaneiipona). 3BepHyTH OCOOJMBY yBary Ha OCHOBHE pPIBHSHHS
MonekyisipHo-kiHeTuuHoi Teopii (MKT), sxe 3B’s3ye TepMoauHaMiyHI TapamMeTpH CTaHy
171eabHOTO Ta3y 3 XapaKTEPUCTUKAMH PYXY MOJIEKYIL.

Crain 4YiTKO YCBIIOMHTH 3MICT PO3MOALTY MOJEKYJd 3a MIBHIKOCTAMHU (pO3MOILLY
MakcBena) Ta HOro 3aleXHICTh BiJl TEMIIEPATypU; PO3MOJIT YACTUHOK Yy MOTEHI[IAIbHOMY MOJ1
(po3moxin bonbnimMana).  3Hatu GapomMeTpuuHy (OPMYITYy Ta pO3yMiTH MEXi 1i BUKOPUCTAHHS Y
3B’SI3KY 3 IPUIYIIEHHIMH, 32 IKUX BOHA OTPUMaHa.

OcobnuBy yBary 3BepHyTH (I1.1.2) Ha SBUINA MEPEHOCY, SKi JIGKATh B OCHOBI BEIIUKOI
KUIBKOCT1 IPUPOJTHHUX Ta TEXHOJOTIYHUX MPOIIECIB.

Jimepamypa [1, 2, 3, 5, 9]
Tema 7. Ilepuwiuii 3aK0H mepmoOuHamiKu.

Buytpimas enepris. Termora 1 pob6orta. Ilepmmii 3aKkoH TepMOAMHAMIKH, HOTO
3aCTOCYBAHHS JI0 130TPOIIECIB.

Yucno cTymeHiB CBOOOAM MOJEKYJ. 3aKOH pPO3MONITY €Heprii 3a CTyNeHSIMH
cBoOoam. TemmoemHicTh razy. AmiabaTHuii mporec. Pobora ifgeanbHOTO rasy B pi3HUX
1301poIecax.

ITpu BUBUEHHI MaTepiaiy L€l TEMH 3BEPHYTH yBary Ha MOHATTS ‘“‘BHYTPIIIHbOI eHeprii”
CUCTEMHM; Ha XapakTep po30DKHOCTEN JBOX croco0iB nepenayl eHeprii (Temiora i podora). Crifg
YiTKO PO3yMITH Y UOMY MOJISIrae BiiMiHa (QyHKIIT cTaHy BiJ QYHKIIT IpoLecy.

Cnig He TUIBKM 3HaTH (OPMYJIIOBAHHS TMEpPUIOrO0 3aKOHY TEPMOJUHAMIKM Ta HOro
PIBHSHHS, aJie i yMITH 3alicaTH 1€ PIBHSIHHS JUI1 KOXKHOTO BHIY TEPMOJUHAMIYHUX MPOLECIB
(130TepMI4HOTrO, 130XOPHOT0, 1300apHOIO Ta a/11a0aTHOrO).

ITpu BHUBYEHHI a1a0aTHOTO MPOLECY 3BEPHITH yBary Ha Te, K 3MIHIOIOTbCS BHYTPIIIHS
€Heprisi Ta TemrepaTypa CUCTEMH INpPH CTUCKaHHI Ta po3umpeHHi. [lopiBHsiiTe agiabaTHuil Ta
130TepMIYHUI MpPOIECH, MPOBEJECHI 3 TOrO CaMOro MOYAaTKOBOI'O CTaHy, Ta MPOSACHITh, YOMY
aznia0ara iiie KpyTille 3a 130TepMy.

[Tpu po3risai MUTaHHS PO TETUIOEMHICTD, YSCHITH 3aJI€KHICTh MOJISIPHOI TETNIOEMHOCTI
B1JI YKCJIa ATOMIB B MOJIEKYJI1, TOOTO YKCia CTYyMEeHIB CBOOOIM MOJIEKYJIM. 3BEPHITh yBary Ha Te,
SK TETUIOEMHICTh 3JIGKUTh BiJI YMOB HArpiBaHHs, 4yoMmy JUisi Oyab-sSKHUX Ta3iB Cp /CV >1.

Jlimepamypa [1, 2, 3, 5, 9]
Tema 8. /lpyeuii 3axon mepmoounamiku.

O6opotHi Ta HeobopoTH1 mporecu. [ukmiuni npomecu. Iluxkn Kapro Ta ioro
koediuieHT kopucHoi nii. Teopema Kapho.

Hpyruii 3akoH TepmoauHaMmiku. Teopema Kapno. TepmoanHaMiyHe 1 CTaTHCTUYHE
BU3HA4YCHHS eHTpoMii, 11 BinactuBocTi. Teopema HepHera.

[Ipyu BUBYEHHI TEMH CIIiJT YITKO YSICHUTHU MOHATTSI OOOPOTHUX Ta HEOOOPOTHHX IMPOLIECIB,
KOJIOBUX TponeciB (uukiiB). HeoOxigHo po3iOpaTucs B NpUHIMNAX JAii TEIUIOBUX Ta
XOJIOAMJIBHUX MAIlIMH, 3HATHU i/1eaTbHui 1Tuks KapHo Ta #oro K.K.1I.

Cnig 3acBOiTM TOHSITTA €HTpOMIii, il BIACTUBOCTEH Ta PO3YMITH, IO EHTPOIIS €
OJIHO3HAYHOI (yHKIliEI0 cTaHy cucteMd. OCOOJMBO BaXKHO 3PO3YMITH CTATHCTHYHHMA 3MICT
JPYroro 3aKOHY TEPMOJIMHAMIKH.

Jlimepamypa [1, 2, 3, 5, 9]
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Tema 9. Acpecamni cmanu peuosunu. Dazoei nepexoou.

Cunm Ta moTeHUianu MiXMOJIEKYJspHOI B3aemoii. PeanpHi razu. Monens Ban-nep-
Baansca.

3aranpHl BIacTUBOCTI Ta OyzaoBa pimunu. IloBepxHeBuit HaTsar. Kanimsipri sBuiia.
BunaproBanust Ta xuninas piauau. Hacuuenuit map. MonekynspHa OynoBa TBEpAMX Till.

[Tonsarts ¢asu, ¢pa3oBux MmepexoAiB mepmioro ta Apyroro poay. @a3oBi giarpamu.
Piusanas Knaneiipona-Knaysiyca.

[Tpy BUBYEHHI TeMH, 3BEPHYTH yBary: Ha MPUYMHH, 3 SIKUMH [TOBEIHKA PEaJbHOrO Ta3y

BIJIPI3HSETHCS BiJ 1€aNbHOTO; 3a SIKUX YMOB CJiJi BHKOPHCTOBYBAaTH DiBHSHHA Ban-nuep-
Baanbca; mMOHATTA “KPUTUYHOTO CTaHy PEUYOBHMHHU Ta OCOOJMBOCTI I[LOTO CTaHy. YSCHUTH
noHATTS “a3u”, 3HaTH pi3HUIO MDK (pazoBumu mnepexomamu [-ro Ta Il-ro poxy, MmMOHATTS
piBHOBaru (a3 ta 3MicT (pa3oBoi miarpamu.

IIpu camocTiiHOMY BHMBYEHHI IHUTAaHHS IPO BJIACTMBOCTI PIIAMHHM 3BEPHYTH yBary Ha
BIIMIHM B XapakTepi pyXy MOJIEKYNI PIAMHU MOPIBHSAHO 3 PyXOM y raszax Ta TBEpIUX Tijax;
BiJIMiHY BIIACTUBOCTEH MOBEPXHEBOTO LIAPY PIAUHU Ta MPUUMHU 1 HACTIAKHU I[HOTO.

Jimepamypa [1, 2, 3, 5, 9]

3.2.2. [lumanus ons camonepesipku

3.* SIka cucteMa BiTIKYy Ha3WBA€ThCs iHepIianbHOI? YoMy cucTema BiJUTIKY, sIKa OB s3aHa 3
3emJiero, CTPOro Kaxky4u, HeiHepijiaibHa?

4.* I1lo Ttake cuna? Y yomMy nosiArae NpuHIUI HE3AJIEKHOCTI Ji1 Cui1?

5.* JlaiiTe 03HaYCHHS IMITYJIbCY TiNa.

6.* SIkuii 3aKOH € OCHOBHHUM 3aKOHOM JTUHAMIKH ITOCTYAJIBHOTO pyXy Tina? SIKOro BUTISAY BiH
HaOyBa€ y BUIAJIKy PYXY TUI IMMOCTIHHOT Macu?

7. Yomy nepiuii 3akoH HbproToHa (hOpMYINIOIOTEH SIK CAMOCTIMHUMN, a HE K HACIIAO0K 3 JIPYroro
3aKOHY?

8.* Yomy nopiBHIOE Cyma BCiX BHYTpilIHiX cuil cuctemu 3rigHo 111 3akony HeroTona?

9. YuM BU3HAYAETHCS PyX CHUCTEMHU MaTepialbHUX TOUOK? PyX OKpeMoi MaTepiaibHOT TOUYKH, 1110
HAJIEKUTh /10 CUCTEMU MaTepiabHUX TOUOK?

10.* IIlo Take 3aMkHEeHa (130JIbOBaHA) cucTeMa?

11. Ulo Ha3uBarOTh IIEHTPOM MacC CHUCTEMH MaTepiaiIbHUX TOYOK? SIK pyXaeTbcsl IEHTP Mac
3aMKHEHOi CUCTeMH?

12.* 'V gomy monsirae 3akoH 30epekeHHs IMIyiabCy? SIka BIIACTHUBICTH MPOCTOPY OOYMOBITIOE
fioro cripaBeANIMBICTH?

13. 3akoH 30epekeHHs IKOi BEIMYHMHNA BUKOPUCTOBYETHCS IIPH PEAKTUBHOMY pyci?

14* flka ¢izuunHa cyTHicTh TepTA? Y yoMy BiAMiHa cyXxoro TepTs BiA piakoro? Bim dgoro
3QJIEKUTh CUia TepTs?

15.* Chopmymoiite 3akon ['yka? Komnu BiH € cripaBeiiuBumM?

16.* ChopmyrroiiTe 3aKOH BCECBITHROTO TsDKIHHS. J[J1s IKMX T1JT BIH BUKOHY€ETHCS?

17.* o Take cuna TsoKiHHA? Bara Tina? Y 4oMy BiJIMiHA Bard Tijla BiJ CHIIU TSDKIHHS?

18.*flka BenuunHa XapaKTepHU3y€e IHEPTHI BIACTUBOCTI Tija mpu obeprambHOMY pyci? Bim goro
3QJICKUTD 11 3HAUCHHS?

19.* [llo Ha3WBaETHCS MOMEHTOM CHJIM BIJHOCHO HEPYXOMOi TOYKH (TI0JIFOCY)? BITHOCHO
HEepyxoMoi oci? Sk BU3HAYa€eThCsS HAPSIM MOMEHTY CHUITH?

20.* [I{o Take MOMEHT IMITYJIbCY MaTepiaJibHOT TOUKU? TBepAOTo Tina? Sk BUZHAYA€ThCS HAIIPSIM
BEKTOpa MOMEHTY IMITyJIbCy?

21.* Slkwii BUTIIAT Ma€ OCHOBHHH 3aKOH TUHAMIKH 00€pPTaIBHOTO PyXy TBEPAOTO Tijia?

22.* YV yoMy Tmoyifira€ 3aKOH 30epeXeHHsS MOMEHTY iMmynbecy? VY SKHMX cHCTEMax BiH
BUKOHY€ThcsA? HaBeniTh mpuKIaam.

23. IlopiBHSHTE OCHOBHI 3aKOHU JUHAMIKH ITOCTYHAIBHOTO 1 00EPTAIILHOTO PyXy Ta YCTaHOBITh
AHAJIOTII0 MK BEJIMUMHAMH, 110 BXOJISATH Y PIBHSIHHS 3aKOHIB.
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24.* YV yoMy pi3HMLS MDK MOHATTAMHU eHeprii 1 podoru? Sk 3HaiiTH poboTy 3MiHHOI cuin? Y
SKOMY BHUIIaJIKy poOOTa CHUJIH, 1110 Jli€ Ha pyXOMe TiJ10, AopiBHIOE HyI0? 1I{o Take moTyXHICTH?
25.* Kinernyna eHepris MeXaHIYHOI CHCTEMH, ii BIacTUBOCTI. POpPMyIH KIHETHYHOI eHeprii
HOCTYNAIBHOTO Ta 00EPTAILHOIO PYXY Tija.

26. I1lo Take xoHcepBatuBHi cuu? 110 Bigpi3Hsie KOHCEPBATUBHI CHIIN BiJl IUCUTIATUBHUX CHJI?
27* ]JlaliTe Oo3HauYeHHs MOTeHIIaabHOI eHeprii Tima (cucremu). lllo HeoOXimHO ykazatu ISt
HAJaHHS OJHO3HAYHOCTI MOTEHIIIaIbHIN eHeprii?

28.* 3a KX yMOB 30€piraeThbcsi MIOBHA MEXaHIYHA EHEPTrisi CUCTEMH Tii?

29. 3 KO0 METOIO 1 IKUM CIIOCOOOM B HEIHEPIIATLHUX CUCTEMaX BIIJIIKY BBOJATH CHIIH 1HEPITii?
Yu BUKOHYIOTHCS 3aKOHU 30€PEKEHHS IMITYJIbCY, €HEPrii y HeiHepIialbHuX cucremMax?

30. V sskoMy BUMAJKy Ha TUJIO B HEIHEPIIATbHIN CUCTEMI BIJUTIKY JIi€ a) TUTBKU BIIIIEHTPOBA CHJIA
iHepIii? 0) 1 BifneHTpoBa cuia iHepiii, 1 cuta Kopiomica?

31.* YoMy HOpiBHIOE BEIMYMHA Ta SIKUI HAIPSIM Ma€e BiIIEHTPOBA CHUJIa 1HEPIii?

32.* YoMy n0OpiBHIOE BEIMYMHA Ta 3a SKUM IPABUJIOM BHU3HAYaeThbcs HampsiMm cuiau Kopiodica.
Uu MoKe 1151 cujia 3MIHUTH KIHETUYHY €HEprito Tija?

33.* Y yomy nosdrae 3aK0OH HEpO3PUBHOCTI Teuii?

34.*Ha OCHOBI SIKOTO 3aKOHY 30epeKeHHS BUBOIUTHCS piBHAHHS beprymni? IloscHiTH 3MicT
KO>KHOT'O WIEHY I[bOT'O PIBHSHHS.

35.* Sdxy ymoBy Hamae yuciio Pelinonmbaca? OxapakTepu3ylnTe TEUir0 32 YMOBOKO, KOJH YHCIIO
PeiliHosnbica a) € MeHIINM; 0) EPEBUILYE KPUTHUHE 3HAUCHHS.

36. SIki BeNMMYMHU € IHBapiaHTHUMH (HE 3aJIe)KaTh BiJl BHOOPY 1HEPIIaTbHOI CUCTEMH BiIJIIKY) B
CrieniajibHii Teopii BITHOCHOCTI?

37. 3a sSK0I0 YMOBOIO OCHOBHE PiBHSIHHS JHUHaMIKH 30epirae cBoo (opMmy B CrielianbHil Teopii
BIJTHOCHOCTI?

38. Skuii 3aKOH € y3araJbHEHHSM 3aKOHIB 30€pPE)KEHHSI MAacH Ta €Heprii y crerianbpHiil Teopii
BIJIHOCHOCTI? 3aNHuIiTh HOTO PIBHSIHHS.

39. I{o po3yMitOTh Ti/T TEPMOJUHAMIYHOIO CHCTEMOIO?

40.* IIlo Take TepMOAMHAMIUHI TapaMeTpHu cucTeMu? SIKi OCHOBHI TepPMOJMHAMIUHI MapaMeTpu
Bawm Binomi? o Take piBHSHHS CTaHy TEPMOJIMHAMIYHOI CUCTEMU?

41. SIxi npunyIIeHHs JIeXKaTh B OCHOBI MOJIENI 1/1ealIbHOTO Trazy?

42.* I3ompormecu; iX 300pakeHHS; 3aKOHHW, SKi ONHCYIOTh IOBEMIHKY 1/7€aJhbHOr0 Ta3y B
130mporiecax.

43.* PiBHSIHHS cTaHy ifeanbHOrO a3y (piBHsHHS Kianeiipona — Menzeneesa). 3akon JlanpToHa.
3akoH ABOTajIpo.

44 * OcHOBHE PIBHSHHS MOJIEKYJISIPHO-KIHETUYHOI TEOPii, HOro 3MicCT.

45.* Y YoMy MoJsirae MOJIEKYJISPHO-KIHETHYHE TJIyMaueHHs THCKy rasy? TepmoauHaMiyHOi
Temneparypu?

46. CepenHs KBajJpaTW4yHa IIBUJAKICTb Ta30BUX MOJEKYJd, CepeqHs KIiHeTHMYHa eHepris
MOCTYNMAIBHOTO PYXY MOJIEKYN Tazy. Y doMy TMoiisirae 3MICT Teopemu bonbliMana mpo
PIBHOPO3MO/LT €HEeprii 3a CTyneHsIMH cBoOoan?

47. Po3nonin MakcBena MOJIEKyJT 32 IIBUAKOCTIMU. SAkuit ¢pi3uyHuil 3MICT QYHKIIIT po3MOALTY
MOJIEKYJI 3a IIBUAKOCTIMH?

48. SIx BU3HAUAETHCS HAMOUTBI IMOBIpHA, CEpeHs, Ta CepeIHs KBaJpaTHIHA IBUAKOCTI
MOJIeKyI1?

49. bapomerpuuHa Gopmyna. SAky 3anexkHicTh Hajae 6apomerpuana hopmyna? ki
NPUITYLIEHHS BUKOPUCTOBYIOTHCS MPH i1 BUBEICHH1?

50. Po3noxin bonbsiMana (po3moiin YaCTHHOK Y MTOTSHITIAIEHOMY TI0JTH ).

51. II{o Take AOBXKHHA BIIBLHOTO MPOoOIry Mosiekyn? SIK 1 BiJl YOTO 3aJ€KUTh CEPEIHs JOBKUHA
BUTBHOTO MPOOITy MOJIEKYI?

52.* SIxi He0OOPOTHI MPOIECH NIEPEHOCY BUHUKAIOTh B HEPIBHOBAKHUX cUcTeMax? Y YoMy
CYTHICTB SIBHII IEPEHOCY 1 32 AKUX YMOB BOHW BUHHMKAIOTh? 3amuIIiTh PIBHSAHHS TUDY3ii;
B’SI3KOCT1; TEIUIONPOBITHOCTI.
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53.* I1lo Take BHYTpilIHs eHeprisd TepMoauHamiuHoi cucremu? TermnoTa i poboTa gk criocoou
3MIHU BHYTPIIIHBOI €HEPT1i.

54. BHyTpillHS €Hepris i71eallbHOTO Ta3y. SIk BOHA 3aIeKUTh BiJl KITBKOCTI CTYIIEHIB CBOOOIU
MOJIEKYJI Ta3y Ta TeMIepaTypu?

55.* Ilepmnii 3aKOH TEPMOIUHAMIKH, HOTO PIBHSIHHS.

56. SIkuit BUTIIST IpUHAMAE PIBHSHHS MEPIIOTO 3aKOHY TEPMOJIMHAMIKHY Y 3aCTOCYBaHHI J10
pi3HUX i30MporeciB?

57.* Bu3HaueHHs NOHATH: TEIUIOEMHICTH T1JIa; TUTOMA Ta MOJISIPHA TETLIOEMHOCTI.

58. Bix yoro 3ayiexuTh TEIJIOEMHICTD 17IealibHOTO ra3y. Ska 3 terumoemHocreid — Cy un Cp—€
O11BIIO0 1 YOMY?

59.* I1lo Take agiabaTauii npouec? PiBHAHHS aaiabaTu i7€aJbHOTO Tazy.

60.* Sk 3MIHIOETBCS TEMIIEpaTypa razy mpu ajaiabaTHOMy po3ImUpeHHi ra3y? cruckanHi? Yomy
amiabara € KpyTiloro 3a i30Tepmy?

61. [TomitponHi mpotiecu. PiIBHAHHS MOMITPOIN; MMOKa3HUK MOTITPOIH; TEIIIOEMHICTb.

62.* PoboTa i1eanpbHOr0 Ta3y y pi3HHUX 130IpoIecax.

63.* I1lo Ha3uBarOTh KOJIOBHM MpoIiecoM (IUKIoM)? SKi Mporecu Ha3uBarOTh 0OOPOTHUMH?
HEe00OpOTHUMHU?

64.* 3 aKuX eJIeMEeHTIB CKJIaJJaeThcs Oy/Ib-SKUii TETUIOBUN ABUTYH? 3a SIKUM IPUHILIUIIOM BiH
npaiioe? Yomy nopiatoe KK/ reroBoi mamman?

65. ITpuHIMN A1l X0I0AMIBLHOT MAIIMHK. XOJO0IUILHAN KOSPIIIE€HT.

66.* {pyruii 3aKoH TepMoAHHaMiKkh. Moro GopMyTIoBaHHS IS TEIIOBHX Ta XOIOIHIEHHX
MaIl¥H.

67. Illo Take mukn Kapuo? * Yomy nopisutoe KK nukiry Kapao?

68. Teopemu Kapno Ta HepiBHicTh Knaysiyca.

69.* SIx BBOAATH MOHATTA €HTpOIIIi B TepMoauHaMini? SIki BmacTuBOCTi BoHAa Mae? SIK MOBOIUTH
ce0e eHTpoIis y 3aMKHEHil cucTeMi IpH NpoTiKaHHI 000pOTHUX Ta HE0OOOPOTHUX mporeciB? Ak
MO3K€ 3MIHIOBATHCS €HTPOIIIS BIIKPUTOI CUCTEMU?

70.*3B’s130K €HTpOIIii 3 IMOBIPHICTIO CTaHy cUCTeMH Ta (i3ndHuil 3micT enTpomii. Teopema
Hepncra 1 Hacmiaku 3 Hed.

71. Y yoMy mosiAirae BiZ]MiHa peajbHOIo rasy BiJl iieanbHOro? Sk 1e ypaxoByeTbcs Y piBHSAHHI
Ban-nep-Baansca? IlopiBHsiiTe 130Tepmu Ban-nep-Baanbca Ta excieprMeHTanbHi 130TepMu. Y
yomy BigMiHa Mixk HuUMH? 1[0 Take KpuTHYHA TemIiepaTypa Ta KpUTUYHHNA cTaH?

72. YuM BiApi3HAETHCS BHYTPILIHS €HEPTisl pealbHOTO ra3a BiJ i1eaabHOro?

73.* SIx BiApi3HAETHCS PyX MOJIEKYJI (aTOMIB) y PEUOBHHI Ta CTPYKTYpa PEUOBHHHU Y PI3HUX
arperaTHUX CTaHax?

74.* SIxi B1acTUBOCTI BIAPI3HAIOTH MOBEepXHEBU map y piauHi? [{o Take moBepxHeBUi HATT?
VY yomy nosdrae siBuie 3MouyBanHa? HesmouyBanHs?

75.* ®dazoBi neperBopenns. [loTpiiiHa Touka. Jliarpama ctanis. PiBHanus Knaneiipona —
Knaysiyca.

(* - muTaHHs U caMoTIepeBipKH 0a30BUX pe3yJIbTaTiB HABYAHHS -3HAHb, BMiHb, HABUYOK).

3.3. Moayas 3M-JI12 «Enexkrpocratuka. EjekTpoauHaMika Ta MArHETU3M
KosmBanHs Ta XBIWID)

3.3.1. [losuanns

Tema 1. Erekmpocmamuka

Enextpocratnune mosne. Bsaemomis enexkTpuuHUX 3apsiaiB, 3akoH Kyiona.
Hampysxenictb mossi, CHIIOBI JIiHIT, MOTIK BEKTOpa HampykeHocti. Teopema [ayca. Ilone
TOYKOBOTO 3apsiiy, IOMMHH 1 KyJii. [ToTeHmian moss.
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Knacudikamiss peyoBMHM 3a €IEKTPUYHUMH BIAcTUBOCTAMH. [IpoBimHUKHM 1
JUENEeKTPUKH B eleKTpuuHomy noii. Enexrpuuna emuictsb. Konnencaropu. Exepris moss.

[Tpu BUBYEHHI TEMH 3BEPHYTH YBary Ha MOHATTS €JICKTPUUHOTO IOJIS K HOCIS B3a€MOIIT
3apsaniB. 3Hatu 3akoH Kynona, BMITH 3amucaTél Horo y BeKTOpHiH (hopM; 3acBOITH NOHSATTS
BEKTOpa HANpPYXEHOCTI MOJISL; MPUHIUITY CYIEPIO3HULi MOJIiB; MOTOKY BEKTOPa HAMPY>KEHOCTI.
3HaTH Teopemy ["ayca.

VYCBIIOMUTH TOHATTS MOTEHLIATBHOCTI Ta TMOTEHLIATY EJIeKTPOCTaTUYHOTO IO,
NpOaHali3yBaTH MUTAHHS MO0 HEOJHO3HAYHOCTI MOTEHIiaTy Ta HOT0 HOPMYBAHHS. 3BEpHYTH
yBary Ha 3B'SI30K MK OTEHI[IaJIOM Ta HAIIPYKEHICTIO €JIEKTPOCTATHIHOTO TOJIS.

Po3ymiT 0cOOIMBOCTI MOBEMIHKY JIIEJECKTPUKIB Ta MPOBIAHKUKIB y €JIEKTPUYHOMY ITOJI.
3acBOITH OCHOBHI XapaKTEPUCTUKU MICTICKTPUKIB, SK TO MOJSPU30BAHICTh, HiCICKTPUYHA
CIIPUHHATIUBICTD Ta Ji€NEeKTPUYHA IPOHUKHICTH CEPEIOBHIIIA.

VYCBiIOMHUTH BiCYTHICTH €IEKTPOCTATUYHOIO MOJIS BCEPEAMHI MPOBIAHMUKA SIK HACIIIOK
YMOBH PIBHOBaru BUIHHHMX 3apsfiB y MPOBIAHHMKY, Ta BUKOPHUCTAHHS i€l OCOOJMBOCTI AJis
€JIIEKTPOCTATUYHOTO 3axUcTy. OBONOAITH TOHATTAMH E€JIEKTPOEMHOCTI NPOBIAHHMKA Ta
KOHJeHcaTopy. Jlo o0unciieHHs eHeprii elIeKTPOCTaTHYHOro IMOJIS MiJIHTH 4Yepe3 OOYHCIIeHHS
eHeprii B3aeMoJIii IBOX TOYKOBHX 3apsiB, CHCTEMH 3apsiB, BiJOKPEMJICHOTO MPOBiIHUKA Ta
KOHJIeHcaTopa. B enmexTpocrartuii mosie HEBiAPHBHE BiX 3apsdiB, IO HOTO IOPOKYIOTH, B
CJIEKTPOAMHAMIII TMOKAa3aHO, IO EHEPril0 Mae eNeKTpUYHE T0Je, SKE ICHye He3aJIe)KHO Bif
3apsiJiiB.

Jimepamypa [1, 2, 3, 6, 10]

Tema 2. IHocmiiinuii enekKmpuuHuil Cmpym.

2.1 EnexktpuuyHuii cTpy™m, rycTmHa CcTpymy. 3akoH Owma. Omip mNOpoOBIIHHKIB.
Enextpopyuriiina cuna. Po6ota 1 noTyxHIcTh cTpyMy. 3akoH Jlxoyinsa-Jlenua.

2.2 EnekTpuuHuil CTpyM y Bakyymi, ra3oBuid po3psia. [loHATTS npo mia3zmy.

IIpy BHUBUEHHI TeMH HEOOXiHO O3HAMOMMTUCS 3 OCHOBHHMH XapaKTEpUCTHKAMHU
€JIEKTPUYHOTO CTPYMYy, a TaKOX 3 YMOBAaMH, HEOOXITHUMHU [JI1 BUHMKHEHHS Ta ICHYBaHHS
eslekTpuyHoro crpymy. Ciijy 3BepHYTH yBary Ha MPUHIMIIOBY BIAMIHY MDK pI3HHIEO
MOTEHLIAJIB, eNEKTPOPYIIIHHOK CHIIOK Ta Hanpyrow. HeoOxigHo 4iTko 3HaTH 3akoHM OMa Ta
Jbxoyns-JleHua, BMITH 3anMcaty iX y audepeHuianbHii popmi.

[Ipu camocTiifHOMY BHBYEHHI MUTAHHS TPO EJIEKTPUYHUN CTPYM Yy BaKyyMi 3BEpPHYTH
yBary Ha MOHSTTs poOOTH BUXOY 3 METally, eMIiCilHI ABUIIA Ta iX 3acTocyBaHHs. [Ipu posrisai
NUTaHHS OpO CTPyM Yy ras3l (ra3oBuil po3psa) YCBIIOMUTH BIAMIHY MIX CaMOCTIMHUM 1
HECAMOCTIMHMM Ta30BUM pO3PSAJIOM; PO3IIISHYTH MPOLECH, SKI MPHU3BOJIATH 1O BUHUKHEHHS
HOCIIB CTpyMy Y rasi; TUIIM Ta30BUX PO3PsAiB (TJII0UMM, ICKPOBUH, 1yTOBUN, KOPOHHUIT) Ta iX
0cO00JIMBOCTI. 3aCBOITH MOHATTS IIA3MH.

Jlimepamypa [1, 2, 3, 6, 10]

Tema 3. Enexkmpomaznemusm.

Cramionapae MarHiTHe moje. [Haykiis wmarmitHoro moisa. 3akoH bio-Casapa-
Jlarutaca. Ilpunnun cyneprnosuilii. MarHiTHe 1ojie HPSMOTO Ta KOJIOBOTO CTPyMYy.
Bzaemonisa ctpymiB (3akoH Amrmepa). [lis e1eKTpUYHOTO 1 MAarHiTHOTO MOJS Ha PYyXOMHI
3apsan, cuna JlopeHua.

MaruiTHe nose B pedoBuHi. Knacugikailisi peyoBUH 32 MarHITHUMH BJIACTUBOCTSMH.
DepoOMarHeTHKH.

EnexktpomarnitHa iHgykumis. 3akoH  @apazges. PiBugHHs  MakcBenna s
CJIEKTPOMArHiTHOTO TTOJISI.

[Ipu BuUBUEHHI TEeMHU 3BEpHYTH YyBary Ha Te, IO JDKEPEJIOM MAar”iTHOTO TOJS € MIKpPO- Ta
MakpocTpyMu. HeoOXimHO 3pO3yMmiTH, IO CHJIOBI JIiHII MAarHiTHOTO TMOJS 3aMKHEHI, TOOTO
MarHiTHe nose € BuxpoBuM. Ciig no6pe 3acBoitu 3akoHu bio-CaBapa-Jlamnaca 1 Amnepa, ymiTu
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BU3HAYaTH HAIpsM BEKTOpa MAarHiTHOI 1HAYKIIl 1 cuinM AmIiepa; HaBUUTHUCS 3aCTOCOBYBATH
3akoH bio-CaBapa-Jlammaca CcykymHO 3 TPUHIMIIOM CYNEPIO3MINT [T PO3PaxyHKY
XapaKTEPUCTHK MarHiTHUX noxiB. CIiijJf 3BepHYTH OCOOJIMBY yBary Ha BUBUEHHs cuiu JlopeHia,
Tieto sikoi 00yMOBJICHUH PyX 3apsA/PKEHUX YaCTUHOK Y MarHiTHHUX ITOJISIX.

[Ipy BHUBUYEHHI MarHiTHHX BJIACTUBOCTEH PEYOBHHH TEPIN 3a BCE CIIJ po3iOparucs y
NpUYMHAX HaMarHiuyBaHHS Pi3HUX PEUYOBHH; 3aCBOITH y YOMY CYTh IPUPOJH JiaMarHeTU3My; Ha
SKI TPYHNH JUISATHCS PEYOBHHHM 32 MArHiTHUMU BJIACTUBOCTAMH Ta B 4OMY iX  PI3HUII.
Oco0nuBYy yBary 3BepHyTH Ha BJIACTUBOCTI (pepOMarHeTHKiB, MpUPO1y GEepOMarHeTU3My.

[Ipy BHBYEHHI €JIEKTPOMATHITHOI IHAYKILIi 3BEpHYTH yBary Ha Te, IO € HPUYHHOIO
BUHHMKHEHHS IHAYKIIHHOrO CTpyMmy; 3HaTH 3akoH Papanmes ta npaswio Jlenma. Yposymitu
¢bi3nyHUi 3MICT Ta y3arajbHIOIOUMN XapakTep piBHSAHb MakcBeiia i eNeKTpOMarHiTHOro
HOJIA, SIKi BUPAYKAIOTh 3aKOHU €JIEKTPOMAarHeTU3My
Jimepamypa [1, 2, 3, 6, 10]

Tema 4. Konueannsa i xeuni.

2.1 Bmacui TrTapMOHIYHI KOJWBaHHsA (MEXaHIYHI, EJIEKTPOMArHiTHI) Ta iX
xapakTepucTuku. JlomaBaHHS KOJMBaHb. 3racarodi KOJWBAHHS TPU HASBHOCTI TEPTA Ta
OoMi4HOTO omnopy. Bumymieni konuBanHus. Pe3onanc.

2.2 TlonsarTss Ta XapakTepucTuku xBuii. Knacudikaiiss XxBuiib. PIBHSHHS XBHIIIL.
[Tomupennss xBuib. Edext Jlomnepa. Enexktpomarnitai xBuii. Enepris xBuii. Bekrtop
Ymoga-IloitaTrinra. [llkana e1eKTpOMarHiTHUX XBUIIb.

[lpu BuBYEHHI Temu 3acBOiTM  (i3WYHUI 3MICT BENHYUH, IO € XapaKTEPHCTHUKaAMHU
KOJIMBaHb Ta XBWJIb; YPO3yMIiTH (GaKTOpH, Iisl SKUX HPU3BOJIUTH JO 3racaHHs KOJUBAHb Ta
BUHUKHEHHS BHMYIICHUX KOJMBaHb Yy BHIAJIKy MEXaHIYHUX KOJHMBAIBHUX CHCTEM Ta
KOJIMBAJBHOTO KOHTYPY; PO3pi3HATH Au(epeHIiaabHi PIBHIHHS BIACHUX, BUIBHUX (3racaroumXx)
Ta BUMYIICHHX KOJIMBAaHb Ta BIAMOBIIHI PO3B’S3KU (3aKOHM KOJHMBAaHB); YMOBH BUHHKHEHHS
pe3oHaHCy. 3HATH PIBHAHHS ODKYYOi XBHWJII, PI3HUII0 MK IMONEPEYHUMH Ta MOB3JOBKHIMU
XBWJISIMU; BUpa3 JUIs TYCTHHHU MIOTOKY €HEpril Ta IIKaTy eIeKTPOMArHiTHUX XBUIIb.

Jlimepamypa [1, 2, 3, 6, 10]

3.3.2. [lumanus ons camonepesipku
1.* $Ixi B1acTUBOCTI Ma€ eNeKTpUUHU 3apss?
2.* 3akon Kynona. B3aemoiro Sskux 3apsiiiB BiH onucye?
3.* IIlo Ha3MBaIOTh HANPYXKEHICTIO €NEKTPUYHOTO Nost? B AKMX OAMHUIAX BUMIPIOETHCS?
4.* YoMy JOpIBHIOE HAIPYXKEHICTb IOJII TOYKOBOTO 3apsny? Sk HampaBieHMi BEKTOP
HaNpy>KEHOCT1 LIbOTO MOJIA, SIKIIO 3apsi]] MTO3UTUBHUN; HETraTUBHUM?
5.* B yomy mnonsfrae nOpuHOMO cyneprno3uuii? Sk 3HANTH HampyXKeHICTb MOJII CUCTEMH
TOYKOBHX 3apsIiB?
6.* Ilo Take JiHII Hampy>KeHOCTiI (CHJIOBI JIHIT) eleKkTpuuHOro mojsA?  SIki 0coOMMBOCTI
CHJIOBHX JIIHI €JIEKTPOCTATUYHOTO MOJIS BiIOOPaXKyloTh HOro moTeHuiadbHUK Xapakrep? Sk
00MparoTh TYCTUHY JIIHINH?
7.* SIke moJI€ HA3UBAKOTh OJHOPIAHUM. SIKHI BUIJIS]] MAtOTh CHJIOBI JIiHIi OJHOPITHOTO MOJIs?
8.* Illo Ha3MBalOTh NOTOKOM BEKTOpa HampykeHocTi? 3anuiliTh MaTeMaTUYHUN BHpa3 Ta
chopmymoiite Teopemy Ilayca uIsi TOTOKY BEKTOpa HampyXkeHOCTi. ki BIacTUBOCTI
€JIEKTPOCTATUYHOTO TTOJISI TOYKOBOTO 3apsAny BimoOpaxye Teopema ["ayca?
9.* 3a skor (HopMys0I0 MOXKHA OOYUCIUTH HAMPYKEHICTh IMOJIS HECKIHYEHOI PIBHOMIPHO
3apsAIKEHOT IIIOMKHU? PIBHOMIPHO 3apsKEHO1 ChepuyHOi MOBEPXH1?
10. SIxa Teopema  BiOOpa)kye MOTEHI[ANBHUM  XapakTep  €JIEKTPOCTATUYHOTO MOJs?
CdopmymroiiTe 11 1 3aNUILIITH MAaTEMaTUYHUHN BUpa3.
11. 3apsa nmepeMilytoTh B €JIeKTPOCTaTUUHOMY TOJI 0 3aMKHEHiH TpaekTopii. YoMy HOpiBHIOE
3arajibHa po0oTa Cujl €JIEKTPOCTaTUYHOIO MOJs?
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12.* [1lo Ha3WUBaIOTHh &) MOTEHIIAIOM EJIEKTPOCTATUYHOrO ToJsA?  0) pi3HHUIICI0 TOTEHIiaTiB?
Uwu 3aneXuTh BEIMYMHA a) MMOTEHIIANy; ©) pi3HMII MOTEHINATIB BiJl BUOOPY MOYATKY BIIIIKY
(HyTHOBOTO pPiBHS)?

13. Yomy A0piBHIOE TOTEHIIIAT OIS TOYKOBOTO 3apsty?

14. Cdopmymoiite npuHIMn cyneprno3uuii s notenuiany? o serme — oOuwmciautu 3a
MPUHIIMIIOM CYIEPIIO3HULIii HAlPYKEHICTh MOJIS Y MOTEHITian?

15.* Sk 3a pi3HHUIIEIO TOTEHIIIANIIB O0YUCIUTH POOOTY CHJI €NIEKTPOCTATUIHOTO TIOJIs?

16. Sk moOB’s3aHI HANPYKEHICTh Ta TMOTCHIAT EJIEKTPOCTATHYHOIO IO Y 3araJilbHOMY
BUNIA/IKY? Y BUNAJAKY OAHOPITHOTO TOJS?

17.* Yomy nopiBHIOE HAIIPYXKEHICTh EJICKTPUYHOTO TOJISI BCEPEIUHI 3apsHKEHOTO MPOBITHUKA?
UM MOSICHIOETHCS BIICYTHICTH TOJISL YCEPEIWHI MPOBITHUKA Y pa3i PIBHOBXKHOTO PO3MOJILITY
3apsAiB y HbOMY? SIKMM YMHOM 11€ BUKOPUCTOBYIOTH Ha MPAKTHUII?

18.* Illo Take sBuUIIE eNEKTPOCTaTUYHOI iHAYKHii? YoMy [OpiBHIOE HAIPYXKEHICTh
€JIEKTPUYHOTO TOJIsI BCEPEANH] yCepeInHl HEHTpaJbHOrO0 MPOBITHUKA, M0 MOMIMIEHUH Y
30BHIIITHE €JIEKTPUYHE TT0JIe?

19. [Ilo Take eNeKTPOEMHICTh MpoBigHMKA? Bim 4oro BoHa 3alekHTh? Y SKUX OJMHMIILX
BUMIPIOETECS? 3anmumniTh GOpMyITy eIeKTPOEMHOCTI CepH.

20.* o Take koHaeHcarop? Bin 4oro 3aleXuTh ENEKTPOEMHICTh KOHIAEHcATOpiB? Y domy
nepeBara BUKOPHUCTaHHS KOHJAGHCATOPIB JUIS HAKONMHMYCHHS 3apsjay Ta eHeprii mepen
MIPOBiTHUKAMH?

21.* Yomy JHOpIBHIOE EIEKTPOEMHICTH IJIOCKOTO KOHACHCATOpa?

22. Tlpu sxomy 3’€AHAaHHI KOHACHCATOpPIiB y Oarapero — mapajiebHOMY UM MOCIIJOBHOMY
iX cymMapHa €MHICTb 3MEHIIYETHCS? 30UTBIIYETHCS?

23. Slka 3 BeIMYMH 3apsi UM Hampyra 30epiraloTbes MpH 3MiHI €IEeKTPOEMHOCTI KOHAEHCATOPa,
SIKWH B €JHAIM BiJ JoKepesa Hanpyru? He Bin e qHyBanu BiJ JpKepea Hanpyru?

24. 1llo Take munons? SIk MOBOAATH cebe MTUTIONI y eIeKTPUYHOMY MOTi?

25. Sxi THOM JieNeKTpUKiB BaMm Bigomi? Sk TOBOIATH ceOe MOJEKYJIM HENOJSPHHX Ta
HOJISIPHUX JIENIEKTPUKIB Y 30BHIIIHBOMY 1M0J117 SIKi BIIACTMBOCTI BiIPI3HAIOTH CETHETOENEKTPUKU
B1JI IHIIIUX THIIB JIEJICKTPUKIB?

26.*Y yomy nossrae nonspu3anis aieaekrpuka? I1oscHITs NPUUNHU 0CIa0JIEHHS eNeKTPUYHOTO
0JIs1 B J1€JIEKTPUKY MOPIBHSAHO 3 BAKYyMOM.

27.*JlaiiTe  O3HA4YeHHS TMOJSIPU30BAHOCTI JiedeKkTpuka P ; BIIHOCHOI Ji€NEeKTPUYHOI
IPOHUKHOCTI €.

29. Sk 1 yoMy MOBOJATH ce0e JIiHIT HAaNpPYKEHOCTI Ta JIiHIl BEKTOpa €IEeKTPUYHOTO 3MIIIEHHS Ha
IpaHUIll JBOX JieNeKTpukiB? Yomy 3MIHIOETBCS KUIBKICTh  JIIHIH ~ Hampy>KEeHOCTI
€JIEKTPUYHOr0 TOJIi Ha IPaHULl ABOX J1€JIEKTPUKIB?

30.* Sk 3MIHIOETHCS €Hepris IBOX Pi3HOMMEHHHMX TOYKOBHX 3apsi/iiB MPH X HAOIMKEHHI OJUH
10 ogHoro? OMHOWMEHHUX TOYKOBHX 3apsfiB? Un Moxke OyTH CTIHKOIO CHCTeMa HEpYXOMHX
€JIEKTPUYHUX 3apsIiB?

31.* Yomy HOpiBHIOE EHEPTisl 3apsKEHOT0 IPOBITHUKA? €HEPTis 3apsHKEHOTO KOHJIeHcaTopa ?
32. o Take i4yoMy JOpPIBHIOE MUTOMA TYCTMHA €HEpPrii eNeKTPUYHOro MOois?

33.* Ilocriitanii ctpym. Cuita ctpyMy, TyCTHHA CTpyMy. EnekrpopymriiiHa cuiia i Hampyra.

34.* Omnip NpoBiAHUKIB. 3aJE€KHICTh OMOPY BiJ TeMIlepaTypH. SIBHILE HAIPOBIIHOCTI.

35.* 3akom Oma i OTHOPIAHOI 1 HEOTHOPIAHOI JUISHOK KOJIa B IHTETpalbHIA 1
nudepeHianbHii Gopmax.

36.* 3akon Oma 1 3amkHeHoTo Koja. [IpaBmita Kipxroda.

37.* 3akoH /[xxoyns - Jlenna B iHTerpainbHiil 1 qudepenuianbHii popmax.

38. Pobota Buxony enektpoHa. TepmoenekTpoHHa emicis; i1 3akoHoMipHOCTI. CTpyM y BaKkyyMi.

39. CamocTiiiHMi 1 HecaMOCTiHHHMI Ta30BUI poO3psl, BOJbT-aMIIEpHA XapaKTepUCTHKa. SIki
MPOIIECH TMPU3BOAATH 10 YTBOPEHHsS HOCIIB CTpyMy y rasi? SIKi THUIIM Ta30BOTO PO3PSAY
PO3MIIAIAIOTH T B YOMY 1X XapaKTepHi 0COOIUBOCTI?

1*. o € mpuYMHOIO BUHUKHEHHS MAarHiTHOTO TIOJIs?
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2*. SIk BU3HAYAE€THCS BEKTOP MarHITHOTO MOMEHTY KoJia 31 CTpyMoM?
3*. SIki BEKTOpH € XapaKTEPUCTHKAMHU MarHiTHOTO mossi? JlaliTe BU3HaYeHHS BEKTOpa MarHiTHO1

-

iHaykOii B. Y yoMy BigMiHa MK BEKTOpaMH MarHiTHOI IHAYKLIi Ta HalPyKEHOCTI MarHiTHOTO

nonst H ? 3B'930K Mik HUMU; OJUHUIIl BUMIPIOBAHHS.
4*, 11lo Take cuioBa JiHIA Mar"iTHOI IHAYKIi? SIKui XapakTep MarOTh CHJIOBI JIiHIT MarHiTHOTO
nosus?
5*. 3anumite Gopmyny 3akony bio-CaBapa-Jlamnaca ta naite HEOOXiAHI MOSCHEHHA. Y YOMY
NOJISITa€ TIPUHILIUIT CYNEPIO3HIIT /Ui MarHiTHUX MOJiB?
6. 3anumIiTe (BUBEAITH) (GOPMYIIH I MArHITHOI 1IHAYKIII TOJIA B IIEHTPI KOJIOBOTO CTPyMy Ta
HOJIS IPSIMOTO CTPYMY.
7* 1Mo Bu3Hauae 3akoH Awmmepa? 3anumiite ¢GopMyny Ta CHOPMYITIOUTE MPaBUIO IS
BU3HAYEHHS HANPSAMY CUIIU AMIIepa.
8. MarniTHa B3aeMO/Iisl PIBHOODKHHX CTPYMIB.
9*. 1llo nasmBatoTh cuioro Jlopenna? 3anmumite GopMyny it Hel Ta chopMyIoiTe paBUIIO
JUIs BU3HA4YeHHs HanpsaMmkKy cuid Jlopenuna. Uum moxke cuna JlopeHuna 3MIHUTH BEIHUYUHY
KiIHETHYHOI eHeprii 3apsKeHOl YaCTHHKHU?
10. OnuiiTe XapakTep pyxy 3aps/UKEHUX YaCTHHOK B MAarHITHOMY I10JI1 y BUIIAJIKaX, KOJIH:

a) VOB; 6) VL B; B)Kkyr Mix BekTopamu V i B € ZOBIIbHAM FOCTPHM KYTOM d .
11. Ha yomy ocHOBaHE BU3HAUYEHHS 3HAKY 3apsi/ly YACTUHOK, IKI PyXalOThbCs B MarHiTHOMY TOJIi?
(okycyBaHHS 3apsUKEHUX YACTUHOK B MAarHITHOMY I10J11?
12*. Coopmymroiite TeopeMy Npo IHUPKYISII0 BEKTOpa MarHiTHOI iHAyKmii. YoMy MoXKHa
CTBEpKYBATH, 110 1 TeOpeMa Bi100Opakye BUXPOBHI XapaKTep MarHiTHOTO 1oJis?
13. Sk 3a JOMOMOTOK TEOpeMy MpO LUPKYIALII0 BEKTOpa MAarHiTHOI 1HAYKHii MOKHA
po3paxyBaTd MarHiTHE IOJI€ BCEpPEeIUHI HECKIHYEHHOro cojeHoina? SIkuil Xapakrtep Mae Lie
nojue?
14*. JlaiiTe o3HaueHHS TMOTOKY BEKTOpa MAarHIiTHOI 1HAYKIii. B SKkux oAuHMISX BiH
BHUMIPIOETHCS?
15*. Coopmymoiite Teopemy l'ayca ans moToky BekTopa MarHiTHOI iHAYKuii. IloscHiTh ii
(b131uHUI 3MICT.
16. 3anumite (BUBeAiTh) GOpMyNnH A poOOTH MO MEPEMIIICHHIO MPOBIAHMKA W KOHTYpY 3i
CTPYMOM Y MarHiTHOMY Toi. Y 4oMy BinMiHa y BenuunHax dd, ski BXOIATh y 1 popmymnu?
17*. Y yomy nomnsrae siBUILE €IEKTPOMArHiTHOT IHAYKLIi? Slka Horo cyre? Skuil xapakrep mae
€JIEKTPUYHE MOJIe, TOPOKEHE 3MIHHUM MarHiITHUM TOJIeM?
18*. Chopmymroiite i 3anumriTh 3akoH dapanes. [Ipasuio Jlenna.
19*. fIBumma camoinaykuii Ta B3aeMHol iHAYKMii. 3amummite Gopmyny mis EPC camoinmykiii, sk
HanpasneHa EPC camoinaykiii?
20*. 1o Take iHAYKTUBHICTb KOHTYPY? Y SKHX OJUHHIISLX BOHA BUMIpIO€ThCI? YoMy mopiBHIOE
IHIYKTUBHICTH COJIEHOIa?
21. Eneprist marHiTHOro nosisg. O6'eMHa rycTUHA €HEeprii MarHiTHOTO MOJIS .
22*. Ha sixi rpynu NOAUISIOTh PEYOBHUHU 32 MAarHiTHUMM BJIACTMBOCTAMH?  SIK BiJpi3HAETHCS
HAaMarHiyeHiCTh, MarHiTHa CHOPUWHATIMBICTG 1 MarHiTHa MPOHUKHICTb Yy Jla- Ta
napamarHeTukax?
23*. 'V yomy ocobmuBOCTI pepomaraeTukiB? Sky npupoay mae pepomaraeTuzm?
24*. 3anuiuiTe cucTeMy pPiBHSAHb MakcBeia Ui €JIeKTPOMAarHiTHOrO MOJs B IHTErpaybHIN 1
mudepennianbHii popmax. [1osCHITH Pi3UYHY CYTh KOXKHOTO 3 PIBHSHb.
Tema 2.
25*. SIki KOJIMBaHHS HAa3MBAIOTh TAPMOHIYHUMH? YKaXITh TXHI XapaKTepPUCTHKHU. 3alUIIITh
3aKOH TapMOHIYHOTO KOJIMBAHHS.
26*. SIk 3MIHIOIOTHCS IBUIKICTD, IPUCKOPEHHS Ta €HEPris CUCTEMH NPU FapMOHIYHOMY
KOJINBaHHI?
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27*. 3a IKUX yMOB MOXYTh BUHUKHYTH BJIacHI TapMOHI4HI KOJMBaHHA Tija? SIKuii BUTIIA Mae
nudepeHIiagbHe PIBHSIHHS BJIACHUX TAPMOHIYHHUX KOJMBaHb?

28. I1{o coboro mpeAcTaBIAIOTh NPYKHUH, (PI3UUHUI 1| MATEMAaTUYHUN MAsTHUKU ?

29. SIki cunm ypaxoBYIOTh MPH 3aUCy TU(EepeHIIAIbHOTO PIBHSIHHS BUIBHUX (3racaroyuX )
KOJINBaHb? BHUMYIICHHX KOJMBaHb? 3aluIiTh IIi piBHAHHSA Ta iX po3B’s3ku. 1o Take
koedirieHT 3racanHsA? JorapuMidHAN JEKPEMEHT 3TacaHHs?

30*. Y yomy mosisrae siBUIIE PE30HAHCY?

31*. Bix 4oro 3aexuTh aMIunityAa Ta ga3a pe3ynbTyr4oro KOJMBaHHS IIPH J10JJaBaHHI
TFapMOHIYHHMX KOJIMBAHb OJTHOTO HANPSMKY 1 4aCTOTH?

32. o Take OUTTS Ta sIKIi YMOBH BUHUKHEHHS?

33*. SIkoro Oyze TpaeKTOpist pyxXy TiJa, 0 MPUHMAE YIacTh Y JBOX B3aEMHO
NEPIEeHIUKYIAPHUX KOJMBAHHAX OJHAKOBOI YAaCTOTH B 3aJICXKHOCTI BiJ] pi3HMIIL (pa3 KOJIMBaHb?
34* .3 AKHUX eNIEMEHTIB CKJIaJa€ThCsl KOJMBAIBHUIN KOHTYP? 3a paXyHOK SIKOTO SIBHIIA
HiATPUMY€EThCS KOJIUBAIBHUN ITpoLec?

35*. Big 4oro 3a1euTh Mepioj Ta 4aCTOTa BIACHUX €JIEKTPOMArHiTHUX KOJIMBaHb Y KOHTYpi 0e3
onopy (popmyna Tomcona)?.

36. 3anumriTe qudepeHiatbHe PiBHSIHHS BUMYIICHUX €JIEKTPOMArHiTHUX KOJIMBAaHb 1 HOTO
PO3B’SI30K. 3a IKMX YMOB CIIOCTEPIraeThCsl pe30HAHC HAMPYT Ta CTPyMiB?

37*. o Take xBuis? 1o Ha3UBaIOTh TOBXUHOIO XBWIII? Y SKHX CEPEIOBHUILAX MOKYTh
PO3MOBCIO/IKYBATHCS MTOB3/IOBXKHI Ta MOMEPEUHI MPYXKH1 XBHII1?

38*. 3anumiTe XBUIHOBE PIBHSHHS Ta PIBHSIHHS IUIOCKOI O1Ky40i XBUIII, SIKE € HOTO PO3B’SI3KOM.
39*. [llo Take enekTpoMarHiTHa XBUJIS, SIK1 BIACTUBOCTI BOHA Mae? SIKy XapakTepUCTUKY
€JIGKTPOMArHITHOI XBHJIi Hajlae€ BeKTop YMoBa — [loiHTiHra?

40*. YKkaxiTh Alanma3oHu, Ha sIKi TOIUISIOTH IIKAITy eIeKTPOMArHiTHUX XBHIIb B 3aJIC)KHOCTI Bif
JOBKMHU XBWII (4aCTOTH).

(* - muTaHHS U caMOTIepeBipKH 0a30BUX pe3ybTaTiB HABYAHHS -3HAHb, BMiHb, HABUYOK).

3.4. Moayab 3M-JI3. «Ontuka. EjleMeHTH KBAaHTOBOI MexaHiku. Dizuka
aTOMHOIO s1/Apa »

3.4.1. Ilosuanns

Tema 1. Inmepgpepenuia i ougppaxuia ceimna.

Korepentni xBumi. OntuuyHa pi3HUIM Xony. IHTepdepenmis cBiTma. [lpuHmmn
['roiirenca-®Openens. 3ouu Openens. Judpakmis Ha miimmai 1 AUGPaKIiiHOT TPaTII.
Judpakuiiinuii cnextp. Audpaxuis Ha KpucTaiiuHii rpatii, popmyina Bynsda-bperra.

[Tpu BUBUEHHI TEMH MEPII 32 BCE 3BEPHITH YBary Ha KOPIyCKYJISAPHO-XBHJIBLOBY MPUPOIY
cBitna. SlBuma inTepdepeHIii Ta audpakiiii JIETKO TOSCHIOIOTHCS HA OCHOBI XBHJIBOBHX
ysBIIeHb. J[1s1 pO3yMiHHS Ta pO3paxyHKY KapTHHH, sIKa YTBOPIOETbCA MpH iHTepdepeHii
HEOOX1IHO 3aCBOITH TaKl MOHATTS, SIK KOI€PEHTHICTb XBWJIb, ONTHYHA PI3HULSA XOAY; MaTH
YSIBIIGHHS TIPO MOBEIHKY €JIeKTPOMArHiTHOI XBUIJII (3MiHY JIOBXXKMHU XBWJII Ta a3y KOJIMBAHb) HA
TpaHHULl PO3JALTY JBOX CEPENOBUII; 3HAaTH YMOBU MaKCHUMyMy Ta MIHIMyMY IpH iHTepdepeHIil
CBITJIA.

Judpakiiis cBiTia Mo CyTI MOXE pO3IJISIaTUCS K pe3yabTaT iHTepdepeH i Bl BEIUKOI
KUJIBKOCTI JKepell, 3a Kl IpUHMaloTh OKpeMi AUISHKU BIIKPUTOT YaCTUHHU (HPOHTY XBUIII (IUB.
MmeToq1 30H @penens). HeobxiqHO 3HATH YyMOBM CHOCTEpe)kKeHHs nudpakiii Ta SKUA BUTIISAI
npUiMaOTh YMOBH MAaKCUMYMY 1 MiHIMyMY NpH JuUQpakiii cBiTia Ha IIUIMHI Ta JUdpakiiiHii
TpaTIi.

Jimepamypa [1, 2, 3,7, 11]
Tema 2. B3acmoodin ceimna 3 peuosunon.
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BinOutrs, 3amomnennst cBitna. Jucmepcis cBitina. llomspu3zamist cBiTia. 3akoH
Mamntoca, 3akoH bprocrepa, mojBiiiHe mpoMeHe3aJloMJIeHHS. PO3CISIHHA Ta MOTJIMHAHHS
CBITJIA.

[Tpu BUBYEHHI TEMH 3BEpHYTH YBary Ha 3aKOHH BIIOUTTS, 3aJIOMJICHHS CBITJIa HA TPAHULI
JIBOX JiENIEKTPHKIB; 3HATH Y YOMY IOJISITAE SIBUIIE AUCIEPCii Ta B UMM BiJIPi3HAETHCS HOpMaJIbHA
JMCTIepCis BiJ aHOMaJbHOI. 3HATH 3aKOH byrepa s mOriMHaHHS CBiTIHa y PEYOBHHI Ta
dbopmyny Pernes, ska Hajgae 3a1eKHICTh IHTEHCUBHOCTI PO3CIFOBAHHS CBITJIA BiJl HOTO JOBXHHHU
XBWII. YMITH Ha OCHOBI JBOX OCTaHHIX IOSICHUTH KOJIp MPO30pUX Ta HEMPO30pPHX 00’ €KTIB,
OJIaKUTHUH Ta YEPBOHUMN KOJIip HeOA y pi3HI YacH JT00H.

3 TEOpEeTUYHOI TOYKH 30pY SBUILE MOJSIPU3AILiil MIKaBO TUM, IO Y HbOMY MPOSBISETHCS
HONEPEYHNH XapaKkTep eJIeKTPOMAarHiTHUX XBUIIb, 3 MPAKTUYHOI — BUKOPHCTAHHSM, HAIPHKIIAT,
JUISL TOCTIKEHHS PO3MOALTY HAllPY)KeHb Y TLIax, 3alKCy 3BYKY 3a JonoMoror komipku Keppa
1 T. 1H. HeoOXxigHO pO3yMITH 4YHM BIIPI3HAIOTHCA TMPUPOJHE CBITJIO Ta Pi3HI BHIU
MOJISIPU30BAHOTO CBITIIAa, y YOMY TNOJSTa€e SBUINE IMOJABIHHOTO MPOMEHE3aJOMIICHHS, 3HATH
3akoHM bprocrepa Ta Mairoca.

Jlimepamypa [1, 2, 3, 7, 11]
Tema 3. Kopnyckynapui en1acmueocmi e1ieKmpomMazHimHo20 6UNPOMIHIOBAHHA.

TermmoBe BumnpominioBanHsa.  3akoHu Kipxroda,  Bina, Credana-bonpumana.

I'note3a Ilnanka. ®otoenektpuuHuii edexrt. PiBusuHs ElnmTelina nis doroedexry.
Edext KomnToHa.
TemoBe abo TemnepaTypHe BUIIPOMIHIOBAHHS BUTPAE OCOOIHMBY POJb y (Pi3uIli: IpU BUBUEHHI
3aKOHIB  TEIUIOBOTO  BWIIPOMIHIOBAHHS BHHUKJIA TiNoTe3a TPO KBAHTOBY MPHUPOIY
SJIEKTPOMArHITHOTO BUIIPOMIHIOBaHHS TiJ1 i THM CAMUM IOKJIAJICHO ITOYaTOK HOBOI — KBAHTOBOI
¢izuku. Ilpu BUBYEHHI TeMH HEOOXiTHO YPO3YMITH NPHUPOIY TEIUIOBOTO BHUIIPOMIHIOBAHHS,
3HaTH MOro0 XapaKTEpPUCTUKU Ta 3aKOHM. 3HATH 3B'S30K MK XBHIIbOBUMH XapaKTEPUCTUKAMH
€JIEKTPOMArHiTHOTO BUIIPOMIHIOBAaHHS (4acToTa, JOBXHHA XBWJI, XBWJIBOBUH BEKTOp) Ta
XapakTepucTUkamMu (oToHa (€Hepris, IMITYJIbC, Maca).

[Ipn BuBUYeHHI siBUIIA (POTOEPEKTYy 3BEpHYTH yBary Ha 30BHILIHINA (oToedekT, Horo
3aKOHU CTOCOBHO CTPYMY HAacCHYEHHS, MaKCHMaJIbHOI KIHETHMYHOI €Heprii ()OTOEIEKTPOHIB Ta
ICHYBaHHSI TPAaHMYHOI YacTOTH (JOBXKUHU XBWJI1); YMITH 3amnucaTd piBHAHHSA ElHInTeiiHA 115
doroedekTy Ta pOo3yMiTH HOTO 3MICT. 3HATH 3aKOHOMIPHOCTI KOMITOHIBCHKOTO PO3CiIIOBaHHS Ta
PO3YMITH iX 3B'I30K 3 KBAaHTOBHUMH YSBJICHHSMH IpPO KOPOTKOXBHIJIbOBE EJIEKTPOMAarHiTHe
BUIPOMIHIOBaHHSI.

Jlimepamypa [1, 2, 3, 7, 11]
Tema 4. Xeunvosi énracmusocmi pevwosunu.

KopnyckynspHo-xBunpoBUi nmyamizm. XBuii jae bpoins. XswiboBa (yHKIA,
WMOBIpHICHA IHTepHpeTamiss KBaHTOBUX sBHIN. CHIBBIAHONIEHHS HEBU3HAYEHOCTEH
['eiizen6epra. PiBusuns Llpeninrepa. [puniun cynepno3uiii.

IIpu BHBYEHHI TeMH HEOOXiJHO 3aCBOITH iieto Ta Gopmyny ae bpoiins ta gocmiau, ski
HIATBEPKYIOTh  KOPIYCKYJISPHO-XBWJIBOBUM JAyalli3M Marepii; yMITH TOSICHUTH 3MiCT
XBWIbOBOI (yHKuUii. 3amam’sitatu piBHAHHA IllpeniHrepa s CTaliOHApHUX CTaHIB; 3HATU
MaTeMaTU4H1 BJIAaCTUBOCTI HOTO PO3B’SI3KIB; TPaHUYHI YMOBHU JUIsl XBWJIbOBOI (PyHKILI Ta, SIK
HACIIIOK 3 HUX, KBaHTYBaHHS €Heprii mpu OOMEeXeHHI PyXy YaCTUHKH.

Jlimepamypa [1, 2, 3, 7, 11]
Tema 5. Byoosea amomie i mosiexy:.

Mogeni O6ynoBu atoma. Teopis atoma rigporeHy no bopy. KBanToBO-mMexaHiuHMIA
onuc rifporeHononioHoro aroma. KBaHTyBaHHS eHeprii, MOMEHTY IMIYJbCYy 1 MPOEKIii
MOMEHTY immyibcy. CriH enektpoHa. baratoenexktponHni aromu, npuniun Ilayni. bynosa
€JIEKTPOHHUX O00OJIOHOK 1 BIIACTUBOCTI €JIEMEHTIB NepioInyHOi cucteMu MeHeneeBa.

[Ipu BuUBUEHHI TeMHM HEOOXiIHO 3BEpPHYTH yBary Ha Taki JKepena BHHHUKHEHHS
KBaHTOBOI Teopii Ak nocmiam Pesepdopna, dopmyna bampmepa s HOBXHH XBWUIIb, SIKI
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BUIIPOMIHIOIOTBCSI aTOMOM TiIpOreHy; O3HaHoMUTHCS 3 Teopieio bopa. OcobnuBy yBary ciif
3BEpHYTH Ha (DI3WYHI TIOHATTS - KBAaHTYBAHHS €HEPrii, MOMEHTY IMITYJIbCY 1 MPOEKITIi MOMEHTY
IMITyZIbCy, €NEeKTpOHa B aTOMi Ta KBaHTOBI 4MCia, iX ()i3WYHUN 3MICT 1 JOMyCTUMI 3HAYCHHS,
CITIH €JIEKTPOHA. YPO3yMITH 3MiCT puHIUIY [laysi Ta mosicHeHHs MepioAMIHOCTI BIACTUBOCTEH
eJleMeHTiB Tabnuii MeHneneeBa Ha HOro OCHOBI.

Jlimepamypa [1, 2, 3, 7, 11]

Tema 6. Dizuka amomnozo aopa.

Bynosa i BmactuBocti atomHoro sigpa. Ckiuaz siapa. EHepris 3B's3ky 1 gedekT macwu.
[Ipupona simepHux cwi. PamioakTHBHE BHUNPOMIHIOBaHHS Ta MOro BHAM. 3aKOH
pamioakTBHOTO po3mnany. [IpaBuna 3mimenHs. SAxepHi peakiii. JIaHIFOTOBI peakilis saep.
Peakuii TepmosimepHoro cuntesy. SApepnHa eHepretuka.EnemenTapHi d9acTWHKH, iX
kinacudikamis. dyHgameHTanbHi B3aeMoii. KocmidHe BUTPOMIHIOBAHHS.

IIpu BuBYEHHI Ii€i TeMH OCOONMBY yBary 3BEpHYTM Ha OCHOBHI XapaKTEPUCTUKHU
aTOMHOI'O sipa — 3apsiJl, MacoBE YHCJIO, PO3MIpH, CIiH i MarHiTHUH MOMEHT, HOTO €HEprito
3B’SI3KYy; 3HATH BJIACTUBOCTI SJIEPHMX CHJI, a TakKOX po3iOpaTucs B MOJACIAX, SKi
BUKOPUCTOBYIOTBCS JJIsl OITUCY SIZIEP.

Crig 3acBOITH Ta ypO3yMITH SIBHINE PAI0AKTUBHOCTI, 3aKOH PaJli0aKTUBHOTO PO3Maay i
npaBWia 3MillleHHS. 3BEPHYTH yBary Ha TPYAHOI, SKi BHHUKIM TIPH TOSCHEHHI
3aKOHOMIPHOCTEH [-po3maly Ha OCHOBI 3aKOHY 30€peKEHHS CHEPTii.

[Ipu BUBUYEHHI OCHOBHMX THIIIB SIEPHUX PEAKIiii 0COOIMBO 3BEPHYTH yBary Ha Ba)KJIHBI
JUTSL TIPAKTUKHA PEakKilii JUICHHS Ta CHHTE3y aTOMHHX sifep. HeoOXiHO TakoX 3acBOITH THIH
B3a€EMO/IIN Ta KJIacH(]iKaIlio eIeMEHTaPHUX YaCTHHOK.

Jimepamypa [1, 2, 3,7, 11]

3.4.2. [lumanns ons camonepesipku

1*. CdopmymmioiiTe OCHOBHI 3aKOHM  TI'€OMETPHYHOI ONTUKW. SIKMil Gismummii 3micT Mae
aOCOMIOTHUI Ta BIIHOCHUN TOKAa3HUK 3aJOMJIEHHSA? Y 4YOMy  MOJIAra€ SBUIIE IIOBHOTO
BHYTPIITHBOTO BiOUTTS?
2*.'Y yomy nosisArae siBuile iHTepdepeHii cpitna? 3a sKMX YMOB BOHA MOKE crioctepiratucs?
3*. SIki XBWJIi HA3MBAIOTh KOTePEHTHUMU? SIKi yMOBH KOT€pEHTHOCTI HE MOXYTh OyTH BUKOHaHI,
SIKILO XBHJII BUIIPOMIHIOIOTHCS IBOMA Pi3HUMHU JpKepenamu?

[Ilo Take ontuyHa pi3HULA XO0ay? 3amuIliTh yYMOBU MAaKCUMyMy Ta MIHIMyMY IpHU
iHTepdepeHLii U1t pi3HULi (a3 Ta pi3HULI XO1y.
5. SIky BacTUBICTD, MTOB’sI3aHY 3 B1IOMBAaHHAM CBITJIa Ha TPAHUIIl ABOX A1€JEKTPUKIB, HEOOX1JHO
ypaxoByBaTH MpHU PO3PaXyHKY pe3yiabTary iHTepdepeHLii y TOHKUX MIiBKax?
6*. Y yomy mossirae sisutie qudpaxiii? 1o € HeoOX1THOI yMOBOIO 11 CIIOCTEPEIKEHHS?
7. Chopmymroitre npuniun [toifrenca - @penens. Y yoMmy cyTb MeToay 30H Openens?
8. Mo Take mudpakuis Dpenens? ChopMmynroiiTe YMOBH CIIOCTEPEKEHHS MaKCUMyMy Ta
MiHIMYMY IHTEHCUBHOCTI CBITJIa Ha OC1 KPYTJIOTO OTBOPY NpHU AUDpaKiiii Ha HbOMY.
9. o Take mudpakiis Dpaynrodepa i gk i mMoxHa crocrepiratu? ChopmyTroiTe YMOBU
CTIIOCTEPE)KEHHS MAaKCUMYyMIB Ta MiHIMyMIB IHT€HCHBHOCTI CBITJa NpH JuUdpakiii HAa OIHIN
MIUTHHL
10*. [lo Take nu¢pakmiiiHa rpatka? SIKy BeJWYMHY Ha3uBaloTh ii nepiogom? CdopmyironTe
YMOBH CIIOCTEPEXKEHHS MaKCHMYyMIB Ta MIHIMyMIB IHTEHCHUBHOCTI CBITJIa MpH Audpakuii Ha
TUQpakuiiHii rpaTi.
11. Yomy nudpaxiiiro Ha KPUCTATIYHIN PELIiTIl CIIOCTEPIraloTh Y PEHTIE€HIBCHKUX MPOMEHSX?
Hagenite ¢popmyny Bynsda - bperra.
12*. YV 9oMy CyTh sIBHINA MOJICKYJSIPHOTO PO3CisiHHS cBiTIa? 3akoH Penes. [ToscHITH 3MiHY
KOJIbOpY Heba y pi3Hi uacu 100U Ha OCHOBI 3aKony Pernes.
13*. flke sBUIE HA3UBAIOTh AUCHEPCIEIO CBITIIa? Y YOMY BiJMiHa HOPMaJbHOI Ta aHOMAaJILHOI
mucnepceii?
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14*. TMornuHaHHs CBITNIA. SIKYy 3aJIKHICTh Ma€ 11HTCHCUBHICTH CBITJIa B/l BiICTaHi, MPORUACHOI Y
MPO30pOMY CEpPEIOBUIII 3TiaHO 3aKkoHYy byrepa?

15*. fIxa BIaCTUBICTH €IEKTPOMArHITHUX XBWJIb IPU3BOIUTH JI0 SBUIIIA moysipu3amii? SIki Tumum
MOJISIPU30BAHOTO CBITJIA BaM Bijlomi? Y YoMy iX BiAgMiHa BiJl IPUPOTHOTO CBITIA?

16. SIxi sBUIIAQ BUKOPUCTOBYIOTH JUIS OTpUMaHHA mnoisipu3oBaHoro citina? o Take KyT
Bprocrepa? 3a sKMM 3aKOHOM MOTr0 MOXHA BUZHAUYUTH ?

17. Y yomy monsrae sBuie NoABiiHOro mnpomeHesasomieHus? Illo Take onTuyHa BICh
KpucTany?

18 . YV gomy nomnsirae siuine auxpoizmy? o take monspoinu? J{ns 90ro iX BUKOPUCTOBYIOTH?
19*. SIxi nmpunaau Ha3UBAIOTh MOJSIPU3ATOPAMH Ta aHAJI3aTOpaMHU. 3alMIIITh 3aKOH Majtoca.
20*. o Take TeruioBe BUlpoMiHOBaHHS? HaBeniTh 03HauUeHHS HOro XapakTepHCTHK. Ske Tiino
HA3MBaIOTh A0COJIFOTHO YOPHUM?

21*. Cdopmymroiite 3akoH Kipxroda aisi TEmnoBOro BUIIPOMIHIOBAHHS;, 3aKOHH TEIUIOBOTO
BHUITPOMIHIOBAHHS a0COJIFOTHO YOpHOTO Tija: 3akoH Ctedana — bonbsimana; 3akonu Bina.

22*. Y qomy moJisrae kBaHTOBA rinore3a [Tnanka? 3amumiite Gopmyiny s eHeprii KBaHTa.

23*. o take ¢otoedexr? Ski Buan Gporoedexty Bam Binomi? Jle BOHM BUKOPUCTOBYIOTHCA?
24*. CdopmymoliTe 3aKOHOMIPHOCTI 30BHIIHBOrO Qortoedekrty. Illo Take yepBoHA TpaHUIs
dotoedekTy; BiJ 4Oro BOHA 3aNEKUTH?

25*. Banummite piBHAHHA EiHmTeiiHa 11 doroedeKkTy Ta MOSICHITH 3aKOHOMIPHOCTI
doroedekry, cimparounch Ha Teopito EitHmiTeiiHa.

26*. HaBenite popmyinu, 1m0 3B’SA3YIOTh XapaKTEPUCTHKH (OTOHA (E€HEpriro, IMITyIIbC, Macy) 3
XapaKTePUCTUKAMHK BIAMOBIIHOI €JIEKTPOMArHiTHOI XBWJI (Y4acToTa, JOBXKHUHA XBHIII, IIIBUIKICTh
CBITIIA).

27. Y yomy nonsirae epexkt KomnroHna Ta ik MOSICHIOIOTHCS MOTO 3aKOHOMIPHOCTI 3 TOUKH 30PY
KBAaHTOBHX YSIBJICHb IIPO MPHUPOJTY PEHTI€HIBCHKOTO BHIIPOMIHIOBAHHS?

28*. Cdopmymoiite ineto ae bpoiinsa Ta 3anumite Gopmyny ne bpoitns. SIky ponbs Burpae
XBWJIbOBA MTPHUPOJIA YACTUHOK, SIKE JOCIITHE MiATBEPKEHHS Ta BAKOPUCTAHHS BOHA 3HAXOJHUTH?
29*. V yomy mnonsrae HMOBIpHICHHH 3MICT XBWJIbOBOI (QYHKII? YKaxiTh i BIaCTUBOCTI Ta
3aMMIIITh YMOBY HOpMYyBaHHs. fIKi rpaHMYHI YMOBHM IOBHMHHI BHUKOHYBATHCS JJISi XBHUJIbOBOI
byHKIIT?

30. Yun MOXIJIMBO OINMHUCATH JIOKAJI30BaHy YAaCTUHKY MOHOXPOMATHYHOIO XBHIIEKO? Skuid
¢bi3uuHuil 3MICT Mae CHIBBIIHOIIEHHS HeBU3HaueHOcTel ['eifseHOepra s KoopauHaTH Ta
IMITYJIbCY? €HEeprii Ta 4acy KUTTS BIAIOBIIHOTO CTaHy?

31* 3anumiTe 3aranbHe piBHsAHHA Llpeninrepa ta piBHsHHs Illpeainrepa ans cranioHapHUX
ctaniB. I1lo Ha3uBalOTH BIIACHUMU 3HAYEHHSIMH €HEprii Ta BIaCHUMHU (QYHKIIAMU?

32. YoMy HOpiBHIOE MOTEHIIaJbHA €HEPris B3a€MOJIl eNeKTpoHa 3 sIpoM B aromi? 3amuiliTh
ctarionapHe piBHsAHHA Llpeninrepa mns aroma rifgporeHy. KBaHTyBaHHS SKHX MapaMeTpiB
€JIEKTPOHY B aTOMi BUTIKA€E 3 IIbOTO PIBHSHHSA?

33*. Illo BM3HAYAIOTH TOJIOBHE, OpOiTaIbHE 1 MarHiTHe KBaHTOBI yucia? SIKi 3HAYCHHS BOHU
NpUNMarOTh?

34*. Illo Take cmin MikpouacTuHku? Illo xapakTepusye CIiHOBE Ta MarHiTHE CHiHOBE KBAaHTOBE
qucno?

35*. Ha3BiTh KBaHTOBI uKcia, HEOOXiHI JIJIs1 IOBHOTO OIHUCY CTaHy €JIEKTPOHA B aTOMI.

36. Y yoMy mosmsrae MPUHIXI TOTOKHOCTI KBaHTOBHX YAaCTHHOK? SIKi YaCTHHKM Ha3WBAIOThH
dbepmionamu, 6030HaMH?

37*. Chopmyiroiite mpuHIAI 3a00oporwn [Tayii.

38*. Illo Take eneKTpOHHH Iap, eNEeKTPOHHUHN mifamap (000I0HKA) y 6araTo eIeKTPOHHOMY
atoMi? SIK ysBIEHHS Mpo iX OYJOBY [03BOJISIOTH MOSCHUTH MEPIOJUYHICTh BIACTUBOCTEH
XIMIYHHX €JIEMEHTIB?

39*. 3 AKuX YaCTUHOK CKJIAJIA€THCA SAIPO?

40*. Yum BU3HAUYA€THCS 3apsA0Be Ta MacoBe uncio sapa? 1o take i3otonw, i300apu?
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41. TlosicHiTh, YUM OOYMOBIICHE T€, III0 Maca siApa 3aBXKId MEHIIA 3a CYyMy Mac HYKJIOHIB, IO
BXOJSATh J10 MOTO CKJIALy.
42*. o Taxe enepris 3B’ s13Ky saapa? Sk il 004HCIIOI0TH?
43*. TlepeniunTh BIACTUBOCTI SAICPHUX CHIL.
44* . 11lo Take pasioakTHUBHICTH? SIKi BUIAM PalioaKTUBHOTO PO3IAy BaM Biomi?
45*%, 3akoH paJloaKTUBHOrO po3many. SAxkuil (Pi3uuHUN 3MICT Mae craja posmnany, Mepiof
HamiBpo3many? 3B'SI30K MK CTaJOK PO3Maay 1 MepiojloM HamiBpO3Maay Ta CEpPEeIHIM YacoM
KHUTTH.
46*. I1lo Take o- po3nan? 3a KO CXeMOIO BiH BiZIOyBaeThCsA? SIKUM € CHEPreTHUHUI CIIEKTp o-
posnany?
47*. SIxi Bumm B- posmamy Bam Bifomi? SIkuil €HEpreTUYHUN CHEKTP € XapaKTepHUM IS
€JICKTPOHIB Ta MO3UTPOHIB, SIKI BUIIPOMIHIOIOTHCS MpH B- posmai?
48*. I1lo Take y-ipomeHi? SIkuii eHepreTHUHUH CIIEKTP € XapaKTEPHUM JIJIsl Y-BUIIPOMIHIOBAaHHS?
49*. Illo Ha3uWBalOTh SJAEPHOIO peakiiero? Ski smepHi peakilii HA3WBAIOTh EK30TEPMIYHUMU?
EnmorepmivaumMu?
50*. V yomy nomsrae simepHa peaxiis noauny? o Take maHioroBa peakuis noainy? 3a sSKux
YMOB BOHa MOe OyTH 37iiicHeHa?
51*. Illo Take koedilieHT pPO3MHOKEHHS HEWUTpoHIB? SIKi Horo 3HAYEHHS BiAMOBIAAIOTH
KPUTHYHOMY, TIIKPUTHYHOMY Ta HAJKPUTHIHOMY PEKUMY JIAHITIOTOBOI SICPHOT peakiii?
52*. YV 4yoMmy mofsrae peakilis CHUHTE3y JIeTKuX saep? Y 4YoMmy TpYAHOLU 3A1HCHEHHS
TEPMOSIIEPHOT peaKiii?
53. ki votupu Tunu ¢GyHIAMEHTAIBHUX B3a€MOJIA ICHYIOTH y mnpuponi? Onumnite ix
BJIACTHBOCTI.
54. HaBeniTh Kmacudikaiito eJIeMEeHTAaPHUX YaCTHHOK.

(* - muTaHHs IS caMOIIepeBipKU 0a30BUX PE3yJIbTATIB HABYAHHS - 3HAHb, BMiHb, HABUYOK).

3.6. Moayas 3M-II1 «JlabopaTopHi podoTH»

3.6.1. Ilosuanns

[ToBHuil onmc naboparopHux poOIT (mepenik mpuOOpiB Ta MNpUIAAIB; TEOPETUUHHM
BCTYIl; METOJIMKa BUKOHAaHHS pOOOTH, IMOCIHIOBHICTh PO3paxXyHKIB Ta OOYMCIIEHHS MOXHOKHU
BUMIPIOBaHb HaBEJCHI y BIJMOBIIHUX METOAMYHMX BKa3iBKaxX /10 BUKOHAHHS JabOpaTOpPHOI
pobotu. Tam jke TNpUBEACHHI MHUTAHHS [0 CAMOKOHTPOJIO CTYJAEHTIB MpPH MIATOTOBII 0
nabopaTopHOi POOOTH.

IHcTpykuii 10 BUKOHAaHHS J1a0OpaTOpHUX pOOIT MOXXKHA 3HAWTH Ha caifTi Kadeapu
3arajibHOI Ta TeopeTnyHoi ¢izukn y kypcax @PI3UKA-1 ta PISUKA-2.

4. IMTAHHA 10 3AXOAIB IOTOYHOTI'O, IITACYMKOBOI'O TA
CEMECTPOBOI'O KOHTPOJIIO

4.1 TecToBi IMTAHHSA 10 MOYJIbHOI KOHTPOJIbLHOI po6oTu MoayJas 3M-JI0

1. MaTtepiaiabHOIO TOUYKOIO BBAXXAIOTh TLJIO ...

Jlimepamypa [1,c.13; 2, c.6]
2. Cucrema BIJUTIKY BKJIFOYA€E y cebe ...

Jlimepamypa [1, c.14; 2, c.7 ]
3. TpaexTopist pyXy MarepiabHOi TOYKH — II€ ...

Jlimepamypa [1, c.14; 2, c.8 ]
4. TlepeMilieHHs MaTepialibHOT TOYKH — II€ ...

Jlimepamypa [1, c.14; 2, c.8 ]
5. BennuwHu nuisxy Ta nmepeMimieHHs TOYKHA CIIBIIAIal0Th Y BUMAJKY ...
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Jlimepamypa [1, c.14; 2, c.8 ]
6. [lIBuakicTh (MUTTEBA) MaTEPiaTbHOI TOYKH — IIE ...

Jlimepamypa [1, ¢.15; 2, ¢.9 ]
7. HaBeneHi rpadiku OMUCYIOTh MPAMOJiHIHHMN pyX. [IpsiMoiHITHOMY PIBHOMIPHOMY PyXY
BiJmoBigae rpadixk ...

Jimepamypa [1, c.17; 2, ¢c.9]
8. MarepianpHa TOYKa pyxaiacs B3JI0BXK KOJIa pajiiyca 5 M. BiJl TOUKH A 10 Touku B, siki exarhb
Ha MPOTWICKHUX KIHISIX JiaMeTpy, mpotsaroM 10 c. BenmuunHa cepeHbOro 3HAYCHHS MOTYJIS

[IBUIKOCTI <V> MOPIBHSIHO 3 MOJYJIEM CEpeAHBOI MIBUIAKOCTI ‘<\_/>‘ TOYKHU €

Jlimepamypa [1, ¢.15; 2, c. 9]
9. PiBHO3MIHHHI NPSIMOJIIHIMHAKA PyX TOYKHU — II€ PyX, IPH SIKOMY TOYKA 32 OJTHAKOB1 MPOMIKKH
qacy ...
Jimepamypa [1, c.17; 2, ¢.12]
10. OuHus BUMIpIOBaHHS MPUCKOPEHHS, BUPAKEHA Yepe3 OCHOBHI OJMHUII MI>KHAPOIHOT
CHUCTEMHU OAMHHITL S|, Mae pO3MIpHICTS ...
Jlimepamypa [1, ¢.9]
11. PiBHONIpHCKOpEHUH NPSAMONIHIMHUNA pyX 0€3 MOYaTKOBOT IIBUIKOCTI OMUCY€E PIBHSHHS
Jimepamypa [1, c.16; 2, c.11]
12. Hanpsim Ta BeTMYMHA TAHTE€HI[IAIBHOTO IPUCKOPEHHS d, BU3HAYAIOTHCA (POPMYJIOIO ...
Jlimepamypa [1, ¢.16; 2, ¢.10]
13. Ha pucynky 300pakeHi TpaeKTOpil MaTepialbHUX TOYOK Ta BEKTOPH iX IIBHIKOCTI y JABa
MOMEHTH 4acy. TaHreHmiaabHe npuckopeHHs Touku (a, < 0) y Bunazky ...
Jlimepamypa [1 ¢.16; 2, ¢.10]
14. Kyt Mi BEeKTOpaMH IMBUIAKOCTI Ta MPUCKOPEHHS ISl MaTepialbHOI TOUKH, KA PyXa€eThCs
PIBHOMIPHO B3/IOBXK KOJIa, CKJIAJIaE ...
Jlimepamypa [1, c.16; 2, ¢.10-11]
15. Pyx marepianbHOi TOYKHM, TaHTEHIIalbHA CKJIaJ0Ba NPUCKOPEHHA AKOi & =const, a
HOpMaJlbHa CKJIaJI0Ba NPUCKOpPeHHA @, =0 € ...
Jimepamypa [1, c.17; 2, c.11]
16. KyroBa mIBUAKICTb pyXy MaTepiaabHOi TOUKH — II€ ...
Jlimepamypa [1, ¢.18; 2, ¢.12]
17. VY Bunasaky piBHOCIIOBUIBHEHOTO 00€pTaNIbHOIO PyXy MaTepiajabHOi TOYKH BIIHOCHO
HEpPYXOMOI OCi BEKTOp KYTOBOT'O IPUCKOPEHHS & CHPSMOBAHHH ...
Jimepamypa [1, ¢.18; 2, ¢.13]
18. XBuinmHHa cTpinka y 2 pa3u Oulblia 3a TOJAMHHUKOBY. MOnysi HIBUJAKOCTI KiHIIB
TOJIMHHUKOBOT Ta XBWJIMHHOI CTPUIOK BIJPI3HAIOTHCS Y ... Pa3H
Jlimepamypa [1, c.19; 2, ¢.13]
4.2 TecToBi NUTAHHS 10 MOAYJIbHOI KOHTPOJIbHOI podoTn Mmoayas 3M-JI1

1. InepuianbHi CUCTEMH BIAIIKY 3aBXKIM PYXalOThCs BITHOCHO OJTHA OJIHOI ...
Jimepamypa [1, c.46]
2. Mipoto iHepTHUX BIACTUBOCTEH MPH MOCTYNaIbHOMY PYCi Tija € Horo ...
Jimepamypa [1, c.47; 2, c.15]
3. Tpu Tina OAHAKOBOI MacH Mij JI€I0 CHJI PYXalOTbCsA 3 PI3HUMHU NPUCKOPEHHSIMM TakK, IO
a, > a, > a,. Haiibupma cuna nic Ha ...

Jimepamypa [1, c.46; 2 ,¢.16]

4. Imnynsc Ti1a P BU3HAYA€eThCA 32 GOPMYIIOIO ...
Jimepamypa [1, c.47; 2, c.16]

5. udepenniansHoro Gopmoro 3anucy apyroro 3akony HeioToHa € popmyna ...
Jimepamypa [1, c.46; 2, c.16]
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6. Cyma BHYTpILIHIX CHJI 3aMKHEHOI CUCTEMH JIOPIBHIOE ...
Jimepamypa [1, c.47; 2 ,¢.19]
7. XapakTep pyxXy CHCTEMH MaTepiajJbHHX TOUOK BU3HAYAETHCA JI€I0 PIBHOIINHOI ...
Jimepamypa [1, c.47; 2, ¢.20]
8. OauHuI BHUMIPIOBaHHA CWJIM, BHpakeHa uepe3 OCHOBHI oauHuui cucremMu Cl mae
PO3MIPHICTb ...
Jlimepamypa [2, c.16]
9. o BixOyneTbes 3 BiTHOCHOKO e(hOpMaIli€r0 po3TITy A% 3rigHo 3akoHy ['yka mpu 3amiHi

CTAJILHOTO JAPOTY APOTOM TOTO CaMOTO Mepepisy, ajie yaBidi OUTBIIOT JOBXKUHU 332 HE3MIHHUM
HABaHTa)KCHHAM?
Jlimepamypa [1, ¢.50; 2, c.44]
10. Cuna 3emMHOro TsOKIHHS € y 9 pa3iB MEHIIOIO, HIX Yy MOBEpXHI 3eMili, Ha BiJCTaHI Bij
noBepxHi 3emui, sika gopiBHioe (R — paaiyc 3emii) ...
Jlimepamypa [1, ¢.48]
11. Cuna He BUKOHYE pOOOTH, SKIIO KYT MK BEKTOpAMH CHJIH 1 IEpEMIIIEHHS TOPIBHIOE ...
Jlimepamypa [1, ¢.76; 2,c. 24]
12. MexaniuHa poO0Ta KOHCEPBATUBHOI CHJIM  3AJICKHUTH TUIBKHU Bif ...
Jlimepamypa [1, ¢.76; 2, ¢.25]
13. 3akoH 30epekeHHs] MEXaHIYHOI €HepTii BUKOHYETHCS TUIBKH ISl CHCTEM, SIK1 33/I0BOJILHSIOTH
HACTYIIHUM YMOBaM: ...
Jimepamypa [1, c.77; 2, ¢.28]
14. MomMmeHT iHepIii MaTepiaJbHOI TOUYKH BITHOCHO OCi JIOPIBHIOE ...
Jlimepamypa [1, ¢.99; 2, c.54]
15. Miporo KiTbKOCTI pyXy Tijia Mpu 00epTaibHOMY pyci € Horo ...
Jimepamypa [1, c.101; 2, ¢.38]
16. Hutky, sika yTpuMye MalleHbKY KYJIbKY, IIO OO€pTa€eThCs, MOYMHAIOTH HAMOTYBAaTH Ha
CTpUKEHb, 3MEHUIYIOUU paJilyc 00epTaHHs KyJabKH. MOMEHT 30BHIIIHIX CHJI JIOPIBHIOE HYIIIO.
HIBuaKicTh 00E€pTaHHS KYJIBKHU MPHU LIOMY ...
Jimepamypa [1, ¢.101; 102; 2, ¢.40]
17. 3 onHoro piBHsA h MOXMIIOl IUIOIMHU CKOUYYIOThCS 0€3 KOB3aHHSA O00pydY, LMJIIHAP 1 KYJIs.
binpmmii yac Ha MPOXOJHKEHHSI LIUISIXY BUTPATUTh
Jlimepamypa [1, ¢.109]
18. 106 macaxwup y nihTi 3HAXOAUBCS y CTaHI HEBAarOMOCTI, JTIT MOBHHEH PyXaTHCH ...
Jlimepamypa [1, ¢.122; 2, ¢.53 ]
19. Cuna Kopiourica, o gi€ Ha MOTIK BOJM y Pivlli, IO Te€Ye y MiBACHHIN MIBKYJI B3JJ0BK
MepuiaHy, COpSMOBaHa ...
Jlimepamypa [1, ¢.122; 2, ¢.54,55]
20. BrumuB BiIUEHTPOBOI CHJIM 1HEpLIi HAa BEIUYMHY TNPUCKOPEHHS BUIBHOIO MaiHHA 31
3MEHIICHHSM IMUPOTH MICIISI CIOCTEPEKESHHST TPU3BOUTH JIO ...
Jimepamypa [1, ¢.122,125]
21. Pimuna Teue TpyOoro 3MiHHOTO Nepepisy. [Ipu npomy di = 2d2 (d — giametp Tpyom). Sk iy
CKUTBKHM pa3iB BiAPI3HAETHCS MIBUAKICTD Te€Uil V; MOPIBHIHO 13 MIBHIKICTIO V,?
Jimepamypa [1, ¢.133; 2, ¢.58]
22. Ilepepi3 cTpyMeHs piAuHU, 110 0 € 31 IITAHTY BBEPX, 13 BIJICTAHHIO BiJl OTBODY ...
Jlimepamypa [1, ¢.133; 2,¢.58]
23. I'pajiieHT MBUAKOCTI PiAMHY, 10 TeUe MO TPyOi, CIPIMOBAHUH ...
Jlimepamypa [2 c.62]
24. Atmocdepuuii Tuck nopiBaioe 100kIla. Tuck y Boai Ounbiuii 3a atMocdepHuil y 6 pasiB Ha
rHOUHI ...
Jlimepamypa [1, ¢.131; 2, ¢.57]
25. PiBHsHHS bepHysIi. MOKHa OTpHUMATH Ha ITi/ICTaBi 3aKOHY ...
Jimepamypa [1 ¢.134; 2 ¢.59]
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26. [aBapiaHTHIMH BETMYMHAMH T10 BiHOIICHHIO JI0 epeTBOPEHb JIopeHna € ...
Jlimepamypa [2, ¢.69, 75 ]

27. l1Ba (hOTOHU pyXaroThCs HA3yCTPid OJMH OJHOMY Y BaKyyMi 31 IIBUAKICTIO € KOXKHUH (€ —

IIBUKICTH CBITJIa Y BakyyMi). BillHOCHA MIBUAKICTh HAOJMIYKEHHS YaCTHHOK CKJIAJAE ...

Jlimepamypa [2, ¢.69, 75]
28. TIoHATTS «ineabHUH ra3» 03HAyaE, M0 ra3 3aJJ0BOJIbHSE HACTYITHUM BUMOTaM:
Jlimepamypa [1, c.153; 2, ¢.82]

29. Ipu 130XOpHOMY TIPOIIEC] Y Ta31 HE3MIHHOIO 3AJIUIIAETHCS BEJTMYMHA . ..
Jlimepamypa [1, ¢.157; 2, ¢.83]

30. AniabaTHu# TIpoliec — mpolLec, IPH TKOMY

Jlimepamypa [1, ¢.157; 2, ¢.107]
31. PiBHsIHHSA 130TepMHU BUpaxkae GhopmyJa
Jlimepamypa [1, c.157; 2, ¢.83]
32. OauHuIer0 BUMIPIOBaHHS KUIBKOCTI ped4oBUHU Yy MIXKHApOIHIN cucTeMi oquHUIb S, €
Jlimepamypa [1, c.158; 2, ¢.86]
33. Boaenr Hz, xucenp Oz, azor N2 Ta Bomsna mapa HoO (MonsgpHi mMacw BiAmoOBiIHO
nopisaiooTs 2-10° kr/mons,  32-10° kr/moms, 28-10° kr/moms Ta 18:10° kr/mois)
3HaXOAATHCS TPU OJJHAKOBOMY THUCKY 1 TEMIIEpaTypi. 3a UMU YMOBaAMH MaKCHMAIIbHY TYCTHHY Ma€e
Jimepamypa [1, ¢.159]
34. OcHOBHHUI 3aKOH MOJIEKYJIIPHO-KIHETHUHOT Teopii ra3iB (ocHoBHe piBHsHHSI MKT) Bupaxae
dbopmyna
Jlimepamypa [1, ¢.176; 2, ¢.87]

35. Ha ctyminp ¢cB000IM OCTYNAIBHOTO PYXY MOJIEKYIIH Ta3y IPUIIAIae CHepris
Jlimepamypa [1, ¢.177; 2, ¢.100]

36. TppoxaToMHa MOJIEKYJIa Ma€ KOPCTKHUU 3B'A30K M aroMaMu. Ha mocTynanbHui pyx Bif

BCi€l KIHETUYHOT eHeprii NMpumajae yacTuHa, Ka JOPIBHIOE

Jimepamypa [1, ¢.177; 2, ¢.100]

37. 3anexxHiCTh cepelHbOl HIBUIKOCTI MOJIEKYJIH 11€aJIbHOTO ra3y BiJl TEMIEpAaTypH Ma€ BUTIISA;
Jimepamypa [1, ¢.179; 2, ¢.90]

38. Mouieky/m KHCHIO i BOJHIO MArOTh OJIHAKOBI CEpe/IHI KBaAPATUUHI IIBUIKOCTI MOCTYNAIBHOIO PYXY.
SIK 3MIHATBCS 3HAYEHHS mBHHKOCTeﬁ MOJICKYJI KUCHIO i BOJAHIO micas TOrO, K ra3u HepeMi]_HaJ'H/I?
Jimepamypa [1, ¢.180; 2, ¢.90]

39. 3a AKMM 3aKOHOM 3MIHIOETHCS aTMOC(EPHUI TUCK 13 30UIBILIEHHSM BUCOTH HaJ PIBHEM

Mopsi?

Jlimepamypa [1, ¢.180; 2, ¢.91]

40. V sBuii qudy3ii 3MiHCHIOETHCS IEPESHECCHHSI
Jlimepamypa [1, ¢.194; 2, ¢.95]

41. Jlo BHYTpIIIHBOI €HEprii 11€aJbHOr0 ra3y BXOAUTh
Jlimepamypa [1, ¢.212; 2, ¢.100]

42. Tlpm HajmaHHI ifeadbHOMY Ta3y Ti€i camMoOi KUTBKOCTI TEIUIOTH HAaWOUIbINE ITiIBUIICHHS

temneparypu AT nocsraerses miz gac npouecy
Jlimepamypa [1, c. 210,112; 2, ¢.105]

43. Tlpu agiabaTHOMY NOLIMPEHHI ra3y HOro BHYTPIIIHS €HEprid ...
Jimepamypa [1, ¢.216; 2, ¢.108]

44. PoboTa ra3y JOpIBHIOE HYIIIO IiJT 9ac MPOLecy
Jimepamypa [1, ¢.213; 2, ¢.105]

45. 3 HaBeJIeHUX HWXKYe MPOIIECiB HEOOOPOTHUM E€ ...

Jimepamypa [1, ¢.239]

46. KoeoimieHT KOpUCHOI /111 TEMJI0BOT MALIMHU — 1€ BETUYMHA, KA JOPIBHIOE ...
Jimepamypa [1, ¢.242; 2, ¢.111]

47. T'a3 Bukonye muki Kapno. AGcomoTrHa Temmeparypa Ti1 HarpiBHHKa B 4 pa3u BHIIA 32

abcomoTHy Temneparypy T2 xomoamnbauka. KK mboro mukimy gopiBHIOE:
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Jlimepamypa [1, ¢.242; 2, ¢.117]
48. I1pu migBumenH1 Temnepatypu HarpiBHuka KK/ TeroBoi Mmammnu
Jlimepamypa [1, ¢.242; 2, ¢.117]
49. 3riIHO 3 IPYTUM 3aKOHOM T€PMOJIMHAMIKH Y 3aMKHEHUX CHCTeMaX IMPHU MPOTIKaHHI B HUX
HEOOOPOTHOTO MPOLIECY EHTPOIIISI CUCTEMH ...
Jimepamypa [1, ¢.240; 2, ¢.113]
50. Kpuna (a3oBoi piBHOBar# ,,TBEp/e TIJIO — Mapa ~’ 3aKiHIy€ETHCS
Jimepamypa [1, ¢.261; 2, ¢.145]
51. IIpu noBHOMY HE3MOYYBaHHI MOBEPXHI PIANHOIO 3HAYCHHS KPAiOBOTO KyTa JOPIBHIOE ...
Jlimepamypa [1, ¢.266; 2, ¢.133]
52. SIkmii mporiec CoCTepiracThes MpH 130TEPMIYHOMY CTUCKAaHHI HACHYEHOT mapu?
Jimepamypa [2, ¢.123]
53. SIkwmii 3 HaBeIeHUX MPOIIeCiB ( MTAPOYTBOPEHHS; KUIIIHH; KOHACHCAIIIS TapH y PiAUHY;
IUIABJICHHS) CYNPOBOKYETHCS BHIUICHHSM TEIIJIOTH?
Jimepamypa [1, ¢.266; 2, c.144]

4.3 TecToBi NUTAHHS 10 MOAYJIbHOI KOHTPOJIBLHOI podoTH Moayas 3M-JI2

1. SIK 3MIHUTBCS CHJIa B3a€EMOIIT JIBOX TOYKOBHUX 3apsi/IiB IPU 3MEHIIICHHI BEIMYUHU KOKHOTO 3
HUX y 3 pazu?

Jlimepamypa [1, ¢.283; 2, ¢.149] ‘ - @
2. Ha pucynky 300pakeHa cuiia, sika Jii€ Ha 3apsaa o 3 OOKY eJICKTPHYHOTO

10JI51, YTBOPIOBAHOTO 3apsiaMu (, 1Q,. BusnauuTu 3Hak 3apsaay (.
Jlimepamypa [1, ¢.284; 2, ¢.149]
3. Cu10BOIO XapaKTEPUCTUKOIO €JIEKTPUYHOIO MOJIA € HOTO ...
Jimepamypa [1, ¢.284; 2, ¢.150]
4. HampyXeHICTbh eIeKTPUYHOTIO MOJIsI TOYKOBOT'O 3apsy Hajae Gpopmyia:
Jimepamypa [1, ¢.284; 2, ¢.150]
5. Jlekiipka TOUKOBHX 3apsaiB BMilleHO y cdepy paaiycy R. Illo BinOyneTbes 3 moTokoM
BEKTOPA HAIIPYKEHOCTI uepe3 cdepy, AKUIO ii paaiyc 301UIbIIUTH yABIY1?
Jlimepamypa [1, ¢.286; 2, ¢.155]
6. PoboTa 1mo nmepeMilieHHIo 3apsiiy B IEKTPOCTATUIHOMY TT0JTi 3aJIC)KHUTh BiJT
Jlimepamypa [1, ¢.288; 2, ¢.160]
7. JlBa TO3UTHBHMX Ta JBa HETATHBHHUX 3apsSAH OJHAKOBOI BEIIMYMHU ( PO3TAIIOBaHI y
BEpPIIMHAX KBaJpaTy 31 CTOpPOHOIO a. [ToTeHIian mons y ueHTpi KBaapaTa JOPIBHIOE ...
Jlimepamypa [1, c.288; 2, ¢.57]
8. Sxwuii B3aeMHUI HAIIPSIMOK MArOTh BEKTOPU HANPYKEHOCTI Ta TPATIEHTY MOTEHITIATY
€JIEKTPOCTATUYHOTO 1OJIsA?
Jlimepamypa [1, ¢.288; 2, ¢.162]9.
9. EnexTpu4HMil IUTIOB — 1€ CYKYIHICTh JBOX TOUYKOBHUX 3apsiliB, SIKI ...
Jlimepamypa [1, ¢.291 ; 2, ¢.152]
10. Sk BnMBae mossipu3alis, 10 BUHUKAE B JieIEKTPUKAX, Ha BEJIMYMHY HAIIPY>KEHOCTI
30BHILIHBOTO MOJIA?
Jlimepamypa [1,¢.293; 2, ¢.166]
11. Hampy»xeHICTb Mo ycepeuHi NpOBIJHUKA, IKUH OMIILIEHUH B eIeKTpUYHE T0JIe,
JIOPIBHIOE
Jimepamypa [1, ¢.295; 2, ¢.171]
12. EnexkTpoeMHICTh MJIOCKOTO KOHACHCAaTOpa Haaae hopmyna:
Jimepamypa [1, ¢.295; 2, ¢.175]
13. Tlpu mociioBHOMY 3’€THaHHI KOHJEHCATOPIB iX CyMapHa €MHICTh:
Jimepamypa [1, ¢.296; 2, ¢.177]

-
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14. Mo BinOyBaeThcs 3 MOTCHIIATBLHOK EHEPTi€l0 B3a€MOJIl JIBOX OJHOMMEHHHX TOYKOBHUX
3apsiiB, O BiIAATIOIOTHCS OUH A0 OJHOTO?
Jlimepamypa [1, ¢.297; 2, c.177]
15. IInockuit KOHACHCATOP MiAKIIOUEHO JI0 J)Kepesa Hanpyrd. BiacTtans M miacTHHAMU
3MEHIIMIN yzBivi. [Ipy boMY eHeprisi eeKTpUYHOro Mot KOHACHCATopa ...
Jimepamypa [1, ¢.297,300; 2, ¢.178]
16.EnexkTpuyuHuii cTpyMm — I1€. ...
Jlimepamypa [1, ¢.343; 2, ¢.180]
17.Y 3arajbHOMY BHITaJIKy O3HAUCHHS MOHATTS BEJIMYUHU CTPyMy Hajae Gopmya:
Jlimepamypa [1, ¢.343; 2, ¢.180]
18. O3HaueHHIO MOHATTS ,,eJIEKTPOPYIIiiHA CHUIIa JDKepesa cTpyMy” BiamoBigae Gpopmyna:
Jlimepamypa [1, ¢.345; 2, ¢.182]
19. OnunwuICI0 BUMIPIOBAaHHS HaNnpyru y MibKHapoAHI# CUCTEMI OJIMHHMIIb € ...
Jlimepamypa [1, ¢.345; 2, ¢.182]
20. O1HOPITHOIO HA3UBAIOTH AUISHKY KOJIa, Ha SKii AIFOTh TUIBKH CUJIH ...
Jimepamypa [1, ¢.345; 2, ¢.183,186]
21. Hanpyra Ha HEOAHOPIIHIN AUISHIII KOJa BU3HAYAETHCS POOOTOO CHII ...
Jimepamypa [1, ¢.345; 2, ¢.182]
22. 3akonom OMa y nudepenuianbHii hopMi 1S OTHOPIIHOI ITITHKY KOJa € BUPA3:
Jimepamypa [1, ¢.346; 2, ¢.184]
23. Onip npoBiTHUKA 3aJIEKHUTH BIT ...

Jimepamypa [1, ¢.346; 2, ¢.183] 40m
24. 3aranpHuit omnip 300pakeH01 Ha PUCYHKY AUISHKH KOJla ] 40m
JOPIBHIOE ... 1 I
Jlimepamypa [1, ¢.347,348] RO

25. 3akon Oma 111 TOBHOTO KOJIa Ma€ BUTIISA!
Jlimepamypa [1, ¢.347; 2, ¢.186]
26. 3akon Jxoymst — JleHna B inTerpanbHiin hopmi Hagae Gopmyna:
Jlimepamypa [1, ¢.348; 2, ¢.185]
27. EnexTpuyHa TUIMTKA Ma€ JIBi CITipalTi OJTHAKOBOTO oropy. [Ipu skoMy BKITFOUCHHI CITipaieit
yac, HeOOX1IHUH NSl HarpiBaHHs BOAM y YaWHUKY JI0 TEMIIepaTypu KUIiHHs, Oyze
MiHIMaTHbHUM?
Jlimepamypa [1, ¢.348; 2, ¢.185]
28. TepMOEIEKTPOHHA eMiCis — IIe ...
Jlimepamypa [2, ¢.195]
29. 3apspKeHa YaCTHHKA, SIKA PYXa€ThCS, YTBOPIOE ...
Jlimepamypa [1,¢.374; 2, ¢.204]
30.CutoBOIO XapaKTepUCTUKOIO MarHiTHOTO TOJIA € ...
Jlimepamypa [1,c. 374; 2, ¢.205]
31. Jlinii MaraiTHOT iHAYKIi (CHIIOBI JIiHIT MAarHITHOTO TIOJIS) € ...
32.Cuna Amnepa, 110 Ji€ Ha €JIeMEHT CTpyMy 3 OOKy MAarHiTHOTO MOJsI, Ma€ MaKCHMallbHE
3HAYEHHSI, SIKIIO. ..
Jlimepamypa [1,c. 378; 2, c.209]
33.MarHiTHY iHJIYKIIiO TTOJIS €JIEMEHTa CTPYMY MOYKHA PO3PaxyBaTH 32 3aKOHOM ...
Jlimepamypa [1,c. 375; 2, c.207]
34. MarHiTHa iHIYKIIis TIOJIsl, CTBOPEHOTO MPSMOJIiHIHIM TPOBITHUKOM HECKIHYEHHOT
JIOBXKUHH 31 CTpyMOM I, Ha BiJICTaH1 I' BiJ] IPOBITHMKA BU3HAYAETHCSA 32 POPMYIIOHO. ..
Jlimepamypa [1,c. 376; 2, ¢.208] 1
35.Ha pucyHKy nokasaHi nepepisu J1BOX NpsSMUX HECKIHUEHUX MPOBIIHUKIB 31
ctpymamu (A ta B), omHakoBrMH 3a BenmrmunHOK0. Hampsim BeKTOpa MarHiTHO1 C
iHayKii y Touri C MarHiTHOTO MOJIs MPOBIAHKUKIB A Ta B npu 3agannx
HarpsiMax CTPyMiB CITIBIAJA€E 3 HAIIPSIMOM BEKTOPA
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Jlimepamypa [1,c. 376; 2, c.207]
36. ®opmymoro, sika Bu3Havae cwry JlopeHna e ...
Jimepamypa [1,c. 377; 2, ¢.212]
37. Cuna JlopeHna, sika i€ Ha 3apsii B MarHITHOMY TI0J1i, 3MIHIOE ...
Jlimepamypa [1,c. 378; 2, ¢.212]
38.EnexTpoH, MpOTOH Ta O-4aCTHMHKA (AP0 TEJil0) BIITAIOTh 3 OJHAKOBOK IIBHJIKICTIO B
OJTHOpiIHE MarHiTHE MoJie MEePHEeHIUKYIAPHO 0 JiHii MarHiTHOI iHAyKuii. Kono HaliMeHmoro
pazaiyca OIucCYye ...
Jlimepamypa [1,¢.400; 2, ¢.213]
39.MaruiTHU NOTIK, KU POHU3YE PAMKY MOXKE 3MIHIOBATHCS 332 PaXyHOK
Jlimepamypa [1,¢.380; 2, ¢.219,220]
40. BenmnuuHy eeKTpOPYIIIHHOT CHIIM 1HAYKIIT BU3HAYA€E 3aKOH ...
Jlimepamypa [1,¢.380; 2, ¢.224]
41.THAYyKTUBHICTH COJICHOI/1a 3aJIC)KUTH BiJ ...
Jlimepamypa [1,¢.382; 2, ¢.229]
42.OauHULICIO BUMIPIOBaHHS 1HIYKTUBHOCTI € ...
Jlimepamypa [1,c. 382; 2, ¢.228]
43.Slxkum unHom EPC camoinaykiii, 10 BUHHKAE MPU 3MiHI CTPyMy y KOHTYpi, BIUIMUBA€E Ha
[IBUIKICTH i€l 3MIHU ?
Jlimepamypa [1,c. 382; 2, ¢.229]
44 Bin’e€MHY Mar"iTHy CIPHHHSATINBICTh MAIOTh ...
Jlimepamypa [1,c. 385; 2, ¢.241]
45.Haii01np1y MarsiTHy IPOHUKHICTE [ MAioTh ...
Jlimepamypa [1,¢.386; 2, ¢.243]
46. ]I BUTOTOBIICHHS TOCTIHHUX MarHiTiB BUKOPUCTOBYIOTD ...
Jlimepamypa [1,c. 386; 2, ¢.244]
47 PiBHsHHS MakcBena Ui eJ1eKTPOMarHiTHOrO MOJIs, IKe BUPAXKae 3aKOH €JIeKTPOMAarHiTHOI
IHIYKITIT, Ma€ BUTJISI:
Jlimepamypa [1,¢.387,388; 2, ¢.251]
48. BUKJIMKaTH MPYXHI TapMOHIYHI KOJMBAHHSA 3[IaTHI CHJIN:
Jlimepamypa [1,c.424,425; 2, ¢.258]
49.YacroTa KOJIMBaHb TOYKH, SIKa 3/IIICHIOE TAPMOHIYHI KOJMBaHHS 3 miepiogom T=2 ¢
TIOPIBHIOE:
Jlimepamypa [1,¢.423; 2, ¢.256]
50. 3akoH, 3a SKUM BiZOYBarOThCS KOJMBAaHHS TOYKM Mae BUIIL X =2 Sin 5t (cm).
MakcumanbHe 3Ha4Y€HHS MIBUIKOCTI TOYKHU JOPIBHIOE ...
Jlimepamypa [1,¢.424; 2, ¢.258]
51. Yac penakcarii — 11e MPOMIXKOK 4acy 3a SIKMH aMIUTITy/a 3racalouyuX KOJUBaHb...
Jlimepamypa [1,¢.426; 2, ¢.269]
52.Touka npuitmae y4acTb y JBOX B3aEMHO MEPIECHINKYISIPHUX KOJIMBAHHIX OTHAKOBOT
YaCTOTH, OJHAKOBOI aMILTITYIH 3 pisHUIEI (a3 Ap= * 1/2. TpaeKkTopisi TOUKH € ...
Jlimepamypa [1,¢.432; 2, ¢.265]
53. SIk 3MIHMTBCS MEepioJ KOJUBaHb KOJIUBAJIBHOTO KOHTYPY, Y SIKOMY €JIeKTPOEMHICTh
30UTBIIMIIN Y YOTHPH pa3u (OImip HE BPaxOBYyBaTH)?
Jlimepamypa [1,c.428; 2, ¢.263]
54. TlpaBuiIbHO ONMKMCYE BUMYIIEHI KOJIMBAHHS Y KOJIMBAJIbHOMY KOHTYP1 PIBHSHHA ...
Jlimepamypa [1,¢.429; 2, ¢.272]
55. IloBHu omip KoJIa 3MIHHOTO CTPYMY 3aJI€XKHUTh BiJI HOTO. ..
Jlimepamypa [2, ¢.279]
56. I1pu po3moOBCIOMKEH] XBHIII TIEPIOANYHICTh KOJIMBAHb Y TPOCTOP1 33/1A€THCA. ..
Jlimepamypa [1,¢.433; 2, ¢.285]
57. IlpyxH1 TOB3/I0BXKHI XBUJII MOXKYTh PO3TOBCIOJIKYBATHCS Y ...
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Jlimepamypa [1,c.433; 2, ¢.285]
58. EnekTpoMarHiTHI XBHUII € ...
Jlimepamypa [1,¢.440; 2, ¢.299]

4.4 TecToBi NUTAHHS 10 MOAYJILHOI KOHTPOJIbHOI podoTu MoayJsa 3M-JI3

1. SIx 3MIHIOETBCS KYT 3aJJOMJICHHS CBITJIa IPU TIEPEXO/Ii CBITIA Y CEpPEeIOBHILE 3 OLIBIIUM
HOKa3HUKOM 3aJIOMJICHHS?

Jlimepamypa [1,c.463, 464; 2, ¢.304]
2. IIpu mepexozi MOHOXPOMATHYHOTO IIPOMEHSI CBIT/Ia 3 TIOBITPS B IPO30OPHUI JTIEICKTPUK
MIBUJIKICTh PO3MOBCIO/DKEHHS CBITIIA. ..

Jimepamypa [1,c. 464; 2, ¢.305]
3.MoHOXpOoMaTHYHI XBUWJII — 1€ XBUII ...

Jlimepamypa [2, ¢.320]
4 I'paHWYHUIA KYT MOBHOT'O BHYTPIITHHOTO BiAOMBAaHHS — 1€ KYT MaJiHHA, ...

Jlimepamypa [1,¢.464,465; 2, ¢.305]
5.KorepenTHi XBWIIi — 11€ XBHJII, 5K ...

Jlimepamypa [1,¢.466; 2, ¢.319,320]
6.Tonka mIiBKa racy Ha OBEpXHi BOJU Pi3HOKOJIbOPOBA, X04a rac — nmpo3opa 0ez0apBHa
PEUOBHMHA, BHACIIJIOK SIBHILA

Jlimepamypa [1,¢.467; 2, ¢.325]
7.SIkuii 3aKOH TEOMETPUIHOT ONTHKH MOPYLTYETHCS MIPH iHTEphEpeHIii?

Jlimepamypa [1,¢.466,464; 2, ¢.304]
8.111o € 060B’sI3KOBOI0 YMOBOIO CITOCTEPEKCHHS SIBHINA iHTEp(epeHIii?

Jlimepamypa [1,¢.466; 2, ¢.319]
9. ONTUYHOIO PI3HUIICIO X0y HA3UBAIOTh BEJIMYMHY, III0 BU3HAYAETHCS 33 (DOPMYIIOIO:

Jlimepamypa [1,¢.466; 2, ¢.322]
10.YMoBYy MiHIMyMY TIpH CIIOCTEPEKEHHI iHTep(depeHIlii ABOX KOTEPEHTHUX XBHIIb MOXKHA
3anucaTy y BUTTISAL:

Jlimepamypa [1,¢.466; 2, ¢.322]
11. /IBi KOrepeHTHI CBITJIOBI XBUJIl OJJHAKOBOT aMILTITYAM 30yIKYIOTh y JIeKil TOUL IPOCTOPY
KOJIMBaHHS CBITJIOBOIO BEKTOPY 3 pi3HuLEl0 (a3, ska aopiBHIoe 0. Yomy nopiBHIOBaTHME
IHTEHCUBHICTH CBITJIA y 1l TOYII1?

Jlimepamypa [1,¢.466; 2, ¢.322]
12. 3axoH reoMeTpHuYHOI ONTHUKHU, IKUI MOPYLIY€ETHCS NPH TUdpakiii, e

Jlimepamypa [1,¢.463,468; 2, ¢.304]
13. Ilpu npoxoJKEeHH1 CBITJIa Uepe3 OTBIp, pO3MIpH SIKOTO MOPIBHSHI 3 IOBXXUHOIO CBITIOBUX
XBUWJIb, CIIOCTEPITAETHCS SBUIIIE ...

Jlimepamypa [1,¢.468; 2, ¢.332]
14.TIpu cnocrepexkenH1 audpakiii OpeHenst Ha KPyriaoMy OTBOPl Y TOUKAxX, pO3TAlIOBaHUX Ha
Horo BiCl, CIIOCTEPIraeThCsi MiHIMYM OCBITJIEHOCTI, SIKIIO MPU pO30MBaHHI 3 11i€1 TOYKU BIAKPUTOL
yacTUHU (PPOHTY XBUJII Ha 30HU DpeHeNs, B OTBOPI YKIAJIAETHCS ...

Jlimepamypa [2, ¢.335,336]
15. XBuii, 110 NpuinuIM y AeSIKY TOUYKY IPOCTOPY BiA BIAMOBIAHUX TOYOK CYCIHIX 30H
@peHenst MarOTh PI3HULIO XOAY

Jlimepamypa [1,¢.468; 2, ¢.333]
16.YMoBy MakcuMyMmy mpH nudpakiii Ha mUTMHI Hajxae Gpopmyna:

Jlimepamypa [1,¢.468; 2, ¢.338]
17. Ha nudpaxuiiiny pemiTky najgae HopMaibHO Oisie cBiTIO. Y qudpakuiiiHiil kKapTHHI, SKa
CIIOCTEPITa€ThCsA, B CIIEKTP1 TOT'O CAMOTO MOPSIAKY CMYTH SIKOTO KOJIBOPY € HaWO1IbIIT
BiJITAJICHUMU BiJ] IEHTPY AU PAKIIIHOI KapTUHU?

Jlimepamypa [1,¢.469; 2, ¢.340]
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18. YMOBYy crocTepexeHHs TOJIOBHMX MaKCUMyMiB NpH audpaxuii Ha audpakiiiiHiil rparmi
Hajae ¢popmya:
Jlimepamypa [1,¢.469; 2, ¢.340]
19.3anexHicTh ITI0OKa3HUKA 3aJIOMJIEHHS CBITJIA BiJ JOBXKUHU
XBUJI HOCUTh Ha3BY
Jimepamypa [2, ¢.347]
20.ITpu anoManbHIH qucnepcii CBIT/Ia BEIMYMHA TTOKa3HUKA
3aJIOMJICHHSI CBITJIa Y CEPEIIOBHIILI 31 3DOCTAHHSM JIOBXXUHHU
XBUII ...
Jimepamypa [2, ¢.349]
21. 3rinHo 3akoHy Penest HAOLIBIIOTO MOJIEKYISIPHOTO
PO3CISIHHS 3a3HAIOTh CBITJIOBI XBUJI, KOMIP SKUX € ...
Jlimepamypa [2, ¢.342]
22.YepBonuii kojip HeOa mpu cxoi Ta 3axo/11 COHIIsI MOYKHA TTOSICHUTH
Jlimepamypa [2, ¢.342]
23. 3a sIKUM 3aKOHOM 3MIHIOETHCSl IHTEHCUBHICTD CBITJIA MPU MIPOXOHKEHHI y IPO30POMY
JEeNIeKTPUKY B 3aJIC)KHOCTI BiJl IPOWIECHOTO IIISIXY?
Jlimepamypa [2, ¢.351]
25. ITnockomonsapu3oBaHi XBIII — 1€ XBUIII, Y SIKUX...
Jlimepamypa [1,¢.469; 2, ¢.356]
26. MiHiManpbHa IHTEHCHBHICTH CBITJIa, SKHM TPOHIIOB Kpi3b JBa TOJspH3aTOpa
CIIOCTEPITaeThCsI, AKIIO KyT MiXK IUIONIMHAMU MOJIIPU3ATOPIB JJOPIBHIOE
Jlimepamypa [1,c.471; 2, ¢.357]
26. SIKMM ONITUYHUM SIBUILIEM MOYKHA TIOSICHUTH MOTJIMHAHHS OIHOTO 3 JIHIHHO MOJIIPHU30BaHUX
MIPOMEHIB Y MOJIAPOigax?
Jlimepamypa [2, ¢.362]
27. TerioBUM BUTIPOMIHIOBAaHHSM Ha3WBAIOTh BUIIPOMIHIOBAHHS TiJJaMH €IEKTPOMArHiTHIX
XBWIb 32 paXyHOK €Heprii ...
Jlimepamypa [1,c.472; 2, ¢.367]
28. IlosicHuTH, YOMY B IJIAIILI 3 TOCPIOJIEHUMH CTIHKaMH BOJla HarpiBaeThCsl MOBUIBHO, a B
TUTSAIII 3 YOPHOTO CKJIA — 3HAYHO MIBUIIE, JA€ MOYKIJIMBICTh 3aKOH. . .
Jlimepamypa [2, ¢.369]
29.51k 3MIHUTBCS TOBKHHA XBUIII, IO BIJIIOBIIa€ MAaKCUMYMY Y CIIEKTP1 TEIJIOBOTO
BUIIPOMIHIOBaHHS, SKIIO TEMIIEpaTypa Tija 3pocte y 2 pa3u?
Jlimepamypa [1,¢.473; 2, ¢.370]
30.3rinHo 3akony CredaHna-bonbliMaHa BUITPOMiHIOBAIbHA 3/JaTHICTh A0COIIOTHO YOPHOTO Tijla
MPSIMO TMPOTOPIIiiiHA a0COMIOTHIN TeMIIepaTyply ...
Jlimepamypa [1,c.473; 2, ¢.370]
31.Pieusnus EitHmTeiiHa 115 GoToedekTy 3amucaHe Ha OCHOBI 3aKOHY 30€peKEHHS ...
Jlimepamypa [1,c.475; 2, ¢.378]
32.CtpyM HaCHUYECHHS MTPH 30BHIIHEOMY (pOTOC(EKTi 3aJICKHUTH Bif. ..
Jlimepamypa [1,c.474; 2, ¢.377]
33. Enepris ¢poTony 009HCTIOETBCS 32 (OPMYIIOIO:
Jlimepamypa [1,c.474; 2, ¢.381]
34. Tlpu edekri Komnrona 3mina moBkuHHM xXxBWII AA Oyne HalOLIBIIO TpH KyTi
PO3CIIOBaHHS PEHTTEHIBCHKUX KBAHTIB, KU IOPIBHIOE
Jlimepamypa [1,c.475; 2, ¢.382]
35. JIoBKUHY XBHJIi, SIKa OMHUCY€E XBUIHOBI BJIACTUBOCTI MIKPOYaCTHHOK Ha/Iae Gpopmyra ...
Jlimepamypa [1,¢.520; 2, ¢.394]
36. EnexTpoH, MpoTOH, HEUTPOH Ta O-YaCTHHKA MAIOTh OJIHAKOBI MIBHAKOCTI. HalOinbIma qoBXUHA
xBwIi ae bpoiins Binnosinae
Jlimepamypa [1,¢.520; 2, ¢.394]

>V
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37. CHiBBiAHOIIEHHS HEBU3HAYCHOCTEH KOOPAMHATH Ta BIANOBIIHOI MPOEKIIl IMITYyJIbCY
MIKpPOYaCTHHKH HAJIA€ ...
Jlimepamypa [1,¢.520; 2, ¢.396]
38. BrmactuBocTi XBUIIbOBOT QYHKIIIT, SIK1 BUTUTMBAIOTH 3 i1 (PI3MUHOTO 3MICTY - II€E:
Jlimepamypa [1,¢.521; 2, ¢.399,400]
39.5Ike KBaHTOBE YKCIIO BU3HAYAE SHEPTII0 E€ICKTPOHA B aTOMi?
Jlimepamypa [1,c.524; 2, c.414]
40. MoMeHT iMITyJIbCY €JIEKTPOHA B aTOMI BU3HAYa€ KBAHTOBE YHUCIIO..
Jlimepamypa [1,c.524; 2, c.414]
41. CriiHOBe Mar"iTHe KBaHTOBE YHCIIO €JICKTPOHA B aToMi (IMs) BU3HAYAE 3HAYCHHS
Jlimepamypa [1,¢.524; 2, ¢.418]
42. KinbKiCTh €JEKTPOHIB B aTOMi, 0 MOXYTh MaTH OJHAKOBI 3HAUYEHHS TOJIOBHOTO KBaHTOBOI'O
qrCIia JIOPIBHIOE ...
Jlimepamypa [1,c.524; 2, ¢.420]
A3.ITpunnuiry 3a6oponu [laymni miamopsaIKOBYIOTHCS elIeMEHTapHI YACTUHKH Ta SApa, CITIH SKUX €
Jlimepamypa [1,¢.524; 2, ¢.420]
44 SIxi eneMeHTapHI YaCTUHKU BXOASTH JI0 CKIIAAY siipa aToMa?
Jlimepamypa [1,¢.537; 2, ¢.466]
45 KiTbKicTh MMPOTOHIB, IO BXOJUTH J0 CKIAAY SApa ypaHy 29325U JIOPIBHIOE ...
Jlimepamypa [1,¢.537; 2, ¢.466]
46. KinpKicTh HYKJIOHIB, 110 BXOJHUTH JI0 CKIIATY SApa ypaHy 29325U JIOPIBHIOE ...
Jlimepamypa [1,¢.537; 2, ¢.466]
47.1300apamMu Ha3MBAIOTh ATOMH, SIJIpa SIKUX MAIOTh OJIHAKOBI KUIBKOCTI
Jlimepamypa [2, ¢.467]

14 13 .. . .
48.13otorn ;N ta 7N Biapi3HMOTBCS KIIBKICTIO ...

Jlimepamypa [2, ¢.467]
49. Maca sijpa TIOpiBHSIHO 3 CYMOIO Mac IMPOTOHIB 1 HEUTPOHIB, 10 BXOJATH JI0 HOTO CKIATy,
3aBXKIU €
Jlimepamypa [1,¢.537; 2, ¢.467]
50.PaioakTUBHICTE — LI€ SIBUIIIE ...
Jlimepamypa [1,¢.537; 2, ¢.471]
51.51k 3MiIHIOETBCA 3apsia AApa NPpH eIeKTPOHHOMY OeTa-po3mnai?
Jlimepamypa [1,¢.539; 2, ¢.475]
52.3 SKuX eleMeHTapHUX YaCTHMHOK CKJIAJA€ThCs O-4YaCTHHKA?
Jlimepamypa [1,¢.539; 2, ¢.473]
53.Y — BUIIPOMIHIOBaHHS — 11€
Jlimepamypa [2, c.472]
54 .PiBHSIHHSA, SIKE HA/IA€ 3aKOH PaII0AKTHBHOTO PO3MAIy, MA€ BUTIISI:
Jlimepamypa [1,¢.538; 2, ¢.472]
55.3a aBa nepioy HaMiBpO3Maay KUIbKICTh AP Pal0aKTUBHOI pEYOBUHU 3MEHIIYETHCH ...
Jlimepamypa [1,¢.538; 2, ¢.473]
56. JIo eHIoTepMIYHHX SACPHUX PEaKIliid BiTHOCATHCS PEaKIIii, IO MPOXOIATH 3 ...
Jlimepamypa [1,¢.540; 2, ¢.484,485]
57.HaiimeHIIa KiHETHYHAa €HEpris 4YacTHUHOK, 3 fKOi MNPOTIKaHHS peaklii € eHEepPreTUYHO
MOJKJIMBUM Ma€ Ha3BY
Jlimepamypa [1,¢.540]
58. BuOyxoBiii JIaHIIOrOBii peakilii BiANOBiAae 3HaU€HHS KOe(DilliEHTY PO3MHOKEHHS HEUTPOHIB
Jlimepamypa [2, ¢.491]
59. Ilpu migTpuMIli 3HaYSHHS KOSPILi€HTY PO3MHOKEHHS HEUTPOHIB K=1 JTaHIIOroBa peakiis €
Jimepamypa [2, ¢.491]
60.3a0e3neuye 3B'S130K HYKJIOHIB y SApi B3a€MOJIis
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Jlimepamypa [2, ¢.470,500]

61.3apsoBa He3aJIEKHICTh MPUTAMaHHA B3a€MOIT

Jlimepamypa [2, ¢.470,500]

62.HeckiHueHHHI pajiiyc B3a€EMO/IIT € XapaKTEePHUM JIJIs1 B3AEMO/TIN:
Jlimepamypa [2, ¢.500]

4.5 TecToBi 3aBaaHHS 10 eK3aMeHALIHHOI po0oTH

No TectoBi 3aBIaHHA OcHoOBHa
JiTeparypa,
CTOPIHKH
1. JloBxWHa JiHii, SIKY OIIMCY€e MaTepialbHa TOYKa B MPOIIECi CBOTO pyxy, Mae | [1]c.14
Ha3By ... [2]c.8
[3]c.9
2. Bekrtop, mo € pisHuIeo paaiyc - BEKTOPiB, MpPOBEACHHMX 3 mouarky | [1]c.14
KOOPJIMHAT /10 MOYaTKOBOTO Ta KiHIIEBOTO MOJI0KEHHS MaTepiaabHOi ToukH | [2]c.8
Mae HasBy ... [3]c.10
3. SIK BU3HAYAETHCS Ta SIKMH HAIIPSIM Ma€ BEKTOP MUTTEBOI MIBUAKOCTI V ? [1]c.15
[2]c.8
[3] 10
4. VY BUmamKy SKOTO pyXy MarepialbHOi TOYKM HOpMaibHa CKiajosa | [1]c.17
MPUCKOPEHHS Ma€ MiHIMaJbHE (HyJIbOBE) 3HAYCHHS? [2]c.11
[3]c.12
5. Pyx maTepianbHOI TOUKH, TAaHTE€HIIIaJIbHA CKJIa/I0BA MPUCKOPEHHS AKOT . [1]c.16
d, =0, a HopmanbHa CKJIa0Ba IPUCKOPEHH ‘én‘ =Const, e: Eé}c.lZ
C.
6. Tino, KuHyTE Wi KyTOM 10 TOPU3OHTY. SIKa 3 KIHEeMaTUYHUX [1]c.26
XapaKTepUCTHK pYyXY TiJIa 30epirae CBO€ 3HaU€HHsI B ITpoIieci pyxy?
7. KyTroBe mpuckopeHHs1 pyxXy MaTepiajibHOI TOUKH, sika o0epTaeThcs HaBkoio | [1]c.18
HEPYXOMOT Oci, IIe ... [2]c.13
[3]c.15
8. JIBl TOYKH JIeKaTh Ha OAHOMY pajiyci Koiieca, sike obepraeTbes HaBkoso | [1]c.18
nentpa 0 3 MOCTIHHOK IIBUAKICTIO, HA pi3Hiil BigcraHi Big neHtpy. Ski | [2]c.12,13
KiIHEMaTHUYH1 XapaKTePUCTUKU PyXy € PIBHUMHM JUIS IIUX TOYOK? [3]c. 13
9. [Mpu noctymanbHOMY pyCi BEKTOPHOIO MIpOI0 KUTBKOCTI pyxy Tima € | [1]c.47
oro... [2]c.16
[3]c.17
10. 3a npyrum 3akoHOM HploTOHa 3MiHA IMIYJIbCY TiTa AP JAOPIBHIOE ... [1]c.46
[2]c.16
[3]c.17
11. VY mnoBepxHi 3emyi Ha TLIO i€ cWia TsOKIHHS, sika gopiBHioe 72 H. Ha | [1]c.49
Bifcrani 2R Big moBepxHi 3emni (R —paxmiyc 3emui) Ha Ttino Oyne misru | [2]c.48,49
cHiia, sika JOPIiBHIOE ... [3]c.19
12. [I{o BimOYBa€eThCs 3 CHIIOK TEPTs, sKa JI€ Ha TijO, IO 3HAXOMUThcs Ha | [1]c.53
MOXUJIIH MJIONIMHI, 31 3MEHIIEHHSIM KyTa HaXWJ1y TUIOHMIMHUA? [2]c.18
13. VY 3aMKHeHill cucTeMi TOBHa poOOTa CHJI TEepTs, IO JAi0Th MiXK Tinamu | [1]c.77
3aBXKIIH € ... [2]c.28
[3]c.25
14. Kynbka Macu M, mo pyxanacs i3 NBUAKICTIO V 3iTKHYyIacs 3 Hepyxomoro | [1]c.78
KYJBKOIO TaKoi caMoi Macu. Y aap — abCOJIOTHO HENPYXHUHN MPSIMUH, [2]c.33
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neHTpanbHui. [IIBUIKICTh KOXKHOT 3 KYJIBOK MICHIS 3ITKHEHHS
JOPIBHIOBATHME ...

15. VY BUMaJKy SKOTO pyXy Tija CHIa TSOKIHHS HE BUKOHYE poOOTY? [1]c.76
[2]c.23
[3]c.25
16. B xoHCcepBaTHBHIN MeXaHIYHINA CHCTEMI TUIO MICHIs NepeMileHHs [1]c.76
BEPHYJIOCH B ITOYATKOBE MOJIOKEHH. POO0Ta KOHCEpBAaTUBHUX CHJI, 1O [2]c.25
JIIOTh Ha TUJIO JOPIBHIOE ... [3]c.27
17. YMoBH, 3a IKUX 30€piraeTbcs MOBHA MEXaHIYHA EHEPTisl CUCTEMH, IIC ... [1]c.77
[2]c.28
[3]c.29
18. Slka BeTMUMHA € MIpOIO IHEPTHHUX BJIACTHBOCTEH Tijia IIPU 00CPTATILHOMY [1]c.99
pyci Tina? [2]c.34
19. SIK 3MIHUTBCS MOMEHT iHEpIii MaTepiaybHOI TOYKHM MPH 30UTbIIEHH] 11 [1]c.99
BiZIcTaHi 710 oci obepraHHs y 2 pa3u? [2]c.34
[3]c.22
20. MOMEHTOM CHJIH BiJIHOCHO OCi Ha3MBAIOTh ... [1]c.100
[2]c.37
21. 3aKkoH JUHAMIKH 00epTaIbHOTO PyXy a0COJIIOTHO TBEPOro Tija BigHocHo | [1]c.101
HEPYXOMOi 0ci MOke OYTH 3alMCaHuil y BUTIISAII: [2]c.39
[3]c. 22
22. MoMeHT IMITySIbCy aOCOIOTHO TBEPOTO Tijia BIIHOCHO OC1 IOPIBHIOE ... [1]c.101
[2]c.39
[3]c.25
23. Jlo muitiHApy, Kyl Ta KijbIs, SIKi MAalOTh OJHAKOBI Macu M pajiiycH, [1]c.101
MPUKJIa/IeH] OTHAKOBI MOMEHTH CHUIL. SIKe 3 TUI pyXaeThes 3 OLIBIIUM [2]c.35,39
MPUCKOPEHHSIM? [3]c.22,23
24. SIkoro € 3aneXHICTh BIALEHTPOBOT CHIIM 1HEpIIii BiJ BIZICTaHi 10 OCi [1]c.122
00epTaHHs CUCTEMH BiJTIKY? [2]c.53
[3]c.37
25. 3a K01 YMOBH Ta B fKii CHCTEeMI BiJUTIKY Ji€ Ha Tijo cuia Kopiomica? [1]c.122
[2]c.42
[3]c.38
26. Ha teruty Teuito B OkeaHi, 10 CIIPSMOBAHA 3 €KBATOPY /10 MiBHIYHOTO [1]c.122
noJrrocy Jiie cva Kopiodica, sika HarpaBiieHa Ha ... [2]c.42
[3]c.38
27. [igpoctaTYHUI TUCK PIIMHKE BU3HAYAETHCS 332 (OPMYJIIO0 [1]c.131
[2]c.57
28. PiguHa Tede ropu3oHTaIBHOIO TpyOOIO 3MiHHOTO nepepisy. [Tpu mpomy di | [1]¢.133,134
=2d> (d — miamerp TpyOm). Sk 1 y CKiJIbKH pa3iB Bigpi3HAEThCs ctatndauil | [2]c.58
TUCK Pq MOPIBHSHO 3 TUCKOM D) ?
29. SIkuit xapakTep Mae Teuis piIMHU y TpyOl IpU 3HAUYEHHI YncIa [1]c.134
PefiHosb1ca HIKYE KPUTHIHOTO? [2]c.63
30. [Toctynatu, siKi exaTb B OCHOBI Te€opii BiIHOCHOCTI — 1IE ... [2]c.69
[3]c.39
31. OnuHUICIO BUMIPIOBAaHHS TeMIepaTypu y MikHapoHii cucteMi oquHwuib, | [1]¢.155
€... [2]c.82
32. ITpu i306apHOMY TIpoIIeci y ra3l HE3MIHHOIO 3aJIUIIAETHCS BEJIMUUHA. . . [1]c.157
[2]c.83
[3]c.50
33. PiBusuus MenaeneeBa — Knanetipona Bupakae Gpopmyia: [1]c.158

35




[2]c.86

[3]c.50
34. B ogHakoBHX MOCyIMHAX TIPHU OJJHAKOBHX TEMITepaTypax 3HaXOIThCs [1]c.158
oHaKoBi MacH BoaHIO Ho, kucHio O2, a3oTy N2 Ta BoasHoi mapu H20. [2]c.86
(MonspHi Macu BinnosiaHo mopiHI000TH 2+ 107 kr/Momb, 32-107 kr/mons, | [3]c.50
28-1073 xr/monb ta 1810 kr/mMons). B mocynuHi 3 akuM i3 rasis THCK Oy/e
HanOUIBIINM?
35. Temmepatypa i1eanbHOro ra3y € Miporo ... [1]c.176
[2]c.88
[3]c.52
36. 3 naBenenux rasis (He, N2, H20, O2) 6isblie 3HaUCHHS BHYTPIIIHBOT [1]c.176
SHepril pu 0JTHAKOBIH TemriepaTypi Mae MoJib ... (I"a3u BBaxkaTu [2]c.100,101
iJleabHIMHU. ) [3]c.52,53
37. SIK 3MIHUTBCSI HAWOUIBII WMOBIPHA MIBUAKICTH MOJIEKYJ ifeaabHOro rasy, | [1]c.179
SKIIIO Horo abCoII0THA TeMIlepaTypa 3pocTe y 2 pa3u? [2]c.89
[3]c.62
38. SIka 3 HaBeJIeHNX Ha PUCYHKY KPUBUX MPABUIHHO P [1]c.180
BiJOOpaxye 3aJIe)KHICTh aTMOC(EPHOTO THCKY Bij y [2]c.91
BHUCOTH HaJl piBHEM MOPsI (0apOMETPUUHY b\' [3]c.64
opmyiy)?
bopmyiy) /) X
39. VY sBuMi B’SI3KOCTI 3/11MCHIOETHCS IEPEHECEHHS ... [2]c.96
[3]c.68
40. PiBHSIHHSM SIKOTO TpoIiecy nepeHocy € 3akoH Dyp’e? [1]c.197
[2]c.95
[3]c.67
41. SIkuit BUIIIA ] Mae piBHAHHSA [-T0 3aKOHY TEPMOJAMHAMIKU Y BUIIAJIKY [1]c.210,213
130X0OpHOTO TpoIiecy? [2]c.105
[3]c.57
42. BuyTpimiHs eHepris rasy, skuii  oTpuman Bin HarpiBauka 40/[x terorw, | [1]c.210
30utbmmiack Ha 15/[x. PoOorta, siky BHKOHaB ras, JOPIBHIOE ... [2]c.102
[3]c.57
43. 3 naBezenux rasis (He, N2, H20, O2) HaitOibIy MOJISIPHY TEIIIOEMHICTh [1]c.211,177
Cv mae ... [2]c.104
[3]c.54
44, ITix yac agiabaTHOTO CTUCKAHHS ra3y HOro Temreparypa ... [1]c.216
[2]c.108
[3]c.58
45. PiBHsiHHS amiabatu y 3miHHEX (P,V) Mae BUTIIS: [1]c.214
[2]c.108
[3]c.56
46. 3riIHO APYTOTo 3aKOHY TEPMOAMHAMIKM HEMOKJIMBUN KOJOBHUH MpoIiec, [1]c.240
€IMHUM KIHIIEBUM PE3YJITATOM SIKOTO € ... [2]c.114
[3]c.74
47. [lo BimOyBa€eThCs 3 K.K.JI. TEIUIOBOT MAIIMHK NIPU 3HIDKCHHI Temneparypu | [1]c.242
XOJIOTUTHHHUKA? [2]c.117
[3]c.74
48. Miporo HEBIOPSAIKOBAHOCTI CUCTEMH MOJIEKYII € i ... [1]c.240
[2]c.113
49 ITpu npoTikaHHi 000POTHOTO MPOLECY Y 3aMKHEHIH CUCTEMI EHTPOITis [1]c.240
CHCTEMH ... [2]c.114
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50. PiBHSIHHS CTaHy peajJbHOI0 ra3y HOCHTh Ha3BYy ... [1]c.255
[2]c.121
51. BennuuHy 101aTKOBOrO THCKY, BUKJIMKAHOTO KPUBU3HOIO MMOBEPXHI pigunu | [1]c.266
Hajae popmya ... [2]c.132
52. XapakTepHOIO 03HAKOI0 (a30BOro Mepexo 1y MEpIIoro poay € HasgBHICTh ... | [1]c.261
[2]c.144
53. Sk HEeOOX1THO 3MIHUTH BIACTaHb MiX 3apsaaMu, MO0 cuiia iX B3a€MOJIii [1]c.283
He 3MIHMJIACs PU 3MEHIICHHI BETUYMHU OJTHOTO 3 3apsiiiB y 4 pa3u? [2]c.149
[3]c.84
o4, O3HaueHHSAM MOHATTSA  “BEKTOP HAIMPYKEHOCTI JIEKTPHUYHOTO MO “ € [1]c.284
bopmyia: [2]c.150
[3]c.85
55. J11st sIKOT XapaKTEPUCTUKH TTI0JISI TOYKOBOTO 3apsiTy € XapaKTEPHOIO [1]c.284
00epHEeHO NMPOMOopLiliHa 3aJIeKHICTh BiJl KBaIpaTy BiACTaHi? [2]c.150
[3]c.85
56. EnexktpuuyHe mone yTBOpeHE pIBHUMH 32 BEIMYHUHOIO a0 [1]c.284
TOYKOBHMMH 3apsiiamu  (, Ta q,. SIKi 3HaKu MarOTh 3apsiiy, M [2]c.150
AKIIO y Toulli M BEKTOp HAIPy:XEHOCTI E Mae Hampsm, [3]c.86
YKa3aHUW Ha PUCYHKY? E
g
57. EneprernuHoro XapakTEpUCTHUKOIO €IEKTPOCTATHYHOIO IOJIS € HOTO ... [1]c.288
[2]c.160
[3]c.91
58. [ToTeHItian eIeKTPOCTaTUYHOTO M0JI B MI>KHApOIHIN CUCTEMI OJIMHHUIID [2]c.161
BUMIPIOETBCA Y ... [3]c.91
59. Hampy»xeHicTh mojist Tiel caMoi CHCTEeMH 3apsfiB y BakyyMi mopiBHsiHO 3 | [1]c.294
HANpPYKEHICTIO TOJIS Y AI€JCKTPHUKY 3aBXK/IH € ... [2]c.166
60. BigHocHa jgienekTpudyHa MPOHUKHICTH JTieIEKTPUKa TOPiBHIOE BiaHOmeHHIO | [1]¢.294
[2]c.167
61. [Tpu BHECeHHI MPOBiHUKA y 30BHIIIHE €IEKTPUYHE ToJie criocTepiraetees | [1]¢.295
SIBHIIIE. . . [2]c.173
62. Hanpy>keHicTb 1oJist ycepeAnHi 3apsiKeHOro MPOBiHUKA ITPH PiBHOBA31 [1]c.295
HaJIaHOTO HOMY 3apsly JNOPIBHIOE ... [2]c.171
63. IIpu mnapanensHOMY 3’€lHAHHI KOHIEHCATOPIB iX CyMapHa €MHICTh: [1]c.296
[2]c.176
64. O3HaueHHs MOHATTS ,,l'YCTUHA CTPYMY ~° Hajae popMmyIa: [1]c.344
[2]c.181
[3]c.98
65. 3 HaBeneHnx ymoB: A) dp=Const; b) j=Const ; B) ep.c.#0; [1]c.344
I') | =const ymoBamH miATPUMKHU MOCTIHHOTO CTPyMY Yy KOJIi € YMOBHU [2]c.181
66. OIMHHMIICIO BUMIPIOBAHHS SJICKTPOPYIIIHHOI CHITH JPKEpeia CTpPyMY B [2]c.182
MiXHapoaHil cCTeMi OMHUIb €:
67. [Ipu nocnioBHOMY 3’€/IHaHH1 AEKUIBKOX OKPEMHUX OIOPIB 3arajibHa [1]c.347
MPOBIAHICTD AUJISTHKY KOJIA ... [2]c.183
68. SIkuii XapakTep HOCHTh 3aJISKHICTh OMOPY MPOBiAHKKA Bix Temneparypu? | [1]c.346
[2]c.184
69. I[Teprre mpaBuino Kipxroga € HacmiagKoM 3aK0HY 30epeKeHHS ... [1]c.347
[2]c.187
70. Poboty cTpymy Ha OAHOPIAHIH AiISHIN KoJla Hajgae hopMmyJia: [1]c.348
[2]c.185
71. Po3psia, sikuii iCHY€ TIIBKH ITi 1 AI€50 30BHIIIHLOTO 10HI3aTOpa Ma€ Has3By ... | [2]c.199
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72. birckaBka € IpuKIIaJI0M CAMOCTIITHOTO Ta30BOT0 PO3PSIY, KUK € ... [2]c.201
73. MarsiTHe 1oJie yTBOPIOETHCH ... [1]c.374
[2]c.204
74. SIka 3 XapaKTepUCTUK MAarHITHOTO MOJIS HE 3aJIe)KUTh BiJl MarHITHUX [1]c.374
BJIACTUBOCTEH PEUOBHMHH, B SIKIi CTBOPEHO MArHiTHE IMOJje? [2]c.206
75. BenuuuHa cuim, 10 Ji€ Ha TPOBIAHHMK 13 CTPyMOM Yy MarHitTHomy momi | [1]c.378
BHU3HAYAETHCS 3@ 3aKOHOM ... [2]c.209
[3]c.104
76 dopMmyIoro, siKka BU3HAYA€E CUITy AMIIEpa € ... [1]c.378
[2]c.209
[3]c.104
77. 3akon bio-CaBapa-Jlamiaca y ckanspHiit popmi Mae BUTIIA: ... [1]c.375
[2]c.207
[3]c.103
78. HanpyskeHicTh MarHiTHOTO TOJIsI, CTBOPEHOTO CTpyMOM / Y cepeauHi [1]c.377
COJICHO1J1a, BU3HAYAETHCA 32 (DOPMYIIOI0 [2]c.219
79. SIKIII0 YaCTHHKA BJIITAa€ B OJHOPIHE MArHiTHE MMOJIe IepIeHIUKYsIpHO 10 | [1]c.378
JHIA MarHiTHOT IHAYKII, TPA€KTOpI€lO i1 pyXy € ... [2]c.213
[3]c.104
80. JIBa eNeKTpPOHU PyXalTbCid B OJHOPITHOMY MAarHiTHOMY IOJIi MO KOIY,
NPUYOMY PaJiyc KoJia MMepIIoro elIeKTPOHa y JiBa pa3u OuIbIImii 3a paaiyc | [2]c.213
npyroro koma (Rj/R,=2). M mepiogiB oGepranus umx uactuHok | [3]c.104
CIPaBE]JIMBE CITiBBITHOIICHHS:
81. MarniTHUI TOTIK Yepe3 3aMKHEHY MOBEPXHIO JIOPIBHIOE ... [1]c.380
[2]c.220
[3]c.105
82. Hanpsiv EPC iHayKIiT BU3HAYA€THCS 32 IPABUIIOM ... [1]c.380
[2]c.225
83. 3a 0,5 ¢ MarHiTHUII MOTIK, KU TPOHU3YE KOHTYP, 30inbiuBes Big 1 B6 no | [1]¢.380
5 BO. 3uauenns EPC imaykmii, mo BUHHMKa€e MpHU IOMY B KOHTYpi, | [2]c.225
JIOPIBHIOE:
84. [I{o BigOyBaeThCsl 3 1HAYKTUBHICTIO COJICHOIAAa MPH BHECEHHI crayiesoro | [1]c.382
ocepeis? [2]c.229
85. SIBHIIIE MArHITHOTO TICTEPE3UCY CIOCTEPITAETHCS Y [1]c.386
[2]c.244
86. PiBHsiHHS MakcBesuia 1S eJIeKTPOMArHiTHOTO IMOJIs, sIKE BioOpakye [1]c.387,388
MO>KJIMBICTh YTBOPEHHSI MarHITHOTO MOJIsl €IEKTPUYHUM, MAa€ BUTIISA: [2]c.251
87. [{uxigHa yacTOoTa TOYKH, SIKA 3A1HCHIOE TAPMOHIYHI KOJIMBAHHS 3 [1]c.423
nepiogom T=2 ¢ JOpIBHIOE: [2]c.256
[3]c.113
88. Eneprist KOIMBaNIBHOTO PyXY, SKIIO aMILTITYly KOJIMBaHHS 3MeHIIUTH B 2 | [1]c.424
pasu, a 4acToTy 30UIBIINTH y 4 pa3u: [2]c.258
[3]c.112
89. [IpaBmiIbHO OMNKCYy€ BUMYILIEHI TApMOHIYHI KOJUBAaHHS PIBHSIHHS: [1]c.427
[2]c.272
[3]c.119
90. SIKIIO TpM 1HIIKMX PIBHUX YMOBaxX 3MEHIINTH KoeillieHT 3aracanHs o , [1]c.429
pEe30HAHCHA YacTOTa BUMYIICHUX KOJIMBAHb [2]c.274
91. SIka 3a51eKHICTh ICHYE MiXK YaCTOTOIO KOJIMBaHb Y KOJHBAILHOMY KOHTYpi | [1]C.429
Ta HOTO EJICKTPOEMHICTIO? [2]c.263
[3]c.126
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92. YMOBOIO BUHHKHEHHS PE30HAHCY Y KOJIMBAILHOMY KOHTYDI, ortopom sikoro | [1]c.426,429
MOJKHA 3HEXTYBATH € ... [2]c.274
[3]c.130
93. [IpaBUIBHO OMUCYE BIIACHI KOJIMBAHHS Y KOJMBAJILHOMY KOHTYPI [1]c.426
PIBHSHHS [2]c.263
[3]c.126
94, [Ipy>xHi morepevHi XBHJII MOXYTh PO3MOBCIOIKYBATHCS [1]c.433
[2]c.285
95. 1o Bu3Havae BexkTop YMoBa-IloiHTiHra? [1]c.440
[2]c.301
96. Jlo sABHUII, B SIKUX MPOSBISIETHCS XBHJILOBA IMPHPOJA CBiTIA, HajuexkaTh | [1]c.466,468
SIBUIIIA [2]c.321,332
[3]c.134,141
97. [TpuHIHIT HE3aJIeKHOCTI CBITJIOBUX MMPOMEHIB (CyIIEpIIO3UIIii) [1]c.466
MOPYIIYETHCS TIPH SIBHIII. . . [2]c.321
[3]c.133,134
98. 3abapBieHHS OBEPXHI MIJIbHOT TUTIBKH MOSICHIOETHCS SIBHILEM . . . [1]c.467
[2]c.325
[3]c.141
99. YMOBY MakCUMyMY TP CIIOCTEPEKEHHI iHTepdepeHIii 180X korepeuTaux | [1]c.467
XBUJIb MOYKHA 3aITHCATH Y BUTIISAII: [2]c.322
100. | JIBi korepeHTHi CBiTOBI XBWJI 30y/[KYIOTh y Jeskii Toumi mpocropy | [2]c.321
KOJMBaHHS OJHAKOBOI aMIUNTyad 3 pisHumero ¢a3 pisaoro 7. | [3]c.136
[HTEHCHBHICTB CBITJIa y TOYII JOPIBHIOBATHME:
101. | IIpu cmocrepeskenHi inTepdepeHIii Bix IBOX KOrepeHTHHX JuKepen Oinmoro | [2]c.324,325
CBITJIa IEHTPAJIbHUHN (HYJIbOBUN) MAKCUMYM E..
102. YMOBY MakcuMyMy NpH 1u(pakiii Ha MIIMHI Hajae Gpopmyna [1]c.468
(@ — mmpuHa minua; d — nocTiiHa (mepio) IpaTKu) [2]c.338
[3]c.146
103. 1o BinOyxaeThCs 3 MacITaboM AUDpaKIiitHOT KApTUHKHU, OTPUMAHO] 3a [1]c.469
JOTIOMOT 010 TU(PAKIIHHOT PEIIiTKH, TIPU MEPEKPUTTI KOKHOT APYToi [2]c.340
HIJTMHY (301UIBIIEHH] IepioJly PeLIITKH Y J1Ba pa3u)? [3]c.147
104. | YMoBy criocTepexeHHsI TOJIOBHUX MIHIMYMIB Iipu Audpaxiii Ha [1]c.469
mudpakuiiHii penritii Hagae Gopmyna: [2]c.340
104. Ha mudpaxiiitny penriTky najgae HopMajibHO Oine cBiTIO. B audpakuiiniii | [1]c.469
KapTHHI, SIKa CIIOCTEPIraeThesi, ONMKYE A0 IEHTPY po3TaiioBaHi cmyrd, | [2]c.340
KOJIIp SKUX € ... [3]c.147
105. SIKUM ONTHYHHMM SIBUIIIEM MOXHA TOSCHUTH PO3KJIaJaHHs Oioro cBitia y | [2]c.347,348
CIIEKTp 32 JIOTIOMOTOO MPU3MH. .. [3]c.151
106. Haii6inpmuit koeilieHT 3amoMIeHHS s CKJIa Ma€ IPOMIiHb. . . [2]c.349
[3]c.151
107. | Ans po3kianaHHs OLIOTO CBITa y CIEKTP MOYKHA BUKOPHCTATH SBUIIA ... [2]c.347,348
[3]c.151
108. | 3rigHo 3akoHy Byrepa iHTEHCHBHICTb CBITJIa B 3aJIEXKHOCTI BiJl IIJISIXY B [2]c.351
PEYOBHHI 3MIHIOETHCS ... [3]c.153
109. | baakuTHHI KOJIip HEOA MOSICHIOETHCS ... [2]c.342
[3]c.154
110. | 3rigHo 3akoHy Penes 3aieXHICTh IHTEHCHBHOCTI pO3CisiHOrO cBiTia Bifg | [2]c.342
JIOBXXMHM XBHJI1 TIPY MOJIEKYJIIPHOMY PO3CIIOBaHHI Ma€ BUTIISIA. . . [3]c.154
111. | SBume, M0 CBIIYUTH MIPO MOMEPEUHICThH CBITJIOBUX XBUJIb, MA€ Ha3BY... [1]c.469
[2]c.356
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[3]c.148

112. | 3a 3akoHoM Maitoca MakCHMMajlbHa IHTCHCUBHICTh CBiTJa, KU mpoiimos | [1]c.471
Kpi3b JBa IMOJSApHU3aTOpa CIIOCTEPIraeThCs, SKIIO KyT MDK IutomuHamu | [2]c.357
HOJISIPU3ATOPIB TOPIBHIOE [3]c.149

113. | KBaHTOBY IpHpOy CBITJIA MiATBEPKYIOTh SBUIIA. .. [1]c.474,475

[2]c.376,382
[3]c.158,159

114. | AGCOIIIOTHE YOpHE TLJIO — TLJI0, CIIEKTPaJibHA MOTJIMHANBHA 3JIaTHICTB sikoro | [1]c.473

JIOPIiBHIOE ... [2]c.368
[3]c.156

115. | 3rigHo 3akoHy BiHa mpu 301IbIIICHH] TEMIIEPATYPH TijIa TOBXKUHA XBHUIII, [1]c.473

110 BiJIIOBIZIa€ MAKCUMYMY CIICKTPAJIIbHOI BUIIPOMIHIOBAIIBHOT 31aTHOCTI... | [2]c.370
[3]c.157

116. [Tpu 3pocTanHi TeMriepaTypH Tijia y 1Ba pas, iHTerpaibHa [1]c.473
BUIIPOMIHIOBAJIbHA 3[ATHICTh TEIJIOBOI'O BUIIPOMIHIOBAaHHS 301bInyeThest y | [2]¢.370
[3]c.157

117. | Enepris kBanTa ¢ionerooro cBitia (A=0,35 MkM) mopiBHsHO 3 eHeprieto | [1]c.474
KBaHTa 4epBOHOrO cBiTia (A=0,7 MKM)... [2]c.372

[3]c.157

2
111. Bupas hy _mV_Zmax JIOPIBHIOE. .. E}Eg;g
[3]c.158

119. | Poborta BHXOIy €JEKTPOHIB 3 BoJb(pamy, cpibna, Harpiro 1 Kamiwo | [1]c.475
nopiBaroe BigmosimHo 4,5 eB; 4,7 ¢B; 2,3 eB; 2,0 eB. Ilpu oxnakosiii | [2]c.378
9acTOTI CBITJIA HAaWOUIbIIE 3HAYCHHS MAaKCHMaJbHOI KiHeTHYHOI eHeprii | [3]c.158
OyayTh MaTH OTOENEKTPOHHU, IO BUJIETLIH 3...

120. | Ilpy KOMOTOHIBCBKOMY pO3CiOBaHHI PEHTTCHIBCBKMUX IpOMEHiB 3MmiHa | [1]c.475
JOBXKUHU XBUII AA = A — A, 3JIEKHTB BiJ ... [2]c.382

[3]c.159

121. | IIpu otHaKOBIM IHTEHCHBHOCTI CBITJIa OUIBIIOTO TUCKY 3 OOKY CBITIIa [1]c.474
3a3Ha€ MOBEPXHS, sIKa €. .. [2]c.382

122. | 3 naBepenux popmyn Gopmyioro ne bpoits ans 10BXKUHU XBUITI [1]c.520
MIKPOYACTHHKH €. .. [2]c.394

[3]c.163

123. | EnekTpoH, mpOTOH, HEUTPOH Ta O-4aCTHHKA MArOTh OJHAKOBI jJoBxuHH | [1]c.520

XBWIb Jie bpoinsa. HaliGunpiry mBUAKICTE 32 IIEI0 YMOBOIO Ma€e [2]c.394
[3]c.163

124. CriBBiJHOIIIEHHS] HEBH3HAUYEHOCTEW KOOPAUHATH Ta BiJMOBIIHOT MPOEKITii [2]c.396
IMITYJIBCY MIKPOYACTUHKH MOB’sI3aH1 3... [3]c.164

125. | SIky xapakTepHCTHKy CTaHy €JEeKTpOoHa B aroMi BH3Ha4yae rojoBHe | [1]c.524
KBaHTOBE YHCIIO? [2]c.414

[3]c.178

126. | SIky XapaKTepUCTUKy CTaHy €JIeKTpOHAa B aromi Bu3Hauae opOitambhe | [1]c.524

KBaHTOBE YHCIIO? [2]c.414
[3]c.178

127. | TIpoekiiiro MOMEHTY IMIIYJIbCY €JIEKTPOHA B aToMi Ha (isumuHo BuaiieHuit | [1]c.524

HampsiM BH3HAYa€ KBAHTOBE YHCIIO. .. [2]c.414
[3]c.180

128. | BnacHuii MOMEHT iMIyJIbCY €NIEKTPOHA BU3HAYA€ KBAHTOBE YHCIIO. .. [1]c.524
[2]c.418

[3]c.180
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129. | KinbkicTs HEHTPOHIB, 1110 BXOAUTH 0 CKIALY AP YPAHY 22U nopisHIoe E}Cig;
C.
[3]c.186
130. 3 HaBeJleHUX s1ep ;LI , ZBG, 173N , SLI i30TONAMH € ... Eé}gi’gg
131. | Peakmiro AiIEHHS BaXXKUX S7EP HAUOLIBII CIIYIIIHO OITUCYE MOJIETh [2]c.470
[3]c.189
132. | IIpu B —posmami sapo BUIIPOMIHIOE [1]c.539
[2]c.475,476
[3]c.193
133. | Y marHiTHOMY MOJIi HE BIIXWISIETHCS BiJl HAIPSMKY TMOIIUPEHHS IMOTIK [2]c.477
[3]c.191
134. | IIpu a-po3mazi siapo BUIPOMIHIOE ... [1]c.539
[2]c.471
[3]c.191
135. | Ilepion HamiBpo3mamy paaiOaKTHBHHUX sIep — MPOMDKOK Yacy, 3a sikuii | [1]c.538
KUIBKICTb siJIep paAl0aKTUBHOTO €JIEMEHTY 3MEHIIYEThCS Y [2]c.473
[3]c.191
136. | BarampHy KiJIbKICTh PO3MaiB, O BiI0OYBAETHCS B paioakTHBHIN pedyoBuHi | [1]c.538
3a OJIMHUIIIO Yacy, HA3UBAIOTh ... [2]c.473
[3]c.194
137. | 3anekHICTh KUIBKOCTI Si/Iep PaioaKTUBHOI PSYOBUHH BiJI 4acy € ... [1]c.538
[2]c.473
[3]c.191
138. | SlnepHa B3aeMois HYKJIOHIB B SIIpi OTpUMaJia Ha3BY [2]c.500
[3]c.190
139. JIo eK30TepMIUHKX SIIEPHUX PEaKIlii BiTHOCATHCS peaKilii, o mpoxoasTs 3 | [1]¢c.540
[2]c.485
140. | 3racarouiii JAHIIOTOBIM peakiii BiamoBigae 3HaueHHs Kkoedimienty | [2]c.491
PO3MHOXEHHS HEHTPOHIB. ..
141. | KepoBaHiii JaHIIOTOBi peakiii BiamoBijae 3HaueHHs Koedimienty | [2]c.491
PO3MHOXEHHS HEHTPOHIB:
142. | Slxkum BuaM B3a€MO/Iii pUTaMaHHA KOPOTKOIisI? [2]c.500
[3]c.190
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