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IIporpama HaBYAIbHOL JUCHUIIIHA
1. Onuc HaB4YaAJBLHOI AMCHMILIIHY, Ii MeTa, IpeAMeT BUBYCHHS TA Pe3y/1bTATH HABYAHHS

Onuc mucuumiiny. [Tix yac HaBYaHHS CTYAEHTH OTPUMAIOTh TEOPETUYHY MIATOTOBKY B 00JIacTi (i3UKH,
Ha0yIyTh HABUYOK MPABUIILHOTO PO3YMIHHS MEX 3aCTOCYBaHHS (DI3UYHHUX MOHSATH, 3aKOHIB Ta TEOPIH, 10
JI03BOJIUTh Y MaiOyTHbOMY OpIEHTYBATHUCh B TIOTOLI HAayKOBOi 1 TexHiuHOI iH(popmamii. CTyaeHTH
OTIAaHYIOTh BUKOPUCTaHHS METOJIB AU(EPEHINIaTLHOTO Ta IHTErPaJIbHOTO YHMCICHHS METO/IIB aHATITHIHOL
reomerpii Ta JiHiHHOI anrebpu Mg onucy (i3MyHUX SBUII. Ha NpakTUYHHUX 3aHATTAX HABYAIOTHCS
PO3B’sI3yBaTH NPAKTHYHI 3a/1a4i, 30KpeMa 3aCTOCOBYBAaTH MaTeMaTUYHUH amapar AJIs BUPIMICHHS IIEBHUX
¢iznynux 3ana4. Ha mabopaTOpHUX 3aHATTAX CTYJCHTH OBOJIOAIIOTh HABUYKAMU POOOTH 3 €ICKTPUIHUMHU
MpWIalaMH, armapaTyporo, BUMIPIOBAIILHOIO TEXHIKOK Ta 00poOkoro manux. [lependadueHo KOHTPOIIb
SIKOCTI OTPUMAaHMX 3HaHb Y BUIJIAI MOAYJIHHOT KOHTPOJIbHOI pOOOTH.

IIpeaMeT HaBYAJBHOI JUCHUIJIIHU: (yHIAMEHTaIbHI 3aKOHOMIPHOCTI pPyxy Marepii, ii OymoBa,
BJIACTUBOCTI Ta B3a€MO/IIS.

MeTa HaBYAJIBbHOT AMCUMILTIHM. MeTOI0 HaBYAJIbHOI TUCIUIUTIHK € (JOPMYBaHHS Y CTYACHTIB 3JaTHOCTEH
3aCTOCOBYBAaTM OCHOBHI TNPUHIMIM 1 3aKOHM KJIACHYHOI Ta cCydacHOi (i3uKd, oOmnepyBaTu
byHaaMeHTANBbHUMHU (DI3UYHUMHU TIOHSATTSAMHM Ta 3aKOHAMH TPHU BUPINICHHI TEBHUX (I3UYHUX 3ajad,
HaOyTH HaBUYOK CHCTEMHOTO MHCJICHHS Ta CHCTEMHOIO MiAXOAy NMpPHU BUBYCHHI (DI3MYHHUX 3aKOHIB Ta
GIBUYHUX MoJeJiel, OBOJOAITH 0a30BMM MaTepiaJioM ISl MOJATBIIOT0 BUBUCHHS AUCITUIUIH IUKITY
npodeciiHO-MPaAKTUIHOI 1T OTOBKH.

OcHOBHI 3aBIaHHA HABYAJBLHOI JUCIUILTiHA
3HaHHA:

- 3MICTy OCHOBHHUX 3aKOHIB pyXy B MEXaHiIli;

- 3MICTY OCHOBHHUX 3aKOHIB 30€pEKECHHS B MEXAHIIIi;

- OCHOBHHX 33aKOHIB CTaI[lOHAPHOTO E€JIEKTPUUHOTO CTPYMY;

- OCHOBHHX PIBHSHB €JIEKTPOMArHITHOTO MOJIS Ta 1X 3arajJbHOTO 3MICTY;

YMiHHA:

- 3aCTOCOBYBAaTH 3aKOHM MEXaHIKM B iX cydacHOMY (OpMYJIIOBaHHI I aHAIi3y HAWMPOCTININX
MEXaHIYHUX CHCTEM;

- KUTBKICHO aHaJi3yBaTH (i3WYHI SBUIIA, TOOTO PO3B’sA3yBaTH 3ajavi,

- pO3paxoBYBaTH IOJIsI MPOCTUX KOHQITypalliii 3apsiB i CTPyMiB;

- pO3paxoByBaTH MPOCTI KOJia TMOCTIHHOTO CTPyMY;

- 3aCTOCOBYBATH MaTeMaTWUYHHI amapaT JUisd BUPILICHHS MMEeBHUX (I3UYHMX 3a/1a4;

- OTPUMATH PO3YMIHHS KOHILEMIIH Ta MOHATH Cy4yacHOT (i3UKH ¥ 31aTHICTD 10 POpMYyBaHHS
HayKOBOi KQpTUHHU CBITY;
- OTpUMATH 3[aTHICTh CAMOCTIHHO N0OYyBaTH 3HAHHS, BAKOPUCTOBYIOUHN CYYaCHi OCBITHI Ta
1H(opMaIliifHi TEXHOJIOTIT;
- NPaBWJIBHO BUKOPUCTOBYBATH 3araJIbHOHAYKOBY Ta CIELiaIbHy TEPMIHOJOTIIO.
IIporpamHi pe3yibTaTH HABYAHHS:
KomnerenTHoCTI:
3K01. 3n1aTHiCTh 3aCTOCOBYBATH 3HAHHS Y IPAKTUYHUX CUTYAISX;
3K03. 3gaTHICTh 10 aOCTPaKTHOTO MUCJICHHS, aHAII3Y Ta CHHTE3Y;
3K07. 3gatHicTh 10 NOLIYKY, 0OpoOJIeHHS Ta aHali3y iH(opMarllii 3 pi3HUX HKeped.

®K02. 3naTHicTh (hopMaTi3yBaTH MPOOIEMH, ONMUCAHI MPUPOJTHOIO MOBOIO, Y TOMY YHCII 3a



JOIIOMOI'O0O MaTEMAaTUYHUX MeTO,Z[iB, 34CTOCOBYBATHU 3aFaJ'H>Hi Hi,Z[XOI[I/I J0 MaTEMAaTUYHOT'O MOACIIFOBAHHA
KOHKPETHHX ITPOIIECIB Ta aHAIII3y JIaHUX.

®K10. 31aTHICTh pO3pOOIIATH EKCIIEPUMEHTAIBHI Ta CIIOCTEPEKYBAIbHI TOCTIIKEHHS 1 aHaIi3yBaTH JaHi,
OTpUMaHIi B HUX.

ITPH21. 3HaTH i BMITH 3aCTOCOBYBATH Ha MPaKTHLI Au(epeHIliabHe Ta IHTEerpalbHe YUCICHHS, PSAU Ta
iHTerpan Oyp’e, aHAMITHYHY TEOMETPIIO, JIIHIHHY anreOpy Ta BEKTOPHHM aHai3, GyHKIIOHATLHUAN aHai3
Ta TUCKPETHY MAaTEeMaTUKY B 00Cs131, HEOOXITHOMY JJIsl BUPILIICHHS TUIIOBUX 3aBJIaHb CUCTEMHOTO aHAJIi3y

ITPHO02. BMmiTH BUKOPHCTOBYBATH CTAaHIAAPTHI CXEMU JIJIsl O3B’ sI3aHHSA KOMOIHATOPHUX Ta JIOT1YHUX 337124,
c(hOpMyYITHOBAaHUX MPHUPOITHOIO MOBOIO; 3ACTOCOBYBATH KJIACHYHI QJITOPUTMH TSI TIEPEBIPKH BIaCTUBOCTEH
Ta Kiacudikaii 00’ €kTiB, MHOXKHH, BiIHOIIEHB, TpadiB, rpym, OyJaeBUX (YHKIIN TOIIO;

2. IlpepekBi3uTH Ta NOCTPEKBI3UTH IMCHHUILIIHN (MicLe B CTPYKTYPHO-JIOTi4HIi cxeMi
HABYaHHS 32 BilOBIIHOI0 OCBITHHOI MPOrpamMoI0)

Mixaucuuniinapsi 38°si3ku. J(ucuumiina ®i3uka € JOT1YHUM MPOJAOBXKEHHSIM Ta MOTINOICHHIM KypCy
€JIEMEHTapHO1 (Pi3UKH, 110 BUBYABCS y 3arajlbHOOCBITHIX HaBYAJIbHUX 3aKiIaJaX Ta Ma€ TICHUH 3B 30K 3
TaKUMH MaTEMaTUYHHMH TUCHUILUTIHAMU: MaTeMaTHYHUN aHami3, anrebpa Ta aHANITUYHA TEOMETPis,
JiHilHa anreOpa, OCHOBU CUCTEMHOI0 aHaJli3y, MOJICIIOBAHHS CUCTEM.

IIpepexBizuTn: MaTu 6a30Bi 3HAHHA 31 IIKUIBHOTO KypCy (i3WMKH, 3HAHHS OCHOB IHTErPaJbHOTO Ta
nudepeHIiaTbHOTO YUCIICHHS.

IMocTpekBi3uTH: 3HAHHS, OTPUMAaHI CTyJIEHTaMH 3 Kypcy «Di3uKm», BUKOPHCTOBYIOTHCS B Kypcax
«OCHOBH CUCTEMHOTO aHami3y», «MartemaTtnyHa Gi3uKay, Ta iH.
3. 3mMicT HaBYAJBHOI AU CHHUILIIHA
Po3nin 1. ®i3u4Hi 0CHOBH MeXaHiKHU
Temal. KinemaTtuka
Tema 1.1. OcHOBH TrHAMIKH
Tema 1.2. JIlunamika o6epTaibHOTO PyXy
Tema 1.3. 3akoHn 30epeKEHHS
Tema 1.4. HeinepriaJibHi CUCTEMH BiJUTIKY
Tema 1.5. OcHoBwH crielr. Teopii BITHOCHOCTI
Po3nin 2. EnexkrpocraTuka. EnekrpomarseTusm
Tema 2.1. EnekTpuune mosie 3apsiiiB y BaKyyMi
Tema 2.2. EnexktpuuHe 1ojie B pe4oBHHI
Tema 2.3. IlocTiitHUN €NEKTPUIHHUI CTPYM
Tema 2.4. MarHiTHe Tione
Tema 2.5. [HnykiitHi sBHIIA

4. HaBuaabHi MaTepiaju Ta pecypcu

bazoga nitepatypa

1. O.B Hdimaposa, B.M. Kanuta, B.M. JlokTeB. 3aransna ®izuka. Mexanika. MoaynbpHe HaBuanHs. — K.
HTVY «KIll», 2019.

2. B.M. Kanura, O.B. Hdimapora, C.O. Pemernsk. 3arampHa ¢izuka. Emekrpoaunamika. MogyibHe
HaBYaHHS. Kuis: KIII M. Irops CikopchKoro, 2021. — 144 c.
https://ela.kpi.ua/handle/123456789/42683

3. 3apaui i3 3aranbHoi (isuku. Po3gin «Mexanika». Yknaa.: B. I1. Bpurinens, O. O. I'yceBa, O. B.
Himapona ta iH. — K.: HTYY «KIII», 2019.

4. 3apaui i3 3araneHOl Qizuku. Posnin «Enekrpuka i marmetusmy». Yxman.: B. I1. Bpurinens, O. O.
I'ycesa, O. B. limapoga ta i1. — K.: HTYY «KIII», 2019.

JlonomixkHa JiTepaTypa

5. LM. Kyuepyk, I.T. I'opbauyx, [LI1. JIynuk. 3araneauii kypc ¢izuku. Mexanika. MonekymspHa ¢izuka

1 TepmonuHamika — K: Texnika, 1999.



6. LM. Kyuepyk, L.T. l'opbauyk, ILII. JIynuk. 3aransuuii kypc ¢isuku. Enexrpuka i maruetnsm — K:
Texmuika, 2001.

HaByanbHUH KOHTEHT
5. Mertoanka onaHyBaHHSI HABYAJIbHOI IMCHUILTIHN (OCBITHHOT0 KOMIIOHEHTA)

HapuanpHa yacTHHA TUCIUIUIIHU CKJIQJICHA 3 JICKIIMHOTO MaTepialy, TPaKTUYHUX 3aHATh, JJA0OPATOPHUX
3aHITh Ta KOHTPOJbHUX 3axomiB y Burisiai MKP. Ilpu BukiIamaHHI AMCHUIUTIHM PEKOMEHAYETHCS
o0y TyBaTH O3HAMOMJICHHS CTYJICHTIB 3 IPEIMETOM TaKUM YHHOM, 11100 BOHU HE TUIBKU OTPUMYBAIH Ty
4y 1HOTY 1H()OPMAIli0 CTOCOBHO KYPCY, SIKHH BUBYAETHCS, ajle M BITUYBAIH 3B’ SI30K MK PI3HUMHU TEMaMHU
KPEIUTHOT'O MOJYJIS, @ TAKOXK MICIIE MOAYJIS cepell IHMMX (Pi3UYHUX TUCIUTUTIH.

3araqpHUI  METOAMYHWN TiAXiA [0 BUKIQJAHHS HABYAIBHOI JUCHMIUTIHA BHU3HAYAETHCA  SIK
KOMYHIKaTUBHO-KOTHITUBHUN Ta POQECiiiHO-Opi€HTOBAHUM, 3T1IHO 3 IKUM Y IIEHTP1 OCBITHBHOTO MPOIIECY
3HAXOJUTHCS CTYJICHT — Cy0’€KT HaBUaHHS 1 MaOyTHIN (haxiBellpb.

Jlekuiiini 3aHATTA

Jlexyis 1. Ilpenmer mexanika. Cucremu Bimmiky. Pagiyc-Bektop. MatepianbHa Touka. TpaekTopis.
[Tepemimenns. [lIBunkicts. Buznauenns nepemimeHHs depe3 mBUAKICTh. [nsax. CepenHs MBUAKICTD.
[Ipuckopennst Tina. Bu3HaueHHsS MBHIKOCTI Yepe3 MNpUCKOpeHHs. HopmanbHe 1 TaHTreHIiaabHe
npuckopeHHs. Kinemarnka o6epraibHOTO pyxy. Pyx matepianbHOi ToukH 1Mo kory. KyToBe nmepemiiieHHs .
KyroBa mBuakicte. KytoBe mpuckopenHs. HopmanbHe (AOLIEHTpOBE) NMPUCKOpPEHHS. TaHreHIiaabHe
IPUCKOPEHHS.

Jlexyis 2. Tlepmmii 3akon Herotona. Maca. Cuna. Jlpyruii 3akon Hetorona. JlogaBanns cui. Tpertiit
3akoH Hprotona. [lpunnun BigHOcHOCTI [aminmes. Llentp mac cuctemu Tin. Pyx Tina B ogHOpigHOMY
cuiioBoMy modii. Pyx Tina miz ai€ro B S3KOT0O TepTsL.

Jlexyis 3. 1lIBuakicTh TiIa mpu oOepTadbHOMY pyci. PIBHSHHS pyXy IEHTPY Mac TBEpPJOTO Tija.
PiBHsIHHSA 00epTanbHOTO pyXy TuUTa (3aradbHUi BUTIAL). MoMeHT cwid. MomeHT iMmynbcy. OCHOBHE
PIBHSHHS JWHAMIKA OOEpTAJIbHOTO pPyxy TBepaoro Tima. MowmeHt iHepiii. Ilpemecis ripockorry.
CxouyBaHHS HWJIIHAPA 3 TOXUIOT TUTOUIUHH.

Jlexyiss 4. Interpamu pyxy. Immynbc. 3akoH 30epexeHHS iMITyNbCy. PeakTuBHMI pyX. 3akoH
30epexeHHss MOMEHTY IMIyJbcy. MexaniuyHa po6ora. [loTyxHicTe. KiHeTHuyHa eHeprisi TOYKOBOrO Tija.
Kinernuna enepris obOeprampHOro pyxy TBeproro Tina. IloTeHuianbHa eHepris. 3B'S30K MiX
MOTEHIIIaTbHOI0 EHEPTI€I0 1 CUJIOK0.

Jlexyis 5. 3akoH 30epexeHHs] MexaHi4HO1 eHeprii. ['panui pyxy. 30epeskeHHs eHeprii npu KOYeHH1
MUTIHApPA 10 MOXWTiH mromuHI. Crita 1HepIlli TPy MOCTyNaIbHOMY pycCl HEIHEpIliadbHOT CHCTEMH BIITIKY.
Bara Tina, npuHnmn exBiBasieHTHOCTI. Bimmentposa cuna inepii. Cuna Kopiodmica.

Jlexyis 6. Ekcnepument Maiikenbcona. [Ipunnmn BimnocHocTi EfinmTeiina. [atepsan. [lepeTBopenHs
Jlopenma. CKOpoYeHHsI TOBXUHHU CTPUKHS. YTIOBUIbHEHHS 4acy. [lepeTBOpeHHs MIBUIKOCTI. 3alIeKHICTh
Macu Bix MBHIAKOCTI. PenstuBicrchkuit Immynbc. OCHOBHE pIiBHSHHS AMHAMIKH PEISTHBICTCHKOT
MEXaHiKH. 3B’ 30K MIXK €HEPTi€l0 Ta Macoro.

Jlexyis 7. Enextpuunuil 3apsan. 3akoH 30epexeHHs 3apsny. 3akoH Kynona. Enextpuune mosne,
HaNpy>KEHICTh €JIEKTpUYHOro moisd. IlpuHimmm cyneprno3umii uis enekTpuuHoro mois. Po3paxyHok
eJeKTpUYHUX MOJiB. PoboTa enexrpuyHoro noss. [otenitian. 3B'130Kk MiK MOTEHIIAIIOM 1 HANPYKEHICTIO
€JIEKTPUYHOTO TOJISL.

Jlexyis 8. TloTik BekTOpa HampyXeHOCTI eJeKTpuyHoro mois. Teopema [ayca misi BekTopa
HaIPY>KEHOCTI €JIEKTPUYHOTO OISl B iHTEerpaibHii Gopmi. Teopema ['ayca myis BekTopa HaIpy>KEHOCTI
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eJIeKTpUYHOro mTojist B audepenuianbhiii ¢opwmi. PiBusuus Ilyaccona. Ilpuknaam po3paxyHKy
€JIGKTPUYHUX TOJIB 3 BAKOPUCTAHHSAM TeopemHu ["ayca.
Jlexyis 9. lienexrpuku. Enekrpuunuil nunons. Bekrop monspusamnii. 3B's130k MK MOJSPU3ALIEO 1

3B’A3aHMMH  3apsjaMu.  Bektop  edekTpuyHoi  imaykmii D . JliellekTpuuHAa  MPOHMKHICTb.
CerHeToeneKTpyuKH.

Jlexyis 10. TIpOBITHUKH B €NEKTPUYHOMY MOJTi. EIeKTpoeMHICTh BigaaeHoro nposigHuka. Enepris
€JIEKTPUYHOIO NOJIs 3apsakeHoro nposiaHuka. Kongencaropu. ['ycTuHa eHeprii e1eKTpuyHOro moJsl.

Jlexyis 11. EnekTpuuHUil CTpyM, cuja CTPyMy, I'YCTHHa CTpyMy. PiBHSHHS HemepepBHOCTI IS
ctpymy.3akoH Oma ta 3akoH J[xkoyins-Jlenna B nudepenmianbHiit Gopmi. CTOPOHHI CHITH, €ICKTPOPYIIiifHA
cuna (EPC). 3akon Oma [1st TOBUTHHOT JUISTHKH KOJIA.

Jlexyis 12. MarnitHe nione, 3aKkoH Amnepa. MarHiTHe mojie pyxomoro 3apsay. 3akoH bio-Casapa-
Jlannmaca. Cuna Jlopenma. Cuiia Amnepa. 3akOH MOBHOTO CTPyMy. 3aKOH TIOBHOTO CTPyMy B
mudepenmianbHiit opmi. Teopema ['ayca mis BekTopa IHAYKLII Mar"iTHOro moss. MarHiTHe mosne
conenoina. Cuina Ta MOMEHTH CWJIM, IO AIIOTh HA 3aMKHEHHH MPOBITHHUK 3 CTPYMOM, PO3TAIlIOBaHUI B
MarHiTHOMY IOJIi.

Jlexyiss 13. Pe4oBUHU B MarHiTHOMY MOJi. MarHiTHUH MOMEHT BHUTKa 31 cTpyMoM. HaMarHiueHicTs.
HarmpysxeHicTh MarfiTHOTo 1moJjisi. MarHiTHa MPOHUKHICTh, MarHiTHA CIIPUWHSATIIUBICTb.

Jexyis 14. SBume enexrpomarnitTHoi iHmykmii. [lpaBumo Jlenma. 3axkon ®apanes. Buxpore
enexkTpudHe mosie. 3akoH Dapanes B audepeHiianbHii dopmi. SBuine camoiHAyKIii. [HAYKTUBHICTD.
['ycTrHa eHeprii Mar”HiTHOTO MOJIS.

Jlexyis 15. SIBuiie Mar”iToeNeKTpUYHOI iHAYKLii, rinote3a MaxkcBena. CTpyMm 3MilleHHs. 3aKOH
NOBHOTO cTpyMy. PiBHsHHS MakcBenia B iHTerpanbHiii popmi. PiBHssHHA MakcBena B qudepeHianbHii
¢dopwmi. PiBHsaHHS MakcBena 3a BiICYTHOCTI JKEPE 1 7Sl BUMAKy CTalllOHApHUX MOJIIB.

IpakTu4Hi 3aHATTS

Nel. Kinemarnka matepianbHOi TOukd. OCHOBHI TMOHSTTS, BEIUYMHHU Ta PIBHSAHHA KiHEMAaTHUKH 1
nuHaMiku Touku. OOepTOBUI PyX TBEPAOTO TiJa.

Ne2. MoMeHT iMITyJIbCY, MOMEHT CHJIM Ta MOMEHT iHepIii. PIBHSHHS JUHAMIKU 00epTaIbHOTO PyXy
TBEPJIOTO Tija.

Ne3. PiBHSHHS 3MiHH IMIYJIbCY CHUCTEMH. 3aKOH 30€peKeHHs IMITYJIbCY Ta MOMEHTY IMIIYJbCY.
[TomoxeHHst Ta pyx meHTpa Mac cuctremu. Poborta Ta moryxHicTh cuid. KiHeTnyHa Ta MOTEHIIaJIbHA
e”epris. MoaynbpHa KOHTpOJIbHA poOOTa 3 po3iay MexaHika

Ne4. Po3paxyHOK Hampy»XeHOCTI W TMOTEHINaTy €JICKTPUYHOTO IOJS JUCKPETHHX 1 HENEpPEepBHHUX
PO3MOALTIB 3apsiay 3a JAONOMOIOI0 MPUHIMITY CYNEpPIIO3UIIl Ta yepe3 3B’SI30K MK HANpy>KEHICTIO Ta
noTeHIianoM. O04HCIeHHsT cPepuuHO-, TUTIHIPUIHO- Ta TIIOCKOCUMETPUYHUX EJIICKTPUYHUX TIOJIB 3a
nornomororo Teopemu ['aycca. Bungaua po3paxyHkoBoi po6oTu 3 Temu 2.1.

No5. Enextpuune nosnie B aienekrpukax. [IpoBigaukuy B enekrpuanomy noii. Konnencaropu. Exepris
€JIEKTPUYHOTO TOJIS. XapaKTePUCTUKU Ta 3aKOHH EJIEKTPUUYHOTO CTpyMy. PO3paxyHOK €IeKTPHUUHUX KiJl
nocTiitHOTO CTpyMy. PoGoTa cTpymy.

Ne6. OGuucieHHss MarHiTHHX TOJIB CTPyMIB 3a Jomomororo 3akoHy bio-CaBapa Ta Teopemu mpo
MUPKYJIAIit0. BuznauenHs cunu Amriepa, 1o Ji€ B MarHiTHOMY TI0JI1 Ha CTPYMH pi3HOI KOHGIrypaitii.

Ne7. MoaynbHa KOHTpOsIbHA po0oTa 3 po3ainy EnekrpomarneTusm.

KonTpoabHi podoTn
3 KpeAUTHOTO MOJYJISl 3aIJIAHOBAHO MPOBEACHHS MOAYJIbHOT KOHTpOibHOI podotu (MKP), po3nineHnoi Ha
IIBl YaCTHHU.

ITpu npoBenenHi MKP ctyneHTH OTpUMYIOTh MOAYJIbHI KOHTPOJIBbHI 3aBIAaHHS, K1 CKIJIAAI0THCS 3 IBOX
TEOPETHUYHHX NMUTAHb Ta JBOX 3a/1a4: MepesliK MUTaHb 1 MPUKJIAAN PO3B’ 3Ky 3a1a4 B JlogaTky.



MKP npoBoautbes nucbMoBo. Pesynbratn MKP oronomyroTscst CTyJleHTaM Ha HAaCTYITHOMY 3aHSTTI.

6. CamocrTiiiHa po0oTa cTyaeHTa

CamocriifHa po0OTa CTyJIeHTa € OCHOBHHUM 3aCO0O0M 3aCBOEHHS HaBYAJIBLHOTO MaTepially y BUIbHUU Bif
HaBYaJIbHUX 3aHATH Hac i BKJIFO4Hae:

No 3/n Buo camocmiiinoi pobomu Kinvxicmo
eooun CPC
1 ITiocomoska 0o ayoumopHux 3auamo 50
2 Iliocomoexa 0o MKP 16
3 Iliocomoexa 0o 3anixky 10

ITosiTHKa Ta KOHTPOJIB

7. HoaiTnka HABYAJIbHOI AUCHUILIIHU (OCBITHHOT0 KOMIIOHEHTA)

Cucrtema BUMOT, sIKi BUKJIaJIa4 CTAaBUTH MEPE]l CTYACHTOM:

- TpaBWJIa BiABITYBaHHS 3aHATH: BianoBiaHo 10 Hakaszy 1-273 Bix 14.09.2020 p. 3a00pOHEHO OLIIHIOBATH
MPUCYTHICTH a00 BIACYTHICTh 3700yBaua Ha ayJIWTOPHOMY 3aHSATTI, B TOMY 4YHCJI HapaxoOBYBaTH
3aoxouyBasibHi 200 mTpadui Oanu. Bimnmosimno no PCO panoi aucuuruiing Oany HapaxoBYIOTH 3a
BIJIMOBI1/IH1 BU/IM HABYAJIbHOI aKTUBHOCT1 HAa MPAKTHYHHUX 3aHITTSIX.

- IpaBWJIa TOBEAIHKM Ha 3aHATTAX: CTYJCHT Ma€ CIIYIIHO BUKOHYBATH BKa31BKH BHKJIa[ayda 100 POOOTH
Ha 3aHATTi, MOBOAMTUCS CTPUMAHO I UYEMHO Ta HE 3aBaKATH IHIIUM CTyJEHTaM 1 BHKIIaJaudy.
Bukopucranas 3aco6iB 3B’sI3Ky s MOIIYKY iH(opMarii Ha Tyri-AMcKy BHUKJanada, B IHTEpHETI, B
TUCTaHIIMHOMY Kypci Ha tuiatdopmi CiKOPCHKHMHA 3MIMCHIOETHCS 3a YMOBH BKa3iBKH BUKJIA/Iaya;

- TMONITUKA JEeAJIaifHIB Ta MepecKiIajaHb: SKIIO CTYJACHT HE NMPOXOAUB a00 HE 3’SIBUBCS Ha KOHTPOJIbHY
poboty (6e3 MOoBaKHOT MPUYMHHU), HOTO pe3yibTaT OMIHIOEThCA y 0 Oanis;

- TONITHMKA 1IIOAO akajgemiyHoi goOpouecHocTi: Komexc wuecti HarioHanbHOTO — TEXHIYHOTO
yHiBepcuTeTy  YKpainm «KuWiBChbKMH  MOMITEXHIYHMK  1HCTUTYT iMeHi Irops  CikopchKOTOY
https://kpi.ua/files’/honorcode.pdf BcTaHoBMIOE 3aranbHI MOpayibHI MPUHLMIM, MPaBUIa €THYHOI
MOBEJIHKK 0Ci0 Ta mependadae MOJNITHKY akKaAeMIYHOI JOOpOYECHOCTI ISl OCi0, M0 MpaIoTh 1
HABYAIOTHCS B YHIBEPCHUTETI, SIKUMU BOHH MalOTh KEPYBAaTUCh y CBOI MisUTBHOCTI, B TOMY YHCII IpU
BHUBYCHHI Ta CKJIaJIaHHI KOHTPOJIBHUX 3aXO0/IIB 3 TUCIHIUTIHA «Di3uKay;

- TpU BHUKOpHUCTaHHI IM(poBHUX 3aco0iB 3B’S3Ky 3 BHKJIagayeM (MOOUIbHUN 3B’A30K, E€JIEKTPOHHA
moImiTa, Tepenrcka Ha QopymMax Ta |y COIMEpeXax TOII0) HEOOXigHO JOTPUMYBATHCH
3araJIbHOTIPUMHATUX €TUYHUX HOPM, 30KpeMa OyTH BBIWIMBUM Ta OOMEXYBaTH CIUIKYBaHHS poOOYHUM
4acoM BHKJIaJaya.

8. Buau KOHTPOJII0 Ta peITHHIOBa CHCTeMa OLIHIOBAaHHA pe3yabTaTiB HapuyaHHA (PCO)

Buau xonTposio:

[ToTounwmii kouTposs: MKP.

Kanennapuuil KOHTPOJIb: MPOBOJUTHCS JIBIUl HA CEMECTP SIK MOHITOPHUHI MOTOYHOI'O CTaHYy BUKOHAHHS
BUMOT cuinalycy.

CemecTpoBHif KOHTPOJIb: 3aTTiK.

YMOBHU JOMYCKy 10 CEMECTPOBOTO KOHTPOJIO: YCIHIIIHE BHKOHAHHS 3aBJaHb, BCIX KOHTPOJBHHUX Ta
3a YMOBH, III0 CEMECTPOBHM pedTuHr He MeHIe 30 OaiB.

Ha meprmomy 3aHATTI CTYJIEHTH O3HAHOMIIIOIOTHCS 3 PEUTHHTOBOIO cucTteMmoro oriHtoBaHHS (PCO)
JIIUCILIUILIIHHA.

PeiiTUHIrOBa cHcTeMa OL[iHIOBAHHS Pe3y/bTATiB HABYAHHS



1. ITpakTuyHi 3aHATTS. 3a BIANOBIAb CTYJCHT OTpUMY€E Oanu: 3 Ganu Hpu BIAMOBIAHOCTI B MeXax 75-
100 BizcOTKIB; 2 — TOTOBHICTB B Mexkax 50-75 BincoTkiB; 1 — roToBHICTE B Mexkax 25-50 Bigcotkis; 0 6amiB
— MMOBHA HETOTOBHICTH (BIZCYTHICTh €JICMEHTAPHUX 3HAHB 110 TEMI 3aHATTS UM CAMOCTIHHOI pOOOTH).
MaxkcumainbHO 3a poOOTY Ha IPAKTUYHUX 3aHHATTIX MPOTIATOM CEMECTPY CTYAEHT oTpuMae 15 6ais.
2. Excriepc-onuTyBaHHsS TEOPETUIHOTO MaTepiany 10 25 6aniB. Biamoiai Ha KOHTPOJIBHI 3aTUTAHHS
10 po3ainry MexaHika, 5 TeM, MakCUMalbHUK Oan 3a KoxkHY Temy 3 Oamu. PoGorta 3 TeopeTHuHUM
MarepianoM 3 EnekTpuku MmakcuMalibHa KibKicTh 10 6armiB.
3. MoaynpHa KOHTpOJdbHA poboTa. Po3nineHa Ha JBI 4YaCTUHU, MAaKCUMAaJIbHUHN Oall KOKHOT YaCTHHH
30 GaniB, CKIAAIOTHCS 3 IBOX TEOPETHUYHUX MHUTaHb Ta 3a1adi. KokHe 3 3aBiaHb Ta 3a/1aya OIIHIOETHCS
okpemo: 0 OaniB — He BUKOHaHO; 1-2 Oanm — BukoHaHo MmeHme 20 % 3aBmaHHs/3amadi; 3—4 Oamm —
BHKOHaHO He MeHIe 30 % 3aBnanns/3agaui; 5 —6 0amiB — BukoHaHo He MeHie 50 % 3aBmanns/3agayi; 7—8
OamiB — BukoHaHo He Menme 70 % 3aBmanus/3agaui; 9—10 OamiB — BHMKOHAHO He MeHIIe 85 %
3aBaaHHsA/3ama4i. B migcymky 3a MKP 2x30=60 Ganis.
MaxkcumanpHa cyma OaniB cTapToBOI ckiaoBoi gopiBHIOE 100. HeoOXi1HOIO yMOBOIO JOMYCKY 10
3aJ1iKy € CTapTOBHI peUTHHT He MeHIne 30 6artiB.
SIKI10 ceMecTpoBHiA PEUTHHT CKiIagae He MeHIIe 60 OaniB, CTYJEHT OTPUMYE 3aJ1iK aBTOMATOM.
Sxmo crynent HabpaB mpotrarom cemectpy 60 OamiB 1 Oumble, ajne Xode IMiJBHIIUTH CBOIO
PEUTHUHTOBY OIIHKY, BiH MOXKE IIe 3pOOUTH y cIiBOECi il 3 BUKJIa1adeM.

Cyma otpumaHux OaJliB EPEBOIUTHCS B 3aJIIKOBY OLIHKY 3T1JIHO 3 TaOJIHMLIEIO:

Peiitunarosi 6amm OI1iHKa 33 YHIBEPCUTETCHKOO TITKAJIOI0

95-100 BigminHo
85-94 Jyxe nobpe
75 - 84 Hobpe
65 - 74 3a/10BUIHHO
60 - 64 JloctatHbO

Menue 60 He3anoBiibpHO

HeBukoHaHHs yMOB IOIYCKY /10 CEMECTPOBOTO He nonymeno
KOHTPOJTIO

9. JonarkoBa iHopmallisi 3 TUCHUILTIHU (OCBITHHOT0 KOMIIOHEHTA)
Po0o4y nporpamy HaB4YaJIbHOI AMCHHUILTIHM (cHi1adyc):
Craaneno 1.¢.-m.H., npod. Kamura B. M., 1.¢.-M.H., mpod. CHapcekuii A. O.
YxBaJjieHo kadenporo 3araabHoi ¢izuku (mporokoa Ne 5 Bix 27.05.2025 p.)

Ioromxxeno Meroguunoro komicietro HH ITICA (mportokon Ne 7 Big 25. 06. 2025)



Jlopatok.

[lepenik TeOPETUUHUX MHUTAHD:

Cucremn Bimuiky. Paniyc-Bektop. MarepiansHa Touka. Tpaekropisa. Ilepemimenns. IIBuakicTs.
Busnauenns nepemimenns depe3 mBuakKicTh. lnax. Cepenns mBuakicts. [Ipuckopenns. BuznaueHns
IIBUJKOCTI Yepe3 MpucKopeHHs. HopmanpHe Ta TaHreHLiadbHe IPUCKOPEHHS.

Kinematuka obepranmpHoro pyxy. Pyx mo komy. KyroBe mepemimienns. Kyrosa mBuakicts. Yactora i
nepiog oOepranHs. KyroBe mnpuckopenss. [lonieHTpoBe (HOpMallbHE) MPUCKOPEHHS. TaHTeHIianbHe
MPUCKOPEHHS.

[Tepmmii 3akon Heiorona. IHepiianbHi cuctemu Bitiky. Maca Tima. Cuna. [pyruii 3akon HeroToHa.
Honasanus cun. Tpertiit 3akon Heiorona. [Ipuniun BimHocHocTi [Mamines. Pyx Tina mig gi€ro B’sS3KOTO
TEpTSL.

Junamika oOepTaibHOTO pyxy. PIBHAHHS pyXy LEHTPY Mac TBEpJAOro Tina. PIBHAHHS 00epTalbHOTO PyXY
TBEPJOTO Tifa (3araibHuil BUTIISL). MomeHT cuinu. MomeHT immynbey. OCHOBHE PiBHSIHHSI JUHAMIKH
oOepranbHOrO pyxy TBepraoro Tina. Moment inepuii. [Ipenecis ripockomy. Cko4dyBaHHS LMIIHIpA 3
MOXMJIOT IUIOIINHH.

[arerpamu pyxy. Imnysbc. 3akoH 30epekeHHs iMITyJIbCy. PeakTuBHUI pyx. 3aKOH 30€pekKEeHHS MOMEHTY
iMmysibey. Mexaniuaa po6ota. IloTyxkHicte. IloTeHrianpHa eHepris. 3B'S30K MK IOTEHIIATLHOIO
eHeprieto i cuioro. Kinernuna enepris ToukoBoro Tina. KineTnyna eneprisi 00epTaabHOTO pyXy TBEpAOTO
tina. KineTnyHa eHepris Tija Mpu JOBUIBHOMY pyci. 3akoH 30epekeHHs MeXaHiuHoi eHeprii. ['panuii
pyXy.

Cuna iHepuii NMpu TOCTYNMaJbHOMY pycCl HeiHepIianbHOI cucTeMHu BiTiKy. Bara tima. Ilpuniun
eKBiBaJIeHTHOCTI. Biauentpona cuna. Cuna Kopiourica.

[Tpukian po3B’ 13Ky 3a/1adi:

. . s 277 . — .
VYmoga 1: Ha Tino macu m nie cuna F = oyti +a,t” j . TlouaTkoBa IIBHIKICTE V, = 0 i mo4aTkoBE TOJOKECHHS
7y =0 . 3anumniTe BUpa3u Uil NPUCKOPEHHS, MIBUIKOCTI, Pajiyc-BeKTOPa, iMITyJIbCy, KIHETUYHOI €Heprii,

MOTYXHOCTi, MOMEHTY CHJIM, MOMEHTY IMITyJbCa, MOJIYJs MIBHUIKOCTI, TAHTCHIAIBHOTO i HOPMAIBHOTO
HPUCKOPEHb.

1= 1 - -
1. 3 gpyroro 3akony HetotoHa: a = —F =—(oyti + a2t2 J);
m

2. [aTerpyemo mpucKOpeHHsl, 00 3HAWTH IMIBUAKICTD:
t t 2 3
-~ - - 1 s - 1 - r -
V=Y, +Iadt =—J.(a1tz +a,t’ )dt =—(a,—i +a,—J);
0 ms, m 2 3
(mepeBipka, MPUCKOPEHHS € MOXITHOIO MIBUIKOCTI:
& d1l, - £ 1, 2t 3. 1, - -
=—= —it+a,—j)=—(a,—i+a,—j)=—(ati +a,t
di dim 2 23 ) m(12 23]) m(l 27J))

3. [I1o6 3HaiTH paaiyc-BEKTOpP IHTETPYEMO IIBUIKICTH:
t 2 3 4

7—7+jvdt—lj(at—f+a L L A
0 m 15 23] m 5 2 J)s

0 3 3.4
(mepeBipka - ﬁ—ﬁ—ii(a iz?+05 i4')—i(05 £f+a 4—137)—i(05 ﬁf+a ﬁﬁ'))
peBip g drm a3l Tan g )T Ay TRy T TR

4. Imnynbce — e JOOyTOK MacH Ha IIBUJIKICTb:

2 3 2 3
(at i+a d j)—at i +a !
1 2 2 3 1 2 2 3

3



(mepeBipka, 3a  ApyrMM  3akOHOM  HploToHa  moxigHa  iMIynbcy — JOPIBHIOE — CHII:

dp d( t21+a£) a2?+a£ atz+at );
ardr 370745 37T J
£, £,
| L e e, @@y
5. Kinetnuna eneprisi: £, =—m(V)’ = —m(— (o, —i +a, — j))’ = ;
2 2 m 2 3 2m

6. [ToTyXHICTh TOPIBHIOE CKaJ'IHpHOMy z[o6yT1<y CHJIM Ha IIBHJIKICTH:
2 2 3 5

N = Fv = (ayti +a,t ]) (0(1 2 i +o,— j)=Z(alta15+a212a2§)=%(alt +a22?)
t3
dE, d @ 5)2+(“2 3 1 gt
epeBipka N = =— - = =
(nepesip dt dt 2m omar gty

24t 26t 1 L, L2
=—(a, — =—(at +a,—));
( 9 2m(1 2 3))

7. MOMEHT CHUJIM BU3HAYAETHCS BEKTOPHUM JJOOYTKOM pajiiyC-BeKTOpa TOUKHU MPUKIIATAHHS CHUIIM Ha BEKTOP
cuiu. BekTopHuii 100yTOK 3HaXOAMMO 3a JOITOMOTOK0 BU3HAUHUKA!

L - [ j k
Lk 1 £ 1 !
M=[FFl=lr r r |=l—a— —« 0=
e R P e R e
FF K oyt at’ 0
-1 £ 1 ! -1 t5
=k(—a,—a,t’ ——a,—at)=k—a :
(m '237%  m 3.4 )= m

8. MOMEHT IMITyJIbCy MOPIBHIOE BEKTOPHOMY HOOYTKY pajliyc-BEKTOpa Ha IMITYJIbC, 3HAXOJIWMO 3a
JOTIOMOTOF0 BU3HAYHUKA!

Lo i j k
i j k /
L=[/l=|r. r r —lozi iai 0=
L O I P R T
px pypz tz t3
o, — o, — 0
2 3
-1 £ £ 1  °F 1 t°
=k(—y—a,——a,—«a a0
( '237%3 m '3.4° ) m )

(mepeBipka, MOXiJJHa MOMEHTY iMnynbcy JIOPIBHIOE MOMEHTY CHJIH:
o dL _d 1 £ -1 6r’ -1 £
M = —k—oao0,—=k—oaoo0,—=k—a,a,—);
dt dt m 72 m 72 m 12

9. Moaynb MIBUIKOCTI JOPIBHIOE KBAAPATHOMY KOPEHIO 3 CyMH KBaJAPaTiB MPOEKIIIH MIBUIKOCTI:
6

1 £ 1 7 1 £ £ 1 ! ¢
= v2+v2=\/—a—2+—a—2=—\/a—2+a—2=— ol —+a; —;
VY Y, (mlz) (m23) m(lz) (23) | TR

10. Ta"reHmiagpHe NPUCKOPEHHS BU3HAYAETHCS K MOX1HA MOJYJIS IIBUAKOCTI:




0524—t3+0{26—t5 0{2£+05Zi
dv 11714 9 1 777 ™3

a, =— = :
dt m?2 , tt L0 mo |t , 10
o —+ao, — o —+a; —
9 4 9
11. 3HaxoAMMO BETMYMHY KOMIOHEHTH HOPMAJIBHOTO TPUCKOPEHHS
3 5
4 t
1 0(12 E + a22 E
a,=\@ =@’ = | +a~a’ = |(—an) +(—ar’) ~( y =

t
(0512 *+a2 )2

=— |/t +ast 24 6
Lt
a122+052 5

YMmoBa 2: Ha Tin0 3 MOMeHTOM iHepuii J i€ MoMeHT cunu M = at . IloyarkoBa KyToBa MBUAKICTE @, =0

. 3HaWIITh KyTOBE NPHUCKOPEHHS Tija, HOTr0 KyTOBY IIBHAKICTH, KyT TOBOPOTY, MOMEHT IMIIYJIbCY,
KIHETUYHY €HEprilo, MOTY>KHICTh MOMEHTY CHWJIM, IIBHJKICTh TOYKH BiJJalieHOI Ha BiACTaHb R Bia oci
obepraHHs, il TaHTeHITIaJIbHE, HOPMaJIbHE Ta MTOBHE MTPUCKOPECHHS.

1. 3 OCHOBHOTO PiBHSIHHS JUHAMIKH 00€PTAIbHOTO PyXYy 3HAXOJAMMO, [0 KYTOBE MTPUCKOPEHHS JOPIBHIOE:

M 1
=—=—at;
J J

2. KyToBy HIBHIKICTh 3HAXOJMMO IHTETPYBaHHSIM KyTOBOTO IIPUCKOPEHHS:
t t 2
1 1 ¢t
® =, +I5dt =—Iatdt =—a—;
J J 2
(mepeBipka, KyTOBE IIPUCKOPEHHS € MOX1/THOIO BiJ| KyTOBOL IIBUKOCTI:
_do _d 1 t2 1 2t
—=—a—=—at)
At ar J 2 J 2
3. Kyt nmoBopoTy 3HaxoAMMO iHTErpyBaHHSM KyTOBOI IIIBHIKOCTI;
(mepeBipka, KyTOBa IIBUIKICTh JOPIBHIOE MOX1THIN KyTa IIOBOPOTY:
_dap) _d 1 t3 1 37 1 t )

dt dt J 6 J 6 J 2
4. MoMeHT IMITyJIbCYy BITHOCHO (DIKCOBAHO1 OC1 IOPIBHIOE JOOYTKY MOMEHTY 1HEPIlii Ha KyTOBY IIBUKICTh:

t2
L=Jo=a—;
2
: : : L d ¢ 2
(mepeBipka, 3 piBHAHHS AWHAMIKH 00€pTaIbHOTO pyXy: M = I = zaz =a— 2 =at)
5. KinernuHa eHeprist 06epTanbHOro pyxy: £, = lJ 0] 1 l ﬁ) —( —) t4 ;
P p pyxy: 7 2 795 rE

6. [ToTyxHICTh pH 0O0EPTaHHI TOPIBHIOE TOOYTKY MOMEHTY CHJIM Ha KYTOBY IIBHJIKICTb:
1 £ 1
N=Mo=-ai—a"=—a*f ;
2J
. dE, _d 1 A
(nepeBipka N =—* —a'—=—a —a
dt dt J 8 J 8 2J

10



, . NN R
7. 3B’S30K MiXK JIIHIHHOIO Ta KyTOBOIO MIBUAKICTIO: V= R® = R;az ;

8. 3B’5130K MIXK TaHT€HLIaJTbHUM MPUCKOPEHHIM Ta KyTOBHM MPUCKOPEHHSIM:

a, :Rg:Rlat;
J

2
9. HopmaJibHe (JI01IeHTpOBE) MPUCKOPEHHS: @, = Rw’ = R(}a%)z;

2

2
10. Moty b IPUCKOPEHHS: a = /d- +a. = (R%oa‘)2 +(R(%0{%)2)2 =R (%ozt)2 + (}0{%)2 .

[Tpuxnanu TeOpEeTUUHUX MUTAHB!

Enextpuunmii 3apsa. 3akoH 30epexeHHs 3apsany. 3akoH Kynona. HampyskeHICTh €IeKTPUYHOTO MOJIS.
O3HauyeHHS HANPYKEHOCTI eJIEKTPUYHOro nosis. HampyKeHICTh eNeKTPUYHOIO OISl TOYKOBOTO 3apsy.
[punnun cynepno3uuii st enexkrpuyHoro mnois. ITome cuctemu ToukoBHX 3apsiniB. HampyxeHicTh
€JICKTPUYHOTO TIOJIsI HEMEPEPBHO PO3MOAUICHUX 3apsiaiB. Cuma B3aemMoii MDK 3apsSPKCHHUMH TiJIaMHU.
Cunosi ninii. Po6oTa enekTpudHoro mojst TOUkoBoro 3apsny. JudepeHmianbia yMoBa NOTEHIIATBHOCTI
€JEKTPUYHOTO MoJisi. [loTeHIian eneKTpoCTaTHIHOTO 1MoJIsl. EKBIMOTEHIIa/IbHI TOBEPXHI.

[ToTik BekTOpa Hampy>KEHOCTI eneKTpuuHoro mousisd. [HrerpanbHa Teopema ['ayca st BekTopa
HaAIPYXEHOCTI eJekTpuyHoro nojis. Teopema ['ayca ans BekTOopa HAMpPYKEHOCT! €JIEKTPUYHOTO TOJIS B
mudepenmianbHiii  ¢popmi. PiBasHHs Ilyaccona. EnextpuuHe mojie OJHOPIAHO 3aps/PKEHOI KYJIL.
Enexrpuune nose ogHOPIIHO 3apsKeHOT 0e3MeXHOT IIIOMKUHU. EnekTprudHe noje oJHOPITHO 3apsiIKeHOT
OPSAMOJIIHIHHOT HUTKH

Hienextpuku. [lomsipuzaris gienextpuki. Exexrpuunuii numons. Bexrop momsipuzartii. Bektop
nojsipusanii. Bekrop momspuszamii Ta monspusauiiHi 3apsau. EjekTpuuHe 1mojie B IICNEKTPHKY.
JlienexkTpuyHa MPOHUKHICTh Ta JI€JIEKTPUYHA CIIPUHHATINBICT. BEKTOp eneKTpuyHOT 1HAYKIIII.

[TpoBigHuku B enekrpuuHoMy modi. [ToBepxHeBuit po3momin 3apsiay nposinHuka. [lone Oims
MOBEPXHI MpOBiHKUKA. EnexTpu3zaiis mpoBiAHUKA B €ICKTPUIHOMY IOJI1. EJIEKTpOEMHICTD BiIAaJI€HOTO
npoBigHuka. Enekrpoemuicts Kyii. Enepris 3apsmkenoro nposinnuka. Konnencaropu. EnekrpoemMHicTh
KOHJIeHCaTOpiB. EHepris 3apskeHoro KoHaeHcaTopa. EHepris enekTpuyHOro moJis.

Enextpuunmii ctpym. Cuna ctpymy. I'yctuHa enektpudnHoro ctpymy. PiBHSHHS HemepepBHOCTI
3apsany. 3akoH Oma. 3akon Oma B nudepenmianpHii Gopmi. MakcBemiBebka penakcariisi. Po6ora crpymy,
3akoH Jxoyns-Jlenna. Croponni cunu, EPC. Ilpasuna Kipxroda.

3akoH Amriepa. [HaykIrist MarHiTHOTO moJisi. MardiTHe moJjie pyxomoro 3apsiay. 3akoH bio-CaBapa-
Jlanmaca. [HAyKIIis MarHiTHOTO TOJIS MPSMOJTIHIHHOTO
HecKiH4YeHoro mpoBigHuka 31 crpymoM. Cuna Jlopenna. Cuma Awmmepa. Teopema ['ayca s BekTopa
iHAyKLii MarHiTHOTO mouist. L{upkyssiuis BekTopa iHayKuii MarHiTHOTO Nojst. L{upKymnsiis BekTopa iHIyKIii
MarHiTHOTO 1o B nudepenmianbHii Gopmi. Mar"iTHe mosie B COJICHOII1. 3aKOH AMIepa B CepPEIOBHIIIL.
MarnitHuii  nunons. Hamarnivenicts. Lupkymsmist BekTopa iHAYKLIi Mar"iTHOrO IOJIA CTPYyMIB B
cepenoBuilli. HampykeHicTh MarHiTHOTO ToJisl. MarHiTHa COPUAUHATIMBICTE. SIBHIIE €JIEKTpOMarHiTHOL
iHaykuii, 3akon ®apanes. Buxpose enextpuune nose. 3akoH @Dapanes B audepeHuianbHiid (popmi.
IanykTuBHicTh. EPC camoinmykiii. EHepriss MarHiTHOTO TOJISI TIPOBIAHUKA 31 cTpyMoM. ['ycTuHa eHeprii
MarHiTHOTO mouisd. SIBHIE MarHiToeneKTpu4Hoi iHAyKuii. CTpyMm 3MimieHHS. 3aKOH MOBHOTO CTPyMY.
PiBusinHs MakcBena B iHTerpanbHii popmi. PiBHssHHS MakcBena B audepeHiianbHii Gopmi.

[Ipuknan po3B’s3Ky 3a1a4:
1. EnekTpuuHe moJie 3apsiaKeHol Ky.JIi
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Po3rnsiHeMO BUMAIOK NMPOCTOPOBOTO PO3MOILUTY 3apsay, KOJM BCEpEAMHI Kyl T'yCTHHA 3apsiay
nocriiina P(7) = const npu ‘17 ‘ <R, ne R — paniyc xyni (puc. 1), TOGTO KyJs 3aps/KeHa OJHOPIAHO.

Hexaii ryctuna 3apsiay € gomataoto, p > (0. Baxatumemo, 1mo 3a Mexamu Kyii Oyap-siKi 3apsiu

———

- ~a - BIJICYTHI.

Po3nonin 3apsany € chepudHo-cUMeTpUYHUM. Taky x
came chepuuHy CHUMETpPil0 TIOBHHHE MaTH €JIEKTPUYHE IOJIe,
yTBOpeHe 3apsaoM. lloscHumo, mo e o3Hayae. 3AiHCHUMO
(YMOBHO) MOBOPOT B MPOCTOP1 Ha JOBUIBHUI KyT BiIHOCHO
HeHTpY KyJi. OueBUAHO, 110 MICIIs MOBOPOTY KYJIS Ta 3apsij B
HI{ cmiBmajae cam 3 co0oro. [Ipu TakoMy MOBOPOTI €IeKTpUYIHE
IOJIC TAKOXX Ma€ CIBIAcTh came 3 coboro. Ile € MoxIuBHM,

KOJIH MOJYJIb BEKTOPA HAMPY>KEHOCTI SICKTPUIHOTO TIOJIST Ma€e
OJIHAKOBE 3HAYCHHS Ha OJIHAKOBIW BiJICTaHI BiJ IIEHTpa Ky 1

Puc. 1

BEKTOP HAMPYKEHOCT1 HAIIpaBJICHUI a00 BiJl IIEHTpa KyJIi, KOJIA
TYCTHHA 3apsay J0/aTHa, a00 JI0 MEHTPY Ky, KO TYCTHHA 3apsaay Bl €MHa.

Otxe, 31 chepuuHOi CUMETPii BUIUIMBAE, IO EICKTPUYHE TOJIE OJHOPIAHO 3apsIKEHOI Kyl €
pamiadbHUM, a BEKTOP HAMPY>KEHOCTI €JIEKTPUIHOTO MO CriBmnanae (200 MpOTHUIIC)KHO HAIpaBICHUN) 3
paziyc-BEKTOPOM, 1[0 MA€ MOYATOK B IIEHTP1 chepH.

Takum ymHOM, 32 YMOB C(PepUUHO-CUMETPUYHOTO PO3MOJIIIY 3apsly MAEMO, IO HAMPYKEHICTh

eJIEKTPUYHOTO TI0JIs 3aJIeKUTh JIUIIE Bij BigcTani 7 = |I7 | no uenrpy kym E(7)=E(r) i nns noparaoi

TyCTUHH posnominy 3apsay, © >0, cniBrampasiena £ ™7 s pajlyc-BEKTOPOM IOJIOKEHHSI TOUKH

CIIOCTEPEKEHHS 1oJs (IUB. puc. 1).
OTounMO 3apsAKEeHy KyJo C(EpUYHOI0 MOBEPXHEI0, SIKy Ha puc. | MO3HAUeHO MyHKTHUPOM, 1
paniyc sikoi OuTbLINiA 3a paaiyc chepu, 7>R. B Toukax Ha 1ill MOBEPXHI HANPY>KEHICTh €JIEKTPHUYHOTO TTOJIS

nepremmKyapHa 10 mosepxii, 60 £ 11T 7, Tomy Bexrop dS ™ E . 3sincu maemo, mo CKaJIIpHUIA

no6yTox BektopiB £ Ta dS nopismioe mo6ytky ix moxynis, EdS = EdS . Tenep Bupa3s mns motoxy
BEKTOpa HAIIPY>KEHOCTI €JICKTPUIHOTO MMOJIsl OyJ1e PIBHUMA

®, = EdS = Eds .
S S

Bpaxyemo, 1110 11 BCiX TOYOK Ha chepruHiil HOBEpXH1 MOIyJIb BEKTOpA HAMPY>KEHOCT1 OJJTHAKOBUH,
TOMY HaIlpyXeHICTh £ MOXHa BUHECTH 3 MiJ] 3HAaKy iHTerpaia

®, = E¢dS.
s
IaTerpan CﬁdS JIOPIBHIOE TLIONII TOBEPXHI CepH, siKa JOPIBHIOE
s
$ds =5 =4zr.
s
OTke 7151 TOTOKY BEKTOPa HAMPYKEHOCTI OHOPITHO 3apsIIKEHOT KyJIi JUTs >R 0OTpUMaeMo BUpa3

O, = E4nr.
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Po3paxyemo 3apsiz, oxorieHui chepuyHo0 moBepxHero. BennunHa 3apsiay ITOpIBHIOE 1HTErpairy
1o 00’eMy BiJl TYCTHHHU:

q= fpd V.,
Jie IHTerpyBaHHs 3I1MCHIOETHCS 110 00’ €My BCi€l 3apskeHoi Kyi. OCKUIBKM TYCTHHA PO3MOJLTY 3apsay €

MOCTIMHOIO, TO 11 MOKHA BUHECTH 3 ITiJl 3HAKY IHTErpasa:
4 s
q :pIdV:pV =p§7Z'R ,

Jie BpaxoBaHO, IO IHTErpyBaHHSA MO 00’eMy KyJi JIOpiBHIOE ii 00’€My, BEIMYMHA SKOTO JOPIBHIOE

VzﬂﬂRS.
3

Tenep migcraBumo B piBHsiHHS Teopemu [ayca D, = 9 3HalZICHI HAMU Y SBHOMY BUTJISII BUPA3H
2
JUTSE TIOTOKY 1 3apsiy:
2 4 s
Ednr =L 2R
)
3BijicK 3HAXOAUMO, 1110 32 MEXKaMH #>R OJHOPIIHO 3apsIKEHOT KyJIi HANPYKEHICTh eIEKTPUYHOTO
1oJIsi OOEPHEHO MPOMOPITiHHA KBAAPATy BiJICTaHI 10 IEHTPY KYJIi:
3
PR

E(r>R)=
( ) 3g,r”

Ha noBepxHi chepu HanpyKEHICTh €IEKTPUUHOTO MOJIS TOPIBHIOE

E(r=R)= p_R

3¢,
Tenep 3HaiieMo HamNpy>KEHICTb E€JIEKTPUYHOTO IOJIA BCepeAuHi Kyii, Konu r<R. PosrisHemo
chepuuHy TOBEPXHIO 3 IEHTPOM B T. O, Ky Ha pUC. 2 TIO3HAYCHO
NYHKTUPOM. SIK 1 B IONepeIHbOMY BUMAAKY, JUIA i€l cepudHoi
NOBEPXHI MOTIK BEKTOpa  HANpyXeHOCTi Oyae  piBHUH

2 .
@, = FE4rr”, mo obymosieHo cumerpiero. Bennunna 3apsiny,

oxoruieHoro cdepor pamiycy r», Oyae BIAMIHHOIO  Bij
MIOTIEPETHHOTO BUITAIKY

q:J‘pdV:pjdV:pV:pgmﬁ,

JIe BpaxoBaHO, IO BEIUYMHA OXOIUICHOTO cdeporo 00’emy

Puc. 2
ne nopisaioe V = %7[7’3 )

Tenep 3 Teopemnu I'ayca @, = 4 OTPUMAEMO PIBHSHHS:
o
4
Ednr* = £—7[1”3 ,
& 3
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3 SKOTO 3HAWIEMO BEJIMYMHY BEKTOPAa HAMpPYXEHOCTI E€JIEKTPUYHOrO TOJS BCEPEIUHI OIHOPITHO
3apsKEHOT KyJIi:
yo,
E(r<R)y=—r.
3¢g,
SIkmo B 1eil BUpa3 MiACTaBUTH r=R, TO 3HOBY 3HaWIEMO HANpPYXXEHICTh €JIEKTPUYHOTrO IOJI Ha
MOBEPXHI 3apsIHKEHOT KyJIi:
o,
E(r=R)=—R.
3¢g,

OTxe Hanpy>KEHICTh IEKTPUYHOTO IOJISI BCEPEANHI 3apAHKEHOT KyJli 3pOCTaE 13 30UIBIICHHSIM ¥ 32
JTHIHAM 3aKOHOM.

Po3paxyemMo moOTeHIian eJIeKTPUYHOTO TOJs OJHOPITHO 3aps/pkeHoi Kymi. s  1mporo

7
ckopuctaemock hopmyiowo @(7) = @(7,)— | E(F)dr . Tlpuiimemo moTeHIian Ha HECKIHUCHOCTI PIBHUM
p pMy 0 p p
7y

HYJTIO, TOJII
o(7) = — j E(F)dF .

[aTerpyBanHs 311HCHIMO B3/I0BX MPSMOI, 10 TPOXOAUTH Yepe3 UEHTP KyJi. il TOUOK, 110 JIeKATh
Ha Ii# npsMiii, paiyc-BeKTOp HOPIBHIOE BIICTaHI IO LEHTPY KYJIi, @8 BEKTOPH HANIPYKEHOCT1 €NIEKTPUIHOTO
MoNs 1 EJEMEHTapHOro MepeMillleHHs CHiBNajalTh 3a Hampsamkom, FE(7) ™Mdr, tomy B

MiIHTErPAIbBHOMY BHpa3i CKAISIPHUMA T00YTOK MOKHA 3aMIHUTH Ha I0OYTOK MOYJIiB:
p
o(r)=— j E(r)dr.
o0

JIyst 3HAXOKEHHST TIOTEHITIATy 32 MeXaMu Kymi 7 > R mincrasumo OTPUMaHHU HAMU BHUpaA3 IS
HaIPy>KEHOCTI:

_pR3r _pR3
3e,r|, 3g,r

r r 3
p(r>R)= —jE(r)dr = —J.S'Ogirzdr
0 0 0

[Torentrian moBepxHi KyJIi TOPiBHIOE
R
pR3 | pR2

380}”‘00 3¢g,

p(r=R)= —TE(r)dr =

JI71st 3HAXOKEHHS TOTEHITiay BCepearH] Kyl 3aUIIeMO IHTETpal K CyMy JBOX IHTErpajliB IO
JIBOX JIIJITHKAX IHTETPYBaHHS, @ caMe — 3 HECKIHYEHOCTI JI0 MOBEPXH1 KyJIi 1 Bi] MOBEPXHI KyJIi 10 TOUKH 7

p(r<R)= —jE(r)dr = —TE(r)dr - jE(r)dr.

[Tepmmii iHTErpan JOPIBHIOE BXKE 3HANICHOMY MOTEHIliaTy Ha MOBEpPXHI KyJi, a B Apyruil Tpeda
MiICTAaBUTH BUPA3 JIJIsl HAPY>KEHOCTI eIEKTPUYHOTO TOJISI TTpH 7<R:
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R? R’
go(r<R)—— J P gy =L _ P ;2 :'0—+£(R2—r2).
3¢, bg, |, 3&, 6
3 oCTaHHBOI (1)opMme BUJTHO, 10 TIOTEHIIIAJI B IIEHTP1 OJHOPITHO 3apsKEHOT KyJIi BU3HAYAETHCS
KBaJpaToOM pajiyca KyJi:
PR’

r=0)=—.
@(r=0) 2

Ha BimMiHy BiJl Hampy>KeHOCTI, MOTEHLIaN B LEHTPl KyJi HE JIOPIBHIOE HYNIO 1 € OUIbIINM 3a

MOTEHIIIaJ] Ha MOBEPXHI KYJIi.

2. EnexTpuuHe moJsie OAHOPiHO 3apsiIsKeHOI 0e3MeKHOI IVIOIINHA
Sk 1 panile, MOBEpXHEBY T'YCTUHY 3apsy IUIOIIMHH MO3HAYUMO O , Ky IPUHMEMO J10/aTHOIO,
0 >0. Jlna Ge3sMeKHOI JOATHO 3apSPKEHOI IUIOMIMHM CHJIOBI JIHII €JEKTPUYHOTO MO OyayTh
BUXOJUTH 3 IJIOUIMHU 1 Bcloau OylyTh NEPHIEHIUKYIAPHUMU J10 Hel, AK 300pakeHo Ha puc. 3.1. Ha npomy
PUCYHKY 3 OJMDKHBOTO JI0 HaC OOKY CHJIOBI JIiHIT CYIIIBHI, @ HA 3BOPOTHOMY OOIIi, 3a TUIONTUHOIO, BOHU

300pakeH1 MyHKTHPOM.

A —>

< E

\\A\A
>0

Puc. 3.2

Puc. 3.1

J171s1 po3paxyHKy Hanpy>KeHOCTI TOJIs pO3TIITHEMO TOBEPXHIO, 110 Ma€ (hOpPMY HITIHIPY, BICh IKOTO
napaJieJibHa 710 CUJIOBHX JIIHIH, 1 SKUH TPOHU3YE 3apspKeHy TUIomuHy. YacTrHa MUTiHapa Ha 3BOPOTHOMY
0or11i mo3Ha4YeHa Ha puc. 3.2 MyHKTHPOM. [Ipu po3paxyHKy MOTOKY BEKTOpa HAMPYKEHOCTI eNEKTPHUIHOTO
MoJIsl Yepe3 MOBEPXHIO IIUIIHAPA MPEACTAaBUMO 1HTETpal CyMOKO JIBOX IHTETPAIiB: OJHOTO — IO OIYHIN
CTOPOHI, 1 ABOX IHIIUX — IO OCHOBAX IWJIIHAPY:

D, <j>EdS [ EdS,,,+2 [ EdS,,

S obiuna Socu

=0, 60 BekTOp HANPYKEHOCTI E€NEKTPUIHOTO II0JIs HAIIPABICHUIH

Ha noBepxHi 0CHOB Ed§OCH =FEdS,,,, 60 ETT d§OCH

Ha Giuniii noBepxHi Edgﬁ.

IYHA

y310Bx 6iunoi nosepxwi, a omke £ L dS,,, .

—

Crnix TakoX BpaxyBaTH, IO €JIEKTPUYHE MOJIE OXHOPiAHE, ToOTO FE = COonst, toMy MOTIK BEKTOpa

HaIPY>KEHOCTI €JICKTPUIHOTO OIS Oy/1e piBHI/IM

=2ES

OoCcH
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Jie BpaXxoBaHOo, 10 T0JIe IEPETUHAE JB1 MOBEPXHI OCHOB IUJIIHPA.
3apsn g, OXOIUICHUH NMTIHAPUIHOIO MOBEPXHEIO (UB. puc. 3.2), AOPiBHIOE JOOYTKY IMOBEPXHEBOT

T'YCTHHH 3apsi/ly Ha IUIOILy OCHOBH LMIHADY, § = O . .

. . q
ITincTaBuMoO BUpasy JUIA IIOTOKY Ta OXOILICHOTo 3apsy B piBHaHHA D, =— Teopemu layca:
€9
oS
— — “ocn
2ES, = .
&
3BIICH OTPUMAEMO BEIUYMHY HAIMPYKEHOCTI EJIEKTPUYHOTO TOJs Oe3MEeXHOI OIHOPIIHO
3apsKEHO] TUTOMIAHMY:
(o2
E=—.
2¢,
3 miei dhopmynu ciimye, MO HANPYXKEHICTh €IEKTPUYHOTO TOJISI MPSMO MPOTOPITIHHA TYCTHHI
MMOBEPXHEBOTO 3apsiAy IUIONIMHU 1 OJJHAKOBA B yCiX Toukax moosm3y Hei. [Ipu mepexomni yepes ImIommHy
HaIPYKEHICTh SJIEKTPUYHOTO TOJIs 3MIHIOE CBIM HANIPSIMOK (3HAK) HA MPOTHIIC)KHUM.

3. EjleKTpUYHe 110JIe OJJHOPITHO 3aPSi/I>KEHOT0 HECKiHYeHHO TOHKOI0
NMPSIMOJIiHITHOTO MPOBITHUKA
JliniliHy I'ycTHHY 3apsdy OJHOPIAHO 3apSAIKEHOTO IPOBiJHMKA MO3HAYUMO A, Ky IPUAMEMO
nopatHoro, A >0 i A =const. Jlna 6e3MeKHOT0 OJHOPIIHO 3apsAIKEHOT0 TOHKOTO 1 MPAMOJIiHIHOTrO
MIPOBIAHUKA EICKTPUIHE MOJIE MA€ OCHOBY CUMETPIt0. TOOTO IpH MOBOPOTI HA OYIb-SKHI KYyT HAaBKOJIO OCI
MIPOBIAHUKA €JIEKTPUYHE TI0JIe Ma€ CIIBIACTH came 3 co0o0ro. JIJisi MoAgaTHO 3apsKEHOTrO MPOBITHUKA
CHJIOBI JIiHIT €IEKTPUYHOTO TIOJISI MAIOTh MOYMHATHUCS HA MPOBITHUKY 1 MAIOTh OyTH MEPICHIUKYIIPHUMHA
10 HHOTO, TOMY BEKTOP HAMPYKEHOCT1 EJICKTPUIHOTO MMOJIS 3aJIKUTh TUIBKHU BiJl BIICTaH1 0 MPOBITHUKA

, 106t0 E(F)=E(r), ne ¥ — paniyc-BeKTop TOUKH, OYATOK AKOTO JICKUTh HA OCi, i AKHUi €

r= |17'
HaMMEHILOKO BiICTAHHIO Bl Touky 10 npoBignuka. Jns A > 0 BexTop HAIPyKeHOCTI €NEKTPUYHOTO OIS

CIiBHATIPABJICHUH 3 pajilyc-BEKTOPOM, MIOYATOK SIKOTO JICKHUTh Ha OCi TpOBinHuKa, F ™7,
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Puc. 4

OTOYMMO MPOBITHUK LWIIHIPUYHOIO TOBEPXHEIO,
paxaiyc sSKoi 7, a BiCh SIKOI CHIBHAAA€ 3 MPOBITHUKOM, SIK
300paxkeHo Ha puc. 4. Bucora uwmminapa h. 3apsn, mo
OXOIUICHUH LI€10 TIOBEPXHEIO, TIOPIBHIOE TOOYTKY JJOBKUHH
NPOBIAHMKA, 110 3HAXOAMUTHCS B CEpeAMHI IMIIIHApa, Ha
¥ioro niniiiny rycruny sapsamy, ¢ = Ah.

[IpeacraBuMO  TOTIK  BEKTOpa  HAMPYXKEHOCTI
EJEKTPUYHOTO TIOJISI CYMOIO JIBOX IHTETpasliB — IO OI1YHIN
MOBEPXHI 1 M0 MOBEPXHIX OCHOB LMITIHIAPY

©,=§EdS= | EdS,,,+ [ EdS,,.
N Sﬁitma Socn

= EdS,

TuHa >

—

Oiuna

Ha Giumiii moepxni EdS, 60

iuHa

BEKTOP HAMpPy>KEHOCT1 €JIEKTPUYHOIO IOJIsI HalpaBIeHUM

y370BXK pajiyca IHIiHApa, a OTkKe ETT dgﬁ. . Ha

IYHA

nosepxni ocuoB EdS, . =0,60 E L dS, . Cnix takox

BpaxyBaTH, 10 €JIEKTPUYHE MOJIE I BCiX TOYOK Oi4HOI 1MOBepxHi oxHakoBe F = const, tomy morik

BEKTOpa HAIPY>KEHOCTI €JICKTPUIHOTO OIS Oy/1e PIBHUM

Jie BPaX0oBaHo, 1O IUIONIA 614HOT TTOBEPXHi TOPIBHIOE S

®, = ES,

=E2nrh,
=2xrh.

uHa

iuHa

[TizcraBuMO 3HalCHI BENUYUHY 3apsA1y Ta MMOTIK B piBHAHHS Teopemu ['ayca. OTpumaemo:

E2xrh :ﬂ.
80

[Ticnsg cxopoyeHb 3HAXOAMMO, IIO BEJIMYMHA HANPY>KEHOCTI EJIEKTPUYHOTO MOJS OJHOPITHO

3apsKEHOr 0 JIIHIHHOTO MPOBIIHUKA OMUCYETHCSI BUPA30M

A

E=——r-.
2re,r

3 wmiei dopMynu ciigye, MO HAMPYKEHICTh EIEKTPUYHOTO TOJS OJHOPIAHO 3apsKEHOro JiHIHHOTO
MPOBiAHUKA OOCPHEHO MPOIOPIliiiHA BiJICTaHI 10 HHOTO.
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