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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:
3K1. 3gatHicTh 10 aOCTPaKTHOTO MUCJICHHS, aHAJi3y Ta CUHTE3Y;

3K2. 3naTHiCTh 3aCTOCOBYBATH 3HAHHS y MPAKTUYHUX CUTYAIlsX;

3K6. 3naTHiCTh BUMTHUCS i OBOJIOAIBATH CyYaCHUMH 3HAHHSIMU.



®K20. 31aTHICTh 3aCTOCOBYBATH TEOPETHUHHUI Ta EKCIEpUMEHTAIbHHNA Oazuc cydacHoOi (i3ukd s
PO3B’sI3yBaHHS HPUKITATHAX 3a1aq B ramysi KOMIT FOTEPHUX HayK.
ITPH1. 3actocoByBaTH 3HaHHS OCHOBHHMX ()OpM 1 3aKOHIB aOCTPaKTHO-JIOTIYHOTO MHCICHHS, OCHOB
METO/I0JI0T1i HAYKOBOTO Mi3HaHH:, ()OPM 1 METO/IIB BUITYYCHHs, aHATI3y, OOPOOKH Ta CUHTE3Yy 1H(opmarrii
B IIpEAMETHiH 00J1acTi KOMI'IOTEpHUX HAYK;

IMPH21. Po3ymiTi CyTHICTh (i3MUHUX SIBHI 1 TPOLECIB K 0a3W UIsl YUCENBbHUX PO3PAXyHKIB Ta
KOMIT FOTE€PHOT'0 MOJEIIIOBAHHS

2. IlpepekBi3uTH Ta NOCTPEKBI3UTH IMCHHUILIIHM (MicLie B CTPYKTYPHO-JIOTi4HIi cxeMi
HABYaHHS 32 BiIMOBIIHOI0 OCBITHHOI MPOrpamMoI0)

Mixkaucuumiainapui 3B’sa3ku. J{ucrurutina OcHOBU  (PI3UKM € JIOTIYHUM TPOAOBXKEHHSM  Ta
MOTJIMOICHHSIM KypCy eleMeHTapHOi (i3UKH, 110 BUBYABCS Y 3arajlbHOOCBITHIX HAaBYAIBHUX 3aKJIa/Iax Ta
Ma€ TICHHM 3B’S30K 3 TaKMMHM MaTEMaTHYHUMHU JUCIMIUIIHAMHM: MaTeMaTUYHUN aHami3, anreOpa Ta
aHaJITUIHA TeOMETis, JIiHIIHA anredpa, OCHOBU CUCTEMHOTO aHAII3y, MOJICTIOBAaHHS CUCTEM.

IIpepexBizuTu: Matu 0a30Bi 3HAHHS 31 MIKUIBHOTO Kypcy (i3WKH, 3HAHHS OCHOB IHTETPAJIBHOTO Ta
T epeHIIaTbHOTO YUCICHHS.

IMocTpekBi3uTH: 3HAHHS, OTpUMaHiI CTyAeHTaMH 3 Kypcy «OCHOBU (13MKH», BUKOPHUCTOBYIOTHCS B
Kypcax «OCHOBH CHUCTEMHOTO aHamizy», «MojemtoBaHHsI cucTeM», «Di3uKa KOJMBATbHO-XBHIBOBUX
MIPOIIECiBY, Ta 1H.
3. 3MicT HaBYAJBHOI AU CIUILIIHA
Po3nin 1. ®i3u4Hi 0CHOBH MeXaHiKHU

Temal. Kinematuka

Tema 1.1. OcHOBH TrHAMIKH

Tema 1.2. JIlunamika 06epTaibHOTO PyXy

Tema 1.3. 3akoHn 30epeKEHHS

Tema 1.4. HeinepriaJibHi CHCTEMH BiJUTIKY

Tema 1.5. OcHoBwH crielr. Teopii BITHOCHOCTI

Po3nin 2. EnexkrpocraTuka. EnekrpomarseTusm

Tewma 2.1. EnekTpuuHe mosie 3apsiiiB y BaKyyMi

Tema 2.2. EnexktpuuHe 1ojie B pe4oBHHI

Tema 2.3. IlocTiitHUN €NEKTPUIHHUI CTPYM

Tewma 2.4. MaruiTHe Tione

Tema 2.5. [HnykiitHi sBHIIA

4. HaBuaabHi MaTepiaju Ta pecypcu

bazoga nitepatypa

1. O.B Himaposa, B.M. Kanuta, B.M. JlokTeB. 3aransna ®izuka. Mexanika. MoaynbHe HaByanHs. — 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. Po3min «Mexanikay». Yknaa.: B. I1. Bpurinens, O. O. I'yceBa, O. B.
Himapona ta i1. — 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. M. Kyuepyk, I.T. I'opbauyx, ILI1. JIynuk. 3araneauii kypc ¢izuku. Mexanika. MosnekymspHa ¢izuka

1 TepmouHamika — K: Texnika, 1999.

6. LM. Kyuepyxk, I.T. 'op6auyk, [LII. Jlynuk. 3aransauii kypc ¢izuku. Enexrpuka 1 maraeTusm — K:

Texwnika, 2001.



HaByajabHHUHA KOHTEHT
5. MeTtoanka onaHyBaHHSI HABYAJIbHOI JMCHUILIIHA (OCBITHHOI0 KOMIIOHEHTA)

HaBuanbHa yacTHHA JUCHUIUIIHU CKJIaJ€HA 3 JIGKLIHHOTO MaTepialy, MPaKTHYHUX 3aHATH, JJAOOPATOPHHUX
3aHATh Ta KOHTPOJBHUX 3axoniB y Burisgi MKP. Tlpu BuknagaHHi AUCIUIUTIHM PEKOMEHIYETHCS
noOyyBaTH 03HAMOMIIEHHS CTYACHTIB 3 IPEAMETOM TaKUM YMHOM, 1100 BOHM HE TUIBKU OTPUMYBAIH TY
4y 1HOTY 1H(QOPMAIliI0 CTOCOBHO KYPCY, SIKHH BUBYAETHCS, aji€ M BITUYBAIH 3B’ SI30K MK PI3HUMHU TEMaMU
KPEIUTHOT'O MOJYJIs, @ TAKOXK MICIIE MOAYJIS cepell IHMMX (PI3UYHUX TUCIUTUTIH.

3aragpbHAN  METOOWYHMH MiAXiA [0 BHUKJIAJAHHA HABYAIGHOI JUCHMIUIIHM BHU3HAYAETHCA  SK
KOMYHIKaTUBHO-KOTHITUBHUH Ta MPOo(deCiifHO-OpIEHTOBAHMM, 3T1THO 3 SIKUM Y IIEHTP1 OCBITHHOTO MPOIIECY
3HAXOJHUTHCS CTYACHT — Cy0’ €KT HaBYaHHS 1 MallOyTHIH (axiBelp.

Jlekniiini 3aHAaTTH

Jexyis 1. Tlpenmer mexanika. Cuctemu BimmiKy. Pagiyc-BekTop. MarepianbHa Touka. TpaexTopis.
[epemimenns. [IBuakicts. Buznauenns nepemimenss yepe3 mBuakicts. Lnsax. CepenHs MIBUAKICTS.
[Ipuckopennst Tina. Bu3HaueHHs MBUAKOCTI uepe3 MpuUCKOpeHHs. HopmanbHe 1 TaHTeHIianbHe
npuckopenHs. KinemaTtuka o0epranbsHoro pyxy. Pyx marepianbsHoi Touku no xoiy. KyToBe nepemimieHHsl.
KyroBa mBunkicte. KyrtoBe mnpuckopenns. HopmanbHe (moneHTpoBe) mpucKopeHHs. TaHreHiiaibHe
HPUCKOPEHHS.

Jlexyis 2. Tlepmmii 3axkoH Herotona. Maca. Cuna. [[pyruii 3akon Heiotona. JlonaBanns cui. Tpetiit
3akoH HproTtona. [Ipuammn BimHocHocTti [amines. Llentp mac cucremu Tin. Pyx Tinma B omHOpigHOMY
cuioBoMy Touti. Pyx Tina mij Ji€ro B’SI3KOTO TEPTHI.

Jlexyis 3. 1lIBunkicTh Tila mMpH 0OepTaIbHOMY pyci. PiBHSHHSA pyXy IIEHTpY Mac TBEpIOTrO Tija.
PiBHsHHS oOepTanbHOrO pyXy Tijia (3araqpHuil BUTIIA). MoMeHT cuiu. MomeHT immynbey. OCHOBHE
PIBHSHHS JWHAMIKH OO0epTaJbHOrO pyxy TBepaoro Tina. MomeHt iHepiii. Ilpemecis ripockomy.
CkovyBaHHS HWIIHAPA 3 TOXHUIIOI IUIOIIMHHY.

Jexyis 4. Iarerpamm pyxy. IMmmynbc. 3akoH 30epekeHHS IMITYyJbCy. PeakTuBHUN pyX. 3akoH
30epeeHHsT MOMEHTY IMITyJibcy. MexaHiuHa po6ota. [loTyxHicTs. KiHeTHYHA €Hepris TOYKOBOTO Tija.
Kinetnuna eHepris oOeprambHOrO pyxy TBepaoro Ttina. IloTeHmiaapHa eHepris. 3B'SI30K  MiX
MOTEHITIAILHOIO EHEPTIEI0 1 CHIIOKO.

Jlexyis 5. 3akoH 30epexeHHs MexaHi4HO1 eHeprii. ['panuni pyxy. 30epeskeHHs eHeprii npu KOYeHH1
IWJTIHApPA 10 MoXmii montuHi. Cuia iHepIii Npy NoCTyNaabHOMY pyci HeiHepIiabHOI CHCTEMH BiJUTIKY.
Bara Tina, npuHIun ekBiBajgeHTHOCTI. Bianentposa cuna inepuii. Cuna Kopiomica.

Jlexyis 6. Exkcniepument Maiikenbcona. [Ipunmmn BinnocHocti Efinmreiina. Intepsain. [leperBopenns
Jlopenna. CKOpo4eHHS JOBXHHU CTPIIKHS. YTIOBUIbHEHHS 4acy. [lepeTBOpeHHs MIBUAKOCTI. 3aleXHICTh
Macu BiJ MBUAKOCTI. PenstuBictchbkuil IMmynbc. OCHOBHE PIBHSHHS AWHAMIKH PEISATHBICTCHKOL
MEXaHIKH. 3B 30K MIX €HEPTI€I0 Ta MAaCOI0.

Jexyis 7. Enextpuunuii 3apsn. 3akoH 30epexeHHs 3apsany. 3akoH Kynona. Enextpuune more,
Halpy’KeHICTh eJIeKTpUYHOro moss. IlpuHnun cyneprnosumii uis enekTpuuHoro mnois. Po3paxyHok
eJIEKTpUYHUX NoJiB. PoboTa enexTpuunoro noss. IlorenHmian. 3B'130K MiXk MOTEHLIAIOM 1 HANIPY>KEHICTIO
€JIEKTPUYHOTO TOJISI.

Jlexyis 8. TloTik BeKTOpa Hampy>XEHOCTI enekTpuyHoro mnois. Teopema ['ayca mns Bekropa
HANpy>KEHOCT] eIEKTPUYHOTO MoJs B iHTerpasibHii (gopmi. Teopema ['ayca /s BekTopa Hampys>KEHOCTI
eJeKTpuYHOro moJis B audepenmianbHiii ¢opmi. PiBasHHs [lyaccona. Ilpukmamm po3paxyHKy
€JIEKTPUYHUX TOJIIB 3 BAKOPUCTAaHHAM TeopemHu ["ayca.



exyia 9. ienextpuku. Enexrpuynuil qumnoins. Bexrop noistpusarii. 3B's130K MIXK IIOISIPU3ALIEIO 1
Jexyin 9 E B 3B

3B’A3aHMMH  3apsajaMu.  Bektop  enektpuunoi  iHmykmii D . JlielleKTpuuHAa — MPOHMKHICTb.
Cer”eToeneKTpuKH.

Jlexyis 10. TIpOBITHUKH B €NEKTPUYHOMY MOJTi. EIeKTpoeMHICTh BiaaeHoro nposiaHuka. Enepris
€JIEKTPUYHOTO MMOJIS 3apskeHoro npoBigHuka. Konnencatopu. ['yctuHa eHeprii eIeKTpUYHOro MOJIsl.

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

Jlexyis 12. MarnitHe nione, 3aKkoH Amnepa. MarHiTHe moyie pyxomoro 3apsay. 3akoH bio-Casapa-
Jlannmaca. Cuna Jlopenma. Cuiia Amnepa. 3akOH TOBHOTO CTPyMy. 3aKOH TIOBHOTO CTPyMy B
nudepenmianbHin popmi. Teopema ['ayca myis BekTopa IHAYKII MarHiTHOTO MOJs. MarHiTHe mose
conenoina. Cuja Ta MOMEHTH CWJIM, LIO JIFOTh HA 3aMKHEHUI MPOBITHUK 3 CTPYMOM, PO3TalllOBAHUN B
MarHiTHOMY IOJIi.

Jlexyiss 13. Pe4oBUHU B MarHiTHOMY MOJi. MarHiTHUH MOMEHT BHUTKa 31 CTpyMoM. HaMarHiueHicTs.
HanpysxeHicTb MaraitHoro moJjsi. MarHiTHa NPOHUKHICTh, MarHiTHA CIPUHHATINBICTS.

Jlexyiss 14. SBume enexkrpomarnitHoi iuaykuii. IlpaBuno Jlenma. 3akon @apanes. Buxpose
enektpuuHe mone. 3akoH Papaznes B nudepeHuianbHid dopmi. SBuiie camoingykmii. [HIyKTUBHICTS.
['ycTrHa eHeprii Mar”HiTHOTO MOJIS.

Jlexyis 15. SIBumie MarHiTOGNEKTPUYHOI 1HAYKIII, rimote3a MakcBena. CTpyMm 3MilIeHHs. 3aKOH
MOBHOTO CTpyMy. PiBHssHHS MakcBemia B iHTerpanbpHiid ¢hopmi. PiBHsHHS MakcBena B audepeHIianbHii
dopwmi. PiBasHHS MakcBena 3a BiICYTHOCTI JpKEeped 1 11 BUMAAKy CTaIllOHAPHUX TIOJIIB.

IpakTu4Hi 3aHATTS

Nel. Kinemarnka matepianbHOi TOYKd. OCHOBHI TMOHSTTS, BEIUYMHU Ta PIBHSAHHA KiHEMAaTHUKH 1
nuHaMiku Touku. O0epTOBUI PyX TBEPAOIO TiJa.

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

Ne3. PiBHSHHS 3MiHH IMIYJIbCY CHUCTEMH. 3aKOH 30€peKEHHs IMITYJIbCY Ta MOMEHTY IMITYJIbCY.
[TomoxeHHss Ta pyx meHTpa Mac cuctremu. Poborta Ta motyxHicTh cuid. KiHeTnyHa Ta TMOTEHINaJibHA
€Hepris.

Ne4. MonaynbHa KOHTpOJIBHA poOoTa 3 po3ainy MexaHika

Ne5. Po3paxyHOK HampyKeHOCTI ¥ MOTEHIaNy eNEeKTPUYHOTO IOJIA JUCKPETHUX 1 HENEepepBHUX
PO3MOALTIB 3apsiay 3a JOTIOMOTOI0 MPHUHIUIY CYMEPIIO3HINi Ta Yepe3 3B’S30K MK HAMNPYXKEHICTIO Ta
noreHmianoM. OGuucieHHs: chepruyHo-, HMITIHAPUIHO- Ta TUIOCKOCUMETPUYHUX EJIEKTPUYHHX IOJIIB 32
nornomororo Teopemu ["aycca. Bugada po3paxyHkoBoi podoTu 3 Temu 2.1.

Ne6. Enextpuune nose B gienexrpukax. [IpoBigauku B enekrpuunomy nomi. Konnencaropu. Enepris
CJIEKTPUYHOTO TIONIS. XapaKTePUCTUKU Ta 3aKOHU €JIEKTPHUYHOTO CTPyMy. PO3paxyHOK eNeKTpUYHUX Kil
nocTiitHOTO CTpyMy. PobGoTa cTpymy.

Ne7. OGuucieHHs MarHiTHHX TOJIB CTpyMIB 3a Jomomororo 3akoHy bio-CaBapa Ta Teopemu mpo
MUPKYJIAIit0. BuznauenHs cunu Amriepa, 1o Ji€ B MarHiTHOMY TI0JI1 Ha CTPYMH pi3HOI KOHGIrypaitii.

Ne8. MoaynbHa KOHTposIbHA po0OoTa 3 po3ainy Exekrpomarunetusm
JlaGopaTopHi 3aHATTA (KOMII’IOTEPHUI MPAKTHKYM)

Ne Hazsga nmabGoparopnoi po6otu
3/m | (KOMIT'IOTEPHOTO MPAKTUKYMY)

1 | Bumiprosanns ¢izuunoi éeruyunu ma o6podKa ompumanux pesyibmamie

2 Busnauenns momenmie inepyii min memooom mpughinapunozo niogicy

3 | Hocnrioscenus obepmanbroco pyxy meepooco mina
ma 6U3HAYEHHs WEUOKOCMI NOAbOMY KYJi 3 00NOMO2010 KPYMUILHO20 DANICIMUYHO020 MAAMHUKA

4 Busuenns eJleKkmpocmamuirnoco noJiA




5 3uimanusa Kpueoi HamacHiwy8aHus i nemii cicmepesucy hepomacHemuKie y SMiHHUX MASHIMHUX
noJax

6 | Bumiprosanms onopy npogionuxa

7 | Konokeéiym 3 nabopamopHux 3aHams

InpuBinyanbHi 3aB1aHHA
3 1aHOTO KPEIUTHOTO MOJYJISI 3aTUIAaHOBAHO 1HUBIAyaIbHE 3aBIaHHS.
OcHo6HI Yini iHOUBI0YanNbHO20 3A80AHHA:
- YiTKa OpraHi3alisi caMoCTiifHOI pOOOTH CTYy/ICHTIB;
- MIIBHIIEHHS SKOCT1 3aCBOEHHS HABYAILHOTO MaTepiany;
- BUPOOJICHHS TTOYaTKOBUX HABUYOK 1H)KCHEPHHUX PO3PAXyHKIB
Po3paxynkoBa pob6ora: “Erekmpuune none 3apsaois”

Enextpuunuii 3aps po3noaiieHuit mo 00’eMy Ta BKa3aHiM MOBEpxHI Tija 3amaHoi ¢dopmu (a - 0) 3
00’€MHOIO TYCTHHOIO  p = p,(r/ R)" . ®opma Tina:

a) Kyns paaiyca R ;

0) Kynp0BUH map i3 pagiycaMu R 11 R > ;

6) HECKIHUEHHUH TWTiHAP paaiyca R ;

2) HECKIHUYEeHHUW MWTHAPUYHUHN 1map 13 pagiycaMu R 11 R 2 ;

0) HeCKIHUEHHUH TIOCKUH 11ap TOBUIUHU 2d.

JlieneKTpu4YHy IPOHUKHICTh CKPi3b MPUMHATUH € = 1 (BaKyyMm).

[Toka3HUK CcTENEHS 1 3aJIC)KHOCTI JIJIsl TYCTUHU 3apsiay CTYJSCHTH OTPUMYIOTh y BUKJIaJaua BiAMOBITHO
70 Ta0MIIl BapiaHTiB.

3a JonoMoror Teopemu I'aycca po3paxyBaTu HanpyskeHicTb £ (piBeHb 1) Ta moTeHuian ¢ (piBeHb 2)
EIIEKTPUYHOTO HOJIS CUCTEMU B yChOMY IIPOCTOPI Ta o0y MyBaT rpadiku 3anexxHocteit p(r), E,.(r), o(r)
(i Tima o - p(x), E.(x), ox)).

[Tpuknaa BUkopucTaHHusa TeopeMu 'ayca iist po3paxyHkis B JlomaTky A.
KonTposabHi podoTn
3 KpeAUTHOTO MOJTYJIS 3aIUTAHOBAHO MPOBEACHHS MOIYIbHOT KOHTPOILHOT pobotn (MKP), po3aineHoi Ha
IIB1 YaCTHUHU.
[Tpu npoBenenni MKP ctyaeHTH oTpuMyIOTh MOTYJIbHI KOHTPOJIBHI 3aB/IaHHS, K1 CKJIAJAIOThCS 3 BOX
TEOPETUYHHUX MUTAHb Ta JABOX 3a/a4: MepesIiK MUTaHb 1 MPUKIaau po3B’ 3Ky 3a1a4 B JlogaTok b.

MKP npoBomuthest mucbmMoBo. Pesynbratn MKP oronomniyroTecs cTyeHTaM Ha HACTYITHOMY 3aHSTTI.

6. CamocriiiHa po0oTa cTyIeHTa

CamocriitHa po0OoTa CTyZ€HTa € OCHOBHUM 3aCO0OM 3aCBOEHHS HAaBYAJIBLHOI'O MaTepiany y BUIBHHHA BiX
HAaBYAIBHUX 3aHATH Yac i BKIIIOYAE:

Ne 3/n Buo camocmiiinoi pobomu Kinekicmo
eooun CPC
1 ITiocomoska 0o ayoumopHux 3auamo 32
2 Bukxonauns PI'P 10
3 Iliocomoexa 0o MKP 6
4 ITiocomoexa 0o exzameny 30

ITosiTHKa Ta KOHTPOJIB



7. HoaiTnka HABYAJIbHOI AUCHHUIIIHU (OCBITHHOT0 KOMIIOHEHTA)

Cucrtema BUMOT, IKi BUKJIaJa4 CTaBUTH 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 4YHCJIi HapaxoOBYBaTH
3aoxouyBasibHi 200 mTpadHi Oanu. Bimnmosimno no PCO panoi aucuuruiing Oany HapaxoBYIOTH 3a
BIJIMOBI1/IH1 BU/IM HABYAJIbHOI aKTUBHOCT1 HAa MPAKTHYHHUX 3aHATTSX.

- IpaBWJIa MOBEIHKM HA 3aHATTAX: CTYIEHT Ma€ CIYITHO BUKOHYBATH BKa31BKM BHKJIa/Iadya 1010 pOOOTH
Ha 3aHATTI, MOBOAMTHUCS CTPUMAHO I UYEMHO Ta HE 3aBKATH IHIIUM CTyJEHTaM 1 BHKIIajaudy.
Bukopucranas 3aco0iB 3B’s3Ky Ui TOIIYKY iH(OpMAaIi Ha TYIJI-IUCKY BUKIagada, B IHTEPHETI, B
nUcTaHIiiiHOMY Kypci Ha miatdopmi CikOpchbKuil 3MIHCHIOETbCA 32 YMOBU BKa3iBKH BHKJIQ/Iadya;

- TIOJITUKA Je/JIaiHIB Ta TepecKiIalanb: SKIIO CTYIACHT HE NMPOXOAWB a00 HE 3’SIBUBCS Ha KOHTPOJIBHY
poboty (0e3 MOBaXXHOI MPUUMHM), HOTO pe3yibTaT OliHIoeTbes y 0 Oanis;

- TIOJNITHKa IMOAO0 akaaeMmiuHoi moOpodecHocti: Kogekc decti HarioHanpbHOr0  TEXHIYHOTO
yHiBepcutery  Ykpainn «KwuiBcbkuii  momiTexHiuHuME  iHCTUTYT iMeHi Irops  CikopchKoro»
https://kpi.ua/files/honorcode.pdf BcTaHOBIIOE 3aranbHI MOpadbHI TMPHHIUIHN, MPaBHJIa €TUIHOL
NOBEIiHKK oci0 Ta mepenbauvae MONMITHKY akKaJeMi4HOI J0OpOYecHOCTI [uig 0ci0, IO MpalolTh 1
HABYAIOTHCS B YHIBEPCHUTETI, SKMMU BOHH MAalOTh KEPYBaTHCh Y CBOIH IISJILHOCTI, B TOMY YHWCJI MpHU
BHUBUCHHI Ta CKJIaJJaHHI KOHTPOJIBHUX 3aXO0/IB 3 IUCHUIUTIHU « OCHOBH (Pi3UKI»;

- MpU BUKOPUCTaHHI IMGPOBUX 3ac00iB 3B’S3Ky 3 BHKJIaaadeM (MOOUTbHHMHA 3B’S30K, E€JIEKTPOHHA
momira, mepenucka Ha QopymMax Ta |y cOLMEpexax TOLI0) HEOoOXIJHO JOTPUMYBATHUCH
3araJbHONPUUHATUX €TUYHUX HOPM, 30KpemMa OyTH BBIWIMBUM Ta OOMEXKYBATH CIUJIKYBaHHS POOOYNM
4acoM BHUKJIaJava.

8. Buau KOHTPOJIIO Ta PeHTHHIOBA CUCTEMA OI[IHIOBaHHS pe3y bTaTiB HaBuyanuda (PCO)

Buau konTporo:

[Torounuii konTposib: MKP, PI'P.

KanennapHuii KOHTpPOJIb: MPOBOAUTHCS JBidi Ha CEMECTP SK MOHITOPMHI' MOTOYHOTO CTaHY BUKOHAHHS
BUMOT CHITa0yCy.

CemecTpoBHi KOHTPOJIb: €K3aMEH.

YMOBH JIONyCKYy /O CEMECTPOBOTO KOHTpPOJIO: ycrmimHe BukOHaHHSA PI'P, BciX KOHTpombHHUX Ta
71a00paTOpHUX POOIT, CeMECTPOBH peUTHHT He MeHIe 30 OaiB.

Ha meprmomy 3aHATTI CTYJIEHTH O3HAHOMIIIOIOTHCS 3 PEUTHHTOBOIO cucTeMoro oriHtoBaHHS (PCO)
JTUCLMIUTIHM, sKa moOyqoBaHa Ha OCHOBI «[lomokeHHS TpO CUCTEMy OIIHIOBaHHA pE3yJbTaTiB
HaBYaHH, https://document.kpi.ua/files/2020 1-273.pdf.

PeliTMHroBa cucTemMa OUiHIOBAHHS Pe3yJIbTATIB HABYAHHSA

1. IlpakTu4Hi 3aHATTS. 3a BiMOBIIb CTYACHT OTpUMY€E Oanu: 3 Gayii MpH BiMOBITHOCTI B MEXKax 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 YM CAMOCTIHHOI poOOTH).

MakcumanbHO 3a poOOTY Ha IPAKTUIHUX 3aHHATTAX MPOTATOM CEMECTPY CTYJICHT oTpumae 12 Garis.

2. JlaGopatopni poGotu. 3a ynaboparopHi pobOTH cTyneHT oTpumae Oamu: 0-1 Oan — cTyneHT
JOTYIIEHUH 10 poOOTH, OTPUMAB JOMYCK y TIPOIIEC] 3aHATTS il BAKOHAB BUMIpH; 1-2 — CTYyIEHT NOMYIICHUNA
710 pOOOTH, OTPUMAB JIOMYCK y MPOLEC] 3aHATTS, BUKOHAB BUMIpH, 3/11HCHUB PO3PaXyHKH Ta 0OhOpMIICHHS
pobotu; 2-3 — CTYACHT AOMYLICHUH 10 pOOOTH, OTPHUMAaB JAOMYCK y MPOIeCi 3aHATTS, BUKOHAB BUMIpH,
3IMCHUB PO3PaxXyHKH, OPOPMHUB Ta 3aXHCTHB POOOTY.

MaxkcuManabHO 32 poOOTy Ha TaOOPATOPHUX 3AUHATTAX MPOTATOM CEMECTPY CTYACHT OoTpuMae 18
OauiB.

3. MoaynpHa KOHTpOJbHA poboTta. Po3nineHa Ha JBI YaCTUHU, MAaKCUMAaJIbHUHN Oall KOKHOT YaCTHHH
10 GauiB, CKIa1al0THCS 3 IBOX TEOPETUYHUX MUTAHb Ta 3a7ad4i.: 0 6aiB — He BUKOHAHO YKOIHOTO 3aB/IaHHS;
1 —2 6aniB — Bukonano Mmenuie 20 % 3aBnann; 3—4 6aniB — BUKOHAaHO He MeHIe 30 % 3aBaaHb; 5 —6 OaiiB



— BuKoHaHO He MeHIe 50 % 3aBaanb; 7—8 OaniB — BHKOHaHO He MeHie 70 % 3aBganb; 9— 10 OaniB —
BUKOHaHO He MeH1Ie 85 % 3aBnanb. B mincymky 3a MKP 2x10=20 6auis.

4. PospaxynkoBo-rpadiuna po6ota (PI'P). MakcumansHo omiHoeTsess B 10 OamiB. 3a poboty
craButhes: 0 GaliB (He 3apaxoBaHo) — poOOTa HE M01aHa MPOTATOM MICSIIs MICIIsE BCTAHOBJICHOTO TEPMIHY;
1 -2 Ganu (He 3apaxoBaHO) — poOOTa MICTHTH IpyOi MOMWIKH B KOXXHOMY 3aBjaaHHi; 3 — 5 GainiB (He
3apaxoBaHO) — POoOOTa MICTUTh OKpeMi Ipy0i MOMHIIKH, KOTPi1 CHOTBOPIOIOTH (PI3UYHUI 3MICT OTPUMAHHUX
pe3yabTartiB 1 moTpedye nepepooku; 6 — 7 6amiB (3apaxoBaHO) — poOOTa MICTUTh OKPEMi CYTTEB1 TOMUIIKH,
ane He moTpelye MmoBHOI mepepodk ; 8-9 HamniB (3apaxoBaHo) — poOOTa BUKOHAHA BIPHO, aJie € IOMUWIKH B
00YMCIICHHSX 1 HeoMIKM B Tpadikax; 10 6amiB (3apaxoBaHo) — poO0OTa HE Ma€e CYTTEBUX BaJ 1 3ayBaXKEHb.

MakcumanbHa cyma OasliB cTapToBOi CKJIaA0Boi mopiBHIOE 60. HeoOXimHOIO YMOBOIO JOIMYCKY 10
€K3aMeHY € BHKOHAHHS MOJYJIBHOI Ta PO3paxyHKOBO-rpaidHOi poOOTH BHUKOHAHHSA Ta 3aXUCT BCIX
nabopaTOpHUX POOIT 1 CTAPTOBHM peUTHHT He MeHIne 30 6ariB.

4. BiamoBiae Ha eK3aMeHi.

Ha ex3ameHi CTyleHT oTpuMae OieT, 0 CKIAJa€ThCs 3 YOTUPHOX 3aBJlaHb, MEPII Ba 3 AKUX €
TEOPETUYHUMHU MUTAHHSAMH, a JBa iHII 3ajadi, Ki BUKOHY€E MUCHMOBO. BiAMmoBias HA KOXKHE 3aBIaHHSI
oriHtoeThes: y 10 GamiB y pa3i 0e310raHHOTO0 BUKOHAHHS; y 8 0aiB, SKIIIO BIAMOBIIL OMIJIKOBA Yepe3
MOMMUJIKH B PO3paxyHKax ad0 3 TOMUJIKOBO BXKMBAHOIO PO3MIpPHICTIO; Y 6 OaiiB, SKIO TOMUJIKA BUHUKIIA B
npoiieci mepeTBopeHHs GiznuHux GopMy; y 5 6aiiB, AKII0 pO3B’ 3Ky HEMAE, alie 3amucaHi BipHi (i3uyHi
dopmynu; y3 OanmiB, SKIIO 3amKcaHa JUIIE yYMOBa 1 3poOJeHHMH PUCYHOK; BiJCYTHICTH O(OpMIICHHS
BIIIOBIEN OIiHIOETECA B 0 OaJis.

CyMma ctaptoBux OajiiB 1 OamiB 3a €K3aMEHAIlIMHY BIIMOBIIL MEPEBOAUTHCSA O €K3aMEHAIIHOT
OLIHKH 3T1AHO 3 TAOJIHULIEIO:

Peiitunarosi 6amm O1iHKa 332 YHIBEPCUTETCHKOIO TITKAJIOI0

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

Menue 60 He3anoBinpHO

HeBukoHaHHs yMOB IOIYCKY /10 CEMECTPOBOTO He nonymeno
KOHTPOJTIO

9. JonarkoBa iH(opMmallisi 3 TUCHUILTIHU (OCBITHHOT0 KOMIIOHEHTA)
Po0o4y nporpamy HaB4YaJIbHOI AMCHHUILTIHM (cHi1adyc):
Craaneno 1.¢.-m.H., npod. Kamurta B. M.
YxBaJjieHo kadenporo 3aranbHoi ¢izuku (mporokon Ne 5 Bix 27.05.2025 p.)

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



Jomatoxk A. Ilpukinagm BuKoOpHCTaHHs Teopemu I'ayca nJsi po3paxyHKY Hanpy:KeHOCTI
€JIEKTPUYHHUX OB
1. EsnexTpu4He moJie 3apsiixKeHol KyJ1i
Po3rnsiHeMO BUMNAIOK MPOCTOPOBOTO PO3MOIUTY 3apsay, KOJM BCEpeAMHI Kyl T'yCTHHA 3apsiay

noctiiina P(7) = const npu ‘7 ‘ <R, ne R — paxiyc kyni (puc. 1), TO6TO KyJs 3apsKeHa OJXHOPIAHO.

Hexaii ryctuna 3apsmy € momatHoro, o0 > (. Baxarumemo, 10 3a MeXaMH Kyii Oyab-sKi 3apsan

=TT T TS - BiZICYTHI.

Posnonin 3apsay € chepudHo-cuMeTpuIHUM. Taky K
came chepuvHy CHMETpIIO0 MOBUHHE MAaTH E€JIEKTPHYHE II0JIE,
yTBOpeHe 3apsanoM. [loscHumo, mo 1e o3Havae. 3MIHCHUMO
(YMOBHO) TTOBOPOT B MPOCTOPI HA JOBUIBHHM KYT BiJHOCHO
HEeHTpy Kyii. O4eBUIHO, IO Micis MOBOPOTY KyJis Ta 3apsija B
HI{ cmiBmajae cam 3 co06oro. [Ipu TakoMy MOBOPOTI €IeKTpUUIHE
MOJIC TAKOXX Ma€ CIBIAcTh came 3 coboro. Ile € MoxIuBHM,

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

Puc. 1

BEKTOP HAMPYKEHOCTI HAIIpaBJIeHUH a00 BiJl IIEHTpa KYyJIi, KOJIA
TYCTHHA 3apsay J0/aTHa, a00 JI0 MEHTPY Ky, KO TYCTHHA 3apsay Bl €MHa.

Otxe, 31 chepruHOi CHUMETPii BUIUIMBAE, IO EICKTPUYHE TOJIE OJHOPIAHO 3apsIKeHOi Kyl €
pamiadbHUM, a BEKTOP HAMPY>KEHOCTI €JIEKTPUIHOTO MO criBmnanae (abo MpOTHUIIC)KHO HAIpaBICHUM) 3
paziyc-BEKTOPOM, 1[0 MA€ MOYATOK B IIEHTP1 chepH.

Takum gmHOM, 32 YMOB C(HPepUUHO-CUMETPUYHOTO PO3MOJIIIY 3apsly MAaEMO, IO HAMPYXKEHICTh

€JIEKTPUYHOTO TIOJIS 3aJI€KMTh JIMLIE Bi BifcTaHi 7 = |I7 | no uentpy kym E(7)=E(r) i ana nonataoi

ryCTHHH po3noniny 3apsany, © >0, cniBnampasnena £ ™7 3 pajiyc-BEKTOPOM TOJIOKEHHS TOYKH

CIIOCTEPEKEHHS 1oJs (IuB. puc. 1).
OTounMO 3apsAKEeHy KyJo C(EpUYHOI0 MOBEPXHEI0, SIKy Ha puc. | MO3HAUeHO MYHKTHUPOM, 1
panaiyc sikoi OuTbLINiA 32 paaiyc chepu, 7>R. B Toukax Ha 1ill MOBEPXHI HANPY>KEHICTh €JIEKTPHUYHOTO TTOJIS

IEPIEHAUKYJIAPHA 10 MOBEpXHi, 60 F ™7, ToMy Bektop dS ™ E. 3sincn maemo, mo CKaJISIpHUI

no6ytok BektopiB £ Ta dS nopisHioe no6ytky ix moaynis, EdS = EdS . Tenep Bupas mis notoky
BEKTOpa HAIPYKEHOCTI EJIEKTPHUYHOTO MO Oyie piBHUH

®, = EdS = EdS.
S S

Bpaxyemo, 110 a1 BCiX TOYOK Ha cheprudHii MOBEpXHI MOYJIb BEKTOPA HAIIPY>KEHOCT OTHAKOBHUH,
TOMY HaNpyXeHICTh £ MOKHA BUHECTH 3 TI1]] 3HAKY 1HTETpaia

®, = E(ds.
N

IaTerpan CJ‘)dS JIOPIBHIOE TIJIONII TOBEPXHI ChepH, siKa JOPIBHIOE
S

<j‘>d5=3=4m2.
S

OTxe Ui MOTOKY BEKTOPA HAMPYKEHOCTI OJTHOPITHO 3apsAKEHOI Kyl Ui 7>R OTpUMaeMoO BHpa3

9



2
O, =FE4zxre.
Po3paxyemo 3apsiz, oxorieHni chepuyHoo moBepxHero. BennunHa 3apsay ITOpIBHIOE 1HTErpairy
1o 00’eMy BiJl TYCTHHHU:

g=|pav .
Jie IHTerpyBaHHs 31MCHIOETHCS 10 00’ €My BCi€l 3apskeHoi Kyi. OCKUIBKM TYCTHHA PO3IMOJALTY 3apsay €

MOCTIHHOIO, TO 11 MOKHA BUHECTH 3 ITiJl 3HAKY IHTErpasa:
4 s
q :pIdV:pV:pgﬁR ,

JIe BpaxoBaHO, IO IHTErpyBaHHSI MO 00’e€My Kyii JOPIBHIOE ii 00’€My, BEeTWYHHA SKOTO JIOPIBHIOE

V:iﬂR3.
3

. . q . . .
Tenep migcraBumo B piBHsiHHS Teopemu ['ayca D, =—— 3HaiifeHi HAMH y IBHOMY BUIJISLII BUPa3U
€0
JUTSI TIOTOKY 1 3apsiy:

4
Edrnr* = £—7ZR3 .
& 3
3BiJICK 3HAXOAMMO, 110 3a MEXaMH >R OTHOPITHO 3apsHKEHOT KyJIl HAlPYKEeHICTh SJIEKTPHUIHOTO
1oJIsi OOEPHEHO MPOTMOPITiHHA KBAAPATy BIJICTaHI 10 LIEHTPY KYJIi:
pR’

5 -

E(r>R)=

3g,r

Ha moBepxHi cdepu HanpyKEHICTh €JEKTPUIHOTO TOJIs JOPIBHIOE
E(r=R)= PR :

3¢,

Tenep 3HaliieMO HaNpyKEHICTh EJIEKTPUYHOTO TOJIA BCEepeauHi Kyii, kKomu r<R. PosriasHemo
chepuyHy MOBEPXHIO 3 IEHTPOM B T. O, sIKy Ha pucC. 2 TO3HAYEHO
MyHKTUPOM. SIK 1 B monepeIHbOMY BHMAJAKY, IS 1Ti€l chepruaHoi
MOBEPXHI  TOTIK BEKTOpa HAINpPY>KEHOCTI Oyne  piBHHM

2 .
@, = FE4rr”, wo obymosieHo cumerpiero. Benuunna sapsny,

oxomieHoro cdeporo  pamiycy r, Oyne BIAMIHHOIO — BiX
MOTIEPEAHHOTO BUTIAIKY:

qszdedeVszzp%ﬂﬁ,

JIe BpaxoBaHO, IO BEIWYMHA OXOIUIEHOTO cdeporo 00’emy

Puc. 2

. 3
nopisaioe V' = 572'7’ )

T T b = i : .
enep 3 reopemu L ayca D = - OTPUMAEMO PIBHSHHS:
0

10



Edzxr? :£i7W3,
€0
3 SKOTO 3HAWJEMO BEIMYHMHY BEKTOpa HAIMPYKEHOCTI ENEKTPHYHOTO TIOJS BCEPEIUHI OJHOPITHO
3apsAHKEHOT KyTi:

E(r<R)= L,
3¢,
SAxio B mei BUpas MiACTaBUTH =R, TO 3HOBY 3HAWJAEMO HANPYXKEHICTh €JIIEKTPUYHOTO IOJIS Ha
MOBEPXHI 3apsHKEHOT KyJIi:

E(r=R)=L-R.
3¢,
OTxe Hanpy>KEHICTh eIEKTPUYHOTO MOJISI BCEPEANHI 3apAHKEHOT KyJli 3pOCTaE 13 30UIBIICHHSIM ¥ 32
JTIHIHAM 3aKOHOM.
Po3paxyemMo moOTeHIian eJIeKTPUYHOTO TOJs OJHOPIIHO 3aps/pkeHoi Kymi. s  1mporo

ckopucTaemocs popmymnoto @(7) = @(7) — JE (7)dr . puiimemo moTeH1Iia1 HAa HECKIHUEHOCTI PiIBHUM
T
HYJTIO, TOJII

o(F)=—| E(F)dr .

8 gy

[aTerpyBanHs 311HCHIMO B3/I0BX MPSAMOI, 110 TPOXOAUTH Yepe3 HEHTP KyJi. it TOUOK, 110 JIeKATh
Ha Ii# npsMiii, paiyc-BeKTOp HOPIBHIOE BIICTaHI JO LIEHTPY KYJIi, @ BEKTOPH HANIPYKEHOCT1 €NEKTPUIHOTO

moMs i eNeMeHTapHOTO mepemimenms cmimaaiors 3a  mampamkom, E(F) TTdF, tomy B

MiIHTErPAIbBHOMY BHpa3i CKAISIPHUMA T0OYTOK MOKHA 3aMIHMTH Ha I0OYTOK MOJTYJIiB:
p
o(r) =— j E(r)dr.
o0

JUis 3HAXOKEHHS MOTEHIIaly 3a MeXaMu Kyl 7 > R migcTaBuMo oTpuMaHMil HaMM BUpa3 JJis

HaINpy>KEeHOCTI:

r

pR'| _ pR’
3501”‘00 3g,r

o(r>R)= JE(r)dr = —‘[401}” =

[Torentrian moBepxHi KyJIi TOPiBHIOE

R PR pR?
go(r:R):—jE(r)dr:3 .

507"00 3¢g,

JI71st 3HAXOKEHHS TOTEHITialy BCepearH] Kyl 3aUIIeMO IHTETpall K CyMy JBOX IHTETpajliB IO
JIBOX JIIJITHKAX IHTETPYBaHHS, a caMe — 3 HECKIHYEHOCTI JI0 MOBEPXH1 Ky 1 Bil MOBEPXHi KYJIi 10 TOUKH 7

@(r<R)= —]‘E(r)dr = —Rj- E(r)dr — jE(r)dr.

[Tepmmii iHTErpan JOPIBHIOE BXKE 3HANICHOMY MOTEHIliay Ha MOBEpPXHI KyJi, a B Apyruil Tpeda
MiICTAaBUTH BUPA3 JJIsl HAPY>KEHOCTI eIEKTPUYHOTO TOJISI TpH 7<R:

11



g 2
PR P2 :PR +L(R2—r2).

3¢g, 66‘0 & 05

o,
¢>(r<R):3——j rdy =

) &
3 ocTaHHBO1 (POPMYIIH BUIHO, 110 MOTEHLIA] B IIEHTP1 OJHOPIIHO 3apsKEHOT KyJi BU3HAYA€ThCS
KBaJpaToOM pajiyca KyJi:
2
PR
2¢,

Ha BinMiHy BiJl Hampy>KeHOCTI, MOTEHLIa] B LEHTPl KyJi HE IOPIBHIOE HYNIO 1 € OUIbIINM 3a

p(r=0)="—

MOTEHIIIaJ] Ha MOBEPXHI KYJIi.

2. EnexTpuuHe moJsie OAHOPiHO 3apsiIsKeHOI 0e3MeKHOI IVIOIIUHA
Sk 1 panile, MOBEpXHEBY T'YCTUHY 3apsy IUIOIIMHH MO3HAYUMO O, SIKY MPUHMEMO J10JaTHOIO,
0 >0. Jlna Ge3MekKHOI JOMATHO 3apsPKEHOI IUIOIMHM CHJIOBI JIiHIi €JEKTPUYHOTO MO OyayTh
BUXOJMTH 3 IJIOUIMHU 1 Bcroau OylyTh IEPHIEHIUKYIIPHUMU J10 Hel, Ak 300pakeHo Ha puc. 3.1. Ha npomy
PUCYHKY 3 OJMDKHBOTO JI0 HaC OOKY CHJIOBI JIiHIT CYIIJIBHI, @ HA 3BOPOTHOMY OOIIi, 3a TUIONIMHOIO, BOHU

300pakeH1 MYHKTHPOM.

o —
<

~.. ~~_E
-
>0

Puc. 3.2

Puc. 3.1

J171s1 po3paxyHKy HaNpy>KeHOCTI TOJIs pO3TIITHEMO TOBEPXHIO, 110 Ma€e (hOpPMY HITIHIPY, BICh IKOTO
napaJiesibHa 70 CUJIOBHX JIHIH, 1 SKUH POHU3YE 3apspKeHy TUIomurHy. YacTiHa MUTiHapa Ha 3BOPOTHOMY
0or11i mo3Ha4YeHa Ha puc. 3.2 MyHKTHPOM. [Ipu po3paxyHKy MOTOKY BEKTOpa HAMPYKEHOCTI eNEKTPHUIHOTO
MoJIsl Yepe3 MOBEPXHIO MIIIIHAPA MPEACTAaBUMO 1HTETpaj CyMOKO JIBOX IHTETPAIiB: OJHOTO — IO OIYHIN
CTOPOHI, 1 ABOX IHIIUX — IO OCHOBAX IWJIIHAPY:

D, <_[>Eds [ EdS,,,+2 | EdS,,

Sﬂzwu Saw

=0, 60 BEKTOp HANPYKEHOCTi €NEKTPHIHOTO TI0JIS HAMPABICHUMH

Ha mosepxHi ocHOB Ed§00” =EdS, ., 60 ETT d§00H

Ha Giuniit nosepxui EdS o

I4YHA

y310Bx Giunoi mosepxui, a omke £ L dS,, .

—

Crnin TakoX BpaxyBaTH, IO €JIEKTPUYHE MOJIE OXHOPiAHE, ToOTO F = COonst, tomy TOTIK BEKTOpa
HaIPY>KEHOCTI €JICKTPUIHOTO TOJIs Oy 1€ PIBHUM

O, =2ES

OCH
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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

TYCTHHH 3apsifly Ha ILIOILY OCHOBH WHIHIPY, § = OS .

. : q
IlincTaBuMO BHpa3H [UIs IOTOKY Ta OXOILICHOTo 3apsiy B piBHsanHsS P, =— teopemu ['ayca:
2
oS
J— OCH
2ES  =—*".
)
3BiicKM OTPUMAaeMO BEJIMYMHY HANPYKEHOCTI EJIIEKTPUYHOIO TOJsi OE3MEXHOi OJHOPITHO
3apsIKEHO] TUIOLIUHU:
o
2¢,

3 miei dhopmynu ciimye, MO HANPYXKEHICTh €ICKTPUYHOTO TOJISI TIPSMO TMPOTOPITIHHA TYCTHHI

E

MMOBEPXHEBOTO 3apsiAy IUIONIMHYU 1 OJJHAKOBA B yCiX Toukax moosm3y Hei. [Ipu mepexomni yepes ImiommHy
HaIPYKEHICTh SJIEKTPUYHOTO TOJIsI 3MIHIOE CBIM HAIIPSIMOK (3HAK) HA MPOTHIIC)KHUM.

3. EjleKTpUYHe 110JIe OJJHOPITHO 3aPSi/I>KEHOT0 HECKiHYeHHO TOHKOI0
NMPSIMOJIiHITHOTO MPOBITHUKA
JliHiiiHy TyCTHHY 3apsiy OJHODIJHO 3aps/UKEHOrO MPOBiJHMKA MO3HAYUMO A, Ky IPUHMEMO
nonatuoro, A >0 i A =const. Jlng 6e3MeKHOT0 OIHOPIIHO 3apSIHKEHOTO TOHKOTO i MPSMOJiHIHHOTO
NPOBIHUKA EIEKTPUYHE M0JIE MAE OCbOBY CUMETPit0. ToOTO mpu nMoBopoTi Ha OyAb-SKUI KYT HABKOJIO OC1
NPOBIHUKA €JIEKTPUYHE I0JIE Ma€ CIIBMACTH came 3 co0oro. i 10AaTHO 3apsiKEHOTo MPOBiTHUKA
CHJIOBI JIIHIT €JIEKTPUYHOTO MOJISl MAIOTh MIOYMHATUCS HA TPOBIIHUKY 1 MalOTh OYTH MEPHEHIUKYIIPHUMHU

JI0 HBOT'O, TOMY BEKTOP HAINPY>KEHOCTI ENEKTPUYHOTO TIOJIS 3aJIC)KUTh TUTLKH BiJl BIJICTaHI IO MPOBITHUKA

, 06t0 E(F)=E(r), ne ¥ — pazniyc-BekTop TOUKH, MOYATOK SKOTO JIEKUTh HA OCi, i AKHUIA €

r= |17
HaMMEHILIOKO BiICTAHHIO Bijl TouKy 10 npoBignuka. Jius A > (0 BeKTOp HAPYKEHOCTI ENEKTPUYHOTO OIS

CIIBHAMNPABJICHUN 3 pPaalyCc-BEeKTOPOM, IIOYATOK SIKOTO

JIeKUTH Ha oci mpoBinuuka, £ ™7,

>
4
\
\
\
1
1
T
|
I
I
1
/
/

OTOYMMO TMPOBITHUK LWIIHIPUYHOIO TOBEPXHEIO,

7
1
!
\
\
\

paxmiyc sSKoi 7, a BiCh SIKOI CHIBIAJA€ 3 MPOBITHUKOM, SIK

S _— -

300paxkeHo Ha puc. 4. Bucorta ummingpa h. 3apsn, 1o
OXOIUICHUH LI€I0 OBEPXHEI0, TOPIBHIOE NOOYTKY JJOBKUHH

- -
- -

—— o - o o S

g o —— -

h -~ ,7’ SA —e— MPOBIIHUKA, IO 3HAXOAWTHCS B CEpeOUHI MIJIIHIpPA, HA
n \ b dSsi N .
AT I \ iforo niniliny ryctuny 3apsuy, ¢ = Ah.
l ! . :
I ! > [IpenctaBUMO  MOTIK  BEKTOpa  HANPYKEHOCTI
I . : N
i I E €JIEKTPUYHOTO TI0JI CYyMOIO JBOX iHTErpaiiB — mo OivHii
I ! .. .
Iy ! MOBEPXHI 1 [0 MOBEPXHAX OCHOB LUIIHAPY
— . o Lo R
-] -- ©, =§EdS = | EdS,,,+ [ EdS,,.
§ Sﬁiwa Sucu
Ha 6iuniii nosepxui EdS,,  =EdS, . 60
Puc. 4 BEKTOP HAMPYXXEHOCTI EJIEKTPUYHOrO MOJISl HANpaBICHUN
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Y3I0BXK pajiyca IWIHIPA, a OTKE ETTdS 6iung - 1@ TIOBEPXH1 OCHOB Ed§OCH =0, 60 EL ds;om . Crin

I4Ha

TaKOK BPaxyBaTH, IO €IEKTPHYHE MOJIE IS BCIX TOYOK GiuHOi moBepxHi ofHakoBe F = const, Tomy
HOTIK BEKTOpPA HAMIPYKEHOCTI IEKTPHUYHOIO MO Oy/1e piIBHUM

&, =ES,,  =E2nrh,
Jie BpaxoBaHo, 11O IUIoLIa 6i4HOI ToBepXxHi nopisuioe Sy =27rh.

[TizcraBuMO 3HaICHI BENUYUHY 3apsAIy Ta MMOTIK B piBHAHHS Teopemu ['ayca. OTpumaemo:

E27zrh=ﬂ.

o

iuHa

yHa

[Ticns cxopoyeHb 3HAXOAMMO, IO BEJIMYMHA HANPY>KEHOCTI EJIEKTPUYHOTO MOJS OJHOPITHO
3apsKEHOT 0 JIIHIHHOTO MPOBIIHUKA OMUCY€ETHCSI BUPA30M

A

E=—-.
2rg,r

3 1i€ei opMyIu cIiaye, MO0 HAMPYKEHICTh €IEKTPUIHOTO TIOJISI OTHOPIAHO 3apsHKEHOT0 JTIHIHHOTO
MPOBiAHMKA OOCPHEHO MPOIOPIliiiHA BiJICTaHI 10 HHOTO.

Jonarok b.
KonTposabna 1

[Tepenik TeOpeTUIHNX MTUTAHb:

Cuctemu Bimniky. Pamiyc-Bekrtop. MarepianbHa Touka. Tpaektopis. Ilepemimennsa. I[IBuakicTs.
Busnauenns nepeminienns uepe3 mBuAKicTh. [lnax. Cepenns mBuakicts. [Ipuckopenns. Buznauenus
HIBUAKOCTI Yepes MpuckopeHHs. HopmanbHe Ta TaHreHIlianbHe MPUCKOPEHHS.

KinemaTnka obepranpHoro pyxy. Pyx mo komy. KyroBe mepemimenns. KyroBa mBuakicts. Yacrora i
nepion ob6epranns. KyrtoBe mnpuckopenHsa. [lomeHTpoBe (HOpMalibHE) TPUCKOPEHHS. TaHTeHIalbHe
NPUCKOPEHHS.

[Tepmmii 3akon Herorona. IHepuianbHi cuctemu Bimiky. Maca Tima. Cuna. [pyruii 3akon HeroToHa.
Honasanus cun. Tpertiit 3akon Heiorona. [lpuniun BimHocHocTi [Mamines. Pyx Tina mig Ai€ro B’sS3KOTO
TEpTSL.

[Tpukian po3B’ 13Ky 3a/1adi:
. : 9 e 273 . — . -
Ymoga: Ha Tinno macu m gie cuna F' = aiti +a,t” j . IlouaTkoBa IBUIKICTE V, = 0 i mo4aTkoBe MOJIOKEHHS = 0

. 3anuunTh BUpPA3W I TPUCKOPEHHS, IIBHIKOCTI, PajiyCc-BEKTOpa, IMIYJbCy, KIHETHYHOI EHeprii,
MOTY>KHOCTI, MOMEHTY CHJIH, MOMEHTY IMITyJbca, MOIYJS IIBHIAKOCTI, TAHT€HIAIBHOIO i HOPMAaJIbHOTO
IMPUCKOPCHD.

L1 1 - -
1. 3 mpyroro 3akony Hetotona: d =—F =—(ayti +a,t’j);
m m

2. [HTErpy€eMO NpUCKOPEHHS, 1100 3HANTH IIBUIKICTb:
3

I e - - 1 £ £
V=Y, +Iadt =—_[(a1ti +a,t’ )dt =—(a,—i +a,—]);
0 my m 2 3
(mepeBipka, MPUCKOPEHHS € TMTOX1AHOK IBUAKOCTI:
o dv d1, - £ - 2t - 3. 1, - -

d=—=——(,—i+a,—j)=—(a,—i +a,—j)=—(ati +a,t

i dtm(lz 23]) m(lz 23]) m(l 2 7))
3. [I1o6 3HaiiTH paaiyc-BEKTOp IHTETPYEMO IIBUIKICTh:

14



I I P A A r !
r:r0+.([vdt:%j(alzz+a2§])dt m(oc1 i+o,—J);

J 2.3 3.4
(mepeBipka ﬁ—df ( z+ai) 1 32z+0{44) —(at217+at—ﬁ'))
perip dt dim 2 13 TRl teg )= @i e )

4. IMmynbc — 11e 10OYTOK Macy Ha IIBUIKICTb:

- - 1 tz - t3 - tz - t3 e
p=mv=m—(a,—i+a,—j)=o,—i+a,—];
m 2 2 3

(mepeBipka,  3a J:[pyr1/13M 3akoHOM  HploToHa  moxigHa — IMOYJbCYy — JOpIBHIOE  CHJIL:
2 3 3
F:%:i( , Lita %]) 0‘1%?"‘“2%} =ati +a,t']);
2 3
) ] 1 1 2? 2‘37 ) (alt2)2+(a2t3)2
5. Kinernuna eneprisi: £, = Em(v) = Em(; (¢, 31 +a, ?])) = . ;
6. [ToTyXHICTH TOPIBHIOE CKaJ'IHpHOMy z[o6yT1<y CHJIM Ha IBHJIKICTH:
N = Fv = (et +at ])—(0(1 22 i+a,— - ]’) =%(0{11051 §+052t2052 —) ——( P tan 2?15)

3

2 Ry
dE, d (%5) +(0(2§) 1 d 2f . 6
o a,

; t
nepepipka N = = = = Iy =
(nepesip dt dt 2m 2m dt( 9)

4t 6t 1

7. MOMEHT CHUJIM BU3HAYAETHCS BEKTOPHUM JOOYTKOM pajiiyC-BEKTOpa TOUKHU MPUKIIATAHHS CHIIM HA BEKTOP
cuiu. BexTopHuii 100yTOK 3HaXOAMMO 3a JOIIOMOTOK0 BU3HAUHUKA!

— - N

R i J k
Pk 1 F 1 !
M =[FF]=|r r r|=—a— —a,—— 0|=
N R e
EF R at at’ 0
-1 7 1 4 -1 £
=k(—a,—a,t’' —a,—at)=k—aa,— ;
(m '2377  m 3.4 )= m 12

8. MoOMEHT IMIyJbCY JOpPIBHIOE BEKTOPHOMY IOOYTKY pajiyc-BEKTOpa Ha IMIYJbC, 3HAXOIUMO 3a
JIOLIOMOTOI0 BU3HAYHHKA:

oL - i ] k
PGk 3 a
L=[/]= r. T, or —lat— lat— 0=

P y E T3 w3
b, P, D. £ £
o, — o, — 0
2 3
— £ 81 A -1 t6
=k(—o,—a,——a,— k—a
( '2.37°3 m23-422) m T

(HepeBipKa MOX1JJHa MOMEHTY iIMITYJIbCY IOPIBHIOE MOMEHTY CHJIH:
- dL_d -1 -1 6r -1 £
M = —k—ao0,—=k—ao0,—=k—a,a,—);
dt dt m 72 m 72 m 12
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9. Moaynb HIBUAKOCTI JOPIBHIOE KBaIPATHOMY KOPEHIO 3 CYMH KBaJpaTiB MPOEKIIii MIBUAKOCTI:

47’ 6t
2 a2

1 1 1
a, =\/a2 —af =\/af, +ai —af = (;oqt)2 +(Z0(2t2)2 —(;

3 5

2t 2t 2

(af —+a;, —

=~ | +ait ——2 3
m ot St
ol —+a, —

4 9

KonTpoabna 2

[epenik TeOpETUUHUX MTUTAHB:

JunamMika 06epTaabHOTO pyXy. PIBHSHHS pyXy IIEHTPY Mac TBEpJOTO Tija. PIBHIHHS 00€pTaIbHOTO PYXy
TBEPJOrO TiNa (3arajdbHUN BUTIAA). MOMEHT cuiu. MoMmeHT immyibcy. OCHOBHE PIBHSHHS JAMHAMIKU
obepranpHOTO pyXy TBepaoro Tia. MomeHt iHepiii. [lpenecis ripockory. CkouyBaHHS IWIIHApPA 3
MOXMUJIO1 TUIOLIMHH.

[aTerpanu pyxy. Immynsc. 3akoH 30epekeHHs iMIyJbey. PeakTuBHHM pyX. 3akoH 30epeKeHHSI MOMEHTY
iMoynscy. Mexaniuna po6ota. I[lotyxknicte. IloTeHmiambHa eHepris. 3B'SI30K MK IMOTEHLIATbHOIO
eHepriero 1 cuior. Kinetnuna eneprist ToukoBoro Tiyia. KineTuaHa eHepris 00epTaabHOTO PyXy TBEPAOTO
tina. KiHeTnyHa eHepris Tijla mpu IOBUIBHOMY pyci. 3akoH 30epekeHHsI MexaHiuHoi eHeprii. I'panuri
PyXy.

Cuna iHepuii mpW MOCTYyMaJbHOMY pycCl HeiHepuianbHOI cucTeMu Biwmiky. Bara Ttima. [lpuHnun
ekBiBaJieHTHOCTI. BimnenTpona cwia. Cuita Kopiomica.

[puknazn po3B’ 3Ky 3amaui:

YmoBa: Ha Tio 3 MoMeHTOM iHepuii J aie MoMeHT cunu M =t . IlouarkoBa KyToBa HIBUAKICT @, =0

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

1. 3 OCHOBHOT'O PiBHSIHHS AUHAMIKH 00€PTAIILHOTO PyXYy 3HAXOJAMMO, [0 KYTOBE MIPUCKOPEHHS JOPIBHIOE:

M 1
E=—=—at;
J J

2. KyToBy HIBHAKICTh 3HAXOAUMO 1HTETPYBaHHIM KYTOBOT'O MPUCKOPEHHS:

t t 2
w:w0+jgdt:ljatdt:lat—;
0 Js J 2
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(mepeBipka, KyTOBE HpI/ICKOpeHHH € HOX1/THOIO BiJ| KyTOBO1 IIBUKOCTI:
_do_d1 ¢ 1 g2
—_— = t)

Tdt dtJ 2 J 2
3. KyT noBopoTy 3HaxXoumo lHTeryBaHHﬂM KyTOBO{ IIBHJIKOCTI;
(mepeBipka, KyTOBa IIBUIKICTh JIOPIBHIOE MTOX1/THI KyTa MTOBOPOTY:
_dAp) _d1 ¢ 1 3t2 1 t )

a — — R
dt  dtJ 6 J 6 J 2
4. MOMEHT IMITyJIbCY BITHOCHO (hiKCOBaHOT OC1 TOPIBHIOE JOOYTKY MOMEHTY 1HEpLii Ha KyTOBY IIBHJIKICTh!
2
t

L=Jo=a—;
2
: : : dL d ¢ @ 2f
(mepeBipka, 3 PiBHAHHS JUHAMIKHA 00€pTaIbHOTO PyXy: M = d_ = z E = aT =at)
1 £’ )t
5. Kinetnuna eHeprist o6epTanbpHoro pyxy: E, = —J @’ ——J —a—)Y =—(@—)  =—a’—;
p p Pyxy: £ =2 5 ( V) )= ( ) 2
6. [ToTyxHICTh pH 0OEPTaHHI TOPIBHIOE TOOYTKY MOMEHTY CHJIM Ha KyTOBy IIBUIKICTh:
2
N=Mwo= atlat— =L0€2l3 ;
J 2 2J
. dE, 1 Y1 L4081
(mepeBipka N =—% = 4 2l‘—=—052i=—052t3)

dt dtJ 8 J 8 2J
, . . 1
7. 3B’ 130K MIDXK JIIHIIHOO Ta KyTOBOIO HIBUAKICTIO: V = R®w = R7 a 5 ;
8. 3B’S30K Mi’K TaHTEHITIAIbHUM MMPUCKOPEHHSIM Ta KYTOBUM MPUCKOPEHHSIM:
1
a,=Re=R—at;
J

1 2
9. HopMasnbHe (IOLeHTPOBE) IPUCKOPEHHS: a, = Rw’ = R(jaz)z;

1 I 1 1 ¢
10. Moy b IPUCKOPEHHS: d = \/a. +a, = \/(Rjat)z + (R(;Ot%)z)2 = R\/(jott)2 +(7a%)2

17



