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I'naBa 1. DjeKTpOMArHUTHASI HHAYKIIUSI

§1. MarHuTHBII NOTOK

Maezrummnoim nomoxom @ uepes IWIOCKYIO IIOIIAIKY IUIOMAALI0 S , TOMEMIEHHYIO
B OI[HOI)O[[HOC MAar"dvMTHOC I10JIC, Ha3bIBAaCTCs BCIIMYHNHA
@ =BScosa, 1)

rne B — momyns Bektopa MarnutHO# mEaykimE B, o — yron mexny Bextopom B n

BEKTOPOM HOpMaJH K romnaake N (puc. 1). [TonoxuTe bHbIH (OTPHIATENbHBIN) 3HAK
MarHMTHOTO ITOTOKa COOTBETCTBYET OCTPOMY (TYIOMY) YTty ¢ . IIockombKy y Iutorman-
KU JIBe HOpMaJIi, TO BBIOOp HAIPaBJICHNSI HOPMAJIX OTIPEJIEINACT 3HAK MArHUTHOTO T10-
TOKa.

Puec. 1 Puc. 2
Teneps BBEAEM ONpeEEICHHE MATHUTHOTO MMOTOKA YEPE3 POU3BOJILHBIA KOHTYD
KLM , ne nexanuii B 01HOM MIOCKOCTH ¥ MOMEMIEHHBIN B HEOTHOPOIHOE MATHUTHOE
noste (puc. 2). «HaTssHeM» Ha 3TOT KOHTYp POM3BOIBHYIO TOBEPXHOCTE. Pa3o0béM eé
Ha CKOJIb YTOTHO MaJIbIe, TOYTH IIOCKHE IIIOIaaki. Ha3oBEM yCIIOBHO OIHY CTOPOHY

IIOBEPXHOCTH BHEIIHEH, a IPYTyI0 BHYTPEHHEH, M HApaBuM HopMand M, M, ... K Kax-

JIOM IO IKEe OT BHYTPEHHEH CTOPOHBI K BHelIHel. Haliném MarHuTHbIM NOTOK yepe3
KaX[yto IUIOIIA/IKy COTJIACHO PaBeHCTBY (1) M C10’kKMM HaiileHHbIe TOTOKH aaredpau-
4eCKd. DTO ¥ OYET MO ONPE/ISIEHUI0 MATHUTHBIM IMTOTOKOM Uepe3 MPON3BOJILHBIN KOH-
Typ.

Oxa3zpIBaeTcs, YTO HAMICHHBIN TAKAM CITOCOOOM MarHUTHEIH MOTOK Yepe3 KOHTYP
HE 3aBHCHUT OT ()OPMBI KHATSIHYTOI» Ha KOHTYP MMOBEPXHOCTH. DTO SABISACTCS IMPSIMBIM
CJIEZICTBHEM TOTO OTIBITHOTO (PAKTa, YTO MASHUMHbIL HOMOK Yepe3 H00YI0 3aMKHYMYIO
nosepxHocmv pager Hyao. B 0olee JOCTYITHOM H3JI0KEHUH 3TOT ONBITHEIHN (akT Gop-
MYJHUPYETCS TaK: MACHUMHbBIX 3APSA008, HA KOMOPLIX MO2U Obl HAYUHAMbCS UTU 3AKAH-
YUBAMNBCA MASHUMHbIE CUNOBbIE NUHUU, HEem, CU08ble JUHUU MASHUMHO20 NOJIA 3a-
MmxHymul. 1107151, y KOTOPBIX CHJIOBBIE TMHUW 3aMKHYThI, HA3bIBAIOTCS guxpeguimu. Mar-
HUTHOE II0JIE €CTH I0JIE BUXPEBOe.

Bcé BoineckazanHoe 1a€T BO3MOKHOCTh CUMTATh MPUBEIEHHOE OIIPECIICHUE Mar-
HUTHOTO MTOTOKA Yepe3 KOHTYP KOPPEKTHBIM.
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s Gonee oOpa3HOTO TpeICTaBIeHUs ce0e MarHUTHOTO MOTOKA Ha HETO MOXHO
CMOTpPETH KaK Ha BEJIMUYHHY, IPOIOPLIHOHAIBHYIO YUCITY CUIOBBIX JINHUHM, OXBaThIBac-
MBIX KOHTYpOoM. [Ipu Takoil TpaKTOBKE MAarHUTHOIO IIOTOKA CTAHOBUTCSI [IOYTH OYEBU T~
HBIM ()aKT HE3aBUCHMOCTH MarHUTHOTO TIOTOKA Yepe3 KOHTYP OT GOPMBI «HATSIHYTOW
Ha KOHTYp [TOBEPXHOCTH.

Ecnu marautHOe nosie co3naércs HeCKOIbKUMHI HCTOUYHUKAMHU NOJISL, TO U3 IPUHIIH-
Ia CyNepHOo3ULUH MOoJIeH ClIeAyeT, YTO pe3yIbTHPYIOUINI MarHUTHBIN MOTOK 4epe3
KOHTYp paBeH ajare0pandeckoil CyMMe MarHUTHBIX TIOTOKOB OT Ka)KJI0r0 UICTOYHUKA B
OTJENIbHOCTH.

B cucreme emuuun CU enuHUICd MarHUTHOTO TMOTOKa CIYKUT eedep (BO),

1B6=1Tn-m’.
§2. UH1yKTUBHOCTD

ITycTh B KOHTYpE 110 KaKUM-JIM00 npuynHam Uaét Tok | . 1ot Tok co3naér cob-
CTBCHHOC MAarHuTHOC I10JI€, MAarHuTHasd HTHAYKIHUA KOTOPOTO B Ka)K[[Oﬁ TOYKE IMpOTop-
I[HOHAJIbHA TOKY, YTO BBITEKaeT M3 3akoHa buo—CaBapa—Jlammaca. CinenoBareibHo,
MAarHUTHBIH OTOK Yepe3 Kax Iyl H3 MaJIbIX IUIOIIa 0K, HA KOTOpbIE pa30HTa «HATSAHY-
Tas» Ha KOHTYpP MOBEPXHOCTh, TOXXE MPOMOPLIOHANICH TOKY. [103TOMY M CyMMapHBIH
HOTOK Yepe3 BCe IUIOMIAAKU NPONOPIHOHANICH TOKY. TakuM 00pa3oM, MarHUTHBIH 110-
TOK COOCTBEHHOTO II0JISl Yepe3 KOHTYpP MPONOPLHOHANICH TOKY:

@, =LI @)

Koaddumment nponopuuonansroctu L (L > 0) nassisaercsa kosddummentom ca-
MOMHAYKIUH WIH UHOYKMUSHOCMbio. IHTYKTUBHOCTb KOHTYpPa 3aBUCUT OT T€OMETpU-
YECKUX pa3MepoB U popMBbl KOHTYpa, a TAKIKE OT MATHUTHBIX CBOIMCTB CPE/Ibl, B KOTO-
PO HaXOJUTCSI KOHTYP.

Ennannelt m3meperns wHIyKTHBHOCTH B cucteMe CU cmyxutr ecenpu (I'n),
1Ta=1B0o/A.

Crnepnyer ckasars o npasuie 3uakoB it @ u | B hopmyse (2). BoiGepem noso-

KHUTEIFHOE HalpaBJIeHHEe 00X0/1a KOHTYpa TaK, YTOOBI OHO OBIJIO CBS3aHO C HAIIpaBJIe-
HHEM HOpMaJM K KOHTYpY (TOuHee, HalpaBJICHUSIMH HOpMaJleil B pa3HbIX TOYKax I0-
BEPXHOCTH, «HATSIHYTOI» Ha KOHTYp) MpaBMWIOM OypaBurka. TOK, HIyITHH B IOJ0XKU-
TEJILHOM HamnpaBiieHHuH 00X0Jla KOHTYpPa, CUUTASTCS MOJI0KUTEIbHBIM, B IPOTHBHOM

citydae — oTpunarensHeiM. Teneps 3Hak @ _ OyzeT onpenenaTthes 3HakoM | depes

cob
COOTHOILIICHHUEC (2) u HaOﬁOpOT. HpI/I‘IéM HE 6YZ(€T MMPOTUBOPCHHUA CO 3HAKOM IIOTOKA,
OIpeaciiseMoro 1o (I)OpMYJ'IG (1) Y6GJII/ITCCI) B 9TOM, CACJIaB U3 IMMPOBOJIOKU KOJbLO.
MeicieHHO 3aaaﬁTe HanpaBJICHHUE TOKA B KOJIBIIC. HaHpaBI/IB BEKTOP HOPMAJIH K IIOC-
KOCTHU KOJIbllda CHa4aJia B OJHY, 4 3aTE€M B IPYTI'YIO CTOPOHY, BBIAICHUTC 3HAK MArHUTHOT'O
IIOTOKa U TOKa.
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HecKoIBKO CIIOB 0 BITUSHAY MATHUTHBIX CBOMCTB cpe/ibl Ha HHAYKTHBHOCTH L . Ec-
71 BOJM3U KOHTYpa C TOKOM HaXOJSITCSl AMAMAarHETHKH M TapaMarHeTHKH, TO BCE cKa-
3aHHOE BBILLE O IPOIIOPIUOHAIEHOCTH TOKA B KOHTYPE M MarHUTHOT'O IIOTOKA CIIPaBe JI-
nuBo. Ecnu sxe BONM3M KOHTYpa ecTh (heppOMarHeTHKH, TO MAarHUTHBIN IIOTOK Yepes3
KOHTYp yXe He IIPOIIOPLIMOHAJICH TOKY B KOHTYpPE, HOCKOJIbKY HHIYKIIHSA MarHUTHOTO
noss B peppoMarHeTukax M BOJM3HM HUX HE MPOMOPIMOHANIBEHA TOKY U, KPOME TOTrO,
3aBHUCHUT eIIE M OT HAMarHUYSHHOCTH (epPOMAarHeTHKOB IIepel ONBITOM (HadaIbHOU
HaMarHu4eHHoCTH). Ho 1 B 3TOM ciydae MOXKHO CUHMTATh, YTO MarHUTHBII IOTOK cOO0-
CTBEHHOTO TIOJIS YEPE3 KOHTYP JAETCS TEM XKe BBIPaKEHUEM (2), HO MHIYKTHBHOCTB L
€CTh BeJIMYHMHA, 3aBUCAIIAs €E OT CUIIbl Toka | 1 OT HauanbHOM HAMarHUYEHHOCTH
(eppomarnerrka. Hanpumep, THIYKTHBHOCTD KOJIbIIA (KATYIIKH), HAIETOTO Ha JKeJe3-
HBIIl CeplIeUHHK, 3aBUCUT HE TOJBKO OT pa3MepoB KOJIbIa, HO M OT TOKAa B KOJIbLE
Ha4yaIbHOM HaMarHUYeHHOCTH XKee3a.

§3. 3akoH aiexTpoMaruuTHOM MHAYKUUM. [IpaBuio Jlenna
HyCTL HpOH3BOJ’ILHbIﬁ KOHTYpP C TOKOM HaXOJUTCA BO BHCIITHEM MAarHUTHOM IIOJIC.
W3 npuHImNIa cynepno3nuiiii MarHUTHBIX TIOJIEH U Ope/IeNIeHHs] MAarHUTHOTO TTIOTOKa
CIIEYET, YTO MOJHBIA MarHUTHBIA MOTOK @, MPOHU3BIBAIOIINI KOHTYP, COCTOUT H3

[IOTOKA OT BHEIIHETro 1oy @ ¥ TIOTOKA OT cOOCTBEHHOr0 Tonst D, .

BHEII

=0, AP, 3)

BHEII

HpI/I 9TOM BHEIIHUI MarHUTHEIN IIOTOK @ MOXKCT U3MCHATHCSA CO BPEMCHECM KaK

BHEII
N3-3a U3MCHCHUA BHCITHET'O MAriuTHOT'O 110JIsI BO BpEMEHU (B Ka)kJI0M TOUKe I0JIs UH-
AYKIUA BHCITHETO MArHUTHOTO ITOJIAL 3aBUCUT OT BpeMeHI/I), TaK 1 U3-3a IBHXKCHUSA KOH-

Typa Uik OTACIIbHBIX €TI0 yacteil. COOCTBEHHBII MATHUTHBIN ITOTOK @006 MOXET TOXKE

MCHATHCA CO BDEMCHEM B PE3YJILTATE USMCHEHHU A TOKA B KOHTYPEC 11O KaKHM-TI100 npu-
YHHAM U B Pe3yJIbTaTe M3MEHEHHUS] MHAYKTUBHOCTH KOHTYpa (IIpH ero aehopManuy,
Hampumep).

OMBITHBIM IyTEM YCTaHOBIICHO, UTO HE3AGUCUMO O NPUUUH, BbI3bIBAIOUIUX UIMEHE-
HUe NOIHO20 MazHUMH020 nomoka D uepes KOHMYP, 8 KOHMYPe BOZHUKAEN DNEeKMPO-
OBUNCYWASL CUNA, HAZBIBACMAS INEKMPOOBUICYUSel CUTIOT UHOYKYUU

== @

31ech HaNpaBJICHUE HOPMAIIK K KOHTYPY U MOJIOKHUTEIBHOE HApaBJIeHUue 00Xoaa
KOHTYpa, CBA3aHHBIE PYT C IPYTOM IIPaBHIIOM OypaBuuKa, onpeaensior 35ak @ u & .

O/J1C uHITyKITUY TIOJIOKUTENBbHA, €CITH HampaBJieHe €€ IeHCTBUS COBMAIAET C MOJIOKH-
TEJILHBIM HalpaBlieHneM 00X0/1a KOHTYPa, ¥ OTPHLATENbHA B IPOTHBHOM cirydae. [Tox
HanpaBieHueM JieiicTBusa J/1C Ha HEKOTOPOM y4yacTKe 1enu Oy1eM HOHUMAaTh HalpaBs-
JIEHHE JEUCTBUS BAOJb STOr0 y4acTKa CTOPOHHUX CHJI Ha MOJIOKUTENBHBIE 3apsibl, T. €.
TO HaIIpaBJICHHE, B KOTOPOM IOTEUYET TOK Yepe3 yuacTok rernu ¢ D/]C npu MbICIEeHHOM
3aMBIKaHUU 3TOTO y4acTKa PE3UCTOPOM.
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PaBeHcTBO (4) 1 IpeacTaBIsIET COO0I MATEMAaTHUECKYTO 3aIIUCh 3AKOHA 21eKMPO-
maenummuou unoykyuu Gapanes. [IpousBoanyto E Ha3bIBaIOT CKOPOCTHIO U3MEHEHHUS

MarHMTHOTO MOTOKA.
W3 pasencts (3) u (4) monydaem:

g —_ dq)ﬂﬂem _ d@coﬁ . (5)
dt dt

BHCI

Crmaraemoe — npencrasiset codoit 3/]C HHAYKITNH, BOSHUKAIOIIYIO H3-3a

M3MEHEHHMS BHEIITHET'0 MArHUTHOTO 1OTOKA. Eciin coOCTBEHHOE 110J1e MOKHO HE YUHUTHI-
BaTh (IpeHeOperaTh HHAYKTUBHOCTHIO), TO DJ[C HHIYKIMH B KOHTYpE ONpeaeseTCs
TOJBKO MEPBEIM ciaraeMbIM. Emé pa3 moguepkHEM, UTO 3TO ciaraeMoe 00ycIoBICHO
KaK N3MEHEHHEM BHEIIHETO IO BO BPEMEHH, TaK U ABHKEHUEM KOHTYPA HIIH €T0 Ya-
CTel BO BHEIITHEM TIOJIC.

Cnaraemoe

o 00, dL)__ did o
dt dt dt dt

HazpBaetcst OC camoundyKkyuu, T. K. OHO IIOABIIACTCS OJ1arofaps N3MEHEHHUIO BO Bpe-
MEHH COOCTBEHHOTO MAarHUTHOTO MOTOKA uyepe3 KOHTyp. HamoMHuM, 4To U3MeHeHHe
COOCTBEHHOI'O MArHUTHOT'O IOTOKA MOKET IPOUCXOANTH KakK 33 CYET N3MEHEHUsSI TOKa
(10 KaKUM-TTOO0 MIPUYMHAM), TaK U 33 CUET H3MEHEHUS] HHAYKTUBHOCTH KOHTYpA.

Ecnu HHAYKTUBHOCTB OCTAETCS TOCTOSHHOI BO BPEMEHH, TO PABEHCTBO (6) MpHUHU-
MaeT BHI:

dl
£=-L a0 (7
3aTpOHEM YacTO BCTPEUAIOIIMICS ITPU PELIIEHUH 33124 BOIIPOC O TOM, IIpeHeOperaTh
WM HET MHIYKTHBHOCTBIO KOHTYPA. DTOT BOIIPOC B KAKJOM KOHKPETHOM CIIydae J10JI-
JKEH PeIIaThesl OTAEIBHO Ha OCHOBaHMH BKJIA/A, laBaeMoro B oouryto 3J1C kaxasimM
ciaraeMbIM B hopmyue (5). Harie Bcero HHAYKTHBHOCTBEO KOHTYpa B BUJIE OJTHOTO BUT-
Ka WJIM PaMKH, COCTOSIIIEH 13 MaJIOro YHciia BUTKOB, MOJKHO IIpEeHeOpeyb. A BOT MHAYK-
TUBHOCTBIO KOHTYpPa, COCTOSILET0 U3 3HAYUTEIBHOTO YHCIIa BUTKOB, HATIPHMEDP KaTyIll-
KM, IpeHedperats He CTOUT. OTHUM W3 KPUTEPHUEB AJIS OLICHKH POJIM MHIYKTHBHOCTH
MOJKET CIIyKHUTh CPaBHEHHE BETMUNH BHEIITHETO MArHUTHOTO ITOJISI K COOCTBEHHOTO 110~
751 KOHTYpa, a TOYHee, CpaBHEHNE H3MEHEHHH BEJIMUMH 3THX HOJIeH 32 BpeMs HabJro1e-
HUSL
3ameruM, 4To B hopmysie (4) 3naku DJIC unaykuun & ¥ M3MEHEHHsI MAFHUTHOTO

noroka @ nporusononoxkus:: ecmu d® >0, 10 & <0, u HAo6opor. ITpoTuBomO-
JI0)KHOCTH 3HAKOB 3THX JBYX BEJIMUMH, 00ecIieueHHas IPUCYTCTBHEM B (opmyie (4)
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3HaKa «—», OTpaxkaeT npasuio Jlenya: I/IC unoykyuu eceeda HanpasieHa max, 4moovl
RLIMAMbCsA NPEnAMCme08anb NPUIUHe, 6bl38aguiell UHOYKYUL.

3agaya 1. CeBepHbIi IMOIIFOC MAaTHATA YAAISECTCS OT MIPOBOIAIIETO KOJBIA (pHC. 3).
OrmpeenuTh HalpaBlIeHUE HHIYKIMOHHOTO TOKAa B Kojble. Kyna HampaBieHa cuia,
JeHCTBYIOIAs Ha KOJIBIO?

Pemenue. /{11 oTBeTa Ha IEPBEIN BOIpoC yA00HO 32 NpHYKHY, BbI3biBaronTyro D/1C
HHJYKIWH B KOJIbLIE, B3STh YMEHBIICHHE MATHUTHOTO TIOTOKA Yepe3 Koib1o. [1o mpaBu-
1y JleHna coGcTBEHHOE T0JI€, CO3AaHHOE MHTyKIIMOHHBIM TOKOM, TOJDKHO TIPEISITCTBO-
BaTh 9TOMY yMeHbIIeHHI0. [103TOMy cOOCTBEHHOE 110JI€ B IITIOCKOCTH KOJIbIIA U BHYTPH
KOJIbIIa HAIIPABJICHO TYJIa JK€, YTO W BHELIHee, T. €. BrpaBo. [lo nmpaBury OypaBunka
UHOYKYUOHHDBIL TNOK 8 KOJIbYe HANpasieH nPOmue 4acogoti Cmpenku, eciu CMompemy Ha
KOIbYO Cnpasd.

Juis oTBeTa Ha BTOPOIi Bompoc ynoOHee 3a MpUIHHY, BbI3bIBatonTyo 3/C nHIyK-
LIMH, B3ATh YBEINYCHUE PACCTOSHHS MKy MarHUTOM H KoJbLioM. [1o npasmny Jlenna
HOSIBUTCS IPOTHBOJCHCTBHE YTON IPHYKHE, T. €. MEXKIY KOJIBLIOM H MArHUTOM BO3HHUK-
HET cUJia NpUTsHKeHUs. Y 4eM Golbllie MHIYKIIMOHHBIN TOK, TeM OoJibllie OyaeT cuia
nputshxenus. Utak, na xoavyo deticmgyem cuia, HanpasieHHas K MazHumy.

3Bamaua 2. Karymka conporusienmeM R =400OM u UHIYKTUBHOCTEHIO

L=0,01TH 3amMkHyTa HAaKOPOTKO M HaXOAMTCH BO BHELIHEM MArHUTHOM IIOJIE
(puc. 4). HaumHas ¢ onpeneaéHHOro MOMEHTA, BHEIIIHEE T10J1e HaUuMHACT U3MEHSThCs. B
pe3yJbTaTe 3a HEKOTOPOE BPeMs MarHUTHBII MOTOK BHELIHETO OIS Yepe3 KaTyLIKy
sospoc Ha 0,002 B0, a tox nocrur snauenns 0,08 A . Kakoii 3apsn npomén 3a 310
BpeMs 110 KaTylike?

N

Puc. 3 Puc. 4

Pemenne. M3MeHsoneecs: BHELIHeE 10J1€ BbI3bIBaeT B kaTyke J/1C unykuuu, B
pe3ynbTaTe 4ero BOZHUKAET U3MEHSIOIIUNCS CO BPEMEHEM TOK, SIBIISFOLIUICS MPUIHMHON
nosiBnerns DJ]C camonuaykiun. CBsbkeM HalpaBJIeHUE HOPMAJTH K BUTKY KaTYIIKA U
MOJIOKUTEIHHOE HAIIPpaBlIeHNE 00X0/1a BUTKA MPABUIIOM OypaBUrKa. DTHUM OyJIeT 3a/1a-
BaThCs CBSA3h MEXY 3HAKAMU MarHMUTHOTO TOTOKa, Toka U 0benx DJ[C B KOHTYype.

Pa306beM BeE BpeMst Ha CKOJIb yroaHo Maisie uaTepsanbl At . ITycts 3a Bpems At
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MAarHUTHBIN IIOTOK OT BHEITHETO ITOJISI H3MEHUJICS Ha BEIININHY A(DI , @ TOK U3BMCHUJICA

Ha BEITMIUHY AIi . Torna no 3axony OMa 11 3aMKHYTOH IIeTTH

AD. Al
—-L— =R (8)
At At,
3neck |; — cpenHee 3HaUeHHE TOKA B KAaTyIIKe B TedeHHe BpeMeHH Al . YMHOKUB

o6e uactu paBeHcTsa (8) Ha At, u yurs, uto | At ects nporéxumii uepes karyuiky

sapsn A(]; 3a Bpemst At;, monydaem:
“A®. — LAI, = RAq.. o)

Cnoxus paseHcrsa Buja (9) wis Beex Af;, momydaem:
> AD, LY Al =RY_Aqg;.

[ockonbky qui =( — TNPOTEKIIMHA Yepe3 KaTYIIKy 3a BpeMs OIbITa 3apsil,
i

ZA@i =A@ —nonHoe W3MEHEHHE IMOTOKA BHEIIHETO IMOJS Yepe3 KaTymiKy, a

1
ZAIi = Al —monHoe n3MeHeHWE TOKA B KATYIIKE 338 BPEMsS OIbITA, TO UMEEM:
i

—A® — LAl = Rq . Tak kak TOK B MOMEHT Hadalla H3MEHeHHUsI BHEIIHETO MarHUTHOTO

o pasen Hymo, o Al =1 —0=1__.3necs | —3HaueHne ToKa B KOHIIE OMbI-
Ta. Utak,
__ AP+,
R

Ecnu HanpaBjleHHe HOPMAIK K BUTKY KaTyIIKH BEIOpaTh TakuM, uT00sl AQ@ GbL10
nonoxurensHbM, T. €. paHeiM 0,002 B6 , To 3Hauenne |, Hazmo B3sTH OTpHIIATETH-
HEM, T. €. paBEbIM —0,08 A . D10 cienyer us npasuna JleHna: 3HaK HHAYKIMOHHOTO
TOKa OOJIDKCH GBITB IMPOTHUBOIIOJIOKEH 3HAKY UBMCHCHHA MalrHUTHOT'O ITOTOKA, BI3BaB-
o =—0,08 A,
q=—(A®+LI_)/ R=-3-10"° K.

3HaK «MHHYC» Yy 3apsa 03HA4aeT, YTO OH MPOMIEN B OTPUIATEIIEHOM HapaBICHUN

urero 10T ToK. Takum o6pasom, A®P =0,002 BO, 7,

00X0/1a BUTKA KaTyIIKH.

© 2013, 30T MPTU, Yusunés Bukrop MBanosny



2013-2014 yu. rox, Ne4, 11 wi1. ®usuka. DnekrpoMarautHas naayknus. Koneoanus

§4. IIpupona 3J1eKTPOMATHUTHON HHIYKIHH

Jnst BeIsICHeHHS (PU3MYECKUX NPHYHH, KOTOPBIE IPUBOIAT K mosBieHuto J/(C nn-
IOYKIIAY B KOHTYPE, PACCMOTPHM JIBa YACTHBIX ClIydas BO3HUKHOBeHU D/1C nHIyKIuH.
JIro6as peanpHask CUTyalHsl CBOJUTCS K CYNEPIIO3HIMN STHX YAaCTHBIX CIIy4aeB.

1-ii cayyqaii. Kowmyp (unu e2o uacmy) 08uUdicemcs 8 NOCMOAHHOM MASHUMHOM NoJe.

a) PaccMoTpuM /171 TPOCTOTHI IBM)KEHUE YAaCTH KOHTYpPa B BUJIE MPSIMOJIMHEHHOTO
orpeska MN mmunoit | . TlycTs yron Mesxay BEKTOpOM CKOPOCTH U MPOBOJHHKA U

BCKTOPOM MarHUTHOM WHAYKOWUA B OHOPOJHOI'O I10JIA paBC€H ¢ , a CaM NPOBOJHHUK

TiepreHNKYIApen BekTopaM U 1 B (puc. 5). Bo3pMEM 4acTHIly BHYTpH IPOBOTHHKA,
KOTOPasi MOKeT MepeMelIaThes BIOb IPOBOAHMKA U UMEET NMOJI0KUTEIbHBIN 3apan. Ha
9Ty YaCTHILy, JBUKYLIYIOCS BMECTE C TIPOBOJAHUKOM CO CKOPOCTBIO T . ISHCTBYET CO
CTOPOHBI MarHUTHOTO ToJIA cuia JlopeHma

F =quBsina, (10)
HATIpaBJIeHHAs BJIOJb MPOBOJHAKA. IIpH MepeMeleHnH YacTHIB Ha paccTosuue |
BJIOJIb IPOBOJHUKA 3Ta CHIIA COBepIIaeT paboty A= qu| SiNa B cucreme otcuéra,
CBSI3aHHOH C TPOBOJHUKOM. OTHOLIIEHUE 3TO pabOTHI K BEIMYMHE 3apsia U €CTh 3JIeK-
TPOABMXKYIIIAsl CHJIA!

& =vBlsina. (11)

®opwmyna (11) maér Beipaxenune mst 31C HHIYKIAH B IBIKYIIEMCS yI9acTKE IPO-

BOJHHKA. POJIb CTOPOHHUX CHII, BBI3bIBarONIHX mosiBiaeHNe D/]C MHIYKIMHU B 3TOM CITy-
yae, urpaet cuia Jlopenna.

Puc. 5 Puc. 6
6) Ecim orpesox nposogumka MN  He mepnemmukynspen Bextropam U n B
(puc. 6), To B popmyie (11) Bmecto | Hamo 6pars SKBHBATEHTHYIO JUTHHY IPOBOIHNKA
|, » IPeACTaBISIONLYIO COBOI IPOCKLMIO OTPE3Ka IPOBOAHUKA JUTHHOM | Ha Hampas-
nenne AA', meprneHauKyIsPHOE IMIIOCKOCTH, B KOTOPOM JIEKAT BEKTOPHI 7uB . Heit-
CTBUTENILHO, TIPM MepeMenienuu 3apsiaa ( Baoas nposopHuka cuina Jlopenua F
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HarpaBJieHa o yriioM /3 K HalpaBJIeHUIo epeMELeHNs 3aps/1a B IPOBOHIKE U CO-
BepuIacT paboTy Haj 3apaaoM (B cHCTEMe OTCYETa, CBA3AHHON C MPOBOAHHUKOM)
A=Flcos . O6osnauns | COS [ uepes |, , nmeem:

A=Flcosg=Fl_,. (12)
[Tpu noncranoske B (12) Beipaskenus aist cuiibl Jlopenna u3 (10) u nocne nenenust
BCEX TPEX yacTel MoayuyeHHoro paBeHcTsa Ha ( moiyuaercs enuuuHa OJIC uHAYK-

UM B OPSAMOJIMHEHHOM y9acTKe IIPOBOJHUKA MIHMHOH |, cocTaBmsiomem yron ﬂ

(pI/IC. 5) C HOpMAJIBIO K IIJIOCKOCTU HAXOXKICHUA BEKTOPOB CKOPOCTU IIPOBOJHHUKA 5 n

MAarHUTHOM UHAYKIMK oJst B, yrom Mexny KoTopsIME paBeH o :
& =Bulsinacos f=Bul _ sina. (13)

Scuo, uto Beipaxenune At IAC naaykmmu o Gopmye (11) ects gacTHBIN caydait
Boipakernst juist DJIC unaykiuu o gpopmyie (13), korma F=0.

Ouzuyeckuii cmpicn |, B popmyie (13) nposicHsIETCs, €cli BOCIIONB30BATCS [0~

(v} v 1
HATUCM CUJIOBBIX JIMHUU U 3aMCTUTD, YTO PACIIOJIOKCHHBIN BAOJIb AA (pI/IC. 6) Ipo-
BOJTHHUK ,I[J'IPIHOﬁ I3KB 6yz(eT TNEpeCeKaTh NpH ABUIKCHHUU CO CKOPOCTBIO U CTOJIBKO X€

CHJIOBBIX JIMHUH B €IMHUILY BPEMEHH, CKOJIBKO UX IIepeceKaeT Halll IPOBOJHUK JTTHHOM
| . A 510 1 03Ha4aeT, yro DJIC MHIYKLUHU B STUX IPOBOJHUKAX OJUHAKOBA.

B) [Ipu nBIKEHUN KPUBOJIMHEHHOTO Y4acTKa KOHTYpa (BCET0 KOHTYpPa) €ro cleryeT
MBICJIEHHO pa30HUTh Ha JOCTATOYHO Majble, IPaKTUYECKH MPSIMOIUHEHHbBIE OTPE3KH,
Haiitn DJ1C MHIYKITNH B KaXKI0M OTpe3Ke U anredpandecku cioxuTh Bce D1C unmyk-
1Y, TPEIBAPUTENIFHO BEIOPAB MONOXKUTEIFHOE HallpaBiIeHne 00xo/1a KoHTypa. [lomy-
yeHHasi cyMMa facT 3Haderne D J[C uHAYKIUY B KPUBOJIMHEHHOM y4acTKe KOHTYpa (BO
BCEM KOHTYPE).

Wrax, npuuunoii nosienenus 34C unHoykyuu 8 08UNCYWUXCsl 8 NOCHOSHHOM MASHUM -
HOM noJjie Npo8OOHUKAX saeasiemcs cuna Jlopenya, ueparowas poib CIMOPOHHUX CUIL.
Hanpasnenue oeticmeus 3J]C unoykyuu 8 08UdCywemcs Rpo8oOHUKe CO8NAOAEN! C 803-
MOJICHBIM HANPABIEHUEM OBUNCEHUS 8 HEM NOTONCUMENbHBIX 3aPs008 NOO Oelicmeuem
cunvl Jlopenya.

Crnemyer 3aMeTHTB, YTO BO BCEX TeHEPATOpax TOKa, B KOTOPBIX POTOP BpaIiaeTcs B
MOCTOSSHHOM BHEITHEM MarHUTHOM Tione, nosiBneHue 3J1C HHAYKIH 0053aHO CHie
Jlopenna.

2-ii cmyvaid. Konmyp nokoumcs 8 nepemenHom MasHumuom noJue.

SIcHo, uTO Ha MOKosIIIMECs 3apA/ibl B MPOBOAHMKE cuuia JlopeHiia He nectryer. [1o
KaKoii Jke MPHUYMHE OHM MPUXOST B IBIKCHHE M CO3/IaI0T MHTyKIIMOHHBIN TOK?

MakcBent npenoa0Kuil, YTO U3MEHSIOLIEeCs: BO BpEMEHH MarHUTHOE 110J1€ IPUBO-
JIAT K TOSIBIICHUIO B IIPOCTPAHCTBE BUXPEBO20 INEKMPUUECKO20 NOJisL, TIPUIEM HE3aBU-
CHUMO OT HaJIMYUsl IPOBOASAILEr0 KOHTYpa. C MOMOILBIO NPOBOISALIEr0 KOHTYpa MOXKHO

© 2013, 30T MPTU, Yusunés Bukrop MBanosny
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JMIIB 0OHAPYKUTh HATNYHE 3JIEKTPHIESCKOTO MOJIS 110 BOSHUKHOBEHHIO B KOHTYPE HH-
JOYKIMOHHOTO TOKa. CHIIOBBIE JITHHU 3TOTO TIOJIS, COTIacHO MakcBenIy, 3aMKHYTHI.
Ortcrona 1 Ha3BaHUE — BUXPEBOE MOJIE.

OTO BUXpPEBOE IEKTPUUECKOE TI0JIE NEHCTBYET Ha 3apsafpl, CHOCOOHbIE IepemMe-
IIaThCsl BHYTPH IIPOBOJHHKA, M 3aCTABIISIET UX ABUTATHCS BAOJb IPOBOJHUKA, CO3/1aBast
ToK. PaboTa sxe cubl, IeHCTBYIOMIEH CO CTOPOHBI BUXPEBOT'O AIEKTPUYECKOT0 MOJIS, IO
HepeMEIIECHHIO EAMHIYHOTO MTOJIOKUTEIHLHOTO 3apsiia 0 3aMKHYTOMY KOHTYPY U ITpe/i-
crasiser codoi /IC MHAYKIMU B KOHTYpE. POJIb CTOPOHHUX CHJI B 9TOM CITy4ae urpa-
0T CHJIBL, ICHCTBYIOIIME Ha IIEpEMEIacMbIi BIOJIb KOHTYPA 3apsifi CO CTOPOHBI BUXPE-
BOTO 3JIEKTPUYECKOTO TOJIS.

§5. DHeprus MarHuTHOrO NMOJIA

Jlnst Toro, 4ToObI B KOHTYpE ¢ HHAYKTHBHOCTBIO L cosnaTs Tok cusl |, Hazo 3a-
TpaTUTh paboTy. ITa paboTa paBHA SHEPTHUH, 3AMIACEHHON B MATHHUTHOM I10JI€ KOHTYPA C
2
tokom: W =(LI1°)/2. Dra popmyna npusourcs 6e3 BbIBO/IA.

3agava 3. MarautHoe moiue co3aaércs NPOTEKAOMUM 110 KaTYIIKE MOCTOSHHBIM
TOKOM. MaruuTHEIN MOTOK 3T0r0 1015 yepe3 karymky @ =0,1B0 , unaykrusaocts

karymku L =0,01I'H. Yemy paBHa SHEPIUsE MATHUTHOIO T10JI KATYLIKH?

Pemenue. [Tycts TOK uepes kaTyniky pased | . Torma @ = LI , a sHeprust Maraur-
2

Horo oyt W = T . Uckmouas u3 TMOCJICAHNX ABYX PAaBCHCTB TOK | , HAXOIUM SHEP-

2
I'HIO MarHMTHOTO 11041 Karyiky W = ETR =0,5]1x.

T'aBa 2. Kosieoanus

§1. BBenenue

Konebanusimu Ha3bIBArOTCS IPOLECCHI, B TOMH
WJIM MTHOW CTETICH! MOBTOPSIIOIINECS BO BDEMEHH.

Eciu MbI rOBOpHM, UTO cHCTEMA KOJIe0JIeTcs,
TO TIO/I 3TUM TI0/IPa3yMEBaeTCsl, YTO HEKOTOpast
(u3nyeckas BeIMYMHA, XapaKTepU3YIOIas CH-
CTeMY, COBEpIIAET KoJIeOaHus, T. €. U3MEHseTCs,
HEOJ/IHOKPATHO MPUHUMAs OJTHO U TO )K€ 3Have-
Hue. [Ipn KosebaHuAX MaTeMaTHIecKOTro MasT-
HHUKa (puc. 7) KoyeOmommuMucs GU3HIECKUMH
BEJIMUMHAMH OYAyT Yyroji O/ OTKJIOHEHHs HUTH

Puc. 7

© 2013, 30T MPTU, Yusunés Bukrop MBanosny
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OT BEPTHKAJIH, KOOPAWHATHI MasiTHUKA X U Y, paccTOSHHUE BIOJIb TPACKTOPHH (TI0 {yTe

okpyxHocTH) oTT. A 1o T. O uT. 1. Korsa Bepxymika gepeBa kauaeTcs MOJ1 A€HCTBH-
€M BEeTpa, TO KOJICOIIIOTCS KOOPAHHATHI BEPXYIIKH. [1pu pacnipocTpaHeH!H 3ByKa B BO3-
JyXe KoJeOeTcs JaBJeHue BO3/lyXa B KX 10i TOUKe BO3AyLIHOU cpeabl. [1pu apixaHun
YeroBeKa KoJeOromeicst GHU3NIecKoi BeTHINHON MOXKET CITy>KUTh O0BEM TpyIHOM
KICTKH. B KomeOaTensHOM KOHTYpe COBEpIIAIOT KOIeOaHMs 3apsi KOHICHCAaTopa,
HarpsHKeHUE Ha KOHJICHCATope, TOK B KOHTYpe U T. 1. HanpsbkeHue Ha ropsimeit 1am-
MOYKe B KBapTUPE U TOK uepe3 He€ Toxke Kosedmrores. Takue pusnyeckre BeIn4nHbI,
KaK JaBJICHHE U TeMIIepaTypa, XapaKTepU3YIOIHe COCTOSHIE aTMOC(EpEL, B TCUCHHE,
CKa)keM, Mecsilia, HEOAHOKPATHO MPUHUMAIOT OJTHH U T JK€ 3HAYCHUSI, T. €. COBEPILAIOT
KoJieOaHMsI.

KonebaTenpHble MpoLecchl BCTPEYAOTCS B Pa3HOOOPa3HBIX (DH3HYECKUX SIBICHUIX
1 IIHPOKO paclpoCTpaHEeHbI B OKpYKaromeM Hac Mupe. HecMoTpst Ha To, 4To Koneba-
HHSI MOTYT UMETb Pa3IUUHYI0 GHU3HYECKYIO IPUPOAY, OHU YaACTO MOAYHHSIOTCS OTHUM
Y TEM e 3aKOHOMEPHOCTSIM, OITHCBIBAIOTCS OTMHAKOBBIMU MaTeMaTHYECKUMH HOpMY-
JaMH U YPaBHECHHUAMH. DTO HO3BOJISET C €IMHOM TOUKH 3pSHHUS MATEMAaTHICCKH OITHCATh
omMyarommecs no GU3n4ecKor Npupozae KojaeOaHus.

§2. Ilepuoguyeckue KojgedaHus

Kose6anus HeKOTOPoil (pU3MUECKON BETMUMHBI S Ha3bIBAIOTCS MEPUOIMUECKUMH,
€CJIM BCE 3HAYEHUS ITOM BEIMUMHBI TIOJTHOCTBIO OBTOPSAKOTCS YEPE3 OJIHO M TO e Bpe-
ms T, HasbiBaemoe nepuodom, T.e. S(t+T )=S(t) ang moboro 3HadeHus BpeMeHH
t.Ecmu T — nepuog, to 2T, 3T, 4T...— toxe nepuomsl. [Tostomy B (pusuke mou
TIEPHO/I0M OOBIYHO IIOHUMAIOT HAMMEHBLIUH IEPUOJI, T. €. HAUMEHBIIHH TIOJIOKHTENb-

HBII OTPE30K BPEMEHH, uepe3 KOTOphIii (hu3Kuueckas BeMMUMHA S ToBTOpsieTcs. IIpu
3TOM TOBOPSIT, YTO 32 BPEMs OJJHOTO MEPHO/ia COBEPIIACTCS OJIHO KoJieOaHue.
Yacmomoti nepruoaNIecKux KoeOaHuil V Ha3bIBAETCS YHUCIIO KOJIeOaHUH B € TUHY-

1

Yy BpEMCHHU. Jlerxo IIoKa3aTh, 4TO V = —.
T
I[eﬁCTBHTGHLHO, €CJIM 3a BpeMA t COBCPUICHO N KOJ'IG6aHPII71, TO YyacToTa vV = T y

t
anepuon T =—. OTcroma BUIHO, U4TO V = ? . B cucreme CU eaunuIIel N13MEpEHHS

qacrotsl ciyxut zepy (I'm), 1T =c™.

© 2013, 30T MPTU, Yusunés Bukrop MBanosny
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HyCTb TIEPUOANICCKHA KOJ'Ie6JHOH.[aﬂCSI BCINMYHNHA S NU3MEHACTCA B Ipeaciax oT

Sy —Amo S, + A, rae A>0. Toraa roBopsr, 4To BenudauHa S KONe6IeTCs © am-

naumyoou A oxono 3HadeHus S,.

§3. F'apmonnyeckue KoJ1edaHusA
BaXHBIM YaCTHBIM CITy4aeM MEPUOTUICCKUX KOICOAHUHN SBIISIOTCS 2APMOHUYECKUE
Konebaius, T. €. TAKAE H3MEHEHHS BO BpeMeHH | (pu3maeckoii BemauHbl S , KOTOpEIE
UAYT IO 3aKOHY:
S(t) = Acos(at + @), (14)
rie A>0, >0.U3 Kypca MaTeMaTHKH H3BECTHO, 9TO GyHKIUs Buaa (14) mmens-
ercs B npeaenax oT —A 10 A M 9TO HaMMEHBINWH MOJOKUTEIBHBIN TIEpUO y Hed

% .
—— . IlosToMy rapmonndeckoe konebanue Buaa (14) npoucxoaut ¢ ammmarynoin A u

[0
2r
epuoaoM | =—.
0
He cnenyer nmyrats yukauueckyio (kpyeosyio) uacmomy () ¥ 9acToTy V Koieba-
. 2z 1
Hull. Mexay HUMU npocTtas cBa3b. Tak Kak @ = — U V =—, TO

w=2nv.

-1
B cucreme CU pasmepHOCTh Kak @, Tak © vV paBHa C . Haumenosauwue I'11
00OBIYHO IPUMEHSIETCS TOJBKO JUISI BETMYUHEI V , a €CIIi He00X0AUMO YKa3aTh pazMep-

HOCTH (@, TO TIMIIYT IPOCTO ct.
Bemnunna ot + ¢, HaseiBaetcs gazoti konebanu. Mpu T = O ¢asa pasna @y, U
II03TOMY (0, Ha3bIBACTCS HAYANbHOU (a30il.
OTMeTHM, 9TO TIPH OJHOM U TOM e 1 :
Acos(at + ¢,) = Acos[at + (@, +27n)], tne N=0,+1,£2,...
BI/IJIHO, YTO HAYaJIbHAs1 cba3a JJIsT OJHOTO U TOT'O XKE KOHe6aHI/IH €CTh BCJIMYHMHA,
onpeaenéHHas ¢ TOUHOCTHIO 10 272N . [103TOMY 13 MHOKECTBA BO3MOYKHBIX 3HAYEHHUI

HavyalbHO a3kl BHIOMPAIOT 0OBIYHO 3HAUSHHE HAYalIbHOH (a3bl HAUMEHBILIEE 110 MO-
JyJII0 WIIM HauMeHblIlee oJIoxuTensHoe. Ho genate 3To He o0s3aTensHo. Hampumep,

13
ecnu JaHo Konebanue S = ACOS(a)'H-Eﬂ), TO ynoOHee 3amucaTh €ro B BHJE

T
S = Acos(awt + E) 1 paboTaTh B IaIbHEMIIEM € MOCIIEHUM BUIOM 3aIIUCH 3TOTO KO-

nebanus. MoxHO I10Ka3aTh, 4TO KoJieOaHus BUaa

© 2013, 30T MPTU, Yusunés Bukrop MBanosny
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S=asin()t+a,) u S=acos(yt+cq,), (15)
rae @ U Y MOTryT OBITh JII0OOTr0 3HaKa, C IOMOIIBIO IPOCTHIX TPUTOHOMETPUYECKUX
npeobpa3zoBanuii Beeraa NpuBoasTes K Buay (14), npuuém A= |a| y = | 7/| ya Qg HE
PaBHO &, , BooOEe roBops. Takum 0Opa3zom, konebanus ua (15) ABIAr0TCA rapMOHH-

YECKUMU € aMIUTUTYIOU |a| M MUKINYECKON YaCTOTOH | 7| . He mpuBons obrmmiero qoka-

3aTCJIbCTBA, IPOUJIJIFOCTPUPYEM 3TO HAa KOHKPCTHOM NpUMEPE.

. v
IycTs TpeGyeTcs mokasath, 4to koebanne S = —16Sin(207t — E) 6yner rap-

MOHHUYECKUM U HAUTH aAMIUIUTYyy A, LOUKINYCCKYIO0 4aCTOTy @, ICPHUOT T " HavdaJlb-

Hyio hasy ¢,. HeictBurensHo,

S = —165in(207t —%) :165in(g —207t) =

=16 cos(% - (% —207t)) =16cos(20t + %).

Buaum, 4to KojeOaHue BEIUYUHBI S yaanock 3amucath B popme (14). Ipu aTom
2r 1 V/a

A=16, w=20r, T=—=—, @,=+—.

o 10 6

[MompoOyiiTe caMocTOATENHLHO YOSIUTHCS, YTO

X = —18cos(- — 5t) =18cos(5t + %),
10 10

S =4sin(8t —%) =4cos(8t —‘%T).

EcrtecTBeHHO, 9TO 3aImiCh rapMOHHYIECKUX KoJieOaHuii B hopme (15) HIdeM He Xyxe
3anucu B ¢popme (14), u mepexoauTh B KOHKPETHOM 3a1aue OT 3aIMCH B OJJHOH (hopme K
3aIliCH B APYroit 00bIYHO HET He00X0MMOCTH. Hy»KHO TOJIbKO YMETh cpa3y HaXOIHUTh
AMIUTUTYY, IUKIHYECKYIO YaCTOTY U MIEPUO/I, UMEst TIepe]] co00i 1r00yIo hopMy 3aru-
CH TApMOHHUYECKOT0 KOJIeOaHMs.

WHora noJyie3Ho 3HaTh XapakTep U3MEHEHUs IePBOil U BTOPOil MPOM3BOAHBIX 10
BPEMEHH OT BEJIMYMHBI S , KOTOPAs COBEPILIAECT FAPMOHHUYECKUE KoNeOaHus (KoneOaHus
1o rapMonnyeckomy 3akony). Eciu S = Acos(at + ¢,) , o imddepentmposanue S
o Bpemenn { gaér:

S'=—Awsin(at + ¢,), S"=—Aw’ cos(at +@,).

© 2013, 30T MPTU, Yusunés Bukrop MBanosny
14



2013-2014 yu. rox, Ne4, 11 wi1. ®usuka. DnekrpoMarautHas naayknus. Koneoanus

Bumum, uto S'u S” koneGmroTcs o rapMOHHYECKOMY 3aKOHY C TOM K€ [UKIIHYe-
CKOM 4acToTO @, UTO ¥ BeNMUuHA S, M aMmmuuTyaamMd Ao u Ao’ .

Ipumep. Koopaunara X Tena, COBEpIIAONIETO TApMOHHIECCKUE KOIEOAHHS BIOJb
ocu X, U3MEHAETCS 10 3aKOHY X = 2sin6t,roe X —B caHTUMeTpax, Bpems t — B ce-

kyHOax. TpeOyeTcs 3anucarh 3aKOH U3MEHEHHS CKOPOCTH U YCKOPEHHS Tela U HAUTH
MX MaKCHMaJIbHbIC 3HaueHM. J{JIst OTBETa Ha IIOCTABJICHHBII BOIIPOC 3aMETHM, UTO HEp-
Basi IPOM3BOJHAS [0 BPEMEHH OT BEIMYMHBI X €CTh MPOEKIHS CKOPOCTH Tela Ha

och X, a BTopasi IPOM3BOJHAS OT X €CTh IPOCKIHs yCKOPeHHs Ha och X X'=10,,
X"=a,. IlponunddepeHunpoBaB BbIpaKeHHs IS X II0 BPEMEHH, MOTy4aeM:
X'=v, =12C0s6t, X" =a, =—72sin 6t . MakcumabHbIe 3HAYCHHsI CKOPOCTH U YCKO-

penns v, =12 cm/c, @, =72 em/c?.

§4. InpdepenunanbHoe ypapHeHHe TAPMOHUYECKUX KOJ1e0aHUil
[TycTb HEKOTOpas (PU3MUECKAs BEMYMHA S COBEPIIACT FAPMOHUIECKHE KOJIEOaHNS:
S(t) = Acos(at + ¢,). (16)
Jlerko TOKa3aTh, YTO BTOpas MNPOM3BOJAHAS IO BPEMEHH OT S paBHA
S"=—Aw’ cos(at +¢,) . C yaérom (16) monyuaem, uto S"=-w’S, 1. e.

()

HTaK, MOKHO CIIENATh BHIBOJI: ECIH BEJIUUMHA S M3MEHAETCS [0 TAPMOHHIECKOMY
3akony (16), To OTCIO/Ia CIIeAyeT CTIpaBeUTMBOCTE paBeHcTRa (17). B MaTematike moka-

3p1BaeTCA U obpatHoe: ecu s Bemmunasl S = S(t) cnpasenmmpo pasenctso (17)
TIpM BCeX JIOMyCTUMBIX 3HaueHusx 1, 1o S (t) umMeeT ToabKo B (16) 1 HUKaKo 1py-
roit. ITpuuém A u @, B (16) ecTb IPOU3BOJILHEIE IIOCTOSHHBIE, KOHKPETHBIE 3HAYECHHUS]

KOTOPBIX 3aBUCAT OT TaK HA3bIBAEMBIX HAYAIBHBIX YCIOBHH, T. €. OT 3HAYEHUN S U eé
npou3BoHOH S' B HekoTOpPBIt MoMeHT Bpemenu { (06bruno npu T =0).

PaBeHcTBa, cBsi3pIBatoNre QyHKIHNIO, €€ apryMeHT U MPOU3BOIHbIE (YHKIMU MO
ATOMY apryMeHTY, Ha3bIBalOTCs B MareMaTHke nuddepeHnnabHbIMUA YPaBHEHUSIMH.
[TosTomy paBenctso (17) Ha3biBatOT qudepeHInaIbHbIM YPAaBHEHHEM rapMOHUYECKUX
KoJ1e0aHUN.

Taxum 06pa3oM, MbI TIOJTyIHIIH YPE3BBIYAHHO BXKHOE KaK /ISl TCOPUH, TaK M IS
pelIeHus 3a1a4 YTBEPXKICHUE: €U ¢ HOMOWbIO 3aKOHO8 Pu3uKuy 015 husuyeckoll ge-

2
auyunsl S yoanocs sanucams oupgepenyuansroe ypasuenue guda S"+ @S =0, mo
omcroda 6ydem cnedosams, 4mo S uzmeHaemcs 006A3amenbHO N0 2APMOHUYECKOMY

saxony S(t) = AcoS(wt+@,) ¢ yuxmuueckoti uacmomoii @ (@ = w® >0).
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Kouxpemmuvie snaenus amnaumyost A u nauanoHotl pasvl @ , 346U ont HA4ATbHLIX
yCa08ull.
2
3amertuM, uto B (17) CTOMT BenmumHa @° , KOTOpas BCEra MooKuTenbHa. [1oaro-
n
My, HarpuMep, ypaBHenre S"—6S =0 ue Gyner nuddepeHunansHbIM ypaBHEHUEM
rapMOHUYECKUX KOJIEOAHUH, T. K. HE HAUAETCS TAKOTO JIEHCTBUTENLHOTO 3HAYECHUS (@),

JUIL KOTOPOTO @ b0 Gbl paBHO —6 .

§5. CBoGoaHbIe U cOOCTBeHHbIE KOJ1e0aHus. 3aTyXaHue

Cs0000HbIMU KONCOaHUsA MY HA3BIBAIOTCS KOJICOAHHs1, KOTOPHIE BOSHHUKAIOT B CHCTE-
M€ B pe3ynbTaTe OJHOKPATHOTIO BBEIBEICHUS €€ U3 COCTOSIHUS yCTOWYMBOTO PABHOBECHSI.
[Ipn cBOOGOAHBIX KONEOAHMAX B CHCTEME BCET/A JCHCTBYIOT CHIIBI (B 00IIEM cirydae
MPUYUHBI), CTPEMSIIUECS BO3BPATUTH CUCTEMY B HOJ0JICEHUe pagHoGecus (TIOTOKEHHE,
IpH KOTOPOM B CHCTEME OTCYTCTBYIOT KoiebaHus). B ciayuae xonebanuii rpys3a Ha
NPY>KHHE BO3BPAINAIOIICH CHIION OyIeT cuiia ynpyrocTy Py >KHHBI.

Ecnm B cucteMe 0TCYTCTBYIOT CHIIBI TPEHHUS HITH JIFOOBIE IPYTHe IPUIUHBI, IPETIAT-
CTBYIOIL[1I€ CBOOOIHBIM KOJIEOAHUSIM, TO HET MOTEPh YHEPIHHU, U KOJIeOaHUsI MOTYT IPO-
HCXOJIUTH CKOJIb YTOAHO J0JITO C TOCTOSHHON aMITUTyHoH. Takue cBoOogHbIe KoneOa-
HUS Ha3BbIBAIOT COOCMBEHHBIMU KOEOAHUSAMU, & UX YACTOTY — COOCMBEHHO YACMOMOU.

Kosebanus, KOTOpbIe MPOUCXOIAT C IOCTOSTHHBIM Pa3MaxoM (aMILTUTYI0M ) KOJieO-
JIFOIIEHCS BEJIMYMHBI B TEUCHHUE BCEI0 BPEMEHH HAOIIOICHHS, HA3BIBAIOT He3amyxaio-
wumu. Konebanusi, Haymye ¢ MOCTOSIHHO YMEHBIIAOMMMCS pPa3MaXxoM, Ha3bIBAOT 34d-
myxarowumu. SICHO, 9TO COOCTBEHHBIE KOJIEOAHHS €CTh KOJIeOaH!Us He3aTyXaroIHe.

CBo0OoHbIE KOJIeOaHMs pealIbHBIX CHCTEM BCer/ia 3aTyXaroniye. MexaHn4ecKue Ko-
ne0aHus 3aTyXaloT, TIIaBHBIM 00pa3oM, U3-3a TPEHUS U BO30YK/IEHHS B OKPY KAIOIIEH
cpezie yIpyrux BoJH. B anexTpuyecknx KosebaTeIbHBIX CHCTEMaxX 3aTyXaHNe BBI3bIBa-
€Tcsl TEIUIOBBIMHU TIOTEPSIMU B TIPOBOJHUKAX, MIOTEPSIMH SHEPTUH Ha N3IydeHHE IICK-
TPOMAarHUTHBIX BOJIH, TETUIOBBIMH HOTEPSIMU B JTUIJIEKTPUKAX M (PeppoOMarHeTHKax,
HaXOJAIINXCS B 3JIEKTPUIECKUX M MATHUTHBIX NOJISIX. UeM cHITbHEE PEeNITCTRYIONIEE
KoJIeOaHUSIM BO3JICUCTBHE, TEM OBICTPEE 3aTYXalOT KOJIeOaH s 1 PEKPAIaloTCsl BOBCE.

Hanmane TpeHus wnu mo00ro Ipyroro CONPOTHUBICHUS KOJNEOAHUSM BBI3BIBACT
TOPMO’KEHHE KOJIe0aTeIbHOTO IIPOIIECCa, YTO IPUBOIUT K YBEJIIMUCHHIO NIEPHO/IA, TOU-
Hee, YCIOBHOIO eproja. Jleno B ToM, 4To IIpH 3aTyXaHUU T€ NMOHATHS epHoAa U Ya-
CTOTHI, KOTOPBIE OBLIM BBEIEHBI HAMHU paHee, TePSFOT CMBICH, T. K. 3aTyXaOIIHe KoJie-
0aHNS UAYT C YMEHBUIAIONUMCS pa3MaxoM M3MEHEHHs KoJeomoneiics Gpusmaeckoit
BEJIMYMHBI, ¥ HET CTPOT0i1 TOBTOPSIEMOCTH 3HAYEHHH Y KOJICOMIOIIEeHCs BeNMUUHBL. JI1s
XapaKTepUCTHKH TAKUX HETIEPHOANIECKUX KOJIeOaHMI BBOJSAT IIOHITHE YCI08HO20 Ne-
puooa W ycno8Hotl 4acmomul, HA3BIBAEMBIX 9aCTO IIPOCTO MEPHUOIOM U YaCTOTOM 3aTy-
XaIoOMIMX KoJieOaHuH. Ycro6Hbim nepuodom Ha3bIBAIOT NPOMEXYTOK BPEMEHH MEXTY
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CIIEMYIOIIUMHE JPYT 3a IPYTOM MOMEHTAMH, KOT/Ia KOJIEOMIOIascs pu3nIecKas BEIu-
uyHA S NPUHMMAET AHATOTHYHBIE 3HAYCHNUS, HATIPUMED, IPOMEKYTOK BPEMEHH MEXKLY
JByMsl MAKCUMAITbHBIMY 3HAYEHUSMHU BETUIUHBl S MM MEX/IY COOTBETCTBYIONINMU
PABHOBECHBIMHU 3HAYEHHUAMU S . CBA3b MEK/LY yCIOBHBIMU 9ACTOTOI M EPHOIOM aHa-
JIOTMYHA CBA3HM MEXIY OOBIYHBIMM YaCTOTOM M IIEPHOJOM.

CrielyeT OTMETHTb, YTO HeOOIIBIIOE 3aTyXaHHe cl1a00 MeHseT neproa. Hanpumep, B
xonebarensHoM koutypec L =5 mI'n, C =0,2 Mx® u R =200m ammiuryna toka

B KOHTYP€ IIpn CBOGOZ[HLIX KOJIeOaHUIX YMEHbBIIACTCA 3a IEPHUOJ HpI/I6J'II/I3I/ITeJ'II>HO B

1,5 pasa. [lepuompl, paccYMTaHHEIE 110 U3BECTHOM opmyne T = Zﬂ'ﬁ (0e3 yuéra
3aTyxaHus) U 110 6osiee TouHOU (hopMyJie, YUUTHIBAIOIICH 3aTyXaHue, Oy IyT OTIHYaTh-
cs Beero Ha 0,2 %. Jlake mpu enié 60JbIIeM COMPOTURICHUH, KOTa aMILTUTY1a TOKa
yMeHbIaercst B 3 — 7 pa3 3a nepro/1 (CHIbHOE 3aTyXaHue ), OTPEIIHOCTD B ONpe/ielie-
HHH TIeprojia 1o GpopmyJie, He yYUTHIBAIOIICH 3aTyXxaHue, cocTaBuT He Ooiee 5 %.

K cka3aHHOMY BBIIIIC O 3aTyXaIOIIUX KOJICOAHUIX MOXKHO JOOABUTh, UTO IIPH YBEIIHU-
YCHUH 3aTyXaHUsI B CHCTEME YCIIOBHBIH MEPHO/]] BO3PACTACT U MPHU HEKOTOPBIX YCIOBUIX

SA S S

<
C
<

Puc. 8 Puc. 9 Puc. 10
obpariaeTcsi B 6eCKOHEYHOCTh. DTO 03HAYAET, YTO M3MEHEHHE BEMYMHBI S HE HOCHT
K0JIeOaTeIbHOTO XapaKTepa, a MPeICTaBIIsAeT COO0H TaK Ha3bIBAEMBIN anepuooutecKuli

nponecc. Ha puc. 8 npusenén npumep 3aucumoctu S (t) mis satyxaromero kone6a-

HUS, @ IPUMEpPHI aTllepHOIMUECKHX TIPOIIECCOB Janbl Ha puc. 9 u 10. 3Hayenne S npu
t =0, 1. e. nayano rpapuxa S(t), ns 3aryxarommx KoneGaHUI UITH ATEPUOTMIECKOTO
nporecca 3aBUCHUT OT TOTO, B KAaKOM I0JIOXKEHHH OblUIa CHCTeMa B MOMEHT Hayaja
HaOJrOIeHUH.

§6. BeiHy:K1eHHbIe KOJIeOAHUS U PE30HAHC

KonebarenpHast cucTema He Bcerja ObIBaeT MpeocTaBiieHa caMoii cebe, coBeprast
TIpH 3TOM CBOOOAHEIE (B 00IIIeM ciTyuae 3aryxaromue) kouebanus. Ha konebaTenbHyro
CUCTEMY MOXKET JICHCTBOBATh BHEIITHEE IIEPHOAMYCCKOE BO3MYIIAIOIIEEe BO3ACHCTBHE,
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O BIMSTHUEM KOTOPOTO B CHCTEME BO3HUKAIOT TaK HA3bIBAEMBIC BBIHYKICHHBIE KOJIE-
OaHws.

Boinyscoennvimu konebanusmu Ha3pIBalOT KOJICOAHNUS CHCTEMBI, BBI3BaHHBIC EH-
CTBHEM Ha He€ BHEIIHEH MepHOANICCKON CHITBI (BHEIITHETO TIEPHOANIECKOTO BO3IEH-
CTBHSI), HA3bIBAEMOE BRIHY)KJAroImel crnoil. Ecii moaBemeHHbIi Ha IPYXUHE TPY3
JIBUTaTh PyKOH BBEPX-BHU3 C HEKOTOPOI UaCTOTOM, TO POJIb BEIHYKJAIOIIEH CHIIBI BBI-
MOJIHSET CUJIa, NEUCTBYIOMIAs HA TPY3 CO CTOPOHBI PyKHU. B KonebaTenbHOM KOHTYpe
(puc. 11) ¢ BKIIOYEHHBIM B Hero BHemHUM uctounnkoM ¢ DJIC & () , mepromuuecku

M3MEHSIONIENCS BO BpEMERH, BhIHy K atomeii cunoii Oyner & (t) . [ocne npumnoskenus

BBIHYKJIAIOIEH CHIIBI (HE 00513aTeNbHO rapMOHHYECKOW) B KOJIeOaTeIbHON CHCTEME,
cOOCTBEHHBIE KOJIeOaHMUsI KOTOPOH TOXKe He 00513aTeNbHO TapPMOHUYECKHE, BOHUKACT
TaK Ha3bIBAEMBIN NEPEXOIHBIN peKUM BBIHYKJICHHBIX KOJe-
6annii. OKa3pIBaeTCs, YTO B 3TOM PEKUME H3MEHSIOUIAsICs

semmunna S (1) Moxer 6BITH TpencTaBIEHa B BUIE CYMMBI &(t) c L
JIBYX CJIaraeMbiIx: R
S(t) =S,(t) + S, (t). -
Puc. 11

IepBoe cmaraemoe S, (t) cooTercTByeT cBOGOAHBIM 3aTy-
1

XarOIIUM KoJeOaHIsIM (C YacTOTOH, ONMM3KON K COOCTBEHHOI), a BTOpOE claracMoe

S 2 (t) npencraBnser coboii meproauUeckoe KoNEGaHKE C YACTOTOH BO3MYIIAKOMIEH

CHJIBI. OTCIOI[& CTaHOBHUTCA ACHO, KaKOM CMBICIT BKJIaJIBIBACTCS B CJIOBA, KOI'/la TOBOPSIT,
YTO B IEPEXOAHOM PECIKUME BBIHYKACHHBIX KoJIeOaHU cUCTEMA Y4JacCcTBYCT B IBYX KO-

neGanusx. OTMETHM eIug, YTO [IPU OYEHb CUIILHOM 3aTyXaHHH S| (t) moxer nmers He
KoJyiebaTeNIbHBIA XapaKTep, a alepHoANIECKIH.
Yepes HEKOTOPOE BpeMs CBOOO/IHBIE 3aTyXaoIIUeE Koebanust S, (t) mpakrmueckn

MPEKpaIaroTCsa, 1 CUCTEMA NIEPEXOAUT B PEIKUM YCTAHOBUBIIUXCA BBIHYKJICHHBIX KO-
neGaHMH ¢ YaCTOTOH BBIHY>KAAIONIEH CHIIBL.

WHTepecHo, 4TO IpH HEKOTOPOM 3HAUEHHH (MJIH JJa’ke 3HAYCHHUSIX ) 4aCTOTHI BHEII-
HETO BO3/ICHCTBYSL, Ha3bIBAEMOH PE30HAHCHOW YaCTOTOM, HACTYIIAET PE30HAHC — PE3KOE
BO3pacTaHNE aMIUTUTY (bl YCTAHOBUBIINXCS BBIHYKACHHBIX KOJIeOaHNU.

Ecnm BeIHY K 1a1011ast cuiia MEeHsAeTCs 110 TapMOHUYECKOMY 3aKOHY, 2 COOCTBEHHBIE
KoJIeOaHMsI CUCTEMBI TOKE TAPMOHNYECKHE, TO PE30HAHC HACTYIIAET IIPH COBNACHUHI
4acTOTHI BHELITHETO BO3JIEHCTBHS ¢ cOOCTBEHHOH yactoToi. [1paBna, Hannune 3aTyxa-
HUS B JTF000H peanbHON KoyiebaTenbHOM cucTeMe NPUBOAUT K TOMY, YTO PE30HAHCHAs
4acToTa, KaK MPaBUII0, HECKOJIBKO OTINYAETCS OT COOCTBEHHOM YaCTOTHI M OT YaCTOThI
(ycnoBHOI) CBOOOHBIX 3aTyXalOMUX KoieOaHui. Pa3znndure Mex 1y BCeMH dTUMH Ja-
CTOTaMHU TEM MEHbIIIe, YeM MeHblIe 3aTyxaHue. [103ToMy roBopsT, 4TO pe30HAHC
HACTYTaeT MPH YacTOTE BHEIITHETO BO3JEHCTBHUS, OIM3KON K COOCTBEHHOM.
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Ecru sxe BEIHY K ICHHBIE KOJIEOaHHS IPOUCXOIAT IO IEHCTBHEM IIEPUOTIECKON C
4acTOTOH V , HO He TApMOHMNYECKOH CHIIBI, @ COOCTBEHHBIE KOJICOAHMUS CHCTEMBI TapMo-
HUYECKUE, TO PE30HAHC HACTYIAeT TOTJa, KOrja Kakoe-Tu0Oo 3HaueHHe M3 Habopa
v, 2v, 3V, ... COBIAafaeT ¢ 4acTOTON COOCTBEHHBIX KONeOaHui (Ha MpaKkTHKE U3-3a
HAIIMYXS 3aTyXaHHs 3TO COBITA/ICHHE TOJIBKO MpuommkénHoe). Harmprmep, MaTemartide-
CKUI MasTHUK (FUTH KadeIn) MOXKHO CHIIFHO PacKadMBaTh, €CIIH CHIBHO TOJIKATH €T0
(meiicTBOBaTH C MEPUOANUECKOM, HO HE TAPMOHUYECKON CUJION) HE TOJBKO C YaCTOTOMH,
paBHOW COOCTBEHHOI, HO U C YaCTOTOH B IIE€JI0€ YKCIIO pa3 MEHBIIIEC COOCTBCHHOI, T. €.
TOJIKATh OJMH Pa3 3a MePHOJ KoeOaHui, OMH pa3 3a [Ba IMEPUOIa, OJMH Pa3 3a TPH
nepuona u T. A.

B Haunbonee o0IieM cityuae BRIHYKICHHBIX KOJICOAHUH, MPOUCXOIAIIMX MO ACH-
CTBHEM IePHOANICCKOM, HO HE TAPMOHHYECCKOHN CHITBI YaCTOTHI V , ¥ KOTIa COOCTBEH-

HbIC KOJICOAHHs YACTOTBI V, TOXE HE FApMOHMYECKHE, PE30HAHC HACTYIIACT, CCIIH Ka-
Koe-HUOy b uucIIo u3 Habopa Vv, 2v, 3V, 4v,... OyzueT 61IM3K0 K KAKOMY-ITHO0 YUCITY U3

Habopa Vv, 2V,, 3v,,... Pe3oHaHC NP 5TOM MOXET MPOSBIATHCS KaK CHIBHO, TaK H

cmabo. Bee 3aBucHT 0T XapakTepa cOOCTBEHHBIX KOJIEOaHHN M XapaKTepa BHEITHETO
MEPUOINYECKOTO BO3EHCTBHUS.

§7. Ilpumepsl KoJiedaTeIbHBIX MpoueccoB. MeToAbl pelieHus 3a1a4

IIpumep 1. Ha rmagxoM ropu3oHTanbHOM CTOJIE Tpy3 Maccoi M coBepiaeT Koe-
GaHus BAONb ocu X Ha JETKOI NpyXHUHE KECTKO-

ctu K (puc. 12), npukperiéHHO#T 0THIM KOHIIOM K .
Tpy3y, a ApyruM K crere. Ilokasars, 4ro cBoOoA- N
Hble KOJEOAHMS TAKOrO NPYKMHHOTO MASTHHKA _l
TrapMOHMYECKHE U HAHTH UX MEPHOJ. '

i

Pewenue. Hauano xoopaunar (X =0) nome- mg
CTHM B TOYKY, COOTBETCTBYIOIIYIO PABHOBECHOMY I
MOJIOKEHUIO Tpy3a. 3a Kosebmmomyocs (usnde- O )l((t) %
CKYIO BeJTHUUHY BO3bMEM KOOpAUHATY X Tpy3a.

1-1i cnocob pewenus. Hcnonvzyemces emopoti Puc. 12

3axor Horomona.
IycTh rpy3 npH KoebaHusIX B HEKOTOPbI MOMEHT BpeMenu | umeer koopauHary
X=X(t) . Torna nmpoekuus Ha ock X cuibsl F . nelicTByromeii Ha rpy3 co cTOpPOHBI
NPY>KAHBL,
F, =—kx (18)
pu JIF0O00M 3HaKe X, UTO JIETKO MpoBepuTh. Ha puc. 12 moka3aHo HaIlpaBIeHNUE CHITBI

F mpu X >0 . Harpys emé nefictByer cuna Tspkectn MJ M cuiia HOPMAIBHOTO JaB-
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nennst N co croponsi croa. Io Bropomy 3akony Hetotona ma = F +mg + N, rae
8 — yckopenue rpysa.

DTO BEKTOPHOE PABEHCTBO, 3AMMCAHHOE B MPOEKIHUAX HA OCh X, UMEET BHI
ma, = F,.3x1ece @, = X" — npoekuus yckopeHus Ha ock X . YunrsiBas (18), umeem
mx" =—kx. Orcrona

n k
X"+ —x=0.
m
[Mocnennee ypasHeHue ecth quddepeHnnansHoe ypaBHEHE FTaPMOHMYECKHX KOJIe-
. . N k 2 m
OaHuii ¢ LIMKIMYECKON 9acTOTOM @ = ,|— u nepuogoM | =— =27 ?
m w

2-1i cnocob. Hcnonv3yemcs 3aKoH cOXpanenus sHepeui.
B MOMEHT, KOTr/1a rpy3 HMeeT KOOpaUHATy X H IPOEKIHIo Ha och X ckopocTH X',

1 T
KWHETHYeCKasi SHEPrus Ipysa Oyner E m(x )2 , aTOTeHIMaJbHas YHEPTust NehOpMHUPO-

1
. 2
BAaHHOU IIPYKUHBI E kx“ . Tak kak mosHast 5HEPrUs CUCTEMBI IIPH KOJIEOAHUAX COXpPa-

m(x")*  kx?

HSETCS, TO T + 7 =const . Ipoauddepeniupyem mociaenHee paBEHCTBO MO

BPEMEHU: lm-Zx'x"+£k-2xx'=O . Otkyza X"+£X=O.
2 2 m

Kak 1 B mepBoM crioco6e penieHus, Ho yXKe IpyTruM IIyTéM, Mbl Ioxydmim audge-
PEHIMATbHOE YpaBHEHHE TapMOHMYECKHX KOJEOaHWH C LUKJINYECKOH YacTOTOH

k
@ = ,|— wunepuogom 1 =27 m
m \fk

IIpumep 2. [Toxasats, 9To IMpu ASHCTBUH HA TPY3 U3 MPEIBIAYIIEro IpuMepa mo-
CTOSIHHOH CHJIBI lfo, HaTpaBIEHHON BJIOJIb OCH X, KOJICOAHHUS OCTAIOTCSI TapMOHMYE-
CKHMH C IIPEXKHUM IIEPUOJIOM, HO OKOJIO HOBOT'O I10JIOKEHMSI PABHOBECHSL, CMEILIEHHOTO
OTHOCHUTENILHO NPEKHETO HAa X = Fo /K B cTopony

! N
neiictBytoeii cunbl F (Fo = ‘Fo‘)- F —] g
— e
Pemenue. [Tycts 11t onpenenéuHoctu cuna F mg
HarpasJjeHa Brpaso (puc. 13). IIpu apyrom Hamnpase- ,_).(.? !
HUHU CHJIbI BCE PACCYKJIEHHUS aHAJIOTUYHbI IIPUBEEH- B 0x(t) X

HbIM HIXKeE. [Tontoxxenne PaBHOBECHA — OTO ITOJIOKCHUE Puc. 13
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CHCTEMBI TP OTCYTCTBHUH KoJieOaHM. SICHO, YTO B ITOJI0)KEHNH PABHOBECHS IPYKUHA

YAJIMHCHA 10 JCHCTBUEM CHUJIBI FO Ha BCJIMYNHY

Xo =— (19)

M0 CPABHEHUIO C HEHANPSKEHHBIM COCTOSTHUEM.
3a Hauaa0 KOOPIUHAT BO3bMEM TOUKY, COOTBETCTBYIOIIYIO PABHOBECHOMY MOJI0XKE-
HUIO Tpy3a.

Touka B cooTBeTCTBYET M0JI0KEHHIO IPY3a IPU HEHANPSHKEHHOMN HPYKHHE, T. €.
TOJIOKEHUIO PABHOBECHS TPy3a B OTCYTCTBHH CHIIBI ;.
Iycts X = X(t) — 3aBucsIas OT BpeMeHH KOOpMHATA IPy3a NPH Kosiebanusix. To-

I/ yJUIMHEeHHe Npy)uHbl AX = X, + X, a poekims Ha ock X cuisl F | neficTByromeit
Ha TPY3 CO CTOPOHEI TIPYKHUHEI,

F, =—K(X+X,). (20)

Ipusenénnste Boipaxkenns uis AX u F, cipasennusbl npu mo6om 3uauennn X,
a He TOJILKO TIPY YKA3aHHOM Ha pHc. 13, 4T0 MOXKHO npoBepuTh. 10 BTOpOMyY 3aKOHY
Herotona ma = F +F+ mg + N, rme d— YCKOpPEHHE Tpy3a, MJ — cuiia TSHKECTH,

N — cuita HOpMaJbHOTO JaBJICHHS, ACHCTBYIOMIAS. CO CTOPOHBI CTONA Ha IPy3. 3amu-
IIIEM 9TO BEKTOPHOE PaBCHCTBO B Ipoekiwsix Ha ock X Ma, =F, + F, .

IMoxcTaBiss croa BRIpaXCHUS IS FX u3 (20) 1 X, u3 (19) ¥ yuuThIBas, 4TO IPO-

n n k
KLU yCKOPEHHs Ha 0Cb X ecTh &, = X", mMeeM nocie ynpoutenust X'+ —X=0.

Hamu nonyueno auddepeHnuaibHoe ypaBHEHUE FApPMOHHYECKHUX KOJIEOaHHUH C IUKIIH-

YECKOM 4acToTol @ = .[— W TEePUOAOM
m pHOA
<
2z m P
- — _ _ <
T= 2z K He 3aucsumM ot ;. YrBep RV Fm—
@ b3 Ipy>KHHA
X IeHne, chopMyITHPOBaHHOE B YCIOBHH IpUMepa 2, =% Jnonowenne
JOKa3aHo. F 01parrorecns

Mpumep 3. Ha nérkoii npyxune xkéctkocthio K 4 —| L V4] rexymas xoop-
. JIMHATa rpys3a
nojseleH rpy3 maccoir M. Ilokasats, uTo BepTU-
KaJbHbIE COOCTBEHHBIE KOJIEOaHNs TAKOTO MPY>KUH-

HOI'0 MasiTHUKAa FAapMOHUYECKUE, U HAUTU UX IEPUOLL. mg
Pemenne. Hampasum oce X BHM3 (puc. 14), X
Ha4yaJl0 KOOPJIMHAT IOMECTHUM B TOYKY, COOTBET- Puc. 14

CTBYIOIIYIO PaBHOBECHOMY IIOJIOKEHHIO Tpy3a. B
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3TOM IIOJIOXKECHUH IIPY>KHHA PACTSHYTA 10 CPAaBHEHHIO C HEHAIPSHKEHHBIM COCTOSIHUEM
Ha BEJMYUHY X, TPHIEM

kx, =mg. (21)

1-1i cnocob. Hcnonvzyemes GmODOﬁ 3axon Hvromona.

Ecnu texymas koopaunara X = X(t) , To npoexims vHa och X cunsr F |, mefictByro-
1Iel Ha TPY3 CO CTOPOHBI MPYKUHBI,
F, =—Kk(X, +X). (22)
PaBencTBO (22) cripaBeyInBO A7Is JIFOOOTO 3HAYCHHS KOOPAUHATE X KOJeOumore-
rocsi rpy3a, 4To, BOOOIIE TOBOPS, HYKHO MPOBEPUTH, T. K. MBI XOTUM MOIYIUTh TUpde-
pPEeHIMANTBEHOE YpaBHEHHE KOJIeOaHMiA, CIIpaBeNINBOE HE TOIBKO JJIS OTHOTO 3HAUCHHS
X, a 11 BceX 3HaYEHUH.
3anuiieM ypaBHEHHE JBHXEHHUS Ipy3a (ypaBHEHHE BTOporo 3akoHa HproToHa) B
MIPOEKUHUAX HA OCh X , YUYUTBIBAs, YTO IPOECKLU HAa OCb X YCKOPEHH: Ipy3a €CTh BTO-

past Ipou3BoAHas X" OT KOOPIMHATHI 10 BPEMEHH:
mx"=F, +mg. (23)
C yuérom (22) u (21) ypaBHeHue (23) mpuUHUMAET BUA:

x"+£x=0. (24)
m

BunHo, 4to 310 inddepeniuaibHoe ypaBHEHHE TApMOHNYECKUX KoleOaH i, iepu-

0J1 KOTOPBIX
T= 277\/% . (25)

2-1i cnocob peuienus. Mcnonv3yemces 3aKoH cOXpanenusa sHepeu.
3a HyJIeBOIi ypOBEHb MOTEHIINAILHOM SHEPTUH IPy3a B M0JIE TSHKECTH YA0OHO B3SITh
NOJIO’KeHHE paBHOBecHsL. [oyTHas MexaHuuecKast SHEPTHsl KOJIeOaHUH CUCTEMBI TIpe/i-

1
o o 2 o
CTaBIsAET COOOH CyMMy KHHETHYECKOH »Hepruu rpysa Em(x') , TOTEHLUAJIBHOU

sHepruy rpysa B none txectn MQY(—X) = —MQX n noTeHnMaNBEHOM SHEPTHH Te-

1 1
(bopMaIMu Npy>KUHBI > K(X, + X)*. 31ech X' — mpoeKims CKOPOCTH rpy3a Ha och X ,
€é KBa/IpaT paBeH, ECTECTBEHHO, KBAIPATy MOIYJIsl CKOPOCTH.
TMonHas MexaHWYeCKast SHEPTUS MPH KOJNEOAHUAX JIOJKHA COXPAHATHCS:
m(x") . k(X, +X)°
2 2
Juddeperunpyem (26) mo BpemeHn:
mx' X"+ K(x, + x)x'—mgx"'=0.

—mgXx = const. (26)
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C yuétom (21) mocne mpocTiX mpeobpasosanuii monydaem X'+ —X =0, uto
m

copmazgaer ¢ (24). Urak, konebaHus TapMOHUYECKHE C IEPHOIOM, JaBaeMbIM (25).
3-1i cnocob. Ceedenue 3a0a4u K u36eCmuol Opy2oli.
3aMeTHM, 4TO CHia TSHKeCTH M eCcTh MOCTOSHHO IEHCTBYIOIAs Ha IPy3 CHIIa,

aHanornyHas cune F, B mpumepe 2. ITosToMy cpasy MOKHO CKa3aTh, YTO KOICOAHHS
MOABEIICHHOTO Ha MPYKHHE IPpy3a OyLyT TApMOHUYECKUMH C TIEPHOIOM

T=21 % @7)

IIpnuém HOBOE NOJIOKEHUE PABHOBECUS BUCSILETO I'Py3a CMECTUTCS HA BEIIMYUHY
X, BHH3 (kX0 = MQ ) N0 OTHOIIEHUIO K TOJIOKEHUIO PABHOBECHS IIPU OTCYTCTBUU

nons TspkecTd. OKOJI0 HOBOTO TTOJIOKEHHUS] PAaBHOBECHS M KOJIEOJIETCSI ITOIBEILICHHBII
rpys.

Tenepb CTAaHOBUTCS SICHBIM, TIOUEMY TOBOPST, UTO TIEPHO]] KOJIeOaHUH IPYKUHHOTO
MasiTHHKa onpenessiercs popmysioii (27), U He yKa3bIBaIOT IIPH 3TOM, CKOJIB3UT JIU IPY3
0 CTOJTY WJIH MOJIBEIIEH Ha MpY)KUHE. DTO MOJIE3HO 3HATH.

ITpumep 4. [TokazaTp, 4TO B OAHOPOAHOM IIOJIE TSKECTH MaJlble COOCTBEHHBIE KO-
ne6Ganus B BEPTHKATBHOM IIOCKOCTH MATeMAaTHYECKOTO MAasTHIKA JUTMHO#H | sBisroTcs
TapMOHUYECKUMU M HAUTH UX TEPUOJ,.

Pemenmue. ITycTs y MasTHUKa AyuHa HUTH | 1 Macca mapuka M . 3a kone6mony-
10¢s1 PU3UIECKYTO BETHIHHY yIOOHO B3ATh YTOJI (X OTKJIO-
HEHMS HUTHU OT BepTukanu (puc. 15). bynem cuntats ¢
MOJIOKUTEIBHBIM, €CII MasTHUK OTKJIOHEH BIPABO OT MO-
JIOKEHHS PAaBHOBECUS], U OTPHULIATENILHBIM, €CJIM OH OTKIIO-
HEH BJIEBO.

BrIpa3uM KMHETHYECKYIO U MOTEHINAIbHYIO YHEPTUH
mapuka Maccoi M B MPOM3BONBHEIN MOMEHT Bpemenu {

gepes yron & = (1) u npousBoaHyt0 yria mo BpeMenu

Puc. 15

a'=a'(t). Yriosas ckopocTh Inapuka &', ero iuHeiiHas
ckopocts U = 'l u xunernueckas sueprus
1 1 ,
K ==mo?* ==ml*(a")’.
2 2

Eciu 32 HysieBoit yposens noteniuansHoi sneprun ( /1 = Q) B3aTh yposens, co-
OTBETCTBYIOIINI HAXOXKACHHIO TAPHKa B MOJOKEHUN PAaBHOBECHS MasTHHUKA, TO MO-
TEHLMAJIbHAS HEPIHsl IIAPUKA B MOMEHT OTKJIOHEHHS HHTH Ha YroJl (f OKaXeTCs

IT=mg(/ —Icosa). ockonbky 1—COSax = ZSiHZ%, 1o I1 = 2mglsin’ % st
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MaJIbIX YIJIOB MOXXHO CUHUTATh, YTO 3HAYCHU UX CHHYCOB HpI/I6JII/ISI/ITeJ'ILHO PaBHEI ca-

. a o
MHUM yriaM (B paguanax). [Tostomy SIn E = —, ¥ MOXKHO IPUHSATbH, YTO

2

2

a 1
IT=2mgl| = | ==mgla’.
2 2
Mosnnas sHeprus cucteMsl, papHasi K + I7 npu koneGanusx coxpansercs. Creno-
1 1
BaTEIbHO, 2 ml?(a')® + 2 mgla’ = const .
IIpomuddepenuupyem mociaenHee paBeHCTBO M0 BPEMEHH:
1 1
EmIZZa'a"+§mgl2aa' =0.

g9

IMocne ynporeHus umeeM: o "+ n a=0.

Hamu monyueno quddepenimanpaoe ypaBHSHUE rapMOHHYESCKUAX KOJICOAHHIH BEITH-

g

YHHBl X C IUKJIAYECKOH 4acToToOH @ =, |— .

I/ITaK, MaJible KoeOaHust MaTEMAaTHUECKOTO MAsITHUKA SIBJISIOTCS TapMOHUYCCKHUMHU C

27 |
nepuoaoM | =— =27 |—.

2 9
ITpumep 5. [lan koneGarensHbII KOHTYp Oe3 3aTyXaHus (CONPOTUBIICHHIE PABHO HY-
710) ¢ ocTosHHbIMA éMkocThio C n maaykTuBHOCTBIO L . [Tokasats, uto cBOGOIHbIE
ANIEKTpUYIECKHE KoJeOaH!s B KOHTYpe TapMOHUYIECKHE U

HaWTH UX NEPUO.

Pemenue. Eciu 3apsanTh KOHIEHCATOP U 3aTEM 3a- K
MKHYTB KITIOY, TO B CXeMe Ha puc. 16 BOSHHKHYT KoJeba- 1::C L
HUS 3apsijia Ha KOHAEHcaTope, KoJieOaHus TOKa B IIEIH, 2Tq
kosrebanns JJIC caMOMHIYKIMK B KaTymIKe U T. O. 3a WQ0x00_,
KOJIEOITIOIIYIOCS BEIMUMHY yI00HO B3SITh 3apsi] Ha OTHOM
13 00KJIaJ0K KOH/IEHCATOpA. Puc. 16

1-1 cnoco6 pewenus. Hcnoavzyem 3axon Oma.
Bri0epeM ONOXKUTENLHOE HANPABIEHHE 00X0/1a KOHTYPA, HAPUMED 110 YACOBOM

CTpeJIKe, Kak MoKa3aHo Ha puc. 16. ITo o3Hayaer, uto Tok | monoxurenen, eciu ero
HallpaBJICHNE COBNAJAeT C IOJIOXKUTEIBHBIM HalpaBlIeHHeM 00X0a, U OTPUIATEIICH,
€CJIM HE COBNa/aeT. AHAIOTMYHOE MOYKHO CKa3aTh H npo 3Hak DJIC camounaykuuu &
1ipu pacuére KoTopoii o popmyne & =—LI" apromarnuecku 6yseT nmosyyarhes 3HAK
y OJIC, cornmacoBaHHEIH ¢ HampaBIeHHEM 00X0/a.
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O603HaunM yepe3 (| 3apsil TOi 0OKIaIKH KOHIeHcaTopa, s kotopoit '= | (s

npyroit ooknanku ('=—I , uto He 0UeHb YIOOHO). ITO JIETKO CAENATh, ECIIH YIECTb,

A
yto ('= A—? npu At — 0. st cxemst Ha puc. 16 ( cienyer B3sTh Ha HIDKHEH 00-

KITaJIKe.
IMo 3akony Oma st yuactka 1— L —2
(p—9)+&=IR (28)
TTOCKOJbKY ~ CONPOTHBJIEHHE B  KOHTYpe R=0, QO —@,= —% :
& =-LI'=-L(q")'=-LQg", 1o paBenctBo (28) mocne nenenus Ha —L npunnmaer
BUII:
4"+ -0 =0 29)
Lc "

Wrak, nonydeHo auddepeHmanbHoe ypaBHEHNE FAPMOHIMIECKIX KOJIeOaHUi BEIH-

1
4iHBl ( ¢ HUKIMYECKOl 4acToTol = \/E u epronom T = 27+/LC .

ITonesno 3aMCTUTDh, YTO IIPpU U3MCHCHHUU 3apsiga IO rapMOHHUYCCKOMY 3aKOHY
q =0, cos(at +¢@,) Tok

| =q'=—-q,@sin(ot + ¢,) = q,ocos(wt + (p0+%),
BJIC camonnaykimn & =—LI"' = Lg,@’ coS(wt + ¢,) 1 Hanpsienue Ha KOHIEHCATO-

9_%

pe U= c cos(wt + ¢,) . Urak, 3apsix Ha KOHAEHCATOpE, TOK B Karyuike, DJ{C

CaMOMHAYKIHWHU B KATYIIKC U HAIIPAKECHNE HA KOHACHCATOPE COBCPIIAIOT rapMOHUYC-

ckue koneGaunus ¢ nepuogoM T = 27+/LC , mpuuém ¢, &, U konebmores B dase, a

V3
KoJIeOaHus TOKa ONepekaroT KonebaHus 3apsaaa mo dase Ha E .

2-1i cnoco6 pewenusi. Mcnonb3yemces 3aK0H COXPAHEHUs, IHEPSUU.
Bribepem nonoxuTensHOE HarpasieHue 00xo1a KOHTypa 1 0003HaunM yepe3 (]

3aps/l ToM OOKIanKu KoHaeHcaropa, ais kotopoit ('=1. Ilo 3akoHy coxpaHeHus
3HeprI/II/I
LI 2 2
=9 const. (30)
2 " 2C
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1
Iponuddepenuupyem (30) mo Bpemenn: LI '+ c gq'=0. Yuutssas, aro | =q',

1
al'=(Q)'=q", monyunm Q"+ Eq =0. Tocnenuee ypaBHeHHE COBIANO, UTO U

CIIEZIOBAJIO OXKUAATH, C YpaBHEHHEM (29), 1 TalpHEHIITIe pacCyKICHHUS TE Ke, 9TO U B
MIEPBOM CITOCO0E PEIICHUS.

Ipumep 6. Batapeto ¢ nocrosuaoi DJIC &, MOAKIIOUNIM K KATYLIKE C HHAYKTHB-

Hocthio L u xomaencaropy ¢ MKocThIO C yepes kmou K . B HauanbHBIA MOMEHT
Bpemenn kimod K pasoMKHYT 1 KOHIEHCATOP 3apshkeH 10 Hanpsvkennst 38, (puc. 17).
TMokasath, 4To KOJIEGAHNS TOKA B TAKOM KOHTYPE FADMOHMYECKHE U HAWTH MX TIEPUO/I.
TMocTponTs rpad MK 3aBMCUMOCTH TOKA OT BpeMeH!. OMUYECKUMHE COTIPOTUBIIEHUAMHY B
CXeMe MpeHebpeyb.

3ameuanue. Eciu peruenye 5T0ro npuMepa OKaKeTcsl HEMOHATHBIM, OCKOIBKY
TpeGyeTCs 3HAUMTENbHAS MATEMATHYECKAS KyJIbTypPa, TO PEKOMEH/YETCS IPOUNTATE 1
OCMBICIIUTE TOJILKO BBIBOJ B KOHIIE PENICHUS.

Pemenue. BoiGepeM MOI0KUTENLHOE HANPaBIeHHEe 00X01a KOHTYpa M0 YaCOBOM
crpenke. Ecin yepes ( 0603HAUNTD 3apsijl HIDKHEH 0OKIIAKH KOHIEHCATOPA, TO TOK B
koutype | = (' u DJIC unaykuuu B karymke & =—LI'=-Lq". 3ametum, uro B
COCTOSHUM PaBHOBECHS KOJIEOATENHLHON CUCTEMBI (TIPU OTCYTCTBUY KOJNEOAaHUI B KOH-
Type ¢ 3aMKHYTBIM KIIFOYOM) 3apsi HikHeil 00Kk1aaku konaexcaropa pasen C& . Hc-

MoJb3ys 3akoH OMa, MOTyduM:
%+g—ﬂ=0
C

ITocre NoCTAHOBKY B IOC/IEHEE PABEHCTBO BBIPAKEHHUS /I & U IPOCTHIX Mpe-
00pa3oBaHuil IMEEM:
n 1 gg
qQ"+—q=—ou. (31)
LC L

Juddepernnansaoe ypaBHeHune (31) otimmuaercs ot ypaBHeHHS (29) TOJIBKO TeM,
4TO B €10 NPaBoii 4acT! BMECTO HYJIS CTOUT NocTosHHas Bemunna & /L . Ypasuenne

(31) Mmo>xHO MTpHUBeCTH K UG EepeHIATHFHOMY YPaBHEHHUIO TAPMOHNYECKUX KOJIeOaHHH,
ananorugHomy (17). st atoro 3amumem (31) B Buze:

.1
q +E(q—Cé’g)=0 (32)
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¥ iepeiiném k HoBoit nepementoil Q Taxoi, uto Q =q—C& . Slcno, uro Q' =q" un

Q"=q". Hooromy (32) npunumaer sux:

1
"+—Q=0
Q LCQ
Al
—1cC ‘ % T 2T
:_q L G >
' \/ \ |
—2C&w {— —_ S
Puc. 17 Puc. 18

Honyunnn nuddepeHImanbHOe ypaBHEHUE TAPMOHUIECKUX KOJIEOAHMIA 151 BENH-
anmer Q ¢ waxmmaeckoit wactotoii @ =1/+/LC . Urax, Q = Q, cos(at + @), rue
Q, 1 @ — HekoTopble nocTosHHbIE. OTCIOAA CIIEAYET, YTO TOK H3MEHAETCS 110 3aKOHY
| =—Q,wsin(wt + ¢) . 3nauenns Q, u @ Haiiném, BOCTIONB30BABIINCE TEM, YTO IIPH
t =0 rox | =0, asapsin koupencaropa q =3C&;,r.e. Q =q—-C&, =2C&; . Torna
nonyunm Q, =2C& , ¢ =0, 1 oOKoHYATENEHO 3aKOH M3MEHEHNs! TOKA HMEET BUL

| =-2C&wsin at,
rie @=1//LC . Takum o6pasom, koe6aHIs TOKa B KOHTYpE TApMOHMYECKHE C Tie-

puogom T = 27+/LC nammmurymnoit 2C&;® . ['paduk 3aBHcHMOCTH TOKa OT BpeMe-
HU J1aH Ha puc. 18.

BoiBoa. [lpu naruuuu 6 yenu konebamenbho2o0 Konmypa bamapeu ¢ HOCMOsIHHOU
I/[C nepuoo xorebanuii moxa 8 KOHmMype 0CIMAaAémcs maKum dice, Kaxk u 6 Konmype 6e3
bamapeu. Kpome TOro, MOYKHO JIOTIOJHUTEIHHO 110Ka3aTh, 4TO KoJieOaHuUs 3apsiia KOH-

J€HCAaTOpa UAYT OKOJIO HOBOI'O paBHOBECHOT'O 3HAYCHU 3apA/ia, paBHOTO ng , A KOJIC-
Oanus HaIIPSPKCHUA Ha KOHACHCATOPE MMPOUCXOAAT TOXKE OKOJIO HOBOI'O paBHOBECHOT'O

3HaueHMs HanpspKeHus, pasHoro DJ]C 6arapen. [Ipnuém neprox konebanuii 3apsina u
HanpspKeHus OyeT TakuM ke, KaK M IPU OTCYTCTBHH OaTapen.
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Ipumep 7. [TocenoBarebHO ¢ KaTymkoi nHaykTuBHOoCTH L 1 koHaencaTopom

C uepes xmou K moaxmiounnu 6atapero ¢ mo- - ¥
crostnoit DIC &, (puc. 19). B HavanbHbIil MoO- 1| ‘/K

&

MCHT BPEMCHH KOHJACHCATOP HEC 3apsyKCH. Onpe—
JACJINThL MaKCUMAJIbHYIO BCJIMYMHY TOKa B HETIHU

| |
|
O
-

nocuie 3ambikanus kinoua K. Omudeckum cormpo-
TUBJICHHEM B 1ienu npeHedpeus (MDTU, 1982).

Pemenne. MoskHO ObLITO OBI J0Ka3aTh, 4TO
TOK B IIENTM U3MEHSIETCS 110 TAPMOHUYECKOMY 3a- Puc. 19

xony | =Z Cwsin ot ¢ mmxmaeckoil 4acToToit @ = ——— . A najee 3aKJIF0YHTb, YTO
y 0 \/—

|, =CZn=& E P
MaKCHMaJIbHOE 3HaUeHue Toka 1y =Lg,0 =5, L erasi 3a/1a4y, ChopMyTUpOBaH-

HYIO B 3TOM IIPEMEPE, TAKUM CIIOCOOOM, MBI TIOJTyIHM OTBET Ha OOJIbIIEe KOJINIECTBO
BOIIPOCOB, YeM CIIPAIINBACTCS, U, B YACTHOCTH, JOKaXKEM, UTO MOCIIE 3aMbIKaHHS KIIF0Ua
KoJie0aHUs TOKa rapMOHHYECKUe U (PaKTHIECKU HAWIEM HX IEPHOJI, YTO COBEPIICHHO
He TpeOyercs B 3ajade! [y 0TBeTa Ha HEKOTOPBIE BOIIPOCHI B 3aJa4ax C JIEKTpHIe-
CKUMH CXEMaMH HHOT/IA JIOCTATOYHO BOCIOJIb30BaThCs (DyHIaMEHTAIbHBIMU 3aKOHAMHU
COXpaHEeHHMs YHEPIHH U 3apsiia, 3akoHoM OMa, TeM, YTO IIPH MaKCUMaIbHOM 3HA4eHUH
U3MEHSIOIET0cs TOKa Ero MPOM3BOAHAS [0 BpEMEHHU paBHA HYJTIO (BCHOMHHUM HCCIIENI0-
Banue ¢GyHkmmi) u 3/[C caMOMHAYKITNH TOXe, COOTBETCTBEHHO, PaBHA HYJIO, U IPY-
THUMH COOOPaXEHUSIMH.

Bepnémcs k Haeii 3agage. [IycTh B MOMEHT, KOT/Ia TOK MakcHMaieH 1 paseH |,
3apsj Ha HIDKHEH oOknazke koHaeHcaTtopa ( . Takoif xe cyMMapHbIN 3apsa MpoHaeT ¢

MOMCHTA 3aMbIKaHUs KJIHO4Ya U 4YC€PE3 UCTOUYHUK gg y 1 ICTOYHHUK COBEPIINUT pa60Ty

0%, - 1o 3aKOHy COXpaHEeHHs SHEPTHUU PabOTa HCTOYHNKA IONAET HA M3MEHEHNE SHEP-

MY MarHUTHOT'O TIOJISt KaTYIIKH MHIYYKTUBHOCTH M 3JIEKTPUYECKOTO MOJIS B KOH/IEHCa-
TOpE:

LIz ¢
> Toc = 9% (33)
B 1r000# MoMeHT JJIsL KOHTYpa, UCIIOJIb3Ys 3aKOH OMa, MOKHO 3alnucaTb
q
gg'i‘g;ﬂﬂ—az IR (34)

Mockonbky conpoTusnenue koutypa R = 0 u npu maxcumansHOM 3HaueHMH TOKA
| DAC unpyxumu &, =0, 1o (34) npunuMaeT BUJI:

MHI
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HUckmowas u3 (33) u (35) (, HAXOIUM, YTO MAaKCUMaIbHOE 3HAYCHUE TOKA
C
|0 = gg I

KOHTpOJIbeIe BOIIPOCHI

1. B xarymiky BcTaBisieTcsi OCTOSIHHBIN MarHuT (puc. 20). B kakom HanpaBneHnn
TeuéT TOK uepes ranpBaHomerp [ ? Kyna HanpaBieHa cuia, AeHCTBYOIast HA KaTylll-
Ky?

2. Ha o01uii cepiedHUK HAMOTaHBI IBe Katyuiku (puc. 21). Haiitu HanpaBieHnue
TOKA 4Yepes3 rajibBaHoMeTp [  IpH MepeMeLIeHHH IBHKKA PEOCcTaTa BBEpX.

3. U3 koubia BeLABUTaeTCS MarHuT. Kakoe sleKTpOMarHuTHOE SIBIICHHE BO3HUKACT B
KOJIBIIE H3: a) IPOBOIHUKA; 0) IHUAIIEKTpHUKa?

I[ls -V

/) P
D ™ | .
| — D \) \//
/D \) /_| t
Puc. 20 Puc. 21 Puc. 22

4. He BBINOJHSAS TPUTOHOMETPUIECKUX TIPe0Opa3oBaHuii, HaiTh ammutyy A u
[UKIMYECKYIO YAaCTOTY (0 CJIENYIOINX FAPMOHUYECKUX KOJIeOaHuUH:

Hu :—Qsin(14t—0, 371'), rne U BBombrax, B CEKyHJIax;

2) X:17COS(O, 247[—5t), rae X B canTMeTpax, { B cexynmax.

5. Koopaunara Tena, KOIEOIIOMIErocs BAOIb OCH X, U3MEHSETCS MO 3aKOHY
X =—-4sin (6t -l 7) ,rie t B cexynmax, X B canTHMeTpax. HaliTh aMIUINTyIHBIE 3HA-

YEHUsI CKOPOCTH M YCKOPEHUS Tena.

6. [ToBelIeHHBII Ha IPYKUHE HIAPUK OTKJIOHUIIU OT €r0 PABHOBECHOT'O MOJI0KEHUSI
BHM3 Ha S = 20 cM 1 cOOOmMUIM eMy Ha4albHYIO CKOPOCTh U, =7 M/C, HAalIpaBIeHHYIO
TOXE BHH3, HAYaB OJJHOBPEMEHHO OTCUET BpeMeHH. ONpesenTh aMILIUTY Iy Koeba-
HUH [IapHKa ¥ 3aIMcaTh 3aKOH U3MEHEHHS KOOPIMHATHI X IapHuka oT BpeMeHH. Och X
HalpaBJIeHa BEPTHKAJIHHO BBepX. Macca mapuka M= 0,1 Kr, >k€CTKOCTh MPYKUHBI
k = 40 H/m.
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7. Kax 1 BO CKOJIBKO pa3 W3MEHATCS MEPUOABI KOJICOaHIH MaTeMaTHIECKOTO U IPY-
JKHHHOTO MasTHUKOB Ha JIyHe, T1ie yCKOpeHHe CBOOOIHOTO MaieHNs B 6 pa3 MEHBIIE,
yeM Ha 3emue?

8. Kak u BO CKOJIBKO pa3 M3MEHHTCS MePHo]T COOCTBEHHBIX KoJIeOaHMit B KoJeOa-
TENBHOM KOHTYPE, €CIIU MTapajlIeIbHO KOHAECHCATOPY MOAKIIOUUTE KOHAEHCATOP C M-
KOCTBIO B 8 pa3 OosbIei?

9. B konebaTensHOM KOHTYpe IpH CBOOOIHBIX KOJIEOaHUSIX HaNpsKEHHe Ha KOH-
nencarope mmensercs no 3akony U =60sin 2007t . 3xecs t B cexynmax, U B
BoibTax. MHIykTHBHOCTE KOHTYypa L =1 I'H. Haiitu nepuon xonebanuii 1 EMKOCTD
KOHTYpa. 3anucarth 3aKOH U3MEHEHHS TOKa B KOHTYpE.

10. Hanpspkenue Ha 3aXuMax reaeparopa (puc.11) m3MeHseTcst epuoJuaecK co
BpemeneM 1 110 3akony, rpaduueckun npencraBaenHOMy Ha puc. 22. [Ipn kakux 3Hade-

HHUSIX 9aCTOThI T€HEPATOPa MOXKHO OXKHIATh PE3KOTO YBEIMUYCHHS TOKA B ICMH, SCIIU
L= 100 M'n, C = 10Mk®D?

3agaun

1. V3 uneanapHOr0 NPOBOIHUKA (C HYJIEBBIM YACIBHBIM COIPOTHBIICHHEM ) U3TOTOB-

neH yron (puc. 23). Ilo ctopoHam 3TOT0 yrjia ABHTAIOT C TMOCTOSHHONH CKOPOCTBIO
v =2 m/c Baons Guccexktpucsl AC yrma crepsxens A, A; Tax, uto oH ocTaéTes Beé
BpeMsl TEepIIeHIUKYISIPHBIM OuccekTpuce. [lnoma s monepeyHoro ceueHus CTepKHs
S=1 MMZ, yAEIbHOE CONPOTHBIICHUE L = 2,1:107 Om. Cwuia ToKa B Iiemu AlA2 A3
pasna | =5A. Onpenenuts Benuuny MHAYKIMU B omHOpOIHOr0 MarnuTHOTO MoJs,
HAIPaBJIEHHOTO NEePICHIUKYIAPHO IockocTH yria. (MDTHU, 1983)

2. TIpoBonsmmii crepxens MN mmmmoii | pacnonosxen mapannensro guaronanu
B'D xy6a (puc. 24). CTepieHb IBIKETCS MOCTYHATEIBHO C HOCTOSHHOM CKOPOCTHIO
v Bnonb pedpa AD B 1OCTOSHHOM 0JJHOPOIHOM MArHUTHOM TIOJIE ¢ MHAYyKIHel B

HanpasienHoit Bonb pedpa C'C . Haiitu DJIC MHIYKIMM B CTEpIKHE.

3. Meramuueckuii crepsxkens AC onHuM koH1IOM (Touka A ) mapHUpHO 3aKpern-
néH Ha BepTHKaIbHOM audiektpudeckom crepskae AQ (puc. 25). Jlpyroii kouer (Tou-
ka C ) cBsi3aH ¢ BepTUKAJIBHBIM CTEPHKHEM C TOMOILBIO HEPACTSKMMOI HEPOBOIATIIEH
ropusontanbHoii HuTH OC mmumoit R= 1 M. Crepxens AC Bpamaercss Bokpyr
crepxus AO B 0HOPOITHOM MarHUTHOM MOJIE, MHIYKIIHS KOTOPOTO BEPTUKAIbHA U
paBHa B =107 Tn. YrioBas ckopocTs Bpamenus ctepxus AC @ = 60 paa/c. Onpe-

JIeJTUTh PA3HOCTh MOTEHIMANIOB (10 Moy o) Mexay Toukamu A u C. (MDTH, 2002)
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Puc. 23 Puc. 24 Puc. 25

4. B nenu (puc. 26) L = 3 mI'n, €= 12 B. Kitou 3ampikaroT. C Kakoii CKOPOCTHIO
Ha4yHET (Cpa3y MOCIIe 3aMbIKaHHs) BO3PACTaTh TOK?

Lk

13

Puc. 26 Puc. 27 Puc. 28

5*. Konctpykuus (puc. 27) U3 xECTKO COETUHEHHBIX JIETKOTO CTEP KHA U HEOOIIb-
IIOTO 110 pa3MepaM mapuka Mmaccoi M MoKeT coBepIaTh KoJeOaHHs B BEPTUKATIHHOM
TLIOCKOCTH IO/ IGHCTBHEM TIPYXKHHBI C )KECTKOCTBIO K , IBUrasch py BpameHnn 6e3
Tpenus Bokpyr ropusonTansHoii ocu O . [IpyxkuHa 1érkas, Touka eé MPUKPETUICHUS K
CTEPIKHIO JICTIUT €ro JITUHY B OTHOIIEHHH 1:2, cunTas OT mrapuka. B monoxxeHun pas-
HOBECHS CTepKEHb TOPU30HTAJICH, a OCh IPYKUHBI BepTHKaibHa. Haiitu: 1) yuimHeHHE
NPY>XKUHBI B TOJIOKEHUN PAaBHOBECHSI CUCTEMBI; 2) TIEPHO MallbIX KOJieOaHUH KOH-
CTPYKLIHH.

6. B e (puc. 28) L, C, € usBecTHsl, KoHaeHCcaTOp BHAuane He 3apsvkeH. Kirou

K Ha HEKOTOPOC BPEMS 3aMBIKAIOT, 4 3aTCM PA3MbIKAIOT. OHpC}JCJ’II/ITB TOK I o I€pe3

KaTymIKy MHAYKTUBHOCTH B MOMCHT Pa3MbIKaHUA KJIr04a, €CJIN MaKCHMaJIbHBIN TOK,
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poTeKaowIMii Yepe3 Heé mocne pasmbikanus, okasancst 21, Conmpornenennem ka-
TYIIKA U BHYTPEHHHM COIPOTHBJICHHEM UCTOYHHKA ITPEeHEOPEeYb.

7*. Llens, cocrosmas u3 AByX konnencaropos ¢ emxoctsamu C, u C, nxarymxuc
unaykTUBHOCTHIO L (puc. 29), nepponayansHo pasomknyTa. Kongencarop C1 3apsi-
xkarot 10 Hanpsokernst V , a konnencarop C, ocraéres HesapsuxeHHbIM. Onpenenuts

MAaKCUMAJIbHYIO BEJIMYUHY CUJIbI TOKA B LCITH MTOCJIC 3aMbIKaHHWS KITrO4a K . AKTUBHEIM
COIIPOTUBJICHUEM KaTyUIKN npeHereqL.

5 + |1(?i
‘ %43

C C K

"

Puc. 29 Puc. 30

8*. B nenu (puc. 30) B HaYaNbHBIH MOMEHT BpeMeHH Kmod K pa3oMKHYT 1 kKoH-

JieHcaTop 3apsukeH o Hanpskenns 4 €. nayxtusHocTs Katymku L, éMKocTs koH-
nencatopa C, DJIC 6arapen €. ITpeneGperas oMHUeCKMMHU CONPOTHBIIEHUAMH B CXe-

Me, 0Ka3aTh, 4TO MocJIe 3aMblkanus kmodya K koneGanus Toka B TakOM KOHTYpe rap-
MOHHUYECKHE, M HAWTH uXx nepuo. [loctpouts rpaduk 3aBUCHMOCTH TOKA OT BPEMEHH.
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