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IpeauciaoBue

[Ipennaraemoe y4yebHOE mMocoOue MpeAHA3HAYEHO ISl OpraHu3aluu
CaMOCTOSTENIbHOM W ayJUTOPHOW padOThl Ha MPAKTUYECKHUX 3AHATHAX I10
Kypcy (U3UKH CO CTyACHTaMU MH)XEHEPHO-TEXHHUYECKOTO MPOQUIsS MOJAro-
TOBKH, OOydYalollMMHUCSA IO TporpamMmam OakanaBpuaTta 3a04HON (OpMBbI
00yueHus.

[TocobOue cocrouT u3 AByX uvactei. YacTh mepBas BKIIOYAET yuyeOHO-
METOANYECKUE U MHPOPMALIMOHHO CIPAaBOYHBIE MATEPUAIIBI 110 CJIEIYIOLIUM
paznenaM: «OCHOBBI KJIACCUYECKON MEXaHMKH», «OCHOBBI PEIATUBUCTCKOMN
MexaHUKn», «OCHOBBI JEKTPOIUHAMHUKNY, «OCHOBBI MOJIEKYJISIpHON (hu3u-
KU U TepMOJMHAMUKW». OcTajabHble pa3lieibl Kypca COCTaBIIIIOT COAEpKa-
HUE BTOPOM YaCTH.

Kaxaplii pa3gen coaepKuT cHeuuagbHO IMOAOOpaHHBIE 3a/1ayM, Kak
OpUTHMHAJbHBIE, COCTABJICHHBIE ABTOPAMM, TAK U W3BECTHBIE METOANYECKH
LICHHBIE U3 pa3HbIX MOcOOMil. B Hauane kaxaoro paszena KpaTKO XapaKkTepH-
3yeTcs MpeAMET u3ydeHus u GopmynupyroTcs obdume 3anaun. [lanee B enu-
HOOOpa3Ho#l hopme hopMupyeTcs MOHITHUHHBIA anmapar W MU3JIararoTcs oc-
HOBHBIE 3aKOHBI, HEOOXOAMMBIE JIJISl TTIOJTHOTO ONUCAHUS PACCMATPUBAEMBIX B
paznene siBiaeHUH. MeToauka HCIONIb30BaHUSA 3aKOHOB MPU aHAJIU3€ KOH-
KPETHBIX 3aJ]a4HbIX CUTYyallMi MOJPOOHO pacCMOTpEeHa Ha MpuUMepax pelie-
HUSI TUIOBBIX 3a7a4. B 3akirounTeIbHON YacTH MOCOOMSl MPUBEJEHBI 3aja-
HUS JJIsI KOHTPOJIBHBIX pabOT U TpeOOBaHUS K UX OPOPMIICHUIO.

[Ipenna3zHadeHsl CTyeHTaM, 00YJaArONTUMCS TI0 HAPABJICHUSIM TTO/TO-
TOBKHU OaKajiaBpOB.

ABTOpCKHI KOJIJIEKTUB HAJEETCsl, YTO JAHHOE IMOCOOME OKaXKEeTCsl MoJie3-
HBIM HE TOJIKO JUIS CTYIEHTOB 3a04HON (POpMBI 0OyUeHUs, paOOTAIOIIMM 10
nporpamMmam 0OakanaBpuata, HO U JJIsl CTYJEHTOB JIpyrux (GopM oOydeHus (ou-
HOM, AWCTAaHIIMOHHOW) MPHU BBITOJHEHUHM UMH KOHTPOJBHBIX 3a/IaHUM, B IMPO-

necce CaMOCTOSITEJIbHOU pa6OTBI, IIPpHU IMOATOTOBKE K OK3aMCHAM U 3a4éTaM.
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BBeaenue

CornacHo ®enepanbHOMY TIOCYJapCTBEHHOMY OOpa30BaTEIbHOMY
CTaHIapTy BbIciIero npodeccruonaibHoro oopazosanus (GI'OC) mias momy-
yeHusl KBaln(uKauuu «OakajgaBp» IO HAlpaBICHUSIM HHKEHEPHO-
TEXHUYECKOTO NMPOPUIIS CTYIEHTHI, U3YUYUBILINE KypC (QU3UKH, TOJKHBI

3Hamb:

— (pyngameHTanbHBIC TOHATHSA M TEOPUHU KIIACCUYECKOM U COBPEMEH-
HOH (PU3HKWY;

— OCHOBHbIE (PM3UYECKHUE SIBJICHUSI, OMMCHIBAIOIIUE UX 3aKOHBI U I'pa-
HUIIBI UX TPUMEHUMOCTH;

ymemy:

— HCTIOh30BaTh MaTEMATHUECKHE METO/IbI TPU PEIIeHNH (PU3HUECKUX
3azay;

— aHaJIM3UPOBATH BIMSHUE Pa3HbIX (AKTOPOB HA MpPOTEKaHUE PU3nUe-
CKMX SIBJICHUM;

— MPOBOJUTH PacUYEThl HA OCHOBE MOCTPOCHHBIX MAaTEMaTHUYECKUX MO-
nesiel ¥ OLEHUBATh MPaBIONOA00OHOCTh MOMYUYEHHBIX PE3yIbTaTOB;

— UCIOJIB30BaTh BO3MOXXHOCTH BBIUYMCIMTEIBHOM TEXHUKU U IPO-
IrPaMMHOT0 o0ecnedeHus AJid MOUCKa HexocTarouedl nHhpopMauu 1 s e€
00paboTKH;

— MPUMEHSTh MOJyYEHHbIEC 3HAHUS IPU U3YUYEHUU JPYTUX TUCIUILINH,
BBIICNISATh KOHKPETHOE (U3UYECKOE COJIep)KaHWe B MPUKIATHBIX 3ajadax
npodeCCUOHATILHON JIeATEIbHOCTH;

e1a0emn:

— TICPBUYHBIMH HAaBBIKAMU U OCHOBHBIMH METOJAMH PEIICHUS 3a/1a4 U3
Pa3HBIX pa3/iesioB (PU3UKY;

— METOJIaMH BBIMOJHEHUSI TaOOPATOPHOTO (HPU3UUECKOTO HKCIIEPUMEH-

Ta U 00pabOTKH SKCIEPUMEHTAIBHBIX PE3YyJIbTATOB.



Kpome Toro, GakamaBp momkeH 001agaTh CICTYFOIIAME MEKIUCIIUATUIN-
HApHBIMU 0OUEKYVIbIMYPHLIMU U NPODECCUOHATLHBIMU KOMNEMEHYUIMU

— BJIAJICHUEM KYJIbTYPOH MBINIUICHHS, CITOCOOHOCTHIO K BOCIPHSTHIO,
00001IeHNIO U aHAIU3Y WH(GOpPMAIKH, K TOCTAHOBKE IEM U BHIOOPY MyTeH
e¢ moctmwkenus (OK-1);

— YMEHHEM JIOTHYECKH BEPHO, apT'YMEHTUPOBAHO U SICHO CTPOUTH YCT-
HYIO U TcbMeHHYI0 peub (OK-2);

— CTpPEMJICHHEM K CaMOpa3BUTHIO U CAMOKOHTPOJIIO, CIIOCOOHOCTHIO
CaMOCTOSTEIILHO TIPUOOPETATh U WCITOJIB30BATh B MIPAKTUICCKOMN IESITEIHHO-
cTH HOBbIe 3HaHUs U ymMeHus (OK-6);

— OCO3HaHUEM COLMANBHOW 3HAYMMOCTH CBOEH Oyayiel mpodeccum,
o0JajaHMeM BBICOKOW MOTHBAIMEN K BBIMOJIHEHUIO Y4eOHOM M Mpodeccuo-
HanbpHO# nesreiapHocTr (OK-8);

— TOTOBHOCTBIO TPUMEHSTH METOJIbI MATEMaTHUYECKOTO aHaJIu3a U MO-
JIETUPOBAHUS, TEOPETUUECKOTO M DIKCIEPUMEHTAIBHOTO HCCIICOBAHUS TIPU
peteHuy mpukaaaabix 3aga4 (ITK-1);

— CIIOCOOHOCTBIO BBISIBJISITH €CTECTBEHHO HAYYHYIO CYIIHOCTH IPO-
0JieM, BO3HUKAIOMINX B X0JIe MPOGECCUOHATBHON NESITEIIbHOCTH, U TPHUBIIE-
KaTh JJIS UX PEIICHUs COOTBETCTBYIOMNN (PU3HKO-MaTEMaTHIECKUH armapaT
(TIK-2).

Bozmooicnocmu, npedocmasnsiemvle OaHHbIM YueOHbIM nOCoOUeM

0151 0ocmudicenus yenetil, oboznavennvix 8 PI'OC

1. Tlo xaxxaoMy pazzaeny, BKIOYEHHOMY B Mporpammy Kypca (Gpusuku,
yKa3aH CIHUCOK PEKOMEHJOBaHHOM ydeOHOW nuteparypbl. s obierdeHus
OpUEHTAIMKM CTYACHTOB B OOIIMPHOM HH(POPMAITMOHHOM IIOJIC B ITOCOOWH
NpUBEAEH KPATKUKM TJIOCCAPUA OCHOBHBIX ITOHATHM M 3aKOHOB, KOTOPBIU
yI0OHO HMCIOJIB30BaTh MPHU TOATOTOBKE K 3K3aMeHaM M 3auéram. lIpm sToMm
cienyetr oOpaTUTh BHUMAHKUE HA €IMHOOOPa3HYI0 (popMy MpencTaBiICHUS WH-

dopmarnu. Hammpumep, onpenenenne o000i pr3ndeckoi BEIMINHBI TOJHKHO
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COJIEp’KaTh OTBETHI Ha CIEAYIOIIME BONPOCHL: YTO XapaKTEPU3YET JaHHAs Be-
JMYMHA, KaKOTo poja nHpopMaIiio 00 U3ydyaeMoM SBICHUH OHA JaéT; KaKoB
croco0 ompeseneHus e€ YUCIEHHOT0 3HaueHus (T. €. COOTBETCTBYIOIIast (hop-
MyJia ¥ €IMHULBI U3MEPEHNUs); KaKOBO MPABUJIO ISl ONPEJIECIICHHS HallpaBJie-
HUS pacCMaTpUBaeMON BEIMUMHBI (€CIIM BETUYMHA BEKTOPHAs).

2. B mocobun BbIICIIEHO OIPaHUYEHHOE KOJUYECTBO THUIOBBIX 3a]ady,
METOJIbI PEIICHUs KOTOPBIX JOJKHBI OCBOUTH CTyAEHTHI. [lo kaxkmomy Tumy
3a/lay MPUBEICHBI MPUMEPHI, B KOTOPHIX MOAPOOHO omHucaHa METOIUKA HC-
MOJIb30BAaHUSI OCHOBHBIX 3aKOHOB /I TOCTPOEHUSI MAaTEMAaTUYECKON MOJIETN
KOHKPETHOM 3aJa4HOM CUTyalluu. ITU NpUMeEpPbl HE0OOX0AMMO pa3olOparth Ie-
pEn BBIIIOJHEHUEM KOHTPOJIBHBIX 3aJaHUM.

3. B mpun. A x mocobuto, CTyJIeHTHI MOTYT HAaWTH HEOOXOIUMBIE IS
pelleHys 3a7a4 CIIPaBOYHbIE MaTepUalbl, & IMEHHO: YHCIIOBbIE 3HaYeHUs (u-
3WYECKUX KOHCTAHT, a TaKXKe TaOJIMYHBIX KOAPPUIINEHTOB, XapaKTEPU3YIOIINX
¢u3nyeckue cBoicTBa BemiecTBa (cM. Tadn. A.1-A.10), pasmMepHOCTH U €IUHU-
IIbl U3MEPEHUS HEKOTOPHIX (PU3NUECKUX BeMU4UH (cM. Tabi. A.11), MHOXUTEN
Y MPUCTABKM JUI 00pa30BaHUsl KPAaTHBIX U JOJBHBIX eIuHUI] (cM. Tabi. A.12),
Ha3BaHUA U 0003HaUYCHMS OYKB rpedeckoro aigasuta (cM. Tada. A.13)

4. CaMOCTOSITEIbHOE BBITIOJIHEHUE KOHTPOJIbHBIX PA0OT SIBISETCS OC-
HOBHBIM CPEJICTBOM OCBOEHUSI TEOPETUYECKOI0 MaTepuaia Kypca, OCKOJIbKY
TOJIbKO NMPUMEHEHUE 3HAaHUN olecneunmBaeT UxX riayookoe nmoHumanwue. Ilo-
ATOMY PEKOMEHAYETCS CIENYIOUIMH MOPSAOK padoThl ¢ yueOHBIM MaTepua-
JIOM 1O Kypcy (PU3UKHU:

a) MPOYMTANTE 3aJauy U BBLACIUTE TO (PU3UUYECKOE SIBICHHE, O KOTO-
POM HUJIET peub;

0) mo yuyeOHUKY, YKa3aHHOMY B CIIHCKE PEKOMEHIOBAHHOW JIUTEPATy-
pBl, U MO MOHSITHUWHOMY amnmnapaTry, IPHUBEIECHHOMY B IOCOOWU, BBISICHUTE
CYUTHOCTbH SIBIICHUS, BBIMUIIUTE W BBIYYUTE OCHOBHBIC TMOHSTHS M 3aKOHBI,

HCIIOJB3YCMBIC ITPU OIMMCAHUUN JJAHHOTO ABJICHUA (HOHGSHO B OTI[GHBHOﬁ TCT-
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paay COCTaBUTh CIIOBAPUK TEPMUHOB U 3aKOHOB, HCIIOJb3YEMBIX B TEKCTE U
IIPU PELICHUH 33aJ]a4H), OTBETHTE€ HAa KOHTPOJBbHBIE BOIIPOCHI, TPUBEAEHHBIE B
KOHIIE KaKJIOTO pa3zeia;

B) pa3depute NpUBEAEHHBIE B TOCOOMH MPUMEPHI PELICHUSI aHAIOT Y-
HBIX 33]a4, 4TOObI yOEAUTHCSI, YTO METOJMKA pelleHrs Bam noHsTHA; MOMbI-
TAaUTECh BOCIIPOM3BECTH JIOTMYECKYHO ITOCIEA0BATEIBHOCTE OCHOBHBIX 3Ta-
OB PEIICHUs PACCMOTPEHHBIX 33714,

I') BEpHUTECh K KOHTPOJIBHOM 3ajjaue€ CBOEro BapHaHTa U BBIICHUTE,
YTO M3BECTHO O YACTHBIX OCOOEHHOCTSX PacCMaTpUBAEMOIO SIBJICHUS I10
YCIJIOBHIO 3a[]a4H; COCTABbTE MAaTEMaTUYECKYI0 MOJECIb 3aa4HOM CUTYallUH,
TO €CTh 3AIMILNTE 3aKOHBI C YUYETOM KOHKPETHBIX YCIIOBUM; ITPOBEPHTE ITOJI-
HOTY MOJYYEHHOM CUCTEMbl YPABHEHUU M TPU HEOOXOAMMOCTH MCHOIb3YHTE
JOTIOJTHUTENIBHBIC 3aKOHBI WM OIIPEACIICHNS HEU3BECTHBIX BEJINYUH;

1) pPELIUTe MOJYyYEHHYIO CUCTEMY B OOIIEM BHJIE U B YHUCIIaX, MOIbI-
TalTeCh OLEHUTH NIPaBAONOA00HOCTh MOJIYYEHHOTO PE3YJIbTaTa.

5. OcBoeHNE METOJJOB MaTEMaTUUYECKOT0 MOAETUPOBAHUS MTPOCTEUIIINX
(u3MYECKUX 3ala4HbIX CUTYallMid U copMUpOBaHHOCTH KoMreTeHImii OK-1,
OK-2 sBisitOTCS OCHOBHBIMHM KPUTEPHUSMHU NPH OLIEHKE KOHTPOJIbHBIX padoT,
BBITOJIHAEMBIX CTyAeHTaMu. I[IpencraBneHHOe B KOHTPOJIbHOM paboTe pere-
HUE JOJDKHO MPOAEMOHCTPUPOBATh MOHMMAHUE CTYJEHTOM CYLIHOCTH (DU3H-
YECKOr'0 SIBJICHMSI, OIMCAHHOTO B TEKCTE 3aJa4l; BJIAJICHUE TIOHATUWHBIM ail-
napaToM, OTHOCSIIMMCS K pacCMaTpUBAEMOMY SBJICHHIO; 3HAHUE OCHOBHBIX
3aKOHOB, ONHKCHIBAIOILUX SBJICHUE, U — CAMOE INIABHOE — YMEHHE 00OCHOBATh
0COOEHHOCTH MPUMEHEHHS TOTO WM MHOTO 3aKOHA K YCJIOBUSM KOHKPETHOM
3ajaui. B cBS3M ¢ 3TUM, pellleHUE TOJKHO CONMPOBOXKIATHCS KPATKUMH, HO
MCUEPNBIBAIOUINMHU CJIOBECHBIMH MOsICHEHUSAMHU. B kadecTBe 0Opasiia ncnosb-

3ylTe MaTepualibl pasienoB mocodus «lIpumepsl perenus 3amaauy.



I'maBa 1. OcHOBBI KJIACCHYECKOM MEXAaHUKH

MexaHnnyeckoe JBHKEHHE MPOCTENIIasl, HO B TO )K€ BpeMs, Hauboiee
oOmrast popma IBMKEHHS] MaTE€pHH, KOTOpas Kak COCTaBHAs YacTh MPUCYT-
CTBYET B TEIUIOBBIX, JJICKTPOMAarHUTHBIX, XUMUYECKUX U APYTUX SIBICHUAX.

IIpeaMeToM HM3ydeHUS KIIACCUYECKOW MEXAHUKU SABIIACTCS IBHKCHUE

MaKpOTCJI IIPpU CKOPOCTAX ABUKCHUSA MHOI'O MCHBIINX CKOPOCTHU CBCTA.

1.1. O01mue noHATHA

Mexanuueckoe osudiceHue — 3TO U3MEHEHHUE TOJIOKCHUS TN WIH UX
gacTell OTHOCUTENILHO JIPYT JIpyra ¢ TEYCHHEM BPEMEHHU.

OmuocumenbHOCmMb MEXaHU4ecKko20 O8UNCEeHUs TIPOSBISAETCS B TOM,
YTO MPHU PACCMOTPEHUU OJHOTO M TOTO K€ JABMKEHUS OTHOCUTEIHHO Pa3HBIX
HaOmroAaTenel (pa3HbIX CUCTEM OTCYETA) MOJIOKEHHE Telld, TPACKTOPHUS U
CKOPOCTb €T0 JIBUKEHHS MOTYT OLICHUBATHCA [1O-PA3HOMY.

Cucmema omcuéma — 3TO COBOKYIHOCTh Tejla OTCUETA, CUCTEMBI KOOP-
JVHAT, CBSI3aHHOM C 3TUM TEJIOM, ¥ HETMOJBIKHBIX OTHOCHTEIHHO HUX HH-
CTPYMEHTOB JJII U3MEPEHUS PACCTOSIHHS I BPEMEHH.

Bo mHOrmux 3agadax B KauecTBe Tesa OTCUéTa BhIOMpaeTcs 3eMis, a B
Ka4yeCTBE CUCTEMbI KOOPAUHAT — MPSIMOYTOJIbHAS JE€KapTOBa CUCTEMA.

Hnepyuanvhvle cucmemvl omcuéma — 3TO CUCTEMBI, B KOTOPBIX CBOOOJ-
HOE TeJo (TeJo, Ha KOTOpoe He MEUCTBYIOT JPYTHe Tela WM UX JEUCTBUE CKOM-
MIEHCUPOBAHO) ABMYKETCSI PABHOMEPHO U MPSIMOJIMHEIHO CKOJIb YTOAHO JAOJITO.

Bce 3akoHBI KJIacCHYECKOM MEXaHMKH CIPaBEJIMBBI TOJIBKO B MHEP-
[IUAJIbHBIX CUCTEMaX OTCUETa.

OcHogHble munvl 08UICEHUS.

1) nocmynamenshoe Osudicenue — NBIKEHHE, TPH KOTOPOM JrO0ast
npsiMasi, IpoBeEHHAs B TeJe, OCTAETCs MapaieIbHON caMoil cebe uiy, Mo-
ApyroMy, KOTJa BCe TOYKU Tella JBWXKYTCS OJWHAKOBO. B 3aBUCHMOCTH OT
(OopMBI TPAaEKTOPUH MOCTYIATENBHOE IBUKEHUE MOXKET OBbITh KaK MPSMOJIH-

HEWHBIM, TaK U KPUBOJVMHEWHBIM,
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2) spawamenvroe 08udiceriue BOKPYT HETIOIBUKHON OCH — JBHUKCHHE,
MIPU KOTOPOM BCE TOYKH JBMIKYTCS TIO OKPYKHOCTSIM Pa3HBIX PaJNYCOB, IICH-
TPBI KOTOPBIX JIEXkKAT HA OJJHOM MPAMOM, HA3bIBAEMOM OChIO BpAIICHUS.

bosee cnoxHbIe TUTIBI IBWKEHUS (HampuUMep, JBIKEHUE KaTAIIETOCS
mapa) MO>KHO paccMaTpUBaTh KaK COBOKYIMHOCTh MPOCTBIX: BpAIlEHUS BO-
KpYT LEHTpa Macc U MOCTYNaTeIbHOTO JBUXKEHHUS CaMOro IIEHTpa Macc.

Mexanuueckue mooenu mein:

1) mamepuanvuas mouxa — Tteno, GopMol M paszMepamMu KOTOPOTO
MOXHO TIpeHEeOpedh MO CPABHEHUIO C XapaKTEPHBIMU PACCTOSHUSMH, pac-
CMaTpUBAaEMbIMHU B 3a/ade (HMCIIOIB3YETCS MPU ONMHUCAHUMA TOCTYIATEIHHOTO
JIBUKEHUS );

2) abconmomno meépooe meno — TEIO, PACCTOSHUE MEXTY JIFOOBIMHU
JBYMSI TOUKaMU KOTOPOTO HE MEHSETCS BO BPEMs JABUKEHUS, TO €CTh TEJO,
JUISI KOTOPOTO MOXKHO TpeHeOpeub ero aedopmanueid (MCHOJb3yeTcs MpU

OIIMCaHWHN BPaAIaTCIbHOI'O I[BI/I)KeHI/IH).

1.2. KunemaTuka mocTynarejbLHOI0 ¥ BPallaTeJJbHOI0 IBHKeHH

OcHoBHas 3agada KHMHEMAaTHUKHU — OIIMCAHMC IOIBMIXXCHUA TCJI oe3 pac-
CMOTPCHHA IPHUYHH, BBI3BIBAIOIWX HW3MCHCHHC JTOr0 ABHIKCHUS. Omnucartb
ABHKCHHUC — OTO 3HAYHUT, BO-TICPBBLIX, YCTAHOBUTb KOJIHMYCCTBCHHBIC XapPaKTC-
PUCTUKH, IO KOTOPBIM OJAHO JBHXKCHHMC MOXKCET OTJIMYaThCsI OT JpPYyroro,
BO-BTOPLIX, YCTAHOBHUTDH CBA3U MCIKIY 3TUMH XAPAKTCPUCTHUKAMH, TO CCTh 3a-
KOHBI, ITO3BOJIAIOIIME IPEACKA3ATE IMOJOXKCHUC TCJIa U COCTOSAHHUEC €ro ABHXKC-

HUA B HpOPISBOJ'IBHBIﬁ MOMCHT BpEMCHHU, €CJINM U3BCCTHBI HAYAJIbHBIC YCIIOBHAL.

1.2.1. IlonsaTuiiHblii annapat (KUHeMaTHYeCKHE XaPAKTEPUCTUKH)

OOparmasch K ONPEACICHUIO MEXaHWYECKOTO JBI)KCHHS, 3aMeyacM,
YTO JJIsl €r0 ONMKMCAHUsI HEOOXO0IUMO BBECTH YEThIPE TPYMIbI BETUYNH:

— BEJIMYMHBI, OTMCHIBAIONINE TTOJIOKEHUE TeIa OTHOCUTEILHO BHIOpaH-
HOM CHUCTEMBI OTCUETA;
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— BEJIMYMHBI, ONHUCHIBAIOIINE U3MEHEHHE TTOJIOKCHUS;
— BEJIMYMHBI, OMUCHIBAIOIINE OBICTPOTY ATOTO M3MEHEHHSI C TCUCHHUEM
BPEMEHHM (COCTOSIHUE IBUKEHUS);

— BCJIMYUHBI, OITMCHIBAIOIMHNC N3MCHCHHNC COCTOAHUA ABUKCHU .

Be]lu’-lqul, xapaxkmepusyrouwue nojloddceHue meiaa

I — paouyc-eekmop mouKu, 4KcC-
Hauano A

OTCHCTA

JICHHOC 3HAYCHHUE OINpPENeIsIeTCs UIMHOW
OTpe3Ka OT Hayasla OTCYETA J0 TOJIOKEHUS
TOYKM B JAHHBIK MOMEHT BpEMCHH,
HamnpaBJIeH OT Hadaja OTCYETa K TOYKE
(cMm. puc. 1.1);

(X, ¥, ) — Koopounamwvt mouxu
OTIPENIETISIOTCS JJIMHAMH OTPE3KOB KOOp-
JUHATHBIX oceit (puc. 1.2);

S — 0nuna nymu — cxanspHas BeJu-

4YHnHa, YHCJIICHHO paBHaH JJINHE 0Tpe31<a
Puc. 1.2 v
TpaeKTOpI/II/I OT Ha4dYaila oTcuera OO ITIO0JIO-

e A KCHHUA TOYKH B I[aHHI)II\/JI MOMCHT BPCMCHHU

: (cMm. puc. 1.3).

CBsi3p MEXAY STUMH XapaKTepUCTH-

Puc. 1.3 F=xXi +yj+2K; [[|=r=4x2+y2+22;

¢ — Y201 nO6Opoma — BEIVNYMHA, XAPAKTEPU3YIOIIAs ITOJIOKEHHUE Bpa-
IIAIOILIETOCS TeNa B JaHHBbII MOMEHT BPEMEHH, YUCIICHHO PaBHAs YTy MEX-
Iy pajnyc-BEeKTOPOM BBIOpPAHHOM TOUKH TeJla U HAIpaBJICHUEM Ha HYJIEBYIO

OTMETKY Ha IlIKajie (Hadajio OTCU€Ta YTIJIOB).
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Befll/l"lqul, xapakmepusyrowue UsMeHeHUe NOJI0OJHCEHUA med

AF — nepemeuwjenue — BEKTOp, NPOBEAEHHBIN U3 HAYAIBHOTO MOJIOXKE-

HUS TOYKH (A1) B KOHEUHOE ToJIoKeHHe (Az) W HampaBJiICHHBIN OT A1 K Ay

(cMm. puc. 1.4):

A =f(xg =X 2 + (Yo~ Y1 )% +(22 — 21 )7

AS — npupawenue (uzmenenue) oOnunvl
Hymu YUCIICHHO PaBHO JUIMHE OTPE3Ka TPaCKTOPUH
OT HAYaJIBHOTO TOJIOKEHUSI TOUKU (A1) 10 €€ Ko-
HEYHOT0 moJiokeHust (Az) (cm. puc. 1.5):

AS =S, -3,.

B wacTtHOM ciywae (ecnu ABUKEHHUE Tpsi-
MOJIMHEHHOE) TpUpalleHue JINHBI TyTH MOXKET
COBMAJATh C MOTYJIEM ITepEMEIICHUS;

| — paccmoanue, npoiidennoe menom Bo
BpEeMsI IBUKCHUS.

[peamonokum, TOYKa MEepeMeCTUIach CHa-
yaja 13 MoJIOKeHN A1 B ITOJIOKeHHE A', a 3aTeEM U3
A'B A, Torga | uncnenno paBHO cymMMe OTpE3KOB
tpaektopui: | = A/A'+A'A, (cm. puc. 1.6).

B wacTtHOM ciydae (ecnu IBHIKEHHE TIPO-
UCXOJIUT B OJHY CTOPOHY O€3 BO3BpPATOB) pac-
CTOSIHUE, TIPOMJICHHOE TEJIOM, MOXKET COBMIAAATh
C TIpHUpaIIeHuEeM JUTHHBI TyTH;

AQ — y2noeoe nepemeuienue — (puznue-

Puc. 1.4

A, " AS

&

Puc. 1.5

Puc. 1.6

Puc. 1.7

CKas BCJIMYMHA, XaPAKTCPU3YHOHIAsd M3MCHCHHC IIOJIOKCHUA BPAIAIOIICTOCH

TEJa, YUCJIIEHHO PaBHas yIiIy MOBOPOTA PaJnyC — BEKTOpPa MPOU3BOJIbHOU

ToukH Tena (cM. puc. 1.7).

13



[lo pucyHKy BHJIHO, YTO NPU BpPALEHNUH Tela MPUPALIEHUE JJINHBI ITy-

TH JUIA Pa3HBIX TOYeK Tena pasnuuno (AS, >ASy), HO yrimosoe mepemerie-

HUE A¢ OJIMHAKOBO JUIsl BCEX TOYEK Tea.
Benuuunvi, xapaxmepusyrowue cocmosmue 08UdCeHuUs
Cpeonsan ckopocmsb nepemeujenus — BeKTopHas Gu3nuecKasi BEJIUUU-
Ha, YHCIICHHO PaBHAsl OTHOLUEHUWIO MEpeMElIEHUuss AF¥ K TOMY HMPOMEXKYTKY
BPEMEHH, B TEUYEHHE KOTOPOrO 3TO MEpPEMEIIEHUE OBbUIO COBEPIICHO, U

HarpaBJICHHAs TaK ke, Kak U BeKTop Ar :

(5)="2", (1.1)

[Ipy mepeMelieHny no 3aMKHYTOM TPaeKTOpHH, O4eBUAHO, AF =0 u
(5)=0.

Cpeonasa nymeeasa ckopocmp — CKalsipHasi BEJIMUYMHA, YACICHHO PaB-
Hasi OTHOIIECHUIO PACCTOSIHUSI, MPOWJICHHOTO TEJIOM, K TOMY MPOMEXYTKY

BPEMEHH, 32 KOTOPOE ITO PACCTOSTHHUE ObLIO PONICHO:

() :ALt. (1.2)

Mcznosennaa ckopocmo (nuHelinasn) — BEKTOpHas (U3MUECKas BeId-
YMHA, XapaKTEPHU3yIoLlasi COCTOSIHUE JIB)KCHMS B JaHHBII MOMEHT BPEMEHH,
paBHas IEpPBOM MPOU3BOJHOM OT paanyc-BEKTOpa TOYKHM IO BPEMEHH U
HaIlpaBJeHHAas N0 KacaTeJIbHOU K TPAEKTOPUU JIBHKCHHUS.

. dr
U= (1.3)
[Ipu At—0 GeckoneuHo Mainoe mepemernieHue dr Mo Momayno Oynaer

COBIAJATh ¢ OCCKOHEYHO MaJlbIM MpHpAIlEHUEeM JUIMHBI myTH S, TO ecTh

|dF| =dS, Torma MoayJib CKOPOCTH HAMAETCS KaK MEPBAs MPOU3BOIHAS OT ITy-

TH TI0 BPEMEHH:

22 _g (1.4)



[Ipn KOOpAMHATHOM CHOCOOE OINKCAaHUS JABUKEHUS NPOEKIMH CKOPO-

dx, =~ _dy ~~_dz

CTH Ha KOOPIAMHATHBIC OCH: U =——; U U =—, a MOJIyJIb CKOPOCTH:

dt’ vy dt’ z dt
D= 1)2+02+02.
' x y z

Yenoeaa cxopocmov (mcnoeennas) —
BEKTOpHas (hu3nyeckas BEeJIMYHWHA, XapaKTe- A=
pu3ylomasi ~ COCTOSIHME  BpalllaTeIbHOTO

JBHKCHHUST B JIAHHBIM MOMEHT BPCMCHH, @

YUCJIEHHO paBHAs MEPBOW NMPOU3BOJHOM OT

yrJia MOBOPOTA MO BPEMEHH U HaIlpaBJICHHAsI
BJIOJIb OCH BpAILIEHUS B Ty CTOPOHY, OTKYy/a
BpalllCHHE  KAXKETCS  MPOUCXOJAIIMM  TPOTHB  YAaCOBOM  CTPEJIKU

(To ecTh 1O TpaBuITy MpaBoro BuHTa) (cM. puc. 1.8):

0= _y (L5)

dt
Benuuunwl, xapaxmepusyrowjue usmeHeHue coCmMosHUsL O8UHCEHUS
Mznoeennoe nonnoe yckopenue (numneiinoe) — BEKTOpHas (usuue-
CKasl BeJIMYMHA, XapaKTepu3yloiasi ObICTPOTY U3MEHEHHUS BEKTOpa JIMHEHHOM
CKOpPOCTH, YHCIICHHO paBHasi MEPBOM MPOU3BOJHON OT BEKTOpPA CKOPOCTH IO

BpPEMEHU:

‘Q_
Ci

i= (1.6)

dt

[TomHOE ycKOpeHHE MOXKET OBITh HAMPAaBIICHO IO JIOOBIM YTJIOM K
CKOPOCTHU B 3aBUCHMOCTH OT XapaKTepa JIBH>KCHHUS.

Tak Kak CKOpPOCTh — BEKTOpHAs BEJIMYMHA, TO U3MCHCHHUS CKOPOCTH

MOTYT MPOUCXOIUTh MO JABYM IpPHU3HAKAM: IO YHCIEHHOMY 3HA4eHHio (1o

MOJIyJII0) ¥ TI0 HampaieHuto. [103ToMy ToJTHOE YCKOpPEHHE TPUHATO JCUTh

Ha JIB€ COCTABJIAIONIME: TaAHTCHIMAILHOE (KacaTeabHoe) yekopenue (48, ), Ko-

Topoe MaéT nHpopManuo 00 N3MEHEHUH YHCIICHHOTO 3HAYEHUSI CKOPOCTH, U
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HOpMaJibHOE (IIEHTPOCTPEMUTENBHOE) yCeKopenue (8,), KoTopoe HaéT WH-

dopmaruio 00 N3MEHEHUHU HAMPaBICHUS CKOPOCTH.
a=a,+4a,. (1.7)
Tanzenyuanwvnoe yckopenue (Kacamenvhoe) — BEKTOpHas (uznve-
CKasl BEIMYHMHA, XapaKTepPHU3yIoIasi ObICTPOTY U3MEHEHHUSI CKOPOCTH TeJa 110
a0COIIFOTHOMY 3HAYCHHIO, YNCIICHHO PaBHAs TIEPBOW MPOU3BOIHON OT MOIY-
JIsI CKOPOCTH 0 BPEMEHH M HAIpaBJICHHAS TI0 KacaTeNIbHON K TPAeKTOPHU B
Ty )€ CTOPOHY, YTO ¥ CKOPOCTb, €CJIN JIBMKEHUE YCKOPEHHOE, U TPOTHBOIIO-

JIO)KHO CKOPOCTH, €CJIM ABHKCHHEC 3aMCIIJICHHOC:

do
— . 1.8
a, it v (1.8)

Hopmanwvnoe yckopenue (yenmpocmpemumesnbnoe) — BEKTOpHas (u-
3U4YecKasi BeTUYMHA, XapaKTepu3yloas ObICTPOTY U3MEHEHUsI HalpaBlIeHUs
CKOPOCTH, YHUCJICHHO paBHAas OTHOILICHHUIO KBaJpaTa CKOPOCTH K Paanycy

KPUBU3HBI TPACKTOPHH, HAMIPABIICHHAS BJIOJIb Pauy-

Ca KPUBM3HBI K IEHTPY KPUBHU3HBIL:

2
a,=—. (1.9)

c

Tak kak BEKTOpbI d, W &, HaIpaBlEHbI IO

IPSIMBIM YTJIOM JIPYT K JIPYTY, TO C653b MENUCOY UX MO-

Puc. 1.9 oynsmu Hainérest o Teopeme [udaropa (cm. puc. 1.9):

Aromm. = ar21 + az% . (110)

[Tpu KoOpAMHATHOM CIIOCOOE OMMCAHUS TBUKEHHUS MMOJTHOE YCKOPEHHE

MOJKET OBIThH IpeaAcCTaBJICHO 4CPEC3 CBOU IIPOCKINHN Ha KOOPAMHATHBIC OCH:

do do
Ao :\/m,rﬂe dy :d—tx, ay :—dty .

Yenoeoe yckopenue — BextopHas dusmdeckas BEIMYMHA, XapaKTepH-
3ytoias ObICTPOTY U3MEHEHUS YITIOBOM CKOPOCTH, YUCIEHHO PaBHAs MEPBOM

IIPOM3BOTHON OT YITIOBOM CKOPOCTH IO BPEMEHH M HAIIPABIICHHAS BAOJb OCH

16



BpalIEHUsl B Ty K€ CTOPOHY, YTO M YIJOBasi CKOPOCTh, €CIU CKOPOCTh BO3-

pacTaeT, U MPOTUBOMOJIOKHO €M, €CJIi OHA YOBbIBaET.

. da
E="p- (1.11)

[TockonbKy MBI OTpaHUYUBAEMCSI PACCMOTPEHUEM BpAILIEHUS BOKPYT
HETIOABMKHOW OCH, YIJIOBOE YCKOpPEHHE HE JCIUTCS Ha COCTABJISIONINE TIO-
JTOOHO JTUHEHHOMY.

Ce513b MedHcOy Y2n08bIMU XAPAKMEPUCMUKAMU 8PAWAIOWe20Cs med
U TUHEUHBIMU XAPAKMEPUCMUKAMU OBUNCEHUSL €20 OMOETbHbIX MOYEK
AS=A¢@-R; v=w-R; a,=¢"R,; an:a)Z-R, (1.12)
rae R — pagnyc oKpy>KHOCTH, TI0 KOTOPOH JIBIKETCS paccMaTprBaeMas TOUKa
BpaIlaronierocs Tenia.
Knaccugpurxayus osusrcenuti

HawnGomee wHGOpPMATHBHOW XapaKTEPUCTHKOW IBIIKCHUS SIBIISCTCS
YCKOPEHHE, TOATOMY OHO HMCTOJB3YETCs B KaueCTBE OCHOBAHUS /IS KJIACCHU-
dbuKanuu IBKCHUH.

HopmainbHoe yckopeHue HecéT nHdopmaiuio o0 U3MEHEHUU HarpaB-
JICHUSI CKOPOCTH, TO €CTh 00 OCOOCHHOCTSX TPACKTOPUHU JBUKCHUS:

a, =0 — mpavonuneiinoe Osudicenue (HampaBJIICHHE CKOPOCTH HE Me-

HSETCS);

a, #0 — kpusouneiinoe dsudiceHue.

TaHTreHIMaIbHOE YCKOPEHHUE OMpeEsieT XapaKTep U3MEHEHUS MOY-
71 CKOPOCTU C TE€YCHHEM BpeMeHH. [10 AToMy mpu3HaKy MPUHSATO BBHIICTSATH
CJICYIOIINE BUBI JBUKCHHUS

a, =0 — pasnomepnoe osudcenue (aOCOMIOTHOE 3HAUCHUE CKOPOCTH HE
MEHSETCH);

a, #0 — nepasnomepnoe osudicenue (yckopennoe, eCiii yCKOPEHHUE CO-

HaIpaBJICHO CO CKOPOCTHIO WJIA 3CIM€0JZ€HHO€, CCJIM 3TO YCKOPCHHUC HAIIpaB-

JICHO MPOTHUBOIOJIOKHO CKOPOCTH).
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AHJIOTUYHO JIJIs1 BPAILIATEIbHOTO ABUXKEHUSL:

£=0 - pasnomepnoe epawenue;

&#0 — nepasnomepnoe epawenue (yckopennoe unu 3amedieHHoe).

Haubornee mpocTbIMU YaCTHBIMH CIy4asiMU HEPAGHOMEPHO20 TTBUKE-
HUS SBIISIOTCS

— pasHonepemeHHoe OgudiceHue (pasHoyckopenHoe Ui pagHo3ameo-

nennoe), IpU KOTopoM @, =const # f(t) — TaHreHManbHOE YCKOpPEHHE HE

3aBUCUT OT BPEMEHHU, OCTAETCA MOCTOSIHHBIM BO BPEMsI JBUKECHUS,
— 2apmoHuvecKoe KolebamenvHoe O8udceHue (Hampumep, TBHKCHUE
rpy3HKa Ha MPY>KUHE), TPH KOTOPOM TaHTCHIIMATIBHOE YCKOPEHHE MEHSETCS C

TE€YCHUEM BpPEMEHHU II0 3aKOHY CHMHYCa WM KOCHHYyca: a, = aOSin(a)t + (00)
Wi a, = aO COS(a)t + (00) . AHAJIOTMYHO JJIs1 BPAILIATEILHOTO JIBUKCHMUS:

— PABHOYCKOPEHHOE Uu pCZGHOS’aMea]leHHOe epaujenue, 1Ipu KOTOpoM
&=const ;
— KpymuJibHble Kojlebanus, €ClI YII0BOE YCKOPEHUE MEHSETCS ¢ Teue-

HUEM BPEMEHH I10 3aKOHY CUHYCa WJIM KOCHHYCA.

1.2.2. KunemMaTnuecKue 3aK0OHbI

KuHeMaTHUeCKUMH 3aKOHaMHU Oy/eM Ha3bIBaTh 3aKOHBI, BHIPAXKAIOIIHE
M3MCHEHUE KHHEMATHYCCKUX XapaKTEPUCTHK JBMIKCHHS C TCUCHUEM BPEMCHH:

— 3akoH nytu S = S(t) uu ¢ = ¢(t);

— 3aKkoH ckopoctu v = v(t) mwm @ = w(t);

— 3aKk0H yckopenus o = o(t) nam e= &(t).

Kunemamuueckue 3axkonbl ckopocmu u nymu 0711 ROCHYRAMe1bHO-
20 U 8PAMAMENbHO20 OsudCeHUIl 8 00uwem eude. Ecinu yCKOpeHHEe paccyu-
TBIBAETCS KaK IMPOMU3BOAHAS OT CKOPOCTH IO BPeMEHH (CM. OIpeAeIcHHE), TO
CKOPOCTh 10 OTHOIICHHIO K YCKOPEHHUIO SBJISIETCS MEepBOOOpa3HOM, a H3Me-
HEHHE CKOPOCTH PACCUMTHIBACTCS KaK MHTErpaj. AHAJOTMYHO Jajiee: eCiu

MOAYJIb CKOPOCTH PACCUHUTLIBACTCA KaK IIPOHU3BOAHAA OT IIYTHU IIO BPEMCHU
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(cMm. ompeneneHue), TO MyTh IO OTHOIIEHUIO K CKOPOCTH SIBIIIETCS MTEPBOO0-

pa3H0171, a UBSMCHCHHUC NJIMHBI ITYTH PACCUMUTHIBACTCA KaK MHTCIpaJI.

t t
=0, +ja, (t)dt; w=a, + jg(t)dt
0 0

t t
S =S, +[o)dt; ¢ =g, +[e(t)dt
0 0

(1.13)

Kaxk BHUAHO, Ui pCIICHUA 3a1a4 Ha OCHOBC KMHCMATHYCCKHUX 3aKOHOB

HCO6XOI[I/IMO 3HATb 3daKOH H3MCHCHHUA YCKOPCHHUA C TCUCHHCM BPCMCHH, 4

TaKXKe HAaYalbHbIC YCIOBHSA — Sy (HIH @), Uy (WIH @), T. €. HOJIOXKCHUE U

CKOPOCTB TeJla B HauabHbIH MOMEHT {j.

Tabnuya 1.1

KunemaTtuyeckue 3aKOHBI /IS MPOCTEHIINX BUAOB IBHKEHHSI

/eusicenue

3aKoH ycKopeHus

3aKkon ckopocmu

3aKkon nymu

PaBHOMEpHOE

a,(t)=0;
et)=0

u(t) = v, = const;
ao(t) = @, = const

S(t) =ut;
p(t) = ot

PaBHOmnepe-
MEHHOE

a, (t) = const;
&(t) = const

o(t) =v,+at;
ot) =, + &t

s(t) = uot+%a,t2;

o(t) = ot +%5t2

I'apmonnyec-
Koe Koieba-
TEJIBHOE

a_(t) = a™ sin(awt)
&(t) = £™ sin(wt)

o(t) =™ sin(a)t — %)

o(t) = 0™ Sin(a)t — %)

S(t)=S"* sin(et — 7);
o(t) = ™ sin(wt —7)

1.3. I[I/IHaMI/IKa MOCTYNNATC/JIbHOI'O U BPAIIATCJIbHOI'0 ABHKEHU M

OcHoBHas 3aadya AMHAMUKH — YCTAaHOBHUTL IMPHUYMHBI, IIPUBOJAIINUEC K

HU3MCHCHHNIO COCTOAHUA ABHUKCHUA TCII, U (1)aKTOpI>I, OIpCaACIAOIINC YCKOPC-

HUsl, TpuoOpeTaeMble TenaMu. B paMkax KiiaccMuecKoil MEXaHUKH paccMar-

PHUBAIOTCS TOJBKO /1Ba (paKTOpa, BAUSIOLIME HA YCKOPEHHUE:

— BHEILIHHUE BO3JCHCTBUS HA TEJIO;

— COOCTBEHHBIE MHEPTHBIE CBOMCTBA TEI.
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1.3.1. louAaTHIiHBIH anNapaT (IMHAMHYECKHEe XaPAKTePUCTHUKHU)

Be]lu’-lqul, xapakmepusyrouwue UHmMeHCUBHOoCnbs
BHEUHUX 8030€UCMEULL npu nocnynamejlbHom o8udICeHUU

Cuna — BexTOpHAs (pU3MUeCcKasl BEIMYMHA, XapaKTEepU3yrolas WHTEH-
CHUBHOCTH BHEIIHHMX BO3JICUCTBUIN (TOUHEE B3aWMOJCUCTBUS TEN) MPHU MOCTY-
naTeapHOM JIBYOKeHHH. E€ uncieHHoe 3HaueHHe u3MepsieTcsl TM00 Ha OCHO-
Banuu |l 3akonHa HproToHa nub0 (MpH CTaTUYECKUX MPOSBICHUAX) MYyTEM

CpPaBHCHHUA C 5TAJIOHOM.

Hampagiienne BeKTOpa CHilbl F ompenemnsiercs eé dhu3ndeckoii mpupo-
noW (HampuMep, cujla TPEHUs BCEr/la HalpaBiieHA IO KacaTelbHOM K Tpy-
IIMMCS TIOBEPXHOCTSM B CTOPOHY IIPOTHBOIIOJIOKHYKO OTHOCUTEJIBHOM CKO-
pocTH JBUKEHUS Ten). Pe3ynbrar qeicTBUS CUITBI HE MEHSETCS, €CIIU TOUKY
e€ IPUIOXKEHUS IEPEHOCUTH BJIOJIb TUHUU JACHUCTBUS CUJIBL.

Hmnynsvc cunvt — BeKTOpHas u3nueckasl BEIMUMHA, XapaKTepU3yIO-
masi ACMCTBUE CUJIBbI C YIETOM BpeMeHU e€ neicTBus. Hanpasiienne numiyJis-
ca CWIbl COBIAJAET C HANpPAaBICHUEM CaMOW CHJIbI, a YHMCIOBOE 3HAUYCHHE
oTpezieNsieTcss MPOM3BEICHHEM CHIIBI Ha Bpemsl e€ nelcTBHs (eciu cuia

ocTaéTcs MOCTOSIHHOM BO BPEMsI JIBHIKCHHS):
U =FAL. (1.14)
Ecnu cuma u3meHsieTcs ¢ TEYEHHEM BPEMEHM, TO UMITYJIbC CHUJIbI BbI-

YUCIIIETCS IIYTEM UHTETPUPOBAHUSL:

U = [Fdt. (1.15)

O— —~

Paboma cunwt — ckansgpHas Qpuznyeckasi BEIMUNHA, XapaKTEePU3YyIOIIas
JNEUCTBUE CHJIBI, C YUETOM PACCTOSIHUS, IPOUIEHHOTO TEJIOM IOJ AEHCTBUEM
ATOM CHUJIbI, YUCIIEHHO paBHasl CKAJIIIPHOMY MPOW3BEICHUIO BEKTOPOB CUJIBI U
nepeMeIeHuUs.

[Ipu nocTostHHOU cuie:

A = (IE,AF)z F.Ar-cosa =F, -Ar, (1.16)
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rie F, =F-cosa — mnpoekuus CWIbl Ha HaIpaBiI€HUE IEepeMELICHUS,
Ar — nepemMelieHue Tea, o — yroja Mey HalpaBJIEHHEM CUJIbI U HaIlpaBlie-
HUEM TIEPEMEIICHUSI.

[Ipu nepemeHHoOM cuie paboTa BBIYUCISAETCS MyTEM UHTETPUPOBAHMUS,
MIPU 3TOM MOKHO Y4Y€CTb, YTO JJIsI OECKOHEYHO MajbIX MEepEeMEICHUI crpa-

BeuBo dr = dS, mostomy:
SZ
A = [FydS. (1.17)
Sy

Be]llxqu/lel, xapakmepusyrouwue UHmeHCu6HOCms 6HEULHUX 6030eticmaeuil
npu epawianiejibHom 08UIICEHUU

[TockonBKyY IIpY MOCTYNATEIBHOM JIBHKEHUU
TEJI0 PACCMATPUBAETCS KAK MaTepuaibHas TOYKa,
BCE CHJIBI MOXHO CYUTATh MPUIIOKECHHBIMU B OJ- B
HON TOouke B LeHTpe macc. OIHAKO MpU PaccMOT-
PEHUM BpalIATEIbHOTO JBWKEHUS 3TOTO JeNaTh
HEJIb3s, MOCKOJIbKY pe3yJbTaT JCHUCTBUSA CHUJIbI B

. Puc. 1.10
9TOM CJIy4ae CYLIECTBEHHO 3aBHCUT OT TOYKH €€

— —

npunoxenus. Eciu k Temy, moouepenno mpunarate cunsl Fy u F,, copma-

Jaromue I10 a0COJIFOTHOH BENWYHHE U HAIIPaBJICHUIO, HO IIPHJIOKCHHBIC Ha

pasHbIX paccTossHUSIX oT ocH (cM. puc. 1.10), To, O4eBHIHO, YTO U3MECHEHHUE

—

COCTOSIHUS IBIDKEHHs Tena 1ox jeiicTBueM cuibl F,, Oynmer Oonee 3Haum-

TEJAbHBIM, YEM I10J] JCHMCTBUEM CHIJIBI Fl- DTOT (HhaKT IPUBOAUT K HEOOXO -

MOCTH BBEJICHUSI HOBOM BEJIMYUHBI ISl XAPAKTEPUCTUKHU BO3JICUCTBUS TEI
JOpYT Ha Apyra Mpy BpallaTeIbHOM JBHKEHUH.

[IycTh, Ha TBEPHOE TENO, UMEIOIIEE HEMOABMKHYIO och BpaiieHuss OO0,

neiictByet cuna F (cm. puc. 1.11). Pa3noxkum 3Ty cuily Ha JIBE COCTABJISIO-

—

uwe: F, , nelicTByIONIyIO B INIOCKOCTH, IEPIICHAUKYIIPHON OCH BPAILECHHS, 1
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—

F; — mapamtensHyto ocu Bpamenus. Co-

CTaBJIArOIIas1 FH HC MOJXCT BbI3BATb Bpa-

MAaTCJIbHOIO IABHIKCHUA BOKPYIT OCH 0O0.

—

Bpamaromiee neiictBue cunbsl F oOycioB-

—

JIEHO €€ cocTasiisttomein F 1

Momenm cunibt OTHOCUTEIILHO OCU —

BEKTOpHAas (hu3nueckas BEIMYMHA, Xapak-

TCpU3yomiasd HMHTCHCUBHOCTb BHCIIHHUX

Puc. 1.11

BO3JICMCTBUM TIPH BpalaTEIbHOM JIBHXKE-
HUH, PaBHAsE BEKTOPHOMY MTPOU3BEICHHUIO paiyc-BeKTOpa I, MPOBEJICHHOIO

OT OCH Bpall€CHUA K TOYKC IIPUIOKCHHA CHUJIbI WU JICKAIICTO B ITNIOCKOCTH,

—

HGpHGHIIHKYJIHpHOﬁ K OCH BpalllCHHA, Ha COCTABJIAIOIIYIO CHJIbI FJ_, I[GIZ-

CTBYIOLIYIO B 3TOM K€ IUIOCKOCTH:
M=FxF,. (1.18)

Bektop M HampaBieH BAOJIb OCHM BpallleHHS B Ty CTOPOHY, OTKyJAa

—

KpaTJaifimii mepexon or I k F, mponcxoant mpoTuB gacoBoit CTpeskH (To

—

€CTh HampaBjieHue M CBSI3aHO C HaNpaBJICHUEM BpAICHUS Tela MOJ JIE-
CTBHMEM 3aJIaHHOW CHUJIbI ITPABUJIOM MTPABOI'O BUHTA).
Moayne BEKTOPHOIO IPOM3BEACHUS MOXXHO HAWTH IO CIEAYIOLIEH
dbopmye:
M =Frsina. (1.19)
Kax Buano, us puc. 1.11, r-sine=h, rorna
M=F, xh, (1.20)
rae N-ruedo cuibl — Kpardaiiliee pacCTOSHUE OT OCU BPAILEHUS 10 JIMHWY,

BJIOJIb KOTOPOM HEWUCTBYET CHUJA F o a- YroJl MEXIY IOJOKUATEIbHBIMU

—

HaIIpaBJICHUAMU BekTopoB F | m T .
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HMnlebC MOmenma cujibl — BCKTOPHAsA (1)1/131/111601(31;1 BCJIIMYMWHA, Xa-
PAKTCPpU3YyIOIIasa ,Z[€I>’ICTBI/IG MOMCHTA CHJIBI C yqéTOM BpPpEMCHU €TO ,ZIGI\/'ICTBI/ISI.
HaHpaBHCHHG HUMITYJIbCa MOMCHTA CUJIbI COBIIAAACT C HAIIPABJIICHUCM MOMCH-
Ta CHJIbI, @ YHCJIOBOC 3HAYCHUC OIIPCACIIACTCA IMPOU3BCACHNCM MOMCHTA CHU-
JIbI Ha BpEM:A €r'o IleﬁCTBHH (CCJIH MOMEHT CHJIbI OCTa€TCsI MOCTOSSHHBIM BO

BpEMsI JIBHOKCHUS):
Uy =M - At (1.21)
Ecnu MOMEHT Cuiibl U3MEHSIETCS C TEUEHHEM BPEMEHH, TO HMITYJIbC

MOMCHTA CHUJIbI BBIYUCIIACTCA HYTéM HHTCIPUPOBAHHNA!
t
Hy = [ Mdt. (1.22)
0

Paboma momenma cunpl — ckajsipHas (pu3nyecKas BEIMYMHA, XapaKTe-
pU3yIoIasl ICHCTBUE MOMEHTA CHJIbL, C YUYETOM YIJIOBOTO MEPEMENICHHUs, CO-
BEPIIEHHOTO O] ACUCTBUEM ATOTO MOMEHTA CUJIbI, YACICHHO paBHAasl CKaJIsp-
HOMY TIPOM3BEICHUIO BEKTOPOB MOMEHTA CUJIbI U YTJIIOBOTO NIEPEMEILICHUSI.

HpI/I IMOCTOSIHHOM MOMECHTE CUJIBI.

A =(M.45)=M - 40 (1.23)
[Tpy mepeMEeHHOM MOMEHTE CHJIBl padOTa BBIUMCISETCS MyTEM WHTE-

IPUPOBAHUS:

Ay = [Mdg. (1.24)
(%1

Benuuunwl, xapaxmepusyrowjue unepmHle c60UCmea mei

Huepmnocmob — 310 CIOCOOHOCTH TEJ B OOJIBIIICH WJIM MEHBIIEH CTe-
IIEHU U3MCHSATHh COCTOSIHUE JIBHOKCHHS ITOJ JEHCTBUEM BHEIIHUX CHII. To Te-
710, KOTOPOE MpHU 3aJaHHOM BO3ICHCTBUU U3MEHSET COCTOSIHUE CBOETO JIBU-
YKEHUsI B MEHBIIICH CTENIEHU, CYUTAETCS 00JIe€ HHEPTHBIM.

Macca — ckansgpHas Qu3nyueckas BEJIMYMHA, XapaKTepu3yromas
WHEPTHBIE CBOMCTBa TeJl MPH TOCTYIMATEIbHOM JBH)KCHUHU (Macca — Mmepa
nHepTtHOCTH). OTHOCUTCSL K OCHOBHBIM BennuuHaMm cuctembl CU u ompene-

JISIE€TCS MyTEM CPaBHEHMS C HTAJTOHOM.

23



Macca cBsi3aHa ¢ 00bEMOM Tena: m= pV , I'le O — IJIOTHOCTh Belle-
CTBAa, U3 KOTOPOI'O COCTOMUT TeJNO (TaOJIMYHask BEIUUNHA).

BBIICHUM, MOKHO JIM BOCIIOJIB30BAaThCSl Maccou
KaK XapaKTEPUCTUKOW MHEPTHBIX CBOMCTB TEJN JUI Bpa-

maTCJIbHOIO ABMXKCHMA TCII. H}’CTB €CTh ABa KoJicca C

OINMHAKOBBIMH BHCIITHUMH PAINyCaMU 1 OJWHAKOBBIC 110

m, = m.

Macce, HO y TepBOro OCHOBHAsI YaCTh MacChl COCPEHOTO-
Puc. 1.12

YyeHa BOJM3M OCH BpalleHHs, a 000/ Kojeca JIETKH, y
BTOPOro, HA0OOPOT, OCHOBHAs YacTb MAacChl COCPEAOTOYEHa MO 0004y (CM.
puc. 1.12). BynyT 51 5TH Kojieca BeCTU ce0sl OIMHAKOBO MPH OIMHAKOBBIX BHEIII-
HUX BozaehcTBusIx? O4yeBuHO, HET. Bropoe koseco OyaeT nposBisiTh OOIBIIYIO
MHEPTHOCTh: IMPU OJIMHAKOBBIX BHEIIHUX BO3JEHCTBHUAX €r0 YIJIOBas CKOPOCTb
OyZeT MEHAThCS B MEHBLIEH CTENEHH, YEM Y TIEPBOTO KoJieca. MOYKHO pacCyk1aTh
U B 00paTHOM MOPSJIKE: €CIM Mbl 3aXOTeNH Obl OJJIHAKOBO M3MEHUTH YIJIOBYIO
CKOPOCTb BpAlIEHHs 3THUX KOJIEC, TO KO BTOPOMY KOJIECY MPUILIOCH Obl MPHUIIO-
KUTh OOJIBIIIME BO3/ICHCTBYS, YeM K MEPBOMY (BTOPOE KOJIECO TPYAHEE pa3orHaTh
U TPY/IHEE OCTAaHOBUTD, CIICJIOBATEIEHO, €I0 HHEPTHOCTH OOJIBIIIE).

Takum obOpa3om, macca Tena cama 1o cebe He JAET MpeNCTaBlIeHUsT 00
MHEPTHBIX CBOMCTBAX TEJ [0 OTHOLIEHHIO K BpalllaTeIbHOMY JIBMOKEHUIO. MHEepT-
HOCTb T€JI B 3TOM CJIy4ae 3aBUCHT €ILE U OT TOro, KaK paclpeiernieHa 3Ta Macca o
OTHOUIECHUIO K OCH BpallleH!s. B CBSA3M ¢ 3TUM BBOJUTCS HOBAsl BEJIMUMHA.

Momenm unepyuu — cxansgpHas ¢uznyecKas BEJIMUMHA, XapaKTepu-
3ylolllas UHEPTHBIE CBOMCTBA TEJ BO BpALATEIbLHOM ABMXEHUU. [[ns marte-
pUATBHOM TOYKHM MOMEHT MHEPLMU YHCIEHHO PAaBEH MPOU3BEACHHUIO MacChl

TOYKHM Ha KBaJpaT €€ pacCTOsIHUS OT OCU BpaILlCHUS:
2
| oy = MIF<, (1.25)
a OJId CUCTCMBbI OHpeI[eJ'IﬂeTCH CYMMOfI HpOI/IBBeI[eHI/Iﬁ MaCC OTACJIBHBIX TO-

UCK Ha KBaJApaThbl UX paCCTOHHI/Iﬁ OT OCH BpalllCHUA:

| => mr?. (1.26)



OTO BBITEKAET U3 3KCHEPUMEHTAIBHO YCTAaHOBJIEHHOI'O CBOWCTBA aj-
JUTUBHOCTU MOMEHTA MHEPLIMH, BBIPAKAOLIETOCS B TOM, YTO MOMEHT MHEP-
[[UM CUCTEMBI PAaBEH CyMM€E MOMEHTOB UHEPLUU OTAECIbHBIX YaCTEH dTON CH-
CTEMBI (TEJI0 MOXKHO PACCMaTPUBATh KAK CUCTEMY MATEPUATIbHBIX TOYEK).

Bonee cTporo, Tak Kak T€JI0 COCTOUT U3 OECKOHEYHO OOJIBIIOrO 4ucia

MAaTCPpUAIIBHBIX TOYCK, 4 MacCCa O,HHOﬁ TOYKH mi — O, MOMCHT MHCPIIHUU TCJIa

CIIeyeT UCKATh IYyTEM HHTETPHUPOBAHHS:
m V
| = [r?dm=[r’pdV, (1.27)
0 0

rae dm — GecKOHEYHO Maliasi YaCTh MAacChl TeJa, COCPENOTOUCHHAs B OECKO-
HeYHO MaioM 06béMe 0V} p — IIOTHOCTH BElIECTBA.

Pesynbrar uHTEerpUpoBanus o Gopmysie (1.27) 3aBUCHT OT pacmpese-
JIEHUs] MacChl MO OTHOILIEHUIO K OCH BpallleHUs, TO €CTh OT (OPMBI Tela U
PacroJIOKEHUS OCU BpAILEHUS.

Tabnuya 1.2

q)OpMy.TIbI AJISA BBIMTHCJICHUA MOMEHTOB HHEPIIHH HEKOTOPLIX TEJ

Teno Ionoscenue ocu epauienusn Momenm unepyuu

[Tonblit TOHKOCTEHHBIHI CoBrnagaer ¢ 0Cbl0 CHMMETPUU mR?
LWJIMH]IP WU KOJIBLO

CrnomHoM nUIMHAP CoBraziaer ¢ 0cbl0 CHMMETPUU 1

WM TUCK paauyca R 2 mR
[Tpsimoii TOHKMM cTepxkeHb | OCh NMEepPHeHAUKYISIPHA CTEpXK- 1 .,
JUTaHOM | HIO U NPOXOJAUT YEpe3 €ro cepe- 12 mL

TUHY
[ITap pagunyca R Ochb IPOXOUT Yepe3 LIEHTP MIapa 2 mR?
5

O4eBHUIHO, YTO MPU U3MEHEHUU MOJIOKEHUS OCH BPAILICHUS U3MEHSIET-
Csl paclpelleNIEeHHEe MacChl T€Jla OTHOCUTEIBHO OCH, CJIEIOBATENIBHO, U €r0
MOMEHT MHEPIIUHU.

Teopema Illmeunepa: momenm unepyuu meaa OMHOCUMENbHO NPOU3-

soavrot ocu (1) pasen cymme momenma unepyuu 3moeo mena OMHOCUMENbHO
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ocu, napaiienvbHol 0anHol, Ho npoxooswel yepes yeump macc (o), u npous-

GGOQHM}Z Maccvl mejia Ha Keadpam pPaccmosHus Meofcdy OCAMU (d ):
_ 2
| =1 +md2 (1.28)
TeopeMa IMMO3BOJIACT HAXOOWUTb MOMCHT HHCPHHH TCJIa OTHOCHUTCIBHO

HpOHSBOJ’IBHOfI OoCH, €CJIM M3BCCTCH MOMCHT HMHCPHOHUHN 3TOI0 TCJIa OTHOCH-

TEJIBHO OCH, IPOXOIAIICH Yepe3 IICHTP Macc:

BeﬂuLlqul, xapakmepusyrowiue 3anac osudicenus mena

Ecnn TCIO0, ABMKYIICCCSA CO CKOPOCTBIO U IIOIBLITATHCSA OCTAHOBUTDL, TO
BOSI[@fICTBHG, KOTOPOC IIPpHU 3TOM IIPUIACTCS HPUITIOKHUTH, 3aBUCUT HE TOJILKO
OT CKOPOCTH JABHIKCHHUA, HO U OT MHCPTHBIX CBOMCTB Tea. I[J'DI XapaKTCpu-
CTHKH 3allaCa ABMKCHHUS TCJIa IIPHU IIOCTYIIATCIbHOM H BPAallAaTCIIbBHOM JIBH-
J’KCHHMH HCIIOJIB3YIOTCA ABEC BEKTOPHBIC U ABC CKAJLIPHBIC BCJIMYUHBI.

HMl’llebC meiia — BEKTOPHasA BCIIMYMHA, YACJICHHO paBHAs IIPOU3BCIC-
HHIO MACChbl TCJIa Ha CKOPOCTb €TI0 JABHKXCHMA, COBIIAJArOIIasa 10 HallpaBJc-

HHIO CO CKOPOCTBIO!:

—

P=mo. (1.29)
Momenm umnynvca mena — BEKTOPHAsI BEJIMUMHA, YUCIEHHO paBHas
POU3BEICHUI0O MOMEHTA MHEPIIMU TeJa HA YTJIOBYIO CKOPOCTh €ro JIBHXKE-

HU, COBIAJAIOIAs IO HAMPABIICHUIO C YTJIOBOM CKOPOCTHIO:

—

L=1a. (1.30)
Kunemuueckasn JHepcusn méeiia npu nocmynamejlbHOMmM OGUIICCHUU —
CKaHHpHaH BCJINYMHA, YUCIICHHO paBHaH IIOJIOBUHC HpOPIBBe)leHI/IH MacCCBhI TC-

Jia Ha KBaJpaT CKOPOCTH:

2
m
W, :TU' (1.31)

Kunemuueckan IHepcusa meia npu epauniamesibHom osulICCHUU —
CKaJsIpHasd BCIIMYMHA, YHCJIICHHO paBHAsA IIOJIOBHHC IMTPOM3BCACHHUSA MOMCHTA

MHEPIIMH TeJla Ha KBaIpaT YIJIIOBOW CKOPOCTH:
2

o lo
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1.3.2. lunaMu4ecKue NPUHIMIBI U 3aKOHBI

Ilpunyun ne3zagucumocmu Oelicmeusn cu’ pe3yabTaT JEHCTBUSA CUJIbI

Ha TEJIO HE 3aBHCHUT OT TOTO0, JEHCTBYIOT Ha 3TO TEJIO OAHOBPEMEHHO U

JPYTUE CUIIbI WIH HET.

OTOT mpUHIMUN SBISETCS 000OIEHUEM IKCIEPUMEHTAIbHBIX (AKTOB
IUI CITy4asl HEPEIATUBUCTCKUX JIBUKEHUIN U 3HAYUTEIBHO YNPOILAET pacye-
Thl B CHUTyallUsX, KOI/Ia Ha TEJNO JIEHUCTBYET HECKOJIBKO CHJI OJHOBPEMEHHO.
W3 npuHIMIA HE3aBUCUMOCTH CHJI CIIEYET, YTO JACHCTBUE HECKOJIBKUX CHII
SKBUBAJIEHTHO JACMCTBHIO HEKOTOPOM pe3ysbTUpYIOLEel (paBHOIAEHCTBYIO-
1Ieil) CUJIbl, KOTOpast MOKET OBbITh HalJIeHa KaK BEKTOPHAsl CyMMa BCEX CHII,

I[GﬁCTBYIOHIPIX Ha TCJIO:

— — — —

n
Fow =F, +F,+..+F=>F. (1.33)
3axon unepyuu (I 3axon Hvlomona): eciv Ha Telo He ICHCTBYIOT HH-
KaKue CUJIbl WM WX PABHOJICHCTBYIOIIASI paBHA HYJIIO, TO BCET/Ia MOXKHO
HaWTU TaKyr0 CHUCTEMY OTCUETA, B KOTOPOW JAHHOE TEJIO JIBUXKETCS PaB-

HOMEPHO U MPSMOJIMHENWHO, JINOO TTIOKOUTCS.

OTOT 3aKOH BBIJICISET M3 BCEX CUCTEM OTCUETA OCOOBIM KJIAacC CHCTEM,
KOTOpBbIE IIPUHATO HA3bIBaThb UHEPYUATbHbIMU cucmemamu. Bce 3aKoHbI
KJIACCUYECKOM MEXaHWKHU YCTAHOBJICHBI U BBITIOJIHSIOTCS TOJBKO B MHEPIU-
alnbHBIX cucTemax oTcuéra. CyIIecTBYeT MHOXKECTBO TaKMX CHCTEM, IIO-
CKOJIBKY JIF00asi CUCTeMa, JBMKYIIASCA OTHOCHUTEIBHO WHEPITUATHHOU paB-

HOMCPHO U Hp?[MOJ'IHHCfIHO, TAKKC ABJISICTCA HHepHHaHBHOﬁ.

Mexanuueckuii npunyun omuocumenvHocmu. PaccMOTpUM CBA3b
MEXK]ly XapaKTepUCTHUKAMH JBUKECHHS MPU MEPEXOJE OT OJHON HHEpLHAIb-

HOU CUCTEMBI K JPYTOM.
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[lycte HekoTopas cucrema O nBU-

KETCS PAaBHOMEPHO M IPSAMOJIMHEHWHO CO

47 47 CKOPOCTBIO Uy OTHOCHMTEIHLHO HETIOIBHK-
®nm Hoit cuctemsl O. Ha puc. 1.13 ansa npocto-
o014, - Thl TIPUHSTO, YTO KOOPAMHATHBIC OCH B
0 —4 " XX ATUX CHUCTEMaX OPUEHTHUPOBAHBI Mapa-
Ly LS
/< / ~ ’ o JenbHO, U cucreMa O’ JOBUXKETCS BJOJIb
z 7 ocu X. B HauanbHbIii MomeHT (t = 0) Hava-
Puc. 1.13 Ja orcuéra 00eux cucTeMm coBmaaaroT. To-

raa O4€BHMAHO, YTO KOOPAHWHATBI MaTepHaHBHOfI TOYKHU M B 3THUX CHUCTEMAX
OTCY€Ta B MOMEHT BpCMCHHA t CBsI3aHBI COOTHOMICHUAMHU, KOTOPBIC IIPHUHATO

Ha3bIBATh npeodpasoeanusn I anunes:

X =X"+u,t
y=y’
(1.34)
z=17'
t=t".

N3 3THX COOTHONIEHUN CIEAYET, YTO MEPEMEIICHUSA TEI U UX JIMHEH-
HbIE pa3Mepbl, OmpeAcisieMble KaK pa3HOCTh KOOpJAWHAT (HAImpumep,

|X=X2—X1), abcontomusl (UHBAPUAHMHBL), TO €CThb OIMHAKOBBI BO BCEX

MHEpIHAIbHBIX cucTeMax orcuéra. [Tocnennee paBeHcTBo B cucteme (1.34)
COOTBETCTBYET YTBEPIKIACHHIO, YTO YaChl MAYT OJMHAKOBO BO BCEX MHEPIIU-
ATBHBIX CHCTEMaxX OTCYETA, CJIEAOBATEIbHO: HHTEPBAJIBI BPEMEHU MEXKIY
aByMsi coObiTHsaMu (At = t, — t1) Tak ke abcomommuvl (UHEAPUAHMHDL).
O06006111as Ha cIy4yail MPOW3BOJIBLHOTO HAMPAaBJICHUS JBUKEHUS cucTeMmbl O, B

BEKTOPHOH (opme MOxkHO 3amucathb: I =T+t

JIBakapl auddepeHiupysi mo BpeMEHH 5TO PaBEHCTBO, MOJYYWM, BO-
TICPBBIX, KIACCUUECKUI 3AKOH COMNCEHUA CKOPOCHell. CKOPOCTh Teja
OTHOCHUTEJIPHO HETOABIKHON CHUCTEMBI OTCUETa (aOCONIOTHASI CKOPOCTH)

paBHA CyMM€ CKOPOCTEMN JIBUKEHUS 3TOTO TEJIA OTHOCUTENIBHO MOABUKHOM
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CHCTEMBI (OTHOCHUTEILHOW CKOPOCTH) U JIBMXKCHUS TIOJBIKHOW CHUCTEMBI

OTHOCHUTEJBHO HEMOABHKHOM (IIEPEHOCHON CKOPOCTH):

U =0"+0,. (1.35)

Bo-BTOpBIX, 3aKOH uneapuanmmuocmu ycKOpeHusa: YCKOPEHUsS Tel

OJTMHAKOBBI BO BCEX MHEPIIMAIIBHBIX CUCTEMaxX OTCUETA!

a=a’

WTak, mpuxoauM K BBIBOIY, YTO XOTS KOOPJAWHATHI U CKOPOCTH TeJa
MOTYT UMETh pa3Hble 3HAUCHUS B PA3HBIX CHUCTEMaxX OTCU€Ta, HO OIICHKA U3-
MCHEHUSI COCTOSHUS JIBMXKEHUs (To ecTh AF M d) He 3aBHCAT OT BbIOOpA CH-
CTEMBbI OTCYETA. DTOT BBIBOJ M COCTABIISIET COACPKAHUE MEXAHUUECKO20 NPUH-
YuUna OMHOCUMEbHOCHMU W TIPUHIIUMIIA PABHOMNPABUS BCEX WHEPLUATBHBIX
cucteM orcuera. OObI4HO €ro (OPMYJIUPYIOT CIEIYIOMIUM 00pa30M:

— BCE SIBJICHUS, CBSI3aHHBIE C M3MCHCHHEM MEXaHMUYECKOTO COCTOSHUS

TeJ, P OAMHAKOBBIX HaYaJIbHBIX YCIOBHUSIX MPOTEKAIOT OAMHAKOBO BO

BCEX MHEPIMAITBHBIX CHCTEMaX OTCYETA;

— HM KaKMMH MEXaHWYECKUMH OIBITAMH, MPOW3BEICHHBIMU BHYTPHU

TaKOW CHCTEMBbI, HCBO3MOXXHO YCTAHOBUTH JIBM)KETCSI CUCTEMa PaBHO-

MEPHO U MPSMOJIMHEHHO UITU TTIOKOUTCS;

— BCE 3aKOHBI MEXaHUKH UMEIOT OJTMHAKOBYIO (POpMY BO BCEX MHEPIUAITb-

HbIX CUCTEMAX OTCUETA.

3akon oeiicmeus u npomueooeiicmeusn (111 3akon Hvromona). Bos-

JEHCTBHE TEJ APYT Ha Apyra BCET/Ia HOCUT XapaKTep B3auMOJICHCTBHS.

BcesikoMy OEHCTBUIO COOTBETCTBYET PAaBHOE U MPOTHUBOIIOJIOXKHO

HarpaBjeHHoe TpoTtuBonericTeue. [lpu ~ =

"Irfll "PJI
3TOM CHJIbI, C KOTOPBIMHU JIBa T€Ja JEU- @—» 4—@

CTBYIOT IpPYyT Ha Jpyra, paBHBI II0 MO-
Puc. 1.14
Iy U IPOTUBONOJIOKHBI IO Halpas-
nenuto (cm. puc. 1.14).
F12 = F21. (136)

29



Ocnoeoii 3axon ounamuxu (Il 3axkon Heromona). 113 | 3akona Hero-
TOHA CJIEAYET, YTO B MHEPIIMAIBHBIX CUCTEMAX OTCYETA €IUHCTBEHHOW MPUYHU-
HOM1, BBI3BIBAIOIICH N3MEHEHUE COCTOSIHUS JIBHXKEHHUS Tefa (TO €CTh MOSBIICHUE
YCKOpPEHUI), ABJICTCS ICUCTBUE APYTUX TEIL.

Il 3akon Hovtomona B ciioBecHON (POPMYIUPOBKE 3BYUYHUT OJMHAKOBO

Kak JJI1 TOCTYMAaTeIbHOr0, TaK WU JJIs BpaIllaTEIbHOTO JBHKCHUM.

Yckopenusi, mpuodOpeTaeMple TeIaMH, MPSIMO MPOMOPIHOHATLHEI HH-

TEHCHBHOCTH BHEITHUX BO3JACHCTBUH M OOPATHO MPOMOPIIMOHATIHHBI

COOCTBEHHBIM MHEPTHBIM CBOWCTBAM Tell.

I[JIH IMOCTYIIATCIIbHOT'O IBUKCHHA:

52
a—T. (1.37)

JIns BpamaTenbHOTO JBUXKEHUS:

OCHOBHOM 3aKOH IMHAMHUKHU COACPIKUT €IIIE OJTHY BAXKHYIO HH(POPMAIIHIO:

g :ZTM. (1.38)

Hanpaenenue nonnozo nunetino2o yckopenus cosnadaem ¢ Hanpasie-
HUeM pagHoOoelcmayrulell 6cex Cul (mo ecmv ¢ 8eKMOPHOU CYMMOU Cul), a
IIPY BpAIlaTeILHOM JBWXCHUU HANpasieHue y2io8020 YCKOPEHUs CO8nadaem
¢ HanpasieHuem 8eKMoOpPHOU CYMMbl MOMEHMOG CUL.

[Ipu pemenuu 3amay 6osiee yao0HOW (HOpMON 3amucCU ATOTO 3aKOHA
seisiercs: ) F=md;, Y M =1¢g.

TeopeMbt 00 usmeHeHuu umnyjibCa U MOMeHma umnyjibca meja. 3a-

nuiieM |l 3akon HproToHA, BBEAsl B HETO OMPEIENICHHE YCKOPEHUS Kak Iep-

BOM TMPOU3BOAHON CKOPOCTH IO BPEMEHU: F= m(?j—lt). Ilon IE, 371ech OynieM

[IOApa3yMeBaTh PABHOJACHUCTBYIOLIYI0 BCEX CHJI, ICHCTBYIOLIMX Ha TEJIO.
VMHOKUM JIEBYIO M TIPaByl0 4YacTh ypaBHeHus Ha Otu BHecéM Maccy mmon

3HaK nuddepeHnmana:

d(mo) = Fdt, (*)
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—

no ompeaenennro MU =P - umnynsc tena, a d(mo)=dP - u3MeHeHue

UMITyJIbCa Teja, MPOU30ILIEANINE 32 OECKOHEYHO MaJIblii MPOMEKYTOK BpeMe-
Hu dt. Eciu Hac mHTEpecyeT M3MeHeHue, MPOn30IIeAnee 32 KOHCUHbIA UH-

TepBan BpemeHu ot 0 1o t, npouHTerpupyem BelpaxkeHue (*) ¢ yuétoM BBe-

P, t 2 - N
JIEHHBIX 0003HAYEHUI J' dP _f dt, rue I dP=P,-P =AP, Torna
0
1

.[ Fdt wm AP = I/I (1.39)
0

t
Bemnunna A = j Fdt Ha3pIBaCTCSI UMITYJIECOM CHJIBI (CM. OIPEIICIICHHE).
0

VYpaBuenue (1.39) npuHATO Ha3bIBATH MEOPEMOIl 00 UIMEHEHUU UM-

nyabca mena. A3MEHEHUE MMITYJIbCa TEJla PAaBHO CyMME HMMIIYJILCOB

CHUJI, IEUCTBYIOIUX HA TEIIO.

W3 5T0M TEOpEMBI CIIEAYET, YTO U3MEHEHUE UMITYJIbCA TeJa OIPEAEIIAECTCS
HE TOJIBKO CaMOM CHWJIOM, HO U BPEMEHEM €€ JECHUCTBUS: OJMHAKOBOE U3MEHEHUE
UMITYJIbCA TE€JIa, MOYKHO TOJIYYHTb, ICUCTBYS MaJOW CHJION JUIUTEIBHOE BPEMSI
WM OOJIBIION CHIION B TE€YEHUE KOPOTKOI'O MTPOMEKYTKA BPEMEHH.

Cea3b cunwvl ¢ usMeHeHuem umnyJjibca. Cujia paBHa CKOpOCTHU U3MCHE-

HHUA UMITyJIbCa TEa.

dP
dt

Ot1o cootHomeHue BbiTekaeT u3 (1.39) npu ero 3amucu B nuddepen-

F= (1.40)
MaasHON (PopMe, a ¢ MaTeMaTUYeCKOW TOUYKH 3PEHUS O3HAUYaeT, UYTO CHJIa
paBHa MEPBOM MMPOU3BOJHOM OT UMITYJIbCA TE€JIA 10 BPEMEHHU.
[IponenaB aHAJIOTMYHBIE PACCYXKIACHUS Uil BPALlAaTEIIbHOTO JIBUYKE-
HUS, MOJYYUM Hieopemy 00 U3MEHeHUU MOMEHMA UMNY1bCca mena:
M3MEHEHNE MOMEHTA UMITYJIbCA TEJIa PABHO CYyMME UMITYJIbCOB MOMEH-
TOB CHJI, JEUCTBYIOIINX HA TEJIO:

= [Mdt. (1.41)
0
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Ceé53b MOMEHmMA CUIbl C UBMEHEHUEM MOMEHMA umnyjibca. MOMCHT

CHJIbI PABCH CKOPOCTH U3MCHCHHA MOMCHTA UMITYJIbCa TEJIaA.
- dL
M=—.
dt

D710 cooTHomieHue BoITekaeT u3 (1.41), a ¢ mMaTeMaTu4ecKol TOYKU

(1.42)

3pCHUA O3HAYACT, YTO MOMCHT CHJIbI PABCH HepBOﬁ HpOPIBBO,ZIHOﬁ OT MOMCH-

Ta UMITyJIbCa TCJia 110 BPpEMCHHU.

Teopema 06 usmenenuu Kunemuueckou nepzuu. Ecinu n3BecteH 3a-
KOH U3MEHEHHUSI CHJIbI B 3aBUCUMOCTH OT PACCTOSIHUS MEXKIY B3aUMOJIEHi-
CTBYIOUIUMH TE€JaMH, TOTJa BO3MOXHO BBINOJHUTH CIEAYIOIINE MPeodpas3o-

Banus |l 3axona HeroTona: YMHOXHUM JICBYIO U IIPAaBYIO 44aCThb CKaJIAPpHO Ha

df — OeCKOHEUYHO Majloe TIepeMEIlCHUEe Tejla MOoJ JEUCTBUEM CHIIbI
F-dr=m-a.dr.
. - do-dr . .
Paccmotpum ckanspHoe npousBeaeHue a-dr = at =p-dov, Torga
F-df =mo-do. (V)

Hcnons3yss CBOMCTBA CKAJIPHOTrO IipomsBeneHuss o-do=v-dv wu

|dF| =dS mpasyro acTe ypaBHEeHHS (V) MOKHO 3amucath B Buae: Mu-dv, a me-

—

Byto — B Buze: F-dr = Fdrcosa = FdScosa = FdS . C yuérom stux npeobpa-

soBannit: Mu-dv=FdS.  Tlpounrerpupyem  monydeHHOE — BBIPaKCHHE:

“2 %2 "2 2 moZ mo?
Imu-du: _[FSdS , TIIe J' mo-do=m fu-dU:—Z——leWk— U3MCHe-
2 2
U Sl U Y
S
HHE KHHETUYIECKO SHEpruy, a A = _[ F,dS —pabora cuibl (CM. onpenesenue).
$
1

OKoOHYaTEeNbHO TOJIyHaeM meopemy 00 UBMEHeHUU KUHemuyecKou
9Hepauu TIPYA TOCTYNATEIbHOM JIBUKEHUN: U3MEHEHUE KUHETHYECKON
SHEPruM Teja MpPH IMOCTYNaTeIbHOM JBUXKEHUU PaBHO padoTe CHII,

JEUCTBYIOIIMX Ha TEJIO:
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52
AW, = JFst wim AW, = AF : (1.43)
1

[1Io ananorun JJI BpallaTeJIbHOI'O ABHMKCHUA.

| w?

o =WkBp — KMHETUYECKAasl SHEPIUs BPAIlaTEIIbHOTO ABUKEHUS TeEJa.
P2

Ay = I Mdg - paboTa MOMEHTA CHJIBI.
?

Teopema 06 uzmeneHuu KuHemuueckoil IHep2uu TIPU BPALIATEIHLHOM
JBUKCHUH: W3MCHCHHE KWHETHUYCCKOW SHEPIMH BpalllaTeIbHOTO JIBH-
KEHHS paBHO pabOTEe MOMEHTOB CHJI, ICHCTBYIOIIMX Ha TEJIO:

P2
AWP = J.Mdgo um AWP = A, (1.44)
!

Kak BUIHO W3 NPUBEAEHHBIX PACCYKACHUN, TEOPEMBI 00 U3MEHEHUN UM-
IIyJIbCa, MOMEHTA UMITYJIbCA U KUHETUYECKOM SHEPIUH, MOXKHO pacCMaTpyUBaTh
KAaK JpyrMe BapUaHTHl BBIPAXXEHUS OCHOBHOTO 3aKOHA AWHAMMKH, KOTOPBIU
CBSI3BIBACT XapPAKTEPUCTUKH B3aUMOIECHCTBUS C XapaKTEPUCTUKAMH W3MEHEHHUS
COCTOSIHUSI ABWKEHHUs Tesl. OOpaTiM BHHUMaHME, YTO BCE (POPMYJIMPOBKU BbI-
PaXarOT OHY U Ty K€ CTEP/KHEBYIO HJICH0 MEXAHUKU: U3MEHEHUE COCTOSHUS

JBIKECHUSI BO3HUKAET TOJIBKO B pE3yJIbTaTe ACUCTBUS TEN IPYT HA JAPYyTa.

Tabnuya 1.3
Pa3nble popMyIMPOBKH OCHOBHOIO 3aKOHA TMHAMMKH
ITocmynamenvhnoe dsusicenue Bpawamenvnoe osuscenue
ZI:“ =ma Z M =12
[ Fdr = AP [ Mdt = AL
[Fuds = am, [Mdp = aw>
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1.3.3. 3aKkoHbI AJ151 Pa3HbIX BHAOB CHJI.
IHoTeHUaIbLHAA JHEPTUs B3aMMOACHCTBUA

K MexaHW4ecKnM CHiIaM IIPUHATO OTHOCHUTH TPU BHJA CUJI: TPAaBHUTA-
MOHHBIEC, YIIPYTUE U CUJIbI TPEHUS

I pasumayuonnvle cunvl — 310 HauboOJIee YHUBEPCAJIbHBIE CUJIbI, KOTO-
pbie JICHCTBYIOT MEXAY JIOOBIMH MaTepUaTbHBIMU OOBEKTaMHU, JaKe €CIH
Tela HE HaXOAATCSA B HEIMOCPEACTBEHHOM COIPUKOCHOBEHHUH. I paBUTAIMOH-
HBIE CHJIbI, SIBIIIIOTCA CWUJIAMHU IPUTSKEHUS, OHU HANPABJIEHBI IO IPSIMOM,
COCAUHSAIONICH B3aUMOJCHCTBYIOIINE MAaTEPUAIIbHBIC TOUKHU.

3akon Bcemupnozo mazomenua. 1Be 4acTULBI NIPUTATUBAKOTCS IPYT K

IPYTY C CWJIOM, IPAMO NMPONOPILMOHATIBHON MPOU3BEAECHUIO MACC YaCTHULL

)51 06paTHO HpOHOpHHOHaﬂbHOﬁ KBaZpaTy pacCTOSIHUA MEXY HUMMU.

m
Frp:ym;ZZ, (1.45)

rae M u M, — BEIMYMHLI, XapaKTEPU3YIOIIUE IPAaBUTALMOHHBIE CBOMCTBA
T€Jl U, KAK YCTAaHOBJICHO B HACTOSIIEE BPEMS, COBNAAAIOIINE C WHEPTHBIMU

2
C -11 Hm
Maccamu Ten; ¥y =6,67-10 >~ — I'PABUTAIIMOHHAsS TIOCTOSHHAS — YHUBEP-

KT

canbHas ¢u3MYecKas KOHCTaHTa, HE 3aBUCSIIAS HU OT KaKuX (DU3NUYECKHUX
CBOWCTB T€JI U OKPYKAIOIIEH UX CPEBI.

B cuiy mManmoctu rpaBUTallMOHHOW MOCTOSSHHOM TPABUTAILMOHHBIEC CH-
JIbl OKA3bIBAIOT CYIIECTBEHHOE BJIMSIHUE HA JBUKEHUE TEJ B Meramupe (IJia-
HETHI, 3BE€3/[bI) U B TOM Clydae, Korja XoTs Obl OJJHO M3 TEJl UMEET 3Ha4yu-
TeJIbHYI0 Maccy. B 3amucaHHOM BHJI€ 3aKOH BCEMHUPHOTO TATOTEHUS MOKHO
MPUMEHSTD JUIsl pacy€éTa CHJIbI B3aUMOJICHCTBUS TEJ, COOCTBEHHBIE pa3Mephl
KOTOPBIX MAJIbI [0 CPABHEHUIO C PACCTOSHUEM I MEXKIYy HUMH, a TAKKE KOTIa
Tena UMEIOT chEepuUYecKd CUMMETPUYHOE paclpeie]IeHue Macc, Toraa mnox r

CJIeIyeT MOIpa3yMeBaTh PACCTOSTHUE MEXKITY IIECHTpaMu cdep.
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YacTHpIM clTydaeM TpaBUTAMOHHOTO B3aUMOJICUCTBUS SBISACTCS
B3aMMOJICCTBHE TEJI, HAXOAIITUXCS BOJIM3U TTOBEPXHOCTH 3eMJTH, C 3eMJIeH.

3aKoH 0113 CUIbL MANHCECHU:

—

Frx = MG, (1.46)
rae M — macca Tena; § — YCKOPeHHE CHIIBI TSXKeCTH (YCKOpeHHe CBOOOIHOTO
MajicHus).

YckopeHrne CBOOOJTHOTO IMaJeHUs] 3aBHCHT OT BBICOTHI Tela HaJ IO-
BepXxHOCTBIO 3eMir (N) U OT MIUPOTHI MECTHOCTH (HAIIpUMEp, Ha TOJIOCaX
g = 9,82 m/c?, a ma sxBarope g = 9,78 m/c?). Bo MHOIrUX 3aa4aX MOKHO IIpe-
HeOperaTh OTIUYMEM (OPMBI 3eMJIM OT TOUHOTO IIapa U BpalleHUEeM 3eMIIH

., -m
BOKpPYT CBOEH OCH, TOT/ia IpH ycloBuH h << R, MOXHO TPUHSATH 4 23 =0,

3

rae m, — macca 3emiu, R, — paguyc 3emiu.

Cunvl ynpyeocmu BO3HUKAIOT TIPU JIOOOM HU3MEHEHUU (POPMBI U pas-
MEpOB TeJI, TO €CTh npu uXx Achopmanuu. CymecTByeT MHOTO BHAOB Aedop-
MaIllii — BCECTOPOHHETO WUJIM OJJHOCTOPOHHETO CKaTus (pacTshKeHUs ), CABU-
ra, KpydeHus, u3ruoa u T. 7. OrpaHuduMcs paccMoTpeHueM nedopmaruu
OJIHOCTOPOHHETO PACTSHKEHUS (CoKaTHs).

3axkon Tyka:. tipu manbix aedopmanusx adbCodtoTHas nedopmarius

U CUJIa MPOTIOPIIMOHANBHBI IPYT APYTY:

F =kal, (1.47)

rae Al =1-1; - a6comorroe pacrsixenne (|, — Havanehas nMHA 06pasia,

| — nnmua oGpasua nocne aedpopmanum).

YtoObl BbI3BaTH AedOpMalMiO OJHO-

CTOPOHHETO PACTSKEHHUS, HEOOXOMMO TIPH-

JOXHUTL CHJIbl, HNCPICHAUKYJIAPHBIC IIOIIC-

peuHoMy cedeHHto odpasia (cm. puc. 1.15).

B TexHWYEeCKMX JHUCHMIUIMHAX 3aKOH
I'yka dopmymupyercs daie uepe3 OTHOCH- Puc. 1.15
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TETIbHOE PACTSDKEHHUE U MPUIIOKEHHOE HAINPSDKEHUE: NpU MAaiblX 0e@opmayusx

OMHOCUmMENbHAS OeopMayus U HanPsHceHue NPONOPYUOHATLHbL OpYe OpYey

o=Ee, (1.48)

Al F
Trac €= |_ — OTHOCHUTECJIBHOC PACTsSIKCHHUEC, O = ?n — HOPMAJIBHOC HAIIPsIKC-
0

HUe (CuJia, OTHECEHHAs K IUJIOIIA/INA MOMEPEYHOTO CeueHus o0pasia).

B npuBenénnbix GopMmynupoBkax 3akoHa ['yka mpucyTcTByrOT KO3pdhu-
IIUEHTHI IPOMOPIIUOHAIBHOCTH, XapaKTEPU3YIOIIUE YIPYTHUE CBOMCTBA TEII.

E — mooynv FOnea onpenenser ynpyrue CBOMCTBa BEIIECTBA, U3 KOTO-
poro caenaH oOpasell, U SBJISETCS TAOTMYHOU BETMYHHOM.

K — kosppuyuenm scécmxocmu 3aBUCUT HE TOJIBKO OT Marepuaia, HO
U OT FeOMETPUYECKHX XapaKTepUCTUK oOpas3la — ero pasmepa u (OpMHI.

Hanpumep, mis oOpasima, miomank cedeHus KOToporo (S) oauHakoBa IO

Beeit mmne (1), k = E

I

HetictBue 3akoHa ['yka orpaHuueHO OOJACThIO MaNbIX YIPYTHX Je-
dopmanmii. Ilpu 3HaunTENBHBIX AedOpMaIAX OHM CTAHOBSTCS IJIACTUYE-
ckumu. [{ns mnactuyeckux aedopManuii HapylaeTcs MponopUUOHANIbHAsS
3aBHCHUMOCTbH MEX]y CHJION M BEJIMYMHON JedopMalui, KpoMe TOro, rmocie
CHSITHS BHEIIHUX HampsKeHU oOpa3ell He BOCCTaHABIMBAET CBOIO (GopMy U
00bEM, B HEM coXpaHsieTcsl ocTaTouHas Aedopmanus. JlanbHeiliee Hapalu-

BaHue AedopMalii IPUBOIUT K pa3pylIeHHIO o0pa3La.
YacTHbIM  CiydyaeM MpOSBIECHUSA  CHUI

- YIPYTOCTU SBIISIIOTCS CUJIbl PEAKLUHUU OMOPBI

(cuJIbl HOPMAJIBLHOTO JABJICHMS), BO3HUKAIOIINE

ITPpHU HCTIOCPCACTBECHHOM KOHTAKTC JIBYX TCJI, KO-

rJIa MOXHO TpeHeOpeub ux nedopmaruei, To

€CTh CUUTATh TeJia aOCOMOTHO TBEPABIMU. CHITBI

peaKuuu ONopbl HAPABJIEHBI EPIIEHANKYJIIPHO

Puc. 1.16

IMOBEPXHOCTHU COIIPHUKOCHOBCHHA TCII B CTOPOHY

OT TeJla, SBISIONIETOCS UCTOYHUKOM PEaKIiK Omopsl (cM. puc. 1.16).
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Cunbl cyx02o0 mpeHuss BO3HHUKAIOT MpHU A
JNBI)KEHUU OJHOTO TBEPJOTO TENia MO MOBEPX- N\ 1 Frnax

HOCTHU APYIroro U BCCrAa HAIIPABJICHBI B CTOPO-

HY, IIPOTUBOIIOJIOKHYI0 OTHOCHTEIIBHOW CKOPO- >
cTU ABvkeHUs Ten. Cuibl TpEeHUs 3aBHUCAT OT 1

CKOpOCTCﬁ ABHOKCHHS TCII. DTa 3aBHCHUMOCTH

rpadudecku npeacrasieHa Ha puc. 1.17.
[lepBass 0COOEHHOCThH 3THX CHJI — CYIIe- Puc. 1.17

cTBOBaHMe cuibl Tpenus mokos (mpu v=0, F,#0 n moxer npuHuMaTh

3HAYEHUS OT - Frgy 10 + Fpay )

3aKkoH 01a cunvl mpeHus nOKoA: CUla TPEHUS MOKOs 1Mo abCOOTHO-
My 3HAQYEHHUIO BCET/Ia paBHA CyMMeE IPOCKIIM BHEITHUX CHJI Ha Kaca-
TEJIbHYI0 K IOBEPXHOCTH CONPHUKOCHOBEHHMS TE€J, HO HE MOXET Ipe-

BBIIIIATh HCKOTOPOT'0O MAKCUMAJIbHOT'O 3HAYCHUA Fmax .

[Tpr BO3HUKHOBEHUH MPOCKATL3BIBAHUS TEJ CHJIA TPEHUS TTOKOSI TIepe-
XOAHUT B CHITy TPCHUS CKOJILKCHHS, KOTOPAasi MIPH MAJIBIX CKOPOCTSX JIBUXKE-
HUS TIOYTH HE OTJIMYACTCSI OT MAKCHMAIILHOTO 3HAYEHUS CHIIBI TPCHHS TIOKOS
(cMm. puc. 1.17).

3aKoH A1 CHUIBI TPeHHusl cKobkeHust (Kysiona — AMoOHTOHA): Tipu

MaJIBIX CKOPOCTSIX JIBIDKEHUS CHJIA TPEHUS CKOJIBKCHHUS IMPOIOPIIHO-

HaJIbHA CUJI€ HOPMAJILHOTO JIaBJICHUS (PEaKIIMK OTOPHI):

Fip ~Fpo =u-N, (1.49)
rae 4 — KO3(PQOUIMEHT TPSHUS CKOJBKCHUS, 3aBUCAIINI OT MaTrepuaia, Ka-
yecTBa 00paOOTKHU M COCTOSTHUS TPYLIUXCSI TOBEPXHOCTEH.

3akon 0na cunvl mpenua KaueHus: PN MAITBIX CKOPOCTSX JABKEHHUS

CWjia TPEHUsS Ka4yCHHUs MPSIMO MPONOPIHMOHAIBHA CHJIE HOPMAJIBHOIO

naBjieHHUs (peakIMy OIOPhI) U OOpaTHO MPONOPIMOHATIBHA PaJHYCy

KPHUBHU3HBI IOBCPXHOCTU KATAIICTOCS TCJIA:
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Pl = % N, (1.50)

rae Ay —kod(pGHUIueHT Tpenus KadeHus; R — paauyc KpUBU3HBI HOBEPXHOCTH

H . .
KaTdIIerocs Tea, Tk IIpH PCUICHUHU 3aaa4 9aCTO 0003HAYarOT OJIHOH 6YKBOI/I Kk

R
Y Ha3bIBAIOT KOA(PPHUIIMEHTOM COTPOTUBIICHHSI.

Cunbl 8:3x020 mpeHus (COMPOTUBIICHHS) BOZHUKAIOT MEXKIY CIOSIMU
KUJIKOCTH WJIM Ta3a, a TakKe MpPU JBIKCHUU TBEPIBIX TENT B 3TUX Cpelax.
Cuitbl COPOTUBIICHNUS, TEUCTBYIOIINE CO CTOPOHBI KUIAKOCTH (Ta3a) HA JABU-

Kyleecs Ui 00TEKaeMoe Telo, MO0 XapaKTepy
$Fe 3aBUCUMOCTH OT CKOPOCTH CYIIECTBEHHO OTIIH-

YJarTCS OT CHJI cyXxoro TpeHus (cm. puc. 1.18).

Bo-niepBbIX, B 3TOM clly4a€ HE CYIIECTBYET CH-

o
=2

el TpeHuss nokos (mpu v=0, F,=0). Bo-

BTOPBIX, 3aBHUCUMOCTBIO CHIJIbI COIIPOTHBJICHHA

OT CKOPOCTH HeNb3d MpeHeOpeyub axke Mpu Ma-

Puc. 1.18 JIBIX CKOPOCTSX ABHUKCHHUS.

3axkon Cmokca: Ipy MajbIX CKOPOCTSIX JIBH>KEHHSI TEN B BSI3KOU cpefie
CHJIa COIIPOTHUBJIEHUS MPONOPLUUOHAIBHA CKOPOCTU M MPOTUBOIOJIOXK-
HO €1 HalpaBJICHA!

F. =-bo. (1.51)
rae b — xoaddunmeHT conpoTUBIICHNUS, 3aBUCSIIUN OT BSI3KUX CBOWMCTB Cpe-
abl (77), dopmbl Tena (0OTEKAGMOCTH) M JIMHEWHBIX IMOTIEPEYHBIX Pa3MEpOB
tena. Hanmpumep, nns ten cepuueckoid popmbl b =67r; n — kosddu-
[IUEHT BSI3KOCTHU 3aBUCUT OT XMMHUYECKOTO COCTaBa BEILIECTBA U €r0 TeMIlepa-
Typhl (TaOJIMYHAas BEIMYMHA), TPUUEM JIJIS )KUIKOCTEH OBBIIIIEHHE TeMIIepa-
TYpbI IPUBOJUT K YMEHBIIECHUIO KOA(P(ULIMEHTA BI3KOCTH, a B Pa3psSKEHHBIX

rasax — HaO60p0T, K €TI0 YBCIIMYCHUIO.
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Kak Buano u3 puc. 1.18, 3akon Ctokca (TMHEHHAs 3aBUCHUMOCTh MEXK-

ny F. m v) BBIIONHSETCS MPU MaJbIX CKOPOCTSX JBH)KEHHUS, KOI/Ia TEYEHUE

KUJKOCTH (Ta3a) MOKHO CUMTATh JIaMUHApHBIM (Oe3BuxpeBbiM). [Ipu ckopo-
CTSIX, MPUOIKAIOIIUXCSA K CKOPOCTH 3BYKa B CpeJle, BOZHUKAET TypOyJIeHT-
HOCTb, U 3aBUCUMOCTb CHJIbI OT CKOPOCTH CTAHOBUTCS KBaJAPATUUHOM.

Ocoodennocmu nomenyuanvnvix cui. Ilomenyuanvnaa nepeus
e3aumodeiicmeusn mesn. Bee cuibl AenATCS Ha JBa Kiacca: MOTEHUUAIbHBIC
(KOHCEpBaTUBHBIE) CWJIbl U HEMOTEHUUANbHBIE (IUccUNaThBHBIC) cuiibl. Oc-
HOBHBIM IPU3HAKOM IMMOTEHIUAIbHBIX CHJI SIBJIIETCA TO, YTO OHU OJJTHO3HAYHO
OTPENIEISAIOTCS B3aMMHBIM PAaCIOJIOKEHUEM B3aUMOJICHCTBYIONIUX TEI U HE
3aBUCST OT CKOPOCTEN MX JABWKEHHUS. JIeHCTBUE ATUX CUJI HE TPUBOJUT K Ipe-
BpAlICHUIO MEXAHUYECKOW »HEpruu B Jpyrue Buabl. Cpenu MeXaHUYEeCKUX
CUJI K TIOTEHIIUATbHBIM OTHOCATCS TPABUTAIIMOHHBIC, B TOM YHUCJIE CUJIa TSKe-
CTH, U yHpyTHe, NoAUMHsonmecs 3akony ['yka. Cpean HeMEXaHMYECKUX CUJI
NOTCHIIUAIBHBIMHA  SIBJISIFOTCSL  DJIEKTPOCTATUYECKHE (KYJIOHOBCKHE) CHIIBI.
HenoTeHnmanbHble CHIIBI 3aBUCST OT CKOPOCTEHN JBMXKEHUS TE U APYrux Qak-
TOPOB, HE CBA3aHHBIX CO B3aUMHBIM PACIOJIOKEHUEM TEJN, UX JIEUCTBHE CO-
MPOBOK/IACTCS MEPEX0I0M MEXAaHUUECKOU SHEPTUU B Apyrue GopMbl SHEPTUU
(Hampumep, B TEIJIOBYI0). TUIMMYHO HEMOTEHIIMATBHBIMU SIBJISIFOTCS] BCE CHIIBI
TPEHUSL.

PaccMoTpuM 0COOEHHOCTH pabOThl MOTEHIMANBHBIX CUi. Mcnonb3ys
52
ornpeeneHne padoTel cuitbl (A= %FSdS) ¥ 3aKOHBI JIJISl Pa3HBIX BUIOB I10-

TCHI[MAJIBHBIX CHJI, B YaCTHOCTH, 3aKOH JuIs cuuibl TshkecTH (F, =mg), 3a-

mm

2 _
2 ) u 3akoH ['yka (F =—KkX), Mox-

KoH BcemupHoro tarorenus (F, =y

HO MOJYYUTh Cleaytomue GopMyJbl:

— pa6oma CUJIblL mAdHceCmu.
A=—(mgh, —mgh,); (1.52)
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— paboma zpasumayuoOHHOI CUTIbL.

A=— (—7/@]—(—7@) ; (1.53)
2
— paboma cuivl ynpy2ocmu:
g kg

B stux dopmynax hy u h, — BeicoTa Tena Ha MOBEPXHOCTHIO 3eMJIH B
HAYaJIbHOM U KOHEYHOM COCTOSIHHH;

1 ¥ I, — pacCcTOSIHAE MEX]Ty B3aMMOCHCTBYIOIIUMU TeJIaMH B HAYaJTb-
HOM M KOHEYHOM COCTOSIHHH;

X1 ¥ X2 — aOcomroTHas Aedopmalius Tejia B Ha4albHOM U KOHEYHOM CO-
CTOSIHUM.

OOpatuM BHHMaHHE, YTO B TIOJYYCHHBIC BBIPAKCHUS HE BXOJUT
peanbHBIA TyTh S, MPOUACHHBIA TEJIOM MO TpackTopuu. Paboma nomen-
WYUATBHBIX CUTI ONPeOeNsemcsi MOIbKO NOJIONCEHUEM HAUANbHOU U KOHeYHOU
Mouex nepemeweHuss, mo eCmo He 3a8UCUM Om Popmbl MPAeKmopuu.

N3 paccMmarpuBaeMbIX YpaBHEHHUH ciieayeT el ofHa OCOOEHHOCTh ITHUX
CWJI, @ IMEHHO: paboma NOMeHYUANbHbIX CUll, NPU nepemeujeHulr mena no 3a-
MKHYmMoU mpaexmopuu pasna Hyiro (Tak Kak mpy 31oM Ny = Ny, 1 = | X3 = Xp).

N3 cpaBHEeHUs ypaBHEHUN BUJIHO, YTO BCE OHU MMEIOT KOHCTPYKIHIO

Buga: A= —(WPZ —WPJ, rne Wp — HekoTopast GyHKUUS, XapaKTepU3yroIas

COCTOSIHME B3aWMOJCHCTBYIOIIUX TEJI B JAHHBIK MOMEHT BPEMEHM, OJIHO-
3HAYHO OmpejensieMas B3aUMHBIM PACIIONIOKEHUEM TeJl U 3aBHUCSIIas OT Pu-
3UYECKOU MTPUPOJIbI B3aUMOACUCTBUA. E€ MPUHITO HA3bIBATh MTOTECHIMATIBHON
SHEprue B3auMoJIeucTBUs Tei. Takum o0pa3om, BBISBIISIETCS €I1I€ OJIHA 0CO-
OCHHOCTH ITOTEHIIMAILHBIX CHJL.

Paboma nomenyuanvbHbIX CUN PasHa yOblLIU NOMEHYUAILHOU IHEPSUU

cucmemasl 63dMMO@€ﬁCM6yMWMX mei.
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A= —(WPZ W, ) (1.55)

CpasuuBas (1.55) mociieoBarebHO ¢ KaxapM u3 ypaBHeHui (1.52),
(1.53), (1.54), nmoxyyaem crocoO BBIYHCICHHUS MOTCHIMAILHOW 3HEPTHH B

YaCTHBIX CIIy4asax:

Mm
er =—)y— +C — nomeHuuaibHasn 9nepzuﬂ zpaeumauuonuozo 83d-
P r

umooeiicmeus ten (B 00LIEM Cllydae);

WZ =mgh+C — nomenyuansnan snepeun 6 none cunvt maxcecmu

3emnu (rpaBUTAllMOHHOTO B3aMMOJCHCTBHUS Tella ¢ 3eMJICii BOJIU3H MOBEPX-

HOCTH 3eMJIN);

2
W3 =%+c — NOMEHUUANbHAA IHEPZU YnpPy20 Oehopmuposan-

HO20 mena.

[ToTeHMabHAs: SHEPTUS ONPEAEIISICTCS HE
OJIHO3HAYHO, & C TOYHOCTBIO 1O MPOU3BOJIBHOM
MIOCTOSIHHOM ¢, 3aBUCSIIECH OT BbIOOpa HYJIEBOM
TOYKH OTCU€Ta, HANIPUMED, JUTA KOJICOIIOIIErocs

TeJIa B TIOJOKEHUU A €ro IMOTCHIMAJIbHAsA SHEP-

T MOXKET BBIYHUCIIATHCA KaK mgh]_ €CJIM CUUTATDh

YTO OHA paBHA HYJIO, KOTJA TEJI0 HAXOAWUTCS Ha

Puc. 1.19 noiy labopatopuu (cM. puc. 1.19). Oty sHepruro
MOYKHO BBIYHCIIUTH Kak MQh,, eciu 3a HyJICBYIO TOYKY HPHHATH IMOBEPXHOCTD
crosia. Ho yarie Bcero B 3TOM CUTyallMd CYMTAIOT, YTO MOTCHLIMAIIBHAS SHEPTUS
KOJICOJTIOIIIErOCs TeJla paBHA HYJIIO B TOT MOMEHT, KOTJla OHO IMPOXOIUT Yepes3
NoJIOYKEeHUe paBHOBecHs (Touka B), Torna B nonoxeHnu 4: Wp = mghs. Beibop
HYJICBOW TOYKH JIJIs TOTCHIIMATBHOM SHEPTHH HE BIUSET Ha KOHEUHBIM pe3ysIbTar
3aj1a4uM, MOCKOJIBKY MIPH PACCMOTPEHUU JBIKEHHSI MBI BCETIa IMEEM JIETIO C M3-
MEHEHHEM II0JI0XKEHHS Teja, TO ecTh ¢ AN, KoTopoe OyeT UMETh OIHO U TO XKe

3Ha4YEHUE MU JIFOOOM BBIOOPE Hayasia OTCUETA.
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[lpencraBuB B muddepennuanproit Gopme ypaBaenue (1.55) kak

dA=-dW, u paGory Ha GECKOHEYHO MajOM MepeMeleHn: Kak dA=F.dr,

IMoJIydacM Ipru CPaBHCHUHU 3TUX BBIpa)KeHHﬁ, qTo

F =W, (156)

Ilpoexyus cunvl Ha HanpaeieHue r pPAasHA CKOPOCMU UBMEHEHUs NOo-
MEeHYUATIbHOU dHep2UL, K020a meilo nepexoounm om 0OHOU MOYKU K Opy2oll 8
3a0aHHOM HanpaseieHuu. 3HaK MUHYC NOKA3bléaem, Ymo CUla HanpasieHda 8
CMOPOHY YOblBaAHUSL NOMEHYUANbHOU dHEPSUL.

Ecnu HexoTOpas BemnyuHa U3MEHIETCS TIPH MEPEX0/Ie OT OJTHON TOUKH
IPOCTPAHCTBA K JPYTOM, TO TOBOPST, YTO CYIIECTBYET epaouerm JaHHOUN Be-
JTUYIUHBI.

CéAa3b cuivl ¢ NOMEHYUAILHOU IHepeuell. TTIOTCHIINAIbHAas Cujla paB-

Ha TPAUEHTY MOTEHIINAILHOW SHEPTHH C OOPATHBIM 3HAKOM.

B BekTopHO# (hopme 3TO 3anuchIBaeTCs TaK:

F =—grad Wp. (1.57)

1.4. Onucanne IBUKEHUS CUCTEMbI B3aMMOAEeMCTBYIONIUX TeJl

OcHoBHas 3a7a4a, BO3HUKAOIIAS MPU TIEPEXOE OT ONUCAHUS JBUKEHUS
OJIHOTO Te€Jla K OIMCAaHUIO JIBUKEHUS CHCTEMbI B3aMMOJICHCTBYIOIIMX TEJ, CO-
CTOUT B HAXOXKJICHUU TAaKUX 3aKOHOB, KOTOPBIE XapaKTEPU3YIOT MOBEJICHUE CH-
CTEMBI B II€JIOM, HO OTJMYAIOTCSI OT 3aKOHOB, XapaKTEPU3YIOIIMX IMOBEIACHUE
KQKJIOTO OTAEJIBHOTO TeNa, BXOAAUIEro B cuctemy. Hanpumep, ripu BzaumMoen-
CTBUM TEJI BHYTPU CUCTEMbI MEXAHUYECKASI SHEPTUS KAXKIO0Tr0 Tela MOXKET U3Me-
HATBCS, HO NIPHU ONPEIECNEHHBIX YCIOBUSX MOJHAS 3HEPIUs BCEX TEJ CHUCTEMBI
MOKET OCTaBaThCsl HEM3MEHHOW. COBOKYIMHOCTh TAKMX 3aKOHOB JTAET MOUTHBIN
MaTeMaTUYECKHUI armapar, Mo3BOJISIIOIINNA TPEICKa3bIBATh TOBEICHUE CUCTEMBI,
HE BHUKAs B JICTAIHM B3aUMOJICUCTBUS TEJ: BMECTO HECKOJIBKMX YPaBHEHUM IS

KaXXI0ro T€jia OTACIbHO MbI ITOJIY4YaceM OJJHO YPaBHCHHUC IJIsI CUCTEMBI B LICJIOM.
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1.4.1. louaTHiHBIA annapart

Cpenu BBeAEHHBIX paHEE BEJIIMYMH, OMMCHIBAIOIIUX MEXaHUYECKOE CO-
CTOSTHUE OTJEIBHOTO Tejia, CYIIECTBYIOT BEIMYMHBI, 00JaJaroliue CBOM-
CTBOM aooumuerocmu U He 00JIafaroniue 3TUM cBOoicTBOM. K aaIuTUBHBIM
BEJIMYMHAM OTHOCATCS Macca, MOMEHT MHEPIIMH, YJHEPTUsI. ITO 3HAUUT, YTO

Meer = DM — Macca cucmemsl paBHA CyMMe Mace Tell, 00pasyroImx
CHCTEMY;

lewer =21 — Momenm umepyuu CHCTEMBI paBeH CyMME MOMCHTOB
MHEPIINHU Tell, 00pa3yoINuX CHCTEMY,

Weer =D W, — Mexanuueckas suepaus cucmemsl paBHa CyMMe MeXa-
HUYECKUX SHEPTUH BCeX Tell, 00pa3yroIuX CUCTEMY,

|5CHCT = ZIE’I — UMNYIbC cucmembl PaBEH BEKTOPHOU CyMMeE UMITYJIbCOB
BCEX TeJI, 00pa3yIoIINX CUCTEMY,

Lepier =ZI:I — MOMEHM UMRYIbCA CUCTeMbl PABEH BEKTOPHON CyMMe
MOMEHTOB UMITYJILCOB BCEX TEJI, 00Pa3yIOIIUX CHCTEMY.

Weper =W +WP + Wy, — nonnas mexanuueckas snepeus cucmemvl

CKJIAJIBIBACTCSl U3 KUHETUYECKOW SHEPTUH MOCTYIIATEIbHOTO U BpaIlaTEIbHO-
ro JABWKCHUW U MOTEHIMAIBHOW SHEPTUU B3au-
MOJICHCTBHS TEJ, 00Pa3yIOMHUX CUCTEMY.

J1s onrcaHus MOJ0XKEHUSI CUCTEMBI TEJT B

MMPOCTPAHCTBE BBOAUTCA IIOHATUC YeHmMp macc

(wm yenmp unepyuu). Pagnmyc-Bextop I, 3a-

JAOUIMKA TOJIOKEHUE LEHTPA MAacC CUCTEMBI OT-
HOCUTEIIbHO HEKOTOpoM Touku O, MPUHATOUN 3a

Ha4yaJio OTCYETA, ONPECIISIETCS MPABUIIOM: Puc. 1.20

P mp +m,r, +..+mgh,

, (1.58)
m +m, +...+m,

IIPY 3TOM PaANyC-BEKTOPHI, ONPEIEIAIONINE MMOJ0KEHUE OTACIBHBIX YacTeU

CHUCTEMBI, TIOJDKHBI OTCUUTBIBATHCS OT TOM ke Touku O (puc. 1.20).
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[leHTpbl Macc OJHOPOJHBIX TE€A ([Ji1 KOTOPBIX MIOTHOCTH BEIIECTBA
OJIMHAKOBa BO BCEX TOYKAX) COBMAAAIOT C MX T€OMETPUUYECKUM ILIEHTPOM.
LleHTp Macc MOXKET JIeKaTh BHE Tella (HapuMep, LIEHTP Macc KOJIbIIA).

—

Brympennue cuner (f;) — cunbl, geit-
CTBYIOIIIME MEXIy TEIaMH, BXOIAIIMMU B
cuctemy (cm. puc. 1.21).

Brewnue cunvi (|f,) — CHJIBL, JeH-

CTBYHOImM¢ Ha TCjIa CHCTCMbI CO CTOPOHBI
APYrux TCJ, HC BXOAIINX B pacCMaTpuBac-

MYIO CUCTEMY.

3amkHymas cucmema — CHUCTEMA, Ha

Puc. 1.21 KOTOPYIO HE JEUCTBYIOT BHEITHUE CUJIbI WU

UX BEKTOpHas CyMMa paBHA HYJIO, WIM UX

JNEUCTBUEM MOXKHO MpEHeOpeyb MO0 CPaBHEHUIO C BHYTPEHHUMH CHUJIAMHU.

(ITpu popMynHpOBKE 3aKOHOB COXPAHEHUS ATO MOHITHE OYAET YTOUHATHCA B
CBSI3M C OCOOCHHOCTSIMU pacCMaTpUBAEMOM CUTYaIUN).

Koncepsamuenas cucmema — cucrema, BHyTpU KOTOPOM IEUCTBYIOT TOJIb-

KO TOTEHIUATBHBIEC CUJTBI (TPABUTAITMOHHBIE, YIIPYTHE, AIEKTPOCTATHYECKHE).

1.4.2. OcHOBHBIE 3aKOHBI JJIA CHCTEMbI B3aMMO/1€iiCTBYIOIIIHX TeJ

Teopema o Oeurcenuu yenwmpa macc cucmempl. MOXHO aTh He-
CKOJIBKO CJIOBECHBIX (POPMYIIMPOBOK ITON TEOPEMBI:

* YCKOPEHHE LIEHTPA MACC CUCTEMBI ONPEAEIAETCS TOJIbKO BHEITHUMU
CUJaMu, JE€HCTBYIOIIMMU HA CUCTEMY.

* [ICHTP MAacC CUCTEMBI JABUKETCS TaK, KaK JBUTAIACh Obl MaTepHallb-
Hasi TOYKa, B KOTOPOUM COCPENOTOUEHA BCA Macca CUCTEMBI, U K KOTO-
POM MPUJIOKEHBI BCE BHEITHUE CUJIBL, IEMCTBYIOLIME HA CUCTEMY.

* BHYTPEHHHUE CHUJIBI HE MOTYT U3MEHUTH COCTOSIHUE JBUKEHHUS LIEHTPA

MacCC CUCTCMBI.
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MartemaTuuecku TCOpEMA O JIBHKCHHHU IICHTPA MACC 3allMCbIBACTCA B

BHUJIE:

ZFi = Mgerac - (1.59)
3(11(’01-! UBMECHECHUA uMl’llethl: N3MCHCHUC CYMMapHOFO I/IMHYJ'ILCB,

BCEX Tell, 00pa3ymolux CUCTEMY, PABHO CyMME HUMITYJIbCOB BHEIIHHX

CWJI, IEUCTBYIOIUX HA CUCTEMY:

A[Z R )= [Frremdt, (1.60)

3aKkon coxpanenus umnynapca:. TPU TOOBIX B3aUMOJEHCTBUAX T

BHYTPH 3aMKHYTOM CHCTEMBI BEKTOPHAsl CyMMa UMITYJILCOB Tell, o0pa-

3YIOIIUX CUCTEMY, OCTAETCS MOCTOSIHHOM.

[Ipu pemieHnu 3a1a4 3aKOH COXPAHEHUSI UMITYJIbCA MPEATIOYTUTEIILHEE
BBIPAXATh CJIEAYIOIIMM O00pa3oM: BEKTOPHAs CyMMa MMITYJIbCOB T€Jl CHUCTE-
MBI B iepBOM cocTosiHuu (I) paBHA BEKTOPHON CyMM€ UMITYJIbCOB TE€J CUCTE-
MBI BO BTopoM coctosiHuu (1), ecau mpu nepexojie cucTeMsl U3 MEPBOTO CO-
CTOSIHHASL BO BTOPOE HAa CUCTEMY HE JIEMCTBOBAIM BHEUIHWE CHWJIBI, WM HX

BEKTOpHAsi CyMMa OKa3aJlaCchb paBHOM HYJIO (TO €CTh, €CIIM CHCTEMA OCTaBa-

>R} =R (1.61)

3aKOH U3MEHEHUA MOMEHMma umnyabvca. NU3MEHCHHE CYMMAapHOIO

J1aCh 3aMKHYTOW):

MOMEHTa HMITyJIbCa BCEX TeJ, 0Opa3yloIIMX CHCTEMY, PAaBHO CyMMe

HMITYJIbCOB MOMCHTOB BHCHIHUX CHJI, HeﬁCTBYIOHIHX Ha CUCTCMY:

AXG) =Mt (1.62)

3aKon coxpanenus MOMeHma UMnyabca. NPU JHOOBIX B3aUMOJECH-

CTBHSIX T€Jl BHYTPU 3aMKHYTOM CHUCTEMbI BEKTOpPHAas CyMMa MOMEHTOB

UMITYJICOB T€Jl, 00pa3yoUuX CUCTEMY, OCTAETCS TOCTOSTHHOM.

[Ipu pemieHnn 3a1a4y 3aKOH COXPaHEHUsS MOMEHTA MMITYJIbCa MPEIo-
YTUTEJIbHEE BBIPAXKATh CIEAYIONIMM 00pa3oM: BEKTOpHAs cCymMMa MOMEHTOB

UMITYJIbCOB T€Jl CUCTEMBI B MepBoM cocTosHuM (I) paBHA BEKTOpHOI cymMMme
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MOMEHTOB UMITYJIbCOB T€JI CUCTEMBI BO BTOpoM cocTostHuM (11), eciin npu me-
pexozie CUCTEMBI U3 MEPBOT0 COCTOSHUSA BO BTOPOE HA CUCTEMY HE JIEUCTBO-
BaJIM BHEIIIHUE CWJIbI, WM BEKTOPHAs CyMMa MOMEHTOB 3THUX CUJI OKa3aJach

PaBHOH HYJIIO (TO €CTh, €CJIM CUCTEMA OCTABAIACH 3aMKHYTOM):

(ZI:I)I :(Zl:i)ll' (1.63)

3aKoH u3MeHeHUA NOJIHOU MeXaHUYecKoll IHePZun’. N3MEHEHHE T0JI-
HOM MEXaHWYECKOW DHEPTUU CHUCTEMBI OMPEIESETCS CyMMOH padoT

BHCIITHUX U BHYTPCHHUX HCIOTCHIUAJIBHBIX CHUIL.

Afwigrer oy guer )= ppsem . ppryp.seror. (1.64)

Otcropa cienyer, 4YTo ACUCTBHE NMOTCHLIMAIBHBIX CHJI HE NPUBOAUT K
VU3MEHEHUIO ITOJIHOM MEXaHUYECKOM SHEPTUu CUCTEMBI. Ecin Ha Tena CUCTEMBI
JNENUCTBYIOT TOJBKO MOTEHIHMAIBHBIE CHIIBI, TO MOXET MPOUCXOIUTH MEPEXO.
KWHETHUYECKOW SHEPIrMU B NOTCHIMAJIbHYI0O M OOpaTHO, HO MeEXaHHWYecKas
SHEPrus MPU ATOM HE MEPEXOIUT B APYTHE BUJIbI (HAIPUMED, B TEILJIOBYIO).

3aKkon coxpanenua NOJIHOU MeXAHUYEeCKOU IHepzuu’. TIOJIHAs MeXa-

HUYECKas SHEPIrus CUCTEMbl OCTAa€Tcs IOCTOSHHOHM, ecnu paborta

BHEIIHUX CWJI PaBHA HYNIIO (TO €CTh, CHCTEMa 3aMKHYTas) U BHYTPH

CUCTEMBI JEHCTBYIOT TOJBKO MOTEHIMAIbHBIE CHIIbI WM paboTa HEmo-

TEHIMAJIbHBIX CUJI PaBHA HYJIIO (TO €CTh CHCTEMa KOHCEPBATHUBHAS):

noct. |\ 2P +Wp)| — oot 2 +Wp)”. (1.65)

1.5. Ilpumepsl penieHNsI 32/1a4 10 MEXaHUKeE
IIpumep 1. Teno Bpamaercs BOKPYI HEMOJIBHKHOM OCH IO 3aKOHY
@=A+Bt+Ct?, rae 4 = 10 pan, B = 20 pan/c, C = —2 pan/c?. Haiitu cko-
pPOCTh U YCKOpPEHHE TOUKH, Haxonsiencss Ha pacctosHuu I = 0,1 M oT ocu

BpalieHus, Juisi MomeHTa Bpemenu t = 4 c. [lokazarb BEKTOpPbI CKOPOCTH U

YCKOPEHHUSI Ha PUCYHKE.
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Pemienue. B nanHOM 3aga4ye pacCMaTpUBAECTCA BPALaTEIIbHOE IBUKE-
HUE€ BOKPYT HEMOJBUKHOI OCH, I/Ie IO U3BECTHOMY 3aKOHY M3MEHEHHUs yria
[OBOPOTa HEOOXOJUMO HAaWTU U3MEHEHUS! C TEUEHUEM BPEMEHM JIPYIMX KH-
HEMAaTUYECKHUX XapaKTEPUCTHK U UX 3HAYEHUE B 3a/IaHHBII MOMEHT BPEMEHHU.
CKOpOoCTh TOYKM TeJla, BPAILlaloIIEerocss BOKPYT HEMOJBHKHOM OcH, ompese-
asieTcst o popmyse v =@l , TA€ @ — MOJyJb YTIIOBOM CKOPOCTHU Teja. YTIIo-
BYIO CKOPOCTh @ HailI€M, B35B MEPBYIO NPOU3BOJIHYIO OT yIJjla OBOPOTA MO

BPEMEHHU:

_dop _
0= =B+t (1)

[lonHOE yCKOpPEHUE TOYKH, ABUKYIIEUCS
[0 KpUBOW JIMHUH, MOKET ObITh HAMIEHO Kak
reOMETpUYECKass CymMMa  TAaHTCHIMAJIBHOIO _.

YCKOPEHUsT 8., HANPABIEHHOIO 10 KacaTejb-

HOHM K TPA€KTOPHUH, U HOPMAJILHOI'O YCKOPEHUS

d,, HaNpaBJIEHHOIO K IIEHTPY KPUBU3HBI
tpaekTopuu (puc. 1.22): =4, +4a,. Puc. 1.22

Tak kak BEKTOpPBI B3AMMHO MEPIEHANKYIISIPHBI, TO MOAYJIb YCKOPEHHUS:

a=.a’+a?2. ()

MO)IyJ'H/I TAaHI'CHOUAJIbHOTO M HOPMAJIbHOI'O YCKOPCHHA TOYKH Bpa-

IIAIOIIEroCs TeJa BhIPAXKAIOTCS (POPMYyIIaMHu:

arzeR, anza)ZR, 3)

r7I€ £— MOJYJIb €r0 YTIIOBOI'O YCKOPEHHS.
[ToxcraBisist BEIpaXKeHUS d: U an B Gopmyny (2), HAX0aUM
a=Ver2+a*r? =rJe? +o* . 4)
[TpoBepum, naér nu monydeHHas dhopmyna enunuily a. st aToro B

paBylo 4acTh (GopMyJibl (4) BMECTO BETUYMH MOACTABUM UX €IUHUIBI H3-

MEpEHUSL:
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fa] = [M]J(h/&]z v [m]“} WA

VYTIII0BO€ YCKOpPEHHE HAWIEM, B3SB IIEPBYIO NPOU3BOJHYIO OT YIJIOBOM

ckopoctH (1) o BpeMeHu:

BekTop KacatenbHOrOo yCKOpPEHUs HANpaBlIeH MPOTHB CKOPOCTH, T. K.
yrioBoe yckopenue &€ < 0.

HaiinéM 3HaueHHe CKOPOCTH M YCKOPEHHUS TOYKH, HAXOASIICHCS Ha
pacctostaum ' = 0,1 M oT ocu BparmeHus, 11t MOMeHTa BpemeHu t = 4 ¢. B
MOMEHT BpemMeHu t = 4 C MOJyJib YIJIOBOUM CKOPOCTH

@ =[20+2(-2)4] =4 pan/c.

CkopocTts Touku v = 4 - 0,1 = m/c.

[ToncraBinsst 3HaueHust @, €U I B hopmyiy (4), noayyaem

a=01,/(-4)% +4* =165 m/c?.

OtgeT: v = 0,4 M/c, a = 1,65 m/c?.

IIpumep 2. MaTepuanbHas TOYKa JBUXKETCS B COOTBETCTBUU C ypaB-
HECHUSIMU:

X=A+Bt+Ctd y=Kt+ Lt?, (1)

rned=3mB=1wm/c, C=-1wm/c3, K=15wm/c, L=2wm/c

Haiitn xoopanHAaThI, CKOPOCTh U YCKOPEHUE TOYKA B MOMEHT BPEMEHU
t=1c.

Pemenune. B 3amaue paccMarpuBaercsi MOCTYIATEIBHOE JIBUKECHUE,
/i€ TI0 U3BECTHOMY 3aKOHY M3MEHEHHS JBUKEHUS HEOOXOMMO HAWTH U3Me-
HEHUS C TEUECHUEM BPEMEHH APYTUX KMHEMATHYECKUX XAPAKTEPUCTUK U HUX
3HA4YCHUE B 3aIaHHBIM MOMEHT BpEMEHU. B TaHHOM 3a1ade 3aKOH JIBUKECHUS
3a7]aH HE BIOJIb TPAEKTOPHH, a B MPOEKIUIX HA KOOPJAUHATHBIE OCH.

[Ipoekunn MrHOBEHHOM CKOPOCTH TOYKM HAa OCH X, Y €CTh NEPBbIC

POU3BOJIHBIE OT KoopaAuHAT (1) mo BpeMeHu:

48



sz%:B+SCt2,uy=%=K+2Lt. (2)

ITonHast CKOPOCTb HAXOAUTCS BBIPAXKCHUEM v = /(v )2 + (v )2 :

[Ipoekiuu ycKOpeHusi TOUKU HaWAEM, B3sB IMEPBbIE MPOU3BOIHBIC OT

MPOEKIINI CKOPOCTH (2) 1O BPEMEHH:

do
aX:d(;X=6Ct,ay=d—ty:2L. (3)

Mopnyib yCKOpeHHs TOUYKH a = \/ (a ) + (ay )2 :

Haiiném KoopANHATBI, CKOPOCTh M YCKOPEHUE TOYKA B MOMEHT BPEMEHU
t = 1 ¢. Koopaunartel Touku HaWaEM, MOACTaBUB B ypaBHeHUs aBrKeHus (1)

yucioBble 3HaueHus kodddunuentos 4, B, C, K, L u Bpemenu t:

Xx=3+11+(-1)-*=3, y=1,51+2.12=3,5.

IMpu t = 1 ¢, vy :1+3(—1)-12 =-2; vy =1,5+2-2:1=5,5. Moays

CKOPOCTH L = \/ (L) + (uy)z = J(=27 +(557 =585 m/c.

Mput=1c a,=-6 m/c? a, =4 m/c?, a=/(-6F +(4f =7,21 m/c%.

OtBer: x =3 M,y =3,5M, v="5,85m/c, a=7,21 m/c>
IIpumep 3. MatepuanbHas Touka OpolIeHa ¢ HAYaJIbHOH CKOPOCTBIO

Uy =30M/c o yriom a = 60° k ropu3oHTy. HaliTh CKOPOCTH TOYKH U pa-

IYC KPUBU3HBI TPACKTOPUH B MOMEHT BpeMeHH {3 = 2 C.

Pemrenue. B 3amaue paccmaTpuBaeTcs CI0KHOE KPUBOJIMHEWHOE JIBU-
YKEHUE TeJia B MoJie CUIIbl TsbKecTH 3emiin. Ha ocHOBaHMUM MpUHIIKIIA HE3aBU-
CUMOCTH JIBHJKEHHI €ro MOXHO IMPEACTaBUTh COCTOSIIHUM W3 JIBYX JIBHKE-
HUI — 110 TOPU3OHTAIM (110 OCH X) U MO BEPTUKAIHU (MO OCH y). XapakTep Io-
CTYMAaTeJIbHOIO ABMXKEHUS omnpezensercss Ha ocHoBe |l 3akona HeroToHa, a

KOHKPCTHBIC ITIapaMCTPhl ABHKCHHUA HA OCHOBC KHHECMATHYCCKUX 3dKOHOB.
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Il 3akoH HproroHa:
Z F=ma. Ha
MaTEpPUATIBHYI0  TOYKY

JICUCTBYET €IIMHCTBEH-

Hasjg CHJIa — CHJIa TAXKC-

Puc. 1.23 CTH: If _ mg».

B IMPOCKIUAX Ha KOOPANHATHBIC OCH:

(mg), =m(a),;
(mg), = m(a),.

ITo puc. 1.23 BuanO, 4TO (mg’)x =0, (mg)y =-mg, Torga a, =0 - 310
ABIDKCHUE II0 OCH X PaBHOMEpHOE, ay =—( =CONSt — ABMXKEHHUE MO OCU )

pPaBHONIEPEMEHHOE.

3anuiieM KHHEMaTHYeCKHE 3aKOHBI JUIS 3THX BUIOB JIBUKCHHS
v, = vy COsa =const; [Py = Yoy ~ 9L
X=0vgy -t 12 (1)
=Upx L. y=ont—Egt :
Moylib CKOPOCTH ONPEJIENAETCS BHIPAKEHUEM:
u=\/(ux)2+(uy)2 =\/(uoc05a)2+(uosina—gt)2. (2)
Moty b TIOJTHOTO YCKOPEHHS PaBeH

a=,/af+af=a,=g. 3)

[To puc. 1.23 onpenensieM a, =a-Cosf, rae [ — yroy MeXIy MOTHBIM

YCKOPEHHEM M HOPMalbHBIM YCKOPEHHMEM B MOMEHT BpeMeHM [, a Takxke

[IOJIy4aeM, YTO COS[ = Y
v

2
L
[To ompenesieHnI0 HOPMAIbHOE YCKOPEHUE TOYKU paBHO a, =—-. To-

R

1)2 1)2 UZU
ra paauyc KpuBU3HBI TPAEKTOpUU R =—= = .
a, acospf guy
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3
R=3 oo (4)
X

[TpoBepum, maét mu nomyueHHas ¢popmyna eaunuily R. s storo B mpa-

BYIO 4acTh (popMyJibl (4) BMECTO BEIMYMH MOACTABUM UX €IUHUIIBI H3MEPEHUSL:

_ [m/c]? u
[Rl= [M/c?][m/c]

OnpenenuM CKOPOCTh TOYKH U PauyC KPUBU3HBI TPAEKTOPUHU B MO-

MeHT Bpemenu 1= 2 C:

v=1(vf +(v, f =+/(30c0s60)? + (30sin 60-9,8-2)° =/(15) +(6,38)" =
=16,3 m/c.

_16,3°
9,8-15

OtBet: v =16,3 M/c, R =29,46 M.

R

=29,46 m

IIpumep 4. Yepes 6110k B BUJIE CIUIONIHOTO JAMCKA, UMEIOIIETO Maccy

m, =80T (cm. puc. 1.24), mepekunyra HeBecOMas HEpPACTHKMMAs HUTh, K

KOHIIaM KOTOpPOM MoJBEHIeHbI rpy3bl ¢ Maccamu My = 100 r u mp = 200 r.
OrnpenenuTh YCKOPEHHE, C KOTOPbIM OYyIyT ABUTATHCSI TPY3bl, CAaMOIPOU3-
BOJILHO. TpeHHEeM U MacCoi HUTH MpeHEOpEUb.

Pemienue. B nanHol 3agaye paccMmar-
pUBaeTCsl ABUIKEHHUE TEJ OTHOCHUTENIBHO IO-
BepxHOCTH 3emiin. CUCTEMY OTCUETA CBSI3aH-
HYI0 C 3eMJIel MOXHO CUMTaTh HHEPLHAIIb-
HOW, U B HEM NTPUMEHUMBI 3aKOHBI HprOTOHA.

B nBwkeHuM ydacTBYIOT Tpu Tena. ['py3bl

maccamu M 1 M, IBMKXYTCSA MOCTYNATEIlb-

Puc. 1.24

HO, a OJIOK Bparaercs.

PaccmoTpuM cuiibl, AEWCTBYIOIME HA Kakaoe U3 Ten. Ha rpyssl nen-

—

CTBYIOT CHJIBI CO CTOPOHBI 3eMi — Mg 1 M,Q, 1 co CTOPOHBI HUTH — 1, U T,.
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Ecnu HUTH HE MPOCKaNB3bIBACT MO OJIOKY, TO MOKHO CYMTATh, YTO BpaICHUE
0JIOKa BBI3LIBAETCS ICHUCTBUEM CHJI HATSHKEHUS HUTHU Tl' u T2', npu4éM BO

BCEX TOYKAaX ClieBa OT OJIOKA HATSYKEHUE HUTH MOXHO CUUTATh OJMHAKOBHIM
(Tak KaK HUTH MO YCJIOBHUIO HEBECOMaAs), TOATOMY MO YUCICHHOMY 3HAUYCHUIO

T/=T, u, ananorn4no, cupasa ot 6noka T, =T,. Kpome Toro Ha 6110k jeii-

—_

CTBYET CHJIa TSDKECTH M;(J U CHJIa pEaKIMU ONOpPHI (CHJIa YIPYTOCTH CO CTO-

—

ponsr ocu) N .
Korga cucrema coctout M3 HECKOJbKuX Ten, ypaBHeHue |l 3akona
HproToHa 3anuceIBaeTcs A1 KaXA0ro Tela B OTACIbHOCTH:

— I TEeIa m1 B IIPOCKIIMH HA OCh X:
mg—Ty =may; (1)
— I TeIa m2 B IIPOCKIIMH HA OCH X:
Myg —T, =—Myay; (2)
— 119 OJ10Ka:
m.g+T,+T,—N=0 (610 nocrynarensHo ue gmxercs).  (3)
UtoOw1 3amucarh |l 3akon HproToHa mJis BpamaTeabHOTO ABUKCHUS

0JI0Ka, paCCMOTPUM MOMEHTHI CUJI, JEHCTBYIOIIMX Ha OJIOK, MIPUHSB Halpas-

JICHHE BIOJIb OCH BPAILICHHUS «OT HAC)» 34 IOJIOKUTECIIBHOC HAIIPABJICHUEC OCH Z.

—

JIunuu geiictBus cuit M;g U N mpoxomsaT yepes och BpallieHus, Clie-

A0BAaTCJIbHO, UX MOMCHTHBI paBHBI HYJIIO. MOMEHT CHJIbI Tl B IMPOCKIMH Ha

ock Z: M =-T.R . Mowment cunsl T, B npoekuuu Ha ock . M. =T,R | rue
L 2 T,” 2

R — paauyc 6y0ka.
Takum o6pazom, |l 3akon HproToHa ajis BpamaTeabHOTO JABUKEHUS

OJIOKa:

T,R-T,R=1Js, (4)

1
rae J — MOMEHT HHepIMH 0JI0Ka KaK CILIONIHOIO JAUCKa paBeH J = §m6R2.
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I[BI/I)KGHI/H[ TCJI HC ABJIAIOTCA HEC3aBHUCHUMbBIMU. TaK, H3 yCJIOBUA HCPAC-

TSDKUMOCTH HUTH CJIEAyeT, 4TO & =d, =4a, U3 YCJIOBUA OTCYTCTBUS TPO-

CKaJIb3bIBaHUA HUTH II0 6J'IOKy TAHI'CHIUAJIBHOC YCKOPCHHUC TOYCK O10Kka B

MCCTC COIIPUKOCHOBCHHUA C HHUTBIO PABHO YCKOPCHHIO HUTH H I'Ppy3d, TOI'Jad

e=alR.
VYpaBHenue (4) ¢ y4TOM BhIpayKeHuH it J | & :
1

BblunTas u3 (2) (1) ¢ yu€rom (5) nmomyuum:
1
(m,—m)g —5Msa= (m +m,)a,

OTCroJa

oo (m-m)g
m, +m, +(1/2)m;

ITpoBepum nonydeHHyr0 (HopMyiLy IO pa3MEpPHOCTH:

[kr] |:M/ 02}
T

=M/02

la]=

[Tocne moACcTaHOBKY YHCJIOBBIX 3HAYCHHH B (hopMyIty (6) moTydum

L (02-01)
(0,2+0.1+0,08/2)

OtBer: a = 2,88 m/c?.

.9,81=2,88 m/c2.

()

(6)

Ipumep 5. Apromobuinp Maccoit M=2000 kr mBUXETCS ¢ MOCTOSH-

HOM ckopocThio V=10 M/C Mo BBINYKIOMY MOCTY, paaMyC KPHUBU3HbI KO-

toporo 90 m. Haiitu cuity naBineHus
aBTOMOOMJII Ha MOCT B TOYKE, IMO-
JIOKEHHE KOTOPOW 3adaércst yIrjiiomM
a=60" (cm. puc. 1.25)

Pemienne. B 3amaue pac-

CMaTpPUBAETC KPUBOJMHEHHOE MO-

Puc. 1.25
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CTymaTeNbHOE JBIKeHUE. BriOepeM KOOpAMHATHBIE OCH TaK, YTOOBI OHU B
000 MOMEHT BPEMEHH COBIANAIHU C KAaCATEIbHOW U HOPMAJIBIO K TPAEKTO-

PHUH. Tak kak aBTOMOOHIIb ABHIKCTCA C IIOCTOSIHHOM CKOpPOCTBIO, A, =0 mun

CyMMa MPOEKIMI CHII TSXKECTH, TATH M TPEHUsI Ha KacaTeIbHYIO K TPaeKToO-
pun Toxe paBHa Hymo. [lonmHoe yckopeHue, TakuMm o0pa3oM, CBOJIUTCS K
HOPMAJILHOM COCTaBIISIOIIEH, KOTOpasi HalpaBJieHa BIOJIb pajdyca K LIEHTPY

KPUBU3HBI U OMpPEIEISIeTCs] CYMMOW MPOEKIMI CHJIbl MJ W CHIJIbI peakiuu

oropsl Ha och Y. (CUIIbl TArM U TPEHMS HE UMEIOT MIPOEKIMIA Ha 3Ty OCh). 3a-
nueM |l sakon Heiotona B Bune ) F,=ma, :

V2
mgCOSa—szF, (1)

OTKy/a
N = m(g cosa—v? / R).
Vckomast cuiia JaBIIEHHS aBTOMOOMJIS Ha MOCT CBsI3aHa C CHIION peak-

uur N TperbuM 3akoHOM HbIOTOHA M IO YHCIEHHOMY 3HAYEHHIO paBHA N |
Fr= m(g cosa—v? | R). (2)
[TpoBepuM HCXOAHYIO (GOPMYITY 110 PA3MEPHOCTH:
[F]= [KF]-([M/CZ]Z —[m/cF /[M]] = [kr] [M/CZ]Z H.
BBIUKCIIUM CHITY JABJICHHSI aBTOMOOMIIS
F = 2000(9,8¢0560° —102/90) = 7600H = 7,6 kH.
Ortser: F =7,6 xH.

IIpumep 6. MaxoBUK B BU/JIE€ CIUIOIIHOTO JucKa paguycoM R = 0,2 M u

Maccoil M = 50 kr packpy4eH o 4actorhl BpameHus M= 480 mun' u

npeaoctaBieH cam cede. [loa aelicTBHEM CUIT TPEHUS MAaXOBUK OCTaHOBUJICS

yepes t = 50 c. Halitu MOMeHT M cuil TpeHUS.
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Pemenne. B 3amade paccMarpuBaeTcsi BpallaTeIbHOE JBIKEHUE Ma-
XOBHKa TMOJI ICUCTBUEM CHJIbI TpeHHs. J[JIs1 pereHns: BOCTIONb3yeMCsl OCHOB-
HBIM YpaBHEHHEM JUHAMHKH BPAIIaTeILHOTO JIBI)KEHUS B BUJIC

dL, = M, dt, (1)
rae dL, — M3MEHEHHE MPOEKIMHA HAa OChb Z MOMEHTa MMITYyJIbca MaxOBHKa,
BPAINAONIErOCsT OTHOCUTEIBHO OCH Z, COBMAJAIOIIEH C TEOMETPUYCCKOU
OCBI0O MaxOBHKa, 3a uHTepBal BpeMenn dt; M, — MOMeHT BHemHUX CHI (B
JaHHOM CIlydae MOMEHT CHJI TPEHUS), JCHCTBYIONIMX HA MAaXOBHUK OTHOCH-
TEJIBHO OCH Z.

MOMEHT CHJI TPEHHUS MOKHO CUHTATh HE M3MEHSIOIINMCS C TCUCHUEM
Bpemenu (M, =const ), mo3ToMy HHTErpupoBaHue ypaBHeHus (1) mpuso-
JUT K BEIPOKCHHUIO

AL, =M, At. (2)

[Tpu BpameHun TBEPAOTO Tejda OTHOCHUTEIHHO HETOIBUKHOW OCH U3-

MEHEHHE MTPOCKITNA MOMEHTA UMITYJIbCa

AL, = J,Aw, (3)
rae J, — MOMEHT MHEePIIMU MaXxOBHKa OTHOCUTEIHHO OCHU Z; A® — U3MEHEHHE
YIJIOBOW CKOPOCTH MAaXOBHKA.

[TpupaBusB mpaBbie yacTu paBeHCTB (2) u (3), momyuum M, At =J,Aw,
OTKyZa

M, =J, AT? (4)

MoOMEHT UHEepLIMK MaxOBHKa B BUJE CIUIONIHOTO TUCKA OMPEACIIsIeTCs

o ¢opmyiie

1 >
J, ==mr-. 5
zZ 2 ()

M3MeHeHne yrinoBoil ckopoct Aw =, — @, BBIPa3UM Yepe3 KOHEd-
Hy!0 N, ¥ HavajabHyrO M 4YacCTOTHI BPALICHUS, MOJbL3YACh COOTHOLICHUEM
@ =27m:
Aw=w,—a =27r(n,—n). (6)
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IlonctaBus B hopmyiry (4) Beipaxenus J, (5) u Aw (6) , moxyaum
M, = 2mR?(n —nl)i. (7)
: 2 VAt

[TpoBepum, maér nu pacuérHas (opmyna €IWHUIy MOMEHTA CHJIIBI
(Hwm). [Jnst aTOr0 B npaByio 4yacTh (pOPMYJIbl BMECTO CUMBOJIOB BEJTMYUH TO]I-

CTaBUM HUX CAWHUIIBI:

[M][R?][n] _ 1kr-1m?-1c7t _qKCM 4
[t] 1c c?

M =1Hwm.

HOIICTEIBHM B (7) YUCJIOBLIC 3HAYCHHUA BCIIMYWH U IIPOU3BCACM BbIYMC-

JICHUsI, y9UThIBast, 9T0 Ny =480 MuH ' = % ci=8ct:

_3,14-50-(0,2)*-(0-8) _
50 -

3HaK MHUHYC IIOKAa3bIBACT, YTO MOMCHT CHJI TPCHHUA OKA3bIBACT HA Ma-

M, ~1 Hu.

XOBHK TOPMO34IIIEE JCUCTBHE.

Otser: M, =—1 Hwm.

Ilpumep 7. CHapsn, JeTeBIIMNA TOPU3OHTAIBHO CO CKOPOCTBIO

v =100 m/c, paspriBaercs Ha nBe paBHble yacTh Ha Bhicore H =40 M. Onna

9yacTh majgaeT depe3 BpeMs t=1 ¢ Ha 3emil0 TOYHO MMOJ MECTOM B3pBIBA.
OnpenenuTh BEIMYMHY W HAIPABJICHUE CKOPOCTH BTOPOW 4YacTW CHapsaa
cpasy IocCJie B3phIBa.

Pemrenne. B manHOW 3amade paccMaTpuBaeTcCsl MOCTYNATEIBHOE JIBU-
KEHHUE, ¥ B3aUMOJCHCTBHUE Tel 00pa3yroIINX CUCTEMY CHapsl — JBE €ro ya-
ctu. O603HaAYMM MacCy OJTHOM 4acTh — M, TOT/1a Macca cHapsaa — 2m. Buer-
HHE CWJIbI IO OTHOIIEHHIO K 3TOM CUCTEME — 3TO CHJIA TSKECTU U CUJIa COIPO-
TUBJICHUS BO34yXa. BHyTpeHHUE CHIIbI, BOZHUKAIOIIUE MIPU B3pBIBE, HE SIBJIS-
FOTCS TTOTEHIMAIbLHBIMH, a 10 BEJIWYMHE MHOI'O OOJIBIIE, YeM BHEIIHHUE, IT0-
3TOMY B UHTEPBAJIE BPEMEHU JACHCTBUS BHYTPEHHUX CHJI CHCTEMY MOXKHO CUH-
TaTh 3aMKHYTOW, HO He KOHcepBaTUBHOU. Tema, oOpa3yromue cucremy, IBU-

KYTC IMOCTYIATCIIbHO, ITIO3TOMY IPUMCHHUM 3aKOH COXPaHCHUA UMITYJIbCA.
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I cocTosiHME — /1BE YacTH CHapsiia ABMXKYTCS KaK OJHO LIEJI0E€ CO CKO-
poctbio U. Y P =2M0 - BexTop U HAIpaBIeH TOPHU30HTAIBHO.

Il cocrostne — Cpasy II0CJIC B3PbIBA IICPBAA YACTh CHapsiAda IMOJIYydacT

—

ckopocTh U, HampaBieHHYI0 BEPTHKAaAbHO BHH3, a BTOPas 4acTh — CKO-
pocts U, , HampaBieHne KOTOPOi Hy»KHO OIPENEIHTh
> P, =mU; +mU,,
Ha ocHOBaHMHM 3aKOHA COXpaHeHus ummyibca Y P =Y P :
2mo =mU, +mu,. (1)
Hamnpasnenue BektopoB 2mo u MU; M3BECTHO O YCIIOBHIO, HA OCHO-
BaHuu (1) Bexkrop MU, crnemayer mocTpouts Ta-

KMM 00pa3oM, 4Tobbl B cymme ¢ MU, on man i

[

BEKTOp 2MU.

JlanbHelee peneHne MOMXKHO BECTH B o

2 X
MIPOEKLUUAX HA KOOPAUHATHBIE OCU WM BOCIIOJIb-

il
30BaTbCs COOTHOIIECHUEM MEXKAY MOIYISIMHU BEK- '

TOPOB Ha OCHOBaHMHU puc. 1.26 (BekTOpbl 00pa- Puc. 1.26

3YIOT IPSIMOYTOJIBHBIN TPEYTOJILHUK)
(MU,)? =(2mo)? + (mU,). (2)
N3 (2) cnenyer, uTo
U, =442 +U2. (3)
U3 puc. 1.26 tga = MmUYy a=arctg(U,/2v).
2mV

[Tocne npekpalleHust AEHCTBUS B3PBIBHBIX CHJI YaCTH CHAPAJIA IBUKYTCS
MOJT IEHCTBHEM CHJIBI TsDKecTH (0e3 yuéra compoTuBiieHHs Bo3ayxa). IlepBas
YaCcTh CHapsJa ABUKETCS BEPTUKAIBHO BHU3 C IIOCTOSTHHBIM YCKOPEHUEM (J, TIO-

2 2
sToMy H :U1t+iz>ulzw

5 , C y‘IéTOM YHCJIOBBIX JaHHBIX
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U =22 =350,

U, =/4-1002 +352 =202 w/c,

a= arctg% ~10".

Orser: U, =35m/c; a =10

IIpumep 8. Ilmardpopma B BHAE CIUIONITHOTO JUCKA PAJARLYCOM
R =1,5m u maccoit m; = 180 kr Bpalaercsi 0KOJ0 BEpTUKAIBHOM OCH C ya-
croroif N = 10 muu?’. B nentpe muaropMbl CTOMT YEIOBEK MACCOM
my = 60 kxr. Kakyto TMHEHHYIO CKOPOCTh U OTHOCUTEIBHO I0Ja MOMEIICHUs
OyJieT UMeTh YEeJIOBEK, €CITU OH MepeiI€T Ha Kpail miat@opMbl?

Pemrenue. B nanHol 3amaue paccMaTpuBacTCs BpallaTelIbHOE JIBUKE-
HUE U B3aMMOJICUCTBHE TeJl, 00pPa3yIOIIUX CUCTEMY «IIIaThopMa — YETOBEK.
BHemHuMHU MO0 OTHOIIEHUIO K 3TOM CHUCTEME SBJISFOTCSI CUJIbI TSIKECTH U pe-
aKIMHA OCH, HO JIMHUS WX JEUCTBUS NPOXOIAUT YEPE3 OCh BpalieHusi. MOMEHT
ATHUX CHUJI PaBEH HYIIO, CIEIOBATEIbHO, CUCTEMY MOYKHO CUHATATh 3aMKHYTOU
10 OTHOLICHUIO K 3aKOHY COXPAaHEHUs MOMEHTAa MMIlyJibca. Bpraenum aBa
cocTosiHUA: | cOCTOsIHME — YeTOBEK HAXOJIUTCS B LIEHTPE IIAT(OPMBI U BCA
CHCTEMa BpaIaeTcs C YIioBOi CKOpocThio @ =27M. |l cocTosiHMe — YemoBeK
HAXOJUTCS Ha Kparo 1iaTGopMbl U BCS CHCTEMa BpalllaeTcs ¢ YIIIOBOM CKO-
pocthio @ =v/R, rae U — CKOPOCTh YEJIOBEKA OTHOCUTEIBHO MoJia. Tak Kak
OCh BpalllcHUsI HEMOABM)KHA, TO BEKTOPhl MOMEHTA uMIyJbca Teia B | u Bo 11
COCTOSTHUY HampaBJIEHBI IO OJHOM MPsMOM (BIOJb OCH) U 3aKOH COXPaHEHUS
MOMEHTa UMITYJIbCa MOYKHO Cpa3y MUCaTh B MPOCKIIMU Ha 3Ty OCh (2):

ZLzl :ZLZZ . 1)
[To onpenenenuto: L, =J,w, rae J, — MOMEHT MHEPLUH MIaTHOPMBbI

C YEJIOBEKOM OTHOCUTEIILHO OCH Z; @ — YTJIOBasi CKOPOCTh IIIAT(HOPMBI.
MOMEHT MHEpLUHH CUCTEMBI PABEH CyMME MOMEHTOB WHEPIMU Tell,

BXOJSIIMX B COCTAaB CHCTEeMSI, odToMy B | cocrosauun J,=J;+J,, a Bo

Il cocrostamm J; =J/ +J;.
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C yuéroM 3Toro paBeHcTBO (1) mpuMeT BUJL:
(T ’
(‘]1+‘]2)‘0—(‘]1+J2)")’ 2)
I7ie 3HAYCHUs MOMEHTOB MHEpLMH J; U J,m1aTdhopMbl U 4el0BeKa, COOT-
BETCTBEHHO, OTHOCATCS K | cocTosiHmio cuctemsl; J; u J; — ko |l cocTosHMIO

CHUCTCMBI.
MoMeHT HHCPIHHN HJIaT(i)OpMLI OTHOCHTCJIPHO OCH Z IIPH IIEPEXOac

YCIIOBCKA HC UBMCHJICTCA.
1 2
— ' —
J 1= J 155 mlR )

MOMEHT MHEpLUHU YET0BEKa OTHOCUTEIBHO TOH e OCH OyJeT u3Me-
HATbCA. Eciau paccMarpuBaTh 4enoBeKa KaK MaT€pUAJIbHYIO TOYKY, TO €ro
MOMeHT uHepiuu J, B | cocrosHnu (B eHTpe miatdopMbl) MOKHO CUHTATh
paBHBIM HyJ10. Bo |l cocTostHuu (Ha kpato miuaTdopMbl) MOMEHT UHEPLUU
genoBeka J, =m,R?.

[TonctaBum B popMyiy (2) BbIpakeHUss MOMEHTOB MHEPLIMM U YTJIO-

BOM CKOPOCTH BpaleHus miatdopMel ¢ yeaoBekoM B | u Bo |l cocTosinuu:

1 1
[Emle+0]2ﬂn=[§m1R2+m2R2J%. (3)
[Tocne cokparnienus Ha R? U MPOCTHIX MPEOOPA30BaHUI HAXOIUM CKO-
pOCTB:
2mR
m, +2m,

[IpoBepumM, ma€t nu pacuétHas Gopmyna (4) eTUHUILY CKOPOCTH (M/C).
Jlyist 5TOTO B TIpaBYyIO 4acTh (POPMYIJI BMECTO CHUMBOJIOB BEJIMUMH TIOJICTAaBUM

WX SITUHUIBL:

1
Rl ¢ )
[m] [kr]

2-314-1/6-15-180 —1 m/e
180+2-60 B '

=M/c

[v]

[IponsBenéM BbIUHUCIEHUS: U =

Otser: =1 Mm/c.
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IIpumep 9. Ammk maccoir M; = 20 Kr COCKaIb3bIBAET M0 JOTKY JUIMHOM
| =2 m ¢ ko3 dunmentom tperus 4=0,1 Ha HETIOABIKHYIO TEIEXKKY C TEC-
KOM U 3acTpeBaeT B HEM. Tenexka ¢ meckoM Maccoil My = 80 Kr MOXET CBO-
601H0 (0e3 TpeHus) mepeMeniaThes Mo pesibcaM B TOPU30HTAIBHOM Hampas-
neHuu. OnpeneanuTb CKOPOCTh U TEJEKKHU C SIIIUKOM, €CIIU JIOTOK HAaKJIOHEH
nox yriioM « = 30° k pesbcam.

Pemenne. B nanHHOI 3amaue paccMaTpUBaeTCsl OCTYNATEIbHOE JIBH-
KEHUE JBYX CHCTEM B3aMMOJICHCTBYIOIIUX TEN «AIIUK — JIOTOK — 3eMIIsD) U
(GIIIUK — TEJEKKA». PacCMOTpUM CUCTEMY «AIIKK — JIOTOK — 3eMish». BHen-

HHUX 110 OTHOIICHHIO K OTHUM CHCTCMaM CHJI HCT. BHYTpeHHI/IMI/I ABJIAIOTCA CHU-

— —

na tsokectd G = Mg, cwita peakuuu omopbl Ny u cuna tpennst Fry, . Crnbl

TSDKECTU U PEaKlUy OMOpHI (YIPYTOCTH) SBJISIIOTCA MOTEHIIMAILHBIMU CUJIa-
MU, a JICMCTBUE HEIOTCHIMAJIBHBIX CUJI TPEHUS IPUBOJIUT K IMPEBPALLICHUIO
MEXaHUYECKON SHEpPruM B Apyrue Buabl. CIea0BATENBHO, CUCTEMY MOKHO
CUMTATh 3aMKHYTOM, HO HE KOHCEPBAaTHBHOM, & U3MEHECHUE MEXAHUYECKOU

SHEPTHH CHCTeMbI OymeT paBHO pabote cuibl Tpenms A=F_lcosf, rme
Fp =4N;, a f — yron Mexiy HanpasBlIeHUEM CUJIbI TPEHUS U HATIPABIECHUEM

niepeMenIeHns AmuKa. B nannoit 3anage f=180", cosp = —1, ciaenoBarensHo,

pabora cunbl Tpenus papaa A=—F | =—/N|l.

— —

Cuna peaxnuu onopsl N;, Haxoautes u3 || 3akona Herotona Z F=ma

B MPOEKIUAX HA OCh MEPIEHIUKYIAPHYIO JOTKY (cM. puc.l.27). JIBmkeHus

BJIOJIb 3TOU OCHU HET, IOITOMY Nl— M gCosSa = 0. CnenoBarensHo, cuiia Tpe-
HUS OIPEAEIACTCS BEIPAXKECHUEM:

Finp = &N, = um gcosc . (1)

PaccMoTpum aBa coctosiHud. | cocTosiHUME — SIMK HAaXOAUTCSI B BEpX-

Hell Touke JIoTKa B cocTosiuy mokost W, = 0. ITpumeM 3a HyIE€BOM YPOBEHD

HOTCHHHEU'IBHOIZ OHCPIruM IIO0JIOKCHHUC AIIWMKAa B KOHOC JIOTKa, TOIJa
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Wpl =mygh, rze h=I1-sina (u3 puc. 1.27). Il cocTosiHue AMUK HAXOAUTCS B

HW)KHEH TOYKE JIOTKa sz ZO, HO IIPpHU 3TOM OH ABUHIKCTCA. Kunernueckas

1
SHEPrus SMKMKa Mepel MaJeHUEM Ha TeIeKKy paBHa W, , = Er‘nlz)l2 . JIotok n

3eMJIsl He MEHSIFOT CBOETO COCTOSTHUS JIBHKCHHs. Ha OCHOBaHWM 3aKOHA W3-
MEHCHUS SHEPTHH: (\NIO2 +W,,) - (\NIol +W, ) =A.
2
%—mlgh ——F,. )
Tenexxky U SIIUK MOXHO pac-
CMaTpuBaTh Kak CHCTEMY JBYX
HEYIIPYIo B3aUMOJICHCTBYIOIIUX

tea. Ho 3ta cucrtema He 3aMKHYTa,

TaK KaK Ha HEE€ JICUCTBYIOT BHEUIHUE

cwibl: cuibl TskecTH Gi = Mg u -
G, = myg u cuia peakiuu N (cm.
Puc. 1.27
puc. 1.27). [losTroMmy IpUMEHHUTH 3a-
KOH COXpaHEHUsI UMITyJIbca B OOLIEM K CUCTEME LUK — TEIEKKa» HEIb3sl.
OpHako, Tak Kak MPOEKIMH YKa3aHHBIX CHUJI Ha HampaBJIeHHE OCH X, COBIa-

AU C HANpPaBJICHUEM PEIBCOB, PABHBI HYJIO, TO MPOCKLIMUIO UMITYJIbCA

CUCTCMBI Ha 3TO HAIIPABJICHUC MOKHO CHHUTATDh HOCTO?IHHOI\/JI, T. €.

plx + p2x = pl,x + péx’ (3)
rac plX 141 pZX — IIPOCKIONH UMITYJIbCA SAIIUKAa U TCIIC)KKHU C IICCKOM B MOMCHT
MNaacHus AlIUKa Ha TCICKKY, pix 141 péx— TC XK€ BCIIMYUHBI IIOCJIC MMAACHUA

ALMKA.

PaccmarpuBas Tena cucTeMbl Kak MaTE€pHalIbHbIE TOYKH, BBIPAa3UM B
paBeHCTBE (3) UMIYJIBCHI TEN Yepe3 MX MACChl U CKOPOCTH, YUUTHIBAs, YTO
pax = 0 (Tenexka 10 B3aMMOJAEWUCTBUSA C SIILIMKOM MOKOMJIACh), & TaKXKe YTO
1ocjie B3aUMOJEUCTBHSI 00a Tesla CUCTEMBI IBUXKYTCS C OJHOU U TOH e CKO-

POCTBIO:
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Moy, :(ml+m2)-U , MJIH ”‘1010050!=(ml+m2)-u, (4)
race Ul — MOAYJIb CKOPOCTH AIIWKA IICPC IMaJCHUCM Ha TGJIG)KKy; Ul COSx —

IMPOCKIUA ATOM CKOpPOCTH Ha OChb X.

N3 (4) cnenyer
_ mp,cosa 5)
S omm,
Monyne ckopocTu U; onpenennum u3 Beipaxenus (2) ¢ yueTom (1)
v, =+/2gl(sin e — - cosar). (7)
[ToncraBuB BeipaxkeHue U; B popmyiry (5), moaydum
U - ml\/ZgI(sma—y-cosa)cosa. ®)

m +m,
[IpoBepuM, maét au mosydeHHas (opMmyna eauHUIly CKOpocTh. st
ATOTO B MPaBYIO 4acTh (HOpMyIibl (8) BMECTO BEIMYMH MOJCTABUM UX €IUHU-

bl UBMCPCHUA:

[U]=[xr] [M/CZ I:rz M _ m/c.

Brrancisiem CKOpOCTb TEJEKKHU:

_ 20/2-9,81-2(sin30° - 01-cos30’)

Y 20+80

c0s30° =0,61 m/c.

Orset: U=0,61 M/c?.

Konmponwvuwie éonpocol

1. 3agaun Mo MeXaHUKE MOTYT OBITh CBSI3aHBI C ONMHUCAHUEM IOCTYyIa-
TEJIHHOTO W BPAIIATEIILHOTO JIBDKCHUM OJHOTO Teja JIMOO CUCTEMBI B3aUMO-
nevictByromux Teia. [Ipu 3TOM HCMONIB3YIOTCS HACATU3UPOBAHHBIC MOACIH
00BEKTOB: MaTepuaibHasi TOYKa, aOCOJMIOTHO TBEPAOE TENO, 3aMKHYTas CHU-
cTeMa, KOHCEpPBAaTUBHAs CUCTEMA.

Cohopmynupyiime onpeodeneHus 2mux nOHAMULL.

Ilouemy npu onucanuu 6pawjamenbHO20 0BUNCEHUS HENb3s NPeocmas-

JUANTb Mel0 KAK MamepualbH)io I’I’lO'-le?
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2. XapakTepuCTUKU MOCTYNATEIbHOIO U BPAIATEIBHOTO IBUKEHUM
U1 TI000M TOYKM TeJia B3auMOCBsi3aHbl. 300pa3ute Ha pUCYHKe TeI0 Mpo-
U3BOJILHON (DOPMBI, YKOKUTE MOJOKEHUE OCHU BPAILCHUS W BBIJCIUTE JIBE
TOYKH, HAXOSIIUECS HA pa3HOM PACCTOSTHUU OT OCH BpalllCHUS.

Ykaorcume na pucynxe nanpaenenus 6eKmoposg y2lo80l CKOpocmu u
JIUHEUHOU CKOPOCMU KAXNCOOU MOYKU.

3anuwume ghopmyny, cea3v18aOULYI0 MOOYIU IMUX CKOPOCHEU.

Cpasnume yenogule u JuHeliHble CKOPOCmuU OJisl 8blOEIEHHbIX MOYEK.

3anuwume popmynvl cea3u 01 OpyeUx KUHeMamuiecKux xapaxKmepu-
CMUK NOCMYNAmMeNbHO20 U 8PAWYAMENbHO20 O8UNCEHULL.

3. YckopeHue — BeIMYHMHA, XapaKTepu3yromias ObICTPOTY U3MEHEHUS
ckopocTu. [Ipyu KpUBOIMHEWHOM MOCTYIATEILHOM JABWXKEHUH TOJIHOE YCKO-

pCHHE TIPUHSATO JCTUTh Ha JIBe COCTABIIAIONIUE: a =a, +4d, .

Kakyto undopmaiuio 06 u3BMEHEHMH CKOPOCTU JAET TaHTCHIIMAIbHOE
yckopenue (a;)?

Kakyio mHpopmaiuio 00 MU3MEHEHHH CKOPOCTH JAET HOPMAaJIbHOE
yckopeHue (an)?

Yrto BBI MOKETe CKa3aTh 00 0COOCHHOCTSIX IBMKCHHSI, €CITH U3BECTHO:

a)a, =0, a,=0;

0)a.=0, a,#0;

B)a,#0, a,=0?

4. Temo aBuxeTcs mo ayre okpyxHoctH. M3o0pasute Ha pUCYHKE

HarpaBJICHUS BEKTOPOB &, 8,, &, TaK, YTOObI BBHIIOJIHSIOCH PABEHCTBO, YKa-

3aHHOE B TPETHEM 3aJaHUMU.

TIlouemy 051 MOOYynell 5mux 6eKmMopos e CNPABEOIUBO PABEHCMEBO.
a=a;+ an?

3anuwume npasuIbHYIO C8:A3b MEAHCOY MOOYIAMU IMUX 8EKIMOPOB.

5. Tlo ycrnoBuio 3agayvl W3BECTHO, YTO MOMAYJb TAaHTCHIIMAIBHOTO

YCKOPEHHMs YOBIBAET MO JUHEHHOMY 3aKOHY.
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Ilpu xaxom ycnosuu ogudicenue mena 6yoem YCKOPEHHbIM, d NPU Ka-
KOM — 3aMeO0JIeHHbIM ?

H306pazume na pucymnke HanpasieHus 8eKMopo8 CKOPOCMuU U MAHSEH-
YUANbHO20 YCKOPEHUsL 015l YKA3AHHBIX 8APUAHMOB OBUMNCEHUSL.

H306pazume npumeprvle epaguku usmeHeHus ¢ meuyeHuem 6pemeHu
NPOeKYUll IMUX 8eKMopos8 Ha KACaAmenbHy0 K mpaeKmopuu 08UNCEHUSL.

6. Ilo onpenenennio, MOAYIb CKOPOCTH HAXOJUTCS KaK MepBast MPOU3-
BOJ[HAs OT IIyTH 10 BPEMEHHU.

C nomowbio KaKkou MamemMamuideckol onepayuy MOX*CHO peuums 00-
pPamuyro 3a0a4y: no uU38eCMHOMY 3AKOHY UBMEHEHUsl CKOPOCMU C meyeHuem
8peMeHU Hatlmu NOL0NCeHUue meia Ha mpaekmopul 8 NPOoU380IbHbILUL MOMEHM
eépemeHu?

3anuwume Kunemamuyeckuil 3aKoH nymu 8 oouem suoe u 0as 4acm-
HbIX CTIyUaes pagHOMEPHO20 U PABHONEPEMEHHO20 OBUNCEHUIL.

7. Tlo onpeneneHnto, MOYJIb TAHTCHIIMAIEHOTO YCKOPEHUS HAXOIUTCS
KaK TepBasi IPOU3BOIHAS OT MOIYJIS CKOPOCTH 110 BpEMEHHU.

C nomowpio Kakou Mamemamudeckol onepayuu MOMCHO peuums 00-
PAMHYIO 3a0a4y: HAUMU CKOPOCMb Mead 8 NPOU3B0JIbHbLIL MOMEHM 8peMeHU?

3anuwume Kunemamuyueckuil 3aKoH CKOpocmu 8 oouiem suoe.

Ymo 00.19icHO Oblmb U38ECMHO NO YCA0BUIO 3A0adu, YmooObl SMUM 3a-
KOHOM MOJCHO ObLIO 80CNOIL308AMbCA OISl HAXONCOEHUSI CKOPOCMU 8 NPOU3-
BOJIbHBIL MOMEHM BpEMEHU?

3anuwume KuHemamuyeckuli 3aKoH CKOpocmu 05 YACMHBIX CyYaes
PABHOMEPHO20 U PABHONEPEMEHHO20 OBUNCEHUI.

8. Ha Teno, koTopoe MOXHO NPHHATH 32 MaTEPHAIBHYIO TOUKY, ICH-
CTBYIOT OJHOBpeMeHHO aBe cuiibl F1 u Fy (F1 > F,). M300pa3ute Ha pucyHKe
BO3MOKHBIC BAPHAHTHI B3aUMHOI'O PACIIOI0KCHHUS BEKTOPOB THX CHIL.

Ykaotcume ons kasxcoozo uz eapuanmos Hanpaegienue pasHooeucma)-

1owet omux cun Fpy =3 F
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B kakom cnyuae mooyne pasnooeiicmsyrowel npuHuMaem MuHUManb-
Hoe 3nauenue? Yemy pasno smo 3uauenue?

B kakom ciyuae mooyns pasHooelcmayouell NPUHUMAaem MaKcumaib-
Hoe 3nauenue? Yemy pasno smo 3uauenue?

9. Ha Teno, KOTopoe MOKHO TPUHATH 32 MaTepUaIbHYIO TOUKY, JCH-
CTBYIOT OJHOBPEMEHHO TPH CHJIbI, HE COBIMAJAIONIUE IO HAIPABICHUIO.
N3o00pa3ute 3Ty CUTyaInio Ha PUCYHKE.

Hcnonvsysa ocnosnoui 3akon ounamuxu (11 3akon Hvromona), onpede-
Jlume Hanpaeienue NoJIH020 YCKOPeHUs meda.

Hocmamouno nu ungpopmayuu o Oelcmsyrowux cuiax, 4moodwvl onpe-
oenums HanpasieHue CKOpoCmu mejd 8 NPOU3BOIbHOU MOUKe MPAeKmMopuu?

Coenatime ewé 00uH puUCyHOK, 0CMABUE MOJIbKO HAUlOeHHOe Hanpasiie-
HUue 8eKmopa NOIH020 YcKopeHus. Jlobasbme Npou3zeoibHO 8bIOPAHHBIN OM-
PE30K KPUBOTIUHENHOU MPAEKMOPUU O8UNCEHUS MeLA U YKANCUMeE HA PUCYHKE
Hanpasjenue CKopoCcmu OBUICEHUsl med, ecliu U38eCMHO, 4moO OBUMICEHUe
ObLIO 3aMeONIeHHBIM.

10. OcnoBHoi#t 3axkoH auHamuku (Il 3akon HproToHa) B ciioBecHOM
(bOpMyIHPOBKE 3BYUUT OJMHAKOBO IS MOCTYMATEILHOTO U BPaaTEIbHOTO
JBDKEHUN: YCKOPEHHE, MpuoOpeTaeMoe TeJOM, MPAMO IPOMOPIIMOHAIBEHO
MHTEHCUBHOCTH BHEIIHMX BO3JCUCTBUU M OOpaTHO MPOIMOPIMOHAILHO COO-
CTBEHHBIM WHEPTHBIM CBOWCTBaM Teina. Ho aHaTUTHUYECKH ATOT 3aKOH 3aIlv-
CBIBACTCS TIO-Pa3HOMY.

Ilouemy oOna xapakmepucmuku GHEUHUX 8030eUCMEULl HA meno npu
8PAUAMENILHOM OBUICEHUU UCHONb3YEeMCs He CUNd, KaK 8 NOCMYNamenbHOM
0BUIICEHUU, A HOBASL BEIUYUHA, HA3BIBACMASL MOMEHMOM CUIbL?

Kaxue ¢axmopuer enusiom nHa mooyne momenma cunvl? 3anuwiume
Gopmyny 0na 8bIMUCIEHUS MOOYISL MOMEHMA CUNbL U NOACHUME C NHOMOUWBIO

PUCYHKA 6ce OYK@eHHble 0003HAUEHUS.
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11. Ilouemy ons xapaxmepucmuku UHEPMHBIX CEOUCME meld Npu 8pa-
wamenbHOM OBUICEHUU UCNOIb3YemCs He MAccd, Kak 68 NOCMmynamenbHoM
0BUDdICEHUU, A HOBAS BENUUUHA, HA3bIBACMAS MOMEHMOM UHepYUU?

Om uezo 3asucum momenm unepyuu mena? 3anuwume ¢hopmynvl,
onpeodensiowue MOMEeHMbl UHePYUU mei Pa3Hot Gopmvl OMHOCUMENLHO OCU
8pawyeHusl, npoxoosuell uepes YyeHmp Macc.

Kaxasa meopema nossonsem nHaxooums MOMEHM UHEPYUU MeAd OMHO-
CUMENIbHO NPOU3BONbHOU OCU, eCliU U38eCeH MOMEHM UHePpYULU 3Mo20 meid
OMHOCUMENbHO OCU, NAPANIEAbHOU OAHHOU, HO NpOXoosuel depe3 YyeHmp
macc? Cihopmynupytime smy meopemy Cl08eCHO U 3anuume AHAIUMU4ecKu.

12. Eciu Teno ABUXKETCS MO JEHCTBUEM HEKOTOPOW CHUIIBI, COBEpIIA-
eTcst paboTa, B pe3ysIbTaTe Yero MOKET H3MEHSATHCS TIOJIOKCHHE Tella Ha Tpa-
EKTOPHUH U €TO CKOPOCTb.

3anuwume gopmysl, césazvlearouiue

— pabomy ¢ Oelicmayrouiell CUIol U paccmosiHuem, NPOUOeHHbIM me-
JIOM N0O0 Oelicmauem Mol Cuibl (NOSICHUME HA pUcyHke OyKeeHHvle 0003HA-
yenus),

— pabomy cuibl ¢ UsMEHeHUeM CKopocmu meia (C UsMeHeHuem e2o Ku-
Hemu4ecKou SHepeull).

3anuwume ananoeuuHvlie Gopmyavt 05 pabomvl MOMEHMAa Cuivl, Oeli-
CMBYIuleco Ha mejo npu 8paujamenbHOM O8UNCEHUU.

13. Bce cuibl aensTcss Ha JIBE TPYIIIBL: MOTCHIMATIbHBIE (KOHCEpBa-
TUBHBIC) CUJIBI U HEMOTEHIMATbHBIE (IUCCUTIATUBHBIC) CUJIBI.

Hazoeume cunvi, xomopwie sasnsaromes nomenyuarvuvimu. Cghopmynu-
pyiime 3aKoHbl OJis1 IMUX BUO08 CULL.

IIpuseoume npumepor Henomenyuanrorvix cui. Chopmyaupyiime 3aKo-
Hbl OJ151 OMUX U008 CUIL.

Yxaorcume ocobennocmu pCl6OWlbl NOMEHUUAIbHBILX CUJL.
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3anuwume opmynvi, cesasvieaouue pabomy pazHviX NOMEHYUATbHbIX
CUTL C UBMEHEHUeM COOMEemcmeayowel NOMeHYUAIbHOU IHepeUl 83aumo-
oelicmeusi meil.

14. Ucnonb3ys puc. 1.21 HacTosimero mocoOus, HA30BUTE CHUJIbI, OT
KOTOPBIX 3aBHUCUT M3MEHEHHE UMITyJIbca Tena 1 3a BpeMst At, U CHIIBI, OT KO-
TOPBIX 3aBUCUT M3MCHCHHE CyMMapHOI'O0 HMMITYJIbCa BCEH CHCTEMBI B3aMMO-
JNEUCTBYIOIIUX TEJI 3 TO K€ BPEMSI.

3anuwume coomeemcmeyiowue 3axouvi. Ap; = --+; A p;) = -+

15. Packpotime mamemamuyeckui u QU3UYECKUl CMbICI CLeOVIOWUX
coomuowenuii: F=dP/dt; M =dL/dt; F, = —dW, /dx.

16. Ilpu onucaHuu ABMKEHUS CUCTEMbI B3aUMOJCHUCTBYIOIIUX TEN
MOKHO HMCII0JIb30BaTh TaK HAa3bIBAEMBIE 3aKOHBI COXPaHEHHUS.

Hazoeume 3axonvt coxpanenusi 6 mexaumuxe u OJisi KAHCO020 U3 HUX
VKascume 0coovle COUCMBA CUCTEMbL, NPU KOMOPHIX OHU 8bINOIHIONCAL.

Kakue u3 nazeannvix 3axono6 Hocsim 8eKmopHblil Xapakmep, a KaKue —
CKATAPHBIU?

3anuwume smu 3aKoHbl 8 aHaIUMUYECKoU opme YOOOHOU O/ peule-

HUs 3a0a4.

Pexomenayemas aureparypa

1. byrukoB E. U., Konaparse A. C. ®duzuka i yriyoiaeHHoro usydenus. T. 1:
Mexannka. Mocksa: ®usmatiut, 2004. 352 c.

2. Bepxotypos A. P., lllamonun B. A., benkun C. 10. ®usuka: yuedbHoe ocodue
Mo Kypcy oOmied (GU3WKH 171 HampaBJiIeHUH TOAroToBKM OakanaBpoB. Yura: Yutl'V,
2011. 175 c.

3. CasenbeB U. B. Kypc o6meit pusuku. T. 1: Mexanuka, MonekynsipHas (pu3uka:
yue6. mocobue. Cankt-Ilerepoypr: Jlans, 2008. 432 c.

4. CaBuenko H. JI. ®uszveckue OCHOBBI KJIACCUUYECKOW MEXaHUKH: y4eb. mocooue.
Yura: Yntl'Y, 2004. 124 c.

5. Tpopumosa T. U. Kypc ¢usuku: yued. mocobue. MockBa: Bpicmias mikona,

2007. 560 c.
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I'naBa 2. OCHOBBI PEJIATUBUCTCKONA MEXaHUKH

[IpeameToM M3ydeHUs! pEISATUBUCTCKOM MEXaHUKH (CIeIUaibHOU Teo-
pUH OTHOCUTEIBLHOCTH) SIBIISIETCSI U3YYEHHUE OCOOCHHOCTEH IBUKCHUS TEJ
WM YaCTHUIl BEIIECTBA IPU CKOPOCTAX JBUKEHUS OJIU3KMX K CKOPOCTH CBETA.
B cnenmanbHON TeOpUH OTHOCUTENBHOCTH, KaK U B KIIACCUYECKON MEXaHMUKE,

paccMaTpuBarOTCs TOJIbKO MHCPIUAIIBHBIC CUCTEMbI OTCUCTA.

2.1. O01mue NOHATUSA

Tocmynamol Junwmena:

— BCE 3aKOHBI (PU3HUKH (2 HE TOJBKO 3aKOHBI MEXaHUKHU KaK 3TO YTBEp-
AKIAJ0Ch B MEXAHUYECKOM MPHUHIIUIIE OTHOCUTEIIBHOCTH) MUMEIOT OJIMHAKO-
BYI0 ()OpMY BO BCEX MHEPIIMATIBHBIX CUCTEMAX OTCUETA;

— CKOPOCTh CBETA MTOCTOSHHA BO BCEX CUCTEMAX OTCUETA W HE 3aBUCUT
OT JIBMPKEHUS UCTOYHMKA WM HAOII0aaTesl.

BTtopoii moctynar siisieTcs HEOOXOAUMBIM yCJIIOBHUEM TEPBOTO, HO HE
COTJIaCyeTCsl ¢ KJIACCHYECKUM 3aKOHOM cJokeHusi ckopocrteit (1.35), a 3Ha-
YuT ¢ npeoOdpazoBaHusIMU ["anusiest U CAEACTBUSIMU U3 ATUX MPEOOpa30BaHUIM
(MHBAapUAHTHOCTBIO, TO €CTh HE3aBUCUMOCTBIO OT CHUCTEMBI OTCYETA IPO-
CTPAHCTBEHHBIX W BPEMEHHBIX MHTEpBaIOB AX u At). Takum oOpazom, mpu-
HATHE TOCTYJIATOB DUHINTEHA HEU30€KHO MPUBOAUT K OTKA3y OT Kjaccuye-
CKHUX TpeJCTaBIeHUN 00 aOCOTIOTHOCTH W HE3aBUCHUMOCTH JIPYT OT Jpyra
MPOCTPAHCTBEHHBIX U BPEMEHHBIX COOTHOIICHUM MPU ONMUCAHUK (HHU3UIECKUX
sBJIeHUN. B 4acTHOCTH, BO3HUKAIOT d(DPEKThl COKpAIIECHUS JJIMH U 3aMe]jie-
HHSI BPEMEHU NPU MEPEXOJE OT OJTHOW CUCTEMBI OTCUETA K IPYTOM.

ITepexon OT OJTHOM MHEPLMAIIBHONW CUCTEMBI K APYTOM B CIIEHAAIBHOU

TEOPUU OTHOCHUTEIILHOCTH 3a7aéTCsl npeobpazosanusmu Jlopenya:
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o X-ut X+t
1-p° 1-p*"
y'=y, y=Y,
2'=1, 1=17, (2.1)
t—2x '+ 2 x
t': ('.:2 — CZ
1_ﬁ2 l_ﬂZ
_v
~

B pensaTuBUCTCKONM MEXaHHKE BMECTO JABYX HE3aBUCUMBIX MHBAapHaH-
TOB (Ar — paccTosiHHEe MEXIy IBYMsS TOYKaMHU U Al — WHTEpBaJI BpEMECHHU
MEXIY COOBITUSMH, MPOU3OLIECAIIMMHU B 3TUX TOYKAX) CYIIECTBYET TOJIBKO
OJIMH YeTHIPEXMEPHBI MHBAapHaHT (T. €. BEJIMYMHA OJMHAKOBas BO BCEX
MHEPLHUAIbHBIX CUCTEMAX OTCUETA) — NPOCMPAHCMBEHHO-8PEMEHHOU UHMeED-

8aJL MeHCAY COOBIMUAMU.

AS? =C?At? —AX? —AY? —Az% umu ASZ =C2At?-Ar2.  (2.2)

2.2. KunHeMaTnyecKkne COOTHOIIEHUS PeJIATUBUCTCKON MEXaHUKHU

[TycTh HekoTOpas cucteMa K’ nBHXKETCS paBHOMEPHO M MPSIMOJIMHEN-
HO CO CKOPOCTBIO Dy OTHOCUTEIBHO HENMoABWKHOM cucteMsl K. Jlns nmpocro-
Thl IPUMEM, YTO KOOPJUHATHBIE OCH B 3TUX CUCTEMaxX OPUEHTHUPOBAHBI Ma-
pasienbHo, cucteMa K” IBH>KETCS BIIOJIb OCH X.

HaOGmronarens, Haxoasmuiics B cucteme K', uamepsier:

— pa3Mep HEKOTOpPOro TeJia B HAIPABJICHUU ABHXKEHUS cucTeMbl K™ —
Lo (npooonvusiii paszmep),

— pa3Mep Tela B HAIMPABJICHUU NEPHEHIUKYISPHOM HaIPABICHUIO
IBUOKEHHSI CUCTEMBI — Ng (nonepeunwiil pasmep). Ilpu 3T0M TE€I0 HEIMOIBUXK-
HO OTHOCHUTENBbHO HaOmoxarens K';

— TIPOMEKYTOK BPEMEHH MEXIY TBYMSI COOBITHUSAMHM, MPOUCXOAAIIUMU

B OJJHOU U TOM ke TOUuKe cucteMbl K™ — Atg;
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— CKOPOCTbh JABMKEHUSI HEKOTOPOTO TeJIa, IBUKYIIETOCS OTHOCUTEIIBHO
HEero — v'.
Hab6nronaTenp, Haxonsmuiics B cucteMme K, uamepsieT e ke BeJIMUHHbI
CO CBOCH TOYKH 3pEHUS | MoTydaeT 3HadeHus — L; h; At 1 v, COOTBETCTBEHHO.
B aT0li cuTyanuu KIMEIOT MECTO CJICTYIOIINE COOTHOIICHUS.

1. Penamueucmckoe cokpawienue Oun:

(2.3)

rac Lo — coOcTBeHHas JJINHa TCJIa — HpO,Z[OHBHBIﬁ pasMEp TClia B CUCTCMC KO-
opauHart K’, OTHOCHTCIIbHO KOTOpOﬁ TCJIO IIOKOUTCA, L - JJINHa TCJIa B CH-

CTEMC K, OTHOCHUTCIIBHO KOTOpOﬁ TCJIO ABHIKCTCA CO CKOPOCTBIO UO; C — CKO-

pPOCTh CBETa B BaKyyMe.

v, 2
Hockombky 4(1-| —| <1, L<Ly—cobcmeennasn onuna maxcumansua.

2. Ilonepeunvie pazmepvl mena He USMEHAIONMCA, TO €CTh OLICHUBA-
FOTCS OJIMHAKOBO BO BCeX cucrTemax orcuéra: h = hy.

3. Pensamugucmckoe 3ameodjieHue Xo0d 4acoe:

, (2.4)

rae Atg — coOCTBEHHOE BpeMsi — MPOMEXKYTOK BPEMEHU MEXY IBYMs COObI-
TUSIMU, POUCXOISIIIIUMHU B OJHON TOUKe cucTeMbl K', H3MepeHHBIH 110 yacam
3TOMN cUCTEMBI; At — MPOMEKYTOK BPEMEHHU MEXK]y TEMU K€ COOBITUSIMU, U3-

MEpPEHHBIN 10 yacaMm cuctemsl K.

2

[Tockonbky 4|1- 01 <1, At> Aty — cobcmeenHoe 6pems MUHUMATLHO.
C
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4. PenamueucmcKuil 3aKOH Cl10MHCEeHUA CKOPOCH el

Ly + U,
b, = xto
1. xto
C2
' 2
vy\1-4
vy =V (2.5)
1+M
C2
' 2
U, 1—
UZ = Z—I ﬁ .
1. Ux%
C2
rac U’ — OTHOCHUTCJIbHasd CKOPOCTb (CKOpOCTB TCJIa OTHOCHUTCIIBHO

cuctemsl K'); v, — nepeHocHas ckopocTh (ckopocTh cucteMbl K™ oTHOCH-

TenbHO cucteMbl K); U — alOcomoTHas CKOpOCTh (CKOPOCTh Tela OTHOCH-

TCJIIBHO CUCTCMbI K, YCI0BHO HpHHHTOﬁ 3a HGHOI[BI/DKHYIO).

2.3. lnnaMuYecKue COOTHOILIEHUS PEJIATHBUCTCKON MeXaHUKH

CornacHo nepBoMy MOCTyJNaTy DUHIITEHHA OCHOBHOM 3aKOH JUHAMU-
ku (Il 3axon HeroTOHA) TOMKEH 3aMUChIBATHCS OJMHAKOBO BO BCEX MHEPIIH-

y mdov
albHBIX cucTeMax otcuéra: F :ma:T. Onnako, auddepeHIUpys 10

BPEMCHHM PEISTUBUCTCKUI 3aKOH CJIOXKEHHSI CKopocTeu (2.5), yerko 3ame-
TUTh, YTO YCKOPEHUS TE€JN B Pa3HbIX CHCTEMAX OTCUYETA HE COBMANAOT. JTO
3HAYUT, YTO MPHU ABWKEHUU TEJI CO CKOPOCTSIMH, CPABHUMBIMH CO CKOPOCTBIO
CBETA, MOABIIETCS 3aBUCUMOCTh YCKOPEHUS HE TOJIBKO OT JIEHMCTBYIOLIEH CH-
JIbl, HO ¥ OT TOM CKOPOCTH, C KOTOPOM JBUTAJIOCh TEJIO K MOMEHTY JECHCTBUS
cuibl. YTOOBI y4ECTh ATy 3aBUCHUMOCTb, COXpaHssl MHBAPUAHTHOCTH (hOpMYy-
JIMPOBKU OCHOBHOI'O 3aKOHA JTUHAMUKH, JWHINTEHH BBEJ MOHSTHUE PEIISTH-
BUCTCKOM MAacChl, KOTOpasi HE OCTAETCs MOCTOSSHHOW BEJIWYMHOW, KaK 3TO
MPEIOJIAaraJoch B KJIIACCUYECKON MEXAHUKE, a YBEIMYNBACTCS MPHU yBEJIAYE-

HHUHU CKOPOCTH JBH)KEHHUS TEJIA.
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1. Penramueucmckasn macca.
2
m=myy1-4°, (2.6)

L
— — CKOPOCTb 4aCTHIIbI, BBIPA)KCHHAA B OOJIAX

roe Mo — Macca nokos; [ =
CKOPOCTH CBETA.

2. Penamuegucmckuit umMnyoc:

myv
p=mv= 2.7)

1- 52

rae M — pesaTUBUCTCKAsA Macca, My — Macca IMOKos.

3. 3axkon RPONOPUUOHATIBHOCHIU MACCHL U IHEP2UU .

m c?

E=mc? wm E=—2—, (2.8)
V1-p°
rae Eo = moC? — sHeprus noxos.
4. Ilonnas Inepzus c60000HOU uacmuybl CKIAIbIBACTCS U3 YHEPTHUH

oKosI ¥ KuHeTndeckoi suepruu (7):
E=myc?+T =mc?. (2.9)
5. Kunemuueckasn nepeusa penamueucmckoi wacmuyst (13 (2.9) c

yaeToM (2.6)):

2 1
\1— 32

6. Ces3b nonoi IHEpzuU C umnysibCom pemzmueucmcrcoﬁ yacmuubol.

T=myc ~1] (2.10)

2 _p2 2_ .24, .22
E* =E{+(pc)” =mic” + pc”. (2.11)
7. Céa3b KuHemuuecKoul IHepeuu ¢ UMRYIbCOM PEeAAMUBUCHCKOU

yacmuubwl.

p2c? :T(T +2m002) (2.12)
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Bce 3akonbl peH}ITHBHCTCKOﬁ MCXaHHKH IICPEXOAAT B 3aKOHBI KJIACCH-
YEeCKOM MEXaHUKH IIpHU CKOPOCTAX ABUKCHUS TCJI MHOT'O MCHBIINX CKOPOCTH
CBCTa B BAKYYMC. I[BI/I)KGHI/IC JaCTUlObl MOKHO pacCMaTpuBaThb B paMKax
KJIAaCCUUYECKOM MCXaHHUKH, CCJIHN €€ KUHEeTHYeCKas 9HCPIrusgd MHOI'O MCHbBLIIC

snepruu nokos £ <0,02E,.
DHeprus MoKost AJisl 3JEKTPOHA: E,~05 MbB= 0,8-10'13I[>1< ;
DHeprust MOoKost JUIst MpoToHa: Ey ~ 938 MaB =1,5-10"1 [ ;

Oueprus oKos 1j1s anbgpa-yactuipl: E, ~3750 MaB = 6-10°0 [Tk .

2.4. Ilpumepsl pelieHUus 32124

IIpumep 1. OnpenenuTe KHHETUYECKYIO SHEPIHIO JJIEKTPOHA, €CIIU
MOJIHASI SHEPTHsI JBUKYILETOCS 3JIEKTPOHA BTPOE OOJIbILIE €ro HEPTUu IMO-
Kos1. OTBET BBIpa3uTe B AJIEKTPOH-BOJIbTAX.

Pemenne. B nanHON 3a1aye paccMaTpuBaeTCs PENSITUBUCTCKOE JIBU-
KeHue AeKTpoHa. [1oNHYI0 3HEPruio 3JIEKTPOHA MOYKHO ONPEEIUTh BbIpa-
KEHUEM:

E=T+E,,
rae 7 — KHHeTHYeCKast SHeprys dIeKTpoHa, a E, — ero sHeprus moxos.

OHeprus MoKos JJIEKTPOHA ¢ Maccoi mokos My paBHa mocz. [To ycino-

BHUIO 3a/1a4d IIOJHAs DHEPIUs IBHIKYILETOCS DJIEKTPOHA BTPOE OOJBILIE €r0
sHepruu nokos, T. . E =3E,. Cnenosarensro, T = 3E,-E,=2E,= 2m002.

BbIluncivM KHHETHUECKYIO SHEPTHUIO 3JIEKTPOHA:
T=29,1103(3 108)?%= 163,810° Iz = 102,37-10* 5B = 1,02 M>B.
Otset: T=1,02 M»>B.

Konmponwsuwvie éonpocel
1. Yro sABnsieTCAs NPEIMETOM H3YYEHHUs PEIIATUBUCTCKOM MEXaHWMKHU

(crienualIbHOM TEOPUU OTHOCUTEIIBHOCTH)?
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1o ycnosuto 3a0ayu uzsecmuo, 4umo KUHemMu4eckas Hepeus 4acmuybl
paena 1,5-10 [Ixx. Moocro nu pewams 3a0auy na 0cHOe 3aKOHOE KIACCU-
YecKoU MexaHuKu, eciu

a) yacmuya — 31eKmpoH?

0) wacmuya — npomou?

(Mcronp3yiiTe KpUTEpHiA, yKa3aHHbIN B pa3zielic 2.3 HaCTOSIIETO IOCOOHs).

2. Cohopmynupyrime nocmynamel Dunuimeuna, nedxcaujue 6 OCHO8e
CHeyUaIbHOU Mmeopuyu OMHOCUMENbHOCTU.

3. Ilepeuuciume ocHosuble d¢hghexkmul, oO3HUKAIOWUE NPU OBUNCEHUU
meJsl co CKOpOCmsAMU, OAUSKUMU K CKOPpOCMU ceema (c).

4. 3anummTe 3aKOH CJIOKCHHSI CKOPOCTEH B KIACCHYSCKON M PEesiTH-
BUCTCKON MEXAaHUKE.

Ecnu ckopocms mena omnocumenbHo no0BUNCHOU cucmemMbl OmMcuéma
v'=c U CKOpoCmb NOOBUINCHOU CUCMEMbl OMHOCUMENbHO HENOOBUNCHOLL

Uy =C (npu amom U, conanpasiena ¢ U'), mo Kakoea aOCONOMHASA CKO-

pocmb mena (OMHOCUMENbHO CUCMEMbL, YCI08HO NPUHAMOU 34 HENnoO8UIC-
HY10), CO2NLACHO

a) K1accuyeckomy 3aKomy?

0) peramueucmcKkomy 3aKomy?

Kakomy nocmynamy Dinwmerina npomugopeuum pesyiomamn, HOJY-
YEeHHbIU HA OCHOBE KIACCUYeCKO20 3aKOHA CNLOJHCeHUs CKopocmel?

5. Uto Takoe «coOCTBEHHAs JJIMHA TeIa» U «COOCTBEHHOE BpeMs»?

KocMoHaBT, HaxoAsmmiicss B KOCMUYECKOM KOpaliie, KOTOPHIH JIBH-
’KETCS OTHOCHUTEIIBHO HabrogaTeNs Ha 3eMjie CO CKOPOCTBhIO, COM3MEPUMOM
CO CKOPOCTBIO CBETa, U3MEPHUJ JJIMHY CTEPXHsS, PACIOJO0KEHHOTO BIOJIb
HaIpaBJICHUS ABUKEHUS KOPaOJist, U MOJydns1 3HaueHue — 1 m.

H3zmenumes nu pezyniomam e2o u3mepenus, eciu CMepICeHb pacho-
JIOJHCUMb NEPREHOUKYIAPHO HANPABIEHUIO 08UMCEHUST KOpaDJisi?

Pezynomam uzmepenusi Onumvt 3moeo cmepoiicHs 8 NepPeoM NOJONCEHUU

Habrvoamenem, Haxoo0auWuMcs Ha 3emite, 6ydem bonbue, MeHbute Ul pager 1 m?
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Pezynomam usmepenus Onunvl 3mo2o cmepicHs 60 8MOPOM HONONCE-
HUU Habawoamenem, Haxoosauwumcs Ha 3emue, 6yoem Oovue, MeHbule UIU
pasern 1 M?

6. B Teopuu OTHOCUTENBHOCTH TaK K€, KaK B KIIACCUYECKOM MEXaHUKE,
BBITIOJIHSIETCS 3aKOH COXPaHEHUS UMITYJIbCa, HO TIPU 3TOM I0]T UMITYJILCOM
(P =mvo) cieayer mOHUMATh PEIATUBUCTCKUAN UMITYJIbC.

Yem pensmusucmckuii UMRYIbC OMAUYAEMCS OM UMNYIbCA 8 KIACCU-
yecKou mexanuke?

Cpasnume yuciogvie 3HAYEHUsT UMNYIbCA ObICMPO OBUNCYULCUC Yd-
cmuybl, 8bIYUCTIEHHbIE NO ONPeOeNeHUAM KIACCUYECKOU MeXaHUKU U meopuu
OMHOCUMENIbHOCMU.

7. 3anumute GOpMyJbl 11 BBIYKCICHUS UMIYJbCA YaCTHUIIbI, €CIIH
WU3BECTHBI KWHETUYECKAsi JHEPTUS U MACCa MOKOS YaCTULIBI:

a) B KJIAaCCUYECKOM MEXaHUKe,

0) B TEOpUM OTHOCUTEIBLHOCTH.

8. ChopmynupyiiTe 3aKkoH DUHINTEHHA, BBHIPAXKAIOIMIMK B3aHMMOCBS3b
Maccel U 3Heprun. O KakoW macce WIET pedb B 3alMCAHHOM BaMU BbIpaXe-
HUU: O Macce MOKOS WM O PEISATUBUCTCKONU Macce?

Pexomenayemas aureparypa

1. CasenveB U.B. Kypc obmeit ¢pusuxu: yued. nocobue. T. 1: Mexanuka, Moe-
KkysipHas ¢pusuka. — Cankr-IlerepOypr: Jlans, 2008. 432 c.

2. Tpodpumona T. . Kypc dusuku: yued. mocobme. MockBa: Bricmias mikona,
2007. 560 c.

3. @®pum C. 3., Tumopesa A. B. Kypc o6mieii ¢pusuku. T. 1: duznueckue 0CHOBBI

MexaHuku, Monekymsipaas ¢usnka, Konebanns u Bomubl: yueOHuK. Cankrt-IletepOypr:

JIans, 2009. 480 c.
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I'1aBa 3. OCHOBBI YJIEKTPOAUHAMUKH

[IpeMETOM M3yYeHHS IEKTPOAMHAMUKH SABJISETCS JIEKTPOMATHUTHOE
B3aMMO/IEHCTBHE Tell, 00YCIIOBIEHHOE HAIMYMEM B COCTABE ATOMOB BEILECTBA
SJIEMEHTAPHBIX YacTHI, OO0JAJAIOMIMX OCOOBIM CBOMCTBOM, HAa3bIBAEMBIM
«AJIEKTPHYECKHH 3apsiy». DIEKTPOMATHUTHOE B3aUMOJIEWCTBUE TIPOSBISETCS B
BHJIE CHJI IIPUTSDKEHMS WM OTTAIKMBAaHMA. B pe3ynbrare NEHCTBHS DTHX CHII
MOKET U3MEHATBLCS IPOCTPAHCTBEHHOE PACTIPEIEICHHIE 3aPHKEHHBIX YaCTHII,
BO3HHUKATh AeopMamysi ¥ MEXaHMIECKoe IBUKeHne Tell. Cpeay U3BECTHBIX
TUNOB  (PU3MYECKMX  B3aMMOJEHCTBUN  DJIEKTPOMATHUTHOE — OTIMYAETCS
HaMOOJIBIINM Pa3sHOOOPA3MEM CBOMX MPOSIBIEHHI: OHO OTBETCTBEHHO 32 BO3-
HUKHOBEHHE CUJI yIIPYTOCTU U TPEHUSI, OHO IIPUBOIUT K Py CreHM(PHIECKHX,
TEIUIOBBIX, XUMHYECKHX, ONTUYECKUX M MEXaHUYECKUX d(P(EKTOB. DIEKTPO-
MarHUTHBIMU B3aMMOJIEHCTBHAMYU OOYCIIOBIEHA CTPYKTYpa MaTepuu B 00J1a-
CTSX MPOCTPAHCTBEHHBIX MacmTaboB or 1074 1o 10°Mm (Ha MeHBIIMX paccTos-
HUSX OOJIEe BaXKHBI SIEPHBIE B3aAUMOJIEHCTBHUS, a HA OOJBIIMX — IPABUTAIM-
OHHBIE). DIEKTPOMATHUTHEIE MPOLECCHl MTPAIOT TIIABHYIO POJb B Pa3BUTHH

COBPEMEHHOM TEXHUKH (SHEPTreTUKU, TPAHCIIOPTA, CBSI3M).

3.1. O0ue NOHATHSA

TepMUH «AIEKTPUUYECKUN 3aps/l» UCIOJIb3YeTCs B TPEX CMbICIAX: Kak
CBOMCTBO YacCTHII U TeJl, KaK (pu3nuecKasi BeJIMUMHA U KaKk 0003HaYeHHUEe ujie-
ANU3UPOBAHHOM MOJIENH 3aPsHKEHHBIX Tell.

Dnekmpuueckuii 3apsi0 — 3TO CBOMCTBO 3JIEMEHTAPHBIX YaCTHUIl BEIlle-
cTBa, Ojarojapsi KOTOPOMY OHH CIIOCOOHBI K OCOOOTO pojia B3auMOJIECH-
CTBUIO, MPOSIBISIONIEMYCS B ACHUCTBUU CUJI PUTSKEHUS UM OTTAJIKUBAHUSI.

ONEeKTpUYECKUd 3aps] YacTULbl HENb3S YBEJIWYUTh, YMEHBIINTH,
CHATh WJIM COOOUIUTH — 3TO HEOTHEMJIEMOE CBOWMCTBO YACTHUIIbI, MOJ00HOE
Macce. DIEeKTPUUECKHU 3aps]l — 3TO OMMIOJIIpHOE CBOMCTBO. BhIBAaIOT mosio-

JKUTEIIbHBIC U OTpULATENbHbIE 3apsabl. [IpucBoeHue 3apsaam 3HAKOB «+» U
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«—» BBIpaXKaeT TOT (DaKT, YTO MPHU COEAMHEHUU OOBEKTOB, OOJIATAIONINX 3a-
psAaMH IPOTHUBOIIOIOKHON MOJSIPHOCTH, TTPOUCXOIUT KOMITCHCAITUS 3apsI0B
TaK, 4YTO TMOJYYMBIIASCA CHCTEMa HE OyAeT MPOSBIATH AJIEKTPUUECKUX
cBoMcTB. OIHOUMEHHBIE (OAHOMOJIAPHBIE) 3apsAabl OTTAJIKUBAIOTCS, Pa3HO-
UMEHHBIC (Pa3HOMOJISPHBIC) — MPUTATUBAOTCS.

Dnekmpuueckuti 3aps0 ( — cKaysgpHas (pu3ndeckasi BeJIMUnHa, Ompee-
JISIOMIAas MHTEHCUBHOCTD 3JIEKTPOMATHUTHOTO B3aUMOJCHCTBYS 3apsKEHHBIX
Ten uia yactuil. [Ipu craTuyeckux mposBICHUSX OMPEAENeTcsl 0 CUIIOBO-
My B3aUMOJICUCTBHUIO Ha OCHOBE 3akoHa KynoHa, mpu AMHAMUYECKUX MPOSIB-
JeHHSX — depe3 cuity Toka (B cucteme CU 3a enuuuIly 3apsaa npuHaT 1 ky-
noH (K1) — anexTpuyeckuil 3apsi, IEPEeHOCUMBIN Yepe3 MoNnepeyHOe CeUEHUE
S3a 1 cekyHy NpH MOCTOSIHHOM CHJIE TOKa, paBHOM 1 ammepy(A)).

HHuckpemuocms s1ekmpuueckoeo 3aps0a POSIBISIETCS B TOM, YTO CYyIIIe-
CTBYET MHUHHMAJBHBIA AIIEMEHTAPHBIA (HEIEIUMBIN) 3apsia. DIEeMEHTapHBIM
TIOJIOKUTENBHBIM 3apsAIOM 00J1aJar0T IPOTOHBI (G = + € = +1,6-1071° Ku), are-
MEHTapHBIM OTPULIATEILHBIM 3apsiIOM OOJaAarOT 3JEKTPOHBI (Je = — €=
= —1,6:101° Ki). ATOMBI BEIECTBa B LIEJIOM HENTPAILHBI, TAK KaK CyMMap-
HBIM 3apsij] BCEX MPOTOHOB B SIAPE aTOMa KOMIIEHCHUPYETCS CyMMapHbBIM 3a-
pAIOM 2IIeKTpOoHOB. [Ipu ompeneeHHbIX YCIOBUAX (TIPH TPEHHUH TEI, TP UX
00JydyeHHHU U Ap.) OaaHC MOJIOKUTENIBHO U OTPULATENBHO 3apsyKEHHBIX Ya-
CTHUI] MOKET HapylIaThCs M TOT/Ia MAaKpOTEJIO CTAHOBUTCS 3apsiKEeHHBIM. Ta-
KM 00pa3zoM, 3apsiji JIF0OOTo Tea SBISAETCS EIbIM KPaTHBIM OT 3JIEMEHTap-
HOTO 3apsza €: e, =(1)n-e, rme n = 1,2.3... (N — pa3sHOCTH YKCIIa TIPOTOHOB
U DJIEKTPOHOB) B cuiy TOro, 4TO 3yIeMeHTapHbBIN 3apsia Mall, AJii MaKpOTel
pu ( >> e MOXXHO TIpeHeOpedhb JUCKPETHOW CTPYKTYPOM 3apsija U CUUTATh
€ro MEHSIOIIMMCS HEMTPEPHIBHO.

HoeanuzuposanHvle Mooenu 3apsdiceHHbIX mei.

1) moueunwiii 3aps0 — 3apsHKCHHOE TEJIO (POPMOM M pa3MepaMH KOTO-
pOro MOXHO IMpeHeOpeub M0 CPAaBHEHHIO C PACCTOSHUSIMHU, paccMaTpUBae-

MBIMU B 337a4¢;
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2) beckoHeuHo ONUHHASL HUMb U OeCKOHEeYHAsl NI0CKOCHb — 3aPSiKEeH-
HBIE TeJa, pa3Mephbl KOTOPHIX MHOTO OOJIBIIIE PACCTOSIHUM, paCCMaTPHUBAEMBIX
B 3aj1a4e.

JIBKymuecs: 3apspDKCHHBIC YaCTHIIBI BEIIECTBA MOTYT BBI3BIBATH PSI
crienuduyeckux 3PpGheKToB (TEIIOBBIX, MATHUTHBIX, XUMUYECKHX ), KOTOPHIC
He HaOII0AI0TCs AU CTaTUYECKHUX 3apsnaoB. [loaToMy HBIOKEHHE 3apsiKEeH-
HBIX YaCTHUI] MOKHO paccMaTpUBaTh Kak 0co00e sIBJICHUE.

Muxkpomok — 3TO NBIKEHUE OTICIBHO B3STON 3apsHKEHHOW YaCTHIIBI.
Hampumep, B mogenu atoma Pesepdopna nemkeHue 31eKTpoHa BOKPYT sAapa
MOKHO paccMaTpHBaTh KaK MUKPOTOK.

Maxpomok — ynopsiJOY€HHOE JBUKEHHUE COBOKYIMHOCTH 3apsDKCHHBIX
gacTuIl. TerioBoe XaoTHUeCKOe IBMKCHHE JIECMEHTAPHBIX YaCTHII BEIIECTBA
HE CO3/Ia€T MaKpOTOKa, TaK KaK B CUJIy PaBHOBEPOATHOCTH BCEX HaIpaBlie-
HUW JBVWKEHUS COOTBETCTBYIOIINE MUKPOTOKH KOMIICHCUPYIOT IPYT APYTa.

Tox npogooumocmu — YNOPSIOYEHHOE IBW)XKCHHE CBOOOJHBIX 3apsi-
KEHHBIX YaCTHI[ B CpeJie WM B BaKyyMe (TOK B METaJIaXx, B pacCTBOPax dJIEK-
TPOJIUTOB, MYYOK AJICKTPOHOB B BAKyYMHOH JJIEKTPOHHO-IYYEBOH TpyOKe
U T. I1.), BRI3BAHHOE JICHCTBUEM DIIEKTPUUECKOTO TOJIS.

Konsexyuonnwviti mox — ymnopsijou€HHOE JBUKCHHUE 3apsSHKEHHBIX Ya-
CTHII, BRI3BAHHOE NIPUYNHAMH, HE CBSI3aHHBIMU C DJIEKTPUUECKHUM TTOJIEM.

Mmuorue cnenupuueckre 3h(PeKTr, BEI3BaHHBIC ABUKCHUEM 3apsHKCH-
HBIX YaCTHII, 3aBUCAT HE OT BEJIMUMHBI IICPEHECEHHOTO 3apsiia, a OT CKOPOCTH
€ro TmepeHoca.

Cuna moxa (1) — ckanspHas pu3ndecKasi BeIUUNHA, XapaKTePHU3YIOIIast
CKOpPOCTh MepeHoca 3apsifa uyepe3 paccMaTprUBaeMyl0 TTOBEPXHOCTb, YHCIICH-

HO paBHa a0COJIOTHOM BEIMYMHE 3apsjia, MPOIICANIICTO Yepe3 MOIEPEIHOe

d
CeUeHHe IPOBOIHUKA 32 CIUHUILYy BpeMeHH: | = d_q [Tpu MOCTOSIHHOM TOKE:
|:%. (3.1)
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Cuiia Toka u3MepsieTcsi B ammepax. AMIep OTHOCUTCS K OCHOBHBIM
equannam CH.

dnekmpomazHumnoe nojie — 0codast MaTepualbHas cpea, nepeaaronas
B3aUMOJICIICTBUE MEXY 3apsLKCHHBIMH TelaMu Wiau yactuiamu. CorjiacHoO
Mozel MakcBeiuia, 3JIEKTPOMarHUTHOE TI0JIE PACIIPOCTPAHSETCS B IPOCTPaH-
cTBe co ckopocThio 300000 km/c B BUE SJIEKTPOMAarHUTHOM BOJTHBI.

YacTHBIMU MPOSIBICHUSIMU SJIEKTPOMATHUTHOTO TIOJISI SIBJISIFOTCS DJICK-
TPUYECKOE M MAarHUTHOE MOJisl, OOHAPYKEHNUE KOTOPBIX ONPEIEseTCs YCIo-
BUSIMHU BO3HUKHOBEHHMSI ¥ BBIOpAHHOM 17151 HAOJIIOIEHUSI CUCTEMOM OTCUETA.

Anexmpuyeckoe nojie — OJIHA U3 COCTABIIAIOIIUX 3JIEKTPOMATrHUTHOTO
oJsl. DIEKTPUUECKOE TT0JIE MOXKET OBITh CO3/IaHO JBYMSI CLIOCOOAMH:

— HEMOABWKHBIMHU 3apsifiaMu (JIEKTPOCTATUUYECKOE MOJIE);

— IEPEMEHHBIM MAarHUTHBIM TI0JIEM (BUXPEBOE JIEKTPUYECKOE TOJIE).

dnekmpocmamuyeckoe noje — 3TO O0COObIA BHUJ MaTepuu, INepearo-
I B3aMMOJICHCTBUE MEXKIY HEMOJBWXHBIMHU 3apSKEHHBIMA YaCTULAMHU
WJTU TEJIaMHU.

DJIEKTPOCTATUYECKOE T0JI€ CO3AaETCAd HEMOJBHXHBIMU DJICKTpUYE-
CKUMH 3aps/laMd U OOHApyXUBAETCS MO JCHCTBUIO CUJI Ha TIOMEIIEHHBIC B
HEro 3apspbKeHHbIE Tena. Takum o0pa3om, 3apsibl MO OTHOIICHUIO K TOJIO
MOTYT BBIMOJIHATH JABE (DYHKIIMU: UCTOYHUKA TIOJISI 1 UHAUKATOPA TOJIS.

Maenumnoe none — olHa U3 COCTABISIONINX JIEKTPOMArHUTHOTO T0-
7. 9TO OCOOBIM BUJI MAaTEPHH, MEPEIAIOIINI B3aUMOJICUCTBUE MEXIY IBHU-
KYIAMHUCS 3apsAaaMyd WM TOKaMH. MarHuTHOE TMOJie MOXKET OBITh CO3/1aHO
JIBYMS CIIOCOOAMU:

— IBWOKYUIUMUCSA 3apsiaMH (TOKaMH);

— IEPEMEHHBIM SJIEKTPUUECKUM TOJIEM.

MarauTHoe noJjie 00HapyKUBAETCA TI0 ACUCTBUIO CHJI HA JIBUKYIIUECS
YaCTHI[bI, TOKH WM HA MAarHUTHYIO CTPENKy. Takum oOpa3oM, TOKH IO OT-
HOIICHUIO K MAarHUTHOMY TIOJIFO MOTYT BBITIOJHATH JABE (PYHKIIUU: UCTOYHUKA

IIOJII 1 UTHAWKATOPA I10JIA.
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3.2. DJaeKTpoCcTATHYECKOE MOJIe

OcHOBHBIE 33/1a4d, BOZHUKAIOIIUE MPU U3YUYEHUH BJIEKTPOCTATUYECKO-
ro MOJIs:

— BBEJICHUE KOJMYECTBEHHBIX XApPAKTCPUCTUK TOJS M aHAIU3 €ro
CBOMCTB;

— Pacy€r MnoJie Npyu U3BECTHBIX 3aPsAIaX, CO3AAIOIIMNX MOJIE;

— pacu€T NelCTBUH OIS Ha TTOMEIIEHHBIE B HETO 3apsiibl 1 0COOCHHO-

CTH ABUKCHUA 3apAKCHHBIX YdCTHUIl B 3JICKTPHUYCCKHUX ITI0JIAIX.

3.2.1. IlousATHIHBIA annapaT (XapaKTePUCTUKH IJIeKTPUIECKOT0 MOJIs)

OCHOBHBIMM  XapAKTEPUCTUKAMHU DJIEKTPUYECKOIO TOJIA  SBISIOTCS
HaNpsHKEHHOCTD U ITOTEHIMAIL.

Hanpsasicennocmo 31eKmpuuecko2o nona — BEKTOpHas (pusnueckas
BEJINYMHA, XAPAKTEPU3YIOWIAsl CHUJIOBOE JECHCTBHUE IOJS HA NOMEUIEHHBIC B
HEro 3apsijbl (CUiIoBas XapaKTEpPUCTHUKA IMOJs B PACCMAaTPUBAEMOM TOUKE),

YUCJICHHO paBHAsl CHUJIC, ICUCTBYIONICH HA €IMHUYHBINA HETIOBUKHBIN MPo0-

. N - F
HBIN 3aps (MHIUKATOP), TOMEIIEHHBIN B UCCIENYEMYIO TOUKY oJist: E = Q'
a 110 MOJYJIIO:

F
E=—. (3.2)
Q

BekTop HanmpssKEHHOCTH COBHAZAET IO HAIIPABICHUIO C CUJIOH, JI€H-
CTBYIOIIEH Ha TOJIOKHUTEIIbHBINA MTPOOHBIN 3apsij], MOMEIEHHBIN B UCCIEIye-
MYIO TOYKY TTOJIS.

Ilomenyuan — ckanspHasl SHEPreTUUECKask XapaKTEPUCTUKA DIICKTPO-
CTaTUYECKOTO MOJIsA, YACIECHHO PaBHAs OTHOILICHUIO MTOTECHIIMAIbHON YHEPTUU

K BEJIMYMHE 3apsijia, MOMEIEHHOTO B UCCIEAYEMYIO TOUKY IMOJIS:

p=—>. (3.3)
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Ha ocHoBe MoHsATHI HANPSXKEHHOCTh M MOTEHLMAN, BBOAATCS JOIOJ-
HUTEJbHBIE XAPAKTEPUCTHUKH, UCIIOIB3YyEMBIE ISl MAaTEMAaTHYECKOTO OIHCA-
HUS CBOMCTB 3JIEKTPOCTATHYECKOTO IOJIS.

Hupkynayus eexmopa nanpaxcénnocmu no koumypy L — ckaspHas
¢usnyeckas BeIUYMHA, HA OCHOBE KOTOPOW MPOM3BOAMTCA KacCH(PHUKAIUSA
[OJIEH Ha IMOTEHUMAIbHBIE M HENOTEHUMAIbHBIE, YUCIECHHO OIpeaesieMas

I/IHTeraJIOM BU/AAa:
i =j(|§,aj=jEldl, (3.4)

rae (E,dl ) — CKaJSIpHOE IIPOU3BENCHUE BEKTOPA HANPSIKEHHOCTH M BEKTOpA
3JIeMEHTa JUIMHBI KOHTYpa; E; — mpoekuus BekTopa HANpsuKEHHOCTH Ha Ka-

CaTCNBHYIO K KOHTYPY.
[Tose Ha3bIBaeTCSA MOTEHIIUAIBHBIM, €CIM IUPKYJIAINS BEKTOPA 110 3d-
MKHYmMOMY KOHTYPY paBHa HYJO. DJCKTPOCTATHUIECCKOE IOJI€ TTOTCHIINATBHO
(cMm. nanee).
Ilomoxk eexmopa nanpscéHnocmu uepe3 HOGEPXHOCMb S — CKasIp-
Has u3nUecKas BEJIMYMHA, HA OCHOBE KOTOPOH MPOU3BOJIUTCS KiaccH(pHKa-
U TTOJICH Ha BUXPEBBIC U 0€3BUXPEBBIC, YUCIICHHO ONpeesieMas HHTerpa-

JIOM BH/A.:
D, :j(E,@j:jEnds, (3.5)

rae (E,dS) — CKQJISIPHOE MPOU3BEACHUE HANPSKEHHOCTU HA JJIEMEHT ILUIOLIA-

AM TOBEpXHOCTU (MIPH 3TOM 3a HAINpPAaBICHUE BEKTOpa ds IIPUHUMAIOT
HaIlpaBJICHUE HOPMAJIM N K MOBEPXHOCTH); En — MPOEKIUs BEKTOpa HAIps-
AKEHHOCTH Ha HOPMAJIb K IOBEPXHOCTH.

[loHATHE «TIOTOK BEKTOpa HANPSKEHHOCTH» CBSI3aHO C IpadUUYecKUM
n300paXeHUEM TIOJIEN U onpeodensiem KOIUYecmso CUlo8blX JTUHULL NOJA, nepe-
cexkarowux 3a0anHyro nogepxnocms. Ilone HazpiBaeTCs 0€3BUXPEBBIM, €CIIH €TO
CWJIOBBIE JIMHUM HE 3aMKHYTBIE M MOTOK BEKTOpPA YEPE3 3aMKH)MYIO TOBEPX-

HOCTb HE paBEH HYJI0. DIEKTPOCTATUYECKOE MoJie OE3BUXPEBOE (CM. Jlanee).
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I'paouenm nomenyuana — BeKTOpHasi pu3nveckas BEeIMUMHA, XapakK-
TEpPU3YIOLIasi CKOPOCTh M3MEHEHUS IMOTEHUMalda NpH MNEepexole OT OAHOU

TOYKH TOJISL K IPYTOM.

— do
rado =—=-n, 3.6
gradp =" (3.6)

rac ﬁ — CAMHHUYHasa HOpMaJ'IB K BKBHHOTGHHHaHBHOﬁ HOBerHOCTI/I;
((jj_(lf — HpOI/ISBO,Z[HaH IIOTCHIMAJIA B HaHpaBHCHI/II/I HOpMaJ'II/I.
B I[GKapTOBBIX KOOp,ZII/IHaTaXI
dp - do - do -

radp=—2-1 +—-2. |+—-2-Kk. 3.7

BGKTOP I'paduCHTa IIOTCHIOMAJIA HAIIPpAaBJICH B CTOPOHY HanoOoee
6BICTp0F0 BO3paCTaHuA IMOTCHIMAIA 110 HOPMAJIU K SKBHHOTeHHHaHBHOﬁ I10-

BCPXHOCTH. Ecau B mone BBI6paTB ITPOU3BOJIBHOC HAIIPABJICHUC |, TO IIPOCK-

4
1S TPaJenTa OTEHIMAA Ha 3TO HAIIPABJIEHUE (g rad§0)| =— . Ona moka-

dl

3bIBACT, KaK OBICTPO MEHSETCS TOTEHIMAN B 3aJaHHOM HAIlpaBJICHUHU (TO
€CTh, U3MEHCHHE TIOTCHITMAJIA, IPUXO/IAIISeCs Ha OTPE30K SIUHUYHOMN JTMHBI
B 32/ITaHHOM HaIlpaBJICHHH ).

Cs5136 MedicOy Xapakmepucmuxkamu noJis

B o6miem ciyqae:

— HaMPsOKEHHOCTh paBHA TPAIUEHTY MOTEHIMANa ¢ OOpaTHBIM 3HAKOM

(TO ecTh, HaMpaBJICHA MPOTHBOIOJIOXKHO BEKTOPY TPAJUCHTA):

E =-gradg; (3.8)
— Pa3HOCTh MOTEHIMAJIOB MEXKIY ABYMs TOYKAaMHU MOJIA paBHA LHUPKY-
JSALUU HANPSHKEHHOCTH MO IMPOU3BOJBHOMY KOHTYPY, COCIHMHSIOIIEMY JaH-

HBIC TOYKH, CO 3HAKOM «MHUHYC»:

Ap=—[EdI. (3.9)
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Ecnu noreHunan noss u3MEHseTCsl B OTHOM HallpaBJICHUU:

— MPOEKIMSA HANPSKEHHOCTH HA IMPOU3BOJIBHOE HAIPABICHHUE X YHC-
JIEHHO paBHA CKOPOCTH M3MEHEHUS MOTEHUIHAJIA B 3aJIAHHOM HAIPABJICHUMU.
3HaK «MHUHYC» IIOKa3bIBAET, YTO HAINPSHKEHHOCTh HAIpaBJ€HAa B CTOPOHY
yObIBaHUs TIOTEHIMANA (C MATEMATUYCCKON TOYKH 3PCHHS MPOCKIUS HAIPsI-
AEHHOCTH Ha HAIIPaBJICHHE NPOU3BOJBLHOM OcH X BBIYUCISETCA Kak IepBast

MPOM3BOIHAS OT MOTEHITHAIA IO KOOPIUHATE X):

do
E,=———.
K= (3.10)
ECJIPI I10JIC O,Z[HOpOI[HOG paSHOCTB IIOTCHIHNAJIOB OHpeI[eJI}IeTCSIZ
o, —¢@ =—E-l,-cose, (3.11)

rae |12 — JUIMHA BEKTOPA, COCIUHSIONIETO JBE TOYKH, MEXAY KOTOPBIMU

UIIETCS] PA3HOCTh MOTEHIMAJIOB; ¢ — YIOJI MEXKJly 3TUM BEKTOPOM U Halpan-
JIEHUEM HANPsKEHHOCTH TOJIS.

Auepzusa rnekmpuyecko2o noasa. MaTepHallbHOCTh AJIEKTPHUUECKOTO
MOJIsl BBIpAXKaeTcs B TOM, YTO ToJjie 00JiajjaeT dHEpruew, 3a c4ET KOTOpou
MPOUCXOJAT U3MEHEHHS B XapaKTepe ABUKEHUS 3apSKEHHBIX TEJl U YACTHIL,

MOMEIIEHHBIX B TMOJE. DHEPrusi IMOJs MPONMOPUMOHAIBHA KBAJpary €ro

HaNPsHKEHHOCTHU:
2
W :%.v, (3.12)
2
y . | &¢E
rie W — oHeprus moJis, COCpeloTOYeHHass B 00BEMe V, — |

IUIOTHOCTh JHEPruM (dHEprusi, COCPENOTOUYEHHAs B €AWHHULE O00BEMa);
E — Hanpsk€HHOCTB MOJS; € — AUIEKTPUYECKAS NMPOHULIAEMOCTh CPEbI, B

KOTOPOU CYIIECTBYET MOJIE.
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I'pagpuueckoe uzobpasricenue 31eKmpocmamuyecKozo nons

b
&\

Puc. 3.1

Puc. 34

CymectByeT aBa criocoba rpaduueckoro mu300-
PaXKEHHUS MOJICH:

— C TIOMOIIBIO JIMHAW HANPSKEHHOCTH,

— C IIOMOIIBIO 3KBUIIOTEHIMAIBHBIX MOBEPXHO-
cTeu.

Jlunuu nanpscénnocmu (cunogvie auHUU) TPO-
BOJAATCA TaK, YTOOBI KacaTellbHas B KaXKIOW TOYKE
COBIIaJIaJla C BEKTOPOM HAIPSHKEHHOCTHU IOJA, a Ty-
CTOTa JINHUM COOTBETCTBOBAJIA YUCJIOBOMY 3HAYEHUIO
HanpsoKEHHOCTU (TaM, € TyCTOTa JIMHUK OoJiblie,
HaIpsSHKEHHOCTD MOJIS OOJIBIIE).

CHII0BBIE JIMHUH 3JIEKTPOCTATUYECKOTO MOJIS He-
3aMKHYmble, 4TO OTpakaeT 0€3BUXPEBON XapakTep Io-
ns1. CHUIIOBBIE JIMHUH HANpagnieHvl om «+H» K «=», TO
€CTh HAYMHAIOTCS HA IIOJIOKHUTENBHBIX 3apsgax M
OKaHYMBAIOTCS HAa OTPULIATENbHBIX, JIUOO OJHUM KOH-
[IOM YXOZIST B OECKOHEYHOCTh. JJi1 OAHOPOIHOIO IO-
JI51, HAIPsHKEHHOCTh KOTOPOI'O BO BCEX TOYKAX OJMHA-
KOBa KaK I10 YMCJIOBOMY 3HAQ4YE€HUIO, TaK U IO HaIpaB-
JICHUIO, CUJIOBBIE JIMHUM MPEACTABIIAIOT COOOM CuCTe-
My NapajuleiIbHbIX NPSAMBIX C OJMHAKOBOM T'yCTOTOU
(cm. puc. 3.1, 3.2, 3.3, 3.4).

IKBUNOMEHYUANbHASI NOBEPXHOCMb — 3TO TIO-
BEPXHOCTh, BO BCEX TOUYKAX KOTOPOM MOTEHIMA MOJIA

OAHMHAKOB. 3KBI/IHOT6HHI/IEU'IBHI)IC IMOBCPXHOCTHU BCCTAa

NepHeHAUKYJIPHBI JIMHUAM Hanpsk€HHocTu nosia. Ha puc. 3.5, 3.6, 3.7 k-

BUIIOTCHIHWAJIBHLIC ITIOBCPXHOCTH I/1306pa)KCHBI IMYHKTUPHBIMHA JIMHUSAMMU.

84



<\

—_—— ~——ZZJE=Z=~ + -

-7 N L _FoE=29:)% i e 4
/ //‘\\q)z\ |\1\I_—:—_:r_—/|/| M I I IE
/s =\ \ I | | I £ I I I I ¢
NS R I A I el
[ \ @ 11 Lo [ I
AN /] [ L 01y
v\ - / N | [ 111 11
\Ne__~" v r-CaE==3oN o
S~ __- (L =32 32> RN
———F—" I I I I

Puc. 3.5 Puc. 3.6 Puc. 3.7

3.2.2. OcHOBHbBIE 3aKOHbI U COOTHOIIEHUS YJIEKTPOCTATUKHI

3aKkon coxpanenusn 1eKMPUUECKO20 3apaoa’ NOaHuIU 3apsad cucme-

Mbl He UBMEHSIeMCS, eCll Yepe3 eé epanuyy He npoxoosm djieKmpuue-

CKU 3apAdCeHHble YACTNUYbI.

3aK0oH COXpaHEHMs 3apsijia ABIIeTCS (PyHIaMEHTaIbHBIM 3aKOHOM (Pu-
3WKH, OH CIIPAaBEJIUB I BCEX CHCTEM MHUKpPO- M Makpomwupa. Eciu HeT Ja-
CTHI] BBICOKUX JHEPTUH, TO COXPAHSAETCA HE TOJHKO MOJHBIM 3apsij, HO U B
OTJICTTLHOCTH TIOJIOXKUTEIIbHBIN U OTPUIIATENIbHBIN 3apsabl cucTeMbl. Eciu B
CHUCTEME €CTh YaCTHUIIBI BRICOKUX DHEPTUN UK B CUCTEMY TMOIAIal0T (hOTOHBI
BBICOKUX DHEPTUH, TO MOTYT MPOUCXOAUTH MPOIIECCHl POXKICHUS IJICKTPOH-
MMO3UTPOHHBIX AP WIM MX aHHUTWISAINU, B PE3YyJIbTaTe YeTO MEHSIOTCS KO-
JUYECTBA OTPHIATEIILHO W TIOJOXKHTEIBHO 3apshKEHHBIX dacTull. OIHaKo
TIOJTHBIN 3apsiJi CACTEMBI BCE PABHO COXPAHSETCH.

Teopema o wupkynayuu eekmopa E ona snekmpocmamuueckozo

noaA: THUPKYJSIUS BEKTOpAa HAMPSHKEHHOCTH DJIEKTPOCTATHUECKOTO

IoJIt IO MPOU3BOJIbHOMY 3aMKHYTOMY KOHTYPY paBHaA HYJITO:

§E|d| =0. (3.13)
L

OTta TCOPCMA, KaK I'OBOPUJIIOCH PaHCC, ABJLICTCA MAaTCMATHYCCKHM BbI-

PaKCHUCM CBOMCTBA MNOTCHIMUAJIIBHOCTH 3JICKTPOCTATHUYCCKOT'O I10JIA.
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Teopema Ocmpozpaockozo — I'aycca (meopema o nomoke 6eKkmo-
pa E) ona snekmpocmamuueckozo nonia. NOTOK BEKTOpPa HAIPSKEH-
HOCTH 3JICKTPOCTATUYECKOTO OIS 4epe3 MPOU3BOJIBHYIO 3aMKHYTYIO
MOBEPXHOCTh PAaBEH ajreOpanueckoil CymMMme 3apsjioB, IMOMAJArOIINX
BHYTPb 3TOM TTOBEPXHOCTH, JICJICHHOM Ha &o:

2.4
E,dS = <", .
i o (3.14)

DTa Teopema SBISETCS MaTEMAaTHYECKUM BBIPAKECHUEM HE3aMKHYTOCTH
CUJIOBBIX JMHHUH 1oy, KpoMe TOro oHa MOMKET HCIOJb30BaThCsS KaK METOJ
JUTsE pacdy€Ta HaMpsHKEHHOCTH TMOJIS MPYU U3BECTHOM KOH(UTYpaIK CUITOBBIX
JMHHN (CM. TIpUMep pelieHus 3a1a4 4 u 5 B pasnene 3.6).

Pacuém xapaxkmepucmuk nonas npu u38eCmHbIX 3apaoax, co30aouiux
nose. Hanpsok€HHOCTD | IMMOTEHITHAT TOJIST B HEKOTOPOW TOYKE 3aBHCST OT:

— BEJIMYMHBI 3apsI0B, CO3/IAIOIINX TOJIE;

— X KoHpUryparuu (GopMbl 3apsKEHHBIX TE);

— TI0JIO’KEHHSI TOYKHU B TOJIE;

— JJIEKTPUYECKUX CBOMCTB Cpebl, B KOTOPOH CYIIECTBYET TOJIC.

B HmwxkenpuBenéHHubx (Gopmynax s pacdéTa MOIYJS HAMpsHKEHHO-
ctu 3apsn |Q| 6epéres mo abcoaOTHOM BennuuHe, 0e3 yuéra 3HaKa 3apsja, a
B ¢opMynax ajig pacuéra MOTEHIMANA 3HAK 3apsJia, CO3/IAl0IIETo MoJie, yuu-
teiBaeTcs — (+)Q. I[MoTeHmuma (Tak e Kak U MOTEHI[MAIbHAS YHEPTHS B M-
XaHUKE) OIMpPEAeNIeTCS ¢ TOYHOCTBIO 0 aJIMTHBHOW TOoCcTOssHHOW C, 3aBH-
csIel OT BBIOOpA TOYKHM HYJIEBOTO TOTEHIIMANA, HO B 3a7a4ax MbI BCETa
MMEEM JIEJI0 C Pa3HOCThIO TOTEHIIMAIOB, KOTOPAasi HE 3aBUCUT OT 3TOTO BBIOO-
pa. & — AWAJIEKTpUUYECKas MPOHHMIIAEMOCTh CPENbl, B KOTOPOHW CYIIECTBYET

aJieKTpuUeckoe mnose (TabauyHas BenuurmHa) YuciaoBble 3HaueHUs: K03 du-

1
&

eHToB B cucteme CU: =9.10°Hm 2/Kn?; &y =8,85-10"2®d/m.

. MOILYJ'II) HaHpH}KéHHOCTI/I N IIOTCHOHMAJ I10JIs1, CO3JaBacMOro To4cd-

HBIM 3apsAa0M.
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S dmgr? T ame 549)

rae I — paccrosHHe OT 3apsaa Q 10 TOYKH, B KOTOPOH OMpEAessIoTCS
HANPSHKCHHOCTD U MIOTCHIINAL.

MOI[YJIB HaHpH)KéHHOCTI/I U IIOTCHHOHAJI IIOJII, CO3aaBacMOro IIpo-

BOJIALIEH 3apsbKeHHOM cdepoit paanycoM R Ha paccTostHuu I OT 1ieHTpa chephi:

E=0;¢9=0(mpur<R), (3.16)
__ Q. Q _ o

E= 472305R2' ¢_W+C (mpu r = R); (3.17)

e- Qoo Q _+C (upur>R). (3.18)

» P=
* Moaynb HanpsKEHHOCTH U MOTEHIIMAJ TOJIsI, CO3aBaeMOro 0ecKo-
HEYHOH MPSIMON PABHOMEPHO 3apsiKEHHON HUTHIO MU OECKOHEUHO JUTMHHBIM

HWJIMHIPOM C JIMHEMHOW TIJIOTHOCTBIO 3apsiia 7 :

=
27 jer 272808

‘Inr+C, (3.19)

rje 7 =-> — JUHEWHas MJIOTHOCTH 3apsaa (3apsia, COCPEIOTOYCHHBIN HA €/1H-

Q
1
HULE JUIMHBI); I — pacCTOSIHUE OT HUTH WM OCH IIMJIMHJIPA A0 TOYKH, B KOTO-
POH ONPENENAOTCA XapaKTEPUCTUKH TTOJIS.

= Moaynp HanpspKEHHOCTH M MOTEHLIMAT TMOJIsA, CO31aBaeMoro Oecko-

HEYHOW PaBHOMEPHO 3apsSHKEHHOM IUIOCKOCTBIO C MOBEPXHOCTHOM IIOTHO-

CTBIO 3apssia O .

ol p-0T ¢, (3.20)

E="":
2846 26‘08

Q

Iae o = — NOBEPXHOCTHAd INIOTHOCTE 3apia (3apsiz, coCpeIOTOUCHHBIM

Ha €MHUIIC IUIOMIaAM); I — pacCTOSIHUE OT IUIOCKOCTH JI0 TOYKH, B KOTOPOM

OIIPCACIIACTCA ITIOTCHI XA IT10JIA.
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Ilpunyun cynepnozuyuu rneKmpuyeckux noJeil. €Ciu B OAHOU U
TOM e TOYKE MPOCTPAHCTBA CO3/AaHbI JIBA MM HECKOJBKO IMOJIEH, TO
9TH TIOJISl HE B3aMMOJICUCTBYIOT U HE MCKAXXalOT APYT JApyra, a Ux Xa-
PAKTEpUCTUKH CKJI/IbIBAIOTCS, MPUUYEM HAMPSHKEHHOCTU CKIIAbIBAIOT-

Ci BCKTOpHO, d [IOTCHUOHUAJIbI — aﬂre6pquCCKHI
Epes =B +E, +E;+..=> E;; (3.21)
Ppes = B +E)o, + Ehpy +..= D (H)or. (3.22)

B ClIydac 3apsAa0B, HCIIPCPBIBHO paCHpeﬂeHéHHBIX o JJIUHC TCJia, IO
CT0 IIOBCPXHOCTHU HJIH O6’béMy, HaHpH)KéHHOCTB H IOoTCHIHAJI I10JIs1, CO31aBa-
CMOI'0 3THUMHU 3apsagaMH, TaK KC MOXKHO HaWTH HAa OCHOBAaHMUU IIpuHOUIIa Cy-
IICPIO3uIH, ITOCKOJIBKY JIr000¢€ 3apPAKCHHOC TCJIO MOXKHO pacCMaTpHUBaATb
KaK CUCTCMY OECKOHEYHO OOJIBIIIOr0 YHCJIa TOYCYHBIX 3apAaAa0B. B sTtom ClIy-

dac IIPUHIUII CYIICPIIO3UINU IIPUHUMACT BU/:
Epe; = [dE; (3.23)

Ppes = J.dgﬂ (324)

Hanpumep, xornaa 3apsii paBHOMEPHO paclpe/iesiéH BI0JIb HUTH C JIU-
HCHHOM MJIOTHOCTBIO 7, TO HA HUTH BBIACIIIETCS Mallblii ydacTok ainuHou dl ¢
sapsimoM dQ = zdl. Takoit 3apsiq MOXHO paccMaTpWMBaTh KaK TOUYCYHBIA U

PUMEHSTH COOTBETCTBYIOMINUE (POPMYIIBI:

E dl T dl 2
——-_- _— 3- 5
d b per? T’ do Az et (3.29)

rae I — paauyc-BeKTOp, HANpaBJICHHBIM OT BbIAeNeHHOro 3iementa dl k
TOYKE, B KOTOPOU BBIYMUCIIAETCS HANPSKEHHOCTD.
WurerpupoBanue mo Gpopmyiam (3.23) u (3.24) ¢ yu€rom (3.25) Benéres

o Bcelt unne | 3apsbxeHHoi HUTH (CM. ipuMepbl 2 U 3 B 1. 3.6).

Jlelicmeue 31eKMPOCMAmMuU4ecKkozo NnoJii HA NOMeUleHHble 8 Hezo
3apa0bl. DIESKTPOCTATHUECKOE TOJIC — CHIIOBOE I10JI€, OHO IPOSIBISAET ceOs B
NEWCTBUM CHJI HA TIOMEIIICHHBIC B HETO 3aps/Ibl, BCICACTBUE UETO U3MEHSIETCS
COCTOSIHHE WX JIBIDKCHHUS. Pe3ynbTaT HeMCTBUS TOJIS Ha 3apsHKCHHBIC YacTH-

bl WJIA TCJIa MOJKCT BBIPAKATBLCA:
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— B U3MCHEHHH MOIYJIsSI CKOPOCTH (YCKOPEHUM WM 3aMEIJICHUU JBU-
KEHUS);

— B U3MCHEHUU HAMPABJICHUS CKOPOCTH NBWKCHHS (MCKPUBIICHUU Tpa-
EKTOPHH);

— B U3MEHCHHM OPHEHTAIIMU B MPOCTPAHCTBE (11 CUCTeM, oOJajaro-
ITUX JTUTTOJLHBIM MOMEHTOM).

Kosm4uecTBEHHO EMCTBUE SIIEKTPOCTATUYECKOrO MOJs HA IMOMENICH-
HBIE B HETO 3apsIbl MOXKET OBITh OIICHEHO HECKOJIBLKIUMH CTIOCOOaMHU.

* CuJia, ¢ KOTOPOH TT0JIe JICHCTBYET Ha 3apsHKCHHYIO YaCTUITY WITH TEJIO:

If3J1 =gE. (3.26)

Hampapnenue »5ToM CHIBI COBHAJacT C HaMpaBJICHHUEM BEKTOpa
HaIpPsHKEHHOCTH TI0JISA, €CJIH 3apsiJl, TIOMEIIEHHBIM B OJIE, TTOJIOKUTEIbHBINA U
MIPOTHUBOIIOJIOKHO HAMPSHKEHHOCTH, €CITH 3aps]l OTPUIIATCITBHBIH.

B wactHOM cimydae, korma ecth Ba moueunsix 3apsaga Qi m Q,, onauH
U3 KOTOPBIX CO3AaET 10JIe, a IPYroi UCIBITHIBACT JISHCTBUE ATOTO TOJIS, CHIIa

OIIPCACIIACTCA 3AKOHOM Kyﬂona:

F =%. (3.27)
0

Ha ocnoBanuu |1l 3akona HeloTOHa MOXXHO YTBEPKAaTh, YTO CHJIA, C
KOTOPOM moJie, co3manHoe 3apsaaom Qi, aeiicTByeT Ha 3apsa Q. paBHaA cuiie, C
KOTOPOM MoJie, co3aanHoe 3apsiiom Q2 , nefictByer Ha 3apsa Q.

* [loTeHuMaNIbHAS SHEPTHUS, KOTOPYIO TPUOOpETAET 3apsa (, MOMEIIEH-
HBII B HEKOTOPYIO TOYKY TOJISI C TOTEHITUATIOM -

W, =qe. (3.28)

= PaboTa, coBepiaemast mpu nepeMenieHny 3apsaaa q u3 OAHON TOUKU B

APYTYIO.

1) uepes nanpsiicénnocmo nous.
A, =q[E,dl, (3.29)
rae E; — mnpoekmus Hanpsok€HHOCTHM Ha  KacaTelNbHYHO K TPaeKTOPHUHU

JBUKEHHUS 3apsiaa.
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B vacTtHOM ciy4ae korzaa mojae OZHOPOAHOE (TO €CTh KOrAa BO BCEX
TOYKaX MOJIsI HANPSHKEHHOCTh OJJMHAKOBA KaK MO0 a0COTIOTHOM BEIMYMHE TaK
M 10 HalpaBlCHHIO) U IEpeMEIEHUuEe 3apsjga MPOUCXOAUT IO
MIPSMOJIMHEWHON TPACKTOPHH

A, =qEcosa, (3.30)

I7I€ o — YroJl MeXIyHarnpaBJIeHUEeM HaNps>KEHHOCTH TOJISI M HalpaBiIeHUEM
nepeMeIieHus 3apsiaa;

2) uepe3 pazHocms NOMEHYUALO8:

ASJ'I. = _qA(P =— CI((PZ - (Pl) (331)

VYpaBuenue (3.31) oTpaxaeT HEKOTOpbIE OCOOEHHOCTU palOoTHI,
COBEPILIAEMOM 3JIEKTPOCTATUYECKUM IOJEM IPU MEPEMEIIEHUN 3apsaoB, a
UMEHHO:

— paboTa B AJIEKTPOCTATUYECKOM I10JI€ HE 3aBUCUT OT (DOPMBI TPAEKTO-
pUU JIBIKCHUSI 3apsijia, a ONPEACNSIeTCs] TOJBKO MOJIOKEHUEM HadalbHOU U
KOHEYHOW TOYEK MepeMeleHus (IOTSHIHATAMU @2 U (1);

— paboTa mpu MEepeMeIleHUH 3apsiaa M0 3aMKHYTOMY KOHTYpY (mpu
@2 = (1) paBHA HYIIIO;

— paboTa mpHu NEepeMEeIeHUH 3apsiia M0 SKBUIOTEHIIMATILHON MOBEPX-
HOCTU paBHa HyMO. (DKBUINOTEHUMAIbHON Ha3bIBAETCS MOBEPXHOCTH IEp-
NEHAUKYJISIPHAS] CUJIOBBIM JIMHUSM TIOJISI, BO BCEX TOYKAX KOTOPOM MOTEHIIH-
ajl OJMHAKOB). DTHU OCOOEHHOCTU PAOOTHI OTPAXKAIOT NOMEHYUANbHBIL XA-
paxkmep 3IEKTPOCTATUIECKOTO TOJIS.

= MoMeHT cuiibl, BBI3BIBAIOIINN [IOBOPOT IUIIOJISL B IOJIE C HANIPSIKEH-
HOCTBIO £

M=PR,-E-sine, (3.32)
rae P, =|q|-1 — smexTpudeckuii MOMEHT AUIONIS (MIIH JUIIOIBHBIA MOMEHT);

| — paccrostHre MEX Ty 3apsaaMu, 0Opa3yrOIIUMHU TUTIONb,

o — yron mexnay | u E.

90



3.3. MarHuTHOeE 10JIe

OcHOBHbIE 337]a4¥, BO3HUKAIOIINE MPU U3yYCHUU MAarHUTHOTO MOJIA:

— BBEJICHHUE KOJMYECTBEHHBIX XapaKTEPUCTUK TMOJISI U aHAJIM3 €ro
CBOIICTB,;

— pacu€T NoJiel Mpu U3BECTHBIX TOKAX, CO3AIOMINX MOJIE;

— pacy€Tr NEUCTBUH TOJS HA TOMENIEHHBIC B HEMO TOKU U 3apsijibl, 0CO-

OECHHOCTH ABUIKCHUA 3aPAKCHHBIX YaCTHUIT B MAIrHUTHBIX ITOJIAX.

3.3.1. [lousiTMiiHBIiH annmapaT (XapaKTePUCTHKH MATHUTHOTO TIOJI)

Hnoykuua maznumnozo nons — BEKTOpPHas (pU3MUecKas BeIMYHHA,
XapaKTepI/ByIOHla}I CHUJIOBOC I[eﬁCTBI/Ie I1I0JIsI Ha HOMeHléHHBIe B HCTO TOKHU
(I[BI/I)KyH_H/IeCﬂ 3ap$IJ:[BI), YUCJIICHHO paBHaH OTHOIIICHUIKO MAKCHUMAJIBHOI'O
BpamaIOHIel“O MOMCECHTa CHull, I[eI‘/'ICTByIOHJ;eFO Ha KOHTyp C TOKOM, HOMeHléH-
HBIﬁ B I/ICCHeI[yeMYIO TO'—IKy HOHH, K MarHI/ITHOMy MOMCHTy I9TOI'O KOHTypa:

M max
TS

rae IS = Pn — MarHUTHBIA MOMEHT KOHTYpa, 00TeKaeMoro ToKoM |; S — mmio-

B , (3.33)

a/1b, OTPAaHUYEHHAS STUM KOHTYPOM.

Hupkynayua eexkmopa undykyuu no konmypy L — ckanspuas Qusu-
YyecKas BEJIMYMHA, HA OCHOBE KOTOPOM MPOU3BOAMTCS KiIacCU(DHUKAITUS TTOJICH
Ha MOTEHIMAJIbHBIC U HETIOTEHIMAIbHBIC, YUCIIEHHO OTpe/essieMas HHTerpa-

JIOM BH/AA:

17, =[(B,dl )= [B,dr, (3.34)
rac (é,dr) — CKaHHpHOC HpOI/ISBeﬂeHI/IC BCKTOpa I/IH,Z[YKHI/H/I nu BGKTOpa dJ1C-
MCHTA OJIMHBI KOHTypa; B| — HpOCKHI/Iﬂ BeKTOpa I/IHI[YKHI/II/I Ha KacaTeHBHYIO
K KOHTYDY.

HOHG Ha3bIBACTCA HGHOTeHHI/IaHBHBIM, cClIn L[I/IpKYHHHI/IH BeKTOpa 10
3aMKHymOMy KOHTypy HC paBHa Hy.]'IIO. MaFHI/ITHoe I10JIC HE INIOTCHLMAJIBHO

(cM. manee o TEKCTY).
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Ilomok éexmopa undykyuu uepes noeepxnocms S — cKausipHas pusu-
YyecKasi BeTMYMHA, HA OCHOBE KOTOPOM MPOM3BOAMTCS Kiaccu(UKaLus MoJei

Ha BUXPCBBIC U 6C3BI/IXp€BI>Ie, YHUCJICHHO OIIpCACEICMad NHTCIPAaJIOM BHUA:
@, = [(B,dS)=[B,dS, (3.35)
rae (ﬁ,d§) — CKaJIIPHOE TIPOM3BEACHUE MHIYKIIMN Ha 3JIEMEHT IUIONIAIN TI0-

BEpPXHOCTH (IIPH 3TOM 3a HANpABICHHE BEKTOpa dS NPHHHMAIOT HAIpaBIIe-
HHe HopMauH (TIEPIICHUKYIIIpa) K moBepxHoctu N);

By — npoekuys BEKTOpa HAMPSKEHHOCTH HA HOPMaJlb K TOBEPXHOCTH.

[TonsiTue «IIOTOK BEKTOpa MHAYKLHU» CBA3aHO € IpadUyecKuM H300-
pakeHHEM IIOJIEN U onpeoensem KOAUUecmeo CUNOB8bIX TUHUL NoJs, nepece-
Karowux 3a0annylo nogepxnocms. Ilone Ha3bIBaeTCs BUXPEBBIM, €CIIU €TO
CWJIOBBIC JIMHUM 3aMKHYTBIE, @ IOTOK BEKTOpPA YEPE3 3AMKHYMYIO NOBEPX-
HOCTb paBeH HYJII0. MarHUTHOE 10JI€ BUXPEBOE.

Duepeuss maznumnozo noas. MarautHoe mnone (kak 00O
MaTepUATbHBIA 00BEKT) 00JIaaeT SHEPTUeH, 3a CYET KOTOPOU MPOUCXOMAST
M3MEHEHUS! B XapakTepe JBWKECHUS 3apsyKEHHBIX YacTHUI] U MPOBOJHUKOB C
TOKOM, ITOMEIIEHHBIX B MOJIE. DHEPTHUs MArHUTHOT'O NOJI MPONOPLIHOHATIbHA
KBaJpaTy ero MHAYKIUH:

B2

W = .
Zluo/u

V, (3.36)

rae W — sHeprust noJisi, cocpeoToueHHasi B 00béme V;
B2
2o

— 00BbEMHAs MJIOTHOCTh HEPTUU TOJsA (PHEPrus B €AMHMIIC

00béMa); B — MHIYKIIUS MATHUTHOTO TIOJIA;

J{ — MarHuTHas MPOHMUIIAEMOCTb CPEbl, B KOTOPOH CYILIECTBYET MOJIE.
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I'paguueckoe uzoopasicenue
MazHuUmMHo20 noaa. Jlunuu uHOyKyuu
(cunoevie TUHUU) MASHUMHORO NOJS TIPO-
BOJISITCS TaK, YTOObI KacaTelbHas B KaXK-
JIOM TOYKE COBIajajga ¢ BEKTOPOM HHIYK-
UM TIOJIA, @ TYCTOTa JIMHUN COOTBETCTBO-
BaJla YHUCIOBOMY 3HAYEHHUIO WHIYKLIAU
(Tam, rae rycrora JMHUN OOMbLIE, HHAYK-
1M TI0J1s1 OOJIBIIIE).

B omimume oOT 3nekTpocTaTuye-
CKOTO TOJISl JIMHUM WHAYKIIMM MarHuT-
HOTO TOJSl 3AMKHYmble, 4TO OTPAXKAET
BHUXPEBOI XapaKTep MarHUTHOTO IOJIS.

B cinywyae npsAMoro mpoBOJHHUKA C
TOKOM JIMHUUA UHIYKIIMA MarHUTHOTO TO-
7Sl TPEICTaBISIOT cO00M KOHIIEHTpUYe-
CKHE OKPYKHOCTH C LIEHTPOM Ha IPOBOJI-
HUKE, JIeXKAalllUe B MIOCKOCTU MEPIEeHIU-
KYJSIPHOM MTPOBOJHUKY. BHYyTpH NiMHHO-
ro COJIEHOUZA TOJI€ OJHOPOIHOE — CHJIO-
BbI€ JIMHUW TMApaJUIEIbHBI OCH COJIEHOU-
na. Ha ocu kpyroBoro Toka CHJIOBasi JiH-
HUSl BBIPOXKIAETCS B OCCKOHEUHYIO TIpSi-
My TEPICHIUKYJSIPHYIO  TIJIOCKOCTH
Butka (cMm. puc 3.8, 3.9, 3.10).

Ecim  marHutHOE 1TI07I€  CO3aHO
AIIEKTPUYECKUM TOKOM, TO U ONpesierie-
HUSI HANpaeneHust 6eKmopa uHOYKyuu 3T0-
rO TIOJIA B TIPOM3BOJILHOM TOUKE HEOOXO-

AUMO BBITIOJTHUTB CIICIYIOIINC I[CﬁCTBPIfI:
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- 1300pa3uTh Ha PUCYHKE OJHY U3 CHJIOBBIX JIMHUW MOJS, MPOXOs-
LIYIO Yepe3 UCCIEAYEMYIO TOUKY ITOJIS;

- ONPENENINUTh HAINpPaBICHUE CUJIOBOW JIMHUM IO MPAaBUIy MPaBOTrO
BHUHTA (OypaBUuKa);

— MPOBECTH KACATEIbHYIO K CUJIOBOM JIMHUU B pacCMaTpUBAaEMOM TOU-

Ke, KOTOpasi ¥ ONPEICIIUT HalpaBlIeHUEe BEKTOpa HHAYKIuHU (cM. puc. 3.11).

3.3.2. OcHOBHBIE 3aKOHBI H COOTHOILICHUS IJIEKTPOMArHETU3Ma

Teopema o yupxkynayuu eéekmopa B 0na macHummnoz2o nonsa. UApKy-
JSUS BEKTOPAa MHIYKIMA MAarHUTHOTO TOJISi TIO MPOU3BOJIHLHOMY 3a-
MKHYTOMY KOHTYpPY paBHa ajareOpandeckoil cyMMe TOKOB, OXBaThIBae-

MBIX 3TUM KOHTYPOM, YMHOKEHHOU Ha Lo:

iﬁth%Zh- (3.37)

Orta TSOPEMA, KaK I'OBOPUJIOCH PaHCC, ABJIACTCA MATCMATHYCCKHUM BbIpa-
’KCHHUEM CBOMICTBA HCIIOTCHIHUAJIIbHOCTH MArHUTHOI'O ITIOJIA. KpOMC TOT'O, OHa
MOJKCT HMCIIOJIB30BaThCA KaK MCTOA IJIA pacqéTa HHAYKIOWHA I10JII IIPpH M3BECTHOU

KOH(UTYpAIMU CHJIOBBIX JIMHUM (CM. IPUMEP PEIIeHNS 33/1auu 2 B IIL. 3.6).

Teopema Ocmpozcpaockozo — I'aycca (meopema o nomoke eéeKkmo-
pa B) ona maznumnozo nonsa: NOTOK BEKTOpa MHIYKIIMM MAarHUTHOTO

NOJISL Yepe3 MPOU3BOJIbHYIO 3aMKHYTYIO TOBEPXHOCTh PAaBEH HYJIIO:

§B,dS =0. (3.38)
S

OTta TeopeMa SBISETCS MAaTEMaTHUYECKUM BBIPQKEHHEM BUXPEBOTO Xapak-
Tepa MarHUTHOTO TIOJISA, TO €CTh CBOMCTBA 3AMKHYTOCTH €T0 CUJIOBBIX JIMHHH.

3axon buo-Caeapa-/lannaca 1no3BONSET BBIYUCIATh UHIYKIIMIO Mar-
HUTHOTO TOJIsI, CO3JaHHOTO OECKOHEYHO MasibiM AneMenToM Toka ldl Ha pac-

CTOdHUU I OT 3TOT'O IJICMCHTA.:

|- .
5 [dl,F], mam o moxymo dB ='lj1—'l;[0|r—dzlsm a, (3.39)

dé _ ,U,UO
4
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rae 0B — MarHuTHas MHIYKIUS OJS, CO3JAaBAEMOr0 3JIEMEHTOM IIPOBOJIA
mmHoit dl ¢ Tokowm ]

@ — Yroll MEXay HampaBicHueMm syementa nposoma Ol m pammyc-
BEKTOPOM T ;

1L — MACHUMHASI NPOHUYAEMOCMb CPedbl, 8 KOMOPOU Cywecmayem noJe.

Hanpasnenue BekTopa dB orpeie-

JEICTCA  IIPABHJIIOM BCKTOPHOI'O IIPOU3BCAC-
HUsA: BCKTOP dB NCPICHAUKYJLIPCH ITJIIOCKO-

cti, B KoTopoii siexar Bektopel Al u T u

HaIIPaBJICH B Ty CTOPOHY, OTKyJa KpaTdau-

i moBopot ot dl x T xaxkercs mpoucxo-

JSIIIAM  TPOTHUB  YacOBOM CTpenikH  (CM.

Puc. 3.12
puc. 3.12).
Koadduument ZI—O OMPENICNACTCS TOJBKO BBIOOPOM CHCTEMBI €IMHMUII.
B CHUCTEME CH. Ho _ 10~ E,
A M
a py= 471077 E
M

Ilpunyun cynepno3uyuu MacHUMHBIX NOJIEIL. €CIIU B OTHOW U TOU ke
TOYKE MPOCTPAHCTBA CO3AAHBI JIBA UM HECKOJBKO IMOJEH, TO 3TH MOJIs
HE B3aMMOJICMCTBYIOT M HE HMCKAXKAIOT JPYr JIpyra, a MHIAYKLIHS pe-
3YJBTUPYIOIIETO TOJISI HAaXOJIUTCS KaK BEKTOpHAs CyMMa WHIYKIIHM

OTJCIbHBIX MOJICH:
Bpe; =B+ B, +B;+...=>"B;. (3.40)
JIro60# POBOAHUK C TOKOM MOKHO IMPEACTABUTh COCTOSIIUM U3 Oec-

KOHEYHO OOJIbIIOro umcia OeckoHeuHo Maibix 3jaementoB (ldl), Torma ms
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ITPOBOJHHKA KOHCUYHOU JJIMHBI MHAYKOHWA MAIrHUTHOTO IIOJISI MOJKCT OBITH
HaﬁI[CHa KaK BCKTOpHasA CyMMa HOJIGIZ, CO34aBaCMbIX KaXXIAbIM 3JICMCHTOM

TOKa.
Bye; = [ dB;, (3.41)

rae 0B, — MHAYKIMA MarHUTHOTO MOJS, CO3JAHHOTO OECKOHEYHO MAajbIM
|

anemeHToM TokKa | dl, onpenensiemas 3akonom buo — CaBapa — Jlarmaca.

Pacuem Xapakmepucmuk noJjia npu u3eecnmmnsvlx mokax, co30aiou4ux
nojie

NHayKuuss MarHUTHOTO MOJIsI B HEKOTOPOU TOUKE 3aBUCHUT OT:

— CHJIBI TOKA, CO3JIAIOLLETO T0JIE;

— (hopMBI TPOBOIHMKA, TT0 KOTOPOMY TE€UET TOK;

— IMOJIOKEHUS TOYKH B TOJIE;

— MarHUTHBIX CBOMCTB TOM CPEAbl, B KOTOPOU CYIIECTBYET IOJIE.

» MarauTHas HMHAYKIIWS B IECHTPE KPYrOBOI'O TOKA:

.
B="~—, 3.42
rae R — paguyc KpyroBoro BUTKA.
» MaruuTHas MHAYKIHS Ha OCH KPYTOBOT'O TOKA:
My R (3.43)

2 (RZ +h2)3/2’
rac h — pacCTOAHHUC OT LICHTPAa BHUTKA JO TOYKH, B KOTOpOfI OoIIpCACIIACTCA
MaramuTHas I/IHJIYKHI/ISI.

» MarauTHas MHAYKIAS O JJITMHHOTO IIPSIMOI'O TOKA.

_ Mol 3.44
B 271y’ (3.44)

rae Iy — paccTosHHME OT OCHM IPOBOJA IO TOYKH, B KOTOPOW OIPENENAETCS

MarovuTHasA MHAYKIMA.
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» MarauTHas HHAYKIOWA IOJIsA, CO3/1aBACMOI'0 OTPC3KOM ITPOBOJia C TOKOM

B= ﬁ—%(cosal —C0sa,). (3.45) | \
O6o3navyenust scHbl w3 (cm. puc. 3.13). J
Hanpasinenne BekTOpa MArHUTHOM WHIYKLIWH *
U I ©
0003HAYEHO TOYKOW — 3TO 3HA4YWUT, 4yTO0 B | fo 5
HampaBJieH NEPIEeHIUKYISIPHO IUIOCKOCTH YepTe-
Ka K HaM.
[Ipy CUMMETPUYHOM paCHOJIOKEHUU KOH-
[[OB TMPOBOJa OTHOCHUTEIHHO TOYKH, B KOTOPOU ./ o2
OTIpEe/ICTISACTCS. MAaTHUTHAS MHAYKIIUSA, :
—C0Sa, =C0Sey =C0Se, Puc. 3.13
Torja B = élf;_orl cosc.

0

* MarnuTHasi MUHIYKUUS TOJIA JUIMHHOTO COJICHOMJA TPH IJIOTHOU
HaAMOTKE!

B= -1, (3.46)
r7ie N — YUCJIO BUTKOB, MPUXOAIICECS Ha €AUHUILY JJIMHBI COJieHOU 1A (TO €CTh
OTHOIIIEHUE YKCIIa BUTKOB COJICHOM/IA K €r0 JUTMHE WU I'yCTOTa HAMOTKH).

* Cea3b macHumHno2o nomoka c¢ cuiou moxa. 1o onpeneneHnro mar-
HUTHBIA TOTOK (@p) MPOMOPIMOHATIEH HHAYKIIMA MarHuTHOTO 1oJs (B), ko-
TOpasi B CBOIO Oouepeilb NPOMOPIMOHAIbHA CUIIe TOKa, co3aaromiero moue (1),
oTcrofla CleyeT, uto medxncoy @Pp u | cymecTByer npsmasi TpoOrnoOpLHOHAIb-
Hasl 3aBUCUMOCTH:

Dg=L-1, (3.47)
rae L — unoyxmusrnocms unu koagguyuenm camouroykyuu npo8ooHUKd, Ko-
TOPBIN 3aBUCUT OT TEOMETPUUECKUX pa3MepoB U (GOPMbI MPOBOAHUKA, & TaK-
e OT MarHUTHBIX CBOWCTB OKpY’KaroImiei cpenbl. B orcyrcTBue deppomar-

HETUKOB L HE 3aBHCHUT OT CHJIBI TOKA B IOCIIN. Ecau xe cpeaa @CppOMarHI/IT-
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Hasl, TO L 3aBUCUT OT TOKa, TOCKOJbKY MarHUTHBIE CBOMCTBA CPEbl MEHSIOT-
Csl BMECTE C U3MEHEHHEM MarHUTHOTO I10JISI, CO3JJaHHOI'O TOKOM.
* UHAYKTUBHOCTh JJIMHHOTIO COJIEHOWJA IMPHU IUIOTHOM OJHOCIOWHOH

HaMOTKCE:

S
Loon, = pigtt NV = gt 1S = pigua- N*, (3.48)

rae N — ol1ree ynciao BUTKOB coneHouna; | — nqouna conenomma; S — mmio-
a1k ceyeHus coneHounaa; V — oommii 006EM coleHon/1a; N — YMCI0 BUTKOB,
MPHUXOJISIIEECS Ha CIUHUILY JUIMHBI COJICHOMIA; [ — MarHUTHAas MPOHUIAc-
MOCTh CEpJICUHHUKA.

* VHIYKTUBHOCTh JMHEHHOTO IPOBOJHHKA IPCHCOPEIKUMO Maja:
Lipsn—0.

Jlelicmeue MAZHUMHO20 NOJIA HA NOMEU|EHHble 8 Hez0 3apAobl U
moku. OCOOCHHOCThIO MarHUTHOTO IIOJISA SIBJIIETCS TO, YTO OHO JCHCTBYET
TOJIKO Ha JBIOKYyIIUecs 3apsabl. Cuiia, JeWCTBYIONAs CO CTOPOHBI MarHUT-
HOTO TI0JIs, BCErJa NEPICHINKYIIIPHA CKOPOCTH JIBMKCHHS 3apsKCHHOM da-
CTHIIBI M TI03TOMY HE BBI3bIBACT U3MECHEHHUS CKOPOCTH IO MOJYIIIO, HE H3Me-
HSCT KHHETHUYECKYIO SHEPryi0 YaCTHIIBI M HE cOoBepIIacT padoty. PesyibTar
JCHCTBUS MAarHUTHOTO TIOJISI MOKET BBIPAXKaThC:

— B UCKPHBJICHUH TPACKTOPHH JIBHIKCHHS YACTHUIIbI,

— B M3MCHCHHMH OPUCHTAIIUU B MPOCTPAHCTBE (M1 CHCTEM, 00JIajaro-
IIIUX MAarHUTHBIM MOMEHTOM ).

» Cuita, JIEeHCTBYIOIIAsl HAa 3apsHKCHHYIO YaCTHUIy B MarHUTHOM II0JIE
(cuna JlopeHua)

F :Q[D, §], Wi 1o Moayiro: F=QuBsing, (3.49)
rae Q — 3apsia 4acTUIlI, U — CKOPOCTh 3apsKEHHOM YacTHIbI; B — HHIYKIMS

MarHuTHOTO TIOJIS; [D, é] — BEKTOPHOE MPOU3BEJEHUE BEKTOPOB UUB ;| o —

yroJl MKy BeKTopamu o uB .
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HanpaeﬂeHue CUJjibl J]opeHua ONpCACIICTCA IO IIPAaBUJIy BCKTOPHOTI'O

MMPOU3BCACHMWA: CHJIa IICPIICHAUKYJIIPHA IMIIOCKOCTH, B KOTOpOﬁ JCXKAT BCK-

—

TOPBI v uB , 1 JIS1 TTIOJIOKHUTCIIBHO 3aPsiKCH-

HOM 4YacCTHIIbl HAIlPaBJICHA B Ty CTOPOHY, OT- e c - . .
) R

KyJla KpaT4auluy IOoBOPOT OT U K B kaxer- .q . . . .

Csl MMPOUCXOMSIINM ITPOTHB YAaCOBOM CTPEJNIKHU. Fy

DTOMy TpaBUIly JKBUBAJEHTHO HpaBWJIO je- ©  F.° ° ¢ ¢

BOW PYyKH: €CJIIM JIMHUU UHAYKIIMU BXOJST B . . .q . 9

JIaJIOHb, TAJbLbl HAIIPABJIEHBI 0 CKOPOCTH, Puc. 3.14

TO OTOTHYTBIA OOJBLION Majel YyKa3bIBaeT
HaIlpaBJIEHUE CUJIbI, ICUCTBYIOIIEH HA MOJOKUTEIBHO 3aPSHKEHHYIO YaCTHILY.
JUIsl OTpHULIATENBHO 3apsDKEHHON YacThlbl criia JIopeHna UMeeT MpOTHBOIIO-
J0XHOE HarpasiieHue (cM. puc. 3.14).

= Cuna, JeicTByOIas Ha OECKOHEUHO MAaJIbId AJIEMEHT MPOBOJHUKA C

ToKOM JiHOM 0l B MarHuTHOM mosie (crina Amrmepa):

dF = I[dT, B] wm no monymo: dF =1dIB-sinez,  (3.50)
rie [dr, B] — BEKTOPHOE NPOU3BEICHUE BEKTOPOB dl uw B: | — cuma Toka B

nposoanuke; 0l — mimHa GeckoHEUHO MaoOro dJIeMeHTa NPOBOAHUKA;, B —

MarHuTHasi MHIAYKIHS TI0JIst; o — yros Mesxxay Bekropamu dl u B.

B oxHOpoIHOM MarHuTHOM moie (B =const ) cuma Ammepa, neiicTBy-
FOIIast Ha MIPAMOJIMHEWHBIN TPOBOAHUK [UTHHOM | :
F=1-1-B-sina. (3.51)
Hanpaenenue cunvt Amnepa onpenensieTcs Mo NPaBUIYy BEKTOPHOTO
MIPOU3BEICHUS WU 10 SKBUBAJICHTHOMY €MY MPABUITY JICBOM PYKH.
» MoMeHT cui (BpamiaroIiuii MOMEHT), ISHCTBYIOIIMK Ha IIOCKUHN
KOHTYpP C TOKOM, TOMEIIEHHBIA B OJHOPOJIHOE MAarHUTHOE MOJIE!

M :[pmé] wi 1o moayto: M = p,B-sina=1SB-sin¢g, (3.52)

rae Py =NIS - MarHuTHLIA MOMEHT IJIOCKOrO KOHTYpa ¢ TOKOM (A — eau-
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HUYHBIA BEKTOpP HOpMAJIU (TIOJIOKUTEIBHON) K MIIOCKOCTH KOHTYpa; | — cuna

TOKa, MPOTEKAIOIIETO MO KOHTYPY; S — IJIOLIab KOHTYpA); o — YrOJl MEXIy

—

BCKTOpaMH pm u B , TO €CTh MCIKAY JIMHHUAMU MHAYKOUHW MAarHUTHOTO ITOJIA

Y HOPMaJIbIO K TUIOCKOCTH KOHTYpa.

N3 (3.52) cnexyer, 4TO MOMEHT CHJI, ICUCTBYIOIIMM HA KOHTYp, Mak-
cumaner nipu a = 90° (Sina = 1), To ecTh, KOTJa MIOCKOCTh KOHTYpa Iapall-
JeNbHa CUIOBBIM JTUHUAM 1oJs. [Ipu a = 0° (mmockocTh KOHTYpa NEpHeH /I1-
KyJIsipHa CHUJIOBBIM JIMHUSIM TI0JI) BPAIAOMIMi MOMEHT CHJI PAaBEH HYIIO
(sina = 0) — 3TO MOJIO’KEHNE PABHOBECHS, CJICIOBATEIIBHO, CBOOOIHBIN KOH-
TYp C TOKOM (Ha KOTOPbI HE AEWCTBYIOT BHELUIHUE CHUJIbI) IPU OMELLEHUH B
MarHuTHOE TOJIE BCEI/la YCTAHABJIMBACTCS MEPHIEHIUKYISIPHO JIMHUSM HH-
TYKUUU TOJIA.

= PaboTa npu nepemMenieHny JIMHEWHOTO MPOBOJIHUKA C TOKOM B Mar-
HUTHOM TIOJIE:

A=1-g, (3.53)
rae | — cuna toka; @p — MarHUTHBIM MOTOK, MPOHMU3BIBAIOIINN IJIOLIA/b,
«MPOYEPUYEHHYIO» MPOBOJAHUKOM MPU CBOEM JBUKEHUHU.

= Pabota npu nepemeieHuu 3aMKHYTOI0 KOHTYpa ¢ TOKOM B MarHHT-
HOM T10J1¢ (TIPU TIOCTYTATEILHOM WIJIA BPAIATSILHOM JIBYKEHHH):

A=1-Adg, (3.54)

rne A®Dp — U3MEHEHNE MarHUTHOTO IOTOKA 4Yepe3 MOBEPXHOCTbh, ONHPAIO-

LIYIOCSA Ha KOHTYP.

3.3.3. SIBJIeHME 2JIEKTPOMATHUTHOH MHAYKIUH

[Ipy momeIeHny 3aMKHYTOTO ITPOBOJAILIETO KOHTYpa B MArHUTHOE TOJIE B
HEM MOXKET BO3HMKHYTB JJIEKTPUYECKUNA TOK IIPU YCIOBUM, YTO MATHUTHBIM I10-
TOK 4€pe3 NOBEPXHOCTh, OTPAHNYECHHYIO ITPOBOJIHUKOM, U3MEHSETCS C TEYEHUEM
BpEMEHU. BO3HMKHOBEHHE TOKAa CBHUJIECTEJILCTBYET O BO3HHKHOBEHWH JIIEKTPO-

JBIKYILEN CHITbL, KOTOPYIO B TJAHHOM ciTy4dae HazbiBatoT D/1C HHAYKIUH.
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3akon Dapadesa 0na A6NeHUA INEKMPOMACHUMHOU UHOYKUUU:
2. J.C. uHayKunu, BOZHUKAONIas B 3aMKHYTOM MPOBOJIAIIEM KOHTYPE,
MOMEIIEHHOM B MarHUTHOE T0JI€, YUCIEHHO PaBHA CKOPOCTH U3MEHE-
HUS TIOTOKa MarHUTHOM WHAYKIUHM Yepe3 MOBEPXHOCTh, OIPAHUYECH-

HYIO0 KOHTYPOM, C 0OpaTHBIM 3HAKOM:

Eyn = —dd—q:, (3.55)
(MaTemaTH4ecku 3T0 03HaudaeT, uTo DJIC MHAYKIMHA BBIYHCIISCTCS KaK Tep-
Bas MIPOM3BOHASI OT MAarHUTHOTO MTOTOKA MO BPEMEHH ).

Ilpasuno Jlenya. VHIYKUUOHHBIA TOK, BOSHUKAIOIIUK B IPOBOJIHUKE
BcienctBue aeictBus DJIC MHAYKIMM, HANpaBJICH Tak, 4TOObl CBOMM Mar-
HHUTHBIM T0OJIEM MPOTUBOAECHCTBOBATh N3MEHEHUIO MAarHUTHOTO MOTOKA, BbI-
3BABIIETO 3TOT UHAYKIIMOHHBIN TOK.

3HaK «—» B 3akoHe Dapajies SBIICTCA OTPAKEHUEM 3TOTO IIpaBUIa.

Yacmuvie cnyyau s6ieHus 21eKmpomMacHUmHOU UHOYKYUU:

1. Bo3HUKHOBEHHE Pa3HOCTHU MOTEHIMAJIOB HAa KOHIIAX MPOBOJA, ABU-
KYIIETOCs CO CKOPOCTHIO U B OJTHOPOJIHOM MAarHUTHOM TOJIE€ C UHAYKIHEHN B:

U=B-l-u-sing, (3.56)

rae | — mHa npoBoaa; o — yroa MKy BEKTOpaMH U | B.

2. CamouHaykius — Bo3HUKHOBeHUE DJIC MHAYKIMH B TIPOBOIHUKE,
[0 KOTOPOMY TEYET U3MEHSIOIIUNCS C TEUEHWEM BPEMEHH JJICKTPUUYECKHUI
TOK, SIBJISTFOIIMIACS MICTOYHUKOM MarHUTHOTO ITOJIS.

VYuuThIBas CBSI3b MOTOKA C CHJION TOKa B mpoBoguuke (@ = LI), 3akon

(3.55) m1s ciayyas caMOMHAYKIIMKM MOYKHO TIPEICTABUThH B BUJIC:

gs:_(L-dl N I -dL} (357)
dt dt
rae L — koaddunmentT caMonHIyKIIuu TPOBOJHUKA (MHIYKTUBHOCTH), 3aBH-

CAUIMI OT F€OMETPUYECKHX pPa3MeEPOB, (OPMbI MPOBOJHUKA U MArHUTHBIX

CBOMCTB OKPYKArOIIEU CPEIBI.
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U3 (3.57) Bunno, uto DJ[C caMOMHIYKIIMK BO3HUKAET B MIPOBOJAHUKE B

dl
JBYX CIIy4asx: IIPU U3MEHEHUHU CUJIbI TOKA B IPOBOJHUKE Ei 0, mubo mpwu

dL
M3MEHEHUU HHJYKTUBHOCTU MPOBOJHHUKA Eio. Ecmu L = const, To 3/1C

CaMOMHAYKIHUHN OIIPCACIIACTCA TOJIBKO CKOPOCTbIO M3MCHCHHUS TOKa B IIPO-
BOJHHKC:

_L.dl

€y = T

(3.58)

3. Toxu Dyko: ecnyu U3MEHSIONINIICSI TOTOK MATHUTHOW MHIYKITUH CO-
31a€TCs1 B MACCUBHOM CIUIOIIHOM IIPOBOJHUKE (HApUMeEp, B CEpACUHUKE Ka-
TYILIKH, IO KOTOPOM TEUET MEPEMEHHBIN TOK), TO B ’TOM IPOBOJHUKE BO3HU-
KAalOT BUXPEBBIC TOKH, 3aMBbIKAIOIIKMECS BHYTPU IIPOBOJHMKA. Tak Kak compo-
TUBJIEHUE TAaKOrO MPOBOJHUKA MaJl0, BUXPEBbIE TOKH JOCTHIalOT OOJIBIINX
3HAYEHU, YTO MPUBOJUT K HATPEBAHUIO IPOBOJHUKA. ITOT 3PHEKT UCIOJIb-
3yeTcsl B MHAYKLUMOHHBIX I1€Yax JUId IUIABKM METAJIOB B BAKYYME C LIENIbIO

IMOJY4YCHUA CBCPXUYMUCTBIX MATCPUAJIOB U JIP.

3.4. DnekTpUUYecKHe U MATHUTHbIE CBOMCTBA BElIeCTBA U TeJl

B coctaB aroMoB t000T0 BEIIECTBA BXOISAT DJCKTPUUECKU 3apsiHKEH-
HbI€ YacTHUIIbI (DJIEKTPOHBI W TPOTOHBI), MpuuéM 1o moxaenu Pesepdopaa
AJIIEKTPOHBI IBMXKYTCS BOKPYT sJipa aTOMa MO 3aMKHYTHIM TPaeKTOPHUsIM, 00-
paszysi MUKPOTOKH. B CBsI3U C 3TUM IIpU MOMEIICHUHU BELIECTBA B AJIEKTpUYE-
CKO€ JTuOO B MAarHUTHOE T0JI€ Ha 3apsKEHHbIC YaCTHUIIbI JICHCTBYIOT OIpe/ie-
JIEHHBIEC CUJIbI, BBI3BIBAIOIIME W3MEHEHHS B XapakTepe JBU)KEHUS ATHUX 4Ya-

CTHII, YTO MPUBOAUT K U3BMEHECHHUIO CBOMCTB BEIIIECTBA.

3.4.1. DnekTpryecKkue CBOMCTBA BellleCTBA

[Io aymexkTpu4ecKuM CBOMCTBAM BCE BEILECTBA JENATCA HA TPU Kiacca:
TUAJIEKTPUKH, NMPOBOJHMUKM W TOJYNPOBOAHUKHA. B CBOIO odepenp, IUINIEK-

TPUKHW TOAPASACIAIOTCA Ha IIOJIIPHBIC, HCIIOIAPHBIC M CCTHETOJJICKTPHKH.
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[IpoBOAHMKHK MPUHATO JEIUTh HA MPOBOJAHHUKU MEPBOro poja (MeTaibl) U
BTOPOTO pojia (pacTBOPHI AIEKTPOIUTOB, ra3bl MPU 0COOBIX yclIoBUsIX). Kpome
TOTO, CYILIECTBYET 0co0asi rpyIina — CBEPXIPOBOAHUKU. [10IyTpOBOTHUKHN MO-
I'yT UMETh IIPOBOJUMOCTh P-THIA, N-TUIA WK cMelanHyro. [ToapobHo omu-
CaHHE CBOMCTB BEIIIECTB Pa3HBIX TPy MOXKHO HalTH B yueOHMKaX. B naHHOM
pazzieiie paccMaTpUBAIOTCS KPATKO TOJIBKO HEKOTOPBIE U3 HUX.

Jusnekmpuku 6 Inekmpocmamuyeckom nose. [Ja31eKTpuKu COCTOST
U3 DJICKTPUUECKA HEUTPaIbHBIX MOJIEKYJI, IOATOMY I0JIE€ HE MOKET BBHI3BaTh
UX JBIDKEHHE TT0 00bEMY 00pasiia, a MPUBOJIUT TOJIBKO K JiepopMariuu MoJe-
KYyJI 1 OPUEHTAIlUU UX IUIIOJIbHBIX MOMEHTOB B HAIPABJICHUHU CUJIOBBIX JIH-
HHUM MOJI.

THonapuzayusa ousnekmpuxkos — nedopmaius U OpUEHTAIUS MOJIEKYJI
BEIIECTBA B JJICKTPUYECKOM I10JIE COMPOBOKIACTCS BO3HUKHOBEHUEM «CBSI-
3aHHBIX» 3apsSJ0B HAa MOBEPXHOCTSIX, OrPAHUUYMBAIONIUX OOpasell, KOTOphIC
CO3JIaI0T CBOE COOCTBEHHOE TI0JIE, OPUEHTUPOBAHHOE MPOTUBOIOJIOKHO
BHEIIIHEMY, B PpeE3ylbTaTe 4Yero MNPOUCXOAUT OCIa0JeHUE TMOJiI BHYTPH

BCIICCTBA.

Bexmop noaspuzayuu (ROIApU308aHHOCHb P ) — KOTHYeCTBEHHAS Me-
pa CTENEeHU MOJISIPU3AIlMUd BEIIECTBA, YMCICHHO paBHAs BEKTOPHOM CyMMe
JTUTIOIBHBIX MOMEHTOB MOJIEKYJT B €IMHUIIE 00BhEMA BEILIECTRA.

Jlusnexmpuueckas npounuyaemocms eewjecmea & — KOINUYECTBEHHAas
Mepa CTETeHH OcCiabiieHus MOJIsi BHYTPH BEIIECTBA, KOTOPask MOKA3bIBAET BO
CKOJIBKO pa3 HampsuKEHHOCTh MMOJIsi B Bakyyme OOJibIlie, YeM B JIaHHOM

BCIICCTBC:

g=—20_, (3.59)

HOCKOJII)Ky JUBJICKTPUKHK BCCraa 0CJa0JIII0T IIOJIC, NUIJICKTPHUUCCKAA

MIPOHUITAEMOCTD BellecTBa € > 1; 11t Bo3ayxa npuHuMaeres € = 1.
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Memannuueckue npoGoOHUKU 6 Ij1eKmpocmamuieckom noje. Me-
TaJUTBl COCTOST U3 TOJIOKHUTEIBHBIX HOHOB, 00Pa3yIONUX KPUCTAITNIECKYIO
PEUIETKY, U «CBOOOJIHBIX)» JIEKTPOHOB, CITIOCOOHBIX MIEpeMENIaThCs Mo 00bE-
My oOpasia. B oTCyTCTBUE 3JIEKTPUYECKOTO MOJISI TEIIOBOE JIBUKEHUE DIICK-
TPOHOB Xa0THYECKOE.

dnekmpocmamuyeckas UHOYKYus — OOBEMHOE TepepacipesiesieHue
AJEKTPOHOB B METAJUIMUECKUX MTPOBOIHUKAX, TOMEIIEHHBIX B AJIEKTPUUECKOE
noJie (RJIEKTPOHBI JBMXKYTCS B HAMpPABJICHUM MPOTHUBOMOJIOKHOM BEKTOPY
HanpsLKEHHOCTH BHEITHETO TI0JIST), B pe3yJIbTaTe Yero Ha OJJHOM MOBEPXHOCTH
oOpasia CKarjIuBaeTCsl OTPUIATEIbHBIN 3apsij, a Ha MPOTHUBOIOJI0XKHOU TO-
BEPXHOCTU 00pa3yeTcsi HEJOCTATOK AJIEKTPOHOB, TO €CTh BO3HUKAET HECKOM-
IIEHCUPOBAHHBIN ITOJIOKUATEIBHBIN 3apsl. 3apsaapl, THAYLIIUPOBAHHBIE HA MPO-
THUBOIOJIOKHBIX TTOBEPXHOCTSAX 00pasiia, co3Aal0T CBOE COOCTBEHHOE TOJIE,
OPUEHTUPOBAHHOE MTPOTUBOIOJIOKHO BHEMIHEMY. B pe3ynbprare Tak e, Kak B
TUAJIEKTPUKAX, MPOUCXOAUT OCiabJieHHe MOJisi BHYTPHU BeIECTBa, HO IIO-
CKOJIbKY B METaJlaX 3JIEKTPOHBI CBOOOJIHBIE, ITOT MPOIIECC MPOAOIKACTCS
0 TeX TMOp, MOKa HAMpPsHKEHHOCTh BHYTPEHHETO MOJII HE CPaBHAETCS C
HANPsHKEHHOCTHIO BHEIIIHETO TOJIsl. TakuM 00pa3oM, 6Hympu Memaiiuiecko-
20 00paszya, NOMeweHHO20 80 GHEUIHee INeKMPOCmamuiecKkoe noje, Hanps-
HCEHHOCMB Pe3YIbMuUpyIoue20 nojs 6ce20d OKa3vl8aemces pagHol HYio.

Pacnpeodenenue cmamuueckozo u3zoplmounoz2o 3apaoa 6 Memasiiu-
yeckux npogoonukax. IIpu cooOuieHnn M30BITOYHOTO 3apsjia MPOBOIHUKY
MoJie, CO3/IaHHOE ATUM 3aps0M, MPUBOJUT K MEPEPACTIPEICTCHUIO JICKTPO-
HOB BHYTpHU NpoBoAHUKA. [Ipu 3TOM:

— BeCh U30BITOUHBIN 3apsi]l pacrpeessseTcs Mo BHEIIHEH MOBEPXHOCTH
MIPOBOJAHUKA;

- TUIOTHOCTH 3apsiia 3aBHUCUT OT KPUBU3HBI MOBEPXHOCTH M MAKCHU-

MaJibHa Ha OCTPHUAX;
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— HanpsHKEHHOCTH MOJI BHYTPU MPOBOJIHUKA PaBHA HYJIIO;

- MOTEHIHAJI BO BCEX TOYKAX MOBEPXHOCTHU OJMHAKOB (MOBEPXHOCTH
HPOBOTHUKA SKBUITOTCHIIMAIbHA);

— JIMHUM HANpPsOHKEHHOCTH TOJISI, CO3JJaHHOTO 3apSyKEHHBIM MPOBOJIHU-
KOM, BOJIM3U IIPOBOJHUKA MEPIIEHIUKYIISIPHBI €r0 TOBEPXHOCTH;

— MOTEHUHUAJ MPOBOJHUKA MPOMOPIUOHAICH BETMYMHE COOOIEHHOTO
3apsaa.

3anuiieM CBs3b MCKAY IMOTCHIOHUAJIOM H 3apsAA0M IIPOBOIHHUKA B BUIC:

1 . .
(oz(E]-q, rae C — 3IeKTPOEMKOCTh — KOI(PHUIIMEHT, 3aBUCAIIUNA OT T€O-

MCTPHYCCKHUX PasMCpPOB U (bOpMI:I IIPOBOJHHKA, JJICKTPHYCCKHUX CBOMCTB

OKpYXarolenl cpeabl () U pacloNoKEHUsT IPYruxX MPOBOJAHUKOB. C _4d

®
AIEKTPOEMKOCTh MTPOBOAHUKA MOKA3bIBAET, KAKOW 3apsiJ HEOOXOIUMO CO00-
IIUTH MPOBOJHUKY, YTOOBI HU3BMEHHUTH €T0 MOTEHIINANI Ha SAUHUITY (B CHCTEME
CH —na 1 BonbT).

* DJIEKTPOEMKOCTh YEUHEHHOTO I11apa paanycom R:

C=4me,-R. (3.60)

B anexTpo- U paguoTexHUKe UCHOJIB3YIOTCS KOoHaeHcaTopbl. KoHaeH-
caTop — 3TO CHUCTEMa JIBYX MPOBOJHUKOB (0OKIAJ0K), pa3ieICHHBIX JTHAJICK-
TPUKOM M PACTHOJIOKEHHBIX TaK, UYTO AJIEKTPUYECKOE I0JI€ COCPEAOTOUYECHO
TOJIBKO MEXIy OOKJamkamMu (YTOOBI HCKIIIOYUTH BJIMSHUE HA JJIEKTPOEM-
KOCTb JPYTHX TE€J, PACMOJIOKEHHBIX BOIM3U KOHJEHCATOPA).

* DIIEKTPOEMKOCTh KOHJIEHCATOpa!

c i

v (3.61)

riae |q| — 3apsa omaHO#M M3 OOKJIaa0K Mo abCONIIOTHOW BeNMWYHMHE; A@ — pas-

HOCTb MTOTEHIIUAJIOB MEXKTy OOKIaIKaMHU.
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* DJEKTPOEMKOCTbD IIIOCKOI'O KOHJIEHCATOPA:

(3.62)

rae S — oAb OHOM MIacTUHEL, d — paccTOsHME MEKTy MIACTHHAMM.
* DIEKTPOEMKOCT LIUIMHIPUYECKOTO KOHIEHCATOPA:
_ 2@l (3.63)
InR/r
rac L — BBICOTA KOAKCHAJIBHBIX HI/IHI/IHHPOB; R unr— paIH/IYCBI BHCIIHCIO U
BHYTpeHHeFO HI/IHI/IHI[pOB COOTBCTCTBCHHO.

* DJIEKTPOEMKOCTh CPepUuecKoro KOHJIEHCATOpa:

de \Rr
C=—2"—, (3.64)
R—-r
rae R u I — paguycsl BHEIIHEW U BHYTPEHHEH cepbl COOTBETCTBEHHO.
= DHeprus oyt KOHJAEHcaTopa:
_Qu _cu?_@? 3.65
W=5=""x (3.69)

rae U= Ap — pa3HOCTh MTOTEHITMAIOB (HAMIPSIKEHUE) MEXKTY OOKIIAIKaMH.

Tabauya 3.1

HpaBnna MJIA MOCJIEA0BATECJIBbHOT0 U NMAPAJIJICJIBbHOI0 COCANHECHUA KOHICHCATOPOB

Ilocneooeamenvnoe coeounenue

Ilapannenvnoe coeounenue

3apsa Mo abCOMIOTHONM BETUYHMHE OJIMHA-
KOB Ha BCEX OOKJIaJIKaX KOHJICHCATOPOB

Qi=Q2=Q3=...

HaHmeeHI/Ie OJWUHAKOBO Ha BCEX KOHACH-
caropax
U=U=Usz=..

OO0miee HampsHKEHHE PaBHO  CyMMe
HanpsOKeHUH Ha OTJENbHBIX KOHJEHCA-
TOpax

Uos = U1+ Uz + Uz +...

OOmmit 3apsn Oatapen KOHACHCATOPOB
paBeH cymMMe 3apsiOB BCEX KOHJIEHCATO-
poB

Qs =Q1+ Q2+ Q3 +...

Bennuuna oOpaTtHast o01ieit EMKOCTH CH-
CTEeMBl paBHA CyMMe OOpaTHBIX BEIMYUH
€MKOCTEH OTACIBHBIX KOHACHCATOPOB
1/Cs=1/C1 +1/Co + 1/C3 + ...

OO6mast EMKOCTh CHCTEMBI KOHIEHCATOPOB
paBHa cymMe EMKOCTEH OTACIbHBIX KOH-
JICHCATOPOB

Cis=C1+Co+Cs+ ..

HaHpH)KeHI/DI Ha OTACJIBbHBIX KOHJICHCA-
TOpax pacHpeensIioTcs OOpaTHO IIpo-
MOPIHMOHAIIBHO UX 3JIEKTPOEMKOCTAM
U1/Uz = Co/Cy

3apsapl Ha OTHENBHBIX KOHJEHCATOpax
pacupenensoTcs NpsMO MPONOPLUUOHAb-
HO MX 3JIEKTPOEMKOCTIM

Q1/Q2 = C4/C;

106




Memannuueckue npoeoOHUKU 6 CMAyUOHAPHOM noJie. Eciim Ha KOH-
I[aX MPOBOJHMKA TOICPKUBATH TTOCTOSIHHYIO Pa3HOCTh MOTEHITMAIOB (TO €CTh
CO3J1aTh CTAlIMOHAPHOE TOJIE), TO HA TEIJIOBOE Xa0TUYECKOE JABMXKEHUE AIIEKTPO-
HOB HAJIOXKUTCSl YHOPSZIOYEHHOE JIBIXKEHHUE TOJ| JEHCTBUEM CHJI CO CTOPOHBI
AIIEKTPUUECKOTO TIOJISi 1 BOZHUKHET MOK NPOBOOUMOCHIU.

IInomnocms moka npogooumocmu — 3TO CUJia TOKa, MPUXOAIIAsACS Ha
€JIMHUILY TUIOIIA/IA MOMEPEYHOTO CEUEHHUs MPOBOJHUKA, UM 3apsl, IEPEHO-
CHUMBI{ MO IPOBOJIHUKY B €UHUILY BPEMEHU Uepe3 €IUHHUILY TUIOMAU TOTIe-

PCUYHOT'O CCUCHUA IIPOBOIHUKA:

j :3—;, WJIM TIpH ] = CONSt: | 1.0 (3.66)

S St
Ces136 nIOMHOCIMU MOKA €O cpedHell ckopocmbvio (V) HANPAGIeHHO20
Osuorcenus sapsaicennvix yacmuy: j=Q-n-(v), rae Q — 3aps OHOI YaCTHIIBL;

N — KOHIICHTPAIUS 3apsHKEHHBIX YaCTHIL (YMCII0 YACTHUI] B SAMHUIIC 00hEMA).

YTOpsSI04YeHHOMY JBIKCHHIO 3JICKTPOHOB TMPEMATCTBYIOT MX CTOJIK-
HOBCHUS C HWOHAMH KPUCTAJUIMUYECKOW PEMIETKHA, B PE3yNbTaTe KOTOPBIX
AJIIEKTPOHBI TEPSAIOT SHEPTHIO, MOJYUYEHHYIO OT TOJIs, TepeaaBasi €€ MOoHaM.
OTuM 00YyCIIOBICHO BO3HUKHOBEHUE CONPOMUBTIEHUs NPOBOOHUKO8 U Hazpe-
sauue eujecmea TIPHU MPOXOKIECHUU IIEKTPUIECKOTO ToKa. J[s BocmomHe-
HUS TOTEPh YHEPTUH, BHI3BAHHBIX HAIMYHUEM COMPOTHUBIICHUS MPOBOJTHHUKOB,
B IIEMH JJOJDKHO CYIIECTBOBATh YCTPOUCTBO, MOIIEPKUBAIONIEE MTOCTOSTHHYIO
Pa3HOCTh MOTEHIIMATIOB — UCIMOYHUK MOKA. BHYTpPH HCTOUYHUKA MIPOUCXOTUT
pa3zescHUE TOJIOKUTEIIBHBIX U OTPUIIATEIBHBIX 3apsIOB (BOIIPEKH CHIIAM HX
B3aMMHOTO TPUTSDKEHUS) 32 CUET JCHCTBUS CTOPOHHUX CHII, TO €CTh CHJI HE
ANEKTPOCTATUYECKOTO MTPOUCXOKICHHUSI.

Inexmpoosudicywas cuna ucmouynuxka moka (3/[C) — puznueckas Be-
JMYMHA, XapaKTepusyomas paboTy CTOPOHHUX CHIJI MO Pa3elIeHUI0 «+» |

«—» 3apsIOB B pacu€Te Ha €AUHUILY 3aps/ia:

CcTOp. C1TI
L (3.67)
q
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Pacuem ueneii nocmoannozo moka. JIBUXKEHHE DIEKTPOHOB II0
YYaCTKy WEMH, COJEpKaIlleMy HCTOYHHK (IO HEOJTHOPOIHOMY YYaCTKY),
MIPOUCXOANT KaK TMOJ ACUCTBUEM CHJI AJIEKTPUIECKOTO TOJIS, TaK U MO JeH-
CTBHUEM CTOPOHHUX CHJI, B TOM CJIydae CIipaBesiuB 3akoH OMa.

3axon Oma 0111 HEOOHOPOOHO20 YUACMKA Yenu' . CUIa TOKa Ha y4acTKe

ey MpsiMO TpoIopiroHaibHa anredpanueckoit cymme IJIC u pas-

HOCTH TOTEHIIMAJIOB Ha 3TOM Yy4YacTKE M OOpaTHO MPOMOPIHOHAIbHA

IMIOJIHOMY COIIPOTHUBJICHUIO YUaCTKa:

| :%_ (3.68)

Bemmunna @) — @, + & =U HaseBaetcs nanpsicenue na yuacmie yenu.

YacTHeI€ Cityyan 3TOTO 3aKOHA!

1. 3axon Oma ons 00HOpOOHO20 ywacmKka yenu (g =0) — CHJIa TOKA Ha
ydacTke nenu He cozgepxkameM OJC, mpsMo NpONOPLHOHATIbHA PAa3HOCTU
HNOTEHLUAJIOB HAa 3TOM y4YacTKe M OOpaTHO IpPONOPIHOHAIbHA COINPOTUBIIE-

HUIO yJacTKa:

_o-9 U
1=A-fe =, (3.69)

rae R — compoTHBIICHHE y9acTKa IIETH;
¢, —9,=U — Ui OJHOPOJHOIO y4aCTKa LENU HANPSKEHHE COBIANAET €
Pa3HOCTHIO TOTEHIAJIOB.
2. 3axon Oma Ona 3amxHymou yenu (¢ =@,) — CHNa TOKa B IIENHU IIPs-

Mo mpornoprronansHa DJ{C 1 oOpaTHO MPOMOPIIMOHATIBHA TTOTHOMY COIPO-

THUBJICHUIO LICIIN.

|=—¢ (3.70)

rac R — BHemHEE COIIPOTHUBJICHUEC LICIIN,

' — BHYTPCHHEC COIPOTUBICHHUEC MCTOYHHUKA TOKA.
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Tabnuya 3.2

HpaBnna AJIA MMOCJIEA0BATEC/ILHOI'0O M ITAPAJJECJIbHOTI0 COCAUNHCHUS IIPOBOIHUKOB

Ilocneooseamenvnoe coeounenue

IHapannenvnoe coeounenue

CI/IHa TOKa OJMHAKOBA HA BCEX yqaCTKaX
oenun
h=b=I3=..

HaHpSDKeHI/Ie OAWHAKOBO Ha BCEX yLIaCTKaX
U=U=Uz=...

OO1ee HanpsHKEHUE PaBHO CyMMeE Hampsi-
JKEHUU Ha OT/ENbHBIX Y4acTKaX IenHu

Uss=Ur1+ U+ U3z +...

OOmmii TOK B HEPa3BETBICHHON IICIH
pPaBEH CyMMeE TOKOB B OT/ICJIbHBIX BETBAX
ls=lh+ 1+ 13+,

OO61iee cCOMpOTUBICHUE PAaBHO CyMME CO-
MIPOTUBJICHUH OTJEIBHBIX YYACTKOB IIETTH

R =Ri1+R2+R3+ ...

Bennuuna oOpatHast o0IiemMy CONpPOTHB-
JICHUIO paBHA CyMMe€ OOpaTHBIX BEIUYUH
COIIPOTHUBJICHUI  OTHENBHBIX YYaCTKOB
HEeTH

1/Res =1/R1 +1/R2 + 1/R3 + ...

Hanpsbxenust Ha OTAENBHBIX y4acTKax Iie-
MU PacHpeeNaioTCsT MPsIMO MPOHOPIIHO-
HaJbHO COMPOTHUBICHUSIM

U1/Uz = Ri/R2

Toxu B OTACJ/IbHBIX BECTBAX LCIH pacCHpe-
JCIA0TCA O6paTHO IpOoInmopuruoOHaJIbHO
COIIPOTUBJICHUAM

I1/12 = R2/R1

Pacuér neneil, He CBOIALIMXCS K MOCIEAOBATEIbHOMY M Mapajuielib-

HOMY COCOWHCHUAM IIPOU3BOAUTCA HAa OCHOBC IIPABUJI KI/IpXI‘O(ba, KOTOPEBIC

ABJBIIOTCA CIICACTBHECM 3aKOHA Owma AJII HCOAHOPOIHOI'O YUAaCTKa LCIIN.

llepsoe npasuno Kupxeogha: anreOpanyeckass cyMMa TOKOB, CXOJs-

IIUXCS B y3JIe, paBHA HYJIIO:

(3.71)

[Tpumeuanus: a) y370M 3JIEKTPUUECKON LIENU Ha3bIBaeTCs TOUKa, B KO-

TOPOU CXOMSTCS HE MeHee TPEX MPOBOJAHUKOB C TOKAMHM; 0) MOJIOKUTEIbHBI-

MU CHHTAIOTCSA TOKH, BXOIAIIUC B y3CJI, OTPHULATCIbHBIMU — BBIXO/AIINC U3

HETO, B) HarpaBJICHUA TOKOB Ha OTACJIBHBIX YYACTKaX LCIIH PACCTABIIAIOTCA

MPOU3BOJILHO, HO TIPU 3TOM HAJ0 CJIEAUTH, YTOOBI B JTHOOOM y3Ji€ ObUIM TOKH

KaK BXOIAIIMEC B HETO, TaK U BBIXOAAIIHUE U3 HETO.

Bmopoe npasuno Kupxeoga: B 11000M 3aMKHYTOM KOHTYpPE DJIEKTpPHU-

YECKOHW Ienu anredpanyeckas CyMMa TMaJeHud HampsDKeHHS Ha BCEX

ydacTkax paBHa anredpanyeckoi cymme DJIC, BcTpeuaromuxcs npu

00x0/1€ 10 KOHTYPY:

D ENR =2 ()

(3.72)
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[Ipumevanus: a) HampaBieHHE 00Xofa MO KOHTYpY (IO YacoBOWM
CTpEJIKe WJIM MPOTHB) BBHIOMPAETCS MPOU3BOJLHO; 0) MajgeHne HANPSHKCHUS
(liRi) Ha y4acTke 3aMKHYTOrO KOHTYpa CUHUTACTCS IOJIOKUTCILHBIM, €CIIH
HaIpaBJeHUE TOKA B HEM COBMAJAeT C BHIOpAHHBIM HaIpaBJICHHUEM 00X0ja
o KoHTypy; B) DJIC cunTaeTcs MoJ0KUTEIBHOM, €Clu MpU NIepexoe yepe3
UCTOYHUK B HaIpaBJICHUU 00XOAa MO KOHTYPY MOTEHLMAN yBEIMYUBAECTCS
(mepexoi MPOUCXOUT OT OTPUIATEIBLHOIO MOJI0CAa MCTOYHUKA K TMOJOXKH-
TEJILHOMY).

= ConporuBienue R u npooaumocts G 114 MPOBOJAHUKA, UMEIOIIETO

OAHMHAKOBOEC CCUCHUC 110 BCEH JIJIMHE:

rR=A. g5 (3.73)
S l
€ p — yIEIbHOE CONPOTHUBIIEHHE; Y — YAEIbHAsS NPOBOAUMOCTD; | — nimnHa

IPOBOJHUKA; S — IUIONIA/Ib MONIEPEUHOTO CEUCHHS MMPOBOIHUKA; p U ) — Tal-
JINYHBIE BEJIMYUHBI, 3aBUCSIINE OT XUMUYECKOTO COCTaB BEMIECTBA, U3 KOTO-
POTO U3TOTOBJIEH MTPOBOAHUK.

KpoMe mimHbI, ceueHus 1 Marepuasna MpOBOJHMUKA HA €ro COMpPOTHB-
JIEHUE BJIUSET TeMIepaTrypa, NpuuéM JJisi METaUIMUYEeCKUX MPOBOJIHUKOB CO-
MPOTUBJICHUE JIMHEHHO pacTEéT MpU TOBBIINICHUU TeMmmepaTypbl (IIpuU HE
CJIMIIIKOM HU3KUX TEMIIEpaTypax).

* 3aBUCHMOCTb COMPOTUBIICHUSI OT TEMIEPATYPHI:

R =R, -{l+at) (3.74)
rae t — remneparypa o mkane Lenbcusi; Rg — conpoTuBieHne MPOBOJHUKA
pu HyJe TpaaycoB no Llenbcuio; o — TemnepaTypHbiid KOG GUITUEHT Compo-
TUBJICHUS, 3aBUCSIIUNA OT XUMHYECKOTO COCTaBa BEIIECTBA, U3 KOTOPOTO U3-
TOTOBJICH NIPOBOHUK (TAa0IMYHAS BETUYNHA).

= Pabora, coBepiaeMas Mpu NpoxoKJCHUU TOKA MO MPOBOIHUKY

2
A—1Ut A=IZRt A=%. (3.75)
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[lepBas ¢opmyna cnpaBeyivBa i J000T0 ydyacTKa Iend, Ha KOHIaxX
KOTOPOTo TOoJIepKUBaeTcs Hampsbkenue U, mocnennue aBe — JIsS ydacTka,
He conepkamero IJIC.

* MOIIHOCTE TOKA:
2 u?®
P=1U; P=I°R;, P=—. (3.76)
R
3akon [coyna-Jlenya: KOJIAYECTBO TEIUIOTHI, BBIJACISIONICECS IIPU
MPOXOXKJACHUU TOCTOSIHHOTO 3JICKTPUUECKOTO TOKa IO IMPOBOJHUKY
MPSIMO TIPOINOPLIMOHAIBHO ITPOU3BEICHUIO KBaJIpaTa CUJIbI TOKA Ha CO-

IMPOTUBJIICHHUC ITPOBOJHHUKA U HA BPCMs, B TCUCHUEC KOTOPOTO I/I)j[éT TOK.
Q=12Rt. (3.77)
Ecnu cuna Toka U3MEHSETCSI ¢ TCUCHUEM BPCMCHH U 3dKOH 2TOI'0 HU3-

MCHCHUA HM3BCCTCH, TO KOJINMYCCTBO TCILIOTBI HAXOIUTCs HYTéM HHTCI'PpUPO-

BaHUA.
| Q=] “Rdt. (3.78)

3axon Oma 6 oughghepenyuanvhoii popme:

i=7E, (3.79)

—

r7ie y — yAelbHasl MPOBOJUMOCTD; E — HaNmpsHKEHHOCTH JICKTPHUYECKOTO T10-
Js; | — IJIOTHOCTH TOKA.

» CBs13b yJCIBHOM MPOBOJAMMOCTH Y C MOABMYKHOCTBIO D 3apsyKeHHBIX
4yacTull (MOHOB):

j=Qn(b, +b_), (3.80)

rae Q — 3apsa WoHa; N — KOHIIGHTpAIMs HOHOB; b+ u b_ — moaBmkHOCTH TTO-

JIOKHUTCIIBHBIX 1 OTPpULIATCIbHBIX HOHOB.

3.4.2. MarauTHbI€e CBOIICTBA BellecTBA

Ilo MarHUTHBIM CBOWMCTBAaM BCE BEILECTBA JEIATCS HAa TPU TPYIIIHL:
JMaMarHeTUKY, IapaMarHeTuky, hpeppoMarHeTukH.
Kaxnplil 3JIEKTPOH, NBWXKYIIMMCSA BOKPYT sAJpa aroMa MOXHO pac-

CMaTpuBaTh, KAK MUKPOTOK, 00JIa a0l MarHUTHBIM MoMeHTOM Py . Tlo-
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CKOJIBKY KOJIMYCCTBO JJICKTPOHOB B aTOMC COBIIAAACT C IMOPAAKOBBIM HOMC-
pPOM XHUMHYCCKOT'O JJICMCHTA B Ta6J'II/IHe MeHneneeBa, MarHUTHBIM MOMEHT

aToMa B 1EJIOM (SBJISIOIIMKACA BEKTOPHOM CYyMMON MAarHMTHBIX MOMEHTOB
3JIEKTPOHOB: P& :Zﬁrﬁﬂ MOXKET OKa3aThbCsA PaBHBIM HYJIIO WIH HE PaBHBIM
HYJIIO.

Juamacnemuxu — BellecTBa, aTOMbI KOTOPBIX B OTCYTCTBUE MarHUTHO-
0 TOJIsl He 00J1a/1al0T COOCTBEHHBIM MarHUTHBIM MOMEHTOM.

llapamacnemuxku — BENIECTBA, ATOMbBI KOTOPBIX B OTCYTCTBUE MarHUT-
HOTO TOJIsI 00J1aal0T COOCTBEHHBIM MarHUTHBIM MOMEHTOM, HO, BCIICIICTBHUE
TEIUIOBOTO JIBIKEHUSI aTOMOB, 3TH MOMEHTBHI OPUEHTHPOBAHBI B MPOCTPaH-
CTBE XaOTHUYECKHU TaK, YTO CYMMAapHBbII MarHUTHBII MOMEHT BCEro obOpasiia
PaBEH HYIIIO.

DeppomacHemuku — BEUIECTBA, Y KOTOPBIX CYIIECTBYIOT MaKpoooOJia-
CTU CIIOHTAaHHOTO HaMAarHWYWMBaHUA — JOMEHBl C pa3MepamMu TMOpsaKa
(1-10) Mmxm. B oTcyTcTBHE BHENIHETO IMOJISI MATHUTHBIE MOMEHTHI JJOMEHOB
OpUEHTHUPOBAHBI XaOTHYECKU, MOAITOMY OOpaszell B IeJIOM HE HaMarHWYeH.
BremrHee MarHuTHOE T0JIe MEHSIET COCTOSIHUE HE OTACNIBHBIX aTOMOB, a JI0-
MEHOB, UMEHHO C 3THM CBsI3aHbl 0COObIE CBOMCTBA (PePPOMATHETHKOB (CM. IO
TEKCTY).

Jluamaznemuxu 6 macHumnom nosue. 1lpy nomenieHU BeIIECTBA B
MarHuTHOE TOJI€ B aTOMaX MOMHUMO MUKPOTOKOB, 00YCIIOBICHHBIX JBUKEHU-
€M DJIEKTPOHOB BOKPYT S7pa, BOSHUKAIOT JOTIOJHUTEIbHBIC (MHIYIIMPOBAH-
HBIC) MHUKPOTOKH, MarHUTHBIC MOMEHTBI KOTOPBIX B COOTBETCTBHH C IIPaBU-
som JIeHIia HarpaBJIeHbI TPOTUBOIIOJIOKHO BHEITHEMY TTOJTIO.

Hamacnuuusanue ouamacHemukog — TIOSBICHUE WHIYLIMPOBAHHBIX
MHUKPOTOKOB Y aTOMOB JIMaMarHeTUKOB MPUBOJUT K BO3HUKHOBEHHUIO BHYT-
PEHHET0 MarHUTHOTO MOJIsl, OPUEHTUPOBAHHOTO MTPOTUBOIIOJIOKHO BHEIIHEMY,

B PE3YyJbTAaTC 4Y€TO I10JIC B BEIICCTBEC OKA3bIBACTCA cna6ee, 4YCM B BaAKyyMC.
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Bexmop namaenuyuanus (HamacHU4eHHOCMb) J — konuuecTBeHHAs
Mepa CTENEHH HAMAarHWYE€HHOCTH BEIIECTBA, YHUCICHHO pPaBHAs BEKTOPHOU
CyMM€ MarHUTHBIX MOMEHTOB aTOMOB B €JJUHUIIC 00BbEMA BEIIECTRA.

Maenumnas nponuyaemocms gewjecmea [t — KOJIAYECTBEHHAsh Mepa
BJIMSIHYSL BEIIECTBA HA XapaKTEPUCTUKA MAarHUTHOTO IOJIS, YACIIEHHO paBHAas
OTHOIIECHHIO MHAYKIIUU MOJISI B BEIIECTBE K MHAYKIIMU TOJISI B BAKYyME:

Byen,
— _Bem. 3.81
H By ( )

Tak kak JUaMarHeTHUKU OCIIA0ISIOT TOJIE, Ua < 1.

Hapamaznemuxku 6 maznumnom nose. JluamarauTHeIn 3 dekT, B oc-
HOBE KOTOPOTO JICKUT SIBJICHUE DJIEKTPOMATHUTHOM WMHIYKIIMH, XapaKTepeH
JUISL BCEX BEIIECTB, OJIHAKO B TE€X CIIy4asX, KOrJa aTOMbl OOJalaiT co0-
CTBEHHBIM MAarHUTHBIM MOMEHTOM, OH IEPEKpPbIBACTCA 3HAUYUTEIBHO OoJjiee
CUJIBHBIM MMapaMarHUTHBIM 3(PheKToM.

Hamaenuuusanue napamacnemurxog — OpueHTALMs] COOCTBEHHBIX Mar-
HUTHBIX MOMEHTOB aTOMOB B HANpaBJICHWH BHEIIHETO MAarHUTHOTO IOJIS
NPUBOJUT K MOSIBJICHUIO BHYTPEHHET0 MArHUTHOTO TOJIsI, COBIAIAI0IIETrO 10
HaIpaBJICHUIO C BHEIIIHUM, B PE3YyJIbTaTe YEro pe3yJbTUPYIOIIEE MOJIe BHYT-
pH BellleCTBA yCUJIMBACTCS.

KonuyecTBeHHBIE XapaKTEPUCTHKU TpOllecca HaMarHUYMBaHUS Tapa-
MarHeTHUKOB TaKHe K€, KaK I JUaMarHeTHKOB, HO TOCKOJIbKY MapamarHe-
TUKU YCUJIMBAIOT I0OJI€, MAarHUTHAas MPOHUIIAEMOCTb MJii HUX NPUHUMAET
3HA4YECHHUs OOJIBIIE EAUHULIBL. Unapa > 1.

Ocoovie ceoiicmea gheppomaznemuxos:

— Mar"HuTHas TPOHHUIIAEMOCTh (DEPPOMArHETUKOB HMEET aHOMAJIbHO
OOJIBIINE 3HAYEHUS: Lpeppo >> 1-(10°-10°);

— MarHuTHas MPOHUIAEMOCTh (DEpPOMArHETUKOB HE SBJISICTCS] TTOCTO-
SSHHOW BEJTUYMHOMN, KaK 3TO UMEET MECTO /IS Aua- U MapaMarHeTHKOB, a 3a-
BUCHUT OT ITapaMeTPOB BHEITHETO0 MAarHUTHOTO MOJIsl, TO3TOMY HAXOJIUTCS JJIsI

KaXXJ0ro B€IICCTBa 110 CriCcuualbHbIM Fpa(l)I/IKaM;
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— 751 peppOMarHeTUKOB XapaKTe-

PEH TUCTCPC3NUC — 3alla3/IbiIBAHUC H3MC-

\JHaC

HCHUM CTEIEHHM HAMarHW4eHHOCTH II0

OTHOIICHHUIO K HU3MCHCHHAM BHCIIHETO

Hie B varewrsoro moms. Do BBIPAXKAETCS B
TOM, YTO KpHUBAsd HaMAarHUYHWBAHUA HC
COBIIAAAcCT C KpHBOﬁ pasMaronnivuBaHus
Puc. 3.15 (cm. prc. 3.15);

— CaMbIM SIPKUM CBOMCTBOM d(ep-

POMarHeTUKOB SIBJISIETCS OCTaTOYHAs HAMArHUYEHHOCTh — (heppOMarHeTHK

OCTaeTCsl HaMarHW4E€HHbIM Ja)Ke I0CJIE€ BBIHECEHHUS U3 MArHUTHOIO I10JIA
(TOCTOSITHHBIE MarHUTHI);

— KaX/Ibld ePpOMArHETUK UMEET KPUTUUECKYIO TEMIEPATYPy — TOUKY

Kropu, BbIllIe KOTOPOU TEIJIOBOE JABMKEHUE MOJIEKYJ Pa3pyllaeT JOMEHBI U

BEILIECTBO TEPSET CBOM OCOOBIC CBOICTBA, MpeBpallasich B OOBIYHBIN Mmapa-

MAarHCTuK.

3.5. B3anMocCBSI3b 3JIeKTPHYECKOr0 U MATHUTHOIO MOJIEii.
IlosiHasA cucTemMa ypaBHEeHHM /i1 3JIEKTPOMATHUTHOTO T0JIsI

AHanu3upys u 000011ass “HPOPMAIIUIO O CBOMCTBAX AJIEKTPUUECKOTO U
MAarHUTHOTO ToJier, MakcBeJlT NMpUIIEN K BBIBOJY, YTO MEXKIAY HUMH CYIIIE-
CTBYET HEpa3pbIBHASI IBYCTOPOHHSIS CBSI3b. SIBI€HUE 3JIEKTPOMArHUTHON WH-
IYyKIIMA BO3HUKAET KaK CIJIEICTBUE TOrO, YTO MEPEMEHHOE MArHUTHOE MOJIE
MOPOXKAAET BUXPEBOE AIEKTPUUYECKOE MOJIE, KOTOPOE, NCHCTBYS Ha 3JIEKTPO-
HBbI B IPOBOJHUKE, BBI3bIBACT MHAYKIIMOHHBIN TOK. [1o runoreze MakcBenna,
CYIIECTBYET U 0OpaTHOE SBJICHUE — SIBJICHUE MAarHUTORJICKTPUYECKON UHIYK-
U — TIEPEMEHHOE JJICKTPUYECKOE MOJIE€ MPUBOJAUT K BOSHUKHOBCHHUIO Mar-
HUTHOTO 1oJis. JpyruMu cioBaMu, Mbl BCETJ]a UMEEM JIENIO C €IMHBIM DJICK-
TPOMArHUTHBIM TI0JIEM, HO MHOT/Ia B 3aBUCUMOCTH OT YCJIOBUN HAOIIOICHUS

MOKeM (UKCUPOBATh JHOO 3JIEKTPUUYECKYIO, TUOO MArHUTHYIO COCTABIISIO-
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IIyr0 3Toro nojs. Eciu 3apspKeHHbIE YacTULbI, CO3/AIOIIME I0JE, HEMOo-
JBYDKHBI B BEIOpAHHOM CHCTEME OTCUéTa, TO MBI UMEEM JIEJI0 C AJIEKTPOCTa-
TUYECKUM TIOJIEM, €CITH 3aPSKEHHBIC YaCTULIBI JBUKYTCS — C MATHUTHBIM T10-
neM. Eciu mosis He cTallMOHApHBIE U UX XapaKTePUCTUKUA W3MEHSAIOTCS C Te-
YEeHUEM BPEMEHH, TO JJIEKTpUUECKas COCTABIISIONIAsl CYIIECTBYET B BHUE
BUXPEBOT0 JIEKTPUUECKOro moJjsi. Maes mojieBoro 3JIeKTPOMarHuTHOTO B3a-
UMOJIEHCTBUS TpruoOpera 3aBeplIeHHOe MaTeMaTHieckoe 0(hopMIICHUE B CH-
CcTeMe ypaBHEHU MakcBeiuia.

Ha ocHOBaHMH W3JOKEHHBIX ypaBHEHHM, MakcBeI MpecKas3ail Cy-

IICCTBOBAHHUC 3JICKTPOMAIrHUTHBIX BOJIH U UX CBOWCTBA.
Tabauya 3.3

Cucrema ypaBHelmﬁ MakcBea aas JIEKTPOMAIrHUTHOIO I10JIs1 B BAKYYM€E

Ypasnenue Hugpopmayusa o ceoiticmeax nonsn

1. BuxpeBoe 3J1eKTpHUecKoe 10j€ BO3HUKa-

€T BCErAa, KOrna €cTb IepEMEHHOE MarHuT-
- dB ds Hoe noJje ((dB/dt)#0).

if ! - _J. (Ejn 2. ITockonbKy HUPKYJSAIMS E MO 3aMKHYTO-

My KOHTYpY HE paBHa HYII0, BHXPEBOE

JJIIEKTPUYECKOE II0JI€ HE SBIAETCA IOTEH-

LAaJIbHBIM

1. DnexTpudeckoe moje MOXeT ObITh co3/1a-
1 HO CTaTHYCCKUMHU 3apsiaami (p).

if E,dS :8_OI pav, 2. Tlockonbky moTok E 4epe3 3aMKHYTYIO

IIOBEPXHOCTh HE PABEH HYIIIO, JJIEKTPOCTa-

THYECKOE TI0JIE HE SIBIISIETCS BUXPEBBIM, €TI0

CHJIOBBIC JINHUH HE 3aMKHYThIC

Tac p — 00BbEMHAS IIOTHOCTH 3apsaaa

1) IlockonbKy nupKyasuus E 1o 3aMKHYTO-
f Ec'dl =0 My KOHTYPY paBHa HYIIO, JJIEKTPOCTaTHYe-
CKO€ I10JI€ TIOTEHIUAIBHO

1. MarHuTHOE TOJI€ MOXET OBITH CO3JaHO
DIIEKTPHUUECKUM TOKOM (j).

. dE 2. MaruuTHO€E MOJjie MOXKET OBITH CO3J1aHO
§ Bydl =1 0.[ I+ % _t ds, [IEpEMEHHBIM DIEKTPUYECKUM MOJIEM
" ((dE/dt)#0).

e | — IVIOTHOCTh TOKA MPOBOJAUMOCTH
3. IlockonbKy HMPKYISALUSA B 10 3aMKHYTO-

My KOHTYpY HE paBHa HYJII, MarHUTHOE
I10JIE HE SABJIAECTCS IIOTEHIUAIBHBIM

ITockonpky MOTOK B yepe3 3aMKHYTYHO IT0-

:f B dS=0 BEPXHOCTh PAaBEH HYII, MarHUTHOE I10JIE€
n
ABIJISIETCS. BUXPEBBIM, €r0 CUJIOBBIE JIMHUHU
3aMKHYTBIE
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B BemectBe noa AeUCTBUEM MOJISI MPOUCXOJAT U3MEHEHHUS B PACIIONO-
KCHUU U XapaKTepe ABMKEHUH MUKPOYACTHILL, B PE3YJIbTATE YETO BOSHUKAIOT
pa3zHOOOpa3HbIC SIBIICHUS: JJICKTpPHU3AILMs, IMOJSpU3alusi, HaMarHU4vMBaHUE,
3JIEKTPUYECKUHN TOK. BemecTBo, B CBOKO OUEPEAb, BIUSIET HA XaPAKTCPUCTUKHU
nosisi. TakuM 00pa3om, JIJis TTOJTHOTO OMKMCAHUS dJCKTPOMArHUTHBIX B3aUMO-
NEeUCTBUN MMOMHUMO 3alMCaHHBIX ypaBHEHUM MakcBesa HeoOXOIUMBbI emié
JIBE TPYMIIbl YpaBHEHUMH.

Vpasuenus, onpedensiowue Oeticmeue noas Ha HAXOO0AWUECS 8 HEM
3apsaovi. OOBEIUHSS paHee PACCMOTPEHHBIE CHUIIbI, IEUCTBYIOIIUE HA 3apsi-
KEHHYIO0 YaCTHUIy CO CTOPOHBI AJIEKTPUYECKOTO M MArHUTHOTO MOJIS, MOJIy-
YUM ypaBHEHHE JJIs1 00001eHHOM cuitbl JIopeHna:

F =qE +q[s.8]. (3.82)
Mamepuanvhbie ypasHeHus

MamepuanvHvie ypagHeHus — 3TO YpPaBHEHUS, OTPAXKAIOIINE PEAKIIUIO
BellecTBa Ha noJie. OHU CBSI3BIBAIOT XapaKTEPUCTUKH BEIIECTBA, XapaKTepH-
CTUKHU TIOJSI M XapaKTEPUCTUKU SIBJICHWN, BO3HHUKAIOIIUX B BEIIECTBE MOJ
JNeUCcTBUEM ToJis. byjeM 3anmuchiBaTh 3TH ypaBHEHUS JJIs CUTYallMH, KOTrJa
cpena, B KOTOpOW CYHIIECTBYET IOJIE€ OJTHOPOAHAS, U30TPOIHAS U JIUHEUHAS.
[Tocnennee cBOMCTBO O3HAYAET, UYTO U3MEHEHHUS, TPOUCXOISAIINE B BEIIECTBE,
MPOMOPIMOHAIBHBI COOTBETCTBYIOIIEH XapAKTEPUCTUKE TTOJIS:

— JUIS METAJIJIOB IIJIOTHOCTh TOKa MPOMOPLUMOHAIbRHA HAMPSKEHHOCTH
BJICKTPUYECKOTO MOJIS:

j=0-E; (3.83)

— IS AUAJIEKTPUKOB BEKTOP MOJISIpU3AIuU (TIOJISIPU30BAHHOCTH) IIPO-
MOPIMOHAIEH HAIPSHKEHHOCTHU AJIEKTPUYECKOTO TTOJIS:

P =¢&(e — 1)E; (3.84)

— JUIsSl MAarHETUKOB BEKTOP HaMarHM4YMBaHUs (HAMarHU4€HHOCTH) IPO-

NOPIMOHAJICH MHAYKIIUMY MAarHUTHOT'O IT10JIs .
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1 1

J=—||1-=|-B. (3.85)
Hy H
VYpapaenus (3.84) u (3.85) uHoraa mpeodpa3yroT K BUIY:
D=¢,e-E, (3.86)
B=pou-H, (3.87)

TJIe & — TUAJICKTpUYeCKasi MPOHUIIAEMOCTh BeIleCTBa (11 IUHCHHBIX Cpell —
MIOCTOSIHHAS BEJIMYMHA, HE 3aBUCSIIAS OT HAIPSHKEHHOCTH T10J1S);

[ — MarHUTHAsI IPOHULIAEMOCTh BEILIECTBA (17151 TUHEHHBIX Cpel — OCTO-
SHHAs BEJIMUMHA, HE 3aBUCSIIAs OT UHIYKIUH TOJIS);

O — yJelbHas MPOBOJUMOCTD BEIIECTBA (Il IMHEHWHBIX Cpe — MOCTO-
SHHAs BEJIMYMHA, HE 3aBUCSIIAS OT HAPSHKEHHOCTH TOJIS);

D — uHayKUus 3J€KTPUYECKOro Mojsl (BEKTOpP 3JIEKTPUYECKOro CMelle-
HUs1) — JOTMOJHUTENIbHAS XapaKTePUCTHKA AJIEKTPUUECKOTO IOJIsI, OMUCHIBA-
I0Illasi BHEUIHEE I10JIE, CO3/1aBA€MO€ CBOOOJHBIMU 3apsA/laMU C YUETOM HX I1e-
pepacpeneneHuss B IPOCTPAHCTBE, BBI3BAHHOIO IMOSBICHUEM WHIYLIUPOBAH-
HBIX CBSI3aHHBIX 3apsAJI0B B JUAJICKTPUKE;

H — Hanpssk€HHOCTh MAarHUTHOTO TOJISL — JIOTMOJIHUTENbHASL XApAKTEPHU-
CTMKAa MarHMTHOTO MOJIsA, OMMCHIBAIOIIAS BHEUIHEE IOJIE, CO3aBAEMOE CBO-

OOIHBIMU TOKAMHM.

3.6. Ilpumepsl penieHUs 32124 MO FIEKTPUYECKOMY IOJII0

IIpumep 1. /IBa TOUECUYHBIX dJIEK-

Tpuueckux 3apsiia Q =2HKn wm
Q, = —5 uKi HaxomsTCs B BO3IyXe Ha

paccrosiauu d = 10 cM Ipyr oT apyra.
Omnpenenuth HanpsHKEHHOCTH E U 110-
TCHIMAN ¢ TI0JIs, CO3aBAEMOr0 STHMH

3apsgaMu B TOYKE A, YAAJIEHHOW OT

sapsina Q) Ha paccrosHue [= 7 cM H
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ot 3apsna Q, Ha I, =5 cm. Ompenenuts Takke cuiy F, nefictByromyio B

Touke A Ha TouedHbiid 3apsa Q =10 uKo.
Pemienne. B naHHOM 3amade paccMaTpUBAaeTCs CUTyalMs, KOTAa 3apsi-

mer Q u Q, SBIIOTCS MCTOYHMKAMEL DIEKTPUYECKOTO IOJI, a 3apsix Q Haxo-

quTcs B 3ToM 1ojie. CorjlacHO MPUHIUITY CYNEPHO3UILIMU SJICKTPUYECKUX T10-

JIeH, KaXIbIA 3apsii CO3AAET MOJIe HE3aBUCUMO OT NMPUCYTCTBUS B MPOCTPAH-

—

CTBe Apyrux 3apsaoB. [loaTomy HanpspDKEHHOCTh £ AJIEKTPUUYECKOTO MOJsS B

HMCKOMOM TOYKE MOXET ObITh HalJeHa KaK reoMeTphuYecKasi CyMMa Harps-

—

JKEHHOCTEH E11/I E2 MOJIEW, CO3AABAEMBIX KAXKIBIM 3apSIOM B OTAEIBHOCTH:

E=E, + E,. Hanpsuk€HHOCTH 3JIEKTPUYECKOTO OIS, CO3aBaeMOro B BO3JY-
xe (&=1) sapsinamu Q u Q,,

|Q1| . |Q2|
E=—%_:E =—+<2_ 1
A7 o1 2 A7 o1 @)

Bekrop E; (cm. puc. 3.16) HampaBieH 10 CHJIOBOH JMHUM OT 3apsja

—

Q,, Tak Kak 9TOT 3apsif IONOXKUTEIICH; BeKTOp £, HAalpaBlieH TakkKe IO CH-

JIOBOM JIMHUH, HO K 3apsiny Q,, Tak Kak 9TOT 3apsiJ OTPHUIATEIICH.

Monayne BekTOopa £ HaiiaéM 1o TeopeMe KOCUHYCOB:

E =,/E2 +E2-2EE,cosa, 2)

r1e o — yron Mexay Bekropamu E; u E,, KOTOpbIii MOXKET ObITh Hali/IeH n3

TPeyroJibHUKa co CTopoHamu Iy, I, n d:

r2+r7—d?
Cosq =12 —.
nr

(3)

IMoncrasiss Beipakenne £y u E, u3 (1) B (2) 1 BBIHOCS 0OIIHIT MHO-

KUTeNb 1/(4mep) 3a 3HAK KOPHSA, MOJTy4aeM

2 2
e- 1 A, HlQl%Igo, (4)
g T

4
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B cooTBeTcTBHM ¢ NPUHIMIIOM CYTIEPNO3ULIMA JJIEKTPUUECKUX IOJIEH,

MOTEHIHUAI ¢ PE3YILTUPYIOLICTO MOJIsI, CO34aBacMOI0 ABYMS 3apsigaMu Q1 U
QZ , paBeH anreOpanyeckoil CyMMe NOTEHIUAJIOB:

Q=@+, (5)

IIOTGHHHaH QJICKTPUICCKOI'O IIOJISA, CO31aBACMOI'0O B BAKYYMC TOYCY-

HBIM 3apsaoM Q Ha pacCTOSIHUM I OT HETO, BEIpaXkaeTcsi popMyIton

p=—2 (6)

47&90r

B namem cinyuae cornacHo Gopmyinam (5) u (6) nmoxydum

Q . 9

P= Areol,  Amgl,
WIN
47280 n n

Cuna, nefcTByroas Ha TOYSYHBIN 3apsia Q, HAXOASAIIHMIACS B SJICKTPH-
YEeCKOM M0Jie B TOUke A
F =QE,
r7ie HanpsKEHHOCTh HAXOAUTCS U3 BhIpaKeHUs (4).
[Tpoun3BeaEM BBIUUCIICHUS:

_(0,07)? +(0,05)? - (0,2)?

CoSa = 2.0.05.007 =-0,371
-9\2 -9\2 -9 -9
E_ 1 - (2-10 2 +(5-1O 2 +22-1O 2-5-102 (0.371) =
47-8,85-10 (0,07) (0,05) 0,07<-0,05

=95,2-10° B/m = 95,2 kB/M;

_ 1 2:107°  -5-10°
Ar-8,85-107*%( 0,07 0,05

®» j=—257 B,

F=10-10"°.95,2-10°=952-10 *H=0,95 mH
Ortset: E =952 kB/™; p=—257 B; F =095 MH.
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IMpumep 2. Onpenenuts HANPSHKEHHOCTH AJIEKTPUIECKOTO TOJISA, CO-
31aHHOTO OECKOHEYHON paBHOMEPHO 3apsSKEHHOM (C JIMHEHHOM IIIOTHOCTHIO
3apsana +7) HUTBIO, B TOUKE A, HaXOJSIICHCs HAa PACCTOSHUM a OT HUTHU
CHUMMETPHUYHO OTHOCHUTEIBHO €€ KOHIIOB.

Pemenue. B nanHo# 3a7a4e 2JIeKTpUYECKOE MMoJIe co3AaETCs OECKOHEYHO
3apsSKEHHONM HUTHIO, 3apsii KOTOPOU JIMHEHHO pactipenenéH. Pa3o0bEM HUTH Ha

snementsl mHoi dl Tak, uTOOKI 3apsiz,

dl | i - COCPEIOTOYCHHBIA Ha OJTHOM DJIEMEHTE,
dE. 6 B
> | MOYKHO OBLIIO CUATATH TOYEYHBIM. Benu-
a ' gE @ © X gypna sroro 3apsaa dg=zdl, unciaenHoe
¥ 9
_____________ dE
dil 3HAQUCHHWE HAIPSHKEHHOCTH DJIEKTpHUYE-
\ 4 y
' CKOI'0 II0JISI, CO3IaHHOI'0 B TOUKE A TUM
Puc. 3.17

AJIEMEHTOM HUTH OIPENEINUM 10 HOopMy-

dl

ne s Todeunoro 3apsaga dE =k —-. Hanpasnenue Bexropa dE mokasano Ha
r

puc. 3.17.

—

[Io mpuHUMNY CynepnO3ULMHU, HANPSKEHHOCT E HaWaéMm uHTErpHU-

pOBaHUEM:
E= jdE .
Hampasienus 0E oT pa3HBIX 2JIEMEHTOB HUTH HE COBIAAAIOT, IIOATOMY CIIPO-

extupyeM OE Ha xoopaumHaTHBIE OCH, M HaWJAEM CYMMY HPOEKIHUMA MO KakK-
JIOM OCHU B OTJICJIbHOCTH
E, = [dE,=[dEcosa;

E,=[dE, = [dEsina.

Moayne BEKTOpa HAIPSIKEHHOCTH PAaBEH E = \/ EZ+EJ+EZ.

dl
E.=[k ~7 cosa. (1)
[Tox wHTErpasioM TpH nepeMeHHbIX |, I 1 a, HaxoauM
a
r=——. 2
cosa 2)
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Yro0OsI cesizath niepemennsie dl u o, cie-
JaeM JIOTIOJTHUTEITBHBIE TIOCTpoeHus (puc. 3.18):
coemMHIM KoHIIBI oTpe3ka dl ¢ Toukoit A, moy-

quM yrodl Jo KOTOpBIA MOXKHO PaccMaTpHBaTh

KaK IpUpalleHne yIia ¢ , KOrja paJuyc-BEeKTOp

' CKOJIB3UT IO HUTH M NEPEXOAUT OT HUKHEIO

Puc. 3.18

KOHITa oTpe3ka dl k BepxHemy.
PaccmoTpum cHavana BcriomorarelibHbI OTpe30oK dl’, pacrosioxeH-
HBII epneHauKy/spHo I: dl'~ rda (T. k. yroa do man). VI3 npsMoyroiasHOTro

TPEYTOJIbHHKA, dJIEMEHTaMU KoToporo seirttores dl u dl

dl = dl’ _ rda
cosa cosa’
UCTIONB3Y4 (2), mojiydaeM
ada
dl = . 3
cos? o 3)

[Toacrasnsiem (2) u (3) B (1), momyuum
T
E, = kajcowda.

[Tpr MHTETPUPOBAHUY 10 BCCH JIMHE HUTH YroJl & OyJIeT MEHITHCS B
npeneiax ot -2 1o +712 (T. K. & OTCYMTHIBAETCS OT OCH X, @ HUTh OECKO-

He4YHas u €€ KOHIIBI paCIIOJIOKCHBI CUMMCETPHUYHO OTHOCHUTCIIBHO TOYKH A)

w2
_k* . TrsinZ —sin[ = =k 2%
Ex—ka_ﬂj/(;ow dazka[smz sm( 2]] ka' (4)

. wl _.
AHaniornyHo MOXHO Haiitu E, = I k—=sina. Pesynbrar cnoxenuns
r

MPOEKIIUH MOXKHO TPeayraiarh cpazy u3 cooOpakeHuil cummerpuu. [[ms
cummeTpryHbiX deMenToB Al u dI’ mpoekimu dE Ha och Y UMEOT TpoTH-
BOIOJIOJKHBIE 3HAKKW W B CyMMe JaroT HoJib (cMm. puc. 3.17). Touyno Tak ke

MOHO PacCy>kJaTh U B OTHOIICHUH JIF0OOOH APYyrod mapbl CUMMETPUUHBIX

DIIEMEHTOB, MO3TOMY Ey = j dE, =0. Moxyns BekTOpa HANMPSKEHHOCTH pa-
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Ben E=,/E2+ E§ (u3 puc.3.17 BugHo, uro E, =0). Mcnons3ys (4), monyda-

CM

By = = 5)
27280a

[IpoBepuM BbIpaxkeHue (5) Mo pa3MEepHOCTH

[z7] [KwMmM] Kn B

EI—H/ITI/I = - - -
e = [ Tlal ™ foe] ~ @ -w
Otsert: E, 1y =
27 4@
IIpumep 3. Ha Tonkom crepxuae mmmHOM | = 10 cM HaxomuTcs paBHO-

MEpPHO paclpelenéHHbIi JIEKTpUYecKul 3apsa. Ha mnpopomkeHnn ocu

CTCPZKHA HAa PACCTOAHUU a = 5 cM oT OnmKauIIero KOHIIa HaXOJUTCA TOUYCU-

Heli 3apsag Q1 = 40 uKi, KOoTOpBIN B3aMMOACHCTBYET CO CTEPIKHEM C CHIIOM

F = 6 mxH. Onpenenuts MMHEIHYIO TUIOTHOCTS 7 3apsiia Ha cTepkHe. Haltu

NOTEHIUAN (@ B TOYKE A, PaCIOJIOKEHHOW Ha OCH CTEPKHS U YAAIEHHOU OT

ero OykaiIero KoHma Ha pacctosHue |.

Pemienne (1 yuacmo). JIyis onpeneneHus JMHEHHOW IUIOTHOCTH 3apsiia

CTEP KHS MPEIOJIOKUM, UYTO 3apSHKEHHBIM CTEPIKEHBb CO37aET moJjie, a 3apsij

Q1 SBJSIETCA UHAMKATOpoM mojisa. Cuia B3aumojaeucTBus F mexnmy HuUMH

OIIPCACIIACTCA BBIPAXKCHUCM

F=QE, 1)
rie E — nHanpsokéH-
dr < >
r <> X
> HOCTb IIOJIS, CO3JaH-

._\
o
N2y Y
>

P HOTO CTCPIKHCEM B

A

Y
A
Y

Y

TOYKE, TJIe PacHoJjo-

Puc. 3.19 xeH 3apsn Q.

I[J'IH OIIPCACIICHUA HaHpH)KéHHOCTI/I BBIACIMM Ha CTCPKHC I3JICMCHT

mmnoi dr ¢ 3apsgom dQ = zdr (cm. puc. 3.19). DTOT 3apsa MOKHO paccMmaT-
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puBaTh Kak TO‘-IG‘IHBII\/'I, TOrga 4McCJICHHOC 3HAYCHUC HaHpH)KéHHOCTI/I B OTOH

TOYKE OMpPEeeIUM 1Mo GopMyJie sl TOYSUHOTO 3apsiia:

dr n 2)

dE=——"_
472290r

—

ITo mpuHLMITY CynepnO3UIMUA HANPSHKEHHOCTh E HalaeM MHTErpupo-

BAaHUCM:
E=[dE. (3)

Hanpasnenus dE 0T pasHBIX DIEMEHTOB CTEPXKHS COBIANAIOT IIO
HanpasieHuto. [loacrasum (2) B (3), u HHTErpUPYs ITO BBIPAXKEHUE B Mpe/ie-

Jax oT a 1o a + |, mony4yaem:

ez fdr_ 7 (1 1 ]: d
drey 5 r?> dmyla a+l) 4ma(a+l)’
Cornacao (1), cuna B3aumMoelcTBUs paBHa F _ Qe OTKYyJIa
: P TaAmga@+rn) O

__4mga@+)F

Ql

[IpoBepum, na€t nu pacu€tHas GpopMyia eIUHUILY JTUHEHHOM MJIOTHO-

CTH DJIEKTPUYECKOro 3apsana. s 3Toro B MpaByl0 4acTb (POPMYJIbl BMECTO
CUMBOJIOB BEJIMUMH MOJICTABUM UX €IUHULIBI:

[]lal[a+1][F] _d/m-m-m-H_&®-H_KwB-H_H_ H

[QIN] K-m K Kn B Jw/Ki
_H'Kﬂ_&
T HwMm M

Havinennas enunuia ABISAETCS €AUHULEH JTUHENHON TUIOTHOCTH 3aps-
na. [IpousBenéM BBIYHCIICHUS:

.. 005-(005+01)-6 .107°
9.10°-4-10%.01

=1,25-10"2Ku/m.

Pemenne (2 wacms). DneKTpuuecKkoe moje B TOUKE A CO3HAIOT TO-

YCUHBIA 3apsij U 3apsHKEHHBIM cTep keHb. [IoTeHIuanm B 3TOM TOYKE IIO
1
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IIPUHLNIY CYNEPIO3UIUHU SBIIAETCS CYMMOM ITOTEHLUHAIOB, CO3aHHBIX TO-
deqHbIM 3apsgoM Q) U cTepkHEM ¢ pacnpeaenéHHbIM 3apsoM:

P4 = @q + i, (4)

_Q
Y P T 1 (ar 20)

— MOTEHIHMaN B Touke A, CO3daHHBIN 3apsaaoM Ql, a
(| — MOTEHIUA B TOUYKE A, CO3IaHHBINA CTEPKHEM.
[ToTenmman dp, co3gaBaeMblii TOueYHBIM 3apsioM dQ = 70X B Touke A,

MOJKHO OIIPCACIINTD I10 (1)0pMy.]'I€ TOYCYHOTI'O 3apsaaa

_ dQ _ X
Aregx A X

do

CormacHO NPUHLMNY CYNEPIO3ULHAHN IJNEKTPUUYECKUX TOJIEH, MOTEH-
AT JIEKTPUYECKOTO I0JIs1, CO34AaBAEMOI0 3apsKEHHBIM CTEPKHEM B TOUKE

A, HaliIEéM UHTETPUPOBAHUEM ITOTO BBIPAKEHUSA:

:2| de _ r 2|%
? 1[47230X Ay i X

BrinonsuM uHTErpUpOBaHUE:

T 2l T
= In = In 2.
4 Az, X‘l 4z, )
[Toacrasum (5) B (4):
1 (Q
=— +7In2 |
1 47780 (a +2l J

[logcTtaBum uwuciioBble 3HaueHus Gusnueckux BenuunH B CU
(1/(4meo) = 910° M/, Q1 =410%Kn, | = 10'm, @ = 510%™, 7 =10 10° Ki/m)

u HpOI/I3BeI[éM BBIYHMCIICHUA:

-8

Otser: 7=1,25-10°Kw/m; ¢ = 7,8 B.
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IIpumep 4. Onpenenuts Hanps- ﬂ NOBEPXHOCMHASL

njiomHoOCn1b 3ap}20a

KEHHOCTh 3JIEKTPUYECKOro Mmojs Oec- N
- 2 »

KOHEUHOM IIJIOCKOCTH PaBHOMEPHO 3a- o _ | ____ Soc >

v
=

PSYKEHHOW, C MOBEPXHOCTHOW IUJIOTHO-

e - S

CTBIO 3apsAJa G B TOYKE A, Haxomdmen- | oo

Cs1 Ha PacCTOSIHUH a. /
Pemienne. B jmamHon 3amgaue Puc. 3.20

IJIOCKOCTh  SIBIISIETCS. ~ MCTOYHUKOM
DJIEKTPUYECKOTO  TOJs, KOH(HTypamus CHIOBBIX JIMHUH  KOTOPOTO
nzobpaxena Ha puc. 3.20. [{ns onpenenenns HanpsHKEHHOCTH £ BOCTIONB3Y-

eMcs TeopeMoit OcTporpajackoro — ['aycca ajist 31€KTpOCTaTUKHU

§EqdS =%. (1)
0

[TpoBeném BcromoraTellbHYIO0 rayccoBy HoBepxHOcTh S M3 cooOpa-
KEHUU CHUMMETPHUH, BCIIOMOTATEIbHYIO TOBEPXHOCTh BHIOMPAEM Tak, YTOOBI
OHa coJiepKaia ABE INIOCKOCTH, NapaJlJIENbHbIE 3apSKEHHOM, HAIPUMeEp, LH-
JUHAP, OCh KOTOPOIO PacnoJiaraeTcsl MapajuieIbHO CHJIOBBIM JIMHMSM, a OC-
HOBaHUS CUMMETPUYHO OTHOCHUTEIBHO 3aPSKEHHOM IJIOCKOCTH M OJHO W3
HUX IIPOXOIUT YEepe3 TOUKY A.

OnpenenuM MOTOK Yepe3 BHIOPAHHYIO OBEPXHOCTD:

fEdS= [E,dS+ [E,dS= [EdS-=E [dS=E-2S.,,  (2)
2 OOK.

OCH. OCH. 2 OcH.

—

rJ€ TpoOeKUus BeKTopa £ Ha HOpMadb K OCHOBAaHUIO IWJIMHApPA

E, =E=const B mpexenax S, a IPOCKLHs BEKTOpa E Ha HOpMalb K 60-
KoBoi nosepxHoctu E, =0.

3aps cOCpeloTOYEeH Ha YYacTKE IMJIOCKOCTH, KOTOPBIA BbIpE3aeTcs

HWJIMHIPOM (3alITPUXOBAHHBIN yYaCTOK IJIOCKOCTH) PaBEH

(Z q)BHypI/I =0 Soen- (3)
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[Toncrainss (2) u (3) B (1), nonyuum:
i o SOCH 1
0

E-2S,, =

OTKyJa

E -9

IIOCKOCTH — 5 .
0

[IpoBepuM MoOTyYEHHOE BBIPAXKEHUE IO PA3MEPHOCTH:

_[o] _[Km®]_ [ksa] _[B
[Ermocxocm] [‘90] [@/M] [(DM] [ :|

M

(o2
OTBCT. EHJ'IOCKOC’H/I :Z
0

Hpumep 5. Ilap paguycom
R = 10 c™ 3apspkeH paBHOMEPHO € 00BEM-
HOM IUIOTHOCTBIO 3apsmoB p = 15 HKi/Me,
OnpenenuTs HAIPSHKEHHOCTD MOJISA B TOY-
kax 1 m 2, jnexammx Ha PacCTOSHHUSIX
L=5cM, I, =15 cM ot nenrpa mapa (cm.
puc. 3.21).

Pemienne. B mannoit 3amaue diiek-

TPUYECKOE MOJIE CO3/IaHO 3apsiioM, pPaB-

Puc. 3.21 HOMEPHO pachpenesi€éHHbBIM TI0 00BEMY.
Kondurypanus 3apsii0B M03BOJISET CUUTATh, YTO MOJE 00agaeT chepuye-
CKOM CUMMETpPHEH: CHIIOBBIE JINHUU — MPSIMbIE BBIXOJSININE U3 LIEHTpa I1apa
(3apsa mapa cuuTaeTcs MOJOKUTENBHBIM). BermoMorarenbHbIe raycCcoBbI MO-
BEPXHOCTU BbIOMpaeM cdepuueckoil ¢opmbl. Xapaktep (PyHKIIMOHATIBHON

3apucuMocTH E(r) s Todek, Jexammx BHYTPU U BHE 00OBEMHOTO 3apsja,

pPa3JIn4CH. HOBTOMy CJIeaAyeT NpoBECTU ABC BCIIOMOI'aTCIbHBIC C(i)epI/I‘-IeCKI/Ie

OBEPXHOCTH S U S, ¢ paguycamu [ <R u I, >R.
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OmnpenenuM MOTOK Yepe3 BHIOPaHHYIO CPEPUUECKYIO TOBEPXHOCTH!

fE.dS= [EdS=E [dS=ES'=Edar?, (1)
cepot cepbl

roe E, =E =const — mpoekuust Bektopa £ Ha HOPMab K IOBEPXHOCTH ChephL.

3aps, nonaiarofi BHYTPb BbIACIEHHON TOBEPXHOCTH
a) BHyTpH mapa mpu I; <R:

4

I3

3 1
SQ=[pdV=p ng:gpﬂ’rf; (22)

6) BHe mapanpu I, >R

4

§7Z"R3 4
>Q=[pdV=p jdvzgp;z-R? (26)
0
Bocnons3yemcs Teopemoit Octporpaackoro — ['aycca ajist 3J1eKTpOCTaTHKY:
{Eds =21, 3)
€y

[Moacrasmss (1) u (2) B (3), momyunm:

Apnr? 3
E 4nr? = Py _ BHYTpH 1mapa; E,4zrf = 4pR™ _ BHE MI1apa.
3¢, L
OTKy/1a HANPSKEHHOCTH BHYTPH I1Apa:
or,
E = 3—1 (4)
€0
HANpPsDKEHHOCTD BHE 11apa!
3
E, = BPR . (5)
ol

[TpoBepum BoipaxeHnue (4) u (5) no pa3MepHOCTH

_Lpllr] _[Kwv’]m]_ Kn _B
BTG ™ o] o

[AIRE _[Kn/m3[M® _ Kn _B
[&IF P [D/m][m]2  PM M

[Eg]:
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[Ipon3Ben€EM BBIUUCICHUS:

El:15-10—9-5-10-2 _15107°-(107")’
3.8,85-10712 2 2.885-10%2.(15-1072)?

Otser: E; =282 B/™; E,=251B/m.

=282B/™m; E =251B/m.

IIpumep 6. DnekTpuyeckoe Moye Cco-

29—t
| s3maéres aBymst 3apsgamu Q1 = 4 mMxKn wm

I ]a
> | Q2 = -2 MxKu, HaxoAsSmMMHCA HA PaccTos-

|

l . Huu a = 0,1 M apyr ot npyra. Onpeaenurb
Q? ; IQZ paboTy A, CHJI MO 1O MEPEMCLICHUIO
Puc. 3.22 sapsima Q = 50 K u3 Touku 1 B TOUky 2

(cM. puc. 3.22).
Pemenue. B naHHOM 3a/1a4e 3JIEKTPUUECKOE MOJIE CO3AAETCA 3apsaIaMu

Q u Q,, aszapsn Q ectb mpoOHEIT 3apsia, TOMELIEHHBINH B 9T0 moue. Jis
onpeneneHus paboTel A , CHII OIS BOCIIOIb3yEMCS COOTHOLIEHUEM

A, =Qlp —¢,).
rae @14 ¢, — noTeHuransl To4eK 1 u 2 mojs. Ilo mpuHImmy Cyneprosuimu

QJICKTPUUICCKUX HOJ'ICfI, IMOTCHUMAJIBLI B 9TUX TOYKaX OIPCACIAIOTCA, KaK anreo-

pandeckas CyMMa NOTEHIIMAIIOB CO3/IAaHHBIX TOYEYHBIMU 3apsiiaMu Q1 u Q2 :

Q1 + Q2 _ 2(Q1 + Qz) .

N dmal2 dmal2” Amga

Q. Q _@QN2)+Q,

N 47zgoa\/§ Az 4@ A7 4@

?,

Torma

Ao~ g al2Q Q) -2 Q)

HJIIn

A= 477(303 |:Q1(2 - %j +Q, }
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[TpoBepum, Ja€T M MpaBas 4aCTh PABEHCTBA €AUHUILY pa0doThI (JIx):

[QIQ] _ Ki-Ku
[,][a] D/m-m

=Kn-B=/Ix.

[loncraBuM umcnoBble 3HaYeHUs ¢usndeckux BenuunH B CU:

Q=50-10°Kn, Q;=4-10%Kn, Q;=2-10%Km, a=0,1 m, L:9-109£
4, o
U TIPOU3BEAEM BBIUUCIICHUS:
50-107°.9-10° 1 6
A,= 02 4(2 — ﬁj —2(-107° JI>x =14,3 m/]x.
Otser: A ,=-14,3 m/Ix.
Hpumep 7. B mnpocrpancTBO ; ,
MEX]ly TUIACTUHAMU ILJIOCKOTO KOHJCH- 5, P 9(1 d
caTopa BIIETAET HJIEKTPOH CO CKOPOCTHIO T Vo, x
F N
U, =2-10"m/c, HanpaBieHHOW mapan- U
v
JEIBbHO €ro IUIACTHHAM, pacCTOSHUE 7
MEXIY KOTOPBIMH d =2 CM, pPa3sHOCTb £
Puc. 3.23

noreHuurainoB U =200 B. Ha kakoe pac-
crossure Ad 10 HampaBJICHHIO K TTOJIOKUTEIBHO 3apsHKEHHON TUIACTHHE CMe-
CTUTCS DJIEKTPOH 3a BpeMs JBIKECHUS, €CJIA JUIMHA TUIACTUHBI KOHJIEHCaTopa
| =5 cm? KakoBa ckopoCTh 2JIEKTPOHA IIPH BBUIETE U3 KOHICHCATOpa?
Pemenune. B 3a1aue paccMaTpuBaeTcsi CI0KHOE KPUBOJIMHEWMHOE JIBHKE-
HUE AJIEKTPOHA B AJIEKTPUUECKOM IT0JIe KOHJIeHcaTopa. Ha ocHOBaHUM MpUHITU-
Ma HE3aBUCHUMOCTH JIBUYKEHUN €r0 MOYKHO MPEACTABUTH COCTOSIIIUM M3 JIBYX
JBUKEHUMN — 110 TOPU30HTAHM (TI0 OCH X) U TI0 BepTUKAIH (TI0 ocH V). XapakrTep
MOCTYINATEJILHOTO JIBUKEHUs ompeaensiercss Ha ocHoBe |l 3akona HerotoHa, a

KOHKPCTHBIC ITapaMCTPhl ABHXKCHHA HAa OCHOBC KHMHCMATUYCCKUX 3dKOHOB.

Il 3axon Herorona: ) F =ma. Ha 21eKkTpoH IeHCTBYET €IMHCTBEHHAs

CUJIa CO CTOPOHBI AnnekTpuueckoro nosst: F,, =eE. Ilockonbky Hanpsokén-
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HOCTH IIOJIA HaIlpaBJICHA BBCPX, ad 3apsaa JJICKTPOHA OTpHHaTeHBHBIﬁ, Fan

HaHpaBJ'IeHa BHUHU3 U I1O MOI[yJ'IIO paBHa
F,, = |e|E. (1)

B mpoekuusix Ha KOOPAUHATHBIE OCH:
Fy =may
{Fy = may'
Io puc. 3.23 Buano, uro F, =0; F, =F,; =eE,Torga:ay =0 — npuxe-

ek
HHEC 110 OCH X PaBHOMCPHOC, ay =—=const — ABHUKCHHUC 10 OCHU Y PaBHOIIC-
m

pEeMEeHHOe.

3anuireM KHHEMaTHUYECKUE 3aKOHBI JJIA OTUX BUAOB ABUXKCHUA:

eEt
{Ux =, = const (2) by =ayt m ()
| =vy -t=v,t (3) ayt? 2
X 0 ad =Y _FEU (5
2 2m

Mopyib CKOpOCTH ONIPEAEISAETCSA BhIPA)KEHUEM:

2
2 2 / ekt
v= Uf +U$, = Ug +(F] ) (6)

a HaIpaBJICHWE U MPH BBUIETE U3 KOHAECHCATOPA MO OTHOIICHUIO K HaIpaB-

JNIEHUIO U,y ompenensercs yriom « (puc. 3.23), npuyém

v
tga = -y — e_Et,
Dy muo
Otkyna
a =arctg e_Et. (7)
muoy,
YuuteiBas, 4To IS OJHOPOJHOIO AJIEKTpUYeckoro mnois E :% U
|
3IEKTPOH mpoxoauT paccTosuue | 3a Bpems t =— wu3 (3), ypaBuenus (5), (6)

Y
u (7) 3anuiiueM B BUJE:
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2
Ad = eUl 2;
2mdz)0

2

2 [eUI ] ]

v=_|vy+ :
mdu0

eUl
md Ug '

a = arctg

HpOBGpI/IM IMOJTYYCHHBIC BBIPAXKCHUA 110 CAUMHUIIAM U3MCPCHUA

[Ad]:[e][U][l]2 _ [KA[BllWf _ KB _Hm_
[MI[d[v)?  [xe][m][m/c)? xr-m/c?  H

2 2 2
e e (NI T (KBl Y
[”]‘J([”OD J{[d][m][u]} mcD +([M][Kr][wc]]

e e

HpOBGI[CM BBIYMCIICHH A

~16-107%%2.10%-(5-107°)?
d= =31 —2 7\2
2-91-107312.107%(2-107)

=55-1073m,

L= \/ (2-107)2+(1,6107°.2.10%5.102/2-10291-10%12.107 f =

=/2:107)? +(0,44-107) = 2,05-10" m/c,

044 _
2

Otser: Ad=55-10°m, v=2,05-10"m/c, @ =12,4".

a =arctg arctg0,22=12,4",

IIpumep 8. OnpenenuTh YCKOPSIONIYIO pa3HOCTh MoTeHuaios U, ko-
TOPYIO JOJDKEH MPOUTH B AJIEKTPUUYECKOM TIOJI€ 3JIEKTPOH, 00Jadaroninii

CKOPOCTBIO U, = 3-10%m/c, 4TOOBI CKOPOCTH €r0 BO3pocia B N = 3 pasa.

Pemenune. B nanHo# 3amaue paccMaTpuBaeTCsl IBUKYIIUKACS MOCTYyIIA-
TEJIbHO B 3JIEKTPUYECKOM I10JI€ 3JIEKTPOH. Ha HEro IelcTByeT 3IIeKTpuyecKas
cuja, IMOJ JEUCTBUEM KOTOPOM OH [BHXKETCS PABHOYCKOPEHO MPOTHUB

HanpasiieHust nojs. [Ipu satom snexTpuyeckas cuia OyaeT coBepuiath pado-
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Ty II0 IEPEMELICHUIO JIEKTPOHA IPOTUB IOJISI, PABHYIO U3MEHEHHUIO KNHETH-
YECKOW DHEPIUU IJIEKTPOHA:

2 2
mo. mo,
A= AW, = =52 - =L, (1)

rae m — macca d3JCKTPOHa, Ul )41 UZ — HadaJIbHAA 1 KOHCYHAA CKOPOCTH CIO.

YCKOpH}OHIYIO Pa3HOCTDb IMOTCHIOHXAJIIOB MOKHO H&I?ITPI, BbBIYHCIINB pa60-

Ty A CHJI BIEKTPOCTATUYECKOTO TOJIs. DTa paboTa OompeesseTcs: Mpon3BeIe-
HHUCM JJICMCHTAPHOI'O 3apsa € Ha Pa3HOCTb IIOTCHIIHAJIOB U:

A=eU. (2)

PaboTa cun 31€KTpOCTaTUYECKOro Mojisl B JAHHOM cCllydae paBHA H3-

MEHECHHMIO KMHETUYCCKOU OHCPIUH JJICKTpPOHA. HpI/IpaBHHB IIpaBbIC YaCTHU pa-

BeHCTB (1) u (2), noay4um:
2

2,2 2
U =Mvy _muf _ mn%f  muyf
2 2 2 2
v
rae N=—2,
Yy
muZ(n?-1)
OTcrona uckoMas pa3HoCTh oTeHIuanoB U = BT

[IpoBepuM BBIpaKEHHE 3TO MO PA3MEPHOCTH:

_IMILP _ e[l _
Ol " e ke P

HpOI/IBBeI[eM BBIYMCJIICHHA .

U= 9,1-10731.(3-10%)?(3% -1)

216100 =204,7 B.

Otet: U=204,7 B.
IMpumep 9. [TnacTUHBI TUIOCKOTO KOHICHCATOPA U30JIMPOBAHBI APYT OT
apyra cioeMm amdJiekTpuka. KoHaeHcaTop 3apsokeH 10 Pa3HOCTH MOTEHITHA-

70B | kKB U OTKJIIOYEH OT UCTOYHMKA HampsikeHusd. Onpenenure ANIICKTPU-
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YECKYI0 MPOHUIAEMOCTh IUIJIEKTPUKA, €CJIM IPU €ro yAAlIeHHH Pa3sHOCTh
MOTEHIMAJIOB MEXY MIaCTUHAMHU KOHJEHCATOpa BO3pacTaet 10 3 kB.
Pemenne. B 1anHoii 3a1a4e paccMaTpUBAETCs BIUSAHUE JUDJIEKTPUKA
Ha EMKOCTh KOHIeHcaTopa. [I0CKOIBKY KOHIEHCATOP OTKIKOUYEH OT UCTOYHU-
Ka HAIPSDKEHHS, TO €ro 3apsj B 000MX Cllydasx OyIeT OJuHAKOBbIM: Gy =0,.
[punumast Bo Bunmanue, uro ¢ =U,C, u ¢, =U,C,, naxonumU,C, =U,C,.
VuautbiBas, 4to s EMKocTH Iockoro kouueHcaropa Cp=g¢,S/du

C, =¢6,6,5/d, nonyaaem

C_a
C, &
Torma U, /U, =¢ /¢,, otkyna g = ‘92U_2'
1
) .. _310°
IIpou3BeIéM BBIUUCICHUS: & = ST 3.

OtBer: & =3.
Ipumep 10. Konpencarop émxoctsio C; = 6 Mx® ObLI 3apspKeH 10
pasHocTy notennuanos U, = 20 B. Tlocie OTKIIOYECHUS OT HCTOYHHKA TOKA

KOHJICHCATOP COEAVMHWIN MapajuIesIbHO C IPYTUM HE3apsKEHHBIM KOHAECHCA-

Topom emrocTbio C, =10 Mx®. Kakas sneprust W' uspacxoyercs Ha oopa-

30BaHHUE UCKPBHI B MOMEHT MTPUCOCIMHEHUS] BTOPOTO KOHJEHCcaTOpa?
Pemrenne. B pgaHHOW 3amade paccMaTpuBarOTCS KOHAEHCATOPBI,
YCTPOMCTBA ISl HAKOIJICHHS AJIEKTPUYECKOTO 3apsifia. DHEPIUsl 3apsKEHHO-

ro KOHJIEHCATOpa OmpenenseTcs 1o hopmyse

w =%cu2, (1)

rae C — EMKOCTh KOHJIEHCATOpa Uil 6aTapen KOHJEHCATOPOB.
DHeprus, U3pacxooBaHHas HA 00pa30BaHNE UCKPHI:

W' =W, —W,, )
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rae W, — sHeprus, KoTopoii 00najan nepBelii KOHIEHCATOpP 10 IPHCOETHHE-
HUS K HeMy BTOporo KoHaeHcaropa; W, — sHeprus, KoTopyro umeeT 6artapes,

COCTaBJICHHAs U3 JIByX KOHJEHCATOPOB.
Bripasus B popmyie (2) sueprum W, u W, no dopmyne (1) u npunss
BO BHUMaHHE, 9YTO 00Ias EMKOCTh NapauIeTbHO COSTUHEHHBIX KOHACHCATO-

POB paBHa CyMME EMKOCTEN OTAEIBHBIX KOHIECHCATOPOB, MOJIYYUM

, 1
W'=2CUZ-3(C,+C, b2, 3)

rac U > — Pa3HOCTb IIOTCHIHAJIOB Ha 3da)KMMax 6aTapeH KOHICHCATOPOB.

y‘-II/ITBIBaH, 4qTO 3apsaa IIOCJIC IMPUCOCAMHCHUSA BTOPOI0 KOHACHCATOPA

OCTAJICSI IPEXKHHMM, BBIPa3HM pa3HOCTh moTeHmmanoB U, cnemyrommm o6pazom:

u.-Q _ CGY
2 C+C, C/+C,

Ioxncrasus Beipakenue U, B (3), Haiiném

_ CUZ (C,+C,)CU/

W' ,
2 2(C,+C,)?

NN
-1 GG U2
2C,+C,

[IpoBeprM MOTyYEHHOE BBIPAXKEHUE IO PA3MEPHOCTH:

S (ST IR ) R S P S
W _[Cliéz][U] = o] [Bf =®-B* = g B° =Ku-B=Thx.

IIpon3BenéM BbIUUCIICHUS:

, 1 6-10°.10-10°°
Wi=3- 6 6
2 6-10°°+10-10

OtBet: W' =750 mx/[x.

4001x = 750 Mx JIx.

IIpumep 11. Onpenenure 3/]C 1 BHyTpEeHHEE COMPOTUBIICHHUE ' AKKY-
MYyJISITOpa, €CJIM OH JA€T BO BHENIHIOW 1ienb 9,5 BT nipu cune Toka 5 A, a npu
cune Toka 8A — 14,4 Br. Haiigute K.ILJ. nenu B mepBoM U BO BTOPOM

cllyyae.
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Pemienne. B maHHOM 3amaye pacCMOTpEHA 3aMKHYTas LENb INOCTOSH-
Horo toka. Cuibl Toka |1 u |, onpexgenum no 3akoHy Oma A 3aMKHYTOH

LIEITH

L =—% |.=_¢ 1
V"R+r" 2 Ry+r’ (1)

rae € — DJIC akkymyssiTopa; I — €ro BHYTpEHHEE CONPOTUBJICHHUE, a COMPO-

tunenne Ryu R, HaspBarorcs BHemnmmu. Haiiném ux u3 onmpenenenus mo-

JIE3HOM MOIIHOCTH P = 2R, OTKy/a
_ 2 _ 2
R =R/, R,=R,/I5.

C y4€ToM ATUX COOTHOIIEHUM ypaBHeHUs (1) mpumyT BU/I;

P
+r), e=l,|-2+r|

6‘=|1 2
2

-1
2
1]

Pemast coBMmecTHO 3TH ABa YPaBHCHUS, I1I0JIYy4acM

2V I 11 '
1 2 12
OTcroma OKOHYATEILHO!
2 2
_ R, =Pl o= Rl; Pl .

K.ILLZI. ecTb OTHOLIEHHWE MOJE3HOM MOIIHOCTH, BBIJACISIEMON Ha

HArpy3Ke K MOJIHOW MOIIHOCTH

P P
g, =2

m=
5I2

&l 1
[IpoBepuM MOTYyUYEHHBIE BBIPAKEHHS IO Pa3MEPHOCTH:

o1 [Rl-[P]lu] _(Br)lA]-[Br)la]_Br_BA_B_
101D (WAl A2 AZ A

CPRIZ-PI? [BT]|A2| _Br_B-A__

g_|1|2(|2—|1)_[A][A][A] A A

[77]: [P] — [BT] :B'A:
[e][1] [BIIAL B-A

M,

1.
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[IponsBenémM BBIYUCIECHUA:

_95-8-14,4-5 95-8°-14,4.5

5.86-5) ~0,03 Om, ¢= 5.86-5) ~21B.
95 14.4
m=575-09 =757 =08

OtBer: r=0,030mMm; ¢~21B; m=0,9; ,=0,85.

3.7. IlpuMepsbl penieHUs 32124 10 MATHUTHOMY T0JIIO

IIpumep 1. Onpenenuts HAYKINUIO MAarHUTHOTO MOJIsI, CO31aBAEMOTO
KPYTOBBIM BUTKOM, II0 KOTOPOMY T€UYET TOK, B LIEHTpE BUTKA. Panuyc BUT-
Ka — 5 cM.

Pemienne. B naHHOM 3a1a4ye MCTOYHUKOM MArHUTHOTO IIOJIS SIBJISAETCA
KPYTOBOM BHUTOK, IO KOTOpOMY T€YET TOK |. Pa300béM BUTOK Ha MaleHbKHE

aeMeHThl JuHOW dl ¥ HaiaéM MHIYKIMIO OT OJHOTO TAaKOTO JIEMEHTA IO

Idl
3akoHy buro — Casapa — Jlamtaca dB =k’ —-sina . Yron mexay snemenToM

r?

toka ldl u r paBen o =90, sin90° =1, cnenosarensHo dB=k'—- Idl , r=R.Tlo

r?

IIPUHLIUITY CYIIEPIIO3ULIAN:

; B=(dB. 1
il ‘ dB — nanpaenen J. 1)

o‘ o Bce Bektopsr OB oT pasHbix
A AJIEMEHTOB BHTKA HAaIlPaBJEHBI IO
Puc. 3.4 OIHOW IIPSIMOM B OJHY CTOPOHY «K
uc. >.
HaM», Tora Ha ocHoBaHuH (1):
27R 27R
B=JdB=[k 7 =K g [dI=Kpoll =K =00k =om @

[IpoBepuM BbIpaxkeHue (2) o pa3sMepHOCTH:

_ [l _ [Tw/m][A] _[B6/A][A] _ Ta-m
[R] [M] [M]° e

[B] = =T
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[Ipon3Ben€EM BBIUUCICHUS:

B_4-10—7-2
== e
2.5-10

Otser: B=2,51-10Tu.

=251-10°Th.

IMpumep 2. OnpenennTh HHAYKIIMIO MAarHUTHOTO TIOJISI, CO3/IJaBaEMOTO
OCCKOHEYHO JUTMHHBIM TPSIMBIM MMPOBOJIHUKOM C TOKOM 5 A, B TOuke A4, OT-
CTOSIIIIEH OT OCH MPOBOJHKKA HA PACCTOSIHUU 2,5 CM.

Pemienne. B nmanHo# 3amade MCTOY-
HHUKOM MArHMTHOT'O MOJIS SIBIISIETCSI OECKO-

@9 A HEYHO JIJTMHHBIM NPSIMOM TMPOBOAHHK, IIO

Ba koTopoMy Te4ét Tok |. Ha puc. 3.25 u306-
I

v pakeHa KOH(Urypauus CHIOBBIX JIMHUM
Puc. 3.25 aToro mnojisi. g onpeneneHuss MarHuTHOM
UHAYKIHH B TOUKE 4 IPUMEHUM TEOPEMY O

mupkyssin § Bdl = 24, > (+ 1), rae {Bdl — mupkynsius BexTopa B 1o 3a-
MKHYTOMY KOHTYpY, Y (* ) — CymMMa TOKOB, OXBAaTbIBAEMbIX STHM KOHTYPOM.

B kadecTBe 3aMKHYTOTO KOHTYpa BBIOEPEM OKPYKHOCTh, COBIIAJAl0-

LIy C CWJIOBOMW JIMHHUEW, MPOXoasmie yepe3 Touky 4. CupoeKTupyem Bek-

—

Top B Ha kacaTenpHyr K KOHTYpPY, B IpPEAEIaX KOHTYpa MHTETPUPOBAHUS

B, = B=const . Iupkynsims o BEIOpaHHOMY KOHTYPY paBHa:
27 oar
J'Bldl =B jdl =B-lj;” =2arB.
0

BHyTpu BBIOpaHHOTO KOHTYypa HAaxOJIUTCA TOJbKO TOK |, T.e.

> (£ 1)=1. [Ipumennm teopemy o unpkyisuun 2748 = 14,1, cnenosarensho

|
B0

2ar

[IpoBepuM MOTYUYEHHOE BBIPAKEHHUE MO PA3MEPHOCTH:

_ L]0 _ [Mwm][A] _[BO/AJ[A] _ Ta-m? _
A R [M]? W
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[Ipon3Ben€EM BBIUUCICHUS:

4.314-1077.5

5= 251-10° T
2.314.-25-10"

B=

Otser: B=4-10"Tx.

IIpumep 3. /[IBa mnapamieiabHbIX
O0ecKkOHEeYHO MIMHHBIX TipoBoja D u C, no
KOTOPBIM TEKYyT B OJHOM HaIlpaBJICHUU
anekTpuueckue Toku cuioit | = 60 A, pac-

noJioxeHbl Ha pacctossauu d = 10 cm apyr

OT JApyra MNEPHEHIUKYISPHO IUIOCKOCTH

yeprexka. OnpeaenuTs HUHAYKIHAKO Mar-

HUTHOTI'O IIOJIsA, CO3JaBacMOro IpoOBOAHH-

Puc. 3.26

KaMu ¢ TOkoM B Touke 4 (cm. puc. 3.26),

OTCTOSIIEH OT OCH OJHOT'O MPOBOJIHMKA HA PACCTOSIHUMU n = S ¢cM, OT apyro-
ro—Har, = 12 cm.

Pemienne. B manHoM 3aaue HCTOYHUKAMH MarHUTHOIO IIOJIS B TOYKE
A ABASAIOTCS JBa MapaJUieIbHbIX 0€CKOHEYHO JIMHHBIX npoBoda D u C. Jlns
HAXOXKIECHWs MATHUTHOM MHIYKLHMU B B DTOH TOYKE BOCIOIL3YEMCS IPHH-

LATIOM CYIIEPIIO3UIIMM MAarHUTHBIX Mojeu. J[1g 3Toro onpenenuM HamnpasJie-
HUSI MATHUTHBIX WHIYKLIHM |§1 u |§2 NIOJIEM, CO3/1ABAEMBIX KaXKIbIM IPOBOJI-
HHUKOM C TOKOM B OTAEJIBHOCTH, U CIIO)KUM UX T€OMETPUYECKHU:

B=B,+B,.

Monynb BekTOpa B MOXKET ObITh HalICH 10 TEOpEME KOCHHYCOB:

B:\/512+|322—2|3182cos,8:\/Bf+822+28182003a, (1)

— —

rae o =7 — 8 —yron Mexnay Bekropamu B, u B,.
Maruutssie unaykiuu B, u B, Beipaxarorcs, coorBeTcTBeHHO, Uepes

Culy TOKa | 1 paccTosHus r, ¥ r, OT POBOJIOB JI0 TOUKHU A:
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:ﬂol. B:,uol
5 27" 2 2mr,

|
Ioxcrasisist Beipaxkenust B, u B, B dopmyny (1) u BbiHOCS '[;L 3a
T
3HAaK KOPHS, [IOJTy4aeM
I
B:ﬂl\/%+i2+ic03a. (2)
2r xS ry 0

Boerunicnium cos a. 3ametun, uto o = £ DAC (kak yribl ¢ COOTBET-
CTBEHHO MEPHEHIUKYIISIPHBIMU CTOPOHAMHU ), TTO TEOPEME KOCUHYCOB 3aIlUIIEM
2_ 2,02
d“=r"+r; -2nr,cosa,

rie d — paccrosiHue MeIy poBogamu. OTcrona

2+r2-d? cosg = D +122-10% _ 23

e A3 T 2512 40

[TonctaBum B hopMyity (2) uynciiOBbIE 3HaUYEHUS] (PU3NUECKUX BEJIMUYUH

" IIPOU3BCACM BbIYHCICHUA:

-7
B=" 3’124 -'3%,(1)4 = \/(0,(:)L5)2 ’ (0,112)2 ’ 0,052.0,12 421_3 =308-107(Tn) =
=308(MkTmn).
Otget: B = 308 mxTm.
IIpumep 4. /IBa 66CKOHEUYHO IITUHHBIX TIPOBO- 46'()1
Ja CKpEIIeHbl Mo HpsMbiM yrioMm (cm. puc. 3.27). d ——c§>A
ITo npoBomam TexyT Toku |1 = 80 A u I, =60 A. Pac- dr2|
crosiaue d Mexay npoBogamu paBHo 10 cm. Omnpene- _)
JUTh MarHUTHYIO WHAYKIHIO B B Touke A, OJUHAKO- "
Puc. 3.27

BO YJQJICHHOM OT 00OMX MPOBOJIOB.
Pemenue. B nanuoii 3a1aye MarHuTHOE MOJIE CO34A0T IBA OECKOHEY-
HO JUIMHHBIX MPOBOJIA, KOTOPBIE CKPELIECHBI MO MPSMbIM YIJIOM. B cOoOTBeT-

CTBUHU C IIPHUHOUIIOM CYIICPIIO3MIINH MAI'HUTHBIX MMoJIeii MarHuTHas WHIYK-

—

uus B moms, cosgaBaemoro toxamu |y m |, , onpenensiercst BhpaxkeHnem
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—

B=B,+B,. rne B, — MarauTHas WHIVK-
ol B, A B,+B,, rne B; 1y
' ; ’ U TI0JII, CO3JaHHOrO B TOYKE A TOKOM

B B =
2 Il; B2 — MAarHuTHasT WHAYKOWASA [OJs, CO-

== 3JJaHHOI'O B TOYKE 4 TOKOM |2. 3ameTum,

— —

yTo BeKTOphl B, m B, B3aumHO mepneHmau-
Puc. 3.28 PRl By 15, PHCHI

KYJIIPHBI (I/IX HAIIPpaBJICHUA HaXOIATCA II0

npaBmily OypaBurKa U N300pakeHbI B ABYX MpoeKnusx Ha puc. 3.28). Toraa

—

MOAYJIb BCKTOpPa B MoxnO OIIPCACIINTD I10 TCOPCMC Hmbaropa:

B=B|=,/B?+B2Z,
rae By u B, onpexnendrorcs no popMynam pacuéra MarHUTHOM MHAYKIIMH JIJI51

OECKOHEYHO JINHHOI'O HpHMOHHHeﬁHOFO IIpoBOJa C TOKOM: Bl go lnu
7,
0

B, :—ggz:’s . B Hamem ciyugae ro= d/2, torga B :%1/ |12 + |22 .

[Tpou3Ben€M BBIYMCIICHUSA:

4 11(?—1 807 + 602 = 4-10~4Tun = 400 M T,
T

Otset: B =400 mxTu.
IIpumep S. Ilmockuil KBaxpaTHBIN

KOHTYp cO cTopoHou a = 10 cm, mo kotopo-

4 x —

I my Ted€r Tok | = 100 A, cBo6ogHO ycTaHO-

> T
| l Prn BWICS B OJHOPOJHOM MAarHUTHOM TIOJIC

a
B (B = 1 Tn). Onpenenuts paboty A, coepiua-
M

- eMYIO BHEUTHUMH CUJIAMH TIPH IIOBOPOTE KOH-

Puc. 3.29

Typa OTHOCUTEIBHO OCH, IPOXOJISAIIEH uepe3

o

CEpEIHBI €ro IPOTUBOIOIOKHBIX CTOPOH, Ha yroit: 1) ¢, =90"; 2) ¢, =3".

[Ipn moBopoTE KOHTypa cHjla TOKAa B HEM MOJAECPKUBAECTCS HEU3-

MEHHOM.
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Pemenne. B nanHo# 3amaue BHEIIHUE CHIIBI COBEPIIAIOT pabOTy MpHU
IIOBOPOTE KOHTYpPAa C TOKOM B MarHUTHOM Iojie. Ha KOHTyp ¢ TOKOM B mar-
HUTHOM I10JI€ IEUCTBYET MOMEHT CHJIBL:

M = py,Bsing, (1)

e Py = IS = |a?— MarHuTHBI MOMEHT KOHTYpa; B — MArHUTHAS HHIYKIHS;

¢ — yroJl MeXIy BEKTOpaMH Py, (HampaBjeH 10 HOPMaid K KOHTypy) u B

(cMm. puc. 3.29).
[To ycnoBuiO 3a7auyd B HAYaJIbHOM IOJIOKEHHH KOHTYP CBOOOHO

YCTAaHOBHJICAI B MAIHUTHOM IIOJIC. HpI/I 9TOM MOMCHT CHJIBI PAaBCH HYIIIO

—

(M = 0), a 3Ha4uT, =0, T. €. BEKTOPHl Py ¥ B conanpasienst. Eciu

BHEILIHWE CUJIbI BBIBEYT KOHTYP U3 MOJIOXKEHHUS PABHOBECHS, TO BOSHUKIIUI
MOMEHT CHJI OyZIET CTPEMUTHCSI BO3BPATUTH KOHTYP B MCXOJIHOE IMOJIOXKEHUE.
[IpotuB 3TOr0 MOMeHTa U OyJeT COBEpIIAThCS padOTa BHEIIHUMHU CUJIAMH.
Tak Kak MOMEHT CHJI IEPEMEHHBIA M 3aBUCUT OT yrja MOBOPOTA ¢, TO IJIA
nojacyéra padoTel NpuMeHuM (opmyiry padoTsl B 1uddepeHimansHoi hopme
d4 = Mdg. YuautsiBas ¢popmyay (1), momyuaem
dA = IBa?sin gd .
B3sB uHTErpans oT 3TOro BBIpAKEHUS, HalAEM paboTy MpuU MOBOPOTE

Ha KOHEYHBIW YIrOJI:

A= IBaZ(:j:sin oo, 2)

PaboTa npu oBOpOTE Ha yron ¢ = 90°

T,

A = 1Ba? fsin o= IBaZ\(—cosw)%z IBa’. 3)

[TpoBepuM TaHHOE BBIpAYKEHUE IO PA3MEPHOCTH:
[AI=[[BI[SIF[AI[Ta][m]*=[A][B6]=x
BeIpa3zum yucnoBsle 3HaueHus BennuuH B eauHunax CU (1 =100 A,
B=1Tn,a=10cm=0,1 M) u noxcrasum B (3): A;=100-1-(0,1)> =1 JIx.
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PaGota mpu noBopote Ha yron ¢, =3 . B 9ToM ci1ydae, yuuThiBasi, 4To

yTOJ @2 MaJjl, 3aMEHUM B BeIpakeHuH (1) sing = ¢:
P9 1
A, = 1Ba? jgodgo:EIBazgog. (4)
0

BBIpa3I/IM YIoJia (02 B paJraHax. Ilocne IMOACTAaHOBKHM YHUCJIOBBIX 3HAYC-

HUU BeJIMYMH B (4) Haiijiem

A>2=0,5-100-1-(0,1)%:(0,0523)>=1,37-102 Ixx = 1,37 mJIx.

Otser: A1 =1 Ix; A2 = 1,37™m [Ix.

IIpumep 6. [TpoTOH, NpomeANiA YCKOPSIONTYIO Pa3HOCTh MOTECHIIMAJIOB
U = 600 B, Breten B oqHOpOHOE MarHUTHOE Tosie ¢ uHaykiwer B = 0,3 Tn u
HayaJjl JIBUTAThCA 110 OKPYKHOCTH. BrauciuTh paanyc R okpy>KHOCTH.

Pemenne. B manHoM 3a71a4ue pacCMaTpuBaEeTCs IBUKECHUE 3apsyKCHHOM
YaCTHUIIBl B OJJHOPOJHOM MAarHUTHOM MoJjie. /[BrkeHue 3apsKEeHHON YaCTHUIIbI

OyZIeT IPOUCXOIUTD MO OKPYKHOCTH TOJIb-

L

° KO B TOM CJIy4dac, KOorjga 4actuua BJICTUT B

MarHuTHOE II0JIe TEPHEHIUKYISAPHO JIH-
HUSIM MArHUTHOW WMHIYKIMH, T.€. v LB
(puc. 3.30). Ha mpoToH aeicTByeT cuia

JlopeHiia, KOTOpasi NEPHEHANKYISIPHA BEK-

Puc. 3.30

Topy oU. OHa cooOmaer MHPOTOHY HOP-

MaibHOe yeckopenue d,. Cormacuo Il 3axony Herorona,

—

F=ma,, (1)
rzie M — mMacca MpoTOHaA.

Ha puc. 3.30 coBMmelieHa TpaekTopusi MPOTOHA C TIJIOCKOCTHIO YepTeka

1 JaHo (ITpOU3BOJIbHO) HarpaiieHUe BekTopa o . Cuiy JlopeHiia HampaBUM

NEPICHANKYISIPHO BEKTOPY U K LICHTPY OKPY)KHOCTH (BEKTOpHI d, u Fj; co-

HarpasieHbl). VMcnonbs3ys MpaBWIO JIEBOM PYKH, ONPEAEIUMM HaIlpaBiIEHUE

MarHUTHBIX CHJIOBBIX JIMHHH (HampaBiieHUue BeKkTopa B).
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[lepenuiem Boipaxkenue (1) B ckanspHoii popme (B MPOEKIMH HA OCh,
COBIIAJIAIONIYIO0 C PAJANYCOM):

F;=ma,. (2)
B ckamspHoit ¢popme F;=QuBSina. B Haumem ciyuae U 1B u

sina = 1, rorna F; =QuB. Tak xak HOpmanbHOE yCKOpeHHE &y, =v?/R, 10
BBIpaKEHHE (2) MEePEnUIIeM CIIeTYIONUM 00pa3oM:

2
_mo
QUB——R :

OTcroa HaX0JUM PaInyC OKPYKHOCTH:
mo
R=—o.
QB
3aMeTHB, UTO MV €CTh UMITYJIbC MPOTOHA (p), ITO BHIPAKEHUE MOKHO

3aI1icaTh B BUJE

R (3)

__b
QB
Nmnynbe npoToHa HailA€M, BOCHOJIb30BABIINCH CBA3BIO MEXKIY pado-
TON CHUJI DJIEKTPUYECKOrO IOJISI MU U3MEHEHUEM KMHETHYECKOW DHEPrUu Ipo-

TOHA, T. €. A = AT, unu

Qe —,)=T,-T,,
Tae ¢, — ¢, — YCKOPSIONas Pa3sHOCTh MOTEHIUANOB (MM YCKOpSOIIee
Hanpsokenne U); T, u T, — HavanbHast ¥ KOHEYHAs KWHETHYECKUE SHEPIUH

MPOTOHA.

[IpeHeOperas HauanbHOM KMHETHYECKOH sHeprueit mpotona (T, = 0) u

BBIPA3UB KHHETHYECKYIO SHEPTHIO |, Yepes MMITyJIbC p, HOTydUM

Haiiném u3 sToro BepaxkeHus umiyiabe P=.2MQU u moxcrasum ero

B Gopmyny (3) (0 L B):
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BY Q
[TpoBepuM MOTy4YEHHOE BHIPAKECHUE 10 PA3MEPHOCTH:

[R]= 1 mU]_ 1 |[xr][B] _ [C]Z[A]\/[KF]MZ kr-cT-A7?
[B]V [Ql  [Tn]\ [Ku] [kr] [c-A]

CZ-A-KF-M_
Kkr-c?-A

R:—“zggu wm R 1 2mU (4)

[ToxacraBum B hopmyny (4) dyuciaoBbie 3HAYCHUS (PU3NUECKUX BEIIMUNH

u HpOI/ISBeI[éM BBIYHMCJICHHUA .

. i\/2-1,67-10‘27 1600 _

=03 16.10°59 =0,0118 m=11,8 mm.

Oter: R=11,8 Mm.

IIpumep 7. DNEKTPOH ABUXKETCS B OJHOPOJHOM MAarHUTHOM IIOJIE
(B = 10 mTn) no BuHTOBOW JMHHH, paauyc R koTtopoit paBeH 1 cM u 1mar
h =6 cM. Onpenenuts nepuox 7 0OpamieHHs SJICKTPOHA B €0 CKOPOCTh .

Pemienne. B manHol 3amaude
paccMaTpHUBaeTCs ABUKEHHE DJIEK-
TPOHa B OJHOPOJHOM MAarHUTHOM
noJie. DJIEKTPOH OYyJIeT ABUTATHCS IO
BUHTOBOU JIMHWU, €CIIA OH BJICTAET B

OIHOPOJHOC MArHMTHOC IIOJIC II0A

Puc. 3.31 HEKOTOPBIM YIJIOM (0 # 71/2) K JIMHU-
AM MarHMTHOM HHAyKIuU. Pasno-

UM, KaK 3TO TTOKa3aHo Ha puc. 3.31, CKOPOCTh U AJEKTpOHA Ha JABE COCTaB-

JSIOIIKE: TapajlelibHyl0 BekTopy B (5”) U TNEPHEHAUKYISIPHYIO €My
(0,). Cxopoctb 5|| B MAarHUTHOM I10JI€ HE U3MEHSETCA U 00eCleunBaeT paB-

HOINEPEMEHHOE NEPEMEIIECHUE AIEKTPOHA BAOJb CUIOBOW JuHUU. CKOPOCTH

U, B pesyinbrate AeHCTBHsI CHiIbl JIopeHna OyfeT M3MEHSTHCS TONBKO II0
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Hanpasiennto (Fp; L 0)) (B oTcyrcTBHe mapauienbHOM —cocTaBisioLeit
(D”: 0) IBM)KEHHE 3JIEKTPOHA MPOUCXOAUIIO OBl MO OKPYKHOCTH B IIOCKO-

CTH, NEPIEHINKYJISIPHON MArHUTHBIM CHJIOBBIM JIMHUSAM). Takum oOpazom,
AJIEKTPOH OYAET y4acTBOBATh OAHOBPEMEHHO B JIBYX JBIKEHUSX: PaBHOMEP-

HOM IICPCMCIICHNUU CO CKOPOCTBIO U” N paBHOMCPHOM JIBHKCHHH 110 OKPYIK-

HOCTH CO CKOPOCTBIO UL'

[lepuon oOpaieHUs SIEKTPOHA CBSI3aH C MEPIEHIANKYISIPHONW COCTaB-
JIAIOLIEN CKOPOCTH COOTHOLLIEHUEM

T=2R/v,. (1)

Haiiném ortnomenue R/v | . [l 5TOro BOCmosb3yeMest TEM, YTO CHIIa

2

v
JlopeHmna cooOImaer 3JIeKTPOHY HOPMaIbHOE YCKOPEHHUE a, =?L. CornacHo

Il 3akony HproTOHa, MOKHO HaIMCaTh.
F=ma, wm el L B=mv?/R. (2)
CoxpatuB (2) Ha U, , BeIpa3suM cooTHomenne R/v, (R/v; =m/|gB) u
nmojcTaBuM ero B popmymy (1):

_ m
T—27z—|e|B. (3)

Monynb CKOpPOCTH U Kak 3TO BUAHO U3 puc. 3.31, MOXKHO BBIPa3UTh

qepes Uy 1y

— 42 2
L= UJ_+q|'

N3 dopmynsl (2) BbIpa3uM MEPIECHIUKYISPHYIO COCTABISIONLYIO CKO-

pocTu:

_|e|BR

19
1 m
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[TapajutenbHYO COCTaBIIAIONIYIO CKOPOCTH Y, HaAEM U3 CIEIYIOIMINX

cooOpakeHHit. 3a Bpemsi, paBHOE Tepuoay oopaieHus 7, 3JEKTPOH MPOUIET

BJOJIb CHJIOBOM JIMHMU PacCTOAHUC, PABHOC IIAry BHUHTOBOM JUHHH, T. C.

h= qu, OTKyJ1a
_h
49T
[ToncraBuB BMecTo 7 mpaByro 4acTh BbIpaxeHUs (3), MOIydUM
_le|Bh
I~ 2/m

Takum 0O6pa3zom, MOYJIb CKOPOCTH AJIEKTPOHA

[TpoBepum Boipaxenue (3) u (4) Mo pa3MepHOCTH:

N . N 5 B (3 a

[el[B] [Knl[Ta] [A-c][xr/A-c?]

-l J[ RP HMDZ Bt s fup -0 C][KF[K/{? Pl ere

HpomBez[eM BBIYMCJIICHHA .

_ 27-91:107%
16-1071°.10.10°3

-19 -3 2
:1,610 1_010 (0’01)2 +(%j M/C:2,461O7M/C
91-10-31 2r

¢=357-10"°c=375 nc.

Oreer: T =3,75 He: v=2,46-10"m/c.
IIpumep 8. Anbda-yacTuna mpoinia yCKOPSIONIIY0 pasHOCTh MOTEH-
muanos U = 10* B u BreTena B CKpeIeHHBIE IO/ MIPSAMBIM YIJIOM 3JIEKTPUYE-

ckoe (E = 10 kB/M) u marautHOoe (B = 0,1 Tx) moss co CKOpoCThiO &, TIep-

—

neHauKyJaspHod B u E. Haittu oTHomieHue 3apsua ajibda-4acTUIBI K €€
Macce, €CJH, BUTAsICh MEePIEHANKYISIPHO 000UM TIOJISIM, YACTHUIA HE MCIIBI-

THIBAET OTKJIOHEHUU OT MIPAMOJIMHENHON TPACKTOPHUH.
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Pemenue. B 3amaue paccmaTtpuBaeTcsi cuUTyanus, Koraa anbgda-
YyacTUI[a JBMKETCS CHaydaja B JJIEKTPHUYECKOM IIOJIe, a 3aTe€M BIJIETAECT B
CKpEIICHHBIE MOJ| MPSMBIM YIJIOM 3JIEKTPUYECKOE W MarHuTHoe mojs. B
ANEKTPUYECKOM TIOJie aib(ha-4yacTUIla JBWKETCS BIOJb CHJIOBBIX JIMHHM,
POXOJUT YCKOPSIOIILYIO Pa3HOCTh MOTEHIIMAIOB U MIPHUOOPETAET CKOPOCTh U ,
T. €. paboTa CUJI AIEKTPUUECKOTO MOJIS U UAET HA U3MEHEHHUE KHHETUYECKON

sHeprun yactuupl: QU = mu?/2, otkyna

2
Q v
x_° 1

m 2U (1)
B CerIHCHHI)IX BJIGKTpI/ILIeCKOM U MAarHuTHOM IIOJIAX Ha ,ZIBI/I)KYHIYIOCSI

3apsSHKCHHYIO YaCTUIy ACHCTBYIOT JIBE CHJIBIL:

a) cuna JlopeHia IEH :Q[G é} HalpaBJICHHAs! TMEPIECHIUKYJISIPHO

—

CKOPOCTH U W BEKTOPY MarHUTHON UHAYKIMU B ;

—

0) KyJIoHOBCKast cuna Fy =QE,

z
COHAIIPABJICHHAs! C BEKTOPOM HaImps- I i

KEHHOCTH E BIIEKTPOCTATUYECKOTO /  Fa M £ /
nons (Q > 0). Ha puc. 3.32 nanpasum / b J:rQ ' / y
BEKTOP MArHUTHOW WHIYKIUU B *x/ |

Brosb ocu OZ, CKOPOCTh U — B IIO- Puc. 3.32

JIOKUTENBHOM HampasieHun ocu OX,

TOraa IEH u IfK OyayT HampaBJICHBI TaK, KaK MOKAa3aHO Ha PUCYHKE.
Anbda-dactunia He OyJIeT HCIBITHIBATh OTKJIOHCHHUS, €CIIH T€OMETPH-
yeckas cyMMa cujl OyIeT paBHa HYJIIO: IEH + IEK =0. B npoekiun Ha ocb OY
THIOJIYYUM CJIEIYIOIIEE PABEHCTBO (IIPU OTOM YYTEHO, 4TO U L B usina = 1):
QE-QuB =0,
OTKyJa

v = E/B.
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[ToncraBuB 3TO BBIpaXKeHUE CKOPOCTU B (hopmyiy (1), momyunm

Q__FE’
m  2UB?
[IpoBepuM pa3MEpHOCTS!
[Q] _ [E]? [B/Mz] :B-C4A2_M2-KF-C3-A-KH:KH

[m] [U][B]Z_[B][KF/CZ_A]Z M2Kr? c®-A-m?-kr? kU

[IponsBenémM BEIYUCICHUSA:

Q — (104)2 Ki/KT = 7 —
== Ki/kr =4,81-10" Ki/kr =481 MKy/kr .
m 2.104(0,1)

OtBer % _ 481 MK/kr.

Ipumep 9. Koporkas karymka, conepsxamas N = 10% Butkos, pasHo-
MepHO Bpaaercs ¢ 9actotoii N = 10 ¢t orHocurensHo ocu AC, nexareii B
IJIOCKOCTH KATYIIKU U MEPIEHANKYJISIPHON JIMHUSAM OJTHOPOJHOTO MarHUTHO-
ro nosst (B = 0,04 Tn). OnpenenuTs MTHOBEHHOE
3HaueHne JJIC MHOyKIMU [ T€X MOMEHTOB
BPEMEHHU, KOTJa MJIOCKOCTh KATYIIKA COCTaBIISCT

yron f= 60° ¢ muausmu moss. [lnomane S ka-

Tymku pasHa 100 cm? (cm. puc. 3.33).

Pemienne. B nanHou 3anaye paccMarpurBa-

CTCA KaTyllKa, Bpalfaromecca B OJHOPOJHOM
Puc. 3.33 MAardiuTHOM IIOJIC, B PE3YJILTATC B HEU BO3HMKACT

O/JIC MHIyKIHMHM, MTHOBEHHOE 3HA4YCHHUE &; KOTOPOH OINpPEHENsIeTCs] OCHOB-

HBIM YPaBHEHHEM 3JIEKTpOMarHuTHou nHaykuun dapanes — Makcsenna:

do

rae N — 4uciio BUTKOB KaTyIIKH, TPOHU3BIBAEMbIX MATHUTHBIM MOTOKOM @.
B onHOpoAHOM MarHMTHOM ToJie TIO ompenesieHnto @ = BSCOSa, rae

B — maraurtHas WHAYKIWA, S — IIomaab KaTylmiKu; o — YIroJ MCKAY BCKTO
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—

poM B u HOpMaiiblo 7. [Ipn paBHOMEpPHOM BpallleHHH KaTyIIKU o = ot, rae
® — yIJIOBas CKOPOCTHb Bpal€HWs KATYIIKU. 10ra MarHUTHBIA MOTOK D,
IIPOHU3BIBAIOIIUN KaTYyIIKy B MOMEHT BpPEMEHM i, U3MEHSCTCA IO 3aKOHY:
@ = BScoswt. [Toacrasus B popmyiy (1) BeipaxkeHUE MarHUTHOTO MOTOKa @
u npoaudepeHIpoBaB MO0 BpeMeHHU, HaiiiéM MraHoBeHHoe 3HaueHue JD/[C
UHIYKLWN:

3aMeTuB, YTO YIJIOBasi CKOPOCTh @ CBsI3aHA C YAaCTOTOM BpamieHus N

KaTYIIKHd COOTHOIICHUEM @ = 27N u uto yroa wt = /2 — f (puc. 3.33), no-
ay4uuM (ydteHo, 4uto sin(z/2 — ) = cos )

&;= 2anNBScos S .

[TpoBepuM BBIpa)KEHHE IO PA3MEPHOCTH:
[&£]1=[n][BI[S] = [c*][kr/A ¢? M?] = kr M?/A ¢*=B.
[Tpou3BeaéM BBIUNCIICHUS:

&=2-3,14-10-10%-0,04-102-0,5B = 25,1 B.
Otser: & = 25,1 B.

IIpumep 10. KBagparnas npoBoJIOYHAsA paMKa CO CTOPOHOU a = 5 ¢cM U
conpotuBieHueM R = 10 MOM HaxoauTCsi B OHOPOJHOM MAarHUTHOM TIOJIE
(B = 40 mTin). Hopmaib K TUIOCKOCTH paMKH cocTaBiseT yroi a = 30° ¢ u-
HUSMHA MarHUTHOW WHAYKIuH. Onpenenuts 3apsa Q, KOTOpeIH Mpouaér mo
paMKe, €CJIM MAarHUTHOE TI0JI€ BBIKJIKOUNTD.

Pemienue. B manHoOM 3amade paccMaTrpuBaeTcsi MHAYKIMOHHBIM TOK,
KOTOPBI BO3HHMKAET B PAMKE, HAXOASIIUMKCS B U3MEHSAIOIIMMCS BO BPEMEHU
MAarHuTHOM noJie. [Ipy BBIKIIFOUEHUM MarHuTHOTO TOJIS IPOU30MIET U3MEHE-
HHU€ MarHuTHOro moTtoka. BciencrtBue storo B pamke Bo3HUKHET DJIC uH-

OYKLIHH, ONIpEAEnsieMasi OCHOBHBIM 3aKOHOM 3JIEKTPOMarHUTHOM UHAYKIWHN

do
cc,'i :_W.
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Bo3nukmas 9/[C MHAyKUMM BBI3OBET B PaMKE MHAYKIIMOHHBIA TOK,

MI'HOBCHHOC 3HAUCHHUC KOTOPOI'0O MOKHO OIIPCACIINTL BOCIIOJIb30BABIINUCH 3a-

o &
koHoM Owma misa nojHo# nenu: |, =21, rne R — conporuBnenue pamku. To-
| R >
do
ria LR=———.
dt
dQ
Tak xaKk MFHOBEHHO€ 3HAYEHHWE CHJIbI MHIYKIMOHHOIO TOKa | :W’

TO 3TO BBIPAKCHHUC MOKHO IICPCIIMCATh B BU/IC

dQp__do __do
ER_ gp > OTKya dQ= R (1)

[Ipounterpuposas BeipaxeHnue (1), Haitném

Q K _

1 D -,
'([sz—ﬁajd@,I/mHQ——R .
1

3aMeTHB, YTO TIPU BHIKIIOYEHHOM T0Jie (KOHeUHoe cocTosiHue) @, = 0,

IMOCJICAHEC PABCHCTBO INCPCITUUICTCA B BUJIC

Q=2 2)

Haiiném marautHbii oToK @;. 110 onpeaeneHno MarHuTHOTO MOTOKa
JUTSI OTHOPOAHOTO 1ot mMeeM @1 = BSCOSa, Tiie S — miomaas paMKw.
B namewm cinyuae (pamka kBaapaThas) S = a?. Torma
2
@, = Ba”cosa. (3)
2

[Moncrasus (3) B (2), momyunm Q= BTaCOSa :

[IpoBepuM BbIpaK€HHE MO PA3MEPHOCTH:

B][a)? _ [xr/c-A] [M]?

_A-c=Kn.
[RT [m2-x/A2.&3] °©

o L

IIpon3BenéM BbIUUCIICHUS:

_0,04-0,25-10"
0,01

OtBet: Q = 8,67 MKIL

Q c0s30°=8,67-10"3Ki1 =8,67mKor .
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Konmponvnsie sonpocul

DREKTPUIECKOE U MAarHUTHOE TOJIS CO3JAIOTCS HETOBUKHBIMH 3apsi-
JaM¥ WM JBKYITUMUCS 3apsiiaMy (TOKaMu), ¢ APYTrod CTOPOHBI, TIOJsS 00-
HapYy>KUBAIOTCS MO JCWCTBUIO HA TIOMEIICHHBIC B HUX 3aps/bl WM TOKU. B
CBSI3H C OTHM BO3HHKAIOT JIB€ OCHOBHBIE 33/1aUHBIC CUTYaIINU:

— pacuéT XapakTEPHUCTHK TOJIA IO M3BECTHBIM 3apsiaM (TOKaM), Co-
30arowum noje;

— pacu€T aeicTBui mois (pacd€r cuiibl, pabOThI U Jp.) HA 3apsiabl HIIN
TOKH, NOMeWeHHble 8 IMO NoJe.

Hcrmonp3ys Ty Wik WHYIO GOpMYyITy MPU PEIICHUH 3aJa9d, HE0OX0IH-
MO pa3o0paThCsi 0 KAKUX UMEHHO 3apsiiax (Tokax) UaET peyb.

1. Ilpeanonoxum, B Toukax A u B HaxoasTcs ToueuHsble 3apsaabl (1 U
02, COOTBETCTBEHHO. PaccTostHre Mexy 3apsimamu I, cuia, IeUCTBYIOMAs Ha
OJIUH W3 3apsi/ioB, CO CTOPOHBI MOJIS,, CO3IaHHOTO JPYTUM 3apsijioM, paBHa F
(mpuuém Ha ocHoBanuu |ll 3akona Herotona cwibl Fi2 u Fo1 paBHBI 1O
MOJTYJTIO).

U3 npuseoénnvix Hudxce ghopmyn evlibepume me, ¢ NOMOUWBIO KOMOPLIX
MOJCHO ONpedesums

a) nanpsvicénnocmo noas 6 mouxe A (Ea);

0) nanpsiocénnocmo noas 6 mouxe B (Eg);

8) cumy, oeticmeyiouwyio Ha 3apso (1, Haxoo0awulics 8 mouke A;

2) cuny, deticmsyrowyio Ha 3apsao (z, HaxXo0awulics 8 mouke B.

E = Flqi; E = Flgz; E = (kqu)/r?; E = (kqo)/r?; F = q1Ea; F = 01Eg;
F = quEa; F = q2Eg; F = (kguq2)/r?.

2. B touke K nHaxomaurcs 3apsan Q1, B

Q1 Q,
_K? ? ") touke C Haxomutcs 3apsan Q2, 3apsn Q:
r C r e C
peMeIaeTcss U3 TOYKHU B TOouky /l.
Puc. 3.34 Paccrositane KC =ry, CII = ra.
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CymiecTByOT (HOpMYIIBI JUIsl BEIYUCICHUS paOOThI TPU TMEPEMEIEHUN
3apsa B MMOJIE U JIJIST BBIYUCIICHUS TMOTEHITAa MOJIsl, CO3JaHHOTO TOYCUYHBIM
3apsIOM:

A=-Q (p2—¢1) (2);
¢ = (kQ) Ir. (2)

O kaxom u3 3aps008 uoém peys 8 popmyne (1)?

Ecnu no gopmyne (2) neobxooumo eviuuciume @1, mo ymo ciedyem
nonumamo noo Q u noo r?

Ecnu no gopmyne (2) neobxooumo evluuciume @, mo ymo ciedyem
nonumams noo Q u noo r?

3. Ilpenmnonoxum, €CTh JBa MapauiebHbIX, ITUHHBIX MPOBOJIHUKA, IO
KOTOPBIM TEKYT TOKHU |1 1 |;. HeoOX0auMO BBIYMCIUTE UHIYKIIUIO MAarHUTHO-
ro noyig (B) B ToM MecTe, TJie PacrojoKeH HEOOJBbIIOW Y4acTOK BTOPOTO
npoBoaHKKa JuHOHN |, m cuny Ammnepa (Fa), aedcTByrOIIyI0 Ha 3TOT yd4a-
CTOK. ITO MOXHO CJIeJIaTh, HCTIONB3Ys (POPMYIIBI:

B = (uol)/(27r) (1);
Fa = Bll sino (2)

O kakom moke uoém peuv 8 popmyne (1)?

O kakom moke uoém peuv 8 popmyne (2)?

Coenatime pucyHoK, ompaxcaroujuil ONUCAHHYI0 CUMYAYUIO, YKaXcume
NPOU3BOJILHO HANPABIEHUs MOKO08 8 NposooHuKax. Onpeodenume no pucyHKy
Hanpaesienus 6ekmopos B u Fa.

Ymo maxkoe yeon o. ¢ popmyne (2)? Vkasxcume smom Y201 Ha pucyHke
U onpedenume e20 YUCI080€ 3HAUeHUe 011 OAHHOU CUMYaAyUU.

4. HexoTOpsIil M3BECTHBIM MO YCJIOBHUIO 33Ja4M 3apsii CO3MAET DIICK-
Tpuueckoe mnosie. B Touke A, HaxondIiencs Ha pacCTOSHUM [l OT 3apsija,
HaNpPsHKEHHOCTB M0JIs paBHa Ky .

Om uezo 3asucum nanpasienue eekmopa Eq u eco mooyns?

3anuwume opmynvl, NO KOMOPBLIM MOICHO paAccuumams mMooyis Ey,

ecau 3apso, co30anwull noje:
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— moyeyuHbvlil;

— PABHOMEPHO pAcnpedeéH no 6eCKOHeYHOU HUMu,

— PABHOMEPHO pACnpedeér no 6eCKOHeYHOU NI0CKOCMIU.

HUcnonwv3ys 3anucannvle popmynvl, uzobpazume 01 CpasHeHUs HA 00-
HOM PUCYHKe NpuMepHbvle 2paguru UsmMeHeHUs: HanpsjicEHHOCMU NpuU yeeu-
YeHUU PpAcCMOSHUA ¥ (OMCUUMBIBAEMO20 800.]1b CUNOBOU JUHUU) OJIsL YKA3AH-
HBIX CUmMyayutl.

5. Kax paccuumams HAnpsicéHHOCMb U NOMEHYUAL Pe3yabmupyrouje-
20 2JIEeKMPUYECKO20 NOJisl, eCAU OHO CO30AHO CUCMEMOU HECKOJIbKUX 3aps008?

6. JIBa OMHOMMEHHBIX TOYCUHBIX 3apsaa (41 > () HaXOJATCS Ha pac-
CTOSIHUH I' APYT OT ApyTa.

Ykaorcume npumepnoe nonoxcenHue mouku (Ha npsmou, npoxoosujell
yepes 3aps0vl), 8 KOMOPOIL.

— HANPSNCEHHOCMb PEe3VIbMUPYIOUe20 NOJISL OKANCEMCSl PAGHOLL HYTIO -

— NOMEeHYUan pe3yTbmupyroune2o nojisi OKANCEmcst pAGHbIM HY 0.

Buinonnume 3a0anue npu ycnosuu, umo 3apsaovi pazHouméHusle. Bce
omeemuvl 000CHYUMe, UCNONIL3YSL NPUHYUN CYNEPNO3UYUU OJISl DJIeKMPUYECKUX
noieti.

7. Tlpu mepemenieHu 3apsaa B DJICKTPUYECKOM TIOJIe COBEPIIASTCS
paboTa, KOTopas MOXET OBITh pacCUMTaHa IBYMS CIIOCOOAMH: Yepe3 Harpsi-
KEHHOCTH MOJISL U Yepe3 Pa3HOCTh MOTEHITUAIOB.

3anuwume 0be gopmynvt 05 pacuéma pabomol 8 C1eOYIOWUX CUMYA-
Yusx:

a) nosie He 0OHOPOOHOe, 3aps0 nepemewaemcs Ha paccmosiHue d no
NpAMOLL, He co8nacarouiell ¢ CUNOBOU TUHUEI,

0) none He 0OHOPOOHOE, 3apsi0 nepemewaemcs Ha paccmositue d 600.b
CUNIOBOU TUHUU,

8) nose He 0OHOPOOHOE, 3P0 nepemeuiaemcs o dIKGUNOMEHYUATbHOUL

nosepxHocmu,
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2) nojiie 0OHOPOOHOe, 3apsa0 nepemeujaemcs Ha paccmostue d no nps-
Mo, He cosnaodaioujeli ¢ CUI0B80U TUHUELL,

0) none 00HOPOOHOe, 3aps0 nepemewaemcs Ha paccmosuue d 600
CUNOBOU TUHULL.

8. OCHOBHBIC XapaKTEPUCTUKH ITOJISI CBSA3aHBI MEX Ty COOOM.

3anuwume opmynvl césa3u MeHCOY HANPIHCEHHOCMBIO U PAZHOCHIBIO
NOMeHYUanos 6 obuiem ciydae u 0Jisi 0OHOPOOHO20 NOJIA.

9. CymIeCTBYIOT JOIOJHHUTEIIBHBIC XapaKTEPUCTUKH SJICKTPUICCKOTO
T0JIsI, BBOJIUMBIE HA OCHOBE MOHATHN «HANPSDKEHHOCTE» M KITOTEHITHAT.

Ilepeuuciume smu xapakmepucmuxu u yKaxcume, Kaxue u3 Hux 8eK-
mopHble, a KaKue CKaisipHvie?

Kax onpeoensemcs nanpasnenue 0151 BeKMOPHbIX XApaAKMepucmux?

10. B uem nposensemcs nomeHyuaibhslil Xapakmep 31eKmpocmanu-
yecko20 noas?

Chhopmynupyiime crosamu u 3anuwiume AHAIUMUYECKU Meopem)y O
yupkyrayuu eekmopa E, saenawowyroca mamemamuuecKum 8vblpadceHuem
CBOUCMBA NOMEHYUATILHOCMU JJIeKMPOCMAMUYECcK020 NoJis.

11. Cohopmynupyrime cnoeamu u 3anuwiume aHAIUMUYECKU MEOPEMY O
nomoke eekmopa E, evipasicarowyro mom gpaxm, umo cuiogvle TUHUU IeK-
MPOCMamu4ecKo2o noJis He 3aMKHymole.

12. Kakum obpaszom modcem Obimsb cO30aH0 MacHUMHoe noje?

Copmynupytime onpeoenerue NOHAMUSL KUHOVKYUSL MACHUMHO20 NOSY.

Om ueeo 3asucum yucieHnoe 3uavenue unHoykyuu? Ilpusedume npu-
mepvl hopMyT, CBAZBLIBAIOWUX UHOVKYUIO NOJISL C CUOU MOKA, CO30anue20
MO nojie, Npu pa3HblX KOHGUIYpayusx npoeoOHUKOS, NO KOMOPbIM meyem
MOK.

Ipounnocmpupyiime Ha pucyuke npasuio 0 onpeoeieHus Hanpas-

JIeHUs eekxmopa MHayKL{MM npu u36eCMHOM HANPAaeJIeHUU moKa 6 HPOGOOHMKQ.
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13. ChopmynupyiiTe MpUHIMI CYTIEp-
TO3UIINH JJI1 MAaTHUTHBIX MOJICH. I

MarnutHoe mosie CO3MaETCS MPSIMbIM R T @ -

TOKOM |1 ¥ KpyroBeiIM TOKOM lp, KOTOpBIE A

PacCIIOJIOKCHbI  TaK, KaK IIOKd3aHO Ha

puc. 3.35. Puc. 3.35
Hzmenumces nu Hanpaesjlernue u 4ucio-

60e 3HaueHue UHOYKYUU pe3VIbmupyouezo 2

noisd 6 UYeHmpe Kpyzcoe6020 niokKa, eciu

Hanpaesjierue 2moco moKd UIMEHUMb HA

NPOMUBONONONCHOE? ¥

Omeemvme Ha NOCMABIEHHbIU 8ONPOC,

Puc. 3.36
ecliu PAcnosiodcerue Npsimoco U Kpy2o8020
mokos coomsemcmayem puc. 3.30.

14. Yro onpenenser 3akoH brno — CaBapa — Jlamnaca?

Kax 3anucvieaemcsa npunyun cynepnosuyuu Oas MA2HUMHO20 NOJA 8
cumyayuu, Ko20a HeoOXo00UMO Onpeoelums UHOYKYUIO NoJisl, CO30aAHHO20
MOKOM, MEKYWUM N0 NPOBOOHUKY, KOMOPBIU MONCHO PACCMAMPUBAMb KAK
cucmemy beckoneurno manvix snemenmos moxa (1-dl)?

15. Chopmynupyiime crogamu u 3anuuiume aHAIUMU4ECKU MeoOPeMy O
nomoke eekmopa B, evipasicarowyio mom ¢haxm, umo cunosvie TUHUU Mae-
HUMHO20 NOJISl 8Ce20a 3aMKHYmble.

16. MarauTHOE TOJI€ B OTIUYHE OT AIEKTPOCTATHUECKOTO HE SBISETCS
MOTCHIINATHHBIM.

Chopmynupyiime croéamu u 3anuuiume AaHATUMUYLECKU MeEopemy O
YupKynayuu eexmopa B, sAendowytoca mamemamuueckum 8blpadceHuem
OaHHO20 CBOUCMEA.

17. B uém cywnocmov seneHuss snekmpomasHummuou unoykyuu? Ilpu

KAaKoMm yCloeuu moacent 603HUKHYNb oannoe senenue?
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Cohopmynupyiime 0CHOBHOU 3aKOH 05 SG/EHUS INEKMPOMASHUMHOL
unoykyuu (3axorn Papades) u npasuio Jlenya.

3anuwume onpedenenue NOHAMUSA «Ma2HUMHbBIL nomoky. Onupasce
Ha 3mo onpedenenue u 3akon Papades, HA308ume mpu cnocooa 8030yicoe-

Hua J/]C unoykyuu 6 nposooHuxe, nome-

Ol
/ 7. WEHHOM 8 MACHUMHOE NoJe.
| -70; 18. TIpoBono4nas paMKa IIOMEIIEHA B
O _ T P P N
_T O, onmHOpoaHOE MarHuTHoe mose (cM. puc. 3.37).
- !
5 / B Kakux u3z nepeuucienHvix Hudjice Cu-
3 |
Oyi myayuti 8 pamke He 6yOem G03HUKAMb UH-
Puc. 3.37 OYVKYUOHHDLU MOK:

a) pamka epawjaemcs 6oxkpye ocu O104;

0) pamxa epawaemcs soxkpye ocu 0203,

8) pamka epaujaemcs 6okpye ocu 0303;

2) pamka 08udxicemcs NOCMynamebHO O CKOPOCmvio V.

19. Ha kakue rpynmbl JeiaTCsi BEIIECTBA MO CBOMM DJICKTPUUECKUM
cBorictBaM? B Bakyyme co37aHO Moje ¢ HanpsbKEHHOCTBIO Eg. B 31O mosne
MOMEIIEH 00pa3el U3 HEKOTOPOro BEIIECTBA.

Umo 6v1 Modceme ckazamv 0 HANPAHCEHHOCMU NOJISL BHYMPU 00pasya,
ecau oopasey OUdIeKmpudecKuil? eciu oopasey Memaiiudeckui?

Umo noka3zvleaem ousnekmpuyeckas npoHuyaemocms seujecmea? Ka-
Kue 3HAYeHUs OHA MONCem NPUHUMAMb?

20. Ha xakue rpynisl IeasATCs BEIIECTBAa IO CBOMM MAarHUTHBIM CBOM-
cTBam?

Ymo noxaszvieaem macHumuas npouuyaemocms eewjecmea? Kaxue
3HAYeHUs OHA NPUHUMAem OJis PA3HLIX 2PYNN MACHEMUKO8?

21. Tlpu onucaHuu CBOMCTB METALIMYECKUX MPOBOJHUKOB HCMOJIb3Y-
10T CJICIYIOIINE XapaKTEPUCTUKHU:

— JJIEKTPOEMKOCTb,

— UHAYKTUBHOCTH (KO3 (ULUEHT CAaMOMHAYKIINH),

— JJICKTPHUYICCKOC COIMPOTUBJICHUC.
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Ilepeuucnume ghaxmopwvi, Komopwvie 6IUAIOM HA KAHCOVIO U3 IMUX 8e-
JIUYUH.

22. YTto Takoe «OJHOPOMHBIN Y9aCTOK AJIEKTPUICCKON IETH»? «HEO-
HOPOJIHBIM YYaCTOK ANEKTPUUECKOU 1ETTH»?

Chopmynupyiime 3axon Oma 0151 HEOOHOPOOHO20 Y4ACMKA Yenu U e2o
yacmmole cydau — 0151 0OHOPOOHO20 YHACKA U O NOJIHOU Yenu.

23. Ecnm uenb COIEpKUT HECKOJIBKO NMPOBOJHUKOB, UX MOKHO COEIU-
HSTh Pa3HBIMHU CTIOCOOAMHU.

Copmynupyiime npasuna Oisi HAXOHCOEHUSL OCHOBHBIX NAPAMEMPOB
yenu (I, U, R) npu nocneoosamenpHom u npu napaiielbHoM COeOUHeHUU
NpPOBOOHUKOS.

Ilo kaxum npagunam MOHCHO NPOU3BOOUMb PACYEM PA3BEMBIEHHBIX 1e-
neti, He CBOOAUUXCS K NOCIe008AMENbHOMY U NAPATNIENbHOMY COeOUHEHUAM?

24. Kax onpedensiomcs noanas, noie3Has MOWHOCMb, HOMepu MOuj-

nocmu u KI[/[ ucmounuxa moxka?

Pexomenayemas aureparypa
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I'naBa 4. OCHOBBI MOJIEKYJISIPHOU (PUBMKH

U TCPMOINHAMHUKHU

[IpeameToM M3yueHUsS MOJICKYISIPHOU (PUBUKU U TEPMOJUHAMUKU SIB-

JISSIOTCSA OCOOCHHOCTH MMOBCACHNA MHKPOYACTHUI BCUICCTBA — MOJICKYII, HUX

CBA3b C TCPMOAMHAMUYCCKUMHU IIapaMCTpaMU, XAPAKTCPHUIYIOIIUMHU MAKPO-

COCTOSIHME BellecTBa (JaBiieHHE, 00bEM, TeMmIeparypa), a TakkKe SBICHUS,

CBA3aHHBIC C UBMCHCHHUCM TCPMOANHAMHNYCCKHX IMapaMCTPOB.

4.1. O01mue NOHATHSA

OcHosnble nonodHcenus MO]leKy]l}lpHO-KuHel’}’IZ/lUGCKOIZ meopuu.

— CYWIECTBYET IPEeN ACTUMOCTH BElEeCTBA. Menpyaien 4acTUieu

BCIICCTBA, COXpaHHIOHIGﬁ €ro CBOﬁCTBa, SIBJICTCA MOJIEK)Ya,

— BCC MOJICKYJIbI JAHHOI'O BCUICCTBA OJJMHAKOBEI;

Fa
\Fo
|
\
F\
\\\ 10—9
0 == >
Z rm
//
/ Fn a)
HA-
; 10°°
oH+—— >
rm
Hmin 6)
Puc. 4.1
— MOJEKYbI

— MEX/ly MOJIEKYJIaMU JECUCTBYIOT CUTbL
NPUMANCEHUs U OMMAIKUBaHus, 00yCIIOB-
JIEHHBIE HAJIUYMEM  3apSHKCHHBIX  YACTHIL
BHYTpU MOJIeKyJl. Ilpu m3meHeHun paccros-
HUS MEXKIy MOJIEKYJIAMH CHJIbI OTTaJIKUBAHUS
U3MEHSIOTCA OBICTpEe, YeM CHJIbl TPUTSIKE-
HUSA. OTO NPUBOIAUT K CYLIECTBOBAHHUIO CO-
CTOSIHMI yCTOMYMBOro paBHOBecUs (B KOTO-
POM 3TH CHJIbI YPAaBHOBEIIMBAKOT JIPYT JIPYTra,
a TOTEHIMAJIbHAsg JHEPIUs B3aUMOACHCTBUS

MOJICKYJ MIPUHUMACT MUHUMAJIBHOC 3HAYCHHUC

(cm. puc. 4.1);

HaxXO0OATCA B HCIIPCPBIBHOM Xaomu4eckKom osudicenul

(B razax JABHKCHHEC MOJICKYJI IIOCTYIATCIIbHOC W BPAlIaTCIbHOC, B JKHJIKO-

CTSX W TBEPJBIX TeJIaX — MPEUMYIIECTBEHHO, K0JIeOATEIbHOE OTHOCUTEILHO

ITOJIOKCHUA paBHOBECHA, C IICPCCKOKAMU U3 OJHOI'O ITOJIOKCHUS B z[pyroe);
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— B IIpollecce ABUKEHUS MOJIEKYJbl CTAJIKUBAIOTCS IPYTr C JPYTOM.
[Ipu »TOM MOAYJh M HAMpPaBICHHE CKOPOCTH KaXIOW MOJIEKYJbl MEHSAETCS
CIly4ailHBIM 00pa3oM, OJTHAKO, B OOJIBIION COBOKYITHOCTH MOJIEKYJ yCTaHAB-
JMBAETCA CTPOro OMNPENEIEHHOE paCHpeleICeHUE MOJIEKYJI IO CKOPOCTSIM
(pacnpenencaue MakcBellia — CM. J1ajiee Mo TEKCTY).

IIpocmetiwas mepmoounamuueckas Mooeib Gewecmea — UOealbhblll
2a3 — COBOKYITHOCTb 4acTUll (MOJIEKYJI), pa3MepaMy U B3aUMOJECHCTBUEM KO-

TOPBIX MOJKHO HpGHC6p€‘II>, a CTOJIKHOBCHHUA MCKY HUMHU CHHUTATh YIIPYTUMU.

4.2. CTaTUCTHYECKHUI M TEPMOAMHAMUYECKHMH METO/IbI
U3yuYeHHsI TEPMOAUHAMUYECKHUX SBJICHHUH

[Ipy M3y4eHHU SBICHUMN, CBA3AHHBIX C U3MEHEHHEM TEPMOIMHAMHYE-
CKHMX IapaMeTPOB BEIECTBA, CIOKWINCH [BA METOJA: CTATUCTUYECKHH W
TEPMOAUHAMUYECKUN. TepMOAMHAMUYECKUH METO — (PEHOMEHOJIOTHIECKHUIA,
OH YCTaHABIMBA€T CBA3M MEXIy TEPMOAMHAMUYECKUMH HapaMeTpaMH Ha
OCHOBE TPSAMBIX SKCHEPUMEHTOB MJIM IyTéM 00OOLIEHMs SKCHIEPUMEHTAIb-
HEIX (akToB. CTATUCTHYECKMH METOJ PacCMaTPHBAET MAKPOCKOIHMYECKHE
IPOLIECCHl KAK PE3YNIbTAT ACHCTBUS OTPOMHOTO YKCIIA MOJIEKYI (B OJHOM Ky-
OUYECKOM CaHTHMETPE r'a3a IIPU HOPMAIILHBIX YCIOBHAX COAEPIKUTCS MOPSI-
ka 10% monexyn!). IIpu 5TOM CBOMCTBA CHCTEMBI OTIMYAKOTCS OT CBOWCTB
OTHENBHBIX MOJIeKyd. Tak, HalpuMmep, HalpaBICHHE M YMCIOBOE 3HAYCHHE
CKOPOCTH OTAENLHON MOJICKYJIBI MEHAETCS CIIy9aliHbIM 00pa3oM B pe3ylbTa-
Te CTOJIKHOBEHMH C JPYIMMH MOJIEKYJIAMH, HO CpEJHEE 3HAYEHHE CKOPOCTH
JUIs BCEH COBOKYIIHOCTH MOJIEKYJ OJHO3HAYHO M 3aKOHOMEPHO CBS3aHO C
Temreparypoii BemecTBa. CTaTHCTUYECKUM METOJ MO3BOJISIET aHAIU3HPO-
BAaTh M3MEHEHMsI, IPOUCXOJALINE B MOBEJICHUU MOJIEKYJ BEIECTBA IPU U3-
MEHEHHMHU BHELIHMX YCJIOBUM, YCTAHABIMBATL CTATHCTUYECKUE 3aKOHEI (pac-
IpeeIeHne MOJIEKYI II0 CKOPOCTSIM, II0 KOOPIMHATAM, [0 SHEPIHAM, 110 UM-

nyJbCcaM U T. I1.), PACCUUTHIBATh CPEIHUE 3HAUCHUS MapaMeTPOB MOJIEKYI,
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CBSI3BIBATh MX C HAOJIOJa€MBIMU CBOMCTBAMHU BEIIECTBA M HA TOW OCHOBE
MPEJCKa3bIBaTh 3aKOHOMEPHOCTH Pa3HOOOPA3HBIX TEPMOJUHAMHYECKUX SIB-
neHud. OCOOCHHOCThIO CTATUCTUYECKUX 3aKOHOB SIBJISIETCS TO, YTO OHHM HO-
CSIT BEPOATHOCTHBIM XapakKTeP W BBIMOJTHSIIOTCS TEM TOYHEEe, 4yeM OOJIbIIe
AJIEMEHTOB COJIEPKUT CUCTEMa (B Cllydae MOJIEKYJISIpHOW (U3HKKH — 4YeM
00JIBIIIE MOJIEKYJI B COCTABE BEIIECTBA).

B nannom paszzgene OyayT pacCMOTpEHBI Ba CTATHCTUYECKUX 3aKOHA
(3aKOH pacmpeiesIeHUs1 MOJIEKYJI IO CKOPOCTSIM — pachpeeneHrue Makcesia
Y 3aKOH pacIpe/iesIeHHs MOJIEKYJ 10 BBICOTE B MOJIE CHJIBI TSYKECTH 3eMJITU —
YaCTHBIM ciiyyall pacnpenesieHnus bonbiMaHa), a Tak»e JBa TEPMOJIUHAMU-
YECKUX 3aKOHA (ypaBHEHHE COCTOSIHHS HJACAIIbHOTO raza W IMepBOE Hayayo

TEPMOJIMHAMHUKH ).

4.2.1. llousTuiinpli anmapat (MHKpomapaMeTpbl MOJIEKYJI H HX CBSI3b
¢ MaKponapaMeTpaMi TEPMOIMHAMHYECKOI0 COCTOSIHHUSI BelleCTBA)

Macca monexynnt (Mg) — onpeneseTcss Kak CyMMa Macc aTOMOB, BXO-
JSIUX B COCTaB MOJIEKYJIbI. Macchl aTOMOB, BHIPQ)KEHHBIE B OTHOCHUTEITBHBIX
eauHUaxX (B aTOMHBIX €IUHHUIIAX MAacChl — a.€.M.), JaHbI B TaOnuie MeHe-
neesa. [Ipu sTtom 3a 1 a.e.m. npunumaerca 1/12 dacte Maccel aTroma yriie-
poxa.

1 aem =1,66102" kr.

[Ipumep: Onpenenum maccy MoJeKyibl BoAbl. COCTaB MOJEKYJIBI —
H>O — nBa atroma Bojopoja U OJWH aToM kuciopona. Ilo tabnune Menne-
JieeBa, Macca aTomMa BOAOpoJia paBHa | a.e.M., a Macca aroMa KUCJIOpoJa —
16 a.e.m.

Torma macca Mosiekyisl Boasl My (H20) = 2:1 aem. + 16 a.eM. =
=18 a.e.m. = 18-1,66-:10%" = 30-10°%' kr.

Ippexmuenviit ouamemp monexkynvt (d,;) — HaMMEHBILIEE PACCTOS-
HUE, Ha KOTOPOE MOTYT COJM3UTHCS LIEHTPbl MOJeKyJ. [lockombky coOmmke-

HHIO MOJICKYJ NPCIIATCTBYHOT CHUJIbI OTTAJIKHMBAHMA, dacp 3daBHUCUT OT CKOPOCTH
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JIBWKEHUSI MOJIEKYJI, HO YaCTO MPHU PEIIEHUH 331a4 3TOM 3aBUCUMOCTBIO
npeHeOperarT 1 cuuTaroT d,p, TaOIMIHON BETHIHHOM.

Jlnuna c60600n020 npodeza monexyn (1) — cpeliHee pacCTOSHHUE, MPO-
XOAUMOE MOJIEKYJION OT OJTHOTO CTOJIKHOBEHUS JI0 APYrOro:
P (L) _ 1 -

z  N2mnyd

(4.1)

rac <U> — CpeaHssd CKOPOCTBH TCIJIOBOIO IBHIKCHHA MOJICKYI, Z — CPEOHEC

YHCIIO CTOJIKHOBEHUH Ka)KIOH MOJIEKYNBI ¢ APYTUMH B €IWHUILY BPEMEHU;
No — YKUCIIO MOJICKYJ B €AUHUIIE 00BbEMA (KOHIICHTPALUS MOJIEKYM).

Yucno cmeneneit c60000bt moexyasl (1) — UUCIO HE3ABUCHMBIX ITC-
PEMEHHBIX, OJHO3HAYHO OIPEIEIISIONINX MOJI0KEHHE MOJIEKYJIbI B TIPOCTPAH-
CTBE!

— U OJJTHOATOMHOW MOJIEKYJIBI, KOTOPYIO MOXHO TMPUHSTH 32 MaTEpH-
ATBHYIO TOYKY, Inoer. = 3, YTO COOTBETCTBYET BO3MOXHOCTH ITOCTYIIATEIIBHOTO
JBUKCHUS TAKOH MOJIEKYJIbI OTHOCUTEIBHO TPEX KOOPAUHATHBIX OCEH;

— JUTS ABYXaTOMHOM MOJIEKYIIBI C KECTKOM CBS3BIO MKy aTOMaMH BHYT-
PY MOJIEKYIBI | = Inoer. + Igp. = 5, UTO COOTBETCTBYET BO3MOKHOCTH TTOCTYTIA-
TEJIBHOTO JIBH)KEHHUS TAKOW MOJIEKYJIBI OTHOCUTEIBHO TPEX KOOPAMHATHBIX OCEH
M BpaIIaTeIbHOTO ABW)KEHHS OTHOCHTEIIBHO JBYX OCEH, MEpIeHIUKYIISPHBIX
MPSIMOM, COEAMHSIONIECH aTOMbI BHYTPH MOJIEKYJIbI (BpALLIEHUE BOKPYT ATOM Mpsi-
MO HE CBSI3aHO C U3MEHEHUEM IOJIOKEHHUS MOJIEKYJIbI B IPOCTPAHCTRE);

— IUIsL TBYyXaTOMHOW MOJIEKYJIBI C YIPYTOW CBSI3bI0 MEXKIy aTOMaMHt
no0aBisieTcst emEe oJHa CTereHb CBOOOMBI, MOCKOJIBbKY BO3HHUKAET BO3MOXK-
HOCTh U3MEHECHHUS PACCTOSIHUAS MEXKILy aTOMaMU BHYTPH MOJIEKYJIBI B TIPOIIEC-
ce UX KOJIeOATETBHOTO IBMKEHHS | = Inoer. T Inp. + Ixon. = 6;

— JJI1 MHOTOATOMHBIX MOJICKYJ C KECTKOM CBA3BIO | = lnoer. + lp. = 6,
TaK KaK B 9TOM CITy4ae BO3MOXKHO MOCTYNaTEeIbHOE IBIYKEHUE OTHOCUTEIHLHO

TPEX OCEU U BPALICHUE BOKPYT TPEX OCEMU.
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Dnepaus MoKyl CKIABIBACTCS U3 KUHETUYECKOU SHEPTUH (SHEPTUHU
JBWKEHUS) U MOTEHIHAIBHOW »Hepruu (3Hepruu B3aumozeinctBus). CooT-
HOIICHUE MEXKIYy CPEAHUMHU 3HAYEHUSMHU ITUX DHEPTHUM ONpENeaT arperar-
HO€ COCTOSIHME BENIECTBA!

— npu E, >> E, — razoo0pa3Hoe cocTosiHuE;

— npu E = E, — )xugkoe coctosnue;

- npu E << E, — TBEpoe cocTosiHUE.

Cpeonsasn Kunemuueckasn IHEP2UA OOHOU MOJIEKYbl .

rae <02> = Ugp xs. — CPCOHEKBAOPAMUUHAS CKOPOCMb MOeKY] (PABHA KOPHIO

KBaJI[paTHOMY M3 CPEJHETO 3HAYEHHUS KBA[PATOB CKOPOCTEN BCEX MOJIEKYI).

Buympennsas snepzusa eewecmea (U) — 510 cyMMapHas KMHETUYECKast
SHEPIUs TEIJIOBOTO XAOMUYECKO20 JBUKEHUS BCEX MOJEKY] H CyMMapHas Io-
TEHITMAIbHAS YHEPIHS UX B3aUMOJICHCTBUS Medcoy codoti. Ilpu aToM, ecu Te-
JI0 KaK IeJIOe YYacTBYET B MEXAHUYECKOM JIBUKEHUM U BO B3aUMOJIEHCTBUM C
JIPYTUMH TEJIAMM, TO KMHETUYECKAs U MOTEHIMATIbHAS SHEPIUM, CBA3aHHBIE C
STHMH IIPOLIECCAMH, HUKAK HE BJIUSIOT Ha BHYTPEHHIOK SHEPTHIO TEIA.

Konuuecmeo eewgecmea (v) — onpenensiercs KOIUUECTBOM CTPYKTYp-
HBIX DJIEMEHTOB (aTOMOB, MOJIEKYJ, HOHOB), M3 KOTOPBIX COCTOMT BELIECTBO.
KonuuecTBO BEIIECTBA MPUHATO M3MEPATH B MOJAX. | MOJb — 3TO TaKOE KO-
JIMYECTBO BELIECTBA, B KOTOPOM coaepxkutcs 6,02-10% monexyin.

Na = 6,02:10% (1/momp) = 6,02:10% (1/xMo01b) — wucio Asozadpo.

Monsapuas macca éewgecmea (M) — macca 0qHOro Mouisi (MJIM OJHOTO
KHJIOMOJIs1) BEIIECTBA:

M=mg- NA, (42)

rae My — Macca OAHOM MOJEKysbl; Na — YHCIO MOJEKYI B OJHOM MOJE

(kusomonne).

162



Jlerko mokasath, YTO MOIAPHAS MACCA, 6LIPANCEHHAS 6 K/KMOJb CO6-
naoaem ¢ Maccoil MOJEKYIbl, BbIPANCEHHOTL 6 d.e.M.

Harnpumep, MoJIspHasi Macca BOJIBI:
M(H,0)=18(a.e.m.-1,66:10?" (kr/a.e.M.)-6,02-10%° (1/xkmomb) = 18 (KI/KMOJIB).

Cea3b Konuuecmea eeuiecmea c maccou eeuiecmea.

1% :M' (4.3)

Cé:3b n1IOMHOCIU 8eU4eCm8a ¢ KOHUEHMPAUUel U MACColl MONEKY.
£ =Ngm,. (4.4)
Ce3b cpeonell KUHEMUYeCKoll IHep2UU 00HOI MOJIeKYibl ¢ memne-

pamypou.

<Ei>:%kT, (4.5)

rae i — yncio creneHeil cBo6oasl Mosekynsl; K = 1,38:102 Jx/K — nocto-
saHas bonbpivana; T = t° +273 — aGconroTHas TeMiiepaTypa 1o mkaine Kenb-

BUHa; t° — Temneparypa BemecTBa 1o mkaie Lenbcus.

Csa3b OasneHus 2aza ¢ UMRYIbCam MOJIeKYI, CO CPeOHell KUHEeMUYeCKoll
SHepeuell NOCMYNameibH020 08UNCEHUS MOLEKYI, CO CKOPOCHbIO
U KOHYyenmpayue MOoJeKyJ

JlaBjieHue ra3a ONpeNeseTcss CyMMapHbIM HMITYJILCOM, KOTOPBIN Iie-
penaéTcs MONEKYJaMH CTEHKaM COCy[a B €IMHHUIy BPEMEHH Ha €IWHHMILY
rJiomaan (HpI/I 9TOM CUHUTACTCA, YTO COyAapCHUA MOJICKYJI CO CTCHKAMH CO-
Cyla IPOMCXOAAT abCOMOTHO yrpyro). [T0CKOIbKY UMITYIbC CBS3aH CO CKO-
pOCTB}O U KUHETHYECKOU BHCPFI/Ieﬁ JOBUKXCHUA MOHeKy.H, MOXHO 3aIlucartb
HCCKOJIBKO BAPpUAHTOB CBA3H JIABJICHUA C XapPAKTCPUCTUKAMH MOJICKYIJI:

m-. v
p:%; p:(g)-n()(Ei); p:%~nom<uz>; p=nKT, (4.6)

rae Ny — 4ucio MOJIEKyJl B eIUHULIE 00bEMA.
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Cea3b 6HympeHHell dHepauU U0ealbHO20 2a3a ¢ memnepamypou

I[JISI NACAJIbBHOTO I'a3da BHYTPCHHAA OHCPIUA CBOOUTCA K CYMMapHOﬁ
KHHETUYECKON OHCPIrUuu €ro MOJICKYJI (HOTGHHH&HLHOﬁ BHGPFHGﬁ B3aUMO-

JeHCTBUS MOJICKYJI IPEHEOPETaroT), MO3TOMY C yUé€ToM (4.5) moaydaem:
[ i
U=—KT-N=—kT-N,-v,
2 2
rae N — obmee uncno monekyn, Ny, — gucino ABoraapo (YuciIo MOJEKYN B

m .
OJHOM MOJIC BCHIGCTB&); 14 :M_ KOJIMYCCTBO MOJICH BCIICCTBA, kNA =R=

= 8,31 I/ moneK = 8,31:10° I/ kmoneK — yuueepcanvnas 2azosas noc-
MOSHHAA.

OKOHYATENBHO:
i m
U=—R—T. (4.7)
2 M
BHyTpeHHss1 sHEprus ueaibHOro Ta3a OJJHO3HAYHO ONPEEISETCS ero

a0COJIFOTHOM TEeMITepaTypOM.

4.2.2. CTaTUCTHYECKHE 3AKOHDbI

3axkon pacnpedenenus moaeKyl UOeAIbHO20 2a3d NO CKOPOCHAM

(pacnpeoenenue Maxceenna):

3/2

m
0 ‘L

2 e—m002 /(2kT )’
27KT

fv)=4x

(4.8)

dN
rae f(u)z W — (hynkyus pacnpeodenenus, NoKa3blBaloas, Kakas 4acTh U3
1))

00IIIero urciaa MOJICKYJ1 00J1a1aeT CKOPOCTSIMU B MHTEPBAJIe SAUHUIHON III1-
PUHBI BOJIM3Y 33JJaHHOTO 3HAYEHUSI CKOPOCTH;

N — o0111ee YuCI0 MOJIEKYJT B pacCMaTpUBAEMOM 00BEME BEIECTBA;

dN — 4gucio MoJieKy, CKOPOCTH KOTOPBIX JICKAT B MHTEPBAJIC HIUPH-
Hol dv.

['paduueckas uHTepnpeTanus 3akoHa (4.8) nmpuBemeHa Ha puc. 4.2.

Amnanus puc. 4.2 u ypaBHeHuUs (4.8) MPUBOIUT K CIACTYIOIIUM BBIBOJIAM.
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1. ITpu nr060# Temmeparype CyIECTBYIOT Kak ObICTPO, TaK U MEJICH-

HO ABHXXYIIUCCA MOJICKYIIBI.

Fro A
2. Cpemu BceX BO3MOMKHBIX \
CKOPOCTEN IBMIKCHHS MOYKHO BBIZE- dN(v)
N

JUTH OAHY U, , — Hamboiee BeposT-
HYIO CKOPOCTb, T. €. CKOPOCTb, COOT- I
BETCTBYIOIIYIO MAaKCUMyMY (PYHKITHH 6] \ 0

TS ST cft)
pacrpeeiieHusl. BB TR

3. Hccnenys Ha HKCTpeMyM Puc. 4.2
¢ynkuuto pacnpenenenus (4.8), He-

TPYAHO YCTAHOBUTH CB3b HAUDO.Iee 8ePOSIMHOL CKOPOCIU C MeMNepamypou
gewecmea u Maccotl MOLeK)II.

UH'B.:\/ZKT:\/ZRT. (4.9)

m, VM

4. U3 onpenenenus QyHKIUN pacrpeeeHus claemyer: WN = f(v)do,

TOT a4 005 MONEKYIl, UMEIWUX CKOpOoCnmU 6 URmepeaje om vy 00 U2, MOXCT

OBITH HaliJleHa KaK HHTErpaJ:
AN 7
— = | f(v)do, 4.10
N il (v) (4.10)

4T rpaduuecky n3o00pa)kaeTcs MIONIAAbI0, 3aIITPUXOBAaHHOW Ha puc. 4.2.
5. Ilpu mManbIX HHTEpBaIaxX CKOPOCTEN (Av << v):
AN
~ f(v)Av. (4.11)

6. Kpusas f(v) He cumMeTpu4Ha — 10 MOJIEKYI, HMEIOLIUX CKOPO-
cti o1 0 10 U, , MEHBILE, Y€M J0JIS MOJIEKYJI, UMEIOMIUX CKOPOCTH OT Uy,

10 oo, V3 3TOTO CleyeT, UYTO cpeduss apugmemuieckas CKOpoCcms 08Udice-

Hus MoJleKkyn 0oJIbIIe, YeM HanboJiee BeposSTHA:

\/SKT 8RT

(4.12)



7. Pacu€Tpl NOKa3bIBAIOT, UTO CPEIHEKBAAPATHYHAS CKOPOCTh MOJIEKYJI
(KoTOpask UCIONB3YETCs IPHU BBIUMCICHUU CPEIHEW KMHETUYECKON SHEpPrun)

OombInie cpenHeapuhMeTHIECKOM:

3T _ [3RT
m M

(4.13)

Cp.KB. —

0

8. IIpu u3MeHeHUN TeMIepaTyphbl
.f -f [ J'A

I BHUJ| KPUBOM pacmpeneneHuss Makcsen-

Ja MEHSETCA TaK, KakK ITI0Ka3aHo Ha
T1<T:
puc. 4.3. OTcroga cienyer, 4To HOHs-

T2 mue «memnepamypay umeem Cmamu-

A 4

O t CMUYecKutl CMblCl, €r0 HEeNb3sl OTHO-

Puc. 4.3 CUTh K OJHOM MoJsiekyie. Temmeparypa

HE OIpEAEseT IBHKECHUE OTAEIBHO B3ATOM MOJIEKYJIbI, & MEHSIET COOTHOIIE-

HUE MEXIY MEIJICHHO U OBICTPO JABMKYIIMMUCS MOJIEKYJIaMH, B YACTHOCTH,

P MOBBIIICHUH TEMIIEPATYPhl YBEIUUUBACTCS JOJISI MOJICKYJI, IBUKYIIIUXCS

¢ OOJIBIIMMH CKOPOCTSIMU M YMEHBIIAETCS JIOJS MOJIEKYJI, UMEIOLIUX MaJjbie
CKOPOCTH.

3aKoH pacnpeoeieHus MoJeKyl UOealbH0o20 2a3a N0 KOOPOUHAMAM

6 noae cuinvl maxcecmu 3emau (pacnpeoenenue borvymana):
f(h)=C.e MK (4.14)
N
rae f(h):N—dh — (GyHKIMS pacnpeiesieHns], MOKa3bIBaroIas Kakas 4acTh U3
00111eT0 YKciIa MOJIEKYJl B paccMaTprUBaeMOM O0BEME HaXOJUTCS Ha BHICOTE
h Hax MOBEPXHOCTHIO 3eMITH B CJI0€ CAMHUYHOM TOJIIHHBI.
DTO0 ypaBHEHHE MOXHO MPe0oOpa3oBaTh K BUIY:
—mgh/KT
N, =ny-e Mo, (4.15)
re No — KOHIEHTpalrs MOJIEKYJ ra3a Ha MOBEPXHOCTH 3eMJIK; Ny — KOHIIEH-
Tpallisi MOJICKYJI T'a3a Ha BbICOTe N Ha mOBEpXHOCTHIO 3emit; Mgh — moTeH-
IIMajibHasi SHEPTUs OJTHOU MOJIEKYJIBI B TI0JIe CUJIBI TsDKeCTH 3emiin; 1 — abco-

JIOTHaA TEMIIEpaTypa rasa, K — mocTostHHast BOJ'IBLIMaHa.
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I'padmyeckas uHTEpHpeTanys 3a-

T1> To wiw i< my KoHa (4.15) npuBenena Ha puc. 4.4.
No
T1(ma) Anamu3 puc. 4.4 u ypaBHEHUs

To(ms2) (4.15) PUBOIHT K CIIETYIOIIM BBIBOJIAM:

1. CxopocTh yObIBaHUS KOHIICH-

Tpalnunu MOJICKYJ C BBICOTON TeM O0JIb-

Sy

Pric. 4.4 e, Ye€M HIDKE TeMIeparypa rasa (Ha
puc. 4.4 T, < Ty).

2. CkopocTh yObIBaHHMS KOHLEHTpAIlMM MOJEKYJ C BBICOTOH TeM
Oosble, Yem 0oJIbIle Macca MOJICKYI ra3a (Ha puc. 4.4 my > my).

3. CnencTBueM NpeAbIAYIIErO BBIBOJA SIBISIETCS M3MEHEHHE COCTaBa
aTMocdepsl ¢ BBICOTOM — MpPH YBEJIMYEHUU BBICOTHI U3 COCTaBa BO3JyXa B
HEPBYIO OYEPEb BHIOBIBAIOT TSKENBIE Ta3bl M B3BECH (JIBIMBI), @ Ha BBICOTaX
B HECKOJIBKO KMJIOMETPOB HACTYNAET KUCIOPOJHOE TOJIOIaHUE.

4. VYyuteiBas CBSI3b KOHIIEHTpAllMM MOJIEKYJ C JaBJIEHHEM rasa

p=n-k-T, momydaem 3akOH W3MCHCHHs NaBJICHHUS Ta3a C BBICOTOW NpH

YCIIOBUU TIOCTOSIHCTBA TEMIIEpATyphl MO BCEW BHICOTE CTOJI0A raza — O6apo-
MempUYecKyro hopmyny:

P, = Py -e MK (4.16)

4.2.3. TepmoauHAMHYeCKHE 3aKOHBI

Ypasnenue cocmoanua uoeanvnozo 2aza (ypasnenue Menoeneega —
Knanenipona): nipousBeqieHre naBiieHus Ha 00bEM raza B JIFOOOM CO-
CTOSTHUU PABHO MPOU3BEICHUIO KOJMYECTBA BEIIECTBA HA A0OCOIIOTHYIO

TEMIEPATypy U HA YHUBEPCAIbHYIO ra30BYIO MOCTOSHHYIO:

pv = MRT. (4.17)
M
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Tabnuya 4.1

CaencrBusi u3 ypasHenus (4.17) B npuMeHeHUM K NMPOCTEH MM

TEPMOAMHAMHUYECCKUM IIpoIeccam

Ilpouecc Ycnosusn Ypasnuenue Dopmynuposka
npomeKanus npoyecca 3aKoHa
npouyecca
W3oxopuueckuii V = const; (P1/P2) = (T4/T>) JlaBrieHue rasza mpsimo
m/M = const POIOPIMOHATIEHO
a0COIOTHON TemIie-
parype
N3o6apuueckuii P = const; (V1/V2) = (T1/T2) OO0BEM raza npsiMo
m/M = const MIPOMOPITMOHAJICH a0-
COJIIOTHOM Temnepa-
Type
Usorepmuueckuii | T = const; (P1/P2) = (V2/Vy) JlaBiienue raza o0-
m/M = const paTHO MPOIOPIIHO-
HaJIbHO 00BEMY
Anuabarnueckuit | [Ipomecc mpowucxo- | (P1/P2)=(V2/V1)” JlaBneHre oOpaTHO
ouT 0e3 TeIuioo0- MPOMOPIIMOHAIBHO
MEHa C OKpYyXaro- 00BEMY B CTEIICHH Y
e cpeaoun

B ypaBHenuu aanabarudeckoro rnpoiecca (ypaBHenuu Ilyaccona) mo-

Kazarenb aauadatel (win Koddduuuent Ilyaccona) y = ¢, /oy — OTHOLIEHUE

MOJISIPHOM TEIUIOEMKOCTH ra3a IPU MOCTOSIHHOM JIaBJIEHUHU K MOJIAPHOU TEN-

JTOEMKOCTH TPU TIOCTOSSHHOM oO0BEME. Vcrmonb3ys ypaBHEHHE COCTOSHUS

ujeaIbHOTO Tra3a, ypaBHeHue IlyaccoHa MOXKHO TpeoOpa3oBaTh K Mmapamer-

pam P—T qubo VT (cTyaeHTaM mpeajiaraeTcs mpojiesiaTb 3TO CaMOCTOS-

TEJIBHO).

Hepeoe Hauano mepmoduuamuku: KOJIHNYCCTBO TCILJIOTHI, ITOABOAM-

MO€ K CUCTEME, pACXOyeTCsl HA U3BMEHEHUE BHYTPEHHEN SHEPIUU U Ha

COBEpIIICHHE PA0OTHI IPOTUB BHEIITHUX CHIL.

— B HHTETpajbHOH hopme:

Q=AU+A

- B nuddepenimansroit popme: 0Q =dU +0A
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B mocnennem ypaBuenun dU — OeCKOHEUHO Malloe uzMeHeHue BHYT-
pPEHHEH PHepruu, C MaTeMaTHYECKON TOUKU 3pEHHSI — MOJIHBIN auddepeHiu-
a1, 3TO 03HAYAET, YTO U3MEHeHUe BHYMPEeHHell SHepeUul He 3a8UCUM Om CHO-
coba nepexooa cucmemvl U3 00HO20 COCMOSIHUSL 8 Opy20e, a ONpPENeseTCs
TOJIBKO TTapaMeTpaMy HAYaJbHOTO U KOHEUYHOTO COCTOSIHUH (JJ1s1 UI€aIbHOTO

rasa — TOJbKO ero temmepaTrypoii). 60Q u OA — GECKOHEYHO Majible Koauye-

Ccmea TETUIOTHI ¥ pabOThI, COOTBETCTBEHHO, C MATEMATHYECKOW TOYKH 3PEHUS
ATU BEJIMYMHBI HE SIBISIOTCS MOJHBIMU AuddepeHimaiamMu, MoToMy 4TO
u paboma, u KOaU4Yecmso menyiomol 3a8UCImM Om YCI08Ull nepexood cucme-
Mbl U3 00HO20 COCMOsIHUA 8 Opyeoe (HATIpUMED, TTPOUCXOANT IMPOIIECC Tepe-
X071 TIPH MOCTOSIHHOM JIaBJICHUU WJTU TPH ITOCTOSTHHOM TeMIiepaType).

[Tpu pemenny 3a1a4 Ha MPUMEHEHHE TIEPBOT0 Hadaaa TEPMOJTUHAMUKA
HE0OXOIMMO YUYUTHIBATH MPABUJIA 3HAKOB:

Q > 0 — cucrema nonyyaet teruio, Q < 0 — cucrema otTaét TEmIO;

A > 0 — cuctema coBepiaet paboTy MPOTUB BHEUTHUX CHIT (Ta3 paciiu-
psiercsi), A < 0 — paboTa coBepiaeTcsi BHEITHUMH CUJIaMU (Ta3 COKUMAETCs);

AU > 0 — BHYTpEeHHSSI DHEPTUS CHUCTEMBl YBEIMUMUBACTCS (MICaTbHBIN
ra3 "HarpeBaercs), AU < 0 — BHyTpeHHSsI SHEPTUs yMeHbIIaeTcs (MaealbHbIN
ra3 OXJIaKJ1aeTcs).

Pacuém padomel npu usmenenuu 00véma 2aza:
A= [ pdv (4.19)

Pe3ynbraTt unterpupoBanus (4.19) g HEKOTOPHIX YACTHBIX CITy4YaeB:

— paboTa B n300apuyeckoM mporecce — A= p(V2 — le

m
— paboTa B M30TEpMUUYECKOM TIporiecce — A = M RT -In—2;
1

— pabora B amabaTudeckoM mpoiecce — A= _IE R- %(T2 —Tl)
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Pacuém konuuecmea mennomevl npu usmMeHeHuUu memnepamypol
2a3za. PaccmarpuBas uieanbHblil ra3, OyJleM yYUTHIBaTh KOJUYECTBO TEIUIOTHI,
CBSI3aHHOE TOJIbKO C U3MEHEHHEM TeMIlepaTyphl rasa ((ha3oBbie MpeBpaICHUs —
CKIDKEHHE, OTBEP/IEBAHUE — JUISI HJICATBHOTO ra3a HEBO3MOXKHBI). Pacuér konm-
YeCTBA TEIUIOTHl OCHOBAH HA IIOHATHUHU O TEIIIOEMKOCTH BEILIECTBA.

Yoenvnan mennoémxocms — Bennunna, NOKa3bIBArONIAsl, KAKOE KOJIU-

YCCTBO TCIIJIOTHI HCO6XOI[I/IMO I UIBMCHCHUA TCMIICPATYPbl OAHOI'O KHJIO-

Q

rpaMMa BCIIICCTBA HA OJIMH KCHBBI/IHI C=—.
MAT

Mwmpmm Meni10éMKOCmb — BCJINYMHA, ITOKAa3bIBAIOIIaA, KaKOC KO-
JIMYCCTBO TCIIJIOTHI HCO6XOI[I/IMO JJI1T UBMCHCHUSA TEMIICPATYPbl OAHOTO MOJIA

BellecTBa Ha oauH KenbBUH:

. Q

C = :
At
M
TennoéMKoCTh ra30B 3aBUCHUT HE TOJIBKO OT MX XMMHUYECKOTO COCTAaBa,
HO U OT croco6a HarpeBaHus. J{Jis1 IPOCTHIX MU30IMPOIIECCOB Pa3INYAIOT Terl-
JT0EMKOCTh MPU TTOCTOSTHHOM 00BEME (Cy) U TEMIIOEMKOCTh MPU TMOCTOSHHOM
JaBJIeHUH (Cp). s MOJIIpHON TENJIOEMKOCTH BaK€H HE XMMUYECKHUI COCTaB
MOJIEKYJI Ta3a, a YUCIIO CTEIeHEeH cBOOO b MoJieKy (1), Harpumep, s BCeX
NBYXaTOMHBIX Ta30B (02, Hz, N2 u ap.). MosspHbie TeTI0EMKOCTH OJIMHAKO-

BbI ITPHX OAWMHAKOBBIX YCIIOBUAX HAIrpCBaHUA.

Monspuas menioémkocms npu NOCMOAHHOM 00béMe:

¢ =1R (4.20)
2
MO]Z}ZpHClﬂ menﬂOéMKOCWZb npu noCMmMosAHHOM anjleHuu.'
* 142

Hcnonp3yst ompeneneHue TEMIOEMKOCTH, MOidy4daeM (opMyIbl Jis

pacqéTa KOJINMYCCTBA TCIIJIOTHI.
* M
Q=c M(TZ ~T,), wm Q=cm(T, —T,) (4.22)
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Tabnuya 4.2

IIpumeHeHne MEPBOro HAYAJIA TEPMOJUHAMHUKH K MPOCTEHIIUM
TEPMOAUHAMMYECKUM MPoIeccam

Ilpouyecc Pacuém Pacuém Pacuém Ilepeoe
padomol Koiuuecmea U3MeHeHUs Hauano
menjiomol G6HYMpPEHHEU | mepMOOUHAMUKU
IHepzuu
v,
O61mume hopMyITbl A= [pdV Q=c -v-AT W= FeAl Q=AU +A
Vl =
U3oxopuyeckuii A=0 Q=c,-v-AT | A= L RovAT Q=AU
N3obapryeckuit A= pAV Q= C; -v-AT A= L ROAr Q=AU+A
V2 V2
Msorepmuuecknii | A=v-RTIn==1 Q=v-RTIn== AU =0 Q=A
Vl Vl
N R AU =-A,
Amnabarnueckuii | A ==— K1AT Q=0 A= Rvdd
2 2 —-AU =A

4.3. [IpeBpanieHue BHYTPEHHEH JHEPTUU B MEXAHUYECKYIO.
IMpyuHUMN JeiiCTBUA TENJIOBOM MAIIIMHbI

TerioBo MalIMHOM HAa3bIBAIOT YCTPOMCTBO, MPEBPAILAIOIIECE BHYT-

PEHHIOIO DHEPTHIO BEIIECTBA B MEXaHWYECKYIO SHEPTUIO JBMKEHHS Ten (ma-
pPOBOI ABUTATEIb, IBUTATEIh BHYTPEHHETrO cropanus u ap.). PaccmarpuBas
IpUMEHEHUE TIEPBOTO Hayaia TEPMOJUHAMUKH K H30MpOIleccaM, 3aMedacM,
YTO CYIIECTBYET JIBa MpOIlecca, B KOTOPHIX MEPEX0] BHYTPEHHEH dHEPTUU B
MexaHnuyeckyto nmpoucxoaut co 100 % KII/I:

— npu anuabatudeckom pacmmpennn AU = A — mexannueckas pabora
coBepIaeTcs 3a CYET yObUTH BHYTPEHHEH dHEprun padbodero temna (rasa uin
napa);

— TIpu u30TepMuUecKoM paciupennn Q = A — B paboTy npeBpaiaercs
BCé Teruio, moaBoauMoe K cucrteMe (Q ecTh mMepa W3MEHEHUs BHYTpEHHEH

SHEPIum).
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Hazpesamens | T1

XOJIOOUNIbHUK T2

Puc. 4.5

HOC COCTOAHHE, a4 3aTE€M HIHUKJ IIOB

cM. cM. OJIHaKO NOCTPOUTH
TEIJIOBYIO MAaIlIMHY, pa0OTAONIyI0 Ha
OJTHOKPATHOM PACIIMPEHUH paboyero
TeJla  HEBO3MOXHO (HEBO3MOXXHO
pacimupsATh ra3 J0 OSCKOHEYHOCTH!).
[IpuHIMTIHATBEHOMN 0COOEHHOCTBIO
TEIJIOBBIX MAIIUH SIBIISICTCS YUKIUY-
HOCmMb Ux pabomsl — MOCJE pacuIupe-
HUSI CUCTEMa BO3BpaIIAeTCs B UCXO/I-

TopsieTcsi MHOrokpatHo. Ho u3 mepBoro

Ha4daJla TCPMOJNHAMHKHN CICAYCT, YTO IIPHU 3aMKHYTOM HHUKIIC CUCTCMaAd HCU3-

O0eXHO TepseT JacTh Teruia (Q2) mpu BO3BpAIIEHUH B MCXOJAHOE COCTOSTHHE,

IIO3TOMY ITIOJIC3HAA pa60Ta COBCPIIACTCA 3a CUET Pa3sHOCTH KOJIHUYCCTBA TCII-

70ThI (Q1), MOJYYSHHOTO B MPOIIEC

CC paCHIupCHUA, U KOJINYCCTBA TCIJIOTHI

(Q2), otnannoro npu cxatuu (puc. 4.5): Ague; =Q —|Q,| -

Takum o6pazom, mepmuueckuii KII/l mennogoit mawiunst, Xapaxre-

pusyromuii 3Qp(GHEeKTUBHOCTh MPEBPAIICHHUS] BHYTPEHHEN SHEPTUHU B MEXaHU-

YEeCKYI0, Bceraa okasbiBaeTcs MeHbIte 100 %:

n= Prones _ < _‘QZ‘ , WJIH 1] =l—@ <1. (4.23)
Q 1 1
Ha puc. 4.5 npencraBnena mpuH-
"s Hsomepani LUIHAIbGHAsA CXeMa TEIIOBOM MAllUHEI,
L vQ1 KOTOpasi COJAEPKUT TPU OOSI3aTENbHBIX
2, Aouatame AJIEMEHTA: HArpeBaTeslb, UMEIOLIUN TEM-
nepatypy Ti; pabouee Tesno, coBepliao-
4 1iee MOoJe3HyI0 paboTy; XOJOJMIBHUK C
1Q2 3 temneparypoii To<Tj. H. JI. Kapno noka-
O Vv 3aJ1, YTO MAaKCUMaJIbHO BO3MOKHBINA KI1/]
Puc. 4.6

IIPYU 33JIaHHBIX TEMIIEpaTypax HarpeBare-
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751 ¥ XOJOAWIbHUKA UMEET TEIJIOBasi MalllHa, padoTaromas mo UKy, COCTO-
SAIIEeMy U3 JBYX U30TepM | IBYX anuadart (puc. 4.6). KIL/] yuxna Kapno onpe-
JEJSIETCs TOJIBKO TEMIIEPAaTypaMy HarpeBaTessl U XOJIO0ANIbHUKA:

T

" (4.24)

4.4. Ilpumepsl pelieHUs 32124 M0 TEPMOTUHAMHUKE

IIpumep 1. B 6amnone o6béMom 10 1 HAXOIUTCS Tenuid MOJ JaBie-

aueM [ = 1 MITa u npu temneparype T; = 300 K. ITocie Toro kak u3 6ai-

JJoHa ObUIO B3ATO M = 10 T reimms, TeMIIicparypa B HCM IIOHH3WIIACH 10

T>= 290 K. Onpenenuts naBieHue P, reiaus, OCTABUIErOCs B OaJJIOHE.

Pemrenue. B nanHOM 3a/1adye paccMaTpuBaeTCsi U3MEHEHUE MAaKPOCKO-
MUYECKUX MapaMeTpoB Ta3a MpPHU YMEHBIIEHWU €ro Macchl B Oaisone. Jls
peleHus 3a1a4d BOCIOJIb3yeMcsl ypaBHeHUEM MeHaeneeBa — Knamnelipona,

IMPUMCHHUB €T0 K KOHCYHOMY COCTOSHHUIO Ia3a:

pZV:%: RT,. (1)

rae My — macca renus B 0aaIoHE B KOHEYHOM COCTOSHUM; M — MOIspHas

macca reiust; R — MossipHasi ra3oBasi IOCTOSIHHAS.
N3 ypaBHeHus (1) BbIpa3uM HCKOMOE JAaBJICHHUE
_m, RT,

vV ()

Py

Maccy my remust BbIpa3uM uepe3 Maccy Mji, COOTBETCTBYIOIIYIO
Ha4YaJIbHOMY COCTOSIHUIO, I MacCy M TeJnsl, B3ATOTO U3 0ayuioHa

m, =m, —m. (3)

Maccy m; renust HailaéM Takke U3 ypaBHeHuss MenneneeBa — Kiia-

HCﬁpOHa, IMPUMCHUB €T0 K HAYaJIbHOMY COCTOSIHUIO.
Mp,V

=R “
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[ToncTaBuB BhIpaxkeHue Maccbl M B (3), a 3aTeM BbIpaxkeHre My B (4),

HalaEM

_[Mpv -m RT, wn p, =12 p — MRT, (5)

P, ) Pp=P -
RT, MV T M V

[TpoBepuM, naért au dopmyna (5) enuHuIry nasieHus. Jjist atoro B €€

MPaBYyI0 YaCTh BMECTO CUMBOJIOB BEJIMYMH IOJCTABUM UX €IWHUILI. B mpa-

BOH wactu (hopmysiel — Ba ciaraeMbix. O4EeBUAHO, YTO MEPBOC U3 HUX MAET

€UHUILlY JABJICHUS, TaK KaK COCTOMUT M3 JIByX MHOYKUTEJIECH, MEPBBIM U3 KO-

T
TOPBIX —2 — Ge3pa3MepHBIH, a BTOpPoi — Japienue. [IpoBepuM BTOpoe ciia-
1

racMoc:
MIRIT] _ Lo K- _b-buom b I _ibx_ly
[M ] [\/] 1kr/mMoib ‘1M3 1xr -1M3 -Moib - 1K 1M3 ]_M3

[lackanp siBrseTcs enquuuied gapiaeHus. [IpousBeémM BBIUMCICHUS TIO
dopmyune (4), yuursias, uto M = 4-107 kr/mMosb:

290 ,6_ 102 831
P2=300 1% "2.107 102

Ortser: P, = 0,364 Mna.

-290 = 3,64-10°I1a = 0,364 MIla.

IMpumep 2. HaiiTi cpeqHiOr0 KHHETHUYECKYIO DHEPTHIO (Exp) Bpallla-
TEJIBHOIO JIBMXKEHUSI OJHOW MOJEKYJbl KHUCIOpOJia IpU TeEMIIepaType
T = 350 K, a Takke KMHETHUECKYIO DHEPruio Ey BpalaTeabHOTO JIBUKEHUS
BCEX MOJIEKYJT KUCTIOpO1a Macco m =4 .

Pemrenue. B nanHol 3amade TemnepaTypa pacCMaTpUBaEeTCs, Kak Mepa

CpenHell KMHETHYEeCKOW sHepruum Mousiekyid. Ha kaxayio cremeHb CBOOObI
_ 1
MOJIEKYJIBbI Ta3a IMPUXOJUTCS OJUHAKOBAsI CPEIHSS DHEPI U <gB >: EkT , TIe

k — mocrosiunas bosbimana; 7 — TepMOJMHAMUYECKash TeMIepaTypa rasa.
Tak Kak BpallaTeIbHOMY JBHKCHHUIO JBYXaTOMHON MOJIEKYJIbl (MOJIEKYJIa
KHCJIOPOJIa — IByXaTOMHAs) COOTBETCTBYIOT JIBE€ CTETICHH CBOOO/IbI, TO CPEI-

HsIsl SOHCPIUs BPAaIATCIIbHOI'O ABMKCHUA MOJICKYJIbI KMUCJI0OpOJda
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1

<ng> = 2§kT. (1)
Kunernueckas 9HCPIruAg BpalliaTCJIbHOTI'O ABWKCHUS BCCX MOJICKYJI I'a3a
E, =(&up)N. (2)

Yucno Bcex MOJIEKyI ra3a
N=N,v, 3)
rae N, — mocrossHHast ABOrajpo; V — KOJIMYECTBO BEIIECTBA.
Ecnu yyecTs, 4TO KOMMYECTBO BemecTBa V = m/M, rae m — Mmacca rasa;

M — monsipHas macca rasa, To ¢popmysia (3) npuMeT BUI

m

N :NAM.

[ToncraBuB Beipaskenue N B hopmyny (1), momydaem

Ex =Ny (oo (4)

HpOI/I3B€I[éM BBIYHMCJIICHUA, YUUTBIBA, qTo JIIs KHCJI0poga

M = 32-107 kr/mMoub:
(£ap)= KT =1,38:10%%-350 = 4,83-10" JI;

E = 6,02-10%.4.102.483.102
" 32.1073

Orser: <8Bp> =83-102! Ix; B = 364 JIx.

= 364 JTx.

Ilpumep 3. Borawcnuth yzuenbHble TEMIOEMKOCTH €, U C, CMECH
HEOHA W BOJOPOJIa, €CIM MAaCCOBBIE JIOJM HEOHA M BOJOPOAA COCTABJISIOT
w, =80 % u w, =20 %.

Pemienue. B naHHOM 3aaye BBIYMCIAIOTCS YIEJIBHBIE TEMJIOEMKOCTHU
CMECH Ta30B. YIeJIbHBIE TEIIOEMKOCTH HJICAIBHBIX Ta30B BBIPAKAIOTCA
dbopmynamu:

i R i+2 R
—_ —_——_— —_—_—— l
Cv 2M’CID 2 M’ (1)

r7ie | — 9ucIio cTereHed cBo0O bl MOJICKYJIbI ra3a; M — MOJIspHas Macca.
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Y IenbHY0 TEIIOEMKOCTD C, CMECH IPU IIOCTOSHHOM 00BEMe HallIEM

cienyromuM obpazoM. TemnoTy, HeOOXOAUMYIO NJisi HAarpeBaHUS CMECH Ha

AT, BBIpa3uM ABYMs CIIOCOOAMU:
Q=cy(m, +m,)-AT; (2)
Q=ley,m +cy,,m, ) AT, (3)
rae Cyq, — yAENbHAsA TEWIOEMKOCTb HEOHA; Cy,, — y/ENbHAs TEIMIOEMKOCTD
BOJIOpOJIA.

[TpupaBusB npabie yacTH (2) u (3) u pa3aenuB 00€ 4acTy MOJTyYEeHHO-

ro paBeHcTBa Ha AT, monyuum q,(ml + mz): Cy 1M +Cy, ,M,.

Otcrona
m m, _
C +C,,—*% ,WIUC_ = W, + W, 4
v = “«/1ml+m Vem tm, v = ov, W TGy oW, (4)
m
r;[ewlzLHWZ:—2,
m, +m, m, +m,

Paccyxnmas Tak xe, moxyduM (QopMyily sl BBIUYMCICHUS YAECIbHOU
TGHHOéMKOOHICMGCHIHHIHOCTOHHHONIH&BHCHHHI
Cp =Cp (W +Cp Wy (5)

[Toacrasmsts (1) B (4) u (5) momyyaem:

Jlst Heona (omHoaTOMHBIA Ta3) | = 3 u M = 20-10 kr/mons. [l Bo-

nopona (nByxaromuslii raz) i =5 u M = 2.10° kr/mons. IIpou3seéM BbIUKC-

JICHUA:
c, :[E. 831 831 o8+ 5, 83130 ]: 2,58-10% [T/ (k1K) =
2 20-10~ 2 2.10
= 2,58 xJIx/(xr-K);

176



, =(§-L130,8+Z-£130,2J= 3,75-10% /(1K) =
2 20.10~ 2 2.10°

= 3,75 xJx/(xr-K).
Otser: ¢,,=2,58 x/Ix/(kr-K); ¢, =3,75 kJlx/(kr-K).

IMpumep 4. Kucnopox maccoit m = 2 kxr 3aaumaet 066éM Vi =1 m® n
HaxoauTcs noj aasinenueM pi = 0,2 Mlla. ['a3 Ob11 HarpeT cHayana mpu 1mo-
CTOSIHHOM JIaBJICHUH 10 006éMa V= 3 M3, a 3aTeM npH NOCTOSHHOM 00bEME
no nasienus pz= 0,5 MIla. Haiitu usmenenne AU BHyTpeHHEH dHEPruu ra-
3a, COBEPIIEHHYIO UM PaboTy A u temnoty Q, nepepannyto razy. I[loctpouts
rpaduk mpoiiecca.

Pemenue. B nanHOl 3aaue paccMaTpuBaeTcs NpOLECC HArpeBaHuUs ra-
33, KOTOPBII MPOMCXOAUT MOCIIEAOBATEILHO CHaYana U300apUyecKy, a 3aTeM
n3oxopuuecku. [Toctpoum rpaduk nporecca B KOOPJAUHATHBIX OCsX P—V.

Tak kak cHayama ra3 u3o0apHO pac-
HIUPSIICA, TO 3TOMY MPOLIECCY COOTBETCTBY-
eT Ha rpaduke orpe3ok 1-2 (cm. puc. 4.7).

3aTtem ra3 ObLJI M30XOPHO HArpeT, YTO MPHU-

£ ' BOJUT K YBEIHUYCHHUIO [aBICHHSI, 3TOMY
\7 IpoIeCCy COOTBETCTBYET Ha rpaduke oTpe-
Puc. 4.7 30k 2—3 (cMm. puc. 4.7).

Omnpenenenue TpeOyeMbIX PU3NUYECKUX BETUYUH MOKHO OCYIIIECTBUTH
JIBYMSI BAPUAHTAMMU.

Ilepeviii sapuanm. VI3MeHeHNE BHYTPEHHEN DHEPTHUM Ta3a.

I R
AU =c,mAT = - —m
U=c, 5 M AT, (1)

rJie | — 4ucio cTeneHel cBoOO bl MOJICKYI ra3a ()i ABYXaTOMHBIX MOJICKYJI
kucinoponaa 1=5); AT = T3 — T1 — pa3HOCTh TEMIIEpaTyp raza B KOHCYHOM

(TpeTheM) U HaYaJIbHOM COCTOSTHHUSX.
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HavanpHy!0 M KOHEUHYIO TeMIIepaTypy ra3a Haua€éM U3 ypaBHEHMS

MenneneeBa — Knanelipona: pV = % RT, otkyna

_ pVM
mR

PaGora paciupCHUA Tras3a IIPpHU ITOCTOSHHOM OABJICHHHN BbIPAKACTCA

dbopmyoit
m
=—RAT.
A M
Pabora raza, HarpeBaeMoro npu nocToSsHHOM 00bEME, paBHA HYJIIO:
A2 =0.

CrnieroBaTeNbHO, TIOJIHAsA paboTa, COBEpIIacMas ra3oM:
A= Al + Az = Al.
CornacHo IepBoMy Hadaly TEPMOJMHAMUKH, Temora Q, mepenanHas
rasy, paBHa CyMMeE H3MEHEHUs BHyTpeHHel sHeprun AU u paboTs A:
Q=AU+ 4.
[IpousBenéM  BHIYMCIEHHS, YYHTBIBAas, 4YTO Mg  KHUCJIOpOJa
M = 32-10°3 kr/mons:

2.10°-1.32.1073

T, = 385K ;
2831
5 -3
r, 2107332107 )
2-8,31
5 -3
_510°-3-32107° oo

T
3 2.831

831-2-(1155-385) 6 ,
A = T =0,4-10%x =0,4 MJIx;

A=A = 0,4 MI[)K;

5 .831-2(2887-385) _ o0y 16 17e ,
AU =3 15 =3,24.108 [Tk = 3,24 MJIx;

Q = (3,24 + 0,4) MJIx = 3,64 M.

Bmopoii sapuanm. Bocnions3zyemcst rpadgukom Ha puc. 4.7, Torma s

ydacTka 1-2 3amnuiiemM nepBoe Hadayio TepmoauHaMuku: Q1 = AU + A;.
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st m3o6apHoro mnporecca: A1 = p1 (V2 — Vi), AU; = %% R(T,-T,).

Bocnonbe3yemcst ypaBHeHueMm MenneneeBa — KianelipoHa s coCTos-

HUM TIEpBOTo U BTOPOTro (Ha rpaduke TOYKU 1 1 2, COOTBETCTBEHHO):

pl 1= % RT11 (2)
P, =37 RT;: (3)

Tak Kak p1 = p2, TO BBIUTS U3 ypaBHeHUs (3) ypaBHeHUE (2), MOTyIUM
P (V= Vp) =40 R(T,~T,), Toraa 4 Uy = 1, Q= di(. +1),

Jlnst yaactka 2-3: Q2 = AUy + 4. DTOT y4acTOK COOTBETCTBYET HM30-

XOpHOMY Tpoiieccy, 3HauuT Az = 0, AUy = 5 % R(T;-T,).

Bocnonszyemcsa ypaBHeHnem MeHnneneeBa — Kimanelpona st TpeTbe-
ro coctosiHus (Ha rpaduke Touka 3):
m
Borutem u3 ypaBHenus (4) ypaBuenue (3), moydum

pV;— p,V, = % R(T3 —T2) . I3 rpaduka BugHO, 4TO p1 = p2, a Vo2 = V3,

OTKyJIa V2(p3 - pl) = % R(T3 _TZ) , Torna AU, :%Vz(pg —p1), Q2= AU..

Torma A = A1, AU=AU;+ AUy, Q=Q; + Q..
HpOI/I3BeI[eM BBIYUCJICHUA .

A=0,2-1053 — 1)= 0,4 - 10° [T = 0.4 MJTx:
AU = 2-0,4-106 ¥ g-lo6 (0,5—0,2) = 3,25.108 JTk = 3,25 MJIx:

Q =0,4-10° + 3,25-10° = 3,65-10° JIx = 3,65 M/Ix.

OtBet: 4 = 0,4 MIIx; 4 U =325 M]Ix; Q = 3,65 M k.

Hpumep S. B nunuHape noa nopmHeM HAaXOAWUTCS BOAOPOJ MACCOM
m = 0,02 xr npu Temneparype 11 = 300 K. Bogoposa cHauana pacmmpuiics

aanabaTHO, YBEJIIMYUB CBOM 00BEM B N1 = 5 pa3, a 3aTeM ObUI CKAaT U30Tep-
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MUYeCcKHd, TpuuéM 00bEM raza ymeHblwica B Ny = 5 pas. Haiitu temmnepa-
Typy B KOHIIE€ aJ1a0aTHOr0 paclIMpeHHs U paboTy, COBEPIIAEMYIO ra30M IpH
»THX mporeccax. M300pa3ute npornecc rpaduyuecku.

0a Pemienune. B nmanHOM 3amade paccmar-

|
1 PHUBAIOT MPOIECCHl aMabaTHOTO PACIIUPEHUS
Aouabama

U U30TEPMHYECKOTO CHKATHS, KOTOPBIC IPOUC-
XOISIT C UACATbHBIM Ta30M (BOJOPOJOM).

Temnepatypsl 1 00BEMBI ra3a, COBEpIIAIOIIE-
l,Hs'omepMa 2 -
O Y%
00l COOTHOLIEHHEM

Puc. 4.8

y—1

2=
T, V, Tl n17’

Io a,Z[I/Ia6aTHBIﬁ IIponeccC, CBA3aHbl MCIXKAY CO-

rac y — OTHOLICHUC TEIUIOEMKOCTEH Ta3a IIpH MMOCTOAHHOM JAaBJICHHU W 110-

. V,
CTOSTHHOM 00BEME; N1 = —%.

Vl
Orcro/ia MoJyyaeM CIEAYIOIIEe BRIPaKEHHE TS KOHSYHOM TEMITEPATyphI:
7=
2 n{_l )

PaGoTta A1 ra3a npu aguabaTHOM PACIIUPEHUU MOXKET OBITH OMpesese-

Ha 1o hopmyiie

A=+r V(Tl T,)= R(T1 T),

rae Cy — MoJsipHasi TETUIOEMKOCTD Ta3a MPH MOCTOSTHHOM 00BEME.

Pabota A; raza npu U30TepMHUECKOM IPOLIECCE MOKET OBITh BbIpaXke-

Ha B BUJIE
1
RT In —RT In=,
A2 M , UJIN A2 n2
rme n, =2
2 V3

[TpousBenéM BBIYUCIICHMS, YYUTHIBAS, YTO JUISI BOJOPOJIA, KaK JIBYX-
aromHoro rasza: y = 1,4; i =5u M = 2-103 kr/mounb:
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300 300 300

T2—51,4—1—50,4_191:157 K
0,02-5-8,31
= = 297(300-157) =298 ;
A 2:1073.2 ( ) A
002 gt el
AZ_WS’BJ' 157In5_ 21 xJIx.

3HaK MHMHYC TIOKa3bIBAET, YTO MPH CKATHUHU PabOTa ra3a COBEPILACTCS HAJI
ra3oM BHeIHUMH cuiiami. ['paduk mporecca npuBenéH Ha puc. 4.8.

Otser: A =298 x/lx; A, =—21 xJ[x.

IIpumep 6. TeroBas mammHa padboTtaeT nmo odpatumomy Uiy Kap-
Ho. Temmneparypa temnoornaruuka 7' = 500 K. OnpenenuTs TepMUYECKHIA

KITJ 7 nukia u Temneparypy I, TEILIONPUEMHHKA TCIUIOBOH MaIlMHBI, €C-

JIM 32 CUET KAXKIOTO KUJIOHKOYJISl TEIJIOTHI, MOJYYeHHOM OT TEIJIO0T/IaTuHKa,
MaIHa copepiaet padoty 4 = 350 JIx.

Pemienne. B manHoil 3agadye paccMarpuBaeTcs TEIJIOBasg MalllMHA, pa-
6otaromtas no mukiy Kapuo. Tepmuueckuit KITJ] TernoBoit ManmHbl moKa3bl-
BAa€T, KaKas JI0JIsl TEIUIOThI, MOJYYEHHOM OT TEIUIOOTAATYMKA, IPEBPAIAETCS B

Mexanuueckyto padoty. Tepmuueckuii KIT/1 Boipaskaercs hopmyiioit

(oY
1
rae Q) — TemnoTa, HOTyYeHHAs OT TEILIOOTAATYHKA; A — paboTa, COBEpIICH-

Hasi pa004YMM TEJIOM TETUIOBOM MAIlIMHBI.

T,-T
3nas KII/] nuxiia, MmoxHO 1o popmyie ;= 1_|_ 2 ONpPENCITUTH TEMIIe-
1

parypy oxmamurens T, :
T, :Tl(l—n)
[Mpousseném Beruncienus: 17 = 350/1000 = 0,35;
T, =500(1-0,35) K=325K.
Otser: 7 =0,35; T,=325K.
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Konumponwvnwie eonpocul

1. TepMoIMHaMUYECKMMHU Ha3bIBAIOT IMPOLIECCHI, B KOTOPBIX M3MEHS-
I0OTCS TaKWe MapaMmeTphbl BellecTBa, Kak 00bEM, Temieparypa, JaBJCHUE,
BHYTPEHHsIA 3Heprus u Ap. [IpocTenmen TepMoIMHAMUYECKOW MOJENBIO SB-
JSIE€TCS «UICATIBHBIN Ta3y.

Copmynupyiime onpedeieHue NOHAMUSA «UOEAIbHBLU 2A3».

Hazoeume npocmeiiwiue npoyeccwol, komopwvie MO2ym Npoucxooums c
UOeabHbIM 2a30M (U30NPOYECCyl), U YKANCUMe YCA08Us UX NPOMEKAHUS.

2. Ilpn u3y4eHnn TEPMOIMHAMUYECKUX ITPOLIECCOB MCIOJIB3YIOTCS BA
METOJIa: TEPMOJUHAMUYECKUN ((PEHOMEHOIIOTUYECKHIT) U CTATUCTUUYECKUIA.

Chopmynupyiime 6 4uém CywHOCMb KAAHCO020 U3 IMUX MEMOOO8.

Kaxoevl cneyughuueckue ocobennocmu cmamucmuyeckux 3aKOH08?

3. MHKpPOCKONMYECKUE XAPAKTEPUCTHKU MOJEKYJI HICAIBHOIO TIas3a
CBSA3aHbl C MAKPOCKOIIMYECKUMHU ITApaMETPaMU COCTOSIHHS BEIIECTBA.

3anuwume gpopmynvl, césazvleaouue

— memnepamypy 2a3a ¢ KUHemu4ecKou dHepaueti MOaeKyI,

— Oasjenue 2a3a ¢ UMNYIbCamiy MOAeKyI;

— dasnenue 2aza ¢ KUHemu4eckou 3Hepauell NoCMmynamenbHo20 O8U-
JHCEHUSL U CO CPEOHeK8AOPAMUYHOU CKOPOCMbIO OBUNCEHUS MONEKVIT;

— 00véM 2aza ¢ oOWUM KOTUYECMBOM U KOHYeHmpayuel MOLeK)].

4. OgHuUM W3 OCHOBHBIX CTAaTUCTUYECKUX 3AKOHOB SIBIISIETCS 3aKOH
Makcgeiia, ONnpenensonMil XapakTep pacnpeaeiaeHnus MOJIEKYJ MO CKOpo-
CTSIM.

Ymo noka3zvieaem @yHkyus pacnpeoeieHusi MoKyl N0 CKOPOCMAM?

H3z06pazume epaguuecku 6uo smoii hyukyuu.

Ymo makoe «naubonee 6eposmHas CKOpoCmyv», «cpeoHeapupmemuye-
CKasl CKOPOCMbY, «cpeoHekeaopamuynas ckopocmuvy? Ommemvme Ha epa-

guxe smu ckopocmu.
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Ilouemy cpeoneapugpmemuueckas ckopocmov Ooavuie, uem Haubdonee
seposmuas?

5. Kax, 3nas 6uo @ynkyuu pacnpeoeieruss, MO*CHO Onpedeiums 000
MOJIEKYl, CKOPOCU KOMOPBIX UMEIOM 3HAYEHUE 8 NPOU3BOTbHOM UHMEPBATLE
om V1 0o V2? Jlatime epaguueckyro unmepnpemayuro 3anUCanHoco coom-
HOWEHUS.

Kax npubnusicenno moorcno onpedenums 00110 MONEKYI, CKOPOCHU
KOMOpbIX UMeIOm 3HaAYeHue 8 y3kom unmepsaie ckopocmei AV << V?

6. 1300pa3utre HA OAHOM PHUCYHKE JIBa pacIpeieieHus MOJICKYJ IO
CKOPOCTSIM JIJIsl OTHOTO M TOTO K€ Ta3a IMPHU Pa3HbIX TeMITepaTypax.

Mooicho nu ymeepocoams, Ymo npu Ha2pesaHuu CKOpoCmb O8UNCEHUS]
110001 MONEKYIbl cmanosumcs 6onvuie?

Kaxue usmenenusn 6 xapaxmepe pacnpeoeneruss npoucxoosm npu no-
8bILUEHUU MeMnepamypbl geujecmea?

Kax 6vl nonumaeme ymeepoicoenue, umo nousmue «memnepamypay
umeem CmamucmuyeckKutl cmolca?

7. OnHUM M3 CIEACTBUM CTaTUCTHUECKOTrO 3aKkoHa boJjibliMaHa, ONUCHI-
BAIOIIIETO pacipeiesieHue MOJIEKYJ M0 MOTEHIIUATBHBIM SHEPT UM, SBISIETCS
3aKOH paCIpeesICHUs] MOJIEKYJ UJIeaJTbHOTO Ta3a MO BBICOTE B MOJE CHIIBI
TSHKECTH 3EMIIH.

3anuwume 3mom 3aKOH AHATUMUYECKU.

Hzobpazume na 00HOM pUCYHKe 2paguKu UsMeHeHUs: KOHYeHmpayuu
MOJIEKYNL ¢ 8blCOMOIU OJis1 OOHO20 U MO20 JHce 2a3d NPU PASHBIX meMnepany-
pax (Ha pucyHke yKkascume, Kakou epaguxk coomeemcmesyem 6ovuel mem-
nepamype). Cihopmynupyiime ciroeamu 6v1600bl, KOMOPbIE MONHCHO COENaAMb
Ha OCHOBE CPABHEHUs. IMUX SPAPDUKOS.

H3z06pazume na ooHom pucynke epaguku uzMeHeHus: KOHYeHmpayuu
MONEKYL ¢ 8blCOMOU OJisl O8YX PA3HLIX 2A308 NPU OOHOU U MOU Jice memnepa-

mype (Ha pucyHke yKasicume, KaKou epagux omHocumcs K 2asy ¢ Oonvuietl
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monsapuou maccotr). Chopmynupyiime ciosamu 6vl800bl, KOMOPblE MONCHO
coenamuv Ha OCHO8E CPABHEHUS IMUX ePAPUKOS.

8. 3amuiute ypaBHEHUE COCTOSIHUSI HACAIbHOTO raza (ypaBHEHHUE
MenneneeBa — Knaneiipona).

Kax onpeoensemcsa monapunas macca eewpecmsa?

Kaxk onpeoensemcs xonuuwecmeo moneti seuecmea?

Kaxoea ceéa3v abconiommnoii mepmoounamuyeckou memnepamypsl ¢
memnepamypotl, uzmeperHou no wxane Llenvcua?

Onupasce Ha YpasHeHue COCMOSAHUSL UOEANbHO2O 2a3d, NOoyyume
VPAGHeHUsl 01 PA3HbIX UBONPOYecco8 U uzoopasume epaguiecku xapaxkmep
CBA3U MeHCOY NApaMempamu 2a3d 8 IMuX NPoYeccax.

9. BaxHeWmMM IapaMeTpoM, XapaKTEpU3YIOIIUM COCTOSHHE BeIlle-
CTBA, SIBJISICTCS BHYTPEHHSISI YHEPTHUA.

Kaxosa monexynapnas mpakmoska 3moco NOHAMUs 01 UOEAIbHO2O0
easza?

Om Kakux Makponapamempos 3a8Ucum GHYMpeHHss dHep2Usi Uoedlb-
HO20 2aza? 3anuwiume coomeemcmeayouyio Gopmyiy.

Ha3zoseume cnocobvl usmenenus GHympeHHeu 3Hepuu.

10. Ilepexon ra3za U3 ogHOrO cocrosiHus ¢ mapamerpamu Pi, Vi, T1 B
npyroe ¢ napamerpamu Py, V7, T2 MOXKET OCyIIECTBISATHCS pa3HBIMU CIIOCO-
O6amu (C MOMOIIBIO pa3HbIX MpoIeccoB). OCHOBHOM 3aKOH TEPMOJIUHAMUKHU —
MepBOE Hayajlo TEPMOJAMHAMUKH — BBIPAXKAET 3aKOH COXPAHEHUS HHEPIUHU
JUISl TAKUX TIEPEXO0JI0B.

3anuwume nepgoe HauanIo0 MmepmoOUHAMUKU.

Kaxue u3z eenuuun, 6xooawux 6 3mom 3aKOH, AGNAIOMCA QYHKYUAMU
COCMOSAHUSL CUCTEeMbl U He 3d8UCAm Om Ccnocoba nepexooa 2asa u3 00HO20
COCMOAHUSA 8 Opy20e (PAcCUUmbl8amcs 00UHAKOBO 80 8ceX npoyeccax)?

Kaxue u3z eenuuun, 6xooawux 6 3mom 3aKOH, AGNAIOMC YHKYUAMU
npoyecca, m. e. 3a8UcCAm 0m cnocoba nepexooa 2aza u3 00HO20 COCMOAHUSL 8

opy2oe U paccuumul8aiomcs N0-pa3Homy 8 pasHvlX npoyeccax?
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11. KonndecTBo TEmoThl, padoTa U U3MEHEHNUE BHYTPEHHEN 3HEPruu
MOTYT BXOJIUTh B YpaBHEHHE TIEPBOTO Hadaja TEPMOJUHAMHKH C Pa3HBIMH
3HaKaMH.

Kax ¢pusuuecku unmepnpemuposams cumyayuio, eciu Q > 0? Q <0?

Kaxk ¢uzuuecku unmepnpemuposamo cumyayuro, eciu A > 0? A <0?

Kax ¢puzuuecku unmepnpemuposams cumyayuro, eciu AU > 0?2 AU < 0?

12. 3anuwume npasuno 011 pacuema pabomsl npu UsMeHeHuu 0o6vema
eaza 6 obwem cuyuae.

3anuwume gopmynvl ona pacuéma pabomel eaza O YACWMHBIX CIy-
yaes (0J151 Pa3HLIX U3ONPOYECCOB).

B xakom uzonpoyecce paboma paena nynio?

13. 3anummTe Gpopmyiy s pacdéra KOJIMYECTBA TEIJIOTHI IPU U3Me-
HEHUU TEMIEPaTyphl Ta3a, UCMOJIb3Ys TMOHITHE «MOJISIPHAS TEIJIOEMKOCTh
BEIIECTBAY.

Umo nokasvigaem MoaapHas menioémKocms eeujecmea?’

Om uezo 3a8ucum MOAPHAS MENIOEMKOCb UOEAIbHO20 2a3a?

3anuwume ghopmynel 015 onpedeneHus MOAPHOL MENI0EMKOCMU 2a3a
npU NOCMOAHHOM 00bEME U NPU NOCMOSIHHOM 0a81eHuU?

Ilouemy mennoémxocms 2aza npu nOCMOSHHOM 00vbEMe MeHbule, Yem
npu NOCMOAHHOM OasieHuu? (omeem 0OOCHYlIMe, ONUPAsCL HA Nepeoe HaYa-
JI0 MePMOOUHAMUKL)

14. B kaxom npoyecce ocyuwecmensiemcs cumyayus,, ko2oa K 2a3y noo-
800UMCAL (U OMBOOUMCSL) HEKOMOpOe KOIUUECE0 Menjiomovl, HO memne-
pamypa 2asa npu 3mom He uzmensemcs? 3anuwiume nepeoe Hauaio mepmo-
OUHamuxu O0Jisi maKko2o npoyecca.

15. B kaxom mnpoyecce 0Cywecmensiemcs CUmyayus, Ko20a omcym-
cmaeyem meniooomen ¢ okpyscarowen cpeooti (Q = ), Ho npu >mom memne-
pamypa 2a3za uzmensemcs? 3anuwiume nepeoe HA4ai0 mepmMoOUHAMUKYU OJisl
maxoeo npoyecca. B xaxom cnyuae npoucxooum Hazpesanue 2aza, a 6 Ka-

KOM — e20 oxaascoenue?

185



16. TerioBas MalIMHa — 3TO YCTPOMCTBO, MpeoOpas3yroiiee BHYTPEH-
HIOIO SHEPTHUIO BEIIECTBA B MEXAHHYECKYIO.

Kax evi nonumaeme ymeepowcoenue:. «Bce mennogvie mawiunvl pabo-
marom yuxkauvecku»? Haszoeume ocnoeHvle 21emenmovl meniogou Mawunsl u
noKaxjcume cxemamuyecku npoyeccvl menio0oMeHa Mexicoy dSMuMu dJ1eMeH-
mamu.

Kaxk onpeoensemca mepmuueckuii KI1/] mennosou mawunwl?

Ilouemy KII/] mennosoii mawunst 6cecoa menvuie 1 (menvue 100 %)?

17. Yto Takoe «uaeanbHas TEILIOBAS MAIIMHA» ?

Mooicem au KII/] uoeanvnoti mawunvt 6vimo pasen 100 %?

U3 kaxux npoyeccoe cocmoum yukn Kapno? Uzobpazume smom yuxin
6 koopournamax P-V.

Om uezo 3asucum KII/] yuxna Kapno? 3anuwume coomeemcmeyio-

wyro popmyny 0isl e20 8bIUUCTEHUS.

Pexomenayemas imreparypa

1. I'pabosckuit P. U. Kypc ¢usuku: yueOnuk. 12-e uza. crep. Cankr-IlerepOypr:
Jlans, 2012. 608 c.

2. CasenpeB U. B. Kypc o6meit pmsuxu. T. 1: Mexanuka, MonexkymnsipHast Gpu3u-
ka: yue0. mocobue. Cankr-IlerepOypr: Jlans, 2008. 432 c.

3. Tpopumona T. U. Kypc ¢usuku: yue6. mocobue. MockBa: Bricmas mikona,
2007. 560 c.

4. ®pum C. 3., Tumopena A. B. Kypc oOmieit puzuku. T. 1: @usndeckre 0CHOBBI

MexaHuku, MonekynsipHas ¢usuka, Konebanus u BonHbl: yuyeOHuk. Cankt-IletepOypr:

Jlanb, 2009. 480 c.
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I'naBa 5. 3agaHus 151 CAMOCTOATEIBLHOI0 PellIeHH s
o pasaesam «MexaHnka», « JJIeKTPOAUHAMHUKAY,
«TepMoauHaMUKa»

Tpeboeanus K ohopmienuro KOHMPOILHLIX PAdOmM

1. KonTposbHbie paboThl BBIOJHAIOTCS B MIKOJIbHOU TeTpaau. Homepa
3a/1a4, KOTOPbIE CTYJCHT JOJDKEH BKJIIOUUTH B CBOIO KOHTPOJIBHYIO paboTy,
ONpEeNeNsoTca N0 TabiuuaM ¢ y4€TOM HampaBiieHHs noArotoBku. Homep
BapHaHTa ONpeAeIIeTCs 1O MocieaHel nudpe HoMepa 3a4€THON KHIKKH.

2. YcnoBus 3a7a4 KOHTPOJIBHOM paboThl HAZ0 MIEPENHUCaTh TMOTHOCTHIO
0e3 cokpaieHuid. s 3ameuyaHuil npenojgaBaTeNis Ha CTPAHUIAX TETPaau
OCTAaBJISITH MOJISI.

3. Pemenune kaxmoi 3amadn HEOOXOAMMO HAYMHATH C KPATKOTO OIH-
CaHMsl CYIIHOCTH pacCMaTpHUBAEMOTro siBIeHUA (2—3 mpemioxenus!) u Qop-
MYJUPOBKH OCHOBHOT'O 3aKOHA, OMUCBIBAIOILIETO SIBICHUE, C PacIIM(PPOBKON
BCceX OYKBEHHBIX 0003HAYCHUM.

4. Jlanee MpUBOANTCS KpaTKasi 3allUCh YCIOBHS U, TJI€ 3TO BO3MOXKHO,
MOACHSIOIUNA pUCYHOK. KaXkaplil mar B X0/€ PEUICHUS CIEIYyeT COMPOBOXK-
JaTh KPATKUMH, HO UCUEPITBIBAIOIIMMU MOSICHEHUSMH.

5. Pemats 3agady Hazio B 001meM Bujie (B OyKBEHHBIX 0003HAUCHHUSIX).
[Tony4yeHnyto pacué€rnyto (hopmyy NPOBEPUTH MO €IUHULIAM U3MEPEHHUS.

6. UucnoBble 3HaUEHUSI BEIMYUH MPHU MOJCTAHOBKE WX B PacCuETHYIO
dbopmyny crenyer BeipaxaTh TOJbKO B equnuiiax CU. YucnoBbie 3HaUCHHS
(¢u3HUeCKMX KOHCTAHT M TaOJMYHBIX KO3 duimeHToB npuseaeHsl B [Ipuo-
HKEHUU A.

7. Ilpu mocTaHOBKE B pacuyE€THYIO (hopMyIly, a TaKKe MPHU 3aMUCH OT-
BETa YHCIOBHIC 3HAUCHUS BEIWYMH CIEAyeT 3alMChiBaTh B CTAHIAPTHOM
dopme. Hanpumep, Bmecto 3520 Hano 3ammcars 3,52-10%, Bmecro 0,00129

sarmmcath 1,29-102 u 1. 1.
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8. Beruncienus mo pacu€tHoil Gpopmysie Hago MPOBOAUTH C COOMIOE-
HHEM TpaBHJI MPUOIMKEHHBIX BbluncieHuil. Kak mpaBuiio, oKOHYaTeIbHbIHI

pe3yNbTaT CIeAyeT 3aluChIBaTh C TPEMsI 3HAUaUMH LH(ppamu.

Mexanuka

101. Koneco Bpaiiaercs Tak, 4To 3aBUCUMOCTD YTJIa TOBOPOTa OT BPEMEHU
onpesensercs ypapHenneM ¢ = (1 + 2t — 2t%). Jlns Touek, nexanux Ha 06071e Ko-
Jieca, ONPENEIUTh YIOJl, COCTABIIIEMBI BEKTOPOM IOJTHOIO YCKOPEHUS C PAIy-
COM KoJieca uepe3 2 CeKyHbl, €CJIM MX HOPMaJIbHOE YCKOPEHUE B 3TOT MOMEHT
pasHo 200 M/c?. Onpenenurs paguyc Koseca. [IocTpouTs rpauky 3aBUCHMOCTH
YIJIOBOTO YCKOPEHUS, YTJIIOBOW CKOPOCTH M YIJIa IOBOPOTA OT BPEMEHMU.

102. Touka aBWXKETCS TO OKPYKHOCTH pamuyca R co CKOpocCThIO
v=Kk-t, rne k = 0,5 m/c?. HaiiTn €€ HOpMalIbHOE YCKOPEHHE B MOMEHT, KOT/Ia
oHa npounér 0,1 AIMHBI OKPY>KHOCTH MOCJI€ Hayana JIBUKEHUS, a TakKkKe
yroJl, COCTaBJISIEMbIII BEKTOPOM IIOJHOTO YCKOPEHHUS CO CKOPOCTBIO B 3TOT
MoMeHT. [locTpouts rpaduku 3aBUCMMOCTH TAHT€HIMAIBLHOTO YCKOPEHMS,
CKOPOCTH U IIyTH OT BPEMEHMU.

103. Temo nmBwxeTcs MO Ayre OKPYXHOCTH paamycoMm 38 M. 3aBuUCH-
MOCTb MPOWUIEHHOTO TEJIOM ITyTH OT BPEMEHHU 3a/1aeTCsl ypaBHEHUEM S = At —
— Bt? + Ct3, rne A = 2 m/c, B = 3m/c? , C = 4m/c3. Haiitn yrom, cocrasise-
MBI BEKTOPOM IMOJHOIO YCKOPEHHS CO CKOPOCTbIO B MOMEHT BpPEMEHU
t; = 2 c. [locTpouth rpadku 3aBUCUMOCTH TAHTEHIIMAIBHOTO YCKOPEHUS,
CKOPOCTHU U IIyTH OT BPEMEHHU.

104. 3aBUCUMOCTh MPOMJACHHOTO TEJIOM IyTH OT BPEMEHM 3a1aéTcs
ypaBHeHneM S = —At + Bt?2 + Ct® , e A = 6,68 m/c, B = 0,14 m/c? ,
C = 0,01 m/c3. Yepes ckobko BpeMEHH I10CjIe HaJalla JABMKEHHs TaHTeHIIUANb-
HOe YycKopeHue Oyxer paBHo 1 M/c?? Onpemenuts paauyc KPUBH3HBI
TPAaEKTOPUH, €CIIA U3BECTHO, YTO B 3TOT MOMEHT BPEMEHM YIOJl MEKIY BEKTO-
POM TOJIHOTO YCKOPEHUS M palycoM KpuBU3HBI paBeH 45°. [loctpouts rpadu-

KH 3aBUCUMOCTH TaHI CHIIUAJIBHOI'O YCKOPCHUA, CKOPOCTH U ITYTH OT BPCMCHHU.
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105. Crepxenb mnHOM L HauMHaeT BpamaThCsi BOKPYT OCH, MEpIICH-
TUKYJSIPHOM CTEPXKHIO M MPOXOJSIIEH Yyepe3 ero KOHel, C MOCTOSHHBIM YT-
JIOBBIM YCKOpeHUueM ¢. ONpenesnTs JUIMHY CTEPKHSI, JUHEHHYI0 CKOPOCTh U
MIOJIHOE JINHEWHOE YCKOPEHUE CBOOOJIHOrO KOHIA cTepxHs npu t = 5 ¢, eciu
U3BECTHO, YTO B ATOT MOMEHT BPEMEHHU €r0 HOPMaJIbHOE YCKOPEHHUE PaBHO
80 M/c?, a cTepikeHb 3a 5 ¢ caenan mecth 000poToB. [locTpouTs rpaduky 3a-
BHCHMOCTH YIJIOBOI'O YCKOPEHHS, YIJIOBOM CKOPOCTH M yria MOBOPOTa OT
BpPEMEHHU.

106. Kamens OpoIleH ¢ BBIIIKA B TOPU30HTATHHOM HAMPABICHUH CO
ckopocThio 30 M/c. OnpeaenuTb CKOPOCTh, TAHTCHIIMATBLHOE U HOPMAJIHHOE
YCKOPEHHME KaMHs B KOHLIE BTOPOM CEKYyHJAbI ABMKECHUSA U PaguyC KPUBU3HBI
TPAaeKTOPUH B 3TOT MOMEHT BpeMeHH. CONpOTUBIECHUEM BO3]lyXa IpEHE-
Opeus. [TocTpouTh rpauik 3aBUCUMOCTH KOOPIUHAT KaMHsI OT BpemeHH x(t)

1 y(t), a TaKKe IPOEKIIUIA €ro CKOPOCTU HAa KOOPAMHATHBIE OCH Uy(t) 1 Uy (t).

107. Teno OpomeHo moxa yriioM o = 45° K TOPU30OHTY CO CKOPOCTBHIO

Uy = 40 m/c. KakoBpl OymyT HOpMaNbHOE U TAHT€HIMAILHOE YCKOPEHHS TEla

yepes 2 ¢ mociie Hayana ABrkeHusA? HallTu pannyc KpUBU3HBI TPAEKTOPUH B
3TOT MOMEHT BpeMeHu. COnpoTUBIICHUEM BO3/ayXa HpeHeOpeub. [locTpouTs
rpaduKy 3aBUCUMOCTH KOOpAMHAT Teia oT Bpemenu x(t) u y(t), a Taxxke mpo-

eKIIH# ero CKOPOCTH Ha KOOPAMHATHBIC ocH Uy (t) 1 vy(t).

108. MatepuasibHast TOYKa ABUKETCS B TUIOCKOCTH XY COTJIACHO YpaB-
HeHusAM x = —6t + 3t? u y = 2t — t? . Haiiti MOy CKOPOCTH U yCKOPECHHS
TOYKM B MOMEHT BpeMeHHU 1 = 8 ¢, a Tak)Ke TaHTeHIIMAIbHOE YCKOPEHUE TOY-
KA B 3TOT MOMeEHT. [locTpouth rpaduku 3aBUCMMOCTH KOOpAWHAT Telia OT

BpemenH x(t) u y(t), a Takke MPOCKIUH €ro CKOPOCTH Ha KOOPAMHATHBIC OCH
ox(t) 1 oy (t).
109. Iuck pagmycom 20 cM Bpaimaercs Tak, 4TO 3aKOH U3MEHEHUS yT-

J1a TIOBOPOTA C TeueHueM uMeeT Bua ¢ = 3 —t + 0,1t3. Jlng touku, nexarei

Ha O60,II€ AUCKa, OIPCACINTL YyIroJ, COCTaBJISIEMBIN BCKTOPOM IIOJIHOTO JIH-
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HEHHOTO YCKOPEHHUsI CO CKOPOCThIO B MOMEHT BpemeHHu 1) = lc, a Taxxke xa-
paKkTep IBIKEHUS AHMCKa B 3TOT MOMEHT BpeMeHu. [loctpouts rpaduxu 3a-
BUCHUMOCTH YTJIOBOTO YCKOPCHHS, YTJIOBOM CKOPOCTH M yTJia MOBOPOTA OT
BpPEMEHH.

110. Kamenb OporiieH co ckopocThio 11 M/c 1o yriioM o K TOPU30HTY.
[Ipenebperasi COMPOTUBICHHEM BO3/IyXa, ONPEACIUTE YTOMI 0. U BpeMs TIoabEMa
KaMHs JIO BBICIICH TOYKH, €CIM PaJlyC KPUBH3HBI TPACKTOPHH B BEpPXHEU
Touke paBeH 3 M (YCKOpEHHE CBOOOJHOTO TaJaHWs MPHUHITH PaBHBIM
10 m/c?). TlocTpouts rpadMKu 3aBUCUMOCTH KOOPAMHAT Tena oT Bpemen x(t)

# y(t), a TakKe MPOCKIIMH €ro CKOPOCTH Ha KOOPIMHATHBIE OCH Ux(t) 1 vy (t).

111. Ilo OKpYXHOCTH IIKMBA PAIUYCOM S5 CM, CKPEILJIEHHOTO C BaJOM
KOJIeca, HAMOTAHA HUTh, K KOHIy KOTOPOW MPUBSA3aHA TUPS Maccou 2 Kr. I'n-
Ps U3 COCTOSIHUSA ITOKOS OIyCTHJIACh Ha BBICOTY 1,5 M B TeueHue 6 c. Ilpene-
Operasi Tp€HUEM, ONPENEIUTh MOMEHT UHEPLIUH CUCTEMBI U CHITY HATSDKCHUS
HUTH.

112. Ha BepiirHe HAaKJIOHHOW TUIOCKOCTH C yIJioM HakjoHa o = 30° K
TOPU30HTY MpUKperieH 00k Maccoil 0,5 kr. Yepes 010k nmepekruHyTa HeBe-
comasi HEpaCTsKUMasi HUTh, K KOHIIAM KOTOPOU NMpUKpeIieHsl rpy3sl. OquH
rpy3 Maccor My = 1 Kr JBMKETCS MO HAKJIOHHOW IUIOCKOCTH, a APYrOol Mac-
COI My OITyCcKaeTcs MO BEPTUKAIM BHU3. ONPENENUTh MacCy OIyCKarOIIErocs
rpy3a, €CJM OH 3a 2 ¢ omyctuiica Ha BbicoTy 0,8 M. IIpockanb3piBaHUEM HUTH
no OJIOKY U CHJIONM TpeHHUs B cuUcCTeMe NpeHeOpeub. Maccy Oioka cUuTaTh
pPaBHOMEPHO pacnpeaeEHHON Mo 000y.

113. Yepe3 HENOABUKHBIN OJIOK, MPEACTABISIIONIUN COOOM CIIOLIHOM
nucK paguycom 4 c¢cM U maccoit 0,2 Kr, MepeKuHyTa JIETKash HEPACTSHKUMAS
HUTh HA KOHIIaX KOTOPOW mpuBs3anbl rpy3sl Maccamu 0,3 u 0,2 xr. [Ipu nBu-
KEHUHW HUTh HE MPOCKAJIb3bIBACT M0 OJIOKYy. Onpenenutrh YCKOPEHUE TPy30B

" CUITY OaBJICHUSA 0J10Ka Ha OCh.
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114. Teno cockanb3bIBAET C HAKIOHHOW TJIOCKOCTH C YIJIOM HaKJIOHA
o = 20° k ropusonty. Ilpu kakom 3HaueHUU KOOI HUITMEHTa TPEHUS TEJO
JBIDKETCS paBHOMEPHO? BO CKOMBKO pa3 cuiia TPeHHS U CHiia HOPMAJLHOTO
JIABJICHUS TeJa HA IJIOCKOCTh MEHBIIIE CHIIBI TSDKECTH?

115. K kparo crona nmpukperién 610k. Uepes OJ0K MepeKuHyTa HEBE-
comasi HepacTsKUMasi HUTh, K KOHIIAM KOTOPOM MPUKpEIIeHbI rpy3bl. OauH
Ipy3 ABMXKETCS TI0 TTIOBEPXHOCTH CTOJA, a APYTON OIMyCKAaeTCs 10 BEPTUKAIIN
BHM3. Ompenenuth KO3POUIIMEHT TPEHUS MEXKIY MOBEPXHOCTIMH Tpy3a U
CTOJIa, €CJIA MAcChl TPY30B M1 = 2Mp; My = Mp; Macca 6y10ka M = Mg. ['py3bl
IBUKYTCS ¢ yckopenreM 1 m/c?. TIpockanb3bIBaHHEM HUTHU 110 OJIOKY U CH-
JI0¥ TpeHus B OJIOKe NpeHeOpeyb.

116. CrepxeHp BparmaeTcss BOKPYT OCH, MPOXOAAIICH Yepe3 OAWH U3 €ro
KOHIIOB COIVIACHO YpaBHEHMIO ¢ = At + Bt?+Ct:, tne A=-2 pan/c; B=-2 pa[[/CZ;
C = 0,5 pan/c®. OnpenennTs MOMEHT CHUII, ACHCTBYIONIUI HAa CTEPKEHD Yepes3
3 ¢ mocre Havaa BpamieHus, eciim Macca crepxas 0,3 kr, a ero jymaa 71 cm.
OnpenenuTh TakKe YTII0BOEC YCKOPEHUE CTEP)KHS B MOMEHT OCTaHOBKH.

117. Tlonbiit TOHKOCTEHHBIN IIUJIMHIIP BPAIAETCs MO AEUCTBUEM MOCTO-
SIHHOrO MOMEHTa CuiI paHoro 2,5 Hw. Ha (1/‘?)

puc. 5.1 u3o0paxkéH rpapux H3MEHEHHS

€ro yrioBou CKOpocTH. ONpenennTs Maccy 6
HUAJIMHAPA, €CIIA €ro JuaMeTp paBeH 20 cm. 4 -
2 4

118. Camoner, JIeTsmui co CKOpPO-

. | .
cthio 900 KM/4ac, BBIMOJHAECT «MEPTBYIO 1 5 3 4 b5 1(c)

netao» pagnycom 700 M. Bo ckonbko pa3
Puc. 5.1
OTJIMYAIOTCS CHUIBI, NPHIKUMAIOIIUE JIeT-
YHKA K CHUIAEHHIO CaMOJIETA, KOTa OH HAXOAUTCS B HUKHEN U BEPXHEN TOY-
KaxX MEPTBOM MeTIn?
119. Tuck Bparaercsi BOKpYT BEpTHKIBbHOM ocH, aemnas 30 o6/muH. Ha
paccrostaun 20 ¢M OT OCH Ha JUCKE JIKUT Teno. KakoB oimkeH ObITh Koddhdu-

HUCHT TPCHUA MCKAY TCIOM U ANCKOM, YTOOBI TEJIO HE COCKOJIB3HYJIO C I[I/ICKa?
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120. CrnomrHo# MHIP Maccoi 4 KT U paguycoM 15 cM Bparmaercs
coryacHo ypaBHeHUIO ¢ = 9t — 3t3 + 2. CpaBHUTH MOMEHTHI CUJI, JEHCTBYIO-
M€ Ha [WJIMHIP B MOMEHT OCTaHOBKH, B IBYX CUTYaIlUsX:

a) MIIMHIP BPAIIAeTCs BOKPYT OCH, COBMAIAIOIICH C OChI0 CHMMETPHH;
0) UMWIMHAP BpallaeTcs BOKPYT OCH, COBMAJAIONIEH C 0O0pasyrolei Iu-
JTUHAPA.
121. Tpu OAMHAKOBBIX aOCOJIOTHO YIPYTHX
g miapa BHCST, Kacasch ApPYr Jpyra, Ha TpEX mapal-
" JICIIBHBIX HUTSAX OJWHAKOBOW JIMHBI. ONWH U3 MIapoB
e% »  OTKIOHSIOT 0 HAMPAaBICHHUIO, TEPICHIUKYIAPHOMY
IPSIMOM, COSIUHSIONIEH IEHTPHI ABYX JPYTHUX IIAPOB,
Puc. 5.2 1 OTITyCKalT. B MOMEHT yzapa 3TOT I1ap UMeEeT CKO-
pocTh 01 = 1 M/c, a 3aTeM OTCKaKMBaeT B MPOTUBOIIO-
JIO’KHOM HAITPaBJICHHUH CO CKOPOCTHIO U1 (cM. puc. 5.2). Onpeaenuts CKopo-
CTH IIIapOB TOCIIC y1apa.

122. Yactuna Maccoit My, nersmas co ckopocTbio vy = 2-102m/c, cran-
KMBACTCS C HEMOJBMKHON YacTuile maccoit My = 4 m;. Ilocne coynapenus
nepBasi 4YacTHIlA JBWXKETCS B MPOTHBOIMOJIOKHOM HaIpaBJICHUH, a YeTBEPTas
4acTh €€ PHEPTruu YXOIUT Ha HarpeBaHue u aedopmaruio. OnpeneauTs CKo-
POCTH YaCTHII TIOCIIE COYIapEHUSI.

123. Cuapsig maccoit m=100 Kr, JeTAImuNA BIOJIb KEJIE3HOIOPOKHOTO
MOJIOTHA MO yIiIoM & = 37° K TOPU30HTY €O CKOpocThio 1 = 500 M/c, morma-
JaeT B TUIATGOPMY C MIECKOM, MacCOH 5 T, IBIKYIIYIOCS HaBCTpEUy CHapSIy
co ckopocThio v = 10 m/c. CHapsin 3acTpeBaet B necke. Ilociie cTonkHOBe-
HUS CO CHapsAIOM TutatgopMa MpoXOoauT MyTh S = 12,5 M ¥ oCTaHABIMBACTCS
Mo JIeUCTBHEM CHIbl TpeHus. OmnpenenuTb CKOPOCTh TIAaTGOPMBI TMOCIE

CTOJIKHOBEHHSI U KOA(PHUIIMESHT TPEHUS MEXAY TaT(GopMoil U perabcaMu i

(mpUHATE My + My My, g =~ 10 M/c?).
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124. MaccuBHas mranra aauHou L = 1 M u maccoit m; = 12 kr Moxer
BpAaIlaTbCsl BOKPYT T'OPU30HTAIBHOM OCH, NMPOXOIAILIECH Yepe3 OAUH M3 €€
KOHIIOB. B apyroit konen nomanaer mynst Mmaccod 10 r, meTsmias co CKOpo-
cThi0 Uy = 400 M/c TOpU3OHTANILHO, U 3acTpeBaeT B Hel. llITanra oTkioHsET-
Csl ¥ IICHTP Macc CHCTEMbI MMOJHUMAeETCs Ha BbicoTy h. OnpenenuTs yroi or-
KJIOHEHHUS INTAaHTH W BBICOTY, Ha KOTOPYIO TOJHUMAETCS IIEHTP Macc
(g=10 m/c?).

125. Tlpu ropuzoHTaNbHOM MOJETE co cKopocThio 300 M/c cHapsij
Maccoil mp pa3zopBaiics Ha aBe 4acTtu. bosbiias wacts maccoit 0,6 My mosy-
yrna ckopocth 450 M/c B HampaBieHuu moiéta cHapsaa. OnpenenuTs Mo-
JyJb U HaIpaBJIEHUE CKOPOCTH MEHBIIEH YacTU CHapsija, a TaKkKe PaccTos-
HUE 10 TOPU3OHTAIIM, Ha KOTOPOE YJETHT BTOpas 4acTh CHapsga OT TOUKH
B3PBIBA, IPOU3OIIEANIETO HA BBICOTE 80 M.

126. Haiitu 1uHEHHYI0 CKOPOCTh JIBIJKEHUS IIEHTpa Macc Iiapa, cka-
TBIBAIOIIETOCS 0€3 CKOJILKEHNS ¢ HAKJIOHHOM IUIOCKOCTH BhICOTOM h = 0,5 M,
B KOHIIE ATOM MIOCKOCTH. CpaBHUTH HAMAEHHYIO CKOPOCTH CO CKOPOCTBHIO
TEJa, COCKAJb3bIBAIOLIEIO C A3TOW IUIOCKOCTH HPHU OTCYTCTBUHM TPEHMS.
HavanbHbie ckOpoCTH Tell paBHBI HYJIO0. TpeHueM KaueHus npeHeOpeds.

127. lap v nuIMHAP, UMEIOIINE OJIMHAKOBBIE MAcChl M PAJNYCHI Ka-
TSATCSl TI0 TOPU3OHTAIHLHON MOBEPXHOCTH C OJMHAKOBBIMU JIMHEHHBIMU CKO-
POCTSIMH, a 3aT€M BKaThIBAIOTCSI HA TOPKY C YIJIOM HAKJIOHA K TOPU30HTY 30°.
CpaBHUTH TyTH, MPONICHHBIE TEIAMH TI0 TOPKE JI0 BBICIIIEH TOYKHU MOABEMA.
Cunoii TpeHus npeHedpeyb.

128. Ha mardopme, Bpamaromieiicss BOKpyr BEPTHKAILHON OCH C YT-
JIOBOM CKOPOCTHIO 3 paji/c, CTOUT YEJIOBEK U JIEPKUT B pyKaX CTEPKEHb, pac-
MOJIO’KEHHBI BEPTUKAIBHO. LIeHTphI Macc CTEep)KHS M 4ellOBeKa HaXOASTCA
Ha ocH 1wiatdopmbl. C Kakol yrioBoH CKOPOCThIO OyAeT BpalaThCs IaT-
dopMa, eciau MOBEPHYTHh CTEPKEHb OTHOCHTEIHHO OCH, MPOXOSIEH uepe3

CepeuHy CTEpKHS, B TOPU30HTAIbHOE MojoxeHue? CyMmapHbIi MOMEHT
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MHEPLMU YeloBeka U maatdopmbel 6 kr m2. J[muHa crepxHs 3 M, a Macca
10 xr. Onpenenuts paboTy, MPOU3BEAEHHYIO TIPH TOBOPOTE CTEPIKHSI.

129. HeGomnpIm1oe TeI0 COCKaIb3bIBaeT O€3 TPEHHUS BHHU3 MO HAKJIOHHO-
MY KeJ00y, MepexoIeMy B «MEPTBYIO MeTao» paauyca R. C kakoil BbICO-
Thl JOJDKHO HayaTh JBUTAThCS TENO, YTOObI HE OTOPBATbCS OT >Kejaoba B
BEpPXHEH TOUKe MeTaun?

130. Ompenenuts KIIJI meymnpyroro ymapa 6otika maccoi 600 kr, ma-
naroniero Ha cBaro Maccor 200 xr. Kak mamenurcs KII/ npu onHOBpeMeH-
HOM YMEHBIIEHHH MAacChl CBal U Macchl Ooiika B 2 paza? Kak m3meHuUTCS
KITJI mpu oIHOBpEMEHHOM YBEJIMYEHHWHM MAacChl CBal M Macchl Ooilka Ha
100 kr? (IlpuMeuanue: Mmpu HEYNPYroM yJape MeXaHuuecKash dHEprus CH-
CTEMBbI TEJl HE COXpaHsIETCs, €€ M3MEHEHUE OIpeensieT padoTy, 3aTpadycH-
HYIO Ha MPEO0JI0JICHUE COMPOTUBIICHUS IPYHTa Mpu BOUBaHUM cBau. Koaddu-
[IUEHTOM TIOJIE3HOTO JICCTBUS B JAHHOU CUTYaIlUU SIBJSIETCSI OTHOIIICHUE pa-
00ThI, 3aTpayeHHON Ha BOMBaHWE CBaW, K MEPBOHAYAIBHOW SHEpPruM Ooiika
nepes y1apom).

131. B cucreme K’ mokoutcs crep’eHb, COOCTBEHHAs JUTMHA KOTOPOTO
Lo= 1 M, cTep>keHb PacHoJIOkKEH TaK, YTO COCTABIISIET Yrodl g = 45° ¢ 0ChIO
X’. Onpenenuts IJIUHY CTEP>KHSA M yroyi ¢ B cucreMe K, eciu CKOpOCTh g
cucrembl K' orHocurespHo cuctemsl K cocrasister 0,8 c.

132. B nabopatopHoii cucteme oTcuéra K mu-Me30H ¢ MOMEHTa POXK-
JIeHUsI 10 MOMEHTa pacnaja npoJjeren paccrosuue L =75 M. CkopocTs mnu-
Me3oHa paBHa 0,995 ¢. Onpenenutb COOCTBEHHOE BpEeMsl )KU3HU MTHU-ME30Ha.

133. CoOcTBeHHOE BpeMs KU3HH MIO-ME30Ha paBHO 2 MKC. OT TOUKH
POXKICHUS 10 TOUKHU pacraja B JlabopaTopHO cucteme oTcuéra K MIo-Me30H
nposeren paccrosiHue L = 6 kM. C kakoi CKOpoCThIO (B JOJISIX CKOPOCTH CBe-
Ta) ABUTAJICA MIO-ME30H?

134. YacTuna asmwxkercs co ckopocthio v = 0,5 ¢. Bo ckonbko pa3 pe-

JIATUBUCTCKAsI MAacCa 4YaCTUIILI OOJIBIIIE MACCHI TOKOS?
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135. C xakoil CKOPOCTBIO JIBUKETCS YaCTUIIA, €CIIU €€ PEIITUBUCTCKAs
Macca B TpH pa3a 00JIbIlle MacChl MOKOs?

136. OTHoleHUE 3apsiaa ABUKYILIErocs 3JIEKTPOHA K ero Macce, orpe-
nenénnoe m3 onbita pasHo 0,88 - 101 Kn/kr. Onpenenurs peasTHBUCTCKYIO
MAaccy 3JIEKTPOHA U €T0 CKOPOCTb.

137. Ha ckonbKO MPOLIEHTOB PENATUBUCTCKAs Macca YacTULIbI OOJIbIIe
Macchl TTOKOs Mpu ckopoctu v = 30 Mwm/c?

138. Kunerndeckas sueprus sexkrpona 10 Ma-B. Bo ckonpko pas ero
peNSATUBUCTCKAsE Macca O0JIbIle MacChl TOKOS?

139. Kuneruueckast sHEprus peiasiTUBUCTCKON YaCTHUIIBI paBHA €€ dHEP-
MU TOKOsl. Bo CKOJIBKO pa3 BO3pacTET UMIYJIbC YaCTULBI, €CIU €€ KUHETU-
YyecKas dSHEpTUsi YBEIUUYHUTCS B deThipe paza? OmnpenenuTbh BO CKOJIBKO pa3
BO3pPACTET UMITYJIbC YACTHIIBI, €CJIM €€ KUHETUYECKask SJHEPrUsl YBEJIMUUTCS B
YeThIpe pas3a AJisl YacTHIIbl, ABMKYIIEHCA CO CKOPOCThIO, MHOTO MEHBIIEH,
4eM CKOPOCTb CBETA.

140. PensitTuBHCTCKOE COKpaiieHue AnuHbl Tena coctaBmio 30 %. Ka-
KOBBI CKOPOCTh M KHHETUUYECKAasi DHEPT s TeJa, €CIIM Macca MoKos Tena Mo?

141. Tloe3n ABWXKETCS TO 3aKPYIJICHUIO paguycoM 765 M co CKOpo-
cThi0 72 km/4. OmpenenuTe, Ha CKOJIbKO BHEIIHUN PEJIbC JIOKEH OBITh BBI-
1€ BHYTPEHHETO, YTOOBI CHJIa TaBJICHUS HA PeNbChl ObliIa 0MHaKOBOU. Pac-
CTOSIHUE MEXY pelibcaMu paBHO 1,5 M.

142. Ha Bpamaromuiicsi ¢ 4acToToil /8 00/MUH rOpU30HTATIBHBIN TUCK
MOJIOKWJIM TIPEIMET Ha PacCTOSTHUU 7,5 ¢M OT ocu Bpamienus. OnpenenuThb
KO3 DHUIMEHT TpEeHUs MEXKAy MPEAMETOM W JTUCKOM, C€CIIH TPEAMET HE
CKOJIB3HUT IO JIUCKY.

143. Ha Bupake J€TYMK MOBOPAYMBAET KOPITYC camoJieTa Mo OTHOIIe-
HUIO K HampaBleHUIO ABWkKeHuss Ha yroa o = 10°. Ckopocth monera

v = 360 km/uac. Haiitu paauyc noBopora.
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144. TTo kacaTeNbHOM K IIKMBY MaxOBHKAa B BUJAE JUCKA JUAMETPOM
D = 60 cm u maccoit m = 50 kr npunokena cwia F = 0,8 kH. Onpenenutsb
yIJI0BOE YCKOPEHHUE & U YaCTOTY BpallleHus n MaxoBuka dyepes Bpemsi t = 30 €
mocJie Havasia AercTBus cuiibl. Crtoit TpeHust nmpeneopedb. CKOJIBKO 000po-
TOB CZI€JIa€T MaxOBUK 3a 3TO Bpemsi?

145. Haiinure cuity ynpyrocTd HUTH B MOMEHT, COOTBETCTBYIOIIUH pHC.
5.3, ecnm Macca rpy3a paHa m = 100 r, ckopocts v = 2 M/c, yroa a = 60°,
niuHa HUTU 40 cM.

146. Yepes 050K MepeKHHyTa HUTh, K KOHIIAM
KOTOPOH MPHUKPEIUICHBI TPY3bl My 1 My (M1 # My), 00-
njas Macca KOTopblx M = 1 kr. ['py3sl HaUMHAIOT paB-

m
U HOMepHO ABuratbes u 3a t = 0,5 C mpoxoastr myTh

Prc. 5.3 S = 0,75 m. OnpeziennTe CHIy JaBICHUS OCH Ha OJIOK.

147. Ha rmagkoM ropu30HTaJIbHOM CTOJIE JISKHUT OPYCOK, K KOTOPOMY
NpUBsi3aHa HUTh, MIEPEKUHYTasi 4yepe3 OJOK, YKPEIJIEHHBI Ha Kparo CTOja.
Ecnu 3a HuTh TAHYTH ¢ cunon F1 = 19,6 H, To Opycok Oymer ABUTAThCS C
yckoperueM o; = 9,8 m/c?. Kakosel OyayT yckopeHue Opycka a; M CHja
HaTSOKEHUs! F» HUTH, eciu K €€ KOHITY NMPUBSI3aTh TPy3 Maccod M = 2 K.

148. Ha 0601 maxoBuka nuametpom D = 40 cM HamMOTaH mIHYp, K KOH-
1y KOTOPOTro MpUBS3aH Ipy3 Maccod M = 8 kr. OnpeaennuTs MOMEHT UHEp-
Uy J MaxoBUKa, €CJIM OH, BpallasiCh paBHOYCKOPEHO MOJ JCHCTBUEM CHUJIBI
TSDKECTH Tpy3a, 3a Bpems t = 10 ¢ mpuobpen yacToTy BpameHus 45 06/MuH.

149. Ha ogHOpOIHBIN CIUTONTHOW MUJIMHAPUYECKHU 6apabaH pagnycom
r =20 cMm u Maccoit M = 2 kr, HaMmOTaHa Jerkasi HUThb, K KOHIy KOTOpOMH
MpuKpervieH rpy3 maccoi m = 0,5 kr. Jlo Havana BparieHus: 6apabana rpy3
HOJHAT Ha BeICOTY h = 2,3 M ot mona. Onpenenure: 1) BpeMs OMyCKaHHUS
rpy3a J10 ToJa; 2) CHIy HaTSOKEHUS! HUTH; 3) KHHETUUYECKYH0 SHEPTHIO Tpy3a

B MOMCHT YyJapa O ITOJI.
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150. Ha nmucke mpourpsiBaTelNsi yCTAHOBIICH BEPTUKAIBHBIN CTEPIKECHBD,
K KOTOPOMY IIOJBEIICH IIapuKk Ha HUTH juymHON | = 48 cm. Paccrosmme
CTEpPKHSI OT OcH BpateHus nqucka I' = 10 cm. [locne BKIIIOUeHUs MPOUTPHIBaA-
TEJs HUTH OTKJIOHSETCS Ha yron « = 45°. Haliiure yrioByro CKOPOCTb U Ya-
CTOTY BpallleHUs JHUCKa.

151. Yenosek npeiraet B Boay ¢ BeicoThl h = 10 M. Ha kxakyro riryOu-
Hy H oH OBI IpU ATOM MOTPY3UIICS, €CITU Obl CUJIBI CONPOTUBIICHUS BO3/1yXa U
BobI ncue3nn? Macca genoBeka M = 60 xr, 00nEéM ero Teaa V = 66 1.

152. Tlyns, nersmas TOPU3OHTAIBHO cO cKOpocThio v = 400 m/c, mo-
najaeT B MOJBEHICHHBIM HA HEBECOMOW HUTHU OPYCOK M 3aCTPEBAECT B HEM.
KaxoBa nimHa HUTH, eciii OpyCOK OTKJIOHUICS Ha yroia « = 60°? Macca my-
mu m = 20 r, macca Opycka M = 5 KT.

153. I'py3 maccoif M; majgaeT Ha ITUTY MAacCol My, YKPEIUIEHHYIO Ha
HpYKUHE KEeCTKOCThIO K . OnpenenuTe HanOoJbIlee CKaTUE MPYKUHBI Xmax
€CJIM B MOMEHT yZapa rpy3 00Jaiaja CKOpOCThIO v. Y 1ap HEYNPYTUH.

154. Crosmuii Ha 1hay yeaoBek Maccod M = 60 Kr JOBUT M4 Maccoit
m = 0,5 Kr, KOTOPBINA JETUT TOPU3OHTAIBHO CO CKOopocThio v1 = 20 m/c. Ha
KaKoe€ pacCTOSHUE OTKATUTCS YEJIOBEK C MSYOM IO TOPU30HTAIBHOM MOBEPX-
HOCTH JIbJ1a, eciii KodddurmeHT tpenus u pasen 0,037

155. MaxoBuk B Buje aucka maccod 60 kr u paguycom 20 cM ObLI
packpyueH 10 dactoThl 480 06/muH u, caenaB 200 060poTOB, OCTAHOBHUIICS
IOJI IEVCTBUEM CHUJIbI TpeHHUsl. HallTM MOMEHT CUJIbl TPEHHUs], CUUTAs €€ I0-
CTOSTHHOM, U pabOTy TOPMOKECHHUS.

156. TIsTh OMWHAKOBBIX IIAPOB, IEHTPHI KOTOPHIX JIEKAT HA OHOU
OpsIMOM, HaXOASITCSl HAa HEOOIBIIIOM PACCTOSIHUM JIPYT OT Jipyra. B kpaitnuii
miap ynapsieTcs Takol jke map, UMEIuid ckopocTh vg = 20 m/c, kotopas
HaIpaBJI€HA BJIOJIb JIMHUHU, COCAWHSIONIEA LEHTPhI ImapoB. Haigure cko-

POCTB MOCIIEHETO IIapa, CYUTAs COYAapeHUs MapoB a0COIOTHO YIIPYTHMHU.
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157. Chapsin pa3pbIBacTCsi B BEpXHEH TOUYKE TPAEKTOPUU HA BBICOTE
200 M Ha aBe onuHakoBble yacTu. Yepes 1 ¢ mocne B3pbIBa O/HA YacTh Ma-
JaeT Ha 3eMITIO MO/ TEM MECTOM, TJie Mpou3oliel B3pbiB. Ha kakom pacctosi-
HUU OT MECTa BBICTpesia ynaa€T BTOpas 4acTh CHapsja, €CIu MepBas ynaia
Ha paccrosauu 1-10° m?

158. Cuapsin maccoii 10 kr BeuteTaeT U3 opyaus co ckopoctsio 400 m/c
oA yriom 60° k ropu3oHTy. B BepxHell Touke TpaeKTOpHUH CHapsii pa3opBall-
Csl Ha JIB€ OCKOJIKA, KOTOPBIE Pa3JIETENIUCh MO/ MPSIMBIM YTJIOM, IPUYEM OCKO-
JIOK Maccou 6 Kr mosieren Brepea nox yriaom 30° xk ropus3oHty. OnpenenuTsb
CKOpPOCTHU OCKOJIKOB ocJie B3pbiBa. Ha kakoii BbIcOTe pazopBacs cHaps?

159. Cuapsig maccoit 10 kr, eTeBIINil BEPTUKAIBHO BBEpPX, HA BBICOTE
1 xm nmen ckopocts 200 m/c. B 3Toi#l Touke OH pa3opBajics Ha JIBE YaCTH.
Opna yacTh Maccoi 3 kr mosydmia ckopocts 400 M/c mox yrimom 30° k mep-
BOHauYaJIbHOMY HampasjieHHto. OnpeaenuTs HalpaBieHUE U CKOPOCTb MOJIETa
BTOPOTO OCKOJKa. Uepes kakoe BpeMsl MOCie B3pbIBa MEPBBIA OCKOJIOK yTia-
et Ha 3eMiro?

160. ToHKOCTEHHBIN MUIUHAP C AMaMeTpoM ocHoBaHus 30 cM U mac-
coii 12 Kr BpamaeTcs COrIacHO YpaBHEHUIO ¢ = ¢o — 2t + 0,2t? pax. Onpene-
JUTHh JEHCTBYIOIIMN Ha UWJIMHIP MOMEHT CHUJ B MOMEHT BpemeHu t = 3 c.
Kakyro paboTy coBepiat cujbl, J1eHCTBYIOIKE HA IIMJIMHAP, 32 3 ¢ OT Haya-
Ja TBUOKCHUS?

Anekmpuueckoe none

201. Mexny miacTUHAMU TUIOCKOTO KOHJIEHCATOpa HaXOAUTCS TOYeU-
Hbeii 3apsan = 30 vKi. [lone koHIeHcaTopa AEMCTBYET Ha 3apsifi ¢ CUIIOU
paBHoil 20 MH. OnpenenuTs cuily B3aUMHOTO MPUTSKEHUS IUIACTUH, €CIU
TUTOIIATb KX I0M TutacTUHb S = 100 cMm?.

202. [NapannensHo OECKOHEUHOH MIIACTUHE, HECYILEH MOJI0KUTEIbHBIN
3apsil, pABHOMEPHO pachpene’EHHbIN MO0 TUIOMAAN ¢ MOBEPXHOCTHON IUIOT-

HOCTBIO 3apsaa o = 20 HKi/M?, Ha paccTosHuu I = 20 cM PacronokKeHa TOH-
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Kasi HUTh C PABHOMEPHO PaCTpeIeIEHHBIM OTPUIIATEIILHBIM 3aPSA0M, JIMHEH-
Has TIOTHOCTH KoToporo 7 = 0,4 HKi/M. CpaBHUTH HaNpsKEHHOCTH DJICK-
TPUUYECKOTO TOJIA B TOYKAX, JISKAIUX HA OJTHOW CHIIOBOW JIMHUU TIOJIS TUTOC-
KOCTH, TI0O 00€ CTOPOHBI OT HUTH Ha paccTtosHUU 10 cM ot Heé. OnpenenuTh
CHITY, IEHCTBYIOIIYIO HA OTPE30K HUTH JUTMHOH 1 M.

203. JIBe mapayuienbHble, OECKOHEUHO JJWHHBIC HUTH HECYT 3apsl,
PAaBHOMEPHO paclpenenEHHbI M0 JJIMHE C JIMHEWHBIMUA TUIOTHOCTSIMU

7,= 0,1 MmxKw/m u 7, = 0,2 MxKi/m. Onpenenurs Cuily B3auMOIECHCTBHS,

OPUXOASIIYIOCS HAa OTPE30K HHUTH JUIMHOW | M, a TakkKe HalpsKEHHOCThb
ANEKTPUYECKOTO TOJII B CPEOHEN TOUKE MEXKIY HUTSIMH, €CIH PACCTOSHUE
MEK]1y HUMH paBHO 20 cM.

204. Jlpa Toweunwix 3apama Q =2Q, m Q,=-Q, HaxomaTca Ha

paccrostaun d npyr ot apyra. HalTh mMoNoXKeHHWE TOYKM Ha MPSIMOM,
IPOXOJIAIIEH Yepe3 TU 3apsiibl, B KOTOPO

a) MOTEHIAJ JIEKTPUIECKOTO OISl PAaBEH HYJIIO,

0) HaINPsHKEHHOCTH MOJISl paBHA HYJIIO.

205. DnekTpuueckoe TIOJIe CO37JaHO OCECKOHEYHOW IIJIOCKOCTHIO
pPaBHOMEPHO  3apsHKEHHOM C  TMOBEPXHOCTHOM  IJIOTHOCTBIO  3apsiia
o = 30 MmxKn/M? u Toueunsm 3apsaom ( = 1,4 MK, pacrmonoeHHbIM Ha
pacctostHUM I = 8 cM oT miockoctH. OmpenenuTh HaNmpsHKEHHOCTh W
MOTEHIINAJT TIOJISl B TOUKE A, HAXOSAIEHCS Ha PACCTOSIHUM I OT TIJIOCKOCTH U
Ha PaCCTOSTHUM 21 OT TOYEYHOTO 3apsijia.

206. DnekTpuyeckoe TMoJie CO3JaHO CHUCTEMOM TOYEUHBIX 3apsi/iOB,
PaCIOJIOKEHHBIX B OJIHOW IJIOCKOCTH B Toukax A4, B, C. Onpenenuts Hampsi-

XKEHHOCTH M MOTEeHIHMAI 1o B Touke K. KoopauHaTel Touek (B €M) yKa3aHbl

B Tabi. 5.1.

Tabauya 5.1
O, K O, HKn | gc, HKu | A(X1;y1) B(X2;y2) C(x3;ys) K(X;y)
+2.5 +12.5 -5 (0;0) (5;5) (10;0) (5;0)
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207. DnexTpuueckoe TMoje CO3JaHO CHUCTEMOM TOYEUHBIX 3apsioB,
pPacnoJIOKEHHBIX B OAHOW IJIOCKOCTH B Toukax A, B, C. Onpenenuts Hanps-

XKEHHOCTH M MoTeHIMal nojs B Touke K. KoopauHatel Touek (B cM) yKa3aHbl

B Ta0II. 5.2.
Tabauya 5.2

ga, 1K1 g, HKn qc, HK | A(X1;y1) B(x2;y2) C(X3;y3) K(x;y)
+3.4 ) +2.6 (0;0) (5;3) (5;0) (5;-3)

208. Ha xoH1ax oTpe3ka JUIMHOW @ HaXOJATCS JIBa OJIMHAKOBBIX 110 a0-
COJIFOTHOW BENMYMHE PAa3HOMMEHHBIX 3apsijaa. Hampsok€HHOCTH pe3yibTH-

PYromicro 1ol B CpCAHCHU TOYKE OTPC3Ka paBHA EO' OHpGI[eHI/ITB KaK U BO

CKOJIBKO pa3 HaHpﬂ)KéHHOCTB IIOJIA B TOYKC, OTCTOHH.ICfI OT KaXKA0ro U3 3aps-

JIOB HA PACCTOSHUU d, OTJIIMYAETCH OT Eo-

209. JlBe niMHHBIE PA3HOMMEHHO 3apsKCHHBIE HHUTU PACIIOJIOKECHBI
napajuleJIbHO JIPYr JIPYry Ha paccTOSHUM «a». HampsokEHHOCTH pe3yibTH-

PYIOLIEro MOJIst MOCPEUHE MEKIY HUTSAMH paBHa E,. Ompenenuts, Kak U BO

CKOJIBKO pa3 HAIIPAKCHHOCTDL JJICKTPHUYCCKOI'O IIOJIA B TOYKC K otimmuaetcs

oT E,, ecim 5Ta ToYKa PacrosiokeHa Ha PACCTOSHUM «a» OT KaXK[OW U3 HU-

TE€W BHE OTPE3Ka MEXAY HUTAMH. JIMHEWHBIE IIIOTHOCTH 3apsAI0B HA HUTAX
OJIMHAKOBBI 10 YUCIIEHHOMY 3HAYEHHIO.

210. B nByx BepmimHax paBHOCTOPOHHETO TPEYTOJbHHUKA CO CTOPOHOMN
a = 10 cM HaxoIATCs paBHOMEPHO 3apsKEHHbIE (C OJJUHAKOBOM IIOTHOCTBIO
3apsAna) JUIMHHBIE TOHKHE CTEPYKHU, PACIIOJIOKEHHBIE MEPHEHANKYIISIPHO
IJIOCKOCTH TpeyroJjibHUKa. Hanpsk€HHOCTB 10 B TPEThEW BEpIIMHE Tpe-
yronbHuKa pasHa 3,12-10° B/M. Onpenenuts NuHEHHYIO IIOTHOCTH 3apsia
Ha CTEPKHAX, €CIINA 3apsAabl CTEP)KHEN OJHOMMEHHbIE. M3MenuTes nu Hanps-
YKEHHOCTb I10JI1 B TPEThEH BEPIIMHE TPEYTOJIbHUKA, €CIIU 3apsiAbl CTEPKHEU
OyayT pasHouMeHHbIe? OTBET NOSICHUTD C TIOMOIIbIO PUCYHKA.

211. JIBe 3apspKeHHBIC HETPOBOJSIINE BEPTHUKAIBLHO PACTIOIOKECHHBIS

IUTACTHHBI HAXOJATCS Ha PACCTOSIHUU S5 ¢M Apyr oT Japyra. HampsikE€HHOCTH
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nons Mmexay Humu E = 10 B/M. Mexy IacTMHaMK Ha PABHOM PacCTOSHUM
OT HMX IOMEIEH mapuK ¢ 3apsagoM g = 107° Kix u maccoii m = 2 r. IToce To-
ro KakK IIapuK OTIYCTHJIM, OH Hadaj MajaTh. Yepes Kakoe BpeMsl IIapuK yia-
putcst 00 omHy U3 TiacTuH? Ha KakoMm pacCcTOSSHUM OT MEPBOHAYAITBHOTO TI0-
JIO’KEHHUSI IIapUKa 3TO MPOU30HaAeT?

212. IIpoToH u anbda-yacTuila, YCKOPEHHBIC OJIMHAKOBOW Pa3HOCTHIO
MMOTEHITUAJIOB, BIIETAIOT B JIEKTPUUYECKOE TOJIC TIOCKOTO KOHAEHCATOpa Ta-
paJUIeTFHO €ro IUTaCTMHAM. BO CKOJIBKO pa3 OTKIOHEHUE MPOTOHA TOJEM
KOHJIeHCaTopa OyJeT 0oJbllle, 4eM OTKJIOHEeHHE aib(da-yacTuiibl? Bo ckoiib-
KO pa3 U KaK OTIMYAIOTCS pabOThl, COBEPIIEHHBIE MOJEM KOHJIEHCATOpa MPpHU
MePEMENICHUH 3TUX YaCTHIT?

213. TIpoToH u anbda-dacThila, UMEIONMINE OJUHAKOBBIC WUMITYJIBCHI,
BJICTAIOT B DJIEKTPUYECKOE IMOJI€ TJIOCKOT0 KOHJEHCATOpa MapajuiesibHO €ro
rtactTuHaMm. Bo CKoJIbKO pa3 OTKJIIOHEHUE MPOTOHA ToJIeM KOHAeHcaTopa Oy-
JeT OOJIbIle, YeM OTKJIOHEHHE anbda-dacTuipl? Bo ckoimpko pa3 u Kak OTIIH-
YaroTcs palOTHI, COBEPIIEHHBIC IMOJEM KOHJIEHCATOpa MPHU IepeMEIIeHUN
ATUX YacTul?

214. DnexkTpoH BIETAET B TUIOCKUI BaKyYMHBI TOPU30HTAIILHBIN KOH-
JICHCATOP TapaJUIEIBHO IIACTHHAM CO CKOPOCTHIO 0. Pa3HOCTH MOTEHIIMAIOB
Mexny miactuHamu U = 74 B, nnuna miactun L = 20 cm, Onpeaenuthb
HaIpaBJICHUE CKOPOCTHU JJIEKTPOHA MPH BBUIETE U3 KOHJIEHCATOpa (IO OTHO-
IIICHUIO K TICPBOHAYAIHLHOMY HAIPABJICHUIO), €CIIM YHUCIOBOEC 3HAYEHUE CKO-
poctu ripu BeuteTe L = 10,2-10° M/c, a Bpemsl IBMKEHHS B MOJIe KOHIEHCATO-

pa 7 = 2108 c. OnpenenuTs Takke TaHreHLUANLHOE YCKOPEHHE @, , HOp-
MaJbHOE YCKOpEHHUE &, MOJHOE YCKOPEHUE a TPH BBUIETE JJIEKTPOHA U3

KOHJICHCATOpa M OTKJIOHEHHE 10 BepTrkanu N. CUIol TshkecTH npeHeOpedb.
215. DnekTpoH BIETAET B TUIOCKUI BaKyyMHBI TOPU30HTAIbHBIA KOH-

JICHCATOp MapaJIJIeIbHO TUTACTHHAM CO CKOPOCTHIO vy = 8 MM/c. Paccrosinue

Mexay miactuHamu 0 = 4 oM. [lpu BbuleTe M3 KOHJEHCATOpA HANpaBJICHUE

CKOpPOCTH 3JICKTPOHa COCTABIIACT YI'OJI o = 30° ¢ IMCPBOHAYAJIBHBIM HaAIIpaB-
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JICHHEM, a cMeleHue 1Mo Beptukaym h = 2,9 cM. Onpenenuth pa3HOCTh I10-
TEHIMAJOB MeXAy ruiactuHamu U, miuHy miactuH L, BpeMs ABUKEHUS
AJIEKTPOHA B MOJE KOHJIEHCATOpPA 7, a TAKKE CKOPOCTh U, TAHTCHIMAIBHOE

YCKOpEHHE a,, HOpMAJIbHOE YCKOPEHUE @, , MOJIHOE YCKOPEHUE a MPHU Bblie-

TC JJICKTPpOHA U3 KOHACHCATOPA. Curoi TspKecTu HpeH€6pe‘H>.

2 —r 216. DneKTpUYECKOe MoJje CO3/1aHO
i 3apaaaMu Q1 = 2 MxKi1 u Q2 = -2 MxKu,
i - HaxoSIIUMHCS Ha paccrossHud a = 10 cMm
Qzé)__a apyr ot apyra (cM. puc. 5.4). Onpenenutb
1 Q1 | paboTy CwJ TOJs, COBEPIIAEMYIO NpHU Iie-
.r ________ _ﬁ:_)—_ peMemennu 3apsaaa Q = 0,5 MxKi u3 Touku
28 1 B TOuky 2.
Puc. 5.4

217. Kakoii MUHUMAaJIBHON CKOPOCTHIO
Uppin AOIDKEH 0071a1aTh POTOH, YTOOBI OH MOT

JOCTATHYTh TMOBEPXHOCTH 3aPSHKEHHOIO 0

noreHimana ¢ = 400 B merannmyeckoro mapa
Puc. 5.5 (cm. puc. 5.5)?
218. DJCKTPOH BJIETACT B TUIOCKHM
BAaKyyMHBII TOPHU30HTAJBHBII KOHJEHCATOp NapaJIeIbHO IUIACTHHAM CO
CKOPOCTBIO 0o, PazHOCTh moTeHmanoB Mexay miactuaamu U = 50 B. Tlpu
BBUIETE U3 KOHJCHCATOpa CMEIEHHEe JJIEKTPOHA Mo BepTukamu h =1,76 cwm,
ero mojnoe yckopenue a = 3,52-10'* m/c?, a nampaBneHre CKOPOCTH DIICK-
TPOHA COCTaBIsIEeT yroi a = 12° ¢ mepBoHauYadbHBIM HampaBieHueMm. Ompe-
JENMUTh JUIMHY TIacTHH L, BpeMs JBUKEHUS AJIEKTpPOHA B 10JIe KOHAEHCATO-
pa 7, €ro Ha4aJbHYl0 CKOPOCTb, & TAK)KE€ CKOPOCTb, TAHT€HIIMAJILHOE U HOP-
MaJIbHOE YCKOPEHHE AJIEKTPOHA MPH BbUIETE U3 KOHAEHcaTopa. CHION Tske-
CTH IpeHeOpeyb.
219. DnexTpoH BiETAET B IVIOCKUNA BaKyyMHBII TOPU30HTAIbHBIA KOH-
JIEHCATOp MapaUIENIbHO IUIACTUHAM CO CKOPOCThIO U,. JlnuHa miacTun
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L = 4 cm, pacctosiaue mexay Humu d = 2,5 cm. [Ipu BeuieTe U3 KOHIEHCATO-
pa JIIEKTPOH MMEI CKOPOCTh paBHyro 8,2-10° M/c, HampaBIeHHYIO MO/ YTIOM
o = 15° Mo OTHOLIEHHMIO K MEPBOHAYaJIbHOMY HampasieHuto. OnpenenuThb

Pa3HOCTb IIOTCHIOHUAJIOB MCXKAY IINIAaCTHHAMMU U, Ha4YaJIbHYIO CKOPOCTH Uo, a

TaK)Ke MOJIHOE, HOPMAJIbHOE U TAHTE€HIIMAJIbHOE YCKOPEHHUE BJIEKTPOHA IMPHU
BbUIETE M3 KOHACHCATOpAa M €ro cMelleHne no BepTtukanu. CHimoil TskecTu
peHeopeyb.

220. Onextpon ¢ sHepruend 7 = 400 »B (B 0eCKOHEUHOCTH) JBUXKETCS
BJIOJIb CUJIOBOM JIMHUU IO HAIIPABICHUIO K MOBEPXHOCTH METAJUIMUECKOM 3a-
psxeHHOM cdeprl paguycom 10 cm. Onpeaenutb MUHUMAIBHOE PACCTOSHUE,
Ha KOTOpO€ MPHUOIU3UTCS 3JEKTPOH K MOBEPXHOCTU CQEpbl, eciiu e€ 3apsn
Q =-10 K.

221. Konpgencatopsl éMkocThio C1 = 5 MKD u Cy = 10 mx®d 3apsikeHbl
no Hanpsbxkenuid U = 60 B u U, = 100 B, cootBercTBeHHO. OnpenenuThb
HaIpspKeHUe Ha OOKIIaJiKaX KOHAEHCATOpPOB IOCJTE HUX MApauIeTbHOTO CO-
eAMHEHUs] OOKJIaKaMH, UMEIOIIIMMHU OJJTHOMMEHHBIC 3apsaibl. Kak nusmeHuTcs
ATO HamNpsDKEHUE, €CIM W3 BTOPOTO KOHJEHCATOpa YAaluTh IJIACTHHKY M-
ANEKTPUKA, AUDIIEKTPUUYECKast MPOHUIIAEMOCTh KOTOPOTO € = 27

222. Konnencaropsl EéMkocThio C1 = 2 MKD 1 C; = 5 MKD 3apsiHKeHBI
no Hanpspkenuit Up = 100 B u U; = 150 B, cootBercTBeHHO. OnpenennThb
HampsDKeHUE Ha OOKJIaJKaX KOHACHCATOPOB IMOCJE WX MapajuieIbHOTO CO-
eAMHEHUS OOKIaIKaMH, UMEIOIIUMH pPa3HOMMEHHBIC 3apsabl. Kak u3sMeHuTCS
ATO HAIpPSKEHUE, €CIM U3 BTOPOTO0 KOHJIEHCATOpA YAAJIUTh TUIACTHHKY JIH-
ANEKTPUKA, AUDIIEKTPUUIECKAst MPOHUIIAEMOCTh KOTOPOTO € = 2,57

223. T1nockuii BO3AYIIHBIA KOHICHCATOP, PACCTOSTHUE MEXKY TUIaCTHHA-
MU KOTOporo 2 cMm, 3apspkeH no Hanpspkerust 3000 B. Kakoa Oynmer namps-
KEHHOCTH TOJIST KOHAEHCATOpa, €CITH, He OTKII0Yas UCTOYHUKA HATPSHKCHUS,
TUTAaCTHHBI Pa3IBUHYTh J0 PACCTOSHUSA 5 cM? BBIYHUCINTH SHEPTHUIO KOHJCHCA-

TOpa JI0 M [0CJIE Pa3ABUKEHHS IIACTUH. I lnomans Kax o miactunst 100 cm?,

203



224. TInockuii BO3AYUIHBIA KOHAEHCATOP, PACCTOSHUE MEXY IJIaCTH-
HaMU KOoToporo 2 cM, 3apsbkeH no HampsbkeHus 3000 B. Kakosa Oyner
HANpPsHKEHHOCTD TOJISI KOHJIEHCATOPa, €CJH, MOCJE OTKIIOYEHUS! UCTOYHUKA
HaIPSOKEHUS, TUIACTHHBI Pa3IBUHYTh 0 PACCTOSHUSA 5 cM? Borauciuth 3HEp-
TUI0 KOHJIEHCATOpa 10 WM TOCJe pa3ABMKEeHUs TutacThH. [lmomans kaxmon
miactuHbl 100 cv?,

225. TInockuii KOHAEHCATOP 3alOJHEH JUAJIEKTPUKOM M Ha €ro Iuia-
CTUHBI TOJ]JaHA HEKOTOpas Pa3HOCTh MOTEHIMaNoB. Ero sHeprus mpu 3Tom
pasna 2-10° JIx. ITocie TOro Kak KOHIEHCATOP OTKIKOYMJIMA OT MCTOYHHUKA
HaANPsDKEHUS, JUAJICKTPUK BBIHYJIM U3 KOHACHCATopa, MpH ATOM Oblia Co-
BepuleHa pabota, pasHas 7-10° JIx. HaiiTm AUDIEKTPHYECKYIO IIPOHULIAE-
MOCTb TUDJIEKTPHUKA.

226. Ilpu yBenmu4yeHNH HAMPSHKCHUSI, TIOJAHHOTO HA KOHACHCATOpP EM-
kocthto 20 Mxk®, B nBa pasza sHeprus mnoiig Bo3pocna Ha 0,3 JIx. Haiitu
HaYaJIbHOE 3HAUCHUE HAMPSIKEHUS U SHEPTUH TIOJISL.

227. Tpu oIMHAKOBBIX KOHJEHCATOPA, 3aMOTHEHHBIX JUDJICKTPUKOM C
IURJIEKTPUYECKON MPOHUIAEMOCTBIO € = 2, COEIUHEHBI MOCJIEI0BATENILHO U
MOJIKJIFOUEHBI K UCTOYHHUKY TOKa ¢ HampspkeHueM U. Bo ckonbko pa3 u kak
U3MEHSTCS JIEKTPOEMKOCTDh CHUCTEMBI M1 CYyMMapHasi SHEPTHs JIEKTPUUECKO-
ro MoJsi KOHACHCATOPOB, €CIIM BBIHYTH IJIACTHHKY AMUAJICKTPUKA U3 OJHOTO
13 KOHJICHCATOPOB?

228. ]JIBa BO3IYyIIHBIX OJWHAKOBBIX KOHACHCATOpPA COCIMHEHBI MOCIIe-
J0BAaTeIbHO M TOAKIIOYEHBI K HCTOYHUKY Toka ¢ HampspkeHuemM U. Bo
CKOJIBKO Pa3 U KaKk U3MEHSTCS DJIEKTPOEMKOCTh CUCTEMbBI U CyMMapHasi dHep-
THSl DJIEKTPUYECKOTO TOJIsI KOHJECHCATOPOB, €CIIM OAWH U3 HUX 3alOJHUTD -
AIIEKTPUKOM C TUIIEKTPUIECKOM MMPOHUIIAEMOCTBIO € = 2.

229. TInockoMy KOHIEHCATOPY C TUAJICKTPUKOM (¢ = 2), MMEIOIIEMy

émkocth Cp, coobmeH 3apsan Qo . [Ipu 3TOM SHEpTHs IEKTPUUECKOTO OIS
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BHYTpH KoHzAeHcaTopa paBHa W,. Uemy Oyzaer paBHa €MKOCTh CHCTEMBI U
CyMMapHasi JHeprusi MoJisl, €ClIM K 3TOMY KOHAEHCATOpy MapauiesIbHO MO/ICO-
€IMHUTH TOYHO TaKOH K€, HO 0€3 TUAJICKTPUKa?

230. Tpu ogMHAKOBBIX BO3IYIIHBIX KOHIEHCATOpPA COCAMHEHHI B Oara-
pero MOCJeN0BAaTEeNbHO M TMOJKIIOUEHbl K MCTOYHHMKY C HampsbkeHueMm U.
CymMapHblit 3apsin 6atapeu — Q , cymmapnast sHeprust — W. Kak u Bo cKoJib-
KO pa3 OyAyT OTIMYATHCA 3apsj] M dHEpTus OaTapen Takux K€ KOHACHCATO-
POB IPU X MapaJljIeIbHOM COCTWHEHUH, €ClI OJAWH M3 KOHIEHCATOPOB 3a-
MOJIHUTH AUDJIEKTPUKOM C JTUDJIEKTPUUYECKON MPOHUIIAEMOCTBIO & = 2 U TOJI-
KITIOUUTH OaTapero K TOMY e UCTOYHUKY?

231. B 1ienb MOCTOSIHHOTO TOKa BKJIFOUCHBI TIOCIIEOBATEIIBHO METHAS
M CTajbHas IIPOBOJIOKM PAaBHOW JUIMHBI M AuaMerpa. Haltm oTHOIIEHHE
HaANPsHDKEHU Ha 3TUX IpoBojokax. OnmpenenuTs, Kakas 4acTh U3 00IIETro KO-
JUYECTBA TEIUIOTHI, BBIJACISIIONIETOCS B IEIMH, BBIICIACTCS HAa KaXKIOM W3
ATUX MPOBOJIOK.

232. MennHas W cTanbHas TMPOBOJIOKM PaBHOW JUIMHBI M JHAMETPa,
COCIMHEHHBIC TIApPAIIIEIbHO, BKJIIOYEHBI B IIETh IMOCTOSHHOTO Toka. Haiitu
OTHOIIEHUE CUJI TOKOB B ATUX MpoBojokax. OmpenenuTs, Kakas 4acTb W3
O0IIero KOJMYeCTBA TEIJIOTHI, BBIIEISIONIETOCS B IIEMH, BBIICISICTCS Ha
KaXJ 01 U3 3TUX TTPOBOJIOK.

233. Haiit BHyTpEeHHEE COMPOTHUBIICHUE TeHEepaTopa, €CJIM HU3BECTHO,
YTO MOIIHOCTH, BBIJCISIONIASACS BO BHEIIHCW IIEMH, OJMHAKOBA TPHU JABYX
3HAYEHUSX BHEIIHero conpoTtusiieHnus R1 =5 Om u Ry = 0,2 Om. Haiitu KI1/]
reHeparopa B KaXKJIO0M U3 ITHX CITy4acs.

234. Tlpu cune Toka |1 = 3 A BO BHEIIHEH 1ENH BBIICTISETCS MOIIHOCTh
P1= 18 B, a npu cune toka l; = 1 A — momuocts P2 = 10 Bt. Onpenenuts
OJIC 1 BHyTpEHHEE CONPOTUBIICHUE NCTOUYHUKA TOKA.

235. Dnement ¢ DJIC B 2 B u BHYTpEeHHUM COMNPOTUBICHUEM
r = 0,5 OM 3aMKHYT Ha BHEIIIHEE COMPOTUBIICHUE, KOTOPOE U3MEHSIOT OT HY-

as 10 4 Om ¢ marom 0,5 Owm. Tloctpouts rpaduku 3aBUCUMOCTH OT COIPO-
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TUBJICHUS: 1) CHJIBI TOKA B LIENH; 2) PA3HOCTH MOTEHIIMAJIOB BO BHEIIHEH I1e-
ny; 3) MOJHOM MOUTHOCTH B 1eMNu; 4) MOJIE3HOM MOITHOCTHU, BBIIEISIEMON BO
BHemHeM yyactke nenu. Onpenenuts KII/I ncrounnka B TOT MOMEHT, KOTJa
I0JIE3HAS! MOIIHOCTh JOCTUTAaeT MAaKCUMAJIBHOT'O 3HAUYEHHS.

236. DJIC 6arapen ¢ = 12 B. Ilpu cune toxa | = 4 A KIIJl 6atapeun
n = 0,6. Onpenenutb BHyTpEHHEE COMPOTUBIICHUE OaTapeu.

237. O/1C 6artapeu ¢ = 80 B, BHyTpeHHee conpoTuBieHue I = 5 Owm.
Buemnss uens notpednser MmouHocth P = 100 Bt. Onpenenuts cuily To-
ka | B nenu, HanpsbkeHue U, o KOTOPBIM HaXOJWUTCSI BHELIHSAA LI€Nb, U
ee conpoTtuBieHue R.

238. Ilpu BHemHeMm compoTuBieHHH R; = 8 Om cuia Toka B Lenu
1= 0,8 A, npu conpotusiennu Ry = 15 Om cuna toka |, = 0,5 A. Onpe-
JENMUTh CUITY TOKa |y 5. KopoTKoTO 3aMbikanus U DJ[C ucrounuka.

239. DJIC 6arapeu ¢ = 24 B. Hambonpmas cuia TOKa, KOTOPYIO
MOXeT AaTh Oarapes, Im.x = 10 A. HaliTu, npu xKakoM CONpPOTUBIECHUU
BHEIIHEW LIEMH MOIIHOCTb, BBIACISIOMA’ICS BO BHEIIHEH LIEMH, OKAXKETCS
MaKCHMabHON. ONpeleuTh 3Ty MAKCUMAIbHYIO MOIITHOCTD (Pmax).

240. IBe »nekTpuuecKue JIaMIOYKHu ¢ conpoTuBieHusMu R; = 360 Om
u Ry = 240 OM coenuHSIOT OJWH pa3 MOCIeA0BaTeIbHO, APYTrol pa3 — ma-
pajIeIbHO M BKIIIOYAIOT B Lienb ¢ HanpskeHueM U. CpaBHUTH 001IMe MOII-
HOCTH, MOTPEOIIsieMble JaMIIOYKaMH B 3THUX ClIydasiX, a TaKKe ONpPeNesIUTh
Kakasi U3 JaMIouek nmoTpebisieT OOJbIyI0 MOIIHOCTh (MU BO CKOJIBKO pa3) B

KaxXKJ10M U3 paCCMOTPCHHBIX BAPHUAHTOB UX COCAMHCHU .

Mazcnummnoe none

301. B Tpéx BepuiMHax KBajpara cO CTOPOHOH a

lhor———————
T_ TI3 HEPICHANKY/ISIPHO €ro MJIOCKOCTU PACIOJIOKCHBI JITHH-
i i HbBIC MPSIMbIEC TIPOBOIHUKH, TI0 KOTOPBIM TEKYT TOKH |y, Iz,
) i_ _______ lA I5 omHoro Hanpasnenus, |, =20 A, 1 = I3 (cm. puc. 5.6).
Puc. 5.6 [1pu 3TOM MHAYKIIMS MATHUTHOTO TOJISI B TOYKE A, COBIa-
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Jaroiel ¢ 4eTBepTOi BepIMHON KBaapara, B = 11,3-10° Tn. Ecim u3sMeHuTH
HanpaBlieHue ToKa l; Ha MPOTUBOMOJIOKHOE, UHIYKIUS TOJIA B TOUKE A U3Me-
HUTCS B 2 paza. OnpeaenuTs IJIMHY CTOPOHBI KBapara U CHITy TOKOB |1 1 |3.

302. B tpéx BepimHax KBajapara co ctopoHoit a= 0,3 M NepIieHIuKy-
JISIPHO €ro TUIOCKOCTU PACTIONOKEHbI ITTMHHBIE TIPSIMbIE TPOBOIHUKH, TIO KO-
TOPBIM TEKYT TOKH |1, |2, I3 Toku |1 u |3 uMeroT oguHaKkoBOE HampaBieHUE U
I+ = I3 = 5 A. Onpenenuth cuiay Toka |, 1 MHAYKIIMIO MarHUTHOTO TIOJIS B
TOYKE A, COBHNAJAIONIEH C YETBEPTOW BEPIIMHOM KBaapaTa, €CId U3BECTHO,
YTO TIPU M3MCHCHUH HaIlpaBJCHUS TOKa |, Ha TPOTHUBOMOJIOKHOE, WHIYKITUS
noJisi B Touke A u3meHsiercs B 3 pasa.

303. ITo Tpem MIMHHBIM MapauUICIbHBIM TPOBOJAM, HAXOIAIIMMCS Ha
oauHakoBbIX paccrosHusax d = 0,5 M apyr ot apyra tekyt Toku |1 = Iz, coB-
najarolIne 1Mo HampasieHuto, u Tok I3 = 200 A mpoTUBOIOIOKHOTO HaIpaB-
nenus. UHIyKIWS MarHUTHOTO TIOJIS, CO3/1aBaeMoro Tokamu |1 u |, B ToM Me-
cTe, IJIe PACIOJIOkKeH TPETH MPOBOAHUK, paBHa B = 1,73-10* Tn. Onpene-
JINTh HAIMpPaBJICHUE U YUCJIOBOE 3HAYCHUE CHWJIbI, JECHCTBYIOIIECH HA KAXKIbIN
METp JUTUHBI TPETHETO MPOBOJIHUKA, U CUITY TOKA |7 .

304. B Tpéx BepmmHax KBaapara, JJIMHA CTOPOHBI KOTOporo a = 0,2 Mm,
NEPHEHAUKYJISIPHO €ro TIIOCKOCTU PACTIONOKEHBI JTIMHHBIC TIPSIMbIE TTPOBO/I-
HUKH, TI0 KOTOPBIM TEeKYT TOKH |1, lo, I3, mpuuém |11 = 13 = 10 A, I, = 20 A.
Hamnpasnenust TokoB |1 u |, coBnangarot, a Tok |3 Te4€T B MPOTUBOMOIOKHOM
HarpaBiaeHuu. OnpenenuTh MHAYKIIMI0 MAarHUTHOTO TIOJISI B TOYKE A, COBIa-
JAOLIEH ¢ YeTBEPTOM BEPIIMHOM KBajapara. Bo CKOJBKO pa3 U3MEHUTCS HH-
TYKIUs TIOJIE B ATOW TOYKE, €CITM M3MEHUTh HampaBieHue Toka |, Ha mpoTu-
BOITOJIOKHOE?

305. /IBa OECKOHEUHO IJIMHHBIX MPSMBIX MPOBOJHUKA CKPEIIEHBI MOJ
npsMbIM yriioM. [lo Hum texyT Toku cusoit |1 = 100 A u I, = 50 A. Paccrosinue
mexay npoBogaukaMu d = 20 cMm. OnpenenuTh HHIYKIMIO MAarHUTHOTO TIOJIS B

TOUKE, JISKAITCH Ha CepelHE OOIIEro MEePIeHINKYIApa K IPOBOTHUKAM.

207



306. Kommac mnomeniéH BHYTpb MPOBOJIOYHOTO BHUTKA PaIdyCcOM
R = 25 cM, KOTOpBIi pacnosio’keH B BEPTUKAIBHOM MIIOCKOCTH TaK, YTO LIEHTP
BUTKA COBIIAJ]AeT C OChI0 MAarHUTHOW CTPEJIKM KOMIIaca, a caMa CTpejKa pac-
MOJIO’KEHA BAOJb TOPU3OHTAILHOTO JuamMeTpa BUTKa. Ha kakoii yron oTkio-
HUTCS MarHUTHAasi CTPEJIKa KOMIIaca, €CIH MO BUTKY MPOIMYCTUTh TOK CHIIOH
| = 15 A? I'opu30HTaJIbHYIO COCTABIISIONIYI0 MHAYKIIUM MAarHUTHOTO TOJIS
3emuu npuHATh paBHor 20 MK To.

307. JInuHHBIA TIpSIMOW NPOBOJIHUK U
KPYTOBOM BHUTOK PACIOJIOXKEHBI B TEPIICHIU-
KYJSIPHBIX TUTOCKOCTSX (cM. puc. 5.7). Ilo

I ATUM NPOBOJHUKAM TEKYT TOkH |1 = I, = 6 A.

Pamnyc BuTka paBeH 3 cMm, a pacCTOSIHUE OT
Puc. 5.7 IPsIMOTO MPOBOJA JIO LIEHTpa BUTKA PaBHO 6

cM. Kak 1 BO CKOJIBKO pa3 U3MEHUTCS WHYK-
IIMsST MATHATHOTO TIOJSI B IIEHTPE BHUTKA, €CJIM €r0 MOBEPHYTh Ha 90° BOKpyT
TOPU30HTAJILHOTO auameTpa. HampasieHus TOKOB B MMPOBOJIHUKAX M HAIpaB-
JICHUE TTIOBOPOTA BUTKA BHIOPATH MPOU3BOJILHO.

308. beckoHEUHO JUIMHHBIN MPOBOJ 00pa3yeT KPYyroBYIO IMETIIIO0, Kaca-
TeNnbHYI0 K TpoBoay. 1o mpoBoay Ted€T Tok cumoit 5 A. Halitu paanyc nert-
JIY, €CIIA W3BECTHO, YTO MHIYKIIMS MAarHUTHOTO TIOJIS B IIEHTPE BUTKA paBHA
51,5 mxTo.

309. Ilo AMMHHOMY BEPTHKAJIbHOMY MPOBOAHUKY CBEPXY BHHU3 MIET
Tok | = 8 A. Ha kakoM pacCTOSSHMM OT HETO WHAYKITUS TTOJIS, TIOJyJaroIiasics
OT CJIOKEHHUSI MAarHUTHOTO TIOJIST 3€MJTH U TIOJIsl TOKA, HAIlpaBjieHa BEPTUKAIIb-
HO BBepX? ['OpM3OHTAIBLHYIO COCTABIISIFONIYI0 MHAYKIIUM MArHUTHOTO ITOJIS
3emun ipuHATH paBHOM 20 Mx T

310. Toxk |3 = 3,77 A Teu€T o AIMHHOMY MPSIMOMY TPOBOTY, PACIIOJIO-
KEHHOMY BEPTHKAIILHO, TOK |2 = 2 A — 10 KpyroBOMY BHUTKY PagnycoM 3 cM

(puc. 5.8). Kak 1 BO CKOJNBKO pa3 M3MEHHUTCS MHIYKIUS MAarHATHOTO TOJISI B
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LIEHTPE BUTKA, €CIH €ro MoBepHYyTh Ha 90° BOKpyT
rOpU30HTAIBHOTO AuameTpa. PaccrosiHue oT mpoBoja

A0 OCHTpa BUTKA — 6 cMm. HaHpaBHCHI/IH TOKOB B IIpO-

BOJHHMKAX M HaIpaBIICHUE MMOBOPOTA BUTKA BHIOPATH I,
IIPOU3BOJILHO. Puc. 5.8

311. Butok nuamerpom d = 0,2 M, B KOTOPOM MOAECPKHUBACTCS MTOCTO-
saHHas cuia Toka | = 10 A, cBOOOJHO yCTaHOBUJICS B OJJHOPOJIHOM MAarHUT-
HOM T10Jie ¢ uHayKuuen B. [lpu moBopoTe BUTKA OTHOCUTENIBHO OCH, COBIA-
naromei ¢ nuametrpom, Ha yroa a = 60° cosepmraercs padora A = 0,8 m/Ix.
OnpenenuTbs HHIYKIIAIO MATHUTHOTO TTOJIS.

312. KBagparHasi pamka co CTOpOHOUM a = 4 cM mojBellieHa Ha MPOBO-
JIOKE TaK, YTO JJUHUW WHIAYKITUU OJTHOPOTHOTO MAarHUTHOTO TIOJISI COCTABJISIIOT
yron 90° ¢ HOpMaJIbIO K IIJIOCKOCTH paMKH. MarHuTHas WMHIYKUIHS TOJIS
B =0,8 MTx. Ilo pamke nmpomyckarT TOK, IPU ITOM pamMKa OBOpaYMBACTCA
Ha yron ¢ = 60° u coBepmaerca padbora 4 = 5 mk/[x. Onpenenuts cuiry
TOKa |, TeKyIero mno pamke.

313. B ogHOpOIHOM MarHMUTHOM ToJie ¢ uHayknuen B = 0,5 Tn Haxo-
JUTCS TUIOCKHMH KOHTYp Tuiomansio S = 180 cm?. TInockocTs KOHTYpa paciio-
JIO’KEHA TIOJT YTJIOM ¢ K JIMHUSIM UHAYKIMU. [logaepkuBasi B KOHTYpE MOCTO-
sHAYI0 crty Toka | = 60 A, ero mepeHocAT B 00JaCTh TPOCTPAHCTBA, TAC TI0-
Jie OTCYTCTBYET, IIpH 3TOM coBepiaercs padora 4 = 0,27 Jx. Onpeneautsb
yTOIl a.

314. KBagparHas mpoBOJIOYHAs paMKa pacrojoKeHa B OJJHOM IMIIOCKO-
CTH C JJTMHHBIM TMPSMBIM TIPOBOJIOM TaK, YTO JIBE €€ CTOPOHBI MapajlIebHbI
npoBoay. [lo pamke u nmpoBoay TeKyT oguHakoBbie Toku cuioi | = 200 A.
Onpenenuts Cuy, JEHCTBYIONIYIO Ha PaMKy, €CIU OJKaiiias K mpOBOIY
CTOpOHA paMKHU HaXOJUTCSl OT HETO HAa PACCTOSIHUU, PABHOM €€ JJTHHE.

315. IIpsmoit npoBoa qiuHONM 40 ¢M, MO KOTOPOMY TE€UET TOK CHJIOU

100 A, aBmxeTcs B OAHOPOAHOM MAarHUTHOM mosie ¢ uaaykuuen B = 0,5 To.
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Kaxyto paboty A coBepmIarOT CHJIbI, JEHCTBYIONTUE HA MPOBOJI CO CTOPOHBI
moJts, TiepeMernas ero Ha paccrossuue S = 40 cM, ecii HampaBlIeHUE Tepe-
MEIIEHUS TEPIEHAUKYIISIPHO JIMHUSIM UHIYKIIMHA U IPOBOTY?

316. B ogHOpOIHOM MarHMTHOM MoJie ¢ uHAykiue B = 0,2 Tn Haxo-
JIUTCS MPSAMOM MPOBOAHHUK juuHOM O = 15 cM, MO KOTOpOMY TEYET TOK
| = 5 A. Ha npoBoguuk pgeiictByer cuna F = 0,13 H. Onpexnenure yron a
MEK]ly HallpaBJICHUSIMU TOKA U BEKTOPOM MAarHUTHOW MHTYKIIUH.

317. B ogHOpOHOM MarHMTHOM MoJie ¢ MHAyKnued B = 2 Tin Haxo-
TUTCA TpsiMOM TTpoBOAHUK. OnpeaenuTs cuiny F, 1eHCTBYIONIYIO Ha €AUHUILY
JUIMHBI IPOBOJIHUKA, €CIIM MO HEMY TEYET TOK cwior 100 A, a yrom Mexay
HaIlPaBJICHHUEM TOKA U BEKTOPOM MarHMTHON MHAYKIHUU paBeH 60°.

318. Inockuii KOHTYp, MIoIaAb KOToporo pasHa 300 cM? , HaXOAUTCS
B OJTHOPOJIHOM MarHuTHOM moJje ¢ uaaykuue B = 0,01 Tiu. ILtockocTs KOH-
Typa NEPHNEHIUKYJSpPHA JIMHUSAM HMHAYKIUMU. B KOHType mnopaep:kuBaercs
HeusMeHHbIH TOK | = 10 A. Onpegenuts pabOTy BHEUTHUX CHJI TIO MepeMe-
MICHUIO KOHTYpa B 00JacTh MPOCTPAHCTBA, MATHUTHOE TOJIE B KOTOPOW OT-
CyTCTBYET.

319. Ilo mpoBomy, COrHyTOMy B BHJE KBajpaTa CO CTOPOHOMN
a = 10 cm, Teu€t Tok cumoit | =20 A. [IimockocTs KBajpara COCTABIISET Yrol
o = 20° ¢ TUHUSAMHA MarHUTHON WHIYKITUU OJHOPOJIHOTO TOJISI, HHIYKIIHAS KO-
toporo B = 0,1 Tn. Beraucinuth paboTy, KOTOPYHO HEOOXOJIUMO COBEPIIHUTB,
yTOOBI YJAIUTh MPOBOJI 3a MPEJIeibl MOJIs, €CJIM CHUJIa TOKa B HEM MOJIEPKU-
BAETCS TTOCTOSTHHOM.

320. Butok gumamerpom d = 20 c¢M, B KOTOPOM MOIAEPKHBACTCS II0-
crosiHHas cuia Toka | = 10 A, cBOOOAHO YCTaHOBUMJICS B OJTHOPOJHOM Mar-
HUTHOM mojie ¢ uHaykiuen B = 5 MTn. CpaBHUTh pabOThI, COBEpPIIIAEMbIC
BHEIIHUMU CUJIAMU TPU MMOBOPOTE BUTKA OTHOCUTEIHLHO OCH, COBIAJAIOIICH

C AMaMeTpoOM BUTKA, Ha yroia a1 = 90°u Ha yrona ax = 180°.
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321. DnekTpoH BieTaeT B 00JaCTh OJHOPOJHOTO MAarHUTHOTO TOJSA CO
ckopocTeio v = 10° M/c IepreHMKYIAPHO TMHUAM MATHUTHOM MHAYKIMK. VH-
JKIUsE MATHUTHOTO 110J1s1 B = 2 - 107 Ti1. Kakoii myTh OH IPOHAET K TOMY MO-
MEHTY BPEMEHH, KOTJ]a BEKTOP €ro CKOPOCTH MOBEPHETCS HA yrou o = 2°7

322. DAeKTpOH IBMXKETCS IO OKPY>KHOCTU paauycoM R =1 cm B ogHO-
pOAHOM MarHUTHOM mnoJie ¢ uaaykuuen B = 0,1 Tn. [TapannenbHo MarHut-
HOMY IOJII0 BO30YKJIEHO AJIEKTpUUYECKOe MoJie HanpsbKEHHOCTRIO E = 1 B/cewm.
Brrancnnte mpomMexyToK BpemeHH At, B T€UEHHE KOTOPOrO IOJKHO JAEH-
CTBOBaTh JJIEKTPUYECKOE IOJIe, UIS TOTO, YTOOBl KHUHETHUYECKas SHEpTHUs
AJIEKTPOHA BO3pOCIa BABOE.

323. TleprieHAUKYIIPHO MarHUTHOMY Moo ¢ mHAyKIueir B = 0,1 Tn
BO30YXKJIEHO 3JIeKTpuyeckoe mojie Hanpsbk€éHHocThio £ = 1000 B/cm. Ilep-
NEHAUKYISIPHO 0OOUM TIOJISIM JIBUKETCSI, HE OTKJIOHSSACH OT MPSMOJIMHEHHON
TPACKTOPUHU, 3apSKEHHASI YaCTUIIA. BBIYUCIUTD CKOPOCTh YacTuilbl v. Ompe-
JENIUTH BpeMs, 3a KOTOPOE YacCTHUIla COBEPIIUT MOTHBIA 000POT, ABUTASICH IO
OKPY>KHOCTH B MarHUTHOM TI0JI€, €CJTU AJIEKTPUUECKOE I0JI€ BBIKIIOYUTE. Ya-
CTHIIa — IPOTOH.

324.  IlepneHOUKYISIpHO  OAHOPOJHOMY  MArHUTHOMY  TIOJIO
(B = 1 MTn) BO30YXI€HO OAHOPOAHOE 3JeKTpuueckoe moie (£ = 1 kB/m).
[lepneHaUKyISpHO IOJISIM BJIETAET ¢ — YaCTHIA cO cKopocThio v = 10° m/c.
Onpenenuts YyCKOPEHHE ¢ — YACTHIIBI B MOMEHT €€ BXOXKIeHHs B moJie. Mac-
ca HOKOS o — 4acTHIBI My, = 6,64-107%7 kr, 3apsan q = 3,2-1071° K. Bekrops!
v, E u B 06pazyror npaByro Tpoiiky.

325. IlpoToH BjeTeN B OJHOPOAHOE MAarHUTHOE TIOJIE TOJ YTJIOM
o = 60° x HampaBJIEHUIO JIMHUN TOJIS U IBHXKETCS TI0 CIIUPAIU, PAINyC KOTO-
poit R = 2.5 cMm. Uunykius marautHoro nonst B = 0,05 Tn. Halitu kuneruue-
CKYIO DHEpPI'HIO POTOHA.

326. MarauTHoe moJie, UHAyKIus kotoporo B = 0,5 MmTn, HanmpaBieHo

NEPHEHAUKYIAPHO K DIJIEKTPUUECKOMY TIOJII0, HAIPSKEHHOCTH KOTOPOTO
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E =1 xB/m. Ily4ok 371€KTpOHOB JBUKETCS B 3JIEKTPOMArHUTHOE I0JIE, TpU-
4EM CKOpPOCTh U 3JIEKTPOHOB MEPHEHAMKYJISIPHA TIOCKOCTH, B KOTOPOU Jie-
*aT BekTophl E u B. HaiiTu ckopoCTh 37€KTPOHOB v, €CIU MPU OJTHOBPEMEH-
HOM JIEWCTBHM OOOMX TOJIEH My4YOK SJIEKTPOHOB HE HCIBITHIBAET OTKIJIOHE-
Hus. Kakoit Oyaer paauyc R TpaekTopuu JBUXKEHHS 3JIEKTPOHOB MPU YCIIO-
BUU BKJIFOYEHUS OJTHOTO MarHUTHOTO MOJIs?

327. 3apsbxkeHHas yacTHUIla MPOoIjia YCKOPSIOUIYI0 Pa3HOCTh MOTEHIIH-
anoB U = 10* B u BueTena B CKPEIEHHBIE O] IPAMBIM YIJIOM DIEKTPHYE-
ckoe (£ = 100 B/cm) u marautnoe (B = 0,1 Tn) nons. Halitu oTHOIIEHHE 3a-
psiZia YacTHIIBI K €€ Macce, eCIIH JABUTASICh MEPICHIUKYIIPHO 000UM MOJISIM,
YacTULIAa HE OTKJIOHSIETCS OT MPSAMOJIMHEHHONW TPAEKTOPHH.

328. B ogHOpOAHOE MAarHUTHOE TOJI€ MEPHEHAUKYISAPHO JUHUSM HH-
AYKIIAW BIIETAIOT MPOTOH M a-yacTulia. CpaBHUTH PaIUyChl OKPYKHOCTEH, IO
KOTOPBIM JIBUXKYTCS 3TH YaCTHIIbI, U TIEPUO/IbI UX OOpAIlEHHsI B ABYX CIyYasiX:

1) 4acTUIBbl UMEIOT OIMHAKOBYIO KUHETUYECKYIO SHEPTHUIO;

2) 4aCTHULIbl UMEIOT OJIMHAKOBBIE UMITYJIbCHI.

329. DAEKTPOH NBMXKETCSA B OJHOPOJHOM MArHUTHOM II0JIE€ ¢ MHIYK-
uueii B = 107* Tn no BuHTOBOM NuHUKM. YeMy paBHA CKOPOCTb U DIIEKTPOHA,
ecny mar BUHTOBOM uHuK h = 20 cMm, a paguyc R =5 cm?

330. IIpoTon BreTaer co ckopocThio v = 10° M/c B 061acTh MPOCTpPaH-
CTBa, 3aHATYI0 3nekTpuyeckuM (£ = 210 B/m) u marautem (B = 3,3 mTi)
MOJIIMH, COBNAJAIOIIMMU 1O HampasiieHuio. ONpeaenuTs g HadyajabHOTO
MOMEHTa JBW)XCHUS B TOJIE YCKOPEHUE MPOTOHA, €CITM HAmpaBlIeHUE CKOPO-
CTH L TMIEPIEHANKYIISIPHO HAPABICHUIO TIOJICH.

331. Camonér netut co ckopocThio v = 950 km/gac. Haittm 3/1C un-
TYKIIMH, BOSHUKAIONIYI0 HA KOHI[AX KPBUILEB CaMOJIETa, €CIIM BEPTHKAIbHAS
COCTABJIAIONAs MHAYKIUM MarHUTHOTrO mojs 3emum pasHa 0,5-10% T, a

pa3max KpblUIbeB caMoiéra — 12,5 m.
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332. B MmarauTHOM T10J1€, UHAYKITUS KOTOporo paBHa 50 Mk T Bpamia-
€TCsl CTEP’KEeHb IJTMHOM 1 M ¢ MOCTOSTHHOM yIII0BOM CKOpocThio @ = 20 paj/c.
Ocsb BpaleHus TPOXOIUT Yepe3 KOHEI] CTEPIKHS U MapajuieibHa JIMHUSM WH-
nykuuu. Haittu 3J1C uHIyKIIMKY, BO3HUKAIOIIYIO HA KOHIIAX CTEPIKHSI.

333. Ha conenoun mnunoi | = 144 cm u quamerpom D = 5 cm Hazer
poBOJIOYHBIN BUTOK. OOMoOTKa cosieHonaa uMeeT N = 200 BUTKOB, U 11O HEH
teu€t | = 2 A. Kakas cpenusas IJ1C unaynupyeTcss B HaJIeTOM Ha COJICHOU/T
BHUTKE, KOTJIa TOK B COJICHOHUJIC BRIKJTFOYACTCS B TeUCHHE BpeMernu { = 2 ¢?

334. B o1HOpOAHOM MarHUTHOM moJjie ¢ uHAyKiuer B = 0,35 Tn pas-
HOMEpPHO ¢ uacToTod N = 480 mun ! Bpamaercs pamka, copepiKamias
N = 5000 BuTkoB momansio S = 50 cm? . Ock BpalIeHus JIEKUT B INIOCKOCTH
pPaMKH | TIEPIICHIUKYISIPHA TUHAAM HHIYKIHA. ONpeaeIuTh MaKCUMaIbHY IO
OJC unnykuuu Ej max, BOHUKAIONTYIO B paMke. M300pa3uth rpaduku 3aBu-
CUMOCTH OT BPEMEHHU MOTOKAa MarHUTHOM MHIYKIHMU Yepe3 IUIOaab, orpa-
HUYECHHYIO pPAMKOM, U BO3HUKaromeH B pamke DJ[C nuHayKInM.

335. [IpoBOIOYHBIM BUTOK ILIOIAAEI0 S = 1 M? pacronokKeH IepIeH-
JTUKYJSIPHO MAarHUTHOMY TIOJIIO, MHIYKIIAS KOTOPOTO U3MEHSETCS M0 3aKOHY
B =0,5(1+ ¢') Tin. Onpenenuts 3nauenne DJC MHIYKIUK B BUTKE Yepes 2 C
MOCJIC BKJIFOYCHUSI MAarHUTHOTO TTOJISI.

336. [IpoBonoYHBIN BUTOK paanycoM I = 4 cM, UMEIOIIUN COMPOTUB-
nenue R = 0,01 OM, HaxXoAUTCSI B OJHOPOJAHOM MAarHUTHOM IOJI€ C MHYK-
nueit B = 0,04 Tn. [Inockocts BuTKa coctaisieT yroia a = 30° ¢ IUHHSIMH
UHAYKIUU 1oJis. Kakoe KOJIM4ecTBO AJIEKTpHUYecTBa (| MPOTEYET MO BUTKY,
€CJIM MarHUTHOE T0JIe UCUE3HET?

337. IIpoBonounas paMka, umeromas mwiomans S = 40 cm? u compo-
tuBjienne R = 2 OM, HaXOAUTCS B OJHOPOJHOM MAarHUTHOM IT0JIC, TUHUW WH-
JTYKIUA KOTOPOTO COCTaBJISIFOT Yroyl oo = 45° ¢ HOpMaJIbiO K IVIOCKOCTH paM-
ku. THIYKIMS MarHUTHOTO TIOJIE M3MEHSIETCS] ¢ TEUCHHEM BPEMEHHU TI0 3aKO-
ny: B = (2t?+3)10 Ton. Onpenenuts DJC UHAYKIUK U CUITy TOKA, BO3HHKA-

IOIIIETO B paMKe B MOMeHT Bpemenu t1= 10 c.
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338. Mexay noJirocamu 3J€KTPOMarHuTa MoMeIleHa KaTylika, Coe/ln-
HEHHasi ¢ OAJTUCTUYECKUM TalibBaHOMETpoM. OCh KaTylIKd NapajijieibHa
muHusM uHaykuuu. Karymka conporuBienueM R; = 4 Om umeer N = 15
BUTKOB momansio S = 2 cm? Comporusienue R, rampBaHoMeTpa paBHO
46 Om. Korga Toxk B 0OMOTKE 3JI€KTPOMArHUTa BBIKIIIOUWIIH, IO LIEMH Tajlb-
BaHOMETpa MPOTEKIO KoaudyecTBo AekTpuuectBa = 90 MxKi. Beruncnuth
MarHMTHYIO UHAYKIHIO B mosis sanekTpomaruura.

339. Pamka u3 mpoBojga comnpotuBieHneM R = 0,01 Om paBHOMEpHO
BpalaeTcs B OAHOPOJAHOM MarHUTHOM noiie ¢ uaaykuuei B = 0,05 Tu. Ocp
BpAIlICHUs JISKUT B MJIOCKOCTH PAMKHU M TMEPIEHANKYISIPHA JTUHUSM UHIYK-
uuy. [nomans S pamku pasaa 100 cm?. Haifti, kKakoe KOIMYECTBO HIEKTPH-
yecTBa (] MPOTEUET Yepe3 paMKy 3a Bpems moBoporta €€ Ha yroa a = 30° B
CJIEYIOIIUX CITydasix:

1) ot ap =0° 10 a1 = 30°;

2) ot 0 =60° 1o az = 90°.

N300pa3uth mpuMepHbId TpaduK M3MEHEHHs] MAarHUTHOTO TIOTOKa C
TEUEHHEM BPEMEHM U MOSACHUTH C MOMOIIBIO 3TOro rpaduka, moyemy B pac-
CMOTPEHHBIX CITydasx MOJYyYUINCh HE OJMHAKOBBIE OTBETHI, XOTS U3MEHEHHUE
yria o B 000uX ciay4asx OJMHAKOBO.

340. IIpoBonounas paMka, umeromas mwiomans S = 40 cM? u compo-

tuBiieHre R = 0,5 Om, HaXOIUTCSI B OJHOPOJHOM MAarHUTHOM TI0JIE, IMHUU

T
HHIAYKOHUHU KOTOPOI'o COCTaBIIAIOT YI'OJl o = 3 C HOPpMAJbBIO K IINIOCKOCTH

paMku. MHIyKIMsT MarHUTHOTO TIOJISI M3MEHSIETCS ¢ T€YEHHWEeM BPEMEHU TI0
3akony B = 0,5t Ti. B moment Bpemenu t; DJIC MHIYKIHMHE B PaMKE paBHa

18,8 MB. Onpenenuts 11 1 cuiTy TOKa B paMKe B 3TOT MOMEHT BPEMEHH.

Tepmoounamuxa
401. bannon o6sémMom V = 20 11 3aMoIHEH a30TOM MPU TEMIIEPaType
T =400 K. Korma gacTp ra3za u3pacxojoBajH, JaBJICHUE B OaJUIOHE TTOHU3H-
nock Ha AP = 200 xIla. Onpenenuts Maccy M u3pacxomoBaHHOro rasa. [Ipo-

HECC CUUTATb U30TCPMHUICCKUM.
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402. B mumuaap qummHOM | = 1,6 M, 3aIoTHEHHBIH BO3AYXOM IPU HOP-
MaJLHOM aTMOC(EpPHOM JIaBIICHUHU po, HAYaIU MEIJICHHO BJIBUTATh MOPIIEHb
Iomaapo ocHoBarus S = 200 cm?. Onpenenuts cuiny F, nelcTByrOy0 Ha
MOPIICHbB, €CJIM €r0 OCTAHOBUTH Ha paccTossHud |1 = 10 cM OT JTHA IMITHHIpA.

403. B 6amnone HaxoauTes ra3 npu temneparype 71 = 400 K. o ka-
KON TeMmriepaTypbl 72 HaJ0 HArpeTh ra3, YTOObI €ro JAaBJICHUE YBEIUYUIIOCH
Ha 40 %?

404. Jla cocyna, umeromue o0séM Vi = 3 1 u Vo, = 5 11, cooTBeT-
CTBEHHO, HAIlOJHEHBI BO3AyXOoM mnox pgasieHnemM p; = 0,8 Mlla nu
p2 = 0,6 MITa. Cocynpl coennHEHBI TPYOKOH, 00BEMOM KOTOPOW MOKHO
npeHeOpeyb Mo cpaBHEHHMIO ¢ 00bEMamu cocynoB. HailTu ycraHoBuBIIEeCs
JaBJICHUE B COCYJZIax, €CJIM TeMIIepaTypa BO3JyxXa B HUX ObLIa OJMHAKOBA U
MI0CJI€ YCTAaHOBJICHUS PABHOBECUS HE U3MEHUJIACh.

405. BHyTpH TUIOTHO 3aKyMOPEHHON OYTBHUIKM HAXOJIUTCS TEIUi Mpu
temmneparype 71 = 350 K u naBnenuu p1, paBHoM atmochepHoMy. Jlo kakoit
TEeMIIepaTypbl Harpesics ras, eciiv npu aasienun pp; = 150 klla npoOka BbI-
nerena? C xakoi cujiol ra3 JaBuJl Ha MpoOKy B MoMeHT e€ BruieTa? Ceue-
Hue npodku S = 3,5 cm?,

406. Ilpu marpeBanuu raza Ha AT = 1 K, Haxomsmierocs B 3aKpbITOM
Oaione, ero napiieHue yBenuuuioch Ha 0,5 % ot mepBoHadansHoTO. Kakoi
ObLJIa HauajbHas TeMIepaTypa raza?

407. B Oamwmon émxocteto V = 12 1 momecTunaud a3oT Maccoi
m = 1,6 xr npu Temneparype 71 = 400 K. Kakoe naBienue Oyner co3maBaTh
azotT B 6ayutone nipu temneparype 7> = 150 K, ecnu 45 % raza Oyner BbIy-
meno? KakoBo ObLIO HaYaIbHOE 1aBJIeHUE?

408. B cocyne BMectuMocThio V = 40 1 HaxoguTCsd KUCIOPOJI MpHU
temneparype T = 300 K u naBnenuu p; = 0,3 MIla. Korga Osl10 u3pac-
xomoBaHo M = 50 r rasa, naBjieHHe B Oa/UIOHE TOHU3UIIOCH. OTIPeeTuTh KO-

HEYHOC JaBJICHHUC KHCJIO0POJa. HpOHCCC CUUTAaTb U30TCPMHUUYCCKHM.
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409. B Oamione oo6bemoM V= 15 1 HaxOauTCs aproH MOJ AaBJICHUEM
p1 = 600 xIIa u mpu Temneparype T1 = 300 K. Korna u3 6amiona Obu10 B34TO
HEKOTOpOE KOJIMYECTBO rasa, TeMieparypa B 0amione nonusuinack Ha 40 K, a
nasnenue crtano p; = 400 klla. Onpenenuts Maccy M aproHa, B3siITOTO U3
OayoHa.

410. OmnpenenuTh MOJSPHYIO MacCy rasa, €clid IpH TeMIeparype
T =154 K u naBnenuu p = 2,8 MIla oH uMeeT mI0THOCTh p = 61,2 kr/M3,

411. Yrnekucnslii raz Haxoautcs npu temmneparype 7' = 300 K. Haiitu
CPEIHIOI0 KMHETHUYECKYI0 IHEPIHIO (&p) BPAIIATEIBHOIO JBUKEHHS OJHOU
MOJIEKYJIbI, @ TAK)KE CYMMApHYI0 KUHETHYECKYIO DHEPTUI0 Ey BCEX MOJIEKYII
YTJIEKUCIIOTO ra3a, €CIM KOJUYECTBO ra3a vV = 2,5 MoJlb.

412. OnpenenuTb BHYTPEHHIOIO DHEPTHUIO BOAOPOJA, a TAKXKE CPE-
HIOI0 KMHETHUYECKYIO SHEPTHIO (& ) MOJIEKYJIbl 3TOTO Ta3a Ipu TeMIeparype
T =400 K, ecu xonmmuecTBO BemecTBa V 3Toro raza paBao 0,65 MoJb.

413. OnpenenuTh CyMMapHYIO KHHETHYECKYIO dHepruto E, mocrtyma-
TEIBHOTO JABM)KEHHS BCEX MOJIEKYJ Ta3a, HaXOJsALIErocs B cocyae 00bEMOM
V = 1,2 1 nox nasnenuem p = 750 kl]a.

414. OnpenenuTh CPEeHIO KUHETHYECKYIO SHEPTHIO (& ) OJHOU MO-
JIEKYJIbl BOASHOTO Mapa rpu temmeparype t = 14 °C.

415. KommuectBo BemiecTBa remuss Vo= 1,5 Monb, Temreparypa
T = 320 K. Onpenenuth cyMMapHyl0 KHHETHUECKYIO dHEepruto E, mocrtyma-
TEJIBHOTO ABMXKEHHUS BCEX MOJIEKYJI 3TOTO rasa.

416. MonspHas BHyTpeHHsAS sHeprus Uy HEKOTOpPOro JIBYXaTOMHOIO
ra3a passa 3,01 x/lx/monbs. OnpeneanTs CPEeaHIO KHHETHYECKYIO SHEPTHIO
BpAILATENbHOIO JIBUKEHUS (&p) ONHOM MOJIEKYINBI 3TOro rasa. I'a3 cuurarts
UJICATHHBIM.

417. B a3ore B3BEIICHBI MEJIbUANIINE MBUITMHKHA, KOTOPBIC IBUKYTCS
TaK, KaK €cid Obl OHU ObUIM OYEHb KPYIHBIMH MoOJIeKyJlaMu. Macca Kaxaou

neUMHKA Mo = 4-107° 1. a3 maxoxurcsa npu Temneparype T = 300 K. Ompe-
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JIEJIUTh CPEHUE KBAJAPATUUHBIE CKOPOCTHU U ), & TAKXKE CPEIHUE KUHETUYE-
CKH€ YHEPTHH IMOCTYIATEIBHOTO ABMKCHHUS { &, ) MOJICKYJIbI a30Ta W IMBUTHHKH.

418. OmnpenenuTh CPEIHIOI KBAAPATUIHYIO CKOPOCTh (U 5) MOJIEKYIIBI
raza, 3aKJIOUEHHOTO B COCYJl BMECTUMOCThIO V = 2 71 moja JaBlIEHHEM
p =500 kIla. Maccarazam=0,5T.

419. Tlpu xakoii TemMmnepaType CpeaHss KUHETUUeCKasi SHEPTHSI TTOCTY-
IaTeILHOTO IBMKEHHS (&, ) MONIEKyJIbI rasa pasHa 6,21-1072! JIx?

420. OnpenenuTs CPEIHIO KHHETHICCKYIO YHEPTHIO TTOCTYIATEIbHO-
IO JIBWJKEHUS (&, ) U BPAILATENbHOTO JIBHKEHUS (&p ) MOJIEKYJIBI KUCIOPOAA
npu Temneparype 7 = 1 kK. Onpenenuth Takke MOTHYIO KHHETHYECKYIO
SHEPTHUIO (& ) MOJIEKYJIbI IIPU TEX KE YCIOBUSAX.

421. TpéxaroMHBIH Ta3 B KOJUYECTBE
vV = 1,2 mMoib, Iepexoisi U3 COCTOSIHUS A B COCTO-
suue C o nytu ABC (cm. puc. 5.9), pacuupuics B
BJIBO€ TI0 CPAaBHEHUIO C MEPBOHAYAIBHBIM OOBE-

MoM. Kakoe komnduecTBO TermtoTel Q HE0O0X0 MO A

—v

ra3y JUIs Takoro Iepexojia, eCi B COCTOSSHHH A
oH umen temmnepatypy 71 = 300 K?

422. Bomopon maccoit m = 20 T, 3aHUMAs
006EM Vi = 5 21, umen Temnepatypy 71 = 200 K. V1
Kakoe xomamdectBo TermnoTrel Q HEOOXOAMMO CO- B C
oOIIUTH Ta3y JJIA €ro Mmepexoaa u3 cocTossHust 4 B

cocrosiaue B nytem ACB (cm. puc. 5.10), ecu B Pt

—v

pe3yipTaTe Takoro Iepexoja [aBJIeHHE Trasa
YMEHbBIINUJIOCh HAa Ap = 2,2 MIla? Pue. 5.10

423. JIByXaTOMHBIN ra3z HarpeBajiCid NMpPU NMOCTOSHHOM JaBJIEHUH,
npu4éM emy ObIJI0 COOOUIEHO KOJIMYECTBO TEIUIOThI, paBHOEe 35 kJ[X.
Onpenenuts paboTy A, KOTOPYIO COBEPIIUI IPU TOM ra3, U U3MEHe-

HHE €ro BHYTpeHHeW sHeprun AU.
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424. Xnop maccoit m = 70 T mepexoauT u3
PA cocTosiHust B B coctosinue A B HanpaBieHnu BCA
(cm. puc. 5.11), mpu 5ToM B coctosiaun C ero JiaBJie-
HHUE OKa3aloCh B TPU pa3a MEHbBUIE 110 CPABHEHHUIO C
nepBoHavasibHbIM.  Kakoe kommyectBo Temiotel Q

z HOTp€6OBEUIOCI> rasy ajl Takoro Iiepexoia, €CJiaun IIcp-

—v

Puc. 5.11 BOHAYAJIBHO XJIOp UMel Temmnepatrypy 71 =450 K?
425. T'a3 B konmmuecTtBe V = 0,5 MoJIb, TIOJTY-
VA guB Terio Q = 5,3 kJk, mepemén u3 cocrosHus A
B C B cocrostaue C mo nytu ABC (cm. puc. 5.12). Ka-
KOBa MoJIsApHas TermoéMkocTs Cy raza mpu IIo-

. CTOSIHHOM 00BEME, €clii B pe3yibTaTe TaKoro Ie-
/, A

v,
,

pexoja ero o0bEM BO3pOC B JIBa pasa, a TeMIlepa-

—v

Puc. 5.12 typa T1 B coctossHuu A Obuta paBHa 400 K?

426. CKOITBKO MPOIEHTOB OT KOJMUYECTBA TEIIOTH Q, MOABOIUMOTO K
UcaIbHOMY ra3y Mpu U300apHOM TpoIecce, pacxoayeTcs: Ha paboTy 4 pac-
IMIUPEHUSI, U CKOJILKO MPOIEHTOB — Ha yBenandeHne AU BHyTpeHHeW YHepruu
raza? Paccmorperp nBa ciywas, eciau ra3: 1)  OJHOATOMHBI;
2) TpEXaTOMHBII.

427. JIsyxatoMHbIi Ta3 3aHuMaet 006eM Vi = 100 1 1 HaxXoaAUTCs 1O
nasyienneM P1 = 200 klla. [Ipn HarpeBaHuu ra3 paclupuiICsa NMPUA MOCTOSH-
HOM JaByieHuH 70 oO0béma V2 = 300 11, a 3aTeM €ro JaBji€HUuE BO3POCIIO 0
p3 = 500 xIla mpu HewsmeHHoM oO0BEMe. HailTm w3MeHeHue BHYTpPECHHEH
sHeprun AU raza, coBepm€HHyI0 razom padoty A u remnory Q, nepegaHHyro
razy. [loctpouts rpaduk nporecca.

428. Kakast qonst n KOJIMYECTBA TEIUIOTHI Q, MOJIBOAMMOIO K HACATIb-
HOMY Ta3y MNpu H300apHOM MpoIecce, pacxoayercss Ha ypemuuenue AU
BHYTPEHHEW SHEPIHM ra3a W Kakas ol @, — Ha paboTty A pacmupeHus?

PaccmoTpeTs ABa ciydas, eciiu ra3: 1) 1ByXaTOMHBIN; 2) TpEXaTOMHBIH.
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429. HekoTopoe KOJMYECTBO KHUCIOPOJ P a

a B coctossHuu A (cMm. puc. 5.13) 3aHEMaeT 00BEM A D

Vi = 31 npu temneparype t1 = 27°C u naBieHuu v

p1 = 8,2:10° I1a. Haiitn konuuectBo Temia Q, moiy- C o S

YEHHOE Tra30M H paboTy A pacHIMpeHus ra3a Ipu ero Puc. 5.13 v

IIEPEBOJIE U3 COCTOSIHUS A B COCTOSIHME B myTeM

ACB, ecnu B COCTOSIHUU B KUCIIOpO UMEN CIIeTyTO- o a

e napamerpsl: V3= 4,5 1u p3 = 6-10°I1a. A D
430. Asot, Haxomsach B coctosHuu A (cMm. J

puc. 5.14), 3anumaer 006sém V1 = 3 1 mpu Temmnepa- c B

Type t; = 27 °C u nasnenun p; = 8,2-10° ITa. Ompe- Y

Puc. 5.14

JeNIUTh KOJMMYECTBO Teria Q, MoJydeHHOe ra3oM U

M3MEHEHUE BHYTpeHHeH 3Heprun AU a3oTa mpu ero mepexojie U3 COCTOSHUS
A B coctosinue B myrem ADB, eciau B cOCTOSIHUM B Ta3 uMel clieyronue na-
pametpsr: V3= 4,5 11 p3 = 6:10°I1a.

431. KonuuecTBO TEIUIOTHI, TMEPEIaHHOE XOJOMUIbHUKY Ha 35 %
Oosbiie noje3Hou padotel. Onpenenute KIIJ naeansHoM TemyioBod Mariu-
Hel. BO CKOJBKO pa3 Temmeparypa XOJIOAWIbHHKA HUXKE TEeMIIepaTypbl
Harpesaress?

432. OnpenenuTs paboOTy Az U30TEPMHUYECKOTO CXKATHS Ta3a, COBEp-
mrarorero ki Kapuo, k03hdUIMEHT TMOJE3HOro AEUCTBUS KOTOPOTO
n = 0,36, ecnmu pabora m3oTepmmuueckoro pacmmpenus A1 = 8,8 JIxk. Bo
CKOJIBKO pa3 TeMIIEpaTypa HarpeBaTes BhIIIC TEMITEPATypPhl XOJIOUIHHIKA?

433. Tlonesnas paboTta uaeanbHON TEIUIOBOM MamuHbl Ha 35 % 00Ib-
e KOJIMYECTBA TEIUIOTHI, OTAaHHOTO XoJomawibHuky. Ompenenure KIIJ]
TETUIOBOM MAaIllMHBI M TeMIIepaTypy HarpeBatressi, €Cii TeMmIepaTypa XoJo-
muipHUKa 0 °C.

434. TemnepaTypa HarpeBaTesss B 3 pas3a BbIIIE TEMIEPATYpPhl XOJIO-

JAWJIbHHUKA. Bo ckoibko pa3 KOJIMYCCTBO TCIJIOTHI, IIOJTYYCHHOC OT HarpeBa-
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Tens, Ooinbline, yeM moje3Has padoTta? Ha CKoOIbKO MpPOIIEHTOB M3MEHUTCS
KII/] naeanbHOM TEIUTOBOW MAIIMHBI, €CIIA, HE MEHSSI TEMIIEPATypPy HarpeBa-
TeJs, TOHU3UTh TEMIIEPATYPY XOJIOIUIIbHHUKA B JIBa pa3a’?

435. KomuyecTBO TEMJIOTHI, OTIAHHOE XOJOAMIBHUKY, COCTaBIISET
35 % ot none3Hoi pabotsl. Onpenenure KIIJI naeanbHON TETIOBOM Mallu-
Hbl. Bo CKOJIBKO pa3 TemmepaTypa HarpeBaTessl BBILIE TeMIEpaTypbl XOJO-
IWJILHUKA?

436. I'a3, coepmarouii nuks KapHo, oTnan TermionpuéMHUKY TETLI0-
Tty Q2 = 15 x/Ix. Onpenenuts Temmneparypy 71 TEIUIOOTIATYHMKA, €CIU MIPH
TemiiepaTtype TemionpuéMuunka 7> = 320 K padora uukmna 4 = 8 x/[x.

437. UneanpHbIi Ta3 coBepiraeT 1ukia Kapuo. Temnepatypa 71 Temio-
OT/JaTuMKa B TpU paza (N = 3) Oomblie TeMieparypsl TemionpuémMaunka. Ka-
KYIO JTOJTH0 W KOJIMYECTBA TEILIOTHI, IIOJIYYEHHOTO 3a OJMH LIUKJ OT TEII00T-
JAT4YMKA, Ta3 OTAACT TEIUIONPUEMHUKY ?

438. VneanpHas TeruoBas MamnHa pabortaet mo 1mukiay Kapno. Tem-
neparypa HarpeBatens 71 = 700 K, temneparypa xonmoaunsnauka 7> = 350 K.
Onpenenuts K03(PGUIUEHT MOJIE3HOTO JNEUCTBHS 7) IUKIA, a TakKKe padoTy
A1 pabouero BemiecTBa Mpu M30TEPMUUYECKOM PACIIUPEHHUH, €CIIA XOJI0UIIb-
HUKY ObLIO TIepeaHo KOJIM4YecTBO TeIoThl Qp = 170 k.

439. T'a3, copepmatomuii nuka KapHo, otnan termmonpuéMauxky 76 %
TEIUIOTHI, MOJYYEHHOW OT Terooraardyunka. Omnpenenuts temieparypy 1z
TEIUIONPUEMHHUKA, ECIIU TeEMIIepaTypa Terootaatuuka 71 =480 K.

440. KTIJ] termoBoit mammmuHbl, paboTatomieit o mukiy Kapho, cocras-
nsietT 64 %. Kakyro yacth OT MoJie3HOM pabOThl COCTABIISIET KOJIUYECTBO TETI-
JIOThI, OTAAHHOE pabouyuM TeloM XOJoAwIbHUKY? Ha cKoJIbKO mpoIeHTOB

TEMIIEpATypa HarpeBaTes BbIIIE, YEM TEMIIEPATYPa XOJOAWIbHUKA?
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3akJII04YeHue

Y4eOHBIi TpoIecc CTyIeHTa 1Mo OOJbIIEH YaCTH ABIISETCS MPOIIECCOM
caMo00pa3oBaHusl, U B CHIIy 3TOTO OOCTOSITENIbCTBA JOJDKEH OBITh MOAJEP-
XKaH y4eOHO-METOJUYECKHUMH TOCOOUSIMH, TO3BOJISIOUIMME CTYACHTY CaMo-
CTOATEIBHO CHPABIATHCS C OONBIIUM 00BEMOM HH(OPMALIUH.

HMeHHO mo3TOMYy 00s3aTEeNbHBIMM JIEMEHTAMHM YYEOHOIrO Marepuana
KQXJIOTO U3 Pa3JIeNoB SBIIAIOTCS MOHATHIHBINA anmnapar U OCHOBHBIE 3aKOHBI,
HEOOXOAUMBIE JIJIsl TOJIHOTO ONUCAHUs (PU3MUECKUX SIBICHUN paccMaTpuBae-
MBIX B pasziese. ITO MO3BOJAET CTYJEHTY COCPENIOTOUUTh CBO€ BHUMAHKE HA
TEX MOHATHIX U 3aKOHAX, KOTOPhIE HEOOXOIUMBI NP PEUICHHH KOHTPOIHHOU
paboThl N0 yka3zaHHOU Teme. [IpennoxeHHble B yueOHOM OCOOUU MTPUMEPHI
pelieHusl 3a7ad BBINOJHSAIOT CBOEOOPA3HYIO pPOJb «CaMOYYHUTENS», AaBas
BO3MO>KHOCTb CTYJEHTY pa3o0paThCsi B KOHKPETHOM 3aJladyHOM CUTYallUH M,
KpOME TOr0, 3TH MPUMEPHI CIyKaT 00pa3LOM IPaBWIBHOTO O(OpMIIEHUS
KOHTPOJIbHBIX 33IaHUN. ABTOPBI CUATAIOT BaKHBIM BKJIIOYHTH B yueOHOE TMO-
co0ue crpaBOYHble MaTepHalibl, TO3BOJISIOLINE CTYACHTY ONEPATUBHO pado-
TaTh ¢ (PU3UUYECKUMU KOHCTAaHTaMU U KO3 dULIMEHTaMHU NpU pacueéTe Ppusn-
YECKUX BEITUYHH.

[TpakThka pemeHus 3afad, MOJy4YyeHHass B pPE3yJIbTaTe BbIIOJHEHUS
KOHTPOJIBHBIX pa0doT, 00JIer4yaeT nNpoLecc yCBOECHUs 3HaHUM, TEM CaMbIM pa3-
JBUTAET TPaHULIbI BO3MOXKHOCTEHM COXpaHEHUs B MaMsATH Oosbliero oobéma
uHpopMarmu. Bmecte ¢ TeM, OoBmageHUE TOHATHUSAMU W 3aKOHAMHU (DU3UKH
o0ecreunBaeT BO3MOKHOCTh MPABHIIBHOTO TIOHMMAaHUSI MHOTHX SIBJICHUH U

MIPOIIECCOB B MPUPOJAE U TEXHUKE.
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IHpunoxkenue

Ipuioxkenue A

Tabauya Al
du3nyeckue NOCTOSIHHbIE

QDu3uuecKue nocmoAaHHvle Oobo3nauenue 3Hnauenue
HopmainbsHoe yckopeHnue cBoOOAHOTO g 9,81 m/c?
naJicHus
['paBuTaIIMOHHAS TTOCTOSTHHAS G 6,67-10 M¥/(kr ¢?)
[TocTostHHAast ABoraapo Na 6,02-10%% monp ™t
MougnsipHas ra30Bast HOCTOSIHHAS R 8,31 JIx/(moms K)
MonsipHblii 00beM UAEATHHOTO ra3a Mpu Vm 22,4-103 m3/moms
HOPMAaJIbHBIX YCIIOBHSX
[TocrosHHas Bonbimana k 1,38-1072% JIix/K
ATOMHAs eIMHUIIA MACCHI a.e.m. 1,66-10%" kr
Macca >1eKTpoHa Me 9,11.103! kr
Macca npoToHa Mp 1,66-10"" xr
Macca g-9acTHIIbI m 6,64-10%" kr
DNeMEeHTaPHBINA 3PS e 1,60-10%° K
DneKkTpudecKas MoCTOSTHHASI & 8,85-1012 d/m
MarsauTHas oCcToOssHHas Lo 12,56-107 Tu/m
CKOpOCTb CBETA B BAKyyMe c 3,00-108 m/c

Tabruya A2
ACTPOHOMHYECKHE BEeJTHYMHBI
Haumenosanue 3nauenue

Pamuyc 3emmn 6,37-10% m
Paymyc Connia 6,95-10%* M
Pamnyc Jlyasr 1,74-10% m
PaccrosHne ot rieHTpa 3emin 10 nenatpa ComHia 1,49-10" m
Paccrosinue ot nentpa 3emiu 10 uentpa JIyHsl 3,84-10% M
Macca 3emnn 5,98-10%* kr
Macca Comxia 1,98-10% kr
Macca Jlynsl 7,33:10% kr




ILi10THOCTHL TBEPABIX TEJ

Tabnuya A3

Bewecmeo Inomuocme, kzlm® Bewecmeo Inomnocme, kz2lm®
AFOMUHUA 2,70-10° Menp 8,93-10°
Bapwii 3,50-10° Huxkenb 8,90-103
Banauit 6,02-10° Cauner 11,3-103
Bucmyt 9,80-10° Cepebpo 10,5-10°
Keneszo 7,88-10° e3ni 1,90-103
Jlutuit 0,53-10° [unk 7,15-10°
Tabauya A4
ILnoTHOCTD KHMAKOCTEMH
Bewecmeo Inomnocmo, k2lm® Bewecmeo ITnomnocmo, k2lm®
Boga (t = 4 °C) 1,00-10° Cepoyrnepon 1,26-10°
I'nuepun 1,26-10° Cxunuzap 0,86-10°
PryTh 13,6-10° Criupt 0,80-10°
Tabnuya A5
IInoTHOCTH ra30B (IpPH HOPMAJIBLHBIX YCI0BUSIX)
Bewecmeo ITnomuocme, k2lm® Bewecmeo ITnomuocme, kz2lm®
Aszor 1,25 I'enuit 0,18
Bonopon 0,09 Kucnopon 1,41
Bo3ayx 1,29 Heon 0,90
Tabnuya A6
Ko3¢puuneHT MOBEepXHOCTHOIO HATHKEHHUS KUAKOCTEel
Kuokocmo Kosy¢ppuuyuenm, Him Kuokocmo Kos¢ppuyuenm, Him
Bona 72-10°8 PTyTh 500.-10°
MpbLIbHas eHa 40-10°® Cnupr 22.10°°
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AP PpekTUBHDBIN JUAMETP MOJIEKYJIbI

Tabauya A7

Ta3 Juamemp, m TI'a3 Huamemp, m
Asor 3,0-10710 Tenuii 1,9-1010
Apron 3,5-10710 Kucnopon 2,7-1010
Bonopon 2,3-1010 Xiop 3,7-1010
Tabnuya A8
JudjiekTpuyecKkasi IPOHUIIAEMOCTh
Bewecmeo Ilponuuaemocmow Bewecmeo Iponuuaemocmow
Bona 81,0 [Tapadun 2,0
Macio 2,2 Crexiio 7,0
TpaHcpopMaTOpHOE
Anmas, C 5,7 Crona 7,0
Buauruiact 3,5 Tekcronur 7,0
Bock 7,8 Pytun, TiO2 (Boonb 170
ONTUYECKOMN OCH)
KameHnHas conb, 6,3 D00oHUT 2,6
NaCl
Ksapr, SiO2 4.3 Tutanar G6apus, 4000
BaTiO3z (npu 20 °C
MEPIEeHIUKYISIPHO
OTNITHYECKOM OCH)
Kepocun 2,0 dapdop 6,0
Tabnuya A9
YaenabHoe CONPOTUBJICHUE METALIIOB
Memann Yoenvnoe conpomuenenue, | Memann Yoenvnoe conpomuenenue,
Om-m Om-m
Keneszo 9,8-108 Huxpowm 1,1.10®
Mexnp 1,7-10°8 Cepebpo 1,6-10°®
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Tabauya A10

OTHocuTeIbHbIE AaTOMHBbIE Macchl Ar U MOPSIAKOBbIe HOMepa Z
HEKOTOPbIX 3JIEMEHTOB

dnemenm Cumeon Ar Z Inemenm Cumeon Ar Z
A3zor N 14 7 | Mapranen Mn 55 25
ANtoOMUHUI Al 27 13 | Menp Cu 64 29
Apron Ar 40 18 | Monubaen Mo 96 42
bapwuii Ba 137 | 56 | Harpwuit Na 23 11
Bananuii \Y 60 23 | Heon Ne 20 10
Bonopon H 1 1 | Huxkens Ni 59 28
Boabshpam W 184 | 74 | OnoBo Sn 119 50
['enmuit He 4 2 | Ilmatuna Pt 195 78
Keneszo Fe 56 26 | Pryth Hg 201 80
30710TO Au 197 | 79 | Cepa S 32 16
Kanuii K 39 19 | Cepebpo Ag 108 47
Kanenuii Ca 40 20 | Yruepon C 12 6
Kucnopon O 16 8 | Ypan U 238 92
Maruwuii Mg 24 12 | Xmop Cl 35 17

Tabnuya A11
MexaHu4eckue, TEpMOIHHAMUYECKHE, dIeKTpUUeckue enuHuibl CHU,
HMelolIHe crelHaJbHble HAUMEHOBAHUS
Ha3zeanue Pazmepnocmyp Eounuyn Oobo3na- Buvipascenue
6eUYUNDL usmepenus yenue | uepesz OCHOGHbIE U
00nonHUmMeNbHbIE
eouHuYbl
OCHOBHBIE €TUHHUILIBI
Jnuna L MeTp M
Macca M KUJIOTpamMM KT
Bpewma T CEeKyH/1a c
Cuna 37eKTpUYeCcKoro I amnep A
TOKa
TepMoguHamuueckast ® KEJIbBUH K
TeMIeparypa
KonmuecTBo N MOJTb MOJITb
BeIeCTBa
JloTIoTHUTE T HBIC €IMHUIIBI
[Inockuii yroiu - panuaH pan
TenecHblii yroa - cTepaauaH cp
[Tpon3BOIHBIC €MHUIIBI
Yacrora Tl repix I'n ¢t
Cuna, Bec LMT? HBIOTOH H M-KT- ¢72
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JlaBieHue, MEXAHH- LIMT2 nackaib ITa MLkr- ¢
YECKOE HaIPSDKCHUE
Dueprusi, pabora, L2MT JKOYITh IS M%-KT- ¢2
KOJIMYECTBO TEILIOTHI
MOIIHOCTB, IOTOK L°MT2 BaTT Bm M2-KT- ¢
SHEPIUU
DIIeKTPUYSCKUI TI KYJIOH Kn c-A
3apsi (KOJTUYECTBO
3JICKTPUYECTBA)
DIIEKTPUUECKOE L2MT3I? BOJIET B M2-kr-c S AL
HalpsDKEHUE,  JJIeK-
TPUYCCKHUIA TOTCHIHAI,
Pa3HOCTh DJIEKTPUYC-
CKHX TOTEHI[HAJIOB,
SJIEKTPOBIIKYIIAS
cuiia
DJeKTpuvecKas L2M1T4)? bapan ) Mm2-krtchA?
E€MKOCTh
DJIeKTpUIECKOE L2MT 3|2 oM Om M2Kkr-c 3 A2
COIPOTHBIICHUE
DeKTprYecKast L2MIT3)2 CHMEHC Cm m2krt.cd-A?
IPOBOIUMOCTb
MarauTHbIi IOTOK L2MT-21-1 Bebep BO M2-Kr-c-2-A-1
MaruutHas MT-21-1 Tecia Tn Kr-c-2-A-1
WHTYKIHST
NHAyKTUBHOCTE L2MT-21-2 reHpu T'n M2-Kr-c-2-A-2
YK >
B3aWMHasi MHIYKTHB-
HOCTh
Tabnuya A12
MHOKHTEIM ¥ MPUCTABKH JUISA 00pa30BaHusi
AeCAITHYHBIX KPATHBIX H T0JbHBIX eIMHUIl H HX HAMMEHOBAHUSA
Ilpucmaska Mnosrcumens Ilpucmaska Mnuoscumens
Haumeno- | Obo3na- Haumeno- Oobo3na-
6anue yeHue eaHue yeHue
Dkca C) 10%8 nenu a 10?1
[TrTa IT 105 CaHTH c 1072
Tepa T 10%2 MUJUIN M 103
['vra r 10° MHUKPO MK 10°®
Mera M 108 HaHO H 10°
Kwuio K 10° ITHKO 1| 1012
['exTo r 102 bemTo i) 101°
Jeka na 10t aTTo a 10718
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I'peuecknii andasur

Tabauya A13

Obo3nauenusn Haszeanue oyke Oobo3nauenusn Haszeanue oyke
OyKe 0yKe
A, a anbda N,v Hro
B, g Oera 2,¢& Kcn
r,y raMma 0,0 OmuKpoH
A, o IDJIbTA 11,7 IIn
E, ¢ SIICHIIOH P,p Po
Z,¢ n3eTa Y, o Curma
H,n oTa T,7 Tay
0,9 T9Ta Y ,v Hncunon
I,: noTa D,p du
K, x Karmma X, X Xu
A, A namba Y., v TICU
M, u MIO Q.o Omera
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