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1. ”THOOPMAIIUA O JUCHUIIJIMHE

1.1. IlpeaucnoBue

Juctunnuna “@usuka” aisa cryaeHToB crenuaibHocT 080502.65 cocrout u3
JIBYX YacTeu (MoyJei).

Mopynb nucuuruiniel “@uznka. Yacts 17 BkiItOUaeT B ceOsl clienyroue pas-
nenbl: (GU3NYEeCKUEe OCHOBBI MEXaHUKHU; MOJIEKYJIsIpHas (pU3nKa U TEPMOJAMHAMUKA;
AJIEKTPUYECTBO U MAarHETU3M.

Llenvto uzyuenus Oucyunaunsl SBISETCS co3faHUEe (YHIAMEHTAIBHON Oa3bl
JUIsl TEOPETUYECKOM IMOATOTOBKM CHEIUaNncTa, 0€3 KOTOpOW HEBO3MOXXHA €ro yc-
NenTHas JAeSTEIHbHOCTD B JTI000M 00JacTH COBPEMEHHOW TEXHUKH; (HOPMHUPOBAHHE Y
CTYJICHTOB TIPEICTABICHUI O COBPEMEHHOU (PU3NUIECKO KapTUHE MUPA.

3aoauu uszyuenusn Ooucyuniunsl — TOATOTOBKA KBAJIM(PHUIIMPOBAHHOIO CIie-
AAIKNCTA MO0 KOHKPETHOM CNENUAIBHOCTU WM HAIpaBJi€HUIO. [ pemeHus 3tou
3a/layu He00X0UMO (OPMHUPOBAHUE Y CTYJIEHTOB 0a3bl 3HAHUM, YMEHUN U HABBIKOB
JUISL U3YUYEHUS CIICHUANIbHBIX JucuuiuiuH. Onpeaenstonias 3aga4a o0yueHus — Qop-
MUPOBaHUE HEOOXOIUMBIX METOJIMYECKUX HABBIKOB. B pe3ynbrare u3yueHus IUCIIHII-
JIMHBI CTY/ICHT JI0OJDKEH OBJIaJIeTh OCHOBAMH 3HAHUM 10 AUCHUIUIUHE, (POPMUPYEMBIMU Ha

HECKOJIBKUX YPOBHSIX:

Hmemwv npedcmasnenue:

- 0 (yHAAMEHTAIbHOM E€JUHCTBE €CTECTBEHHBIX HAYK;

- O JUCKPETHOCTH U HENPEPBIBHOCTHU B IIPUPO/IE;

- O COOTHOILICHHUM TMOpsiAKa M Oecrnopsiika B MPHUPOJAE, YHNOPSI0YECHHOCTH
CTpOEHUsI 00BEKTOB, IEPEX0/IaX B HEYNOPSAJOUYEHHOE COCTOSIHAE U HA000POT;

- 0 AMHAMUYECKUX U CTATUCTUYECKUX 3aKOHOMEPHOCTSX B IPUPOJIE;

- 0 BEPOSITHOCTU KaK OOBEKTHUBHOM XapaKTEPUCTUKE MPUPOIHBIX CUCTEM;

- O IPUHIMIIAX CHMMETPUHU U 3aKOHAX COXPAaHEHUS;

- 0 HOBEHIIMX OTKPBITUSX B 00J1IaCTH (DU3UKH, MIEPCIEKTUBAX UX MCIOJb30Ba-

HUA AJ11 CO3JaHUA TEXHUYCCKUX YCTpOﬁCTB.



3namo:

(dbyHIaMEHTAIbHBIC TTOHSATHSI, 3aKOHBI U TEOPUH COBPEMEHHOM U KJIACCUYECKOM
(bu3UKH, 3HATh UX OCHOBHBIEC TPUMEHEHUSI B COBPEMEHHOMN TEXHUKE U TEXHOJIOTUSIX.

Ymemn:

MOJIL30BATHCSI COBPEMEHHOW HAYYHOW anmapaTypoil AJisl MPOBEACHUS U3MEpe-
HUW (U3HYECKUX BEIWYMH, OIICHUBATh TOTPEIIHOCTH W3MEPEHHI; NCTIOIb30BaTh
HABBIKM (PU3UYECKOT0 MOJICTUPOBAHUS JJIS PEIICHUS MPUKIATHBIX 3a7a4 1Mo Oymy-
€N CIICUATILHOCTH.

Bnaoemu:

NOHATUSAMHU (U3UKH, KOTOPBIE JIKAT B OCHOBE BCETO €CTECTBO3HAHUS U SIBJIS-
IOTCSI OCHOBOM JIJI CO3JJaHUS M dKCIUTyaTaluu TeXHuku. (ucuumimnna “dusuka’ Oa-
3UpPyeTCsl Ha CUCTEME ITPOYHO BOIICAIINX B HAYKy 3aKOHOB M ITOJOKCHHUH (PU3HKH.
DTta cucTemMa TpeACTaBlieHa B BUJE TUIIOBBIX B3aMMOCBS3aHHBIX Pa3eiaoB (U3UKH
(“Dusnueckue OCHOBBI MexaHUKH’, “MoinekynspHas (u3uka U TEPMOJUHAMUKA,
“OnexkTpudecTBo U MarHeTusm’”’, “Komnebanus u BoiaHer”’, “KBantoBas ¢pusuka”, “Omn-
TUKa”, “ATOMHas U sjepHas (u3MKa’), MO3BOJIAIOMIMX HauOoJiee JIOTUYHO CBSA3aTh

HNX C OCHOBHBIMH HAIIPABJICHUAMMU PA3BUTHA TCXHHUKH.

MecT0 TMCHHUILIMHBI B Y4e0HOM mpoiecce
Juciunnmaa “@u3nka” COBMECTHO C AUCHUIIMHAMH ‘‘Maremaruka”’, “UH-
dbopmaruka” urpaet poiab GyHIaMeHTaTbHOM 0a3bl 111 N3YYCHHS BCEX MHXKEHEPHBIX
U CIEUHAIbHBIX TUCHUMIUIMH, OOECleurBarome eIMHCTBO (YHIAMEHTAIBHOCTH M
npo¢eCCHOHATBPHON HAaINpaBICHHOCTH oOyueHus. B mpouecce n3ydeHus GU3MKH Y
CTYJICHTOB BbIPa0aThIBAIOTCSI METOJMYECKUE HABBIKK YUEOHOU pabOThl, pa3BUBaETCA
JIOTUYECKOE MBIIIJIEHUE U TBOPUECKUE CITOCOOHOCTH.
B pamkax u3ydeHHs MUCHUILIUHBI CTYACHTHI 3a09HOM M OYHO-3a04HOM (popMm
00y4eHHUs BBIMOJIHSAIOT TJaO0OpaTOpHbIE padOThl U KOHTPOJIbHBIE padoThl Ne 1 1 Ne 2.
PaGouas mporpamma mo AMCHUIUIMHE COCTABJICHA B COOTBETCTBHUH C TOCYAApPCT-
BEHHBIMU 00pa30BaTENbHBIMU CTAaHJIAPTAMH M TIpe/icTaBlieHa B pazjaeine 2 “Paboune

yueOHbIE MaTepHAIIbI .



Temartuueckuil MiaH TUCHMIUIMHBI, COAEpKalluil uHQOpMalUIO O BHUIAX OT-
YETHOCTHU 10 TeMaM, MpUBeJieH B pazjeie 2 “Paboune yueOHbIe MaTepualibl’ B BUJIC
TaOIUIIBI.

bubnuorpaduyeckuii cmucok, OOIMIMM ISl BCEW AUCIUIIIMHEI, IIPEJACTABICH B
pasaene 3 “UudopMarinoHHbie pecypchl TUCIUIUIMHEL’. JlOTTOTHUTEIbHAS TUTEpaTy-

pa IpuBCaACHA B COOTBCTCTBYIOIUX pasaciiax JUCHUIIINHBI.

1.2. Conep:xanmne IMCHUIIMHBI M BUAbI Y4eOHOH PadoThI

1.2.1. Conep:xanmne nucuumianabl mo 'OC

Hayunbin Meron nozHanus. OyHIaMEHTAIBHBIE 3aKOHOMEPHOCTH COBPEMEH-
HOTO €CTECTBO3HAHUS KaK TCOPETHUUECKUN ()YHIaMEHT HOBBIX HAYKOEMKHX TEXHOJIO-
ruit. Ponp Qusuku B colimaibHOM U SKOHOMHYECKOM pa3BUTUM oO1iecTBa. OCHOBHBIC
HaIpaBJIECHUS Pa3BUTHS HAYUYHO-TEXHUYECKOTO Iporpecca B orpaciu. OCHOBBI MeXa-
HUKW: OCHOBHBIE XapAaKTEPUCTUKU M 3aKOHOMEPHOCTHM KUHEMATHUKH W JTUHAMUKU
TBEPJIOrO TeJa; 3aKOHbl COXPAHEHUS! MEXaHUKHU; OCHOBHbBIC XapaKTEPUCTUKU U 3aKO-
HOMEPHOCTH THIPOA’pOMEXaHUKU. MoJieKysapHas (pu3nka ¥ TepMOAMHAMHKA: CTa-
TUCTUYECKUNA U TEPMOJIUHAMUYECKUN METO/IbI UCCIIEIOBAHUSI; OCHOBBI MOJICKYJISIPHO-
KMHETUYECKOW TEOpUHM; KJIaCCUUYeCKass U KBAaHTOBAs CTATUCTHKA; OCHOBHBIC XapaKTe-
PUCTHUKHU Y 3aKOHOMEPHOCTHU arperaTHhIX COCTOSIHUM U ()a30BBIX MEPEXOI0B; SIBICHUS
MEPEHOCa; 3aKOHbI TEPMOJMHAMHUKH;, TEPMOJUHAMUYECKHE (PYHKIHUH COCTOSHHS;
PaBHOBECHBIE COCTOSIHUSA M IPOIECChl; HEPABHOBECHBIE COCTOSHUS U MPOIIECCHI; CH-
HEpPreTuka U SKOHOMHUKA. DJIEKTPUUYECTBO U MArHETU3M: OCHOBHBIE XapaKTEPUCTUKHU
1 3aKOHOMEPHOCTHU AJIEKTPOCTATUKH; BEIIECTBO B JICKTPUUYECKOM I0JI€; OCHOBHbIC
XapaKTEPUCTUKU U 3aKOHOMEPHOCTH MarHUTOCTAaTUKH; BEIIECTBO B MATHUTHOM M0JIE;
SIBJICHUE DJIEKTPOMArHUTHOW MHIYKIIMH; AJIEKTPOMArHuTHBIE BOJIHBI. [IpuHIMI OTHO-

CUTCJIbHOCTHU B 3JICKTPOANMHAMUKC.



1.2.2. O0bemM TUCUMILUIUHBI U BUABI Y4e0HOI padoThI

1.2.2. O0beM TUCHUIIMHBI M BUIbI Y4eOHOH padoThI

Bcero yacos
®dopma o0ydeHus
Buapl yueOHOM paboThI OYHAas OYHO-
3a04Has
3a04Has

OO61mas Tpy10eMKOCTb JUCITUTUTHHBI 100
Pabora rmoj pykoBOACTBOM IIpemnogaBa- 60 60 60
tens (Bkiroyas J10T)
B ToM uucne ayaguTOpHbIC 3aHATHUSL:

JICKIIUHA 24 16 6

MPAKTUYECKUE 3aHATUSA 10 = —

nabopaTopHbIe pabOThI 16 8 8
KoymuecTBO 4acoB 3aHATHIN HUCIIOIB30- 10 36 46

Banuem J[OT

CamocrosTenbHasi paboTa CTy/IeHTa 40 40 40
[TpoMekyTOUHBIN KOHTPOJIb (TECTHI) KO- 3 5 5
JUYECTBO
B TOM YHCJI€ KOHTPOJIbHAs paboT - 2 2
Bun uToroBoro KoHTpoJs (3ayeT, 3K3a- DK3amMeH DK3aMeH DK3aMeH
MEH)

IlepeyeHb BUAOB NPAKTHYECKHUX 3aHATHHA U KOHTPOJIS:

- Tpu Tecta (1o 1 Ha KaxxbIi pa3aen);

- KOHTpOJibHBIE PaboThl Ne 1 u Ne 2 njis 04HO-3204HOM U 3a04HOM (opMm 00y-
YCHMUS;

- 1abopaTopHbie paboThl — 12 YacoB ajisg 04HOM (HOpMBI 0O0yUEHUs, 8 YACOB IS
OYHO-3204YHOM U 6 11t 3a04HOM (HOpM 00yUeHHUS;

- OK3aMCH.



2. PABOYUE YYEBHBIE MATEPHUAJIbI
2.1. PaGouas nporpamma (100 ygac.)
BBenenue
Hayunsiii Mmeton nosHanus. OyHnaaMeHTaNbHbIE 3aKOHOMEPHOCTH COBPEMEH-
HOT'O €CTECTBO3HAHMS KaK TEOPETUUYECKUU (PYyHIAMEHT HOBBIX HAYKOEMKHUX TE€XHOJIO-
ruil. Ponb Gu3uku B COMMAIIBHOM U SKOHOMUYECKOM pa3BUTHH 001ecTBa. OCHOBHBIC
HaIIPaBJICHUS Pa3BUTHUSI HAYYHO-TEXHHUUECKOTO MPOTrpecca B OTPaCIu.
Metoasl HU3UUECKOTO UCCIIENOBAHUS: OMBIT, TUMOTE3a, SKCIIEPUMEHT, TEOPHUS,
bu3ndecKkue BEIUYMHBI U WX u3MepeHue. Crucrema enuHUIl (PU3UISCKUX BEITUYHH.
Mupossie noctosiHHbIe. PazMepHocT (u3mveckux BeluyuH. Buasl maMepeHuil u

THUIIBI TTOTpenHocTe. OCHOBBI 00PaOOTKH PE3yIbTATOB U3MEPEHUM.
Pazgen 1. ®USNYECKHUE OCHOBbI MEXAHUKM (36 yac.)

1.1. Dy1eMeHTbl KHHEMATHKH MATEPHAIbHON TOYKH U BPAIIATEIBLHOIO
ABMKeHUud TBepaoro tejaa (10 yac.)
[I],c.6...14

Mexanuueckoe asuxeHue. [Ipenmer kunematuku. Cucrema orcuera. Marepu-
anbHas Touka. Tpaexkropus. Ilyte u nepememenue. CKOpOCTh U YCKOPEHHE KaK IpO-
U3BOJHBIE PAMyC-BEKTOpa 10 BpeMeHu. [locTynarenbHoe IBUKEHUE TBEPAOrO Teia.
BpamarensHoe ABMKEHHE TBEPAOTO Tela. YTOJI MOBOPOTA. YTJI0Bas CKOPOCTh U YIJIO-
Bo€ yckopeHue. CBs3b MEXy YIVIOBBIMU M JIMHEHHBIMH XapaKTEPUCTUKAMU JIBHKE-
HUSL.

1. 2. luHaMHUKa MaTepUaIbHON TOYKH U CHCTEMbl MATEPHAJIBHBIX TOYEK
(10 gac.)

[1],c. 14...21

[Tonstue cocrosiHus B Kiaccuueckod MmexaHuke. [lepsbiii 3akoH HproToHa —
3aK0H uHepuuu. MHepumnaneHeie cucteMsl orcuera. Cwia u macca. Mmnyisc tena.
Bropoit u tpernii 3akonbl Herotona. Cwitsl B ipupo/ie. BHeIHNE 1 BHYTpEHHHE CHU-

JbI. 3aMKHYTI>I€ MEXaHUUYECKHUE CUCTEMBI. 3aKOH COXpPaHCHHA UMITYJIbCA.



DHeprus Kak yHUBEpcallbHasi Mepa pa3IudyHbIX (OPM ABUKECHUS U B3aUMOJICH-
cTtBUsl. MexaHuueckas ’Heprus u padbora. Kunerudeckast sHeprus. [loTeHuansHast
sHeprusi. KoHcepBaTHBHBIE CHJIBI M MOTEHIMAIbHBIC MOJs. CBSI3b MEXIY CUJIOW U
NOTEHIMAIbHON dHepruei. [loTeHnumanpaas sHeprust ynpyrux aehopManuii 1 moJis
TATOTCHUS. 3aKOH COXPaHEHHUs MTOJTHON MeXaHnuyeckoi sHepruu. CoyaapeHue Tel.

1.3. DJeMeHTHI JUHAMMKHN BPAlIaTeJIbHOIO IBHKEHHUSI TBEPAOIo Tejaa

(10 gac.)

[1],c.34...41

[Tonsarue abcoytOTHO TBEPAOTO Tesia. MOMEHT cuibl. MOMEHT UMIyJibca PU
BpAIlICHUX BOKPYT HEMOABMKHOW ocH. OCHOBHOE YpaBHEHHE NUHAMHUKH BpaliaTelib-
HOTO JIBMKEHHUSA. MOMEHT MHEPIIMU MaTepUaIbHON TOUYKU U TBEPJOTO Tesia. MoMeH-
Thl UHEPLIMU HEKOTOPHIX TeJ. PU3MYECKUN CMBICI MOMEHTAa UHEPIIMU. 3aKOH COXpa-
HEHUSI MOMEHTa umnyibca. KuHeTndeckas SHEprusi BPAIAOLIETOCS M KaTSIIErocs
Tena. PaboTa BHENTHUX CHJT IPY BPAIIICHUH.

1.4. DneMeHTHI MeXaHMKH KUIKOCTH U rasa (6 Jac.)

[1], c. 56...66

OCHOBHBIEC XapAaKTEPUCTUKU U 3aKOHOMEPHOCTH THJIpOa’dpoMexaHuku. [lapie-
HUE B JKMJIKOCTSIX U razax. YpaBHEHHE HEpa3phIBHOCTHU. YpaBHEHUE bepHyiuu u

ciencTBus u3 Hero. Bs3kocTe. JlamuHapHOE U TypOYJIEHTHOE TEUCHHUE.

Paznea 2. MOJIEKYJISAPHAS ®U3UKA U TEPMOJINHAMMUKA (24 gac)
2.1. KuneTtnueckmue siBJIeHHsI M TeOpUs HAeaJbHBIX ra3oB (5 Jac)

[1],c.81...88

OcHoBbl MousekyJisipHO-KuHeTn4Yeckoil Teopun (MKT). CocTosiHue cucteMsl.
ITapameTpsl cocrosiHus. PaBHOBecHbIe cocTossHMS M mporiecchl. VX rpadudaeckoe
nzo0paxenue. ONBITHBIE 3aKOHBI HJACAIBHBIX Ta30B. YpaBHeHHE MeHeneeBa-
Knaneiipona.

OcnoBuoe ypaBHenue MKT maeanbHbpix razoB. Uucso creneHeir CBOOOIbI MO-
JeKyJ. 3akoH boJibi]MaHa O paBHOMEPHOM pACHPEACICHUM SHEPTUM IO CTEHEHSIM

CBO6OI[BI. CpeI[HSIﬂ KHHCTUYCCKASA SHECPTUA NOCTYHNATCIIBHOI'O ABHUIKCHUA MOJICKYJI.



MonekynsapHO-KHHETUYECKOE TOJKOBaHUE TemnepaTypbl. CBA3b NaBIEHUS, KOHIECH-
Tpauuu U TEMIEPATYpbl. BHYTpEHHSS SJHEPTUsI UACAIBHOTO Ta3a.
2.2. OcHOBBI KJIaCCHUYECKOH cTATHCTUYeCKO pusukm (6 yac.)

[1], c. 88...94

CrarucTuyecknii 1 TEPMOJMHAMUYECKUM METONbl HccieaoBaHusa. CkopocTH
monekyi. [lonsarue o ¢pyHkun pacnpenenenus. 3akoH MakcBeiia Ui pacrpeaene-
HUSI MOJIEKYJI WJIeaJIbHOTO ra3a 1o ckopoctsiM. Haubomnee BeposiTHas, cpeansis apud-
METHYECKasl U CpelHss KBaApaTU4yHas CKOpPOCTHM MOJIEKyJ. Pacnpenenenue bonbu-
MaHa.

2.3. SIBy1eHMsI MepeHOCa B HEPABHOBECHBIX COCTOSTHUSIX (4 yac.)

[1],¢.95...99

HepaBHOBeCHBIE COCTOSIHMS M NMPOLIECCHI; CUHEPTETUKA U YKOHOMHMKA. Terio-
BOE JIBIDKCHHME U CBSI3aHHBIN C HUM MEPEHOC MacChl, UMITyJibca U sHeprun. Ooparu-
MbI€ 1 HeoOpaTuMble npouecchl. ONbITHBIE 3aKOHBI AU ()y3HUH, TEITONPOBOJHOCTH U
BHYTPEHHETO TPEHMSI, UX MOJIEKYJIIPHO-KUHETUYECKAST TEOPHSL.

2.4. OcHoBbl TepmoauHamMuku (7 dac.)

[1],c. 101...119

Mexanudeckasi pabora u temnora. Pabora, coBepiiaemasi ra3om npu U3MeHe-
HUU ero odwvema. IlepBblii 3aKOH TepMOAMHAMMKHU. [IprMeHeHHe MepBOro 3aKoHa
TEPMOJMHAMMKHU K H3ompoleccaM. AnnabdaTuueckuil mpouecc. TemioeMKocTh ujie-
anbHOro rasza. TepMoauHaMuuecKue PyHKIUU cOCTOssHUS. BTOpoil 3akoH TepMoau-
HaMukH. KoagpuuueHTt nosie3Horo 1eicTBUs UAEATBHOIO TEIJIOBOTO JIBUTaTEN.

2.5. PeasibHble Ta3bl M :KUAKOCTH (2 yac.)

[1],c. 119...125, 128...130, 141...146

MexmoneKkyJsapHbIe B3aUMOJICUCTBUS U ypaBHeHUE BaH-nep-Baansca. @a3oBbie
paBHOBecus U (a3oBbie nepexopl. PazoBbie MEPEeXoabl NEPBOro poaa. MUKPOCTPYK-

Typa )KUIKOTO COCTOSTHUS.



Paznen 3 . QJIEKTPUYECTBO U MATHETHU3M (40 yac)
3.1. DaekTpuyeckoe moJjie B Bakyyme (6 gac)

[1], c. 148...164

OnekTpuueckue 3apsaapl. Cuila B3aUMOJICUCTBUS TOUYEUYHBIX 3aps/I0B B BaKyyMe
U BemlecTBe. JuanekTpuueckas MpOHUIAEMOCTh BellecTBa. 3akoH Kynona. OCHOBHBIE
XapaKTePUCTUKHU IEKTPOCTATUYECKOTrO Mojsi. HanpsmeHHOCTh AleKTPUYECKOTO MOJIS.
I'padraeckoe m3zoOpakeHue aMeKTpuueckoro moss. [IpuHIUN Ccynepno3uiuy 3JeK-
Tpudeckux nojeu. [loTennuan anexrpocTaTuyeckoro nojis. CBA3b MEX]y HaIpsKEH-
HOCTBIO M TOTeHIManoM. [loTok BekTopa anexkrpuueckoro cmemienus. Teopema Oct-
porpajzickoro-I'aycca ajist BEKTOpa 3JIEKTPUUYECKOTO cMelleHus. [I[puMeHeHne TeopeMbl
IJIs pacyeTa MmoJIeH.

3.2. DyleKTpUYECKOe 1MoJie B AN3JIeKTPUKax (4 Jac)

[1],c. 152...154, 164...171

BemectBo B asekTpudeckoM none. Tumbl AudneKTpukoB. [lonsgpusanus nusiex-
TpUKOB. CBSI3b BEKTOPOB AJIEKTPUUECKOTO CMEIICHUS U HANPSHKEHHOCTU 3JIEKTpUYe-
ckoro nosst. CernetoanekTpuku. [Ipsmoit u oOpaTHbIN be303JeKTpuyecKkuii 3pPext u
UX IPUMEHEHHE.

3.3. [IpoBoaHNKH B 3JIEKTPOCTATHYECKOM MoJie (4 Jac.)

[1],c. 171...177

Hocurenu Toka B npoBogHUKax. VX pacnpeneneHue 1no 3apssKkeHHOMY MPOBOI-
HUKY. HanpsikeHHOCTh M MOTEHIMAIT 3JEKTPOCTATUUECKOTO TOJIsl B MTPOBOJAHUKE U HA
€ro MOBEPXHOCTU. DJIEKTPOCTATHYECKas 3aluTa (PKpaHUPOBAHUE). DIEKTPOEMKOCTh
yeauHeHHoro npoBojHuka. Konaencaropsl. CoeiHEHHE KOHJIEHCATOPOB B OaTapew.
DHeprus EKTPOCTATUUECKOTO MO U 00beMHas MJIOTHOCTh IHEPTUH.

3.4. CraumonapHusbie TOKHM (6 4Jac.)

[1],c.180...194, 197...203

IIOCTOSIHHBIN JIEKTPUYECKUM TOK, €r0 XapaKTEPUCTUKU U YCIOBHUS CYIIECTBO-
BaHMs. CTOPOHHUE CUJIbL. DJIEKTPOABUKYIIASl CHJIA U HAMPSHKEHUE. Y JIeNIbHAs TPOBO-

AUMOCTb W YACIIBHOC COIIPOTHUBJICHHC. COHpOTI/IBHCHI/IC IMPOBOJHUKOB, €TI0 3aBUCH-
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MOCTb OT TemnepaTtypbl. 3akoH OMa B UHTErpaibHON PopmMe AJisi ONTHOPOAHOTO y4acT-
Ka U U1l 3aMKHYTOH 11ienu. PaboTa 1 MOIIHOCTh 3JIEKTPUUYECKOr0 TOKA.
3.5. MaruuTHOe nmoJie B BakyyMe U B Bemectse (10 ydac.)

[1], c.204...223,236...247

MarnutHoe nojie. BeKTop MarHuTHOM MHAYKIMU. MarHuTHas MpOHULAEMOCTb
BellleCTBA. BEKTOp HANpsHDKEHHOCTHM MAarHUTHOro nojs. 3akoH buo-Casapa-Jlamnaca.
IIprumeHeHune 3Toro 3aKk0Ha K pac4eTy MarHMTHOTO MOJISI OTPE3Ka IMPSMOTO MPOBO/IA.

[IpuHIUII Cynepro3uliu MarHUTHBIX IOJed. BUXpEeBON XapakTep MarHUTHOIO
nosist. TeopeMa 0 HUPKYJISIUU BEKTOPAa MarHUTHOM MHIYKUMHU (3aKOH MOJIHOTO TOKA).
Cuna Amnepa. Cuina JlopeHna. J[BuyKeHHE 3apsKEHHBIX YacTHL B MATHUTHOM IIOJIE.
O¢pdexr Xomnna. BemecrBo B MmaruuTHOM mosie. Hamarandennocts. Tumbl MarseTu-
koB. @eppomarnetusm. [Ipumenenue heppoMarHeTUKoB.

3.6. DaekTpoMarHuTHas HHAYKIus (6 Jac.)

[1],c.223...236

MarHutHbll IOTOK SIBJIEHUE PIEKTPOMArHUTHOW MHAYKIMU. 3akoH Dapajes.
[IpaBuiio Jlenna. [IpeobpazoBanre MexaHUYECKOM pabOThI B DJIEKTPUUECKYIO DHEP-
ruto. [lepemennas D/1C u ee ammuntyna. SIBnenvne caMmonHAYKUMA. NHIYKTUBHOCTb.
SIBnenue B3auMHON HHAYKUUU. [IpuHIMT AecTBUS TpaHCPOPMATOPOB. DHEPrUs Mar-
HUTHOTO NoJiA. O0ObeMHas IIIOTHOCTh YHEPTUH.

3.7. YpaBHenus MaxkcBeJia. 3akiaouenne (4 yac)

[1], c.247...255

BuxpeBoe anekTpudeckoe nose. Tok IpOBOAMMOCTH M TOK cmenieHns. Cucrema
ypaBHeHUII MakcBeijia B MHTErpajibHOl dopme. DiekTpoMarHuTHoe noje. [Ipunnmn
OTHOCHUTENBHOCTH B IJEKTPOJUHAMUKE.

3aki0ueHue

B3auMocBs13b siBIICHHH pa3audHON ¢u3udeckon mpupoasl. [IpuMepsl mpakTu-
YECKOTO MPUMEHEHUS N3YYECHHBIX 3aKOHOB B PA3JIMYHBIX OTPACISAX MIPOU3BOACTBA U

BJIMWAHHNSA HA DKOHOMHWYCCKHEC ITOKA3aTCIIH.
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2.2. TeMaTH4ecKHii IJIAH JUCIUIIJINHBI

2.2.1. TemaTn4ecKuii NJIaH JUCUMUILJIMHBI 1JI51 CTYI€HTOB

0YHO-3204HOU (OpMBI 00yUeHH S

No Bupl 3aH9THI M KOHTPOJIS
n/m 2 g
2 5 o aexkuuun | 113 (C) JIP 5 o
HaumMeHoBaHue 5;5 :S 3 ‘E’ % _| 2 —_
pasena, O%EE = | £l | & Hcc:;% c |2 SRy
(OTHEBbHO TEMBI) rggd ISl RE|S|E9 8 ? = g & £ =
sl e | Y| 2| 2 |N2E 5
s N 5 = c'§
(@) ~ a
1 2 3 4 5 6 7 8 9] 10 11 12 13 | 14
BCEI'O 100 16 | 36 | - 8 40 3 2
1. | BBeneuwne. Pa3znen 1. 36 6 12 4 14 Ne | Nel
dusnueckrue 0CHOBEI 1
MCXaHHKH.
1.1 | DneMeHTHI KHHEMA- 10 2 6 2
TUKU MaTepUaIbHOU
TOYKH U BpallaTeib-
HOT'O JBM)KEHHUS
TBEPJIOTO Tesa
1.2 | lnnamuka MaTepu- 10 2 4 4
aIILHOM TOYKHU U CHC-
TEMBI MaTEPHATBHBIX
TOYCK
1.3 | OneMeHTsl TUHAMUKHA 10 4 4 2
BpALLATENBHOTO Ne
JIB>KEHUS TBEPAOTO 1
Tena
1.4 | DneMeHTHl MEXaHUKHU 6 6
JKHIKOCTH U ra3a
2 Paznen 2. Moneky- 24 4 10 10 Ne | Nel
nsipHas GU3MKa U 2
TEPMOJMHAMHKA
2.1 | Kunernueckue siBiie- 5 1 3 1
HUS U TEOpHsl uje-
aJIbHBIX T'a30B
2.2 | OCHOBBI KJ1accH4e- 6 1 2 3
CKOM CTaTUCTHYECKOM
buzuku
2.3 | SBnenus mepeHoca B 4 2 2
HEPaBHOBECHBIX CO-
CTOSTHUSIX
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2.4 | OCHOBBI TEPMOIUHA- 7 2 3 2
MUK
2.5 | PeanbHEbIe Ta3el U 2 2
JKHIKOCTH
3 Paznen 3. Dnexrpu- 40 6 14 4 16 Ne | Ne2
YE€CTBO ¥ MarHeTHU3M 3
3.1 | DuekTpuyeckoe mnoje 6 1 2 3
B BaKyyMe
3.2 | DaeKkTpudeckoe mno- 4 2 2
Ji€ B TUDJIEKTPUKAX
3.3 | IIpoBOAHUKH B 3JIEK- 4 1 1 2
TPOCTATHYECKOM TI0-
e
3.4 | CranmoHapHbIE TOKH 6 4 2
3.5 | MaruuTtHoOe I10JI¢ B 10 2 1 2 5 Ne
BaKyyMe U B BEIECT- 2
BE
3.6 | DnexTpoMarHuTHas 6 1 3 2 Ne
WHIYKITAS 3
3.7 | YpaBHenus Maxkcaein- 4 1 1 2
na. 3aKIrodeHne
2.2.2. TemaTHueCcKHH IJIaH JUCHHUILINHBI
JJISl CTY/IEHTOB 3204HO# (opMbI 00yUeHus
Ne Bunpl 3aHITHI 1 KOHTPOJIS
n/m 2 g
n & w Jekuuu | I13 (C) JIP N
© 2 X H o z
HaumeHoBaHue 2Tz = I -~ —
TR 7 . =Q| & | 2 Q
porena, | g 28 ¢ e Els|E|lg 28 B,k
(OTIenbHOM TEMBI) i 5;3 SERSS g( = g( = % 2 5| = B E
;:40 = [a5] [a5] [a5] c% o g\%
@) ~ a
1 2 3 4 5 6 7 8 9] 10 11 12 13 | 14
BCEI'O 100 6 | 40 | - 6 |6] 40 3 2
1. | Beencuue. 36 3 14 4 (4| 11 Ne | Nel
Paznen 1. duznue- 1
CKHE OCHOBBI MEXa-
HUKH.
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1.1

DneMeHThl KHHEMa-
TUKU MaTepUATBHOM
TOYKH U BpallaTeiib-
HOT'O JIBHYKEHHUS
TBEPJIOTO Telia

10

1.2

JlunaMuka maTtepu-
aJIbHOM TOYKH U CHC-
TE€MBI MaTEPUAIBHBIX
TOUEK

10

1.3

OneMeHThl JUHAMUKHA
BpaIaTeIbHOTO
JIBUKCHHSI TBEPAOTO
Tela

10

1.4

DIIEMEHTHI MEXaHUKA
JKUIKOCTU M rasa

Paznen 2. Moneky-
nsipHas GU3NKa U
TEPMOJMHAMHKA

24

15

Nel

2.1

Kunernueckue saBie-
HUS U TEOPHS UJIe-
aJIbHBIX Ta30B

0,5

3,5

2.2

OCHOBBI KJ1accuye-
CKOHM CTAaTUCTUUECKOU
(105637001

23

SIBiieHus nepeHoca B
HEPaBHOBECHBIX CO-
CTOSAHUAX

24

OCHOBEI TEPMOJUHA-
MUKH

0,5

2,5

2.5

PeannHble ra3el u
JKHUIKOCTH

Pazpnen 3. Dnexrpu-
YEeCTBO ¥ MarHeTHU3M

20

Ne2

3.1

DNEeKTpUYECKOE ToJIe
B BaKyyMe

0,5

2,5

3.2

DIIEKTpUYECKOE T0-
Jie B TUDJIEKTPUKAX

3.3

[IpoBOIHUKY B 3JIEK-
TPOCTATUYECKOM I10-
JIe.

0,5

1,5

34

CTaI_II/IOHapHBIC TOKH

3.5

MaruurtHoe 1oJie B
BaKyyMe€ U B BEILIECT-
BE

11

0,5

3,5

3.6

SHGKTpOMaFHI/ITHaH
WHAYKIOUA

0,5

2,5

3.7

YpaBHeHnust Makcseln-
7a. 3aKIrYeHne
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2.3. CTPYKTYPHO-JIOTHYECKAs CXeMa JUCHUIIJINHbBI

Crpykrypa yueOHOM aucturuivnbl “@usuka. Yacts. 17 npeacrasieHa B Bujie

OJIOK-CXEMBI.

Ddu3nuecknue OCHOBBLI
MEXaHUKHU:
-KMHEMAaTHKa
-TMHAMHUKa

-3aKOHBI COXPaHEHUS

MouJieKyaspHas U CTaTU-
cruyeckas hu3uKa, Tep-
MOJHMHAMHMKA:
~-MOJIEKYJIAPHO-
KHHETHYECKas

Teopust

-KJaccuyecKasl CTaTUCTHKA

-TCPMOJUHAMHKA

DIEKTPHUIESCTBO U
MarHeTU3M:
-3JICKTPOCTATHKA
-CTallMOHAPHBIC
TOKH

v

-MarouToCTrarTuka
-3JICKTpOMAarduTHas
HHAYKOUA

2.4. BpeMmenHoOM rpauk u3y4eHus1 JUCHUIIHHBI

[TpoaOIKUTETEHOCTD
Ne HasBanue pazgena W3YyUYeHHUs pasjena,
B THSIX
1 Beenenue. Pazgen 1. dusndeckne 0CHOBBI 9 nueit
MEXaHUKH.
2 Paznen 2. Monexynsipaas pusuka u tep- 6 nHeu
MOJUHAMHKa
3 KontposbHas padora Ne 1
4 Paznien 3 DyieKTpUyueCTBO U MarHeTU3M 10 nuen
5 KontponbHas pabora Ne 2
Hroro: 25 nuent
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2.5. llpakTnyeckuii 0J10K

2.5.1. JlaGopaTtopHbie padoThI

JlabopaTtopHbie pabOTHI 7151 CTYJIEHTOB, oO0ydatromuxcs ¢ npumenenrnem [JOT,

MMPOBOAATCA B TCUCHUC CCCCHU IIPHW HAJIMYHUUN Ha60paTOpHBIX YCTaHOBOK. Omnucanus

nabopatopHbIX paboT npuBeaeHs! B [S5]. Ecau mnabopaTopHBIX yCTaHOBOK HET, paOOTHI

BBITIOJIHAIOTCSL 110 BUPTYaJIbHOMY JIa0OpAaTOPHOMY MpakTUkymy. OmnucaHusi BUPTY-

AJIBHBIX Ha60paTOpHBIX pa60T M YKa3aHHus 110 UX IPOBCACHUIO ITPUBCACHBI B MCTO N~

yeckux nocobusix [6] u [7]. Hus crynenToB, oOydaromuxcs Ha ¢unuanax, gabopa-

TOpHBIE pa0OTHI MPOBOASTCS B YCTAHOBIEHHOM nopsiake. OTuéThl 1o J1a00paTOpHBIM

paboTaM C OTMETKOM IpenojaBaTessi O BHIMOJHEHUH U 3alIUTE JOKHBI ObITh IIpe-

CTaBJICHBI CTYACHTOM Ha 3K3aMCHC.

2.5.1.1. JIaGopaTopHbIe padoThI

JUISL CTYZEHTOB OYHO-3a04HOI (popMbI 00ydeHHs (8 4acoB)

Howmep HanmenoBanue nabopaTopHbIX padoT Kon-Bo
paznena (Tembl) 4acoB
Tema 1.3 OrnpeneneHre MOMEHTOB HMHEPLHUU Ten (MeTajiuye- 4

CKHX KOJI€II) C MOMOIIbI0 MasiTHUKa MakcBenia.
Tema 3.5 MarsuTtHOE 10J1€ B BAKYyME U B BEILIECTBE 2
Tema 3.6 DJIEKTPOMAarHUTHAsI MHYKIUS 2
2.5.1.2. JlabopaTopHbIie padoThI
JUTSI CTYJICHTOB 3209HOU (hopMBbI 00yueHus (6 4acoB)
Homep HaunmenoBanue nadopaTopHbIX paboT Kon-Bo yacoB
paznena (TeMbl) ayn/JIOT
Tema 1.2 JInHaMKMKa MaTepUaIbHON TOYKU U CUCTEMBI Ma- 2/2
TEPUAIbHBIX TOYEK

Tema 1.3 OrnpeneneHre MOMEHTOB MHEPIUU TeN (MeTal- 2/2
JUYECKHUX KOJIEI) C MOMOUIbI0 MasiTHHMKa Mak-
cBeJUIa.

Tema 3.5 MarHuTtHOE 1oJe B BAKYyME U B BEILIECTBE 2/2
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2.6. PeiiTuHroBasi cucreMa OlleHKH 3HAHUI npu ucnoab3oBanun 10T

no pucuuminge «Pusuka. Yacrto 1»

[Tocrne n3ydenus Kakaoro pasziena CTyIEHT BBIIOJIHAET TPEHUPOBOUHBIN TeCT. [locme
U3YUECHUsI BCEro Kypca HEOOXOIMMO BBIIOJHUTH KOHTPOJIbHBIE TECThI, KOTOPBIE Pa3MEIICHBI
Ha y4eOHOM caiite. Kaxaplii IpaBUIIbHBIN OTBET Ha 3aJaHKs1 KOHTPOJIBHOIO TECTA OLICHNBA-
ercst B 1 Gamwt. MakcumanbHOE KOJMYECTBO OAJUTOB 32 KOHTpOJBbHOE TectupoBanme — 30.
[IpaBuiibHOE pelieHre KaXI0M 3a/laud B KOHTPOJIBHBIX paboTax oLeHuBaercs B 3 Oasuia.
MakcumanbHOe KOJIMYECTBO OAIIOB 32 KOHTPOJIbHBIE paboThl — 48. BhInonHeHue 1 3aimra
KaX01 J1abopatopHoi padboTel oteHuBaeTcs B 10 6amioB. Beero 3a nabopatopHsie paOoThI
— 20 OasyutoB. JlocpoyHOE M KaueCTBEHHOE BBINOJIHEHUE 3aJIaHUN OLIEHUBAaeTcs B 2 Oasuia.
MakcuManbHO KaxIplii cTyAeHT MoXeT nomyuuth 100 6auio. CtyneHThl, Ha0paBue 80

U 0oJ1ee 0AILTIOB, JIOIYCKAIOTCS K IK3aMEHY.
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3. ”IHOOPMALIMOHHBIE PECYPChbl JUCIIUIIJINHBI

bubianorpaduyeckuii cnucoxk

OcHoBHoIi:

1. Tpodpumona, T.U. Kypc ¢puzuxu: yued. nocodbue / T.1. Tpodumosna. - M.:
Bricm. mk., 2007.

JlonmoJTHUTEILHBI:

2. Kypc pusuku. dusndeckre OCHOBB MEXaHUKH, MOJIEKYJIsIpHast GU3HUKA U
TepMoauHaMuKa: yueo. mocoobue / B.M. Ilarnes, N.I'. OpexoBa, E.A. JIuxonaena,
C.B. Muxaiinosa. — CII6.: 3a-Bo C3TVY, 2006.

3. Hamnes, B.M. Kypc ¢pusnuku. 31eKTpU4ecTBO U MarHeTU3M: y4eb. mocobue /
B.M. Ilannes, N.I'. Opexosa, E.A. Jluxomaesa . — CII6.: U3a-Bo C3TYVY, 2006, 129 c.

4. duzrka: METOJI. YKa3aHus K BBITIOJIHEHUIO KOHTPOJIbHBIX paboT / cocT.: B.II.
JI3exanoBckas [u ap.]. — CII6.: C3TY, 2004.

5. ®u3uka: METO/1. yKa3aHus K BBIIIOJIHEHUIO J1a0. padoT mo pa3aenam: Y. 1 u 2/
coct.: A.C. UBaHoB [u ap.]. - CI16.: C3TVY, 2004.

6. ®uzuka. Yactey 1. BupryanbHbiii 1a00paToOpHBIA MPAKTUKYM IO pasjernam:
du3uveckrue OCHOBHI MEXaHWKH, MOJICKYJSpHas (U3MKa, CTaTUCTHUECKas (U3MKa,
TEPMOAMHAMHKA: METOA. YKa3. / cocT.: B.M. [lamues, FO.U. Ky3pmun. — CII0.: 1U3a-
Bo C3TYVY, 2007. — 82 c.

7. ®usuka. DIEKTPUYECTBO U MAarHETU3M: BUPTYaJIbHBIN J1a0OpaTOPHBIN Mpak-
TUKyM: MeToA. yka3. / coct.: B.M. llames, F0.U. Ky3smun. — CII6.: U3n-Bo C3TV,
2005.—-75c.

CpencrBa o0ecniedyeHusi 0CBOCHHS JUCHUILINHBI (pecypcnl Internet)

11. http://db.informika/ru/spe/prog/prog/zip

12. http://burma.tsu.tula/

13. http://www.gpntb/ru/

14. http://www.stup.ac.ru/

15. http://www.uw.edu.pl
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16. http://www.physicon.ru/

17. http://www.physics.ru/

18. http://elib.nwpi.ru/
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3.2. OITIOPHBIA KOHCIIEKT

BBEJAEHHUE

B ocHoBe n11000# MaluHbl, TpudOpa, arperara Jiexar Juoo ¢puzndeckue, 1100
busnko-xumuueckue spieHus. [lostomy (usuka urpaer ocodbyr poiib B TeXHUYE-
CKOM BY3€, TaK Kak siBisieTcsi QyHIaMEHTaNIbHOU 0a30M BCEX MHKEHEPHBIX AUCIIHUI-
auH. [IpakTHuecKn Bce JOCTHXKEHHSI TEXHUYECKOTO Mporpecca, BKItoYas TpaHCIopT,
CBSI3b, KOMIIBIOTEPHI 1 MHOTOE€ JIPYTO€, OCHOBAHBI HAa 3aKOHAX (PU3UKH.

B skoHOMHYECKHX HayKax MCHOJb3YIOTCS 3aKOHOMEPHOCTH, MOA0OHbIE PU3U-
yeckuM. He citydaiiHo, 4TO B HacTosiiee BpemMsi OypHO pa3BUBAETCs TAKOE HaIlpaBJie-
HUE HAyKH, KaK 9KOHOMUYECKas (PU3HKa.

Pu3nka u3yyaer Nnpocreiliye U BMecTe ¢ TeM HauboJiee o0IMe 3aKOHO-
MEPHOCTH SIBJICHUH NPHUPOIbI, CBOMCTBA M CTPOCHHE MATEPUHU, U 3AKOHBI €€
JABUKEHUS.

JIns XxapakTepUCTUKHA B3aMMHOTO PACIIOJIOKEHHUS TEJl UCIIOJIb3YETCSl KAaTerOpHsi
MOHATUN — MPOCTPAHCTBO. B3auMoieicTBUe 4acTull U TEJI MPUBOAUT K Pa3JIUYHBIM
M3MEHEHUSIM B UX MOBEJACHUU. DTH U3MEHEHUS, BHI3BAHHbBIC PA3IMYHBIMU CBOWMCTBA-
MU YacTHUI[ W MOJEH Ha3bIBAIOT ABHKeHHeM. [locienoBaTenbHOCTh M HAMNpPABIICH-
HOCTbh U3MEHEHUM (ABUKEHUS) XapaKTepu3yeT KaTeropus MoHATHI — BpeMsl.

[Ipocreiimue GhopMbl IBIKCHHUS — MEXaHUUYECKasi, TEIJIOBas, ICKTPUIECKas,
sJiepHasl U3y4aroTCs B Pa3HbBIX pasjenax (pU3UKH.

B sTom Monyne u3ydaroTcs Tpu pasaena QU3MNKu:

1. ®usnueckue ocHOBbI Mexanuku (36 yac.). 2. MonekynsapHas pusnuka u Tep-

MoauHaMuKa (24 gac). 3 . DiekTpru4ecTBO U MarueTusm (40 gac)

Paznen 1. ®PUSNYECKHUE OCHOBbI MEXAHUKHA
B paznene 1 uzyuarorcs yetsipe Tembl: 1.1. DIeMeHTbl KHHEMAaTUKH MaTepu-
aJbHOW TOYKHM M BpalllaTeJIbHOTO JIBUKEHMS TBepaoro tena. 1.2. Jlunamuka matepu-
AJbHOW TOYKM U CUCTEMBI MAaT€pHANbHBIX TOYEK. 1.3. DIEeMEHThl JUHAMUKHU Bpalla-

TEJIbHOTO JIBMKEHUS TBEPAOTro Tena. 1.4.91eMeHThl MEXaHUKH KUJIKOCTH U rasa.
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[TogpoOHOE M3NM0KEHHE MaTepualia pa3zesa IpeicTaBlIeH0 B y4eOHOM MOCO-
oun: Lamnes, B.M. Kypc ¢usuku. ®uznyueckrie 0CHOBbl MEXaHUKH, MOJICKYJISPHAS
¢uszuka u TepMoauHamuka: yued. mocobue / B.M. Damnes, W.I'. Opexosa,
E.A. JInxomaesa, C.B. Muxaiinosa. - CI16.: C3TVY, 2006, a Takxe [1], c. 6-39, 43-46,
56-66.

[lo marepunanam pasnena BoIOnHAOTCA 3anauu 101-141 n3 koHTpONBHOM pa-
00T1bI Ne 1, TpeHupoBoUHBIe TeCThI (K TemaM 1.1; 1.2; 1.3) u KOHTPOIBHBII TECT.

B nepBoM paszaene usyudaercs npocreiias popma ABMKEHUS — MEXaHUYECKasl.

MexaHn4eckoe ABUKEHUE — 3TO M3MEHEHHE B3aUMHOIO PACIIOJIOKEHUS TEl
WM UX YaCTE B IPOCTPAHCTBE C TEYEHUEM BPEMEHHU.

JIto6oe cl0KHOE BUKEHUE TEJa, MOKHO MPEJICTAaBUTh KAK COBOKYIHOCTH MO-
CTYNATEJIbHOIO ¥ BPAIIATEIbHOTO JBUKEHUM.

IIpy mocTymareJJbHOM JBH)KCHUM BCE TOYKU TEJIa JABUXKYTCS OJUHAKOBO, a
Ar00ast TMHUS, MBICJIEHHO BBIJIEJIEHHAS! HA TOBEPXHOCTH TeJ1a, COXPAHSIET MOJIOKEHHE,
napaJijIeIbHOE NEPBOHAYAIBHOMY. JTO IMO3BOJISIET BBECTH IIPOCTEUINYI0 MOJEINb Te-
J1a, KOTOPAasi HA3bIBAETCSA MATEPUAJIBbHOM TOYKOM.

MarepunajbHasi TOYKA — 3TO TEJNO, pa3MepaMu U (HOPMOI KOTOPOTO MOKHO
npeHeOpeyb B paccMaTpuBaeMoi 3aaue.

[Ipu BpamareJbHOM JABMKEHUU BCE TOUKH TEJA JIBHXKYTCS MO OKPY’KHOCTSM,
LIEHTPBI KOTOPBIX JIEXKAT HA OJAHOM MPSAMOM, Ha3bIBAEMOW OChIO BpaieHus. [iua yn-
POILIEHUS ONHMCAHMS BPAIIATENIbHOTO JIBHXKEHHSI TEJIO CUYUTAETCS Hele(hOPMUPYEMBIM,
HCIIOJIB3YIOT MOJIENIb A0COJIOTHO TBEPAOIo TeJia.

AOCOJIIOTHO TBEpAbIM TeJOM Ha3bIBAETCS TEJIO, PACCTOSIHUS MEXKIY JTHOOBIMU
JIBYMSI TOUKAMHU KOTOPOT'O IOCTOSIHHBI.

Kiaccnueckass MexaHMKa M3y4yaeT IBHKEHHE CO CKOPOCTSIMH 3HAYMTEIBHO
MEHBIIMMHU CKOPOCTH CBETa B BaKyyMme. J[BHKEHUE Tel, CKOPOCTH KOTOPBIX COU3ME-

pUMBI CO CKOPOCTBIO CBCTA, U3Yy4aCTCA B pGHHTHBHCTCKOﬁ MCXaHHKE.
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1.1. DyleMeHTbl KHHEMATHKH MATEPUATbHOI TOYKH U BPAIIATEJILHOTO
ABHKEHUS] TBEPAOIO Tejia

Kunematuka — 3To paszienn MEXaHUKH, B KOTOPOM M3y4YarOTCS BEJIUYWHBI, Xa-
paKkTepU3yIolIre JABMKECHUE U WX B3aUMOCBS3b, 0€3 ydeTa MPUYUH OMPEEISIONNX
TOT WJIM UHOM BUJl JBUKECHMUS.

1.1.1. Cucrema orcuera. Tpaexkropust

XapakTep ABUKEHHUS TeJla 3aBUCUT OT BHIOOpA CUCTEMBI OTCYETA.

Cucrema oTcyera — 3TO COBOKYITHOCTh Te€ja OTCUETa, CBI3aHHON C HUM CHC-
TE€Mbl KOOPAUHAT, U CHHXPOHU3UPOBAHHBIX MEXKy COOOM 4acoB.

Kak npaBuiio, B pu3uke UCHONB3YIOT JeKAPTOBY cucTeMy KoopauHat. [lo-
JIO)KEHUE MaTepuaJbHOM TOYKM B JEKapTOBOM CHCTEME KOOPAMHAT 3aJaeTCs TpeMs

YUCJaMHu X, y, Z WU paanyc-Bektopom 7 (puc. 1.1).

N Pannyc-BeKTOp 7 MOXHO BBIPa3UTh Y€pe3

KOOpI[I/IHaTI)I €0 KOHIIa

Z~ F=xi +y +k 1.1
~ %) +K, ( . )

o A _

rae i, j,k — eAMHUYHBIE BEKTOPHI (OPTHI), COB-

!
: X MaJAI0IMeE C MOJTOKUTEILHBIMU HAIIPABICHUSIMU
| Y . I
. .7 X oceit Ox,0y,0z xi,y, zk —  COCTAaBJISIOIINE
|

(KOMIIOHEHTBI) BEKTOpa 7 BJOJb 3TUX OCEH.

y Monynb BeKTOpa 7 paBeH

Puc. 1.1 Fl=yx*+y +27. (1.2)

IIpu nBU>KEHUU MaTEpUAIBHOM TOUKHU €€ KOOPAMHATHI U PaguyC-BEKTOP U3Me-
HAIOTCSI C TEYEHUEM BPEMEHHU, MAaTEPHUAIbHAS TOUYKA OMUCHIBAET B MPOCTPAHCTBE JIH-
HHIO, HA3bIBAEMYIO TPAEKTOPHEI.

TpaekTopusi — 3TO T€OMETPUYECKOE MECTO TOYEK, B KOTOPBIX HAXOIUTCSA

ABMIKYHICCCA TCJI0, B IOCJICAOBATCIIbHBIC MOMCHTEI BPEMCHU.
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YpaBHEHHE TPACKTOPUU SIBISETCS OCHOBHOM KMHEMATHYECKOW XAPAKTEPHUCTHU-
KOW. 3Hasi JaHHOE YPaBHEHUE, MOXKHO HAWTHU BCE APYrUe€ XapaKTEPUCTUKH ABUKECHUS
Tesa B JII0OOH MOMEHT BPpEMEHHU.

IMapamerpuyeckass ¢opMa 3amucu ypaBHEHHUS TPACKTOPHH IMOKA3bIBACT, KaK

3aBUCAT KOOPJMHATHI Te€Jla OT BpeMEHH (MapameTpa) U UMEeT BUT

x=x(2), y = (), z = z(1). (1.3)
BexTopHasi popMa ypaBHEHUS TPACKTOPUU SKBUBAJICHTHA BBIPAKECHUIO
r=r(t). (1.4)

Bripaxxenus (1.3) u (1.4) Ha3bIBaIOT TakKe 3aKOHOM JABW:KeHMs. [ mipsiMo-
JUHEWHOTO IBUKEHHUS JIOCTATOYHO 33JaTh OAHO YpaBHEHUE X = x(7).

BekTop Ar =7, —7,, COEIUHAIOIUI IB€ TOUYKH TPACKTOPUH, HA3bIBACTCS BEK-
TOPOM TIEPEMEIIICHHUSI.

z Uepes koopauHaATBl TOUYEK 4 U B BEKTOP

AF BbIpa)xaercs Tak:

A AS R AF = AXi + Ayj + Azk . (1.5)
AF
7\ 7, Ax=x,-x, Ay=y,-y, Az=2z,-z,.
X AF|= A" + Ay + Az (1.6)
y
Puc. 1.2

PaccrosiHue, npoiiieHHOe TEIOM 3a BpeMs At =t, —¢, BAOJIb TPACKTOPUU Ha3bI-
BaeTcs auHoi mytu AS (puc. 1.2).

‘AF‘ coBragaer ¢ AS TONBKO MPH MPSIMOJIMHEHHOM JIBHXEHUU. B mpon3Bosib-
HOM ClTyuae AS>‘AF‘.

Mosynb GECKOHEYHO Majoro MepeMelleHus paBeH OSCKOHEUHO Masloil 4acTu
TPaeKTOPHUH ‘d?‘ =dS .

1.1.2. CxopocTb
CkopocTh — 3TO ¢pu3MuecKas BeJIIMYMHA, XapakTepu3ytomas ObICTPOTYy mepe-

MCHICHH: TCJIa 11O TPACKTOPHUU W HAIIPABJICHHUC €TI0 JIBUKCHUA.
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N3 onpenenenus cnenyer, 4TOo CKOPOCTh — BEKTOPHAs BeauuyuHa. Ecin 3a pas-
HBIE IIPOMEKYTKH BPEMEHH TEJIO IMPOXOIUT OJUHAKOBBIE ITyTH, TO YUCICHHOE 3HaYe-
HUE CKOPOCTU PaBHO OTHOIICHUIO JJIMHBI IyTH KO BpeMeHu: U =AS/At.

B oOmiem ciayyae KpUBOJIMHEWHOTO JIBUKEHUSI CKOPOCTh B pa3HbIE MPOMEKYT-
KH BPEMEHH MOKET OBbITh Pa3HOU IO BEJIMYMHE U 110 HAIlpaBJICHUIO. B cBs3M ¢ 3TUM
BBOJST MOHSTUSA CPeAHEH 1 MTHOBEHHOM CKOPOCTEMN.

BexTopoM cpeaHell CKOPOCTH Ha3bIBAaeTCA OTHOLIEHHE BEKTOpa IepeMelle-
HUS K IPOMEXKYTKY BPEMEHH.

Y

v o=—. 1.7
cp Az_ ( )

Ennnnna nsmepenus [v]:l m/c. HanpasieHnue BeKTopa U, COBIAJAET C Ha-

IpaBJ€HUEM BeKTopa nepemMeiienus Ar (puc. 1.3).

\Z 51
L/ aF \2 3
UP
i
X
Yy
Puc. 1.3
[Tonw3ysck BeipakeHueM (1.5), momyunm:
_ Ax- Ay- Az~
=—i+—j+—k, 1.8
VR VE Y (18)

Ay Az .
3nech v, =—, U, =——, U, =-— — [IPOEKLUHU BEKTOPa CpeAHEH CKOPOCTH Ha CO-
T TN 2T p pa cp p

OTBETCTBYIOIINE OCH KOOPJIHUHAT.
Cpennsisi CKOPOCTh AA€T HEMOJMHYIO UH(POPMAIUIO O TBUKEHUU TeJa, TaK Kak B

KaKHC-TO MOMCHTBI BPpCMCHH TCJIO ABUI'AJIOCh 6bICTpO, B KaKHEc-TO — MCAJICHHO HWJIN
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BOOOIIE MMOKOMJIOCh. bosiee TOUHO XapakTepu3yeT ABMKEHUE TeJla MTHOBEHHAs CKO-
pPOCTb.
MrHoBeHHO# CKOPOCTHIO HA3bIBAIOT CKOPOCTh TeJIa B JAHHOU TOYKE TPACKTO-

pUH B JAHHBI MOMEHT BPEMEHU.

_ . AV
IIpu At — 0 mepemernenre A7 CTaHOBUTCS OECKOHEUHO MAlbiM, a Uep :A_
t
CTaHOBHTCS ITOCTOSIHHOM, TAKAUM 00pa3oM, MTHOBEHHASI CKOPOCTh
Ar df
= lim — (1.9)
At—0 At ot

paBHA MPOM3BOJHON paJlyca-BEKTOpa IBUKYIIEHCS TOYKH MO BpeMeHu. Bektop U
HaIpaBJIEH M0 KACATEJIbHON K TPAEKTOPHUH B TaHHOM Touke (puc. 1.3).

Tak kak ‘df ‘ =dS, TO MOAYJIb MTHOBEHHOI CKOPOCTH paBEH

7= \dr\ dS

dSz\ﬁ\dt, (1.10)

TO JUIMHA ITyTH, MPOUJAECHHOTO TOYKOU 3a POMEKYTOK BPEMEHH OT # 110 #;, BBIYUCIIA-

€TCs KaK KPUBOJIMHENHBIA HHTErPAII
t;
S = [o(t)dt, (1.11)
t

r71€ U(¢) — 3aBUCUMOCTb MOJ1yJIsl MTHOBEHHOW CKOPOCTH OT BPEMEHMU.

1.1.3. Yckopenue

CKOpOCTh JBHKEHHUS MATEPUAIIBHOM TOYKM MOXKET U3MEHSATHCA Kak IO BEJU-
YUHE, TaK U M0 HAPABJIEHUIO.

duznyeckasl BeIMUYMHA, XapaKTepU3yIolllas U3MEHEHHE CKOPOCTH 3a €AUHUILY
BPEMEHU, HA3bIBAETCS YCKOPEHUEM.

Tak ke, KaKk JJIsi CKOPOCTH, BBOJSITCS TIOHATHS CPEAHETO U MTHOBEHHOI'O YCKO-
pEHUI.

CpeaHee yckopeHHMe PAaBHO OTHOIICHHIO W3MEHEHUS BEKTOpPAa MIHOBEHHOM

ckopoctd AU =70, — U, K NPOMEXYTKY BPEMEHH, 32 KOTOPOE 3TO U3MEHEHHUE Ipo-

usonwio. Exunnna mmepenns [a] = 1 m/c’.
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VNG
a,=—. (1.12)
At
MrHoBeHHOE YCKOpEHHUE B TaHHOW MOMEHT BPEMEHHU B JAHHOW TOYKE TPAEKTO-
pUHU PABHO Ipeaeay 3TOro oTHoweHus npu At — 0, TO €CTh POU3BOAHON CKOPOCTH

110 BPEMEHHU:
a=I[lim—=—. (1.13)

VYuuteiBas Beipaxkenus ais ckopoctu (11), (12) u (13), nerko noyry4uth aHa-

JOTUYHBIE (POPMYJIIBI 111 YCKOPEHHUS:

do d’x- d’y a,_l_dzz -

d=—= I+ k 1.14
dt dr’ dt’ / dt’ (1.14)
d’x d’y d’z
av = 22 ay = 2 2 az = 2
odt dt dt
Moyibs BeKTOpa YCKOPEHHUS paBeH
‘ﬁ‘:\/ax2+ay2+a22 . (1.15)

Takum oOpa3oM, nepBas IPOU3BOAHAS OT YPABHEHUSI TPAEKTOPUU 110 BPEMEHU
€CThb CKOpPOCTb, & BTOpas MPOM3BOJIHAs — YCKOPEHHE Tesa. Bonpoc o HampaBiIeHUH
BEKTOPa MTHOBEHHOT'O YCKOPEHMSI PEIIAETCs B IMHAMUKE. DTO MOXHO ClielaTh B KH-
HEMATHKE, €CJIM PA3JIOKUTh BEKTOP YCKOPEHHs Ha ABE COCTABIIAIOLIUE, XapaKTEPH-
3YIOIIHAE U3MEHEHUE CKOPOCTH 110 BEJIMYHUHE U 110 HAPABJICHHUIO.

@

T 2T

Puc. 1.4
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Cocrapisionias yCKOPEHUs, XapaKTEPU3YIoIasi U3MEHEHHE MOAYJI CKOPOCTH

o - . -
M Ha3bIBACTCA TAHICHIMAJIbHBIM YPABHCHUEM, ? +T=a_ BCKTOp a_ — HaIIPpaBJICH
4

I10 KacaTeJIbHOU K TPAEKTOPHUH.
CocraBnsromas yCKOPEHHUs, XapaKTepu3yHolllas U3MEHEHUE CKOPOCTH IO Ha-

IIPABJICHUIO, HA3bIBAECTCS HOPMAJIbHBIM YCKOpeHHEM. Ero BEKTOp d, HampaslleH

BJI0JIb pajinyca KpUBHU3HBI K LIECHTPY KpUBHU3HBI. Panuyc kKpuBu3HBI (R) — 3TO paauyc

OKPY>KHOCTH, KOTOpasi BIMCBHIBAETCA B 3aJaHHBIN Y4aCTOK TpaeKTopuu. Moayis HOp-

2

MaJbHOTO YCKOPEHUS paBeH ‘Zzn

Moayiab HOJTHOTO YCKOPEHHUS BBIYUCISIETCS 1O (popmyiie

2 2\2
a= (dvj | =Ja+ra (1.16)

dt R

B 3aBuCcHMOCTH OT TaHr€HUMAJIbHOM M HOPMAJIbHOM COCTABJISIOLIAX YCKOpE-
HUS JBUKEHUE MOKHO KIIACCU(DUIIMPOBATH CIEAYIOIIUM 00pa3oM.

Ecmu a,.=0; a,=0, To nBrmwxenne OyaeT NPSIMOIHMHEHHBIM U PAaBHOMEPHBIM.

IIpu a, = a = const; a, = 0 — IPAMOIMHENHOE PABHONEPEMEHHOE ABUKEHHE.

[Ipu TakoM BUi€ IBUKEHUS

_Av_9,-v

= = 1.17
At t,—t, (1.17)

a =da

T

Ecau B HauanbHBIA MOMEHT BpPEMCHU | = O, a HadaJibHas1 CKOPOCTb U1 = Vg, TO

V-0,

0003HauMB f, =t U 0, =0, NOJIYYUM a = , OTKyJ1a

v =0,+at. (1.18)
[TpounTerpupoBaB 3Ty (GopMyiy B Ipeaesiax OT HYJSI IO MPOU3BOJIBHOTO MO-
MEHTa BPEMEHH f, HAWJIEM, YTO JJINHA MyTH, MPOUJICHHOTO TOYKOM B ClIyyae paBHO-
IMCPCMCHHOI'O IBHKCHHA
2

at’

S =[vdt =[(v, +at)dt =v,t + (1.19)
0 0
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1.1.4. KunemaTuka BpamaTeJbHOr0 ABUKEHUS

[IpocreitmuM BUIOM BpaIIATEIBHOIO JBHXKEHHUS TBEPJOTO TEJ SIBJISIETCA Bpa-
IIEHHE BOKPYT 3aKpeIUIeHHOW ocu. B 3TOM ciydae Bce TOUKM Tejia IBUXKYTCS MO OK-
PY>KHOCTSIM, IIEHTPBI KOTOPBIX JIEXKAT HAa OCH BPAIICHUS; MMOJ0KEHUE TOYKU YI00HO
XapaKTEPU30BaTh PAUYCOM COOTBETCTBYIOILIECH OKPY>KHOCTH; BCE TOUKH Teja OJTHOU
IJIOCKOCTH, MPOXOASIIEH 4Yepe3 OCh BpalleHHUs, MOBOPAYMBAIOTCA HA OJIMHAKOBBIC
yrisl (puc. 1.5).

OyHKIMSA, ONKCHIBAIOIIASl 3aBUCH-
MOCTbH yIJia IOBOPOTa (¢ OT BPEMEHH, HA3bI-
BAETCS 3aKOHOM JBMKeHUS (BpallleHus1):
@=¢(f). OT0O OCHOBHasg KHHEMaTHYECKas
XapaKTEPUCTHUKA BPallaTeIbHOTO JBUKEHUS.

BricTpoTa BpalleHusi XxapakTepusyer-

Cs YIJIOBOM CKOPOCTBIO .

Cpeansisi yriioBasi CKOpoCThb paBHa
IPUPALEHUIO yTia MOBOPOTA 3a EIUHUILY

BpPCMCHH

T AL ( )

MrHoBeHHasI yriioBasg CKOpPOCTb — 3TO IIPOM3BOJHAsA OT yIjia IIOBOPOTa I10

BPEMEHU

de
o= 1.21
” (1.21)

CKOpoCTh U JBWKEHHSI TOYKH Tejla MO OKPY>KHOCTH HA3bIBACTCs JIMHEHHOi

CKOPOCTBIO, KOTOpAasi HAaIIpaBJICHA II0 KacaTeJIbHOW K TpaeKTopuh. Moayib JIMHEN-

HOM CKOPOCTH paBeH U = %, rjae dS — ayra oKpy>KHOCTH. YUUTbIBad, 4To dS = Rdo,

IIOJIyYUM CBSI3b MEXIY JINHEMHOU U YTJI0OBOM CKOPOCTSIMU:

v=wR. (1.22)
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yFJ'IOBYIO CKOPOCTb YCJIIOBHO CHHTAKOT BCKTOPOM, HaIIPpABJICHHBIM BJOJIb OCH

—

BpAIEHHUs MO MPAaBUILY [IPABOr0 BUHTA. (D — 3TO aKCUAJIBHBIN BEKTOP.

Ecin = const — BpaieHue sBiseTcs paBHOMEPHLIM. PaBHOMepHOE Bpa-
IIEHHE MOXKHO XapaKTepu3oBaTh mepuoaoM oOpamieHust 7; T — 3TO BpeMsi OJHOTO

1
o0opoTa, Tpu 3TOM yroi nmoBopoTa paBeH 27n. Torma w=2n/T; F:v — Yacrora

BpaIlleHUsI WIN YUCII0 00opoToB3a 1 ¢; m=2mv.
M3MeHeHne yrioBoil cKOpocTH 3a 1 ¢ XapakTepu3yloT BeJIHYHHOIl YIJI0BOro
ycKopeHus 3.

= Ao = do
Cpennee 3uayenue f3_ = Ve MIHOBEHHOEe — [3= o

U3 IMPUBCACHHBIX BBIpa)KGHI/Iﬁ BHUAHO, 4TO IIPH YCKOPCHHOM BpAICHHWM HaA-

—

ITpaBJICHUA BCKTOPOB O u B COBIIaJaroT, IMpru 3aMCIJICHHOM — IPOTHUBOIIOJIOKHBI

(puc. 1.5).

YrinoBoe YCKOPCHHUC CBA3aHO C TaHI'CHIOHWAJIbHBIM JIMHCHHBIM YCKOPCHHUCM:

v,
a.=PBR. HopmanbHOE yCKOPEHUE YUCIIEHHO PABHO a, =—=O"R.
R

Enuanner uzmepeHus: [(p] = 1 pan (paguan); [co] = 1 pan/c = 1 ¢’}

el=1 paz:/c2 =1¢>
[¢]

1.2. lunaMuKa MATEPHAJBbHON TOYKH M CUCTEMbl MATEPHAJIBHBIX TOYEK

OneIT MMOKa3bIBACT, YTO BEJIMYUHBI, OMUCHIBAIOIINE ABMKCHHE TElla, U3MCHSI-
FOTCA IIPU B3aMMOJIEMCTBUM €r0 C IPYTUMHU TelaaMu. Pa3zien MeXaHuKu, U3ydarolun
3aKOHBI ABMKEHHS TE C YUY€TOM (PU3MUECKUX MPUUYUH, 00YCIAaBIMBAIOIINX TOT WU
WHOU XapakTep ABHKEHUsI, Ha3bIBACTCA AUHAMUKON. B OCHOBE NTMHAMUKHU JIexar 3a-
KoHbl Hpl0TOHA, chOopMyIMpOBAHHBIE UM HA OCHOBE O0OOIICHUSI OTPOMHOTO KOJINYe-
CTBa OIBITHBIX (PAKTOB.

1.2.1. 3axkonsl HploTOHA
ITepBeiii 3axk0oH HpOTOHA XapakTepus3yeT IBUKECHHUE Teja, HEB3aUMOIEUCT-

BYIOIIIETO C APYTUMHU TEJIaMH, TO €CTh CBOOOHOE OT ICUCTBUS IPYTHUX TE U TOJICH.
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IlepBbiii 3akoH Herotona. Cywecmeyrom makue cucmemwvt omcuema (CO), é ko-
mMopbvIX Meslo COXPAHAEM COCMOAHUE NOKOA WU PAGHOMEPHO20 NPAMOIUHEUHO20
osudIceHUs 00 mex nop nNOKa Ha He2o He nodelicmeyrom opyzue med.

CBOICTBO T€N COXPAHATh CBOE COCTOSIHUE HA3bIBA€TCSI HHEPTHOCTHIO. CBO-
00/IHOE JIBM)KCHHE HA3bIBAETCS IBMKEHHEM IO MHEPIHH, 2 CUCTEMBbl OTCYETa —
HHEePUHUATbHBIMH.

Nueprmanbaas CO He BAMSAET Ha JBMXKEHHME Tesla. Becerma MokHO HaWTHU Ta-
KyI0 CHCTEMY OTCYETa, YTO €€ BIMSHUEM Ha ABWKEHHUE Tella MOXHO MpeHeOpeyb.
Hampuwmep, CO, cBsa3anHble ¢ 3emieil OyAyT WHEpUUAIbHBIMU, €CIIU IpeHeOpeub €€
CYTOYHBIM BpAILICHUEM.

B3aumoneiicTBre Ten NpoOsBISETCS B U3MEHEHUU CKOPOCTH JBUXKEHUS U B JIe-
dopmaru Ten. g XapakTEPUCTHKK B3aUMOJCHCTBHUSL UCIIOJIB3YETCS] TOHSTHE —
CHJIA.

Cuiia — 5TO KOJIMUECTBEHHAsl M KaueCTBEHHAsl Mepa BO3JICUCTBUS Ha MaTepu-
aJbHYIO TOYKY WJIM TEJIO CO CTOPOHBI APYTUX TEN U MOJIEH.

Cuna — BenmnurHa BEKTOpHas. Pe3ynbTaT €€ NeiCTBUS 3aBUCUT OT MOJYJIS, Ha-

IMPaBJICHUA U TOYKHU ITPHUIIOKCHUA CUIIBI. Ecnu na Teno ﬂCfICTByeT HCCKOJIBKO CHJI E )

— —

F,, ... F_, To nBuxeHue Tena OyAeT onpeensiThcs BeKTOPHOM CyMMOM 3THUX CHII,

Ha3bIBAEMOM PABHOACHCTBYIOLICH WM Pe3yabTHPYIOLIEH CUION

F, =F+F,+.+F=)F,. (1.23)

i=1

KauecTBeHHass Mepa 03HAYAET, YTO CYLIECTBYIOT pa3jauyHble BHUIBI cuil. Ha-
IIpUMEp, B MEXaHUKE PACCMATPUBAIOTCA CUJIbl TATOTEHUS, CUJIbI YIPYTOCTH, CHUIIBI

TPEHUs.

Bropoii 3akon HeloToHa. Yckopenue, npuoopemaemoe meniom, npamo npo-
NOPUUOHAILHO PE3YTbMUPYIOUiell 6cex CUJl, OelCMEYIOUUX Ha meio, cognadaem c

Hell no HanpaeJjieHUIo u 06])de0 nponopuuoOHaIbHO macce meaa:
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a="-"—, wm md =F (1.24)
pes
m
. dv
Y4uThIBas, UTO d =——, ¥ [TOJIaras m = const, Mmosy4nm
d(mo) -
(—):Fpes. (1.25)
dt

BekTopHast Benmu4nHA p =m0 Ha3bIBACTCA HMIYJIbCOM (KOJIUYECTBOM JBH-

—

dp

’KeHus) Tena. BeipaxkeHue I = Fp — 310 60see obmas popmynuposka Il 3axona

e3

HLIOTOHa, €ro Ha3pIBalOT OCHOBHBIM YPABHCHUEM JUHAMUKH.

N3 Bepakenus (1.26) BumHO, 4TO Macca (m) — 3TO Mepa WHEPTHOCTH Tea.
Yewm Ooutpilie Macca Telia, TeM TPYJAHEE €ro BBIBECTH M3 COCTOSIHHS IMOKOS MJIM OCTa-

HOBUTL. boJiee TOUHOE OomnpeiesieHue MaccChl:
Macca — Mepa UHEPTHOCTH TeJjla IPU MOCTYNATEIbHOM JABUKEHUU U MEpa TSATOTCHHUS.
. _ . _ 2,
Ennnuier usmepenus: [m] =1 kr; [a] =1 wm/c’;

[F]=[m]-[a]=1xr -M/c* =1 H (omun Heioton).

OnbITel MOKa3bIBAIOT, YTO MEXAHMYECKOE NIEWCTBUE ABYX TEJ APYTr Ha Jpyra
HOCHUT XapakTep B3auMoAcHCTBUA. Tpernid 3akoH HbIOTOHA NAaeT KOJIMYECTBEHHOE
ONKMCAHUE MEXAHUUYECKOI0 B3aUMOJECHCTBUS.

Tperuii 3akon Hel0TOHA: cuibl, ¢ Komopvimu 08a mena oelicmeyrom opy2 Ha Opy-
2a, 6cez0a paeHvl NO MOO0YII0 U HANPAGIEHbl NPOMUEONOI0NCHO 8001b NPAMOIL,
coeounsaowell Imu mena:

Flz :_an

rae Fj, — cuia, ACUCTBYIOIIas Ha IIEPBOE TEIO CO CTOPOHBI BTOPOro; [, — cuna,

,Z[CP’ICTBy}OHIaSI Ha BTOPOC TCJIO CO CTOPOHBI IICPBOTO. CYHIGCTBCHHO, YTO 3THU CHUJIbI
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MIPUJIOKEHBI K PA3HBIM MAaTEPHAIBHBIM TEJIAM, BCerja AefiCTBYIOT MapaMu U SIBJISI-
OTCS CHUJIAMH OJTHOM NMPHUPOBI.

Tpetnii 3akoH Hpl0TOHA B COEIMHEHNM C TIEPBBIM U BTOPBIM 3aKOHAMU ITO3BO-
JWAJI TIEPEUTH OT JTUHAMHMKHU OTAECIBHOM MaTEepHalIbHOM TOYKHA K JWHAMHUKE IMPOU3-

BOJIbHOM MEXaHMYE€CKOM CUCTEMBI TEI.

1.2.2. Cujbl B IpUpoO/Ie U TEXHUKE

Jlis npuMenenust BToporo 3akoHa HproToHa HE00OX0IMMO 3HaTh, OT YEro 3aBU-
CAT U KAaK BBIYUCIISIIOTCA CHIIbl. B MEXaHUKe pacCMaTpHUBAOTCS CHIIbI TSTOTEHUS, CH-
JIbl YIIPYTOCTH U CHJIBI TPEHUSL.

Cuiibl TATOTEHUS

Cuibl TATOTEHHUSI — 3TO CWJIBI MIPUTSKEHUS, AEMCTBYIOLIUE MEXAY JTHOOBIMU
MaTepuagbHbIMU TelaMu. OHU OTHOCSTCS K TPAaBUTAIMOHHOMY B3aUMOJCHCTBHIO,
KOTOPOE OCYLIECTBIISIETCS Yepe3 rPaBUTALMOHHOE TOJIE.

Ncaak Hpioton chopmynupoBan 3akoH BceMUpPHOro TAroTeHusi Ha OCHOBE
3akoHOB Keriepa 1 OCHOBHBIX 3aKOHOB TMHAMUKHU:
Cuna npuTsIZKEeHN s, 1efCTBYOIIAA MEKAY JI0bIMH MATEePHAJIbHBIMHA TOYKAMH,
NPSAMO NPONOPLHHUOHAIBHA IPOU3BEACHUIO MACC ITUX TOYEK (#7121 U m;) U1 0OPATHO
NPONOPUHMOHATIBHA KBAJAPATY PACCTOSHUSA MEXK1Y HUMMU:

m,m,

0
r

F=G

(1.26)

rac G — I'PaBUTALIMOHHAA ITOCTOSSHHAA.

B cucreme CU G = 6,6720-10""" [H-m*/xr?].

Ha Bce Tena BOIM3M 3eMii WM Ha €€ MOBEPXHOCTU JEHCTBYET CHJIA TATOTE-
HUs, Ha3bIBacMas CHJIOM TSIDKECTH.

Cuna TspkecT BeiuuciseTcs no popmyne F=mg. g=9,8u/ ¢? - 910 YCKO-

TSK

peHue cBOOOIHOTO MaICHMUS.
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Cuabl ynpyrocru

Cunpl yripyrocTy BO3HUKAIOT Npu AedopManusix Tell.

JMedopmaunu — 5T0 u3BMeHeHHE (POPMBI U pa3MEPOB TEJI MO/ ACHCTBUEM CHII.

Hedopmaruisi Ha3bIBa€TCs YHPYIoM, eciau pa3Mepsl U (opma Tejla BOCCTaHAB-
JMBAIOTCS TIOCIIE MPEKpalleHus AercTBus cuil. Jledopmaliriu, KOTOpbIe COXPAHSIIOTCS
MOCJI€e MPEeKPalICHUs] I€UCTBUS BHEITHUX CUJI, HA3bIBAIOTCA MJIACTHYECKUMM.

[Ipu nedopmanuu paccTosSHUS MEXKIAY MOJEKYJIaMH Tena u3MeHstoTcs. [Ipu
YBEJIMYEHUU PACCTOSHUS HAUYMHAIOT MPeo0agaTh CUIbI MEKMOJICKYISPHOTO MPUTS-
YKEHUSI, IPU YMEHbBIIICHUU — CUJIbl OTTAJIKUBAHUS.

Pe3yabTHpyomasi Bcex CHJI MEKMOJEKYJISIPHOT0 NPUTAKEHUS UM OTTAJIKHBA-
HHS M €CTh CHJIA YIIPYTOCTH.

Jlns ynpyroit neopmariuu BeimonHsaeTcs 3akoH ['yka.
3akon I'yka. Ilpu manvix degpopmayusax cuna ynpyzocmu npAMO RPOROPUUO-
HabHO Oeghopmayuu:

F=-kx.

3HaK MUHYC O3HA4aeT, 4YTO CHjia YIPYTrOCTH HaIlpaBjieHa MPOTUBOIOJIOKHO a0-
coMoOTHOU nedopmaruu x. k Ha3bpiBaeTcsl KOADMUIIMEHTOM YIIPYTOCTH WIH JKECTKO-
cThi0. OH 3aBUCUT OT MaTepHalla U F€OMETPUYECKHUX IMapaMeTpoB Tena. EauHUIbI

m3mepenns: [k| =1 H/m.

Cuabl TpeHust
Cuiibl TpeHHsI BO3HUKAIOT IPU OTHOCUTEIBHOM IEPEMEIIEHUN COIPUKACAIO-
muxcd ten. TpeHrne Mexy TBEPAbIMU TEJIAMU HA3bIBAIOT CYXUM (MJIM BHEIUHMM). B
3aBUCHUMOCTH OT XapaKTepa OTHOCUTENBHOTO JIBHKECHHUS PA3INYalOT TPEHUE CKOJIb-
JKeHHMSI M1 TPEHHEe KaYeHUS.

ONBITHBIM ITyTEM YCTAHOBJICH 3aKOH TPEHUSI CKOJIbKEHUS:
F, =/N, (1.27)

rae N — cuja HOpMaJIbHOTO JaBJieHus, f — KOdDPUIIUEHT TPEeHUs CKOIBKEHHUS, 3aBU-

CAIIMK OT CBOMCTB CONPUKACAIOIINXCS TOBEPXHOCTEM.
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Cuia TpeHus KaueHUsI MEHbIIIE CUJIbI TPEHUSI CKOJIBXKEHUS JJIsl JaHHBIX BHUJIOB
NOBEPXHOCTEMN M 3aBUCUT OT paJInyca KaTALIErocs Tena 7:

F=fN/r, (1.28)
7€ fx — KOOQPUIUEHT TpeHUs KaueHHUS.

[Ipu nBM>KEHUH TBEPJIOTO TeNa B KUIKOCTAX WM Ta3zax HAOIIOAeTCs BA3ZKOe
Tpenmne. Cuiia BSI3KOTO TpeHUsl (CUJIa COMPOTUBIICHUS) MPU CKOPOCTAX JBHXKECHUS
T€JI, MEHBIIINX CKOPOCTH 3BYKa B JAaHHOU cpelie, MPSAMO IIPONOPLHHOHAIBHA CKOPOCTH:

F =—yv, (1.29)
rae Y — Ko3(pPUIUEHT CONMPOTUBIEHUS, 3aBUCALIUN OT CBOMCTB Cpelibl, a TaKKe OT
dbopmbl 1 pazMepoB Tena. Cuia TpeHUs BCErzia HampaBjieHa MPOTUBOIOIOKHO OTHO-
CUTEJIbHOM CKOPOCTH JBUKEHHS.

1.2.3. 3akoHbI COXpaHEHUSA

OcHoBHOI 3akoH Kjaccuueckoit Mmexanuku (Il 3akon HeroToHa) mpumeHseTcs
JUISL OTIUCAHUS IBMYKEHUSI OJHOIO Tea.

CoBOKYNHOCTH TeJl (MATEPUAIBHBIX TOYEK), B3aMMOJAEHCTBYIOIIMX MEXKIY
€000, IBUKEHHE KOTOPBIX PACCMAaTPHUBAETCH COBMECTHO U OJHOBPEMEHHO, HA-
3BIBAETCHA CUCTEMOM Tell.

Cuibl, JEUCTBYIOIIME MEXKY TEJIaMU, Ha3bIBalOT BHyTpeHHuMH. CHiibl, Aei-
CTBYIOILIME HA TE€Ja CUCTEMBI, CO CTOPOHBI TEN, HE BXOASIIMNX B CUCTEMY, HAa3bIBAIOTCS
BHCIIHUMH.

CocTossHME MEXaHMYECKOM CHCTEMBI XAPAKTEPU3YETCS B KaXKIbId MOMEHT
BPEMEHU KOOPAUHATAMH TEJI U UX CKOPOCTAMM (UMITYJILCAMH).

Hecmotps Ha TO, 4TO COCTOSIHME CUCTEMBI C TEUEHHUEM BPEMEHU M3MEHSETCH,
CYILIECTBYIOT BEJINUMHBI, COXPAHSIOIINE CBOU 3HAYEHUS IIPU ONPEIAEIEHHBIX yCIOBH-
AX. 9TO — IHEPTUs, HMIYJIbC U MOMEHT UMIYJbca. DTOT (haKT BhIpakaeTcsi B 3a-
KOHAX COXPAHEHMS ITUX BEIUYMH.

3aKoH coxpaHeHus UMMmyJibca. [1o onpeaeneHno UMIyIbCOM TEJIa Ha3bIBAKOT

BEJIMUUHY p =m0 . ITO TUHAMHUYECKAsl XapaKTepUCTUKA Tesa, KOTopasi U3MEHSIETCs

noJ IeCTBUEM CHII coryiacHO 3akoHy HbtoToHa: dp/dt = Ij“peg i d(mo)/dt = F

pes °
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CucreMmy Tel XapakTEpH3yIOT BEKTOPOM uMITyjJbca. OH paBeH BEKTOPHOMN
CyMMe€ UMILYJIbCOB BCEX TEI:
Jlerko nokasaTh, YTO BEKTOpP MMILYJIbCA CUCTEMBI TEN U3MEHSETCA MO JIEHCT-

BHUCM BHCIIHHX CHJI

=

ap _

(1.30)

el

_F
dt i=1

OTO 3aKOH U3MEHEeHH A BEKTOpa UMIIyJbCa CUCTCMBI TCJI.
Ckopocmb UBMEHEHUA 6eKmMOopa UMnyJjibca cucmemsl meji pasrHa eexmopuoﬁ Cym-
Mé 6HEeUHUX CUl, Oeﬁcmeymmux Ha méejia cucmemal.

Ecau CyMMa BHCIIHHUX CHJI paBHA HYJIO, TO CUCTEMA TCJI HA3bIBACTCA 3aMKHY-

TOM Zn:ﬁ =0. Toraa u3 (1.30) nonyyaem

i=1
%:O,To ecTb p =const. (1.31)

DTO MaTeMaTU4eCKOE BBIPAKCHNE 3aKOHA COXPAHEHHSI BEeKTOPAa MMITY./1bCa
CHCTEMBI TeJl.
Bexmopnas cymma umnynbcoe 3aMKHYmMOU cUCmeMmbl el ¢ meueHuem epemeHu
He u3mMeHAemcs.

OTO 3HAYUT, YTO I ABYX MOMEHTOB BPEMEHH 7| U f, CIIPABEUINBO BBIpAXKE-
HHE:
p,=p, WM m0, + m,0, +...+m o0 =mu, +mu, +..+miu

Tac '(_ji uu — CKOPOCTH T€JI B MOMCHTBI BpEMCHHU ] U {, COOTBETCTBCHHO.

N3 3akoHa COXpaHCHHA UMITYJIbCA BUIHO, YTO BHYTPCHHHC CHUJIBI HC MOT'YT HU3-
MCHHUTBH UMITYJIBC CUCTCMBI TCII.

HpI/I MMPAaKTUYCCKOM NPUMCECHCHHH 3TOT'O 3aKOHA CJICAYCT NMCTh B BUJY:
OH CIIPpAaBCAJIMB B MHCPLHHAJIbHBIX CHCTCMAaX OTCUCTA, €TI0 MOXHO IIPUMCHATDH 1JI HC-
3aMKHYTBIX CUCTEM B IMPOCKIUAX HA TAKOC HAIIPABJIICHUC, OJISI KOTOPOro cymma Ipo-
GKHI/Iﬁ BHCITHMX CHUJI paBHA HYJIIO, OH CIIPAaBCAJIMB JJIS1 HC3AMKHYTBIX CUCTEM TCJI, CC-
JJM BHCIIHUMHU CHUJIaMH MOKHO npeHe6peqL 10 CPAaBHCHUIO C BHYTPCHHUMU (HaHpI/I-

Mep, IJI yaapa Ten).
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1.2.4. Pa6ora cuibl. MOIIHOCTH
[Ipoiiecc M3MEHEHMSI COCTOSIHUS TeJla UJIM CUCTEMBI TEJl XapaKTepHU3yIoT (Ppu3u-
YECKOM BEJIIMYMHOM, Ha3bIBAEMOM padoToii.
Tak xak u3MeHEHHE COCTOSIHHS Teja (ImepeMelieHue, yckopeHue, nedopma-
I[UH1) 3aBUCST OT BETMYMHBI M HAMIPABJICHUS CUJIbI, TO €CTECTBEHHO padoTa CHJIbI 3a-
BUCHUT OT CUJibl U niepemenienus (puc. 1.16). B npocreiiem ciyyae npsiMOIMHENRHO-
ro ABUKEHUS Teaa padoTa MOCTOSIHHOM 0 BeJIMYMHE U HANPABJIEHUIO CWJIbI PaB-

Ha CKAJISIPHOMY MMPOU3BCACHUIO BEKTOPOB CUJIbI U MEPEMECIIICHUS.

A=F -AS = FAScosa.. (1.32)
L O6o3HaunB AS -S (mpu mpsimo-
! 2 JMHEHHOM JBWKCHHHM IEPEMEIICHHUE
\Oc/v: Fq AS I~ P
S :
s —| paBHO JJIMHE IYTH), TOJYUYHM:
Puc. 1.6 A=F-5,

rae F, — npoekuus BEKTOpa CUIIbl Ha NEpEMEILECHNUE.

B peanbHOM ciydae cuiia MOXKET U3MEHATHCA IO BEJIMYMHE U 110 HanpasiieHHo. To-
r71a moJjiHas padoTa CUJIbl Ha y4acTKe TPAaeKTOpUM 1- 2 paBHA MHTErpady OT BhIpaxe-

Hus (1.32):

A:JszF:JZ'F ds . (1.33)

PaGora ynpyroi cujibl
Cuna ynpyroctd mpu Majbix AehopManusx MPONopIrOHAIbHA aO0COTIOTHOMN
nedopmaru F' = kx, HarpapiieHa TPOTUBOIIOIOKHO €H.

Pabora cunbl Ha yyacTke (X; —X, ) paBHa

X3 2 2
A:—jkxdx:ﬁ—kx% (1.34)

2 2

PadoTa cHIbI THAXKECTH
Bomu3u nmoBepxHOCTH 3eMIIH CHIIa TATOTCHUS TPAKTHYECKU ITOCTOSIHHA B PaB-

Ha [0 MOy I =mg .
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[Ipu nBMXkEHHM Tena MacCol m IO HEKOTOPOM TPAEKTOPHUM JJIEMEHTApHAs pa-

0oTa cuiIbl TsDKecTH paBHa (puc. 1.7).

ha dA = mgdr cos a. = —mgdh ,
1 dh = ‘df‘ cosa <0, Tak Kak & OTCUH-
A7 THIBAETCS OT MIOBEPXHOCTU 3EMITH BBEPX.
a [Tonnas paboTta Ha ydacTtke OT A
mg 2 10 h, paBHa
hy
Az—_[mgcﬂz=mgh1 —mgh, . (1.35)
hl

0O /7 /7 /77
Puc. 1.7

N3 Beipakenuit (1.34) u (1.35) BumHO, uTO paboTa CUJI YIPYTrOCTH U TATOTE-
HUS HE 3aBUCAT OT ()OPMBI TPACKTOPHUH, & 3aBUCAT TOJHKO OT HAYAIPHOTO ¥ KOHEYHO-
ro nosiokeHus tena. Cuiibl, 00J1aIaloIIue 3THM CBOWCTBOM, HAa3bIBAIOTCS KOHCEPBa-
TUBHBIMH. CWJIBI TPSHHSI STUM CBOWCTBOM HE 00Ja/JaeT, uX paboTa BCErJa MEHBIIE

HYJIS 1 3aBUCUT OT (popMbl myTH. CUITBI TPEHUS HE SBIISIOTCS KOHCEPBATUBHBIMHU.

MomHoCTh
N3MeHeHne COCTOAHUS CUCTEMBI TeJl MOXXET MPOUCXOJUTH C Pa3HOM CKOPO-
CThI0. J[J11 XapakTepUCTUKU CKOPOCTH U3MEHEHUSI COCTOSIHUSI CUCTEMBI TEJ, TO €CTh

COBEpIICHUS PadOThl JAHHON CUJIOM UCTOJB3YETCsl MOHSATHE MOIIHOCTH. MOITHOCTh

paBHa paboTe, COBEpILIEHHOM 3a eAMHUIYy BpeMeHu: N = —
t

dA

Ecnu pabota coBepiiaercst HEpaBHOMEPHO, TO N = o
y Fdi - .
Hcnons3ys onpeneneHue 3yeMeHTapHoi pa®otel (33), momyuum: N = % =F-0.

TTx

Enununet momuoctu B CU sBasiercs Batrt (Bt), 1 Br=1——.
C
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1.2.5. MexaHu4ecKkasi JHeprus

OmgHuM U3 cambIX BaXKHBIX M Haubojee 4acTo yHnoTpeOssieMbIX (PU3NYECKUX
MIOHSATHUM SIBJISICTCS TOHSATUE JHEPTHH.
DHeprus — 3To o0mas (eauHas ) KOJIWYECTBEHHAs Mepa Pa3INUHbIX (HOPM JIBUKEHUS
U B3aMMO/JICHCTBUSI BCEX BUJIOB MAaTE€PUHU.

DHeprus — 3T0 QYyHKIUS TapaMeTPOB COCTOSIHUSI CUCTEMBI.

Mexannueckasi JHeprusi — 370 (PyHKIIUS COCTOSIHMSI, 3aBUCSINAS OT KOOP/IU-
HaT TeJl, OT CHJI B3aUMOJEUCTBUS U OT ckopocTeil. Tak kak mpouecc nepexona cuc-
TEMbl TE€J W3 OJHOTO COCTOSHUSI B JIPYrO€ XapaKTEpU3yIOT padoToM, TO MMEETCs
CBSI3b MEXKJIy DHEPTrUel CUCTEMBI M BEJIMYUHON paOOTHI.
JHeprusi paBHa MAaKCUMAJbHOH pPadoTe, KOTOPYI [OJIKHBI COBEPIIUTH CHJIbI
NPH Nepexojae CUCTEMbI U3 IAHHOT0 COCTOSIHUS B COCTOSIHUE PABHOBECHS

W=A4,.
Mexannuyeckasi JHEPrusi — 3TO DHEPrUs MEXaHUYECKOro JBUKEHUS U B3au-

MOZECHCTBYA Tell. Pa3nuyaroT KUHETUYECKYIO W W NMOTEHUHAIBHYIO dHEpruro W

MOJTHAs MEXaHUYECKasl SHEPrusl paBHA UX CYMME:
W = WKMH + WHOT °
Kunernueckasi sHeprust
Kunernueckast sHeprusi xapakTepu3yeT ABUKYIIeecsl Tea0, U3MEpsIeTCs MaK-
CUMaJIbHOUM PaboTOM, KOTOPYIO IOJKHBI COBEPIIUTH CUJIbI TIPU TOPMOKEHHUH Tea 70
MOJIHOM OCTAHOBKH WJIM IS pa3roHa OT HayaJlbHOM CKOPOCTH, PABHOM HYIIIO JI0 3a-

JaHHOI'O 3HAYCHU.

[Tonnast paboTa cuiI MpU U3MEHEHHH CKOPOCTH Tela OT U, 10 U, PaBHa

2 2

vy

mv, mov
A= [modo=—"2-—L (1.36)

. 2 2

mo. y
A4 = > npu v, =0. CaenoBaTesNbHO, TENO MAcCOM m, ABIXKYIIEECS CO
CKOPOCTBIO U UMEET KMHETUYECKYI0 SHEPTHUI0
mo*

w... = (1.37)
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N3 Beipakenus (1.36) BUAHO, YTO HU3MEHEHUE KHUHETHMYECKON  HDHEPrUM

AW =W, —W, paBHO pabdoTe BCeX CHI:

K
W,-W,=4.

KuneTnueckas sHeprus ckauspHas (Kak U padoTa) BeJIMYHMHA BCETa IOJI0KH-

TCJIbHAs. KHHeTI/IquKaH BHCPFHH alaIuTHuBHA, TO €CTh KMHCTHUYCCKAA SHCpFI/ISI CUCTC-

MBI TCJI paBHAa CYMMC KHHCTHYCCKHUX 3HepFI/H71 BCCX TCJI CUCTCMBI.

IHoTreHunaabHast FJHePrus

HN3MeHeHne B3aMMHOIO PacIiOi0KEHUsSI T€JI CUCTEMbI MJIA YaCTEW OJTHOTO Tena
MPOUCXOJUT O ICUCTBUEM CHUJI, TO €CTh MPU COBEPIICHUHN PaOOThl STUMH CHJIAMHU.
CrnenoBaresibHO, KOHQUTYPALMIO CUCTEMbI MOKHO XapaKTepU30BaTh SHEPTUEH.
MexaHnueckasi 3HEprus, 3aBUCSAIIAs OT B3aUMHOI'0 PACIIOJIOKEHHS TEN U OT XapaKTe-
pa JIEUCTBYIONIUX MEXKIY HUMU CHUJI, HA3bIBAETCS MOTEHUHAJIbHOMN JHEPIrueil.

KonnuecTBeHHO M3MEHEHUE MOTEHIIMAIBHOM SHEPTUM paBHO padore cui. Tak
paboTa cuj yrpyrocTu paBHa

o
2 2

[ToTenimanbHas 3Heprust 1ehOPMUPOBAHHON MPY>KUHBI paBHA MaKCUMallbHON

paboTe CUIIbl yIPYTroCTH, B PE3YJIbTaTe KOTOPOH MPYKUHA MEPEXOJUT B Henehopmu-

poBaHHOE cocTosiHuE X, =0

o fex;
Torma A=W _—-W,_,3nece W = = W, = 5 DHEPIrUs NPYKUHBI B MO-

MECHTBI BpEMCHHU 1 U 1.
Pa3HOCTh HaYaJIbHOTO U KOHEYHOT'O 3HAYEHUH KaKOH-JINOO BEIMYMHBI Ha3bIBa-
ercs e€ yObL1b10. I3MeHeHne BETMYrHbl PaBHO

AW =W, —W,,.

CnenoBaresibHO, YObLIb BEJIMUMHBI PaBHA €€ M3MEHEHHUI0 CO 3HAKOM MUHYC.
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Takum 00pa3zoM, paboTa CUJIBI YIPYTOCTH PaBHA yObLIU MOTEHIIMAIBHON SHEP-

rmu A=-AW,.

BOnu3u noBepxHOCTH 3eMIIH, KOT/Ia CHIIy TATOTEHUS MOXHO CUYHTATh MOCTO-

SITHHOM, MOTEHIIMAIbHAS SHEPTUSI CUCTEMBI TEJI0-3eMJISl.
W, =mgh,
r7i€ I — OTCUUTHIBACTCS OT TOBEPXHOCTH 3€MJIH.

Bo Bcex cnydasx padoTa KOHCEPBATHBHBIX CHJI PaBHA YObLIM NOTECHLM-
AJIbHOI YJHEPTUU CUCTEMBI TeJI.

1.2.6. 3ak0oH coXpaHeHHsI MEXaHUYECKOUN IHEPTUH

[TonHas MmexaHUYecKast SHEPTUsl CUCTEMBI TeJ CKJIAIBIBACTCS U3 KHHETUUECKUX
SHEPruil BceX TeJI CUCTEMbI U TOTEHIIUAIBHOW SHEPTUU CUCTEMBI B IIEJIOM

W=w +W_.

B oOmeMm ciiyyae Ha Tejla CHCTEMbI JIEUCTBYIOT BHEIIHUE CHWJIbI, BHYTPEHHUE
KOHCEpPBAaTUBHbBIC U BHYTPEHHHUE HEKOHCEPBATUBHBIE CUIbl. Kak ObLIO MOKa3aHO BHI-
1€, ”3MEHEHHE KUHETUYECKOW SHEPTHH Tejla paBHO pabOTe BCEX CUJI, ACHCTBYIOIINX
Ha Hero. Jlerko 1oka3aTh, 4TO U3MEHEHHE KMHETUYECKOW SHEPTUHU CUCTEMBI TEJl MO/~
YUHSETCS ITOMY 3aKOHY.

Torna

wW,-W.,=4 . +A4,  +A4

et T Arone T Apexone (1.38)
VuuThIBas, YTO paboTa KOHCEPBATHBHBIX CHJI PaBHA YOBUIM MOTEHIMAILHOM
OHCPI'UHU, ITIOJIYIUM:
Wo-W,=4

AW, + 4 (1.39)

BHEIII HEKOHC °

IlepeneceM Beipaxkenue — AW =W _ —W , B 1€ByI0 4aCTb U YYTEM, YTO
WK1+WH1:VV1; WK2+WH2:VV2'
Torna

Ww,-w,=4,., +4

BHeIIL HEeKOHC *

(1.40)

N3 Beipaxkenus (1.40) cienyer:
N3MeHeHne MeXaHM4YECKOI IHEPTUH CHCTEMbI TeJI PABHO aJiredpanyeckoit

Cymme paﬁoT BCE€X BHCHIHUX CHJI U BCEX BHYTPCHHUX HEKOHCEPBATHBHBIX CHUJI.
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N3 (1.40) cnenyetr, utompu A =0 u A =0 W,-W, =0, 10 ecTb

BHeIIl HEKOHC

W2 = VVl , HHOJIHaA SHCPIruA ¢ TCUHCHUCM BPCMCHU HC U3MCHACTCA. HpI/IBe,HGHHble pac-

CYKJIEHHUS COCTABIIAIOT COACP/KAHUE 3AKOHA COXPAHCHHUS MEXaHUYECKOM IHePruu:
Mexanuveckasi JHEPIrusi 3aMKHYTOM CHCTEMbI TeJl, B KOTOPOM HEeT JUCCUNIATHB-
HBIX CHJI (CHJI TPEHUS M CONPOTHUBJICHUSA), COXPAHAETCH B Ipolecce ABUKEHU .

MartemMaTH4eCKH 3TO 3aIIUChIBACTCS TaK:

Wy =W, v W, +W, =W, +W,. (1.41)

ITosHass MeXaHWYECKasi SHEPTHsI HE U3MEHSETCS, II03TOMY BCSIKOE YBEINYEHUE
KMHETHYECKOW SHEPTUH CONPOBOXKIAETCS TOYHO TAKOM K€ YOBLIBIO MOTEHUMATBHOM
9HEpruu U HaoOopoT. Ecim ke B 3aMKHYTOW cUCTEME TeJ ACHCTBYIOT HE TOJBKO KOH-
CEpPBATHUBHBIE CUJIbI, HO U JUCCUIIATUBHBIE TO €€ MEXaHUYECKAs SHEPIUsl YMEHbIIIAET-
s, T.K. IEPEXOAUT B APYTME BUIbI, HAIIPUMED, B TEIUIOBYIO, XUMUYECKYIO U IPYTHE.

HaanMep, ITOJIHAA SHCPTUA TCJIa Ha BBICOTC h paBHa HOTGHHH&HLHOﬁ OHCPIrUun

W =mgh, noaHas 3HEprus Tejaa y NOBEPXHOCTU 3eMJIM paBHA KMHETUYECKOH 3Hep-

2 2
rua W= % [TpupaBuuBas W =W _, mgh= %, MOYKHO HaTH CKOPOCTb.
1.3. DjeMeHThI JUHAMHMKY BPAIATEJIbHOIO IBHKEHHUS TBEPAOIo Tejaa

IIpocrenmmii ciydail BpallaTeabHOrO0 ABWXKEHUS — OTO BpalEHUE TBEPAOrO
TeJa BOKPYT JI000ii 3aKpenJieHHOM 0CH, TPH KOTOPOM BCE TOUKH TeJla JBUKYTCS IO
OKpYy>XHOCTSM. [Ipy U3yueHnn 3aKOHOB TMHAMUKH BpPAIaTEIbHOTO JABUKEHUS CIIEIY-
€T UMETh B BHUJAY, UTO OHU YCTAaHOBJICHBI /Il a0COJIOTHO TBEPAOrO Tela, a TaKKe,
9T0 (hOPMYJIBI aHATIOTUYHBI (DOpMyJIaM MOCTYIATEIBLHOTO ABMKeHHs. M3 Kypca Bbic-
e MaTeMaTUKU HEOOXOJMMO MTOBTOPUTH OTEpaIliy HaJl BEKTOpaMHU, 0COOEHHO BEK-
TOPHOE POU3BEAECHHUE, A TAKXKE IMOHATUS MPOU3BOJHON U UHTErpaia (PyHKIIHIA.

1.3.1. MomeHT cuiibl

OnbIT MOKAa3bIBAET, YTO MPU BPAILCHUU BOKPYT 3aKPEIJICHHON OCH TEIO CO-
XpaHsAET COCTOSHUE IOKOS UM BPAILAETCs C IIOCTOSIHHOM YTIIOBOM CKOPOCTBIO 10 TE€X
1op, MOKa Ha HEro He MOACHCTBYIOT KaKhe-Tu0o Cuibl. Pe3ynbTaT NqeicTBUS CUIIBI —

HU3MCHCHHUC YFHOBOﬁ CKOPOCTH 3aBUCUT HEC TOJIBKO OT BCIIMYMWHBI U HAITPABJICHUA CU-
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Jbl, HO 1 OT TOYKH IIPUIOKCHHUA. HOBTOMy I[GﬁCTBHC CWJIbI XapaKTCPU3YIOT IIOHATH-
€M MOMEHTA CHWJIbl. MOMEHT CHJIBI OoNpCACIIACTCA OTHOCUTCIIbHO ICHTPA BPAIICHUA
U OTHOCHUTCJIbHO OCHU BpalllCHUA.

MoMeHT CHJIbI OTHOCHTEJIbHO HEHTPa BpalmcHHust

—

MomeHTOM CcHJIBI /7 OTHOCHTEIbHO HeNMOABU:KHOM TOYKM ( HasbiBaercsa Gpu3M-

yecKasi BeJMYMHA, PAaBHAS BEKTOPHOMY MNMPOU3BEACHHUIO pPaJuyca BeKTOopa 7,

—

NPOBEICHHOr0 3 TOYKH () B TOUKY NPHUJIOKEHHUS CHJIbI, U BEKTOPAa CHJIbI [ :
M =[7-F]. (1.42)
M Monayne BekTopa M = Frsino.. Hampas-

neHne M onpenensercs NpaBUIIOM BEKTOPHOI'O

IMPOU3BCACHUA WIIM IIPABHUIJIOM IIPaBOI'O BHHTA

(puc. 1.8). Ha puc. (1.12) Bextop M HampasieH

0 F OT Hac, NEPHEHIUKYJSIPHO MIOCKOCTH, B KOTO-
1/' o N —
] >0 a poii nexxat BekTopa ¥ u F'.
e Benmnuunaa [/ =rsino Ha3bIBACTCH ILICYOM
Puc. 1.8 CHUIEL

MoOMeHT CHJIbI OTHOCHTEJIBHO OCH BpalllCcCHUA

—

MoMeHTOM CUJIbI [ OTHOCHUTEJbHO HENMOJABUKHOM OCH Z HA3BIBACTCH CKAJISAP-

—

Has BeJW4YuHA ) _, paBHas NPOCKIUH HA 3Ty OCb MOMEHTa ) CHJIbI OTHOCH-

TeJbHO MPOU3BOJILHOM TOUKH (, Jexxaiei Ha OCH.
a0

Puc. 1.9
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Ha Bpamenue tena BOKpYr HEMOJIBUKHOW OCH BIUAET TOJBKO COCTABIISIOIIAS
cwibl I, HampaBleHHas IO KacaTEJbHOM K OKpyXKHOCTH paguyca R - F.. Cocras-

JISIOIIME CHUJIBI BJIOJIb OCU U MIEPICHANKYJIIPHO €/ BBI3BIBAIOT AeOpMAIIMHA OCH U €€

KperieHuu. Torma

M_=R-F. (1.49)

Ecnm Ha Teo AEMCTBYET HECKOJIBKO CHII, TO PE3YJIbTUPYIOIIUNA MOMEHT CHUJI

OTHOCHUTCIIBHO ICHTPA paBCH BCKTOpHOﬁ CYMMC MOMCHTOB OTICJIbHBIX CHUJI:

MW:;M, (1.50)

1.3.2. MoMeHT UMIyJibCa
AHaJIOTUYHO MOMEHTY CHUJIBI ONIPEEIISETCS MOMEHT UMITYJIbCA.
MomeHTOM MMIyJibca YacTUulbl A oTHOCHTENbHO TOYKH () (puc. 1.10) Ha-

3bIBAK0T BEKTOP L, paBHbIIl BEKTOPHOMY NPOU3BEAECHUI0 PaJHyC-BEKTOpPa Yac-

TUIBI 7 ¥ BEKTOPA UMIYJbCA D =m0
L=[F-pl. (1.51)
W3 sToro onpeneneHus Cienyer, 4To BEKTOP

—

L sBnsieTcs akcHallbHBIM BCKTOPOM, KaK U MOMCHT
CHJIBI. HaHpaBHCHI/IC €ro COBIAAACT C HAIIpaBJIC-

HHUCM ABUKCHHUS OCHU IIPABOI'0 BUHTA IIPH IMOBOPO-

TEOT ¥ K D.

Mouyis BekTopa L paBeH

L=rpsina=Ip, (1.52)

Puc. 1.10

371ech [ =rsino — MJIe4o BEKTOpa p OTHOCUTENHHO TOUKH 0.

I[J'I}I ONpCACICHHUA MOMCHTA MMITYJIbCAa TBECPAOTO TCJId OTHOCUTCIBHO HCIIO/-

BIKHOW OCH, T€JIO pa30MBaIOT Ha 3JI€MEHTAapHbIe Macchl Am, (MaTepHaIbHbIE TOUKH)

(puc. 1.11). OnpenensttoT MOMEHTBI UMITYJIBCOB BCEX IJIEMEHTOB A, .
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L =[7-p,]. (1.53)

rac r, — pacCTosAHUC OT 2JICMCHTA MACCHI 10 OCH

N

;  BpAILCHHS.

3aMeHsAs JIMHEHHYI0 CKOPOCTb U, 4epes3

YIJIOBYIO O, ,TIONYy4uM: L, =Am, -1’ o,

1

Puc. 1.11

qu/ITBIBaH, 9dTO BCC TOYKH TCJIa HMCHOT OJHMHAKOBBIC YIJTIOBBIC CKOPOCTH ITOJY-
YUM )11 MOMCHTA NMIIYJIbCa TBEPAOI'O TCJIa BBIPAKCHUC!:

L= ﬁ:riAmi T, = coiAmirf :
i=1

i=1

N
Bequunna /=) Am,’ Ha3pIBaeTcsi MOMEHTOM HHEPUHH TBEPIOro Tesa

i=l1

OTHOCHUTEJBbHO ocu BpameHus. Torna L =/o. [IockoibKy HalpaBiieHHs] BEKTOPOB

—

L v ® COBIIaJIatOT, 3TO PAaBEHCTBO MOXKHO 3aIlMCaTh B BEKTOPHOU (popme

L=1Io, (1.54)

— —

Crnenyet oOpaTuTh BHUMaHHE Ha aHAJIOTHUIO B (POpMyJax UMITylbca p =m0V U

MOMEHTa umnyisca L = [o.

1.3.3. OcHOBHOE YpaBHeHHMEe JUHAMHMKH BPALIATEIbHOI0 IBHKEHUS

CornacHo BTOpoMy 3akoHY HbrOTOHa M3MEHEHHE BEKTOpa MMILyJbca Tela 3a

€IUHHILy BpEMEHU PABHO BEKTOPHOM CYMME BCEX CHUII: 7}? =F,
t

e3 *
HpI/I BpamaTCJIbHOM IBWMKCHUKW H3MEHCHHE MOMEHTAa HMIIyJbCa MaTcpu-
AJbHOM TOYKM 3a ¢IMHUIY BPEMECHM PAaBHO MOMCHTY BCEX CHJI, neﬁcn;ymumx

HA HeE.

d—f =M. (1.55)
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BHyTpeHHME CUIIBI OMMAPHO PAaBHBI U MMPOTUBOIIOIOKHBI 110 TPETHEMY 3aKOHY
Hprotona, a Tak ke jiexxaT Ha OJHOW INPSIMOM, TO €CTh UMEKT OJMHAKOBOE IUIEYO,
CJIEA0BATENBHO, CYMMAapPHbII MOMEHT BHYTPEHHHUX CHJI PABEH HYJIIO.

B pesynbprare nocnenHee ypaBHEHHE IPUMET BUJT

dL/dt=> M, (1.56)

iBHelH °
i=1

N3meHeHne MOMEHTA HMITYJIbCA TBEPAOIO Tejia (CHCTeMbI TeJl) 32 eIMHUILY
BpPEeMEHHU PABHO Pe3yJibTUPYIOIIEMY MOMEHTY BHEIIHUX CHJI.

B »TOM BbIpak€eHUM MOMEHT UMITYJIbCA U MOMEHTHI CUJT OEPYTCSl OTHOCHTENb-
HO O/THOM M TOi ke ocu. Beipaxkenue (1.56) Ha3pIBalOT ypaBHEHHEM MOMEHTOB.

IToncrasinss B (1.56) L = I/o, moaydyum B IPOEKIIUU HA OCh Z:

M:Mz,an I = const [d—m:Mz, d—m:B u
dt dt dt

B=M.. (1.57)
B Takoii ¢opme ypaBHEHME MOMEHTOB HOCHT Ha3BaHUE OCHOBHOI'O ypaBHe-

HMSl ITHHAMUKHU BpalleHUs TBEPIOro TeJIa OTHOCUTEIbHO HEMOABHKHOM OCH.
YrioBoe yckopeHue, npuodoperaeMoe TeJa0M IOJ JAeiicTBHEM CWJI, MPSIMO MPO-
NMOPIUOHAIBLHO CYMMe MOMEHTOB CHJI OTHOCHTEJIbHO OCH BpallleHUs U 00paTHO

NponopmuoOHaJbHO MOMECHTY HHEPIHMHU TeJIa OTHOCUTECJIbHO TOM K€ OCH.

M
1

B="=. (1.58)

1.3.4. MoMeHT uHepUUH

Anamu3 ypaBHenust (1.58) u ero cpaBHeHHE CO BTOpPBHIM 3aKOHOM HbioTOHA
d=F/m mno3Bomsier chopMyTHpOBATh CICAYIONIEE OMpPEACICHHEe MOMEHTa HHep-
107078
MoMeHT HHepUMHU — 3TO Mepa MHEPTHOCTH TeJia PH BPallaTeJIbHOM JABHKEHHUH.

Yewm Oouiblie /, TEM TpyJHEE TEJIO MPUBECTH BO BPAIICHUE U TEM TPYIHEE OC-
TAHOBUTB BpAIIAIOLIEECs TEIO.

[Ipu BBIBOJE (OpMysIbl MOMEHTa MMIYJbCa TBEPAOro Teda JJisi MOMEHTa

50 (& 02085051 OBLIO IMOJIYYCHO BBIPAKCHHC
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N
[
M=
g
3
~\N

1l
—_

(1.59)

U3 KOTOPOTO BUJHO, YTO MOMEHT UHEPLIMU MaTEpUaAIbHON TOYKU Maccoll Am paBeH
I, = Amr?,

rae R — KkparJyauiiee pacCTOSIHUE MEXIY 3TOM TOUKOW U OChIO BPal[CHHUS.

MOMEHT UHEpLHUU XapaKTEpU3yeT pacnpeaeieHue Macchbl TBEPAOro Tejaa OT-
HOCUTEJIBHO 3aJaHHOM OCY BPAILCHHUS .

Jlis Ten mpaBUIbHOM (POPMBI BBIUMCIIEHHE MOMEHTA MHEPLIUU IPOBOAUTCS IO
dbopmye

1= [r*dm=[pr’dv, (1.60)

rae dm, dV u p — macca, 00beM U TUIOTHOCTh BEIIECTBA AJIEMEHTA Tejla, HaXOIsIIe-

rocsi Ha pacCTOAHUM R OT naHHOW ocu. POpMyibl Ui MOMEHTOB MHEPLHMM JIHCKA,

KOJiblla, CTCPIKHA U APYIUX TCJI MOKHO HAlTHU B CIIPAaBOYHUKC.

1.3.5. 3akoH coxpaHeHHsI MOMEHTA UMITYJIbCA
N3 ypaBHenuss MomeHTOB (1.56) HEemocpeACTBEHHO BBITEKAET 3aKOH COXpaHe-

HHsI MOMEHTA UMITYJIbCa. [[€eHCTBUTENBHO, NPU PABEHCTBE HYJIK CYMMapHOIO MO-

—

MEHTa BceX BHEMIHUX cul dL/dt =0. 1o o3Haudaet, uto L = const.
3aKoH COXpaHeHHsI MOMEHTAa UMIIYJbCA: €CJIM CyMMa MOMEHTOB BHEIIHHUX CHJI

OTHOCHUTEC/IBHO OCH BpPalllcCHUA paBHA HYJ/II0, TO MOMECHT UMITYJIbCAa CUCTEMbI OT-

—

HOCHUTEJILHO DTOU OCH O0CTaeTcH MOCTOAHHBIM [ =const.

— —

JInst 1ByX MOMEHTOB BPEMEHU f; W I, BBIIOJIHIETCA PABEHCTBO L =L

=L, nnn

Lo =10,.
YroObl yBENMYUTH CKOPOCTh BpalleHUs, HEOOXOAUMO MPONOPLIUOHAIBHO
YMEHBIITUTh MOMEHT WHEPIIUU. DTUM TOIB3YIOTCS (PUTYPUCTHI, TUMHACTBI, MPHITYHBI

B BOOY. MomeHT HHCPUHHA IIPHU 3TOM U3MCHACTCSA IIYTEM H3MCHCHU ITOJIOKCHHUA PYK

C TOPU3O0HTAJIIBHOI'O HAa BEPTUKAJIBHOC,TO €CTh HYTéM IpynImmMpoOBKH TYJIOBHUIIA.
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1.3.6. PaGoTa 1 knuHeTH4ecKasi SJHEPrusi NPU BPAIATEJIbHOM IBUKEHHH

PaboTa BHEIIHUX CHJI IIPU TTOBOPOTE HA KOHEYHBIN Yyroi (¢ paBHA
0]
A= [Mdg. (1.61)
0

Jlis TBEpAOro Tena, BpalllaloIIerocsi BOKPYT HEMOABMKHOU ocH, Oepercs pe-
3yJbTUPYIOIINM MOMEHT BCEX CHUJI OTHOCUTEIBHO OCH BpAIlICHUSI.

Kunernueckas OHCPIUA BpallldroIICTOCA TCJIda paBHA

1.4. D1eMeHTBI MEXaHUKH KUJAKOCTH U ra3a
DTy TeMy clleyeT U3yYUTh CaMOCTOSITEIBHO M0 yueOHukaM. IloapoOHoe u3-
JIO’)KEHUE MaTepuajia TeMbI IIpeAcTaBieHo B yueObHoMm mocobuu: [lamies, B.M. Kypc
¢usnku. Ou3nueckrue OCHOBBI MEXaHUKH, MOJICKYJIIpHas (PU3KKa U TEPMOJIMHAMUKA!
yue6. mocodue / B.M. Ilannes, WN.I'. Opexona, E.A. Jluxonaesa, C.B. Muxaiinona. -
CIIo.: C3TVY, 2006, a Takxe [1], c. 56...66. Ocoboe BHUMaHKe 0OpaTUTh HA ypaBHE-

Hye bepHyIM 1 Ha MEXaHU3M BO3HUKHOBEHUS BA3KOI'O TPEHHUS.
Paznen 2. MOJIEKYJIAPHASA ®U3NKA U TEPMOJINHAMUKA

B paznene 2 uzywarorcs math teM: 2.1. KuneTuueckue sIBICHHS U TEOPUS HJIE-
aNbHBIX Ta30B. 2.2. OCHOBBI KJIACCHUYECKON CTaTUCTHUECKOW (pusmku. 2.3. SIBneHus
IIEPEHOCA B HEPABHOBECHBIX COCTOSIHUAX. 2.4. OCHOBBI TEPMOJMHAMUKHU. 2.5. Peansb-
HBIE Ta3bl U )KUIKOCTH.

[Ipu u3yueHuu paszzgena HEOOXOIUMO BBINOJIHATH TECTOBBIE 3a/laHus, a 3aTEM
KOHTPOJIBHBIN TECT.

[TonpoGHoe n3M0XKEHNE MaTepraia pas3jiena MpeICTaBiIeHO B yueOHOM MOCO-
oun: Lamnes, B.M. Kypc ¢duzuku. Ousndyeckue 0CHOBBI MEXaHUKH, MOJICKYJISIpHAs
¢usnka U tepMoanMHamuka: yuded. mocodue / B.M. Hamnes, W.I'. OpexoBa, E.A.

Jluxopaesa, C.B. Muxaiinona. - CI16.: C3TYVY, 2006, a taxxe [1], c. 81...123.
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ITo marepuanam pasaena BeINOIHAOTCA 3a1a4yu 151...171 u3 KOHTpOIBHOM pa-
60T1bl Ne 1, TpeHupoBOYHBIE TECTHI (K TeMaMm 2.1; 2.4) U KOHTPOJIbHBIHN TECT.

MouJiekyasipHas puznka n3ydaer (puandecKkue CBOMCTBA MAKPOCKOIMUYECKUX
CUCTEM B 3aBUCUMOCTH OT UX MOJIEKYJISIPHOI'O CTPOEHUS, CHJI B3aUMOJECHCTBUS MEX-
Iy YacTHUIIaMU U XapaKTepa JABUKEHUS ITUX YACTHLI.

TeopeTnueckoil OCHOBOW MOJEKYJISIPHON (PU3UKH SIBISIOTCS JIBa B3aUMHO J10-
MOJHSOIIMX JPYT ApYyra METOJ1a — CTATUCTHYECKUI U TEPMOJAMHAMMYECKHIA.

JUis onucaHus COBOKYIHOCTH OOJBIIOIO KOJUYECTBA B3aMMOJIEHCTBYIOIINUX
MOJIEKYJ MIPUMEHSIOT CTATUCTUYECKH I UM MOJIEKYJISIPHO-KMHETUYECKHI METO/I.

Tepmoannamuvecknii MeTo HE CBSI3aH C KAKUMU-IMOO KOHKPETHBIMU MPE/I-
CTaBJICHUSIMU O BHYTpPEHHEM CTpoeHUHU Tejl. CBOMCTBA CHUCTEM HM3YyYAIOTCS MYyTEM
aHaJu3a SHEPreTUYECKUX NpeBpalieHu.

OcHOBHBIE N0JIOKEHUS] MOJIEKYJISAPHOH PU3NKH

TepMoanHaMHu4YeCKOl CHCTEMOH HA3bIBaeTCsl COBOKYIHOCTH TeJl, 00MeHH-
BAKOIIMXCH MEKIY cC000i, a TaKKe ¢ TeJJAMH BHE CHCTEMbI, JHEpPrued U BelecT-
BOM.

[IpuMepoM TakMX CHUCTEM MOTYT CIIYXUTb Ta3bl, KUIAKOCTH, TBEpAbIC TENa,
iazMa Wik ux couderanue. OOIUM i pa3HOPOAHBIX MO (PU3UYECKUM CBOMCTBAM
0OBEKTOB SIBJISIETCS TO, YTO OHU COJIEPKAT OIPOMHOE KOJIMYECTBO aTOMOB, MOJIEKYJI
WU APYTUX YACTHII.

Mounekyna — Menpyaiiiiias 4yacTUIIa BEIIECTBa, 00J1aaroIias BCEMH €ro CBOM-
cTBaMHU. Pa3Mepbl MOJIEKyJl OYEHb MaJIbl 10 CPABHEHUIO C pa3MEPAMHU MAKPOCHCTEM:
ot 10"° M (pasmep aToma Bogopoma) g0 107 (pasmep Monekyis! 6eika Bupyca). Mo-
JeKyJIbl (aTOMbI) MOKHO HaOIIOAAaTh HEMOCPEACTBEHHO, HAIIPUMEpP, C MOMOIIBIO TO-
norpaduyecKoro MUKpPOCKOIa UM KOCBEHHO B JKCIIEpUMEHTax (OpOYHOBCKOE JBH-
x)enue, muddys3us, ucnapeHue u ap.).

Mexny MOJeKyIaMHu AEUCTBYIOT CHJIbI 3JIEKTPOMArHUTHOIO MPOUCXOKIACHUS:
CUJIBI IPUTSKEHUS U CUJIbI OTTAJIKUBAHUSL.

Macchsl MOJIEKYJT O4€Hb MaJibl. Tak Macca IMPOCTEMIIEr0 aToMa BOAOPOJA paB-

Ha 1,66-10" kr. IlosTomy ymoOHee NONB30BaTHECA ATOMHOM EIUHUIIEH MAacChl
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(1 a.e.m.). 3a 1 a.e.m. mpuaumarot 1/12 maceel atoma yraepoga C°. 1 aewm. =
1,66 -107" kr. Macca MOJIEKYJIbl, BLIPAKEHHAS! B 2.€.M. HA3LIBAETCS MOJIEKYJISIP-
HOM Maccoil.

Hanpumep, monekymnspHas macca Mojiekyibl Boasl (H,O) paBaa 1 x 2 + 16 =
18 a.e.M. KosmmyecTBO MOJIEKYJ B JAaHHOW TEPMOJAMHAMUYECKOH cHCTeMe Ha3bl-
BaeTcsl KOJIMYeCTBOM BellecTBa. 32 eIMHUIYy KOJIH4YeCTBA BellecTBA NMPUHUMA-

eTCcsl KOJMYECTBO MOJIeKy paBHoe N, =6,02-10”. Ona HOCUT Ha3BaHWE MOJIb. A
-1
uncino N, =6,02-10” Moib Ha3bIBAETCA YHCJAOM ABOragpo 10 MMEHH y4YEHOrO,

KoTOphIl €€ BBes. Eciau cuctema conepxutr N MOJEKyJ, TO KOJUYECTBO BEIIECTBA
paBHO

v=ﬂ MOJIb. (2.1)
A

Macca mMoJis Ha3bIBaeTcsl MOJIApHOH Maccoi (M). MoJssipHasi Mmacca 4ymc-
JIECHHO PaBHA MOJIEKYJISIPHOM, HO BhIpa:kaeTcs B ennnunax CU B kuiorpammax.
Hanpumep, MonspHas mMacca Boasl pasHa | =18-10" kr. Konmdectso Bere-

CTBAa B Z[aHHOﬁ MacCCC BCUICCTBA /1 paBHO

vV=—. (2.2)
u

U3 dpopmyn (2.1) u (2.2) cnenyer dhopmyna Ui BEIYUCICHUS KOJTUYECTBA MO-
JIEKyJl B Macce BeIleCcTBa m:

N="N_. (2.3)
u

B 3aBHUCHMOCTH OT arperaTHOr0 COCTOSIHUSA XapaKTep JBUKCHUS MOJIEKYJ pa3-
JryeH. B razax MoOneKyJibl IBHKYTCS XaOTHYECKU MPSIMOJMHENHO W Bpamarorcs. B
KUIAKOCTSIX MOJIEKYJIbI COBEPINAIOT KOJeOaTeNbHOE JBUXKEHHE M OJIHOBPEMEHHO
JBIKYTCS MOCTYMATeNIbHO. B TBEpbIX TellaX BO3MOXKHO JIMIIb KOJI€OATEIbHOE JABU-

KCHUC.

49



2.1. KuneTnueckue siBjieHUsI U TeOpHs UIeaTbLHBIX ra30B

2.1.1. YpaBHeHHe COCTOSTHMSA HIeaJbHOIO0 raza. Mzonpoueccol

CocTosiHe TePMOAMHAMUYECKON CHUCTEMBI XapaKTePU3YETCsI MaKPOCKOTIIYe-
CKUMH 1 MUKPOCKOITMYECKUMH TapaMeTpaMu. MaKpOoCKOMUYeCKUe mapamMeTphl Xa-
PaKTEPHU3YIOT COCTOSIHUE CUCTEMBI B 11€JI0M, 3T0 00BeM ( V), naBnenue (P), Temnepa-
typa (T), konmruecTBo BemiecTBa (v ). O0beM raza u JKUJIKOCTH OTPEeseTcs: 00be-

MOM COCY/1a, TBEPAOTO TeJIa — IOBEPXHOCTSAMHU pasjela ¢ Apyrumu teaamu. Jlasie-

F . .
Hue P = 5 rae F'— cuna, ¢ KOTOpOil MOJIEKYJIbl JEHCTBYIOT HA CTEHKH COCY1a WU

1100y10 BOOOpakaeMyro TUIOCKOCTh, IEPICHANKYIISIPHYIO F, S — momnanb moBepxHo-

. H
CTH, Ha KOTOPYIO IeCTBYeT cuna. Enunnna usmepenns lla=1—:.
M

JlaBieHneM Ha3biBaeTcsl (pu3myeckas BeIUYHHA P, paBHas OTHOIICHUIO YHC-
JIEHHOTO 3HAYEHUs CUJIbI [, HOpPMAJIBHOM K YYacCTKy MOBEPXHOCTH Tea IJIOMAIBIO S,
K BEJIMYMHE S.

Tepmunom Temmepatypa (7) o00o3HauaoT Mepy “Harpetoctu’ Tena. Ouznye-
CKUHM CMBICJI TEMIIEPATYPhl YCTAHABIUBACTCA TEPMOAUHAMUYECKN U CTATUCTUYECKHU U
OyneT paccMoTpeH B ciienytonux riaaBax. Equanima mamepenus 1 K (kensBun). [ka-
na KenbBuna cBszana co mkanoi Llenscus seipaxkenuem T = t° C+273.

MukpockonuyecKkue nmapaMeTpbl — 3TO XapaKTEPUCTHUKHU OTIACITBbHBIX MOJIE-

KyJI: Macca, UMIyJbC, 3Heprus. K MukponapaMerpam OTHOCIT KOHLUEHTPALUIO MOJIe-
N

Kyl n=—.
14

CooTHolIeHHe, CBA3bIBaIOIIlee MAKPONIApaAMeTPhl, HA3bIBAETCH YPABHEHHU-
€M COCTOSIHUSI TEPMOTMHAMMYECKOH CHCTEMBI.
f(P,V,T)=0. (2.4)
Ecin mapameTpbl CHCTEMBI OJJMHAKOBBI BO BCEX €€ TOYKAX W HE M3MEHSIOTCS C
TCUYCHUEM BPEMCHH, COCTOSIHHE HA3BIBAETCS PABHOBECHBIM.
M3MeHeHrne MakporapamMeTpoB MO KaKUM-THOO TPUYMHAM WKW CaMOIIPOU3-

BOJIBHOC HAa3bIBACTCA MPOIECCOM. Hpouecc Ha3bIBACTCA PAaBHOBECHBLIM, CCJIM CHC-
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T€Ma MEPEXOJIUT U3 OJIHOIO PABHOBECHOTO COCTOSIHMSI B JPYroe PaBHOBECHOE CO-
CTOSIHHUE.

VYpaBHEHUE COCTOSIHUS COJEPKUT MPAKTUUECKU BCIO MHPOPMAIUIO O CUCTEME
Y TO3BOJISIET MPEJCKa3aTh €€ COCTOSHUE W TMPaKTUUECKOe HcmoJib3oBaHue. Ero co-
CTOSIHUSI MOYKHO MOJIYYUTh SKCIIEPUMEHTAIBHO. TaK JJIsl pa3peKEHHBIX Ta30B MPU HE
CIIMIIIKOM HHM3KMX TEMIIEpaTypax HCHOJb3yeTcs ypaBHeHuMe MenaeneeBa-Knanen-
poHa:

PV =vRT, (2.5)

KOTOpPOE SIBJIIETCS 00001IeHNEM OOIBIIOT0 KOJIMYECTBA OMBITHBIX AaHHBIX. [y gaH-
HOM Macchl ra3a

% = VR =const, (2.6)

rae R = 8,31 JIx/(K - Moib ) — yHUBepcalibHas Ta30Bast MOCTOSIHHAS.
Bripaxxenue (2.6) Ha3bIBalOT 00beUHEHHBIM Ta30BbIM 3akoHOM. [Ipu iro-

OBIX U3MEHEHHAX ImapamMcTpOB AJIA I[aHHOﬁ MacCChI I'a3a BBIITOJIHACTCA COOTHOIICHHUC:

W _BV, (2.7)
LT
Beipakenne  (2.6), OpPUMEHEHHOE K  HOPMAaAbHOMY  COCTOSHMIO

(P=1,01-10° Tla, T =273 K; V xm = 22,4 M) mis ogHoro kMo raza (v =10
MOJIb) Ja€T 3HAUYEHNE YHUBEPCAILHON ra30B0M MOCTOSHHOM

5
R:1,01 10 22,4: 31 JIx
273-10°

MOJTb - K
Ha mpaktuke TpyJaHO OJHOBPEMEHHO HAOIIOJATh 3a M3MEHEHHMEM BCEX Iapa-
METPOB, TIO3TOMY OJIMH W3 MapaMeTPOB MOACPKUBAIOT MOCTOAHHBIM. Takue Ipo-

[CCChI HA3BIBAKOT U30IIPoIECCaMu.

P P
N3oxopHslii iporiecc V' = const, — =— = const
I T,
y v_v
N306apnsIii nporecc P = const, T = T = const
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YpaBuenune MenneneeBa-Knaneiipona MOXHO NMPEJICTABUTh B BUAE:

PV=L, P =nkT, (2.8)
N ,RT
rne n=N/V — xoHueHTpauus Monexkyin, R/N, 6=k — mnorosHHas boabimana.

VYuuTeIBas, YTO KOHLEHTpALMsA MOJEKYJ CMECH I'a30B paBHA CyMME KOHLIEHTpPALUi
KOMIIOHEHTOB CMECH
n=n +n,+..,
u3 (2.8) nonyuum 3akoH JlaabToHa
P=P +P, +.., (2.9)
rae P, P, — napuyaiabHble JaBI€HUS KOMIIOHEHT CMECH.

JJist BBIBOJIa YpaBHEHUSI COCTOSIHUSI BBIOMPAIOT MOAXOSIIYI0 MOJIEIb MOJIEKYJISIPHO-
ro CTpoeHusi cucTeMsbl. [Ipu M3yueHnr 3aKOHOMEPHOCTEN MOBEJEHHUS ra30B UCIOJb-
3YIOT MOJIeJIb M/I€aJIbHOI0 ra3a, KOTopas MpeIonaraeT, 4To MOJIEKYJIbl ABHKYTCS
Xa0TUYeCKH U MMEKT Pa3jiidHble CKOPOCTH; COYJAApPEeHUs MOJIEKYJ MEXKIYy CO-
00i1 M CO CTEHKAMH COCYy/Ja yIPyrue; Me:;KMOJIEKYJIsIPHble B3aUMOJAEHCTBHUSA OT-
CYTCTBYIOT; COOCTBEHHBII 00beM MOJIEKYJ MaJ 10 CPABHEHUIO ¢ 00bEMOM COCY-
1a, B KOTOPOM HaXOJUTCH ras.

2.1.2. OcHOBHOE YpaBHEHHE MOJICKYJIAPHO-KNHETUYECKOH TeOpUM

OcHoBHOE ypaBHEHUE MOJeKyJsipHO-KuHeTnueckon teopun (MKT) ycranas-
JIMBAET CBSA3b MEXKAY MAKPOCKONMMYECKUMHU U MHKPOCKONMMYECKMMHU MapamMeTpaMu.
Tak xak naBnenwe P = F/S, TO €CTECTBEHHO IPEIINOJIOKUTh, YTO OHO BO3HHUKACT
BCJIEJICTBHE TEpe/laud MOJIEKYJIaMl CBOUX MMITYJIbCOB CTeHKE cocya. [Io BTopomy

3akoHy HbtotoHa F = Ap/At, Ap — n3MeHeHne UMITYJIbCa MOJIEKYJIbI 38 BpeMsT Af.

ITo TpeTtreMy 3akoHy HpioTOHa Takas jke cuia JEHCTBYET Ha CTEHKY cocyna. Pazne-
JIMB CHITY Ha TUIOMIAAb CTCHKHU, TTOJIYYHM JIJIs JaBICHUS
| R
P= 3 nmo (2.10)

B 3TOM BBIpa)X€HUH HUCIIOJIB30BAHO IOHATHE CPEeIHEKBAAPATHYHOH CKOPO-

N
CTH. n= ; — KOHIOCHTpaluus MOJICKYJL.
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Beipaxkenne (2.10) — 3To ogHa u3 GopM 3amuCH OCHOBHOTO YpaBHEHHS MoJie-
KyisipHo-kuHeTnueckoi Teopun (MKT). OHo cBsi3bIBaeT MakpornapameTp J1aBJIeHUE C
XapaKTepUCTUKAMU OTJEIbHBIX MOJIeKyJ. Bbipaxenue (2.10) MOXHO mepenucarh,

MCIIOJIB3YS IOHATUE CPEAHEN KUHETHUYECKON SHEPTHU MOJIEKYJIbI €, =m0~ /2

Pzgn@. 2.11)

JlaBjieHHE YUCIEHHO PABHO 2/3 OT SHEPrUyU MOJIEKYJI EAMHUIIBI 00beMa rasa.
IIpumensia ypaBHeHne MeHnaeneeBa-Knanelipona B Buze (2.8) K BbIpaXXEHHIO
(2.11), mosmyunM aJ1 cpeiHEN SHEPIUH OAHOATOMHOMN MOJIEKYJIbI

@:%H. (2.12)

MakponapameTp TeMmepaTrypa ¢ MOJEKYIIPHO-KMHETHYECKOW TOYKH 3PEHUS
— 3TO Mepa Xa0TH4YeCKOro ABMKEeHUs MoJseKyJl. Uucio k — nocrosHHas bonbimana
UMEET CMBICI KO3 PUIMEHTa NIepecyeTa TeMIEpaTyphl (IpaaycoB) B €IUHULIbI IIKa-
abl sHepruu (xoynn).

N3 MKT cnenyer, yto ypaBHenue Menaeneesa-Kiuaneiipona — 31o ypaBHe-
HHE COCTOSTHMS HAeaTbHOIO0 rasa.

2.1.3. 3aK0oH paBHOMEPHOI0 pacipeleeHUsi FHEPrul MOJIEKYJIbI
10 CTEeIeHAM CBOOOABI

Yucao He3aBUCUMBIX JAPYT OT APYra JABUKeHUH Tesa (MM He3aBUCHMBbIX
KOOPAWHAT, ONPeleJIAIONINX ero MoJI0KEeHNEe B MPOCTPAHCTBE) HA3bIBACTCS YMC-
JIOM cTemneHell cBOOOABI. Y OJIHOATOMHOW MOJEKYJbl YHCIO CTENEHEH CBOOOIBI
i = 3. Y IByXaTOMHOM C KE€CTKOM CBSA3BIO I = 5: TPU NOCTYNATENbHBIX U JABE Bpalia-
TEIbHBIX; WU — TPU KOOPJIMHATHI LIEHTPAa MacC MOJIEKYJIBI U JBa yrja, ONpeAeIIso-
IIUX OPUEHTAIIMIO OCU MOJIEKYJbl. Monekya, umeromas Tpu (1 0oJjiee) aTOMOB, Xa-
paKkTepU3yeTcss YUCIOM [ = 6, TpU MOCTYNATENbHBIX U TPU BPAIIATEIbHBIX CTEIEHU

CBOOO/IEI.

_ 3
W3 BeIpaxeHus ¢, = EkT MOYKHO CJZI€JIATh BBIBOJ, YTO HA OJHY CTEIE€Hb CBO-

1 .
00BI MOJIEKYJIBI IPUXOAUTCS DHEPTUS €, =§kT . B xnaccuueckoil gpusuke cuurtaer-
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Csl, UTO IHEPIrUus MOJEKYJIbI PAaBHOMEPHO paclnpeacaseTcsa nmo CTenecHam CcB00O-
AbI. 210 BBIPAKCHUC ABJICTCA OOTHUM U3 3aKOHOB KJACCUYE€CKOM CTAaTUCTHUKH.

Tor):[a oJiHasg CpCaAHAA KHWHCTHYCCKAA S9HCPIrud MOJICKYJIbL

g, =ékT. (2.13)

2.2. OCHOBBI KJIACCHYECKOM CTATHCTHYECKON (pU3HKH

IIpu TeniaoBOM paBHOBECHUM KOOPAMHATHI U MMILYJIBCHI MOJIEKYJI U3MEHSIOTCS
CJIy4aiiHbIM 00pa3oM IpU UX CTOJIKHOBEHHUAX. [Ipu 3TOM Bce nmpocTpaHCTBEHHBIE 110-
JIO’KE€HHSI U HAIPABIICHUSI CKOPOCTEW paBHOBEPOATHBI. OJIHAKO YUCIICHHBIE 3HAUEHUS
CKOpPOCTEH, UMITYJIbCOB, JHEPIUI MOJIEKYJ pa3iau4Hbl. B TO ke Bpems cpegHue 3Ha-
YEHUS OTUX BEIUYMH JUI JAHHOI'O COCTOSIHUA ra3a MOCTOSHHBI. JTO TOBOPUT O TOM,
YTO CHCTEMbI K3 OOJBIIOrO KOJMYECTBA YACTHI] MOAYUHSIOTCS 3aKOHOMEPHOCTSIM
0Cc0o00ro THMA — CTATHCTHYECKHUM 3aKOHOMEPHOCTSIM, KOTOpPbIE MOITBEPKIAIOTCS
AKCIEPUMEHTAIIBHO.

2.2.1. PacnipenesieHue MoJIeKYJI ra3a mo CKOpoCcTam

Makpockonu4eckrue napaMmeTpbl CUCTEMBI 3aBUCAT HE TOJIBKO OT CPEIHUX 3HA-
YEHNUU CKOPOCTEH, HO M OT UX PACHPEAEIIEHUS, TO €CTh OT TOTO, KAKOBA JOJISI MOJIE-
KyJ, AMEIOIIMX JaHHOE 3HAYEHUE CKOPOCTU. BEpOSTHOCTH TOrO, YTO B JAHHOM CHUC-
TE€ME MOJIEKYJI C KOHLIEHTPALMEN # BCTPETUTCSI MOJIEKYJIA CO CKOPOCTBIO U IIPONOp-

UOHanbHa An_ /n, TIe An, — KOIMYECTBO MOJIEKYJ C JAHHOW CKOpOCThIO. Tak Kak

MOJIEKYJl OTPOMHOE KOJMYECTBO, TO BCTPEUAIOTCS JIFOObIE 3HAYEHUS CKOPOCTH, TO
€CTh CKOPOCTh HW3MEHSAETCS HenpepblBHO. [[09TOMYy BeCh Iuamna3zoH CKOpOCTEW pas-
OMBAIOT HAa yY4aCTKU AU W HAXOMST YHCIIO MOJIEKYJI, HMEIONUX CKOPOCTh B MHTEPBa-
Je OT U 10 0+ Av . @yHKuus

An,
n-Av’

/(@)= (2.14)

ITOKa3bIBarOIIas A0JI0 MOJICKYJI CO CKOPOCTIMH OT U A0 0 + Av B CANHNUYHOM HH-
TEpBAJIC CKOpOCTCﬁ, HAa3bIBACTCS IIJIOTHOCTBIO BEPOATHOCTH.

OyHKIMS pacIpenesICHUs MOJIEKYJI 10 CKOPOCTIM

F(v)= f(v)nv®
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XapaKTEPHU3yET BEPOSTHOCTh TOTO, YTO MOJIEKYJIBI HMEIOT 3aJaHHBII MOAYJIb CKOPO-

ctiu. B sBHOM Bujae QyHKIuUs pacnpeleraeHus: MOJIEKYJ MO CKOpocTsM MakcBesuia

AMEET BUJ:

m

An mo’
F(v)=—>-4n0v’ =4 20 exp(———). 2.15
= a0 ™ T o) ) 213

N3 pacnipenenenus MakcBesuia Jerko HauTH (popMyJibl [Jisi BEIYMCIICHUS HaU-
BEPOSATHEUILIEH, CPETHEN U CPETHEKBAIPATUYHON CKOPOCTEN.
[IpakTHyecku BakHa 3aBUCHMOCTb paclpeeieHus OT TeMIieparypsl (puc. 2.1).
E(v) [Tpu noBeILIEHUH TEMIIEPATYPBI
T pacTteT A0 OBICTPBIX MOJIEKYH. DTOT
<l (GakT 0OBACHSIET, IOYEMY XUMUUECKUE
peaklnu, TEPMOSIIEPHbIE pEAKIIMHU Ha-

YUHAKOTCS IIPU MEHBIINUX TEMIIEPaTy-

=»  pax, YeM TCOPETHUCCKHE.

Puc. 2.1
2.3. SIBjieHusI MepeHoca B HEPABHOBECHBIX COCTOSIHMSIX
[Tpw HaTMYKUK HEOHOPOIHOCTEH IIIOTHOCTH, TEMIICPATYPhI U APYTUX BEIIMIUH
HAOJII0JAI0TCSl HEOOPATUMBIE MPOLIECCHI, TPUBOIAIINE K IIEPEHOCY MacChl dM , SHEp-

rud (TEIIOTHl) dQ , UMITyJbca: AUQy3usi, TEIIONPOBOIHOCTD, BA3KOCTb.

dM =—D@Sdt (2.16)
dx
dQ = —kd—TSdt (2.17)
dx
dv
dFF =—n—dS
n Iz (2.18)

CnenyeT YCBOUTBH, 4YTO BCC 3THU ABJICHUA HMCIOT OI[PIH&KOBI)IIZ MOIJICKYJIAAPHO-

KHHETUYCCKUU MEXaHU3M.

2.4. OCHOBBI TEPMOJAMHAMUKH
IIpocroii ananu3 sIBIEHUN, IPOUCXOMSIIIMX B IPUPOJIE U TEXHUKE, TOKA3BIBACT,

YTO OOJIBIIIMHCTBO MPOLIECCOB B BBIJICJICHHON CUCTEME CBOJIUTCA K 0OMEHY dHepruei
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U BEILIECTBOM C JPYTUMHU CHUCTEeMaMH (C BHEIIHEN cpenoi). B atux ciyyasx npume-
HSIOTCS 3aKOHBI TEPMOAMHAMUKHM. B OCHOBE TEpMOJMHAMUKHU JIEKAT TPU 3aKOHA
VI Ha4ajla TEPMOJAWHAMUKH, KOTOPBIE BBIPAKAKOT 3aKOH COXPAHEHHUs DHEPTUHU U
HaIIpaBJICHUE IIPOLIECCOB.
2.4.1. BHyTpeHHss JHeprus

BHyTpeHHss SHEprus Teja BKI0YAEeT KUHETHYECKYIO HEPIHI0 MOJIEKYJ (Jac-
THII), TOTEHUNAIbHYIO 3HEPTUI0 UX B3aUMOJICUCTBUSA, SHEPIUI0 BHYTPUMOJIEKYJISAP-
HBIX, BHYTPUATOMHBIX, BHYTPHUSJICPHBIX MPOLIECCOB U SHEPTUIO SJICKTPOMATHUTHOTO
M3JIyYEHUs1, CONTPOBOXKAAIOIIETO YKAa3aHHBIE IPOLIECCHI.

B Makpockonmyeckux mpoleccax BCE COCTAaBISIONIME BHYTPEHHEN SHEPIuM,
KpOME KHHETHYECKON U MOTEeHUAJbHON JHEPIUHM MOJIEKYJI, HUYTOXHO MaJbl.

JIns uaeanbHOro raza BHYTPEHHS DHEPIrUs paBHA CYMME KMHETUYECKHUX DHEp-

Uil MOJIEKYJI, TaK KaK MOJIEKYJIbl HE B3aUMOJIeiicTBY0T. Cpe/lHee 3HaUeHUEe KUHETHU-
. i
4EeCKOM dHEPruu MOJIEKYJIbl paBHO € = —kT
)
Torna BHyTpeHHsIs SHEPTUs
i
U=N-—kT,
2
Tak Kak N =VN,,a kN, =R, To
I
UzzvRT. (2.19)

Taxum 06pa3oM, BHYTpEHHSIS SHEPTUS UACATBHOTO ra3a 3aBUCHUT TOJIBKO OT €ro
TEeMIIepaTypbl U KOJMYECTBA ATOMOB B MOJIEKYJIE.

BHyTpeHHss 3HEprHs — 3T0 (PYHKIUSI COCTOSIHUSI CHCTEMBbI, €0 OJHO3HAYHAs
XapaKkTepuCcTHKa. V3MeHeHne BHYTPEHHEN SHEPIUM HE 3aBUCUT OT IIpoLecca, KOTo-
PBI TPUBOJUT K 3TOMY MU3MEHEHUIO, a 3aBUCUT TOJBKO OT KOHEYHOI'O M HayaJabHOIrO

COCTOSIHUM:
AU =U, -U, :évRAT. (2.20)

OOMeH sHepruei Mexay CUCTEMOW M BHEIIHEW CPEelod MOXKET MPOUCXOAUTH

ABYM: criocobamu: IMyTeM COBCPIICHUA pa6OTBI H IIyTEM TETJI000MEHa.
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2.4.2. Pabora

Pa6oTa COBCPIIACTCA KaKUMH-IU00 CHIIaMH IIpu NCpEMCIICHNN BSaHMOHCﬁCT-

BYIOLIUX C CUCTEMOM TeJl, KOTOPOE BBIPAKAETCS B U3MEHEHUH 00bema cucteMsl. [lpu

pacuImpeHnn raza padbora COBEpIIASTCs CHIIAMH JTaBICHUS
04 =PAV . (2.21)

[Ipu cxaTtnu raza moj ACMCTBUEM BHELIHHUX CUJI B PABHOBECHOM IIPOLECCE B KAXKIbIN

MOMEHT BPEMEHU BHEILHAA CUJIA YPABHOBEILIMBACTCS CUIION JABJICHUSA.
B Bbeipaxkenuu (2.21) naBineHue MOCTOSTHHO NP JAHHOM M3MEHEHHH 0oObeMa.

Ecnm xe naBneHne M3MeEHsSeTCs, TO IPU KOHSYHBIX U3MEHEHUSIX oO0bema ot V| o V,

pa60Ta BBIYUCIEICTCA ITYTEM HMHTCTPHUPOBAHUA
(2.22)

I'padmyecku pabora paBHa IUIOIIA-

P
A
oy -
oM, orpannyeHHOM kpuBort P=f(V) u
3
.
P ::a npsmeiMu Vi u V, (puc. 2.2).
21— K253
E::: [Ipn m3MeHeHNN 00BEMa MOJICKYJIBI
i
: 2% /{i{ YAaCTHUYHO MPUOOPETAIOT YHOPSAIOYCHHOE
et —
O W d 2 V' 1euwxenne Bmecre ¢ TIOPIITHEM.

Puc. 2.2
[TosTomMy paGoTa — 3T0 npolecc M3MeHeHUs1 BHYTPeHHell SJHePIruM CHCTEMbI

3a cYeT YIOPAJAO0YEHHOI0 IBHIKEHU MOJIEKYI.
U3 puc. 2.2 BUAHO, 4TO B OTJIMYHE OT BHYTPEHHEH YHEPTUH paboTa 3aBUCHUT HE

TOJIBKO OT IapaMeTpoB KOHEUHOro (P, V) u HavanbHOTO (P, V) COCTOSIHUINA, HO U
OT Xapakrtepa npoiiecca 1-2. Ha 3ToM 0CHOBaHO JI€MCTBUE BCEX TEMIOBBIX MAIIIMH.
2.4.3. Tensora. TemnoémkocTb

N3meHeHue BHyTpeHHEN SHEPTUU MPOUCXOIUT TaK K€ IMPH TEII00OMEHe B pe-

3yJbTarc nepcaadu KUHETUYCCKOMN OHCPIrnu XaOTHYCCKH ABWKYIIHUXCSA MOJICKYJ O-

HOT'0 TCJIa MOJICKYJIaM APYIroro Teiia IIpru CTOJIKHOBCHHAX.
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[Ipupamenne BHyTpEeHHEH SHEPTHHM B MPOIECC YUCTOTO TEIUIOOOMEHAa HA3hIBACTCS
KOJINYECTBOM TEIUIOTHI WJIM TIPOCTO — TemJI0ToM (Q).

Temyiora — 3T0 mpouecc U3MEHEHNsI BHYTPEHHEN SHEPrUU 3a CUET Xa0TH4Ye-
CKOro (HEynopsii04YeHHOTI0) IBHKCHUSI MOJIEKY.I.

N3menenue napamerpoB cuctembl (P u 7T) npu TemiooOMeHe 3aBUCHUT OT Xa-
pakTepa MPOUCXOIAIIETO MPH 3TOM Tporiecca. Takum 0O6pa3om, TemJjaoTa, Kak u pa-
0ota, sBisercs GyHKIUEH mporecca. Hemb3st TOBOpHUTH: “W3MEHEHHME TEIUIOTHI (MIh
paboThI)”.

N3meHeHue TemriepaTypbl CUCTEMBI TIPU TETUIOOOMEHE 3aBUCHT HE TOJBKO OT
npolecca, HO U OT XMMHYECKOM MPUPO/JIbI BEIIECTBA, OT arperaTHOr0 COCTOSHUA.

KonuuecTBo TemioThl, HEOOXOAUMOE /IS HArpEBaHUs Tela Ha OJWH KEJbBUH,

HA3bIBACTCA TENJIO0ECMKOCTBIO TEJIa

c =99 Ax) (2.23)
dr \ K
TemmoeMkoCcTh CANHHUIIBI MACChI BCIICCTBA HA3BIBACTCSA YHGHBHOﬁ TCIINTIOCMKO-
CTBIO:
c=C 00 [ JbK (2.24)
m mdT \kr-K
[Ipu n3ydennn raza yo0Hee moJib30BaThCS MOJISIPHON TEIIOEMKOCThIO
JL NN S S| (2.25)
v-dT MOJIb - K

I'ZI€ V — KOJIMYECTBO BEIIECTBA, L — MOJIIPHAs Macca.
2.4.4. IlepBblii 3aKOH TEPMOAMHAMMKH
Cucrema, B KOTOPOH KOJIMYECTBO YACTHIl OCTACTCH HEU3MEHHBIM, MOXKET
U3MEHATHh CBOE COCTOSIHUE TOJIBKO IyTeM 0OMEHa YHEPTHEH C OKPYIKAIOIIEH Cpeoi.
IlepBoe Haya10 (3aKOH) TEPMOAMHAMHUKH — 3TO 3aKOH COXPAHEHUs YHEPIUU
B TEPMOJMHAMHMUYECKHUX IIPOLIECCaX.
KoinvecTBo TEemaoTsl, KOTOpOe CHCTeMa MOJy4aeT B Ipoluecce Ternioo0MeHa

H/JeT HA U3MEHeHNe BHYTPeHHeH JHepPruM U Ha coBepleHne padoThl

0=U,-U, +A. (2.26)
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®opmyna (2.26) copaBeyiiBa TOJIBKO JJIE PaBHOBECHBIX MpoleccoB. Eciam
IPOLIeCC HEPABHOBECHBIM, TO €ro pa30MBalOT Ha CTOJIb Majble IO BPEMEHHU MpOTeKa-
HUS AJIEMEHTHI, YTOOBI B TEYEHUE ITOTO BPEMEHU MPOIIECC MOKHO OBLIO ObI CUUTATH

PaBHOBECHBIM. B 3TOM ciiydae nmepBoe Ha4aJj10 IpUMET BU/L

80 =dU +84. (2.27)

31ech ciienyer IpUHATh BO BHUMaHUe 0003HaueHus: dU — GECKOHEYHO Majioe

U3MeHeHne BHyTpeHHel 3Hepruu, 00, 04 — 3TO KOJIMYECTBEHHbIE XapaKTEPUCTH-

KU Mpolecca U3MEHEHUS SHEPTUU — JJIeMEeHTAPHbIE TEIUI0TAa U padoTra.
2.4.5. IllpumeHeHHe MEPBOIr0 HAYAJIA TEPMOAUHAMUKH K H30MpoIeccam

[lepBoe Havamo TEPMOAMHAMUKH IO3BOJIAET ONPENEIUTh MOJISIPHYIO (yAelb-
HYI0) TEIJIOEMKOCTh, pabOTy, COBEPIIAEMYIO CUCTEMOM M OLEHUTh MPAKTHUECKYIO
3¢ (PEeKTUBHOCTh TEPMOJUHAMUYECKOTO Tpoliecca. Hanbosiee mpocThIMU SBISIOTCS
pacyeTsl U1l U30MPOLECCOB.

N3orepmuyecknii npouecc (7 = const)

VYpaBuenue cocrosinusi PV = const. M3-3a nocrosincTBa Temneparypsl (d1 = 0),

BHYTpEHHSS 3Heprusa Takxke noctosHHa (dU = 0). CiaenoBaTenbHO, MEPBOE HAYAIIO

TepMOAUHAMUKHU UMeeT BUJ O = 0A4, TO €CTh BCs MOJABOAUMAsI TEIJIOTa UJIET HA CO-

BepiieHre padotel. Pabora Berumcnsgercs no gopmyne (2.22).
Ucnons3ys ypaBuenue Menaeneesa-Knaneitpona, moiayuunm:

v =vRT [2L —yRTIn 2. (2.28)
v v

1

A= Vde V= Vfﬂ
4 h
HN3oxopublii mpouecc (¥ = const)
Memnsiromuecs mapaMmeTpsl CBA3aHbl ypaBHeHUuEM coctosinusg P/T = const. ['pa-
¢uk nporecca n3o00paxeH Ha puc. 2.3.
P Scno, uro pabora dA=PdV B
M30XOPHOM IIPOLIECCE paBHA HYJIO, W,

CJICAOBATCIIbHO, IICPBOC HA4dYallo TCPMO-

0 >V JTAHAMHUKHU B 3TOM CIIydae JaéT

Puc. 2.3 60 =dU.

59



MouspHas TernoéMkocTs Cy paBHa

C, :S—Q =d—U. (2.29)
vdT vdT

YuuteiBas BeIpaXeHUE ISl BHYTpeHHEN dHeprun U = évRT u dU :édeT ,

IMOJIy4YHUM:

C, :éR. (2.30)

HN3006apublii npouecc (P = const)

VYpaBHeHue cocrosinug umeer Buj V/T =const. I'paduk mpoiecca npuBeaeH

Ha puc. 2.4.
P IlepBoe Hayano TEPMOAUHAMUKHU
F 3
> 30 =dU + 34
l/ MonsipHast TeTUIOEMKOCTb TPH TOCTOSTHHOM
% JIaBJIEHHUU
1 > 'V
0O v Vv, C,=C, +R (2.31)
Prc. 2.4 Wwm  C,='R+r=""%p

==
PaGoTa mpu n3ob6apHOM Mporiecce BRIYUCISIETCS 0 (GopMyIie

A= [PV =P, -V). (2.32)
v,

AnnabaTHBIN npouecc
[Ipouiecc Ha3bIBaeTCa aguadaTHBIM, €CIM CUCTEMA HE YYacTBYET B TEMJIO00-
MeHe ¢ okpyxaromieit cpenoit (Q = 0). Takoit mporecc MOKHO OCYIIECTBUTDH, €CIU
CO3/1aTh TEIION30JISIMI0. HO MOCKOJIbKY HJI€albHBIX TEIUIOU30JISLIMOHHBIX MaTepua-
JIOB HE CYUIECTBYET, TO Ha NMPAKTUKE aauabdaTHBIA MPOIECC OCYIIECTBISIIOT MyTEM

OBICTPOro MpOTEKaHMs mpolecca (cxxkatust win pacmupenus). Tak kak 00 =0, nep-

BBIM 3aKOH TEPMOJAVNHAMUKY ITPUMET BUJ
dU +04=0 wm 04A=-dU, (2.33)
TO €CTh paboTa coBepIIaeTcs 3a cUeT yObUIM BHYTpeHHEH sHepruu. [lpu pacmmpennn

raza 84 >0, U — yOwiBaet, dT < 0 — ra3 oxnaxpaaercsa. Hanmpumep, 3T0 IpOUCXOAUT
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OpU OTKPHIBAaHUHM OAIIOHOB CO CXAThIM BO3AYXOM; C TEIUIBIM BO3IyXOM, MOJIHH-
MaroIMMcs BBEpX (IIO3TOMY B ropax XOJIOJHEE) U T.1.

IIpu cxxatum raza 04 <0, torna dU > 0 dT > 0 — ra3 HarpeBaeTcsl.

[Tpu agnaGaTHOM IpoLECCe U3MEHSIIOTCS BCE apaMeTpbl COCTOSIHUS. Y paBHE-
Hue cocrosiuus (ypaBHeHue Ilyaccona) nis aquabaTHoro npoiecca UMeeT BU:

PV" =const, (2.34)

C
3,Z[CCB Y= —£ — moxasareib a,ZII/Ia6aTI>I. I/ICHOHB?,y}I BBIPpAKCHHA I TCIIIIOCM-

Vv

C,+R i+2

xocrent C, n C,, nony4yum y = c

, i
2.4.6. DuTponust

IlepBoe Hayano TEPMOJUHAMUKH TO3BOJISIET OMPEACIUTh, BO3MOXKEH JU TOT
WM UHOW MPOIIECC C PHEPreTUUeCKON TOYKHU 3PEHHsl, HO HUYETrO HEe TOBOPHUT O Ha-
MpaBJICHUN CaMOIIPOM3BOJILHO MPOTEKAIONINX MpolieccoB. Hanmpumep, ¢ Touku 3pe-
HUS MEPBOT0 Havalla BO3MOKEH CaMOIPOU3BOJbHBIN MEPEX0/l TEIJIOTHl OT XOJIOIHO-
ro Tejla K ropssueMy, XOTsl B IPUPOJIe TaKue Mpolecchl He Habmonatores. Hampansie-
HUE MPOLIECCOB OIPEALIIAET BTOPOE HAUYaIO TepMOauHaMUKH. [Ipu 3TOoM ncnonb3yer-
cs em€ ogHa (PYHKIUSI COCTOSTHHSI CHCTEMBI — SHTPONMUs. DHTPOIHUS XapaKTepU3yeT

CTCIICHDb HCO6paTI/IMOCTI/I Imponecca. KonndyecTBEeHHO HW3MEHEHHE OHTPOIIMNU PABHO

MIPUBENEHHON TETUIOTE:
87Q =dS, (2.35)

rae T — teMmenepaTtypa, Mpu KOTOPOU MPOUCXOAUT TEIJI00OMEH (BepHEe, OH MpPOHC-
XOJIUT MKy Tenamu ¢ temneparypamu ' u T+dT). Jlns KoHedHOro npoiiecca mnpu-

BCIACHHASA TCINNIOTA PaBHA CYMMC IIPUBCACHHBIX TCIJIOT, TOT'Aa
25
S, -8, =j—Q. (2.36)
T

@PU3NYECKUN CMBICI IHTPONMMHU YCTAHABIMBACTCA HA MOJIEKYJSPHO-KUHETH-

YECKOM YPOBHE METOJIaMU CTATUCTUYECKOU (PUBUKHU.
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CymiecTByeT HECKOJIBKO BO3MOXHBIX MUKPOCOCTOSIHHI KOTOpBIE 0OecreynBa-
I0T JaHHOE MAaKpOCOCTOSIHME (HampuMep, JaHHYyK Temmeparypy). Umcno pasiany-
HBIX MHUKPOCOCTOSIHMii, COOTBETCTBYIOIIUX JAHHOMY MAKPOCOCTOSIHUIO HA3bIBa-
eTcsl CTATHCTHYECKUM BECOM WJIM TEPMOJAMHAMHUYECKON BEePOSITHOCTHIO JAHHOI0
Mmakpococtosinus (W).

Hatypanbubiii norapudmM 5TOl BeIMYMHBI, YMHOXKEHHBIM HAa MOCTOSIHHYIO
Bonbimana £, u ecth SHTpONUS

S=klnW . (2.37)

Ota BaxkHas (opmyna Oblia modydeHa aBcTpuiickuMm ¢uszukoM JI. bonbima-
HOM. BeposITHOCTh paBHOBECHOI'O COCTOSIHMS (MaTeMaTrudeckasi) Om3Ka K eJUHUIIE.
CocTostHue, KOTOpOE OCYIIECTBIISIETCS MHOTMMH CIIOCOOaMHU, Ha3bIBaeTcs Oecrnops-
JAOYHBIM (XaOTHYECKUM).

TakuM 00pa3zom, IHTPONHMSA MOKET paccMaTpUMBaTbCs Kak Mepa Oecmno-
pPSiAKAa B TEPMOJANHAMHUYECKOH cHCTeMe.

Yem cuiibHEE CHCTEMA YIIOPAIOUYEHA, TEM MEHbIIE SHTponua. Harpumep, TBep-
JIOMY T€Iy, B KOTOPOM aTOMBI 3aKpEIUIEHbI B y3/1aX KPUCTAIUIMYECKON pElIeTKU CO-
OTBETCTBYET IPAKTHYECKH OJJHO MUKPOCOCTOSIHUE.

Coo01ieHue cucreMe Teria NPUBOAUT K YCUIICHUIO TEIJIOBOIO JABMXKEHUS MO-
JIEKYJI U, CIE€A0OBATENIBbHO, K YBEJIIMYEHUIO CTEIIEHH OECIOpsIKa B CHCTEME U, COOTBET-

CTBEHHO, 3HTponuu (dS =0Q/T ).

2.4.7. Bropoii 3aKOH TepMOAUHAMUKHI
TepmoauHaMuyeckass cucTeMa, MPEJOCTaBIICHHAs caMoil ce0e, MepeXxoauT B
HamOoJIee BEPOSITHOE COCTOSTHHE, KOTOPOE SBIISIETCS] PABHOBECHBIM
O6001IeHEe OTPOMHOI0 KOJUYECTBA OIBITHBIX JAHHBIX BBIPAXKaeTCs B BUJIE
GbyHIaMEHTAIBHOTO 3aKOHA TIPUPO/IHl BTOPOT0 HAYaJa TEPMOJANHAMHUKH:
B u3ompoBaHHON cucTeMe Bce Mpouecchl MPOTEKAKT TAK, YTO IHTPONHS He
yObIBaerT.
AS>0. (2.38)
OHTpoONuUs U30JIMPOBAaHHOW cUCTEMBbI He u3MeHsaeTcsa (AS =0), ecnu mporecc

oOpaTuMbIil uin aguadaTHbid U Bo3pacTtaeT (AS > 0), ecnu nporecc HeoOpaTUMBI.
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Cy1iecTByeT HECKOJIBKO JPYTUX AKBHBAICHTHBIX (HOPMYIUPOBOK BTOPOTO Ha-
yajga TEPMOJMHAMHUKH, OHU OTPa)arOT YACTHBIE CIIy4yau, pa3IM4HbIE CTOPOHBI MPO-
0JIeMbI M1 UICTOPUYECKUN XOJ1 Pa3BUTHSI 3HAHUH B 3TOM 00JIACTH.

Dopmyaunposka Kiiaysmyca: HEBO3MOXKEH IPOLECC, €AUHCTBEHHBIM PE3YJib-
TATOM KOTOPOTO SIBJISIETCSA Mepeaada SHEPTUH B (pOpMe TEIJIOTHI OT XOJIOAHOTO TeJa K
rOpsTYEMY.

®opmyaupoBka Tomcona (KejbBrHA): HEBO3MOXKHO MpeoOpa3oBaTh B pado-
Ty BCIO TEIUIOTY, B3ATYIO OT Teja C OJHOPOAHOM TEMIIEpATYpOM, HE TPOU3BO/Is HUKA-
KUX APYTUX U3MEHEHUUN B COCTOSIHUU CHCTEMBL.

[Ipu abGCcoMOTHOM HyJIE TEMIIEpaTyphl JIF000€ TeNo, KaK MpaBUiIo, HAXOAUTCS B
COCTOSIHMU paBHOBecHUsA. CTaTUCTUYECKUN BEC TAKOTO COCTOSIHUSI PABEH €IUHUIIE, a
SHTPOIHS — HYJIIO.

JHTpONHUS JIO00r0 Teja CTPEMHUTCH K HYJI0 MPU CTPEMJICHUH K HYJII0 a0-
COJIIOTHOM TeMIepaTypbl. DTO YTBEPKICHUE HA3bIBAIOT TPEThbHUM HAYAJOM Tep-
MOAUHAMMKH. M3 HEro cieayer, 4To TEMJIOEMKOCTh Teia oOpamiaeTcss B HyJb MpU
a0COJIFOTHOM HYJIE.

2.4.8. TenoBbie MAalIMHBI

OnHrM W3 TPUIOKEHUN TEPMOJMHAMUKH, BAXKHBIM ISl MPAKTUKH, SBISETCS
TE€OPHs TEIJIOBBIX MAIIIMH.

B ocHOBe HemnpepbhIBHO AEHCTBYIOMIEH MAIlMHBI JIEKUT KPYroBO (LIUKIIAYE-
CKHI1) TEpMOJIMHAMUYECKHI MpolLiecC.

KpyrosbimM npouneccom (IMKJI0M) Ha3bIBAeTCH MPOILECC, B pe3yJjbTare Ko-
TOPOro CHUCTeMa MOCJe PsAla U3MEHEHUI BO3BPAIIACTCH B MCXOJHOE COCTOSTHHE.
N3meHeHnue BHyTpEeHHEH SHEPIruu 3a LUK paBHO Hy0 (AU =0).

OCHOBHOI XapaKTEPUCTUKOMN IHUKIIA SBIsETCA KOA(DOUIIMEHT TOJIe3HOTO JeH-

CTBHS M):

n=-—-, (2.39)

rae A, — pabora, coBepiiaemas 3a LUK, ()| — KOJMYECTBO TEIUIOTHI, MOIY4E€HHOM

CHCTEMOM 3a LIUKIJL.
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TennoBas mMammMHa — 3TO yCTPOWCTBO, B KOTOPOM YacTh TEIIOBOM DHEPIUHU
npeodpaszyeTcsi B MEXaHUUECKYIO Hepruro. CXxeMaTH4ecKH TEIUIoBas MallMHa MOKa-

3aHa Ha puc. 2.5.

Pabouee teno (ra3, map u ap.) mo-

Harpepaterms

Jy4yaeT OT HarpeBareisi ¢ Temieparypou 71

KonuuecTBo Temnotel Q. Ilpu pacmmpenun

pabodero Teia CBA3aHHBIA C HUM MEXaHU3M

coBepmiaeT padoTy Ai; 4acTh TEmwIOThl Q,

(_)}{TIEL%ITTGJTB OTHaeTCsl OXJIAAUTENIO — Tely ¢ Oojee HU3-
2

Kol Ttemmneparypou 7,. [nda Bo3BpalieHus

Puc. 2.5 pabouero Tena B UICXOJIHOE COCTOSIHUE BHEIII-

HUMH CHJIAMH COBEpIIAeTCs padoTa A4,.

[Tone3nas paboTa KA paBHa

0-0,=4-4,=4,. (2.40)
KoaddunmenT nosie3noro nelcTBUs TEMJIOBOM MaIlIUHbI
ne_90-0 (2.41)
o 9
Jlnst oopaTumoro npouecca AS =0, To ecTh 9_9 =0 nm 23 =% 151
1 v A
nzl_&:1_£:ﬂ, (2.42)

Ql T; Tl

TerutoBast mammHa, paboTaromnias Ha UKIE W3 0OPATUMBIX MPOIECCOB, HA3HI-
Baercs uaeaabHou. KIIJ[ nacansHO# TEIIOBOM MaIIMHBI OnpeeseTcs mo Gopmye
(2.42). IlpumepoM uacanbHON TETUIOBOM MAIlIMHBI SIBJISAETCS MalllHa, pa0oTaroiast
no 1ukiy KapHo, cocTosiieMy u3 IByX U30T€PM U JIBYX ajuadar.

2.5. PeasibHble ra3pl U *KUAKOCTH

DTy Temy CleAyeT U3YyYUTh CaMOCTOSITEILHO MO0 YuyeOHbIM nmocoousiM: [lames,

B.M. Kypc ¢usuku. ®usnyeckne OCHOBbI MEXaHUKH, MOJIEKYJIsIpHas Qu3nKa U Tep-

MoauHaMuka: yue0. mocooue / B.M. [lameB, N.I'. Opexona, E.A. Jluxonaesa, C.B.

Muxatinosa. - CII6.: C3TVY, 2006, c. 104...108 wmu [1], c. 119...124.
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OO6patute BHUMaHUE Ha ypaBHeHHEe BaH-nep-Baanbca u Ha To, Kak B HEM OTpa)KEHbI

OTIINMYUA NACAIIBHBIX I'a30B OT PCAJIbHBIX I'd30B.

Pazpnen 3. JIEKTPUYECTBO U MAT'HETHU3M

B pazgene 3 wusywarorcss Tembl: 3.1. DJeKTpUYeCcKoe IMOJ€ B BaKyyMe.
3.2. DnekTpuyueckoe nojie B audaekTpukax. 3.3. IIpoBOJHUKH B 3JIEKTPUYECKOM IO-
ne. 3.4. CrauvoHapHble TOKH. 3.5. MarHutHoe moJjie B BaKyyMe W BEIIECTBE.
3.6. OnexrpoMarnuTHas uHAykuus. 3.7. Cucrema ypaBHeHuM MakcBesuia. 3akirode-
HUE.

[Togpo6HOE M3NOXKEHHE MaTepuana paszjenia MPeACTaBICHO B YYEOHOM MOCO-
oun: Lamnes, B.M. Kypc ¢usuku. DnekrpuyecTBo U MarHeTusM: yudeO. nmocoodue /
B.M. Ilannes, N.I'. Opexosa, E.A. Jluxomaera. — CII6.: C3TVY, 2006, 129 c.

[To Marepuanam paszena BBIMOJIHSAETCS KOHTpOJibHas padora No 2. TpeHupo-
BOYHBIE TeCThI (K TeMaM 3.1; 3.4; 3.5; 3.6) 1 KOHTPOJIbHBII TECT.

3.1. DueKTpUYECKOe MoJie B BAKyyMe

B3aumopeiicTBue MeXIy AJIEKTPUYECKH 3apsyKEHHBIMU YaCTULAMU WM Tella-
MU OCYILECTBIISETCS MOCPEACTBOM 3JIEKTPOMArHUTHOTO TOJIs, KOTOPOE MPEACTABIISIET
co00l COBOKYITHOCTH JIBYX B3aMMOCBSI3aHHBIX CHJIOBBIX IMOJIEH — 3JIEKTPUUYECKOTO U
MarHUTHOTO. DJIEKTPOMArHUTHOE TI0JIE€ B OMpPEIEIEHHBIX YCIOBHUIX HAOMI0AaeTCs OT-
JEJBHO KaK 3JIEKTPUYECKOE U MAarHUTHOE NOJIA. JTO JEJIEHUE OTHOCUTEIBHO U 3aBU-
CHUT OT BbIOOpA CUCTEMBI OTCUYETA, B KOTOPOU pacCMaTpPUBAIOTCS SIBJICHUS.

3.1.1. OcHOBHbBIE NOJIOKEHHS JIEKTPOCTATHKH

DJIeKTPUYecKoe 10Jie HeNMOABUKHbBIX 3aPSKEHHBIX TeJl, 0CyleCTBJIsIIoNIee
B3aHMO/IeilicTBHE MeXKIAy HUMM, HA3BIBAETCH 21eKkmpocmamuyeckum nonem. Co-
OTBETCTBEHHO TE€OPHSI TAKOTO IOJsI pacCMaTpPUBAETCS B pa3fesie AJNEKTPOJAUHAMUKH,
Ha3bIBAEMOM J71eKkmpocmamuxoit. Cuibl, ACHUCTBYIONIME Ha 3apsHKEHHBIE YACTHUIBI
CO CTOPOHBI JIEKTPOCTATUUYECKOTO IOJISI, HA3bIBAIOTCS AJIEKTPOCTATUYECKUMH CHUJIa-
MHU.

W cTOUHUKOM 3JI€KTPOCTATUYECKOrO MOJIS SIBISIOTCS HEMOABUKHBIE 3apsKeH-

HBIC TCJIA.
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dnekmpuueckuii 3apad — >TO (U3NYECKas BEIWYMHA, XapaKTEepU3yIOLIas
CBOWMCTBO T€JI WJIM YACTHUIL] BCTYNIaTh B 3JIEKTPUUYECKOE B3aUMOJICUCTBUE. DTO MOHIATHE
B DJIEKTPOJMHAMUKE SIBJISIETCS OCHOBHBIM, IEPBUYHBIM (IIOJIOOHO Macce B MEXaHUKE
U 21p.) 3apsaay NpUCYLIH cleayronue GyHI1aMeHTalbHbIE CBOWCTBA: CYIIECTBYIOT J1Ba
poJa NEKTPUUYECKUX 3apsI0B — MOJOKHUTENbHBIE U OTPULIATENIBHBIC; BEIIMUAHA 3apsi-
J1a HE 3aBUCUT OT BbIOOpA CHCTEMBI OTCUETA, TO €CTh HE 3aBUCHUT OT TOT'O, JIBHIKETCA
OH WJIM TIOKOWTCS; DJIEKTPUYECKHN 3apsA]l NOJUYMHSAETCA 3aKOHY coxpaHeHus. i
ANEKTPUYECKOTO 3apsA/Ia BBIOJIHAETCS 3aKOH COXPAHEHHUS.

AJiredpanyeckasi CyMMa JIEKTPHYECKHX 3apsiIoB B M30JIMPOBAHHOM CHC-
TeMe He M3MEHSeTCH MPHU JII0BIX Npoueccax, NPpoMCXoasiliuX B CHCTEMeE.

Cucrema Tenm WM YaCTHUI] HA3bIBACTCA 31EKMPUUECKU UZ0IUPOBAHHOU WU
3AMKHYMOU, €CIIM MEXAY HEI0 U BHEIIHUMHU TeJlaMU OTCYTCTBYET OOMEH 3JIeKTpHue-
CKHMHU 3apsIaMHu.

OnBITHBIM MyTEM YCTaHOBJEHO, YTO ANEKTPUUYECKUH 3apsia 00lagaeT CBOMCT-
BOM JIUCKPETHOCTH, T.€. 3apsii ¢ J000ro Tena COCTOUT M3 1IeJIoro uncia N 3jaeMeH-

TapHBIX 3apsIOB, MPUOIMKEHHO paBHBIX e =1,6-10" Ki (g =*Ne). Hocurensamu

AJEMEHTAPHOIO0 OTPULATEIBHOTO U MOJIOKUTEIBHOTO 3apsAIOB SBJSIOTCS COOTBETCT-
BEHHO JJIEKTPOH U MPOTOH. DJIEKTPOHBI U MPOTOHBI BXOJAT B COCTaB BCEX aTOMOB U
MOJIEKY/L.

Mexay pa3sHOMMEHHO 3apsyKEHHBIMHU TEJIAMH JIEUCTBYIOT CUJIbI MPUTSHKCHUS,
MEXKy OJJHOUMEHHO 3apsKEHHBIMU — CUJIbl OTTAJIKUBAaHUSA. BelnurHa cuiibl B3auMO-
JEUCTBHUS 3apsiI0B onpeaensercs 1o 3akony Kymona.

Cuna B3anMo/ieiicTBUSA MeK1y ABYMS HENMOJABHKHBIMM OTHOCUTEJIbHO JAPYT APY-
ra TOYeYHbIMH 3aPSiIaMU B BAKyyMe NPSMO NPONOPUMOHAIBHA NMPOU3BEICHHUI0
BEJIUYHMH 3aPSA0B U 00PATHO MPONOPUMOHAIBHA KBAPATy PACCTOSHUSA MEKIY
HUMHU:
Fy=k D%
r

rae k — ko3ppuuueHT nponopuruoHANbHOCTU. B MexXyHapoaHOH crucTeMe eIMHMIL

CU k= 1/4ng,, tie: go= 8,85- 1072 ®/m — AJIEKTpUYECKas MOCTOSIHHAS.
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Toueunviti 3aps0 — TO 3apSHKEHHOE TEJO, pa3MepaMu KOTOPOTrO MOXKHO Mpe-
HeOpeyb N0 CPABHEHMIO C PACCTOSHUSMHU JI0 IPYTUX Tell.
Ecnu B3anmoaelcTBYIOMIME 3apsiibl HAXOIATCS HE B BAKyyMeE, a B KaKOM-
a0 cpene, TO BEeJIMYMHA CUJIbI B3aUMOICHCTBUS yOBIBACT B € pa3:

=1 24 (3.1)
4me, er’

r7I€ € — OTHOCUTENbHAS JUAJICKTPUUECKasi IPOHUIIAEMOCTh CPEJIbI.

Cuna HamnpasieHa BAOJIb IPSMOW JINHUU, COSTUHSIONIEH 3TU 3aPsiJIblL.

3.1.2. HanpsizkéHHOCTD 3JIEKTPOCTATHYECKOT0 TOJIS.
IpyHUUD cynepno3uuu moJeH

JIist 0OHApYKEHUST U UCCIIEAOBAHUS JIEKTPOCTATUYECKOTO MOJISI UCTIOIb3YETCs
npooOHbI 3ap0. BenudrHa 3TOro TOYEYHOTO TOJIOKHUTEIIBHOTO 3apsiaa J0HKHA OBbITh
JIOCTATOYHO MaJIOi, 4TOOBI HE UCKaXKaTh UCCIEIyEMOE T0JI€E, T.€. HE BbI3bIBATh B HEM
nepepacnpeenieHns 3apsaaoB (COOCTBEHHBIM IMOJIEM MPOOHOTO 3apsiia MmpeHeopera-

101). Eciiu B mone, co3paBaemoe 3apsiloM ¢, B Pa3HbIX TOYKax MOMEMIATh MPOOHBIM

—

3apsii go, TO HA HETO OyJleT AeHCTBOBaTh cuiia F', pa3inuHasi B 3TUX TOYKaX MOJs U
NPONOPLUOHATIbHAS BEIMYMHE NpPOoOHOro 3apsaa. OnHako oTHomeHue F/g, He

3aBUCHUT OT ¢ U XapaKTepU3yeT DIICKTPUUECKOE TOJIe B TOUKE, Ky/1a TIOMEIICH TIPo0-
HBIM 3apsij. OTa BEJIMYMHA HA3bIBACTCS HANPSAKEHHOCTHIO U SIBJISICTCS CUIIOBOM Xa-
PAKTEPUCTUKON JIEKTPOCTATUYECKOTO TOJIS.

Taxkum oOpa3oM, HANPSIZKEHHOCTH 3JIEKTPOCTATHYECKOT0 MOoJsi B JTaHHOM
TOYKe €CTh BeKTOpHAasi (pu3nuecKasi BeJIMYUHA, paBHasl CWJIe, JeHCTBYIOLIEH CO
CTOPOHBI MOJISI HA HEMOJABUKHbIN eIMHUYHBIA MPOOHBIN 3apsii, IOMeIleHHbIH B

3Ty TOYKY IOJISA:

. F
E=—. (3.2)
9
I[J]H TOUCYHOTI'O Sapﬂﬂa CHJia OHpeI[eﬂﬂeTCH N3 3aKOHa Ky.TIOHa. Tor,ua HaHpH-

JKCHHOCTD IT10JIAA TOYCYHOT'O QJICKTPHUYICCKOIO 3apsaJa B BAKYYMEC paBHaA

1 ¢
E= - 33
4re, 1’ G-3)
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Puc. 3.1

—

Hanpasnenue Bexkropa £ COBIAJAET C HAIIPABJIECHUEM CHUJIbI, ICMCTBYIOLIEH Ha

NOJIOKUTENbHBIN 3apsy (puc.3.1.). Cuna, AelcTBYIOMIAas CO CTOPOHBI AIEKTPUUECKOTO
IIOJIs1 HA TOYEYHBIN 3apsa ¢, paBHa I =qFE .

rpa(I)I/I‘IeCKI/I QJICKTPOCTATUYICCKOC II0JIC I/I306pa}KaIOT C IIOMOIIBIO JUHUL HA-
np:AstceHHocmu — J'IPIHPIﬁ, KaCaTCJIbHBIC K KOTOPbIM B K&)KI[OfI TOYKEC COBIIAAAarOT C HaA-

npaBlieHUEM BekTopa F (puc. 3.2).

Puc. 3.2
CHITOBBIM JIMHUSIM TTOJIS1 IPHITMCHIBACTCS HAIPABJICHHUE, COBITAAIONIEe C Ha-

IIPABJICHUEM BEKTOpPA HAIIPSDKEHHOCTU. TakK Kak B KaKJI0W JaHHOM TOYKE IPOCTPaH-

—

CTBa BEKTOp £ MMEET JIMIb OJHO HAIIPABJIEHUE, TO JUHUU HAIPSHKEHHOCTU HUKOT 1A
HE NepeceKaroTcs. ['yCTOTOM CUIIOBBIX JTUHUN XapaKTepU3yIOT HANPSHKEHHOCTD TOJIS:
B MECTax, I'I€ HAMPSXKEHHOCTh MOJISI MEHBIIE, TUHUH TPOXOIAT PEXKE.
DIIEKTPUYECKOE T0JIE HA3hIBAETCA OJHOPOJHBIM, €CIIM BO BCEX €ro TOYKax Ha-
TIPSDKEHHOCT TIONIS OIMHAKOBA MO0 MOJYIIIO U HanpapjeHnto ( E = const ).
Kaxnpiii 3apsig co3qa€T mojie HE3aBUCUMO OT MPUCYTCTBUS APYTHUX 3apsigoB.

[Toatomy
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E=YE, . (3.4)
i=1

®opmyna (3.4) BeipaxkaeT npunyun cynepnozuyuu (HaJI0XEHUs) AJIEKTPOCTa-
TUYECKUX TOJIEH, COrIaCHO KOTOPOMY HANPAKEHHOCTh Pe3yJbTHPYIOLIEro moJis,
€031aBa€MOr0 B JAHHOM TOYKe MPOCTPAHCTBA CHCTEMOI 3apPSI/I0B WIH 3apPHAKEH-
HBIX TeJl, PABHA reOMeTPUYECKOi CyMMe HANPAKeHHOCTel 1oJieil, co31aBaeMbIX
B JTOH TOYKe KAKIbIM U3 3apPSI0B CUCTEMbI B OT/1€JIbHOCTH.

HanpskeHHOCTh  SBIISIETCA OCHOBHOM CHJIOBOW XapaKTEPUCTHUKOM BJIEKTpUYE-
ckoro nons. [Ipu pacuére 3IEKTpUUECKUX MOJEH BBOAUTCA BCIIOMOTATEIbHBIN GeK-

mop 21ekmpudeckou uHOyKkyuu (ANEKTPUUECKOro cmewjenuss) D , KOTOPBIA IS U30-

TPOMHBIX CPEJ] CBA3aH C BEKTOPOM £ COOTHOIIEHUEM

— —

D=¢g E.

—

Monyiss BekTopa D HE 3aBUCUT OT CBOMCTB CPEIbl U HE MEHSETCS IIPU MEpe-

XOJIe Yepe3 rpaHully pasziesa JUJIEeKTPUKOB.

3.1.3. [lupkyJsiuus BeKTOPA HANPSIZKEHHOCTH JIEKTPOCTATHYECKOT 0

moJIs. HOTCHIII/IaJI moJist

HOI[ I[GﬁCTBHGM KYJIOHOBCKHX CHIJI 3apsKCHHOC TCJIO, HOMCHléHHOG B DJICKTpHU-
YCCKOC 1oJic, nepeMemacTca, CICA0BATCIIbHO, KYJIOHOBCKaAA CWJId, IMPHIIOKCHHAA K

3apsay, coBepuaeT paboty. Hanpspk€HHOCTD MO B 00IIEM cilydae pa3jilyHa B pas-
HBIX TOYKax ITOJIsl. DTO 3HAYWT, YTO HA TEJO NEUCTBYET NepeMeHHas cuwia F =gk,

MI03TOMY BECh MYTh pa30MBAIOT HA DJIEMEHTAPHBIE YUacTKU d/ , B Ipejesiax KOTOPhIX

HanpsDKEHHOCTH mocTostHHA. [lomHas paboTa paBHa

2
A,=q[Edl, (3.5)
1

rae E, = Ecoso — NPOEKLUs BEKTOpa £ Ha rnepeMelieHue.

Honaraﬂ, 4ToO 3apiad g ABHIKCTCA B IIOJIC TOYCYHOI'O 3apsada ¢o U, IMMOACTABIIAA

Lz, u dlcoso = dr , moIy4Ium:

BBIPAYKCHUE JUIS1 HAPSIKEHHOCTH E = 1
e,
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9 99, e
A, = dr = — : 3.6
. q,l 4me,r’ dme,r® Amegr’ 3.6)
Kak BumHO u3 BeIpaxkenus (3.6) paboTa HE 3aBHCUT OT (DOPMBI TPACKTOPHH.

PaboTa KyJI0HOBCKOM CHIIBI 110 3aMKHYTOMY ITyTH paBHa HY:t0. Torna
2
A,=q[Edl=0 n [Edl=0. (3.7)
1

WNurerpan J’ E,dl Ha3bIBaeTCs LUPKYJISIIUEN BEKTOPA HANPSIKEHHOCTH. Takum

o0pa3oM, HUPKYJSIIUS BEKTOPAa HAMPSKEHHOCTH IJIEKTPOCTATHYECKOTO TMOJIs
N0 NMPOM3BOJHLHOMY 3aMKHYTOMY KOHTYPY paBHa HyJ0. CieaoBareinbHO, K)i10-
HOBCKUE CUJIbL ABNAIOMC KOHCEPBAMUBHBIMU CUNAMU.

N3 kypca MexaHUKH M3BECTHO, YTO pabOTa KOHCEPBATUBHBIX CHUJI paBHA yObI-

JIU HOTCHHI/IaJ'IBHOI\/'I 9HCPIruu, TO €CTh

A12 :VI/I _VI/2n'

n
[ToaToMy paboTy KymoHOBckuX cwil (opmyna (3.6) MOKHO TIPEACTaBUThH KaK
Pa3HOCTh MOTEHIMATBHBIX SHEPTHUM, KOTOPHIMHU O0JaAaeT TOUCUHBINH 3apsia ¢o B Ha-

YaJIbHOM U KOHEYHOU TOYKAX MOJIA 3apsaaa g:

A12 _ 1 . qqo _ 1 . qu — VVln _VVzn. (3.8)

CrnenoBaresibHO, OTEHIMATIbHAS YHEPTHS 3apsiia ¢y, HAXOAIIErocs B MOJE 3apsiaa g

Ha paCCTOAHUM 7 OT HCT'O, paBHA

.45 (3.9)

dne, r
IIpu r — co moTeHuuanbHas 3eprust W= 0.
OTHollleHHEe MOTEHIIMAIBHONW YHEPTUU K BETMYMHE MPOOHOTrOo 3apsia s JaH-
HOM TOYKH MO OYJET OJHUM U TE€M K€ JJIS Pa3HbIX 3aps0B U MOXKET CIYKUTh OJI-
HO3HAYHOM XAapaKTEPUCTUKOW HAHHOW TOUYKHM DJIEKTPOCTATUYECKOrO IOJsA. ITa Be-
JUYUHA HA3bIBACTCH IMOTCHIHAJIOM U fIBJACTCH JHEPreTHYEeCKOM XapaKTepu-

CTHUKOH JNICKTPOCTATUYIECCKOIO IMOJIA:

(3.10)

w
p=—.
q
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N3 dpopmynst (3.9) ¢ yuerom (3.10) cinemyer, 4TO NOTEHIIUAT TOYKHU OIS

TOYCUYHOI'O 3apsaaa ¢

__La (3.11)
4ne, r

TJIe 7 — PACCTOSIHHE OT 3apsija JI0 3aJJaHHON TOYKH.
PaGoTa, coBepiaemasi cuiiaMu 3JIEKTPOCTATHUECKOTO TIOJS M0 TIEPEMEIICHHUIO
3apsia go U3 TOYKU | B TOUKY 2 MOXKET OBITh IIPEJICTaBIICHA KaK
Alzzm_szqo(%_(Pz)' (3.12)
N3 dopmyns (3.12) cienyeT, 4To pa3HOCTh MOTEHIUAJIOB ABYX TOYEK 3JIeK-
TPOCTATHYECKOTO MOJISA — 3TO (pU3HUecKasi CKAISIPHAs BeJIMUMHA, oMpeaesisieMast
padoToii, coBepiIaeMoil KyJIOHOBCKMMH CWJIAMHU NMPH NMepeMellleHUuH eIMHUYHO-
ro MOJIOKUTEJILHOTO0 3apsi/ia U3 OTHOM TOYKHU B APYIYIO.
(9~ 0,) =" (3.13)
4y
Ecnu mepeMemath 3apsj gy U3 MPOU3BOJIBHOW TOYKH 3a TPEJIEIIbI MO, T.C. B

OECKOHEYHOCTh, TJ€ IO YCIOBUIO MTOTEHLIMAT PAaBEH HYII0, paboTa CHJI JIEKTPOCTa-

THYecKoro oyt A, =¢q,P, oTKy1a
=" (3.14)

IoTennuan — 3To Pusnueckas BeJIMUYMUHA, OMNpesenseMas padoToil Mo nepe-
MEIIEHUIO €MHUYHOIO TMOJOXHUTEIBHOTO 3apsiia U3 JaHHOW TOYKM MOJisi B OECKO-
HEYHOCTb.

Enununeit usmepenus norennuana B cucreme CU sisisiercst 1BonsT (1 B). U3

BeIpakenwus (3.14) ciemyet, uto 1 B =1 JIx/Ko.

3.1.4. CBsi3b MeKAY HANPSKEHHOCTHIO M PA3HOCTHIO OTEHIMAJIOB

HanpsizkeHHOCTh M MOTEHIHAJ — PA3JIMYHbIE XapaKTEPUCTUKU OJHOM U TOMU
K€ TOYKH I0JIs1. ECTECTBEHHO, UTO MEXy HUMH JOJKHA CYLIECTBOBATH CBSI3b.

J1J1st OTHOPOAHOTO MOJISI MOJTYJIb HANIPSYKEHHOCTH OIpeesseTcs mno Gopmyie
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¢, —0,
E="1—"= 3.15
d ( )

rae d — paccTosiHue MEXJy Toukamu 1 u 2; ¢, — ¢, — pa3HOCTh NOTeHUHanoB. U3

GbopMyIIBI CIAEAYeT, YTO SAMHUIICH M3MEpPEHUS HAMPSKEHHOCTH JJICKTPUICCKOTO TI0-
51 IBAsieTCS 8otbm Ha memp (B/m).

XapakTep pachupeIeicHUsT HaNpsHKEHHOCTH W TMOTCHIMANA SJIEKTPOCTaTHYC-
CKOTO TIOJISI OTIPEACIISICT TPACKTOPUIO JTBIIKEHUS 3apsSHKEHHBIX YAaCTHII. 3a CUET CHIT

QICKTPOCTATHUYCCKOI'O ITOJIA M3MCHACTCA KHHCTHUUCCKAA DHCPIA YaCTHUIL!

2 2
mv,  mu,

2 2

=q(p, - 9,). (3.16)

3.1.5. Teopema I'aycca u e€ npuMeHeHHe I pacuéra

JIEKTPOCTATHYECKUX MOJIel

JIns pacu€ra 37eKTPOCTaTUYECKUX MOJIEU UCIIOIB3YIOTCS B OCHOBHOM TPH CIIO-
coba. Pacuér mossi TOYEYHBIX 3apsAJI0B OCHOBAH Ha MPUHITUIIE CYTEPIIO3UIIUN TOJIEH;
NOJIA 3apsDKEHHBIX T MPaBWIBHOW (OPMBI pACCUMTHIBAIOT C MOMOIIBIO TEOPEMBI
l'aycca. B mpou3BOJIbHOM Cily4ae MCIOJIb3YIOT CBSI3b MEXIY HAMPSIKEHHOCTHIO U TO-
TEHIMAJIOM, KOTOPBIU OIPENEISIETCS SKCIEPUMEHTAIBHO.

Jljis Toro 4toObl OTPa3uTh TOT (HAKT, UTO UCTOUHUKOM DIIEKTPUUYECKOTO MOJIS
SIBJISTFOTCS 3aps/ibl, HCTIOJIB3YIOT MOHSTUE MMOTOKA BEKTOPA HANPSIKEHHOCTH.

IloTokOM BeKTOpa HANPSAKEHHOCTH 4Yepe3 KAKyH-J1H00 MOBEPXHOCTh HA-
3IBAETCH KOJHMYECTBO JHHUM BeKTOopa £ (WM APYroro BeKTOpa), MepeceKaro-
IIHMX JaHHYI0 IOBEPXHOCTb.

Tak Kak KOJWYECTBO JUHUN MOXKET ObITh JIOOBIM, TO YCJIOBWIKHCH, Yepe3 ILIO0-
CKYIO IIOBEPXHOCTb B 1 M’, MEPIEHANKYIIAPHYIO CHIOBBIM JIUHHSIM OJHOPOIHOTO IIO-

JIs1, IPOBOAUTH KOJMYCCTBO CHIIOBBIX HHHHﬁ, YUCJICHHO PAaBHOC BCINMYMHC BCKTOpPA

E . Torna notok @, 4depes IUIOMIAJAKY, IUIOIABIO S, HOpMajb K KOTOPOU COCTABIISAET

yron o, ¢ TMHEAME BekTopa E, paBen @, = EScosa. (puc. 3.3).
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L 4 1y<r YYYYVYY

\

Puc. 3.3
B cnydae HeogHOPOAHBIX MOJEH M MPOU3BOIBLHON (OPMBI TOBEPXHOCTH TIO-
CJIEIHIOI pa30MBalOT Ha OECKOHEYHO Majible IUIOMIAJIKK dS, B Mpeiesiax KOTOPbIX
MOJE€ MOXHO CYHATATh OAHOPOJHBIM. BBIUHCISIIOT  3JIEMEHTAPHBIM  TOTOK

dng = FdS cosa = EndS , 3aT€M HHTETPUPYIOT 3TO BBIPAKEHHUE IO BCEH MOBEPXHO-

CTH.

@, =[E,dS.
N

IToTok 4Cpe3 3aMKHYTYIO IIOBECPXHOCTD 3aIlIUChIBACTCA B BUAC

@, =$E,dS. (3.17)
S

Teopema ['aycca ycTtaHaBiIMBaeT CBA3b MEXKIy MOTOKOM BEKTOpA Yepe3 3aMK-
HYTYHO TOBEPXHOCTh W BEJMYMHOW 3apsla, 3aKIOUYEHHOTO BHYTPU IOBEPXHOCTH.
Teopema ['aycca. IIoTOK BeKTOpa HANIPSAKEHHOCTH JIEKTPOCTATHYECKOIO M0 B
BaKyyMe CKBO3b NIPOHM3BOJIbHYK 3aMKHYTYH0 IOBEPXHOCTh pPaBeH ajiredpamye-
CKOl CyMMe 3aKJIIOYEHHbIX BHYTPH 3TOM MOBEPXHOCTH 3apsi0B, JCJICHHOW Ha
JIEKTPUYECKYIO IOCTOSIHHY 0.

N

Zqi
$E,dS ==— (3.18)
S

€

AHasiornyHas TCOpPpCMaA CIIpaBCAJIMBa AJIA BCKTOPaA BHCKTpI/I‘IGCKOfI HWHAYKIOHUHA:
N
§D,dS=3g,. (3.19)
S i=1

@u3n4eCKn CMBICIT TeOpeMbI ['aycca cOCTOUT B TOM, YTO UCTOYHUKOM DJIEK-

TPOCTATHYCCKOTO ITIOJIA ABJIAIOTCA JICKTPUICCKUC 3apPsAbI.
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3.2. DJieKTpHYECKOe 1oJie B IMIJICKTPUKAX
Jlusnekmpukamu Ha3bIBAIOT BEIIECTBA, B KOTOPBIX IPHU OOBIYHBIX YCIOBHSX
IPaKTUYECKU HET CBOOOIHBIX 3apsA0B, KOTOPbIE MOIJIMA ObI NepeMeIaThes Mo Jeii-
CTBUEM 3JIEKTpuuecKkoro nojis. K nuanekTpukaM OTHOCATCA BCE Ta3bl, €CIM OHU HE
[OJIBEPraroTCsd MOHU3ALMU, HEKOTOPBIE )KUIKOCTH (O€H301, pacTUTEIbHbIE U CHHTE-

TUYECKHE Macja) U TBepjbie BemecTna (papdop, crexino, napaduH, KBapii u Jp.).

3.2.1. Ilonsspu3anus Q1M3JEeKTPUKOB
MouiekyJibl TUAIEKTPUKA JJIEKTPUUECKH HEUTpabHBI, T.€. CyMMapHBIA 3apsij
AJIEKTPOHOB M aTOMHBIX SIIEP, BXOJAIIMX B COCTAB MOJIEKYJIbI, paBeH HYJIO. TeM He
MEHee, OHU 004a0arom 31eKmpudecKkumu ceoticmeamu. B 3aBUCUMOCTH OT B3aMMHO-
r'O TIOJIOKEHHMSI 3apsiIOB MOJIEKYJIbI MOTYT OBITh MOJIIPHBIMU U HEMOJIIPHBIMU. Y TIO-
JISIPHBIX MOJIEKYJI OTPULIATENIbHBIC 3aPsAJIbl CIBUHYTHI OT MOJOXKUTEIbHBIX HA HEKOTO-

poe paccrosinue. [IpuOIMmKeHHO TaKyl0 MOJIEKYJIy MOKHO pacCMaTpUBaTh KakK DJIEK-

TPUYECKUH JTUIIONb C 3JEKTPUYECKUM MOMEHTOM p =gl , TAe ¢ — CyMMapHBbIi 10JIO-

—

KUTEIBHBIA 3apsil BCEX aTOMHBIX SiA€p B MOJeKylie; [ — BEKTOp, MPOBEACHHBIN U3
LEHTpa PACHPEIEICHUs JIEKTPOHOB B MOJIEKYJIE B LIEHTP PACHPEACIICHUS MOJIOKU-
TEIbHBIX 3aps/I0B aTOMHBIX sjep. HemonsipHble MOJNEKyJbl COOCTBEHHBIM JHIOJb-
HbIM MOMEHTOM He€ OOJIaJal0T: Y HUX LEHTPbI MOJOKUTEIBHOIO U OTPULIATEIBHOIO
3apsii0B COBIAJAIOT.

B snextpruyeckoM 1mosie IpoUCXOAUT OPUEHTALMS JUIIOIBHBIX MOMEHTOB B I10-
JSIPHBIX JTUAJIEKTPUKAX. B HEMONSIPHBIX TUANEKTPUKAX MOJIEKYJIbl MPUOOpPETAIOT TU-
IIOJIbHBIE MOMEHTBI, HAIIPABJIECHHBIE BJIOJIb IOJIA.

B pesyinbrarte Ha TOBEPXHOCTAX AUAJIEKTPUYECKOIO MaTepUala, IepIeHANKY-
JSPHBIX JIMHUASIM HAIPSHKEHHOCTH BHELIHETO IOJIS BBICTYIIAIOT MJIEKTPUUYECKUE 3apsi-
J(bI IIPOTHUBOIIOJIOKHBIX 3HAKOB, KOTOPBIE HAa3bIBAIOTCS CBA3AHHBIMM. JIUIEKTPUK,
HaXOJSIIUICA B TAKOM COCTOSIHUHU, HAa3bIBACTCS NOAAPUZOEAHHBIM.

3.2.2. DneKTpUYecKoOe MoJje B JUINIEKTPUKAX
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Cas13aHHEBIC 3apgaJabl CO3AA0T IIOJIC, HAIIPABJICHHOC IPOTHUBOIIOJIOKHOC BHCII-
HCMY. Takum 06p330M, moJeIpru3anusa JU3JICKTPUKA BBI3BIBACT ociabJieHue B HEM IIO-
Jis1 IO CPpaBHCHUIO C IMCPBOHAYAIBHBIM BHCIIHUM ITOJICM. 3J'ICKTpI/I‘I€CKOC I10JIC B AH-
QJICKTPUKC ABJIACTCA cynepnomuﬂeﬁ BHCHIHCTO IIOJIA CTOPOHHHX — HC BXOJAIIUX B

COCTaB MOJIEKYJI AUJICKTPUKA 3apsI0B EO ¥l TIOJISl CBSI3aHHBIX 3apsiliOB .
E=E, +E'
MonyJib HaPsKEHHOCTU PE3YJIbTUPYIOLIETO M10JIA BHYTPU JUIJICKTPUKA
E=E,-E'.

Hanpspk€HHOCTD AIIEKTPUYECKOro mojist £’ mpornopiinoHaibHa HAmpsHKEHHOCTH
pe3ynpTUpyroero mojst: E'=yE, rue y — AUAJIEKTPUUECcKas BOCIIPUUMYHBOCTD Be-
IIECTBA.

Torma E=E, —yE.Otkyna

E=(1+y)E, =¢E,, (3.20)
rae € =1+ — oudneKTpuYecKas MPOHUIIAEMOCTh BelIecTBa. Juaekrpuueckas mpo-
HULIAEMOCTb SIBJISIETCS OCHOBHOM JJIEKTPUYECKOW XapaKTEPUCTUKOM IUIIEKTPHUKA.
3HaueHus €€ 3aBUCAT OT MPUPOJbI JUIEKTPUKA U KONEOIIOTCS B Mpeaenax oT eau-

HUIIBI O MHOTHX ThICSY (Y HEKOTOPBIX KEPAMHUK).

Tak xak eE£=E,, T0 D=¢,E,=D,, T.e. DJIEKIPUYECKOE CMEIICHUE BHYTPHU

—

AUDJICKTPHUKA COBIIAAACT C JJICKTPUUCCKUM CMCIHICHUEM BHCIITHECTO ITOJIA DO .

—» - - *

] '—h-

— = - . .

— —hEn e _1" % -
=13 &=3 [ - e A

— e

- - > >

— L

—» e — =

a) 0)
Puc. 3.4
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3.3. [IpoBOAHNKH B 3JIEKTPOCTATHYECKOM IOJIE

3.3.1. Bausinue NpPOBOJHUKA HA JJIEKTPUYECKOE MOoJIe

IToBeneHre NpOBOAHUKOB B AJEKTPUYECKOM IIOJIE PACCMATPUBAECTCA C ABYX
CTOpOH: 1) BIUsIHUE HE3APSHKEHHOTO MPOBOJIHMUKA HA 3JIEKTPUUYECKOE T0JIEe, B KOTOPOE
€ro MOMECTHWIIH, U 2) IEKTPUUYECKOE TMOJIE 3aPSIKEHHOTO TPOBOTHUKA.

Eciam moMecTuTh MpOBOAHUK BO BHEIIHEE 3JIEKTPOCTATHYECKOE IOJIE, TO 3TO
nosie OyJIeT IeCTBOBATh HAa CBOOOIHBIC 3apsiIbl MPOBOJIHUKA, B PE3YyJIbTaTE YETO OHU
HAYHYT MEpPEMEIIATbCS] — MOJIOKUTENbHBIE BHOJb MOJIA, OTPULIATEIIbHBIE — MPOTHUB
noJyig. B uaeanbHBIX MPOBOJHUKAX, KAKUMU SIBIISIIOTCS METAJLIbI, CBOOOIHbBIE DJIEK-
TPOHBI MIEPEMEMIAIOTCS TPOTUB TOJIS, OCTABJISAS HA MPEKHEM CBOEM MECTE HEKOMIICH-
CHUPOBAHHBIE MOJIOKUTEIBHBIE 3apsiabl (puc. 3.5, a) . DT 3apsiAbl HA3bIBAIOTCS UHIY-
LUPOBAHHBIMHU, SBIICHUE — DIIEKTPUYECKON MHAYKUHUEN. [Iporecc mpoucxoaur 10 tex
IIOp, MOKa HE YCTAaHOBHUTCS PAaBHOBECHOE pPACIpENEICHUE 3apsigoB, IIPU KOTOPOM
AIEKTPOCTATUYECKOE T10JIe BHYTPHU IIPOBOJHUKA 0OpaiaeTcs B Hylb (puc. 3.5, 0), Tak
KaK I0JI€ MHIYLIHPOBAHHBIX 3apsI0B KOMIIEHCUPYET BHEIIHEE moJie. PaBHOBeCcHe 03-
Ha4yaeT, 4TO ABM)KEHUE 3aps/I0B Ha MOBEPXHOCTH MPOBOJAHUKA OTCYTCTBYET. Toraa
BEKTOP HANPSKEHHOCTU HA BHEIIHEW MOBEPXHOCTH MPOBOIHUKA NEPIICHAUKYJIIAPEH B
Kaxa0u Touke. M3 3TOro ciienyer, 4To MOBEPXHOCTh MPOBOJHHUKA SBJISETCS SKBUIIO-

TGHHH&HBHOﬁ. Bce 3apAabl paciiojararoTCsa Ha IMOBCPXHOCTHU IIPOBOJHHKA.

E

JETIEN ¢
Lo o5 );

S~ 0

L J

L J

L
i

>

Puc. 3.5
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3.3.2. DuexkTpu4eckoe MmoJie 3apsAKeHHOr0 MPOBOJIHUKA. JJIEKTPOEMKOCTD

Ecnu npoBogHUKY COOOMIMTH 3apsifl, TO OH Takxke OyJeT pachpelesiThCs Mo
MOBEPXHOCTH (OJHOMMEHHBIC 3apsbl OTTATKUBAIOTCS) A0 TE€X IMOP, MOKa HE HACTY-
IUT paBHOBecHE. BekTopa HaNps)KEHHOCTH OIS 3apsKEHHOTO TIPOBOIHUKA MEPIEH-
JTUKYJISIPHBI TTOBEPXHOCTH, MOTEHIMANIBI BCEX TOUYEK OJUHAKOBBI. 3apsbl U dJIEKTPHU-
YEeCKOe MoJie BHYTPU MPOBOJIHUKA OTCYTCTBYIOT. [Ipumensst Teopemy [aycca, nerko
MO0Ka3aTh, YTO HAMPSHKEHHOCTH TMOJISI BOJIM3HM MOBEPXHOCTH MPOMOPIMOHATBHA JIO-

KaJIbHOM IMOBEPXHOCTHOM INIOTHOCTH 3apsaja: E =o/g,. Ha BeicTynax (ocTpusx)

IUIOTHOCTH 3apsiioB 0OJIbIIe, HAMPSHXKEHHOCTH TOJsE 00JbINe. DTO MPUBOJIUT K MOHH-
3allUM OKPY>KAIOIIMX MOJIEKYJI BO3yXa U K “‘CTEKaHUIO” 3apsiJIOB.

OnBIT TOKA3bIBAET, UTO PA3HBIC MPOBOJIHHUKH, OyAydd OAMHAKOBO 3apsKCHHBI-
MU, UMEIOT pa3lIndHbIe MOTeHIMaNbL. [Ipr 3TOM, KaKk OBLJIO MOKAa3aHO BBIIIE, MEXKIY
3apsiIOM W TOTEHIMAJIOM CYIIECTBYET MpsiMas MPOMOPLMOHANIbHAS 3aBHCUMOCT.
JIJisi yeTMHEHHOTO MPOBOJHMKA (BOJIM3U TMPOBOJHUKA HET APYTHX IMPOBOJIHUKOB)
MO>KHO 3aIHCaTh

q=Co, (3.21)
rae C — kodppuimeHT mponoprnuoHaTbHOCTH, paBHbIA C = 4 yaseisaeres 91eKmpu-
¢
yeckou émkocmoio (EMKOCTBIO) YEIUHEHHOTO MPOBOJHUKA. EMKOCTH yeAHHEHHOr 0
NPOBOJHHUKA ecTh (pu3nyeckasi CKaJAsIpHasi BeJMUYMHA, XapaKTepu3ymomas cio-
COOHOCTH MPOBOJAHNKA HAKAILUIUBATH JIEKTPUUYECKHE 3aPA/IbL.

Tak kak 3apsapl pacupenestoTcs Ha BHEITHEN MOBEPXHOCTH IPOBOIHHKA, EM-
KOCTh ITPOBOJIHUKA 3aBUCUT OT €r0 pa3MepoB U (POPMBI, HO HE 3aBUCUT OT MaTepuaia,
arperaTHoro COCTOSIHUS U HAJTMYUS MOJIOCTEH BHYTPH MPOBOTHUKA.

Enununeit emxoctu B CU sBisiercs ghapao (P): 1 d — 310 eMKOCTh TaKOTO ye-
JUHEHHOTO MPOBOJIHMKA, MTOTEHIIMAJI KOTOPOTO U3MeHsieTcss Ha 1 B npu coobmienuun
eMy 3apsaa 1 Ki.

Ucnonb3yst popMyity CBS3M HANPSHKEHHOCTH U MOTEHI[MANIA MOKHO HAWTH MO-

TEHIIMAN I1apa ¢ = — 9 yemxocts mrapa:

4ne,eR
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C=4neeR.

Cy1iecTBeHHOE BIUSHUE HA 3JIEKTPOEMKOCTh OKa3bIBACT HAIMYNE BOJIM3H APY-
T'UX MPOBOJIHUKOB

VYerpoiicTBa, o0nagaroiire crnocoOHOCThIO HAKAIJIMBATh 3HAUUTEIIBHBIC 110 Be-
JUYUHE 3apsiibl IPY MAJIBIX pa3Mepax Ha3bIBAIOTCS KOHOCHCAMopamu.

Konnencarop mpeacTaBiser co00il CUCTEMY JBYX MPOBOAHUKOB (OOKJIAIO0K),
pa3leNeHHBIX IUAICKTpUKOM. [IpoBOMHMKAM MPUIAIOT TaKyr (Gopmy, 4TOOBI MO,
CO3/IlaBacMO€ HaKaIUTMBaGMbIMH 3apslaMH, OBLIIO COCPEIOTOUYCHO B Y3KOM 3a30pe
MeXIy OOKIanKaMu KOHACHcaTopa. B 3aBHCHMOCTH OT reoMeTpuH OOKIad0K KOH-
JEHCATOPHI ICIATCS Ha TUIOCKUE, ITWINHIPHISCKUE U ChepuIeCKue.

Emxocmuvio konoencamopa HazbiBaeTCsl (pu3ndeckas BEIMYMHA, paBHA OTHO-

MCHUIO 3apsaaa ¢, HAKOINICHHOI'O B KOHACHCATOPC, K pa3HOCTHU IMMOTCHIUAIIOB MCKAY

OOKJIaIKaMU:
c-_49 _49 (3.22)
R 0% U
DIeKTpOEMKOCTH TUIOCKOT0 KOHJICHCATOpa paBHA
S
C= 80; . (3.23)

3.3.3. DHeprus 3JeKTPOCTATHIECKOIO MMOJIsI

3apsiKeHHbIE IPOBOJHUKN 00JIaal0T Hepruei. B atom nerko yoeautbcs, co-
eAUHssT OOKIIAJKU 3apsSKEHHOTO KOHIEHcAaTopa MpoBOHUKOM. COJiMKeHne NpoBOA-
HUKOB MPUBOIUT K UCKPEHUIO. TakuM 00pa3oM, 3HEpPrus 3apsKEHHOTO IMPOBOJHUKA
IIPEBPALIAETCSA B CBETOBYIO, MEXaHUYECKYIO, TETIOBYIO.

DHeprus 3apsyKEHHOTO YEJUHEHHOTO MPOBOJIHKUKA paBHA padboTe, KOTOPYIO He-
00X0JIUMO COBEPIIUTh, YTOOBI 3aPSTUTH STOT MIPOBOJIHUK U BBIYUCIISIETCS 110 (popmy-

JJaM:

2 2
w0 _4 49 (3.24)
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CoOOTBETCTBEHHO, SHEPI'Us 3apSKEHHOr0 KOHAEH caTopa

CUz_qU_q2
2 2 2C°

W= (3.25)

€,8S

Ucnonb3yst hopmyity 3JIEKTpOEMKOCTU TUIOCKOTO KoHjeHcartopa C =

dopMyiTy CBSI3UM Pa3HOCTH MOTEHUUATIOB U HANPSDKEHHOCTH JUISI OAHOPOTHOTO TIOJIA,
JIETKO IMOJIYYHUTh BBIPAXKEHUE UL DHEPIUU 3aPsKEHHOIO INIOCKOT0 KOHJIEHCATOpa Ye-
pe3 HANPSHKEHHOCTD:

_gg E? g B’
2

/4 Sd = v, (3.26)

rae V = Sd — o6bem KoHeHcaTopa.

Bripaxxenue (3.26) cnpaBeyiiBO 1Jisi KOHJIeHcaTopa Jito0oil popmbl. OOBEM-
Hasl TUIOTHOCTh DHEPruu (PHEPrus €AUHUIBI 00beMa) AIEKTPOCTATUYECKOTO IMOJIS
paBHa

W eg,E* ED D’
W=—-= = =

) 2 2ee,

(3.27)

3.4. CtauoHapHbIe TOKH
3.4.1. DileKTpUYECKHUA TOK U €ro XapaKTePUCTUKHU

DHeprus 3IEKTPUUECKOro Mol mpeodpa3yeTcss B Apyrue BUAbI Onarojaaps uc-
TI0JIb30BAHUIO AIEKTPUIECKOTO TOKA.

Anekmpuueckum moKom Ha3bIBAIOT YIIOPSI0YSHHOE JBIKCHHUE 3apPsHKCHHBIX
YaCTHI] WJIA 3apsHKCHHBIX MAKPOCKOITMYECKHUX TEJ.

VYmopsimoueHHOe TBIKEHUE B BEIIECTBE MJIM BAKyyMe CBOOOHBIX 3aPSKEHHBIX
YaCTHUIl TMOJI JEUCTBHUEM DJICKTPUYECKOTO TIOJISI HA3BIBAIOT TOKOM HPOBOOUMO-
cmu. ]I BOSHUKHOBEHHUSI ¥ TIOAICPKAHUS JICKTPUICCKOTO TOKA MPOBOANMOCTH HE-
00XOIUMBI JIBa OCHOBHBIX YCJIOBHS: HAJIMYHUE CBOOOJHBIX HOCHUTENICH TOKa (CBOOO/I-
HBIX 3apsAJIOB); HAIMYME DJICKTPUYECKOTO TIOJIS, CO3JAIOIICTO YIOPSA0YEHHOE JIBH-
JKEHUE CBOOOJIHBIX 3aps/ioB. BemecTBa, B KOTOPHIX UMEIOTCS CBOOOHBIE 3apsKEH-
HbIE YaCTHIIbI, Ha3bIBAIOTCS MPOBOAHMKAMHU. HocuTenmsimMu 3apsiioB B MeTaiax sB-

JIAOTCA CBO6OI[HBIC QJICKTPOHBI; B Tra3ax — JJICKTPOHbI M HOHBI; B KHUAKOCTAX-
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AIEKTPOJIUTAX — MOJOKUTEIbHBIE U OTPUIIATENIbHBIE MOHBI, B MOJYNPOBOJHUKAX —
AJIEKTPOHBI TPOBOAMMOCTH U ABIPKU. B OTCYTCTBHM 3JEKTPUUECKOTO OIS 3aPsyKEH-
HbIE YaCTHUIIBl COBEPIIAIOT XaoTH4YeCKoe aBMxkeHue. [lo neficTBreM 3JIeKTPUUYECKOTro
IOJISI CKOPOCTH YaCTHI] MPHOOPETAIOT COCTABJISIONINE, HAIPABJICHHBIC BIOJb ITOJS,
OTpUIIATEIbHBIE — MPOTHUB TOJIA, BOSHUKACT JJESKTPUUECCKUN TOK. 3a HalpaBJICHUE
AJIEKTPUUYECKOTO TOKA YCJIOBHO NMPUHUMAIOT HAIMPABICHUE ABUKEHUS TOJIOKUTEIb-
HBIX 3apsi/IOB.

Konuuecmeennou mepou 31EKTPUYECKOTO TOKA SIBISETCS cuia moka I — cka-
asipHas Quinueckas BEIUYMHA, ONpejelisieMas 3JEKTPUUYECKUM 3apsioM, MPOXOIs-

MM 9CPE3 IOICPCIHOC CCUCHUC S IMPOBOJAHHKKA B CAMHUIY BPCMCHU

dq
=2, 3.28
" (3.28)

TOK, CUJIa 1 HAIIPABJICHUC KOTOPOI'O HC N3MCHAIOTCA C TCUCHNCM BPCMCHHA, Ha-

3BIBACTCS NOCMOAHHbIM [ =q /1.

DJIEKTPUUECKUIN TOK, U3MEHSIOIIUNCS C TCUCHUEM BPEMEHH, HA3bIBACTCS He-
pemennvim. [IpuMepPOM TaKOTO TOKA SIBJISIETCS] CUHYCOUIAIIBHBIN AIIEKTPUYECKUN TOK

Enununa cuiiel Toka B CU sBisiercs — amvnep (A).

3apsiKEHHBIE YaCTUIbI — HOCUTENHM TOKAa B PAa3HBIX TOUKAX MOMEPEYHOrO ceue-

HHUA IIPOBOAHHMKA MOTYT pacCIpCACIATECA HCPABHOMCPHO. HOSTOMy, KpOMC BCJINYHU-
HbI TOKAd, BBOAUTCA IOHATHUC IINIOTHOCTH TOKA. IInomnocmovro moxa ] Ha3bIBAIOT

BEKTOPHYIO (DM3MUYECKYIO BEJIIMYMHY, COBIAJAIOIIYI0 C HAIPABICHHUEM TOKa B pac-
CMaTPUBAEMOI TOYKE M YUCJIEHHO PaBHYIO OTHOLIEHUIO CHJIBI TOKa dI, IPOXOIAILIEro
4yepe3 2JIEMEHTapHYI0 IIOBEPXHOCTh, NIEPIEHANKYJIIPHON HAIPABICHUIO TOKA, K IUIO-

1IaJ1 3TOU IIOBEPXHOCTHU:

dl

=& 3.29
S (3.29)

J
< 2
Enunuiia mioTHOCTH TOKa — amnep Ha keaopammbwlil memp (A/M°).

[110THOCTH TOCTOSIHHOTO QJICKTPUYICCKOTI'O TOKa OJHWHAKOBA IO BCEMY IIOIIC-

PEUYHOMY CEYEHUIO OJHOPOIAHOTO MpoBOAHHUKA. I10PTOMY MJisi TOCTOSSHHOTO TOKa B

80



OJTHOPOJHOM IPOBOJHUKE C ILIOLIAJbI0 IOMNEPEYHOr0 CEYEHUs S chia TOKa paBHA
I=Js8.
3.4.2. 3axkon OMa /151 OTHOPOHOI0 YYACTKA e

[IpOBOJTHHK C TOKOM OTJIMYAETCS OT 3apsKEHHOI'O MPOBOJHUKA TEM, YTO €roO
IIOBEPXHOCTh HE SBISETCS HKBUIIOTCHLMAJIbHOW, JUHUM BEKTOpa HANPSHKEHHOCTH
HaIpaBJI€Hbl 0] HEKOTOPBIM YTJIOM K MOBEPXHOCTH, TO €CThb UMEETCS COCTaBIISIO-
miasi BEKTOpa, KOTopas CO3MAET CHIly, NEPEMEIIAIONIYI0 MOJOKHUTEIbHBIE 3apsi bl
BJI0JIb TUHUN BekTOpa. JIMHUKM BEeKTOpa HANpsHKEHHOCTH HaIpaBJIeHbl BCErJa B CTO-
poHy yObIBaHMs moTeHIana. CieaoBaTenbHO, BIOJIb MPOBOAHUKA C TOKOM HaOIIO-
JaeTcs najieHue NnoTeHnuana (najieHrue HarpspkKeHHs1). DKCIIEPUMEHTAIbHO YCTaHOB-
JIEHO, YTO CHJIA TOKA B OJHOPOJHOM INPOBOJHHKE NMPONOPLHHMOHAJBHA PAa3HOCTH
NMOTEHIIHAJOB HA €ro KOHUAX M O0pPaTHO NPONOPIHOHAIBHA CONPOTHBJICHHUIO

NMPOBOJAHUKA (3aK0H OMa /Il yYacTKAa Lemnu):
[=—. (3.30)

rae R — anexmpuueckoe conpomusierue TPoBOAHUKA. JJI1 0THOPOAHOTO HWJIUHIPH-
YECKOro MPOBOJAHUKA JJIMHOW / M IMJIOIIA/IbIO MOMEPEYHOr0 CEYeHUsl S CONMpPOTUBIIE-

HUE omnpenensieTcs no Gpopmyie

i
R=p—, 3.31
p < (3.31)
RS
rae p :T — YAEIBbHOE COMPOTUBIICHUE (COMPOTUBIICHUE OJHOPOAHOTO LUIUHIPU-

YEeCKOT0 MPOBOJHUKA UMEIONIETO SAUHUYHYIO UIMHY ¥ €IWHUYHYIO IJIOMaAb IMOTe-
PEYHOTO CeueHus), 3aBUCUT OT MaTepraia MPOBOJAHHUKA U €T0 TEMIIEPATYPHI.
Eaununa conpotusienus — om: 1 OM — CONpOTUBIEHUE TAKOT'O MPOBOIHUKA, B
KOTOPOM NpH HanpspkeHuu | B Teuer mocTosHHbIN TOK cuiton 1 A.
3akon Oma MOKHO IIpeJICTaBUTh B nuddepeHmanbHon Gpopme, KoTopasi ycra-
HABJIUBAET CBSA3b MEXIY BEKTOPOM IUIOTHOCTH TOKA U BEKTOPOM HANpPsHKEHHOCTH
j=1E. (3.32)

DTO COOTHOIIICHHUE CHIpaBCJIMBO U AJIA ICPEMCHHBIX MOJICH.
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3.4.3. DyeKTPOABMAKYIAs] CHJIA MCTOYHUKA TOKA.
3axon Oma 1J151 HEOJTHOPOJAHOTI'0 YYACTKA LelH

Eciu B nienu Ha HOCUTENM TOKA JEUCTBYIOT TOJIBKO CHJIBI DJIEKTPOCTATUYECKO-
ro MOJIs, TO MPOUCXOJUT MEPEMEIICHNE TOJIOKUTENbHBIX 3apsa/I0B OT TOUYEK € OOJIb-
MM TOTEHIIMAJIOM K TOYKaM C MEHBIIMM MOTEHIIMAJIOM, a OTPULIATETIbHbIE 3apsiIbl
JABMOKYTCSI B 0OpaTHOM HAINpaBiICHUH. DTO MPUBOIUT K BHIPABHUBAHHUIO TOTEHIINATIOB
BO BCEX TOUKaX IEMU U K UICUE3HOBEHUIO TOKAa. IHBIMU CJIOBaMU, KYJIOHOBCKUE CHJIBI
HE MOTYT MOJJEPKUBATh JIEKTPUUYECKUM TOK, TaK Kak B pe3yibTaTe MX JIEHCTBUS
CTallMOHAPHOE T0JI€ MEPEXOIUT B cTatndyeckoe. lloaromy it moanepkaHus MOCTO-
SSHHOM Pa3HOCTH TMOTEHIIMAJIOB B ILIEMH HEOOXOJMMO HAJIM4YKWE HEKOTOPBIX CHJI HE
ANEKTPOCTATUYECKOIO MPOUCXOKACHUS, KOTOPbIE CIOCOOHBI MEepEeMEelaTh MOJOKH-
TEJbHbIEC 3apsA/bl B CTOPOHY BO3pAacTaHUs MOTEHUMANAa. Takue CUiibl Ha3bIBAIOTCS
CTOPOHHUMH. Y CTPOHCTBA, B KOTOPBIX CTOPOHHME CWJIbI TMOJEPKUBAIOT MOCTO-
SIHHYI0 Pa3HOCTh MOTEHUHAJIOB, HA3bIBAKT UCTOYHUKAMHU TOKa. B uncrounukax
TOKa MPOUCXOAMUT MPEoOpa30oBaHUE PA3IUYHBIX BHJIOB SHEPTHUH B AJIEKTPUUYECKYIO.
duznyeckasl MpUpojia CTOPOHHUX CHUJI MOXKET OBITh Pa3au4HOW. DTO ONpeAelseT
pa3iinurie UCTOYHUKOB TOKA: XUMHUYECKUE (AKKyMYJISITOPbI), MEXaHUYECKHUE (TeHepa-
TOPBI), TEIJIOBBIE (TEPMOIJIEMEHTHI), ONTHYCCKHE (COTHEUHBIE OaTapen) U JIp.

CTOpOHHHE CHJIBI COBEPIIAIOT pabOTy MO MEPEMEIICHHUIO JIEKTPUIECKUX 3apsi-
noB. Takum oOpa3oM, Ha KOHIIAX BHEIIHEW IETH MOJICPKUBACTCA MMOCTOSTHHAS pa3-
HOCTb MOTEHLMAJIOB U B IIEMHU MPOTEKAET MOCTOSHHBIN AJIEKTPUUECKUN TOK.

dusnueckasi BeTUUMHA, OnpenesiemMas paboToil CTOPOHHUX CHJI MIPH MepeMe-
HMICHUHU €AMHUYHOTO MOJIOKUTEIBLHOTO 3aps/ia, HAa3bIBAECTCS 3JI€KTPOABUKYIIEH CH-

Jaoii (AAC) ucmounuka:

g=2e (3.33)

Enununa 9J1C — BosibT (B).
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Ha 3apsn g, moMuMoO CTOPOHHHUX CUI F, JEHCTBYIOT TakXe CHIIBI JIEKTPO-

CTaTU4ECKOro nous (KyJoHoBckue cuibl) F. =g E. Takum oOpa3oM, pe3yabTHpYIO-

Ias Cuiia, JeMCTBYIOAs B ENH Ha 3apsa] ¢, ONPEAENIAETCS CIEAYOINUM 00pa3oM:

F=F, +F,=q,E, +E)
PaGora, coBepiiaemasi pe3yibTHPYIOIIEH CHIION NP MEPEMEILIEHUH 3apala ¢,
Ha y4acTke 1-2 nenu, paBHa
A, = g8, +4,(0, —9,). (3.34)
Pasznenus (3.34) Ha ¢,, nonyuum GopMyIly Ui BEIUUYUHBI, Ha3bIBAEMOM AJIEK-

TpI/I‘IeCKI/IM HaHpH)KCHI/IeMZ
By, =¢,+(9, —¢,) (3.35)

HanpsizkeHueM Ha ydyacTKe IeNM Ha3biBaeTcs (pU3nMyecKkas BeJIMYMHA, paBHAS
paboTe, coBepiIaeMoii CyMMapHBIM MOJIEM KYJOHOBCKUX U CTOPOHHUX CHJI TIPH Iie-
PEMENIEHUH €AUHUYHOTO MTOJ0KUTEIBHOTO 3apsifia Ha 3TOM Y4YacTKe.

Taxkum 00pa3oM, HampspKeHUE sBsETCS OoJjiee OOIIMM TOHSATHEM, YeM pas-
HOCTh MOTEHIMAJIOB: HAIpPSXKEHWE HA YYACTKE LIENU PAaBHO PA3HOCTU IMOTEHIIMATIOB
TOJBKO B TOM CJy4ae, €Clid Ha 3TOM ydacTke He neiictByetr DJIC, T.e. CTOpOHHUMHU
cCUJIaMHu He coBepiiaercs padora. Takol yd4acTOK JIEKTPUYECKON IIENH Ha3bIBACTCS

O0OHOPOOHBIM.

3akon OMa 17151 HEOAHOPOAHOI0 YYACTKA LeNn
C yueTom cTOpoHHHX cHJI 3akoH OMa B auddepeHnnanbHoi (opMe UMEET BHT
i=vE+E") (3.36)
OTO BBIPAKEHUE CIIPABEIIIMBO U1 HEOJHOPOAHOIO y4acTKa Leu, Ha KOTOPOM
JNEUCTBYIOT CTOPOHHUE CUJIBL.
B wacTHOCTH, KOr/ia 3JEKTPUYECKUN TOK TEUYET BIOJb TOHKOTO MPOBOJHMKA,

HAIIPaBJICHUC TOKa COBIIAAACT C HAIIPABJICHHUCM OCH IIPOBOJAd MU INUIOTHOCTH TOKaA
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IIPAKTUYECKNA OAMHAKOBA II0 BCEMY CEYEHUIO, TO [R=@, — @, +&. Bolpaxas cuiy

TOKa, IIOJIYYHUM 3aKOH Owma I HCOAHOPOAHOI'O YHAaCTKa LCIIN:

]:M. (3.37)
R

3axkon Oma U1l 3aMKHYTO# Lenu

JUis 3aMKHYTOHM 1enu ToYKu 1 1 2 coBnaaarT, ¢, — @, U 3akoH Oma npuoOpe-

TacT BUJ

==
R

B 3aMKHyTO# 11€NA TOK T€YET B TOM YHMCJIE U YEPE3 UCTOUYHUK, KOTOPHIN UMEET
HEKOTOPOE COMPOTHUBIICHHE . TakuM 00pa3oM, MOJIHOE COMPOTUBJICHUE LIETH BKIIIO-
YaeT CONPOTHUBIICHUE BHEIIHEH Ienu (Harpys3ka) — R ¥ CONPOTUBIICHHE HCTOYHHKA
Toka r. Torma

=%,
R+r

(3.38)

3.4.4. Pabora m MomxHOCTH TOKA. 3akoH :koyns-Jlenuna
PaccMoTpuM OHOPOIHBIN MPOBOJIHUK, MO KOHIIAM KOTOPOT'O MPUJIOKEHO Ha-
npsikenue U. 3a BpeMs df dyepes MornepeyHoe CeUeHUe MPOBOJHUKA MEPEHOCUTCS 3a-
psn dg = Hi. Tak kak Tok npejcTaBiseT co0oii mepeMelieHne 3apsaa dq moja aeucT-
BHEM DJICKTPUYECKOTO TIOJIsA, TO paboTa TOKa €CTh
dA = Udqg = Uldt. (3.39)
Ucnonb3ys 3akoH OMa 1711 0OJHOPOIHOTO yuyacTka 1emnu, popmyny (3.41) Mox-

HO IIPpCACTAaBUTDb B BUIC

U2
dA =?dt =I"Rdt . (3.40)
Mownocms 21exmpunecko2o moka — 3T0 OBICTPOTA COBEPIICHUS paOOTHI, T.€.
2
P:d—A:U—:IzR. (3.41)
dt R

Enununa momuoctu — éamm: 1 BT — MOITHOCTD, BbIJEIsieMas B MPOBOTHUKE

3a | ¢ mpu mpoTekaHuu Toka criion 1 A.
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Ecnu Tok mpoTekaeT 1Mo HEMoABIKHOMY METAUNTMYECKOMY TIPOBOJHUKY, TO BCS
paboTa TOKa 3aTpadyMBaeTCs Ha €ro HarpeBaHWe W IO 3aKOHY COXPaHEHMsI dHEPrUu
dQ = dA.

Takum obpazom, ¢ yuerom (3.40) u (3.41) moayunm:

U2
dQ =Uldt =—dt=1"Rdt . (3.42)
R
Konn4ecTBO TETUIOTHI, BBIICIAIONIEECS 32 KOHCUHBIN TPOMEKYTOK BPEMEHHU OT

0 10 ¢ mpy TPOXOKACHUU TTOCTOSIHHOTO TOKA CUJIOW / Hall[ileM, UHTErpUpPYs BbIpaxke-

Hue (3.42):
1 U?
0

Taxum 00pazom, Koauuecmeo meniomsl, KOMOpoe 8blOENAEMCs 8 NPOBOOHUKE
C MOKOM, NPONOPYUOHATLHO K8AOPAMY CUTbl MOKA, 8PeMeHlU e20 NPOMeKaHus U Co-
npomusnenuro nposoonuxa. Beipaxxenue (3.43) ectsb 3akoH J[xoyns-Jlenmna ais yya-

CTKa OCIIM IMOCTOAHHOI'O TOKA.

3. 5. MaruuTHOe 110JIe B BAKYyMe H B BellleCTBe

B sT0l rnaBe u3y4daroTCs CBOMCTBA M B3aUMOJEHUCTBUE IBHKYIIUXCS DJIEKTPU-
4eCKUX 3apsnoB. Clenyer ysaCHHATb, YTO JBHKECHUE DJIEKTPUUYECKUX 3apsi0B U3MEHS-
€T CBOWMCTBA OKPY KAIOLIETO UX NMPOCTpaHCTBA. KpoMe 3JIEKTpUYECKUX CHII, MOSBIIS-
I0TCSI MATHUTHBIE CHJIbI B3aHUMOJEUCTBUSA, KOTOPOE OCYILECTBIISIETCS 4E€PE3 MarHuT-
HOE TI0JIE.

MarHuTHble CHUJIBI BOZHUKAIOT TOJBKO IPU JABMKEHHUH 3apsOB, TO €CThb Mar-
HUTHOE I10JI€ UMEET OTHOCUTEJIbHBIN XapaKTep, OHO HAOII0AAETCS TOIBKO B TEX CHUC-
TEMaX OTCYETA, OTHOCUTEIBHO KOTOPBIX JABUKETCA 3aPSIKEHHOE TENO.

3HaHUE 3aKOHOB MarHeTu3Ma HeoOXOIMMO JIJIsi IOHMMaHUsl IPUHLIKIA JefcT-
BUsl OOJBILIOTO KOJMYECTBA MAIIMH, IPUOOPOB, MATEPUATIOB, TEXHOJIOITMUYECKHUX MPO-
1ieccoB. B aBTOMOOMIIbHOM TEXHHUKE MCIONB3YIOTCSI TEHEPAaTOPhI IEPEMEHHOTO TOKa,
3JIEKTPOJIBUraTeNd, 3JIEKTPOU3MEPUTENbHBIE MPUOOPHI, B KOTOPBIX HCIIONb3YETCS

MAar"auTHOC IIOJIC.
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3.5.1. BeKkTOp MATHUTHOW MHIYKIIUH.
BexTop HanpsizKeHHOCTH MATHUTHOTO MOJISI

OnbIT MOKa3bIBAE€T, YTO JBIXKYIIUECS 3apsiibl JEUCTBYIOT HAa MAarHUTHYIO
CTPEJIKY, CIE0BATEIBHO, CO3/Jal0T HE TOJBKO JIEKTPUUECKOE, HO U MAarHUTHOE TMOo-
ne. ICTOYUHMKaMH MarHUTHOTO TIOJIS SBJISIIOTCS] TAKXKe DJICKTPUYCCKHE TOKH, Hamar-
HUYCHHBIC BEIIECTBA U MEPEMEHHBIC dJieKTprudeckue mosst. OOHAPYKUTh MarHUTHOE
M0JI€ MOXKHO IO OTKJIOHEHUIO JBMOXKYIIMXCS 3apsSHKEHHBIX YaCTHIl, MO JBUKECHUIO
MPOBOJAHUKOB C TOKOM WJIM IO MOBOPOTY PAMKU C TOKOM, MO OTKJIOHEHUIO MarHUT-
HOH cTpenku. MarHUTHOE MoJie OTHOCUTENBHO, OHO CYIIECTBYET TOJIBKO B T€X CHUC-
TeMax OTCYETA, OTHOCUTEIHFHO KOTOPHIX JABUKYTCS 3apSHKCHHBIC YaCTHIIBI.

OI[HOfI M3 OCHOBHBIX XAaPaKTCPHUCTUK MArHUTHOI'O ITOJIA ABJIACTCA BECKTOpP Mar-

— —

HUTHON MHAYKIMU B . HampasneHue BekTopa B COBIAAAET C HAIPABIECHUEM CEBEP-
HOTO TOJIFOCA MAarHUTHOM CTPEJIKU. Mo1yIb BEKTOpa MarHUTHOW MHIYKIHMH OIpeELe-
JISI€TCS IO BEJIMYMHE CHJIBI, IEMCTBYIOIIEH HA JBWXKYIIMECS 3apsibl WM TOKU B Mar-

HUTHOM IIOJIC.

v

v

v

Puc. 3.6

Cuia, neiicTByroIas Ha MPOBOAHUK JUIMHON dl ¢ TOkOM [/ B OJHOPOIHOM
MarHMTHOM MOJie, MPONOPIIMOHANIbHA CUJIE TOKA, IJIMHE MPOBOJIHUKA, MATHUTHOU WH-
JTYKIWH ¥ 3aBUCHUT OT TIOJIOKEHUS TPOBOJIHUKA B MAarHUTHOM Tosie. OHa Ha3bIBaeTCs

CUJION Amrepa:
dF, =I[dl - B], dF, =1Idl-Bsina, (3.44)
rac a4 — yroia Mexay BCKTOpaMHU di u E; HAIIPaBJICHUC BCKTOPA di COBIIAAAcT C

HaIpaBJICHUEM TOKa; BEKTOpPHAas BeIM4MHA /d] Ha3bIBaeTCs 3JIEMEHTOM TOKA.

N3 (3.44) cnenyeT 01HO U3 ONPENEICHUA MATHUTHOW UHAYKIUU.
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MarHuTHasi MHAYKIUS — 3TO BEKTOP, MOJAYJIb KOTOPOTrO PABEH MAKCH-
MaJILHOW CHUJIC, IEMCTBYIOIIEH HA €IMHUYHBIN 3JIEMEHT TOKA:

B — Fmax .
1dl

Jliis rpaduyeckoro 3agaHusl MArHUTHOTO TIOJIS UCTIOB3YIOT IMHUYA MarHUTHOMN

WHAYKIOHUH — JIMHUH, KaCAaTCJIbHBIC K KOTOPBIM B Ka}I(,ZLOfI TOYKC COBIIAAOT C HAIIpaB-

neHreM Bektopa B . Hampapienne muHMi MArHUTHONR HHAYKIHH BOKPYT MPOBOIHHKA
C TOKOM OIIPEAEIISIETCS IIPAaBUIIOM IPABOTO BUHTA: I'OJIOBKA BUHTA, BBUHYMBAEMOI'O
[0 HAIIPABJICHUIO TOKA, BPAIA€TCs B HANPABICHUU JIMHWUM MAarHUTHOW HWHIYKLUU.
JInHMK MarHUTHOM BCErAa 3aMKHYTBI M OXBATBIBAIOT MPOBOJHUKU C TOKOM.

Enununeit namMepenuss MaruuTHOM HHAYKIUU siBisgetrcs 1 Ti (oaun Tecna).

—

BekTop MarHuTHONM MHAYKIMU B XapakTepu3yeT pe3yJIbTUPYIOIIEE MAarHWT-
HOE I0JI€, CO3AaBAEMOE JABMXKYIIUMCA 3apsiioM (MJIM TOKOM) M HAMarHMYE€HHUEM OK-
pyKarolen ero Cpesl.

JIns onMcaHuss MarHATHOTO TIOJISL HApPSALy C MATHUTHOW MHAYKLUEH UCIIONb3Y-
IOT JIPYTyI0 (PU3UYECKYI0 BEIMYHMHY — HANPSHKEHHOCTh MAarHUTHOIO TOJS, KOTOpas
OTIpEEIISIETCS TOJABKO ABMKYIIMMHUCS 3apsiiaMH (TOKaMH) HE3aBUCUMO OT CPEJIbI.

JIns OTHOPOAHOM M30TPOIHOW CpeNbl BEKTOP MarHUTHOM MHAYKLIHMM CBSI3aH C

BCKTOPOM HAIIPSKCHHOCTH H cooTHoleHNEM:

— —

B=up,H, (3.45)
II€ |, — MarHuTHas IIOCTOSIHHAsA, I — OTHOCHUTEIIbHAs] MArHUTHAs IIPOHULIACMOCTD
Cpelbl.
3.5.2. 3akon buo -CaBapa-Jlanuaca.
MaruuTHoe 1moJjie NOCTOTHHOI0 TOKA
BekTop MarHMTHOW MHIYKUWH MOJYMHSETCS MPUHUUITY CYINEPIO3ULINU: €CIU
MAarHUTHOE I0JIE CO3/1AETCA HECKOJIBKUMHU ITPOBOJHUKAMU C TOKOM, TO UHIAYKIUS pe-
3yJIBTUPYIOLIETO MOJISI PaBHA BEKTOPHOW CyMME MHAYKIIMH IOJIEH, CO31aBAEMbIX Ka-

JKIIBIM [IPOBOJHUKOM B = ZEI. .
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—

To4HO Takke Iy OMHOTO MPOBOJHHUKA C TOKOM MHAYKLHS B €CTh BEKTOpHAs
CyMMa DIIEMEHTAPHBIX MHAYKIHUN dB, CO3aBAEMBIX OTAEILHBIMH y4aCTKAMHU IIPOBO-
na. BekTop MarHUTHON MHAYKLUMU B KAXKIOW TOYKE MOXKHO ONPEHECIUTH IO 3AKOH)
buo-Casapa-Jlannaca, KoTopblii pOpMyITHPYETCS CIETYIONUM 00pa3oM:

JueMeHT npoBoaa dl, mo KOTopomMy TedeT TOK I, co31aeT B HEKOTOPOil TOUKe
MarHMTHOE I0Jie, HHAYKIUA KOTOpPOoro dB npsiMo NponopuuoHaaibHa cuje TOKa,
JAJIMHE NMPOBOAHMKA M O00PATHO NMPONMOPLHOHAIBbHA KBAaJAPATy PACCTOSHMA F OT

IJIEMEHTA TOKA 10 TOYKH HaﬁJIIOIleHI/IHZ

d =“°“.Ii§lsina, (3.46)
. r

IJie O — yroJl My HalpaBJIeHHEM BEKTOpa B TOUKY HAOJIOACHHS M HAIPaBICHHEM
anemenTa Toka dl (puc.3.7).
BekTop dB mnepneHAMKYISPEH K IUIOCKOCTH, COZACpIKaIlel 3JeMEHT MPOBO/I-

HUKA C TOKOM dI W PajinyC-BEKTOP 7 .

Puc. 3.7

Hanpasnenue dB omnpezensercs NpaBUIOM IPaBOro BUHTA.
BekTop MarHuTHOM MHAYKIMH I10J151, CO3/1aBAEMOT0 IIPOBOJHUKOM C TOKOM B

I[aHHOﬁ TOYKEC, BBIYHUCIIACTCA COINIACHO IMPUHOUITY CYIICPIIO3UIINU

pu,! ¢dlsina
B= 47‘” —. (3.47)

r

®opmyna (3.47) MO3BOJIAET pacCUUTATh UHAYKIUIO MArHUTHOTO TOJS, CO3/1a-
BAaE€MOT0 MPOU3BOJIbHBIM PACIPEICICHUEM MTOCTOSHHBIX TOKOB.

BbruncnuM MarHuTHOE TOJIE€ B LIEHTPE KPYroBoro toka. IlycTs Tok / umer mo

IPOBOJY B BUJE OKpYKHOCTH paauyca R (puc. 3.8).
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Puc. 3.8

BekTopbl dB Bcex 37IeMEHTOB KOJIBIIEBOTO MPOBO/IA HAIIPABJICHBI MEPIICHIUKY-
JSIPHO TIIOCKOCTU Kpyra. [loaTomy cymmapHass MHAYKIMS MarHUTHOTO Toyisi B Ha-
IpaBJICHa B Ty € CTOPOHY, a €€ MOIyJb paBeH CymMMme Bcex dB. JIrobol armeMeHT

KPYTrOBOTO KOHTYpa HAXOAMTCS HAa OJHOM M TOM € PacCTOSIHUM 7 = R OT LIEHTpa
. T
KPYTOBOTO TOKA, a €ro HaIlpaBJICHHE 00pa3yeT MpsIMOi Yyroll o = 5 C HaIlpaBJIEHUEM

Ha TOuKy HaOmoaeHus. [loaTomy

B:de:M.szRd,:M
4n R’ 2R

0
Takum O6p8,30M, MardiuTHas MHAYKIOHA IIOJIAA B ICHTPEC KPYroBOIro IpoBOJHUKA

C TOKOM

1
B = . 3.48
“0“213 ( )

AHaJIOTUYHO BBIYUCISACTCA HHAYKIMS MArHUTHOTO TIOJIS TPSIMOJIUHEHHOTO
MIPOBO/IHHUKA C TOKOM.
Jlunuu macnumnol UHOYKYuu TPEJCTABISIIOT COO0N CHCTEMY OXBATHIBAIOIINX

MIPOBO/JI KOHIIEHTPUUECKUX OKpY>KHOCTEH (puc. 3.9).

I

o)
__/

/.

/%

S
-

Punc. 3.9
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B HEKoTOpOI TOUKE HA PACCTOSTHUM R OT MPOBOJAHUKA C TOKOM MHIYKIUSA

MAarovuTHOT'O ITOJIA BBIYUCIIACTCA 110 (bopMyne:

:&Ol(cosoc1 —cosa, ), (3.49)

4R

rae O,,0, — yribl MEXK/y HalpaBICHUEM TOKA U BEKTOPOB 7 OT KOHIIOB IPOBOJHU-
Ka B TOUKY HAOJIOICHUS.

JU1 OECKOHEUHO JUIMHHOIO IMpoBoAHMKA o, =0, oL, = T, ClleqoBaTeIbHO, Mar-

HUTHAaA UHAYKOUA ITIOJIA TAKOT'O ITPOBOJAHHUKA C TOKOM paBHA

I
B=ppu——. 3.50
Mokt~ (3.50)

3.5.3. Teopema 0 HUPKYJISIIIMHA BEKTOPA MATHUTHON WHAYKIHHA

JInst pacuéTra MarHUTHBIX MOJIEH OOJIBIIMM KOJIMYECTBOM MPOBOJHUKOB C TO-
KOM CHUCTEM HUCIIOJIB3YIOT TEOPEMY O HUPKYJIAILMU BEKTOpA 5.
PaccMoTpuM NpoOW3BOJIBHBIN 3aMKHYTBIA KOHTYp L U 3aJalM Ha HEM HaIpas-

nenue o0xona. O003HauUM yepe3 B) MPOEKIUIO0 BEKTOpa B Ha HanpaBiieHUE 3JeMEH-

Ta KoHTypa dl (puc. 3.10).

Puc. 3.10

Nurerpan §§df :ifB]dl HA3BIBACTCS LUPKYIIMEH BEKTOpa B 10 3aJaHHOMY 3aMK-
L L

HYTOMY KOHTYPY. 31ech B, = BCOSOL, Iie 0. — yroJl MeKIy BeKTOpaMu B u dl .

Teopema o yupkynayuu eekmopa B (3axkon noanozo moka).

Hupkyasuuss BeKTOpa 5B N0 NPOU3BOJBHOMY 3aMKHYTOMY KOHTYpY L paBHa

NPOU3BEJCHUIO |l Il HA ajaredpamv4ecKyl0 CyMMY TOKOB, O0XBAThIBAeMBbIX 3THM

KOHTYpPOM
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§B,dl = ppOAZIk . (3.51)
L c=1

[TonoXuTENbHBIM CYUTAETCS TOK, HAIPaBJIEHUE KOTOPOTO 00pa3yeT C Halpas-
JeHueM 00X0/1a KOHTYpa MPaBOBUHTOBYIO CUCTEMY.
Cy1iecTBEeHHBIM MOMEHTOM B 3TOW T€OpeMe SIBIIAETCS TO, YTO KOHTYp L BBIOH-

pacTcAa HpOI/ISBOHLHOﬁ q)OpMLI, CJICOOBATCJIbHO, IO MOKHO BBI6paTI) Tak, YTOOBI HH-

Terpa IBdl BBIYUCIISIICS, KAK MOXKHO, MPOLIE.
L

—

[Ipumensiss TeopeMy O HUPKYJISLKUHA BEKTOpa B K pacdeTy moJis, CO3JaBacMOro
COJICHOMJIOM, C YHCJIOM BUTKOB Ha €IMHUILY JJIMHBI 1, IO KOTOPOMY T€UET TOK /, TO-

JYy4HM:

B=p,uln.

3.5.4. YacTHUbl H TOKH B MAarHUTHOM I10J1€.
YacTuubl B MAarHUTHOM moJie. Cuiia Jlopenua
MarnutHoe 1moJie BOZHUKAET BOKPYT 3apsKCHHBIX YaCTHIL, JBUXKYIIUXCS OTHO-
CUTEJILHO BBIOpaHHOM cucTteMbl oTcdeTa. C Ipyroi CTOPOHBI OOHAPYKUTh MAarHUTHOE
110JIE MOKHO IO TIOBEJCHUIO B HEM JBIKYIIUXCS 3apSUKEHHBIX YaCTHUIl U TTPOBOJIHU-

KOB € TOKOM. ONBIT MOKa3bIBAET, UTO CUJIA, JEHCTBYIOIIAs HA 3aPSKEHHYIO YAaCTULy B

—

MAarouTHOM IIOJIC, 3aBUCHUT OT ee 3apAaaa, CKOpOCTH U HHAYKIIMU MAaIrHUTHOTO I10JIA B.

Omna nHaspiBaercs cuioit Jlopenma. Hampasiena cwta JlopeHiia neprneHARKYJISIPHO U
U B, T.e. onpeaensercs uX BEKTOPHBIM IPOU3BEACHUEM

F :q[?J : E], F =quBsina. (3.52)

—

B3aumnas opueHTanus Tpex BeKTOpoB F, U u B, Bxogamux B (3.52), noka-

3aHa Ha puc. 3.11 1 pa3nuyHBIX MO 3HAKY 3apsiA0B. 7

J

q q

&y
|

cl

Puc. 3.11
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Tak kak MarHWTHas CWJIa BCErJa MEPIEHIUKYISIpHA CKOPOCTU, TO €€ padboTa
paBHA HYJIO, T.€. SHEPrUs ABWKYUIEHCA YaCTULBI HE U3MEHSETCS, U3MEHSETCS JIUIIb

HaIpaBJICHUC IBUKCHUSI.

Eciu 0 L B, To yacTuiia JBUXKETCS IO OKPYKHOCTH, PANyC KOTOPOH MOKHO

HaWTH 10 BTOpOoMY 3akoHY HbroTOHa:

2

mo mo
ma,=quB, ——=quB, r=

- 3.53
r o (3.53)

—_ —

Ecnu BexTOp ckopocTtu U HampaBiieH MOJ YIJIOM O K BEKTOpY B, To dactuia
JIBHXKETCS IO CIIUPAJIH.
IIpoBOAHUMKH ¢ TOKOM B MArHMUTHOM moJje. Cuwia Ammnepa
Pe3ynbTupyromniasi BCeX MarHUTHBIX CHII, IEUCTBYIOIIUX Ha OTACJIbHbIE HOCH-
TEJIM TOKA B IPOBOJIHUKE C TOKOM, HA3bIBACTCS CHJION AMIIepa.

B BekTopHBIN hopMe 3akoH AMIiepa UMEeT BUJ
F,=1I[dl - B]. (3.54)

Hanpasnenue cuibl dF MOXHO HAfTH IO IPAaBHITY JEBOH PYKH: €CITH JIaI0Hb
JIEBOM PYKH PACIIOJIOXHUTH TaK, 9TOOBI B HEE BXOIWIN JIMHUM MAarHUTHOW WHIYKITUH,
a YEThIPE BBITAHYTHIX MAJIbIIA PACIIOIOKUTH MO HANPABICHUIO YJICKTPUUECKOIO TOKA
B MIPOBOJHUKE, TO OTCTABJICHHBIN OOJIBIION MaJel YKaXXET HAlpPaBICHUE CHUJIbI, JCH-
CTBYIOIIEH HA MTPOBOJAHUK. MOXKHO IOJIb30BaThCS MPABUIIOM BEKTOPHOTO MPOU3BEIEC-
HUSI BEKTOPOB.

IToToK BeKTOpa MATHUTHOM MHIYKINH

[Totokom d® BexkTOpa MarHUTHOM WMHIYKIWU (MAarHUTHBIM MOTOKOM) uepe3

IUIOIIAAKY dS Ha3bIBAE€TCs KOJIMYECTBO JIMHUM BEKTOpa B, nmepecekaronux 3Ty IUIo-
maaky. Jias oqHOpOIHOTO MOl MOTOK BBIYMCISETCS 1O hopMyIie

d® = BdScoso., umu d® =B dS (3.55)

—

rne B, = Bcosol — IPOEKIMs BEKTOpa B Ha HalpaBJIeHHWE HOPMaJH K IUIOMIAAKE dS.

[ToaHBIN MAarHUTHBIN TOTOK Yepe3 MPOU3BOJIbHYIO MOBEPXHOCTH S PaBEH

®=[BdS. (3.56)
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B CU marauTHbIi TOTOK M3MepsieTcs B Bebepax (BO).

Ecau ITOBCPXHOCTb 3aMKHYTa, TO

§B.dS =0, (3.57)
N

T.€. IOTOK BEKTOpAa MArHUTHOM UHAYKIIMU Y€pe3 3aMKHYTYIO IIOBEPXHOCTh PABEH HY-
J10. DTO 03HAYAET, YTO JUHUU MATHUTHOW MHAYKIUU 3aMKHYTHIE.

[Ipn nBM>XEHHHM MPOBOJHMKA C TOKOM B MAarHMTHOM IOJie cuia Amriiepa co-

BepIaeT padoTy
A=1(D, - D)) (3.58)

OtmeTuM, uto pabota cuia AMrmepa Mo nepeMeneHUI0 MPOBOIHUKA C TOKOM B
MAarHMUTHOM I10JI€ COBEPIIAETCS 32 CUET YJHEPTUU UCTOYHHUKA TOKA.

Ecnu B MarHuTHOM T0JIe IBMIKETCSI 3aMKHYTBIM KOHTYp € TOKOM, TO padora,
COBEPLIAIOIIASCS IIPU €ro MEPEMELICHUN, TOXKE PaBHA IPOU3BEACHUIO CUJIBI TOKA [ Ha
VM3MEHEHME MarHuTHOTO NOTOKA. [Ipyn KOHEUHOM ITepemMenieHnn

A=1(D,- D)), (3.59)
rae @, — MarHuTHBIA MOTOK CKBO3b KOHTYP B KOHIE NepeMmenieHus; @; — NOTOK
CKBO3b KOHTYD B Hayaje IEepEeMEIICHUs, IPU TOM CUMTAETCS, YTO CHJIA TOKA B KOH-
Type€ NPH €ro NEPEMELIEHUH MTOIIEPKUBAETCS TOCTOSIHHOM.

3.6. DJIeKTPOMATHUTHAS UHIYKINS
3.6.1. SIBJjIeHMe M OCHOBHOM 3aKOH 3JIEKTPOMATHUTHOM MHAYKIIMHU

OtkpbiToe PapaneeM sSBICHUE PJIEKTPOMATHUTHOW MHAYKIUUA COCTOUT B TOM,
9TO B JIFOOOM 3aMKHYTOM KOHTYp€ MpPH W3MEHEHHWM MAarHUTHOTO TIOTOKa Yepe3 Io-
BEPXHOCTb, OTPAHUYEHHYIO 3TUM KOHTYPOM, BO3HUKAET MHAYKIHOHHBIA TOK. Ilpu-
YMHOW BO3ZHUKHOBEHMS TOKa siByisieTcs J/]C aneKTpOMarHuTHOM UHIYKIIUH.

O/1C sneKTpOMarHUTHOW MHAYKIIMM HE 3aBUCUT OT CIoco0a M3MEHEHHUs Mar-
HUTHOT'O MTOTOKA CKBO3b MOBEPXHOCTh, OTPAHUYEHHYIO KOHTYPOM U IPOMOPLHOHAIb-

Ha CKOPOCTH U3MCHCHHA MAIrHUTHOTI'O ITOTOKA.

dd
& =——, 3.60
; o (3.60)

93



®opmyna (3.60) npencraBisieT co00il OCHOBHOM 3aKOH JJIEKTPOMArHUTHOM
UHIyKIMK. 3HaK MUHYC B dopmyiie (3.60) oTpaxkaer npaBuio JIeHiia, coriacHo Ko-
TOPOMY HaIlpaBJICHHE WHIYKIIMOHHOTO TOKa BCErja TakOBO, YTO CO3/1aBa€MO€ UM
MAarHuTHOE TMOJI€ MPEMSITCTBYET U3MEHEHUI0 MAarHUTHOTO IOTOKA, BBI3BIBAIOLIEMY
WHIYKIIMOHHBIN TOK.

Bce coBpeMeHHBIE MOIIHBIE T€HEPATOPHI ANEKTPUUECKOTO TOKAa OCHOBAHBI Ha
SIBJICHUM DJIIEKTPOMArHMTHOW MHIYKIMUA. PaccCMOTpUM MPOCTEUILINN U B TO K€ BPEMS
Han0oJiee YacTO BCTPEYAIOIIMICS Ha MPAKTUKE CIydail BpallleHHs MIOCKOTO BUTKA B
OJIHOPOJHOM MAarHUTHOM I10JI€, KOT/1a OCh BPAILICHUS JIC)KUT B IIJIOCKOCTH BUTKA.
Ecmu a — yron mexny

HOPMAaJIbIO 7 W UHIYKIIUEH MO

B, To mOTOK 4epe3 BUTOK paBeH
@ = BScosa. = @, cosa.,

rae S — mIomaab BUTKA, a @) —

MAaKCUMAJBbHOC 3HAQUYCHHC IIOTOKA

npu o =0 (puc.3.12)

Puc. 3.12

[Ipy paBHOMEpPHOM BpallleHWM BUTKA C YIJIOBOM CKOPOCTBIO ® Yroj

o =t + a,. 9JC nanykuuy, BO3HUKAIOIIAs B BUTKE

g, :—%:cbooosin((ot+oc0):8sin(oot+oc0). (3.61)

1

®opmyna (3.61) ompenensieT MTHOBEHHOE 3HAUEHHWE CHUHYCOMIAIIBHOM Tiepe-
MeHHOM D/IC, BO3HMKAIOLIEH PU BPALLEHUHA PaMKHA B OAHOPOJHOM MarHUTHOM IIO-
ne. Ecnu umeercs He onuH, a N BUTKOB, M0 aMIUuTyae € Oyaet B N pa3 Ooblie.

[Ipu 3aMbIKaHUU LEMHU, COAECPHKALIEH UCTOUHUK MOCTOSIHHOIO TOKa, TOK JOCTH-
raeT CBOEro yCTaHOBUBLIETOCS 3HAYEHUs HE cpasy, a IPU pPa3MbIKAaHWU LENU HE MO-
KET MTHOBEHHO UCYE3HYTh.

Hcnonb3ys 3akoH anekTpoMarHuTHOM uHaykuuu (3.60) nina DJ1C camouHyK-

IIUH, ITOJIYHYHUM BBIPpAKCHUC!
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g = s (3.62)
dt

Koaddunment nponoprimoHaaibHOCTH L HA3BIBACTCS UHOVKMUBHOCMBIO KOH-
mypa unu KodppuyueHmom camouHoOyKyuu.

NHayKTUBHOCTh KOHTYpa L 3aBUCUT OT €ro pa3MepoB U (OPMbI, a TaKKe OT
MarHUTHBIX CBOMCTB CpeJibl, B KOTOPYIO OH MOMEIIEH.

SIBneHne BO3SHMKHOBEHHS WHIYKIIMOHHOTO TOKAa B KOHTYpPE MPU H3MEHEHUU
CIEIUICHHOTO ¢ HUM MarHUTHOTO MOTOKA, CO3/IaHHOTO APYTUM KOHTYpPOM, Ha3bIBaeT-
Ci1 B3aUMHOM MHAYKIHMEH.

CoryiacHoO OCHOBHOMY 3aKOHY 3JIEKTPOMAarHUTHON MHIYKIIHH

ao, &, € =-L, o, _LIZ%’ (3.63)
dt dt dt

rae €, — OJ1C unaykuuu, Bo3HuKaromas B Koutype 1, a €, — 3/1C uHaykuuu B KOH-

Type 2.
Ha sBneHuu B3aMMHON MHIYKIIMM OCHOBAHO JAEWCTBHE TpaHC(PopMaTopa, UH-
OYKIMOHHOM KaTyIIKH (HampUMep, B CUCTEME 3a)KUTaHUsl JBUTATEJe BHYTPEHHETO

CrOpaHHs).

3.6.2. DHeprusi MArHUTHOTO MOJISI
[Ipu nmpoTexkanuu yepe3 KOHTYp Toka [ KOHTYp OyaeT MpPOHU3BIBATH MarHUT-
HBIU MOTOK.
[Ipu yBenuueHHH TOKa IO HEKOTOPOTO 3Ha4YeHUsl / SHEPrusi KOHTYypa C TOKOM

Oyner paBHa

I
LI’
W=\ LIdIl == (3.64)
2
0
9Ta C—)HepI“I/I}I JIOKAJIN30BaHA B MAroHuTHOM IIOJIC BOprr HpOBO,Z[HI/IKa. 9Hepr1/m
MarHMTHOTO MOJISi B BBIACICHHOM O0BEME MPOCTPAHCTBA V' BBIpa)XKaeTcs yepes Xa-
paKTepI/ICTI/IKI/I MAIrHuTHOTI'O ITIOJIA CJ'IGI[}’IOHII/IM 06pa30M:
B> BH

W= V="V. (3.65)
2pop 2
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3HCpFI/I$I CANHUIIBI oObeMa I0JIs WIM 00bEMHAs INIOTHOCTh 9HCPIrun MarHuT-

HOTO II0JIsI paBHA

W _ B _puH' BH
Voo2u,u 2 2

(3.66)
3.7. YpaBHenuss MakcBesiia. 3akj049eHue
N3 0CHOBHOTO 3aKOHA AJIEKTPOMArHUTHOM UHAYKIIMU U ONPEJCICHUS TTOHS-

tust C cnenyer
§Edl =—[——dS . (3.67)
!
CHUMBOJ 4aCTHOW NpPOU3BOJHON MOAYEPKUBAET TO, YTO UHTETPA jgdg SIBJISI-
N

ercst pyHkIMen Tonbko BpeMeHu. Bripaxenue (3.67) mpencrapiser co0oil ypaBHe-
Hue MakcBemna. OHO yTBEpXKIaeT, 9TO NepeMeHHOe MATHUTHOE ToJie MOPOoXKIaeT
BHXpeBoOe JIeKTPpUYecKoe moJie.

[lepeMeHHOE ANEKTPUYECKOE TI0JIe HAa3bIBAIOT TOKOM CMEIIEHUS, B OTIUYHE OT
TOKOB TIPOBOJIUMOCTH.

[1n10THOCTH TOKA CMEIIEHHs MPOMOPIMOHATbHA CKOPOCTH M3MEHEHHUs Harps-
KEHHOCTH DJICKTPUYECKOTO IO WM BEKTOPA AJIEKTPUYECKOTO CMEIICHHUS IO Bpe-

MCHH, TO €CTb CKOPOCTHU €TI0 U3BMCHCHH: B I[aHHOﬁ TOYKEC ITOJIA:

. OF - oD
| =gg, — WM = 3.68
-]CM 0 8t JCM 8t ( )

OngwIT IMOKAa3bIBACT, TOK CMCHICHUA, KaK U TOK IIPOBOAUMOCTH, CO?),ZIaéT BOKpPYT

ce0s MarHuTHOE I10JIE.

—

Makcemt 006001mII TeopeMy U HUPKYJSIUK BekTopa H , BBelsl B CyMMY TO-

KOB, OXBATbIBACMbIX KOHTYPOM, TOKH CMCIICHH.

§ Bl = p,u3 1+ pul,, . (3.69)
1

O06o001IeHHas TeopeMa O [UPKYJISAIUYA BEKTOpa H 3amnuiineTcs B BUIE

. . 0D -
dl =|(j +-—)dS. 3.70
f !(an at) (3.70)



Tpetbe ypaBHeHue MakcBemia Bbipaxkaer Teopemy ['aycca-OcTtporpaackoro

—

JUIsL TIOTOKA BEKTOpA JJIEKTPUYECKOro cMelieHus D CKBO3b IPOU3BOJIBHYIO 3aAMKHY-
TYIO IIOBEPXHOCTh, OXBATHIBAIOIIYI0 CYMMAapHBIN 3aps g

fEaS=-1-.

€€,

YerBeproe ypaBHeHMEe MakcBesuia mpejcrasisier coboil Teopemy [Maycca mis

MAarauTHOI'O ITOTOKAa CKBO3b ITPOU3BOJIbBHYIO 3AMKHYTYIO ITIOBCPXHOCTDH S
§BdS =0.
N

[ToTok BeKTOpa MarHUTHON MHAYKLIHU Yepe3 JII0OYI0 3aMKHYTYIO TOBEPXHOCTh
PaBEH HYJIIO.

K paccMoTpeHHON cucTeMe YeThIpex ypaBHEHMM MakcBesuia 1uist dJeKTpoMar-
HUTHOTI'O ITIOJIS CJIEAYET MPUCOECIUHUTH COOTHOLIEHUS, C IIOMOIIBIO KOTOPBIX BBOASAT-

Cs DJICKTPUUYCCKUC XAPAKTCPUCTUKHU BCIICCTB €, L, V.

— —

B=pun H, 13:80817?, jnp:yE.

rA€ L U € — MarHUTHAs U JIUDJICKTPUYECKasi MPOHUIIAEMOCTH BEILIECTBA, | — YJIEIb-
Has MPOBOJUMOCTD BEIIECTRA.

VYpasuenus MakcBeia SBISIFOTCS 0000IIeHHeM 3aKOHOB JIEKTPOMarHeTH3Ma.
N3 cuctembl ypaBHEHUH CIEAYET CYIIECTBOBAHHME DJICKTPOMATHUTHOIO TOJIS, SJIEK-
TPOMArHUTHBIX BOJIH, CKOPOCTh PACIpOCTPAHEHHUs KOTOPHIX OKa3ajgach PaBHOM CKO-
POCTH CBETA. ITO JOKA3BIBAET, YTO CBET ATO 3JEKTPOMArHUTHBIC BOIHBI.

3akJjloueHue

Bbl u3yunnu 3akoHbl MEXaHUKHU, TEPMOJIMHAMUKH U 3JIEKTPOMAarHeTusma. 3Ha-
HUE TEOPETUUYECKOI0 Marepuasia 3TUX pa3/iesioB TOMOraeT M3ydaTh W DKCILUTYyaTHUPO-
BaTh OOJIBIIIOE KOJIMYECTBO COBPEMEHHBIX MPUOOPOB, OMPEACISITh UX TEXHUYECKYIO

¥ DKOHOMHYECKYIO 3P (HEKTUBHOCTD.
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3.3. TJIOCCAPUH
ABCOJIIOTHO TBEPJIOE TEJIO — teno (cucrema), B3aMMHOE MOJI0KEHUE
JOOBIX TOYEK KOTOPOr0 HE U3MEHSIETCA, B KAKMX ObI ITpolleccax OHO HE y4acTBOBAJIO.
AT'PEI'ATHOE COCTOSHHUE — TepMOIMHAMUYECKOE COCTOSIHUE BEIIECT-
Ba, CWJIbHO OTJIMYAIOIIeecs MO0 CBOMM (PU3MYECKUM CBOMCTBAM OT APYIHX arperar-
HBIX COCTOSIHUM 3TOT0 K€ BEILIECTBA.

AMIIEP (o6o3HaueHue: A) — eIUHUIIA U3MEPEHHUS CUIIBI DJICKTPUIECKOTO TOKA

B cucreme CH. Amnep paBeH cujie TaKOro MOCTOSIHHOTO TOKa, KOTOPbIN, Oy1y4u my-
IIEH MO JBYM MPSIMbIM MapajuieIbHbIM MPOBOJHUKAM OCCKOHEUHOMW JJIMHBI U HE3HA-
YUTEIBHBIM MONEPEYHBIM CEUEHUEM, TIOMEIIEHHBIM HA PACCTOSHUM B 1 METp ApYr OT
Ipyra B BAKyyMe, CO3/aBaj Obl MEXLy STHMH NPOBOIHUKAMH CUITy, paBHYyio 210
H/m.

BA3KOCTD — BHyTpeHHEE TpEeHHE, CBOMCTBO TEKYyUMX T (KUIAKOCTEH U ra-
30B) OKa3bIBaTh COMPOTUBIICHUE NMEPEMEIICHUIO OJJHOM UX YACTU OTHOCHUTEIIBHO APY-
roil. Pa3nnuaroT quHaMUYECKY0 BA3KOCTh (eauHulbl u3dmepenus Ilyas, [la-c) u ku-
HEMATHYECKYIO BSI3KOCTb.

I'A3 (uHauye — ra3000pa3HOE COCTOSIHHE) — arperaTHOe COCTOSIHHE BEIIECTBa,
XapaKTepU3yIoIIeecss OYeHb CIA0bIMU CBSI3IMH MEXAY COCTaBISIOIIMMH €r0 YacTH-
aMu (MOJIEKyJIlaMH, aTOMaMH WM HOHAMHU), a TaK¥Ke UX OOJIbILIEeH MOIBHKHOCTBIO.

JABJIEHUE B (u3uke — OTHOIIEHUE CHIIbI, HOPMAJIbHOW K IMOBEPXHOCTHU
B3aUMOJICHCTBUSI MEXTY TEJIaMH, K TUIOMIAIA 3TOM MOBEPXHOCTH WJIU B BUE (HopMy-
ae1 P = FJS.

JAUHAMMKA — paznen MeXaHUWKH, B KOTOPOM pacCMaTpPUBAETCs CBA3b Iapa-
METPOB JBMKECHUS C TPUIMHAMHU, UX BBI3BIBAIOIIUMHU (CHJIAMH, MOMEHTAMH CHI).

JAAIJEKTPHUK - BemecTBo, 001agaroiiee HU3KOH yaeIbHOM 3JIEKTPUIECKOM
IPOBOJAUMOCTBIO. [IMANEKTPUKN TMPAKTUYECKH HE MPOBOMSIT JJIEKTPUUYECKHM TOK,
CIIOCOOHBI MOJISPU30BATHCS B AJIEKTPUUECKOM IMOJIE.

AUIJIIEKTPHYECKAS IMPOHUIAEMOCTD, oTHOCUTENnbHas IHMAJICK-

TPpUYICCKass IMPOHUIACMOCTb — (1)I/ISI/I‘I€CKa$I BCJIMYMHA, ITIOKa3bIBaromiasi, BO CKOJIBKO
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pa3 HaNpsHKEHHOCTh BJEKTPUUYECKOTO MOJISI BHYTPU OJHOPOJHOTO JHAJICKTPUKA
MEHBbIIIE HANPSKEHHOCTH TOJISI B BAKYYME.

JAAD®DY3US — nporiecc nepeHoca MaTepu WM SHEPTUU U3 00JIaCTH C BbI-
COKOM KOHIIEHTpalnue B 00JacTh ¢ HU3KOM KOHIeHTpanue. CamMbiM U3BECTHBIM
npumepoM Iuddy3un sBIseTCS IepeMelIMBaHUE Ta30B WIH KUJKOCTEH.

UJEAJBHBIN I'A3 — maTeMaTHuecKas MOZIETb Ta3a, B KOTOPOH MpeJoa-
raeTcs, YTO MOTCHIIMAIBHON JHEpPrued B3aMMOJCHCTBUS MOJICKYJ MOXHO IpeHeO-
peYb M0 CPAaBHEHUIO C UX KMHETHYECKOM dHEpruer. Mexay MOJIEeKyJIaMu He JIEHCT-
BYIOT CUJIbI IPUTSKEHUS WM OTTAJIKUBAHUS, COYAAPEHUS YACTUIl MEXKy COO0M U co
CTEHKaMH COCy/1a aOCOJIFOTHO YIIPYTH.

N3O0ITPOLECCBHI — TepMOoAMHAMUYECKHUE MPOLIECCHI, BO BPEMSI KOTOPBIX O/I-
Ha U3 (U3MUECKUX BEJIMYMH — MapaMEeTPOB COCTOSHUA: JaBJICHHE, O0BEM WIH
TEMIIEPATYpPa — OCTAETCSH HEU3MEHHOM.

NUMITYJIbC — npousBeeHNE MacChl T€JIa HA €ro CKOPOCTh (TO XKE, YTO U KO-
JIUYECMBO OBUICEHUSL).

NHAYKTUBHOCTD — ¢uszuyeckas BelnM4rHa, XapaKTepu3ylolas CBOMCTBA
npoBOAHUKA. NHIYKTUBHOCTh YHCIIEHHO paBHA MAarHUTHOMY MOTOKY IIPHU CHJIE TOKa
B npoBoAHuKe B 1A. WMHIYKTUBHOCTH 3aBUCHUT OT pa3MepoB U (OpMbI KOHTYpa, a
TaKXk€ OT MATHUTHOM MPOHUIIAEMOCTH OKPYKAKOIIEN CPEJIBL.

NHEPTHASA MACCA ecth Mepa HHEpIIUU 00BbEKTa, OHA XapaKTepU3yeT CO-
MPOTUBJICHUE U3MEHEHUIO COCTOSIHUA JBMXKEHUSI, KOT/Ia K TENy MPUJIOKEHA BHEIIHSIS
cuia.

NHEPIHUAJIBHASA CUCTEMA OTCYETA (MCO) — cuctema otcuéra, B
KOTOpPOM CIIpaBeJIUB 3aKOH MHEPLUU: JI000€ TeJI0, Ha KOTOPOE HE IEUCTBYIOT BHEII-
HUE CWJIbl, HAXOAUTCA B COCTOSHUU IOKOS WJIM PABHOMEPHOTO MPSIMOIMHEUHOTO
JBHKCHUSL.

KOHJIEHCATOP — cucrema u3 nByx u 0oJyiee 3IEKTPO0B (0OKIAI0K), pa3-
JENEHHBIX AUDIICKTPUKOM, TOJIIIMHA KOTOPOTO Maja Mo CPaBHEHHIO C pa3MepaMu 00-
knagok. Takas cucrema o0ianaer B3aMMHOM EMKOCTBIO M CIIOCOOHA COXPAaHATH

JNEKTPUYECKUH 3apsia.
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MATHUTHASA UHAYKLUSA — BekropHast pusnueckast BETUUMHA, YUCICH-
HO paBHasl CUJE, C KOTOPOl MarHUTHOE MOJI€ ACHUCTBYET HA €AUHUILY JJIUHBI IPSMO-
JMHEWHOrO0 TPOBOJIHUKA C TOKOM, PaBHBIM €IMHUIIE CUJIbI TOKA, PACIOI0KEHHOTO
NEPHEHIUKYJIIPHO HAIPABICHUIO MOJIS.

MACCA — pusndeckas BeJIMUMHA, XapaKTEPU3YIOIIas MEpy HHEPTHOCTH Teja
IPU NOCTYNATEIbHOM JBUKEHUH.

MATEPUAJIBHASA TOYKA — o0bekT, pa3MepaMu KOTOPOTO MPHU PEIICHUU
3a/1a4yu MOKHO IIpeHeOpeyb.

MOJIEKYJIAPHASL ®U3UKA — paznen (u3MKH, B KOTOPOM H3y4arOTCs
(du3ryuecKkre CBOMCTBA TeJl HA OCHOBE PACCMOTPEHMS MX MOJIEKYJIIPHOTO CTPOEHUSI.

MOJIb (0o603HaueHue — MoJib, mol) — eIuHUIIA U3MEPEHUST KOJTUYECTBA Bellle-
ctBa B CH. CoOTBETCTBYET KOJIMYECTBY BEUIECTBA, COJAEPKAIIEMY CTOJIBKO CTPYK-
TYPHBIX €IMHUIL (ATOMOB, MOJIEKYJI, HOHOB, 3JIEKTPOHOB HJIU JIOOBIX JPYTUX YACTHUIL),
CKOJIBKO coepkuTcs atoMoB B 0,012 kr u3otoma '°C.

MOMEHT UMIIYJIbCA — auHaMuueckas XapakTepUCTHUKA BPAIIatOIIErocs
TeNa, paBHAash MPOU3BEACHUI0O MOMEHTA MHEPIMHU TeJla OTHOCUTEIBHO JTaHHOM OCH
BpAILICHUS U YTJIOBOU CKOPOCTH.

MOMEHT CHUJIbI (kpyTsimuii MOMEHT) — ¢uU3uYecKas BEJIMUYMHA, XapaKTe-
pu3ylonias BpalareabHOoe JeUCTBUE CUJIbI HA TBEPAOE TEIO.

OPT - BexkTOp, 10 MOAYJIO PAaBHBIM €IUHHUIIE U HAIMPABJIEHHBIA BJOJIb OCEU
KOOpAUHAT.

MMAPHHUAJIBHOE JABJIEHUE — naBnenue, koTopoe mMMen ObI Ta3, BXO-
JSIIANA B COCTaB ra30BOM CMECH, €clid Obl OH OJMH 3aHUMaJl 00BEM, PaBHBIH 00BEMY
CMECH TIPU TOU K€ TEMIIEPATYPE.

INJIOTHOCTDb SHEPTUH JEKTPUYECKOI'O ITOJIS — dusnueckas
BEJIMYMHA, paBHAsl OTHOILLIEHUIO YHEPTUU JEKTPUUYECKOTO MO B HEKOTOPOM 00beMe
K BEJIMYMHE 3TOr0 00beMa.

HOJAPUSALIUA AUIJIEKTPUKA, nusnekTpudeckas MNOJISpU3aLMST —

CMCIICHUC IMOJOXUTCIbHBIX W OTPULIATCIBbHBIX CBA3AHHBIX 3apsa0B B MaKpOO6’béMe
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JIUBJIEKTPUKA B MPOTHUBOIOJIOKHBIE CTOPOHBI, YTO MNPUBOJIUT K MOSIBICHUIO MMOBEPX-
HOCTHBIX CBSI3aHHBIX 3aps0B.

HNOTEHLHUAJI JIEKTPUYECKOI'O ITOJIA — sHepreTuyeckas xapakre-
PUCTHKA DIEKTPUYECKOTO MOJIsA; CKAJISPHAS BEJIUYMHA, PABHASI OTHOLICHUIO TTOTEHIIU-
aJbHOM YHEPTUHM 3apsJa B JAHHOW TOYKE IMOJIS K BEJIMYMHE 3TOrO 3aps/a.

HNPUHIUII CYITIEPIIO3UL U B 351eKTpOCTATUKE YTBEPHKIAET, UTO BEK-
TOP HANPSHKEHHOCTH (DJEKTPOCTATHUCCKUN TOTEHIIMAN), CO3/JaBacMblii B JaHHOMU
TOYKE CHUCTEMOM 3aps0B, €CTh CyMMa BEKTOPOB HAINPSKEHHOCTEH (MOTEHLIUATIOB)
OTIIETBHBIX 3apsA0B. [[pUHINAIT CYTIEPIIO3UIINHA MOYKET MPUHUMATH W UHBIC ()OPMYITH-
POBKH, KOTOPBIE MTOTHOCTBIO SKBUBAJIEHTHBI IPUBEIEHHON BBILLIE.

PAZHOCTDb HHOTEHIHHUAJIOB — syekTpuyeckas MEXAy IBYMS TOYKAMH
mpocTpaHCcTBa (IIETK); paBHA pabOTe AIEKTPUUECKOTO TOJIA MO MEePEMEIIECHUI0 €IH-
HUYHOTO MOJOKHUTEIBHOTO 3aps/ia U3 OJHOW TOYKH MOJIS B IPYTYIO.

PAZINYC-BEKTOP — BekTop, KOTOpBI MPOBOJUTCSA U3 Hayajga KOOPAUHAT B
3aJJaHHYI0 TOYKY IIPOCTPAHCTBA.

PEJATUBUCTCKAA MEXAHUKA (cneuuajbHasi TeOPUs OTHOCUTEb-
HOCTH) — pazzes PU3NKHU, pacCMATPUBAIONTUN 3aKOHBI MEXAHUKH (3aKOHBI JIBHXKCHHUS
T€J1 W YaCTHIl) MPU CKOPOCTSIX, CPAaBHUMBIX CO CKOpPOCTBIO cBeTa. IIpu ckopocTsix
3HAYUTEIBHO MEHBIIUX CKOPOCTH CBETA, NEPEXOAUT B KIACCHUYECKYIO (HBIOTOHOB-
CKYI0) MEXAHUKY.

CHNJIA — kayecTBEHHass W KOJMYECTBEHHAas Mepa B3auMOJEHCTBUSA Teil. Pe-
3yJBTATOM JIEHCTBHSI CHIIBI SIBJISIETCS AeOpMAIIHsl T WIH U3MEHEHHUE CKOPOCTH.

CHUJIA JIOPEHIA — cuna, IeiCTBYIOIIAd HA 3apsSyKEHHYIO YaCTHILY, IBUXKY-
IIyIOCSl B MATHUTHOM TOJIE.

CHUJIOBBIE JIMHUM — BooOpakaeMble JTUHUH, KacaTelbHbIE K KOTOPHIM B
KQKJIOM TOYKE COBIIAJAIOT C HAMPABIEHUEM BEKTOPA HAIIPSIKEHHOCTHU JIEKTPUUECKO-
ro nojs B 3ToM Touke. CHIOBBIE JTUHUM AJIEKTPUUECKOrO MOJII HAYWHAKOTCS Ha I0-
JIO’KUTENBHBIX M 3aKaHYMBAIOTCA HA OTPUIATENbHBIX 3apsaax. CUIOBbIEC JIMHUU AJIEK-

TPHUYCCKOT'O ITOJIAA HE MCPECCKAKOTCH.
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CKOPOCTD — 6picTpoTa nepeMenieHus: 00beKTa B MPOCTPAHCTBE MO TPaeK-
TOPHH.

TEMIIEPATYPA — ¢Qusnyeckas BelWYMHA, XAPAKTEPU3YIOIIAs WHTEHCHUB-
HOCTh XaOTHUYECKOTO JIBM)KEHUSI MOJIEKYJd. AOCOJIIOTHAs TeMIepaTrypa U3Mepsercs B
KenbBuHax.

TEOPEMA T'AYCCA - yTBepX/I€HHE: MOTOK HAINPSKEHHOCTH 3JIEKTpUYe-
CKOTO IOJII B BaKyyMe 4epe3 JI00YyI0 3aMKHYTYI MOBEPXHOCTb MPOMOPLMOHAIECH
MIOJIHOMY 3apsifly, HAXOASAIIEMYCS BHYTPH dTOM ITOBEPXHOCTH.

TECJIA (o6o3Hauenne Ta) — equHUIAa U3MEPEHUS MAarHUTHOW WHIYKIMH B
cucreme CH.

TOK — HanpaBieHHOE IBUKEHNE 3apSKEHHBIX YaCTHII.

TOK CMEHMIEHUS — ucTOYHUK MarHUTHOTO MOJIsi, 0OYCIOBICHHBIA H3Me-
HEHHUEM HAIPSKEHHOCTHU 3JIEKTPUUECKOTO OISl CO BPEMEHEM.

TEIIJIOEMKOCTD Tena — ¢usudeckas BETUUMHA, ONMPEISISIONIasi OTHOIIIE-
HUE OECKOHEYHO Majior0 KOJIMYECTBA TEIUIOTHI, IMOJYYEHHOI'O TEJIOM, K COOTBETCT-
BYIOILIEMY IIPUPALIECHUIO €r0 TEMIIEPATYphbl. EIMHUIA U3MEPEHHUs TEIUIOEMKOCTH B
cucreme CHU — JIx/K.

TEPMOJINHAMMKA — Hayka, u3y4aroiiasi BHyTPEHHEE COCTOSIHUE MaKpO-
CKOMMYECKHX CHCTEM Ha OCHOBE 3aKOHOB B3aMMOINpPe0oOpa3oBaHUs U Mepeaadn dHep-
TUU.

TPAEKTOPHUS — kpuBasi, o KOTOpor nepemMeniaetcss 0ObeKT B IPOCTPAHCT-
BE.

YCKOPEHME — ku"neMaTtudeckasi XapakTepUCTHUKA, TTOKa3bIBaIOIasi U3MEHe-
HUE BEKTOPa CKOPOCTH 3a €INHUILY BPEMEHMU.

IKBUIIOTEHIMUAJIBHAA ITOBEPXHOCTD - noBepxHOCTb, BO BCEX
TOYKaxX KOTOPOM MOTEHIMAN 3JIEKTPUUECKOTO MOJISI UMEET OJJMHAKOBOE 3HAUYCHHUE.

DHTPOIIUSA B xuMuu U TepMOJUHAMUKE SIBISIETCS (QYHKLUEH, ONpeaemnsito-
1IEN BEPOSITHOCTh COCTOSIHUSI TEPMOJIUHAMUYECKOU CUCTEMBI,

SJIEKTPUUECKASI EMKOCTD — XapaKTepHCTHKa IPOBOIHHUKA, OIpeIe-

JIArOmas CIIOCOOHOCTh IMPOBO/IHUKA HAKAIJIMBATDH BHCKTpI/I‘-IeCKI/Iﬁ 3apsaa.
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IJIEKTPUUYECKASA TIOCTOAHHAS — ckansipHast BeTU4YMHA, BXOIAIIAS B

BBIPAKCHUC PALdAd 3dKOHOB 3JICKTPUYCCKOI'O ITIOJIS IIPpU 3allMCU UX B CH. SHCKTpI/I‘Ie-

cKast mocTostuHas €= 8,854 187 820 x 10™'* ®d/m.

SJIEKTPUUECKUM 3APSAJI — ckansdpHas BENMYHHA, XapaKTepH3yIOMas
3JEKTPOMAarHUTHOE B3aUMO/ICHCTBUE.

SJEKTPUUYECKOE IOJIE — ocobas ¢hopma cyiiiecTBOBaHUS MaTepUH, MO-
CPEACTBOM  KOTOPOM OCYIIECTBISIETCS B3aUMOJICHCTBUE MEXKTY MOKOSIIUMUCS WU
JOBIKYLIUMHUCS JJIEKTPUUECKUMU 3aPSIaAMHU.

QJIEKTPUUYECKOE COINMPOTUBJIEHUE — mepa cnocoOHOCTH Ten Tpe-
MATCTBOBAThH MPOXOKICHUIO YEPE3 HUX IIEKTPUUECKOTO TOKA.

IJEKTPOABUXKYIIAA CUJIA (3/C) — dpusnueckas BeIMYMHA, XapaKTe-
pusytomas paboTy CTOPOHHHX CHJ B MCTOYHHUKAX MOCTOSHHOTO WJIM MEPEMEHHOTO
Toka. B 3amkHyTOM npoBoasiieM kKouType 3/1C paBHa paboTe 3THX CHII IO TIepeMe-
HICHUIO €AMHUYHOTO MOJIOKUTEIILHOTO 3apsi/ia BI0JIb KOHTYpa.

QJIEKTPOMATHUTHASA NHAYKIIUSA — BO3HUKHOBEHHE 3JIEKTPOIBUKY-
et cuiel (3/1C) B mpoBOAHKKE, HAXOASIIEMCS] B U3MEHSIOIEMCS MArHUTHOM T10JI€
Win Onarojapsi JBUKEHUIO MPOBOJIHUKA OTHOCUTEIBHO HEMOJIBU)KHOTO MAarHUTHOTO
HOJISL.

QJIEKTPOMATHUTHOE ITIOJIE — oco0blili Buj MaTepuu, MOCPEICTBOM
KOTOPOT'O OCYILECTBIISIIOTCS 3JIEKTPOMAarHUTHOE B3aUMOJCHCTBHE.

IJEKTPOCTATHUKA - pazgen 37a€KTPOAMHAMHUKH, WU3YYAlOIIUM TOJE He-
MOJABMYKHBIX 3aPs/I0B U X B3aUMOJICHCTBHE.

QJEKTPOCTATUYECKOE ITOJIE — s5ekTpruuecKkoe 1noJjie, Co3/1aHHOE He-
NOJABWKHBIMU JJIEKTPUYECKUMU 3apsaMH MPU OTCYTCTBUU B HUX DBJIEKTPUUECKUX

TOKOB.
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4. BJIOK KOHTPOJISA OCBOEHMA ITNCIUIIVINHBI

4.1. MeToauyecKkue yKa3aHUs K BbINOJHEHUIO KOHTPOJIBbHbBIX padoT

B npouecce n3ydenuss nepBoi 4acTH AUCUUIUIAHBI “‘DU3KKa” CTYJEHTHI BbI-
NOJIHAIOT JIB€ KOHTPOJbHBIE PabOThl: KOHTpOJIbHBIE paboThl No 1 u Ne 2. Pemenue
¢usnyeckux 3a7ad SBISETCA HEOOXOAMMOMN MPAKTHUECKOW OCHOBOM M3Y4YEHHS AMC-
muIuMHel  “Pusuka’”. IIpu pemenuu 3a1ad CTyACHT AOJDKEH CaMOCTOSITENIBHO OCY-
LIECTBUTH PSIi MBICIIMTENBHBIX ONEPALIAi, ONMUPAACh HA UMEIOIINECS Y HETO 3HAHUS U
ymenust. KoHTposibHbIE paboThI O3BOJIAIOT IPOBEPUTH CTETIEHb YCBOCHUS CTYJIEHTa-

MU OCHOBHBIX pa3/ieJIOB TEOPETUYECKOTO Kypca.
4.1.1. O0mue TpedGoBaHus K 0()OPMIIEHHIO KOHTPOJIbHBIX PadoT

[Tpu oopmiIeHNN KOHTPOIBHBIX PabOT YCIOBHUS 3a/1ady B KOHTPOJBHBIX pado-
TaxX MEPeNHCHIBAIOTCS TMOJIHOCTHIO, 0€3 COKpalleHuid. PemieHus 3amad TOJKHBI CO-
MIPOBOXKIATHCS KPATKUMU, HO HUCUEPIIHIBAIOIIMME MOSICHEHUSMH C 00s13aTE€TLHBIM HUC-
MOJTb30BAaHUEM PHCYHKOB, BBHITIOJTHEHHBIX YEPTS)KHBIMH MHCTpYMEHTaMu. JlJis 3ame-
YaHWI TperoaBaTess Ha CTPAHUIAX TETPaaNd OCTABIISIOTCS IMONsl. B KoHIE KaKmoi
KOHTPOJBHOM pabOThl HEOOXOUMO yKa3aTh, KAKUM y4e€OHBIM IMOCOOMEM MOJIb30Ba-

Csl CTYZIeHT (Ha3BaHUE Y4EeOHOTO MOCOOUS, aBTOP, IO U3/TaHMUS).

Pemenue 3aJla4 PCKOMCHAYCTCS BBIIIOJIHATL B CJ'IGI[YIOH_Ieﬁ IIOCJIACA0BATCIbHO-

CTH:

1. BBectn OykBeHHBbIE 00O3HAUEHHS BCEX UCIOJIb3YEMbIX (PU3MUYECKUX BEJU-

YHUH.

2. Ilox pyOpukoii "JlaHo" KpaTKo 3amucaTh yCIOBUE 3aJa4u ¢ TIEPEBOJIOM 3Ha-

YEHUH BCEX BEJIMYMH B OAHY cucteMy eauHui — CH.

3. Cnenath (ecnu 3TO HEOOXOIUMO) YEPTEX, MOSICHSIIOMUN COIepKAHUE 3a]1a-

YU U X004 pCIICHUA.

4. Yxa3arh (pu3nuecKkue 3aKOHbI, Ha KOTOPBIX 0a3upyeTcs pelieHue 3a1aqyu, u

000CHOBATh BO3MOKHOCTh UX MCIIOIL30BAHUS.
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5. CocTaBUTh ypaBHEHUE WM CHUCTEMY YPAaBHEHUH, pelas KOTOPYH) MOKHO

HaWTH UCKOMBIE BEJIMYUHBI.
6. PemuTh ypaBHEHHE U MOJYYUTH B 00IIIEM BUJIE pacyeTHYIO popMyiy.

7. IlpousBectu BhiuMcieHus B eqununiax CH. st 5Toro mojcTaBuTh B pac-
YeTHYI0 (JOpMYJTy YUCIIOBBIC 3HAUCHHS BEJIMUUH, 3aJJaHHbIC B YCIIOBUU 3a/1a4M, U BbI-

MTOJITHATH BBIYUCIICHUS (C TOYHOCTHIO HE Oosiee 2-3 3Hadamux mudp).

B kaxmoii KOHTpOJIBHOU paboTe cleAayeT peluTh BoceMb 3a1ad. Homepa 3a-
7a4 ONpeNesstoTcs 1Mo TabauuaM B COOTBETCTBHM ¢ HOMEPOM CBOero BapuaHta. Ho-

Mep BapuaHTa COOTBETCTBYET MoceaHel mudpe mmdpa cTyAeHTa.

KoHTponbHble pabOTHI BBINOIHIKOTCS B HIKOJBHOM TeTpaau, Ha OONOXKKE KO-
TOpPOW TMPUBOAATCS CBEAEHUS O CTyleHTe ((daMumiusi, uMs, OTYECTBO, (HaKyJIbTET,
mu@p, HOMEP CIEeUUaIbHOCTH), a TaKKe€ HOMEpP KOHTPOJbHOM paboThl, HOMEp Bapu-

dHTa 1 HOMCpPaA BCCX 3ada4 KOHTpOHBHOﬁ pa6OTBI.

Peménnyio KOHTPOJIBHYIO pabOTy CTYJIEHT AOKEH CIaTh Ha MPOBEPKY MPero-
JaBaTENI0 HE MO3/HEE, YEM 3a HEJIEIIO 10 SK3aMEHa. 3a4eT MO0 KaKJO0W KOHTPOJIbHOM
paboTe MpuUHUMAaeTCd MpenojaBaTeieM B Ipolecce co0eceoBaHus MO MPaBUIBLHO

PEIICHHON U TTPOPEIEH3UPOBAHHON KOHTPOJIBHOM padore.

Crynentsl, oOydaronuecs B cucteme JIOT, moMemarT KOMUIO PEIIEHHOM
KOHTPOJIbHOHM paboThl Ha yueOHOM caiite JIOT. Ha sk3ameHe CTyIeHT MpeabsBIIseT
IPEIoAaBaTeNI0 pacueyaTKy pe3yabTaToB MPOBEPKU KOHTPOIbHON paboThl U paboTy

HaJ OIINOKaMHU.

4.1.2. Meroau4yeckue yKa3aHus K BbIIIOJTHEHUIO KOHTPOJIbHOI padoTsl Nel
B xouTponbHyto paboty Ne 1 BkitoueHbI 3ajaun 1o pazaenam: "dusnueckue

ocHOBBI MexaHuku'", "MonexynspHas pusuka", "OCHOBBI TEPMOIUHAMHUKH" .

3agaum 101...150 oTHOCATCS K pazaeny "duzndeckue OCHOBbI MEXaHMKH'" Ha
cienyromue Tembl: "KuHemaTuka mocTynaTelabHOrO W BpPAILATEIbHOTO JIBHXKEHHA"

(101...110); "dunamuka noctynatenbHoro awxkeHus" (111...120); "3akonsl co-
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XpaHEeHHs] UMIIyJbca M MexaHndeckor sHepruu” (121...140); "Iunamuka Bpamia-
TeapHOTO JBMXeHUs TBepaoro Tena" (141...150). Ha pa3nensr "MonekynspHas ¢u-
3uka" u "OCHOBBI TepMOAMHAMUKHK' naHbl 3a1auun 151...180. [{ns pemrenus 3agad Ha
3TH TE€Mbl HEOOXOIUMO YCBOUTh OCHOBHbBIE MOHSATHS, IPOLIECCHI C UJICATbHBIM Ia3oM,
YpaBHEHHUE COCTOSIHMS MJeanbHOro rasa (3amaum 151...159), nonstue BHyTpeHHEN
SHEPIrUH, OCHOBHOE YpPAaBHEHUE MOJIEKYJISIPHO-KMHETUYECKOM Teopuu ra3oB (160-
164), I Hauasio TepMOIMHAMUKH, TEILIOEMKOCTh UJICAJIBHOTO rasza, npuMeHenue | Ha-
yajia K pa3auuHbiM nporeccam (165...173); Il Hauano TepMOaMHAMUKH, HTPUHLIMI

JEeUCTBUS TEIJIOBOM M XOJOoAuIbHOM MatnH (177...180).

Tabnuya 4.1.1.

Bapuant Howmepa 3amau

)

101 111 121 131 141 151 161 171
102 112 122 132 142 152 162 172
103 113 123 133 143 153 163 173
104 114 124 134 144 154 164 174
105 115 125 135 145 155 165 175
106 116 126 136 146 156 166 176
107 117 127 137 147 157 167 177
108 118 128 138 148 158 168 178
109 119 129 139 149 159 169 179
110 120 130 140 150 160 170 180

O 00 1 O\ L Wi —

JUis perieHust 3TUX 3a/1a4 HE0OOXOAMMO O3HAKOMHTHCSI C KOHKPETHBIMH (PU3HU-
YeCKUMH TMOHITHSIMH, 3aKOHAMH U (HopMyraMH JaHHON TEMbI, pa300paTh MPUMEPHI

peUICHMA 3a1a4.

4.1.3. IIpumeps! pelienns 3a1a4
3aoaua 1.1
JIBe MaTepuanbHble TOYKH ABUKYTCS IO MPSIMOM COTJIACHO YpPaBHEHMSIM:
X1 =4, +Bt+C fux,=4A,+Byt+ C r,tne 4, =10 M; B, = 4 m/c; C, =
-2 M/C2; A, =3 M, B,=2wm/c; C;=0,2 M/c’. B Kakoil MOMEHT BPEMEHU CKOPOCTH
ATUX TOYEK OyAyT oauHakoBbI? HailTu yckopeHusi 3TUX TOYEK B MOMEHT BPEMEHU

3c.
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JlaHo:

x1=A,+Bit+C
Xo=Ay+ Byt + G
A=10m; Bi=4wm/c; C;=-2 M/,
Ay, =3 m; By =2 wm/c; C, =02 m/c*.

t="7?(npu v, =0,)

ay = ? ar = ?

Pemenne. Tak kak TpeOyeTCcss HAUTH CKOPOCTh U YCKOPEHHUE B ONIPEICIICHHBIM
MOMEHT BpeMeHH (¢ = 2 ¢), TO 3TO 3HAUUT, YTO HYKHO ONPEETUTh MTHOBEHHbIE 3Ha-
YEHUS CKOPOCTEN U YCKOPEHHUM.

MrHoBeHHas CKOPOCTB U €CTb IICpBas MpOU3BOJHAA OT KOOPAWHATHI ITO BPEME-

HU. [1omydnm BeIpaKEeHUS UL U1 U V!

OU)= —— :Bz +2C2t.

OnpenenuM MOMEHT BPEMEHH, B KOTOPBIN U1 = Uy, IS YETO MPUPaBHSIEM Ipa-
BbIE YaCTU BBIPAXKECHUI 111 CKOPOCTEM:
B, +2Cit=B, +2Cyt,
OTKyJ1a
Bl — Bz .
2(C1 - Cz)

[ToncraBmsis yncaoBble 3HAYCHUS B (POPMYITY, TOTYyUUM:

=272 _g4c.
2-(0,2+2)

VY ckopeHue Touek HaiijieM, B3siB IIEPBYIO MMPOU3BOAHYIO OT CKOPOCTH IO Bpe-

MCHU.

0 =P,
dt
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— dUZ

=

=2C,.
3 BBIpa}KeHI/If;I BHUJHO, YTO ABHKXCHUC 00enx ToYek IMPOUCXOAUT C ITIOCTOAH-
HBIM YCKOPCHHUCM!
a;=2C, = 2-(=2) M/c> =— 4 M/,
a,=2C,=2-(0,2) m/c* = 0,4 m/c”.

3aoaua 1.2

Teno Bpamaercsi BOKpYT HEMOABUKHOM OCH T10 3aKOHY

¢o=A+Bt+Ct,
rne A =12 pamx; B =18 pan/c; C =— 4 pan/c’.
Onpenenuts HOpMaIbHOE U TAHTCHITHAIBHOES YCKOPEHHUE TOUKH, PACIIOJIOKCH-

HOM Ha paccTossHuu 0,2 M OT OCH BpallleHHs] B MOMEHT BPEMEHU 2C.

JaHo:
¢ = A+ Bt+Ct’

A =12 pax; B= 18 pag/c; C =— 4 pan/c’
t=2¢c,R=02wm

a,=?
ar :?

Pemenne. TanreHuaabHOE 1 HOPMAIbHOE YCKOPEHUS TOYKU, BPAIIAFOIIETOCS

TeJa BeIpaxarorcs popmynamu:

rZie ® — YIJIOBasi CKOPOCTh TeNa; f — yriioBOoe YCKOPEHHUE Tea.

VYTII0BYI0 CKOPOCTh (® HANAEM, B3sB IIEPBYIO IIPOU3BOJHYIO OT YIJIa IOBOPOTA

110 BPEMEHH:

m=@:B+2Ctl.
dt
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B MoMeHT ¢ = 2 ¢ yrioBas CKOpOCTb paBHa
o = [18+2-(-4)-2] pawc =2 pan/c.
VYrioBoe ycKopeHHe Hal[eM, B35IB IPOU3BOAHYIO OT YIJIOBOM CKOPOCTH IO
BPEMEHU:

do 2
=—=2C=-8 pan/c".
P="u pat

[ToncraBnss 3nauenus 3, o, 7 B Gopmyiy (1), momydnm:

ar=(-8)-02 2 =—1,6
C C

3aoaua 1.3.
[Toe3n maccoit 4000 T uaer co ckopoctbio 36 km/4. [lepen ocTaHOBKOH TO-
5
€311 HauumHaeT TopMo3uTh. Cuna Topmoxkenus paBHa 2-10° H. Kakoe paccrosnue

npoiier noe3x 3a | MUHYTY moclie Hauaa TOPMOKEHUS ?

Jlano:
Vo= 36 xm/u
F=2-1H

t=1 mun

S=7?
Pemenne. Ilociie Hauana TOpMOXKEHHUS MOE€3[ CTajl JBUTAThCA pPaBHO3aMEN-
JIEHHO, CJI€A0BATENIbHO, MYTh, KOTOPBIM MPOLIEN MMOe3]1, BhIpaxkaeTcs (hopmMyIioi:

2
s=v- 4
2

rae Vy — HavalibHasi CKOPOCTh JBMKEHHUA moe3na. Ha moe3n nelicTByeT mpu 3ToM
TOJIBKO OJIHA CHJIa — CHJIa TOPMOKEHHUA. JTa CHJIa COOOIIAET NOE3qy OTPULIATEIbHOE

yckopenue. [To Bropomy 3akoHy Hbl0TOHA 3TO yCKOpEHUE pPaBHO

a=—.
m
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[ToncTraBuM 3TO BBIpakeHHE B (OPMYITY MYTH U IMOTYIHM

2
2m

[ToncraBnsgem uucnoBbie 3HaueHus: Vy, F, ¢; nposenem Beruncienud S. [Ipen-
BAapUTEIILHO BCE JIaHHbIE 3amnuiiieM B cucteme CU:
m=4000T=4-10° xr,
Vo=36 kM/u= 10 m/c,
F=2-10"H,
t = Imun = 60 c.
Torma

2-10°H -(3,6-10°)

2410k O™

S=10M/c-60c—

3aoaua 1.4

Tenexka ¢ neckoM maccoil 40 Kr ABUXKETCS TOPU3OHTAIBHO CO CKOPOCTHIO
5 M/c. Kamenb maccoii 10 kr momajsaer B MECOK M JIBHXKETCS BMECTE C TEIEKKOM.
Haiiti cKOpOCTbh TENEXKKHU MOociie TonagaHus KaMmHs: a) MaJarollero no BepTUKAIH;

0) JeTAIIEero rOpU30HTAIBHO HABCTPEUY TEJIEKKE CO CKOpocThio 10 m/c.

Jlano:

m; =40 kr
v; =5M/c
m,= 10 kr

a) vy, =0;0) v2=10 m/c

u="7?
Pemenue. PaccMOTpuM cucTeMy, COCTOSAIILYIO U3 TEIIEKKU U KaMHs. BHemHsAs
cwia (Cuia TSYKECTH) HalpaBjieHa BEPTUKAIBHO, IO3TOMY MO OTHOIICHHIO K BEpPTH-
KaJIbBHOMY JIBJKCHHMIO CUCTEMa HE3aMKHYTA, U 3aKOH COXPAaHEHHsI UMILYJIbCA HEIPU-

MeHUM. B TOPU30HTAJIBHOM HAIIPaBJICHHWH BHCUIHHUC CUJIbI OTCYTCTBYIOT, U 3aKOH CO-
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XPaHCHUA NMITYJIbCa BBIITOJHACTCA B IMPOCKIMKW HAa HAIIPABJICHUEC JIBUKCHHA. B kaue-
CTBC IMOJOXKUTCIIbHOT'O HAIIPABJICHUA OCHU Xl'[pI/IMeM HaIIpaBJICHUC IBHUIKCHHA TCIICK-
KH.

ITocne BCPTHUKAJIBHOI'O ITaACHUA KaMHA CKOPOCTb CHUCTCMbI YMCHBIIUTCA TOJIb-
KO B CBA3H C YBCIIMUCHHUCM MACCHI. 3aKoH COXpPAaHCHHUA MMITYJIbCAa OJIA OAHHOTO CIIYy-

qada NMCCT B[

m; 01 = (m1 + mz)u,
OTKyJ1a

_ m;
Uu=-—m7o9;.
m;t m:
ITocne moacTaHOBKM YHCJIOBBIX 3HAYCHUU B BBIPAKCHUC, IIOJTYYHM.

. 40-5
40 +10

3anuiieM 3aKoH COXpaHCHHA UMITYJIbCA B IIPOCKIUU HAa OCb XI[JIH ciIy4asd, KO-

raa KaMCHb JICTUT 'OPU30OHTAIIBHO, CO CKOPOCTBIO Uy = 10 m/c n 3aCTPCBACT B IICCKC:

m,0, —m,v, :(ml +m2)u’
OTKyJa
mo, —m,o
u=T14% 2%
m1+m2

HpOI/IBBG,Z[eM BBIYHMCJICHUA BCINYUHEI U:

L _40-5-10-10
40 + 40

M/C=2MM.

3aoaua 1.5
B Memiok ¢ meckom maccoit 4 Kr, BUCSIIMN HAa JUIMHHON HEPACTSKUMOW HUTH,
nonajaeT IyJjs, JeTsAlas TOPU3OHTAIBHO co ckopocThio 400 M/c, u 3acTpeBaeT B

HeM. Macca nmynu 10 r. Haiiti BBICOTY, Ha KOTOPYIO OTKJIOHUTCS MEIIOK C TIECKOM.

Jlano:

my; =4 Kr
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01 =0
m, =10 =107 kr

(9] =400 m/c

h=7?
Pemienue. B ropu30OHTAIBHOM HANpPaBJICHUM HA IIyJI0 U MELIOK BHEIIHUE
CUJIbI HE JEUCTBYIOT, IO3TOMY CUCTEMa MEIIOK - MYJI MOXKET CUMTATHCS 3aMKHY-

TOMU.

Torzxa 3dKOH COXPAaHCHHUA UMITYJIbCA B IIPOCKIMU HA OCb X 3aruiueTcs B BHUAC
m,v, = (ml +m, )u ’
TJ€ U — CKOPOCTh COBMECTHOI'O ABUKECHUS MELIKA U ITYJIH.
Orcrona

m,0,

Uu=—7"—.
m1+m2

Ilocne Toro kak B MEIIOK I1omana ITyJId, o0a 3TH Tena ABHIKYTCA BMCECTC, 1 UX

KHHCTUYCCKAA DHCPTUA IICPCXOAUT B NIOTCHINAJIBHYO O9HCPI'HIO.

CornacHo 3aKOHY COXpaHEHUs SHEPTrUuu
(m, +m,)
1 2 2 _
2y = (my, +m, )gh.
2
N3 nmomyueHHbIX GpopMyI1 HalIEM BBICOTY

2 2
u m, |0,

h= = —
2g m,+m, )2¢g

[IpoBenem BeruuciaeHuUs o Gopmyie

-2 2 4
h= 10 -16 10 =~51-107 m=5,1 cm.
4+0,01 2-9.81

3aoaua 1.6
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MaxoBuk B Bujzie aucka maccoit S0 kr u paguycom 20 cM Bpalaercsi ¢ 4acTo-
Toit 480 00/M. 3aTeM K MOBEPXHOCTU MaXOBHMKa MPUKAIU TOPMO3HYIO KOJIOAKY, MO
JIeHCTBUEM KOTOPOW MaxOBUK ocTaHOBWiCS depe3 50 c. OmpeneauTs MOMEHT CHII

TOPMOKEHUSI.

Jano:
m = 50 Kr
R=02wm
At=50c¢
n =480 06/mMuH = 8 00/c

M=7?
Pemienne. L1 onpenenennst TOpMO351IEro MOMEHTa M HCTIOJIb3yeM OCHOBHOE

YPaBHCHUC JUHAMHKH BPAIIATCIILHOI'O ABUKCHUA B BUAC

AL
M=—,
At
2
mR
rac L=J(D — MOMCHT KOJIMYECTBA IBHKCHUIA MaXOBI/IKa; J = — — €Iro MOMCHT

1703(5]0)007078
Torma AL = JA® — n3MeHeHe MOMEHTa KOJIMYECTBA ABMKCHHUS MaXOBHKa 3a
Bpems At.
AL = JAo = J(0; — 0))= —Jo,,
rJe HayajbHas yriioBas CKOPOCTh MaxOBUKa M; = 27, a KOHEUHas m; = 0.

I[J'ISI MOMCHTA CUJIbI IIOJIYYUM:

AL J-lmn _mR*-2nn _mR®-mn
At At 2-At At

M =

B pesynbraTe BeuncaeHuit mo popmyiie moIyduMm:

R*-mn 50-4-10"-3,14-8
At 50

m=" ~1,05H.

3aoaua 1.7
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Jluck maccolt 5 Kr KaTUTCsl 0€3 CKOJIbKEHUS 110 TOPU30HTATBHOM MJIOCKOCTH CO
CKOPOCThIO 2 M/c. HaliTh KMHETHYECKYIO SHEPTHUIO JUCKA.
JlaHo:
m =135 Kr

v=2wm/Cc

Ek =9
Pemenne. Kunernueckas OHCPIUuAg AUCKa CKIaAbIBACTCA M3 KHHCTHUCCKHUX

SHEPIruil NOCTYNATENBHOTO U BPAIIATEIbHOIO IBUKEHUM, T.€.

2 2

mo Jo
E =—+—7,
2 2
IJIc MOMCHT WHEPIUH JINCKa
mR’
J=—,
2

a yriosast ckopocTh ® = v/R. TloacrtaBnsis 3HaueHus J U ® B (HOpMyIy KUHETUYE-

CKOM DHEPIuu, MOJyYuM:

Breraucnenus JaroT.

3aoaua 2.1

B Oanmnone o0bemoMm 10 1 Haxomutcsa renuii nox aasiienueM 1 MIla u temmne-
patype 300 K. ITociie Toro kak u3 6amiona 0su10 BeinyeHo 10 r renus, remnepary-
pa B 6aymone nonusmiack 10 290 K. OnpenenuTs naBlieHUE TelHsl, OCTABIIEToCs B

OautoHE.
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Jlano:

V=10n1=10" o’

p=1 MITa=10°ITa

Am =101 =10"kr

T, =290 K; p=4-10" kr/momb

p2="7?

Pemenne. [Ipumennm ypaBaenne Knanenipona-Menneneesa

p2V=%RT2, (1)

rac m; — Macca rcijivus B 0ajIoHEe B KOHEYHOM COCTOAHHUHU, | — MOJIIpHasg Macca re-
JIUA, R - YHHUBCpPCAJIbHAA ra3oBas IIOCTOAHHAA.

M3 3TOT0 ypaBHEHMS BBIPA3UM JIABIICHUE Ds:
_ m,RT,
ur

P, )

Macca renust my = m; — Am,
IJie m; — Macca rejids B Ha4aJIbHOM COCTOSIHUU; Am — macca renusi, B3siToro u3 0a-
JIOHA.

Macca renus m; Haxonutcs u3 ypaBHeHus Knanenpona-Menneneesa, 3anu-

CaHHOT'O JJIA HAYaJIbBHOI'O COCTOSHMUA:

y
m =t (3)

1

OKOHUAaTeNbHO UCKOMOE JIaBJieHHE ¢ y4eToM (2) u (3) BeIpa3uTCs Tak:

_meRT, _(m —AmRT, (pplV _, \RT, T, ~_AmRT,
nv nv RT, w1 T

[TpoBenem Brruucienus no gpopmyle (4)

-2
pzz[@.loﬁ 10° 831

00 a0 e -290) Ma = 0,364 MITa.
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3aoaua 2.2

OnpenenuTs CPEeNHIOI KUHETHUYECKYH) JHEPTHIO BpAaIATEIbHOTO JIBHKCHHSI
OJTHOM MOJIEKYJIbI yTJIEKUCIOoro rasza npu temmeparype 400 K u nonHyro kuHeTnye-
CKYIO 3HEPIHUIO TEIUIOBOTO JIBHJKEHHS BCEX MOJIEKYJI, Haxondmuxcs B 20 r yrieku-

3
cioro raza. MossipHast Macca yriiekuciioro raza 44 - 107 xr/mModb.

Jlano:
m=20r=2107kr
T=440K

= 44-10" kr/monb

<E,,>=7U="7?

Pemienne. Yraekucnsiii raz CO, — TpeXaTOMHBIH, I OJTHOM MOJIEKYJIBI TaKO-
ro rasa 3 cTeneHu cBOOO/bI MPUXOJATCA Ha MOCTYIATEIbHOE ABUKEHUE U 3 CTEIICHH
cBOOO/BI Ha BpalllaTelbHOE JBUKEHHE, BCETO OJHA MOJIEKYJa TPEXaTOMHOIO rasa

umeet 6 creneHeil ceo0oabl (I =6). Ha kaxxayto creneHb cBOOOAbI MPUXOAUTCS OAU-
HAKOBasi CPEJHSS SHEPIHsl, paBHAs EkT , e k — nocrosiHHas boabivmana.

HOC—)TOMY CpCAHAA DHCPIUA BPpaAllaTCIIbHOT'O IBUKCHUA OHHOﬁ MOJICKYJIbI

<Esp>=3-%kT:%kT. (1)

[lonHast KMHETHYECKasl SHEPrusi TEIIoBoro ABMKeHHs Moisiekyld CO, — 3To
BHYTPEHHSA SHEprus raza. Yucino Mosexy1, CoaepKaluuxcs B JaHHON Macce rasa:

N="N, )
)

rae N, — nocrosHHas ABorajpo.

HO3TOMy II0OJIHAsI KHHCTUYCCKAas 3HepFI/I§I TCIIJIOBOT'O IBUKCHUS MOHCKYH
U=N-Lir=""n Chr=""N 3T 3)
2 1) 2 )
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[TpousBenem Berumcienus mo hopmyinam (1) u (3)

<Enp>:%kT:L5'L38'10‘” -4-10° =8,28-10" Jlx;

-3
:20—1073 .6,02-10*-3-1,38-107% -4-10> =4531,4 JIx = 4,53 xJIk.
44 -10
3aoaua 2.3
Pa3HOCTh  yJenbHBIX TEIUIOEMKOCTEH HEKOTOPOro JIByXaTOMHOIO Trasa

JIx

< Haittu MossipHy10 Maccy rasa 1 €ro yIAejabHble TENI0EMKOCTH.
KI -

c,—c, =260

Jlano:

Jx

kr-K

c,—c, =260

i=35

n="7?

pr().:?

CVy().:?

Pemenue. M3BecTHO, 4TO POPMYIIBI I MOJISIPHBIX TEINIOEMKOCTEHN ra3a mpu

IIOCTOSTHHOM 00BbEME U IIpH MOCTOAHHOM JIaBJICHUHW UMCIOT BHUA

CVzéR;
i+2 M
C,=—R,
i

IJI€ I — YUCII0 CTCIICHEH CBO60,III>I; R — YHUBCpPCAJIbHAA Ira30BadA IMOCTOAHHAA.

C npyroii CTOpOHBI, yAeIbHas TEINIOEMKOCTh CBSI3aHa C MOJISIPHOM COOTHOIIIE-

HHUCM

c:g. (2)
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[ToaTomy

¢, —C,= € =Gy =Ac. 3)
0
Torna
i+2 ]
R——R
_CP_CV_ I 2 _R 4
h= = == )
i Ac Ac

YI[CJ'IBHaH TCINNIOCMKOCTD ITPU ITOCTOSAHHOM o0BeMe

oo
c, =——= LS , (5)
noo2p
a IIpyu IMOCTOAHHOM aBJICHHUHU
. :&:(Z+Z)R. ©)
0 2p

[IpoBenem Briuncienus no Gpopmynam (4), (5), (6):

Ac  2,60-10 MOJIb

b

o SR_25831_ 0 Tk
2u 32107 kr-K

CP=7R=3’5.8’31z909 JIx .
2u 32-107° xr-K

3aoaua 2.4
[Ipu nz06apuyueckoM pacuIMpeHUH ABYXaTOMHOTO Ta3a Oblja CoBepIleHa pado-

Ta 2 xk/[x. Kakoe KoIu4ecTBO TEMI0Thl COOOIIEHO razy?

Jlano:
i =5
A=2-10° Ix

Op="?
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Pemenue. 3BecTHO, 4TO MPU H300apUIECKOM MPOIIECCE COBEPIIAETCS paboTa

m m
A=p(V,-V)=—R(T, ~T,)="—RAT. (1)
2 u
CnenoBaTeibLHO
AT :mi. (2)
—R
1)

KosmdecTBo TEIUIOTHI, MOABEICHHOE K ra3y B IMpolecce N300apuyecKoro pac-

HIUPEHUSI, PABHO

m
0, =—C,AT, (3)
Tl
i+2
rie C, = 5 R — MonsipHas TEMIOEMKOCTh MPHU MOCTOSSHHOM JaBiieHuH. C yyeTom
3TOTO
0 =" 2pAT. &)
u
IToncraBnss Beipaxenue (2) B (4), U y4uThIBasl, YTO JJIsl JBYXaTOMHOTO Trasza
[ =5, NOJIy4YUM:
0, :l+2A:%A:3,5-2-103 Tk = 7 ).
3aoaua 2.5

XonoauibHas MalinHa pabotaer 1mo odpaTHoMy UKy KapHo, X0M0AMIbHBIN
koa¢pdunrienT kotoporo pased 250 %. Kakos tepmuueckuii KIIJl TemioBoit mariu-
HBI, paboTatomeli Mo npsMomMy 1ukiy Kapuo?

Hano:

N =250

n="?
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Pemenue. Casoxem KIIJ[ mpsimoro u oOpaTtHoro mukioB KapHo.

Tepmuueckuit KI1JI 10060 Tem1oBoW MalIiHbI

:i:Ql_Qz :1_%
Q1 Q1 Ql

rae A — pabora, nomy4eHHas B HUKJIE;, (), — KOJIUYECTBO TEIJIOTHI, MOJTyYEHHOE pa-

n : (D

0OYMM TEJIOM OT TCIINIOOTAATUYHKA, Q2 — KOJIMYCCTBO TCILIOTHI, OTAAHHOC TCILIOIIPHU-

EMHHUKY.
B o6patHom 1ukie mpu paboTe XOJOIMIBHONW MAaIIUHBI OCYLIECTBISETCS IIe-
peaada TeraoThl OT XOJOJHOTO Tejla TOpsSueMy 3a CUET COBEpILIECHUs pabOThl BHEIII-

HUMU CHJIaMU.

XonoaunbHbINH KOdDPUITUEHT

n=So 2 @
A ‘Ql‘ - Qz
[IpeoOpazyem Boipakenue (2):
0, 1
n, = = : 3)
‘Q1‘ - Qz g -1
0,
Bripazum =L ys dbopmyisl (1):
2
9 — 1 ) 4)
Qz 1- n
[ToncraBum (4) B (3) ¥ OJyYUM BBIpaKEHHUE, CBSI3BIBAIOIIEE 1) U Ny
1 1 1-
2.1 - 1 N
Qz 1- n
Temnepp BEIYUCIUM 1|, BOCIIOJIH30BABIINCH BBIpaKeHUEM (5):
1 1 1

‘r] = - 0,286 .

1+n, 1425 35
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4.1.4. 3aganne Ha KOHTPOJbHYIO padoTy Nel

101. YpaBHeHHE NBUKEHUS MAaTEPUATBLHON TOUKHU BJIOJb OCH X UMEET BH/]I
x=A+Bt+Cr,

mmed=2wm;B=1wm/c,C= —0,5wm/c".

Haiitn xoopauHaTy, CKOPOCTh U YCKOPEHHE TOUYKH B MOMEHT BpPeMEHHU 2 C, a
TaKXe CPEIHIOI0 CKOPOCTh B IIPOMEXKYTOK BpeMEHHM OT 1 ¢ 10 2 c.

102. YpaBHeHHE ABMKEHUSI MaTepUATbHON TOYKH BJIOJb OCU X UMEET BHU/I

x=A+Bt+ CF + D¢,

rae C=0,15m/c*; D=0,01 m/c’.

a) OnpeaenuTh, 4epe3 CKOJILKO BPEMEHHU IOCJIe Hadaia JBUKEHUS YCKOPEHHUE
TouKH GyzeT pasHo 1,5 m/c’;

0) Haiitu cpeanee yckopeHue 3a 3TOT MPOMEXYTOK BPEMEHHU.

103. IlpsmoiMHENHOE IABUKEHHE IBYX MATEPHAIBHBIX TOYEK OMUCHIBACTCS

ypaBHEHUSIMU
x1 = Ajt+B P +C,E v xy = Ast+ Byt +Cof,
rie Ay =4 wm/c; By=8m/c’; Cy=—16 M/c’; 4, =2 M/c; B, = —4 m/c?; Co =1 /e’

B kakoif MOMEHT BpeMEHHU YCKOPEHUS 3TUX TOUEK OyIyT onuHakoBbiMu? Haii-
TH CKOPOCTH TOYEK B 3TOT MOMEHT BPEMEHMU.

104. 3aBUCHMOCTH CKOPOCTH T€Jla OT BPEMEHH IpPHU MPSIMOIMHEHHOM JBHKE-
HUM JaHa ypaBHeHueM v = 0,37, HaiiTn BenMuMHy yCKOPEHHS Tela B MOMEHT BpEMe-
HU 2 C U yTh, IPOWJICHHBIN TE€JIOM 32 HHTEpBai BpeMeHnu ot 0 10 2 c.

105. Teno BpaIaeTcs Mo OKPYKHOCTH COTJIACHO YpaBHEHMIO ¢ = A+Bt+Cr,
rae A =2 pan; B=1pan/c; C=-0,5 paz:/c3.

HaiiTn nmosiHO€ yCKOpEHME TOYKH, HaXOJSALIEHCs Ha paccTossHuUM 1 M OoT ocu
BpAIICHMS JUUI1 MOMEHTA BPEMEHHU 2 C, a TAK)KE CPEIHIOK YITIOBYIO CKOPOCTh B IIPO-
MEXKYTKE BpeMeHH OT | 1o 2 c.

106. Koneco aBromoOuss, Bpamatomierocst ¢ yacrotroi 1200 o60poToB B MHU-

HYTY, [IpX1 TOPMOKCHHUHN CTAJIO BpallaTbCA PABHO3aAMCAJICHHO U OCTAHOBUJIOCH YCPEC3
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20 c. Haiitu yrmoBoe yckopeHHe Kojeca U YMCiIO 00OpOTOB C MOMEHTa Havasa Top-
MO>KEHHSI 10 OCTAHOBKH.

107. Tlo myre okpyxHocTu pamuycoMm 10 m naBrkercs Touka. B HEKOTOpPHBIi
MOMEHT BPEMEHH HOPMaJbHOE YCKOPEHHE TOUYKH paBHO 4,9 M/c’. BeKTop MmoiHOro
YCKOPEHHUS COCTABISIET B 3TOT MOMEHT yroi 60° ¢ BEKTOPOM HOPMaIbHOTO yCKOpE-
Hus. OnpenenuTb MTHOBEHHYHO CKOPOCTh M TaHI€HIMAIbHOE YCKOPEHHE TOYKH B
3TOT MOMEHT BPEMEHU.

108. Koneco paguycom 0,3 M BpalaeTcsa COrjaiacHO YPaBHEHHIO

©=5-2t+0,2F.

Haiitn HOpMalibHOE, TaHTE€HIIMAIBHOE M TIOJIHOE€ YCKOPEHHE TOYEeK Ha 0007e
KoJjieca 4yepes S ¢ Iocie Hadaja JIBUKCHUS.

109. IIpssMOnMHENHOE NBUKEHUE MATEPUAIBHON TOYKH ONHUCHIBACTCS ypaBHE-
HUEM:

x=A+ Bt+ CF,
rne A=75wm; B=-8 m/c; C =4 m/c”.

Cuuras Maccy paBHOHM 2 KT, ONPEACIUTh UMITYJIbC TOUKHU uepe3 2 u 4 ¢ mociie
HayaJla OTCueTa BPEMEHH, a TaK)Ke CUITY, BBI3BABIIYIO 3TO U3MEHEHHE UMITYJIbCA.

110. Komeco, Bpamasce paBHOYCKOPEHHO, IOCTHUTAET YIVIOBOM CKOPOCTH
21 pan/c gepe3 10 obopoToB mocie Hadana BpameHus. HallTu yrioBoe yckopeHHe
KoJeca.

111. ABTroMoOMIL Maccoit 1,5 T MuuTCs MO 1I0CCE €O CKOPOCThIO 150 Km/4.
Ecnu oTtnyctuTh negane rasza, To B T€YEHHE 5 ¢ €r0 CKOPOCTb CHU3HUTCA 10 120 km/4.
Yemy paBHa cpenHss cuia conpoTusieHus? Kakyro 4acTb OHa COCTaBIIIET OT Beca
aBTomMoOus?

112. Haiitm yanuHeHue OyKCHPHOTO TpoOca, MKECTKOCTh KOTOPOTO paBHA
100 xH/M, mput GyKCHPOBKE aBTOMOOWIISI Maccoii 2 T ¢ yckoperueM 0,5 m/c”. Tperu-
€M IpeHeOpeyb.

113. U3 opynus BeuieTaeT cHapsia maccoit 10 kr co ckopoctbio 600 M/c. Ompe-
JIEIUTh CPEHIOI0 CUITY JABJICHHS MOPOXOBBIX Ta30B, €CIM CHAPSJ IBUXKETCS BHYTPH

cTBosa opyaus B teuenue 0,005 c.
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114. apuk maccor 100 r ymas ¢ BBICOTHI 2,5 M Ha TOPU30HTAIBHYIO ILIUTY,
Macca KOTOpPOl MHOTro OoJibllle Macchl IIapuKa U OTCKOYMJI OT Hee BBepX. Cuuras
yaap abCOJIIOTHO YIPYTUM, ONIPEAETUTh UMITYJIbC, TTOTYUYCHHBIN ITUTOM.

115. Tlynsa, umeromas maccy 10 r, moasieTaer Kk JOCKE TOIMHOM 4 CM CO CKO-
pocthio 600 M/c 1, TPOOUB AOCKY BbLIETaeT co ckopocThio 300 M/c. Halitu cpenHioo
CUJIY CONPOTHUBIICHUS JOCKHU.

116. Ha yuyactke noporu, rie Ajisi aBTOTPAHCIIOPTA yCTAHOBJIEHA MpeelibHas
ckopocTh 30 KM/4, BOAUTENs MPUMEHWI aBapHuiiHoe Topmoxkenue. Mucnekrop I'AU
0 clIely KoJIeC OOHapy» W, YTO TOPMO3HOM ImyTh paBeH 12 M. Hapymwmn nu Boau-
TeJb MPABHJIA JIBIKCHHS, eCIH KOd(GGUIMEHT cOmpoTuBieHus (cyxoit acdanst) pa-
BeH 0,67

117. Kocmuueckuit kopabinp maccoit 1000 T HauMHaeT MOAHUMATHCS BEPTH-
KajnbHO BBepX. CHIla TATH €ro ABWKEHUA paBHa 2,94 - 10" H. Onpenennuts yCKOPEHUE
Kopaos.

118. Kakoif Macchl COCTaB MOXKET BE3TH TEILIOBO3 ¢ yckoperneM 0,1 m/c” mpu
korddunrente conporuBnenus 0,005, ecnu MakcuManbHas CWia TATH paBHA
300 xkH?

119. ABTOMOOUITH €1IeT 110 TOPU3OHTATIBLHOM JOpore co ckopocThio 27 m/c. Ha-
CKOJIbKO Ha/I0 COABUTh CKOPOCTb €r0 JABUKEHUS, €CJIM aBTOMOOMIIIO MPEACTOUT CHE-
JaTh TOBOPOT 10 Ayre panguycom 45 m? Koaddunuent tpenus pasex 0,5.

120. Tpoc BeiaepkuBaeT Harpy3ky 1680 H. C kakuMm HauOOIBIITUM YCKOPEHU-
€M MOHO MOJHUMAaTh Ipy3 Maccoi 100 kr, 4ToObI TpOC HE pa3opBaycs?

121. YenoBek u TelekKa ABUKYTCS HaBCTpeuy ApYyr Apyry. Macca Tenexku
32 xr, macca 4yenoBeka 64 kr. CkopocTh Telexku 1,8 KMm/4, CKOpOCTb YeloBeKa
5,4 km/4. YenoBek mpbiraet Ha Tenexky. C Kakoi CKOPOCThIO M B KAaKOM HaIlpaBiie-

HUU OyJET IBUTATHCA TEJICKKA C YEIIOBEKOM?

1

KoaddummeHnT conpoTruBieHns ABIKEHUIO YIUTHIBAET BCE BUIBI TPEHUS (KOJIEC O JOPOTY,
B OCSIX M T.J.) M MOKa3bIBAaeT, KAKyI0 YacTh OT CHJIbI HOPMAJIBHOIO JIaBJICHUS COCTAaBIIAET CHUJA CO-
IIPOTHUBJICHMUSL.
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122. Ha Baronerky maccoun 800 Kr, JBHKYLIYOCA 10 TOPU3OHTAIBHOMY IIyTH
co ckopocTtrto 0,2 m/c, Haceimanu ceepxy 200 kxr me6Hs. Hackoiapko nmpu 3ToM u3Me-
HWJIACh CKOPOCTh BATOHETKU?

123. C xene3H0J0pOXKHON TIaT(OPMBI, IBIKYIICHCS TPSIMOIUHEHHO CO CKO-
pocThio 2,5 M/c, B HaNpaBJiIeHUH, MPOTUBOIOJIOKHOM €€ JBUKEHHUIO, BHICTPEIIUIU U3
nymkd. Macca mnargopmsl ¢ mymkod 20 T, macca cHapsaga 20 Kr, ero HayalibHas
ckopocth 600 M/c. OnpenenuTh CKOPOCTh MIATHOPMBI TTOCIIE BHICTPEIA.

124. Manbuuk CTOMT Ha aOCOJIIOTHO TJIAJIKOM JbJAy U OpocaeT Ms4 Maccoit
0,5 kr. C xKakoii CKOPOCTBIO MOCJE OPOCKAa HAYHET CKOJB3UTh MAIbUHK, €CIIH TOPH-
30HTaJbHAsl COCTABIIAIONIASI CKOPOCTH Ms4ya paBHa 5 M/c, a Macca MajbyMKa paBHa
20 kr?

125. Cuapsa maccoii 20 Kr, JETSIIMN TOPU30HTAIBHO O ckopocThio 500 m/c,
nonanaer B miargopmy ¢ meckom maccoi 10 T, IBHXKYHIIYIOCS CO CKOPOCTBIO
36 KM/4 HaBCTpeUy CHapsAy U 3acTpeBaeT B necke. OnpeaenuTs CKOpoCTh, KOTOPYIO
MOJIYYHT IIaThopMa OT TOTUKA.

126. Kakyro ckopocTh npuodpetaeT paketa Maccoit 0,6 Kr, eciiv mpoayKThl TO-

" 2
penust maccoit 1,5 - 107 Kr BeUIETAIOT U3 €€ coIlia co CKopocThio 800 m/c?

127. Ot nByxcTymneHuaToi pakeTsl Maccor 1 T mpu ckopoctu 1710 m/c otme-
munace €€ Bropas ctyneHb Maccou 0,4 T. CKOpOCTh BTOPOM CTYNEHU IPU 3TOM yBE-
mmamiack 10 1860 m/c. OnpenenuTs, ¢ KaKOW CKOPOCTHIO CTaja JABUTATHCS MEpBast
CTYNEHU PAKETBHI.

128. Baron Maccoit 3 T, IBMKYIIUMKCS MO TOPU3OHTAIBHOMY IIYTH CO CKOpPO-
cThio 1,5 M/C, aBTOMaTHYECKM Ha XOMdY CUEIUISETCS C HEMOJBMKHBIM BaroHOM Mac-
coil 2 T. C KaKo¥l CKOPOCTBIO JBH>KYTCSI BATOHBI ITOCIIE CLEMKHU ?

129. IIpu ropusoHTaIbHOM MOJETE cO ckopocThio 300 M/c cHapsan maccoi 9 kr
pazopBaJics Ha JiBe YacTu. bosbinast yacTe Maccoit 7 Kr nmosryduia ckopocTs 450 m/c B
HalpaBjieHUu moJjéra cHapsaa. OnpenenuTbh BEIWYMHY M HANpPaBIEHHE CKOPOCTH
MEHBIIIEN YaCTH CHapsaa.

130. TerHucHbBIN Ms4, JETSIIHN cO cKOopocThio 10 M/c, oTOpOIIIeH yaapoM pa-

KETKH B MTPOTUBOMOJIOKHOM HaMpaBlIe€HUHN CO CKOPOCThio 8§ Mm/c. [Ipu 3TOM ero kuHe-
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THYECKAsl SHEeprus u3mMeHwiach Ha 5 JIx. Hailtn n3MeHneHne KoimdecTBa ABUKECHUA
MsI4a.

131. B nepeBsiHHBIN I1ap Maccou 5 Kr, MOABEUIEHHBIA HA HUTH, MONAJaeT To-
PU30HTAIIBHO JIETALLAS MMYJIsI MAaCCOM S T U 3acTpeBaeT B HEM. HaliTu ckopoCTh Iyinu,
€CJIM 11ap € 3aCTPSABILIEH B HEM ITyJIEH MOJHSUIICS Ha BBICOTY 10 cM.

132. JIBa mapa maccamu 2 u 3 KI, IBHXKYILHECS IO OJHOM IIPSMON HaBCTpEUy
JIPYT APYTY CO CKOPOCTIMU & U 4 M/C, COOTBETCTBEHHO, HEYIIPYTO CTAIKUBAIOTCS U
JIBUTAIOTCS MOCTE yaapa coBMecTHO. Onpenenuts padoTy AedopMalyu 1mapoB Mocie
yaapa.

133. MonoTkoM Maccoit 1 kr 3a0uBarOT B CTEHY I'BO31Ib Maccoi 75 1. Omnpee-
muth KIIJ[ ynapa.

134. N3 opyaust Maccoii 5 T BbuieTaeT cHapsan maccoit 100 kr. Kunernueckas

SHeprust cHapsiaa npu Beuiete 7,5 - 10° JIxk. Kakyro KHHETHYeCKyIo SHEprio Mmonyda-

€T OpPYAHE BCIEICTBUE OTIAUN?

135. Teno maccoii 30 K MOJHUMAIOT IMTOCTOSHHOM cuiioi Ha BeICOTY 10 M B Te-
yenue 5 c¢. Onpenenuts paboOTy 3TOM CUIIBIL.

136. Ha ropu3oHTaqpHOM y4acTKe IMyTH JJIMHOM 3 KM CKOPOCTb aBTOMOOWMIISA
yBenuuuiaack ot 36 mo 72 kM/4. Macca aBromobuiisa 3 T, koddduruent tpenus 0,01.
Yemy paBHa paboTa, coBepliaeMasi JBUraTeIeM aBTOMOOUIIS?

137. B npyxuHHOM pyXbe npyxuHa cxara Ha 10 cm. [Ipu B3BOgE €€ cxxanm 1o
20 cM. C xakoi CKOpOCTBIO BBIJIETUT U3 PYXKbs cTpena maccoi 30 T, eciid KeCTKOCTh
npyxunsl 144 H/m?

138. JIBe mpy>KUHBI KECTKOCThIO 3 - 10> u 5-10%> H/m COeIUHEHBI MOCJIeI0Ba-
TenbHO. OnpeneauTs padboTy MO PACTSHKEHUIO 00€UX MPY>KUH, €ClId BTOpas Mpy>KHUHa
pactsiHyTa Ha 3 cM.

139. Hackonbko pacTsHyJlach MpYyXKUHA AUHAMOMETpA, €CJIM €ro yKaszaTelb
crout Ha otmeTke 40 H, a npu pactskenuu Obu1a coBepieHa padora 1,6 JIx?

140. TIpysxuna sxectkoctbio 10* H/Mm cxara cuoii 2 -10* H. Onpexgenuts pa-

00Ty BHEIIHEH CHUJIbI, TOTIOJHUTEIBHO C)KUMAIOIICH 3Ty NpyKUHY emé Ha 1 cM.
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141. duck maccoit 5 kr u paguycom 0,4 m Bpamaetcs, nenas 180 o6/mun. Ye-
pe3 20 ¢ mocie Hayajga TOPMOXEHUSI TUCK OCTaHaBiuBaeTcs. HallTu MOMEHT cui
TOPMOKEHUS.

142. Axops motopa Bpamaercs ¢ yactoto 1500 o6/mMun. Omnpenenuts Bpa-
AN MOMEHT, €CJIM MOTOp pa3BuBaeT MomiHocTs 500 Br.

143. Tonkuii crepxxkenb JuHOU 50 cM 1 Maccoit 400 T BpamaeTcst ¢ yriioBbIM
YCKOPEHHEM 3 paj/c’ BOKDYT OCH, MPOXOJAIEH Yepes ero cepeiuHy, MepreHIuKy-
JISIPHO JUIMHE cTepKHA. OnpeaennTh Bpallarouii MOMEHT.

144. K o0oxy aucka Maccod 5 Kr MPHIOKEHA NOCTOSHHASI KacaTelabHas CHJia
2 H. Kakyio KMHETHYECKYIO SHEpruto OyJeT UMETh JIMCK uepe3 5 CeKyHJ Mocje Ha-
yasna JEeUCTBUS CUIIbI?

145. Ban maccoit 100 kr u paguycoMm 5 cMm Bpamaercs ¢ yactoroit 8 oo/c. K
MOBEPXHOCTH Bajla MPIKAIU KOJOJKY, MOJ JAEHCTBUEM KOTOPOM Ball OCTAHOBHIICS
gyepe3 10 c. Onpenenuts K03PPUIMEHT TpeHUss. MOMEHT WHEPIMH Baja paccMaTpH-
BaTh KaK /i1 MaTe€pUaAIbHON TOUKH.

146. ®urypuct Bpamaercs, aenas 6 06/c. Kak M3BMEHUTCS MOMEHT UHEPIINU
dburypucra, eciam OH MPUKMET PYKHU K TPy, U MPU 3TOM YaCTOTa BPAIICHUS CTAHET
paBHoi1 18 06/c?

147. Kakyro paOoTy HY»KHO COBEpIIUTH, YTOOBI 3aCTaBUTh MaXOBHK MacCOM
0,5 T u gmamerpom 1,5 M ocranoButhcs? YacTora BpamieHuss MmaxoBuka 12 006/c.
Cuurarhs Maccy MaxoBHKa paBHOMEPHO pacipeieICHHOM Mo 0001y .

148. CrutonrHOM HUAMHAP Maccoil 4 Kr KaTUTCs 0€3 CKOJbXEHUS MO TOPU30H-
TaJdbHOM MOBEpXHOCTU. JIMHEIHAs CKOPOCTh OCH IMIMHApa paBHa 1 M/c. Onpenenursb
MOJIHYIO KUHETHYECKYI0 SHEPTUI0 LUIUHAPA.

149. C HaKJIIOHHOW TUIOCKOCTH CKaThIBaeTcsl 0€3 CKOJbXKeHUs AUCK. BwicoTa
HAKJIOHHOM TiockocTH 5 M. HallTu cKOpoCTh LIEHTpa TSKECTU JUCKA Y OCHOBAHUS
HAKJIOHHOM IJIOCKOCTH, €CIM €r0 HadaJIbHasi CKOPOCTh PaBHA HYJIIO.

150. IMynsa maccoit 10 r getut co ckopocthio 800 M/c, Bpamasch OKOJIO Mpo-
nosibHOM ocu ¢ yactoroll 3000 o6/c. Cuuras myso HWIMHAPOM JUAMETPOM 8§ MM,

ONpCACINUTD ITOJHYIO KHHCTHUYCCKYIO SHCPIUIO.
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151. 3a nenento u3 crakana ucrnapusioch 50 r Boabl. CKOJIBKO B CpeAHEM MOJIe-
KyJI BBUIETAJIO C IOBEPXHOCTHU BOJIBI 32 1 ¢?

152. CKOIbKO MOJEKYI 6yIeT HaXOMUThCS B 1 ¢M’ cocyma IpH TeMIepaType
10 °C, ecinm cocyj OTKa4aH 10 Pa3peXkeHus, MPU KOTOPOM JaBJEHHE B HEM PaBHO
1,33-10 a?

153. Onpenenurs 4UCIO MOJIEM M YHUCIO MOJIEKYJ ras3a, COJIEpPKAIIErocs B
Koi0e eMkocThio 10 11, ecnu Temneparypa rasa pasaa 17 °C, a gaBnenue 50 kI]a.

154. Jlo kakoil Temmeparypbl HY>KHO HAarpeTh 3alasHHbIA Iap, COJEp KA
17,5 r Boabl, 4YTOOBI IIAp pa3opBaliCs, €CJIM U3BECTHO, YTO CTEHKH IIapa BbIIEPKH-
BatoT nasienue B 10 MIla, a o0wem mapa pasen 1 1?

155. AnbnmHUCT IpU Ka)JAOM BJIOXE MOIJIOWIAET 5 T BO3AyXa, HAXOIAIIETOCs
IPY HOPMAJILHBIX YCIOBUSAX. HaliTh 00beM BO31myxa, KOTOPBIM JOJKEH BIBIXAaTh 3a
TO K€ BpeMs aJbIIMHUCT B TOpax, riae naasieHue paBHo 79,8 klla, a temmneparypa
—13 °C. Monspnas macca Bo3ayxa 29 - 107 kr/mou.

156. B nu3ese B Havaje TakTa ckaTtus Temmeparypa Bozayxa 40 °C, a nasie-
nue 78,4 xlla. Bo Bpems cxxatust 00beM ymeHblaercst B 15 pas, a jaBieHue Bo3pac-
taeT 10 3,5 Mlla. OnpenenuTs TeMnepaTypy Bo3Ayxa B KOHLE TaKTa CKATHS.

157. W3 GamioHa co CXKAThIM KHUCIOPOIOM, HAXOMISIIUMCS TPHU TMOCTOSHHON
TeMIlepaType, U3PaACX0JI0BAHO CTOJBKO KUCJIOPOJA, YTO €ro AaBjieHHe ynajio oT 9,8
1o 7,84 MIla. Kakas yacTh nepBoHa4aIbHOI MacChl KUCIIOPO/1a U3pacxoioBaHa?

158. ITnotHoCTH reus npu aasnernu 0,2 MITa pasra 0,34 kr/m’. OnpenenuTs
TeMIlepaTypy rasa.

159. B ko6e emkocTbio 100 cM’ cOepKHTCS HEKOTOPbIiT Ta3 [PH TEMIIEpaTy-
pe 300 K. Ha ckoipko MOHM3UTCS JaBJIEHHE ra3a B KOJ0Oe, €CIM BCIEJICTBUE YTEUKU
3 Koi10bI Bhiiiner 10% Moneky: ?

160. KakoBa BHYTpEHHSISI SHEPTUS TeIHs, 3aMOJHSIONIETO a’pocTaT 00HEMOM
60 m” ipn nasaennn 100 xI1a ?

161. IIpu ymeHbllieHUH 00bEMa OJJHOATOMHOIO raza B 3,6 pasza ero JaBJcHHE

yBennuuiioch Ha 20 %. Bo ckosbko pa3 u3MeHUIach BHYTPEHHSISI DHEprusi ra3a’?
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162. Yemy paBHa cyMmapHas KHHETHYECKAas SHEPTUsl TEIJIOBOTO JBUXECHHUS
MoJteKyJl a3ota maccoir 20 r mpu temmeparype 10 °C? Kakas yacts 5TOH dHEpruu
MPUXOJUTCS Ha JIOJIF0 MOCTYNaTEILHOIO JBUKEHUS M Kakas 4acTh Ha JOJII0 Bpalia-
TEJIBHOTO JIBUKEHUSA?

163. 1 xr nByxatoMHOro raza Haxonurtcsi noja gasieHueM 80 klla u mmeer
IUIOTHOCTH 4 Kr/M°. HalfTH TIOJIHYIO SHEPTHIO TEIIOBOTO JBIKEHHS MOIEKY B 9THX
YCIOBUSIX.

164. Haiitu cpeaHIOl0 KHHETHUYECKYIO SHEPTUIO MOJIEKYJ OJHOATOMHOIO rasa
npu nasineHnu 20 klla. KoHnenTpanuss MOJIEKy 3TOTO ra3a Npu JaHHOM JIaBJIEHUH
paBHa 3-10% M.

165. OnpenenuTh KOJIMYECTBO TEIUIOTHI, BBIACISIONIEECS IPU U30TEPMUAYECKOM
cxatuu 7 r azota npu uzMeneHnuu aasienus ot 0,1 Mlla no 0,5 MIla. Temneparypa
asora 25 °C.

166. Bo ckomnbko pa3 yBenuuutcs oobeM 0,4 MO BOJOpPOIA MIPH U30TEPMUYE-
CKOM PACIIMPEHUM, €CJIM MPHU ATOM ra3 moJjiydyaer kKosudecTtBo TermioThl 800 [[xk?
Temneparypa Bogopoaa 27 °C. Kakyrwo paboTy coBeplini ra3 mpu CBOEM paciiupe-
HUU?

167. A30T maccoii 12 r HaxoaUTCs B 3aKPHITOM COCyie 00BEMOM 2 J1 TIPH TEM-
nepatype 10 °C. Tlocie HarpeBaHns JaBIeHHE B COCye CTano paBHbIM 1,33 MIla.
Kakoe k0JIM4ecTBO TEMIOTHI COOOIIEHO ra3y Mpu HarpeBaHUH?

168. B 3akpbiTOM cocysie 00beMOM 2 J1 HAXOAUTCS a30T, TNIOTHOCTh KOTOPOTO
1,4 xr/a’. Kakoe KOTHYECTBO TEIIOTH HA0 COOBIIUTD 30Ty, YTOOBI HATPETh €ro Ha
100 K? Ha ckoabKO yBEIUUUTCS BHYTPEHHSIA SHEPrUs a3oTa?

169. Bomopoxn maccoit 6,5 T, Haxonsmuiics npu temmeparype 27 °C, paciuu-
PUIICS] BIBOE TIPH MIOCTOSTHHOM JABJICHHUH 3a CYET MPUTOKA W3BHE Teria. Halitu pabo-
Ty PacCIIMPEHUs Ta3a, U3MEHEHHE €r0 BHYTPEHHEW HEPruu U KOJIMYECTBO TEIUIOTHI,
COOOIIIEHHOM Tra3y.

170. BO CKOJIBKO pa3 KOJIMYECTBO TEIUIOTHI, KOTOPOE MJAET HA HATPEBAHUE BO-

AopoJa 1pu IMOoCTOAHHOM JAaBJICHUH, OoJbIIIe pa6OTBI, COBCpHIaCMOﬁ 9THM Tra30oM IIpH

128



pacmpeHun? Y ieapHas TeII0EMKOCTh BOJOPOAa PHU NOCTOSHHOM JaBJI€HUU paBHA
14,6 xJIx/(kr - K).

171. Ilpu agnabaTuyeckoM paciiupeHun azota maccoi 50 r coBepiieHa pabota
3 k/Ixx. Hackonbko yMeHbIIWIACh BHYTPEHHSSL SHEPTUsl U TOHU3WIACH TEMIIepaTypa
azora?

172. BolYyMCcnuTh TEMII0EMKOCTD IIPH MTOCTOSIHHOM 00beMe Ta3a, 3aKII0YeHHOTO
B COCYJl EMKOCTBIO 20 JI TP HOPMAJIBHBIX YCIOBHSIX. ['a3 0THOATOMHBIN.

173. BeuucauTh yieabHbIe TEIIOEMKOCTH T'a3a IPH MOCTOSIHHOM JIaBJIEHUU U
Py TOCTOSTHHOM O00BheMe, 3Has, YTO €ro MOJIsIpHas Macca paBHa 44 - 107 KI/MOJIb, a
nokaszaTtesb aauabatsl paBeH 1,33.

174. B xone nukina KapHo pabodee BEIeCTBO MOTydYaeT OT TEIJIOOTAaTUUKa
KOJM4ecTBO TeroThl, paBHoe 300 k/[x. Temmeparypsl TEII0OTIATYMKA U TEILIO-
npueMHuka paBHbl cOOTBeTCTBEHHO 480 u 280 K. Onpenenuts tepmuueckuii KITJ]
MKJIa U pabOTy, COBEPIIAEMYI0 paOOYMUM BEIIECTBOM 3a ITUKJL.

175. neanbHas TerioBasi MalinHa padoTaeT o 1nukiy KapHo, Tepmudeckuii
KITJI xkotoporo 40 %. Temmepatypa Temionpruemunka pasua 0 °C. Haiitu Temmepa-
Typy TEIUIOOTAAaTYMKa U paboTy M30TEPMUUYECKOTO C)KaTHUsl, €CIU B Ipoliecce U30-
TEPMHUYECKOTO pacIIupEeHus coBepiaercs padora 8 JIx.

176. NneanpHas TEmoBasi MAllIMHA 33 CYET KaXKI0I0 KHJIOIKOYJIS TEIUIOTHI,
MOJIyYEHHOM OT TEIUIOOTJAaTUYMKa B TEUEHUE KaKIO0To IMKIJA, COBEpIIaeT padorty,
paBHyro 300 /. Onpenenute Tepmudecknii KIIJ[ mammuel u TeMneparypy Tero-
OTZAaTYHKa, €CIIM TEMIIepaTypa TeronpuemMuauka pasna 280 K.

177. Tennopas MamHa pabotaeT no nukiay Kapuo, repmudeckuit KIT/] ko-
Toporo paseH 25 %. KakoB Oyner XonoauiabHbIi KO3(Q(UIMEHT MAIUHBI, €CIU OHA
OyZeT coBeplIaTh LUK B 0OpaTHOM HaIlpaBJIeHUN?

178. XonoaunpHas mMamuHa padotaer mo obpatHomy uukiny Kapho, xomo-
IUIbHBIN K03 duiment koroporo paseH 300 %. Kakos tepmuyeckuit KI1/ Temo-
BOI MaIllMHBI, paboTarorei mo npsamomy 1ukiry Kapao?

179. TemnoByto mamuny, padoTaroiyto mo nukiy KapHo, TepMHUUecKUil KO-

s ummenT koroporo paseH 40 %, UCTIOTB3YIOT KaK XOJIOIWIBHYIO MAIIHHY C TEMH
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e TeIIOBBIMU pe3epByapaMu. Haiitu ee xonmoaunbhbii kodddunment. Kakoe komu-
YEeCTBO TEIUIOTHI OTBOJUTCS U3 KaMephbl XOJOJUIBHOM MalllMHbI, €CIU HajJ padodyum
BEILIECTBOM 3a LUK coBepinaeTcs padora 10 x/{x?

180. JIByxatomHblil ra3 coepmaeT nukia Kapro. Onpenenuts TEpMUYECKHIA
KITJ[ umkia, eciam U3BECTHO, YTO TIPH aIMa0aTUYECKOM CHKATHHM KaKJ0To MOJIS rasza

coBepmiaetcs padota 2 kJ[>x. Temneparypa Termnoornaruuka pasaa 400 K.

4.1.5. MeToguyeckne yKa3aHMsi K BBINOJHEHHI0O KOHTPOJIbHOW pPadoThl
Ne 2

B koHTponbHy0 paboty Ne 2 BKJIIOUEHBI 3aJa4d MO TeMaM: ‘“DJIeKTPOCTaTH-
ka”’, “IlOCTOSIHHBINA 3JEKTPUYECKUN TOK’, “MarHurocratuka’, “IIeKTpOMarHuTHas
UHIYKIUS .

3agaum 201...230 oTtHOCATCA K TeMme “DnekTpocraruka. 3amaun 231...241 ot-
HocsTcs K TeMe “IlocTosiHHBIN 3nekTpuueckuil Tok . 3aaaun 242...269 oTHOCATCA K

teMe “Marnurocratuka . 3agaun 270...280 oTHOCATCA K TeMe “DIEeKTpOMAarHUTHAs

WHAYKIHUS .
Tabnuya 4.1.2
Bapuanr Howmepa 3amau
0 201 211 221 231 241 251 261 271
1 202 212 222 232 242 252 262 272
2 203 213 223 233 243 253 263 273
3 204 214 224 234 244 254 264 274
4 205 215 225 235 245 255 265 275
5 206 216 226 236 246 256 266 276
6 207 217 227 237 247 257 267 277
7 208 218 228 238 248 258 268 278
8 209 219 229 239 249 259 269 279
9 210 220 230 240 250 260 270 280

[lepen BbIMOTHEHHEM KOHTPOJIBHON pabOThl HEOOXOIUMO MpopaboTaTh MaTe-
pHal COOTBETCTBYIOIIMX Pa3/IeiI0B, BHUMATEIBHO 03HAKOMUTBCS C OCHOBHBIMU 3aKO-
HaMu U Gopmynamu. [locie 3Toro Hamo pa3oOpaTh NpUMEPHI PELICHUS] TUIIOBBIX 3a-

zad.
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4.1.6. Ilpumepsl pemenns 3aaa4

3aoaua 3.1

B BepmmHax kBajJipaTa HaXOIATCA OJMHAKOBbIE ToueuyHbIe 3apsiabl 30 HKi1. Ka-
KOW OTpHUIIATENIHHBIN 3apsii HAJ0 MOMECTUTh B IIEHTPE KBajpara, 4ToObl yKa3zaHHAs
cUcTeMa 3apsiJI0B HaXOAWIACh B PABHOBECUU ?

JlaHo:

g1 =q¢>=q; =qs =30 uKn=30-10" Kn

q="7

Pemenne. Bce 3apspl, pacnonoxeHHble B BEpUIMHAX KBaJpaTa, HAXOJIATCS B
OJIMHAKOBBIX yCIOBMSIX. [I09TOMY NOCTaTOYHO BBISICHUTH, KaKOW 3apsj clIeayeT Io-
MECTHUTh B LIEHTP KBaJpaTa, YTOObl KaKOH-HUOY/b U3 YEThIpEX 3apsAA0B, HAIPUMED ¢,
HaXOJWJICA B pPaBHOBECHHU. 3apsf ¢, OyIeT HaXOIUThCS B PABHOBECHM, €CIH BEKTOP-

Hasg CyMMa ,Z[CﬁCTBYIOH.II/IX Ha HCT'O CHUJI paBHA 0.

Puc. 1

—

F

+F +F, +F = F+F +F =0, (1)

2

rne F,, F,, F,, FF, — cuJbl, C KOTOPBIMU COOTBETCTBEHHO JICMCTBYIOT Ha 3apsif ¢

2 39 4 5

—

3apanbl §s, G 5 G4r 45; F = F, + F, — paBHosieficTBytomas cun  F, u F,.

2
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Ilo 3axony Kynona, umest B BULy, 4TO ¢1 = ¢2 = g3 = (4 = ¢, IOIY4YHUM:

Fy=F4= : q2 ) (2)
dne, ea’
1 ¢
Fy = , 3
’ 4ng, g1’ ®)
1
. qlg,| @

4ne, e(r/2)

rAC a — CTOpOHA KBaJapara, » = a~ 2 — AUuaroHalib KBaJapara.

— —

PaBHopnelicTByromas cwit F, u F,, kak cienyer U3 puc. |, mo HanpaBICHUIO

coBIanaer ¢ cuiioii F3 1 1o Mofyio pasHa F = /F + F = F,+/2 . C yuerom 3T0ro
BEKTOPHOE PaBEHCTBO (1) MOXHO 3aMEHUTH CKaISIPHBIM

F+ Fy— Fs = Fy/2 +F;—Fs. (5)

PaBenctBo (5) ¢ yuerom (2) — (4) nmpumeT Bu

L2 1 ¢ 1 dgf
4ne, ea’  4me, €2a°  4me, ea’ /2

V2 1)

Otkyna ‘qs‘z[—+— .

2 4

HpOI/I3B€I[$I BBIYHCIICHHA, ITOJTYUUM:

MJ_[%?+i)3408KH—2£7408Km

Crnenyetr OTMETUTH, UTO PAaBHOBECHE CHCTEMBI 3apsI0B OYyJIeT HEYCTOWYUBBIM.

3aoaua 3.2

JIBa ToueuHbIX 3apsana 2 1 —1 HKI HaxomsTcs B BO3AyXe HAa PACCTOSTHUU 5 CM
apyr ot apyra. OnpenenuTs HANPSHKEHHOCTh M MOTEHIIHAT 3JIEKTPOCTATHYECKOTO
IOJIsI B TOUKE, YJAJICHHON OT MEepBOro 3apsja Ha pacCTOsIHUE 6 CM U OT BTOPOTO 3a-

pana Ha 4 cwm.
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Jano:
g;=2uKi=2-10"Kn
g>=—1uKn=-10" Kx
e=1; 1/4ngy=9-10° M/®
d =5cMm
r=6cMm=6-10" M

7o =4dceMm=4-102 M

E-?79-7

Pemenue. CornacHo NPUHIMIY CYNEPIO3ULHUH JIEKTPUUYECKHX IOJEH Kak-

,HBIﬁ 3apAan Co34acT IMMOJIC HE3aBUCUMO OT IPUCYTCTBUA B IIPOCTPAHCTBEC APYIUX 3apPA-

—

noB. HampsbkeHHOCTh pesynbTHpyromero nons £ = FE + E,. HanpsbkenHoctu no-

JIei, co3iaBaeMbIX B Bo3nyxe (€ = 1) 3apsanamu q; 4 g»:

1 ¢
E, = = |
1 dne, €1’ )
A
E,= —. 2
? 4, g1 @

— — —

Hanpasnenus BextopoB £, m E, ykazansl Ha puc. 2. Moaynab Bekropa £

HaUJEM IO TEOpEME KOCHHYCOB

E= (Ef + E; +2EE, cos oc)”2 ,
e oL — yroa Mexay Bekropamu E u E,. VI3 puc. 2 BujHo, uto B = 1 — o. Torza
cosf = — cosa.
CraenoBaTtebHO,
E=(E’+E}-2EE, cosp)"”. (3)
W3 TpeyrojbHUKa CO CTOPOHAMH 7|, 7, U d TI0 TEOPEMe KOCHHYCOB HaXO1UM

cosP=(r> +r2—d*)/(2rr,). (4)
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[TpousBens Berancienus mo hopmynam (1), (2), (4), moxyaum:

2107

E =9-10" _=5.10° B/m,
(6-107)
L, 107 :
E,=9-10° ————=562-10° B/m.
(4-107)
6> +4° - 5°

cosp=——=0,565.
2:6-4

IIpu BeIUMcCIIeHnH E, 3HaK 3aps]a ¢, ONMYIIEH, TaK KaK 3HaK MUHYC OIPEIEIIsIeT
HanpaBjieHUe BekTopa FE,, a HampaBieHue E, ObLJIO YYTEHO IPU €ro rpapuueckoM

n300paxxeHuu (CM. puc. 2).

HarnpsixeHHOCTb pe3yJbTUPYIONIEro Nojs OyIeT paBHa

E=(5-10') +(5,62-10°f —2:5-10°-5,62 -10° - 0,565 = 4,97 - 10° B/m.
[To npuHUIKMNY Cyneprno3uiunuy MOTEHIMAT PE3YJIbTUPYIOLIETO IMOJIsA, CO3/1aBac-

MOTO 3apsilaMH ¢, U ¢,, paBeH anreOpandeckoid cyMMe MOTEHIHAIOB @) U ¢y, T.C.

() :(p1+(p2, UIn

Q= ! %+ g _ 1 £ﬁ+q—2). (%)

drne, er, 4me,er, 4dmee\r,

HpOHBBeI[ﬂ BBIYUCJICHUSA, IIOJIYYHUM!

2-10° 10"
=9-10° + =75 B.
P (6-102 4-102j

3aoaua 3.3

DNEKTPOH ABUKETCS BAOJb CUJIOBOM JIMHUM OJHOPOJTHOTO 3JIEKTPUUYECKOTO
nosisi. B Touke nosis ¢ norediuaiom 100 B anextpon umen ckopocts 4 Mm/c. Onpe-
JEIUTh TMOTEHIMANl TOYKHU TOJISI, OIS JO KOTOPOHM JJIEKTPOH MOTEPSAET MOJOBUHY

CBOEN CKOPOCTH.

134



Jlano:

¢, =100B
v1=4Mwm/c=4-10"m/c
v,=2Mwm/c=2-10°m/c

m=9,1-10>" kr;
e=1,6-10" Ku.
@ —?

Pemenune. M3-3a OTCYTCTBUS CUJT TPSHHMSI ITOJTHAS MEXaHHUECKAst SHEPTHUS DJICK-

2 2
TPOHA HE W3MEHSETCs, T. €. W =m0 /2 + (— ep) = const, rne m0 /2 — KUHETHYE-
cKas " (— e() — MOTCHIMAIbHAS SHEPrus dJeKTpoHa. [TomHas SHeprus B Havaje JABH-

KCHUA

VVI = 212 +(_ e(Pl)’ (1)

B KOHIIE JIBUKEHUSI C YUETOM TOTO, YTO U, = Uy/2,

2 2

mo mo
sz : +(_e(P2): : +(—€(|)2). (2)
2 8
[TpupaBauBas Beipakenus (1) u (2), moaydum a1 MOTECHIMAIA
3mov,’
¢, =0, — 8¢

HpOHBBeI[ﬂ BBIYUCJICHUSA, IIOJIYYUM!

3-9,1-10™ -(4-10° )

81,610 " ~ 008

¢, =100 —

Bo3MokeH u apyroi noaxoj K peueHuto. Mi3MeHeHne KHHETHYECKOM YHEPrun

YaCTHI[bl PAaBHO pabOTe pe3yIbTUPYIOIIEH CUTIBL, TO €CTh

2
mo,

2
mv,”

2 2

C npyroii CTOPOHBI, paboTa CHJI AIEKTPOCTATHUECKOTO TOJIS paBHA

A =—e(Q1 — ¢y).
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3aoaua 3.4

Cuiia B3aUMHOT'O TIPUTSKEHUSI TIJIACTHUH TJIOCKOTO BO3IYIITHOTO KOHAEHCATOPA
50 MH. IInomanp kaxxmoi rwiactuHbl 200 oM. Onpenenuts 00beMHYIO TUIOTHOCTD
SHEPrUM MoJIsl KOHJIEHCATOpa.

Jlano:

F=50MH=5-10"H

§=200cm’=2-10" M

e=1

w-?
Pemienue. O6beMHas TUIOTHOCTh PHEPTUU TOJIS KOHJIEHCATOPA
2
_gg kB
2

Tac E = 6/88() — HAIIPAKCHHOCTD SJICKTPUYICCKOI'O ITOJISI MEKAY INIAaCTUHAMU KOHACH-

w

: (1)

caTopa; G — MOBEPXHOCTHAs IJIOTHOCTH 3aps/ia Ha MIIACTHHAX.
IToncraBuB Beipaxenue 11 E B (1), momyunm:
w=_—". )
2eg,
Haiinem cuny B3aMMHOTrO NMPUTSKEHUS IUIACTHH. 3apsig ¢ = G.S OAHOM IJIacTu-

HbI HAXOJUTCA B I10JIC HAIIPAKCHHOCTBIO E1 = ‘G‘ /2880, CO3aHHOM 3apsaa0M ,Z[perﬁ

IJIACTUHBI KOHJeHcaTopa. CieaoBaTebHO, HA 3apsji MEPBOM IUIACTUHBI JCHCTBYET
cuia

c’S
F=qk = 2eg,
0

(3)
Bripasus 23 BeIpaskeHus (3) ¥ moAcTaBuB B (2), MOIYUYHM:

w=F/S.
[TpoBepuM, maeT U pacuyeTHas GopMysa eJHHHIY 0ObEMHON IUIOTHOCTH SHEP-

run. [y 3Toro B mpaByro 4acTh (pOPMYJIbI BMECTO BEJIMYUH MOJACTABUM UX EIUHUIIBI

M3MEPEHUM:
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F]_ W _AHIM ) e
S 1M Im -IMm

[IpousBe/isi BHIYUCICHHUS], TOTYYUM:
-2
w=210" 55 e
2-10

3aoaua 3.5

O/1C Garapen akkymynstTopoB 12 B. HauGonbinas cuma Toka, KOTOPYIO MO-
XKeT Aarth Oarapes, 5 A. Omnpeaenutrb MakCUMaJbHYIO MOLIHOCTb, KOTOpas MOXET
BBIJICTIUTHCS BO BHEIITHEH LIETIH.

Jlano:

e=12B

Liox=5A

P =7
Pemenue. 1o 3akony Oma 1151 NOJTHOM LIENU

[=—° ,
R, +R

(1)

rae Ry — BHYTPEHHEE CONPOTUBIICHUE aKKyMYJISITOpa; R — CONPOTUBIICHUE BHEIITHEU
1enu (ConpoTUBIICHUE HATPY3KH).

MaxkcumanbHast cujia TOka OyJeT mpu KOPOTKOM 3amblkaHuu (R = 0).

e
I max— 2
R )
N3 popmyibl (2) HAXOAUM BHYTPEHHE CONPOTUBIICHHUE
S
RO = I_ . (3)

MoutHOCTh, KOTOpasi BBIACISIETCS BO BHEITHEHN 1enH (M0JIe3Hasi MOIIHOCTH),

P=IR. 4)
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C yuerom 3akoHa Oma (1) nomyuum:
€'R

TRER) ®)

Uccnenysa @ynkiuio (5) Ha MAKCUMYM, HailieM CONPOTHUBIICHUE HATPY3KH, ITPU

KOTOPOM MOIIHOCTb MaKCUMAJIbHA:

dP_&'(R-R) _,

dR  (R+R) ©)

N3 paBenctBa (6) ciegyer, 4yTo
R=R, (7)

[ToncraBus (7) B hopmyiy (5), HaliieM BbIpakeHUE AJI1 MAaKCUMaJIbHOW MOIII-

HOCTH
2
P =2 (8)
4R,
C yuetom dhopmyisl (3) moaydum:
_ 8Imax
max 4
[IponsBens BEIYMCIEHUS, TOTYIHM
p =122_1s

max

3aoaua 3.6

[Ipu BKIIFOUEHUH BIEKTPOJABUTATEIISI B CETh MOCTOSHHOTO TOKA C HAIIPSHKEHUEM
220 B, oH pa3BuBaeT MoOIHOCTH 6,6 KBT. Onpenenuts cuily Toka, MOTpeOIsieMyto
neuratenem u ero KIIJI, ecmu compotuBienne oOMoTku aurates 2 OwM.

JlaHo:

U=220B

P=6,6xBr=6,6-10°Br

R=20m

[=7n=7?
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Pemenue. [1onHass MOITHOCTB, pa3BUBaeMasi SJIEKTPOJABUTATEIIEM,

P =1U.
Tok, moTpebsieMblil IBUTATENEM,
P
[=—. (1)
U
MontHoCTh, UAyIast Ha HarpeB 0OMOTOK,
P,=IR.
KIII nBurarens
P 2
nzLui:1—1R=1—£§-
P P U

HO,Z[CT&BHHSI 3aJ1aHHBIC 3HAYCHU A, ITOJTYYHM:

3
1:6’6 10 ~30 4,
220

6,6-10° -2
220°

n=1- ~0,73.

3aoaua 3.7

[To nByM GECKOHEYHO JUTMHHBIM TapaJIETHbHBIM MTPOBOJIAaM TEKYT B OJIMHAKO-
BOM HarpaBjieHUM Toku cuioit I1 =15 A u I, = 10 A. PaccTosinne Mexay npoBogaMu
d = 10 cm. OnpenenuTs MAarHUTHYIO UHAYKIUIO B TOYke A (puc. 3), yJIajaeHHON OT

IIEPBOro MmpoBOJia Ha PACCTOAHUC Fq =10 cMm u ot BTOPOro I1mpoBOJa Ha PaCcCTOSIHUC

r, =15 cm.
JlaHo:
L=15A
L=10A
p=I
d=10cm
r1=10cmMm=0,1 ™M < S o
rn=15cm=0,1 m & d h
B-? Puc. 3
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Pemenne. CoryiacHO NpUHIMITY CYNEPHO3ULMU MAarHUTHBIX MOJIEH MarHUTHAs

UHIYKIUS B B Touke 4 paBHa CyMMe BEKTOPOB MAarHUTHBIX MHAYKIUHN Toel B, u

—

B2 , CO3JaHHBIX KaXKJIbIM TOKOM B OTACIbHOCTH.

—

B=B +B,, (1)
rae Bi=upel, A2nr)) u By=puel, A27nr;). Ha puc. 3 npoBoguuku ¢ Tokamu I, u I,
NEPICHANKYIIAPHBI TUIOCKOCTH YepTeka (TOKHU HampaBlieHbI OT Habmromarens). Bek-
TOPBI El U Ez n300pakeHbl Ha pUC. 3 TaK, YTO UX HAMPABJICHUE CBSI3aHO C HaIpaBJe-
HHUEM COOTBETCTBYIOIIUX TOKOB IMPABUJIOM MPABOTO BUHTA. BEeKTOPHI El u Ez B TOYKE
A HampaBJIeHBI TI0 KacaTeJIbHON K CHUJIOBBIM JIMHHSIM.
Moy BeKTOpa B Ha 0CHOBAaHUH T€OpEMbl KOCHHYCOB paBEH
B=(B?+ B} +2BB,cosa) )

r7ie 0L — yroji Mexay Bekropamu B, u B,. U3 puc. 3 BUIHO, YTO yIIbl O U [3 paBHEI

KaK yTJibl C COOTBECTCTBCHHO HNCPIICHAUKYIIAPHBIMU CTOPOHAMM. 3 TPCYIroJIbHUKaA CO

CTOPOHAMH 7', 7, ¥ d TI0 TeOpeMe KOCHHYCOB HAXOMM COSOL:

rlz +I’22 —d>?
cosoL=————
2rr,
Brrancnnm otaensHo
10° +15* =107
cosa =cosfP = ~(0,75.

2-10-15
[ToacraBnsist Beipaxkenus st By u B, B dopmyny (2) u BeiHOCS P/(27) 3a

3HAK KOpH:A, IMOJy4YacM

B:MHO' [_12+I_12+211]2

2 2
2n \n" nonn

cosa .

HpOI/IBBG,ZICM BBIYHCIICHUA

_1-4n-10‘7. 15° N 10 2-10-15-0,75

P (10°F " (15-107) 107 -15-10°

=4,1-10" T
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3aoaua 3.8

DNEeKTPOH, MPONJIA YCKOPSIONIYIO pa3HOCTh noTeHuuanoB 50 B, Bieraer B of-
HOPOJIHOE€ MArHUTHOE TOJIE€ MOJI MPSIMBIM YTJIOM K JUHUSAM HUHAYKUUH. OnpeacnuThb
BEJIMYMHY BEKTOpPA MArHUTHON MHIYKLUHH, €CIIA PaJUyC OKPY>KHOCTH, IO KOTOPOM
JBUOKETCS DJIEKTPOH, paBeH 10 cwm.

Jlano:

U=50B

m=9,1- 10" kr

e=16-10"Kn

o =90’

R=10cm=0,1 m

B-?
Pemrenune. B MaraHuTHOM MoJie 3JIEKTPOH MOJ ACHUCTBUEM CWIIbI JIopeHIa nBu-
JKETCS IO OKPYKHOCTH paauyca R B INIOCKOCTH, NIEPHEHAUKYJISIPHOW CAJIOBBIM JIMHU-

AM UHAYKIOHUHA MAarHuTHOTO I10JIA,

F =evB.

Cuina JlopeHia cooOmiaer 3JIGKTpOHY HOpMalibHOE yckopeHue. Ilo BTopomy

3akoHy HproToOHa

mo®

F =ma, win evB :T’

rjae R — paauyc OKpy>KHOCTH, IOJIy4aeM COOTHOILIEHUE

mo
B=—. 1
R (1)

2
Kunerndeckyro snepruto W=mv“/2 >1eKTpoH mproOperaeT 3a c4eT padoThI
CHII AyieKTpocTatndeckoro moist (A=eU, rne U — pa3HOCTh IOTCHIIMAIOB).

IToaTomy
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OTcro1a CKOpOCTh 3JIEKTPOHA

2eU

m

0=

)

®dopmyna (1) ¢ yuerom (2) mpumMeT BU

B:l 2mU‘
R e

HOI[CTaBI/IM YUCJIOBBIC NAHHBIC, ITOJYYHUM:

=2,38-10" Tn .

01\ 16-10°

B bl

Jx
ITo onpenenenuro noreHuHaNa B—— a Jlxk=H-m=

Takum obpazom, - / s - /
Kn

N3 onpenenenns cunsl Toka [ —? cnenyet, yto Kn=A-c.
t

1‘J2-50-9J-103‘

IIpoBepuM pa3smMepHOCTH

KFM

CZ

1 kr-m KT -M KT -M 1 H
Takum obpazom, —- = = - .
M Ki-¢c M-A-c C A-Mm A-Mm

B cooTBeTcTBUU C BhIpakeHHEM i cuiibl Amnepa F'= [Blsina.,

H
rae H = A-Tn-m, Halinem, 4To =Tn.
A-Mm

3aoaua 3.9

[Tnockwuil KpyroBoil BUTOK paanycoM 20 cM BpalllaeTcsl ¢ MOCTOSHHOM YTI0BOM
ckopocTthio 300 pana/c B 0JHOPOJHOM MarHUTHOM MoJjie ¢ uaaykmnueit 0,1 Ta, npudaem
OCh BpAILlEHHS JIEKUT B TUIOCKOCTH BUTKA W NMEPHEHIUKYJSIPHA BEKTOPY WMHIYKIIUU.

Haittn makcumanbHoe 3HaueHue IJ1C MHIyKIUN.

142



Jlano:

R=20cm=0,2m™m

B=0,1Tn
o =300 pan/c
8imax: ?

Pemienue. [Ipu BpamieHnn BUTKa HETPEPHIBHO U3MEHSETCS YIOJI 0L MEXKAY BEK-

—

TOPOM B ¥ HOpMaJbIO K INIOCKOCTH BUTKA, CJIEAOBATEIIBHO, N3MEHSIETCS] MAarHUTHBIN
NOTOK @, MpoHU3bIBaOINK BUTOK. B BuTKe Bo3HMKaeT 3/]C MHAYKINH, MTHOBEHHOE
3HAYEHHE KOTOpOoH 10 3akoHy Dapazness paBHO
d®
E =—.
’ dt
JIns OMHOPOAHOTO MOJISI MATHUTHBIMA MOTOK, MPOHU3BIBAIOIIAN BUTOK, PAaBEH
@ = BScosa.. C yuyeTom TOro, 4to Mpu BpalleHUU BUTKA C TOCTOSIHHOW YIJIOBOM CKO-
POCTBIO MTHOBEHHOE 3HAYECHUE YIJa OL = (O f, TOJYYUM:
@ = BScosa = BScosmt.
[ToncraBuB B dopmyny (1) Beipaxenue st @ u npoauddepeHInpoBaB 1Mo

BpEMEHHU, HalijleM MrHoBeHHoe 3HaueHue JJ1C nHaykumu
€; = BSwsinmt.

MaxkcumanbHoe 3HaueHue IJ1C MHIyKIIUK paBHO
gimax = BS(D

HpOI/I?»BeI[f{ BBIYUCIICHUSA, IIOJIYYUM!

=0,1-7-0,2* -300~3,8B.

81’ max
IIpoBepuM pa3smMeEpPHOCTH:

[e]=[B][s]fol=Taowt o=t =2 2,
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4.1.7. 3apanne Ha KOHTPOJIbHYIO padoTy Ne 2

201. Korga nBa OIMHAKOBBIX MIAPMKa, MAacChl KOTOPhIX paBHbl 400 Mmr, moju-
BEILICHHBIC HA 3aKPEIICHHBIX B OJIHOM TOUKE HUTSIX PAaBHOMW JJIUHBI, 3aPSIUIU OJTHO-
MMEHHBIMM 3aps/1aMH, 3TH IIAPUKH PAa30IUINCh HA pacCTOssHUE 15 cMm Apyr OoT Apyra,
MIpUYEM HUTH 00pa3oBaiIM NpsMOM yros. HallTu 3aps Kaka0ro mapuka.

202. /IBe nnuHHBIE MpsIMbIEC MapaiyIebHbIE HUTHU HAXOASITCS HA PAacCCTOSHUU
10 cM gpyr ot npyra. Ha HUTAX paBHOMEpPHO pacmlpeleseHbl 3apsiibl ¢ TUHEHHBIMU
wioTHOCTAMU 3 U — 4 HKi/cMm. OnpenenuTh Hanpsy)KEHHOCTh 3JEKTPUUYECKOTO OIS B
TOYKE, YIAJICHHOW OT NEPBOM HUTU HA PaccTOsIHUE 6 CM M OT BTOPOM — HA Paccrosi-
HUE § CM.

203. B BepmmHax kBagpara co cTOpoHOi 20 cM pacroiIoKeHbl TPHU MOJIOKHU-
TEJIBHBIX U OJWUH OTPULIATENbHBIN 3apsal. OnpeaenuTs HaIPsSKEHHOCTh U MTOTEHIHUAI
AIEKTPUYECKOTO TOJI B LIEHTPE KBAAPATA, €CJIM BEIMYMHA KaK10r0 3apsaa 3 HKi.

204. Yetbipe oanHAKOBBIX TOUeUYHbIX 3apsana 40 HKII 3akperuieHbl B BEpIIMHAX
KBajipaTa co cropoHoit 10 cm. Haiitu cuity, IEMCTBYIONLYIO HA OJMH U3 3TUX 3apsi0B
CO CTOPOHBI TPEX OCTAJIbHBIX.

205. Tpu oguHaKOBBIX TOUEUHBIX 3apsnaa 4 HKi HaxoasTcs B BEpUIMHAX PaB-
HOCTOPOHHETO TPEYTOJIbHHKA CO CTOpOoHOM 8 cM. HalTm cuiny, NEUCTBYIOIIYyIO Ha
OJIVIH U3 3apsiJOB CO CTOPOHBI IBYX OCTaJIbHBIX.

206. /Ia oquHAKOBBIX TOYEUHBIX 3apsaa no 1 HK HaxoasTcs B BO3JyxXe Ha
paccTossHAM 2 ¢M Apyr OT Apyra. OnpenennTs HAIpsHKEHHOCTh M IOTEHIMAN JJIEK-
TPOCTATUYECKOTO MOJISI B TOUKE, YAAJIEHHON Ha PACCTOSHHE 3 CM KaK OT IEPBOro, TaK
¥ OT BTOPOTO 3apsaa.

207. IlBe OeckOoHEUHbIE TMapaUieiIbHbIC TUIACTHHBI PABHOMEPHO 3apsKEHBI C
IOBEPXHOCTHOMN MIOTHOCTBIO 3apsima 0,3 u 0,7 MxKi/m’. Omnpeenntsb HampsKeH-
HOCTb IOJISI MEXY IUIACTHHAMM M BHE IUIaCTUH. HallT pasHOCTh MOTEHUMATIOB Me-
Ky IJIACTUHAMU, €CJIU PACCTOSIHUE MEK1y HUMH 4 CM.

208. Pemuth mpeapIAyIIyo 3aauy MIpy YCIOBHH, YTO 3apsii BTOPOM IIACTUHBI

OTPULIATEIIbHBIN.
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209. /IBa TOYEUYHBIX PAa3HOMMEHHBIX 3apsiaa BennunHor 4 u —4 HKi Haxomarcs
Ha paccTossHUU 6 CM JIpyT OT Apyra B Bo3ayxe. HaliTu HanmpsyKEHHOCTh U MOTEHIUA
ANEKTPOCTATUYECKOIO MOJIsl B TOUKE, HAXOAAIIENHCS HAa PACCTOSIHUU 6 CM OT Ka)KI0ro
3apsia.

210. B neHTpe MeTauIM4ecKor mojoi cepsl, paauyc KoTopoi 4 cM, pacro-
noxkeH ToueuHbl 3apsan 1 vHKi. OtpunarensHbii 3apsa BenmnunHond — 40K paBHO-
MEPHO paCTpeIeieH M0 MOBEPXHOCTU cdepbl. Onpenenutb HanpsHKEHHOCTh DJIEK-
TPUYECKOTO MOJIS B TOUKAX, YAAJICHHBIX OT IIEHTpa chepbl HA PaCCTOSHUSIX 2 U 6 CM.

211. JIBa mMONOKUTENBbHBIX TOYEUYHBIX 3apsiga g U 4g 3aKpeIUIiCHbl HA PAcCTOs-
Huu 60 cMm apyr ot apyra. OnpeaenuTs, B KaKOil TOYKE Ha MPSAMOW, IPOXOAsIIEH ye-
pe3 3apsibl, CIAeAyeT MOMECTUTh TPETHH 3apsj Tak, 4ToObl JACHCTBYIOIIAs Ha HEro
CUJIa paBHSJIACH HYIIIO.

212. DneKTpoCcTaTUYECKOE MOJe CO3/IaH0 OECKOHEYHON PaBHOMEPHO 3apsyKEH-
HO# IIOCKOCTBIO ¢ MOBEPXHOCTHOI TOTHOCTBIO 3apsiga 2 MxKi/m”. Omnpenenuts pa-
00Ty CHWJI MMOJIS TIO TIEPEMEIIIEHUI0 TOYEHUHOT0 3apsina 3 HKI BIoJib CUITOBOM JIMHUM HA
paccTosHuE S5 CM.

213. Kakas paGoTa coBepIIaeTcsi IpH rnepeMenieHny ToueqHoro 3apsgaa 30 aKn
u3 OECKOHEYHOCTH B TOYKY, HAaXOJAIIYIOCSd HAa PAaCCTOSHUU 2 CM OT MOBEPXHOCTH
chepsl paguycom 1 cM, paBHOMEPHO 3apsHKEHHOM ¢ MOBEPXHOCTHOW TJIOTHOCTBIO 3a-
psna 2 uKi/em® 2

214. IIpoToH BieTEn B OJHOPOIHOE BJIEKTPUUECKOE IOJIE C HANIPSKEHHOCTHIO
300 B/cm B HampaBiieHuU CUIIOBBIX JUHHM cO ckopocThio 100 kM/c. Kakoii myTh m10-
KEH MPOUTHU IPOTOH, YTOOBI €r0 CKOPOCTh YABOMIIACH?

215. Tlonwlit map HeceT Ha ceOe paBHOMEPHO pacmpeenaeHHbId 3apsan. Omnpe-
JeTIATh paJuycC apa, eciiv noteHyan B nentpe mapa 200 B, a B Touke, jgexaiiei ot
ero 1eHTpa Ha paccrosiuuu 50 cm, notennuan 40 B.

216. DnexTpoH BbUIETAET U3 TOYKM ¢ noreHmnuaioM 600 B, mmes ckopocThb
3Mwm/c, HanpaBJICHHYIO BJIOJIb CUJIIOBOW JIMHUM JIEKTPOCTATUYECKOTO moJs. Omnpee-

JIATH TIOTEHUHMA TOM TOUKHU MOJIS, B KOTOPOU AJIEKTPOH OCTAHOBUTCS.
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217. DnexTpoH, o0iagarmni KHHETHYECKON 3Heprueil 5 3B, Bieren B ogHO-
POAHOE BNEKTPUUYECKOE TOJIE B HAIPABICHUM CWJIOBBIX NUHUN nosst. Kakoi ckopo-
CTBIO OyJIeT 00J1a1aTh JIEKTPOH, PO IS B 3TOM I0JI€ pa3HOCTh MOTEHIMAIOB 2 B?

218. Tlox aeficTBHEM CHII 3JIEKTPOCTATUYECKOTO IMOJS PABHOMEPHO 3apsiKEeH-
HOM OECKOHEUHOM MI0CKOCTH ToYeUHbIN 3apsan 1 HKI mepemecTuics BoIb CHUIIOBOM
auHuU Ha pacctostHue 1 cM. [lpu sToM coBepiiena padota 5 mk/[x. OnpenenuTs mo-
BEPXHOCTHYIO IJIOTHOCTH 3apsAJia HA TUNIOCKOCTH.

219. B oqHOpOJHOM DJIEKTPUYECKOM I0Jie ¢ HampsikeHHOCThio 1 kB/M me-
pemectunu 3apsa — 25 HKII B HanmpaBJIEeHMM CUJIOBOW JIMHUM HA PACCTOSHUE 2 CM.
Haiitu paGoty cun mossi, ”3BMEHEHHE MOTEHIIMAIbLHON SHEPIUM 3apsiia U Pa3HOCTh
MOTEHUIMATIOB MEX/1y HAaYaJIbHOM U KOHEYHOM TOYKaAMMU.

220. ITermuaka maccoit 0,01 mr, Hecymas Ha cebe 3apsaa 10 aKo, Biaerena B of1-
HOPOJIHOE AJIEKTPUYECKOE TOJIE B HAIMPABICHUU CUJIOBBIX JuHUM. [Tocne mpoxoxnae-
HUS pa3sHocTu noteHmanoB 150 B meummaka nmena ckopocth 20 m/c. KakoBa Obuia
CKOPOCTh MBUIMHKH JI0 TOTO, KaK OHA BJIETENa B AJIEKTpUUECKOe noJie?

221. Ha nBa mociienoBaTeNbHO COEAMHEHHBIX KOHAEHCATOPA JJIEKTPOEMKO-
cteio 1 1 2 Mx® noaano nocrosinHoe HanpspkeHue 30 B. Onpenenuts 3apsa Ha 1U1a-
CTUHAX KaXK/J0r0 KOHJIEHCATOPA U PA3HOCTh MOTEHIIMAIOB MEXIY UX OOKJIAIKAMH.

222. Kakoil MakCHMAaJbHBIM 3apsifi MOXKET HAKONHUTh IUIOCKUM BO3XyLIHBIN
KOHJICHCATOp C IUIOMIAJbI0 TJIACTUH 8,5 cM’, ecin ANEKTPUUYSCKUI TIPOOOH CyXOoro
BO3/lyXa HACTYIAaeT MPHU HAMPSHKEHHOCTH JIEKTpUieckoro mojs 3 MB/m?

223. [Inockuii CIIOASHONM KOHIAEHCATOP, 3apsSHKEHHBIA 10 Pa3HOCTH NMOTEHIMA-
aoB 400 B, oGmanmaer suepruein 5 mk/Dx. Ilmomanes mumactun coctaiser 100 oM.
OnpenenuTs paccTosIHUE MEXIY IJIACTUHAMH, HANPSHKEHHOCTh U O0OBEMHYIO ILUIOT-
HOCTb 3HEPrUU 3JIEKTPUUYECKOro IMOJsl KOHAeHcaTtopa. [usnexkrpruueckas mpoHHIlae-
MOCTbD CJIIOJIBI 7.

224. Bo BpeMmst €3/1bI IO 110CCe C OETOHHBIM MOKPBHITUEM TPEHUE KOJIEC O II0C-
C€ BBI3BAJIO MOSBICHUE HA KOPIyCe aBTOMOOWJIS AJIEKTPUYECKOTO TOTEHIMAla B

3 xB. Uemy paBHa cpenHss cuila KpaTKOBPEMEHHOTO PAa3psIIHOTO TOKA, CTEKAIOIIErO
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C KOpIlyca IpH €ro 3a3eMJIEHHH, eciH Bpems paspsana 0,2 MKC, a 3JIeKTPOEMKOCTb
KopIityca oTHocuTeNbHO 3emiir 200 nd?

225. B uMnynabCcHOM (DOTOBCIIBIIIKE JIaMIla TUTAETCS OT KOHAEHcATopa dJIeK-
TpoemMKkocThio 800 MK®D, 3apspkeHHoro o HamnpspkeHuss 300 B. Haiitu sHepruto
BCIIBIIIKY ¥ CPEIHIOI0 MOIIIHOCTb, €CJIM MPOJOJIKUTEIBHOCTD paspsaa 2,4 Mc.

226. JIBa OQMHAKOBBIX MNIOCKUX BO3YLIHBIX KOHAEHCATOPA, SIIEKTPOEMKOCTHIO
100 n® kaxx[blil, COeIMHEHBI B OaTapero mocieaoBarenbHo. OnpeaennuTh, HACKOIbKO
U3MEHUTCSI €MKOCTh OaTapeu, €CM MPOCTPAHCTBO MEXAY IJIACTUHAMU OJHOTO U3
KOH/ICHCATOPOB 3aMOJIHUTH NapaduHoM. JusaexTpuueckas MpOHUIIAEMOCTh napadu-
Ha 2.

227. Kakoe KOJIMYECTBO TEIUIOTHI BBIAEIUTCS MPU pa3pslie MIIOCKOT0 KOHJEH-
caTopa, €clid Pa3HOCTh MOTEHIIMATIOB MEXy IUIacTUHaMU paBHa 15 kB, paccrosnue
1 MM, TUANEKTPUK — cltojia (AMDJIEKTpUYECKasi MPOHUIIAEMOCTh CIIOABI 7) U ILIO-
a1k KKI0i miacTuHel 300 cm™?

228. Ilinockuil BO3AYIIHBIA KOHAEHCATOP 3apSKEH 10 PA3HOCTH MOTEHIMAJIOB
300 B. ITnomaxs muactud 100 cM’, HANMPSHKEHHOCTb IMOJS MEXIY IUIACTHHAMH
60 kB/Mm. Onpenenuth MOBEPXHOCTHYIO IUIOTHOCTD 3apsija Ha TUIACTHHAX, EMKOCTh U
SHEPIUI0 KOHAEHCATOpA.

229. Pa3HOCTh NOTEHIMATIOB MEXAY IUIACTUHAMHM IUIOCKOTO KOHIEHCATopa
2 kB, a paccTtosiHue Mexay HUMU 2 MM, 3apsan Kaxaoi mnactusbl 1 HKi. Onpene-
JUTh CUILY B3aUMHOT'O IPUTSKEHMSI IUIACTUH U SHEPTUIO KOHJIEHCATOPA.

230. Omnpenenuts CHIIy B3aUMHOTO MPUTSKEHUS TUIACTUH TIOCKOTO KOHAEH-
caTopa, eclH IIOMaah Kaxaoil miactuasl 100 cM”, a 06beMHast IIOTHOCTh SHEPrHH
NEKTPUIECKOro T0Js KoHaeHcaTopa 0,3 JHk/M.

231. DAC akkymynstopa 12 B. OnpeaenuTs MaKCUMallbHYI0 MOIIHOCTb, KO-
TOpasi MOKET BBIICTUTHCS BO BHelIHEeH nenu. Haubomnpinas cuna Toka, KOTOPYO MO-
JKET JIaTh 3TOT UCTOYHUK, 12 A.

232. DAC akkymynsatopa 12 B. Onpenenutb MakCUMaJIbHYI0 MOIIHOCTb, KO-
TOpasi MOXKET BBIJEIUTHCS BO BHEIIHEN LENU, €CIU NPU MOAKIIOYEHUH peocTaTa co-

nporusieHueM 1,8 OM BbienseTcs MOIHOCTD 72 Br.
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233. 1Ipu BKIIOYEHMH DJIEKTPOMOTOpPa B ceTh ¢ HanpstkeHnem 220 B oH mo-
Tpebnsier Tok 5 A. Onpenenutb MOIIHOCTb, oTpedisiemyo motopoM u ero KIIJ,
€CJIM CONPOTUBIIEHHE OOMOTKH MOTOpa paBHO 6 OM.

234. D]JIC akkymynsTopa aBromoowmss 12 B. Ilpm cmie toka 3 A ero KIIJ]
80 %. OnpenenuTs BHYTPEHHEE CONMPOTUBIIEHUE AKKYMYJISTOPA.

235. lyroBas snamma MomHOCTBIO 175 BT paccunrana Ha Hanpsbkenue 50 B.
Ee Ham0 BKIIIOYUTH B CETh ¢ HanpsbkeHreM 120 B ¢ moMoIpi0 I0MOIHUTEIBHOTO CO-
IIPOTUBJIEHUS U3 HUKEIMHOBOW NMPoBOJoKK nuameTpom 0,4 mm. Halitn nnuHy nipoBo-
JIOKHU.

236. K aBTOMOOMIBHOMY aKKyMYJISITOPY TOAKJIIOUEHBI TMapajuiesibHO 2 (apbl
MolHOCThIO IO 60 BT. HaliTu TOK pa3psana akkyMmyJisiTopa, €Clid HaNps>KEHUE Ha €0
kiemmax 12 B.

237. Yemy paBHO BHYTPEHHEE CONMPOTHUBICHUE 12-BOJIHTOBOTO aBTOMOOHIIBHO-
ro aKKyMYJISITOpPa, €CJIM HAIPSKEHUE HA €ro KieMmax najgaer 1o 7,8 B nmpu Bkimroye-
HUU CTapTepa, NoTpedIsoniero Tok cuioi 70 A?

238. B alOMHHHMEBOM IPOBOIHHUKE 00BEMOM 6 CM° TPH MPOXOKACHHH IO He-
My MOCTOSIHHOT'O TOKa 3a 5 MUH BBIIEIWIOCH KOJMYECTBO TEIJIOTHI, paBHOe 130 [Ix.
Brruncnuth HanpsiKEHHOCTD 3JEKTPUUECKOTO TTOJISI B TPOBOAHUKE.

239. B MEIHOM IPOBOAHUKE IJIMHOM 2 M M IUIOIIAJBIO MONEPEYHOrO0 CEUYCHUS
9,4 MM’ Teder TOK. IIpH DTOM €KEMHHYTHO BBIACIACTCS KOJNMYECTBO TEILIOTHI
20,4 [Ix. KakoBa III0THOCTh TOKA B TPOBOJHUKE?

240. DnekTpoJBUraresib TpaMBasi padboraer npu cuiie Toka 108 A u Hampsike-
Huu 500 B. KakoBa ckopoCTh TpamBasi, €CJIM JBUTATENb CO3JaeT cuiy Taru 3,6 kH, a
ero KII{ pasen 70 %?

241. IIIOTHOCTH TOKa B HHMKEJIMHOBOM IPOBOJHHUKE JJIMHOM 4 M paBHa
1 A/Mm’. OnpeieNInTh pa3HOCTh TOTEHIHNATIOB HA KOHIAX MPOBOIHHKA.

242. Ilpn xKakoM BHEIIHEM COMPOTHUBIECHUHU MOTpeOIsieMas MOIIHOCTh OyAeT
MaKCUMaJbHOM, €CJIU JIBa OJMHAKOBBIX UcTOYHUKA ¢ D/[C 6 B 1 BHyTpEeHHUM COMpo-
tuBieHueM | Om KaxIpli, COCIMHEHBI MOCIenoBaTeNbHO? Yemy paBHa 3Ta MOUI-

HOCTB?
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243. OnpenenuTh MIOTHOCTh TOKA, €CJIM 32 JBE CEKYHJIbl Yepe3 MPOBOJHUK C
ILIOMABIO TTONEePedHOro cederust 1,6 Mm” mporwio 2 - 10" anekrpoHoB.

244. K Oartapee akkymyistopoB ¢ DJIC 2 B u BHyTpeHHUM CONPOTUBICHUEM
0,5 Om mpucoenuHeH MPOBOJIHUK. [Ipr KakoM CONPOTUBIEHUM NPOBOJHUKA MOLI-
HOCTb, BbIJENsIEMas B HEM, MaKCUMaJIbHA?

245. Dnextponasurarens padotaet 0,5 yaca ot cetu ¢ HanpsbkeHueM 200 B pu
cuie Toka 20 A. ConporuBieHue ooOMoTku asurateis 0,5 OMm. Onpenenuts coBep-
HIEHHYIO JIBUTaTelieM MexaHudeckyro padoty u KIIJ[ sanekTpoasurarens.

246. 1o n1ByM O€CKOHEYHO JJIMHHBIM MapajlieIbHbIM MPOBOJAAM, HAXOIAIIUM-
cs1 Ha pacctostHuM 10 cMm Apyr OoT Apyra B BO3[yX€ TEKYT B OJJHOM HANPABIECHUU TOKU
cuioit 20 u 30 A. OnpeaenuTs MHAYKIMKO MarHUTHOTO TOJISI B TOUYKE, JIEKAIleh Ha
IPSIMOM, COeMHSIONIEH 00a MPOBO/IA, M HAXOMAIICHCS HAa PACCTOSHUH 2 CM OT Tep-
BOI'O NPOBOJA.

2477. PemnTh NmpenpIAyIyIO 3aady IPU yCJIOBHUH, YTO TOKH B IPOBOJHHUKAX
TEKYT B [IPOTUBOIIOJIOKHBIX HAIPABICHUAX.

248. JIBa 0€CKOHEYHO JJIMHHBIX POBOJA CKPEUIEHBI MO MPSMbIM yriioM. Pac-
CTOSIHME MeXJy mnpoBoaamu paBHO 10 cM. ITo mpoBomam TEKYT OJAMHAKOBBIE TOKH
cuioit 10 A. HailTu MHAYKUMIO U HANPSHKEHHOCTh MArHUTHOTO TOJISI B TOYKE, HAXO-
JSIENCS Ha CEPEIMHE PACCTOSIHUS MEKTy ITPOBOIAMM.

249. 1o 1ByM TOHKHUM JJIMHHBIM HapaJuleIbHBIM ITPOBO/IAM, PACCTOSIHUE MEXK-
Iy KOTOPBIMHM 5 CM, TEKYT TOKM cuiioll 6 u 4 A. Onpenenuts MHAYKLIHUIO U HaIps-
YKEHHOCTb MAarHMWTHOIO ITOJISI B TOYKE, YJAJEHHOW HA PAacCTOSHHUE 3 CM OT MEPBOTO
IPOBOJIA U HA paccTossHHE 4 CM OT BTOPOrO MPOBOJA, €CIU MPOBOJA HAXOIATCA B
BO3JIyXE.

250. Ilo n1ByM 0IMHAKOBBIM KPYTOBBIM BUTKaM PalycoM 7 CM, MNIOCKOCTH KO-
TOPBIX B3aUMHO MEPIEHUKYJISPHBI, @ IIEHTPhl COBNAAAIOT, TEKYT OJUHAKOBBIE TOKU
cuioit 3 A. Haiitn HanpsyKeHHOCTh M MHAYKLWIO MAarHUTHOTO TOJIS1 B IEHTPE BUTKOB.

251. JIBa TOHKUX MJIMHHBIX MPAMOJMHENHBIX MapajljIeibHbIX MPOBOJA HAXO-
IATCS B BO3/lyXxe Ha pacctossHuu 10 cm apyr ot apyra. [1o nmpoBogaM TeKyT TOKH CH-

noi 5 u 10 A. HaifTu MHAYKIMIO U HAIIPSKEHHOCTh MAarHUTHOT'O TOJISI B TOUKE, HAXO-
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JSIEICs Ha CepeIMHE PACCTOSHUASA MEXly TPOBOJAMU, €CIIM TOKU TEKYT: a) B OJJMHA-
KOBOM; 0) MPOTUBOMOJI0KHOM HaIlpaBJICHUU.

252. Ilo nByM O€CKOHEYHO JJIMHHBIM MPSMbIM MapaJuIeIbHBIM IIPOBOIAM, pac-
CTOSIHUE MEX 1y KOTOphIMU 20 cM, TEKYT B OJHOM HalpaBJIE€HUU TOKHU cuiloii 4 u 8 A.
OnpenennTs HHAYKIUIO U HANPSY)KEHHOCTh MArHUTHOTO TOJISI B TOYKE, YJAJEHHON OT
IIEPBOI0 NPOBOJA Ha paccTosiHue 12 cm u ot BTOpOro — 16 cm.

253. OnpenenuTh MHAYKIHUIO U HANPSKEHHOCTh MAarHUTHOTO TOJISI B LIEHTPE
JUTMHHOTO COJICHOU/IA, €CIIM COMPOTHUBIIeHHE ero oOMOoTkKU 120 OM, a HampsiKeHue Ha
ee koHiax 60 B. Conenoup coaepxur 1000 BUTKOB, a ero anuna 0,5 m.

254. Ilo nIByM IJIMHHBIM NapajuieIbHBIM IPOBOAAM, HAXOIAIIMMCS Ha pac-
CTOSIHMM 8 CM B BO3/yX€, TEKYT B OJJHOM HaIlpaBJIE€HUU OJMHAKOBBIE TOKH CHIJION 6 A.
OnpenenuTs UHAYKIUIO U HANPSY)KEHHOCTh MArHUTHOTO TIOJISI B TOYKE, YJAJIE€HHON OT
KQ)KJIOr0 IMPOBOJIA HA PACCTOSIHUE § CM.

255. beckoHeuHO NIMHHBINA MPOBOJA 00pa3yeT KPYyroBOi BUTOK, KacaTeIbHBIN K
npoBoay. [lo mpoBoay uaetr Tok cuioit 5 A. Haiitu paguyc BUTKa, €CIM HAIPSIKEH-
HOCTbh MAarHUTHOTO TOJISI B LIEHTpe BUTKA 41 A/Mm.

256. Pamka raneBanometpa JuinHOM 4 cM U mpuHou 1,5 cM, cogepaxkaras 200
BUTKOB TOHKOI MPOBOJIOKH, HAXOAUTCA B OJJHOPOJHOM MAarHMTHOM MOJIE C MHIYKIIHU-
er 0,1 Tn. [1lmockoCcTh pamMKu mapajiesibHa JIMHUAM HUHAYKIUU. Halith MarHUTHBIN
MOMEHT PaMKH U MEXaHWYECKUH MOMEHT, JICHUCTBYIOIIUM HA PAMKY, €CJIM IO BUTKY
TE€UEeT TOK cuiion 1 MA.

257. OnpenenuTs HANPSHKEHHOCTh OJJTHOPOJIHOTO T'OPU30HTAJIBHOIO MarHUTHO-
ro moJjii, B KOTOPOM B PAaBHOBECHHM HAXOJUTCS HE3aKPEIUICHHBIA MPSIMOJIMHENHBIN
MEIHBIM TPOBOJHUK ¢ TOKOM cwion 10 A. Jlmamerp npoBoanuka 4 mm. [InoTtHOCTB
Meau 8,8 - 10° xr/pr’.

258. IIpoBOJIHMK, COTHYTBII B BUJIE KBaJpaTa cO CTOPOHOW 8 CM, JIEKUT Ha
croie. I1o nmpoBogHuKy TedeT Tok cuioit 0,5 A, BeIUUMHA KOTOPOIo NMOANEPKUBAET-
cs Heu3MeHHoU. KBaapar, mOTSHYB 3a IPOTHUBOIOJIOKHBIE BEPIIWHBI, BBHITIHYJIU B
auHuio. OnpenenuTh COBEPIICHHYIO MPU 3TOM padboTy. BepTukanbHas cocTaBiisio-

11ast Halps>KEeHHOCTH MarHUTHOTO 1ot 3emuu 40 A/m.

150



259. Ilo npoBOHUKY, COTHYTOMY B BHJI€ KBaapaTra co ctopoHou 10 cMm, Teyer
TOK CWJIOW 2 A, BEIMYMHA KOTOPOro MOAACPKUBAETCA HEu3MeHHOW. [lnockocTh
KBajpara cocrasiseT yroa 30° ¢ IMHUSIMH OJXHOPOAHOTO MArHUTHOIO HOJISI ¢ MHIYK-
et 0,2 Tn. Beraucnuts paboTy, KOTOPYIO HAZ0 COBEPIINTH, YTOOBI YAAIUTH MPO-
BOJIHUK 32 MPEIEbl MOJIS.

260. Kakoyi Bpamaromuid MOMEHT JEUCTBYET Ha PaMKy C TOKOM CHJIOHN 2 A,
IIpU MIOMEIEHUH €€ B OJIHOPOJAHOE MarHuTHoe mnosie ¢ uuaykuuei 0,2 Tn, ecnu pam-
Ka cofepkut 30 BUTKOB IUIomagpi0 10 cM’, a IIOCKOCTh paMKu oOpasyer yron 60°
C CUJIOBBIMU JIMHUSMHU TOJISA?

261. B ogHOpOIHOM MarHuTHOM Tosie ¢ uHaykue 0,2 Tia paBHOMEPHO BU-
KETCA MPSIMOM TNPOBOJHUK [JJIMHOM | M, MO KOTOPOMY TEYET TOK CHJON 2 A.
CkopocTh TIPOBOJHUKA 15 cM/C M HampaBiieHa MEPHEHIUKYISIPHO CUIIOBBIM JTMHUSAM
nosis. Haiitu pabGoty mepemenieHus: MpoBOJIHUKA 332 BpeMs 5 ¢ U MOILIHOCTb, 3aTpa-
YEHHYIO Ha 3TO MEPEMEIICHUE.

262. Mexay moJirocaMu 3JIEKTpOMarHuTa CO34aeTCsl OJTHOPOJHOEC MArHUTHOE
nosie ¢ uaaykuuen 20 mToa. [IpoBoanuk, Macca eaMHUIBI JJIMHBI KoTOoporo 0,01 kr/m,
PACIIOJI0KEH TOPU30OHTAIBHO, IPUYEM €r0 HANPaBJICHUE NEPHEHIUKYISIPHO CUIIOBBIM
TuHUAM 1os1. Kakoi cuiibl TOK IOJKEH UITU Yyepe3 MPOBOJIHUK, UTOOBI OH BUCE, HE
nagas?

263. DnekTpoH ¢ KuHeTu4yeckou sHeprueit 50 3B nBukeTCs mapanienbHo Mpsi-
MOJIMHEHHOMY JJIMHHOMY TIPOBOJY Ha pacCcTOsHUM 3 MM OT Hero. Kakas cuna Oyner
JEHCTBOBATh HA AJIEKTPOH, €CJIM 10 HEMY MPOMYCTUTh TOK CHIION SA?

264. 3apspbkeHHas yacTuila, obJagarolias CKopocThio 2 Mm/c, BieTena B 0JIHO-
ponHoe MarHuTHOE nosie ¢ uaaykuueit 0,52 Tn. Halitu oTHOMIEHHE 3aps/ia YaCTUIbI
K €€ Macce, €CJIM YacTUIa OIuUcaja B MOJI€ YTy OKPYKHOCTU PaguycoMm 4 cM.

265. TIpoToH, npouieamnil yCKOpSIIy0 pa3HocTh noreHuanoB 600 B, Bie-
T€J B OAHOPOJHOE MATHUTHOE Ttosie ¢ uuaykuuen 0,3 T nepneHauKyIspHO JIMHUAM

VHIYKUWH. BerynucianuTs paanyc OKpyKHOCTH, IO KOTOPOM Hayajl JBUIAThCA MPOTOH.
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266. 3apsieHHasl 4YacTUIlAa JIBUXKETCS. B MarHUTHOM MOJI€ 10 OKPY>KHOCTU pa-
nuycoM 4 cM co ckopocthio 1 Mwm/c. Uaaykiusa marautHoro nojs 0,3 Tn. Halitu 3a-
PSA YaCTULIBI, €CIIM €€ KNHETUYECKas 3Heprus 12 kaB.

267. IIpoToH 1 O.-4acTULA BJIETAIOT B OJHOPOJHOE MAarHUTHOE ITOJIE IEPIICH-
JTUKYJISPHO €T0 CUJIOBBIM JUHUSIM. ONpeneauTh OTHOUIEHUE CKOPOCTEN ATUX YaCTHIIL,
€CJIM PaJuyC KPUBU3HBI TPACKTOPHUH O-4aCTHUIIHI B 4 pa3a O0bIle paguyca KpUBU3HBI
TPAEKTOPUHU MPOTOHA.

268. TIpoToH, o6nagaromuii ummyiascoM 3,2 - 107! kr M/c, BieTaeT B 0XHOPOI-

HO€ MarHUTHOE M0JI€ MEPIEHIUKYISIPHO CUIIOBBIM JIMHUSIM U JBUKETCS MO OKPYKHO-
ctu paguycom 10 cm. HallTy MHIYKIIMEO MAarHUTHOTO TOJIA.

269. IIpoToH OBHKETCS B OJHOPOJAHOM MAarHMTHOM MOJI€ C HAIPSKEHHOCTHIO
100 kA/M 1O OKPY>KHOCTH paanycoM 2 cM. HallTh KHHETHYECKY O SHEPTHIO IPOTOHA.

270. Karymka u3 100 BUTKOB Iwiomaapo 15 cM’ BpaIlaeTCcs B OJHOPOIHOM
MarHUTHOM TIOJI€ C 4acTOTOM 5 000poTOB B cekyHnay. Och BpallleHUs] NEPHEeHINKY-
JSIpHA OCH KATYLIKHA M CUJIOBBIM JIMHUAM N0Js. OnpenenuTb HIYKINUI0 MarHUTHOTO
noJisl, €ciM MakcumaiabHoe 3HaueHue DJC MHAYKUMH, BO3HHMKAIOIIEH B KaTyIIKE,
pasno 0,25 B.

271. IIpoBONOYHBIM BUTOK AuamMeTpoM 5 cM u conpotusiienrem 0,02 Om Ha-
XOJIUTCSl B OAHOPOAHOM MarHuTHOM mosie uaaykuuen 0,3 Tiu. ITnockocTe BUTKa co-
crasysiet yron 30° ¢ nuHUsIMH HHIYKIuH. Kakoii 3apsit mpoTedeT Mo BUTKY NP BbI-
KJIFOUEHUH TTOJIS?

272. OnpenenuTs pa3HOCTh NMOTEHUNAIOB, BOBHUKAIOUIYI0 HAa KOHLAX BEpPTHU-
KaJIbHOM aBTOMOOMJIBHOM aHTEHHBI JUIMHOU 1,2 M IpU ABMKEHUU aBTOMOOMJIS C BOC-
TOKa Ha 3arajJl B MAarHUTHOM I10JIe 3eMJI CO CKOPOCThIO 72 KM/4. ["'opu3oHTaNIbHAS
COCTAaBJISIOIIAs] HAMPSXKEHHOCTH 3€MHOTO MAarHUTHOTO 1oJjst 16 A/wm.

273. IIpoBOJIOYHBII BUTOK AuaMeTpoM S5 cM u conpotusienueM 0,04 Om Bpa-
1IA€TCA B OJHOPOJHOM MAarHMTHOM mosie ¢ umHaykuuei 0,6 Ti, mpuyeM ock Bpamie-
HUS JIEKUT B INIOCKOCTH PaMKH W NEPIEHIUKYJSIpHA BEKTOpY MHAYyKLMHU. Orpene-
JMTH 3apsill, KOTOPBII IPOTEKAET M0 paMKe NP U3MEHEHUH YTIJIa MKy HOPMAJbIO K

TUIOCKOCTH PAMKH W JTMHUSAMHA MHAYKIMA: a) oT 0° 10 45°; 6) ot 45° 10 90°.
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274. UaayKupst MarHATHOTO TTOJIST MEKY MOJIFOCAMU JIBYXIIOJFOCHOTO T'€Hepa-
topa 0,8 Ti. Porop mmeer 100 BuTkoB mromanpo 400 cm’. OmIpeneiInTh 4acToTy
BpallEHUs pOTOpa, eciin MakcuMmanbHoe 3HadueHne JJ1C nanykuun 200 B?

275. Ha KOHLIaxX KpbUIbEB camoJjieTa pa3zmaxoM 20 M, JETAIIEro cO CKOPOCTHIO
720 xkM/4, BO3HHMKAET pa3HOCTh noreHnuanos 0,2 B. Onpenenuts BEpTUKATIBLHYIO CO-
CTaBJISIOLLYI0 HAIPSHKEHHOCTH MarHUTHOTO TOJIs 3EMUITH.

276. Conerony IHHOMN 30 CM U IUIOLIABI0 TTONepedHoro ceuerns 10 cm® co-
nepxut 600 BuTkoB. HaliTh MHIYKTUBHOCTH COJIEHOM[A C CEPACYHUKOM U3 HEMar-
HUTHOTO Matepuana (L = 1). Onpeaenuts cpegnee 3Hauenue IJ[C caMOUHIyKIUH,
BO3HUKAIOLIEH MPU BBIKIIOUYEHUU TOKA B KaTYILKE, €CIM CUJIa TOKAa YMEHBIIAETCS OT
0,8 A mo nyJs 3a BpeMst 150 mkc.

277. 1Ipn IBMKEHUU KEJNE3HOAOPOKHOIO BArOHa Ha KOHLAX €r0 OCH, JUIMHA
KOTOpow 1,6 M, BO3HUKAET pa3HOCTh NOTeHIManoB 12 mB. Onpenennts CKOPOCTH I10-
€371, €CJId BEPTUKAJIbHAS COCTABIIAONIAS HANPSHKEHHOCTH MArHUTHOTO TOJISI 3€MIIH
40 A/m.

278. Conenoun comepxut 1500 ButkoB. Ilo 0OMOTKe coneHOMAA TEYET TOK
cuioil 2 A. BpIUMCIUTG 3HEPTrUI0 MAarHUTHOIO MOJSI COJEHOMAQ, €CJIM MarHUTHBIM
MOTOK Yepe3 ero nomnepeunoe ceuenue pasex 0,5 mBO.

279. 1o oOMOTKE coneHouia ¢ yuciaoM BUTKOB 1500 U mIomaapio momnepeyHo-
ro cedenmss 10 cM® Teuer TOK, co3paromui none ¢ wunayknuend 20 mTn. Halitu
cpennee 3HaueHue DJIC caMOMHyKIIMH, BO3HUKAIOIIEH B COJICHOUAE, €CIIM CUja TO-
Ka YMEHBIIAETCS 10 HYJIA 3a BpeMs 1 Mc.

280. Co cTOpOHBI OAHOPOJAHOI'O MATHUTHOTO MOJIsSL, 00beMHas IIOTHOCTh YHEP-
run kotoporo 0,4 Jk/M’, Ha IPOBOAHHK, PACIIONOKCHHBIN MEPICHIUKYIISPHO CHIIO-
BBIM JIMHUSAM MOJIs, AeicTByeT criia Amnepa BennuuHoin 0,6 MH. Onpenenuts cuimy

TOKa B MMPOBOJIHUKE, €CJIU JIMHA MPoBoAHUKA 0,2 M.
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4.1.8. HexkoTopble cBeleHNs1, HEOOXOAUMBbIE IJIsl pellleHus 3a1a4

1. HexkoTopsbie ¢puznyeckue nNOCTOSIHHbIE (OKPYIJIEHHbIE 3HAYECHMS)

duznyeckas MoCTOSTHHAs O6o03Ha- 3HayeHue

YeHUe
Yckopenue cBOOOIHOTO MaAeHUs g 9,81 M/c’
['paBUTaIIOHHAS TIOCTOSAHHAA G 6,67 -10" a’/(xr -¢%)
ITocrosinHass ABoraapo Ny 6,02-10” moms™
YHuBepcalibHas razoBasi IOCTOSIHHAS R 8,31

Jlx/(moinb - K)

ITocrostnuas boapiimana k 1,38 - 10 x/K

2. OTHOCHTEIbHBIEC ATOMHBbIE MACChI (OKPYIJICHHbIC 3HAYCHU)

HEKOTOPLIX 3JIECMCHTOB

DneMeHT XUMHYECKUN CUMBOJI A
A3sor N 14
Aproun Ar 40
Bonopon H 1
['enui He 4
Kucnopon (0 16
Heon Ne 20
Yrnepon C 12

3. Macca u 3apsii HEKOTOPbIX YaCTHII

Yacrtuma Macca, xr 3apsn, K
DneKTpoH 9,11-10>" 1,60-10"
TIpoToH 1,67-107 1,60-10™"
0L - 9acTHIA 6,64-107 3,20-107"
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4. YaeJbHOe CONPOTHBJIEHUE METAJJIOB

Mertann Y nenpHOE COMpo- Merann Y nensHOE compo-
tuBieHue (OM M) tuBsieHue(OM M)
AnroMuHUHN 2,8-10° 8 Menn 1,7-10° 8
Keneso 98-107° Cepebpo L,6-10°°
Huxpom 1,1-10°° Huxkenvn 4,0-1077
5. Exnnnnbl pusnyeckux sesanuud CH,
HMeIoIue COOCTBEHHbIE HAMMEHOBAHMS
Benuuuna Eununa O6o3HaucHUE
HammMmeHnoBaHue
DIIEKTPUYECKUN 3apsif KYJIOH Kn
Cwia Toka aMmriep A
[ToreHuuan 3MEeKTPUYECKOTO MOJIs,
AIEKTPUYECKOE HAIPSIKEHUE BOJILT B
DIIEKTpUYECKast EMKOCTh bapan o
DNEeKTPUYECKOE CONPOTUBIICHHUE oM Om
DJIeKTpruUecKasi IPOBOAUMOCTh CHUMEHC CMm
MarnutHas HHIyKOHS Tecla Tn
MaruuTHbIN TOTOK BeOep B6
NHIyKTUBHOCTH reHpU I'n
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6. HexoTopbie acCTPOHOMHYECKHE BeJIMYNHBI

HanmeHnoBanue 3HayeHue
Paguyc 3emin 6,37-10° M
Macca 3emnn 5,93-10* xr
Panuyc JIyHbl 1,74-10° m
Macca JIyubl 7,33-10% xr
Paccrosinue ot nentpa 3emiu 10 neHTpa JIyHsl 3,84-10° m
Paccrostaue ot nenTpa 3emun 10 1ieHTpa Benepsr 6,0-10° m

4.2. Tekyumuii KOHTPOJIb (TECTOBbIE 3aIaHUS)
4.2.1. TpennpoBoUYHBbIEe TECTHI K pa3aey 1

TpenupoBouHbIii TecT K Teme 1.1

3agaunme 1 (8vibepume 00un u3 8apuanmos omeemaos)

@opMyina, BbIpakaromias, o0Iiee OnpeneseHne BEKTOopa JMHEMHOW CKOPOCTH

(S — HmepeMeleHNe) IMEeT BUL:

Al ds AP dF AP
1) \vzuz—- 2) 5= lim 2= gy AT g5 A

t A0 At dt At At
3aganue 2 . Touka ABMKETCS MPSIMOJIMHEHHO COTJIACHO YPaBHEHHIO

1
X =3t —= £. B MOMEHT BpeMeHH 3 C yCKOPEHHE PABHO:

1) Im/c?; 2) 6m/c; 3) —éM/Cz; 4) - 3m/c’.

3apanue 3. TBepaoe Teno BpamaeTcst BOKPYT HEMOABUKHOM OCH BpallleHUs Z,

KaK IIOKa3aHO Ha PUCYHKC.
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VYTrIii0Basg CKOPOCTh B 3TOM CJIydae HallpaBjieHa:

1) o kacarenbHON K OKPYKHOCTH;  2) BJIOJIb OCH BpallleHUsI BBEPX;

3) BIOJb OCHU BpalleHUs BHU3; 4) o paguycy OKpY>KHOCTH.

3ananue 4. Koneco aBTOMaIIWHbI BpaIllaeTCsl paBHO3aMEJIEHHO. 3a BpEMsI JIBE
MUHYTHI OHO H3MEHMJIO 9aCTOTy BpalieHns ot 240 10 60 Mun™'. YI10BOE yCKOpeHHe
KOJIECAa PABHO:

1)-90c? 2)90c?  3)-94c?  4)3c™

3aganme 5. [Ipu yBenuuenuu B 4 paza paauyca KpyroBoid OpOUTBI UCKYCCT-
BEHHOI'0 CITyTHHKa 3eMJIM €ro nepuoj oopauieHus yseanurupaercs B 8 pas. [Ipu atom
CKOpPOCTb JIBUYKEHUS CIIyTHUKA IO opOuTe:

1) ymenbmiaercs B 2 pa3a; 2) yBeIMYHMBAETCs B 2 pasa;

3) ymenbiaercs B 4 paza; 4) yBenuuuBaetcs B 4 pasa.

TpennpoBo4YHbIH TECT K Teme 1.2

3ananue 1. 2-ii 3akon HeroToHa B caMmoii o01ieit ¢popme Beipakaercs Ghopmy-

JIOU:

|

ZFQ d’x = d’x

_ C ym d(m?v)

= ; 4 —ZF_:@‘
> ) dt i

3aganme 2. Teno maccoii 0,1 kr Boosis ocu X cornacHo ypaBHeHuto X = 107 —

107, [Ipu 3TOM pe3ynpTHpyrOIIas cuia, AEUCTBYIONIAS HA TEJIO PABHA!
1)-20H; 2)-2H; 3)1H; 4)10H.
3amanme 3. J[j1s1 BBHINOJHEHUS 3aKOHA COXPAHECHUSI UMITYJIbCA CUCTEMBI TEJI HE-

O6XO,Z[I/IMO BBIIIOJIHCHHUC YCJIOBUA:
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1) BHyTpeHHUE CUIIBI JOJIKHBI OBITH KOHCEPBATUBHBIMH;

2) cyMMa BHYTPEHHUX CUJI paBHa HYJIIO;

3) cymma BHEUIHUX CUJI paBHA HYJIIO;

4) cucrema Ten 3aMKHYTasi © BHYTPEHHUE CUIIbI KOHCEPBAaTUBHBIE.

3ananue 4. llap, nBwxymuiics B rOpU30HTAIBHOM HAINpPaBIEHUHM CO CKOPO-
CTBIO 4 M/C, HEYIIPYTO CTAIKUBAETCS C HETIOBMKHBIM [IAPOM TaKoil ke macchl. Cko-

POCTH IIApOB MOCIIC yaapa paBHBI:
1) 4wm/c,; 2) 0; 3) 8wm/c; 4)2wmlc.

3ananue 5. Yopyras npykuHa BHadaje Oblia pacTsaHyTa Ha 3 cM, 3aTeM eé
yAJIMHAIY e1i€ Ha 6 cM. B pesyinbprare €€ NoTeHIMAIbHAs SQHEPIUs YBEJINUNIACh:

l)B4paza; 2)B9pa3; 3)B3paza; 4)B 18 pas.

TpennpoBouHbIi TECT K Teme 1.3

3apanue 1. OqHOPOIHBIN JTUCK BpaIlaeTCsi pABHOYCKOPEHHO OTHOCUTEIBHO
OCH, COBITQJAIOIIEN C €r0 OCbI0 CUMMETPUU. Ero yrioBoe yCKOpeHHE He 3aBHCHT OT:

1) yrinoBoii ckopocTH; 2) MOMEHTa UHEPLUU;

3) cyMMapHOro MOMeHTa cuil; 4) MOMEHTa UMITYJIbCa.

3ananue 2. Popmysia OCHOBHOIO 3aKOHA IMHAMUKH BPaIaTEIbHOTO JBUKE-

HUA UMECT BHU.

—_

3 3 L dl - =
) M=|FxF|,  2)M=1IB; 3 =M 4)%:1«*.

3amanme 3. J/[Ba mapa maccoid m u 2m HaXosT-

0’
Cs1 Ha HEBECOMOM CTep>kHE Ha paccTossHuU R u 2R ot : m
ocu Bparenus 00° (puc.). MoMeHT uHepuuu Toi cuc- ¢ ¢ ¢
<—R—> :
TEMBI [IAPOB PABEH: ! - !
1) 5mR* 2)3 mR% 3) 6 mR* 4)9 mR. | 2R i
0

3aganue 4. Y CI0BHS BBIIOJHEHUS 3aKOHA COXPAHEHHS] MOMEHTA UMITYJIbCa

CHCTCMBI TCII.
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1) B cucteme HET cuJl TPEHHUs; 2) CHCTEMa TeJl 3aMKHYTasl;

3) cymMmmMa MOMEHTOB BHEIIHUX CUJI paBHA HYJIIO;

4) BHYTpEHHUE U BHEUIHUE CUJIbl KOHCEPBATHUBHBIE.

3agaunme 5. Bpamarommuiics Gurypuct MOKeT U3MEHSTh CBOH MOMEHT HHEP-
L[MH, €CJIM BBICTABUTh PYKU B CTOPOHBI WJIH NPUKATh K TyJoBUILY. [Ipn yBennueHnn
MomeHTa uHepuuu Ha 200 % yucino 060poToB:

1) ymenbiuTcs B 2 pasa; 2) yBenuuutcd B 3 pasa;

3) ymensmuTCs B 3 pasa; 4) yBenuuuTcs B 2 pasa.

TpenupoBo4HBIii TecT K Teme 1.4

3aganme 1. B )KuaKOCTH MOJNEKYJIBL:

1) nBUKyTCS yIOPSAIOYEHHO;

2)  coBepIIAIOT K0JIeOATEIbHOE U MOCTYNATENbHOE IBHKCHHUS;

3) KOJeOJIOTCS B Pa3IMYHbBIX HAMPABICHUAX;

4) coBepmIalOT BPAIIATEIBHOE U MOCTYIATEIbHOE JBHKCHUSI.

3aganme 2. JlaBneHue cToia0a )KUIKOCTH B 3aKPHITOM COCYE He 3aBHCHUT OT:

1) TemmepaTypbl; 2) BBICOTHI CTOJI0A )KUIKOCTH WJTU T'a3a;

3) MIIOTHOCTH KUAKOCTH; 4) IMIUPOTHl MECTHOCTH.

3ananue 3. CKOpOoCTh NBUKEHUS KUJIKOCTH U T'a3a 3aBUCUT OT ILJIOIIAIH T10-
nepevHoro ceueHust TpyOosl. [Ipu ymensiiennn nuamMerpa Tpyosl B 3 pa3za CKOPOCTb
TEUCHUS:

1) ymenbiaercst B 3 pa3a; 2) yBeauuuBaercs B 3 pasa;

3) yBenuuuBaetcs B 9 pa3; 4)ymensniaercs B 1,5 pasa.

3aganme 4. ['a3 Teu€T MO rOPU30HTAIILHO PACIIOIOKEHHOM TpyOKe. [Tpu
YMEHBIIICHUH TUAMETpPa TPYOKH:

1) ckopocTh TeueHus yObIBaeT, JaBJICHUE BO3PACTACT;

2) CKOPOCTh HE U3MEHSIETCS, JIaBICHUE YObIBACT;

3) CKOpPOCTb BO3pacCTacT, JaBJICHUE HE U3MEHSETCS;

4) CKOpPOCTh BO3pacTaeT, JaBJIeHUE YObIBACT.

3amanue 5. BA3KOCTh )KUAKOCTH ITPU HATPEBAHUM:
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1) yBenuuuBaeTcs; 2) yMEHbIIAETCS,

3) yMeHbIIaeTcs 3HaYUTENbHO; 4) HE U3MEHSETCS.

4.2.2. TpeHMPOBOYHBIE TECTHI K pa3aeny 2

TpennpoBo4HbIil TECT K Teme 2.1

3aganme 1. YCTaHOBHUTE COOTBETCTBUE MEX]y HAa3BaHUAMH H30IPOIECCOB U

HNX 3aKOHaMU:

ITpouecc 3aKoH

1) M30XOPHBII a) PV, =PRBV,;

2) u300apHbIi 0) Yo ﬁ;
LT
P P

3) nzoTepMHUIECKUit B) L="%;
L I

4) annabaTHbIN r) BV =RV,".

3aganme 2. BoiOepure BolpaxkeHue, npeacTanisionee co0ol ypaBHenrne MeH-

neneeBa-Kirainepona:

P P
DN="N; 2)ii=Z. ) V=V (+at); 4 p=2 KL
M T, N,V

3aganme 3. CpeJHIOI0 KHHETUYECKYIO SHEPTHI0 MOJIeKyibl Mmetana CH, onpe-

ACJISACT BBIPAKCHUC!

1) xT; 2) 1,5 xT; 3) 2,5 xT; 4) 3 kT.

3ananue 4. OTHOUIEHNE YHEPTUH BPAIIATEILHOTO ABUKEHHS MOJIEKYJIbI METa-
Ha (NH,) x € nmoiaHo#i KMHETUYECKON SHEPTUU PABHO:

1) 1/6; 2) 1/2; 3)2/5;  4)3/5.

3ananue 5. C yBeJIMUEHUEM TEMIIEPATYPbl MHOTOATOMHOIO rasa:

1) YBCINYNBACTCA YUCIIO CTCIICHEH CBO6OI[BI MMOCTYIIATCIIbHOTO IBUKCHHAA,
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2) yMEHbIIIAeTCs KOJIMYECTBO BpaIIaTeIbHBIX CTEIIeHEH CBOOOIbI;

3) nosBIAOTCA KOJeOaTeNbHbIE CTETIEHU CBOOOIBI;

4) yBeNMUMBAETCS YUCIIO MOCTYNATENbHBIX U BpallaTeJIbHbIX CTeneHel cBoOo-
Jbl.

TpeHnpoBOYHBIH TECT K TeMe 2.2

3aganme 1. [laBnenue atMochepbl U3MEHSETCS MPU YBEJIMYEHUHU BBICOTHI Clie-
IYIOIIUM 00pa3oM:

1) yMeHbI1aeTCsl SKCIOHEHIIUATIBHO;

2) yMEHBIIAETCs JIMHEWHO;

3) yMeHbIIaeTCs TUNEePOOTNYECKH;

4) yBeIMYMBAETCS IKCIIOHEHIIMAIBHO.
3ananue 2. Haumenblieid Ha BICOTE 2 M OT MOBEPXHOCTU 3eMiIH OyAeT KOHIEHTpa-
1M rasa:

1) O 2) No; 3) Hy; 4) CO,.

3ananue 3. [Ipy NOBBIIIEHNN TEMIIEPATYPHI:

1) yBenuumBaeTCss HAMBEPOSTHEUIAs CKOPOCTh MOJIEKYJl U YMEHBIIAETCsl 00-
1iee KOJIMYECTBO MOJIEKYT;

2) yBenu4uBaeTcs o0l1iee KOJIMYECTBO MOJIEKYJ U PACTET J0JIsl OBICTPHIX MOJIe-
Ky,

3) yBenmMYHMBAaeTCS CPEAHSSI CKOPOCTh MOJIEKYJI W BO3pacTaeT JOJsl OBICTPBIX
MOJIEKYJT;

4) yMeHbIIIaeTCS CpeIHEKBAAPATUYHAS CKOPOCTh MOJICKYJI M YBEIIMYHUBACTCS
T07151 OBICTPBIX MOJIEKYIL.

3anganue 4. [Ipu yBennyeHnn TeMIiepatypsl ra3a B 2 paza HauBepOSTHEHIIas
CKOPOCTb YBEITUUHTCS:

1) B2 paza; 2) ymenbuiurcs B 4 pasa;

3) yBenuuuTCA B J2 paza; 4) ymensutcd B 1,7 paza.
3amanme 5. CpeHsia CKOPOCTh MOJIEKYJI ra3a:

1) MeHblIE HAUBEPOATHENIIEH CKOPOCTH;

2) OoJbIlie HAUBEPOSTHEHIIICH;

3) OGomblIe CpeIHEKBAAPATUYHON CKOPOCTH;
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4) e€ 3HaueHUE HAXOJUTCS MEXYy HAUBEPOATHEUIIEH U CPEIHEKBAAPATUIHOM

CKOpPOCTSAMHU.

TpeHupoBo4HBIii TECT K Teme 2.3

3ananue 1. fIBneHus nepeHoca B razax HaOMIOJAIOTCS IPU HAPYILIEHUH PaBHO-
BECHOT'0 COCTOSIHUA. TemIonpoBoIHOCTh ra30B 00YyCIOBIIEHA IEPEHOCOM MOJIEKYJIa-
MU:

1) maccei; 2) sHepruu; 3) umnylibca; 4) MOMEHTa UMITYJIbCA.

3aganme 2. [Ipy noHM>KeHHOM aTMOC(EPHOM JIABJICHUU HArpeThie Tea:

1) octhiBatOT OBICTpEE; 2) OCTHIBAIOT MEJICHHEE;

3) TeMmmeparypa Tejna He U3MEHSIETCS.

4) cKOpOCTh OCTBIBAHHUS 3aBUCUT OT PA3HOCTU TEMIIEPATYp Tella U CPEJibl.

3ananue 3. JliinHa cBOOOAHOTO MpoOera MOJIEKYJIbl — 3TO PACCTOSHHUE,

1) Ha KOTOPOM CKOPOCTh MOJIEKYJIbI YMEHBIIAETCS 10 HYJIS;

2) MeXy CTEHKaMu COCyJla, B KOTOPOM HaXOJUTCs Tas3;

3) Mexkly IOCJIe10BaTENbHBIMU COYIAPEHUSIMU C IPYTUMH MOJIEKYJIAMU;

4) cpeqHee pacCcTOSIHUE MEXKIY MOJIEKYJIaMH MPU HU3KUX TeMIepaTypax.

3ananue 4. Jluddysusa nabmromaercs:

1) Tonpko B razax; 2) TOJNBKO B )KUJKOCTSX; 3)TONBKO B TBEPABIX TeNax;

4) B BemiecTBax B JII0OOM arperaTHOM COCTOSTHUU.

3aganme 5. BakyyM — 3T0 COCTOSIHUE, TP KOTOPOM:

1) nunHa cBoGOAHOTO Mpodera MoJIeKyJl OUYeHb BEJTUKA;

2) nnuHa cBOOOHOTO Mpobdera MoJIeKyJl CpaBHUMA C pa3MepaMH COCY/Ia;

3) maBieHne rasa MeHbine 10~ MHIUIMMETPOB PTYTHOTO CTOIOA;

-9
4) naBnenue raza Menblie 10~ MUUTMMETPOB PTYTHOTO CTOJOA.
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TpeHnupoBo4YHBIii TeCcT K Teme 2.4

3apanue 1. CooOmieHHas ra3y TEIIOTa, MOJHOCTHIO HACT Ha U3MEHEHHE €To
BHYTPEHHEU DHEPIUM B IIpoLIECCe:

1) uzoxopuom; 2) uzobapuom; 3) aguabatHoM; 4) U30TEPMUUECKOM.

3aganme 2. [Ipu U30TepMHUUECKOM CXKATUU ISl U3MEHEHUS BHYTPEHHEHN YHEp-
UM WICAJTHOTO Ta3a CIPaBEJIMBO COOTHOIIICHUE:!

1) AU=0; 2) AU>0; 3) AU<0.

3aganme 3. s npouecca 2-3, n300pak€HHOT0 Ha PUCYHKE, BEPHO BbIpaXKe-

HUE:
P
4 3
[ &—>—2
0 %
1) 0=4; 2) =AU, 3) O=AU + 4; 4) A=-AU.
3amanme 4. Ot Buga npouecca He 3aBUCHT:
1) TenmoeMKoCTh; 2) TeIioTa; 3) U3MEHEHHUE BHYTPEHHEN SHEPTUH;
4) pabora.

3ananue 5. TennoBoil ABUraTens padboraet no ooparumomy ukiy Kapso.
Temnepatypa Temnoornaturka 500 K. KII/ uukia 0,3. IIpu s3ToM Temnieparypa ten-

JIOTIpPUEMHUKA!

1) 150 K; 2) 350 K; 3) 250 K; 4) 450 K.

TpennpoBoO4YHBIH TeCT K Teme 2.5

3ananue 1. [IpuzHakoM nepexoaa peajibHOTO ras3a B UJ€aJbHbBIN ABIISIETCS:
1) noBeIllIEHUE TEMIIEPATYphl; 2) YMEHbIICHHE IIIOTHOCTH;

3) BbinoaHeHUe 3akoHa MenpeneeBa-Kianeitpona;

4) yMeHbllIeHUE JaBICHUS.

3aganue 2. 11 CKmKeHUS ra3a HEOOXOIUMO:
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1) pe3ko NOBBICUTH JABJICHHUE;

2) oXJIaUTh Ta3 HIKE KPUTHUECKOU TeMITepaTyphl;

3) pe3ko yBeIU4YUTh 00BEM rasa;

4) NOBBICUTH JABJICHUE MPU TEMIEPATYPE BbIILIE KPUTUUECKOM.

3apanmue 3. [Ipu xpuTHUeCcKOl TEMIIEpATypE:

1) naBneHue rasa pe3ko najaaer;

2) “UCUE3a0T PA3INYMS MEXKIY KUIKOCTHIO U ra30M;

3) KUIKOCTh 3aKUNaeT; 4) ra3 nepexouT B )KUJIKOE COCTOSIHUE.

3ananue 4. YpaBHEHHE COCTOSIHHS PEATILHOTO T'a3a IOJKHO COJIEPkKATh O-
IIpaBKH Ha:

1) cuiibl OTTAJIKMBAHUS MEXK]TY MOJICKYJIaMU;

2) CUJIbI IPUTSIKEHUS;

3) cOOCTBEHHBIN 00BEM MOJIEKYT;

4) cuspl IPUTSKEHUS U COOCTBEHHBI 00BEM MOJIEKYII.

3amanme 5. HachlllieHHBIM ABISIETCS Tap:

1) Haxopsuielcs MpU BBICOKOUM TeMIepaType;

2) obnaaroieii MOBBIIEHHOHN TNIOTHOCTHIO;

3) HAXOJSAUIUICS B PABHOBECHUHU CO CBOEH JKUKOCTHIO;

4) HaXOJAIIMIACS TIPU HU3KOM TeMIiepaType.

4.2.3. TpennpoBo4YHbIE TECTHI K pa3aenay 3
TpennpoBo4HbIii TeCT K Teme 3.1
3aganme 1. 11 CHII0BOM XapaKTEPUCTUKH JIEKTPUYECKOTO TOJIS CIIPaBEIN-

Ba (popmyra:

q 4ne, er d 2ee,

3ananue 2. Ha pucyHnke n300pakxeHbl CHIIOBBIC JTHHHUM IEKTPOCTATUYECKOTO
nosisi. COOTHOLIEHUE MEXAY HaNpsKEHHOCTAMHU (£ U E,) U HOTeHIHAIaMu (¢ U ;)

B TOUKax | u 2 onpeaensieTcs: BbIpaXKEHUEM:
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1) Ei>E;,  @1> @

v

*2 2) £, <E,, P, <P,

v

o] 3)Ei=E;, @1 > @y
4)E,=E;, @1 <@,

v

3aganue 3. DneKTPOEMKOCTh 6aTtapen U3 4-X OJIMHAKOBBIX KOHJECHCATOPOB C

AJICKTPOCMKOCTBIO 4 Mx®D K&)KI[I)II\/JI, COCTaBJISICT:

Il
1) 16 Mx®; 2) 1/4 mx®; 3) 1/2 Mxd;  4) 4 MxD.
3ananue 4. Ha pucyHke n300pakeHbl pa3HOMMEHHBIE OJMHAKOBBIC MO BEJIH-
YUHE TOYEYHBIE 3aPsibl ¢ U ¢, B DTIEKTPOCTATUUECKOM I0JI€ KOTOPBIX JABUKETCS TO-

YEUYHBIN 3apsll Gs.

BekTop mosHOro yckopeHus 3apsija ¢s; COBIAJAET C HalpaBJIECHUEM BEKTOpa:
1)1; 2)2; 3)3; 4)4.
3aganme S. [loTeHlMal MOBEPXHOCTHM METANIMYECKOIO 3apsyKEHHOIO IIapa

pased 100 B. Hanpsi>keHHOCTh ¥ TOTEHIIMA BHYTPHU 1Iapa COOTBETCTBEHHO PABHBbI:

1)50BmMu50B; 2)0u100B 3)100B/Mu0, 4)100B/Mmu 100 B.

TpeHupoBOUYHBII TeCT K Teme 3.2

3apanme 1. K 1uasexkTpukaM OTHOCSTCS BEIIECTBA, KOTOPBIE:
1) XOpoI1I0 TPOBOJAT JIEKTPUUECKHI TOK;

2) NPOBOJAT TOK MIPU HATPEBAHUU U OCBEIICHHH;
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Ci:

3) HE IPOBOJSAT TOK;
4) SBISIFOTCSA CBEPXIPOBOIHUKAMHU ITPH OYE€Hb HU3KUX TEMIIEPATypax.

33IlaHI/Ie 2. 13 NEPCUNCICHHBIX HUKE BCIICCTB K AUIJICKTPUKAM HC OTHOCHT-

1) 3om0T0; 2) rpanuT; 3) mmactMacca; 4) IepeBo.

3ananue 3. Eciiv NOMECTUTH IUAJIEKTPUK B AJIEKTPUUECKOE T0JIE, HA €T0 I0-

BEPXHOCTSX, NEPIICHANKYJIIPHBIX BHELIHEMY IOJIIO, MOABISAIOTCA 3apsaabl. [IpuuarHon

IMMOABJICHMA CBA3aHHBIX 3apA0B ABJISACTCA:

1) BO3HUKHOBEHHE CBOOOIHBIX 3JIEKTPOHOB;

2) IBM)KCHUE NOHOB KPUCTANTHYECKON PEIIETKY;

3) BO3HUKHOBEHUE WK OPUEHTAIIUSI TUTTOJbHBIX MOMEHTOB MOJIEKYJI;

4) BOBHUKHOBEHHE COOCTBEHHOT'O JISKTPHUECKOTO IO B JUAJICKTPHUKE.

3ananue 4. B 00bEMe TUAIEKTPUKA, HAXOISIIETOCS B DJICKTPUIECKOM I10JIE,

BEKTOP HAIIPSHKEHHOCTU:

1) yBenuuuBaeTcs o MOAYJIt0; 2) YMEHBIIAETCS 110 MOAYJIIO;
3) He usMeHsieTcs; 4) U3MEHsSET HalpaBJICHUE HA TPOTUBOMOJIOKHOE.

3ananue 5. J[Ba 3apsna ¢; U g ,, HAXOIAIIMXCS B BO3/IyXE HA PACCTOSIHUU ¥

ApYyT OT Apyra, IOMECTUIN B X KUIKOCTb C I[I/IE)J'ICKTpI/I‘{CCKOﬁ IMPOHUIACMOCTBIO & = 2.

Cwita B3aMMOAECUCTBHS 3apsAI0B HE U3MEHUTCS IPU PACCTOSIHUM MEXKIY 3apsiaaMu B

KUIKOCTHU PABHOM:

)4r; 2) 2r; 3)r, 4)r/2.

TpennpoBo4YHBbIH TEeCT K Teme 3.3
3apanue 1. HocurensiMu TOKa B IPOBOAHUKAX SBJISIIOTCS:
1) cBOOOIHBIE DIIEKTPOHBI; 2) MOJOKUTETBHBIE HOHBI;
3) oTpuLaTENbHBIE MIEKTPOHBI; 4) NOJOKUTEIbHBIE HOHBI U 3JIEKTPOHBI.
3aganme 2. Eciii MeTauiM4ecKoMy MPOBOJHUKY COOOIIUTH 3apsi, TO:

1) 3apsan pacupeneauTcs o BceMy 00bEMY MTPOBOJIHUKA, STIEKTPUIECKOE TT0JIe

BHYTpPH ITPOBOJHUKA YCUJIUTCS,
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2) 3apsi1 pacupeeauTcs 0 MOBEPXHOCTH, MOJIE BHYTPU IPOBOJHUKA OTCYTCT-

BYET;

3) 3apsia pacnpeieTuTCs MO MOBEPXHOCTH, MOJIE€ BHYTPHU MPOBOIHUKA YCUITUT-
csl;

4) 3apsi pacpeesIuTCs 0 BceMy 00bEMY MPOBOIHUKA, DJIIEKTPUUECKOE MOJIe
BHYTPH ITPOBOJHUKA OTCYTCTBYET.

3aganme 3. DIEKTPOEMKOCTb IIOCKOT0 KOHJICHCATOpa He 3aBHUCHT:

1) oT HanpspKeHUs Ha TJIACTUHAX; 2) OT IJIOIIAAH TUIACTHH;

3) OT paccTOsIHUS MEXAY IIIaCTUHAMMU;

4) OT AMANIEKTPUKA MEXK]TY TUIACTUHAMH.

3aganme 4. Mexy oOKIagKaMyu KOHJEHCATOPa HAXOJIUTCS AUDIIEKTPUK C JU-

AIEKTPUYECKON MPOHUIIAEMOCTBIO, paBHOM 7.Ecin ynanuTe IU3NEKTPUK, TO EMKOCTD

KOHICHCATOpa:

1) He u3MeHUTCs; 2) yBEIMUUTCS B 7 pas;

3) ymenbIuTCs B 7 pa3; 4) ymensmutcs B 49 pas.

3aganme 5. Eciau HanpsK€HHOCTH 3JEKTPOCTATUYECKOIrO MOJI B BO3yX€E YBe-
JMYUTH B 2 pa3a, TO 00beMHasl TIIOTHOCTh SHEPTHH. ..

1) yBenmuuuTes B 2 pasza; 2) yBeIU4YUTCA B 4 pasa;

3) yBenuuured B 1,41 pa3a; 4) He U3BMEHUTCS.

TpenupoBo4HBIii TecT K Teme 3.4

3ananue 1. DIEKTPUYECKUM TOKOM Ha3bIBACTCS:

1) YIHOPAOJOYCHHOC IBUKCHHC JTFOOBIX 34PSOKCHHBIX YdCTHUI WM 3apsAKCHHBIX

MaKpOCKOTTUYECKUX TEJT;
2) yHopsiiOY€HHOE JIBUKEHUE 3JIEKTPOHOB;
3) ynopsiioueHHOE ABUKEHUE HOHOB;

4) Xa0THUYCCKOC NBUKCHUC 3aPAKCHHBIX YaCTHII.

3ananue 2. YaenbHOE COMPOTUBICHHE METAJUIMYECKOTO MPOBOJHUKA He 3a-

BHCHUT OT.

1) TemnepaTypsbl; 2) XUMUUECKON IPUPOJIbI; 3) HANpsKeHUs; 4) IITUHBIL.
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3aganue 3. EciM CONpOTHBIIEHUS BCEX PE3UCTOPOB OJMHAKOBBI M PaBHBI 6
Owm, To 0o0111€€e CONPOTUBIIEHNE N300PAXKEHHOTO Ha CXEME ydacTKa LIeNH PaBHO:

D91)60m; 2)180M; 3)20M; 4)9 —
0 o—— 1
M.

—

3ananue 4. ConpoTtusnenue 12-BoabTOBOM aBTOMOOWIBHOM JTaMITIOYKHU MOIII-
HOCThIO 40 BT paBHO:

1)0,30m; 2)3,60m; 3)3,330M; 4)0,28 Owm.

3aganme S. Mcrounuk Ttoka ¢ 3/IC 10 B u BHyTpeHHUM cOnpoTHUBIIEHHEM |
OM 3aMKHYT Ha pe3uctop conpotusieHueM 9 Om. Ilose3Has MOIIHOCTh UCTOYHUKA

TOKa paBHa:

1)9Br; 2)10,8Br; 3)10Br; 4)1Br

TpennpoBo4HBIi TeCT K Teme 3.5
3ananue 1. CunoBoil XapaKTepUCTUKON MArHUTHOTO MOJIS SIBJISIETCS:
1) MmarHuTHast MHAYKIUS; 2) HANPSHKEHHOCTh MarHUTHOTO TOJIS;
3) HAMarHM4eHHOCTh; 4) MarHUTHBIN MOTOK.
3aganme 2. Ha prcyHke n300paxeHO ceueHUue JBYX MPSMOIMHEHHBIX OeCKo-
HEYHO JJIMHHBIX MapajuiesIbHbIX IPOBOAHUKOB C TOKAMU, TEKYIIUMHU B OJHOM Ha-

IIPABJICHUMU.

y & &
A ]1 ]2
Ecnu B aTo#i Touke H, =5 A/M u H, =2 A, To Hanpsi>KEHHOCTh MAarHUTHOTO TIOJISI B
TOYKE A paBHA:
1) 3A/Mm; 2)7AM;  3)10A/M;  4) 2,5 A/m.
3amanme 3. Cuna, A€HCTBYIOIIAs HA MPOBOJAHUK C TOKOM B MarHUTHOM IOJIE,
OyJleT paBHa HYJIO, €CJIA YToJI MEXIy HalpaBJICHUSIMU TOKAa U BEKTOpPAa MArHUTHOU

HHAYKOWUH PABCH:

Dn/3; 2)n/2; 3)m;, 4)1,5mw.
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3aganme 4. Ha pucyHke n3o0pa)xeHa paMKa ¢ TOKOM, IOMENIEHHAs B OJHO-
ponHoe nosie. Eciii TMHUM MarHUTHOW MHTyKIIAH ITOJISI IEPIICHIUKYJIIPHBI IIJIOCKO-

CTH YepTexka U HaIpaBJIeHbI K HaOJII01aTelli0, TO paMKa OyJIeT:

- ) . »
=
=)

* [ . *
I

. L] - L]

) L] L] )

1) pactsiruBatbes; 2) cKUMAThCS; 3) MOBOPAUYMBATHCS BOKPYT BEPTUKAJIbHOM
ocH; 4) HOBOPAYMBATHCS BOKPYT TOPU3OHTAIBHOM OCH.

3ananue 5. Eciu 3apspkeHHast yacTuna Bietaet moj yriaom 30° K JTHHHUAM HH-
OYKIUW OJTHOPOJHOTO MAarHUTHOTO MOJIsI, TO OHAa OyAET IBUTaThCA:

1) Mo BUHTOBOM JIMHUU; 2) IO OKPY>KHOCTH; 3) 10 MpsAMOoi; 4) o napabosie.

TpennpoBo4HBIil TECT K Teme 3.6

3aganme 1. Ha prucyHkax n300pakeHbl pa3MyYHbIE CIIy4au JBUKEHUS MPOBO-

JIOYHOI'O BUTKAa B MAaroHuTHOM IIOJIC.

. Le N T_
g . g \ —-—
ECC I R S e B o a—
> | > / -
1 2 3 4

JIBmKeHue, Npu KOTOPOM B IIPOBOJIOUKE BUTKA He BO3HUKAaeT D/1C nHaykuuu:
1) BUTOK JBHKETCS] IOCTYNATENBHO B HEOAHOPOIHOM TIOJIE;
2) BUTOK BpaILAeTCs;
3) BUTOK ABUKETCS MOCTYIATEIBHO B OJTHOPOJHOM IOJIE;
4) BUTOK BBIHOCUTCS 32 MPEJEIbI MOJIS.
3ananue 2. [IoTOK MAarHUTHOM MHAYKLIHH 4Y€pe3 IMPOBOJIOYHBIM KOHTYP U3MeE-

HACTCA € TCYCHHCM BPCMCHU II0 3aKOHY @ZO,ICOS4I. MakcumanbHOE 3HA4YCHHE

OJIC uHAYKUIMHU B KOHTYPE PaBHO:
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1)04B; 2)0,1B; 3)0,2B; 4)0,025B.

3apanme 3. Ycinosue, npu kotopoM 3JIC caMOMHIYKIIUK B COJICHOUE HE BO3-
HUKAaeT:

1) no coneHonay NpoOTEKAET NOCTOSIHHBIN TOK;

2) 10 COJICHOMIY TPOTEKAET MEPEMEHHBIN TOK;

3) yMEHbIIIaeTCs Cujla TOKa B COJICHOU/IE;

4) yBeIMUYMBAETCS CUJIA TOKA B COJICHOUJIE.

3amanue 4. BHyTpu coneHOUIa, MPUCOEAMHEHHOTO K UICTOYHUKY TTOCTOSHHOTO

TOKa, HAXOJUTCS KeJIe3HbIN cepAedHuK. [Ipu yaanennn cepaeyHnka TOK B 0OOMOTKE

COJICHOWJIA!
1) u3mMeHuTCS HapaBJICHUE TOKA, 2) YMEHBIIUTCS;
3) octaHercs 0€3 U3MEHEHHS; 4) yBenuuurcs.

3aganme 5. DHeprusi MarHUTHOTO IMOJISI BOKPYT MPOBOJAHUKA C TOKOM YMEHb-
HInI1ach B 9 pa3 u3-3a TOro, 4To CUjla TOKA B IPOBOJAHUKE YMEHBIIMIIACH B:

1) 9 pa3; 2)4,5paza; 3)3paza; 4)B 1,5 paza.

TpenupoBo4HBIii TeCcT K Teme 3.7

3ananue 1. Cucrtema ypaBHeHH MakcBesia XapakKTepU3yerT:

1) anekTpocTrarnueckoe noJie; 2) CTallMOHAPHOE MarHUTHOE MOJIE;

3) nepeMeHHOE MarHUTHOE 1oJie; 4) ANEKTPOMATHUTHOE MOJIE.
3apanue 2. VICTOYHUKOM BUXPEBOTO AIEKTPUYECKOTO TOJIS SIBISETCS:
1) nepeMmeHHOE MarHUTHOE T10J1€; 2) MOCTOSIHHOE MArHUTHOE TOJIE;

3) HENMOABMXKHBIN ANEKTPUUECKUH 3apsi;

4) IBMKYIIMICS NEKTPUUYECKUI 3aps/I.

3apanue 3. MIcTOYHMKaMU MarHUTHOTO MOJIS SABJISIFOTCS:

1) TOIBKO TOKM OPOBOJIUMOCTH; 2) TOJIBKO MEPEMEHHOE IIEKTPUUECKOE TOJIE;
3) TOKHM NPOBOJMMOCTH U MEPEMEHHOE IIEKTPUUYECKOE TOJIE;

4) TONBKO YCKOPEHHO JABMXXYLIUECS 3aPSKEHHBIE YaCTULIBI.

3ananue 4. PacipocTpaHeHne 3JIEKTPOMArHUTHOTO TTOJISI OCYIECTBIISIETCS:
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1) nBr>KeHUEM 3apsiKEHHBIX TEJT;, 2) 3JIEKTPOMAarHUTHBIMU BOJTHAMU,

3) ABMKEHUEM HAMarHMYEHHBIX Tell; 4) yIPYyruMU BOJHAMH.

3aganme 5. CKOpOCTh pacnpOoCTpaHEHHUS HIEKTPOMArHUTHBIX BOJIH B BEIIIECTBE
3aBUCHUT OT €€:

1) maoTHOCTH; 2) yIPYTUX CBOWCTB;

3) BAEKTPUUYECKUX U MATHUTHBIX CBOMCTB;

4) ynenbHOr0 COMPOTUBIICHMUS.

4.3. MIPABUJIBHBIE OTBETBI HA TPEHUPOBOYHBIE TECTBI

Paznen Tema Homepa BonpocoB/Homepa oTBeTOB

1 1.1 Howmep 3ananus 1 2 |3 |4 |5
lIpasunvuviii omeem | 2 4 |2 |1 1

1.2 Howmep 3ananus 1 2 |3 |4 |5
IIpasunvuviii omeem | 4 2 (3 |4 |1

1.3 Howmep 3amanus 1 2 3 4 5
lIpasunvhuviii omeem | 1 2 (4 |3 |3

1.4 Howmep 3amanus 1 2 |3 |4 |5
IIpasunvhuiii omeem | 2 I |2 |4 |3

2 2.1 Howmep 3amanus 1 2 3 4 5
Ilpasunvuoii omeem | 16.20, |4 |4 |2 |3

3a,42

2.2 Howmep 3amanus 1 2 |3 |4 |5
IIpasunvuviii omeem | 1 4 |3 |3 |4

2.3 Howmep 3ananus 1 2 |3 |4 |5
Ilpasunvnviu omeem | 2 2 (3 |4 |2

24 Howmep 3amanus 1 2 3 4 5
IIpasunvnviii omeem | 1 I 12 |3 |2

2.5 Howmep 3ananus 1 2 |3 |4 |5
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lIpasunvnviii omeem | 3

3 3.1 Howmep 3ananus 1

Ilpasunvnviu omeem | 1

3.2 Howmep 3amanus 1

lIpasunvhnviii omeem | 3

3.3 Howmep 3amanus 1

IIpasunvuviii omeem | 1

34 Howmep 3ananus 1

lIpasunvnviii omeem | 1

3.5 Howmep 3ananus 1

lIpasunvhviii omeem | 1

3.6 Howmep 3ananus 1

Ilpasunvnviu omeem | 3

3.7 Howmep 3amanus 1

~ON O~ RN RN DN W N N N~ N W NN
W| W ~N| W Wl W A W ~N| W Wl W | W o~
[ NOY I SN I NG N) I \C0 I SNO N O R Y B VS I SN B NGY) R SN (R OUR [ SN B N
Wl »| W V| ~| L] ~] W N L A V] N W W

lIpasunvnviii omeem | 4

4.4. Bopocsl 1JIs1 MOATOTOBKH K 9K3aMEHY
du3nvecKkne 0CHOBbI MEXaHUKH

1. IToHATHE MEXaHMYECKOrO ABMKEHUS U cUCTeMbl oTcuéra. IloHsTe mare-
pUAIBHOM TOYKU W TPACKTOPUHU. [[BHMIKEHHME IOCTYIIATEJIbHOE U BpaLlaTEJIbHOE.
I1yTh u BexTOp nepemenieHus. CpegHue CKOpOCTh U YCKOPEHHE.

2. BexTopsl MIHOBEHHBIX CKOPOCTH U YCKOPEHHMsI KaK IPOU3BOJHBIE paaunycC-
BEKTOpA. ETMHUIIBI U3MEPEHHS] CKOPOCTH U YCKOPEHUSI.

3. YrioBas CKOpOCTb M yIJIOBOE yCKOpeHHEe. VX HampaBia€HUS U €IUHULBI
u3MepeHus. B3anMoCBsA3b IMHENHBIX U YITIOBBIX BEJIMYUH CKOPOCTU U YCKOPEHUSL.

4. IlepBbiii 3ak0oH HproTOHA — 3akOH MHEepuuu. HEpuMalIbHbBIE CUCTEMBI OT-
cuéra. Cuna. Macca tena. Bropoii 3akon HetoToHa.

5. PaGota cunbl, equHuLbl €€ n3mepeHusi. KoncepBaTUBHBIE CHIIBI.
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6. CpenHsisi ¥ MTHOBEHHAs! MOIITHOCTH, €AMHUIIBI UX U3MEPEHUSL.

7. lotenuuaneHast sHeprust @opmyiibl MOTEHIMATBHON SHEPIUU B TOJIE CUII
TATOTEHUS U YIIPYTOCTH.

8. Kunernueckas sneprusi. @opmyiibl KHHETUUECKON SHEPrUU NJis MOCTyMa-
TEJIBHOI'O U BPAIATEIIBHOTO ABUKEHUS.

9. 3aMKHYTbIE MEXaHUYECKUE CUCTEMBI. 3AKOH COXPAHEHHS UMITYJIbCA B 3aAMK-
HYTOM MEXAHUYECKON CUCTEME.

10. MOMEHT CHJIBI OTHOCUTENBHO LIEHTPA W OCH BPAILLICHUS.

11. BenuunHa MOMEHTa UMITyJbCca a0COJIFOTHO TBEPJOrO Teja MPU €ro Bpa-
IIEHUU BOKPYT HEMOJABUKHOU OCH.

12. OcHOBHOM 3aKOH IMHAMUKHU BPalIaTEIbHOIO JIBUKECHUSI.

13. MoMeHTbl MHEpPUMU MAaTepUATIbHOW TOYKW W Tejla MPU BpalllaTeIbHOM
OBIKEHUU. POpMyYJIbl MOMEHTOB MHEPLMHU KOJIbIA U JIUCKA MPU UX BPAILIEHUHU BO-
KpPYT OCH, IPOXOIAIIEH Yepe3 LEHTP UHEPLUU.

14. Kunetnueckas sHeprus Bpaiatouierocst tena. Kunernueckast aueprus te-
J1a IPU €r0 KaYeHUU.

MouekyasipHas puU3NKa ¥ TEPMOJTUHAMMUKA

15. OcHOBHBIE MOJOXKEHHUS MOJICKYIsIpHO-KMHEeTHUYecko Teopun MKT. Pag-
HOBECHBIE COCTOSIHHMSI U Tporecchl. Mx rpaduyeckoe mzodpaxenue. [lonstue nne-
anbHOTO ra3za. OnbITHBIE 3aKOHBI UEATBHOTO ra3a.

16. YpaBuenue MenaeneeBa-Knanelipona. CBsi3b JaBlIeHUS, KOHLIEHTPALUU
MOJIEKYJl M TeMIIepaTypbl. Y HUBEpCalbHasl ra3oBasl MOCTOSIHHASA U €€ (PU3NYECKHIl
CMBICIL.

17. Mexanuueckas pabota u temniora. Pabora raza npu u3MmeHeHuu ero o0b-
ema. P-V nuarpammel.

18. IlepBoe Hauvasio TEpMOJMHAMHUKH. TeraoeMKOCTh (ITOJHAs, MOJIApHAas,
yAeJbHas).

19. IlpuMmeHeHue mepBOro Hauyaida K H30XOpHueckomy mporeccy. ['paduk

nporiiecca. MossipHasi TEIIOEMKOCTh TP ITOCTOSTHHOM o0beMme. PaboTa B mporecce.
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20. [IpuMeneHue NepBOro Hayajga TEPMOJIUHAMUKHI K U300apHOMY MPOIECCY.
I'padux mpouecca. MossipHast TEIIIOEMKOCTD MIPU IOCTOSIHHOM JiaBlieHuu. Pabora B
npolecce.

21. IlpumeHeHre NepBOro Havaiaa TEPMOJANHAMUKHU K U30TEPMUYECKOMY ITPO-
neccy. ['padux mpouecca. PaboTa B n30TepMuueckom mporiecce.

22. Kpyrossie nponecchl. Terosas mammnba. KIIJ[ peanbHOM UM macanbHON
TEIUIOBON MAIlIMHBI.

23. Bropoe Hayano TepMOJINHAMUKH.

DJIEKTPHYECTBO U MATHETU3M

24. DneKTpUYEeCKHUe 3apsAibl, €AMHULIBI U3MEPEHUS 3apsiaa. 3aKOH COXPAHEHHS
3apsna B 3aMKHYTOM cucteme. Todeunble 3apsaabl 3akoH KynoHa.

25. OcHOBHas cUJIOBasi XapaKTEPUCTUKA DJEKTPUUYECKOIO MOJII — HANPSKEH-
HOCTb, €JUHULIBI €€ U3MEPEHUSL.

26. I'padmueckoe n300paxkeHue eKTpudeckux noseit. [lpuHnun cynepnos3u-
MU 3JICKTPUYECKUX TOJICH.

27. IloTeHunan 3JaeKTpocTaTudecKkoro nois. Equnniel ero usmepenus. Onpe-
JieJIeHre TIOTeHIaa yepe3 paboTy U yepe3 MOTEHUUATbHYIO SHEPTHIO.

28. [ToreHnMan nojst TOYEYHOTro 3apsia. DKBUIOTECHIMAIbHbBIE TOBEPXHOCTH.

29. CBs13p HAIPSKEHHOCTU U MOTEHIMaNa. I paguenT norennuana. J{uiiexrpu-
YyecKas MPOHMUIIAEMOCTh BEILIECTBA.

30. TloTok BeKTOpa HANPSKEHHOCTH 3JIEKTPUYECKOro mojsa. Duszndeckuil
cMmpicit moToka. Teopema ['aycca sl 3M€KTpPOCTaTHYECKOrO MOJs B BaKyyMme, €€
NPaKTHYECKOE TPUMEHEHHUE.

31. DIEKTPOEMKOCTh YEIWHEHHOTO IPOBOJHHUKA, €IWHMIBI €€ H3MEpPCHHS.
DIEKTPOEMKOCTh KOHIAEHCATOPOB.

32. IIoCTOAHHBIN 3JIEKTPUUYECKUIM TOK, €r0 XapaKTEPUCTUKHU U YCJIOBUS CylIe-
cTBOBaHUA. CTOPOHHHE CHJIBI.

33. 3akon Oma B MHTErpaJIbHOW (hopMe JJisi OJTHOPOJHOTO W HEOJHOPOIHOTO

y4dacTka IeMu.
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34. 3akon OMa s 3aMKHYTOU 11enu. PU3NYECKU CMBICI 3JEKTPOABIKYLIEH
CHJIBL.

35. PaboTa 1 MOITHOCTH AJIEKTpUUYECcKoro Toka. 3akoH Jlxoyms-Jlenna.

36. MarHuTHoOe 1oJje, ero UCTOYHUKH. 3akoH Amrmepa. OnpeneneHue BeKTopa
MarHUTHOW WHAYKIUU. ['paduyeckoe n3oOpakeHne MarHUTHBIX mojeil. [lpuHnun
CYIEPIIO3ULIIH.

37. 3akon buo-CaBapa-Jlamnaca. MarautHoe mnojie O€CKOHEYHOTO MPsSIMOro
TOKa. BuxpeBoy xapakrep MarHuTHOIO IOJISL.

38. CuiioBo€ OEUCTBHE CO CTOPOHBI MATHUTHOIO IOJSL HA 3JIEMEHT TOKA U Ha
PaMKy C TOKOM.

39. PaboTa no nepeMeleHnt0 NPOBOAHUKA U KOHTYpa C TOKOM B MarHUTHOM
oJIE.

40. JleficTBMEe MarHMTHOI'O TIOJIsl HA ABMKYIIUiCS 3apsia. Cuia JlopeHiia.

41. MarnutHoe noJie B BeecTse. Buabl MarHeTukoB. eppOMarHeTrKHy.

42. SABnenue 3neKTpoMarHuTHOW nHAYKIMU. 3akoH Papanes. [Ipasuiio Jlenna.

43. BpauieHue npoBOAsIIEN paMKi B OJJTHOPOJHOM MarHUTHOM nosie. [lomyue-
HUE NepeMeHHoN cunyconaaibHo 3/]C u nmepeMeHHOro ToKa.

44. SAnenne camonHAyKUu. MHAYKTUBHOCTh. IHAYKTUBHOCTH COJICHOW/IA.

45. Bzaumuas unaykmus. Tpancdopmarop.
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