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BBEJEHUE

BaxHyro yactb TeopeTuueckoil u npodeccuoHalbHOM MPAaKTUYECKOM MOArOTOBKU 00Yy4aroIuXcs
COCTABIISIFOT MPAKTUYECKUE U Ta0OpaTOPHbIEC 3aHATHSI.

CoctaB u cojepaHHe IMPAKTUYECKUX U J1a0OPATOPHBIX 3aHATHH HAIpPaBJICHbl HA PeaTU3alHio
denepanbHOTO TOCYAapCTBEHHOTO 00pa30BaTENBHOTO CTAaHIApTa CpEeNHEro oO0IIero oO0pa3oBaHUsS C
Y4ETOM I0JTYy4aeMOH CIELMAIBHOCTH.

Benymieidi  AMIakTHYeCKOM — LENbI0  MPAaKTHYECKHX — 3aHATHHA  sABJsieTCs  (OPMHPOBAHUE
poeCCUOHATIBHBIX NPAKTUYECKUX YMEHHUH (YMEHMH BBIOJHATH OINpEJesIeHHbIE JIeHCTBUS, Olepaluy,
HEOO0XO/JMMBIE B TOCIEAYIOMEM B MPO(ECCHOHAIBHOW NEATENbHOCTH) WM y4eOHBIX MPAKTUYECKHX
YMEHUH pemiaTth 3a1a4u 1o (pusnke, HEOOXOAUMBIX B MOCIEAYIOIEH y4eOHO! AeATeIbHOCTH.

Benymieid aumakTHUecKoW I1ENbl0 J1a0OpaTOPHBIX 3aHATUH SIBISETCS  OKCHEPUMEHTAIBHOE
IIOATBEPKICHUE U POBEPKA CYLLIECTBEHHBIX TEOPETUUYECKUX 3aKOHOB, 3aBUCUMOCTEH.

B cootBercTBHM C pabodyeil mporpamMmol y4eOHOW TUCHMIUIMHBI «DPU3MKa» MPEayCMOTPEHO
IIPOBE/ICHUE NMPAKTHUECKUX U TAOOPaTOPHBIX 3aHATHH.

BrimonHenne npakTH4ecKux M JIabOpaTOPHBIX pabOT 00ECTIeYMBAET JOCTH)KEHUE 00YIarOIIUMHUCS
CIIENYIOIUX Pe3yabTATOB:

I[TP61_OVIIL.06 chopmupoBaHHOCTH MPEACTABICHUH O POJIU U MecTe (U3UKH U acCTPOHOMHH B
COBPEMEHHOM Hay4yHOW KapTHHE MHUpa, O CUCTeMO0Opa3yoeil ponu (pU3UKU B pa3BUTUU €CTECTBEHHBIX
HAyK, TEXHUKA M COBPEMEHHBIX TEXHOJIOTHH, O BKJIAJ€ POCCUHCKUX U 3apYOCKHBIX yUCHBIX-(DU3UKOB B
pa3BUTHE HAyKH; TOHUMaHUE (PU3NUECKON CYITHOCTH HAOII0IaeMbIX SBJICHUI MUKPOMUPA, MAaKpOMHpa U
Merammpa; IOHUMaHUE€ POJIM aCTPOHOMHM B IIPAKTUYECKOM IEATEIBHOCTH YEJIOBEKAa M JaJbHEHIIEM
Hay4YHO-TEXHMYECKOM Ppa3BUTUHU, POIM (U3MKU B (OPMHUPOBAHUM Kpyro3opa U (YHKLIHOHATIBHON
IPAMOTHOCTH Y€JIOBEKA JUIS PEIICHMS] IPAKTUYECKUX 3a7a4;

[1P62 _OVII.06 chopmupoBaHHOCT, YMEHUI pacro3HaBaTh (hU3HUECKUE SIBICHUS (TPOILECCHI) U
OOBSICHATh MX Ha OCHOBE HM3YyYCHHBIX 3aKOHOB: PaBHOMEPHOE M PAaBHOYCKOPEHHOE NPSIMOJIMHEHHOE
JBIDKEHUE, CBOOOJHOE TMaJieHHe Tell, ABMXKEHHE [0 OKPYXHOCTH, HMHEpLus, B3auMOJCHCTBHE Tel,
Koje0aTeNbHOE JBUIKEHHE, PE30HAHC, BOJHOBOE JBUXKEHHE, AUPQY3usi, OpOYHOBCKOE ABUKEHHUE,
CTPOEHUE >KUKOCTEH U TBEPAbIX Tell, N3MEHEHHE 00beMa Tell NMPU HarpeBaHuu (OXJIaKIEHHUH), TEIUIOBOE
paBHOBECHE, WCIIAPEHHE, KOHJCHCALWs, IJIABJICHUE, KPUCTAIUIM3ALUs, KHUIIEHHE, BIIAXKHOCTh BO31yXa,
CBSI3b Cpe/HEH KMHETHYECKOH SHepruM TEMJOBOTO JBM)KEHHUS MOJIEKYN C aOCONIOTHOM Temmeparypoii,
MOBBIIICHUE JABJICHUS ra3a MPH €r0 HarpeBaHWM B 3aKPBITOM COCYJE, CBS3b MEXAY IapaMeTpaMu
COCTOSIHMS T'a3a B U30IIpoLIeccax; JIEKTPU3aLUs TN, B3aUMOJICHCTBUE 3apsA0B, HArPEBAHNUE NIPOBOIHUKA
C TOKOM, B3aMMOJICHCTBUE MArHUTOB, JJIEKTPOMAarHUTHAas WHAYKIMS, JEWCTBHE MAarHUTHOIO IOJS Ha
IIPOBOJIHUK C TOKOM M JIBUXKYIIMHCS 3apsijl, SJEKTPOMAarHUTHbIE KojeOaHUs W BOJHBI, MPSIMOJIMHEIHOe
pacnpocTpaHeHHE CBeTa, OTpakeHue, peromiieHue, naTepdepeHys, 1udpakuus U Noaspru3alus CBeTa,
aucriepcusi cBeTa; (POTORIEKTpUUECKUA IPQEKT, CBETOBOE JaBlieHHE, BO3HUKHOBEHHE JMHEWYATOro
CIIEKTpa aToMa BOJIOPOJIa, ECTECTBEHHAsA U HCKYCCTBEHHAs PAJIMOAKTUBHOCTE;

[TP63 OVII.06 BnageHHe OCHOBOMOJATaIOIUMH (U3NYECKUMHU TMOHATUSAMH W BEJTMUYMHAMH,
XapaKTepu3yloImuMu  (usndeckue  mpouecchl  (CBA3aHHBIMM € MEXaHHYECKUM  JBUIKEHHEM,
B3aMMOJICHCTBHEM Tell, MEXaHMUECKUMH KOJeOaHUsIMU U BOJIHAMH; aTOMHO-MOJIEKYJISIPHBIM CTPOCHUEM
BEILIECTBA, TEIUIOBBIMHU IPOLIECCAMH; DJIEKTPUUYECKMM M MATHUTHBIM MOJSIMH, JJIEKTPHUYECKHUM TOKOM,
AJIEKTPOMArHUTHBIMH KOJICOAHUSMU U BOJIHAMH; ONTHYECKUMHU SBICHUSIMHU; KBAaHTOBBIMU SIBICHUSMHU,
CTPOGHHEM aroMa M aTOMHOIO fA1pa, paJuOaKTUBHOCTHIO); BIIQJCHHE OCHOBOIOJATAIOIIUMU
ACTPOHOMUYECKUMH MOHATHAMH, IO3BOJSIOUIMMH XapaKTepU30BaTh IPOLECCH], NPOUCXOAAIINE Ha
3Be3/aX, B 3BE3JHBIX CUCTEMAaX, B MEXTaJTaKTUUECKON cpelie; IBUKEHHE HEOECHBIX Tell, HBOJIIOLINIO 3BE3]T
u BcenenHoi;

[1P64 OVII.06 BnaneHue 3aKOHOMEPHOCTSIMHM, 3aKOHAMH M TEOpUAMHU (3aKOH BCEMHUPHOIO
Tsrorenus, I, 11 u 11 3akoHbl HhrOTOHA, 3aKOH COXpAaHEHUSI MEXAHUYECKOW SHEPIUU, 3aKOH COXPAHEHUS
UMITYJIbCA, TMPUHLHUIT CYNEepHO3UIUN CHJI, TPUHLHUII PaBHOIPABHOCTH HWHEPIHAIBHBIX CHUCTEM OTCYETa;
MOJIEKYJISIPHO-KUHETUUECKYI0 TEOPHUIO CTPOEHHUS BEIECTBA, TIa30Bbl€ 3aKOHBI, IEPBBIA 3aKOH
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TEPMOJMHAMUKH;, 3aKOH COXPAaHEHMs AJIEKTPUUYECKOTO 3apsaa, 3akoH Kynona, 3akoH Oma 1 ydacTka
1enu, 3akoH Oma /I OJTHOM JIEKTPUYECKOM 1enu, 3akoH J>koyis - JIeHia, 3aKoH 3JeKTpOMarHUTHOM
UHAYKIIMM, 3aKOH COXPAHEHHUS OHHEPruM, 3aKOH IPSMOJMHEHHOrO0 paclpOCTpPaHEHUsl CBETa, 3aKOH
OTpaXKeHHUS CBETA, 3aKOH MPEJIOMJICHUS CBETA; 3aKOH COXPaHEHUS YIHEPTHH, 3aKOH COXPaHEHHS UMITYJIbCa,
3aKOH COXpaHEHUs AIIEKTPUUYECKOrO 3apsja, 3aKOH COXpPaHEHMs MacCOBOIO 4YHCIA, MOCTyaaTsl bopa,
3aKOH PaJMOAaKTHUBHOIO paclaja); yBEpeHHOE HUCII0JIb30BaHUE 3aKOHOB U 3aKOHOMEPHOCTEH MpH aHallnu3e
(U3HYECKUX SBICHUN U TIPOIIECCOB;

[TP65 OVIIL.06 ymeHHe y4YUTBIBaTh TPAHUIIBI NMPUMEHEHHS HM3YYCHHBIX (PU3MUECKHX MOJICIICH:
MaTepuaibHas TOYKa, MHEpLMajbHas CHUCTEMa OTCuUeTa, HJAealbHBbIM ra3; MOJEIN CTPOEHMS TIa30B,
KHUJKOCTEH U TBEPIBIX TN, TOYEUHBIM AIIEKTPUUECKHUM 3apsii, siAepHas Mojeidb aToMa, HYKJIOHHAs
MO/IEJIb AaTOMHOTO Si/Ipa MPH pelieHHH (HU3NIECKUX 3a/1a4;

[TP66 OVII.06 BnageHne OCHOBHBIMH METOJIaMH HAYYHOTO MTO3HAHMSI, UCTIOJIb3yEeMbIMU B (PHU3HKE:
MPOBOANTH MPSMBIC M KOCBEHHBIC M3MEpPEHUs] (PU3MYECKUX BEIWYHH, BBIOMpPAs ONTUMAIBHBIA CIIOCO0
U3MEpPEHUs] W UCHOJb3ysl HU3BECTHbIE METOAbl OIEHKU MOTPEIIHOCTeH M3MEepeHui, MPOBOAUTH
UCCIIEIOBAaHUE 3aBUCUMOCTEN (PU3NUECKHUX BEJIIMYUH C UCIOJIb30BAHUEM IPSIMBIX U3MEPEHUHN, OOBICHATh
MOJIyYEHHBIE PEe3YIbTaThl, MCHOIb3Ys (U3HUECKUE TEOPHH, 3aKOHbl M TOHATHSA, U JIeNaTh BBIBOIBL;
coOmoare mpaBuja O€30MaCHOrO TpyAda NpPH NPOBEAECHUHM HCCICAOBAHMA B pamMKax ydeOHOTO
SKCIIEPUMEHTa M  y4eOHO-HCCIIEeOBAaTeNIbCKONW  JIEATENbHOCTH C  HCIOJb30BAaHHEM  IUMPOBBIX
M3MEPUTEIIbHBIX YCTPOMCTB U J1a0OpaTopHOTO 00OpYIOBaHUs; CPOPMHPOBAHHOCTH MPEACTABICHUN O
METO/IaX MOJTY4YEeHUS HAyUYHbIX aCTPOHOMUYECKUX 3HAHMIA;

I[TP67 OVIIL.06. chopMUPOBAHHOCTH YMEHHUs peIIaTh pAcYCTHBIC 3aJadd C SIBHO 3aJaHHON
(bu3nuecKoil MOJeNnblo, UCMONB3Yys (DU3MYECKHe 3aKOHBl UM MPHUHIMUIIBI; HA OCHOBE aHaIN3a YCIOBHS
3aauu BBIOMPATh (PU3MUECKYIO MOEIb, BBIACIATh (PU3MUYECKHE BEMYUHBI B (POPMYIIBI, HEOOXOTUMBIE
JUIA ee PEeIleHUs, MPOBOJIUTh PAcUeThl U OLIEHWBATh PEATbHOCTH IMOJYYEHHOTO 3HAYCHUS (PU3UUECKON
BEJIMYMHBI; pElIaTh KAayeCTBEHHbIE 3a/lauM, BBICTpauBasl JIOTMUECKH HENPOTUBOPEUUBYIO LIEMOUYKY
paccyXJIeHHi ¢ OTIOPO Ha U3yYEHHBIE 3aKOHBI, 3aKOHOMEPHOCTH U (PU3HUECKUE SBICHUS;

[TP68 OVII.06. chopMHpOBaHHOCTH, YMEHHS MPUMEHSTH TOJYUYEHHBIE 3HAHUS JJISI OOBSCHEHUS
yCIOBUIM MpoTeKaHusl (PU3MYECKUX SIBICHUNW B MPUPOJE WM IS NMPUHATUS MPAKTHUECKUX PEIICHUH B
MTOBCEIHEBHOM JKM3HU A oOecrieueHus 0e30MacHOCTU MpU OOpalleHHH ¢ OBITOBBIMU NIpuOOpaMu U
TEXHUYECKMMHU YCTPOMCTBAMH, COXPAHEHUS 3/10pPOBbsI U COOJIIOJICHUS HOPM 3KOJIOTHYECKOTO MOBEICHUS
B OKPYKaIOIIEH cpejie; MOHUMAaHUE HEOOXOIMMOCTH MPUMEHEHUS JOCTIKEHUM (DU3UKH U TEXHOJIOTUH
Ui pallMoHalbHOTO Mpupoaonoib3oanus;I[1IP69 OVIL.06. chopMupoBaHHOCTH COOCTBEHHOM MO3MLIMU
[0 OTHOWIEHUIO K (Qu3nyecko wuHdOpManuy, MoaydyaeMoOW U3 Pa3HbIX MCTOYHUKOB, YMEHUU
UCIONb30BaTh  IIU(PPOBbIE TEXHOJOTHUM [UIsl TOHWCKA, CTPYKTYPUPOBAHUS, WHTEpHpETalui U
IpeicTaBiIeHNs y4eOHOM U HaydHO-TIONYJIsIpHON MH(OPMAaLlUK; pa3BUTUE YMEHUN KPUTHUUECKOTO aHaIn3a
noJsrydaeMoit nHdopmanmu;

[TP69 OVIL.06. chopMUpOBAaHHOCTH COOCTBEHHON TMO3UIIMK TIO OTHOLIEHWIO K (U3UYECKOU
uH(pOpMaInY, TOTy4aeMOl U3 Pa3HbIX UCTOYHHKOB, YMEHHM HCIIOJIb30BaTh IIU(POBBIE TEXHOIOTUU IS
MONCKA, CTPYKTYPUPOBAHUS, HHTEPHpPETAlMd U TMpPeACTaBiICHUS Y4eOHON M Hay4yHO-TIOMYJISIPHOM
nH(pOpMaIIUY; Pa3BUTUE YMEHUI KPUTHUUECKOTO aHaN3a MoJydyaeMoil nH(OpMaInu;

I[IP610_OVII.06. oBnaneHue yMeHHSIMH pPa0OTaThb B TPYIIE C BBINOJIHEHUEM pPa3IHMYHbIX
COLIMATIBHBIX pOJICH, IJIAaHUPOBATh PabOTy TPYIILI, PAlMOHAIBHO PACHPENENATh eATEIbHOCTh B
HECTaH/IAapPTHBIX CUTYaIUsAX, aJIEKBATHO OIIEHMBATh BKJIAJ KaXJIOTO M3 YYaCTHHUKOB TPYIIIbI B pEIICHUE
paccMaTpuBaeMoi mpoOIeMbl;

MP 8 crocoOGHOCTh ¥ TOTOBHOCTH K CaMOCTOSITEIBHOMY MOMCKY METOJIOB PEIIeHHs] MPAKTUYECKUX
3a/1a4, IPUMEHEHUIO Pa3IUYHbIX METO/IOB [TO3HAHUS;

MP 9 Brnagere HaBbIKAMH TIOJYYCHHS HWHPOPMAIMH W3 HWCTOYHHKOB pa3HBIX THIIOB,
CaMOCTOSITENTFHO OCYIIECTBIATh TMOWCK, aHAllUM3, CHUCTEMATH3AIMI0 W WHTEPIpETAHui0 WHGOpMAIUN
Pa3IMYHbIX BUJOB U (POPM MpeICTaBICHMUS;

MP 10 ¢opmupoBaHue HaydyHOTO THIA MBIIUICHUS, BIAJACHHE HAYYHOH TEPMUHOJOTHEH,
KJIFOUEBBIMH MOHSATUSIMHU U METO/IaMU;



MP 21 BBISBIATH NPUYMHHO-CIIECTBEHHBIC CBSA3U U aKTYaJIU3UPOBATh 3a/1a4y, BBIIBUTaTh THIIOTE3Y
€€ pEeLIeHMs, HaXOIUTh apryMEHThl JJIs J0Ka3aTeIbCTBAa CBOMX YTBEP)KICHUH, 3aJaBaTh NapaMeTpbl U
KpUTEPUHN PELLEHUS;

MP 17 ymeTp TEepeHOCHTh 3HAaHWUA B I[IO3HABATCIBHYIO M MPAKTHUYECKYIO 00JacTH
KHU3HEEATEIbHOCTH;

MP 13 oBnazseHue BHIAMH JEATEIBHOCTH MO INOJIYYEHHUIO HOBOI'O 3HAHMS, €r0 MHTEpIpeTaluy,
npeoOpa3oBaHUI0 U MPUMEHEHHIO B PA3IUYHBIX YYEOHBIX CUTyalUsiX, B TOM YHUCIIE NpPHU CO3TaHUU
y4eOHBIX U COLIMATIBHBIX [IPOEKTOB;

JIP 13 TOTOBHOCTH M CHOCOOHOCTH K 0Opa30oBaHUIO U €CaMOOOPA30BAHUIO HA MPOTSDKEHHM BCEH
KU3HU;

JIP 14 oco3HaHMe TUYHOIO BKJIaJa B IOCTPOEHUE YCTOMYMBOIO OyayIIEro

JIP 23 roTOBHOCTB K TPYyy, OCO3HAHHE IICHHOCTH MacTEPCTBA, TPYI0JIIO0HE;

JIP 26 criocoOHOCTH OLIEHMBATh CHTYallMI0 M MPUHUMATh OCO3HAHHBIEC PEIICHUS, OPUCHTUPYICH HA
MOpPaJIbHO-HPABCTBEHHBIE HOPMBI U IIEHHOCTH;

CopepxaHue TMPaKTUYECKMX W J1a0OpaTOPHBIX 3aHATUH OPUEHTHUPOBAHO HA IOJTOTOBKY
o0yyaroImuxcss K OCBOCHHMIO NPO(GECCHOHAIBHOIO MOAYJS HIpPOrpaMMbl IMOJTOTOBKH CHELMAIMCTOB
CpEeIHEro 3BEHa 110 CIIEHUATLHOCTH U (DOPMHUPOBAHUIO 0OUUX KOMPEMEHYUIL:

OK 01. Bsibupars criocoObl pemieHus 3aad NpopeccuoHanbHOMN e TeIbHOCTH IPUMEHUTEIBHO K
Pa3IU4YHbIM KOHTEKCTaM

OK 02  Hcnonb3oBaTh COBPEMEHHBIE CPEJCTBA IOUCKA, aHAIM3a U UHTEpIpeTaluu HHGopMaum u
WH(POPMALMOHHBIE TEXHOJIOTHH JUIS BBITIOJHEHHS 3a/1a4 TPO(PECCUOHATBHOM e TeIbHOCTH.

OK 03  IInaHupoBaTh M peaan30BbIBaTh COOCTBEHHOE MTPO(ECCHOHATBHOE U IMYHOCTHOE PAa3BUTHE,
NPEINPUHIMATENBCKYIO ISATEIIEHOCTh B MPO(ECCHOHANBHOM chepe, HCIOIb30BaTh 3HAHUS
110 IPaBOBOW U (PMHAHCOBOI IPaMOTHOCTHU B Pa3IMUYHBIX )KU3HEHHBIX CUTYaLlUsX.

OK 04  DddexTnBHO B3aNMOJCHCTBOBATh U pabOTAaTh B KOJUIEKTHBE U KOMaH/IE.

OK 05  OcymiecTBiasiTh YCTHYIO M IHCbMEHHYIO KOMMYHHUKAIIMIO HA TOCY1aPCTBEHHOM SI3bIKE
Poccuiickoit deneparuu ¢ yueToMm 0COOEHHOCTEH COIUATBHOTO U KYJIBTYPHOTO KOHTEKCTA.

OK 06  IIposiBIATH rpa’kAaHCKO-IATPUOTHYECKYIO MO3ULUIO, IEMOHCTPUPOBATH OCO3HAHHOE
MOBE/IEHNE Ha OCHOBE TPAJULIMOHHBIX POCCUMCKHUX JYXOBHO-HPABCTBEHHBIX LIEHHOCTEH, B
TOM YHCJIE C yYETOM FapMOHHU3ALUU MEKHALMOHATIBHBIX U MEKPEIUTHO3HBIX OTHOLICHUH,
NPUMEHSTh CTaHAAPTHl AaHTUKOPPYIIIMOHHOT'O TOBEICHUS.

OK 07  CopeiicTBOBaTh COXpaHEHHMIO OKPYKAIOLIEH CPeibl, peCypcocOepeKeHUI0, TPUMEHSTh
3HaHMS 00 U3MEHEHUH KIIMMaTa, PUHIMIIBI OepeKIIMBOr0 MPOU3BOACTBA, 3P (HEKTUBHO
JIeCTBOBATh B UPE3BbIUANHBIX CUTYAIIUSX.

OK 08  Hcmnonb3oBarh cpencTBa (U3NUECKOM KyIbTYPHI U COXPAHEHUS U YKPETIJIEHUS 3/J0POBbS B
npoiiecce npodeccuoHaNbHON NesITeIbHOCTH U MOAEPKAHNU HE0OX0IUMOT0 YPOBHS
(bu3nYeCcKOi MOATOTOBIEHHOCTH.

OK 09  TIlosnb3oBaThest MpohecCHOHABHON JOKYMEHTAIMeN Ha roCyJapCTBEHHOM M HHOCTPAHHOM
A3BIKAX.

BeimonHenue oOydaromuxcs MPaKTUYECKHX M J1TAOOpaTOpHBIX paboT Mo y4eOHOW TUCHMILUIMHE
«®Du3MKa» HAPaBIIEHO HA:

- 00o0meHne, CcUCTeMaTH3alMIo, YIJIyOJieHHe, 3aKpeIuleHHue, pa3BUTHE M JIeTaTU3alHIo
MOJIYYEHHBIX TEOPETHUECKUX 3HAHUI 10 KOHKPETHBIM TeMaM y4eOHOW JUCIUILTUHBL,

- (hopMUpOBaHME YMEHHUH MPUMEHSATH MOJyYCHHbIE 3HAHUS Ha MPAKTHKE, pealu3alMio eIMHCTBA
MHTEJJIEKTYaJIbHOM U MPAKTUYECKON JAESITETbHOCTH;

- (opMupoBaHuE M pa3BUTHE YMEHM: HaOI0JaTh, CPaBHUBATh, COMOCTABIAThH, AHAIU3HPOBATH,
JieNiaTh BBIBOJBI KW OOOOIIEHHUS, CAMOCTOATEIHHO BECTH HCCIEAOBAaHHUA, IOJB30BAThCA DPA3IUYHBIMU
pueMaMH U3MEpEeHUH, 0OPMIIAT pe3yabTaThl B BUJIE TaOIUI], CXeM, I'pa(HKOB;

- IpuoOpeTeHre HaBBIKOB padOThl C PA3NIMYHBIMU MpUOOpamMH, amnmapaTypod, YCTaHOBKAMH M
JOPYTHMHU TEXHUUYECKUMU CPEJCTBAMHU ISl IPOBEACHHUS OIBITOB;



- Ppa3BUTHE UWHTEIUIGKTYaJbHBIX YMEHUH y OyAylluX CHEHHAIMCTOB: aHAJUTHYECKHX,
IIPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX U JIp.;

- BBIPAaOOTKY MPH PEIICHUH MTOCTABICHHBIX 337a4 MPO(EeCCHOHANTBHO 3HAYUMBIX KaueCTB, TAKUX KaK
CaMOCTOATEIIBHOCTb, OTBETCTBEHHOCTh, TOYHOCTh, TBOPYECKAs MHULIMATHBA.

[IpakTryeckue Uiy J1adOpaTOpHBIC 3aHATUS IPOBOJAATCS B PAMKaX COOTBETCTBYIOIIEH TEMBI, ITOCIIE

OCBOCHHA MTUAAKTUYCCKUX CIWHHUIL], KOTOPBIC 00ecreynBarT HaJIU4yue 3HaHHﬁ, HeO6XO,I[I/IMBIX 1 €€
BBITIOJIHCHMUA.



2. METOAUYECKHUE YKA3AHUSA

Tema 2.1. Kunematuka

IIpakTuyeckoe 3ansaTue Nel
Pemienue 3a1a4 no KHUHeMaTHKe. Y PABHEHUS IBUKEHHS.

]_[e.m,: HAayYUThCA pas3jndaTb BUABI MCXAHHWYCCKOI'O [JIBUKCHHA B 3aBUCUMOCTU OT (bOpMBI
TPAEKTOPUU U CKOPOCTHU IMEPEMELICHUs Tella, PACCUMTHIBATh €ro MapaMeTpbl, HAay4YHUThCS M300paxkaTh
Fpa(l)I/I‘IeCKI/I pPas3jiMuHbIC BHUAbBI MEXAHUYCCKUX ,Z[BH)KGHI/Iﬁ, 3alMUCbIBaTh YpPaBHCHUIA JBHXKXCHUA,
pasnuyaTth €ro OTHOCHUTENIBHOCTh; HAyYUThCS (DOPMYyIUpPOBaTh CIEAYIOUIME MOHATHS : MEXaHUYECKOoe
ABHUIKCHUC, CKOPOCTb U YCKOPCHUEC, CUCTEMA OTCUCTA, MEXaHWYCCKUMN MMPUHOUIT OTHOCHUTCIIBHOCTH.

Boinosinenue padorbl cnocodocTByeT (opmupoBanuiw: I[1P62 OVIL.06, IIP69 OVIIL.06,
I1P67_OVIIL.06, ITP63 OVIIL.06, ITP61 OVYII.06

MatepuajbHoe o0ecnieyeHue:

WHIUBUAYAJIBbHOC 3aJIaHUC, KOHCIICKT JICKHI/Iﬁ, CIIPAaBOYHBIC MAaTCpHUAJIbI.

Yka3zaunue:

[IpakTuueckass paboTra COCTOMT M3 JABYX 4YacTed — TeopeTudeckod M mnpaktudeckoi. [locie
M3yYeHHs] TEOPETHUYECKOI0 MaTepHajga MOKHO HPUCTYNATh K BBIIOJIHEHUIO MpakTHuecKod yactu. OHa
COCTOMT M3 JBYX W Ooyiee 3amad Jjisi CaMOCTOSITENIbHOTO BBHIMONHEHUs. He 3a0bIBaiiTe 0 mpaBMIIBHOM
oopmienun pemienus. Ha BelosHEHHE NPAKTUYECKOH OTBOJUTCA JBa aKaJeMUYECKHX Yaca.

3aganme:
1. IIncbMeHHO OTBEThTE HA CJIeYIOIHe BOMPOCHI:
e KunemaTtnyeckuil 3aKOH JBHKEHUS AJI1 KOOPIUHATHOTO CIIOCO0a OMpeeNieHUs TBUKCHUS
MAaTepHAIbHON TOYKH.
e KuneMaTnueckuili 3aKOH JBUIKEHHUS MAJI1 E€CTECTBEHHOI'O JBWXKEHUS IJIsi BEKTOPHOTO
croco0a onpe/eeHus ABUKCHUSI.
e Kunemarnyeckuil 3aKOH JIBHXKEHUS ISl ECTECTBEHHOTO CIIOC00a OmpeieNieHus ABMKCHHUS .
e Kak HaliTH BEKTOpP CKOPOCTH JJisi KOHKPETHOTO, BEKTOPHOTO U €CTECTBEHHOTO CIIOCOOOB
onpeereHus IBUKEHUA?
e Kak HailTH BEKTOpP YCKOPEHHS JJISI PA3HBIX CIIOCOOOB OTPEACIICHUS] IBHKCHHUS?
2. Wcnoan3ysi popmyJibl AJsl pacyeTa napaMeTpoB JIBHKEHUsI TeJl, PeIIUTh 3aa4u.
3. Ilpoananu3upoBaTh rpadpuku IBHKEHUS Tej, ONMUCATH XapaKTep ABUKEHHS.

IMopsinok BbINOJTHEHHS PA0OTHI:
1. TloBTOpUTH OCHOBHBIE BOIIPOCHI KHHEMATHUKH.
2. PemmTh 3a7a4u 110 BapUaHTaM.
3. OdopmMuTh OTYET B TETPAIH AT MPAKTUUECKUX paboT.

1. TeopeTnyeckasi yacThb
OnHomepHOe IBHXKeHHE. J[BUKEHHE C TOCTOSIHHON CKOPOCTHIO.

[1ycTh TENO IBHKETCA B HAIIPaBICHUU OCH X C TOCTOSHHOW CKOPOCTBIO V U 3a BpeMsl Af =1 —1, POXOIAUT

nyTh Ax =x—Xx,. CpenHsis CKOPOCTh

JIBH>KEHUE € IEPEMEHHON CKOPOCTHIO. Y CKOPEHUE



Ecnu Teno aBukeTcst HampaBiIeHUN OCH XC
nepeMeHHoi ckopocThio V(t), To, rpaduku X(t) u v(t) uMeroT Bu:
[Tpu 3TOM rOBOPSIT, YTO TEIIO IBUKETCS C YCKOPCHUEM.

Yckopenue (d) — CKOpOCTh H3MEHEHHUST CKOPOCTH.

= AV M
Yot G,y = |la] = 1=
Ecnu 3a Bpemsi At=t—t;, u3MeHEHHE CKOPOCTH AV=V-V, , TO CpejiHee ycKopeHume: | & At ¢’
A\ VO
a= = Vv =v,+alAt
U3 At 0 v V() = Vo +alt

ant?

x(t) = xy + VoAt +

Eciau Vo MdcoHanpaBieHbl, TO CKOPOCTh IBUKEHUS TEJla BO3pAcTaeT, @ UMEET 3HaK
«+»; B IPOTUBHOM CJIy4ae CKOPOCTb YMEHBIIAECTCS U @ UMEET 3HAK «—».

2 2
vi{g)—v
x(t) = xg + YO-vy
Ecnu Bpems nBrkeHus @t HEU3BECTHO, TO 2a

2. [Ipumepsl penieHus 3a1a4

1. IMaccaxkupckuit moe3n uAET co ckopocTb 72 km/4. Ilo coceqHeMy MyTH ABMXKETCS HaBCTpedy
ToBapHBIN noe3n AmuHOK 140 M co ckopocThio 54 km/4. CKOJIBKO BPEMEHH MaCCaXKUP, CTOSIINHA Y
OKHa, OyZ1eT BUJIETh NPOXOAIINI MUMO HEro TOBapHbIi noe3n?

Jano: CH Pewenue:
V) = 72 kM/4 20 m/c | OTHOCHTEIbHAS CKOPOCTD ABHKEHHS 000MX MOE3/10B V = Uy + V5.
V2 = 54 km/4 15 m/c CnenoBarensHo, BpeMs, B TEHEHHE KOTOPOTO MUMO MACCAKUPCKOTO
1=140m 10e3/1a Npoi/IeT TOBApHBIii, onpeaenum no popmyne: ¢ = 5

o s e

[loacraBnsem naHHbIe: 1 - S {c.

Omeem: 4 c.

2. TlocagouHass CKOpPOCTh MaccakHpckoro camodieta 135 km/4, a mmHa npodera ero 500 m.
Omnpenenuts BpeMs MpoOera mo mocagoyHol MoJoce U YyCKOPEHHE CaMoJieTa, CUuTas JBUKCHHE

paBHO3aMEIJIEHHBIM.

Hano: CH Pewenue:
Vo= 135 km/u | 37,5 m/c| Bpems npoGera camonera np nocajke HaXoauM 13 opMyIbl myTH

i _ _at?
S=500m S=vygt+ = T/Ie @ 115l PABHO3AME/UICHHOTO JIBIIKCHHS OTIPE/ICHTCS

v
v=0wm/c 13 opmynbel: V = Vg + at uma = -—tg'. CnepoBatesbHo,
vo,.2

, : Tt 2§ 2500

t-?7,a-? S=yt —‘T, OTKyma t=—=. [loacrasnsiem gauube: ¢ = — 27¢
0 ,
v 37,5
Yckopenne a = - To; ks 1,4 m/c?

Omeem:27c¢,-14 M/,

3. Teno, aBUrasich paBHOYCKOPEHHO U3 COCTOSIHUS MOKOS, 3a MATYI0 CEKYH]ly MPOLLIO NyTh 18 M.
UeMy paBHO YCKOpPEHHE M KaKOW MyTh TEJIO0 MPOLLIO 3a 5 ¢?
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Pewenue:
2 5 S _atd  at?
[lyTh, npoiiaeHHbIH TEIOM 32 NATYIO CeKYHAY S = S5 — §4 = —

2 2"
28 218 2
OTCK)Jlaa—tg_tg, 8= e 4 M/cé.

g & at? 425
[lyTs, npoiifeHHslii TenOM 3a 5 cexyHa Ss ===,

SS-?,G-?

Omeem: 4 w/c%; 50 m.

4. B mocnenHIon CeKyHIy CBOOOIHO MaJaroliee TeO MPOILIO MOJOBHUHY CBOEro myTu. CKOJIBKO
BPEMEHU M C KaKOH BBICOTHI MAJIAJI0 TEJIO?

Mano: Pewenue:
1 v = g
hy — hp_1= fh'" [TyTe, npoiinenusiii 3a Bce Bpems nagenus: h, = gT.
2 “ hy _ g(t-1)?
g=98 m/c Jlo nocneaxeii CeKyH/IbI T€I0 MPOLLIO MYTh -
. , ¢
t-?7 hy-? CrnenoBatesbHO, gT =g(t—1)% wm t2-4t+2=0.

98342 _
Orciona =2 +2 = 3,4 c. Beicora naaenus h, = —— 57m
Omeem: 3,4¢; 57m.

5. Kamens nagaer B maxry. Yepes 6 ¢ cibliieH ynap KaMHs O JHO IaxThl. OnpeaenuTs r1yOuny
IIaXThl, €CJIM CKOPOCTh 3ByKa 330 m/c.

JHano: Pewenue:

t=6¢ Ecnun 0003naunThb yepes t; Bpems NaJeHus KaMHs, TO BPeMs PaCpOCTPaHEHHS

. . t
v =330 m/c | 3ByKa f-t;. Ilyrs, npoiineHnslit kamHeM npu cBoOOAHOM nageHun h =213

2
g=9.8 m/c? | 3BykoM — h = v (t - t;). CienoBatenbHo, %= v (t-ty) unu gtl2 +20t,-20t=10
2
h-? Pewus oannoe ypasrernue, noryyum t; = 5,5 c¢. I'myduna maxrter h = &;
ol
h=222 = 148

Omeem: 148 m.

3agaHusA 1JIs1 CAMOCTOAITEILHOH PadoThI
Bapuanr Ne 1

1. Camoner UJI — 86, nBurasch paBHOMEpPHO co ckopocThio 900 kM/4, B TeueHHe 9c coBepuIn
TaKoe ke repeMenienue, 9ro u camoniet Sk — 42 3a 10 c. Onpexnenure ckopocts Sk — 42.

2. I'paduku xakux JIBMKEHUH Ten mokaszanel Ha puc. 1? Ilo rpaduxy onpenenure: 1) B Kakoi
MOMEHT BPEMEHH TeJla BCTPETHIINCH; 2) KaKUe ITyTH TeJla MPOILLJIN 10 BCTPEUH.



puc.1.

3. IToe3n uepe3 10 ¢ mocne Havana aBWKEHUs pruodOpeTaeT ckopocTh 0,6 M/c. Uepes kakoe BpeMs
OT HavaJa IBUKEHHS CKOPOCTh M0€3/1a CTaHeT paBHA 3 M/c?

4. 3a kakoe BpeMsi aBTOMOOMIJIb, IBUTAsICh ¢ yckopeHueM 0,4 mM/c2 , yBEIMYHUT CBOIO CKOPOCTH C 12
1o 20 m/c?

5. Ilynst B cTBosie aBToMara KanamaukoBa ABHMKETCS ¢ yecKopeHneMm 616 m/c2 . KakoBa ckopocTh
BbUIETA IYJIH, €CIIH JUIMHA cTBoa 41,5 cm?

6. Teno, nBUrasch MPAMOIUHEHHO C ycKopeHueM 5 m/c2 , pocturio ckopoctu 30 M/c, a 3atewm,
JIBUTasIiCh paBHO3aMEIJIEHHO, OcTaHOBMIIOCh uepe3 10 c. Onpeaenute myTh, NPOMIEHHBIN TEIOM.

7. Teno cBoOomHO mamaeT ¢ BeICOTHI 125,5 M. Ompenenure Bpems MmajgeHUss U CKOPOCTh Tela B
MOMEHT yJiapa 0 3eMJIIO.

BapuanT Ne 2

1. Cpennee paccrosiaue mexay 3emiueil u Connuem | actpoHomuueckas eqununa (1 a.e. = 1,496
1011 m). Onpenenute Bpems npoxoxaeHus: ceera or Comuna 10 3emian. CKOpOCTh CBETa B BaKyyMe ¢ =
3- 108m/c.

2. Ha puc. 2. npencraBieH rpaguk 3aBUCUMOCTH KOOpAUHATHI Teia oT BpemeHu. [lo rpaduky
onpenenuTe: 1) CKOIbKO BpEMEHHU TEI0 HaXOAWJIOCh B ABMKEHUU; 2) UeMY PaBHO €ro IMepeMeIleHue.

X, M4

|

puc.2.

3. Benocunenuct aBmxercs mox ykioH ¢ yckopenuem 0,3 m/c 2 . Kakyro ckopocTs mproOperer
BenmocuneaucT uepes 20 ¢, eciu ero HadalibHasi CKOPOCTh paBHa 4 m/c?

4. Ckopoctb noesfa 3a 20 ¢ ymensmmiack ¢ 72 1o 54 km/4. Hamucate ¢opmyny 3aBHCHMOCTH
CKOPOCTH OT BpeMeHHU UX(t) ¥ IOCTPOUTH IpaduK 3TOH 3aBUCUMOCTH.

5. Ilpu aBapuifHOM TOPMO>KEHUH aBTOMOOUJIb, IBHKYIIIMUACSA CO CKOPOCTBIO 72 KM/4, OCTaHOBHJICS
yepe3 5 ¢. Halitn TOpMO3HOM IyTb.

6. Yxnon mmuoit 100 M msbxHMK nporuen 3a 20 ¢, apurasch ¢ yckopenuem 0,3 m/c 2 . KakoBa
CKOPOCTb JIBDKHUKA B HayaJle U B KOHIIE YKJIOHA?

7. Teno cBoOoHO MajaeT B TeueHue 4 c. Onpenenure BbICOTY, ¢ KOTOPOH MaslaeT Telo, U CKOPOCTh
B MOMEHT yapa 0 3eMJIo.

®opma npeacraBiaeHus pe3yJabTara:
BeInmonHuTE 3a1aHue B TETpaau A MPaKTHUECKUX padoT.

Kpurepun onenkmn:
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3a MpaBUJILHO BBIOJHCHHOE 33/JaHHE BHICTABJISICTCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.

3a HeMpPaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISICTCS OTpUIIATeIbHAast olleHKa — 0 0auioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIBHBIX OTBETOB

Oyenka «xopowoy svicmasnsemcs 3a 80 — 89% npaBUIBLHBIX OTBETOB

Oyenxa «yoosnemeopumenvhoy svicmasisemcs 3a 60 — 79% npaBUIBHBIX OTBETOB

Oyenka «Heyoos1emeopumenbHoy svicmasisiencs 3a menee 60%0 mpaBUIbHBIX OTBETOB

1.

2.
3.
4

Tema 2.1. Kunematuka

IIpakTuyeckoe 3ansitue Ne2
Pemienue 3a1a4 Ha mapaMeTpbl BPalaTeJIbHOTO IBHKEHUSI

He.]'lb: HAaY4YHUTHCA pCUIATDh 3a1a4M Ha IMapaMCTpPhI BPpAallaTCJIbHOI'O ABUKCHUS

BoinosiHenue padorbl cnocodcTByer GopmupoBanmio: [1P62 OVIL.06, I1P69 OVII.06,

ITP67 _OVIIL.06, ITP63 OVIIL.06, ITP61 _OVII.06
MaTtepuajbHoe o0ecniedeHre: HHIMBUIYaIbHOE 3a/1aHUe, KOHCIICKT JICKIIUA, CIIPABOYHBIC MATCPUAIIBI.
3ananmue:

1 OTBeTbTE Ha CJeayIOIIHe BONPOCHI:

Kakyto ¢popmyiry MOKHO HCITONIB30BaTh Uil HAXOXKACHUS ITYTH, €CII TOYKA MpPOILIa MpH
KPUBOJIMHEHOM JIBUKEHUU?

Jlokaxute (opMyiTy, CBSI3BIBAIOILYIO0 BEKTOPHI THHEHHON U YTIIOBOM CKOPOCTH.

IloueMy paBHBI BEKTOpHl TaHI'CHLMAIBHOTO ¥ HOPMAJIBHOIO YCKOPEHHUS B Ciydae
KPUBOJIMHEWHOTO JIBU)KEHUS MaTepuanbHOi Touku? Kak HallTH MOJyJIM 3TUX BEKTOPOB?
Yemy paBHBI BEKTOpPbl TaHICHIMAIBLHOTO MU HOPMAJIbHOI'O YCKOPEHHUS M UX MOIYIH IS
BpAIllaTeIbHOIO JBUKEHHSI MAaTEPHAIbHON TOUKU?

Kak cBsi3aH BEKTOp MOJHOIO YCKOPEHHS C BEKTOPAMHU YIJIOBOTO YCKOPEHMSI U YIJIOBOU
CKOPOCTH JUIsl BpallaTeIbHOTO JIBUYKEHUS?

ITopsinok BbINOJHEHHS PadOTHI:

1. OrtBerbTe NUCHMEHHO Ha BOMPOCHI MPE/CTABICHHBIE BHIIIIE.
2. Pemnte camocrosTenbHyo padoTy. OdopmMuTe pereHne NucbMeHHO B TeTPAIH.

Kpamkue meopemuuecKkue ceeoenus:
HYCTL TCJIO ABUIKCTCA 1O OKPYKHOCTH paanyca R ¢ mocTOSIHHOI 110 3HAYECHUIO CKOPOCTBIO V

(7MMHEMHOM CKOPOCTHIO) M 3a BpeMst ®t mepemMecTniiock Ha AS u3 T. A B T. B. BekTop V HampasiieH mo

KacaTellbHOM K OKPY’KHOCTHU U MCHSCT HAIIPpABJICHUEC, T.C. MOXKXHO I'OBOPHUTH 00 M3MEHECHUH CKOpPOCTH

AV = Vg — VA, OTIMYHOM OT HyJst. OTcroza: At

LleHTpocTpeMUTENbHOE YCKOPEHHE (d ) — CKOPOCTh U3MEHEHHS HAIIPABJICHHS BEKTOPA CKOPOCTH.

Onpenenum [“ep| = %ep
Av AS v-AS
—=—>=Av=
W3 nono6us tpeyronsuukoB OABu CBD = v
Av  V-AS AS v2
Ay =—=—— — > Vvlag=—
At RAt ;mpult — 0 ap > apg A R

BekTop ¢ HampasiieH 1o paguycy K HEHTPY OKPYKHOCTH.
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[Tepron obparieHust TOYKH M0 OKpYx)HOCTH () — Bpemsl, 3a KOTOPOE TOYKA OMUCHIBACT OTHY

OKPYXHOCTb.

T

2R

\

V2 _ 2R 47Z'2

[T]=1c BB "7 u 71 ®° 712

YacTora 0GpAICHNs TOYKH [0 OKPY)KHOCTH (3) — KOIHYECTBO TOIHBIX 0G0POTOB, COBEPIIAEMBIX TOUKOI

1
vez| =11 !

v=—oo
B CJAMHMILY BPEMCHHU. T c; 2R |a = 4x°v?R)|

VYrioBast CKOPOCTh 00paIIeHHsI TOYKH MO0 OKPYKHOCTH () — CKOPOCTh U3MEHEHHUS yriia moBopoTa &

panuyca R, coeqMHAIOEr0 TOUKY ¢ HEHTPOM

2
Aa [w]= 1224, 2%
W= At | OKPYKHOCTH. c T

2 252
v:  w'R

\'% \%
eI =i~ & oy =k} [=2nA] S S P

2. PemnTe 3a1a4M JIsl CAMOCTOAITEIbHOM PadoThI.

1.

2.

ABTOMOOWIIb IBMXKETCS 110 3aKpyTIeHHI0 paguycoM 100 METpoB co CKOPOCTHIO 36 KM/4.
OmnpenenuTsb ero LEHTPOCTPEMUTENBHOE YCKOpeHue. (0TB.: 1 M/c)

ABTOMOOWIb JIBUKETCS IO 3aKkpyrjieHuto paguycoMm 80 METpoB CO CKOpOCThIO 54 Km/u.
Onpenenuts ero HEHTPOCTPEMUTEIILHOE YCKOPEHHUE.

Toumnbueiit kpyr pamguycoM 10 cm nmemaer oguH obopot 3a 0,2 ¢. HaliguTte ckopocTh TOYEK,
HanboJee yIaJeHHbIX OT OCH BpAIICHUSI.

Camonér, BbIXOAS U3 MUKE, JBMXKETCS [0 TPACKTOPHM, KOTOpasi B HUYKHEW YacTH SIBJISETCS Jyroi
okpyxHocTH paaunycoM 800 M. Beruucnure yckopeHue camoisiéra Mpu €ro JBUKEHUH, €CIIU €ro
CcKOpocTh paBHa 720 km/4. (0TB.: 50 m\c?)

CnyTHHMK ABMXKETCs 110 KpyroBoir opoute Ha BbicoTe 630 kM. [lepuos obpamienus cnyrauka 97, 5
MuHyT. Omnpenenure €ro JMHEMHYI0 CKOPOCTb M LIEHTPOCTPEMHTEIBHOE YCKOpeHHe. Panmyc
3emin 6370 km. (OtB.: 7514 M/c; 8,1 m/c?)

Bpemst ogHOro 000pota BOKpyr ocu paBHO 24 yaca. BeruuciuTe yriioByro M JIMHEHHYIO CKOPOCTH
BpallleHHs TO4YeK Ha 3kBatope. Paanyc 3emnu cuntath paBHbIM 6400 kM (oTB.: 0,0007 pan/c; 448
M/C).

[Tepuona obpareHus: MEPBOro KOCMHUYECKOTO Kopadiisi — cimyTHHUKa 3eMiu «Boctok» paBasuics 90
MuHyT. CpenHsisi BbIcOTa CyTHUKA Haja 3emuéi Obuta paBHa 320 kM. Pammyc 3emmnu 6400 kM.
Boeruucnure ckopocTts Kopabiis.

KakoBa ckopocTh IBIKEHHUS aBTOMOOWIS, eciau ero koneca paaumycom 30 cm gemaror 600
000pOTOB B MUHYTY?

Jlyna nBuxercst BOKpyr 3emin Ha pacctossHur 380000 kM oT He€, coBepias o1uH 000poT 3a 27,3
CYTOK. Brruncnure neHTpocTpeMuTenbHoe yckopenue JIyHsl.

®opma npeacTaBieHus pe3yabTara:

BeImoHATE 3a/1aHue B TETpaay s MPAKTHYECKUX PadoT.

Kpurtepun onenkmn:

3a mpaBUIILHO BBIMTOJIHEHHOE 33JJaHHME BHICTABIISIETCS TIOJIOKUTENIbHAS OlleHKa — | Oasu.

3a HeMpaBWIILHO BHITIOJIHEHHOE JICHCTBHE, 3aJJaHNe BHICTABIISICTCS OTpHUIIaTeNbHAs olleHKa — 0 OaoB.
Oyenka «omauunoy svicmasisiemcs 3a 90 — 100% mpaBUIBHBIX OTBETOB

Oyenka «xopouto» evicmasgnaemcs 3a 80 — 89% npaBUIbHBIX OTBETOB

Oyenka «yooenemeopumenvnoy gvicmasisemcs 3a 60 — 79% mpaBUIIBHBIX OTBETOB

Oyenka «neyoosnemeopumenvnoy svicmasisemcs 3a Menee 60%0 nmpaBUIbHBIX OTBETOB
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Tema 2.2 /lnHaMuKa, THHAMMKA BPalaTeJIbHOI0 ABHKEHUs. 3aKOHBbI COXPAaHEHHs B MeXaHHKe

IIpakTuyeckoe 3ansaTue Ne 3
Pemenne 3aga4 no teme «Buabl cuji B Mexanuke. Cuiia TpeHUsl MOKOSl, CKOJIbKeHUsI, KaueHusl,
BpaIIeHH s

Heab: mony4uTh mpencTaBiIeHUe O CUJIOBOM JCHCTBHM OJHOIO TeJla Ha JPYroe, Macce Teja, pa3jinydaTrh
MOHATHUS HHEPLIUU ¥ HHEPTHOCTH, HAYYUTHCS (POPMYITMPOBATH MOHSATHS MACCHI, CHJIbI, 3aKOHBI HpI0TOHA.
Bouinosinenue padorbl cnocodocTByeT (GopmupoBanmiw: I[1P62 OVIL.06, IIP69 OVII.06,
[1P67_OVIIL.06, ITP63 OVIIL.06, [TP61 OVYII.06
MartepuanbHoe o0ecneyeHHMe: -IOCAJOYHBIE MECTa [0 KOJMYECTBY OOYYAIOIIMXCS; -Pa3AaTOYHBIH
MaTepual ¢ 3aJJaHUsIMU; COOPHUKY 337124, -CIIPABOYHBIC MaTePHAIIBI
3agaHue: pelmIuTh 33a4U
ITopsinok BbINOJIHEHHUSI PA0OTHI:

=

[lepen pemenuem 3aaau pa3oOparb KpaTKUE TEOPETUUECKUE CBEICHUS

[IpoBecTu aHanM3 BENTUYHH, BXOIAUINX B (DOPMYIIBL.

3. Pemmth 3amaun Ha MpUMEHEHUE 3aKOHOB HbIOTOHA, BBISBHB OCHOBHYIO MPUYUHY JIBHKCHHS Tella U
BU/I CHIIBI, ICHCTBYIOIIEH Ha TeJo (CaMOoCTosITeNIbHAsL padoTa M0 BapUaHTaM).

no

Kparkue TeopeTnueckue cBeeHHs

Junamuka. OCHOBHBIC TTOHSATHUS

Wuepuusi — sBJICHHME COXPAaHEHMsI CKOPOCTH JBMJKEHHUS Tella IIpU

OTCYTCTBHMH BHELIHUX BO3JAECHCTBUM.

WNHepTHOCT, — CBOMCTBO T€J, MNPOSBISIONIEECS B TOM, UYTO IpU 7 =
OJIMHAKOBBIX BHEIIHUX BO3JACHCTBUSIX pa3HbIE TeJla IPUOOPETAIOT pa3Hble YCKOPEHMUSI.

Macca (M) — Mmepa uHepTHOCTH Ted. [M] =1 kr. a, m,

3a sTanon maccel (1 KuIorpamm) MpUHATA Macca MEXIYHApPOJHOTO MPOTOTHIA |a, m,
KHJIOTpamMma.

N3 onbITOB M3BECTHO, 4YTO YCKOPEHHWs, IOJIy4YaeMbIE TeJlaMH IIpU m_.a
B3aUMOICHCTBHH, OOPATHO MPOMOPIHUOHAIBHBI HX MaccaM: Mipaa = ;T -

Ecnmu maccy kakoro-nmubo Tena MpUHSATH 33 STAJIOH, TO MOXXHO U3MEPUTh TEAA Maccy
APYTUX TEI: m

IInoTHOCTH Tena (p) — PV el

Cuma (F) —  wMepa MEXaHHUYEeCKOTro JeHCTBHUsI OHOTO Tena Ha japyroe. [F] =1

H — #pI10TOH.

Cuiia uMeeT HarpaBJI€HUE, T. €. CUNA-8EKMOp .

Cuna Bceryia mpujioKeHa K TOMY Teily, Ha3BaHHE KOTOPOTO CIeAYyeT B MPEMJIOKEHHH IMOCTe Mpesyiora
«Hay.

CuiioBoe moJie — 0coOBIi BUJT MaTEPUH, TIOCPEICTBOM KOTOPOTO TepeaaéTcs NeWCTBUE CHIIBI.

PasHozelicTBYyIOmas (pe3yabTupyromas) cui ( R ) —cuia, paBHas BEKTOPHOM cymMMe F JaHHBIX

— - - p — g
cun F.R= z F
JlaBnenue (p) — OTHOLIEHHME CHUIBI K IUIONIAAM IIOBEPXHOCTH, HAa KOTOPYIO OHA JEHCTBYET B
HEPNEHANKYIAPHOM HAIPABJICHHUM. [p]=1 H
1 ITa — mackanb M’
WMnynsce Tena ( j)— BEKTOpHAsS Mepa MEXaHUYECKOTO JIBMIKCHHS, PaBHAS v

m
- _ K[ M —_—
NPOU3BEIEHUIO MACCHI TEJIA HA €r0 CKOPOCTh. |p=m-V|[p]=1
¢ i 7

Nmnynbe cunbl ( F-Ar) — BEKTOpPHas Mepa JCHCTBHUSI CHIIbI, paBHasI
MIPOM3BEACHUIO CHITBI Ha Bpems eé aericTBus. [F-At] =1 H-c.
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3akonbl HbroTOHA

O6001MB pe3ynbTaThl CBOUX MCCIECNOBAHUM U, yuTsa padoty ['amuies «O IBWKEHHH TEN 10 WHEPLIUN,
HeroToH chopmynupoBai 3aKOHICHHOE IMOJIOKECHHIE, U3BECTHOE KaK MEepBhIN 3akoH HploToHA!
CylecTBYIOT CHUCTEMBbl OTCUETa, OTHOCHUTEIBHO KOTOPBIX TEJIO HAXOOUTCS B MOKOE JTMOO JBUXKETCA
MPSIMOJIMHEIHO U PAaBHOMEPHO, €CJIM PaBHOJICHCTBYIOIIAsA BCEX MPUIIOKEHHBIX K HEMY CUJI paBHA HYJIIO.
WNueprmanshas cucrema orcuéra (MCO) — cuctema orcuéra, B KOTOPOW BBIMOIHAETCS MEPBBIM 3aKOH
HeroroHa.
U3 F = i—lz = mTAtV = ma MoJTy4yaeM BTOpoi 3akoH HeroToHA! E=m-3a

JUISL TeJa MOCTOSIHHOM MacChl CKOPOCTh U3MEHEHHUS UMITYJIbCA PABHA MPOU3BEIACHHUIO MacChl HA YCKOPEHHUE.
Bropoii 3akon Heiorona padotaer Tonbko B UCO u mpu yclIOBUH, YTO Macca Tella U JeHCTBYIOIINE Ha
HETrO CHUJIbI IOCTOSIHHBI.

Bropoit 3akon HpioToHa crnpaBe/uivB AJii paBHOAEUCTBYIOIIEH g BCEX CHUJI, MPUJIOKEHHBIX K TEIy,

MIO3TOMY, MPEKAE YEM peIIaTh 33/1a4y C €r0 IPUMEHEHUEM, HAJ0 ONPEIETUTh R.

Tperuii 3akoH HpOTOHA: CHIIBI, C KOTOPBIMH JBa TE€ja JACHUCTBYIOT APYT Ha JApyra, E __F| ‘UCICHHO
PaBHBI U HAIIPABJIEHBI B IPOTUBOINOJIOKHBIE CTOPOHBI 110 OJTHOM IPSIMOIA. L 2
Tpertnii 3akon Herotona padoraet Tonsko B UCO.

[Tonaras, uro Bce Tena Beenennoi B3auMHo nputsruBarotcs, Hetoton B 1682 r. chopmynupoBan 3aKoH

BCEMUPHOTO TATOTEHUS: BCE TeJla MPUTATHBAIOTCS APYT K APYTY C CHUIIaMH, S mm psIMO
IPOIOPIMOHATBHBIMU  NPOW3BEJGHHI0O  HMX  Macc W oOparHo |F, = #2
IPONOPIOHATIBHBIMU KBAaIPATy PACCTOSIHUSA MEXKLy HUMU. N

rae Fip — cuita B3auMHOTO NPUTSDKEHUsE Tel Mace My ¥ My, _,,,J;g,r

7 — TPaBUTALMOHHAs ITOCTOSTHHASL. ‘y: 6,6720- 10 HMZ/KI‘Z‘. =

Cuabl B mpupojae -

Cuna tsoxectH ( £, ) — cuila, cOOOIIaoIast Tey yCKOpEeHHe CBOOOIHOTO MaJIeHHSI. - n
Cuna TsDKECTHM HaIpaBiI€Ha BEPTUKAIbHO BHU3 (IEPHEHAMKYISPHO KacaTeIbHOM K Fooc = Mg

MTOBEPXHOCTU 3€MJIN).

Peaknusi( N ) — cria IeicTBHs Omopsl (I0BECa) Ha TEIIO.
Bec tena (P) — cuna, ¢ KOTOPOH TEJO AEWCTBYET HA OTOPY WM MOABEC BCIEACTBUE IIPUTHKEHNUS K 3EMIIE.
HeBecomocTh — Mcue3HOBEHHE Beca Tella MPH JIBUKEHUHU OIOPBI C YCKOPEHHEM CBOOOIHOTO Ma/IeHUs..
[leperpy3ka — yBenm4yeHUe Beca Tela NPy JBHKEHUH OMOPHI C YCKOPEHUEM BBEPX. —
Cuna ynpyroctu ( 7, ) — CHJIa, BO3HMKAIOIIAs B TEJE TIPH 1eopMaIuy. Fy = —kX

3akoH ['yka: cwia yOpyrocTd, BO3HMKAmoLIas TMpH JegopManuu  Tena,
MPOIMOPLMOHANIbHA €ro a0COJMIOTHOM naedopMalvd M HalpaBlIieHa B CTOPOHY, FTp = ,LIN
IIPOTUBOIOJIOKHYIO MIEPEMEIIEHNIO YaCTHI] TeJIa:
Cuna Tpenus nokos ( F,,,, ) — CHJIa, BO3HHUKAIOIIAs HAa TPAHUIE CONPUKOCHOBEHHUS TeIl TIPH OTCYTCTBUH

UX JIBUKEHUS OTHOCUTEIBHO APYT ApPYyTa.
i — k03((PULMEHT TpeHHUs (3aBUCUT OT MaTE€pUaJIOB TPYILUXCS TIOBEPXHOCTEH ).

IIpumeps! peieHus 3aga4

1. Bpycok mMaccoi 2 KI ITOKOMTCS Ha TOPU3OHTAIBHOM IIIaJKON MOBEPXHOCTU. C KaKUM yCKOPEHHEM
OyJIeT ABUTAThCS OPYCOK, €CIIA ¥ HEMY MPUJIOKUTh TOPU30HTAIBLHO HampaBiieHHyIo cumy 10 H?
y

» g
Hano: Pemenue: Ix= v
m=2 kr
m
F=10 H g
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Boruncienns: [1o Bropomy 3akony Heroroma F=Md. Cuna E coobuiaer 6pycky yckopenue g llo
HAIPABJICHUIO 3TU BEJIMYMHBI COBIAIAIOT MEXKTY COOOM U OCBIO «X».

B ckaisipHO#i (popMme ypaBHeHue umeer Buy: F=ma= ,_F _10 ¢ M/c?. OtBer: 5 M/c?.
m 2

2. Ha Tonkoil poBoJioke nojaselieH rpy3 Maccoi 10 xr. IIpu 3ToM 1MHA NPOBOJIOKU YBEIUYMIIACH
Ha 0,5 mM. Uemy paBHa %KECTKOCTh TPOBOJIOKHU?

v A =
JlaHo: cnu Pemenue: F ynp.

mg
x=0,5mm 0,5 103 M

k-?

['py3, MO/BENIECHHBII Ha TIPOBOJIOKE, HAXOIUTBCS B IIOKOE. 3HAYUT F yyp [0 MOIYIIIO paBHa Fm. F
m=Mg; Fynp=-KX B ckamspHoii popmyme oce OY: Fp-Fypp=0

kH

19:98 -196000 £ Orser: 196,
M

Fn=Fymp= Mg=kx = k:m—xg k= 55105
Pemntb 3anaun (N - Homep sauiezo 6apuanma no cnucky)

1. C nomortipo 0aleHHOro KpaHa MOJHUMAIOT Tpy3. CKOpOCTh moabema mocTossHHa. Onpenenure,

KaKue CWJIbI IeHCTBYIOT Ha rpy3? KakoBbl ux HanpasieHus? KakoBa paBHoxelcTByromasn? [louemy? vV

HEOIBITHBIX KPAHOBIIHMKOB ObIBAIOT OOPBIBBI TPOCOB B TE€X CIIydyasix, KOIJla OHU HE OOpalatoT BHUMaHHUs

Ha CWJIbHO pacKauMBaHUE NMEPEHOCUMBIX TPpy30B. CilyuaiiHbl JIn Tak1e OOPHIBbI?

2. [ToueMy Ha pYKOSTKH, TOJOBKM OONTOB, TalKH Kpyrjiod QOpMbl, 3aBUHUYMBAEMble U
OTBHHYMBAEMbIE BPYUHYI0, HAHOCAT CIIEUANIbHYIO HAaKaTKy (pudenue)?
3. Koneco (mkuB) mpuBOoAWTCS B ABM)KEHHE IpPU HOMOIIM peMHA. Ormnpenenute BHA TpPEHUS,

BO3HUKAIOIIETO MEXAY LIKMBOM M PEMHEM: TPEHHE CKOJBXEHMsS WM TpeHHe nokosi? Cuuraiite, 4TO
pEMEHb HE MPOCKaIb3bIBAET.

4. Onpenenute BHUA TPEHMS, BO3HHMKAIOUIETO MEXKIY KOJIECOM
JBIKYILEHUCS TEJIEKKHU U TPYHTOM, a TAKKE MEXKIY BTYJIKON

KoJseca 1 ocbto. Ock MpUKpEIJIeHa K TeNeXKe HenoABMKHO (Puc.2).

5. [Touemy Hamo Oepedyh CMa304YHBIE MaTe€pUalbl OT TOMANAaHUS B HHUX

rnecka M mbUI?
6. [Touemy HYXHO Oepedyb TOPMO3HYIO KOJIOJIKY U TOPMO3HOU OapabaH TPaHCIOPTHOTO CPEACTBA OT
MOMAIAHUST MEK]1y HUMH Macia?
7. Jlist "yero mpu COEIUHEHUHM MSTKUX MaTepHaliOB IMOJ TOJIOBKY 00NTa M TalKy MOJAKIAIBIBAIOT
maioy OoJbiero guamerpa?
8. B kxakoM M3 mepeuyuClIeHHBIX HWKE SBIEHUH TOJ JEHCTBHEM CHIIBI coBeplaercs padora (cwm.

puc.3) TpoC HaxXOIUTCS B HATSIHYTOM COCTOSIHUM IO JEHCTBUEM CHIIBI TSKECTH; 0) Ha CTOJ JIEHCTBYET
BEC THpPH; B) ra3 JaBUT Ha CTEHKU OaJUIOHA; I') MOPILIEHb BBHITAIKUBACTCA U3 LMJIMHIpPA MOJ ACHCTBUEM
CHJIBI JIaBJICHUS Ta30B; 1) MaJbUUK TSHET BEPEBKY, IPUBA3AHHYIO K IPOYHOU CTeHE?

15



A TR
- -
7 A
a 7
Puc. 2
0. Ha ropusoHTanpHOM yd4acTKe IIyTM MaHEBpPOBBIM TEIUIOBO3 TOJIKHYJ BaroH. Kakue tena

JEHCTBYIOT Ha BaroH BO BpeMsl M mocie Toiuka? Kak Oyner ABUTaThCsl BaroH 1Mol BIUSHAEM dTUX Tel?
10. Bripazutre B kmioBarTtax u MeraBartax cienyromue MmorqHoctu: 3500 Bt; 200 Bt; 5000BT;
110000Bt. Boipazute B BarTax cieayromue moumHoctu: 3 kBt; 1,5 kBt; 0,6 xBt; 0,04 MBT; 0,0001
MBT.

11. Yemy paBHa cuila TSKECTH, ACHCTBYIOIIAs HA YIAKOBKY C LIEeMEHTOM maccou 2,5kr, 600r, 1,2 T,
50t1?
12. [TepBblif cOBETCKHMN HMCKYCCTBEHHBIM CHYTHMK 3emiu Obl1 3amyiieH 4 okraops 1957 rona.

Omnpenenuts Maccy 3TOro CIyTHHKA, €CIIM U3BECTHO, UTO Ha 3emiie Ha Hero JeiicTBoBaja cuia TSKECTH,
paBHas 819,3H.
13. Ha senmoaBwxHOW margopMme CTOUT ALNMK C KUPIUYaMU Maccod N TOHH. Beruucnure u
n300pa3uTe Ha PUCYHKE CHITY TSDKECTH U BEC SIIHKA.
14, CMmosxeTe 11 Bbl OJIHATH TUIACTUHY U3 MPOOKH 00bEMOM N cM>? TLIOTHOCTD poOKH 240kr/M°.
15. ABTOOYC Maccoil N TOHH eneT Mo TOopH3OHTalbHOMY Imocce. Kakas cuia TpeOyercs uis
cooOieHust emy yckopenus 1,4 M/,
16.  Baronerka Maccoil N TOHH JABMXETCs Toj neicTBUeM cwibl 60 kH. Onpenenute yckopeHue eé
JIBYKEHUSL.
17. JIBa kopabiiss Maccoit N TOHH Ka)bIA, CTOSIT HA peiie Ha paccTossHUU 0,5 KM OJIMH OT JAPYTroro.
KakoBa cuina npuTsKeHus Mex, 1y HUMH?
18. Ornpenenuth Maccy KakJI0TO M3 JIBYX OJMHAKOBBIX aBTOMOOMIIEH, ecii Ha pacctosauu 0,1 kM Ha
HUX JIEHCTBYET CHJIa IpUTsKeHus 6,6 7MH.
19.  Omnpenenuth paccTosiHUE, HA KOTOPOM JIBE BarOHETKH Maccoil 1mo 20 Kr Kakaasi B3aUMOACHCTBYIOT
¢ cuoit 67mMkH.
20. Kakyro cwiy Hajo MNPWIOKUTH K BaroHy Maccod N TOHH, YTOOBI OH CTall JBUTAThCS
paBHOycKopeHo U 3a 30c mpomten nyts 36 Mm? Koapdunment tperns pasen 0,008.
21. [Tox meiicTBUEM CHIIBI TSATH CKOPOCTH BaroHa Maccoi N ToHH Bo3pocina ¢ 4,25 m/c 1o 32,4 km/4 Ha
nyta 75,5 M. Yemy paBHa cujia TATH, €clid K03 (GUIIUEHT TPpEeHUs P IBM>KEHUH BaroHa paseH 0,0257?
22.  Kakyro cury TSy JOJDKEH pa3BUBATh JIBUTATENb, YTOOBI JOKOMOTHB MAacCOM N TOHH JBHTAJICS: a)
paBHOMeEpHO; 0) ¢ yckopenuem 0,2 m/c?,
23.  DIeKTpOBO3 MpPH ABIKEHHUH MO TOPU30HTAILHOMY MYyTH pa3BuBaeT cuiry Taru N kH. Ha ydacTtke
nyty anuHoi 600 M ckopocTh moesna Bo3pocna ¢ 32,4 1o 54 km/4. OnpenenuTe CUily CONMPOTHBICHUS
JBH>KEHUIO Moe3/1a, eciu ero macca pasHa 10000 ToHH.

dopma npeaocTaBICHHUA pe3yabTaTa
BrinonHeHHbIe 3aja4y B TETPaau s IPaKTUYECKUX padoT.

Kpurepum ouenku:
Oyenka «OMIUYHOY» B6bICMAGIAEMCs: TIPaBWIBHO BBIMIOJIHEHBl BCE 33JaHHUsI B COOTBETCTBUM C
TpeOOBAaHUAMH, IPABUIBHO BBHIMOJIHEHBI JONOIHUTENIbHBIE 33/1aHUS, CBOEBPEMEHHO MPEJOCTAaBIEH OTYET

O BBIIIOJIHCHHUHA pa60TBI.
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Oyenka «xopowio» 6vbicmasisiemcs: TPABWIBHO BBIOJHEHBI BCE 3aJaHWsi B OCHOBHOM 4YacTH,
JIOTIOJTHUTENIbHBIC 3aJaHUsl BBHIMOJTHCHBI HE B TOJHOM O0BEME, MPEIOCTABICH OTYET O BBINOJHECHUU
paboThl, MO0 B CiIy4ae HECBOCBPEMEHHOTO MPEIOCTABICHUS OTUETa WIM C HAJIMYMEM HECYIIECTBEHHBIX
OIIMOOK B BBITTOJIHCHUH 3aJaHHUS.

Oyenxa «y0081emeopumenbHoy BbICMAG/Isemcs: BBITIOTHEHBI HE Bce, HO Oonee 50% 3amaHuii paboThI,
JOTIOJTHUTEIIbHBIC 3a/IaHUSl HE BBIMOJIHEHBI, HECBOCBPEMEHHO IPEJOCTABJICH OTYET O BBINOJIHEHUHU
paboTHI.

Oyenkxa «HeyOogiemseopumenvHoy evicmasisemcs: BbINOIHEHO MeHee 50% palOoTbl, HE BBINOTHEHbI
JOTIOJTHUTEIIBHBIC 3aJJaHMsI, OTYET O BHIMIOJIHEHUH Pa0OTHI HE TPEIOCTABIICH.

Tema 3.1 OcHOBBI MOJIEKYJISIPHO-KHHETHYECKO TeOPUH

IpakTnyeckoe 3ansitue Ne 4
Pemenne 3apa4 no reme «OcHoBbl MKT. Pemienue 3aga4 Ha ypaBHeHHe COCTOSTHUS M/1€ATIbHOTO
raza»

Heanb padoThl: yriyOMTh M KOHKPETH3MPOBATH INPEACTABIECHUS O MOJEKYISIPHO-KHHETHYECKON
Teopun BeuiecTBa. Hayunmrtbess ucnosb3oBath 3akoHbl MKT 11 pacuéra OCHOBHBIX IIapaMeTpPOB
COCTOSIHMS BEILECTBA.

Boinosinenue padotrbl cnmocodcTByer ¢GopmupoBanuio: [IP61 OVIL.06, I1P62 OVII.06,
I1P69 OVIIL.06, ITP67 OVII.06, ITP63 OVIIL.06, [TP64 OVII.06

MatepuaibHoe o0ecredyeHue: 10CaJ0UYHbIE MECTa M0 KOJIMYECTBY O0YyYaroIUXcs; pa3JaTOUYHbIH

MaTcpHrail C 3alaHUAMU C60pHI/IKI/I 3a/la4, CIIpaBOYHBIC MaTCpHUAJIbI

3anganme: ucrnoib3ys ocHoBHbIE (popmynel 3akoHOB MKT, pemuts 3a1aun

Ilopsinok BbINOJIHEHHS PA0OTHI
[ToBTOPUTE OCHOBHBIC BOTIPOCHI MOJIEKYJIIPHO-KHHETHUECKOH TCOPHH.
2. Pemuts 3a1aun mo BapranTaM (U3 CIIUCKA U TaOJIHIIbI)

=

Kpartkne Teopernyeckne cBegeHus

KomuuectBo BemiectBa (V) — ¢u3Mueckas BeIUYHMHA, OMpeIeisieMast 5 1 YHUCIIOM
— N, =6,02-10° ——
€ro CTPYKTYPHBIX JIEMEHTOB (aTOMOB, MOJIEKYJ U Jip.) [V] = 1 Moub. A —
Yucno Asoragpo (Na) — komudecTBo yactuil B | MOIb BellecTBa (Ha3BaHO
B uecTh AMeneo ABoranpo (1776—1856, Utanus).
Momnsipaass Macca BemiecTBa (4) — BeNIMYHMHA, YUCICHHO paBHAas €ro OTHOCHTEIHLHOW aTOMHOM
(MonexkynsipHOH) Macce My B ATOMHBIX €JUMHMIIAX Macchl (CM. MEPUOAMYECKYIO0 cucTeMmy JMuTpus
= .10 =1 o
Upanosuua |4 = Mo 10 Menneneea (1834—1907, Poccus). 1] MOJE Macca oxHoM
. _ M
MOJIEKYJBI (B KT): [my = ——|.
NA

W3 onblTOB M3BeCTHO, yTOo 1 Mojp ra3a (HE3aBHUCHMMO OT XHMHUYECKOTO COCTaBa) MPU HOPMAaJIbHBIX
YCIIOBUSIX (OOC u 760 MM pPT. CT.) 3aHUMaET 00BEM 22,410° M (22,4 7).

Konmenrpammss () —  KOJMYECTBO 7| MoseKym N B emunune odvema V. |n=
nﬂ ~ 2,7‘1025 —3
M

N
v
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1
=1—
(] =1-

Yucio Jlommuara (Nj) — KOHIEHTPALKS MOJICKYJT I'a3a P HOPMAIbHBIX YCIOBHSX

|N =v- Ny, |I/I |m = V'/l|— gucio Mmosekya N B v MoJb BeliecTBa U ero macca m.

2
p= 3 n-E|— ocnoBnoe ypaBuenne MKT ujeanbHoro rasa,

2

f— m. o
roe E, = 5 — CpeaHsis KUHETUYECKas DHHEPrusi OJIHOU
_ iv_f p
MOJIEKYJIBI; M — wMacca MoJeKynbl; |V = -~ — cpenHss
=

KBaJIpaTH4YHasi CKOPOCTH JIBUXKEHUSI MOJIEKYJIBI.

TemmepaTypa — XapakTepUCTHKA CTETICHH HArPETOCTH Tea.

AOCONIOTHBIN HYNb — TeMrepaTypa t = —273,150C, IIpU KOTOPOU ~—27315°C () t JIOJDKHO
MIPEKPATUTHCS TTOCTYIATEILHOE JBUKCHIE MOJICKYII.

Ab6comnroTHas 1mkana Temmneparyp (mkaita Kenpeuna) (7) — mikaina TeMiepaTyp, Iie 3a HyJb MPUHAMAIOT
aOCOIIOTHBIN HYIIb.

[T] =1 K — kensBun. 1 K = 1°C. Mexny mkanamu KenbBuna u Llenbcust neiicTByeT COOTHOUIEHHE:

T=t+273,15|

_ K
k=138-10 23%— nocrosnHas bonbinmana (masBana B uecth Jlromsura Bombrmana (1844-1906,

ABcTpus).

, T. €. dasllenue 2a3a He 3a8UCUm Om e20 Npupoobl, a ONPeOelsiemcst MOIbKO KOHYeHmpayuei n
monexyn u memnepamypoul T.

OObeTMHEHHBIN Ta30BbIA 3aKOH: JUIS JAHHOTO KOJMYECTBA BEIIECTBA NPOU3BE/ICHUE JABJICHHS Ta3a Ha
ero o0bEM, OTHECEHHOE K a0CONIFOTHOM TeMIiepaType, eCTh BEIUYUHA MIOCTOSTHHAS.

pVv pVv
Jx —=R —— =const
R=k-N, =83l Kool ~ T T YHHUBEpCallbHas ra30Bast IOCTOSTHHAS.

m )
pV =— RT|— ypaBHEHHE COCTOSTHUA UeanbHOro ra3a (Menneneesa-Kmaneipona).
Y7

IIpakTrdeckuii HHTEpPEC BBI3BIBAIOT TPU IIpoLiEcca B ra3ax:
1) mpu v =constu 7=const; 2)mpuv=constup=const; 3)npu v =constu V= const.
N3orepmuueckunii mporecc. 3akon boitnsa-Mapuotra
P N3oTrepMuuecknii mpouecc — IMpoLecc B Ta3e, MPOMCXOAAIIUN MHpPU MOCTOSHHBIX
T <T,<I3  KOJWYECTBE BEIIECCTBA U TEMIIEPATYPE.
3akoH boiuiga-MapuoTrra: 1OpM  HOCTOSIHHBIX
WOTPMA L OMUECTBE ~ BENIeCTBA U TeMIeparype pV = const
NPOM3BEJCHNE JABJICHUS Ta3a Ha €ro o0bEéM OCTaéTcst
> IIOCTOSIHHBIM.
V' M3ob6apuueckuit npouecc. 3akon I'eii-Jlroccaka
N3obapuyeckuii mporiecc— MpoIecc B raze, MPOUCXOASAIINN MPU MOCTOSHHBIX KOJMYECTBE BEIIECTBA U
v JABJICHUU

P, P
L ot v,
v p | n3oxopa
s o |
LT R>R, 3akoH  [eii-JIroccaka: IpU  TOCTOSTHHBIX v,
= . 7
KOJINYECTBE BEIICCTBA U JAaBJIICHHU OOBEM Trasa e m >V, npsiMO

z |

18 0 273 T




MPOIOPIIMOHAIEH €r0 a0COIIOTHON TeMIieparype.
N3oxopuueckuii nponecc. 3akon [laps

M3oxopuueckuii mporecc — Ipolece B rase, MPOUCXOISIIHIA IPH MOCTOSHHBIX KOJIMYECTBE BELISCTBA U
o6béme (011 3yuen Llapaem).
3akoH Ilapins: mpy MOCTOSIHHBIX KOJIMYECTBE BEIIECTBA  00bEME JaBJICHHUE rasa p=fT HPSIMO

MPOIMOPIIMOHATIBLHO €ro abCOIIOTHOM TeMIiepaType.

Buytpennsis sueprus raza (U) — cyMMa KHHETHUSCKOIM SHEPTUH €ro MOJIEKYJI, MOTCHIIUAILHON SHEPTUH
UX B3aUMOJICHCTBUS U BHYTPUMOJIEKYJISIPHONU SHEPTUH.

3

5

U= EVRT — JUISL OTHOATOMHOTI'O UJIEaIbHOIO rasa. U= EVRT -IUIs IBYXaTOMHOTO ra3a

U =3vRT|. ]Inss MHOTOQTOMHOI'O HI€AIBHOTO ra3a

Pa6ora raza npu n306apuieckoM paclIupeHUN: A=vRATI|IA= D- AV

Ddusnueckuii cmuici R:

yHUBEpCabHasl ra30Basi MOCTOSHHAsA — paboTa, coBepIiaeMasi OJHUM MOJIEM HJICAILHOTO Ira3a MpU ero
M300apUYCCKOM HAIPEBAHUH HA OJTUH KEJIbBUH.

B ycioBuM HEKOTOpBIX 3aja4 OTCYTCTBYIOT IUGPHI. 3HA4YCHUs (PU3MUYECKUX I[MapaMeTpOB ATHX 3ajad
Heo0X0ouMO OpaTh U3 TaOIUIEI 1:

110 BEPTHKAJIBHOM CTPOKE YKa3aH HOMEpP BapUaHTa, [0 TOPU30HTAILHON — HOMEP 3a/1a4H.

1.  Beluncautb Maccy OAHON MOJIEKYJIBI 33JaHHOTO Ta3a.
2. CKOJIBKO MOJIEKYJ COAEPKUTCS IIPU HOPMAJIBHBIX yCJIOBUAX B M KMjIorpaMmax Bozgopojaa H., ?
-3

3. Kakoe KoIM4eCcTBO BEIECTBA V COACPIKUTCS B aIIOMUHHEBON OTIMBKE Maccod M? (Hp = 27-10
KI'/MOJIB).

4.  Kakosa macca v Mosneit yriekucioro raza? (p ., = 44107 KI/MOJIb).

5.  Cpennss KMHETHYECKas DHEPrus MOCTYNATENLHOIO JBMXKEHUS MOJIEKYN rasa pasHa E, . Yemy
paBHa Temneparypa raza? (k =1.38-107>° J[x/K).

6. B OamwioHe emMKkocTbi0O V JHUTPOB HAXOMUTCS KHUCIOPOA NHpu Temmeparype 1 u naBieHuun P.
Onpenenuts Maccy rasa B 6amione. (M0, = 32.10° KI/MOJIb)

7. B nunmHzape nusens AaBI€HHE BO3JyXa M3MEHsAETCS OT P, JI0P, ; 00bEM IIPU 3TOM YMEHBIIAETCA
OT V, 10 V, nurpoB. HauanbHas Temnepatypa npouecca T,. ONpenenuTs Temreparypy Bo3ayxa
T, B KenpBHHaxX mocne cxxaTus.

8.  KakoBa BHYTpeHHss SHEpIus v MoJIel 0JJHOATOMHOTO Ta3a Ipu Temreparype 17

9. B Oammone emkoctbio 30 1 Haxoautcs kucinopon npu temneparype 300K u maBinennn 0,78MlIla.
Omnpenenurte Maccy rasa B OajioHe.

10. bBammon emkoctero 100 1 comepxkut 5,76 kr kuciopoma. llpum kakoil Temmeparype BO3HHKAeT
OIaCHOCTh B3PbIBa, €CJIN OAJIIOH BbIIEpKUBAET AaBieHue 10 SMIla?

11. BoluncnauTh yBeNWYEHHE BHYTPEHHEH 3HEPTrUU 2KT BOAOPOJA MPH MOBBIIICHUH €T0 TeMIIEPaTyphl
Ha 10 K.

12.  VYraekucinslii ra3 Maccoir 0,2 KT HarpeBarOT IpH MocTossHHOM AaBiennn Ha 88K. Kakyio padory
COBEpILIAET MPU ITOM raz?

Tabnuna 1
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£ 1 23| 4 5 6 7 8
2 TA3 m v E, VIT[P[R[R[V,[V,]T v [T
8 ((opmyra) kr | r momp| JDx n |[°K |[xla|k[a|x[la| n | n [°C [Moms| K
1 |Kucropos O, | 1 |27 2 [6-20% | 2 |10l 1 | 21| 7|5 |27 1|27
2 Bomopox Ho,| 2 | 54| 4 [7-20%"| 4 |200] 2 | 3| 2| 8|6 [28]2]28
3Meran CH, | 3 |81] 6 (810 6 (300l 3| 4|39 7]2]3]2
4 |O30m Os | 4 |108] 8 [9-20%| 8 |400] 4 | 5|4 |10] 8 [30] 4|30
5 [Asor N, | 5 1350 10(1-10%* 10f100] 5|6 | 5 |11] 9 |31]5]31
6 [Yrmeporn  Co, | 6 [162] 12220 | 12|200] 6 | 7 | 6 | 12| 10]32] 6 | 32
7 |Vrnexuemsit CO, | 7 |189] 14 [3-10%1 | 14300 7 | 8 | 7 | 13| 11]33] 7 | 33
8 |[emmii He, | 8 [216] 16 |4-10°" | 16 [400| 8 | 9 | 8 | 14| 12| 34| 8 | 34
9 NH 5 9 [243] 18 [5-10** [ 18 [100| 9 [ 10| 9 | 15| 13]35] 9 | 35
10 cl, 10 {270 20 55:10%" 20 [200| 10 | 11| 10| 16| 14| 36| 10| 36

®dopma npenocTaBieHns pe3ybTaTa
BrImosHeHHBIC 331a41 B TETPAIU JIJISl IPAKTHYECKUX PadoT.

Kputepuu onenkmu:
Oyenka «OMAUYHO» BbICMAGIAEMCA: TPABWIBHO BBIMOJIHEHBl BCE 33JaHUS B COOTBETCTBHH C
TpeOOBAHUSAMU, IPABUIBHO BBITIOJHEHBI JOTIOJHUTEIIBHBIC 33/I1aHUs, CBOCBPEMEHHO MPEJOCTABIICH OTYET
O BBITIOJTHEHUH PaOOTHI.
Oyenka «xopouio» 6vicmagisiemcs: TPABUIBHO BBITIONHEHBl BCE 3aJlaHUs B OCHOBHOM 4YacTu,
JIOTIOJTHUTENbHBIC 3aJJaHUSl BBIMOJIHEHBl HE B TMOJHOM OO0BEME, MPEAOCTaBICH OTYET O BBINOJIHEHUU
paboThl, MO0 B CiIy4ae HECBOCBPEMEHHOTO MPEIOCTABICHUS OTYETa WM C HAIMYMEM HECYIIECTBEHHBIX
OIMOOK B BBITTOJIHCHUH 3aIaHHUS.
Oyenka «y00871emBOPUMENbHO» BbICIABIAEMCs: BBHITIOTHEHBI HE Bce, HO Oosee 50% 3amaHuii paboThI,
JIOTIOJTHATEIIHHBIC 3a/IaHUsl HE BBIOJIHCHBI, HECBOCBPEMEHHO TIPEJOCTABICH OTYET O BHIMOJTHCHHUH
paboThI.
Oyenxa «HeydogremseopumenvHoy evicmasisiemcs: BbIMOTHEHO MeHee 50% paboThl, HE BBINOITHEHBI
JIOTIOTHUTENbHBIE 3aaHHsI, OTUET O BHIMOJIHEHHH PabOThl HE MPEOCTABIICH.

Tema 3.2 OcHOBBI TepMOAMHAMUKH. TennoBbie MAIIUHBI.

IIpakTHyeckoe 3anaTHE NeS
Pemenne 3ana4 no reme «OcHOBbI TepMOAUHAMHUKU. [IpuMeHeHne nepBoro Havyaja

TEPMOAMHAMHUKH K H30IIpoueccam

Leab padoThl: Ha puMepe pelIeHHs 3aa4 U3YUYUTh 3aKOH COXPaHEHUs JHEPTHH TPUMEHUTEIbHO
K TEIUIOBBIM IIpoleccaM, MyTAX HM3MEHEHHs] BHYTPEHHEH SHepruu Tej, aauadaTH4ecKoM Ipoliecce,
NPUHIUIE PabOThI TEIIOBON MAIITHHBI.

Boinosinenue pa6orbl cnocodocTByeT (opmupoBanui: [1P62 OVIL.06, I1P69 OVII.06,
I1P67_OVIIL.06, ITP63 OVII.06, [TP64 OVII.06
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MartepuanbHoe obecnedyeHne: MoCcaJ09YHbIe MECTa TI0 KOJUYECTBY OOYYArOMIMXCS; pa3aaTOYHBINH
MaTepHa ¢ 3aIaHUsIMU; COOPHUKH 3a71a4, CIIPAaBOYHBIC MaTEPHAITBI
3ajanue: pemuTh 3a1a4U

ITopsinok BbINOJIHEHHUSI PAa0OTHI:

=

[epen pemenreM 3agad pa3odpaTb KpaTKHE TEOPETUIECKUE CBEICHUS

2.  TlpoBecTH aHANW3 BEIMYHH, BXOASIUX B GOpPMYIIbL. BeIydnTh GOpMYIUPOBKY U MaTeMaTHUECKYIO
3armmch MEePBOro Havyalia TePMOIMHAMUKHI

3.  PemmuTh 3amaum 1o BapuaHTaM, COCTaBHB YPaBHEHHUs TEIUIOBOrO OajaHca, PEHIMTh 3aJaud Ha

W3MCHCHHE BHYTPEHHEW OHEpPruM Tela TMPH TEIJIOBBIX W MEXaHWYECKUX Ipolieccax

(camocTrosTenpHas padboTa).

Kparkue TeopeTrnueckue cBeeHHs
Temmoo6meH (Teronepenaya) — 0OMEeH BHYTpEHHEH dHeprueil 6e3 CoOBepIIeHHs] MEXaHUYEeCKON PadOoTHI.

KonunuecTtBo temnotsl (Q) — sHEprus, nepeaanHas B pe3yjbTaTe TEII00OMeHa. Q=c-m-AT

VY nenbHast TEII0EMKOCT (¢) — KOJIMYECTBO TEIUIOTHI, HEOOXOAMMOE Uil HarpeBanus 1 Kr BeriecTa Ha |

0y oo @ |y X
Kd C)'C_mAT Le] lKr-K

— YpaBHCHHEC TCIIJIOBOT'O OanaHca.

|2 Qur = 3 Quon.

3|0
=y
0
|

lopenue: . g=

VY aenpHas TemioTa CropaHus (CI) — KOJIMYCCTBO TCIJIOTHI, BBIACIACMOC IIPHU CTrOPAHUN 1 xr TomMBa.

Hapoo6pa30BaHI/Ie-nepexoz[ BCIICCTBA U3 JKUJIKOI'O COCTOSAHHUA B T a3006pa3Hoe.

il 1r 2 Q| 2 A%
Q=rm| |r= [r]_1Kr

VY nenbHast Teriora mapoobpazoBanus (I) — KOJIUYECTBO TEIIOTHI, HEOOXOIUMOE IS ITpeBpalieHus B map 1
KT )KHJIKOCTH TIPY TIOCTOSTHHOM TeMIiepaType.

" Q
IInaByieHnE — EpeX0/1 BELECTBA U3 TBEPJOTO COCTOSHUSA B KHUIKOE. A= o [A]=1—

VY enpHas TerioTa IiaBieHus (A) — KOJUYECTBO TEIUIOTHI, HEOOX0IUMOe TS TUIaBIeHus | KT BelecTsa
P TEMIIePaType TIaBICHHUS.

[TepBbIit 3ak0H (HAYaJI0) TEPMOAMHAMUKHI: U3MEHEHHE BHYTpeHHEW sHeprun AU cucTeMbl paBHO CyMMe

KOJIMYECTBA TEIIOTHI Q, IepeTaHHOr0 cucTeMe, U paboThl 4, COBEPIICHHONW HaJ HEeW BHEINTHUMHU CHIIAMU

AU =Q+ A
[IpuMeHeHne nepBoro Hayana TEPMOJAMHAMUKH K U30IIPOLIECCaM

. 3

HsoTepyuveckuii nponece, | H3oxopHbIi mpomecc, HzobapHbIil npomece, | ArmaGaTHYecKHI MpoIecc,
T =const V' =const p = const 0=0

AU=0 = Q0=4_ |4,=0 = Q=AU O=AU+4_ A_ =-AU

fedecie]




TenyoBas MammHa — MalllMHa, COBEpLIAIONIAS MEXaHMYECKYI0 paboTy 3a CYET BHYTpEHHEH SHepruu

TOIUIUBA.
PaGouee Teno — ra3, CoOBepIIAIIMKI padOTy B TEIJIOBOW MaIlIUHE.

HarpeBarenb — ycTpoiicTBO, coodiaroiiee paboyemMy Teiay KOJIHMUECTBO TEIIOTh Q1 mpu |
temneparype 711.

XOJOAUITBHUK — YCTPOMCTBO, OTHUMAIOIIEE OT Pabodvero Tejia KOJMYECTBO TeIIoThl Qy [ . .-

— il
npu TeMreparype 17. |7 = % n
1

IIpumepsl pemienus 3agaq

1. B amomunueByro kactproio mMaccoit 0,15 xr HamuTo 1,2 Kr BoIbI IpU 20° C. Crombko KUIIATKY
HY)KHO JIONIUTh B KACTPIOJIO, 4TOGHI Temiepatypa Bosl crana 50° C? [ToTepsiMu Teruia B OKPY/KAOLIYIO
cpeny npeHeOpeub.
Hano: Pemienue:
m,=0,15 kr nosxydeHHoe Terao Q1=C,.My(0—-ty); Q2=CaMjy(0-ty)
m,=1,2 xr otaanHoe Temio Q3=C,.m; (t-0)
£=20"C ypaBHeHuUe TeroBoro 6ananca Q;+Q2=Q3
—10A0
tr—loo C CB~mB (e'tx)+ma~Ca (e'tx):CB~mr (tr'e)
0 =50°C M= (e,m, + m,c)(@—t,) =
0 C«(tr - 9)
Ca=920 JIx/xr"C (4200 -1,2+015-920)-(50-20) _ -,
. 4200 - (100 — 50) o
cx= 4200 Ix/xr C
Otsert: 0,74 kr
m, —?

2 B mpouecce nzobapHoro pacmupenus raszy nepenano 6 Mk temnotel. [lpu sTom ra3 cosepiraer
pabory 1,2 MJx. U3menunace in BHyTpeHHsIs SHepTUs raza? Harpescs ra3 wim oxJiaauics.

[aHo:

A'=12 MIIx  [«CU» Pemenue: | Berumciaenus:

Q=6 MJx  16.10°/x |AU=Q-A’ | AU=6-10° Ix-1,2-10° T =

1,2-10%1x = 4,8-10° Ik
AU-?

22



Pemmnts 3agaun. B ycnoBum 3amad oTcyTCTBYIOT LM(DpPBI. 3HaueHUs (QU3NYECKUX MApaMEeTPOB ATHUX
3aJad HEoOXoauMo OpaTh W3 TaOMMIBI 1: MO BEPTUKAIBHOM CTPOKE YKa3aH HOMEp BapHaHTa, IO
TOPU30HTAIILHON — HOMED 3aJa4H.

1.  Kakum crnocoboMm — coBeplIieHHEM paldOThl WM TEIUlonepenayeld M3MEHSeTCs BHYTpPEHHSS
SHEpTUs JACTaIM B CIEAYIONIMX Cilydasx: 1) cTporaHue aertanu; 2) HarpeBaHue ACTald B MEUYU
nepej 3aKalikoid; 3) OBICTPOe OXJIAXKICHHUE JIETAIM B BOJE (3aKajka)?

2. Paboune ropsunMx I€XOB HOCAT KOMOWHE30HBI, MOKPBIThIE METAUIMYECKUMH OJECTAIIMMHU
yemryiikamu. [loueMy oHM XOpOLIO 3aIIMILAIOT YEI0BEKA OT JKaphl?

3. Bony maccoii m narpenu ¢ remneparypsl T1 10T,. Kakoe KOau4ecTBO TEMIOTHI 3aTpaTUiIN IPU
Harpese. (C;=4200/x\kr-K)

4. Onpenenuth Maccy HarpeTod BoAbl, ecnu Juisi €€ HarpeBa Ha AT 3arpaTuiam KoOJIMYECTBO
ternoTel Q. (C, = 4200 Jix/kr - K)

5. Omnpenenuts Maccy CropeBIIEr0 KAMEHHOTO YIJIsl, €CIU P cropanuu Beiaenuiaock Q Jhxoynei
TertoThl. (=29MJIx/Kr)

6. Coupr wmaccoit m wucnapwics. OnpenenuTb KOJIUYECTBO TEIUIOThI, 3aTPayeHHOE IS
BbimapuBanus cupTa. (r=0,85 MJx/kr)

7. Onpenenuth KOJIMYECTBO TEIJIOTHI, HEOOXOAUMOE Ui PACIUIaBICHHUS  OJIOBSHHOTO CIUTKA

maccoir m. (A= 0,59 MJx/kr). Kakoe KOIMYeCTBO TeIlia BBIACIUTCS MPHU OXJIAXKJICHUU ITOTO
pacIuIaBIEHHOTO CIIUTKA?

8. I'a3 mox maBnenwem P; m3o0apHO pacmupmics u coBepmmmi padory 25 JIx. Ha ckonbko
yBenuuuics o0beM raza?

9. Tepmonunamuyeckoi cucreme nepenano Q Jx rernorel. Kak M3MEHUTCS BHYTPEHHSSI SHEPTHS
CHCTEMBI, €CIT OHa coBepImia padory A?

10. IIpm wm3orepmuueckom pacmmpenun (T=const) razom Opiia coBepmieHa pabora A. Kakoe
KOJINYECTBO TEIUIOTHI Q coob1IeHOo razy?

11.  Beraucaute KIIJ[ TennoBoil MainHel, €Ciii TeMIieparypa Harpesatens T1, xonoawibHuKa Th.

12. Kaxo#i nomkHa ObITh Temneparypa HarpeBaTens Ti, uroObl KIIJI nBurarens cocraBisu n npu
TeMmnepaType XoJoauibHuKa Ta

13.  TemuoBas anekTpocTaHuuss MomHocThio 2400 MBT notpebisier 15001 yrns B yac. Kakos KII/]
craHuu?

14.  JIng NOBBIIEHUS TBEPAOCTH U NMPOYHOCTH CTAJIBHBIX M3/EIMNA NPUMEHSIOT 3aKajKy (Harpes 10
HEKOTOpPOM TeMIeparypbl € MOCIEAYIOUUM OBICTpbIM oOxJaxaeHueM). Kakoe KoaudecTBo
TEIJIOTH HEOOXOAMMO, UTOOBI HArpeTh cTajibHOW MOOTOK Maccoit 500r ot 17 mo 817°C?
Boruncnute, kakoe KOJIMYECTBO TEIJIOTHI BBIIEISIET MOJOTOK, €CJIM €0 OXJIAXAal0T B KHUJIKOM
KHCII0poae, TeMieparypa kotoporo -183°C. YV aenbHas TennoeMkocTs ctanu 460 Jx/ kr-°C.

15.  Kakyro Maccy Kokca notpedyercs cxxeub, uToObl Harpets 10T uyryna na 10°C?

16. B muaBunpHyro neus 3arpy3win 2000 kr uyryna, B3storo npu 20°C. Kakoe konuuecTBo
TEIUTOTHI 3aTPayeHo B HEeHl Ha ero TuiaBieHune? CKoIbKo Jbaa, B3aToro npu 0°C, MOKHO ObUIO OB
pacIuIaBUTh 3a CYET ITOTO KOJIMYECTBA TEIIOTHI?

17. B muaBwIbHON Ie4M 3a OAHY IUIaBKY noiyuwsn 250 kr amomuHus npu temieparype 660°C.
Onpenenure, HACKOJIBKO W3MEHMIIACh BHYTPEHHSS DHEPrHs aJOMUHUS, €CIM €ro HadaJbHas
temreparypa obuta 20° C. Y nenpHas TerioTa miaBieHus arroMuaus 3,9 MJx/kr.

18. YyryH B JIMTEHHBIX LI€XaX IUIABAT B I1€YaX, Ha3bIBAEMbIX BarpaHkaMu. ONpenennure KOJINn4ecTBO
TEIUIOThI, HEOOXOAMMOE IJs MJIaBKU 6T 4yryHa, JOBEIEHHOTO 0 TeMIEepaTyphl IUIABJICHUS.
VY nenpHas TemioTa miaBieHus criasa 138 270 Jx/kr.

19. JloM yepHBIX METAJIOB NEPEIUIaBISIIOT B CTajlb B MAapTEHOBCKUX Ieyax. Kakoe KoiIuuecTBO
TEIJIOThI HEOOXOAMMO JJIsl HarpeBaHus U paciiaBieHus 10 T cTanbHOTo JoMa, €Clii HavyajabHas
temneparypa ero 20°C? Temneparypa nnasienus cranu 1400°C.
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3 4 516 7] 8 9 10 11 12

m|T, [T, |AT[ Q| Q[ m | m QI A] A =T, | T, T,

kr | °C| °C | K [xIxMIx r | r |xIla|xTx| Jx | Jx |const| °C | °C N | ¢
1| 1|58 ]10]100] 10 {200 20 [100{100f 50 [100| - [100]| 20 | 0,9 | 10
2 2 (10|90 20]200] 20 |400] 40 |200]200| 100|200 - [200f 30 [ 0.8 | 20
3 3 15(95 (30300 30 | 600 60 |300|300]150]300| - |300f 40 [ 0,7 | 30
4 | 4 [20[100f 40 [400( 40 (800 80 | 400400200400 - |100| 25| 0,6 | 40
55| 5|8 |50]500] 50 |100] 10 |500]500|250|500| - [200f 35| 0,5 | 50
6 [ 6 [ 10|90 60 |600]| 60 |200] 12 | 600|600|300[600| - [300f 45| 0.4 | 60
717 (1519570700 70 | 300 14 |700|700| 350|700 - [100| 30 | 0,95] 70
8 8 | 20 | 100 | 80 | 800 | 80 [400] 16 | 800 | 800|400 (800 - |200( 40 | 0,85 80
9 [ 9 5|85 90]900] 90 |500] 18 | 900|900| 450|900 - [300f 50 | 0,75 90
10 1 [ 10 [ 90 [ 100|100 100|600 | 20 | 100 | 100|500 | 100 | - [400| 60 | 0,35 | 100

®opma npegocTaBieHHs pe3yJibTaTa
BrimonHeHHbIe 3a71a44 B TETPAIH ISl MPAKTUYECKUX PadoT.
Kpurepun oneHku:

Oyenka «OMIUYHOY» BbICMAGIAEMCcs: TIPABWIBHO BBIIOJIHEHB BCE 3aJaHUs] B COOTBETCTBHH C
TpeOOBaHUSMU, MMPABUIIHHO BBITOJIHCHBI JTOTIOJTHUTEIBHBIC 3aJaHHsI, CBOCBPEMEHHO MPEIOCTABIICH OTYCT
O BBIIIOJIHEHUH padOTHI.

Oyenka «xopouioy» 6vlcmagisiemcs:. TPABWIBHO BBITIOJHEHBI BCE 3aJlaHUs B OCHOBHOM 4YacTH,
JIOTIOTHUTENbHBIC 3aJaHUsl BBIMOJIHEHBI HE B TMOJIHOM O0BEMe, MPEIOCTaBICH OTYET O BBINOJIHEHUU
paboThl, MO0 B cllyuae HECBOEBPEMEHHOT'O MPEIOCTABICHUS OTUYETa MIIM C HAJTHYMEM HECYIIECTBEHHBIX
OIIMOOK B BBLIITOJIHEHUH 3aJaHHUS.

Oyenxa «y0081emeopumenbHO» 8bICMAGAemcs: BHITIOTHEHBI HEe Bce, HO Oonee 50% 3amanHuii paboTHI,
JIOTIOJTHATEIBHBIC 3a/IaHUs HE BBIOJIHCHBI, HECBOCBPEMEHHO TIPEJOCTABICH OTYET O BHIMOJTHCHHUH
paboTHI.

Oyenka «Hey0081emMBOpUMENbHOY Gblcmasisiemcs: BhIMOTHEHO MeHee 50% paboThl, HE BBHITOJHEHBI
JIOTIOJTHATEIIBHBIC 3a[aH¥sI, OTYET O BHITIOJHEHUH PaOOTHI HE TIPEIOCTABIICH.

Tema 4.1 DuexkTpocraTnka

IIpakTnyeckoe 3ansaTHe Ne 6
Pemenne 3a1a4 nmo reMe «J1eKTPOCTATHKA.

Iesab: U3y4uTh IIEKTPUUYECKOE MOJIE, 3HATH Er0 MPUPOJLY, ET0 ICUCTBUE HA IIEKTPUUECKUE 3apsiabl
U JIpyTue deKTpudeckue noiis. Hayuntscs pemaTe 3a7a4i Ha COEAMHEHHE KOHIEHCATOPOB.

BoinosiHeHue padorbl  cnmocodcTByer ¢GopmupoBanuio: [1P62 OVIL.06, I1P69 OVII.06,
[TP67 OVIIL.06, ITP61 _OVII.06

MarepuanbHoe o0ecnedyeHHe: WHIMBUIYAIbHOE 3aJaHUE, KOHCIEKT JIEKIHMH, CIpPaBOYHBIE
MaTepUaIbl.

Yka3zanue: [IpakTuueckoe 3aHATHE COCTOUT U3 JIBYX YacCTEH — TEOPETUUYECKOW U MPAKTUYECKOM.
[Tocne n3ydeHuss TEOPETUUECKOr0 MaTepraia MOKHO MPUCTYNATh K BBIMOJHEHHUIO MTPAKTUYECKOW YACTH.
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OHa COCTOMUT M3 JIBYX U 60HC€ 3aga4d AJId CaMOCTOATCIIbHOI'O BBIIIOJIHCHUA. He 33.61:1Bal>iTe O MpaBUIILHOM
oopmieHuu perrenus. Ha BeIoMHEHHE TPAKTUYECKON OTBOIUTCS JBAa aKaJeMHUYCCKHX Yaca.
IMopsinok BbINOJIHEHUS PA0OTHI:
1. PaccMOTpUTE TEOPETHYCCKHI MaTepual II0 TeMe€ W TNPUMEPHI pelmicHHs 3agad  (CMOTpPH
METOAUYECKOE IIOCOOHE).
2. Pemmre camocrostenpHyto padory. Odopmure pelieHne MICbMEHHO B TETPAIH.

Kpamkue meopemuueckue ceéedenusn:

HasnexktpuzoBanHoe TeI0 — T€J10, 001a1a01ee CBOWCTBAMU, POSBIISIOLIMMUCS B SJIEKTPUUECKUX
SIBJICHUSIX.
Heo0xoarMa KOJTMYECTBEHHAs! Mepa CBOIMCTB HAJIEKTPU30BaHHOTO TeJIa.
Dnextpudeckuii 3apsia (Q; () — Mepa CBOMCTB HAdJICKTPU30BAHHBIX TEJI, POSIBISIOIINXCS B
anekTpuueckux sBiaeHusx [Q] =1 Ki — kynon.
BiaumoeicTBus HA3NEKTPU30BAHHBIX TE€J OTHOCAT K 2/1eKMPOMACHUMHBIM 83AUMOOELCTNBUAM.
DeKTpu3aIysa — IPOIEece COOONICHHS Ty (MO0 IepepacipeeICHUs MEX/Ty YacTsIMU Tella)
ANEKTPUYECKOTO 3aps/a.

e OaHHMM U3 CIIOCOOOB ANEKTPHU3AINH SBISIETCS TPEHHE.

e 113 OmBITOB M3BECTHO, YTO CYHIECTBYET [Ba BHJA DJEKTPHUUECKUX 3apsAIoB. VX yCIOBHO Ha3bIBalOT

MOJIOKHUTEIBHBIMH U OTPULIATEIILHBIMHU.

Toueunslii 3aps — 3aps/, pacHoI0KEHHBIH Ha Telle, pa3Mepbl KOTOPOTO MPEHEOPEKUMO MaJIbI.
N3 onbITOB U3BECTHO:
1) onHOMMEHHBIE 3apsi/Ibl OTTANKUBAIOTCS, PA3HOUMEHHBIE — MIPUTATHBAIOTCS;
2) HauMEHbBIINH (JIEMEHTAPHBII) ANEKTPUUYECKUH 3apsi]l, CYIIECTBYIOLIUI B IPUPOJIE — 3aps]l JJIEKTPOHA

e= L6 107Ky
e 3apsn tena g = Ne, rae N — KOIMuecTBO 3JIEMEHTAPHBIX 3apsI0B e B 3apsze J.

3aKOH COXpaHEHMsI SJIEKTPUUECKOTO 3apsiia: B AIEKTPUUECKU 3aMKHYTON CUCTEME TeJ MOJIHbBIN
ANEKTPUYECKUH 3apsi/l (CyMMa BEIHMYUH MOJIOKUTEIBHOTO U OTPUILIATEIHHOTO 3apsSA0B) OCTAETCS
MTOCTOSTHHBIM.

3HAUUT, SNEKTPUUECKUN 3apsi He BOZHUKAET U3 HUYETO U He Mcue3aeT OeCcCIeTHO U MOXKET MePeX0IUTh
OT OJIHOTO TeJa K APyromy npu g, g, DJIEKTPOMAarHMTHBIX B3aUMOJICHCTBHSAX.

F o=k

-
3akon Kysona: anektpuueckas (KynoHoBcKas) cuna  F, B3aMMOAEWCTBMA ABYX TOYEYHbIX
3/1EKTPUYECKUNX 3apAL0B g U G, B BaKyyme NpAMO NPOMOpLMOHaNbHA NPOU3BEAEHMIO UX BENMYMH, 06paTHO
NPONOPUMOHANbHA KBAaApaTy PAcCTOAHMA I MeXAYy HMMW M HanpaB/ieHa BAO/Ib MPAMON, COeaUHAIOWEN 3TU
3apagabl.

k=9-107 “"“j poop®d: 1 a4
Kn® - °F r 47z, #* KOOI(PPUIMEHT TPOMOPITMOHATIEHOCTH.
B psanme cnyuaeB s YIpOIeHHs pacy€ToB K yIOOHO MpEeaCcTaBiATh B
]
BUJIE: Amey Torga:
£y =8.85-10 12 X
DneKkTpuyecKasi MOCTOssHHAs — KO3 HUITUEHT H-wm™

e (Cuna B3aMMOJICUCTBUS 3apsJI0B B CPE/I€ MEHbIIIE, YEM B BaKyyMe.
OTHOCHTE bHAS AMIJIEKTPHUECKAs MPOHUIIAEMOCTh CPe/bl (€) — BEIMYHMHA, TTOKA3bIBAIOIAS, BO CKOJIBKO

pas cua B3auMoseiicTBus 3apsaaoB B cpene (F.) Menbiue, yem B Bakyyme (£+).
AOcomoTHas AUDIEKTPUUECKast TPOHUIIAEMOCTb CPEJIbl — IPOU3BEICHUE £p-E.
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DJeKTpUIecKoe 1Moje — OCOOBIN BUJ MaTepUH, MPOSIBISIOUINICS BO B3aUMOACUCTBUH C JIEKTPHUECKUMHU
3apsigaMu., CYIIECTBYET BOKPYI KaXKIOro 3apsia W 3apsabl B3aUMOJCUCTBYIOT Jpyr € JpPyromM
IIOCPEACTBOM DTOIO MOJIA.

Hanpsox€HaOCTh 371eKkTpryeckoro moist (£) — BekTopHas (usnyeckasi BeJIMYHHA, YHCICHHO paBHAs CUIIE,
C KOTOPOM IT0JI€ JCHUCTBYET HA €AVMHUYHBIA TOUYCYHBIM I1OJIOKUTEIBHBIN 3apsijl, IOMEIIEHHBIA B TaHHYIO
TOYKY IOJIS.

K

poFoE]e1 4B

. Q
g Kn M E - cuioBasg K =¥k - XapaKTEpUCTHKAa TOYKH JJIEKTPHUYECKOIO
FA o
ITOJIAL.
Pabota mnosis o nepeMeneHuIo 3apsaa
A=q-E-Ax , I1e AX — pa3HOCTb KOOpIMHAT KOHEYHOI'0 ¥ HA4aJIbHOTO ITOJIOKEHHUH 3apsaa.

A=qp —@:) ppe @1 —P: - Pa3HOCTD IMOTEHITUAJIOB.

CBs3b HaNPsAKCHHOCTU U PA3HOCTHU MMOTCHIUAJIOB

Ll =) E
E=l2 [E]=1

A M. T. . HAMPsHKEHHOCTH OJTHOPOJIHOTO 3JIEKTPHUYECKOr0 MOJIsl YHUCIECHHO PaBHA Pa3HOCTH
MOTEHIINAJIOB Ha €IMHUILIE JJIMHBI CUIIOBOM JINHUU.
DrekTpudecKas eMKoCTh nmpoBoanuka (C) — q OTHOwUIeHHE 3apsiaa Q NPOBOJHUKA K
Kn C=—
[c]l=1—==10 @
ero HOTEHIHATY ¢. B — (apan

Kongencarop — cucrema AByX MpOBOJHUKOB (OOKIIAI0K), pa3/IeICHHBIX CJI0EM AUAIEKTPHKA,
npeAHa3HauYeHHas JIsl HAKOTUICHHS M XpaHEHUs 3apsia.

EMKoCTb n10cko20 xoHaeHcaTopa (00KIaAKK — IIOCKUE MIACTUHBI) ONpENeNaIoT o Gopmyne: , riae S —
wIomaas 00kIaaku; d — paccToSIHUE MEKIY OOKIIaIKaMu

Coennnenue KOHACHCATOPOB:

[TocnemoBarenbHOE COETMHEHNE KOHIEHCATOPOB — COSIMHEHHE, TIPYU KOTOPOM TOCTIE 3apsIKH
OTpHUIATENHHO (MTOJIOKUTENBHO) 3apsbKeHHas: 00KIIaAKa MPebIIyIero KoHAeHcaTopa COeIUHEHa ¢
MOJIOKUTEIHHO (OTPUIIATENEHO) 3aPsHKEHHON 00KIIaAKOM TOCIEYIOIIETO.

o | LI o
I_=_1.+—_+...——_ C{_m_ ZC.

[TapannensHOE COEIMHEHNE KOHIEHCATOPOB — COEAMHEHHE, IPU KOTOPOM IOCIIE 3apsiIKU BCe
MTOJIOXKUTETBHO 3apsHKCHHBIC OOKIIaJKU COOpaHbI B OJIMH y3€J1, BCE OTPUIATEIHHO 3apsHDKCHHBIC — B
JIPYTOMu.

r_l'-'ll = E{-: C':\{I_ = {_-' +..t l:.'-'..'

CamocrosiTesibHast padoTa

1. C kaxoit cwioi B3aUMOJICUCTBYIOT JIBa 3apsijia (iU (2, HAXOSIIMECS HA PACCTOSHUU T B CpeJie C
JUAJIEKTPUUECKON MPOHUIIAEMOCTBIO €7

2. Ha xakoMm pacCTOSHUM Ipyr OT JApyra 3apsiasl iM (2 B3amMOJACHCTBYIOT ¢ cmioi F, ecim
OTHOCHUTEINbHAS AUAIEKTPUUECKasi TPOHUIIAEMOCTh cpelbl €7 (q1,02 1 € U3 3agauu Nel)

3. OmpenenuTs BEIHMYNHY KKJIOTO M3 JIBYX OJMHAKOBBIX 3aps/IOB, €CIIU B CPEe ¢ OTHOCHUTEIIBHOM
JTUAJIEKTPUYECKOM MPOHUIIAEMOCTBIO CpeAbl € Ha PACCTOSHUM T JPYyr OT Jpyra OHHU
B3aUMOJIEUCTBYIOT C criioi F.
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10.

OnpenenuTh HANPSHKEHHOCTh MOJISL B TOUKE, TJE JACHCTBYET 3JeKTpuueckas cwia F Ha mpoOHbIi
3apsn q.

Haiitu HanpspkeHHOCTH 10151, 00pa30BaHHOTO TOYeYHBIM 3apsiioM q=10 MxKi.Ha paccTossHuu 1 B
Cpelie ¢ OTHOCUTEIbHOM AUAJIEKTPUUECKON TPOHUIIAEMOCTHIO €.

B oaHOpOIHOM 3JIEKTpUYECKOM IOJE HANpsKEHHOCThIO E mepemeraercst mo CHIOBOM JIMHUU
3apsan q=10 mMxKun. Ompenenure paboTy 3JIEKTPUYECKOTO IMOJIsI, €CIHM MepPeMelleHue COCTaBUIIO
AX.

Hamnpsixkenne mMexay TOYKaMM 3JEKTPUYECKOTO MOJs MO CUIIOBOW JIMHMM paBHO U, pacctosHue
Mexay Humu AX(u3 3agaun Ne6). KakoBa HanpsiKeHHOCTD 1O ?

Kakyro paboTy HY>KHO COBepLINTH AJsi TOro, utoOsl 3apsan q=10 uKn nepemectuiics u3 Touku
oJis C TMOTEHIMAJIOM (1 B TOYKY C HOTEHUUAIOM@2?CXeMy IepeMellleHusl 3apsijia B
ANEKTPUYECKOM I10JIe M300pa3uTh rpadudecku.

KakoBa €MKOCTh MpPOBOJIHUKA, MOTEHIMAI KOTOPOTO M3MEHseTcs Ha A@ NpH COOOIICHUH eMy
3apsaa q=9 uKi ?

Omnpenenutb eMkocTh Oatapen Cegyr, €ciu KoHAeHCATOPH! ¢ eMKocTsIMU C1=10 nd, Co=15 nd u
C3=20 nd® coemuHunIM: a) TNOCIEAOBaTeNbHO; ©0) mapamnenbHo. CXeMbl COSTUHEHUS
KOHJICHCATOPOB HAYEPTUTb.

Ne | 2 3 - 5 | 6 71 8
Ba q Q@ r £ F £ r F F q 1 £ E AX | U | ¢ 0
p HK | BEK | oM mH cm | MH | MH | 8Ka | om |HK | | B |B

1 1 | n Bl
1 1 1 2 81 10 1 2 S0 10 5 I 1 | 10 35 | 110 | 100 | 500
2 2 2 4 (2,1 20 2 - 80 20 10 1 2 20 | 34 | 220 | 200 | 400
3 3 3 6 2.5 30 3 6 70 30 15 1 3 30 33 | 330 | 300 | 350
4 4 4 8 2,1 40 4 8 60 40 20 1 <4 40 32 | 110 | 400 | 200
5 - 5 10 6 50 5 2 50 50 25 1 5 50 | 31 | 220 | 500 | 100
6 6 6 2 7 60 6 - 40 60 30 5 6 60 30 | 330 | 600 | 1000
7 7 7 4 81 70 7 6 30 70 35 5 7 70 29 | 110 | 700 | 900
8 8 8 6 | 21| 8 8 8 20 80 40 5 8 80 [ 28 | 220 | 800 | 850
9 9 9 S 2.5 90 9 2 10 90 45 5 9 90 27 | 330 | 900 | 700
10 | 10 10 10 | 2,1 10 1 4 50 10 50 5 1 10 26 | 110 | 100 | 600

®opma npeacraBiaeHus pe3yJabTara:
BeImonHuThe 3a1aHue B TETpaau A MPaKTHUECKUX padoT.
Kputepuu onenkmn:

3a npaBUIIHHO BBIMOJHEHHOE 33]aHHE BBICTABIISCTCS MOJIOKUTENbHAS OIleHKa — 1 Oa.

3a HEeMpaBWIIBHO BHITIOJHEHHOE JICHCTBHE, 3aJJaHNE BHICTABIISIETCS OTpUIIAaTeIbHAs omleHKa — () 6aioB.
Oyenka «omauunoy svicmasisiemcsa 3a 90 — 100% npaBUIbHBIX OTBETOB

Oyenxa «xopoutoy svicmasisiemcsi 3a 80 — 89% npaBUIBLHBIX OTBETOB

Oyenxa «yoosnemeopumenvhoy svicmagiiemcs 3a 60 — 79% npaBUIBHBIX OTBETOB

Oyenka «neyoosiemeopumenvnoy svicmasisemcs 3a menee 60%0 mpaBUIHHBIX OTBETOB

Tema 4.4 MaraurTHoe moJie.

IIpakTnyeckoe 3ansaTue Ne 7
Pemenne 3a1a4 no reme: MarHuTHOE 1M0JIe U €r0 XapaKTEePUCTHKH.

He.]]b: 3aKpCIUTE YMCHUA W HABBIKW BBIYMCIICHUS BCJIIMYHMH C HWCIIOJIB30BAHWEM 3aKOHA AMHepa,
bopMmyI JuIs onpesieNieHusl MarHUTHOTO MOTOKa, cuiibl JIopeHia

BoinosiHenue padotrbl cnocodcTByer (opmupoBanuio: [1P62 OVIL.06, I1P69 OVII.06,
ITP67_OVYII.06, ITP61 OVII.06
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MarepunanbHoe obecrnieyeHue:

TeTpajib Ui MPAKTUYECKUX padoT, pyuka, METOAHYECKUE PEKOMEH 1AM MO BBIOJIHEHUIO PaOOTHI,
JIMHEMKA, KapaHanl.

Yka3zanue: [IpakTuueckoe 3aHSITHE COCTOUT U3 JIBYX YacTEH — TEOPETUUYECKOW U MPAKTUUYECKOM.
[Tocne u3yueHuss TEOPETUUECKOTO MaTeprala MOYKHO MPUCTYNaTh K BBIIOJHEHUIO IPAKTUYECKOM YacTH.
Omna coctouT U3 ABYX U OoJiee 3a/1a4 JJisi CaMOCTOSATENbHOIO BhINOIHEHUs. He 3a0biBaiiTe 0 npaBuibHOM
oopmienuu pemnrenus. Ha BeimonHeHHe MPaKTUYECKON OTBOIUTCS JIBa aKaJEMHUYECKUX daca.

ITopsinok BbINOJIHEHHSI PAa0OTHI:

1.PaccmMoTpuTe TEOpETUYECKMH MaTepual IO TEME€ W HpPUMEphl pelleHus 3anad  (CMOTpHU
METOAMYECKOE TOCOOHeE).

2. Pemute camocrostenbHyto padoty. Odpopmure pemieHue NnucCbMeHHO B TETPAIH.

Teopus
Paccmompum pucynox 1.
|

Puc. 1.

BennunHa cumbl, NEHCTBYIOIIEH CO CTOPOHBI MAarHMTHOTO IIOJIA HA INPOBOJHMK UIMHOM L, mo
KOTOpOMY UJeT Tok cuioi I, onpexnensercs mo dopmyne Ammepa: Fa = BxLxIxsina, roe B - Mmoxynb
MarauTHOM uHnykuuid, [B] =Tn, L — nouna npoBoanuka [L] = m, I — cuna Toka, [[] =A. MarautHoe
IIOTOKOM 4Yepe3 IUIOUIAZKy S Ha3bIBAIOT YMCIO CHUJIOBBIX JIMHUM, NMPOXOAAIMX uepe3 momanky: @ =
BxSx cos a, rne @ — marautHbii oToK [D] =B6.

E 2

> >
(.~ ( n; B) = yrom mexy BeKTOpOM HOpMaH

/8/ / / / / (h L S) u BekTOpOM MArHHTHOI HHYKUMil

BenuuuHa cunbl, NEHWCTBYIOIIEW CO CTOPOHBI MAarHUTHOTO TOJISI Ha 3apsyKEHHYIO YacTully,
onpenensiercs o Gopmyne Jlopenma: Fia = Bxqxvx sin a, rae q — 3apsijg 4aCTHIL, V - CKOPOCTh JBHKEHUS
4yacTull, B — MarHuTHas UHAYKUUS. 3apsSKEHHbIE YaCTULIbI JBUKYTCS B OAHOPOJAHOM MAarHUTHOM IOJIE 1O
OKPYKHOCTH, paguycoM R.
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R — pamnyc okpyxkHoctu [R] = M, m — Macca wactuil, [m] = Kr, q - MOAYJb 3apsiia YacTUIIbL, [(] =
K. Bpewmsi, 3a K0TOpoe YacTHUIIBI AENAIOT MOJIHBIA 000poT (mepuoa obpamieHusi) paBHo: T = 2nR/v =
2ntm/qB.

Ipumeps! pemenns 3a1a4

1. Onpenenure cuily, ACUCTBYIONIYIO Ha MPOBOJHUK IMHOM 20 CM MOMENICHHBIM B MarHUTHOE

moJie, MHIYKIuUs kortoporo 5T, ecnu cuna Toka B mpoBoaHuke 10 A u on obpasyer yron a = 30° ¢
HaIpPaBJICHUEM ITOJIS.

Hano: Pewenue:

[=20cm=02m Ha npoBoaHmK ¢ TOKOM €O CTOPOHBI MATHHTHOIO N0JA ACHCTBYET CHAd
B=5Ta Amnepa: F=B*I*L*sin a, F=5%0,2*10*1/2 =5 (H).

[=10a

o= 30°

F-? Omeem:5 H.

2. Ilnockas pamka momazaeso S = 80 cM2 , uMeromas N=40 BUTKOB, pacoyIO’)K€Ha B OJTHOPOHOM
MarHuTHOM Tosie naaykuueit B=0,1 Tn. Onpenenure MarHuTHBIN TOTOK @ CKBO3b paMKy, €CJIM HOpMaJb
K Hel OCTaBIsieT Yroi o = 1/6 ¢ BEKTOPOM MarHUTHOM MHIYKIIHA.

Hano: Pewenue:

S=80 o’ =8*10° o’ MaruuThsii notox sepes o1uH sutok @; =BS cos a
N=40 MarnuTabiii notox sepes pavky @= NO; = NBS cos a
B=0, Tx Brrancrenua:  =40%0,1 Ta*8*10°w™*0.87=2.8*10" B6
a=nb

¢-? Omaem: 2,8*107 B

3. C Kaxkol CKOpOCTBIO BBUIETAET O- YacTHLA M3 PaJMOaKTUBHOIO SA7pa, €CIH, IMonaaas B
OJIHOPO/IHOE MarHUTHOE moje ¢ uaaykuued B = 0,5 Tn nepneHauKyaspHO €ro CUIOBBIM JIMHUSAMHU, OHA
IBUXKETCA 0 1yre OKpyx)HocTH paguyca R=0,3 m?

Hano: Pewenue:
4 >
Q=+2p=3.2%10"Kn @ — HACTHIA — AAPO aToMa e & He. 3apan supa
B=0,5 Ta Q= 2p , rae p - sapsa nporona. Macca a - qacring
R=03 v M PEBHA MACCE ATOMA reJIng
. Lkr/
M 4*10 ¢ Sy
M — L MOTb_ _ 6,64%107 ko
My = 4x107 kr/moss Ny 602°107 nom
my’  mv’
QB="0  —
Na 6,02510™ Mo R , e R UCHTPOCTPEMHTEILHAR CHAR,
BR M
U = Q_ m=—: r_ OBRN |
v-? m Ny M
PRI Ka* 0 ST * *6 2 *103 -1
1 = 32*¥107 Ka*0,572*03:m*6,02*10° moae —7.2%10° M/
4*107° A2 w8

MOTb
Omsem: 7,2*10° ‘/'/(

2. CamocrosiTesibHas padoTa
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Bapuanr 1

1. Kpyroso# BuTok momaapio 0.8 M2 pacnosnokeH B OAHOPOJHOM MarHUTHOM IOJIE ¢ MHIYKIIHEH
0,5 Tn. Haiigure MarHUTHBIA MOTOK, NPOHM3BIBAIOIININ IJIOCKOCTh BUTKA, €CIM YroJl MEXAY BUTKOM
MarHMTHOW MHIYKIIUHM U OChIO BUTKA paBeH 600 .

2. IlpoBoanuk nnuHOM 1,5 M ¢ TOKOM 2A MOMEIIEH B OJJHOPOJHOE MarHUTHOE MOJIE€ ¢ MHAYKLIUEN
0,1 Tn. Haiitu cuny, ACHCTBYIOIIYI0O Ha MPOBOJHUK C TOKOM, €CJIM BEKTOP MAarHUTHOM WHIYKIIMH
NIEPIEHIUKYJIAPEH HalPaBICHUIO TOKA.

3. IIpoBOAHUK JUIMHOM 3M U TOKOM SA MOMEIIEH B OJJHOPOJIHOE€ MAarHUTHOE MoJie ¢ uHayknuen 0,2
Tn. Haiitu cuiny, AEHCTBYIOUIYI0O HA NPOBOJHUK C TOKOM, €CJIM YroJd MEXAYy BEKTOPOM MarHUTHOM
UHAYKIMY U cuiior 8 MH. Onpenenutsh miomaas BUTKA.

4. IlpoBonHuk nanuHoW 0,2 M INOMEIIEH B OJHOPOJHOE MarHUTHOE Mmose ¢ HHAyknued 2 T
MEePHIEHAUKYISIPHO JMHUAM MarHUTHOM MHAYKIMU. HaliTu cuily TOka B IPOBOJHUKE, €CIIM CO CTOPOHBI
MarHMTHOTIO II0JIS Ha Hero AeicTByeT cuia 2 H.

5. B OIHOPOJHOM MarHUTHOM IIOJIE PACIIOJIONKEH IPOBOJHUK C TOKOM TaK, YTO YroJ MEXIY
HAIpaBJIEHUEM TOKA W BEKTOPOM MarHuTHOM MHAykuuu paBeH 300 . Bo ckoibpko pa3 yBelnMuUMBaeTCs
cuiia, IEMCTBYIOIIAs Ha IPOBOJIHUK, €CJIM yroa yBennuusaercs 10 900 .

6. DIEKTPOH BJETaeT B OJHOPOJHOE MAarHUTHOE TOJIE B BakyyMe co ckopocteio 10 Mwm/c,
HaIlpaBJIEHHON NEPIEeHAUKYISAPHO JUHUAM HHAyKUMH. Hailtu cuily, NEeHCTBYIOIIYIO Ha 3JEKTPOH CO
CTOPOHBI MATHUTHOTO IOJIS1, €CJIM UHAYKLUA 1oJis paBHa 2 Ti.

7. Ilpimunka, 3apsia kotopor 10-5 Kim m mMacca 1 mr, BietaeT B OAHOPOJHOE€ MarHUTHOE IOJIE€ C
uaayknuen 1 Ton u gBmwxkercs no okpyxkHocTH. CKOIBKO 000pOTOB ClIeNaeT MBUIMHKA 32 Bpems 3,14c¢ ?

8. DNeKTpoH BJIeTa€T B MArHUTHOE MOJ€ TMEPHEHAUKYISIPHO JIMHUSAM MAarHUTHOM MHAYKLIHH CO
ckopoctrio 107 m/c. Haiiaute WHAYKIUIO OIS, €CIM DJIEKTPOH OIMKCAJl B TOJIE OKPY)KHOCTH pannycoMm |
CM.

9. B mpoBogHuke ¢ AnuMHOM akTUBHOM yacth 8 cMm cuia Toka paBHa S0A. OH HaxoAuThCs B
OJTHOPOJHOM MarHuTHOM mone uuayknuei 20 mTn. Kakyio paGoTy coBepuImi HCTOYHHMK TOKa, €CIU
MIPOBOAHUK NepeMecTiicsa Ha 10 cM nepneHIuKYIspHO JIMHUSAM UHAYKINH.

Bapmuanr 2

1. KBazmpaTtHas pamka, HW3rOTOBJIEHHas W3 TOHKOTO IPOBOJHUKA JJIMHOW 2M, IOMEIEHa B
OJTHOPOJHOE MarHuTHoe nosie ¢ uHaykuumed 1 Tn. JIMHMM MarHUTHOM MHAYKUMU NEPIEHAMKYIISPHBI
IJIOCKOCTH paMKu. HallTH MOTOK MAarHUTHOM MHIYKIIUY IPOHU3BIBAIOLINN PAMKY.

2. Ompenenute [UIMHY AaKTUBHOM YacTH INPOBOJHMKA, IIOMELUIEHHOIO B MAarHUTHOE IIOJE C
unayknuen 400 T, ecou ipu cuse Toka 2,5 A Ha Hero nerictByet cuna 100 H. TIpoBogHuk pacronoxex
oA yriioM 300 K TMHUSAM MarHUTHON UHAYKIIMH.

3. B ogHOponHOM MarHMTHOM moje ¢ HHAyKuued 12 Tn mapannenbHO JMHUSIM HHAYKUHU
pacnonoxeH npoBoaHUK uMHOM 0.2M. ITo mpoBoaHuky TedeT TOK paBHbIM SA. OnpenenuTs cuiy,
JEMCTBYIOIYIO Ha TPOBOJHUK C TOKOM

4. ITpunHka c 3apsaom 0,2 K Bieraer B BakyyMe B OJJHOPOJHOE MAarHUTHOE IIOJIE CO CKOPOCTHIO
500 m/c mepneHAMKYJISPHO JUHUSM MAarHUTHOM WHIYKIWW. BenmnymHa WHAYKIIMA MarHUTHOTO TIOJIS
paBHa 6 Ti. Onpenenure cuily, JENCTBYIOIIYIO Ha MBUIMHKY.

5. Ilpsamoii nmpoBoa AIMHOM 1 M, MO KOTOpOoMy TeueT TOK cuiioil 20A, HaXOOUTCSA B OJTHOPOJHOM
Mar#uTHoM nosie ¢ uaaykuuen 0,01 Tun. Onpenenuts yroa Mexay HalpaBJI€HUEM T0JIs U HAPaBICHUEM
TOKa, €CJIM Ha MPOBOAHUK neicTByeT cuna 0,1 H?

6. IIpsiMoii MPOBOJHMK C TOKOM PAaCIOJIOKEH B OAHOPOJHOM MarHUTHOM IOJIE€ TaK, YTO YToJl MEXIY
HaIpaBJIEHWEM BEKTOpa MarHUTHOW MHIYKIIMM M HampaBieHHeM Toka paBeH 300 . Uemy nomkeH ObITh
paBeH ATOT yroJl, 4ToObl cuila Amrepa, AeUCTBYIOIAs Ha IPOBOIHUK C TOKOM, YBEJIWYHIIACh B 2 pa3a?

7. B OOHOpPOAHOM MarHMTHOM MoJie, MHAYKUusA KoTtoporo pasHa 0,2014 Ti, mo okpyxHOCTH
PaBHOMEPHO BpalaeTcst NpoToH. OnpenenuTe paguyc OKpyKHOCTH, €CIIM CKOPOCTh ITpoTOoHA paBHa 3200
KM/C.
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8. KakoBa MHAYKIMSI MATHUTHOTO MOJIsI, B KOTOPOM Ha IMPOBOJHUK C JJIMHOM aKTUBHOM 4acTH 5 cM
nerictyetr cuwiia 50 MH? Cuna toka B mpoBoaHuke 25 A. [IpoBOJHUK pacmoiOxKEH NEPHEHIUKYISIPHO
BEKTOPY MarHMTHOW MHYKIUH.

9. DNEeKTpOH NBUXKETCS B OJAHOPOJHOM MarHuTHOM Tnone uHAaykuued 4 mTn. Haittu nepuon
oOpamenus anekrpona. Otder o pabote: Pemenue 3a1a4 caMoCTOSTENILHON padOThI B TETPAIH.
dopma npeacTaBjieHusi pe3yabTara:

BreImonHUTE 3aaHue B TETPAAH TSI MPAKTUICCKUX PaboT.

Tema 4.5 DyieKTPpOMAarHuTHAsE UHAYKIIAS

IIpakTHyeckoe 3anaTHE Ne§
Pemenne 3a1a4 no reme «JIEKTPOMATHUTHAS HHAYKIUA. 3AKOH JIEKTPOMATHUTHOM
HHAYKIHUA. CaMOMHIYKIIUSD)

Llesib: U3y4YHTH SBJICHUE dIIEKTPOMArHUTHON MHAYKIMH, ITpaBuiio JIeHna, sBJICHUE CAMOMHTyKIIHH,
HAY4YMThCS PEIIaTh 3a4a4H.

Boinosinenue pa6orbl cnocodocTByeT ¢GopmupoBanmuw: [1P62 OVIL.06, I[1P69 OVIIL.06,
I1P67_OVIIL.06, ITP61 OVII.06

MarepuanbHoe o0ecneyeHUe:TeTPaAb JUIsI TPAKTUYECKUX paboT, pydyka, METOJUYECKUE
PEKOMEHIALUH 110 BBIIOJIHEHUIO PA0OTHI, JIMHEHKa, KapaHJalll.

Ykazanme: [IpakThueckoe 3aHATHE COCTOUT M3 ABYX 4aCTEW — TEOPETUYECKOW M IIPAKTUYECKOM.
[Tocne n3yueHus: TEOPETUYECKOTO MaTeprana MOXHO MPUCTYNATh K BBIIOJHEHUIO IPAKTUYECKOM 4acTu.
Omna coctouT U3 ABYX U OoJiee 3a/1a4 JJIsi CaMOCTOSATENbHOIO BhINIOJIHEHUS. He 3a0biBaiiTe 0 npaBuibHOM
oopmienun peuieHus. Ha BblnmonHeHne npakTUYECKOW OTBOAMTCS JiBa akajeMuyeckux daca. [lopsaok
BBITIOJTHEHUS paOOThI

ITopsinok BbINoJIHeHUs padoThI:

1. PaccMoTpuTe TeopeTHMUECKMH MaTepuaq IO TeMe U NpUMEphl pelieHus 3anad (CMOTpu
METOAMYECKOE ITOCOOHE).
2. Pemmre camocrosTensHyI0 padoty. OdopmuTe perieHrne MICbMEHHO B TETPAIH.

1.Teopus.
SIBJIeHUe 31eKTPOMATHUTHONH MHIYKIIUH
B 1831 romy anrnumiickuii ¢usuxk M. Papazgeil cepuell ONBITOB IMOKa3aja, YTO C IOMOIIbIO
MIEPEMEHHOT0 MarHUTHOTO TOJIS MOKHO CO3/1aTh B 3aMKHYTOM IPOBOJSIIEM KOHTYpE 3JEKTPUUYECKUN
TOK.

Puc.1.

Aenenue rnekmpomazHumnuol UHOYKYUU — BOSHUKHOBEHHE DJIEKTPUYECKOTO TOKA B 3aMKHYTOM
MPOBOJSAIIEM KOHTYpE TMPH W3MEHEHHH MAarHUTHOTO IIOTOKA, MPOHHU3BIBAIONIET0 KOHTYp. TOK,
BO3HHUKAIOMIMKA B KOHTYpE, Ha3bIBaeTCs uUHOVKYUOHHbIM (HaBEOEHHBIM), a co3gamomyo ero I/1C
Ha3bBatoT I/C unoykyuu.

[lepBoHauaibHO MHAYKIMA OblJa OTKPBITA B HEMOABIXKHBIX JIPYT OTHOCHUTEIBHO Jpyra
NPOBOJHUKAX MPH 3aMbIKAHUU M PA3MBIKAHUH IIETTH OJHOM M3 KaTymiek (puc.l. a) mpu U3MEHEHUH CHIIBI
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TOKA B OJIHOM M3 KaTyILIEK, MATHUTHOE MOJIe, KOTOPOE MPOHU3BIBAET BTOPYIO KATYILIKY, B HEW BO3ZHUKAET

WHIYKIIMOHHBIN TOK (puc. 1. 0) MHAYKIIMOHHBIA TOK BO3HUKAET TAKKE B IPOBOJIOYHON KATYIIKE MPHU

ABHUKCHUU ITOCTOSIHHOI'O MarouTa BHYTPb KaTYIIKW U IIPU BbIIBUT'AaHUNW MAarHuTa U3 HEC (pI/IC 1. B).
3aKOH 3JIEKTPOMATHUTHON MHAYKIIMHU:

OJIC mHAYKIIMU B 3aMKHYTOM KOHTYpPE paBHA IO MOJAYJII0 CKOPOCTH H3MEHEHHS MarHUTHOTO
MOTOKAa Yepe3 MOBEPXHOCTh, OTPAHUYCHHYIO KOHTYPOM:
Al
‘&. . - —
: At
)
rae ¢;— IJC unnykiuu, B;
AD= O,-D; — U3MeHeHNEe MAarHUTHOTO IIOTOKa, BO;

At — IIPOMEKYTOK BPEMEHHU, B TCUCHUEC KOTOPOI'0 IIPOMU30IITI0O JAHHOEC U3MCHCHUCE, C;

Al Bi
AT _ CKOpOCTH M3MEHEHHS MATHUTHOTO MOTOKA, ¢
o Al
C Y4YC€TOM HaANIpABJICHUSA HHAYKIIUOHHOT'O TOKA 3aKOH 3aIIUCbIBACTCA TAK: i A

Ecnu 3aMKHYTBII KOHTYp cOCTOMT M3 N MOCIEI0BaTENbHO COEIMHEHHBIX BUTKOB (Hampumep, B
COJICHOH/IC)
L A
_I,|'¢I .
At

rzie N — YuCllo BUTKOB.
HanpapiieHne MHIYKIIMOHHOIO TOKa B 3aMKHYTOM IPOBOJHUKE MOXHO OIPENEIUTh MO IPaBUIY,
ycraHoBiieHHOM B 1833 roay pycckum ¢usukom 3.X. Jlenuem. CornacHo npasuny Jlenya:

HHHYKHHOHHBIﬁ TOK, B03HI/IKaIOHII/II71 B 3aMKHYTOM KOHTYpPC, CBOMM MAarHMuTHbBIM ITOTOKOM
NpeIsATCTBYCT TOMY U3MCHCHUIO MAHUTHOTO IIOTOKA, KOTOPBIM OH BbI3BAH.

y

-

Puc. 2 Puc. 3. OneIT, WLIIOCTpUPYIOLIUII npaBuio Jlenua

HpI/I BIABUTI'aHUH MarHuTa B COJICHOU I YUCJIIO JIMHUH MarHuTHOU UHAYKIOUHA (I/I.]'II/I MAaTrHUTHBIN HOTOK)
YBEJIIMYUBAETCS, CIEA0BATEIbHO, HHAYKIIMOHHBIA TOK B HEM MMEET TaKoe HampaBlieHUE, YTO CO3JaHHOE
THM TOKOM MAarHHTHOE IOJI¢ MPENATCTBYET HAPACTAHHMIO BHEIIHEr0 MAarHMTHOTO TIOJS. B sToMm ciygae
BCKTOP MHAYKIOHUU 3TOr0 IOJIA B HaIpaBJICH IMMPOTHUBOIIOJIOXHO BEKTOPY MHAYKIUU B BHCIHIHECTO ITOJIA
(puc. 3. a).

CamocrosTensHO 00BsICHU pHC. 3. 0.

O/1C uHAyKIMHA B MPOBOJHUKE, ABIKYIIEMCS B OJHOPOJHOM MAarHUTHOM TIOJIE, OTMpeNessieTcsl 1Mo
dbopmyre:

g=Bv{sina,

TJie 0 — CKOPOCTh B TIPOBOJIHUKE, M/C;
{ — nvHA POBOJIHHKA, M;
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B — marauTHas unaykmus, TA.;

0. — YroJI MeXJy BEKTOpaMH CKOPOCTH U MAarHUTHOM MHAYKIUH.

Hanpasnenue WHIYKIMOHHOTO TOKA B JIBUXKYIIEMCS! IPOBOJHUKE MOXHO ONPEACTUTH MO TMPaBUITY
npaBoil pyku. Eciu mpaByro pyKy pacnoioXuTh TakK, YTOObI JMHMM MAarHUTHOM MHIYKIIMU BXOJWIN B
JajIoHb, a OTOTHYTHIM Ha 90° GONBIION Majel COBMNAJAl C HANPABJICHHEM JBIKEHHS MPOBOJHUKA, TO
BBITSHYTbIE YEThIPE NMaJIblla YKAXKYT HAIPaBICHNE UHIYKIIMOHHOTO TOKA.

Buxpesoe 3/1eKkTpHyeckKoe noJje

IIpy ABMXKEHMM NOCTOSHHOTO IIOJOCOBOIO MAarHMTa OTHOCUTEIBHO 3aMKHYTOI'O IPOBOJSILEIrO
KOHTYpa B 3TOM KOHTYpE BO3HUKAeT WHAYKIHMOHHBIA TOK. [IpMYMHON HAmpaBICHHOTO ABIKCHHS
CBOOOJHBIX JIEKTPUUECKHUX 3apsAJI0B B KOHTYPE SIBISIETCA 8UXpegoe dleKmpuieckoe noje, BOSHUKAIoIee
OpU WM3MEHEHHMH MAarHUTHOTO Moyid. TakuMm o0pa3oM, MEPeMEHHOE MAarHUTHOE II0JIe MOPOXKIAeT
NEPEMEHHOE 3JIEKTPUYECKOE I10JIe, KOTOpOE NPUBOAUT K TIOSABICHHUIO B 3aMKHYTOM KOHTYpe
MHIYKIIHOHHOTO TOKA.

CBoiicTBa BUXPEBOIO HJIEKTPUUYECKOTO OIS

1. OHO co3naercs He 3apsAaaMu, KaK 3JIEKTPOCTaTHIECKOE, a IEPEeMEHHBIM MarHUTHBIM TTOJIEM.

2. BuxpeBoe 3J1€KTpHUECKOE I0JIe HE CBA3aHO C JEKTPUUYECKUMU 3apsJaMU, €ro CUIOBbIE JTMHUU
(JIMHUYU HaNPSYKEHHOCTH) MPEACTABISAIOT COOOM 3aMKHYTHIE JIMHUU.

3. BuxpeBoe 31eKTpuYecKoe MoJe SBIAETCS HEMOTEHUUAIbHBIM MojieM. PaboTa cui BHXpeBOro
AIIEKTPHUYECKOTO TIOJSI TIPU JBIKEHUH €IMHUYHOTO TIOJOKHUTEIBHOTO 3apsijia 10 3aMKHYTOH JIMHHH He
paBHa HyJIIO U npejacTasiger codoi D/IC MHAYKINY B 3aMKHYTOM IIPOBOASAIIEM KOHTYpE, HAXOAIIUMCS
B IIEPEMEHHOM MarHUTHOM TIOJI€.

Camounaykums. AC camonnayKkuumn

Camounoykyus — Bo3HMKHOBeHMEe OJIC HHIAYKIMM B IPOBOJSAIIEM KOHTYpE B pE3yJbTaTe
U3MEHEHMss B HeM Ccuibl Toka. [losBifromiyrocss 3IeKTpOJBMKYILYIO cuily HasbBaroT J/[C
camounoykyuu. Ilpy M3MEHEHHH TOKa B KOHTYpE MEHSETCSI MAarHUTHBIH TIOTOK Yepe3 MOBEPXHOCTH,
OIPaHUYEHHYIO 3TUM KOHTYpPOM, B pe3yibTare 4yero B HeM Bo3Oyxaaercs OJC caMOMHAYKLUH,
HaIlpaBJICHUE KOTOPOM ONpeeseTcs: npaBuioM JleHna.

SIBieHNe CaMOMHJIYKIIMM MOXXHO HaOIr0/aTh, COOpaB 3JIEKTPUUYECKYIO II€Tb, M300pakK€HHYIO Ha

puc. 47.
AR Q)
—/\/\/\__@_‘ r 1 T 1
L J1

Puc. 4. B8 002478 Puc. 5. SIBneHue caMOMHAYKIUU IIPYU 3aMBbIKaHUH LIETIH
i KaHWH 1€ 1 {
OnBIT THOKA3BIBAET, UTO [IpH SaMBIKlﬁHI/II/I kiroga K| mamma JI, 3aropaercsi HECKOJIBKO MO3KE, YeM
namna Jli.p0 e 'LBQBHH*HQ% jka 3HauuTenbHoN DJIC caMOMHIyKIMU, KOTOpas,
cormacHo mpaBuy* eHna MemraeT GbICTPOMY HapacTaHHIO TOKA B MOMEHT 3aMbIKaHHs nenu. Ilox
neicteueM DJIC MHAYKIIUN B KOHTYpE MOSBISAETCS MHIYKIIMOHHBIM TOK (TOK CAMOMHAYKIMH), KOTOPBIH,
HAaKJIaJIpIBAsICh HA OCHOBHOM TOK B KOHTYpE, 3aMEUISIET €ro BO3pacTaHWE. DHEpPrusi MCTOYHHMKA TOKA,
3aTpadyeHHas Ha ero npeojoiieHue nporusoaeicteud IC caMOMHIYKIIMY, HAKAIUIUBAETCS B MATHUTHOM
II0JIE ATOM LENH — BHYTPHU KaTYyIIKU ¢ cepAedyHUKoM. Korga cuita Toka B M CTaHOBUTCS MOCTOSIHHOM,
TO W SHEPTUsl MarHUTHOTO IOJIS LIETIH HE U3MEHAETCS.

OOBsICHU CaMOCTOSATEIIHHO TTPOIIECCHI, BO3HUKAIOIINE TIPH pa3MbIKaHUU Temnu (puc. 4).

ONEKTPUUECKUH TOK, MPOXOASIIMN IO INPOBOJHUKY, CO3JAET BOKPYI HEr0 MAarHUTHOE IIOJIE.
MarsHuTHBIN OTOK CKBO3b IUIONIAJb MOBEPXHOCTH, OTPAHUYEHHYI0 CAMUM KOHTYPOM, IPOIOPLUOHATIEH
CUJIE TOKA B KOHTYpE:

D=L/

KoaddunmenT nponoprrioHanbHOCTH L Ha3pIBaeTCS UHOYKMUBHOCHbIO KOHTYpA:
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Il 4d=ry (renpm).
3HayeHne WHAYKTUBHOCTH 3aBUCUT OT pa3MepoB U (HOPMBI MPOBOAHMKA, a TAKKE OT MAarHUTHBIX
CBOWCTB c(epsl, B KOTOPOH OH HAXOIUTCSL.
O/1C caMOMHIyKIIMY 110 3aKOHY 3JIE€KTPOMarHUTHOM MHIYKIIMHU paBHa!
Al Atde

EI.S——I_— g, =

|f‘|=|:f —E

4

At TR W 4
rae AI=1,-1; — "3MeHeHHe CUITbI TOKA B TIPOBOJHUKE, A
At — BpeMs ero U3MEHEHus, C;

Af A

At — cKOpOCTh U3MEHEHHUSI CHJIBI TOKA, © .
3Hepr1/151 MAarauMTHOIO ITOJIAA MPOBOAHHKA C TOKOM!
L-1°

2

Wy =

2. [Ipumepsl penieHus 3a1a4

1. Vkaxure HaIpaBJICHUC BCKTOPaA MarHuTHOM HHAYKIIUU B TOYKE A.

A.

O

I
a) 6)

Pewenue:
Hampagiienne BeKTOpa MarHUTHON WHTYKITUU OIIPEIEIISICTCS 110 MPaBUTy OypaBYHKa:

B a) BbIOMpaeM MOJIOXKEHUE HaOIoAaTeNsl ecial CMOTPETh Ha NMPOBOJHUK CBEPXY, TO
91 TOK HallpaBJIEH IIPOTHB 4YacoBOW crTpenku. llo HampaBieHHMIo TOKa BpalaeM pydKy
OypaBumka, TOorja cam OypaBuMK OyJeT JBUTAThCS BBEPX, CIEAOBATEIIBHO, BEKTOP
CD MarHMTHOM MHIYKIIMU HAIIPaBJIEH CHU3Y BBEPX;

0) c HampaBJ€HMEM MPSMOJIMHEHHOTO TOKa JOJDKHO COBIANaTh HaIlpaBlICHUE

, A ]| TOCTYmaTenbHOTO JBHKCHUS OypaBuMKy, TOIJa HaIllpaBJICHHE BPALICHUS DPYKOSTKH B

u@ TOYKE A TOKaXeT HANpaBJICHHE BEKTOpa MAarHUTHOW MHAYKIMH. To ecTh B TOuke A
BEKTOP BBIXOJUT U3 INIOCKOCTU PUCYHKA.

2. IIpoBOHUK C cUIION TOKa 5A MOMEIIEH B OAHOPOJHOE MarHUTHOE TOJIE ¢ MHIYKIUEH 1-10°TA.
YTron Mex/1y HalpaBlIeHUusIMU Toka 1 11os1st 60°. onpeenuTe IIMHY IPOBOIHUKA, €CIIH T10JIe eiCTByeT Ha
Hero cwioit 2:-10H.

F
F=B-I'{ sino. = {=#-1sine;
q 2
U
£= 1107 Ta- 0.87 54 M.

3. Kakas cuma HeﬁCTByCT Ha 3JICKTPOH, JIETSAIINN B OIHOPOJHOM MArHvTHOM IIOJIC C HHI[y’I(I.IHeﬁ

-2 o -

1-10” TA nepneHIuKyIspHO JUHUSAM MarHUTHOM MHIYKIIMH CO CKOPOCTHIO 310 % mic, 3apsl MIEKTPOHA
=1,6:10 K.

Ha snekTpoHn, IBMAKYyIIHIICS B MATHUTHOM TOJIE, ACMCTBYET cuiia JIopeHua:
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Fa= H-lq L -sin o
FA=1-102TA-1,6- 10 ° Kn-3-10°m/c=-4,8-10°H

4. Ha cKOJIBKO U3MEHUJIACh CUJjla TOKA B MPOBOAHUKE, ecau 3a 0,2 ¢ B IPOBOAHUKE, NHIYKTUBHOCTD
koroporo 1 I'n, nosisuiace J1C camounaykiuu pasaas 10 B?
1o 3aKkOHY CaMOMHAYKIUU:
Al Eni
£y = .[—l_:-|il.l = = A
T A L

10,2
Lin

|.-w = =24

5. 3a KakoW NMPOMEKYTOK BPEMEHHM MarHMTHBIA MOTOK mM3MeHUTCs Ha 0,04 BO, ecnmu B KOHType
Bo3zHukaer DJ1C unaykiuu 16 B?
[To 3aK0HY 3JIEKTPOMArHUTHOW MHAYKIIMU:
AP A® 004 B

G=——=di=— ¢
At £ 168

=25.10" %

6. MarauTtHoe nosie Karymku ¢ HHAYKTUBHOCTBIO 0,1 I'H oOnagaet sueprueit 0,8 k. Uemy paBHa
CHJIa TOKA B KaTylIike?

9Hepr1/1;1 MarauTHOTIO ITIOJIA HpOBOJ’IO‘IHOﬁ KaTyHIKHU paBHA:

LW . MW W 2. 0.8 Tae
Wy = = = _ f= [/
i =~ | 7 = [ r) \ o1zn

2

VigA® =4 4,

7. Onpenenure MArHUTHBINA TIOTOK, MPOXOIAIINI Yepe3 MPsIMOYTOJIbHYIO TUIOMIAKY CO CTOPOHAMU
. 2
20x40 cM, eciii oHa MOMEIIEHA B OJHOPOJHOE MarHUTHOE MMoJjie ¢ UHAyKIMed 5-10°TA mox yriom 60° k
JTUHUSAM UHIYKIIUU TOJIS.

MarauTHbI IOTOK, TPOHMU3BIBAIOIININ KaKy0-TO IJIOLIAAKY PaBEH: O=B-S cosa, TX.
IUIOLIAa/IKa IPSIMOYTOJIbHAsA,  S= as,

1€ 0 — YTOJI MEXAY HOPMaJblo K MOBEPXHOCTU U BEKTOPOM MarHUTHOM MHIYKIUH (WU JIMHUAMU
MarHUTHON MHIYKLIUH).

Jns manHOTO Citydas:
a=90°-8; a=30°.

3uaunt @ =5-102 TA-0,2M-0,4M cos30°=

NE ,
5902 TA-02m-04m 2~ Bg

h

2. CamocrosiTeqbHasi padora
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1. Omnpenenute MHAYKTUBHOCTb KATYIIKH, €CJIM IPU YBEIMUYEHUU TOKa B HEM Ha 2,2 A 3a 50- 10%
nossisierca cpenusis IJ1C camonnaykuuu, pasHas 1,1 B.

2. B mpoBomnuke mmuHOu 0,50 M, mBMKymemcs co ckopocThio 3,0 M/c MEepHneHAUKYISPHO
CUJIOBBIM JIMHUAM OJHOPOJIHOIO MarHUTHOTO 1ouisi, Bo3Hukaetr JJC 6,0- 102 B. Onpenenure UHIYKIUIO
MarHUTHOTO TOJIA.

3. Omnpenenure MarHUTHBIN MOTOK, MPOXOASIIUIN Yepe3 MPSMOYTOJIbHYIO IJIOMAAKY CO CTOPOHAMU
20x40 cm, eciii OHA MOMEIIEHA B OJIHOPOJIHOE MAarHUTHOE T0JIe ¢ UHAYKIHEH 5,0 102 TA nox yriaom 60°
K JTUHUSIM HUHTYKI[UH TTOJISL.

4. Ompenenure DJIC wHAYKIUH, BO30OYKIaeMyl0 B KOHType, ecnu B HeMm 3a 0,01 ¢ MarHUTHBIHA
MOTOK paBHOMepHO ymeHbInaercs 0,5 1o 0,4 BO, uro6sl B KoOHTYpe Bo30yx)nanack J/1C nanykuun 3,8 B.

5. Omnpenenure NpoOMEXYyTOK BPEMEHHU, B TEYEHUE KOTOPOTO MarHUTHBIN MOTOK, MPOHU3bIBAIOIINN
KOHTYD, J0obkeH yBenuauThes oT 0,01 mo 0,20 BO, yToOs1 B KoHTYpe Bo30yxnanack IJ1C unaykiuu 3,8
B.

6. Omnpenenure DJIC MHAYKIIMKM Ha KOHIIAX KPBUIBLEB CaMOJIeTa, MMEIOUIUX JUIMHY 12 M, eciu
CKOpPOCTh €r0 TpU TOpHU30HTAIBHOM mosere 250 M/c, a BepTHKaIbHAas COCTABJSIOIIAs MarHUTHOM
WHJYKIWU 36MHOT0 Maruerusma 5,0- 10 TA.

7. B ogHOpOIHOM MarHUTHOM MnoJje noj yriioM 30° K HapaBJIEHUIO BEKTOpa UHAYKIUH, BEIUYMHA
kotoporo 5,0 10 TA, nBuxercs MPOBOAHHK CO CKOPOCThIO 10 M/C; BEKTOp CKOPOCTHU MEPHEHIUKYIIPEH
npoBoAHUKY. Onpenenure JUIMHY IPOBOJHUKA, eciid B HeM HaBoautcs D/1C, paBHas 2,5 107 B.

8. Tpakrop ob6miero nHasnaueHus K-700 wmmer co cKOpocThio 28 KM/4. OmNpenenuTe pa3HOCTh
[IOTEHLIMAJIOB Ha KOHLAX NEepeIHEN OCH, €ClI JJMHA €€ OKOJO 2,6 M, a BEpTUKAJIbHAs COCTaBIISIOIIAs
MarHuTHOTro mojs 3emiu 5,0- 10° TA.

9. UYemy pasna D/IC caMOMHIYKIIMH, BOSHHUKAIOIIAS B KaTYIIKE C MHIYKTHBHOCTBIO 2,0-102 T, B
KOTOpOM TOK cuiioH 7,5: 10 A ucuesaer 3a 2,0 102 ¢?

10. MarauTHOe 1oJie KaTymku ¢ HHIYKTUBHOCTRIO 0,1 ' oOmamaer sneprueit 0,8 k. Uemy paBHa
CHJIa TOKA B KaTylIike?

11. [IpoBonoyHas npsMoyroJyibHas pamka co cropoHamu 20 u 30 cM pacrnosoeHa B OJHOPOAHOM
MarHUTHOM I10JI€ ¥ MEePHNEHIUKYISIpPHA CUIOBBIM JIMHUAM. Onpeaenute NHAYKIUIO 3TOro MoJis, €Clu Mpu
ero ucuesHosenun 3a 1,2-10% ¢ B pamke HaBoautcs cpenusis DJIC 3,5 mB.

12. Yemy paBHa HHAYKTUBHOCTh KaTYIIKH, €CIIM MPOTEKAOMUi Mo Heil Tok cuioif 0,15 A co3naer
OTOK MarHUTHOM nHykiun 7,5-107° B6?

13. Yemy paBHA MHIYKTUBHOCTH MMPOBOJHUKA, B KOTOPOM IPH BO3pacTaHuu Toka ot 1,5 mo 1,8 A 3a
0,02 ¢ Bozoyxmaercs 3/1C camounaykiuu 0,9 B?

14. 3a xakoil MPOMEXYTOK BPEMEHU B KOHTYpE MHJIYKTHMBHOCTHIO 2,0° 10°T IIPYU U3MEHEHUH TOKa
Ha 0,5 A Bo3znukaet DJ1C camonnaykuuu 10 B?

15. Onpenenute MHAYKTUBHOCTh KaTYIIKH, €clH Mpu Toke 3,0 A MarHuTHOE ToJie B Hel oOnamaeT
sHeprueit 6,0 107 k.

dopma npeacTaBiaeHus pe3yJabrara:

BrimoHuTE 3a7aHue B TETPAIN TSl MPAKTHIECKUX padoT.

PA3JIEJI NeS. KOJIEBAHUSA U BOJIHBI

Tema 5.2 DileKTPOMAarHUTHbIE KOJIeOAHUS M BOJTHBI

IIpakTHyeckoe 3ansaTHE N9
Pemenne 3aga4 Ha BH/IbI CONPOTHUBJICHUI B LENSIX IEPEMEHHOI0 TOKA.
®opmyJisl TpaHcopmaTopa
Hesab: u3y4uTh CBOOOIHBIC HJIEKTPOMArHUTHBIE KOJNE€OaHHS B KOHTYpPE, BHJbI CONPOTHUBICHHS B
LMY [IEPEMEHHOT0 TOKa, UX OTINYUSA U OCOOCHHOCTH.
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BoinosiHenue padorbl  cmocodcTByeT ¢opmupoBanmio:  I[1P62 OVIL.06, I1P69 OVIIL.O6,
I1P67_OVII.06, ITP61 OVII.06
MarepuanbHoe ofecrieyeHne: TeTpaab IS MPAKTHUECKUX paboT, pyuka, METOAMYECKUE PEKOMEHIAIIH
IO BBINOJIHEHHIO paboThl, TMHENKA, KapaHaalll.

Ykasanme: [IpakThueckoe 3aHATHE COCTOUT U3 ABYX 4aCTEW — TEOPETUYECKOW M IIPAKTUYECKOM.
ITocne n3yueHus: TEOPETUYECKOTO MaTeprana MOXKHO MPUCTYNATh K BBIIOJHEHUIO PAKTUYECKON YaCTH.
Omna coctouT U3 AByX U OoJiee 3a/1a4 JJIsl CAMOCTOSTENIbHOTO BBINIOJHEHUs. He 3a0bIBaiiTe 0 mpaBUIIBHOM
oopmienun peuienus. Ha BblnosiHeHHe MpakTUYECKONH OTBOAMTCS JiBa akajeMudeckux daca. [lopsaok
BBITIOJIHEHUS pabOTHI

ITopsinok BbINOJIHEHHUSI PAa0OTHI:

1. PaccMmoTpuTe TeOpeTHYECKH MaTepuall MO TeMe€ U TpUMEphl peleHHus 3agad  (CMOTpH
METOAMYECKOE ITOCOOHeE).
2. Pemmre camocrosTensHyto padoty. Odopmure perieHne MiCbMEHHO B TETPALIH.

1. Teopus.
«IlepeMeHHBIN TOK»

E
—
—5—

HepeMeHHI)If/'I TOK — BBIHYXXICHHBLIC TAPMOHUYCCKHUE BJICKTPOMAriuTHLIC KoJieOaHus B IMPOBOAHUKCE.
BCJ'ICI[CTBI/IG SHCKTpOMaFHHTHOﬁ HHAYKIIUHM B PpPaMKE BO3HUKACT TAapMOHUYCCKH MCHSAIOMIAACIA SHC

£=-0'=B-5 o sinut ypye = g sinot

(0= BS @ — ammutyna D/IC HHIYKIMH) U MOYKHO TOBOPUTB, YTO MOJIYYCH IIEPEMEHHBIH TOK.

e [lepeMeHHBIN TOK OBITOBOM AneKkTpoceTH uMeeT 9actotry v =50 I'mu w = 2zv = 1007 [pan/c].
PesucTop B ienu nepeMeHHOro ToKa

Uil Ut)

Bxuttourm pesucrop conpotuBieHus R B cets iepemennoro toka Hanpspkenus U(t) = Ugsinwt (*). B
KKl KOHKPETHBI MOMEHT BPEMEHHU MTPOXOXKIACHHUE MTEPEMEHHOTO TOKA B PE3UCTOPE KAUYECTBEHHO

i =YW

HUYEM HC OTIIMYACTCA OT MMPOXOKACHHUA ITIOCTOSAHHOTO U MOAYUHACTCA 3aKOHY Owma: R .Torma

Uy .
I{t) = ?GSII'HJ;T o | (8 = T sinet
I'paduxu I(t) u U(t), B omHOIM cUCTeME KOOPIUHAT, UMEIOT BUI:
e Bcs moaBoaMast K pe3uCTOpy dJIEKTPUIECKast SHEPTHs PEBpaIaeTcsi B TEIUIOBYIO, T. €. OH o0yajaer
AKMUBHBIM CONPOMUBTLEHUEM.
AxrtusHoe (omuueckoe) conpoTubieHue (R) — compoTuBiieHne pe3nucropa 6e3 yuéra ero EMKOCTH U
WHIYKTUBHOCTH.

EMKOCTB B 11€11 TEpEMEHHOT0 TOKa
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I.u
UD U{tj II:t:I

Lt~ | ?/
: | . r
[l Z ‘ I !
o | I

M3BeCTHO, YTO KOHEHCATOP MOCTOSIHHBIN TOK HE MPOBOIUT (LIE€Ib MEKIY OOKIIaJKaMHU Pa3OMKHYTa).
Bxitounm kongencarop emxoctu C B 1enb nepeMeHHoro Toka Hanpsokerus U(t) = Ugsinwt (*).
I'paduxu 1(t) u U(t) B ogHO# cucTemMe KOOpAUHAT, UMEIOT BUJI:

|  — eMKOCTHOE COIPOTHBIICHHE TEPEMEHHOMY TOKY.
ml e Xc ymenb1iaercs ¢ poctom @ u C

X, =

LU

Uar-om, um

[
| i)

I/IH)IyKTI/IBHOCTb B LENMH MEPEMEHHOI0 TOKa
g L

Bxi1rounm KaTyniky HHAYKTHBHOCTH L B 1ienb nepemenHoro toka Hanpsokenus U(t) = UgSinwt (*)
(aKTHBHOE COMPOTHUBIICHUE MPOBOIa KaTymku R~ 0).

I'paduku I(t) u U(t) B ogHO# cHCTEMe KOOPMHAT, HUMEIOT BH/I:
X

¢ =L _ yunykTHBHOE COMPOTHBIIGHHE HepeMeHHOMY TOKy. (XL pacTer ¢ poctoM o u L).
JleficTByrOIIICE 3HAUCHHE MOIIHOCTH MEPEMEHHOT0 ToKa (P) — BEeTMYMHA, YUCICHHO PaBHAsi MOITHOCTH
MOCTOSIHHOTO TOKA Procr, IPH YCIOBHH, YTO 00a TOKA 32 OJUHAKOBOE BPEMsI, paBHOE MEPUOAY
MEPEMEHHOTO TOKa 7, Ha paBHBIX PE3UCTOPax R BBIIEIAT paBHBIC KOJINYECTBA TEIIOTHI Q.

16R 1o Vo
N3 P = Pyoeru Up = lg-R=> 2 2 2R
e JleiicTByromIee 3HAUCHIE MOIITHOCTH ITEPEMEHHOTO TOKA YaCTO Ha3bIBAIOT aKTUBHON MOIIHOCTBIO.
JleiicTBytoIIIee 3HAYCHHE CHIIBI IepeMeHHOro Toka (1) — BenuyrHa, YUCICHHO paBHAasl CHJIE TIOCTOSIHHOTO
TOKA |yocr, IPH YCIIOBUH, UTO 00a TOKA 32 OIMHAKOBOE BPEMs, PABHOE IIEPUOAY IIEPEMEHHOro Toka 7, Ha
PaBHBIX pe3ucTopax R BBIAETAT paBHbIE MOIIIHOCTH.

IR to
U3 P=Pyye= o =1"-R 2 = 2
JleficTByro1IIeE 3HAUCHHE HAIPSDKEHUS epeMeHHoro Toka (U) — BenndnHa, YMCIEHHO paBHAs
HAMPSHKEHUIO TOCTOSTHHOTO TOKA Upoer, TIPH YCITOBHH, UTO 00a TOKA 32 OJJMHAKOBOE BPEMsI, PaBHOE

MEepPHOy IEPEMEHHOTO TOKa 7, Ha paBHBIX PE3UCTOpaxX R BBIIEISIT paBHBIE MOIIIHOCTH.
2 2 T
p_;:;_ID_T_U_D_U_ U=._'£
U3 - 2R R > Ve
e Ha mpakTuke Hac pPeIKO WHTEPECYIOT aMIUTUTYIHbIC UM MTHOBEHHBIC 3HAUEHUS CHIIbI, HAMIPSHKCHUS
WJIM MOIITHOCTH TIEPEMEHHOTO0 TOKa. MIHTepec MpeACTaBIsIOT UX deticmayioujue 3HAYCHHUS.

3akon OMa /151 IEpEeMEHHOr0 TOKa
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f Yy

|

I/ISBGCTHO, YTO B LCIIAX nepeMeHHoro TOKaA. a) JJIA aKTUBHOI'O COHpOTI/IBJ'IeHI/ISI R: R ;
U, Uy

I
X T,

Iy
0) ms emxoctu C: C; B) JUIsl ”HAYKTHBHOCTH L.

lo=1+2 Uy=U-42

VYurs, yto , IOJTY4UM ;7 3aKoH OMa Juisi IePeMEHHOTO TOKa Jist
pe3ucTOpa, EMKOCTH M UHYKTUBHOCTH: {= —é
Pe3onaHnc B 11enu nepeMeHHOro ToKa
I
|
o~ L] |
7 C| ! .
ufy W
ColepeM 11e11b U3 KaTyHIKH UHAYKTUBHOCTH L, koHzeHcaTropa C, amnepMeTpa NepeMEeHHOro
TOKa A M ICTOYHHUKA = " mepemennoro Hanpspkerus U = Ug-Sinmt ¢ u3MensieMoit 9acToToit
®. AKTUBHOE X, compoTHBIIEHHE ITPOBOJIOB U KaTyIIKH UHAYKTUBHOCTH R= 0.
®Ouxcupys U = const u M3MEHSIS 4acTOTy @ OT 0 10 MaKCMMaJIbHO BO3MOKHOT'O 3HAUEHUS,
1
Wy = ———
CHUMEM 3aBUCHMOCTh CHJIBI JICUCTBYIOIET0 TOKa B 11enu |(w). Okazanock, 4To Ha 4acToOTe vLC

Ha6J'IIOI[aeTC$I PE3KOC YBCIIMYCHUC TOKA.
Pe3onanc — spneHne PE3KOTro BO3paCTaHUus aMIINIMTYAbl BEIHYKACHHBIX DJICKTPOMArHUTHBIX KoJe0anuii

IIpU COBIIaACHUHN YaCTOThI BBIHYKAAOIICT'O HAIIPSKCHUA C COOCTBEHHOH 4acTOTOH KoJIeOaHu KOHTYpa.
I

Fy<=Ra:=R,;

I »
*

ur, o

DNEeKTPOMarHUTHBIN Pe30HAHC (KaK ¥ MEXaHUYECKUI) HACTYTAeT IPH COBIIAJCHUH YaCTOTHI BHEIIHUX

BO3/ICHUCTBUIl ¢ COOCTBEHHOM 4acTOTOM KoeOaHUN CHCTEMBI, IPH 3TOM aKTUBHOE COIIPOTHUBIICHHE

JEWCTBYET aHAJIOTHYHO CUJIE TPEHHSI — MEPEBOINUT SHEPTHUIO KOJICOaHUI B SHEPTHIO MOTEPH (TETLIO).

Jlnst pasubix R (mpu moctosiubix L, C) kpussie |(w) umeror Bu:

o [Ipu 3HaUNTENBHBIX R pe30HaHC MOXKET OBITh MPAKTUYECKH HE3AMETHBIM.

e Pe30HaHC WIMPOKO MCIOIB3YIOT B PaAMOTEXHHUKE (MPU HACTPOMKE KOHTYypa paJuoNpHEMHUKA Ha
4acTOTY BbIOpAaHHOW paJiMOCTAHIIMHU U TIp.).

POTOP

I'enepaTop nepemennoro toka (I'TIT)

IIpocreitmmii I'TIT cocToNT U3: NOCTOSIHHBIX MarHUTOB |; KOHTYpa 2; KOHTAKTHBIX KOJIEll 3; IETOK 4.
[Ipu BpameHnn KOHTypa ¢ YIJII0BOW CKOPOCTBIO () €r0 MATHUTHBINA TOTOK

) - -
® = BS-coswt u DJIC e = —P' = gy-sinwt. Jlnsa koHTypa U3 N BUTKOB € = N-go-SiNat.
KoncrpyktusaOo I'TIT cOCTOMT M3 ABYX OCHOBHBIX 4acTei: HENOJABMKHOW — CTATOpa M Bpallarolencs —
pOTOpa, U3rOTOBJIEHHBIX U3 JJIEKTPOTEXHUYECKOM CTAIIN.
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e C nenbto yBenuuenust KIIJ[ reneparopa (6osee MOTHOTO MCIONB30BAaHUS MarHUTHOTO IOTOKA) 3a30p
MEX]y CTAaTOPOM U POTOPOM JI€JIal0T MUHUMAJIbHBIM.
3HAYUTENIBHO YIIY4ILAIOTCS.

Tpauncopmarop

A= = Nk

TpanchopmaTop — ycTpoiicTBO, IpeiHA3HAYCHHOE TSl U3MCHEHHSI 3HAUCHHI HAIIPSDKCHUS M CHITBI

MEePEMEHHOT0 TOKa.

e Tpancdopmarop 6bu1 ckoHCTpyHpoBaH B 1876 r. [letpom Hukonaesuuem S6moukoBsim (1847-1894,
Poccus).

[Tpocreiimmii TpaHcHOPMATOP COCTOUT U3 3aMKHYTOTO CTAJILHOTO CEpACYHHUKA U IBYX HAJIETHIX HAa HETO

KaTyIiek ¢ oomorkamu. OtHa 00MOTKA — MEPBUYHASL — TIOAKIIIOYACTCS K HICTOYHUKY MEPEMEHHOTO

HAIpPsDKEHMS, Ipyrasi — BTOpUYHAst — K moTpeduTento. Tok mepBUYHON OOMOTKH CO3/Ia€T B CEPACYHUKE

NepEeMEHHOE MarHUTHOE T10JIe, KOTOPOE MPOHHU3BIBACT BUTKU BTOPUYHONW OOMOTKH U HaBoauT B Helt DJ1C

WHIYKIIUH.

[lycth nepBuuHas 0OMOTKA COIEPKUT N1 BUTKOB, u_f BTOpPUYHAs — /N2 BUTKOB U K IIEPBUYHOMN
0OMOTKE MPUIOKEHO IepeMenHoe Hanpsokerne U, x4
g Uy N,

, e K — ko3¢ dunment tpanchopmanuu.
e Ecimu N>Ni, To TpaHchOpMATOp HA3BIBAIOT MOBBIIAOIINM, No<Ni — IOHIKAIOIIAM.
[ J

CamocrosiTesbHas padora

1. DOJAC uHayknuu, BO3HUKAIOLIAS B paMKe NP BpallleHUU €€ B OJHOPOJHOM MArHUTHOM IIOJIE,
u3MeHsieTcs 1o 3akoHy g(t)=go-Sinwt. Ompenenuts amruutyaHoe 3HaueHue JJ[C, MrHOBEHHOE
s3Hauenue DJIC mpu t=0,002c, mepruoa u 4aCcTOTy TOKA.

2. MarauTHeli TOTOK B paMKe, PaBHOMEPHO BpAIAOUICHCs B OJHOPOJHOM MAarHUTHOM TIOJIE,

u3MeHsiercss no 3akoHy P=dcos6280t. Haittu 3aBucumocts DJIC MHIyKIMH, BO3HUKAIOLIEH B

pamKe, OT BpeMeHM 6 OmNpelesuTh aMIUIMTYAHble W JeicTByromue 3HayeHus OJC, nepuon u

4acTOTY TOKA.

OrmnpenenuTh ASHCTBYIOIIEE 3HAUYCHUE CHJIBI TOKa, M3MEHSIONIErocst o 3akoHy I(t)=Ig-sin 54t.

Onpenenuts 4aCTOTYy IEPEMEHHOI0 TOKa, LUKINYecKasi 4yacToTa KoToporo pasHa 110m.

5.  Komnmencarop emkocTsio 10™ ® BK/IOUeH B ceTh MmepeMeHHOro Toka ¢ yactotoit 50 ', Onpenenuts
€MKOCTHOE CONPOTUBIICHUE KOHJEHCATOPA.

6. Konnencatop emkoctbio C BKIIOYEH B CETh IMPOMBIIUIEHHOTO TOKa. OmpeaenuTbh €MKOCTHOE
CONPOTHUBIICHHUE.

7. Karymka umnayktuBHocThi0 0,5 I'H BKIIOYEHa B CeTh NEpeMEHHOro Toka ¢ yactoro 50 I'm.
Onpenenutb HHAYKTUBHOE COMPOTHUBIIEHUE KATYLIKH.

8. Karymka uHaykTUBHOCTBIO L BKJIIOUEHa B ceTh mepeMeHHoro Toka ¢ yactoroil 50 ', Onpenenuth
MHAYKTUBHOE COIPOTUBIICHHE KATYIIKH.

9. HampsbkeHus NepBUYHOM U BTOpUUHOM 00MOTOK TpaHchopmaropa Us u Uy cooTBeTcTBeHHO. HHco
BUTKOB BTOpUYHOM 0OMOTKM Nj. OmpenenuTh: YHUCIO BHUTKOB TEPBUYHOM OOMOTKH Ny,
kodpduuuent tpancopmamun K u Bua Tpanchopmaropa (HOBBILIAIOIIMNA WM TOHMKAIOMINN),
OTBET IOSICHUTb.

10. OmpenenuTh MOILIHOCTH MEPBUYHOM M BTOpUYHON Leneil Tpancdopmatopa P1 m Py, ecnm
n3BecTHBl: HanpspkeHusst Uy u Uz, Tok Iy mepBuuHO#l 0oOMOTKH. Paccumrath k03 duimeHt

~ow
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tpanchopmanuu K u ykazare Bua Tpancopmaropa (TOBBIIAIOIINN WK MOHWKAIOIINN ), OTBET
HOSCHUTD.

®opma npeacraBjeHus pe3yabTara:

BbInonHuTh 3a1aHue B TETpaay sl IPAKTUYECKUX PadoT.

Tema 5.2 DileKTPOMAarHUTHbIE KOJIEOAHUS U BOJIHBI

IIpakTuyeckoe 3ansitue Ne 10
Pemenne 3ana4 no reme «JIeKTPOMATHUTHBIE KOJIeOaHUSA U BOJIHBI. PopmyJiia Tomcona»

Henab: wu3yyuTh CBOOOIHBIC JIEKTPOMArHUTHBIE KOJeOaHUs B KOHTYpE, paclpocTpaHEHHE BOJIH,
BHUbI BOJIH UX OTJIINYUS.

BbinosiHeHue padoTbI
[TP67 _OVIIL06, ITP61 OVII.06

MarepuanbHoe o0ecniedeHue: TETpaab s MPAKTUYECKUX paboT, pydka, METOJUYECKHE
PEKOMEHIALIH TI0 BBIIOJTHEHUIO Pa0OTHI, JIMHEHKA, KapaH arll.

Yka3zanue: [lpakTuueckoe 3aHSATHE COCTOUT M3 JIBYX YacTel — TEOPETUUYECKOW U MPAKTUYECKOM.
[Tocne u3yueHus TEOPETUUECKOro MaTeprasga MOXKHO MPUCTYNATh K BHITIOJHEHHUIO MPAKTUYECKON YacTH.
Omna cocTouT U3 ABYX U Ooliee 3a/1a4 AJisi CaMOCTOSATEIBHOIO BhINONHEHUs. He 3a0biBaiiTe 0 npaBUiIbHOM
odopmitennn pemieHusi. Ha BBITIOMTHEHUE TPAKTHYECKON OTBOJMTCS JBa aKageMU4eckux daca. [lopsmox
BBITIOJTHEHHS paOOTHI

IMopsiiok BBINOJTHEHHS PA0OTHI:

1. PaccMoTpuTe TeopeTHUECKHH MaTepual IO TEeMe U NpPHUMEphl pelleHds 3aaad (CMOTpu
METOAHYECKOE IIOCOOHE).
2. Pemute camocTosTensHy0 padoty. Odopmure pemieHne NUCbMEHHO B TETPAIH.

cnocoocTByer (QopmupoBanuio: [1P62 OVIL.06, I1P69 OVII.06,

1. Teopmus. [IoBTOpUTH TEOPETUUECKUI MaTEpUa MO0 KOHCIEKTY JICKIU.
2. Tlpumeps! peleHus 3aaad4.
1. UnayktuBHOCTE KonebarenbHOro kontypa 500 mxI'. Kakyto eMkocTh cienyer BbIOpaTh, YTOOBI
HACTpOUTH ero Ha yactoTy 1| MI'i?

Jano: w— Y . |
P 1 = 5 3 i

KoJie0aTeNbHbI , ) 4-314° 51077 . (10"

W o= - —
ﬁ KOHTyp A - T _ | _ |

k]
©= 4,—L:|l E 2098596 10 4+12 197,192 .10%
£ W

L =510*THu =0,005-10% =5.107 = so510
PPN
v=10"T11
Cc=?

2. B YCTAHOBKax IJIsd BHCKTpOPHﬂpaBHHqCCKOﬁ 06pa60TKI/I MaTCpHraJIOB KOHACHCATOPLL pa60qero
KOHTYpa ABJIAIOTCA C€MKOCTHBIMH  HAKOIIMUTCIAMH  OHCPIHH. OnpezIeJmTe HaI/I60J'IBHIy1-O CHUITy
KpPaTKOBPEMCHHOI'O TOK4, BO3HHUKAIOMICTO B ICIIU IIPU HpHMOﬁ pas3pdaaKe TaKOro KOHACHCATOpa Ha

MIPOBOIHHK, €CJIM M3BECTHO, YTO 3aHECEHHAs dHeprus B KoHAeHcaTtope 10 k/[, MHIYKTUBHOCTh KOHTYpa
0,03 MxI'H.
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Hano:
KOHTYD

K p—

E=10* Ik

L =310%Twu

Imax =?

3.0mpenenuTe Mepuol U 4acTOTy COOCTBEHHBIX KoJieOaHwii KoHTypa MHAYKTHUBHOCTH 0,05M 'H 1

|
[2.10°
max _1|I|1J 10 g

—_—

! = 0,66 108

6

=08-10" =8.10° A

IMOCJICA0BATCIIPHOTO COCAMHCHHUA TPEX KOHACHCATOPOB €EMKOCTEIO 1O 6 Mx®D.

Hano:

K
IIOCICI0BAaTCIIBH
0€ COCIMHCHHUEC

L=0,05m TI'm=5
10°TH

Ci=6Mxd=6 10
)

N=3

T,vy-?

4. Cuna ToKa B CETH WM3MEHsETCs MO 3aKkoHy 1=4,2 sinwt. Kakoe KOJWYeCTBO TEIJIOTHI BBIACIIUT

L
cCccC
Co= =
P A0S - I.||..l. ":’

| f1e "
r'=!1|4,|||51[|" — =
628y 10007 628y 107"
=6,2810 F¢
| IR .
W= == OSSO Fy = L6y
628107

3JIEKTPOKaMUH 3a 1 4 paboThl, eciau ero conpotusieHue 70 Om?

JlaHo:
JNMEKTPOKAMUH
i=4,2 sinot
t=3,6-10%¢

R=70 Om

Q=?

lg

Q=17 4Rt
i=lsinot

!

= = 0,707-7,

A2

Im=4,2A
1,=0,707-4,2=3A

0Q=3%70-3,6-10% 2,3-10% =

=2,3 M]Ix
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5. Karymka unayktuBHOCTBIO 0,1 I'H M akTUBHBIM comnpoTuBieHHEM 25 OM BKIIIOYEHA B CETh
IPOMBIIIJICHHOTO NEPEMEHHOI0 TOKa CO CTaHAAapTHOH yactoToil. Ompenenute TOK B KaTyllKe, €CIH

HanpspkeHue Ha ee BBogax 120 B.

JlaHo: karynika I
L=0,1TH
R=25 Om
v=50T1

U=120B

| g,:?

WRT

1
N

=R+ X =
I {enly”
=...-.'IR3 +1’2'.l|.l.'|._llJ

n=4/25" +i4-3,14.50.0,1}" =

= B25+9%0 = 41611 = 40,1 0w

120
|40,
=

=34

6. Ha KOIXO3HYIO MOJCTAaHIMIO TOCTymaeT ToK HampsbkeHuem 6600 B. mepBuunas oOMOTKa
tparcopmaropa noactannuu umeet 3300, a Bropuunas 110 ButkoB. Onpenenure padbodee HANPSIKCHIE
B KOJIXO3HOHM AJIGKTPOCETHU U MOTPEOISIEMYI0 MOIIHOCTh cuiia Toka B cetd 200 A moTepsMu SHEPruu B
TpancopmaTope npeHedpeyb.

Hano: Tpanchopmarop

iy

(EE)

U
U,

U;=6600 B o Uies
®;=3300 B T
®,=110 P,=Uy |,
1,200 A

U, P,=?

U. — 66o00-110

1, =220 B
: 3300

P,=220-220=44-10°Br=44 kBT

7. Cuna Toka B iepBUYHOM 00MOTKe Tpanchopmaropa 0,5 A, Hanpspkenue Ha ee koniax 220 B, Bo
BTOPUYHOM 00MOTKe cooTBeTcTBeHHO 8 A 1 12 B. Onpenenure KII/{ Tpanchopmaropa.

JaHo: TpaHcdopmaTopa
1,=05A

1,=8 A

U;=220 B

U2=]2 B

n=?

o=t
'T P

U,
oo

[00%% =

A 00%

CamocrosiTeibHas padoTa.

1. MarHuTHbBII NMOTOK B paMKe, PaBHOMEpPHO BpAINAOUIMICA B OAHOPOJAHOM MAarHHUTHOM TIIOJIE,

n3MeHsercs 1no 3akony © =3 - 10 cos157t. Haiizure 3aBUCHMOCTB MIHOBEHHOTO 3Hauerns DJIC

MHIYKIIMH, BO3HUKAIOIIEH B paMKe, OT BpeMeHHU. ONpeaennTe MaKCUMalbHOE U JEHCTBYIOLIEE
3Hauenue JJ1C, nmepro 1 4acTOTy TOKa.

2. B pamke, paBHOMEpPHO BpalllalomIelcss B OJHOPOJHOM MAarHUTHOM II0Jie, MHIYIUPYETCS TOK,

MTHOBEHHOE 3HAaY€HWE KOTOPOTO BBIpa)aeTcs: (Hopmysoi

12-8

n = 100 = BT %
220-0.5

1 = 3 sinl57t. Onpenenure
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10.

11.

12.

13.

14.
15.

16.

17.

18.

aMIUIMUTYIHOE, IEUCTBYIOIIEE 3HAYEHHE TOKA, MTHOBEHHOE 3HaueHue Toka npu 0,01 C, nepuoa u
4acToTy.

Ornpenenure MakcUMallbHOE M JedcTBYyrolee 3HaueHue nepemenHon OJIC, Bo3HuKaromed B
pamMKe IpU €€ PaBHOMEPHOM BpalllEHUU B OJHOPOJHOM MArHUTHOM IIOJie, €CIU TMpU yIJie
noBopoTa pamky Ha 45° MraosenHoe 3nauenue JJIC 156 B.

Cwia Toka B mepBUYHOM oOMOTKe TpaHchopmartopa 0,2 A, HanpspkeHue Ha kiaemmax 220 B.
Omnpenenure HampspKEHHE M CHIy TOKa BO BTOPHYHONW OOMOTKE TpaHchopmaropa, eciu
kod(urment tpanchopmanuu 0,2.

Hanumure ypaBHeHue a1 MrHoBeHHOro usMeHeHus D/{C MHAyKIuu, BOSHUKAIOLIEH B BUTKE MPU
PaBHOMEpPHOM €ro BpalleHHMH B OJAHOPOJHOM MarHuTHOM Tmojie, eciu uepe3 1/600 c mocie
IIPOXO’KJEHHUSI BUTKOM MoMeHTa, ipu koTtopoM DJIC paBHa Hymo, MrHOBeHHOe 3HaueHue J/1C
cranoButcs 5 B. [lepuon Bpamenus Butka 0,02 c.

Karymka naayktuBHOCThIO 20 MI'H BKIIIOUEHA B CETh MEPEMEHHOro ToKa ¢ yactotod 50 I'm.
Omnpenenure UHAYKTUBHOE COMTPOTUBJICHHE KATYIIKH.

KonaeHcatop emkocTbro 8-10™h BkmoueH B ceTh MepeMEHHOro Toka ¢ dyactoToil 50 I,

Onpenenutb CUIy TOKA Ha y4acTKe IeMH ¢ KOHJIEHCATOPOM, €CIIU COMPOTHUBIIEHUE TOIBOISIINX
poBo1oB 5 OMm, a HanpsKEHUE Ha BceM ydacTke tenu 12 B.

Kak n3MeHuTCs HHIYKTUBHOE COMPOTHBIICHNUE KATYIIKH, €CIIA €€ BKIIOYHUTD B I[EMb MIEPEMEHHOTO
Toka ¢ yactoror 10 xI'1, BMecTo 50 I'11?

[lepBuunas oOMoTka TpaHchopmaTopa coaepxkut 800 ButkoB, BropuuHas 3200. Omnpenenure
Kod(dunmeHT TpanchopMaIum.

Cuna Toka B ceTu U3MEHsETCs 1o 3aKoHy 1 = 8,5 sin o t. Kakoe KOIM4ecTBO TETIOTH BBIACTUT
AJIEKTPOKAMUH 3a 2 yaca paboThl, eciii ero conpotusiaeHue 80 Om?

Cwuiia TOKa B IepBUYHON 00MOoTKe TpaHchopmartopa 0,6 A, HanpsbkeHue Ha ee koHIax 220 B; Bo
BTOpHUYHOI 00MOTKe 6 A U 14 B. Onpenenure KITJI Tparncdopmaropa.

B nepBuuHOil 06MOTKe moBbimIaroniero tpanchpopmaropa 80 BUTKOB, a Bo BTopuuyHOi 1280.
Hanpsokenne Ha koHnax nepBudyHoi ooMmoTku 120 B, a BennumHa Toka BO BTOPUYHON OOMOTKE
0,25 A. Onpenenure NOJAE3HYIO MOITHOCTh TpaHchopmaropa.

JI1st TpaHCIALMK paidonepeiad MPUMEHSIOT TOHKAIOIINI TpaHchopMaTop ¢ HamnpshkeHueM 480
B 1o 30 B. Onpexnenure moutHocTh Tpancdopmaropa ¢ KII/1 96%, ecnu k Hemy nojkitouyero 100
penpoIyKTopoB, nmoTpedstomux Tok 0,008 A.

Omnpenenure makcuManbHyro O/1C, 3Hast, 4TO IpH 30° 3JIC uaaykuuu 110 B.

Omnpenenure yroja moBopoTa BUTKa B OJHOPOJAHOM MAarHUTHOM IOJi€, 3Has, YTO MaKCHMalbHOE

sHauenue Toka 1002 A, a Tok B janabIi MOMeHT 100 A.

Omnpenenure k03 duuneHT Tpanchopmanun 3BOHKOBOTO TpaHchopMaTopa, MUTAaEMOI0 CETEBBIM
TOKOM c HanpsbkeHueM 220 B, ecnu npeoOpa3oBaHHbBIN TOK UMEET HamnpskeHue 2 B.

IlepBuyHas OoOMOTKa MOBBIIIAIOLIETO TpaHCpopmaropa umeer 45 BUTKOB, a BTopuuHas 900
BUTKOB. [lepBHuHas KaTyllka BKJIFOYAETCS B CETh NEPEMEHHOrO TOKa ¢ HampspkeHuem 120 B.
Kakoe Hampspkenue OyaeT Ha 3a)KkuMax BTOPHYHONW OOMOTKH?

DJIeKTpuYecKas ayra AoJDKHA ropeth noa HanpsbkenueM 40 B, a B cetn 220 B. CkoJbKO BUTKOB
JIOJDKHA COZIepKaTh BTOPUYHAs 0OMOTKA, €CIIU B MEPBUYHONW OOMOTKE, BKIIOUEHHOH B CETh, 385
BUTKOB?

®opma nmpeacTasJieHus pe3yJbTara:
BrmogHNUTE 3aaHueC B TCTpaaAn IJIA HIPAKTUUCCKHUX pa60T.
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Tema 5.2 DyleKTPOMAarHuTHbIe KOJIe0AHUS U BOJHBI

IIpakTuyeckoe 3ansiTue Ne 11
Perenne 3aga4 mo teme: XapakTepUCTUKH NEPEMEHHOr0 TOKA

Leas padoThI: M3YYUTh MAarHUTHOE IIOJ€, 3HATh €ro IPHPOIY, €ro JACUCTBHE Ha Jpyrue
MAaruuTHBIC I10JI, IPOBOJHUK C TOKOM, HBH)KyMHﬁCﬂ 3apsan.

Boinosinenue padorbl cnocodocTByeT (GopmupoBanmi: I[1P62 OVIL.06, IIP69 OVIIL.06,
I1P67_OVIIL.06, ITP61_OVYII.06

MaTtepuajbHOe ofecredyeHne: MOCaJOYHbIC MECTA 10 KOJMYECTBY O0YYAIOIIUXCS; pa3aaTOUHbINA
MaTepuai ¢ 3aIaHUsIMHU; COOPHUKY 337124, CIIPABOYHBIC MaTEPHAIIBI

3aganue:

1. JlaTh IOHATHE NIEPEMEHHOT0 TOKA, IOBTOPUTH YCTPOMCTBO M IPUHLMUI JEHCTBHUS UHIAYKIMOHHOTO
reHeparopa.

2. BoiicHUTH TpakTUYECKOE 3HAYEHHE MCIOJIb30BAaHUSI IEPEMEHHOrO0 TOKa B OBITY, Hayke,
MIPOM3BO/ICTBE.

3. [IpumMeHnTh W3y4YEHHBIM MaTepuan IMpPU PEUICHWH 3aJa4 Ha IapaMeTpbl NEPEMEHHOr0 TOKa:
MTHOBEHHBIE, aMIUIMTYAHbIE U AeicTByromue 3HadeHuss J/(C, HanpsKeHus U CUIIbl IEPEMEHHOTO
TOKa.

IHopsinok BbINOJHEHHUS PAOOTHI

IToBTOpHTE OCHOBHBEIC BOIPOCKHI TeMBI «llepeMEHHBIN TOK)

[lepeMeHHBII TOK — BBIHY)KJICHHBIE TIapMOHMYECKHUE A

AJIEKTPOMAarHuTHbIE KOJeOaHusl B IPOBOJIHHUKE. T
Bcenencreue 9EKTPOMarHUTHOM HHAYKIMM B PaMKe KN ’ g _5(:‘:?_}
BO3HUKAET rapMOHUYECKH MEHAIOIAAC SC A e »

5:—(D'=B-S'G)'Sina)t Hﬂﬂm

(& = BS-@— ammumntyna 3JIC MHIYKIIMK) U MOKHO TOBOPUTb, YTO MOJTYUCH MEPEMEHHBIN TOK.

ITepemeHHbII TOK ObITOBOM AnekTpoceT umeet yactoty v =50 ' u o= 27zv= 1007 [pan/c].

1T; 1 It
ol AN -
Io
g N7 —t U~
Pe3ucrop B nenu nepeMeHHOro ToKa )

Bxitourm pesucrop compotuBicHus R B ceth mepemennoro toka Hampsbkenus U(t) = Ugsinet (*). B

KaXJIbI KOHKPETHBII MOMEHT BPEMEHM IPOXOXKICHHE INEPEMEHHOTO TOKA B PE3UCTOPE KAYECTBEHHO

Ut
HMYEM HE OTJIMYACTCI OT IPOXOXKIACHUSI MOCTOSSHHOIO M MOAYHUHACTCSI 3aKOHY Owma: |1(?) :%. Torna

U, . -
I(t):?osma)t i |1(t) = Iy sinot

I'paduxu I(t) u U(t), B omHOIM cuCTeMe KOOPIUHAT, HMEIOT BUL:
Bcest mosBoauMast K pe3ucTopy dJEKTpUYecKasi SHEPTHsl MpeBpamaeTcss B TEIJIOBYIO, T. €. OH o0jamaer

AKMUBHBIM CONPOMUBTIEHUEM.
AxTuBHOe (oMH4Yeckoe) conporuBieHue (R) — comporuBienue pe3ucropa 6e3 yuéra ero EMKOCTH U
HHAYKTHBHOCTH.
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|

I,
T Y,
EMKOCTL B IICIIHA HepeMeHHOFO TOKA

N3BecTHO, 4TO KOHACHCATOP MOCTOSIHHBIN TOK HE MPOBOJUT (LIETh MEXy OOKJIaIKaMH Pa30MKHYTA).

Bxiourm kongencarop emkoctu C B 1emnb nepeMennoro toka Hamnpsokerus U(t) = Ugsinat (*).
I'paduxwu I(t) u U(t) B omHO# ccTeMe KOOPMHAT, HIMEIOT BH/I:

X = 1 | — eMKOCTHOe CONPOTHBIIEHNE TePEMEHHOMY TOKY.
c=——
aC| X ymenbmaercs ¢ poctoM @1 C Wl
Hor=2m, uty
17~ L I
[ It
NHaOyKTUBHOCTD B IleNU EPEMEHHOT0 TOKA .
-
BxitounM KaTymiky MHIYKTUBHOCTH L B IIellb MEPEMEHHOrO TOKA L~ |
Hanpsokerus U(t) = UoSinat (*) (akTHBHOE CONPOTHBIICHHE TIPOBOJIA |

katymku R ~ 0).

I'paduxu 1(t) u U(t) B ogHO# crcTeMe KOOpAWHAT, HUMEIOT BU/I:

— MHAYKTHBHOE CONPOTHBJIEHHE TMIepeMEeHHOMY TOKY. (XL pacter ¢ poctom @ u L).
JleiicTBYyIO1IIee 3HAUEHHE MOIIIHOCTH NEPEMEHHOr0 ToKa (P) — BelW4MHA, YUCICHHO paBHAs MOLIHOCTH
MOCTOSTHHOTO TOKa Ppoer, TPU YCIOBHHM, YTO 00a TOKAa 3a OIMHAKOBOE BpPEMS, PAaBHOE MEPHOIY
MEPEMEHHOTO TOKa 7, Ha paBHBIX PE3UCTOPAX R BBIIEIAT paBHBIC KOJIMYECTBA TEIUIOTHI Q.

IR 1,U, U?
U3 P=Pyoern Ug = IR = PZOT: Ozozﬁl

I[eﬁCTBYIOHIGG S3HAYCHUEC MOIIHOCTH IMMEPEMEHHOT'O TOKA YaCTO HA3bIBAIOT AKTHUBHOM MOIIHOCTBIO.

JleiicTByIollee 3HAaYeHHe CHJIBI TNepeMeHHOro Toka (l) — BenMYMHA, YUCICHHO paBHAs CHIIE
MIOCTOSIHHOTO TOKa lpoer, TpHM  yCHOBHM, 4YTO 00a TOKa 3a OJMHAKOBOE BpPEMs, pPaBHOE MEPHOIY
MEePEMEHHOTO TOKa 7, Ha pPaBHBIX PE3UCTOpax R BBIACIAT paBHBIE MOIIIHOCTH.

I2R I
W3P=Pyer=1I1>.R=1>-R == = |[1=-2]|
2 2

nocT
JleiicTByIOllee 3HaYyeHHE HamNpsuKeHHsi nepeMeHHoro Toka (U) — BenuyMHA, YHCICHHO pPaBHAs

HANpPSDKEHUI0 MOCTOSSHHOTO TOKa Upeer, TIpU yclOBHM, YTO 00a TOKa 3a OJAMHAKOBOE BPEMsI, paBHOE

HCpI/IO,Z[y HepeMeHHOFO TOKa T, Ha paBHLIX pCSI/ICTOan R BBIACIAT paBHLIC MOIITHOCTH.
vl U? U,

U3 P=P,,=-2="= U=—|
°T"9OR R V2

Ha IMPAKTHUKE HAC PEAKO MHTCPECYIOT aMILIUTYAHBIC NI MITHOBCHHBIC 3HAYCHUSA CUJIBI, HAIIPSXKCHUA NN

MOIITHOCTH NTEPEMEHHOr0 TOKa. MIHTepec npeAcTaBIoT uX delcmeayoujue 3HAYeHHU .
3akoH OMa U1l IEPEMEHHOT0 TOKa

U
I/I3BCCTHO, 9TO B OCIIAX NEPCMCHHOI'O TOKA! a) AJI1 AaKTUBHOT'O CONIPOTUBJICHU A R: 1, = TO ;

. U U
6) s émxoctu C: I, = —%; B) qusg uagyktuBHOCTH L: 1) = =2 . U
Xc L | =
Vurs, uto I, =1-v2 u U, =U-+/2, noayduM 3akoH OMma JUIsl EpeMEHHOTO TOKa R TUIst
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pe3ucropa, EMKOCTH U MHTYKTUBHOCTHU:

|
g~ L] |
|

-

L
”

g Lr
Pe3onanc B HECIN IIEPEMEHHOI'0 TOKA
CobepéM 1ienb M3 KaTyIIKH MHAYKTHBHOCTH L, koHmencaropa C, ammepmerpa MepeMEHHOrO

% | Toxka A m ucrounnka mepemennoro nanpspkenus U = UgSinat ¢ u3mensemoii 4actoToii .
C

AKTUBHOE COIIPOTHBIIEHHE IIPOBOJIOB U KaTyIIKH UHAYKTUBHOCTH R ~ 0.
@uxcupys Up = const u uszMmenss 4actory @ oT 0 10 MakCUMaJbHO BO3MOXHOT'O 3HAU€HUS, CHUMEM

o 1
3aBUCUMOCTh CHJIBI JieiicTBytomero Toka B 1enud |(w). Okaszaioch, 4YTO Ha YaCTOTE o, “Tic
L

HaOJII0IACTCS PE3KOE YBEIMYCHUE TOKA.
Pe3onanc — sasnenune PE3KOro BoO3paCTaHusd aMIIMTYJAbl BBIHYXXJICHHBIX 3JICKTPOMAIrHUTHBIX KoJIe0aHuit

IIPU COBIAJCHUN YaCTOThI BBIHYIAIOILET0 HAIPSKEHUS ¢ COOCTBEHHON 4acTOTON Kojie0aHUIl KOHTYpa.
I
R]_CC R_2 < R3

L, uf
DJNEeKTPOMAarHUTHBIA Pe30HAHC (KaK M MEXaHMYECKHUIl) HacTynaeT MpH COBMAJCHUM YaCTOThl BHEIIHUX
BO3JCUCTBUIl ¢ COOCTBEHHOW 4YacCTOTOW KOJIEOAHUH CHUCTEMbI, IIPU 3TOM AKTUBHOE COIPOTHBIICHHUE
JeUCTBYET aHAJIOTMYHO CHJIE TPEHHsI — IEPEBOIUT SHEPTHI0 KoJeOaHUH B SHEPTHIO OTepPh (TEII0).

Jlnst pa3sbix R (npu nocrosiHubx L, C) kpussie |(@) umerot Bu:

ITpu 3HauMTeNbHBIX R pe3oHaHC MOXKET OBITh MPAKTUYECKHU HE3aMETHBIM.

Pe3oHaHC MIMPOKO MCHONIB3YIOT B paIUOTEXHUKE (IIPU HACTPOMKE KOHTYpa paAHONpUEMHHKA HA YaCTOTY
BBIOpAaHHOM paJiMOCTaHIIMU U TIP.).

I'eneparop nepemennoro toka (I'TIT)

[Ipocreitmmit I['TIT cocTouT M3: MOCTOSHHBIX MarHWTOB 1; KOHTypa 2;
KOHTakTHBIX Kousieny 3; mertok 4. Ilpum BpalieHuum KOHTypa € YIJIOBOH

CKOpPOCTBIO () €r0 MarHUTHBIN MOTOK

® = BS-cosaf] u DIC e= @' = g-sinat. 1 KOHTYpa U3 N BUTKOB & =
n-g-sinat.
Konctpyktusno I'TIT cocTouT U3 1ByX OCHOBHBIX YacTei: HEMOABUKHON —

CTAaTOpPAa U BPAILIAIOLIEHCS — POTOPA, U3TOTOBJICHHBIX U3 AJIEKTPOTEXHUYECKON
CTaJIu.

C uenwsto yBenmueHusi KIIJ[ reneparopa (Oosiee MOTHOTO HCTOIB30BAHUS
MarHMUTHOTO TIOTOKa) 3a30p MEXAY CTaTOpoM W POTOPOM  JI€NaroT

MHUHUMAJIBbHBIM.
3HAYUTEIIBHO YIy4dIIatoTCs.
Tpauncdopmarop

5

w1l T

=
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Tpancdopmarop — yCTpOICTBO, MPEIHA3HAYECHHOE JI1 M3MEHEHUs] 3HAUYCHUN HANpPSHKEHUS W CHUJIbI
IIEPEMEHHOTI'0 TOKA.

Tpancdopmarop Obu1 ckoHCcTpyupoBaH B 1876 r. Ilerpom HukomaeBmuem S6;moukoBeiM (1847-1894,
Poccus).

[Tpocreilimmii TpaHCPOPMATOP COCTOHUT M3 3aMKHYTOT'O CTAIBHOTO CEpJICUYHUKA M JBYX HAJETHIX Ha HETO
Karymek ¢ oomMorkamu. OgHa OOMOTKAa — MepPBUYHAsl — MMOJKIIOYAETCS K HMCTOYHUKY MEPEMEHHOTrO
HaMpsDKEHUs, Ipyras — BTOPUYHAA — K 1oTpeduTento. Tok mepBUYHON OOMOTKH CO3JA€T B CEpACUHUKE
MIePEeMEHHOE MarHUTHOE T0JIe, KOTOPOE MPOHU3BIBAET BUTKH BTOPUUHON 0OMOTKHM 1 HaBoauT B Heil D/1C
VHIYKIHH. u, |,
[Tyctp nmepBuyHast 0OMOTKa CONEP>KUT /Ny BUTKOB, BTOpUYHasi — N, BUTKOB U K mepBuyHoit (U, |,

00MOTKE MPUIIOKEHO NIepeMeHHoe Hamnpshkenue Uj.

& U N.
?2 = 72 = 72 = K|, rue K — ko3¢ puuuent Tpanchopmanuu.
1 1 1

Ecimu N, > N, 10O TpaHc(hopMaTop HA3BIBAIOT MOBBIMIAKIIHUM, N; < V) — NOHUKAIOIIHNM.

Pemuth 3a1aum Mo Baprantam
B ycnoBum 3amad oTcyTcTBYIOT LMGpPHL. 3HaueHHWs (U3MYECKHX IapaMeTpoB OSTUX 3a1ad

HeoOxonuMo OpaTh 3 Tabmuubl 1: MO BEPTUKAIBHOM CTPOKE YyKa3zaH HOMEp BapHaHTa, IO

TOPU30HTAIILHON — HOMEP 3aJa4H.

1. OJC uHAyKuuH, BO3HUKIIAS B PaMKE MpU BpalleHUH €€ B OAHOPOJHOM MArHUTHOM TIOJeE,
u3MeHseTcs 1o 3akony £(t)=€op-Sin ot (cm. Tabmuiy 1). Onpenenuth amuutyaHoe 3Hauenue D/1C,
mrHoBeHHoe 3HaueHue J/1C npu t=0,002c, nepuoa u 4acToTy TOKA.

2. MarHuTHbI NOTOK B paMKE, PaBHOMEPHO BpAIIAIOLIEHCA B OJHOPOJHOM MAarHMUTHOM IIOJIE,
n3mensiercss no 3akony d=Pycos6280t. Haiitu 3aBucumocts 3/C MHAYKIMM, BO3HUKAIOIIEH B
pamMKe, OT BpeMEHMO OIpeAeauTh aMIUIUTyAHble U jAelcTByromue 3HaueHus OJC, mepuon u
4acTOTY TOKa.

3. OmnpenenuTh JCUCTBYIOIEE 3HAYEHHE CHIIBI TOKA, U3MEHSoIIerocs mo 3akony I(t)=ly-sin 54t.

4. Onpenenuts 4aCTOTy IEPEMEHHOI0 TOKa, LUKIJINYecKasi yacToTa KoToporo pasHa 110m.

5. Konnencarop éMKOCTBIO 10*®BKIIOYEH B CETH nepeMeHHoro Toka ¢ yacroro S0I'n. Onpenenuts
€MKOCTHOE CONPOTUBIICHUE KOHJEHCATOPA.

6. Kongencarop émkoctsto C BKIIOUEH B CETh IPOMBILUIEHHOTO TOKa. Omnpenenurs €MKOCTHOE
COIPOTHUBIICHHUE.

7. Karymka uaayktuBHocThio 0,5 I'H BKJIIOUYEHA B CE€Th NEPEMEHHOTrO TokKa ¢ 4dactorod S50I'm.
OnpenenuTb HHAYKTUBHOE CONPOTHUBIIEHUE KATYLIKH.

8. Karymka nHIyKTUBHOCTBIO L BKIItOUEHa B ce€Th MEPEMEHHOT0 OKa ¢ yactoTor 50I'n. Onpenenuts
MHAYKTUBHOE COIPOTUBIICHUE KATYIIKH.

9. Hanpsbkenus nepBu4HOM M BTOpUYHOM 0OMOTOK TpaHcdopmaropa U; u Uz COOTBETCTBEHHO.

Yucno BUTKOB BTOpruHOM 0OMOTKH Nj. OmpeneiauTsh: YUCIO BUTKOB NMEpPBUYHON O0OMOTKHM Ni,
ko3 duuuent Tpanchopmanuu K u Bua tpancopmartopa (MOBBIIIAIOMUN WIH TOHMKAIOMINN),
OTBET MOSICHUTb.

10. OnpenenuTh MOIIHOCTH MEPBUYHONW W BTOPUYHOM 1emned TpaHcpopmaropa Pi u Py, ecnm
nu3BecTHbl: HampsikeHuss U; m Uz, Tok |; mepBuuyHOM o0OMOTKH. Paccumrars koadduimeHt
tpanchopmanuu K u ykazars Bua Tpanchopmaropa (HMOBBILIAIOIMIMNA WM TTOHMKAIOIINN), OTBET
MOSICHUTb.

®opma npeaocTaBIeHHs pe3yJbTaTa
BrinonHeHHbIe 3aja4M B TETPaau JJIsl IPaKTHYECKUX padoT
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1 2 3 6 8 9 10
- D lo, |G, L, U, u, N, | U, uB | I A
B6 A |Mx® |(M[H | B B wTt | B

1 ¢(t)=110-sin 100xt |{ 0,01 | 100 |1 10 220 | 1100 |5 1100 {220 | 0,1
2 ¢(t)=120-sin 200xt | 0,02 | 200 | 2 20 220 | 1100 | 10 | 1100 | 220 |0,2
3 | &(t)=130-sin 300wt | 0,03 | 300 |3 30 220 | 1100 | 20 | 1100 |220 |0,3
4 | g(t)=140-sin 400wt | 0,04 | 400 | 4 40 220 | 1100 |25 | 1100|220 |04
5 | g(t)=150-sin 500xt | 0,05 | 500 | 5 50 220 | 1100 | 30 | 1100|220 |05
6 | ¢(t)=160-sin 600xt | 0,06 | 600 | 6 60 220 | 1100 | 35 | 1100 |220 |0,6
7 ¢(t)=170-sin 700xt | 0,07 | 700 | 7 70 220 | 1100 | 40 | 1100 | 220 |0,7
8 | g(t)=180-sin 800zt | 0,08 | 800 | 8 80 220 | 1100 | 45 | 1100 (220 |0,8
9 | g(t)=190-sin 900xt | 0,09 | 900 | 9 90 220 | 1100 | 50 | 1100 (220 |0,9
10 | g(t)=110-sin 50t | 0,11 | 990 | 10 99 220 | 1100 |55 |1100 |220 |1

®opMma npeaocTaBIeHHs pe3yabTaTa
BrImosHeHHBIC 331a41 B TETPAIU JIJISl IPAKTHYECKUX PadoT.

Kpurepun oneHku:
Oyenka «OMIUYHOY» BbICMAGIAEMCcs: TIPABWIBHO BBIIOJIHEHBI BCE 3aJaHUsI B COOTBETCTBHH C
TpeOOBaHUSAMH, TIPABUIIHBHO BBITIOJIHCHBI JOTIOTHUTEIIbHBIC 3aJJaHUsI, CBOEBPEMEHHO MPEIOCTABICH OTYET
O BBIIIOJIHEHUH padOTHI.
Oyenka «xopouwioy 6vicmasisemcs. TPABUIBHO BBIMOJHEHBI BCE 3a/JaHMS B OCHOBHOM 4YacTH,
JIOTIOJTHUTEIIBHBIC 33J]JaHUSl BBHIMIOJHCHBI HE B IOJIHOM OOBEME, MPEAOCTABJICH OTYET O BBINOJHCHHUU
paboThl, OO B cllyuae HECBOEBPEMEHHOT'O MPEIOCTABICHUS OTUYETa MM C HAJTHYHMEM HECYIIECTBEHHBIX
OIIMOOK B BBINOJHEHUH 33 IaHUS.
Oyenka «y0081emeopumenbHo» 8blCMAGsenmcs: BHIIOIHEHBI HEe Bce, HO Oonee 50% 3amaHuii paboThI,
JIOTIOJTHATEIIBbHBIC 3a/IaHUsl HE BBIOJIHCHBI, HECBOCBPEMEHHO TIPEJOCTABICH OTYET O BHIMOJTHCHHUH
paboThI.
Oyenka «Heyoo81IemMBOpUMeNbHO» 6vlcmasisemcs: BbIMOIHEHO MeHee 50% paboThl, HE BBIMOJHEHBI
JIOTIOTHUTENbHBIE 3aaHHsI, OTUET O BHIMOJIHEHUH PaOOTHl HE MPEJOCTABIICH.

Tema 5.3 OnTuka

IpakTuyeckoe 3anaTue Nel2
3aKoHbI OTPAKEeHUs U NpeToMiieHus cBeta. MopmyJia TOHKOM JMH3BI.

easn: [IppumeHeHnE 3aKOHOB OTPAXKEHUS U IPEIIOMIICHUS CBETA MPU PEIICHUU 3a/1a4.

BbinosiHenue padorbl  crnocodcTByer ¢opmupoBanmio:  I[1P62 OVIL.06, I1P69 OVII.06,
ITP67_OVIIL.06, ITP61 OVII.06

MarepuajibHoe of0ecneyeHHe: TeTpagb IS MPAaKTHYECKHX paldoT, pydka, METOIUYECKHe
PEKOMEHJIallUM TI0 BBIMOJHEHUIO pabOThl, JWHEHKa, KapaHjaml. TaOnuna 3HaYeHWH OCHOBHBIX
TPUTOHOMETPHUECKUX (DYHKIUN

Ykazanme: [IpakTrueckoe 3aHATHE COCTOUT M3 ABYX 4aCTEW — TEOPETUUYECKOW M IMPAKTUYECKOH.
ITocne n3ydeHns: TEOPETUUECKOI0 MaTeprana MO>KHO IIPUCTYNATh K BBIIIOJHEHUIO IPAKTUYECKOHN YacTH.

Kpatkas Teopus.
3akoH orpaxkeHusi cBera OTpa)KCHHBIA Jy4d JIEKUT B OAHOM IUIOCKOCTH C MaJarOllUM JIy4OM H
HOPMAJIbIO K TOBEPXHOCTH, BOCCTAHOBJIEHHON U3 TOYKH MAJEHUA. YTOJ OTPAXKEHUS PABEH YIIIY MMAICHUS:
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. YTuIBI NaaCHUA U OTPAXKCHUA USMCPAIOTCA MCKIY HAIIPABJICHUCM Jiyda U HOPMAJIbIO K IMOBCPXHOCTHU
(puc. 2). 3aK0H OTpaKEHHS CBETA CIPABEIIMB U VIS MIEPOXOBATON MOBEepXHOCTH. [lapamiensHbIi My4doK
CBeTa oTpaxkaeTcs oT Hee MU (y3HO, OAHAKO KAKBINA JTyd MOAUYUHSICTCS 3aKOHY OTPaKEHUSI.

3akon npesomiienusi cBera. Ilokazarenb npesomieHus. [IpeoOMIICHHBIN Jyd JEKUT B OJHOU
IJIOCKOCTH C MAJar0lUM Jy4OM U HOPMAaJIbIO K TIOBEPXHOCTH, BOCCTAHOBIICHHOW M3 TOYKH MaJeHUs (pUC.
2). OTHOILIEHHE CHUHYyCA YIJla MaJeHusi K CHHYCY yria HNpeJoMJICHHS €CThb BeMYMHA MOCTOSIHHAS JJIst
JIAHHOM aphbl BELIECTB:

sma

—— =1, = Consl. (1
sinf )

Yron Mexay HOpPMalbl0 M NAJAlOUIMM JIy4OM HA3bIBA€TCS YIJIOM MaJAEHUSA. YTOol MEXIy
HOPMaJIbl0 U IPEJIOMIIEHHBIM JIy4OM Ha3bIBaeTcsl yrioM mpenomieHus. [loctosHHas BenmuuHa n2l
Ha3bIBAETCS] OTHOCUTEIIBHBIM IT0KA3aTeNIeM MPEIOMIICHHUSI BTOPOH CPe/ibl OTHOCUTENILHO NEPBOIA.

[Toka3arens npeaoOMIIEHUsS Cpellbl OTHOCUTEIBHO BaKyyMa Ha3bIBAETCsl A0COIIOTHBIM I10Ka3aTeleM
npenomienus. Kak npaBuiio, 3Ty BeTMUKMHY Ha3bIBAlOT IPOCTO MOKA3aTENIEM MPEIIOMIICHHMSL.

BoisiHOBasi Teopusi yCTaHaBIMBAeT IMPOCTYIO CBSI3b IOKas3aTels MpesomileHHs n2l1 co CKOpOCThbIO
pacrpocTpaHeHHsI CBETOBBIX BOJIH B JIBYX Cpeiax

Hpy =, (2)

2 V2

Puc. 2. 3akoHBI OTpake€HUS U MPETOMIICHHS CBETA

IIpakTUyeckasi 4acTh.

3agaum 17151 CAaMOCTOSITEILHOIO PellleHHs :

1. Ha xako# yroa moBEpHETCS OTPAKEHHBIN OT 3€pKaJla COJTHEYHBIN JIy4 MPU MOBOPOTE 3€pKaja

2. Ilpenmet Haxouics Ha paccTOsHUM 20 CM OT IJIOCKOT0 3€pKajia. 3aTeM ero OToABUHYIU Ha 10
cM

3. B miockocTu sKkpaHa HaXOJIUTCA UCTOYHUK CBETA, UCITYCKAIOIINMA Y3KUH My4OK Jy4del Moj yIriioM

4. OT NoaABEMHOI0 KpaHa, OCBEIICHHOTO COJIHIIEM, MTalaeT TeHb JJIMHON 75 M, a TEHb OT
BEPTUKAIBHO

5. JIyu cBeTa majjaeT Ha CUCTEMY JIBYX B3aMMHO MEPIEHINKYIISIPHBIX 3€pKal. YTOJ MaJCHUS

6. Hag nenTpoM kpyrioro 6acceiiHa paguycom 5 M, 3aIMTOTO 10 KpaeB BOJIOM, BUCHUT JIaMIIa

7. Beicota Connana Haa ropu3oHToM 38°. ITox KakuM yriioM K TOPU30HTY Ha/10 PACIOJIOKHUTh

8. ConHeuHbli Ty4, IPOXOAS[IIUNA Yepe3 OTBEPCTHE B CTABHE, COCTABIIAET C IOBEPXHOCTHIO CTOJIA

9. Heb6ob1110# peMeT pacnoaokeH MEXKIY ABYMsI INIOCKUMU 3epKaaMy, 00pa3yloIuMy yro

10. Ha kakoii BBICOTE€ HAaXOUTCS a9pPOCTaT, €CIH ¢ OamHu BbIcoToM 20 M OH BHJIEH MO yriioMm 45°

11. KaxoBa gomkHa ObITh MUHUMAJIbHASI BBICOTA BEPTUKAILHOTO 3€pKaia, B KOTOPOM UYE€IOBEK

12. [IpeameT noMeneH Mexay AByMsl B3aUMHO NEPHEHANKYIIPHbIMU 3epKasiaMu. CKOJIbKO
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13. Tlox kakuM yraoM K MOBEPXHOCTH CTOJIA HAJIO PACTIONOKHUTH TUIOCKOE 3EPKAII0, YTOOBI
MOJIyYUTh

14. Yenosek, crosmuii Ha Oepery o3epa, BUANT Ha INIAAKONW OBEPXHOCTH BOJBI H300paKeHHE
COJIHLIA

15. Ceersmasicst TOUKa MPUOIHIKASTCS K TUIOCKOMY 3€pKaly co CKOpocThio 4 m/c. C Kakoii
CKOPOCTBIO

16. [IpeameT HaAXOAUTCS OT IJIOCKOTO 3epKaiia Ha pacctossuuu 30 cm. Ha kakoM paccTostHUN

17. ToueyHbIil ICTOYHUK CBETA OCBEIIAeT TOHKUM auck auameTpom 0,2 m. [Ipu sToM Ha sKkpaHe

18. ['opu30oHTaIBHBIN JTy4 MaJaeT Ha TIOCKOE BEPTUKAIBHO PacloiokeHHoe 3epkaio. Ha kakoi

19. BepTukajibHO CcTOSIIHI 1mIecT BeicoTOM 1,1 M, ocBemmeHHbIi ColtHIleM, 0TOpachIBaeT

20. Ha ropu30oHTalIbHOM CTOJIE 110 NPAMOM JABMKETCS apuK. 1107 KakuM yrioM K IJI0CKOCTH CTOJIa

21. ITmockoe 3epkano AB ABHKETCS TOCTYIATEIBLHO CO CKOPOCThIO VI=2 M/C, a Touka S ABUKETCS

22. CpeTsmascs Touka paBHOMEPHO ABUKETCS MO MpAMOM, oOpazyromeit yroi 30° ¢ miIoCKOCThIO.

KoHTpoJibHBbIE BOPOCHI
1. CdopmynupyiiTe 3aKOHBI FEOMETPUUECKOM ONTUKU. Y KaXKUTE IPAHULIBI IPUMEHUMOCTH 3TUX
3aKOHOB.
2. aiite onpeneneHne abCOMOTHOTO U OTHOCUTEIHLHOTO TIOKA3aTes MPEJIOMIICHUS B TOKAKUTE CBS3b
MEXy HUMH.
3. KaxoB pusnyeckuii cMBICI MTOKa3aTeNs MPEITOMIICHHS ¢ TOYKH 3pPEHHSI BOJIHOBOW TEOPHHU CBETA?
VYcTaHOBHTE CBA3b MEXKIY IIOKA3aTeNIeM IIPEIOMIICHUS U JJIMHOW BOJIHBI B BAKyyME U CpEJ€.
4. VYxKaxuTe OCHOBHbIE IPUYMHBI IOIPEUTHOCTEN U3MEPEHUN

dopma npeacraBjIeHus pe3yabTara:

BbinonHuTh 3ajaHue B TETPAAM JUIsl IPAKTUYECKUX padoT.

Tema 7.1 KopnycKyJIsipHO-BOJTHOBOM 1YyaIU3M.

IIpakTnyeckoe 3ansaTue Nel3
Pemenne 3aga4 no teme «3akonsl porodpdexra. YpaBHeHne JifHIITEHHA»

Henab: U3yunuts 3akonsl CroseroBa s poroaddexra. Hayunrbest pemars 3aaud Ha ypaBHEHUE
DOWHIITEWHA.

Boinosinenue padorbl cnocoocTByeT ¢opmupoBanuw: [1P62 OVIL.06, I1P69 OVII.06,
I1P67_OVIIL.06, ITP61_OVII.06

MarepuanbHoe oOecnedyeHue: TeTpajab I MPaKTUYECKHMX paboT, pydyka, METOAUYECKHE
PEKOMEHIALlMH 110 BBIIOJIHEHUIO Pa0OTHI, JIMHEHKa, KapaH/arll.

Ykazanme: [IpakTHueckoe 3aHATHE COCTOUT M3 ABYX 4acCTEW — TEOPETUYECKOW M IMPAKTUYECKOM.
[Tocne n3yueHHs] TEOPETUYECKOTO MaTeprana MOXHO MPUCTYNATh K BBHIOJHEHUIO MPAKTUUYECKOM 4acTH.
Omna cocTouT U3 AByX M OoJiee 3a/1a4 JJIsl CAMOCTOSITEIbHOTO BBITIOJHEHUs. He 3a0bIBaiiTe 0 MpaBMIIEHOM
oopmienun perieHus. Ha BbimosHeHNe MpakTUYECKOW OTBOAMTCS JIBa akageMuuyeckux vaca. [lopsmox
BBITIOJTHEHUS paOOTHI

ITopsinok BbINoJIHEHUs padoOTHI:

1. PaccMoTpuTe TEOpeTHYECKHi MaTepuall 1O TeMe U TPUMEphl pemieHHs 3agad  (CMOTpH
METOAMYECKOE TIOCOOHE).
2. Pemmre camocrosTensHyI0 padoty. OdopmuTe pereHrne MICEMEHHO B TETPaIH.

1. Teopus.
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Buemnuii GorodppexT u ero 3aKoHbI
B pa3BuTtHn mpencTaBieHU O MPUPOJE CBETAa BaKHBIN HIar ObUI CHeNIaH MPU M3YYEHHH OIHOTO
3aMeYaTeNIbHOTO SBJICHUS, OTKpHITOro . ['epriemM U TIIATENBHO MCCIETOBAHHOTO BBIIAIOIIMMCS PYCCKUM
yueHbIM A.I". CtoneToBbIM. SIBeHNE MOTY4nII0 Ha3BaHKHE (HOTOUIEKTpUIecKoro 3¢ddexra.
dotoanekTprueckuii ekt ObIBacT BHEIIHUM (Ha MTOBEPXHOCTH METAJUIOB) U BHYTPEHHUM
(BHYTpH TTOTYITPOBOTHUKOB).

Buewnuti ¢pomosghghexm — BBIpBIBaHUE SIEKTPOHOB C IMOBEPXHOCTH BEIIECTBA MOJ JACHCTBHEM
AIIEKTPOMArHUTHOTO u3mydeHus (puc. 1).

Puc. 1. fIBnenue pororddexra

3akonbl gporodrddexra
1. Cuna toka HaceimieHus — |, TIpAMO MpOMOpIMOHATbHA MAJAIOIIEeMy Ha 3JEKTPOJ CBETOBOMY
U3IIYYCHHUIO.
2. MakcumanbHasi KHHETHYeCKash SHEPrus (POTOAIEKTPOHOB JTUHEHHO BO3pACTaeT ¢ YaCTOTOW CBETa
Y HE 3aBUCHUT OT MOIIIHOCTU CBETOBOI'O U3TyUECHHUSI.
3. Kpacnas rpanuna ¢ororddexra omnpenensercs TOIbKO MaTEPHUAIOM 3JIEKTPOJA U COCTOSHHEM
€ro MOBEPXHOCTH.
Ecnu yacToTta cBeTa MEHbIIE HEKOTOPOM OINpEeNeIeHHON JJIsi JAaHHOI'O BEIIeCTBA MUHUMAJIbHOU
YaCTOTBI Vmin — HauMMeHblaa 4actota DMB, BbisbiBatoweit ¢poToapdeKkt, To PoToapdeKT He
HacTynaer.
3akoHbl (oTodddexTa Henb3s OOBICHUTH HAa OCHOBE BOJIHOBOM Teopuu cBera. OObsICHEHHE
dotorddekra Obo maHo ODMHIITENHHOM, pazBuBmUM B 1905 1. mgen [lnanka o mpephIBUCTOM
WCITyCKaHHUH CBETA.
Hewmenkuii ¢uszuk M. [lnmank — ocHOBaTenb KBaHTOBOW TEOPHUM TMPEANONOXKUI, YTO AaTOMBI
HCITYCKAIOT PHEPTHUIO OTACIbHBIMU MOPIHUSIMHU — KBAHTAMH.
v A mv®  — ypaBHeHHe DUHIITEeNHHA 1151 poTodpdexTa.

Tl 2

h=6,63-10"* JIx-c;me=9,1-10 xr; C=3-10% m/c
CJ'IG,[[OBaT CJIbHO, pa60Ta BbIXO4a — Ag 3aBUCUT TOJIBKO OT pOJa BCUICCTBA, MO3TOMY JISI PA3HBIX
BCIIICCTB pa3jindHa.
HpI/I HUCITYCKaHHUU CBCT BCACT 06651 HOI[O6HO IOTOKY HaCTHUII C BHCpPHCﬁ.
CaoiicTBa cBeTa, 0OHAPY’KMBAaEMbIE MTPU U3ITYYSHUH U MOTJIOUIEHUH Ha3bIBAIOT KOPIYCKYJISPHBIMH.
CBCTOBaH qaCTHULa HA3bIBACTCA d)OmOH NI 6’667’1’106012 KedHm.
®oTOH 00J1a/1a€T OPIIUEH SHEPTHH:

o R .

rae v —yacrora [['1];
h — mocrosinnas [1nanka, 6,63-10'34 [[Ix-c].
Macca ¢goroHa onpeaensieTcs:
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IJle ¢ — CKOPOCTb CBETa
@DOoTOH HE UMEET MACCHI TTOKO4, T.€. HE CYIIECTBYET B COCTOSIHUU TTOKOS.
WNmnynbe poToHa onpeaessieTcs:

kv h
Y= =—=—
F P A

rie [ — JUTMHA BOJIHBI U3JIyYEHUS [M].
Hanpasnen ummnysbsc poToHA 110 CBETOBOMY Jy4Uy.

Ilpumepuot pewienus 3a0au
15B = 1,6-10Tx.

1. Ompenenute KpacHyr rpaHuily @orodddexra y XJIOPUCTOro HaTpus, paboTa BbIXOHa
3JIEKTPOHOB KOTOpOro paBHa 4,2 5B.

JaHno: cnu Pemenue:
A,=4.2 0B 4,2:1,6:10™° Jix
¢ =3-10%w/c

h=6,62-10>* x-c
[
Kp- — ¢
OrTBer: l =295 M.

2. OmnpezpenuTe MaKCHUMaJIbHYI0 CKOPOCTh BBIJIETa OJJIEKTPOHOB M3 Kanusa, pabdoTa BBIXOJA
3JIEKTPOHOB U3 KOTOPOro paBHa 2,26 3B, npu ocBeleHnH ero yibTpadroieTOBbIM U3TyYeHUEM C JUTMHOM
BosiHbI 200 HM. Macca aiiekTpoHa 9,1-10% kr.

Hano:

/=200 1w cH
A4,=2.265B 200-107

M. =91-10% kr 2,26-1,6-10™° I
c=3-10%w/c

h=6,62-10>* k-c

v—"?

[2(3.10* 662100 2107226 L6- 107" [{19.86-7.232)- 107" oM
, - . LLg-10
\ 2-107-9,1-10 ¥ 9,1-10 ¢

Otser: v = 1,18-10° m/c.
53



4. Ormpenenure MaKCUMAaJbHYI0 KHHETHYECKYIO OJHEPIUi0 (POTOANIEKTpOHA Kajdusl TPH €ro
OCBEIICHUH JydyaMH ¢ ATuHON BoaHbI 400 HM, eciii paboTa BbIX0/1a 3JICKTPOHA Kanus paBHa 2,26 3B.

Hano: CHu
/= 400 um 400-10°y
¢ =310%w/c 2,26-1,6-10"° I

h=6,62-10> k-c

Agux = 2,26 5B
E.—?
10" 662107 135-107"
g, =20 0020 0616107 =(4965-3616)10" =135.10"  E, = =543 aB.
410 | 16-10

OtBeT: £, = 0,843 »B.

300" -6,62-107 . L35-107™"
g2 310 06200 561610 =(4965-3616)-10" =135.10"  F, -l
: 4.10 - 1610

Ortser: E, = 0,843 5B.

—NE43 aB.

CamocrosiTesibHas padora
1. Beruucnure suepruto poToHa BUIUMOTO CBETa C JJIMHOW BOJIHBI 0,4 MKM.

2. Beruucnure paboTy BBIXO/A AJIEKTPOHA M3 TaHTalla, €ClIid KpacHas rpanuia ¢otodddexra /Kp =0,3
MKM.

3. Haiinure MakcHMaiabHYI0O KHHETHUECKYIO JHEpPIrHi0 (DOTOIIEKTPOHOB, BBIPBAHHBIX C KaToja, €CIU
3anuparoliee HanpsikeHue pasHo 1,5 B

4. Onpenenute Maccy (pOoToOHA BUTUMOTO CBETa ¢ JIIMHON BOTHBI 500 HM.

5. KakoBa HamMmeHbIllasi 4acToTa CBETa, NMPU KOTOpOH emie HaOmomaetcs ¢orodddexr, ecnu padbota
-1
BBIXOJIA JJIEKTPOHa paBHa 3,3-10™° Ix?

6. OmnpenenuTe MaKCHUMaJbHYI0 CKOPOCTh BBIJIETa 3JEKTPOHOB W3 NMHKA. Pabora BbIXona
AJIEKTPOHOB paBHa 4,2 3B mpu ocBeleHnn ero yiabTpaduoNIeTOBbIM U3JIydeHUuEeM C JUTMHON BosiHbI 200
HM.

®opma npeacraBiaeHus pe3yJbTara:
BeInmonHuTe 3a1aHue B TETpaau AJs MPaKTHUECKUX padorT.

Tema 7.2 CTpoenue aroma

IIpakTuyeckoe 3ansaTue NelS
«3anuch siaepHbIX peakuuii. CTpoeHHe aTOMOB 1 aTOMHBIX siiep. 3aKOH PaJin0OAKTHBHOIO
pacnajaa».
Henpb: 3akpenuTh yMEHMsI M HABBIKM BBIYHMCICHHUS JHEPTUHU CBA3M SA7Apa, a TAaKXKE MPABUIBLHOTO
HaIMCaHUs SIEPHOI peakiy ¢ MCIOJIb30BAaHUEM 3aKOHOB COXPAHEHHsI MAaCCOBOI'O M 3apsiIOBOrO YHCEIN
(3CM3Y) u BbIYMCIIEHUS YDHEPTETUUECKOTO BBIX0/IA SIACPHON PEAKIUU.
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BoinosiHenue padorbl  cmocodcTByeT ¢opmupoBanmio:  I[1P62 OVIL.06, I1P69 OVIIL.O6,
[1P67 OVIIL.06, ITP61 OVII.06

MarepunanbHoe obecrnieyeHue:

TeTpajlb Ul MPAKTUYECKUX paboT, pyuka, METOAHMYECKUE PEKOMEH 1AM MO BBIOJIHEHUIO PabOTHI,
JIMHEMKA, KapaHanl.

Yka3zanue: [IpakTuueckoe 3aHSITHE COCTOUT U3 JIBYX 4YacTEHd — TEOPETHUYECKOW U MPAKTUYECKOM.
[Tocne u3yueHus] TEOPETUYECKOTO MaTepHuaza MOXKHO HMPUCTYNATh K BBITOJHEHUIO MPAKTUYECKON YacTu.
Omna coctouT U3 ABYX U OoJiee 3a/1a4 JJisi CaMOCTOSATEIbHOIO BhINOIHEHUs. He 3a0biBaiiTe 0 npaBuiIbHOM
oopmienun pemnrenusi. Ha BeIoTHEHNE TPAKTUYECKO OTBOJUTCA JBa aKaJeMUYECKHX Yaca.

ITopsinok BbINOJIHEHHUSI PadOTHI:

1. PaccMmoTpuTe TeOpeTHYECKH MaTepuall MO TeMe€ U TpUMEphl peleHHus 3agad  (CMOTpH
METOAMYECKOE ITOCOOHeE).
2. Pemmre camocrosTensHyto padoty. Odopmure perieHne MiCbMEHHO B TETPALIH.

1. Teopus
OHeprust CBA3M sjpa paBHAa TOH SHEPruM, KOTOPOW BBIJENSAETCS NpU OOpa3oBaHUM sapa U3
OTAENBHBIX YaCTHUI]
¥

E=mc"

9Hepr1/151 CBA3U — OTO SHEPIrusd, KOTOpasd HGO6XOI[I/IMa U paCICIVICHUA sAApa Ha COCTAaBJIAIOIIHNC

1

ero yactuilel. EcB = (Zmp +Nmn - MSI)*C
SInepHBIMH pEaKIMsIMH HA3bIBAIOT HM3MCHEHUS AaTOMHBIX SJEp NpPHU B3aMMOJCHCTBHH HX C
3JIEMEHTaMH YaCTUI[AMU I JPYT C IPYTOM.

& SR B 4
Li,+H ="He,+ He,
DHepreTU4ecKM BBIXOJIOM SAEPHON peakliny Ha3bIBA€TCsl Pa3HOCTh SHEPTUI MOKOS si/ipa ¥ YacCTHI]
A0 pCaKIU U MOCJIC pCaKINU.

DOHepreTu4ecKuil BBIXOJ SIEPHON PEaKIMM MOKHO ONpPENeNuTh: 1) Mo JedeKTy Macchl SAepHOM
peakiuy; 2) o pa3HOCTH CYMMapHOM SHEPIHH CBA3U 00PA3YIOIIMXCS U UCXOHBIX sIIED.

2. IlpumepslI pemeHus 3agaq
1. Onpeodenume snepeemuueckuii 8bix00 A0EPHOU peaKyuti

“N,+*He,=""O,+'H,

1 cnoco6

1) onpedenumov maccy saopa u uacmuy ml 0o peaxkyutl
2) onpedenums maccy a0pa u yacmuy m2 nocjie peakyuil
3) onpedenums usmenenue maccol m ml m?2

p E=m*c’

') paccuumams usMeHeHue HePUl.:
M, =14,00307 5 e.m+4,00260 a.e. m.==18,00567 a.e.m.
[locne peakuun:

M, =16,99913 a.e.m.+1,00783 a.e.m.=18,00696 a.e.m.

m="1"""2=_0,00129 a. ¢. m.
DHeprus noryiouaercs, T.k. m < 0
E=(-0,00129)*931 M»sB.=-1,2 MaB.

1. Onpenenuin neHy AeaeHus MKaJlbl JTHHAMOMETpa.
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2 croco0

Mano: Pewenue:
= 104,653
E,=104653 MsB Hepris CBA3M PaBHA HYMIO, IOITOMY
=282 = — T
Eke -8,_937 AljB E E: ( E.\ E.h‘t
£, =131,754 M3B E= 131,754 MaB —(104,653+28 2937)M3B=-1,2M3B
E-? Omeem: 12 M3B
CamocTrosiTesbHasi padora
Bapuanr 1

rapnas:
16

1. Onpegenure 3HEPruio CBA3M HYKIOHOB B A1pe w30T0Na

2 OHPCJCJHTC JHCPIrHK) CBA3H A7DA H VACABHYK) 3HCPIHIO CBA3ZH 1714 ITHTHAC

235

3. Cko/bKO MPOTOHOB H HEHTPOHOB COACPIKHT AP0 H30TOmA -

. OnpeneanTte 3HEPrHIO CBA3HM HYKJIOHOB B AP TPHTHS 'H( 7=1,00728 aem., "

100866 ae.m., m, = 3,01605 aem.).

-

Bapuanr 2
BAPHAHT £
12
L. Onpe;lc.nrrb FHEPIrHi0 CBA3H HYKIOHOB B #/1p€ H30TONA Yriaepoaa: §

“AlL
2. OnpeaenuTh IHEPIHIO CBA3H AAPA H YACHLHYIO SHEPIHIO CBA3H 14 AMOMHEHA
3. Cro/bKO MPOTOHOB H HEHTPOHOB COZEPAKNT AAPO H30TONA ! Na,
4 Kax ” ) Lit' H->2% m, =701601
4. Kaxas Jnepris BhIICNACTCH NpPH AAepHOIl peakumm 37 ! (e aem.

= 7 =4 2 :
m,, =1,00728 aem. M 4,00260 aem)

CDopMa NpeacraBjJacHusd pedyjabTara:
BrinmonsuTe 3amaHue B TETpaau U IMTPAKTHICCKUX pa60T.

Tema 8.1 DileMeHTBI ACTPOHOMMH U ACTPO(PHU3NKH.

IIpakTnyeckoe 3ansaTue Nel6
PaboTta ¢ moaBMKHOM KapTOii 3Be3JHOr0 HedAa.

Heab: cucreMaTu3upoBarh U yriiyOUTh 3HAHUS 110 TEME, OTPabOTaTh MOMEHTHI BOCX0/1a U 3aX0/1a,
BEPXHEH U HIDKHEH KyJIIbMUHAIMKA CBETHJI 1O MOABHKHON KapTe 3Be31HOro Heba

Bouinoinenue  padorsl  cmoco6crByerT  (popmmpoBanmio:  [1P62 OVIL.06, TIP69 OVII.06,
I1P67_OVIIL.06, ITP61_OVII.06

MarepuanbHoe o0ecniedeHue: TeTpajab I MPaKTUYECKUX paboT, pydyka, METOAMYECKHE
PEKOMEHIALlH 110 BHIIOJIHEHUIO Pa0OTHI, JIMHEHKa, KapaH Jarll.

Yxkazanme: [IpakTrueckoe 3aHITHE COCTOUT M3 ABYX 4acCTEW — TEOPETUYECKOW M IMPAKTUYECKOM.
[Tocne u3yueHs] TEOPETUYECKOTO MaTeprana MOXKHO MPUCTYNATh K BBHIMOJHEHHUIO MPAKTUYECKON YaCTH.
Omna coctouT U3 ABYX U OoJiee 3a/1a4 JJisi CaMOCTOSATENbHOIO BhINOJIHEHUs. He 3a0biBaiiTe 0 npaBuibHOM
oopmienun perienus. Ha BbinmosHeHNe MpakTUYECKONH OTBOJAMTCS JIBa akajeMudeckux uaca. [lopsmaok
BBITIOJTHEHUS paOOTHI

3aoanue:
1. nmopaboTaTh C KapTOH 3BE€3/THOTO HeOa;
2. onpe):[eJme I‘OpI/ISOHTaJIBHLIe KOOpI[I/IHaTbI;
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3. onpe;[eJme MOMCHTHI 3aXx0Ja U BOCXO0Ja COJIHIIA,
4, OTpeIeTUTh OOBEKTHI 1O 3aJaHHBIM KOOPAMHATAM.

OO6opynoBaHue: IOJIBIKHAS KapTa 3BE3HOTO Heba

1.0npenenuTh 3KBaTOPUAJIbHBIE KOOPIUHATHI:

3Be3na CkioHenue IIpsamoe BocxosxkIeHne

Aunrouns(B Ilepcest)

KacTop(o binzuenos)

Anbrebapan(a Tenblia)

Murnap(& b.Menseauiisi)

Anpranp(a Opra)
2.0mnpenenuTh TOPU30HTANIbHBIE KOOpAUHATHI HA 21.00 B 1eHb BBIMOIHEHHS IPAKTUYECKON PabOThI:

3Be3na A3umyT Bricora

IMosutykce (B binsHenon)

Amntapec(o. CKoprroHa)

IMonsapHuas(a

M.MenaBenuIin)

Apxtyp(o Bononaca)

Ipormon(o M.I1ca)
3.0npenenuTh MOMEHTBI BOCX0/1a U 3aX0/1a, BEpXHEN U HIKHEH KyJIbMUHAIIUN B JIEHb BBITIOJHEHUS
MPaKTUYECKON padOoThI:

3Be3na Bocxon 3axon B.xynpMuHamms H.xynbmunanus

Bemmsarpuke(y
Opuona)

Peryn(o JIbBa)
Bberenpreiize(a
Opuona)
Purens(B
OpuoHa)

Bera(a JIupsr)

4.0HpCILCJ'II/ITL OOBEKTHI IO 3aJaHHbIM KOOpJAUHATaAM

BEpXHE
Koopaunatet OOBeKT Bricora 51
KyJIbMHUHAIIAH

209 41 mun., + 45
54 17 muH., +46
6445 mun., - 17
13 4 25 mMuH., - 11
22 4y 58 muH., - 30
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5.Kakue co3pe3aus Bocxomar B 22.35 B IeHb MPOBECHUS MPAKTHIECKOW paboThI? 3ax0oaiT?
KyneMunupyrot?
dopMma npeaocTaBIeHus pe3yabTaTa
BrimonmHeHHBIC 3aJaHUs B TETPAIN JUIS IPAKTUIECKUX PadboT.

Kpurepun oneHku:
Oyenxa «omauyHo» Gvicmasisemcs: TPABHIBHO BBIIOJHEHB BCE 3aJlaHUs B COOTBETCTBUHM C
TpeOOBaHUSMH, TPABWIBHO BBIMOJHEHBI JOTIOJHUTEIBHBIC 3aJlaHUsI, CBOCBPEMEHHO IPEIOCTABICH
OTYET O BBHITIOJTHCHUH PAOOTHI.
Oyenka «xopowioy evicmaegisemcs: TPABUIBHO BBIMOJHEHBI BCE 3aJaHUs B OCHOBHOM 4YacTH,
JIOTIOTHUTEIIFHBIC 3a/IaHUS BBIMIOJIHCHBI HE B TOJHOM OOBEME, MPEJOCTABICH OTYET O BBITIOJHECHUU
paboThl, JIMOO B CiIydyae HECBOCBPEMEHHOTO MPEIOCTABICHHS OTUETa WJIN C HATMYUEM HECYIIECTBEHHBIX
OIIMOOK B BEIITOJIHEHUHN 3aaHHUA.
Oyenka «y0061emeopumenbHoy 8blCMAG/siemcs: BHITIONTHEHBI He Bce, HO Oomee 50% 3amaHuii paboThI,
JIOTIOTHATEIIFHBIC 3aJaHHUST HE BBITIOJHEHBI, HECBOSBPEMECHHO IPEAOCTABICH OTYET O BBITIOJHECHUU
paboTHI.
Oyenka «Hey0081emBoOpUmMenbHoy 6vicmasisiemcs: BbIoHeHO MeHee 50% padoThl, HE BBITIOJHEHBI
JIOTIOJIHUTEIBHBIC 3aaHus, OTYET O BBIITOJTHEHUHU paOOThI HE MTPEOCTABIICH.

Tema 2.1 Kunematuka. Kunemaruka TBépaoro reJa

Tema 2.1. Kunematuka

JlaGopaTopHoe 3ausitue Nel
«OmnpenesieHHe NJIOTHOCTH TeJI pa3IMYHON (POPMBbI

He.]'lb: SKCHCPUMCHTAJIBHO OIMMPCACIIUTD IIJIOTHOCTH X XUAKOCTH U TBEPAOTO TECJIA,

*  ONpEACNUThH IEHY AENCHHUs U3MEPUTENbHBIX MPUOOPOB, U3MEPUTHh T€OMETPUUYECKHE pa3Mephl Tell,
OMnmpeaciinTb HUX MacCCy, pacCHUTATb O6”I>€M, pe3yjbTaT CpPaBHUTL C TAaOJUYHBIMU 3HAYEHUSIMHA U
YCTQHOBUTH MOTPEIIHOCTh SKCIIEPUMEHTA

BbinoiHenue padorbl  cnocodcTByeT ¢opmupoBanmio:  [IP62 OVIL.06, TIIPGY9 OVII.06,

TIP66_OVYIL06, [IP610_OYIL06, [IP65_OVIL06, [IP63 OVIL06, [TIP68 OVYIL06, ITP61 OYIL06

MarepuanbHoe obecrneyeHue:
BEChl C pa3HOBECaMH; JIMHEHKa MacmTaOHas; WITAHTCHIIMPKYJb, MEH3YpKa; BEIIECTBO, IUIOTHOCTH
KOTOPOTO HYKHO OTIPEAETUTh
3aganue:
1. O3HaKOMBTECH C TEOPETUYECKUM MATEPUATIOM TI0 TEME.
2. Onpenenute Maccy U 00bEM HCCIIETyeMOTO BEIIECTRA.
3. BeruuciuTe mI0THOCTD BEIIECTRA.
4. CocTaBbTe OTUET 10 JIA0OPATOPHOU padoTe.
Ilopsinok BbINOJTHEHHS PA0OTHI:
O3HAaKOMBTECh C TEOPETUICCKUM MATEPUAIIOM TI0 JaHHOU TeMe.
Omnpenenure MWIOTHOCTH TBEPIOTO TETA..
BerurciuTe aOCOMOTHYIO M OTHOCHTEIBHYIO ITOTPEITHOCTH H3MEPEHUH.
Jlannblie 3aHecuTe B Tadmuiry Nel
Onpenenure 1eHy JACIICHUS MEH3YPKH.
Omnpenenurte MIOTHOCTH BOABI HEOOXOIMMO.
BerarciuTe aOCOMOTHYIO M OTHOCHTEIBHYIO MTOTPEITHOCTH U3MEPEHUH
Pe3ynbrarel onbita 3aHecutTe B TaOIHITyNe2.
OTBeThTE Ha KOHTPOJIBHBIE BOIPOCHI:
KoHTpoabHEIE BOIIPOCHI

NG RWNDEE
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e I3 51ByX pa3HBIX METaUIOB W3TOTOBJIEHBI OJAMHAKOBBIE MO pa3MepaM KyOuku. BiapemmBanue
MOKa3ajio, YTO Macca OJJHOTo KyOrka OoJibliie Macchl Apyroro B 2 paza. OMHAKOBA JIU IUNIOTHOCTh
Metauia? Eciu HeT, TO BO CKOJIBKO pa3 OTJIMYAIOTCS INIOTHOCTH?

e Tpu geranu — MelHas, JKele3Has U aTIOMUHHEBas — UMEIOT OJMHaKoBble 00bEMBI. Kakas netanb
MMeeT HAMMEHBINYI0 Maccy, Kakasi Hanboupiryro? [IycToT B AeTansx HeT.

e Kycok meraia oobsemom 150 cM® umeer Maccy 750 r. Onpenenure MIOTHOCTh MaTepuaa.

e Ha yamku ypaBHOBEIIEHHBIX BECOB MOCTABIEHBI OJJMHAKOBBIC CTakaHbl. [locie Toro, kKak B OJUH
CTaKaH HaJWJIA MOJIOKO, a B IpYroi — MOJCOTHEYHOE MAacjo, paBHOBECHE BECOB HE HAPYIIUIOCH.
O0BEM Kakoi U3 )KuaKoCTel 0obIIe?

9. 3amonHUTE OTYET IO JIAOOPATOPHOU PabOTE COTIIACHO TPEOOBAHUSIM.

Yacrn 1. HJ’ISI onpeaAcICHU INIOTHOCTHU TBEPAOTO TECJIa BEIYUCIIUTE €0 00BeM.

1. OOBem mpsIMOYroJIbHOTO MapauIeenuIiea BEBIYUCIUTE 110 GpopmyIe:
V=abh,

rJie a — JyInHa, M; b — mupuHa, M; h — BeIcoTa, M.

2.  OO0BeM muIuHAPA BRIYUCIHTE TI0 hopmyie: 4
h — BeicoTa 1IMIIMHApA, M; d — €ro AUaMeTp, M.

3. Ecnu TBepmoe Teno uMeeT HeNpaBWIbHYIO (OpMY, TO €ro 00bEM OIpPENENUTE C HOMOIIBIO
MEH3YPKH, B KOTOPYIO OH MOKET OBITh TIOTPY>KEH.

4. YpaBHOBECHTE BEChl UCIOJb3Ysl MPaBUIa B3BEIINBAHUSI.
5. Omnpeznenute mMaccy Tena.
6. Ilo ¢hopmyne p=m/v BBIUUCIUTE MJIOTHOCTh TBEPAOIO TEIA.
7. PesynbraTel u3MepeHwuii 3anecute B Tabimiy Nel u cienaiite BEIYUCIICHUS.
8. Yactb Ne2. Jlnst onpeaeneHust IIIOTHOCTH BOAbI HEOOXOAMMO:
1. HaiiTu Maccy Tapbl, B KOTOPYIO HY>KHO IIOMECTUTh BOAY U OIpPENEIUTh Maccy BOJbl 0€3
Tapsbl.
2. Ompepnenute MeHY JEICHUS MECH3YPKH U HaiIuTe 00BEM B3BEIICHHOW KHUIKOCTH (BOJIBI).
3. PesynbraTsl onbiTa 3aHecuTe B TaOaUIy No2.
Tabnuma Nel. Pe3ynbTaTsl H3MEepeHUH.
Ne Bewec | wmpn | gmuHa | BICOT | 005€M, | Macca | IUIOTHOCTH pTab| Ap o
TBO V np(Kr/m
" ,bm) | a, M;) , prp(kr/m3)
a(m) h(wm) m(Kkr)
Tabnuia Ne2. Pe3ynbTaTsl BEIYHCIICHUM.
No [ Bemecrso | macca Tapsl , Macca 00bEM, IJIOTHOCTh pTab o
m1(xr) xuakocr | V(M3) pup(xr/
" M3)

b
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m2(Kr)

dopma npeacTaBieHns pe3yJabTara:
Pabota nomkHa OBITH BRIIIOJIHEHA B TETPAIH AJIs JIaDOpaTOPHBIX padoT.

Tema 3.3 ArperaTHLIe cocTOosiHHA BelecTBa. @a3oBble nmepexoabl

JlabopaTopHoe 3ansiTue Ne 2
«OmnpenesieHne yaeJbHON TENJI0eMKOCTH BeleCTBA»

OnpenesieHne yeabHON TENJI0EeMKOCTH PA3JIHYHBIX BelleCTB

Ilesb: ONBITHBIM IyTEM OIPEACIUTh BEIMUUHY YAEIbHOM TEIUIOEMKOCTH BELIECTBA U BBIACHUTH
(bu3nvYecKnil CMBICIT ypaBHEHHUS TETJIOBOTO OayaHca.
BoinosiHenue padorbl cnocodcTByer ¢GopmupoBanuio: [1P62 OVIL.06, I1P69 OVII.06,
[1P66_OVII.06, [TP610_OVII.06, ITP65_OVII.06, ITP63_OVII.06, ITP68_OVII.06, ITP61_OVIIL.06
MatepuaibHoe ofecrieyeHHe: BEChl ONITHUECKUE Ha IITAaTUBE; pa3HOBEC; HCCIIEyEMOE BEILECTBO;
KaJIOPHMETP; TEPMOMET; AIEKTPOIUIUTKA; COCY]l C BOAOM;
3amanne
1. 3anucarp B TeTpaap Ha3BaHUE PAOOTHI, IIeTh pabOTHI, MPHOOPHI U IPHUHAICKHOCTH.
2. HaueptuTh TabIuIy AJs 3aIKMCH PE3YJIbTATOB U3MEPEHUI U BEIYUCIICHUH.
3. BBIUMCJIEHHSI IPOBECTU COTIIACHO (POPMYyIIaMm:

Terutora, oTanHas rOpstauM TEIOM: Q=M1 Ca (13- 0)
Temora, morydeHHass KaTOPUMETPOM: Q oxx =M2C2(0-12)
Temora, morydeHHast BOA0M: Qx5 =M3C3(0-t3)
VYpasaenue TernoBoro 6ananca: Qo= Qnox

mM1C1(t1- 6)= myCy(0-t2)+ M3C3(0-13)

m1C1(t1- 0)=( 6-t2)( M2C+ M3C3)

Taxk kak to=t3, (e-tz):(e-tg)
c1=(0-t2)(M2Catmscs)/ (M1 (t1-0)) dox/(xr- °K).
4. OnpenenuTs NOTPENTHOCTH

A=|Cra67-C1| - AOCOTFOTHAS TTOTPEITHOCTE;

d0=(A/c)-100%.
ITopsinok BbINoOJIHEHUs padoOTHI:
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Onpenenuts Maccy UCCIENYEMOrO TeNa my;

OmnycTuth uccienyeMoe Te10 B COCYJ, ¢ BOJOM U HArpeTh BOLY A0 KUIICHHUS;
Omnpeznenuts Maccy KaJllopuMeTpa my;

Hanute 10 0710BUHBI BOABI B KAJIOPUMETP U ONPEACIATH MACCY BOABI M3;
N3mepuTs Ha4albHYIO TEMIIEpaTypy KaJlopuMeTpa ¢ BOIoH tr=ts;

OnycTUTh Harperoe Teylo B KAJIOPUMETP € BOJIOW U U3MEPUTH TeMIepaTrypy cMecH 0;

No gk~ owbdpE

Pe3ynbrartel M3MepeHUN M BBIYUCIICHUN 3aHECHTE B TaOJMIy W chenaiiTe BeIBOJA. [1o OoxoHUaHWM
paboThI MPUHAIIICKHOCTH, TETPAIb U TaHHOE PYKOBOJACTBO CAATh MIPEMNOaBaTelto.
Tadauma Nel

1. macca TBepzOTO Tena, KT my
2. Temmeparypa Tena, °C t;

3. Macca KaIopHMeTpa, KT m,
4. Macca BOIBL. KT m;

5. TeumepaTypa BOIHI I KalopHMeTpa, | L=t

CC‘

6. Temmepatypa cmect, °C 8

7 VACIbHA% TEIIIOEMEKOCTE | G

xaTopaMerpa, [Lx/(xr-°K)

8 NIcIbHaA TCIIIOSMKOCTD BOIEL, | C3

Jx/(xr-°K)

9. VICIbHAaA TCILIOSMKOCTE TBEPIOIO | C;

1eaa, JIx/(xr-°K)

10. TabmrgEOe 3HaYeHHe VISIBHOIH | Cr

TeILT0EMKOCTH TBSpIOIO TeIa,
Jix/(xr-°K)
11. oTHOCHTeTBHAS NOTPENIHOCTE, %0 0

KoHTpoJibHbIE BONIPOCHI:
1. KakoBa pa3zHuIiia Mex/ay TEIIOEMKOCTBIO TeJla U yJIeIbHOM TeMI0eMKOCThI0?
2. B 4eMm cwmpbIcn ypaBHEHHs TEIUIOBOTO OanaHca W Kakoe OTHOIIEHHE OHO HMMEET K
3aKOHY COXpaHEHUS YPHEPIUH.

®opma npeacTaBiaeHus pe3yJabTara:
PaGota gomkHa ObITH BBINOJIHEHA B TETPAIu AJIs JIaDOpaTOPHBIX padoT.

Tema 4.2 ITocTOAHHBIH 3JIeKTPUYECKH I TOK

JladopaTopHoe 3ansitue Ne3
«OnpeneneHue yaeJabHOro CONPOTHBJICHUS MPOBOAHUKA»

OmnpenesieHue onpeaeaeHne yaeJbHOro CONPpOTUBJICHUS POBOIHUKA

He.]'lb: OnpeaACIICHUC YACIBbHOI'O COIMMPOTUBJICHUA MPOBOAHNKA SKCIICPUMCHTAJIbHBIM ITYTCM
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BoinosnHenue padorbl cmocodcTByer ¢opmupoBanuio: [1P62 OVIL.06, I1P69 OVIILO6,
I1P66_OVII.06, ITP610_OVII.06, ITPGS _OVII.06, ITP63 OVII.06, ITP68 OVII.06, ITP61 _OVII.06
MartepuaibHoe o0ecrieyeHHe: WCTOUYHUK TOKA, aMIIEpPMETP, BOJBTMETP, COCAMHUTEIIbHBIC
IIPOBOJIA, KJIIOY, INTAHIEHLUUPKYJb, JMHEHKA, KYCOK MPOBOJA, YAEIbHOE CONPOTHUBIEHHE KOTOPOIO
OTIPEJIeIIACTCS.
1. pa3mepsl IpPOBOJHMKA.
2. OnpenenuTs BETUUUHY yJIEIBHOTO CONPOTUBICHUS METAILIA.
ITopsinok BbINOJIHEHHSI PAa0OTHI:
1. CoOpartb Liemnb 10 cXeMe U IT0Ka3aTh AJis IPOBEPKU PYKOBOJIUTEINIO.

e

= L J} 2. 3aMKHYTb LIelIb U CHATh [TOKa3aHUsI aMIIepMeTpa U BOJIbTMETPA.
T T | 3. BbIuuciuTh CONpoTUBICHUE TPOBOIHUKA 110 (PopMyIe.
4. W3mepuTh AMHY ¥ BEIYUCIUTD TUIONIA/h TOTIEPEYHOTO CEUCHHUS

MIPOBOIHHKA 110 hopMYyIIe:
, Tae ¥- nuameTp NpoOBOJHHUKA.

. :'T'E!II_ T
& = ,rg_"r‘_
4 !

5. BwuUCIUTH yIENbHOE COMPOTHUBIICHUE 110 (OPMYIIE:

R-S

JU:T

6. JlanHble 3aHecTH B Tabnuny 1.

7. Boraucnuth abcomoTHYIO (A) M OTHOCUTENBHYIO (€) TOTPEIIHOCTUA U3MEPEHHH 10 opMyIiam:

A
A =|Ppsr — Promvy £ =——-100%
.PC}]'A R
8. Cnenath BBIBOJ 10 paboTe.
Tao6mumaNel
U.B 1. A R,On| [bwm | d.ou . A, O
. Sq. M F p.l?.';‘]-:‘:_.;_'f £.%
Om-
A

BEEeIECTBO

KoHTpoJibHBbIE BONIPOCHI
1. Ot xakux BeNIMYMH M Kak 3aBUCHUT COMNPOTUBJICHHE MPSIMOJMHEHHOr0 METaUInYeCKOro
MPOBOJHUKA?
2. JlBa MeAHBIX TPOBOJHMKA HMEIOT OAWHAKOBYIO JJIMHY, HO pa3M4YHYIO IUIONIA/b
MIONEPEYHOr0  cedeHus.: 1,6 mvm® u 0,8 v’ Kaxoii IIPOBOJHUK HMEET MEHBbIIEEe
COIPOTHBIIEHUE U BO CKOJIBKO pa3?
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3. CKOIbKO METpPOB HHUKEIMHOBOTO IPOBOJA IUIOMIAAbI0 mornepeyHoro ceueHus 0.1 MM

noTpeOyeTcsl Il W3TOTOBJICHHS peocTaTa ¢ MAaKCHMalbHBIM compoTuBieHueM 180 Owm?
-6
Vnensnoe conporusieHue HukeauHa 0,42 -10°Om M.

dopma npeacTaBJieHus pe3yabTaTa:
Pabota nomkHa OBITH BBITIOJHEHA B TETPaAM JIJIs Ta0OpaTOPHBIX padoT.

Tema 4.2 IlocTOSTHHBII 3JIeKTPHUYECKHI TOK

JlabGoparopHoe 3ansitue Ned
JKcnepuMeHTaIbHAasl MPOBEPKa 3aKOHOB NAPAJJIEJIbHOIO U MOCJIe10BATEJIbHOI0 COeTUHEHH S

NMPOBOJAHUKOB

Iesb: KM3y4uTh MOCIIENOBATELHOE U MAPAJUIEIbHOE COETMHEHUS TPOBOIHUKOB

BoinosiHenue padotrbl cnmocodcTByer (opmupoBanuio: [1P62 OVIL.06, I1P69 OVII.06,
I1P66_OVII.06, ITP610_OVII.06, ITP65 OVII.06, ITP63 OVII.06, ITP68 OVII.06, ITP61 _OVII.06

MaTtepuajbHoe obecneyeHue:

VICTOUYHUK 3JEKTPUYECKON 3HEPruu ¢ MOCTOSIHHBIM HarpsbkeHueM (He Bbime 25B); BombTMeETp
IIKOJIbHBIN; ~ aMIlepMeTp  IIKOJbHBIA, Ha0Op JEMOHCTPAIlMOHHBIX PE3UCTOPOB C  Pa3sHBIMHU
COIIPOTHUBIICHUSIMHU, KJIFOU, COEIMHUTEIbHBIE IPOBO/IA.

3aganue:

1. O3HakoOMbBTECH C TEOPETUYECKUM MATEPHATIOM:
Teopus
[TocnenoBarenbHOE COEIMHEHHE B 3JIEKTPOTEXHUKE —OJMH M3 OCHOBHBIX CHOCOOOB COEIMHEHMS
AJIEMEHTOB AJIeKTpuueckor nenu. [Ipu mociieqoBaTenbHOM COCMHEHNN BCE JIEMEHTHI CBS3aHBI IPYT C
JPYroM TakK, YTO BKJIFOYAIOLIUH UX y4acTOK LeNH He uMeeT (puc.l) Hu o1HOTO y3I1a.
. Ilpu mocnenoBaTeI-HOM COSTMHEHUH TPOBOJHUKOB CHJIa TOKAa BO BCEX MPOBOJHHMKAX OJMuHaKoBa. [Ipu
MOCJIeI0BATEIbHOM COEIMHEHUH IPOBOJHUKOB CHJIA TOKA B JIFOOBIX YAaCTAX LIEMH OJHA U Ta JKe:
I=5L =1
[TomrHOE HampspKeHWE B IEMM TPU TOCIEIOBATEIBHOM COCITUHEHHWH, WM HANpsDKEHHE Ha TOJTI0Ccax
MCTOYHHKA TOKA, PABHO CyMMe€ HalpsDKEHUH Ha OTAENbHBIX yUacTKaX LEeMu:

U=U, + Uy,

Puc.1.
Rl R2 Rn
— — Jresu _:_R:H1+R2+...+H“

2. CHAB NOKa3aHWs HANPSDKEHUH W CHJT TOKA Ha KaXKJIOM M3 YYaCTKOB IEIH, HEOOXOJIUMO CBEPUTH
COOTBETCTBYIOIIME W3MEPEHHBbIC W BBIYHCICHHBIC (DU3UYECKHE BEIUYUHBI, a MO pe3yibTaTaMm
TaKOW CBEPKH — CZeNIaTh BBIBOJ O IIPOJeIaHHOM paboTe

L. ITocneooseamenvhnoe coeounenue npoeoOHUKOS.
1. Cobparts niens mo cxeme (puc. 1):
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puc. 1
W3mepuTh HampshKEHUE, CUITY TOKA Ha TIEPBOM PE3UCTOPE.

W3MeHuTh CcXeMy YCTaHOBKM M W3MEPUTh HAINPsDKEHHWE Ha BTOpPOM pesuctope. Cxemy
HapHCOBATh B TETPA/Ib.

Berancnuts cymmy Hanpsoxenui Ul+U2 .

V3MEeHUTH CXeMy YCTAaHOBKH M M3MEPUTH 00IIee HAMPsHKeHHE Ha IBYX conpoTuBieHusx Ul2 .

[TpoBepuTh, BoIMOTHAETCS K paBeHcTBO: U12=U1+U2.
[TpoBepuTH CripaBeNIMBOCTH PABEHCTB

wmn

No ok

U R,
Ri>=Ri+R2u - =2
U, R

KOHTpOJIbeIe BOIIPOCHI:
1. Kakoe COCIUHCHHC COHpOTI/IBJ'IeHI/Iﬁ Ha3bIBACTCsA HOCJ'ICI[OB&TCJIBHBIM? LICMy PaBHBI
COITPOTUBJICHHUE, CHUJIa TOKA, HAITPAYKCHHUEC B LICIIU IIPU TAKOM COCIII/IHGHI/II/I?
2. HasoBure mIrocel u MHHYCBI ITI0CJICAOBATCIIBHOT'O COGI[I/IHCHI/Iﬁ HpOBO,Z[HI/IKOB?
3. HpI/IBeI[I/ITe IMPUMCPEI MMOCJICA0BATCIBHOIO COCAMHCHHA ITPOBOJHUKOB.

®opma npeacTaBiaeHus pe3yJibTaTa: )
PaGota qomkHa OBITH BHITIOJTHEHA B Tel%ﬁg‘ﬂfl_ﬂﬂ}l n1abopaTopHBIX paboT

Tema 4.2 ITocTOSIHHBII 3J1eKTPUYECKUH TOK

JlabGopaTopHoe 3ansiTue NeS
N3yuenne padorsl myasTumerpa. Onpenesenne 3/{C 1 BHyTpeHHEro COnpoTHBJICHNS HCTOYHUKA

JJIEKTPUYECKON IHEPrumn

Ilesb padoThI: ONMBITHBIM MYTEM HayuuThes onpeaensaTs I/1C, ncTouHNKa U €ro BHyTpEHHEe
CONPOTHUBIICHHE.

BoinosiHenue padorbl  crnocodcTByer ¢opmupoBanmio:  I[1P62 OVIL.06, I1P69 OVII.06,
ITP66_OVYII.06, ITP610 OVII.06, ITPG5 OVII.06, ITP63 OVIL.06, ITP68 OVIL.06, ITP61 OVII.06
MarepuaibHoe o0ecnedeHUe: HCTOYHHMK DJIEKTPUUECKOM HSHEPruu, aMIepMeTp, KoY, BOJBTMETP,

COCIMHUTCIIBHBIC ITPOBOAA, HOTpe6I/ITeJ'II) 3HeKTqueCKOﬁ OHCPTHUHU.

3aganue
1. Hcnonp3ys BosnbT™MeTp, onpenenuts J/1C nctounmnka Toka.
2. Omnpenennts BenmnunHy 3/1C 1 BHYTPEHHETO COIPOTUBIICHHUSI HCTOYHUKA TOKA, UCITONb3Ys

IOKa3aHus aMIICpMETpPa U BOJIbTMETPA.

IHopsiaok BhINOIHEHHS Pa0OTHI

1. Cobepure 5>IEKTPUYECKYIO LEMb IO CXeMe (Puc.1)

Puc. 1



N

Omnpenenurte 1EHY JIEIEHUS dIEKTPOU3MEPUTEIBHBIX TPUOOPOB.

3. HMsmepwte D/IC uctounuka Toka. J{s 3TOro onpeaenuTe moka3aHus BOJIbTMETPA MPU PA30MKHYTOM
KIIIOYE.

4.  N3meppTe BeNWYHHBI CUJIBI TOKA U HANPSHKEHUS HA BHEIIHEH U YacTu Uenu, 3aMblKas

kitou. PaccuuTaiite conpoTuBienue mo Gopmye: |

5. H3MeHss NOJOXKEHMs JBH)KKA PEOCTaTa, IOBTOPUTE U3MepeHus (1.3) IR eIE JBaXKIIbl.
6.  Bbluncnure BeIMYMHY BHYTPEHHETO CONPOTHUBIIEHUS 110 popMyJIe: r=&- %

7 PesynbTaTsl u13MepeHuii U BBIUMCICHUN 3aHecuTe B TaOauIy 1. |

8

CraenaTp BBIBOJ 1O paboTe.

(I)opMa nmpeaocraBjJacHus pedyjabTaTra

No g, B U B I, A R, Om R, Om R, Om Ecpy B E-¢,
6=—--">:100%

o\ ¢

1

2

3

=

KOHTpOJ’[beIe BOITPOCHI

[ToueMy noka3zaHusi BOJIbTMETPA MPU PA30OMKHYTOM M 3aMKHYTOM KJIFOY€ Pa3INyuHbI?
s uamepenuss 3J1C UCTOUHUKA TOKA U €r0 BHYTPEHHETO COINPOTHBIIEHUS CTYIEHT coOpall cXxemy,
n300paxEénHyro Beie. [Ipu 3TOM BOJIbTMETp mokaszan 5 Boib, a amnepmerp — 1 Awmmep. Ilocne
pa3MbIKaHus KJIoYa BOJbTMETpa nNokazan 6 Bosbr. Yemy paBuel OJ[C MCTOYHMKA TOKa M €ro
BHYTpPEHHEE COIPOTUBIICHHE?
O/1C ucrounuka Toka 3 B, a BHyTpeHHee conportusiieHue 0,5 OMm. ConpoTHBIEHHE BHEUIHEW YacTH
neru 10 Om. Haitnure cumy Toka B LIETIH.
Cuna Toka B 1enu pasHa 0,4 A., BHyTpeHHee CONPOTHUBIEHUE ncTouHUKa Toka 0,5 OM, BHemHee-4,5
Owm. Kakopa DJ1C ucrounuka?
®opma npeaocTaBICHHUA Pe3yabTaTa
BrinonHeHHBIC 3a1a4u B TeTpaau sl 1a00paTOPHBIX paboT.
Kputepun onenkmn:
Oyenka «OMIUYHOY» BbLICMAGIAEMCs: TIPAaBWIBHO BBINIOJIHEHBl BCE 3aJaHHUSI B COOTBETCTBHM C
TpeOOBAHUSAMH, IPABUIBHO BHIMOIHEHBI JONOIHUTENIbHBIE 33/1aHUS, CBOEBPEMEHHO MPEJOCTaBIEH OTYET
O BBITIOJIHEHUH PadOTHI.
Oyenka «xopouioy» 6blCMaeisaemcs: TPABWIBHO BBIIIOJHEHBl BCE 3aJaHUs B OCHOBHOM 4YacTH,
JIOTIOJTHUTENbHBIE 3aJaHUsl BBIMOJIHEHBI HE B IOJHOM O0BbEME, MPEIOCTaBI€H OTYET O BBINOJIHEHUU
paboThl, TMOO B CiIydyae HECBOEBPEMEHHOTO MPEJOCTABICHUS OTUETa WIN C HAJIMYUEM HECYIIeCTBEHHBIX
OLIMOOK B BBITTOJIHEHUU 3aaHMUSL.
Oyenka «y0061emeopumenvHoy 6bICMAGIAemcs: BHIIIOIHEHBI HE Bce, HO Oonee 50% 3amaHuii paboThl,
JIOTIOJIHUTENIbHBIE 3a/laHusl HE BBINOJIHEHbI, HECBOEBPEMEHHO MPEOCTaBICH OTYET O BBIMOJIHEHUU
paboThI.
Oyenxa «HeyoogremseopumenvHoy evicmasnsiemcs: BbIIOIHEHO MeHee 50% paOoThl, HE BBHINOJIHEHBI
JIOTIOJTHUTENbHBIE 3aJJaHHs, OTYET O BHIMOJIHEHUH PaOOThI HE MPEIOCTABIICH.
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Tema 4.2 IlocTOSTHHBII YJIeKTPHYECKHI TOK
JlabGoparopHoe 3ansiTue Ne6
Onpenenenne HOMUHAJIBHBIX CONMPOTHUBJIEHUH Pe3UCTOPOB METO0M MAPKMPOBKHU
Heab: ompenenutb HOMUHAIBHOE COIMNPOTHUBIECHUE PE3UCTOPOB METOJIOM MAapKUPOBKHU; OMPEICIUTH
A0OIYCTUMOC 3HAUYCHUC CUJIBI TOKA IS JAHHBIX PE3UCTOPOB IIPpHU U3BECCTHOM HOMUHAJIC MOIIHOCTH.

Bouinosinenue padorbl cnocodocTByeT (opmupoBanmiw: I[1P62 OVIL.06, IIP69 OVII.06,
I1P66_OVII.06, [TP610_OVII.06, ITP65 _OVII.06, ITP63 OVII.06, ITP68 OVII.06, ITP61 _OVIIL.06
MartepuaibHoe ofecrieyeHue: HaOOp PE3UCTOPOB PA3HBIX CONPOTUBICHHUN, YHHUBEpCajbHas TaOiuIa

3HAaKOB MapKUPOBKH.
Teopusn
BBuay Manbeix pa3MepoB pe3HCTOPOB, Ha KOPITyce KOMIIOHEHTa BMeECTO IH(PPOOYKBEHHOTO
0003HaYEHMsI HAHOCATCS MOJIOCH! TOI'O MJIM MHOTO I[BeTa. TO U €CTh LIBETOBasi MapKupoBKa. Yarie Bcero,
OHa IpejcTaBIsAeT U3 cels 4 UK 5 1moJa0C (XOTS UX MOXKET ObITh U 6) OIpe/eICHHbIX 1IBETOB, U KaXKaas
U3 2TUX II0JIOC HECET OIpeleNeHHbId cMblca. IlepBbie 1Be MooCKM aOCOIIOTHO BCerja 0003HAYaroT
nepBbIe 1B€ LU(PBI HOMUHAIBHOTO CONPOTUBIIEHUS pe3rcropa. Eciau Bcero noiocok 3 uiu 4, T0 TpeThbs
nojioca OyJeT O3HayaTh MHOXKUTENb, HAa KOTOPbI HEOOXOIMMO YMHOXHTH YHCIIO, MOJYYEHHOE W3
nepBbIX 1BYX nosnoc. Korga Ha pe3ucrope 4 mosockl, To yerBepTas OyAeT yKas3blBaThb Ha TOYHOCTh
pesucropa.
B cnyuae, korma mosioc 5, mepBble TPU IOJOCHl O3HAYalOT TpU LUGPHl HOMHHAA
(conpoTUBIEHUS) pe3ucropa, yeTBepTas - MHOKUTENb, nsATas - TOYHOCTb.
ITpu ompenenenun pexxuma paboThl pe3UCTOPA CIIEAYET YUYUTHIBATH MAKCHMAJIBHO JAONYCTHMOE
AJISl Hero 3HaYeHHe CHJIbI TOKA, KOTOPOE ONPEeIIeTCs 3HAUCHUEM €TI0 COIPOTUBIICHUS U MOLIHOCTBIO.
Ecmu pasmepsl pe3uctopa HE MO3BOJISIOT Pa3MECTHTh LIBETHBIE I1OJIOCHI HECUMMETPUYHO, T. €.
OJKe K OTHOMY U3 TOPIIOB PE3MCTOpa, TO MEpBas MOJI0Ca BHIOIHAETCS Ooee IMUPOKO.

HBeTa 3HAKOB MAapKUPOBKU HOMUHAJIBHOI'O COIIPOTHUBJICHUSA B Owmax u JAOITYCKOB B % MMPUBCACHLL

B Tabiuue:
LiBer 3Haka IlepBas Bropas MHox)uUTEIb Jonyck B %
uugpa uudpa
CepebpucTslit -- -- 10 10
30J10TUCTBIN -- -- 101 5
UYepHblii -- 0 1 --
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Kopuunesbiit 1 10 1
Kpachbpiii 2 10° 2
OpanxeBblit 3 10° --
XKenrsiit 4 10* -
3eseHsblit 5 10° 0,5
Tomy6oii 6 10° 0,25
DuoseToBEIN 7 10’ 0,1
Cepsiii 8 10° 0,05
Benbrii 9 10° -

1. Pa3noxuthb Ha pa60qu CTOJIC KOMILICKT PE3UCTOPOB.

2. BHuMaTenpHO MpOYMTATh YKa3aHHE K padoTe.

3. OdopMuUTH MAPKHPOBKY PE3UCTOPA B TETPAIH 110 0OPA3ILY

7 8 102 %
u cep Kp 30
on bIlA ac no
eTo H ™

7, 8 k OM umm 7800 Om 5%

4. 3anosHUTH TaOIHILy, 0POPMHUTH PACUEThI CUITBI TOKA MO (popmyIie.

Pesucrop Homunanenoe MomHocTh Cuna Ttoka (A)
conporusieHue R pesucrtopa (BT)
1) 0, 25
2) 0, 25
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3) 0, 25
4) 0, 25
5) 0, 25
6) 0, 25
7) 0, 25
8) 0, 25

5. Crnenatp BBIBOJ 1O paboTe.
6. OTBeTUTH HAa KOHTPOJIbHBIE BOIIPOCHI.
KoHTpoJibHBbIE BOPOCHI:

e Ot 4Yero 3aBUCHT COMPOTHBIICHHUE TPOBOAHKUKA? UTO MOKa3bIBACT COMPOTHBIICHUE TIPOBOIHUKA?

e 3anumuTe CrOcOOBI ONPENEICHHUS] CONMPOTUBICHHUS C MOMOIIBI0 W3MEPUTEIBHBIX MPHOOPOB ( HE
MeHee 3 criocoOoB).

e B yem npeumyiecTBo U y100CTBO UCOIH30BAHUS METOOB MAPKHUPOBKU?

e [ '11e npUMEHSIOTCS PE3UCTOPHI B AJICKTPOHUKE U aBTOMATHKe?

e Kakue mapameTrpsl IIeMUd MOXHO PpEryJIUpOBaTh B IIEMH, HCIONB3YS PE3UCTOPHI Pa3HBIX
CONPOTUBIICHUI

e JlonmoJIHUTEIbHOE  3ajJlaHUe:  BOCIOJIB3YHTECh  OHJIAWH-  KaJbKYJISTOPOM  OMpeAeNeHUs
COMPOTUBIICHUSI PE3UCTOpa U TMPOBEPHTE PE3YyNbTaT C OMpPENENICHHBIM paHee (To TabmuIle

MapKHUPOBKH)

ONPeAS IR TIARAMS TR PEAMCTOPA N0 URITOROR MAPKMPINKS

PR = e — Mesammits.

Chpoc

®opma mpeacTaBJieHus! pe3yJbTarTa:
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PaboTa nomkHa ObITh BBIMOJIHEHA B TETPAAH ISl JIAOOPATOPHBIX paboT.

Tema 4.3 DyeKTpUYecKnii TOK B Pa3JINYHBIX cpeaax

JlaGopaTopHoe 3ansiTue Ne7
3aBHCHMOCTD CONPOTHBJIEHHUS OT TeMIIEPATYPhI 00Pa3I[0B METAJJIA M MOJIYNPOBOAHUKA

Henab: wu3MepsaTh CONPOTUBICHHE TMPOBOJHHMKA OMMETPOM; YCTaHOBUTHb  3aBUCHUMOCTH
COIIPOTHBIICHUE METAJUIA U TOJYIIPOBOAHHUKA OT TEMIIEPATYPHI.

Bouinosinenue padorbl cnocodocTByeT (GopmupoBanmi: [1P62 OVIL.06, IIP69 OVIIL.06,
I1P66_OVII.06, [TP610_OVIL.06, ITP65 _OVII.06, ITP63 OVII.06, ITP68 OVII.06, ITP61 _OVIIL.06

MarepuanbHoe ofecrniedeHHe: MYJIbTUMETpP, MNPUOOPHl AN HU3YyYEHUS  3aBUCHUMOCTHU
COIIPOTHBIICHUS] METAJJIa U TOJYIMPOBOJHUKA OT TEMIIEPATYphl, TEPMOMETp, JIEKTPHUYECKAs IUTUTKA,
HITaTUB C IPUHAICKHOCTAMHU, KOJI0a C BOJIOM.

3aganue

1. O3HaKOMHUTBHCH C TEOPETHYECKHMM MAaTEpPUAJIOM.

Teoperuyeckunii marepuasn:

Ecnu mponycTuTh SJEKTpUYECKUN TOK 4Yepe3 CTaJbHYI0 CIOUpalb, a 3aTeM €€ Harperb, TO
aMIIepMeTp TOKAKET YMEHBIICHHWE CHIJIBI TOKAa. DJTO O3HAYaeT, 4TO C HM3MEHEHHEM TeMIIepaTyphl
COIPOTUBIICHUE METAJIa MEHSETCS.

Bce Meramnsl — KpHUCTAUIMYECKHE Tella, B y3JlaX KPHUCTALIMYECKOW pPEHIeTKH KOTOPBIX
pacrojaraercsi TOJOXXUTEIbHO 3apsHKCHHBbIE HOHBI. MEXIy KOJeOTIOUIMMUICS HOHAMHU JBUTAIOTCS
CBOOOJHBIC DJIEKTPOHBL. BennumHa >3JIEKTPUYECKOTO COMPOTHBICHHS METalla 3aBHCHT OT YHCIa
CTOJIKHOBEHHUI KOJICONIOMIUXCSI MOHOB U CBOOOIHBIX 3JIEKTPOHOB. [Ipu yBennMueHHUU TeMIepaTypbl
MeTaJula YBEJIMYMBACTCS aMIUTUTY 1A KOJeOaHWi MOHOB. DTO MPUBOIUT K YBEIMUYCHHUIO CTOJIKHOBEHHH, a
3HAYUT U K YBEIMUEHUIO COMIPOTUBIICHUS MeTalljIa.

B nonynpoBoHUKE NPH YBEIWYCHUN TEMIEPATyphl YBEIUYHBAETCS YUCIO CBOOOIHBIX HOCHTEIEH
3apsifa, MOSBUBIIKUXCS MPU pa3pbiBe KOBAICHTHBIX CBsI3€d. DTO MPUBOAMT K YBEIWYEHHUIO CHIIBI TOKA B
MOJTYTTPOBOTHUKE ¥ K YMEHBIICHUIO COTTPOTHBIICHUS POBOIHUKA.

Ilopsinok BbINOJIHEHHS PAdOTHI:

1. IToaroroBbTE K paboTe OMMETP:

a) BCTaBbTE MITHIPHKHU MPOBOIHUKOB B THE3/a, 0003HaueHHbIE «OQ» 1 «o01r COM.»;

0) mocraBbTe NepeKIouaTenb Ha Hudppy «10»;

B) COEIMHUTE CBOOOHBIC ITHIPHKU MPOBOIHUKOB U PYUKOH «yCT. 0» MOCTaBUTh CTPENKH Ha «0».

2. Ha snekTtpuueckyro IUIMTKY TMOMECTUTE KoJOy ¢ Bojmod. Bo m3bexanuu mafeHusi KOJIOBI
MIOMECTHTE B KOJIBLIO, 3aKPEIUIEHHOE B MTaTuBe. B kon0y omyctute mpoOHUpKy, ¢ MOMEIIEHHONH B He
KaTyIIKOW U3 MEIHOTO MPoBo1a. OCTOPOKHO OMTyCTUTE B TPOOHPKY TEPMOMETP.

3. CBoOOIHBIE IITHIPFKK OMMETpA COSIMHUTE C KIIEMMaMH MEIHOM KaTyILIKH.

4. BKIIIOYHTE TIHYP TUTUTKH B PO3ETKY M U3MEPHTE CONPOTHUBIICHWE KATYIIKU TPH PAa3TUIHBIX
3HAYEHUSX TEMIIEPATYPHI.

5. BHecute u3mMepeHus B TaOIUILy.

IIpoBoaHUK (Me/b)

t°, C

R, Om

6. Ha ocHoBe m3mepenuit mocrpoiite rpaduk. CroenaiiTe BbIBOM, KaK CONMPOTHUBICHUE TTPOBOTHUKA
3aBUCHUT OT TEMIIEPATYPHI.
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7. IlocraBpTe mepexioyarenab ommerpa ¢ mudpsl «10» Ha nugpy «100» u mocraBbTe CTPEIKY
ommeTpa Ha «0» (CM. myHKT 1-B).

8. 3aMeHuTe B KOJIOE MPOOHPKY C METAUIOM HA MPOOUPKY C MOIYMPOBOJHUKOM (TEPMUCTOPOM).
Omnycture B npoOupky repmomerp. K kiemmam tepmMucTopa rnojicoeJuHUTE OMMETP.

9. 3MepbTe CONPOTUBIIEHHE MTOJIYIIPOBOIHUKA IIPU PA3IUYHbBIX 3HAYECHUSAX TEMIIEPATYPHI.

10. BHecute u3mepeHus B TaOJIHILY.
IonynpoBoaHMK

t°C

R, Om

11. Ioctpotite rpaduk R(t).

12. CnenaiiTe BBIBOA, KaK COMPOTHUBIICHHE TTOJIYITPOBOJHUKA 3aBUCHUT OT TEMIIEPATYPHI
KoHnTposabHbIe BONPOCHI:

1. DneKTpUYECKHIA TOK B METaJIaX — 3TO YIIOPSAA0YEHHOE JBIDKCHHUE ... .

2. C TOuYKM 3peHHS OJIEKTPOHHOM TEOPUH DICKTPUUECKOE CONPOTHBICHHE OOYyCIOBIECHO
COYIapeHUSIMH ... .

3. C noBBILLIEHUEM TEMIIEPATYPbI CONIPOTHUBIIEHUE METAILIA ...

®opma nmpeacTaBJieHus pe3yJbTara:

Pabora momkHa ObITH BEITOJIHEHA B TETPAAH ISl IAOOPAaTOPHBIX paboT

Tema 4.1 Mexannueckue KoJe0aHUA M BOJHBI

JlaGopaTopHoe 3ansTue Ne§
IIpoBepka 3aK0HOB K0/1€0ATEJILHOI0 ABMKEHUSI MATEMATHYECKOr0 MAITHUKA

Leab: yCTaHOBUTh MaT€MaTUYECKYI0 3aBUCUMOCTh NEPHOJIa HUTSHOTO MasiTHUKA OT JJIMHBI HUTH
MasITHHKA.

BoinosiHenue padorbl  crnocodcTByer ¢opmupoBanmio:  I[1P62 OVIL.06, I1P69 OVII.06,
[TP66_OVIIL.06, ITP610_OVIIL.06, [TP65 OVIIL06, [TP63 OVIIL.06, ITP68 OVII.06, ITP61 _OVYII.06

MartepuanbHoe o0ecniedeHne:

AJIEKTPOHHBIA CEKYHAOMEp, H3MEPUTEIbHAS JICHTA, MAPUK C OTBEPCTUEM, HUTh, IITATUB ¢ My(TOH
U KOJIBIIOM.

Teopus.

MarteMaTryecKkuM MasTHHUKOM HAa3bIBAa€TCSl MaTepuaibHas TOYKA, MMOJBEIICHHAs HAa HEBECOMOMW U
HEPaCTSKUMON HUTU. MOJIETTbI0 MOKET CIY>KUTh TSKEJIBIM IIapUK, pa3Mepbl KOTOPOTO BEChbMa MaJibl 1O
CPaBHEHUIO C JJIMHHOW HUTH, HA KOTOPOH OH TOJBEIICH (HE CPaBHUMBI C PACCTOSHHEM OT IEHTpa
TSDKECTH JIO TOYKH TTOJBECA).

VYuenpie [amuneit, HproToH, beccenb W Ap. YCTaHOBUIM CIEAYIONIHME 3aKOHBI KojeOaHUs
MaTeMaTU4YeCKOro MasTHHKA:

1.ITepuon koneOaHusT MaTEMATHYECKOTO MAasTHUKA HE 3aBUCHUT OT Macchbl MasTHUKA U OT
aMIUIUTY/IbI, €CIIM YTOJI pa3Maxa He npesbimaeT 10 rpagycos.

2.Ilepuon konebaHMs MaTeMaTHYECKOTO MasTHUKA MPSMO MPOMOPIIMOHATICH KBaJIPaTHOMY KOPHIO
W3 JUIMHBI MasTHUKAa W OOpaTHO MPOIMOPIIMOHAJIEH KBaApPaTHOMY KOPHIO M3 YCKOPEHHS CBOOOJIHOTO
MaacHUs.

Ha ocHOBaHmMM »3THX 3aKOHOB MOXKHO HamucaTh GopMyily Uil Tepuoja KoseOaHuid
MaTEeMaTUYeCKOro MasiTHHKA!

70



T’ = 2/7 —_—
g

HCHOJIL?;}HI MOACIb MW 3aKOHBbI KOJIEOAHMI MaTEeMaTHYECKOIrO MassTHHKaA, MOX>HO HpOHa6JIIOI[aTB
CBO60,Z[HBI€ KOJ'IC63HI/I$I, a TaKXKC C UX IIOMOLIBIO ONPEACIUTE YCKOPECHHUEC CBOGOI[HOFO naacHus aJ1s cBoOeH
MCCTHOCTH U CPABHUTL CO CIIPABOYHBIM 3HAYCHHUCM Z.

YckopeHue cBOOOAHOTO MAJACHHSI MOXKET OBITh BEIYHUCIICHO TIO (popmyrie
p 2 l.”\" =
g=4r —
I

1. 3akpenuTh HUTh MAaATHUKA B JieprKaTelie IITaTuBA.

2. U3meputh iMHy MasiTHUKA (JUIMHA MAsgTHUKA CYUTAETCS OT TOUYKH IMOJABECA /IO LIEHTPA TSHKECTH
[IapHKa).

3. OTKJIOHUTH IAPHUK Ha yro He 6osiee 10° U OTIYCTHUTS.

4. OnpenenuTh BpeMs, 32 KOTOPOE MaITHUK coBepiuil 20 KojaeOaHmil.

5. Beraucnuth nmepuo1 koeOaHusi MasTHUKA, HCTTONIBb3ys opmymy Nt T .

6. [ToBTOpHUTH OMBIT €11l TPU pa3a, yMeHbIIast (WM YBEIMUNBas) ATUHY HUTU MasTHHUKA.

7. Pe3ynpTaTel 3aHECTH B TaOIHILY.

Tabmuma Nel
No JlnvHa HUTH MasTHUKA |, M Yuco moJHbIX Bpewms konebanuii | [lepnon
kosiebanmii N t,c koneOanuii T, ¢
1 20

8. Cnenatp BBIBOJI O 3aBUCUMOCTH MEPUO/1a HUTSHOTO MassTHUKA OT JIIMHBI €70 HUTH.
KonTpoJsbHbIe BONIPOCHI.
1. Yro Ha3bpIBalOT NEpUOIOM KOJIEOAHUN MasiTHUKA?
2. Yro Ha3pIBaIOT YacTOTOM Konebanuii MasTHUKA? KakoBa eJMHMIIA YaCTOThI KOJICOAHUI?
3. OT KaKuX BEJIMYUH U KaK 3aBUCHUT MEPHUOJ KOJICOAHNH MaTeMaTHYeCKOro MasiTHUKa?
4. Ot KakuxX BEJIMYMH U KaK 3aBUCUT NEPHOJ KoJleOaHUH NPY>KUHHOTO MasiTHUKA?
5. WM300pa3ute MaTeMaTHUECKU MasiTHUK B KpaifHell MmpaBoi TOUKE U MOKAKUTE HAa YEPTEKE CUJIBL,
JEUCTBYIOIIME Ha IIAPUK B JAHHOW TOYKE TpacKTopuu. Hapucyiite paBHOIEHCTBYIOLIYIO CHUIIL.
6. Kak MeHsieTcs BelTMUMHA W HANIpaBIICHHE PABHOACHUCTBYIOIIEH CHII B TeUEHHE TIepruoia?
dopma npeacTaBiaeHusd pe3yabrara:
Pabota nomkHa ObITH BBIMOJIHEHA B TETPAIU AJIs 1a0OpaTOPHBIX paboT

Tema 5.2 DeKTpOMarHUTHbIE KOJIeOAHUS U BOJIHBI

JlabGoparopHoe 3ansTue Ne9
«YcrpoiicTtBo TpanchopmaTopa, reHepaTopa

Lesab padoThI: U3yYUTh YCTPOICTBO U MPUHLMI paboTHI TpaHcPopMaTopa. reHepaTopa.
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BoinosiHenue padorbl  cmocodcTByeT ¢opmupoBanmio:  I[1P62 OVIL.06, I1P69 OVIIL.O6,
[TP66_OVTI.06, ITP610_OVII.06, ITP65 OVIL06, ITP63 OVII.06, ITP68 OVII.06, [TP61 OVYIIL.06
MarepuanbHoe obecnedyenue: TpaHchopMarop JaOOPaTOPHBIN, JlaMIla HAKAaJIMBAHUS, KIHOY

3aMBbIKaHUS TOKA, KOMIIJICKT ITPOBOAOB COCAUHHUTCIIbHBIX.

3agaHue. M3y4UTh CTPOCHHE, HA3HAYCHHE U MIPUHIIMII JCHCTBUS TpaHChopMaTopa; U3yUYUTh CTPOCHHE,
Ha3HA4YC€HHE U MPUHIINI JEHCTBUS TeHepaTopa.

IHopsinok BbINOJHEHHUS PAOOTHI

1. H3zyuyenue ycrpoiictBa Tpancpopmaropa
Tpancdopmarop npeobpaszyer nepeMeHHbII TOK OAHOTO HANPSDKEHUS IPU HEM3MEHHOH 4acToTe.

OH cocroMT H3 3aMKHYTOTO CEpACYHHKA, M3TOTOBJIEHHOTO W3  CHEIUAIbHON  JIMCTOBOM
TpaHcGOpMaTOPHOU CTald, HA KOTOPOM pacrojarairoTcs ABE KAaTyIIKH (MX HA3bIBAIOT OOMOTKaMH) C
Pa3HBIM YUCJIOM BUTKOB U3 MEIHOU MPOBOJIOKH.

Opna w3 0OMOTOK, HAa3bIBa€TCS IMEPBUYHOM, MOJKIIOUAETCS K MCTOYHUKY MEPEMEHHOIO
HaIpsDKEHUs. Y CTPOMCTBA, MOTPEOIAIOIINE JICKTPOIHEPTHIO, TTOAKIIOYAIOTCS K BTOPUYHON 0OMOTKE, MX
MOKET OBITh HECKOJIBKO.

[Tpu BBINONHEHUH PabOTHI CIEAYET H3YYHTh YCTPOHCTBO TpaHCHOPMATOPa, BKIIOUYHUTH €r0 B CETh
nepeMeHHOro Toka (36 B). B pexxume X00cTOro Xo/a U3MEpUTh HaPsDKEHHE Ha OOMOTKAX M BBIYUCIIUTh
K03 duieHT TpaHchopManum, a npu padoTe TpaHchopmaropa «IoJ HArpy3KOil» YCTaHOBUTH CBSI3b
TOKaMH U HalpsHKeHHEM B OOMOTKaX.

Tpanchopmarop COCTOUT U3 JABYX KaTylIeK u
CepACYHH
Ka.
Cepneun
HK
COCTOUT
/W3 BYX
MOJIOBUH,

Dugesrinon

BTogmecn
NI ER OO

«  KOTOpbIE
. BCTaBJIAIO

HA]

T B
¥

K KaTyLIKy

u c

MTOMOIIBIO CKOOBI 3aKPEIUISIFOT Ha OCHOBAHHUH.
1, 2 — kaTymky, 3 - MArHUTONPOBOJT; 4 — OCHOBAHUS;, 5 —000KMa.

1. PaccmoTpuTe yerpoiictBo Tpanchopmaropa. OnpenenuTe NepBUYHYI0 0OMETKY (KJIEMMBI C HaJITUCHIO:
36 wiu 42 B) u n1Be BropuyHbIX Ki1emMMbl 2,2 B u 4,4 B)

2. HauepTuTe 3J1€KTPUUECKYIO cXeMy TpaHchopmaTopa.
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3. Paz6epure Tpanchopmarop. s 3TOro mMoBEpHUTE €r0 OCHOBAHMEM BBEPX M OTKPYTUTE JBE TalKH
KparuieHHusi CKOObI. BEIHBTE Cep/IeYHUK U pACCMOTPUTE €T0 YCTPOMCTBO.

4. Cobepure Tpanchopmarop. s 3TOro BCTaBbTE CEPJICYHUK CO CKOOOW B KAaTYIIKW. YCTAaHOBUTE
TpaHc(hopMaTop Ha OCHOBAHUE U 3aKPEIHTE ET0 raiikamH.

2. H3yueHnue ycTpoiicTBa reHeparopa.
['erneparop mMocTOSTHHOTO TOKa (pPHUC. 1) COCTOUT U3 ABYX YacCTEi: HEMOABUKHOW M BPAIAIOIICHCS.

HenonewxkHasi vacte (cTatop) SIBISETCS OCTOBOM MAIMHBI U OJHOBPEMEHHO CIYKUT AJI CO3/IaHUA
MarHuTHOTO TOTOKAa. Bo Bpamiaromieiicss 4dactu, Ha3bIBaA€MOW SKOpeM (POTOPOM), HWHIYLIHPYETCS
aieKTpoBIKYyIIas cuia - DJ1C.

KoHucTpykius renepaTopa nocTOSHHOTO TOKa (CM. puc.2).

HenonpuxHas yacTh COCTOUT U3 cTaHUHBI (1), TTIaBHBIX MOMIOCOB (2) ¢ 00MOTKO# BO30YyxaeHus (3)
Y JIOTIOJTHUTEJILHBIX MOJIIOCOB (4), YMEHBIIIAEMBIX UCKPEHHUE MO/ ICTKAMHU.

SAxopp umeer cepaeuHuk (5), HaOWpaemblii M3 TOHKHUX CTAJbHBIX JHCTOB, OOMOTKY siKops (6),
3aJI0KCHHYIO B Ta3bl cepAeYHHKa M KOJUIeKTop (7). Ha moBepXHOCTh KOJUICKTOpPA HAJOXKEHBI yroJbHO-
rpaduToBbie HIETKH (8), 00ECIeYnBAIONINE CKOJIB3SIIMNA KOHTAKT C OOMOTKOW BpAIAOIIETOCs SKOPSI.
Komtekrop umeer GpopMy HMUIUHAPA U BBITIOIHSAETCS U3 U30JIMPOBAHHBIX MEIHBIX IUIACTHH - JIAMEJICH - K
KOTOPBIM TIOJICOCIMHEHBI CEKIMU SIKOPHOW OOMOTKH. Bparmasch BMmecTe ¢ OOMOTKOHM, KOJUICKTOP
BBITIOJTHSIET POJIb MEXaHUYECKOTO BBITTPSIMHUTEIIS.

OOMOTKa BO30OYXKICHHS CO3/1aeT TJaBHBIM MarHWTHBIM MOTOK @ momrocoB. B reneparopax c
HE3aBHCUMBIM BO30Y)K/IEHHEM OHa THUTAeTCd OT IIOCTOPOHHEr0 MCTOYHHMKA IIOCTOSHHOTO TOKa
(BBIIpsIMUTENSA, aKKyMynaTopa W T.m.). C reHepatopoM C MapajielbHbIM BO30YyXJA€HHEM OOMOTKa
IVIABHBIX ITOJIOCOB MOJKIIIOYEHA K ITIaBHBIM IETKaM, T.€. NapaJIeNbHO LENU IKOps. B ¢BsA3M ¢ 3TUM s
BO3HUKHOBEHHUsI MarHUTHoro moroka u DJIC HeoOXoauM XoTs Obl ci1alblii OCTAaTOYHBIM MarHUTHBIN
NoTOK. biarogaps Hamuuuio OCTATOYHOTO MarHeTH3Ma BO3HHMKAeT IPOLECC CaMOBO30YXKIEHUS
re’eparopa.

N

Puc. 1. Puc. 2.
Hzyuenue
YCTPOMCTBA
Tpaucdopmaropa:

CTpOCHI/IC Tpchq)opMaTopa HAa4YCPTUTL, COCTABHBIC YaCTU YKa3aThb, (bOpMy.]ILI 3a1mcarb, Ha
KOHTPOJIbHBIC BOIIPOCHI OTBCTUTD.
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H3yuenue ycTpolicTBa reHeparopa.

CrtpoeHne reHepaTopa HAa4epPTUTh, COCTABHBIE YaCTH YKa3aTh, (OPMyIbI 3amucaTh, Ha KOHTPOJbHBIE
BOIIPOCHI OTBETUT.

KoHTpoJibHBIE BOIPOCHI
1 BapuanT

Uto Ha3bIBaIOT MHIYKIIMOHHBIMHU FeHEpaTopaMu’?

Kakoii TpaHnchopMaTop Ha3bIBAIOT TMOBBIIIAIONINM, & KAKOW TOHWKAIOIIAM?

Uro Takoe X010CcTOM X0 TpaHcopmaropa’?

[Touemy cepaeunuk TpancopmaTopa U3TOTOBISIIOT U3 CTAIH, a HE U3 Melu?

B nepBuunoii 00MoOTKe TpaHchopmaTopa, BKIIOYEHHOH B ceTh ¢ HampspkenueM 380B. Coxepikurcs
1320 BuTKOB. OnpenenuTh HaNpsHKEHUE Ha BTOPUIHON 00MOTKe, eciii oHa cogepkut 300 BUTKOB. Buj
TpaHcdopMaTopa yKazaTh, OTBET MOSICHUTb.

akrowdE

2 BapMaHT

HazoBuTe 0CHOBHBIC YacTH reHepaTopa MepeMEHHOr0 TOKA.

Jlokazatb, uTO y noBsIIaroiero Tpanchopmaropa K>1.

W3mensier m TpancopMaTop 4acToTy IpeodpasyeMoro ImepeMeHHOTO TOoKa?

[Touemy cepreynuk TpanchopMaTopa COOUPAIOT U3 OTACNBHBIX IJIACTUH?

Ecrmm Ha mepBruuHyr0 00MOTKY TpaHcdopmMaropa mofaérest Hanpsbkenrie 220B, To Ha BTopuaHON 0OMOTKE Ipu
XOJIOCTOM Xojie mommydaercst Hanpsbkerre 130B. Uucno ButkoB nepBuyHoi 00MoTku paBHO 400. Onpenenutsb
YHCJIO BUTKOB BO BTOPUYHON 00MOTKe. Bt Tparcdopmaropa ykazarh, OTBET MOSICHUT.

3 BapuaHT

s E

=

KakoBa posip HHAYKTOpa U SIKOpS B YCTPOMCTBE FreHEpaTOpa NEPEMEHHOro ToKa?

Uro Takoe noHmkarommi tpanchopmarop?

3. Tlouemy cepaedHHK TpaHChOpMATOpa JENAIOT HE CIUTOLIHBIM. A U3 MHOXKECTBA IJIACTHH, M30JIMPOBAHHBIX
Jpyr OT Apyra?

4. TloyeMmy MOIIHOCTb, HOTpeOIIsieMast 0T BTOPUYHON OOMOTKH, MEHbIIIE MOITHOCTH, MOABOIMMOM K
MEPBUYHON 0OMOTKE?

5. CKONbKO BUTKOB JIOJDKHAa MMETh BTOpPUYHAsi OOMOTKa TpaHc(opmaTopa il NOHWKEHHUs HAIPSHKEHUs ©

12000 no 120B, ecnu nepudnas oomoTka comepskuT 4000 BuTtkoB? By TpaHchopmaropa ykasarb, OTBET

THOSICHUT.

no

®opma npegocTaBjieHus pe3ybTaTa
BrinonHeHHBIC 3a/1a4M B TETpaaH JJsl 1a00paTOPHBIX padoT.

Kputepun onenkmn:
Oyenka «OmMaUYHO» BbICMAGIAENCs: TPABWIBHO BBHIMIOJIHEHBI BCE 33JaHUS B COOTBETCTBHH C
TpeOOBAaHUSAMH, IPABUIBHO BHITIOJIHEHBI JONOJHUTENbHbIE 33JaHUsI, CBOEBPEMEHHO MPEIOCTABICH OTYET
O BBITIOJIHEHUH PabOTHI.
Oyenka «xopowio» 6vicmasisiemcs: TPABUIBHO BBIIOJHEHBl BCE 3aJaHMs B OCHOBHOM 4acTH,
JOTIOJTHUTEIIbHBIC 3a/IaHMs BBHITIOJHEHBI HE B TOJHOM OOBEME, MPEIOCTABICH OTYET O BHIMOJHECHUH
paboThl, TMOO B CiIydyae HECBOEBPEMEHHOI'O MPEIOCTABICHUS OTUYETa WIHM C HAIMYMEM HECYIECTBEHHBIX
OomuOOK B BHITIOJHEHNUH 3a/IaHUSI.
Oyenka «y0061emeopumenvHoy 6biCMAsIAemcs: BHIIOIHEHBI HEe Bce, HO Oonee 50% 3amaHuii paboThl,
JOTIOJTHUTEIIbHBIC 3a/JlaHUsl HE BBINOJNHEHBI, HECBOCBPEMEHHO IPEJOCTABIEH OTYET O BHIMOJIHEHUHU
paboThI.
Oyenxa «HeyoogremseopumenvHoy evicmasnsemcs: BbIIOIHEHO MeHee 50% paOoThl, HE BBHINOJIHEHbI
JIOTIOJTHUTENbHBIE 3aJJaHHs, OTYET O BHIMOJIHEHUH Pa0OThI HE MPETOCTABIICH.
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0)
B)
r)

1)
a)

0)
B)

6)

B)
r)

1)

6)
B)

KPUTEPUU OLIEHKUA

O1eHKA «OMAUYHO)» CTABUTCS, €CIIU CTYJICHT:

BBITIOJHIWI paboOTy B MOJHOM 00BbeME C COOJIOACHHEM HEOOXOIUMOM IOCIICAOBATEIBHOCTH TPOBEIACHUS
OTIBLITOB Y U3MEPEHUI;

B MPEJICTABICHHOM OTYETE IMPABMIIEHO M aKKYPaTHO BBITIONHWII BCE 3aIMCH, TAOJHITY, BEIYUCICHUS U CAEa
BBIBO/IBI;

MPABUJILHO BBITIOJHIII aHAJIN3 TIOTPEITHOCTEHH;

coOroan TpeboBaHMsI 0€30MTaCHOCTH TPYAA;

OTBETUJI HA KOHTPOJBHBIC BOMPOCHI (YCTHO MJIM MUCHMEHHO).

OI1eHKA «X0pOoui0» CTAaBUTCS B TOM CIIy4ae, €CJIM BBIOJIHEHBI TPEOOBAHUS K OIICHKE «OTIMYHOY», HO:
OTIBIT TIPOBOAMJICS B YCIOBHUSX, HE 00ECTIEUNBAIOIINX IOCTATOYHON TOYHOCTH U3MEPEHUH;

JOTIYIIIEHO BA-TPH HEI0UeTa, WM He Oosiee O HOW HErpyOor OMMOKHN U OTHOTO HEJOYeTa;
OTBETUJI Ha KOHTPOJbHBIC BOMPOCHI (YCTHO MM MUCHMEHHO).

OneHka «yoosnemeopumensHo» CTaBUTCS, €CIM PadOTa BBINONHEHA HE IONHOCTHIO, HO O00BEM
BBITIOJTHEHHOM 9aCTH TaKOB, YTO MO3BOJISIET MOIYYHTh MTPABIIIBHBIE PE3YIbTAThI U BEIBOJIBI, MIIH €CITH B XOJIe
MPOBEJICHUSI ONbITA M U3MEPECHUI OBUIH JOIMYIIEHBI CIICAYIONIUE OIIMOKH:

OMBIT MPOBOAWJICS B HEPAIMOHAIBHBIX YCJIOBHSAX, YTO IPHBEJIO K IOJYYCHHIO PE3yJbTaTOB C OOJbIICH
MTOTPETTHOCTHIO;

WIKM B OTYETe OBUIM JONYIICHBI B OOMLICH CIOXHOCTH He Ooyiee NBYX OMIMOOK (B 3alMCAX CIUHMIIL,
M3MEPEHUSIX, B BEIYUCIICHHUAX, TA0IMIIAX, aHATIKM3E TOTPEITHOCTESH | T.1.), HE IPUHIUITHAILHOTO JUIsl TaHHOM
paboThI XapakTepa, HO TIOBIHUSABIINX HA PE3yIbTAaT BHITIOTHEHNS,

WJIM HE BBITTOJIHEH COBCEM MM BBIITOJIHEH HEBEPHO aHAIIN3 MTOTPEITHOCTEH;

Wik paboTa BBINOJHEHA HE IOJIHOCTHIO, OJHAKO OOBEM BBINOJHCHHOM YacTH TaKOB, YTO IO3BOJISICT
MIOJTyYUTh MPABUIIBHEIE PE3YIBTATHl M BRIBOJBI 10 OCHOBHEIM, MTPHHIUITHAIEHO BOKHBIM 33]ja9aM PaOoThI,
YaCTHYHO OTBETHJI HAa KOHTPOJIHHBIE BOMPOCH (YCTHO WIJIM MMUCHMEHHO).

O1ieHKA «HEy0061eme0pUmMeIbHO» CTABUTCS B TOM CITy4ae, eClIu:
paboTa BBITIOJHEHA HE TOJHOCThIO, W OOBEM BBIMOJIHEHHOW 4YacTh pabOThl HE IO3BOJISIET CHEJIaTh
MTPaBUIILHBIX BHIBOIOB;

WJIM OTIBITBI, U3MEPEHUS, BBIYUCICHUS, HAOIOICHUS POU3BOMIINCH HEPABUIIBHO;
HE OTBETUJI HA KOHTPOJIbHBIE BOITPOCHI.
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