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1 HOACHUTEJIbBHAS 3AIINCKA

Paboueii mporpammoii yueOHOU AucuuIuinHbl «Du3nka» MpeaycCMOTPEHO MPOBEACHNUE MPAKTUYECKUX H
71a00paTOPHBIX 3aHATHUH.
CocraB 1 coaepKaHue MPaKTHUYECKUX U Ja00paTOPHBIX 3aHATUH 10 0011e00pa30BaTENIbHON MOATOTOBKE
HarnpasieHbl Ha peanu3anuio deaeparbHOro rocy1apcTBEHHOr0 00pa30BaTENLHOIO CTaHAAPTa CPEIHEro
o01miero oopa3oBaHusl.
Benymeld numpgakTHMuecKoW ILEeNbI0 MPAKTHYECKUX 3aHATUH  sBisAeTcs (OpMHpPOBaHHE Y4EOHBIX
NPAaKTUYECKNX YMEHHMH (YMEHHMH pemarb 3aJaud 10 OMOXMMHUHM, ACTPOHOMHH,  MAaTEMAaTHKH.),
HEOOXOAMMBIX B  MOCIEAYHOIIeH ydyeOHOM  JOesATeIbHOCTH IO  €CTeCTBEHHOHAy4YHbIM H©
o0menpodecCHOHATBHBIM JUCIUTITHHAM
Benymelh  aupaktuueckol  menbio  Ja0OpaTOPHBIX — 3aHATHHM  SABISETCS  HKCIEPUMEHTAIbHOE
IIOATBEP>K/ICHUE U NPOBEPKA CYILIECTBEHHBIX TEOPETUUECKUX MOJIOKEHUH (3aKOHOB, 3aBUCHMOCTEMN ).
B paMmkax mnpakTMuecKoro/nabopaTopHOro 3aHiATHUs OOydYarolecs MOTYT BBIIOJIHATE OJHY WU
HECKOJIbKO TPAaKTUYECKIX/Tab0paTOpHBIX padoT.
ConepaHue NpaKTHYECKUX/paboT OPUEHTUPOBAHO HA (POPMUPOBAHUE YHUBEPCAIBHBIX YUEOHbBIX JEHCTBHIA:
Juunocmuoix:
NP 4 chopMMPOBAHHOCTb MUPOBO33PEHUsA, COOTBETCTBYIOLLEr0O COBPEMEHHOMY YPOBHIO Pa3BUTHS HayKH U
OOIIIECTBEHHON MpakTHK{, OCHOBAaHHOI'O Ha JMajore KyJIbTyp, a Takxke pa3iuyHbiX (opMm
OOIIECTBEHHOTO CO3HAHMS, OCO3HAHHUE CBOETO MECTa B IMOJIUKYIBTYPHOM MHpE;
JIP 9 roTOBHOCTB U CLIOCOOHOCTH K 00Pa30BaHMIO, B TOM YHUCIIE CAMOOOPa30BaHMIO, HAa IPOTSKEHUH BCel
KU3HU; CO3HATEIbHOE OTHOUIEHHE K HENpPEpbIBHOMY OOpa3soBaHMIO Kak yYCJIOBHIO  YCHEIIHOMN
po¢eccCuOHAIBLHON M 00LIECTBEHHOMN 1€ATEIbHOCTH;
JIP 13 oco3HaHHBIA BBIOOp Oynymiedi mpodeccuu W BO3MOXKHOCTEH peain3aliid  COOCTBEHHBIX
KM3HEHHBIX IUIAHOB; OTHOILIEHHME K MPO(ECCHOHAIBHON JEATENbHOCTH KaK BO3MOKHOCTH y4acTus B
PELIEHNH JIMYHBIX, O0IIECTBEHHBIX, TOCYAapCTBEHHBIX, OOIICHAMOHAIBHBIX IIPOOJIEM.
Memanpeomemmnuix:
MP 1 ymeHue caMOCTOSATENbHO OINpPEAEATh LENU AESITEIbHOCTH U COCTaBJIATh IUJIAHBI JESTEIbHOCTH;
CaMOCTOSITEJIBHO OCYILECTBIISATh, KOHTPOJIUPOBAaTh U KOPPEKTUPOBATH JEATEIBHOCTD; HCIOIb30BaTh
BCE BO3MOJKHBIE PECYPCHI AJIsl JOCTH)KEHUS MTOCTABJIECHHBIX LIeJIel M peau3allii IUIaHOB JIeATEIbHOCTH;
BbIOMPATh YCHEIIHbIE CTPATETHH B PA3JINYHBIX CUTYaLIUsX;
MP 3 BnajeHue HaBbIKAMU MO3HABATEIbHOW, yU€OHO-HUCCIIEIOBATENLCKON U MPOEKTHON JEATEIbHOCTH,
HaBBIKAMHU pa3pelieHust mpoodsieM; CIOCOOHOCTh U TOTOBHOCTh K CaMOCTOSITEIbHOMY IOUCKY METOJIOB
pelIeHns MPaKTUYECKHX 3ajay, IPUMEHEHHUIO Pa3IMYHbIX METOI0B IO3HAHUS;
MP 4 TroTOBHOCTP M CIOCOOHOCTH K CaMOCTOSATENBHOM HMH(OPMAIMOHHO- T03HABaTEIbHOMN
NESTeIbHOCTH, BKJIOYAash YMEHHE OpPHUEHTUPOBAaThCA B pA3IUYHBIX  MCTOYHHMKAX  HH(OpMaluu,
KPUTHYECKH OLIEHUBATh W MHTEPIPETUPOBATH HH(POPMAIIHIO, TOIYYaEMYIO U3 Pa3IMYHbIX HCTOUYHHUKOB;
MP 5 ymenue wucnonb3oBaTh CpeAcTBa HHGOPMALMOHHBIX UM KOMMYHUKAIIMOHHBIX TEXHOJOTUH B
pelIeHNH KOTHUTUBHBIX, KOMMYHUKAaTUBHBIX M OPraHU3allMOHHBIX 3ajjau ¢ COOJIIOJICHUEM TpeOOBaHUI
SPrOHOMHUKH, TEXHUKU O€30MacHOCTH, THUTHEHBI, PEecypcocOepeKeHUs], TPABOBBIX U ITUUECKUX HOPM,
HOPM MH(OPMAIIMOHHON 0€30MaCHOCTH;
MP O BnaneHue HaBbIKAMM I103HABAaTENbHOM pedIEKCMU KaK OCO3HAHHS COBEpIIaeMbIX NEHCTBUI U
MBICIUTENBHBIX MPOLIECCOB, UX PE3YJIbTATOB U OCHOBAHMM, I'PAHUIL] CBOETO 3HAHUS U HE3HAHUS, HOBBIX
MO3HABATENbHBIX 3aJ1a4 U CPEJICTB UX JIOCTHKEHUSI.
B pe3ynbrare ux BBIOIHEHUS JOJKHBI ObITH C(OPMHUPOBAHBI IPEIMETHBIE PE3YIbTATHI:
I1P1 copmupoBaHHOCTH MpENCTaBICHUI O POJU M MecTe (U3MKH B COBPEMEHHON HaydyHOH KapTHHE
MHUpa; MOHUMaHHE (PU3MUYECKON CYHITHOCTH HaOJII0JaeMbIX BO BceneHHON sBICHUHN; MOHMMaHUE POIU
¢u3ukn B (opMHUpOBaHMM Kpyro3opa U (YHKIHMOHAIBHOM T'PaMOTHOCTH 4YeJIOBEKa JJIsi PEeLIeHHs
IIPaKTUYECKUX 3a7ay;
[1P2 BnaneHue OCHOBOMOJATAOIIMMHU (DU3HMUECKUMU TOHATHSAMH, 3aKOHOMEPHOCTSMH, 3aKOHAMHU U
TEOPHUSIMH; YBEPEHHOE 10JIb30BaHNE (PU3NUECKON TEPMHUHOJIOTUEN U CUMBOJIMKOM;
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I1P3 BnageHHe OCHOBHBIMHM METOJAaMHU HAy4YHOI'O MO3HAHMs, MCIOJb3YEMBIMH B (pU3MKe: HaOIIOAEHUE,
OIlMCaHHe, U3MEPEHHUE, SKCIEPUMEHT; YMEHHs 00pabaThiBaTh PE3yNbTaThl M3MEPEHUH, OOHAPYXKHUBATh
3aBUCUMOCTh MEXAYy (U3MUECKUMHU BEIMYMHAMM, OOBSCHATh IOITYyYEHHBbIE pE3ylbTaThl U JI€JIaTh
BBIBO/IbI;

ITP4 chopMupoBaHHOCTH YMEHUS peliaTh GU3NUECKUE 3a/1a4H;

I1P5S cdopMHpPOBAaHHOCTE YMEHHS NPUMEHSTH NOJYYEHHBIC 3HAHMUSA M OOBSCHEHUS YCIIOBHM
NpOoTeKaHUs (PU3MUYECKUX SABJICHUN B IPUPOJE U [Vl IPUHATUS IPAKTUUYECKUX PEIIEHUH B OBCEIHEBHON
KU3HU,

I[IP6 chopmMupoBaHHOCT COOCTBEHHOM TO3MIIMK 110 OTHOLIEHWIO K (u3nyeckord uHpopmaimu,
IIOJIy4a€MOU U3 Pa3HbIX HCTOYHUKOB;

ITP7 chopMupOBaHHOCTH CUCTEMBI 3HAHUN 00 00IUX (PU3MUECKUX 3aKOHOMEPHOCTSX, 3aKOHAX, TEOPUSX,
MPEJCTaBICHU O JeCTBUH BO BeeneHHON (pU3NUeCKUX 3aKOHOB, OTKPHITHIX B 3€MHBIX YCIIOBHUSX;

I1P8 chopMupoBaHHOCTh YMEHUS HCCIENOBATh U aHAJIM3UPOBATh Pa3HOOOPA3HbIC (PU3MUECKUE SIBJICHUS
U CBOICTBa OOBEKTOB, OOBSICHATH MPHUHLUUIBI PAabOTHl U XapaKTEPUCTUKU MPHOOPOB U YCTPOMCTB,
OOBSICHATB CBSI3b OCHOBHBIX KOCMUYECKHX O0BEKTOB C re0(U3NIECKUMU SIBICHUSAMU;

[1P9 BnajeHue yMEHHMSIMHU BBIIBUTATh THUIIOTE3bl Ha OCHOBE 3HAHWS OCHOBOIOJATAIOMIMX (PHU3UUECKUX
3aKOHOMEPHOCTEH M 3aKOHOB, MPOBEPSATb UX HKCHEPUMEHTAIBHBIMU CpPEACTBaMH, (HOPMYIUPYs LElb
HCCIIE0BAHMS;

IIP10 BnajgeHue MeTOJaMHM CAMOCTOSITENIBHOIO IJIAHMPOBAHHUS M TPOBENEHHUS  (PU3NYECKUX
SKCIIEPUMEHTOB, ONMUCAHHWS W aHajlu3a I[OJYyYCHHOW H3MEpUTEIbHOW HHPOpMAIUK, ONpeaeIeHUs
JOCTOBEPHOCTH IOJIy4EHHOT'O PE3Y/bTaTa;

IMIP11 cdopMUpOBaHHOCTH YMEHHH TNPOTHO3UPOBATH, AHAIM3UPOBATH W OLEHHUBATH MOCIEICTBHSA
OBITOBOM M IPOU3BOJCTBEHHON NEATEIBHOCTH 4YEIOBEKAa, CBA3aHHOW C (PM3NYECKMMHU IPOLIECCAMH, C
MO3ULUI 3KOJIOTUYECKON OE3011aCHOCTH.

BeinmonHenue npakTU4ecKuX/IabopaTopHbIX paboT mo yueObHo aucuumiuHe «HanmeHnoBaHue»
HaIlpaBJICHO HA:

- 00001IeHHe, cucTeMaTU3aluio, yriyOJeHue, 3aKkpeljeHue, Pa3BUTHE U JETAIM3ALUI0 IOJTYYEHHBIX
TEOPETUYECKUX 3HAHUN IO KOHKPETHBIM TeMaM Y4eOHOM IHCLUUIUINHBI;

- (¢dopmHpOBaHHE YMEHUH IPUMEHATh IOJY4YEHHblE 3HAHMS Ha IMPAKTUKE, PEATM3aLUI0 €IUHCTBA
MHTEJUIEKTYAJIbHON U ITPAKTHYECKOU EATEIbHOCTH;

- (opMHpOBaHME M Pa3BUTHE yMEHHi: HaOII0aTh, CPABHUBATh, CONMOCTABIATh, aHAJIU3UPOBATbH, J1ENIATh
BBIBOJIbI U 00OOILEHUS, CAMOCTOATENIBHO BECTH HCCIEI0BaHUS, MOJIb30BATHCA Pa3IMYHBIMU MPHEMaMU
n3MepeHuil, 0popMIIATh pe3yIbTaThl B BUAE TaOIHIl, CXeM, IPa(UKOB;

- IpUOOpEeTeHNE HABBIKOB pabOThl C PAa3IMYHBIMU IpUOOpamu, amnmapaTypoi, yCTaHOBKaMU U APYTUMHU
TEXHUYECKUMHU CPEICTBAMH IS IIPOBEIECHHUS OIBITOB;

- pa3BUTHE UHTEJUIEKTYaJbHbIX YMEHUN Y OyIyIIMX CHEIHATINCTOB: aHAIUTUYECKUX, IPOEKTUPOBOYHBIX,
KOHCTPYKTUBHBIX U JIp.;

- BbIpa0OTKY IMpHU pEHIeHUH MOCTaBICHHBIX 3aJa4 Mpo(EeCCHOHAIbHO 3HAYMMBIX KAauecTB, TAKUX Kak
CaMOCTOATEIIBHOCTb, OTBETCTBEHHOCTh, TOYHOCTh, TBOPYECKAsI MHULIMATHUBA.
[IpakTrueckue/madopaTopHbIe 3aHATHS MPOBOAATCS MOCIE COOTBETCTBYIOIIEH TEMBbI, KOTOpask 0OecreunBaeT
HaJIW4ue 3HaHUH, HEOOXOIUMBIX /ISl BBITOJIHEHUSI IPAKTUYECKUX paloT.



2MEPEYEHDb TIPAKTUYECKHX 3AHATUI

Coaepixanue o0yueHust

TeMbl NIPAKTHYECKUX/JIA00PATOPHBIX
3aHATHH

Koanuect
BO YaCOB

IL1anupyemsle
pe3yJIbTaThl
OCBOCHUA

Bsenenue

Pazgen 1. Mexanuka

JIP4,MP3, MP4,
IP1, P2, TIP3,
ITP4, ITPY

1.1 Kunuemaruka.

[IpakTnueckoe 3anstue Nel
Pemenue 3anay no reme «KunemaTtuka

JIP4, MP4, IIPI,
11P4

1.2 Kunematuka [TpakTrueckoe 3ansTue No2 2 JIP4, MP4, [IPI,
Pemenue 3anau Ha mapameTpsl 1IP4
BpAIllaTEeIbHOTO ABMKCHUS
1.3 3aK0HBI MEXAHUKHA [Ipaktuueckoe 3anstue No3 JIP4, MP3,1IP2,
Hrrotona Pemenue 3amau Ha 3akonsl HeroToHA IIP4,11P9
1.4. 3axonsl coxpanenus | IIpaktuueckoe 3anstue Ne4,5 JIP4, MP3,MP9,
B MEXaHUKE 3akoHbl coxpaHneHus. Pabota u sHeprusi. IIPI-11P4
Paznen 2 OcuoBbl MKT u TepMoauHaMUuKH JIP4, JIP9, MP3,
MP4, MP9Y, IIP2,
1IP3, IIP4, IIP7,
1IPS, IIPY, I1P10),
IIP11
2.1 OcHOBEI [IpakTuueckoe 3ansTre Neb 1 JIP9, MP3, MP4,
MOJIEKYJIIPHO- Pemenue 3amay 1o teme « OCHOBEBI IIP2, IIP3, IIP4,
KMHETUYECKOU TEOpUHU MOJIEKYJIAPHO-KHUHETUYECKOU TEOPUUY. 1IP8
2.2 OCHOBEI [IpakTuueckoe 3anstue Ne7 1 JIP9, MP3, MP4,
MOJIEKYJIIPHO- «Pemenne 3aga4 Ha TeMy CBoOICTBa 1IP2, [1P3, I1P4,
KMHETUYECKOU TEOpUHU [1apOB, JKUJIKOCTEU U TBEPIBIX TEI» 1IP8
2.3 OCHOBEI [IpakTuueckoe 3ansTue Ne§ JIP4, MP3, MP9,
TEPMOJIUHAMUKHI Pemenue 3amay mo reme «OCHOBBI IIP2, IIP3, IIP4.
TEPMOJIUHAMUKHN» IIP11]
Pazgen 3 Dnexrponunamuka JIP13, MP3, MP4,
MP5, IIP4, TIPS,
11Pé6, I1P7, I1PS,
IIP11
3.1 DnexTpuyeckoe [IpakTuueckoe 3anstue Ne9 JIP13, MP4,
oJie Pemnrenne 3amad mo reme MPS5, I1P4, I1P6,
«OIIEKTPOCTATUKAY 1IP7
3.2 3aK0OHBI [TpaxTuueckoe 3anstue NelO 1 JIP13, MP3, MP4,
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ITIOCTOSIHHOI'O TOKa

Penrenue 3amad mo teMe «3akoHbl OMay

1IP4, IIP5, IIPS

3.3 3akoHbI
MOCTOSTHHOT'O TOKA

ITpakTnueckoe 3ansThe Nell
«Permienne 3a1a4 Ha 3aKOHbBI COCIUHEHMSI
IIPOBOJAHHUKOB)

JIP13, MP3, MP4,
1IP4, IIP5, IIPS

3.4 3axkoHBI [Ipaktuueckoe 3anstue Nel2 1 JIP13, MP3, MP4,
MOCTOSIHHOT'O TOKa Pemenue 3amay Ha hopmyiel pabOTHI 1IP4, IIP5, 1IPS
MOIIIHOCTH TOKa
3.5 DnexkrpomarautHas | [Ipaktudeckoe 3ansitue Nel3 JIP13, MP1, IIP4,
WHTYKLUSA MarautHoe nosie, JJIeKTpOMarHuTHast IIP11, IIP6
UHIYKIUS.
Pazgen 4 JIP4, JIP13, MP3,
Konebanus u BOJIHBI MP4, IIP1, I1P2,
IIP4, IIP10
4.1 Mexanudeckue [Ipaktuueckoe 3anstue Ne 14. JIP13, MP3, IIP],
KOoJIeOaHUS U BOJIHEI Pemenue 3anay Ha mapaMeTpsl IIP2, [IP4
K0JIe0aTEIbHOTO ABHKEHHS.
4.2 DnexkrpomarautHbeie | [Ipaktudeckoe 3ansarue Ne 15,16 JIP13, MP3, MP4,
KoJIeOaHUSA U BOJHBI Pemenue 3amau no reme «llepemeHHbli 2 IIP1, [IP2, [1P4,
TOK) IIP10
4.3 DnexkrpomarautHbeie | [Ipaktudeckoe 3anstue Nel7 JIP13, MP3, MP4,
KOJ1€0aHU U BOJIHBI «JEKTPOMarHUTHBIE KOJICOaHUS 1 IIP1, IIP2, IIP4,
BOJIHBD,popmyria TomcoHay 1IP10
Pasnen 5. Onruka JIP4, MP3, IIP],
IIP2, IIP4, TIPS
5.1 Ilpupona ceera. [IpakTuueckoe 3anstue Nel§ JIP4, MP3, IIP],
BomnHoBBIE cBOIICTBA Pentenue 3amad ¢ UCIIOJIB30BaHUEM IIP2, IIP4, IIPS8
CBeTa bopMyiibl TUpPaKIUOHHON PEIETKU
Pasnen 6 KBantoBas onTuka JIP4, MP9Y, IIP2,
IIP4, I1P6, IIP11
6.1 KBanToBas ornruka [IpakTuueckoe 3anstue Nel9 JIP4, MP9, IIP2,
Pemenue 3amad o teme «3aKOHEBI IIP4, IIP6, I[IP11
dboTtorpdexrar
6.2 ®usuka atoma u [IpakTuueckoe 3anstue Ne20 Permenue JIP4, MP9, IIP6,
aTOMHOTO si/ipa 3as1a4 1o TeMe «PaJanoaKkTUBHOCTS. IIP11
3anuce AAEPHBIX PEAKIUN»
HUTOI'O 8

[pu 3a0unoit hopme oOyyenust mpaktuaeckue 3ausTus Nel 3,4,5,8,9,11,13,14,17,18,19,20 npopabatsiBaroTCcst
00yJarOIIUMICST CAMOCTOSTEITHHO.




3METOANYECKHUE YKA3AHUA

Tema 1.1 Kunematuxka.

IIpakTnueckoe 3ansaTne Nel
Pemenne 3anau no reme «Kunematuka»

Ilenp paboOTHI: HAYYHTHCS PaA3IUYaTh BHJBI MEXaHUYECKOTO JBIKEHHUS B 3aBHCHMOCTH OT (DOPMBI
TPACKTOPUU U CKOPOCTH TEPEMEIEHHsI TeJla, PACCUUTHIBATh €r0 TapaMeTpbl, HAYYHUTHCS U300paKaTh
rpadUyecKy pa3iNYHbIC BHUABI MEXAHWYECKUX JIBWDKCHUH, 3allMChIBATh YPAaBHCHHS  JIBIDKCHUS,
pa3nuyaTth €ro OTHOCHUTEIBHOCTh; HAYYHTHCS (POPMYIUPOBATH CICAYIOUIHE TOHSATHS : MEXaHUYECKOe
JBUKCHHE, CKOPOCTh M YCKOPEHHUE, CHCTEMa OTCYEeTa, MEXaHUYECKUN IPUHIIAIT OTHOCUTEIHLHOCTH.
Brimonaus paboty, Ber Oynere:

YMETh:

-pa3iauyaTh BUBl MEXaHHUECKOTO JBMKCHUS

-pacCUMTHIBATh IMMApaMETPhI TBUKCHUS

-3aIKUChIBATh YPABHECHUS JIBUKCHUS

MarepuanpHoe oOecrieueHrne: HHANBUIYAIbHOE 3aJaHHEe, KOHCTICKT JICKIIHA, CIIPABOYHBIC MAaTCPUAITHI.
3aganue

1. Hcnonb3yst hopMyIIbl s pacuéra mapaMeTpoB IBHIKEHUS TEJl, PEIINTh 3a[a4H.

2. [Tpoananu3upoBath rpaduKu JBUKCHUS TEIl, OITUCATh XapaKTep IBUKCHUS.

KpaTKI/IC TCOPCTUYCCKUC CBCIACHUS

OI[HOMCpHOC JBHXXCHUC. I[BI/I)I(CHI/IC C OCTOSIHHOM CKOPOCTBIO.
HYCTB TCJIO ABHUIXKCTCA B HAIIPABJICHUU OCH X ¢ IOCTOSIHHOM CKOPOCTBIO V 1 3a BpEMA Ar =t —¢, [IPOXOJUT

NyTh Ax = x —x,. CpeaHsisi CKopocThb

Ax
N TR
At
v X
x(t)= xq + vt
v = const
Xo

JIBM>KEHUE ¢ TIEPEMEHHON CKOPOCTHIO. Y CKOPEHHE
Ecnu Teno nBHKETCA HamnpaBIEHUU v ocu Xc

IEPEMEHHON CKOpocThio V(1), TO, ~ | _ _ rpaduku X(t) u v(t) UMeroT BUI:
IIpy >TOM TOBOpPAT, 4YTO TEJO j JIBIDKETCS C YCKOPEHUEM.

Yckopenne (@) —  CKOpPOCTh OO It ,'( ” W3MEHECHHS CKOPOCTH.
(0] — — —
Ecnu 3a Bpemsi At=t—t, U3MEHEHHE CKOpPOCTH AV=V-V,, TO CcpeaHee
- AV

M V=V,
YCKOpEHHE: |8, = " [al=1—. M3 a= A = v =V, +alAt U v(t) = v, +alt
C

t

2

a —_
x(t) = xp + VAL + Ecin v, ua coHanpaBiIeHbl, TO CKOPOCTh JABM)KEHUS TEJla BO3pAcTAaeT, a UMEET 3HAK

«H»; B MMPOTUBHOM CJIy4a€ CKOPOCTHh YMCHBINACTCA U @ UMCCT 3HAK «—».

v (t) - v

Ecnu Bpemst nBmkeHns At HeM3BeCTHO, TO |x(f) = X, +




MHoromepHoe ABIKEHHE. J[BHKEeHHE Tela, OpOIIEHHOT0 O] YTIOM K TOPU30HTY
[Tycts Teno OporieHO M3 Havaida KOOPAMHAT MO YIJIOM K TOPU30HTY C HAa4aJbHOH CKOPOCTHIO v,. M3

rpaduKa BUIHO, YTO V, = Vo y + Vo, (ABYMEPHOE JBM)KEHUE MOXHO paccMaTpUBaTh, KaK HAJI0XKEHUE APYT
Ha Jpyra JIBYX OJHOMEPHBIX — 10 ocsiM X u Y).

[Topsimok BeIMONHEHUS PaOOTHI

1. IIoBTOPHUTEH OCHOBHBIE BOOPOCHI KWHEMATHUKHU
2. PemnTh 33/1a4y o BapuaHTaM, HCIIOJI63Ys Tabuuiy 1

BI/IIII)I MEXaHHNYCCKOTO IBUKCHUS TCI
TpaeKTopI/m — JIMHHUA, OIIUChIBACMAs AIBUIKYIIIUMCS TCJIOM.

HYTB (f) — pacCToOsAHNUEC MCKAY ABYMsI I'€OMCTPHUYCCKUMHU TOYKAMH, OTCHUTAHHOC BAOJIb TPACKTOpHUU

JBYDKEHUS Tea.

[Tepemeruenue (S ) — BEKTOP, COSAMHSIONINN HaYaIbHOE M KOHCYHOE MOJI0KEHHUS Tella.

Teno orcyéra — TEN0, OTHOCUTEIBHO KOTOPOT'O PACCMATPHUBAIOT MOJIOKEHHUE APYTHX Tell.

Cucrema otcuéra — TeJI0 0TCUYETa, C KOTOPHIM XKECTKO CBSI3aHbI CCTEMa KOOPAMHAT, Yachl U METP.
MarepuanbpHasi TOUKa — TeJlo, pa3MepaMu KOTOPOTO MO>KHO NMPEeHEOpeyb.

B ycnoBum HEKOTOPBIX 3aad4 OTCYTCTBYIOT LHM@pbI. 3HaueHHUs (PU3MUECKUX I[apaMeTpoB ATHX 3adad
HeoOXxoauMo Opath M3 TaOnmuubl 1: MO BepPTUKAIBHOM CTPOKE YyKa3aH HOMEp BapHaHTa, IO
TOPU30HTAILHON — HOMEP 3aJayH.

1. JIBmwxkeHue Tena 3amaHo ypaBHeHHeM. OrpeaenuTe Ha4albHYI0 KOOPJIUHATY, HAYAIbHYIO CKOPOCTh U
YCKOpEHUE MPH IBUKECHUH.

2. ABroOyc W TpoiieiiOyc IBWXXYTCS B OIHOM HampasieHHH. Ompenenure WX OTHOCHUTEIHHYIO
CKOPOCTb, €CIM CKOpPOCTh Tposuieiidyca 10 km/4, a aBT0Oyca40 km/4. Pemure 3Ty 3a1a4y ¥ Ipu yCiIOBUH,
9TO OHHM ABWIXXYTCA B IIPOTHBOIIOJIOKHBIX HAIIPABJICHUAX.

3. TponneiiGyc, Tporasch ¢ MecTa, IBUKETCS C IOCTOSTHHBIM YCKOpeHHEM a. Uepe3 CKOJIbKO BPEMEHU OH
npuodperer ckopocTs V?

4. Kakyro ckopocTs pa3BuBaeT aBToMoOWIb «Bonra» 3a Bpems Al nocne navana JBYDKEHUS, €CJIA OH
ezer ¢ yckopenreM a? Kakol myTh OH IPOXOJUT 3a 3TO BpeMs?

5. IlpuBectu mpumepbl Ted, HaAXOMSAIIUXCS B MOKoe. JeHCTBHE KakuX Tel KOMIIEHCHPYETCS B 3THUX
ciyyasx? (3 mpumepa; IeHCTBYIOIIHME CHIIBI N300pa3UuTh HA PUCYHKE).

6. B mBmwkymemcs BaroHe MacCaXMPCKOTO IMOe3/1a Ha CTOoJie JISKHUT KHUTA. B Mmokoe mim JBMKEHUH
HAXOJUTCS] KHUTa OTHOCUTEJBHO : ) CTOJIA; 0) pebCcoB; B) M0JIa BaroHa; ) TenerpadHbIX cToI00B?



7. KonbkoOexer mpodexal Ha CTaAuoHe ToJIKpyra paanycoM R. OnpenenuTs NpoRIeHHBIN UM MyTh U
nepemenieHne. Yemy OyayT paBHBI IyTh W NEpeMEIeHHEe KOHBKOOEXKIIA, KOTr/ia OH MPOOEKHUT TOTHBIN

Kpyr?

8. TpamBail nBuraics paBHOMEPHO MPSIMOJMHEHHO CO CKOpPOCThIO V, a B Ipolecce TOPMOXKEHHS —
PaBHOYCKOPEHHO ¢ YyckopeHueM a. Omnpenenure BpeMsi TOPMOXKEHHS M TOPMO3HOM IMYyTh TpamBasi.
[TocrotiTe rpaduku ckopoctu V(t) u yckopeHus a(t).
9. C KakuM yCKOPEHHEM JIBUTAJICSI aBTOMOOMJIb, €CJIM Ha IYTH S €ro CKOpPOCTh Bo3pocia oT 36 go 72

KMm/4?

2. M
III II

10. a) Kakomy Buay IBH)KEHHsI COOTBETCTBYET Kaxablid rpaduk Ha puc.1? C
I KaKOW CKOpPOCTBIO JIBHTAJIOCH TEJO, IS KOTOPOTO 3aBUCHMOCTh MYTH OT

BpeMeHU wu300paxkaeTcs rpadukamu I,
nBKeHus st rpagukos I, 11

I1,

I11?

3anucath ypaBHEHHE

0) Kakoit ¢uszuueckuii cMbici umeeT Touka nepeceueHus rpadukos II u 111
Ha puc.1? Kakoil u3 rpadukoB COOTBETCTBYET IBMKEHHUIO C OoJblIeh
CKOpOCThI0? MOXHO M 1O 3TUM TrpaduKaM OINpPEeNeNuTh TPACKTOPHU

IBIOKEHUA?
S R R R
Tabmuua 1.
Ne 1 3 5 7 9
3a1a4d
Ne a V At a V R V a S
papuanta m/c? | kmia | ¢ [ M/ kmla| M | km/a | M/c? | km
1 X(t):10+10t-t2 2 10 5 2 10 | 10 | 10 2 1
2 X(t):20+20t-t2 4 20 | 10 4 20 | 20 | 20 4 2
3 X(t):30+30t-t2 6 30 | 15 6 30 | 30 | 30 6 3
4 x(t)=40+40t-t | 8 | 40 [ 20| 8 | 40 |40 | 40 | 8 | 4
5 x(t)=50+50t-t | 10 | 50 [ 25 | 10 | 50 [ 50 | 50 | 10 | 5
6 X(t)=60+60t+t2 12 60 | 30 | 12 60 | 60 | 60 12 | 1
7 x(t):70+70t+t2 14 70 | 35 | 14 10 | 70 | 70 14 | 2
8 X(t):80+80t+t2 16 80 | 40 | 16 20 | 80 | 80 16 | 3
9 x(t):90+90t+t2 18 90 | 45 | 18 30 | 90 | 90 18 | 4
10 X(t):102+100t- 20 10 | 50 | 20 40 |100| 10 20 | 5
t

dopma npegocTaBiIeHUs pe3yabTaTa
BeimonHeHHbIE 3a7a4M B TETPaAM A MPAKTUYECKUX padoT.

Kpurepun onenkn:

Kpurepun onenku:
3a NIpaBUIIBHO BBIIIOJHEHHOE 33JaHHE BBICTABIISIETCS MOJI0XKUTENbHAs OLeHKa — | Oasu.
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3a HeMpaBWJIHHO BBHITTOJTHEHHOE JIEHCTBUE, 3a/IaHUE BBICTABIISICTCS OTpHIIATEeNIbHAS OlleHKa — (0 6ayuioB.

KomnuectBo [Ipouent KauecTBeHHast o1ieHKa ypOBHS TOATOTOBKU
OaoB pe3yJIbTaTUBHOCTH bann (otmeTka) BepbanbHblii ananor
(IpaBUIIBHBIX OTBETOB)
18-20 90 — 100% 5 OTA4HO
16-17 80 — 89% 4 Xopor1o
12-15 60 — 79% 3 Y 10BIETBOPUTETHLHO
0-11 menee 60% 2 HeynoBneTBopuTensHO

Tema 1.1 Kunemartuka

IIpakTuyeckoe 3ansitue Ne2
Pemienne 3a1au Ha mapamMeTpbl BpallaTeIbHOTO JIBHXKECHUS

[{enb pabOThI: HAYYNUTHCS PACCUYUTHIBATH MTAPAMETPHI BPAIATEIIBHOTO ABUKCHHUS.

Brimonnaus paboty, Bel Oynere:

YMETh:

-aHAJIM3UPOBATh U XapaKTEPU30BaTh BH/ JIBUKCHUS

-peniaTh 3a/1a4u ¢ UCIOJb30BaHUEM (OPMYIT

MarepuanbHOoe 0OecIieYeHre: WHAUBUIYAIBHOC 33JaHHEe, KOHCIIECKT JICKIIUH, CIPaBOYHbIC MaTCPUAIIBI.
3anaHue:

Pemmts 3a1aun, uconb3yst GOPMYITbl Ha BEIYUCICHUE MTAPAMETPOB BPAIATEIILHOTO JBMXKCHUS: TIEPHOI,
9acTOTa, YIJI0Basi 4aCcTOTa, YIJIOBas CKOPOCTh, TMHEHHAS CKOPOCTh, YTIIOBOE MEpEeMEIICHHE,
[EHTPOCTPEMHUTEILHOE YCKOPEHUE.

BEISIBUTE OCHOBHBIC Pa3INydust MEXIY MPSIMOJTMHCHHBIM JIBI)KEHUEM U JIBUKCHHEM TeJa 110 OKPYKHOCTH.

Kpatkue Teopernueckue cBEaeHUS

[TycThb Teno ABMXKETCS O OKPYKHOCTHU pajanyca R ¢ TOCTOSSHHON 1O 3HAUE€HUIO CKOPOCTHIO V (JIMHEHHOMN

CKOPOCTBIO) M 3a BpeMs At mepemecTninocs Ha AS u3 T. A B T. B. Bektop v HampapieH 1o KacaTeabHON
K OKPY’KHOCTH M MEHSIET HalpaBJeHUE, T.€. MOKHO TOBOPUTH 00 H3MEHEHHH CKOPOCTU AV = Vg — v,

_ AV -
OTJIMYHOM OT HyJs. OTcrona: a = N 0.
t

LlenTpOCTpeMUTEIIFHOE YCKOPEHUE (& ) — CKOPOCTh M3MEHEHHSI HAIIPABJICHUS] BEKTOPA CKOPOCTH.

Onpenenum |d,| = dg, .

U3 niono6ust tpeyrosaukos OAB 1 CBD = &Y - A_; Ay =Y AS

v

: AS A
a, A AS;anAt—)Oacp—)atI/I——>v:> a=—°I\
P At RAt At R

BekTop @ HampaBieH 1o paauycy K LEHTPY OKPYKHOCTH.

[Meprox obparieHust TOYKH M0 OKpYX)HOCTH () — Bpemsl, 3a KOTOPOE TOYKA OMUCHIBACT OJTHY
OKPY>KHOCTb.

2R v2 ) 472
7R 4

T=—o/| [Tl=1¢c W3 a=— nv=""=la=—R|

\Y R T T
YacroTa oOpalleHns: TOYKH 10 OKPYKHOCTH (V) — KOJIMYECTBO MOJIHBIX 000POTOB, COBEPIIAEMBIX TOUKOM
1, v 2.2

B €IMHUILY BPEMEHHU. 1| vl=1=; [v=——|a=472"v’R|
V= ? c 27R

VYroBast CKOPOCTb oOpalleHHs TOYKH IO OKPY)KHOCTH (w) — CKOPOCTh U3MEHEHHUSI

- Aa
W_

COAt




[W]= 1%

yria noBopota Aa paauycaR, coeTuHSIONIEro TOYKy ¢ HEHTPOM OKPY>KHOCTH.

2 2p2
S T Y Y IO gy vy AL S e

[Topsiaok BeIMOTHEHUS PaOOTHI
1.IIoBTOpUTH OCHOBHBIE MOHSATHUSA U MTApAMETPhI BPAIaTEIIbHOTO JIBHXKCHHSL.
2.Pemute 3amaun.

Xom paboThI:

ABTOMOOWIIb IBMXKETCSI TIO 3aKpyryieHuIo paanycoM 100 MeTpoB co ckopocThio 36 km/4. OnpeaeuTh ero
HEHTPOCTPEMUTENBHOE ycKopeHue. (oTB.: 1 m/c)

ABTOMOOWJIb IBMXKETCSI TI0 3aKPYIJICHHUIO pagnycoM 80 METPOB cO CKOPOCThIO 54 km/4. OnpenenuTs ero
LIEHTPOCTPEMUTENBHOE YCKOPEHHUE.

TounnwHeI KpyT paguycom 10 cm menaet onuna o6opoT 3a 0,2 ¢. Haiiaute ckopocTh Touek, Hanbosee
YAIEHHBIX OT OCH BpalllCHHUS.

CaMounér, BBIXO/ U3 MUKE, ABMXKETCS MO0 TPACKTOPUH, KOTOpasi B HUKHEH YacTH SBIISETCS Ayron
OKpYXHOCTH paanycoMm 800M. Beruncnure yckopeHue camonéra npu ero JBUKEHUH, €CJIU €r0 CKOPOCTb
paBHa 720 km/4. (01B.: 50 M\c?)

CryTHUK JBIDKETCS 1O KpYroBoit opoure Ha BbicoTe 630 kM. [lepuox oOpamenns cnytHuka 97, 5 MUHYT.
Omnpenenure ero JIMHEHHYIO CKOPOCTh U IIEHTPOCTpEeMUTeNbHOE yckopenue. Paguyc 3emmnu 6370 kM.
(OtB.: 7514 M/c; 8,1 M/CZ)

Bpems ogHOro 060pora BOKpyr ocu paBHO 24 yaca. Beiuucnure yrioByro u JIMHEHHYIO CKOPOCTU
BpallleHus ToueK Ha 3kBaTope. Pannyc 3emnu cuntars paBHbiM 6400 kM (o1B.: 0,0007 pan/c; 448 m/c).
[Tepron oOpamieHus MepBOro KOCMHYECKOT0 KOpadiist — cryTHuka 3emiin «Boctoky» paBHsics 90 MUHYT.
Cpennsist BbIcOoTa criyTHHKA Haj 3emii€ii Obuia paBHa 320 kM. Pannyc 3emnu 6400xm. Borancnure
CKOpPOCTb KOpaoJIs.

KakoBa ckopocTh ABMXEHHS aBTOMOOWIIS, eciu ero kojiéca paauycoMm 30 cm aenatot 600 060poToB B
MUHYTY?

Jlyna nBuxercst Bokpyr 3emin Ha paccrostHun 380000 kM oT He€, coBepiast oJuH 0060poT 3a 27,3 CyTOK.
Brruucnure neHTpOCTpeMHUTENBHOE YCKOpEeHHE JIYHBI.

®dopma npenoCcTaBIeHUs PE3yJIbTaTa

BeinonHenHble 3aauu B TETpaIy JUIs IPAKTUYECKUX padoT.

Kpurepun onenku:

3a mpaBUIIBHO BBIIIOJHEHHOE 33JaHHE BBICTABIISETCS MOJIOKUTENIbHAs OlleHKa — 1 Oasu.

3a HeMpaBWIBHO BBIIIOJIHEHHOE JEHCTBHE, 3aJJaHNE BBICTABIIAETCS OTpULIATENbHAs OLleHKa — ) OaIoB.

KonnyectBo [TponeHT KayecTBeHHast OIIeHKa YPOBHsI ITOJITOTOBKH

0asioB pe3ynbTaTUBHOCTHU bann (ormetka) BepbanbHblii ananor
(MpaBUJIBHBIX OTBETOB)

9-8 90 — 100% 5 OTim4HO

7-6 80 — 89% 4 Xopo1io

5 60 — 79% 3 Y 10BIE€TBOPUTENHEHO

4 menee 60% 2 HeynoBneTBopHuTenbHO
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Tema 1.2. 3akoHbl MexaHuku HrroToHA

IIpakTyeckoe 3ansaTue Ne3
Pemtenne 3amau Ha 3akodsl HeroToHA

Ilenp paGoOTHI: MOJYYUTH MPEACTABICHUE O CHJIOBOM JCHCTBHMU OJHOTO TEla Ha JAPYroe, mMacce Tela
pa3ianyaTth MOHITHS MHEPIUU U HHEPTHOCTH, HAYYUTHCS (POPMYITUPOBATH MOHITHS MAacChl, CUIIbL, 3aKOHbI
HproroHa.

Brimonnaus paboty, Bel Oynere:

YMETh:

-pa3nuy4aTh MOHATHS UHEPIUHU U HHEPTHOCTH

-pa3nu4aTh BUJIBI CUJI, IEHCTBYIOIIUX HA TEJIO

[TpumensTh GOpMYIIBI U 3aKOHBI Ha TPAKTUKE

MarepuanpHoe oOecrieueHne: WHAWBHYaTbHOE 33/IaHNe, KOHCIICKT JIEKIIUH, CIIPABOYHbBIC MaTePHAIIBI.
3amanue

BEISIBUTH OCHOBHYIO MPUYHHY JBHKCHUS TEIA.

Pemmts 3a1aun Ha npuMeHeHHe 3aKk0HOB HeloToHa.

[TopsaoK BeIMOTHEHUS PaOOTHI

[ToBTOPUTH OCHOBHBIE TOHATHS AMHAMHKHU U 3aKOHbI HbroTOHA

Pemuts 3amaumn.

Jlunamuxa. OcHo8Hble NOHAMUSL

WNHepuusa — siBIIEHHE COXPAHEHUSI CKOPOCTH ABMKEHUS Tela MPU OTCYTCTBUHU
BHEIITHUX BO3CUCTBHIA.

NHepTHOCT, — CBOWMCTBO TeJ, MPOSBISIONICECS B TOM, YTO IMPHU OJUHAKOBBIX
BHEITHUX BO3JICHCTBUSAX Pa3HBIC TEJIA IPHOOPETAIOT Pa3HbIC YCKOPEHUS.

o

Macca (M) — Mepa uHepTHOCTH Ten.  [M]=1kr. |a

m,
a m

3a sTanoH maccel (1 KkugorpaMm) NpUHATA Macca MEXIYHAPOJHOTO IPOTOTHUIIA KUJIOTpaMMa.

W3 onbITOB W3BECTHO, YTO YCKOPEHMs, I[OJIydaeMble TelaMH NpU B3auMMOICHCTBUM, 0OpaTHO
IPONOPLMOHAIIBHBI MX MacCaM: .

Ecnu maccy kakoro-imm0o Tena NpUHATh 3a 3TalI0H, TO MOKHO U3MEPUTh MACCy APYTUX TEIl:

[,0] = 1K71; Migan = Mo &

M aTEAA

[110THOCTE Tena () — OTHOLIEHHE MAcChl Tela M | p = M| k ero o6bemy V.

Cuna (F) — Mepa MEXaHHUYECKOTO JCHCTBUS V| ognoro Tena Ha JpyTroe.
[F]=1H — HproTOH.
Cuiia uMeet HarpaBJI€HUE, T. €. CUNA-8EKIMOp .
Cuna Bcerjia npujo)keHa K TOMY Tely, Ha3BaHHE KOTOPOTO CleAyeT B MPEUIOKEHHH IOCie Mpeagora
«Hay.
CunoBoe nojie — 0coObIN BUJ MaTepHH, IOCPEICTBOM KOTOPOTO nepenaércs NeiCTBUE CUJIBL.

PasnogeiicTByromas (pesymbtupyromas) cun ( R) —cuna, paBnas BexropHOoil cymme naHHBIX cun F..

R-XF |

JlaBnenue (p) — OTHOIIGHHE CHWJIBI K IUIOMIQAM IOBEPXHOCTH, HAa KOTOPYHO OHa JeiCTByeT B

TIEPIEHAMKYJIAPHOM HaIPaBICHHH. - v
q —t >

p—E [(PI=122=1 1ma - macKanb
=3 M 7 o
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Wmmynbce Tena ( §)— BEKTOpHAs Mepa MEXaHHMUYECKOTO JIBU)KCHHSI, paBHAas IPOM3BEICHUIO MACChI Tella Ha

- — KT - M
ero CKOpoCTh. [p=m-v|[p]=1

C

Wmnynbe cunbl ( F-At) — BeKTOpHasE Mepa JCUCTBUS CHJIbI, PaBHAs MPOU3BEICHUIO CHJIbI Ha Bpems ¢
nevicrBusa. [F-At] =1 H-c.

3akonbl HeroToHa

O60061muKB pe3yabTaThl CBOMX UCCIIENOBaHUN U, yuTs paboTy ['ammies «O OBUXKEHUH TN MO UHEPIHH,
HeroToH chopmynupoBai 3akOHICHHOE MTOJIOKESHHE, N3BECTHOE KaK MEepBhIi 3ak0oH HproToHa:
CylecTBYIOT CHUCTEMBI OTCYETa, OTHOCUTEIIBHO KOTOPBIX TEJIO HaXOJUTCS B MOKOE JHOO JBHXKETCS
MPSIMOJIMHEITHO U PAaBHOMEPHO, €CJIM PaBHOJICHCTBYIOIIAsl BCEX MPUIIOKEHHBIX K HEMY CUJI paBHA HYJIIO.

WNueprmanshas cucrema orcuéra (MCO) — cucremMa OTCc4€Ta, B KOTOPOH BBINIOJIHAETCS
nepBblii 3akoH HploToHA. F=m-a
— p  mAv - .
"3 Folp_mAv_ G [10JIy4aeMBTOPOM 3akoH HproToHa:
At At

JUIs TeJIa IOCTOSTHHOM MacChl CKOPOCTh U3MEHEHNUS UMITYJIbCA PaBHA IPOU3BEICHUIO MACChl HA YCKOPEHHUE.
Bropoii 3akon HeroTona paboraer Tosbko B MCO u mipu yciaoBUH, 4TO Macca Tella U JCHCTBYIOITUE Ha
HEro CHJIbI [IOCTOSIHHBI.

Bropoii 3akon HproToHa cnpaBemmB Ui paBHOAEHCTBYIOIIEH R BCEX CWI, NPHIOKEHHBIX K Teiy,

[I03TOMY, IIPEXAE YEM pellaTh 3a/1a4y C €ro IPUMEHEHUEM, Ha/l0 ONIPEAETUTh R .
Tpetuii 3akon HerotoHa: = =
Cunpl, ¢ KOTOpPHIMH [JBa Tela JAEUCTBYIOT Jpyr Ha Jpyra, 4YHUCJIEHHO paBHbl U
HaIlpaBJIEHbl B IPOTUBOIIOJIIOAKHBIE CTOPOHBI IO OJJHOM MPSAMOM.

Tpertnii 3akoH Herotona paboraer Tonsko B UCO.

3aKOH BCEMUPHOTO TATOTEHUS

[Tomarasi, uto Bce Tena BeenenHo# B3auMHO npuTsAruBaroTcsi, HeroToH B 1682 1. chopmynmpoBan 3akoH
BCEMHMPHOI'O TSATOTEHHUS: BCE TeJa MPUTATUBAIOTCS APYT K APYry ¢ CHJIAMU, IPSIMO HPONOPLHOHATIBHBIMU
MIPOU3BEACHUIO UX MacCc U OOPaTHO MPOMOPLIUOHAIBHBIMU KBAJIPATy PACCTOSHUS MEXKIY HAMHU.

F.— y-mg-m,
rne Fi, — cuwma  B3ammuoro | R? OPUTSKEHUS TEJI Macc My U My;
y — TpaBUTAIlMOHHAS TOCTOSTHHASI. 6,6720 - 10 HMZ/KFZ‘.
Cunsl B mpupoe _
Cuna tmokecrn (F,) — cuia, N cooOmiarommas  Teny = =
yCKOpEHHUE CBOOOTHOTO MaICHUSI. * Foe = Mg
Cuna TSKECTH HampaByieHa 27777 BepTHUKaIbHO — BHU3  (HEPHEHIUKYJISPHO
KacaTeJIbHON K TOBEPXHOCTH 3EMIIN). K

Peaxnusi( ¥ ) — cuiia neiicTBUs onopsl (ToiBeca) Ha TeJo.

Bec tena (P) — cuia, ¢ KOTOPOH TeJNO JACWCTBYET Ha OMOPY WIIM TMOJABEC BCIEACTBHE MPUTSHKEHHS K
3emie.

HeBecomocTs — ncUye3HOBEHHE Beca Tesa MPH JIBUKEHUH OMOPHI ¢ YCKOPEHUEM CBOOOIHOTO MaIEHUSI.
[eperpy3ka — yBenmieHue Beca Teja P IBHKEHUH OITOPBI C YCKOPEHHEM BBEPX.

Cuna  ympyroctu  (F) —  cuia, BO3HUKAIOIIIas B TeJie MPpH JeGOopMaLnu.
3aKOH INyka: cuiia ymnpyroctu, |F,=-kX| Bosumkaromass mnpu  medopmammm  Tena,
IpONOpIMOHAbHA ~ €ro  abCONMIOTHOU neopMalMd M HampaBlIeHa B CTOPOHY,

IIPOTHBOIOJIOKHYIO IIEPEMENIEHHUIO YaCTHUI] TeJa:

Cuna TpeHus mokos ( £, , ) — CUJIa, BO3HUKAIOIIAs HA TPaHHUIE CONPUKOCHOBEHHS TEJl IPU OTCYTCTBUH MX

JBMKEHUS] OTHOCUTEJIBHO JIPYT Apyra.
y — Ko3(h¢uuMeHT TpeHus (3aBucuT OT L™

MaTeprasoB TPYILUXCS TOBEPXHOCTEN).

Pemmmts 3agaun:
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1.Yemy paBHa cuia TSHKECTH, IEUCTBYIOIIAs HA Telo Mmaccou 2,5kr, 600r, 1,2 1, 5017

2.0npeaenuTh CUILy TSXKECTH, ISHCTBYIOIIYIO Ha YeJIOBEKa MacCoi 64KT.

3.IlepBbIii COBETCKHI MCKYCCTBEHHBIN CITYTHUK 3eMuti ObuT 3amyieH 4 okTsa0ps 1957 roma. Onpenenutsb
Maccy 3TOrO CIIyTHUKA, €CJIM U3BECTHO, YTO Ha 3eMJIe Ha HEro JeHCTBOBalla CHUJIa TSXKECTHU, paBHAs
819,3H.

4.Yenosek Becut 800H. KakoBa ero macca?

5.Ha mony crout memok ¢ Mykoi Maccoit SOKr. BEIYHCIUTE CHITY TSDKECTH U Bec Memika. M300pa3uth
9T CUJIBI HA PUCYHKE.

6.Ha nenonBuxxHOM muaTdopMe CTOUT AUK ¢ KUPIUYaMU Maccoil 3TOHHBI. Brruucnure u uzobpasure
Ha PUCYHKE CHITY TSIKECTH U BEC SLIUKA.

7.CMOeTe JIi BBl TIOJIHATH IUIACTUHY U3 TPOOKH 00BEMOM 1M>? ILioTHOCTD poOKHu 240kr/™°.
8.Brruncnute Bec Tena, macca kotoporo 10kr, 200r.

9.BrIpaszuTe B KujIoBaTTax M MeraparTtax cienyrome mouatHocta: 3500 Bt; 200 Bt; S000BT; 110000BT.
Bripasure B BatTax cieayromue moutHoctd: 3 kBt; 1,5 kBT; 0,6 kBT; 0,04 MBT; 0,0001 MBT.
10.Baronetka maccoit 0,6 ToHH aBwxeTcs moj aedctBueM cuiabl 60 kH. Ompenenure yckopeHue eé
JIBUKEHUS.

11.ABTOGYCc Maccoili 7TOHH eleT Mo ropu3oHTaNbHOMY miocce. Kakas cuna tpeOyercs sl COOOIICHUS
emy yckopenus 1,4 M/,

12.]1Ba xopabnst maccoit 30 TOHH KaXIblii CTOSAT Ha peine Ha pacctosHuU 0,5 KM OJUH OT APYroro.
KakoBa cumna npuTspkeHUs MeXAY HUMU?

13.0OnpenenuTs Maccy KaxkJIoro U3 JIByX OJAMHAKOBBIX aBTOMOOUIeH, ecnu Ha pacctosiHuu 0,1 kKM Ha HUX
neicTByeT cuiia nputskenus 6,67 mH.

14.OnpenenuTs paccTosiHUE, HA KOTOPOM JIB€ BaroHETKU Maccoil mo 20 Kr Kaxaas B3auMOACHUCTBYIOT C
cwioil 67 MxH.

15.ABTOMOOUIE Maccoii 6 TOHH Tporaercs ¢ Mecra ¢ yckopenuem 0,5 m/c?. Kakyto cuy Tsru pa3BuBaeT
€ro JBUTATEIb, €CIH KOA(GUIIMEHT CONPOTHBIICHHS IBMKEeHUIO paBeH 0,047 .

16.ABTOMOOUIE Maccoii 2 T Tporaerca ¢ mecrta ¢ yckopenuem 0,5 m/c?. Haiitu CUIIy TSTH, €CIH
kodpdunment Tpenus pasen 0,05.

17.Kakyro cuity TATH JOJDKEH pa3BUBATh JBUTATENb, 4TOObI aBTOMOOMIL Maccoit 1000 xr aBuraics: a)
paBHOMEpHO; 6) ¢ yckoperuem 0,2 m/c’.

18.0OnpenenuTs CUIly TATH, IEHCTBYIOIIETO HA BaroH Macco 22 T, eCIi CKOpOCTh Bo3pocia oT 3,8 mM/c 10
32,4 xm/4 Ha myTH 67M. KoadduumeHnt Tpenus npu IBUKEHUH BaroHa cuutarh paBHbiM 0,025.
19.9nexTpoBO3 NpU ABMKEHUH 0 TOPU30HTAILHOMY ITYTH pa3BUBaeT cuity Taru 150- 10 H. Ha y4acTke
nyta auHon 600 M ckopocTh moe3nia Bo3pocia ¢ 32,4 no 54 km/4. Onpenenure CUIy CONMPOTUBICHHS
JIBHKEHUIO M0€3/1a, ECIIU €ro Macca paBHa 10000° kr.

dopmMma npeaocTaBlICHUs pe3yabTaTa

BrimonHeHHble 3a7aud B TETPAAH IS MPAKTUYECKUX paboT.

Kpurepun onenku:

3a npaBUIIHHO BBIMOJIHEHHOE 33JaHKUE BHICTABIISIETCS MOJIOKUTENbHAS OIleHKa — 1 Oa.

3a HeMpaBWIHHO BBHITTOJTHEHHOE JIEHCTBUE, 3a/IaHUE BBICTABIISICTCS OTpHUIIATEIbHAs orleHKa — () 0asuioB.

Komunuectso IIpouent KadecTBeHHas OlleHKa ypOBHSI IOJIOTOBKH

6asioB pe3yIbTaTUBHOCTH bann (ormetka) BepOanbHblii ananor
(MpaBUJIBHBIX OTBETOB)

18-19 90 — 100% 5 OTan4HO

16-17 80 — 89% 4 Xopor1ro

12-15 60 — 79% 3 Y 10BIIETBOPUTEITHHO

0-11 Menee 60% 2 HeynonerBopurenbHo
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Tema 1.3. 3aK0oHBI COXpaHEHUSI B MEXaHUKE

[TpaxTrueckoe 3anstue Ne4,5

3akoHbI coxpaHeHus. Pabora u sHeprus.
[{enb pabOThI: HAYYUTHCS UCTIOIB30BATh 3aKOHBI COXPAHEHHSI MEXaHUKH ISl pacyéra mapameTpoB
Pa3IUYHBIX (PU3UYECKUX TPOLIECCOB
Breimonuus paboty, Ber Oynere:
VMmeTs:
-HCII0JIH30BaTh 3aKOHBI COXPAHEHUs JJIs1 00BICHEHUS TPOIIECCOB ABMKCHUS
-pemaTh 3a/1a4yu Ha 3aKOHBI COXPaHEHUS
MarepuanbHoe oOecrieueHne: HWHAWBUYyaTbHOE 3a/IaHue, KOHCIICKT JIEKIIUH, CIIPAaBOYHbBIEC MATEPHAIIHI.
3amanue

1. VYSACHUTB IOHATHUS U COCTABUTH MPEJCTABICHUE O pab0Te, MOIIHOCTH, TOTCHIIUATBHON 1
KHMHETHYECKOM SHEPTUH, 3HATh (DOPMYJIBI ISl UX BBIUYMCIICHUSI.
2. Pemnte 3amaun, MCHONIB3YS 3aKOHBI COXPAHEHUS MEXAHUKH.

[Topsanox BeIMoONMHEHUS PabOTHI

1. [ToBTOPUTH 3aKOHBI COXPAHCHHSI B MEXAHHKE.
2. Pa3o0parh anroput™ perieHus 3aaa4 o TeMe
3. Pemmts 3agaun

Xo paboThI

3aKOHbBI COXPAHEHUS UMITYJIbCa, MOMEHTA UMITYJIbCA, JHEPTHH U Jp. AEUCTBYIOT B 3aMKHYTBIX CHCTEMaX.
3amMKHymoli Ha3bIBAaeTCA CUCTEMA Te/, B3aUMOAENCTBYIOLMX TONBKO APYr C APYTOM U He B3aUMOAEHCTBYIOLINX
C IPYTUMHU TEJaMH.

Hmnynvc cunvl — BEKTOpHAs BEJIMUMHA, SBIISIOLIASACS MEPON JIEUCTBUS CUJIbI 32 HEKOTOPBIA MPOMEXKYTOK
BpPEMEHHU.

| =F-t, I — ummynsc cunel F 3a Bpems t
HMnynse Tena (KOJMYECTBO IBMIKEHHs) — BEKTOpHas (DU3MUECKas BEIWYMHA, SABISIONIAACT MEPOii
MEXAHUYECKOTO JBUKEHUS:

A - KZ-M
P=m-v;

c
Bropoii 3akoH HproTOHA MOKHO 3alMChIBaTh B BUJIE:

Ft = mv, — mv;

P — AMIIYJIbC TE€JIa MacCOM M, IBHMIKYIIErOCs CO CKOPOCTHIO U .

3aKOH COXpaHEHUsI UMIIyllbca - BEKTOpHAs CyMMa HMMIYJIbCOB Te€J, COCTaBIAIOMIMNX 3aMKHYTYIO
CHUCTEMY, OCTAaETCSI HEU3MEHHOM.

mlDl + mzﬁz = mlUl + m2U2

M3y, My — MacChl TeI,

01, D2 — CKOPOCTH TEN 10 B3aUMOJICUCTBUS,

U1, Uz — CKOPOCTH TeJI NOCTIE B3aUMOJICHCTBUA.

Ecnu cymma BHEMIHMX CHII, JEWCTBYIOIIMX Ha TEJa CHCTEMBI, PaBHA HYJIO, TO HMIYJIbC CHCTEMBI
COXpaHSIETCS:

P =muo, + mu, + my, = const

KommuectBo motpebiisieMoil SHEprUH — OFMH W3 TJIABHBIX TIOKa3aTeleld TEXHUIECKOTO Pa3BUTHS OOIIECTBa.
[IpousBoacTBO, pacmpesneneHne U NOTpedIeHNne YHEPIHU HEBO3MOXKHO 0e3 e€ mpeoOpa3oBaHUs U3 OIHOTO
BHUJA B Apyroi. Ecim mox AeicTBUEM MOCTOSIHHOM CHJIBI F TEJO COBEPIIWIO MEpeMelIeHe S ,
TO TOBOPST, UTO CHJION COBEPIIICHA paboma. 7

o

S
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Pabora (4) — ckansipHOE IPOMU3BEICHNE BEKTOPOB CHIIBI F U IMIEPEMEICHHUS S .

rme @ — yroiu MEXIYF U S; Fg =F-cosa — HPOEKIHS F
Y A
=‘F‘~‘S‘-cosa=F-S~cosa=FSS Ha N:AT HarpaBJICHHUE.
[4] =1 H-m = [T — mx0yI1b [N]zlﬂile
C

MornocTs (N) — ckopocTh coBepiIeHHUS! paOOThL. — BATT

JHeprus

MexaHnueckasi CHCTeMa — COBOKYIIHOCTh MaT€pHaJIbHBIX TOYEK, B3aUMOAECUCTBYIOLIUX APYT C APYTOM U
TeJIaMU, HE BXOASIILUMHU B 3TY COBOKYITHOCTb.

[Tocne coBepuieHus paboTHl cUCTeMa MEpeHAET M3 OJHOTO CcOcTosiHMS B jpyroe. Torma pabora —
¢bu3nyeckas BeIMYMHA, XapaKTEepU3YIOUIas npoyeccrepexora MEXaHMYECKOW CHCTEMbl U3 OJIHOTO
COCTOSIHUSL B IpYTO€.

MOXHO rOBOPUTh, YTO CYLIECTBYET HEKHH MapaMeTp MEXaHMYECKOW CHUCTEMbl, U3MEHEHHE KOTOpPOTro
paBHO COBEPIIEHHOM paboTe A.

Mexanunyeckast sHeprus (E) — mapamerp MexaaneCKoﬁ CHCTEMBI, U3MEHEHUE ( AE ) KOTOPOTO paBHO

coBepwéHHOIT padote (A). AE = A. [E]= m Jx

rac El — MCXAaHHMYCCKas SHCPrust CUCTEMbI B HAYaJIbHOM COCTOAHUU
E2 — MCXAaHHUYCCKasd S9HCPIrusd CUCTCMbI B KOHCYHOM COCTOSAHUU.

N3menenune sHEPTUn AE MOKET OBITh KaK IMOJIOKUTEIbHBIM, TaK U OTPUIIATEIBHBIM, T. €. AE = ir|AE| .

W3 (*) BeITeKaeT: paboTa — Mepa U3MEHEHUSI MEXaHUYECKOW SHEPIUU CUCTEMBI.

Kunernyeckasi 3Heprus

Kunernueckast sHeprus (E,) — MOJIOBUHA TPOM3BEICHUS MACChI TEJIa Ha KBAJPaT €ro CKOPOCTH.
Kunernueckast osHeprus — 9SHeprus mv2 | JBIDKEHHS.

Torna |4=E, - E,| unl T. e |EBc= o | €CIM Cmiia COBEPUIAET MOJIOKHUTENBHYIO pabory,

TO  KHMHETHYECKas  dJHeprus  Teja BO3pAacTaeT, U 00paTHoO.

IHoTennnanbHas JHeprus

[MorenuuanbHas sueprus (£,;) — SHEPrusi B3aMMO/ICHCTBHUS TEJ WK YacTel Tena.

HyneBoit ypoBeHb MOTCHIIMATHLHOM YHEPTUU — COCTOSIHUE CUCTEMBI, B KoTopoM Ej; = 0.

HyneBoll ypoBeHb MNOTEHIMAJIBHOM 5SHepruuM B3aumojeiicTBus Ttena ¢ Jemneén (HVIID3) —
TOPU30HTAJNIbHAS TUIOCKOCTh, HA KOTOPOW MpUHUMaeTcs E, cucteMbl Teno—3emiist paBHON HYJIIO.

[TycTh Temo Macchl M TOA JACHCTBHEM CHIIBI TSKECTH F,, MEPEMECTHIOCH ¢ BBICOTHI Ny 10 BBICOTHI hy
0e3 m3MeHeHus ckopoctu. PabGora cunbl TskectH A=F,, S =mg(h —h,) =mgh, —mgh, =—(mgh, —mgh,) =

__(EHZ_ n1) HHH'

IloTenunanbpHast SHEPIUsA B3aUMOJEUCTBHUS E _mgh Tema ¢ 3emieH (En) IMPOU3BCACHUC CHJIbI

TSOKECTH Tella Ha BBICOTY N TOJ0XKEeHUs LIeHTpa Macc Tena oTHocuTenbHo HYTID3.
[ToTenumanpHOI SHEPTUEH B3aUMOACHUCTBUA YacTel Tena 001aAaoT ynpyro aehopMupoBaHHbIE Tena
[loTeHunanpHas 2HEpPrus yOpyro kx? | mebopmupoBannoro tema (E;) —  momoBuHa

npou3sBeieHns KECTkocTH K Tena Ha E, = > | KBamapat ero abCONIIOTHOMN Je(OopMalUH X.

3aKoHBI COXpaHeHHsI B MeXaHHKe AT

DHeprusi MHTEPECYeT 4YeOBEYECTBO e Ha BCEM IyTH ero pa3BuTHs. Bekamu moau
OBITAINCHE  HM300pecTH  MalluHY v («seunviii  0gueamensy), TO3BOJISIOILYIO
HOJTy4aTh SHEPTHIO U3 «HUOTKYIa.

3aKOH COXpaHEeHHUs W IMpeBpauieHus dSHepruu (1m.3.2) 3ampeniaer CyIeCTBOBAHHUE BEYHOTO JBUTATEINs,
OJIHAKO BPEeMsI OT BPEMEHH IMOSIBIISIOTCS JIFOIN, OOBSBISIOIINE O CO3aHHU OUSPETHOM ero MOJICIH.
3aKoH cOXpaHEeHHs] MEXaHNYECKOH IHePrun

BHernrHue cuiibl — CHITbI, ACHCTBYIOIIUE CO CTOPOHBI TEJl, HE BXOJSIIUX B IAHHYIO CUCTEMY.

3aMKHyTasi MEXaHMYECKasi CUCTeMa TeJl — CHCTeMa, Ha KaXJI0€ U3 TeJl KOTOPOW He JICHCTBYIOT BHEIIHUE
CHJIBI MIIH PABHOJIEHCTBYIONIAS BCEX BHEIIHUX CUJI PABHA HYJIO, T.€. D F, ., =0-

L.enewt
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PaccMoTpuM 3aMKHYTYI0O MEXaHMYECKYIO CHCTEMY TeJl, 3HAUCHUs MOTEHLHAIBbHOM SHEPruu KOTOpPOH B
Ha4yaJIbHOM M KOHEYHOM COCTOSIHUSIX paBHBI Eyn; U Eppp, KHHETHYECKOU: Ey 1 Eyo! |EK1 +E,=Eg + En2|.

[TonHas mMexaHuyeckasi SHEPrus CUCTEMbI — CyMMa KMHETUYECKON M MOTEHUHAIBHON YHEPTUM TEJ 3TOU
CHUCTCMBI.

3aKOH COXpaHEHUsS MEXaHWYECKOU SHEPIrUM: TIOJIHAs MEXaHH4YeCKas HHEPrus
3aMKHYTOW MEXaHWYECKOW CUCTEMBI | T€J, B KOTOPOM JEHUCTBYIOT TOJIBKO CHJIbI
TSOKECTU M YINPYTOCTH, OCTaETcs Z(EK+En)i:00nst HEU3MEHHOM.

i=1

OTl[e.HBHO OT TejJa OTCYETa HH OJHO
3aKkoH COXpaHCHUA UMITYJIbCA

Ilyctb nBa Tema macc Mg u My COCTaBJISIOT 3aMKHYTYI0 MEXaHHUYECKYIO CHCTEMY,
n —

_ —

TEJIO HE 00JIaJ]aeT MEXaHHMUECKOW YHEPTUEH.

JBIDKYTCS HABCTpPEUy APYT APYTY U Z p, =const| B3aUMONEHCTBYIOT ¢ cunamu F nF,.
i=1

I[lo Ttperbemy 3akony HerooTOHA |p1+|32: p+p, F=-F. Jlo B3aUMOACHCTBUS MMIIyJIbChI TeI

ObLIH Py up,, nocJe B3aUMOJAEUCTBHUSA P] H P .

T.€. BEKTOPHBIE CYMMBbI UMITYJIbCOB T€J 0 U I1OCIIE B3aUMO/ICHCTBHSL OZIMHAKOBBI.

@OyHIaMEHTAIbHBIA 3aKOH COXPaHEHMsI UMIIYJIbCa: T€OMETPUYECKas CyMMa HMMITYJIbCOB T€J 3aMKHYTOM
MEXaHUYECKOM CUCTEMbI OCTAETCSI HEU3MEHHOM.

3aKoH COXpaHEHMs UMITyJbca TpuMeHUM ToJibko B CO.

Aneopumm pewenus 3a0ay

Cnenaiite 4epTEx Ui KaKIOTO Teja, MOKAKUTE BEKTOPHI UMITYJIbCOB;

PaccmoTtpuTe XapakTep JBUKCHHS TEJI H YCTAHOBUTE, SIBJISICTCS JIM JJAHHAS CHCTEMa 3aMKHYTOM;
3anuiuTe 3aKOH COXpaHEHUs! UMITYJIbCa B MPOEKIUSAX Ha OCH;

3anumuTe Mpu HEOOXOAMMOCTH JIOTIOJTHUTEIbHBIC (POPMYITH U3 KHHEMATHKH U JHHAMHKH;
Pemmmre cucrtemMy ypaBHEHUH, MPOAHATU3UPYITE OTBET.

1. JKene3HOAOPOKHBINM BaroH Maccoil 35T MOAbBE3KaeT K CTOSAMIEMY Ha TOM >K€ IMYTH HEMOABUKHOMY
BaroHy Maccoil 28T W aBTOMAaTHMYECKH cueruisiercs ¢ HuM. llocie cuenku BaroHbl JBUXKYTCS
MPSIMOJIUHENHO co ckopocThio 0,5m/c. KakoBa Obliia CKOpOCTh BaroHa Maccoii 35 TOHH mepes CLenkon?
2. YKene3HOMOpOXKHBIA BaroH Maccoi 25T moabe3xkaeT co ckopocTeio 0,3 M/C K CTOSAIIEMY Ha TOM K€
MyTH HEMOJBH>KHOMY BaroHy Maccoi 28T M aBTOMAaTHYECKH clermsercs ¢ HuM. [locne cuenku BaroHsl
JIBUXKYTCS IpAMONIMHEHO. KakoBa CKOPOCTh IBMKEHHUSI BarOHOB TOCJIE CLIETIKH?

3. /IBa kene3HoJOpOKHBIX BaroHa Maccoi 30T KaXKIbli ABMKYTCS HABCTPEUy APYT APYTY CO CKOPOCTHIO
0,1 M/c 1 coenuHsAOTCA HAa OJHOM ITyTH. OmNpenenuTb CKOPOCTh UX ABUKEHUS MTOCIIE COSTUHEHUSI.

4. ABtomo6mibp mMaccoit S000KT mpu OBUKEHHH B TOPHOM MECTHOCTH MOAHsuIcS Ha BbicoTy 400M Haj
ypoBHeM Mopsi. OnpeaennuTs NOTEHIUAIbHYIO SHEPTHI0 aBTOMOOMIISE OTHOCUTENIBHO YPOBHS MODSL.

5. Bpruucnute paboTy, cOBepIIaeMyl0 TKENIO0ATIETOM, KOTJa OH PAaBHOMEPHO MOAHMMAET IMITaHTY
maccoi 100 kr Ha BbIcOTy 1,5M.

Kakoii moteHmanbHON sSHepruei o0iagaeT TeNno Maccoil 2Kr, MOJHATOEe Ha BbIcOTy 15Merpa? Kakyro
paboTy OHO MOKET COBEPIIMUTD MPH MaJaHUU HA 3EMITIO?

6. Kakyto paboTy HYXHO cOBepUIMTb, 4TOOBI moe3 maccod 1000 TOHH, ABMXKYLIMICA CO CKOPOCTBIO
72KM/9 yBETUYUIT CBOKO CKOPOCTh 110 108 km/9?

7. Monot xompa [isi 3a0uBaHusi cBaii Maccoii S00kr magaer ¢ BeicoThl 10 mMeTpoB. Uemy Oymer paBHa
MOTEeHIIMAJIbHAs U KUHETUYECKasi YHEPrHsl MOJIOTa Ha BeIcoTe 4meTpa?

8. JlpuraTenb KOMHATHOTO BeHTUJIsITOpa uMeeT MomHocTh 0,35 kBT. Kakyto paboty o coseprut 3a 20
MUHYT.

9. Kakoii Maccel rpy3 MOKET MOJJHUMATh TIOILEMHBINA KpaH cO CKOPOCTHIO 1,5M/C, eciu y Hero ABUraTenb
MoIIHOCThIO 12KkBT?

dopma npemgocTaBiIeHUs pe3yabTaTa
BeimonHeHHbIE 3a7a4M B TETPaAM A MPAKTUYECKUX padoT.
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Kpurepuu onenku:
3a IMMPaBUJIbHO BBIIIOJTHCHHOC 3aJaHUC BBICTABIIACTCS IOJIOKUTCIIbHASA OLCHKA — 1 68.1111.
3a HeMpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHNE BBICTABIISETCS OTpHUIIaTeIbHas olleHKka — () GanoB.

KomnnyectBo [TpoueHT KavecTBeHHast OIICHKA YPOBHSI MTOJITOTOBKH

0asioB pPe3yNbTaTUBHOCTH bann (otmetka) BepOanbHblii ananor
(TpaBWIIBHBIX OTBETOB)

10-9 90 — 100% 5 OTnuyHO

8-7 80 — 89% 4 Xopor1io

6 60 — 79% 3 Y 10BIETBOPUTEITLHO

0-5 menee 60% 2 HeynosneTBopuTenbHO

Tema 2.1 OcHOBBI MOJIEKYJISIPHO- KUHETUYECKOU Teopun

[IpakTuyeckoe 3ansTue Neb
Pemenue 3anay no teme « OCHOBBI MOJIEKYJIIPHO-KMHETUYECKON TEOPUN».

Lens paboTsr:

1. VYTayOuTh U KOHKPETU3HPOBATH MPEICTABICHUS O MOJICKYIISIPHO-KHHETUYECKON TEOPHH
BEIIIECTBA.

2. Hayuutbcs ucnonb3oBath 3akoHbl MKT 1u1st pacuéra OCHOBHBIX TapaMETPOB COCTOSIHUS
BEIIIECTBA.

Brinonaus padoty, Bei Oynere:

YMETh:

- OOBSICHATD siBIICHUSA ¢ TOUKH 3peHns MKT

- aHanu3upoBath U npuMeHATh 3akoHbl MKT mpu pemiennn 3agad pasHoro xapaxkrepa

- pemaTh 3a1a4u

MarepuanbHoe obecliedeHne: WHAWBUAYAIbHOE 3aJJaHUe, KOHCIEKT JIEKIUH, CIIpaBOYHbIE MaTepHaJIbl.
3ananue

1. Hcnonb3ys ocHoBHBIE (hopMyibl 3akoHOB MKT, paccuntaTh mapaMeTpS COCTOSIHHS BEIIECTBA.
2. VYSACHUTH NPUYMHHYIO CBA3b SIBICHUMN, IPOTEKAIOLINX B BELIECTBE, YCTAHOBUTH OCHOBHYIO
3aBHCHUMOCTb U3MEHEHUS IapaMETPOB COCTOSTHUS BEILIECTBA.

[Topsimox BeIMONMHEHUS PabOTHI
1. [ToBTOPUTH OCHOBHBIC BOIPOCH MOJICKYJIIPHO-KHHETHYECKON TCOPHUH. .
2. Permuth 3a1aun mo BapranTaM.(U3 CIUCKA M TaOJIUIIbI)

Xon paboThl:
KomnuectBo BemectBa (V) — Qu3nMyeckas BelMYMHA, ONpENeNsieMas YHCIOM €ro CTPYKTYPHBIX

AJIEMEHTOB (aTOMOB, MOJICKYN H ap.) [v] =1 Monb.

N, =6,02-10% .
MOJIb

Yucno Asoranpo (Na) — komudecTBo yactuil B 1 MoJb BemiecTBa (Ha3BaHO B 4eCTh AMeneo ABOTrajapo
(1776-1856, Utanus).

Monsipaass Macca BemecTBa (i) — BEIMYMHA, YHCICHHO paBHAas €ro OTHOCHTEIBFHOH aTOMHOM
(MONEKyYIApHOIT) Macce Mgy B aTOMHBIX €IMHMIIAX MAacChl (CM. MEPUOJMYECKYIO cucteMy JImurpus

VBanoBuua |4 =M, -10°| Menneneesa (1834-1907, Poccus). [”]ZIMOHL Macca oxnoi

MOJIEKYJIBI (B KT): | My = Ni .
A
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N3 ombiToB M3BecTHO, uTO | MONb Ta3a (HE3aBUCUMO OT XMMHYECKOTO COCTaBa) MPH HOPMAIbHBIX
yenosusix (0°C 1 760 MM pr. ct.) 3aHEMaeT 066éM 22,4-107 M* (22,4 ).

N

Konmenrpamuss (N) —  KOJMYECTBO T mosiekya N B eaunuiie oovema V. |n= 7

X n, ~2,7-10% =
[n]=1— M

M
Yucno Jlommuara (Ny;) — KOHIEHTPALKS MOJIEKYJT ra3a P HOPMAJIbHBIX YCIOBHUSIX
N =v-N,u|[m=v-u|—gucno monekya N B v MOJIb BelllecTBa U €ro macca m.
2 _

p= 3 n- E |— ocHoBHOe ypaBHeHrue MKT uaeansHoro rasa,

- m-V? o
rne E, = 3 —  cpenHss KHHETUYCCKas SHEPIus OJTHOM

p vo 3V
MOJIEKYJIBI; M — Macca MOJICKYJIbI; V= ZWI — CpeAHsisi KBaJpaTUyHas
i=1

CKOPOCTbH JIBHIKEHUST MOJICKYJIBI.
Temmepatypa — XapakTepHUCTHKA CTCIICHH HAaIPETOCTH Tela.
AOGCONIOTHBIH HYJIb - —Samc - Temneparypa t = -273,15°C, mpm
KOTOPOH JIOJKHO IPEKPATUTHCS ’ TIOCTYNATELHOE JABHKEHHE MOJICKYJI.

AbcomoTHas mikana remneparyp (mkana Kenbuna) (7) — mkaia TemrepaTyp, rie 3a HyJdb IPUHHUMAIOT
a0COJIIOTHBIN HYJIb.
[7T] =1 K — xenmpBun. 1 K = 1°C. Mexny mkanamu KenbBuna u Llenbcnst 1eHCTBYET COOTHOILICHHME:

T =t+27315]|

k:1,38-10‘23ﬂ%— nocrosHHas bBonblMana (Haseana B uecTh Jlrogsura Bombumana (1844-1906,

ABcTpus).

, T. €. OdGleHUe 2a3a He 3d8UCUm Om €20 NPupoobl, d ONPedersiemcs MoIbKO KOHYeHmpayuel n
monexyn u memnepamypoul T.

OObeTMHEHHBIN Ta30BBIA 3aKOH: JUIS JJAHHOTO KOJMYECTBA BEIISCTBA MPOU3BEICHUE JIABJICHUS Ta3a Ha
ero o0bEM, OTHECEHHOE K aOCONIFOTHOM TeMIiepaType, eCTh BEIUYUHA MIOCTOSTHHAS.

pv pVvV

Jlx =R = const

R=k-N, =831 oom |~ T T YHUBEpCaJIbHAas Tra30Bas MOCTOSHHAs.
* MOJIb

m .
pV =— RT|— ypaBHEHUE COCTOSTHUS njeanbHoro raza (Menaeneesa-Knaneiipona).
7

IIpakTrueckuil THTEPEC BBI3BIBAKOT TPU MPOLECCA B ra3ax:
1) mpuv = constu7 = const;  2) npuv = constup = const;  3) mpuv = constuV= const.
N3orepmuueckuii npornecc. 3akon boins-Mapuotra
P N3oTepmuueckuil mpouecc — MpoUecc B ra3e, MPOUCXOASUIUN MPU MOCTOSHHBIX
T<T<I3  KOJIMYECTBE BEILECTBA U TEMIIEPATYypE.
3akoH boinsg-Mapuorra: IpH MOCTOSHHBIX KOJIMYECTBE BEIIECTBA M TEMIIEpAType
IBOTEPMA  IpOoM3BEICHUE JIABJICHUS ra3a Ha ero 00bEM OCTaETCs MOCTOSHHBIM.

— pV = const

N3obapuueckuii mpouecc. 3akoH I eit-Jlroccaka
N3o6apuyeckuii mpoiiecc— MpoIecc B raze, MPOUCXOASIINN MPH MOCTOSHHBIX KOJHMYECTBE BEIECTBA U

<

\V] JaBJICHNN
P,
I V =aTl
u3zobapa
!
s R >P
- e 20
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3akon ['eii-JIroccaka: TpW TOCTOSHHBIX KOJUYECTBE BEIECTBA M JaBJICHUU OO0BEM Taza MPsSMO
MPOIOPIIMOHAIEH er0 a0COIIOTHON TeMIieparype.

N3oxopuueckuii npouecc. 3akox lapns

P
| V2 N3oxopuueckuil mpouecc — Mpouecc B rase, MpOUMCXOAAIIUNA MPHU MOCTOSHHBIX
n30x0pa H
' v KOJIMYECTBE BemecTBa U 00béMe (0b11 n3yueH [llapiem).
//: ,{/\/1> v, 3axoH [lapiss: npyu NOCTOSIHHBIX KOJIMYECTBE BEIIECTBA U 00BEME JIaBICHUE ra3a
-7 IPsIMO MTPOIOPLIMOHATIEHO €r0 a0COIIOTHOM TeMIeparype.
EE T
Buyrtpennsis sueprus raza (U) — cymma KUHETHYECKOW SHEPruM ero  MOJIEKYII,
MMOTEHIMAIBHON 3HEPruu UX B3aWMOJCHCTBUS U BHYTPHUMOJIEKYJISIPHON SHEPIUH.
3 5
U= > VRT | — 1J11 OJHOATOMHOI'O UI€aJIbHOTO rasa. U= EvRT -IUJIsL IBYXaTOMHOTO ra3a

U =3vRT|. s MHOI'0QTOMHOTO UJICILHOTO ra3a
A=vRAT
Pabora raza npu n3ob6apuieckom A=p-AV paciIupeHun:

dusnyeckuii cmoica R:

VHHUBEpCcajabHas Ta30Bas MOCTOsSHHAS — paboTa, coBepiiaeMasi OJJHUM MOJIEM HCALHOTO Ta3a MPH €ro
M300apUYCCKOM HArPEBAHUU HA OJIUH KEJIbBHUH.

B yciioBuM HEKOTOPBIX 3a/1a4 OTCYTCTBYIOT UG PHI. 3HAYCHHS (PHU3UICCKIX TTapaMeTPOB ATUX 3a]1a4
Heo0XoauMo OpaTh U3 TaOIHIb 1:

10 BEPTUKAIHHOU CTPOKE yKa3aH HOMEpP BapHUaHTa, 10 TOPU3OHTAIHHON — HOMEpP 3aJIauH.

1. BbruuciuTh Maccy oJTHOM MOJICKYJIbI 33JaHHOTO Ta3a.

2. CKOJIBKO MOJIEKYIT COIEPKUTCS ITPU HOPMAJIBHBIX YCIOBUAX B M Kujorpammax Bogopona H,?

3. Kakoe KoIMYeCTBO BeIIECTBa V COJCPKUTCS B aJIOMHUHUECBOM OTIIMBKe Maccod m? (
U, = 27-10°kr/Monb).

4. KakoBa macca v Moneit yriuekucnoro rasa? (u.,, = 44-107° Kr/MoIb).

5. CpenHsisi KMHETHYECKAs SHEPTHs TOCTYIATENLHOTO JBMKEHHMS MOJIEKYJ ra3a pasHa E, . Uemy

pasHa Temmepatypa raza? (K =1.38-107 Iix/K).
6. B GamnoHe eMKOCTbIO V JIUTPOB HAXOAMTCSA KMCIOPOJ TIpH TemrepaType T U jgaBieHun P .

OmnpefenuTh Maccy raa B Gamione. (U0, = 32+ 107 kr/mos)
7. B muiMHIpe Qu3ens JaBleHne Bo3ayxa usMensercs ot P, 1oP, ; o6bem npu 3TOM yMeHbLIaeTCS

or V, no V, nurpos. Hauansuas temneparypa nporecca ;. Onpenenuts TeMreparypy Bo3ayxa I, B
KenpBHHax mocnie cxarus.

8. KakoBa BHyTpeHH:ISI SHEPTHS V MOJIEH OTHOATOMHOTO ra3a Ipu TeMieparype T7

9. B 6amnone emkocthio 30 51 HaxonuTest kuciopoa npu temmeparype 300K u nasnenun 0,78Mlla.
Omnpenenure maccy rasa B OajuIOHe.

10. bamnon emkoctero 100 1 comepxkut 5,76 xr xucnopona. Ilpu kxakoil TemmepaType BO3HHUKAET
OTaCHOCTh B3PBIBA, €CITM OAJIJIOH BBIIEPKUBACT AaBieHue 10 SMIla?

11. BberuncnuTh yBenuueHne BHYTPEHHEN SHEPTUU 2KI BOJOPO/Ia ITPH MOBBIIIEHUH €0 TEMIIEPATYPhI
Ha 10 K.

12. Yrnekucnsiii Ta3 Mmaccoit 0,2 Kr HarpeBaroT npu noctossHHoM naBiennn Ha 88K. Kakyro paboty

COBEpIIAET IIPH ITOM raz?
Tabnuna 1.
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: 1 2 4] 5 6 7 8

RS mlmp [E [V[IT][P[R[PV [V [T ] [T
2| (bopmym) | kr| r pom| Joxk | n |°K |«lla|«lla|«lla| 1 | 1 |°C |Mons| K
1 |kweropos O, | 127 2 [6-20% [ 2 {100{ 1|2 (1| 7|5]|27|1 |2
2 |Bonopon  H, | 2 | 54| 4 |7-20% 4 {200| 2 |3 |2|8]|6|8]2]
3Meran  CHy [ 381618207 63000 3|4(3|9]7]|9]3]w
4 |030m Oz | 4108 8 [0-20%] 8 {400 4 | 5[4 |10]8|30]4]3
5 |Asor N, {5 (135 10 [1-20 10 {100| 5 | 6 | 5|19 |31]5 |3l
6 [Viepor  Co | 6 [1602] 122-20% | 12 fow| 6 | 7|6 | 12|10 226
7 [Venexsemsit CO, | 7 [189] 14 [3-10% [ 14 {300 7 8 | 7| 13| 11]33] 73
8 [Cemit  He,| 8 [216] 16 |4-107 | 16 400( 8 | 9 | 8 | 14| 12]34]| 8 | %4
9 NH, 9 [43] 185-20°" {18 {100 9 [ 10| 9 | 15]13]35] 9 |35
10 a, 101270 2015541021 20 [200] 10| 11| 10| 16| 14| 36 | 10| 36

d)opMa MMpeaAOCTABJICHUA pE3yJibTaTa

BeinonHenHble 3aauu B TETpaau AJs IPAKTUUECKUX PadoT.
Kpurepuu onenku:

3a nIpaBUIIbHO BBIIIOJHEHHOE 33JaHHE BBICTABIISETCS MOJIOKUTENIbHAs OLleHKa — 1 Gasu.
3a HEeNpaBUIILHO BBIIIOJHEHHOE JEHCTBHE, 3a/laHUE BHICTABIIAETCS OTpULIATEIbHAs olleHKa — () 6auios.

KonungectBo IIpouent KauecTBeHHas OlleHKA ypOBHsI IOJIOTOBKH
OasioB pe3yJIbTaTUBHOCTH bann (ormetka) BepOanbHbliii aHamor
(IpaBMJIHLHBIX OTBETOB)
11-12 90 — 100% 3) OTiinyHO
9-10 80 — 89% 4 Xoporo
7-8 60 — 79% 3 Y 1OBIIETBOPUTEIILHO
0-6 Menee 60% 2 HeynonersoputenbHo

Tema 2.1 OcHOBBI MOJIEKYIISIPHO- KHHETHUECKON TEOPUH

[TpaxTuueckoe 3anstue Ne/

«Pemenue 3aga4y Ha YpaBHCHHUE COCTOSAHHNA UACATIbHOI'O Ira3a, U301IpoucCChl»

ens paboThI:
1.YTrnyOuTh U KOHKPETU3UPOBATh MPECTABICHUS O MOJIEKYISIPHO-KMHETUYECKOM TeOpHH BEleCTBa.

2. Hayunthcs ucrions3oBath 3akoHbIl MKT 11t pacyéra OCHOBHBIX MTapaMETPOB COCTOSIHHS BEIIECTBA.
Brimonuus pabory, Bel Oyzaere:
YMETB:
- pa3yIn4yaTh BUJBI U30IIPOLIECCOB
-IIPUMEHSATH 3aKOHBI N30ITPOLIECCOB IPU PEIICHUH 3a7a4

[Topsiok BeIMONMHEHUS PaOOTHI:
1.TToBTOPUTH OCHOBHBIE TIOHATHUS, (POPMYIIBI H30MIPOILIECCOB
2.BBIMOTHUTE MPAKTUUYECKYIO0 paboTy 1o Bapuantam.( 6 3a1a4 )

N3orepmuuecknii mporecc. 3akon boitnsa-MapuoTTa
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N3otepMuueckuii mpoiecc — Mpoiecc B ra3e, MPOUCXOIAIIUN MPU MOCTOSHHOM KOJMYECTBE BEIeCTBa U
TeMIeparype.

3akoH BOﬁHH'MapHOTTaZ IIprU IIOCTOSAHHOM KOJIMYECTBE BCIICCTBA W TCEMIICPATYPE IIPOU3BCIACHUC

T o
.. .. ¢ = Cconst
JaBJICHH ra3a Ha €ro 00BHEM 0CTAETCsI TOCTOSHHBIM. F

N3obapuueckuii mponece. 3akoH [eii-Jlroccaka
N300apuueckuil npouecc— npouecc B rase, IPOUCXOAIINN IPU MOCTOSHHBIX KOJMUYECTBE BELECTBA U
JaBJIEHUU

3akon ['eii-JItoccaka: HpHU TOCTOSHHOM KOJMYECTBE BELIECTBA M JaBJIEHMM OOBEM Traza MpsIMO
IIPONOPLIMOHAJIEH €r0 a0COIOTHON TeMIepaType.

N3oxopuueckuii nponecc. 3akon [lapis
N3oxopuueckuil mpolecc — mpolecc B rase, NPOUCXOASIINM MpU MOCTOSIHHOM KOJMYECTBE BEIIECTBA U
o0béMme (0b11 m3ydeH [lapiem).

3akon lllapns: mpu MOCTOSHHOM KOJIMYECTBE BellecTBa U 00bEME JaBICHUE Ta3a MPsIMO aOCOIOTHOM
TeMIeparype

1 BapuaHT

1. ITpu nocrosiaHoM Temneparype 270 C u gasnenuu 105 I1a o6wem raza 1 m3. [Ipu kakoii Temmneparype
3TOT ra3 Oyzer 3aHuMaTh 00beM 2 M3 1ipu ToM ke fAaBinenuu 105 I1a?

2. I'a3 nepeBeneH U3 cocTosAHUA 1 B COCTOSIHME 2, KaK MOKa3aHO Ha pucyHke. Kakoil 3to nponecc? Kak

U3MEHWIOCH JaBJIEHUE ra3a’?
Y

3. Kakoe naBnenue pabouell cMecH YCTaHOBWJIOCH B LIWJIMHJIpPAX JBUTATeNlss BHYTPEHHErO CrOpaHUs,
€CJIM K KOHILy TaKTa ckaTus Temreparypa nossicuiach ¢ 470 no 3670 C, a 06beM ymenbimics ¢ 1,8 1o
0,3 n? IlepBonavansHoe naBienue O6bi10 100 kI1a.

4. Kakoii 06bem 3aiimer a3 npu 770 C, ecnu ipu 270 C ero o0bem O0b11 6 11?7

32. Ilpn M30XOpPHOM HarpeBaHMM MJEAJBHOIO Ta3a, B3sATOro npu teMm-neparype 320 K, ero nasnenue
yBenuuuiaock ot 1,4[1105 no 2,101105 Ila. Kak u3meHnunace Temneparypa rasa?

5.M300pa3ute rpaduku MpoueccoB M3MEHEHUs COCTOSHMS Ta3a B cucreMe koopauHat p, T u p, V.

W ok
2 1

v

#

T K T

6. N300pasute rpaduku MpoieccoB M3MEHEHHUS COCTOSIHUS raza B cucteme koopauHat p,V u V, T.
ph
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2 BapuaHT

1. Yemy paBHO [aBlieHHE raza B KOHIIE M30TEPMHMUYECKOTO PACUIMPEHHUs, €CIM B Hayaje ra3 3aHUMal
ooweM 0,8 M3 u Haxoauics nox gasiaeHueM 31105 Ila, a ero koHeuHbIi 00beM coctaBun 103 1?

2. I'a3 mepeBeneH u3 cocTossHKUA 1 B cocTosiHUE 2, Kak MOKa3aHo Ha pucyHke. Ka-koit ato mpomecc? Kak
M3MEHWICS 00beM raza’?

=

3. I'a3 mpu naBnenuu 0,2 MIla u remneparype 150 C umeer o6beM 5 1. Uemy paBeH 00beM ITON MacCChI
rasa rmpu HopMaiabHbIX ycinoBusx (p = 105 Ila, t = 00C).

4 T'a3 mepeBenieH U3 cOCTOsIHUA | B cocTosHME 2, Kak MOKa3aHOo Ha pucyHke. Kakoit ato mporecc? Kax
M3MEHUJIOCH JJaBJIeHUE Tra3a?

Wk

5. Ilpu temmneparype 520 C nmaBnenue raza B Oamaone pano 21105 ITa. Ilpu kakoil TemmepaType €ro
nasjienne Oynet paBHo 2,501105 I1a?
6. N300pasute rpaduku MporeccoB M3MEHEHUS COCTOSIHYS raza B cucteme koopauuat p, T u V,T.

i

dopMa peoCcTaBIIeHHs pe3yIbTara

BrinonHeHHble 3a7aud B TETPAAM JUIsl IPAKTUYECKUX padoT.

Kpurepun oneHku:

3a IpaBUIIBHO BBIIOJHEHHOE 33JaHHE BBICTABIISETCS MOJI0KUTENIbHAS OLleHKa — | Oasu.

3a HeMpaBWIIBHO BHITIOJIHEHHOE JIEHCTBHE, 3aJJaHNe BHICTABIISICTCS OTpHUIIaTENbHAs olleHKa — 0 OaoB.

KonuyectBo [Tponent KagecTBeHHast OIIEHKA YPOBHSI ITOJITOTOBKH

0aioB pPEe3yNbTaTUBHOCTH bann (otmetka) BepbanbHblii ananor
(TpaBUIIBHBIX OTBETOB)

6 90 — 100% 5 OTiMyHO

5 80 — 89% 4 Xopo1io

4 60 — 79% 3 Y 10BIE€TBOPUTENHEHO

0-3 meree 60% 2 HeynosneTBopuTtenpHO
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Tema 2.2 OCHOBBI TEPMOJUHAMUKH

[TpakTrueckoe 3ansTue Ne§
Pemenue 3ana4 no teme «OCHOBBI TEPMOJAUHAMUKI

Llens pabGoThl:HA MpHUMEpEe PEHICHUS 3a1a4 H3y4YHTh 3aKOH COXPAHEHHs SHEPrHHM MPUMEHHUTEIBHO K
TEIUIOBBIM TpoIleccaM, MYTSAX HW3MEHCHHS BHYTPEHHEH SHEprud Tel, aauabaTHYecKoM Ipoliecce,
HPUHIIKIIE Pa0OTHI TEIUIOBON MAIIUHbI.

Breimonuus paboty, Ber Oynere:

YMETh:

-COCTaBIISITh YPaBHEHHUE TEILIOBOTO OajaHca

-peiarth 3a/1a4u Ha IePBOE HAYAJI0 TEPMOJTUHAMUKI

MatepuanabHoe oOecrieueHne: HHANBUIYAIbHOE 3aaHHe, KOHCIICKT JICKIIMM, CIIPABOYHBIC MaTePHAIIbI.
3aganue

1. CocTaBUTh  ypaBHEHHUsS TEIJIOBOro OajaHca B 3ajJadax, pelIUTh 33Jadyd Ha  M3MEHEHUe
BHYTPEHHEHN YHEPIUU Tea MPU TEIJIOBBIX U MEXAHUYECKUX IPOLECCaX.
2. Bblyunts (opMynupoOBKY M MaTeMaTHYECKYIO 3allUCh IEPBOIO Hayaua TePMOJUHAMUKH, PELIUTh

3aa4u Ha IPUMCHCHHEC €0 B TCIIJIOBBIX ITpOLECCaX.

[Topsok BeINoNHEHNs pabOThI

1. [TOBTOPUTH OCHOBHBIE BOIIPOCHI TEPMOIUHAMHUKH.
2. Pemnts 3a1aun no BapuanTam
Xon paboThI:

1.OcHOBHBIE TOHATHS
Tennoo6meH (Temonepenaya) — 0OMEH BHYTpEHHEN 3HEpruei 6e3 coBeplIeHHs] MEXaHUUYECKON paboThI.

Konnuectso Ternorsl (Q) — 3HEprus, NepejaHHas B PE3yJIbTaTe TEMI000MEHA.
VY nenapHas TEIIOEMKOCTH (¢) — KOJUYECTBO TEIUIOTHI, HEOOXOIMMOE JIJIsl HarpeBaHus | Kr BemiecTa Ha |

K (1°0).
Qo B _ _
c= T [c]=1 K ZQOM‘ = ZQHM ypaBHEHHUE TEIIOBOTO OanaHca.

- lo=agmlla= Q1= 1 4%
Copenwe: .q-m [ql=1

KT

V ienbHas TeMI0Ta cropanus (0) — KOMTMYECTBO TEMIOTHI, BBLIENSEMOe MU CropaHuy 1 KT TOIUIHBA.
[apoo6pa3oBaHue-Nepexo ] BEIECTBA U3 KHIKOTO COCTOSHUS B Ta3000pa3HoE.

Jr=2) =14

m KT

VY nenbHast Teriota mapooopa3zoBanusi () — KOJMUYECTBO TEIUIOTHI, HEOOXOAUMOE JIIst ITpeBpaIieHus B map |
KT )KMJIKOCTH MPY IOCTOSTHHOM TeMIeparype.

[1naBneHue — nepexo/1 BEIIEeCTBA U3 TBEPAOTO COCTOSIHUS B AKUIKOE. .

2=y 2%
m KT

VY nenbHast TEIUIOTa TUIaBJIeHHs (A) — KOJIMYECTBO TEIIOTHI, HEOOX0IUMOE JIJIsl TIIaBieHUs | KT BelIecTBa
IIPU TEMIEPATYPE IIABJICHHUS.

IlepBblif 3ak0H (Hayano) TePMOJMHAMUKH: W3MEHEHHE BHYTpeHHel sHeprun AU cuctembl paBHO CymMMe
KOJIMYECTBA TEIUIOTHI (), NepeaaHHOro cucteme, U paboThl A, COBEpIICHHON HajJ Hel
BHEIIHUMU CUJIAMH.

PP PSP




AU=0Q+A

TemnoBass MammHa — MallMHA, COBEPINAIONIAs MEXaHWYECKYl0 paldoTy 3a CYET BHYTPEHHEH SHEpruu
TOIUINBA.

Pabouee Teno — ra3, copepmarmmuii padoTy B TEIJIOBOM MaIlIUHE.

Harpesarenb — ycTpoicTBO, coobmaromiee paboueMy Telly KOJIMYECTBO TEIUIOTH Q1 MpHU TeMmIeparype
1.

XO0J0IUIBHUK — YCTPOMUCTBO, OTHUMAIOIIEE OT paboyero Tena KOJIMYeCTBO TEIIOTH Qo IpH TeMIieparype
T 2 [ hmax = —Tl _ TZ
T
2. 3ajaHus O BapUaHTaM

B ycnoBuu 3amad oTcyTcTBYIOT LH(DpBL. 3HaueHUS (PU3NYECKUX MapaMeTpOB 3TUX 3aJa4 HEO0OXOAUMO
Opath U3 TaObmUIBl 1: MO0 BEPTUKAIBHON CTPOKE yKa3aH HOMEp BapHaHTA, 10 TOPU30HTAIBHOM — HOMEp
3a/1a4u.

1. Boay maccoii m  Harpenu ¢ TeMmnepaTrypbl T1 hi(e} Tz. Kakoe Konm4yecTBO TEIIOThI 3aTPATHIIH TTPU
narpese. (C, = 4200 Ix/kr - K)

2. OmpenenuTh Maccy Harperod BOABI, e€ciM Il HarpeBa Ha AT 3arpaTHiIM KOJIUYECTBO
temwtotsl Q. (C, =4200 [Lx/kr - K)

3. OmpenenuTh Maccy CrOpeBLIEr0 KAMEHHOTO YIJIsl, €CJIU [IPU CTOPaHUU BbLIEINIIOCH

Q Jixoyueii rertotsL. (= 29-10° Jhx/xr )

4. Cnupt maccoil M ucnapuiica. OnpeaenuTh KOJWYECTBO TEIUIOTHI, 3aTPAauy€HHOE /JI BbIIAPUBAHUS
crpra. (1 =0.85-10° [Ta/xr )

5. Ompenenutb KOJIUYECTBO TEIJIOTHI, HEOOXOAMMOE JIJIsl PACIUIABJIICHHUS]  OJIOBSHHOTO CJIIMTKA Maccoit

m. (A= 0,59 -10 JIx/xr). Kakoe KOJIMYeCTBO TeIia BBIACIUTCS MPHU OXJIAXKJICHUH 3TOI'0 PACILIABICHHOTO
ciTKa?

6. T'a3 mox nasnenumem P, m3o6apHo pacumpuics wu  cosepmn — pabory 25 Jhx. Hackonbko

yBenuuuics o0beM raza?

7. Tepmommnammueckor — cucteme  mepemaHo Q Jxk  Temmorel. Kak  HM3MEHHWTCS BHYTpPEHHSSA
SHEpIrus CUCTEMBI, €CIIM OHa coBepIuia padory A?

8. Ilpu  wu3orepmuueckoMm  pacmupenun ( T=const) razom  Oblza  coBepuieHa pabota A.
Kakoe kommuectBo TernoTel Q  cooOmieHo — razy?

9. Bemumcnure KIIJ[ TEmIOBOW MANIMHBI, €CIM  TEMIEpaTypa HArpeBaTeds |, , XOJNOJMIbHHKA
T,.
10. Kaxoii momkHa ObITH Temrieparypa Harpearenas 1, uro6br KIIJ[  aBuratens cocTaBiusi M

IpU  TEMIIEpAType XOJOIMWIbHHKA 1.
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1 2 3 4 5 6 7 8 9 10

m|T, |T,|AT| Q] Q| m | m QA ]| A =T, | T, T,

kr | °C | °C | K |xIx|MIx r r | xIla|xJx| Jx | Jx |const| °C | °C N |-c
1 1 58] 10]100| 10 [ 200| 20 [ 100| 100| 50 [ 100| - |100] 20 | 0,9 | 10
2 [ 2 [10] 90| 20 ]200] 20 | 400| 40 |200|200| 100|200 - [200] 30 | 0,8 | 20
3 3 151 95| 30 |300] 30 | 600| 60 | 300|300 150|300| - |[300| 40 | 0,7 | 30
4 [ 4 [ 20]100]| 40 | 400] 40 | 800 | 80 | 400 | 400| 200|400 - [100| 25| 0,6 | 40
55| 5 ]85]50]500] 50|100| 10 | 500|500| 250|500 - [200] 35| 0,5 | 50
6 [ 6 [ 10| 90| 60 | 600] 60 |200| 12 | 600|600 | 300|600 - [300] 45| 0,4 | 60
7 7 [15]195] 70]700] 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 - [300] 50 | 0,75 | 90
10 1 10 | 90 [ 100 100 ] 100 | 600 | 20 | 100 ] 100 | 500 | 100| - |400| 60 | 0,35 | 100

dopma npeaocTaBIeHUs pe3yibTaTa
BrimonHeHHbIe 3a7a9d B TETPAIH IS MPAKTHYECKUX PadoOT.

®opma NnpenoCcTaBICHUS PE3yJIbTaTa

BeinonHenHble 3a1auu B TETpaIy U IPAKTUYECKUX padoT.

Kpurepuu onenku:

3a nIpaBUIIBHO BBIIIOJHEHHOE 33JaHHE BBICTABIISETCS MOJI0KUTENIbHAs OLleHKa — 1 Gasu.

3a HeNpaBUIILHO BBIIIOJHEHHOE JEHCTBHE, 3a/laHUE BHICTABIIAETCS OTpHLIAaTeNbHAs OlleHKa — () 6auios.

Kommnuectso IIpouent KauecTBeHHas OlleHKa ypOBHsI IOJIOTOBKH

0amioB pPe3yNbTaTUBHOCTH bann (otmetka) BepOanbHbliil ananor
(mpaBUJIbHBIX OTBETOB)

10-9 90 — 100% 5 OtinnuHO

8-7 80 — 89% 4 Xopor1ro

6 60 — 79% 3 Y 10BICTBOPUTEITLHO

0-5 MeHee 60% 2 HeynonerBopurenbHo

Tema 3.1 Dnexrpuueckoe mnomie

IIpakTuyeckoe 3anstue Ne 9
Pemenue 3ana4 no teme «JIEKTPOCTATHKAY

Lenb paboOThI: M3YYUTh AIEKTPHUUECKOE MOJIE, 3HATh €0 NPUPO/LY, €r0 AeUCTBUE Ha DJIEKTPUIECKHE
3apsAbl U Ipyrue IEKTPUIECKUE TOJIA.

Beimonuus pabory, Bel 6yzaere:

YMETB:

- 0003HaYaTh IEKTPUUECKUE OIS

-peniath 3a1a4u rpaduueckoro xapakrepa

-pemaTh 3a/1a4u ¢ MpUMEeHEeHneM (popMyIT U 3aKOHOB JIEKTPOCTATHKHI

MartepuanbHoe oOecrieueHne: HHAWBUYyaTbHOE 3a/laHue, KOHCIEKT JIeKIU, CIpaBOYHbIE MaTEpUAJIbI.
3aganue

1. BbIsIBUTH TNpUYMHY TMOSBIEHUS DJIEKTPUUYECKUX 3apsiioB, MPUPOIY DIIEKTPUYECKOTO IOJIA,
IPUHIUI U CIOCOOBI B3aUMOJIEHCTBUS SJIEKTPUUYECKHUX 3apsI0B.

2. BbIsICHUTh NpakTUYecKoe 3HAUEHHUE SIBICHUS JJIEKTPU3ALMU U €ro HCIOJIb30BaHHE B OBITY,
IIpUPOJIE, HAYKE, IPOU3BOJICTBE, €0 BPEIHOE U MOJIE3HOE JACHUCTBUE.

3. IIpuMeHNTh M3ydEHHBIM Marepual NpHU PEHICHUM 3a1ad Ha 3akoH KyloHa, 3aKOH COXpaHEHHs
EKTPUYECKOTO 3apsA/ia, IPUHIUI CYNEPIIO3ULINN TIOJIEH, HAIPSHKEHHOCTD 2JIEKTPUUECKOTO TOJIS.
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[Topsi1oK BBIOTHEHUS PAOOTHI

1. I1oBTOPUTH OCHOBHEIE BOIIPOCHI TEMEI «DIIEKTPOCTATHKAY
2. Brinmucars OCHOBHBIE (DOPMYIIBL M IIOCTOSIHHBIE BETUYUHBI
3. Pennts 3a1aun 110 BapuaHTaM

Xom paboThI:

HannexkrpuzoBanHoe T€I0 — T€10, 001a1a01ee CBOWCTBAMU, POSBIISIOLIMMUCS B 3JIEKTPUUECKUX
SIBJICHUSIX.

Heo0xoarMa KOJTMYECTBEHHAs! Mepa CBOICTB HA3JIEKTPU30BaHHOTO TeJIa.

Dnextpudeckuii 3apsia (Q; () — Mepa CBOMCTB HadJICKTPU30BAHHBIX TEJI, POSIBISIOIIUXCS B
anekTpudeckux sBiaeHusax [Q] =1 Ki — kynon.

BiaumoeicTBus HA3IEKTPU30BAHHBIX T€JI OTHOCAT K 271eKMPOMACHUMHBIM 83AUMOOELCTNBUSM.
DneKTpu3aIys — MpoLecc cooomeHus Tenny (JInbo mepepacnpeaeseHus MEX Ty YacTIMH Tea)
3IEKTPUYECKOTO 3aps/a.

e OnHUM U3 c1oco0O0B IEKTPU3ANH SBISETCS TPEHUE.

e 113 onbITOB M3BECTHO, YTO CYILIECTBYET JBa BUJAA JJIEKTPUUECKUX 3aps]oB. VX yCIOBHO Ha3bIBalOT
MOJIOKUTEIBHBIMU U OTPULIATEIbHBIMH.

Toueunslif 3apsi — 3apsi/l, pacloI0KEHHBIN Ha Tele, pa3Mephbl KOTOPOTO MPEHEOPEKMUMO MaJIbI.

W3 onbITOB U3BECTHO:

1) oqHOMMEHHBIE 3apsAbl OTTATKUBAIOTCS, PA3HOUMEHHBIE — IPUTIATUBAIOTCS,

2) HaUMEHBIINH (JIEMEHTAPHBII) ANEKTPUUYECKUH 3apsi]l, CYIIECTBYIOLIUI B IPUPOJIE — 3aps]l JJIEKTPOHA

e = 16-10™Ku.

e 3apsn tena | = N-e|, rne N — KOJIMYECTBO 3JIEMEHTAPHBIX 3apsiIOB e B 3apsijie (.

3aKOH COXpaHEHHs SJEKTPUUECKOTO 3apsijia: B AJEKTPUUECKU 3aMKHYTOW CUCTEME TeJl MOTHBIN
ANMEKTPUUYCSCKUH 3apsiT (CyMMa BETHYWH TIOJIOKUTEIIBHOTO M OTPHIIATEIIHLHOTO 3aps0B) OCTAETCS
MIOCTOSIHHBIM.

3HAUUT, STEKTPUUCCKUN 3apsi] He BOZHUKACT U3 HUYETO M HE UCYe3aeT OCCCIICAHO U MOXKET IMEPEXOANTh
OT OJTHOTO TeJia K IPyromy Ipu 9JIEKTPOMArHUTHBIX B3aUMOJICHCTBHSX.

FK — k ql ‘2q2
r
3aKoH Kynona: JEKTpUYECKas (xynmoHOBcKast) cwia Fy B3aumoaeicTBus

JIBYX TOYEYHBIX IEKTPUUECKUX 3apsA0B (1 U (2 B BaKyyMe IIPSIMO IIPONOPLUUOHAIbHA IIPOU3BEACHUIO UX
BEJIMYMH, OOpaTHO MpPOINOPLHUOHATIbBHA KBaJApaTy pacCTOSHUS I' MEXIy HUMHU U HalpaBieHa BIOJb
IIPSIMOM, COEIUHAIOICH OTH 3apsbl.

H-Mm2 . 1 .
k=9-10° KI\Z — |F. =k q1r2q2 =i qlr 2q2 KO3 QHUIHEHT MPONOPIMOHATILHOCTH.
1 &y
B psame caywaeB s YIPOIICHHUS PacyéToB K yI00HO MpeacTaBisTh B
1
Buze: [k = . Torna:
4re,

H-m? |
e Cuia B3auMOJCICTBUSA 3apAJI0B B CPEIE MEHBIIIE, YUEM B BaKyyMe.
OTHOCHTEJbHAS UAJICKTPHUECKAs MPOHUIIAEMOCTb Cpeibl (£) — BEJIMUNHA, TTOKA3bIBAIOIIAs], BO CKOJIBKO

DneKTpuYecKas MOCTOSHHAS — KodQduIuenT |& =885-10~

pas cuia B3auMoelcTBHs 3apsanoB B cpene (Fc) Menbe, ueM B Bakyyme (F ).

AOGCOoIIOTHAS TUAJIEKTPUYECKas POHUIIAEMOCTb CPEJIbl — IPOU3BEACHUE & &E.

DEeKTpUUECcKOe Mojie — 0COObII BUA MaTepUH, MPOSBISIONIUICS BO B3aUMOACHCTBUH C AJIEKTPUYECKUMHU
3apsamMH., CYIIECTBYET BOKPYr KaXXIOro 3apsia M 3apsibl B3aUMOAEWUCTBYIOT JpYr C Jpyrom
IIOCPEACTBOM ATOTO MOJIS.
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Hanpsxk€HHOCTD 3i1eKTpruecKoro mojist (£ ) — BeKTOpHas (u3ndeckas BeJIMYHHA, YMCICHHO paBHAs CHIIC,
C KOTOPOU TOJI€ JEUCTBYET HA €AMHUYHBIN TOYEUYHBIN TMOJIOKUTEIBHBIN 3apsiji, TOMEIIEHHBIN B JAHHYIO

TOYKY TOJISL.
= H B.
E-F| [E]l=1—=1—"FE — CUIIOBASI Q | XapaKTepHCTHKA TOYKH SJEKTPUUECKOTO
q Kn M E =k >
TOJISL. £-r

Pabota mosist Mo nepemMeneHuo 3apsaa

A=gq-E-Ax], rJie AX — pa3HOCTb KOOPJAMHAT KOHEYHOIO U HAYaJILHOI'O T0JI0KEHHUI 3apsa.
A=0q-(p,—@,) ], TIE ¢ — ¢, - PA3HOCTD g g . TOTEHIHAJIOB.
| |

CBs13b HANPSKEHHOCTU U PA3HOCTH MOTEHIINANIOB 1 P

_(—2)|[-1_B .. —
E=-2_"2/|[F]=1=, T. e. HANPSKEHHOCTH OJIHOPOJIHOTO JIEKTPHYECKOTrO MOJIS

Ad M @ leAd = @,
YUCJICHHO PAaBHA PA3HOCTU NOTEHIMAIOB HA €IUHULE JJIUHbI CUIOBOM IMHHUH.
DnekTpuyeckas EMKocTh poBoaHuka (C) — Q| orHoweHue 3apsina Q IPOBOAHMKA K
K C=—

ero norexuany ¢.[C]=1 5 - 1®— papan ®

Konaencarop — cuctema JBYyX MPOBOIHUKOB (00KIIa0K), pa3ae/IEHHBIX CJIOEM IHAJIEKTPUKA,

npeaHazHauCHHasA JJId HAKOIIJICHUS U XpaHCHUA 3apsaaa.

EMKocTb niockozo xongencatopa (00KIaaKy — IJIOCKHUE ILIACTHHBL) OHPEIENsioT o dpopmyie: , Tae S —
IO OOKIAAKK; 0 — pacCTOSTHHE MEXTy OOK/IaIKaMHU.

o @y Qs Ps Oy Ps

‘ (02 ¢)3

Qe Q[ @ Qe 9 e
c, C, C, C,

+

& €-S
==

Coenunenne KOHJIEHCAaTOPOB:
ITocnenoBarenbHOE COETMHEHUE KOHIEHCATOPOB — COSANHEHUE, IIPU KOTOPOM I10CIE 3apsaKU
OTPULIATENIBHO (TIOJ0KUTENIBHO) 3apsKeHHAs 00KJIaika MPeIblIyIero KOHAEHCAaTOpa COeAMHEHa ¢
MOJIOKUTETBHO (OTPULIATENBHO) 3apsHKEHHONW 00KIaIKOM MOCIe1yIoIero.

C

n
1 _ 1,1 1 1 > 1
Gar 1 2 n 6ar i=1 Ci
=
']
[TapamnensHOE | COeIMHEHNE KOHIEHCATOPOB —
COCIUHEHHE, NTPHU N (SR, O |G .| C, KkoTopom mocne 3apsiaKku Bce
ITOJIOKUTEIBHO Q Q Q Q 3apsKeHHbIE OOKJIAJKU COOpaHbI B
1 2 4
OJUH Y3€1, BCE - - (- - OTPHULATEIBHO 3apsKEHHBIE — B
JPYTOH. - T
>
Cﬁar = C —
=ik Cs, =C, +...4+C,

B ycnoBum HEKOTOPBIX 3a/ad4 OTCYTCTBYIOT IUQPHI. 3HaYeHHS (U3NYECKHX TTapaMeTpoB ITHX 3a/ad
HE00X0AuMO OpaTh U3 TaOIUIBI 1:
M0 BEPTUKAJIBLHON CTPOKE yKa3aH HOMEpP BapHaHTa, 110 TOPU30HTAIBHOW — HOMEp 3aJlayuH.
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1. C Kako#l cuioi B3aMMOAECHCTBYIOT ABa 3apsiAa (1M (2, HAXOASIIMECS Ha PACCTOSIHUU I B cpelie ¢
TUDIIEKTPUYECKON POHUIIAEMOCTBIO €7

2. Ha kakoMm pacCTOSHMH Jpyr OT JApyra 3apsabl (1u (|2B3aMMOJCUCTBYIOT ¢ cuiloiF, ecnm
OTHOCHUTEJIbHAS TUDJICKTPUYECKast MPOHUIIAEMOCTh cpeibl €7 (01,02 U € U3 3aaaun Nel)
3. Onpenenuth BEIUYUHY KaKJIOTO U3 JIBYX OJAMHAKOBBIX 3apsi/iOB, €CIIU B CPelie COTHOCUTEIbHOM

TURJIIEKTPUYECKON MTPOHUIIAEMOCTRIO CPEIbl € HA PACCTOSHUM IMPYT OT Apyra OHU B3aHMMOJCHCTBYIOT C
cuioi F.

4. Onpenenuth HAIPsHKEHHOCTD MOJIS B TOYKE, € JEHCTBYET ayeKTpuueckas cuia F Ha mpoOHbIi
3apan g.

S. Haiitn Hanpsok€HHOCTD 1OJIs, 00pa30BaHHOTO TOYEYHBIM 3apsaaoM (=10mkKi.Ha paccTosHuu Is
Cpelie ¢ OTHOCUTEIBbHOM AUAJIEKTPUUECKON TPOHUIIAEMOCTHIO €.

6. B 0aHOPOIHOM 3IEKTPUUECKOM MOJIE HApPsKEHHOCThIO E mepememaercst 1mo CUJIOBOM JIMHUU
3apsan =10mkKi. Onpenenure paboTy 3JIEKTPUUECKOTO MOJIs, €CIIH IepeMenieHne coctaBmino AX.

7. HampspkeHne Mexay TOYKaMU 3JIEKTPUYECKOro IOJI MO CUIIOBOM JMHUM paBHO U, paccrosiHue
Mexay HuMu AX(u3 3agaun Ne6). KakoBa HanpskEHHOCTH 01517

8. Kakyro paboTy HYXHO COBEpIIUTH Al TOro, uToOBI 3apsin (=10HKn mepemecTuicss U3 TOYKH

0JIS1 C IOTEHIHAJIOM (1 B TOUKY C MOTCHIHAAIOM(,?CXeMy MepeMeNIeH s 3apsaaB JICKTPHICCKOM IT0JIe
1300pa3uTh rpadMyeCcKu.

9. KakoBa €MKOCTh MPOBOJHUKA, MOTEHIMAT KOTOPOro M3MEHsieTcs Ha A@ Mpu COOOIIEHUU eMy
3apsiga 4=9uKo ?
10. Onpenenuth EMkocTh Oatapen Cgyr ecniu KoHAeHcaTopsl ¢ EMKocTsMu C1=10n®, Co=15n1® u

C3=20n® coemuHWIN: a) MOCIEAOBATEIbHO;, 0) mMmapayuielbHO. CXEMBl COSAMHECHHS KOHICHCATOPOB
HAYCPTUTB.

dopma npeaocTaBIeHUs pe3ybTaTa

BrinonHeHHbIe 3a/1auu B TETPaau ISl IPAKTUUECKUX padoT.

Kputepuu onenku:

3a mpaBUIIHLHO BBHIITOJHEHHOE 33JaHHE BHICTABIISIETCS TTOJIOKUTENIbHAS OlleHKa — | Oasu.

3a HelpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHNE BBICTABIISIETCS OTpHUIIaTeNIbHas olieHka — () 0amoB.

KonunyectBo [Tponent KagecTBeHHast O1IeHKa YPOBHsI ITOJITOTOBKH
OaJioB Pe3yIabTaTUBHOCTH bann (ormetka) BepOanbHblii ananor
(IpaBUIILHBIX OTBETOB)
10-9 90 — 100% 5 OTimyHO
8-7 80 — 89% 4 Xopo1io
6 60 — 79% 3 Y 10BIETBOPUTETBHO
0-5 menee 60% 2 HeynoBneTBopHuTENbHO
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Ne 1 2 3 7 8 9
Ba gu | Q2 | T € Fle|r| F F g |rle| E | AX U 01 02 | Ao
p K | 5K | cm MH c |mMH | MH| 8K | C H/ | cMm B B B B
I M I | M Kn
1 1 1 2 /810129 10| 5 (1|1 10| 35 | 110 | 100 | 500 | 10
2 2 2 4 12112024 /|,8 |20 |10 |1 (2] 20| 34 | 220 | 200 | 400 0
3 3 3 6 1253 (3|6 |70 30|15 |1 |3 30| 33 | 330 | 300 | 350 | 20
4 4 4 8 121|140 |4 (8|60 |40 | 20 |1 4] 40 | 32 110 | 400 | 200 0
5 5 5 10| 6 50 | 5112|5050 (25|15 50| 31 | 220 | 500 | 100 | 30
6 6 6 2 7 60 | 6 |4 |40 | 60 | 30 | 5|6/ 60 | 30 | 330 | 600 [1000| O
7 7 7 4 (8 |70 (76307 (35|57 7 | 29 110 | 700 | 900 | 40
8 8 8 6 {218 |8 8|20 |8 |40 | 5|8 80| 28 | 220 | 800 | 850 0
9 9 9 812519 92|10 |9 |45 |59, 9| 27 | 330 | 900 | 700 | 50
10| 10 {10 10|21 |10 (1|4 |50 |10 |5 |51 10| 26 110 | 100 | 600 0
60
0
70
0
80
0
90
0
11




Tema 3.2 3aK0OHBI IIOCTOIHHOTO TOKA

IIpakTnueckoe 3anarue Nel0

Pemenne 3amad o teme «3axkoHbl OMa
ey paboThI: HAYYUTHCS MPUMEHSTH 3aKOHBI OMa IpH pelIeHUH 3a71a4
Breimonaus paboty, Ber Oynere:
YMETh:
- pelaTh 3aJ1a4M C UCIOJIb30BaHUEM 3aKOHOB OMa
- MPUMEHSTH 3HaHUS B TIOBCETHEBHOM JKU3HU IIPH PacyeTe SKOHOMHUH  DJICKTPOIHEPTHH

MartepuanbHoe oOecrieueHne: HHANBUAYATBHOE 3aJaHke, KOHCIIEKT JICKIIHA, CIIPABOYHBIC MATCPHUAITBI
3amanue

1. u3yunth 3akoHBI OMa

2. ucnonp3ys 3akoHbl OMa, paccunuTaTh MapaMeTphl DJIEKTPUUIECKOr0 TOKa

[Topsiiok BBIMOTHEHUS PabOTHI

1.IToBTOpUTH 3aKkOHBI OMa

2. Pemits 3a1aun

Xon paboThI:

3akonsl Oma

B 1826 romy unemeuxkum ¢uszukom I'eoprom Omom (1787-1854 rT.) 3KCHEpUMEHTAIBHO OBLIO
O0Hapy>K€HO, 4YTO OTHOIIEHUE HAIpPSDKEHUS (PasHOCTH IMOTEHLMAIOB) HAa KOHLAX METAJTIMYECKOTro
MIPOBOJIHUKA K CHJIE TOKA €CTh BEJTMUMHA TOCTOSTHHAS:

OTa BeJIMUYMHA HAa3bIBAETCS OMUYECKUM (aKTUBHBIM) COIIPOTHBIIEHUEM, HIIU IIPOCTO CONPOTUBIICHUEM.
3axon OMa aJ1s yyacTKa Lenu

Cuna Toka MpsAMO MPONOPLUUOHAIbHA HANPXKEHMIO Ha KOHIAX YyyacTKa ILiemu M o0paTHO
MPONOPIIMOHAIIFHA COTIPOTUBIICHUIO ATOTO YYacTKa!

rae U — HanpshKeHHe Ha KOHIIaX y4yacTka 1enu, B;

R — conpotuBnenue 3Toro ygactka, Om.

[IpousBeneHre CUITbl TOKA U COMPOTHUBJIEHUS y4aCcTKA LEMH HA3bIBAETCA NMAJCHUEM HANPSHKEHUS HA 3TOM
Y4acTKe LEMH.

3axon Oma Jij1s1 BCel IeH

Bo3pMmeM aBa 3apsukeHHBIX npoBogHuKa A U B. Coennnum mx npoBogHukoM ACB. IlonoxurenbHblit
3apsA TOJ JNEUCTBHEM CHUJI dJIeKTpuueckoro mojisi Fam Oynmer nBuratbess kK Touke B mo mop moka

ray B

OTeHIHaib! Tell A U B cTaHyT paBHBIMH.

Jnis moaiepkaHust Toka He0OOXOJMMO, YTOOBI MOJIOXKUTENBHBIE 3apsi/ibl BEPHYIUCH B TOUKY A. [y aTOrO
Ha 3apsAJbl JTOJDKHBI JEMCTBOBAaTh CTOPOHHME CWIIbI FCT., HAapaBJIEHHBIE ITPOTHB CHJI AJIEKTPUYECKOTO
TI0JISL.

Torga Ha yuactke ACB 3apsabl Oyaer ABUratbes MoJ ACMCTBHEM CHII AJleKTpudeckoro noins Fam., a Ha
y4acTke

BDA — nop neiictBuem cTOpoHHUX cuil Fer.

CTopoHHUE CHJIBI COBEpIIAIOT PabOTy MPOTUB CHII DJEKTPUYECKOTo Mois Fan. u nedcTByrOT BHYTpH
UCTOYHUKA ToKa (yuyacTok BDA).

KonnyecTBeHHON XapaKTepUCTUKONW CTOPOHHHMX CHJ (MCTOYHHKA TOKA) SIBJISIETCS DJIEKTPOABIKYIIAs
cuna (9J1C):

Cornacho 3akony OMa Ui ydacTka Iienu, Hanpsbkenue Ha npooanuke U = ['R. PaGora ctoponHuX cui
Act. = AtioTp.+ AHCT.

AnoTp. — paboTa 3IEeKTPUYECKOro MO MO0 NMepeMEIeHHI0 3apsiia oT Touku A K Touke B;Anotp.=q-U =
qI'R.



HcTounuk Toka o6iafaeT BHYTPEHHUM CONpPOTUBIEHHEM r. PaboTa mo mepeMenieHuo 3apsjia BHYTPU
MCTOYHUKA TOKA!

Auct=11q

Act. = ¢q.

i

S R+r

3axon Oma Ju1s BCcel Lenu: CHla TOKa B AIEKTpUUYECKON 1enu npsamonponopunonansia J/1C necrounuka
TOKa U 00paTHO MPONOPLHUOHAIBHA TOJTHOMY CONPOTUBIICHUIO LIETIH.

R — BHemHee conpoTuBieHHE IIenn (0OIIee COMPOTHBICHHE MOTPEOUTENCH AIEKTPUUECKON SHEPTHH),
Owm;

I — BHYTPEHHEE COIPOTUBIICHUE LIENH (CONPOTUBIEHUE UCTOUYHUKA TO-Ka), OM;

R + r — nonHoe conpotusienue nenu, OM.

3adanus

1. DOnexkTtpuyeckuil nasybHUK paccuuTaH Ha HampspbkeHue 120 B mpu Ttoke 4,0 A. Kaxoll nnunbl
HEO0XO/AUMO B3SITh HUXPOMOBBIH MPOBOA IMoONepeyHbIM ceueHueM 3,9-10-7 M2 Uil W3roTOBIIEHUS
HarpeBaTeJbHOIO AJIeMEHTa?

2. Onpenenure najeHuEe HANPSIKEHUS B JIMHUM AnekTporepenaun anuHoi 500 M mpu cuie Toka 15 A.
[IpoBozKa BBINOIHEHA aTFOMUHUEBBIM ITPOBOJIOM ceueHueM 1,4-10-5 m2.

3. K npoBoanuky nnuHoit 6,0 M 1 nonepedHbM ceueHreMm 10-6 M2 mpuiiokeHa pa3HOCTh MOTEHLNAIOB
5,0 B. Onpenenure yaenbHOE COMPOTUBIICHUE MMPOBOIHUKA, €CJIA CUJIa TOKa B 1ienu 1,5 A.

4. VIcTouHUKOM TOKa B 1enu cioyXuT Oarapes ¢ sac 30 B. Hanpsokenue Ha 3akumax Oarapeu 18 B, a
cwia Toka B nenu 3,0 A. OnpenenuTe BHELIHEE U BHYTPEHHEE COITPOTHUBIIEHUE 3TOH LIETIH.

5. Dac ucroynuka toka 6 B. Ilpu BHemHem compotuBieHuu 1enu Bl Om Tok paBed 3 A. Haitaute Tok
KOPOTKOI'O 3aMbIKaHUSI.

6. barapes Hakana 31eKTpOHHOM Jammbl umeet 3¢ 6,0 B. [l Hakana samnbl HEOOXO0AMMO HaIPsKEHHUE
4,0 B npu cuiie Toka 80 MA. Bayrpennee conportuiienue 6arapeu 0,2 Om. UeMy 10IKHO OBITH paBHO
COIIPOTHBIIEHUE PE3UCTOPA, KOTOPbI HEOOXOAMMO BKJIIOUUTH IOCIEA0BATEIbHO C HHUTHIO JIaMIIbl BO
n30exaHue ee nepekana’

7. Kucnorslii akkymyssaTop ¢ 34a¢ 2,0 B mpu 3aMblkaHnn Ha BHEIIHee conpoTusieHue 4,8 OM JaeT Tok
0,4 A. Onpenenute BHyTpEHHEE COIIPOTUBIEHUE aKKYMYJISITOpA U HANIPSHKEHHUE Ha €Tr0 3aKHMax.

8. K ucrounuky toka ¢ sac 4,5 B u BHyrpeHHMM comnpoTuBieHHeM 1,5 OM mpucoennHeHa ILEMb,
cocrosimas U3 ABYX NpoBOAHMKOB Mo 10 OM KaXIblif, COEIMHEHHBIX MeXay coOoil mapasienbHa, U
TPETHETO MPOBOJHUKA CONMPOTHUBIEHUEM 2,5 OM, MOACOEAMHEHHOTO MOCIEN0BATENBHO K JBYM IEPBBIM.
Yemy paBHa cuila TOKa B HEPA3BETBICHHOM 4acTH Lienu?

9. K ucrounuky toka ¢ 3ac 120 B u BHyrpeHHUM conpotuBienueM 5,0 OM mpucoequHEeHa LElb,
cocTosIas U3 JBYX NMPOBOAHUKOB 1080 OM Kaxablif, COeIMHEHHBIX MEXAY COOOH MapauienbHO, U
TPEThEro MPOBOJHUKA cONpoTUBIEHHEM 15 OM, MOAKIIOYEHHOTO MOCJEA0BAaTENIbHO K MEPBHIM JIBYM.
Yemy paBHa cuia TOKa BO BTOPOM ITPOBOJHMKE.

®dopma npeocTaBIeHUs pe3yibTaTa
BrinonHenHble 3a1auu B TETpaIu Ul IPAKTUYECKUX padoT.
Kpurepun onenkn:
3a mpaBUIILHO BBITOJHEHHOE 33 JaHHE BBICTABIISETCS MOJIOKUTENIbHAs OlleHKa — | Oasu.
3a HenpaBWJIBHO BBINOJIHEHHOE JIEHCTBUE, 33/1aHNE BBICTABIISIETCS OTpHUIlaTeNbHas olleHka — () 6anos.

KomunuecTso [Iponient KauecTBeHHas o1ieHKa ypOBHS
6asioB pE3yJIbTaTUBHOCTH MIOATOTOBKH
(MpaBUIIBHBIX bann BepbanbHblii ananor
OTBETOB) (oTmeTKa)
8-9 90 — 100% 5 OTnu4HO
7 80 — 89% 4 Xopo1o

33



6 60 — 79% 3 Y 0B TBOPUTETHLHO
0-5 menee 60% 2 HeynoBneTBopuTeNnbHO

Tema 3.2 3aKOHBI IIOCTOSHHOI'O TOKA

[TpaxTrueckoe 3anstue Ne 11
«PenieHune 3a1a4 Ha 3aKOHBI COSAMHEHUS IPOBOHUKOB)

Lenb paboThl: HAYYUTHCA PACCUUTHIBATH ANEKTPUUYECKUE LIEMU P MOCIEA0BATEIHHOM U MapaieIbHOM
COCIMHEHUH MPOBOTHUKOB (IOTpeOuTENEH).

Brimonnaus paboty, Bel Oynere:

YMETh:

- pa3nuyaTth BUbI COCTMHEHUI

- MPUMEHSTH 3aKOHBI COCTUHEHHI Ha MTPAKTUKE

-peniath 3a/1a4 Ha 3aKOHBI COSAMHEHHUSI IPOBOTHIKOB

MartepuanbHoe oOecrieueHne: HHIUBUAYATBHOE 3a]JaHIe, KOHCIIEKT JICKIIMI, CTPABOYHBIC MaTCPUAIIBI.
3aganue

1.M3yunTh mpaBuia Mocie0BaTeIbHOTO COSAMHCHUS TPOBOTHIUKOB.

2.M3yunTh npaBuiia mapajuieIbHOTO COSAMHEHHS IPOBOIHUKOB.

3.Ucnonk3yss mpaBuia MOCIEAOBATEIHHOTO M MAPALICIIBHOTO COSAMHCHUS TPOBOJHUKOB, PACCUUTATh
mapaMeTpsl JIEKTPUUIECKOrO TOKA

4. M3yuuTh CriocOObI BBIYUCICHUS OOIIETO CONIPOTURIICHHS ITPH CMEIIAHHOM COCTUHEHUH IPOBOTHUKOB
5.PemuTh 3a1a4u Ha pa3HbIe BUIbI COCAMHEHHS POBOHUKOB

KpaTKI/IC TCOPCTUICCKUC CBCACHUA:

IlocaemoBareabHOE COCAUHCHHE IIPOBOAHHKOB

ITocnenoBarenbHOECOETUHEHNE U , U, U, IIPOBOJAHHUKOB — COEJUHEHHE, ITPU
I | | | o
KOTOPOM MPOBOAHUKH 00Pa3yIoT i} 1, €IMHYIO 1I€TIb, pa3MbIKaHUE KOTOPOH B
JT000M MeCTe MPUBOAMT K R R R MIPEKPALICHUIO TOKA BO BCEH LIETIH.
1 2 3
IIpu nocnenoBaTenIbHOM COEIMHEHNN T' IIPOBOJHUKOB:
U

U=Us+ ..+ Uu $ U,
i=1

| £ constunul=const

R=FR1+ ...+ R\R=D'R

[TapannenpHOE COEqUHEHNE TPOBOIHUKOB

HapannenLHoe COCIUHCHHUEC ITPOBOAHUKOB — COCIMHCHHUE, ITPHU KOTOPOM Hadalla BCEX IMMPOBOIHUKOB
C06paHBI B OJIUH Y3CJI, KOHIIBI — B I[perﬁ, 1 OTKJIIOYCHUE OT BJIeKTpI/I‘{eCKOﬁ J8(S004 JI000r0 U3 3TUX

IMPOBOAHUKOB HE MPHUBOJUT K OTKIIFOUCHHIO OCTAJIBHBIX.
HpI/I napajjicIbHOM COCOUHCHUN (L Ry IIPOBOIHUKOB:
U| = constU=const , R
L =
I :|1+---+|m/mn| = > |I
A
1 U
I3 Rs
e ———
— | I —+




i_1
R R R, R &R

[Topsinok BeIOIHEHUS PabOTHI

1.IToBTOPUTH IIpaBUIIA COEAUHEHMSI IPOBOJHUKOB.

ITocnenoBarenbHOE COEIMHEHUE IPOBOIHUKOB

IlocnenoBarenbHOE COEIMHEHUE MPOBOJHUKOB — COEIMHEHHUE, NPU KOTOPOM IPOBOAHMKH OOpa3yroT
€IMHYIO LIeMlb, Pa3MbIKaHUE KOTOPOH B JIFOOOM MecTe MPUBOJIUT K MIPEKPAILEHUIO TOKA BO BCEHl Liemnu.
[Ipu nocnenoBaTeabHOM COEAMHEHNN IPOBOHUKOB:

U=Ul+..+Un
| = constunul=const
R=R1+..+Rn

[TapamrenpHOE COEIMHEHNE TPOBOIHUKOB

[TapamensHOE COEIMHEHHE NPOBOJHUKOB — COEIMHEHME, MPU KOTOPOM Haudajga BCEX IPOBOJHHMKOB
coOpaHbl B OAMH y3€J, KOHIBl — B JIPYTOi, U OTKIIOYEHHE OT DJIEKTPHUUYECKOW IIETH JIF0OOT0 M3 3TUX
IIPOBOJHUKOB HE NPUBOJUT K OTKJIFOYEHUIO OCTAJIbHBIX.

[Ipu napaynenbHOM COEJUHEHUN ITPOBOIHUKOB:

U = const
I1=11+..+ Innm
1 1 1
=4+
R R R,

PemmuTs 3amaun

1. KnaccHasi kOMHaTa OCBEIAETCS IIECThIO MApauIeIbHO COCIUHEHHBIMU MEXIY COOOM Jammodykamu,
KaKgas U3 KoTopbix umeet conporusieHue 480 Om. Onpenenure cuily TOKa B NOABOASIINX NPOBOJAX,
ecnu HarpspkeHue B cetr 220 B. ConpoTuBieHrneM MoABOASIINX IPOBOIOB TPEHEOPEUb.

2. K nenn, cocrosmeil nu3 npoBoaHUKOB conpotusieHneM 20 u 300M, cOeAMHEHHBIX MapajuleNbHO, U
MIPOBOAHMKA conpoTuBiieHneM18 OM, MOAKIIOUEHHOTO K MEPBbIM ABYM IOCIEI0BATENbHO, MPUIOKEHO
HanpspkeHue 120 B. Onpenenure cuily TOKa B HEPa3BETBICHHON YacTH LIENIM U HAINIPSHKEHHE Ha BTOPOM
MIPOBOJHHUKE.

3.0mpenenuTh HaNpsHKEHME Ha  3aXUMax JBYX [ApajuleIbHO COEIMHEHHBIX DJIEKTpOIeUeit
conpotusieHueM 10 u 20 OM u TOK B HUX , €CJIM B HEPA3BETBICHHON YacTu 1enu ToK 33 A.

4.1lens coctout u3 tpex conporusieHuil 10 ; 20 u 30 OM coenuHeHHbIX nocienoBaTenbHO. [lagenue
HampspkeHuss Ha nepBoM compoTuBienun 20 B.Haiitu nageHue HampspkeHHs Ha  OCTaJbHBIX
COIIPOTHBIICHUAX U HAIIPSKEHUE HA KOHLAX LIETIH.

5.Uetsipe namibl, conpoTuBieHus KOTopeix 4; 5; 10 u 20 Owm, coennHeHsl mapamuienbHo. OnpenenuThb
TOK B Ka)KJJO! JlamIie ¥ 00K TOK , €CJIM B IEPBOIi JlamIie TOK paBeH 2,5 A.

6.Tpu motpedbutens comnpotusieHueM 12; 9 u 3 OMm coenuHeHsbl nocieaoBarenbHo. Hampspkenue Ha
KoHIax uenu 120 B.HaiiTu TOK B €Ny 1 NaJieHUe HAPsDKEHHS Ha KaXKJOM IIOTpeOHuTere.

7.Tok B 50 A B HEKOTOPOH TOYKE LIEMH PA3BETBIISIETCS TEYET IO YETHIPEM MAPAUIEIBHO BKIOUYEHHBIM B
LIeNb IPOBOIHUKAM, CONPOTUBIIEHUS KOTOPBIX 1; 2; 3 1 4 Om. HaliTu TOK B KaX/10M IPOBOJIHUKE.
8.Uepes pesuctop R1=55 Om npoxonut Tok [1=4A. Onpenenuts conpoTtuBieHue R2, ecnu yepe3 HEro
npoxoauT Tok [12=0,8A. Pe3ucTopsl coeqMHEHBI TapaJIENbHO.

«CMelIaHHOE COEIMHEHNE TPOBOAHUKOB)

[Topsiok BeIMONHEHUS PaOOTHI:

1. M3yuuTs npaBuia mocieq0BaTeIbHOIO COEAUHEHUS IIPOBOAHUKOB.
2. N3yunTh npaBuia napayuieIbHOro0 COEAMHEHUS TPOBOIHUKOB.
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225.

3. Hcrnons3ys IpaBujIa II0CJIACOOBATCIBHOI'O M IIapaJlyICIbHOI'O COCIHMHCHHA IIPOBOAHUKOB
5
pacCuuTaTh MapaMETPhI SJICKTPUUCCKOTO TOKAa MNpHU CMCIIAHHOM COCAWMHCHUU ITPOBOJHUKOB.

Pemmuth3agauun

=

R06LLl:?

—> —
R06LH_?

3.BoceMb pe3ucTopoB ME—msamOCIe0BATEIFHO COSTUHUIIN B 4

napajuiensHeie BeTBU. ConpoTuBieHne kaxaoro pesucropa 4 Om. Haiitu obiiee conmpoTHBICHHE BCEX
PE3UCTOPOB.

4.BoceMb pe3ucTOpoB 10 4 Tocae10BaTeIbHO COSIMHUIN B 2 napajuienbHble BeTBU. Onpenenuts oodiee

COIIPOTHBIIEHUE BCEX PE3UCTOPOB, ECIIM COMPOTUBIIEHUE Kax10r0 pe3uctopa 20 Om.

®opma NnpenoCcTaBICHUS PE3yJIbTaTa

BeinonHenHble 3a1auu B TETpaIy U IPAKTUYECKUX padoT.

Kpurepuu onenku:

3a nIpaBUIIbHO BBIIIOJHEHHOE 33JaHHE BBICTABIISETCS MOJI0KUTENIbHAs OLleHKa — 1 Gasu.

3a HEeNpaBUIILHO BBIIIOJHEHHOE JEHCTBHE, 3a/laHUE BHICTABIIAETCS OTpHLIAaTeIbHAs OlleHKa — () 6auios.

KomngectBo IIpouent KadecTBeHHas OlleHKa ypOBHSI IOJrOTOBKH
OassoB Pe3yIAbTaTUBHOCTHU bann (otmetka) BepbanbHblii ananor
(mpaBUIILHBIX OTBETOB)
11-12 90 — 100% 5 OTan4HO
9-10 80 — 89% 4 Xoporo
7-8 60 — 79% 3 Y 10BIETBOPUTETBHO
0-6 Menee 60% 2 HeynonersoputenbHo

Tema 3.2 3aK0HBI HOCTOSHHOTO TOKA

[IpakTrueckoe 3ansitue Nel2
Pemenue 3anay Ha popmyIbl pabOThl U MOIIIHOCTH TOKa

Ienb paboOThI: HAyUUTHCS pelaTh 3a7auu, UCTOIb3ys (GopMysbl pabOTHI TOKA U MOIIHOCTH
Brimonnus paboty, Bel Oyzaere:

YMETh:
-IIPUMEHATD 3aKOHBI TOKA IIPU PELICHUU 3a]1a4

- pe€uiaTs 3aaa4u 1o TEME

MarepuanbHoe oOecrieueHe: HHANBUIyATbHOE 3a/IaHNe, KOHCIICKT JICKITUH, CIIPaBOYHbIE MaTepUalTbl
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3amanue
Hcnonb3yst opMyIibl pabOThl B MOIIIHOCTH TOKA PACCYUTATh MApPaMETPhI JIIEKTPUIECKOTO TOKA.

[Topsiok BBIMOTHEHUS PabOTHI

1.IToBTOPUTE hOpMYIBI PAOOTHI K MOIITHOCTH TOKA.

PaGota u MomrHOCTh TOKA

PaGoty cui »yeKTpudecKoro Mmossi, CO3JAOUIer0 YHMOPSJOYEHHOE IBUIKEHHE 3apsDKEHHBIX YacTHIl B
MIPOBOHHUKE, T. €. SJCKTPUUECKUH TOK, HA3BIBAIOT pabOTOM TOKA:

A=10U00O4,

rae A — paboTa 3JIeKTpUUECKOro TOKa Ha ydacTke uenu, JIx;

| — cuna Toka Ha TaHHOM y4YacTKe Lenu, A;

U — HampsikeHue Ha yyacTke 1end, B;

[t — BpeMs IPOXOKJICHHSI TOKA IO YYaCTKY LIETIH, C.

riae P — momuocTs TOKa, BT.

Ecnu Ha yyacTke Lernu Bcs SHEPrusi MEPEeXOIUT BO BHYTPEHHIOI HEPTHUIO MPOBOHUKA (HE COBEPIIAETCS
MexaHnueckas padora), To Q = [2R[0t — 3akon [Ixoyns-Jlenna.

Q — KOMUYECTBO TEIUJIOTHI, BbIICTUBIIEECS B IPOBOIHUKE, [ XK.

2.Pemuts 3anaun

1. DnexTpoaBUrarenb, colnporupieHne oOMoTku koroporo 0,4 Om, paboTaeT OT CeTH C HaIpsSKEHUEM
300 B npu toke 50 A. Omnpenenure KauecTBO HM3PACXOJOBAHHOM 3HEPruu 3a 5 4., COBEPILICHHYIO
JBUTATENIEM MEXaHUYECKYIO paOOTy U KOJMYECTBO TET-JIOTHI, BBIACICHHON B 0OMOTKE.
2.ABToMOOUIBHBIN cTapTep 3a 10 ¢ paborel motpebnser sHepruro 6,0-104 JIx. KakoBa cumiia Toka,
MIPOXOJSIIETO Yepe3 CTapTep BO BpeMs 3aIlyCcKa ABUTATEIS, €CIU HANpshKEeHUE Ha ero kiemmax 12 B?
3.CBapounbim anmnapatom. Pabotaromum oT cetu HanpsikenneM 45 B 3a 20 MuHyT ObUIO U3pacx00BaHO
5.4xBt*4ac sneprun. [Ipu kakoi cuiie Toka nmporekaia Jyropas cBapka ?

4. Onextpudeckuii ytior MomHocThio 800 BT paboraer ot cetu 220 B .Ompepenuth cuiny Toka B
HarpeBaTeIbHOM 3JIEMEHTE M €0 CONPOTUBIICHUE B pabo4yeM COCTOSIHUU yTiora. CKOJIBKO SHEpTruu OyeT
M3pacxoJI0BaHo 3a 1,5 yaca HenmpepbIBHON pabOTHI yTiora ?

5.B cetp Hanpsikenuem 120 B mocienoBaTtenbHO ¢ IEKTPUUECKON Ayrod BKiIOueH peoctar . [lageHue
HanpsDKeHUs Ha aJ1eKkTpojax ayru 45 B ,cuna Toka B nenu 12 A. Onpenenauts MOLUTHOCTb ,[TOTPEOISIEMYTO
JyTOMN Y K.II.J. YCTAHOBKH.

6.Pe3ucTop moakmoueH K MCTOYHMKY TOKA, HANpsHKEHME Ha 3axumax KoTtoporo 6 B. Kakas pabota
CoBepIIaeTcs TOKOM, ecitu 3a 0,5 MUHYT uepe3 pe3uctop npoxoauT 3apsa 24 Kin? Onpeaenuts MOITHOCTh
TOKa ¥ COIIPOTUBIIEHUE PE3UCTOPA.

7.Kakast MOIIHOCTh TOTPEOJSIETCS AYTrOBOW CTaJICTNIABUJIBHON Te4blo, paboTaromieid OT HCTOYHHKA
HanpspkeHueM 220 B mpu cune toka 30000 A? Onpenenuts CTOMMOCTb 3JIEKTPUYECKOM JHEPruu ,
M3PACXO0J0BAHHON 3aM 5 4acoB pabOTHI ME€YH, 1O JEHCTBYIONIEMY Tapudy.

8.Hampspkenune Ha 3axumax reHeparopa 132 B, a y maorpeOutens-127 B. Omnpenenuts naneHue
HalpspKEHWE B MAaruCTpalIbHbIX MPOBOJIAX M CONPOTHBIIEHHWE , €CJIM MOUIHOCTh TOKa Y MOTpeOuTeNs
paBHa 5 kBT.

dopma npeaocTaBiIeHUs pe3yibTaTa

BrimonHeHHbIe 33ja41 B TETPAu AJsl IPAKTHUECKUX padoT.

Kpurepun onenkn:

3a mpaBUIIHHO BBIIOJHEHHOE 33JaHHE BHICTABIISAETCS MOJIOKUTENIbHAs OlleHKa — 1 Oasu.

3a HelpaBWJIbHO BBINOJIHEHHOE JIEHCTBUE, 33JaHNUE BBICTABIIAETCS OTpHUIaTeNbHas olleHKa — () 6aoB.

KonngectBo [Ipouent KadecTBeHHas OolleHKa ypOBHsI IOJTOTOBKH
6amioB pe3yJIbTaTUBHOCTH bann (ormeTka) BepOanbHblii ananor
(MpaBUIILHBIX OTBETOB)
8 90 — 100% 5 OTinyHO

37



7 80 — 89% 4 Xoporio
5-6 60 — 79% Y 10BIETBOPUTEITHHO
0-4 menee 60% 2 HeynoBneTBOpUTENbHO

w

Tema 3.5 DnexTpomMarHuTHas UHAYKUMS .MarHuTHoe nosie.

[IpakTnueckoe 3anarue Nel3

«Pemenue 3a1a4 o Teme «MarHuTHOE MOJIe, SJICKTPOMArHUTHAS MHIYKIIHS))
Llesnp pa®oOTHI: HAYYUTHCS PACCUMTHIBATH IMApaMETPhl MArHUTHOTO TOJISI MIPUMEHSTH TpaBUIIa MPaBod U
JIEBOY PYKH
Brimonaus sty pabory, Bel Oyzaere:
YMers:
-pacCcYUTHIBATh 3HAYCHHS TAPAMETPOB MAarHUTHOTO TIOJIS.
-OIpeIeIIATh HAMPABJICHUSI MAarHUTHON WHJIYKIIUH, CHJI B MATHUTHOM IT0JIE C ITOMOIIBIO TTPABHII
MarepuanbHOoe 00ecIieYeHNE: HHIMBUIYIIbHOE 3aaHNe, KOHCIICKT JICKIIHi, CIIPAaBOYHbIC MATEPUAITBI.
3anaHue:
1. IToBTOPHUTH XapaKTEPUCTHUKN MArHUTHOTO ITOJISI ¥ TIPaBHJIA PYK
2 BBINOJIHUTE TPEHUPOBOUHBIC 331a4H Ha TIOCTPOCHHUE.
3.PemuTh 33124 Ha OIEHKY 110 BapHUAHTaM.

Kpartkue Teopernyeckue cBeieHUS:

CBoiicTBa MarHUTHOTO MOJIS

1. MaruuTHOE 10J1e TOPOKAACTCS SIECKTPUUECKUM TOKOM (ABUKYIIUMHUCS 3apsigamMu).

2. MarautHoe nosie 0OHapy>KUBaeTCs MO ACHCTBHUIO Ha SIEKTPUUECKUN TOK (IBUKYIIHE 3aps/Ibl).

JIy1st XapaKTEepUCTHUKXA MarHUTHOTO TOJIsl BBOAUTCS (DU3UYECKask BEIMYMHA — UHIYKIUMS MAarHUTHOTO TOJIS

. Monynb BeKTOpa MarHUTHON MHAYKIIMYA PAaBEH OTHOIICHUIO MAaKCUMAIIbHOM criibl Fmax, aelicTByrorieit

CO CTOPOHBI MAarHUTHOTO TIOJISI HAa YYaCTOK MPOBOJAHUKA C TOKOM, K TTPOU3BEICHUIO CHIIBI TOKA | Ha minHy
B = h

aToro yyactka Af:  1-4¢

Enununa HU3MCPCHUMA MarHUTHOM HWHAYKIHUU HA3bIBACTCA TCCJIA — .

B]-

H 5
A-Mm

XapaKTCpHCTHKOﬁ MAarofvuTHOTO IIOJII B BAKYYMC ABJISICTCA BCJIWYHHA, Ha3bIiBa€Masd HANPSAKCHHOCTBIO
MarHuTHOTO ot H. DT0 BekTOpHas BelMunHa, COBNAAArONIas B OTHOPOIHOM cpene ¢ B .

MOoy/TH 5THX XapaKTepPHCTHK MATHATHOTO mouist ( M ) CBA3aHBI COOTHOmeHeM: B = HueH

)
rae L0 — MarHUTHasE MOCTOSIHHAS;

L — MarHuTHas MPOHMUIIAEMOCTH CPEJbl, KOTOpas MOKa3bIBA€T, BO CKOJBKO pa3 MHAYKLHS MarHUTHOTO
0JIs B JAHHOM cpefie OoJIble WM MEHbBIIIE, YEM B BaKyyMe.

Moysab HHAYKIMH MarHUTHOTO TMOJIS IS IPSIMOTO OECKOHEYHO JJTMHHOTO MPOBOIHUKA C TOKOM PABEH:

o]
27R

B=

JlelicTBME MarHUTHOTO ITOJIS1 HA POBOJHUK C TOKOM
Cuna, nelcTByronias Ha NPOBOJAHUK C TOKOM, MOMEMIEHHBIH B MAarHUTHOM IIOJI€, HA3bIBAE€TCS CHIIOW
Awmmnepa.
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Benuuuny 3T0i CHIbl ONIPEAEIISIOT MO 3aKOHY AMIepa:

F=B-1-/-sina

rae { — uiHa IpOBOJHUKA, M;

0 — yroJj MCxKJ1y BEKTOPpOM MarauTHOH HUHAYKOWH U IPOBOJHHUKOM.

Hamnpasnenue cuibl AMiepa onpenensieTcs 1o NpaBuiLy JIEBOU pyKHU:

Ecnu neByto pyKy pacroyioxKUTh Tak, YTOObI IEPIEHAUKYIISIPHASL K IPOBOJHUKY COCTABIISAIONIAs BEKTOpa
MarHMTHON MHAYKLIUU BXOJMJIA B JIAZOHb, 8 4 BBITSHYTHIX Nayblia ObUTM HAIIPABJICHBI TI0 HAMIPABJICHUIO
TOKa, TO OTOTHYTHI Ha 90 OOJbBIION majielr] MOKaXeT HAMpaBJICHUE CUJIbI, JIEUCTBYIOIIEH Ha OTPE30K
npoBojHUKa (puc. 4)

JlelicTBME MarHUTHOTO TOJIS1 HA JBHOXKYIIUICS 3apsi

Cuna, ¢ KOTOpOIl MarHUTHOE I0JI€ JEHCTBYET Ha ABMXKYIIMICS 3JEKTPUUECKUM 3aps]l, Ha3bIBaeTCs CUIION
Jlopenua.

Mopnynb 3TOW CHIIBI paBEH:

Fn= BgVsina

rje g — MOJyJib 3apsiia yacTusl, K,

V — CKOpOCTb YacTHIIbI, M/C;

o — yroa mexay BuV

Hanpasnenue cuibl JlopeHua onpenensercs 1o npaBuiLy J€BOM pyKH:

Ecin neBylo pyKy pacroioXuTh TakK, YTOOBI COCTAaBISAIOIIAsl BEKTOpa MAarHUTHOW WHAYKIIUH,
MEPIEeHIUKYIIIpHAs CKOPOCTH 3apsijia, BXOIWIa B JIaJ0Hb, a YEThIpe Maliblla ObUIM HAIpPaBJICHBI IO
JBIDKEHUIO TIOJIOKUTEIILHO 3apsSKEHHOM YacTUIbl (MPOTUB JBWIKEHUSI OTPHUIATEIBHO 3apsKEHHOU
4acTHUIIbI), TO OTOTHYTHIH Ha 90 OoNbIION Majel] MOKaKeT HalpaBlieHUE JACUCTBYIOIICH Ha 3apsii CUJIbI
Jlopenua

Cuia JlopeHua neprieHIuKy/IsipHa CKOPOCTU JBUYKEHHUS YaCTHULBI, CIEIOBAaTEIbHO, OHA HE COBEpIIAECT
paboThI, T.e. HE MOXET H3MEHUTh KHHETHYCCKOW OJHEPTHH 3apsDKCHHBIX YACTHII, JBIDKYIIUXCS B
MarHuTHOM IIOJIE.

MarsuTHBIN TTOTOK

BenuuuHy, 4YuCI€HHO paBHYIO MPOU3BEICHUIO MOJYJIS BEKTOpa HMHAYKIMM MAarHUTHOTO TOJiA Ha
MJIOIIAIb TIOBEPXHOCTH M Ha KOCHHYC YIJIa MEXAY HAMpaBIICHHUEM BEKTOpAa MATrHUTHOW WHIYKIIUU U
HOPMAJIbIO K MJIOCKOM MOBEPXHOCTH, HA3bIBAIOT MArHUTHBIM MTOTOKOM.

®=BS cos a [®]=TA'm2=B6 (Bebdep).

[Topsok BeINONHEHUS PaOOTHI:

Pemuts 3agauu

1.B ogHOpogHOE MarHuTHOE mnose, MHAyKUus kKotoporo 1,26-10-3 TA, momemieH npsMoil MpOBOJHUK
mmHo# 20 cM. OnpenenuTe cuily, IEHCTBYIOLIYIO Ha IPOBOJAHUK, ECIIM 110 HEMY TedeT Tok 50 A, a yrou
MeX/1y HalpaBjie-HUEM TOKa BEKTOPOM MHIYKIMH cocTaBiser 30°.

2.ITpoBogHuK ¢ cuioit Toka 5,0 A moOMeIIeH B OJHOPOIHOE MarHuTHoe mnoje ¢ uuaykmueit 1,0-10-2 TA.
VYron Mexay HampaBieHUSMHU Toka U nosst 60°. Onpenenute akTUBHYIO JJIMHY IPOBOAHMKA, €CIIH I10JIE
nercTByeT Ha Hero cuiioi 2 10-2 H.

3.B omHOpOoaHOM MarHuTHOM Toje ¢ mHaykiued 0,25 TA HaxomuTcs MPSAMOJUHEHHBIA MPOBOTHUK
mmHo 1,4 M, Ha Koropelii neiictByer cuina 2,1 H. Onpepenurte yroa Mexay NpPOBOJHUKOM H
HaIpaBJIEHHEM BEKTOpa MHAYKIIMM MarHUTHOT'O TOJIS, €CJIM CHJIa TOKA B MPOBOJHUKE 12 A.
4.0mpenenuTe MarHUTHYIO WHAYKIUIO TIOJIA, 3Has, YTO Ha NPSAMOIMHEWHBINH npoBoxa anuHOH 0,4 M
nerictByetr cuna 3,0-10-2 H, xorma mo npoBogHuky uaer Tok 0,5 A. BEeKTOp MarHUTHON WHIYKIIMU
cocrasiseT yroa 30° ¢ MpoOBOJHUKOM.

5.Uemy paBHa cuja TOKa B MPSMOM MPOBOJAHHUKE JIHHOW 1,0 M, TOMEIIEHHOM B OJHOPOJHOE MarHUTHOE
nosie ¢ uaaykuuen 1,5-10-3 TA, ecnu Ha 3TOT IPOBOHUK CO CTOPOHBI MOJIS eicTByeT cuna 2,1-10-3 H?
VYroa Mexay HalpaBJICHUEM IEKTPUUIECKOT0 TOKa M BEKTOPOM MHIYKIIHH paBeH 45°.
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6.Ha 0OMOTKYy poTOpa 3JEKTPOABUTATENS TIPU MPOXOXKICHUH 110 MPO-Boay Toka 20 A AeHCTBYeT cujia B
40 H. Onpenenute BeIMUYUHY MAarHUTHOM MHAYKIIMM B MECTE PACIOJIOKEHHS MPOBOJA, €CIIA €ro JIJIMHA
20 cm. O6MoTKa coaepKUT 50 BUTKOB.

7.D7EeKTpOH ONMCHIBAET B MAarHUTHOM IIOJI€ OKpPYKHOCTHb paauycoMm 4,0-10-3 m. CkopocTb IBHKEHUS
3JIEKTPOHOB paBHa 3,5-106 M/c. HaliquTe MHIYKIIMIO MATHUTHOTO TTOJISL.

8.IIpotoH mBmkeTCst CO CKOpOCcThIO 1,0-106 M/Cc EpIEHIUKYISIPHO OJHOPOJHOMY MArHUTHOMY TIOJIO C
unaykiuen 1,0 TA. Halinure cuny, AeHCTBYIONIYIO HA TPOTOH, U PAIUyC OKPY>KHOCTH, IO KOTOPOW OH
JIBUAKETCH.

9.OnekTpoH BiIE€TaeT B OJHOPOJHOE MAarHUTHOE TIOJIe, HWHAYKIUA KoToporo 2,0-104 TA,
NEPIEHANKYISIPHO CHIIOBBIM JIMHUAM €O cKopocTbio 1,0 106 m/c. Beruucnute paanyc OKpyKHOCTH, IO
KOTOpO# OyJIeT IBUraThCs JIEKTPOH.

10.Kakast cuna 1efCTBYeT Ha 3JIEKTPOH, JETSIIUI B OJHOPOJHOM MarHUTHOM noje ¢ uaaykuuei 1,0-10-
2 TA neprneHauKyaspHO JUHUSM MarHUTHOW WHIYKITUU cO cKopocThio 3,0-106 m/c?

11.B omHOpOIHOE MarHUTHOE MoJje ¢ nHayknuei 8,5-10-3 TA BiaeTaeT 31eKTpoH co ckopocThio 4,6-106
M/C, HAIPaBJICHHON MEPNEHAUKYISIPHO K CHJIOBBIM JUHUsSM. OIpenenuTe CHIy, ACHCTBYIONIYIO Ha
ANIEKTPOH B MATHUTHOM TIOJIE U paJlyC AYTH OKPY>KHOCTH, IO KOTOPOIl OH JIBHKETCSI.

12.B MarHWTHOE TOJIC B HAINPABJICHHUH, MEPICHAUKYISIPHOM JIMHHUSIM WHAYKIIMH, BIETACT MPOTOH CO
ckopocTbio 3,2-105 m/c. HaliguTe MHAYKIMIO 3TOTO MOJSL, €CJIM MPOTOH OMKCANl OKPYKHOCTh PaJyCOM
10 cm.

Kparkue Teopernyeckue cBeIeHUS:

SIBneHue EKTPOMarHuTHOM HHIYKIIMH

B 1831 rony anrnwmiickuii ¢pusuk M. @apazeii cepueil OmbITOB MOKa3aj, YTO ¢ IOMOIIBI0 TIEPEMEHHOTO
MarHMTHOI'O IIOJISl MOYKHO CO3JaTh B 3aMKHYTOM IIPOBOJAILEM KOHTYPE IEKTPUUYECKUM TOK.

a 6 B

H
—

=

SIBNeHHE DIEKTPOMATHUTHOW WHIYKIIMM — BO3HUKHOBEHHE OJIIEKTPUYECKOTO TOKAa B 3aMKHYTOM
MPOBOASAIIEM KOHTYpEe TMpPH HW3MEHEHHH MAarHUTHOTO TMOTOKA, MPOHHU3BIBAIOIIETO KOHTYp. TOK,
BO3HHUKAIOIMK B KOHTYpE, HA3bIBACTCS WMHAYKIIMOHHBIM (HAaBEACHHBIM), a coznawouryto ero 2J[C
Ha3biBatoT D/]C uHAYyKINH.

[TepBoHaYaIEHO MHAYKITUS OBLJIa OTKPBITA B HEMOJIBIKHBIX JAPYT OTHOCUTEIILHO JIpyra MPOBOIHUKAX TPH
3aMBIKaHUU U Pa3MBIKAHUU IIETIH OJJHOM M3 KaTymiek (puc. 44 a) npu M3MEHEHUHU CUJIBI TOKA B OJTHOU U3
KaTyIIIeK, MAarHATHOE T10JIe, KOTOPOW MPOHU3BIBACT BTOPYIO KATYIIKY, B HEW BO3HHUKACT WHIYKIIHOHHBIH
TOK (puc. 44 0) WMHAYKIMOHHBIA TOK BO3HUKAET TaK)Ke B TMPOBOJIOYHON KATYIIKE MPHU JBIKESHUH
MMOCTOSTHHOTO MarHUTa BHYTPh KaTYIIKU M IPU BBIIBUTAHWHA MarHUTa U3 Hee (puc. 44 B).

3aKO0H AJEKTPOMAarHUTHON MHYKITUH:

O/1C MHAYKIIUU B 3aMKHYTOM KOHTYpE paBHA IO MOJIYJII CKOPOCTH M3-MEHEHHWS MAarHUTHOTO MOTOKa
4epes MOBEPXHOCTh, OTPAHUUYEHHYIO KOHTYPOM:

AD
£ =—
1 At

rae €l — O1C unnyknuu, B;
AD= O2-D1 — u3MeHeHe MarHUTHOTO IOTOKa, BO;
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At — IPOMEKYTOK BPEMEHH, B TCUCHHE KOTOPOTO MPOU30IILIO JaHHOE U3MEHEHHE, C;

At _ CKOPOCTh M3MCHCHMSI MArHUTHOTO IIOTOKA,
AD

& =—
C yuyeToM HamnpaBjieHU UHAYKIMOHHOTO TOKA 3aKOH 3aIllMChIBACTCS TaK: ! At

Ecnn 3aMKkHYTBHI KOHTYp cocTOMT U3 N IOCIEIOBAaTEIbHO COCAUHEHHBIX BHUTKOB (Hampumep, B

COJICHOHJIE)

o . A
At

rae N — 4KCIIO BUTKOB.

HanpaBneHne MHAYKIMOHHOIO TOKa B 3aMKHYTOM IIPOBOJHUKE MOXKHO ONPEIENUTh [0 IpaBuUily,
ycranoBneHHOM B 1833 roay pycckum ¢puzukom 3.X. Jlenuem. CornacHo npaswity Jlenna:
WHAYKIMOHHBINA TOK, BOZHUKAIOIIUN B 3aMKHYTOM KOHTYpPE, CBOUM MarHUTHBIM [TOTOKOM IPENATCTBYET
TOMY U3MEHEHHUIO MarHUTHOTO MTOTOKA, KOTOPHIM OH BBI3BaH.

lv @1 {v
¢

5

" //\
- /\\

N

[Ipy BABUTaHWM MarHUTa B COJEHOW] YHMCIO JIMHUNA MArHUTHOM MHAYKUWU (WM MarHUTHBIA MOTOK)
YBEITUYUBACTCS, CIEI0BATEIbHO, MHAYKIIMOHHBIA TOK B HEM MMEET TaKO€ HAlpaBlICHHE, YTO CO3/IaHHOE
STUM TOKOM MAarHUTHOE€ MOJI€ MPENSTCTBYET HAPACTAHMIO BHEIIHETO MAarHUTHOIO Mojs. B aTom ciydae
BEKTOP MHIYKIIUM 3TOTO TMOJS  HaIpaBJeH MPOTUBOIOIOKHO BEKTOPY MHAYKIIMM BHEIITHETO MoJs (puc.
46 a).

CamocrosTenbHO 00BsICHU puC. 46 0.

OJIC uHAayKUMH B NPOBOAHUKE, ABUXKYLIEMCS B OJHOPOJHOM MarHMUTHOM IIOJIe, OINpPEAENseTcs IO
dbopmyre:

gi=B"v'{ sina,

7€ U — CKOPOCTh B IPOBOJTHUKE, M/C;

{ — nvHA TPOBOHUKA, M;

B — marauTtHas unaykius, TA.;

0. — YTOJI MEX]1y BEKTOPAaMU CKOPOCTH U MATHUTHON MHAYKIIMH.

HampaBnenne WHAYKIIMOHHOTO TOKa B JIBIDKYIIEMCS TPOBOJHHUKE MOXHO OMPEIETUTh MO TPABUITY
npaBoil pyku. Eciu mpaByro pyKy pacroyioKHTh TaK, YTOOBI JTUHUU MarHUTHON WHIYKIIMH BXOIWIIA B
Ja/I0Hb, a OTOTHYTHINH Ha 900 OoNbIIOI Manen coBmanai ¢ HalpaBICHUEM JBH)KEHUS MPOBOJHHUKA, TO
BBITSIHYThIE YETHIPE Majblla YKaXyT HAMIPABICHNE UHAYKIIMOHHOTO TOKA

Pemmte 3agaun

1. ITpsiMonuHEeHBIN MPOBOIHUK JIMHON 0,4 M ABUKETCS B OHOPOJHOM MarHUTHOM MOJI€ ¢ UHIYKIIUEH
0,1 TA, npu 3tom B Hem unaynupyerca J1C 0,174 B. Uemy paBHa CKOPOCTb ABM)KEHUS IIPOBOIHMKA,
€CJIM YToJI MEXy BEKTOPOM MHAYKIUH MOJISI U CKOPOCThIO cocTasisier 60°7
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2.ITog KakuM yIJIOM K CUJIOBBIM JIMHUSIM MarHuTHOro moiist ¢ u"aykuuent 0,5 TA momkeH nBuraThes
MPOBOJIHUK JUTHHOM 2,0 M, uT0OBI pHu ckopoctu 0,5 M/c Ha ero KoHUax Bo3Oyxaanacs D/1C unaykumy,
paBusis 0,35 B?

3.ITpoBomHuk anuHOM 1,5 M mepememiaercs B OJHOPOJHOM MarHuT-HOM mose ¢ uHayknued 0,2 TA.
JIBroKeHHEe TPOBOJHUKA MPOUCXOJUT CO CKOpocThio 10 m/c mox yriom 45° K MarHUTHBIM CHJIOBBIM
nunuaM. Haiinure 9J1C uHAYKIMY, BO3HUKAIOIIYIO B TPOBOTHUKE.

4.Kakoil MarHUTHBIN MOTOK MIPOHU3BIBAET KOHTYP, €CJIM IIPU PAaBHO-MEPHOM HCUE3HOBEHUU MAarHUTHOIO
noist B Teuenue 0,2 ¢ B karymke uuayuupyercs 3JC, pasuas 0,02 B?

5.B npoBoanuke mmmuHor 0,50 M, mBMKyIieMcs co CKOpocThio 3,0 M/C MEpHNEeHIUKYISIPHO CHIIOBBIM
JUHUAM OJIHOPOJHOTO MarHuTHOro mois, Bo3Hukaer JJ(C 6,0-10-2 B. Omnpenenute WHIYKIHUIO
MarHMTHOT'O TOJIS.

6.0npenenuTe MPOMEXYTOK BPEMEHH, B TEUEHHUE KOTOPOTO MArHUTHBIM IOTOK, MPOHU3BIBAOIINI
KOHTYD, nospkeH yBenuautbes oT 0,01 mo 0,20 BO, uToOb1 B KOHTYpe Bo30yknanack DJIC nnayknum 3,8
B.

7.0npenenute DJIC UHAYKIIMKM HA KOHIAX KPbUILEB caMOJeTa, UMEIOIIUX JUIMHY 12 M, €Clii CKOPOCTh
€ro mpu TOpH3OHTaIBbHOM mosiere 250 M/c, a BEpTUKAIbHAS COCTABISIONIAS MAarHUTHOW WHIYKIIHH
3emMHoro marametusma 5,0-10-5 TA.

8.B oaHOpogHOM MarHMTHOM nojie moj yrioM 30° K HampaBJIEHUIO BEKTOpa HWHIYKIUH, BEJIWYMHA
kotoporo 5,0-10-3 TA, aBmxeTcss IPOBOJHUK CO CKOPOCThIO 10 M/C; BEKTOpP CKOPOCTH MEPHEHAUKYIISIPEH
npoBoAHUKY. Onpenenure JJIMHY NPOBOJHUKA, eciid B HeM HaBoguTcs DJ(C, paBHas 2,5-10-2 B.
9.Tpakrtop obmiero HazHaueHus K-700 umer co ckopocThio 28 KM/4. ONPESIUTE Pa3HOCTh MOTEHIIUAIOB
Ha KOHIIax NepeaHel ocH, €clii JJIMHA €€ 0K0JIO 2,6 M, a BepTHKalIbHAasi COCTABJIAIOIIAs MAarHUTHOTO MOJISt
3emmu 5,0-10-5 TA.

10.Yemy paBna DJIC camMOMHIYyKIIMHM, BO3HHUKAIOIIAs B KaTylIKe ¢ HMHAYKTUBHOCThIO 2,0-10-2 T, B
KOTOPOH TOK cujoi 7,5-10-2 A ucueszaer 3a 2,0-10-2 c?

(DopMa MMpEeaAOCTaBJICHUS pE3YyJIbTaTa
BrimonaeHHbIE 3aaa4u B TCTpaau OJId IMMPAKTHYCCKUX pa60T.

Kpurepun onenku:
3a mpaBUIIBHO BBIIIOJHEHHOE 33JaHHE BBICTABIISETCS MOJIOKUTENIbHAs OlleHKa — 1 Gasu.
3a HeMpaBWIBHO BBIIIOJIHEHHOE JAECUCTBHE, 3aJJaHNE BBICTABIIAETCS OTpULIATENbHAs OlleHKa — 0 OaIoB.

KomngectBo IIpouent KadecTBeHHas OlleHKa ypOBHsI IOJrOTOBKH
OasoB pe3yIAbTaTUBHOCTHU bann (ormetka) BepbanbHbiii ananor
(IpaBUIILHBIX OTBETOB)
20-22 90 — 100% 5 OTan4HO
17-19 80 — 89% 4 Xoporio
15-16 60 — 79% 3 Y 10BIETBOPUTETHEHO
0-14 Menee 60% 2 HeynonersoputenbHo

Tema 4.1 Mexanuyeckue KoJjieOaHUs U BOJIHBI

ITpakTnueckoe 3ansatue Ne 14.
Pemienue 3a1a4 Ha mapameTpbl K0JIe0aTeNbHOTO ABHKEHHS.

[{enb paboTh: MapaMeTpsl KOIeOaTENBHOTO ABMKCHHUS, BUIbI MAITHUKOB, UX OTJIUYHUSA. Y paBHEHUS
CUHYCOUJIATTbHBIX KoJieOaHui. Bubl koeGaHui.
Brimonnus paboty, Bei Gynere:
YMETh:
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-pa3nuvaTh BHJIBI KOJICOAHUI

- HpI/IMeHSITB 3aKOHBI Ha HpaKTI/IKe HpI/I peH_ICHI/II/I 3a4a4 U B )KU3HHU

MatepuaiabHoe 00ecreueHHe: HWHIWBHIYATbLHOE 3a/IaHNe, KOHCIICKT JICKIIUH, CIIPAaBOYHbBIC MaTePHAIIBI.
3amanue

1. Jatp noHsATHE Koje0aTeabHOI0 ABMKEHMsS, NAapaMEeTPOB, XapaKTEPU3YIOIUX BM)KEHUE, BUIOB
KOJICOaHUH, CBSI3b MEXAaHUYECKHUX H AJIEKTPOMArHUTHBIX KOJIEOaHUH. .

2. BBISICHUTB pakTHUECKOE 3HaYEHUE UCII0JIb30BaHUs TapMOHMUYECKUX KOJIeOaHUH.

3. [IpuMeHUTHh W3YyYEHHBIM MaTepuana IpU pElIeHUH 3aJad Ha [apaMeTpbl KoJedaTeabHOro

ABUMXKCHUSA, MATEMATUYCCKOI'O , IIPYKMHHOI'O MasATHUKOB.

[Topsiaok BeIMOTHEHUS PaOOTHI
1.BBIIIOJIHUTE TECT

2.3aroIHUT TPOITYCKU B TaOIHIIE
3.PemmTs 3a1a4n

Xom paboThI:

[ToBTOPUTH OCHOBHBIE BOIIPOCHI TI0 TEME:

1. BcTaBbTe IpOITyIEHHOE CIIOBO:
... HE BO3HMKAET U HE UCUE3AET, OHA JIMIIb IEPEXOJUT U3 OJHOTO BUJIA B APYTOMU.

a) UHIYKIIMS; B) DHEPIHUSL.
0) macca,
2. YcTaHOBHTE COOTBETCTBHE (DYHKIIHIA TpaduKam.
1) y=2% 3) y=sinx;
2) y=2; 4) y=COsX.
a) yA 6) A y
- 7&- -
9 D 0 > X
B) }gu_ F) VA
1/ :
] R
0 X ol > X

3. BeibepuTe 3aK0OHBI TAPMOHUYECKUX KOJICOAHUM:

a) y=Atgot; B) y=a";
6) y=Asin(ot+o); r) y=Acosot. P=4
4. YcTaHOBHUTE COOTBETCTBUE CUMBOJIOB 0003HaUEHUS (PU3NUYECKUX BETUYMH.
1) ammnutyna; a) g;
2) nukian4deckas yacrora; 0) F;
3) da3a; B) L;
4) nepuon; r) C;
5) CKOpOCTB; n) A,
6) cuna; e) v;
7) THAYKTUBHOCTb; x) O,
8) eMKOCTh 3) T
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5. YkaxuTe cOOTBETCTBUE POPMYIT (PU3NIECKUM 3aKOHAM:

1) 3akon [Ixoyns-Jlenma; | _Y
a) R;
2) 3akon Owma; 6) 8|:BU£SinOL;
3) OJ1C unaykiuu; B) Q=I2Rt;
4) 3aBUCUMOCTb ) M= 1000 ;
COTIPOTHBIICHHUS OT
TEMIIEPATYPHI;
5) 3aBUCUMOCTh 1)) R=pg ¢ ;
COIIPOTHUBIICHUS OT S
JUTMHBI TIPOBOTHHUKA;
6) KIT/I; e) R=Ro(1+at);
7) 3akon I'yka. x) F=-k-x
3amnoJIHUTD MPOMYCKH B TaOJIHUIIE:
No | Xapakrepuctu |O603HaueHUE, Emurmia
/i lca bopmysa n3mepeH |OnpenencHue
Hs
1 |Ilepuon C
9 YacrtoTa e 1n C'1=F11 Yuco konebanuii © B
T t €IMHUILY BpeMeHH t
3 w=2nv = 2—”
T
4 |CmenieHue
5 |AMmumryna M
®daz3a MrHoBeHHOE
5 COCTOSIHUE
MAaTepHaIbHON TOUKHU
mo OX
v HauvanpHas
daza Po pak

BeimonauTs 3a1a4m:

1. HanumuTe ypaBHeHHE TapMOHHUYECKUX KoJeOaHUH ¢ aMIUIUTYI0H 5 cM M HavalbHOU (azoit 45° ecrmn
B 1 Munyty cosepuiaercs 150 koneGanuil.

2. AMmiuTyAaa TapMOHMYECKHMX KojeOaHMii MarepuaiabHOM TOouku S5 cM, nepuox 4 c. Haiigure
MaKCHMaJbHble CKOPOCTH M YCKOPEHUE U HAIMIINTE YPaBHEHNE TAPMOHUYECKUX KOJICOaHUH.

3. MaremaTnueckuii MasTHUK JUIMHOM 56 cM 3a 1 muHyTty coBepmaer 40 HOJMHBIX KoOJeOaHMIA.
Omnpenenure mnepuosa KoneOaHUN MasgTHHKAa W YCKOpEHHE CBOOOJHOIO MaJeHuss B TOM MecCTe, Ie
HaXOJUTCSI MasATHHUK.

4. MatepuasibHast Touka Kojeosercs ¢ gactoror v=10 k['m. Onpenenute nepuoa, ynuciao KoieOaHuii B
MHUHYTY U IUKJINYECKYIO YaCTOTY.

5. Ompenenure nepuo, 4acToTy, HUKIMYECKYIO YaCTOTY FTApMOHUYECKUX KOoJeOaHUi MaTeMaTHYeCKOro
MasATHHMKA JUIMHOU | M, eciim §=9,81 M/c%. Bo CKOIIBKO pa3 U Kak HaJl0 U3MEHUTD JUIMHY MasSTHUKA, YTOOBI
nepuoJt Koebanuil yBeImauics B 2 pasa.

6. AMIUIMTy/la TapMOHMYECKUX KOJIEOAHWH MaTeMaTU4YeCKOro MasTHUKa JuHOM 50 MM, mepuon 4 c,

T “ o
HavanbHas (paza — . Hamummmre ypaBHEHHE 3TOro KojeOaH!s M HAWIUTE CMEIICHHE KOIEOMIOIIelcs TOUKU
4

OT NoJ10keHus paBHoBecHs nipu t =0 u t=1,5 c.
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- T T )
7. YpaBHEHHE TOUYKH x=0,025|n(t+j. Halinure nepuona, MakCHMajdbHOE 3HAYEHHE CKOPOCTH M
2 4

YCKOpEHHUE.
8. Onpenenure AIMHY MaTeMaTUYeCKOr0 MasTHUKA, COBEPIIAIOIIErO OJHO IMOJIHOE KojebaHue 3a 2 c,
eciu =9,81 M/c?. Bo CKOMIBbKO pa3 HY)KHO M3MEHUTH JJIMHY MAasTHHKA, YTOOBI YaCTOTA €ro KoyieOaHui
YBEJIIMYMIIACH B 2 paza?

9. YpaBHeHue rapmonudeckoro konebanus x=0,4Sin5nt. Onpenenurte amMILIMTYy, TEPUOI, CMEIICHHE
pu t=0,1 c.

10. Onpenenute >KECTKOCTh MPYXKHHBI, YaCTOTY, LMKIWYECKYI0 YacTOTy, e€ciid Tejno Mmaccoud 0,5 kr,
MOJIBEIIEHHOE K ATOH Mpy>XKHHE, coBepuIaeT Konedanus ¢ nepuoaom 0,2 c.

11. MarepuanbpHas TOYKa COBEpIIaeT rapMOHUYECKHEe Koyiebanus ¢ amriutynoi 0,03 m u nepuogom 0,2
c. CocraBbTe ypaBHEHUE KoJieOaHUs U onpezenute cMmewenue npu t=0,1 c.

12. Ilo mHy cdeprueckoil Yamku COBEpIIAET CBOOOJHBIE KOJeOaHUs Oe3 TPEHUs MaJleHbKUH IIapuK.
Omnpenenure nepuos KojaeOaHus MapuKa, €Cau pagnyc KpUBU3HBI YAk 2,45 M.

13. CocraBpTe ypaBHEHHE TapMOHUYECKHUX KOJICOAHMH MAaTEeMaTHYEeCKOTrO MasTHUKA JITMHOW 2,45 M u
amruutynoit 0,1 m.

14. Teno coBepIraeT rapMOHUYECKHE KoJiebaHus 1o 3akoHy X = 20sinzt. Onpenenute CKOPOCTh Tea MPH
t1=0,5cut,=4c.

15. Yckopenune cBOOOAHOrO majeHusi Ha MOBepXHOCTH JIyHbr 1,6 M/c?. KaKOH JUIMHBI IOJKEH OBITh
MaTeMaTHYECKU MasiTHUK, YTOOBI €ro nepuos kosnebanus Ha Jlyne Ob11 1 ¢?

16. IToctpoiite rpaguk rapMOHUYECKOTO KOJICOaHHs YaCTOTHI [0 apaMeTpaM: aMIUIUTyAa 2 CM, TIepUo/
0,4 ¢, nauanpHas ¢aza 0. 3anumMTe ypaBHEHHE dTOTO KOJICOAHMUS.

17. Teno coBepimaet kojebanus mo 3akoHy X = 60sin2zt. Onpeaenure CKOpocTh Tena mpu 1= 1cu ty =
2,5c.

18. Teno maccoii 0,2 Kr ITOJBEIICHO HA MPYXKHUHE, KECTKOCTb KoTopoi 2-10° H/M. Onpeenute gacTory,
MePHO/, HIUKINYECKYIO YACTOTY CBOOOTHBIX KOJIEOaHH 3TOTO Teja Ha MPYKHUHE.

19. Ilepuon konebanust MmasiTHUKa Ha 3emiie 1 ¢. Onpeaenure nepuo ero KoJieOaHuu:

a) B IBUKYIIEICS BEPTUKATHLHO BBEPX PAKETe;

6) na JIyne (g, = 10 M/c?, g, = 1,6 M\cd).

20. MarepuaibHas TOYKa COBEpIIAET rapMOHUYECKHE KONEOaHUs ¢ aMIUIUTYI0N 4 CM U mepHoJoM 2 C.
Hanummre ypaBHeHUE IBUKEHUS TOUKHU, €CIIN €€ IBUYKEHUE HAUMHACTCS U3 MOJOKEHHS Xo= 2 CM.
dopma npeaocTaBiIeHUs pe3ybTaTa

BrinonHeHHble 3a7aun B TETPaaM IS MPAKTUYECKUX padoT.

Kpurepun onenku:
3a nmpaBUIIBHO BBIIIOJHEHHOE 33 JaHHE BBICTABIISETCS MOJIOKUTENIbHAs OlleHKa — 1 Gasu.
3a HeMpaBWIBHO BBIIIOJIHEHHOE AECHCTBHE, 3aJJaHNE BBICTABIISETCS OTpULIATENbHAs OLleHKa — ) OaIoB.

KomngectBo IIpouent KadecTBeHHas OlleHKa ypOBHsI IOJTOTOBKH
OasoB pe3yIAbTaTUBHOCTHU bann (otmetka) BepbanbHblii ananor
(MpaBUIILHBIX OTBETOB)
18-20 90 — 100% 5 OTan4HO
16-17 80 — 89% 4 XopoIro
12-15 60 — 79% 3 Y 10BIETBOPUTETHLHO
0-11 meree 60% 2 HeynoBneTBopuTeNbHO

Tema 4.2 DnexTpoMarHUTHBIE KOJICOAHUS U BOJHBI
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[IpakTrueckoe 3anstue Ne 15,16
Pemenue 3agau no reme «IlepeMeHHBII TOK»

Lenb paboThl: M3Y4YHTH CBOOOHBIC SJICKTPOMArHUTHBIC KOJICOAHUSI B KOHTYPE, BUIBI CONPOTHBIICHHS B
[[ENU TIEPEMEHHOTO TOKA, MX OTINYUS U OCOOCHHOCTH.

Brimonaus sty pabory ,Bel Oyzaere:

YMers:

-IPUMEHATH Ha IPAKTUKE ,IIPU PEIICHUH 33]1a4, 3aKOHBI KOJIeOaHMi

-Pa3nuygate BUIBI COMMPOTUBIICHUS B 3aBUCUMOCTH OT JJIEMEHTA, BKIIOYCHHOTO B IIETTh.

MarepuanpHoe oOecrieueHne: HWHAWBUYyaTbHOE 3a/IaHue, KOHCIICKT JIEKIIUH, CIIPAaBOYHbBIEC MATEPHAIIEI.
3amanue
1. JlaTh MOHATHE MEPEMEHHOT'0 TOKa, TOBTOPUTH YCTPOMCTBO M IIPUHITUI JCHCTBUS MHAYKITHOHHOTO

reHeparopa.

2. BbIsiICHUTh IIpakTHYECKOE 3HAUEHUE HCIOJIb30BaHUS IEPEMEHHOIO TOKAa B OBITY, HayKe,
IIPOU3BO/JICTBE.

3. [IpuMeHUTh M3y4YEHHBIM MaTepuan IpU PELICHUM 3aJad Ha [apaMeTpbl MEPEMEHHOIO TOKa:
MI'HOBEHHbIE, aMIUIMTYAHbIE U JieicTBYomue 3HaueHus: DJ(C, HanpsKeHUs U CUIIbI IEPEMEHHOTO TOKa.

[TopsaoK BeIMOTHEHUS PaOOTHI
1. IToBTOPHUTEH OCHOBHEIE BOIIPOCKHI TEMEI «llepeMEHHEIN TOK)

[IepeMeHHBIN TOK — BBIHYK/ICHHBIE TaPMOHHYECKHUE
JIEKTPOMAarHUTHbIE KOJeOaHHsI B TPOBOIHUKE. 1Y o

—
— .

S BcenencrBue 251eKTpOMarHUTHOM MHIYKIIMU B paMKe

® BO3HMKAaeT rapMoHuueckd MeHstomasicas OJIC A

le = —@'= B-S-w-sinar| nmle = g-sinot
(0= BS-@— ammunryna D/1C HHIYKIIMN) U MOXKHO TOBOPHUTD, YTO MOJIYYCH IIEPEMEHHBIH TOK.
e [lepemeHHBIN TOK OBITOBOI 3ekTpoceTH uMeeT yactoty v =50 I'mu @ = 2zv = 1007 [paxn/c].
PesucTop B enu nepeMeHHOro TOKa
17 Bxuttounm pe3ucTop conpoTHBieHUs R B ceTh NEpEMEHHOr0 TOKa HaIlPSKEHUS
U(t) = Upsinat (*). B xaxplit KOHKPETHBIH MOMEHT BPEMEHH POXOXKICHUE
T~ MEPEMEHHOTO TOKa B PE3UCTOPE KaYeCTBEHHO HIUEM HE OTIMYAETCS OT

MPOXOXKICHHSI TOCTOSTHHOTO U TIOJUUHSCTCS
. 70 Uy . U1 Uit)
3akony Owma: |1(t) = .Torma I(r) = ?sma)t T,
!
|

= A
I'paduku I(t) u U(t), B omxHOM crcTeMe KOOpAWHAT, MMEIOT BUJL: W i
e Becsd  momBoguMas K PE3UCTOPY  DJIGKTpHUYECKas  DHEPTHUs It
MIPEBpAIACTCs B TEIUIOBYIO, T. €. OH 00JIaJIaeT aKMUBHbIM CONPOMUBTEHUEM.
AxkTtuBHOE (OMHUYecKoe) conpoTunieHue (R) — conporusieHue pe3nctopa 6e3 yuéra ero EMKOCTH U
WHIYKTHBHOCTH.
EMKOCTB B 11eTIM IEpeMEHHOTO TOKa

W3BecTHO, 9TO KOHJICHCATOP ITOCTOSTHHBIN TOK HE
‘ z | mpoBomuT (e MexIy 0OKIaAKAME Pa3OMKHYTa).
L i Bxirounm koHzieHcaTop eMkocTy C B LIeThb
E/——r niepeMeHHoro Toka Hanpsokenus U(t) = Ugsinat (*).
I'paduxwu I(t) u U(t) B omHO#M crcTeMe KOOPIMHAT, UMEIOT BHJI:

1 | — eMKOCTHOE CONPOTHBJICHHE IEPEMEHHOMY TOKY.
oC| e Xc ymenbuaercs ¢ poctoM @u C
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NHAYKTUBHOCTH B LIEN al U MIEPEMEHHOT0 TOKA

Bxirounm Ust -~ 1101) KaTYIIKY HHAYKTHBHOCTH L B 11ems
i~ [IEPEMEHHOTO I " toka Hanpspkerus U(t) = Ugsinat (*)
AKTHBHOE | ! COIPOTHUBJIEHHE IIPOBOA KATYILIKH
p p Y

R~ 0).
I'paduxu 1(t) u U(t) B ogHOM CUCTEME KOOPJIUHAT, UMEIOT BH/I;

— UHJIyKTHBHOE COIIPOTHBIICHUE IIEPEMEHHOMY TOKY.

(XL pacrer ¢ poctom @wu L).
JlelicTBYOIIIee 3HAYCHNUE MOIIIHOCTH MIEPEMEHHOT0 TOKa (P) — BEeTMUYKMHA, YHCIICHHO PaBHAsi MOIITHOCTH
HIOCTOSIHHOTO TOKA Pyocr, IPH YCIIOBHUH, 9TO 002 TOKA 32 OJJMHAKOBOE BPEMsI, PABHOE [IEPUOJLY
HepeMeHHOro ToKa 7, Ha PaBHBIX PE3UCTOPAX R BBIIEIST paBHBIE KOJIUYECTBA TEIIOTHI Q.

2 2
U3 P = Proer 1 Up = lpRs|P =205 2020 20 |
e JlelicTByIOIIEE 3HAYEHUE MOIIIHOCTH IEPEMEHHOIO TOKA YaCTO HA3bIBAIOT AKTUBHON MOIIIHOCTBIO.
JleficTByroIIIeEe 3HAUCHHE CHJIBI IEpeMeHHOTr0 ToKa () — BennunHa, YMCICHHO paBHAsl CHJIC IOCTOSHHOTO
TOKA |yyocr, IPH YCIOBHH, 9TO 00a TOKA 32 OJMHAKOBOE BPEMsi, PABHOE MEPHO.TY TEPEMEHHOTO ToKa T, Ha
PaBHBIX pe3ucTOpax R BbIAENIAT paBHbIE MOLHOCTH.

_ _ 2 2 IR Iy
U3 P = P IioaR =17 R = = =i1= £
JlelicTByroIIIee 3HAYCHHE HANPsHKEHUs iepeMenHoro Toka (U) — BerunHa, YMCICHHO paBHast
HAIPSHKEHHIO TIOCTOSTHHOTO TOKA Upoer, IIPH YCIOBUH, YTO 00a TOKA 32 OJJMHAKOBOE BPEMs, PABHOE
MEPUOJTY IEPEMEHHOr0 ToKa T, Ha pPaBHBIX pe3UCTOpax R BbIIEIAT paBHBIC MOIHOCTH.
v Uy

mocT R R ﬁ

e Ha mpakTuke Hac peKo MHTEPECYIOT aMIUTUTY/HbIC WJIM MTHOBEHHBIE 3HAYEHUS CUJIbI, HAIIPSIKEHUS
WM MOIIIHOCTH NEPEMEHHOr0 TOKa. MIHTepec NpeAcTaBisIoT uxX deticmeayioujue 3Ha9YeHHUsL.

—
L J

Iy

3akoH Oma 171 IepeEMEHHOr0 TOKa

U
H3BecTHO, 4TO B IIEMAX TIIEPEMEHHOI'0 TOKA: a) 1A aKTUBHOI'O COITPOTUBJICHU A R: I, = ?0 ;
. . UO . UO
0) mnsa émkoctu C: [, =—>; B) I UHOYKTHBHOCTH L [, = —.
0 H 0
Xc Xp
Yy, 9To I, =1- \/3 nu,=U- \/5 , IIOJIYYUM 3akoH Oma J1s IIEPEMEHHOI'0 TOKA JJIsA
pe3ucropa, EMKOCTU U UHIYKTUBHOCTU: | = v
Pe3onanc B 1ienu MIEPEMEHHOI'O TOKa R

jf_miwj CobepéM 11enb U3 KaTyIIKu WHIYKTHBHOCTH
e L, konnencaropa C, | = U | ammnepmerpa
|  mepeMeHHOTo TOKa A M X. | mcTo4YHMKA
MIEPEMEHHOTO HAIPSHKESHUS U = Up-sinat ¢
U3MEHSEMOM YacTOTON @. AKTUBHOE CONPOTHUBIICHHE wWe oW
MIPOBOJIOB M KaTYIIKH HHAYKTUBHOCTH R~ 0.
@uxcupys Ug = CONSt 11 m3MeHsIst 9acToTy @ oT 0 10 MaKCHMaIIbHO BO3MOKHOTO 3HAYEHUS, CHUMEM

L
»

o 1
3aBUCUMOCTD CHUJIbI JCUCTBYIOLICTO TOKA B LCIIN I(a)) OKaSaJIOCL, YTO HA 4aCTOTC @, = ﬁ
L

Ha6JIIOI[aCTC$I PE3KOC YBCIIMYCHUC TOKA.
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Pe3onaHc — siBeHUE pe3KOro BO3pacTaHMsI aMILTUTYbl BEIHYXKICHHBIX 3IEKTPOMArHUTHBIX KosieOaHuit
MIPY COBMAJACHUH YaCTOTHI BEIHYKIAIOIIETO HAMIPSKEHUS ¢ COOCTBEHHON 9acTOTON KoeOaHuil KOHTYpa.
DeKTPOMarHUTHBIN pe3oHaHC (KaK U MEXaHMYECKUii) HACTyMaeT MPHU COBMAJEHIUH YaCTOThI BHEIIHUX
BO3JICHCTBUI ¢ COOCTBEHHOI YaCTOTOM KOJICOAHUN CUCTEMBI, IIPU ITOM aKTUBHOE I
COIPOTHUBIICHUE IEUCTBYET aHAIIOTMYHO CUJIE TPEHUS — MEPEBOAUT YHEPTHUIO By=Ra=R;
KoJie0aHuil B JHEPTHIO MOTEPH (TEIIO).

Jlns pasubix R (mpu moctosaubix L, C) kpussie |(@) umeroT Bu:

e [Ipu 3HaunTeNbHBIX R pe3oHaHC MOXKET ObITh MPAKTUYECKH HE3aMETHBIM. Vi i
e Pe30oHaHC IIHMPOKO HCIOJB3YIOT B pagUOTEXHUKE (IpU HACTPOWKE KOHTYypa pajAuONpUEMHHMKA Ha
4acToTy BBIOpaHHOM pPaZgUOCTaHIIMU U TIp.).

poTOp

I'eneparop nepemennoro toka (I'TIT)
[Ipocreitmnii I'TIT cocTOUT M3: MOCTOSHHBIX MAarHUTOB |; KOHTYpa 2; KOHTAKTHBIX KoJiel 3; METOK 4.
IIpu BpameHnu KOHTypa ¢ YIJIOBOHW CKOPOCTBIO () €r0 MarHUTHBIN ITOTOK
u DJIC = -@' = gy-sinat. Inst KOHTYpa U3 N BUTKOB & = N-&-Sinat.
Koncrpykrusno I'TIT cocTOMT U3 ABYX OCHOBHBIX 4acTei: HENOABMKHOM — CTATOPA M BpalaroLIencs —
pOTOpa, U3rOTOBJIEHHBIX U3 JIEKTPOTEXHUYECKOH CTAIIN.
e C nensto yBenuueHust KIIJ[ reneparopa (6osiee mOJIHOTO MCIIOIB30BAHUS MarHUTHOTO TOTOKA) 3a30p
MEXJ1y CTaTOPOM U POTOPOM JENAl0T MUHUMAJIbHBIM.
3HAYUTENIBHO YIIY4IIAOTCS.

Tpancdopmarop
Tpancdopmartop — ycTpoiicTBO, IpeiHa3HAuE€HHOE JUIsl U3MEHEHHsI 3HaYeHU I
HAIIpSKEHUS U CUJIbI IEPEMEHHOTO TOKA. 1: iEﬁ 7 =3
e Tpanchopmarop Obl1 ckoHCTpyrpoBaH B 1876 r. Ilerpom HukonaeBuuem S =1

sl6moukoBbiM (1847—-1894, Poccus).
[Tpocreiimmii TparcHOpMaTOP COCTOUT M3 3aMKHYTOT'O CTATBHOTO CEPJICYHHIKA U IBYX HAJCTHIX HA HETO
Karyimiek ¢ ooMoTkaMu. O1Ha 0OMOTKA — MEPBUYHAS — MOJKII0YAETCS K HICTOUHUKY TIEPEMEHHOTO
HaANPsDKEHUS, Ipyras — BTOpUYHAsS — K MOTpeOuTeNnto. Tok MepBUIHON OOMOTKH CO3/IaeT B CepICUHUKE
MEePEeMEHHOE MarHUTHOE T0JIe, KOTOPOEe MPOHU3bIBAET BUTKH BTOPHUUHON 0OMOTKH 1 HaBoUT B Helt DJIC
WHIYKIIAH.

U | o
ITycTh mepBuUHas 0OMOTKA COAECPKUT Vi BUTKOB, —1 —_2| BropuyHas — N, BUTKOB U K IIEPBUYHOMN
00MOTKE NPUJIOKEHO NepeMeHHoe HarnpspkeHue Us. U, L
& U N
?2 = 72 = 72 = K|, rneK — ko3 puiment tpanchopmanuu.
1 1 1

e Ecimu No>MN,;, To TpaHchopMaTop HA3bIBAIOT MOBBIMIAIOLINM, No</NV; — MOHUKAIOIIUM.

2. _PemwTh 3a/1a4¥ 110 BapHaHTam

B ycnoBun 3amauy orcyTcTBYIOT HMphl. 3HaueHUs (PU3MUYECKUX MapaMeTpoB 3THUX 3a7ad HEOOXOIUMO
OpaTh U3 TaObIULBI 1: MO BEpPTUKAIHLHOW CTPOKE YKa3aH HOMEpP BapuaHTa, 10 TOPU3OHTAJIbLHOW — HOMEpP
3a/1a4H.
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1. DOJIC unaykuuu, BO3HMKINAs B paMKe IMpPH BpalleHUH €€ B OAHOPOJHOM MAarHUTHOM IIOJIE,
u3Mensiercss mo 3akoHy &(t)=gp-Sinot (cm. tabmuiy 1). Onpenenuth ammuuTyaHoe 3HadeHue JDJIC,
MmraoBeHHoe 3HaueHue JJIC nmpu t=0,002c, neprnoa u 4acToTy TOKa.

2.  MarHuTHbII TIOTOK B paMKe, PaBHOMEpPHO BpAaIlAIOUICHics B OJHOPOJHOM MAarHUTHOM IIOJIE,
u3Mensiercs no 3akony O=dycos6280t. Haiitu 3aBucumocts IJ1C MHAYKIIMH, BOZHUKAIOIIEH B paMKe, OT
BpEMEHUO ONpeAeInTh aMIUINTYIHbIE U AelicTByromue 3HaueHus DJ1C, nepuosa 1 4acToTy TOKa.

3. OnpenenuTs ACHCTBYOIIEE 3HAYCHHE CHITBI TOKA, H3MeHsroIIerocs 1mo 3akony I(t)=lq-sin 54t.

4.  Omnpenenutph 4acTOTY NEPEMEHHOTO TOKA, IUKINYECKas yacToTa Kotoporo pasHa 110m.

5. Konnencarop éMKoOCTbIO 10 ®BKir0ucH B ceTh repeMeHHoro Toka ¢ yacroroit 50I'u. Onpenenutsb
€MKOCTHOE COIIPOTHBIIEHHE KOHJIEHCATOPA.

6. Konnencarop €émkoctpto C BKIIOUYEH B CETh MPOMBIIUIEHHOTO Toka. Ompenenuts EMKOCTHOE
COIPOTHUBIICHUE.

7. Karymka unayktuBHocThio 0,5 I'H BKIIIOUEHa B CEThb IMEPEMEHHOIO TokKa ¢ yactorodl S50I'm.
Onpenenuts HHAYKTUBHOE COMPOTUBICHUE KATYIIKH.

8.  Karymka uHIyKTUBHOCTBIO L BKITIOYEHA B CeTh MepeMeHHOro oka ¢ yactotoi 50I'm. Ompenenuthb
WHIYKTUBHOE CONPOTUBIICHUE KATYIIKH.

9.  HanpshkeHus nepBHYHON M BTOpHYHONH 00MOTOK TpaHcdopmaropa Us u UzcooTBeTcTBeHHO. HNco
BUTKOB BTOpUYHOU 00MOTKH Ny. OmpenenuTs: 4uciao BUTKOB mepBUYHOM 0OMOTKH Ni, KoadduiueHt
tpanchopmarmu K u Bux Tpancdopmaropa (MOBBIIAIONINA WIH TOHUKAOIIHI ), OTBET MOSICHUTB.

10. OmnpenenuTh MOIIHOCTH MEPBUYHOW M BTOPUYHOM ueneil Tpanchopmaropa P; u Py, ecnu
u3BecTHbl: HampspkeHuss U; u Uz, 1Ok | mepBuuyHOi 0oOMOTKH. Paccumrtars KodpdummeHT
tpancopmarn K u ykazate Bua TpaHchopmaTopa (MOBBIIAIOIIANA WM TOHUKAIOMIUN), OTBET
MOSICHUT.

dopma npeocTaBICHUs pe3ybTaTa

BoinonHeHHble 3a7auu B TETPAAM JUIs IPAKTUYECKUX padoT.

Kputepuu onenku:

3a mpaBUIIHLHO BBHITOJHEHHOE 33JaHHE BHICTABIISICTCS TTOJIOKUTEIbHAS OlleHKa — | Oasu.

3a HelpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33JJaHUE BBICTABIIACTCS OTpUIaTeNbHas olleHKa — () 0anoB.

KonngectBo [Tponent KagecTBeHHast O1IeHKA YPOBHSI TOJITOTOBKH
OaJioB Pe3yIabTaTUBHOCTH bann (ormetka) BepOanbHblii ananor
(IpaBUIILHBIX OTBETOB)
9-10 90 — 100% 5 OTimyHO
8 80 — 89% 4 Xopo1io
6-7 60 — 79% 3 Y 10BIETBOPUTETHEHO
0-5 menee 60% 2 HeynoBneTBopuTeNbEHO

Tema 4.2 DnekTpoMarHuTHbIE KOJIEOAHUS U BOJHBI

[IpaxkTnueckoe 3anstue Nel7
«ONEeKTPOMArHUTHBIE KOJIEOaHUs 1 BOIHBD»,(hopMyiia ToMcoHa»

[{enb paboOTHI: M3YyUNUTH CBOOOIHBIC 3JICKTPOMArHUTHBIE KOJICOAHHsI B KOHTYPE, paclipOCTPAHCHHE BOJIH,
BU/JIbI BOJTH UX OTIHYUSI.

Brimonaus padoty, Bei Oynere:

YMETh:

- MPUMEHSATH Ha MTPAKTUKE 3aKOHBI PaCIPOCTPAHEHUS 3JICKTPOMArHUTHBIX BOJTH

MartepuanbHoe oOecrieueHne: HWHAWBUYaTbHOE 3a/1aHne, KOHCIIEKT JIEKIIUH, CIIPAaBOYHbIE MaTepPHAIIbI.
3ananue:

1. I3y4nTh OCHOBHBIE TEPMUHBI, 3aKOHBI, OTIPEICIICHUSI.

49



2.BBIIBUTE OTJIMYMA KOJIEOAHHI OT BOJIH.

3.0TBETUTH Ha BONIPOCHI.

4. PemuThb 3a1a4uu.

Kpartkue Teopernyeckue cBeieHUS:

Onexmpomaenumuasn 6oana (OMB) — pacnpocTpaHEHHE JIEKTPOMATHUTHOTO TOJs B MPOCTPAHCTBE C
TEUYEHUEM BPEMEHH.

MakcBemn mokasaia, 4ro B Kaxaod Touke DOMII BeKTOpBl HANPSHKEHHOCTH E JICKTPUYECKOTO TOJI |
WHAYKUMU B MAarHUTHOTO TOJSI B3aMMHO TMEPIEHAMKYISIPHBI M JIEXKAT B IJIOCKOCTH, MEPIICHAUKYIISIPHON
HamnpaBJICHUIO ~Z PACIPOCTPAHCHHUS BOJIHBI, IPHYEM €CIM PYKOSATKY TPaBOro BHHTA BpaIliarth IO
HAIPABJICHUIO OT £ K B, TO MOCTYIATENHHOE JBIKEHHE BUHTA YKAKET HarpaBieHue Z.

—+

onll

Puc. 13

Cormacno Teopun MakcBemia £ W B cuH(A3HBI M PacpOCTPAaHEHHE BOJHBI B MPOCTPAHCTBE C
TEYCHHEM BPEMEHHU MOXHO N300pa3HTh:

e DOMB pacnpocTpaHsieTcs Kak B cpefax, Tak U B BaKyyMe (HAJIM4IHs YacTHUI] He TpeOyeTcs).

e Ckopocts DMB B BakyyMme BbIlIIE, UEM B Cpefie, U paBHA CKOPOCTHU CBETA C = 3-10° mr/c.

OMB (kak u Bcskoe KosiebaHue) MepeHOCUT IHEPTHIO.

Jnuna DMB (1) — paccrosiHue MeXIy Ommkaimumu Toukamu DMB, KOJIeOMIONUMICS B OJJMHAKOBBIX
(hazax.

OMB (B 3aBHCUMOCTH OT JUTHHBI BOJIHBI A) JIEJST Ha TUATa30HBIL:

1) nmuaBbIe A > 1000 M; 3) xopotkue 10 < A < 100 wm;
2) cpeanue 100 < A <1000 wm; 4) ynpTpakopotkue A < 10 m.
Xon paloTsl:

1. Pemurs 3amaun:

1. Pe3onaHc B kose0aTenbHOM KOHTYpe HacTymnaet npu yacrore 5,3 kI 1. OnpenenuTe HHIYKTUBHOCTD
KaTyIIKH, €CIIH EMKOCTh KOH/ieHcaTopa 6 MKD.

2. KonebarenbHbli KOHTYpP COCTOMT W3 KaTyUIKU WHIYKTHBHOCTBIO 10 M['H u xoHneHcaropa
emkoctbto 1 Mx®. KonzaeHcarop 3apsbkeH npu MakcuManbHOM HanpsbkeHun 200B. Omnpepenute
MaKCHMaJIbHBIN 3apsj] KOHJEHCAaTOpa U MaKCHMaJbHYIO CHITY TOKa B KOHTYpE.
3. Cua Toka B IeIH MeHseTcs 1o 3akoHy i=14sin(wt-30%). Onpexenute mokasanms ammepmerpa,
BKJIFOUEHHOTO B II€TIb.

-6 o
4. Kongencarop eMkocteio 10™ @ BKIIOYEH B ceTh IepeMeHHOro toka ¢ yactoroi 50 I'm. Onpenenure
€MKOCTHOE COIIPOTHBIICHHE KOH/IEHCATOPA.

2. OTBETUTH HA BOIIPOCHI:

e

1.Kornma xirod B moJIOKEHUH 1:

a) KOHJICHCATOPY COOOIIAeTCsl YHEPTHUS,
0) PHeprust MAarHUTHOTO TOJII MAaKCUMAJIbHA, SHEPTHUS DIIEKTPHUUECKOrO MOl paBHA
HYIIIO;
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B) DHEPIUsl SJEKTPUUECKOTO TOJISl YMEHbIIAeTCs;
I) DJHEPrus DJIEKTPUUECKOTO TIOJISI YBEJIMYMBACTCS, OHHEPIrUsi MAarHUTHOTO TMOJsS
YMEHbIIIAeTCsl.

2. Ileproa cBOOOIHBIX KOJI€OAHUH B KOHTYpPE C YBEIMYCHHUEM B JIEBSITh pa3 €eMKOCTH KOHIEHCATOpa!

a) yBenuuuBaerca B 9 pa3;  B) yBeIMUYMBaeTcs B 3 pasa;

0) ymeHbIaercs B 9 pas; I') yMEHbIIIaeTcs B 3 pasa.

3.ITocTeneHHOe YMEHBIIICHHE ICKTPUUECKON SJHEPTUU B KOJIeOATETHHOM KOHTYPE CBSI3aHO C HATMYHEM B
HEeM:

a) EMKOCTH; B) MHIYKTUBHOCTH;

0) eMKOCTH U UHJIYKTUBHOCTH; TI') aKTUBHOT'O COTIPOTHUBIICHUS

5. JlelicTBHE reHeparopa MepeMEHHOT0 TOKa OCHOBAHO Ha:

a) CO3JJaHMK MarHUTHOTO MOJIS ABMXKYIIMMHUCS 3apsIaMu;

0) HarpeBaHUU MPOBOIHUKA IIPH MPOXOKIECHUH 110 HEMY JIEKTPUIECKOTO TOKA;

B) SIBJICHUH 3JIEKTPOMArHUTHON UHIYKIINH;

') BOSHUKHOBEHHUU JJIEKTPOMATrHUTHOTO TOJIS.

4. B nneanbHOM DIIEKTPUYECKOM KoJie0aTeIbHOM KOHTYpE eMKOCTh KOHJeHcaTtopa 2 MKD, a aMIuiuTyia
HanpspkeHus Ha Hem 10 B. Onpenenvte MakCHManbHYIO SHEPTUI0O MArHUTHOTO TIOJIST KATYIIIKH.

a) 100 Ix; B) 10 Jix;

6) 20 JIx; r) 10 Jix.

5. B uaeansHoM Kosie6aTebHOM KOHTYpE CHJIa TOKAa U3MEHSETCS TI0 3aKOoHY | = O,lsin103t (A). EmxocTh
koHgeHcaropa 10Mk®d. Onpenenure HUHAYKTUBHOCTD KaTyILIKH.

a) 10° I'y; B) 10 I'n;

6) 0,1 Tx; r) 10° I'n.

Kputepuu oneHku:

3a nmpaBWIIHHO BBITIOJTHEHHOE 33JJaHUE W OTBET Ha BOIIPOC TECTA BBICTABIISICTCS MOJIOKHUTEIbHAS OLEHKA —
1 6amn.

3a HeNpaBWIBHO BBIMIOJTHEHHOE JICHCTBUE, 3a/IaHUE BBICTABIISIETCS OTpPHUIIATEeIbHAs olleHKka — () 0ayuioB.

KomngectBo IIpouent KadecTBeHHas OlleHKa ypOBHSI IOJrOTOBKH
OasoB pe3yIAbTaTUBHOCTHU bann (ormetka) BepbanbHblii ananor
(IpaBUIILHBIX OTBETOB)
9 90 — 100% 5 OTan4HO
8 80 — 89% 4 Xoporio
6-7 60 — 79% 3 Y 10BIETBOPUTETBEHO
0-5 Menee 60% 2 HeynonersoputenbHo
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Tema 5.1 Ilpupona cBera. BoiHOBBIE CBOMCTBA CBETA

[IpakTrueckoe 3anstue Nel8
Penrenue 3amau ¢ ucrosb3oBaHrueM GopMyITbl AUPPAKITUOHHONW PEIETKH

Lenb paboThl: Ucnonb3ys GopMyiny AMPPaKIIMOHHON PEIIeTKH HAYUYUTHCS PACCUUTHIBATH AJTUHY BOJTHBI

CBETa, MapaMeTPhl PEIICTKH
Brimonaus paboty, Bel Oynere:

YMETb:

-pa3nn4aTh BOJHOBBIE MPOLECCHI, IIPOUCXOISIINE CO CBETOM
-IPUMEHATH Ha MPAKTUKE (GOPMYITY TU(PAKIIHOHHON PEIIETKH.

MaTepI/Iaanoe obecreyeHue: HHIAWBUAYAJIbHOC 3aJaHUEC, KOHCIICKT HeKHHﬁ, CIIpaBOYHBIC MaTCpUaJIbl.

[Topsimok BeImoHEHHs pabOTHI:
1.IloBTOpUTH siBIICHUE TUGPAKITUH
2.IToBTOpuUTH hopMyIy TUPaKIMOHHON pEIIeTKH

Judpakius cBeTa — OTKIIOHEHHE CBETOBBIX BOJH OT MPSIMOJIMHEWHOTO PaclpoCcTpaHeHus (paccenBaHue)

IIPU BCTPEYE C NPEMATCTBUEM WM SKPAHOM C IIETbIO.

[Ipensarcreu Pucynox OOnbsicHeHne
e
1) V3kas Ha »kpame B  wmenrpe
menb A=10"| s |/> oOpa3yercss CBETJIOE IMSATHO
4.10% cm — OoJIBIIIE pa3Mepa OTBEPCTHS.
91| 3, Ha kpasx menu odpa3yroTcs
BTOpPUYHBIC BOJIHBI M JIy4U
cBera pacceuBarorcs. Ha
dKpaHe 3a MSTHOM
yepeaylTcs  TEeMHble U
CBETJIBIE MOJIOCHI
2) Tonkoe Kpas nmpoBosouku sBiastoTCs
IIPETSITCTBH KOT'€pEHTHBIMU
e s UCTOYHUKaMU  BOJIH, B
(mpoBOJIOYK pe3yJibraTe T paKIum
a) _ KOTOPBIX Ha JKpaHe
— BO3HHUKAaeT MHTepdepeHuus,
a B LIEHTPE JKpaHa BOJIHBI
IPUXOAAT B  OJAMHAKOBOHN
daze, MOITOMY «TE€HBY» —
CBETJIas
3) | |HaTepbepenims Ha dKpaHe
Korepentn “T” il ol | BAeTCS CIIEJICTBUEM
bre alll i ll“’ii"” o (ladpakumm ot AByx
HCTOYHUKHU. -u'.’.‘,'.'“l ”'""'.'“"llllll 7 | KOTEpEHTHBIX ~HCTOYHHKOB.
OmnbIT ""‘".','g,l,gulllg'.‘l o |C IIOMOIIBIO OmbITa
IOnra 1802 S, W3MEpPEHbl  JUIMHBI  BOJIH,
r. COOTBETCTBYIOILIHE
CBETOBBIM JIy4aM pa3HOTO
1[BETa
[IpensarcTeu Pucynox OOnbsicHeHne
e
4) Jugparxyuonnasn pewemra —
Judpaximo COBOKYITHOCTb  OOJIBILIOTO
HHas | /.I\,\ YyHClla y3KUX MapaijlesIbHbIX

o

LI

>




peuicTKa meneﬁ, PACIIOJIOKCHHLBIX Ha
MaJIbIX PaBHBIX paCCTOAHUAX

(d) mpyr ot apyra. [Tpumep:

YaCTBIN rpe0erox,
PECHHIIBI, TIEPO.
sin(p: E — g

d d

~ dopuyna
TU(GPaKIIMOHHON  peIleTKH,
rae

Ar — omnrTuueckas pa3HOCTh
Xola Jy4del; ¢ — yroxa
OTKJIOHEHHS  JIyuyell  oT
HNEPIEHANKYIIIpa K
IUIOCKOCTU PEIIETKH; @f —
min, @, — Max;

Maxkcumym K — uncno mmH BonH; K —
bl Pa3HBIX negoe — Max — ceerias
CBETOBBIX 0J10Ca; MaKCHMYMBbI
U3JTy4CHHUH pacmojioKeHbl Ha PaBHBIX
PacCTOSIHUAX IPYT OT JApyTa;
d — mepwox (mocTostHHAsN)

4-3-2-101234
f//f, PCUICTKU — PpacCCTOAHUC OT

Ay |HaYala OMHOM IIEIH HO
Hayasa cleayromei emu.
Aews | TTO3BOMISIET BBIYHCIISITH
3-2-1 0 123 JUTAHY BOJIHBIL

x:d~sin¢

k

JubpakimoHHYI0 pElIeTKY
UCTIOJIB3YIOT OIS
ompeeneHus cocTaBa
CBETOBOT'O H3JIYYCHHUS, T.K.
CBET, COOTBETCTBYIOIIUN
pa3HbBIM JUTMHAM BOJIH, JaeT
MakCUMyMbl B Pa3HBIX
MecTax

3.Pemuts 3aauu:

1. Iudpakunonnas pemerka uMmeer 50 mrpuxoB Ha MM. [lo KakMMM yriamMu BHJIHBI max MEpBOro U
BTOPOT'0 MOPSAAKOB MOHOXPOMATUYECKOTO U3ITy4€HHUs ¢ ATMHON BOIHBI 400 HM?

2. Onpenenurte ATUHY BOJHBI AJIs TUHUM B AU(PPAKIIMOHHOM CIIEKTPE BTOPOTO MOPSIKA, COBMAJAIOIIEH C
M300paKeHUEM JIMHUM CIIEKTpa TPEThEro NopsaKa ¢ JIMHON BosHbI 500 HM.

3. Ha nmudpakunonnyto pemerky c¢ nocrosHHod 0,01 MM HampaBiieHa MOHOXpoMaTH4ecKas BOJIHA.
[lepBpiii nuppakuMOHHBIA Mmax MOJIYYeH Ha JKpaHEe CMELIEHHbIM Ha 3 CM OT MEpPBOHAYAIBHOIO
HampaBiieHus1 cBeta. OnpenenuTe JUIMHY BOJHBI MOHOXPOMAaTHYECKOIO W3JIY4YEHHMsI, €CIIM PacCTOSHUE
MEXy SKpaHOM U pemeTkoit 70 cm.

4. OmnpenenuTe ONTHYECKYIO Pa3HOCTh X0/a BoyH uinHoU 540 Hwm, npommenmux yepe3 AuQpakmoHHYO
peleTKky 1 00pa30BaBIIMX Max BTOPOrO MOPAIKA.

5. MudpakuonHas perierka ¢ nmocrossHHoi 0,004 MM ocBemiaeTcsi CBeToM ¢ JUIMHOM BoH 687 M. [log
KaKUM YIJIOM K pelleTKe HY)KHO HPOU3BOAUTH HAOIIOJEHMs, 4TOObI BUAETH H300pa’KEHUE CIEKTpa
BTOPOTO MopsiaAKa?

6. OmnpenenuTe MOCTOSHHYIO AUPPAKIIMOHHON PEIIeTKH, €CIH MPU €€ OCBELIEHUH CBETOM C JJIMHOM BOJH
656 HM crieKTp BTOPOIo MOpsIIKa BUJEH MOA YIioM 15.

53



7. Onpenenure IIWHY BOJHBI JJIsl JTUHUU B JUQPPAKIIMOHHOM CIIEKTpEe 3-TO MOpsAKa, COBMANAIONIEH ¢
JINHUEHN B CIIEKTPE YETBEPTHOTO MOPSIAKA € JUTMHOM BOJTHBI 490 HM.

8. Kaxoli HanOoibIIUI MOPSAAOK CIIEKTpa MOXKHO BUAETh B JU(PPAKUMOHHOW perieTke, uMerouieid 500
IITPUXOB HA | MM MpPU OCBEIICHUH €€ CBETOM C JJIMHOUW BOJIHBI 720 HM?

®dopma npeocTaBIeHUs pe3yibTaTa

BrinmonHeHHble 3a1a4u B TETPau AJsl IPaKTUYECKUX padoT.

Kpurepuu onenku:

3a npaBUIIbHO BBIMOJIHEHHOE 331aHHUE BBICTABIISETCS MOJIOKUTENbHAS Ol[eHKa — 1 Oau.

3a HeMpaBWIIBHO BHITIOJIHEHHOE JICHCTBHE, 3aJ]aHNE BHICTABIISICTCS OTpUIIATENbHAs olleHKa — ) OaioB.

Komungectso IIpouent KauecTBeHHas OLICHKA yPOBHsI IOJIOTOBKHU
OaytoB pe3yIbTaTUBHOCTH bann (otmeTka) BepbanbHblii ananor
(IpaBMJIBHBIX OTBETOB)
8 90 — 100% 5 OTinyHO
7 80 — 89% 4 Xopor1o
5-6 60 — 79% 3 Y 10BJIETBOPUTETHHO
0-4 Menee 60% 2 HeynoBierBopurenbHo

Tema 6.1 KBanToBag onTuka

[TpakTuueckoe 3ansatue Nel9
Pemenue 3anau no teme «3akoHbl poTodrdhdexrar

Llens paboThI: M3Y4UTHh KBAaHTOBYIO TeOpulo, Teoputo Makcsena, u [Inanka. monstue gorona., KBaHTa.
3akoHbl poTodddekra.

Breimonuus pabdoty, Bel Oynere:

YMETB!

- UCTIOJIb30BaTh TeopHio MakcBena u [Imanka 1yt 00bSICHEHHS TIPOLIECCOB.

-pemaTh 3a1a4u 110 GpotorddexTy.

MarepuanbHoe obeclieueHne: HHAWBUAYAIbHOE 33aJJaHUe, KOHCIEKT JIEKIUH, CIIpaBOYHbIE MaTepHaJIbl.
3ananue

1. N3yunth (u3HyYecKyr0 NpUPOAY U CBOMCTBA BHYTPEHHEro M BHeEIIHEro (otorddexToB, ux
paznuuue.

2. BBISICHUTE NpakTHUeCKOe 3HaueHHE HCIONIb30BaHUs sBieHUs (poTorddexTta B OBITY, IpUpOAE,
HayKe, IIPOU3BOJICTBE, MEIUIIMHE, MX BPEIHOE U MOJIE3HOE JICHCTBHE.

3. [TpumenuTh ypaBHeHHEe DHHINTEIHA 7151 BHEIIHEro (oTorddeKTa NpH peleHny 3a1ay.

[Topsiok BeIOTHEHUS PaOOTHI
1. ITOBTOPUTH OCHOBHBIE BONIPOCHI TeMbI «BHemHuit porordpdext»
KBaHTOBas onTHKa — pa3jien ONTUKH, U3y4YaroIluil sIBJIEHUS, B KOTOPBIX CYIIECTBEHHbI KBAHTOBbIE
CBOICTBA CBETa M aTOMOB BEIIECTB.
—_— Buemnuit potoad ekt — siBjaeHne BBIXOa AIEKTPOHOB U3 BEIIECTBA 1101
i JNIECTBUEM CBETA.
®otoH (KBaHT) — MOPIHS CBETOBOI SHepruu £ = h-v.
®DOTOIEKTPOH — AIIEKTPOH, y4acTBYIOIIUK B poTodddekre.
e ®otorpdexr obHapyxkun ['epr u uccmenoBan Anekcannp ['puroppeBud
CronetoB (1839-1896, Poccus).
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3akoHbl BHEIIHETo GoToddpdexra

MaxkcuManbHas cuiia GOoTOTOKa — TOK HackimeHusl, — onpenensercs
YHCIIOM 3JICKTPOHOB, BHIXOSIINX U3 METaJIa B €UHHILY BPEMECHU TIPU
JAHHOM OCBEIEHHOCTH.
[TepBrrit 3akoH GoTordPerTa: KOTUIECTBO POTOANIEKTPOHOB,
MOKUAIOIIUX TIOBEPXHOCTh METAJIA B €MHUILY BPEMEHH, TIPSIMO
MPONIOPIIMOHAIILHO YHEPTUU CBETOBOM BOJIHBI, ITOTIIOIIAEMON 32 3TO
BpeMs JaHHOHN IIOBEPXHOCTBIO.
Bropoii 3akoH GoTorddekrTa: MakCUMalIbHAsI KHHETUYECKAst SHEPT U
(OTOAIEKTPOHOB HE 3aBUCUT OT HMHTCHCHUBHOCTHU CBETA, IPSIMO
MPONOPIIMOHATIFHA YaCTOTE U3JIYYCHHUS M 3aBHCUT OT MaTepuaa
AIIEKTPOA.
Kpachas rpannna ¢porospdexra (Vimin) — HauMeHbIIas yactota OMB, W @
BBI3BIBaKOIIECH POTOADPEKT.
Tperuii 3akoH Ppororddexra: kpacHas rpanuna Gorodrddexra ]
OIIPEIEINIICTCS TOJIbKO MaTEPUAIIOM 3JICKTPOJIa K COCTOSIHUEM €T0
TTOBEPXHOCTH.

mv2 | — ypaBHeHue DiHmITelHa A hoTorddekra.

hy = +—
V ABLIX 2

h=6,63-10"" Iiix-c;me=9,1-10"" kr; C=3-10° m/(]

2. Pemuth 3agaumn

B ycnoBuu HEKOTOPBIX 337]au OTCYTCTBYIOT IU(PBI. 3HAYCHUS (PU3UUCCKUX MTAPaMETPOB ITHX 33134
HeoOXouMo OpaTh U3 TaOIUIEI 1:

110 BEPTUKAJIBHON CTPOKE YKa3aH HOMEpP BapHaHTa, [0 TOPHU3OHTAIILHOW — HOMEp 3aJlayu.

1. DIEeKTPOMarHuTHOE U3JIy4YeHUE UMEET 4acToTy . v . KakoBa sHeprusi kBaHToB E?

2. KBaHTBI 271eKTPOMAarHUTHOTO U3ITy4eHUsI UMEIOT 3Hepruto E. Onpenenuts 4acToTy MX KojaeOaHuii v.
3. [Ipn xakoli MUHMMaJIbHON YAaCTOTE W3JIYYEHHUS Vmin, NAJAONIMNA HA MOBEPXHOCTh 3aKHCH MEMM,
HayHeTcst (GoTodPdeKT, ecau padoTa paBHA U3 ITOTO BEIIECTBA BBIXOAA Ayyx=8,24" 10 J1x?

4. Ha mnoBepxHOCTh 1e3usi MajgaeT M3IydyeHHE C YacToTol V. Belneraromue B pe3ynbrare

-1
¢dotorddexra >MeKTPOHBI UMEIOT KHMHeTH4YecKyto sHepruto W,=2.8-10 % Ilx. Kakosa paboTa BbIXOJA
ABBIX?

S. N3nydyenune ¢ gactoroit kosebanus v BeI3bIBaeT (POTOd(P(HEeKT Ha MOBEPXHOCTH BemecTBa. Kakyro
-1

KIHHETHYECKYIO SHEPIHIO MONYYaoT HIEKTPOHEI, ecii paboTa Bexoa coctasisier 2-107° Iix?

6. Kakyto uvactory kojeOaHUil v HMMeeT M3JIydyeHHE, €ClIM BbIOMBAaeMble MM 3JIEKTPOHBI MMEIOT

-1
sHepruio By, a pabota BbIxoga Ag=6,5-10 o Jx. KakoBa sneprusi ¢otoHoB E, BBI3bIBAIOIIUX ITOT
doroadpdext?

7. [Ipn kakoli MUHMMaJIbHON YAaCTOTE W3JIYYEHHUS Vmin, NAJAONIMNA HA MOBEPXHOCTh 3aKHCH MEMM,
-1

HayHeTcst GoTodPdeKT, ecau padboTa paBHA U3 ATOTO BEIIECTBA BBIXOAA Apyx=8,24-10 % Ix?

8. PaboTa BBIXOZA 3JEKTPOHOB C MOBEPXHOCTH II€3MsI COCTABISET 1,9-10° IIx. Kakyro uacrorty

KOJICOAHUHN Vpmin MOJDKHO MMETh HM3JIy4eHHE, CIOCOOHOE BbI3BaTh (OTOAI(H(PEKT Ha MOBEPXHOCTU ITOTO
BemecTna?

-1 o
9. PabGora BBIXO#A 2JIEKTPOHOB W3 Oapus Ag=1,8-10 o Jlx. Tlpu kakol UIMHE BOJHBI Amin
HayHeTcs (oTor((PeKT Ha MOBEPXHOCTH 3TOr0 MUHepana?
10. Kakyro KHHETHYeCKYI0 SHEpruio OyayT MMeTh SJEKTPOHBI, BHIOMBAacMble M3 HATPUS KBAaHTAMU

3€JICHOTO CBETA (As;,=500 HM), ecniu paboTa BbIXO/a DJIEKTPOHOB U3 HATPHUS COCTABIISIET
-19
3,36:1077 JIx?

11. CxopocTh cBeTa B BOJIE v =225.10° @, a JUTMHA CBETOBOM BOHBI A. KakoBa sneprust potoHoB cBeTa’?
y
Tabmuma 1
1 2 4 5 6 11
v, I E, ,2171( vV, T vV, T EKI/IH, HH( }\,, HM




1 1-10* 6,1-107 1-10* 1-10* 1,1-10% 100
2 2-10™ 6,2:-10" 2-10™ 2-10™ 2,2-10" 200
3 3-10™ 6,310 310" 310" 33107 300
4 4-10™ 6,410 4-10™ 4-10™ 44107 400
5 5-10" 6,510 5-10™ 5-10™ 5,510 500
6 6-10™ 6,610 6-10™ 6-10™ 6,6:10™" 600
7 7-10" 6,7-10" 7-10* 7-10™ 7,7-10" 700
8 8-10™ 6,310 8-10™ 8-10™ 8,810 800
9 9-10™ 6,9:-10™" 9-10™ 9-10™ 9,9-10™" 900
10| 10-10™ 7,0-10°" 10-10™ 10-10™ 1010 990

dopma npeaocTaBIeHUs pe3yibTaTa

BrimonHeHHbIe 3a7a9d B TETPAIH IS MPAKTUYECKUX PaboT.

Kpurepuu onenku:

3a mpaBUIIHHO BBITOJHEHHOE 33 JaHHE BHICTABIIAETCS MOJIOKUTENIbHAS OlleHKa — | Oasu.

3a HelpaBWJIbHO BBIMOJIHEHHOE JICHCTBUE, 33/1aHKE BBICTABIISIETCS OTpHUIIaTeNbHas olleHKa — () 0aos.

KosmgectBo [TporueHT KavecTBeHHast OIICHKA YPOBHSI MTOJITOTOBKH
OaJioB pe3yJIbTaTUBHOCTH bann (ormetka) BepOanbHbiii anamor
(IpaBUIIBHBIX OTBETOB)
9-10 90 — 100% 5 OTimyHO
8 80 — 89% 4 Xoporo
6-7 60 — 79% 3 Y 1OBIIETBOPUTEIIEHO
0-5 menee 60% 2 HeynoBneTBOpuUTEeNbHO

Tewma 6.2 ®uzuka aTomMa U aTOMHOTO SIpa

[IpaxTuueckoe 3anarue Ne2(

Pemenue 3amau mo teme: «CocTaBiieHHE sIIEPHBIX peakinii. EcrecTBeHHast M HICKYCCTBEHHAs
PaloOaKTUBHOCTbY.

Lenb paboThI: M3Y4YHTH AIEpHYIO MOojesb aToma. OnbITel O. Pezepdopaa. Moaens aTtoma Bogopoaa
no H. bopy.

Beimonuus pabory, Bel 6yzaere:

YMETB!

-pemaTh 3a1a4u 1o Teme «EcTecTBeHHas paIn0aKTUBHOCTDY,

-IIPUMEHSITH 3aKOHBI 110 COCTABJICHHIO SITCPHBIX PEAKIIHA

MarepuanbHoe oOecliedeHre: WHAWBUIYAIbHOE 33aJaHie, KOHCIIEKT JIEKLUI, CIPaBOYHbIE MaTepHaIIbI.

[Topsiiok BeIOTHEHUS PaOOTHI
1. IIOBTOpPUTH TEOPETUYECKYIO YACTh:
-Cocmas paouoakxmueHo2o usiyyeHusl
-Ceoticmea @, [, y-uznyuenuti
- PannoakTuBHBIE IpEBpALLICHUS:

e a)|a-pacman: Y X' iv+iHel;

e 0)|fpacman: Y X— My+0%)|,

- 3axon paouoaxkmugrnozo pacnada

Pesepdopn ycranosu:

1) p/a BemecTBa yObIBaeT ¢ TEYCHUEM BpPEMEHH;

2) Ui KaKJ0To p/a BelllecTBa CYIECTBYET HHTEPBaJl BPEMEHHU, B TeUEHHE KOTOPOTo YObIBAET B 06a
pasa.
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[Mepuon nonypacnana (7) — Bpemsi, B TeUCHHE KOTOPOTO PaCiaacTcs MOJ0BUHA OT HAYAIbHOTO
YHCa p/a aTOMOB.

I'paduk A(t) 3aBucUMOCTH p/a (CKOPOCTH pacmaza) B % OT BpEMEHHU:
& o [TycTp HavanbHOE yncio Mosekys Bemectsa No (100%), Torna uepes T

Ny

100 YUCIJIO MOJIEKYJI OyieT BN (50%), uepe3 2T —% (25%), uepes 37 — %, T.

t

p _t
€. N=N, Zi” . Tak xak n=? , TO[N=N,-2 T|-3akon panguoaKTUBHOIO

pacmaza.

T 2T 3T t -MckyccTBEHHOE MpeBpalieHue saep
N+3He—'JO+H.

e B onbiTax a-yactuna 3axsarbiBaercs npuMepHo ogHuM u3 50000 siaep azora.

e ®dotorpaduu TPEKOB TIIATEIHHO U3YyYAIOT U PACHIM(DPOBHIBAIOT.

e BrnocnenactBun ynanock oOHApYKUTh MpeBparieHus sjuep ¢Gropa, HATpuUs, ATFOMHHUS U Jp.,
COIPOBOKIAIOIIUECS UCITYCKAaHUEM ITPOTOHOB.

e B sapax TSOKETBIX 3JIEMEHTOB (B KOHIE TICPUOJANYCCKON CHCTEMBI) TaKUX MPEBPAIICHUN HE
HaOmOanoce (BEpOSITHO OONBIIONW 3apsig 3TUX sep HE IO3BOJSET (-4aCTHUIE BIUIOTHYIO
MPUOIM3UTHCS K HAM).

e Takue npeBpalneHus U Ha3bIBAIOT HCKYCCTBEHHBIMHU SICPHBIMU PEAKIIHSIMH.

¢ licnyckaHue MPOTOHOB MPH SACPHBIX PEAKIUAX M KPATHOCTH 3apsjia sapa 3apsay MpoTOHA
TOBOPHJIM O TOM, 4YTO IIPOTOH BXOAMT B cocTaB sapa. OqHako, Macca spa (1Mo pe3yabTaTaM pacuéToB
U ONBITOB) OKa3bIBaJlaCh OOJIBIIE MPOM3BEACHUsS OOIIET0 3apsijia BCeX MPOTOHOB (B €) Ha Maccy
nmporoHa (B a.e.M.), T. €. MOMHMO NPOTOHOB B SApE JODKHBI OBUTM HAXOAUTHCA U Opyeue
AJIEMEHTAPHBIC YACTHIIBI.

-OTKpbITHE HEUTPOHA, MPOTOHHO-HEUTPOHHAS MOJIENIb aTOMa

HccnenoBanus mokaszanu, 4To Macca HeiiTpoHa B 1838,6 Gosbilie Macchl 2JIEKTPOHA U TTOUYTH paBHA
Macce nipotoHa (1836,1 macc anektpona). [Ipu monaganum @-4acTuil B sijpa OeprLTUs MPOUCXOIUT
peakius: ;BetyHe—'2C+jn, TI€ jn — HEWTPOH.

Heiitpon — HecTaOunpHas yacTuia (C BpeMEHEM KU3HU 7~ 15 MUH), KOTOpas pacmajaercs Ha
MPOTOH, JEKTPOH M HEUTPUHO (YacTULIA, TUIIEHHAS MACCHI TIOKOS).

MaccoBoe uncio (A) — cymma uncen npoToHoB Z v HeUTpoHOB N B sipe.

A=N+7Z
-SlnepHble peakiuu
SnepHas peakiusi — I3MEHEHHUE aTOMHOTO Si/[pa MPU B3aUMOJIEUCTBUU C IPYTUM SIPOM HIIH C
3JIEMEHTAPHON YaCTHIIEH.
ILi+{H—3Het+3He
27 Al+jn—2INa+3He
2 Pemmuts 3amaun :

1. Kyna cmemiaercs aneMeHT Y B Tabiuie MeHeneesa B pe3yiabTare 2-X 3-pacnagoB?
Hano: Pemenne

IX320 X 2B+

?Y _?
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OTtBeT:

2. B pesynbrare 3axBara ¢ -4acCTUIBI SIPOM H30TONA a30Ta N 00pasyercs HEM3BECTHBIA JJIEMEHT U
npoToH. HamucaTh peakiuio U onpeaenuTh HEM3BECTHBINA AIIEMEHT.

Hano: Pemienue

SN P N e P X
;He

X-?

OtBer:

3. Pemuts 3a/1aHus HA OLIEHKY:
b T 242 22
1.DnemMeHT KypuaToBUMi MOTy4HIIM, 00JTyqas IIyToHui %?Py snapamu HeoHa ’Ne. Hanumure peakiro,

€CJIM U3BECTHO, YTO B Pe3yJbTaTe 00pa3yeTcs eIle YeThIpe HEHTpoHa.

2. Hanummmre HenocTaromuye 0003HaYeHHsI B CIEAYIOIINX SASPHBIX PEAKIIHAX:

a) ZAl+;n —>?+,He; 0) ?+'H—-”Na+,He;

B) *Mn+?—2Fe+.n; r) ZAl+y—>2Mg +7?;

1) PB+n—o?+a;  ©) ;. Mn+p—o?+n;

K) JLi+,He >?+He; 3) 'H +y —>2+,n.

3. IIporaktunuii 2'Pg o-paanoaktuBeH. ONpenenure, KaKoi dJIEMEHT I0dy4aeTcs ¢ MOMOIIBIO 9TOT0
pacrniaga?

4. B KakoM 3JI€EMEHT TpeBpamiaeTes U Mocie AByX B-pacnajioB U OJHOTO o-pacnaza?

5. M3oton renus }He MOIy4aeTcs B pe3ysbTaTe O0MOapAMpPOBKH siep TpuTHs °H mpoTtoHamu. Haimure

SHEPreTUYECKUN BBIXOJ 3TOU pEaKLuu.
6. KakoBa anekTpuueckasl MOIIIHOCTh aTOMHOM 3JIEKTPOCTAHIIUH, pacXoayrouuii B cyTku 220 r uzorona
2V u nmeromeit KITJI=25 %?
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