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1 HOACHUTEJIbBHAS 3AIINCKA

PaGoueii  mporpammoii  ydeOHOW — aucHMIIUHBL  «DU3MKa»
IPEJYyCMOTPEHO MPOBEAECHUE NPAKTUYECKUX U  Ja0OpaTOPHBIX
3aHATHIA.

CoctaB U cozepkaHHe NPAKTUYECKUX U J1a0OPaTOPHBIX 3aHATUH 110
0011e00pa30BaTEeNIbHON TMOATOTOBKE HANpAaBICHbl HA pean3aluio
denepanbHOr0 rocylapcTBEHHOrO0 00pa3oBaTENbHOIO CTaHAapTa
cpelHero odmiero oopa3oBaHusl.

Benymield nunakTHUecKOW IeNbI0 MPAKTUYECKUX 3aHATHH sBIseTCS
¢dbopmupoBaHrue YUEOHBIX MPAKTHYECKUX YMEHUH (YMEHH pemaTth
3aJauu 10 OMOXHMMUH, aCTPOHOMHMH, MaTeMaTHKH.), HEOOXOJUMbIX B
nocyenyromen yueOHoM IesTeTbHOCTH M0 €CTECTBEHHOHAYYHBIM H |,
o01enpopeccHOHATbHBIM TUCIUILIMHAM

Benymelt nuaakTU4ecKol LIEIbI0 JIAOOPaTOPHBIX 3aHATUN SBIISETCS
HKCHEPUMEHTAIbHOE IOATBEP)KACHUE M IPOBEPKA CYIIECTBEHHBIX
TEOPETUYECKHUX MOJIOKEHUH (3aKOHOB, 3aBUCUMOCTEM).

B pamkax mnpakTuueckoro/n1adopaTOpHOro 3aHATUS OOydaroluecs
MOTYT BBITIOJTHATH OJIHY HIIM HECKOJIBKO MPaKTHYECKHUX/1ad0paTOPHBIX
pa0or.

ConeprkaHye NPaKTUYECKUX/padOT OpPUEHTUPOBAHO Ha (OPMUPOBAHKE
YHUBEPCATbHBIX YUEOHBIX JICHCTBUIA:

Juunocmuuix:

JIP 4 chopMUPOBAaHHOCTb  MHMPOBO33PEHHs, COOTBETCTBYIOIIETO
COBPEMEHHOMY YPOBHIO Pa3BHTHSI HayKH M OOIIECTBEHHOH NMPaKTHKH,
OCHOBAHHOT'O Ha JHMallore KyJIbTyp, a TakXke pPa3Iu4HbIX (opM
OOIIECTBEHHOTO  CO3HaHUS, OCO3HAHME  CBOEro  MecTa B
MOJIUKYJIBTYPHOM MHUDE;

JIP 9 TOoTOBHOCTP W CHOCOOHOCTh K OOpa3oBaHWIO, B TOM 4YHUCIIE
caM0o00pa3oBaHHIO, Ha NPOTSDKEHUM BCEM JKU3HM; CO3HATENbHOE
OTHOIIEHHE K  HENPEpPhIBHOMY  O00pa30BaHUI0 Kak  YCJIOBHIO
YCIEIIHOM MpodecCHOHaTbHON U 00IECTBEHHOM AEATEIbHOCTH;



JIP 13 oco3HaHHBIA BBIOOp Oymymie mpodeccuu U BO3MOXKHOCTEH
pcam3anuun COGCTBCHHLIX KHU3HCHHBIX IINIAHOB, OTHOLIICHUEC K
npoeCCUOHATILHON JESITEIbHOCTH KaK BO3MOXKHOCTH Y4YacTUsl B

pelieHun JINYHBIX, 0OII[ECTBEHHBIX, rOCy/IapCTBEHHBIX,
oOIIeHaIMOHATBHBIX TTPOOIIEM.
Memanpeomemmuwix:

MP 1 yMeHne caMOCTOSITEIbHO OIPENCsATh LEIU JEATCIIbHOCTH M
COCTABJISITh ILJIAHBI JESATEIbHOCTH; CaMOCTOSITENILHO OCYIIECTBIISTH,
KOHTPOJIMPOBATh M KOPPEKTUPOBATH JEATEIBHOCTH, MCIOJIb30BATh
BCE€ BO3MOXXHBIE PECYpPCHI JJI JIOCTUKEHUSI MOCTaBJICHHBIX LIETEH U
peanu3anuy TUIaHOB JEATEIbHOCTH; BBIOMpATh YCIEIIHbIE CTPAaTeTUU
B Pa3JIMYHBIX CUTYyAIUX;

MP 3 BJIAJIEHUE HaBBIKAMU MO3HABaTEILHOM, yuebHo-
HCCIEAOBATEIbCKOM W MPOEKTHOW  JIEITEIbHOCTH, HaBBIKAMU
paszpernieHus npo0Jem; CIIOCOOHOCTD n TOTOBHOCTB K
CaMOCTOSATEIILHOMY TMOMCKY METOJIOB PEHICHUsI MPAKTUYECKUX 3aj/ad,
MPUMEHEHHUIO PA3JIMYHbIX METOJ0B MTO3HAHMUS;

MP 4 TOTOBHOCTH HM  CIIOCOOHOCTL K  CaMOCTOSITEIILHOU
MH(OPMALIMOHHO- TIO3HABATEIBHOU JESATeNbHOCTH, BKIIOYAs YMEHUE
OPUEHTUPOBATHCS B  PA3IMUHBIX HCTOYHHKAX uHpopmanuu,
KPUTUYECKH OlLICHUBATh U UHTEPIPETHPOBATh HWH(GOPMAIIHUIO,
MOJTY4aeMYI0 U3 Pa3IMYHBIX UCTOYHUKOB;

MP 5 ymenue WUCHONB30BaTh CpEACTBA HMH(POPMAIMOHHBIX U
KOMMYHUKAITMOHHBIX ~ TEXHOJOTHH B  PEHICHUH KOTHUTHUBHBIX,
KOMMYHHKATHUBHBIX M OPTaHU3AIMOHHBIX 3a/lad C COOIOJIEHUEM
TpeOOBaHUN DPrOHOMHKH, TEXHHKH  OE30MaCHOCTH, TUTHEHBI,
pecypcocOepexeHusi, TMPaBOBBIX M  OTUYECKUX HOPM, HOPM
nH(pOpPMaIIMOHHOM 06€30MMaCHOCTH;

MP O BnameHue HaBbIKAMHU T[IO3HaBaTeIbHOW pedIeKCHu Kak
OCO3HAHUS COBEPIIAEMBIX JIEUCTBUI W MBICTUTEIBHBIX MPOIECCOB, UX
pe3yJabTaTOB M OCHOBaHUM, TpaHUI] CBOETO 3HAHUS M HE3HAHUS,
HOBBIX ITO3HABATEIBHBIX 337124 M CPEJICTB UX JTOCTHKECHUSI.

B pe3ynpTaTe uX BBINONHEHUS JOJDKHBI OBITH  C(HOPMHUPOBAHBI
MIPEAMETHBIC PE3YIIHTATHI:



ITP1 chopMupoBaHHOCTH MPEACTABICHUN O POJIM U MecTe (U3HKU B
COBPEMEHHOW HAayyHOW KapTHHE MHpa; MOHUMaHUE (HU3HUYECKOH
CYIIHOCTH HaOIoAaeMbIX BO BceneHHON siBieHUi; MOHMMaHue posiu
¢uzukn B (opMupoBaHMM  Kpyro3opa ©  (HYHKIHOHAJIBLHOU
IPaMOTHOCTH YeJIOBeKa JUIsl peLeHUs] TPAKTUYECKUX 3a/1a4;

[1P2 BnageHWe OCHOBOMOJATAIOIMIMMU (PU3HUECKUMH TOHATHUSIMH,
3aKOHOMEPHOCTSIMH, 3aKOHAMH U TEOPUSIMH; YBEPEHHOE I10JIb30BaHUE
(bu3HUECKOi TEPMUHOJIOTUEH 1 CHMBOJIHKOIA;

IIP3  BnageHWe OCHOBHBIMH METOJAaMM HAy4yHOrO II03HAHUS,
UCTOJb3yeMbIMU B (U3MKE: HAONIOJCHHE, ONHCAaHUE, H3MEpeHHe,
SKCHEPUMEHT; YMEHHA 00pabaTelBaTh pe3yiabTaTbl H3MEPEHHI,
OOHapy>KUBaTh 3aBUCUMOCTh MEXNYy (DU3MUYECKUMH BEIMYMHAMU,
OOBSICHATH MOTY4YEHHBIE PE3YJIbTAThl U JIeNIaTh BHIBOJIBI;

[1P4 copmupoBaHHOCTH YMEHMSI pelIaTh (PU3UUECKUE 3aJaUH;

I1P5S cdopMupOBaHHOCTH YMEHHsI NPUMEHATh INOJYYECHHBIE 3HAHUSA
Ui OOBSCHEHHS YCIOBUH MpPOTEKaHWS (PUIUUECKUX SBICHUH B
HIPUPOJE U Ul NMPHUHATUS NMPAKTHUECKUX PEIICHUH B MOBCEJIHEBHON
KU3HU;

[1P6 chopmMHpOBaHHOCTE COOCTBEHHOW MO3MLUM IO OTHOLICHHUIO K
¢busnveckoil nHpopMaIHH, TOTYIaeMON U3 Pa3HBIX HCTOUYHUKOB,

ITP7 copmMupoBaHHOCTH CHUCTEMBI 3HAHUN 00 00mUX (pU3MUIEeCKHX
3aKOHOMEPHOCTSX, 3aKOHAaX, TEOPUSIX, MPEICTABICHUNA O NEUCTBUU BO
Bcenennoii (pn3nyeckux 3aKOHOB, OTKPBHITHIX B 3€MHBIX YCIOBHSX;
[TP8 cdhopmupoBaHHOCTH YMEHHUSI HCCIEIOBaTh W aHAIM3UPOBATH
pasHoOOpa3Hble (U3MYECKHE SBIEHUS U CBOIICTBa OOBEKTOB,
OOBSACHATh MNPUHIUIBI PAOOTHl M XapaKTEPUCTUKU MPUOOPOB MU
YCTPONCTB, OOBSACHATH CBS3b OCHOBHBIX KOCMHUYECKHMX OOBEKTOB C
reo(U3M4eCKUMH SBJICHUSIMU;

[IP9 BnajmeHHe yMEHUSMHU BBIABUIaTb TMIIOTE3bl Ha OCHOBE 3HAHUSA
OCHOBOMOJIaraoiux (QpU3N4ecKuX 3aKOHOMEPHOCTEH U 3aKOHOB,
MPOBEPATH UX IKCIEPUMEHTAIBHBIMU CPEJICTBAMH, (POPMYTUPYS LENb
UCCIIEIOBaHMUS;

[IP10 BnageHune MeTOJAMHM CaMOCTOSTENBHOIO IUIAHUPOBAHMS U
MpoBeeHUST (U3NYECKUX SKCIEPUMEHTOB, OIMCAaHUS M aHaiu3a



MOJTyYEHHOMN U3MEPUTEITBHOMN nHpopmaruu, onpeaeneHus
JIOCTOBEPHOCTH MOJIyYEHHOTO pe3yibTaTa;

ITP11 chopMHupOBaHHOCTH, YMEHHH MPOTHO3MPOBATH, aHATM3UPOBATH
U OILCHWBAaTh TIOCIEACTBHS OBITOBOM W  TPOU3BOJCTBECHHON
JeSITEIbHOCTH YeJIOBEKa, CBSI3aHHOM ¢ (PU3MUYECKHMH IpoLieccaMu, C
MO3UIMN YKOJIOTHYECKON O€30MacCHOCTH.

BrimonHeHHne TPaKTUYECKUX/TA00paTOPHBIX paboT Mo  ydeOHOM
mucuurnHe «HanmeHnoBaHue)» HanpapieHO Ha:

- o0o0uIeHue, cucreMaTH3aluIo, yriayoieHue, 3aKperjieHue, pa3BUTHue
U JIeTAJIM3AlMI0 TTOJIYYeHHBIX TEOPETUUECKUX 3HAHUM 10 KOHKPETHBIM
TeMaM y4yeOHON AUCIMILINHBL

- ¢dopMUpOBaHHE YMEHUU NPHUMCHSITHh TOJTYYCHHBIC 3HAHHUS Ha
MpaKTUKe,  pealu3alMi0  €QUHCTBA  HWHTEIUICKTyallbHOM U
MPAKTUYECKOU JeATEIHbHOCTH,

- ¢dopMHupOBaHME M pa3BUTHE YMEHHiIl: HaOIOIaTh, CPaBHHUBATH,
COIOCTABJIATh, AHAIU3UPOBATh, [E€1aTh BHIBOABI W 000OIIEHUS,
CaMOCTOSITEJIbHO BECTH HCCIICJIOBAHHUSA, MOJB30BAaThCS PA3IUYHBIMU
MpreMaMU U3MEpEHU, 0pOPMIIATE PE3yJIbTAThl B BUJIE TaOIUII, CXEM,
rpaduKoB;

- TpUOOpETeHHWE HABBIKOB pPA0OTHl C pa3IMYHBIMUA [PUOOPAMH,
anmapaTypod, yCTaHOBKAMHU W JIPYTMMHM TEXHUYECKHUMH CpPEICTBaMHU
JUTSI TIPOBEJICHUS OTIBITOB;

- pa3BUTHE HMHTEJUIEKTYAJIbHBIX YMEHHUH y OyIyIIUX CHEIHaTHCTOB:
AQHATUTUICCKUX, TPOSKTUPOBOYHBIX, KOHCTPYKTHUBHBIX U JIP.;

- BBIpaOOTKY MPHU PEIIEHUU MOCTABJICHHBIX 3a7ay MpodeccruoHanbHO
3HAYMMBIX Ka4eCTB, TAKUX KaK CAMOCTOSTEIbHOCTh, OTBETCTBEHHOCTD,
TOYHOCTH, TBOPUECKAsE MHUIIMATUBA.

[IpakTrueckue/mabopaTopHbie 3aHATUS MPOBOJATCS nocrne
COOTBETCTBYIOILIIEW TEMBI, KOTOpas OOECleurMBaeT HAIMYNE 3HAHUIA,
HEOOXOIMBIX JIJISI BBITTOTHEHUS MTPAKTUIECKUX paboT.



2THEPEYEHDb TIPAKTUYECKUX/JIABOPATOPHBbIX

3AHATUHA
Copnepxanue Tembl Kosmm | Ilnanupye
o0y4eHust NMPaKTHYECKUX/J1a00paTo | 4YecTB Mble
PHBIX 3aHATHIA 0 pe3yjabTart
4acoB bl
ocBoeHus
Beenenue
Pasgen 1. Mexanunka 14 JIP4,MP3,
MP4, IIPI,
11P2, IIP3,
11P4, I1P9
1.1 [IpakTrueckoe 3aHsiTHE 2 JIP4, MP4,
Kunematuka. Nel IIP1, IIP4
Pemenue 3agau no reme
«Kunemaruka»
1.2 [IpakTrueckoe 3aHsTHE 2 JIP4, MP4,
Kunemartuka No2 IIP1, IIP4
Pemenue 3amau Ha
rapameTpbl BpalaTeIbHOro
JIBIKEHUS
13 JIaGoparopHas pabota Ne 1 2 JIP4, MP4,
Kunematuka «Ornpenenenue MIOTHOCTH 1IP1, I1P4

BCIICCTBaA»
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1.4. 3axkoHEI [IpakTrueckoe 3aHsTHE 2 JIP4,MP3,
MEXaHUKH Ne3 1IP2,
Hrrotona Pemrennie 3agau Ha 3aKOHEI IIP4 1IP9
Hrrotona
1.5. 3akoHbBI [IpakTrueckoe 3aHsiTHE 4 JIP4,
COXpaHEHUS B Ne4,5 MP3,MP9,
MEXaHUKE 3aKOHbBI COXPAHEHUS. 1IP]-11P4
Pabota u sHEprUs.
1.6 3akoHbl JlaGopaTopHas padora Ne2 2 JIP4,
COXpAaHEHUA B «3yueHune 3akoHa MP3,MP9Y,
MEXAHHUKE COXPaHEHUSI MEXaHUYECKOH IIPI-11P4
SHEPTHU
Pazgen 2 OcuoBet MKT u TepMouHaMuku 15 JIP4, JIPY,
MP3, MP4,
MP9, IIP2,
11P3, I1P4,
11P7, IIPS,
11P9,
11P10,
11P11
2.1 OcHOBEI [IpakTrueckoe 3aHsTHE 2 JIP9, MP3,
MOJIEKYJIIPHO- Ne6 MP4, IIP2,
KUHETUYECKOU Pemrenue 3agad mo teMe « IIP3, I1P4,
TEOPUH OCHOBBI MOJIEKYJISIPHO- 1IP8
KUHETHUYECKON TEOPUN.
2.2 OCHOBBI [TpakTrueckoe 3anstue Ne7 2 JIP9, MP3,
MOJIEKYJISIPHO- «Pemrenue 3agag Ha MP4, IIP2,
KMHETUYECKON | ypaBHEHHE COCTOSIHUS 1IP3, I1P4,
TEOpUH HUJICaNBHOTO Ta3a, 1IP§
H30IPOIIECCHI»
2.3 OCHOBBI JlaboparopHast pabora Ne3 3 JIP9,MP3,

11




MoJekynapHo- | [IpoBepka razoBbix MP4, TIP2,
KHUHETUYECKOU 3aKOHOB: 3aK0oHa boing- 1IP3, I1P4,
TEOpUHU Mapuorra 1IPS
2.4 CpoiicTBa JlaGopaTopHas pabota Ned 2 JIPY, MP3,
MapoB U HaGmonenue pocra 1IP3, IIP7,
TBEPABIX TEJ KpUCTAJUIOB U3 pacTBOpA. 1IPS, I11PY,
IIP10
2.5 CpoiicTBa JlaGopaTopHas pabora Ne5 2 JIPY, MP3,
[apoB U H3mMepeHnne BIaxHOCTH 1IP3, IIP7,
TBEPABIX TEJ BO3/yXa IIPS, [1P9,
IIP10
2.6 CBoiicTBa JlaboparopHast pabota Ne6 2 JIPY, MP3,
apoB U Onpenenenue yneiabHOU 1IP3, IIP7,
TBEPJIBIX TeIl TETIIOEMKOCTH TBEPJIOTO IIPS, [IP9,
BEIIIECTBA IIP10
2.7 OCHOBEI [IpakTrueckoe 3ansiTue Ne§ 2 JIP4, MP3,
TepMoJauHaMuK | Perenue 3agay o reme MP9, IIP2,
u «OCHOBEI IIP3, IIP4.
TEPMOJANHAMUKHN» IIP11]
Pazgen 3 DnexrponuHamuka 24 JIP13,
MP3, MP4,
MP5, ITP4,
1IP5, I1P6,
11P7, IIPS,
IIP11
3.1 IIpakTnueckoe 3ansaTue Ne9 2 JIP13,
OnexkTpuyecko | Pemienue 3amad mo teme MP4,
€ moJie «INEKTPOCTATUKAY» MPS5, 1IP4,
1IP6, IIP7
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3.2 3aKOHBI [IpakTrueckoe 3aHsATHE JIP13,
IOCTOSIHHOT'O NelO MP3, MP4,
TOKa Pemrenue 3agaud mo reme IIP4, [IPS,
«3axkoHbl OMay IIPS
3.3 3aKkoHEI [IpakTrdeckoe 3aHsATHE JIP13,
IIOCTOSIHHOT'O Nell MP3, MP4,
TOKa «Penrenne 3amad Ha 3aKOHEI IIP4, [IPS,
COCIMHEHMS IIPOBOJHUKOB) 1IP8
3.4 3axoHBI [IpakTrueckoe 3aHsTHE JIP13,
IIOCTOSIHHOT'O Nel2 MP3, MP4,
TOKa Pemrenue 3agaq Ha IIP4, [IPS,
(dbopMyIbl paboOTHI U 1IPS
MOIITHOCTH TOKa
3.5 3akoHbI JlaboparopHuas pabota Ne7 JIP13,
MOCTOSIHHOT'O ITpoBepka 3axkona Oma ajist MP3, MP4,
TOKa Y4acTKa LEIH. IIP4, [IPS,
IIPS8
3.6 3aKoHBI JlabopaTopHas pabota Ne§ JIP13,
IIOCTOSIHHOT'O Onpezenenne yaeIbHOro MP3, MP4,
TOKa COIPOTHUBJICHUS IIP4, I[IPS,
IIPOBOJIHHKA 1IP§
3.7 3akoHbI JIaGoparopHas pabota Ne9 JIP13,
IIOCTOSIHHOT'O OmnbITHAs TpOBEpPKaA MP3, MP4,
TOKa 3aKOHOMEPHOCTEMN IIP4, I[IPS,
mapajuieTbHOTO 1IPS
COEIMHEHUS IPOBOJHUKOB
3.8 3akoHBbI JIaGoparopnas padota Nel0 JIP13,
IOCTOSIHHOT'O Uccnenosanune MP3, MP4,
TOKa 3aBUCHUMOCTH MOIIIHOCTH, IIP4, [IPS,
oTpeOIsIeMOo JTaMIon 1IP§
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HaKaJIUBaHUA OT
HaIps’KCHUA Ha €€

3a)KHMax
3.9 3akoHsbl JlaboparopHuas pabota Nel 1 2 JIP13,
OCTOSIHHOTI'O Onpenenenne S/C u MP3, MP4,
TOKa BHYTPEHHETO 1IP4, IIP),
CONPOTUBJICHUS] ICTOYHUKA 1IPS
TOKA.
3.10 JlaboparopHast pabora Nel2 2 JIP13,
Onexktpuyecku | OnpeneneHue MP3, MP4,
U TOK B 3JIEKTPOXUMHUYECKOIO 1IP4, IIPS,
pa3IMYHBIX SKBUBAJICHTA MEIU IIP11]
cpenax
3.11 JlaboparopHuas pabota Nel3 2 JIP13,
Onekrpuuecku | M3ydeHue 3J1eKTpUIeCKUx MP3, MP4,
1 TOK B CBOWCTB IIOJIYIIPOBOJHUKOB 1IP4, IIPS,
pa3IUYHBIX 1IP11
cpenax
3.12 [IpakTuueckoe 3aHsATHE 2 JIP13,
Onexktpomarau | Nel3 MaruutHoe noue, MPI, I1P4,
THast UHAYKIUS | DIEKTpOMarHuTHast IIP11, I[IP6
WHIYKIIUSL.
Paznen 4 12 JIP4, JIP13,
Konebanus 1 BOJIHEI MP3, MP4,
IIP1, I1P2,
11P4, IIP10
4.1 [TpakTryeckoe 3ansTre No 2 JIP13,
Mexannyeckue | 14, MP3, IIP1,
KoeOaHusa u Pemenne 3amay Ha IIP2, I1P4
BOJIHBI napameTpsl
K0J1e0aTeIbHOTO
JIBMOKCHUS.
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4.2 JlaGopaTopHas pabota 2 JIP13,
Mexanuueckue | Nel4 MP3, IIP],
KoJIeOaHusa U N3ydeHue 3aBUCUMOCTH IIP2, [1P4
BOJIHBI nepuoja Kojaedanui

MaTeMaTH4eCKOro

MasITHHUKA OT €T0 JJINHEI
4.3 [IpakTrueckoe 3ansTHe Ne 4 JIP13,
DOnexkrpomaran | 15,16 MP3, MP4,
THEIE Pemrenue 3agaud mo reme IIP1, [IP2,
Koie0aHusa U «IIepeMeHHBII TOK» 1IP4, [IP10
BOJIHBI
4.4 [IpakTrueckoe 3aHsTHE 2 JIP13,
Onextpomaruu | Nel7 MP3, MP4,
THEIE «NeKTPOMAarHUTHBIE IIP], IIP2,
KoJIe0aHus U KoJIeOaHus U IIP4, [IP10
BOJIHBI BOJIHBI»,popmyiia TomcoHa»
4.5 JlaboparopHast pabota 2 JIP13,
Onexktpomarau | Nel5 MP3, MP4,
THEIE N3ydenue ycTpoiicTBa IIP], IIP2,
KoJiIeOaHus U TpaHcdopmaropa, 1IP4, IIP10
BOJIHBI reHeparopa.
Pasnen 5. Onruka 10 JIP4, MP3,

IIP1, IIP2,
IIP4, TIPS

5.1 Ilpupona 2 JIP4, MP3,
cBeTa. JlabopaTopHas pabota IIP1, IIP2,
BomnHoBrIe Nel6 IIP4, TIPS
cBoiicTBa cBeTa | OmnpeneneHne noka3aTems

MIPETIOMIICHUS CTEKJIa
5.2 ITpupona 2 JIP4, MP3,
CBeTa. JlabopaTopHas pabota 1IP1, IIP2,
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BomnHoBrle Nel7 IIP4, IIPS
cBolicTBa cBera | HaOmroneHnue

uHTEephEepEeHITNN U

T(paKkLIuU CBETa
5.3 Ilpupona JlaGopaTopHas pabora JIP4, MP3,
cBeTa. Nel8 1IP]1, IIP2,
BomnHoBrle Onpenenenue IJIUHbBI IIP4, IIPS
CBOICTBa CBETOBOM BOJIHEI C

MTOMOIIIBIO AUGPAKITMOHHOMN

peuieTku
5.4 Ilpupona JlaboparopHast pabota JIP4, MP3,
CBeTa. Nel9 1IP], IIP2,
BomaHoBkle HaGmronenue craonHoro u IIP4, IIPS
CBOMCTBA CBETAa | JMHEWYATOTO CIIEKTPOB
5.5 IIpupona [IpakTryeckoe 3aHsATHE JIP4, MP3,
CBeTa. Nel8 IIP], IIP2,
Bomnosrie Pemenue 3agau c IIP4, [IPS
CBOIMCTBA CBETA | MCIOJIb30BAaHUEM (POPMYJIBI

TU(PPAKIMOHHON PeIIETKH
Pasgen 6 KBanroBas ontrka JIP4, MP9,

IIP2, I1P4,
1IP6, I1IP11

6.1 KBanroBas | I[IpakTuueckoe 3aHsTHE JIP4, MP9,
OIITUKA Nel9 IIP2, I1P4,

Pemienue 3agad mo reme 11P6, IIP11

«3akoHnbl hoToddPdexTan
6.2 ®usuka [IpakTrueckoe 3aHsATHE JIP4, MP9,
aToma u Ne20 Pemenue 3amad 1o IIP6, IIP11

aTOMHOTO si/ipa

TeMe «PagnoakTUBHOCTb.
3anuce SAAEPHBIX PEAKIIUN»
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3 METOJJUYECKHUE YKA3AHUA

Tema 1.1 Kunematuxka.

IIpakTnyeckoe 3ansaTue Nel
Pemenne 3amad no reme «Kunemaruka

Ilenp paboTHI: HAyYUTHCS Pa3MYaTh BHIbI MEXaHUYECKOTO
JIBUKEHHUSI B 3aBUCUMOCTH OT (OpPMBI TPaeKTOPUU U CKOPOCTHU
MEepPEeMEIICHUS Tella, PACCUUTHIBATH €r0  MapaMeTpbl, HAyYUThCS
n300paxaTh rpagUuecky pa3inyHble BUJIbI MEXaHUUECKHUX ABM)KCHUH,
3alMChIBATh  ypaBHEHUS JIBUKCHUS, pa3iauyath  €ro
OTHOCHUTENIbHOCTb; HAYYUTbCS POPMYIUPOBATH CIEAYIOIINE MOHITHS :
MEXaHHYECKOE JBMKCHHUE, CKOPOCTh U YCKOPEHHUE, CHCTeMa OTCYeTa,
MEXaHUYECKUU MPUHIIUIT OTHOCUTEIbHOCTH.

Brinonnus paboty, Bel Oynere:

YMETh:

-pa3uYaTh BHJIBI MEXaHUYECKOTO ABMKCHHUS

-paccUMTHIBaTh MapaMeTphbl JBUKCHUS

-3aIUCHIBATh YPABHEHUS JIBIKCHUS

MartepuanpHoe oOecrieueHne: HHANBUAYAIbHOE 3aJaH1e, KOHCTIEKT
JIEKIIAH, CIIPABOYHBIC MaTePHAIIBI.

3aganue

1. Hcnons3yst popMyITbl IS pacdéra mapaMeTpoB JIBHIKCHUS TEll,
PEUINTh 3a/1a4H.

2. [Tpoananu3upoBaTh rpadUKu JIBUKCHHS TN, OTIHCAThH
XapakTep JBIKEHUS.

Kpatkue TeopeTnueckue cBeeHUS

OnHoMepHOE IBM>KEHUE. [[BUsKEHUE ¢ TOCTOSSHHOW CKOPOCTBIO.

Ilycte Teno nBMKETCS B HANpPaBIEHUH OCH X C IIOCTOSHHOM
CKOPOCTBIO V U 3a BpeMsl Atr=t—f, HOPOXOAUT IYThb Ax=x-—X,.
CpenHsist cKopocThb
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Ax
v X
x(t) = xo + vt
v = const
Xo

JIBH>KEHUE € IEPEMEHHOM CKOPOCTBIO. Y CKOPEHUE
Ecan Teno pBukeTcs HampaBiI€HUHM j V ocH XC
nepeMeHHoOi ckopocThio V(1), To, | _ _ rpaduku X(t) u
V(t) umerot Bu: v |
IIpp >TOM TOBOPAT, 4YTO TEJIO (6 L ' JBUXKETCS €
YCKOPEHHEM. b t t
Yckopenue (i) — CKOpOCTh U3MEHEHHUST CKOPOCTH.

Eciu 3a Bpemsi At=t-t, m3menenme ckopoctn AV=V-—V; 1o

~ AV M
cpeaHcee YCKOpEHHE: op :A_t [a] = 1C_2_ 13
V=YV

ant?

x(t) = xg + VoAt + Eciu v, uWadcoHampaBieHbl, TO CKOpPOCTb

ABUIKCHUS TCJIa BO3PACTACT, d UMECT 3HAK «t»; B IMPOTUBHOM CJIy4yac
CKOPOCTb YMCHBIIACTCA U d UMECT 3HAK «—).

2 2
vi(t)—v
Ecnu Bpems aukeHust At HEU3BECTHO, TO |x(f) = X, + V®O-vy .

MuoromepHoe nBrKeHHE. [[BrkeHue Tena, OpOIIeHHOTO MO YTIJIOM
K TOPU30HTY

[Tycthb Teno OpolieHo U3 Havaga KOOPAWHAT O]l YIJIOM K TOPU30HTY C

Ha4yaJlbHOM CKOpOCThIOV,. M3 Tpaduka BHUIHO, UYTO V, =V,y + Vo

(IByMEpHOE BH)KEHHE MOKHO paccMaTpuBaTh, KaK HaJIOXKEHHE IPYr

Ha Jpyra IBYX OJJHOMEPHBIX — o ocsiM X 1 Y).
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[lopsanox BeInonIHEHNs pabOThI

1. IIoBTOPUTH OCHOBHBIE BOIIPOCHI KHHEMATHKHA
2. PeunTh 33j1auu o BapuaHTaM, UCIIOIB3Ys Tadauiy 1

Buibl MEXaHMYECKOTO ABH)KEHHUS TEI
TpaeKT OopHs — JIMHHUA, OIMUCBIBaCMas ABMIKYIIUMCS TCIIOM.
[Tyte (/) — paccTosiHHE MEXIY ABYMSI T€OMETPUYCCKHMH TOYKAMHU,
OTCUMTAHHOE BJOJIb TPACKTOPHUH JBHKCHHS TEIIA.
IMepemernienue (§) — BEKTOP, COCMUHSIONINI HAYAILHOE W KOHEYHOEC
IIOJIOXKEHUS Tea.
Temo orcy€ra — TEIO, OTHOCHTEIBHO KOTOPOIO PAaCCMaTPHUBAIOT
MIOJIOXKEHUE JPYIUX TeJl.
Cucrema orcuéra — TeIo OTCUETA, C KOTOPBIM >KECTKO CBS3aHBI
CUCTEMa KOOPJAMHAT, Yachl U METP.
MarepuanbHass TOYKa — TeEJO, pa3MepaMH KOTOPOro0 MOXHO
npeHedpeyb.

B ycnoBum HEKOTOpBIX 3aad OTCYTCTBYIOT UUGMPHL. 3HaUCHUS
(hU3UYECKUX MMapaMeTPOB ITUX 3a7ad HEOOXOAMMO OpaTh W3 TaOJUIIBI
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lI: 1o BepTUKAJIBHOW CTPOKE YyKa3aH HOMEP BapuaHTa, IO
TOPU30HTAJILHOW — HOMEP 3a/1auu.

1. /IBuxenue Tena 3ajaHo ypaBHeHueM. Onpenenure HadalabHYIO
KOOp/IMHATY, Ha4aJIbHYIO0 CKOPOCTb M YCKOPEHHE NP JABUKCHUU.

2. ABroOyc W TpoiIeidyc IBMKYTCA B OJHOM HAaIlPaBICHHH.
Omnpenenure UX OTHOCUTEIBHYKD CKOPOCTb, €CIHM  CKOpPOCTh
Tposeiidyca 10 km/4, a aBrobyca40 km/4. Pemmure 3Ty 3amauy u npu
YCIIOBHMHM, YTO OHM JIBHXKYTCS B IPOTHUBOIOJIOKHBIX HAIIPaBJICHUIX.

3. Tpomneiibyc, Tporasch C MecCTa, IBUXKETCS C TOCTOSHHBIM
yCKOpeHHeEM a. Uepes CKOIbKO BpeMEHH OH NMPHOOpeTeT CKOpocTh V?

4. Kakyio cKOpOCTh pa3BuBaeT aBToMoOmib «Bosray 3a Bpems AL
rocje Havaja JIBUXKEHHUs, €CIIM OH e/leT ¢ yckopeHueM a? Kakoil myTh
OH IIPOXOJUT 3a 3TO BpeMs?

5. IlpuBectu mpuMepsl Tel, HAXOAIIMXCS B IIOKoe. JleficTBue Kakux
TeJ1 KOMIIEHCUpPYETCs B 3TUX ciydasx? (3 mpumepa; IEHCTBYOIINE
CHJIBI M300pa3uTh HA PUCYHKE).

6. B mBmwxymiemcs Barone macCcakKHpPCKOTro IMOe37a Ha CTOJE JISKUT
KHHUTra. B Mokoe Wiy JABM)KCHUU HAXOIUTCS KHHUIAa OTHOCHUTENBHO : a)
croina; 0) penbCoB; B) M0JIa BaroHa; T) TeaerpadHbIx cTonoos?

7. KonbkoOexer mpobexan Ha CTauoOHE MOJIKpyra paauycom R.
Onpenenuth NpOWJIEHHBIM UM MyTh M mepemelieHue. Yemy Oyayt
paBHBI MyTh M IEpeMeIleHUEe KOHbKOOEXIa, KOrja OH IHpPOOEkKHT
MOJIHBIHN KpyT?

8. TpamBail nBUrancs paBHOMEPHO MPSIMOJIMHEHHO CO CKOPOCTHIO V,
a B Ipollecce TOPMOXKEHHS — PABHOYCKOPEHHO C YCKOPEHHEM a.
Onpenenure BpeMs TOPMOXKEHHS M TOPMO3HOM IIyTh TpamBasl.
[Tocroiite rpaduku ckopoctu V(t) u yckopenus a(t).

9. C xakuM YCKOpPEHHMEM JIBUTAJICS aBTOMOOWIIb, €CIIM HA MYTH S €ro
CKOPOCTH Bo3pocia oT 36 10 72 km/4?

10. a) Kakomy Buay IBM)KEHHUS COOTBETCTBYET KaXKAbIH rpaduk Ha
puc.1? C xakod CKOpPOCTBIO JBHUTAJIOCh TEJNO, IS KOTOPOTO
3aBHCUMOCTh IyTU OT BpeMeHH u3obpaxkaercs rpaduxamu I, II, II1?
3anucarh ypaBHEHUE ABMKeHUs 11 rpaduxos 1, 1.
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0) Kakoii ¢puzudeckuii cMpIc UMeeT TouKa rnepeceueHus rpadpuxos 11
u III na puc.1? Kaxoii u3 rpagykoB COOTBETCTBYET ABHKEHHIO C
Oonblel ckopocThi0? MOXKHO JIM 1O 3THM TIpaduKaM OINpelesuTh
TPAEKTOPHUH JIBUKEHUS?

2. M

I II

3 Taonuua 1.

y

1

R
No 1 4 5 7 8 9

3aauu
Ne a V | Al] a \Y/ R \Y/ a S
papranTa Mm/c” | km/a| ¢ |m/c” | kM/u| M | km/a | M/c” | KM

1 XO=10+10t ] 2 | 10 | 5| 2 | 10 (101 120 ] 2 |1
2 x(0=20+20t-C | 4 | 20 | 10| 4 | 20 | 20 | 20 | 4 | 2
3 x(t)=30+30t-t* | 6 30 |15| 6 30 | 30 | 30 6 3
4 x(t)=40+40tt> | 8 | 40 [20| 8 | 40 [40 | 40 | 8 | 4
5 X(t):50+50'[-t2 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
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8 x(t)=80+80t+t° | 16 | 80 |40 | 16 | 20 | 80 | 80 | 16
9 x(t)=90+90t+t° | 18 | 90 [45| 18 | 30 | 90 | 90 | 18
10

X(t)=102+100t- 20 | 10 |50 | 20 | 40 [100| 10 | 20
t

dopma npeaocTaBICHUS PE3yIbTaTa
BrironnHeHHBIE 3a/1auu B TETPAAH IS IPAKTUICCKUX paboT.
Kpurepuu onenku:

Kpurepuu oneHku:
3a nMpaBUJIHHO BBHITIOJTHEHHOE 33JaHUE BBICTABIISICTCS MOJIOKUTEIbHAS
oleHka — 1 0aJuL.
3a HEMpaBUIBLHO BBIOJIHEHHOE JICWCTBUE, 3aJ[aHUC BBICTABIISACTCS
oTpularenbHas orneHka — 0 6amioB.

Komunuects [IponenT KauecTBenHas oLleHKa ypOBHs
0 0aJuIoB | PE3yNbTaTUBHOCT OJITOTOBKH
U (MpaBUIbHBIX bain BepbanbHblii ananor
OTBETOB) (oT™MeTKa
)
18-20 90 — 100% 5 OtinuHO
16-17 80 — 89% 4 Xopor1ro
12-15 60 — 79% 3 Y 10BIETBOPUTENBEHO
0-11 meHee 60% 2 Heynosnersopurens
HO
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Tema 1.1 Kunemartuka

IIpakTnyeckoe 3ansaTe Ne2
Pemenne 3ana4d Ha napameTpsl BpaIaTeIbHOIO IBUKECHUS

Llenb paboOThI: HAYUIUTHCS PACCUYUTHIBATH MAPAMETPHI BPAIIATEIIHHOTO
JIBYDKEHHUSL.

Beimonaus paboty, Ber Oynere:

YMETh:

-aHAJIM3UPOBATh U XapaKTEPU30BaTh BUJI JIBUIKCHHUS

-pelaTh 3a/1a41 C HCIOJIb30BaHHEM (HOPMYIT

MarepuanpHoe o0ecrieueHne: WHAUBHIYATbHOE 3a/IaHNEe, KOHCIICKT
JICKIMH, CIIPAaBOYHBIC MaTEPHUAIIbI.

3anaHue:

Permmts 3a1aun, uconb3yst GOpMyIIbl HA BEIYUCIICHUE ITAPAMETPOB
BpaIIaTeIbHOTO JBUKCHHS: IIEPUO]I, 9aCTOTA, YIIIOBAs 4acTOTa,
yIJIOBasi CKOPOCTh, JIMHEHHAs! CKOPOCTh, YIJIOBOE MEPEMEIICHHUE,
IEHTPOCTPEMHUTEIPHOE YCKOPCHHE.

BBISIBUTE OCHOBHBIE Pa3IHyuUs M1y MPSIMOIMHEHHBIM JIBXKCHUEM U
JBHKCHHEM TeJIa M0 OKPYKHOCTH.

Kpatkue Teopetnueckue cBEICHUS

[IycThb Teno ABMXKETCS O OKPYKHOCTH paanyca R ¢ mocTossHHON 1o
3HAYEHUIO CKOPOCTHIO V (JINHEHHOM CKOPOCTHIO) M 3a BpeMs At
MepeMeCTUIIOCh Ha AS u3 T. A B T. B. Bekrop vV HampasieH mo
KacaTeJIbHOW K OKPY>KHOCTH U MEHSET HaIlPaBJICHUE, T.€. MOXKHO
TOBOPUTH 00 U3MEHEHUU CKOPOCTH AV = Vg — v, , OTIIMYHOM OT HYJIS.

_ Av -
Otrcroma: a=—=0,
At
L{eHTpocTpeMuTENBEHOE YCKOPEHHE (d ) — CKOPOCTh U3MEHCHHMSI
HaIpaBIIEHUsI BEKTOPA CKOPOCTH.

Onpenenum =a

acp op
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Av AS v-AS

N3 mono6us tpeyronpankoB OAB u CBD = —:?:Av:
\'

a —ﬁ—V'AS'H ulAt -0 I/IA—S—)V:>CZ_ﬁ

» = A~ rar P Qo 4T A R |

Bekrtop d HampaBiieH 110 painycy K IEHTPY OKPYKHOCTH.

[Mepuox obOparieHust TOYKH 1m0 okpyxHOCTH (1) — Bpemsl, 3a KOTOpOe
TOYKA OMKCHIBAECT OJAHY OKPY>KHOCTb.

27R 2 27R 4r?
T=2| [T=1c W3a=2nv="—=la="2_R|
\" R T T
YactoTa oOpaliieHHs: TOUYKH 10 OKPYKHOCTH (V) —

KOJIMYECTBO IMOJIHBIX 000POTOB, 1] CoBepuaeMbIx TOYKOHN
! V= T v 2.2

B €MHUILY BpeMeHu. [v]=1—; v :ﬁ a=4r*v?R)|
C

VrioBast CKOPOCTh 00pAIIEH s TOYKH [0 OKPYKHOCTH () — CKOPOCTh
W3MEHEHUs yria moBopota Ao panuycaR,

COEMHSIOIIETO TOUKY C IEHTPOM OKPYXKHOCTH. wo Ao
pan 27 LY At
wl=1-— W=—3-W=27TV;W=27T—=—:> v=wR|
[ ] c T 27k R
2 2p2
IR . |
R R

[Topsimok BeIMOTHEHUS PAOOTHI

1.ITIoBTOpUTH OCHOBHBIE MTOHATHUS U NTApaMETPhI BpaIaTeIbHOTO
JIBUKEHHUS.

2.PemuTh 3amaun.

Xon paboThI:
ABTOMOOWIIb IBUIKETCS MO 3aKpyrieHuto paguycom 100 MeTpoB co

CKOpOCThIO 36 KM/4. OnpeieTuTh €ro HEHTPOCTPEMUTENHHOE
yckopenue. (otB.: 1 m/c)
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ABTOMOOWJIb ABMXKETCS O 3aKpyriieHuro paaumycoM 80 METpoB co
ckopocThio 54 kM/4. OnpeaenuTb €ro LEHTPOCTPEMHUTEIBHOE
YCKOpEHHUE.

TounnsHbl Kpyr pagumycom 10 cm gemaer ogmuH obopot 3a 0,2 c.
Haiigute ckopocThs TOuek, HarbOosee yaan€HHbIX OT OCH BpaLCHHS.
CaMounér, BBIXOAS W3 NMKE, JBHKETCS IO TPAEKTOPUH, KOTOpas B
HIDKHEH 4YacTH SIBISETCS JYroll OKpyXHOCTU paguycoM 800M.
Beruucnure yckopeHue camonéra INpU €ro JABUXKEHUHU, €CIU €ro
CcKOpocTh paBHa 720 km/4. (0TB.: 50 m\c?)

CryTHUK BHXKETCS 1O KpyroBoil opoute Ha BbicoTe 630 kM. Ilepuon
obOpamenust crnytHuka 97, 5 munHyT. Onpenenure ero JIMHEHHYIO
CKOPOCTb M LIEHTPOCTpEMUTENbHOE ycKopeHue. Paguyc 3emmu 6370
kM. (O1B.: 7514 M/c; 8,1 m/c?)

Bpemsi ogHoro obGoporta BOKpyr ocu paBHO 24 uaca. Bwrumciure
YIJIOBYIO M JIMHEHHYIO CKOPOCTH BpallleHHWs TOYEK Ha JKBaTOpe.
Pagnyc 3emumn cumrath paBHbIM 6400 kM (oTB.: 0,0007 pan/c; 448
M/C).

[Tepuon oOparmieHus: MepBOro KOCMHUYECKOTO KOpabiisi — CIyTHHKA
3emun «Boctok» paBHsics 90 munyt. CpeaHsisi BbICOTa CIIYTHHUKA HaJ
3emnéit Obuta paBHa 320 kM. Pammyc 3emmm 6400xkM. Bwramcnure
CKOpOCTB KOpaoJs.

KaxoBa ckopocTh IBUKE€HHUSI aBTOMOOWJIS, €CIIU €ro KoJjéca pagnycom
30 cMm genarot 600 060pOTOB B MUHYTY?

Jlyna nBuxercsa Bokpyr 3emin Ha paccrostHuu 380000 kM OT HeE,
coBepimiass  oauH  obopor 3a 27,3  cyrok. Beruawmcaute
LIEHTPOCTPEMUTENBHOE yCKOpeHue JIyHBbI.

®opMa peaoCTaBICHUs pe3yJIbTaTa

BeinonHenHble 3a/1auy B TETpaIu ISl IPAKTUYECKUX padoT.
Kpurepun onenku:

3a NpaBUIIBHO BBINIOJHEHHOE 3aJaHUE BBICTABIISIETCS MOJIOKUTEIbHAS
oleHka — 1 0a.

3a HENpaBUJIBHO BBIIIOJIHEHHOE JEHUCTBUE, 3aJaHUE BBICTABIAETCS
oTpuLaTenbHas oneHka — 0 6anioB.
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Komuuects | [TporueHT KauecTBeHHas OlleHKA yPOBHSA
o OayoB PE3YIBTaTUBHOCT | MOATOTOBKHU
u (mpaBuibHBIX | Bamn BepOanbHbrii ananor
OTBETOB) (oTMeTka
)
9-8 90 — 100% 5 OTan4HO
7-6 80 — 89% 4 Xopor1io
5 60 — 79% 3 Y 10BIETBOPUTEITHLHO
4 Menee 60% 2 HeynosnerBopurenb
HO
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Tema 1.2. 3akounl MexaHuku HrroToHA

I[MpakTHyeckoe 3ansaTHE N3
Pemrenne 3agau na 3akonsl HeroToHa

Ilenp paboOTHI: TONYYUTH WPEICTABICHHE O CHIOBOM JICHCTBUU
OJTHOTO TeJIa Ha JPYroe, Macce Tejia pa3jinyarh MMOHATHS MHEPLIUU U
WHEPTHOCTH, HAy4UThCS (HOPMYIUPOBATH TOHSITHS MAaCChI, CHIIBI,
3akoHbI HhrOTOHA.

Beimonuus paboty, Ber Oynere:

YMETh:

-pa3nu4aTh MOHATHS HHEPIIMH U HHEPTHOCTH

-pa3iuyath BUIBI CHJI, ICHCTBYIOIIUX HA TEJIO

[TpumeHsITH POPMYITBI U 3aKOHBI Ha TTPAKTHKE

MarepuanbHoe oOecliedeHne: HWHIWBUAYAILHOE 33JJaHHE, KOHCIICKT
JIEKIINH, CIIPABOYHBIC MaTePHAIIBI.

3agaHue

BEISIBUTH OCHOBHYIO MIPUYHMHY JIBYKCHUS TEIIA.

Pemmts 3a1aun Ha MpuMeHeHUe 3aKOHOB HproToHa.

[Topsmox BeIMoOTHEHUS PaboThI

[ToBTOPUTH OCHOBHBIE TOHATHS AMHAMHKHU U 3aKOHbI HbroTOHA
Pemmuts 3apaun.

Jlunamuxa. OcHo8Hble NOHAMUSL

Nuepuuss — sABIEHUE COXPAHEHUS CKOPOCTH
JB)KEHUS TeJla TPU OTCYTCTBUU BHEIIHUX

BO3JICHCTBUIA.
HNHEepTHOCTH — CBOMCTBO TEJN, MPOSABIIAIOLICECS
i YA B TOM, YTO IIPH  OAWHAKOBBIX BHELIHUX

BO3CHCTBUAX Pa3HbIEC Tella IPUOOPETAIOT pa3HbIe YCKOPEHHUSL.

Macca (m) — Mepa uHepTHOCTH TeJl.  [M]=1kr. [a, m,

a2 1
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3a atason Maccel (1 KwiorpamMm) MpUHATA Macca MEXIYHapOIHOTO
[IPOTOTHUIIA KWJIOTpaMMa.

W3 OmbITOB W3BECTHO, YTO YCKOPEHHS, TOJIy4aeMble TEJIaMH MpHU
B3aUMOJICHCTBHH, OOPATHO MPOIIOPLUUOHAIBHBI UX MACCaM: .

Ecmu maccy kakoro-nmu0o Tena TPUHATH 3a 3TalOH, TO MOYHO

HU3MEPHUTH Macc WX T
p y prr [p] _ lE m _ m)—r . aa—r
3 TEAA —
M a'TEAA

[TnoTHOCTH TeNa () — OTHOILICHHE MAacChl Texa M m| K ero
o0bemy V. P=y

Cuna (F) — Mepa MEXaHM4ECKOro JeHCTBHUS OJTHOTO
Tena Ha Ipyroe.

[F]=1H — HproTOH.

Cuna umeeT HampaBleHUE, T. €. CULA-8EKMOP .

Cuna Bcerja npuioxeHa K TOMY Telly, Ha3BaHHE KOTOPOTro CIEIyeT B
MIPETIOKEHUH T1OCIIE MIPEAIIOTa KHAY.

CunoBoe mosie — OCOOBI BUA MaTepuH, IMOCPEACTBOM KOTOPOTO
nepenaércs ACMCTBUE CUIIBI.

PasHogneiicTByromas (pesynsrupyromas) cui ( R) —cuia, paBHas
BEKTOPHOI cymMMe HaHHbIx cun F . R= Z IEI

Z[aBJ'IeHI/Ie (p) — OTHOHIICHUC CHWJIbI K INIOIIAaAW IIOBEPXHOCTHU, HA

KOTOPYIO OHa JIEUCTBYET B
MEPIICHAUKYIISIPHOM HaIIPABJICHUU. m L
F [ p] = 122 = 1 II 7
p=— M a A T
S| nackanb

I/IMHy.]'ILC TCJ1a (f))— BCKTOpHAad MCpa MCXAHUYCCKOTO JBUKCHHA,
paBHad IIPOU3BCACHUIO MACChl TEJIa HAa €ro CKOPOCTL.

[p]leF'M

Wmmynec cuitbl ( F-Ar) — BEKTOpHas Mepa JEWCTBHS CHIIBbI, paBHas
MIPOM3BEICHNUIO CUJIbl Ha BpeMs e€ neictBuda. [F-At] =1 H-c.
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3akonsl HeroTOHA

O6001IMB pe3ynbTaThl CBOMX MCCIEA0BAHUN U, yuTs pabory ["ammnes
«O gaBWXKEHWHM Ten Mo wuHepuuu», HBOTOH chopmyaupoBal
3aKOHYEHHOE IMOJI0KEHHE, U3BECTHOE KakK MepBbIil 3akoH HproToHa:
CyIIecTBYIOT CHCTEMBI OTCYETa, OTHOCHTEIBHO KOTOPBIX TEJIO
HaxXoOIUTCA B IIOKOC HI/I60 ABUXXECTCA HpHMOJ’IHHCfIHO nu paBHOMepHO,
€CJIM PaBHOJCUCTBYIOIIAS BCEX NPHIOKEHHBIX K HEMY CHJI paBHA

HYJIIO.
WNueprmanshas cucrema otrcuéra (MCO) — cucrema
oTcuéTa, B KOTOPOW BBIMOJIHACTCS TMEPBBIA |F =m-3 3aKOH
HeroTona.

- Ap mAV o
N3 F= A oM I10JIy4aeMBTOPOM 3akOH HproTOHa:

JUISL Tela TOCTOSHHOW MacChl CKOPOCTh M3MEHEHHS MMITYJIbCa paBHA
MIPOU3BEICHUIO MACChI HA YCKOPEHHUE.

Bropoii 3akon Herotona padoraer Tonpko B UCO u nipu yciaoBuu, 4To
Macca Teja U IeUCTBYIOIINE Ha HETO CHJIbI IOCTOSIHHBI.

Bropoii 3akoHn HproToHa crpaBeiMB Uisl paBHOJIEWUCTBYIOIIEH g

BCEX CHWJI, IPWIOKEHHBIX K Tely, MO3TOMY, IPEXIE 4YeM pelaTrh
3ajaqu ¢ €ro  MPUMEHCHHEM,  Hajlo £ -—F OINPEIEINUTh
R.

Tperuii 3akoH HerotoHa:

Cunbl, ¢ KOTOPBIMM JBa Teja JIEHUCTBYIOT APYr Ha Jpyra, YUCIEHHO
paBHBl U HampaBji€Hbl B IMPOTHUBOINOJIOKHBIE CTOPOHBI MO OJHOU
MIPSIMOM.

Tpertuii 3akoH Hetotona paboraet Tonsko B UCO.

3aKOH BCEMUPHOTO TATOTCHUSI

[Tonaras, yto Bce Tena BeeneHHOM B3aMMHO NTPUTATMBarOTCs, HbIOTOH
B 1682 r. copmynupoBan 3aKOH BCEMHPHOIO TATOTEHUS: BCE Tela

NpUTSATUBAIOTCA  Apyr K Jpyry C€  CWIaMH,  T[psAMO
MIPOMOPLIMOHATIBHBIMU TTPOU3BEIEHUIO UX Macc u
o0paTHO TMPOTOPIHOHATBHBIME |- _ 7 -M, -, KBaJ[paTy
paccTosHUS MEXy HUMH. ¥ R?
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rae Fip — cuiia B3aMMHOTO TIPUTSDKEHUS TeT Macce My U My;
y— rpaBUTAllMOHHAS TTOCTOSTHHAS. ‘7: 6,6720 - 10 HMZ/KFZ‘.

Cwuiibl B ipupo/Ie

Cuna taxectn (F, ) — CuIa, N
coobmarmas  Tely  yCKOPEHHE ¢
CBOOOJTHOTO TAJICHUSI. G
Cuna TSKECTH HaIpaBJeHa Fro

BEPTUKAIbHO BHU3 (IEPIEHIUKYJISPHO KacaTelIbHOW K MOBEPXHOCTHU
3emn).

Peaknusi( N ) — cuita JeiCTBUS OTOPHI (II0BECA) Ha TEJIO.

Bec tena (P) — cuia, ¢ KOTOPOM TENO IEHCTBYET Ha OIIOPY MIIU MOABEC
BCJIE/ICTBUE MPUTSDKEHUS K 3eMIIe.

HeBecomocTh — mMcue3HOBEHHE Beca Tejla MpPU JBUKEHUU OIOPHI C
YCKOPEHUEM CBOOOIHOTO Ma/ICHUS.

[leperpy3ka — yBenudyeHue Beca Tejla IpPU JABWKEHUU OMOpPHI C
YCKOpEHHEM BBEpPX.

Cuma  ympyroctu (7)) —  cuia, BO3HUKAOILAs
B TeJle MpH JedopMalnu. F, =—kx

3aKOH I'yka: cuiia YIPYTOCTH, BO3HUKAOIIAsI

npu aedopManuu  Tena, MPONOPIHOHAIBHA €ro  a0COMOTHOU
nepopManMi M HalpaBleHa B CTOPOHY, IPOTHUBOIOJIOKHYIO
MEPEMEILEHHUIO YaCTHUI] TeJa:

Cuna Tpenns mokos (7, ) — CHIA, BO3HUKAIOWAs HA TPAHMIE

COIMPUKOCHOBCHUA TECJI IIPU OTCYTCTBHUU
OTHOCHTENBHO JPYT ApyTa.

f — KodhOHUIMEHT TpeHHus (3aBHCHT OT MAaTepHAIOB TPYIIHXCS
TIOBEPXHOCTEN).

UX JIBUKEHUS
F, =uN

Penmth 3amaun:

1.Yemy paBHa cujia TSKECTH, NEHCTBYIOIIAs Ha TEIO Maccod 2,5k,
600r, 1,2 1, 5017
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2.0npenenuTh CUIY TSKECTH, JCHCTBYIONIYIO HAa YEJIOBEKa MacCOM
64Kr.

3.IlepBblii COBETCKMI MCKYCCTBEHHBIN CITYTHUK 3eMJIM OBLI 3aIlyIIcH
4 oktabps 1957 roma. OmpenenuTh Maccy 3TOrO CIYTHUKA, €CIH
M3BECTHO, YTO Ha 3emJie Ha HEero JIeHCTBOBAJIa CHJIA TSDKECTH, paBHAs
819,3H.

4.Yenosek Becut 800H. Kakosa ero macca?

5.Ha nmony croutr memoxk ¢ mykoil Maccoi SOkr. Beruumcauts cuity
TSKECTH U Bec Melka. V300pa3uTh 3TH CUIIbI HAa PUCYHKE.

6.Ha nemoaBmwkHON 1u1aTopMe CTOUT SIIUK C KUPIHYaAMH MAacCOU
3toHHBI. Bhruncnute u n300pa3uTe Ha PUCYHKE CUITY TSKECTH U BEC
SIIIIHAKA.

7.CMoOXeTe 1M Bbl MOJHATH IMJIACTUHY M3 MPOOKH 00BEMOM 1M%?
ITnoTHOCTB TPoGKH 240Kr/M”.

8.Brrunciute Bec Tena, macca koroporo 10kr, 200r.

9.BbIpazuTe B KWJIOBAaTTax W MEraBaTTax CIEAYIONIME MOIIHOCTH:
3500 Bt; 200 Bt; 5000Bt; 110000BT. BphIpazute B BaTTax
cnenyromue MomHoctu: 3 kBt; 1,5 kBT; 0,6 kBT; 0,04 MBT; 0,0001
MBT.

10.Baronerka maccoii 0,6 TOHH ABHMIKETCS IIOJ JEHCTBHEM CUibl 60
kH. Onpenennre yckopeHue €€ JBUKCHMUS.

11.ABTOOYC Maccoi 7TOHH €leT M0 TOpu30oHTaIbHOMY Tiocce. Kakas
cuiia Tpedyercs 171 cooOIIeHus eMy yckopenus 1,4 m/c?,

12.]Ia kopabist maccoit 30 TOHH KaXIblii CTOST Ha peilae Ha
paccrostHun 0,5 kM onuH oT apyroro. KakoBa cuiia TpUTSIKEHUS
MEXy HUMH?

13.0npenenuTs Maccy KakJIoTO U3 JBYX OJMHAKOBBIX aBTOMOOWIIEH,
eciu Ha paccrossHuM 0,1 KM Ha HUX JEHCTBYET CHila MPUTSHKEHUs 6,67
MH.

14.OnpenenuTh paccTosiHUe, Ha KOTOPOM JIBE€ BarOHETKHW MAacco IO
20 xr xaxaas B3auMOJEHCTBYIOT ¢ cuiioi 67 MxH.

15.ABTOMOOMIIb Maccoil 6 TOHH TporaeTcs ¢ Mecta ¢ yckoperuem 0,5
M/c?. Kakyio CHIIy TSATH pa3sBHBAET €ro JBHUIATelb, €CIH KOO UIHEHT
CONPOTUBIIEHNUS ABHKEHUIO paBeH 0,047 .
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16.ABTOMOOMIIE Maccoil 2 T Tporaercs ¢ Mecra ¢ yckoperuem 0,5
m/c?. Haitti cuy tsru, ecin kosdduiment tpenns pasen 0,05.
17.Kakyro cuiay TArM JOJDKEH pa3BUBaTh JIBUTaTellb, YTOOBI
aBToMoOmIb Maccoit 1000 kxr pgBurancs: a) paBHOMEpPHO, 0) ¢
yckopenuem 0,2 M/c?.

18.0npenenuTs CUy TATH, NEHCTBYIOIIETO HA BaroH maccou 22 T,
€CIM CKOPOCTh Bo3pocia oT 3,8 m/c a0 32,4 km/4 Ha mytu 67Mm.
KoadduurenT Tpenus npu ABMKEHUN BaroHa cuutaTh paBHbIM 0,025.
19.9nexTpoB0O3 MpHU JBUKEHUH T10 TOPU30HTAIBHOMY IMYTH Pa3BUBAET
cuny Tsru 150-10° H. Ha yuactke myrn mmmmoit 600 M CKOPOCT
moesna Bospocima ¢ 324 no 54 km/u. Omnpenenutre  CHIy
COTIPOTHBIICHHS JBHKEHHIO TT0€3/1a, €CIIH ero Macca pasHa 10000 kr.
dopma npeaocTaBIeHUs pe3yibTaTa

BoinonHeHHble 3a7aun B TETPAAU JUIs IPAKTUYECKUX padoT.
Kputepuu onenku:

3a npaBUIbHO BBIIOJHEHHOE 33JJaHUE BBICTABIISIETCS IOJIOKUTEIbHAS
oleHka — 1 0aJur.

3a HeNpaBUJIIBHO BBIIIOJIHEHHOE JEWCTBUE, 3a/laHUE BBICTABIIAETCS
oTpulaTenpHas oneHka — 0 6amioB.

Komnyects | [Ipouent KayecTBeHHast oOIeHKa YpOBHS
0 O6aiioB Pe3yIbTATUBHOCT | IOJTOTOBKH

n (mpaBwiIbHBIX | Bamn BepOanbHblii aHanor

OTBETOB) (oTmeTKa

)
18-19 90 — 100% 5 OTinyHO
16-17 80 — 89% 4 Xopo1io
12-15 60 — 79% 3 Y 10BIETBOPUTENTBHO
0-11 meHee 60% 2 Heynosnersopurens
HO
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Tema 1.3. 3aK0oHBI COXpaHEHUSI B MEXaHUKE

[IpakTrueckoe 3anstue Ne4,5

3akoHbI coxpaHeHus. PaboTa u sHeprusi.
I{enb paboOThI: HAYYIUTHCS UCIIOJB30BATh 3aKOHBI COXPAHEHUS
MEXaHUKH JIJIs pacuéTa mapaMeTpoB Pa3InYHBIX (PU3NIECKUX
MIPOIIECCOB
Brimonaus padoty, Bel Oynere:
YMers:
-HCIOJIb30BaTh 3aKOHBI COXPAHEHHUS JJ1s1 OOBSICHEHHSI ITPOIIECCOB
JIBUKCHHSI
-pelaTh 3a/1a4M Ha 3aKOHBI COXPaHEHUS
MarepuanpHoe o0ecrieueHne: WHAWBHIYAbHOC 3a/IaHNEe, KOHCTICKT
JICKIMH, CIIPAaBOYHBIC MaTEPHAJIBI.
3ananue
1. VSCHUTB TIOHSATHS U COCTaBHUTh NPEACTABICHUE O paboTe,
MOIIHOCTH, TTOTCHIIUATHHONW U KHHETUIECKON YHEPTHH, 3HAThH
(bOopMyIIBI IUTSl UX BBIYHCIICHUSI.
2. PemmuTh 3a1auun, MCIONIB3Ys 3aKOHBI COXPAaHEHUS MEXaHUKH.

HOpSII[OK BBITIOJTHCHU A pa6 OTBI

1. [ToBTOPUTH 3aKOHBI COXPAHCHHSI B MEXaHHKE.
2. Pa3o6path anroput™ perieHus 3aaa4 mo Teme
3. Pemmts 3agaun

Xon paboTsl

3aKOHBI COXPAHEHHs WMITYJbCa, MOMEHTA MMITYJIbCa, SHEPIUU M .
JIEHCTBYIOT B 3AMKHYTBIX CUCTEMAX.

3amkHymoli Ha3blBaeTca cucTema Ten, B3aMMOAEHCTBYIOLLMX TONbKO APYT C
APYTOM 1 He B3aUMOJIEHCTBYIOIIUX C JAPYTHMH TEJIaMH.

Hmnynvbe cunvl — BEKTOpHAs BEIMYMHA, SBISIOIIAsACA MEPO NeiCTBHS
CHJIBI 32 HEKOTOPBIH TIPOMEKYTOK BPEMEHH.

I'=F-t, | —ummynse cutsl F 3a Bpewms t
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Nmmynec Tena (KOTWYECTBO JBWKEHUS) — BEKTOpHas (U3MYECcKas
BCINYHNHA, ABIAOIIAACA Mepoﬁ MEXAHHUYCCKOTI'O ABUXCHUA:

- . K2M
P=m-v,;

C
Bropoii 3akon HproTOHA MOKHO 3alMChIBaTh B BUJIE:
Ft = mv, — mv;
P — ¥MMIIyJIbC T€lla MacCoi M, IBMIKYILIErocsi CO CKOPOCTBIO U .
3aKOH COXPAHEHHS UMITyJIbCa - BEKTOPHAas CyMMa MMIYJIbCOB TEll,
COCTaBJIAIOIIMX 3aMKHYTYIO CUCTEMY, OCTAETCI HEU3MEHHOM.
rnlljl + rn252 = rnl'jl + mzﬁz
M1, My — Macchl TeJ,
01, U2 — CKOPOCTHU TEJI 10 B3aUMOJICUCTBHUS,
U1, Uz — CKOPOCTH TEJI MOCJIE B3aUMOJICHCTBUA.
Ecan cymma BHENIHUX CHJI, JEHCTBYIONIUMX Ha TeJla CUCTEMBI, paBHA
HYJIIO, TO UMITYJIBC CUCTEMbI COXPAHSIETCSI:

P =muo, + m,u, + Mo, = const

KonmuecTBo moTpediisieMoil SHEpriuy — OAWH W3 TJIABHBIX MOKa3aTelsei
TEXHUYECKOro pas3Butusi oOmiectBa. [Ipom3BOACTBO, pacrpeneneHue u
MoTpeOJieHHe  HSHEPruM  HEBO3MOXKHO 0e3  eé

npeoOpa3oBaHusl M3 OJHOro BHIa B Apyroil. Ecmm 7 noJ
NEWCTBUEM MOCTOSHHOM CHIIBI F @ TENO
COBEpIIUIIO TIEPEMEIICHHE §, TO / S
TOBOPSAT, YTO CHJIOM COBEpIICHA = : paboma.
PaGora (A) — CKaXIpHOE NPOU3BENECHHE BEKTOPOB CHIBI F W
HepeMENIEHus § .

rie o — yron MexayF um §; Fg=F-cosa —

npoekuus F Ha |N :AA;
A:‘If‘-‘§‘-cosa —F-S-cosa = F,S| HalpasleHHe.
[4] =1 H-m = JIxx — mx0ynb [N]zlﬂileT
C

MortaocTs (N) — CKOpOCTh COBEpIIICHHS PabOThI. — BATT
JHeprust
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MexaHnuyeckass CHCTEMa — COBOKYIHOCTb MAaTE€pUAbHBIX TOYEK,
B3aUMOJCHUCTBYIOIIUX APYT C APYTOM U TEJIAMH, HE BXOASIIUMHU B OTY
COBOKYITHOCTb.

[Tocne coBepieHust pabOTHI CUCTEMA TIEPEUET U3 OJTHOTO COCTOSHUS
B pyroe. Torna pabota — ¢usnyeckas BeJINYMHA, XapaKTepU3yHOIas
npoyeccnepexona MEXaHUYeCKOM CHCTEMBI M3 OJHOTO COCTOSIHUS B
Ipyroe.

MO0>XHO TOBOPHUTH, YTO CYIIECTBYET HEKHU IapamMeTp MEXaHU4YECKON
CHCTEMbI, U3MEHEHUE KOTOPOTO PABHO COBEPLIEHHOM padoTe A.
Mexanundeckas sHeprus (E) — mapamerp MeXaHHYECKOH CHUCTEMBI,

U3MEHEHne (ar) KOTOPOTO PaBHO [ \r _E _E
o1 o

coBepmiéHHOi padore (A). az = A.

rae E1 — MeXaHu4ecKasi JHEPTUSl CUCTEMbI B HAYaJIbHOM COCTOSIHHH;
E> — MexaHudeckast 3HEPIrUsi CUCTEMbI B KOHEYHOM COCTOSIHUM.
V3MeHeHne SHEPTHH Az MOXKET OBITh KaK TOJOXHUTENbHBIM, TaK U
OTPHULIATEIIBHBIM, T. €. AE = HAE|.

N3 (*) BeITekaer: pabora — mMepa M3MEHEHHsT MEXAaHUYECKOW SHEPruu
CHCTEMBI.

Kunernueckas 3Heprus

Kunernyeckast sHeprus (E¢) — MOJOBHHA MPOU3BEICHUS MAcChl Teja
Ha KBaJpaT €ro CKOPOCTH. mv?
Kunernueckass »dSHeprus — DHEprus E. ~ 5 | JABIWKeHHs.
Torma |4=E,-E,| mwml4=AE| T. e. eciu cuna
COBEpIIAET MOJOKUTEIbHYIO paboTy, TO KHHETUYECKas YHEpIrus Tela
BO3pacTaeT, ¥ 00paTHO.

IHoreHunaabHas dIHEPrus

[MotentmansHas sHeprust (E,;) — dHeprus B3auMOJACHCTBHS TEN WU
yacTel Tena.

HyneBoii ypoBeHb NOTEHIIMATBLHON SHEPTUA — COCTOSIHHE CUCTEMBI, B
koTopom £, = 0.

HyneBoil ypoBeHb NOTEHIMANBHOW HEPTUU B3aWMOJIECHCTBUS Tela C
3emnéit (HYIID3) — ropusoHTanbHas IJIOCKOCTb, Ha KOTOpOU
npuHUMaeTcs E, cucteMbl Teno—3emiis paBHOM HYITIO.

M
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Ilycte Teno Maccel M MO JOEHUCTBUEM CHIBL TSDKECTH  F

MEPEMECTUIIOCH C BBICOTHI Ny 710 BBICOTHI N, O€3 M3MEHEHHSI CKOPOCTH.
Pa6ora CHJIBI TSKECTH

A=FS=mg (hl - h2) = mghl - mghz = —(mghz - mghl) == _(En2 - En1) nim
A=-AE,|.
[TorennmansHast 3Heprus B3aumojeicTBus Teina ¢ 3emueit (Ep)
MPOM3BEICHNE CHUJIBI TSHKECTH TEJa Ha BBICOTY N MOJIOKEHHUs IIEHTpa
Macc Tesna otHocutensno HYTIOD3.

[ToTennmanpHOM PHEpruel B3aMMOJEHCTBHS YacTe Tema o0JamaroT

yrpyro aegopMHUpOBaHHBIE Tea kx?
[loreHnmanpHass dSHEpPrus  ynpyro E,=—
nepopmupoBannoro tena (E,) — M0JIOBUHA

npou3BeacHUs KECTKOCTU K Tena Ha |
ero abCOIOTHOM nedopManuu X.
3aKoHBI COXpaHEHHsI B MEXaHHKe
DOHeprusi MHTEPECYeT YEeIOBEYECTBO HA BCEM IYTH €r0 DPa3BUTHAL
Bekamu 101 TbITATHCh U300PECTH MAIIUHY («B8euHblll 08Ucamensy),
MTO3BOJISIONIYIO TTOJIYYaTh SHEPTHIO U3 «HUOTKYIay.

3aKkOH cOoXpaHEHUs W TpeBpalieHus sHepruu (m.3.2) 3ampermiaer
CYIIECTBOBAaHHE BEYHOT'O JIBUTATENsI, OJHAKO BpEeMs OT BPEMEHHU
MOSIBIIAIOTCS.  JIIOAM, OOBABIAIOIIME O CO3JAAHUU OYEPETHON ero
MO/IEJIH.

3aKoH coXpaHeHHsI MeXaHMYeCKO IHepruu

BHemHue cuibl — Cuibl, JCMCTBYIOIIME CO CTOPOHBI TEJN, HE
BXOJIAIIMX B TAHHYIO CUCTEMY.

3aMKHYyTass MEXaHHUYECKasi CUCTEMa TeJl — CHCTEMa, Ha KaXI0€ U3 Tel
KOTOPO# HE IEHCTBYIOT BHEIIHNE CHIIBI JIM PAaBHOJCHCTBYIOMIAS BCEX
BHELIHUX CHJI PaBHA HYIIIO, T.C. S°F, 0.

l.enewt —

KBaJpar

AT R T
I\I\I‘I\I\I\

0 X1 Xo X

PaccmMoTpuM 3aMKHYTYH0O MEXaHMUYECKYIO CHCTEMY TEN, 3HAYEHUS
MOTEHIIMAJIbHON SHEPrud KOTOPOW B HAYAIIBHOM W KOHEYHOM
COCTOSIHUSIX paBHbl FEy; U Eyp, KuHetmueckoun: £Eq u  Eg!
E G +E,,=E, +E,|
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[TonHnass MexaHu4eckas PHEPTrusi CUCTEMbl — CyMMa KWHETUYECKOU U
MOTEHIMATIbHON SHEPIUU TET ITOU CUCTEMBI.

3aKOH COXpaHEHUS MEXaHUYECKOU SHEPIruu:
MOJHAasg  MEXaHWYecKass  dHEeprus 3aMKHYTOU
MEXaHUYECKOM CHCTEMBI Tel, B KOTOpOH
JEACTBYIOT TOJBKO CHUJIbI TSKECTU U
YIPYTOCTH, OCTAETCSI HEU3MEHHOM.
OtnensHO OT Tela OTCUYETa HU OJIHO TS0 HE 00/1aJaeT MEXaHUYCCKOM

n
Z (E, +E ), =const

SHEPIrUEH.

3aKOH COXpaHEHMsI UMITYJIbCa

Ilycte nBa Tema mMacc My U My - COCTaBJISAIOT
3aMKHYTYIO MEXaHUYECKYIO z p. = const CHCTEMY,
IBWXKYTCS HaBCTpeuy Ipyr APYyry U |ia

B3aUMOJICHCTBYIOT C CUJIaMU F, U Fy .
a y ! | P+ P, =P+ P 2
IIo Tperbemy 3akoHy HbroToHa F=-F,. Mo

B3aMMOJICHCTBUS ~ UMIYJIbCHl Teln ObIM P, U P,, IOCIE
B3aUMOJCUCTBUSA P; U P} .

T.€. BEKTOPHBIE CYMMBbI MMIIYJbCOB TEI A0 U IIOCIE B3aUMOZCHCTBUS
OJITHAKOBBI.

@DyHIaMEHTAIBHBIA 3aKOH COXPAHEHMsI MMITYJIbCA: IE€OMETpUYEcKas
CyMMa UMITYJIbCOB T€Jl 3aMKHYTOW MEXaHHUYECKON CHCTEMbI OCTAETCs
HEU3MEHHOM.

3aKoH COXpaHEHMs UMITyJbca TpuMeHuM ToJibko B CO.

Aneopumm pewenus 3a0ay

Crnenaiite 4epTEx I KaK0TO Teja, OKAXUTE BEKTOPBI UMITYJIbCOB;
PaccmoTrpuTe Xxapakrep IBM)KEHHMS TEll M YCTAHOBMUTE, SBIIAECTCS JIU
JlaHHAasl CUCTEMA 3aMKHYTOM;

3anunIMTe 3aKOH COXPaHEHUs UMITYJIbCa B IPOEKIUAX Ha OCH;
3anumMre Npu HEOOXOJMMOCTH JONOJHHUTEIbHbIE (OpMYIBl U3
KMHEMAaTUKU U JUHAMUKH;

Pemnre cucreMy ypaBHEHM, IPOAHAIIU3UPYHUTE OTBET.
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1. XKene3Ho0pOKHBIM BaroH Maccoil 35T mMoabe3KaeT K CTOSIIEMY Ha
TOM K€ IIyTH HEIOJBMKHOMY BaroHy Maccoi 28T M aBTOMaTHUYECKU
cueruisiercss ¢ HUM. [locne cuenku BaroHsl ABMXKYTCS MPSMOJIMHENHO
co ckopocthio 0,5M/c. KakoBa Oblia CKOPOCTh BaroHa Maccoi 35 TOHH
nepeJ Cuenkom?

2. YKene3HOIOpOKHBII BaroH Maccoi 25T MOABE3KAET CO CKOPOCTHIO
0,3 M/c K cTosilIeMy Ha TOM K€ ITyTH HEMOABHXKHOMY BaroHy Maccoii
28T m aBTOMAaTHYyecKu cuerusiercd ¢ HuUM. Ilocie cuenku BaroHbI
IBUKYTCS mpsMoinHerHo. KakoBa CKOpOCTh JBM)KEHHS BaroHOB
IocJie CIenKu?

3. JIBa ’Kene3HOIOPOXKHBIX BaroHa Maccod 30T Kaxabld JBUKYTCS
HABCTpedy JApYr ApYyry co ckopocthio 0,1 M/c M coemuHSIOTCS Ha
OJIHOM TIyTH. OnpeneiauTb CKOPOCTb HX JBIJKEHHUS IOCIEe
COEIMHEHUSI.

4. AtomoOuis Maccoit SO00KT mpu IBM)KEHUH B TOPHOW MECTHOCTH
nonHsics Ha Bbicory 400M Hax ypoBHeM Mops. Omnpenenutsb
MOTEHIIUATIBbHYIO SHEPTUIO0 aBTOMOOUIISI OTHOCUTEIBHO YPOBHS MOPSI.
5. Bbluncnute paboTy, cCOBEpIIAEMYyIO TSKEI0aTIeTOM, KOI/a OH
paBHOMEpHO nogHuMaeT mraHry maccoit 100 kr Ha BeicoTy 1,5M.
Kakoif moTeHIMaNIbHON »JHeprueil o0iagaer Teno Maccod 2KT,
nojgHsATOe Ha BBICOTY I5merpa? Kakyio paboTy OHO MOXeT
COBEpIINTH IPH MAJaHUU Ha 3eMITIO?

6. Kakyro paboTy HYXHO COBEpIINTb, YTOOBI moe3q maccoir 1000
TOHH, JBHXKYIIUICS CO CKOPOCTBbIO 72KM/Y YBEIMYUII CBOIO CKOPOCTH
o 108 km/u?

7. Monot xompa s 3abuBanus cBail Maccoit SOOKT maaet ¢ BhICOTHI
10 merpoB. Uemy Oyner paBHa MNOTEHIHUAIbHAas M KHHETHYECKas
SHEPrusl MOJIOTa Ha BeICOTE 4meTpa?

8. JluraTenb KOMHATHOTO BEHTWJIATOpa MMeeT MourHocTh 0,35 kBT.
Kaxkyro paboty on coBepmut 3a 20 MUHYT.

9. Kakoif maccel Tpy3 MOXeT NOAHMMATh IOJBEMHBIM KpaH CO
CKOpOCThIO 1,5M/cC, eciu y Hero JBUraTelh MOIHOCTRIO 12KkBT?

dopma npenocTaBieHUs pe3yabTaTa
BeimonHeHHBIE 33a7a4d B TETPAAM AJIS MPAKTUYECKUX padoT.
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Kputepuu onenku:

3a IpaBUIIBHO BBIMNOJIHEHHOE 3aJaHUE BBICTABIISIETCS MOJIOKUTEIbHAS
oleHka — 1 0asur.

3a HENmpaBUJIBLHO BBIMIOJIHEHHOE JEUCTBUE, 3aJlaHUE BBICTABIISICTCS
oTpularenbHas oreHka — 0 6amioB.

Komuuects | [TporeHT KavecTBeHHass oOlleHKa YpOBHA
o0 6ayoB PE3YIBTaTUBHOCT | MOATOTOBKHU

u  (mpaBWIbHBIX | Bamn BepOanbHbrii ananor

OTBETOB) (oTmeTKa

)
10-9 90 — 100% 5 OTan4HO
8-7 80 — 89% 4 Xoporio
6 60 — 79% 3 VY 10BIE€TBOPUTEIIHHO
0-5 menee 60% 2 HeynosnerBopurenb
HO

Tema 2.1 OCHOBBI MOJIEKYJISIPHO- KHHETHYECKON TEOPUHU

[TpakTuyeckoe 3ansaTue Neb

Pemenue 3ana4 no teme « OCHOBBI MOJNEKYJIIPHO-KMHETUYECKOU
TEOPUU.

ens paboTsr:

1. VYrayOuTh U KOHKPETU3HPOBATH MPEACTABICHUS O
MOJIEKYJIIPHO-KHHETHYECKOW TEOPUH BELIECTBA.

2. Hayuutbcs ucnons3oBats 3akoHel MKT niist pacuéra
OCHOBHBIX ITaPAMETPOB COCTOSIHUS BELIECTBA.

Brimonaus paboty, Ber Oynere:

YMETB:
- 00BSCHATD sABNEeHUS ¢ TOUkH 3peHust MKT
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- aHaNIM3UpoBaTh M nNpuMmeHATh 3akoHbl MKT mpu pemennun 3amay
pa3Horo xapakrepa

- pemarth 3a1a4u

MarepuanpHoe oOecrieueHne: WHAUBHIyabHOE 3a/IaHNue, KOHCTICKT
JIEKUUH, CIIPaBOYHbIE MaTEepPHAIIbL.

3ananue

1. Hcnons3ys ocHoBHBIE (hopmyibl 3akoHOB MKT, paccunrarh
IIapaMeTpS COCTOSIHUS BEIIECTBA.

2. VYSACHUTH NPUYUHHYIO CBSA3b SIBICHUN, IPOTEKAIOIINX B
BEILIECTBE, YCTAHOBUTH OCHOBHYIO 3aBUCUMOCTb U3MEHEHUS
MapaMeTpoOB COCTOSIHUS BELIECTBA.

[Topsanox BeimoHEHUS paboThI

1. [ToBTOPUTH OCHOBHBIE BOIPOCH! MOJIEKYJIIPHO-KMHETUYECKOI
TEOpHH..

2. Pemuts 3a1aun no BapuanTam.(M3 CMCKa U TaOJINLIbI)

Xon paboThI:

KonuyectBo BemiectBa (V) — (u3Mueckas BEIMYMHA, OHperelisieMast
YK CIIOM ero CTPYKTYPHBIX AJIEMEHTOB
aToOMOB, MoJIeKyn U 1p.) [v] = 1 _ »_1 | mob.

( > Y np.) [V] N, =6,02-10 —

Yucno Asoraapo (Na) — KoiIM4ecTBO YacTuil B 1 Moyb BeliecTBa
(Ha3Bano B uecth AMeneo ABorajnpo (1776—-1856, Urtammus).

MonsipHast Macca BemiecTBa (4) — BEJIMYHMHA, YUCICHHO pPaBHAsl €ro
OTHOCHUTENIbHOM aTOMHOM (MOJIEKYJSIPHOM) Macce Moy B aTOMHBIX

eAMHULAX u=m_ 1073 Maccl (cM. TIEpUOAMYECKYIO CHCTEMY
Jmutpus NBanosnya MengeneeBa (1834-1907,
KT
=1 o
Poccus). (4] MOJTb Macca o1HOU MOJNEKYIIBI (B KT): |7y = NL :
A

W3 onbITOB M3BECTHO, 4TO 1 MOJIb ra3a (He3aBHUCUMO OT XUMHUYECKOTO
cocTaBa) MpPU HOPMAIbHBIX YCIIOBHUSAX (OOC nu 760 MM pT. CT.)
3annMaet 00béM 22,4-107° M° (22,4 7).
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Konmenrpamus (N) — konmuuectBo Mojiekya N B equnmiie oobema V.

N 1 1
n=—\nl=1— n, ~2,7-10% =

V M M
Yucno Jlommuara (Ny) — KOHUEHTpAIMS MOJICKYJ Tasza IpH

HOPpMAJIbHBIX YCIIOBUAX

N=v-N, |I/I |m=V'ﬂ| — ymucio Mosiekyn N B v MOJIb BellecTBa M €ro
macca m.

“n- L | — ocHoBHOE ypaBHeHHe MKT nueanbHoro rasa,

W o
|

2
m-V o
rae E, = 5~ CpeAHss KHHETHYECKas SHEPIrus OJHOU MOJIEKYJIbI;

_ VA p
M — Macca MOJICKYIbI, V= Z N -
i=1

CpeaHsasa KBaApaTH4dHass CKOPOCTb
ABWIKCHUS MOJICKYIJIBI.

Temneparypa — XapakTEpUCTHKA ~—57315°C .
CTENeHU HarpeTOCTH Tela.
AOGcConoTHBI HyNnb — Temmeparypa t = -273,15°C, IIpY  KOTOPOH

JIOJKHO TIPEKPATUTRCS TIOCTYIATEIHHOE JBUKCHUE MOJICKYIT.
AbcomrotHas mikana temmeparyp (mkana Kenpuna) (7) — mikana
TEeMIIEpaTyp, TJIe 3a HyJb TPHHUMAIOT a0COTIOTHBIA HYJIb.

[7T] =1 K — kemsBun. 1 K = 1°C. Mexny mkanamu KenbBuHa u

Lenbcus aeiictByer cootHomenwue: |1 =1 + 273,15,

23 K
k=138-10 [ mocTosiHHas  Bobmana (Ha3BaHAa B YECTh

Jlrogsura bonbimana (1844—-1906, ABctpus).

, T. €. OaeleHue 2aza He 3a6Ucum om e2o npupodbl, a

onpeoensemcs moabKo KOHyenmpayueli n Moaexkyn u memnepamypotl T.
O0OBeIMHEHHBINA Ta30BBIA 3aKOH: JUIS JaHHOTO KOJHMYECTBA BEIIECTBA
MPOU3BEICHNE [aBJICHHS Ta3a Ha ero oO0BEM, OTHecCEHHOE K

v

T B




abCoIOTHON TemIepaType, eCTh BeIMUMHA TOCTOSIHHASL.

JIx PV _ const

R=k-N;=831— — LT
4 K MO YHHUBEpCcaabHas

ra3oBasi IIOCTOsSHHAasA.

m
pV =— RT|— ypaBHEHHE COCTOSIHUS HJieanbHOro raza (Menaeneesa-
H

Kianeiipona).
[IpakTrueckuil THTEPEC BBI3BIBAKOT TPU MPOLECCA B ra3ax:
1) npuv = constuT = const;  2) mpuv = constup = const;  3) mpuv
= constuV= const.

N3orepmuueckuii nponecc. 3akon boitna-Mapuorra
P N3oTepmuueckuil npouecc — Mpouecc B rase,
Ti<T<T3 MNPOUCXOMSAIIMNA TIPA TIOCTOSHHBIX KOJIWUYECTBE
BEILIECTBA U TEMIIEPATYpE.
mworepMa - 3akon  boitns-MapuoTTta:  mpH  MOCTOSHHBIX
KOJINYECTBE BEIIECTBA u TeMIepaType
<~ TpOM3BEJECHUE JaBJEHUS Tra3a Ha €ro OO0BEM
V. 0oCcTa€Tcsi MOCTOSIHHBIM.

pV = const

N3obapuueckuit mporecc. 3akon I'eii-Jltoccaka
N3obapuyeckuii mporecc— MpoIecc B Ta3e, MPOUCXOASANIMA Tpu
Vv MIOCTOSIHHBIX ~ KOJIMYECTBE BELIECTBA U

. P JaBJICHUU
un3obapa
| P V =aT
Ve
//// Pl>P2
04— 3akoH ['eii-JIroccaka: mnpu MOCTOSHHBIX
273 T

KOJIMYECTBE BEIIECTBA M JIABICHUH O0BEM
rasa InpsiMo TPOIOPIIOHANICH ero a0COIFOTHOW TeMIlepaType.

N3oxopuueckuit mponecc. 3akon laps
V2
: Hn30Xx0pa
Vl

g
/-

- |

v 273 T
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N3oxopuueckuid mpomnecc — Mpolecc B Trasze, MPOUCXOMAUIUNA MpHU
MIOCTOSIHHBIX KOJTMYECTBE BellecTBa M 00bEMe (0611 n3yueH Lllapiem).
3axon Illapis: mpu MOCTOSHHBIX KOJMYECTBE BEIIECTBA U 00BEME
JaBlieHHEe Tra3a MpsSMO MHPONOPIHMOHAIBHO €ro  abCONOTHOU
TeMIeparype.

BuyTpenHnss sneprus rasa (U) — cymma KHHETHYECKOIi
SHEPTUU €r0 MOJIEKYJ, MOTEHI[MAIBHON HEPTUU UX B3aUMOJICHCTBUS
1 BHYTPUMOJIEKYJISIPHOM SHEPTUH.

3 5
U= EVRT — U191 OOJHOATOMHOI'O UAEANbHOrO rasa. U= EvRT .

IJIL ABYXaTOMHOI'O Ira3a

. HHSI MHOI'0OaTOMHOI'O nacajbHOro

rasa

Pa6oTa raza npu nzob6apuieckom A=p-AV

pacuIupeHuu:
®uznyeckuii cmpica R:
YHUBEpCaJbHasl ra3oBasi NMOCTOsIHHAsE — paboTa, coBepiiaeMas OJHUM
MOJIEM HJIAIbHOTO Ta3a MpHU ero M300apuyecKOM HarpeBaHUM Ha
OJIUH KEJIhBUH.
B ycrnoBum HEKOTOPBIX 3a/1a4 OTCYTCTBYIOT HU(PHI. 3HAUYECHUS
(hbUBUYECKUX TTApaMETPOB ITUX 3a7a4 HEOOXOAUMO OpaTh U3 TAOJIUIIBI
1:
M0 BEPTUKAJIBHOM CTPOKE yKa3aH HOMEp BapuaHTa, o
TOPU30HTAIILHOM — HOMEp 3aJayH.

1. BpruucnauTe Maccy 0HOM MOJIEKYIIBI 3aIaHHOTO ra3a.

2. CKOJIBKO MOJIEKYJI CONEPIKUTCS MPU HOPMAJIBHBIX YCIOBHSX B
M KugorpamMmax Bogopoaa H, ?

3. Kakoe koIM4ecTBO BEIECTBA V COJAEPKUTCSA B ATFOMUHHEBOU

. -3
orimBKe Maccoit m? (K = 27107 kr/moub).
4, KakoBa macca v mone# yraekucioro rasza? (p.., =44-107
KI/MOJIb).
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5. Cpennsisi KWHETHYECKAasi SHEPTUS MMOCTYNATEIbHOTO JIBUKCHUS
MoNeKyn rasa pasHa E, . Yemy paBHa Temmeparypa rasa? (

k =1.38-107% i/K).

6. B Gamnone eMkocThi0 V JIUTPOB HAXOIUTCS KHUCIOPOJ IIPH

temrnieparype T u naBinenun P . Onpenenuts Maccy ra3a B OayoHe. (
-3

o, = 32-107 kr/mous)

7. B nununape nusens AaBlieHUE BO3yXa M3MEHAETCA OT P, 10

P, ; 00bEM IIpH 3TOM yMEHBIIAETCS OT V, 70 V, IuTpoB. Havanbnas

Temieparypa npouecca T,. OmnpenenuTs Temieparypy Bo3ayxa T, B

KenpBuHax mocie cxatus.

8. KakoBa BHYTpEHHSISI SHEPTUs V MOJIeH OJTHOATOMHOTO ra3a Ipu
temneparype T7?
9. B Oamnone emkocteio 30 1 HaXoAWTCS  KUCIOPOA  IpU

temneparype 300K u nasnenun 0,78MIla. Onpenenure maccy rasa B
OaoHe.
10. banmnon emkocteio 100 11 comepxkut 5,76 kr xucimopoxa. [lpu
KaKoM TemIeparype BO3HUKAeT ONAcCHOCTb B3pbIBa, €CIM OaioH
BbIIEpKUBAET JaBieHue 10 SMIIa?
11. BbruuciuTh yBenuueHne BHYTPEHHEW SHepruM 2Kr BOJOpOJa
IIpU MOBBIILIEHUH ero TeMieparypsl Ha 10 K.
12. VYraekucnslii ra3 Maccoit 0,2 Kr HarpeBaroT NpU MOCTOSHHOM
nasnenuu Ha 88K. Kakyro paboty coBepiiaer mpu 3ToM raz?

Tabnuna 1.
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: 1 10304 5 6 7 8

£ TA3 mlm[v [E [VIT[P[R[P[V [T ]y [T
E|  (popmym) | kr| r oy Jox | n |°K |xlla|klla|xlla| n | 1 |°C |Mons| K
1[kcropon O, | 1] 27] 2 [6-20% 2 100{ 1 |2 1|7 ]5[27| 1|2
2 |Boopox  H, | 2 [54] 4 [7:20% 4 |00 2| 3| 2|8]6|28]2|n%
3[Meran  CH, | 38| 61(8:20° [ 61{300|3|4]3]9]7]2]3]|w
4 030m Os 4 (108] 8 |0-20%| 8 [400] 4| 5| 4|10]8|30]4]3
5 |Asor N, |5 13510 [1-20% 10 w00| 5| 6|5 |1]9]|3]5]3
6 [Viepor  Co | 6 [162] 12 2-10% | 12 {20o0] 6 | 7| 6| 12| 10| 2] 6|R
7 [Veexuemsit CO, | 7 [189] 14 13-20% [ 14 {3000 7| 8 | 7| 1311|337 |3
8 |Temit  He, | 8 [216| 16 [4-10%| 16 (400 8 | 9 | 8 [14] 12| 34] 8 |34
9 NH 9 [243] 18 [5-20% | 18 |100| 9 | 10| 9 | 15| 13| 35| 9 |35
10 c, 10 [270] 20 (551021 20 {200 10| 11| 10| 16| 14|36 10] 36

dopma npenocraBieHUs pe3yabTaTa

BoinonHeHHble 3a7aun B TETPay s MPAKTUYECKUX padoT.
Kputepun oneHku:

3a nMpaBUIIBLHO BBIITOJHEHHOE 3a/JaHHE BBICTABIISIETCS MTOJIOKUTEIbHAS
olleHka — 1 Gasn.

3a HenmpaBWJIBHO BBINOJIHEHHOE JAEWUCTBHE, 3aJaHHE BbBICTABISETCA
oTpuLaTenbHas oneHka — 0 6aios.

KonnuecTs IIpouenT KauecTBeHHast o1ieHKa ypOBHS
0 0aiIoB | pe3yJabTaTUBHOCT MOJITOTOBKH
U (TIpaBUIIBHBIX bamn BepOanbHblii ananor
OTBETOB) (oT™meTKa
)

11-12 90 — 100% 5 OTinyHO

9- 10 80 — 89% 4 Xopo1o
7-8 60 — 79% 3 Y 10BIIETBOPUTEIIHHO
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0-6 MeHnee 60% 2 Heynosnersopurens
HO

Tema 2.1 OcHOBBI MOJIEKYIAPHO- KUHETUYECKON TEOPUH

[TpakTrueckoe 3anstue Ne/

«Pemrenne 3a71a4 Ha YpaBHCHHUE COCTOSAHUA NACATIbHOI'O ra3a,
HU30IIpOoHCCChI»

Lens paboTsr:

1.YrnyOuTh M KOHKPETH3UPOBATH MPEACTABICHHUS O MOJIEKYJISPHO-
KUHETHUYECKON TEOPUH BEILECTBA.

2. Hayuutbcs ucnonb3zoBaTh 3akoHbl MKT nmnst pacuéra oCHOBHBIX
MMapaMeTPOB COCTOSIHUS BEIIECTBA.

Brimonuus pabdoty, Bel Oynere:

YMETh:

- pa3iauyaTh BUbI U30IPOLIECCOB

-IIPUMEHSTh 3aKOHBI U30IPOLECCOB MPH PELICHUH 33/1a4

[Topsox BeINONIHEHNS PaOOTHI:
1.IToBTOpUTH OCHOBHBIE TIOHATHUSA, (HOPMYIIBI H30MPOILIECCOB
2.BBINOTHUTE MPAKTUYECKYIO0 paboTy 1o Bapuantam.( 6 3a1a4 )

N3orepmuueckunii mporecc. 3akon boitnsa-MapuoTTa

N3oTepmuueckuii mpouecc — Mpouecc B Tra3e, MPOUCXOASIIUN IpU
MOCTOSIHHOM KOJINYECTBE BEILIECTBA U TEMIIEPATYypE.

3akoH boiing-Mapuotrra: mpu MOCTOSHHOM KOJIMYECTBE BEIIECTBA U
TeMIlepaType MPOU3BEACHHUE JaBJICHUS raza Ha ero o0bEéM ocTaércs

IIOCTOSAHHBIM.
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N3obapuyeckuii mpomecc. 3akoH I eit-JIroccaka
N3obapuyeckuii mporecc— MpoIecc B rase, MPOUCXOMSIIUNA Tpu
MTOCTOSIHHBIX KOJIMYECTBE BEILIECTBA U JIABJICHUU

3akon ['eii-JIroccaka: mNpu MOCTOAHHOM KOJMYECTBE BEIIECTBA U
JMaBICHUH OO0BEM rasza MpsMO TPOMOPIMOHATICH €ro abCONOTHON
TeMIieparype.

N3oxopuueckuii nponecc. 3akon [laps
N3oxoprueckuid mpouecc — OPOLECC B Tasze, NPOUCXOIAIIUNA IpU
MTOCTOSTHHOM KOJIMYECTBE BeliecTBa U 00bEme (Obu1 n3yueH Lllapnem).

3akon Illapnisi: mpu MOCTOSIHHOM KOJIMYECTBE BEIIECTBA U 00BEME
JIaBJICHUE ra3a npsMo a0COJIOTHOM TeMIiepaType

1 BapuaHT

1. ITpu nocrosiuno# Temnepatype 270 C u gaBnenuun 105 Ila o6bem
raza 1 m3. Ilpu kakoit Temneparype 3TOT ra3 OyJeT 3aHUMaTh 00beM
2 M3 npu ToMm ke aaBiaenuu 105 I1a?

2. I'a3 mepeBenen u3 coctosHus 1 B COCTOsIHME 2, KaK MOKa3aHO Ha

pucynke. Kakoii aTo nmpouecc? Kak n3meHnnocs naBieHue rasa?
Ly

3. Kakoe nmaBnenme paboueil cMecH YCTaHOBWIJIOCH B IMJIMHIPAx
JIBUTaTeNsi BHYTPEHHErO CrOpaHUs, €CIM K KOHIy TaKTa CXaTus
TeMmeparypa nossicuiach ¢ 470 1o 3670 C, a 00beM yMEHBIIWICS C
1,8 no 0,3 n? IlepBonauansHoe naBienue 60 100 kI1a.

4. Kakoii o0wvem 3aiimer T1a3 npu 770 C, ecnu npu 270 C ero o0bem
obu1 6 17
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32. Ilpy M30XOpHOM HArpeBaHUU WJICATLHOTO ras3a, B3sITOr0 MpU TEM-
nepatype 320 K, ero naBnenue yBenuuuinoch ot 1,4(1105 no 2,101105
[Ta. Kak u3amenunace temmneparypa raza?

5.1300pa3ute rpadukyd TPOIECCOB HM3MEHEHHS COCTOSIHHS Ta3a B

J.- =T

.
cucreme koopauHat p, T u p, V.
6. N300pa3ute rpaduku MPOIECCOB M3MEHEHHS COCTOSIHHS Ta3a B

cucteme koopauHat p,Vu 'V, T.
P

2 BapuaHT

1. Yemy paBHO [aBlieHME€ Ta3a B KOHIE M30TEPMUUYECKOTO
paciivMpeHusi, €clii B Havase ra3 3aHumain oobsem 0,8 M3 u HaxoauiIcs
oA, nasieHueM 31105 Ia, a ero xkoneuHslit 00beM coctaBui 103 1?
2. I'a3 mepeBenieH U3 COCTOSHUS 1 B COCTOSHUE 2, KaK MOKa3aHO Ha
pucynke. Ka-koit 3to nponecc? Kak nzmenusicst oobeM rasza?

=X
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. I'a3 nmpu maBnennn 0,2 MIla u Temneparype 150 C umeer oobem 5

. Uemy paBeH 00bEM 3TOI MacChl Ta3a MPU HOPMAIBHBIX YCIOBHSIX (P
105 ITa, t = 00C).

= W

4 T'a3 mepeBesieH M3 COCTOSIHMSA 1 B COCTOSIHME 2, KaK IOKa3aHO Ha
pucynke. Kakoii aTo npouecc? Kak nsmenusnoch faBieHue rasa?

Wk

5. Ilpu temneparype 520 C naBnenue raza B 6awtoHe pano 201105
[Ta. Tlpu xakoif TemmepaType ero naBieHue OyaeT paBHo 2,501105
[Ta?

6. N300pa3ute rpaduku MPOIECCOB M3MEHEHHS COCTOSHHS Ta3a B
cucreme koopaunat p, T u V,T.

i

dopma npeaocTaBIeHUs pe3ybTaTa

BrImostHeHHBIC 3a7a9d B TETPAIH JUIS MPAKTHYSCKUX padoT.
Kputepuu onenku:

3a MpaBWIHHO BBHITIOJTHEHHOE 33J]aHKE BBICTABISICTCS MTOJIOKHUTEITbHAS
oIlleHKa — 1 Oai.

3a HEmpaBWIBLHO BBITOJIHEHHOE JICHCTBHE, 3aJaHUC BBICTABIISACTCS
oTpunaTensHas omeHka — 0 6amioB.
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Konuuects | [IpoueHT KauecTBeHHast OlLiEHKa YpOBHS
o 6ayioB PE3yJIbTaTUBHOCT | MOATOTOBKHU

u  (mpaBWIbHBIX | Bamn BepbanbHblii ananor

OTBETOB) (oTmeTka

)
6 90 — 100% 5 OTinnyHO
5 80 — 89% 4 Xoporo
4 60 — 79% 3 Y 10BIIETBOPUTEITHHO
0-3 Menee 60% 2 Heynosnersopurens
HO

Tema 2.2 OCHOBBI TEPMOJUHAMUKH

[IpakTuueckoe 3ansaTue Ne§
Pemenue 3anay no teme «OCHOBBI TEPMOIUHAMUKI)

Lenp paOoThl:Ha TMpUMepe pelleHUus 337ad  M3y4UTh 3aKOH
COXPAHCHUS SHEPIruu MPUMCHHUTCIIbBHO K TCIIJIOBBIM ITpOLIECCaM, IMYTAX
U3MEHEHMsI BHYTPEHHEM SHepruu Tell, aauadaTHYecKoM Ipolecce,
MpUHIMIIE PaOOTHI TEIIOBOM MaIINHBI.

Beimonnus paboty, Bel 6yzaere:

YMETb:

-COCTaBJISITh YpaBHEHHE TEIJIOBOTO OanaHca

-pelmaTh 3a/1a4u Ha IIEPBOE HAYaJI0 TEPMOJIUHAMUKH

MarepuanpHoe oOecredeHne: WHIAUBHAYaIbHOE 3aJaHue, KOHCIIEKT
JIEKIIU, CIpaBOYHBIE MATEPUAJIBL.

3amanne

1. CocTtaBuTh  ypaBHEHHs TeIUIOBOro OanaHca B 3a/Jayax,
pelmMTh 3aJaud Ha  M3MEHEHHWE BHYTPEHHEW DJHEPruM Teja IpHU
TEIJIOBBIX U MEXaHUYECKUX MPOLEecCcax.
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2. Bbryunts QOpMyIHMpOBKY M MAaTEMaTUYECKYIO 3aITUCh TIEPBOTO
Hayajlla TEPMOJWHAMHKH, pEIIMTh 3aJauyd HAa TPUMEHEHHE ero B
TEIUIOBBIX Ipolieccax.

[Topsanox BeinoMHEHUs paboThI

1. [ToBTOPUTH OCHOBHBIC BOTIPOCH TEPMOIUHAMUKH.
2. PemuTh 3a1auu 110 BappaHTaM
Xom paboThI:

1.OcHOBHBIE MOHATHS

TennooOmen (Teruionepenada) — oOMEH BHYTpPEHHEH 3Hepruei 0e3
COBEPIICHHS MEXaHMYECKOH paOOTEHI.

KomuyectBo Tternorel (Q) — SHeprusi, mnepelnaHHas B pe3yJbTare

TeroodMeHa. |Q=c-m-AT

VYenbHast TEIIOEMKOCTh (€) — KOJMYECTBO TEIUIOThI, HEOOXOAUMOE
Jutst HarpeBanust 1 kr BemectBa Ha 1 K (IOC).

Q Tk

c=——|[c] =1 > -> - ABHEHUE  TEIUIOBOTO
MAT lc] Kr~K| Qo Qoa yp

OayaHca.

Tozamllaz Qg = 1 2%
LCopenue: .Q— - [q]=1

KT

VY nenapHas TerIoTa cropanus (() — KOJMYECTBO TEIIOTHI, BBIACIAEMOE
MIpH CTOpaHUM | KT TOTUIHMBA.
[NapooOpa3zoBaHHe-TIEPEXO/T BEUIECTBA M3 JKUJKOTO COCTOSIHUSI B

razoo0pazHoe.

_Q _q Ax
.r—m [r]—lKF

VienpHas TemioTa mnapooOpa3zoBaHusi (I) — KOJHYECTBO TEIUIOTHI,
HeoOXoauMoe Uil TpeBpauleHus B map 1 K- KMIKOCTH TIpU
IIOCTOSIHHOM TeMIleparype.

IInaBieHrE — EpEeXo BEIECTBA U3 TBEPIOTO COCTOSHHS B KHIKOE.

Q=1-m|,

=9y =12%
m
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VnenbHas Temiora IuiaBieHHs (A) — KOJNMYECTBO TEIUIOTHI,
HeoO0XoAMMOE Ul TUIABJIEHUS | Kr BellecTBa MpU TEMIIeparype
IUUIaBJICHHUS.

IlepBblii 3aKOH (Hayaja0) TEPMOJAMHAMUKH: MU3MEHEHUE BHYTPEHHEU

sHepruu AU cuCTeMbl paBHO CyMMe KOJIM4YeCTBa
TEIIOTHl Q, MEPENaHHOro CHCTeME, U [ pabotel A,
COBEPUICHHOW HAaJ HEW BHEIIHUMHU CHJIAMHU.

AU =Q+A [ EELLLEL

TennoBas MalllMHa  —  MaIllMHa,

COBEpIIAIOIIAs MEXaHUYECKYI0 padoTy 3a Cu€T BHYTPEHHEH SHEprUH
TOILJINBA.

PaGouee Teno — raz, copepiaromnuii paboTy B TEIIOBOI MallluHE.

HarpeBatenr —  ycTpoiicTBO, cooOmampimiee padoueMy —Tenly
KOJIMYECTBO TerIoThl Q1 mpu Temmneparype 7.
XO0JIOAUJIBHUK — YCTPOICTBO, OTHHMarollee OT pabodero Tena
KOJMYECTBO TEIIOTHI Q2 pu TeMuepatype 72. [ = %

1

2. 3ajaHus 10 BapuaHTam

B ycnoBum 3agau oTCyTCTBYIOT LUGPBL. 3HaYeHHUS (U3UUECKUX
rmapaMeTpoB JSTHUX 3a7ad HeoOxoaumo Oparh W3 Tabmuibl 1: 1O
BEPTUKAIBHON CTPOKE YKa3aH HOMEP BapUaHTa, 110 TOPU3OHTAIBHON —
HOMEpP 3aJayH.

1. Bony maccoit m  Harpenu ¢ temmeparypel T, 10T, . Kakoe
KOJIMYECTBO TEIUIOTBl ~ 3aTpaTWiIM  OpU  Harpese. (
C, = 4200 Jix/kr - K)

2. OmpenennTh Maccy HarpeTol BOABI, €CIW JUIsl HarpeBa Ha
AT sarparmmu konmdectBo TerwioTsl Q. (C, = 4200 JHx/kr - K)

3. OmnpenenuTe MacCy CropeBUIETO KaMEHHOTO YIJIA, €CJIH IpH
CTOpaHUU BbIIETHIOCH

Q Jixoyaeit rerutotsl. (4 =29 -10° Jiw/kr )
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4. Cnupt maccoil m ucnapuics. OnpeaenanuTh KOJIUYECTBO TEIIIOTHI,

sarpadennoe s Bemapusanms crmpra. ([ =0.85 .10° JIx/KT )

5. OmpenenuTh  KOJIMYECTBO  TEIUIOTHI,  HEOOXOAMMOE st
pacruiaBjIeHUsl OJIOBIHHOTO CMTKa Maccod M. (A= 0,59 -10 JIx/kr).
Kakoe komn4ecTBO Temjia BBIJCIUTCS NPU OXJIKICHUA OSTOTO
pacIuiaBJIeHHOTO CJIUTKA?

6. T'a3s mox naBnenueM P, M300apHO PACIIUPUICS W COBEPLIMII
pabory 25 JIx. Hackonpko yBenuumiics oobem raza?

7. Tepmomumnamuueckor  cucreme  mepepano Q Jk  TermioThl.
Kak wW3MeHHTCS BHYTPEHHSIS SHEPTHUS CHCTEMBI, €CITH OHA COBEPIIIMIIA
paboty A?

8. Ilpu M30TEPMUUYECKOM pacmmpenuun  ( T=const) razom
Oblma coBepmieHa pabora A. Kakoe  kommuecTBO TermioTel Q
coolmeHo  rasy?

9. Berumciurs KIIJ[ TeroBoid MamMHBL, €Clid  TEMIIEpaTypa
Harpesarens T, , XOJOAMJIbHUKA T,.

10. Kakoii momxkna ObITh TeMIEpaTypa HarpeBaTens T,, YTOOBI

KIIg JIBUTATEIIsI COCTABJISI n pH TeEMIIEpaType
XOJIOIUIbHUKA T, .
1 2 3|1 4]5] 6 7 8 9 10
m|T, | T,|AT| Q] Q| m | m Q| A A =T, | T, i
kr | °C| °C | K |xdxMJx T r | xIa|xdx| ok | Jx |constf °C [ °C n |-
1 1 5 |8 [ 10]100] 10 [200| 20 | 100] 100| 50 [ 100| - | 100| 20 [ 0,9 | |
2 [ 2 ]10]90] 20 [200| 20 |400| 40 [ 200|200| 100|200 - [200] 30 | 0,8 | Z
31 3] 15[95|30]300] 30 [600| 60 |300]300(150([300| - |300| 40 [ 0,7 | -
4 [ 4 |20]100]| 40 [400| 40 | 800| 80 | 400 | 400|200 400| - [100| 25| 0,6 |
5|5 5 |8 | 50]500] 50 [ 100| 10 | 500] 500|250 | 500]| - |200| 35| 0,5 | :
6 | 6 [ 10] 90| 60 |600| 60 [200] 12 | 600 | 600 | 300| 600 | - [300| 45| 0,4 | ¢
7 7 [15]195]70([700| 70 |300]| 14 | 700 | 700|350 700| - [100| 30 | 0,95 ~
8 | 8 [20]100] 80 | 800 | 80 [400| 16 | 800 | 800 | 400 | 800| - [200| 40 | 0,85 | ¢
9 1 9| 5185190 |900(f 90 [500] 18 | 900|900 | 450|900 - [300| 50 | 0,75 | ¢
10| 1 [ 10| 90 | 100|100 | 100 | 600 | 20 | 100 | 100| 500 | 100| - [400| 60 | 0,35 | 1
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dopma npeoCTaBICHHS pe3yIbTaTa
BrimmonHenHbIE 3aa4u B TCTpaan AJId MMPAKTHUYCCKUX pa60T.

dopma npeaoCcTaBICHHS pe3yIbTaTa

BeinonHeHHble 3a1auu B TETpaau U IPAKTUYECKUX PadoT.
Kpurepuu onenku:

3a MpaBUIBHO BBIIOJHEHHOE 3a/laHUE BBICTABIISETCS IOJOXKHUTEIbHAS
oueHka — | Gam.

3a HenpaBWJIbHO BBINIOJHEHHOE JEHCTBHE, 3aJaHHE BbICTABISETCA
oTpuLaTenbHas oueHka — 0 6ayioB.

Komunyects | [Iponent KauecTBeHHass oOueHKa ypOBHA
0 0amIoB PE3yNbTaTUBHOCT | MOATOTOBKHU

u  (mpaBWIBHBIX | Bamn BepOanbHbIii anamor

OTBETOB) (oTmeTka

)
10-9 90 - 100% 5 OtauyHo
8-7 80 — 89% 4 Xoporo
6 60 — 79% 3 Y I0BJIETBOPUTEIEHO
0-5 MmeHee 60% 2 Heynosnersopurenb
HO

Tewma 3.1 DnexkTpuyeckoe nosne

[TpakTudeckoe 3ansTue Ne 9
Pemenue 3a1ad o Teme « IEKTPOCTATHKA)

Lenb paGoThI: M3YYUTh IIEKTPHUECKOE TI0JIE, 3HATH €r0 MPUPOLY, ET0
JIeiCTBUE Ha HIIEKTPUUYECKHE 3apsi/ibl U APYTHE IIEKTPHUUECKUE MOJIS.
Brimonaus paboty, Ber Oynere:

YMETh!

- 0003HaYaTh IEKTPUUECKUE OIS

-peaTh 3a/1a4u rpauuecKoro xapakrepa
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-pemaTh 3a/1a4y ¢ IPUMEHEHUEM (POPMYJT U 3aKOHOB JIEKTPOCTATUKHI

MarepuanbHoe oOecriedeHrne: WHAWBUIYAIbHOE 3aJaHHe, KOHCIEKT

JIEKIUH, ClIpaBOYHBIEC MAaTEPUAIIbI.

3ananue

1. BbIsIBUTE NpUYMHY TOSABICHMUS DJIEKTPUUYECKHX 3apsfoB,
OpPUPOJYy  DJCKTPUYECKOTO IO, MNPUHIUIN U CIOCOOBI
B3aUMOJICHCTBHSI ANEKTPHUUECKUX 3aPs/I0B.

2. BrrsascHuts MPAKTUYCCKOC 3HAUCHUC SABJICHUSA 3JICKTPU3ALUU U
€ro HCMOJIb30BaHUE B OBITY, NPHUPOJE, HAyKe, MPOU3BOACTBE, €ro
BPEHOE U II0JIE3HOE JACHCTBUE.

3. [TpuMeHUTh M3y4YEeHHBIH MaTepuay NpU PEUIeHWH 3aJad Ha
3akoH KyioHa, 3aKk0H cOXpaHEHMsI FIEKTPUUYECKOTO 3apsiia, IPUHLIUIT
CYNEPIO3UIMHU NOJIeH, HAPSHKEHHOCTD 3JEKTPUUECKOTO MOJIS.

[Topsanox BeimoMHEHUS paboThI

1. JI1OoBTOPHUTE OCHOBHEIE BOIIPOCHI TEMBI «DJIEKTPOCTATUKA
2. BrinucaTts 0cHOBHBIE (DOPMYIIBL M MOCTOSIHHBIE BETUYUHBI
3. Pemuth 331aun 1o BapraHTaMm

Xon paboThI:

HannextpuzoBanHoe TeJo — Teio, o0aaroliee CBONCTBAMH,
MIPOSIBJISIOIIMMHUCS B DJIEKTPUUECKHUX SBJICHUSX.
HeoOxonuMa konnyecTBeHHAst Mepa CBOMCTB HAJIEKTPU30BAHHOTO
Tena.
Dnextpudeckuii 3apsia (Q; () — Mepa CBOMCTB HadIEKTPU30BAHHBIX
TeJ, MPOSBIIAIONINXCS B dJIeKTpuyeckux siBeHusx [Q] =1 K —
KYJIOH.
B3anmoneicTBrs Ha’IEKTPU30BAHHBIX TEIT OTHOCST K
INEeKMPOMASHUMHBIM 83AUMOOCUCMBUSIM.
DneKTpu3aIys — Mporecc cooomenus Teny (JIudo
nepepacnpeereHuss MexIay 4YacTsIMU Tena) SJIEKTPUUYECKOro 3apsa.
e OmHUM U3 CTIOCOOOB AIEKTPU3AINH SBISETCS TPEHUE.
e 3 OmBITOB M3BECTHO, YTO CYIIECTBYET JBa BUJA DJICKTPUUECKHUX
3apsanoB. WX yCIIOBHO  HAa3bIBalOT  TMOJOKUTEIBHBIMH U
OTPULIATETLHBIMH.
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TodeuHblii 3apsi — 3apsl, PaCIOI0KEHHBIN Ha TEJe, pa3Mepbl
KOTOPOTO MPEHEOPEKNMO MaJIbI.

W3 onbITOB U3BECTHO:

1) onHOMMEHHBIE 3apsaAbl OTTAIKUBAIOTCS, PA3HOUMEHHBIE —
HPUTATUBAIOTCS;

2) HauMEHBIINH (JIEMEHTAPHBII) AIEKTPUUECKUH 3apsi]l,
CYLIECTBYIOIMI B IPUPOJIE — 3apsi]l JIEKTPOHA .

e 3apsn Tena , riae N — Konn4ecTBO 3J1EMEHTAPHBIX 3aps/IoB €
B 3apsize .

3aKOH COXpaHEHMS JIEKTPUUECKOT0 3apsiia: B AIEKTPUUECKU
3aMKHYTOH cucTeMe Tell IOJIHbIHM 1eKTpruuecKuil 3apsaa (Cymma
BEJIMYMH IOJIO)KUTEIBHOIO U OTPULIATEIBLHOTO 3apsI0B) OCTAETCS
MIOCTOSIHHBIM.

3HAuUT, JIEKTPUUECKUN 3aps]] HE BOSHUKAET U3 HUYETO U HE UCYEe3aeT
OeccieTHO U MOXKET MEePEXOIUTh OT OJHOTO F oy G| ToMaK
JIPYroMy MPH IEKTPOMArHUTHBIX « r2
B3aUMOJICHCTBUSIX.

3akon  Kymnona: onektpuueckass — (KyinoHoBckas) cuna by
B3aUMOJICHCTBHS ABYX TOYEUHBIX JIEKTPUUYECKUX 3apsAfoB (i U (2 B
BaKyyMe€ NpSIMO TpPONOPLHOHATIbHA MPOU3BEIECHUI0 MX BEJIUYMH,
00paTHO MPONOPLUOHATIbHA KBAJApPaATy PAcCTOSIHHUS I' MEXIYy HUMH U
HanpaBJI€Ha BJIOJb MPSAMOW, COCTUHSIONIEH 3TH 3apsi/Ibl.

2
k:9«109H'1\§ | =k %G _ 1 99 K03 hUIHEeHT
Kt : r? Are, 1’
HPONOPLUOHATBHOCTH.
B psine cinydaes miist ynporieHus pacuéToB K ymoOHO TpencTaBisaTh B
1
Buje: |k = . Torna:
47[50

_12 KJ’I2

DnexTpuyeckast NOCTossHHas — K03 (PUITUEHT |, =8,85-10 5 |

H-m

e Cuna B3aHMMOJCHCTBUS 3apAa0B B CpCIC MCHBIIC, YEM B BAKYYMC.
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OTHOCUTENbHAS UAJICKTPHUESCKAas MPOHUIAEMOCTh Ccpeabl (&) —

BEJIMYMHA, TMOKAa3bIBAIONIAsl, BO CKOJIbKO pa3 CHUjla B3aUMOJECUCTBUS

3apsnoB B cpene (Fc) Menblue, ueM B Bakyyme ( F, ).

AOcomioTHass ~ OURJIEKTpUYECKass  MPOHMUIIAEMOCTh  CPeObl  —

MIPOU3BENICHUE &)-&.

DNEeKTpUUECKOe TOJEe — OCOOBIM BHJ MaTEpHH, MPOSABISIOMIUNACS BO

B3aUMOJICCTBUH C DJICKTPUUYECKUMU 3aPSAIaMH., CYLIECTBYET BOKPYT

KaXJIOr0 3apsja M 3apsaibl B3aUMOJCHCTBYIOT JIpyr € JIpPyrom

IMOCPEACTBOM 3TOTO MOJIA.

Hanpsok€HHOCTh 3IEKTPHYECKOro 1mous (£) — BeKTopHas (usndeckas

BEJINYMHA, YHCIEHHO paBHAas CHUJIE, C KOTOPOM IOje JIEHCTBYET Ha

€IUHUYHBIA TOYECYHBIM  IOJIOKUTEIIbHBIA 3apsij, MOMEIIEHHBIA B
JAHHYIO TOUKY IOJISI.

. F H B .
E=E [E]=1—:1—E - CUJIOBast Q
q Kn M E=k -
XapaKTEePUCTHKA TOYKH g1

AJIEKTPHUYECKOTO TIOJIS.
Pabota mosist 1o nepeMeneHuto 3apsiaa

A=gq-E-Ax| rae AX — pa3HOCTbh KOOPJAMHAT KOHEYHOTO U HAYAJIbHOTO

MMOJIOKEHUH 3apsaa.

A=0-(p —@,)|, TO€ @, — ¢, - PA3HOCTH +q E -

—_—

MTOTEHIINAJIOB. | |
——t>
1) | 2

CBsi3b HANPSDKEHHOCTH U PA3HOCTH MOTSHITHAIOB
Ad >l
- B i P le P2
E =(¢1A—d(pz) [E]= 1=, T. e. HAPSHKEHHOCTH
M

OJTHOPOJHOI'O 3JIEKTPUYECKOTO M0JI YUCIEHHO PaBHA Pa3HOCTH

MIOTEHIIMAJIOB HA €IMHULIE AJIMHBI CUJIOBOM JINHUU.

Dnektpudeckas EMKOCTh npoBoaHuKa (C) — Q
4

OTHOIIEHNE 3apsAna Q MPOBOIHUKA K €ro MOTEHIUATY C=

[C]zl%zld)—q)apan
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Konnencarop — cucrema aByX MPOBOJTHUKOB (0OKIIAIOK),

pa3aeNéHHBIX CI0eM JAUAJICKTPUKA, TPeIHa3HAuUeHHAS [

HAKOIUICHHS U XpaHEHUS 3apsijia.

EMKkocTh nuockozo xouaencatopa (0OKIaIKM — IIOCKHE IUIACTHHBI)

ompenensaor mo ¢opmyine: , rae S — mmomanb o0kmagku; d —
paccrosiHue MEXITY

P PPy Py Q5 Ps Py P OOKIAAKAMHU.
+ ‘— + |- o+ |-+ -
Qe Q[ @ Q@ o [e
C, C, C, C,
C- & -&-S
d
CoenuHeHue KOH/ICHCATOPOB:

[TocnenoBarenbHOE COETUHEHUE KOHIEHCATOPOB — COSAMHEHHE, TTPH
KOTOPOM I10CJI€ 3apsAKUA OTPULIATEIHHO (TIOJI0KUTEIBLHO) 3apshKeHHAs
oOKJIaJIKa IPeIbIIyIIero KOHASHCaTOpa COeTUHEHA C TTOIOKUTEIBHO
(oTpuLIATEIBHO) 3aPSKEHHON 0OKIaAKOM MOCIEAYIOIIETO.

=

[TapamensHoe ’ l
COECIUHEHHUE C .
KOH/JIEHCAaTOPOB —

COeNMHEHHE, IpH QA — Q- Q —— Q-
KOTOPOM I10CJIE

3apsIKu BCe B I
MOJIOKUTEIBHO 3apsKeHHbIE 0OKIIAAKN cOOpaHbl B OJIMH y3€J, BCe
OTPULIATEIILHO 3apSKEHHBIE — B IPYTOM.

Cour = Zc, C

n
i=1 Gar

=C, +..+C,
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B ycioBuum  HEKOTOpPBIX 3aa4 OTCYTCTBYIOT HH(PHIL. 3HAUCHUS
(hbU3UYECKUX MMapaMeTPOB ATUX 3a1a4 HE0OX0AUMO OpaTh M3 TaOJIUIIBI
1

[0 BEPTUKAIBHON  CTpOKE yKa3aH HOMEp BapuaHTa, 10
TOPU30HTAIILHON — HOMEP 3aJauH.

1. C kakod cwiIoi B3aUMOJECHCTBYIOT JBa 3apsga (id (o,
HaxoJsIIMecs Ha PpacCTOSIHUM I B Cpele C JAUDJIEKTPUUYECKOMN
MIPOHUIIAEMOCTBIO €7

2. Ha «kakom paccrosHum J[pyr oOT Jpyra 3apsasl  (iu
02B3aMOJICHCTBYIOT c cunoiF, ecnu OTHOCHUTEIbHAs
JU3JICKTPUYECKas IPOHUIIAEMOCTh cpebl €? (41,02 1 € U3 3agaun Nel)
3. Onpenenuth BEIMYMHY KaXIOTO U3 JIBYX OJIMHAKOBBIX
3aps/ioB, €CIIM B CPele COTHOCUTEIBbHOW  JUAJIEKTPUUYECKON
MIPOHUIIAEMOCTBIO CpeIbl € HAa PACCTOSHUU [OPYr OT Jpyra OHHU
B3aUMOJICHCTBYIOT C cuiion F.

4. Onpenenuts HaNpsHKEHHOCTb NOJS B TOYKE, I€ ACUCTBYET
aneKTprueckas cuina F Ha mpoOHsbIii 3apsin (.
S. Haiftu Hanpspk€HHOCTH MOJS, OOPa30BaHHOTO TOYEYHBIM

3apsanoM (=10MkKin.Ha paccTossHUM IB cpelae C OTHOCHUTEIbHOMN
JTURJIEKTPUYECKON IIPOHUIIAEMOCTBIO €.

6. B onHOpomHOM 3lEKTpUYECKOM ToJjie HaNpsLDKEHHOCThIO E
nepeMemaeTcss no cwioBoil ymHuM 3apsaa q=10mxKn. Onpenenure
paboTy ANEKTPUUYECKOTO MOJIs, €CIH NepeMelieHne coctaBmio AX.

7. HanpspkeHne Mexay TOYKaMM 3JIEKTPUYECKOro IO 110
CWII0BOM JmHUM paBHO U, paccrosiHue mexay HUMH AX(M3 3amauu
Ne6). KakoBa Hanpspk€HHOCTB 1MoJIsA?

8. Kakyro paboTy HYXHO COBEpPIIUTH MJisi TOTO, YTOOBI 3apsia
0=108Kn nepemecTuics U3 TOUKH IOJIA C MOTEHIMAIOM (1 B TOUKY C
MOTEHIATIOM(P2?CXeMy TTepEeMEIICHHUs 3aps/iaB ICKTPUIECCKOM I10JIe
1300pa3uTh rpadMuecKy.

9. KakoBa €MKoCTh  MNpOBOJHMKA, TMOTEHUUANT  KOTOPOIO
u3MeHseTcsa Ha A npu coobueHnu emy 3apsaa q=9uKm ?
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10. Onpenenmuth EMkocTh Oatapen Cgay, €CIIM KOHIIEGHCATOPHI C
émrocTsMu  C1=10nd, C,o=15n® wu C3=20nd coenuHmIM: a)
MOCJIENOBATENBHO; 0) mapaIeNbHO. CxeMBl  COE€IMHEHHS
KOHIIEHCATOPOB HAYEPTHUTD.

dopma npeaoCcTaBICHHS pe3yIbTaTa

BeinonHeHHble 3a1auu B TETpaau s IPAKTUUECKUX pPadoT.
Kpurepuu onenku:

3a NpaBUIIBHO BBIIIOJHEHHOE 3a/JaHUE BBICTABIISIETCS MOJI0XKUTENbHAS
oueHka — | Gam.

3a HenpaBUJIbHO BBINOJIHEHHOE JAEWUCTBHE, 3aJaHME BbICTABISAETCA
oTpuLaTenbHas oueHka — 0 6ayioB.

Komunuects [IponenT KauecTBenHas oLieHKa ypOBHs
0 0aJuIOB | Pe3yNbTaTUBHOCT OJITOTOBKH
U (MpaBUIbHBIX bann BepbanbHblii ananor
OTBETOB) (oTmeTKa
)

10-9 90 — 100% 5 OTnu4HO

8-7 80 — 89% 4 Xopo1io
6 60 — 79% 3 Y 10BIIETBOPUTEIIHHO
0-5 menee 60% 2 Heynosnersopurens

HO
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Ne 1 2 3 7 8 9
Ba gr | Q2 | T € Fle|r| F F g |rle| E | AX U 01 Q2 | Ao
p K | 5K | cm MH c |mMH | MH| 8K | C H/ | cMm B B B B
I M I | M K
1 1 1 2 /810129 |10 5 (1|1 10| 35 | 110 | 100 | 500 | 10
2 2 2 4 1211202 4,80 |20 |10 |1 2] 20| 34 | 220 | 200 | 400 | O
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 | O
5 5 5 110| 6 | 50| 5|2 |50 |50|25|1]|5/ 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 (7|63 |7 (35 |57 70| 29 | 110 | 700 | 900 | 40
8 8 8 6 {218 |8|8|20 |8 |40 |58 80| 28 | 220 | 800 | 80 | 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 | O
60
0
70
0




80

90

11
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Tema 3.2 3aK0OHBI IIOCTOIHHOTO TOKA

ITpakTnueckoe 3anstue Nel(

Pemienue 3agau no reme «3akoHbl Omay
Lenp paOoThl: HAayuyUTHCS MPUMEHATH 3aKOHBI OMa IpU pelIeHUH
3a/1a4
Brimonaus padoty, Bel Oynere:
YMETh:
- pelath 3aa4u ¢ UCMOJIb30BaHuEM 3aKoHOB OMa
- MNpPUMEHSTh 3HaHWS B IIOBCEJIHEBHOM JKHU3HH IIPH pacuere
9KOHOMHH  3JIEKTPOIHEPTUU

MatepuanbHoe oOecrnieueHue: UHAUBUAYAIbHOE 33JaHUE, KOHCIIEKT
JEKIHH, ClIpaBOYHbIE MAaTEPUAIIbI

3ananue

1. u3yuuts 3akoHsl OMa

2. WUCTONB3ys 3akoHbl OMa, paccuuTaTb HapaMeTpbl
JIEKTPUUECKOTO TOKA

[Topsanox BeInonHEHNs pabOThI

1.IToBTOpUTE 3aKOHEI OMa

2. Pemmts 3agaun

Xom paboThI:

3akonbl Oma

B 1826 rony nemenkum ¢uzuxkom I'eoprom Omom (1787-1854 rr.)
SKCHEpUMEHTAIbHO  ObIO  OOHApyXeHO, YTO  OTHOUICHHE
HanpspKeHUs (Pa3HOCTH MOTEHIUAIOB) HA KOHLAX METATTMYECKOIrO
IIPOBOJHMKA K CHJIE TOKA €CTh BEJIMUNHA TIOCTOSIHHAS:

Ora BEJIMYMHA Ha3bIBACTCS OMHUYECKUM (aKTUBHBIM)
COIIPOTHUBIIEHUEM, UIIU IIPOCTO COIIPOTUBIEHUEM.

3akoH OMa U1 ydacTKa Lenu

Cuna Toka NIpsMO NPONOPLUOHAIBHA HANpPSHKEHWIO HAa KOHLAX
ydacTKa Lenu U 00paTHO MPONOPIUOHATIBFHA CONPOTUBICHUIO 3TOTO
ydJacTKa:



rae U — HanpsiKeHHe Ha KOHIIaX ydyacTka 1enu, B;

R — conportusnenue 3toro yuactka, Om.

[IpousBeneHne CuiIbl TOKA W CONPOTHUBIICHHS YydacTKa IICMH
Ha3bIBACTCs MaJICHUEM HANPSHKEHHS Ha 3TOM y4acTKe IIeTH.

3axod Oma 113 Bced Lienu

Bo3sbmem nBa 3apspkeHHbIX npoBoaHuka A u B. CoenuHuM ux
npoBogHUKOM ACB. T10on0XHUTENbHBIN 3apsi] MOA JCHCTBUEM CHII
aNeKTpUdeckoro moiist Fanm Oymer nBurathest K Touke B 1o mop moka
MOTEHIHAIBI Ten A n B CTaHyT PaBHBIMH.

iy B

JUis mojzepkaHus TOKa HEOOXOJMMO, YTOOBI IOJIOKUTENbHBIE
3apsaabpl BepHYJIUCh B TOUKy A. Jlyig 3TOro Ha 3apsiabl JIOJIKHBI
JEICTBOBATh CTOPOHHME CHIbl FCT., HampaBlE€HHbBIE NPOTHUB CHUII
ANEKTPUYECKOTO TOJISL.

Torna na yyactke ACB 3apsabl Oyner aBurarbcs moj JecTBuemM
cuJI AsieKTpudeckoro nosus Fan., a Ha ydactke

BDA — nop neiictBuem ctopoHHuX cuil Fer.

CTopoHHHME CHJIBI COBEPIIAIOT padOTy MPOTHB CHJI DJIEKTPHUUYECKOTO
noJist Fan. n neficTBYIOT BHYTpH UCTOUYHUKA TOKa (yuacTok BDA).
KonnuecTBeHHOM XapaKTepUCTHKOM CTOPOHHMX CHJI (MCTOYHHKA
TOKa) sBJsieTcs aneKTpoaBmxkymas cuna (3C):

Cormacno 3akony Owma i ydacTka II€TIH, HalpsDKEHUWe Ha
npoBojHuke U = I-R. PaboTa croponnux cui Act. = Anotp.+ AuCT.
AnoTp. — paboTa 3JIeKTPHUUECKOro MoJisi MO NMEePEMEIIECHHUIO 3apsa/ia OT
ToukH A k Touke B;Anorp.=q'U=q'['R.

HcTounuk Toka 00agaeT BHYTPEHHUM CONpOTHBIEHUEM 1. PaboTta
I10 MEPEMEILEHUIO 3apsiia BHYTPH UCTOUHUKA TOKA!

Aucr.=1Ir1q

Act. = ¢q.
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&
- R+r
3akon Oma Uil Bcell IenM: cuila TOKa B JJIEKTPUYECKOW ILEeNH
npsmomnponopuuoHanibia  J/IC  ucTtoyHmka TOKa U 0OpaTHO
MPONOPIMOHATIFHA [TOJTHOMY COTIPOTHUBIICHUIO IICTIH.
R — BHemHee comnpoTuBieHHe Iienu (0OIIee CONMPOTHUBIICHHE
noTpeduTeneit anexkTpuaeckoit sueprun), Owm;
I — BHYTpEHHEE CONpPOTUBIICHHE LENU (COMPOTHBICHUE MUCTOYHHKA
To-Ka), OMm;
R + r — monnHoe conportusieHue uenu, Om.

3adanus

1. DnexkTpuyeckuil NasuyIbHUK paccunTaH Ha Hanpsbkenue 120 B npu
toke 4,0 A. Kakoli 1uHbI HEOOXOIUMO B3ATh HUXPOMOBBIN MPOBOJ
nonepeuyHbiM  ceueHuem  3,9-10-7 M2 and M3rOTOBJIICHUSA
HarpeBaTelbHOro 31eMeHTa?

2. Omnpenenure najeHUe HANPSHKEHUS B JIMHUM 3JIEKTpOIEpeladuu
nmuHo 500 M mpu cune Toka 15 A. IlpoBoaka BbIOJIHEHA
IIIOMUHHEBBIM IIPOBOAOM ceueHueM 1,4-10-5 m2.

3. K npoBognuky miuuHou 6,0 M 1 nonepeuHslM cedeHueM 10-6 m2
MpuiiokeHa pasHocTh noreHnuanoB 5,0 B. Omnpenenute yaenbHoe
COIIPOTHBIIEHUE MPOBOJIHUKA, €CJIM CHJIA TOKA B e 1,5 A.

4. HctouHukoM TOKa B Iemu CHyXuT Oartapes c¢ sac 30 B.
Hanpsiokenue Ha 3axumax O6artapeu 18 B, a cuia Toka B nenu 3,0 A.
Onpenenurte BHENIHEE U BHYTPEHHEE CONIPOTUBICHHUE STON LIEMH.

5. Onc ucrouynuka Toka 6 B. IIpu BHeIHEM CONTPOTUBIEHUH LIENH B
Owm Tok paBeH 3 A. HaiinuTe TOK KOPOTKOT'O 3aMbIKaHUSI.

6. barapes Hakanma ayeKTpOHHOM Jammbl umeeT 3ac 6,0 B. Jlns
Hakayia Jamnbl HeoOxoaumo Hampspkerue 4,0 B mpu cune toka 80
MA. Buytpennee conportusienue Oatapen 0,2 Om. UeMy TODKHO
ObITh PABHO COMPOTHBIIEHUE PE3UCTOPa, KOTOPbIM HEOOXOAMMO
BKJIFOYUTDH TIOCIIEAOBATEIbHO C HHUTHIO JIaMIIbl BO H30eXaHue ee
nepekasna’?
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7. Kucnoruelii akkymymnsitop ¢ sac 2,0 B mpu 3aMblkaHMM Ha
BHemHee comnportusieHue 4,8 Om nmaer tok 0,4 A. Onpenenure
BHYTPEHHEE COIPOTUBICHUE aKKyMYJSATOpa W HANpsOKEHUE Ha €ro
3aKUMaXx.

8. K ucrounuky Toka ¢ 3ac 4,5 B U BHYTpeHHUM CONPOTHUBJICHUEM
1,5 OM npucoenuHeHa 1enb, COCTOALAs U3 JABYX IPOBOJHUKOB I10
10 OM Kaxnpll, COCIWHEHHBIX MEXIY COOOW mapaielbHa, W
TPETHErO NMPOBOJHUKA CONPOTHUBIIEHUEM 2,5 OM, II0JICOETUHEHHOTO
MOCNeZI0BaTeNbHO K JBYM IMepBbIM. Yemy paBHa cujia TOKa B
HEpa3BETBJICHHOM YacTH 1enu?

9. K ucrounuky Toka c 31¢ 120 B u BHyTpeHHUM CONPOTUBICHUEM
5,0 OM mipucoeIMHeHa 1IeTh, COCTOSIIAs U3 IBYX MPOBOAHUKOB 1080
OM KaKIblid, COEIMHEHHBIX MEXIY CO0O0M mapasieabHO, U TPEThEro
MPOBOAHMKA  compotuBiaeHueM 15  OwM,  [OAKIIOUYEHHOTO
MOCNIEZOBATEeNbHO K TEpPBBIM JABYM. UeMy paBHa cuja TOKa BO
BTOPOM MPOBOJIHUKE.

dopma npeaocTaBIeHUs pe3ylibTaTa

BoinonHeHHble 3a7aun B TETPAAH JUIs IPAKTUYECKUX padoT.
Kpurepun oneHku:

3a npaBUIILHO BBINOJIHEHHOE 33JaHUE BBICTABIIAETCS
MOJIOKUTEIIbHAS OlleHKa — 1 Gasut.

3a HENnpaBWIbHO BBINOJIHEHHOE JAEWCTBUE, 3aJ]aHHE BBICTABISIETCA
oTpuLaTenpHas oneHka — 0 6aoB.

Komnyects [IponienT KauecTBeHHas OLleHKa ypOBHS
0 6aJIoB | pe3yNbTaTUBHOC MOJITOTOBKH
TH (IpaBUIBHBIX bain BepOanbHblii ananor
OTBETOB) (oT™eTK
a)

8-9 90 — 100% 5 OtinuHO

7 80 — 89% 4 Xopo1io
6 60 — 79% 3 Y I0BIIETBOPUTEITHHO
0-5 menee 60% 2 HeynosnerBopurenb

HO

67



Tema 3.2 3aK0OHBI IIOCTOSIHHOT'O TOKA

[TpaxTrueckoe 3anstue Ne 11
«PemeHne 3a1a4 Ha 3aKOHBI COSMHEHUS IPOBOTHUKOBY

Lenb pa®oThl: HAYYUTHCS PACCUMTHIBATH IEKTPUUECKHUE LEMH MPU
MOCTIeIOBATEIbHOM M TapaJlJIeIbHOM COCAMHEHUH TPOBOJAHUKOB
(motpebuTeneii).

Beimonuus paboty, Ber Oynere:

YMETh:

- pa3yinyaTh BUJIbI COCIMHEHUN

- IPUMEHSTH 3aKOHBI COCTUHEHHI Ha MTPAKTUKE

-pemaTh 3a/1a4M Ha 3aKOHBI COSTUHEHHUS TIPOBOJHUKOB

MatepuanbHoe oOecrnieueHue. UHAUBUAYaIbHOE 33JaHUE, KOHCIIEKT
JIEKIUH, CIpaBOYHbIEC MaTE€PUAIbI.

3ananue

1.M3yunTs npaBuia nocie 0BaTeIbHOTO COEAMHEHNS] TIPOBOJHUKOB.
2.MI3yunTh npaBuia napasiesbHOro COEAUHEHHS POBOIHUKOB.
3.Ucnonp3ys  mpaBuia IOCIEAOBAaTENbHOIO M IMAapaJUIENbHOIO
COETUHEHUS MIPOBOJIHUKOB, paccuuTaTh napaMmeTpbl
NMEKTPUYECKOTO TOKA

4. M3yunTh CcHOCOObI BBIYMUCICHHUS OOIIEr0 COMPOTUBIIEHUS IIPH
CMEIIaHHOM COEAMHEHUN ITPOBOJAHHUKOB

5.PemuTsh 3a1aun Ha pa3Hble BUJIbI COEAMHEHUSI IPOBOJHUKOB

Kpatkue TeopeTrueckue cBEeACHHUS:

ITocaenoBareapHOE COEIUHEHHE IIPpOBOAHHUKOB

[Tocne0BaTENBPHOCCOCANHEHUE u, . U, U,
| | | |
MIPOBOTHUKOB — COEAMHEHUE, TIPH IJ_I
KOTOPOM IIPOBOAHUKH 06 a3yroT
p POBOX pasy R, R, R,
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€IMHYIO 1IeTb, pa3MbIKaHUE KOTOPOU B JTF0OOM MecTe MPUBOJIUT K
IIPEKPALLEHUIO TOKA BO BCEH LIETH.
[Ipu nocnenoBaTenbHOM COEAMHEHUN TPOBOAHUKOB!

n
U=Us+..+UsU$> U,
i=1

= constunul=const

n
R:R’I ++RnR=ZRI

i=1

HapaJ'IJ'ICJ'ILHOC COCIUMHCHUEC ITPOBOJHUKOB

HapaJ'IJ'IeJ'ILHOG COCAUMHCHUEC ITPOBOJHUKOB — COCAMHCHUC, IIPHU
KOTOPOM Havalia BCEX IMMPOBOAHUKOB CO6paHI)I B OJIUH Y3€JI, KOHIbI —
B ,Z[perﬁ, U OTKIHOYCHUC OT

ANEKTPUYECKON LIETH JII000T0 U3 3TUX Iy Ry
<L
MIPOBOJAHHUKOB HE MPUBOJUT K OTKIIFOUEHHUIO I:lR
I, 2

OCTaJIbHBIX. =T |

HpI/I napaujieJibHOM COCAUHCHU N

MIPOBOTHUKOB: U
U| = constU=const Iy Rs
: A= 1
LE L4 o+ Do =D, W
=1 ]
1 1 1 |1
J=—1t.+=—==pD =
R R, R, R TR

[Topsimok BeIMOTHEHUS PAOOTHI
1.IToBTOPUTH NTpaBUiIa COETUHEHHUS TPOBOIHUKOB.
[TocnenoBarenbHOE COETMHEHNE MPOBOTHUKOB
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ITocnenoBarenbHOE COCIMHEHUE TMPOBOJHUKOB — COCAMHECHHE, IIPH
KOTOPOM TIPOBOJHHMKH OOpa3yloT €IWHYI0 Lelb, pa3MbIKaHUE
KOTOPOH B JIF0OOM MeCTe MPUBOJIUT K IPEKPAILIEHUIO TOKA BO BCEil
LIETIH.

IIpu nocnenoBaTeIbHOM COEIMHEHNN IPOBOIHUKOB:
U=Ul+..+Un

| = constunul=const

R=R1+..+Rn

[TapannenbHOE COEIMHEHNE TPOBOAHHUKOB

[TapamienpHOE COEIMHEHUE IIPOBOJHUKOB — COCIHMHEHME, IIPH
KOTOPOM Hauajla BceX IPOBOJHUKOB COOpaHbl B OJIUH Yy3€Jl, KOHIbI —
B JPYroid, ¥ OTKJIIOYEHHUE OT AJIEKTPUUECKON LENH JIF0O00r0 U3 ITHX
IIPOBOJHHUKOB HE IPUBOJIUT K OTKJIFOUEHUIO OCTaIbHBIX.

[Ipu napayenbHOM COEJUHEHUN ITPOBOIHUKOB:

U = const
I=11+ ...+ Inumm
1 1 1
—_— =t t—
R R R,

Pemmuts 3agaun

1. KinaccHas KOMHaTa OCBEIAETCS ILIECThIO  MapajlIeIbHO
COEIMHEHHBIMU MEXJIy COOOW JaMIo4yKaMu, Kaxaas U3 KOTOPBIX
nmeer conporusieHue 480 Owm. Omnpenenure cuiay TOKa B
MOABOMSIINX TMPOBOAAX, €clu HampsbkeHne B cetu 220 B.
ConpoTuBiIeHNEM MOABOASIIUX IPOBOJIOB MTPEHEOPEUb.

2. K wemnu, cocrosimeid U3 MPOBOAHHUKOB compoTuBieHueM 20 u
300m, COEIMHEHHBIX NapajuiesbHoO, " IIPOBOIHUKA
conporuBieHneM18 OM, NOAKIIOYEHHOTO K TEPBBIM JBYM
MIOCJIEZI0BATENbHO, MpUIIOkeEHO HamnpsbkeHue 120 B. Ompenenurte
CIIly TOKa B HEpa3BETBJIEHHOM YacTU LENU U HaNpsDKeHUWE Ha
BTOPOM IPOBOJIHUKE.
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3.0npenenuTy HaOpsHKEHWE Ha 3aXUMax JIByX MapajljIeIbHO
COEMHEHHBIX 3JeKTponedeld conporusieHueM 10 u 20 OM u Tok B
HHX , €CJIM B HEPA3BETBJICHHOW YacTH LN TOK 33 A.

41lens coctoutr u3 Tpex comporuBienuit 10 ; 20 u 30 Om
COEIMHEHHBIX IOcienoBaTeabHO. [lagenne HanpspkeHusl Ha epBOM
conpotuBieHun 20 B.HaiiTu najnenue HanpspkeHUS Ha OCTAJIbHBIX
CONPOTHUBIICHUAX U HAIPSHDKCHUE HA KOHIIAX LIETH.

5.Uetbipe namiibl, conmpoTuBiieHHs KoTopbix 4; 5; 10 u 20 Owm,
COEIMHEHBI MapaieapHo. OnpenenuTs TOK B KaXJAOW JlaMIle u
00K TOK , €CIIM B TIEPBOI1 TaMIIe TOK paBeH 2,5 A.

6.Tpu motpebutens compoTusieHueM 12; 9 u 3 Om coequHEHBI
nocienoBarensHo. Hanpspkenue Ha konuax nenu 120 B.Haiitu Tok
B LIENIU U MMaJICHUE HANIPSHKSHUSI Ha KaXKIOM IoTpedurere.

7.Tox B 50 A B HEKOTOpOH TOYKE LIETH PA3BETBISAETCS TEYET I10
YEThIPEM I[ApaJUICIbHO BKJIIOUEHHBIM B LEMb MPOBOJHUKAM,
conpoTuBiieHus KoTopbix 1; 2; 3 u 4 OM. Haiftu Tok B Kaxkiom
MIPOBOJIHUKE.

8.Uepes pesuctop R1=55 Om mpoxoaut Tok [1=4A. Onpenenuts
conporusieHne R2, ecim depe3 Hero mnpoxomuT Tok [2=0,8A.
Pe3ucropsl coeiHEHbI TapalIeIbHO.

«Cmeniansoe COCIMHCHUEC ITPOBOAHUKOB»
HOpHZ{OK BBITIOJTHCHU A pa6OTBII

1. W3yunth  mpaBWwiia  TOCJIEIOBAaTEIbHOIO  COEIMHEHMS
IIPOBOJHHUKOB.
2. N3yunuthb IpaBuJIa napajjieIbHOTO COEIMHEHUS
IIPOBOJHUKOB.
3. Hcnone3ys mnpaBuiia MOCIEI0BATENBHOIO U MapajlIeIbHOTO
COEIUHEHUS IIPOBOJJHUKOB, paccumTarh napameTphbl

QJICKTPHUYCCKOI'0 TOKa IMPU CMCIIAHHOM COCANMHCHUHN ITPOBOJAHHUKOB.
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Penmtn3agauu

=

R1:20

3.BoceMb pe3ucTopoB 1o J1Ba MOCIEA0BATEIHLHO COSIUHUIIN B 4
napajuienpHble BeTBU. CONpPOTUBIIEHHE KaxaAoro pesucropa 4 Om.
Haiitu o61iee conpoTUBiIeHHE BCEX PE3UCTOPOB.

4.BoceMb pe3uCTOpoB MO 4 TOCIENOBATEIbHO COCAUHIIA B 2
napaienbHeie BeTBU. Ompenenuts o0IIee COMPOTHUBICHUE BCEX
PE3UCTOPOB, €CIIM CONPOTUBIIEHHE Kaxa0ro pezucropa 20 Om.

dopma npeaoCcTaBICHUs pe3yibTara

BoinonHeHHble 3a7aun B TETPAAH JUIs IPAKTUYECKUX padoT.
Kpurepun oneHku:

3a npaBUJIbHO BBINOJIHEHHOE 33JaHUE BBICTABIIAETCS
MOJIOKUTEIIbHAS OlleHKa — 1 Gasut.

3a HENnpaBWIbHO BBINOJIHEHHOE JAEWCTBUE, 3aJ]aHHE BBICTABISIETCA
oTpuLaTeNbHas orjeHka — 0 6aos.

Konuuects IIponent KadecTBeHHast OlIeHKa ypOBHS
0 0aJUTOB | pe3yNbTaTHBHOC MIOJITOTOBKH
TH (TTPaBUIBHBIX bann BepOanbHblii ananor
OTBETOB) (oT™meTK
a)

11-12 90 — 100% 5 OTnnyHO

9-10 80 — 89% 4 Xopo1o
7-8 60 — 79% 3 Y 10BIETBOPUTENHHO
0-6 meree 60% 2 HeynosnerBopurenp
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Tema 3.2 3aK0OHBI TIOCTOIHHOTO TOKA

[IpakTuueckoe 3anstue Nel2
Pemenue 3a1a4 Ha GopmyIibl pabOTHI 1 MOIITHOCTH TOKA

Ilenp pabOTBI: HAYYUTHCS pEIIATh 3aJa4d, HUCIOIB3YS (DOPMYIIBI
paboThI TOKA ¥ MOLTHOCTH

Brinonnus padoty, Bel Oynere:

YMETh:

-IIPUMEHSTH 3aKOHBI TOKA MPU PEIICHUH 3a/1a4

- pemarp 3aJa4u 1o TeMe

MartepuanpHoe obecrnieueHue: UHAUBUAYaIbHOE 3aJaHHE, KOHCIIEKT
JIEKIINH, CTIPaBOYHBIE MaTEepPUAIIbI

3aganue

Ucnons3yss (opmynbl pabOTBl W MOIIHOCTH TOKAa PacCUYUTATh
rapaMeTpbl ANEKTPUUECKOTO TOKA.

[Topsnox BeIMoOTHEHUS PabOTHI

1.IToBTOpUTH hOpMYIBI paOOTHI U MOIIIHOCTH TOKA.

PaGota u MomrHOCTh TOKA

Paboty cun snekTpudeckoro mojs, CO3AAIOIIEr0 YHOPSI0UYEHHOE
JBUKEHHE 3apsDKEHHBIX YaCTHI] B POBOJIHUKE, T. €. dJICKTPUUECKUN
TOK, Ha3bIBAIOT PabOTOM TOKA:

A=10U00O,

rae A — paboTa 2JIeKTpUIECKOro TOKa Ha yJacTke 1enu, JIx;

| — cuna Toka Ha JAaHHOM y4YacTKe IeTH, A;

U — HanpspKeHHE Ha ydacTke 1end, B;

[Jt — BpeMs IPOXOKJICHHSI TOKA IO YYaCTKY IIETIH, C.
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rae P — mommuocTh TOKa, BT.

Ecnu Ha ywacTke menu BCsS SHEpPrus NMEPEXOAUT BO BHYTPEHHIOKO
SHEPTHIO MPOBOJHMKA (HE COBEpIIACTCS MEXaHW4eckas paboTa), TO
Q = I2R [t — 3akon Jxoynsa-Jlenna.

Q — KOJIMYECTBO TEIUIOTHI, BHIJICIMBIIICECS B IPOBOTHUKE, JIK.

2.Pemuts 3anaun

1. DnekTpoaBuUrareib, CONMPOTUBIEHUE 00MOTKH KOTOpOoro 0,4 Owm,
paboraer ot cetu c¢ HampsokeHuemM 300 B mpm Toke 50 A.
Onpenenure KayecTBO H3PAacXOJOBaHHOM »HHEpruM 3a 5 4.,
COBEpIICHHYIO JBUTaTElIeM MEXaHHYECKYyI0 PaboTy M KOJIUYECTBO
TEI-JIOTHI, BbIJIEJICHHON B OOMOTKE.

2.ABTOoOMOOMIBHBIN cTapTep 3a 10 ¢ paboThl MOTPEOIIIET SHEPTHIO
6,0-104 JIx. KakoBa cuia TOka, MPOXOASILEro 4yepe3 crapTep BO
BpeMs 3aIycKa JIBUraTells, eClii HampsbKeHre Ha ero kiemMMax 12 B?
3.CapounbiM armapatoMm. PaGoTaronum OT ceTu HampspbkeHuem 45
B 3a 20 munyT ObLTO M3pacxomoBaHo 5.4xBr*uac suepruu. Ilpu
KaKoOM cujie TOKa IMpoTeKaia Ayrosas cBapka ?

4 Dnextpudeckuit ytior moirHocThio 800 BT pabotaer ot cetu 220
B .Ompenenuth cuiny TOKa B HarpeBaTEIbHOM D3JIEMEHTE U €ro
COIIPOTHBIIEHHE B paboueM cocTossHMM yTiora. CKOJIBKO 3HEprUH
OyJIeT u3pacxo1oBaHo 3a 1,5 yaca HeMpepbIBHOM padOTHI yTioTa ?
5.B cerp Hanpsbkenuem 120 B mocnenoBaTenbHO € 3JIEKTPUYECKON
Oyroi BKiIIoueH peoctar . IlageHue HampspkeHUsT Ha 3JEKTpoJax
nyru 45 B ,cuia Toka B nenu 12 A. OmnpenenuTs MOIIHOCTH
,IOTPEOIIIEMYIO TYTON U K.II.J[. YCTAHOBKH.

6.Pe3ucrop mNoAKIIOUEH K HWCTOYHUKY TOKAa, HANpsHKEHUE Ha
3akuMax kotoporo 6 B. Kakas pabota coBepiiaercs TOKOM, €CIIH 32
0,5 MuHyT uepe3 pesuctop npoxomuT 3apsan 24 Kn? Omnpenenuts
MOIIIHOCTh TOKa ¥ COIIPOTUBJICHHE PE3UCTOPA.

7.Kakasg MOUIHOCTh TOTpeONIAETCS JIYroBOM CTalleIuIaBUIbHOM
neybto, paboTaromieil oT ucrouHuka HampspbkenueM 220 B npu cuite
toka 30000 A? OmnpenenuTs CTOMMOCTb 2JIEKTPUUECKON dHEpruu ,
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M3PACcXOJ0BAaHHOW 3aM 5 4YacoB pabOTHI IMMEYH, MO JICHCTBYIOIMIEMY
Tapugy.

8.Hampsbkenue Ha 3axuMax reHeparopa 132 B, a y maorpeOurens-
127 B. OmnpenenuTh NaJcHUE HANPSIKEHUE B MaruCTpPalbHbIX
MIPOBOJAX U COIMPOTUBIIEHUE , €CIM MOIIHOCTh TOKA y MOTPEOUTENS
paBHa 5 kBT.

dopma npeaocTaBiIeHUs pe3ysibTaTa

BoinonHeHHbIe 3aja4M B TETPaau JJIs IPAKTUUECKUX padoT.
Kputepuu onenku:

3a paBUIIbHO BBINOJIHEHHOE 33JaHUE BBICTABIIAETCS
MOJIOKUTEIbHAS OlleHKa — 1 6art.

3a HENpaBWIbHO BBINOJIHEHHOE JAEMCTBUE, 33JaHUE BBICTABISAECTCS
oTpulaTenpHas oneHka — 0 6amioB.

Komnuuects [Iponent KadecTBeHHast OIICHKA YPOBHSI
0 0aJuIOB | pe3yNbTaTHBHOC MTOITOTOBKH
TH (TPaBUIIBLHBIX bann BepOanbHbIii anamor
OTBETOB) (oT™meTK
a)

8 90 — 100% 5 OTimaHO

7 80 — 89% 4 Xopor1ro
5-6 60 — 79% 3 Y 10BIETBOPUTENBHO
0-4 menHee 60% 2 HeynosnerBopurens

HO

Tema 3.5 DnexkTpoMarHuTHasg HHAYKIUS .MarauTHoe mose.

ITpakTnueckoe 3ansTue Nel3

«Pemenune 3a1a4 o reme «MarHuTHOE 10J1€, JIEKTPOMAarHUTHAS
WHIYKIUS)»
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Lenp paboThl: HAYyYUTHCS PACCUMUTHIBATH MapaMeTpbl MAarHUTHOTO
II0JIs1 IPUMEHSTH IIPABUIIA IIPABOM U JIEBOU PyKHU
Brimonaus sty padory, Bel Oyzaere:

YMmeTs:
-pacCcUMTHIBATh 3HAYCHUSI TAPAMETPOB MAarHUTHOTO TIOJIS.
'OHpGI[eJIHTB HaHpaBJICHI/ISI MaFHHTHOﬁ I/IHI[yKI_[I/II/I, CHJI1 B

MAarHMTHOM TI0JIC€ C TTOMOIIBIO MPABUJII
MartepuanpHoe oOecrieueHue: HHIUBUAYATbHOE 3aJaHUEe, KOHCIICKT
JICKIIUH, CIIPABOYHBIC MaTCPHAIIBI.

3amanue:

1. TToBTOpPUTH XapaKTEPUCTUKH MArHUTHOTO TIOJISI U TIPABUIIA PYK

2 BbINOJHUTH TPEHUPOBOYHBIE 331a4U Ha MIOCTPOCHHUE.

3.Pemmth 3a1a4u HA OLEHKY IO BapUAHTAM.

Kpatkue TeopeTrnuecknue CBeJCHUS:

CBolicTBa MarHUTHOTO TOJIS

1. MarautHoe 10JI€ TOPOXKIAETCS  DJIEKTPUYECKHMM  TOKOM

(IBMXKYIIMMUCS 3apsAaMH).

2. MarautHoe Tmone  OOHapy)KUBaeTcs IO JACHCTBUIO Ha

ANEKTPUYECKUH TOK (ABIKYIIHE 3apsbl).

JUis  XapakTepUCTHKM MAarHUTHOTO TIOJIS BBOAMTCA (U3HUEcKas

BEJIMYMHA — MHAYKUUS MarHuTHoro mojs . Moaynb Bektopa

MarHMTHOM HHIYKIMM DPABEH OTHOIICHHIO MAaKCHUMAaJbHOW CHIIBI

Fmax, nelicTByromei cO CTOPOHbI MarHUTHOIO IIOJS Ha Y4YacTOK

IIPOBOJHMKA C TOKOM, K ITPOU3BEICHUIO CUJIBI TOKA | Ha [UIMHY 3TOTO
po P

ydactka Al: -0

Envnuna namepeHnus MarHuTHOM WHIYKIIMU Ha3bIBAETCA TECHA — .

H
Bl=——— =T
[Bl- =T
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XapaKkTepuCTUKON MarHUTHOTO TOJIS B BAKyyMe SIBJISIETCS BETMUHMHA,
Ha3bIBaeMasi HaNPs>KEHHOCThIO MarHUTHOTO 1oist H. Oto BekTopHas

BEJIMYMHA, COBITAIAI0MIas B OJHOPOIHOM cpeze ¢ B .
Mopaynu 3TUX XapaKTEPUCTHUK MArHUTHOTO mojst ( ¥ ) CBSI3aHbI

cooTHOmeHnem: B = it

)
rae L0 — MarHuTHas OCTOSIHHAS;

L — MarHuTHas MPOHUIIAEMOCTh Cpelibl, KOTOpas MOKa3bIBaeT, BO
CKOJIbKO pa3 MHAYKILMS MarHUTHOTO MOJS B AaHHOM cpene Ooblie
WIA MEHbIIIE, YEM B BaKyyMe.

Monaynp MHIYKIMM MarHUTHOTO TIOJIA JUIS TIPSIMOTO OECKOHEYHO
JUIMHHOT'O TIPOBOJJHUKA C TOKOM PaBEeH:

Mol
27R

B =

JlelicTBME€ MarHUTHOTO TOJISI HA TPOBOJHUK C TOKOM

Cuia, paeicTByroIIass Ha MPOBOJHUK C TOKOM, IIOMEIICHHBIA B
MarHuTHOM T10JIe, Ha3bIBAETCS CUIION AMmrepa.

Benuuuny 3TOM CUIIBI ONIPEAEISIOT MO 3aKOHY AMIIepa:
F=B:1-/-siha

rae { — irHa IpOBOJHUKA, M;

0 — YroJI MEXI1Y BEKTOPOM MAarHUTHOW MHAYKIUHA U POBOJIHUKOM.
Hamnpasnenue cuibl AMinepa onpenensieTcs 1o NpaBuily JEBOU pyKu:
Ecnm neByro pyky pacmoyioKUTh Tak, 4TOOBI MEPIEHIUKYISIpHAS K
MPOBOJHUKY COCTAaBISIOIIAsl BEKTOpa MAarHUTHOM WHIYKIUU
BXOJWJIA B JIAJ0OHb, a 4 BBITSHYTHIX Najiblla ObUTM HANpaBIEHBI 11O
HaMpPaBIIEHUIO TOKA, TO OTOTHYTHIN Ha 90 GONBIION Maiel MOKaXeT
HaTpaBJIeHUE CHUJIBI, ICHCTBYIOIIEH Ha OTPE30K MPOBOAHKKA (puc. 4)

JleficTBrEe MarHUTHOTO TOJIL HA JIBHKYILMICS 3apsif

Cuna, ¢ KOTOpOM MAarHMTHOE IOJIE€ JEHCTBYET Ha JABIKYILIUKCA
AJIEKTPUYECKUN 3apsil, Ha3bIBaeTCs cuiion JlopeHna.

Mopynb 3TOW CHIIBI paBEH:
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Fa= BgVsina

re § — MOJIyJb 3apsiia gactuiibl, Kir;

V — CKOpOCTb YaCTHIIbI, M/C;

o — yroa mexay BuV

Hanpapiienne cwibl JlopeHna ompesensercs Mo MpaBUiIy JIEBOU
pYKH:

Ecnu neByro pyKy pacioioOKUTh TakK, YTOOBI COCTABJIAIONIAs BEKTOPA
MarHUTHON WHAYKIIMH, TEPICHIUKYISIpHAS CKOPOCTU 3apsfa,
BXOJWJa B JIaJ0Hb, a 4YeThIPe Majblla OBbUIM HAIpPaBJICHBI 110
JIBUKCHHUIO  TOJIOKHUTEIBHO  3apsHKCHHOHW — YacTHIbl  (TMPOTHB
JIBYDKEHUST OTPULIATEIILHO 3apsDKEHHON YaCTHIIBI), TO OTOTHYTBHIA Ha
90 GoublION Majel MOKaKeT HalpaBlIeHHE JEHCTBYIOMIEH Ha 3aps
cuiibl JIopeHna

Cuna JlopeHla TepreHIUKYISIPHA CKOPOCTH JBUKCHHS YaCTHIIBI,
CJIeJIOBATEIbHO, OHA HE COBEPIIACT paOOThI, T.C. HE MOXKET U3MEHHUTH
KHHETUYCCKOW DHEPrUM 3apsSHKCHHBIX YACTHIl, JBIKYIIUXCS B
MAarduTHOM II0JIE.

MarHuTHBIN ITOTOK

BenuunHy, 4YMCIEHHO pPaBHYIO MPOU3BEACHHUIO MOJIYJS BEKTOpa
WHIYKIIMA MAarHUTHOTO TIOJII HA IUIOMAJb IOBEPXHOCTH W Ha
KOCHHYC yTJla MEX/ly HalpaBlIeHUEM BEKTOpa MarHUTHOW WHIYKIIMH
U HOPMaJbi0 K IIOCKOW TIOBEPXHOCTH, HA3BIBAIOT MAarHUTHBIM
TTOTOKOM.

®=BS cos a [®]=TA'm2=B6 (Bebdep).

[Topsanox BeINoONIHEHUS PaOOTHI:

Pewmnts 3anaun

1.B ogHOpOMHOE MarHWTHOE TOJe, HHIYKIUs Kotoporo 1,26-10-3
TA, nomemen npsmoil npoBoaHMK umHOM 20 cm. Omnpenenure
CUITY, IEHCTBYIOIIYIO Ha ITPOBOJIHUK, €CJIM IO HEMY TedeT Tok S50 A,
a yroil MeXAy HalpaBlIe-HUEM TOKa BEKTOPOM HWHAYKIIHH
cocrasyser 30°.
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2.IlpoBogauk ¢ cwiod Toka 5,0 A TIOMEImIEH B OJHOPOJIHOE
MarHuTHoe Tosnie ¢ uHAykmued 1,0:-10-2 TA. VYron wmexnay
HamnpaBJIeHUAMHU Toka W 1nojs 60°. Onpenenutre akKTUBHYIO JJIMHY
IIPOBOJHMKA, €CIIM I10JI€ AeiCTBYeT Ha Hero cuioi 2 10-2 H.

3.B omHOpomHOM MarHuTHOM Tmojie ¢ wuHAyKnmed 0,25 TA
HAXOJUTCS IPSIMOJIMHEWHBIN TPOBOAHUK JIMHON 1,4 M, HA KOTOPBIN
nerictByetr cuna 2,1 H. Onpenenure yrosn Mexay NPOBOJHUKOM U
HaIpaBJIEHUEM BEKTOpAa WHAYKIMW MAarHUTHOIO IOJs, €CJIM CHIIa
TOKa B MPOBOJHUKE 12 A.

4.0Onpenenute MarHUTHYIO UWHAYKLIHIO 1I0s, 3Hasd, 4YTO Ha
npsAMONIMHENHBIN ipoBo JunHOoU 0,4 M nelictByet cuna 3,0-10-2 H,
Korga 1o npoBOAHUKY wuaer Tok 0,5 A. Bekrop MarHutHoOU
MHJYKUIUU cocTaBisieT yrou 30° ¢ IpOBOJHUKOM.

5.Yemy paBHa cwia TOKa B NPSIMOM IpoBOAHMKE IiauHOH 1,0 M,
MOMEIIEHHOM B OJJHOPOJIHOE€ MarHUTHOE ToJie ¢ uHaykmueit 1,5-10-3
TA, ecnu Ha 3TOT MPOBOJAHHUK CO CTOPOHBI IMOJS JEHCTBYET CUja
2,1-10-3 H? Yron mexnay HalpaBlI€HHUEM 3JIEKTPUYECKOIO0 TOKa U
BEKTOPOM MHIYKIIUU paBeH 45°.

6.Ha oOMOTKY poTOpa 3MeKTpOABHUTaTeNsl MPH MPOXOKACHUU TIO
npo-Boay Toka 20 A nerictByet cuna B 40 H. Onpenenure Benuunny
MAarHuTHOM MHAYKIIMM B MECTE PACIOJIOKEHHUS MPOBOJAA, €CIU €ro
mHa 20 cm. O6MoTKa coaepKHUT 50 BUTKOB.

7.DNEeKTPOH OMUCHIBAET B MATHUTHOM TI0JI€ OKPY>KHOCTh PaguycoM
4,0-10-3 M. CkopocTh HIBWXKEHHS 3JEeKTpOHOB paBHa 3,5-106 m/c.
Haiinure MHAYKIMIO MAarHUTHOTO MOJIS.

8.Iporon mBuxkercs co ckopocThio 1,0-106 M/c mepreHANKYITPHO
OJTHOPOAHOMY MarHUTHOMY nomto ¢ uHaykuuen 1,0 TA. Haiigure
CUIIy, NCUCTBYIOIIYIO Ha TPOTOH, M PaAUyC OKPYKHOCTH, IO
KOTOPOU OH JABUKETCS.

9.O5eKTpOH BJETaeT B OJHOPOIHOEC MArHUTHOE TIOJIe, WHIYKIIUS
kotoporo 2,0-104 TA, nepneHIuKyJIsSspHO CHUJIOBBIM JIMHHUSAM CO
ckopocthto 1,0 106 wm/c. Berumcnaure panumyc OKpPYXKHOCTH, IO
KOTOPO# Oy/IeT IBUTaThCS DIEKTPOH.
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10.Kakast cwia ACHCTBYET Ha JJIEKTPOH, JICTAIIUNA B OJHOPOIHOM
MarHuTHOM mosie ¢ uHayknuedl 1,0-10-2 TA nepneHIuKysIsipHO
JIMHUSIM MarHUTHON WHIYKITUU CO cKopocThio 3,0-106 m/c?

11.B omHopomHOoe MarHuTHoe Tmosie ¢ uHAayknued 8,5-10-3 TA
BIIETACT DJIJIEKTPOH CO CKOpocThio 4,6:106 wm/c, HampaBlIeHHOM
MEePHNEHIUKYISIPHO K CHJIOBBIM JHHUsAM. Ornpenenure Cuiy,
JNEUCTBYIOLIYI0 Ha 3JEKTPOH B MAarHUTHOM IIOJIE U PaJAUYC IyTH
OKPY>KHOCTH, TI0O KOTOPOW OH JIBHIKETCS.

12.B MarHuTHOE MMOJI€ B HAMPABJICHHUH, IEPIICHIUKYIIPHOM JIMHUSM
WHIYKIIMH, BJIETAeT MPOTOH cO cKopocThio 3,2-105 m/c. Haiigure
WHJIYKIIAIO 3TOTO TMOJIs, €CJIM MPOTOH OMKUCANI OKPY>KHOCTh PaglycoM
10 cm.

Kpatkue TeopeTrueckue CBEeICHHUS:

SBneHue AMeKTPOMAarHUTHON UHAYKIIMH

B 1831 rony aurnuiickuii ¢uszuk M. dDapazeii cepueld ONBITOB
MOKa3ajl, YTO C MOMOIIBIO MEPEMEHHOTO0 MAarHUTHOTO TOJIsi MOXKHO
CO37aTh B 3AMKHYTOM MPOBOJSIIEM KOHTYPE 3JIEKTPHUUECKUH TOK.

SIBnenune SHCKTpOMaFHHTHOﬁ HHAYKIOUA — BO3HUKHOBCHUEC
ANEKTPUYECKOTO TOKa B 3aMKHYTOM TMPOBOJAIIEM KOHTYpE MpH
HU3MCHCHUHW MAarHuTHOI'O ITOTOKA, IMPOHU3BIBAIOIICTO KOHTYP. TOK,
BO3HUKAIOMIMA B  KOHTYpPE,  Ha3bIBa€TCi  WHIYKIIMOHHBIM
(HaBeneHHBIM), a co3natomyto ero DJIC nazpBaoT I/1C UHIYKIIUA.
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IlepBoHaualbHO MHAYKLUS ObUIa OTKPBITA B HEMOJBUXKHBIX APYT
OTHOCHUTEJIBHO JIpyra IMPOBOJHUKAX IPU 3aMbIKAHUU U Pa3MbIKaHUU
Lenyu OJHOHM u3 Karyuiek (puc. 44 a) npu W3MEHEHHM CUJIbl TOKa B
OJHOM W3 KaTylIeK, MarHuTHOE II0JIe, KOTOpPOM IPOHU3BIBACT
BTOPYIO KaTyIIKy, B HEH BO3HMKAET MHAYKITMOHHBIA TOK (pHC. 44 0)
MHJYKIIMOHHBIM TOK BO3HUKAET TAKXKE B IPOBOJIOYHOMN KaTyLIKE IPH
IOBVOKCHUM IIOCTOSIHHOIO MarHuTa BHYTPb KATyIIKM U IIpH
BBIJIBUTAaHUU MarHuta u3 Hee (puc. 44 B).

3aKOH 3JIEKTPOMarHuTHOM MHIYKIUH:

O/1C uHAYKIMY B 3aMKHYTOM KOHTYPE paBHa 110 MOJYJIIO CKOPOCTH
U3-MEHEHUs MarHuTHOTO IIOTOKAa  4epes IIOBEPXHOCTb,
OTrpaHUYEHHYIO KOHTYpPOM:

AD

At

rae €t — O1C nunnykuuu, B;

AD= O2-D1 — u3MeHeHne MarHuTHOTO IIOTOKA, BO;

At — TpPOMEXYyTOK BpPEMEHH, B TEYEHHE KOTOPOTO MPOH3OILIO0
JIAaHHOE U3MEHEHHE, C;

AD
At

&.
|

— CKOPOCTh M3MEHEHUSI MATHUTHOT'O IIOTOKA,

C y4eToM HampaBJeHUS MHAYKIIMOHHOIO TOKA 3aKOH 3aIlMChIBAETCS
AD

& =——

tak: | At

Ecium  3aMKHYTBIH KOHTYp COCTOMT M3 N  IOCIEAOBAaTEIBHO
COETMHEHHBIX BUTKOB (HalIpUMeEp, B COJICHOUIEC)

riae N — 4HCiIo BUTKOB.
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HampaBnenne HMHAYKIMOHHOIO TOKa B 3aMKHYTOM IPOBOJHHKE
MOXHO OIpEACIUTh MO MpaBHIly, yCTaHOBIeHHOM B 1833 roxmy
pycckuMm pusukom  D.X. Jlennem. CoriacHo npaBuiny Jlenna:
NHAyKIMOHHBIA TOK, BO3HUKAIOMIMN B 3aMKHYTOM KOHTYpE, CBOUM
MAarHUTHBIM ITOTOKOM IPEMNSTCTBYET TOMY U3MEHEHHI) MATHUTHOI'O
MMOTOKA, KOTOPHIM OH BBI3BaH.

7 o)

e

PR
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A 8 g
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[Ipn BIBUTaHWMM MarHuTa B COJICHOWJ YHWCIO JIMHUA MarHUTHOM
WHIYKIUK (MM MarHUTHBIN TIOTOK) YBEIHMUMBAETCS, CIIEIOBATEIbHO,
WHIYKIIMOHHBI TOK B HEM UWMEET TaKOE€ HampaBlIeHUe, 4YTO
CO3JJaHHOE 3TUM TOKOM MAarHUTHOE I0JI€ IPEMSATCTBYET HapaCTaHUIO
BHEIIIHETO MAarHUTHOTO Mojs. B 3TOM ciydae BEKTOp WHIYKITUU
9TOr0 IOJIS HaIpaBj€H IPOTHUBOIOIOKHO BEKTOPY HHAYKIIMHU
BHEIIIHEro noJs (puc. 46 a).

CamocrosTenbHO 00BSICHU pHC. 46 0.

OJC wuHAYKIMM B HPOBOAHUKE, IBHUXKYILIEMCS B OJHOPOJIHOM
MarHuTHOM TI0JIe, ompeesieTcs o Gpopmyiie:

ei=B-v'{ sina,

7€ U — CKOPOCTh B IPOBOJTHUKE, M/C;

{ — nnuHa TPOBOJHUKA, M;

B — marauTtHag unaykuus, TA.;

0. — YTOJI MEX]1y BEKTOPAMU CKOPOCTH U MATHUTHON MHAYKIIMH.
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HanpasiieHne MHAYKIMOHHOTO TOKAa B JBMJKYILIEMCS IPOBOJHUKE
MOXHO OIIPENENUTh 110 IIPAaBUILY NpaBod pyku. Eciau mpaByro pyky
pacIoyIOKUTh TaK, YTOOBI JIMHUU MarHUTHOM MHIYKLUU BXOAWJIN B
NMaJ0oHb, a OTOrHYThIW Ha 900 OONBIIONW TMajen CoBMAgan C
HAIIPABJICHUEM [BIDKCHHMS IIPOBOAHMKA, TO BBITAHYTHIE YETHIPE
najnblia YKaXXyT HalpaBjIeHUE UHAYKIIMOHHOIO TOKA

Pemnts 3apaun

1.ITpsMonuHelHbplii  TTpoBOAHUK uiMHOM 0,4 M  JIBWXKETCA B
OJIHOPOJHOM MarHutHoM nosie ¢ uaaykuuei 0,1 TA, npu 3tom B
HeM uHaynupyercsa OC 0,174 B. Uemy paBHa CKOpOCTb ABUKECHHUS
MIPOBOJHMKA, €CJIM YrOoJd MEXJIy BEKTOPOM MHIYKLIUHU MO0JId H
CKOpOCTBIO cocTaBiisgeT 60°7?

2.Ilog KakuM yriaoM K CHJIOBBIM JIMHUSM MAarHUTHOTO IO C
unaykuuen 0,5 TA gomxeH ABUrarbCcsi NPOBOJHUK AIUHON 2,0 M,
91006l 1pu ckopoctu 0,5 M/c Ha ero xoHmax Bo3Oyxnamace J/1C
MHAyKUuHY, paBHsag 0,35 B?

3.ITpoBomHuK muHOM 1,5 M mepeMeniaercss B OJHOPOJHOM MarHHT-
HoM mnone c¢ uHayknwed 0,2 TA. JIBwkeHne npOBOAHMKA
MPOUCXOAUT €O ckopocThio 10 m/c mox yriaom 45° K MarHUTHBIM
cwioBbiM JinHUAM. Haiigute 3JIC MHAyKuMM, BO3HMKAIOUIYIO B
MIPOBOHUKE.

4. Kakoif MarHUTHBINA MOTOK MPOHU3BIBAET KOHTYp, €CJIU MPU PAaBHO-
MEpPHOM HCYE3HOBEHMM MarHUTHOro mnoins B TeueHue 0,2 ¢ B
karymke nayuupyerca 9/1C, pasnas 0,02 B?

5.B npoBognuke mmunoit 0,50 M, ABMXKYymIEMcs cO CKOpocThio 3,0
M/C NEPIEHANKYJISPHO CUIOBBIM JIUHUSM OJJHOPOAHOIO MarHUTHOTO
nonsi, Bo3Hmkaer OJ[C 6,0-10-2 B. Onpenenure WHIYKIIUIO
MarHMTHOI'O TOJIS.

6.0mpenenure MNPOMEKYTOK BPEMEHH, B TEYEHHE KOTOPOro
MarHMTHBIN [TOTOK, IPOHM3BIBAIOIINN KOHTYP, JOJDKEH YBEITUUYUTHCA
or 0,01 mo 0,20 BO6, 4roO6sl B KOHType BoO30yxkmanace 2J[C
nHayknuu 3,8 B.
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7.0npenenute DJIC MHAYKIIMM HAa KOHIAX KpBUILEB CaMoOJIETa,
UMEIoLUX AIUHY 12 M, eciau CKOpOCTh €ro IpH I'OPU30HTAIBLHOM
nonere 250 M/c, a BepTUKAIbHAas COCTABIIAIONIAS MarHUTHOU
MHAYKIMU 3eMHOro Maruerusma 5,0-10-5 TA.

8.B ogHOpOIHOM MarHuTHOM moJie nmoj yriioMm 30° K HanpaBJICHUIO
BEKTOpa MHIYKIUH, BeinuuHa Kotoporo 5,0-10-3 TA, nBuxercs
MPOBOJHUK CO  CKopocThto 10  M/c; BEKTOp  CKOpPOCTH
MEePHEHIUKYISIPEH MPOBOAHUKY. OmnpenenuTe AJIUHY MPOBOIHUKA,
eciu B Hem HaBoautes D/C, paBnas 2,5-10-2 B.

9.TpakTop obmero HazHaueHus K-700 umet co ckopocThio 28 Km/d.
OTIPEICITUTE PA3HOCTh MOTCHIIMATIOB HA KOHIAX MEePEAHEH OCH, ecln
JUTMHA €€ OKOJIO 2,6 M, a BepTUKaJIbHAsi COCTABIISAIOIIAsi MATHUTHOTO
mois 3emiu 5,0-10-5 TA.

10.Yemy paBHa DJIC camMOMHAYKIMM, BO3HMKAIOIIAs B KaTYyILIKE C
uHAyKTUBHOCTBIO 2,0-10-2 I', B kotopoi TOk cuiou 7,5-10-2 A
ucyesaer 3a 2,0-10-2 ¢?

dopma npenocTaBieHUs pe3ylibTaTa
BeimonHeHHBIE 3a7a4M B TETPAAM AJIS MPAKTUYECKUX padoT.

Kpurepun oneHku:

3a npaBUIIbHO BBIMOJIHEHHOE 33JJaHUE BBICTABIIAETCS
MOJIOKUTEIIbHAS OlleHKa — | Gasut.

3a HENpaBWJIbHO BBINOJIHEHHOE JEWCTBUE, 3aJjaHHE BBICTABISIETCA
oTpuLaTeNbHas oreHka — 0 6anos.

Konuuects IIponent KadecTBeHHast OlIeHKa ypOBHS
0 6amIoB | pe3yIbTaTHBHOC MIOJITOTOBKH
TH (TIPaBUIBHBIX bann BepOanbHblii ananor
OTBETOB) (oT™meTK
a)
20-22 90 — 100% 5 OTnu4HO
17-19 80 — 89% 4 Xopor1ro
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15-16 60 — 79% 3 Y 10BIETBOPUTEITEHO

0-14 meHee 60% 2 Heynosnersopureins
HO

Tema 4.1 Mexanuueckue KoJjieOaHUs U BOJIHBI

[IpakTuueckoe 3anstue Ne 14.
Pemenue 3a1a4 Ha mapamMeTpsl K0oJIeOaTeNbHOTO ABHKEHHUSL.

Lens paboThl: mapaMeTpsl K0JI€OATEILHOTO ABUKCHUS, BUBI
MasiTHUKOB, UX OTIUYHsL. Y PaBHEHHsI CHHYCOUJAIbHBIX KOJIEOaHUH.
Buner konebaHui.

Breimonnus padory, Bei 6ynere:

YMETB!

-pa3iuyaTh BUJbI KOJICOAHUH

- IPUMEHSTH 3aKOHBI Ha MIPAKTUKE TPHU PEIICHUH 337249 U B )KU3HU
MarepuanbHoe oOecriedeHrne: WHAWBUIYAIBHOE 33aJaHHe, KOHCIIEKT
JIEKUUH, CIIPAaBOYHbIE MaTEePHAIIBI.

3ananue

1. Jate moHsATHE KOJIeOaTeNbHOrO JBHXEHMS, IapaMeTpoB,
XapaKTepU3yIOIIUX  JBW)KEHHE, BHJOB  KOJIeOaHWH,  CBS3b
MEXaHUYECKUX U AJIEKTPOMATHUTHBIX KOJIeOaHuil..

2. BbIAICHUT  NpakTHYECKOE  3HAYEHUE  HCIOJIb30BAHMS
rapMOHUYECKUX KOJeOaHHH.
3. IIpuMeHNTh M3y4EHHBI MaTepual NpPU PEUICHUH 3a7a4 Ha

nmapaMeTpbl K0JIe0aTeIIbHOTO ABMOKCHHUA, MATCMaTU4YCCKOIro .,
IMPY>XUHHOI'O MassTHUKOB.

[Topsnox BeInoHEHUs pabOThI
1.BbINOJIHUTE TECT

2.3an0JHUTH NPOIYCKU B TabIUIE
3.PemuTs 3amaun
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Xom paboThI:
[ToBTOPUTH OCHOBHBIE BOIIPOCHI TI0 TEME:

1. BcraBbTe IPOIYIIEHHOE CII0BO:

... HC BOSHHUKACT KU HC UCUYC3AaCT, OHA JIMIIb IIEPEXOJUT U3 OJHOI'O

BUJA B JPYroOM.

a) MHIYKIINS,; B) DHEPTHUS.

0) macca;

2. YCcTaHOBHTE COOTBETCTBUE (DYHKIMI rpadukam.
1) y=2% 3) y=sinx;

2) y=2; 4) y=COSX.

a) v4 0) 4v

A o

3. BeiGepuTe 3aKOHBI FTApMOHUYECKUX KOJeOaHMA:
a) y=Atgot; B) y=a’;
0) y=Asin(wt+@o); r) y=Acosmt.

P=4

4. YCcTaHOBUTE COOTBETCTBUE CUMBOJIOB 0003HAUYCHUS (I)I/ISI/IFIGCKI/IX

BEJUYNH.
1) ammnuTyna; a) e;
2) nuKIr4Yeckas yacrora; 0) F;
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3) daza;

4) nepuog;

5) CKOpOCTB;

6) cuia;

7) UHIYKTUBHOCTB;
8) eMKOCTh

B) L;
r) C,
n) A;
e)v;
xK) ©;
3) T

5. Vkaxurte coorBeTcTBUE GOopMYIT HDU3HMUECKUM 3aKOHAM:

1) 3akon Jxxoynsa-Jlenua;

2) 3akoH OmMa;

3) OAC unaykuuu;
4) 3aBUCUMOCTD
COIIPOTHUBIICHUS OT
TEMIIepaTyphl,

5) 3aBUCUMOCTH
COIIPOTHUBIICHUS OT
JUTMHBI TPOBOTHHKA,

6) KI1/T;

=Y

a R;
0) 8|=BU£SinOL;
B) Q=I°Rt;

A
) N=21.100%;
Ay

m) ) R=po ¢ ;
S

e) R=Ro(1+at);

7) 3akon ['yka. x) F=-k-x
3anoIHUTh NPOINYCKU B TaOJIHIIE:
Ennanna
Ne (Xapakrepuctu |O603HaueHuE, JIHIL
m3meper |OnpeneneHue
T/ |[Ka dbopmyna
us
1 |Ilepuox C
Yacrora 1 n ) i
2 ,o1on Cl-'n Yucio koebanuii 7 B
T t €IUHHUILYy BpemeHH {
3 =21 =—
4 |Cmermienue
5 |AmmmTyna M
6 daza MrHoBeHHOE
COCTOSIHUE
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MaTepHaTbHON TOYKU
o OX

HavanrnHas

dbaza Po pal

BrinonHuTs 3a1aun:

1. HannmuTe ypaBHEHHE rapMOHUYECKHX KOJICOAHUHN C aMILTUTYI0H
5 cM u HavanpHOU (a3oit 45° ecnu B 1 MHUHYTY coBepmiaercsa 150
KoJeOaHuH.

2. AMIuMTyia TapMOHUYECKHX KONeOaHW MaTepualbHON TOUKH S5
cMm, niepuof 4 c. Haligute MakcuMallbHbIE CKOPOCTU U YCKOPEHUE U
HaMUIINTE YpaBHEHUE TAPMOHUYECKUX KOJICOAHUH.

3. MaremaTnueckuii MasTHUK UIMHOM 56 cM 3a 1 MuHYTY
cosepmraet 40 monHeIx Kojebanuid. OnpeaenuTe Nepruoa KoieOaHuit
MasiTHUKa U YCKOPEHHE CBOOOJHOr0 MaJE€HHUS B TOM MeECTe, IJie
HaxOJIUTCS MASITHUK.

4. MarepuanibHas Touka Kosebmercs ¢ dacrotorn v=10 I
Onpenenure nepuoj, YUCiao KojaeOaHU B MUHYTY U LIUKIMYECKYIO
4acToTy.

5. Omnpenenutre nepuoid, YacTOTy, IHUKIMYECKYID  4YacTOTY
TapMOHHYECKHUX KOJeOaHWH MaTeMaTH4eCKOro MasTHHKa JAJITUHOM 1
M, eciau §=9,81 M/c?. Bo CKONBKO pa3 U Kak HaJI0 U3MEHUTH IJIUHY
MasiTHUKA, 9YTOOBI TIepro/1 KoieOaHuil yBeTnauics B 2 pasa.

6. AMIUITYyna TapMOHUYECKUX KOJEeOaHMH MaTreMaTHYecKOro
MasTHUKa AauHOW 50 MM, mepuop 4 c, HavanpHas Qasa .
Hanummure ypaBHeHHE ATOro KoieOaHus W HalWAWTe CMEIleHUe
KOJICOTIOIIEICS TOUKH OT ToJIo)KeHust paBHOBecus mipu =0 u t=1,5 c.

. T T
7. VYpaBHenue Touku x=0,02sIn EHZ . Haiimure mnepuon,

MaKCUMAJIbHOC 3HAYCHUEC CKOPOCTU U YCKOPCHHUC.
8. Onpez(eJmTe JJIMHY MaTEMaTUidCCKOro MadTHHUKA, COBEPIIAIOIICTO

2
OJIHO TIOJTHOE Konebanwue 3a 2 ¢, ecnu =9,81 m/c”. Bo ckonbko pas
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HYKHO U3MEHUTH UIMHY MAasTHHKA, YTOObI 4acTOTa €ro KoJieOaHHi
YBEJINYWIIACh B 2 paza?

9. VpaBHeHume rapMoHHuYecKoro  kosebanus — x=0,4sin5nt.
Ornpenenure aMIuTy Ry, nepuoj, cmemenue npu t=0,1 c.

10. Omnpenenurte >KECTKOCTb NPYKHUHBI, YaCTOTY, IMKIMYECKYIO
4acToTy, €ciu Tejao Maccoil 0,5 Kr, MoABEIIEHHOE K ATON IPYKUHE,
coBepiaet kojedanus ¢ nepuoom 0,2 c.

11. MarepuanbpHas TOYKa COBEpLIACT rapMOHUYECKHE KOJEOaHUs ¢
ammutygoit 0,03 M u mepuogom 0,2 c¢. CocTaBbTe ypaBHEHHE
KoseOaHus u onpenenute cMenienue npu t = 0,1 c.

12. ITo any chepuueckoi Yaliku coBepiacT cBOOOAHbIE KojeOaHus
0e3 TpeHHs MaleHbKHH mapuk. Omnpenenurte mepuon KojeOaHWUs
[IapuKa, €Clid painyc KPUBU3HBI Yalllku 2,45 M.

13. CocraBpTe  ypaBHEHHME  TapMOHHUYECKMX  KOJeOaHMIA
MaTeMaTUYeCKOro MasiTHUKA JUIMHOU 2,45 M u ammuutynoit 0,1 m.
14. Temo coBepmiaeT TapMOHHUYECKUE KOJICOAHHS 1O 3aKOHY X =
20sinmtt. Onpenenure ckopocth Tena mpu h=0,5 cu t,=4 c.

15. Yckopenue cBOOOTHOTO MajeHUs HAa MOBepxXHOCTh JIyHbl 1,6
M/c?. KaKoM JUIMHBI JIOJDKCH GBITh MATeMATHICCKHi MasTHHK, 9TOOBI
ero nepuoa konebanus Ha Jlyne Ob1 1 ¢?

16. Iloctpoiite rpadMk TapMOHUYECKOTO KOJICOAHUS YACTOTHI IO
napamerpam: amriuryzaa 2 cM, nepuon 0,4 c, HaganbHas dasa 0.
3anuiuTe ypaBHEHHE 3TOT0 KOJeOaHus.

17. Teno coBepmiaeT kojiebaHus MO 3akoHy X = 60sin2nt.
Omnpenenure ckopocts Tenanpu t1=1cut,=25c.

18. Teno maccoit 0,2 Kr MOJBENIEHO Ha MpYKUHE, MKECTKOCTh
KOTOpOM 2-10° u/m. Omnpenennure 4acToTy, NEPHUOL, LUKINYECKYIO
4acTOTy CBOOOAHBIX KOJIEOAHUI ATOTO Tella Ha IpPYyKUHE.

19. Ilepuon xonebanus masTHUKa Ha 3emue 1 c. Omnpenenure
MepHOoJ ero KoJaeOaHu:

a) B ABIDKYIIEHCS BEPTUKAILHO BBEPX paKeTe;

6) na JIyne (g, = 10 M/c?, g, = 1,6 M\cd).
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20. MarepuanbHasi TOYKa COBEPIIACT TAPMOHUYECKHUE KOJICOAHHS C
ammuntynoil 4 cm u nepuonom 2 c. Hamummmre ypaBHeHue
JBUKEHHS] TOUKH, €CJIU €€ JIBYKEHUE HAaYMHACTCS U3 MOJIOKEHUS Xo
=2cMm.

dopma npeaocTaBiIeHUs pe3ysibTaTa

BrimonHeHnHble 3a/1a4M B TETPaIu A7 IPAKTHUECKUX PadoT.

Kpurepuu onenku:

3a IpaBHILHO BBITIOIIHEHHOE 33/1aHUE BBICTABIISCTCS
MOJIOKUTEIbHAS OlleHKa — | Gasut.

3a HenpaBWIBHO BBINOJIHEHHOE JEHCTBHE, 33JaHUE BBICTABIACTCS
oTpuLaTenbHas oleHka — 0 6ayioB.

Konnuects [IponenT KauecTBeHHas OLlEHKa ypOBHS
0 6aJuIoB | pe3yJbTaTMBHOC HOJITOTOBKH
TU (IpaBUIIBHBIX bain BepOanpHblii ananor
OTBETOB) (oT™eTK
a)
18-20 90 — 100% 5 OtinuHO
16-17 80 — 89% 4 Xopo1o
12-15 60 — 79% 3 Y 10BIIETBOPUTEIIHHO
0-11 Menee 60% 2 Heynosnersopurens
HO

Tema 4.2 DnekTpoMarHuTHbIE KOJICOAHUS U BOJIHBI

[TpakTuueckoe 3ansatue Ne 15,16
Pemenue 3agau no reme «llepemeHHbI TOK»
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[lens paboOThI: M3YyYUTH CBOOOHBIE DJIEKTPOMArHUTHBIE KOJICOAHUS
B KOHTYPE, BUJIBI COMPOTUBJICHMS B IIETIA IEPEMEHHOTO TOKa, UX
OTJIUYUS U OCOOCHHOCTH.

BrimonnuB 3Ty paboty ,Bsl Oyzere:

YMers:

-IIPUMEHSTH Ha MPAKTUKE ,IIPHU PEIICHUU 3a7a4, 3aKOHBI KoJieOaHui
-Pa3nuuate Bubl CONPOTUBIECHUS B 3aBUCUMOCTH OT AJIEMEHTA,
BKJIFOYEHHOTO B IIETb.

MarepuanpHoe oOecrieueHne: WHAUBHyabHOE 3a/IaHue, KOHCTICKT
JIEKIIHi, CIIPaBOYHBIE MATEPUAJIBI.

3ananue

1. JlaTh MOHATHE NMEPEMEHHOIO TOKA, MOBTOPUTH YCTPOMCTBO U

MIPUHIIUIT JCHCTBUS UHIYKIIMOHHOTO Te€HEpaTopa.

2. BbIsICHUTH ~ TpakTH4eCKOe  3HAUYE€HHWE  HCIIOJIb30BAHMUS
MIEPEeMEHHOT0 TOKa B OBITY, HayKe, IPOU3BOJICTBE.

3. [TpuMeHUTh M3y4YEHHBIH MaTepuan MpH PEUICHUH 3a7ady Ha
napaMmeTpbl MEPEMEHHOr0 TOKAa: MTHOBEHHbBIE, AMIUIMTYAHbBIE U
neuctBytomue 3HadeHus DJ(C, HanpsHKEHUs U CUJIbI IEPEMEHHOTO
TOKa.

[Topsnox BeInonHEHNs pabOThI
1. I1oBTOPUTHL OCHOBHBIE BOIPOCHI TeMbI «IIepeMEHHBIN TOK»

IlepemenHBIE  TOK —  BBIHYXICHHBIC
rapMOHUYECKHUE 3JIEKTPOMArHUTHBIE

——»
%_} KoJeOaHusl B TPOBOIHUKE.

BcenencrTBue 351eKTpOMarHuTHOM UHIYKITUA
B paMKe BO3HUKAeT TapMOHHUYECKHU

menstommasicsa 91C |8 =—P=5-5-0- sina)t| mm’g = gSinot
(&= BS-® — ammuryna D/1C MHAYKIIMU) ¥ MOXXHO TOBOPHUTH, UTO
MOJIy4eH TIEPEMEHHBIN TOK.
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e [lepemeHHBIII TOK OBITOBOWM AJIEKTPOCETH MMEET YacToTy v = 50
Imu w=27v=1007x[pan/c].
Pesucrop B 1enu nepeMeHHoro Toka
1= Bxuttounm pesucrop conpoTuBieHus R B
CeTh MEPEMEHHOT0 TOKa HanpspkeHus U(t) =
1T~ Ugsinat (*). B KaXaplif KOHKPETHBIIH
MOMEHT BPEMEHH IMPOXOKICHUE
MEPEMEHHOTO TOKa B PE3UCTOPE
KaueCTBEHHO HUYEM HE OTIUYACTCS OT MPOXOXKICHHSI IIOCTOSTHHOTO
Uu(@)
R

U, .
U noguuHsercs 3akony Owma: |1(7) = .Torma I(¢) = ?Osm Wt MM

I'padukn I(t) u U(t), B oHOI crcTeMe KOOPAUHAT, HMEIOT BUJL:
e Bes momBomuMmass K pPE3UCTOPY  DIIEKTpHYECKas —DHEPrus
npeBpamaeTcss B TEIUIOBYKO, T. €. OH 00JamaeT akmueHuiM
conpomueienuem.
AxTtuBHOe (oMuueckoe) conpoTrBieHue (R) — conporusienne
pesuctopa 6e3 yuéra ero EMKOCTH U HHIYKTUBHOCTH.
EMKOCTB B 11€TIH TIEPEMEHHOT0 TOKa

N3BeCTHO, 4TO KOHAECHCATOP NOCTOSHHBIN TOK
’ 2 | He MIPOBOJUT (LIENb MEXTy OOKIIaJKaMu

U~ Pa3OMKHYTa).
Brirounm kongencarop emkoct C B LEMb

nepemenHoro Toka Hanpsbkenus U(t) = UgSinat (*).
I'paduku I(t) 1 U(t) B omHO# cricTeMe KOOpANHAT, UMEIOT
1 | Bum:
wC| — €MKOCTHOE COMpOTUBIIEHHE MEPEMEHHOMY TOKY.
e X ymensaercs ¢ poctom ou C

NHayKTUBHOCTH B IETH Wl 1
MIEPEMEHHOT0 TOKa Ust-—n 1ty
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BximrounM KaTymiky WHAYKTUBHOCTH L B 1ienb
nepemMeHHoro toka Hanpspkenus U(t) = UgSinwt
(*) (axTUBHOE COMPOTHUBIICHNE TTPOBOIA
katymku R= 0).

I'paduxu 1(t) u U(t) B ogHOM cucTeMe KOOpAUHAT, UMEIOT BU/I:

— WHAYKTUBHOE COIIPOTHUBIICHHE MEPEMEHHOMY TOKY.

LT L

(XL pacrer ¢ poctom @wu L).

JlelicTByrOIICEe 3HAYCHHUE MOIIIHOCTH IIEPEMEHHOTO TOKa (P) —
BEJIMYMHA, YUCIECHHO PABHASI MOIIIHOCTH IIOCTOSIHHOTO TOKA Procr,
IIPH YCIIOBUH, 4TO 00a TOKa 3a OJIMHAKOBOE BpPEMsl, PaBHOE MEPUOIY
IIEPEMEHHOT0 TOKa 7, Ha paBHbBIX pe3ucTopax R BbIIEIAT paBHbIE
KOJIMYECTBA TEIIOTHI Q.

2 2
M5 P = Poey 1t Up = lgR= P = 125 100 _J0 |
L I[eﬁCTBylomee S3HAYCHHUEC MOIINHOCTU MNEPEMCHHOI'0 TOKa YacCTo
Ha3bIBAKOT aKTI/IBHOﬁ MOIITIHOCTBHO.

JlelcTBYIOIIEE 3HAYEHUE CHIIBI TIepeMeHHoro Toka (1) — Bennuunna,
YHCJICHHO PaBHAsI CHJIC TOCTOSTHHOTO TOKA lyocr, TIPH YCIIOBUH, YTO
063. TOKa 3a OIMHAKOBOC BPEMS, paBHOC IICpHUOAY IICPEMCHHOT'O TOKa

T, Ha paBHBIX pe3ucTopax R BbIIEIAT paBHbIE MOIIHOCTH.

I2R I
N3 P = Proer= Ir%OCTR:IZ~R:O—:>I=—O.
2 V2

JleiicTBytoIIIee 3HAYCHHUE HAIIPsDKEHHs epeMeHHoro Toka (U) —
BEJIMYMHA, YUCIICHHO paBHAasl HAMPSKEHHUIO MOCTOSHHOTO TOKa Upger,
IIPU YCJIOBUH, YTO 00a TOKA 3a OIMHAKOBOE BPEMs1, pAaBHOE IIEPUOTY
MEPEMEHHOT0 TOKa 7, Ha paBHBIX pe3nucTopax R BbIIEIAT paBHbIE
MOIIHOCTH.

2 2

U

4! P:PHOCT:ﬂzU—: U=-—"2|
2R R V2

e Ha IMPAKTUKEC HAC PCAKO HUHTCPCCYIOT AaMIUIMTYAHBIC WA
MI'HOBCHHBIC 3HAQYCHHUA CHWJIbI, HAIPSXKCHUA WIKM MOUIHOCTU
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MEePeMEHHOT0 ToKa. HMHTepec NpeACTaBIAIOT UX Oelcmsyroujue
3HAYEHHUSI.

3akon OMa 1l IEpEMEHHOT0 TOKa

I/I3BCCTHO, 4TO B ICIAX IIEPEMECHHOI'0O TOKA: a) JJI1 aKTHUBHOTI'O

U
conporuiienus R: [ = ?0 ;

0) niia émkoctu C: [, = %; B) JJI MHAYKTUBHOCTH L: 7, = % .

C L
Vurs, uro [y =1- V2 nU, = U2 , TIOJTY4IUM 3aKOH
Owma 11 IepeMEeHHOTO TOKA TSl PE3UCTOPa, | :UE EéMKOCTH

Y UHAYKTUBHOCTH:
Pe3onanc B nienu nepemMeHHOro Toka
Cobepém 1ienb U3 KaTyIIKu
T L | WHIYKTHBHOCTH L, | = U
] koHjaeHcaropa C, Xc
amIiepMeTpa MepeMeHHOro
TOKa A ¥ UCTOYHHUKA TIEPEMEHHOTO
Hanpsokerus U = Ug-Sinat ¢ u3amMeHseMoit yactoToi @. AKTUBHOE
COIPOTUBIIEHUE MPOBOJIOB M KATYIIKK MHAYKTUBHOCTH R~ 0.

®uxcupys Up = cOnst 1 u3meHss 4actoty @ ot 0 10 MaKCHMaJbHO
BO3MO>KHOT'O 3HaYEHUS], CHUMEM 3aBHUCHMOCTb CUJIbI JIEHCTBYIOIIETO

1
Toka B 1enu |(w). Oka3anock, 4To Ha YaCTOTE @, = ——

JLc

HaOJI0aeTCs pe3Koe YBEINYCHNE TOKA.

Pe3onaHc — siBeHUE pe3KOro BO3paCTaHUsI aMITITUTYIbI
BBIHYXACHHBIX 3JICKTPOMArHUTHBIX KOJIeOaHuii IIpu COBIMAACHUHA
9acTOTHI BEIHYKAAIOIIETO HAMIPSHKEHUS C COOCTBEHHOM YacTOTOM
KoJieOaHUH KOHTYpa.
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DNeKTPOMarHUTHBIA pe30HaHC (KaK M1 MEXaHWMYECKHI ) HaCTyIaeT
MIPU COBNAJCHUH YaCTOThI BHEIIIHUX BO3JICUCTBUI C COOCTBEHHOM
4acTOTOU KojeOaHUN CUCTEMBI, IPH 3TOM aKTUBHOE CONPOTUBIICHUE
NEHCTBYET aHAJIOTUYHO CUJIE TPEHUS — [IEPEBOUT SHEPTUIO
KOJIeOaHUH B SHEPTHUIO TIOTEPH (TEIUIO).

Jlns pa3ubix R (npu nocrosiHubix L, C) kpussie |(@) umeror Bu:

e [lpu 3HauuTenbHBIX R pe3oHaHC MOXET OBITh NPAKTHYECKU
HE3aMETHBIM.

e Pe30oHaHC MIMPOKO UCHOIB3YIOT B paJUOTEXHUKE (ITPU HACTPOIKe
KOHTYpa paJHONpUEMHHUKA Ha
4acToTy BbIOpaHHOM
pPaAMOCTAHIINH U TIP.).

poTOp

I'eneparop nepemennoro toka (I'TIT)
ITpocreimmii ['TIT cocToNT U3: NOCTOSSHHBIX MArHUTOB 1; KOHTYpa
2; KOHTaKTHBIX Kouiell 3; meTok 4. [Ipu BpameHun KoHTypa ¢
YIJI0BOM CKOPOCTBIO () €r0 MarHUTHBIN IIOTOK
u DJIC 6= —@' = gysinat. JIyist KOHTYpa U3 N BUTKOB
£=N-g-Sinat.
Koncrpyktusao I'TIT cocToUT M3 ABYX OCHOBHBIX YacTEi:
HETIOJBMKHOM — CTaTOpa U BpalaroLIEncs — poTopa,
U3TOTOBJICHHBIX U3 YJIEKTPOTEXHUYECKON CTaIIH.
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e C mempto yBenumuenus KIIJI renepatopa (Gosiee MmoOIHOTO
WCIIOJIb30BaHUS MAarHUTHOTO IOTOKA) 3a30p MEXAy CTaTopoM U
POTOPOM JI€NAIOT MUHUMAJIBHBIM.

3HAYUTENIBHO YITYYILIAIOTCS.

Tpanchopmarop

Tpanchopmarop — yCTpoHCTBO, IpeIHa3HAYECHHOE AJI U3MEHEHUS
3HAUEHUH HANPSKEHUS U CUJIbI IIEPEMEHHOTO TOKA.

e Tpanchopmarop ObuT1 ckoHCTpyupoBaH B 1876 r. Ilerpom
Hukonaesuuem S6moukoBsim (1847—-1894, Poccus).

[Ipocreitmmii TpaHcGOpMaTOP COCTOUT U3 3aMKHYTOT'O CTAIBHOIO
CepJICYHMKA U JIBYX HAJEThIX HA HETO KaTyliek ¢ ooMoTkamu. OaHa
00MOTKa — EPBUYHAS — IMOJAKIIIOYAETCS K HICTOUHUKY EPEMEHHOTO
HaMpPsDKEHUs, Apyras — BTOpU4YHas — K notpedutento. Tok
MIEPBUYHON OOMOTKH CO3/Ia€T B CEPICYHHUKE

MePEeMEHHOE MarHUTHOE T0JIe, KOTOpOe U_nL
MIPOHU3BIBAET BUTKH BTOPUYHON OOMOTKH U U, L
HaBouT B Hel DJIC uHAyKIMH.

[lyctb nepBuuHas 0OMOTKA CONEPKUT /V; BUTKOB, BTOPUUHAs — N,
BUTKOB M K IEPBUYHON OOMOTKE NMPHIIOKEHO IIEPEMEHHOE
Hanpspkenue Uj.
H_ U _M_g , rieK — Ko duIMeHT TpaHchopMarim.
& U N
e Eciu No>N;, TO TpaHCOpMATOp HA3BIBAIOT IMOBBILIAIONIUM,
No<N; — TOHMKAIOIIHUM.

2. _PemuTsh 33/1a4¥ 0 BapUaHTaM

B ycnoBum 3amau OoTCyTCTBYIOT HM(pbI. 3HAYEHUS] (PUINUYECKUX
napaMeTpoB 3THX 3ajad HeoOxoaumo Oparb u3 Tabmumpbl 1: 1o
BEPTUKAIBHON CTPOKE YKa3aH HOMEDP BapUaHTA, [0 TOPU3OHTAIBHON
— HOMEp 3aJayu.

1. DOJC unHnykuuu, BO3HHMKIIAs B paMKe IMpU BpalleHuu e€ B
OJTHOPOJTHOM MarHUTHOM IT0JIe, U3MEHsETCs 1o 3aKoHy &(t)=gg-Sinmt
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(cm. Tabmumy 1). Onpenenuth ammutyaHoe 3Hadenue OJIC,
mraoBeHHoe 3HaueHue D/(C npu t=0,002¢, mepro 1 4acToTy TOKA.
2.  MarHuTHbI NIOTOK B paMKe, paBHOMEPHO Bpallarouieiics B
OJTHOPOJIHOM  MarHUTHOM  II0J€, M3MEHSETCS 10  3aKOHY
DO=Dyc0s6280t. Haiitu 3aBUCHUMOCTD SJIC WHIYKIIUH,
BO3HUKAIOIIEH B paMKe, OT BPEMEHUO OIPENEIUTh aMIUIUTYIHbIE U
nerctByromue 3Hadenust J/C, nepuoa v 4acToTy TOKa.

3. Omnpenenuth  JeHcTByIOIEEe  3HAUYEHHE  CHWJIBI  TOKa,
u3MeHsorIerocs 1o 3akony I(t)=lg-sin 54t.

4.  Omnpenenuth YacTOTy IEPEMEHHOIO TOKA, LMKJIMYECKas
yacToTa Kotoporo paBsa 110m.

5. Konnencatop €MKOCTbIO 10 ®BKmoUeH B ceTh IIEPEMEHHOTO
Toka ¢ yactorol 50I'm. OmnpenenuTs €MKOCTHOE CONPOTUBIICHHE
KOHJIEHCATOopa.

6. Konnencarop émkoctpio C BKIIIOUEH B CETh IMPOMBIIIJICHHOTO
ToKa. OnpenennuTs EMKOCTHOE COIIPOTUBIICHHE.

7.  Karymka wunayktuBHocThio 0,5 I'H  BKiIOUEHA B CeTh
IepeMeHHoro Toka ¢ uactoroil 50I'u. Ompenenutb UHIYKTUBHOE
COINPOTHUBIIEHUE KATYLIKH.

8.  Karymka MHIYyKTHBHOCTBIO L BKIIIOUEHa B CETh NMEPEMEHHOIO
oka ¢ yacrotoi S50I'm. Onpenenuth MHIYKTUBHOE CONPOTUBIIEHHE
KaTyIIKH.

9. Hanpsoxenus IIEPBUYHOU 51 BTOPUYHOU 00MOTOK
tpancpopmaropa U; u  UzcooTBeTcTBEHHO. YHMCIIO  BHUTKOB
BropuyHO 0OMOTKM Ny. OmpenenuTs: 4HMCIO BUTKOB MEPBUYHOU
oomMotkn  Nj, ko3pdunment TpaHchopmauuu K wu  Buf
TpaHcpopmaTopa (NOBBIIAIOUIMI WM  TOHWXKAIOIIMUK), OTBET
MOSICHUTb.

10. OmpenenuTh MOIIHOCTH TMEPBHYHOW M BTOPUYHOH IeTen
Tpancopmaropa Py u Py, ecnu u3Bectnsl: Hanpspkenust Up u Uy,
Tok | mepBuuHoit oOMoOTkH. Paccumtarh KodhdHUIHEHT
Tpanchopmanmu K u  ykazatb BHI  TpaHcdopmartopa
(TTOBBIIIAIOMIMN WA TOHUKAIOIIUI ), OTBET MOSCHUTD.
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dopma npeaocTaBIeHUs pe3yibTaTa

BrimonHeHHbIe 3a7a9d B TETPAIH IS MPAKTUYECKUX PaboT.
Kputepuu onenku:

3a npaBWIIbHO BBITIOJIHEHHOE 33/IaHUE BBHICTABIISETCS
MOJIOKUTETIbHAS OlleHKa — 1 6ast.

3a HenmpaBWJIBLHO BBIMOJHEHHOE JCUCTBHUE, 3aJlaHUE BBICTABISETCA
oTpulaTenbHas oneHka — 0 6ayioB.

Konnuectn [Ipouent KauecTBenHas oneHka ypoBHs
0 0aJuIoB | pe3yNbTaTHBHOC MOJITOTOBKH
TH (TPaBUIIBHBIX bann BepOanbHbIii anamor
OTBETOB) (oT™meTK
a)

9-10 90 — 100% 5 OTan4HO

8 80 — 89% 4 Xopor1rio
6-7 60 — 79% 3 Y 10BJIETBOPUTEIIHHO
0-5 menee 60% 2 HeynosnerBopurens

HO

Tema 4.2 DnexkTpoMarHUTHbIE KOJIeOaHHs U BOJIHbI

ITpakTnueckoe 3ansatue Nel7
«ONEeKTPOMArHUTHBIE KOJIeOaHUs 1 BOJTHBD»,(popmyna ToMcoHa»

Ienb paGoThl: HM3y4UTh CBOOOTHBIE SJIEKTPOMArHUTHBIE KOJIEOaHUs
B KOHTYPEC, paClIpOCTPaHCHUC BOJIH, BUJIbl BOJIH UX OTJINYHS.
Brimonnus pabory, Bel 6yzaere:

YMETb:

- IPUMEHATH Ha MPAKTUKE 3aKOHBI paCIIPOCTPAHEHUs
OJICKTPOMAardHuTHBIX BOJIH

MarepuanbHoe oOecliedeHrne: WHAWBUIYAIbHOE 33aJaHHe, KOHCIIEKT
J'[GKHI/II\/II, CIIPpaBOYHBIC MaTCpHUAJIbI.
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3amanue:

1. U3yunuTh OCHOBHBIE TEPMUHBI, 3aKOHBI, ONPEICICHHUS.

2.BBIIBUTE OTJIMYHSA KOJIEOAHHI OT BOJIH.

3.0TBETUTH Ha BOIIPOCHI.

4. PemuThb 3amaun.

Kpartkue Teopernyeckue cBeieHUs:

Onexmpomaenumuas ~ eoina  (OMB)  —  pacnpocTpaHeHHE
3JEKTPOMArHUTHOTO MOJIsI B IPOCTPAHCTBE C TEUCHUEM BPEMEHHU.
MakcBemn  mokaszaji, 4Yro B Kaxaod Touke OMII  BekTopsl
HAIPSHKEHHOCTH  E JIEKTPHYECKOTO OIS M WHIYKIMH B
MarHWTHOTO TIOJII B3aWMHO TEPIEHIUKYIISIPHBI U JISKAT B TUIOCKOCTH,
MEPHeHINKYISIPHON HAMpaBICHUI0 £ PACHpPOCTPAHEHUS BOIHBI,
MIpUYEM €CIIM PYKOSITKY IPABOTO BUHTA BPAIATh 110 HANPABICHUIO OT

E K B TO MTOCTYHATCIIbHOC NBUIKCHNUC BUHTA YKAXKCT HAIIPABJICHHUC
Z

E

ol

Puc. 13

CormacHo Teopun Makceeia £ W B cuHQasHBl U

pacrpocTpaHeHHE BOJHBI B MPOCTPAHCTBE C TEUCHHEM BPEMEHHU
MOYHO U300pa3uTh:

e DOMB pacnpocTpaHsercs Kak B cpelJax, TaK U B BaKyyMme
(HamMuus yacTUll He TpeOyeTcs).

e Ckopocte ODMB B BakyyMe BbIIIE, Y€M B Cpele, M paBHA
ckopoctH ceera ¢ = 3-10° my/c.

OMB (kak u Bcsikoe Kose0aHKe) MepeHOCUT YHEPTHUIO.
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Juna OMB () — paccTosiaue Mexy Ommkaimumu Toukamu OMB,
KOJICOTIONIMMICS B OJMHAKOBBIX (pa3zax.
OMB (B 3aBHCUMOCTH OT JUTHHBI BOJIHBI A) JICJIST Ha TUAa30HbI:

1) mmaaEBIe A > 1000 M; 3) kopotkue 10 < A4 <100 m;
2) cpenuue 100 < A <1000 m; 4) ynerpakopotkue A < 10 m.
Xom paboThI:

1. Pemuts 3agauu:

1. Pe3onanc B kosebarenbHOM KOHTYpE HACTYIMAET MPU YacTOTE
5,3 kl'u. Ompenenute WHAYKTUBHOCTh KAaTYIIKH, €CIU EMKOCTh
KoHJIeHcaTopa 6 MKD.

2. KonebaTenbHbId KOHTYP COCTOMT M3 KaTYHIKH WHIYKTHBHOCTBHIO
10 mI'n u koHaeHcaropa eMkocThio 1 MK®D. KoHaeHcaTop 3apsukeH
pu MaKCUMaJIbHOM HaIlpsHKEHUN 200B. Omnpenenure
MaKCUMaJIbHBIN 3apsa KOHJAEHCATOpa U MAaKCUMAJIbHYIO CHITy TOKa B
KOHTYpE.

3. Cura Toka B LemH MeHsercs 1o 3akoHy i=14sin(wt-30°).
Onpenenure nokazaHusi aMInepMeTpa, BKIIFOUEHHOTO B LIETIb.

4. KoHzeHcaTOp €MKOCTBIO 10° @ BimodeH B ceth [IEPEMEHHOT0
Toka ¢ yacrtorod 50 I'n. Ompenenute €MKOCTHOE CONPOTUBIIEHHE
KOHJIEHCATOopa.

2. OTBETUTH HA BONPOCHL:

1.Korna kirod B moJIOKeHUH 1: 1 2
a) KOHJIEHCATOPY COOOIIAETCs SHEPTHUS;

0) SHeprusi MarHUTHOTO TIOJII MaKCHMAaJbHA,
SHEPTHUsl IEKTPUUYECKOTO MOJIsl paBHA HYIIO;

B) DHEPTHUS SJEKTPUUECKOTO TOJIsI YMEHBIIIACTCS,
I) DHEPrus HJIEKTPUUECKOTO IO YBEIMYUBAETCH,
SHEPTHsI MATHUTHOTO TIOJIsI YMEHBIIIAETCS.

+
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2. Tlepuon cBOOOMHBIX KOJEOAHUII B KOHTYpE C YBEIUYECHHUEM B
JEBSITh Pa3 eMKOCTH KOHJICHCATOPA:

a) yBenuuuBaercs B 9 pa3;  B) yBenuuMBaeTcs B 3 pasa;

0) ymeHbIaercs B 9 pas; ') yMEHbIIIaeTcs B 3 pasa.
3.ITocteneHHOE  yMEHBIICHWE  JJIEKTPHUECKOW  DHEPTUM B
K0JIe0aTeIbHOM KOHTYPE CBS3aHO C HATMYUEM B HEM:

a) EMKOCTH; B) UHJYKTUBHOCTH;

0) eMKOCTH M UHAYKTUBHOCTH, T) aKTHBHOTO COTPOTHBJICHUS

5. JleiicTBHE reHepaTropa MepeMEHHOTO TOKa OCHOBAHO Ha:

a) CO3/IaHUM MAarHUTHOTO TIOJIS IBUIKYIIIUMUCS 3apsaMu;

0) HarpeBaHWW TIPOBOJHHMKA TMPH MPOXOXKICHHUH IO HEMY
AJIEKTPUUYECKOTO TOKA;

B) SIBJICHUH SJIEKTPOMArHUTHON MHIYKIIUU;

I') BOSHUKHOBEHUH JICKTPOMArHUTHOTO TIOJISL.

4. B uaeanpHOM 3JIEKTPUYECKOM KOJIeOaTEIbHOM KOHTYPE €MKOCTh
KoHjieHcaTopa 2 MK®D, a aMIuiMTyna HampsbkeHuss Ha Hem 10 B.
Omnpexpenute MaKCUMAaJIbHYIO SHEPTUIO0 MATHUTHOTO TTOJISI KATYIIKH.

a) 100 [Ix; B) 107 Jix;

6) 20 JIx; r) 10 Jix.

5. B uaeansHOM KO€0aTENILHOM KOHTYPE CHJIa TOKA U3MEHSETCS 0
3akony | = 0,1sin10% (A). Emxocte xonzaencaropa 10Mk®.
Onpenenure UHAYKTUBHOCTH KaTYIIKH.

a) 107 T'n; B) 10 I'n;

6) 0,1 I'n; r) 10% I's.

Kpurepun onenkn:

3a paBUIIBHO BBINOJIHEHHOE 33JaHUE W OTBET Ha BOIIPOC TECTA
BBICTABJISIETCS TIOJI0XKUTENbHAS OLIEHKa — | Gaswt.

3a HENpaBWIBHO BBHINOJHEHHOE ACWCTBHE, 3aJaHUE BBICTABIISIETCA
oTpuLaTeNbHas orjeHka — 0 0amoB.
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Komnuects [Ipouent KauecTBeHHas onieHKa ypoBHS
0 0aJuIoOB | pe3yNbTaTHBHOC MOJITOTOBKH
TH (TPaBUIIBHBIX bann BepOanbHbIii anamor
OTBETOB) (oTMeTk
a)

9 90 — 100% 5 OTinyHO

8 80 — 89% 4 Xopor1io
6-7 60 — 79% 3 Y 10BIETBOPUTEITLHO
0-5 menee 60% 2 HeynosnerBopurenb

HO
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Tewma 5.1 Ilpupona cBera. BonHoBble CBOMCTBA CBETa

[Tpaktuyeckoe 3ansTue Nel8

Pemienue 3a1a4 ¢ ucnonb3oBaHueM (GpopMyIsl JUPPaKIHOHHOM
pemETKU

Lenb paboThL: UCTONB3ys GopMyTy AUPAKITMOHHON PEIIeTKH
HAyYUTHCS PACCUUTHIBATH JJIMHY BOJHBI CBETA, TAPAMETPHI PEIICTKH
Brimonnaus padoty, Bel Oynere:

YMETB!

-pa3juyaTh BOJHOBBIC MPOLIECCHI, IPOUCKOISIIUE CO CBETOM
-IIPUMEHSATH Ha MPaKTUKe HGOpMYITy THPPAKITHOHHON PEIICTKH.
MarepuanbHoe 0OecIieYeHNE: HHIUBUIYaIbHOE 3a/1aHUe, KOHCIICKT
JIEKIINH, CIIPABOYHBIC MaTePHAIIBI.

[opsiok BhIMOHEHMS pabOTHI:

1.IToBTOPUTH sIBNICHUE TUDPAKITUU

2.IToBTOpUTH hopMyITy TUDPAKIIMOHHOHN PEIICTKH

Judpakius cBeTa — OTKIIOHCHHE CBETOBBIX BOJH OT
MPSIMOJIMHENHOTO paclpocTpaHeH sl (paccerBaHue) MpU BCTPeUe C
MPETSITCTBHEM WJTH SKPAHOM C TIETIBIO.

IIpensarcTBu Pucynoxk OOmbsicHeHnE
e

1) V3kas Ha »kpame B  wmenrpe

menb A=10"| s |/> oOpa3yercss CBETJIOE ISATHO

£10° cm —_— OoJbIlle pa3mMepa OTBEPCTHSI.

31| 3, Ha xpasix menu oOpa3yrorcs

BTOPUYHBIE BOJHBI U JIy4d
cBeta pacceuBarorcs. Ha
SKpaHe 3a MATHOM
4epenywTcss ~ TEeMHBIE |
CBETJIBIE MOJIOCHI

2) Tonkoe Kpas npoBosiouku sBASIOTCA

MPENSATCTBH KOTE€PEHTHBIMH

e S UCTOYHMKAaMHU  BOJIH, B

(TIpoBOIOUYK pe3ynbTaTe T paKIIH

a) KOTOPBIX Ha JKpaHe

=




BO3HHMKAeT HHTEep(epeHIns,
a B LIEHTPE JKpaHa BOJHBI

OPUXOJSIT B OJUHAKOBOM
¢daze, MOITOMY «TEHB» —
CBETJIas
3) | |HHTepdepeHuns Ha sKpaHe
Korepentn i oo | SIBJISICTCA CJICZICTBUEM
bIC '?Hl)))))))))))) il o | IHGPAKIMM  OT  ABYX
HWCTOYHHKH. ?]l))} imn | KOTEPEHTHBIX ~MCTOYHUKOB.
OnbIT / C HIOMOILIO OIbITa
KOunra 1802 we. |M3MEPEHBI JUIMHBI  BOJIH,
r. COOTBETCTBYIOIIHEC
CBETOBBIM JIy4aM pa3HOTO
1BETA
IIpensTcTBH Pucynox OOvbsicHeHne
e
4) Hughpakyuonnas pewemrxa —
Judpakmro COBOKYITHOCTb 0OJIBIIIOTO
HHas qHcIa y3KUX HapaieNbHBIX
pereTka HIeJICH, PacCIIOIOKEHHBIX Ha

WL

MaJIbIX PABHBIX PACCTOSHHUSIX
(d) mpyr ot apyra. IIpumep:

qaCTBIN rpeberox,
PECHHIIBI, TIEPO.
sinp=— = L

d d

~ dopmyra
JU(PPAaKIMOHHON  peIIeTKH,
rae

Ar — omnTuueckas pa3HOCThb

Xoma Jydel; ¢ — yrou
OTKJIOHEHHsSI ~ JIydel  oT
MEePIEHINKYIIApa K

IMJIOCKOCTH PCUICTKHU, (pq) —
min, @, — Max;
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Maxkcumym K — unciio mnmH BoaH; K —

bI Pa3HbIX ejioe — MaxX — cCBeTaas
CBETOBBIX 0JI0CA; MaKCHMYMBI
U3ITy4eHUt pAacCIOIOKEHBl HA PaBHBIX
PACCTOSIHUSIX JPYT OT JPYTa;
d — mepuox (TOCTOSIHHAS)

432101234

PEIIETKH — pPacCTOSIHUE OT
Ay |Havala OMHOM IIEIH HO
HayaJia CJAeAyIOIIeH MeiH.
Aews | TTO3BOMISIET BBIYHCIISITH
3-2-1 0 123 JUTHHY BOJIHBI:

X:d~singo

k

JnbpakmoHHYIO0 pElIeTKY
UCIIONB3YIOT IS
onpeeIeHus cocTaBa
CBETOBOI'O H3JIY4YEHHUS, T.K.
CBET, COOTBETCTBYIOLIUI
pPa3HBIM JUIMHAM BOJIH, JAaeT
MakCUMyMbl B Pa3HBIX
MecTax

R

3.PemuTs 3anauu:
1. Judpakumonnas pemerka umeer 50 mTpuxoB Ha MM. I[lox
KaKUMHU yIJaMH BHMJHBI max IEpPBOIO M BTOPOTO IOPSJIKOB
MOHOXPOMAaTHYECKOI0 U3Iy4eHUs ¢ JUIMHOHN BoJHBI 400 HM?
2. Omnpenenute AMUHY BOJHBI JUISL JUHUM B JU(QPAKIMOHHOM
CIIEKTPE BTOPOTO IMOPsAJIKa, COBNAAAIOIIENH C M300paKeHUEM JIMHUU
CIIEKTPA TPETHETO MOPSIKA € AIMHOU BOIHBI 500 HM.
3. Ha nudpaxkmumonnyro pemerky ¢ mocrosHHoi 0,01 wmm
HafpaBjieHa MOHOXpoMmaTuyeckast BosHa. [lepBbiif AudpakimoHHbII
max MOJy4YeH Ha dKpaHe CMEUIEHHBIM Ha 3 CM OT MepBOHAYAIBHOIO
HaIpaBJICHUS CBETA. Omnpenenure JUIUHY BOJIHBI
MOHOXPOMAaTHYECKOrO  U3IyYeHHUS, €CIU PACCTOSIHHE MEeXAY
9KpaHOM U pemeTkoi 70 cm.
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4. Onpenenute ONTUYECKYIO PA3HOCTh XoAa BOJH IiauHOM 540 Hwm,
MPOIIEAINX Yepe3 AU(PaKIHOHHYIO PEHIeTKY 1 00pa30BaBIIMX mMax
BTOPOT'O TOPSAKA.

5. MudpaknuonHas pemierka ¢ moctosaaoi 0,004 MM ocBermiaercs
CBETOM C JJuMHOW BoiH 687 HM. Ilom kakum yriom K pemierke
HY)KHO TPOHU3BOJUTH HAOIIOJCHHS, YTOOBI BHJIETh H300pa)kKeHUE
CIIEKTpa BTOPOro nopsijaka’?

6. Onpenenure MOCTOSHHYIO AU(PPAKIMOHHONW PEIIETKH, €CIH IMPH
€€ OCBEIICHUU CBETOM C JUIMHON BOJH 656 HM CHEKTp BTOPOro
IOpAJIKA BUJIEH MOJ YIiioM 15.

7. Omnpepenute MJWHY BOJIHBI A1 JUHUU B JIU(PaKUHOHHOM
CHeKkTpe 3-ro TOopsjaKa, COBMAJAONMIEd C JHWHHEH B CIHEKTpe
YETBEPTHOTO MOPsIAKA C JJIUHON BOJHBI 490 HM.

8. Kakoit HauOONpLIMI MOPSIOK CHEKTpa MOXHO BMJIETh B
mudpakioHHON pemrerke, umeromend 500 mTpuxoB Ha 1 MM npu
OCBEIICHUH €€ CBETOM C JITTHHOM BOJIHBI 720 HM?

dopma npeaocTaBIeHUs pe3ysibTaTa

BrinonHenHbie 3a1a4u B TETPAAM JIJIsl TPAKTUYECKUX PadoT.
Kputepuu onenku:

3a npaBWIHHO BHITIOJIHEHHOE 3a/IaHUE BHICTABIISCTCS
MOJIOKUTEbHAS OlleHKa — 1 6armt.

3a HEnmpaBWJIHLHO BBIMOJHEHHOE JEUCTBHE, 3aJaHUE BBICTABJISETCS
oTpulaTensHas omeHka — 0 6amioB.

Konuuects IIponent KadecTBeHHast OlIeHKa ypOBHS
0 0aJUTOB | pe3yNIbTaTHBHOC MIOJITOTOBKH
TH (TTPaBUIBHBIX bann BepOanbHblii ananor
OTBETOB) (oT™meTK
a)

8 90 — 100% 5 OTan4HO

7 80 — 89% 4 Xoporro
5-6 60 — 79% 3 Y 10BIETBOPUTENHHO
0-4 menee 60% 2 HeynosierBopurens

HO

107



Tema 6.1 KBanToBasg ontuka

[TpaxTrueckoe 3anstue Nel9
Pemenue 3amau mo reme «3akoHbl poTordpexrar

[esnb paboThI: M3y4UTh KBAaHTOBYIO TeopHIo, Teopuro Makcsena, u
[Tnanka. mousitue GoroHa., kBaHTa. 3akoHbI GoTodrddexra.
Brimonaus padoty, Bel Oynere:

YMETh!

- HCHONBb30BaTh Teopuro MakcBena u Ilmanka mnst oOBsICHEHUS
MIPOIIECCOB.

-pemiath 3a1a4u Mo GotTodPdexTy.

MarepuanbHoe oOecriedeHrne: HWHINBUAYaJIbHOE 331aHNE, KOHCTICKT
JICKIMH, CIIPAaBOYHBIC MATEPHUAIIbI.

3ananue

1. W3yunth (HU3NYECKYIO0 PUPOJY U CBOMCTBA BHYTPEHHETO W
BHEIIHero gotod(h(HeKToB, X pasnudue.

2. BBISICHUTB TIPaKTHYECKOE 3HAYCHHUE UCTIOIb30BaHMSl SIBICHHS
dotorddekra B OBITY, IPUPOJE, HAYKE, TPOU3BOJCTBE, MEAMIIMHE,
UX BpPEIHOE U MOJIE3HOE JIeiCTBHE.

3. [IpumeHuTs  ypaBHeHME OHWHINTEHHA JUIsI  BHEIIHErO
dotorddexra nmpu perieHnn 3aaad.

[Topsimok BeInosHEHHs pabOThI
1. I10BTOPHUTH OCHOBHBIE BONPOCHI TeMbI «BHEIHUI
doTorpdexT»
KBanToBas ontuka — pa3iesn ONTUKU, U3yYalOlUi SBJICHMUS, B
KOTOPBIX CYIIECTBEHHBI KBAHTOBBIE
—_— CBOIICTBa CBETa U aTOMOB BEIIECTB.
I Buemnuit poroap ekt — siBiaeHne
BBIXO/1a AJIEKTPOHOB U3 BEILIECTBA MOJ]
JENCTBUEM CBETA.
®oTOH (KBaHT) — MOPLHUS CBETOBON
sHepruu E = h-v.
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DOTOINEKTPOH — AIEKTPOH, y4acTBYIOMUM B poTtodrddexre.
o dotorddexr obHapyxkun I'epu u wuccrempoBan AJeKCaHIp
I'puropsesuu Crozneros (1839-1896, Poccus).

3akoHbl BHEIIHETO GoTodddexra

MaxkcumanbHast cuina (OoTOTOKa — TOK HackleHusl, — onpenensercs
YHCIIOM 3JIEKTPOHOB, BBIXOISAIIMX U3 METallla B €UHUILY BpEMEHH
IIpU JAHHOW OCBELIEHHOCTH.

[TepBrrit 3akoH GoTordPerTa: KOTUIECTBO POTOANIEKTPOHOB,
MOKHUIAIOUIUX OBEPXHOCTh METAJIa B €IMHUILY BPEMEHH, MTPSIMO
MIPOIOPLIMOHAIIBHO SHEPTUU CBETOBOM BOJIHBI, MTOTJIOMIAEMOM 33 3TO
BpeMs JaHHON IIOBEPXHOCTBIO.

Bropoii 3akon doTtorddekra: MakcuManbHas KHHETHYECKask YHEPTHUs
(OTOATIEKTPOHOB HE 3aBUCUT OT MHTEHCUBHOCTHU CBETA, IMPSIMO
MPOIOPILIMOHANIbHA YaCTOTE U3JIyUYEHHUS U 3aBUCUT OT MaTepuaia
AJIEKTPOJIA.

Kpacnas rpannna ¢porosdpdexra (Viin) — HAUMEHBIIIas 4YacTOTa
DOMB, Boi3biBaromeii poTodrhdexr.

Tpernii 3akoH hoTodddekra: kpacHas rpanuia Goroddpdexra
OTIPEJIENIICTCS TOJIbKO MAaTEPUAIOM 3JIEKTPOJIa M COCTOSTHUEM €TO
MTOBEPXHOCTH.

mv2 | — ypaBHeHue DiHmTelHa A potorddekra.

hv = +—
V ASLIX 2

h=6,63-10"" Jic-c;m=9,1-10™" xr; C=3-10° m/q]

2. Pemuts 3a1auun

B ycrnoBuu HEKOTOpBIX 33[1a4 OTCYTCTBYIOT HIU(pbI. 3HAUCHUS
(bU3UYECKUX TTapaMeTPOB ATUX 3a7a4 HEOOXOUMO OpaTh U3
TabmuUIE! 1:

10 BEpTUKATLHOU CTPOKE yKa3aH HOMEP BapHaHTA, 110
TOPU30HTAIILHOM — HOMEpP 3aJlayH.

1. DNEeKTpOMarHuTHOE M3JTy4yeHUue UMeeT 4acTtoTy . v . Kakosa
sHeprusi kBaHToB E?
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2. KBaHTBI 37€KTPOMarHUTHOTO H3JIy4E€HUS HUMEIOT sHepruto E.
Onpenenuty 9acTOTy UX KOJIeOaHuid V.
3. [Ipy Kakol MHMHUMAJIBHOM YaCTOTE MBJIYYEHUS  Vpin,
najarolivii Ha MOBEPXHOCTh 3aKUCH Meau, HauHeTcs (HoTod(ddexT,
ecnu paboTa paBHAa M3 3TOTO BEIIECTBA BHIXO/A Apx=8,24-10""
Jx?
4. Ha mnoBepxHOCTB Li€3us NajgaeT U3JIy4EHHE C 4YacTOTOMU V.
Bouteratommue B pesynbrare porodddexta IEKTPOHBI HMEIOT
KMHeTn4yeckyro sHepruto W, =2,8- 10" Jix. Kaxosa paboTa BbIXOJa
ABLIX?
o. N3nyuenue ¢ 4acToToit koiebaHus v BbI3bIBacT GoTOIPHEKT
Ha TIOBEPXHOCTH BemiecTBa. Kakylo KHHETHYECKYI) SHEPrHio
MOJIY4aloT AJIEKTPOHBI, €ClIM paboTa BHIXOJa COCTABIISACT 2 107 Jx?
6. Kakyro wyactoty KkosiebaHUNl VvV HMEET U3Iy4eHHUE, €cllu
BBIOMBAaEeMbIE UM DJIIEKTPOHBI UMEIOT »Hepruto E,,,, a pabota
BBIXOZA  Ag=6.5 101 k. KakoBa »sueprus ¢dortonoB E,
BBI3BIBAIOIIMX 3TOT PoTOdDHEKT?
7. [Ipy kakoM MHHUMAIBHOW YAaCTOTE MBIYYEHHUS  Vpin,
NIl Ha MOBEPXHOCTh 3aKUCH MeAH, HadHeTcs: GoTod(d ek,
ecnu paboTa paBHA M3 3TOTO BEIIECTBA BBIXOJA Agy=8,24- 10 JIx?
8. PaGora BBIXOZA DJIGKTPOHOB C  TOBEPXHOCTH  II€3UsA
COCTaBJISIET 1,9-10'19 JIx. Kakyro yactoTy xonebaHuil Vmin JOJKHO
MMETh  M3Jy4yeHue, CrnocobHoe BbI3BaTh  GoTodPdexkTr Ha
MMOBEPXHOCTHU 3TOT0 BellecTBa?
9. PabGoTta BbIXOna 27IEKTPOHOB U3 Oapus Am,lle,8-10'19 JIx.
IIpn xakoil [nMHE BOJHBI Amin HauHeTcss (oToddpdext Ha
MOBEPXHOCTU ATOTO MUHEpasna?
10. Kakyro kuHEeTHYecKyro SHepruto OyAyT MMETb AJIEKTPOHBI,
BHIOMBaeMbIe M3 HATpUS KBAHTAMH 3€JIEHOTO CBETa (As;e;=500 HM),
ecii paboTa BBIX0/1a AJICKTPOHOB M3 HATPHSI COCTABIISET
3,36-10™° J1x?
11. CKOpOCTh CBETa B BoJie v =225-10° 2 | a j1iHa cBeTOBOI BOMHBI
Yy
\. KaxoBa sneprust ¢oToHOB cBeta?
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Tao0muma 1

1 2 4 5 6 11
v, T'n. E, Ix v, ', v, I'1. Eww, | A, HM

1] 1-10" [ 61-107 | 1-10™ 1-10* 1,21—[121(0' 100
2 | 210" [ 62:10% | 2-10" 2-10" 2,210 200
3] 310" | 63107 | 3-10™ 3-10" 33.10° | 300
4 410" | 64107 | 410" 4-10 4410 400
51 510" | 65107 [ 510" 5-10™ 5,5:10" | 500
6 | 610 | 66:107 | 610" 6-10™ 6,6:10" | 600
71 710" | 67107 | 7-10" 7-10 7710 700
8 | 810" | 68107 | 810" 8-10™ 8,810 800
9| 910" | 69107 | 9-10" 9-10™ 9,9-10° 900
10 | 10-10™ | 7,0-10™ | 10-10 | 10-10™ | 10-10™ | 990

qbopMa MMpEaAOCTaBJICHUA PC3YyJIbTAaTa

BrmosHeHHBIE 3aaa4u B TCTpaau OJId IMPAKTHYCCKUX pa60T.

Kpurepun oneHku:
3a npaBUIILHO BBINOJIHEHHOE 33JaHUE BBICTABIIAETCS
MOJIOKUTEIbHAS OlleHKa — | Gasut.
3a HENpaBWJIbHO BBHINOJIHEHHOE JAEWCTBUE, 3aJ]aHHE BBICTABISIETCA
oTpuLaTeNbHas oneHka — 0 6aos.

Komnnuects
0 OaIoB

[Ipouent
pe3yJIbTaTUBHOC

KauecTBenHas olieHKa ypOBHS
IOJITOTOBKU
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TH (TPaBUIIBHBIX bann BepOanbHbIii anamor
OTBETOB) (oT™MeTk
a)

9-10 90 — 100% 5 OTinyHO

8 80 — 89% 4 Xopor1io
6-7 60 — 79% 3 Y 10BIETBOPUTEITLHO
0-5 menee 60% 2 HeynosnerBopurenb

HO

Tema 6.2 ®usnka atTomMa ¥ aTOMHOTO fJ1pa

[IpakTuueckoe 3anstue Ne20

Pemenue 3a4a4 110 TCMC: «CocraBienue SAACPHBIX peaKHHﬁ.
EcrecTBennas u HCKYCCTBCHHAA PaIOAKTHBHOCTDL).

Lenb paboOThL: UM3Y4UTH SAEPHYIO MOAEb aToMa. OnbITHL .
Pesepdopma. Moaens aroma Bojioposa o H. bopy.

Brinonnus padoty, Bel Oynere:

YMETB:

-pemaTts 3a1a4u 1o TeMe «EcrecTBeHHast paguOaKTUBHOCTB,
-IIPUMEHSATH 3aKOHBI [0 COCTABJIEHUIO SIACPHBIX peaKINi
MatepuanbHoe oOecriedeHre: WHANBUAYAIbHOE 3aJJaHie, KOHCIIEKT
JIEKIIUi, CIpaBOYHBIE MATEPUATIBI.

[Topsinok BeIoNHEHHS pabOThI
1. IIOBTOpPUTH TEOPETUYECKYIO YACTH:
-Cocmas paouoakxmueHoz2o usiyyeHusl
-Ceoticmea a, [, y-uznyuenuti
- PannoakTuBHbIE IpEeBpaLICHUS:

e a)|o-pacmaa MX>MAv+iHe|

e 0)|f-pacmam: Mx—s My+ %],

- 3akoHn paduoakmuenozo pacnada
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Pezepdopn ycranoBwit:

1) p/a BemecTBa yObIBaeT ¢ TEYCHUEM BPEMEHH;

2) U1 KaXKJI0TO p/a BELIECTBA CYIIECTBYET HHTEPBAJI BPEMEHH,
B TEUEHHE KOTOPOTo YOBIBAET B 08a pasa.

[Tepuon monypacnana (7) — Bpemsi, B TEYCHUE KOTOPOTO
pacragaercs MoJOBMHA OT HAYaJIbHOTO YHCIIA P/a aTOMOB.

I'padux A(t) 3aBrcuMocTu p/a (cKopocTu pacnanaa) B % ot
BPEMCHHU:
b A%
1004

IIycTh Ha4aJIbHOE YUCIIO MOJIEKYJI
BemectBa Np (100%), Torna uepes T’
Ny

YHCII0 MOJICKYJI OyIeT > (50%),

507 qyepes 2T—% (25%), uepes 3T — %

25

1 t
= ,T.¢6. N=N;,-— . Tak xkak n=—, TO
- 0 2/‘! T

N=Nj-2 7| - 3aK0H paJOaKTHBHOIO

pacmnana.

-HckyccTBEHHOE NpeBpalleHue saep
"IN+5He—!'JO+H .

e B omblTax @-yacTHla 3aXBaThIBAETCS MPUMEPHO OJAHUM
u3 50000 sipep azora.

o dortorpaguu  TPEeKOB  TIIATEIBHO  HU3Yy4YalOT U
paci(poBbIBAIOT.

e BriocneAcTBUM yAaJOCh OOHApYXUTh MPEBPALICHUS
anep (ropa, HATpUs, aTOMUHUS U Jp., CONPOBOXKIAIOLIUECS
UCITyCKaHUEM IIPOTOHOB.

e B saapax TSOKENBIX 3JIEMEHTOB (B KOHIIE MEPHOINUECKOI
CHUCTEMBI) TaKUX TPEBpAIICHUA HE HAOII0IaI0Ch (BEPOSTHO
OOJIBIIION 3apsijl 3TUX siiep HE MO3BOJISET (L-YaCTHIIE BIJIOTHYIO
MPUOIU3UTHCS K HUM).
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e Takue mnpeBpamicHUs W HA3BIBAIOT HCKYCCTBEHHBIMHU
SIIEPHBIMU PEAKLIUSAMU.

e lcnyckaHue NPOTOHOB IIPU SNEPHBIX pEAKLUUAX U
KpaTHOCTh 3apsijia sijipa 3apsay MPOTOHA TOBOPWIM O TOM, YTO
MPOTOH BXOJUT B cocTaB siapa. Opnako, Macca sapa (1o
pe3yabTaraM pacdy€TOB M OINBITOB) OKa3bIBAIACh OOJIBIIC
MIPOM3BEICHUS O0IIEro 3apsjia BceX MPOTOHOB (B €) HA Maccy
MpOTOHA (B a.€.M.), T. €. IOMHUMO IIPOTOHOB B S/IPE TOJDKHBI OBLITH
HaXOAUTHCA U ()pyeue SJICMCHTAPHBIC YaCTULbI.

-OTKpbITHE HEUTPOHA, IPOTOHHO-HEUTPOHHAS! MOJIENb aToMa

UccnenoBanus mokaszanu, 4To Macca HeTpoHa B 1838,6
0O0JIBIIIE MACChI AJIEKTPOHA M IIOYTH paBHA Macce nmpoToHa (1836,1
Macc a1ekTpoHa). [lpu nonaganum -4acTuil B siapa Oepuiuiis
IIPOUCXOIUT PEAKIMS: §Bet+iHe—'2C+in, TAE (n — HEUTPOH.

Helitpon — HecTabuibHas yacTuia (C BpeMEHEM XKU3HHU 7~ 15
MUH), KOTOpasi pacrajaeTcsi Ha MPOTOH, JIEKTPOH U HEUTPUHO
(dactuia, TUIIEHHAS MACChI IIOKOS).

MaccoBoe uncio (A) — cymma uuces IpoToHOB Z 1

HeiftpoHoB N B siape.

-SlnepHble peakuuu
SnepHas peakius — U3MEHEHHE aTOMHOTO spa IIpU
B3aUMOJICMCTBUU C APYTUM SIAPOM WIIM C DJIEMEHTAPHOW YaCTULIEH.
7Li+|H—>3He+3He

27 Al+in—37Na+3He

2 Pemmuts 3amaun :

1. Kyna cmemiaercs anemeHT Y B Tabnuiie MeHeneesa B
pesyibTaTe 2-X B-pacmano?

Hano: Pemenne
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OTtBeT:

2. B pesynbpTare 3axBara o-4acTULbI SAPOM M30TONA a30Ta N

o0pasyeTcsi HeM3BECTHBIN 3JIEMEHT U MPOTOH. Hamucarh peakuuio u
OIIPEAEINTh HEU3BECTHBIN DJIEMEHT.

Hano: Pemenue

NG gpe| 9N e p X
JHe

X-?

OtBer:

3. Pemuth 3a1aHus Ha OLICHKY:
1.OnemenT Kyp4aroBudl TONMy4MIH, OONydas IUIYTOHHH 22py,
ApaMK HEOHA *Ne. Hamumiure peakuuio, €Cium HM3BECTHO, YTO B
pe3yibTaTe o0pa3yeTcs elle YeThipe HEUTpoHa.
2. Hanmmmre Hemoctaroye OOO3HAUEHHS B CIEMYIOUIMX SACPHBIX
pEaKIsX:
a) ZAl+n — ?2+,He; 0) ?+H—Na+,He;
B) ®Mn+?—>Fe+in; T) ZAl +y—*Mg +?;
1) “B+in—>?+a;  ©) SMn+lp—>2+n;
K) TLi+ He —2+°He:3) 2H +y —>2+n.
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3. llporaktuHui 23 p, o-paanoakTHBeH. Onpexenure, Kakon

QJICMCHT NOJIYYaCTCs C IOMOIIBIO 3TOI'O pacna;[a?
% 23 -
4. B xakoil 31eMeHT ImpeBpaIacTcs 929U IIOCJIC IBYX B pacrnagoB U

OJIHOTO o-pacmana’?
3
5. U3oTom renus ‘ffe TOJNYYaeTCs B pe3yinbrare OOMOAPIMPOBKH

sIep TPUTHsSL *ff NpOTOHamMu. Haijnre SHEpreTHYEeCKuil BBIXO 9TOM

peaxiuu.
6. KakoBa nsnexkTpuueckas MOIIHOCTb aTOMHOM 3JIEKTPOCTAHIIUH,
pacxopyrommid B cyTku 220 r uzorona 2y u umetomeir KITI=25

%?

Tema 1.1 Kunemaruka

JlaGopaTtopnast pabota Ne 1
«OrmpeneneHue MIOTHOCTH BEIIECTBA»

Ilenp paboOTBI: 3KCIEPUMEHTAIBHOE ONpEAENCHHE IUIOTHOCTH
KHUJKOCTU W TBEPJOTO TEJA.

Beimonnus paboty, Bel 6yzaere:

YMETB:

-U3MEPATh M BBIUKUCIATH I[ApPaMETPbl: MacCy, MJIHUHY, BBICOTY,
HIUPUHY, 00BEM, INIOTHOCTD.

-CUUATATH ITOIPEIIHOCTH

MartepuanbHoe oOecnedeHue: BeChl C pa3HOBEcaMH; JIMHEWKa
MaciTaOHasi; IITAaHTEeHIUPKYJb; MEH3ypKa; BELIeCTBO, IMJIOTHOCTh
KOTOPOT'O HYXHO OIIPEIEIINTD.

3aganue

oIpeieNnuTe Maccy U o0beM HCClIeAyeMOoro BellecTBa. Brruucnure
IIJIOTHOCTB BEILECTBA.

Kpartkue Teopernyeckne cBeIeHUS:
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[110THOCTBIO BEIIECTB Ha3bIBA€TCS OTHOIICHHE MAacChl BEIIECTBA K
ero oobemy. PuU3NYECKHl CMBICT: IUIOTHOCTH ITOKA3bIBAET, YEMY
paBHa Macca OJIHOTO KyOM4YEeCKOro MeTpa BellecTBa/
p=m/vrae
p — IWIOTHOCTD (Kr/M°);
m — macca Tena (Kr);
V — 06beM tena (M)

[Topsanox BeinoIHEHUs paboThI
1. JIns ompeneneHusi IJIOTHOCTH TBEPIOTO Tejla BBIYHUCIUTE €ro
o0BeMm.
2. O0ObeM MPSIMOYTOJBHOTO TIapajuleIeTUIIea BBIYUCIUTE 10
bopmye:
V=a-b-h,
rae a — JyiMHa, M; b — mupuna, M; h — BeicoTa, M.

ﬂd 2

O06beM HUIMH]IPA BBIYUCIUTE 110 hopMyIie: \ = T.h,

h — BeIcOTa IIMIIMHApA, M; d — €ro AuamMeTp, M.

Eciu TBepmoe Teno uWMeEeT HempaBWIBHYIO (OpMYy, TO €ro 0o0beM
OTIPEJICIIUTE C TIOMOIIbI0 MEH3YPKH, B KOTOPYHO OH MOXET OBITh

MOTPYXKEH.

2. Ha Becax, IpekJ€ ypaBHOBELIEHHBIX, OIIPEIEINTE MACCy TeNa.

3. ITo popmyne p=m/V BbIUUCIHTE MIIOTHOCTH TBEPIOTO TEJA.

4. PesynpraThl HM3MEpeHUH 3aHecuTe B TAOMUIy M cCleNaiTe
BBIYMCIICHUSA.

B
V

OtHOcUTENbHAS
MOTPEUTHOCTh

BemecTBo
[[lupuna a
(M)
JlmuHa,
(M)
BricoTa, h
(M)
O0BeM,
(243
Macca, m
(kr)

Da. Kr/MS
Pran, Kr/m®

_Pr—Pn .100%

o
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OmnpITHOE ONpe/ieeHne TNIOTHOCTH BOJIbI
1. s ompeneneHus IUIOTHOCTH BOJBI HEOOXOIMMO: HAWTH Maccy
Tapbl, B KOTOPYIO HYXXHO NOMECTUTh BOJY U OIpPEACIUTh Maccy
BOIBI O€3 Taphl.
2. Ompenenure I1eHY JeJICHUS MEH3YPKH M Halaure o0beM
B3BEILIEHHOM XUJIKOCTH (BOJIBI).
3. Pesynprarel ombiTa 3aHecuTe B TAOMUIy U BBIYHCIICHUS
npousBeaure B cucreme CH.

S & )
Q )E e}
S B o, | &
s E 172 |20 & | wo
o P = - |E & | & 5 OrtHOocurenbHas
S gl 5l 8¢ 218 Bzd
5 2l 84 3 CRER-PIE = o MOTPEUTHOCTh
2 E BEBEY S |5895E
APE YR E IR
MIE EE X p X >E 82 B d
s =2t " P+ 100%
Pr

KoHTpoJbHBIE BOOPOCHI

1. J4 K] JABYX Pa3HbIX MCTAJJIOB H3TOTOBJICHBI OJWHAKOBLIC I10
pasMepaMm KyOuku. B3BemmBaHue MOKa3allo, 4TO Macca OJHOTO
KyOuka Oosbiie Macchl apyroro B 3,3 pasza. OauHakoBa Jn
IUIOTHOCTh MeTaiia? Ecnu HeT, TO BO CKOJIBKO pa3 OTIMYaloTCA
IJIOTHOCTH?

2. Tpu nmeranu — MeaHas, Kele3Has M allOMUHHEBAas — UMEIOT
OJIMHAKOBbIE 00BEMBI. Kakas aeranh wWMeeT HauOOJBIIYI0 Maccy,
Kakas HauMeHbIyt? [IycToT B AeTansx Her.
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3. Kycok meramra o6bpémom 250 cM® nmeer maccy 1750 r. uro
3TO 3a MeTami?

4.  Ha yamku ypaBHOBEIIEHHBIX BECOB IOCTaBJICHBI OJIMHAKOBBIC
crakanbl. [locnme TOro, Kak B OJWH CTaKaH HAJIWIA MOJIOKO, a B
Jpyroi — moJICOTHEYHOE Macjo, PaBHOBECHE BECOB HE HAPYIIMIIOCH.
O0BEM KaKoi U3 KUAKOCTEH O0IbIIIe?

dopma npenocraBieHUs pe3yabTaTa
3anoaHNUTH TAOJIMILy U 3aIKcaTh BBIBOJ 11O padoTe.

Kputepuu onenku:

3a nMpaBUIIHHO BBITIOJTHEHHOE 33aHUE BBICTABIISICTCS
MOJIOKUTEIbHAS OLleHKa — 1 OaJlI.

3a HENpaBWJIHHO BHIMIOJHCHHOE ACWCTBHE, 33JaHUC BBICTABIISCTCS
oTpularenabHas oneHka — 0 6amioB.

Kaxxgoe 3aanne OleHuBaeTCs OTAENIBHO:

3anonxenue tadaui-1 6amn

OTBETHI HAa KOHTPOJBHBIC BOIPOCHI- B 3aBUCUMOCTH OT KOJMYECTBA
3a1a4

pelIeHre 3a1a49- B 3aBUCUMOCTH OT KOJIMYECTBA 3314

IIpouent KauecTBeHHas OLleHKa ypOBHS
pe3yIbTaTUBHOCTH MOJITOTOBKH
(MpaBUIIBHBIX bann BepOanbHblii ananor
OTBETOB) OmM (oTmeTka)
obwezo uucia
bannos
90 — 100% 5 OTnu4HO
80 — 89% 4 Xopo1io
60 — 79% 3 Y 10BIE€TBOPUTENHEHO
MeHee 60% 2 HeynosnersopurensHo

Tema 1.3 3akOHBI COXpaHEHUSI B MEXAHUKE
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Jlaboparopnas pabota Ne2
«M3ydeHune 3aKkOHA COXPAHCHHS MEXaHUYECKOM SHEPTHI»

Ilenp  paboThI:  CpaBHUTH  JBE  BEIMYMHBI—YMEHBIICHUE
MOTEHIMAJIbHON SHEPTUU NPUKPEIICHHOTO K IPY)KUHE TeJla IPH €ro
NaJICHUU W YBEIMYECHUE TIOTCHIMAIbHON DSHEPrHUH pacTAHYTOU
HPY>KUHBIL.

Brimonnus pabory, Bel Oyzaere::

YMmers:

- U3MEpATh W BBIYUCIATH BEIUYHMHBI, OT KOTOPBIX 3aBHUCHUT
MOTEHIMAJIbHAs SHEPI U

MarepuanbHoe obecriedeHue 1) 1uHaMOMETp, KECTKOCTh MPYXKHHbI
KoToporo paBHa 40 H/m; 2) nunHeiika

u3MepuTenbHas; 3) rpy3 u3 Habopa 1o MexaHHKe; Macca rpy3a paBHa
(0,100 £0,002) xr.

Marepuainsl: 1) pukcarop;

2) wraTuB ¢ My()TOH U JIATTKOM.

3aganue

1. Hcronb30BaTh 3aKOH COXPAHEHUsS IIOJHOM MEXaHUYECKON
SHEpIUu.

2. Ha npakTuke nokas3ats cripaBeJIMBOCTb 3aKOHA.

[Topsimok BeIONHEHHS PabOTHI

Jliis paboThI HCTIONB3YETCS YCTaHOBKA, MOKa3aHHasi Ha pucyHke 180.
Ona npexcraBngeT co00i YKpernieHHbIH Ha MITaTUBE AUHAMOMETP ¢
¢ukcaropom 1.
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Prc. 180

L

[IpyxuHa nuHaMOMeTpa 3aKaHYMBAETCS MPOBOJIOUYHBIM CTEP)KHEM C
KkproukoM. ®Dukcarop (B yBEIMYEHHOM MaciiTabe OH IOKa3aH
OTIENbHO — TOMeuYeH IUdpoi 2) — 3TO Jerkas MIACTHHKA U3
npobku (pazmepamu 5 X 7 X 1,5 MM), mpope3aHHass HOXKOM JI0 €€
ueHtpa. Ee Haca)xuBaroT Ha MPOBOJIOYHBIN CTEPKEHb TUHAMOMETpA.
dukcarop JOHKEH MEePEeMelIaThCs BAOIb CTEPXKHS C HEOOJIBIIUM
TPEHHEM, HO TPEHHE BCE K€ JIOJDKHO OBITh JOCTATOYHBIM, YTOOBI
¢dukcarop cam 1o cebe He majgan BHU3. B 3TOM HYXHO yOeauThCS
nepen HadajaoM paboTel. i 3Toro ¢ukcatop ycTaHaBIMBAIOT Y
HIDKHETO Kpas IIKajdbl Ha OrpaHUYMTENbHOM cKkobOe. 3areM
paCTITUBAIOT U OTITYCKAIOT.
dukcarop BMECTE€ C MPOBOJIOYHBIM CTEP)KHEM JOJKEH MOIHSATHCS
BBEpX, OTMeUasi 3TUM MaKCHMalbHOE yUIMHEHUE MPYKUHBI, paBHOE
paccTosHUIO OT yropa 10 puKcaTopa.
Ecnu noaHsTh Tpy3, BUCSIINN HA KPIOYKE JTUHAMOMETPA, TaK, YTOOBI
MpY>KUHA HE OblJIa pacTsAHyTa, TO MOTECHIIMAIbHASI SHEPTHS Tpy3a Mo
OTHOILLIEHUIO, HallpuMep, K MoBepxHocTH crosna paBHa mgH. [lpu
MajJieHuy Tpy3a (OMyCKaHWE Ha PacCTOsSHUE X = h) MOTeHIMaIbHAas
SHEPTUs TPy3a YMEHBIIUTCS HA
E; =mgli,
a DHepTuUs MPYXUHBI IPH ee AeGopMaIiy yBETMUNBAETCS Ha

1
Ere=-.
[Topsmok BeIMOTHEHUS PabOTHI
1. I'py3 u3 Habopa MO MEXaHUKE MPOYHO YKPEMHUTE Ha KPIOUKE
JTMHAMOMETDA.
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2. IlomHumuTe pyKOW Tpy3, pasrpyxas NPYKUHY, U YCTaHOBUTE
(uKcaTop BHU3Y Y CKOOBI.
3. Ornycrute rpy3. [lagas, rpy3 pactsHer npyxuny. CHUMUTE Tpy3
U TI0 TIOJIOKEHHUIO (PUKCAaTOpa M3MEphTE JTMHEUKOH MakCHMajIbHOE
YIJIMHEHHUE X TPYKUHBI.
4. IloBTOpPUTE ONBIT IIATH Pa3.
5. Ilogcuuraiite

Elcp e mg_’h ep
u

ki’
Evp=—3"

7. CpaBHUTE OTHOILIEHUE

Eiep

E 2cp
C €IMHUICH M CHeNaiTe BBIBOJ O MOTPEIIHOCTH, C KOTOPOH OBLT
IIPOBEPEH 3aKOH COXPAHEHUS DHEPIHUH.
3aKoH coxpaHEHHUs] MexaHudeckoi sHepruu. [lonHas mMexaHuuyeckas
SHEPIUs 3aMKHYTOM CHCTEMBI TE€J, B3aUMOJEHCTBYIOLIUX CHUIIAMU
TATOTEHUS WIA CUJIaMU YIPYTOCTH, OCTaeTCs HEU3MEHHOW IpHU
JHOOBIX JIBMKEHHSX TEJ CUCTEMBbI

I |h

Epl + EK] = Ep’l + EKL‘ 2 t N

Paccmotrpum Takoe Teno (B Hamem ciydae peruar). Ha Hero
JEUCTBYIOT JIBE CUJIBL: BEC IPY30B |E| u cuia [H (ynpyrocta npyKuHbI
JUHAMOMETpA), YTOOBI phlYar HaXOAMJICS B PABHOBECHH U MOMEHTBI
9TUX CWJI JIOJDKHBI OBITh paBHBI 1O MOIYJIIO MeAy COOOM.
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AOCOIIOTHEIC 3HA4YCHUA MOMCHTOB CHUII [F[ " IEI OoIpeaAcinM
COOTBETCTBECHHO:

Ml - Pll’ M::Fl:.

PaccmoTpuM rpy3, NPHUKPEIUVIEHHBIH K YOPYrol HpyKMHE TaKuM
00pa3oM, Kak MOKa3aHO Ha pUCyHKe. BHauane ynepxuBaeM Teno B
MOJIOKEHUH 1, MpyXWHa He HaTIHyTa M CWIa YIPYIOCTH,
JEUCTBYIOLIAsl HA TEIO paBHA HYINO. 3aT€M OTIIyCKAeM TEJIO U OHO
[a/1aeT MO/ JAEHCTBUEM CHJIbl TSXKECTU J10 MOJIOKEHUA 2, B KOTOPOM
CWJIa TSDKECTH IIOJHOCTbIO KOMIIEHCUPYETCS CHJION YIpPYrocTH
IPY>KUHBI NIPU YAJMHEHUU €€ Ha h (Teso MOKOMTCS B 3TOT MOMEHT
BPEMEHH).

PaccMoTpuM M3MeHEHHE MOTEHLUUAIBHOW HSHEPrUU CUCTEMbI IPH
nepexoze Tena u3 nonoxeHus 1 B nonoxenue 2. Ilpu nepexone us
nojiokeHuss 1 B MOJOXKEHHE 2 TMOTEHLHUaJbHAas HHEeprus Tesa
YMEHBIIAETCS Ha BENIWYMHY mgh, a moTeHIHMadbHas DSHEPrus
IPY>KUHBI BO3pACTAET HA BEJTUUYUHY

kh?

2

Lenbto paboThI sBISETCS CpaBHEHUE ITUX ABYX BenuuuH. Cpencrea
U3MEpPEHUs: JUHAMOMETP C H3BECTHOM 3apaHee KECTKOCTBIO
npyxunsl 40 H/Mm, nunelika, rpy3 u3 Habopa o MEXaHHKeE.
Beinonnenue paboTsl:

NQ h:xmax , E .
OIbITa  |[M hep:M E ik |[Ex Ik E_z
1
2
3
4
5
Brraucienns:

[Ipumep BeIUKCIECHUI:
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X+ X, +X; +X, + X
—_ —_ 1 2 3 4 [ —
h-cp_xcp_ 3 -

_ 0,054 M +0052 M +0.048 M+ 0.05Mm + 0,052 M
5
E,,, = mghy, = 0.1 kr - 9,81 M/c” - 0,051 M = 0,050 [T
}_‘qup)2 _ 40 H /30,051 3
2 2
O11eHUM MTOTPEITHOCTH:
ey =&y +ep, =28, +E, +E =3E .+
E,

=0.051m

Eoep = =0.052 .

AXx  Am 0,0005m 0,002 xr
+ =3- +

ep =3 = 0,05 (5%)
L X, m 0,05Im 0,1xr
E, P
El _ El _ ~
AE; = E; -0,05=0,96-0,05~ 0,05

OTHoOLIEHNE MTOTEHUUATBHBIX SHEPTUM 3aIUIIEM KaK:
E <
L =0,96+0.05.
OTKYyZla BUJHO, YTO IOJIYYE€HHOE OTKJIOHEHUE OT €IUHHULBI JIEKUT B
npejenax NorpelHOCTH U3MEPEHU.

KoHTpoJIbHBIE BOOPOCHI

1. Kaxue norepu 3Heprun He yUYUTHIBAKOTCS IPU BBIIIOJHEHUU

JTaHHOM paboThI?

2. Kak 00BACHUTH, YTO MpHU pacyere MOAYNS CKOPOCTH IIapa

ObUIM UCHOJb30BaHbl YpaBHEHHE PABHOMEPHOIO JBMKEHUs | = vt u
_gt

YpaBHEHUE PABHOYCKOPEHHOTO ABUKEHUS 2 9

3. [Ipy Kakux yCIOBHSX NPUMEHHM 3aKOH COXPaHEHUs

MEXaHWYECKON YHEPTUU?

4. dopMa peaoCTaBICHUs pe3yJIbTaTa

3anoyHUTh TaOMUILY U 3aMKUcaTh BBIBOJ 11O padoTe.
Kpurepun onenkn:
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3a nMpaBUJIBHO BBIMIOJTHCHHOE 3aaHUE BBICTABIIICTCS
[IOJIOXKUTENbHAS OllEHKa — 1 OaiI.

3a HeNpaBWJIBHO BBHIMOJIHCHHOE JCHCTBHE, 3aJaHHE BBICTABIISICTCS
oTpuLaTenbHas oueHka — 0 6ayioB.

Kaxxgoe 3aanne OleHuBaeTCs OTAENIbHO:

3amonHenue Tadumi-1 6amn

OTBETHl HAa KOHTPOJIbHBIC BOIPOCHI- B 3aBUCUMOCTH OT KOJHYECTBA
3a7a4

pellIeHre 3a1a49- B 3aBUCHUMOCTH OT KOJIMYECTBA 33/1a4

[TpoueHT KauecTtBeHHast onieHKa ypoBHs
PE3yJIbTaTUBHOCTH MTOITOTOBKH
(MpaBUIIBHBIX bamn BepOanbhslii ananor
OTBETOB) OmM (oT™MeTKa)
0bwe2o uucia
bannos
90 — 100% 5 OTINYHO
80 — 89% 4 Xopo1io
60 — 79% 3 Y 10BI€TBOPUTENHHO
MmeHee 60% 2 HeynosiersopurensHo

Tema 2.1 OcHOBBI MOJIEKYJISIPHO- KHHETUYECKOM Teopun

JlaGopatopHnas pabota Ne3
IIpoBepka ra3zoBbIx 3aKOHOB: 3ak0oHa bonnsa-Mapuorra

Lenb paboThI: SKCHIEpUMEHTaIbHAs IPOBEpKa 3akoHa boits-
Mapmuorra.

Brimonuus pabory, Bel Oyzaere::

Ymers:

- U3MEPSTH JaBlICHHE ,00bEM.

-9KCIIEPUMEHTAIIFHO JOKA3bIBATh CIPABEITUBOCTH OJTHOTO U3
U30IIPOLIECCOB
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MarepuanpHoe obecrieueHue: MUIMHAP C MPOOKOi, BOIa, TPyOKa CO

IIKaIOH, InHEelKka, 6apomeTp.

3amanue

1.IToBTOpUTH 0OBEANHEHHBII ra30BBII 3aKOH.

2.IIpoBepuTh Ha IPaKTUKE cOONMIOZICHUE 3aKkoHa boits-MapuoTya.
[Topsiaok BeIMOMHEHUS PAOOTHI

3akoH boins-Mapuorra 115 U30TEPMUYECKQFo

nportiecca (T= const, v=const) sisnsieTcs yac ﬂ _ RV,

THBIM CIly4aeM OObCMHEHHOTO ra30BOr0 3aKOH, B T,

T. €. IaBJICHHE Tra3a 00paTHO MPOMOPLUOHATLHO-eFo-005eMy-

DTy 3aBUCUMOCTb MOKHO MPOBEPUTDH OMBITHBIM ITyTEM:

| crioco:

H\ IAh 5 _PV,
2 V2

1. CoOpaTh ycTaHOBKY IO PUCYHKY 1.
2. Ompenenntb 06beM raza (\/, ) B TpyOKe, TIPUHSB IUIOMANL €€ CEYESHHUS

pasHoii 1 cv®
3. Ilo GapomeTpy onpeaenuTh BeNMIuHy atMochepHoro aasnenus ( P, ).

4. OmnycTuth Tpy6KY OTKDBITHIM KOHIIOM B BOJY U OTIPE/IETUTH HOBBIH
o0beMm Bosnyxa B TpyOKe (V, ).

F)ell = Pamw + F)sut) cm.
rae P, =P- armocheproe maBienne, brrrg——rommroriic
BOJHOTIO cTo0a, [ld; .
a ’ Pgor)cm - p g Ah

L =1000 K—i IJIOTHOCTB BOJBIL, ¢ = 9,8£2 — YCKOpEHUE
M c

CBOOOJHOTO TaJICHHS;
Ah — BpicoTa cronba kuakocTh (cM.puc. 1)
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4. IIpuHsaB BTOpOH pe3ynbTar Iy 3a HCTUHHOE 3HAYCHUE
JaBJICHUA,

BBIYUCIIUTE a0COMIOTHYIO (A) M oTHOCHTENBHYO ([1)
MOTPEITHOCTH

o. Pe3ynbrarhl n13MepeHni U BBIYMCIICHUM 3aHECTH B
Tabmuiy 1.
6. Cnenatpb BBIBOJ 110 paboTe.
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dopma npenocraBiIeHUs pe3yabTaTa

Tabmuna 1.
O6bvem | HaBnenue| O6vem | JlaBnenue| [laBnenud Beicora | [laBnen | A6comor | OTHOCHTE
V11 w cTojba ne Has JIbHAs
B, Ila KHUIKOCT ng’ Ia MOTPEIITHO IOT'PEIIH
VZ’ MS P,,I1a Py, I1a U - OCTb
Ah, m
A Ila 0, Ila




KoHTpoapHBIE BOOPOCHI

1 BapuaHT
1. KakoBbl OCHOBHBIE TMOJOXKEHUSA MOJIEKYJISIPHO-KUHETUYECKOU
Teopun?
2. Yto mpoMCXOIUT C KHHETUYECKOW SHEPTHEH MOJIEKYJ BElleCTBa
[P IOHMKEHUU TEMIIePaTyphl?
3. Tlouemy 3aKIIFOUEHHBIN B COCYJ ra3 JaBUT HA CTEHKU cocyaa?
4.  KakoBa 3aBUCHMOCTb IUIOTHOCTH Ta3a OT JaBJICHUS MpU
MMOCTOSIHHOM TeMriepatype?
5. Kaxkoii ra3z HaspiBaercst uaeajabHBIM?
6. Kakomy 3akoHy NOJUUHSETCS U30TEPMHUUECKU MpolLece B raze?

7. B mwmnmpe amsens Bo3nyx cxumaercs or 0,8 10°I1a 110
20-10°ITa. O6beM mpu 3ToM ymeHbInaercs ot 10,5 mo 3. HauanbHas
temrepatypa 37 °C. OnpeneauTb KOHEYHYIO TEMIIEpaTypy.

8.  Ilpu temmeparype 20°C naBieHHe BO3IyXxa B 0a/IOHE PaBHO
10* Ia. [Tpu kakoii Temmneparype naBienue B HeM Oyzaet 0,46MIIa?

2 BapuaHT

1. B uem cocTout 6poyHOBCKOE ABMKEHUE?

2. Kakue napameTpsl xapakTepU3yIOT COCTOSIHHE rasza?

3. Uewm oOBsicHsaeTcs naBieHue raza? EquHUIBI ero n3MepeHus.
4. [louemy pnaBneHMe ra3a MpU H30TEPMUYECKOM  CKATUU
BO3pacraer?

5. Kaxoit ra3 Ha3zpiBaeTcs uaeanbHbIM?

6. MoOXHO M W3 YpaBHEHMsI COCTOSIHUS Ta3a IOJYyYUThb 3aKOH
Bbotins-Mapuotra?

7. B Oamnone emkocteio 80 JUTPOB  HAXOAWUTCS Tra3 TOJ

5 o "
JAaBJICHUCM 3;910 ITa. Kakoii o0beM 3aiiMeT ras IIpu HOpMAaJIbHOM

atmochepHom nasnenun 0,1MITA. IIpouecc nuzorepMuyeckuii.

8. Ipu Temneparype 10°C maBieHne Bo3ayxa B OaUTOHE PaBHO
10" Ia. Tpu kaxoii TemmepaType nasienue B Hem Oyer 0,26MITa?
®dopma npeaocTaBiIeHUs pe3yibTaTa

3anoyHUTh TaOMUILY U 3aMKUcaTh BBIBOJ 11O padoTe.

Kpurepun onenkn:

3a mpaBUIIHHO BBIOJHEHHOE 33JaHHE BBICTABIISAETCS

MMOJIOKUTEIbHAS OIleHKa — 1 OainI.



3a HENpaBWJIHHO BBHIMOJIHEHHOE JCUCTBUE, 3aJaHUE BBICTABISICTCS
oTpuIaTeNbHas oreHka — (0 OayIoB.

Kaxxmgoe 3aanne OleHUBAaETCs OTAEIIBHO:

3amnonuenne tadiui-1 6amn

OTBETHI HA KOHTPOJBHBIC BOIPOCHI- B 3aBUCUMOCTH OT KOJMYECTBA
3a7a4

pelIeHre 3a71a9- B 3aBUCUMOCTH OT KOJIMYECTBA 3324

IIpouent KauecTBeHHas OLIEHKA ypOBHS
PE3yJIbTaTUBHOCTH MOJITOTOBKH
(mpaBUIIBHBIX bann BepOanbHblii anamor
OTBETOB) OM (oTMeTKa)
obwezo uuca
bannos
90 — 100% 5 OTimyHO
80 — 89% 4 Xopo1io
60 — 79% 3 Y 10BJIETBOPUTEIIHHO
MeHee 60% 2 HeynosnersopurenbHo

Tema 2.3CBolicTBa napoB, KUAKOCTEN U TBEPABIX TEI

JlaGopatopHnas pabora Ned
HaGnronenue pocra KpUCTalIOB U3 pacTBOPA.

Ilenp paboThl: HaOMIOIEHHE 3a MPOIECCOM pOCTa KPUCTAIOB U3
pacTBopa B JIaDOPAaTOPHBIX YCIOBUSAX, CPaBHEHHWE CKOPOCTH pOCTa
KpHUCTaJJIa B pa3IUYHBIX HAMIPABJICHUAX

Brimonaus paboty, Ber Oynere:

YMETh:

- aHAJIM3UPOBATh U3MEHEHNE KPUCTAIIIOB BO BPEMECHH.

- pa3nu4aTh MOHO M MOJTUKPUCTAILIIBI

MartepuanpHoe oOecreueHue: CTakaH, BOJa, KaCTPIOJIs, KapaHjarl,
HHUTb, COJIb.
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3aganue

1. HayuuTbcsi TOTOBUTH HACHIIIIEHHBIA PACTBOP COJIH.

2. [TponaGmroaTh 3a MPOLECCOM KPUCTAJUIM3ALINY.

3. Onpenenuth yCIOBUS, TPU KOTOPBIX MPOMCXOTUT POCT
KpPHUCTAJIJIOB.

4, I'paduueckun  m3006pa3uTh KPUCTAJUTBl, TIOSIBUBIIHUECS B

Mpoliecce KpUCTALIU3AINHI, CPABHUTD HX.

[Topsi1oK BBIMOTHEHUS PabOTHI

1. B3ate 2 yactu Bombl M 1 dYacTh COJIM, PacTBOP TIIATEIBHO
nepeMeniaTh B KacTproJie.

Harpetsb pactBop.

IIepenuts pacTBOp B CTaKaH.

[IpuBsi3aTh K KapaHAally HUTh, YTOOBI OHA OIYCTHJIACh B PACTBOD.
[ToytokHUTh KapaHJAIll CBEPXY CTaKaHa.

OcTaBUTh CTaKaH Ha HECKOILKO JHEH.

. Ilocmotpers, 4YTO  OOpa3oBajoch Ha  HUTU  (KM300pa3uth
rpaduyecku0.

8. Ouenutb pazmepsl 1 popMy KpUCTAILIOB.

9. PesynpraThl HaOMIOACHWIA, 3aHecTH B Tabmuiy 1, cobmonas
MOPSIJIOK JICUCTBUS U aHATU3UPYS PE3YJIbTaT.

10. Cnenats BBIBOJ 1O paboTe.

dopma npeaocTaBICHHS Pe3yIbTaTa

Nookrwd

Tabmuna 1.
Ne [HenictBue Pesynbrar nencreus
/11
KoHTposbHBIE BOIPOCH
1. Urto Takoe KpucTami?
2. Yro Takoe aHM30TPONUS KPUCTAIIIOB?
3. CpaBHUTE CKOPOCTH POCTa KpHUCTajla B TOPU3OHTAIBLHOM U

BCPTUKAJIbHOM HAIIPABJICHUAX. Pasnuuarorcs mu oHn?
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4. Kak Ha3pIBaeTcs sIBIICHHE 3aBUCUMOCTH (PH3UYECKUX CBOMCTB
KpHUCTaJla OT HaNlpaBJIeHUs?

o. Uro Takoe arperaTtHbie COCTOSIHUS BEIIECTBa U ero (a3p1?
6. KakoBbl xapakTepHble CBOMCTBA ra3000pa3Hoi (a3bl
BellecTa?

7. KakoBbI XxapakTepHble CBOMCTBA XKHIAKOM (a3bl BemecTBa?
8. KakoBbl xapakTepHbie CBOWCTBa TBEPI0i (hasbl BemiecTa?
9. [Touemy TBEpAOE TENIO TPYIHEE CHKATH, YEM KHUIKOCTH?

dopma npeaocTaBiIeHUs pe3yibTaTa
3anosHUTh TaOIUILY U 3alIUCaTh BBIBOJ 110 padoTe.

Kpurepuu onenku:

3a nMpaBWJILHO BBITIOJIHEHHOE 33JIaHUE BHICTABIISCTCS
MOJIOKUTEIbHAS OlIeHKa — | Oas.

3a HENpaBWJIBHO BBINOJIHCHHOE NCHWCTBHE, 3aJaHUE BBICTABJISACTCS
oTpuLaTenbHas oleHka — 0 6ayioB.

Kaxxgoe 3aaHne OleHUBAETCS OTACIIBHO:

3amonHeHue Tabmmn-1 6amn

OTBETHI HAa KOHTPOJIbHBIC BOIPOCHI- B 3aBUCUMOCTH OT KOJMYECTBA
3a1a4

pelieHre 3aa4- B 3aBUCUMOCTH OT KOJTMYECTBa 33124

[TponenT KadecTBeHHast OlIeHKa ypOBHS
pe3yIbTaTUBHOCTH MIOJITOTOBKH
(MpaBUIBHBIX bamn BepOanbHblii ananor
OTBETOB) OM (oTmeTKa)
o0bwe2o uucia
bannos
90 — 100% 5 OtinuHO
80 — 89% 4 Xopo1o
60 — 79% 3 Y 10BIETBOPUTENHEHO
MeHee 60% 2 HeynoBneTBopuTenpHO
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Tema 2.3 CpolicTBa apoB, )KUIKOCTEN U TBEPABIX TEIN

JlaboparopHast pabora Ne5
H3mepenune BIaXHOCTH BO3/1yXa

[lenb pabOTHI: ONBITHOE OTNpE/IeIICHNEe A0COIOTHON 1
OTHOCHUTEJIbHOM BJIaXXHOCTU BO3/1yXa.

Beimonuus paboty, Ber Oynere:

YMers:

- pa3nuyaTh MOHITHUS OTHOCUTEIILHON 1 a0COTIOTHOM BIAYKHOCTH
BO3/yXa

- BBIYUCJISTH BIQKHOCTh BO3/yXa

- U3MEPATH C UCIIOJIB30BAHUEM IICUXPOMETPA

MarepuanbHoe OOecreueHHe: MCUXPOMETpP, THUTPOMETp, Tabiuia
«/laBeHne  HaACBILIEHHBIX MapoB  BOABI IPU  Pa3IMYHBIX
TeMIIepaTypax»

Buumanue! [Ipu BbImomHeHHH paboThl ¢ 0C000i OCTOPOKHOCTHIO
oOpamaiitech ¢ TepMoMerpamu. He momyckaiite maneHus
TepmMomeTpal

3aganue

1. CaMocCTOsITEIFHO ONPEACIIUTh OTHOCUTEIBHYIO
BJIQKHOCTB BO3/lyXa 110 MICUXPOMETPUUYECKON TalnuIe.

2. OrnpenenuTh TOYKY POCHI.

3. Hayuntbcss mosnb3oBaThesi  Tabnuuei «/laBnenue

HACBHIIIEHHBIX MTapOB BOJIBI IPU PA3ITUYHBIX TEMIIEPATYPax»
[Topsimok BeIONHEHHS PabOTHI

1. Omnpenenenre OTHOCUTENBHOMN BIaKHOCTH BO3yXa
MICUXPOMETPOM.

[IcuxpoMeTp COCTOUT U3 CYXOT0 M BIAYKHOTO TEPMOMETPOB.
PaccMoTpuTe NCHXpOMETP U OIpENeNuTe TIe CyXOW U BIIAXKHBIN
TEPMOMETPHI.

a) U3MEPUTH MIOKA3aHUS CYXOT'0 U BIAKHOT'O TEPMOMETPOB:

0) WCHONB3ysd TICHXPOMETPUUECKYIO  TaONMUIy, ONpPEIeTUuTh
OTHOCHUTEJIbHYIO BIXXHOCTh BO3/yXa. BHUMaTEIbHO MOCMOTPUTE Ha
MICUXPOMETPUYECKYIO TaOnuily. B mepBoM BepTHKaIbHOM CTOJOIE
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HaWIuTe II0KAa3aHUs BalIero CyXxoro TepMOMeTpa, B IEpBOH
TOPU30HTAJILHOU CTPOKE HAWJIUTE Bally pa3HOCTh MOKa3aHUW CYyXOTO
U BJIQXHOTO TEPMOMETPOB. ToO 4YHMCIIO, KOTOpPOE HAXOAUTCS Ha
MepeceyeHny CToIO0Na U CTPOKH U SIBJISICTCS 3HAUEHUEM BIIAKHOCTHU

BO3JIyXa.

Pe3ysbraThl M3MepeHus 3aHecTH B Tabiuily | U cenath BBIBOI IO
pabore.

2. Omnpenenenue OTHOCHUTEJIbHOM BJIAKHOCTH BO3/IyXa
KOHACHCAIIMOHHBIM T'HT'POMCTPOM.

KoHaeHCAllMOHHBIA ~ TMTpOMETpa  —  3TO  pe3epByap  C

OTIIOJIMPOBAHHOW BHEIIHEW ITOBEPXHOCTHIO.

a) HaJUTh B pe3epByap HEMHOTO BOABI U OXJAXKIATh €€ KyCOUKaMH
npna. Ilpu [OOCTMKEHHMM TOYKM POChI HAa BHEIIHEHW CTEHKE
pe3epByapa HauyMHAeTCs KOHAEHcCAlUsl Iapa, CoAeprKalerocs B
Bo3ayxe (cteHka 3amoTeBaeT). Omnpenenure COOTBETCTBYIOILYIO
3TOMY MOMEHTY TeMIIEPATypy.

0) 3Hast TOYKY POCHI ¥ UCTIOJBL3YS TaOIUIy «3aBHCUMOCTh JTaBIICHUS
U IUIOTHOCTH HACBIIIEHHOTO BOJSHOIO Mapa OT TeMIIEpaTypbl»,
OTIpEIeNINTE OTHOCUTEIHHYIO B a0CONIOTHYIO BIIAYKHOCTH BO3/yXa.
Pe3ynbTaTthl M3MepeHHii ¥ BBIYMCICHUHN 3alUIINTE B TaONHIy 2 U
czenaiiTe BbIBOJ 110 padoTe.

®opMa npeAoCTaBICHUs pe3yIbTaTa

1) OrmpesienieHne OTHOCUTENILHON BIIAXXKHOCTH BO3yXa
IICUXPOMETPOM.
Tabmauma 1.
Temneparypa | Temneparypa | PasHoctb OTtHOcuTenbHas
CyXoro BJIQXKHOTO MOKa3aHuU BJIQ)KHOCTh
TEPMOMETPA, | TEPMOMETPA, | TEPMOMETPOB, | BO3AyXa, %o
°c °’c °’c

CrnenaTb BBIBOJ 1O paboTe.
2) OrnpenenieHne OTHOCUTENIBHON BIIAXKHOCTH BO3AyXa
KOHJICHCALIUOHHBIM THTPOMETPOM.

Tabnuma 2.
|TeMnep \To ‘I[aBneH ‘Hapuna ‘OTHOCI/IT [1notHO ‘A6con ‘
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aTrypa 4YKa | uc JBbHOC CJIbHas CTb OTHas1
OKpYyxXKa POC | HaChIIC | AaBJICH BJIA’)KHOC | HachII€ | BJIAXXHO

IOUIeT0 | BI, | HHOTO ue Th HHOTO CTb
Bosyxa, | °C | mapa, BOJSHO | BO31yXa, | mapa, BO3/YX
°c ITa ro mapa, | % e a

I1a e

CraenaTp BBIBOJ 1O paboTe.

KoHTposbHbIE BOIIPOCHI

1. Kak no BHeurHeMy BUy OTJIMYUTH B OaHE TPYOBI C XOJIOTHON U
ropsiuei Bogon?

2. Uem 0OBSICHUTH MOSIBICHUE 3UMOM HHest Ha okHax?. C Kako
CTOPOHBI CTEKJIA OH MOSIBUTCSA?

3. HaiiTu OTHOCUTENBHYIO BIaKHOCTh BO3/lyXa B KOMHATE MPHU
18°C, eci Touka pocsr 10 °C.

4. OTtHOCUTeNbHAS BIAXHOCTh BO3/yXa BEUYEPOM IIpH 16°C paBHa
55%. Beinazet 51 poca, €ciii HOUbI0 TEMIEpaTypa HOHU3UTCS 10
8°C?

®dopma npeaocTaBIeHUs pe3yibTaTa

3anoyHUTh TaOJMUILY U 3alUcaTh BBIBOJ 110 padoTe.

Kpurepun onenkn:

3a mpaBUIIBHO BBIIIOJHEHHOE 33 JaHHE BBICTABIISETCS
MOJIOKUTEIIbHAS OLleHKa — 1 Oast.

3a HenpaBWJIBHO BBINIOJHEHHOE ACWCTBUE, 33aJJaHHE BBICTaBIISIETCS
oTpuLaTenbHas oneHka — 0 6aioB.

Kaxxnoe 3ajanue oLeHnBaeTcs OTAEIBHO:

3amnonuenne tadaui-1 6amn

OTBETHl Ha KOHTPOJIbHBIE BOMPOCHI- B 3aBUCUMOCTH OT KOJMYECTBA
3a1a4

peleHue 3ajja4u- B 3aBUCUMOCTHU OT KOJIMYECTBa 3a/1a4

IIpouent KauecTBeHHast o1ieHKa ypOBHS
Pe3yIabTaTUBHOCTH ITOATOTOBKH
(paBUIBHBIX bamn BepOanbHblii ananor
OTBETOB) OM (oTmeTKa)
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obwezo yucna
bannos
90 — 100% 5 Ot1auyHO
80 — 89% 4 Xopo1io
60 — 79% 3 Y 10BIETBOPUTEITEHO
Menee 60% 2 HeynosnerBoputenbHO

Tema 2.3CBolicTBa NapoB, )KUIKOCTEN U TBEPABIX TEIN

Jlaboparopuas pabora Ne6
OmnpeneneHne yAeIbHOM TEIIOEMKOCTH TBEPIOTO BEIIECTBA

Ilesnb pa®oTHI: OMBITHBIM IIyTEM OIPENEIUTh BEIMUYUHY YAEIbHOMN
TEIUIOEMKOCTH  BEIIECTBA M  BBIICHUTh (DU3WYECKHHA  CMBICT
ypaBHEHHMs TEIJIOBOTO OajaHca.

Boinonnus 3Ty paboty, Bel Oynere

YMersb:

-ONpPEACIATh YACTbHYIO TEIJIOEMKOCTh BEIIECTBA

-COCTaBJISITh YpaBHEHHE TEIJIOBOTO OanaHca

MartepuanbHoe obecrieueHue:1) Becbl ONTHYECKHME HA INTATUBE;2)
pasHoBec;3) uccieayeMoe BEIIECTBO;4) KaJIOPUMETD;S)
TEPMOMET;0)3IIEKTPOTIINTKA;7) COCY/l C BOJIOM;

3aganue

3ananue 1: 3amucaTh B TeTpajib Ha3BaHUE PabOTHI, 1I€NIb PabOTHI,
pUOOPHI U IPUHAJIEKHOCTH.

3ananue 2: Hauepruts TaOnumy [ 3alucH  Pe3yJbTaToOB
W3MEPEHHUI U BBIYMCIIEHUN.

Tabnwua.
1. macca TBepIoro Tena, Kr m;
2. remneparypa teina, °C ty
3. Macca KaJIopuMeTpa, Kr m,
4. Macca BOJIBI, KT ms
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5. TeMmeparypa BOAbl U KallOpUMeETpa, | tr=t3

°C

6. Temneparypa cmecu, °C 0

7. yaeIbHAs TEIIOEMKOCTD | C;

kanopumeTtpa, J[x/(kr-°K)

8 .yACJIbHaA TCIINIOEMKOCTD BOJBIL, | C3

Jx/(xr-°K)

9. yA€IbHas TEINIOEMKOCTh TBEPAOIro | Cp

tena, J[x/(xr-°K)

10. TabnuuHOe 3HAYECHHME YACIBHOM | C

TETUIOEMKOCTH TBEPJIOTO Tea,
JIx/(xr-°K)
11. oTHOCHTEBHAS TIOTPEITHOCTD, %0 )

3ananue 3: BoimonHuTh paboty
[Topsimok BeIONHEHHS PabOTHI

1. Ornpenenutb Maccy UCCIEAYEeMOro Tela my;

2. OnycTuTh HCCIEIyeMOE TEeIO B COCYA C BOJOW M HarpeTh
BOAY OO KUIICHUA,

3. Ornpenenutb Maccy KaJlopuMeTpa my;

4. Hanute 10 NONOBUHBI BOJBI B KAJIOPUMETP U OINPEACIUTH
Maccy BOJAbI m3;

5. W3mepuTh HavyallbHYIO TEMIEPATYPY KajlOpuUMeTpa ¢ BOJOM
to=ts;

6. OnycTuTh HarpeToe TeI0 B KAJOPUMETP C BOJION U U3MEPUTH

TeMmeparypy cmecu 0;
7. CocTaBUTh ypaBHEHHE TEIJIOBOTO OajlaHCa W OIPEICITUTh
YAETbHYIO TEMJIOEMKOCTh BEIIECTBA.
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Temnora, otmaHHas ropssauM TEIOM: Qur=M1C1(t1- 0)
Termnora, monydeHHass KagopuMETPOM: Qponx =M2C2(0-12)
Temora, nmosyueHHas BOIOM: Qyon.s. =M3C3(0-13)
VYpasaenue TerioBoro 6ananca: Qo= Qnox

m1C1(t1- 9)= m2C2(9-t2)+ mgCg(e-t3)

M3 Cy(t1- 6)=( 0-t2)( M2Co+ M3Cs)

Tak kak t,=t3, (0-t2)=(6-t3)

c1=(6-t2) (m202+m303)/(m1(t1-6))L[>1</(1<r- OK).
8. OmnpesenuTh NOrpeIHOCTH

AzlcTaGJ'I_C1|
5=(A/c)-100%.

9. Pe3ynbpTaThl U3MepeHU U BBIYMCICHUN 3aHECUTE B TAOJIHUILY
u cpaenaiite BbIBOA. Ilo oxoHuaHuu pabOTHl NMPHUHAIIEKHOCTH,
TETPaJlb U JAaHHOE PYKOBOJCTBO CAATh IIPENOJABATEIIO.

KoHTpobHBIE BOIPOCHI:

1. KakoBa pa3HuLla MEXAy TEIUIOEMKOCTbIO Tela U YAEIbHOMN
TEIII0OEMKOCTBIO?

2. B 4em cMbICT ypaBHEHHMsS TEIUIOBOrO OamaHca M Kakoe
OTHOIIIEHHE OHO UMEET K 3aKOHY COXPaHEHUs SHEPTUU?

dopma npenocTaBIeHUs pe3yIbTaTa
3ano’aHUTh TaOJIMILY U 3aMKUcaTh BBIBOJ IO padoTe.

Kpurepun onenkn:

3a npaBUJIHHO BBIMIOJHEHHOE 33]aHUE BHICTABIIACTCS
MMOJIOKUTEIbHAS OIleHKa — 1 Oast.

3a HeNmpaBWJIHHO BBHIMIOJHEHHOE JCWCTBUE, 3aJ]aHHE BBICTABISICTCS
oTpHIaTeNbHas oreHka — (0 OayIoB.

Kaxxgoe 3aaHne OlleHUBAETCS OTAEIIBHO:

3amnonuenne tadaui-1 6amn
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OTBCTHEI Ha KOHTpOHLHBIe BOHpOCBI' B 3aBUCHUMOCTHU OT KOJHYCCTBA
3a1a4
pellieHre 33/1a4u- B 3aBUCUMOCTH OT KOJIMYECTBA 3a/1a4

IIpouent KauecTBeHHas OLICHKaA ypOBHS
PE3yJIbTaTUBHOCTH MOJITOTOBKH
(mpaBUIIBHBIX bann BepOanbHblii aHamor
OTBETOB) OM (oTMeTKa)
obwezo yucia
bannos
90 — 100% 5 OTinyHO
80 — 89% 4 Xopo1io
60 — 79% 3 Y 10BJIETBOPUTEIIHHO
MeHee 60% 2 HeynosnersopurenbHo

Tema 3.2 3aK0OHBI TIOCTOIHHOTO TOKA

JlaGopaTtopHnast pabota Ne 7
[TpoBepka 3akoHa OMa /1715 y4acTKa IeTu.

Lenp paloThl: M3MEpeHHE TOKa M HAampsHKeHUs J1a0opaTOPHBIMU
npubopamH, SKCIEpUMEHTalbHAs MpPOBEpKa BBIMOJHEHUs 3aKOHA
Owma.

Beimonnus paboty, Bel 6yzaere:

YMers:

-CaMOCTOSITEIbHO COOMPATh AIIEKTPUUECKYIO IIETIh

-U3MEPSITh CUJTy TOKA U HallpshKEHHE

-pacCUMTHIBAaTh CONPOTUBIIEHUE TPOBOJHUKA

-CTPOUTH IpauK 3aBUCUMOCTHU

-yCTaHaBJIMBaTh 3aBUCUMOCTb BEJIUYNH

MartepuanbHoe ~ obecriedeHue: — aMmrepMmeTp  JabopaTOpHBIi,
BOJIETMETp J1a0OpaTOPHBIM, HCTOYHUK MUTaHUS, HAOOp M3 TPEX
pe3ucropoB conpotuiieHusMua 4 Om, 6 Om, 12 Om, peocrtar, K04
3aMbIKaHUs TOKa, COEIMHUTENbHBIE TIPOBO/IA.

3ananue
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1. [IpakTuyeckn yOenuTcss B (PU3MUECKON CYIIHOCTH 3aKOHA
Oma 1 yyacTka IeIu.

2. YCTaHOBUTH Ha OIBITE 3aBUCHMOCTh CHJIBI TOKa OT
HAIpPsDKEHHUS ¥ COTTPOTHBIICHUSI.

[Topsinok BeIONIHEHUS pabOThI
ONEeKTPUYECKUH TOK M HANpsHKEHUE SIBISIIOTCS.  OCHOBHBIMU
¢bu3nyeckuMu BEJIMYNHAMU, XapaKTEePU3YIOIIUMHU
3JIEKTPOMAarHUTHBIE IIPOLIECCHI B AJIEKTPUYECKON LIETIH.

Hanpspkenne Ha  ydacTKe — QJIEKTPUYECKOW LEMM  M3MEPSIETCs
BOJIETMETPOM,  BKJIFOUEHHBIM  MEXIy JBYMS TOYKaMHM  LENH
[IapaJUIEIbHO ITOMY YYaCTKY.

Tok nenu u3Mepsercss aMIepMeTpoM, BKIIFOYEHHBIM TOCIIEI0BATEIbHO
C LIETIBIO.

Cxema BKJIIOYCHHsI BojbTMeTpa V M ammepMerpa A MokazaHa Ha
pHUCYHKax:

Tok u HanpspKEHUE Ha Yy4acTKe
NEKTPUYECKON Lenu c

h
moall|

PE3UCTUBHBIM 3J1eMEHTOM R cBsi3aHbl 3akoHOM OMma: || = —

1. UccrnenoBanue 3aBUCHMOCTH CHJIBI TOKa OT HaNpsHKEHUS Ha
JAHHOM YYacTKe IIETIH.
Bxmounte Tok. Ilpn momomu peocrara oBeAUTE HANpPsHKEHHE HA
3aKMMax MPOBOJIOYHOTO pe3ucropa 1o 1.5 B, 3atem 1o 2 B u 1o 3 B.
Kaxnpi pa3 mpu 3TOM H3MEPSUTE CUIIy TOKa M PE3YJbTaThl
3anuchiBaiiTe B Ta0. 1.

Tabmuua 1.
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Hanpsoxenue,
U, B

I, A

CHJIa TOKa
[TocTpouTts rpaduk 3aBUCUMOCTH CHJIBI TOKA OT HAIPSYKEHUS

T

08

06

04

02

uel

2. UccnenoBaHue 3aBUCMMOCTHU CHIIBI TOKA OT COIPOTUBIICHUS
y4acTKa [enu NPy MOCTOSTHHOM HaNpsDKEHUU Ha €ro KOHIAX.
BxirounTe B menb mo TOM K€ CXEME MPOBOJIOYHBIM PEZUCTOP
cHauana comnpoTtuBienueM 4 Om, 3areM 6O0M u 12 Om. Ilpu
IIOMOIIIM PEOCTaTa yCTaHABIMBANTE HA KOHIAX y4acTKa KaKIbIi pa3
OHO ¥ TO K€ HampsHKEHHE,
Hanpumep, 2 B. H3smepsiite npu
9TOM CHJIy TOKa, pe3yJIbTaThl

3anuchIBaiiTe B TabnuIy 2.

1l

08

06

04

Tabnuma 2. 0
R, u 8]
OMCONIPOTHBIICHHE
I, A

CHJIa TOKa

ITocTpouTs rpauk 3aBUCUMOCTH CHJIBI TOKA OT COIPOTHUBIICHUS
dopma npeaocTaBIeHHs pe3yaIbTaTa

Pe3ynpTaThl U3MEepeHU U BBIYMCICHUN 3aHECTH B TaOuUIbl 1 12 ¢
MOCTPOSHUEM COOTBETCTBYIOIINX TPAPHUKOB.

CnenaTb BBIBOJ 1O paboTe.
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KoHTposabHbIE BOIPOCH!

1. Hanpsokenne Ha 3axkuMax »dJeKTpuU4eckoro ytiora 220B,
ConpoTuBieHue HarpeBareapbHOro ieMeHra ytiora 50 Om. YUemy
paBHa CHJIa TOKA B HArPEBATEIILHOM 3JIeMeHTe?

2. Cuna Toka crnupanu  anekTpuueckor  sammbl - 0,7A,
conpotuBieHue Jamnbel 3100M. Onpenenute HampspKEHUE, IO
KOTOPBIM HAaXOJUTCS JIaMIIa.

3. MoxHO 1M BKIIOYHTH B C€Th ¢ HampsokeHuem 220BoibT
peoctar, Ha KoTopoM HanucaHo: a) 300Mm, SA; 6)2000 Owm, 0,2 A.

4,  Jlanbl rpadMKy 3aBUCUMOCTH CHJIBI TOKA OT HAIPSKEHUS IS
KOKJIOTO0 U3 JBYX [apajuieIbHO COCIWHEHHBIX IMPOBOIHUKOB
(cm.puc.1). OnpenenuTs cuily TOKa B HEPA3BETBIEHHON YacCTH, LIETIH,
KOTJla HalpsDKEHUE Ha KOHIIaX ydacTka. 2 B.

Puc.1
T(A)

A I 7 (A)ﬂ

5
4
3
2
1

U ®) 0' 1 2 3 4 5 U ®B)

Puc. 2
5. Hanbl rpauKu 3aBUCUMOCTH CUJIBI TOKA OT HAIIPSDKEHUS IBYX
y4acTKoB 1enu (cM.puc.2). Ha kakoM yyacTke CONpoTHBIIEHUE
00JIbIIIe U BO CKOJBKO paz?

dopma npeaocTaBIeHUs pe3yIbTaTa
3anoyHUTh TaOJIUILY U 3alIUCaTh BBIBOJ 110 paboTe.

Kpurepun onenkn:

3a npaBUIIHHO BBITIOJHEHHOE 33]aHUE BHICTABIIACTCS
MOJIOKUTEIbHAS OIleHKa — 1 Oaiut.
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3a HENpaBWJIHHO BHIMIOJHEHHOE JCWCTBUE, 3aJJaHHE BBICTABISICTCS
oTpuIaTeNbHas oreHka — (0 OayIoB.

Kaxxmgoe 3aanne OleHUBAaETCs OTAEIIBHO:

3amnonuenne tadiui-1 6amn

OTBETHI HA KOHTPOJBHBIC BOIPOCHI- B 3aBUCUMOCTH OT KOJMYECTBA
3a7a4

pelIeHre 3a71a9- B 3aBUCUMOCTH OT KOJIMYECTBA 3324

IIpouent KauecTBeHHas OLIEHKA ypOBHS
PE3yJIbTaTUBHOCTH MOJITOTOBKH
(mpaBUIIBHBIX bann BepOanbHblii anamor
OTBETOB) OM (oTMeTKa)
obwezo uuca
bannos
90 — 100% 5 OTimyHO
80 — 89% 4 Xopo1io
60 — 79% 3 Y 10BJIETBOPUTEIIHHO
MeHee 60% 2 HeynosnersopurenbHo

Tema 3.2 3aKOHBI IIOCTOSIHHOTO TOKA

JlaGopatopHnas paborta Ne8
Omnpenenenue yaeabHOro COMPOTUBIEHUS TPOBOHUKA

Ienb paboTHL: onpenenaeHne yAeIbHOrO COTPOTHBIICHUS
IMPOBOAHHKA OKCIIECPUMEHTAJIbHBIM ITYTEM

Brimonnus paboty, Bel Oyzere:

YMers:

-OIIPENENATh YAEIbHOE COIPOTUBIICHUE IIPOBOJHUKA

-IIOJIb30BATHCA IITAHTCHIIUPKYJIEM

-CaMOCTOSITEIbHO COOMPATh AIIEKTPUUECKYIO IIETTh

MatepuanbHoe oOecreueHre: HCTOYHUK TOKa, aMIepMeTp,
BOJITMETDP, COCIMHUTEIIBHBIE IIPOBOJAA, KIIKOY, IITAaHICHIUPKYIb,
JIMHEWKa, KYCOK IIpOBOJA, YAEIbHOE CONPOTHUBIEHHE KOTOPOIO
OIIPEIENIACTCS.
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3aganue

1. CamocTosTeTbHO COOpaTh JIEKTPHUECKYIO IETh 10 CXEME.

2. CHSTH MOKa3aHUs aMIIepMETpa U BOJIbTMETPA.

3. Wcnonp3yss IITaHTCHIMPKYJIb W JUHEHWKY, HAy4YUThCS

OTIPECIISATH TEOMETPUUCCKUE pa3MEPhI TPOBOTHHKA.

4, OnpeaenuTh BEIHYUHY YJCILHOTO COMPOTHBIICHUS METAIIA.
[TopsiIoK BBIMOTHEHUS PaOOTHI:

1. Cobpats 1ens 1o R

CXEME U M0Ka3aTh ISl R

+

IPOBEPKHU PYKOBOAUTEITIO.

2.3aMKHYTb LeTb U CHSTh

MIOKa3aHUs aMIepMeTpa 1

BOJIETMETpA.

3. BerauciuTh conpoTuBiIeHUE IPOBOAHUKA 110 hopmyre:
,tne |- Tok B mpoBoHUKE, A;

U - magenue HanpspkeHHUs Ha IPOBOAHUKE, B.

4.VI3MepuTh JTMHY ¥ BBIYUCIUTD TUIOMIA (b TOMEPEYHOTO CCUCHUS
MIPOBOHKKA 110 (hopMYyJIe:
, Tae (- TuaMeTp MpoOBOTHHKA.

S = ”_CIZ _uU !
4 I

5. BeraucnuTh yaensHoe COnpOTUBICHHE 10 PopMyIe:

6. JlanHble 3aHecTH B TabnuLy 1.

7. Bpuauciauth abCOMOTHYIO (A) M OTHOCUTEIBHYIO (€) MOTPEIIHOCTH

M3MEPEHHI 10 opMyam:

A -100%

, | A= ‘pTAE/]. - pnoxzw.‘ E=

Prasn.

8. Cnenath BBIBOJ 1O paboTe.
®dopma mpeaocTaBICHUs pe3ysibTaTa
Ta0mmma 1.
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U,B I, A R,Om| l,m | d,u A, Om-| g,%

,(
S1M P pmadﬂ

Owm-

BCIICCTBO

KoHTposibHBIE BOITPOCHI:

1. OT KakuxX BEJIMYMH W KaK 3aBUCUT COIPOTHUBIICHUE
MPSMOJIMHEHHOTO METAINTHYECKOTO MTPOBOTHUKA?

2. JIBa MemHBIX MPOBOJHHWKA MMEIOT OJIMHAKOBYIO NJIUHY, HO
pa3IMYHYyIO IUIOLIAJL IMONEPEYHOro ceyeHus.:1,6 MM 1 0,8 MM,
Kakoii mpoBOJHUK MMEET MEHBIIEE CONPOTUBICHHE U BO CKOJIBKO
paz?

3. CKOJIBKO METPOB HHUKEJIMHOBOTO TMPOBOJIA  IUIOIIAIbIO
nonepeunoro ceuenus 0.1 MM> notpedyeTcss ANl WU3TOTOBICHUS
peocTtata ¢ MakCMMaJbHBIM comportuBienneM 180 Om? VY nenbHoe
conpoTuBiieHue HukenuHa 0,42 10°0M M.

dopmMma npeaocTaBlIeHUs pe3yIbTaTa

3anoaHUTh TaONHUIy U 3aMKcaTh BBIBOJ MO paboTe.

Kputepuu onenku:

3a nMpaBUIIHHO BHITIOJTHEHHOE 33]aHHE BBICTABIISICTCS
MMOJIOXKUTENbHAS OlleHKa — 1 OaJI.

3a HeNpaBWJIHHO BHIMIOJHCHHOE JICWCTBHE, 3aJ]aHHC BBICTABISICTCS
oTpulaTensHas omeHka — 0 6amioB.

Kaxxgoe 3aanne OleHUBaeTCs OTAENIBHO:

3anonuenne tadmui-1 6amn

OTBETHl HAa KOHTPOJBHBIC BOIPOCHI- B 3aBUCUMOCTH OT KOJUYECTBA
3a1a4

pelIeHre 3a1a9- B 3aBUCUMOCTH OT KOJIMYECTBA 3319

IIpouent KauecTBeHHas OLleHKa ypOBHS
pe3yabTaTUBHOCTH IIOATOTOBKH
(MpaBUIIBHBIX bamn BepOanbHblii ananor
OTBETOB) OmM (oT™meTKa)
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obwezo yucna
bannos
90 — 100% 5 Ot1auyHO
80 — 89% 4 Xopo1io
60 — 79% 3 Y 10BIETBOPUTEITEHO
Menee 60% 2 HeynosnerBoputenbHO

Tema 3.2 3aK0OHBI IIOCTOSIHHOT'O TOKA

JlaGopaTopnas pabora Ne9

OnbITHAA IIPpOBCPKa SaKOHOMCpHOCTCﬁ mapajiCJibHOIo COCANHCHUA
IMPOBOAHUKOB

Ilenp paboOTBI: MPOBEPUTH 3aKOHBI MAPAIICIBHOTO COCTUHEHUS
MIPOBOJHHUKOB 3KCIIEPUMEHTAILHBIM ITYTEM.

Brinonnus padoty, Bei Oynere:

YMeTs:

-CaMOCTOSTEIFHO COOUPATH ICKTPHUECKYIO IICTIh

-IIPUMEHATh HA TPAKTHUKE 3aKOHBI  MOCIENOBAaTENBHOTO U
MapajuIeIbHOTO COSAMHECHHUSI POBOTHUKOB

- IPUMEHSATH U3MEPUTEITbHBIE TPUOOPHI

MartepuaiapbHoe 0O€cledeHHe: HCTOYHHUK JJIEKTPUICCKOWIHEPTHUH,
PE3UCTOPBI, TPH aMIEpMETpa MOCTOSHHOTO TOKA, TPU BOJBTMETpa
MMOCTOSTHHOTO TOKa, PEOCTAaT IMOJI3YHKOBBIH, KITI0Y, COCTUHUTCIHLHBIC
MPOBOJA.

3amanue

1. HayuuTbcss wu3MepsATh HampspkeHHe Ha  J1I000M
y4acTKe IelH.

2. Onpenensth COIIPOTUBIICHUE MPOBOIHHKA,
BKJIFOUEHHOTO B JICKTPHUYECKYIO IICTIb.

3. [TpoBeputh BBIIOJIHEHHE 3aKOHOMEPHOCTEM

nmapajijiCJIbHOI'0O COCAMHECHUA ITPOBOIHHUKOB.

[Topsimok BeIMOTHEHUS PAOOTHI
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1. CoOpatb 3JIeKTPHUYECKYIO LIEMb 110 CXEME:

2. CHATB MOKa3aHUs AMIICPMETPOB |, 1,1,

3. CHSATB NOKa3aHUs BOJIBTMETPOB

Ul ’ U 29 U OBII].

4. Bbruucnuth 3HaueHUS R = Yy

Ry, Ry, Ry, 11O 33K0HY OMa F{ r— I TSt
y4yacTKa LIeIu. iy Th

o. Pesynbrarst e

W3MEPEHHI U BBIYMCIICHUI )

3aHeCcTH B Tabmumy 1. “N
6. [lepenBUHYTH 4@ St
&)

IMOJI3yHOK pc€ocTara,

BTOPUYHO CHSATD IMOKa3aHUs J0:
prOOPOB U BBIYUCIIUTH
COTIPOTHUBIICHUS.
7. Pe3yjH,TaTI>I H3MCPCHUHU U | OB, = |1 +1 )
BBIYHCIICHHH 3aHeCTH B Tabmuiy 1.

U sy, =U; =U,
8. JIJIst KaKI0T0 OTBITA IPOBEPHTH .
COOTHOILIEHUS: 1 1 1
9. Crenarb BBIBOJI 1O padoTe. R R R

OBI]. 1 2

dopma npeocTaBieHUs pe3ylbTaTa

Homep | Cuna Toka, A Hanpsioxenue, B Conpotusnenue, OM
ombITa | |, 1, Vosuy | U, U, | Yosu| R, | R, | Rosu.
1
2
KoHTtponbHbIe BOITPOCH!
1. Kaxoe COCIMHECHHE MTPOBOTHUKOB Ha3bIBACTCS
napajuieaIbHbIM?
2. [To kakoii ¢opmyne omnpenensieTcss CONPOTHUBIEHUE JBYX
napajuieIbHbIX MPOBOJAHUKOB R?
3. Tpu npoBoaHuKka conpoTuBieHMEM 6 OM  KaxkIbld

COEJMHEHBl MapajulelabHO. HauepTuTh cXeMy HX COeIMHEHHS H
paccumTaTh 001Iee COMPOTUBIICHUE BCEX TPOBOJHUKOB.
dopma npeoCTaBIeHHS pe3yIbTaTa
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3anoyHUTH TaOIUILY U 3aIIUCaTh BHIBOJ 110 padoTe.

Kpurepuu onenku:

3a npaBUJIBHO BBIMOJIHCHHOE 3aaHUE BBICTABIIICTCS
IMOJI0KUTEIbHAS OLIEHKa — 1 Oasw.

3a HeNpaBWJIBHO BBHIMOJIHCHHOE JCHCTBHE, 3aJaHHE BBICTABIISCTCS
oTpuLaTenbHas oneHka — 0 6ayioB.

Kaxxoe 3aanne OleHnBaeTCs OTAEIbHO:

3amonHenue Tadumi-1 6amn

OTBETHl HAa KOHTPOJIbHBIC BOIPOCHI- B 3aBUCUMOCTH OT KOJUYECTBA
3a7a4

pellieHre 3a1a4- B 3aBUCHUMOCTH OT KOJIMYECTBA 33/1a4

[TpoueHT KauecTtBennast orieHka ypoBHs
Pe3yIbTaTUBHOCTH MIOJITOTOBKH
(MpaBUIIBHBIX bann BepbanbHblii ananor
OTBETOB) OM (oTmeTKa)
0bwWe2o uucia
bannos
90 — 100% 5 OTan4HO
80 — 89% 4 Xopo1io
60 — 79% 3 Y 10BIETBOPUTENHEHO
MmeHee 60% 2 HeynoBiieTBopuTensHoO

Tema 3.2 3aK0OHBI IIOCTOSIHHOTO TOKA

JIaGopartophas pabota Nel0

I/ICCJ'IC,Z[OBaHI/IC 3aBUCUMOCTH MOIIIHOCTH, HOTpC6J1$ICMOfI JIaMITIOM
HaKaJIMBaHUs OT HAIIPSXKCHUA Ha €€ 3aKNMax

Ilenb paboThI: HCCIEn0BaTh 3aBUCUMOCTD MOIIIHOCTH,
noTpeOIsIeMOil JTaMIT0i HaKaIMBaHUS OT HANpPSDKEHUS Ha ee
3a)KUMax

Brimonnus pabory, Bel Oyzaere:

YMers:

-CaMOCTOSITEIbHO COOMPATh AIIEKTPUUECKYIO IIETIh
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-yCTaHaBJIUBAaTh 3aBUCUMOCTh MOITHOCTH JIAMITbl HAKAJTUBAHUS OT
HaIpsDKEHUS

MarepuanpHoe obecnieueHue: Oarapes AKKyMYJIIATOpA,
AJICKTPUYECKasl JIaMIIOYKa C TaTPOHOM, PEOCTaT CO CKOJIB3SIIUM
KOHTAKTOM,  aMmIepMeTp,  BOJBTMETP  IIOCTOSHHOIO  TOKa,
COCIMHHUTEIIbHBIC TTPOBO/IA, KITIOY.

3amanue

1.BoIsICHUTB, KaK 3aBUCUT MOIIIHOCTD 3JIEKTPUIECKOTO TOKA OT
HaIPsHKEHUS U CUJIbI TOKA B LICTIH.

2.9KCIIEpUMEHTAIIbHBIM IyTEM MMOATBEPANTH 3TY 3aBUCUMOCTb.

3. [Moctpouts rpadvk 3aBUCUMOCTH MOIITHOCTH JIAMITH HAKATTHBAHHS
OT HANPSDKCHUS

[Topsiaok BeIMOTHEHUS PAOOTHI

1. CoGpats 11e1b 10 cxeMme.

2. 3aMKHYTb LIETIb U U3MEPUTH HauOOoJIbIlIee HAPSYKEHUE HA
3a)KMMax JIaMIIbl U BEIMUUHY TOKA B IIETIH, a 3aTEM BBIYUCIIUTH
MoIHoCcTh Toka P=I-U.

3. YMEHbBIINTD HANPSHKEHUE HA 3aKUMax JIaMIIbI C IIOMOIIIBIO
peocraTta ¥ U3MEPUTH CHITY TOKA B IIEITH, a 3aT€M BBIYUCIHUTD
MOIIIHOCTH TOKA.

4. IIpou3BecTu ONBIT €1I€ pa3, YMEHBIINB HAPsLDKEHUE Ha
3aKHMaX.

5. Pe3ynbTaThl Bcex U3MEPEHMI U BBIUMCIICHUI 3aucaTh B TaOIHUILy
1.

6. [Ipoananu3upoBaTh N3MEHEHUE MOIIIHOCTH, MTOTPEOIsIeMOi
JIaMITON HaKaJIMBaHUS, P U3MEHEHUU HANIPSHKEHUS Ha €€ 3aKuMax.
7.IToctpouts rpadux
8.CnenaTh BBIBOJ IO paboTe.

"
=N

d)opMa MpeaAOCTABJIICHUA PE3yJibTaTa

Tabmnma 1.
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Ne Cuma Toka, A Hanpsioxenue, B MoHocTs, BT

KoHTposbHBIE BOITPOCH

1. Yro Ha3bIBAIOT MOITHOCTHIO U KaK €€ paccuyuTaTh?

2. Yrto mpuHMMAIOT 3a eauHuIly MomHocTH? Kak BeIpakaercs
€MHUIA MOIIIHOCTHU Yepe3 eIMHUIIbI HAMPSKEHUS U CUJIbI TOKa?

3. Kakue eaquHUIIBI MOIITHOCTH MCTIOIB3YIOT B MPAKTHKE?

4. B uens c HanpspokenueM 127 B BkITtoueHa sIeKTpUUecKas jJamia,
cuia Toka B kotopoit 0,6A. HaiiTu MOIITHOCTh TOKA B JIaMIIE.

5. DNEeKTpOIUINTKA paccuuTaHa Ha HanpspkeHue 220B u cuny Toka
3A. Onpenenure MOIHOCTh TOKA B IJIUTKE.

dopma npeaocTaBiIeHus pe3ybTaTa
3anoyHUTh TaOJIUILY U 3aIIUCaTh BBIBOJI 110 padoTe.

Kpurepuu onenku:

3a npaBUJIHHO BBIMOJIHEHHOE 33J]aHUE BHICTABIIACTCS
IIOJIOXKHUTEIbHAS OlleHKa — 1 OaJI.

3a HeMpaBWJIHHO BBHIMOJHEHHOE JCWCTBUE, 3aJjaHHE BBICTABISIETCS
oTpunarenbHas omnenka — 0 6ayioB.

Kaxxgoe 3aanne olleHUBaeTCs OTACIIBHO:

3anoysHeHue Tadaum-1 oamn

OTBETHI HA KOHTPOJbHBIE BOIPOCHI- B 3aBUCUMOCTH OT KOJMYECTBa
3a7a4

pelieHre 3aa49- B 3aBUCUMOCTH OT KOJTMYECTBA 33a4

[TponeHt KavecTBeHHast OlIEHKa yPOBHS
pe3yIbTaTUBHOCTH MIOJITOTOBKH
(paBUIBHBIX bamn BepOanbHblii ananor
OTBETOB) OM (oTmeTKa)
o0bwe2o yuca
bannos
90 — 100% 5 OTan4HO
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80 — 89% 4 Xopo11o
60 — 79% Y 10BIETBOPUTEITHHO
Menee 60% 2 HeynosierBopurenbHo

w

Tema 3.2 3aK0OHBI TIOCTOIHHOTO TOKA

JlaboparopHuas pabota Nel 1

Ompenenenne JIC u BHYyTPEHHETO CONMPOTUBJICHUS HCTOUHUKA
TOKA.

Lesib paGoOTHI: ONMBITHBIM ITyTEM HayduThCs onpenensats D/C,
HCTOYHUKA U €r0 BHYTPEHHEE COMPOTHUBIICHHUE.

Brimonuus pabdoty, Bel Oynere:

YMmers:

-CaMOCTOSTEIBHO COOMPATh JEKTPHUECKYIO LIETb

- BKCIIEpUMEHTANIbHO onpenensts IJ1C

-CHUMATh MTOKa3aHUs C U3MEPHUTEIBHBIX TPUOOPOB

MarepuanbHoe oOecrieueHne: UCTOUYHUK JJIeKTPUYECKON DHEpTHuH,
amrepMerp,  KJII04Y, BOJBTMETpP, COEJUHMUTENbHbIE  MPOBOJA,
MOTPEOUTEIh DIEKTPUIECKON SHEPTHH.

3aganue

1.Ucnone3ys BonbT™METp, onpeaenuts J/1C uCTOYHMKA TOKA.
2.0npenenuts BennuuHy 3/IC 1 BHyTpEHHETr0 CONPOTUBIICHUS
MCTOYHUKA TOKA, UCIIOJIb3Ys MTOKA3aHUs aMIIEepMETpa U BOJIbTMETpA.

[Topsnok BeIMOTHEHUS PabOTHI
1. Coleputre >IEKTPUUECKYIO

uensb 1o cxeme (Puc.1) o

2.  Onpenenure TEHY JEICHUS _E__E\D
3IEKTPOU3MEPUTENBHBIX
prOOpOB.

3.  WMsmepnpre D/IC ucrouHuka
Toka. Jljst 9TOrO oOmpeAenuTe TOKa3aHUS BOJIBTMETpA TIPH
Pa30MKHYTOM KIIIOUE.

Puc. 1
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4. U3meppTe BENMYMHBI CHUJIBI TOKa U U

HallpsDKEHUsT Ha BHEUIHEH 4YacTH LEMNH, 3aMblKas R= | Kmod.
Paccuwnraiite compoTuBieHHE 110 PopMyIIe:

5. Hsmenss MOJIOKEHUS JIBUKKA peocrara,
MOBTOpUTE U3MEpEeHUs (11.3) €€ JBaXKIbI. _¢-1IR

6. DBeluMcnanTe BENMYMHY BHYTPEHHEIO |
COIPOTHUBIIEHUS IO hopmyIie:

7.  Pe3ynbTarhl U3BMEPEHUI U BHIYUCIICHUH 3aHeCUTE B TaOHILy 1.
8.  Cnenatp BeIBOA 1O paborTe.

dopma npenocraBieHUs pe3yIbTaTa

U, R1 R1 R’ Scpa

E-¢,
mo | B B |[A |Om |[OM |[OM |B 5=Tp-100%

WIN|F-

KontponbHbie BOITPOCH!

1. Tlouemy nmoka3aHusi BOJIbTMETpPA NPU PAa3OMKHYTOM U 3aMKHYTOM
KJIFOU€E Pa3IndHbI?

2. Jlna wsmepenuss DJIC WCTOYHMKA TOKa M €ro BHYTPEHHETO
COIIPOTHBIIEHUS CTYIEHT coOpall cxemy, n300paxEHHyo Boiule. [Ipu
3TOM BOJIBTMETP MOKa3zal 5 Boyb, a amnepmerp — 1 Ammep. [locme
pa3MbIKaHus KJO04a BOJbTMETpa mokasan 6 Boubr. Uemy paBHBI
O/1C ucToyHuKa TOKa U €ro BHyTpEHHEe CONPOTUBICHNUE?

3. DJIC ucrounuka toka 3 B, a BHyTpeHHee compotusienue 0,5
Owm. Comporusnenue BHemHend yactu nenu 10 Om. Haiigute cuny
TOKA B LIETIH.

4. Cwuna toka B uenu paBHa 0,4 A., BHyTpEeHHEE CONMPOTUBIICHHE
ucrtounnka Ttoka 0,5 Owm, BHemHuee-4,5 Owm. Kakxoa OJIC
HUCTOYHHKA?

Kpurepun onenkn:

3a npaBUIIHHO BBHITIOJHEHHOE 33]aHUE BHICTABIIACTCS
MOJIOKUTEIbHAS OIleHKa — 1 Oaiut.
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3a HENpaBWJIHHO BHIMIOJHEHHOE JCWCTBUE, 3aJJaHHE BBICTABISICTCS
oTpuIaTeNbHas oreHka — (0 OayIoB.

Kaxxmgoe 3aanne OleHUBAaETCs OTAEIIBHO:

3amnonuenne tadiui-1 6amn

OTBETHI HA KOHTPOJBHBIC BOIPOCHI- B 3aBUCUMOCTH OT KOJMYECTBA
3a7a4

pelIeHre 3a71a9- B 3aBUCUMOCTH OT KOJIMYECTBA 3324

IIpouent KauecTBeHHas OLIEHKA ypOBHS
PE3yJIbTaTUBHOCTH MOJITOTOBKH
(mpaBUIIBHBIX bann BepOanbHblii anamor
OTBETOB) OM (oTMeTKa)
obwezo uuca
bannos
90 — 100% 5 OTimyHO
80 — 89% 4 Xopo1io
60 — 79% 3 Y 10BJIETBOPUTEIIHHO
MeHee 60% 2 HeynosnersopurenbHo

Tema 3.3 DnexTpuuecKnii TOK B pa3IM4HbIX Cpelax

JlaGopatophas pabota Nel2
Onpenenenue >MeKTPOXUMUYECKOT0 SKBUBAJICHTA MeJIU

Iesnb paGoTHI: ONPEAETUTD EKTPOXUMUYECKUN SKBUBAJIEHT MEH
AKCIIEPUMEHTAIILHBIM ITyTEM.

Brimonnus paboty, Bel Oyzere:

YMers:

- CAMOCTOATENBHO COOUPATH HNEKTPUUYECKYIO IIETIh

-aHaJIM3UPOBATh MPOLIECC DIIEKTPOIU3a

-IPUMEHATH 3aKOH AnekTponu3a (Dapaes)

MatepuanbHoe obOecreueHHe: BEChl U Pa3HOBECHI;  aMIIepMeTp;
Yachl; AJIEKTPOIUIMTKA; aKKyMYJISITOpHasi Oarapes; peocTar; KIou;
MEIHBIE JJEKTPOAbl (2 1IT).) CO BCTAaBKOW; COEIUHUTEIHHBIC
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npoBoaa, DOSJICKTPOJIUTHUYCCKAd BaHHA C pPAaCcTBOPOM MCIHOIO

Kymopoca.

3amanue

1. [TpoHalIIr01aTh SBJICHHUE JICKTPOJIA3a MEIU U3
pacTBopa MEIHOTO KyIopoca.

2. HayduThcst onpenensaTh 3JeKTPOXUMUICCKHH

SKBHMBAJICHT 110 PE3yJIbTaTaM dKCIIEPUMEHTA.

[Topsinok BeIONIHEHUS pabOThI

1. Ouuctuth HaxAa4HOH Oymaroil  KaTOAHYIO  IUIACTHHKY,
ONpE/IENNTD B3BEIIMBAHUEM MAcCy IIJIACTUHKHU (m, ).

2. CocTaBHUTb 3JEKTPUYECKYIO Llenb Mo cxeme. IIpu cocraBieHun
LEeNH B3BEUICHHBIH 3JEKTPOJl COEIUHUTH C OTPULIATEIIBHBIM
IOJIFOCOM MCTOYHHKA 3JIEKTPUUECKON IHEPIHH.

3. 3aMKHYTh LI€TIb ¥ 3aMETUTh BPEMsI BKJIFOUCHHS TOKa.

il

R
Ry

L 1

4. Yepes 15-20 MUHYT pa30MKHYTb LIEIIb.

5. BBIHYTH KaTOIHYIO MIIACTUHKY, TPOMBITh U MIPOCYIIUTh.

6. BseemmBaHmeM oOIpelenuTh Maccy Karoga (m,) Hocie
MPOMYCKAaHUS TOKa.

7. Haiitn mMaccy (m) BBIIENMBIIEHCA Ha KaTOZAE IIPU DJIEKTPOIIM3E
o gopmyre:

rae Mp- HavadbHas Macca IUIACTUHKH, KI; Mp- KOHEYHas Macca
MJTACTUHKH, KT.

8. BBUMCIATH  INEKTPOXMMHYECKH  OKBHUBAJICHT MEIW W3
dbopmybL:

r€ M- Macca BBIJIECIUBILIErOCs BEIIECTBA, KT

|- cuna Toka, A;  t- Bpems 2JeKTpou3a, C.
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9. PesynbraThl M3MEpeHU U BHIYMCICHUH 3amucaTh B TaOIuIy 1.
10. CpaBHUTH MMOTYYEHHBIN pe3yJabTaT C TAOJIUYHBIM.
11. BeraucnuTh aOCOMOTHYIO A ¥ OTHOCUTENIBHYIO € MOTPEIIHOCTH
u3MepeHuii no popmynam:

CnenaTb BBIBOJ IO paboTe.

dopma npenocraBiaeHUs pe3yabTaTa

Tabmuia 1

Ne Macca Bpewms Bennuuy Onekrpox| AbGcomor{ OTHOC]

OIIbITA | ME/IH, IIPOIYCKa] CHJIBl | MMUYECKHH Hasnorper TelbHa|
OTJIOKUB | U TOJ TOKa SKBUBAJICH -HOCTh norpey
mieics te I, 4 Menu A ke | HOCTb
Ha K Ke " Kn-c| &%
KaTole " Ki-c
m, xe

KoHTtposbHbIE BOIIPOCHI

1. Yem 00ycIiOBIIEH 3JIEKTPOXUMHUUECKUI TOK B 3JIEKTPOIUTAX?

2. Kak paccumtarb Maccy BBIACTHMBIIErOCS BEIIECTBA Ha

anexkTpoje?

3. OT yero 3aBUCHT MIIEKTPOXUMHUIECCKUAN IKBUBAICHT?

4. Kaxoii ¢puzndeckuit CMbICI 3JIEKTPOXUMUYECKOTO SKBUBaJICHTA?
5. Kakoe oOopynoBaHue M U3MEpUTEIbHBIE TNPUOOPHI HYKHO
UMETb, 4YTOOBI BEIUUCIIUTH 3JEKTPOXUMHUYECKUI SKBUBATIECHT?

6. HaszBatp pabouyro bopmyny JUTSL BBIYMCIICHHS
NMEKTPOXUMHUUYECKOTO SKBUBAJICHTA.

7. Ha xakoMm M3 3JIEKTPOJIOB BBIJAENSETCS MEIb B YHCTOM BHUJAE U
nouemy?

8. B namekTponuTHYecKyr0 BaHHY TIOMECTHM MEIHYIO IUIACTHHKY,
CIIy)Kalllyro aHoJoM. [ImacTMHKa MOKpBITa BOCKOM, Ha KOTOPOM
Halapamnal pUCYHOK. UTO MONyduTCs IMOCHE MPOMYCKAaHUS TOKA U
yJlaJ€HMs BOCKA C IUIACTUHBI?

9. Yro Takoe raqbpBaHOCTETHS, TAIbBAHOIIIIACTHKA.

10. Yepe3 pacTBOp METHOrO Kymnopoca npouuto 20  xKn
anekTpuyecTBa. [Ipu 3TOM Ha 0OTHOM U3 AIEKTPOAOB BBIIEIHIACH B

155




4YhUCTOM  BHAE Maccod 6,6 rpaMmMm wmeau.  OmnpenenuTtsb
ANEKTPOXUMUYECKUI SKBUBAJICHT MEIH.

11. CxonbKO HUKEJS BBIACIUTCS IPU JIEKTpoiau3e 3a 1 yac mpu
cuiie Toka SAMIep, eclid W3BECTHO, YTO MOJISIpHAsl Macca HUKeIs
58,71r/mM07b, a BAJICHTHOCTH paBHA 2.

12. Onpenenute Maccy cepeOpa, BBIIEIMBIIETOCS Ha KaTroAe INpHU
AJEKTPOJIN3E A30THOKUCIOrO cepedpa B TeUeHUE 24acoB, €CIU K
BaHHE NPUJIOKEHO HampsbkeHue 1,2 B, a compoTuBieHue BaHHBI 5
Owm.

13. DnekTponu3 MEeIHOTo Kyrnopoca MpOXOIui Mpu Toke SAmiep B
teueHne SO0mMuHyT. Kakoe KkoinuecTBO MeIu BbIIEIUIOCH HA KaTOAE,

ecmn k., =33-107 X2

Kputepuu oneHku:

3a nmpaBUIIHHO BBITIOJTHEHHOE 33aHUE BBICTABIISCTCS
[MOJI0KUTEIbHAs OLlEHKa — 1 OaJI.

3a HENpaBWJIHHO BHIMIOJHCHHOE JCWCTBUE, 3aJaHHC BBICTABISICTCS
oTpHIaTeNbHas oleHka — (0 OaylIoB.

Kaxxgoe 3aanne OleHuBaeTCs OTAENIBHO:

3anonuenne taduui-1 6amn

OTBETHl HAa KOHTPOJBHBIC BOIPOCHI- B 3aBUCUMOCTH OT KOJMYECTBA
3a1a4

pelIeHre 3a1a9- B 3aBUCUMOCTH OT KOJIMYECTBA 3319

[Ipouent KauecTBeHHas onieHka ypoBHS
PE3yNbTaTUBHOCTH MOJITOTOBKH
(MpaBUIIBHBIX bamn BepOanbHblii ananor
OTBETOB) OmM (oTmeTKa)
o0bwezo uucia
bannos
90 — 100% 5 OTan4HO
80 — 89% 4 Xopor1ro
60 — 79% 3 Y 10BIETBOPUTENHHO
Menee 60% 2 HeynonerBoputenbHO
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Tema 3.3 DnexTpuuecKuii TOK B pa3IM4HbIX Cpelax

JlaboparopHast pabota Nel3
N3yuyeHune a1eKTpU4eCKUX CBOMCTB MOJIYIIPOBOJHUKOB

Lenb paboTh: yriayOUTh MOHUMAHUE (PUINIECKOTO CMBICIIA TIOHATHUS
MOJIYIIPOBOJIHUK U MEXaHU3Ma €ro MPOBOUMOCTH.

Beimonuus paboty, Ber Oynere:

YMers:

-CaMOCTOSTEIHLHO COOUPATH ICKTPUUECKYIO IICTIh

-IIPUMEHSTH 3HAaHUSI O CBOMCTBAX MOJIYIPOBOIHUKOB MIPH
BBITIOJTHEHUH YKCIIEPUMEHTA

-CHMMATb MTOKa3aHUs C U3MEPUTETbHBIX TPUOOPOB

MaTepI/IaJ'IBHOG obecrieyeHne: HCTOYHUK TOKa, aMIICPpMETpP, pCOCTaT,
KJIIO4Y, 1nO0J, COCAUHHUTCIILHBIC ITIPOBOAA.

3agaHue

1. N3yunTh CBOWCTBA AJIEKTPOHHO-ABIPOYHOIO MEpEXoaa H
UCIOJIb30BaHUE €r0 B MOIYIPOBOJHUKOBBIX IPUOOpPAX.

2. YMeTp HauepTUTh JJIEKTPUUYECKYI0 CXeMy U OOBACHUTH

IIPUHIIHII rHGI\/'ICTBI/ISI BBIIPAMUTECIIAL W YCHIIMUTCIA TOKAa Ha
MOJIYITPOBOAHUKOBBIX JHOJAaX U TPUOJAX.

[Topsaox BeIMoMHEHNs pabOThI

[TonynpoBOHUKM XapaKTEPU3YIOTCS OTIMYHOM OT IPOBOJHHUKOB
MPOBOJIUMOCTBIO:  COOCTBEHHOHM,  NIBIpOYHOM  (p-THIIA) 151
3JIEKTPOHHOH (N-TUMA).

[lonynpoBOIHMKM  MOTYyT HMMETb JBa THNA  I[PUMECHOU
IIPOBOJAUMOCTH: JJIEKTPOHHYIO (n-Tumn), 00yCJIOBJICHHYIO
JOHOPHBIMHU TPUMECSIMH, U JBIPOYHYIO (P-THUII), OOYCIOBIECHHYIO
aKLUENTOPHBIMM IpPUMECSIMH. B n-MOIyNpOBOJHUKE OCHOBHBIE
HOCUTENM 3apsia — JJEKTPOHBI, a B P-IIOJYIPOBOJHUKE - JIBIPKH.
Kpome ocHOBHBIX HOcUTeNeH 3apsia B KaXIOM BEIECTBE B
3HAYUTEIIBHO MEHBIIEM KOJIMYECTBE COJEPKATCd M HEOCHOBHBIE
HOCHUTENH 3apsiia MPOTUBOIOJIOKHOIO 3Haka. OHM BO3HHMKAIOT 32
CYET pa3pyLICHUS KOBAJEHTHBIX CBS3EH.
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Ecnun nBa npoBogHUKA C MPOBOAMMOCTBIO PAa3HOTO POJa MPUBECTH B
KOHTaKT, TO Ha MECT€ KOHTaKTa OOpa3yeTcsl 3amuparoliuii CJIOW,
KOTOpPBIA XOpOWIO MPOBOJAT TOK B OJHOM HampaBJICHUH U
MPAKTUYECKH HE TMPOBOJUT TOKa B JPYroM. OTO CBOMCTBO
HCIIOB3YETCS B MOJIYIIPOBOIHUKOBOU TEXHUKE.

['panuna COMpUKOCHOBEHUS JABYX MOJIYINPOBOAHUKOB, OAMH U3
KOTOPBIX HUMEET OJJICKTPOHHYIO, a JIpyrod —  JBIPOYHYIO
MPOBOAMMOCTh, Ha3bIBaeTCsl p-n mepexoaoM. Ilpaktudecku p-n
MepexoJl CO3/1aeTCsi HE  MEXAaHUYECKUM  KOHTAKTOM  JBYX
MOJIYIIPOBOJIHUKOB, a BHECEHHEM JIOHOPHBIX U aKIENTOPHBIX
HpI/IMeCGf/'I B PpPa3jIMUHBIC YaCTU YUCTOr0 IOJYHPOBOJHHKA. Ot
Mepexo/abl  SBJSIOTCS OCHOBHOM  OOJBIIMHCTBA COBPEMEHHBIX
IOJIYTIPOBOJIHUKOBBIX ITPHUOOPOB.

[TpoBepka 0OTHOCTOPOHHEH ITPOBOJUMOCTH JTUOJA.

1.  CocraBuTh LEIIb 110 PR cxeme
pucyHka 1. —‘ > |

2.  Jluox J12 BKJIIOYUTH B
PsIMOM (IIPOITYCKHOM)

HalpaBJICHUU: OTMETKa «t»
J0JKHA OBITH OOpalieHa K Ii ( )

nosirocy ucrounuka JSC.

3aMKHYTb 1IETIb U OTMETUTh Puc.

nokazaHus ammnepmerpa. Llenb pa3oMKHYTb.
3. Jlmox /12 BKIFOUHTH B 0OpATHOM HANPABIICHUH (3aIIOPHOM).
Ienb 3aMKHYTb U yOEIUTHCS B OTCYTCTBMHU TOKa B 1ienH. Llenb
Pa30MKHYTb.
4.  Pesynbrarsl HaOMIOAEHUH 3aHEeCTH B Tabmuy 1.

CHsTHE BOJIBTAMIIEPHON XapaKTEPUCTUKHU JNO/IA.
1.  CocraBuTh 1IeTb IO CXEME PUCYHKA 2:
2. Jluon BKJIFOYUTH B MPOIYCKHOM HaTPaBJICHUH.
3. 3amxHyTh 1enb. [logobpaTh moyoxeHue ABMKKA peocTaTa Tak,
9TOOBI BOJIBTMETP TIOKA3aJl caMoe Mayioe HanpspkeHne. CHATH
MOKa3aHUs U3MEPUTENIbHBIX PUOOPOB.
4.  Tlepememniatb MOCTENIEHHO IBM)KOK PeOCTaTa U CHITH HE MEHEe
7 3HaYeHUH HAIPSKEHUS U CHIIBI TOKA. PAa30MKHYTH LIETIb.
5.  Pesynbrarel u3mMepeHuit 3aHeCTH B TAOIHILY 2.
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6. Iocrpouts rpaduk 3asucumoctu I(U). ITo ocu OX
orknaapiBath U (B), mo ocu OV - | (A).
7.  Cpenarb BBIBOJ

—

Puc.2

d)opMa MMpEeAOCTABJICHUSA pE3yJibTaTa

Tabmuma 1
ITpoBepka 0JTHOCTOPOHHEH MPOBOIUMOCTH AHOA.
Ne Croco0 BKIIFOUEHHUS [Tokaszanus amriepmerpa
m\n
Tabmumna 2

CHsITHE BOJIbTAMIIEPHON XapaKTEPUCTUKHU JHOJIA.

Ne Tox, npoxonsmuii yepe3 | Hanpspkenue, moganHoe Ha
i\t N0, Aanon,
1(A) U®)

KoHTpoabHBIE BOIPOCH

1. B uém paznuune npoBOJUMOCTH TPOBOJAHUKOB U
MIOJIYIIPOBOIHUKOB?

2. Kakoit TiIT TOJTYIpOBOTHUKA TTOYYUTCS, €CIIA K TEPMAHUIO
no6aBuTh mpumech pocdopa?

3. Kakoii TiIT OTyIpOBOJHHUKA ITOIYYUTCS, €CITH K TEPMaHUIO
N100aBUTh IPUMECH UHIMA?
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4. Kakoe sBJICHHE HA0JIO1a€TCs TPU BCTpeue CBOOOTHOTO
3JIEKTPOHA C IBIPKOW B MOJYITPOBOJHUKE?

5. Kak MOXHO yCUMJIMTh HHTEHCUBHOCTH F€HEPALIMU M1ap «AJIEKTPOH-
JIBIpKay

6. Kak 00bsACHUTH yBeTHMUEHHUE YIIEIBHOTO COMPOTUBICHUS
MTOJIYITPOBOJIHUKA IIPY YMEHBILIEHUH TEMIIEpaTypbl?

7. Yro sBIsSETCS B CXE€ME TPUO/1a BXOIHOM LIEMbIO, a UTO —
BBIXOJTHOM?

8. Kak ciemyer BKIIOUUTH B LIETIb TPAH3UCTOP, YTOOBI OH
JEHCTBOBAJ U KaK MO/ B IPSIMOM HalpaBJICHUU?

9. UYrto nmoka3bIBacT BOJIBT-aMIIEPHAS XapaKTEPUCTUKA AHOaA?

Kpurepuu onenku:

3a nMpaBWJILHO BBITIOJIHEHHOE 33JIaHUE BHICTABIISCTCS
IIOJIOXKHMTEIbHAS OlleHKa — 1 OaJI.

3a HENpaBWJIBHO BBINOJIHCHHOE NCHWCTBHE, 3aJaHUE BBICTABJISACTCS
oTpunarenbHas omnenka — 0 6ayoB.

Kaxxnoe 3amanue oneHnBaeTcs OTASIBHO:

3anogHeHue Tadaui-1 oamn

OTBETHI HAa KOHTPOJIbHBIC BOIPOCHI- B 3aBUCUMOCTH OT KOJMYECTBA
3a7a4

pelieHre 3aa4- B 3aBUCUMOCTH OT KOJTMYECTBa 33124

[TponenT KadecTBeHHast OlIeHKa ypOBHS
pe3yIbTaTUBHOCTH MIOJITOTOBKH
(MpaBUIBHBIX bamn BepOanbHblii ananor
OTBETOB) OM (oTmeTKa)
o0bwe2o uucia
bannos
90 — 100% 5 OtinuHO
80 — 89% 4 Xopo1o
60 — 79% 3 Y 10BIETBOPUTENHEHO
MeHee 60% 2 HeynoBneTBopuTenpHO

Tema 4.1 Mexaandeckue KoneOaHU M BOJTHBI
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JIaGoparopnas pabota Nel4

W3yueHne 3aBUCUMOCTH MEepHOAa KoleOaHUH MaTeMaTHYeCKOTro
MasiTHUKA OT €ro JAJINHBI

Lens paboThI:

1.  OmpenenuThs MEPHOJ U YACTOTY KOJICOAHUN MATEMaTHYECKOTO
MasiTHUKA.

2.  llokaszaTh 3aBHCHMOCTBH MEPUOJA W YACTOTHI KOJECOAHUU OT
JUIMHBI CAMOT'O MasiTHUKA

Beimonuus paboty, Ber Oynere:

YMmers:

- OINpEeNeNsATh TMEPUOJ M YacTOTy KoJeOaHWH MaTeMaTHYeCKOTro
MasiTHUKA.

-yCTaHaBJIMBATh 3aBHCUMOCThH TEPHOJA M YaCTOTHI KOJEOaHWH OT
JUITMHBI CAMOT'O MasiTHUKA

-CTpPOUTH rpaduku

MarepuanbHoe oOecriedeHue: IITaTHB C JepiKaTesieM, IIapuK,
MOABEIICHHBIM HAa HUTH JUIMHOW OKOJIO METpa, JWHEHKa,
CEKYHIOMeEp.

3aganue

1. M3yuutsh KoNebaTeIbHOE JBUKCHIE HUTSHOTO MAasSTHHKA.

2. OmpenenuTs MEPUOJ U YACTOTY MPHU KOJICOAHHUSIX MasSTHUKA C
pa3HOM JUIMHON HUTH.

3. BBIICHUTB, KaK 3TU XapaKTEPUCTUKH 3aBUCST OT IJTHHBI
MasITHHKA.

[Topsmox BeIMoOTHEHUS PabOTHI

1. W3meputs JJIMHY HATH

2. TloacuuraTh uyucio KoyeOaHU, Bpems |7 = t M BBIYHCIIHTD
nepuoJ Kosebanuii mo Gpopmyie: n
3. VI3MeHUTh IIMHY HUTH, MOCYUTATh YUCIO KOoJeOaHUM, Bpems U
BBIYUCIIMTH TIEPUO]] KOJIEOAHUM TTPU JAaHHOU JITTHHE.

4. JlaHHbIe U3MEPEHUN 1 BBIYUCICHUH 3aHECTH B TAOJIHILY

5. OmpenenuTs 4acTOTy KoJieOaHMil 1o popmyne: |v = 1

T

6. IlomyueHHBIC TaHHBIE 3aHECTH B TAOIHIy 1.
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7. CpaBHUTH II€pHOJ M YaCTOTYy MaTEMaTUYECKOTrO MAasTHUKA,
IIOJTyYEHHBIE PA3HBIMH CIIOCOOAMHU.
8. Caenats BeIBOJ 1O paboTe.

dopma npeaocTaBIeHUs pe3ybTaTa

Tabnuna 1.

Ne omnwiTa 1 2

Jlinna masitHuka |, M

Yucno konebanuii N

Bpewms konebanuii t, ¢

[Tepuon xonebanuii T, ¢

YacroTa xojicOaHui v,

'y
KoHTpOJIBHEIC BOIIPOCKI
1 BapuaHT
1. Yro Ha3eiBaroT konebanueM? Korma xojied0aHus Ha3bIBAIOTCS
CBOOOJTHBIMU, BBIHYXJACHHBIMH, COOCTBEHHBIMU?
2. Kaxkas cuna Ha3zpiBaeTCs BOo3Bpalaroniei?
3. ChopmynupyiiTe onpeaeieHne MaTeMaTHIECKOTO MasITHHKA.
4. Yro HazbiBaeTcs ¢a3oii konedbaHus?
o. [Ipy Kakux yCJIOBHMSIX MOXXHO HAOMIOJATh  SIBJICHHE
MEXaHHYECKOTO pe3oHaHca?
6. Masrtauk coBepuruin 20 xonebanuit 3a 1 munyty 10cexyH.
Haiitu nepuos, 4acToTy ¥ IMKIMYECKYIO YACTOTY KOJICOaHHIHA.
7. VYpaBHenue koneOanmii wmeer Bua: X=8 Cco0s 0,8t
Omnpenenuts X,, T, V, Q.
8. Haiitm maccy rpysa, KOTOpPBI Ha IIPYKHHE JKECTKOCTBIO
350H/m penaet 30 koireOaHMiA.
2 BapuaHT
2. Kakue ycrnoBus HEOOXOAUMBI IS BO3HUKHOBEHHUS W

nojepkaHus KoneOaHuit?

3. KakoBo paznanume Mexay 3aTyXalooUMMH W He3aTyXaloUMMHU
Kose0aHusMu?

4. UYro Ha3bIBaeTcs NEpUOJOM KoJIeOaHUH, B KaKUX €IUHHUIAX OH
uzmepsiercs?
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5. Kak 3aBucur nepuon kone6aHU MaTEMaTHYECKOTO MasTHUKA OT
€ro JUINHBI?

6. Ilpm KakuMX  yCJIOBUSAX  MOXKHO  HaOMIONaTh  SIBIICHHUE
MEXaHHYECKOT0 pe3oHaHca?

7. CKONbKO KOJICOAHMIA COBEpIIACT MATEeMATHYECKUW MAasTHUK
JHOM 2 MmeTpa 3a 6 muHyT? KakoBa cOOCTBEHHAs 4acTOTa 3THX
Kose0aHui?

8. VYpaBuenue konebanuii umeet Bua: X=10 cos 1,2t. Onpenenutsb
Xo, T, V, @.

9. Haiitu wactory KkojebaHuiéi r1py3a Maccor 200rpamm,
MOJIBEIIEHHOTO K MPYKHUHE KECTKOCThI0 16 H/M.

Kpurepuu onenku:

3a nMpaBWJILHO BBITIOJIHEHHOE 33JIaHUE BHICTABIISCTCS
MOJIOKUTEIbHAS OlIeHKa — | Oas.

3a HENpaBWIBHO BBIITOJHECHHOE JEHCTBHE, 3aJaHUE BBICTABJISETCS
oTpuLaTenbHas oleHka — 0 6ayioB.

Kaxxgoe 3aaHne OleHUBAETCS OTACIIBHO:

3amonHeHue Tabmmn-1 6amn

OTBETHI HAa KOHTPOJIbHBIC BOIPOCHI- B 3aBUCUMOCTH OT KOJMYECTBA
3a1a4

pelieHre 3aa4- B 3aBUCUMOCTH OT KOJTMYECTBa 33124

[TponenT KadecTBeHHast OlIeHKa ypOBHS
pe3yIbTaTUBHOCTH MIOJITOTOBKH
(MpaBUIBHBIX bamn BepOanbHblii ananor
OTBETOB) OM (oTmeTKa)
o0bwe2o uucia
bannos
90 — 100% 5 OtinuHO
80 — 89% 4 Xopo1o
60 — 79% 3 Y 10BIETBOPUTENHEHO
MeHee 60% 2 HeynoBneTBopuTenpHO

Tewma 4.2 DnekTpoMarHuTHBIC KOJIOAHUS U BOJTHBI
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JlaGoparopHas pabota Nel5
N3yuenne ycTpoiicTBa Tpanchopmaropa, reHepaTopa.

Lenb paboOTHI: U3YYUTH YCTPOUCTBO U MPUHIIUIT PAOOTHI

Tpanchopmaropa. reaepaTopa.

Beimonuus paboty, Ber Oynere:

YMeTs:

- pa3nuyaTth BUIBI TPAHC(HOPMATOPOB U MX HA3HAUCHUE
MarepuanbHoe oOecniedeHue: TpaHchopMmarop — JI1abOpPaTOPHBIN,
JIaMITa HAaKaJMBAHUS, KJIFOY 3aMBIKAHHS TOKA, KOMIUICKT MPOBOIOB
COCIMHUTEIIbHBIX.

3ananue

1. W3yuuTh cTpOCHHE, HA3HAYCHUE | MIPHHIIUI JICHCTBUS
Tparcopmaropa

2. W3yuuTh cTpOCHHE, HA3HAYCHUE | MPHHIIUI JICHCTBUS
reHepaTopa.

[Topsanox BeInoNHEHNs pabOThI

N3zyuenue ycrpoiicTBa TpaHchopmaTopa

Tpancopmarop  mpeoOpa3yeT  NepeMEHHBIH  TOK  OJHOTO
HaNpsDKEHUs IpU HEM3MEHHOM yacToTe. OH COCTOUT U3 3aMKHYTOT'O
CepICYHHUKa, U3TOTOBIIEHHOTO M3  CIELMAIbHOW  JIMCTOBOM
TpaHCcOpMATOPHOW CTalM, Ha KOTOPOM paclojiararoTcs JiBe
KaTyIIKU (KX Ha3bIBalOT OOMOTKAaMH) C pa3HbIM YHMCJIOM BHUTKOB M3
MEJIHON IIPOBOJIOKH.

OnHa u3 OOMOTOK, Ha3bIBaeTCsl MEPBUYHOM,  IMOAKIIOYAETCS K
HUCTOYHUKY IIEPEMEHHOI0 HaIPSKCHUS. VYerpoiicTsa,
NOTPeOISIONME  IEKTPOIHEPTHUI0,  MOJKIIOYAIOTCS K BTOPUYHOMN
00MOTKE, UX MOXKET OBITh HECKOJIBKO.

[Ipu BbIMONIHEHMH PAaOOTBI  CIEAYET H3YYUTh  YCTPOMCTBO
TpaHcpopmaTopa, BKIIOUYUTh €T0 B CETh MepeMeHHoro Ttoka (36 B).
B pexxuMme X0I0CTOro X012 M3MEPUTh HalpshHKeHHEe HAa OOMOTKax U
BBIYUCTUTh KOX(PGUIMEHT TpaHchopMalu, a Mpu pabote
TpaHchopMmaTropa «IojA Harpy3koil» YCTaHOBUTH CBSI3b MEXKIY
TOKaMU M HaNpsDKEHWEM B OOMOTKax.
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Tpancopmarop cocTouT U3 JABYX KaTylleK M CepACYHHKA.
CepieyHUK COCTOUT U3 JIBYX MOJIOBUH, KOTOPHIE

MepeuyHan
obmoTka
N, BnTOB

BropuuHas
obmoTka
N, euTkOB
MepenyHbIi
ToK
‘*\L_IW
+

BropunuHeiit
ToK
b
—
b +

MNepenyHoe
HanpskeHue
Y

.

—

4

b BropuuHoe
HanpsKeHue

4 Y

|

e

Ll

¥

BCTABJIAIOT B KAaTYHMIKy W C IIOMOLIbBIO CKOOBI 3aKpPCILUIAKOT Ha
OCHOBAHUU.

XoapaboTsl

1. Paccmotpure yctpoiictBo TpaHchopmaropa. Ormpenenure
MEpPBUYHYI0 OOMETKY (KJIeMMbI ¢ Haamucbio: 36 wiu 42 B) u nBe
BTOPUYHBIX KJIeMMbl 2,2 B u 4,4 B)

2. HauepruTe 35eKTpHUECKyIO cXeMy TpaHchopMaropa.

3. Pazbepure tpanchopmaTtop. [ ITOro MOBEpHUTE €ro
OCHOBaHMEM BBEpPX M OTKPYTHTE JIB€ Tailku KpaIuIeHHUs CKOOBI.
BbIHBTE CEpACUHUK U PACCMOTPUTE €TO YCTPOHCTBO.

4. CobGepute Tpanchopmarop. st 3TOro BCTaBbTE CEPACHYHHK CO
CKOOOI B KaTyIIKH. YCTaHOBHTE TpaHC(POpPMATOp Ha OCHOBAHUE U
3aKpENUTE Ero raikaMu.

N3ydenueycTtpoiicTBareneparopa.

I'eneparop MmocTostHHOTO ToKa (pUC. 1) COCTOMT M3 IBYX 4YacTei:
HETIOABMIKHOM W Bpamatomieiics. HemonasmwkHas dacth (cTatop)
SBJIAETCSA OCTOBOM MAIIMHBI U OJTHOBPEMEHHO CIIYXKHT JJIS CO3AaHMS
MarHuTHOTO MOTOKa. Bo Bpalaromencss 4actu, Ha3plBaeMoOM IKOpeM
(poTopoM), HHIyLIHpyeTCs AMEeKTpoABIKyIas cuia - J/1C.
KoHncTpykius renepatopa nocTOSHHOTO TOKa (CM. puc.2).
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HenoaBmxHast 4acTh COCTOMT M3 CTaHMHBI (1), TJIaBHBIX IOJIIOCOB
(2) c oOmoTKO# BO3OYX)AeHUS (3) U JOTMOJTHUTEIBHBIX MOTIOCOB (4),
YMEHBIIAEMbIX UCKPEHHUE IMOJT IIETKaMHU.

Sxopp umeer cepaeuHuk (5), HaOMpaeMbli U3 TOHKUX CTalIbHbBIX
JUCTOB, OOMOTKY SIKOpsI (6), 3aJI0KCHHYIO B Ta3bl CEpICYHHKA H
kosutektop (7). Ha moBepXHOCTh KOJIEKTOpa HAIOXKEHBI yroJlbHO-
rpaduTOoBbIe IETKH (8), o0ecreynBaromue CKONB3SIUN KOHTAKT C
oOMOTKOM Bpamatwomerocs skops. Komnekrop wumeer dopmy
WIMHAPA U BBIMOJHACTCS U3 M30JIMPOBAHHBIX MEIHBIX IUIACTHH -
jJameliell - K KOTOPBIM MOJICOEIMHEHBI CEKIUH SIKOPHOH OOMOTKH.
Bpamasice BMecTe ¢ OOMOTKOW, KOJUJICKTOP BBINOJIHSET pOJb
MEXaHUYECKOTO BBIPSIMUTEIS.

OOMoOTKa BO3OYXKIEHHUS CO3/aeT TJIABHBI MarHUTHBIA TOTOK D
MOJIFOCOB. B reneparopax ¢ HE3aBHCHMBIM BO30YKJIEHHEM OHa
MUTAETCS OT TOCTOPOHHETO HCTOYHHMKA TIOCTOSHHOTO TOKa
(BeIIpsIMUTENSA, aKKymynsitopa ©u T.1.). C reHeparopom ¢
napajyieIbHBIM ~ BO30Y)KIIEHHEM OOMOTKa TJIABHBIX  IIOJIFOCOB
MOJKIIIOUEHA K TJIaBHBIM IIETKaM, T.€. MapajlelIbHO IenH sikops. B
CBSI3W C OTUM Ui BO3HHMKHOBEHHsSI MarHUTHOro moroka u JJIC
HeoOxomuM XoTa Obl clabblii OCTAaTOYHBIA MAarHUTHBIA MOTOK.
bnaronmaps HanMYMIO OCTATOYHOTO MarHETH3Ma BO3HUKAET IPOIIECC
caMOBO30YXJICHHsI FeHepaTopa.

Puc. 1.

dopma
IpenocTa
BJICHHUS




pe3ynbTaTa

NzyuenuneyctporictBarpanchopmaropa
b. Ctpoenue Tpanchopmaropa HaUEPTUTh, COCTABHbBIC YACTU
yKa3atb, (hOpMyJIbI 3aIIUCaTh, HA KOHTPOJIbHBIE BOIIPOCHI OTBETUTD.

N3ydenueycTpoiicTBareneparopa.

2. CrpoeHue reHeparopa HAaUE€pPTUTh, COCTABHBIEC YACTH yKa3aTh,
(dbopMyIibl 3anMCcaTh, HA KOHTPOJIbHBIE BOIIPOCHI OTBETHUTb.
KoHTtposbHbIE BOITPOCHI
1 BapuaHt
1.Yto Ha3bIBaIOT UHAYKIIMOHHBIMH T'€HEepaTopaMu?
2.Kakoii = TpaHC(opMarop Ha3bIBAlOT  TOBBIIIAIOIIUAM, a KaKOH
MOHWKAOIIUM?
3.Ut0 Takoe XosocToi X0/ TpaHcopmaTopa’?
4 ITouemy cepJieuHHK TpaHCPOpPMATOpa U3TOTOBISIOT U3 CTAJIH, a HE U3
meau?
5.B mepBuyHOil 00MOTKE TpaHchopMaTopa, BKIIOYEHHOH B CETh C
HanpspkeaneMm  380B.  Copepkurcs 1320 ButkoB. OnpenenuTtsb
HanpsDKCHUE Ha BTOPUYHON 00OMOTKE, eciii oHa cosiepKUT 300 BUTKOB.
Bun tpancdopmaropa ykasars, OTBET MOSICHHUTB.
2 BapuaHT
1. Ha3oBuTe OCHOBHBIE YaCTUTEHEpATOpa MEPEMEHHOTO TOKA.
2. Jlokazarp, 4TO y MOBBIIIAoOIIero Tpancopmaropa K>1.

3. UMamenser mm  TpaHchopMaTtop — HacToTy — IpeoOpazyeMoro
MIEPEMEHHOT0 TOKa?

4. TloueMy cepleyHHMK TpaHchopMaTopa COOMPAIOT U3 OTIEIBHBIX
IUIaCTUH?

S. Ecrm Ha mepBuuHyr0o OOMOTKY TpaHcopMaropa MoAaércs
Hanpspkenrie 220B, To Ha BTOpUYHOM OOMOTKE TIpU XOJIOCTOM XOJIe
noyyaercst HanpsbkeHue 130B. Uncsio BUTKOB MEpBUYHON OOMOTKH PaBHO
400. OmnpenemuTh 4YHCIO BHUTKOB BO BTOpHMYHOM oOMOTKe. Bun
TpaHc(hopMaTopa yKasarh, OTBET MOSICHUTE.

3 BapuaHT

1. KakoBa poip MHIYKTOpa U IKOpPSL B YCTPOMCTBE TeHepaTopa
MIEPEeMEHHOT0 TOKa?
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2. Yo Takoe MOHMKAOIIHIA TpaHchopmarop?

3. Tlouemy cepaeunuk TpanchopmaTopa JIEIar0T He CIUIONIHBIM. A 13
MHO’KECTBA IJIACTHH, U30JIMPOBAHHBIX JIPYT OT Apyra?

4.  Tlodyemy MOITHOCTB, TOTpeOIsieMasi OT BTOPUYHON OOMOTKH,
MEHbIII€ MOIIHOCTH, MOJIBOAUMON K MEPBUYHON OOMOTKE?

5. CKONMbKO ~ BUTKOB JOJDKHA HMMETh BTOpHYHas  OOMOTKa
TpaHchopmaropa st oHkeHust Hanpspkeust ¢ 12000 o 120B, ecin
nepuaHas ooMotka comepxut 4000 BuTKOB? Bupm Tpancdopmaropa
yKa3aTb, OTBET OSICHUTD.

Kpurepuu onenku:

3a nMpaBWJIBHO BHITIOJIHEHHOE 33JIaHUE BHICTABIISACTCS
IIOJIOXKHMTEIbHAS OlleHKa — 1 OaJI.

3a HENpaBWJIBHO BBINTOJIHCHHOE NCHWCTBHE, 3aJaHUE BBICTABJISACTCS
oTpuLaTenbHas oueHka — 0 6ayioB.

Kaxxnoe 3amaHue oneHnBaeTCs OTASIBHO:

3anogHeHue Tadaui-1 oamn

OTBETHI HAa KOHTPOJIbHBIC BOIPOCHI- B 3aBUCUMOCTH OT KOJMYECTBA
3a7a4

penieHue 3aa4- B 3aBUCUMOCTH OT KOJIMYECTBA 3a/1a4

[TponenT KadecTBeHHast OlIeHKa ypOBHS
pe3yIbTaTUBHOCTH MIOJITOTOBKH
(MpaBUIBHBIX bamn BepOanbHblii ananor
OTBETOB) OM (oTMeTKa)
o0bwWe2o uucia
bannos
90 — 100% 5 OtinuHO
80 — 89% 4 Xopo1o
60 — 79% 3 Y 10BIETBOPUTENHEHO
MeHee 60% 2 HeynoBneTBopuTenpHO

Tewma 5.1 Ilpupona cBera. BonHoBble cBOMCTBA cBETa

JlaGoparopHas pabota Nel6
Omnpenenenue nokaszarens MpeJoMIICHUs CTeKIIa
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[esnp paboThL: ONpenenuTh NoKa3aTelb MPEJIOMIIEHNs CTEKIIa
HKCHEPUMEHTAIBHBIM ITYTEM.

Brimoraus paboty, Bel Oynere:

YMers:

- ONpEAEIATh [T0Ka3aTelb PEIOMIICHHSI CTEKIIa SKCIIEPUMEHTAIbHBIM
yTeM.

- U3MEPSTH YIJIbI

-CTPOUTB XOJI JIy4eH uepes3 MpU3My

MarepuanbHoe oOecrieueHre: IACTUHKA ¢ MapajuleIbHbIMU
rpaHsaMu; OyIaBKH; YUCTBIM JUCT OymMaru; JIUCT KapTOHa,
TPAHCHOPTHP; MOABbEMHBIN CTOJIMK; TAOIMIIA 3HAYEHUS
TPUTOHOMETPHUYECKUX (DYHKIIUH.

3agaHue

1. [TocTpouTh X0/ CBETOBOTO JIy4ya Yepe3 CTEKISIHHYIO
IUTACTUHY.

2. [Tpoananu3upoBaTh X0 CBETOBOTO JIy4ya Yepe3 CTCKISIHHYIO
IUTACTUHY.

3. OnpenenuTs MmoKa3aTesb MPETOMIICHHUS CTEKJIa M PACCUUTATh
HOTPEUIHOCTh SKCIEPUMEHTA.

HOpSII[OK BBITIOJTHCHU A pa6 OTBI

1. Ha nogbpemHbIi CTONMMK TTOJIOKUTH YUCTHINA JTUCT OymMaru ¢
MOAJIOKEHHBIM CHU3Y KapTOHOM.
2. C oHOM CTOPOHBI CTEKJIa HAKOJIOTh /B OynaBku 1 u 2 Tak,

9TOOBI NpsiMast, IPOXOAAIIas Yepe3 HUX, COCTABIIsIIA YOI 0 C
MEPIEeHIUKYJIAPOM K INIOCKOCTH IIJIACTUHKH (CM. puc.l).

3. ITomn
SITh
PUCYHOK Ha

YpOBHE TJ1a3
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1, HaOII01as Yepe3 MIACTUHKY, HAKOJIOTh JIBE IpYyTrHe OyJIaBKH Tak,
9TOOBI BCE YEThIpe OyIaBKHM OKa3aJUCh HA OJTHOM MPSIMOM.

4.  Crexno u OylaBKH CHATh, MECTa HAKOJIOB OTMETHTH TOYKAMH
1,2,3,4 1 yepe3 HUX MPOBECTU MPSIMBIC JIMHUU JIO IEPECEUEHUS C
rpanunamu crekia (puc.2). Ilposectu uepes Touku 2 u 3
neprneHIuKyapsl k rpanunam cpex AB u CD.

5.  TpancnopTupoM U3MEPUTH YTIIbI MAJACHUS 0L U YTJIbI
npenoMieHus 3.

6.  Ilo Tabiuie 3HaUCHHI CHHYCOB ONPEIEIUTh CHHYCHI
HU3MEpPEHHBIX YTJIOB.

7.  BbraucauTb KOXQQHUIHUEHT MperoMIIeHus 1o hopmyie:

8.  OmbIT MOBTOPUTH TPH paza.

9. Pe3ynbrarel u3MepeHuid, BEIYUCIICHUN U TAOJMYHBIC TaHHBIC
3anucath B Tabmuiy 1.

10. BeruaucauTh a0COMOTHYIO (A) U OTHOCHTEIBHYIO (€)
MOTPEIIHOCTH 10 popMyiam:

A
6= ———100% A

maon.

11. Cpenatp BbIBOJ 1O paboTe
Tab6muma 1
®dopma npeaocTaBiIeHHs pe3yibTaTa

No Yron Yron npg Koaddi Cpennel Tad Ab6co | OtHOCH
OTIBITA | TIAJICHUS | JIOMJICHH| IMEHT | 3HAYeHJ JINYHOE| JIIOT- | eJbHas
cetoBor| ceeTtoBor| [Ipenoy ko3ddy 3HaueH|] Hasmo | morpern
JIy4a JIy4da eHusl | HueHTa| € Kod(( rpemi- | OcTh
a,’ p; n IpeJIOM, UIMEHT| HOCTh | &,%
eHus | opemoM A
Nep CHUA
nmaﬁ,m
1
2
3

KoHTpoJIbHBIC BOIIPOCHL M 33149
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UTO Ha3bIBAIOT CBETOBBIM JIy4OM?

ChopmynupyiiTe 3aKOH OTPaKCHHS CBETA.

KakoB ¢u3uueckuii CMbICT OKa3aTeNs MPeJIOMIICHHUs CBeTa?
Yem oTiauuyaeTcss aOCOJMIOTHBIM MOKa3aTeNlb MPeIOMIICHHS
CBETa OT OTHOCUTEIHHOT0?

CdopmynupyiiTe 3aK0H MPEIOMICHUS CBETA.

UTo Ha3BIBAIOT MOJIHBIM OTPAXKEHUEM CBETA?

KakoBa ckopocTh pacrpocTpaHeHus CBeTa B Bakyyme?

Urto Ha3bIBaeTCS ONTUYECKOM IUNIOTHOCTHIO BellecTBa?

Jlyu cBeTa mepexoAuT U3 Cpellbl ONTHYECKH OoJiee MIIOTHON B
Cpely ONTHYECKH MeHee IUIOTHYI. Kak u3MeHsieTcss Mmpu 3ToM
4acToTa KoJieOaHuii U JJIMHA BOJIHBI?

10. B uewm coctouT npuHnui [ rolirenca?

11. Jlyuy mepexoAuT U3 BOJBI B CTEKJIO. YTOJ MageHUS o = 30°,
Haittu yroa npenmomnenus. (N; = 1,3; ne, = 1,6).

12.  VYron mnpenomieHus CBeTa B TJIHUIECPUHE 45°. Haiitu yroma
najeHus B Bozayxe (N, =1.47).

13. Jlyuy magaet Ha MOBEPXHOCTH BOJBI MO/ YTIIOM 30°. oz kakum
YIJIOM JIOJDKEH YHacThb JIyd Ha IOBEPXHOCTh ajmas3a, 4ToObl yroiu
peaoMiIeHus ocTancs TakuM Ke? (Nposn= 1, Npore=1,33, Nay= 2,42).
14. Haiitu pa3HOCTh CKOpOCTEH CBETa B BOJE M CTEKJE, €CIH
nBOL[BI:1133| nCTeK‘:1|5-

15. Omnpenenuth mpenenabHbIA Yol TMOJHOTO OTPaKEHUs JUIs
Boabl, crekia, amMasza. (Ner.= 1,6; Nyone=1,33, Num= 2,42) (OTB.:
001=49°, 0102=40°, 0103=24).

Kpurepun onenku:

3a NpaBUIIbHO BBIIIOJIHEHHOE 33a/1aHUE BBICTABIISETCS
MOJIOKUTEIIbHAS OLleHKa — 1 Oast.

3a HEnpaBWJIBHO BBIOJHEHHOE JEUCTBHUE, 3aJaHUE BBICTABISETCS
oTpuLaTenbHas oneHka — 0 6aioB.

Kaxnoe 3aanue orileHUBaeTCsl OTAEIBHO:

3amnonuenne tadaui-1 6amn

OTBETHl HAa KOHTPOJIbHBIE BOIPOCHI- B 3aBUCUMOCTH OT KOJIMYECTBA
3a1a4

penieHue 3aa4- B 3aBUCUMOCTH OT KOJIMUECTBA 3a/1a4

el N =

©oo~No O,
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[TporieHT KauecTBeHHast orieHKa ypOBHS
PE3yNbTaTUBHOCTH MOJITOTOBKH
(mpaBUIIBHBIX bann BepOanbHblii anamor
OTBETOB) OM (oTmeTKa)
obwezo yucia
bannos
90 — 100% 5 OTIn4HO
80 — 89% 4 Xopo1io
60 — 79% 3 Y 10BIETBOPUTEITLHO
Menee 60% 2 HeynosnerBopurenbHo

Tema 5.1 IIpupona cBera. BoaHoBbIE CBOMCTBA cBETA

JlaboparopHuas pabora Nel7
Habnronenue narepdepeHunu u qudpakiuy cBera

Lenb paboThL: SKCIEPUMEHTATBHBIM ITyTEM MPOHAOIIOIATh
UHTephEepeHIHI0 U AU(paKIUIO CBETa

Brinonnus paboty, Bei Oynere:

YMers:

- aHAJIM3UPOBATH BOJHOBBIC MIPOIIECCHI CBETA

MarepuanbHoe obecrieueHue: MIacTUHbI CTEKJISHHbIE — 2 HIT.,
JIaMIIa C MPSIMOM HUTHIO HAaKalla, ITAHT€HIIUPKYITb.

3aganue
1. [Iponabumronate U U3y4yuTh UHTEP(HEPEHIIMOHHBIE KAPTUHABI.
2. ITponaOironaTh ¥ U3Y4UTh AU(GPAKIMOHHBIE CIIEKTPBI.

[Topsmok BeIMOTHEHUS PabOTHI
Hab6mronenue nnrepdepeHiuu ceera.

1. CTeKIsSHHBIC TIJIACTHHBI THIATCJIBHO TIPOTCPETH, CIOXKUTH
BMECTC U CKATh IaJIbLIaMH.
2. PaCCMOTpeTL IIJIaCTUHBI B OTpa)KéHHOM CBeT€ Ha TEMHOM

(done (pacmosiaraTh UX HAJ0 TakK, YTOOBI HA TIOBEPXHOCTH CTEKJIA HE
00pa30BBIBATUCH CIUIIKOM SIpKHE OJIMKHA OT OKOH WMIU OT OebIX
CTEH).
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3. B oTenpHBIX MecTax CONMPUKOCHOBEHUS IJIACTHH HAOIIOIATh
SpKUE paayKHbIE KOJIbLIEOOpa3HbIE WM HENPaBWIBHON (OpPMBI
I10JIOCBI.

4. 3aMeTuTh U3MeHeHue (POPMBbI U PACIIOIOKEHUS MOTYyYECHHBIX
UHTEPPEPEHIIMOHHBIX MTOJIOC C U3MEHEHUEM HaKUMA.
5. [TonbiTaThCcst  YBUAETh HMHTEPPEPEHLUOHHYIO KapTUHY B

MMpoXoAd1ICM CBCTEC.

HaGmonenue nudpaknmu cBera.
1. YCTaHOBUTh MEXIy TyOKaMu INTaHTECHIMPKYJS —IIENib
mupuHoi 0,5 Mm.
2. [TpucTaBuTh MmIeNb BIUIOTHYKO K TIJ1a3y, pPAacHOJIOKUB €€
BEPTHKAITBHO.
3. CMOTpsi CKBO3b IIENIb HAa BEPTUKAJIBHO PACIIOIOKECHHYIO
CBETSAIIYIOCS HHUTh, HAOIIOAATh MO O0€ CTOPOHBI HUTH PaJyKHBIE
MOJIOCHI (U paKIIMOHHBIC CIIEKTPHI).

4. W3menss wupuny menu ot 0,5 1o 0,8 MM, 3aMeTUTb, KaK 3TO
BIUSIET HA TUGPAKIIMOHHBIE CIIEKTPHI.
o. 3amonaUTh Tabnmiy 1, caenarh BBIBOJ IO HAOIIOIaEMBIM
SIBIICHUSIM.
dopma mpeaoCTaBICHHS Pe3yJIbTaTa
Tabmuna 1
No uHTephepeHIus nudpakims
mn Haxxatue Bun Pa3mep Bun
UHTEp()EPEHIIMOHHBIX | e, | AU(PaKIHOHHOTO
10JI0C MM CIIEKTpa
1 | cuibHOE 0,5
2 | cpennee 0,6
3 ciraboe 0,8

KoHTpoabHBIE BOIPOCH

1. Kak nomy4aroT KOrepeHTHbIE CBETOBBIE BOJIHBI?

2. B uém cocrourt siBnenue uutepdepeHuuu ceera?

3. C kako# pU3NIECKOi XapaKTEPUCTHKON CBETOBBIX BOJH CBS3aHO
pasnuuue B 1BeTe?
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4. Tlocne ynapa KaMHEM IO IPO3PAYHOMY JIbJTY BO3HUKAIOT
TPENINHBI, IEPETUBAIONINECS BCEMH IIBeTaMu paayrH. [louemy?
5. TlepeuncnuTe OCHOBHBIC IPUMEHEHUS UHTEP(HEPCHITHH.

6. Yro HaspBarT nudpakiueit ceera? Korga ona nabmrogaercs?
7. Cdopmynupyiite npuniun [ toiirenca-®Openerns.

Kpurepuu onenku:

3a mpaBWIBHO BBHITTOJTHEHHOE 3a/IaHUE BHICTABIISACTCS
IMOJI0KUTEIbHAS OLIEHKa — 1 Oasw.

3a HEnmpaBWJIBLHO BBIMOJHEHHOE JCUCTBHE, 3aJaHUE BBICTABJISETCS
oTpuLaTenbHas oueHka — 0 6aioB.

Kaxxnoe 3amaHue oneHnBaeTCs OTASIBHO:

3anoyHeHue Tadaui-1 0amn

OTBETHI HAa KOHTPOJIbHBIC BOIPOCHI- B 3aBUCUMOCTH OT KOJMYECTBA
3a7a4

penieHue 3a7a4- B 3aBUCUMOCTH OT KOJIMYECTBA 3a/1a4

[TpoueHT KauecTtBennast orieHKa ypoBHs
pe3yIbTaTUBHOCTH MIOJITOTOBKH
(MpaBUIIBHBIX bann BepbanpHblii ananor
OTBETOB) OM (oTMeTKa)
o0bwe2o uucia
bannos
90 — 100% 5 OTan4HO
80 — 89% 4 Xopo1io
60 — 79% 3 Y 10BIETBOPUTEIHEHO
MeHee 60% 2 HeynoBiieTBopuTenbHO

Tewma 5.1 IIpupona cBera. BonHOBBIE CBOMCTBA CBETA

JlabopaTtopnast aboTta Nel8

Ornpenenenne IJTUHBI CBETOBOM BOJHBI C TOMOIIIBIO AU(GPAKIIMOHHON
peleTKu

Lenb paboThl: U3ydeHHE SABJICHUS AUPPAKIUU U OTIpeaAeTICHUs

JJIWHBI BOJIHEI CBETa
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Brimonnus pabory, Bel Oyzere:

YMmers:

-ONpeAeNaTh JUIMHY CBETOBOM BOJHBI ¢ TOMOIIBIO AU(PAKIIHOHHON
peLeTKu

-IIPUMEHATH GOpMYITy TUPPAKIMOHHOMN PEIICTKH

MarepuanbHoe obecrieueHue: 1uppakiUOHHAs PEUIeTKa, UCTOYHHUK
CBETa, yCTAaHOBKA JJIsl HAOMIO1eH!Us TU(PAKIMOHHON KapTHHBI
3amanue

1. B xoze sxcnepumMenTa npoHadtoaTh JUPPAKIUIO
CBeETa.

2. OnBITHBIM ITYTEM BBIYMCIUTD AJIMHY CBETOBOM
BOJIHBI.

[Topsanox BeimonHEHUs paboThI

L,
. L
© cr
o
N ~
® - SIAP
Cxema 0 b YCTaHOBKH
YcraHoBKka el o P 4 s
HaOJIIOIeHUS -

PU

o

TG PAKIIMOHHON KapTUHBI COCTOUT U3 AEPEBIHHON peilku, Ha
KOTOpOil ykpemieHa nudpakunonHas pemérka JIP. Io peiike
rnepemMeraeTcs WUTokK L ¢ y3koil menbro U JIMHEWKOU ¢
MHJUTAMETPOBOM IIKaI0N. POJIb JTMH3BI BHINOJIHAET XPYCTAIMK I1a3a
XP. N3o6paxenue menu oOpasyercs Ha cetyatke riaza CI u
Habmo1aeTcs Ha (poHEe MIIITUMETPOBOM HIKaibl. Pazmepamu
TJIa3HOTO SI0JI0KA U PACCTOSIHUEM OT TJ1a3 10 PEHIETKH MOYKHO
MpeHeOpeyb MO0 CPaBHEHHUIO C PACCTOSHUEM OT IIENH 10 pemeéTka L.
[lens ocBemaercs anekTpuyeckon Jammnoukoit JI. Eciu cmotpers Ha
OCBEHIEHHYIO CBETOM IIEJb Yepe3 AUPPAKIUOHHYIO PEMIETKY, TO
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KpoMme IeHTpaibHoro Ll n306pakenus menu B 6e1om cBete 1o ooe
CTOPOHBI BU/IHBI €€ CHMMETPHYHBIE payKHbIe n300paxkenust PU
(criexTphl). YTou TudpakIuu OMpeaesieTcs Mo MOT0KSHIIO

I (paKIMOHHOTO MAKCUMyMa Ha MIUJUTMMETPOBOM IIKAJIE.

W3 reoMeTpuYECKUX MOCTPOEHHUH SICHO, UTO |/ L = tg ¢p Tael-

paccTosiHHE OT HEeHTpaabHOro u3obpaxenus menu (K= 0) mo
OJTHOTO 13 OOKOBBIX M300pakeHui; L— paccTosiHue OT pemeTKH 10

7M. YUUTBIBAs, YTO tg (O = SINQ g ManbIx yrios auppaxuuy,
MOJTy4UM I/L ~sing (D)
Ucnons3ys ¢opmyny (1) wu ycrnoBue TJIaBHOTO MaKCUMyMa
MHTEHCUBHOCTH CBETA, IPOLIE/IIEr0 CKBO3b PEIIETKY

csinp =Kk,
rZie ¢ — IOCTOSTHHAS PEUIeTKH (MM IPYroe Ha3BaHUE — MEPUO.T
PEIIETKH) k = 0, £1 +2... - HOMEp WJIH MOPSI0K MaKCUMyMa,
MOJIyYMM BbIpA)KEHUE JUISl BHIUMCIICHUS JUTMHBI BOJIHBI A, B KOTOPOM

|-c

BCE BEJIMUMHEI JIETKO H3MEPSIOTCSA HA YCTAHOBKE: A = ﬁ @)
Brinonnenue paboTsl
1. BxirouuTe yCTaHOBKY B CETbh.
2. Tlpubnu3us rmna3 Kk JUPPaKIMOHHON pelmETKe, HApaBbTe
prOOp Ha UICTOYHHK CBETA TaK, YTOOBI OBLIM BUJIHBI 110 00€
CTOPOHBI OT ILIEJIM Ha HIUTKE AU(PPaKIMOHHBIE CTIEKTPHI 1-T0 U 2-T0
TIOPSIAKOB.
3. 3amepbTe paccTosiHue L- OT muTKa 10 JUPPaKIUOHHON peméTKe

4. 3amepsTe paccTosiHue | — 0T cepeiHbI IEHTPATBHOTO
MaKkCcHMyMa JI0 CepeMHbl MaKCUMyMa MEPBOTO MOPsIIKa CUHETO
L[BETA.

5. Tlo ¢popmyne (2) BeIYUCINUTE AJIMHY BOJTHBI CHHETO 1IBETA.

6. OmnbIT npojenaiTe Uisi BTOPOro MOpsiAKa CHHETO LIBETA.
[TonydyeHHble faHHBIE 3aHECUTE B TAOJIHILY.

7. AHaJIOTWYHbIE U3MEPEHUs POBEIUTE JUIS HKEITOT0, 3eJIEHOTO U
KPacHOTO LIBETOB 10 YKa3aHUIO NPENOAABATENS.
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8. PaccuuTaiiTe OTKJIOHEHHE OT CPETHETO AN=——%y

3aHeCUTe B TAOIUILY.
9. Cnenaiite BBIBOJ 1O padoTe.

dopmMma npeaoCcTaBIICHHsI pe3yJIbTaTa
1. 3anomHuTh TaONHIY 1, ceTaB HEOOXOAMMBIE PACUETHI IO
TaOJIMLIEH.

IBer Kk | cu A, HM <A>, HM AA, HM
CHHUH 1
2
3eneHbld | 1
2
JKEINITBIN 1
2
KpacHbii | 1

KoHTposbHbIE BOIIPOCHI.

1. Yro takoe mudppaknms? B KakuX KOHKPETHBIX SIBICHUSAX OHA
NposBIIsiETCS ?

2. Kax ¢popmynupyercs npunuui I'roitrenca-Openens?

3. Yro Takoe riaBHble MakcUMyMbl? Kak OHM BO3HHKArOT?

4. Yro Takoe qudpaxiuonHbie MUHUMYMbI? KakoBa ux npupozga?

5. Yto npoucxoaut ¢ Au(pakMOHHONW KapTUHOW MpH YBEIMUYEHUU
yucna meneit N? (ITosicauts rpaduueckn).

6. Uto Takoe nudpaxnronHas pemerka? Kak ona uzroraBnupaercs?
7. Kak 3anucatb U 0O0BSICHUTH (OPMYJNy TJIaBHBIX MAaKCUMYMOB
(popmyny nudpakuroHHON pemeTkn)?

8. Kakas xkapThHa HaAOMIOJaeTCsl HAa SKpaHE IPU OCBEIIEHUU
peleTKy OeNbIM CBETOM, CBETOM PTYTHOM JIaMIIbl?

9. HauuHas c kakoro nmopsiaka M nepeKkpbiBaoTCs AUPPaKIHOHHBIE
CIIEKTpPBI BUAMMOTO cBeTa?

10. KakoBa pojib JIHMH3BI 3pUTENBHON TpyObl B 00pa3oBaHUU
TU(PPaKIUOHHON KapTUHBI? MOXHO JIM TUH3Y 3aMEHUTH IJ1a30M?

11. Ha xakoM pacCTOSHUU OT JIMH3BI 3pUTENBHOM TPYyOBI ClledyeT
YCTaHOBUTB IKpaH JIsl HAOMI0AeHNUS TUPPAKIIUNOHHON KapTUHBI?

12. Kakoe npumeHeHne uMeeT 1u(pakiys B HayKe U TeXHUKe?
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13. OObsicHAUTE BO3HHMKHOBEHHME O€NoW TOJOCHI B  LEHTpE
IU(PPaKIIMOHHOW KapTHHBI IPU OCBELICHUU OEJIBIM CBETOM.

14. KakoB mOpSAOK ClEAOBaHHUS LBETOB B AH(PPAKIUOHHBIX
CrieKTpax?

Kputepuu onenku:

3a nMpaBUIIHHO BBITIOJTHEHHOE 33aHUE BBICTABIISCTCS
MOJIOXKUTEIbHAS OLleHKa — 1 OaJlI.

3a HEMpaBWJIHHO BHIMIOJHEHHOE JCWCTBUE, 3aJaHHC BBICTABISICTCS
oTpularenbHas oreHka — () 6amioB.

Kaxxmoe 3aanne OLeHUBAaETCs OTAEIIBHO:

3anonxenue tadaui-1 6amn

OTBETHI HAa KOHTPOJBHBIC BOIIPOCHI- B 3aBUCUMOCTH OT KOJUYECTBA
3a1a4

pelIeHre 3a1a9- B 3aBUCUMOCTH OT KOJIMYECTBA 3314

IIpouent KauecTBeHHas OLlEHKa ypOBHS
PE3yIbTaTUBHOCTH MOJITOTOBKH
(MpaBUIBHBIX bann BepOanpHblii aHanor
OTBETOB) OM (oTMeTKa)
obwezo uucia
bannos
90 — 100% 5 OTimaHO
80 — 89% 4 Xopo1o
60 — 79% 3 Y 10BIETBOPUTENBHO
MeHee 60% 2 HeynosnersopurensHo

Tewma 5.1 Ilpupona cBera. BonHoBble CBOMCTBA CBETa

JIaGoparophas padota Nel9
HabmiofeHre crijionHoro v JMHEH4aToro CeKTpoB

Ilenp paOoTBI:  SKCHEPUMEHTAJIBHBIM IMyTEM  MPOHAOII0AATh
CIICKTPbI UCITYCKAHUS U MMOTJIOIICHUS PpCjIaracMbIX BECIICCTB.
Brimonnus pabory, Bel Oyzaere:
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YMers:

-110JIb30BaThCS CIIEKTPOMETPOM

-IPUMEHATH CIIEHUAIbHOE 000PYJOBAHNE HA IPAKTUKE
MartepuanbHoe obecrieueHue: MPOEKIIMOHHBIN amnmnapar,
CHEKTpaJIbHbIe TPYOKH C BOJIOpPOJOM, HEOHOM WM TellueM,
BBICOKOBOJIbTHBIM HMHIYKTOp, OaTapes akKyMyJSATOpOB, IITaTHB,
COCMHUTENIbHBIE TpPOBoJa (00LIMe Ha ayTUTOPHUIO), CTEKIISTHHAS
IJIACTUHA CO CKOUICHHBIMU IPaHsIMH (BBIIAETCS KAXKIOMY).

3anaHue

1. IlponaGmromaTh  0Opa3oBaHUE  CIEKTPOB  HMCIYCKaHUA |
MOTJIOIICHUSI.

2. BpIABUTH IPpUYHMHY 00pa30BaHUS CIIEKTPA.

ITopsinok BeInosHEHHs pabOThI

Ecnmu w3nyyeHne WCTOYHMKA CBETAa HANPABUTh HAa CTEKIISIHHYIO
IpU3My, Ha IyTH HOPOILEAIINX 4Yepe3 IMpHU3My Jiydeill MOCTaBUTh
9KpaH, TO Ha PKpaHe MOXXHO HaOIogaTh HAOOp IBETHBIX TOJIOC —
cnektp. [IpuumHa HaOIrOAaEMOro SBJIEHUS COCTOMT B TOM, YTO
CBETOBBIC JyYH HMEIOT OJMHAKOBYIO CKOpocTh C B Bakyyme, a B
Apyroi cpene, (Hampumep, B CTEKJIE) UX CKOPOCTb HEOJAMHAKOBAa U
3aBUCUT OT 4acToThl KojeOaHui. Tak kak KO3QPHUIMEHT
NPEJIOMJIEHUs] 3aBUCUT OT CKOPOCTH paclpOCTPAaHEHHsI CBETOBBIX
BOJTH, TO JIyYH Pa3HBIX YacTOT ONPENENSIOTCS I0-Pa3HOMY.

1. Pacnonoxute MiIacTHHY TOPU3OHTAIBHO TMEpe] TJ1a30M.
CKBO3b TpaHH, COCTABJISIONINE YTOJ 45°, maGmonats CBETIYIO
BEPTUKAJIBHYIO MOJOCKY Ha JKpaHe — H300paKeHHe pPa3IBHKHOMN
IIEJN MTPOEKIIMOHHOTO amrapara.

2. Bbiienute OCHOBHBIE 1IBETa TMOJYYEHHOTO  CIUIOIIHOTO
CTIEKTpa M 3aIncaTh UX B HaOJII01aeMO TIOCIIEeI0BATEIBHOCTH.

3. [ToBTOPUTH ONBIT, paccMaTpuBas IOJOCKH Yepe3 TIpaHH,
oOpa3yromue yrom 60°. 3armcarnb pa3Iu4us B BUAE CIEKTPOB.

4. Habmiogate nuHeiuaTble CHEKTPhl BOJIOpOJA, TeMHs WU
HEOHA, pacCMAaTPHBAas CBETSIINECS CIIEKTPAIbHBIE TPYOKH CKBO3b
IpaHy CHEKTPAIbHOM MJIACTHUHBL. 3amucaTh Hauboyiee sSpKUe JTUHUU
CTIEKTPOB.

S. PesynbraTsl HaOMOICHUI TPECTaBUTH B TabmuIe 1.

6. Cnenatp BBIBOJ 110 padoTe.
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dopma npeaocTaBIeHUs pe3yJIbTaTa

Tabnuna 1
No | Pacnonoxen | Habmone | Jluneitu | Jluneituat | Jluneituar
n\ | He rpaHei - a-ThIil | BIW CIIEKTP | bIM CIEKTP
| MJIACTUH HUECIUIO | CIIEKTP resust HEOHa
MOJ1 yIJIOM II-HOTO | BOAOPO

CIIEKTpa na
1 45°
2 60"

KonTponbHbie BOpochl
1. KakoBa npuunHa pa3inoxeHus: 0€10ro cBeTa mpu3Moii?
2. Kak 0OBSICHUTH MIPOMCXOXKICHUE TMHEWYATBIX CIIEKTPOB?
3. B uém paznuume audpakuMOHHOTO U AUCHEPCUOHHOTO
CIIEKTPOB?
4, [louemy 10 crmekTpaMm 3BE3I MOXHO OIPEACIUTh HUX
XUMHUYECKUN cocTaB?
o. N3MeHuTCs M LBET 3€JIE€HOro Jiyda IpPHU MEPEXOoAe H3

Bo3ayxa B Bony? ITouemy?

Kputepuu onenku:

3a nMpaBWIIHHO BBITIOJTHEHHOE 3aaHUE BBICTABIICTCS
MMOJIOXKUTENbHAS OlleHKa — 1 OaJlI.

3a HeNpaBWJIHHO BHITIOJHCHHOE JICWCTBHE, 3aJaHHC BBICTABISICTCS
oTpulaTensHas omeHka — 0 6amioB.

Kaxxgoe 3aanne OleHUBaETCs OTAENIBHO:

3anonuenne tadmui-1 6amn

OTBETHl HAa KOHTPOJBHBIC BOIPOCHI- B 3aBUCUMOCTH OT KOJHYECTBA
3a1a4

pelIeHre 3aa49- B 3aBUCHMOCTH OT KOJIMYESCTBA 3a/1a4

ITpoueHT KauecTBeHHast o1ieHKa ypOBHS
Pe3yIabTaTUBHOCTH MOJITOTOBKH
(paBUIBHBIX bamn BepOanbHblii ananor
OTBETOB) OM (oTmeTKa)
o0bwe2o yuca
bannos
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90 - 100% 5 Otinyuo

80 — 89% 4 Xopo1io

60 — 79% 3 Y 10BIETBOPUTEITLHO
Menee 60% 2 HeynosnerBopurenbHO
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