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[Teuataercs mo pemeHuro metonuueckor komuccnu Komemka CamI TV (mpoTtokon

Ne 3 01 22.11.2024 1.).

CocraBureanb: Yumnypa A.C.

®u3uKa: METOAMYECKHE YKa3aHMUS K MPAKTUUECKUM padoTaM IO (U3MKE IS CTYJIEHTOB
CIIO / Yumnypa A.C. -Camapa: Camapckuii ToCy1apCTBEHHbIN TEXHUYECKUI YHUBEpCUTET, 2024.

MeTtoauueckue ykazaHusl IpeJHa3HaYeHbl Ui CTYI€HTOB, O0yUYaoUMXcs 110 CHEIUaIbHOCTH
cpenHero mpodeccroHanbHoro oobpazoanus 08.02.13. MoHTaxx M JKCIUTyaTanusi BHYTPECHHHX
CaHTEXHUYECKHX YCTPOICTB, KOHIUIIMOHNPOBAHUS 1 BEHTHIIALIUU BO3TyXa.

Metoandeckne yKa3zaHUsl BKIIOYAIOT B ceOs MOAPOOHBIE OMUCAHUS MPAKTUYECKHX pPadoT,
MPEeIyCMOTPEHHBIX paboueil mporpammoir  yueOHoU muctmmummael  OIT 08, dumswka s
cneruanbHocTy 08.02.13. MoHTaX M SKCIUTyaTaluusi BHYTPEHHUX CAHTEXHUYECKHX YCTPOMCTB,
KOHJIMIIMOHUPOBAHMS U BEHTUISALIMU BO3yXa.

CopneprkaHue MpakTUYECKUX paOdOT HAIIPABICHO HA OCO3HAHHE CTYJCHTAaMH CYTH U3y4aeMbIX
TEOPETUYECKUX SIBJICHUI U MPOLECCOB.
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1. ITpaxTrueckas padota Nel «OCHOBHbBIE OHATUS AUHAMUKI

2. IIpaktrdeckas pabota Ne 2 «3aKoHBI UACATHHOTO ra3ay
3.IIpaktuyeckas pabora Ne 3 « [ToCTOSTHHBIH 31EKTPUUECKUI TOK»

4 Ilpaxtrueckas padota Ne 4 «OnTrka u KBaHTOBas (PU3UKA»



BBenenue

Pemenne pusnueckux 3agau — cnocod GopMUpOBaHUS yU€OHBIX MPAKTUYECKUX YMEHUM CTY/I€HTOB
[IpakTryeckue 3aHATUSA MO (PU3MKE MPETYCMOTPEHbl YUEOHBIM IIAHOM Ui CTYJCHTOB HEPBOTO
kypca CIIO cnemmanpHOocTH 08.02.13. Monmasic u sxcnayamayus 6HYMPEHHUX CAHMEXHUYECKUX
yempoucme, KOHOUYUOHUPOBAHUs U eeHMunAyuu 6o30yxa. OO0Iiee KOJIMYEeCTBO YacOB Ha MPAKTUYECKHUE
3aHTUS — 84acOB, IPOAOKUTEIBHOCTD KaX /100 3aHATUS COCTABIISET 2 aKaJJleMUUECKHX Yaca.
[IpakTuyeckue 3aHATHA MO (PU3MKEe HampaBieHbl Ha (OPMHUPOBAHHE Yy OOYYAIOLIMXCS y4EOHBIX
IPAaKTUUECKUX YMEHUH, K KOTOPhIM OTHOCUTCSI YMEHHE pellaTh 3ajauu no ¢usuke. Pemienue 3agad mno
¢u3uKe - HEOOXOAMMBIM »1MeMEeHT y4yeOHOW paboThl, KOTOPBIM crocoOCTByeT Oojee TIIyOOKOMY H
IPOYHOMY YCBOEHHIO (DU3UYECKUX 3aKOHOB, PAa3BUTHUIO JIOTUYECKOTO MBIIUICHUS, WHHUIMATUBBI,
HACTOMYMBOCTU B JIOCTH)KCHHUS IIOCTABJICHHOM II€7M, BBI3BIBACT MHTEpeC K (U3MKE, MOMOraeT B
NpUOOpPETEHNUN HABBIKOB CaMOCTOSATEIbHONW PaOOThI U CIIY)KMT HE3aMEHHUMBIM CPEJICTBOM JUISl Pa3BUTHS
CaMOCTOSITEJIBHOCTH CY>KJIeHUs. Pellenne 3agad - 3T0 OJUH U3 METOJO0B IO3HAHUS B3aMMOCBSA3H 3aKOHOB
npupoibl. B mpouecce pemeHuss ¢puznyeckux 3aaay, o0ydarolMecs HEMOCPEIACTBEHHO CTAJIKHBAIOTCS C
HEOOXO0IMMOCTbIO IPUMEHUTH MOTY4YEHHbIE 3HAHUS 110 (PU3MKE B XKHU3HU, TTTy0>KE OCO3HAIOT CBSA3b TEOPHH C
npakTUKOH. Pelienue 3amad - 0JJHO U3 BaXKHBIX CPEJICTB MOBTOPEHUS, 3aKPEIJICHHUs] U MIPOBEPKU 3HAHMIM
yUaIIuXCs.
TpebGoBaHUs K COAEPKAHUIO IPAKTUUECKUX 3aHATUI
B nocoOuu copepkuTcst yKa3aHusl K BBIIOJIHEHUIO 4 MPAKTUUECKUX 3aHATHH, KaXk10€ U3 KOTOPBIX
COJIEPIKUT:
® TEeMy 3aHATHSA;
® [IEIM 3aHATHS;
® TEOPETUYECKHUUA MaTepual IO JaHHOU TeME;
® [IpUMEPHI pELICHUs] TUIIOBBIX 3aa4;
® 3aJ]auy JUIsl CAMOCTOSITEIBHOTO PEILIECHHS.
HToroM BBHIMOJIHEHUS MPAKTUYECKOTO 3aHATUS SBISETCS MNPAaBHIBHO O(GOPMIICHHBIH OTYET B
TETPaax, COACPIKALIMIM:
e Jary;
e HOMEp U Ha3BaHUE IPAKTHUUECKOIO 3aHATUS;
® 1Ie)b pabOTHI;
® [IOPS/I0K BBIIOJHEHMS IPAKTUYECKUX 3a1aHul ((hOpMyIUPOBKA 3a/1aHUS, PEILICHUE U OTBET);
[Ipu BBINIOIHEHUH MPAKTUYECKUX PAOOT CTYACHTHI JOJIKHBI 3HATD:

® OCHOBHBIE TEOPETUUYECKUE BOMPOCHI IO TEME 3aHATHS;

e 00IMI NOAXO/ K peUIeHUIO (PU3NYECKUX 3a/1aY;

IIpu BBINOJIHEHUH IPAKTUYECKUX PAOOT CTYIEHTHI JOJIKHBI YMETh:
®  [I0JIb30BAThCS CIPABOYHBIMU MaTepUalaMH;

®  3amKCHIBaTh KPaTKOE YCIOBHUE 3a/1a4H;

®  BBINOJHATH HEOOXOAUMBIE MATEMAaTHUECKUE TPEOOPA30BAHHUS;
®  aHAJIM3UPOBATH MOJIYUYEHHBIN pPE3ybTaT

Kpurepun oueHKu npakTuyeckux padbor
Onenka «OTIHYHO» CTaBUTCS B CIAEAYIOLIEM CIlydae:

- paboTa BBINIOJHEHA MOJHOCTBIO; - CAENIaH MEepeBo]| eAMHULl Beex ¢uznyeckux BenuuuH B «CH», - Bce
HEOOXOJIMMbIC JaHHBIE 3aHECEHBl B YCIIOBHE;- IPABHJIBHO BBHIMOJIHEHBI YEPTEXKH, CXEMBI, TpaduKw,
PUCYHKH, COIYTCTBYIOIIME DPELICHUIO 3aJay; MPaBUIBLHO IMPOBEIEHBI MaTeMaTHYECKHUE pacyeTbl M JaH
IIOJIHBIA OTBET; - HA KAYecmeeHHvle U meopemuyeckue 6onpocyl IAaH IOJHbIN, HUCUEPIbIBAIOLINN OTBET
JUTEPATYPHBIM SI3BIKOM B OIPEAEICHHONW JIOTUYECKOW IMOCIEeN0BATENbHOCTH,; - CTYJIEHT OOHApyXUBAET
BEPHOE MOHMMaHUE (PU3NUECKOH CYIIHOCTH PacCMATPUBAEMbIX SBJICHUN W 3aKOHOMEPHOCTEH, 3aKOHOB U
TEOpUH, JaeT TOYHOE OMpENEICHUE U UCTOJIKOBAaHHUE OCHOBHBIX MOHSTHI, 3aKOHOB, TEOPUH IMPH 3alIUTE
NPaKTUYECKON paboTHI.

Ounenka «Xopouio» CTaBUTCS B CJIEIYIOIIEM CiIydae:



- paboTa BBINOJIHEHA MOJHOCTHIO UM He MeHee yeM Ha 80 % oT oObeMa 3aJaHus, HO B HEM MMEIOTCS
HEJOYECTHl M HECYIIECTBCHHBIC OIMOKH, - OTBET HAa KAYeCTBEHHBIE W TEOPETHYECKHE BOIPOCHI
YOBJIETBOPSIET BBIIICTIEPEUUCICHHBIM TPEOOBAHUSAM, HO COJEPKUT HETOYHOCTH B HU3JIOKEHUU (PAKTOB
ompeeNieHU !, MOHATHI, 00bSICHEHUN B3aUMOCBSI3€H, BEIBOJIAX U PEIICHUU 3a7ad.

OueHka «Y10BJ1eTBOPHUTEIbHO» CTABUTCS B CIEIYIOIIEM CIyYae:

- paboTa BEITIOJTHEHA B OCHOBHOM BEPHO (00BhEM BBITTOJIHEHHOW YaCTH COCTaBJISET HE MeHee 2/3 oT o0Imiero
o0bema), HO JOMYIIEHbl CYHIECTBEHHbIE HETOUHOCTH; - CTYJIEHT OOHApYy>KHMBAaeT MOHUMAaHHE y4eOHOTro
MaTepuaja IpPU HEIOCTATOYHOM IIOJIHOTE YCBOCHUS IOHATUN U 3aKOHOMEPHOCTEH; - yMEET NPUMEHATH
MOJIyYEHHBIC 3HAHUSA MPU PELICHUH MPOCTHIX 33]]a4 C UCIOJIb30BaHUEM T'OTOBBIX (OPMYJI, HO 3aTPYIHSAETCS
NpHU PEIICHUU KAaYeCTBEHHBIX 33/1a4 M CIOXKHBIX KOJMYECTBEHHBIX 3a/a4, TPEOYIOMUX MPeoOpa3oBaHUS
dbopmy.

Ouenka «HeynoB1eTBOPUTEIBHO» CTABUTCS B CIEAYIOIIEM Cllydae: - paboTa B OCHOBHOM HE BBITIOJIHEHA
(oOBeM BBITIOJIHEHHON 4YacTh MeHee 2/3 oT obmiero oobeMa 3alaHus); - CTYJSHT MOKa3bIBaeT HE3HAHHE
OCHOBHBIX TMOHSTHI, HEIOHMMAHHUE W3YUYEHHBIX 3aKOHOMEPHOCTEH M B3aMMOCBSI3€d, HE yMEeT pellaTh
KOJIMYECTBEHHbIC U KAUECTBEHHBIE 33/1a4H; pad0Ta MOJHOCTHIO HE BHIMIOJIHEHA.



IpakTnyeckas padora Nel

«OcHOBHbBIE TOHATHS JAUHAMHUKH. l'[epBaﬂ U BTOpad 3ala4Yv JTHHAMHUKHW»

He.]'ll:- 3aHATUA: U3YYCHUEC OCHOBHBIX 3aKOHOB TMHAMHUKHU TOYKH. Pemenne HpHMOﬁ u
O6paTHOI>’I 3aJa4yd IMHAMHWKHU TOYKH. I/I3y‘leHI/IC OCHOBHBIX TUHAMHWYCCKUX XAPAKTCPUCTUK

- OCEBOM MOMEHT HHCPLUH, UMITYJIBC CHUJIbI, KOJIMYCCTBO ABUXKCHUA TOYKU U

MEXaHHYECKON CHCTEMbI, KHHETUYECKUI MOMEHT, KHHETHUYECKast SHEPTHsl, paboTa CHUIIBI.

b=

5.
6.

BOHPOCLI AJIs1 CaMOIIOATOTOBKH

Kakoe cB0oIcTBO MaTepHalIbHBIX TEJl Ha3bIBAlOT HHEPTHOCTHIO?

Jaiite onpeneneHue TepMUHa «Maccan?

JlaiiTe omnpesiesieHre TEPMUHA «MaTepUaIbHAs TOUKa?

Uemy paBHa Macca MEXaHUYECKOM CUCTEMBI, TBEPOTO Tesa?

YTo Ha3bIBAIOT LIEHTPOM MAcCC TeJla, KaK ONPEAEISIOT €ro MojoxeHue?
Kakoe cB0iicTBO MaTepHalIbHBIX TEJI 0003HAYAIOT B MEXAHUKE TEPMUHOM

«MOMEHT nHepun»? UeMy paBeH MOMEHT HHEPIIUU MaTepHaIbHOM TOYKU U TBEPJOTO

9.

10.

1.

Tea OTHOCUTENIBHO OCH?

UYto Ha3bIBaIOT UMIYJILCOM CHIIbI? Kak onpenesnsioT UMITyJIbC IEPEeMEHHOMN
CHJIbI?

Yro Ha3bIBalOT padboToi criibl? Kak onpenensitor paboTy MOCTOSHHOM 110
MOAYJIIO U HaIllPaBJIECHUIO CUJIbI U IEPEMEHHOMN CUIIbI?

UYto Ha3bIBAIOT MOITHOCTHIO? B KakuX eIUHUIIaX U3MEPSIOT MOITHOCThH?

UYT0 Ha3BIBAIOT KOJNYECTBOM JIBHKEHUSI MAaTEPHAIBHOM TOUKH? Yemy
PaBHO KOJIMYECTBO JBUKEHUS TBEPJIOTO Tena?

UTo Ha3bIBAIOT MOMEHTOM KOJIMYECTBA IBUXKEHUS? UeMy paBeH MOMEHT
KOJIMYECTBA ABUKEHUSI MaTEpUAIbHOM TOYKU U TBEPAOIO Tena’?

12. Tlo xakum Gopmysam OnpenestoT KHHETHUYECKYIO SHEPTUIO TBEP/IBIX TeJl IPU
NOCTYIaTeIbHOM, BPAIaTEIbHOM U IIOCKONAPAJIEbHOM JABHKEHNN?
13. ChopmynupyiiTe OCHOBHBIE 3aKOHBI JUHAMHUKH.

14. YTo Ha3bIBAIOT CUJIOW MHEPIIUU MaTepralibHOM Touku? [1o kakoii popmyre
OTIPEEIISIOT CHUIIY HHEPIUU MaTepUAIbHON TOUKHU?
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Tecmepr

1. TepMHH «Maccay» ABIAETCS XapaKTEPHCTHKOM
@) obbeMa Tena; 6) Beca Tena; ¢) HHEPTHOCTH Tena.
2. Ilo xakoi Gopmyle ONPEAEIAeTCA MOMEHT HHEPLUMH M3TEPHANbHOM
TOUKH OTHOCHTEIBHO OCH
a) J=mr; 6) J=mr’; 8) J=mr?/2.
3. BeiOepure BoIpaKeHHE I OHPEACICHAS HMITYJIbCA CHIIbL
a) S=mV; 6) S=mV?% g} S=mV*/2.
4. PaGoTa cu/Ibl paBHa HYIIO IIPH 3HAYE€HHH YT7Ia MKy BEKTOPOM CHIIBI B
BEKTOPOM II€pEMEILCHH
a) 0% 6)90°% &) 180°.
5. Teno Bpamaercs NPOTHB XO/1a YACOBOHM CTPENKH BOKPYT HETOIBIDKHOH
OCH, I[POXOIALICH 4Yepe3 UCHTP TAKECTH Teja. YeMy pPaBHO KOJHYECTBO
NBUXKeHUA?
a) Q>0; 6) Q<0; ) Q=0.
6. [To kako# popmyne onpenensercs KUHETHUESCKAS FHEPTUA TOUKH
a) T=mV 6} T=mV* g T=mV*/2.
7. llpn xakoM [JBMKeHHMH TBEPJAOTO TeNad ero KHHETHYecKasds SHeprus
onpeaensercs no hopMye T=mV*/2+Jw/2
a) IOCTYNATeNBbHOM; §) BPalIaTeILHOM; €) INIOCKONAPA/IIEbHOM.
8. ITo xaxoil dopmyne onpeacaacTcs MOAYJb CHIBI HHEPLIMU MaTepHaNLHON
TOYKH
a) F=mV* 6)F.=ma° ¢ F.=ma.

3amauu Ha 3aHATHE

3agayga 1. Cpoboanas MaTepuanbHas TOUKA MacCOH m=8 KI' ABIKETCA
ek 2 e -
NPAMOIIMHEHHO COTTIACHO 3aKORY S=2,5t°. OnpenenuTs ACHCTBYIINYIO HA HEE
CHTY.

3anayva 2. CIUIOIIHOMK AuCK, paauyc koToporo R= 0,2 M, Macca m=5 KT,
KaTuTCs 63 CKONBXEHUA 10 HeMOABWKHON MOBEPXHOCTH. CKOPOCTH LIEHTPa
kKoneca V. =10 m/c. Onpenenurs KoIn4ecTBO ABHKEHHA JUCKA.

3anayga 3. 1o ycnoBusiM 3amaun 2 ONpeAeTUTE KHHETHYECKYIO SHEPTHIO
JUCKa.



KonTtpoabHasi 3aga4a no reme

OnpenenuTh KHHETHYECKYK) JHEPIHI0 MEXaHHYECKOH cucTemsl (puc.45), ecin
rpy3 1 Maccol m; omyckaercs ¢o ¢ckopocTeio V|, Pazuychl M MacChI CILTOLIHOTO
IIKHRA 2 H CIUIOIIHOTO KaTka 3: R, R3, my, m;  cooTBETCTREHHO,

3
Ra 2

R;

Puc.45



IIpakTHyeckas padora Ne2
«3aKO0HBI HAEAJLHOI'0 I'a3ay

Hean: Hayunthbest mpUMEHSTH Ta30BbI€ 3aKOHBI MPU PEIICHUH 3a1a4.

Kpatkast Teopusi. CocTosIHIE HEKOTOPOU MacChl ra3000pa3HOTO BEIIECTBA XaPAKTEPU3YIOT
3aBUCHUMBIMU JPYT OT Apyra GU3NUecKre BEIMUYUHBI, HA3bIBAEMbIE TTapaMeTpaMu cocTosiHUA. K HuM
OTHOCSTCS 00beM V, 1aBneHue p, remnepatypa T. Beskoe uaMeHeHne COCTOSIHUS Tefa (CUCTEMBI
TEJ) Ha3bIBACTCSl TEPMOIMHAMUYECKUM TIpoIieccoM. J[Jist u3ydeHus: U CpaBHEHUS Pa3TUIHBIX
TEPMOAMHAMHYECKUX MPOIIECCOB UX N300paxaroT rpauaecKH.

H3onpoyeccamu Ha3bIBAIOT TEPMOAMHAMUYECKHE TIPOLECCH, TPOTEKAIOIINE B CUCTEME C
HEU3MEHHOUN Maccoil Mpu MOCTOSIHHOM 3HAYEHUH OJJHOTO U3 MapaMETPOB COCTOSIHUS CUCTEMBI.
[Ipomecc, mpoTekaromuii B ra3e, mpu KOTOPOM 00bEM OCTACTCS MTOCTOSTHHBIM, HAa3bIBACTCS
H30XOPHBIM.

3axon lllapna: naBneHue ra3a JaHHOW MacChI IIPU TTOCTOSTHHOM 00bEME BO3PACTAET JTUHEHHO C
YBEJIUYCHUEM TEMIIEPATyp.

[Ipomecc, mpoTekaromuii B ra3e, Mpyu KOTOPOM JaBICHUE OCTACTCS MOCTOSTHHBIM, Ha3bIBACTCS
M300apHBIM.
3axon [eti-/lloccaxa: 06beM raza TaHHON MACChI MPY MTOCTOSTHHOM JIaBJICHUH BO3PACTAET JTUHEHHO C
YBEJIUYCHUEM TEMIIEPATYPHI.

[Iporecc, mpoTekarommii B ra3e, Mpyu KOTOPOM TEMITepaTypa OCTaeTCs TOCTOSIHHBIM, Ha3bIBACTCSA
M30TEPMUYECKUM.

3axon boiina-Mapuomma: naBieHue ra3a JaHHOW Macchl MPH MOCTOSHHOM TeMIiepaTtype yObIBaeT C
yBEJIMYEHUEM 00beMa.

JInst mpon3BOJIBHOM MacChl m ra3a ¢ MOJSIpHOM Maccoil M cipaBeiinBo ypaBHeHUE MeHieneeBa-
Kunaneiipona:

R=8,31 — monspHas (yHUBepcaabHasi) ra3oBasi HOCTOSIHHASL.

B npyrom Buje ypaBHEHHE COCTOSHUS HI€aTBLHOTO ra3a MOKHO 3amucarh B Buje: p=n-k-T, rae
N— KOHIICHTPAIIHsI Ta3a, TO €CTh YHCIIO YaCTHIl B €IMHUIIC 00BhEMa Ta3a,

NA — noctostHHast ABorapo,

k — mocrosturas bonerimana.
3akoH boins-Mapuorra: PI1VI = P2V2

3akon ['eii-Jlroccaka: V1/T1 = V2/T2

3akon Wapnsa: P1/T1 = P2/T2

BOI[pOCLI AJIdA CAMONIOAT0TOBKH

1. Kakoii ra3 Ha3piBaeTcs uaeanbHeiM? [Ipu KakuX yCIOBUAX peasibHbIN T'a3 MOKHO CUUTATh
UJICAJTbHBIM?

Hanuumivre ypaBHeHUs! COCTOSHMS 17151 UAEANBHOTO ra3a?

Chopmynupyiite 3akoH boitns — Mapuorra? Kakum ypaBHEHHEM OH OMUCHIBACTCS?
Cdhopmynupyiite 3akon I'eii-Jlroccaka? Kakum ypaBHEHHEM OH OMUCHIBACTCS?
Chopmynupyiite 3akon [llapna? Kakum ypaBHEeHHEM OH ONMHUCHIBACTCS?

Nk wbn

IIpumepsl pelieHUsi THIIOBBIX PACYETHBIX 32/1a4 HA ra30Bble 3AKOHbI

3agaua 1. bauton BMectumoctbio V, = 0,02 M3, coepkaiiuii BO3AyX M0 JaBICHAEM
Pi=4 + 10° Ta, COEUHSAIOT ¢ OATIIOHOM BMECTUMOCTEIO V', = 0,06 M3, 13 KOTOPOTrO BO3/1yX BBIKAYaH.
Onpenenure gaBieHUE p, KOTOPOE YCTAHOBUTCS B cocyAax. TeMIeparypa MOCTOSHHA.
Pemenune. Bo3nyx u3 nmepBoro 6auioHa 3aiiMET BeCh MPEI0CTaBICHHBIN eMy 00bEM V1 +V,
ITo 3akony Bboiins—Mapuorra p,V, =p(V+V,). Orcrona uckomoe nasienune
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AL
P- Vi+V,
3agauya 2. B 3amasaHOI npoOupKe HAXOAUTCS BO3IyX MPHU aTMOC(EPHOM JIaBICHUH U
temriepatype 300 K. [Ipu narpeBanuu npooupku Ha 100 °C ona nonnymna. Onpenenute, Kakoe
MaKCHMaJIbHOE JaBJICHUE BbIIECPKUBAET MIPOOUPKA.
Pemenue. O0BEM BO3IyXa MpU HArpeBaHUU OCTAETCS MOCTOSTHHBIM. J[71s1 ompeiesieHust JaBjIcHUs B

=10°Tla

b,
npo6upke npu HarpeBanuu 10 100 °C npumensiem 3akoH Hlapas 1o ycnosuro T2 =400 K. p_ =
2
Tl
?3aMeTI/IM, YTO U3MEHEHHUE TeMIlepaTypsl 1o 1iKane KenbBUHa paBHO M3MEHEHUIO TEMIIEPATYPHI 110
2

J 2
mkane Llenscus. Torna naBneaue  pP,= T T ,OnHako, pa3opBaThcst NPOOUPKE MELIAET
1

atMocepHoe naBneHue. Toraa OKOHUATENBHO IaBIEHUE, KOTOPOE MOXKET BBIAEpkKATh MPOOUpPKa -
Pnax = Pam + P2 =2,25 aTM.

3anaua 3. [Ipu HarpeBanuu rasa npu noctostHHOM o0bEMe Ha 1 K, naBneHue yBenM4mioch Ha
0,2 %. Yemy paBHa HayaJIbHAs TEMIIepaTypa raza?
Pemenne. ['a3 HarpeBaeTcs mpu MOCTOSITHHOM 00BEMe — mporiecc n3oxopHbiid. [1o 3akony Illapns
A_T _p 5

r e = p,_p
"y AT. P2 Tp7op 1002 Ty + ATy, YCIOBHS 3aJa4M CIEAYET, YTO IR

TZ
rme =
1,002, 1. e. otkyma T';=¢ AT/0,002 = 500 K.

3apaya 4.0npeaenuTh IWIOTHOCTh CMECH, COCTOAIIEH U3 4 T Bogopoaa U 32 T KUCJIOpoaa MpHu
temneparype 7 °C u nasnenuu 93,3 xlla.

m

P=37 m=m

+m
Pemenue. lckoMas IIOTHOCTh CMECH \4 , TIe

1" "2 —macca cMmecH, V' — ee 00BeEM.

=p. +
Temnepatypa T u naBnenue p uzBectHsl. [1o 3akony JlanpToHa p=p, TP 2, 1€ p1 — NaBIICHUE
BOJIOPO/1a, P> — AABIEHHUE KUCIOPO/A.

[Ipumensis k Bogopoy U Kuciopoay ypaBHeHne Menneneesa — Kialinepona, noisydum i JByX
ra3oB:

V = pr V=2 pr
biVi= Py Vo=
M, - M, ’
rae M, u M, — MonsipHbIE Macchl BOJIOpoJa U Kuciaopoaa. CienoBareiabHo,
m m
1 + 2 )RT

m m
(pi+p,)V=(37+7 ) RT =V =(

M, 2 M, M, p )
[ToxcTaBuB 3HaYEHUE 00BbEMa B UCXOAHYIO (DOPMYITY, TIOTYydUM
m.+m
( 1 2 ) p —0,481
m, m
(—~+—2)RT
M, M, KT/M°.

3axaum 109 3aHATUHSA

1. Bo3ayx mox nmopmaem Hacoca umen gasierue 105 I[Ta u o6bem 200 cm?. Tlpu kakoMm gaBiaeHUN
3TOT BO3IYX 3aiiMer 00beM 130 cm?, ecim ero TemmnepaTtypa He U3MEHUTCS?

2. I'a3 3anumaet o6bem 2 M* ipu Temnepatype 273°C. KakoB OyaeT ero o0beM pu TeMieparype
546 °C u npexxHeM JaBICHUU?
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3. 10 r xucnopona Haxoasatcs noa nasiaenuem 0.303 MIla npu tremnepatype 10°C. [Tocne
HarpeBaHus MPH MMOCTOSHHOM JIaBJICHUH KUCIOpo 3aHsu1 o0beM 10 1. Haiitu HauanbHbIH 00beM U
KOHEYHYIO TEMIIEPATYpy rasa.

4. I'a3 HaxoauTcs B 6aymone npu temrepatype 288K u napnenun 1.8 MIla. [1pu kakoi
TeMIiepaType JaBjeHue ra3a ctaHeT paBHbIM 1.55 MIla? O0bem OanioHa c4MTaTh HEU3MEHHBIM.

5. B ogaom cocyne BMectumocThio V1 = 2 11 naBnenue raza pl = 3.3-105 Ila, a B ipyrom
BMECTUMOCTBIO V2 = 6 11 1aBieHue TOro ke rasa p2 = 6.6-105 Ila. Kakoe naBienue p yctaHOBUTCA B
COCyJIax, €CIIM UX COCTMHUTh MEXKIy co0oit? [Iporecc cunTaTh H30TEPMHUUECKHIM.

KonTpoJabHasi 3a1a4ua no reme
Onpenenutsb MIOTHOCTH CMECH, COCTOAIIEH U3 4 T BoJopoa U 32 T KUCIOpoa Mpu TeMIepaType
7 °C u gaBnenuu 93,3 klla.
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IIpakTHyeckas padora Ne 3
«I1oCTOSTHHBIN 3J1EKTPHUYECKUH TOK»

IIe.m;: paccMOTpETb METOAbI PCIICHHUA 3aJda4d Ha HCIOJB30BAHHUC 3aKOHA OMma B J1(S78520.€
IMOCTOAHHOI'O TOKa U MPUMCHCHHUEC ITPaBUJI Knpxroq)a AJId pacucTa CJIIOKHBIX PAa3BCTBJIICHHBIX ueneﬁ
IIOCTOAHHOI'O TOKA.

Teopusi. Ilpu pemicHuM 3agad Ha 3aKOHBI IMOCTOSHHOIO TOKa HYXKHO HA4YepTHUThH
AIEKTPUUYECKYIO LEMb M IPOaHAJU3UPOBaTh, KaK COCIUHCHBI PE3UCTOPHI, HCTOYHUKH TOKa,
KOHieHcaTopbl. ECiIM TOYKHU IeNH UMEIOT OAMHAKOBBIC MOTEHIMAJIBI, KX MOYKHO COCIHHSATH MEKIY
co0011.

Jlanee paccUMTHIBAIOT CONPOTUBJICHHE OTICIBHBIX YYaCTKOB LMK WU  TOJHOE
CONPOTHUBJICHUE LIEMU U UCIOJB3YIOT 3aKOH OMa Ui y4acTKOB IENU WK 3aMKHYTOW 1enu. Eciau B
I[ENU TMOCTOSTHHOTO TOKa BKIIFOUEH KOHJEHCATOp, TO TOK Yepe3 Hero He uaer. Ecnu mapaniensHo
KOHJIEHCATOPY MOJKIIIOYEH PE3UCTOP, TO HANPSKEHUE HAa PE3UCTOPE M KOHJEHCATOPE OJAMHAKOBO.

Pacyer pa3BeTBICHHBIX IIEMEH, CONEPKANINX HECKOJBKO 3aMKHYTHIX KOHTYPOB (KOHTYPBI
MOTYT UMETh OO0IIMEe YYaCTKH, KAKIbIA U3 KOHTYPOB MOXKET UMETh HECKOJIbKO HCTOYHUKOB TOKA U T.
1.), IOBOJIBHO CIIO’KEH. JTa 3aja4a pemaeTcsi 00Jiee IpoCcTo ¢ TOMOIIBIO IBYX mpaBmwit Kupxroda.

JIrobast Touka pa3BETBICHMA IIETIH, B KOTOPOH CXOAMUTCS HE MEHEE TPEX IMPOBOJHUKOB C
TOKOM, Ha3bIBaeTCs y3710m. [Ipu 3TOM TOK, BXOASIIUNA B y3€J, CUUTACTCS NOI0NCUMENTbHBIM, & TOK,
BBIXOSIIUN U3 y311a, — OmMpUyamenbHbuiM.

IlepBoe npaBuino Kupxroda - « Ancedpauueckan cymma mokos, cxo0auuxcsa 6 y3ie, pagna
HYJI0»

[TepBoe mpaBmio Kupxroda BeITekaeT W3 3aKOHA COXPAaHEHHS AJIEKTPHUECKOTO 3apsija.
JleicTBUTENBHO, B CiTy4yae YCTAHOBUBILIETOCS MMOCTOSSHHOTO TOKA HU B OJJHOM TOYKE MPOBOJHUKA U HU
Ha OJTHOM €r0 YYacTKe He JIOJDKHBI HaKaIlJIMBATHCS AJIEKTPUUECKUE 3apsinbl. B mpoTuBHOM ciryuae
TOKHU HE MOTJIU ObI OCTaBaThCS MOCTOSIHHBIMHU.

Btopoe npasmiio Kupxroda — «B 1r060m 3amMKHYymom KoHmype, npou3é0ibHo 6blOPAHHOM 6
Pa36eme1eHHOI IJIeKMPUUECcKoll yenu, aizedpauieckas cymma npouseedenuil cuin mokoe I na
conpomugnenusa R, coomeemcmeyoujux yuacmikoeé 3Imo20 KOHmMypa paeHa ancedpauyeckou
cymme 3/]C , 6ecmpeuarowguxcsa 6 IMom KOHHype»

Hampasnenue 06xo/1a 1Mo 9acoBOM CTPENIKEe MPUMEM 3a MOJOKUTENBHOE, OTMETHB, YTO BHIOOD
3TOr0 HAampaBJICHUS COBEPIICHHO MPOM3BOJIEH. Bce TOKM, coBmajaroniye MO HampaBlICHUIO C
HampaBlIeHHEM 00X0ja KOHTYpa, CYUTAIOTCS MOJOKHUTEILHBIMH, HE COBIMAJAIOIINE C HAPABICHUEM
00xoJ1a — OTpHUIATeNbHBIMU. VICTOUYHMKH TOKA CUMTAIOTCS MOJIOKHUTEIbHBIMU, €CIIU OHU CO3Jal0T
TOK, HapaBIEeHHBINA B CTOPOHY 00X0/1a KoHTypa. [Ipu periennn 3aaa4d Ha 3aKOHBI TOCTOSTHHOT'O TOKa
HY)KHO HA4YEPTUTh OHJICKTPUYECKYIO IeTh W MPOAHAIM3UPOBATh, KaK COCIUHEHBI PE3UCTOPHI,
WCTOYHUKU TOKA, KOHJCHCATOPHL. ECIM TOYKHU LIETIM MMEIOT OJMHAKOBBIE MOTCHIIMAIBI, X MOXKHO
COCTMHSTH MEXTYy COOOH.

Jlanee paccuUMTHIBAIOT CONPOTUBJICHHME OTHEJIBHBIX YYacCTKOB LIEMIM WU  IIOJIHOE
COTIPOTUBIIEHUE IIETIH U HCTONB3YIOT 3aKk0oH OMa I y4acTKOB IIeTH WM 3aMKHYTOH nenu. Ecnu B
LIENU MOCTOSIHHOTO TOKA BKJIIOUEH KOHJIEHCATOp, TO TOK depe3 Hero He uzaer. Eciu mapamienbHO
KOHEHCATOPY MOJKIIOYEH PE3UCTOP, TO HAMPSIKEHUE HA PE3UCTOPE M KOHJEHCATOPE OAMHAKOBO.

PacyeT clnoXKHBIX pa3BETBICHHBIX IeNeil MPoBOIAT ¢ momolnsio mpaBmwil Kupxroda. s
3TOTO MPOW3BOJILHO BHIOMPAIOT HAIpaBJICHHE TOKAa HA BCEX y4acTKax Iemnu. Pa3OuBaioT CIOXKHYIO
LeNb Ha MPOCThIE 3aMKHYThIE KOHTYPbI, IPOU3BOJILHO BBIOMPAIOT HAMIPaBIeHUs 00X0/1a KOHTYPOB.

CoCTaBIsIOT CHUCTEMY ypaBHEHHUH B COOTBETCTBHHM C TpaBuiamMu Kupxroda, yduThIBas
npaBuia BbIOOpa 3HaKoB "moc" u "MuHyc".
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A.]'Il"OpI/ITM pacueTa CJI0KHbIX menen.

[Ipu pacuere CIOXHBIX LENEH MOCTOSHHOTO TOKa € NpUMEHeHueM mpaBuin Kupxroda
HeoOxonumo: 1. BpIOpaTeh NpOM3BOJBHOE HANpaBICHHWE TOKOB HAa BCEX YydyacTKax LEIH.
[Ipou3BonbHOCTS BbIOOpA HE TOBJIHSIET HA MPAaBUIBHOCTH OTBeTa. [leiicTBUTENbHOE HAIpaBICHHUE
TOKOB OIPEAEIIAETCS IIPYU PELICHUH 3a[a4U: €CJIM UCKOMBIN TOK IOJIyYHUTCS IOJIOKHUTEIbHBIM, TO €r0
HampaBieHue ObUT0 BHIOPAaHO MPaBWIBHO, OTPHLATENFHBIM — €ro HWCTHHHOE HalpaBJieHUE
IIPOTUBOIIOJIOKHO BEIOPAaHHOMY.

2. BoiOpath HanpaBieHue 00X0/1a KOHTYpa U CTPOro ero npujepxkuparbes. [Iponssenenue

R I monoxwurensHO, €ciii TOK Ha JJaHHOM y4YaCTKE COBIMAJAeT C HalpaBlieHueM o00xona, H,
HaoOopot, OJIC, nelicTByrommMe 1O BBIOPAaHHOMY  HampaBieHHIO 00XOAa, CUUTAIOTCA
MOJIOKUTEIBHBIMU, IPOTUB — OTPULIATEIbHBIMHU.

3. CocTaBUTh CTOJIBKO YPaBHEHUH, YTOOBI MX YUCIIO OBLJIO PABHO YUCITy HCKOMBIX BeJTHUMH. B
CHUCTEMY YypaBHEHMH JOJDKHBI BXOJHWTh Bce compotuBieHus u IJIC paccmarpuBaeMol IIEIH.
Kaxnplil paccmMaTprBaeMblii KOHTYp JIOJDKEH COAEPkKAaTh XOTs Obl OAMH 3JEMEHT, HE COAEP KALIHIACS
B IPEeAbIAYIINX KOHTYPax, HHaue MOJIy4aTcsl YpaBHEHUs, SBJIAIOLIMECS IPOCTOM KOMOMHAIMEN yke
COCTaBJICHHBIX.

IIpumeps! pemieHus pacyeTHBIX 3a1a4

3aoaua 1. Tlo megOoMy mpoBoxy cedenreM S = 1 Mm? Teder Tok cuioii [ = 10 MA. Haiigure
CPEIHIOI0 CKOPOCTh YIOPAJOUYEHHOI'O JABMKEHUS JIEKTPOHOB BIOJb IPOBOJAHMKA, €CIIU CUUTATh, YTO
Ha Ka)XJIbIl aTOM MEJH MPUXOINUTCS OJUH IEKTPOH MpoBOoAUMOCTH. MoisipHas macca menn 4 = 63,6
I/MOJIb, INIOTHOCTh MeaX P = 8,9 r/cm’.

Pewenue:

Cuna TOKa B IPOBOJAHMKE paBHA 3apsiay, NPOTEKAIOUIEMY 3a €IUHMILY BPEMEHH 4Yepes
[IONIEPEYHOE CEUEHUE IIPOBOIHUKA
I= L = Hgve
A (M
IZI€ 1 - KOHLEHTpPALHUsl 3JEKTPOHOB, ¢ - 3apsii OJHOIO D3JEKTPOHA, V - CPEdHssl CKOPOCThb
YHOPSA0YEHHOTO JBMXKEHHUS, S - IUIONIa/lb MONEepeyHoro cedeHusi mnpoojgHuka. M3 (1) momyuum

CJICAYIOLICC BBIPAKCHUC IJIA CpC,Z[HGfI CKOPOCTH YHHOPAAOUCHHOTI'O ABHUIKCHUA DJICKTPOHOB!

I
v=_"

e 2 (2)

HOCKOJIBKy Ha Ka)K,HLIfI aToM wMcEcau HpI/IXOI[I/ITCSI OJUH 3JIeKTpOH HpOBO,Z[I/IMOCTI/I, TO
KOHIIGHTpAllUs  AJICKTPOHOB TPOBOJUMOCTH OyJeT paBHA KOHIICHTPAIIMM aTOMOB  MEJH.
CJIGI[OBaTeJIbHO, KOHLIGHTpaI_II/ISI BHCKTpOHOB HpOBOIII/IMOCTI/I 6y,ueT CBsjA3aHa C INNIOTHOCTBKO MEIU
COOTHOIIIEHUEM

-y
m (3)
rJie m - Macca OJIHOrO aToMa.
A
m = ?
Neo (4
3nech N, - uncno ABoraapo. [loacrasss (4) B (3), momydum:
_ RV,
n=—=
A

Torz[a CKOPOCTH YHOPAAOUYCHHOI'O ABUKCHHUA 3JICKTPOHOB 6YI[CT HUMETh BU:
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I

y=— " =7.7077 cmic
PA g

A
v

=—— =7.7077 cmfi.
Omeem: PN g

3aoaua 2. B cxeme, n300pakeHHON Ha puUC. 5, ONIpeAeTUTe CUITY TOKa, & i
MPOTEKAIOILEero uepe3 6arapero B epBbIii MOMEHT BPEMEHH I0CIie i
3aMbIKaHu Kitoya K crycts 60JbIIoN NpoMeKyTOK BpeMeHu. [lapameTpbl _|
JJIEMEHTOB CXEMbl U BHYTPEHHEE COIIPOTUBIIEHUE NCTOUYHUKA 7' CUUTATh A B E
3a/IaHHBIMHU. —:I—l |

Pewenue: R

B nepBbiii MOMEHT BpEMEHH KOHJEHCATOPbl HE 3apsKEHbl, U TOK B =)
LIeIH, corJIacHO 3akoHy Oma, OyzeT paBeH Puc. 5

&

' = :
E,+¥ B ycTaHOBHBIIEMCS PEKXHUME TOK TEUeT UYepe3 CONPOTHBICHUS R, 1 Rs, U CHia TOKa
OyneT paBHa

I= &

R +F +r

! 2 4= :
Omeem. E +r B +R +r

Fy=13 Oma1

3a0aua 3.YTO0 TOKaXET aMmepMeTp B  CXEMe,
n300paskeHHOH Ha puc. 67

Pewenue: B R=100m o Ry=100m

Haiinem cuity TOoka, TEKylIero 4epe3 MCTOYHMK. byaem — ;.J_
CUMTATh, YTO COIPOTHUBJICHUE aMIIEpMETpa OYEHbH MaJo. Torpa®0 B & 5
AIEKTPUUYECKYIO CXEMYy MOKHO OYyJeT NepepucoBaTh TaK, Kak B Ry=10 Ora
I0Ka3aHo Ha puc. 7. Ilocie 3TOro JIerko HalTHU CONPOTHUBIICHHUE
Bce nenu. CompoTuBieHMs R, U R; COEIMHEHBI IapajuIeNbHO,

MO3TOMY COTPOTHBIICHUE yuacTka BC OyaeT paBHO
AR
3= —0 2 =5 Om
B+ R,

OO1ee COMPOTHBIEHUE YYacTKa IICTIH, COJEPIKAIEro COMpOTHUBIEHUS R, R, u R;, Oyner

A

Prc. &

PaBHO

TOFZ[a 06[1166 COITPOTUBJICHHUEC Bceit LCIU OMPEACIIUTCA CICAYOIIHUM 06pa30M:
R
= = S = ?,.5 O
RJEE + R-‘F

Cuna ToKa, TEKYIIEro 4epe3 MCTOYHHUK, COTJIacHO 3akoHy Oma 4
JUTSL TIOJTHOM 11emu, OyIeT paBHa

=5_4a
R

Ry
rjae & - 3JIeKTPOJABMKYIIAS CUJIa UCTOYHUKA TOKA. S
Kak BumHO M3 puc. 6, TOK, MIyIIUHA 4Yepe3 HCTOYHHK, paBEH
CyMME TOKOB, TEKYIIIUX Y€pe3 CONMPOTUBICHUE R U aMnepMeTp /a:
I=I4+1 f R
=iaTi
Obpatumcst cHoBa k puc. 7. Tak kKak Ri;3=Rs, TO B o
TOYKe A TOK [y IeTUTCS Ha JIBE paBHBIC YyacTu. Yepes pesuctop R, Oyner

Puc. 7
14



uATH ToK cunoi [, = 2A. B Touke B TOK /; CHOBa J€IUTCSI IOPOBHY MEXIy pe3UCTOpaMH R; U R3, U
yepe3 pesuctop R; nmouaet Tok cwion [, = 1A.

B Ttouke C moxuo0 3anucarts Iy = I, + I,. OTcrona

Omeem:{a=34.

100 B

3aoaua 4. CoOpaHa »dJEKTpUYECKas I1IeMb, MPUBEJACHHAs Ha pHUC. 8.
BosibT™METp, BKIIOUEHHBIN MapajljIeIbHO PE3UCTOPY C CONpoTuBIeHHEM R = 0.4
Owm, nokaseBaer U; = 34,8 B. HampsikeHue Ha 3aKuMax HCTOYHMKA TOKal g R
MOJJIEP>)KMUBAETCS MOCTOSAHHBIM M paBHbIM U = 100 B. Halinute oTHOLIEHHE CHIIBI_| | .
TOKa, HUIYIIETO 4Yepe3 BOJIBTMETP, K CHJIE TOKa, WAYIIErOo 4Yepe3 pPe3UucTop ¢
conpotuBieHueM R, = 0,6 Om.

Pewenue: ( )

Hanpsokenne Ha pe3uctope ¢ conpotusiieHueM R, Oyzaer pasHo U - Uy, a Puc. 8
CHJIa TOKA, UIYIIErO Yepe3 ATOT PE3UCTOP, COIACHO 3aKoHY OMa I OHOPOAHOIO y4acTKa LEMH,
v, U-u
_ Y2 _ 1

o .
£y Ry wo Iz=1+iy,

rae I, - cuma Toka, MAyIIero 4epes pe3UCTOp C CONMPOTHBICHHEM R, aly- cuia Toka,
UAyLIEro yepe3 BosibT™MeTp. OTcrona

fy = Airz - f].'
Torna
! ! il rhR
L e it N Pt k™Y ol oo
Iy I i, er:U_ 1:'
E—V =J/- Uik m 0008
Omeem: P R;': - ;)

3aodaua 5. HeckolIbKO HCTOYHHUKOB TOKA COCAUHECHBI TaK, KaK IOKA3aHO ‘
Ha puc. 9. KakoBbl IOKa3aHUs HICAIBHOTO aMIlepMeTpa M BOJBTMETPA, T f‘_a
BKJIFOUEHHBIX B 1enb? CONPOTHBICHUEM COCAMHUTEIBHBIX TPOBOJIOB
peHeOpeyb.

Yo

Cnyuani 1. Cuntaem, 4TO BCE UCTOUYHHUKHU OJMHAKOBBI, TO €CTh UMEIOT
OJTMHAKOBYIO DJICKTPOJABIIKYIIYIO CHITYy & U BHYTPEHHEE COIPOTHUBIICHHUE 7.
[TycTh KONMMYECTBO MCTOYHHWKOB paBHO 7. Torma, ucmonb3ys 3akoH Oma aiis

SaMKHyTOﬁ eIy, HOHyI‘H/IM:
=288
My ¥
Takum Oyner mokasanue ammepMerpa. M3 3axona OMa Ul HEOJHOPOJHOTO YYacTKa IeNH
CHeﬂyeT, YqTO ITOKAa3aHHUEC BOJ‘ILTMeTpa 6yHeT
Ueg—lr=0

Cnyuaii 2. Bece uCTOUHUKY pa3inyHbl. Torna aMmnepMerp MoKakeT CUITy TOKa
N

D&

= i

>

i
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O‘IGBI/II[HO, YTO ITOKAa3aHUC BOHBTMeTpa B OTOM cnyqae U = lj .
&
=2 u=o,

Omeem: eCly BCe UCTOYHHMKHU TOKA OJWHAaKOBBI, TO r CCJIN BJICKTPOABUKYIIUC
*

> &

J=2L Tz0.

bl

i

CHJIBI ICTOYHUKOB TOKA Pa3IMyHbl, TO i
[
e ]
3aoaua 6. Halinute HanpspkeHUe Ha KoHeHcaTopax emMkocTsmu Cy u C; B Il N
LIENH, MOKa3aHHOM Ha puc. 10, ecnm U3BECTHO, YTO NPU KOPOTKOM 3aMbIKaHUU
cHjla TOKa, TMPOXOJAIIEr0o dYepe3 HCTOUYHHUK, Bo3pactaeT B npas. C, o, & —E
_._l—l
W3BECTHBI. I
Pewenue: |
|
Hanpsokenne Ha  pe3ucTope, MOAKIIOYEHHOM — MapajulelbHO K +i =
KOHJIEHCATOpaM, <

rae Uy u U, - HampspkeHHe Ha TIEPBOM M BTOPOM  KOHJEHCATOpaX COOTBETCTBEHHO.
Kongencatopsl coequMHEHBI TMOCIENOBATENbHO, CJIEAO0BAaTENbHO, 3apslbl Ha HUX OyayT
OJIMHAKOBBIMH.

g =00 =G5 (6)

Pemas coBmectHO ypaBHeHue (5) u (6), mOaydnM:
Cy €

h=—"2 {7, Uy=—3_17
o+, O+C, (7

Yepe3 KOHICHCATOPBHI TOK HE HIET, MOATOMY 3akoH OMa sl paccMaTpuBaeMoOW IIeTH
3aIUIIETCS B BUJIE:
I= & ,
E+r (8
IJie 7 - BHyTPEHHEE COMPOTHUBIIEHUE MCTOYHUKA, / - CHJIa TOKA, TEKYIIEro 4epe3 UCTOUYHUK U
pesucrop. [lajgeHue HampsHKeHUs Ha PE3UCTOpE, COrNIacHO 3akoHy OMma Juisi OJJHOPOJHOTO y4yacTKa
LenH,

U=iR=E-I. (9)

Tok KopoTKOro 3aMbIKaHus cOOTBETCTBYET R =0 , TO eCTh

=%

-
CornacHo yCJOBHIO 3aJ]a41
o _
I

[Toncrasnss 3Hauenue [ u [y B mociieIHEE COOTHOLLEHHE, MOJIyYUM:

R+r
=n.

B

¥

Otcroga R = r(n -1). Iloacrasisist 3Ha4ueHue R B (8), momyunm F3
[Tocne noacranoBku I B (9) momyuunm:

potTle

#
[loncraBnss HailneHHoe 3HaueHue U B (7), mOIydnM:
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[”3 - f:'cz I:” - E)C:
J,:— . 2:—5
alC, +C,) nlC, +1C,)
_ [”_fjcz &, U, = [”_f:'c; z
a(C, +C,) A, +C,)

Omeem:

3a0aua 7. B cxeme napuc. 12 &£,=2B,&,=4B, &5 = R B
6 B, Ri =4 OMm, R, = 6 OM, R; = 8 Om. Haifaure crty Toka BO L1 L
BCEX y4acTKax.

Pewenue: Fa

Bocnmonesyemcs  npasunamu  Kupxroda. 3aganmmg | 2 N
HanpasjieHuss TOKOB /i, L, [3. B xauectBe HE3aBUCUMBIX T~ -
KOHTYpOB  BblOepeM  OONIbLION  KOHTYp, COJAEpKaluil T
HCTOYHMKU TOKa & M &3, M MaIbIl KOHTYp, COAEpKalUN e 12

HC.

UCTOYHUKH TOKa & U &,. O0X0ll KOHTYpOB OyJieM COBEpIIATh
1o yacoBo# ctpetike (puc. 13). Torma MOXHO COCTaBUThH CIEAYIONIYIO CUCTEMY YPaBHEHUMN:

L+i,+1L =0, = Ry
IIRI_IEREZEI_EE? T
IR -1k, =8 - & g T 1’2? R \ E
Pemas cucremy ypaBHEHHU OTHOCUTEIBHO TOKOB, a
MOJIYYHUM CIIEAYIOLINE 3HAYECHUS: 1—4— & — o — s
jrl — I:El - 83 )RQ + [El - Eﬂ )R3 — _0;385 -A-’ |
R R, +RR, +RR Puc. 13
I= [52 - 53 :'5':1 - [51 - Eﬂ :'5’:3 = 0,077 A

4 RR, +RR, +RR,
F e e S
53:[3 2)1 [1 3)2:0,308.33;.
R R, +R R, +RR,
3HaK MHUHYC O3HA4aeT, YTO TOK /; TeUeT B HANpPaBJICHUH, TPOTUBOIOJIOKHOM BHIOPAHHOMY.
(51 - 53 )Rz + [51 - E:; )R3

i = =0,285 A,
RR +RR +RER,
fﬂg"glg"w_glﬁzmm?k
~ R3 + R R, +R.R,
I, = [ ) I: ) = 0,308 A
Omeem: RIRE +R~1£2 + sz‘j‘z

3aoaua 8. DnexTponBKymas cuia Oarapeu & = 16 B, BHyTpeHHee CONPOTHUBICHHE 7= 3
Om. Haiingute compoTHBIeHHWE BHEIIHEH YacTH LEMH, €CIU H3BECTHO, YTO B HEHW BbLAETSAETCS
MorHocTh P = 16 Bt. Onpenenure k.11, 6arapen.

Pewenue:

Ecnu BHemHee cOMpOTHUBIIEHHE PaBHO R, TO Ha HEM BBIACISIETCS IMOJE3Hass MOIIHOCTh P =
FR. Cuity TOKa B LIETIH MOKHO HAWTH U3 3akoHa OMa 7151 TTOJTHOM eI

&
I=
H+r
Torna
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54 R
I':R +:r"jl2

[Tocnennee BbIpaXKEHHWE MOXKHO TMepenucaTh B BUJI€ KBAaJPAaTHOIO YpPAaBHEHHUS C
HEU3BECTHBLIM R:

2

c
RE+(2r—FJR+r2:G.

Pemienue 3Toro ypaBHeHUs: UMEET BUJL:
2 4 2
£ £ &
Ra=|—=-r|t)—="—F
2F 4F F
[loncraBnsis B mojyuyeHHOE pelieHue uucia, noayduM R; = 1 Om; R, = 9 Om. OTuM 1ByM
3HAYEHUSIM COIPOTHUBIICHHSI COOTBETCTBYIOT K.IT. 1.

R R
m=Rl = 0,25; My = —2—=0,75.

7 R, +r
(52 ] g R R,
Ry=|——r |t = -2 = =025, 1M, = =075,
Omeem: oF 4p? P R +r R, +r

3agauu 1014 3aHATUA

1. DnexTpoaBrXKylas cuia UcTouHuka & = 1,6 B, ero BHyTpeHHee comnpotusienue r = 0,5
Owm. Cuna Toka B ienu / = 2,4 A. Uemy paBeH K.I1.JI. UCTOYHUKA?

Omeem: M= 0,3.

2. JIBa moTpeduTens, COMPOTUBICHUS KOTOPHIX Ry B R,, TOAKIIOYAIOTCS K CETH MOCTOSHHOTO
TOKAa IIEpPBBIA pa3 MapajulesIbHO, a BTOPOM - MOCIENOBATENbHO. B KakoM cilyyae MOILHOCTS,
notpebsieMas OT ceTH, OyaeT Oosbie?

aﬂﬁ'ﬂ-‘ — [Rl +RE)2 =1

Omeem: Fuocaes Ry Ry

3. Pe3uctop u KOHIEHCATOP COEAMHEHBI MOCIEAOBATEIbHO C UCTOYHUKOM DJIEKTPOJIBUKYIIECH
CHIIBI, IPY ATOM 3apsz Ha oOKIagkax KoHaeHcartopa ¢; = 610 K. Ecam pe3ncrop u KOHAEHCATOD
MOJKIIOYEHBl K HMCTOYHHUKY OAIIEKTPOABIDKYIIEH CHIIBI HapajieNibHO, TO 3apsa Ha OOKIaakax
KoHzeHcaropa ¢> = 4°10* K. Halizure BHyTpeHHEE CONPOTHMBICHUE MCTOYHMKA DIEKTPOIBHKYILIEH
CHJIBI 7, €CJTT COTPOTHUBIIEHUE pe3uctopa R =45 Owm.

=792 p_03 0y

Omeem: 42
@ [— -
4. OnpenenuTe MOJIHOE COMPOTHBIIEHHE R MOKa3aHHOW Ha R Ra
puc. 17 nenu, ecnmu R =R, =Rs=R¢=3 Om, R; =20 Om, Ry = s [] Ry
24 Om. Yemy paBHa cujga TOKa, MIYIIETO 4Yepe3 KaxIbld Fg Rs
pE3UCTOP, €CIIM K LENH NPUIoKEeHO HanpsbkeHue U = 36 B? @ [ I .
HC.

Omeem-R=18 Om, [y =1, =24 Is=124 I,=1,=1=08 A
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5. JIBa MCTOYHMKA TOKAa COEIMHEHBI, KaK MOKa3aHO Ha
Onpenenure Pa3HOCTh MIOTEHIINAJIOB MEXy
toukamu A u B. 2) Kakoil craHer 23Ta  pa3HOCTh
MOTEHLIMAJIOB, €CJIM W3MEHMUTh MOJIAPHOCTh BKIIIOUEHUS
UCTOYHUKA?

|E'Jr2 — Ezrj|_ 2 U= &+ &

L +r2

=

Omeem: e

6. Kounencaropsl ¢ emkocTsiMu C u 2C BKIIOUYCHBI B
LeMb, KAaK IOKAa3aHO Ha puc. 19, 3leKTpoJBMKyLIas cuja
HCTOYHHKA paBHaA £. Kakoe KOJIMYEeCTBO TEIIOTHI BBIACIINTCA

puc. 18. 1)

BTOpPOTO

— i

Ha PpE3UCTOpE C COINPOTHUBIEHUEM R IOCIIE 3aMBbIKaHUS |
kimoua K?  BHyTpeHHMM  CONPOTHBIEHHEM  HCTOYHHKA
npeHedpeys.
CE?
Omeem: fi

KonTpoJanHast 3a1a4a no teme

Puc 1%

barapesi, coctosias M3 JBYX OJIMHAKOBBIX MAPaUIEIbHO COEAMHEHHBIX 3JIEMEHTOB C
NEKTPOABIKYIIUMHU culamMu & = 2 B, 3aMKHyTa pe3ucTopom, COnpoTHBiIeHHe KoToporo R = 1,4 Om

(puc. 16). BuyTpennee £,y
ur, = 1,5 Om. Hatigure Toxu Iy, I, 1, }
-—
n
] |
I G
R
| I |
e J"
Puc. 16
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IIpakTH4eckas padora Ne 4
«KBanToBas onTuka. ®usnka aromay
Leab padoThI: 3aKpENUTH MOTYUYECHHBIE TEOPETUYECKHUE CBEICHMS IO TEME PEIICHUEM 3a/1aY,
BBIPA0OTATh MPAKTUYECKUE HABBIKU TI0 PEIICHUIO 3a/1a4.

Teopusi. B 1900 r. Hemenkuii ¢usuk Makc [ImaHk BbICKa3aja THIIOTE3Y: CBET M3Iy4YaeTcs U
MOTJIONIACTCSI OTACIBHBIME MOPIHUSIMH — KBaHTaMu (Wi GoToHamu). DHEPTUs Kaxaoro GoToHa
onpenensercs hopmynoit E = hy, rae A — nocrosunas Ilnanka, pasaas 6,63 - 107* JIx - ¢, v —
gactota cBera. lunore3a IlnaHka oOBSICHMIA MHOTHE SBICHUS: B YAacCTHOCTH, SBIICHUE
¢dotorddekra, orkpbiToro B 1887 r. Hemeukum ydeHbIM ['eHpuxom I'eprieM M H3yuyeHHOTro
SKCIEPUMEHTAJIBHO PYCCKUM yueHbIM A. I'. CToneTOBbIM.

Domosghghexm — 3TO SIBJICHUE UCITYCKAHUS JICKTPOHOB BEIIECTBOM I10/T JICHCTBHUEM CBETA.

B pesynbrarte uccienoBanuii ObUTH YCTaHOBJICHBI TPH 3akoHa GoTodddexra:

a)  Cua TOKa HACBILEHUS IPSIMO NMPOMOPIUOHAIBHA HHTEHCUBHOCTH CBETOBOT'O U3ITyUYEHHUS,
IIaJIAFOILEr0 Ha TIOBEPXHOCTH TEJIA;

0) MakcuMaibHas KHHeTHYecKas SHeprus (OTO3JIEKTPOHOB JIMHEIHO BO3pacTaeT C YacTOTOM
CBETA U 3aBUCUT OT €r0 MHTCHCUBHOCTH;

B) €clIM 4YacToTa  CBETa  MEHbLIE  HEKOTOpOM  OIpeiesieH]
BEIIECTBA MUHUMAIILHOW 9acTOTHI, TO (oTo3(ekT He mponcxoan

- U
. 3aJeprKUBAICIIIee
HATIpAXKeHUS
3aBHUCHMOCTH (DOTOTOKA OT HANIPSHKEHUS TTOKa3aHa Ha pucyHKe 1.

Teopuro dotodrpdekra co3man Hemenkuid ydeHwslid A. DhnHmTediH B 1905 r. B ocHoBe Teopuu
DUHIITEHA JIKHUT TOHATHE PaOOTHl BBHIXOAA DJIEKTPOHOB M3 METaUla M MOHATHE O KBAHTOBOM
m3nydeHuu ceta. [lo Teopun DiiHmTeliHa GhoTodPdekT nmeer cienyromniee 00bICHEHHE: TTOTIIONIas
KBAaHT CBETa, IEKTPOH mpuoOperaer sHepruro hv. Ilpu BbuleTe W3 MeTaimia >HEPrusi KaxJIoro
AJIEKTPOHA YMEHBIIACTCS Ha Ay,

Pabora BbIxoza - 370 paboTa, KOTOPYIO0 HEOOXOIUMO 3aTPATUTh, YTOOBI yIAIUTh IEKTPOH U3

MeTaia. MakcumasbHasi SHEpTHs JICKTPOHOB TOCIIE BBUIETA(ECIH HET APYTHX MMOTEPh) UMEET
BUIL: mV/2= hv - Ag, DTO ypaBHEHHE HOCUT Ha3BaHUE YPABHEHHsI DA HIITEHHA.

Ecnu hv < Auux, TO poTo3(d ekt He MPOUCXOUT. 3HAUUT, KpACHAs epanuya pomosghgexma
paBHA Vyin = Amx/h
[Tpubopsl, B OCHOBE NPUHINNIA ACUCTBHS KOTOPBIX JICXKHT siBIICHHE PoTOd(PdeKTa, Ha3bIBAIOT

¢ororiementamu. [IpocTelmm TakuM IPHOOPOM SBISIETCSI BAKYYMHBIN (POTOIIIEMEHT.
Henocratkamu Takoro )oTO3JIEMEHTa SBISIOTCS: CIa0bIil TOK, Majias YyBCTBUTEIBHOCTh K
JUTMHHOBOJIHOBOMY M3JTYYE€HHUIO, CIIO)KHOCTh B M3TOTOBJIICHUH, HEBO3MOXHOCTh UCTIOIH30BAHUS B
LETsX ePEeMEHHOT0 ToKa. [I[pumensiercs B poToMeTpun Ut U3MEPEHNUs CHIIBI CBETa, SIPKOCTH,
OCBEIICHHOCTH, B KHHO JUTsI BOCTIPOU3BEIEHHS 3BYKa, B pororenerpadax u ¢pororenedonax, B
YIIPaBJICHUH MTPOU3BOACTBEHHBIMU IPOIECCAMH.

20



IIpumep pelneHusi THIIOBOMH 3a1a4u

3agaua. Kpacuas rpanuma porosddexra mis aukens pasHa 0,257 Mmxm. HaliTu 1iTuHY BOJTHBI
CBETa, MaJIal0IIero Ha HUKEJICBBIH JIEKTPO/] M HAYaIbHY CKOPOCTh BBIPBIBAEMBIX ATHM CBETOM

(OTOIIEKTPOHOB, €cii (POTOTOK MPEKPAIIACTCS MPH 33AEP’KUBAOIIEH Pa3HOCTH MOTCHIINAIIOB,
paBHoii 1,5 B.

Tano = 2:57-107mU, =1,5B,

Haumu :A,Uf'.

Pewenue: CornacHo ypaBHEHUI0 DHHINTEHHA 7151 BHEIIHero GoTorddexTa, 3Heprus
MOTJIOUIEHHOI'0 KBaHTa TPATUTCS HA COBEpIIEHUE (POTORIEKTPOHOM pabOThI

. he _
BBIXOJa A ¥ IpUJaHNE €My KHHETHYECKOM SHEepruu E: o CAtE

Ecnu goTokaron ocBeniate CBETOM C JUIMHOW BOJHBI, pABHOW KPACHOW T'paHMIIE, BCSI SHEPTHS
MOTJIOIIEHHOT0 ()OTOHA UJIET Ha COBEpILIEHHE pabOThI BHIXO/A!
hc

—:A
A

Kunetnyeckyto 3Heprui0 (poTo3JeKTPOHOB MOKHO HAUTH Uepe3 3aJepKUBAIOIIYI0 Pa3HOCTh
MOTEHIUANOB: pa3 (OTOINEKTPOHBI 3a/IePKUBAIOTCS PA3HOCTBIO NoTeHIManos, &7 - 1o ux
KHUHETUYECKask SHEPTUsl TOJTHOCTHIO PACXOAYETCS Ha pabOTy MPOTUB CUIT TOPMO3SIIIIETO MO,

F=ell

CJIEI0BATEIIBHO, I, TIe e — 3apsijl AIEKTPOHA.
Torna ypaBHeHHEe DIHIITEHHA MOKHO MEPENUCaTh B BUE he _he U
-1 A A 3
A = i + EU3 .
. A he
Orcrozia HaliieM JUIMHY BOJIHBI [1JJAOILEr0 CBETa: « . [logcTaBuB yncIEHHBIE

3HA4YCHHA, TTIOJTYUUM:

19 —1
A= L 1610 K 158 =1,96-10 " m
2,57-107"m 6,62-10 7 Joac-c-3-10" m/C
2
m,
E=—"*=eU,
HaiineM HauabHy0 ckopocTh (DOTOITIEKTPOHOB: 2 ,
_ |2eU,
Y\ m
OTKyZa ¢ TJIe™.— Macca MOKOs DJICKTPOHA.

HOI[CT&BJ'I?ISI YHUCJICHHBIC 3HAUYCHUA, IIOJTYYHUM:

=7,26-10°m/c

o — |2:1,6-10"Kn-1,5B
‘ 9,11-10" k2

Orper: Ve =7:26:10°m/c

3agaun 1A 3aHATHSA

I.  Onpenenure B 31€KTPOH-BOJIBTAX SHEPTUIO (POTOHA, COOTBETCTBYIOIIETO U3IYUEHHUIO C
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gactoroii 10" I

2.  HamuacTuHy W3 HUKENS MAJAeT 2IEKTPOMArHUTHOE U3IyYEHHE, SHEPIUS (POTOHOB
KoToporo paBHa 9 3B. IIpu aTom B pe3ynbrare GportodrddexTa u3 MmIacCTUHBI BBIIETAIOT
AIIEKTPOHBI C MAaKCUMaJIbHOM sHeprueit 4 3B. Uemy paBHa paboTa BBIXOAA JIEKTPOHOB U3

HUKEIs?
3. K kakoMy BUJy CIEIyeT OTHECTH JIy4H, SHEPTHs (HOTOHOB KOTOPHIX paBHa 2,07 5B?
4.  Haiigure umyibe GoToHA yIbTPadHOIETOBOrO U3ydeH s ¢ yactoToi 1,5 - 10" T'.
5.  Kakos umnysbc pOTOHA, SHEPIHs KOTOPOro paBHa 33B?

KonTposbHble 3a1a4M 110 Teme

1. KakoBa kpacHas rpanuna ¢orosaddexra ansa 3010t1a, ecian paboTa BbIX0/a 3JIEKTPOHOB
paBHa 4,59 3B?
2. PabGoTa BBIX0/1a 2EKTPOHOB W3 IIMHKA paBHA 4 3B. KakoBa ckopocTh  (OTOIIEKTPOHOB
MIPU OCBEIICHUH [IMHKOBOM IIACTUHBI U3TyYEHHUEM C JITTMHOUN BOJIHBI
200 um?
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