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1. MecTo nucuunianebl B crpykrype Ol
HMucnurnmuna «[IpakTHKyM 110 pemeHnuto GU3NIecKuX 3a1au» u3yqaercs B 8 u 9 cemectpax
U BKJIIOYEHA B YacTh, (OPMHUPYEMYIO YYaCTHHKaAMH OOpa30BaTENbHBIX OTHOIICHUH, pa3jena
«Iucummumapl - (MomynH)» — ydeOHOrO  IlaHa  HampaBieHuss  noarotoBku — 44.03.05
[lenarornyeckoe oOpa3zoBanue (¢ ABYMs NPOPHISAMH MOATOTOBKH) (mpoduinb «DPusuka.
MareMartuka).

[Ipy wW3y4YeHWH JaHHOM JAUCHUIUIMHBL HEOOXOJMMBI KOMIIETECHIIMH  CTYJEHTOB,
c(OpMHUPOBAHHbBIE MPU H3YYEHUU IIKOJIHHOTO Kypca (DU3MKH, a TaKKe TaKUX TUCLUILIMH, Kak
«Duznkay, «Matemarnueckuii anamu3» u 1p. Kypc noctpoen tak, 4ToObl yriryOUTh M pacIMpUTh
o0beM 3HaHUM 1o (hU3HKE, TOMOYb CTYACHTY HAYUUTHCS pellaTh 33a4d U3 Pa3JIMYHbIX Pa3/IesioB
Kypca (pU3MKM 1 OBJIaJIETh HAaBBIKAMH OPraHU3allMK CBOCH CAMOCTOSATENLHON PaOOTHI 1O PEIICHHIO
3a1a4 1Mo Gpusuke

N3ydyeHne Kypca OCHOBAHO Ha TpPAaJULMOHHBIX METO/JAX BBICIIEH UIKOJIbI, TECHOMN
B3aUMOCBSI3M CO CMEKHBIMU KypCamH.

2. [lnanupyemble pe3yJibTaThl 00y4eHHs MO0 TUCHHUILIMHE

KomMmnerennus NHaukaTtopsl JOCTHKEHUS

IIK-6. CnocobGeH uCHoab30BaTh| 3HATH. COBPEMEHHOE COCTOSTHUE U MEePCIIEKTUBBI Pa3BUTUS
HAyYHbIC 3HAHUS B TIPEAMETHOH| QU3UKKM KaKk y4eOHOW JIMCHMIUIMHBI, HaIpaBJICHUSI
obmactu (pusumka) B TMporecce| pa3BUTUS  IIKOJBHOIO  (U3MYECKOro  0Opa3oBaHMS,
dbopMupoBaHuUs MIPEIMETHOM| TEOPETUYECKAE OCHOBBI OOydeHHUs (M3HMKE, MPUHIIAIIGI
KOMIICTCHIIMM  OOYYAIOIIMXCS  B| IOCTPOSHHSI METOJWYCCKONW CHCTeMbI OOydeHHUs (U3MKe,
pamMKax peajlm3alliii OCHOBHOH| OCHOBHBIC JIMHUW IIKOJBHOTO Kypca (U3UKH, UX

0011e00pa3oBaTeIbHOM CTPYKTYpY, COJIEp’KaHUE M pOJib, 3Tallbl (POPMHPOBAHUS

IMporpaMmMabl (1)1/131/II-IGCKI/IX HOHHTI/II\/JI, METOANYECCKUEC II0AXO0AbI K
U3YUYCHHMIO OCHOBHBIX TEM IIKOJIBHOTO Kypca (pu3nKu;
Ymers: aHaJIU31pPOBaTh 5 HHTEPIIPETUPOBATH

cojepkaHue (U3MYECKHX MOHATHH, TeopeMm, 3anady,
pa3pabarbiBaTh (HparMeHTHl YPOKOB, OpPTaHHW30BHIBATH
oOpa3oBaTeNbHBId  mporecc  oOydeHuss  (usmke,
KOHCTPYUPOBaTh ~ METOJUKY  BBEACHHUS  IOHSTHIA,
U3y4eHHs TEOpEM, PELIeHUs 3a/1a4;

Baanerb:  OCHOBHBIMM  IpUE€MaMM  OpraHU3alUH
JeSATeIbHOCTH IIKOJBHUKOB IO HW3YyYeHHIO (U3UKH,
HaBbIKAMU pa3pabOTKM METOAMKHM H3YyYEHMsS YacCTHBIX
BONPOCOB  00y4eHHs (U3HMKH, HCCIEA0BATEIbCKUMHU
METOAAMHU B TPO(ECCHOHATBHOM I TEITLHOCTH.

IMIK-8 CnoocobOeH HCIOIB30BaTh | 3HATL: OCHOBHBIE METOIbI 00paboTku,
CICIMAIM3UPOBAHHBIC 3HAHWUS B | CTPYKTYPUPOBAHUS, aHAW3a M CHHTE3a TOJydaeMou
obnmactu GU3MKH AJIE OCBOEHUS | MHGOPMAIIMU, OCHOBHBIC OIPENCICHHs, MPUHIUIBI |

POPUITHHBIX ($u3nYecKuX | 3aKOHBI (PU3MUKH, METONbI (U3UYECKUX HCCIICIOBAHHM,
JTUCUHUTIIINH u peuieHus | 0a30Bble  MPHUHIMIBI  MOCTAHOBKM M PEIleHUs
€CTECTBCHHOHAYYHBIX 3372 €CTECTBEHHOHAYYHBIX 3a/1a4.

YMeTb: HCNONB30BaTh (PU3MYECKHE UM MaTeMaTUYeCKHe
MOJIENIM ~ TPU  pEIIeHUWH  NPAaKTHYECKHX  3a1ad,
OCYILECTBIISATh YUEOHBIM IKCIEPUMEHT U 00pabaThiBaTh
ero PE3YNIBTATHI, JI0Ka3aTh YTBEPK/ICHHE,
chopMyIMPOBAThH PE3YNbTAT, YBUJIETh €TO CIEIACTBHUS.
Bianers: HaBHIKAMH METOJAaMH OOpa0OTKH, aHAIM3a U
CHHTE3a  HMH(POpPMALUH,  MNEPBUYHBIMH  HaBBIKAMU
NPUMEHEHHS MaTeMaTH4ecKOro ammapara K pEeHICHHIO
KOHKPETHBIX 3a/1a4 B 00J1aCTH (PU3HKH.




3. ConepxxaHue TUCHUIIMHBI

Cemectp 8

1.

DJIeKTPOCTATHYECKOE M0Jie B BaKyyMmMe WM BellecTBe. JJCKTPUUYCCKUN 3apsl. 3aKoH
Kynona. IloTeHmuanm ©  HampsDKEHHOCTh — AJIEKTpocTaTHueckoro mojis.  [IpuHimn
Cymepro3uiuu 1mnojiei u ero BbBOA. Teopema I'aycca. Konpmencarop. Coemunenue
KOHJCHCATOPOB. DHEPrusi 3JIeKTpudyeckoro mojs. [I10THOCTH 3HEPruM 3IEKTPUUECKOrO
10JIs. DJIEKTpU3aLMsl IPOBOJHUKA. DIEKTPUUYECKOE M10JIE€ B TUIEKTPUKE.

3aKOHBI MOCTOSIHHOTO TOKA. DJIeKTpUYecKuil ToK. Cuiia TOKa, HalpsKEHHUE,
conpotubiieHue. 3akoH Oma. [lapannenbHoe U 1ocie10BaTeIbHOE COSTMHEHNE
npoBoHukoB. DJIC. 3akon Oma ansa nonHoi nenu. [IpaBuna Kupxroda. Pacuer paznocreit
MOTEHIIMAJIIOB B Pa3BETBICHHBIX JIEKTpUUecKUX 1ensx. [I[puMepsl pacyera meneii ¢
nomoibio npasui Kupxroda u 06061menHoro 3akona Oma. [IpoBoaAMMOCTh METAILIOB.
3aBUCUMOCTD ITPOBOJIUMOCTH OT TEMIIEPATYPHI.

MarnurocraTnueckoe moJje B Bakyyme u BeulectBe. J[elicTBust MarHUTHOTO moJist. CHITBI
Awmriepa u Jlopenna. Uuaykuust Mmarautaoro nois. Teopema Crokca. [lone mocTostHHOTO
MarHuTa. MarHuTHoe 1oJie B BellecTBe. /J[naMarneTuku u mapaMarHeTuku. MarnutHas
nponunaemocts. Hamarunuennocts. [Ipupona ¢peppomarnerusma.

DJIeKTPOMArHUTHAasI MHAYKIUS. 3aKOH JIEKTPOMarHuTHON nHaykiuu dapanest.
NHnykimoHHBIM TOK U ero HampasiieHue. [Ipasuiio Jlenua. fIBnenne camonnaykuuu. Toku
Oyko. UHAYKTUBHOCTH. DHEPTUs MPOBOAHUKA C TOKOM. DHEPTUsi MATHUTHOTO TIOJISI.

DJIeKTpOMarHuTHble KoJiedanusi. KoneGaTenbHbIil KOHTYp. YpaBHEHHE KOIeOaHUH.
DHeprus MeKTPOMarHUTHBIX KosebaHuil. 3aryxaromue konedanus. Pemenue 3a1a4d Ha
pacyeT mapaMeTpoB KoJjeOaTeIbHBIX CUCTEM. 3akoH OMa JIJIs IIeNu ePEMEHHOTO TOKa.
BekTopHble auarpaMMbl. MOLHOCTB B LIENU IEPEMEHHOT'O TOKA.

DJIeKTPOMarHuTHbIe BOJIHBI. BosiHOBOe ypaBHeHue. 3nyueHue u peructpanus
ANIEKTPOMArHUTHBIX BOJIH. BekTop YMmoBa-Iloittuara. Pacnpoctpanenue 3meKTpoMarHuTHBIX
BOJIH.

I'eomerpnueckas onTuka. [[psgaMoInHEHHOCTh pacIpOCTpaHEHUs CBETA. 3aKOHBI
MpeNoOMIIEHUS U OTpaskeHus cBeTa. [locTpoeHne n300pakeHus: MPOTKEHHOTO 00BEKTA B
TIJIOCKOM 3epKajie u ceprudeckom 3epkaie. JInazel. @opmyrna TOHKOM JUH3BL. Y BETUYCHUE
nuH3bL. [TocTpoeHne n300paxeHuii MPOTSHKEHHBIX 00BEKTOB B TUH3E.ONTHYECKHUE CUCTEMBI
TEeJEeCKOIa, MUKPOCKOIIa, OMHOKJISL M TPOEKIIMOHHOTO arlapara.

BosanoBas ontuka. Untepdepennus. Korepentusie Boansl. Judpakuus. [Tpuaumn
[tolirenca-®penens. Audpakunonnas pemnierka. Paspemiaromias crmocoOHOCTh ONTHYECKUX
npubopos. [lonspusanus ceera. J(ucnepcus ceera. 3aBUCUMOCTh MOKa3aTelNs MPEeTOMIICHUS
OT JUIMHBI BoJHBL. CrieKTpasibHbIN cocTaB cBeTa. [lornomienue, oTpaxkeHue U MPOoIycKaHUe
CBeTa.

DJieMeHTHI KBAHTOBOMH ONTHKH. B3anMoielicTBIEe cBeTa C BEMIECTBOM.
®oroanekTpuueckuii 3pdexT u ero ooOwbsicHenue. zmyuenue ueproro tena. [lonstue o
kBaHTax. J[aBnenne cBera. KopmyckynsipHO-BOIHOBOM nyanusm. Dddext Kommnrona.
doTonroMuHECHIEHITUS U TTpaBHiIo CTokca. DOTOXMMUYECKOE ICMCTBHE CBETA. TOPMO3HOE
PEHTTEHOBCKOE U3JIy4YEHHUE.

10.®u3suka aroma. CriekTpanabHbIE 3aKOHOMEPHOCTH H3ITydeHHus aToMoB. Teopus atoma

Peszepdopna. Ilocrynatel bopa. BonHoBbIe cBolicTBa yactuil. BonHoBas ¢yskius. [Ipuaiun
HeonpeneneHHocT. Y paBHenue [Ipeaunrepa. KBantoBbie unciaa. MHOT03JIEKTPOHHBIE
aTOMBbI. XapaKTepUCTUUYECKHE PEHTI€HOBCKUE CIIEKTPbI. 3aKOH MO3IH.

11.®usuxa aromuoro siapa. CocTas ¥ XapakTePUCTHKH aTOMHOTO siapa. Pasmeps! spa.

Teopuu cTpoenus siapa. Macca v 3Heprus cBs3u. SAaepHbie cuibl. PaanoakTMBHOCTb.
IIpuMeHeHne sHEepruy aToMa.

Cemectp 9



9.

KunemaTuka MaTepuaabHoii Touku. KoopauHaTHBIN U BEKTOPHBII CIOCOOBI OMMCaHUS
JBIKEHUA. TpaeKkTopus, IyTh, IEPEMEILCHNE, CKOPOCTh U ycKopeHue. [Ipsmonnneiinoe
PaBHOMEPHOE U PABHOYCKOPEHHOE JIBKCHUE MaTepUalIbHON TOUYKHU. KpuBoaMHeHOe
JBIDKEHUE MAaTEpUAIbHON TOYKH, HOPMAIBHOE M TAHTCHIMATIBHOE YCKOpeHue. [IBrkenne
MaTeprabHON TOUKHU 110 OKPYKHOCTH.

JAuHaMuKa MaTepuaIbHOI TOYkM. B3anmoeiictre Ten. MHepuuansHbie 1
HEMHepLHaIbHble cUcTeMbI oTcyeTa. Cuila, IPUHIMIT HE3aBUCUMOTO JelcTBUA cuil. Macca
rpaBUTAMOHHASA U UHEPTHAs.3akoHbI HbIOTOHA. Y paBHEHUS IBUKEHUSL.

3aKkoHbI cOXpaHeHHusI B MexaHuKe. VIMysibc MaTepraabHOM TOUKHU U CUCTEMBI
MaTepralIbHBIX TOYEK. 3aKOH COXpaHEHMsI U N3MEHEHUs UMITyJbca. PaboTa cui, MOIIHOCTB,
MexaHu4eckas sHeprus. Kunetnyeckas 1 NOTCHIMANIbHAS SHEPIHs. 3aKOH COXPAHEHHUS U
WU3MEHEHUS] SHEPTUMU.

KunemaTnka 1 JMHaAMHKa TBepaoro Teaa. Kunemarnka noctynaTesbHOro U
BpalllaTeIbHOIO ABMKEHUS TBEPAOIo Teua. J[MHaMuKa oCTynaTeIbHOTO IBUYKEHUSL.
ITenTp Macc, TeopeMa 0 JBUKEHUH LIEHTpa Macc. MOMEHT MHEPLIUU TBEPIOTO TeEa.
MowmenT cuibl. OCHOBHOE ypaBHEHHE JUHAMUKU JJIs BPaIlaTeIbHOIO JBUKECHUS
TBEPAOro Tejla. MOMEHT UMITYJbCca TBEPAOIO TEJIa OTHOCUTEIIBHO OCU €0 BPALCHUS.
3aKOH COXpaHEHMsI MOMEHTa UMITYJIbCA IIPU BPAIATEIbHOM JBUKEHUU. Y CIIOBUS
paBHOBECHSI TBEPAOIO TEIA.

Mexannueckne koJjedanus. Koinedarensnoe asrkenre. OCHOBHBIC BEIUYUHDI,
XapaKTepU3ylolIKe KojaedarenbHoe ABMKEHNUE: aMIUIUTY/a, YacToTa, epuo/, Qasa.
["apmonmnueckue konedanus. MastHuku. CBOOOIHBIE M 3aTyXarolue KoyeOaHus
MasiTHUKOB. BeIHYX/IeHHBIE KO1€0aHusl.

OcnosHoe ypasuenue MKT upeanbnoro rasa. Cpeassis KkBagpaTudHasi CKOPOCTb
MoJiekyn. CpeaHsisi KWHEeTHYeCKast SHEprus ABM>KeHUs Mosiekyl. ['a3oBbie 3akoHbl.Hucio
cTeneHeil cBo6oabl. BHyTpeHHsIs sHEprusl neaabHOro raza. MoisipHas u yaeabHast
TEIJIOEMKOCTh UJEAIBHOTO rasa.

SBaenus nepenoca B razax. CpenHss AauHa cBOOOIHOTO o0era MoJIeKyl.

D¢ dexTuBHbIi AuameTp Monekyl. Auddys3us, BI3KOCTh U TEMIONPOBOIHOCTh Ta30B.
ITepBoe Haua0 TepMOAMHAMMKHM. /[Ba crioco0a N3MEHEHUsI BHYTPEHHEH SHEPIUU:
pabota u TeruooomeH. KonnuectBo Temotsl. [IpumeHenne nepBoro 3akoHa
TEPMOJMHAMHKH K U30IIapaMeTPUUYECKUM IPOIECCaM.

BHTPOHI/ISI. HN3meHeHune OHTPOIIHNHU ITPU TCPMOANHAMUYCCKUX ITPOHCCCax.

10.®azoBbIe nepexoanl. YpapHeHue Temiosoro cananca. HachlenHsii nap. BuaxHocTs.
11.Peanbuble rasnl. Ypasuenue Ban-nep-Baanbca.
12.KuakocTH U UX CBOMicTBA. [ToBepxHOCTHOE HaTsKeHUE. KanmuiisipHbIe SIBICHUS.

4. TeMaTH4YeCKHii MJIaH

No Pazgensl u Bcero DopmBbl 3aHATHI
/i TEMBI JacoB (6 coomsemcmeuu ¢ yueOHbIM NIAHOM)
JICKIIUU | CEMH | MpakThdec | Jaboparo | camocTo
Hapbl KHE pHBIC SITeNIbHAs
3aHATHUS 3aHATHUS pabora
Cemectp 8
1 | DuekTpocratuueckoe
1oje B BaKyyMeé U 4 — — 2 — 2
BEII[ECTBE
2 3aKOHBI ~ TTOCTOSTHHOTO
4 — — 2 — 2
TOKa
3 MarauToctaTuueckoe 4 B B 5 B 2
MoJie B BaKyyMe W




BEIICCTBE

4 | DnekTpoMarHuTHas 4 2 2
WHTYKIHSI

5 | DnekTpoMarHuTHbIE 4 5 5
KoJieOaHus

6 | DieKkTpoMarHuTHbIC 4 5 5
BOJIHBI

7 I'eomerpuyeckas 9 4 5
OTTHKA

8 | BosHOBas onTrka 11 6 5

9 | DrmeMeHTBI  KBaHTOBOM 9 4 5
ONTHKU

10 | ®wusuka aToma 10 4 6

11 | ®usuka aToMHOTO SApa 9 4 3)

Uroro 3a cemectp 72 34 38

Cemectp 9

1 Kunemaruka } 6 5 4
MaTepUaTbHOU TOUKH

2 | JlmHamuka § 6 2 4
MaTepUATHLHOU TOYKH

3 | 3aKoHBI COXpaHEHHS B 6 5 4
MEXaHHUKE

4 KunemaTtuka u
ITUHAMUKA TBEPJI0TO 12 4 8
Tena

5 Mexannueckue 6 5 4
KoJieOaHus

6 | OcHOBHOE ypaBHEHHE 12 4 8
MKT wuneanbHOro rasa

7 | SIBmenuss mepeHoca B 6 5 4
razax

8 | lepsoe Hay4aJo 6 5 4
TEPMOJMHAMHUKHU.

9 | DHTpOMHUS 3 1 2

10 | ®a3oBble nepexo/sl 3 1 2

11 | PeanbHble Ta3bl 3 1 2

12 }KI/IE{KOCTH u ux 3 1 )
CBOWCTBA

Hroro 3a cemectp 72 24 48

Uroro | 144 58 86

3ansarus JICKIHMOHHOI'0 THUIIA

He npenycMoTpeHsL.

[MpakTnyeckue 3aHATHS
Cemectp 8
3ansTue 1.

5. Buabl o0pa3oBaresibHOM 1eITeJIbHOCTH

Tema: DIIeKTPOCTaTUYECKOE 10JI€ B BAKYYME U BELIECTBE

Bormpocs! 1u1st 00cyx1eHust:

1. 3axon Kynona u rpaHu1isl €ro npyMEHUMOCTH.

2. HampsokeHHOCTD JIEKTPOCTATHIECKOTO ToJist. [IpuHIIKIT Cymepno3uiuy mosiei.



No ko

Pacuer noneit paBHOMEPHO 3apsDKEHHOM MIIOCKOCTH, Cephbl U HUTH.
[Tonsipuzanus. DIEKTPOCTATUUECKOE TI0JI€ B BEILIECTBE.

Onexrpuzanus. JIEKTPUUIECKOE 110JI€ B IPUCYTCTBUM ITPOBOJHUKOB.
[Torennuan anekTpocraTiueckoro nojst. Pu3ndeckuil CMbICI MOTEHIIHANA.
DJeKTpUUYECcKasi eMKOCTb.

3anauu ISl pelIeHus:

1.

JIBa ToueuHBIX 3apsna q u 4q HaxoaaTcs Ha paccTossHUM [ Apyr ot npyra. Kakoii 3apsia
HY)KHO TTOMECTUTh U Ha KAKOM PACCTOSIHUU OT IEPBOTO 3apsiia, YTOOBI BCSA CHCTEMa
HaxX0JIUJIaCh B COCTOSIHMU paBHOBecHsi? byaeT v paBHOBecHE YCTOUUNUBBIM?
[Tomrycdepa paBHOMEPHO 3apsiKEeHA ¢ TOBEPXHOCTHOM IJIOTHOCTHIO 0. Onpenenure
HANPSDKEHHOCTH B LIEHTPE MOIyCQEpHI.

JIBa aIeKTpUYECKUX 3apsifa q; = q U Uq, = —2q pacnoioXeHbl IPYT OT Jpyra Ha
paccrostHuu | = 6a. HaliTu reoMeTpryeckoe MeCTO TOUYEK, B KOTOPBIX MOTSHITHAIT OIS
paBeH HYIIO, B KaKOH-HUOY b U3 MJIOCKOCTEH, MPOXOIALINX Yepe3 3apsIbl.

3aps Manenbkoro mapuka ¢ = 1 - 1078 Ku1. mapuk HaXxoauTcs Ha pacCTOSIHUU 4 = 3 CM OT
IJIOCKOM METAJNIMYECKOH 3a3eMIIEHHOU CTeHKH. C Kakoi CUIJI0i OHU B3aUMOJAEHCTBYIOT?
BHyTpu mapa u3 oJHOPOAHOTO U30TPOMHOIO JUDIEKTPUKA C MPOHUIIAEMOCTBIO € = 5

N B
CO3/IaHO OJTHOPOHOE dJIEKTpruUecKoe noJie HanpsikéHHocTH E = 100 —. Paguyc mapa R =
M

3 cM. Haiitn MaKCUMAJIbHYIO TIOBEPXHOCTHYIO INIOTHOCTD CBA3AHHBIX 3apPA0B.

Y mnockoro KOHACHCATOPA, 3alI0OJIHCHHOI'O TBépI[BIM JUDJICKTPUKOM C ,Z[HBHCKTpPI‘IeCKOI;’I
IMPOHUIIAEMOCTBIO &€, OJIHY IUIACTUHY OTOABUTalOT OT JUIJIEKTPHKA Ha pAaCCTOAHUE, PABHOC
IMMOJIOBUHC TOJIIWHBI AUSJICKTPUUCCKOT'O CJIOA. HpI/I KaKOM 3HAYCHHUHU & EMKOCTb
KOHACHCATOpa U3MCHUTCA B ABa pa3a‘?

3az[aq1/1 AJI1 CaMOCTOATCIIBHOIO PCIICHMA:

1. Tonxoe monykoinblo paguyca R = 20 cM 3apspkeHo paBHomepHo 3apsiiom g = 0,70 HK.
Haiiti Moynb HanIpsSHKEHHOCTH JIEKTPUUECKOTO TMOJIS B IIEHTPE KPUBU3HBI TTOJTYKOJIBIIA.
2. Haiftn noteHuuan snexrpocratnaeckoro nomst E = a(yi + xJ), [ie a — noctosHuas, 1
OpPTHI KOOPJAMHATHBIX OCEH.
3. Haiiti motenman nmpoBosiieii cepsl, BHE KOTOPOI Ha paccTOsSHUM [ OT e€ eHTpa
HaxOJIUTCA TOYEUHBIHN 3apsi q.
4. Haiit EMKOCTh CHCTEMBI KOHJIEHCATOPOB.
’ C
C C C
C
3ansTne 2.

Tema: 3aK0HBI IOCTOSIHHOT'O TOKA
Bormpocs! mtst o6cyxieHust:

ook wdE

CoeanHeHne MPOBOAHUKOB.

3axoH Oma 11 OJIHOM IENH.

PabGora u momHOCTh TOKa B 1ienu ¢ DJIC

[Totenmman, Hanpspkenue u DJ]C. O6061meHHbIH 3aKk0H OMa.
[TpaBuna Kupxroda u ux BHIBOJ.

KoHneHcaTop B 1enu mocTOSTHHOTO TOKa.



3agauu JJ1sl peIICHUS:

1. Haiitu conpoTHBIIeHHE TPOBOJIOYHOTO Kapkaca, uMerouiero popmy kyda. ConpoTusieHne
Kaxoro pedpa kapkaca paBHO R. PaccMoTpeTh Bce BO3MOXKHBIE CIIOCOOBI MOIKITIOYCHUSI.

2. DnekTpuyeckas Ielb COCTOUT U3 UCTOYHHUKA U IBYX Pe3UCTOpoB. HaliTH cuiibl TOKOB,
TeKymux depe3 pe3uctopsl, eciau IJIC ucrounuka € = 5 B, BHyTpeHHEe CONMPOTUBIICHUE
uctounuka r = 0,1 Om, conpoTusienus pesuctopos Ry =4 0mMmu R, = 6 Om.

&

— R ﬁ" ﬁz

3. HaiiTu cuisl TOKOB, TEKYIIUX BO BCEX ydacTKax mnenu, eciu £, = 24 B, £, =18 B, Ry =
20 Om, R, = R3 = 2 OM. BHyTpeHHUM CONPOTHUBIIEHUEM UCTOYHUKOB IPEHEOPEUb.

i = g, 62_1_

4, Jlamna, BKJIFOUYCHHAs B 11enb ¢ Hanpsbkeruem U; = 200 B, motpediser MomHocTh Py =
40 BT u spko roput, npuuéM TemnepaTrypa HUTH Hakanat,; = 3000°C. IIpu BkiItoueHuu B
ceTh ¢ HanpspkerueM U, = 100 B mamma norpediser moutHocTs P, = 25 BT u ene
CBETUTCS, TaK KaK TeMIIepaTypa HUTHU HaKaia rnpu 3Tom pasHa t, = 1000°C. Haittu
CONPOTHUBIICHHE HUTU Hakaiya Iipu temneparype t = 0°C.

5. Konnencartop émkxoctbio C = 10 MK® BKIIOUYEH B II€TIh MOCTOSHHOTO TOKa. OnpenenuThb
U3MEHEeHHeE 3apsiia Ha KOHIeHcaTope Npu 3amblkanuy kintoya K.Ry = 20M, R, = R, =
10mM, R; =50mM, £ =10B.

RTIRE'

K {

— 14
R4 R3

8

3anaqu sl CaMOCTOATEIBHOTO PEIICHHUS:
1. HaiiTu snekTpudeckoe cornpoTuBieHre 0eckoHeuHOH 1ernu. COnpOTHBICHUS PE3UCTOPOB
Ry =40M, R; = 30m.

c . A .

2. Haiitn pa3HOCTh MOTEHIMAJIOB MEXTy TOUKaMH 1 u 2 anekrpudeckoii ienu. Ry = 10 OmMm,
R, =20 0wMm, & = 5B, £, = 2 B. BuyrpeHHue conpoTUBICHHSI HCTOYHUKOB TPEHEOPEIKUMO
MaJibl.
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3. B oanekTpuueckoi enu U3BECTHbI COMPOTUBIICHUS] BCEX PE3UCTOPOB U CUJIA TOKA Iy,
Tekymiero yepes pesucrop R,. Onpenenuts D/IC nctounrka. BHyrpeHHee conpoTUBICHHE
HCTOYHUKA IPEHEOPEKUMO MaJIo.

R1 R2
£ R3

RS R4

4. Konnencarop éMkoctbio C = 5 MK® NOIKIIOYMIN K UCTOYHHUKY ¢ tocTosiHHOoM DJIC € =
200 B. 3areMm nepekirouaTesnb IepeBes 13 moyioxkeHus 1 B monoxxkenue 2. Haitu
KOJIMYECTBO TEIUIOTHI, BBIACIIUBIIIEECS Ha pe3ucTope R, eciu Ry = 500 Om, R, = 330 Om.
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3ansrTue 3.

Tema: MarauTocTaTH4ecKo€e MoJie B BAKYYME U BEILIECTBE
Bonpocsr mist 06cyxaenus:

1. Mnaaykuus MarHUTHOTO MOJISI.

2. Cuna AMnepa 1 ee IpUMEHEHue.

3. Cumna Jlopenna.

4. Pacuer nomueil mpsMOro 1 KOJbIIEBOTO TOKOB.

3ajauu Uil peleHus:

1. Tox cunoit I = 5 A Te4€T Mo TOHKOMY MPOBOJHUKY, OJTHA YaCTh KOTOPOTO JAYyTra OKPY>KHOCTH
panuyca R = 12 cm, a npyras 4acTb — oTpe30K. OnpeaenuTs HHAYKIUIO MAarHUTHOTO TOJIS B
touke O.2¢ = 90°.

7
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2. B tonkoii Tpyoe pagnycom R = 5 cM cuna Toka 100 A. onpenenuTs MarHUTHYIO WHIYKITHIO
HOJIS B LIEHTpE TPYOBI M BHE TPYOBI HA PACCTOSIHUM 5 CM OT €€ OBEPXHOCTH.

3. Ha xapkac anunoii [ = 10 cM u quamerpom d = 5 cM HamoTtaHo 150 BuTkoB npoBoaa. Yepes
CepeIuHy Kapkaca B HalpaBJIE€HUU OJHOTO M3 JUAMETPOB IPOXOAUT MEIHBIM MPOBOJHUK C



cuinoii Toka I; =5A. Cuuras MarHUTHOE TIOJIE BHYTPH CpEIHEH 4YacTH COJICHOM]IA
OJIHOPOJIHBIM, OIIPENIETUTh CUJTY, C KOTOPOI OHO JIEMCTBYET Ha y4aCTOK MPOBOAHUKA BHYTPHU
Kapkaca, eclid cuja Toka B cosenouze I, = 1 A.

DNEKTPOH JBUXKETCS B MAarHUTHOM IOJI€, HHAYKIMSA KOTOoporo 2 M1, 0 BUHTOBOU JIMHUU
paauycoM 2 cM u marom 5 cM. OnpenenuTb CKOPOCTh AIEKTPOHA.

Tonkast megHas JieHTa TonmuHond d = 0,1 MM nomelneHa B OTHOPOAHOE MarHUTHOE TOJie C
uaaykiuen 0,9 Ti tak, 4To MIOCKOCTH JICHThI IEPIECHIUKYJIIPHA CUJIOBBIM JIMHUAM 110J151. B
nenrte cuna Toka 10 A. Onpenenuts pa3HOCTb MOTEHINAIOB, BOZHUKAIOLIYIO BJIOJIb IIMPUHBI
JICHTBI, CYUTAs], YTO B MEJI UMEETCS [0 OAHOMY CBOOOTHOMY 3JIEKTPOHY Ha KaXK/IbIii aTOM.

3&,[[3‘11/1 AJI1 CaMOCTOATCIIBHOI'O PCIICHM .

1.

Haiitu cuity Toka B 6€CKOHEYHO JUTMHHOM IIPOBOJHHUKE, KOTOPBIN UMEET KBaIpaTHBIA U3THO
co cropoHoit a = 40 cM, eciii MOJTyJIb MATHUTHON UHAYKIIMH TOJIs B TOUKE A,
pacIoyioKeHHOM B LIEHTpe KBajpaTa, 63 MxTo.

/

A a

B TonkocTeHnHOM AnuHHOM TpyOe cuita Toka [ = 5 A. [1o ocu TpyObl pacronoxeH TOHKUR
IPOBOJIHUK, 110 KOTOPOMY TEUET TaKOH ke TOK B 00paTHOM HamnpasyieHuH. Haiitu unykumio
MarHUTHOT'O MOJIS B TOYKaX, PACHOJI0KEHHBIX BHYTPU TPYObl HA PACCTOSIHUU T, = 2 CM U BHE
TpyOBI HA PacCTOSIHUM T, = 12 CM OT ocu TpYOBI.

B none 6eckoHeyHO JIIMHHOTO MPSIMOJIMHEMHOI O MPOBOIHKKA, B KOTOPOM cuJja Toka [; =

20 A, HaxoauTcs KBaspaTHasi paMka co ctopoHoi a = 10 cM, B koTopoii cuia Toka [, = 1 A.
ITpoBOAHMK M paMKa PACIIONIOKEHBI B OJTHOM IJIOCKOCTH TaK, YTO JIBE CTOPOHBI PAMKH
NEePIEeHIUKYIISPHBI K IPOBOJHUKY. PaccTosiHME OT MpoBOIHUKA 10 OynyKaiiiel CTOPOHbI
pamku | = 5 cM. OnipenienuTh cuity, TeHCTBYIONIYIO HA PAMKY.

OaHOpOIHOE ANEKTPUYECKOE U MATHUTHOE T10JIsI HAaIllpaBJIEHbl B3aUMHO MEPIEHAUKYIISIPHO.
Hanpspx€aaocTts anektpuyeckoro noist E = 3 B/cM, naayKIus MarautHoromnosist B =

0,1 MTu1. KakoBbl 10J1KHBI OBITH MOJYJIb CKOPOCTH 3JIEKTPOHA U €€ HallpaBJIeHHUE, YTOObI
TpaeKTopus ObUIa MPSIMOJIUHEIHA?

3ansitue 4.
Tema: DnekTpoMarHuTHast UHIYKIUs
Bormpocs! mutst 06cyxieHust:

1

2.
3.
4.

3aKOH 2JEKTPOMarHUTHOM MHAYKIMH. CaMOUHYKIIHS.

[TpuBuno Jlenma.

O/1C MHIYKIMHK B ABWXKYIIEMCS IPOBOJHHUKE (ITOCTYNATENFHOE U BPAIaTEIbHOE JIBMKEHHE).
NHIyKTUBHOCTB. DHEPrUsi MArHUTHOTO TOJIS.

3agauu )il peIICHUS:

1.

KBanpaTHas pamka co CTOPOHOM @ U ITIMHHBIA MPSAMOU MPOBOJI C TOKOM | HaXOJATCS B
OJIHOM IIJIOCKOCTH. PaMKy mocTynareabHO IEpEeMEIatoT BIPABO € IIOCTOSTHHON CKOPOCTBIO V.
Haiitn O/IC unnykiuu B paMke Kak QyHKIIUIO PACCTOSIHUS X.



2. Uemy paBHA MHIYKIIUS OJJHOPOJIHOTO MAarHUTHOTO TOJISA, €CJIA MIPH BPAIICHUH B HEM
MPSAMOJIMHEHOTO MPOBOAHKKA JTMHOUM 0,2 M BOKPYT OJIHOTO U3 €r0 KOHIIOB C YTJIOBOM
ckopocThio @ = 50 ¢~1 Ha KOHIAX IPOBOIHUKA BOSHUKAET Pa3HOCTH NoTeHuanos 0,2 B?

3. Ilnockuii KOHTYp U3 TOHKUX MPOBOJIOB HAXOAUTCS B OJTHOPOJAHOM MarHUTHOM I10JI€, BEKTOP
WHYKIIMHA KOTOPOT'O HAMpPaBJIEH NEPHEHANKYIISIPHO TUIOCKOCTU YEPTEkKa OT HAOJI01aTerIsl.
Nunaykuuyio mosst Havaiu ymeHbinaTh. HaliTu HanpaBieHrne HHAYKIIMOHHBIX TOKOB B
KOHTYpe.

4. TI-006pa3Hblil IPOBOJHUK HAXOIUTCS B OJTHOPOJHOM MAarHUTHOM I10JI€, IEPIEHAUKYISIPHBIM K
IUIOCKOCTH IPOBOJIHUKA U M3MeHstroneMes co ckopoctsio 0,1 Ti/c. Brons napanienbHbIx
CTOPOH 3TOTr0 IIPOBOJIHUKA MTEPEMENIAI0T O3 Ha4allbHOW CKOPOCTH NMPOBOAHUK-TIEPEMBIUKY C
yckopenuem 10 cm/c?. Jlnuna nepembruxu 20 cM. Haittu DJIC MHIYKIUK B KOHTYPE 4epes
2 ¢ 1ociie Hayaja rnepeMenieHus, eciam B MOMeHT t — 0 ruiomaabs KOHTYpa U MHIYKLUs
MarHUTHOT'O TOJIsl paBHbI HYNI0. UHIYKTUBHOCTBIO KOHTYpa peHeOpeyb.

5. HaliTi HHAYKTUBHOCTH €MHMIIBI JUIMHBI KaOes, peICTaBIAIoNIero co0oi aBa
TOHKOCTEHHBIX KOAKCHAIbHBIX METAININYECKUX LUINH/IPA, €CIH PAJANYC BHEIIHETO
mmHApa B 3,6 pasa Oosiblile, 4eM paanyc BHYTpeHHEero. MarHuTHYIO IPOHUIIAEMOCTh
Cpelbl MeXAY WINHAPAMU CUUTATh PABHOW €AMHHULIE.

6. Ha xene3nslif Top HamoTano 500 BuUTKOB. HaliTi sHEpru0 MarHUTHOTO MOJIsL, €CJIU IPU TOKE
2 A MarHMTHBIN IOTOK Yepe3 MoIepeuHoe ceueHue Topa paseH 1 MB6.

3agauu 711 CaMOCTOSATENBHOTO PEIICHUS:

1. KsaapaTHas npoBoJiOuHasi paMKa cO CTOPOHOM a ¥ MPSMOI MPOBOJIHUK € IOCTOSTHHBIM
TOKOM [ JIe’aT B OAHOMU IUNIOCKOCTH. IHIYKTUBHOCTD U COITPOTUBIIEHUE PaMKU paBHbI L U R.
Pamky mosepryiu Ha 180° Bokpyr ocu O0', OTCTOSIIECH OT MPOBOJIHUKA C TOKOM Ha
paccrosHuu b. Haiitu 3apsi, npoTeKmuii no pamke.
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2. OmpenenuTh pa3HOCTh MOTEHIIMAIOB, BO3HUKAIOIIYIO Ha KOHI[AX BEPTHUKAIBHON
aBTOMOOWMJIBHOW aHTEHHBI IJTMHOM 1,2 M mpu IBM>KEHUH aBTOMOOMIISI C BOCTOKA Ha 3amaj B
MarHUTHOM T0Jie 3eMiin co cKopocThio 20 M/c. 'opru30HTaNbHAS] COCTABIAIOINIAS 3€MHOTO
MarHuTtHoro noinsa By = 20 MkTa.

3. Tlmockuii KOHTYp U3 TOHKUX MPOBOJIOB HAXOAUTCS B OJJHOPOJTHOM MArHUTHOM IT0JIE, BEKTOP
WHIYKIIMA KOTOPOT'O HAMpaBJIeH MEPIEHANKYIISIPHO TIJIOCKOCTH YepTeka OT HAOIIOAaTelIs.
Nupykiuro nosist Hayam yMeHblaTh. HailTu HanpaBiieHME MHIYKIIMOHHBIX TOKOB B
KOHTYpE.



4, Ha kpyriom JepeBsIHHOM IIIMHAPE UMEETCs 0OMOTKA M3 METHOM IMPOBOJIOKH, Macca
kotopoii 50 r. Paccrosiarie Mexay kpaitHuMu BUTKamMu 60 cM MHOTO OOJIbIIIE THaMeTpa
nunuHApa. ConpotusieHue ooMoTku 30 Om. KakoBa €€ HHIyKTHBHOCTD?

3ansaTue S.

Tema: DieKTpOMarHuTHBIC KOeOaHus

Bomnpocs! muis o0cyxaenus:

1. BwBog popmynsr Tomcona.

2. T'apmoHMueckue 37eKTPOMarHUTHBIE KOJIeOaHUs B KOJeOaTeIbHOM KOHTYpeE.
3. IlepeMeHHBIN EKTPUIECKHUIA TOK.

4. Pabora 1 MOIIHOCTbh IEPEMEHHOTO TOKA.

3aga4u 1)1l pEIICHUS:
1. HadepTuTh BEKTOpHBIE AHArPaMMBbI HAIPSDKEHU U TOKOB JIJIsi CXEMBI.
& D

R1>R2

L1 L2 \ra-~L1
RI R2

2. Konnencarop émkocThio 5 MK®D 1 poBOJHUK conpoTuBieHueM 1500M BKIIIOUEHBI
MOCJIEI0BATENIbHO B LIENb IEPEMEHHOr0 TOKa ¢ HamnpsbkenueM 120 B u yactoroit 50 I'm.
Onpenenuts MakcuMaibHOE U 3(h(HEKTUBHOE 3HAUEHUE CUJIBI TOKA, CABUT (ha3 MEXIY TOKOM
U HanpspKeHUeM, a Takxke 3(pPEeKTUBHYIO MOITHOCTb.

3. Pe3onancHas yacToTa Koje0aTeIbHOr0 KOHTYpA, COCTOSILET0 U3 MOCIeA0BaTEIbHO
COETMHEHHBIX KOHJEHCATOpa U KATYIIKA MHIYKTUBHOCTH, Vo = 4 KI'1j. Onpenenuts
MHAYKTUBHOCTh KaTYLIKH, €CJIM OJHOE COMPOTUBIIEHUE, OKA3bIBAEMOE 3TUM KOHTYPOM
nepeMeHHoMy TOKy yactotoid v = 1 kI'l, paBHo Z = 1 KOM, a akTUBHOE COITPOTUBIICHUE
karymka R = 10 OmM.

4. KonebaTenbHbII KOHTYP COCTOHT U3 KaTYIIKU HHAYKTUBHOCTHIO 30 MK[H 1
conpotuiieHreMm 1 OM u kKoHaeHcaTopa EMKOCTHIO 2,2 HOD. Kakyro MOITHOCTH TOKEH
nOTpeOIATh KOHTYp, YTOOBI B HEM MOIEP)KUBAIMCH HE3aTyXarole KonebaHus, pu
KOTOPBIX MaKCUMaJIbHOE HaNpsKeHUe Ha KoHAeHcaTtope pasHo 0,5 B?

5. OnpenenuTb 4acTOTY COOCTBEHHBIX KOJIeOaHHH K0J1eOaTeIbHOTO KOHTYpa, COJepKAaIIEero
KoHzeHcaTop éMkocThio C = 0,5 MK®, eciu MakcUMaibHasi Pa3HOCTh MMOTEHIMAJIOB HA €T0
oOknaakax nmocturaet 100 B, a MakcumanbHas Cuiia Toka B KaTylike paBHa 50 MA.
AKTHBHBIM COTIPOTHBIIEHUEM KaTYIIKU IPEeHEOpeyb.

3amaun ISl CaMOCTOSITETLHOTO PEIICHHUS:
1. HadepTuTh BEKTOpPHBIE TUATPAMMBI HAMIPSDKEHUN U TOKOB JUISI CXEMBI.

—{J

(IJ‘II L2
1 R2




Onpenenutsd 3¢ eKTUBHOE 3HAUEHUE CUIIBI TOKA, 3((HEKTUBHYIO MOLTHOCTh U CABHT (a3
MEXK]ly TOKOM U HalPsKEHUEM, €CJIM IPOBOJIHUK conpoTuBiieHreM 150 OM u KOHIeHCaTop
EéMKOCTbI0 SMK®D BKJIIOYEHBI apajyIeNbHO B LIENb IEPEMEHHOIO TOKa HanpsbkeHueM 120 B u
gactoTod 50 I'm.

B uens nepemenHoro toka ¢ yactoror 50 'y u ammuutyqaeiM Hanpsokennem 180 B
MOAKIIOYEHBI ITOCIEA0BATEIBHO KOHAEHCATOP U KATYIIKa UHIYKTUBHOCTU. AKTUBHOE
conpotuBiieHre Karymku R = 40 OM, unayktuBHocTh L = 0,36 I'H. [Ipu kakom 3HaYeHUU
€MKOCTH KOHJICHCATOpa aMIUIUTY/Ja HaPsDKEHHS Ha KaTyIike OyaeT MmakcumanbHoi? Yemy
paBHA 3Ta aMIUIMTY/1a U COOTBETCTBYIOIIAS aMIUIMTY/1a HAIPSHKEHUH Ha KOHAeHcaTope?
Bbarapes, cocTosiiiast U3 AByX KOHJIEHCATOPOB EMKOCTBIO 10 2 MK®D KaXKIblii, pa3psKaeTcs
yepes karymky (L = 1 M['H, R = 50 OM). Bo3HUKHYT J1i TIpH 3TOM KOJieOaHus, eClin
KOHJICHCATOPHI COSAMHEHBI: a) apauIeTbHO? 0) MOCIeI0BATEIBLHO?

3ansTue 6.
Tema: D1eKTpOMarHUTHbIE BOJIHBI
Bompocs! 1uist 06cyxnenus:

1.
2.
3.

VcnoBus U3iydeHHs 3JIEKTPOMAarHUTHBIX BOJIH.
CBs13b 2JIEKTPUUECKON Y MATHUTHOM COCTABIISIOIIMX AJIEKTPOMArHUTHON BOJIHBI.
W3meHeHue JJIMHBI BOJIHBI IPU MEPEXO0/IE€ U3 OJJHOM Cpelibl B IPYTYIO.

3amaun ISl penieHus:

1.

— - -
[Tnockas snexkTpomaruutHas BosHa E = E,, cos(wt — k7)) pacnpocTpaHseTcsi B BaKyyMe.

— - —
Cuwnras BeKTOpHI E;, ¥ kK M3BECTHBIMU, HaiiTh BeKTOp H Kak (yHKIHMIO BpEMEHH B TOUKE 7 =
0.

- —
Haiitu cpeannii Bextop [loiiTuHra y miockoi anekrpoMarHuTHou Bosnbl E = E;, cos(wt —

E?), €CJIM BOJIHA PACIPOCTPAHSAETCS B BAKYyME.
Haiitn MOIITHOCTB M3Ty4eHUsl HEPEIATUBUCTCKOM YaCTULIBI C 3aps0M € U Maccon m,
JBUXKYIIEHCS 10 KpYroBoi opOuTe paanyca R B mojie HETOABMKHOTO TOYEUHOTO 3apsiia.
Ncexons n3 ypaBHeHnE MakcBesuia mokas3aTh, YTO I INIOCKOM 3JIEKTPOMAarHUTHOW BOJIHBI,
pacnpoCTpPaHSIOLIECHCS B BAKYyME,

0E 0B 0B 0E
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[Toxa3aTe, 4TO Ha rpaHULIE pa3zieia IByX Cpell HOpMaIbHbIE COCTaBIISIONINE BEKTOPa
IlofiTuHra HE TEpIAT pa3phIBOB.

DJIEKTpOMarHuTHas BOJIHA, U3JIy4aeMas SJJIEMEHTaPHBIM JUITOJIEM, PACIIPOCTPAHSETCS B
BaKyyMe TakK, YTO B BOJIHOBOM 30HE Ha JIy4e, IIEPIIEHIUKYIIPHOM K OCH JHIIONSA, Ha
pPaccTOSIHUU I OT HETO, CpeHEE 3HAUE€HUE TUIOTHOCTH MOTOKA 3HEPTUU paBHO Sy. Halitn
CPEIHIOI0 MOITHOCTb U3IYy4EHUS JUIIOJIA.

3aI[an/I AJId CaMOCTOATCIIBHOT'O PCILICHUA:

1.

DJIeKTpOMarHuTHas BOJIHA ¢ 4acToTol 3 MI'II mepexouT U3 BaKkyyMa B HEMarHuTHYIO Cpeny
C IUAJIEKTPUYECKON MPOHUIIAEMOCThIO € = 4. HaiiTu npupanienue e€ 1JuHbI.



2.

B Bakyyme pacmnpocTpaHseTcs I0CKask JIEKTPOMarHuTHas BOJIHA E= Em cos(wt — E?) rae
E,= mEy k = ké,, &, €, — opThI oceil X, y. Haiitu BexTop HB Touxe ¢ paguyc-
BEKTOPOM 7* = X€,B MOoMeHT: a) t = 0;0)t = t,. PaccmorpeTs ciyuaii, korna E,, =
160B/M, k =0,51m"Y, x =7,7mut, = 33 Hc.

Haiitu cpeHIOr0 MOIIHOCTh U3JTy4eHUS JICKTPOHA, COBEPIIAIOINIETO TApMOHHYECKUE
kosnebanus ¢ amrutyaoi a = 0,1 HM u yacToToil w = 6,5 - 1014c7 1,

CpenHsisi MOIIIHOCTb, U3JTydaeMasi dJIeMEHTapHBIM JIUIoJieM, paBHa P,. Haiitu cpenHioro
00BEMHYIO IJIOTHOCTh SHEPTHH AIIEKTPOMATHUTHOTO TI0JISl B BAKYYME B BOJTHOBOM 30HE Ha
Jy4e, IePIeHIUKYISPHOM K OCH JTUIIOJSI, HA PACCTOSIHAU " OT HETO.

3ansaTue 7.
Tema: 3akOHBI FEOMETPUUECKOM ONTUKU. 3epKaja.
Bomnpocs! quisa o0cyxaenus:

1.
2.
3.

3aKOHBI OTPAKEHHS U TIPEIIOMIICHHSI CBETA.
[TocTpoeHne n300paXKeHHs B TUIOCKOM 3epKalie.
[Toctpoenne n300pakeHNus B ChepruIecKoM 3epKaje.

3anauu ISl peIIeHus:

1.

Jly4 magaer Ha MOBEPXHOCTH BOJBI 0] yriioM 40°. [To KakuM yriioM OH JOJDKEH IMajgaTh Ha
MOBEPXHOCTh CTEKJIA, YTOOBI YroJ TpeIoOMJIeHHs ocTraBaicsi TakuMm xe? Ilokazarensb
npenoMieHus Boasl 1,33, crekna — 1,5.

Masb4sK TBITaeTCs MOMACTh MAIKON B KAMEHB, KOTOPBIH JISKHUT Ha JHE BOJ0EMa TITyOMHON
50 cm. Ha kakoM paccTOsSHMM OT KaMHSI BOTKHETCS B JIHO TAJIKA, €CIIM MAJIbYHK JICPXKHUT €€
nop yriom 45° k moBepxHoctu Bo-1b1? Koaddumment npenomnenus Boas 1,33.

Jlyd cBera majaeT Ha TpaHb CTEKSIHHOM MPU3MBI MEPICHAMKYISIPHO €€ MOBEPXHOCTU U
BBIXOJIUT U3 MIPOTHUBOIIOJIIOKHOM IPaHu, OTKIOHUBIIUCH HA Yol 0=25° OT NMEepPBOHAYAIBHOTO
HanpasneHus. OnpeaenuTs TPeTOMIISIONUN Yyroa 0 mpu3MEI.

JIBa TUIOCKMX TPSIMOYTOJIBHBIX 3€pKasia o0pa3yloT AByrpaHHbli yron ¢=179°. Ha
paccrosHuu 1=10 cM OT TMHUU CONPUKOCHOBEHUS 3€pKall U Ha OJMHAKOBOM PACCTOSHUU OT
KaXJIOTO 3epKajla HaXOAUTCS TOYSUHBIH NCTOUHUK cBeTa. OnpenenuTs pacctossare d MexIy
MHUMBIMH U300pa)KEHUSIMH UCTOUYHUKA B 3epKajiax.

Boruyroe cdepudeckoe 3epkano JaeT Ha dKpaHe M300paKeHHE MPeaMeTa, YBEJIHUEeHHOE B
I'=4 paza. PaccrosHue a oT mpenMera 10 3epkana paBHO 25 cMm. Ompenenuts paauyc R
KPUBHU3HBI 3€pKaa.

3az[aq1/1 AJI1 CaMOCTOATCIIbHOIO PCIICHUA:

1.

2.

Counneunslii 1yd oOpasyeT yrois 48° ¢ moBepxHOCThIO cTosa. Kak He06X0MMO pacionokuTh
3epKajo, YTOObl H3MEHUTh HANpaBJIeHHE Jy4ya Ha IPOTUBOMOIOXKHOE?

JIy4 majaer Ha NIOCKONapaJlIeNIbHYIO IUNIACTUHKY MO/ yriioM 45°. Onpenennre TOIUHY
9TOM IJIACTUHKH, €CJIM CMEIIeHHE JTyda (II0 CPAaBHEHUIO C TIepBOHAYAIbHBIM HAIIPABICHUEM )
I0CJI€ BBIX0/1a U3 IUIACTUHKM paBHO 2 cM. [Tokazarens npenomieHns MaTepuaia MIacTUHKU
paBeH 1,8.

[Tpenomnsronuii yron 0 crexknsiHHON npu3Mel paBeH 30°. JIyu cBeta na-gaet Ha rpaHb
MPU3MBI IEPIIEHIUKYIIIPHO €€ TOBEPXHOCTU U BBIXOJIUT B BO3AYX U3 JIPYroi IpaHy,
OTKJIOHSSACH Ha yroi 6=20° oT nepBOHAYaJIbHOTO HanpaseHus. OnpeaennTs oKa3aTellb
MPETOMJIEHUS N CTEKJIA.

JIyu cBera nagaet Ha AByrpaHHoe 3epKaio. IlocTpoiiTe Xoa 0TpaXXxeHHOI 0 JTy4a, UCIOJIb3Ys
JUHENKY U IUpKyJb. Kak onpeaenuTs KOJIWYECTBO OTPAKEHU, KOTOPOE UCIBITAET JIy4 B
JBYTPaHHOM 3epKae?

Pannyc R kpuBu3HbI BeIykI10TO 3¢pKana paBeH 50 cm. [Ipeamet BeicoToit h=15 cm
HaXOJUTCS Ha PacCTOSHUM a, paBHOM | M, oT 3epkaia. OnpenenuTts paccTosHue b ot 3epkana
110 n300pakeHust u ero BoicoTy H.



3ansaTue 8.
Tewma: [TocTpoeHne n3o0paxeHus B JTUH3E.
Bompocs! 1uist 06cyxnenus:

1.
2.
3.
4.

[Toctpoenue nzo0pakeHus B COOMparoLIel JIUH3E.
[TocTpoenne n300pakeHNs B paCCEHBAOICH JTMH3E.
dopmyiia TOHKOM JIMH3BI U ITPABUIIO 3HAKOB.
YBennueHue JIMH3bL.

3anauu JUIsl peIIeHus:

1.

2.

BeinosnHuTe nocrpoeHue cXoAsIerocs my4yka Jiydei, nagaonux Ha pacCenBaroLyI0 WK
cOOMparOIIYIO JTUH3Y.

JIBOSIKOBBINYKIIas JIMH3a UMEET OJIMHAKOBBIE painyChl KpUBU3HBI TOBepxHOCTeH. [Ipu kakoM
panuyce KpuBH3HBI R moBepxHOCTel MH3bI r1aBHOE (hOKycHOE paccTosinue f ee Oyner
paBHoO 20 cMm?

['maBHOE (hokycHOe paccTtosuue f coduparoiiei TMH3bI B BO3ayxe paBHO 10 cM. Ornipenenurs,
4yeMy OHO paBHO: 1) B BoJie; 2) B KOPMYHOM Macie.

Paccrostnue ot npeamera 1o skpaHa paBHO 5 M. OnpeaenuTe ONTHYECKYIO CUTY JIMH3BI U
paccTosiHUE OT JIMH3BI 710 IPEAMETa, YTOOBI C €€ IOMOLIbIO MOJIYYUTh Ha SKpaHe
YBEJIMUYEHHOE B 4 pa3za u300paxxeHue MnpeaMera.

KakoBo HauMeHblIee BO3MOKHOE paccTosiHUE | MEXy IpeAMETOM U €ro JeHCTBUTEIIbHBIM

n300pakeHHEM, CO3JaBaeMbIM COOMPAIOIIEH JTMH30M C TIIaBHBIM (DOKYCHBIM PAaCCTOSTHUEM
=12 cm?

38.,[[21‘11/[ 1A CaMOCTOATCIIbBHOTO PCIICHUA

1.

2.

BoinonHuTe noctpoeHue xo1a Nporu3BOIbHOIO JyYa, aJatollero Ha COOMPArOILyI0 WK
paccenBaroIyO JIUH3Y.

JInH3a U3roTOBIEHA U3 CTEKIIA, IOKA3aTelb IPEIOMIIEHUS KOTOPOTO JUIsl KPACHBIX JIyden
n«=1,50, 1 ¢puonetoBeix ny=1,52. Paguycel kpuBu3HbI R 00€MX MOBEPXHOCTEH JTMH3bI
OJIMHAKOBHI U paBHBI 1 M. Onpenenutsd paccrosinue Af Mexay poxycamu JTUH3bI IS
KPacHBIX U (PUOJIETOBBIX JIyueH.

JelicTBUTENEHOE N300paKEHUE TIPEAMETA, MOTYUYEHHOE C TTIOMOIIBI0 COOMPAIOIICH JINH3HI,
HaXoauTcs OT Hee Ha paccTosHUH 80 cM. Cobuparolyto JMH3Y 3aMEHSIOT pacCeuBaroIIeH ¢
TaKUM e (OKYCHBIM paccTossHHEM. B 3ToM ciiydae nu3o0paxeHre HaXoJUTCsl Ha pacCTOSTHUU
20 cMm ot nuH3bIL. Omnpenenute GoKycHOE pacCTOSHUE JIMH3 U YBEIMUEHUE B KXKJIOM CITydae.
ToueuHbIil HCTOYHUK CBETAa HaXOIUTCs Ha paccTosiHUuU L oT skpana. CoOuparolyto JIMH3Y ¢
¢doxycHbIM pacctosiHieM F > L/4, napanienbHyto sKpaHy, epeMeIiaoT MeX, 1y HCTOYHUKOM
1 3kpaHoM. [Ipu KakoM NOJI0KEHUH JIMH3bI OTHOCUTEIBLHO NCTOYHUKA AUAMETP ISITHA,
BUIMMOTO Ha 3KpaHe, 0yJ1eT MUHUMAaJIbHbIM?

®doxkycHoe paccTosiHuE f1 00BEKTHBA MUKPOCKOMA paBHO 8§ MM, okyisipa £2=4 cm. [Ipeamer
HaxoauTcs Ha Aa=0,5 MM fanblie oT 00bEKTUBA, YeM IMIaBHBIN (okyc. OnpenenuTh
yBenudeHue I Mukpockona.

3aunsrtue 9.
Tema: UnTepdepennus cera.
Bormpocs! 1u1st 00cyxieHust:

el N

WutepdepeHiys cBeta U ycaoBUs €€ HaOI0JCHUS.
CrniocoOblI nosydeHus HHTepPEepeHIIMOHHON KapTUHBI.
WuTepdepeHIyst B TOHKUX IJICHKaX.
HnTepdepomerpsi.

3agauu 1)1l peIICHUS:



1. Paccrosiaue d Mexay AByms 1mesiasiMu B onbite FOHTa paBHO 1 MM, paccTosinue | ot meneit 1o
9KpaHa paBHO 3 M. OnpeAeuTh IJTUHY BOJTHBI A, HCITyCKAeMOW HCTOYHUKOM
MOHOXPOMAaTHYECKOTO CBETA, €M MIHpUHa b monoc nHTepdepeHun Ha 3KkpaHe paBHa 1,5
MM.

2. B omsite ¢ 3epkanamu @penens paccrosiaue d Mex1y MHUMBIMU H300paXKEHUSIMHU
UCTOYHUKA cBeTa paBHO 0,5 MM, paccTosiHue | OT HUX 110 3kpaHa paBHO 3 M. JlJTMHA BOJHBI
A=0,6 Mxm. OnipeenuTh MUPUHY b 1MoI0C HHTEPPEPEHIINN Ha dKpaHe.

3. Ha MbuibHyt0 TUIeHKY (n=1,3), HaXoAsIIyIOCS B BO3AYyX€, aJaeT HOPMAIbHO My4YOK JIyden
6emnoro ceera. [Ipu xakoif HauMeHbLIeH TomKHE d MICHKH OTPAKEHHBIN CBET C JUTMHOM
BOJIHBI A=0,55 MKM OKa)KeTCsl MAaKCUMAJIbHO YCUJICHHBIM B pe3yjibTaTe HHTep(epeHuu?

4. Ha ToHkui CTeKJISIHHBINA KJIMH (n=1,55) majaer HOpMaIbHO MOHOXPOMATHYECKUM CBET.
JIByrpaHHbIN yTroJl 0. MEK1y TOBEPXHOCTAMM KJIMHA paBeH 2'. OnpeaenuTs JJIMHY CBETOBOM
BOJIHBI A, €CJIM PacCTOSTHUE b MEXy CMEKHBIMU HHTEP(PEPECHIIMOHHBIMA MaKCUMYMaMH1 B
OTpakeHHOM cBeTe paBHO 0,3 MMm.

5. B unTepdepomerpe MaiikenbCoHA HA ITYTH OJJHOTO U3 HHTEPPEPUPYIOMINX ITYyYKOB CBETA
(A=590 HM) mOMECTHUIIN 3aKPBITYIO C 00EUX CTOPOH CTEKISHHYIO TPYOKY MuinHOH 1=10 cwm,
OTKa4aHHYIO /10 BBICOKOT0 BakyyMa. [Ipu 3anonHennu TpyOKu XJIOpUCTHIM BOJAOPOJIOM
MIPOU3OILIO CMElIeHHe HHTepPEepEeHIIMOHHON KapTuHbl. Koraa xyiopucteiii BOogopo 6611
3aMeHEeH OPOMUCTHIM BOJIOPOJIOM, CMELICHHE HHTEPPEPEHIIMOHHON KapTHHBI BO3POCIIO Ha
Am=42 nonocel. OnpeaenuTs pa3HOCTh An MoKasarenei mperoMIeHrus OPOMUCTOTO U
XJIOPUCTOTO BOJOPO/IA.

3anaqu JUIsl CAaMOCTOSATEIBHOTO PEIICHHUS:

1. Onrtuueckas pasHOCTb X0Ja A ABYX UHTEP(HEPUPYIOLUIMX BOJH MOHOXPOMATHYECKOTO CBETa
pasHa 0,3\. Onpenenuts pazHOCTh (a3 Ag.

2. Paccrosaue d Mexly IByMs KOT€peHTHBIMU HCTOUHUKaMH cBeTa (A=0,5 mkMm) paBHo 0,1 MMm.
Paccrostnue b mexxay nHTEpPEpEeHIIMOHHBIMU TIOJI0OCAMHU HA 3KPaHE B CpEeIHEN YacTu
UHTEepPEPEHIIMOHHOM KapTUHBI paBHO 1 cM. OrnpenenuTs paccTosiHue | OT ICTOUHUKOB J10
JKpaHa.

3. Mexay AByMs IUIOCKONAPAUIENbHBIMU CTEKJISSHHBIMU TJTACTUHKAMU TOJI0XXUIN OYE€Hb
TOHKYIO MPOBOJIOYKY, PACIOJIOKEHHYIO MapalIeNbHO JIMHUN COTIPUKOCHOBEHHUS MIIIACTUHOK U
HaXOJALIYIOCS Ha paccTosHuU 1=75 MM ot Hee. B orpaxkeHHoM cBete (A=0,5 MKM) Ha
BEpXHEH IUIaCTUHKE BUJHBI HHTEp(EepeHIIMOHHbIE oockl. Onpenenuts quamerp d
MIOTIEPEYHOI0 CEUYEHUs IPOBOJIOYKH, €CIIU HA NPOTsHKeHUHU a=30 MM HacUMThIBaeTCs m=16
CBETJIBIX I10JIOC.

4. Jlmametp d2 BTOporo cBetyioro konblia HproToOHa pu HaOMIOACHNN B OTPAXKEHHOM CBETE
(A=0,6 Mxm™) paBeH 1,2 mm. OnipeieTuTh ONTHYECKYIO CHITY D TIIOCKOBBIMTYKIION JTMH3HI,
B3SITOM JJIS1 OIIBITA.

5. B o0a myuka cBera uarepdepomerpa XKameHa ObIITH TOMEIIECHBI ITWIHHAPUYECKUE TPYOKH
JunHOU 1=10 cM, 3aKpbIThIE C 000MX KOHIIOB IJIOCKONapalieIbHBIMU MPO3PAaYHbIMU
IUTACTUHKAMM; BO3J1yX U3 TpYOOK OblI oTkauaH. [Ipu 3ToM Habmoganach
uHTEepEpEHIIMOHHAs KAPTHHA B BUJIE€ CBETIIBIX U TEMHBIX NoJ0C. B o1y 13 TpyOoK ObL1
BITYILIEH BOJIOPOJ, [TOCJIE YeTO UHTEPPEPEHIMOHHAsS KapTUHA CMecTuIach Ha m=23,7
nojocel. HaiiTu mokasarenp npeiaomiieHus n Bojoposa. JlmuHa BosHbl A cBeTa paBHa 590 HM.

3ansaTue 10.

Tewma: Iudpakuus ceta.

Bomnpocs! 11t 06cyxaeHus:

. AudpakunoHHbIe SBICHUS U UX HAOIIOICHHE.
2. Hudpaxuus Openens.

3. JudpakuroHHas pernieTka.

4. JIndpakinOHHBIA XapaKTep U300pakeHusl.

[EN



5.

Paspemarornias cnocoOHOCTh ONTHYECKUX IPUOOPOB U €€ TOBBILICHHE.

3anauu ISl peIIeHus:

1.

ITnockas cBeroBas BosiHa (A=0,7 MKM) MajaeT HOPMaJIbHO Ha Juaparmy ¢ KpyribsM
oTBepcTHeM panuycoM r=1,4 mm. OnpenenuTh paccTosiHus by, b2, b3 oT quadparmer 1o Tpex
Hau0oJiee ylaleHHbIX OT Hee TOUYEK, B KOTOPhIX HAaOIH0Aat0TCsl MUHUMYMbl HHTEHCUBHOCTH.
Judpakumonnas pemerka coaepxut n=200 mTpuxoB Ha 1 mM. Ha pemerky magaer
HOpMaJIbHO MOHOXpoMaThyeckuii cBet (A=0,6 MxM). MakcuMyM Kakoro HauOOJIbIIEro
HopsiJIKa AaeT 3Ta pemerka?

ITpu ocBemennyu 1u(ppakMOHHON pelIeTKH OeIbIM CBETOM CIEKTPhl BTOPOTO U TPETHETO
NOPSJIKOB OTYACTH MEPEKPHIBAIOT APYT Apyra. Ha kakyro JJIMHY BOJIHBI B CIEKTPE BTOPOIO
HopsiiKa HakjaapIBaeTcs puosieroBas rpanuna (A=0,4 MKM) crieKTpa TPEThero nopsaka?

C nomorsio AudpakmoHHON pereTku ¢ nepuoaoM d=20 MkM TpeOyeTcs: pa3peruTh
ny6ner Hatpus (M=589,0 uM u 1,=589,6 HM) B criekTpe BTOporo nopsaaka. [lpu kakoii
HalMEHbIIEeH AMHE | pereTKy 3T0 BO3MOXXHO?

Huametp D oO6bexTnBa Teneckomna paBeH 8§ cM. KakoBo HanMeHbIIIee yriIoBOe pacCTOsHUE [3
MEXy ABYMS 3Be3aMU, AU(PpaKIMOHHbIE H300paXKEeHNs KOTOPBIX B (POKAIBLHOMN MIIOCKOCTH
00BeKTHBA MOJIyyaroTcs pasaeabHbiMu? [Ipu Maoil ocBEIEHHOCTH Ii1a3 YejaoBeka Hanboiiee
YyBCTBHUTEJIEH K CBETY C JUIMHOM BOJIHBI A=0,5 MKM.

38.,[[21‘11/[ 1A CaMOCTOATCIIbBHOTO PCIICHUA

1.

[Tnockast cBeToBast BOJIHA TaIaeT HOPMAIILHO HA TUadparMmy ¢ KpyriibiM OTBepcTHeM. B
pe3yibTare 1u(ppaKkiuy B HEKOTOPBIX TOUKAX OCH OTBEPCTHS, HAXOMSALIMXCS HAa PaCCTOSTHUAX
bi ot ero nenTpa, HabMOJAFOTCS MAKCUMYMbI HHTCHCUBHOCTH. 1. [TonyunTh BuI QyHKIMHU
b=f{(r, A, n), rae r-paguyc OTBepCTHUs; A-IJIMHA BOJIHBI; N-4UCII0 30H DpeHensi, OTKPhIBAEMBIX
JUISL TaHHOM TOYKH OCH OTBepcTheM. 2. Crenarh To ke camoe JJIsl TOUYEK OCH OTBEPCTHUS, B
KOTOPBIX HAOJII0Jat0TCS MUHUMYMBbI HHTEHCUBHOCTH.

Ha nmudpakunonnyro pemerky, cogepxanryto n=100 mrpuxoB Ha 1 MM, ajiaeT HOPMAJIBHO
MOHOXPOMAaTHUYECKU CBET. 3pUTeIbHas TpyOa CIEKTpOMETpa HaBeJeHa Ha MAaKCUMYyM
TpeThero nopsaka. Utrodsl HaBeCcTH TPyOy Ha APYroil MaKCUMYM TOTO K€ TOPsIJIKA, €€ HYKHO
noBepHYTh Ha yros A@=20°. OnpenenuTs JIMHY BOJHBI A CBETA.

Ha nudpakunonnyro pemierky, coaepxanryto n=500 mrpuxoB Ha 1 MM, ajaeT B
HaIpaBJIEHUU HOPMaJIU K €€ TIOBEPXHOCTH Oenblii cBeT. CHEeKTp MpOoeUrupyeTcss HOMEUEHHON
BOJIN3M PELIeTKH JIMH30M Ha 3kpaH. OnpenenuTh IUPUHY b ClIeKTpa IepBOro nopsaka Ha
JKpaHe, eciiy paccTosiHue L I1H3bI 10 S3KpaHa paBHO 3 M. ['paHUIIbI BUAUMOCTH CIIEKTpa
Ahp=780 HM, Ap=400 HM.

Ha mmuse BRICOTHOTO 3/1aHUS YKPEIJIEHBI Of/HA O] APYTOl 1Be KpacHbIe Jamibl (A=640
HM). Paccrostaue d mexxay mammamu 20 cM. 31aHUe paccMaTpUBAIOT HOYBIO B TEJIECKOI €
paccrosiHus =15 kM. OnpeaenuTs HauMEeHbINUN AUaMeTp Dmin 00bEKTHBA, TPU KOTOPOM B
ero (pokaabHOM MIOCKOCTH MOTyYaTcsl pa3/ieNbHble AU(PPAKIIMOHHBIE H300PaKEHHUS.
HopmanbHo moBepxHOCTH AUPPaKIIMOHHON PelIeTKH NaJaeT My4yoK CBeTa. 3a peeTKon
noMeleHa coobuparomas JinH3a ¢ ontuyeckoit cunoit ®=1 nntp. B ¢pokanbHO# mimockocTu
JIMH3BI PACTIONO0KEH dKpaH. ONpeneNnuTh YUCIO0 N MITPUXOB HA | MM 3TOH pelIeTKH, eCiu IPU
MaJIbIX yriax Audpakuuu JuHerHas nucnepceus D=1 Mm/HM.

3ansaTue 11.
Tewma: [Tonspusanusa ceera. Jucnepcus ceera.
Bomnpocs! 11t 06cyxaeHus:

1.

2.
3.
4

[Tonsipu30BaHHBINA U €CTECTBEHHBIN CBET.

Crioco6bI nostyueHust MoJIiPU30BaHHOTO CBETA.

SIBneHue AucCepcuu U ero 0ObsICHEHUE.

CpaBHeHue nokaszaTesiell MpeIoMIIEHHs CBETa I Pa3HBIX I[BETOB.



3anauu ISl peIIeHus:

1.

Ananuzatop B k=2 pa3za ymeHbIlIaeT HHTEHCUBHOCTh CBETA, MPUXOASILEr0 K HEMY OT
nosisipuzaTopa. OnpeaenuTh yroji o MeKy IIIOCKOCTSAMHU MPOMYCKaHuUs MoJisipu3aTopa u
aHanuzaropa. [loTepssiMu HHTEHCUBHOCTH CBETa B aHAIM3aTOPE MpeHEOpeyb.

Bo ckosbko pa3 ocnabisieTcss HHTEHCUBHOCTh CBETA, IPOXOISIIETO Yepe3 1Ba HUKOJIS,
IJIOCKOCTH MPOITYCKaHUsl KOTOPBIX 00pa3ytoT yroi 0=30°, ecu B KaXKJI0M U3 HUKOJIEH B
otnenbHOoCTH TepseTcs 10 % MHTEeHCHBHOCTH MaJaloLIero Ha Hero ceeTa?

[TokazaTenp mpeaoMIIeHHs 111 KpaCHOTO CBeTa B cTeKIIe (TshKeblid (piuHT) paBeH 1,6444, a
st proneroBoro — 1,6852. Haiitu pa3HUIly yriioB MPEIOMIICHUS B CTEKJIE TAHHOTO COPTA,
€CJIM yroJ najeHus paseH 80°.

Boga ocBeniena KpacHbIM CBETOM, JJIs1 KOTOPOTO JUIHMHA BOJIHBI B Bo3yxe 0,7 Mkm. Kakoii
OyneT ayiMHa BOJHBI B Bojie? Kakoi 11BeT BUJIUT YEJIOBEK, OTKPBIBIIUH TJ1a3a Mo BOJAOH?
Ha ormbiTe ObLTIO YCTAaHOBIIEHO, YTO TIOKA3aTENb MIPEITOMIICHUS BOJIBI ISl KPAMHUX KPACHBIX
Jy4ell B CTIieKTpe BUAMMOro cBeTa paBeH 1,329, a s kpaitnux ¢uonetoBbix — 1,344,
Onpenenute CKOPOCTH PACIPOCTPAHECHUS KPACHBIX U (DUOJICTOBBIX JIy4Yeil B BOJIE.

3anaq1/1 AJI1 CaMOCTOATCIIBHOIO PCIICHUA:

1.

[TnacTuHKyY KBapIa TONIUHON d1=2 MM, BBIpE3aHHYIO MEePIEHANKYISIPHO ONTUYECKOH OCH,
MIOMECTHITH MEX/Ty MMapauIeIbHBIMI HUKOJISIMH, B PE3yJIbTATE YEro IIOCKOCTH MOJISIPH3AIHN
CBeTa MOBEPHYJIach Ha yroua ¢p=>53°. Onpenenuts TONUMHY d2 MIACTUHKH, IPH KOTOPOI
JTaHHBII MOHOXPOMATHUYECKUI CBET HE MPOXOJIUT YEPE3 AHAIU3ATOP.

HukoTun (4nctast )KUAKOCTD), COACPKAIIUNCS B CTEKISTHHON TpyOKe niuHou d=8 cM,
MOBOPAYMBAECT ITIOCKOCTH MOJIIPU3AIIMH JKEJITOTO CBeTa HAaTpus Ha yroi ¢=137°. [InoTHOCTD
uukotuHa p=1,01-10%kr/M%. Onpenenuts yaensHoe BpameHue [a] HUKOTHHA.

VYron Bproctepa €B npu najieHuU cBeTa U3 BO3AyXa Ha KPUCTAJLI KAMEHHOM COJIM paBeH 57°.
OnpenenuTb CKOPOCTh CBETA B 3TOM KpUCTAJLIE.

Jlyu Genoro cBera najnaet nox yriiom 30° Ha NpU3My, IPETOMIISIONIUN YToJl KOTOPOW paBeH
45°. Onpenenute yroil MEXIy KpallHUMHU JIydaMH CIIEKTpa 10 BBIXOJ€ M3 MPHU3MBI, €CIIH
MoKa3aTeb MPEJIOMIICHUS CTEKJIa MPU3MBbI ISl KpalHUX Jiyuel criekTpa paseH 1,52 u 1,67.

3ansaTue 12.
Tema: ®oToanekrpuueckuil a3 dexr. TernoBoe u3nydeHue.
Bomnpocs! mist o0cyxienust:

1.
2.
3.

Do10dPeKT U ero 3aKOHOMEPHOCTH.
3aKOHBI TETJIOBOTO U3JTyYEHHUSI.
®opmyna [lnanka u ciencTeus U3 Hee.

33.I[211H/I AJId pCHICHUA:

1.

Ha HemoaBI)XKHYIO IJIACTUHY M3 HUKENS MaJaeT 3JIEKTPOMArHUTHOE H3JIy4eHHE, SHEPTUs
¢oronoB koroporo paBHa 83B. Ilpu sToM B pesynbrare ¢GoTroddPdexTa U3 IUIACTHHBI
BBUICTAIOT 3JEKTPOHBI C MaKCHMaJbHOM KuHeTHdeckod sHeprueil 3 sB. KakoBa pabora
BBIXO0/1a YJIEKTPOHOB U3 HUKEIA?

OHeprus (OTOHA, COOTBETCTBYIOLIAs KpacHOil rpanuie (orosaddexra 1is Kanus, paBHA
7,2:107%° JT:x. OnpesenuTe MakCUMaTbHYIO KHHETHUECKYIO DHEPTHIO (hOTOIEKTPOHOB, €CIHU
Ha METaJl MMajiaeT CBET, SHeprus GOTOHOB KoToporo pasHa 10718 JIxk.

[Tpuaumas, uyro CojHIE H3Iy4aeT KaK YEPHOE TENO, BBIYMCIUTH €r0 IHEPreTHUUECKYIO
cBeTuMocTh Me u Temnepatypy T ero nmoBepxHocTH. COTHEUHBIN TUCK BUJEH ¢ 3eMJIU MOJ
yrinom 9=32°. Conueunas nocrosiHaas C=1,4 kJIx/(M>*c).

C moBepXHOCTH CaxH Tomanpio S=2 cm? mpu Temmeparype T=400 K 3a Bpems t=5 MuH
uznydaercs sHeprust W=83 Jx. Onpenenuts Ko3QPHUIHUEHT TEIUIOBOTO U3TYUCHHUS € CAXKU.
MydenpHass medb notpedmsier momHOcTh P=1 kBT. Temmeparypa T ee BHyTpeHHEH
TIOBEPXHOCTH TIPH OTKPBITOM OTBEPCTHH Iomanbio S=25 cm? paBra 1,2 kK. Cuwmras, yro



OTBCPCTHUC TIICYHU HU3JIYUYACT KaK UYCPHOC TCJIO0, OHNPCACIINTH, KakKasd 4YacTb W MOIIHOCTU
pacceuBacTCA CTCHKaMMU.

3&,[[3‘11/1 AJI1 CaMOCTOATCIIBHOI'O PCIICHM .

1.

MomHocts P m3nyuenus mapa paauycom R=10 cM npu HEKOTOpPOH IOCTOSHHOM
temnepatrype T paBHa 1 kBt. Halitu 3Ty Temmeparypy, CuUuTas IIap CEPhIM TEJIOM C
K03 unreHTom TerioBoro uznydenus €=0,25.

MO>KHO YCJIOBHO NMPUHSTH, UTO 3eMJIS U3JIy4aeT Kak cepoe Tello, Haxoslieecs Mpu
temneparype T=280 K. Onpenenuts k03 HUIIMEHT TETIIOBOrO H3IIydeHHs € 3eMIIH, €CIH
SHEpreTHuecKas CBETUMOCTh Me ee OBEPXHOCTH paBHa 325 kJ[x/(M%4).

Temneparypa Bepxuux cinoeB Connina pasna 5,3 kK. Cuuras ConHile YepHBIM TEJIOM,
ONPEAENUTh JJIMHY BOJHBI Am, KOTOPOH COOTBETCTBYET MaKCUMAaJIbHAS CIIEKTpaIbHAs
IUIOTHOCTh SHEPreTUUECKOM CBETUMOCTH (M), T)max CoJHIIA.

Kakas nons suepruu ¢poTtoHa U3pacxogoBaHa Ha pabOTy BBIPhIBaAHUS (POTOIIEKTPOHA, €CITU
KkpacHas rpaauna Gorodddexra Ao=307 HM U MaKCUMaTbHASI KHHETHYECKAsT YHEPTHS

Tmax hoTO31€KTpOHA paBHa 1 3B?

MakcumasnbHasi CKOPOCTb Vmax (POTO3JIEKTPOHOB, BBUIETAIOIINX U3 METa/lIa IIPU O0JIy4EeHUN
ero y-oronamu, pasHa 291 Mwm/c. OnpenenuTs SHEPTUIO € Y-POTOHOB.

3ansarue 13.
Tema: JlaBnenue cBera. Dpdext Komnrona. TopMoO3HOE pEHTICHOBCKOE H3ITYICHHE.
Bonpocs! mist 06cyxaenus:

1.

2.
3.
4

DKcrepuMEeHTATbHOE TIOATBEPKICHHUE JaBICHHUS CBETA.

BriBozt opMyITBI 1aBIEHUS CBETa HA OCHOBE KBAHTOBOW TEOPHH.
A dexr Komnrona.

3aKOHOMEPHOCTH TOPMO3HOT'O U3ITyUYEHHUS.

3az[aq1/1 AJI1 pCHICHUA:

1.

[Totok sHeprun @e, U3MydaeMblil 31eKTpuuecKoil Jammoi, paseH 600 Bt. Ha paccrosnun
r=1 M OT jammbl NEPNEHIUKYISAPHO MaJaloOLIMM JIydyaM PpacloJIOKEHO KpPYIJIOE IIOCKOE
3epkanble auaMmerpoM d=2 cm. IlpuHuMas, 4TO M3JIydeHHE JIaMIIbl OJUHAKOBO BO BCEX
HAIPABJIECHUAX U YTO 3€PKaJIbLIE MOTHOCTHIO OTPAXKAET MAJAOIINNA HAa HETO CBET, OIPEIEIIUTD
cuity F cBETOBOIro JjaBiIeHUS HA 3€pKaJIbLIE.

JlaBnenne p MoHOXpoMaTHueckoro csera (A=600 HM) Ha YepHyI0 IIOBEPXHOCTH,
PacIoJIO)KEHHYI0 TMEepPHeHAMKYISIpHO NaaamomuM jydam, paBHo 0,1 mklla. Ompenenutsb
uncio N (OTOHOB, MafaloMKX 3a BpeMs t=1 ¢ Ha MOBEPXHOCTH MIoMmaIb0 S=1 cMm?,
PentrenoBckoe u3nydeHue ATMHOM BOJIHBI A=55,8 mM paccenBaercs IUIMTKOM rpadura
(xomnToH-3(dexr). OnpenenuTs JUIMHY BOJHBI A' CBETa, paccesHHOro moja yriaoMm 0=60° k
HaIpaBJICHUIO MaJIAI0IIEro Iy4Ka CBETa.

Onpenenuts yron O paccesHus (GOTOHA, HCHBITABIIErO COYAApEeHHE CO CBOOOIHBIM
3JIEKTPOHOM, €CJIM U3MEHEHHUE JJIMHBI BOJIHBI AL TP paccestHuH paBHO 3,62 M.
OnpeaenuTb CKOPOCTh V AJIEKTPOHOB, MAIAIOUINX Ha aHTUKATO/I PEHTI€HOBCKOM TPYOKH,
€CJIM MMHUMAJIbHAs IJIMHA BOJIHBI Amin B CIUIOILIHOM CIIEKTPE PEHTT€HOBCKOT'O M3JIy4EeHHUSI
paBHa 1 HM.

OnpenenuTs KOPOTKOBOJHOBYIO IT'PAHUILY Amin CIUIOIITHOTO CIIEKTPA PEHTT€HOBCKOTO
U3JIy4eHUs, €CIIM PEHTI€HOBCKas TpyOka paboTaet noj HanpsbkeHneM U=30 kB.

3aI[an/I AJId CaMOCTOATCIIBHOT'O PCILICHUA:

1.

®dotoH ¢ sHeprueit €=0,4 MdB paccesicsa oz yriiom 6=90° Ha cBOOOJHOM SJIEKTPOHE.
Onpenenuth SHEPTHUIO €' pacCesTHHOTO (DOTOHA U KHHETHYECKYIO SHEepruio T 3J1eKTpoHa
OTJIauH.



®otoH ¢ sueprueit €=0,25 M»aB paccestiicst Ha cBOOOIHOM JIEKTPOHE. DHEPTHs €'
paccesinHorO (hotoHa paBHa 0,2 MaB. Onpenenuts yron paccesaus 6.
MoHOXpoMaTHYeCKOe U3ITYICHHE C JITMHON BOJTHBI A=500 HM majaeT HOpMaJIbHO Ha
IJIOCKYIO 3€pKaJIbHYIO MMOBEPXHOCTh U aBUT Ha Hee ¢ cuioid F= 10 HH. Onpenenuts unciio
N1 ()OTOHOB, €KECEKYH/IHO MAIAIONIUX HA 3TY MTOBEPXHOCTD.

[TapaieapHBIN My40OK MOHOXPOMATHYECKOTO cBeTa (A=662 HM) majaeT Ha 3a4epHEHHYIO
MOBEPXHOCTh U MPOU3BOAUT Ha Hee naBiieHue p=0,3 mklla. OnpenenuTs KOHIIEHTPALUIO N
(OTOHOB B CBETOBOM ITYUKE.

Boerurcnuth HanOONBIIYIO ITTMHY BOJIHBI Amax B K-cepuu xapakTepucTH4ecKoro
PEHTTEHOBCKOTO CIIEKTPa CKaHIUSI.

[Tpu uccnenoBaHUM JIMHEHYATOTO PEHTITCHOBCKOTO CIIEKTPA HEKOTOPOTO 3JIEMEHTA OBLIO
HaWJIeHO, YTO IJIMHA BOJHBI A TuHuN K, paBHa 76 M. Kakoit 310 anemeHT?

3ausatue 14.
Tema: Teopus aroma o bopy. CriekTpaiibHbIe 3aKOHOMEPHOCTH aTOMa BOJIOpO/Ia.
Bonpocs! muist 06cyxaenus:

1.

2.
3.
4

[InanerapHas MOAEIb CTPOEHHUS ATOMa U €€ HECOCTOSTEIIBHOCTD.

IToctynatel bopa.

ITonmy4yenue BbIpaKEHHUN IS CIEKTPAIbHBIX 3aKOHOMEPHOCTEN B Teopun bopa.
CpaBHEHUE TEOPETHUECKUX U (PaKTHUECKUX CIEKTPOB aTOMa BOJIOPOJA.

3amaun ISl penieHus:

1.

C nomorpto noctynatoB bopa nath BeIBOJ AJis paanyca rn O0OpOBCKOM OpOUTHI 3JIEKTPOHA B
BOJIOPOJIONO00HOM arome. HaiiTu OTHOWIEHHE THe'/TH paanycoB OOPOBCKHMX OpPOHMT ISt
vona renus He™ u aroma Bomoposa H, Haxomsimumxcss B OCHOBHOM COCTOSHMHU. byner jm
U3MEHATHCS U KaK 3TO OTHOILEHHWE Ul BO30YXJECHHBIX COCTOSHHUI TeX K€ aTOMOB, IpHU
OJIMHAKOBBIX HOMEpax n opoOuT?

[ToxouBmmMiics aToM BOAOpPOAa MCIYCTHUI (DOTOH, COOTBETCTBYIOLIMM T'OJOBHOM JIMHUM
cepun Jlaitmana. Kakyto ckopocTts mpuoOpen atom?

Haiitn HanbonbIIyI0 Amax 1 HAUMEHBIIYIO Amin AJIUHBI BOJH B IIEpBOM MH(PAKpaCHON cepuu
criekTpa Bojopoaa (cepuu Ilamena).

ATOMapHbI BOAOPOA, BO30YK/I€HHBIN CBETOM ONPEEICHHON JIHHbI BOJIHBI, P MEPEX0]Ie
B OCHOBHOE COCTOSIHME HCITYCKAa€T TOJBKO TPH CIEKTpajbHbIC JMHUH. ONpeaenuTh THHBI
BOJIH 3TUX JIMHUH U yKa3aTh, KAKMM CEpUSAM OHU NPHHAJIEXKAT.

OnpenenuTs HAUMEHBIIYIO Emin 1 HAMOOJIBIIYIO Emax YHEPIUH (POTOHA B YIbTPAPHOIETOBON
CepuH crieKTpa Bojoposa (cepuu Jlaitmana).

3aI[an/I AJId CaMOCTOATCIIBHOT'O PCILICHUA:

1.

2.

®oToH ¢ 3Heprued €= 16,5 3B BBIOMI 2JIEKTPOH M3 HEBO3OYKJICHHOTO aTOMa BOJOPOJA.

Kakyto ckopocTs vV OyeT UMETh 3JEKTPOH BAAIH OT sipa aToMa?

Ornpeaenutb CKOPOCTh V AJICKTPOHA Ha BTOPOI OpOUTE aToMa BOJOpO/Ia.
ATOM BOIOpOZa B OCHOBHOM COCTOSIHUHU TOTJIOTUJI KBaHT CBETA C JJIWHOW BONMHBI A=121,5
HM. OTnIpeieNuTh paguyc 1 AJIEKTPOHHON OpOUTHI BO30OYXAECHHOTO aTOMa BOJIOPO/IA.
Kakue nuHMM COAEPKUT CHEKTP MOIJIOLIEHUS aTOMApHOIO BOAOPOJA B AMANa3OHE JIUH
BoJaH oT 94,5 no 130,0 am?

3ansartue 15.
Tema: BoaHoBEIE CBOIICTBA YaCTHIIL.
Bormpocs! mist o6cyxieHust:

1.
2.
3.

I'unoresa ne bpoiins u ee NOATBEPKACHUE.
BonnoBas ¢pyHKIHS.
[IpuHIUIT HEOIPEAEICHHOCTEN U1 UMITYJIBCA.



4. IlpuHUUI HEONPENEIEHHOCTH 711 SHEPTUH.
5. VYpasuenue lpegunrepa.

3anauu ISl pelIeHuUs:

1. Ily4ok 251eKTpPOHOB, YCKOPEHHBIX Pa3HOCTHIO OTeHIMANOB U, MajaeT Ha MOBEPXHOCTh
MeTasuia, BHyTpeHHu# noreHuan koroporo Ui = 15 B. Haiitu: a) mokazaTenp npeaoMIeHHs
meTaia it 3nekTpoHoB ¢ U = 150 B; 6) orromenne U/Uj, mpu KOTOPOM MOKa3aTehb
MPETOMIICHUS OTJIUYAETCS OT eAUHUIIBI He Ooiee ueM Ha 1 = 1,0%.

2. OEHUTh HAUMEHBIIHE OIIUOKH, C KOTOPBIMH MOXHO OIPEACIUTh CKOPOCTH J3JICKTPOHA,
MPOTOHA U LIapUKa MacChl 1 MT, €ClIM KOOPIMHATHI YaCTUI] U LIEHTpa IIapuKa YCTAaHOBJICHBI C
HEONPEIEeNEHHOCThI0 1 MKM.

3. DInekTpoH ¢ KuHeTuueckou sHeprueit T = 4 3B nokanu3oBaH B o6iactu pazmepom 1 = 1 Mkm.
OueHuTh ¢ MOMOIIBI0 COOTHOLLEHUS HEOIIPEIETIEHHOCTEN OTHOCUTENBHYIO
HEOTPEAENEHHOCTh €r0 CKOPOCTH.

4. BonnoBast (yHKIIHS YaCTUIIBI MACChI M JJIs OCHOBHOT'O COCTOSIHUSL B OJJHOMEPHOM
norennuansHoM none U(x) = kx%/2 umeer Bua y = Ae™?, rie A — HOPMHPOBOYHEII
K03 PHIIUEHT, 0. — MOJOKHUTEIbHAS MOCTOSTHHAS. HaliTi ¢ TOMOIIbI0 ypaBHEHUS
[IpenuHrepa NOCTOSHHYIO 0L M SHEPTHIO E 4acTUIIBI B 9TOM COCTOSIHUU.

5. BonHoBas ¢yHKIHS 3JIEKTPOHA B OCHOBHOM COCTOSTHUM aTOMa BOJIOPOJia uMeeT BU Y(T) =
Ae™™1, rie A — HekoTopas IIOCTOSIHHAS, T1 — TIepBbIi GopoBckmii pauyc. Haiitu: a)
HauboJsee BEPOSITHOE PACCTOSIHUE MEXKY DJIEKTPOHOM U s1ipoM; 0) cpeaiHee 3HaUeHUe
MOJyJIsl KYJIOHOBCKOM CHIIBI, ICHCTBYIOIIEH HA AJIEKTPOH; B) CpeHEe 3HAUCHUE
NOTEHLUATbHON YHEPIUH AIEKTPOHA B MOJIE Apa.

3anaqu sl CAaMOCTOSATEIBHOTO PEIICHHUS:

1. V3kuit my4ok 31eKTpoHOB ¢ kuHeTnueckoil sneprueit T = 10 k3B npoxoaut yepes
MOJIMKPUCTATUNYECKYIO aTIOMUHHEBYIO (OJIBTY, 00pa3ys Ha SKpaHe CUCTEMY
JU(PPaKIMOHHBIX KOJIell. BEIYMCIUTS MEXIIIOCKOCTHOE PacCTOSIHUE, COOTBETCTBYIOIIEE
OTPaXEHUIO TPETHETO MOPSIAKA OT HEKOTOPOM CUCTEMBbI KPUCTAJUTMUECKUX TIIOCKOCTEN, €Clin
eMy oTBedaeT A pakioHHOe KoJbllo auamerpa D = 3,20 cMm. PaccrosiHre Mexy SKpaHOM
u ¢oaproii 1 = 10,0 cm.

2. Tloka3zaTb, 4TO JUISl YaCTHUIIbI, HEONPEAETIECHHOCTh MECTOMOIOKEHUS KOTOpoit Ax = A/2x, r1ie
A — ee nebpoiineBckas AJIMHA BOJIHbI, HEONPEIEIIEHHOCTh CKOPOCTH paBHA IO MOPSJIKY
BEJIMYMHBI CaMOI CKOPOCTH YaCTHILIBI.

3. YacTtuma Macchl m JBHKETCS B OJHOMEPHOM TOTeHIHaTbHOM rojte U = kx?/2
(rapmoHHYecKHi ocHIIATOP). OLIEHUTH ¢ TOMOIIBIO COOTHOILIEHHSI HEOTIPEIeIEHHOCTEH
MUHUMAaJIbHO BO3MOKHYIO SHEPIHIO YaCTHUIIbI B TAKOM TOJI€.

4. YacTtuia HaXOAUTCS B IByMEPHOH MPSAMOYTOJbHON NOTEHIIMAIBHOM sIME C aOCOIIOTHO
HenpoHunaemMbiMu cteHkamu (0 <x <a, 0 <y <b). Onpenenutb BEpOSITHOCTh HAXOKICHUS
YacTHUIIbI ¢ HAUMEHBIIIeH dHeprueit B oomactu 0 < x < a/3.

5. Tlokasats ¢ momouisio ypaBHeHus llIpénunrepa, 4To B TOUKe, I71€ MOTEHLIUAIbHAs SHEPTUs
yactuibl U(X) uMeeT KOHEUHBIH pa3pbiB, BOJHOBAs (PYHKIUS OCTaeTCs TIaJIKOMH, T. €. ee
nepBasi MPOU3BOIHAS 110 KOOP/IMHATE HETIPEPhIBHA.

3ansTue 16
Tema: PagnoakTUBHOCTb.
Bormpocs! mutst o0y ieHust:

1. 3akoH paAMOaKTUBHOTO pacmaja.

2. Bwuma pacmaoB u npaBuiIa CMEIICHHUS.

3agauu 1)1l peIICHUS:



Kakast nmonst paaMoakTHUBHBIX slep KoOanbTa, MEpUOA Moiypacmaga KoTopbix 71,3 mHs,
pacmazaercs 3a Mecsil?

Ornpenenutb BO3pacCT JAPEBHUX JEPEBSHHBIX MPEIMETOB, €CIU HU3BECTHO, YTO YJeIbHas
akTHBHOCTH m3otonma C*y mux cocraBmser 3/5 ynenbHONH aKTMBHOCTH ITOTO H30TONA B
TOJIBKO UTO CPYOIEHHEIX AepeBbsax. Ilepuon momypacnana suep C1* pasen 5570 ner.
[okonsmreecs supo Po?® ncnycruno o-yactuiyy ¢ KuHeTndeckoii sHeprueit Ty = 5,77 M3B.
Haiitu cxopocth oTnaun nouepHero sapa. Kakyro 1010 MOTHON 3HEPTHUH, 0CBOOOXKIaeMOi
B ATOM IPOLIECCE, COCTABIIAET PHEPTHS OTAAUU AOUYEepHEro sapa’?

HaiiTi NOCTOSIHHYIO pacliaja U cpejHee BPeMsl JKI3HU PaguoakTuBHOro m3ortona Co>, eciu
U3BECTHO, 4YTO €ro akTHUBHOCTh yMmeHbmaercss Ha 4,0% 3a uac? llpogykr pacnana
HEpaJMOaKTUBEH.

AKTHBHOCTb HEKOTOpPOTO Ipemnapara ymeHblnaercs B 2,5 pasza 3a 7,0 cyrok. Haiitu ero
nepuo/ rnosypacmaja.

3anaq1/1 AJI1 CaMOCTOATCIIBHOIO PCIICHMA:

1.

Anboa-pacnan aaep Po?l? (13 0cHOBHOTO COCTOSHMS) CONPOBOK/IAETCS NCITyCKAHUEM JBYX
Py 0-4acTull ¢ KuHeTn4eckumu sHeprusimu 5,30 u 4,50 M»aB. B pesysnbTare nucnyckanus
9TUX YaCTHUII JOUYEPHHUE Spa OKA3BIBAIOTCS COOTBETCTBEHHO B OCHOBHOM M BO30YKJIEHHOM
coctosiHUsX. HaliTH 3HEpTHIo y-KBaHTOB, UCITYCKaEMbIX BO30YKICHHBIMU SIPAMHU.
[penapar U238 maccel 1,0 T usnyuaer 1,24 - 10* o-uactun B cexyny. Haiitu nepuon
MoJTypacmaa 3TOro U30ToNa U aKTUBHOCTH Ipernapara.

B ypanoBoii pyne oTHouenue yucna siaep U 238 yuciy saep P n = 2,8. OueHurtb
BO3pACT Py/bl, CYMTAsL, 9TO Bech cBuHel Ph2%® gpisieTcss KOHEUHBIM MPOLYKTOM pacraja
ypanoBoro psga. [lepuon nonypacnana saep U238 pasen 4,5 - 10 ner.

Haiitu sHepruio, Beiaensiomytocs npu - u B+ -pacnagax u K-3axBare, eciiu u3BeCTHBI
Macchl MATEPUHCKOTO siipa My, nouepHero saapa M, u a1exTpoHa m.

O1eHUTh KOTMYECTBO TETJIa, BBIEICHHOTO 32 CYTKH B KaJIOpUMETpPE -aKTUBHBIM
npenaparom Na?*, macca koroporo m=1,0 Mr. CunTaTh, 4T0 B-4acCTHUIBI B CPEJHEM UMEFOT
KMHETUYECKYIO SHEPTHI0, paBHYIO 1/3 MakcMMalbHO BO3MOXKHOM MPH TAHHOM pacra/e.
[epuon nonypacnana Na?* T=15 u.

b206

3ausatue 17.
Tema: Ctpoenue u 3Heprus aroma. SepHbie peakiiuu.
Bonpocsr mist 06cyxaenus:

1.
2.
3.
4.

ATOMHOE SI7IpO U €r0 pa3Mep.

OHeprus a1pa.

3aKOHBI COXPaHEHUS B SJCPHBIX PEAKIIHSIX.
VYcnoBus NpoTeKkaHus AJEPHBIX PEaKuil.

33.I[211H/I AJId pCHICHUA:

1.

2.

4.

5.

BEIYHCINTS B a. €. M. Maccy: a) atoMa Li®, sreprus cBs3u sypa xotoporo 41,3 M»aB; 6) spa
C™, y koToporo sHeprus cBSA3HM Ha OIMH HYKIIOH paBHa 6,04 M>B.

Haiitn ¢ momompro TaOMWYHBIX 3HAYEHWA MAacC aTOMOB: a) CPEIHIOI0 SHEPIHIO CBS3W Ha
omun HyknoH B sape O°;6) smepruio cmasu HeliTpoHa u o-yactumsl B sape B!l B)
SHEpTHI0, HeOOXOMUMYIO ISl paszenernus sapa O Ha ueThIpe oIMHAKOBBIE YACTHIIBL.
OnpenenuTs NOPSAKOBBIM HOMEp Z U MaccoBO€ YMUCIO A YacTUIlbl, 0003HAUEHHOU OYKBOM
X, B CHMBOJIMUECKO#T 3amicH sepHoii peakimm: 46C + %He — 750 + X.

Hanucath HefocTaromue 0603HadeHus (X) B CIeIyIOIMX sSAepHbIX peakiuax: a) B (x, a)
Be?; 6) O (d, n) x; B) Na?® (p, x) Ne?’; 1) x(p, n) Ar'.

Snpo ypana %°pU, 3axBaTUB OJMH HEHTPOH, pa3felMIOCh HA JBa OCKOJIKA, IIPHYEM
0CcBOGOMIIOCH J1Ba HEHTpoHa. OJHMM M3 OCKONKOB OKa3aloch sapo kceHoHa “%siXe.
Onpenenuts NOPsIIKOBBII HOMEP Z U MacCOBOE YUCIIO A BTOPOTO OCKOJIKA.



3amaun st CaMOCTOSTEILHOTO PEIICHHUS:

1.

CKOJIBKO TeMa BhIAeseTcs pu o6pazoBanuu oaHoro rpamma He? u3 neitrepus H?? Kaxas
Macca KaMeHHOT'0 YIJIsl ¢ TeIIOTBOPHOI cmocoOHOCThIO 30 k/[>K/T 9KBUBAJICHTHA B TEIIOBOM
OTHOILIEHUH [IOJIyYEHHOW BETUYHUHE?

Halit ynucino HEeUTPOHOB, BOZHUKAIOIINX B €JUHUIY BPEMEHH B YPAHOBOM PEAKTOPE,
TEIUI0Basi MOIIHOCTb KoToporo P =100 MBT, eciiu cpeiHee uncio HEHTPOHOB Ha KaXKIbIi
aKkT feneHus v = 2,5. Cuurtarh, 4TO MPHU KAXKJIOM JIeJIeHnH ocBoOoxaaeTcs 3Heprus E = 200
M>5B.

Onpenenuts HEpruio Q suepubix peakimii: 1) %Be + 21H — 1%B + on; 2) 8Li + 2 H

— “He + % He; 3) 73Li + %;He — 1%B + Yon; 4) ‘sLi + 11H — “4Be + Yon; 5) “xCa + 141H

— 419K + %He.

HaiiTu snextpuyeckyro MOIHOCTb P aToMHOM anekTpocTanuuu, pacxonyromei 0,1 kr
ypana-235 B cytku, ecau KIIJ[ | ctanuuu pasen 16 %.

Cemectp 9

3ausrue 1.

Tema: Kunemarnka MatepuanbHON TOYKH.
Bompocs! 1u1st 06cyxnenus:

Nk wNE

©

B yewm 3akiroyaercs OCHOBHAS 3a/1a4a KHHEMATUKH?

Kaxkue criocoObI onucanus ABMKEHUS Tela BbI 3HACTE?

UYro Takoe MaTepuaibHa TOUKa?

Uro Takoe cucrema orcuera’?

Yro Takoe TpaeKTopus?

B uewm 3akmrouatorcst npeobpazoanus ["anumnes?

Chopmynupyiite 1 3anMIINTE KIACCHYECKUN 3aKOH CI0XKEHUS CKOPOCTEH.

Haiite ompeneneHue yriioBod ckopocTH? YrioBoro yckopenus? Kak ompenensitorcs ux
HanpaBJIeHUsA?

Uro xapakTepu3yeT TaHI€HLMaJdbHas  cocTaBisomas  yckopenus? HopmanbHas
cocTrasisomas yckopenus? Kakosbel ux mogynu?

3az[aq1/1 AJI pCHICHUA:

1.

2.

VpaBHeHne gBuwkeHus Tena mmeer Bum: X = 5t + 0,8t2. Omnpemenuts yckopeHHe 1
HAYaJIbHYI0 CKOPOCTb.

[To HakJIOHHOW JOCKe MYyCTWJIM KAaTUThCA CHU3Y BBepX wiapuk. Ha paccrosnum 30 cm ot
Hayaja MyTH LIapuK MOObIBAN ABaXAbI: yepe3 | ¢ M yepe3 2 ¢ mocje Havaia JABMIKEHHS.
OnpenenuTh HAyaJlbHYIO CKOPOCTh U YCKOPEHUE JBMIKEHMs IlApHKa, CUUTas €ro
IIOCTOSTHHBIM.

[Tyns, netsmas co ckopoctbio 400 m/c, yaapsieTcst B 3eMJISTHON Bajl U MTPOHHUKAET B HETO Ha
riyouny 36 cMm. KakoBa Oblia ee ckopocTh Ha rimyoune 18 cm?
Karep mubBeT 1mo pexke NpOTHUB TEYEHHS C IOCTOSHHOMN
CKOPOCTBIO M, HpPOIUIbIBAS IOJ  MOCTOM, TepsieT
cnacarenpHbli  Kpyr. Yepe3d Bpems t mnpomaxka Oblia
oOHapykeHa. KaTtep moBepHy: Ha3aja M HaroHseT Kpyr Ha 20
paccTosiHUU S HIDKE MOcTa. HallTh CKOpOCTh TEUCHHS. 15
Ha Pucynke 1 npexacraBieH rpaduk 3aBUCUMOCTH U (t) 1ist
IByX Ten. Ha cKoJabKO OTIMYaroTCs MyTH, MPOWJEHHbIE
TEJIaMH 3a 2 CEKYH/BI.

VoM

25

1,0

05
Huck paguycom 10 cm Bpamaercss Tak, 4TO 3aBUCHMOCTh
yria MoBOpOTa paauyca AUCKa OT BPEMEHU 3aJaeTcs r 2 3 4 s e
3
ypauenuem: @ =2+ 4t°. Onpepenuts s TOYeK Ha Puc.1
uc.

060,[[6 KOJICCa OHUCKa HOPMAJIbHOC U TAaHTCHIUAJIBHOC



YCKOPCHUSA B MOMCHT BpPCMCHU 2 CCKYHIbI OT Hadajla JABUKCHHA, @ TAKXKC Yr'oJl MOBOpPOTa,
IIPU KOTOPOM IIOJIHOE YCKOPEHUE COCTABIISIET C PAAMYCOM IUCKa yroi 45°.

3&,[[3‘11/1 AJI1 CaMOCTOATCIIBHOI'O PCIICHM .

1.

Y4eHHK mpoexal MOJOBUHY ITyTH Ha BEJIOCUIIEIIE CO CKOPOCThIO 16 kM/4. [lasiee monoBuHy
OCTaBILEroCs BpEMEHH OH €Xajl CO CKOPOCThIO 12 KM/4, a 3aTeM /10 KOHIIA ITYTH LIeJT MEHIKOM
CO CKOPOCTHIO 5 KM/4. ONpeenTh CPEIHIOI0 CKOPOCTh IBHKEHUS YICHHKA Ha BCEM TyTH.
[IpssMonMHEITHOE TBMXKEHUE TOYKH 33J1aH0 ypaBHeHHeM: X = -2 + 3t - 0,5t2 . Hanmcars
ypaBHEHHE 3aBUCUMOCTH CKOPOCTH TOUYKH OT BpeMeHH. [TocTpouTh rpaduk 3Toi
3aBHCUMOCTH; HAMTHU KOOPAMHATY U CKOPOCTh TOUKHU 4epe3 2 ¢ U § ¢ mociie Havana
JIBUKCHHUSL.

C Gamrau BbicoTol 30 M B TOPU30HTAILHOM HaIlpaBJICHUU OPOIIICHO TEJI0 ¢ HAaYaIbHOU
ckopocThio 10 m/c. OnpenenuTh: a) ypaBHEHHE TPaeKTOpHH Tena y(X); 0) CKOpOCTh Teja B
MOMEHT MaJCHHsI Ha 3eMJII0; B) YroJl, KOTOPBII 00pa3yeT 3Ta CKOPOCTh C TOPU30HTOM B
TOYKE €ro MaJCHHUS.

[TporuibiBas Mo MOCTOM IPOTHUB TeueHus, rpedert norepsit nuisany. OOHapYKUB MPOHaKy
yepe3 10 MUH, OH TTOBEPHYIT Ha3aJ, rpeds M0 TEYSHUIO, MTOJ00pal Iy B 1 KM HIDKE
MocTta. OnpenenuTb CKOPOCTh TeUEHUs PekH (IIpearnoaraercs, 4Yro rpeder rpedeT
OJIMHAKOBO MHTEHCHUBHO).

Huck paguycom 10 cM Bparaercs Tak, 4TO 3aBUCUMOCTD yTila IOBOPOTa pajuyca AUcKa OT

2 3
BpeMeHu 3aaercs ypasuennem: @ =3+ t+1° +1°. Onpenenuts s Touek Ha o6oze
JIMCKa K KOHITY BTOPOH CEKYH/IbI ITOCJIC Havajia JIBMKCHUS: ) TAHTCHIIMAILHOE YCKOPEHUE;
0) HOpMaJIbHOE YCKOPEHUE; C) IOJTHOE YCKOPEHHUE.
2
TouKa ABHIKETCS 110 OKPY)KHOCTH pajiycoM 2 M 110 3akony @ = 2 + 2t —t°. Onpenenure

nyTh |, mpoiIeHHbII TOYKOH 10 ocTaHOBKHU. OTpeneuTe yCKOPSHNUE TOYKA B MOMEHT
Bpemenu 0,5 c.

3ansaTue 2.
Tewma: JlunamMuKa MaTepruaIbHON TOYKH.
Bomnpocs! qis o0cyxkaeHus:

1.

2.

3.
4.

Kakwue cucrempl oTcueTa Ha3bpIBalOTCS] MHEpLHAIbHBIMU? [IpuBeUTE MPUMEPHI CUCTEM,
KOTOpBIE MOTYT OBITH MIPUHSATHI 32 HHEPLIUATbHBIE.

Chopmynupyiite Tpu 3akoHa HeroToHa. CKOJIBKO MOCTYJIATOB COACPKUTCS B IIEPBOM 3aKOHE
Hrrotona? ChopmynupyiTe 3TH MOCTYNIATHI.

UTto Ha3bIBAIOT ypaBHEHUEM JIBUKECHUS?

KakoB anroputm pemnieHus 3aja4 no 1uHaMuke?

33.I[211H/I AJId pCHICHUA:

1.

2.

Tenmo mMaccoii 5 Kr JeKUT Ha TOPU3OHTAIBHOM noBepxHOCTH. Koaddurment tpenns p = 0,2.
Ha Teno neictByet ropusonTansHas cuina S H. UeMy paBHa cuita TpeHUs?

JlBa Tenma maccaMu mi1=3 KI' 1 m2= OKT JiexaT Ha aOCOJIOTHO IMIaAKoM crojie. Tena cBsi3aHbl
HEBECOMBIM IIHYPOM, KOTOPBIM Pa3pbIBACTCS €CIU K TNy C MEHBIIECH MacCOd MPHUII0KHUThH
cuity 240 H. Kakylo MUHUMaJIbHYIO CHITY HAJI0 TIPHJIOKUTH K Telly OoJblei Macchbl, 4TOObI
pazopBaTh HIHYp?

JlBe rupHM coenMHEHBl HHUTBIO W TEPEeKUHYThl uYepe3 HEBEeCOMbI OlOoK. YckopeHue, ¢
KOTOPBIM JBHKYTCA TupH 3,27 M/c?. ONpenenurs Macchl THpPb, €CJIM M3BECTHO, YTO CHJIA
HaTspKeHHst HUTH coctanisier 13 H. Tpenuem B 610ke mpenedpeys.

Teno NeKUT Ha HAKIOHHOM MIOCKOCTH, 00pasyromeil ¢ ropusontoM yron 45°. Ilpu kxakom
npeaenbHOM K03 UIMeHTe TPeHHs TeI0 HAUYHEeT CKOJIB3UTh 10 HAaKJIOHHOU mockocTu? C
KaKUM YCKOpPEHUEM OyZIeT CKOJIB3UTh TEJIO 0 TUNIOCKOCTH, eciu Ko PuImeHT TpeHus oyaer



pasen 0,03? Kaxoe Bpems motpedyercs Teiy sl IPOXOXKICHUS MPpH 3THX ycinoBusax 100 m
nytu? Kakyroo ckopocTh OyJeT UMETh TeJIO0 B KOHIIE MyTH?

5. C KakMM MakCHUMaJIbHBIM YCKOPEHUEM MOXHO ITOJHUMATh C IIOMOILIBbIO BEPEBKH TEJIO MAcCOU
200 kr, eciii BepeBKa BbIJEP)KMBAET HEMOABUKHBIN I'py3 Macco 240 Kkr.

3amauu Isl CAMOCTOATEIBLHOTO PEIICHHUS:

1. Teno maccoii 1,0 Kr neXHUT HA TOPU3OHTATBHON TToBepXHOCTH. Koaddunment Tpenus 0,1. Ha
TEJO ACUCTBYET ropuzoHTanbHas cuia F. Onpenenauts cuily TpeHus Ui IBYX ciiydaes: a) F
=0,50 H; 6) F = 2,0 H. M300pa3uth rpaduuecku, Kak U3MEHSIETCS CUJIa TPEHUS MPH
u3MeHeHuu cuibl F.

2. Ha crone nexar nBa Opycka, cBsizaHHbIe HUTHI0. Ha Opycok Maccoii m1 = 4 KT IelCTBYeT
cuna 20 H nox yrimom 30° k ropusonTy. Macca BToporo 6pycka mz= 2 Kr, K03 huIuesT
Tpenus 6pyckoB o croiu 0,1. Onpexnenure ycKopeHUE, C KOTOPHIM JBIKYTCS Tella, a TaKKe
CUJIY HATSDKEHUS HUTH.

3. K nepekunyToli Yepe3 HeMOABMKHEIN 0JIOK HEBECOMOW U HEPACTSHKMMOW HUTH TIOJIBEIICH
rpy3 maccoi 2,0 Kr, Ha KOTOpbIi OCTaBJIeH eperpy3ok, maccou 0,5 kr. Kakoe yckopenue
rpy3aM MosxeT cooduuTs cuiia 30 H, npunoxenHas kK cBOOOJHOMY KOHIY HUTH U
HaIpaBlieHHAs BepTUKaIbHO BHU3? KaKOBbI cujla HATSXKEHUSI HUTH U CUJIA JaBJICHUS HA OCh
6s10ka? C Kakoi CUIIOiN Meperpy30K AaBUT Ha rpy3?

4. Teno, koTopoMy cooOIlIeHa HauaIbHasi CKOPOCTh, TapajuiebHas HAKIOHHOW MJI0CKOCTH,
[IOJIHUMAETC 110 HAKJIOHHOM IJIOCKOCTH, a 3aTeM OIyckaercs. B kakoM ciydae: npu
MOIbEME WIIU TIPU CITyCKE BpeMsi ABM)KEHUS Tea OOJIbIIIe, CIH OHO BEPHYJIOCH B
IepBOHaYalIbHOE NosokeHne? byaer a1 KoHeuHasi CKOpOCTh IIPH CITYCKE paBHA HA4aJIbHOU
ckopoctH npu noabeme? KoadpduiueHT TpeHns MeXIy TEJIOM U HAKIIOHHOW MII0CKOCTHIO
0,20. YroJ HakJIOHA IJIOCKOCTH 45°.

5. B nudre HaxoauTcs Beapo ¢ BOOI, B KOTOPOIl MIaBaeT YaCTUYHO MOTPYKEHHOE TEJIO.
W3meHuTcs 1 riryOuHa NOTrpyKeHUs Tefna, eciau JudT OyJeT IBUraThbesi ¢ yCKOPEHUEM,
HalrpaBJIeHHBIM: a) BBepX? 0) BHU3?

3ansrtue 3.

Tema: 3akOHBI COXpaHEHUSI B MEXAHHKE.

Bonpocsr mist 06cyxaenus:

1. Yto Ha3BIBAIOT UMITYJILCOM TeJa?

2. Urto Takoe UMITyJIbC MEXaHHMUECKON CHCTEMBI U KaK €ro MOXHO U3MEHUTH?

3. CdopmynupyiiTe 3aKOH COXpPAHCHUS UMITYJIbCa. J[71s1 KaKUX CHCTEM OH BBITIOHSETCS?

4. Yto Takoe mueHTp wmacc? JlOKakuTe, UYTO WEHTP MacC H30JUPOBAHHON CHCTEMBI
nepeMeniaeTcsi PAaBHOMEPHO H MPSMOJUHEIHHO.

5. Haiite onpenenenue pabotel. Kak HailTu paboTy nepeMeHHO cuib?

6. Kakme cuipl Ha3piBal0 KOHCEpBATUBHBIMHU. llpuBeanTe mpHUMEpbl KOHCEPBATUBHBIX U
HEKOHCEPBATUBHBIX CUJL.

7. Yro Takoe momHOcTh? Kak ee MOKHO paccunTarh?

8. Uro Takoe sHeprus’?

9. MaiiTe onpeeneHie KHHETHYECKOW U TIOTCHIIMAIIBHOW SHEPTHH.

10. Kak cBsi3aHbI MOTCHIUAJIbHAA DHCPIUA C pa60T01/1 BHYTPCHHUX KOHCCPBATHBHBIX cun?
11. 3anumunTe 3aKOH U3MEHEHUS IOJHON MeXaHUIEeCKOU OHEPTUU CUCTEMBIL.

3agauu JJIsl pEeIICHUS:

1. Cuapsan maccoit 100 kr, neTsmuil rOpU30HTAIBHO BAOJb JKEJIE3HOJOPOKHOTO MYyTH CO
ckopocThio 500M/c, omagaeT B BaroH ¢ MECKOM M 3acTpeBaeT B HeM. Kakyto ckopocTh
NOJYYUT BAaroH, €CIM OH JIBUTAJCS CO CKOpPOCThIO 36 KM/4 B HampaBJCHHUHU,
IIPOTUBOIOJIOXKHOM JIBHKEHUIO CHapsana?



JlBa Tema, nBUraschb HaBCTpE4Yy IpYr IPYry co ckopocThio 3,0 M/c Kaxpoe, mocie
yaapa CTalM JIBUTAaThbCsl BMECTE CO CKOpOCThiO 1,5 m/c. OnpenenuTs OTHOIICHHE Macce
ATHUX TEJL.

C nensiHoil ropku BeicoToi 1,0 M M ocHOBaHueM 5,0 M, ChE3KalOT CaHKHU, KOTOPHIE
OCTaHABIIMBAIOTCS, MPOWISA TOPU3OHTAIBHBIN y4dacTok 95 M. Haittu kosddunment
TpeHus U KO3 UILIMEHT MMOJIE3HOTO JEHCTBUS.

Teno maccoii 0,4 KI' CKOJIL3UT ¢ HAKJIOHHOM INIOCKOCTH BhICOTOM 10 ¢M M mimHON 1 M.
Koadpdumument tpenuss Ha Bcem nytu paeH 0,04. OmnpenenuTb KUHETHYECKYIO
DHEPTUI0 TeJla Y OCHOBAHMS HAKJIOHHOW IIJIOCKOCTH W IIyTh, IIPOWJECHHBIA TEJIOM Ha
TOPU30HTAILHOM Y4acTKe 10 OCTAaHOBKH.

Hebonpimoe Ttemo Maccoii M COCKanb3bIBAET BHHU3 [0 HAKIOHHOMY JKEI00y,
nepexojsiiemMy B "MepTByro mnerio" paguyca R=0,2 M. C kakoi BbICOTHI h JOKHO
HauaTh CBOE JBIDKEHHE TENI0, 4TOOBI HE OTOPBATHCS OT Kenmoba B BEpXHEH Touke
netu? TpeHueM npeHedpeyb.

[Tynst maccoit 0,01 xr, jeramiasi TOpU30HTAIBHO cO cKopocThio 100 m/c, mpoHHUKaeT B
3aKpeIJICHHBI OpYCOK JiepeBa M 3acTpeBaeT B HeM. Bpems B3auMoneHCTBUS MyNH C
opyckom 0,02 c. OnpenenuTsh pacCTOSHHUE, HA KOTOPOE Myl MPOHMKIA B JIEPEBO U
CPEIHIOI0 CUTy COTIPOTHUBIICHUSI.

38.,[[21‘11/[ I CaMOCTOATCIIbBHOTO PCIICHU A

1.

Jloaka cTOUT HEMOABUKHO B CTOSAYEH Bozie. UenoBEeK, HAXOIAIIMICS B JIOAKE, IEPEXOIUT C
HOca Ha KopMy. Ha kakoe paccrosiHue nmepeMecTuTces J0oIKa, eclii Macca yenoBeka 60 Kr,
Mmacca Joaku 120 xr, ruHa goaxku 3 M? ColpoTUBIEHUEM BOJbI IPEHEOPEYb.

Manbuuk, 6erymuii co CKOpoCThIo 4 M/C, JOTOHSET TENEKKY, IBUKYIIYIO CO CKOPOCTHIO 3
M/C ¥ BCKakuBaeT Ha Hee. Macca manpunka 50 kr, Tenexku — 80 kr. Halitu ckopocth
TEJEeKKH B TOT MOMEHT, KOT/Ia Ha Hee BCKOYMIJI MaJTbUHK.

Kakyto paboty coBepiaeT 31eKTpoBo3 3a 10 MUHyT, nepeMenias o ropu30HTaIbHOMY ITyTH
cocTaB Maccoii 3 10 Kr ¢ mocTOsHHOM CKOpOCThIO 72 KM/, eciii KOd(DUIMEHT TPEeHUs
0,005?

ABTOMOOMIIH Maccoil 1,8 T crmyckaeTcs ¢ TOphI MPU BHIKIIOYEHHOM JIBUTATelNe C TTOCTOSITHHON
CKOPOCTBIO 54 KM/4. YKIIOH 1oporu coctasisieT 3° kK ropu3oHTy. OnpeaenuTs, KakoBa
JOJKHA OBITH MOIIIHOCTH JIBUTATEls aBTOMOOMIISA, YTOOBI OH CMOT TIOJTHUMAThCS Ha TaKOH ke
MOJBEM C TOM K€ CKOPOCTHIO.

[Tynst maccoii 9 r, neTsmasi TOpu30HTAIBHO co cKopocThio 400 M/c, mpobuBaeT OpeBHO
tommuHor 30 cM U BbUIETaeT U3 Hero co ckopocThio 100 M/c. KakoBa cpennsisi cumna
COTIPOTUBIICHUS ABMKEHHUIO Myl B OpeBHE?

[ToaBemenHslit Ha HUTH apUK Maccoit 200 r, OTKIOHSIOT Ha yroi 45°. OnpeaenuTs Cuiry
HATSHKCHUSI HUTU B MOMEHT TIPOXOXKICHUS [IIAPUKOM TIOJIOKEHUSI PABHOBECHSI.

3ansarus 4-5.
Tema: BpamarenbHoe IBUKEHHUE TBEPAOTO Tea.
Bormpocsr 11t 06cyxaeHus:

1.
2.

3.
4.

JatiTe onpeneneHue abCOTOTHO TBEPAOTO TeEa.

Yro Takoe MOMEHT HMHEpLHMM MaTepUaIbHOW TOYKM M TBEPJIOTO TElIa OTHOCUTEIBHO OCH
BpanieHus?

KakoBa posp MOMEHTa MHEPLIMY TIPU BpaIlaTEIbHOM JABH)KEHNN?

Chopmynupyiite u nosicuure Teopemy Lltelinepa.

3agauu 1)1l pEeIICHUS:

1.

HailTu MOMEHT HWHEpUHMHM TOHKOIO JHMCKa MAacCOM m OTHOCHUTEIBHO OCH BpaLCHHUS
MpoXoJdiei yepes ero neHTp. Paguyc nucka R.



ITynsa mMaccolt ma, JIeTsIas TOPU3OHTAIBHO CO CKOPOCTBIO Vo, NONANACT B HUKHHUM KOHELl
CTEpXHS, 3aKPEIJICHHOTO Ha TOPU3OHTAJIBHOM OCH, MPOXOJIAIIECH Yepe3 BEPXHUU KOHEIl
CTEpXKHS, U 3acTpeBaeT B HeM. Macca ctepxHs mp, juinHa [. OnpeaenuTs JTUHEHHYIO
CKOPOCTb HMKHEI'0 KOHIIA CTEPKHA Ccpa3y M0CJIe OMNaJaHus yJIu.

Juck maccoit M katutcst 6e3 CKOJIBKEHUS 110 TOPU30HTAIBHOM TIOCKOCTH CO CKOPOCTHIO V.
Haittn KuHEeTH4YEeCKyI0 SHEPIHUIO TElIA.

Ha o6ox maxoBuka nuamerpom D = 60 cM HamOTaH HIHYp, K KOHILY KOTOPOTO MPUBS3aH IPy3
mMaccod M = 2 kr. Onpenenutb MOMEHT HMHEpLUMM MaxoBuka |, ecnm, Bpamasch
PaBHOYCKOPEHHO MOJ JEWCTBUEM CHUJIbI TSDKECTH TIpy3a, 3a Bpems t = 3 ¢ oH mpuobpen
YIJIOBYIO CKOPOCTh @ = 9 pag/c.

I'opusonTtansHas 1argopma maccor Mi=100 Kr Bpamaercsi BOKpYI BEPTUKAIBHOW OCH,
IIpOXOJfIIeH Yepe3 LeHTp IardopMsl, ¢ YacToToil n = 8 MuH 1. Yenosek Maccoil mp= 70
KI' CTOMT IIPU 3TOM Ha Kparo miaatdopmbl. C Kakoi yriioBOH CKOPOCTBHIO @ HAYHET BPALIAThCs
ratopma, eClii 4eJI0BeK MepeneT ot Kpas miatdopmel k ee neHTpy? Cunrath miatgopmy
KPYTJIbIM, OJJHOPOJIHBIM TUCKOM, a YeJIOBEKa — MaTepuaIbHOU TOUKOM.

Huck maccoit m = 2 xr u paguycoM R = 20 cM Bpamiaercs mo 3aKOHY, OIMUCHIBAEMOMY
ypaBHenueM ¢ = A + Bt + Ctb rme 4 = 2 pan, B = 16 pan/c,
C = —2 pan/c®. OnpeenuTh BPaAIINi MOMEHT M.

Kpyrnast ropu3oHTansHas miaTdopMa ¢ Maccoi mi BpalaeTcsi BOKPYT BEPTUKAIBLHOM OCH C
YIJIOBOM CKOPOCTBhIO Wi. UeloBeKk Maccoil mp CTOWT Ha Kpar rmiatdopmbl. KakoBa Oyaer
CKOPOCTH MJIaT(HOPMBI €CITU YeJIOBEK MepeiieT B IEHTP MIaTGopmbi?

OmHopoaHBIM OUCK paguyca R packpyTwid [0 YIJIOBOM CKOPOCTH ® W OCTOPOKHO
MOJIOKUITM HA TOPU3OHTAIBHYIO MOBEPXHOCTh. CKOJBKO BPEMEHU JUCK OYJIeT BpallaThCcs Ha
MOBEPXHOCTH, eciu KodpduuueHT TpeHust paBeH N? JlaBneHWe IMCKa Ha TOBEPXHOCTh
CUUTATh PABHOMEPHBIM.

3az[aq1/1 AJI1 CaMOCTOATCIIBHOT'O PCILICHUA:

1.

C BepxHEro ypoBHS HAKJIOHHOM IJIOCKOCTH OJTHOBPEMEHHO HAYMHAIOT CKaThIBAThCs O€3
CKOJIBJKEHUS CIUIOIIHBIE IWJIMHAP U IIap ¢ OMHAKOBON MAacCcOi ¥ OAMHAKOBBIMHU PaJUyCaMHU.
Haiitn oTHOIIEHNE CKOPOCTEN 3THX TEI HA HEKOTOPOM JIaHHOM YpPOBHE.

Kakoil myTb nmpoiaér kaTsuuiicst 6e3 CKOIbKEHUs TUCK, TOJAHUMAsICh BBEPX MO HAKIOHHOMN
MJIOCKOCTH € yTiioM HakJioHa 30°, eciiu emy cooOl1iieHa HayaibHasi CKOPOCTh 7 M/C,
napaJuleJIbHasi HaKJIOHHOM IJIOCKOCTH?

MaxoBuK, npeACcTaBIsomni coboi quck Mmaccoit 10 kr u paauycom 10 cm, cBoOOOTHO
BpAIaeTCcs BOKPYT OCH, KOTOpask MPOXOIHT Uepes IIEHTP, ¢ Kpyrosoi gactoroi 6 ¢ . [Tpu
TOPMO>KEHUH MaXOBHK OCTaHaBJIMBAETCA yepes 5 ¢. OnpenenuTb TOpMO3AIUil MOMEHT.
[[Tap ckaTpIiBaeTCs MO HAKJIIOHHOM MIIOCKOCTH ¢ yrioM HakioHa 30°. Kakyro ckopocTs Oyner
MMETH LIEHTp I1apa OTHOCUTENBHO HAKJIOHHOM II0CKOCTH uepe3 1,5 ¢, eciiu ero HavajabHas
CKOpPOCTbh paBHa HYJIIO?

Kakyro paboTy HY»KHO COBEpPIINTb, YTOOBI MaXOBUKY B Bue Aricka Maccoi 100 kr u
pagumycom 0,4 M cooOuTh 9acToTy Bpamenus 10 06/c, ecau OH HaXOAWIICS B COCTOSTHUN
MOKOs?

["opu30oHTaIBHBIN TOHKHMI OTHOPOIHBIN cTepykeHb AB Maccsl m u anuHbI [ MOXKeT cBOOOIHO
BpallaThCsl BOKPYT BEPTUKAIBHOW OCH, MPOXOIAIIEN Yepe3 ero koHen A. B HekoTopsIi
MOMEHT Ha KOHell B Hauana geicTBoBaTh MOCTOSHHASA cWiia F, KOTOpas Bce Bpems
NEePIEeHIUKYIIIpHA K IEPBOHAYATILHOMY TOJIO’KEHUIO TOKOUBIIETOCS CTEPKHS U HalpaBJieHa
B TOPU3OHTAJILHOMN MII0CKOCTU. HaliTH YIIIOBYIO CKOPOCTh CTEPKHS KaK (DYHKIIHIO €ro yria
MOBOPOTA () U3 HAYAJILHOT'O MOJI0XKEHHUS.

3ausartue 6.
Tema: Mexanndeckue KoiuecOauus
Bormpocs! 1u1st 00cyx1eHust:



s E

Kaxkoe nBrmxeHre Ha3bIBAETCS KOJIEOATEHLHBIM?

[Tpu KakuX yCIOBHSIX B CHCTEME BO3HUKAIOT KOJICOaHMS?

Kaxkue cuibl Ha3pIBatOTCSA KBA3UYIIPYyTruMu?

JaliTe onpeneneHus: aMIUIUTY b1, a3bl, HaYaaIbHOH (ha3bl, YACTOTHI M MIEpHUOa KOJIeOaHUi?
Kakme koneOaHuss Ha3bpIBAIOTCS  CBOOOJHBIMH, COOCTBEHHBIMH, BBIHYXJICHHBIMH,
3aTyXarUUMH?

3anumuTe ypaBHEHHSI TBUKEHUS BBIIIE MIEPEUUCTICHHBIX KOJICOaHU?

3anauu JUIsl peIIeHus:

1.

MarepuanbpHas TOYKa Maccou § ¢ coBepIiacT rapMOHHYECKHE KoJjiebaHus ¢ yactotoit 0,51y.
AwmruTyaa konebanuit 3 em. OnpenenuTs CKOpoCTh, YCKOPEHUE U CHITY, IEHCTBYIOIIYIO Ha
TOYKY B MOMEHT, Korja cMmeienune X=1,5cm.

Haiitu ammntyy, neproi, 4acTOTy U HadallbHYIO a3y KoJIeOaHusl, 3aIaHHOTO YPaBHCHHEM
X =5sin((39,2t+572)cm.

Uemy paBeH mnepuoJ KoJjieOaHUsT MasSTHUKA, HAxXOMSIIEr0 B BaroHe, JABHXKYIIEMCA
TOPU30HTAIILHO C YCKOPEHUEM a.

Ha crepxne mmHoi I YKPEIUICHBI JIBa OJIMHAKOBBIX IPY3UKa — OJIMH B CEpPEIUHE
HEBECOMOI'O CTEPIKHS, IPYroil Ha OJTHOM U3 ero KOHI0B. CTepKeHb ¢ Ipy3uKaMu KoJedercs
OTHOCHUTEJIBHO TOPU30HTAIIBHONW OCH, IIPOXOIAIIEH Yepe3 APYrod KOHELl CTEPKHSL.
Onpenenuts NPUBEICHHYIO JUIMHY U IEpUoJI KojeOaHuil (pu3nueckoro MasiTHUKA.
Onpenenuts nepuo KojedaHui OAHOPOAHOrO HIapa OKOJIO FTOPU3OHTAIBHON OCH,
POXOJALIeH CKBO3b TOUKY, OTCTOSILYIO OT LIEHTpa I1apa Ha paccrosiHuu 0,3 paauyca mapa.
Panunyc mapa pasen 6 cwm.

K npyxuHe nozsenieHa yamnka BecoB ¢ rupsmMu. [lepros BepTuKaabHbIX KOJICOAHUH YaIIKK
pase T1. [Tocie Toro, Kak Ha YaIIKy IMOJOXUIH JOOABOYHBIE THPH, IIEPHO BEPTUKAIBHBIX
kosiebanuit cran T2. Hackonpko yAaMHMUIACh MIPYKUHA OT MpUOaBIeHUs J0OABOYHOTO rpy3a?
JIBe Ipy>XHHBI ¢ KOAPPHUIUSHTAMH KECTKOCTH K1 1 K2 COeTMHEHBI B OZIHOM Clly4ae
H0CJIEI0BATENNbHO, B IPYTrOM — NapajuienbHo. KakoBo OTHOIIEHHE TEPHOA0B BEPTUKATBHBIX
Kosie0aHuM TPY30B Ha TaKUX MpYy>KUHAX?

3az[aq1/1 AJI1 CaMOCTOATCIIBHOIO PCIICHMA:

1. Touka coBepiiaeT rapMOHHYECKHE KoleOaHus. B HEKOTOpBIE MOMEHT BpeMEHH 11 cMmeleHue
X1=5cm. Tlpu yBenuuenuu ¢asbl BABOE CMEIICHUE TOUKHU cTaio X>=8cm. Haiitu ammmutyny
Kosie0aHui.

2. Kax usmeHunTcs nepruoj kojaebaHnii MasTHUKA TIPU TIepeHoce ero ¢ 3emun Ha JIyHYy.

3. OnHopoaHblil Auck paanyca R koneGiercst 0KoJI0 TOPU30HTANIBHON OCH, MPOXOAIIel yepes3
€ro Kpail nmeprneHIuKyIsIpHo IT0CKOCTH. KakoB nepno ero koyie0aHuid.

4. K npyXuHe MoJBEIIeH rpy3 ¢ Maccoil M = 10 z. 3Has1, 4TO NMpYy>KWHA TOJ] BIUSIHUEM CHIIbI F
= 2,45 H pacrsaruBaercst Ha BeNn4uHy X = 1,5 cM, OTIpeIeTNTh IEPHO]T BEPTUKATBHBIX
KosnebaHuit Tpy3a.

3ansarTue 7.

Tema: OcHoBHOe ypaBHeHHe MKT.
Bomnpocs! 11t 06cyxaeHus:

1. Kak, 3Hast MonsIpHBIA 00BbEM Ta3a, MOKHO ONPENENIUTh KOHIIEHTPAIMIO MOJIEKYJ 3TOTO
raza?

2. Kak, 3Has KOHIIEHTpAIMIO MOJIEKYJ W MOJISIPHYIO MacCy Ta3a, MOXHO OIPEIelTUTh
IUIOTHOCTB ATOrO rasza?

3. /lBa pa3nuyHBIX Ia3a HaXoJATCS OPYr C APYrOM B COCTOSHUM TEIJIOBOI'O PaBHOBECHS.
OnuHakoBBl JIM MX CpEeAHME KBagpaTWuyHble cKopocTH? KuHeTHueckue >HEpruu
HOCTYNATENbHOTO ABMKEHHS, IPUXOISAIIMECS B CPETHEM Ha OJHY MOJIEKYIy?

4. Kak cBs3aHbl CpeHss KBaJpaTUUHasi CKOPOCTh MOJIEKYJ ra3a € €ro INIOTHOCTHIO?



5. YucnamMu Kakoro MOpsAKa BBIPAXKAIOTCS: AUAMETP MOJEKYJIbl Ta3a, KOHUEHTpaIus
MOJICKYJT TP HOPMAaJIbHBIX yCJIOBHSX (umcino Jlommwuara), cpemHsis KBaapaTHdHas
CKOPOCTb MOJIEKYJI ra3a Mpu HOPMAJIbHBIX YCIOBUSX?

6. KakoBel HammeHOBaHUs KoyimuecTBa BemiecTBa? Momspaoir wmaccel? [locTrossHHOMN
ABoraapo?

7. Kak, 3Has MOJSpPHYHO Maccy Tras3a, MOXHO ONPEICTUTh YHUCIO MOJICKYJ B EAMHUIIE
o0bema?

8. B 3akppITOM cocyje HarpeBaeTcs ra3. MI3MeHseTcs U mpu 3TOM CpeIHss KBaJpaTHdHas
ckopocTh MosieKys1? KoHnenTpanus Mosexkyn?

9. Ilpu HarpeBaHMHM raza TeMIiepaTypa ero Bo3pocia BABoe. Bo CKOJIBKO pa3 yBeIu4miIach
CpeHsIsl KHHETUYECKasi JHEPTUsl MOJIEKYJIbI raza?

3anauu ISl peIIeHus:

1.

Onpenenuth 4YHMCIO MOJb Tasa, cojAepiKallerocs B cocyle 00beMoM 5,0.10° Mm® npu

nasnennn 6,0.10° Tla, eciu cpemHsis KMHETHYeCKas SHEPIMs MOCTYNATENHHOTO IBMKEHHS
MOIIEeKyJI ra3a paBHa 6,79.10%° [Tx.

OnpenenuTh KOHIEHTPAIMK MOJIEKY BOJOPO/IA, HAXOAAMIErocs oy napienueM 2,7.10% Ia,
€CIH cpeHsAs KBaApaTHUHas CKOPOCTh MOJIEKYI BOJOPOA TIPH THX yCIOBHSX paBHa 2,4.10°
Mm/C.

B cocyne emkocThiO 4.10° M2 COJIEpKaTCsl HEKOTOPBIN Tra3 Maccou 6.10% KT 101 MaBIEHHEM
2.10° TTa. OnpenenuTh CPEHION KBAJAPATHUHYIO CKOPOCTH MOCTYNATENIBHOTO JBHMKECHHUS
MOJIEKYJI ra3a.

BpruuciauTh CcpenHIo KBaJPAaTUYHYIO CKOPOCTh W CPEIHIOI0 KHUHETHYECKYIO JHEPTrHI0
MOCTYNATEeNbHOTO JIBIXKEHUSI MOJIEKYIT KUcaopoia mpu Temneparype 293K.

CKOJNBKO MOJIEKYNl COZEPXKHUTCS B BOAOpOje, 3aHMMaromeMm ob6bem 2,0.10° M n
HaxomsmieMcss mon gaBienueM 9,06.10% Ila, eciu CpedHss KBaJApaTU4Hasi CKOPOCTH
TIOCTYMATENIBHOTO IBMKEHUS MOJIEKYI BoJoposa pasHa 2,28.102 m/c ?

OnpenenuTh MacCy as3oTa, cojepikamerocs B 6ammoHe o0wsemoM 2,0.102 w3 ecrm
CyMMapHasi KHHETHYECKash SHEPrusl IMOCTYINAaTeIbHOTO JBIJKCHUS MOJIEKYJT W CpemHsis
KBaJpaTHUHAs CKOPOCTh OJHOH MOJEKYIHl a30Ta COOTBETCTBEHHO paBHEI 5,0.10° JIx m
2,0.10° m/c. BBIUHCIUTH TaKKe TaBICHHE rasa.

3az[aq1/1 AJI1 CaMOCTOATCIIBHOIO PCIICHMA:

1.

Kakoe uncio monekyn coxaepxarcss B a3ore, Haxoxsumemcs npu temneparype 300 K u
nasnenne 1,0.10° TIla, ecam M3BECTHO, 4YTO CyMMapHas KHHETHYECKas DHEpPrHs
MOCTYNAaTEeNFHOTO JBMKEHHsSI MOJIEKYN a3oTa paBHa 6,3 J[x? OmnpenenuTh Takke oO0beM,
3aHIMaeMBIN a30TOM.

Onpenenuth CPEAHIOI KUHETUYECKYIO SHEPTHIO TIOCTYIMATEIFHOTO IBHXKEHHUSI MOJISKYIT rasa,
HaXOJIAIIerocs B 6amione eMkocTsio 5,0.1072 M3 u ipu maBnernu 6,0.10° ITa, ecm M3BecTHO,
4yT0 B O6amione coaepxkutcs 120 Monb 3TOrO rasa.

KakoBa cpemnsis KBajgpaTH4Has CKOPOCTh MOCTYIATEIBLHOTO JIBF)KCHHSI B3BEIICHHBIX B
BO3JyX€ M COBEPIIAIONIMX TEIUIOBOE JIBM)KEHHME KareleK BOAbl paguycoM 1,0.10% m npu
temnepatype 290K?

Bo ckonbko pa3 cpemHsisi KBaJgpaTUYHas CKOPOCTh MOJIEKYN BO3Jayxa OoJbllie cpemaHen
KBaJPAaTUYHON CKOPOCTH, B3BEIICHHOW B BO3/IyXE€ W COBEPIIAIONICH TEIJIOBOE IBMIKEHUE
npuHKE Maccoit 1,0.1071 kr?

B 3anasHHO# C 0JJHOTO KOHIIA Y3KOH CTEKJISTHHOW TPyOKe, paciooKeHHONW TOPU30HTAIBHO,

HaXOJUTCSI CTOJOMK BO3JyXa JUTMHOU |, 3aKpBITBIA CTOJIOMKOM PTYTH JUTMHON h.
ATmochepHoe napnenne paBHo [ . Kakoif GymeT JIMHA BO3IYNIHOTO CTOJNOHMKA, €CIH
TpYOKY pacloJIOKUTh: a) BEPTUKAJIBHO OTBEPCTHEM BHHU3; 0) BEPTUKAIHHO OTBEPCTHEM

BBEpX; B) IOJ YIVIOM K TOPU30HTY OTBEPCTHEM BHM3; I') MOJ yriioM & K TOPU3OHTY
OTBEpPCTHEM BBEPX?



3ausartue 8.
Tema: I'a30BbIe 3aKOHEI
Bormpocs! 1u1st 00Ccyx1eHus:

1.
2.

w

10.

11.

Kak o0ecreunTh MOCTOSIHCTBO JABJICHUS Ta3a MPY U3MEHEHUU €r0 TeMIIepaTyphl?
W3mensiercs i pu 1300apHOM TOBBIIIICHUH TEMIIEpaTyphbl ra3a KOHIECHTPAIUsS MOJICKYJ?
Wx cpenusst kBagpaTU4HAsI CKOPOCTH?

Bo3spacraer niam yMeHbIIaeTCsl KOHIIEHTPAIMS MOJICKYJI IIPH H300apHOM pacIIMpeHUH ra3a’?
Kak 1 BO CKOJIBKO pa3 M3MEHSIETCS KOHIICHTPAIUS MOJICKYJ MPH M300apHOM pacIIupeHHUH
rasa, ecJIM CpeIHss KBaJpaTHIHAsI CKOPOCTh MOJICKYJT YBEITMYHBACTCSI BUSTBEPO?

[Ipu U30TEepMHUUECKOM PACIIMPEHUU T'a3a KOHIIEHTpALMS MOJIEKYJl yMeHbIIaeTcs BaBoe. Kak
MIPU 3TOM W3MEHUJIACh JIaBJICHHUE ra3za?

W3meHnsieTcs i pu OBICTPOM paCIIMPEHHH ra3a CPeaHssl KBaIpaTHuHasi CKOPOCTh MOJICKYJI?
KakoBbl HauMeHOBaHUA MOCTOAHHOW bonbiiMana? MosisipHOil Ta30BOM TOCTOSIHHOM?

KaxoBbI rpaHuIlbl IPUMEHUMOCTH MIPUHIIUAIIA PABHOMEPHOTO PACIIPEACIICHHS YPHEPTUH TI0
CTENEHSIM CBOOOIBI?

Kaxkue 3HaueHUsI MOXKET TPUHUMATh TEIIIOEMKOCTh MI€aJIbHOTO ra3a’

[Tpu kaKuX yCIOBUSX TEIJIOEMKOCTh UAEATBLHOTO ra3a: a) paBHa Hyt0? 0) paBHa
OECKOHEYHOCTH? B) OTpHUIIATEIbHA?

OarHaKOBBI JIM MOJISIPHBIE U yJIEJIbHBIE TEJIOEMKOCTH OJTHOATOMHBIX U IByXaTOMHBIX
rason?

3anauu JUisl pelIeHus:

1.

Onpenenuth Maccy yriaekucaoro rasa, nporekaromiero 3a 600 cekyna co ckopoctbio 0,9 M/c
10 TpyOe, MIOmMAb HOMEPEYHOTO CEUeHHs KaHana KoTopoil pauna 5.10™ M2, ecriu n3BecTHO,
YTO JaBJICHUE U TEMIEpPaTypa ra3a COOTBETCTBEHHO paBHbI: 3,9-10° Ia u 280 K.

B 6amnone emkxocThio 2,410 M3 HaxomuTes Bomopon nmpu Temmneparype 288K. TTocne Toro,
KaK 4acTh BOJOPOJA M3PAcXOJOBIH, JaBjeHME B OamioHe moHusuioch Ha 4.10° Ila.
Onpenenutb Maccy U3pacxoJOBAaHHOTO BOJOPOA.

U3 Gammona emxocthio 1,0:102 M® BenmencTBMe HeMCIPaBHOCTM BEHTUIS — yTEKaeT
Haxozsmuiica B HeM BoaopoAd. Ilpu temneparype 280K MaHomeTp mokasbiBaji JaBiI€HUE
4,9-10° ITa. Yepes HekoTopoe BpeMs mpu TemmepaType 290K MaHOMETp MoKasal Takoe ke
nasienue. CKOJIbKO yTEKJI0 raza?

ITpu n300apHOM HarpeBaHHe HEKOTOPOil Macchl ra3a Ha 1K o0bem rasza ysenuuuics Ha 1/300
4yacTh €ro MepBOHaYaIbHOTro o0bema. OmnpenennTh HadyalbHYIO TEMIIEpaTypy rasa.
Onpenenuts MIOTHOCTh Fa30BOM cMecH, cocTosien u3 8,0 103 kr renus u 4,0- 107 kr
aprona npu temmepatype 290K u napnenun 1,0-10° ITa.

BbluncnuTe BHYTPEHHIOIO DHEPIHI0 (CyMMapHYI0 KHHETUYECKYIO DHEPIHI0 BCEX MOJIEKYJI)
JIBYXaTOMHOTO Ta3a, cojepikamierocsi B cocyne oosemoM 2,0-10° M® u maxomsmierocs npn
nasnennn 1,5-10° Ta.

Onpenenuth Maccy OJIHOATOMHOTO Trasa, €cld M3BECTHO, 4YTO CpEIHAsS KBaJpaTH4YHas
CKOPOCTh TIOCTYTIATETBHOTO TEIIOBOTO JBMKEHHS €ro Monekyn1 pasHa 2,0-10° m/c, a
BHYTPEHHsIS DHEPTHs 3TOro ra3a pasHa 5,0-10° JIx.

BorluncnuTh BHYTPEHHIOIO SHEPTHIO (CYMMapHYI0 KMHETUYECKYIO SHEPTUIO MOJIEKY)
amvuaxa (NH3), Haxozxsmerocs B 6annone emkocTsio 1,0-1072 m° mpu gapnennu 2,82-10°
ITa. Kakyro yacTe 3TOI PHEPIUM COCTABIIAET KUHETUYECKAs! SJHEPT U TOCTYIATEIILHOTO
TEIJIOBOTO ABMKEHUS MOJIEKYI?

3amaun ISt CaMOCTOSITETLHOTO PEIICHHUS:

1.

["'opu30HTaIBHO PACIIONOKEHHBIN IUIMHAPUYECKUI cocy nanuHoi 0,85 M pa3neneH Ha nBe
YacTH IUJIOTHO IPUTHAHHBIM M MOTYIIMM II€PEMENIaThCs TEIUIONPOBOISAIIAM MOPLIHEM.



KakoBo OyneT paBHOBECHOE TOJOKEHWE MOPIIHS, €CTU B OJHY YacTh COCy/a MOMEIIeHA
HEKOTOpasi Macca KHCJIOpOo/ia, a B IPYTrylo Takasl ke Macca Bojopoja’?

Kakoii 00beM BOJBI BOWIECT B OA/UIOH JJICKTPUUECKOW JamMmbl oObeMom 5,0- 10 M3, eciu
OITYCTHUTH €r0 MOJ BOAY Ha Mallylo INyOUHY M 00J10MUTh KOHUYMK? JlaMIia HamoJiHeHa a30TOM
npu gasnesnu 8,0-10% Ila. ATmocdeproe nasnenue passo 1,05-10° ITa. ITpouece n3MeHeHus
JABJICHUSI a30Ta CUUTATh U30TEPMUUYECCKUM.

I'a3 cxat u3otepMudecku oT o6bema 8,010 M 10 o6wema 6,0-10°2 M3, mpu 3TOM 1aBICHME
rasza Bospociio Ha 4,0-10° ITa. Kakum Gb110 epBOHAYaIbHOE JABICHUE ra3a?

B cocyne maxoautcs 1,0-107 momb kucnopona u 1,0-10° kr azora. Ilpu ToM naBneHnE 1
TeMIlepaTypa razoBoi cMecu cootBercTBeHHO paBHbl 0,13 ITa u 373K. Onpenenuth o0beM
cocyJa, napluralibHbIe JaBJICHUS KHUCIOPOJa U a30Ta, KOHIICHTPALIMIO MOJIEKYJ CMECH.
Cuwuras, uyro 23,6% Macchl BO3ayXa COCTaBJISIET Kuciaopon, a 76,4% - a3oT, ompeneiiuTh
TJIOTHOCTH BO3yXa Tpu Aasnenuu 9,9-10% Ila u temneparype 286K, a Taxske mapuuaibHbIe
JABJICHUSI KUCIIOPOJAA U a30Ta.

B 3akpbIThIii cocyn o6bemoM 2,010 M3, HanoNTHEHH DI CyXUM BO3yXOM IPH HOPMATbHBIX
ycnoBusix, BBenu AndTUiI0BbIH 3dup (C2H20C2Hs). Tlocne ucnapenus s¢upa naBneHue B
cocyze Bo3pociio 10 1,39-10° ITa. OnpenenuTs Maccy BBEIEHHOTO B COCY ddHpa.

3ansTue 9.
Tewma: SBnenus nepenoca.
Bompocs! 1uist 06cyxnenus:

1.

o

~

Yro sBIAETCS NPUYUHONM HECOOTBETCTBUS MEXIY OOJBIIMMH CKOPOCTSIMHU TEIJIOBOIO
JIBUKEHUSI MOJIEKYJ M CPaBHUTEIbHO MEJIEHHBIM NPOTEKAaHUEM IPOLIECCa BBIPABHUBAHUS
KOHIIEHTPaLUU MOJIEKYJ pu aupdy3un?

3aBUCHUT JIM CpeAHss JAJuHA CBOOOJHOTO mpodera MOJEKYJ IPH JaHHOW KOHLEHTPALUU
MOJIEKYJ OT TeMIepaTypbl?

KakoB mnopsaok BeauuuHbL: a) 3(Q(EKTUBHOIO auaMeTpa MoJeKyia? O) KOHLEHTpaluu
MOJIEKYJI IPH HOPMAJIbHBIX YCJIOBUAX? a) CpeHeH JUIMHBI CBOOOJHOTO Ipo0Oera MojaeKyn?
KakoBa 3aBuCHUMOCTb cpeiHel IIMHBI CBOOOAHOTO Ipobera MoJeKy1 oT aaBieHus raza? [lpu
JrOOBIX JIM AABJICHUSX OJMHAKOBA 3Ta 3aBUCUMOCTb?

Uro Takoe "TeXHUYECKUIl BaKyyM'" U ITOUYEMY 3TO MOHSATHUE SIBISIETCS OTHOCUTEIIbHBIM?
KakoBbl HanMeHOBaHUA K03 PHLIneHTOB nepeHoca (ko3 duurentoB auddysumn,
BHYTPEHHET0 TPEHUS U TEIJIONPOBOIHOCTH)?

2. KakoBa 3aBrucHUMOCTb K03(puuinenTa qud@y3un oT TeMIepaTypsl U JaBieHus raza’?

3. KakoBa 3aBucuMocTh K03 (PHUIIMEHTOB BA3KOCTH M TETUIONPOBOIHOCTH raza OT JaBJICHHUS,
€CJIM a3 HaXOJUTCS: a) B COCTOSIHUM JaJIeKOM OT TEXHUYECKOro BakyyMa? 0) B COCTOSTHUM
TEXHUYECKOTO BaKkyyma?

4. Kak rpa¢puuecku nu3o0paxkaercsi IpuMepHasi 3aBUCUMOCTb KO (PHUIIMEHTOB IIepeHoca OT
JIaBJICHUS ra3a: a) B COCTOSHUU JaJIeKOM OT TEXHUYECKOro BakyyMma? 0) B COCTOSIHUU
TEXHUYECKOTO BaKyyma

33.I[211H/I AJId pCHICHUA:

1.

[Tpu xakoM JaBIEHUM CpeaHss IMHA CBOOOAHOrO mpodera MoJeKyl a3oTa paBHa 1 M, eciu
TemmepaTypa Tasa pasHa 288 K? DddexTuBHbIl AuaMeTp MONeKy/Isl a3oTa pased 3,1-1071°
M.

OnpeaenuTs MIOTHOCTh BOJOPO/IA, €CJIM U3BECTHO, UTO CPeNHss AJTMHA CBOOOIHOTO nmpobera
Monekyn paBHa 1072 M. DbheKTHBHBIH gHaMeTp MONEKyIbl Bogoposaa pases 2,3-10710 m.

[Ipu KakoM JaBJEHHH CPeIHss MIMHA CBOOOIHOTO mpobera MoNeKysl azoTa paBHa 102 M,
€CIIM TIPH HOPMAITLHOM JIaBJIeHHH OHA paBHa 6108 m?

Onpenenutp kodpdunuent nuddy3un kuciaopoaa npu temmneparype 323 K, ecnu u3BecTHo,
YTO TPU HOPMANBHBIX YCIOBHSAX OH paBeH 14,2:10° m%/c, a HarpeB mpoHMCXOmUT mpH
MOCTOSTHHOM 00BEME.



5.

6.

KakoB koadduuuent muddy3un Kucaopoga MpH HOPMAIBHBIX YCIOBUAX? DPQPEKTHBHBIH
JMaMeTp MOJIEKYIIbI KHcIopoza pases 2,9-1070 m.

Uemy paBeH KOA(pOUIHMEHT BHYTPEHHETO TPEHUS KUCIOPOJa MPU HOPMAIBHBIX YCIOBUSX,
€CIIM HM3BECTHO, YTO CPEIHssl JUIMHA CBOOOMHOrO Tpobera MOJEKYl MPH 3TUX YCIOBHUAX
paBHa 6,5-10% M.

BbIUuciIuTh CpeqHIon UIMHY CBOOOAHOTO mpodera M A((EKTUBHBIA TUAMETP MOJEKYIIbI
BOJIOPOJIa TMPH HOPMAIBHBIX YCIOBHSX, €CIIM W3BECTHO, YTO KOA((UIMEHT BHYTPEHHETO
TPEHHs IPU 3THX yCIOBHAX paHeH 8,610 H-c/m?.

3&,[[3‘11/1 AJI1 CaMOCTOATCIIbHOI'O PCIICHM .

1.

KakoBa cpenusisi KBapaTHUHasi CKOPOCTh MOJICKYJI aproHa, HaXOASIIEr0oCs MMO/1 AaBICHHEM
10° ITa, ecriu U3BECTHO, YTO CPEAHSA JTMHA CBOGOAHOTO Mpobera MosieKy papHa 107 m.

D deKTUBHBIA THaMeTp MojleKyy aprona pases 2,9-107% M. M = 40-107 kr/mous.

KakoBo cpeqHee 3HaueHHE IPOMEXKYTKA BPEMEHH MEX]y IByMs IIOCIE€10BATEIbHBIMU
CTOJIKHOBEHUSIMHU MOJIEKYJI BojopoAa npu aasineHuu 13,3 I1a u remneparype 373 K?
Onpenenuts K03(pPULUUEHT BHYTPEHHEr0 TPEHUS a30Ta NPU HOPMAJIbHBIX YCIOBUSX, €CIH
ko3 durment quddy3uu a30Ta Ipy STHX ycnoBusx pases 1,41-107° m%/c.

KoadduiuneHT BHYTpeHHEro TpeHUs YIJIEKUCIIOTO ra3a IpH HOPMAJbHBIX YCIOBUSX PaBEH
1,4-10° xr/m-c. OmnpenennTh CPeHIO JUIMHY CBOOOJHOrO Ipobera MONEKyl |
kodduimeHT nuddy3un npu STUX YCIOBUSIX.

OnpenenuTh KOHLEHTPAIMIO MOJEKYJT BOJOPOJA, €CIH HW3BECTHO, YTO KOI(PPHUIHUEHT
BHYTPEHHEro TPEHHUs TIPU OTpe/IeIeHHBIX YCI0BUAX paBeH 8,5-10° H-c/M?, a koodduuument
nudQy3un IpH TUX ycoBusaxX paseH 1,42-10% m?/c.

Onpenenutb Ko3(G(GUIMEHT TEMJIONPOBOJAHOCTH aproHa IMpU HOPMAJIbHBIX YCIOBHSX.
D¢ deKTUBHBIA TUaMETp MOJIEKyIbl aproHa paseH 2,9-1070 v,

s u3mepenus ko3¢ UIMEeHTa TeMI0NPOBOIHOCTH a30Ta UM 3aOJIHUIIN TPOCTPAHCTBO
MEXy IBYMS JJIMHHBIMHU KOAKCHAJIbHBIMU HMIMHApaMHu ¢ paguycamu 0,05 M u 0,015 m.
BHyTpeHHU IUIUHIP PaBHOMEPHO HArpeBajicsl 3JeKTPUUECKUM TOKOM TaKUM 00pa3oM, YTO
yepes IMOBEPXHOCT TTomtaapio 1,0-10 M BHYTpeHHEro IMIMH/IPA €KECEKYH THO MPOXOIMIIO
KOJIMYECTBO TemIoThl, pasHoe 3,0.10™ k. [Ipu ycTaHOBHUBIIIEMCS TIpoLiecce TeMIIepaTypa
BHYTpPEHHeEro IInHApa paBHsuiack 363 K, a BHemHero - 273 K. KakoB koappunueHT
TEIUIONPOBOAHOCTH a30Ta?

3anstue 10.
Tewma: Ilepoe Ha4aJI0 TEPMOJAMHAMHUKH.
Bomnpocs! 11 o0cyxkaeHus:

1.

2.

B

W3MmeHsieTcs 1M BHYTPEHHSS DHEPrHsl UJICANbHOIO ra3a MpH H30TEPMHUECKOM Ipoliecce U
coBepIaeTcs JJu paboTa mpu 3TOM Iporecce?

[IporcxoauT M1 TETUIOOOMEH TPH U30TEPMHUYECKOM Mporiecce? UeMy paBHa TEITIOEMKOCTh
U/IeaIbHOTO ra3a Mpu 3TOM Iporiecce?

Kak Bbluncisiercss KOJMYECTBO  TEIJIOTHI, COOOIIaeMoOe HJAealbHOMY Ta3y Ipu
M30TEPMHUYECKOM Iporiecce?

OnuHaKOBBI MM Pa3IMYHbI 3HakU Q ¥ A npy N30TepMUYECKOM Ipouecce?

CKOJBKO MapaMeTpoB M Kakue HeoOXOAMMO 3ajaTh, YTOOBI BBIYHUCIUTH paboTy,
COBEpIIAeMYIO WCAIbHBIM ra30M IPU U30TEPMUUYECKOM Ipoliecce?

Kak rpaduuecku nzo0paxkaercs U30TEPMUUECKUI MTPOIECC, OCYIIECTBISIEMbIH C HI€aTbHBIM
ra3zom B ocsix (p,V), (p,T) u (V,T) ?

B kakom ciydae uieanbHBI ra3 Mpu OJHOM M TOM K€ M3MEHEHMH 00BbEMa COBEpIIaeT
OoJbITyI0 paboTy: MPU M300aPHOM WIIM U30TEPMUYECKOM PaCIIUpEHUN?

[TporcxomuT 1M 3HEProoOMEH MEXIy HACAIbHBIM Ta30M U OKPYXKAIOLIEH Ccpemod mpu
aauabaTHOM mporiecce?



10.

11.

12.

13.

14.

[lpy KakuxX YCIOBHAX MOXHO MNPHOMKEHHO OCYIIECTBHTH PABHOBECHBIH aralOaTHBIH
MPONECC MPU OTCYTCTBUM TEIIJIOBOM U3OJIALIMU?

Kak rpapuuecku nzobpaxaercs mukn? Kak mo 3agannomy rpaduky IHKIa ONPEIEInTh,
SIBJIIETCS JIM OH IIUKJIOM TEIUIOBOM MJIM XOJOAMIBHON MaIlIuHbBI?

[TonmokuTenpHa WK OTpHUIIATETIbHA paboTa, coBepIaeMasi pabouruM BEIIECTBOM 3a OJIUH
IIMKJI: a) TETUIOBOW MaIUHBI? 0) XOJ0IMILHON MaIIuHbI?

[TonoXuTEeNbHO UM OTPULIATEIILHO KOJIMYECTBO TEIJIOTHI, OJlydaeMoe paboyuM BEUIECTBOM
3a OJIMH ITUKJI: ) TETUIOBOK MaIMHBI? 0) XOJI0IUILHON MAIIMHBI?

[Touemy paboThI, cOBepIIacMble pa0OYUM BEIIECTBOM Ha M30TepMax Iukia KapHo, moryr
OBITH BBIPAXKECHBI Yepe3 TEMIIEpATyphbl HArpeBaTessl U XOJ0UIbHUKA?

Y4yacTByloT U pabOTHI, coBepiIaeMble Ha aquabarax mukiaa KapHo, B 3HEPreTUYECKOM
OaaHce 1uKIia?

3amaun ISl penieHus:

1.

OnpenenuTh KOJTUYIECTBO TEIUIOTHI, COOOMEHHOE | MOJB reNusi, COAEePIKAMETroCs B 3aKPBITOM
Gamwtone émkocteio 1,0-102 M2 npu temneparype 300 K, ecnum u3BecTHO, 4TO mOCIE
HarpeBaHus AaBjeHue B 6amIoHe Bo3pocio a0 1,33-10° I1a.

Ornpenenutb U3MEHEHUE BHYTPEHHEN SHEPTHH, COOOIIEHHOE KOJIMYECTBO TEIUIOTHI U padoTy,
COBEPUIEHHYIO OJIHOATOMHBIM Ia30M, MPU YBETUYEHUH 00bEMA OT 2,0-10° M3 10 7,0-10° Mm% B
YCIIOBHSX TOCTOSHHOTO JapieHus, pasHoro 3,0-10° ITa. Ilo momydeHHBIM JAHHBIM
MIPOBEPUTH CIPABEAIUBOCTh MIEPBOTO HAYalla TEPMOJIUHAMHUKH.

O0BEM 0THOTO MOJIS MACATBHOIO Ta3a, Haxoausiierocs npu temmeparype 290 K, uzobapHo
YBEJTUYHWIICS BJIBOE, & 3aT€M ra3 M30XOPHO OXJIAIWJICS A0 MEePBOHAYAIBHOW TEMIIepaTyphl.
N3o00pa3uth rpadudecku 3ty mporeccel B ocax (p,V), (V,T) u (p,T), a 3arem onpenenutsb
W3MCHCHUE BHYTPEHHEH OJHEpruM Ta3a, COBEPHICHHYI0 paboTy © COOOmEHHOE €My
KOJIMYECTBO TETLIOTHI.

B BepTHKanbHO pacnosioKEHHOM LWJIMHJPE MO/ MOPIIHEM HaxoAuTcs raz oobémom 2,0. 10
M3 mpu Temnepatype 299 K. Haiftu paGoTy paciiupeHus rasa Ipu HarpeBaHuu ero Ha 100
K. Macca mopmmss 10 kr, ero mnomiaas 50 cm?, arMochepHOe TaBIeHne HOPMATBHOE.

OjguH MoIb KHCIOpOAa, HAXOAich mpu Temmeparype 3,0-10° K, wusoTepMuuecku
pacmupuiica. Bo ckonpko pa3 yBenuumiics 00bEM KUCIOPOJa, €CIUM €My IpU paclIupeHUH
OBLIIO COOOIIIEHO KOTMYECTBO TEIIOTHI, paBHOE 1,7- 103 JTx?

JIByxaTOMHBIN UeaNbHBIN ra3, 3aHUMABIIUN 00BEM 5,0- 1072 M3np1/1 nasiennn 3,0-10°TTa,
M30XOpPHO HarpeBaliv J0 Te€X Mop, MOKa €ro JaBjeHue yJIBOUIOCh. Benen 3a 3tum ras
WCIIBITAJI N30TEPMUYECKOE PACIIUPEHUE IO HAYAIBHOTO JABJICHHS U, HAKOHEII, n300apHO
OXJIAKIAJICS JI0 HaYaIbHOTO 00bEMa. M300pa3uth rpadudecku 3TH mpoiecch B ocsx (p,V) u
(T,p) v onIpeieNIUTh B KAXJIOM IIpoIiecce: a) paboTy, COBEPIIEHHYIO ra30M, 0) U3MEHEHHUE ero
BHYTPEHHEH SHEPTUU U B) KOJIMYECTBO TEIJIOTHI, MOJYYEHHOE Ta30M.

NneanpHas TermoBas MamnHa padortaet mo nukiny Kapao. OnpenenuTs K.I1.J. HUKIA, €CIU
M3BECTHO, UYTO 3a IMKJI pabouMM BeElIecTBOM coBepmaercs pabora B 4,9 10° JIx, a
XOJOIMITBHIKY TIepeIaéTcs KOMMIECTBO TEIIOTHI, paBHoe 2,3 103]1x.

TemmepaTypa HarpeBareisi BTpPO€ BBIIIE TEMIEPATypbl XOJoauwibHHKA. Kakyio dacTh
SHEPruM, TOJNIydeHHOW B 1ukie KapHo OT HarpeBaTems, pabodee BeEmIECTBO OTIAET
XOJIOAWIIBHUKY?

OnpenenuTb KOJMYECTBO TEIJIOTHI, COOOIIEHHOE V MOJIb WIEAIbHOTO Ta3a 3a OJMH LUKJI,
COCTOSAILIUN U3 IBYX U30X0p U JIBYX U30TEPM

3aI[an/I AJId CaMOCTOSATCIIBHOT'O PCILICHUA:

1.

OnpeenuTh MOTSAPHYIO Maccy OJHOATOMHOTO Ta3a IUIOTHOCTRIO 0,2 Kr/M°, coeprkanierocs
B 3aKpBHITOM cocye 00béMoM 2-102m3, eciu u3BecTHO, UTO /il HATPEBAHHUS ras3a IIPH STHX
yenoBuax Ha 80 K motpeboBaioch cOOOIUTH €My KOJIMYECTBO TEIUIOTHI, paBHOE 997 JIxk.



Bamnon émxocteio 10%Mm° ¢ kucnopomom mpu napienuu 8.10°TIa u Temmeparype 280 K

HarpeBaetcs 10 288,5 K. Kakoe KOTH4ecTBO TEIIOTHI COOOIIEHO KUCTOPOAY?

B mununape nuamerpom 0,2 M u BbicoTOM 0,42 M C MOJBMIKHBIM MOPIIHEM HAXOIUTCS ra3
nox nasiaenueM 12-10° Tla u npu Temnepatype 573 K. Onpenenuts paGoTy, coBeplIIacMyro
ra3oM Ipu U300apHOM CHIDKEHHH Temreparypsl 10 283 K.

HekoTopas Macca azora npu gasinernn 1,013 10°TIa umena o6séM 10?2 M5, a ipu JaBiaeHHH
3,039. 10°Ta - 4. 103 m>. Ilepexon U3 HEPBOTO COCTOSHHSA KO BTOPOMY CJENaH B JBA ATAIa:
cHaudaja rno uzobape, a 3aTeM 1o uzoxope. OnpenenuTs U3MEHEHHE BHYTPEHHEH >HEpruu
ra3a, COBEpHIEHHYI0O pPAa0OTy U KOJWYECTBO TMOTJIOMEHHOTO Teruia. [IpowsBenute
AQHAJIOTMYHBIE PAacy€Thl B cllydyae 0OpaTHOTO ClIeJOBaHMSI IPOIIECCOB: CHayaia Mo U30Xope, a
noToM 1o u3o6ape. CpaBHHUTE pe3yabTaThl PACUETOB B 000UX CITydasix.

Kakoii ra3 moaseprajics u30TepMUUECKOMY cCxaTuio mpu Ttemnepatype 300 K, eciou
U3BECTHO, YTO pab0oTa, COBEPIIEHHAS BHEITHUMU CHJIAMH TIPH CIKATHH 2 KT 3TOTO Tra3a, paBHA
1,38-106 Jx, a paBleHHWE BO3POCIO OT 5-10° Tla mo 15-10° Tla? Onpenenutbh Takxke
HavaJIbHBIN yeIbHBIH 00BEM 3TOTO Ta3a.

A3zotr Mmaccoit 0,20 xr pacmmpuiics uzorepMuuecku Ipu temmneparype 280 K, mpu stom
00bEM azora Bo3poc BaBoe. OmpenenuTs U3MEHEHUE BHYTPEHHEW HHEPruu azoTa, padory,
COBEPUIEHHYIO a30TOM, U COOOIIEHHOE MYy KOJTMYECTBO TEILIOTHI.

B nBurarene BHYTpEHHETO CropaHusi 3aCOCaHHBIA aTMOC(EpHBIH BO3ayX B 00BEMe 1,0-10°
M3 momBepraercs 12-kpaTHOMy cxkaTwio. Ilpeamonaras TIpoLecC CKaThs aaMaGaTHEIM,
ONpEIETUTh KOHEUHOE JaBJCHUE, KOHEUHYIO TEMIIepaTypy U paboTy, COBEPUIEHHYIO Tra3oM
IIPU CHKATHH.

3ansrue 11.
Tema:OuTponus. a3oBble Nepexobl.
Bomnpocs! qiis o0cyxkaeHus:

1.

2.
3.
4

9.

Uewm onpenensieTcs 3HaK U3MEHEHUS SHTPOIIUU TEPMOJAMHAMUYECKON CHCTEMBI?

W3MeHsieTcs 11 SHTPOIUS TEPMOAMHAMUYECKOM CUCTEMBI ITPH aiabaTHOM Ipolecce?

Kak u3mensieTcst S3HTpoIust Ipu paBHOBECHOM U30TEPMUYECKOM CKaTUM WICAIbHOTO raza?
Kak Bblpaxkaercs aHanutuyecku M rpadpuuecku B ocax (T,S) kommyecTBo TerioThl,
COOOIIEHHOE TEPMOAMHAMUYECKON CUCTEME B KaKOM-JTHO0 0OpaTuMoM mpoiiecce?

Kak BeIpakaerca aHanutuyecku u rpagpudecku B ocsax (T,S), rme T - temnepatypa, a S -
SHTPOMHUSI, CYMMapHOE KOJMYECTBO TEIJIOThI, COOOIIEHHOE TEPMOIMHAMUYECKON CUCTEME, U
cyMMapHasi paboTa, CoOBepILIEHHAsE CUCTEMOM, C KOTOPOH OCYIIECTBIEH 0OpaTUMBIN Mpolecc
?

Kak BbIuucisiercst u3MeHeHHe SHTPOIUN TEPMOAMHAMUYECKON CUCTEMBI ITPH (ha30BBIX
nepexonax 1 pomga?

Temneparypa mnasnenus cramu 1400°C. TIpu cropaHum mopoxa B KaHale CTBOJNA OPYAHUS
Temmepatypa gocturaer 3600°C. TTouemy cTBON OpyIHs He IIABUTCS MPH BBICTpese?

Ecmu B Boxy mpu Temmeparype t = 0°C 6pocuts kycok mpaa npu t = - 22°C, mpousoiizer
3aMETHOE YBEIMYEeHHE Macchl Jipaa. llpomecc KpucTaquiM3anuu BOJABI COMPOBOXKIAETCS
BBIIEJICHUEM 3HAYUTEIBHOIO KOJIMYECTBA TEIUIOTHL. IloueMy »ke mnpu 3TOM BoAa He
HarpeBaeTcs?

B kactprone KUnuT Bosa, U B HeW BapsATcs MakapoHbl. KUnuT u Boja B TpyOkax MakapoH?

33.I[211H/I AJId pCHICHUA:

1.

IIpy KakuX yCIOBHAX Mpon3BOAMIOCs Harpesanue 22.10° kr azota (mpu V = const wim p =
const), eclIM M3BECTHO, YTO IPU ITOM HarpeBaHWU HHTpomnus Bo3pocia Ha 4,19 JIx/K, a
TeMIlepaTypa yBeiaudmiach B 1,2 paza?

Onpenenuts usMeHenue sutporuu 1,00 M3 Bo3fyxa IpH JBYKPaTHOM H30TEPMUYECKOM
yBEIMYEHUU OO0BEMA, €CJIM H3BECTHO, YTO [0 PpACIIMPEHUs BO3AYyX HaXOIWiICAd MO
nasnennem 19,6 10* ITa u Temneparype 273 K.



Bonmopon maccoii 0,10 kr cHavana OblT M300apHO HArpeT Tak, YTO €ro 00bEM YBEIUUHIICS
BTPOE, a 3aTeM OH ObLT M30XOPHO OXJAXKIEH Tak, YTO €ro JIaBJICHHE YMEHbBIINIOCh BTPOE.
Onpenenutb cyMMapHOE U3MEHEHUE SHTPOIIUH.

OnpenenuTs cyMMapHOe H3MeHenue >aTpornun 1,0 107 kr Bogoposa, ucmbITaBIIero cHavyana
annabaTHOE CXKaTHe J0 BABOE MEHBIIEro 00bEMa, a 3aTeM M30TEPMHUUYECKOE PACIIUPEHUE 0
HAYaJIbHOTO 00BbEMA.

[Ipy W3rOTOBJICHMU JIbJA B JIOMAIIHEM XOJOIMIBHUKE MOTPEOOBAIOCH 5 MUHYT Ui TOTO,
yTOOBI OXJAJAWTh BOIY OT 4 10 OOC, u eme 1 gac 40 MuHYT JUIsI TOTO, YTOOBI OHA
mpespaTHiach B e, Temmeparypa kotoporo 0°C? Uemy paBHa yzeibHas TerwioTa
IUTaBJICHUS JibJia?

B yriny6nenun, caenaHHOM BO JIby BIMBalOT cBUHEI. CKOJIBKO OBIJIO B3SITO CBUHIIA, €CIIA OH
octein 10 Ttemmeparypsl 0°C w mpu sToM pactomma dex Maccoit 270 r? HauambHas
temnepatypa npaa 0°C, ceunma 400°C.

B Tepmoc ¢ Booif momecTHn e npu temmeparype —10°C. Macca Bogsr 400r, Macca nbaa
100 r, navanpHas TemmepaTypa Boasl 20°C. Omnpenenute OKOHYATENbHYIO TEMIIEPATypy B
TepMoce.

[Ipu coOnroieHUH HEKOTOPBIX MPEAOCTOPOKHOCTEH BOJY MOXKHO IE€PEOXJIaaUTh, T.€.
oxiaaute Hmwke 0°C. [Tpobupky, coaepxkamgyto 12 © mepeoxXJakIEeHHOW BOIBI C
temneparypoii —5°C, BcTpsxumBaror. Ilpu >ToM wacTh BOABI 3aMep3aeT. KakoBa macca
oOpa3zoBasiierocs abaa?

38.,[[21‘11/[ 1A CaMOCTOATCIIbBHOTO PCIICHUA

1.

Ko mukna Kapuo pasen 0,3. Ilpu u3oTepMuueckoM pacHIMpeHHH padouee BEIeCTBO
nonyunno ot HarpeBarens 200 Jx. Omnpeaenuth paboTy, COBEpIIEHHYIO TpU
M30TEPMUYECKOM CIKATHH.

Onpenenuts paboTy, COBEPUIEHHYIO V MOJIb HJCAIBHOIO ra3a 3a OJUH IIUKJ, COCTOSIINN U3
JBYX U30XOp U JBYX ajauadar.

C omnpenenéHHoi Maccoi UeaTbHOIO ra3a OCYIIECTBIEH LUK, COCTOALIMM U3 JBYX H300ap
U AByX uzorepM. M300pasuth rpaduuecku »tor 1uka B ocax (T,p), m (U,V), rne T -
TeMIeparypa, p - AaBjieHue, V -00bEM, p- IIOTHOCTh U U - BHYTpeHHsAs 3Heprus rasza. Kax
BeIET ce0sl BHYTPEHHSSA SHEPrUs HA KaXKJIOM ydyacTke Hukiaa? OTBETbl 000CHOBATH.
WneanbHblil 1ByXaTOMHBIN Ta3 (V=3 MOJIb), 3aHUMAIOLINI 00BEM 5 11 M HAXOIALIUICS O
nasinenueM | mIla, nonseprarot n3oxopHomy HarpeBanuto a0 temnepaTtypsl 500 K. ITocne
ATOrO ra3 MOJABEPIIN U30TEPMUUECKOMY PACIIUPEHUIO A0 HA4aJIbHOTO JaBJIEHMS, & 3aTEM OH
B pe3yJibTaTe N300apHOro CKaTHsI BO3BpAILEH B IepBOHAYaNbHOE cocTostHue. [locTpouTth
rpaduk MKIA U ONPEAETUTh TEPMUUYECKHUM K.11.JI. [IUKJIA.

Kucnopon maccoit 8,0 102 kr, zamumas o6ném 1,0 102 m® npu temmeparype 353 K,
TIepeBeJIeH B COCTOSIHHE, B KOTOPOM OH 3aHsI 00seM B 4,0 1072 M® mpu temmeparype 573 K.
Onpenenuts U3MEHEHUE SHTPOIMH IIPH 3TOM IEPEXOJIE.

B pesynpraTe m3oTepmmueckoro cxatus 88,7 102 M Bo3ayxa, HaXOMSIIErocs MpH
temneparype 303 K u nasnenun 1,00 10° Ila, sHTponus ero ymenbiunack Ha 873 JIx/K.
Onpenenuth KOHEUHBIH 00BEM BO3TyXa.

Onpenenuts u3MeHenue sutponuu 6,0 107 kr Bogopoaa npu ero nepexoje OT OAHOTO
COCTOSIHHMSI, KOTOPOMY COOTBETCTBYIOT manenue 1,5 10° ITa u 06wém 2,0 102 M, B mpyroe
COCTOSTHUE, KOTOPOMY COOTBETCTBYIOT AaBnenue 1,0 10° ITa u 066ém 6,0 1072 M2,

3

3angarue 12
Tema: PeanpHble ra3sl. JKHIKOCTH B UX CBOMCTBA.
Bormpocsr q1st 06cyxkaeHus:

1.

2.

IIpu xakux ycioBusix ypaBHeHHEe MenneneeBa — KianelipoHa M BBITEKAIOUIME U3 HETO
3aKOHBI MJI€aJIbHOTO T'a3a OMKUCHIBAIO MTOBEACHUE PeabHOTO ra3a’?
Kakue nonpaBku BBen Ban —nep — Baanbc B ypaBHeHune MenaeneeBa — Knanelipona?



~ow

©o

B uem cocTOUT OCHOBHOE OTIMYHE PEATBLHOTO ra3a OT UJIeaTbHOT0?

Kaxkoii cmpici noctostHabIXx Ban —nep — Baanbca? Uto Takoe BHyTpeHHee AaBieHue? Kakoe
S3HAYCHHUC MPUHUMAIOT 3THU IMOCTOAHHBIC JIS1 UACAILHOTO rasa?

OObsicHUTE pa3IMYUe OIBITHBIX HM30TEPM PEATbHOTO Ta3a U H30TEPM, COOTBETCTBYIOIIUX
ypaBHeHUIO BaH —nep — Baanbca.

OO6bsicHUTEe 0OCOOCHHOCTH MOJIEKYJISIPHOTO CTPOSHUS KUIKOCTEH.

. B uem 3akitouarorcss 0COOEHHOCTH SIBIICHUH MEpeHoca B KHUAKOCTAX? UTo 00IIero u B 4eMm

pas3inuunue 3Tux SIBIICHUI B KHUIKOCTAX U rasax?
YTo HA3BIBAIOT MMOBCPXHOCTHBIM HATSDKCHUEM?
B uem CYIIHOCTb CMa4YMBaHUA U HecMaynBaHus? KOI‘I[a BO3HHUKAIOT 3TH SBJICHHA?

3amaun ISl penieHus:

1.

Onun Monb aprona 3anumaetr 006éM 1 11 pu Temneparype 300 K. Borunciure napnenue
aproHa: a) cuuTasl aproH UJCAbHBIM ra3oM; 0) CUMTas aproH pealbHbIM Ta30M C CHIIAaMU
BHYTPEHHETO MPUTSHKEHUS MOJICKYJI, HO IpeHeOperas X COOCTBEHHBIM 00EMOM; B) CUUTAs
aproH peallbHbIM ra30M ¢ COOCTBEHHBIM 00BEMOM MOJIEKYII, HO peHeOperas cuiaMmu
BHYTPEHHETO MPUTSHKEHUS MOJIEKYJ; T') CUUTAsl aprOH PeaIbHBIM T'a30M.

Brrancnute naBieHue pealibHOTO YIIIEKHCIOro raza Mmaccou 1,1 Kr, Haxoasmierocs B
6amtone 20 1 ipu Temmneparype 13°C. CpaBHHTE pe3ynbTaT, CUMTas a3 UICATbHBIM.
Brraucnute temmneparypy, pu KOTOPO JaBJIeHUE PeaIbHOr0 KHCIOPOa, UMEIOIIETO
wioTHOCTh 100 1/11, paBHO 70at. CpaBHHTE C TEMIEPATypOil, CUUTAs Ta3 UACATBHBIM.

B 6amtone emkocthro 20 1 HaxoauTtcs 80 Moseld HekoToporo rasa. [Ipu 14°C naBnenue rasza
pasHo 90 ar, a mpu 63 °C naBnenne yBemmumnock 10 109 at. BerauciuTe nocrosiHEbe Ban-
nep-Baanbca s aToro rasa.

[ToBepxHocTHOE HaTsbKeHHE KepocuHa paBHO 0,024 H/m. Kakyio pabGory coBepmiat CHITbI
MMOBEPXHOCTHOTO HATSKEHHUS, €CIU IUIOLAAb TOBEPXHOCTHOTO CJIOS KEPOCHHA YMEHBUIUTCS
Ha 50 cM?.

Onpenenuth NaBJ€HHE BO3JyXa B MBUIBHOM IY3bIpe PaAHycoM 3 cM, eciiu aTtMmochepHoe
nasnenne 10° IMa. [ToBepxnoctHoe HaTsxeHue 0,04 H/m.

Onpenenuth MOBEPXHOCTHOE HATSHKEHUE CIIUPTA, €CIH B KallWJUIAPHOU TpyOke quameTpom 1
MM OH MojHsuics Ha 11 mm.

3az[aq1/1 AJI1 CaMOCTOATCIIBHOIO PCIICHMA:

1.

2.

Moxuo m 300 T a30Ta, HaxoAAIIErocs B cocye oobeMoM 0,5 1 mpu Temmepatype 27 °C
CUUTATh UICATbHBIM Ta30M?

JIBe ogmHakoBbIe chepuuecKre Karik PTYTH paAnycoM 2 MM CIMIUCH B oAHY. Ha ckombko
W3MEHUJIACh YPHEPTHUS TOBEPXHOCTHOTO CJIOS Kameb?

Ha kakyro BBICOTY TOgHHMeTCs BoAa (Temmepatypa 20 °C) Mexay AByMs TapasiieqbHBIMU
CTEKJITHHBIMU TUUTACTHHAMH, PACIIOJIOKEHHBIMU Ha paccTosHUM | MM? CMauynBaHHWE CUUTATh
nonHbM. KoaddunmeHnt moBepxHOCTHOTO HaTsKeHUs Bobl 70 MH/M.

HaiiTn moOBEpXHOCTHOE HATSHKEHWE TIHWIEPHUHA, €CIM BBICOTA IMOIBEMA IO KANMUIUIPY
nuamerpoM 1 mm paBHa 20 mm. CuuTaTh, YTO UMEET MECTO MOJHOE cMaunBaHue. [ImoTHOCTD
rmaneprHa 1260 kr/ve,

JlaGopaTtopHbie padoThI
He npegycmotpensl.

CamocrosiTeibHas padora

CamocrosiTenpHas padoTa BKIIOYAET B CeOsI:
1. H3ydeHue TeOpEeTHUECKOro MaTepHala 1o y4eOHbIM IOCOOHUSIM.
2.  Pemenwme 3ama4, npeHa3HAYCHHBIX UIS1 CAMOCTOSITEIBHOTO PEIICHUS.



6. Kputepuu onleHNBaHUA Pe3yJibTATOB OCBOCHUS M CIUIIJIMHBI (MOLYJIs1)
6.1. OLleHOYHbIE CPEACTBA U KPUTEPUU OLICHUBAHUS ISl TEKYIIEH aTTECTAllUU

KonTpoasnas padoraNel (8 cemecTp)

1.

3apsaasl 2 HKi m -8 HKn pacnonokeHsl Ha
paccrosauu 10 cm. Omnpenenure cuiy, ¢
KOTOpPOM BTOPOM 3apsil IECUCTBYET HA MEPBBIN;
HANPSKEHHOCTD u NOTEHLHAT @ ° °
sekTprdeckoro nous B Touke C. Paccrosnue G 42

OT BTOpOro 3apsiaa 10 Touku C paBHo 20 cMm.

Ornpenenure D/C u BHYTpPEHHEE

CONPOTUBIIEHUE AKKYMYIATOpa, €CIH Mpu

MOAKJIIOYEHUN K HEeMy pe3ucropa comportuBienueMm 4 Om cuna toka paHa 0,2 A, a npu
MOJKJIFOYEHUHU pe3uctopa 7 OMm cuiia Toka paBHa 0,14 A.

B maruutHOoM mone ¢ unaykuueit 0,2 Tn Bpamaror crepskeHb JUMHON 0,2 M ¢ TOCTOSHHOM
yrIoBo# ckopocThio 50 pan/c. Haiinmute pa3HOCTh MOTEHIIMATIOB HA KOHI[AX CTEPXKHS, €CIIU OCh
BPALLECHUS [TPOXOIUT YePE3 KOHELl CTEP KHS MapauIeIbHO CUJIOBBIM JIMHUSIM MarHUTHOT'O T10JISI.

JleficTBuTENIFHOE M300paKEHUE MpPEAMETa, MOJIyYEHHOE C MOMOMIBI0 COOMpAIoNIel JIMH3HI,
HaxoauTcsa OT Hee Ha paccTtossHuU 80 cMm. CoOuparolyro JIMH3Y 3aMEHSIOT PacCCEeHBAIOIIEH C
TaKUM ke (POKYCHBIM paccTosiHueM. B aTom ciryyae nzo0pakeHre HaXOJUTCS Ha paCCTOSHUU
20 cm ot yuH3BL. Onpenenute GOKyCHOE pacCTOSHUE JIMH3 M YBEIIMYCHUE B KXKJIOM CITydae.

Jlyd cBeTa majgaeT Ha MOBEPXHOCTH pasfenia AByX cpen moxa yriom 30°. ompenenuTe yrodi

TNPENOMIIGHUs, eclM CKOPOCTh CBeTa B mepBoii cpeme 2,5-108 wm/c, a moxa3saTens
MpeIoMIIEHUS BTOpOU cpennl 1,4.
N3onupoBaHHas MeTaUIMYECKasl MJIACTUHKA OCBEIIAETCS CBETOM C JJIMHOM BOJHBI 450 HM.

Pabota BbIxO/1a 57eKTPOHOB U3 MeTaia 2 3B. Jo kakoro moTeHIaNa 3apsauTcs MIacTUHKA
IIpU HEMPEPHIBHOM JIEUCTBUU cBETa?

Kontpoabsnas padora Ne2 (9 cemectp)

1.

KoopauHaThl JIBYX Tel, MBMXKYHIMXCS BAOJb Ocd OX, 3aBHCAT OT BPEMEHH CICIYIOIIMM
2 2
obpazom: x, =6f—3t"; x,=2t+t". KaxkoBel HauaibHBIE KOOPAMWHATHI, HayaJbHbBIC

CKOPOCTH M YCKOpEHHUs Ted? YKaXuTe MOMEHT BpEMEHH, B KOTOpbIH 00a Tena OyayT Ha
OJIMHAKOBOM pacCTOSIHUM OT Hadajla KoopauHaT. HaliTu paccrosiHue Mexay Teinamu 4epes 5
CEKYH/I.

VY noBepxHOCTM 3eMJIM Ha KOCMOHAaBTa JEHCTBYET rpaBuTanuoHHas cwna 720 H. Kakas
rpaBUTALlMOHHAs] CHUJia JEMCTBYeT CO CTOPOHBI 3€MJId Ha TOro >K€ KOCMOHaBTa B
KOCMHYECKOM Kopalyie, KOTOpBI € IOMOIIBIO PEAKTUBHOI'O JIBUTATENS YAEP)KHUBACTCS
HEMNOJIBYKHO OTHOCUTENBHO 3€MJIM Ha pAcCTOSHUM JBYX €€ paJuycoB OT 3E€MHOMU
MOBEPXHOCTU?

JBa mapuka, Maccel KOTOpbIX M1 = 2002 u M2 =300z, noBENIEHBI HA OJJMHAKOBBIX HUTIX
UIMHON 50 cm. Iapuku conpukacatorcs. IlepBblil mapuK OTKIOHWINM OT IOJIOXKEHHUS
paBHoBecus Ha yron @ = 90° u ormyctrim. Ha Kakyro BBICOTY MOJHMMYTCS MIAPUKH MOCITIE
a0COJTIOTHO HEYNPYTOoro yaapa. (OTBET BBIPA3UTh B CAHTUMETPAX ).

WneanbHblil ABYXaTOMHBIM a3 3aHuMaeT oobeM 1 nuTp M HaxonuTcs noj nasieHuem 0,1
MIla. T'a3 cHawama agmabaTHO CXXUMAKT, a 3aTeéM H30XOPHO OXJAXIAIT 0
nepBoHayanbHOW Temmeparypel. Koneunoe pasnenune 0,2 MIla. Ompenenute o0beM U
JaBJIeHHE B KOHIE aJAna0aTHOro Mpoliecca, N3MEHEHUE BHYTPEHHEH SHEpruu, COOOIEHHOE
KOJINYECTBO TEIUIOTHI M COBEPILIEHHYIO Ta3oM paboTy. HauepTure rpaduk 3THX MPOIECCOB.



5. Haiinute BbIpaXKeHHE I K.II.JA. Ta30TYpOMHHON YCTaHOBKM 4epe3 IMapaMeTphbl IMKIIA,
COCTOALIEr0 M3 IBYX aAMadaTHBIX M JBYX H300apHbIX mnpoueccoB. IlapamerpoM nmkia

SABJISICTCA CTCIICHD ITIOBBIIIICHUA II&BJICHPISI& = & npu a,Z[I/Ia6aTHOM CXKaTuu.
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Kpurepun oueHuBaHusi KOHTPOJIbHOMH PadoThI:

CTyneHTy 3acuuTBIBACTCS BBHIMIOJHEHHE KOHTPOJBHOW paboThl B CiIy4ae, €ClId OH
BBITIOJIHSICT TpaBWiIbHO Oousbiie 80% 3amaHuii gaHHOM pabOTBI U MOXET OOBSICHUTH XOJI
pElIeHUs] YKa3aHHOM IMPEro/iaBaTesieM 3a/1auu.

6.2. OLleHOYHbIE CPEe/ICTBA U KPUTEPUU OLICHUBAHUS IS IPOMEXKYTOUHOM aTTecTaluu

Cemectpsr 8, 9
Kpurtepun 1i1s mosydeHus 3auera
O1ieHKA «3a4TEHO» BBICTABIISICTCS €CIIU CTY/ICHT:
1. Hamwmcan KOHTPOJIbHYIO pabOTy Ha MOJOKHUTEIBHYIO OLICHKY.
2. Tlocerwmi Bce MpaKTHUECKUE 3aHSTUS ¥ BHITIOJIHMII 32JIaHUS TSI CAMOCTOSITEIIbHOM
paboTel. B cirydae mporrycka 3aHsTHE JIOJDKHO OBITh OTpa0O0TaHo.
3a4eTr BHICTABIISICTCS CTY/ICHTY TIPU BBIITOJIHEHHH BCEX TYHKTOB TPEOOBAHU.

7. IlepeyeHb OCHOBHOI M 10NIOJTHUTEJILHON y4eOHOM JIUTEPATyphI
7.1. OcHoBHas1 IUTEpaTypa
1. Babeyxui, B. M. Mexannka B IpHMepax M 3agadax . ydeOHOe mocoOue mis By30B /

B. U. babeukwuii, O. H. TperbsakoBa. — 2-¢ u3a., ucnp. u jnon. — Mocksa : M3gaTenbcTBo
FOpaiit, 2022. — 92 c. — (Bsicmiee oopazoBanue). — ISBN 978-5-534-05428-6. — Texkcr :
ANEKTPOHHBIN // ObpazoBatenbHast wiatdopma Opaiit [caiiT]. —

URL.: https://urait.ru/bcode/492754
2. babeyxun, B. . Tlpuknagnas ¢uszuka. MexaHuka. DIEKTpOMarHeTH3M : yueOHoe mocodue

mist By3oB/ B. U. babenkuii, O. H. TperbsikoBa. — 2-¢ w3a., ucnp. U joi. — MOCKBa :
UznatensctBo [Opaiit, 2022. — 325 c. — (Bsicuiee oOpazoBanue). — ISBN 978-5-534-
08705-5. — Texkct : anekTpoHHbi // OOpa3oBarensHas 1uiargopma FOpaiit [caiiT]. —

URL: https://urait.ru/bcode/506924

3. bonoapes, b.B. Kypc obmeii ¢mukn B 3 kH. KHura 1: mexaHuwka : ydeOHUWK st
OaxanaBpoB / b. B. bonnapes, H. I1. Kanamnaukos, I'. T. Cniupun. — Mocksa :
WznarenscrBo FOpaiit, 2022. — 353 c. — (bakamaBp. Akamemudeckuit kypc). — ISBN 978-
5-9916-1753-6. — Texkcrt : anekrponHslit // OOpazoBarenbHas wiardopma FOpaiit [caiiT]. —
URL.: https://urait.ru/bcode/509098

4. bonoapes, b. B. Kypc obmelt ¢usukun B 3 kH. KHHMra 2: snekTpomarHeTw3M, OMNTHKA,
KBaHTOBass (usmuka: yueOHuK mna OakanaBpoB/ b.B. bonmapes, H.Il. Kanamnuxos,
I'.T. Cnupun. — 2-e wusn. — MockBa: WznmatensctBo HOpaiit, 2022. — 441lc. —
(bakamaBp. Axagemudeckuii kype). — ISBN 978-5-9916-1754-3. — Tekcr : 5eKTpOHHBIH //
OopasoBarenbHas wiathopma KOpaiir [caiit]. — URL: https://urait.ru/bcode/509100

5. bBownoapes, b. B. Kypc obmeit ¢usuku B 3 kH. Knura 3: TepmMoanHaMuKa, CTaTUCTUYECKAs
¢usuka, cTpoeHue  BemiecTBa :  ydueOHWK s OakanmaBpoB/  b. B. bonmapes,
H. I1. Kanamraukos, I'. T'. Criupun. — 2-¢ u31. — Mocksa : M3garenscTBo FOpaiit, 2022, —
369 c. — (bakanmaBp. Axanemuueckuii kypc). — ISBN 978-5-9916-1755-0. — Texker :
AJIEKTPOHHBINA // OO6pazoBaTenpHas maTdopma Opaiit [caiT]. —
URL: https://urait.ru/bcode/508976

6. byxaposa, I.]]. DNEKTpUYECTBO W MarHeTU3M. MeTonMKa TpenogaBaHus @ Yy4eOHOe
nocobue s By3oB / I'. . ByxapoBa. — 2-e u3n., ucnp. u gon. — Mocksa : M31arenbcTBo
FOpaiir, 2022. — 246 c. — (Bricmee o6pazoBanue). — ISBN 978-5-534-09387-2. — Tekcr



https://urait.ru/bcode/492754
https://urait.ru/bcode/506924
https://urait.ru/bcode/509098
https://urait.ru/bcode/509100
https://urait.ru/bcode/508976

10.

agbrwbnE

AJIIEKTPOHHBIN // - OObpa3zoBaTenbHas mwiatpopma  FOpaiit [caiiT]. —
URL.: https://urait.ru/bcode/491192
Topnau, B. B. ®usuka. 3amaun, TecTbl. METOABI pelieHus : yueOHOe mocobue Ijs By30B /
B. B. lN'opnau. — 2-e uzn. — Mocksa : M3natenbctBo IOpaiit, 2022. — 343 c. — (Bwicmee
obpazoBanue). — ISBN 978-5-534-12350-0. — TekcT : anexTpoHHbI / OOpazoBaTenbHAS
mwiardopma FOpaiit [caiit]. — URL: https://urait.ru/bcode/494407
Ipowrkun, C.C. Mexanuka. COopHUK 3amad: ydeOHOe mocoOme s By30B /

C. C. IIpomikun, B. A. CamoneroB, H. B. Humenckuii. — Mocksa : M3narensctBo HOpaiiT,
2022. — 293 c.— (Bwicmiee o6OpazoBanue). — ISBN 978-5-534-04916-9. — Tekcr
AJICKTPOHHBIN /l OO6pazoBaTenbpHas maTdopma FOpaiir [caiiT]. —

URL.: https://urait.ru/bcode/492831

Ilpowxun, C. C. MexaHuka, TepMOJUHAMHKA U MoJeKysapHas ¢u3uka. COOpHUK 3anad .
yueOHoe nocobue mis By3oB / C. C. IIpomkun, B. A. Camoneros, H. B. Humenckuii. — 2-¢
u3a., wcnp. u jgon. — Mocksa : HMzmarensctBo IOpaiit, 2022. — 467 ¢. — (Bsicmiee
obpazoBanue). — ISBN 978-5-534-04772-1. — TekcT : 3nekTpoHHbI // OOpazoBaTebHAS
wiatpopma tOpaiit [caiit]. — URL: https://urait.ru/bcode/492183

Tpogumosa, T. M. PykoBOACTBO K PEIICHHIO 3aaad 10 (u3MKe : ydeOHOe IocoOme s

By30B/ T. U. Tpopumosa. — 3-e u3n., ucnp. u aon. — Mocksa : UznatensctBo FOpaiit,
2022. — 265 c.— (Bwicmiee obOpa3oBanue). — ISBN 978-5-9916-3429-8. — Tekcr
3JIEKTPOHHBIN // ObpazoBatenbHast wiatopma Opaiit [caiiT]. —

URL: https://urait.ru/bcode/488639

7.2.  JlomoJIHUTeJIbLHAS JUTEpaTypa

Hponos N.E. 3amaun mo kBaHTOBOM (u3uke : Yued. mocodbue ans cTya. By30B .— 2-€ U3/l.,
ucnp. — M.;CII6. : Jlaboparopus bazosbix 3nanuit: ®USMATIINUT, 2001 .— 214 c.
Caxapos, J{mutpuii Banosud. CO0pHUK 3a1a4 1o ¢usuke 1t By30B .— / 13-e usm., ucnp.

u gor. — M. : OHUKC 21 Bek; Mup u O6pa3zoBanue, 2003.

Cemox b.B.Yunce pemars 3amaunm mo ¢wusuke: Mexanuka: IlocoOme mis ydamumxcs
obmeobpazonar. yupexaenuit [9-11 kin.] / B.B.Cemntok, FO.I'.Enucees; Kom. mo o6pazoBanuto
aaM. Cmod. 061.; Cmon. roc. nen. yH-T .— Cmonenck : [CTTIY], 2000 .

Cemox b.B. Yuuce pemars 3amaun mo Qusuke: DIEKTPOJAMHAMHUKA, ONTHKA, KBAHTOBAas
¢usuka : Ilocobue s ywammxcs [10-11 xm. obmieoOpaszosar. yupexnaeHuit| / M-Bo
obpazoBanust Poc. ®enepanuu; Cmomn. roc. nea. yu-1; Kad. dusukn .— Cmonenck : CI'TIY,
2004 .— 103 c.

7.3.Ilepevyens pecypcoB HHPOPMANMOHHO-TEJIEKOMMYHHUKAIIMOHHO ceTH
«HHTepHeT»
http://www.physolymp.ru/ caiit onmumnuan o Gpusmrke
https://mephi.ru/schoolkids/olimpiads/ — npumeps! pereHus omumnuan pusrexa.
https://mipt.ru/abiturs/olympiads/fizteh/ — mpumepsr pemenus onmummuan MUDOU.
http://www.msu.ru/entrance/olimp.html - pa36opsr onummnuag MI'VY.
https://olymp.hse.ru/mmo/physics — perenune 3amga4 onmummnuan BIID.

8. MaTepuajibHO-TEXHUYECKOE o0ecrevyeHmne

Aynuropus Ui TPOBENEHUS MPAKTUYECKUX 3aHATHH 423 y4. K. 2 CO CIEAyIoLuM
000pyIOBaHUEM:

e j1ocka ¢ pazmepamu He meHee 3000x1300 mm

9.IporpammHoe oGecrieyeHue
1. TlakeT 0(pUCHBIX IPOTPAMM.
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