[loKyMeHT NoAnucaH NpocToit 3NeKTPOHHOM NOAMUCHI0

VIH(opMaUAA 0 BIGACNEUE N gy cTepeTBO HAyKY M BBICIIEro obpasoBanus Poccniickoit deepamun

®KWO: ApTemeHKoB meal&)HMKOﬂaeBMq
[

[lomxHocTb: PekTop

[ata nognucanus: 07.10.2026 12:21:22

JICPAJIbHOE TOCYTApCTBEHHOE OI0/PKETHOE 00pa30oBaTeIbHOE YUPEIKICHHE

BBICIIET0 00pa30BaHUs

VHUKanbHbIiA MPOrPaMMHBIA KITiou: «CMOJIEHCKUM rOCy1apCTBEHHBIN YHUBEPCUTET)

a63b74166e8f4fc17bd1e0462725f79e393bfdf9

Kadeapa pusuku 1 TEXHUYECKUX TUCITUTIINH

«YTBEpKIAION
IIpopekTop no yueOHO-
METOAMYECKOUN paboTe

10.A. Ycrumenko
«15» nronsa 2023 r.

Pa6Gouasi nporpaMmma quCUMILTHHBI

Hanpasnenue noarotroBku:
MOJATOTOBKH)
Hanpasnennocts (po¢uib):
dopma 00yueHHs: oyHas
Kypc -2

Cemectp — 3, 4

Bcero 3aueTHBIX eqUHUIL — 8,

b1.0.20 JnemenTapuas ¢pusuka

44.03.05 Ilenaroruveckoe oopazoBaHue (¢ AByMsl NpopuIsAMH

®dusuka, MatemaTuka

yacoB — 288

dopma OTUETHOCTH: 3a4eT — 3 CEMECTp, dK3aMeH — 4 ceMecTp

[IporpamMmy paszpaborana:

KaHaAuaaT (I)I/I3I/IKO'ME[TCM3.TI/I‘ICCKI/IX HayK, JOLICHT COJ'IOI[LIGHKOBa T.b.

Onobpena Ha 3acejaHUU Kadeapsl
«8» ntoHd 2023 1., mpotokon Ne 14

3aBenyroumii kadenpoit

Hrouaua A. B.

CMoOIeHCK
2023



1. MecTo nucuuminabl B cTpykrype OIl
Juctummaa «Pu3nkay OTHOCUTCS K o0s3aTtenbHON yacTh brioka 1 «JluciurumHbel (MOIYIIN)»
JAHHOTO HarpasjeHus ToArotoBky. OHa uzyvaercs B 3 u 4 cemecTpax.
Jis  yCHeImHOTO OCBOEHUS JAaHHOW JUCHUIUIMHBI HEOOXOJUMBI HABBIKA  CTYJICHTOB,
chOpMHUpPOBAHHBIC TPU HM3YUYCHUH HE TOJIBKO IIKOJBHBIX KypCOB (HM3WKM W MaTEeMaTUKH, HO
muctuiinH «OCHOBBI MH(OPMATUKH W BBIYUCIHUTEIBHOW TEXHUKW», «MaTeMaTHUeCKUid aHaau3y,

«Jluneitnas anrebpa», «AHanutuyeckas reomerpusi», «OCHOBbI MHGOPMATHUKUA  BBIYMCIUTEIBHON
TEXHHUKU», KOTOPBIC MIPEIIICCTBYIOT U3YICHHUIO (PU3UKH.
N3yuenne «®uU3UMKN» MNPOUCXOAUT HAPALY C HU3YYEHUEM JUCHUIUIMH «DJE€MEHTapHas

Matematukay, «MaTtemaTuueckuil aHanus», «OcHOBaHUS reoMmeTpumn», «Teopuss BEpPOSTHOCTH U
MaTeMaTH4ecKas cTaTUCTUKay», «CpencTBa 06paboTku rpaduueckoil MHGopMaImu», 4To 00eCeyrBeT
UX B3aUMOOOYCIIOBJIEHHOCTD.

Jucunmunbaa «®Pusnuka» NOpeaumecTByeT U3ydyeHHIo JucHMIIMH  «/luddepeniuanbHbie
YpaBHEHHSI U YpaBHEHHS MaTeMaTHUECKOW (U3MKN», «BBIUMCINTENBHBIA 3KcrepuMeHT», «Teopus
BEPOATHOCTEM M MaTeMAaTUYECKasi CTaTUCTUKA», «MeEXIUCIUIUIMHAPHAs MTPOEKTHAs JEATEIBHOCTD B
€CTeCTBEHHOHAYYHOM O0pa30BaHUM», «MareMaTudeckoe MOJeIUpoBaHue», «UHCIeHHBIE METOIBI,
«IIpoextupoBanue nHPOPMALMOHHO-00pa30BaTEIbHOM cpenbl», «IIpakTHKyM MO pelieHuro 3a1ad Ha
OBM», mno3Bomisisi u3y4yaTb WX C IPUBICYEHHEM INpPEeIMETHONH 0a3bl, METOJ0B M IPHUHIMIIOB
bu3nueckoil HayKu.

N3yuyenne Kypca OCHOBAaHO Ha TPAJUMLHMOHHBIX METOJAX BBICIIEW IIKOJbI, B3aHUMOCBS3H C
yKa3aHHbBIMM JMCLUIUIMHAMM, a TaKXK€ Ha HCIOJIb30BAHUU COBPEMEHHOH yueOHOH, MeToandecKoi
JUTEPaTyphl, 3KCHEPUMEHTAIbHBIX METOJOB H3yY€HHUs, HHMOPMAIMOHHBIX MU 00pa30BaTEIbHBIX
TEXHOJIOTUH, CPEJICTB TUCTAHLIUOHHON (hOpMBbI O0yUEHHS.

2. [lnanupyemblie pe3yJibTaThl 00y4eHHUSI N0 TUCIUILINHE

Kommerennus

I/IH,Z[I/IKaTOpBI JOCTHKCHHA

IK-6.

UCIIOJIb30BATh
3HaHUST B  IpPeIMETHOMN
obnmactu  (pusuka) B
nporecce  (GpopMHUPOBaHUSA
HpeI[MCTHOI\/II KOMIICTCHIIHN

Crocoben
Hay4YHbIC

3HaTh: Ha3HaueHHe, CTPYKTYpy M coJlepKaHHe Kypca MH(POPMATHUKH,
COBPEMEHHOE COCTOSIHHE M MEpPCHEKTUBBI Pa3BUTHUSI UH(MOPMATUKHU Kak
y4eOHOIl JMCUUIUIMHBI, €€ MECTO M poJib, (hyHIAMEHTAIbHOE S/APO
COBPEMEHHOT0  IIKOJBHOIO  Kypca  HMHGOPMATHUKH,  HPUHIUIIBI
MOCTPOCHHUSI METOJUYECKOM cucTeMbl OO0ydeHuss HUHPOpMaTUKe, ee
OCHOBHBIX KOMIIOHEHTOB.

oOyyaroImuxcs B paMKax | YMeTb: aHaJU3MPOBaTh LEJIM U COAEP)KaHUE ULIKOJBHOIO Kypca
peanu3anuu OCHOBHOW | ”HPOPMATHUKH, IIPOEKTUPOBATh o0Opa3oBaTeIbHbIH rporecc,
0011e00pa3oBaTENbHOM UCMOJIb30BaTh JUIAKTUYECKUN TMOTEHILMAl CPEeICTB MH(GOPMAIIMOHHBIX
MIPOTPaMMBbI TEXHOJOTUH B peaJn3aluyu 00pa30BaTENFHOrO Ipolecca MO Kypcy
UH(POPMATUKH;
Baanerb: OCHOBHBIMH BHJIAMH TNPO(ECCHOHATBHOW  IeSTETHHOCTH
yuutenss UHOOPMATHKHU, MPOPEecCHOHATbHBIMU HAaBBIKAMHU peaTU3aliu
METOAMKH OOYy4YeHHsT OCHOBHBIM paszjeliaM Kypca HWH(POPMATHKH,
COBPEMEHHBIMU HH(OPMAIIMOHHO-KOMMYHHUKAIIMOHHBIMH ~ CPE/ICTBAMHU
1151 9 (HEKTHBHOTO OCYIIECTBICHHS PO ECCHOHATIBHOM NeITEIFHOCTH.
I1K-8 CrnocobeH | 3HaTh: OCHOBHbBIE METOBI O0pabOTKH, CTPYKTYpHUpPOBAHUS, aHAIM3a U
UCTIONIb30BATh CHHTE3a MOJTy4aeMoi WH(GOPMAIIMH, OCHOBHBIEC OTIPE/ICIICHUS, IIPUHIIHITBI
CIeLUAIN3UPOBAHHBIE U 3aKOHBl (U3UKH, METOAbl (DU3MYECKHX HCCIEOBaHUM, Oa30BbIe
3HaHUS B O0JIACTH (PM3WKH | TIPUHIIMITHI TOCTAHOBKH U PEIICHHUS €CTECTBEHHOHAYYHBIX 3a/1a4.
st OCBOCHHUA | YMeTh: HCIOIb30BaTh (PU3MUECKHE M MATEMaTHUYECKHUE MOJIENU IPH

MpOPUIBHBIX (PU3HIECKUX
JUCHUIUIMH U PELICHUs
€CTECTBEHHOHAYYHBIX
3a/1a4

pEIIeHUH MPAKTUIECCKHUX 3aJ1a4, OCYIIECTBIIATh YICOHBINH SKCIIEPUMEHT H
o0OpabaTsIBaTh ero pe3yIbTaThI, JI0Ka3aTh yTBEpXKICHUE,
c(hOpMyJIUPOBATh PE3YJIbTAT, YBUJETH €O CICIACTBHS.

Baaners: HaBblIkaMM MeTOJaMU OOpaOOTKHM, aHalmW3a © CHUHTE3a
nH(OpMaIMH, MEPBUYHBIMHA HABBIKAMH MPUMCHEHHSI MaTEMaTHYECKOTO
anrnapara K pelieHHI0 KOHKPETHBIX 3a/1a4 B 0071aCTH (PU3UKH.




3. Conepxxanue TMCHUIJIMHBI

N3yuenune (u3MKM HauMHAETCsl B TPETbEM CEMECTpPE C pasfeia «MEXaHHKa», MOCBAIIEHHOTO
MEXaHMUYECKOMY JBHKEHHUIO Tell U cpel. PaccmarpuBaercs KMHEMaTHMKa W JUHAMMKA I MoJeiel
«MaTepuallbHas» U «TBEPAOE TEJIO» B CIy4asX HMX IOCTYNATEIbHOTO M BPALIATEIbHOIO ABM)KCHUUN
OTHOCHUTEJIbHO MHEPLHUAIbHONW CHCTEMBI OTCYETA. 3aTeM H3ydaeTcs TeMa O 3aKOHaX COXpaHEHUS
UMITyJIbCA, MOMEHTa HMIIYJIbCa M MEXaHUYECKOW JHEPruM Teja. YAEJIEHO BHHMAHHE H3YyYEHUIO
MEXaHUYECKOTO JBM)KEHUS OTHOCUTEIIBHO HEMHEPLHAIbHBIX CUCTEM OTCUETAa, a TAKXKE AJIEMEHTaM
PEIATUBUCTKON MEXAaHUKHA. Pa3HOBHIHOCTBIO MEXAaHMYECKOIO [BMIJKEHHUS CIy)KaT MEXaHUYECKHE
Kose0aHus M YIpYyrue BOJH, HIMPOKO PAcHpOCTpaHEHHBIE B HPHPOJE W TEXHHUKE. 3aBeplIaeTcs
U3y4yeHHE MEXAaHUKU TeMON KMHEMAaTHKU M JTUHAMUKHU KUIKOCTeH U ra3os. [lanee usydenue Gpusuku
IIOCBSIIIEHO TEIIOBOMY JBMKEHHMIO MOJEKYJISIPHO-KMHETUYECKOW TEOPUM M TEPMOJAMHAMMKH Ha
IIpUMepe MOAEIIEH BEECTBA «MICAIbHBIN Ia3» U JPYTHX MOJEIEH arperaTHbIX COCTOSIHMM BEIECTBA.
PaccmarpuBarorcst ocHoBHbIE yTBepkaeHuss MKT, TeopeMa o pacrpeneiieHu KUHETUYECKOW SHEPTUU
U CTAaTUCTUYECKHE pACHpPElENICHUs MOJIEKYJ B MOJAEIM HICAIBHOrO rasa. B TepMonnHamuke
BBUICHSIFOTCSL TOCTYJaTbl M HX IPUMEHEHHE K OIMCAaHUIO Pa3HbIX COCTOSIHMM W TPOLIECCOB B
BeIlIeCTBaX, (a3oBble MEpexojbl U KPUTUYECKH SIBIICHUS, a TAKXKE SBICHUS IIepeHoca Ha Ipumepe
MOJIETH UJI€aTbHOIO ra3a.

B yeTrBEépTOM cemecTpe M3ydaroTCs OCTalbHbIE pa3zieibl GU3UKH. DIEKTPOMATrHUTHBIE SIBICHUS
METOAOJIOTHYECKH PAacCMaTPUBAIOTCS CHaYajla ¢ MO3UIMK MPEACTABICHUS 00 JEKTPUIECKOM I0JIe U
MarHMTHOM I0JIE, & 3aTEM €JUHOrO IEKTPOMArHUTHOro noiid. PopMyIupyrOTCs OCHOBHBIE TEOPEMBI
ANEKTPOCTATUKM U MAarHUTOCTAaTHUKU, UX MPUMEHEHHE B BaKyyMe€ M B BELIECTBE. 3aT€M H3y4aroTCs
TE€Mbl JJIEKTPOMAarHUTHOW MHIYKLWM, €IMHOTO 3JIEKTPOMArHUTHOIO TIOJsI, 3JIEKTPOMAarHUTHBIX
kojeOaHuit u BonH. Jlasee paccMaTpuBalOTCs ONTHYECKHE SIBICHHS B paMKaxX BOJIHOBOM,
TFE€OMETPUUYECKON M KBAaHTOBOW TEOPHM, KOTOPHIE B IIEJIOM NPHUBOAAT K BBIACHEHUIO COBPEMEHHBIX
IIPEJICTABICHUI O KOPIYCKYJSPHO-BOJIHOBOM JyaJIU3M€ CBETA. 3aT€M BBIACHSAETCS KOPILYCKYJISPHO-
BOJIHOBOH JyaJIU3M YaCTHUIL BELLIECTBA U C IOMOIIBIO KBAHTOBOW TEOPUU U3Y4arOTCSI CBOMCTBA aTOMOB.
C npuMeHeHHeM KBaHTOBO-MEXaHUYECKOT0 MOJX0/4a pacCMaTpUBalOTCS OCHOBHBIE CBOMCTBA aTOMHBIX
a1ep, OOMEHHbIN XapakTep SAEpPHBIX CHJ, a TaKXKe SBJICHUS PaJMOAKTUBHOCTU U SJICPHBIE PEAKIIMH.
3akaHuMBaeTCd M3yyeHHE (U3MKU  KJIacCUpUKalUMed JJIEMEHTapHbIX YacTUI[ Ha OCHOBE
(byHIaMEHTaJIbHBIX B3aUMOJECHUCTBUN M KBAHTOBBIX CTATUCTHK, a TaK)Ke KPAaTKUM 0030pOM CBOWCTB
TBEPABIX TEJ C TOUKH 3PEHUSI KBAHTOBOM TEOPHUH.

N3yueHue 3yeKTpoMarHeTu3mMa, ONTUKH, KBAaHTOBOM (DUM3UKM U (PU3UKU aTOMa COMPOBOXKIACTCS
MIPOBEJICHUEM JKCIIEPUMEHTa B JIaDOpAaTOPHBIX YCIOBUSAX U IPUMEHEHUEM DBJIEeMEHTapHOU
MaTeMaTHKH, JIMHEWHOW (M BEKTOPHOW) anreOpsl, T epeHMaIbHOr0 U UHTETrpaJbHOTro
UCYMCIIEHUS, 3JIEMEHTOB TEOPUM BEPOATHOCTH M MaTeMaTHYECKOW CTAaTUCTUKH, OCHOB T'€OMETPHH,
cpeacTB 00paboTKU rpaduueckoil nHpOpMaIHH.

TakuM o6pas3oM, nucuuiuiMHa «®PuU3KKa» MO3BOJISAET BBIACHUTH, KaK MHPUMEHSIOTCS pa3Hble
¢usnyeckue U MaTeMaTHYECKHE MOJIENM M METO/bI, Pa3HOOOPa3HbIM MaTeMaTHUYeCKUil ammapar i
M3y4YeHUs CTPYKTYPHOW OpraHM3aliiy BeliecTBa BceneHHON H 1MOJeBOM (OPMBI CYIIECTBOBAHUS
MaTEPHUH.

4. TemaTu4yeckui mJiaH

3 cemectp
DopMBbI 3aHITUH
Ne Paszpnensl n Bcero IIpaKTH- nabopa- camo-
n/n TEMBI 4acoB | JICKIHH ;e;m- YecKHe TOpPHBIE CTOATEIbHAs
PPLL sansrus 3aHSTUSA pabota
Bseoenue
1. |Mexanuxa 13 4 0 4 2 3
Kunemaruka.
2. | JluxHamuka 22 4 0 2 6 10




3 PabGora, MOIIIHOCTB, 4 1 0 2 0 1
SHEPTHS

4.  |3aKkoHBI COXpaHEHMS 13 1 0 2 4 6

5 Heunepuuanbubie 4 1 0 2 0 1
CHCTEMBI OTCYETa

6. Onementsl CTO 2 1 0 0 0 1

7 MexaHU4UecKHe 17 4 0 2 4 7
K0J1€0aHUs U BOJIHBI

8 MexaHuka KUIKOCTEH U 6 5 0 2 0 5
rasoB
Monexynapnasn ¢usuxa u

9 mepmMoOUHAMUKA 14 5 0 4 4 4
OCHOBBI MOJIEKYJISIPHO-
KMHETUYECKOU TEOPUU

10. | OcCHOBBI TEPMOAMHAMUKH 16 4 0 4 4 4

11, ArperatHble  COCTOSIHMS 11 4 0 4 0 3
BEIECTBA

12 @da3oBple MEPEXOJBl U 11 5 0 2 4 3
KPUTHYECKHE SIBJICHUS

13. |SIBneHus mepeHoca 11 2 0 2 4 3

HUroro 144 32 0 32 32 48
4 cemectp
DopMbl 3aHATUI
Ne Bceero IPAKTH- nabopa- camMocCTo-
Pasgens! 1 TeMbl CceMH-
/11 4acoB | NeKuuH | oo YeCcKHue TOpPHBIE sITeJIbHAs
p 3aHATHUSA 3aHATUSA pabota

Dnekmpomaznemusm

1 DIEKTPOCTaTUIECKOE 10 4 0 4 0 2
MojJie B BakyymMeé H B
BEIIECTBE

2 ITocTossHHBIN } 12 5 0 2 4 4
AIEKTPUUYECKUN TOK

3 MarHuTHoe 1oJie B 15 3 0 4 4 4
BAaKyyMe€ U B BEIIIECTBE

4 DneKTpOMarHuTHas 5 1 0 2 0 9
WHTYKITHS

5 DNEeKTpOMarHUTHBIE 5 5 0 2 0 9
KoJ1e0aHusI ¥ BOJIHEI
Onmuxa

6. |OcCHOBBI BOJIHOBOI 14 2 0 4 4 4
OIITHKU

7 BzanmMmojeiicTBie cBeTa ¢ 6 5 0 2 0 5
BEILIECTBOM

g, |Ocuossl ) 11 2 0 2 4 3
r€OMETPUUYECKON ONTHKU

9. |OcHOBBI poTOMETPHH 6 2 0 2 0 2

10 OCHOBEBI KBAHTOBOH 6 5 0 2 0 2
OIITHKU

11. | Beposmnocmubwiii 6 2 0 2 0 2




xapaxkmep cocmosiHus u
08uUdICeHUs
MUKpoyacmuy
Kopnyckynsipao-
BOJIHOBOW TyaJIU3M.
VYpasuenue llIpéaunrepa
U €ro pelieHne

Duszuxa amoma
Mogenu aTroma.

12. 6 2 2 0 2
KBantoBo-mexanuueckoe
OIMHMCAHUE aTOMA
Hoepnas ¢uzuka
XapaKkTepUCTUKU U
13. |Mozenu aTOMHOTO sAjIpa. 6 2 2 0 2
PagnoaktuBHOCTB 1
AJICPHBIC peaKlnuu
Duzuka 21emMeHmapHvLx
yacmuy
14. Krnaccudukanus 4 5 0 0 ’
AJIIEMEHTAPHBIX YACTHII.
B3anmornpespaiienue
AJIEMEHTAPHBIX YaCTHII
Dusuxa meépooco mena
15 30HHas TeopHusl. 4 2 0 0 2
KonTakTHbIC SIBIECHUS.
3axnouenue
ITonroroBka K 3K3aMEHY 27
Bcero 3a 4 cemectp 144 32 32 16 37 (+27)
HToro 3a Bechb Kypc 288 64 64 48 85 (+27)
5. Buabl o0pa3oBaTebHO¥ 1eATeILHOCTH
3aHATHS TeKIIMOHHOTO THUA
3 ceMecTp
Jexuyus 1
Beseoenue

[Tpenmet u3yuenus GU3MNKY.

CBs13b (DM3HKYU C MaTEMaTUKON 1 HH()OPMATUKOH.
Pa3zoen: Mexanuka

MexaHndeckoe ABH)KEHHE, OCHOBHAA 3a/1aua MEXaHHKH.

Croco0ObI ONMMCaHUsI MEXaHHYECKOTO JIBKEHUS.

Monenu Tena.

Tpaexropusi, MyTs.

JIuHeiHbIE TNepeMelieHue,

MPSMOJIMHENHOM JIB>KCHHH.
3aKoHbI (KHUHEMATUYECKNE YPAaBHEHUS) PABHOMEPHOT'O IIPSIMOJIMHEWHOTO IBUKEHUS.

3aKoHbI (KUHEMAaTUYECKHE YpaBHEHUS) pABHOIIEPEMEHHOTO MPSMOJIIMHEHHOTO JIBUKEHUS.
VYrnoBble nepeMerieHue, CKOpocTb U YCKOpeHHe (CpelHue U MIHOBEHHBIE) MPU JIBUKEHUHU 110
OKPY>KHOCTH.

3aKoHbI (KHUHEMATUYECKNE YPAaBHEHUS) PABHOMEPHOTI'O ABM)KEHHUS 11O OKPYKHOCTH.

Tema: Kunemaruka
Kunemamuxka mamepuanvroti mouku

CKOpPOCTh H  YCKOPCHUC

(cpenHrie W MTHOBEHHBIC) TIPH

3aKoHbI (KUHEMAaTUYECKHE YpaBHEHUS) pABHOIIEPEMEHHOTO JIBUYKEHUS TI0 OKPYKHOCTH.




Jexyusn 2
Cea3b MexHcOy TUHEUHbIMU U Y2N08bIMU KUHEMANUYECKUMU 8ETUYUHAMU
CBs13b MEX/1y IMHEHHOW U YIJIOBOM CKOPOCTSAMH.
[TonHOE ycKOpeHKE, HOPMAIBHOE U TAHTE€HIUAIBHOE YCKOPEHUSI.
Kunemamuka meépooeo mena
[TonsiTHe Tena Kak MeXaHU4YeCcKou cucteMsl. LlenTp macc.
3aKoHbI (KUHEMATUYECKUE YPABHEHUS) TOCTYIATEILHOIO JBUKEHUS TBEPOTO Tea.
3akoHbl (KMHEMAaTUYECKUE YPaBHEHMs) BpalllaTeIbHOrO IABMKEHHSI TBEPAOIrO Tejla BOKPYT
COOCTBEHHOM OCH.
Jexuyusn 3
Tema: IlmHamMuka
Mepwl unepyuu
CaoiicTBO MHEpTHOCTU. Macca.
MOMEHT MHEPLMHU MaTEPUATTBHON TOUKH U MEXAaHUUYECKOW CUCTEMBI.
Mepwi 0sudicenus
NMiynbc MmaTepraibHONM TOUKU U MEXAHUYECKOM CHUCTEMBI.
MoOMEHT uMITyJIbCa MAaTEPUAIBHON TOYKU U MEXAHUYECKOW CUCTEMBI.
Cunvl u MOMeHmMbL CUTL
Cuna.
Buibt cuit B ipupoze (cuia TArOTeHHUs, CHITa TSXKECTH, BEC, CHJIa YIIPYTOCTH, CHIIbI TPCHHUS)
(camocmosimenvho).
[Tone cuibl (Toie Kak BUJ MaTEPUU, HAPSXKEHHOCTH TOJISL CHIIBI TSKECTH, OAHOPOTHOE U
HEO/IHOPOJIHOE M0JIe, IIEHTPAILHOE M0JIE) (CAMOCMOSmMENbHO).
[IpuHIMIT HE3aBUCUMOCTH ICUCTBUS CUJI, PABHOJEHCTBYIOIIAs CUJIA.
MOMEHT CHJIbl OTHOCUTEIIBHO TOUYKH M OCH BPAIICHUSI.
Jexyusn 4
3axonwbl OuHamuxu
NuepumnanbHble cucTeMsl oTcuera, npuHuun [anunes. [lepsoiit 3akon HeroToHa.
Bropoit 3akon HpioToHa (ypaBHEHHE NBM)KCHHS) U €r0 YAaCTHBIA CIIyd4all MPH MOCTOSHHOMN
Macce Tena. Teopema o IBHXKEHHMH LIEHTpa Macc.
JIBm>xkeHue Tena MEpeMEeHHOM Macchl (peakTHMBHas cuiia, ypaBHeHHEe Memiepckoro, Gopmyna
L{HONKOBCKOT0, KOCMHYECKHE CKOPOCTH) (camocmosimenvho).
OcHOBHOE YypaBHEHHE IMHAMHUKHA BpaIIaTeIbHOTO JBWKEHHUS M €ro YacTHBIM Clydaid TpH
HEU3MEHHOM MOMEHTE MHEPLIUU TeNa.
VYcnoBus paBHOBecus Tena. Bupl paBHOBECHS.
Tperuii 3akoH HeroToHa.
Jexkyua 5
Tema: PaboTa, MOIIHOCTDb, YJHEPTUs
Pabora cumbl (31eMeHTapHast U CpemHsisl) TPU TTOCTYNATeIbHOM JIBIDKeHNH. PaboTa MOMEHTa CHIIBI
(amemeHTapHas ¥ Cpe/Hssl) TPH BpallaTeIbHOM JIBHKEHUN
MorHOCTh (MIHOBEHHASI M CPENTHSIST) TIPU TIOCTYIATEIbHOM JBIKCHUH. MOIIHOCTh (MIHOBEHHAS U
CpeHsisl) [P BpaIATeIbHOM JIBUKEHUH.
OHeprusi. Mexanndeckasi SHEpIusl.
Kunernueckast sSHEpTHst Py TOCTYATEIBHOM JIBIDKEHNH. KuHeTHueckas SHeprys Py BpaaTeTbHOM
JIBYKEHUH.
[loreHimanbHast SHepruss B MOJIE  CHIBl  TsDkecTW. lloTeHImanpHas SHEpPrust  ynpyro
1e(hOpMHUPOBAHHOTO TEJIA.
Tema: 3akoHbI COXpaHEeHHs
IlonsATHE 3aMKHYTOM MEXAHUYECKOW CUCTEMBI.
Teopema 00 M3MEHEHHHM HMITYIbCA MEXAHUYECKOM CHUCTEMbL. 3aKOH COXPAHEHHs HMITYJIbca
MEXAHUYECKON CUCTEMBI.
Teopema 00 M3MEHEHUH MOMEHTA MIMITYJIbCAa MEXaHHMUYECKOM CHCTEMBI. 3aKOH COXPAaHEHUS] MOMEHTA
HMITYJIbCa MEXaHUYECKON CUCTEMBI.



['upockort (camocmosimenvro).

Teopema 06 H3MEHEHNH MEXaHIMUYECKOM SHEPTUH. 3aKOH COXPAHEHHUSI MEXaHUUECKOW SHEPTUH.

AOCOJTFOTHO YIPYrHii U aOCOIOTHO HEYIPYTHIA yIAaphl (camocmosmernsHo)

Jlekyus 6
Tema: HemHepumnajabHbIe CHCTEMbI 0TCYETA

JIBUKeHHE Tena OTHOCUTENBHO MOCTYNATENbHO JABUXKYIIEHCS H.c.0. Cuiia MHEpIHH.

JIBuKkeHMe Tesa OTHOCUTENIBHO Bpallaroleics H. ¢. 0. LleHTpoOekHas 1 KOpUOJIMCOBa CHIIbI
WHEPLUU.

Tema: DyieMeHTBI cleHAJbLHOM TeOPHH OTHOCUTEIbHOCTH

[IpeobpazoBanwst ["anuses, MHBapUAHTHOCTH 2-r0 3akoHa HeioToHa (camocmosmenvho).

[Toctynarel DiiHIITeiHA, MpeoOpa3zoBanus Jlopenua. PenstuBucrckas ¢opma 2-ro 3akoHa
HeroTona.

B3aumocBs3b Macchl U SJHEPIHH.

Jexuyus, 7
Tema: Mexanuyeckue KoJie0aHus U BOJTHBI
Mexanuueckue konebanus

KonebarenpHoe nBmkenne. MexaHndeckue KojaeOaHus .

MasTHukun (MaTeMaTU4YeCKUW, MPYXKUHHBIN, (U3NYECKUH, TpUPUIAPHBIA, KOHUYECKHH,
UKJIOUIAIBHBIN) (camocmosimensbHo).

CBoOOJIHBIE TapMOHHUYECKHE KOJEOAHWsS MPY>KUHHOTO (MM MaTeMaTUYeCKOro) MasTHUKA:
middepeHanbHOe ypaBHEHHE, 3aKOH KoJIeOaHWi. AMIUIMTYJa, TEpUOJ, YacTOTa, LUKIUYECKas
yacToTa, (ha3a KoseOaHuH.

CroxeHre TapMOHUYECKUX KOJIeOaHUH (camocmosmensho).

CBoOoiHbIE 3aTyxaroumue HNPYXUHHOT'O (i MaTeMaTH4ECKOTO) MasITHUKA!
maddepeHranbHOe YpaBHEHUE, 3aKOH KOJIeOaHud. AMIUIATY/A, IEPHOJ, 4acToTa, ¢a3a, IeKPEeMEeHT
3aTyXaHus, BpeMsl peslakcaiuu, J00pOTHOCTb.

Jexkyusn, 8
Mexanuueckue konebanus (IPOTOIIKEHHE)

BriHyX/1€HHBIE YCTAHOBHUBIINECS KOJIEOAHUS TIPYKUHHOTO (MM MaTeMaTUYECKOr0) MasiTHUKA!
nuddepeHIanbHOe ypaBHEHUE, 3aKOH KoleOaHuii. AMILTUTYIHO-4acTOTHas XapakTepuctuka. da3o-
yacTOTHAas XapakTepucTuka. Pezonanc.

Mexanuueckue onnbl

MexaHu3M pacnpoCcTpaHeHHs KoieOaHUil B OJJHOPOIHOM YIIPYToi cpejie.

Jlydy, GpoHT W BHABI MEXaHMYECKUX BOJH (TUJIOCKME H CcepuyecKue, MPOJOTbHBIE H
MOTNepeyUHbie). YpaBHEHHE IIJIOCKOM TrapMOHHMYEcKou Oerymied BosHbl. YacroTa, (asa, CKOpOCTb,
JUTHA BOJIHBI M BOJIHOBOE UHUCJIO.

OHeprus Oeryiuei BoJIHbI, 00bEMHAs IIIOTHOCTb SHEPTUH, TIOTOK 3HEPTUU U BEKTOpP Y MOBa.

Crosune BOJIHBL, Y376l W  MYYHOCTH, pACIPEACICHHE MEXaHUYECKON  HSHEpruu
(camocmosimenvno).

DneMeHThl aKyCTHKH (MCTOYHHKU U MPUEMHUKH 3BYKA, CHJIA 3BYKa, aKyCTUYECKOE JTaBJICHHE,
aKyCTHYECKUU Pe30HAHC, YIBTPa3BYK) (camocmosmenso).

Jexyusn 9
Tema: MexaHuKa »KMIAKOCTEH U ra3oB
T'uopocmamuxa
OTanuuTeNnbHbIE CBOMCTBA KUIKOCTEH U Ta30B, KAK CILIOIIHBIX CPE/I.
JlaBneHue B KUAKOCTAX M razax. [ mapocratnyeckuil 3aKoH.
T'uopoounamuxa

ApxumenoBa cujia. Y CJIOBHE IJIaBaHUS TeIl.

OCHOBHbIE OHATHUS AMHAMUKH KUKOCTEH.

YpaBHEHME HEPA3PBIBHOCTH.

YpasHeHnue bepHyum 1 UACAIBHON KUIKOCTH U CICICTBUS U3 HETO.

JBmwxkenue Bs3koit xxuakoctr. ®opmynsl Hetotona u Ilyazeiins. JlamunapHoe u TypOyiaeHTHOE
teuenue. Yucio PeitHonbaca.



JIBmxeHue Tena B BA3Ko# cpene, popmyna Crokca (camocmosimensho).
Jexyusa 10
Pazoen: Monexkynapunas gpuzuxa u mepmoouHamuxa
Tema: OCHOBBI MOJIEKYJISIPHO-KUHETHYECKON TeOpUM
MKT uoeanvHnozo 2aza:
OCHOBHBIE TIOJIOKEHUST MOJIEKYJIIPHO-KUHETUYECKON TEOPUH.
Mopnens uneanbHOro raza. Macca MoJIEKyJIbl, MOJISIpHAsl Macca.
Cpenansist 1rHa cBOOOHOTO Mpodera MoJIeKyd, CpeHss apupMeTHIecKast CKOpOCTb.
CronkHOBeHHE MOJIEKYI, Y eKTHBHBIN AruaMeTp. CHITbl B3aUMOICHCTBUS MOJICKYIL.
OcnoBHoe ypaBHeHue MKT uaeansHoro raza. CpeaHssi KBaapaTuyHasi CKOPOCTb.
Teopema o paBHOpacHpeaeIeHUN KHHETUYECKON YHEPI MU MOJIEKYJIbI IO CTENEHSM CBOOO/IBI.
Cmamucmuyeckue pacnpeoenenusi 8 MKT:
Pacnpenenenue mMoiiekylsl MO CKOPOCTSM (MJIM KUHETUYECKUM SHEPrusiM), HauBepOsITHEHIIas
CKOPOCTb.
Pacnpenenenne MoJeKys 1Mo MOTEHIMAIBHBIM dHEPTusiM. bapomerpudeckas popmyia.
Jexyua 11
Tema: OCHOBBI TEPMOAMHAMHUKHU
Obwee, Hynesoe u nepgoe HA4aLa MePMOOUHAMUKY
OcnHoBusble nousitust T/I.
OO6mee nauano T/I.
Hynesoe nauano TJI. Tepmuueckoe ypaBHEHUE COCTOSHHS HJCAIbHOrO rasa (ypaBHEHHE
MenpeneeBa — Knaneitpona). Kanopudeckoe ypaBHeHHE COCTOSIHUS HJI€ATBHOTO Trasa.
["a30Bble 3aKOHBI KaK YaCTHBIE CIy4yau YPaBHEHHUS COCTOSHUS UICATBHOTO raza. AnuabaTHBIN
npotecc, ypaBHenue Ilyaccona.
Bnytpennss sHeprus, nepsoe Hagano T/1.
Pa6ora raza. KonudecTBo TemnoThl.
[Tpumenenue [ nauana T/] k u3onporieccaM B HA€aIbHBIX ra3ax.
MounsipHas 1 yelbHas TEIIOEMKOCTH UICATBbHOTO ra3a B U30IPOIIecCaXx.
Jexkyua 12
Bmopoe u mpemve nauana mepmoounamuxu
OOpaTumble 1 HEOOPATUMBIE MPOLIECCHI.
DHTponusi, BTOPOE HaYaJI0 TEPMOJINHAMUKHU.
Craructuyeckasi TpaKTOBKa SHTPONMHM, ypaBHEeHUE bonbiiMaHa.
M3MeHeHne SHTPONIMHU B U30IIPOLIECCaX.
[Muknuyeckuii (kpyrosoii) mpouecc. [IoHsATHE O TEMIOBBIX U XOJOAUIBHBIX MallIMHAX.
[Muxn Kapno, Teopems! KapHo.
Tperbe Hauano TepMoAHAMUKY (TeopeMa HepHera) u cnenctBus U3 Heg.
I'paHnLBl TPUMEHUMOCTH 3aKOHOB T/I.
Jexyua 13
Tema: ArperatHble COCTOSIHUS BellleCTBA
Peanvuvie cazvi
CBoiicTBa peanbHbIX ra30B.
TepMuueckoe ypaBHEHHE COCTOSHUS peajbHOro Tras3a (ypaBHeHue Ban-nep-Baanbca),
n3orepMbl Ban-nep-Baansca u Onaproca.
PaGota cui npuTsSHKeHUS MOJIEKYIT, KaIOPUIECKOE YPaBHEHHUE COCTOSHUS pealbHOro rasa.
Jexyusn 14
Kuoxkocmu
Crtpoenue KUAKOCTEH, OMMHKHUN TOPSIOK.
[ToBepxHocTHOE HaTsKeHHE. CBOOOIHAS SHEPTHUs MOBEPXHOCTHOTO cios. Dopmyna Jlannaca.
CMaunBaeMOCTh KUJIKOCTHIO MOBEpXHOCTEN. Kannuisipabie siBIEHUS.
PactBopbI, TEmI0Ta paCTBOPEHUSI, OCMOTUYECKOE JaBJICHNUE.
Tsépovie mena
Kpucrannnueckue TBEpAbIE TeNA, JaTbHUN NOPSIIOK, CHHTOHHH.



AHN30TpOINUS KPUCTAILIIOB.
Tumnbl cBsA3€#l 4YaCTUIl B KpUCTaJIax.
TemoBoe paciinpeHre KpUCTalIoB.
Knaccuueckas Teopus TeIIoEMKOCTH KpUCTAILIOB, 3aK0oH [rononra u [1tu.
AmopdHBIe BelecTBa, MOTUMEPHIL, )KUAKHE KPUCTAIITBI (camocmosmenbHo).
Jexyus 15
Tema: da3oBble epexoabl 1 KPUTHYECKHE SIBJICHHUSA
[Tonsitus daszer u pazosoro nepexoxna (PII).
@I 1 pona u ckpeITas yneiabHas TEIJIOTA.
YpaBHEeHUE TEIIOBOTO OanaHca.
JluHamuueckoe paBHOBECHUE KUKOCTH U Iapa. BiiaxHOCTh, TOUKa POCHI.
VYpaBuenue Knanelipona — Knaysuyca, tuarpaMma COCTOSIHUS BEIIECTBA.
Kputnueckoe coctosiHie, KpUTUHIECKUE [TaPAMETPBHI.
®a30BbIe IEPEXO/IbI 2 PO U «CKAUYOK» TEIJIOEMKOCTH.
Jexyus 16
Tema: SIByeHus nmepenoca
Hduddysus ra3os, 3axon Ouka.
Koaddunument nuddysun ra3os u ero 3aBUCUMOCTh OT MapaMeTPOB COCTOSTHUS Ta3a.
Bs3kocTs, 3akoH HproToHA.
KoadduimeHT BI3KOCTH ra30B U €ro 3aBUCUMOCTD OT MApaMETPOB COCTOSIHUS Ta3a.
TermmonpoBoAHOCTH, 3aKOH Pyphbe.
KoadduimeHT TenaonpoBoJHOCTH Ta30B U €r0 3aBUCUMOCTH O TapaMeTPOB COCTOSTHUS Ta3a.
CBs13b K03 GuIeHToB MU PYy31n, BIZKOCTH U TEIUIOIPOBOTHOCTH.

4 cemectp
Jexkyusn 1

Pa3zoen: Inekmpomaznemusm

Tema: JaekTpocTaTu4eckoe moJjie B BAKyyme

Hanpsorcennocms an1exmpocmamuiecko2o nois.
DNEKTPUUYECKUI 3apsijl, 3aKOH COXPaHEHUs AIEKTPUUECKOTro 3apsia.
[Tpunuun 6nuskonencTBus, 3akoH Kynona.
DneKkTpuueckoe nose. Bekrop Hanpsy)KeHHOCTH, JIMHUK HANPSKEHHOCTH.
[Tpunnun cyneprno3unuu nojei. IIpumeps! 2IeKTpudecKuX Moiei.

Ilomenyuan u nomenyuanvnas suepeus IlI:
Pabora cun anexTpoctarnueckoro nojis. Teopema o HIUPKYIALNUNA BEKTOPa HAIPSHKEHHOCTH.
[Torenuman. CBsi3b pa3HOCTH NOTEHIIMANA ¢ HANPSHKEHHOCTHIO OI1.
[ToreHunanbpHas 3HEprus 3apsaa B 3JEKTPUUECKOM IOJIE.
DOHeprus u 00bEMHAs MIIOTHOCTH dHepruu JI1.
Jexkyus 2
Tema: DiieKTpocTaTH4YeCKOe 10JIe B BelecTBe
OI1 none npu Hanuuuu OUINEKMPUKO8
[Tonspu3zanus AMAIEKTPUKOB. BekTop MHAYKIUHU (dNeKTprudeckoro cmernienus) 1.
ITorok BexkTopa unaykiuu I11. Teopema Octporpanckoro-I'aycca u e€ npuMeHeHuUe.
DJeKTpUUecKasi BOCIPUUMUYUBOCTD U MPOHUIIAEMOCTh. DIEKTPUUECKUN TUCTEPE3HC.
Ol npu Hanuuuu NPoBOOHUKOE
OnekTpuszanuss TPOBOAHUKOB. [loTeHManm npoOBOJHMKA B 3JIEKTPOCTATHYECKOM  IIOJE.
DJIEKTpOCTaTUYECKAs 3alIUTa.
D1eKTpOEMKOCTbH ITPOBOIHUKA, KOHEHCATOpa U 6aTapen KOHJEHCAaTOPOB.
DHeprus 3apsKEHHOr0 MPOBOJAHMUKA U KOHJIEHCATOPA.
Jexyusa 3
Tema: IIoCTOSIHHBIN 3JIEKTPUYECKHH TOK

VYcnoBust CylecTBOBaHUS U XapaKTEPUCTUKU DJIEKTPUUYECKOTO TOKA.



3akon Oma Juig OJHOPOAHOTO yuyacTka Iend. CONpoTUBICHHME MPOBOJHUKA U OaTapen
MTPOBOJIHUKOB.
3akon OMa 1Jis HEOTHOPOJIHOTO y4YacTKa IeTH U 3aMKHyToi 1enu. [IpaBuna Kupxroda.
PaboTa 1 MOIIHOCTH B LIETH MOCTOSIHHOTO TOKa. 3akoH J[koyis - Jlenna B nuddepeHmanbHoMn
Y MHTETpaIbHOH Popmax.
DJIEKTPUUYECKUH TOK B DJIEKTPOJIUTAX.
DIIEKTPUUYECKHI TOK B ra3ax.
Jexyusn 4
Tema: MarauTHoe 1moJie B BAKyyme
MarnuTtHo€ 1nojie, BEKTOp MarHUTHOM MHIYKIUU.
3akon buo — CaBapa - Jlamnaca.
[Tpunmun cynepno3unuu MII. [Ipumepsl MArHUTHBIX MOJICH.
ITotok BekTopa nnaykuuu MII, Teopema Octporpajckoro — ['aycca a1 MarHUTHOTO MOJIS.
JleficTBHEe MarHUTHOTO OJI HA IPOBOJHUKHU C TOKOM, cHjia AMIiepa.
JleficTBHEe MarHUTHOTO IOJIS HA IBMIKYIIMICS 3apsl, cuia JlopeHna.
Jlexkuua 5
Tema: MarauTHoe 1moJie B BelecTse
HamaranumBanue maraetukoB. Bektop Hanpsixéanoctr MII.
MarautHas BOCHPUMMYHMBOCTb U IpoOHULAeMOcTh. Criabble U CHIIbHBIE MAarHeTUKU.
MarsuTHbIN THCTEPE3UC.
Teopema o nupkysauuu Hanpsk€HHOCTH MIT n e€ nmprumeHeHue.
Tema: JneKTpOMarHuTHasi MHAYKIUS
3akon @apanes, npaswio Jlenma. CaMOMHIYKIUS, WHIYKTUBHOCTb KOHTYpa C TOKOM.
Baumounaykius, TpancdopmaTop. DKCTPATOKU MPH 3aMbIKAHUU U Pa3MBbIKAHUH LETTH.
OHeprus U IIOTHOCTh SHEPIMH MarHUTHOT'O MOJIS.
Buxpesoe anekrpuueckoe nozie. Tok cmemenus. Cucrtema ypaBHeHU MakcBeiia.
DNEeKTPOMarHuTHOE MOJI€ U €ro YHEPTHsl.
Jlekyus 6
Tema: DjeKkTpOMArHUTHBIE KOJIeOAHUSA U BOJTHBI
OnexTpudeckuil kosiebarenbHblil KOHTYp. CBOOOJHBIE KosieOaHMA. 3aTyxaroliue KoyeOaHusl.
BrinyxneHHble Kose0aHusl.
[Toryuenne mnepuonmyeckoi 3.1.c. CONPOTUBICHHME, WHAYKTUBHOCTD U EMKOCTh B IIEMH
NepeMeHHOro Toka. 3akoH OMa. Pe3oHaHCHbIE SIBJIEHUS B LIETIH IEPEMEHHOTO TOKA.
ONEKTpOMarHuTHHIE BOJIHBI B BaKyyMe M B OfHOpoaHou cpene. Illkana 31eKTpoMarHUTHBIX
BOJIH. BoHOBOE ypaBHEHUE. YpaBHEHHE BOJIHBI, IUIOCKAas 3JIEKTPOMArHUTHasl BOJIHA. DHEPrus BOJIHBI,
BEKTOp YMoBa — [lolTHHIra, MYHTEHCUBHOCTb.
Jexkyus 7
Pazoen: Onmuxa
Tema: OCHOBBI BOJIHOBOW ONITHKH
Ompaodicenue u nperomienue
[Ipunnnn [Mrolirenca.
OtpaxeHue cBera.
[Ipenomienne cpera.
[TonHOE BHYTpEHHE OTpaKeHHE.
Humepgpepenyusa ceema
IToHsiTHE O KOTEPEHTHOCTH.
[TpyHIMI CynIEpIO3UIIMH BOJIH.
UnTepdepenmus cera.
Mertoa neneHust BOJTHOBOTO (PPOHTA, CXEMBI ABYXJIy4eBON MHTEPPEPEHIIHH.
Meton neneHus aMITUTYbl, CXeMbl HHTep(EpeHIINHN B TOHKUX IIEHKAX U Kojblia HeroToHa.
Jughpaxyus
[Tpunimn [Nolirenca-dpenens.
Merton 30H @peHens.



Hudpaxuus Openens. [Tpumepsr.
Hudpakmus Opaynrodepa. [Ipumepsr.
Jexyun 8
Tema: BzaumoaeiicTBae cBeTa ¢ BeIeCTBOM
Tonapuzayus ceema
EcTecTBEeHHBIN U NOJIAPU30BAHHBIN CBET.
[Tonsspu3zanus cBeTa npu OTpakeHUH, 3aKOH bproctepa.
[Tonstpuzanus npu NpesoMIIEHUH, IBOWHOE JIy4epesIOMIICHHE.
AHanu3 noJaspU30BaHHOIO CBETA, 3aKOH Matoca.
Bpamienue miaoCKOCTH MOJSPU3ALMM ONTUYECKH AaKTUBHBIMU CpPEJaMH, AJIEKTPUYECKUM U
MarHMTHBIM MOJISIMHU.
Jlucnepcus ceema
OcHOBBI 25IEKTPOHHOM Teopuu aucnepeun pyne - Jlopenua.
VYpaBHeHue nucnepcuu, Kpuas aucrepcuu. HopmaneHas nqucrniepcust.
dazoBast ¥ TPyNIOBasi CKOPOCTh, hopmyna Pases.
Toenowenue u paccesnue ceema
AHomainbHas aucnepcusi. Kpusas noriomeHus.
3akoH norjioieHus byrepa-bepa.
Paccestnue cBera B pa3nu4HbIX cpenax, 3aKoHbl Tunnans u Paes
Jexuyusn 9
Tema: OCHOBBI reOMETPHYECKON ONTHKHU
[Tpuaunn ®epma 1 3aKOHBI TEOMETPUYECKON OTITUKH.
[TocTpoenne n300pakeHNH € ITOMOMIIBIO IJIOCKOTO 3epKaa.
[Toctpoenue u3z00pakeHH! ¢ TMOMOIIBIO cdepudeckoro 3epkana, Gopmyrna cdepudeckoro
3epKaina.
[Ipenomnenue cBera Npu3MoON.
[TocTpoenue n306paxeHnii ¢ TOMOIIbIO JINH3, (POpMYyJIa TOHKOM JIMH3BI.
CucTembl TUH3, ONTHYECKHE TPUOOPHI U UX abeppaluu.

Jexyusa 10
Tema: OcHOBBI (poTOMETPUH
CBeTOBBIC BEIMYUHBI 1 KX U3MEPEHHE.
['ma3 yenoBeka kak poToMeTpUdeCcKuil mpudop.
3aKOHEI OCBEIIEHHOCTH.
IIpencraBieHue 0 €CTECTBEHHON U HCKYCCTBEHHOM OCBEIEHHOCTH.
Jexkyus 11

Tema: OCHOBBI KBAHTOBOM ONITHKHU
I'unoresa Ilnanka o kBaHTax cBera.
TennoBoe uznydenue, ¢opmyna Ilnanka g TerioBoro u3mydeHus. 3akoHbl Credana —
bonpnmana n Buna.
Buemmnuii ¢porosddexr, ombitel CroseToBa M 3aKOHOMEPHOCTH BHEUIHEro (oTod(dexra.
VYpaBHeHnue DifHIITeIiHA U KpacHas rpaHuia Gorodddexra.
JlaBnenue cBera, onbITH JleOeaena.
O¢ddext Komnrona.
Jexkyusa 12
Paszoen: Bepoamnocmuulii xapakmep cOCmOAHUA U O8UNCEHUA MUKPOUACMUY,
Tema: KopnmycKy/1sipHO-BOJIHOBOM 1yaJ1M3M MHUKPOYaCTHIL
['unore3a JIyn ne bpoiins u e€ skcrepuMeHTanbHOE MOATBEPXKIACHUE: OMBITH O JU(PPAKLIUU
anekTpoHoB TomcoHa, TaprakoBckoro u ®abpukaHTa.
Onucanue COCTOSHUS YaCTHUIBI C MOMOILNBIO BOJHOBOH (YHKIMHU. BeposTHOCTHBIM CMBbICH
BOJIHOBOUM (DYHKIIMH.
[Tpunuun HeonpeaenénHocTel. COOTHOLIEHUS! HEONIPEIEIEHHOCTEM.
Tema: YpaBuenue Lllpénunrepa u ero pemenue



VYpaBnenue lpenunrepa. /[[BukeHuMe 4YacTUUbl TMOTEHUUAIBHOW SIME C HENMPOHULIAEMBIMU
cTeHkaMu. KBaHTOBBIN OCHIUILISITOP.

TyHHETbHBIN dPHEKT.

KBaHTOBBIE KOMIIBIOTEPHI.

Jexyusa 13
Pa3zoen: Quzuxa amoma
Tema: MopgeJsn aToma

Mopens atoma Tomcona. OmbITel ¢ « -dactuniamu Pesepdopna, momens Pesepdopna.
CnekTpalibHble 3aKOHOMEpPHOCTH aToma Bojaopoxa. [loctynatel bopa. BonHoBas mozaens ne bpoitns.
Monens bopa-3ommepdensaa.

Tema: KBaHTOBO-MexaHHYeCKOe ONUCAHUE ATOMA

KBaHTOBBIC uMcna U X (PU3NIECKUI CMBICT. DIEKTPOHHAS KOHUTypaius aroma. [IpuHmmm
[Taynu u oObsicCHEHHE CTPYKTYphI Ta0IHIIa XUMUYECKHUX 3JIEMEHTOB MeHieneeBa.

Onpit lTepna — I'epnaxa.

TopMO3HOW UM XapaKTepUCTUUYECKUM PEHTICHOBCKME CHEKTphl. 3akoH Mosnu, rumoresa
Koccens.

Jexyusn 14
Pazoen: Quzuka amomnozo aopa
Tema: XapaKkTepuCTHKH U MOJEJIM ATOMHOTO si/ipa

[IpencraBnenune o cocraBe simpa. CTaTuyeckre W TUHAMUYECKHE XaPAKTEPUCTHUKUA ATOMHBIX

anep. SAnepusie cunbl. Moaenu siapa. M3otonsl, n300apbl, H30TOHBI, 3epKaIbHBIC SIpa.
Tema: PaninoakTHBHOCTD U siIePHbIE PeaKINU

SIBneHne paiMoOaKTUBHOCTH. 3aKOH PaJMOAKTHUBHO pacnaga. TUIbl paJluOaKTUBHBIX PACIAJIOB,
MpaBUjia CMEIICHUSI.

SnepHsie peakiuy, ux Kinaccuduxanus. Jlenenue u cunres suep. SnepHbie peakiuu B 3BE31aX.

Jexyusn 15
Pazoen: Quszuka 3nemenmapuvix uacmuy
Tema: Knaccupukanusi 3jieMeHTapHbIX YaCTHIL

DyHIaMEHTAIbHBIE B3aUMOJICHCTBUA.

OCHOBHBIE KJIaCChI JIEMEHTAPHBIX YaCTHII.

KBapku 1 KBapKOBBIN COCTaB aJpOHOB.

Tema: B3aumonpeBpalueHue 3JJeMEHTAPHBIX YaCTHIL

[Ipencrasienue o riooHax. OOMeHHOE B3aUMOJIEHCTBUE.

[TepBruHbIE 1 BTOPUYHBIE KOCMUYECKHE JTyUH.

[IupoTHBIM 1 TOATOTHBINA d(HPEKTHI.
Jexyus 16

Pazoen: Duzuka meépoozo mena
Tema: 3onHast Teopus
30HHas Teopus: oOpa3oBaHHE OSHEPreTHYECKHMX 30H B KpHUCTAJUIaX, 3allOJIHEHUE 30H
AIIEKTPOHAMH.
Knaccudukanus TBEpABIX TeEI.
DJEeKTPONPOBOAHOCTD IPOBOTHUKOB U OTYIPOBOJIHUKOB C TOYKH 3pPEHUS KBAHTOBOW (DU3UKH.
Tema: KoHTaKTHBIE SIBJICHUSA
KoHTakT ABYX MOIYIPOBOAHUKOB, dJIEKTPOHHO-ABIPOYHBINA IEPEXOI.
[Tpocreiimuye noaynpoBOHUKOBbIE TPHUOOPHI.
3akiao4eHue
YpoBHM CTPYKTYpHOUW OpraHM3anui BeliecTBa BOo BcenmenHoil. TeMHass Marepusi U SHEprus.
KBanToBas rpaBuTarusi.

3aHATHS CEMMHAPCKOI0 THIIA
Ilpakmuueckue 3anamusn
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3 cemecTp

3anamue Ne 1
Pazoen: Mexanuxa
Tema: Kunemarnka
Kunemamuka npsamonuneiino2o u nocmynamenbHo20 08UNCEHULL
Bonpocsl
Uro nzydaet Gpusnka, MEXaHUKa, KHHEMaTHKa?
Uto Ha3bIBAIOT MAaTEPUATBLHON TOUKOM?
Yro Takoe cuctema orcuera’?
Uro Ttakoe BekTop nepemenieHus? Bceerma nu Monaylb BEKTOpa IEpeMEUICHHs] COBIAAAET C
IIPONJICHHBIM IIyTEM?
KaxoBa ocHoBHast 3a1aya MmexaHuku? YTo 3HAUUT ONuUcaTh ABMXKEHUE Tena?
Kakwne ciocoObl onucanus JBMKEHUS CYIIECTBYIOT? B uem oHM 3akitoyarorcs?
Jlatb onpenienieHrst BEKTOPOB Cpe/iHel U MTHOBEHHOM ckopocTeit. KakoBbl nx HanpaBieHus?
Uro Takoe paBHOMEpHOE NBMKEHHE? 3amMIINTe 3aKOH ATOTrO IBMKEHUs. Hapucyiite rpaduxu
MIPOEKIIMA CKOPOCTH U MEPEMEILEHUS ISl 3TOTO ABUKECHHUS.
Kakoe nBukeHne Ha3bIBa€TCsl paBHONIEPEMEHHBIM? 3alUIINTE 3aKOH ATOro ABMKeHue. Hapucyiite
rpaduKy MPOEKINil CKOPOCTU U TIEPEMEIICHUS [T STOTO IBUKEHUSI.
3ajgaun
[IpsimonuHeitHOe ABM)KEHUE TOYKHU 337aHO ypaBHeHHeM: X= -2 +3t - 0,5t2. Hanucate ypaBHeHune
3aBHCUMOCTH CKOPOCTH TOYKM OT BpeMeHH. llocTpouTh Tpaduk 3TOH 3aBHCUMOCTH; HaWTH
KOOpJIUHATY M CKOPOCTh TOUKH uepe3 2 ¢ U § ¢ Mociie Havasa JIBUKEHUSI.
Pamiyc BEKTOp MaTepHANbHOH TOYKH H3MEHSETCS CO BPEMEHEM IO 3aKOHY ' =407 +3 + 2k ,
Onpenenuts: a) ckopocts V ; 6) yckopeHne @ B) MOyl CKOPOCTH B MOMEHT BPEMEHH 2C.
Teno nmagaet ¢ Boicotsl 2000 M, 3a kakoe BpeMs OHO npoiiner nocneanue 100 m?
Teno OpomieHo BepTHKaIBbHO BBEpX cO ckopocThio 30 m/c. Ha kakoil BbICOTe M uepe3, CKOJIbKO
BPEMEHHM CKOpOCTh Tena (1o Moaynto) OyJeT B TPU paza MEHbIIe, YeM B Hayajle Hoabema?
OmnpenenuTs CKOPOCTh Msua uepe3 4 ¢, eCiid OH OpOIIeH BEPTUKAIBHO BHU3 CO CKOPOCTHIO 5 M/cC.
Teno Gpocunu ¢ MoOBEpXHOCTH 3€MJIM TMOJ YIJIOM 0L K TOPU30HTY C HadallbHOM CKOPOCTBIO LO.
[IpeneOperasi conmpoTHBIEHHEM BO3[yXa HAWTU: a)BpeMs JIBHKEHUS; 0)MAKCUMAJIbHYIO BBICOTY
noJIbEMa U TOPU3OHTAIIBHYIO JalbHOCTh NoJeTa. [lpu kakom 3HaueHuM yria OpocaHust OHU OyIyT
paBHBI? T) ypaBHEHHE TpPACKTOpUM Y(X), TA€ y M X TNEpPEMENICHHE Tejla MO0 BEPTUKATH |
TOPU30HTAIIN COOTBETCTBEHHO; ) PaJINyChl KPDUBU3HBI HaYaJla U BEPIINHBI TPACKTOPHUH.
3a/iauu JUIsl CAaMOCTOSTEIBHOTO PEIIeHUs

Kunemarnyeckue ypaBHEHHs ABM)KECHHS JABYX MaTEpPHAIBHBIX TOUYEK MMeeT BUI: X1 = A1 + Bit +
Cit? m X2 = Az + B2t + Caot?, tne C1 = -2m/c2, C2 = 1m/c2. OnpenenuTs: a) MOMEHT BPEMEHH, [T
KOTOPOT'O CKOPOCTH 3THX TOYEK OyIyT paBHBI; 0) yckopeHus al u a2 1jst 5TOro MOMEHTA.
F=t% +3t%] e

Paguyc BekTOp MarepualbHON TOYKH U3MEHSETCS CO BPEMEHEM I10 3aKOHY
- opThl oceil X u Y. Onpenenuts Juisi MOMEHTa BpeMeHH | c: a) MOaylb cKopocTu; 0) MOIyJb
YCKOpEHHUS.

Teno mamaer ¢ BeicoTBI 490 M. Omnpenenuts NepeMeNIeHUE Tena 3a IMOCIEAHIOI CEKYHIy
MaJCHMUSL.

Teno nmamaet ¢ BbICOTH 1 KM ¢ Hy/IEBOM HayalnbHOW ckopocThio. [IpeneOperas conpoTuBiIeHHEM
BO3/lyXa, ONPENIEIUTh, KAKOE BPEMsI IIOHAZA00UTCS Tey Ul MPOXOXKAEHUS nocieqHux 10 M myTu.
C 6amau BbicoToi 30 M B TOPU30HTAILHOM HAlpaBiIeHHH OpOIIEHO TENI0 ¢ HAYaJlbHOW CKOPOCTHIO
10 M/c. OmpenenuThb: a) ypaBHEHHE TPACKTOPUH Tesa y(X); 0) CKOPOCTh Tella B MOMEHT TaICHHUS
Ha 3eMJII0; B) YTOJI, KOTOPBIA 00pa3yeT 3Ta CKOPOCTh C TOPU30HTOM B TOUKE €T0 MaJCHHUS.

3anamue Ne 2
Tema: KunemaTtuka (mpoaoKeHUE)



NogakowhpE

10.

w N

Kunemamuka osusicenus no okpys#cHOCMU U 86paAUAMENbHO20 OBUNCEHUS
Bonpocsl
UTo Ha3bIBAIOT YIIIOBBIM IepeMenieHueM? EMHUIBI n3MepeHusl.
UTo Ha3BIBAIOT YIJIOBOM CKOPOCTHIO? EAMHUIIBI UBMEPEHUS.
UTo Ha3bIBAIOT YIIIOBBIM YCKOpeHUEM? ENUHUIIBI H3MEPEHUSI.
B uém cocTouT ocHOBHas 3a/jaua MEXaHHUKH B Cllydae ABMXKEHHUS 110 OKPY>KHOCTH?
UTo Takoe TaHreHIIMAIbHOE YCKOPEHUE, HOPMAJIbHOE YCKOPEHHUE MTOJIHOE YCKOPEeHHE?
KaxoBa cBsi3p MEXly TUHEHHBIMU U YTTIOBBIMU KUHEMATUYECKUMU BEIMYUHAMU?
Kakoii BUJT IMEIOT 3aKOHBI PABHOMEPHOT'O U PABHOIIEPEMEHHOTO JIBFXKEHUS TI0 OKPYKHOCTH?
3ajauu
Koneco, Bpamasce paBHOYCKOPEHHO, JOCTHTIIO yrioBoi ckopoctu 20 pan/c uepe3 10 ob6opoTos
rocJie Havasa JBKeHus. UeMy paBHO yriioBoe YCKOpeHHe Kojeca?
Huck paaunycom 10 cm Bpaimaercss Tak, YTO 3aBUCUMOCTb yrja MOBOpPOTa paguyca JMcKa OT

p=3+t+t* +t°
BPEMEHH 3aJacTCsl ypaBHCHHEM: . Onpexenuts A TOYEK Ha 000J€ IUCKAa K

KOHITY BTOPOH CEKYHJIBI TIOCTIC Hadayia IBMKCHHS: a) TAHTCHIIMAIBLHOE YCKOpEHHUe; 0) HOpMaIbHOE
YCKOPEHHE; C) MOJHOE YCKOPEHHE.
Huck paguycom 10 cM Bpaiaercs Tak, 4TO 3aBUCUMOCTb JINHEWHON CKOPOCTU TOYEK, JICKAIIUX Ha

060/1e KOJeca, OT BPEMEHH 3a/1aeTCsl ypaBHEHHEM ' — 03t+ O'ltz. Onpenenuth MOMEHT BPEMEHH,
IUIsL KOTOPOTO BEKTOP MOJHOTO YCKOPEHUS 00pa3yeT ¢ pajinycoM Kojieca yroi 4°.

MatepuanbHas TOYKa HAUMHAET JIBUTaThCS MO OKPYKHOCTH paiuycoM 12,5 cM ¢ MOCTOSHHBIM
TaHTEHIMANBHEIM ycKopeHneM 0,5 cM/c?. OnpeaennTh: a) MOMEHT BPEMEHH, TIPH KOTOPOM BEKTOP
YCKOpeHHs1 00pa3zyeT ¢ BEKTOpP CKOPOCTH yroi 450; 0) myTh, MPOHACHHBIN TEIOM 32 3TO BpEMS.
Jluck Bpamaercsi BOKPYI HEMOABIM)KHOW OCH TaK, YTO 3aBUCHUMOCTh yIjla TOBOPOTa JTUCKA OT

BPEMEHH OMNHCHIBACTCS YpaBHEHHEM ¢’:0'5t2. Onpenenuth K KOHI[y BTOPOM CEKYHIBI IOCIE
Hayvana JBIOKEHHS: a) YIJIOBYIO CKOPOCTh JTUCKA; 0) YIJOBOE YCKOPEHHE JHCKA; C) JJISI TOYKH,
HaxoJsmIecs Ha paccTossHuA 80 CM OT OCH BpAICHUS, TAHTCHITHAIIEHOE YCKOPSHHE, HOPMAITLHOE
YCKOPEHHUE U MOJIHOE YCKOPEHUE.
3aauu i1l CaMOCTOSITEIHbHOTO PEIICHUS

Koseco Bpamaercsi ¢ MOCTOSHHBIM YIJIOBEIM yckopeHmeM 2 c2. Uepes 0,5 ¢ mocnme Hauanma
JBMKEHNS TIONTHOE YCKOpeHue Koneca paBHo 13,3 m/c2. Uemy pasen paguyc koneca?

Huck pagumycom 10 cMm Bpalaercs Tak, YTO 3aBHUCHMOCThH YIlla MOBOpOTa pajuyca JIUCKa OT

BPEMCHHU 3a1aCTCs YpPaBHCHHUCM: ¢:2+4t3. OHpe,[[eJ'II/ITB HJI1 TOYCK Ha 060,[[6 KOJICCa JHCKa
HOPMAJIbHOC U TAHICHIHUAJIIBHOC YCKOPCHUSA B MOMCHT BPEMCHU 2 CCKYH/JIbI OT Ha4ajla JBWIKXCHUA,
a TaK’KC YroJl moBOopoTa, IpU KOTOPOM IIOJIHOC YCKOPCHUC COCTABJIACT C palnyCOM JUCKaA YIOJ
45°.

Z[I/ICK BpamacTCsd BOKPYT HEIIOABM)KHOM OCH TaK, YTO 3aBUCUMOCTHL YyTIJla IIOBOPOTa AUCKA OT

BPEMEHM ONMCHIBAETCS YPAaBHEHHEM (/’:0’5t2. Onpenenuth K KOHILy BTOPOM CEKYHJIBI IIOCIIE
Hayaja JBM)KEHUS TOJHOE YCKOpEHHE TOYKM Ha 0007e TUCKA, €CIM JMHEWHAas CKOPOCTh 3TOM
TOYKH B 3TOT MOMeHT 0,4 M/c.

Touka gBMXKETCA IO OKPYKHOCTH PagycoM 15 cM ¢ MOCTOSHHBIM TaHT€HIIUAIBHBIM YCKOPEHHUEM.
K kouiy gerBeproro o6opora mocie Hadaja JBH)KEHUS JIMHEHHAas CKOpOCTh TOYku 15 cm/c.
Onpenenuts HOpMaJIbHOE YCKOPEHUE TOUKH uepe3 16 ceKyH[] mocie Havyajla JABUKECHHUS.

Ban nmaunnaer Bpamartbest u 3a nepBeie 10 cekynna coBepinaet 50 o6opoToB. Cuurtas BpalieHHe
Bajia paBHOYCKOPEHHBIM, OIIPENEIUTh YIJIOBOE YCKOPEHUE U KOHEUHYIO YTIIOBYIO CKOPOCTb.

3anamue Ne 3
Tema: Innamuka
1. Bomnpockl
CdopmynupyiiTe nepBsiii 3akoH HproToHa.
Kaxkue cucreMbl oTcueTa Ha3bIBaIOT HHEpLHATIbHBIMU? [IpuBeuTE MPUMEPHI TAKUX CUCTEM.
Uro Takoe nHepTHOCTH Tena? Kakas gusnyeckas BenMunHa SIBISICTCSI MEPOW WHEPITUN?
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[Touemy Temno, mpeaoCcTaBIEHHOE cCaMOMYy cebe, HE COXpaHsIeT CKOPOCTh CKOJIb YTOIHO J0T0?
Kakoii cmbicit umeeT noHATHE CHIIbI? B Kakux eIuHHIIAX OHA U3MepseTcs?
Cdhopmynupyiite 3akon BecemupHroro tarorenus. Kak onpenensiercs rpaBUTalIMOHHAS TTOCTOSTHHAS
1 KaKoB €€ (PM3UYECKUIN CMBICIT?
B uem cocTouT NpUHLIKIT HE3aBUCUMOCTH JIEHCTBUS CUII?
B dem 3akmmrouaercs npuHUMI cyneprno3uuuu cui? Jlaiite onpenesieHue paBHOJCHCTBYIOIIEH CHIL.
Chopmynupyiite BTOpoil 3akoH HproTOHA: a) B oOmeM Bujae, 0) B ciydae IBIDKCHHUS Teja
ITOCTOSIHHOM Macchl. UTO Ha3bIBAIOT YPaBHEHUEM JBUKEHUS?
Chopmynupyiite Tperuii 3akoH Herorona. [IpuBenure mpuMepbl MPOSIBICHUS ITOTO 3aKOHA B
OKpY>Kalolleu 1eMCTBUTEIIbHOCTH.
3anaun

Teno maccoit 1,0 kr jgeXuT Ha ropu3oHTAIBHON MoBepxHOCcTH. Koaddumument tpenus 0,1. Ha
TEJNO JEHCTBYeT ropu3oHTanpHas cuwia F. OnpenenuTs cuily TpeHHs I ABYX ciydaeB: a) F =
0,50 H; 6) F = 2,0 H. 1300pa3uth rpadudecku, Kak U3MEHICTCS CUJIa TPEHUS NMPU U3MCHCHHUH
cunbl F.
KakoBa HayanbHass CKOpPOCTh IIai0ObI MYIIEHHOI MO MOBEPXHOCTH JIbJIa, €CIU OHA OCTAaHOBUJIACH
gepe3 40 ¢? Koadduuument tpenus maiidsr o nex 0,05.
Ha ctone nexar nBa Opycka, cBsizanHble HUTBIO. Ha Opycok maccoit m1 = 4 kr neiictByet cuia 20
H nox yrimom 300 k ropuzonTy. Macca Broporo 6pycka m2= 2 Kr, KO3hGUIIUEHT TpeHUS OPYCKOB
o cron 0,1. Onpenenure yCKOpeHuUE, C KOTOPBIM JIBHXKYTCS T€Ja, a TAK)KE CHIIY HATSHKEHUS! HUTH.
Benepko ¢ Bomo# BpamaioT B BEPTHUKAJIBHOW IUIOCKOCTH Ha BepeBke anuHoi 0,5 m. C kakoit
HAaUMEHBIIEH CKOPOCTHIO HY)KHO €ro BpallaTh, YTOOBI MPU MPOXOKIECHUHN Yepe3 BEPXHIOK TOUKY
yzep>KaTb BOJy B BeJepKe?

3a/1auy Juisl CaMOCTOSTEAbHOTO PEIICHUS
Teno maccoit 20 xr Tyt ¢ cwiod 120 H mo ropuzontanbHoi noBepxHoctd. Eciou sta cuma
npusoxkena noj yriom 60° kK ropu30HTY, TO Tello ABUKETCs paBHOMepHO. C KaKHUM YCKOpPEHHEM
OyJeT IBUTaThCA TENO, €CIU Ty K€ CHITY HPUIOKUTH 1107 yriom 30° k ropusonty?
JIBa Tenma maccaMu mi=3 KT U my= OKT JlexaT Ha aOCOJIIOTHO TIaJKoM cTojie. Tenma CBSI3aHBI
HEBECOMBIM IITHYPOM, KOTOPBIA pa3phIBAE€TCS €CJIM K TNy C MEHBIIEH MacCOW MPUIIOKUTH CHITY
240 H. Kakyro MUHUMAIbHYIO CUITy HAJI0 IPUIOKUTH K TEIy OOJbIIEH Macchl, YTOOBI pa3opBaTh
mHyp?
JleTuMk NaBUT Ha CHJEHbE caMoJieTa B HUkHEH Touke netin Hecteposa ¢ cuioit 7100 H. macca
neturka 80 kr, paguyc netiu 250 M. OnpenenuTb CKOPOCTh CaMOJIeTa.
Teno Maccolt m cOCKaJIb3bIBAET C TPEHUEM C HAKIIOHHOM TUIOCKOCTU. YTOJI HAKJIOHA MIOCKOCTU O
,ee mmHa |, xoapdunuent tpeHus | . HauanpHas ckopocTh Tena paBHa Hymto. Haiitu Bpems
CIIyCKa Teja ¢ HaKJIOHHOM TUIOCKOCTH.

3anamue Ne 4
Tema: PaGoTa, MOIIITHOCTH, MEXaHUYECKASI JHEPT U
Bonpocsl
Yemy paBHa paboTa cuibl?
Yemy paBHa paboTa MOMEHTA CHIIbI?
Uto Ha3bIBaIOT MOIIHOCTHIO? B KakuX eIuHUIIAX U3MEPSIIOT MOIIHOCTh?
Uro Takoe MexaHU4YecKast YHEPrus?
Yemy paBHAa KMHETUYECKasi SHEPT Ul PU MPSIMOIMHEWHOM (UJIM MOCTYIAaTeIbHOM) ABHXKEHUN?
YeMy paBHA KMHETHUYECKAs SHEPTHsI P IBMXKEHUH 110 OKPY>KHOCTHU (MJTH BpaIlleHUH)?
Kak onpenenuTs SHEPrUIO B MOJIE CUIIBI TSKECTH 3€MIINA?
Kak ornpenenuts 3HEpruto cxaToi npyKUHbI?
3ajauu

ABTOMOOMIBL Maccol 1,8 T IBUXKETCS B TOPY, YKJIOH KOTOPOM cocTaBisieT 3 M Ha Kaxkasle 100 m
nytd. Koaddunuent tpenus koziec o nopory pasen 0,1. Haiitu: 1) paboty A aBuraTens Ha myTu
5 KM, 2) pa3BUBAEMYIO JBUTATEIIEM MOITHOCTh P, €CIIi 3TOT IMyTh MIPEOJIOJICH 3a 5 MUH.
Ilyna maccoil ml, nersimias rOpU30HTAIBHO CO CKOPOCTBIO LO, MOMNANAET B HMKHUN KOHEI]
CTEPHs, 3aKPEIJIECHHOTO Ha TOPU30HTAJIBbHONW OCH, MPOXOASIIEH Yepe3 BEPXHUI KOHEIl CTEPHKHS,
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M 3acTpeBaeT B HeM. Macca crepxkHs m2, jumHa 1. Onpenenuts TUHEHHYI0 CKOPOCTh HUYKHETO
KOHIIA CTEPKHS Cpa3y MOCIe MOMAIaHus TYJIH.
C BeplIMHBI HAaKJIOHHOW IMJIOCKOCTH HAYMHAET CKAThIBATHCS CIUIOLIHON OJIHOPOJHBIN LIMIIUHIP.
Haiitu BpeMst ckaThIBaHUSI LUIMHAPA, €CIIM HaYajbHas BbICOTA 3 M, JJIMHA IITIOCKOCTH 10 M.
Kunernueckas sHEprus Tesna Maccoil 2 KI B HEKOTOPbI MOMEHT BpeMeHu paBHa 25 Jlx. Haiinure
HMITYJIBC 3TOTO T€Ja B JAHHBIII MOMEHT BPEMEHU?

3ajauu JUIsl CAaMOCTOSTEIBLHOTO PEIICHUS
PaBHOelicTByIOIAsA CUil, AEHCTBYIOIIMX Ha Teno, paBHa 20 H m HampaBieHa ropu30HTaIbHO.

Teno nBuUXKETCA Tak, 4TO €ro KOOpJAMHATa M3MEHSETCS MO 3aKOHY X:10+2t+t2. Kakyro
paboTy coBepiaer cuia 3a 5 c?

Juck maccoit M kartutcs 0€3 CKOJIbKEHHUS MO TOPH3OHTAJIBHOW IUIOCKOCTH CO CKOPOCThIO V.
Haiitn kuHeTHYeCcKyro SHEPIruo Tea.

C BepxHEro ypOBHS HAKJIOHHON TIUIOCKOCTH OJIHOBPEMEHHO HAYMHAIOT CKAaThIBAThCS 0€3
CKOJIBbKEHUS CIUIOIIHbIE LWJIMHIAP M LIap C OJMHAKOBOM Maccoil M OAMHAKOBBIMU pPaIUyCaMHU.
Haiitu oTHOIIEHUE CKOPOCTEN ATUX TEJl HA HEKOTOPOM JJAHHOM YPOBHE.

Konpo waccoi 40 r U pagdycoM 3 CM Bpamlaercss BOKPYI HEMOJBH)KHOW OCH,
MEPIICHINKYIISIPHOM TUIOCKOCTH JTMCKA U MPOXOISAIICH Yepe3 ero MeHTP Macc CO CKOPOCThIO 2 M/C.
Haiitn xuHEeTHYECKYI0 DHEPIUIO Tela.

3anamue Ne 5
Tema: 3ak0oHBI COXpaHeHUsI

. UTo Ha3bIBAIOT MEXaHMYECKOM cucTeMoi? Kakue cucTeMbl Ha3bIBarOTCS 3aMKHYTBIMU ?
. UeMy paBeH HMITyJIbC MEXaHMUYECKON CHCTEMbl MaTepUalbHbIX Touek? Kak OH u3MeHseTcs moj

NEUCTBUEM BHEIIHUX CHUI?

. ChopmynupyiiTe 3aK0H cOXpaHeHHUs UMIyibca. [lJig KakuxX CUCTEM OH CIPaBeIUB?

. UTo Takoe HEeHTp Macc CUCTEMbI MaTEPUAIBHBIX ToUeK? Kak ero Mo>kKHO ONpeneanTh?

. Havite onpenenenus 3Hepruu U padboTbl. OOBACHUTE CBSI3b MEXKYy STUMU BEIMUYNHAMU.

. Kaxue cuipl Ha3pIBalOTCS KOHCEPBATUBHBIMU?

. UTo Ha3pIBAlOT KMHETUYECKOM M MOTEHUUalIbHOM 3Heprueii? KakoBbl OCOOEHHOCTH 3THX BHJIOB

SHEpPrui’?

. ChopmynupyiiTe 3aKOH COXpaHEHHsS MeEXaHMYeCKOW »sHepruu. B kakux ciydasx moaHas

MCXAaHUYCCKas SHCPIrUst CUCTEMbI HC COXpaHHeTCH?

. Uro Takoe ymap? Kakue BUABI yJapoB IIapoB BaM H3BECTHBI? B Kakux cilydasx He BBINOJHSETCA

3aKOH COXPaHEHUsI MEXaHUYECKOU SHEepPruu?
3amaun
Cuapsan maccoit 100 kr, JeTsIMi TOPU30HTAIBHO BAOJb KEJIE3HOJOPOKHOTO MYTH CO CKOPOCTHIO
500m/c, momagaeT B BaroH ¢ MECKOM M 3acTpeBaeT B HeM. Kakylo CKOpOCTh MOJIyUUT BaroH, €ciiu
OH JIBUTAJICS CO CKOPOCTHIO 36 KM/4 B HaNpaBJIeHUH, IPOTUBOIOIO0KHOM JIBUKEHUIO CHapsiaa?
[Tyns maccoii St, yersuias rOPU30HTANBHO, MONAAaeT B OPYCOK, YCTaHOBJICHHBIN HA MOJBUKHOM
Tenexke. Macca Opycka c tenexkoit 495 r. Korna myns nomajgaer B TeNEXKY U 3aCTpeBaeT B Hell,
cuctema mpuodperaet ckopocts 0,8 M/c. OnpeaenuTs HauaabHYIO CKOPOCTh ITYJTH.
JlBa mapa mMaccaMd mi1 = | KI' 1 mz = 2 KI' JBHXKYTCSI OCTYMATEIbHO BJAOJb TOPU3OHTAIBHOM
npsiMOi B ogHOM HampasieHnu. CkopocTtu mmapoB g0 yaapa vi = 7,0 m/c u v2 = 1,0 m/c.
OmnpenenuTs CKOPOCTH IAPOB MOCHIE a0COMIOTHO YIIPYroro yaapa.
Onpenenutb BO CKOJBKO pa3 YMEHBIIUTCS CKOPOCTH IIapa, JABHKYILETOCs CO CKOPOCTBIO V, MPH
€ro CoyJapeHuH C MOKOALIMMCS LIapoM, Macca KOTOPOro B N pa3 0oJbllle Macchl HAJETAIOLIETo
mapa. Yiap cuuTaTh LHEHTPaIbHBIM U a0COTIOTHO YIIPYTHM.
3a7auu JUIsl CAaMOCTOSATENbHOTO PEIIeHUs
[Ipu neHTpanbHOM yNpyrom yaape, ABUXKYyIIeecs Telo Maccoit ml ynapsiercss o moKosIeecs Teno
Maccoid m2. B pe3ynbpraTe 4ero ckopocTh EPBOIO TeJla yMEHbIIMIIACH B 1Ba pa3a. ONpeneauTs BO
CKOJIBKO pa3 Macca MepBOro Teja OoJblle MacChl BTOPOIO M KUHETHUYECKYIO DHEPIHI0 BTOPOTO
TeJla HeTIOCPEACTBEHHO IMOCTe YAapa, €CiM MepBOHavalbHas KUHETHYECKask YHEPTUs IEPBOTO TeJa
on1a paBHa 800 JIx.
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JIBa Tenma, nBUTAsICh HABCTPEUYy APYT OPYTY cO CKopocThio 3,0 M/c kKaxmoe, mocle yaapa CTalu
JIBUTATHCS BMECTE CO CKOPOCTHIO 1,5 M/c. OnpeenuTh OTHOIIEHUE MacC ATUX Tell.

JIBa ManbIX IJIACTHJIMHOBBIX IMapuka, macca Kotopbix 0,1 kr u(,2kr, mojaBeIIeHBI HA HUTAX
OJIMHAKOBOM JUTMHBI 1 M TakK, 4TO OHM CONPHUKACArOTCs. [IepBhIii MapuK OTKJIOHWIN OT MOJIO0KEHUS
paBHOBECHSI HAa YTOJI T/2 U OTIyCTHIIU. Ha Kakyro BBICOTY MOJHUMYTCS IIAPHKHU TIOCTIe aOCOIIOTHO
Heynpyroro yaapa?

OXOTHUK CTPCIIACT U3 PYKbA C HBH)KymeﬁCH JIOAKHW B HAIpABJICHUU €€ JABUKCHUS. Kaxkosa 61,1na CKOPOCTDH JIOAKHU OO0

BBICTpENIa, €CIM OHAa OCTAHOBUJIACH MOCJIE JBYX CJHENaHHBIX MOApsA BelcTpenoB? Macca noaxku /20 ke, Macca
oxoTHHKa 80 ke, Macca 3apsiaa 25 2. CKOpocTh BbUIETa CHapsiaa U3 pyxbs 600 m/c.

3anamue Ne 6
Tema: HenHepuuajibHble CHCTEMbI 0TCYETA
Bonpocsl
Kakwue cucreMbl oTcueTa Ha3bIBAIOTCS HEMHEPIUAIBHBIMU?
Korna n nouemy HeoOXoauMo paccMaTpuBaTh CHIIbI HHEPLUU?
Uro Takoe CHJIbl MHEPIUU W YEM OHHM OTIMYAIOTCA OT CHUJl JCHCTBYIOIIMX B HMHEPIHAIBHBIX
cucTeMax orcyera?
Kaxk nanpaBnena nentpooexHas cuna? Korna ona nposiBisiercs?
Kak nanpasnena cuna Kopuonuca? Korga ona nposisisierca?
KakoBbl 0COOEHHOCTH BCEX CUJI HHEPIHH?
Teno OpomieHO BEpTUKAIBHO BBEpX. BEpHETCS T OHO B TY K€ TOUKY IPY MaJIeHUH Ha 3eMITI0?
[IpuBeauTe mprmMe MPOSBICHUS CUJI HHEPLIMU Ha 3eMJIe.
3ajauu Juisl penieHus B ayAUTOPUU
He6onpiioe Teno mamaer 6e3 HauanbHOW CKOPOCTH Ha 3emitro Ha skBaTope ¢ BoicoThl 10,0 M. B
KAaKyl0 CTOPOHY U Ha KaKO€ pacCcTOSHUE X OTKJIOHUTCS TEJIO OT BEPTUKAIU 3a BpeMs NajcHUs?
ComnpoTuBieHnEM BO3lyXa peHeOpedb.
['opu30HTaNBHO PACHONIOKEHBI CTEPKEHb BPAIIAETCS BOKPYT BEPTHUKAIBbHON OCH, MPOXOonsIeit
gepe3 ero KoHell ¢ yriioBoi ckopoctsio 1,00 paa/c.PaccTosiHue oT ocu 10 APYroro KOHIA CTEP>KHS
1,00 M. Ha crepxens HageTa HeOobias My(Ta, 3aKkperyieHHas C TOMOIIBI0 HUTH Ha PACCTOSTHUU
0,100 M oT ocu BpaiieHus. B HauanbHBIE MOMEHT BpEMEHU HUTh MEPEKUTAIOT U My(hTa HaUMHAET
CKOJIb3UTH 0€3 TpeHUsI 110 cTpexHI0. HaliTu Bpemsi, criycts KoTopoe My(Ta CIETUT CO CTEPHKHS.
3a1auu Ui CaMOCTOSITEALHOTO PEIICHUS
CnyTHHMK JABHMJKETCS B D3KBAaTOPUAIBHOM IUIOCKOCTH 3€MJIM C 3alaja Ha BOCTOK IO KpPYroBOW
opbute pamuyca R. IlpeHeOperas yckopeHHeM, OOYCIOBICHHBIM IBMXCHHEM 3€MJIH BOKPYT
Conniia, HAMTH YCKOPEHUE CITYTHUKA B CUCTEME OTCYETa, CBSI3aHHOM C 3eMJIeH.
Bpamenue 3emiii nmpuBOANUT K OTKIIOHEHHIO CBOOOIHO MAIAIOIIKX Tell OT HampaBieHus: oTBeca. B
KaKyl0 CTOPOHY IPOUCXOIUT 3TO OTKIOHEHUE?
Ha miockoctu ¢ yriom HakioHa o JEKUT Teno. OmnpenenuTe HaUMEHblIee 3HAYCHHUE
Kod(pdurmenTa TpeHusi, TPU KOTOPOM TEJIO0 HE OYyAET COCKAIb3bIBaTh C HAKJIOHHOM IUIOCKOCTH,
€CM  TUIOCKOCTh JIBMDKETCS: a) pPaBHOMEpPHO; O) paBHOyCKOpeHHo. Pemmre 3amauy B
MHEPLUAIbHON 1 HEMHEPLUHAIBHON CUCTEME OTCUETA.

3anamue Ne 7
Tema: Mexanndeckne KoJ1ie0aHUsI M BOJHBI
Bomnpocet

Uro Takoe konebanue? Kakue koneOaHus HA3bIBAIOT: a) CBOOOTHBIMHU, O) BEIHYKJICHHBIMU?
Kakwne xonebanus Ha3pIBAIOT TAPMOHHYECKUMH, 3aTyXarOIIAMU?
3. Jlaiite omnpeneneHue amruMTyabl, ¢Gaspl, MEpUOJA, YAaCTOThI, MHKIMYECKOH YaCTOTHI
KoJIeOaHuH.
Uto Ha3bIBAIOT: a) MATEMATUYECKHM MAsiTHUKOM, 0) MPYKHMHHBIM MasiTHUKOB?
Kaxk n3menuTcst yacrora coOOCTBEHHBIX KOJICOAHHI C YBETUUCHUEM MACChl MasiTHUKA?
3anummre A7 3aTyXaloUmx Kojnebanuil: a) nuddepeHuansHoe ypaBHeHre, 0) ero penieHue.
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7. Tlo kakoMy 3aKOHY U3MEHSETCS aMIUIUTY/a 3aTyXaloMX KojJeOaHuit?
8. Uro Takoe xoaddunment 3aryxanusa? Jlorapudmuueckuit f1eKpeMEHT 3aTyXaHUsI?
9. Uro Takoe BhIHYKICHHBIC KosieOaHus? OT 4ero 3aBUCUT UX aMIUIUTY/Aa?
10. Yro HazbiBatoT pezoHancoM? OT 4ero 3aBUCIT pe30HAHCHAS YACTOTA M aMILTUTya?
11. OOBsicHUTE MEXaHU3M PACIIPOCTPAHCHHE KOJIeOaHUH B YIIPYTrol cpee.
12. Yto Takoe: a) ay4, B) BOJIHOBAsI IOBEPXHOCTH, T') GPOHT?
13. Uro Ha3pIBAIOT: a) MONEPEYHOM BOJHOM, 0) MPOIOILHOM, B) OETYIIEH, T) CTOsIYeH, 1) TIOCKOMH,
e) ceprueckoit?
14. Yro Ha3bIBAIOT: a) JUIMHOMN BOJHBI, 0) BOJHOBBIM YUCIOM?
15. Yto HazwiBaroT (pa3zoBoii CKOpOCTHIO? ['pyIIOBOI CKOPOCTHIO?
16. Kak onpenenuTs SHEPTUI0 MEXaHUUECKOM TUIOCKOW TapMOHUYECKOI BOIHBI?
3ajauu
MarepuanbHasi TOYKa Maccod 5 I' COBEpIIAeT rapMoHHYeckue kojebanus ¢ yacrotoi 0,5 I'm.
Amruntyna kojebanuid 3 cMm. Omnpeaesnuth CKOPOCTh, YCKOPEHHWE W CHITY, JCHCTBYIOIIYIO Ha
TOYKY B MOMEHT, KOI'Jla cMelleHue X = 1,5¢cm.
Haiitn amrmutyay, mepuoj, 4acToTy M HadajdbHyIO (a3y KojebaHMs, 33JaHHOTO YPaBHEHHEM

x=5 sin(@)ww

Touka coBeprraetT rapMoHuYecKue Kojedanus. B HekoTopblii MOMeHT BpemeHH t1 cmemenne X1 =
5 cMm. Ilpu yBennuenun (assl BIBOE cMelleHHE TOYku ctayno X2 = 8 cM. Haiftu amrmumryny
KoJeOaHuH.

Ckopoctb ynpyrux BojH 4 M/c. PaccTosiHue Mexxay ABYyMs KOJEOIMIOIMMUCS YaCTULIAMHU CPEbl C
pasHocThiO (a3 T /4 paBHO 5 cM. OmnpenenauTh: a) 4acTOTy, 0) MEepuoja KoJeOaHWid, B) JUTHHY
BOJIHBI.

3aauu 1 caMOCTOSITEIbHOTO PEHICHUS

Haiitu ammiuryny, nepuoj, 4acToTy, HayalbHylo (azy KonebaHMi, a TakkKe IMOJydUTh
BBIPQKEHUSI CKOPOCTH, YCKOPEHHUSI H MEXaHUYECKOW YHEPTHH, €CIH 3aKOH KoJeOaHWid UMeeT BUJI

x=5sin(9,42-t+2,3) cu

Kax n3menutcst nepuo1 kojaebanuii MasiTHUKA MPU TiepeHoce ero ¢ 3emiu Ha JIyHy.

YeMy paBeH nepuos KojiebaHus MasTHUKA, HAXOJISAIIEr0 B BaroHe, ABWKYIIEMCS TOPU30HTAIBHO C
yCKOpeHueM a?

Yactora koneOaHMil mcToyHMKa ynpyroi BoiHbl paBHa 500 I'm. Bosna pacnpoctpansercs B
BO31yXe cO CKOpocThio 340 m/c. Beruncaure: a) IMUKIMYECKYIO 4acTOTy, 0) MEpUOA, B) AJIUHY
BOJIHBI, T) BOJJHOBOE YMCJIO. 3aIIUIINTE ypaBHEHHUE BOJIHBI.

3anamue Ne 8
Tema: MexaHUKA KUIKOCTEH U ra30B
Bomnpocsl
UTo Ha3pIBAIOT CTAllMOHAPHBIM TEUEHUEM KHAKOCTH (Wim raza)? UTto Takoe «Hec)KuMaemas
JKUIKOCTE)?
ChopMynupyiiTe U 3aMHIIATEe TEOPEMY HEPa3phIBHOCTH CTpyH. M300pa3uTe COOTBETCTBYIOIIYIO
TpyOKy TOKa.
Uto Takoe «uaeanbHas >XKUAKOCTh»? ChopMynupyidTe W 3amuIIdTe ypaBHeHUE bepHyu.
OnuiuTe KaxJa0€ ero ciaraeMoe.
C Kakoil CKOPOCTBIO )KUAKOCTh BBITEKAET U3 OTBEPCTHS?
OT 4ero 3aBUCHUT CHJIa PEaKlIMM BhITEKAIOLIEH CTpyu?
Uto Ha3bIBaIOT: a) JaMUHAPHBIM T€UEHHUEM, 0) TypOYJIEHTHBIM Te€UEHUEM?
Kakoii Bun umeer u ains yero HyxHa opmyina [lyazeitns? Uto Takoe «IIOTOK KHIKOCTHY?
[To KakOMy KpUTEPHIO ONIPEACIAIOT XapaKTep TEUCHUS KUIKOCTH?
Uto Ha3bIBAIOT :a) J0OOBBIM COMPOTUBIEHUEM, 0) MOABEMHON CHITOM?

10 Urto mo3Bodisiet HaiTh hopmyrna Crokca?

3ajaun
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AxBapuyMm umeer popmy kyba co cropoHoit a = 60 cm. [o kakoi BBICOTHI h cienyer HalUTh B
HEro BOAY, YTOOBI CHJja JaBJCHUS Ha OOKOBYIO CTEHKY Obula B 6 pa3 MEHbIIE, 4eM Ha JHO?
ATMOcdepHOe TaBICHHE HE YUYUTHIBATS.
B crakane maBaer Kycok npaa. Kak u3mMeHHUTCsS ypoBEHb BOJBI, KOrja jen pacraer? M3meHuTcs
JIY OTBET, €CIIK BO JIbAY HAXOAUTCS: a) KyCO4eK MpOoOKH; O) cTaibHas raiika?
B HeGomnpiioM Oacceiine maBaeT MoTy3aToIIeHHas J0Ka. Y POBEHb BOJBI B JIOAKE TaKOU e, Kak
B Oacceiine. V3 nojaku 3a4eprHyIu Bepo BOABI U BBUTHIIN B OacceiiH. [ 1e Teneph BhIllie YPOBEHB
BOJIbI — B JIOAKE WM B OacceitHe? Kak u3MeHusIcs ypoBeHb BOJIbI B 6acceitHe?
C MocTHKa HaJ KaHajJoM, [0 KOTOPOMY TEYeT BOJIa, OIYyIIeHAa Y3Kas M COTHYTas MOJ MPSMbIM
yriaoM TpyOka. E€ oTKpbIThIN KOHell 0OpamiéH HaBcTpeuy TeueHuto. Bona B TpyOke nmoHsIach Ha
BbICOTY150 MM Hazx ypoBHEM Bojibl B KaHasle. HallTu cKOpocTh T€UEHHUS BO/IBI B KaHAJIE.
Huwmaapudeckuii cocyn Beicotoit 50,0 cMm u paguycom 10,0 cM HanosiHEH I0BepXy BoJoi. B nHe
cocyma OTKpbeiBaeTcs orBepctue pamuyca 1,00 mm. [IpeneOperasi BA3KOCTBIO BOJBI, BBIYHUCIUTE
BpEMs ICTEUEHUS BCEil BOJIBI U3 COCY/a.

3ajauu JUIsl CAaMOCTOSTEIBLHOTO PEIICHUS
B nebonbmom Gacceiine miaBaet nojaka. M3menutcs nu (M Kak) ypoBeHb BOJbI B OacceiiHe, eciu
JIeXAIINI Ha IHE JIOJIKK KaMEeHb OPOCHUTH B BOY?
Boznymnsiii map oosemom V = 300 M3 maput BOiM3M noBepxHocTH 3emin. C mapa cOpocunun
Oayutact, U map MOTHSIICS Ha BBICOTY, TJe TUIOTHOCTh BO3/IyXa BABOe MeHbIe. KakoBa macca Am
Oamacta, ecnm o0beM mapa mpu moxbeme yBenmuumics B 1,5 paza? Temmeparypy Bo3myxa
cuutaiite pasaou 00C.
[InactmaccoBelil Opycok 1uiaBaer B Boje. Kak m3meHurcs riryOuHa norpykeHusi oOpycka B Boay,
€CJIM TIOBEPX BOJIbI HAJTUTH CIIONM Macia, MOJHOCThIO MOKPBIBAIOIIHIA OpyCcOK?
Ha peluakHbIX Becax ypaBHOBEIIEH I'MPsSIMHU cOcya ¢ Bojoi. Hapymmurcs im paBHOBecHe, €Ciu B
BOJY MOTPY3UTh MOJIBEIICHHBIA HA HUTKE CTaIbHON OPYCOK Tak, YTOOBI OH HE Kacajcs 1Ha?

3anamue Ne 9
Tema: OCHOBBI MOJIEKYJIAPHO-KUHETHYECKOI TeOpuu
MKT uoeanvroco caza
Bomnpocst

CdopmynupoBaTs ocHoBHBIE yTBepxkaAeHus MKT.
B uém cyTh Monenu naeanbHoro raza?
Kakumu MukpomnapaMerpaMu XapakTEepHU3YIOTCS MOJIEKYJIbI?
Kak waliTH: aToMHYIO €IMHHUIly MAacChl, MacCcy MOJIEKYJIbl, MOJIIPHYIO MacCy BEIIEeCTBa,
KOJIMYECTBO BEIIECTBA?
Urto Takoe 3 PeKTUBHBINA JUAMETP MOJIEKYIbI, U KAKOBO €0 3HAYEHHUE 110 MOPSIAKY BEJIMUUHBI?
Uto Ha3bIBAIOT ATUHHONH CBOOOIHOTO Mpobera MOJNeKyJ, U OT Yero OHa 3aBUCUT?
Uto Takoe cpenHssi apudmeTnueckask CKOPOCTbh MOJIEKYJIbI, KAaKOBO €€ 3HA4YC€HHE IO TMOPSIKY
BEJIMYHHBI?
Uto Takoe cpemHsAs KBaJpaTUYHAs CKOPOCTh MOJIEKYJBI, KaK OHa COOTHOCHTCS CO CpeaHei
apupMeTHIecKon?
Uto Ha3bIBAIOT CTEMEHBIO CBOOOABI MOsIeKybl? Kakne onn ObiBaroT? CKOJMBKO WX TSI MOJIEKYJI
Pa3HOU CTPYKTYpPHI?

. Kak HaiiTu: cpeiHIO0 KHHETUYECKYIO SHEPTHIO OJJHON MOJIEKYJIbI, BCEX MOJIEKYJI BellecTBa?

3ajjaun
OnpenenuTh CPeHIO JUTMHY CBOOOHOTO MTpodera MoJIeKy l Kuciaopoa. Kucmopox HaxoquTes B

cocyne npu Temneparype 27 °C u ganernn 100 xI1a.

Onpenenutb cpegHee YUCIO CTOJIKHOBEHUH 3a 1 ¢, MPOMCXOISAIINUX MEXAY BCEMH MOJIEKYJIaMu
a30Ta. A30T HAXOJUTCA B COCYJE EMKOCTHIO 3 11 ipH Temrnepatype 27 °C u napnennu 100 xI1a.

B cocyne émxocTrio 4,0 1 conepkutcst HEKOTOpbId ra3 maccou 0,6 T 1moj JaBiIeHUEM 2,0:10° Ia.
OnpenenuTs CPEIHION KBAJAPATUYHYIO CKOPOCTh MOCTYNATEIBHOTO IBUKECHUS MOJICKYI.

Haiitu cpenHior0 KHHETMYECKYH0 SHEPrui0 IOCTYNAaTeIbHOIO JBHXKEHHS BCEX MOJEKYJ,
copepsxamuxcs B 0,20 T BoggHoro napa npu Temmnepatype 27 °C.
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3ajauu JUIsl CAaMOCTOSTEIBLHOTO PEIICHUS
Onpenenuts CpeHIO ATUHY CBOOOJHOrO Mpodera aTOMOB Tejus B YCIOBUSX, KOTJa MIOTHOCTh
resus pasHa 2,110 kr/ve,
IIpu kakoil TeMriepaType MOJIEKYJIBI Treius oOJajaroT TaKoW ke cpefaHel apudmeTudyeckoit
CKOPOCTBI0, KaK MOJIEKYJIbI BOJIOpoAa Ipu Temreparype 288 K.
Ckonpko Monekyn coaepxkurcss B 10 © HEKOTOporo rasza, cpeaHsis KBaapaThyHash CKOPOCThb
MOJIeKy KoToporo pasaa 480 m/c mpu temneparype 23 °C ?
HaBnenne uaeanpHoro raza 10 mlla, xoHUeHTpalus MOJIEKYI 2,010 cm Onpenenurs:
CPEIIHIOI0 KUHETUYECKYIO SHEPTUIO MOCTYMATEeIbHOTO ABUKEHUS OJTHON MOJIEKYJIbI; TEMIEPATYPY
rasa.

-3

3anamue Ne 10
Cmamucmuyeckue pacnpedeneHus MoaeKyJ 2a3d
Bonpocsl

KakoB xapakTep ABMKCHUS MOJICKYIT?
Uro takoe pynkuus MaxkcBemna, kakoB e€ ¢usudeckuii cmbicn? M3o00pasute rpaduk GyHKIUU
Makcsemia.
KaxoB cMbICIT BBIpaXEHHS «paclpeaeieHue MOJIEKY 0 CKOPOCTAM»?
Uro Takoe HauBepoOATHEMIIAsi CKOPOCTh?
KakoBo cooTHOIIIEHHE HAUBEPOSATHEHIIEH CKOPOCTH CO CpenHed apupMeTHdyecKol U cpeaHen
KBa/IpaTU4HON?
Kak sxcnepuMeHTanbHO ObUIO MOATBEPKIACHO pactpeaencHiue Makcsernia?
Urto Ha3wIBatoT pacupeneneHueM bonsimana? M300pa3uth ero rpaduyuecku.
Kakos Bun 6apomerpudeckoii Gopmybl, Kak e€ MOIyduTh?
[Tpu KakuxX yCIOBHSIX CIIpaBeIMBHI pacnpenenenns Makcsemia u bonsimana?

. HpI/IBe,I[I/ITC INPpUMCPLI  IMPOABJIICHUA  PACHPCACICHUA bonpiMana wnu CIIpaBCIJINBOCTDb

0apoMeTpUIECKO (OPMYIIBIL.
3aja4u

Onpenenuth HaMBEPOSTHEHIIYI0 CKOPOCTb MOJIEKYJ HEKOTOpPOro Tas3a, €cld CpeaHss
KBaJ[paTU4Hasi CKOPOCTb €ro MoJieKyJ paBHa 516 m/c. Kakoii 310 ra3 (MossipHas Macca), €ciii ero
temmeparypa 300 K ?
Onpenenuts HaMBEPOSTHEMIIYIO CKOPOCTh MOJIEKYJ OJHOIO IpaMma HEKOTOpPOro rasa, €clid
M3BECTHO, UTO B 3TOM Tase Tpu Temmneparype 273 K comepxurcs 1,8:10%2 monekyan.
Ha nosepxHoctu 3emiu Gapomerp mokasbiBaeT 1,013:10° Ila. KakoBo ero mokaszaHue Ipu
nonseMe Ha TB OGamnio B OcrankuHo BbicoTOM 533 M? Temneparypy BoO3ayXa CUUTaTh
noctosiHHOM 1 paBHoM 280 K. Halitn Takke KOHIIEHTpAaLMIO MOJIEKYJI BO3AyXa Ha ATON BBICOTE.
Ha kaxoif BeicoTe AaBiieHHE aTMOC(EPHOTO BO3AyXa COCTaBiseT /5 % OT JaBieHUsS HA ypOBHE
Mops? TemmepaTypy BO3ayXa CUMTaTh TIOCTOSHHOI 1 paBHoii 0 °C.

3a/1auu JUIsl CaMOCTOSTEIbHOIO PEelIeHUs
Onpenenuts HAaMBEPOSITHENIITYIO CKOPOCTh MOJIEKYJ HEKOTOPOIO ra3a Maccou 1 r, eciy U3BECTHO,
4TO B 3TOM Tase Tpu Temmeparype 273 K comepxurcs 1,8:10% monexya.
Kakoii mporeHT oT o0Iiero 4mciaa MOJEeKyJd HEKOTOPOro ras3a COCTaBIIAIOT MOJIEKYN, MOAYIH
CKOpPOCTEM KOTOPBIX OTINYAIOTCS OT CpeAHeN KBaApaTUUHON CKOpOCTH He bosee, yueM Ha 0,5 %.
[Ipu kakoil TemmepaType YHCIO MOJEKYJ a30Ta, 00JaJaloluX CKOPOCTSIMH, MOAYIH KOTOPBIX
3aKJIt04YeHbl B MHTepBaje 299+-301 m/c, craHeT paBHO YMCITy MOJIEKYI, 00JIa/Ial0MIUX CKOPOCTIMU
B uHTepBaie 599+601 m/c?
OmnpenenuTh OTHOIIEHUE JABJICHUS BO3AyXa Ha JHE LIAXThl TMTyOMHOM 2 KM K JaBJICHUIO Ha
BEICOTE 2 KM, IPHHUMAas TeMIlepaTypy BO3LyXa OAMHAKOBOM 1 paBHoii 0 °C.
Onpenenuth Maccy rasza, HaXOJSIIErocs B BEPTUKAIBHOM IMJIMHAPUYECKOM COCYJE, IUIONIAlb
OCHOBaHHUsI KoToporo S, BbicoTa H. CunTarh M3BECTHBIMH TEMIIEpAaTypy Ha YPOBHE HUIKHETO
OCHOBAHHUS IWJIMH/ApPA, JABJICHHE HA 3TOM YPOBHE U MOJSIpHYIO Maccy. [IpuHATh Temmneparypy u
YCKOpEHHE CBOOOAHOTO MaCHHSI HE 3aBUCSIIUMH OT BBICOTHI.

3anamue No 11
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Tema: OCHOBBI TEPMOAMHAMHKH
VYpasuenue cocmoanus udeanvnozco 2asa. I azosvie 3aKkoHbl
Bonpocst

Uro o03Ha4alOT TEPMUHBL: TEPMOIAMHAMHYECKas CHCTEMa, TEPMOIAMHAMHYECKOE COCTOSHUE

BEIIECTBA, TEPMOJANHAMHUECKUE MTAPAMETPhI, TEPMOANHAMHYECKHUI mporecc?

[IpuBeaute mpuMepsl TEPMOAMHAMUYECKUX MTAPAMETPOB U MPOIIECCOB.

Uro Ha3bIBAIOT YPaBHEHHEM COCTOSIHUSA?

Kakoif Bun mans uaeanpHOro raza HUMeEET: a)  TePMUYECKOE YpaBHEHHE COCTOSHUSA, O)

KaJIOPUIECKOE YPABHEHUE COCTOSTHUS?

[Ipn kakoM YCIOBHUH TPOUCXOAMT: a) M30TCPMHUUYSCKHU mporiecc, 0) M300apHBIN mpolecc, B)

M30XO0pHBIN nporecc?

N300pas3ute rpaduuecKu KaxIblii M30IpoIece Ha KoopauHatHoi cetke: a) (p,V), 6) (V,T), B)

(p.T).

Urto Takoe KOMIIOHEHTa CMECH, MapIlfalibHOE JIaBJIeHe?

Kak onpenenuts gaBneHne cMecu ra3oB?

3ajauu
Jlo xako# TemriepaTypbl MOKHO HarpeTh IJIOTHO 3aKPBITHINA COCY/, cofiepKaiuii 36 T BOJIbI, 4TOOBI
OH He Pa3opBaJICs, ECIM CTEHKM COCY/a BhlepkuBaroT gasienue 510°T1a ? EmMkxocTh cocyma 5 .
B cocyne oobemom 0,1 11 comepkuTCs HEKOTOpHIH ra3 mpu Temmeparype 27 °C. Ha ckombko
TIOHM3HUTCS JIaBICHHE Ta3a, CIU BCIEACTBHE YTEUKH ra3a u3 cocya Beiiger 10%° monexyn?
B cocyze 06beMoM 2 M° HAaXOAUTCSA cMech 4 KT rens U 2 KT KHcIopoja npu Temneparype 27 °C.
Onpenenuts JaBiIeHUE U MOJSIPHYIO MACCy CMECH T'a30B.
I'a3 cxaT m3oTepMuuecku oT oobema 8*10° Ia mo o6bema 6*107° M3, mpu sToM naBienue rasa
Bo3pocio Ha 4*10° ITa. Kakum GblI0 epBOHAYATBHOE JABICHUE r'a3a?
3aauu 1 caMOCTOSITEIbHOTO PEIICHUS

B 6amtone emkocTbio 0,2 M° HaxomuTes renuii mox aasieHueM 1107 [Ta u pu Temmnepatype 290
K. Tlocrne moakaykyu renus paBieHne Tosbicuiock Ha 2107 TTa, a Temmeparypa - Ha 303 K. Ha
CKOJIBKO YBEJIMYMIIACh Macca rejusl pu MoaKadke?
Onpenenuth Maccy yrileKMCIIOro rasa, mporekaromiero B Teuenue 10 muH co ckopoctsio 0,9 m/c o
Tpy6e, MIomab MOHepeYHoro cedeHus Kotopoii 5 cm2. Jlanenue rasa 3,9-10° ITa. Temmeparypa
280 K.
Hekotopyro Maccy wuaeanpHOro raza CHadaja H300apHO HarpeBaroT, 3aTeM H30TEPMUYECKH
CKMMAIOT, a 3aTeM H30XOPHO TOHIDKAIOT JaBieHue. ['a3 Bo3BpamaeTrcs B MCXOJHOE COCTOSHHE.
N306pasute 31U mpoiecchl Ha koopauHatHbIX cetkax: (V,p), (T,V) u (T,p).
B 6amione emkocteio 0,80 M° Haxomutest 200 T Bojopoaa u 290 r azora. OnpeaenuTs 1aBJICHHUE
CMeCH, eClii TeMIepaTypa okpyskatomeit cpeast 27 °C.
Onpenenuth IJIOTHOCTh Ta30BOM cMecH, cocrosimed u3 8,0 r remus u 4,0 T aproHa mnpu
temneparype 290 K u napnenuu 1,0'10° ITa.

Sanamue Ne 12
Ilepsoe u emopoe nauana T/{
Bomnpocset

W3 yero oOpaszyercsi BHyTpEHHSISI YHEPTHs BellecTBa?
ChopmynupyiiTe mepBoe Hauyajio TEPMOJMHAMHKHA. B dUeM CXOJCTBO W pa3Ivyuue TOHSITHI
«KOJIMYECTBO TEIUIOTHI», «paboTan?
UTo Ha3pIBalOT TEIJIOEMKOCTBIO BEIIECTBA: MOJIAPHOM, yaenbHOW? B Kakux eauHHUIaX OHHU
n3mepstorea? KakoBa Mexy HUMM CBSI3b?
Chopmynuposats |HT/] ni1st ©30XOpHOTO Mporiecca U OMpeAeuTh padoTy, KOTUYECTBO TEIIOTHI
Y MOJIIPHYIO T€TJIOEMKOCTb.
Chopmynuposats 1HT/] nist u3ob6apHOTO Mpoiiecca U ONpeaeauTh paboTy, KOTHYECTBO TEIUIOTHI
Y MOJISIPHYIO T€TIOEMKOCTb.
Chopmynuposats 1HT/] miast u30TepMUYECKOro MpoIlecca W OMPENeTuTh padoTy, KOJIUYECTBO
TEIUIOTHI ¥ MOJISIPHYIO TEIJIOEMKOCTB JUIsl H30TEPMHUUYECKOIO MpOoIECcca.
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8.
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CohopmynupoBars 1HTJ] mist annabatudeckoro mporecca M ONpenesuTh padoTy, KOJTUYECTBO
TETUIOTH M MOJISIPHYIO TEIUIOEMKOCTH JUI ainabaTHIecKoro mpomecca.

Yro Takoe 3HTpOIUs (TepPMOIMHAMUYECKAs TPAKTOBKA, CTATHCTHYECKAsE TPAKTOBKA)?

B gem cyTh BTOpOro Havana TEpMOJMHAMUKH U €€ OTJINYKE OT NEPBOro Havyana?

10. Copmynupyiite epByro u BTopyro Teopembl KapHo.

1.

10.

11.

12.

3ajaqu
Bonopon 3anumaer 06bem 10 M2 npu gasnenuu 0.1 MIla. Ero marpeiu npu mocTOSHHOM o0beMe

1o nasienus 0.3 MIla. OnpenenuTs U3MEHEHHE BHYTPEHHEHW SHEPTUH T'a3a, padoTy, COBEPIICHHYIO
ra3oM U TEIUIOTY, COOOIIEHHYIO ra3y.
Omnpenenutb paboTy, COBEPIIEHHYIO UACaIbHBIM Ia30M MPU U30TEPMUUECKOM PACIIUPEHUH, €CIIU
ero japienue yMmeHbInmnaoch or 12.10° Ila mo 2,0.10° I1a u eciu B Hauane paclIMpeHHs Ta3
3aHAMai 00beM 2,0 M2 0.
Kucnopon maccoit 160 r HarpeBaroT npu noctossHHoM jaasieHuu ot 320 mo 340 K. ompenenuTs:
KOJMYECTBO TEIUIOTHI, IIOMJIOIMIEHHOE Ta30M; W3MEHEHHE BHYTPEHHEW »JHepruu; padory
paciiipeHus rasa.
Onpenenuts U3MEHEHHE SHTPONUHU | T a30Ta B MpoIlecce CKaTUs OT JaBlieHUs 1 aT™M 0 JaBleHUs
1,5 arm. HauanpHas 1 KoHEUHas TeMIiepaTypsl paBHbI, COOTBETCTBEHHO, 290 K n 340 K.
Bogopon maccoii 1 T moaBepraeTcs cHauaia ainabaTHOMY CKaTHIO JI0 BABOE MEHbIIEro o0séma, a
3aTeM M30XOPHOMY OXJIQXJIECHHIO J0 HaydaJlbHON Temmeparypbl. M300pa3ute rpaduuecku 3tu
npouecc B ocax (P,V) u (S,T). Onpenenuts u3MEHEHHE YHTPOIMH BOIOPOIA MEXKIY HaualbHBIM U
KOHEYHBIM COCTOSIHUSIMH.
Temneparypa HarpeBarens TtemnoBoil mamuHbel 500 K. Temmneparypa xonomunsHuka 400 K.
Omnpenenuts: KIIJ[ TermoBoit mamuHbl, pabortaromeld mo nukiay KapHo; HOJHYI0O MOIIHOCTH
MaIINHbI, €CJIM HarpeBaTelb eXKeCeKyHIHO nepenaeT e 1675 [ TernnoTsl.

3a/iauu JUIsl CAaMOCTOSATEABHOTO PEeIICHUs
VYrnekucnsiii a3 Maccoir 88 r uzobapuo Harper ot 300 K mo 350 K. OmnpenenuTs: KOIHMYECTBO
TEIUTIOTHI, COOOIIIEHHOE ra3y; paboTy ra3a; U3MEHEHHE BHYTPEHHEH SHEPTHH.
Bo ckombko paz yMEHBIIMIOCH JaBlieHHE a30oTa Maccoil 10 T, KOTOpBIM HAXOAWUTCA TMpH
temmepatype 17 °C, ecniu mpy n30TepMIYeCKOM PacIIMPEHNH TOT Ta3 coBEpIIMa padoTy 860 JIx?
O6beM aprona, Haxoasmerocs npu aasneHuu 80 klla, yBemuumincs or 1 mo 2 n. Ha ckombko
W3MEHUTCS BHYTPEHHSS JHEPrus Tas3a, €CIM paclIUpeHHue MPOU3BOJAUIIOCH: a) Hu300apHO; O)
annadaTtHo?
OnpenenuTh U3MEHEHHe DHTPONHH BO3MyXa o0BbEMOM | M® mpH ABYKpPaTHOM H30TEPMHYECKOM
yBenuyeHnn oobema. J[o pacimpenus BO3yX HaXOAUIICS Mo/ AaBieHueM 1,96 aTm u Temmneparype
273 K.
Bonopon maccoit 100 r cHayana u300apHO HarpeT Tak, 4To ero 00beM YBEIUYHIICS BTPOE, a 3aTeM
ObUT M30XOPHO OXJIAXKJEH TaK, YTO JaBJIEHHE YMEHBIIMJIOCH BTpoe. OmpenenuTb CyMMapHOE
VU3MEHEHHE DHTPOIHH.
WneanpHas TerioBas mamimHa, paboTtaromas mo mukiny KapHo, coBepmraer paboty 3a mukin 80
k/x. Temneparypa narpeBarens 373 K, a xonmonunsnuka — 273 K. Onpenenuts: 1) KoauuecTBo
TEIUIOTHI, MOJIyYeHHOE pabOYNM BEIIECTBOM OT HarpeBaTelis, 2) KOJIMYECTBO TEeIIOThI, IepeAaHHOe
XOJIOAWJIBHUKY, K.I1.JI. ITUKJIA.

3anamue No 13
Tema: ArperaTHble COCTOSIHMSI BellleCTBA
Tennosvie ceolicmea peanvbHblX 2a308
Bomnpocsl

[Ipn xakux yclIOBHSIX BO3HHUKAIOT OTKJIOHEHHS CBOMCTB peajbHBIX Ta30B OT 3aKOHOB HCATBHBIX
ra3oB, U B YeM OHHU COCTOAT?
Uto coboii mpencrasnsier ypaBHeHue Ban-nep-Baanbca? KakoB (gusnueckuii CMBICT MOMPABOK
«a» u «b» B ypaBHeHun Ban-nep-Baanbca?
Kakoii Bua umerot nzorepMol: Ban-nep-Baanbsca, Duaproca? Kakoi ydyactok uzorepmbl Ban-nep-
Baanbca ¢pusndecku HEBO3MOXKEH U 1ouemy?
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Kak mensiercss BUA M30TEPM pEaIbHOTO Ta3a, MOJYYEHHBIX MPU Pa3HBIX €ro Temmeparypax, u
nouemy?
Uemy paBHa BHYTPEHHSS SHEPruUsl peajJbHOro rasza’?
3ajauu

Kakyro dacTp JaBieHMsI KUCIOPOJa Ha CTEHKH COCY/la COCTABIISIET MOJIEKYJISIpPHOE (BHYTPEHHEE)
JaBJieHHe, O0YCIOBJICHHOE CUJIAMU IPUTSHKEHUS MOJIEKYJ, eclii 00BEM cocyia ¢ KUCIOpOIOM & I,
macca kuciopoaa 300 r, temmeparypa 300 K? Kakyio uacte o0BEéMa cocyna COCTaBISIET
COOCTBEHHBIN 00BEM MOJIEKYJ KUcaopoaa?
Brruncnute temneparypy, Ipu KOTOPOW JaBJIEHUE PEAIIBHOTO KUCIOPOAA, UMEIOIIETO IIOTHOCTh
100 r/n, paao 70 atM. CpaBHUTE ¢ TEMIIEPATYPOH «HIeaibHOTO» Kuciopoaa. [locrosuubie Ban-
nep-Baanbsca «a» u «b» paBHsI, cooTBeTcTBeHHO, 0,135 H'M*/MOmB? 11 3107 M3/MoOTIB.
PeanbHbIil Boopo1 B KoauyecTBe 1 Mosib pacuiupsiercs nzorepmudecku npu temmeparype 300 K,
pH 3TOM 00BEM cocyna yBenuumiics oT 1,5 1 g0 15 1. OnpenenuTs COBEPIIEHHYIO BOAOPOIOM
paboty, eciau mocrosHHble Ban-gep-Baamsca «a» u  «b» paBHbl, coorBeTcTBeHHO, 0,024
Hm*/moms? n 26:10° m3/momb.
Onpenenuts u3MeHeHue HSHTporuu 10 T pealbHOTO YIIEKHCIOro rasza mnpu 00paTUMOM
u30TepMHuuecKoM pacimperun ot 1 i1 g0 5 1. [locrosuubie Ban-naep-Baansca «a» u «b» paBHbI,
cootBercTBeHHO, 0,36 HM*/Monb? u 4,310 m%/moub.

3aj1auu JUIsl CaMOCTOSATEABHOTO PEIICHUs
B 6amtone emkocteio 20 1 Haxomutcs 80 mojed HekoToporo rasza. Ilpu 14 °C naBnenwe rasa
paBro 90 atm™, a ipu 63 °C naBnenue yBenuuunock 10 109 ar. Berunciute nocrosuasie Ban-nep-
Baanwca s aToro rasa.
B cocyze 06Bémom 0,2 M Haxoaurcs 300 MOIb BOAOPOAA IMPU HOPMAIBHOM jAaBneHud. Cuuras
ra3 peajibHbIM, ONPENEINTh, BO CKOJIBKO pa3 HAJl0 YBEIUYHUTh €r0 TEMIEPATypy, YTOObI JaBJICHUE
YBEJIMUUIOCH BTpoe?
Brruncnute naBieHue peanbHOro Kuciopoaa maccoi 1,1 kr, Haxonsmerocs B 6amnone 20 1 npu
temmepatype 13 °C. CpaBHHTe pe3ynbTaT, CunTas Ta3 HaeadbHBIM.
Bonopon B konmmuuectBe 1 monb 3aHuMaer o6béM 1 1 mpu Temmeparype 300 K. Brrumcnure
JaBJICHWE aproHa: a) CUuTas aproH HJealbHBbIM ra3oM; O) cuMTas aproH peajbHbIM ra3oM C
CHJIaMHd BHYTPEHHETO MPHUTSDKEHUS MOJEKYN, HO TpeHeOperas uXx COOCTBEHHBIM OO0BEMOM; B)
CuMTas aproH peajbHbIM T'a30M C COOCTBEHHBIM OOBEMOM MOJEKYJ, HO IpeHeOperas cuiiaMu
BHYTPEHHET0 IPUTSHKEHUS MOJIEKYIT; T) CUMTAsi aprOH PEaIbHBIM ra3oM.
AproH B KonuuecTBe 1 KMOIb pacmmpsieTcs n3oTepMmudecku npu temmepatype 300 K ot 1 M3 10 5
M3.CunTas ero «BaH-Iep-BaalbCOBBIMY», ONpPENEINTh: 1) COBEPIICHHYIO paboTy, 2) M3MEHEHHeE
BHYTpPEHHEH 3HEeprui, 3) cOOOIIEHHOE KOJUYECTBO TETJIOTHI.

3anamue Ne 14
Tennogvle ceolicmea peanvbHblX HuoKocmetl U meépovix mei
Bomnpocset

KakoBbI coBpeMeHHbIE MTPEACTABICHUS O CTPOCHUH KUAKOCTEH?
Kak 00BbSICHUTS TOBEPXHOCTHOE HATSKEHHE KUIKOCTH? [IpuMepsI ero mposiBIeHHUS.
Urto Ha3BIBAIOT: ) YAETBHOW CBOOOHOM dHEpruel MoBEpXHOCTH KUIKOCTH, 0) KoddduimeHToM
MTOBEPXHOCTHOTO HATSKEHUs?
Urto Takoe narmnacoBckoe masienune? @opmyna Jlammaca (BEIBOL).
Kak 00bscHUTh KanmwUisipHble siBIeHUSA? OTYero 3aBHCHUT BBICOTA TMOABEMA WIIM OIMYCKaHUS
YKUJIKOCTH IO Kamvmuiapy?
KakoBbl 0COOEHHOCTH KPUCTATITUYECKUX TEN?
KaxoB xapakTep JBMKEHHS YaCTHIl B y3JaX KpUCTaIH4ecKod pemeTku? OObsICHUTE MEeXaHU3M
TEIJIOBOTO PACIIMPEHUS TBEPABIX TEI.
Kaxk BBIMUCINUTH BHYTPEHHIOIO SHEPTUIO OJIHOTO MOJIS BEIIECTBA B KPUCTAITINYECKOM COCTOSTHUU?
[TonyunTs BhIpaxeHue sl TEIIIOEMKOCTH KPUCTALIOB (B KIIACCUYECKOM MPUOINKECHHIH ).

3amaun
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Ha cKonbKO HarpeeTcs Karis pTyTH, IOJNydeHHas TIPH CIIMSHUHU IBYX Kamenek pagmycoM 1073 m3
kaxnas? [lmoTHOCTb, yhenbHas TEMIOEMKOCTh M KOA(P(GUIUEHT MOBEPXHOCTHOTO HATSKEHUS
PTYTH paBHbI, cooTBeTCTBeHHO 13600 Kr/™3, 136 JIx/(xr'K) u 0,513 H/m.
OuTHib MOAHUMAET BoAy Ha BbIcOTy 80 cMm. Ha kakyto BBHICOTY IO TOMY kK€ (PUTHIIIO MOJHUMETCS
kepocun? Ko3ppumueHT moBepXHOCTHOTO HATSKECHHSI ¥ TUIOTHOCTh PaBHBI, COOTBETCTBEHHO, IS
BOzbI 72,75 MH/M u 1000 kr/ Mm%, st kepocuna 24 MH/m u 800 kr/ M.
Topsiuast Bona ¢ Temneparypoit 87 °C  Maccoif 1 Kr oTaeT TemnoTy XONOJHON BOJe TakKoil ke
Macchl, Temreparypa kotopoii 17 °C. Mx TemmepaTyphl CTaHOBSTCS OMHAKOBEIME. [10Ka3aTh, uTo
SHTPOIHUSI IPU STOM YBEIIUYUBACTCA.
[Tonw3ysce 3akoHoM [lrononra u Iltn, HAlTH, U3 KaKOro Marepuasna U3roTOBJIEH METAJUINYECKHM
mrHap BecoM 0,245 H. U3BectHO, uTo 1151 ero HarpeBanus Ha 20 K moTpeboBanoch KOIHYECTBO
termnoThl 117 JIxk.
Yacel ¢ 1aTyHHBIM MasiTHUKOM MJyT IpaBWIbHO npu Temmnepatype 273 K. Ha ckonbko oTcTaHyT
4achkl 3a CYTKH, €clii TeMrieparypa nosbicutces 10 293 K? KoaddurnmeHnt nuaeiiHoro pacimmpeHus
narynu pases 19-10° KL,

3a/1auu JUisl CAaMOCTOSITEABbHOTO PEIICHUS
Kakyro paboTy Hag0 COBEpIINTH, YTOOBI BEIYTh MBUIBHEIN My3BIPh TUAMETPOM 14 cM, eciiu 3TOT
mpouecc cuutaTh uzorepMuyeckuM? KoaduimeHT NOBEpXHOCTHOTO HATSKEHHUS MBUILHOM
rienku paseH 0,045 H/wm.
Kakyro paboTy HEOOXOAMMO COBEpLINTH, YTOOBI KAl Macia Maccod | T M30TepMUYecKH
pa3apoOuTh BHYTPH BOJBI Ha Kamelbku AuameTrpoM mo 2 MkM? KoadduiueHT moBepXHOCTHOTO
HAaTsDKECHUSI Ha TPaHMIle «BOJIa — Maciio» paBeH 18 MH/M, miotHOCTh Maciaa — 900 Kr/M°.
B criupt Ha HEOOBINYIO TIIYOMHY OMYIICHA KaMMJUISIpHAs TpyOKa, BHYTPCHHHUM TUaMETp KaHaia
kotopoit 0,5 mm. Onpenenutb Bec cnUpTa, MOTHSBIIETOCS IO KaHAy, ecid KO3 UIUEHT
MOBEPXHOCTHOTO HaTsbKeHUs paBeH 0,022 H/m.
[Ipu temneparype 273 K nnunHa nuHkoBoro crepxHs paBHa 200 mm, a meanoro 201 mwm.
[Tonepeunsle pa3mepbl cTepxHeil oguHakoBble. [Ipy kakoil Temneparype OJMHAKOBBI: 1) JUIMHBI
cTepxHell; 2) o0bEMbI cTepkHel? KoapduiumeHT TuHEHHOro TerioBOTO pacHIMpeHUs IUHKa
2910° K, mequ — 17°10° K.
CBuHIIOBas My, JeTsmas co ckopocThio 400 M/c, yaapsieTcss 0 CTeHKY U BXoauT B He€. CuuTas,
yro 10 % KUHeTWYecKOW 3Hepruu Myinu HUIAET Ha €€ HarpeBaHue, ONpeAeiuTh, Ha CKOJIbKO
Harpenach nyisd. YKa3aHue: yAEJIbHYI0 TEIJIOEMKOCTh CBHMHLA ONPEAEIUTh, BOCIOIb30BABIINCH
3akoHOM /J[romonra u I1tu.

3anamue No 15
Tema: da3oBbie mepexoabl
Bonpocsl
UYro Ha3bIBatoT: (pa3oit BemecTBa, ¢pa3zoBbiM nepexonom? HazoBute (hazoBblie mepexobl.
KaxoBbl ycoBHsI paBHOBECHS Ha TPAHUILIE GKUIKOCTb — TBEPIOE TEIO0»?
Yro Takoe: TeMIeparypa IIaBJIE€HUs, CKPBITasl TEIUIOTA IIJIaBICHUS?
[Touemy yzaenbHas TEIIOTa MapooOpPa30BaHUs 3aBUCUT OT TEMIIEPATYPHI KUJKOCTH?
YTo NpouCXOANT C BHYTPEHHEN dHEPrUue U SHTPONUEHN KUIKOCTH ITPU UCTIApEHUH?
KaxoBo otnuune ncnapeHus oT KUIeHus?
Urto Takoe HaCBIILIEHHBIX Map, U KaK ONpeAeTuTh ero qaBieHue?
Yro ocoboit npeacrasiser ypaBHenue Knaneiipona — Knaysunyca?
Kakoii BuI uMmeeT nuarpamMma paBHOBECHS KpPUCTAINIMYECKOM, XKMIKOW U TazoBoi ¢az? Uro
TaKoe: a) TpoitHast Touka, 0) KPUTHUECKOE COCTOSTHUE?
Uem oTnnyaroTcs pazoBble MEPEXOIbI IEPBOTO poja OT (Pa30BBIX MEPEXOA0B BTOPOTO po/a.
3ajauu

Onpenenutp IUVIOTHOCTh BOJSHOTO IMapa B KPUTUYECKOM COCTOSIHUU, €CJIM BaH-J€p-BaajlbCoBa
nocrosHHas «b» ans Hero pasHa 3:10° M3/Moib.
Onpenenuts >PQPEKTUBHBIN JUAMETp MOJEKYJbl a30Ta, €CJIM KPUTUYECKOE JaBleOHUE U
KpUTHYECKasi TEMIIEpaTypa paBHbI, COOTBETCTBEHHO, 33,5 at™m u 420,1 K.
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OTtHocuTenbHasE BIAKHOCTh Bo3ayxa npu Ttemmneparype 302 K paBna 70 %, a naBieHue
HACBIIIEHHOTO BOJSHOrO napa 3,996 klla. Onpenenuts MIOTHOCTh BO3JyXa B 3TUX YCIOBHUSX U
TOUKY POCBHI.
Onpenenuts U3MEHEHHE TEMIIEPATypPhl IJIABJICHUSA JIbJa IPU YBEIMUYECHUU BHEIIHETO JaBJICHUS Ha
1 atM, eciu WM3BECTHO, YTO IPHU IUIABJIEHUU | KMOJS JIbAa MU3MEHEHHE 3HTPONMU paBHO 22,2
kJ[x/K. TI1oTHOCTE BO/IBI M JIb/Ia paBHBI, COOTBETCTBEHHO, 1000 kr/M3 1 900 kr/m°.
Onpenenuts u3MeHeHue sHTponuu 10 T JbJa NpU MPEBPALIEHUM €ro B BOASHOW map Npu
temnepatype 373 K. Temno€mkocTh Jiba cUMTaTh HE 3aBUCAIICH OT Temieparypbl. HauanbHas
Temneparypa Jbja pasHa 253 K TemnepaTypy I1aBieHus JbAa NPUHATH paBHOU 273 K.

3a/1auy JUIsi CaMOCTOSTEIbHOIO PelICHUS
CKoNbKO 3(Upa JOMKHO ObITh HATUTO B aMIyily o0béMoM 28,5 cM3, 4ToOBI IpH HArpeBaHUU
Ha0mMoaaTh Kputuueckoe coctosiHue? Kpuruueckoe napiieHne paBHO 35,6 aTMm, KpUTHYECKas
Temneparypa — 466,8 K, monspnas macca — 74107 kr/mois.
B xomHuare 06béMoM 120 M° ipu Temmeparype 20 °C oTHOCHTeNBbHAS BIAXKHOCTh BO3IyXa PaBHA
60 %. OnpenenuTh Maccy BOJSHBIX MMapoB B KOMHaTe. [[JIOTHOCTh HACKHIIIEHHOTO BOJSTHOTO TMapa
TIpH 9TO# TemmepaType paBHa 23 /M.
Omnpenenuts aOCOMIOTHYIO U OTHOCHTEIBHYIO BIXKHOCTH BO3/IyXa B MIOMEIICHHUH, €CIIA U3BECTHO,
4yTO TemriepaTypa paBHa 289 K, a Touka pocsl 279 K.
OmpenenuTb HM3MEHEHHWE OHHTPONUU TPU TNpeBpalieHnd | Kr mapa, HaXOJMBIIEToCs MpU
temneparype 573 K, B Bony u nocieayrolieM OXJIaKIeHUH BOJbI 10 Temneparypsl 293 K.
MapreHoBckas Iedyb paboTaeT Ha NpupoJHOoM raze. CKONbKO rasa Hajo H3pacxoioBaTh JUIs
BeiuIaBkn S0 T cramu, ecnm K.aLa. meun 40 %? Hawanenas Temmeparypa ctamm 20 °C, eé
ynenbHas TermnoéMkocTs 460 JIx/(krK), ynemsHas Temmota mmaBmenms 2,7-10°  JIx/kr,
Temneparypa mnasnenus 1500 °C, ynensHas Temnora cropanus rasa 4,4:107 JIx/xr.

3anamue Ne 16
Tema: SIBjieHus mepeHoca
Bonpocsl
Kakwue cymecTByroT siBjeHHs nepeHoca’?
KakoBa npuunHa: nu¢¢ys3un, BHyTPEHHEro TPEHUsI, TETJIONPOBOIHOCTHU?
Ot uero 3aBucAT K03hHULHeHTh TUPDY3UH, BI3KOCTH, TEMIONPOBOJHOCTHU?
KakoBa cBs13b MeX 1y 3TUMH KO3 (UIIMEHTAMH U YeM OHa 00yclioByIeHa?
Kyna nHanpaBieHbl BEKTOpPHI IJIOTHOCTH MOTOKA MacChl MOJIEKYJI, TNIOTHOCTH MOTOKAa MMITyJbca
MOJIEKYJI, IJIOTHOCTH MOTOKA TETJIOTHI (3HEPTUH)?
Kax HanpaBiieHbl BEKTOpHI Ipaii€HTa IIOTHOCTH, TPaJeHTa CKOPOCTHU JIpeiida clloéB BelecTna,
rpajiieHTa TeMIepaTypsl cJI0EB BelecTBa?
3agaun
Omnpenenure Maccy a3oTa, MPOILIEALIETO BCIeACTBUE AUPQPY3UN yepe3 MOBEPXHOCTh IUIONIA/IbIO
102 M2 3a 10 cekyHn, ecM B HANPAaBIEHUH, TIEPHEHAUKYIAPHOM JTOH TTOBEPXHOCTH, IPAIUEHT
mwioTHOocTH paBeH 1,26 kr/m*. Temneparypa azora 300 K. Cpenusis qnuna cBoGoaHOrO mpobera
MOJeKyT a30Ta paBHa 107 M, a addextusHbIi quamerp 3,1:107%.
B ycnoBusix npenpiyiieit 3a1auu BBIYUCIUTH KOA(PGUIIMEHT BHYTPEHHETO TPEHUS a30Ta.
Uemy paBeH KO3((UIMEHT TEIIONPOBOJHOCTA ABYXaTOMHOTO Tra3a, HaXOJSIIETocs B COCYJIE
06BEMOM 2 1 1 comepxkamero 410?22 momekyn, enn koddduIuenT quddy3nur 3TOro Taza paBeH
210" m?/c ?
3a/1auu JUIsl CaMOCTOSTEIbHOTO PeIIeHuUs

Onpenenuts koddduuuent aupdysun kuciopoma mpu Temmeparype 50 °C, ecim mpu
HOPMAIBHBIX ycloBUAX OH paBeH 14,2:10° m?/c. Cumrarth, 4To HarpeBaHHE MPOM3ONLIO NPH
HEM3MEHHOM 00BEME cocyia C KUCIOPOIOM.
Kucnopon wu yriekucnelii ra3 HMMEIOT OJWHAKOBYIO TeMIlepaTypy M jAaBieHue. Cuutas
3G deKTUBHBIE AMAMETPhl MOJIEKYJl 3THX TIa30B OJAWHAKOBBIMHU, OIpPEICTUTh OTHOLICHHUS: 1)
kodpurnmentoB muddysun; 2) kodhPuIMEeHTOB BHYTpeHHEro TpeHus; 3) KodhduimeHToB
TEIUIONPOBOAHOCTH.




6. Kakoe KoinM4ecTBO TEIUIOTHI TepsAETCS €XKEYaCTHO 4Yepe3 OKHO 3a CYET TelJIONpPOBOIHOCTH
BO3JyXa MEXIy paMaMH, €ci IUIONagb OKHa 4 M2, PAacCTOSHHE MEXIy pamMaMu 3 cm?
Temneparypa B nomemenun 20 °C, a caapyxu -10 °C. JlaBnenne HopmanbHOe.

4 cemectp
3anamue Ne 1
Tema: JJiekTpocTaTH4YecKoe 1MoJjie B BAKYyMe U B BellleCTBe
Onexmpocmamuueckoe none (311) 3apsaxrcennvix men. /lericmeue 11 na 3apsovl.
Bonpocsl

CBolicTBa 3JIEKTPUUECKOI0 3apsiaa.

3akon Kyinona.

BexTop HanpsixkeHHOCTH 35ekTpoctatudeckoro nois (OI1). Enqunuiisl nuamMepenus HanpsKEHHOCTH

Hanpsoxénnocts D11, cO3M1aHHOTO TOYEYHBIM 3aPSAIOM.

Bexrop unnykuuu (3nexrpudeckoe cmemienue) 1. Enuauiisl usmepenust HHAYKIIH.

Teopema Octporpanackoro — ['aycca piist uaagykuuu I11.

@opmynbl ans uHAYKUMK (wim Hanpsok€éHHoctd) DIl mo Teopeme O. — I'., co3manHoro: a)

TOYCYHBIM 3apsI0M, 0) 3apsHKCHHOW HUTBIO, B) 3apsSKEHHBIM IMUIMHIPOM, T') 3apsOKEHHON chepoid, 1)
3apsKEHHOM TTIOCKOCTBIO.

8. Kaprtuna nuHMii  HanpspKEHHOCTH — (MHAYKLIHMH) — DJIEKTPUYECKOrO  MOJsA,  CO3JaHHOTO
MEPEUYHCIICHHBIMU BBIIIE 3aPSKECHHBIMH TEJIAMH.

9. Teopema o nupkynauuu Hanpsok€HHOCTH DI
10. Pa6ota DII mo nepeMenieHn o 3apsiia.

11. lMoTeHnnman u pacyeT pasHOCTH moTeHIHanoB OIl, co3MaHHOTO NPOTSHKEHHBIM 3aPSKEHHBIM

TEJIOM.

12. CBs13b pa3HOCTH MOTEHIUATIOB U HanpsbkEHHOCTH D1,

3amaun

1. B BepumHax npaBUILHOTO TPEYTrOJBHHUKA CO CTOPOHAMU, paBHBIMU 10 cM Kaxaas, IexXat 3apsiibl
2,2-108 K, -1,0-10® K. Onpenennte HanpsuKeHHOCTD B TPEThEH BEPIIMHE TPEYroOIbHHUKA.

2. Ilo ob0bemy mapa, paauyc kKotoporo 10 cM, paBHOMEpHO paclpenesieH 3apsia ¢ 00BbEeMHOM
mioTHOCTEIO 8,85-10° Kin/M3. OmnpenenuTe BEKTOp HANpPSHKEHHOCTH B TOUKAX, HAXOMANIMXCSA HA
paccrosauu 30 MM, 10 cM (Ha mOBepXHOCTH) U 15 cM OT LeHTpa 1Iapa.

3. Tomnkas mpoBomoka jumHOH 10 cM paBHOMepHO 3apspkeHa 3apsgoM 3,3-10° K. Onpenemure
HaIpPsKEHHOCTh JIEKTPUYECKOTO MOJIsl HAa OCU MPOBOJIOKHM Ha paccTtossHuu 10 cMm oT ee koHua, 10
M OT €€ KOHIIa.

4. Ormpenenute paboTy, KOTOPYIO HEOOXOJIUMO COBEPUIMTH, YTOOBI YBETUUYUTh PACCTOSHHE MEXKAY

JBYMSI OJIMHAKOBBIMU TJIACTHHAMU TuTomaaso 200 cm? Ha 3,0 oM. 3apsiibl TUTACTHH 2,00107" K u -
2,00107 K.

NogakownpE

3aj1auu JUIsl CaMOCTOSATEIbHOTO PEIlIeHUs

5. 3apsKeHHas MbUIMHKA HAXOJUTCA B PAaBHOBECHMH MEXYy IUIACTUHAMHU IUIOCKOTO KOHJIEHCATOpa.
Macca npumskHz 1,0010-12 r. Onpenenure 3apsia NbUIMHKH, €CIIM PACCTOSHUE MEXKY TUIACTHHAMH
1,0 cM u pazHOCTh OTEHLIMATIOB 612 B.

6. JlBe ONMHAKOBEIE KPYINble TUIACTHHBI muiomanbio 100 cM? Kakas pacioioKeHbl MapamieinbHO
Apyr Apyry. 3apsa omHO# mmactmHBI -6,7-10% K, apyroit — 6,7-108 Kn. Onpenenmure cuy
B3aUMHOTO TIPUTSKEHUS TIJIACTHH, €CJIM PACCTOSHUE MEeX 1y HUMU: a) 1 cm, 6) 10 m.

7. PaccrosHme Mexay AByMs TodedHbIMH 3apsgamu 2,7-10% K m -1,5-10% Kn paBHO 5 oM.
Onpenenure BEKTOpP HANPSHKEHHOCTH B TOYKE, yJAJIEHHOM OT IEpBOro 3apsjaa Ha 4 cM, a OT
BTOPOTO Ha 3 CM.

8. Komnbuo pagumycom 5,0 ¢cM U3 TOHKOW NMPOBOJIOKM PAaBHOMEPHO 3apsikeHo 3apsiom 1,6¢10-8 Ko
Ompenenvte MOTEHIMAI TIOJISA: a) B IIEHTPE KOJIbIIa, 0) B TOYKE HA OCH KOJbIla, OTCTOsmIeH Ha 10
CM OT €ro0 IIOCKOCTH. OnpenennuTe HanpssKEHHOCTD AIEKTPUYECKOTO MOJISI B 3TUX TOYKaX.

9. TlonoxwutenbHbie 3apsiabl 3,0010-5 K u 6,0010-6 Kir HaxoaATcss B BaKyyMe Ha PacCTOSSHHH 3 M
apyr ot apyra. Kakyro paboTy HEOOXOAMMO COBEPIIUTE, YTOOBI COMM3UTH 3aPsi/Ibl O PACCTOSHUS
0,5 m?.

3anamue No 2



HpO@O()HuKM u 0Ll3]l€KmleKu 6 djleKkmpocmamuieCcKkom noJjie

Bompocstr:

1. DnektpocraTtuyeckas 3aliuTa.

2. DNEeKTPOCTaTUYECKOE I0JIE B JUDIICKTPUKE.

3. Dnektpuyeckas EMKOCTh: YEAMHEHHOTO 3apsia, IJIOCKOTO KOHJEHCAaTopa, CQepruIecKoro

KOHJICHCATOpA.

4. Dnextpuyeckas EMKOCTh Oarapen KOHJEHCATOPOB MPH MX COCIWHEHHMHU: a) MOCJEeI0BATENbHO, 0)

napauieabHoO.

5. Dmueprus: a) KoHAeHcaTopa, 6) omHopoanoro O, B) HeogHOpoaHOTO DII.

3ajayu:

1. IlpoctpaHcTBO  MeXIy IUIACTUHAMHU  IIOCKOTO  KOHJAEHCATOpa  3alOJHEHO  CTEKIOM
(nudnexTpuyecKas MPOHUIIAEMOCTh paBHA 7), PACCTOSHUE MEXIY IJIaCTUHAMHU 5 MM, Pa3HOCTb
noTeHuaioB Mexay Humu 1 kB. Omnpegenurte: a) HanpspDKEHHOCTb DJIEKTPUUYECKOrO TOJIS B
CTeKJe; 2) MOBEPXHOCTHYIO IJIOTHOCTh 3apsja Ha IUIACTUHAX; B) MOBEPXHOCTHYIO IUIOTHOCTH
CBSI3aHHBIX 3apsJI0B Ha CTEKIIE.

2. ]JIBe xoHueHTpHueckue metaunueckue chepsl paguycom 20 cm u 50 cm 00pa3yroT chepuueckuii
KoHJeHcatop. W3 3apsanel no BenuuumHe paBHel 100 HKn.  Onpepenuts  sHepruto
ANEKTPOCTATUYECKOTO MOJSI MEXKAY chepamu.

3. K mmactuHa TUIOCKOTO BO3IYNIHOTO KOHJEHCATOpa MPHIIOKEHA pa3HOCTh moTeHruanoB 500 B.
[nomanp maacTus 200 cM?, paccTostHME Mexkay HuMH 1,5 Mm. TToce OTKITIOYeHHs KOHIEHCaTopa
OT UCTOYHUKA MPOCTPAHCTBO MEXKY IUIACTUHAMH 3aMOJIHWIN napaduHoM (€ = 2), OnpenenuTs: a)
KaKOH cTajia pa3HOCTh MOTEHIUAIOB; 0) EMKOCTh KOHJEHCATOpa A0 BHECEHHs IMIJICKTPUKA; B)
€MKOCTb KOHJIEHCATOPa MOCJIe BHECEHUS AUDICKTPHUKA.

4. JlBa xonaeHcatopa eMKocTbio 3,0 MKD u 6,0 MK®D coeuHUIN MEXTY COO0N M MPUCOSTUHUIHN K
oatapee ¢ DJIC 120 B. Omnpenenute 3apsn Kaxaoro KOHIAEHCATOpa M Pa3HOCTh MOTCHIIMAIOB
MEXJTy ero OOKJIaIKaMH, €CJTH KOHJIEHCATOpa COSIMHEHBI: 1) mapauienbHo; 2) ocae10BaTeIbHO.

3aj1auu JUIsl CaMOCTOATENbHOTO PeIIeHUs

5. Tlnockuit KOHIEHCATOP, 3aMOTHEHHBIM CIIOAOW, 3apsDKEH 10 pa3sHOCTH ToTeHnuanioB 600 B.
Haiinute s1ekTpuuecKyr0 BOCHPUUMYMBOCTH CIIOJbI M 3HAYEHHE BEKTOPOB IMOJSAPU3ALUU U
nHAYKIMK. PaccTosiHue Mexny oOkiaakamu koHaeHcartopa 0,2 cM.

6. 3apsan 3,0-10® K maxomuTcs B ueHtpe mapaduHOBOro mapa amamerpoM 6,0 cM. Omnpenenute
IJIOTHOCTD MOJIIPU3ALMOHHBIX 3aps/10B Ha MOBEPXHOCTH IIapa.

7. OnpenenuTe €MKOCTh LMIMHJIPUYECKOIO KOHJEHCATOpa CO CTEKJISHHBIM JHUIJIEKTPUKOM, €CIH
BbicoTa KoHaeHcaTtopa 20,0 cMm, paguyc BHyTpeHHel oOkmaaku 7,40 cMm, a BHemHeill — 7,63 cwm.
(2,54 HD).

8. DHeprus mockoro Bo3aymHoOro konaeHcaropa 0,4 /X, pa3HOCTh MOTEHIMAIOB Ha OOKIaIKaxX
600 B, mnomas miactua 1 cm?. OnpeennTh: paccTOSHNUE MEXTy 0OKIaKaM1; HANPSKEHHOCTD
0JI1 KOHAEHCATOPa; 00BbEMHYIO INIOTHOCTh YHEPTUH OIS

3anamue Ne 3
Tema: IlocTOSTHHBIN 3IEKTPHYECKUI TOK
Bormpocst:
1. Cwuna TOKa, IJIOTHOCTH TOKA.
2. DIEeKTpOCONMPOTHUBIIECHHE: a) LMIMHIPUYECKOrO pe3ucTopa, 0) OaTaper pe3ucTOpoB HpU HX

oCIaeaJ0BaTCIbHOM COCIUHECHNH, B) 6aTapeI/1 PE3UCTOPOB IIPH UX MApAJUICIIBHOM COCIUHCHWH.

©ooN kAW

OAHOPOHBIN U HEOJHOPOIHBIM Y4aCTOK LIETH.

OJ1C, cTOpOHHUE CHUJTBI.

3akon Oma, npasuia Kupxroga.

Pabota Toka, MOIITHOCTH TOKa (MOTHAS, TIOJIE3HAS, TIOTEPH ).
KII/] ncrounuka Toka.

3akoH /oy — Jlenna

3aKOHBI JIEKTPOJIN3A.



10.

1.

10.

CoNoO~WNE

["a30BBIi pa3ps: a) caMOCTOSTENBHBIN, 0) HECAMOCTOSTEIBHBIMA.
3ajauu

Onpenenuth IJIOTHOCTh TOKA, TEKYIIEro MO IMPOBOJHUKY JUIMHOM 5 M, €ClM Ha KOHLAX €ro
MOJJIEP’)KUBACTCS. PA3HOCTDh MOTEHIMANOB 2 B. Y 1enbHOE CONMPOTUBICHNE MaTepuasa MIpOBOJIHUKA
paBHO 2 MmkOm'Mm.
B nenu nocrossanoro toka 3/C nctoununka Toka 5,0 B. BHyTpeHHee conpoTUBiIeHNE UCTOYHUKA
toka 0,1 Om. Pesuctropsl comporuieHusmu pesuctopoB 4,0 Om u 6,0 OM, coenuHEHbI
napajienbHo. Haliiure Toku, TeKyllue yepes NepBblii U BTOPOU PE3UCTOP.
Axxymymstop ¢ O/1C 2,6 B, 3aMKHYTBI Ha BHelIHee collpoTuBieHue, naeT Tok 1,0 A. Ilpu stom
pPa3HOCTh TOTEHIMAIIOB MEXAY IOJIIOCAaMHM akKymylstopa paBHa 2 B. Haiigute TtemnoByro
MOILHOCTb, BBIACIISIEMYIO B aKKYMYJIITOPE, MOJIHYIO MOIIHOCTh UICTOYHHKA, [10JIE3HYIO MOILHOCTb.
I[Ipu  nonmkmroueHun K OaTapee  pe3ucTopa HAa  HEM  BBIJENAETCS  MOIIHOCTh
12 Br. IIpu stom KIIJ] cucreMsl, cocrosimieid u3 6arapen U pe3ncropa, okasaics paBHbM 0,5.
Haiimure KIIJI cucteMbl mpu TOAKIIOYEHUH K Oartapee ApYyroro pe3ucTopa, Ha KOTOPOM
BbIJIEJISIETCS] MOUTHOCTH 9 BT.
JIBa mnpoBoanuka comnpotuBieHusMu [0 Om u 16 Om coenuHeHsl mnapasuienbHo. [lpu
MIPOXOKJEHUM TOKAa Ha MEpPBOM NPOBOAHUKE Bbiaensercs 40 /o Temnorsl. OnpenenuTb, Kakoe
KOJMYECTBO TEIUIOTHl BBIACIUTCS B OOOMX TMPOBOJHUKAX 3a TO K€ BpeMs IMpH UX
[IOCJIEZI0BATEILHOM COEIMHEHUU.

3a1auu JUIsi CaMOCTOSTENbHOIO PeIICHUS
Wcrtounuk ToKa ¢ 3.4.c. /2 B u BHyTpeHHUM conpoTuBieHueM 0,5 Om COEIUHEH C PEOCTaTOM.
Hanpsiokenne Ha 3axuMax ucToyHuKa paBHO /0 B. KakoBa 1jirHa MeTHOM MPOBOJIOKH peocTarta,
eciu ee ceuenne / mm? ? VaensHoe conporusienue mean 1,68:108 Om.
JIBa OIMHAKOBBIX MCTOYHUKA TOKA COEIUWHEHBI B OJHOM Cllydae MOCIeN0BaTeNIbHO, B IPYrOM —
napajwieapHo. B 00oMX ciydasx OHM 3aMKHYTHI Ha BHemrHee comportuBiienue / Om. Haiitu
BHYTPEHHEE COINPOTUBIEHUE Ka)XJOro MCTOYHHMKA TOKA, KOTJa CHjia TOKa BO BHEIIHEW LIeNu B
00ouX clydastx OJMHAKOBA.
VY snementa ¢ D/IC 6 B cuna Toka mpu KOpoTKoMm 3amblkaHuM 3 A. Ilpm kakoM BHeEIIHEM
COIPOTHBIIEHUH, MOJIKJIIOUYEHHOM K MCTOYHMKY, MOJI€3Hasi MOIIHOCTh OyaeT MakcumainbHa? Uemy
OHa paBHa.
DNeKTpUYECKU YalHUK MMEET JIBe CEKIMU Harpesatels. [Ipu BKIIIOYEHUH MEPBOM CEKIIMU BOJIA
3akumnaer yepe3 10 MuH, a mpu BKIOYEeHUN BTOpod — yepe3 30 muH. Uepe3 CKONbKO BpEMEHHU
3aKUIUT BOJA, €CIIM CEKIMH BKJIIOUUTh NapauieabHO?
HukenupoBaHHe METaTHYECKOr0 U3/IENs C TUIOMAabio TTOBEpXHOCTH 120 cM? MpoaoIKanoch 5
g nipu cuiie Toka 0,3 A. Onpenenute ToamuHy h ciiost HUKeNsl (BaJIGHTHOCTh PaBHA 3, IUIOTHOCTh
8800 kr/m®).

Sanamue Ne 4
Tema: MaraurHoe 1moJie B BAKyyMe 1 B BellleCTBe
MIT moxkos. Jleticmeue MII na moxu

Bomnpocset
Marnutoctrarudeckoe mose (MIT).
Bexrop nanykuun MII. EnuHunbe! uamepeHus MarHuTHONM UHYKIIMA
Nunyxuus MII, coznanHoro snemMeHToM Toka, 3akoH bro — CaBapa.
[IpuHIMI cyneprno3uuy MarHUTHBIX MOJIEH.
Teopema Octporpanckoro — ["aycca st uagykinuu MII.
Bexrop HanpskenHocTH MII. EnvHUIBEI H3MEpeHUS.
TeopeMa o HUPKYIALUUN HATPSHDKEHHOCTH MATHUTHOTO TOJIS.
Nunykuus MIT: a) npsiMmoro Toka, 6) KpyroBoro Toka, B) KaTyIIKH HHIYKTHBHOCTH (COJICHOHIA).
Kapruna nunuit unaykuuu (HanpsbkeHHoct) MI, co3gaHHOTO nepeuncaeHHBIMU BBIIIE TOKAMH.



10. Cuna Ammnepa.
11. Pa6ora DI1 no nepemernieHnto MpoBOAHNKA (KOHTYpa) C TOKOM.

1.

10.

11.

3ajaun
ITo nByM OECKOHEYHO JIMHHBIM TMapaJICIbHBIM MPOBOAHMKAM TeKyT Toku 70 A m 50 A B

IIPOTUBOINOJIOXKHBIX HampasieHUsX. PaccrosHue Mexay npoBoaHukamu 15 cMm. Omnpenenure
WHIYKIIMIO MAarHUTHOTO MOJIA B TOYKe, yAaNEHHOW OT MmepBoro mnpoBogHuka Ha 20 ¢cM u OT
BTOPOTo IpoBoaHKKA Ha 30 cMm.
[To kpyroBoMy BUTKY U3 TOHKOro mpoBoja paauycoM 100 mm nupkyaupyetr Tok 1 A. Haitgure
MHAYKIUIO MarHUTHOTO TIOJIS: @) B LIEHTPE BUTKA; 0) Ha OCH BUTKA B TOYKE, OTCTOSAIICH OT €ro
uenTpa Ha 100 Mm.
[lo nByM mnapamienbHbIM NPOBOJHUKAM JauHOW mo 2 M Tekyr Toku 50 A um 100 A B
MIPOTUBONOJIOKHBIX HarpaBieHusax. Pacctosnue mexay npoBoguukamu 10 cm. Onpenenure cuiry
B3aUMOJICUCTBUS TOKOB.
B ognoponHoe marautHo noje ¢ uaaykuuei 0,1 T nmoMenieHa kBajgpaTHas pamka IIomaabpo 25
cm?. HopMmais K MIOCKOCTH PaMKH COCTAaBISET C HAampaBieHHEM MarHMTHOro momns yrom 60°.
Onpenenurte Bpallaroliid MOMEHT CUJT AMIIepa, €CJIM M0 paMKe TeUeT TOK 2 A.
JIBa npsIMOJIMHENHBIX AJIMHHBIX IPOBOJIHKKA PACIIOIOKEHBI HA paccTossHUM 10 cM Ipyr ot apyra.
[To mpoBognukam TekyT Toku 20 A u 30 A B ogqHOM U ToM ke HampasieHuu. Kakyto pabory (Ha
€IMHUIlY JUIMHBI MPOBOJHUKA) HYXHO COBEpPUINTb, YTOOBI Pa3JABUHYTh 3TH IPOBOJHUKH [0
paccrosaus 20 cm?

3a/iauu JUIsl CAaMOCTOSATEABHOTO PEeIICHUs
[To mpsMonuHEtHOMY OECKOHEUHO [UIMHHOMY NpPOBOAHUKY TeueT TOK 12 A. Ompenenute
MHIYKIMIO MarHUTHOT'O 1OJISI B TOYKE, PABHOYAAJIEHHON OT KOHIIOB IPOBOJHMKA U HAXOJSALIEHCS
Ha PacCTOSIHUH § CM OT €r0 OCH.
Conenoun nmuHoit 50 cm coaepxkutr 1000 BuTkoB. Onpenenure MHIYKIIMIO MarHUTHOTO IOJIS
BHYTpHU COJICHOU[A, €CIM CONMpPOTUBJICHHE 0OMOTKM paBHO 120 OM, a HampsbkeHHe Ha e€ KOHIaX
paBHo 60 B.
ITo Butky, umeromemy (opmy kBaapaTa co ctopoHoi 20 cM, uzaer Tok 5 A. Omnpexpenure
MHIYKIIMIO MAarHUTHOTO TOJISI B TOUKE MEpeceuyeHus quaroHaiel u B OTHOM U3 TOUEK MepeceueHus
CTOPOH.
B onHopoaHoM marautom mnosie ¢ uaayknueit 0,2 Tin HaxoauTes npsiMOM MPOBOJHUK JUIMHHO 15
cM. Ilo Hemy Teuér Tok 5 A. Omnpenenute yros MeXIy HaIpaBI€HUEM TOKa W BEKTOPOM
MarHMTHON MHIYKIIMH, €CJIM CO CTOPOHBI nouist aeictByet cuia 0,13 H.
Ilo nmpsiMOMy rOpH30HTaIBLHOMY NMPOBOAHUKY npoTekaeT Tok 10 A. Ilox HuM Ha paccrosHum 1,5
CM HaXOJMTCS TIApauIebHBIA eMy aTIOMUHHEBBIH TPOBOJ (IIOTHOCTH aTOMUHHSA 2,7 T/cM), TIo
KOTOpOMY NpomyckaroT Tok 1,5 A. Onpenenure miomaab MONEPEYHOrO CEUEHUST AIFOMUHHEBOIO
MIPOBOJIA, €CJIM OH YAEPKUBAETCS HE3AKPEIUIEHHBIM.
Burok pagnycom 5 cm ¢ TokoM / A TIOMEIEH B OJHOPOJHOE MarHUTHOE T10JI€ HAPSKEHHOCTHIO
5 kA/M  Tak, 9TO HOpMaib K BHTKy 06pasyer yron 60° ¢ mampasmenmem mons. Kakyro pa6ory
COBEPILIAIOT CUJIBI I10JIS TP IIOBOPOTE BUTKA B YCTOWYUBOE MOJIOKEHHE?

3anamue No 5

MII osudicywecocs 3apsoa, deticmeue MII na osusicywuecs 3apsaovi. Machemuku 8 MazHUMoOM noje

o s~ wnN e

Bonpocsr:
Cuna JlopeHua u e€ HanpaBJlIEHUE.

MarHuTHBIIT MOMEHT KOHTYpa C TOKOM.

MukpoTOKH, BEKTOp HaMarHUYMBaHUs1, TOK HAMarHM4MBaHUs (TOBEPXHOCTHBIN TOK)
MaruuTtHas IpOHUIIAEMOCTh, MAarHUTHasi BOCIPUUMYHBOCTD.

I'paduk kprBOIt HAMarHW4YMBaHUS B Cllydae: a) TuaMarHeTuka, 0) napaMarHeTika, B)
¢beppomarueTuka?

MarauTHbIi ructepesuc (JoMeHHas CTPYKTYpa, eTis TUCTepe3nca, KOAPLUUTHUBHAS CUIIA,
OCTaTO4YHaA HaMaFHI/I‘-IeHHOCTL).
Oneprus MIL.



N

o

~

3ajauu

DONEeKTpPOH JBWKETCA TPSIMOJUHEHHO C TMOCTOSHHON ckopocTthio 0,2 Mwm/c. Omnpenenure
WHJIYKIMIO MAarHATHOTO TOJISE B TOYKE A, HAXOMSIICHCS HA PacCTOSIHUM 2 HM OT MTHOBEHHOTO
MIOJIOXKEHHUS AJIEKTPOHA. YTOJI MEXKIY CKOPOCTBIO AJIEKTPOHA U JTMHUEH, COSTUHSIONICH 3JIEKTPOH U
TOuKy A, paBen 45°.
DNEeKTpOH BJETEN B MarHUTHOM MoOJje€ ¢ MHAYKIued 2 MTn. B MarHUTHOM moje OH JABUXKETCS
KpyroBoii opoute paauycoM 2 cM. OnpenenuTh MarHUTHBI MOMEHT SKBUBAJIEHTHOTO KPYTrOBOTO
MHUKPOTOKA.
[TpoToH ABMKETCS B MATHUTHOM TI0JI€ HAMPSHKEHHOCTHIO /() A/M TIO OKPYKHOCTH PainycoM 2 cm.
Haiiti kuHeTHUYECKYIO SHEPIHI0 poToHa (B MoB).
Conenoua, uMemui anmuHy 29 cM, miomaas nonepedynoro ceyeHus 10 cm? u 400 BUTKOB B
OoOMOTKe, HAaXOAWTCA B JUMaMarHUTHON cpene. OmnpenenuTs CUIy Toka B OOMOTKE, €cClu
MHAYKTUBHOCTH cojieHoua paBHa | MI'H, a HaMmarHn4eHHOCTh BHYTpU Hero 20 A/m.

3a/1auu JUisi CaMOCTOSTENbHOIO PEelICHUS
DNEeKTpOH B aToMe€ BOJOPOJia JABUXKETCS BOKPYT siApa MO KpyroBoi opbute (B Teopuu bopa)
paauycom 52,8 mm. Ompenenuth WHAYKUHIO MarHUTHOTO IOJIS, CO3JaHHOTO JJIETKPOHOM, B
LIEHTPE €ro OpOUTHI.
DnexTpoH co ckopocThio 10 Mwm/c Bieren B OJAHOPOJHOE MAarHUTHOE TOJIE MEPIECHIUKYISIPHO
JUHUSAM MarHUTHOW MHAYKIMU. MarautHas uaaykius pasaa 0,1 Tu. Onpenenure HOpMaIbHOE U
TaHTeHIIMAIbHOE YCKOPEHUS AIIEKTPOHA.
B wmarmutHoM mome ¢ uHaykuumed 1,2 Tn  mo  kpyroBod  opOuTe  paaumycom
45 cm nBuxkercs o - uactuna. OmpenenuTe: a) CKOPOCTh « -4aCTULbl, 0) KUHETUYECKYIO
SHEPTUIO ( -4aCTHUIIbI; B) PA3HOCThH MOTEHIIMAJIOB, TPOUICHHYIO ¢ ~4aCTHUIIEH.
ITo o6MoTKE conenonaa HHAYKTUBHOCTRIO 3 MI'H TeueT Tok 0,4 A. Conenoun umeeT JUIHHY 45 cMm,
mIomak nomnepednoro cedenus 10 cm?, 1000 Butkos, OnpenenuTe BHYTPH JUAMATHUTHOMN CPeIbI
COJICHOU[IA: ) MATHUTHYIO UHAYKIIHIO, 0) HAMAarHUYEHHOCTb.
[To conenouny mmunOoM 0,25 cm TeueT Tok 1 A. Unucno BUTKOB B
ooMoTke 500, muiomaab MOMEpPeYyHOro Ce4eHus cojeHouaa 15
cM’. B coneHOMI BCTaBIeH >KEIE3HBIH CepAeYHMK (KpHBas
HaMarHMYWBaHUs — HA pHUCYHKe). HaliTu 3HEepru0 MarHUTHOTO 0
T10JIS1 COJICHOUA. ' t o
T 2 3 4 5 6 T Hra

g, In
2,0
15

1.0}

3anuamue Ne 6
Tema: DaeKTpOMATHUTHAS UHAYKIUS

Bomnpocsl
MarauTHbIN IOTOK.

3akoH 31ekTpoMaruuTHol nnaykiuu dapanesd. [pasuio Jlenna.

Byner nu BO3HMKAaTh MHIYKIMOHHBIH TOK B KPYrOBOM BHTKE, HAXOJSIIEMCS B OJHOPOIHOM
MarHMTHOM I10JIe, €CJIM: a) MepeMellaTh BUTOK MOCTyNaTeabHO; 0) BpallaTh BUTOK BOKPYT OCH,
MPOXOAIIEH uepe3 UEeHTp MEePHEeHIUKYISIPHO TIOCKOCTH BUTKA; B) BpallaTh BUTOK BOKPYT OCH,
JIeKaIel B IIIOCKOCTH BUTKA.

SIBneHne caMOMHIYKINH.

Onpenenenrne UHAYKTUBHOCTH KOHTYpa. THAYKTHBHOCTB COJIEHOUA.

NHaykTUBHOCTH OaTaped COJCHOMAOB MPH UX COEJUHEHUH: a) IOCIeA0BaTeNbHO; ©0)
MapajuIeIbHO.

SIBrieHME B3aMMHOW UHAYKIIHUH.
Koaddunument rpanchopmarum.

3amaun
[ToTok MarHWTHON WHIYKIIMKA CKBO3b TMOIEPEYHOE CEUCHUE COJCHOMIa 0€3 cepleuHruKa paBeH 2
MkBO. lnuna conenonna 12,5 cM, uncio ButkoB paBHo 500. Ompenennte MarHUTHBIH MOMEHT
COJICHOHUIA.
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Pamka B ¢opMe paBHOCTOPOHHETO TPEYroJibHUKA MOMEIIEHA B OJHOPOAHOE MAarHUTHOE TOJE C
uaaykiuend 0,08 T, IleprnieHaMKynsip K IUIOCKOCTH pPAaMKH COCTAaBIISIET C HaIlpaBJICHUEM
MarHuTHOTO 1oJjst yroa 30°. Onpenenure CTOPOHY paMKH, €CIU U3BECTHO, YTO CPEHEE 3HAUCHHE
OJ1C nHayKIMY, BOSHUKAIOIIEH B paMKe MpH BeIKIoUeHuu nosst 3a 0,03 ¢, pasHo 10 mMB.
[TpoBoanuK mrHOHN 0,5 M IBHXKETCSI CO CKOPOCTBIO 5 M/C MEPIICHANKYISPHO CUIIOBBIM JIUHUSIM B
OJTHOPOJIHOM MAarHWTHOM MOJe, UHAYKIHs KoToporo 8 mTi. Haliaure pazHoCTh MOTEHIIMAJIOB,
BO3HUKAIOIIYIO Ha KOHIIAX [TPOBOJIHUKA.
Cuiia Toka B cojieHomae paBHOMepHO Bo3pactaet oT O g0 /0 4 3a I mun. IIpu 3TOM CosleHOUT
HakaruBaeT 3Hepruto 20 /. Kakas 3.1.c. MHIyLUpyeTCs: B cojieHouae?
Pesuctop conpotuiienneM 150 Om u conenouns conpotupieHueM 15 OM U MHIYKTUBHOCTBIO 1,5
I'n coenuHeHbl MapaiesIbHO W IOJACOEAUMHEHBI 4epe3 K4 K ucrouHuky c I/JC 60 B.
OnpenenuTh HanpsiKeHUE Ha KoHIax coneHouaa yepes3 0,01 ¢ u 0,1 ¢ mocine pa3MbIKaHUs LETIH.
3ajauu JUIsl CAaMOCTOSTEIBLHOTO PEIICHUS
[Tnockuii BUTOK riomansio 10 cM? caenad u3 npoBosioku cornpoTtusiienreM 0,5 Om. Cusnosbie
JIMHUU OJTHOPOJIHOTO MarHUTHOTO TOJISI ¢ MHAYKIMEH 4 Ti neprneHauKyaspHbl MIIOCKOCTH BUTKA.
K BuTky mnpucoenuHeH rampBaHoMmeTp. Haiinure snekTpuyeckuil 3apsii, NPOLIEANINN dYepes
rajlbBaHOMETP IIPU [IOBOPOTE BUTKA Ha yroa 120°.
Konpro u3 amomunreBoro mpoBojaa (yIelbHOE COMpOTUBICHHE Meau 26 HOM'M) MOMEIIEHO B
MarHuTHOE MOJI€ TEPIEeHIUKYIIPHO JUHUSAM MarHuTHOM uHaykuuu. uamerp kombue 30 cwm,
JUaMeTp MEIHOTro mpoBoja 2 MMm. HallTu ckopocTh M3MEHEHHUS! MAarHUTHOTO TOJISL B TOT MOMEHT,
KOT/JIa CHJIa TOKA B KOJIbLIE CTAHET PaBHOM 5 A.
Konryp mmomanpio 102 M? pacronoikeH HeprneHANKYISpHO THHHSAM MArHUTHOH HMHIYKIIHH.
MarunuTtHast MHIYKIUsT MeHsieTcst 1o 3akony B(t) = 5.sin(4,7.t) Tn. Onpexnenure: a) 3aBUCHMOCTh
MarHMUTHOTO TOTOKa OT BPEMEHM; 0) MTHOBEHHOE 3HAYEHHE MAarHMUTHOTO IOTOKa 4Yepe3 5 C; B)
3aBucuMOocTh DJIC MHIyKIIMU OT BpeMeHHU; T') MakcumanbHoe 3HaueHue JJIC uHayKuuu; )
MraoBeHHoe 3HaueHue J/1C unaykuuu yepes 5 c.
Uemy paBHa 00bEeMHas TUIOTHOCTh DHEPTrHU MAarHUTHOTO TIOJS COJIEHOMAa 0e3 CepIACUHHKA,
MMEIONIETO IUIOTHYIO OAHOCIONHYI0 HaMOTKy HpoBojaoM auamerpoMm 0,32 MM, eciu Mo HeMy
Teyer Tok 0,1 A?
Conenounyp 6e3 cep/ie4HUKA U € OJTHOCIONHONW 0OMOTKOM M3 MPOBOJIOKH auameTrpoM 0,5 MM nmeer
Ry 40 ¢M U IIomanb nomnepednoro cedenus 50 cm?. B Teuenne 0,5 ¢ npu Hanpsxennn 10 B
Ha KOHI[aX COJIEHOU Ia B OOMOTKE BBIJENSIETCA KOJIMYECTBO TEIJIOTHI, PABHOE YHEPTUU MAarHUTHOTO
OJIsl BHYTPH cosieHona. CuuTasi 1moJie OAHOPOJIHBIM, HAUTH CHITY TOKa B 0OMOTKE.

3anamue No 7
Tema: DjaekTpoMarHuTHBIE KOJIeOAHNUS U BOJTHBI
C60000HbIE INEKMPOMACHUMHbLE KOJIEOAHUSL 8 IIeKMPUYECKOM KOHMYpe
Bomnpocsl
[TonsiTue: a) aneKTpoMarHUTHBIE KoJieOaHus; 0) KoyieOaTeNbHbIN KOHTYP.
HuddepennnanbHoe ypaBHEHHE M 3aKOH KojeOaHMH 3apsja: a) B HIECaIbHOM KOHTYpe, 0) B
pearbHOM KOHTYpE, B) TIPH BBIHYKICHHBIX KOJICOAHHSIX B KOHTYPE.
Ilepuon u vactora KoneOGaHWii: a) B HAEATHHOM KOHTYype, 0) B pealbHOM KOHTYpE, B) IpH
BBIHY)KJICHHBIX KOJICOAHUSIX B KOHTYpE.
3aBHCHMOCTh aMITIMTY/Ia 3apsi/ia Ha KOHIEHCATOpEe OT BPEMEHH B PEalbHOM KOHTYpE.
JIeKpeMEeHT 3JIeKTPOMarHUTHBIX KoJIeOaHUH.
Bpewms penakcannn.
M3MeHeHMe TOKa B KaTyIIKE UJI€aIbHOTO KOJIe0aTeIbHOT0 KOHTYpA.
V3meHeHne HampsHKeHUsT Ha KOH/IGHCATOpe, KaTyIIKe HHAYKTHBHOCTH U PE3HCTOPE.
3akoH OMa Ha yJacTKax LEenH epeMeHHOr o TOKa.
PeakTuBHBIE COPOTHBIICHHS.

YpaBHEHUS MIOCKOM 3JIEKTPOMAarHUTHOW BOJIHBI.
Cas3p Mexny Hanpspk€HHOocTsiMu OI1 u MII B OMB.
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Kunematnueckue xapakrepuctuku DMB: a) ckopocts (B Bakyyme, B BemiecTBe); 0) ¢asa; B)
4acTOTa; T') MEPUO/I; 1) BOJTHOBOE YUCIIO; €) JIJTMHA BOJIHBI.
DHepreTuyeckue xapakrepuctuku DMB: a) sueprus; 6) oObeMHast INIOTHOCTh SHEPTHH; B) TIOTOK
SHEPIUy; I') INIOTHOCTh MOTOKA SHEPIrUu (BekTop YMoBa-lloiiHTHra); /1) UHTEHCUBHOCTD.
3agaun

Konnencarop kosnebaTenbHOro KOHTypa OblI 3apspkeH 10 3 MKKi. 3Has, 4ro MHIYKTMBHOCTH
KaTyIIKU paBHa 2 MI'H M 4acToTa 3JIeKTpOMarHuTHBIX KoseObaHui 30 I, BHIYMCIUTBL SHEPTUIO
MarHUTHOTO HOJIS KaTyIIKK 4epe3 1 ¢ mociie Hayana 3JeKTPOMAarHUTHBIX KoleOaHMWH, cuuTas ux
HE3aTyXaoLUMHU.
KonebarenbHOro KOHTYp COCTOMT U3 KOHAeHcaropa eMmkocTeio 10 Mk®d, karymku
UHAYKTUBHOCTBIO 25 MI'H W pesuctopa conportusieHueM 1 Owm. MakcuMalbHBIA 3apsn
KoHzaeHcaropa paBeH | MKu. Omnpenenuth: a) nepuoa 3JIEKTPOMAarHUTHBIX KojeOaHMi, O)
norapupMUIECKUi JEKPEMEHT 3aTyXaHus 3JIEKTPOMArHUTHBIX Koje0aHui, B
)ypaBHEHHE 3aBUCHMOCTH HAIPSDKCHHUS HA IUTACTUHAX KOHACHCATOpa OT BPEMCHH.
B uenps nepemennoro toka Hanpspkenuem 220 B u wactoroit 50 't mocneqoBaTeibHO BKIFOUEHBI
pesuctop conpotuieHueM 100 Om, karynika UHIYKTUBHOCTBIO 0,5 ['H 1 KOHAEHCATOp EMKOCTBIO
10 Mx®. Omnpenenure: 1) cuny Toka B I1ienH; 2) NaJACHUE HANpsSHKEHUS HAa AaKTUBHOM
COIIPOTHBIIEHUM; 3) MaJieHUEe HaNpsDKEHUs Ha KOHJeHcarope; 4) MajeHue HaIpsDKeHUs Ha
KaTyIlKe.
OnpenenuTs pPE30HAHCHYIO 4YacTOTYy Koie0aTeIbHOW CHCTEMBbI, €CJIM YacToTa COOCTBEHHBIX
konebannii 300 ', a morapudMudeckuii AeKpeMeHT 3aTyxaHus Kouedanuit paseH 0,2.
B cpene ¢ € =2 u p =1 pacnpocTpaHseTcsl IJIOCKas 3JIEKTPOMAarHuUTHas BOJIHA. AMIUIMTYIA
HaNpsHKEHHOCTU 3JIeKTpudeckoro mnoist BoiHbl 50 B/M. Haiitu: a) amminTyay HanpsoKeHHOCTH
MarHUTHOTO OIS 0) (ha30BYIO0 CKOPOCTH BOJIHBI; B) HHTEHCHBHOCTH BOJIHBI.

3ajiauy JUIsl CaMOCTOSATENbHOTO PeIIeHUs
BbruncnuTh 3HEpPruIo 3JIEKTPUUECKOro mojsi KoHjaeHcatopa ueped 0,02 ¢ mocie Haudana
3JIEKTPOMArHUTHBIX KoJeOaHHH B MlealIbHOM KOHTYpE, €CJIM KOHAEHCATOp UMeeT eMKOCTh IM®P u
611 3apskeH 10 0,4 Kit, a MHIyKTUBHOCTD KaTyIIKH paBHa 2 MI'H.
Pa3zHoCTh MOTEHIIMANOB Ha O0KIaKaxX KoJeOaTeIbHOrO KOHTYpa yMeHbIIIach B 3 pas3a 3a 1 mc.
Onpenenutb CONPOTUBICHUE KOHTYpa, €clii eMKOCTh KoHaeHcaropa 0,2 MK®D M MHAYKTUBHOCTb
karymku 5,07 mI'H.
KonebarenbHbIil KOHTYp COAEPKUT KATYIIKy UHAYKTUBHOCTBIO 6 MKI'H, KOHIEHCATOP €MKOCThIO
10 H® u pe3ucrop conporusieHueM 10 Om. Onpenenure A ciiydas MakKCUMyMa TOKa, KaKOBO
OTHOIIEHNE PHEPTHH MarHUTHOTO MOJIS KaTYIIKH K SHEPTUHU AJIEKTPUUYECKOIO MOJIsI KOHAEHCATOpA.
Omnpenenure norapupMUYECKUil TEKPEMEHT 3aTyXaHHsl, IPU KOTOPOM SHEpPrus KojedaTelbHOro
KOHTYypa YMeHbIaeTcs B 8 pa3 3a 5 MOTHBIX KOJIeOaHMIA
KonebarenbHblil KOHTYp copepxuT conpotusieHne 20 O M, KaTymky WHAYKTUBHOCTBIO 10 MIH,
koHAeHcaTtop eMkocThio 0,1 Mk®. OmnpenenuTs, 4epe3 CKOJIbKO MOJHBIX KOJeOaHWN aMILTUTYAA
TOKa B KOHTYPE YMEHBIIUTCA B € pas.
B nenp mepeMEeHHOTro TOKa BKJIIOYEHBI MOCIEAO0BATENbHO Ppe3UcTop compoTuBieHueMm 3 Ow,
KaTylllKa U UHIYKTUBHBIM CONPOTHBIEHHEM 2 OM U KOHJIEHCATOP C EMKOCTHBIM COIIPOTHBIIEHUEM
6 Om. Kakast MOIITHOCTB BBIIEISAETCA B LIETIH NPU JEHCTBYIOIIEM 3HAYEHUH CHJIbI TOKA 2 A?
VYpaBHEHHE MIOCKON AJIEKTPOMArHUTHON BOJIHBI, PACIIPOCTPAHSIOUIENCSI B HEMarHUTHOM CpPEJE C
(n = 1), umeer Bum: E(x,t) = 210°%in(2mw10° t — 8,97'X) B/m. Onpenenuts: 4acToTy KoneOaHMiA,
($a3oByI0 CKOPOCTb, IMIJIEKTPUUYECKYIO MPOHUIIAEMOCTh CpeJlbl, JUTMHY BOJIHBI, HHTEHCUBHOCTh
BOJIHBI.
B BakyyMe pacnpocTpaHsATCS IJI0CKasl 3JIEKTPOMAarHUTHAs BOJHA. AMIUINTY/1a HAIPSDKEHHOCTH €€
marautHoro nonsg 0,1 A/mM. OnpenenuTb: aMIUIUTYAY HAIPsDKEHHOCTH AJIEKTPHUUYECKOTO TOJI;
CPEIHIOIO 110 BPEMEHU 00BEMHYIO MJIOTHOCTh SHEPTUU BOJIHBI.

3auamue Ne 8
Tema: OcHOBBI BOJTHOBOM ONTHKH
Humepgepenyus ceema

Bomnpocst
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ITpuunun I'toiirenca.
[Tonstus: a) uarepdepenius, 6) nHTepEepeHIIMOHHAS KApTUHA, B) HHTEPHEPEHITMOHHBINA CIIEKTP.
YcnoBus MaKCUMyMOB 1 MUHUMYMOB HHTEP(PEPEHIIMOHHON KapTHHBI.
Xon nydei mpu MHTEPPEPEHIIMU METOJIOM JIeJICHHUs BOJHOBOTO ¢poHTa: a) cxema lOura, 0)
ousepkaiia @penensi, B) ounpuzma OpeHens.
Xon myuyedt mpu MHTepGEpPEeHLMH METOAO0M JeNIeHUs aMIUTUTYbl (PHEprHUu) BOJHBI: a) TOHKHUE
wi€HKY, 0) Konblia HeroToHa.
B yem cocTouT mIpOCBETIIEHHE ONTHKH.
UTo mpoucxoauT ¢ UHTEP(HEePEHIIMOHHON KapTHHON CBETa OT MOHOXPOMATHUYECKOTO MCTOYHUKA,
€CJIM ITyYKH CBETa UAYT HE B BO3JlyXe, a B Boje?
Yem otnuuaercs HHTEp(EpeHLMOHHAs KapTHMHA KPAacHOTO MOHOXPOMAaTHYECKOrO CBETa OT
UHTEPPEPEHIINOHHON KapTUHBI MOHOXPOMAaTH4YeCcKoro (puoneToBoro ceera?
YeMm otnmuaercs nHTephEpEeHIIMOHHAs KapTHHA 0eoro cBeta OT MHTEP(PEPEHIIMOHHON KapTHHBI
MOHOXPOMaTHYECKOro cBeTa?
3anaun

Haiitu Bce nnunabl BotH Bugumoro csera (ot 0,76 no 0,38 mxm), koTopbie OyayT: 1) MakcuManbHO
YCHJICHBI; 2) MaKCHMaJIbHO OCIAOJICHBI MIPH ONTUYECKOW Pa3HOCTH X0aa A HHTEepPEpHUPYIOIINX
BOJIH, paBHOM 1,8 MKM.
B onbite FOHra paccrosinue ot meneit 10 3kpaHa 3 M. OnpenenuTs yriloBO€ pacCTOSHUE MEXTY
COCETHUMH CBETJIIMH TOJIOCaMH, €CIIU TPEThS CBETJIas MOJIOCa OTCTOUT OT LEHTPa KapTHUHBI Ha
paccrosinuu 4,5 MMm.
B onwite ¢ 3epkanamu @penens pacctosHue d MeXIy MHUMBIMU HU300paKCHUSIMH MCTOYHHKA
ceera paBHo 0,5 mm, paccrosinue | or HHX 10 3KpaHa paBHO 3 M. JlnuHa BoiHBI A=0,6 MKM.
Onpenenuts mUpUHy b moaoc HHTEpPEpEeHIIUN HA FIKPAHE.
YcraHoBka [uisi mosydeHus Kosienl HplOTOHa oOcBellaeTcsi MOHOXPOMAaTHYECKHM CBETOM,
NajjaroliuM [0 HOPMajdM K IOBEPXHOCTH IUIACTUHKH. Paauyc KpuBU3HBI JHH3BI 8,6 M.
Habumtoienue Beaercs B OTpakeHHOM cBeTe. M3MepeHus MU yCTaHOBIIEHO, YTO PaJInyC YETBEPTOIO
TEMHOTO KOJbIa (CUMTasl EHTPAIbHOE TEMHOE MATHO HYNEeBbIM) 14 = 4,5 mm. Haiinute mmuny
BOJIHBI JIAIOIIETO CBETA.

3a1auu Uil CaMOCTOSITEABLHOTO PEIICHUS
B onbite FOHra oTBepcTus OCBEIlaTMCh MOHOXPOMAaTHYECKMM CBETOM JUIMHOW BOJIHBI 600 HM.
Paccrosinne mexay orBepcTussMM | MM, paccTOssHME OT OTBEpPCTHH 110 SKpaHa 3 M. Haiinure
I0JIOXKEHHE NIEPBBIX TPEX CBETJIBIX MOJIOC.
B onbite FOHra paccrosuue Mexay AByMs LIEISIMU, HA KOTOPbIE aJaeT CBET JJIMHON BOJHBI 0,6
MKM, paBHo 0,5 M. Ormnpenenutb paccTOsSHUE OT IIeJedl J0 DJKpaHa, €ClId UIMpUHA
MHTEP(EPEHITNOHHBIX MOJIOC OKa3alach paBHOH 1,2 MM.
Omnpenenure, BO CKOJBKO pa3 M3MEHUTCS MIMPUHA WHTEP(EPEHIIMOHHBIX IIOJIOC B OIBITE C
3epkanamu @penens, ecnu QUOIETOBBIN cBeTOPUIBTp (MpomyckaeMas aiauHa BoilHBI 400 HM)
3aMeHUTh KpacHbIM (700 HM).
VYcraHoBka [uisi mosydeHus Kosiell HproTOHa oOcCBEHIaeTCsi MOHOXPOMAaTHYECKHMM CBETOM,
MaJAI0NIMM TapaJiyIeIbHO TJIaBHON ONTHYECKON OCH JuH3bL. Halmomenue BeeTcst B OTpaKeHHOM
cBete. Pannycsl AByX coceqHUX TeMHBIX Konen paBHbl 4,0 MM u 4,38 MM. Paguyc KpuBH3HBI
nvH3bI 6,4 M. HaiiainTe nopsiakoBble HOMEpa KOJIEI] ¥ JJIMHY BOJIHBI MTaJIal0IIET0 CBETA.
Benblii cBer manaer mox yriaoMm 45° Ha MBUIBHYIO TUIGHKY, TTOKA3aTeNb NPETOMIICHHS KOTOPOi
1,33. OmpenenuTh HAaWMEHBIIYIO TOJNIIMHY IUJICHKUA, MPU KOTOPOH OTpakeHHBbIE I OyayT
OKpaIlIeHBI B JKeNThIN 1BET (A = 580 1m).

3anstue Ne 9
Jugpparxyus ceema
Bonpocsl
[Ipunnnn [Ntolirenca - @penens.
3oubl penens, paguyc BHEIIHEN rpaHuLibl M-i 30HbI DpeHens.
[Tonstus: a) mudpakuus, 0) AudpakroHHAsS KApTUHA, B) TU(PAKIIMOHHBIN CIIEKTP.
YcnoBust MAKCHMYMOB 1 MUHUMYMOB JH(PPAaKINOHHOW KapTUHBI PpeHers.
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Xon nydeit mpu UX HOPMaJIbHOM IAJICHUHU: a) Ha 1Ielb, 0) Ha AU(PPAKIIMOHHYIO PELIETKY.
VYcioBus raBHBIX MaKCUMYMOB M JONOJHUTEIbHBIX MUHUMYMOB TU(MPAKIIMOHHON KapTUHBI IIPU
HOpMaJIbHOM TaJICHUH CeTa Ha TU(PAKIIMOHHYIO PEIIETKY.
Pazpematomas cnocoOHOCTh 1U(PAKIMOHHON PEIETKY.
VYcioBUsI MAKCUMYMOB OT TPOCTPAHCTBEHHOH audpaxiuoHHoi peméTku (popmyna Byneda —
bparra).
Yem otrauuaercs IUpPaKIMOHHAS KapTHHA KPAaCHOTO MOHOXPOMAaTHYECKOTO CBeTa OT
IU(PPaKLIMOHHOW KapTHHBI MOHOXPOMAaTHUYECKOTO (PMOJIETOBOrO cBETa?
Yem otnuuaercss audpaxnuoHHas KapThHa Oenoro cBera oOT JU(QPAKIMOHHAS KapTHUHBI
MOHOXPOMAaTHYECKOTro cBeTa?
3agaun

Onpenenure paauyc TpeTbel 30HbI DpeHens s ciydas IUIOCKOW BOJIHBL. PaccrosiHue ot
BOJIHOBOI MOBEPXHOCTH JI0 TOUKH HaOmoaeHus paBHo 1,5 m. /nnna BosHbl 0,6 MKM.
Ha y3kyto menp mmpunoit 0,05 MM magaer HopMaiabHO royryooi ceet (A = 490 um). Onpenenutsb
HarnpaslieHue (yroa qudpakiium) Ha BTOPYIO U pakIIMOHHYIO MOJIOCY.
Ha mens mupunoit 0,1 MM nagaer HopmaibHO MOoHOXpoMmatuueckuil ceeT 500 um. Omnpenenute
paccTossHHE€ OT 3KpaHa [0 coOuparoleil JIMH3bL, KOTOpas HaxOAUTCA BOJIM3M LIETU JJs
bopmupoBanus TUPPAKITUOHHONW KAPTUHBI, €CITU PACCTOSIHUE MEXTY MEPBBIMH TU(PPAKINOHHBIMA
MUHUMYMaMHU 110 00€ CTOPOHBI OT LIEHTPAJIbHOI0 MAaKCUMyMa PaBHO 1 cM.
Cger ¢ A = 589,0 HM namaeT HOpMaIbHO Ha AM(PPAKIUOHHYIO pemIeTKy ¢ nepuogoM d = 2,5 MKM,
comepxkamyto N = 10 000 mtpuxoB. HaiiTu yrnoByro mupuHy AHUPpPaKIHOHHOTO MaKCUMyMa
BTOPOT'O MOPSAKA.
VY3Kkuii My4oK PEeHTI€HOBCKOIO M3JIy4eHMsI ATUMHOM BOJIHBI 245 M najaeT 1moJ; HEeKOTOPhIM YIJIOM
CKONIBXKEHHs] Ha rpanb MoHokpucramna NaCl (monmspHas macca 58,510 xr/mons), miuoTHOCTH
kotoporo 2,16 r/cm®. OmpemenuTh yrol CKOJbKEHHS, €CIM TIpH OTPaKEeHMH OT 3TOH IpaHu
HaOJII0AaeTCsl MAKCUMYM BTOPOTO TOPSIAKA.

3aj1auu JUIsl CaMOCTOATENbHOTO PeIIeHUs
Ha guadparmy ¢ KpyriasiM OTBEpCTHEM AMAMETPOM 5 MM NaJaeT MapajjlesibHbIM My4OK CBETa C
mmHON BosiHBI 600 HM. OnpeAenuTb paccTOSIHME OT OTBEPCTHS 10 TOYKHM HAOJIOJEHMS, €CIU
OTBEpCTHE OTKphIBAET: 1) nBe 30HBI Ppenens, 2) Tpu 30HbI OpeHens.
Mexay TOYeYHbIM MCTOYHHUKOM CBETa M HKPAaHOM IOMECTWIM JauadparMy ¢ KpyIJIbIM
OTBEpPCTHEM, PAJNYC KOTOPOIO I' MOXKHO MEHAThH B Ipoliecce omnbiTa. PaccTosiHus OoT Auadparmsl
710 UCTOYHMKA U 3KpaHa paBHbI @ = 100 cm u b = 125 cm. OnpenenuTs JUIMHY BOJHBI CBETA, €CIIU
MaKCHMYM OCBEIICHHOCTH B IIEHTpe IU(PaKIMOHHON KapTUHBI Ha SKpaHe HAOJI01aeTCsl MPH I'1 =
1,00 MM u criegyromuii MakCUMyM Iipu 12 = 1,29 MM.
Mounoxpomaruueckuii cBeT 500 HM majaeT Ha JJIMHHYIO NPSMOYTOJIbHYIO 1IeIb IUPUHON 12 MKM
nox yriom 45° k eé mopmanu. OmpeJenuth yriaoBoe MOIOKEHHE MEPBHIX MHHUMYMOB (M=x1)
PacroJI0KEeHHBIX 0 00€ CTOPOHBI OT LIEHTPaIbHOIO (hpayHrodepoBa MakCUMyMa.
Ha nudpakunoHHyo peneTky HopMalbHO najgaeT KenToiit cBeT (A = 570 uum). Yron nudpakunn
s 5-ro makcumyma 30°, a MUHMMaNbHAS PA3HOCTD [UIHH, pa3pemaemMas pemeTkoi, A4 = 0,2 wm.
OnpenenuTthb: MOCTOSHHYIO PELIETKH; AJTUHY PELIETKH.
Kakoe uuciio mTpuxoB Ha €MHULLY JUIMHBI UMEeT JU(PPAKIHMOHHAS PEeIIeTKa, €CIH 3eJeHast TMHUS
pTyTH (A = 546,1 HM) B cCIeKTpe MepBOro nopsijika HabmoaaeTcs no yriom 19°8'?
VY3Kkuil My4OK MOHOXPOMAaTHYECKOTO PEHTT€HOBCKOIO M3JIY4eHHUs MajaeT Ha IpaHb KpHCTaa,
MEKATOMHOE paccTosiHie KoToporo 0,3 um. OnpeaenuTs JIUHY BOJIHBI, €CIU MOl YIJIOM NaJeHUs
60° nabmromaeTcs MUGPAKIHOHHBIA MAKCHMYM 2-T0 MOPAIKA.
V3KkHil Ty40K PEHTI€HOBCKOTO U3JTYYeHUS ITTMHOW BOJIHBI 245 M MajaeT MO/ YIIIOM CKOJIbKEHUS
60° ma rpams monokpucramta NaCl (Monspras macca 58,5107 kr/momnb), MIOTHOCTH KOTOPOTO
2,16 t/cM®. OnpenenuTts yron JIMHY BOJHEI H3TyYeHHS, €CTH HPU OTPAKEHHH OT JTOH IPaHH
Ha0JII0AaeTCsl MAKCUMYM TPETHETO MOPSIKA.

3anamue No 10
Tema: BzaumMoaeicTBHE CBeTa ¢ BeIeCTBOM
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Bomnpocsl
[Tonspr30BaHHBIN U €CTECTBEHHBIN CBET.

3akoH bprocrepa.
3akoH Mauntoca.
Y1011 MOBOPOTA IMITOCKOCTH TOJISIPU3AINH: a) ONITUYSCKU aKTUBHOM cpeioi, 0) MAarHUTHBIM IOJIEM
VYpaBHenue nucnepcuu. HopMmanbeHas 1 aHoManbHask JUCIEPCHS.
Cytb anextponnoit Teopuu dpyne-Jlopenia.
3akoH byrepa.
Kakumu OynyT Ka3atbest KpacHbIe OYKBBI, €CJIM MX PACCMATPUBATh Yepe3 3€JIEHOE CTEKIIO?
Tunel paccessHus cBera.
®opmyina Penes.
Dddext Jomnepa. [Tpomonpusiii 3 dext Homnepa. [Tonepeunsiii apdext Hormnepa.
N3nyyenue BaBuiiosa — UepeHkosa.
3ajauu

[IpenenbHblii yros MOJHOTO OTpaKEHUs JUIsl MydKa CBeTa HAa TIpaHULE pas3zesia KpucTajia
KaMeHHOM comu ¢ Bo3ayxoM paseH 40,5 °. Onpenenute yron BprocTepa npu majeHHM CBETa M3
BO3/lyXa Ha MOBEPXHOCTh 3TOTO KPUCTAIIA.
Onpenenure, BO CKOJIBKO Pa3 yMEHBIIMTCS MHTEHCUBHOCTh CBETA, MPOLUEAIIET0 4Yepe3 JBa
HUKONA (MOTAPU3ATOP M AHAIM3ATOP), €CIIH yrol MEXKIy X IIaBHBIMH IwiockocTsamu 60 ° u B
Ka)kJIOM HUKOJIE TepsieTcst 8 % MHTEHCUBHOCTH Ma/Ial0IIero CBETa.
[InacTuHKa KBapla TOJIIMHON 2 MM, BbIp€3aHHas NEPIEHIUKYJISIPHO ONTUYECKON OM KpuCTallia,
MIOBOPAYMBAET IJIOCKOCTh MOJISIPU3ALMH MOHOXPOMATHYECKOTO CBETAa HEKOTOPOM JJIMHBI BOJIHBI
Ha yron 30 °. Ompezmenure TONIMHY Takoi KBAapIEeBOH IMIACTHHKH, KOTOPAS NPH MHOMEIIEHUH
MEXy MapajieIbHBIMU HUKOJISIMUA TOJIHOCTBIO TaCUT 3TOT CBET.
Haiitn koHIIEHTpannio cBOOOIHBIX AJIEKTPOHOB HOHOC(EPHI, €CIIN Il PaTHOBOJIH C YaCTOTOH V =
100 MI'1 ee moka3zaresnsb npenomiienus n = 0,90.
Tonmuua crekna B Terummie 4 mm. KoaddumnueHT morsiomenus s cTekiaa B HHGpaKpacHOM
obnactu criektpa 0,62 cmt. Kakas 07151 S5HepruM 10CTUTaeT pacTeHHit?
B cnekTpasbHBIX JMHMSX, H3Iy4aeMbIX AaCTPOHOMHYECKMMHM OOBEKTaMH — KBa3apamu,
HaOJII0AaeTCsl KpaCHOE CMEIlleHUe, KOTOpPOe OTBETCTBYET TPEXKPATHOMY YMEHBLIEHHIO YacCTOTHI
n3nyuyenus. Onpenenure, ¢ KAKOM CKOPOCTBIO yaaJsieTcs KBazap.

3aJ1auy JUIsl CaMOCTOSATENbHOIO PEMICHUS
Ha kako#t yrioBoil BbIcOTE Haja Tropu3oHTOM HaxomuTcss COJHIlE, €Cd COJHEUHBIH JIyd,
OTpa)kKeHHBII OT MOBEPXHOCTH BOJBI (n = 1,33), MakcUMaIbHO MOJAPU30BAH?
[InacTuHKa KBapIa TONMUHON 2 MM, BbIpe3aHHAas EPIEHANKYISIPHO ONTUYECKOM OCH KpuCTallia,
TI0BOpauKMBaeT MIOCKOCTh TIONAPU3AIME MOHOXpoMaTHueckoro cera Ha yroi 30° . Onpenenuts
TOJILUHY APYTOM KBapleBOW MIIACTUHKH, HEOOXOUMOMN ISl ITOJIHOTO TallleHHsI CBETA.
EcTecTBeHHBII MOHOXPOMATUYECKUI CBET NMAaJacT HAa CUCTEMY M3 ABYX CKPELIEHHBIX HMKOJIEH,
MEXIy KOTOPhIMM HAaXOJWTCS KBaplieBas IUIACTUHKA, BbIpE3aHHAs MEPHEHAMKYISIPHO K
ONTUYecKoi ocu. HaliTh MUHMMAaNIbHYIO TOJIIMHY IUTACTHHKH, ITPH KOTOPOH 3Ta cucreMa Oyner
npomyckath 1 = 0,30 cBETOBOTO MOTOKA, €CJIM TIOCTOSTHHAS BpaIlleH!s KBapia o = 17 yri.rpaa/mm.
Nwmes B BUy, UTO AJIS IOCTATOYHO JKECTKUX PEHTTEHOBCKHUX JIy4el 3JIEKTPOHBI BEHIECTBA MOKHO
CUUTaTh CBOOOJHBIMH, OIpPEAETUTh, HACKOJBKO OTJIMYAETCs OT EIUHUIBI IOKa3aTellb
npesioMieHus rpaduTa A peHTI€HOBCKUX JIy4el ¢ JJIMHOM BOJHBI B BakyyMme A = 50 mM.
KoaduuueHnt mnorsiomeHuss HEKOTOPOro BeIIeCTBa JUIi MOHOXPOMAaTHYECKOTro  CBeTa
onpenenéHHol JumHBI BoHEI paBeH 0,1 cml. /OnpenenuTs TOMMMHY CIOS BEIECTBa, KOTOPAs
HeoOXxoauMa Juis ociablieHuH cBeTa: a) B 2 pasa, 0) B 5 pa3. [lorepu Ha oTpakeHHe CBeTa He
YYHUTHIBATH.
Omnpenenute MUHUMAIbHBIM HUMIYJbC, KOTOPBIM JOJDKEH 00JanaTh 3JEKTPOH, 4TOOBI 3(PQeKT
BasunoBa — UepenkoBa Habt01alcst B Cpeie ¢ MoKa3aTeiaeM npesomieHus 1,5.

3anamue Ne 11
Tema: OcHOBBI reOMeTPHYECKOI ONITHKH
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3axonvl ceomempuieckou OnMuKu
Bonpocsl
AOCOTIOTHBIN MMOKA3aTeNb MPEIOMIICHHS, OTHOCUTEIBHBIN ITOKA3aTe b MPETOMIICHHUS.
[Tpuniun depma.
3aKOHBI TEOMETPUUYECKON ONTHKU: a) OTPaKeHUs, 0) MPEIOMIICHHS, B) IPSIMOJIMHEHHOCTH JIyuei,
') 0OpPaTUMOCTH JTyUYeH.
[TonsTus: a) 3epkaino, 6) npu3Ma, B) JIMH3Q, T') ONTHYECKAsE CUCTEMA, 1) ONTHYCCKUIA TPHOOP.
[TonsaTus: a) nmy4, 0) TyIaBHas ONTHYECKast OCh, B) Pokyc, GOKYCHOE pacCTOSHHE, T') ONTHYECKas
CWJIA JIMH3BI, ) YBEIIMYCHUE H300paKEHUSI.
Tunel 3epkai: a) mo ¢popme, 0) MO HAMBUICHUIO HAa TOBEPXHOCTb.
XapakTepHble TOYKH, JIMHUH, TUIOCKOCTH, JIY4U TPU TMOCTPOSHUH U300paKCHHI C TOMOIMIBIO: a)
IIJIOCKOTO 3epKaiia, 0) chepuueckoro 3epkaia, B) TOHKOW JTMH3HI.
dopmyna: a) chepuueckoro 3epkaia; 0) TOHKOH JIMH3HI.
[Ipenommsitomuii yroa npu3Msl.
3amaun
Ha kpato GacceiiHa cTOUT uenoBek M HaOJIIOJaeT KaMeHb, Jiexkalui Ha aHe. [ myOuna Oacceiina
paBHa h. Ha kakoMm paccTOSHUM OT TOBEPXHOCTH BOJBI BUIHO HM300paKCHHE KaMHS, €CIH Jyd
3pEHUs COCTABJISET C HOPMaJbIO K TOBEPXHOCTHU BOJIBI YTo 97?
IIpenensHEIH YTOI MOTHOTO OTPAKEHHMs HA TPAHMIE CTEKIIO — KHUAKOCTh paBeH 65 °. Onpenenure
MOKa3aTesb MPeIOMIICHUS KUAKOCTH, €CIIM TOKa3aTelb MPEIOMIICHHUS CTeKIa paBeH 1,5.
Ha crexisHHy0 mpu3My ¢ Opeqowsomum yrioM 55° mamaer myu cBera mop yrimom 30°.
Onpenenuts yroyl OTKIOHEHUS Jyda IPU3MOi, €CIIU MTOKa3aTelb MPEJIOMIICHHS CTEKIa paBeH 1,5.
BerurcnuTe ¥ HaUEPTUTE KOJTMYECTBO M300paKCHUN TOUEYHOTO0 HCTOYHUKA CBETA, €CJIM UCTOUYHUK
HAXOJHUTCS MEXTY JIBYX IUIOCKUX 3epKall, MexXay KoTopsiMu yron 30°,
[Noctpoiite M300paskeHHEe MpeaMeTa OT BBITYKIOTO 3epKajia, €CIH MpeJMEeT HAaXOAUTCS OT BEpIIHHBI
3epKajia Ha pacCTOSHUM: a) MeHbIle (POKYCHOTO PaccTOSHUS, 0) paBHOM (DOKYCHOMY PacCTOSIHHIO, B)
OosbIie (POKYCHOTO pPACcCTOSIHUS, HO MEHBIIIE Paiyca KPUBHU3HBI, T) PABHOM PaJUyCy KPHUBU3HBI, 1)
Oonblie pagyca KpuBH3HBL. OXapakTepu3yiTe N300pakeHne B KKIOM CITydae.
Heo6xoauMo M3roTOBUTH TIIOCKO-BBIMYKIIYIO JIMH3Y C ONTHYECKoM cuioit 4 amntp. OmnpenenuTh
paanyc KPUBHU3HBI BBIMTYKJIONW MOBEPXHOCTH JIMH3BI, €CITU TOKa3aTeNb MPEIOMIICHUs MaTepuaia
JIUH3bI paBeH 1,6.
3a1auu Uil CaMOCTOSITEIbHOTO PEIICHUS

Ha mocKomapanmienbHylo CTEKISHHYIO TUIACTHHY TOMIMHON 5 ¢M mamaeT Tyd ceera mox yriaom 30 .
Berunciimre 60k0BOe CMEIIEHHE S JTyda, TMPOIIEIIIEro CKBo3b ATy macTuHy. [lokazarens npenomieHus
crekna 1,5.
JIyd cBera BBIXOJMT M3 CTEKJIA B BO3AYX. BhIUMCINTE CKOPOCTh CBETA B CTEKIIE, €CIIU MPEIEIIbHBIN Yo
TIOJTHOTO BHYTPEHHETO OTpakeHns paBes 420,
Jlyu cBera BBIXOIUT M3 CTEKISIHHOW Mpu3Mbl (N = 1,5) mox TeM e yriioMm, 4TO U MajaeT Ha Heé.
OnpeenuTh yron OTKIOHEHHS Tyda IIPH3MOi, el e TpeoMiIstonHii yrom 60° .
[Toctpoiite n300pakeHHe TOYEYHOTO HCTOYHHMKA CBETAa B JABYX IUIOCKHX 3epKaliaX, €Clid YToJ
Mexay HuMmH paBeH 120°, 90°, 72°, 60°, 45°. Ckonbko n300paxeHui moryqaeTcs?
Bornyroe cdeprdeckoe 3epkano uMeeT paanyc KpuBm3HbI R=45 cu. PaccrosiHue ot mpeaMera, BbICOTa
KOTOpOTro 3 M, 710 9TOTO 3epKajia paBHO JBYM paanycam KpuBU3HBL [locTpoiite n3o0pakeHre npeamera
M BBMUCIHUTE: a) (OKYCHOE pacCTOsiHUE, O) TIOJNIOKEHHE W300paKeHWsl TMPEAMETa, B) YBEIMUYCHHE
m3o0paxkeHus. Kakoe momydmnoch M300pakeHWE: YBEIMUEHHOE WM YMEHBIICHHOE, MpSMOE WU
MIEPEBEPHYTOE, IEHCTBUTEIILHOE WITM MHAMOE?
JIBosikoBBIMTYyKIast AuH3a U3 cTekna (Ne = 1,5) obmamaer ontuyeckoit cumoit 4 notp. Ilpu eé
MOTPYXEHUU B KUAKOCTh (Nx = 1,7) nuH3a nelcTByeT Kak pacceuBaromas. Omnpenenuts: 1)
ONTUYECKYIO CUJIY JIMH3Bl B KUAKOCTU, 2) (DOKYCHOE pAaCCTOSHHE JIMH3BI B JKUIKOCTH, 3)
MOJIOXKEHNE N300paKCHUS TOUKH, HAXO/ISIIEHCS Ha TJIaBHON ONTHYECKOM OCH HA PACCTOSTHUH TPEX
(hOKYCOB OT JTMH3BI JIJIs CITy4aeB JIMH3BI B BO3YXE U B )KUIKOCTH, TOCTPOUTH ITH U300paKEHUSI.

3auamusa Ne 12
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Tema: OcHOBBI (pOTOMETPUH
Bonpocsl

OcHOBHbBIE TIOHATHS (POTOMETPHH.

OCBeIIEHHOCTh OT TOYEYHOT'O UCTOYHHKA.

3axoH Jlambepra.

OcBeleHHOCTh H300paKeHus, 1aBaeMOT0 JIMH30M.

3agaun
ToueuyHbIil H30TPOMHBIN UCTOYHUK MCIYCKaeT CBETOBOW MOTOK @ = 10 1M ¢ JIMHOM BOJHBI A =
0,59 mxm. Hailtu amMmiuuTynHbple 3HAU€HUs HAIPSHKEHHOCTEM 3JIEKTPUYECKOIO0 U MarHUTHOIO
T0JIeH ATOr0 CBETOBOIO MOTOKA HA pacCcTOSIHUM T = 1,0 M OT HCTOYHHUKA.
JIaMOepTOBCKMII MCTOYHUK MMEET BHJ OECKOHEYHOH rmiockocTtd. Ero sipkocts paBHa L. Haiitu
OCBEILEHHOCTD IUIOLIA/IKH, PACTIOI0KEHHON MapauieIbHO JaHHOMY UCTOUHHUKY.
Ha Beicore h = 1,0 M Hax meHTpoM Kpyriioro crona paguyca R = 1,0 M moaBemieH TOYECUHBIH
HCTOYHUK, CHJIa CBETa KOTOporo | Tak 3aBUCUT OT HaIpaBJICHHUS, YTO OCBEUICHHOCTh BCEX TOUEK
CToNa oOKas3bpiBaeTcsi paBHOMepHO#. Haiitm Buny ¢ynkumm 1(3), rme 9§ — yrom wMexmy
HaMpaBJICHUEM H3JIy4E€HHUs U BEPTUKAIIbIO, a TaKXKe CBETOBOW MOTOK, MAJArOIIUNA Ha CTOJ, €CIU
1(0) = lo =100 k1.
Haiitu ¢ moMonipro KpuBOK OTHOCUTENIBHONM CIIEKTPAIIBHOM YyBCTBUTEIBHOCTH IJ1a3a:
a) OTOK PHEPrUH, COOTBETCTBYIOIIUN CBETOBOMY NOTOKY B 1,0 1M ¢ anmuHoi Bosnbl 0,51 u 0,64
MKM; 0) CBETOBOH MOTOK, NMPUXOJSANIUNACA HAa MHTepBa) JIMH BOJaH oT 0,58 mo 0,63 MM, ecnm
COOTBETCTBYIOIIUHN NOTOK 3Hepruun ®, = 4,5 MBt, npudyem nocneanuii pacrnpeneacH paBHOMEPHO
[0 BCEM JJMHAaM BOJH 3TOro uHTepBaia. CuMtarh, 4YTO B JAHHOM CIEKTPAJIbHOM HHTEpBae
¢bynkuus V(M) 3aBUCUT JTUHEWHO OT JUIMHBI BOJHBI.
3a1auu JUisl CAMOCTOSITEIBHOIO PEIICHUS

CBeTUIILHUK M3 MOJIOYHOTO cTekiia nMeeT popmy mapa auamerpom d=20 cm. Cuia cBera [ mapa
paBHa 80 ka. OnpenenuTs NOJHBIN cBeTOBOM NOTOK P, cBeTUMOCTh M U sipKkOoCTh L cBETHIIBHUKA.
CBeTuIbHUK, UMEIOLINI BU paBHOMEPHO cBeTsIelcsa cdeprl paguyca R = 6,0 cm, HaxoauTcs Ha
paccrossuun h = 3,0 M ot mona. SpkocTh cBeTwibHHKA L = 2,0%10% k1i/M? 1 HE 3aBHUCHUT OT
HanpaBiyieHus. HaillTu ocBeIeHHOCTb 110J1a HEMOCPEACTBEHHO MO/l CBETHIIBHUKOM.
Connile, HaxoAsICh BOJIM3H 3€HUTA, CO3/Ia€T Ha TOPU30HTAILHON MMOBEPXHOCTH OCBELIEHHOCTh E =
0,1 Mnx. Inametp ComnHiia BusieH oA yriiom o=32'. Onpenenuts BuauMyto sipkocts L ComnHiia.
OcgeneHHOCTh E MOBEpXHOCTH, MOKPHITON ciioeM caxku, paBHa 150 5k, spkocth L onnHakoBa BO
BCeX HANpaBJIEHHUAX U paBHA 1 Ki/M2. OnpenennTs K09GGUIHEHT OTPAKEHHUS p CAXKN.
Haiitu cpeaHioro ocBelIEHHOCTh 00JIydaeMOi YacTH HEMpO3padyHoil cepbl, eciu Ha Hee MajaeT:
a) mapajuielIbHbId CBETOBOM MOTOK, CO3/AIOIIUI B TOYKE HOPMAJIBHOTO MAaJEHMSI OCBELIEHHOCTD
Eo; 6) cBeT OT TOYEYHOT0 U30TPOIMHOTO UCTOYHHUKA, HaxoAasmerocs Ha paccrosHuu 1 = 100 cM ot
nentpa cdepsl. Paguyc chepst R = 60 cm u cuna ceera [ = 36 k.

3anamua Ne 13
Tema: OCHOBBI KBAHTOBOM ONITUKH
Bomnpocsl

[ToHsATHE TETUIOBOTO MU3ITyYCHUS
CriexTpasnbHas MIOTHOCTh SHEPTETUYECKONW CBETUMOCTH, CyMMapHasi JHEPTreTHUeCcKasi CBETUMOCTb
(u3nmyvaTtenpHas ClIOCOOHOCTh) Tela
3axon Kupxroga
[IpencraBnenne o GporoHe: a) aHeprus (runoresa [1nanka), 6) Macca, B) UMITYIIbC
®opwmyna [1anka 171s TEIIOBOTO U3Ty4eHUs
DHepreTuyeckas CBETUMOCTb TBEPJIOTO Tela, 3akoH Credana-bonbiMana
3akoH cMmemenns Buna
[Tonsatus porospdexra, BHemHero porodddexra
3axonbl CrosieToBa Ji1s BHeIIHero GoTtosddexra

10 VYpaBHenue DiHIITEHHA U1 01HO(POTOHHOTO BHEIIHETO (poTorhdeKrTa, KpacHas TpaHHIIA
11. JIaByiieHne cBeTa MpU HOPMAIBHOM TaJICHUU HA TIOBEPXHOCTH
12. Komnronosckuit cisur (3¢ dext Komnrona)
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3amaun
Nznyuenne CoiyHIIA MO CBOEMY CIEKTPAJIBHOMY COCTaBY OJIM3KO K H3JIYUYCHHIO aOCOIFOTHO

YEPHOIo TeJa, JIi KOTOPOTr0 MaKCHUMYM CIEKTPaJbHOM MJIOTHOCTH IHEPreTUYECKON CBETUMOCTHU
npuxoautcs Ha qiuHy BosHbI 0,48 mxM. Haiitu: a) temmeparypy moBepxHocTu ConHia, 0)
SHEpruio, repsemyro CoJaHIEM Ha u3iaydeHue B TeueHue 10 MuH; B) Maccy, TEpSEMYIO 3a 3TO Ke
BpeMs; T) Bpemsl, 3a kotopoe Macca ConHila ymeHbIuTes Ha 1%.

DHepreTHyeckas CBETUMOCTh abComoTHO uepHoro Tema 1,310 Br/m%. Onpemenuts mmuny
BOJIHBI, OTBEYAIOIYI0 MAKCUMYMY CHEKTPAJIbHOMN MJIOTHOCTH YHEPreTUYECKON CBETUMOCTH 3TOTO
Tena.

KanueBblii KaTo1 OCBENIAETCA MOHOXPOMATHYECKUM CBETOM JJIMHOWU BOIHBI 400 HM. OnpenenuTb
HauMEHBIIIEE 3aJeP)KUBAIOIIEE HAMPSHKCHHE MEXKIY KaTOJOM W aHOJOM IPU KOTOPOM (OTOTOK
npekpamaercs. Pabora Berxoza poTO3IEKTPOHOB C MOBEPXHOCTH Kaus paBHa 2,2 3B.
Onpenenuth KpacHyo rpanuny ¢orodddekra s OUHKA W MaKCUMalIbHYIHO CKOPOCTH
(OTORJIEKTPOHOB, BBIPHIBAEMBIX C €0 MOBEPXHOCTH AJIEKTPOMATHUTHBIM M3ITYYEHHUEM C JITTMHON
BOJIHBI 250 HM.

JlaBiieHre MOHOXPOMATHUYECKOTo cBeTa IIMHOU BoJMHBI 600 HM Ha 3a4epHEHHYIO MMOBEPXHOCTD,
PaACIOJIOKEHHYIO TIEPICHANKYIIAPHO ManarieMy usnydenuto, pano 0,1 mxlla. Onpenenure: a)
KOHIIEHTpalKIo (POTOHOB B MaaroIieM Mmydke cBeTa; 0) yucio (OTOHOB, MAJAIONINX €KECEKYHIHO
Ha | M? TOBEPXHOCTH.

®OTOH ¢ UIMHOH BONHBI 5 TIIM HCIBITal KOMITOHOBCKOE paccesHme mon yriom 90° mHa
MEePBOHAYAIILHO MMOKOUBILIEMCS CBOOOTHOM 3JieKTpoHe. OmnpenenuTte: a) N3BMEHEHHE JUTMH BOJIHBI
(dboToHa npu paccesHuu; 0) YHEPTUIO OTJAUH IEKTPOHA; B) UMITYJILC OTJAUH JIEKTPOHA.

3a1auu JUIsi cCaMOCTOSTENbHOTO PEeIICHUS
BcenenctBue u3MeHeHHs TemmepaTypbl YEpHOTO Tela MAaKCUMYM CHEKTPaJbHOM IJIOTHOCTH
SHEPreTHYECKONH CBETHUMOCTH CMECTHJICA B CIIEKTPE TEIUIOBOTO M3JIYYEHHUs C JUIMHBI BOJHBI 2,4
MKM 710 0,8 MkM. Kak 1 BO CKOJIBKO pa3 U3MEHWINCh: a) CyMMapHasi SHepreTuieckasi CBETUMOCTh
Tena; 0) MakCUMallbHas CIIEKTpalibHas TUIOTHOCTh YHEPTeTUYECKON CBETUMOCTH?
Nwmeetcs nBa aOCOJIIOTHO YEpHBIX MCTOYHUKA TEIUIOBOTO M3Iy4deHHs. TemmepaTypa OJHOTO W3
Hux Ti1= 2500 K. Haiftu Temneparypy Ipyroro MCTOYHHMKA, €CIH JJIMHA BOJHBI, OTBEYAOIAs
MaKCUMyMy €ro CHEKTPaJIbHOM IUIOTHOCTH SHEPTreTHYecKoi cBeTuMocTH, Ha AL = 0,50 MkMm
0ojbllle  JUIMHBI ~ BOJHBI, COOTBETCTBYIOIIEH  MAaKCUMyMy  CIEKTPalIbHOW  IUIOTHOCTH
SHEPreTHYECKON CBETUMOCTH MEPBOr0 UCTOYHHKA.
ITpu moouepeHOM OCBEIIEHHH MOBEPXHOCTH HEKOTOPOTO METajlla CBETOM C JUIMHAMH BOJIH A1 =
0,35 MM u A1 = 0,54 MKM OOHApYXHJIM, YTO COOTBETCTBYIOIINE MAaKCHUMAaJIbHBIE CKOPOCTH
(OTO3IEKTPOHOB OTIMYAIOTCS Apyr oT Apyra B m = 2,0 paza. Haiitu pabory BbIXOAa ¢
MMOBEPXHOCTH ATOr0 METaJIa.
byner nm Habmonatbes ¢GoTtodddexT, ecnu  Ha OBEPXHOCTh cepedpa  HampaBUTh
yIbTpauOIETOBOE U3TyUeHUe ¢ JUIMHON BOJIHBI 300 HM?
JlaBjieHrE MOHOXPOMATHYECKOro cBeTa JIMHOW BOJHBI 500 HM Ha 3auepHEHHYIO NTOBEPXHOCTH,
PAacIoONIOKEHHYIO TEPIEHANKYISPHO MajaaroneMy uzinydenuto, paHo 0,15 mxlla. Onpenenure
uncio OTOHOB, AJAIOMIMX HA TTOBEPXHOCTH MLIoMmaabio 40 cM?3a 1 ¢
®oron c¢ sHepruedt 1,025 M»>B paccessics Ha mNepBOHAYalIbHO MOKOMBIIEMCS CBOOOJAHOM
anekTpoHe. Omnpenenure yrosi paccesHuss (POTOHA, €caM JIMHA BOJHBI PaccestHHOro (oToHa
OKa3aJlach paBHOM KOMIITOHOBCKOM JUIMHE BOJIHBI 2,43 M.

3anamue Ne 14
Tembl: KopmycKyJIsipHO-BOJIHOBOM yaJIu3M.
Ypasuenue lllpénunrepa u ero pemenue
Bomnpocset
I'mnoresa Jlyn ne bpouns.
JlnuHa BoJiHbI e Bpoiis pensiTUBUCTCKON YacTULIBI
I'pynnoBast ckopocTs BOJIHBL A¢ bponis
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CootHouienus: HeonpeaenéHuocrel I eitzendepra
CranuonapHoe ypasHenue [lIpeaunrepa.
OOuwmii BUJ BOJTHOBOW (DyHKIIUU
YcnoBre HOPMUPOBKH BOJTHOBON (DYHKITUH.
3anaun

Boruncnuth neOpoiifieBckue AMUHBL BOJH 3JIEKTPOHA, INPOTOHA M aToMa ypaHa, HMEIOIIUX
OJIMHAKOBYIO KHHETUUYeCKYto sHepruto 100 3B.
3apsikeHHas 4acTulla, YCKOpEHHasi pa3HoOCThio noreHimaioB 500 B, umeer qiuHy BOJHBI 1€
Bpoiins 1,282 M. Cuunras 3apsj1i 3TOM 4aCTULIBI paBHBIM 3apsily 3JIEKTPOHA, OTPEICIHUT €€ Maccy.
JlnuHa BoJIHBI (DOTOHA, KOTOPBIM HCHyIieH aromMoMm, paBHa 0,6 Mkm. IlpuHMMAas BpeMs >KU3HHU
aToMa B BO30YXIEHHOM cocTosHMM paBHbIM 10 ¢, ompemenuts oTHOWIEHHE ecTecTBEHHOI
UIMPUHBI SHEPreTHYEeCKOro YypOBHS, Ha KOTOPOM ObLI BO30YXIEH DJEKTPOH, K H3TydaeMou
SHEPrUHu.
DNEeKTpoH ¢ KHuHeTHYeckou sHepruein T =~ 4 5B nokanuzoBan B obinactu pazmepom | = 1 Mkwm.
OueHuTh ¢ NOMOIIbIO COOTHOIIEHHS HEOINPEAEICHHOCTEH OTHOCUTEIbHYIO HEOINpEAeIEHHOCTD
€ro CKOpPOCTH.
BonHoBas GyHKIMS HEKOTOPOIi yacTullbl umMeeT BuI y = Aexp(-r/a), rme A 1 @ — KOHCTaHTHI, I —
paccTosiHuE YacTULbl OT CHIIOBOro LeHTpa. Hailtu Hanbosiee BEpOATHOE pACCTOSHUE Ipep YACTHIIBI
OT LIEHTpA.
YacTuna Macchl m JBHKETCS B OJHOMEPHOM ToTeHIuansHoM noie U = kx?/2 (rapMoHMYeCKHit
ocuuuATop). OLEHUTh MUHUMATBHO BO3MOKHYIO DHEPTHIO YaCTHUIIBI B TAKOM IIOJI€.

3ajiauu JUIsl CAaMOCTOSATEIBHOTO PEIICHHUS
Kunernueckas sHeprus anexkrpona pasia 0,6 MaB. Onpenenute ero juiMHy BOJIHBI 1e bpoits.
Onpenenuts IIMHY BOJIHBI A€ Bpoiiis, XapakTepHu3yollyl0 BOJIHOBbIE CBOMCTBA aToMa BOJIOPOAA,
KOTOPBIA JBUIKETCA CO CKOPOCTBIO, PABHOM CpEJHEN KBaJpaTUYHOU CKOPOCTH IpPU TeMIlepaType
17 °C.
Bocnonb30BaBIIMCh COOTHOLICHHEM HEONPEAENEHHOCTEH, OLEHUTE pa3MBITOCTh (IIMPHUHY)
SHEPreTUYECKOro YpPOBHS aTOMa BOJOpPOJa B COCTOSIHUHU: a) OCHOBHOM; 0) BO30YXIEHHOM CO
BpemeneM xu3nu 108 c.
OneHuTh € TIOMOIIbIO COOTHOIICHHS HEONpPEAEICHHOCTEH MHHUMAIbHYI0 KHHETHYECKYIO
SHEPTHIO AIEKTPOHA, JTIOKATU30BaHHOTO B 061acT pazmMepom | = 0,20 HM.
Yactuna HaxoAuTCs B JABYMEPHOHW NPSIMOYTOJIBHOM TOTEHIHAIbHOM sIME€ C aOCOJIOTHO
HenponunaemMbiMu cteHkaMu (0 < x < a, 0 <y < b). Onpenenutb BEpOSTHOCTh HAXOXKIACHUS
YaCTHIIbI C HAUMEHBIIIEH dHeprueit B obmactu 0 < x < a/3.
Yacrtuia HaxoauTcsi B OECKOHEYHO TIIYOOKOH OJIHOMEpPHOW TMOTEHIMAIbHOHN siMe MIMPHHOH | Ha
BTOPOM SHEPreTH4YeCKOM YpOBHE. B Kakux TOUYKax sIMbl IJIOTHOCTb BEPOSTHOCTH OOHAPYKEHUS
YaCTHUIbI COBIAJIAET C KJIACCUYECKOMN MIIOTHOCTHIO BEPOSTHOCTHU?

3anamue No 15
Tema: ®u3nka aroma
Bonpocsr
Mopenu aroma BOAOPOa, UX HECOOTBETCTBUE OIBITHBIM JJaHHBIM
OcHoBbl Teopuu bopa, e€ HenocTaTkn
KoadduuneHTs! npo3padHOCTH U OTPaKEHUS TOTEHIIUAIBHOTO Oapbepa.
Pemenne ypaBnenus Llpenunrepa muis atoma Bogopoaa. @u3nyecknili CMbICT KBAHTOBBIX YHCEIL.
CrnuH 251eKTpoHa.
[Ipunnnn 3anpera [laynu. Ileprognyeckast cucteMa XUMUYECKHAX DJIEMEHTOB.
CrieKkTpanbHbIE TEPMBI.
[IpaBuna Xynaa.
MexaHnyeckuii MOMEHT aToMa.
MarsHuTHbII1 MOMEHT aTOMa.
[IpaBuna orbopa

3amaun
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Kakoii cepuu NpHHAUICKHUT CHEKTpalbHAas JHHUS aTOMApHOTO BOAOPOJAA, BOJHOBOE YHCIIO
KOTOpPOM paBHO Pa3HOCTH BOJIHOBBIX YMCEN CIEAYIONIMX NBYX JUHUN cepun banbmepa: 486,1 u
410,2 am? KakoBa jj1vHa BOJHBI TOH JUHUH?
Onpenenuts AJMHBI BOJIH CHEKTPAJbHBIX JUHUM, BO3HUKAIOIIUX MPHU MEPexojie BO30YKIEHHBIX
aTOMOB JIUTHS U3 COCTOSIHUA 3S B OCHOBHOE cocTosiHue 2S. Punbeprosckue nonpasku uis S- u P-
TepMoB paBHbI -0,41 u -0,04.
Hammcars ¢ nomMompro mnpaBwil XyHJa CHEKTPaJIbHBIA CHUMBOJI OCHOBHOIO TEpMa aroma,
€IMHCTBEHHAs He3aloJIHEeHHas 1MoA000JI04Ka KOTOpOro 3anoiHeHa: a) Ha 1/3, u S = 1; 6) na 70%,
usS=3/2.
HaiiTn MmakcuManbHO BO3MOXHBIN MOJIHBIM MEXaHUYECKUIl MOMEHT U CIIEKTpalibHOE 0003HAYCHHE
TEpPMa aToMa: a) HaTpHUs, BAJICHTHBINA 3JIEKTPOH KOTOPOTO MMEET INIABHOE KBAHTOBOE 4MCiO N = 4,
6) ¢ IeKTpOHHOI KoHpurypanuei 1s22p3d
VY aroma kakoro sneMenTa 3anosHess K-, L- 1 M-060m10uku, 4S-mogo60104ka 1 HaloJI0BUHY 4p-
o0osiouka?

3ajiauu JUIsl CAaMOCTOSATEIBHOTO PEeIICHUs
Kakue nuHUM cOAEepKUT CHEKTpP MOTJIOLIEHUS aTOMApHOTO BOJOPO/Ia B JAMUAIa30HE JJIMH BOJH OT
94,5 no 130,0 am?
Halitu KBaHTOBOE YKMCIIO N, COOTBETCTBYIOIIEE BO30YXKIEHHOMY COCTOsIHMIO MoHa He™, ecin npu
Nepexojic B OCHOBHOE COCTOSIHUE 3TOT MOH HCITyCTHJI MOCIIEI0BATEIbHO ABa (OTOHA C JUIMHAMH
BoaH 108,5 u 30,4 uMm.
Onpenenutp SHEPrUIO 3JIEKTPOHA aTOMa BOJOPOJA B CTALIMOHAPHOM COCTOSIHMH, AJII KOTOPOIO
BostHOBas GyHKius Y(r)=A(l+ar)e™, rae A, a 1 o0 — HEKOTOPbIE TTOCTOSIHHBIE.
Haiitu sHepruro cBs3M JIEKTPOHA B OCHOBHOM COCTOSTHMH BOJOPOONOJOOHBIX HOHOB, B CIIEKTPE
KOTOPBIX JJIMHA BOJHBI TpeThel uHuu cepun bansmepa pasHa 108,5 Hm.
OHeprus CBSI3M BaJEHTHOIO »3JIEKTPOHAa aroMa JuTUS B cocrosHusx 2S u 2P paBHa
COOTBETCTBEHHO 5,39 u 3,54 »B. Boruncnuth pundeproBckue momnpasku s S- U P-tepMoB 3Toro
aToMa.
VYCTaHOBUTh, Kakue U3  HIDKCNEPEUUCIICHHBIX  IEepexXoJ0B  3alpelieHbl  MpaBUJIaMH
ot6opa: D32 — 2Pz, 3P1 — 2Sup2, 3F3 — 3P, *Fri2 — “Dsp.
ATOM HaxoIUTCS B COCTOSHUU, MYJIBTHILUIETHOCTh KOTOPOTO paBHA 3, a MOJIHBIM MeXaHYeCKHi
momeHT hV3. KakoBbI 3HAUEHHS €r0 OPOHTATEHOTO KBAHTOBOTO JHCIA?

3anamue Ne 16
Tewma: Sinepuas ¢pusuka
Bonpocsl
Uewm otnuyarcs siapa-u300apsl OT SAEP-U30TOMOB?
3aKoH paMOaKTUBHOIO pacnaaa
[TocrosiHHas pacnaza v nepuoj noiypacnaja
Tumnel pannoakTUBHOTO pacmaia, MpaBUiia CMELICHHS
[ToueMy NPOYHOCTH /1€ YMEHBIIAECTCS Y TAKEIBIX JIEMEHTOB?
ITon neficTBHMEM KaKMX 4YacTHUIl — ajb(a-4acTUI[ MM HEUTPOHOB — sJEpHBIE peakuuu Ooisee
s¢dexkTuBHbI (U MoUeMy)?
3aKOHBI COXPAaHEHUS B AJICPHBIX PEaKIUIX
KakoB xapakTep LEMHOW peakiiu aeieHus, eciu : a) K> 1; 0) k =1; B) k < 1?
3ajauu

VICKyCCTBEHHO TIONYYeHHBIH pPaIMOAKTUBHEI M30TON Kamblus “°0Ca  HMeeT Tepuon
noJrypacraza, paBHelii 164 cyrkam. HaliTu akTHBHOCTB | MKT 3TOTrO npemnapara.
Beruuciuts Maccy (B a. €. M.): a) atoma Li-8, sHeprus cBsi3u siipa kotoporo 41,3 MsB; 6) sapa C-
10, y xoTOpOTO 3HEprus CBA3M Ha OJIMH HYKJIOH paBHa 6,04 M»B.
OnpezenuTe MUHIMATbHYIO SHEPTHIO, HEOOXOIMMYIO JUIS pasaelenus sapa yriepona %6C na tpu
OJIMHAKOBBIX YacTUIbl. Macca simpa yraepoma mc = 11,9967a.e.m, macca siapa Teauss Mue =
4,0015a.e.m, (1 a.e.m = 1,66 -107?" kr, ckopocTs cBeta ¢ = 3-10% m/c, 1 MaB = 1,6 10723 [Tx).
OTBeT npeAcTaBbTE B MEradIeKTPOHBOIBTAX U OKPYIIIUTE IO AECATHIX.
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Haiiute sHepruio, 0cBo60XKAAIONIYIOCS TPy saepHoi peakuuu >7Li + 11H — %He +2%He .
Kakue u3 Hikecae1yrommx IpoIecCcoB 3alpelieHbl 3aKOHOM COXpaHEeHHsI ISNITOHHOTO 3aps/ia:
Dn—opte+v;
Dat - pu +e+et;
T - tv,
4)p+e —>n+v;
S)ut —>e"+vtv;
K > +v?

3ajauu JUIsl CAaMOCTOSTEIBLHOTO PEIICHUS
Kaxkas gyacte aroM0B pagrnoakTuBHOro kobdansra 58 27 Co pacnamaercs 3a 20 CyTOK, €ClId epUO.
noytypacnajaa paBeH 72 cyrkam?
BrruuciuTh KHHETHYECKHUE YHEPTUH TIPOTOHOB, UMITYJIBCHI KOTOpbIX paBHbI 0,10, 1,0 u 10 I'3B/c,
I'Jle ¢ — CKOpOCTb CBETA.
BEIUMCIIUTE SHEPTHIO, HEOOXOMUMYI0 1T pasaenenus sapa Ne? ma gse a-gactuimr u sapo C*2,
€CIIM WM3BECTHO, YTO SHEPrMM CBS3M Ha oguH HykinoH B sagpax Ne?®, He*wm C!? papm
cootBeTcTBeHHO 8,03, 7,07 1 7,68 M»>B.
Haiitn 4nciio HEMTPOHOB, BOSHUKAIOIIMX B €IMHUIY BPEMEHU B YPAHOBOM PEAKTOPE, TEIUIOBAs
MOIIHOCTHh kKoToporo 100 MBT, ecinu cpeanee 4ucio HEUTPOHOB HA KaXKABIA aKT JEJICHHS PaBHO
2,5. Cuurath, 4TO MPHU KAXKIOM JIeJIeHUU ocBoOOkaaercs saueprust 200 M»B.
Cuuras, 4To B 0JJHOM akTe AeneHus sapa U-235 ocoboxaaercs sneprus 200 MaB, onpenenuts:
a) DHEPrUI0, BBIICISAIONIYIOCS TPU CrOpaHUWU OJHOTO Kuiorpamma uizorona U-235, u maccy
KaMEHHOTO YTJsi C TemIoTBOpHOW cmocoOHOCThi0 30 KJDK/T, SKBHBAJIEHTHYIO B TEILIOBOM
OTHOWIEHNH oxHOoMYy Kmiorpammy U-235; 6) maccy mzortoma U-235, monaBepriierocst JEJICHHIO
IpU B3PbIBE aTOMHOW OOMOBI C TPOTHJIOBBIM HKBHBaJleHTOM 30 KHUJIOTOHH, €CJIHM TEIJIOBOM
SKBUBAJICHT TpoTmia paBeH 4,1 k/x/r.
Hanummre nHegocraromiye 06003HaueHUS B CIEAYIOMINX SIIEPHBIX PEaAKIIUAX
1) 2713Al +1on — 2 + % He ;
2)%C+4H - ¥C+?;
3) 2 + 41H — ?%;3Na + %He ;
4) SsMn +? — ®xFe +1on;
5) 2713Al + 7 — %°1o,Mg + 2.

JlabopaTopHble 3aHATHS

3 cemecT

Mexanuka
JlaGoparopnas pabota Ne 1: U3mepeHue MJIOTHOCTH TBEPAOTO Tesla
Llenu paboTbl:
N3y4uuTh ycTpOWCTBO IITAHT€HLUUPKYJS M HAYYUTHCS U3MEPATH JIMHEHWHBIE pa3Mephl TENNa C €ro
MTOMOLIBIO.
N3yunth ycTpOMCTBO MHUKpPOMETpa M HAyYUTHCS M3MEPATH JHMHEWHBIE pa3Mepbl Tejla C €ro
MTOMOIIBIO.
W3yunth npaBuia Mojab30BaHUS IJIEKTPOHHBIMU BECAMU U HAyUUTBHCS U3MEPATH MAccy Tel C UX
MTOMOIIBIO.
BbruMcauTh MIOTHOCTH OJHOPOIHOTO TBEPAOTO TENA.
N3yunth TexHosoruio oOpaOOTKM pe3ylbTaTOB W3MEpPEHUH, BBIMOJHEHHBIX MPU OJMHAKOBBIX
HAYaJIbHBIX YCIOBHSIX.
[TprOopb! ¥ NPUHAAIEKHOCTH:

AJIEKTPOHHBIE BECHI, IITAHIE€HIIMPKYJIb, MUKPOMETP, OJHOPOIHOE TBEPAOE TEIIO.

KoHTpoJIbHBIE BOIPOCHL:
Uro Takoe MIoTHOCTH BemecTBa? B ueM ee puznueckuii cMbici?




e Uro xapakTepusyeT INIOTHOCTh. CBOMCTBO TeJIa WM CBOMCTBA BEIleCTBA?

e Kak n3MeHseTcs IIOTHOCTh TeJa MPU U3MEHEHUH TeMIepaTyphl?

e Kak y3HaTh €cTb M B OTIMBKE BHYTPEHHHE IIyCTOTHI (PAKOBMHBI), €CJIM U3BECTEH MaTepual, U3
KaKoro OHa M3roToBJieHa?

e BeiBenute pacuéTHyro GOpMyIly JUIsl BHIYUCIEHUS IUIOTHOCTH Tea.

e Kakue m3MepeHusi Ha3bIBAIOT: a) MPSAMBIMH; ©) KOCBeHHbIMH? Kakue BETMUYMHBI SIBISIOTCS
NPSIMBIMH U3MEPEHUSIMU B pacyeTHO# popmyrne?

e Onwumute X0 paboTHI.

e CKOJBKO HAIO CAENaTh OIBITOB IPH OJUHAKOBBIX HAaYaJbHBIX YCIOBUAX, YTOOBI HAJEKHOCTb
npsaMbIx u3mepenuit 6s1a 80 %, 90 % ?

e Kaxk nonp30BaThCsi MUKPOMETPOM, IITAHI€HLIIUPKYJIEM, BECAMU?

e KakoBsI /U151 3TUX PHOOPOB: a) IpeAesbl U3MEPEHHt; 0) LeHa JIeIEHUs; B) OTPEIIHOCTh OTCYETa;
I') IOTPELIHOCTh Tprbdopa?

e Kak 11 npsAMBIX M3MEPEHHH BBIYMCIMTH: ) CUCTEMAaTHUYECKYIO IMOTPEIIHOCTh; 0) ciydaiHyro
MOTPEIIHOCTH; B) a0COIOTHYIO OTPEIIHOCTh; OTHOCUTENIbHYIO MOTPEUTHOCTH?

e Yro sABISETCA UCTOUHUKOM CUCTEMATHUECKUX U CIyYaiHbIX NOIPEIIHOCTEN?

[louemy oOTHOCUTENBHAs MOTPEIIHOCTh JIyUIlEe XapaKTepu3yeT KauecTBO H3MEpPEHUH, ueM

abcomoTtHas? [Ipumepsl.

Urto Ha3BIBAIOT CTAaHAAPTHON (HOPMOI 3aITUCH TPUOIMKEHHOTO Yrcia?

Uro Ha3biBaroT 3Havamel mudpoii? Kakue mudpsl 3navgamue B uncie: 0,352; 5,60; 23,107

KaxoBbl mpaBuia okpyrieHus Ipu BeIYUCIEHUN norpemHocteii? [IpuBectu npumepsl.

Kakne nn¢psl Ha3bIBalOT BEpPHBIMU B MPUOIIKEHHOM YHCIIEe, Kakue COMHUTENbHBIMU? Kak (1o

KaKOMY KPUTEPHIO) OKPYTJIUTh CPEHEE 3HAUEHUE MPSIMOT0 MJIM KOCBEHHOTO U3MEPEHUs?

e 3amummre (HopMyibl, HEOOXOAMMBIE JJIsi BBHIYUCICHHS MOTPENIHOCTEH KOCBEHHOTO H3MEpPEHHS
(IJIOTHOCTH) 11O TEXHOJIOTUY MPOBEACHUS OBITOB MPU OJIMHAKOBBIX YCIOBHSIX.

e B kakom BHJIe cleyeT 3anucarh JOBEPUTEIbHbIN HHTEpBaJl 3HAUEHNH KOCBEHHOT'O U3MEPEHUs?

e UYro Ha3bIBAIOT JOBEPUTEILHBIM MHTEPBAJIOM 3HAUYEHUI MPSIMOrO MM KOCBEHHOTO M3MepeHHs?
Uro o3HauaeT Takas 3amuck: p = 2,6 0,3 (2/cn®) ?

e Kakne ommbOku JOITYIICHBI B CJ'ICI[YI'OH_[eﬁ 3aIllMCH KOHCYHOTO PE3yJIbTaTa U3MCPCHUA 00BéMa:
V =2,317+0,1482(cx* )?

JlaGopaTtopHnast pabota Ne 6: U3MepeHne CKOPOCTH MYJIM METOIOM OA/LUINCTHYECKOT0 MAITHUKA
Lenun paGoThi:

N3yunth puznyeckne 0OCHOBBI METO/1a OAITUCTUYECKOTO MAasTHHKA.

BbI4cIuTh CKOPOCTH MyJIM METOIOM OATUCTHYECKOTO MasiTHUKA.

N3yunTh npaBuia noJib30BaHUs CEKYHIOMEPOM.

M3yunTh TEXHONOTHIO OOpabOTKM pEe3ylbTaTOB W3MEPEHUH, BBIMOJHEHHBIX TMPU Pa3HBIX

Ha4YaJIbHBIX YCJIOBUAX.

Awnh e

[TpuGOpPBI ¥ MPUHAIIIECKHOCTH:
CTallMOHApHAsl YCTAHOBKAa C OaJTUCTHUECKUM MAasTHUKOM, OTCUETHBIM YCTPONCTBOM (JIMHEWKa ¢
IUTAHKOM) M THEBMAaTHYECKOH BHHTOBKOW; IyJs A CTPeNbObl M3 IHEBMAaTHYECKOH BHHTOBKH;
3JIEKTPOHHBIE BECHI; CEKYHIIOMED.

KoHTpoJsibHBIE BOITPOCHL:

e CdhopmynupyiiTe 3aKOH COXPaHECHUS UMITYJICA MEXaHUIECKOM CUCTEMBI.

o CdhopmynupyiiTe 3aKOH COXpPaHEHUS MEXaHUYECKOWU YHEPTHH.

e KakoBBbI yCJIOBHS ISl BRITIOJIHEHHS ATHX 3akoHOB? Kak o0OecrieueHO BBITIOJHEHNUE 3TUX YCIOBUH B
JAHHOM J1abOpaTOpPHOU yCTaHOBKE?

e BriBenute pacuétHyro GopMyITy ISl CKOPOCTH ITYJIH.

e B Gonbiiyro WM MEHbBIIYIO CTOPOHY UCKa3UIICs Obl pe3yIbTaT BBIYUCICHUS CKOPOCTH ITYNIH, €CIH
Obl OHa HE 3acTpsjia B IUNIACTHIIMHE, OTCKOYHIIa?
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OpHa U3 ABYX OJMHAKOBBIX IYJb OTKIIOHSET OAJTUCTHMYECKH MAasSTHUK Ha yroil B JBa pasa
OompImid, ueM Apyras. CpaBHUTE CKOPOCTH ITHX MYIb.

Onwumure X0 paboTHI.

B uém ocoOeHHOCTh TeXHUKHU 0€30MacHOCTH B JaHHOU pabote?

Kak u 17151 uero npoBoAUTCS HACTPOITKa IKCIIEPUMEHTATbHON YCTAHOBKHU MEPE]] BBICTPEIOM?

Ecin ocTtaBidTh myio MOcCie BBICTpENa BHYTPU ILMJIMHAPA, TO MOXHO JHM CUUTATh YCJIOBHUS
MPOBEICHUST TOCIEAYIONUX ONBITOB OAWHAKOBbIMH? Kakas ¢usmueckas BenuuuHa (IpsMoe
M3MEpEHHUE) U3MEHUTCS MTPU MPOBEICHUH MOCIEAYIOIIEro OnbIiTa?

EcTth 11 Hafg&XHOCTH NPSIMBIX W3MEPEHUI, €CIIM OHU MPOBEAEHBI 110 OJHOMY pasy Ulsl JaHHOU
Macchl HWIMHIpA MAasgTHUKA?

Ecnu mpousBoauTh BhICTpen Mo 1 pa3y W Myiro MOCJE BBICTpPENa OCTaBISATh BHYTPHU LUIMHIpA
0aJUTMCTUYECKOTO MasiTHUKA, TO: a) MOKHO JIM HAXOJAUTh CPEJAHHUE 3HAUCHUS MPSAMbBIX U3MEPEHUN;
0) MOKHO 11 (M KaK) HAWTH CpeHee 3HAYCHNE KOCBEHHOTO U3MEpPEHUs (CKOPOCTH TTyJH)?
ChopmynupyiiTe mnpaBuia MOJB30BaHUSA SJICKTPOHHBIMU BecaMu. KakoBbl HX mpeaebl
M3MEpEeHUH, 1IeHa AeNIeHUs IIKaJbl, OTPEIIHOCTh Mpudopa?

ChopmynupyiiTe mpaBuja MOJIb30BaHUS JIAOOPATOPHBIM CEKyHAOMEpOM. KakoBbl €ro mpenemnsl
M3MEpEeHUll Ha HIKaiax, [ieHa JeJIEHUs KaXXI0M1 IIKaJIbl, IOIPEIIHOCTh npudopa?

KaxoBbl ipeienibl H3MEpeHuid, IieHa IeIeHUs IIKalbl, TOTPEIIHOCTh THHEUKH?

B xakom paspsizie JopKHA OBITH MOCHEAHSS M3 3HAYAIUX QP MPH 3aMUCH TPSIMbIX H3MEPEHHIA
KaXXJIbIM U3 3TUX TpuOOpoB?

3anuimute GOpMYIIbl AJs BBIYUCICHHUS CUCTEMAaTHUYECKUX MOTPEIIHOCTEH MPSIMBIX U3MEPEHUH.
Kak BpIMUCIUTD CITy4aiiHyI0 OTPEIIHOCTh KOCBEHHOTO U3MEPEHUsI (CKOPOCTH ITyJn)?

Kak janmsd KOCBEHHOro WM3MEpPEeHHS BBIYMCIUTH: a) OTHOCHUTEIBHYIO CHCTEMATHYECKYIO
MOTPENIHOCTb, 0) CHCTEMATHYECKYIO IOTPEITHOCTH?

Kak nnst KocBEeHHOTO U3MEpPEeHUs B JaHHOW pabOTe BHIYUCIIHUTE: a) aOCOIIIOTHYIO MOTPEIIHOCTD; 0)
OTHOCHUTEJIbHYIO MOIPEUTHOCTh?

Chopmynupyiite mpaBuia OKpyTiIeHUs OTPEIIHOCTEH.

Kakyto mnorpemHocTb KOCBEHHOIO HW3MEPEHHUs HaJ0 3HaTh, YTOOBl OKPYIJIHMTb €ro CpeaHee
3HaueHue? Kak ompenenutb pa3psapl BEpHbIX W COMHMTEIBHOW LMQpP B CpeAHEM 3HAUYECHUU
KOCBEHHOT'O U3MEPEHHUS?

Kak 3anucars 1oBepuTenbHbIA HHTEpBa 3HAUEHUN KOCBEHHOTO U3MEpPEHUs?

KakoBa HaneXHOCTh HalJIEHHOTO JOBEPUTEIHHOrO0 HMHTepBasa? MOXHO 1M yTBEpXKJaTh, UYTO C
YKa3aHHOM BaMHU BEPOSITHOCTBIO MPH HOBOM BBICTpPEJE CKOPOCTH MYJIM MOMAJEeT B HaWJACHHBIN
JIOBEPUTENbHBIN HHTEpBAI?

JlaGopartopHas pabota Ne §: IlpoBepka 3akoHa I'yka u usmepenue moay.as FOunra
Llenu pabotbl:

[TpoBepuTh BBIMOTHUMOCTD 3aKoHa ['yka /i ynpyroi neopmMaivu pacTsHKeHusl.
W3meputs Monyns FOHra marepuaina 3agaHHoro oopasia.
N3yuuts npaBuia nosib30BaHUs HHAMKATOPOM YaCOBOI'O TUIIA.
3aKpenuTh TEXHOJIOTHIO OO0pabOTKH pe3yslbTaTOB HW3MEpPEHUH, BBINOJHEHHBIX MpPHU Pa3HBIX
HAYaJIbHBIX YCIOBHSIX.
[IpnobGpectn  HaBBIK TpadUUYECcKOro  MPEACTABICHUS  SKCIHEPUMEHTAIbHBIX  JaHHBIX H
UCMOJIb30BaHus Tpaduka mpu 00paboTKe pe3ynbTaToB.

[TprOopb! ¥ NPUHAAIEKHOCTH:

IIpOBOJIOKA, TUPU, UHAUKATOP 4aCOBOI'0 TUlla, MUKPOMETP, JIUCT MHJ'IJ'IHMCTpOBOfI 6yMaFI/I, npo3pavuHasd

JINHEWKA.
KoHTpoJsibHBIE BOTPOCHL:
e UYro Ha3bIBaIOT: a) a0COMIOTHOU Aedopmariieii, 6) OTHOCUTENBHOH aedopManueii?
e Cdopmynupyiite 3akoH ['yka.
e Yro Takoe HOpMasbHOE HanpsbkeHue? KakoBa ero equHuIa usMepeHus?
e Yro HazpiBalOT MoayJsieM FOHra? B kakux enuHUIax U3MepsoT?
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Uto Ha3bIBalOT NPEIEIIOM YIPYTOCTH?

Onumure SBIEHUE YIPYTOro rucTepe3uca.

BriBenute pacu€rHyto ¢popmyity it Berauciaenus moayis KOunra.

Onwumure Xox padoTHI.

B 4éM 0coOeHHOCTh TEXHUKH 0€3011acCHOCTH B JaHHOH pabote?

Kak nmoaAroToBUTh J1aO0OpPaTOPHYIO YCTAHOBKY K U3MEPEHUSIM.

C KakuM «1arom» ciielyeT MEHATh 3Hau€HHe MacChl, HEOOXOJUMOH 171 1eopMaliy IPOBOJIOKH
B JIaHHOH paboTe?

UYro cienyer caenaTh ¢ TUPSIMU 110 OKOHYaHUU OIIBITOB?

CdhopmynupyiiTe mnpaBmiia IOJb30BaHUS WMHIUKATOPOM YacoBOro Tuma. KakoBbI Mpenelns
M3MEPEHUH ero MIKaJl, IEeHbI JeICHHs KA, TOTPeIHOCTh Ipudopa’?

Cdhopmynupyiite npaBuiia MoiIb30BaHUS MUKpoMeTpoM. KakoBbI Ipeesibl H3MEpPEHNi ero mikal,
LIEHBI JICJICHHUS IIKAaJl, TOTPEIIHOCTH Mprodopa?

BeiBenute pacuetnyto Gpopmyiny st Moayiis FOHra.

Kakue BenmnuuHbl B pacuétHo ¢opmyne g Monaynas IOHra sBistoTCs  <«IpSAMBIMU
U3MEPEHUAMU»?

B kakom paspsiie HaxoIuTCs MOCeIHss 3HaYamas udpa KaxxI0ro U3 IpsIMbIX H3MEPEHHiA?
Kakue u3 npsMbIX MU3MEpeHUH MEHSIOTCS OT OIbITa K OnbITy? MOMKHO JIM CUMTaTh YCIIOBUS
OTIBITOB OJMHAKOBBIMU?

Kakue mnorpemHocTd NpsMbBIX H3MEPEHUI HET CMbICia BBIYUCIATH IPU Pa3HbIX YCIOBUSX
ONBITOB?

Kak BbUMCINTH cHCTEMaTHYECKHE MOTPEHIHOCTH Ka)XA0ro W3 MPSMbIX HW3MEpeHui? 3anuumre
(bopMyIIbI.

KakoB ¢usnyecknii cmpicn Momynsi FOHra? MoKeT M MEHSATHCS 3HAUYE€HHE 3TOTr0 KOCBEHHOTO
M3MEpEHUS OT OIbITa K ONBITY? MOXHO JIM U KaK HalTU cpeHee 3HaueHne moayis FOura?

Kak onpenenuts ciyyaiiHyro, CHCTEMaTHYECKYIO, a0COIIOTHYIO U OTHOCUTENBHYIO OTPEIIHOCTH
Moyt FOura? 3anummute GopMyIbl.

ChopmynupyiiTe mpaBuiia OKpYTJIEHUS MOTPEITHOCTEH.

Kakyro mnorpemnocts moxynst FOHra BiusieT Ha OKpyrjeHHEe ero cpenHero 3HadeHus? Kak
OTIpECTUTh Pa3psIbl BEPHBIX U COMHUTENBHOM M(dp B cpeaHeM 3HaueHun Moayis KOnra?
3anumure A0BEpUTENbHBIN MHTEpBal 3HaueHuil Moayns FOura? CpaBHuTe TaONUYHOE 3HAUEHHE
Monyia FOHra ¢ 3TuM MHTEPBAIIOM.

Kakue BenmuuuHBbI clieIyeT moAnmucaTh Ha OCH abciuce U OpaAuHaT?

Yro oTMeUaroT Ha OcsAX: MacIuTad WK 3HaYeHUs! PU3NYECKUX BETHUUH?

Kakue macmtaObl cymiecTByroT?

Kakoit Buz 10KHO UMeTh pabodee noJje rpaduka: noaoca, KBaJapar, NpsMOyroJbHUK?

UYro chenaTh, ecnu rpaduk ynoxxuics Ha paboueM Iosie B BHJIE: a) TOPU3OHTAIBHOM MOJIOCHI; O)
BEPTUKAIBHOMN I1OJIOCHI?

Kak ciexyer npoBOIUTE TMHUU IO OTMEYEHHBIM TOKaM Ha KOOPAUHATHOM ceTke?

Onummure CyTh METOJA «HATAHYTON HUTHY JJIs1 HOCTPOEHUs rpaduka.

Kak yOeauTbcs, 4To SKCIEPUMEHT MOATBEPIKIAeT CIIPAaBEINIMBOCTh 3akoHa ['yka?

Kak ¢ momoupio rpaduka BEIUMCINUTE 3HaUeHUe MoyJist FOHra?

Kak yoeautbcs, uto 3HaueHne Moy FOHra, moixy4eHHOro ¢ IOMOIIbI0 TpaduKa, COOTBETCTBYET
JIOBEPUTEIILHOMY UHTEPBaJly, BBIYMCIEHHOMY aHAJIUTUYECKU?

Jlaboparopuas pabota Ne 10: IIpoBepka 0CHOBHOI'0 3aKOHA BPalIATEIbHOI0 IBHKEHH (HA
MasiTHuKe O0epOeka)
Lenu paGoThi:
DKCIepUMEHTAIBHO OMPEIEIUTh MOMEHT CUJIbI U YTJIOBOE YCKOPEHHUE MasiTHHUKA.
IIpoBepuTh OCHOBHOM 3aKOH BPAILATEIbLHOTO ABUKCHUS.
[IproGpecty HaBBIK U3MEPEHUS BPEMEHH CUETUUKOM-CEKYHIOMEPOM.



4. 3akpenuTh HAaBBIKM OOpPaOOTKM PpE3yNbTaTOB KOCBEHHOTO M3MEpPEHHMsS B Cilydae MpPOBEACHUS

OTIBITOB TIPH PA3JIMYHBIX HAYAIBHBIX YCIOBHUSX.
[Tpubopsl M IPUHAICKHOCTH:

KpPECTOOOpa3HbIii MasiTHUK, HAaOOp Ipy30B, CUYETUMK-CEKYHIOMEp, IUTAHTCHIMPKYJb, MacliTaOHas
CaHTUMETPOBAs JIMHEHKA.

KoHTpoabHbIEe BOMPOCHL:
CdhopmynrpoBaTh OCHOBHOM 3aKOH JTUHAMHKYU BPAIIATEIIEHOTO JIBHKCHUS.
Uro Takoe MOMEHT CHJIbI OTHOCHUTENBHO: a) TOUKH; O) ocH BpamieHusi? B Kakux eauHHIax
m3mepsiercs? Kyaa HanpaBiieH MOMEHT CUJIbl OTHOCUTEIHHO TOUKHU?
Uro Takoe yrioBoe yckopenue? Kyna oHo HampaBieHo? B kakux enuHHIIAX U3MEPSeTCs?
Uto Takoe MOMEHT MHEpIHH: a) M. T., 0) Tena? Uto oH xapakrepusyer? B kakux emuHHIIAX
nuzmepsiercs?
[ToueMy MOKHO CUMTaTh, UTO JUHEHMHOIO YCKOPEHUE Ipy3a PaBHO TaHTCHI[MAIBHOMY YCKOPEHHIO
TO4YEK IKuBa MasiTHuka ObepOeka?
Boisectu popmyny M =m(g —a)r.
Cdhopmymnupyiite Teopemy Illlteitnepa. Kak ona mpumensiercs B JaHHOM padboTe?
BriBectu Gpopmyiiel A ycKOpeHuid &, u a,. UbH 370 yckopeHusi? Uto He0OX0auMo coOIroaaTh,

9TOOBI B 3TOU pabOTe OHU OBUIH PABHBI APYT APYTY?

BriBenute pacuérnyro Gpopmyny uisi MOMEHTa HHEepIuU MasTHHKa Obepoeka.

Kakue BennunHbl B pacu€THON (hopMyIie SBISIOTCS MPSIMBIMU U3MEPEHUSIMHU?

ChopmynupyiiTe mpaBuiia Mojab30BaHUS CYETYMKOM-CKYHAOMEpoM. KakoBbI mpeesibl u3MepeHuit
€ro IIKaJ, [IEHbI JeJICHUS KA, OrPEIIHOCTh Tprudopa?

Chopmynupyiite mpaBuia MOJb30BaHMS IITIHICHIHUPKYJIEeM. KakoBbl mpenenbl U3MEpPEeHUid ero
KA, EHBI JeJIHUs [IKaJI, TOTPEeIHOCTh prubdopa?

B kakom pa3psijie HaXOUTCs MOCIEIHSS 3HavYaIas udpa Kaxaoro IpsMoro H3MEpeHHs ?

Kakoe 13 npsMbIX U3MEPEHUI MEHSETCS OT OIBITA K OIBITY?

MOXHO T yCpeTHSATh JIF000€ M3 MPSIMBIX HW3MEPEHUM, €ClIi YCJIOBHUS ONBITOB pazHbie? Kakyro
MOTPEIIHOCTh ISl TIPSMBIX H3MEPEHUH CIIeyeT BBIUMCIATH B TAaKUX YCIOBUSAX, a KaKue
MOTPEIIHOCTH — HEBO3MOXKHO?

Kakue BenmnuwHBI B JaHHOW paboOTe SBJISIOTCS KOCBEHHBIMH H3MepeHusMu? Kakwe w3 HUX
MEHSIOTCS OT OMBITA K OTMBITY?

Kaxk obecrnieunts HEM3MEHHOCTH MOMEHTA MHEpIIMK MasiTHUKA O0epOeka B JaHHOM paboTe?
3anummute OpMYIIBI 711 BRIUUCIEHUS TOTPENTHOCTEM MOMEHTa MHepuuu MmasTHuka OOepbOeka:
CITy4aliHOM, CHCTEMAaTHYECKOM, a0COIFOTHOM, OTHOCUTEIILHOM.

Chopmynupyiite mpaBuia OKpYIiIeHUs MTOTPEITHOCTEH.

Kak, 3Has a0CONIOTHYIO IOTPEITHOCTh MOMEHTA UHEPIIMH, OKPYTIIUTh €r0 CpeHee 3HaueHne?
3anumuTe TOBEPUTEIHHBIA HHTEPBA 3HAUCHUI MOMEHTA nHepunu MassTHuka O0epOeka?

Kak u3MeHHTCS MOMEHT HHEPIMH ITOT0 MAasTHHKA, €CIIM LWIUHAPHI 3aKpernuTh Ha JPYroM
PacCTOSTHUM OTHOCHUTEILHO IIKHUBA?

UTo CHOyXHT TOITBEPKICHHUEM CIPaBEAJIUBOCTH TMPOBEPSIEMOT0 3aKOHA BpPAILIATEILHOTO
JIBYKCHUA?

[TocTpoiite Tpaduk 3aBUCUMOCTH YIJIOBOTO YCKOPEHHS OT BpaIIalOlero MOMEHTa METOJIOM
CHATSIHYTOH HUTHY (JIOTIOJTHUTEIEHO MOXHO TPHUMEHUTH KOMIIBIOTEPHBIE IIPOTPAMMBI).

Kak o rpa¢guky onpeaenuT MOMEHT HHEepIMU MasiTHHKAa O6epbOeka?

Kak y0OemuThcsi, 4TO 3HAYeHHWE MOMEHTAa WHEPIMH, MOJTYYCHHOTO C TIOMOIIbIO Trpaduka,
COOTBETCTBYET JOBEPUTEIILHOMY UHTEPBAIy, BEHIYHCICHHOMY aHATUTUYECKH?

Kak m3mensitcs M, r, a, t, | ecnu HATH HaMOTaTh Ha MIKWB MEHBINETO paguyca’?

Jlaboparopuas pabota Ne 12: U3MepeHrne MOMEHTOB HHEPIHUH TBEPAbIX TeJl H MOMOIIHI0
TpuUISIpHOTO MoaABeca u nNpoBepka reopemsbl Ll TeiiHepa

eJii pabOoThL:
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N3yuuTh KpyTUIbHBIE KOJIEOAHUS TPUPHUISPHOTO MOIBECA.
W3MepeHne MOMEHTa MHEPLIMHM Tella, TIOMELEHHOT0 Ha IIaTGopMy TPUPHISIPHOTO MOABECA.
DKcIepUMEHTaIbHO POBEPUTH CIIPAaBENIMBOCTh TeopeMsbl LlITeiiHnepa.
3aKpenuTh HaBbIK IPUMEHEHHsI rpah)uIeckoro MeTo .
3aKkpenuTh HABBIKK 00paOOTKH PE3y/IbTaTOB KOCBEHHOTO M3MEPEHHS MPU MPOBEIECHUH OIBITOB B
OJIMHAKOBBIX YCIOBUSX.

[TprOopb! ¥ IPUHAAIEKHOCTH:

TpUGUISIPHBIN TOABEC B cOOpe; TPY3UK (TBEPIOE TEO CUMMETPUYHOMN (DOPMBI); aHATTUTUUYECKHE BECHI,
MeTaJuIMuecKas JIMHEeMKa; ITaHTeHIIUPKYJIb; CEKYHI0MEp; JJIMHHAS JIMHEWKa WA PYJIETKA.

™=

KoHTpoabHbIEe BONPOCHI:
UYro Takoe TpUPUISPHBINA OJBEC U KaKKe JABIKEHHUS OH COBEpIIacT?
Kakue nuHamuyeckue ypaBHEHUS ONPEACISIOT IBUKEHNE TPUPUIAPHOTO moaBeca?
Uto Ha3bIBAIOT OCEBBIM MOMEHTOM CHIIHI ((hopMyIia, PUCYHOK).
Urto Takoe MOMeHT uHepiuu Tena? Uto oH xapakrepusyer?
Kak npeoOpa3zyercs sHeprus Bo BpeMs KpyTUIbHBIX KoieOaHui TpuuisipHOro nojseca?
Kak omnpenenuTs MOMEHT HHEPIIUU OJHOPOIHBIX TNl TEOMETPUUECKHU MPaBUIBLHONU (HOPMBI?
Coopmynupyiite Teopemy Illteitnepa. Kak mpoeputh Teopemy IllteiiHepa (kauecTBEHHO W
KOJIMYECTBEHHO)?
BriBenuTe pacueTHyr0 (OpMYITy sl BRIYACICHUS MOMEHTA HHEPIIUH TPU(PUIIPHOTO TTOIBECA.
Kakne BenmMuuHBI clelyeT HEMOCPEICTBEHHO W3MEPUTh, YTOOBI HAWTH MOMEHT WHEPIHH Teja
METOJIOM KPYTHJIBHBIX KoJieOaHuil TpuduisspHoro noaseca’?
Onwummre X0 paboTHI.
ChopmynupyiiTe mnpaBuia MOJb30BAHUS OJCKTPOHHBIMH Becamu. KakoBbl HX Mpeaesnbl
M3MEPEHHH, 1IeHA JIeTICHUs, TOTPEITHOCTh mprudopa’?
Chopmynupyiite mpaBuia MOJIb30BAHUS LITAHTEHIUPKYIeM. KakoBbl mpeensl U3MEpEeHHid ero
IIKaJI, IIEHBI JIeICHHs] IIKaJl, IOrPEeIIHOCTh Mpubdopa?
ChopmynupyiiTe mnpaBuiia TOJb30BaHUS J1a0OPATOPHBIM CEKyHIOMEpPOM. KakoBBI Tpeaesnb
M3MEPEHHH €To IIKal, IIEHbI ACJICHUS IIKaJI, TOTPEeuTHOCTh mpudopa?
KakoBbI peiesnibl n3MepeHuit pyaeTKy, LieHa JesieHus U e€ MpruOopHast MOrpeuIHOCTb?
B kakom paszpsiie HaxoauTcs MocieIHss 3Havaas udpa Kax10ro npsMoro u3MepeHus?
Kakum oOpazoM ans myctoil minatopmbl TpUPUISPHOro MojBeca U Ui IUIATGOPMBI C TEIOM
o0ecneynTh B JaHHOW paboTe OAMHAKOBBIE YCIOBUS MPOBEIEHHS OMBITOB?
CKOJIBKO OTIBITOB HEOOXOJMMO TPOBECTH ISl 00ECIIeYeHUs] MUHUMAIBHOW HAJIEXHOCTH MPSIMBIX
usmepennii (80 %)?
Hamo v BEMUCIATH CpeHIE 3HAUYEHUS MPSIMBIX U3MEPEHUH, €CII YCIIOBHS TTPOBEICHUS OTBITOB
OJIMHAKOBEIE?
Hano nu BbIYMCHATH 3HAUYEHUS KOCBEHHBIX H3MEPEHUH B KaX/JIOM OIbITE, €CIU YCIOBHS
MPOBE/ICHUS ONBITOB OJMHaKoBble? Kak BBIUMCIUTH CpeHee 3HaueHHe KOCBEHHOTO M3MEPEHUs B
TaKuX YCIOBHSAX?
Hanummre hopMyssl 1715 BCEX MOrPEIIHOCTEN NPSIMBIX U3MEPEHUH.
Kakue norpemHocty cieayeT BBIYUCIUTD JJI1 KOCBEHHBIX M3MEPEHH MOMEHTAa MHEPIMHU ITYCTOM
wiarpopMbl U MOMEHTa MHepuuu Iuiarpopmel ¢ TenoM? Hamummure (opMmynsl i Takux
MTOIPEIIHOCTEM.
ChopmynupyiiTe mpaBuiia OKpYyTJIEHUS MTOTPEIIHOCTEH.
ITo kakOMy KPUTEPHIO CIEIYET OKPYIIIATh CPEIHUE 3HAUEHUS MPSMBIX M KOCBEHHBIX U3MEPEHUI?

Jlaboparopuas pabota Ne 13: M3y4yeHue 3aKOHOB KOJIe0aHM MaTeMATHYECKOT0 MaSTHUKA
Llenb paboTBL:

Brrunciuts nepuon KOHGG&HI/If/’I MaTEMAaTHUYCCKOI'O MasATHHUKaA

Y6enuThcs B rapMOHMUYECKOM XapaKTepe 3aKOHA KoJeOaHui MaTeMaTUYeCKOro MasiTHUKA.

3aKkpenuTh HAaBBIKK 00paOOTKM Pe3y/lbTaTOB KOCBEHHOTO M3MEPEHHS MPU MPOBEIECHUH OIBITOB B

OJIMHAKOBBIX YCIOBHSIX.



[TpuGopEl U IPUHAUICKHOCTH:

CCKYHAOMEDP, MCTPOBast HHHeﬁKa, IIapyUKH Ha JJIMHHBIX HEPACTAXKHUMBIX U JJIMHHBIX HUTAX.

N

KoHTpOJIEHBIE BOIPOCHL:
MOoXHO JM CYMTAaThb M MOYeMy KojeOaHUs MAaTeMaTH4YEeCKOro MasTHHUKAa TapMOHUYECKUMH B
JTaHHOU paboTe?
BBenuTe 3aK0H rapMOHMUYECKUX KOJIEOaHUM MaTeMaTH4YECKOI0 MasiTHUKA?
Hanummre hopmyny ans mepuoja MaTeMaTH4eCKOro MassTHUKA.
Ecnu nBa MareMaTH4eCKMX MasgTHHUKA C OJUHAKOBOW JIMHOM HUTU 2 M OTKJIOHWIHU - IIEPBBIA HA 5
cM, a BTOpoit Ha 10 cM, TO y KaKoro MasiTHUKA repuo Oynet 6osbie?
CpaBHuUTE MEepHObI KOJICOAHUI JTBYX MAsTHHKOB C OJUHAKOBOW JJIMHOW HUTH 2 M U Pa3HBIMH
Maccamu rpy30B 20 r u 50 T, coBepiIaromux KoieOaHus 1Mo MajibIM YTIIOM.
Kax u3MenuTcs mepuoj KoiebaHU MaTeMaTHYeCKOro MasTHHKA, €CIU: a) MOJHATHCS BBICOKO B
ropy, He U3MEHsIS IIPU ATOM €ro AJIUHBL; 0) nepenereTs Ha JIyHy?
BeiBenute pacuerHyro (opmyiny Ul TepHoja TapMOHUYECKUX KOJICOaHUH MaTeMaTHYeCKOTo
MasTHHKA. [Tpy Kakux ycJIOBUSIX OHA BBIMOJIHAETCA?
Kakue BenuunHbl B pacueTHON (hopMyIie SBISIOTCS MPSIMBIMU U3MEPEHUSIMHU?
Onwummre X0 paboTHI.
Chopmynupyiite mnpaBuiia MOJb30BaHUS JTa0OPaTOPHBIM CEeKyHIOMEpoM. KakoBbl mpeaensl
M3MEPEHUH ero MIKaJl, IEHBI JeNICHHS IIKaJI, TIOrPEIIHOCTh Tprudopa’?
KaxoBbl ipeienbl u3MepeHnii MeTpOBOH JIMHEHKH, 1IeHa JIeNeHUs U e€ MpuOOopHasi MOrPerIHOCTh?
B kakoM paspsje nomkHa ObITh MOCIEAHSS U3 3HAYAIIMX [MUQP MPU 3alUCH MPSAMBIX U3MEPEHUN
KaKIbIM U3 3TUX PUOOPOB?
Kakum oOpazom i koneOaHMH MaTeMaTHYECKOTO MasTHHKAa OOeCreuuTh B JaHHOW pabore
OJINHAKOBBIE YCIIOBUS IIPOBEICHUSI ONIBITOB?
CKOJIBKO OIBITOB HEOOXOIMMO ITPOBECTH ISl HAAGKHOCTH NPsAMBIX u3meperuit 80 %, 90 % ?
Hano nu BBIYMCHATH MEpUOA MAaTeMaTUYECKOr0 MAasTHHKAa B KaXXIOM OIIBITE, €CIH YCIOBHS
ONBITOB OJIMHAKOBBIE?
Hanummre hopmyIbl 1715 BceX MOTPEIIHOCTEH MPSMBIX U3MEPEHUH.
Hamumure ¢opmynsl s TOTPENIHOCTEH KOCBEHHOTO U3MepeHusi (mepuoja), KOTOpbIe
He0OXO0IMMBI B JTaHHOU paboTe MPH MPOBEACHUH OIBITOB B OJIMHAKOBBIX YCIOBUSX.
ChopmynupyiiTe mpaBuiia OKpYTJIEHUS MOTPEITHOCTEH.
Kak, 3Hast aGCONIOTHBIE MOTPEIIHOCTH, OKPYIJIUTh CPEAHHME 3HAYEHHUS NMPSAMBIX M KOCBEHHOTO
WU3MEpeHni?
3anumuTe TOJYYEHHBI  JOBEpUTENbHBI  WHTEpBall 3HAYEHUN Tepuoja  KOIeOaHHi
MaTeMaTUYeCKOro MasiTHUKA.

JlaGopatopHas pabota Ne 14: Onpenesienne ko3(pGpuumeHTa yNpyrocTy npysKuHbI
[lenb paOoTBI:
Onpenenuts KOXPPHUIHUEHT YIPYroCTH MPYKHUHBI CTATHYECKUM METOJIOM
Onpenenuts K03QOUIHUEHT YIPYTOCTH IPYKUHBI TUHAMUYECKUM METOOM.
3aKkpenuTh HaBBIKM 0OpaOOTKH pe3yabTaTOB KOCBEHHOTO H3MEPEHHUs B Cllyyae IPOBEICHUS
OTIBITOB MPH PA3TIUYHBIX HAYAJIBHBIX YCIOBUSIX.
[TpuGOpPBI ¥ MPUHAIIEKHOCTH:

CTaJibHas IPY>KHWHA HA KPOHIITEWHE, HA0Op IPy30B, CEKYHIOMED, TNHEHKA.

KoHTpobHbIE BOIIPOCHI:

Jna cmamuueckoeo memooa
Kakue cuiibl eiicTBYIOT Ha HETIOIBUXKHBIH I'Py3, MOABELICHHbIH K BEPTUKAIBHON NpYyXKUHE?
B 4eMm cyTh cTaTuueckoro Meroja onpeaencHust KoapuIenTa ynpyroctu?
Cohopmynupyiite 3akon ['yka ais nedopmanuu cxaThsi UM PacTsHKEHUS TPYKUHBL.
KakoB ¢usuueckuii cmpicn kodpduirenta ynpyroctd (kKodgpuimenTa )ecTKocTH)? B kakmx
€IMHUIIAX OH U3MepseTcs?
BriBenute pacuétHyto popmyiny ko3 unueHTa ynpyrocTu Juis 3TOro ciydas.




=

Kakue BenuuuHbI B 3TON (hopMyIie SBISIOTCS MPSIMBIMH U3MEPEHUSAMU?
Onwuinre Xox padoTHI.
KaxkoBbl npeiesbl u3MepeHuil JIMHEWKY, 1IeHa IeJIeHUs U €€ TpuOOopHasi MOTPEIIHOCTb?
B kakom paspsizie 10inKHa OBITh MOCIEAHSS U3 3HAYANTNX (P TP 3aIUCH TPSIMBIX H3MEPEHHIA?
Kakoe nmpsimoe nu3mepeHne MeHseTCs OT OIbITa K OIBITY?
MO’HO I BBIYUCIATH CPEAHHE 3HAUYEHUS MPSIMBIX U3MEPEHHM, €CIM ONBITHI MPOBOIATCS MpPU
Pa3HbIX HAYAJIbHBIX YCIOBUSIX?
BbruucnuTe cucteMaTuveckre MOrpeiHOCTH MPSMBIX U3MEPEHUH.
Kak BbuuciuTh cpeqHee 3HaueHHE KOA(PGUIMEHTa YIPYTOCTH U €r0 MOTPEIIHOCTH, €CIH OTIBITHI
MIPOBOJISATCS MPH Pa3HBIX HAYaIbHBIX YCIOBUAX?
Kak m3Menurcs xko3hUIMEHT yNpyrocTd MPYKHHBI, €CIU: a) MPYXHHY CIelaTh U3 Meau, 0)
MPYXUHY U3 CTaJIU B35Th OOJbIIEH ATUHBL, B) PYKUHY U3 CTAJIH B3ATh OOJIBIIETO CEUeHU?
Hna ounamuueckozo memooa
B yem cyTh AMHaMHUYECKOTO METO/A omnpeesieHns KodhduiurueHTa ynpyroctu?
Kakwue xonebanus Ha3pIBAIOT TAPMOHHYECKUMHE?
[Tpu KakuxX yCIOBHSIX TPY3 Ha MPYXHHE OYAET COBEPIIATh FTApMOHUYECKHE KOJICOAHNUS.
1o xako#l TpaeKTOpUHU ABMXKETCS IPY3, IOABEIICHHBIN HA IPYXUHE?
Kaxkue cumnbl Ha Hero elcTBYIOT?
Hamumure BTOpod 3akoH HploToHa mis Tpy3a Ha TpYXKHHE U NpeodOpa3yilTe ero B
maddepeHnranbHOe ypaBHEHHE.
Kakoii Buz nmeer pemieHue (3aKoH Koliebanuii) 3Toro audepeHnnanbHOro ypaBHeHus?
Urto Ha3bIBAIOT: a) aMIUIUTYIOH, 0) (a30i, B) HUKIMUECKONW YACTOTOH, T) YaCTOTOM, /1) IEPHOAOM
KoseOaHuii? B kakux eAMHULIaX U3MEPSIOT BCE ITH BEIUMUNHbBI?
OT Kakux mapaMeTpoB 3aBUCUT NEPUOJ TAPMOHHYECKHUX KOJIeOaHUl MPYKUHHOTO MasSTHUKA?
BriBenute pacuérnyro popmyny koddduirenta ynpyroctu s 3Toro ciaydasl.
Kakue BenuuuHbI B 3TOH (opMyIie ABISIOTCS MPSIMBIMU U3MEPEHUAMU?
Onumure Xoa padoTHI.
CdhopmynupyiiTe mpaBuia NOJb30BaHUSA JaOOpPaTOPHBIM ceKyHaAoMepoM. KakoBbl mpeaesns
W3MEPEHHH €To IIKal, IIEHbI ACJICHUS IIKaJI, TOTPEITHOCTh mpudopa?
B kakom paspsizie 10oyKHast HAXOAUTHCS MOCIEAH 3Havalast iugpa mpu 3aucy BpeMeHu?
Kakoe npsimoe u3mepeHre MeHsIeTCsl OT OIBITA K OIBITY B JTUHAMUYECKOM METOo1e?
BeruucnuTe cucteMaTuueckre MorpeHoCTH NPSMBIX U3MEPEHUH.
Beruucnure cpennee 3HaueHne K03 puiineHTa ynpyrocT U ero norpenHocTH.
CpaBHHUTE 10OBEpUTENbHbIC HHTEPBAJIbI 3HaU€HUH K03 UIIEHTa YIPYTrocTH B 000X METOaX.
Kakoit u3 MeTos10B sABIsieTCA 60jI€e TOUYHBIM?

JIaGoparophas pabota Ne 15: M3ydyeHne cBOOOIHBIX KOJIeOAHUMI NPYKUHHOTO MAsITHUKA
[lenu paGoOTHI:
Y6enutbes B 3aTyXarolleM XapakTepe CBOOOIHBIX KojeOaHH MPYKHHHOTO MasiTHUKA.
Onpenenutb KOAPGUIUEHT 3aTyXaHus, JJOrapupMUUECKU JEeKPEMEHT 3aTyxaHus, KoadduureHt
COIIPOTHBIIEHUS CpeJibl, JOOPOTHOCTH M BPEMsI pellaKCally MPY>KUHHOTO MasiTHUKA.
3aKpenuTh HaBbIKU BBIUMCIIEHUS TOTPEMIHOCTEN NMPSIMBIX U KOCBEHHBIX U3MEPEHUI.
[TprOopb! ¥ NPUHAAIEKHOCTH:

MIPYXKUHHBINA MasiTHUK, OTCYETHOE YCTPOMCTBO (JIMHEWKA), COCYA C BOJOM, CEKYHIOMED.

KoHTpoJIbHBIE BOIPOCHL:
Jaiite onpeseneHre cBOOOIHBIX KOJIeOaHMH.
Kakue xoseOanust Ha3pIBaOTCS COOCTBEHHBIMU?
Kaxue xonebanust Ha3bIBalOTCA FApMOHUYECKUMU?
Kakwue ycnoBus JOMKHBI BBIOTHITHCS, YTOOBI B CUCTEME BO3HHUKIIM FApMOHHYECKHE KoeOaHus?
Kaxkue cumbl 1elicTBYIOT Ha IPY>KUHHBIA MAasSTHUK, COBEPIIAIONINNA TaApMOHUYECKHE KOeOaHus ?




N

Hanwumure 2 3akon HeroToHa, mpeobpasyiite ero k quddepeHnaab-HoMy YpaBHEHHUIO U TTOTY4UTe
€ro penieHue (3aK0H CBOOOIHBIX TAPMOHHUECKUX KOJICOAHU).

B kakoM ciy4ae B 3aKOHE KOJICOaHUH MUITYT QYHKIHIO «COS», a B KAKOM «SinN»?

[Touemy peanbHble CBOOOAHBIE KOJIEOaHUSI BCET/Aa 3aTyXaromue?

Kakas cuna mpuBOAMT K 3aTyXaHUIO Kosiebanuii? OT yero oHa 3aBUCHUT?

UYro Ha3bIBAOT KOA(PPUIMEHTOM 3aTyXaHusA? B Kakux eJMHUIIAX OH U3MepseTcs?

YTo MpOUCXOAUT C SHEPTUEH 3aTyXaAIONMX KOJIeOaHN?

Hanmummre 2 3akoH HerooToHa st ciydas 3aryxaHus KolieOaHWii, mpeoOpasyiite ero K
i QepeHIMaTbHOMY YPaBHEHHIO U IOJYYUTE €ro pelleHHe (3aKOH CBOOOJHBIX 3aTyXaroIIUX
KoJieOaHui).

UYTo MPOUCXOAUT C aMIUIUTYION 3aTyXarOIUX KoJIeOaHui?

CpaBHUTE 711 TApMOHUYECKUX U 3aTyXaIONMX KOJIeOaHMil: a) 4acTOThI, 0) mepruoabI?

Uro Ha3pBaOT: a) KodhduIMEeHTOM 3aryxaHus, O0) JIEKPEMEHTOM 3aTyXaHwWs, B)
norapu(MUUECKUM JEKPEMEHTOM 3aTyXaHHs, I') BpPEMEHEM peJakcaluu, 1) JI0OPOTHOCTHIO
KosieOaHui?

KaxoBbl e1TMHULIBI U3MEPEHUHN ITUX BEIUYUH?

Onwummre X0 paboTHI.

B pacuerHbix (opMynax A KOCBEHHBIX H3MEPEHUN OMpEAeNUTE, KaKue BEIMYUHBI SBISIOTCS
MPSIMBIMU U3MEPEHUSIMH U B KAKOM pa3psiie JOJKHBI ObITh UX MOCIEAHHNE 3HAYAIINEe UDPHL.
Hanummre ¢opMmynbl aisi BBIYMCIEHUS MOTPENIHOCTEH MPSMBIX M KOCBEHHBIX HW3MEPEHUH,
HeoOX0oIMMBIC B JTAHHOW padoTe.

[To xakoMy KpUTEpUIO CIeAyeT HAWTH COMHHUTEIbHYIO LU(]PYy CpelHero 3Haue€HHUs KOCBEHHOTO
u3MepeHus?

JlaboparopHast pabota Ne 16: UcciienoBanue 3aK0HOB KoJieOaHUI (GU3NIECKOTr0 MAATHUKA
[{ean paGoThL:
N3yunth 3aK0HBI KOIeOaHUH PU3NIECKOTO MasTHUKA.
Ornpenenutsb nepruoja kojiedaHui (GU3NIECKOTO MasTHUKA.
3aKpenuTh HAaBBIKK 00pPabOTKH pe3ylbTaTOB KOCBEHHOTO M3MEPEHHUS MPH MPOBEIECHUHU OIBITOB B
OJINHAKOBBIX YCIIOBUSIX.
[TpuGopk! ¥ NPUHAATEKHOCTH:

CEKYHJIOMEp, METPOBasl JIMHEWKA, CTEPKEHb C IUCKAMH, IIIAPUK HA HUTH.

KOHTpOIbHBIE BONPOCHL:
JaiiTe onpenenenne GU3NIECKOr0 MasITHUKA.
[To xakoil TpaeKTOpUHU ABMXKETCS HEHTP MacC PU3NYECKOr0 MasITHHKA.
UYro Ha3bIBAIOT LIEHTPOM KayaHUH (PU3NUECKOTO MasITHUKA?
Kak HampaBiieH BEKTOp YIVIOBOTO MEPEMEIIEHUS, €CIM MAasSTHUK JBUXKETCA OT IOJIOKCHUS
paBHOBECHS?
Kak HanpaBieH npu 3ToM BEKTOP MOMEHTA CHJIbI TSXKECTH?
3anuiuTe OCHOBHOM 3aKOH JUHAMHMKH BpallaTeIbHOrO JBIKEHUS U MPHUBEAUTE €ro K
muddepennmanbHoMy  ypaBHeHuto (/YY) konebGanuii  (U3MUECKOTO MasTHUKA, CUHTAs HUX
FapMOHUYECKUMH.
3anumute pemeHue Y (3akoH kosneOaHW) U HAa30BUTE BEJIMYMHBI, BXOJAIINE B 3TOT 3aKOH
KOJIEOaHUH.
[TpuBenute mpuMepsl KojaebaHuil B MPUPOAE U TEXHUKE, JUISI KOTOPBIX MOXKHO MPUMEHUTH MOJIENh
(hU3UIECKOTO MasSITHUKA.
OT KaKMX mapamMeTpoB U KaK 3aBUCHUT NepuoJl KojebaHuil pusnueckoro MassTHUKA?
Urto Ha3bIBAIOT NPHUBEIEHHON IIMHOM (prU3HUecKoro MasTHUKA?
YeM noxoxu PpuU3NYecKHii 1 MaTeMaTUYECKH MassTHUKH?
YeMy paBeH MOMEHT MHEPIMH (PU3UYECKOTO MAsITHUKA B BUJE: ) CTEPKH:, OIUH KOHELl KOTOPOTO
3aKkperuiéH; 0) TucKa, MPUKPEIUIEHHOTO B HEKOTOPOH TOUKE CTEPHKHSL.




Kakue BenmuuumHBI B pacyeTHOM ¢opmyne s mepuojna KoieOaHWW SBISIOTCS MPSIMBIMH
nu3MepeHusIMu?

Onwumure X0 paboTHI.

Kak oOecneunth [isi KaXIOro U3 OSTHUX (PU3MYECKHX MAasSTHUKOB OJIMHAKOBBIC YCJIOBHUS
MIPOBEICHUS OIBITOB.

B kakom paspsiie HaxoIuTCs MOCeHss 3Hadamas udpa npsMoro u3MepeHus?

Hanummre hopmyibl 1715 morpenrHocTed IpsMbIX U3MEpEHUH.

Kak okpyriuTth: a) morpeimHocTy u3MepeHuii, 0) cpeiHee 3Ha4YeHUE MPSMBIX U3MEPEHHI?

Hago nu BbIYMCHATH 3HAYEHHMS] KOCBEHHBIX H3MEPEHHIl B KaXXIOM OIBITE, €CIU YCJIOBUSA
MIPOBEJICHUS OIBITOB OJIMHAKOBbIE? Kak BBIUMCINTD Cpe/iHee 3HaUeHHe KOCBEHHOTO U3MEpEeHUs?
Kakue nmorpenrHoctit He0OX0IMMO BBIUMCIUTG I KOCBEHHOT'O U3MEPEHHS B CIIydae MpOBEICHUS
OIIBITOB B OJIMHAKOBBIX YCJIOBUSX?

Kak onpenenuts pa3ps COMHUTENbHON HUGPHI IPU OKPYIIIEHUU CPETHEro 3HAYEHHUSI KOCBEHHOTO
u3MepeHus?

CpaBHuUTE 10BEpUTEIbHBIE HHTEPBAJIbl 3HAUYCHUI IEPHUOI0B 000UX MAsITHUKOB.

JlabopaTtopHnas padota Ne 11: Onpenenenne MOMEHTOB HHEPUHH TBEPAbIX TeJl METOA0M
KoJIeOaHu i

eIl pa0OThL:

OKCIIEpUMEHTAIBHO ONPENEIUTh MOMEHT MHEPLMH TBEPAOIO TeJla IPABWIBHON I€OMETPUYECKON
(hopMmBbI.
W3yuuts MeTon KoneOaHui AJis onpeiesieHUsl MOMEHTA UHEPLIUU Tea.
3aKkpenuTh HaBbIKU OOPAOOTKU PE3yJIbTATOB KOCBEHHOI'O M3MEPEHMs IPU IPOBEIECHUH OIBITOB B
OJIMHAKOBBIX YCIIOBHSIX.

ITpuGOpBI ¥ MPUHAIIIEKHOCTH:

MaxOBHK C IPY30M, HITAHT€HIIUPKYJIb, METAJUINUECKas JIMHENKA, CEKYHIOMED.

KOHTpOIbHBIE BONPOCHL:
Kakoe cBo#CTBO Tema BbIpa)kaeT MOMEHT WHEPIIUH?
Urto Ha3bIBAlOT MOMEHTOM HMHEPIINH: a) MaTepUAIbHON TOYKH, 0) CUCTEMBI MaTepUaIbHBIX TOUEK?
B kakux enqununax on nsmepsercs B CU?
Chopmymupyitte Teopemy llteiinepa. Kak ona ucnonb3yercs B jaHHoi padote?
B u4ém 3axmodaercs (U3NYECKUH MPUHIUI ONpPENEICHUS MOMEHTa HWHEPLUUU METOJIOM
Kose0aHui?
[TosicHUTE C TIOMOLIBIO YEPTEKA CMBICI BETMYKH, BXOISAIINX B BRIPOKEHHE JUI PACCTOSAHUS &,
Yro Takoe neHTp Macc? I'7ie pacmoio’keH LeHTp Macc MaXxOBHUKa B JaHHOH paboTe?
BriBenute pacuetTHyro GopMyny UIsi MOMEHTa MHEPIIUU MaXOBHUKA.
Kakue BennuumHbl B pacdyeTHON (opmysne Jis MOMEHTAa WHEpPUMM SBJISIOTCS MPAMBIMU
U3MEPEHUSAMHU?
N3meHuTCcs 11 MOMEHT MHEPLIMM MaXOBHKa, €CJIM MaxOBUK CJIeJaTh U3 APYroro Marepuana’?
Kak wm3MeHsTCS BeIMUYMHBI B pacdeTHON (opMyle, €clid UWIHMHIPUYECKUA TPy3 MPUKPEIHThH
BBIIIIE IPEIKHETO TIOJI0KEHUS?
Onumure X0 paboTHI.
CKOJbKO pa3 Ha/lo MOBTOPUTH ONBIT B OJMHAKOBBIX YCIOBHSX, YTOOBI HAAEKHOCTH MPSMBIX
n3mepenuii ovuia 80 %, 90 % ?
CdhopmynupyiiTe mpaBuia TMOJb30BaHUS JaOOpPaTOPHBIM ceKyHaoMepoM. KakoBbl mpeaesns
M3MEpEeHUH ero 1IKaj, LEeHbI JeJIeHUs IIKal, MOTPEIIHOCTh Mpudopa?
Chopmynupyiite mpaBuia MOIB30BAHUS IITAHTEHIIUPKYIeM. KakoBbl mpefensl U3MEpPEeHHid ero
IITKaJ, [EHBI JEJICHUs IIIKaJI, TOTPEITHOCTh Mprubdopa?
KaxkoBbI mpeiessl n3MEpeHui MKaIbl JUHEHKH, 1IeHa JEICHUS IIKaJIbl, TOTPEITHOCTh mprubopa?
B kakoM paspsge noiKHas HaxXOIWUTHCS TOCIENHss 3Havamas nudpa mpu 3amucH NPSMBIX
M3MEPEHHUH KaXIbIM U3 3TUX TPUOOPOB?




Kak ams npsMbIX U3MEpeHHi BEIYUCIUTD: a) CpeHee 3HaueHue, 0) ciydaiiHylo MOTPeIIHOCTb, B)
CHCTEMAaTHYEeCKyl0 TMOTPEUIHOCTh, T) aOCOMIOTHYIO TMOTPEHIHOCTh, J) OTHOCUTEIIbHYIO
MOTPEITHOCTh?

Kak npu oauHAKOBBIX YCIIOBHUSX ONBITOB CJIEAYET BBIYMCIATH CPEAHEE 3HAYEHUE KOCBEHHOT'O
nu3MepeHus?

Kakue norpemsocTd KOCBEHHOTO HM3MEPEHHUs CIEAYeT BBIUMCIATH B Takux yciuoBusax? Kaxoe
3HAYEHHUE HE JOJDKHA ITPEBBIIIATh OTHOCUTENIbHAS IOTPEIIHOCTD?

Ilo xakuM npaBuJIaM Ha/l0 OKPYTJISATh 3HAYEHUSI IOTPELIHOCTEN?

ITo kakOMy KpUTEpHIO OIPENEAIOT COMHUTEIbHYIO LIU(PY MPU OKPYIJIIEHUN CPEAHUX 3HAYCHUH
MPSAMBIX U KOCBEHHBIX U3MEPEHUN?

Omnpenenute JOBEPUTEIBbHBIM HHTEPBAJI 3HAUEHUI MOMEHTA HHEPIIMY MaxOBHKa B JaHHOI paboTe.

Monekynapunasa puzuxa u mepmoouHamuxka

Jlaboparopuas padota Ne 1: U3mepenue 3¢ (pekTHBHOIO JUaAMETPa U CPeaHell JJIMHbI CBOOOHOT0

oW

npodera MoJieKyJ1 ra3a

eIl pa0OThL:

Boruncnuth 3HaueHus 3 QEeKTUBHOTO quamMeTpa U CpeiHel JUIMHBI CBOOOJHOTO mpobera MoJeKys
BO3/yXa.

N3yunTh METO BBIYMCICHHS 3THUX BEJIMYMH, OCHOBAHHBIA HA HMCIOJb30BAHUM SBIICHHS BSI3KOCTH
Cpelbl.

[IproGpecTy HaBBIKU pabOTHI C TEPMOMETPOM, OAPOMETPOM U KUJKOCTHBIM MAaHOMETPOM.
3aKpenuTh HaBbIKU PAOOTHI C 3JIEKTPOHHBIMU BECAMU U CEKYHJIOMEPOM.

3akpenuTh HaBbIKU 00pabOTKHU pe3ysibTaTa KOCBEHHOTO BHIYMCIICHUS B CIydae MPOBEACHUS OMBITOB
IIPU OAMHAKOBBIX YCIIOBUSX.

HDI/I6ODLI U IIPUHAAJICKHOCTH .

TepMOMETp, OapoMeTp, KHUJKOCTHBI MaHOMETpP, OJJICKTPOHHBIE BECHI, CEKYHJOMEpP, COCYa C
KauJUISIPOM, JIBE CTEKJISTHHBIE KOJIOBI.

KoHTpoJIbHBIE BOITPOCHL:
UYro Ttakoe 3¢ (eKTUBHBIN 1uamMeTp MOIeKynbl? OT 4ero 3aBUCHUT €ro 3HaueHue?
YeMy paBHO crHpaBOuHble 3HaueHUS >(PPEKTHBHOTO JuUamMeTpa MOJIEKYJ a30Ta M Kuciopoja?
KakoBo 3HaueHne 3 peKTUBHOTO uamMeTpa Mo MopsaKy BETUUUHbI?
Urto Takoe cpeaHss JJIMHA CBOOOIHOTO Mpodera MosieKybl? OT 4ero 3aBUCHT €€ 3HaUCHHUE?
OneHuTe 3HaUY€HUE AJIMHBI CBOOOJHOrO Mpolera MoJIEKyJl a30Ta U KHCIOpOo/a MPU HOPMAaJIbHBIX
YCIIOBUSIX.
Onuimmre ycTpoHCTBO dKCIIEPUMEHTAIBHON YCTAaHOBKH.
Onumure MeToJ, HWCHOJb3YyeMbli B JaHHOW paboTe A BBIUMCICHUS 3HAYEHUH JUTMHBI
cB0OOOTHOTO TIpodera 1 3PGHEeKTUBHOTO JUAMETPa MOJIEKYII.
BriBenuTte pacueTHble GOpPMYINbI IS JUIMHBI CBOOOAHOrO mpobera um 3pQPeKTUBHOTO auamerpa
MOJIEKYI.
[Touemy B 3T0i1 paboTe CTpyst BOJbI IPEeBpalIaeTcs B Karin?
Kakyro ponb urpaer Bs3KOCTh BO3/yXa B JaHHOU padoTe?
OnuimuTe SBJICHHUS BSI3KOCTH Taza. UTo HazwpBaroT Kod(duimeHToM BsizkocTH? KakoB ero
¢usnueckuit cmpica? B kakux enuHunax o usmepsercs B CU?
Uro npousoiaeTr ¢ AIMHON CBOOOJHOrO mpobera MoOJEKyJd BO3/1yXa, €ClU: a) €ro BA3KOCTh
YBEJIMUYUTCS; 0) MOBBICUTCS TEMIIEPATypa; B) MOHU3UTCS BIaKHOCTH BO3/1yXa?
[lepeuncnure BeIMUMHBI MIPSIMBIX U3MEPEHUN B pacy€THON Qopmyre: a) A AJTMHBI CBOOOIHOTO
npobera; 0) Ui 3PPEKTUBHOTO AUAMETPaA MOJIEKYIL.
Kaxum o6pa3om B janHOM paboTe 00ecneynTh OAMHAKOBBIE YCIOBUS MTPOBEIEHUS ONBITOB?
Onummure ycTpoMCTBO TepMoMeTpa. KakoBbl e€ro mpeaensl M3MEpPEHU, IIeHa JIeJICHHS IIKaJbl,
MOTPEITHOCTH Mpudopa?
Onumure ycrpoiictBo Oapomerpa. KakoBel ero mpenensl MU3MEpPEeHHUH, LI€HA JEJIEHUS IIKAJbI,
MOTPEIIHOCTh pudopa?




e OmnummTe YCTPOHCTBO KHIKOCTHOTO MaHOMeTpa. KakoBbI ero mpenensl HM3MEpeHHid, LeHa
JEJICHUS [IKAJIBI, IIOTPEIIHOCTh prOopa’?

o Cdopmynupyiite npaBmiia pabOThl ¢ IEKTPOHHBIMU BecaMH. KakoBbl MX IMpenesibl U3MEPEHUIA,
[IeHa JIeJICHHsI ITKAJIbI, TOTPEIIHOCTh Tpudopa?

o CdopmynupyiiTe mnpaBuiia pabOTHl C JA0OPATOPHBIM CEKyHAOMEpOoM. KakoBBI €ro mpeaeis
M3MEPEHUH Ha MIKaiax, [eHa JeIeHUs KX 101 MIKaJbl, HOrPeIIHOCTh pubopa?

e Onwumute X0 paboTHI.

e B uéMm 0cOOCHHOCTHh TEXHUKH OE30MMACHOCTH B JaHHOU pabote?

e Kakoe KOJIMYECTBO ONBITOB HAJIO MPOBECTH Il 0OecreueHus: Haa&KHOCTH u3Mepennii: a) 80 %,
6) 90 % ?

e 3anummre GOPMYIIbI, HEOOXOAUMBIC Il BEIYUCICHHS BCEX MOTPEITHOCTEH MPSMBIX U3MEPECHUH,
HEOOXOMMBIX B TEXHOJIOTUH MPOBEJICHHS OTBITOB IPU OJMHAKOBBIX HAYAIbHBIX YCIOBHSX.

e 3Banummure QOpMyNbl, HEOOXOIMMBbIC JUIS BBIYMCICHUS BCEX IOIPEIIHOCTEH KOCBEHHBIX
U3MEpPEHHUH, HEOOXOJUMBIX B TEXHOJIOTMH MPOBEJCHHUS OMBITOB INPH OJMHAKOBBIX HaYaJIbHBIX
YCIIOBHSIX.

e CdopmynupyiiTe nmpaBuiia OKPYyriICHUs MOTPEITHOCTEH.

e [lo KakOMy KPHTEPHIO CJIEeyeT OKPYIIIUTh CPEIHEE 3HAUCHHE MPSIMBIX M KOCBEHHBIX U3MEPEHUH.

e B kakom BuJIe ClIeIyeT 3alucarh JOBEPUTEIbHBIM HHTEPBAJI 3HAYCHUH KOCBEHHOT'O U3MEPEHUSI?

JlabopaTtopHnast padota Ne 3: U3Mepenne aqnadbaTuueckoii moCTOSIHHOM ra3a
[{enu paGoTHI:

1. IlonyunTs nipeacTaBieHne 00 aguadaTHUECKOM IpoIiecce.

2. BoruncnuTh 3Ha4eHHne aanadaTHYecKol MOCTOSHHOM BO3TyXa.

3. CdopmMupoBarh MpeACTaBICHUE O TEIIOEMKOCTH Ta3a C TOYKH 3PEHHUS KIACCUYECKOW TEOpUH
TEIUIOEMKOCTH.

4. N3yuuts meron Knemana u /lezopma.

5. 3akpenuTh HaBBIKKM 00pabOTKU pe3ylIbTaTOB KOCBEHHOTO M3MEPEHHS IPH MPOBEIECHUU OMBITOB B
Pa3IMYHBIX HAYAIbHBIX YCIOBHUSX.

[TpuGopk! ¥ NPUHAATIEKHOCTH:
KHUJKOCTHBIM MaHOMETp, pY4YHOH Hacoc, OONBIION CTEKISHHBIA coCcyl C TMpOOKOH H
BIIATOMOTJIOTUTENIEM, COeTUHUTENbHbBIE TPYOKH C BEHTHIISIMHU.
KoHTpoJIbHBIE BOIPOCHL:

e CdopmynupyiiTe mepBoe Hauano TEPMOAMHAMUKH. UTO XapaKTepHU3yIOT BETHYUHBI «KOJIHYECBTO

TEIUIOTHI» U «paboTa TePMOJAMHAMUYECKON CHUCTEMBI»: COCTOSIHHUE CHCTEMBI MIU COBEPIAEMBIii

€10 Tporiecc?

MosxHo 11 ToBOpUTH 00 "n3mMeHenun" 3tux BenuunH? Kakue nx 0603Ha4eHUsI JOMYCTHMBI?

Uro Takoe agnabatudeckuii mporecc?

KaxoBbl 0cOOEHHOCTH aTnabaTHYECKOTO MpoIlecca MO CPaBHEHUIO C H30MpoIieccaMu?

[IpumennTe epBoe HA4YaIO TEPMOJUHAMUKY K aIMa0aTHUYECKOMY MPOLIECCy.

BreiBenute nuddepennmansHoe ypaBHeHHE ISl aaqdabdaTHYECKOTo Tpollecca W HaWAWTE ero

pelieHue.

e Kakue mapaMeTpbl COCTOSHHUSI CHCTEMBI M3MEHSIOT MpH anuadbatuyeckoMm mporecce? Kakumu
YpaBHEHUSI OIUCHIBAETCS B3aMMOCBSI3b MEX/1y U3MEHSIIOLUUMUCS ITapaMmeTpamu’?

e BriBectu ypaBHeHus [lyaccoHa B pa3IMUHBIX IEPEMECHHBIX.

e UYro Ha3pIBalOT anuabaTuyecKkor moctossHHON? Kakue TeopeTnueckne 3HAUYCHUS MPUHUMAET 3Ta
BEJIMYMHA B CIydasX Ta3a: a) OJHOATOMHBIX MOJEKYJ; 0) JIBYXaTOMHBIX MOJIEKYN; B) TpeX- U
MHOT'0aTOMHBIX MOJIEKYI?

e I3 kakoro THma MOJEKYJl COCTOUT BO3AyX (B HPOLIEHTHOM COJEpPKaHUHM) M KaKue 3HAYEHUS
annabaTHIeCcKOM MOCTOSTHHON O0XHUJAeTe MOJYyYUTh B TaHHOK paboTe?

e Kaxk u3Menumnoces Obl 3HaUEHUE aqUabATUYECKON MTOCTOSHHOM, €CIM MOJIEKYINBI BO3/yXa HA4HYT
JUCCOLIMUPOBATH?




Uro Takoe teroeMmkocTh? KakoB ¢usnueckuit cmbica 310 BennmuuHbl? B kakux equnuiax CU
U3MEpPSETCS] MOJISIPHAsA TEIUIOEMKOCTD (yA€IbHas TEMIIOEMKOCTD)?

Uro xapakTepu3yeT TeII0OeMKOCTb: COCTOSIHUE CUCTEMBI HJIM COBEpIIaeMbIi €t mpoiiecc?
Haiigute 3HaueHus MOJSPHBIX H300apHOM W H30XOPHOW TEIJIOEMKOCTEH UAealbHOro Tasa,
COCTOSIILIETO U3: a) OJIHOATOMHBIX MOJIEKYJI; 0) IByXaTOMHBIX MOJIEKYII; B) TP€X- 1 MHOI'OATOMHBIX
MOJIeKYI1?

3aBUCHUT JIM TEIUIOEMKOCTb OT TEMIIEPATypbl COIIACHO KJIACCHYECKON TEOpUH M B PEaJbHOM
CUTYyaluu?

Onumute meton Knemana u [lezopma, ucnionsiys (p,V)-nuarpammy.

BriBenute pacuérayro ¢popmyny, npumenss (p,V)-auarpammy.

Kak TexHOn0rnuecku ocymecTBUTh T€ MPOIIECChl, KOTOPBIE OJIKEH COBEpIIaTh BO3AYX B JIaHHOM
pabore?

Onwumure xox padoTHI.

[Touemy Henb3si TOOUTHCS COOMIOCHUS OJMHAKOBBIX YCIOBUI IMPOBEIEHUS OMNBITOB B JTaHHOM
pabote?

[lepeuncnure BeHMUUHBI PSMBIX U3MEPEHUI B pacuéTHO (hopmyie.

OnuiuTe yCTpOMCTBO >KUJIKOCTHOrO MaHoMmeTpa. KakoBbl ero mpenensl HU3MEpPeHHH, IIeHa
JIeJIEHUs] IIKaJbl, IOIPELIHOCTh prbopa?

3anumute GopMysibl, HEOOXOIUMBIE I BHIYMCICHUS BCEX MOTPEIIHOCTEH MPSMBIX U3MEPEHHH,
HEO0OXOIMMBIX B TEXHOJIOTUU MIPOBEJCHUS OMBITOB IIPU Pa3HbIX HAYAIbHBIX YCIOBUSX.

3anumute QOpMysbl, HEOOXOAWMBIC JIIi BBIYUCICHHS BCEX MOTPEIIHOCTEH KOCBEHHOTO
M3MEPEHHS, HEOOXOIUMBIX B TEXHOJOTHM TPOBEJACHUS OIBITOB MPHU Pa3HBIX HAYAIbHBIX
YCIOBUSIX.

ChopmynupyiiTe mpaBuiia OKpYyriaeHus MOTPeIrHOCTEH.

[To xakoMy KpUTEpHIO CIEAYeT OKPYTIUThH CPEHEE 3HAUCHUE MPSIMBIX U KOCBEHHBIX H3MEPEHUH.
B xakoMm Buzie cieayer 3anucaTh JOBEPUTEIbHbIN HHTEPBAJI 3HAUEHHH KOCBEHHOTO U3MEPEHUSI?

JIaGoparophas pab6ota Ne 4: U3yueHue siBJIeHUS TEMVIOBOI0 00bEMHOI0 paclIMpeHust AKUAKOCTH

[{enn paGoTHI:

1. BEISICHHTH MEXaHHM3M TEILUIOBOTO 00bEMHOTO pacmipeHud BOAbI U MacJia.

2.

OKCHEpUMEHTAIIbHO MOJIYYUTh TEMIIEPaTypHYIO 3aBUCUMOCTb KO3(PQUIIMEHTa TEMI0BOI0

00BEMHOT0 pacUIMPEHHsI BOABI U Maciia, MOCTPOUTh IpadUKK ITUX 3aBUCUMOCTEH.
3. HaiiT uncnoBble 3Ha4€HUs ATUX KOAPPUIIUEHTOB.
4. 3akpenuTh HaBBIKU IOCTPOCHMS U MCIIOJIb30BaHMs rpauKoB MpH 00paboTKe pe3yabTaToB.

[Tpubopsl M IPUHAIICKHOCTH:

JIB€ OJINHAKOBBIE YCTAHOBKU C Pa3HBIMHU JKUAKOCTSAMHM (BOJOW M TEXHUYECKMM MAaclioM), HarpeBaTellb
(3meKxTpoIInTKa), 6apomMeTp, 1Ba JUCTa MUJUIMMETPOBOM Oymaru, mpo3padHas JUHeKa.

KOHTpOIbHBIE BONPOCHL:
Onumure crpoeHue XKuAkocTH. C yeM HMX CXOJCTBO W pa3iuyMe MO CPAaBHEHUIO C ra3aMu U
KPUCTAITINYECKUMHU TeIaMu?
Uro Takoe SHEprusi akTUBAILUU MOJIEKYJIbI )KUIKOCTH?
KakoB MexaHM3M TEIUIOBOTO PACIIUPEHNUS KUJKOCTH?
UYro Takoe k03¢ (PULIMEHT TETI0BOro 00bEMHOT0 pacIIupeHUs?
B uem coctout puznueckuii CMbICT 3TOW BETUYUHBI?
3aBUCUT JU 3HaueHHE KO3 (UIMEHTa TEMI0BOro OOBEMHOr0 pacHIUpeHHs OT aTMochepHOro
TaBIICHHS?
OObsicHUTE NPUYMHY pA3TUYMs  TEIUIOBOIO PACIIMPEHUS  aCCOUMUPOBAHHBIX M MPOCTHIX
xuakocred. Kak paznuure Mexay 3TUMU TUTIAMU KUJIKOCTEH BIMSIET Ha BEIMUUHY KO3 PHUIIEHT
TEIJIOBOTO 0OBEMHOTO PACHIMPEHHS?
ITpuBenuTe mpuMepsl MPOSBICHUS U UCIIOIb30BAHUS TEMJIOBOTO PACIIUPEHNUS KUIKOCTU B OBITY U
IIPOU3BOJICTBE.
Kakue ’XuIKoCTH U ToueMy SBISIIOTCA: a) IPOCTBIMU, 0) aCCOIMMPOBAHHBIMHU?




e Brpimummre cripaBoYHbIE 3HAYEHUS KOAPPHUIMEHTA TEIJIOBOT0 00BEMHOTO PACIIMPEHHS CIIUPTA U
BOJIbI B Pa3HBIX TEMIIEpaTYPHbIX HHTEpBaJax.

e Mensercs 1M U nouyeMy Kod3(h(UIHMEHT TEIUIOBOro 00BEMHOIO PACIIMPEHUs [UIl HE JOCTaTOYHO
LIMPOKOI0 HMHTEpBaja TEMIIepaTyp B cilydyae: a) IPOCTOM KUAKOCTH, 0) acCOUMPOBAHHOM
XKUAKocTU?

e MOXHO JIM BBIYUCIATh €AMHCTBEHHOE CpefHee 3HaueHue Ko3(duuueHTa TemioBoro o0bEMHOIO
paciIpeHus BOAbI ISl BCEro TEMIIEpaTypHOIro MHTepBajla B JaHHOH pabote?

e  OnwumuTte X0/ paboTHI.

e B uéM 0coO0EHHOCTh TEXHUKH O€3011aCHOCTH B JaHHOH paboTte?

e [louemy B 1aHHOM paboTe yCIOBHS IPOBEAEHUS OIBITOB HEJIb351 CUUTATH OJUHAKOBBIMU?

e BeiBenute pacueTHyro GopMyity st KOAGGUIMEHTa TEIIOBOro 00bEMHOI0 pacIiupeHusl.

e [lepeuncnure BeIMUYHUHBI IPSIMBIX U3MEPEHUI B pacueTHOU opmyie.

e Onumure ycTpoHCTBO TepMomeTpa. KakoBbl ero mpesensl M3MEpEeHUH, 1eHa JAEJICHUs LIKaJbl,
HOTPEUIHOCTb ITpudopa?

e 3amummre (HopMyibl, HEOOXOAWMBIC JUIS BBIYHCICHHS IIOTPEIIHOCTEH TMPSMBIX H3MEPEHUi,
HEOOXOAUMBIX B TEXHOJIOTUH NPOBEJCHUS OIBITOB PU Pa3HbIX HAYAJIbHBIX YCIOBUSAX.

e 3amummre (QOpPMYSB, HEOOXOMUMBIC Ui BBIYMCICHHUS BCEX IOTPEIIHOCTEH KOCBEHHOTO
W3MEpeHUsi, HEOOXOAMMBIX B TEXHOJOTUM TIPOBEICHHS OIBITOB TPU PA3HBIX HAYaJIbHBIX
YCIIOBUSX.

o CdhopmynupyiiTe nmpaBuiia OKPYyriIeHUs MOTPEITHOCTEM.

e [lo KakOMy KPHTEPHIO CJIEIyeT OKPYTIIUTh CPEIHEE 3HAUCHHE MPSIMBIX M KOCBEHHBIX U3MEPEHUH.

B kakoM Buje ciemyer 3ammcaTh JOBEPUTEIBHBI WHTEPBA 3HAYCHUN KOCBEHHOTO M3MEpEHUs?

CKOJIBKO TOBEPUTEIbHBIX HHTEPBAJIOB CIIEAYET ONPEACITUTH I BOJIBI?

KakoBbl mpaBuiia noctpoeHus rpadukos, BBIOOpa MaciITaboB, MOJMUCEH KOOPAUHATHBIX OCEi?

Kak nmoctpouts rpaduk 1MHEHHON 3aBUCUMOCTH METOAOM HATAHYTOW HUTH?

KaxoB ¢gu3uueckuii cMbIC yrioBoro KoagguuueHTa rpa@uKoB s CIUpTa U BOABI?

CKOJbKO CpeAHMX 3HAYeHHH yriaoBoro kod¢(duirMeHTa Haj0 ONpEeAeTuTh: a) i CupTa, 0) s

BOIBI?

e Kak B ciiyuae MeTo/1a HaTSHYTOW HUTH MOYHO BBIYMCIIUTH CIy4alHYIO MOTPEIIHOCTh YIJIOBOTO
KodpduurenTa 1o rpaduKy IMHEHHONW 3aBUCUMOCTH?

JlaGopatopHas pabota Ne 11: Onpeneienue yaejJbHON TeMVIOThI KPUCTALIU3ANMH MeTAIA
Llenu paboTbl:
1. M3yunTh sBIECHMS IJIABIECHUA W KPUCTAJUIM3ALMH.
2. O3HaKOMHTBCS C METOAOM HM3MEpPEHHUs TEeMIIepaTyp C TIOMOLIbI0 TepMomapbl. 3.BeUIUCIUTH
3HAUEHUE YAEIbHOM TEIJIOThl KPUCTAJLUIN3alluU OJIOBA.
3. M3yunTh METOJ OXJAXKACHUS C UCTOIH30BAHUEM TEPMOIIAPHI /ISl BBIYUCICHHUS CKPBITON TEIUIOTHI
¢azoBoro nepexosa NepBoro poja.
4. [IpnoOpectr HaBBIKK pabOTHI C MHOTOIPEIEIbHBIM BOJIBTaAMIEPMETPOM.
5. 3akpenuTh HaABBIKM TpadUUYecKOro MpEeACTaBICHUS PE3YyIbTaTOB M3MEPEHUN M HCIIOJIb30BAaHUS
rpaduKoB.
[TpuGOpBI ¥ MPUHAIIEKHOCTH:
HCCIIelyeMO€e BEIECTBO (0JIOBO) B COCYJE, IITAaTUB C JIepKaTelIeM, HarpeBaTellb (3JIEKTPOIIUTKA),
TepMoIapa, MIIJIMBOJIBT aMIIEPMETP, COEAMHUTENIbHBIE IPOBOJIA, CEKYHIOMED, Tpap UK IpayupOBKH
TEepMOIIaphbl, JUCT MUJUTUMETPOBON Oymaru pazmepom 20x25 cm, ipo3payHasi JuHEHKa.
KOHTpobHBIE BONPOCHL:
e Onumute cTpoeHue XuAkocTu. C 4eM UX CXOACTBO M pPa3jIMyUe MO CPaBHEHHIO C Ta3zaMHu M
KPUCTAIINYECKUMHU TeaamMu?
Uto Takoe 3HEprusl akTUBALMU MOJIEKYJIbI )KUIKOCTH?
KakoB MexaHU3M TEMJIOBOr0 pacIIUPEHUs )KUJKOCTH?
Yro takoe Ko3(HUIHMEHT TEIIOBOT0 00BEMHOTO PaCIIUPEHUS?
B ueMm cocTout puznueckuii CMbICT 3TOW BETUYUHBI?




e 3aBHUCUT JM 3HaYCHHE KOX(PPHUIMEHTAa TEIIOBOIO OOBEMHOrO PACHIMPEHHSI OT aTMOC(HEPHOTO
nasieHus?

e OOBsACHUTE NPUYMHY pA3JIMYM ~ TEIUIOBOTO PACHIMPEHHS  ACCOLMHMPOBAHHBIX M IPOCTHIX
xuakocted. Kak pasnuune MexXay STUMU TUIIAMHU KHUJKOCTEN BIMAET Ha BEIMUUHY KO3 PULIHEHT
TEIJIOBOTO OOBEMHOI'O PACIIUPEHUS?

e [IpuBenure npuMepsl NPOSBICHUS U UCIIOIB30BAHUS TEIJIOBOTO PACIIUPEHUS KUAKOCTH B OBITY U
IIPOU3BOJICTBE.

e Kakue )XKHIKOCTH U MTOYEMY SBJISIOTCA: a) IPOCTHIMH, 0) aCCOIMMPOBAHHBIMU?

e Bpimummre cripaBo4YHble 3HaYE€HUS KOAPPHUIMEHTA TEMJIOBOI0 00BEMHOIO PACHIMPEHUS CIIUPTA U
BOJIbI B Pa3HbIX TEMIIEPaTYPHbIX HHTEpBaJIax.

e Mensercs 1M U nodyeMy KO3((GUIHEHT TEIIOBOr0 00BEMHOTO PACIIMPEHUs Uil HE JOCTaTOYHO
LIIMPOKOTO HMHTEpBaja TEMIIEpaTyp B Cilydae: a) HMPOCTOM JKMIKOCTH, O) accOUMHMPOBAHHOMN
SKAOKOCTU?

e MOXXHO M BBIYUCIIATH CIUHCTBEHHOE CpEIHEe 3HaueHUE KOAPQPUIIMEHTA TEIJIOBOIO0 00BbEMHOTO

paciipeHus BOJbl JUIsl BCETO TEMIIEPATYpPHOIO MHTEpBaja B JaHHOU padoTe?

Onuiure xoa padoThI.

B 4éM 0coOeHHOCTh TEXHUKH 0€3011aCHOCTH B JaHHOM padoTe?

ITouemy B 1aHHOH paboOTe yCIOBHS IPOBEACHUS OIBITOB HEJIb351 CUUTATH OJUHAKOBBIMU?

BriBenuTe pacueTHyro GopmyIry Uit KOG GHUIHEHTa TEIUIOBOT0 00BEMHOTO PacIINpPEHHSL.

[TepeuncnuTe BeIMUMHBI MPSMBIX U3MEPCHHI B pacueTHOU (hopmyIie.

Onumure ycrpoiictBo TepMmomeTpa. KakoBbl ero mnpeaensl U3MEpEHUM, LieHa JEJICHUs ILKalbl,

MOTPEUTHOCTH Mpudopa’?

e 3anumure (HopMyibl, HEOOXOAUMBIE Ul BBIYMCICHMS IOTPEIIHOCTEH NPsAMBIX H3MEpEHUil,
HEOO0XOANMBIX B TEXHOJIOTUH NTPOBEJICHUS OIBITOB IPU Pa3HbIX HAYaJIbHBIX YCIOBHUSX.

e 3amummre (QOpPMYNB, HEOOXOMUMBIC Ui BBIYMCICHHS BCEX IOTPEIIHOCTEH KOCBEHHOTO
U3MEpEeHUsi, HEOOXOAMMBIX B TEXHOJOTHMH TIPOBEIEHUS ONBITOB MPU PA3HBIX HAYaIbHBIX
YCIIOBUSIX.

e CdhopmynupyiiTe nmpaBuiia OKPYyriICHUs MTOTPEITHOCTEM.

e [lo KakoMy KpUTEpHIO CIIEAYET OKPYTIUTh CpEAHEE 3HAUEHUE MPSMBIX U KOCBEHHBIX U3MEPEHUH.

e B kakoM BuJE clelyeT 3anucaTh JOBEPUTEIbHBIM MHTEPBAJ 3HAYEHUN KOCBEHHOTO M3MEPEHMS?

CKOJIIbKO TOBEPUTEIBHBIX MHTEPBAJIOB CIIEYET ONPEAEINUTD I BOABI?

KaxoBbl paBuiia noctpoeHus rpaukoB, BbIOOpa MacITadoB, MOANKUCENH KOOPAUHATHBIX OCei?

Kaxk moctpouts rpaduk TuHEHHON 3aBUCUMOCTA METOJOM HATSHYTON HUTH?

KaxoB ¢gu3uueckuii cMbIC yrioBoro koagguuueHTa rpa@uKoB s CIUPTa U BOABI?

CKOJbKO CpeAHMX 3HAYEHWH YIiIoBOro KO3 @uIMEHTa HaJo0 ONpEeAeNuT: a) Ul cnupra, 0) ans

BOJIBI?

e Kak B ciiyyae MeToa HATSIHYTOW HUTH MOYXHO BBIYMCIIUTBH CIy4YailHYIO MOTPEIIHOCTH YIJIOBOTO
kod(durmenta o rpaduKy JUHEHHON 3aBUCUMOCTH?

JlaGopaTtopHnast pabota Ne 9: U3MepeHne CKOPOCTH UCTIAPEHMSI JKUIKOCTH U U3MEHEHU S eé
IHTPONMUM MPHU ITOM MpoIlecce
Llenu paboTbl:
N3mepuTh CKOpPOCTh HCHApEHUs ITUIOBOTO CIIUPTA U BOJBIL.
Bpruncints n3MEHEHHE SHTPONMU HEKOTOPOH MacChl >KUAKOCTH MPH MEPEXOJIE €€ B map.
3. 3akpenuTh HaBBIKM OOpaOOTKH pe3ylbTaTa KOCBEHHOTO BBIYHMCIEHHUS B Cllydae MPOBEICHUS
OIIBITOB IMPU OJAWMHAKOBBIX YCIIOBUAX.
[TpuGopk! ¥ MPUHAATIEKHOCTH:
OJICKTPOHHBIC BCCHI, STUJIOBBIN CITUPT, AUCTUJUIMpOBaHHas BOJa, HEBBLICOKUU III/IJ'H/IH)IpI/I‘-IeCKI/Iﬁ
COCYI, TEPMOMETP, IITAHI€HIUPKYIb, CEKYHIOMED.
KoHTposIbHBIE BOIPOCHL:
e Kak uctonkoBaTh mporecc UCapeHus C TOYKU 3PEHUS MOJIEKYISIPHO-KUHETHUECKON Teoprn?

N




N

5.

[ToueMy >XUAKOCTH TPH WCHAPEHUU OXJAKIAIOTCSH, a NP KUNCHUH UX TeMIeparypa He
u3MeHsiercs’?

B kakom ciyuae yzenbHas TEIUIOTa UCTIapeHUs (WJIM KOHJEHCAllUK) paBHA HYIO?

Kakas BennumHa xapakTepus3yeT MHTEHCUBHOCTh HUCTIApEHUS?

Kak u mouemy MeHsieTcsl CKOPOCTh HCHApPEHMs KHUAKOCTH, €CIHM: a) YBEIUYMTH IUIONIAJb €€
IIOBEPXHOCTHU; B) YMEHBIIUTH BHELIHEE JaBiIcHUE?

Uto Ha3BIBAIOT SHTPOIUECH?

OO6bsacHuTe HU3HUECKUN CMBICIT SHTPOIHUU.

[lepeuncnure BeTUUUHBI IPSIMbIX U3MEPEHUN B pacuéTHON (Gopmysie: a) Iuisl CKOPOCTU UCTIAPEHUS
KHUAKOCTH; ©) AJI1 M3MEHEHUs SPHTPOIHMHU KUAKOCTU IIPU UCHIAPEHUU.

Kakum o0pa3om B naHHO#M paboTe 00ecneunTh OAUMHAKOBBIC YCIOBUS MPOBEICHHS OTBITOB?
Cdhopmynupyiite npaBuiia pabOThl C JIEKTPOHHBIMU BecaMH. KakoBBI MX Mpeaesbl N3MEpeHH,
LIEHAa JIEJICHUS IIKaJIbl, TOTPEIIHOCTh npudopa’?

Chopmynupyiite npaBuia paboTel ¢ J1a00paTOPHBIM CeKyHIOMepoM. KakoBbl ero mpenesbl
M3MEpEHUH Ha MIKajaX, [eHa JeICHUs KaXKI0W MIKaJIbl, TIOrPEIIHOCT Iprubopa’?

Onwummre X0 paboTHI.

B uém ocoOeHHOCTh TeXHUKHU 0€30MacHOCTH B JaHHOU paboTe?

Kakoe konnuecTBO OMBITOB HAJIO MPOBECTU AJs oOecrieueHus HaAEKHOCTH u3Mepenuit: a) 80 %,
6) 90 % ?

[loueMy B JjaHHOW paboTe HAYaJbHBIE YCIOBUS IPOBEACHUS OIBITOB MOXKHO CUUTATh
OJIMHAKOBELIMU?

3anumute GopMysibl, HEOOXOIUMBIE I BHIYMCICHUS BCEX MOTPEIIHOCTEH MPSMBIX U3MEPEHHH,
HEO0OXOIUMBIX B TEXHOJIOTUU MIPOBEJCHHS OMBITOB MPU OJMHAKOBBIX HAYAJIbHBIX YCIOBUSIX.
3amummre GopMynbl, HEOOXOAMMBIE [UIS BBIYHACICHUS BCEX MOTPEIIHOCTEH KOCBEHHBIX
U3MepeHuil (CKOPOCTH HCMapeHHs] U HW3MEHEHHUs OHHTPOMHH), HEOOXOAMMBIX B TEXHOJOTHH
MIPOBEJICHUS OIBITOB MPH OAMHAKOBBIX YCIIOBHUSX.

CdhopmynupyiiTe mpaBuiia OKpYyTJIEHUS MOIPEIIHOCTEH.

Ilo kakOMy KpUTEPHIO CIEAYET OKPYIJIUTh CPEHEE 3HAUEHUE NMPSAMBIX U KOCBEHHBIX U3MEPEHUI.
B kakoMm BHJIE cllelyeT 3aucaTh JOBEPUTEIbHBIM HHTEPBAJl 3HAYEHU KOCBEHHOTO U3MEPEHUA?
Kakoe 3HaueHue He AOKHA NPEBBIIIATh OTHOCUTEIbHAS MOTPEIIHOCTh?

CpaBHUTE 3HAYEHHUS CKOPOCTH WCHAPEHHUS CIUPTa U BOJbI, OOBACHUTH MX pa3iHihe C TOUKH
3peHUs CTPOEHMSI U TEIUIOBBIX CBOMCTB JKUJKOCTEH.

CpaBHuTE 3HAYEHUS MU3MEHEHHS SHTPOIMU CHHPTA U BOJBI, OOBSICHUTH UX pPa3IU4Me C TOUYKU
3peHUs CTPOEHMSI U TEIUIOBBIX CBOMCTB JKUJIKOCTEH.

JlabopaTtopHnas padota Ne 10: U3yueHue siBjieHHsI TEMJIOBOT0 PACIIUPEHUs TBEPABIX TeJl

el paboThL:

N3yuunTh sBIIEHHE TEIJIOBOTO PACIIUPEHUS TBEPABIX TEI.
Beruucnuth cpennee 3HaueHHE KO3OPPHUIUEHTa JUHEHHOIO paclIupeHus JaTyHH.

DOKCNEepUMEHTAIbHO TPOBEPUTH 3aBUCUMOCTh YIJIMHEHHUS METAJUIMUECKON TpyOKu pu
HarpeBaHUuU OT €€ IEPBOHAYAILHON JJIMHBI.
3aKkpenuTh HaBBIK rpaduyecKkoro IMpeacTaBICHUS DKCIIEPUMEHTAIBHBIX JAHHBIX U

UCMOJIb30BaHUs T'paduKa JUIsl BHIYMCIECHUS U 00pabOTKU Pe3yIbTaTOB U3MEPEHUH.
3akpenuTh HaBbIK 0OpaOOTKH pe3yabTaTOB METOJI0OM HAMMEHBIINX KBAJPaTOB.
[TpuGOpHI ¥ MPUHAIIEKHOCTH:

MeTaJUTMYeCKUe TPYOKH, pE3MHOBBIC IIJIAHTH, MOJCTaBKa CO KON, KIOBETa, KOJIOA, JJIEKTPOILIUTKA,
WHIUKATOP YacOBOTO THUMA, OapoMeTp, TEPMOMETp, JIMCT MUJUIMMETPOBOM OyMaru, mpo3padHas
JIAHENKA.

KoHTpoabHEIE BOIIPOCHI:
OOBsICHUTE MEXaHU3M SIBJIICHHS TETUIOBOTO PACIIMPEHUS.
N3o06pasute rpadmku 3aBUCUMOCTEH OT PACCTOSHUS MEXAY YacTHIAMHU: CHJIbl TPUTSIKECHHUS;
CWJIbl OTTAJKUBAHUS; PE3YJIbTUPYIOIIEH CHIIbI B3aUMOJEHCTBUSI; SHEPTUU MPUTSHKEHUS; SHEPTUU




OTTAJIKUBAHUs; SHEPIUU B3aUMOJCUCTBUA. UTO HA3bIBACTCA: IOTCHIUAIBHOW KpPUBOH,
HOTEHIIMAIBLHON IMOU?

e [IpuBeaute nmpuMepsl MPOSBICHUS U MCIIOIH30BAHUS TEIUIOBOTO PACIIUPEHUS B OBITY U TEXHHKE.
Bcerna nu npu HarpeBaHUM TEJ UX pa3Mepbl YBETUUUBAIOTCS?

e Uro Ha3bIBaIOT KO3(PPUIIMEHTOM JUHEHHOrO0 M 00BEMHOIO TEIioBoro  pacimpeHus? KakoB ux
¢busnueckuii cMpica? B Kakux eIMHULIAX U3MEPSAIOTCS UX 3HAUCHUS?

e KaxkoBa cBsI3p MEXIy TUHEHHOTO W O0OBEMHOTO TEIUIOBOTO  pacimmpeHus? BeiBectu dopmyiy,
BBIPAXKAIOLIYIO 3Ty CBSI3b.

e KaxkoBsl TabnuuHble 3HaUeHUS KO3 PUIIMEHTa JIMHEHHOTO pAaCIIUPEHUS TSl CTalIu U JIaTyHU?

e BriBenute pacueTHyro GopMyiry.

e [lepeuncnure BEMMYUHBI IPSIMBIX U3MEPEHUI B pacuéTHOM hopmyie.

e Onummure ycTpoiicTBO TepMmomMerpa. KakoBbl ero mpejensl U3MEpEeHH, 1ieHa JCICHUs IIKaJbI,
MOTPEIIHOCTh pudopa?

e Omnumute ycTpoiictBo Oapomerpa. KakoBbl ero mpenensl U3MEpeHH, LeHA AEJICHHS IIKAaJbl,
MOTPEIIHOCTh pudopa?

o Cdopmynupyiite mpaBuia paboThl ¢ 1a00OPATOPHBIM MHIUKATOPOM 4YacoBoro Tura. KakoBsl ero
IpeiesIbl U3MEPEHHH Ha MIKAIax, [IeHa JeNICHUS KaX IO IIKaIIbI, TOTPEIIHOCTh Mpudopa?

e OnummuTte X011 padoTHI.

e B uéM 0cOOCHHOCTHh TEXHUKHU OE30MMACHOCTH B JJaHHOU paboTe?

e B Kkakux yCJIOBHUSX MPOBOAMUTCS OIMBIT — OJUHAKOBBIX WM pa3HbIX? Eciu B pa3HbIX, TO Kakoe U3
MPSIMBIX U3MEPEHUH JODKHO MEHATH CBOM 3HAUCHUS?

e OnummTe METOJbl HATSIHYTOM HUTM M HAUMEHBIIMX  KBAJpaTOB JJIsl BBIYMCIIEHUS YIJIOBOI'O
ko3 durmenra.

e 3anummre HOPMYIIbI, HEOOXOAUMBIC JIJIS BBIYUCIICHUS BCEX TOTPEUTHOCTEH MPSIMBIX HU3MEPEHUH,
HEOOXOIMMBIX B TEXHOJIOTUU TIPOBECHIS ONBITOB TPU PA3HBIX HAYAIBHBIX YCIOBUSX.

e 3anumure ¢GOpMyNbl, HEOOXOAUMBbIC /I BBIUMCICHHUS BCEX TMOTPEIIHOCTEH KOCBEHHOTO
U3MEpEeHUsl, HEOOXOAMMBIX B TEXHOJOTHH TIPOBEACHHUS OMNBITOB NPHU pPAa3HBIX HadyaIbHBIX
YCIIOBUSIX.

e CdopMmynupyiiTe mpaBuia OKpYyTICHUs MOTPEIIHOCTEH.

e Kakomy KpuTepHi0 COOTBETCTBYET pa3psii COMHHUTEIbHOW HUGPBHI NMPU OKPYIIIEHUU CPETHETO
3HAYEHUS NMPSIMBIX U KOCBEHHBIX H3MEPCHHIA?

e B kakoMm BUJE CIIEYET 3alucaTh JOBEPUTEIbHBIA NHTEPBAJ 3HAUYEHUN KOCBEHHOI'O U3MEPEHUS?

JlabopaTtopHas padota Ne 13: Onpenesenne BJIAKHOCTH BO31YXa U TOUKHU POCHI
Lenun paGoThi:
N3meputs BIa)KHOCTB BO3/1yXA.
OnpenenuTs TOYKY POCHI.
[IproGpectu HaBBIKU pabOTHI ¢ TUTPOMETPOM U IICUXPOMETPOM.
[IpuobpecTn HABBIKM HCHOJB30BaHMUSA TCUXPOMETPUUYECKOW TaONUIBl M TaOJIHMILbI JaBJICHUS
(TJIOTHOCTH) HACBILLIEHHOTO Mapa.
5. 3akpenuTbh HaBBIKK OOpPaOOTKM pe3yJabTaTOB MPU IMPOBEACHUU HKCIEPUMEHTa B OJMHAKOBBIX
YCIIOBUSIX.

AwnhE

[TpuGOpHI ¥ MPUHAIIEKHOCTH:
MCUXpOMETp AccMaHa (aclmMpalMOHHBIN), MCUXPOMETP ABryCTa, BOJOCHOW THTPOMETP, TMUTPOMETP
KOH/JICHCALIUOHHBI.

KoHTpoasHBIE BOIIPOCHL:
e YT0 Takoe HEHACHIUIEHHBIN 1 HACBIIIEHHBIN map?
e Kak 3aBucHT JaBlieHHE HACBHIIIEHHOTO Mapa: a) oT o0bemMa, 0) oT Temneparypbi? OOBSICHUTE ITH
3aBUCHMOCTH.
e Uro Ha3bIBAIOT: a) AOCOTIOTHON BIAKHOCTHIO, 0) OTHOCUTEIIBHON BIIAKHOCTHIO?




e U3oOpasute B koopamHatax (V, p) HM30TEPMBI PEANTBHOTO Ta3a MPH pPa3HBIX TEMIIEpaTypax.
OOpscHUTE UX. YKXKUTE Ha quarpaMme obnactu: oxHodasHble cocTosiHuA "map" (razoodpasHoe
COCTOsIHHE) U ">KHJIKOCTB", IByX(a3zHoe cocTossHUE "ap —KUAKOCT".

e UYro Takoe KpPUTHUYECKOE COCTOSHHUE, KpUTHYeckhe mnapamerpbl? OT 4ero 3aBUCAT 3HAYCHHS
KPUTHUYECKHX JaBJICHUS, 00bEMa, TEMIIEPATypPhI?

e OmnumuTe yCTPOMCTBO: a) ncuxpomerpa AccMmana (acupaloHHOro), 0) mcuxpoMerpa ABrycra.

ChopmynupyiiTe mpaBuia paboThl C STUMH MPUOOPAMH.

I'te npUMEHSIOTCS ICUXPOMETPHI U TUTPOMETPHI?

Onumure CyTh ICUXPOMETPUUECKOIO METOIa U3MEPEHMSI BIIAXKHOCTH BO3yXa.

Onwumure Xox padoTHI.

B uém 0coOeHHOCTh TeXHUKHU 0€30MacHOCTH B JaHHOU pabote?

UYro Takoe MOCTOSIHHAS IICUXPOMETpa U KaK €€ HalTu?

Kakum o6pa3om B JaHHOW paboTe HAZ0 OMPEACIUTh AaBlieHUE (MJIOTHOCTH) HACBIIICHHOTO mapa?

Urto Takoe "Touka pochl" M KaK €e ONpeAe/IUTh B JaHHOU padboTe?

Kakue Benn4unHbI SABISIOTCS TPSIMBIMU M KOCBEHHBIMH U3MEPEHUSMHU B 3TOU paboTe?

e Kakue morpemHocTH clieyeT BBIYHCIATH Uil HPSMbIX UM KOCBEHHBIX HM3MEPEHUU B JaHHOMN
pabore.

e Cdopmynupyiite npaBuiia OKPYyriICHUs MOTPEITHOCTEH.

e Kakum 00pa3oM HAaJ0 OKPYIIIUTH CPEAHUE 3HAYCHUS MPSMBIX U KOCBEHHBIX H3MEPEHHIA.

e 3anmuImmMTe TOBEPUTEIHHBIE HHTEPBAJIBI BIAKHOCTH BO3/[yXa U TOUYKH POCHI B IaHHOW padoTe.

JlaGopaTtopHnast pabota Ne 8: U3MepeHue yaeJIbHOM TeIJIOTHI NaAp000pa30oBaHus NPHU TeMIepaType
KHIIEHUS 5KMIKOCTH
Llenu paGoTsl:
W3yuuTs siBieHUs napooOpa3oBaHus (MCIIApeHUE U KUIEHUE) U KOHICHCALUH.
BoruncnuTh 3HaueHNE yeIbHON TEIIOTH TapooOpa30BaHMsl BOJbI IIPU TEMIIEPATYPE €€ KUTICHUS.
3. U3y4nTh KaJOpUMETPUUYECKHH METOA M3MEpEeHUs CKPBITOW TeIuloThl (ha30BOr0 Iepexoja
IIEPBOTO poJa.
4. 3akpenuTh HaBbIKM OOpaOOTKM pe3yabTaTOB IMpPU MPOBEACHUHM SKCIEPUMEHTa B Pa3IMYHBIX
YCIIOBUSIX.

N

[Tpubopsl M IPUHAIICKHOCTH:
Koj0a ¢ KUMSATHIBHUKOM, KallOpUMETpP, HEOOINBIIONW COCyl, TEpMOMETp, OapoMeTp, SJIEKTPOHHBIE
BECHIL.

KoHTposibHBIE BOIPOCHL:

e Uro Ha3bIBaOT CKPHITON TEIUIOTON (ha30BOrO nepexoa?

e [louemy ckppiTas TeroTa MapooOpa3oBaHUsl 3aBHCUT OT TemmepaTypel? KakoBo TabmuuHoe
3HAQUYEHHE CKPBITOM TEIIOTHI IIPU TEMIIEPATYPE KUTIEHUS BOJIbI?

e Uem oTinyaercs Mpolecc MOBEPXHOCTHOTO MCHApEHUs KHUJIKOCTH OT e€ kuneHusi? Onumunre
MEXaHHM3M 3TUX MPOIIECCOB.

e [Ipu kakOM yCIIOBUM HAYMHAETCS MPOLIECC KUTIEHUA?

e Yro Takoe TeruioBoi OanaHc? 3anuIIMuTe ypaBHEHHE TEIJIOBOro OajaHca U 0ObSICHUTE BXOASIIUE
B HETO BEJIMYUHBI.

e Kakue BemecTBa OT/aI0T, a KaKKe MOJy4YaloT TEIIOTY B JaHHOM paboTte?

e Onumure YCTPOHCTBO  H3MEPEHUSIMH, NpaBHUja MOJb30BaHUS TEPMOMETPOM, OAPOMETPOM M
TEXHUYECKHMH BECAMHU.

e Onummure yCTPOMCTBO TepMOMeTpa. KakoBbI €ro mpeaenbl U3MEpPEHU, IIeHa JIEJICHHS LIKaJbI,
MOTPEUTHOCTH Mpudopa?

e Omnumute ycTpoiicTBo Oapomerpa. KakoBbl ero mpenensl U3MEpPEeHHid, IleHa JENCHUS Kb,
MOTPEIIHOCTh pudopa?

o Cdhopmynupyiite mpaBuiia paboThl C JIEKTPOHHBIMH BecamH. KakoBbI WX mpenensl U3MEPEHUN,
1[€HA JIeJICHUS LIKaJIbl, MOTPEeIIHOCTh prudopa?




e BrBenmute pacu€tHyio QopMmyly AN ONpEAENCHUs  CKPBITOW  YAENbHON  TEIJIOTHI
napooOpazoBaHMUsL.

e B uem cocTOMT MeTOA HM3MEpPEHHs YAEIbHON CKPBITOH TEIIOThl MapooOpa30BaHUs B JaHHOM
nabopaTopHoi pabore?

e  OnwumuTte X0/ paboTHI.

e B uéM 0cOOCHHOCTHh TEXHUKU OE30MMACHOCTH B JaHHOU pabote?

e Kakue BenuuMHBl B pacu€THBIX (OpMyNax Uil TEMIEpaTypbl KUIIEHUS U CKPBITOH YyIEeJIbHOM
TEIUIOTHI SIBJIAIOTCS: @) IPAMBIMU U3MEPEHUAMHU; 0) KOCBEHHBIMU U3MEPEHUSIMH.

e [louemy B naHHOH pabOTe HENb3SI CYUTATH YCIOBUS MPOBEICHUS OIBITOB OJJMHAKOBBIMU?

e 3anummure GOPMYIbI, HEOOXOAUMBIE Ui BEIYUCICHHS BCEX MOTPEIIHOCTEH MPSMBIX W3MEPEHUH,
HEOOXOAUMBIX B TEXHOJIOTUH MPOBEJICHUS OIIBITOB MPHU Pa3HbIX HAYAJIbHBIX YCIOBHUSX.

e 3anumwure QGOpPMYNbl, HEOOXOAMMBIE [UIl BBIUMCIEHUS BCEX IOIPEIIHOCTEHl KOCBEHHBIX
U3MEpEHUH, HEOOXOAMMBIX B TEXHOJOTMH IPOBEIEHUS ONBITOB IPU Pa3HbIX HadalbHBIX
YCIIOBHUSIX.

o Cdopmynupyiite npaBuia OKpyrieHus NOIPEIIHOCTEH.

e [lo KakoMy KpUTEPHIO CIIEAYET OKPYTJIUTh CPEAHEE 3HAUCHUE NPSMBIX U KOCBEHHBIX U3MEPEHUH.

e B xakoM Buje cieayeT 3anucaTh JOBEPUTENIbHbBIN HHTEPBAJ 3HAYCHUN KOCBEHHBIX U3MEPEHUI: a)
TeMIepaTypbl KUIEeHUs, 0) yAeTbHON CKPBITOH TEIUIOTH TapooOpa3oBaHus?

JlaboparopHast pabota Ne 6: U3mepeHue ko3 pPpuineHTa BA3ZKOCTH KUTKOCTH
[{enu paGoTHI:
N3yuuTh siBIIeHHE BSI3KOCTH JKUKOCTH.
Boruncnuth 3HaueHne K03 PUIMEHTa BI3KOCTH INIULIEPUHA U CITUPTA.
N3yuuts Meron CTOKCa U METOJ, C UCIIOJIb30BAHNEM KAIIUJUIIPHOTO BUCKO3UMETPA.
3aKkpernuTh HaBBIKK paOOThI CO MITAHTCHLIUPKYIEM, MUKPOMETPOM U CEKYHIOMEPOM.
3aKpenuTh HaBbIKU 0OpPa0OTKHU pe3ynbTaToB.
[TpuGopk! ¥ NPUHAATIEKHOCTH:
- mo Meroay CTokca: CTEKJISHHBIN HUIUHIPUYECKUI COCYJl C TJIUIIEPUHOM, CBUHIIOBBIE U CTAJIbHBIC
[IApUKH, MUKPOMETP, CEKYHIOMED, IITAaHT€HIIUPKYJIb, MUJUTUMETPOBAst TNHEHKA;
- [10 METO/Y C HCIIOJIb30BAaHMEM BHCKO3MMETpA: KaIWUISPHBIA BUCKO3UMETP, CEKYHIOMEp, (JIaKOH C
BOJOH, (PIIaKOH CO CIIUPTOM, (PIIAaKOH C BOJOM JAJisi MPOMBIBAHUSI BUCKO3UMETPA, MEH3YpKa, BOPOHKA,
Hacoc («rpy1iay), Tpyoka.

arLONOE

KoHTpoabHbIE BOIPOCHL:
Ilo memooy Cmoxca:

e OnuimuTe SIBICHUE BA3KOCTH KHUIKOCTH.

e Uro Ha3pBalOT KOXPPHUIMEHTOM Bs3KOCTH? B KakuxX eAuHMIIAX H3MEpsieTcs ero 3HaueHue?
KakoB mopsmok BenuuuHbl Kod(duiMeHTa BI3KOCTH KuakocTei? CpaBHHUTE €ro ¢ MOPSAKOM
ko3¢ duLreHTa BI3KOCTH ra30B.

e Uemy paBeH k0d()PHUIMEHT BA3KOCTH MPH KOMHATHBIX YCIOBUSX: a) AJI YUCTOTO TIHUIEPHHA; 0)
JUTSL TUCTUILTUPOBAHHON BOBI?

e KakoBa 3aBUCHMOCTh KOX(P(UIIMEHTA BA3KOCTH OT TEMIEpaTypbl B cllydae: a) >KUIKOCTeH, O)
ra3oB? OOBSCHUTE ITH 3aBUCUMOCTH.

e Kakue cunbpl ACHCTBYIOT Ha IIAPUK TPU €r0 JIBMKEHUHM B ThullepuHe? 3amuIiuTe ypaBHEHHE
JIBUKCHHsI IIapUKa B BEKTOPHOH (GopMe B MPOEKIUSAX Ha OChb, BIOJb KOTOPOH MPOUCXOIUT
JIBHKCHHE.

e KaxoB xapakTep IBUKESHHS IIAPUKA: a) OT MOBEPXHOCTH TIHUIEPUHA O BEPXHEH METKH Ha COCY/IE,
0) OT BepXHEei METKH JI0 HUKHEW METKH, B) OT HIDKHEH METKH J0 AHA cocyaa?

e Kak BeruncauTh KodQPUIueHT BA3KOCTH 1o MeToAy CToKca (BBIBECTH pacueTHYIO hopmyiy)?

e I3menwutcs nu 3HayeHHe Kod(DPHIMEHTa BA3KOCTH TIIMIIEPUHA, €CTTH BMECTO CTAIBHOTO MIapuKa
WCIOJIb30BaTh CBUHI[OBBIN?

e Kakue BenuuuHbl B pacu€THOl ¢dopMynie I BS3KOCTH TIUIEPUHA SBIAIOTCS MPSIMBIMHU
U3MEpPEHUSIMU?




2.
3.

Kakum o0pa3om B gaHHOW paboTe MOXKHO OO0ECIEeYUTHh COOJIO/IEHHWE OJUHAKOBBIX YCIOBUU

IIPOBEJICHUS OIIBITOB?

Chopmynupyiite npaBuia paboTel ¢ J1a00paTOpHBIM ceKyHaoMepoM. KakoBbl ero mnpeaensl

M3MEpEeHUl Ha 1IKaiax, [eHa JeJIeHUs] KaXXI0! MIKaJIbl, IOTPEIIHOCTh mprudopa?

Cdhopmynupyiite npaBuia paboTsel ¢ MUKpoMeTpoM. KakoBEI €ro mpeiesibl i3MEpeHU Ha IIKajax,

LIEHA JIEJICHUS KaXKJI0M IIKaJIbI, IOrPEIIHOCTh Tprubdopa?

Onumure X0 paboTHI.

Kakoe KommuecTBO OMBITOB HAJIO MPOBECTU AJIsE 0OecrieueHus HaAEKHOCTH u3MepeHuii: a) 80 %,

6) 90 % ?

Kak obecrnieunTs npoBeieHHs ONBITOB, YUTOOBI HAYAJIbHBIE YCIOBUS OBLIN OJMHAKOBBIMU?

3anumute GopMyiibl, HEOOXOIUMBIE JUISl BHIYMCICHUS BCEX MOTPEHIHOCTEH MPSMBIX U3MEPEHHH,

HEO0OXOIMMBIX B TEXHOJIOTUU IIPOBECHUS OINBITOB IIPU OJIMHAKOBBIX YCIOBHSX.

3anummure GOpMynbl, HEOOXOAMMBIE JUIs BBIUYMCIEHUS BCEX IOTIPEIIHOCTEH KOCBEHHBIX

U3MEpEeHUH (CKOPOCTM HCHApeHUs] W HM3MEHEHHUS SHTPONHH), HEOOXOAWMBIX B TEXHOJOTHH

MIPOBEICHUS OIBITOB MPH OAMHAKOBBIX YCIOBHUSX.

ChopmynupyiiTe npaBuiia OKpyTieHUs MOTPEITHOCTEH.

[To kaKkOMy KpUTEPHUIO CIAEAYET OKPYIIIUTh CPEIHEE 3HAYEHHE MPSAMBIX U KOCBEHHbBIX U3MEpPEHUI.

B kakom BuJie ciieryeT 3anucaTh JOBEPUTENbHBIM HHTEPBaJl 3HAYCHU KOCBEHHOTO U3MEPEHUs?
Ilo memo0dy ¢ ucnonvzosanuem gucKo3uUMepa:

Onumure ycTpoicTBO BUCKO3UMETPA.

Kto u300pén Bucko3umerp?

OT KakMX BEIMYMH 3aBHCUT OOBEM MXKHUJIKOCTH, NPOTEKAIOLIEH 4Yepe3 KalWUIIpHYI0 TpPYOKy

(y4acTok BUCKO3UMETpaA)?

Kakum o0pa3oM Beruucisercs 3HadeHHEe KOd(h(UIMEHTa BSI3KOCTH KUAKOCTU C TOMOIIBIO

KamUJUSIPHOTO BUCKO3UMeETpa?

Kakas u3 )xunkocrteil 1 nouemy OoJjiee Bsi3Kasi: BoJia WM CIUpT?

KakoBbl crpaBouHble 3HAa4eHHS] KOA(D(GUIIMEHTOB BA3KOCTH ATHX JKUIKOCTEH MPHU HOPMAIbHBIX

yCIOBUSX (MM ONHM3KUX K HAM)?

Onumure X0 paboTHI.

B uém oco0eHHOCTh TeXHUKH 0€3011aCHOCTH B JaHHOM paboTe?

CKOJIBbKO BEJIMYUH TUIIA «IIPSMOE U3MEPEHUE» HaXOIUTCS B pacy€THOM dopmyiie?

Kaxkoit u3 meromoB - meron CToKca WM METOJ KaMWUISPHOTO BHCKO3UMETpa - JaCT MEHBIITYIO

OLIMOKY BBIYMCIIEHUS KOOPPUIIMEHTA BI3KOCTH B IIPOLIEHTHOM BBIPA’KEHUU?

3anummre GopMyibl JUIS BBIYMCICHHS HEOOXOAMMBIX MOTPEUIHOCTEH MPSAMBIX M KOCBEHHBIX

U3MEPEHUN.

JlaGopatopHas pabota Ne 7: MceieioBanue TeMIepaTypHOii 3aBUCHMOCTH Kod(puumneHTa
BSI3KOCTH KUAKOCTH
Lenu paGoThi:
MeronoM  KanWwUIAPHOTO  BHUCKO3UMETpa SKCHEPUMEHTAIBHO  IOJIY4YUTh 3aBUCUMOCTh
KO3 pHIMEHTa BA3KOCTHU TIMIIEPHHA OT TEMIIEPATYPHI.
BrruucnuTe 3HEPrur0 aKTUBALMK MOJIEKYJI TIIMIIEPUHA.
3aKkpenuTh HaBBIKK 00paOOTKH Pe3yIbTaTOB MIPU MPOBEIEHUH OMBITOB B Pa3HBIX YCIOBHUSX.
[TprOopb! ¥ NPUHAAIEKHOCTH:

BHUCKO3MMETp C INIMLEPUHOM B TEPMOCTATe, HarpeBaTellb, CEKyHJIOMED, ABa JMCTa MUJUIMMETPOBOMN
Oymaru, mpo3payHasi JTMHeHKa.

KoHTpOJIbHEIEC BOIPOCHI:

OnumuTe CTpoeHne KUAKOCTEM.

YTo MOHUMAIOT MO «OIMKHUM MOPSAIKOM»?

KakoBa ¢u3uueckast CyTh sIBICHHS BSI3KOCTH B JKUAKOCTSIX?
Kakoit ¢usnueckuii cmbici umeer K03puumeHT BI3KocTu?



NN O N AW

B kakux enuHUIAX U3MepseTcs 3HaueHue koddduuuenta Ba3kocTu?

Yemy paBeH KOA(POUIMEHT BA3KOCTH MPU KOMHATHBIX YCIOBHSIX: @) /Ul YHCTOTO TNIMIEpUHA; O)

IUIsL AUCTHILTMPOBAHHON BOJIBI?

Kak 00bsCHUTH 3aBUCUMOCTb KO3 (UIIMEHTA BA3KOCTH )KUJIKOCTEH OT TeMIeparypbl?

B 4eMm pasznuuue TeMneparypHbIX 3aBUCUMOCTEH KO3((UIIMEHTOB BSI3KOCTH KUIKOCTEH U ra30B?

Uto Ha3bIBalOT 3HEPTUEN aKTUBALIUU MOJIEKYJT KHUIAKOCTU?

Onuimure ycTpoicTBO TEPMOMETpA.

Chopmynupyiite mpaBuna paboTel ¢ J1a0OpaTOPHBIM CEKyHIOMEpOM. KakoBbI ero mpeuessl

M3MEPEHUH Ha MIKaiax, [eHa JeIeHUs KX 101 MIKaJbl, TOrPeIHOCTh mpudopa?

Onuumre ycTpoiCcTBO M MPUHLUI U3MEPEHUH C IIOMOIIbIO BUCKO3UMETpA.

Onummre xoa padoThI.

B 4éM 0coOeHHOCTh TEXHUKH 0€3011aCHOCTH B JaHHOM pabote?

BriBenuTe pacueTHyto GOpMyITy sl ONpeACTICHHS SHEPIUU aKTUBAIIMK MOJICKYJIbI.

B 4yem cocTouT MeTon: a) HATAHYTOH HUTH; 0) HANMEHBIINX KBAPAaTOB?

KakoBsI mpaBuiia nmoctpoeHus rpadukoB, BHIOOpa MacmTaboB, MOINUCEH KOOPANHATHBIX OCEH?

KakoB ¢usuveckuii cMmbicn yriaoBoro kodddwuimenta rpaduka 3aBUCHMOCTH KO3 HUIMEHTA

BSI3KOCTH TJIMILIEPUHA OT TEMIEPATYPHI?

Kak B ciiyuae MeTOAa HaTSAHYTOW HUTU MOKHO BBIYMCIHUTH CIY4alHYIO HOIPEIIHOCTh YIJI0BOTO

koa¢dunmenTa no rpaduKy TUHEHHON 3aBUCUMOCTH?

Kakne BenmumHbl B pacu€THOW (opmyse Ui SHEPrHHM AaKTUBAIMH SBISIOTCS «IPSIMBIMU

U3MEPEHUAMU»?

3anummure GopMyIbl, HEOOXOAUMBIE Il BEIYUCICHHS BCEX MOTPEITHOCTEH MPSIMBIX M3MEPEHHUH,

HEOOXOMMBIX B TEXHOJIOTUH MPOBEJICHUS OIBITOB IPH Pa3HBIX HAYAJIbHBIX YCIOBHUSX.

3anumuTte QOpMylsibl, HEOOXOAMMBIE JJIi BBIYMCICHHMS BCEX IOTPEIIHOCTEH KOCBEHHBIX

U3MEPEHUH B TEXHOJIOTUH NPOBEJCHUS ONBITOB MPU Pa3HbIX HAYAJIbHBIX YCIOBUSX.

ChopmynupyiiTe mpaBuiia OKpYTJI€HUS MOTPEITHOCTEH.

[To kakOMy KPUTEPHIO CIIeIyeT OKPYTIIUTh CPETHEE 3HAUCHHUE MPSIMBIX M KOCBEHHBIX U3MEPEHUH.

B kakom BHe crieyeT 3anucarh JOBEPUTEIbHBI HHTEPBAJI 3HAYCHUH YHEPTUN aKTUBAITUH ?
JlabopaTtopHas padota Ne 12: U3yueHue siBjieHHsI TENJIONMPOBOIHOCTH TBEPABIX TeJl

e paboThL:

. ChopmupoBath MpeACTaBICHHUE O TEIIIONMPOBOIHOCTH.

. ChopmupoBaTh NpescTaBaeHUE O TEMIIEPATYPHOM II0JIE.

. U3yunts 3ak0oH Dypse.

. I3yunTh KamopuMeTpHUuECKUil MeTo]] onpeeneHust KodpPHUIMEeHTa TeIIONPOBOAHOCTH BEIIECTBA.

. Beruncnuts k03((pUIMEHT TemnonpoBOJHOCTH CIulaBa (JIATYHH).

. 3aKpenuTh HaBBIKU MOJIB30BAHUS OAPOMETPOM, TEPMOMETPOM, CEKYHIOMEPOM.

. 3aKpenuTh HAaBBIKM O0paOOTKH PE3yNIbTaTOB M3MEPEHUH NPH MPOBEIECHUH ONBITOB B OJHHUX M TEX
e YCIIOBUSX.

[TpubopsI 1 IPUHAIICKHOCTH:

KAJIOPUMETPUUYECKUIN CTAaKaH CO CIUIABOM, CTAKaHYMKH CO JIbJOM, YIJIOTHUTENb JJIA JIbJa, IITATUB,
ANEKTPOIUINTKA, KoJiba ¢ TpyOKOM, MIMPOKUH cocyd JUlsl TajJol BOAbI, OapoMeTp, TEpMOMETD,
CEKYHJIOMED, 3JIEKTPOHHBIE BECHI, CTAKAHYHK.

KoHTpoJIbHBIE BOIPOCHL:
UTto Takoe TernaonpoBOAHOCTh? ONMUIINTE MEXAHU3MBbI TEIIONPOBOJHOCTH TBEPBIX TEI.
Uto Takoe TeMIepaTypHOE I0JIe; M30TEPMUUYECKHE MOBEPXHOCTH; TPAJUEHT TeMmmepaTypsl? B
KaKMX €IWHMIAX U3MEpsEeTCs TpagueHT  TemrepaTypsl B CH?
KakxoBo TabnuuHoe 3HadeHune Ko3(puirenTa TerionpoBogHocTy natynu? [loyemy oHO 3a7aHO B
BHJI€ MHTEpBaJa 3HAUYEHUN?
Kaxkue Buapl TeMnepaTypHbIX mosiei paznuydaroT? Kakoe remmneparypHoe moje TpedyeTrcs co3naTh
B JJAaTYHHOM LIWJIMHJIpE B JTaHHOU pabore?




e lmeercs crepxkeHb IMHOM 6 M ¢ TpamueHTtoM Temmeparypsl 600 K/m. Haiitu pasHocTb
TEMIEPATYP: MEXIY CEPEAUHON CTEPHKHS U €r0 KOHILIOM; MEKIY KOHIIAMH CTEP>KHS.

e Uro Ha3BIBAIOT: a) TEIUIOBBIM MOTOKOM; 0) IJIOTHOCTHIO TEIUIOBOTO MOTOKa? B Kakux eauHMIIaX
(8 CH) onm msmepstorcs?

o KakoB (u3HUECKUIl CMBICI IUIOTHOCTH TEMJIOBOTO MOTOKA?

e Uro Ha3bpIBalOT IPaIMEHTOM TEMIIEPATYpPbI?

e Kak nHampaBieHbl BEKTOpPbl IUIOTHOCTH TEILIOBOIO MOTOKA U IPaJleHTa TeMIepaTyphl?

e Cdopmymupyiite 3akon Dypre; Hanummre ypaBHeHHe Dypre. UTO 03HaUaeT 3HaK
ypaBHeHUU Dypbe?

e JlaiiTe onpeaeneHre k03P PuureHTa TEMmIONPOBOAHOCTH U OOBICHUTE €ro (PU3NUECKUN CMBICIT.

e (CpaBHHTE POJIb PEHIETOYHON TEIJIONPOBOJHOCTH M AJIEKTPOHHOW TEIJIONPOBOJHOCTH B OOIIEH
TEIUIONPOBOAHOCTH METAJUIOB.

e OnumuTe CyTh KaJTOPUMETPUUECKOTO METO]a U3MEPEHHUS TEIUIONPOBOIHOCTH JIATYHH B JIaHHOM
pabore.

e Kakum 00pa3om oOecrieunBaeTcs CTaIlHOHAPHOCTh M OJJHOMEPHOCTH TEMIIEPATYPHOTO TOJIsA?

e BriBenute pacuétHyro QopmMyny AJiA  BBIUMCICHHUS ~ OKCIIEPUMEHTAJbHOTO  3HAYCHUS
ko3¢ dulIreHTa TeI0NPOBOJHOCTH.

e  OnwumuTte X0/ paboTHI.

e B uéM 0cOOCHHOCTHh TEXHUKH OE30MMACHOCTH B JaHHOU pabote?

e [louemy B gaHHON paboTe HECMOTPS Ha CTALMOHAPHOCTh TEMIIEPATYPHOIO MOJISI B JIATYHHOM
LWIMHJIPE YCIOBUS IPOBEJCHUS OIBITOB BCE-TAKU HEJIb3S1 CUNTATh OJMHAKOBBIMU ?

e Kakue BenmuuuHBI B pacu€THOl (opmyne SBISIOTCA «IpSIMbIMU H3MepeHusMu»? Kakoe ux
MPSIMBIX U3MEPEHUN MOKET MEHSTH (M IT0YeMy) CBOE 3HAUCHHUE OT OMbITA K OIBITY?

e 3amummre GOPMYIbI, HEOOXOAUMBIE Il BEIYMCICHHUS BCEX MOTPEITHOCTEH MPSIMBIX U3MEPEHU,
HEO0OXOIUMBIX B TEXHOJIOTUU MIPOBEJICHUS OMBITOB B Pa3HBIX YCIOBUSX.

e Samumure (HOpMySbl, HEOOXOIWMBIE /I BBIYUCICHHUS BCEX TOTPEIIHOCTEH KOCBEHHOTO
I/I3M€p€HI/I${ I10 TCXHOJIOT'NNU HpOBG}IeHI/IH OIIBITOB B pa3HBIX YCJ'IOBI/H[X.
o Cdopmynupyiite npaBuia OKpyrieHUs NOTPEIIHOCTEN.
L] HO KaKOMy KpI/ITepI/IIO cnenyeT OprrJ'II/ITB cpeL[Hee 3HAUYCHUC HpHMBIX N KOCBCHHBIX PISMCpCHHﬁ.
L] B KaKOM BHUIEC CJ'IC,Z[yeT 3aIrucaTrb I[OBepI/ITeJ'IBHHﬁ I/IHTepBaJ'I 3Ha‘IeHI/II71 KOCBCHHOI'O I/I3MepeHI/I$I?
4 cemectp
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Inekmpomaznemusm
JlabopaTtopHas padota Ne 1: DkcnepuMeHTaIbHOE U3YyYeHHe 00001eHHOTr0 3akoHa OMa
Lenun paGoThi:
N3y4unTh 3aBUCUMOCTb MEX/1y TOKOM M PA3HOCTHIO IOTEHIIMAJIOB HA Y4acTKe IIEeTH.
Onpenenurs 3MEKTPOABIKYILEH CHIIBI HCTOYHHUKA TOKA U COITPOTUBIIEHUS y4acTKa LIEMH. .
[Ipro6pecty HaBBIKU pabOTHI ¢ MHOTONPEEIbHBIMU BOJIBTMETPOM U aMIIEPMETPOM.
3aKkpenuTh HaBBIKM IPUMEHEHHS I'pauuecKoro MeToia npu oopadboTke pe3yabTaToB.
[TpuGopsl ¥ MPUHAUICIKHOCTH:
aKKyMYJIAITOp, BOJBTMETP, MWUIMAMIIEPMETP, PE3UCTOPBI, KIIIOY, NEPEKIIOUYaTeNb, PEryIHpyeMbli
HCTOYHUK TOKA, COEAMHUTEIbHBIE TIPOBO/IA.
KOHTpOIbHbBIE BONPOCHL:
o Cdhopmynupyiite 06001IeHHBIN 3aKk0oH OMa Ji71s1 ydacTKa eI, I 3aMKHYTOW Hepa3BETBICHHOU
nenu. KakoBbl mpaBuiia 3HaKOB IIPH 3aIIMCH YPABHEHUH, BBIPAYKAIOIIMX ITH 3aKOHBI?
e [lpu kakux yCIOBHSIX B Ilenu OyAeT CYIIECTBOBAaThb MOCTOSHHBIA ayekTpuueckuii Tok? Kakosa
POJIb UCTOYHHMKA TOKA B LieNN?
e Kakue cuiibl Ha3pIiBatOTCA cTOpoHHUMU? [IpruBeanTE MpUMEpPhl CTOPOHHHUX CHIL.
e B dyeM CcCyllecTBEHHOE pa3auyue MOHATUN: pa3HOCTh mnoTeHnuanoB, JJIC wucroyHuka u
HanpspKeHue (WK NajieHue HanpshKeHUs) Ha yJacTKe Henu?
e OOpscHUTE (HPU3NIECKUN CMBICT TOUYEK MepecedeHus TpaduKa 3aBUCUMOCTH € OCSIMH KOOPMHAT.

AwnhE




2.
3.
4.

[Touemy rpaduku Ui OMHOTO COMPOTHUBIICHUS, HO PAa3HBIX MOJSPHOCTEH TMOIKIIOYCHHUS
ucrounrka JJ]C oka3bIBalOTCs NapajuieIbHbIMUA IPYT APYTY?

B ueM cocTouT MeTOon HAMMEHBIIMX KBAaAPATOB [UIsl MPOBEACHHS HAWIydlledl OpsIMON IO
9KCIIEPUMEHTAILHBIM TOUKaM

JlaGopaTtopHas padota Ne 2: McciieoBanne 3aBUCUMOCTH MOJIHOH MOLIIHOCTH, MOJI€3HO
MOIIHOCTH U K.ILJ. HCTOYHHKA OT HATPY3KH
[{enu paGOThI:
N3ydyeHne 3aBUCUMOCTH MOJTHONW MOIIHOCTH, TOJE3HOW MOITHOCTH U K03 HIMEHTa MOJIe3HOTO
nevictus (KIIJI) ncrounrka oT ToKa (COMPOTHUBIICHUS ) HATPY3KH.
Omnpenenenue IJ{C 1 BHyTPEHHETO COMPOTUBICHUS UCTOUHUKA.
[TproOpectn HaBBIKK paOOTHI C MHOTOIIPEICITIBHBIME BOJIBTMETPOM U aMIIEPMETPOM.
3aKpenuTh HaBBIKM IPUMEHEHUS TpaduIecKoro MeTo1a mpu 00paboTKe Pe3yabTaTOB.

HDI/I6ODBI W NPpUHAAJICKHOCTH.

I/ICCJIGZIyeMI)If/'I HCTOYHHUK, BOJBTMCTP, aMIICPMETP, Marasmi COHpOTI/IBJIeHI/If/'I, KJIH04, COCANMHHUTCIIBHBIC
ImpoBoaa.

KoHTpOIBHEIC BOIIPOCHI:
Kakyto posnp B 371€KTpHUUECKOI 1IeNU UTPAeT UCTOUYHUK TOKa?
Uro takoe DJIC 1 BHyTpEHHEE CONIPOTUBICHHE UCTOYHUKA?
Kaxkoii HanOOJIBIINKA TOK MOXET J1aTh UCTOUYHUK?
Uto Ha3bIBaeTCs IOJHONM MOIIHOCTBIO, IOJE3HOW MOIIHOCTBIO, MOIIHOCTBIO mnoreps u KIIJ]
HCTOYHHUKA?
Kak 3aBucut nosiHasg MOUIHOCTb, noje3Hast MouHOCTh U KII/] nctounuka ot Toka Harpy3ku?
Kak obecrieunth HauOONBIIYIO MOJIE3HYIO MOIIHOCTh HcTouHuKa? KakoB mpu stom KIIJI
HCTOYHUKA?
Korna KII/[ ncrounrka qocTUTaeT MAaKCUMAaJIbHOTO 3HAYCHUS !
'me Ha TmpakTHUKE MTPUMEHSIIOTCS PEKHUM COTJIACOBAHHOW HArpy3KH M PEKUM C HAUOOIBIIUM
Bo3MOkHBIM KIT/1?
Kak 3aBuCHT mose3Hass MOIIHOCTh, MoJgHast MOIHOCTh, KII/] ncrouHnka u HampskeHHue Ha €ro
3a)KMMax OT CONpoTuBiIeHUs Harpy3ku? [locTpoiite rpaduku aas 3TUX 3aBUCUMOCTEH.

JlaGopaTtopHast pabota Ne 18: Onpenenenne ropu3oHTAIbHON COCTABJIAIOIIEH MATHUTHOTO MOJIS

3emun
Llenu paboTbl:
DKCHEPUMEHTAIBHO OMPENEIUTh TOPU30HTAIBHYIO COCTABIISIOIYI0 MHAYKIMA MAarHUTHOTO TOJIA
Semin.
[To3HAKOMUTBCS C METOJOM OIpPEAENICHUs BEKTOpAa HWHAYKIUUW MarHUTHOTO TMOJdS 3eMJIU C
WCIIOJIb30BAaHUEM TAHT€HC-TAIbBAHOMETPA.
[TproGpecTy HaBBIKU paOOTHI ¢ TAHTEHC-TaTbBAHOMETPOM.
3aKpenuTh HaBBIKK 0O0OPaOOTKHU Pe3yIbTaTOB, MOTYYCHHBIX B PA3HBIX YCIOBHUSIX.
[IpuOOpsI ¥ IPUHAIEKHOCTH:

TAHI'CHC-TAJIbLBAHOMCTP, aMIICPMETP, PEOCTAT, JIBOMHOM MEPCKI0YATCIIb, COCAUHUTCIILHBIC ITPOBOJA.

KOHTpOIbHBIE BOIPOCHL:
IIpy Kakux ycIOBHSX B TIPOCTPAHCTBE CYIIECTBYET MarHuTHoe mnone? Kak ero MoHO
O00HapyXHUTbH?
Uro Ha3bpIBaeTCA MHAYKIMEN MarHUTHOTO noiisi ? HanpskeHHOCThI0O MarHUTHOTO NoJis ? B kakux
€IMHHIIaX OHU U3MEPSIOTCS?
Kak mnpoBomarcss nuHUN MHAYKIUM Mar"uTHOro mnonsa? Hapucyiite nvMHUM HWHAYKIUN
MPSIMOJIMHENHOTO TOKa, KPYTOBOI'O TOKA, COJICHON/IA.
B uem cyTh MeTOZa ONIpEieeHHsI TOPU30HTAIBHOM COCTABIISIOIIEH MArHUTHOT'O TOJIS 3eMIH?
CpaBHuUTE NONTY4YEHHBbIE B dKclepuMeHTe 3HaueHuss B u H ¢ BcrpewaromumMmucs B npupoie U B
TEXHUKE.




el N

HpI/I KaKuX YCJIOBUAX MAIHUTHOC I10JIC 3eMJIM MOXKET U3MEHATHCS? Bnusger 1M MarHUTHOE IOJIE
3eMJI1 ¥ ero u3MeHEHM Ha pacTCHUA, ’KUBOTHBIX, yeJioBeka?

Onmuka
JlabopaTtopHnast pabota Ne 1: OnpenesieHue paguyca KpMBH3HbI JIUH3BI ¢ IOMOIIBIO KOJIel
Hprorona

[{enn paGOTHI:
Habmonenue naTephepeHIIMOHHBIX MOJI0C PaBHOU TOJIIMHBI B BUe KoJel] HpioToHa.
Omnpenenenue paanyca KpUBU3HBI CTCKISTHHON JIMH3BIL.
[IproGperenne HaBBIKOB PabOTHI C MUKPOCKOIIOM.
3aKkpenuTh HaBBIKK 00paOOTKH Pe3yIbTaTOB U3MEPEHUH MPU PA3HBIX YCIOBHX OIBITA.

[TpuOopb! ¥ NPUHAAIEKHOCTH:

MHUKPOCKOII, HCTOYHHK CBETa, CBETO(PUIBTP, OOBEKTHBHBI MHKPOMETp, IUIOCKOBBINYKJIAs JMH3A U
IIJIOCKOTapallie/ibHast IUIACTUHKA.

N

3.
4.

KoHTpoJibHBIE BOOPOCKHI:

Uro Takoe uHTEpPepeHIus:

Urto Ha3bIBatOT HHTEPHEPECHIIMOHHOM KapTHHOW?

Kakwue cymecTByoT METOIbI MTOJTy4eHUsI UHTEP()EPEHIIMOHHBIX KapTHH?

Kakne cymecTByloT cxeMbl (MIOMHMO MPHUMEHEHHs Jiaepa) IMOJNydeHHsl HHTEepP(EepEeHIIMOHHOM
KapTUHBI?

N3o6pa3ute xon tyueit B cxeme «koiblia Hetorona». Kakue ny4un korepeHTHBI U mouemy?

J11g 9ero B 9TOM cxeMe Hy)KHa IJIOCKO-BBIMYKJIas JTMH3a C OOJBIINM PaANYCOM KPUBU3HBI?
BreiBectu hopmynbl 11 paanycoB TEMHBIX M CBETIBIX KOJEI[ B OTPAXKEHHOM U MPOXOIAIIEM
CBETE.

[Ipemnoxxute 060CHOBaHUE U BBIBOJ PACYETHOM (hOPMYIIBI J1sl paiyca KpUBU3HBI JTHH3HI.
[Ipennoxute 1 onpeneneHus paguyca KpUBU3HbI IUH3bI TpapUUeCKUil METOI.

Kak mensiercs paccTosiHue MeXIy KOJIbIIaMH C yAaJeHHEeM OT UX IIeHTpa?

UTO 10JIKHO MPOM30MTH ¢ KoiblaMu HbIOTOHA, eciu MeX 1y IUIACTUHKOM U JIMH30M HAJIUTh BOY?

JlaGopaTtopHast pabota Ne 6: OnpenesieHue AJIMHbI CBETOBOH BOJHbI PH MOMOIIU
AU(PPAKUMOHHOM pPeIIeTKH
[lean paGoOThL:
Habmonenne nudpakuum "Oemoro" cBeTta Ha MNEPHOAMYECKON CTPYKType(auppakIMOHHON
pelieTke).
Omnpenenenne NOCTOSHHON AU(PAKIIMOHHOMN PEIIETKU U €€ CIIeKTPaIbHBIX XapaKTEePUCTHK.
Omnpenenenue JIMHBI BOJHBI OJHOM M3 cocTaBisitonel "0emoro" cera.
3akperuieHue HaBbIKOB 00pa0OTKH pe3yIbTaTOB U3MEPEHUH.
[TpuGOpPHI ¥ IPHHAIIICKHOCTH:

ONTUYECKAas CKaMbsi, UCTOUYHUK CBETA, SKpaH CO IIKaJOW W IIENbI0, AU(PPAKIMOHHBIE PEHIETKH,
JIAHENKA.

Koumponvhwvie onpocuwi:
Kakyro tun nudpakuun Habmo1aeTcs B 1aHHOM padboTe?
BriBenute ycrnoBue HaOIIOEHNS TI1aBHBIX MAKCUMYMOB.
[Ipn kaxoil AJiMHE BUAMMOIO CBETA BOJIHBI IMOJIOCHI AU(PPAKIMOHHOW KapTHHBI U PACCTOSHUS
MeX1y HUMH Hanbosee mmpokue? [Touemy?
[Touemy B ieHTpe AUPpPaKIMOHHON KapTUHBI HabIr01aeTcst Genas monoca?
[ToueMy monoce! 6oJiee BEICOKOTO MOPSAKA CTAHOBATCS MEHE SIPKUMHU?
Kakoii Bun npuobpeteT qudpakiimoHHas KapTHHA B MOHOXPOMAaTHYECKOM cBeTe?
YeMm orimmuaercst AU(PaKIMOHHBINA CIIEKTP OT CIIEKTPa MPU3MBI?
Kakue cymecTByrOT XapaKTepUCTUKH AUPPAKITMOHHON pemeTku?
CpaBHuTE CrIeKTpaIbHbIE XapaKTEPUCTUKH UMEIOIUXCS NTU(DPAKINOHHBIX PEIIETOK.
Kak MOXXHO U3MEHUTH XapaKTEPUCTUKH PEIIETKU?




1.
2.
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JlabopaTtopHas padota Ne 9: Onpenesienue GoKyCHBIX PACCTOSTHH TOHKHX JIUH3
Lenb paboTsl:
N3yunth MeTo1bl u3MepeHus (POKYCHBIX PACCTOSHUN TOHKHX JIMH3.
Bbrauciuth OKyCHBIE pacCTOSIHUS COOMPAIOIIECH U pacCenBAIOICH JIMH3HI.
3aKpenuTh HaBbIKU 00PaOOTKHU pe3ynbTaTOB IKCIEPUMEHTA.
[IpuGops! ¥ NPUHAJUIICIKHOCTH:

OIITUYECKAsl CKaMbsl, OCBETUTEIIb, IPEAMET, HA0OP JIMH3,
9KpaH, JIUHEHKA.

1.
2.

KoHTpOIEHEIE BOIIPOCHI:

Yro Takoe nuH3a?

Kakyro nuH3y Ha3bIBatOT TOHKOM?

Kakue ObIBAIOT THITBI JIMH3 B 3aBUCUIMOCTH OT UX KOHCTPYKIIAN?

Uro Takoe cobuparorias u paccenBarorias JruH3a? KakoBbl MX yCIOBHBIE 0003HAYCHUS?
KakoBbI OCHOBHBIE XapaKTEPUCTUKH JIMH3?

[Ipoananuzupyiite Gopmyay TOHKOU TUH3BI.

Kak nHaiitu yBenuyenue n300pakeHus, MOJTYy4eHHOTO C IIOMOIIBIO TUH3bI?

Kak MeHsieTcs TOJOKEHHE W BHJ H300paKCHHS NpeaMeTa NP IEPEeMENICHUH ero
OCCKOHEYHOCTH K coOuparomiei TuH3e?

UYro Takoe onTHYECKas CUila JUH3bI U OT YEro OHA 3aBUCUT?
UéM cyTb METOI0B BbIUMCIIEHUS! (POKYCHBIX PACCTOSIHUH JIMH3 B JaHHOU paboTte?

JlaboparopHas pabota Ne 10: M3yuyeHue onTuyeckux npudopon
[lean paGoOThL:
MonennpoBaHue MUKPOCKOTa U 3puTenbHON TpyOs! Kemuiepa.
Onpenenenue yBelInyeHU Moesell MUKPOCKOIIa U 3pUTEIbHON TPYOBI.
[TpuGOpBI ¥ MPUHAIIECKHOCTH:

nu3

Mukpockon MBP-1, 3purensHas TpyOa, HaOOp JMH3, HAOOP OOBEKTHUBOB U OKYJSPOB, OOBEKTUBHBIN
MHUKpPOMETp, IPU3Ma, ONITUYECKAs CKaMbs, JIMHEHKA.

KoHTposIbHBIE BOIIPOCHL:
Jl1 4ero HykeH MUKpocKon? ONUIINTE YCTPONCTBO MUKPOCKOIIA.
Uro Takoe 00bekTuB? Kakue ObIBatOT TUIIBI OOBEKTUBOB?
Kakoe mpenmy1iecTBo y 3epKajbHbIX 00BEKTUBOB?
Kaxkoe nzo6pakenue 1aé€t oObeKTHB?
Jst uero nyxeH oxkyinsap? Kakoe nzobpaxxenue oH naét?
N300pa3ute xo[ 1ydyeil B MUKPOCKOTIE.
Uemy paBHO yrioBoe yBenndeHue Mukpockona? BeiBenure hopmyiy.
Onuiure ycTpoiicTBO 3puTenbHOM TpyOsl Kemepa.
Kakoe nzobpaxenue naér tpyoda Kemepa?
B uém otnmnume Tpy6s! Kerutepa ot TpyOsr [Nanunes?
Yro npencTaBiseT co00i TeNecCKOMMUECKUi X0 1 JIy4yei?

IIpu xakoM YCIIOBHM JIOCTUTAETCsl TeJIECKONUYEeCKHi Xoa nydyeil B TpyOe Kemnepa (uemy paBHa

onTHyeckas aauHa L TpyOsI Teneckomna)?

Kak naiiTu yrioBoe yBennueHue Tejeckona (3pUTeabHOU TpyObl), 3Hast (POKYCHBIE PACCTOSHUS

00BEKTHBA U OKYIIsipa’?

Kaxoit 3Hak numeeT yrioBoe yBenundenue Tpyost Kemiepa, Tpyost [Nanumnes?
KakoBbI onTruecke CBOMCTBA 4EIIOBEYECKOIO I1a3a’?

Kak mcrpaBuTh HEOCTaTKN 3peHns?



CamocrosiTesbHast padora

CamocTtosTenbHas paboTa COCTOUT U3:
1) mOArOoTOBKM THUCHBMEHHBIX OTBETOB (pedepaTsl) HA HEKOTOPBIC TEOPETHUECKHE BOMPOCHI IO
JIEKIIMOHHBIM 3aHATHAM (3 cemecTp),
2) MOJArOTOBKE OTBETOB HA KOHTPOJIbHBIE BOMPOCHI U PEUICHHUIO 33124 JJIsi CAMOCTOSITENIbHONU paboThI K
MPAKTUYECKUM 3aHATHIM,
3) MOArOTOBKE K BBHIMOJIHEHHUIO U 3aIUTE JIAOOPATOPHBIX padoOT (P 3TOM B paboTax C MOCTPOCHUEM
rpadUKoOB JOIMYCKAeTCsl JOMOJHUTEIBHO K METOAY «HATSHYTOM HUTHU»  NPUMEHSATH METOA
HAMMEHBIINX KBAJPATOB JIJIsl BHIYMCICHUH YIIIOBBIX KO3()(UIIMEHTOB H KOMITBIOTEPHBIC IPOTPAMMBI).

Temwbt pechepamos
Buibl cuit B pupojie (cuiia TArOTeHHUs, CHITa TSHXKECTH, BEC, CHJIa YIIPYTOCTH, CHIIbI TpeHus) (2 u).
2. Tlone cumbl (1moJie KaKk BUA MaTepUH, HAIPSHKEHHOCTD TOJISI CUJIBI TSDKECTH, OJJHOPOAHOE U
HEOAHOPOIHOE T0JIe, IEHTpaIbHOE 1mose) (2 4).
3. JIBmkeHue Tena IepeMEeHHOM Macchl (peakTHBHAS CHIIa, ypaBHeHHe Memepckoro, Gpopmyra
[{1oIKOBCKOT0, KOCMHUYECKHE CKOPOCTH) (2 1).
I'upockon (2 u).
AOGCOIMIOTHO YNIPYTHiA 1 aOCOMIOTHO HEYNpyTuit ynapsl (1 1)
[IpeobpazoBanus ["anuiesi, ”HBapUAaHTHOCTH 2-T0 3akoHa Hetorona (1 9).
MasiTHuKY (MaTeMaTU4ecKuil, MPy>KUHHBINA, GU3NYECKUH, TPUDUITSPHBIN, KOHUYECKH,
nUKIouaanbHeIN) (1 1).
CrnoxeHue rapMOHHUYEeCKuX Kosiebanui (1 1).
9. Crosuue BOJHBI, Y3JIbI U ITyYHOCTH, pacIipeesieHue Mexanndeckoi suepru (1 9).
10. DneMeHThI aKyCTHKHU (MCTOYHUKH U IPUEMHHUKY 3BYKa, CUJIA 3BYKa, aKyCTUUYECKOE JIaBIICHHE,
aKyCTUUYECKUN PE30HAHC, YIbTpa3BykK) (1 ).
11. /Isuxenue Tena B Bs3kou cpene, popmymna Ctokca (1 u).
12. AmopdHbIe BemecTBa, MOIMMEPHI, KUAKHE KprucTamisl (1 ).
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6. KpnTepml OLICHUBAHHUA PE3YJILTATOB OCBOCHUSA TUCHUIIJIHHDBI (MO)Iy.]'lﬂ)
6.1. OneHouHble Cpeacrea 1 KPUTEPUH OLNCHUBAHUSA JAJISL TeKleleﬁ arTrecTanmuu

Texymas aTrectanus mpoBoaAUTCs B popme:

1) oTBeThI Ha BOMPOCHI IPAKTUYCCKHUX 3aHATHI M PEIICHUE 3a1a4 Ha JO0CKe (B Y4eOHOM ayUTOPUH);

2) KOHTPOJIbHOH pabOThI, BBIMOIHIEMOI M0 BapuaHTam (4-6 BapuaHTa); B KaXIOM BapHuaHTe 1o 4
3aJjaud Ha pa3Hble TEeMbl HM3y4aeMoro pasjena (U3MKM B JaHHOM CEMECTpe, IO BbIOOpY
npenoaaBaTeyid MOXKET MPOBOJUTHCA MMCbMCHHO ayITUTOPHO WJIN MMCbMCHHO 3404YHO,

3) 3amuThl Ja0OPAaTOPHBIX pabOT; MPH 3TOM B CiIydae AUCTAHIIMOHHOTO pEXHMa OOYYCHUS —
BBITIOJTHEHUS JTAOOPATOPHOM pabOTH HAa 000PYAOBaHUU HE TpeOyeTcs;

4) BBIMOJHEHUS TEMATUYECKOTO pedepara (MUCBMEHHO, 3 CEMECTp);

5) B ciydae pexuMa JUCTAHIIMOHHOTO OOYYEHUs — BBIIOJIHEHHS 3a/IaHUi MPEroIaBaTelis Mo TeMam
JEKIMOHHBIX M MPAKTUYECKUX 3aHATUH (3a7aHus W OTBETHl pa3MellaroTcss Ha Miatdopme
MOODL).

Ilpumepot

Bonpock! 1 3a1auy Ha IPAaKTUYECKOM 3aHATUU
[Ipencraiens! B 1. 5 (paznen «lIpakTuueckue 3aHITHS)

KonTpoarsHas pabora

4  cemecmp
Bapuanr 1



1. Toueunsie 3apsasl 4 MxKn u —6 MxKn pacnosoxensl Ha pacctosstHuu 10 cM apyr ot apyra.
Haitgute xoopAaumHAThl TOYKHM, B KOTOPOM TMOTEHIMAJ CO3AaBa€MOro JTUMH 3apsiaaMu
aneKTpudeckoro mojs paBeH 0. PaccuuTaiiTe HanpsyKEHHOCTh SJIEKTPUUYECKOTO IOJS B ATOM
TOUKE.

2. Tpm wucrounuka Ttoka (& =20B, ¢&,=¢,=108) coennHeHbl Kak IIOKa3aHO HA PHUCYHKE.

BHyTpenHue conpoTHBICHHA HUCTOYHUKOB I =T, =1, =0,40 On. Onpenenure TOKM B BETBAX
LENH.

3. B marnutHOM nosne ¢ unaykuueit 0,5 T HaxonuTcs KBagpaTHas paMka co cTopoHoit 10 cm u
comnpotusiieHueM 0,05 Om, pacnionokeHHasi NepHEeHANKYISIPHO JIMHUSIM UHIYKIIMM MarHUTHOTO
nosist. Kako# 3apsi mpotekaer uepes MornepeyHoe CeueHue paMKH MpH MoBopoTe ee Ha 60°?

4. B omnpite FOHra os1Ha u3 1mesei 3akpbiBaeTCs TOHKOW CTEKJITHHOW TJIAaCTUHKOM, B PE3YJIbTAaTe YETo
uHTep(EepeHIIMOHHAsA KapTUHA CMEIaeTcsl Ha MATh nojioc. KakoBa TONIIMHA MIACTUHKH, €CIH
JUTHHA BOJIHBI M3nydenus 632,8 um? [lokaszarens npenomienus crekia 1,52,

5. Ha kakyro IJIMHY BOJIHBI Am MPUXOJUTCS MAKCUMYM CHEKTPATbHOM MJIOTHOCTU SHEPTEeTHUECKON
cBetuMOCTU (My, T)max 4epHOTO Tena mpu Temneparype t=0 °C.

6. CKONBKO P-4acTHI HCITyCKaeT B TedeHHe oxHoro yaca 1,0 Mkr n3otomna Na?*, meprosn
IoJIypacnazaa KoToporo paseH 15 u?

JlaGopaTopHbIX paboT
ITpuBenens! Boime (11. 5, paznen «JlabopaTopHbie pabOTHI»)

Temaruueckux pedepaTon
[Mpusenens! Boite (1. 5, pazaen «CamoctosiTenbHas paboTay)

3amaHui (B cjydgac IMCTaHIIMOHHOI'O 06V‘1€HI/I}I)

b1.B.06 ®u3uka
44.03.05 T1O (M)
I'pynna QU0

3ananme 1
(conmeprkanue 3agaHus)
Cpoxk svinonneHus:
Jlumepamypa:
[1] Aiizenunon, A.E. ®usuka: yueOHMK M mpakTukym i By30B/ A. E. AiizeHiion. — MockBa :
WznarensctBo FOpaiit, 2020. https://urait.ru/bcode/450504

3anuamue No [
Tema: ...

Bormpocsr OTtBeTh1 Ccbuika

[...],c....



https://urait.ru/bcode/450504

3ajaqu
1. IpsmonuHeiiHOe ABMKEHHE TOUKM 3a1aHO ypaBHeHumeM: X= -2 +3t - 0,5t%. Hamucarh ypaBHeHUe

3aBUCUMOCTH CKOPOCTH TOYKH OT BpeMeHH. [locTpouTh rpaduk 5TOM 3aBUCUMOCTH; HAHTH
KOOPJMHATY U CKOPOCTb TOUKHU 4Yepe3 2 € U § ¢ Mocie Havaja ABUKCHUS.
Buinoanenue:

Buinoanenue:

Tpebosanusn K evinonuenuro

OTBeTHI HA BOIPOCHL M PELICHUIO 33/1a4 HA JOCKE (B ay/IMTOPUN)

OTBeT Ha BOMPOC J0DKEH OBITh KPATKUM, HO TOYHBIM U UCUYEPIIBIBAIOIINM, PU HEOOXOTUMOCTH
COIPOBOKAEH PUCYHKOM H/HITH (POPMYJIION.

Pemenue 3amaun Ha qoCKe:
- CHayaJja 3aIucaTh KpaTko, 4To JaHo («/laHo»...); Npu 3TOM enuHHULbI u3Mepenus nepesectu B CU,
YHCIIOBBIC 3HAYEHHS 3aIMCaTh B CTAaHAApTHOM (popme 3amucu 4yucha,;
- 3areM Kpatko odopMuTh Bompoc 3amaun («Hadtu» ....), a ecnu TpeOyeTcs HAWTH HECKOJIBKO
(bu3BENUYNH, TO HAa OTJCIBHON CTPOKE KPATKO 3alKCcaTh COOTBETCTBYIOUIUI BOIIPOC, IPU ITOM, €CIIU
TpeOyeTcsi HAUTH BEKTOPHYIO BETMYHHY, TO 0003HAYUTH €€ COOTBETCTBEHHO;
- nanee opopmuth pemeHue («Pemenuey...):

* yKazarb, 0 KAaKOM SIBJIEHUHU (WJIM 3aKOHE) UJIET peyb,

* cpaenarth XapaKTEepPHBI PHCYHOK (DJIEKTPUYECKYIO CXeMy, IpadHK), COOTBETCTBYIOLIHMA
COJIEP’)KaHUIO YCJIOBMSI 3aJlauM, Ha KOTOPOM BCE BEKTOPHBIE BEIMYMHBI JOJIKHBI ObITh YKa3aHbl U
MOJINMCAHBI, a B CIy4ae rpaduueckoi 3ajauu rpaguK BHIIOJHUTH B COOTBETCTBYIOLIEM MacIlTade;

* COCTaBUTb CHCTEMY YpaBHEHHIl, BbIpaXarolMX (U3NYECKHe 3aKOHbl U CBSI3U MEXIY
BEJTMYMHAMU JJIs DTOU 3a7a4u,

* BBIMIOJIHUTH TPEeOoOpa3oBaHUE YpaBHEHUW 10 TOJydeHHs] pacuéTHou Gopmynsl (T. e.
MOJIyYHTh pelleHue B 00IeM BHUIE),

* IPOBEPUTH €AMHULIBI U3MEPEHNUSI HCKOMOW BEJTMUMHBI B pac4eTHOHN opmyie,

* MOJCTaBUTh YMCIIOBBIE 3HAuU€HHsI W3 0a3bl JAHHBIX 3aJjaud, a TAKXKE C MCIIOJIb30BaHUEM
HEOOXOMMBIX CIIPABOYHBIX JAHHBIX U BEIYUCIUTH 3HAYCHHE UCKOMOW BEITHYUHBI,

* IpoaHaJIM3UPOBATh TOJYYEHHBIH pe3yabTaT C TOYKH 3pPEHHs €ro JOCTOBEPHOCTH (M3
MPaKTUYECKUX U ObITOBBIX HAaOMIOIEHNI) 1 3anucath OTBET («OTBET»).

KonTponbHas pabora

B BepxHeli cTpoke 10mkHO ObITh Ykazano: @O, rpynmna, nara

Bo Bropoii ctpoke: KonrponbHas padora no gpusuke Cemectp...

B tpetbe cTpoke: Bapuanr ...

OdopMIIATh pelIeHne 3a1ay jKeIaTebHO B TOH jKe MOCIeI0BATeIbHOCTH, KaK OHH TePEUUCIICHBI
B BapHaHTE 3a/1aHusl.

CHauvasia 3anucaTh TEKCT 3a/a4.

3arem odopmuth «/lano», «Haiitu», «PemieHue» aHaJIOTHUYHO TeM TpPeOOBAHUSM, KOTOpPBIE
OITMCAHBI BBIIIE (HA 3aHATHH, JJIS ayJUTOPHOIN pabOTHI).

[IpoBeseHue u 3anuTa J1a60PaTOPHBIX paboT
Jlo BeImosiHeHUs 1TabopaTopHON paboThI, 3apaHee MOArOTOBUTH IIA0JIIOH OTYeTa (HA JABOHHOM
JIUCTE B KJIETKY OOBIYHOM IIKOJLHOM TETPAJIN).
IlepBas crpoka: PO , Tpynma , 1aTta




Bropas ctpoka: Ne U Ha3BaHUE JJaOOPaTOPHON pabOTHI

Llenu pabomer: 1) ... (3amucaTh B COOTBETCTBHM C METOJWYECKHMHU yKa3aHMSIMHU K J1a0OpaTOpHOM
paborte)...... ,2)
IIpubopwr u npunaonexchocmu: ...(3amucaTb B COOTBETCTBHH C METOJMYCCKHMHU YKa3aHUAMH K

naboparopHoit paboTe U (HaKTHUESCKUM HATUYHEM Ha padodyeM CToJie Jab0paToOpHOTo MPAKTUKYMa).. .,

Tabruya xapaxmepucmux npubopos:

HazBanue mpubopa

Knacc
TOYHOCTH,

Kk

[Ipenensr uamepeHuii o

Ilena
JICTICHUS
mkaisl, C

[ToupemtnocTh
npubopa,
Omp

Xmin

Xmax

Cxema onvima: ...(PUCYHOK B COOTBETCTBUHU C METOJIMYECKUMU YKa3aHHUSIMH K J1JaOOpaTopHON pabote
1 (aKTUYECKUM HAJIMIMEM Ha pabodeM CToJjie TabopaTOPHOTO MPAKTHKYMA). . .

OcnosHule ghopmynvl.

. (3aKoH (hU3UKH, C KOMMEHTAPHUSIMH )
. (ompenenenne GU3NYECKON BEITUIHHBI)
. (ypaBHEHUE CBSI3U U T. II.)

. (pacuetHas popmyIa Ayt KOCBEHHOTO N3MEPEHU)
. (bopmynbl At BEIYMCICHUSI TOTPEIIHOCTEH MPSAMBIX M KOCBEHHBIX U3MEPEHUN). . ...

Pezynomamor usmepenuii u ux obpabomxu.

Ne X1, elI. U3M. Xo, e1I. U3M. X3, e1. U3M. Y, en. usM.
(mpsimoe (mpsimoe (xocBeHHOE
UMEpPEHUE) UMEpPEHNE) MMEpEHHE) UMEPEHNE)
1
2

Xep (cpen. 3Hau.)

G (cmyd. morpernt.)

d (cucreM. morper.)

A (abcon. morpernr.)

€ (OTHOCHT. MOT'pellL. )

.... (BraHCHEeHUs 110 hopMysIaM, aAITOPUTM: GopMyIia - MOJACTAHOBKA YUCIOBBIX 3HAYEHUHN — pe3yIbTaT

— OKPYTJICHUC pEC3yjibTaTa, CAUHULA I/I3MepeHI/I}I)

Pe3ynomamoi u 6616000

y:ycp,iAY, ey = %

..... (TEKCT BBIBOJIOB). ..

Omeemul Ha KOHMPONbHbIE BONPOCHL.

Bormpocsl

OTBeTHI

... (Bompoc U3 crucka K

nmabopaTopHo# pabote, CM. 1. 5,
paznen «JlabopaTopHbie pabOTHI»)




Ha 3ansaTuu:

- MPOUTH WHCTPYKTAX IO TEXHHUKE OE30MacHOCTH (TpU MEPBHYHOM IMOCEIICHUH JabopaTopuu) H
pacnucarbcs B COOTBETCTBYIOIIEM KYpHAJIE;

- W3YYUTh HMEIOUIHECs NPUOOpPHI, BBUICHUTH HMX YCTPOWCTBO, HPUHIMUI H3MEPEHUH, 3amHcaTh
HeoOX0IMMBbIE JTaHHBIE O MTPUOOPAX B OTYET;

- U3YYUTh HEOOXOAMMBIEC TUIAKaThl, CTEHJbI B JIAOOPATOPUH W 3alMcaTh HEOOXOAWMBIC JaHHBIC B
OTYeT;

- JUId JI0IIyCKa K BBINOJIHEHHIO PaOOTBl O OTBETUTh Ha BOIIPOCHI IIpenoaBaTels 10 Mpudopam u
TEXHOJIOTUH MPOBEACHUS 1a00PaTOPHOT0 IKCIEPUMEHTA, (PU3NIECKUM OCHOBAM OIBITOB,

- BO BpeMs U3MEPEHUH CTYJIEHTHl MOTYT KOHCYJIbTHPOBATHCSA C MpenojaBareieM U JabOopaHTOM I10
TEXHHUKE MPOBEACHHUS OMBITOB,;

- 110 OKOHYaHUHM MPSAMBIX U3MEPEHUN MTPEABABUTD UX MIPENOJABATEINO ISl KOHTPOJIS.

CaMocTosATenbHO (B JOMAIIHUX YCJIOBUSAX) IPOBECTH BCE HEOOXOJIMMBbIE pacd€Thl JUIsl 3alUThI
paboThI, MICBMEHHO OTBETUTh HAa KOHTPOJIbHBIE BOMPOCH (CM. T1. 5,pasnen «JlabopaTtopHbie paboTh»,
a Takke METOAMYECKHE yKazaHus K pabore). BolunmcrneHuss MOXKHO JAenaTh Ha JIMYHOM KOMIIBIOTEpE
WA Ha KOMIIBIOTEpE B TaOOPAaTOPHOM ayIUTOPHH, TPUMEHSS CTaHAaPTHBIE TPOTPAMMBI.

[Tpu HEOOXOAMMOCTH TOCTpPOEHUs rpaduka HEOOXOJUMO UMETh JUCT MIJUIUMETPOBOW Oymaru
dopmarta A4 u AS. Ocu, rpaduku, TOIMUCH BHIMOIHITH TOJBKO KapanmamoM. dopmaT KakI0i ocu
rpaduka AoKeH ObITh BhIOpaH mo cranaapty (1:1, 1:2, 1:4, 1:5 u 1. n.) Tak, yToOBI pabouee moJje
rpadguka HMMENO0 BHUJ NPSIMOYroJibHHKA, OJM3KOrO K KBaJgpaTy WJIM HEMHOTO BBITSIHYTOIO IO
TOPU30HTANU (II0JIe B BHJIE Y3KOW BEPTHKAIBHON WM TOPU3OHTAIBHOM IMOJIOCHI CBUAETEILCTBYET O
HEBEpPHO BhIOpaHHOM Mactitade). /s moanucel oceil MpUMEHATh CTaHIAPTHBINA Bul uucia. LHudpst
1 3arjaBHbIe OyKBBI JOJDKHBI OBITH MO BBICOTE OKOJIO 7 MM, CTPOYHBIE OYKBBI — OKOJIO 5 MM, UHJEKCHI
— okoisio 3 mm. KommdectBo nudp BIoIb oceit 6-8 (MOXKHO MOANMKMCHIBATE HE KAKIYI0 MACIITAOHYIO
pucky). Orubaromuye JTUHUM TPOBOAUTH MO IKCHEPUMEHTAIbHBIM TOYKAaM TaK, YTOObI ObUI Y4TEH
JIOBEPUTENIbHBIN MHTEpBal IMOTrPEUIHOCTEN H3MepeHHi (0e3 W3JIOMOB, IUIABHO, C «PaBHOMEPHBIM)
pa3dbpocoM TOUEK OTHOCHUTENbHO JMHMHK). Ecin Ha ofHOM M TOW ke MaciuTaOHOW CeTKe HaHOCUTh
HECKOJIbKO TIpauKoB, TO JK€JIaTeIbHO BHIOMpPATh pa3HbIE CHUMBOJBI JUIsi  00O3HAuYEHUs
HKCIIEPUMEHTAIBHBIX TOYEK WIIM TOMUCHIBATH TpauKy (BHIHOCKAMH).

Ha cnenyromem ydeOHOM 3aHATUM B Ja0OPATOPHOM MHPAKTHUKYME NPEABSIBUTH O()OPMIICHHBIE
OTYETHI, OTBETUTH Ha BOMPOCHI MPENo1aBaTest A 3aMThl padoThl. [Ipy HEOOXOAMMOCTH BBIMIOJIHUTH
MTOBTOPHBIE U3MEPEHUS U PaCUEThl.

Tematuueckue ped)epaTH

[lepBas crpoka: @O rpynna nata

Bropas crpoka: Pedepat Ne Cemectp

Tperss ctpoka: Tema

YerBeprass crpoka: HaszBanme  « ... (3aryaBue B COOTBETCTBHH CO CIIMCKOM TE€MaTHYECKUX

pedepatoB, cm. 1. 5 pazaen «CamocrosiTeTbHas padboTay). ...
[Tatas u nanee: ...(TekcT, GOPMYIBI, PUCYHKH). . ...
[Mocnemuss (6510k): JIuteparypa (Criucok)

OdopmiaTe TeMaTHdeckuil pedepaT Mo COTIACOBAHHUIO C MPENoJaBaTeleM MOXHO «OT PYKH»,
WU B meyatHoM Bapuante. O0BEM dSkBUBalIeHTEH He Oonee 3 med. ctp., mpudt TNR 14, 1 uaTepsa,
noJist — no 2. KonnuectBo pucyHkoB U GpoTo He 1oykHO npesbimath 30 % o0béMa pedepara. Pucynku
JOJKHBI OBITH TPOHYMEPOBAaHbBI U MOAMUCAHBI (CHU3Y, O]l PUCYHKOM), a B TEKCTE B KPYIJIbIX CKOOKax
yKa3aH HOMep pHucyHKa. [Ipu Hamuumu TaOnMil UX TakKe HaJl0 COCTaBIATh C HOMEPHOM, Ha3BaHHEM
(max Tabnunied) U ccbuTKOM B TekcTe. Kaxknmas ¢popMyrna 3anuceiBaeTcst Ha OT/ACIBHON CTPOKE, B KOHIIE
CTPOKH CIIpaBa yKasbIBaeTcs HOMep (OpMyJbl, B TEKCTE MOXKHO MCIIOJIb30BaTh HOMepa (opMys s
CCBUIOK Ha HHUX. B TeKcTe B KBagpaTHBIX CKOOKax yKa3bIBalOTCS Homepa ydeOHukoB (u3 OBbC
FOPAT), KOTOpbIE HCIIOIB30BATKCH IPH MOATOTOBKE pedepara.

3agadus (B ciiyyae AUCTAHIIMOHHOIO 00y4eHus)




TpeOoBaHMsI aHAIOTUYHBIC JJIsI OTBETOB HA BONPOCHI M PEUICHUIO 3ajJad Ha JOCKe (B
ayJIMTOPHH) U B KOHTPOJIBHOU padore.

Kpumepuu ouenusanus

OTBeThl Ha BONPOCHI ¥ PEUICHUs 33/1a4 Ha JIOCKE (B ayIUTOPUN)

Onenka 3a OTBET Ha BOIPOCHI MOXKET OBITh BCTaBJIEHA, €CIM JaHbl OTBETHI Ha 3 u Ooiee
BOIIpOCA M3 CIMCKAa KOHTPOJBbHBIX BONPOCOB K IPAKTHUECKOMY 3aHATHIO (CM.ILS, paznen
«IIpakTHueckue 3aHATUAY):

- OLIEHKa «5» WU «3ayTeHO» (B 3 ceMecTpe), eclid KaX/blil U3 OTBETOB BEPHBIM M IOJHBIN, MpHU
HE00XO0AMMOCTH COIPOBOXKIEH PUCYHKOM HU/WIH (HOPMYIION;

- OLIGHKA «4» WK «3auTeHO» (B 3 CEMECTPE), €CIIU JBa U3 TPEX OTBETOB BEPHBIE U IOJIHBIE,

- OLIEHKa «3» WM «3auTeHo» (B 3 ceMecTpe), eciid XOTs Obl OAMH U3 OTBETOB BEPHBIN M IOJHBIN, a
ApyTUe JaHbl C OIIMOKAMH WM HETOIHBIE,

- OIICHKA «2)» WM «HE 3a4TeHO» (B 3 CEMECTpE), €CIIM OTBETOB HET MJIM OHU HEBEPHBIE, HE MOJIHBIE.

Kaxnass 3amaya oreHMBaeTcsl 1Mo S5-OanbHOM IIKane WIM «3a4TeHO - He 3adyreHo» (B 3
CEMeCTpeE):

- OLEHKA «5» WIH «3a4TeHO» (B 3 CEMECTpe), €CIIM IMOIyYeHO PEIICHHE B OOIIEM BHUJE, BHIIOJHEHA
IIpOBEpKa HAUMEHOBAHUW (DU3BEJIMYMH M TIOACTAaHOBKA YMCIOBBIX 3HAUeHUHW Oe3 owmuboK u
HETOYHOCTEMN,

- OLIEHKA «4» WM «3a4TeHo» (B 3 CeMecTpe), €CiIM IMOJIy4eHO pellieHHE B OOIIeM BHUJE, BBINOJIHEHA
IIPOBEpPKA HAUMEHOBAaHMM (U3BETUYMH M TOACTAHOBKA YHCIOBBIX 3HAYCHWH, HO JONYLICHbI
HETOYHOCTH B PUCYHKE WJIM BBIYMCICHHUSIX UICKOMOW BEIMYHHBI,

- OLIEHKa «3» WM «3a4yTeHo» (B 3 ceMecTpe), €ClU IOJIyYeHO pellleHHe B OoOLIeM Buie, HO HET
IIPOBEPKHU E€ANHUI] U3MEPEHUH, KOJIMYECTBEHHOI'O pe3yibTaTa (WM OHU OLUIMOOYHBIE), €CTh OLIMOKHU Ha
PHUCYHKE;

- OIEHKAa «2» WM «HE 3a4TeHo» (B 3 ceMecTpe), €CliM He IOJyY4eHO pelIeHHe B OOIeM BHIE
(OTCYTCTBYET MM HEBEPHOE), HE 3aBUCUMO OT HaJIMuus O0OpPMIIEHMS JaHHBIX, PUCYHKA U OCHOBHBIX
bopmyL.

B KoHIE ceMecTpa onpenensercs CpeaHss OLlEHKa 3a OTBETHI Ha BOIPOCHI U PEILICHUE 33]1a4 Ha
NpPaKTUYeCKUX 3aHATUAX. OHa y4YUTHIBaeTCs NPHU BHICTABICHUM OLEHKM HAa SK3aMeHe (B KadyecTBe
JIONIOJTHUTENBHON «peWTHHTOoBOW»). Bo BTOpoM cemecTpe - 00IIas OLIEHKA «3auTE€HO», €CIH ObLIN
3auTeHsl HEe MeHee 70 % 3a1a4 1 OTBETOB Ha BOIIPOCHI.

KonTponbHas pabota (4 cemectp)

Kaxxgast 3amada OlEHUBAETCSl aHAJOTMYHO OIMMCAHHBIM BbIIIE KPUTEPUSAM Ul 3aqad Ha
MPAKTUYECKHUX 3aHATHUSX.

HTorosas o1ieHKa 3a KOHTPOJIbHYIO paldoTy:
- OLIEHKA «5», eCII UMeeTCs He 0oJ1ee OJHONM YaCTHOM OIIEHKH «4» M OCTaJbHBIE «5»;
- OLICHKA «4», eciii UMeeTcsl He OoJiee OHOM YaCTHOM OIIEHKH «3» U OCTalIbHBIE «4» 1 «5»;
- OIICHKA «3», eclii  UMeeTcs He 0oJiee O/THOM YacTHOM OLIEHKHU «2» U OCTAIbHBIE «3», «4», «5»;
- OIICHKA «2», €CIIM UMEEeTCsI IB€ U 00JIee YaCTHBIX OILICHOK «2».

OrneHka 3a KOHTPOJbHYIO pabOTy YYUTHIBAETCS NPHU BHICTABICHUHU OLIEHKM Ha JK3aMeHe (B
KAaueCTBE BTOPOU JOTIOIHUTEIbHON «PEUTHUHTOBOI).

3aiuTa 1a60paTopHbIX paboT

Kaxnas nmaboparopHast paboTa BBIIOJIHAETCS U 3aIIMIIACTCS B T€UEHHE 2 3aHATHM Tak, 4TO
KOJIMYECTBO pabOT COOTBETCTBYET B 2 pa3a YMEHBIIEHHOMY YHUCIY y4eOHbIX Henenb. JJis 3auuThbl
JOJDKHBI OBITH MPABIIILHO BBIITOJTHEHBI BCE M3MEPEHUS, TAaHBI OTBETH HA BCE KOHTPOJIBHBIE BOTIPOCHI.

Onenka «5» (3ammieHo) 3a 1a00opaTopHyI0 padoTy BBICTABISETCS, €CIIUM B OTYET aKKYPaTHO U
BEpHO O(OpMIIEH, BCe MpsAMbIE M KOCBEHHBIE DPE3YyJIbTaThl MOJIYYEHbl BEPHO, BCE IMOTIPEIIHOCTH
BBIUUCIIEH U OKPYTJIEHBI BEPHO, BCE OTBETHI HA KOHTPOJIbHBIE BOMPOCHI K TaOOpaTOpHO# paboTe JaHb
MPAaBUIIBHO.

Ouenka «4» (3alUILEHO), €CIIM €CThb MWCIPAaBIECHHUS B OTYETE, JaHbl BEPHBIE OTBETHl Ha
KOHTpOJIbHBIE BOTIpockl He MeHee 90%.




Onenka «3» (3amIUINEHO), €CIAM OCTAINCh HEBEPHO BBIUMCICHHBIMH WU HEBEPHO
OKPYTJIEHHBIMU TOTPEIIHOCTH M3MEpPEHUM, €CTh HETOUYHOCTH B O(OPMIICHHHM OTYETa, JaHbI BEPHbIE
OTBETHI Ha BOIIPOCHI K JTabopaTopHoi pabore He meHee 80 %.

Onenka «2» (He 3alIMIIEHO), €CIM HEBEPHO BBIYHCICHBI KOCBEHHBIEC H3MEPEHHUS], TOTPEITHOCTH
U3MEpPEHUH, €CTh HETOYHOCTH B OGOPMIICHHHM OTYETa WJIM OTCYTCTBYET KAaKOW-TMOO W3 ero OJOKOB,
JTaHbl OTBETHI HA KOHTPOJIbHBIE BOMPOCHI K JIabopaTtopHoit pabote menee 80 %o.

HroroBast omenka 3a Bce JabopaTopHble pabOThI B CEMECTpE, MPEayCMOTPEHHBIE B
COOTBETCTBHUH C I'pa)MKOM 3aHIATUN U PACITUCAHUEM:

- OlIEHKa «5», ecii uMeeTcst He 0oJiee ABYX YaCTHBIX «4», ocTaJbHbIE «5»;

- OIIEHKA «4», eciii uMeeTcs He 0oJiee ABYX YaCTHBIX «3», OCTalbHbIC «4» U «5»;

- OLICHKa «3», €CIIM UMEETCs He 00Jiee BYX YAaCTHBIX «2», OCTAIBHBIE «3», «4», «5»;
- OIICHKA «2», €CJI1 UMeeTCs 60JIee IBYX YaCTHBIX «2».

[TonoxkurenbHass UTOroBas OIIEHKA B CEMECTpE 3a BeCh KOMIUIEKC JIabOpaTOpHBIX paboT
YUUTHIBACTCSI TPU BBICTABJICHHM OILICHKM Ha »HK3aMeHe (B KadecTBe TPEThEeW JOMOJHUTEIbHON
«PEUTUHTOBOIY). B TpeTbem cemecTpe oOIIasi OlEeHKa «3alllMILIEHO» COOTBETCTBYET IMOJIOKUTEIBbHON
OIIEHKE IO 5-0aIbHON CHUCTEME, «HE 3aIUILIEHO» - OLIEHKE «2%.

[Ipu HEYTOBIETBOPUTEIHLHON OILICHKE WM «HE 3alUIICHO» B CEMECTpPE 3a BECh KOMILIEKC
mabopaToOpHBIX PabOT HEOOXOIMMO TOJTOTOBUTH U 3aIUTUTH WX BO BpEeMs 3K3aMEHAIMOHHON CeCCUU
Ha KOHCynbTauuu. Ecim octaércst 3a10/KEHHOCTH MO J1abopaTopHbIM paboram (Oosiee ABYX HE
3alUMIIEHHBIX ), TO HA 9K3aMEHE OIIEHKa MOKET ObITh CHIKEHA BIUIOTH JI0 «HE YJOBIETBOPUTEIHHO.

Temaruueckue pedepatsl (3 cemecTp)

Kaxxapiii koHCTIeKT (pedepaT) olieHnBaeTcs Mo S-0anbHOM IIKale B 3aBUCUMOCTH OT MOJIHOTBI
OTHMCaHUs U3Y4aeMOTO SIBJICHHUS.
- OIEHKa «5», €ecIu TpPEICTaBICHO o0Ilee omnmucaHue (QU3NICCKOro SIBJIICHUS, COJEPIKATCS
HEOOXOJIUMBbIC PHUCYHKH (YEPTEkKH),  CONEPKATCA OCHOBHBIE (DOPMYIIBI; TPHUBEACHBI PHUMEPHI
MPUMEHEHUSI HU3Yy4aeMOIo (U3MYECKOro SIBJICHHS, BBIIOJHEHBl TpPeOOBaHUA 1O OQOPMIIEHUIO
pedepara;
- OUEeHKa «4», eciau NpelcTaBlIeHO o0llee omnucaHue (QU3NYECKOro SBIICHUS, COJEpIKaTcs
HEOOXOUMBIE PHUCYHKH (UEpTEkKH),  COJEpKaTCs OCHOBHBbIE (DOPMYINBI; MOTYT OTCYTCTBOBATb
MpUMephl TPUMEHEHUS U3y4aeMOro (PU3WYecKoro sSBICHUS, UMEIOTCS HECYIIECTBEHHBIE HApPYIICHUS
TpeboBaHuil Mo odopmieHuo pedepara (Hampumep, HEBEPHO yKa3zaHbl HOMEpa PHCYHKOB, TaOJIHII,
CCBUIOK, (opmyin);
- OLIEHKa «3», eclli MpeACTaBIeHO oOlIIee onucanrne PU3NIECKOro SIBICHUS, HET WK Mall0 PUCYHKOB,
GbopMyIlbI WM B HUX €CTh OMIMOKH; MOTYT OTCYTCTBOBaTh MPHMEPHI NMPUMEHEHHUS H3y4aeMOTO
(UBUYECKOTO SIBJICHHUS, HMMEIOTCS HECYIIECTBEHHBbIC HapyIIeHUs TpeOoBaHUNW 1O O(POPMIICHUIO
pedepata (Hanpumep, HEBEPHO YKa3aHbl HOMEpPA PUCYHKOB, TaOJHII, CCHUIOK, (hopmyi);
- OlIEHKa «2», €CIM HE PACKPBITO COJIEpKAaHUE TEMbI, HET PUCYHKOB, (OpPMYJ, a TaKXe€ CCBHUIOK Ha
WCTOHHKH.

HToroBas olieHKa 3a Bce TeMaTHUecKHue pedeparsl B 3 ceMecTpe:
- OIIEHKA «5», €CJIM UMEETCs He 0oJiee IBYX YaCTHBIX «4», OCTaIbHBIE «5»;
- OIIEHKA «4», eclii UMeeTCs He 0oJiee IBYX YaCTHBIX «3», OCTANbHBIE «4» U «5»;
- OIIEHKA «3», €CJIM UMeeTCs He 0oJiee IBYX YACTHBIX «2», OCTANbHBIE «3», «4», «5»;
- OIIEHKA «2», €CJI1 UMeeTCs O0Jiee ABYX YaCTHBIX «2).
Takum 00pa3oM, B TPEThEM CEMECTPE OIEHKA «3aYTEHO» COOTBETCTBYET IMOJIOKHUTEIBHON OIICHKE IO
5-0anpHOM cucTeMe, «He 3a4TeHOY - OIeHKe «2». [lomokuTenpHast HTOTOBas OLlEHKAa B 3 ceMecTpe 3a
BECh KOMIUIEKC TEMAaTHICCKUX pe)epaToB yUUTHIBACTCS MIPH BHICTABJICHUN 3a4YeTa.

3agadus (B ciiyyae AUCTAHIMOHHOrO 00y4EeHMs)
AHAaJIOTUYHBIE KPUTEPHUSIM JUIsi OTBETOB Ha BOMPOCHI M PELIEHUIO 3a7ady Ha JIoCKe (B
ayJTUTOPUH) U B KOHTPOJIbHOM pabore.

6.2. OnleHOYHbIE CPEACTBA M KPUTEPUHU OLIEHMBAHUS IS IPOMEKYTOYHOM aTTeCcTalluu



[TpomexxyTouHast arrectauusi MO AUCHUIUINHE «DPU3MKa» B TPETbEM CEMECTpe COCTOUT W3
3a4éTa U B YETBEPTOM CEMECTPE — B BHJIC 3K3aMEHa B COOTBETCTBUH C YICOHBIM INIAHOM.

3auér B 3 ceMecTpe COCTOUT B BBHINOJHEHHHM pPEIICHWH 3ajad, J1adopaTOpHBIX paboT H
CaMOCTOSATENLHON pabOoThI IO COICPIKAIMMCSI B JAHHOMN MPOrpaMMe Y4eOHBIM BOIIPOCAM.

Ok3aMeH 3a 4 ceMecTp CTYIEHTHl CHAlOT IO BOIpocaM OwieTa, MM IpeaocTaBlsieTcs
BO3MOXKHOCTh TOATOTOBKM MUCBMEHHOTO OTBETA, a 3aT€M — YCTHOT'O OTBETa Ha BOMNPOCH Omiera. B
Ka4ecTBE JIOMOJHUTEIBHBIX BOMPOCOB HCIOJB3YIOTCA KOHTPOJBHBIE BONPOCHI M/MJIHM 3a/a4d st
CaMOCTOSATENILHOTO pemeHns (cM. 1. 5, pasnen «[Ipaktudeckue 3anaTHs»). [Ipy BEICTaBICHHN OLICHKH
32 9K3aMEH YYUTHIBAIOTCS OLIEHKH 110 APYrUM BUAAM 3aHITUH B cemecTpe (cM. 1. 6.1).

3 cemecT

IIpumep mecmosozo 3adanus
Ne 1. Ecnm @, u @, — TaHTCHIMaIbHAs ¥ HOPMAJIbHAs COCTABIIAIONIAS YCKOPEHHUSI, TO COOTHOIICHHSI
a, =0, a, =0 crpaBeUBEI IS
1. paBHOMEPHOIO JABMKEHHUS MO OKPYKHOCTH
2. NPAMOIMHENHOTO PABHOMEPHOTO JBMKEHHS

3. MpSIMOJIMHEHHOI0 PABHOYCKOPEHHOT'O IBUKEHUS
4. paBHOMEPHOI'O KPUBOJUHEHHOTO JBUKEHUS

N 2. Jluck pammyca R Bpamaercs BOKpyr BEpTHKaIbHOM OCH
PaBHOYCKOPEHHO IO YacOBOM CTpeJIKe. YKaXXUTE HaIlpaBJICHUE BEKTOpa

YIJIOBOI'O YCKOPEHUs
1

2
3
4

Ne 3. B kakoM wu3 TMpeAcCTaBICHHBIX Ha PUCYHKaX CIy4yaeB CyYMMapHbIi MOMEHT BCEX CHII,
MIPUIIOKEHHBIX K Tely, OyJeT MaKCHUMaJIbHbIM:

PO

12345

No 4. Teno maccoit 1 Kr pa3roHsiercsi moj AECUCTBUEM MOCTOSIHHOM CHJIBI M3 COCTOSIHHUS IOKOS 0
ckopoctu 4 m/c. [Ipu 3TOM cuna coBepiaeTr padory:

1. 8 Ix
2. 16 Ix
3. 2 JIx
4. 4 Ix
d°x b dx k
Ne 5. VpaBHeHue [ABWKEHUSA TMPYKUHHOTO MAasTHHKA ? + E - E + a X=0 saBmgercs

mudepeHaTbHBIM YpaBHEHUEM:
1. cBOOOIHBIX 3aTyXalOMMX KOJeOaHHA
2. CBOOOJHBIX HE3aTyXaIOIIUX KOJeOaHUi



3. BBIHYXJIEHHBIX KOJICOaHHA.
Ne 6. JInst mpo10JTbHOM BOJTHBI CITPABETMBO YTBEPKIACHHE:

1.  gactumsl cpeapl KOJIeOMIOTCS B HAIPABICHUU PACIPOCTPAHEHUS BOJTHBI

2. BO3HUKHOBEHHE BOJHBI CBA3aHO ¢ Aedopmarueil casura

3. 4YacTuibl Ccpeisl KOJNEONIOTCS B HANpaBICHUSX, NEPHEHAMKYISPHBIX HAIpPaBICHUIO
pacrpoCTpaHEHUs BOJIHBI.
Ne 7. OOBéM cocyna ¢ uIealbHBIM Ta30M YMEHBIIMIM BABOE M JOOABMIM B COCYH TaKoe >Ke
KOJINYECTBO ATOr0 *ke rasza. Temmeparypa rasza noajiepKuBaeTcsl OCTOSIHHON. BriGepute 1Ba BEpHBIX
YTBEPKACHUS (YKaXKUTE HOMEPA)

1.  naBneHue rasa yBeJM4MIIOCH B 4 pa3a;

2.  BHYTPEHHSISI SHEpIrHs HE U3MEHUIIACK;

3. KOHLEHTpAlMs MOJIEKYJ YMEHbIINIACK;

4.  ra3 coBepui padory;

5. MJIOTHOCTH rasa yBeIM4YMIach.
Ne 8. OguH MOITb OTHOATOMHOTO HJICAIBHOTO Ta3a W300apHO Harpenu. Kak n3aMEeHWINCh TIpU 3TOM €To
00bEM M BHYTpeHHssu dHeprus? (MIs KaXIOW BEIUYUHBI YKKHTE COOTBETCTBYIOLIHMU XapakTep

WU3MEHCHHMSI) U
1. yBenuumiace, \
2.  YMCHBIIWIACH,
3.  He U3MEHWJIACh. 2

Ne 9. Ha pucyHKke moKa3aH MPOIECC U3MEHEHUST COCTOSHUS
1 mosst omHOaToMHOTO Ta3a (U — BHYTpEeHHSS SHEprus, P —
nasieHue). Bolbepure 2 BepHBIX YTBEPKACHMS (yKaKUTE R
UX HOMEpa). L
1. KOHLEHTpauus MOJIEKYI ra3a yMEHbIIAETCS; 0 -
2. 00BéM rasa He MEHSETCH,
3. TJIOTHOCTH ra3a yBeIHMYMBACTCS;
4. TemrepaTypa MOBBIIIAETCS

Y
i)

Ne 10. B noHenensHUK U BTOPHUK TeMIlepaTypa Bo3ayxa Obulia oguHakoBoi. [lapumansHoe naBieHue
BOJSIHOTO Mapa B aTMoc(epe B MOHEAEIbHUK ObUIO MEHBIIIE, YeM BO BTOPHHUK. BbiOepuTe 1Ba BEpHBIX
yTBEpKIeHUS (YKaXXKUTE HOMEPA)

1. NIOTHOCTH BOJASHBIX MApOB B BO3AYXE B IOHEAEIbHUK Obljla MEHBIIIE, YEM BO BTOPHUK;

2.  OTHOCHUTEJbHAas BJIaKHOCTh BO3/lyXa B MOHEJEIbHUK ObLIa MEHbIIIE, YEM BO BTOPHUK;

3. KOHIIEHTpAIIHs MOJIEKYJ BOJITHOTO TIapa B BO3IyXe B MMOHEEIFHUK M BTOPHUK 04,

4.  naBJeHHE HACBHIIEHHBIX BOJSIHBIX IMapoOB B IOHEJECIBHUK ObUIO OOJbIIE, YeM BO
BTOPHUIK;

5. Macca BOASHBIX TapoB B 1 M3 Bo3ayXa B MOHeAENbHUK OblIa GOJIBIIE, YeM BO BTOPHHK.
ra3a yBeJIU4MJIach.
Ne 11. Ta3 B cocyzne cxanu, coBepuB padoty 30 [Ix. BHyTpeHHss HEprus npu 3TOM YBEJIWYHIIACH
Ha 25 JI. Kakoe KoIM4ecTBO TEIIOTHI OTAAJ ITPU ATOM ra3?

1. 55 Ix;

2. 5 Ix;
3. 30 Ix;
4. 25 ]Ix.

Ne 12. Uemy paBen makcumanbHbIi KI1/I, KOTOpBI MOXET UMETh TEIUION JBUTATEH C TEMIIEPATYPOit
narpesatens 727 °C u Temmneparypoii xonoaunsauka 27 °C.

1. 90 %;
2. 3%;

3. 70%;
4, 30 %.

Ne 3. YtoObI HarpeTh KyCOK MOJHOAeHA Maccor 96 T Ha 1 rpamyc, eMy HaJo nepeaaTh KOJIHMYEeCTBO
TerioThl 24 Jx. UeMy paBHa yaenbHas TEIUIOEMKOCTh 3TOro Bemectsa? (Beruncnurs.)



Ne 14. Kakoe KOIMYECTBO TEIUIOTHI BBIIEIUTCS MPU KpUCTAUIM3alMKU cBUHLA Maccoi 120 r, B3gTOro
MIpu Temmeparype riaBieHus? (BeraucauTs. )

10.

11.

12.

13.

5 cemectp
Bonpocul k sxzameny

Onektpudyeckoe 1moje B BakyyMme. (MCTOYHHMKH —3JIEKTPOCTATHYECKOro mojs. Bekrop
HaIpsODKEHHOCTH M JIMHUM HanpspKEHHOCTH. [IpuHIMII cyneprno3uuuu g pe3yibTUPYIOLIEeH
HanpspkeHHOCTU. [Ipumepsr OII. ITlorenuuman. IlpuHuun cynepno3unvu i CyMMapHOTO
NOTEHIIMAIA. DKBUMOTCHIIMANIbHBIC TOBepXHOCTH D11, mpumepbr)

Dnexkrpuueckoe mone B BemecTBe. (Bektop wuHaykmmm DI, ero cBsS3b € BEKTOPOM
Hanpsbk€HHOCTH. Teopema Octporpazackoro — ['aycca 1is 3J€KTPOCTaTUUECKOIO MOJIs, IPUMEPHI
MIPUMEHEHHUsI. DIIEKTPUUECKOE IOJIE MPU HAIMYHUM MPOBOJHHUKOB. DJIEKTPOCTATHYECKas 3alUTA.
CerHeTodIeKTPUKH)

JlelicTBre anekTpudeckoro moiyis Ha 3apsiabl. (Cesa3p pabotel DIl mis nmepememieHuss TpoOHOTO
3apsana ¢ ero Hanpspk€HHOCThIO DI, ¢ pazHocThio moTeHManoB. [loTennmansublil xapakrep OI1,
TeopeMa o HupKynsnuu. CBsasb pabotel DIl ¢ sHeprueil B3auMoaencTBUs 3apsSA0B. DHEPrus U
00BEMHAS TNIOTHOCTH YHEPTHH AIICKTPUUECKOTO TTOJISA).

[TocTOSHHBIA 3IeKTpUYeCKUil TOK. (XapakTepUCTHKU TOKa MPOBOAUMOCTH. VICTOUHHMKH TOKa,
CTOPOHHHE CHJIBI U WX paboTa, 3JeKTpoaBWXKYyIIas cuia. 3akoH Oma uis OJHOPOAHOTO H
HEOJIHOPOJHOTO YyJacTKOB Liemnu, 3aMkHyTol nenu. [IpaBuna Kupxroda. Snextpoconporubienue
M €T0 3aBUCUMOCTH OT ()OPMBI, pa3MepOB, IPUPOBI i TEMIIEPATYPhbI PE3UCTOPA.)

PaGota 1 MomHOCTh 3MeKTpuueckoro Toka. (PaboTa m MOIIHOCTH TOKA pPa3HBIX YYaCTKOB IIETH
IIOCTOSIHHOTO 3JieKTpuueckoro Toka. KIIJ[ ncroyHuka TOKa, €ro 3aBHCHUMOCTb OT TOKa M
ANEKTPOCOMPOTUBIICHHUS.)

DneKkTpuYecKnii TOK B pasHbX cpenax. (Kmaccuueckas snekTpoHHash TEOpHsT METANIOB U €€
TpynHocTd.  KOHTakTHas pa3HOCTh IOTEHUUANOB. OJEKTPUYECKUHM TOK B DIIEKTPOJIUTAX,
ANEKTposIn3, 3aKoHbl Dapajes, MOABMKHOCTb HOHOB B JJIEKTPOJUTAaX. DJIEKTPUUECKUH TOK B
rasax, MOHM3alus, pekoMOuHaius. ['a30BbIi pa3psa U €ro TUIIBL.)

MaruutHoe monie B Bakyyme. (MarHuTHOe TOJie M €ro MCTOYHWKH. 3akoH buo — CaBapa —
Jlamutaca, BEKTOp MarHUTHOM MHIYKIUH, JIUHUM MarHUTHON MHAyKUMK. Buxpesont xapakrep MII.
[IpuHnun cynepniozunmu it pe3ynbtupyromend naaykuuu MII. MII npsMoro Toka u KpyroBoro
toka. Teopema Octporpazackoro — ['aycca. MII aBmxkyiierocs 3apsija.).

MaruutHoe mone B BemiectBe. (HamarnwumBaHue MarHeTHKOB, MHKDOTOKH. BekTop
Hanpsbk€HHOCcTH MII, Teopema o wmupkynauuu Hanpsbk€HHoctw MII m e€ npumeHnenwue.
MaruuTtHas BOCIIPUUMYHUBOCTh U IpOHUIIaeMOCTh. [loHsATHE 0 c1a0bIX MarHeTukKax: Jua- v mnapa-
MarHeTukax. CuWibHblE MarHeTHKH: (eppoMarHeTHKH, aHTU(EepPPOMArHeTHKH, (eppuThl.
MarHuTHBII TUCTEPE3HC. )

JleiicTBre MarHWTHOTO TOJIs Ha TOKH U 3apsansl. ([eiictBue MII Ha OgHOPOIHBIN MPOBOIHUK C
TOKOM, cwiia Ammnepa. B3aumopeiicTBie napamuieabHbIX TOKOB. MarHuTHbIN moTok U padora MIL.
MarsHuTHbIII MOMEHT KOHTYpa ¢ TOKOM U nelictBue Ha Hero MII. JleiictBue MII Ha nBrkymuiics
3aps, cuia JlopeHra.)

DNeKTPOMarHUTHAs MHAYKIUS U 3JIEKTPOMarHuTHoOE moJje. (DIeKTpOMarHuTHasE UH KIS, 3aKOH
@apanes, npaBwio Jlenma. ['eHepupoBanne nepeMeHHOro Toka. CaMOWMHIYKIMS, B3auMHas
MHIOYKIHA. BuxpeBoe »3leKTpuYecKoe T1oJjie, TOK CMENIEHWs. YpaBHeHHs Makceemna |
MaTepualbHbIe YpaBHEHUSI. )

OnexktpomarauTHeie kosneOanus. (KomeOatenpHblit KOHTYp. CBOOOIHBIC 3JIEKTPOMArHUTHBIC
rapMOHUYECKHEe KoseOaHMs, 3aTyXarollue KojeOaHUs M uX Xapakrepuctuku. IIpeoOpasoBanue
ANEKTPUYECKON SHEPTUU B MAarHUTHYIO)

OnexTpoMarHuTHbIE BOJHBI (BomHoBOI mponecc. BonHOBBIE ypaBHEHHS U ypaBHEHMS IJIOCKOW
3JEKTpOMAarHUTHOM BosHBL.  [lomepeunocts OMB. KuHemaTnueckue # 3HEPreTHUECKUE
xapakrepuctuku DMB. lIkana DMB)

Nurtepdepennius ceera. (IIpunnun I'rolirenca. [TonsTre o KorepeHTHOCTH. METObI TOTYdCHHS
KOTEPEHTHBIX BOJIH B onTUKe. CXeMbl UHTEP()EPEHIIMOHHBIX KAPTHH).



1

SN

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

. Audpaxmus (Ipunmun [Noiirenca-®penens. Meron 3o @penens. [Judpakuus Dpenens u
dpaynrodepa).

[Tonapuzanusa ceera. (IloHsATHE O €CTECTBEHHOM M MOJSIPU30BAaHHOM cBeTe. 3akOoH Maioca.
CriocoOsl MosiIpu3alii CBETa U CYIIHOCTh KaKI0T0 U3 HUX. AHANIU3 MOJIIPU30BAaHHOTO CBETA.)
B3aumopeiictBue cera ¢ BemectBoM ([ucnepcus. OCHOBBI 3JEKTPOHHOM TEOPUU HCIIEPCHUU.
[Tornomienue u paccesHue CBETA)

3akonbl reoMerpuueckor ontuku (IIpunuun ®depma. BriBoj 3aKOHOB reOMETPUYECKON ONTHKU.
[Ipenomiienne cBeta pa3inMYHBIMU MOBepxHOCTAMU. [Ipu3ma, 3epkana M TOHKUE JTUH3BL. BbIiBOA
(hopMyIbl chepruIecKoil MOBEPXHOCTH U (POPMYIIBI TOHKOW JIMH3BI HA OCHOBE IpuHIMIa Depma.
OnTuyeckue MpuoOpHI.)

®oromerpus (CBETOBbIE BEJIMYUHBI U €IMHULBI UX U3MEpPEHUS. 3aKOHbI OCBEIEHHOCTHU. ['11a3 Kak
(dhoTomeTpuueckuii mpudop).

OcHoBbl kBaHTOBOM onTHKH. (TermoBoe uznyuenue. ®orordpdexr, apdexr Komnrona u nasnenue
cBeta. KopnyckyssipHO-BOJIHOBOM Jyann3M CBETa).

Bonnogeie cBoiicTBa uactuil BemiectBa. (I'unoresa Jlyn ne bpoiins. OnbiTel, moATBEpKIAIONINE
npennoynoxkenue nae bpoitng. BomuoBas dyHkumsa u e€ dusnueckuid cmpicn. [IpuHImn
HeomnpeaenéHHocTel. YacTula B NOTEHIIMAIBHON SIME C HETIPOHUIIAEMBIMU CTEHKaMH )

Crtpykrypa u monenu aroma. Teopusi bopa (3kcneprMeHTanbHbIE JaHHBIE O CTPYKTYpe aroma,
monenu Tomcona, Pesepdopna, bopa, bpoiins, 3ommepdernsaa, cieKTpaabHbIe 3aKOHOMEPHOCTH
aToma BOJIOPOJIa, TOCTYJIaThl bopa, sHeprus 3JIeKTPOHA B aTOME, CepHajibHas popMyJia)
KBanToBO-MexaHnnueckoe onucanue aroma Bojopoaa (OmnepaTopHblii METOJ KBAaHTOBOM (DH3HUKHU.
CranuoHapHOe ypaBHEHHME IBUKCHHS KBAHTOBOW HEPENSTUBUCTCKON yacTuilbl. KBaHTOBBIE
gucia U ux ¢puzndeckuid cmpici. Crime 3ekTpoHa. Oneit [ltepra-TI'epnaxa)

Mpuorosnexktponnbie  atrombl  ([Ipunnun  Ilaymu. DnektpoHHass KOH(Urypalus aroma.
[lepoMYHOCTH CBOMCTB XUMHYECKHX JJIEMEHTOB. PEHTIeHOBCKHME CIEKTpbI, CepuaabHas
dopmyina u runotesa Koccens)

®du3uKa aTOMHOTO si/ipa (COCTaB aTOMHOTO S/Apa, A/IEpHbIE CUIIBI U MOJEINH siipa. Buabl v 3aKOHBI
pazmoaKTUBHOTO M3ydeHHs. OCOOEHHOCTH pa3IMYHbIX PaJIUOAKTUBHBIX MpeBpalleHuil. SaepHble
peakuuu 1 aToMHasi 3Heprus. JleneHue u cuHTes siep.)

®uzuka sneMeHTapHbIX dacTull (DyHIaMeHTalbHbIE B3aUMOJCHCTBUS U OCHOBHBIE KIIACCHI
3JIEMEHTapHbBIX YacTHIl. [ TF0OHBI)

Onementsl ¢usuku TBEpHoro Tena (IlomsaTme o 30HHONW TeopuM  TBEPABIX  TeIl.
DNeKTPONPOBOTHOCTh TBEPABIX Tell. DPdekt Xota)

Obpasey 3K3ameHayUoOHHO20 burema
®denepanbHOe rocyIapcTBEeHHOE 00pa3oBaTe/ibHOE yUpeKIeHne Bbiciero 00pa3oBaHus
CMOJIeHCKHUH ToCy1apCTBEHHbIN YHUBEPCUTET
Kadenpa pusuku v TeXHUYEeCKUX TUCUUIIIMH
Hanpasnenune noarorosku 44.03.05 Ilenaroruyeckoe oopazoBanue
(ITpodpuns: MatemaTnka, uHGoOpMaTHKA)
Juctumnnuna: 51.B.06 ®@u3unka
4 cemecTp
JK3aMeHalMOHHBbIH Ouitet Ne 1
1. Dmnexrtpuueckoe mone B Bakyyme. (McTOYHHMKH »3II€KTpOCTaTHYeCcKOro mois. BekTop
HaNpsLKEHHOCTH U JIMHUM HalpspKEHHOCTH. [IpuHIMI cyneprno3unuu As pe3ynbTUpYomen
HanpspkeHHOCTH. Ilpumeprr OII. [lotenuman. IIpuHuun cynepno3unuu Ajas CyMMapHOTO
MOTeHIIaja. DKBUIMIOTEHIIMaIbHbIEe ToBepXHOCTH D11, mpumepsi)
2. Judpakuus (IIpuauun Iolirenca-dpenens. Metoxa 300 @penens. dudpakuus Openens u
dpaynrodepa)
3. KonebarenbHbIil KOHTYpP, COCTOSALIMIA U3 TNIOCKOTO KOHAEHCATopa ¢ ruiomazabio iactua 100
cMPM KaTyIKd MHIYKTUBHOCTBIO I MKIH, BO3OYKIAET SIEKTPOMATHUTHBIC BOJHBI JTMHOM
10 m. OnipeienuTh pacCTOSHUE MEXY INIACTUHAMM KOHJEHCATOpa.



4. Omnpenenuth ATUHY BOJHBI (OTOHA, HUMITYJBC KOTOPOTO paBEH HMITYJIbCY JJICKTPOHA,
MPOUIEAIIEr0 Pa3HOCTh MOTEHIHAIOB 9,8 B.

5. Tlpouwcxomut peakiusi CUHTE3a JEHTepUs U TPUTHS, B PE3yabTaTe KOTOPOH oOpasyercs
HEUTPOH ¥ HEM3BECTHAs YacTHIA. 3alucaTh CXEMY SJICPHOH pEaklHuH, OIPEIeIUTh
HEU3BECTHYIO YaCTHILy U SHEPT€TUUECKUI BBIXO/ PEaKIIHH.

3aBkadeapoi A.B. Jltonaua

Kpumepuu OUCHUeaHuA 3auema u IK3amena

3 cemectp
«3a4€T» BBICTABJISACTCS, €CJIU OJJTHOBPEMEHHO UMEIOTCS:

- CpeHssl UTOrOBask OLEHKA «3a4TEHO» 10 OTBETaM Ha BOIIPOCHI U PELICHMIO 337a4 Ha MPAKTHYECKOM
3aHATHU (B CEMECTPE) WIIH IO 3aJaHusIM (B CIIydae JUCTAHIIMOHHOTO OOyUCHHS);
- OIICHKA «3aUTEHO» M0 KOHTPOJILHOU padoTe;
- UTOTOBAs OLIEHKA «3alIHUILEHO» 10 BCEMY KOMILIEKCY JIabOpaTOPHBIX padoT;
- UTOTOBAs OLIEHKA «3aYTEHO» 10 BCEMY KOMIUIEKCY TEMaTHUECKUX pedepaTos.

«He 3auTeHO» BBICTABISAETCSI, €CIIM €CTh XOTS ObI OJJTHA OLIEHKA «HE 3aYTEHO» U3
MIEPEUYMCIICHHBIX BBIIIE ITyHKTOB.

4 cemecTp
OTBeT Ha BOIIPOC IK3aMEHAIIMOHHOTO OWJIETa OLICHUBAETCS 10 5-0aJIbHOM IIKaJIe:

- OIEeHKa «5», eclaW TMpeACTaBIeHO IIOJHOE OMNucaHue (HU3UUYECKOro SBJICHHS, COJAEpIKaTcs
HEOOXO/IMMbIC PUCYHKH (YEPTEXHU, CXeMbl, rpaduku), 6e3 OMMOOK 3alHucaHbl OCHOBHBIC (HOPMYIIbI U
BBITIOJIHEHBI MPE0OPa30BaHUs BBIPAKEHUHN JIJIS TOTYUYEHUS JI0KA3aTEIbCTBA YTBEPIKIACHUS, TIPUBEACHBI
MIPUMEPHI IPUMEHEHHUSI U3y4aeMOro (PU3NYECKOTO SIBJICHUS;
- OlIEHKa «4», eciu MPEICTaBICHO B IIEJIOM IOJIHOE OMHCaHUe (PU3MUECKOTO SIBJICHHS, COJEpKaTCs
HEOOXOUMbIC PUCYHKH (YEPTEIKHU, CXeMbI, rpaduku), 0e3 omnbOK 3anucaHbl OCHOBHBIC (HOPMYJIbI, HO
B MPe0OpPa30BAHUSIX BBIPAKEHHI MOTYT OBITh OIIUOKH; MOTYT OTCYTCTBOBATh MPUMEPHl TPUMEHEHUS
M3y4aeMoro (PU3NUYECKOTO SIBICHUS, UMEIOTCS HEKOTOPbIE HETOYHOCTH I HETpyObIe OMNOKH;
- OIIEHKA «3%», eCJIM MPEICTABICHO KpaTKoe onucaHne GU3n4ecKoro siBIEHUS, HET UM MaJlo PUCYHKOB,
0e3 omuOOK 3amMcaHbl OCHOBHBIE (OPMYIBI, HO HET MPeoOpa3oBaHU BBIPAKEHUN;, MOTYT
OTCYTCTBOBATh MPUMEPHI MPUMEHEHHS U3y4aeMoro (PU3MUeCKOro sSBICHHUS,
- OLICHKA «2», €CIIU HEe PACKPBITO COJIEPKaHKUE BOMPOCA, HET PUCYHKOB, (hOPMYII, JOMYIIEHBI TPyObIe
omuOku B (OPMYITUPOBKAX 3aKOHOB, HE YETKOTO OMNpeAesieHus (U3UYECKUX BEIUYUH H UX
pa3MEpHOCTEN.

Kaxnas 3agada dx3aMeHAIIMOHHOr0 OMJIETa OLIEHUBAETCS 10 S-0aILHOMN IIIKAJIE:
- OIEHKa «5», €CIM TMOJy4YeHO pelieHue B OOIIeM BHUJE, BBINOJIHEHA MPOBEPKA HAWMEHOBAHHI
(bU3BENMYMH U MTOJICTAHOBKA YHCJIOBBIX 3HAUCHUH 0€3 OIMO0K U HETOYHOCTEIH;
- OleHKa «4», ecnu TMOJY4eHO pelleHHe B OO0IIeM BHUJE, BHINOJHEHa MPOBEpKa HAMMEHOBaHUMN
(GU3BENMYMH M TOACTAHOBKA YHCIOBBIX 3HAYCHH, HO JIOMYIICHHl HETOYHOCTH B PHUCYHKE HIIH
BBIYMCIICHUSIX UCKOMOW BEJIMYUHBI;
- OIEHKa «3», eClH TMOJY4YeHO pelIeHHWEe B OOIIeM BHJE, HO HET MPOBEPKH EIUHUI] U3MEPECHHIA,
KOJIMYECTBEHHOTO pe3ysibTaTa (UM OHU OLIMOOYHbIE), €CTh OUTMOKH Ha PUCYHKE;
- OIICHKA «2», €CIIi HE TIOJIYYEHO pelIeHrne B 001IeM Bue (OTCYTCTBYET WIJIM HEBEPHOE), HE 3aBUCHMO
OT Ha4usl 0OPMIICHHUS JAaHHBIX, PUCYHKA U OCHOBHBIX (hOPMYII.

HroroBast o1ieHKa 3a OTBET IO 9K3aMEHAIIMOHHOMY OMJIETY:
- OIIEHKA «OTJIMYHO», €CJTU UMEETCsI He 0oJiee OTHON YaCTHOM OIEHKH «4» M OCTaIbHBIC «5»;
- OIIEHKA «XOpPOIII0Y», €CIIK UMEETCS He OoJiee OHON YaCTHOM OLEHKU «3%» M OCTANbHBIE «4» U «5»;
- OIICHKA «YIOBIETBOPUTEILHO», €CIIM UMEETCS He 0oJiee OHON YaCTHOM OIEHKHU «2» U OCTalbHbIC
«3», «d», «5»;
- OIIEHKA «HEY/IOBJIETBOPUTEILHO», €CIIM UMEETCS JIBE U 00JIee YACTHBIX OIEHOK «2».

OpnHako WTOrOBasl OIEHKA 32 SK3aMEH YUUTHIBAeT HE TOJBKO OTBET MO OWIIETy, HO W TpH
JIOTIOJTHUTENbHBIE «PEUTHHIOBBIE» OLIEHKHU 32 pabOTy B cemMecTpe:
- 32 OTBETHI HA BOIIPOCHI U PEILICHHE 3a/1a4 Ha JOCKE (B ayIMTOPHUH ) UM BHINIOJIHEHHE 3a/1aHH (B
ciydae TUCTAHIIMOHHOTO O0yUYEHHS ),



- 32 KOHTPOJIbHYIO paboTy,

- 32 3aIUTY JJa0OpaTOPHBIX PabOT.

Haxonurcs cpennee 3Ha4€HUE U3 3TUX TPEX «PEUTHUHIOBBIX OLEHOK. ECIM OHO OKa3bIBAETCS BbILIE
OIICHKH T10 OMJIETY, TO UTOTOBasi OIICHKA 32 9K3aMEH IMOBBIIIACTCS, €CJIM HUXKE — TO TIOHMIKASTCH.

10.

11.

7. IlepeyeHb OCHOBHOM U JONMOJHUTEJILHOH Y4eOHOM JIUTEPATYPHI
7.1. OcHoBHas UTEpaTypa
3 ceMecTp
Aizennion, A.E. ®usuka : yuyeOHMK W TpakTHKym Jis By30B/ A. E. AlizeHuon. — Mocksa :
MznarensctBo FOpaiit, 2020. — 335 ¢. — (Bricmee o6pazoanue). — ISBN 978-5-534-00487-8.
— Tekcr : anextponnsiit / DBC FOpaiit [caitr]. — URL: https://urait.ru/bcode/450504
bonmapes, b. B. Kypc o6meii ¢pusuku B 3 k. Knura 1: MexaHuka : yueOHHK a1s OakanaBpos /
b. B. bonnapes, H. I1. Kanamnukos, I'. I'. Cnupun. — Mocksa : UzparensctBo FOpaiit, 2019. —
353 c.— (bakamaBp. Axagemudeckuii Kypc). — ISBN 978-5-9916-1753-6. — Tekct
anexrponnsiii // DBC HOpaiir [caiir]. — URL.: https://urait.ru/bcode/425487
bounapes, b. B. Kypc obmeii dusuku B 3 kH. Knura 3: TepMoarHaMuKa, CTaTUCTHYECKAs (PU3UKA,
CTpOGHHME BelmecTBa : yuyeOHMK i OakanaBpoB/ b. B. boumapes, H. I1. Kanamuukos,
I'.T. Coupun. — 2-e u3a. — Mocksa : UznarensctBo HOpaiit, 2019. — 369 c. — (bakanasp.
Axanemudeckuii kypc). — ISBN 978-5-9916-1755-0. — Tekct : anmekrponnsiii // DBC HOpait
[caiir]. — URL.: https://urait.ru/bcode/425491
bopnosckumii, I'. A. Obmass ¢usuka B 2 1. Tom 1: yuebHOe mocoOue s By30B/
I'. A. bopnosckuii, D. B. Bypcuan. — 2-¢ u3n., ucnp. u gomn. — Mocksa : M3narensctBo FOpaiit,
2020. — 242 c.— (Breicmiee ob6pazoBanue). — ISBN 978-5-534-05451-4. — Tekct
anektponnbii / DBC KOpaiit [caiit]. — URL: https://urait.ru/bcode/454254
HaBeinkoB, B. B. ®u3uka: MexaHwka, 3JCKTPHYSCTBO M MArHETH3M : y4eOHOE mocoOwe Juis

cpennero mnpodeccroHanbHOr0 oOpaszoBanusi / B. B. JlaBbiikoB. — 2-¢ W31., UCHp. U JOI. —
Mocksa : HzmatensctBo FOpaiit, 2020. — 169 c. — (IIpodeccnonansHoe o0pa3oBaHHE). —
ISBN 978-5-534-05014-1. — Tekcr : oaaekrponnslidi // DBbC IOpaiit [caiit]. —

URL: https://urait.ru/bcode/454400

3amypaes, B. I1. Monekynspnas ¢usuka. 3amaun : yaebHoe nocodbue mst By3os / B. I1. 3amypaes,
A.Tl. Kamuanna. —  MockBa :  WspmarensctBo  FOpaibit, 2020.— 189c.—  (Bsicmee
obpaszoBanue). — ISBN 978-5-534-08229-6. — Tekcr : snextponnsiii / ObC FOpaiit [calfT]. —
URL.: https://urait.ru/bcode/455724

Huxepos, B. A. ®usuka : yaeOHUK U IpakTUKyM i By30B / B. A. HukepoB. — Mockaa :
NznatenberBo FOpaiit, 2020. — 415 ¢. — (Bricmiee oopazoanue). — ISBN 978-5-9916-4820-2.
— Texkcrt : anextponnsii // IBC Opaiit [caiit]. — URL: https://urait.ru/bcode/450293

[Tpomkun, C. C. MexaHuka, TepMOJIMHAMHKA U MoOJIeKyJsipHas ¢pusuka. COOpHUK 3a1a4 : yueOHOe
nocobue msa By3oB/ C. C. Ilpomkun, B. A. Camoneros, H. B. HumMeHnckuii. — 2-¢ u3a., ucnp. u
norm. — Mocksa : WzmatensctBo IOpaiit, 2020. — 467 ¢.— (Briciiee o0pa3oBanwme). —
ISBN 978-5-534-04772-1. — Tekcr : oaaekrponnsid // DBC IOpaiir [caiit]. —
URL: https://urait.ru/bcode/453302

CxmspoBa, E.A. ®usuka. Mexanuka : ydyeOHoe mocobue mans By3oB/ E. A. Cxisiposa,
C. U. Ky3uenos, E.C. Kymokuna. — 3-¢ u3a., mepepad. u jgon. — Mocksa : M3mareancTBo
Opaiit, 2020. — 248 c. — (Bricmiee oOpa3oBanue). — ISBN 978-5-534-06860-3. — TekcT :
anektponHsii // DBC FOpaiit [caiiT]. — URL: https://urait.ru/bcode/453993

Tpodumosa, T. . PykoBOoJCTBO K pelIeHHIO 3334 1Mo (usuke : yueOHOE mocodue Jiis By30B /

T. U. Tpodumosa. — 3-e uzn., uctp. u gomn. — Mocksa : U3narensctBo FOpaiit, 2020. —

265 ¢. — (Bricmiee oopaszoBanue). — ISBN 978-5-9916-3429-8. — Tekcrt : anektponusiii // DBC
FOpaiir [caiiT]. — URL: https://urait.ru/bcode/449610

®uznka : yueOHMK M npakTukyMm Ui By3oB / B. A. Unbun, E. 0. baxtuna, H. b. Bunorpanosa,
I1. . Camoiinenko ; noxa pexakuueid B. A. Unbuna. — Mocksa : U3natensctBo FOpaiit, 2020. —
399 c. — (Bwicmee obpazoBanme). — ISBN 978-5-9916-6343-4. — Texkcr : anektponnsiit // 3bC
FOpaiir [caiit]. — URL: https://urait.ru/bcode/450506



https://urait.ru/bcode/450504
https://urait.ru/bcode/425487
https://urait.ru/bcode/425491
https://urait.ru/bcode/454254
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4 cemecTtp
Aiizennion, A. E. ®usnka : y4eOHUK W mpaktukym st By3oB/ A. E. Aiizeniion. — Mocksa :

NznarensctBo FOpaiit, 2020. — 335 ¢. — (Bsicmee o6pazoanue). — ISBN 978-5-534-00487-8.
— Tekcr : anextponusiii / DBC FOpaiit [caiit]. — URL.: https://urait.ru/bcode/450504

bounapes, b. B. Kypc o6mieit ¢puszuku B 3 kH. KHura 2: 3jieKTpoMarHeTusm, ONTHKa, KBAaHTOBAs
¢usuka : yueOHuk nias OakanaBpoB / b. B. bonmapes, H. I1. Kanamnukos, I'. I'. Cniupun. — 2-¢
m3a. — Mocksa : U3narensctBo HOpaiit, 2019. — 441 c. — (bakanaBp. AkageMu4ecKuii Kype). —
ISBN 978-5-9916-1754-3. — Tekctr : oanekrponHeid // OBC IOpait [caiiT]. —
URL.: https://urait.ru/bcode/425490

bopnosckumii, I'. A. Obmass ¢usuka B 2 1. Tom 2: yueObHOe mocoOue i BY30B/
I'. A. bopnosckuii, O. B. bypcuan. — 2-e usg., ucnp. u gomn. — Mocksa : U3narensctBo KOpaiir,
2020. — 299c.— (Beicmiee oOpazoBanue). — ISBN 978-5-534-05452-1. — Tekcr
anexktpounsii // DBC FOpaiit [caiit]. — URL: https://urait.ru/bcode/454455

Iopsiues, b. B. O6mas ¢usuka. Ontuka. [Ipakruyeckue 3aHsaTHs : yueOHOE mocodue s By30B /
b. B. T'opsiueB, C.b. Morunsaunkuii. — Mocksa : W3znarensctBo HOpaiit, 2020. — 92 c¢. —
(Beicmee obpazoBanue). — ISBN 978-5-534-00778-7. — Texkcr : anekrponssiid // DbC HOpaiit
[caiir]. — URL.: https://urait.ru/bcode/451305

HaBeinkoB, B. B. ®u3uka: MexaHwka, 3JICKTPHYSCTBO M MAarHETH3M : y4eOHOE mocoOwe s

cpeaHero mnpodeccuoHanbHOro obpasoBanus / B. B. JlaBbiaAKOB. — 2-¢ H31., UCHp. W JOI. —
Mocksa : MsnparennctBo IOpaiir, 2020. — 169 ¢c. — (IIpodeccuonanbHoe o0Opa3oBaHuE). —
ISBN 978-5-534-05014-1. — Tekct : osnektponusid // OBbC IOpait [caiiT]. —

URL.: https://urait.ru/bcode/454400

Kyznenos, C. . ®usuka: ontuka. DIEMEHTbl aTOMHOM U SACpHOM (U3UKU. DIeMEHTapHbIE
yacTHIlel : yueOHoe rmocodue mig By3oB/ C. WM. Ky3neroB. — Mocksa : M3gatensctBo HOpaiit,
2020. — 301c.— (Bwicmiee o6OpazoBanue). — ISBN 978-5-534-01420-4. — Tekcr
anexktpounsii // DBC FOpaiit [caiit]. — URL: https://urait.ru/bcode/451430

Huxkepos, B. A. ®usuka : yueOHUK U IPaKTUKYM JuIst By30B / B. A. HukepoB. — Mockaa :
WznarensctBo FOpaiit, 2020. — 415 ¢. — (Bwicmiee oopaszoBanue). — ISBN 978-5-9916-4820-2.
— Texcer : anekrponHsii // DBC HOpaiit [caiit]. — URL: https://urait.ru/bcode/450293

CyxanoB M. UW. OcHoBel ontuku. Teopus wusoOpakeHws : ydeOHOE mMoOcoOHe IS BY30B /
U. 1. CyxaHoB. — 2-¢ wu3d., wucmnp. u jgom.—  MockBa: M3parensctBo  FOpaidT,
2020. https://urait.ru/bcode/453260

Tpodumona, T. . PyKoBOACTBO K peIIEHHUIO 3a7a4 110 PHU3HUKE : yueOHOE MocoOue s By30B /

T. W. Tpodumosa. — 3-e u3., ucrp. u gon. — Mocksa : U3natensctBo FOpaiit, 2020. —

265 c. — (Bwicmee oopazoBanue). — ISBN 978-5-9916-3429-8. — Texct : anexTpounnslii // 9bC
IOpaiir [caiiT]. — URL: https://urait.ru/bcode/449610

®dwuszuka : yueOHUK U TpakTUKyMm Juis By30B / B. A. Wneun, E. 0. baxtuna, H. b. Bunorpanosa,
I1. Y. Camoiinenko ; moxa penakmueid B. A. Mnmenna. — Mocksa : U3natensctBo FOpaiit, 2020. —
399 c. — (Bricmiee ob6pazoBanue). — ISBN 978-5-9916-6343-4. — Tekct : anektpoHHbIl // IbC
IOpaiir [caiiT]. — URL: https://urait.ru/bcode/450506

7.2. JlonoTHUTEIBLHASI JIUTEPATypPa
3 cemectp

bo6ommna, C. b. ®usuka. TemmoBbie mporecchl : yaeOHoe mocobue s By30B / C. b. bobomnHa,
I'. H. U3maiinoB. — 2-e usn., uctp. u jgor. — MockBa : M3narensctBo FOpaiit, 2020. — 118 ¢. —
(Beicmiee obpazoBanue). — ISBN 978-5-534-08814-4. — Tekct : anextponHsiit / 3b6C HOpaiit
[caiiT]. — URL.: https://urait.ru/bcode/454059

Bopnosckuii, I'. A. dusuyeckre OCHOBBI €CTECTBO3HAHUSA : ydueOHOe MmocoOue s BY30B /
I'. A. BopnoBckuii. — 3-¢ u3m., wcnp. W jgon. — Mocksa : MzmatensctBo Opaiit, 2020. —
226 ¢. — (Bricuiee obpazoBanue). — ISBN 978-5-534-05209-1. — Tekcr : anekrpoHnHsIii // DbC
FOpaiir [caiit]. — URL: https://urait.ru/bcode/454253
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https://urait.ru/bcode/451430
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https://urait.ru/bcode/454253

10.

11.

12.

13.

14.

15.

Bopnosckuii, I'. A. ®u3uveckre OCHOBBI MAaTEeMATHYECKOTO MOJEITUPOBAHUSA : Y4COHUK U
npakTukyMm 1ist By30B / I'. A. bopnosckuii, A. C. KonapareeB, A. Hoynepu. — 2-¢ u3M., UCTp. U
norn. — Mocksa : MznparenasctBo HOpaiir, 2020. — 319 c.— (Bsicmiee o0pa3oBaHue). —
ISBN 978-5-534-05365-4. — Tekcr : oanekrponnbii // DOBC IOpaiit [caiiT]. —
URL.: https://urait.ru/bcode/452264

Tonpmmireitn, A. E. ®usndeckue OCHOBBI IMONydYCHHsS HHGOpPMAIKHK . YYeOHHK I BY30B /
A. E. Tonpamreitn. — MockBa :  W3parensctBo  FOpaiir, 2020. — 291c.— (Bsicmee
obpazoBanme). — ISBN 978-5-9916-6529-2. — Tekct : anexkrponnsiii / DBC IOpaiit [caiit]. —
URL.: https://urait.ru/bcode/451328

I'opnau, B. B. ®u3uka: Mexanuka. DJIEKTPUUECTBO M MarHeTu3M. JIabopaToOpHBIM MPaKTHKYM !
yueOHOe mocobue mius By3oB/ B.B.Topmau. — 2-¢ usn., mepepad. u jgom — MocCkBa .
MznarensctBo FOpaiit, 2020. — 171 c. — (Bsicmiee oopa3zoBanne). — ISBN 978-5-534-07606-6.
— Tekcr : anextponusiii / DBC FOpaiit [caitr]. — URL: https://urait.ru/bcode/455479

l'opnau, B. B. ®usuka. 3amauu, tectel. MeTonbl pemieHus : ydeOHOe mocoOue Isi CPeaHEro
npodeccuonansHoro obpazosanwms / B. B. ['opinad. — Mocksa : M3natenscrBo KOpaiit, 2020. —
301 c.— (IIpodeccronamsHoe oOpazoBanue). — ISBN 978-5-534-08112-1. — Tekcr
anexrponnsii // DBC HOpaiir [caiir]. — URL.: https://urait.ru/bcode/449119

Iopmau, B. B. ®usuka. CamocrositenbHas paboTa CTyaeHTa : ydeOHOe mocoOue i By30B /
B. B.T'opnau, H. A. MBanoB, M. B. Ilnactuauna. — 2-¢ wu3na.,, ®Wcnop. ¥ Jgon. — MOCKBa .
WznarensctBo FOpaiit, 2020. — 168 c. — (Bricmiee obpazoBanue). — ISBN 978-5-9916-9816-0.
— Texcr : anexrponnsiii / DBC HOpaiit [caiit]. — URL: https://urait.ru/bcode/452048
Kanamnukos, H.Il. ®usuka. ['paduueckue meronsl pemieHus 3agad : yueOHOe mocodue it
cpennero mnpodeccuonanbHoro oodpasopanus / H. I1. Kamamuukos, B. U. Komkua, — 2-¢ usn.,
ucnp. u gomn. — Mocksa: MzgarensctBo FOpaiit, 2020. — 250 c. — (IIpodeccuonanbnoe
obpaszoBanme). — ISBN 978-5-534-00186-0. — Texkcr : anexrponnsiit / DbC KOpaiit [caldT]. —
URL.: https://urait.ru/bcode/452419

Kamamnuko, H.II. ®usuka B 2 4. Yactp 1: y4eOHHK W MPAKTHUKYM JUIsI CPEIHETO
npodeccuonanpHoro obpaszosanms / H. I1. Kamamuukos, C. E. MypaBbeB. — 2-¢ u31., UCIp. U
norm. —  MockBa :  MsmatenmsctBo  FOpaiit, 2020.— 254c.—  (IIpodeccuonanbroe
obpazoBanue). — ISBN 978-5-534-09159-5. — Tekct : anexkrponHsiit / DBC FOpaiit [caiiT]. —
URL.: https://urait.ru/bcode/449060

Kpasuenko, H. }O0. ®usuka : yueOHuK 1 npaktukym ais By3oB / H. FO. KpaBuenko. — Mocksa :
NznarensctBo FOpaiit, 2020. — 300 ¢. — (Bwicmee obpazoBanue). — ISBN 978-5-534-01027-5.
— Texcrt : anextponnsiii / IBC FOpaiit [caiit]. — URL: https://urait.ru/bcode/450821

Jloros, K. B. ®usuka crutomHeIx cpeq : yaedHoe mocodue st By30B / K. B. JlotoB. — 2-¢ u3n.,
ucnp. u nomn. — Mocksa : U3parensctBo FOpaiit, 2020. — 135 c. — (Bricuiee oOpa3oBanue). —
ISBN 978-5-534-10208-6. — Tekcr : oamekrponsbii // OBC IOpaiit [cait]. —
URL: https://urait.ru/bcode/456087

Ponmonog, B. H. ®wusuka : yae6Hoe mocobue mist By30B/ B. H. PomnonoB. — 2-e usn., ucnp. u
non. — Mocksa : MznmarenasctBo [Opaiir, 2020. — 265 c.— (Bsicmiee o0pa3oBaHue). —
ISBN 978-5-534-08600-3. — Tekcr : oamekrponsbii // OBC IOpait [cait]. —
URL: https://urait.ru/book/fizika-452605

[IpakTrueckue 3anaTHUs MO oOmEeMy Kypcy ¢usuku : ydeOnuk s By3oB/ [. B. Epodeena,
IO. 1O. Kproukos, E. A. CknsipoBa, U. I1. YepHnoB. — Mocksa : M3narensctBo FOpaiit, 2020. —
492 c. — (Bricmiee oopazoBanue). — ISBN 978-5-534-09399-5. — Tekcr : anekrponssiit // IbC
FOpaiir [caiiT]. — URL: https://urait.ru/bcode/451204

®dusnka: kojeOaHUs W BOJIHBL JlabopaToOpHBI MPAKTUKYM : ydeOHOe mocoOue sl BY30B /
B. B. I'opnauy, H. A. lBaHOB, M. B. ITimactuanna, A. C. Py6an ; moJ, penakuuen
B. B. I'opnawa. — 2-e u3z., ucnp. u nom. — Mocksa : M3garensctBo FOpaiit, 2020. — 128 ¢. —
(Beicmiee obpazoBanue). — ISBN 978-5-534-10139-3. — Tekct : anekrponnsiii / 36C HOpait
[caiiT]. — URL: https://urait.ru/bcode/452050

®dusuka. CrnoBapb-cipaBouyHuk B 2 4. Yacte 1: cmpaBounuk musa By3oB/ E. C. IlmaryHos,
B. A. Camoneros, C. E. Bypasoii, C. C. [Ipomrkun. — 2-e u3a., crep. — Mocksa : M3naTenbeTBo



https://urait.ru/bcode/452264
https://urait.ru/bcode/451328
https://urait.ru/bcode/455479
https://urait.ru/bcode/449119
https://urait.ru/bcode/452048
https://urait.ru/bcode/452419
https://urait.ru/bcode/449060
https://urait.ru/bcode/450821
https://urait.ru/bcode/456087
https://urait.ru/book/fizika-452605
https://urait.ru/bcode/451204
https://urait.ru/bcode/452050

16.

10.

Opaiit, 2019. — 379 c. — (YuuBepcuretsl Poccumn). — ISBN 978-5-534-01789-2. — Texkcr :
anexktpounsii // DBC FOpaiit [caiit]. — URL: https://urait.ru/bcode/434086

®uszuka. CrnoBapb-cipaBoyHMK B 2 4. Yacth 2 : cnpaBounuwk mis By3oB/ E. C.IlnaryHos,
B. A. Camoneros, C. E. bypasoii, C. C. IIpomxkud. — Mocksa : U3znarensctBo IOpaiit, 2019. —
396 c. — (YuuBepcurersl Poccum). — ISBN 978-5-534-01939-1. — Tekct : 31eKTpOHHBIN //
OBC IOpaiir [caiit]. — URL.: https://urait.ru/bcode/434437

4 cemectp
Bopmosckuii, I'. A. dusudeckre OCHOBBI €CTECTBO3HAHUSA . ydueOHOe MmocobOue st BY30B /
I'. A. bopnoBckuii. — 3-¢ m3z., uchnp. ¥ jgon. — Mocksa : M3garensctBo Opaiit, 2020. —

226 ¢. — (Bricmiee obpazoBanue). — ISBN 978-5-534-05209-1. — Tekcr : anexkrponHsiii // DbC
FOpaiir [caiit]. — URL: https://urait.ru/bcode/454253

Bopnosckuii, I'. A. ®u3uveckre OCHOBHI MAaTEeMATHYECKOTO MOJCIUPOBAHUS : Y4COHUK U
npakTukyMm 1iist By30B / I'. A. bopnosckuii, A. C. KonapareeB, A. Hoyaepu. — 2-¢ u3M., UCHp. U
norn. — Mocksa : MzparenasctBo HOpaiir, 2020. — 319 c.— (Bseicmiee o0pa3oBaHue). —
ISBN 978-5-534-05365-4. — Tekct : onekrponsusii // OBC IOpait [caiit]. —
URL.: https://urait.ru/bcode/452264

Tompamreiin, A. E. ®usuueckre OCHOBBI TMONydeHHS HHGOPMAIUM : YIeOHHK s BY30B /
A. E. Tonpamreitn. — MockBa :  W3nmarensctBo  FOpaiir, 2020. — 291c.— (Bsicmee
obpazoBanue). — ISBN 978-5-9916-6529-2. — Texkcr : anektponnslii / DbC KOpaiit [calfT]. —
URL.: https://urait.ru/bcode/451328

l'opnau, B. B. ®u3uka. 3amauu, tectbl. MeTonbl pemnieHus . ydeOHOe mocoOue isi CPeaHEro
npodeccuonansHoro obpazosanwms / B. B. ['opinad. — Mocksa : M3natenscrBo HOpaiit, 2020. —
301 c.— (IIpodeccunonampHoe o6Opazoanue). — ISBN 978-5-534-08112-1. — Tekcr
anexrpounsii // DBC HOpaiir [caiir]. — URL.: https://urait.ru/bcode/449119

I'opnau, B. B. ®u3uka: kBanToBas (usuka. JIabopaTopHbIi IPaKTUKYM : ydyeOHOE TocoOue I
By3oB / B. B. 'opmau. — 2-e uszn., ucnp. u gomn. — Mocksa : M3narensctBo FOpaiit, 2020. —
114 c. — (Bsicmiee o6pazoBanue). — ISBN 978-5-534-10137-9. — Tekct : anextponHsIii // DbC
IOpaiir [caiiT]. — URL: https://urait.ru/bcode/452869

lopnay, B. B. ®u3uka: MexaHuka. DIeKTpUYECTBO U MarHeTu3M. JIabopaTOpHBIM MPaKTUKYM !
yaeOHOe mocobue s By3oB/ B. B.Topmau.— 2-e wusnm., mepepad. m jgom. — Mocksa :
WznarensctBo FOpaiit, 2020. — 171 c. — (Bsicmiee obpazoBanue). — ISBN 978-5-534-07606-6.
— Tekcr : anextponusiit / DBC FOpaiit [caiir]. — URL: https://urait.ru/bcode/455479

Iopmau, B. B. ®usuka. CamocrositenbHass paboTa CTyaeHTa : ydeOHOe mocoOue it By30B /
B. B.T'opnau, H. A. WBanoB, M. B. [lnmactuauna. — 2-¢ w3d., wchnp. W Jjgon. — MockBsa :
N3znarensctBo KOpaiit, 2020. — 168 ¢. — (Bricuiee obpazoBanue). — ISBN 978-5-9916-9816-0.
— Tekcr : anextponusiii / DBC FOpaiit [caiir]. — URL: https://urait.ru/bcode/452048

HNodde, b.JI. Ousuka s1eMEeHTapHBIX YACTHIl: KBaHTOBas xpomojauHamuka B 2 T. Tom 2:
yaeOHoe rmocobue s By30B / b. JI. Hodde, JI. H. JIumaros, B. C. ®agun. — 2-¢ u3., nepepad. u
non. — Mocksa : HzmarensctBo FOpaiit, 2019.— 344 c.— (ABTOpCKHI Y4EOHHK). —
ISBN 978-5-534-08087-2. — Tekcr : oamekrponsbii // OBC IOpait [cait]. —
URL: https://urait.ru/bcode/441566

Kanammukos, H. Il. ®usuka. I'paduyeckre MeToasl pemieHus 3anad : ydeOHoe TocoOme mIst
cpemHero npodeccnonanbHOoro oo6paszosanus / H. I1. Kamamuaukos, B. Y. Komkua. — 2-¢ u3.,
ucnp. u jgom. — Mocksa : MzmarensctBo HOpaiit, 2020. — 250 c. — (IIpodeccuonanbuoe
obpaszopanue). — ISBN 978-5-534-00186-0. — Texkcr : anexkrponnsiii / DBC KOpait [caldT]. —
URL: https://urait.ru/bcode/452419

Kamamuuko, H.II. ®u3uka B 2 4. Yactp 2: y4eOHMK W TMPAKTHKYM JUIsI CPEIHETO
npodeccuonanpHoro odpaszosanms / H. I1. Kamamuukos, C. E. MypaBbeB. — 2-¢ u31., UCIp. U
norm. —  MockBa :  MsmarenmsctBo  FOpaiit, 2017.— 293 c.—  (IIpodeccronanproe
obpaszoBanne). — ISBN 978-5-9916-9730-9. — Texkcr : anexrponnsiii / DbC KOpaiit [caldT]. —
URL.: https://urait.ru/bcode/397704



https://urait.ru/bcode/434086
https://urait.ru/bcode/434437
https://urait.ru/bcode/454253
https://urait.ru/bcode/452264
https://urait.ru/bcode/451328
https://urait.ru/bcode/449119
https://urait.ru/bcode/452869
https://urait.ru/bcode/455479
https://urait.ru/bcode/452048
https://urait.ru/bcode/441566
https://urait.ru/bcode/452419
https://urait.ru/bcode/397704

11.

12.

13.

14.

15.

16.

17.

18.

el N =

oo

KpaBuenko, H. }O. ®usuka : yueOHuK u npaktukym ais By30B / H. FO. KpaBuenko. — Mockaa :
MznarensctBo FOpaiit, 2020. — 300 c. — (Bwicmiee oopa3zoBanne). — ISBN 978-5-534-01027-5.
— Tekcr : anextponusiii / DBC FOpaiit [caitr]. — URL: https://urait.ru/bcode/450821

Jlotos, K. B. ®u3uka crutomHeix cpen : yuedHoe nocoobue s By3oB / K. B. JloroB. — 2-¢ u3n.,
uctp. u gon. — Mocksa : M3natenscTBo FOpaiit, 2020. — 135 ¢. — (Briciiee oOpa3oBanue). —
ISBN 978-5-534-10208-6. — Tekcr : oanektponnsii // DObC IOpaiit [caiiT]. —
URL.: https://urait.ru/bcode/456087

JlroroB B. I1. 1lBeroBe/cHHEe M OCHOBBI KOJIOPUMETPUHU: YYCOHHK M MPAKTUKYyM ISl BY30B /
B. II. JIrotos, II. A. Yerepkun, I'. }O. ['onoBactukoB. — 3-¢ u3z., nepepad. u gomn. — Mocksa :
WznarensctBo FOpaiit, 2020. https://urait.ru/bcode/451507

Pomuonos, B. H. ®usuka : yueOHoe mocooue mis By3oB / B. H. Poquonos. — 2-e u3a., ucnp. u
non. — Mocksa : WznmarenasctBo [Opaiir, 2020. — 265 c¢.— (Bsicmiee o0pa3oBanue). —
ISBN 978-5-534-08600-3. — Tekcr : oamekrponsbii // OBC HOpait [caiit]. —

URL: https://urait.ru/book/fizika-452605

[TpakTdeckue 3aHsTHS MO 00mEMy Kypcy ¢usmku : y4eOHuk s By30B/ [. B. Epodeena,
1O. 10. Kproukos, E. A. Cxiisiposa, U. I1. Uepnos. — Mocksa : MU3natensctBo FOpaiit, 2020. —
492 c. — (Bricmiee oopazoBanue). — ISBN 978-5-534-09399-5. — Tekcr : anekrponnsiii // ObC
FOpaiit [caiit]. — URL: https://urait.ru/bcode/451204

dusuka: koiaeOaHus M BOJHBEL JIabopaTOpHBIA IMPAKTUKYM : ydeOHOE IocoOme mjIsi By30B /
B. B. I'opnauy, H. A. lBaHOB, M. B. IlnactuHuHa, A. C. Py6Gan ; nojg penakuuen
B. B. I'opnawa. — 2-e u3z., ucnp. u pom. — Mocksa : M3mparensctBo FOpaiit, 2020. — 128 ¢. —
(Beiciee obpazoBanue). — ISBN 978-5-534-10139-3. — Tekct : anextponusiii / 3bC HOpaiit
[caiiT]. — URL.: https://urait.ru/bcode/452050

O®wuszuka. CnoBapb-cipaBoyHUK B 2 4. Yacth 1: cnpaBounuk ans By3oB/ E. C.IlnaryHos,
B. A. Camoneros, C. E. bypasoii, C. C. IIpomkun. — 2-¢ u31., crep. — Mocksa : M31aTenbcTBo
HOpaiit, 2019. — 379 c. — (YuuBepcuretsl Poccun). — ISBN 978-5-534-01789-2. — Texkcr :
anexktpounsii // DBC FOpaiit [caiit]. — URL: https://urait.ru/bcode/434086

O®wuszuka. CnoBapb-cipaBoyHMK B 2 4. Yacth 2 : cmpaBouynuk ans By3oB/ E. C.IlnaryHos,
B. A. Camoneros, C. E. bypasoii, C. C. Ilpomkun. — Mocksa : U3narensctBo IOpaiit, 2019. —
396 c. — (YuuBepcurersl Poccum). — ISBN 978-5-534-01939-1. — Tekct : 31meKTpOHHBIN //
OBbC IOpaiir [caiit]. — URL: https://urait.ru/bcode/434437

7.3. IlepeyeHb pecypcoB HHPOPMAIMOHHO-TEJIEKOMMYHUKALUMOHHOM ceTn « AHTepHeT»
3BC IOpaiir: https://urait.ru
Poccwuiickas ['ocynapcrBennas bubnmoreka: http://www.rsl.ru/
Hayunas snexkrponnas oudnauoreka: http://txt.elibrary.ru/
Hayunas Oubnmoreka MOCKOBCKOTO rocyJapcTBEHHOTO yHuBepcuteta uM. M.B. JlomoHOCOBa:
http://www.lib.msu.su/index.html
OTkpsITast pycckas aneKTpoHHas oudmmoreka: http://orel.rsl.ru/index.shtml
Hayunas ~ Oubmmoreka  Cankr-lIletepOyprckoro  rocyaapCcTBEHHOTO  YHUBEpCHUTETA!
http://www.lib.pu.ru/

7. YuuBepcuretckas nHdopmanmonHas cucrema «Poccusiy: http://uisrussia.msu.ru
8. Unrepuer-sunmkioneauu: Wikipedia, Dic.academic.ru, Megabook.ru, Krugosvet.ru.
9. Caiit «nepnas ¢puzuka B MaTepHETE» Kadeapsr oOmieil saepHoi GU3UKH PU3UIECKOTO

daxynprera MI'Y 1 HUMA®D MI'Y: http://nuclphys.sinp.msu.ru/

10. Cmucox HobeneBckux nmaypearos o ¢usuke: http://n-t.ru/nl/fz/
11. HayuHo-momynsipHBIN (U3HKO-MaTeMaTHYecKuid sxypHai «KBanty»: http://kvant.mccme.ru/

8. MaTtepunanbHO-TeXHH4YECKOe o0ecreyeHne
1. JlemoHcTpaunoHHOe o00OpyaoBaHHME (XpaHUTCSd Ha Kadeape QUMK U TEXHUYECKHX

JMCLHUIUIAH B KaOuHete 425 Kk.2)

2. llpe3enTarnuu mo Bompocam JICKIIUN (XpaHATCS B JIEKTPOHHOM BHUJE Y TIPEIo1aBaTeliei).
3. YueOHble pUIBMBI IO TEMaM Kypca (XpaHATCs B 3JCKTPOHHOM BHJIE Y TpenoaBaTeiei).


https://urait.ru/bcode/450821
https://urait.ru/bcode/456087
https://urait.ru/bcode/451507
https://urait.ru/book/fizika-452605
https://urait.ru/bcode/451204
https://urait.ru/bcode/452050
https://urait.ru/bcode/434086
https://urait.ru/bcode/434437
https://urait.ru/
http://www.rsl.ru/
http://txt.elibrary.ru/
http://www.lib.msu.su/index.html
http://orel.rsl.ru/index.shtml
http://www.lib.pu.ru/
http://uisrussia.msu.ru/
http://nuclphys.sinp.msu.ru/
http://n-t.ru/nl/fz/
http://kvant.mccme.ru/

4. JlabopatopHoe 00opymoBaHUE (XpaHUTCS B taboparopusix 328, 331, 333, 340 k. 2).

5. TlepconanbHble KOMIBIOTEPHI (XpaHATCS B Jsaboparopun 328 k.2 kadeapbl GuU3uku M
TEXHUYCCKHUX JUCIUILINH)

6. Meronnyeckue PeKOMEHIAIUH 10 BBITOJHEHHUIO JTa0OPATOPHOTO MpAKTUKyMa (XpaHsTCs B
kabunete 329 ¢ kcepokonupoBagbHOU TeXHUKOH MDD, BbIalOTCS CTYIEHTAM B HaYaJIe CEMECTPa).

7. bunersl nis KOHTPOJBHOW paboThl (XpaHATcs B KaOuHere 425 k. 2 xadenpsl hu3uku u
TEXHUYCCKHUX JTUCIHUILIHH).

8. bunersl ans sk3ameHa (XpaHsaTcs Ha kKadenape (U3MKH M TEXHUYECKHX JHCIUIUIMH — B
ANIEKTPOHHOM U TICUATHOM BHUJIE).

9. TlomemeHust Il CaMOCTOSTEILHOM paboThl - aymutopuu Ne 225, 226, 425 ¢ BbIXOIOM B
WuTepHeT, OCHAIIEHHBIC CIICAYIOMUM 000pPYyI0BaHUEM: MTEPCOHATBHBIE KOMITBIOTEPHI, pA00YHE CTOIBI
(BBIOOD ayTUTOPHUH 3aBUCHUT OT €€ 3aHITOCTH 10 TpadUKy 3aHATHII HA OYHOM M 3209HOM OT/ICJICHUSX ).

9. lIporpammHoe obecrieyeHue
1. Cucremnoe: OC Windows XP, 7 u 6o:ee.

2. CepuchHoe I10: antuBupycHble nporpammsl Dr.Web, Kaspersky, Avas, apxusatopsl WinRAR,
WinZIP.

3. Cerepoe I10: untepuer-6paysepsl Yandex Browser, Chrome, Opera.
4. Tpuxnaxuoe I1O: Word, PowerPoint, Excel .

5. O6yuaromiee (6ecriatHo):
- ®uszuka. O6yyaromas 1 Tectupyronias cucrema @usuka. Odyyaumas u TecCTHPYIOLIAs
cucrema. 2.9
- DneKTpoHHbIN yueOHuK "du3nka" DaekTpoHHbIN yyeOHukK "Pusznka' 2.0
- Cucrema i HIKOJIBHUKOB U CTYJEHTOB Miaamux kypcos BY3os Hauasa
IJIEKTPOHUKMH 1.2
- [IporpamMma 11 onpeesieHns MOrpelHOCTeN MoKa3aHuii GapoMeTpa-noroJHUKa B
3aBHCUMOCTH OT MECTHBIX ycioBuid Barometr 1.0
- [Iporpamma aiist onpeaenenus tumna paaunodaemento Color and Code 19.41
- CripaBOYHMK I10 MOJIYTIPOBOAHUKOBBIM IPUOOpaM AJIsl CTYI€HTOB U Jip. CIIPaBOYHUK I10
N0JYIIPOBOAHMKOBBLIM npudopam 2.0
- Kanpkynstop 1 KOHBEPTEP BEIMUUH C MOAAEPKKON KOMIIJIEKCHBIX YACET U BO3MOXKHOCTBIO
noctpoenus rpapukos PasCalc 1.1
- [Iporpamma a5 mepecueTa equHUL U3MepeHus [porpamMma juis nepecyera eIMHHUIL
usmepenus 1.0.1
- [Ipunosxxenne s cozganus 2D-00BEKTOB U AMYJISIMN pU3HYECKHX sBIeHUsS Phun
- Bupryansnas ¢puznueckas 2D naboparopust 11st npenojaBaHust ¥ U3y4eHUs] OCHOBHBIX
noHsATHH Guzuku Physion



https://www.softportal.com/software-39760-fizika-obuchayuschaya-i-testiruyuschaya-sistema.html
https://www.softportal.com/software-39760-fizika-obuchayuschaya-i-testiruyuschaya-sistema.html
https://www.softportal.com/software-28098-elektronnij-uchebnik-fizika.html
https://www.softportal.com/software-12305-nachala-elektroniki.html
https://www.softportal.com/software-12305-nachala-elektroniki.html
https://www.softportal.com/software-16514-barometr.html
https://www.softportal.com/software-12204-color-and-code.html
https://www.softportal.com/software-4689-spravochnik-po-poluprovodnikovim-priboram.html
https://www.softportal.com/software-4689-spravochnik-po-poluprovodnikovim-priboram.html
https://www.softportal.com/software-20079-pascalc.html
https://www.softportal.com/software-25630-programma-dlya-perescheta-edenits-izmereniya.html
https://www.softportal.com/software-25630-programma-dlya-perescheta-edenits-izmereniya.html
https://www.malavida.com/ru/soft/phun/
https://www.malavida.com/ru/soft/physion/

