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1. MecTo mucuuniauebl B crpykrype OIT

Huctummmaa «Du3mka» OTHOCUTCS K 00s3aTenbHON yacTu bioka 1 «/lucuuranHbl (MOIYIN)»
JAHHOTO HaIlpaByieHUs NoArotoBkU. OHa usydaercs B 3 u 4 ceMecTpax.

Jlisi  yCHemHoro OCBOGHHSI JaHHOM JUCHMIUIMHBI HEOOXOJUMBI HAaBBIKM  CTYICHTOB,
cOPMHUpPOBAHHBIE MpPHU H3YYCHHH HE TOJBKO IIKOJBHBIX KypcOB (M3MKM W MaTeMaTUKH, HO
mucuuIuiiH «OCcHOBBI MH(GOPMATUKA W BBIYMCIUTENBHOW TEXHUKW», «MaTeMaTHYECKH aHaau3»,
«Jluneiinas anreOpa», «AHamUTHYECKass reoMeTpus», «OCHOBBI HH()OPMATHKH BBIYHCIUTEIHHOM
TEXHUKN», KOTOPBIE MPEANIECTBYIOT U3YUCHHIO (PU3HUKH.

N3yuenne «®Pu3UKW» NPOUCXOAUT HapALy C H3YYEHMEM JAMCLUUILIMH «OJeMEHTapHas
MaremaTukay, «Maremarnueckuil aHanusz», «OcHOBaHUS TeomeTpum», «Teopuss BEpOSATHOCTU U
MaTeMaTH4ecKasi CTaTuCTHKay, «CpeacrtBa 00paboTku rpadguueckoid nHPOPMAIMU», YTO 0OECTIEYHBET
UX B3aUMOOOYCIIOBIEHHOCTb.

HucuumnuuHa «®Pu3nka» NOpeliecTByeT HM3yueHuro JauciumuinH  «/Juddepenumnanshbie
YpaBHEHUS U YpaBHEHMsI MaTeMaTH4eCKOW (U3UKW», «BhUMCIUTENbHBIN sKcnepuMeHT», «Teopus
BEPOSITHOCTEN M MaTeMaThyecKas CTaTUCTUKa», «MeXIUCIUIUIMHApHAs MPOEKTHAsl IeSTeIbHOCTh B
€CTECTBEHHOHAayYHOM oOpa3oBaHMM», «MaTemaTuueckoe MoJAeIupoBaHuey, «YucieHHbIe METOAbD,
«[IpoexTrpoBanue MHPOPMaLMOHHO-00pa30BaTeIbHONU cpenbl», «IIpakTUKyM MO pelIeHuIo 3a1a4 Ha
OBM», mno3Bojsis u3y4yaTb HUX C TPUBJICYEHHEM IMPEIMETHOW 0a3bl, METOJOB U MPHUHIUIIOB
¢buznueckoi HayKu.

N3ydyeHne Kypca OCHOBAHO Ha TPAJUIIMOHHBIX METOJAX BBICHIEH IIKOJBI, B3aUMOCBS3H C
YKa3aHHBIMH JTUCHUIUIMHAMM, a TakK€ Ha HCIOJIb30BAaHWU COBPEMEHHON Yy4eOHOM, MeTOInYecKou
JUTEPaTyphl, SKCIEPUMEHTAIBHBIX METOJO0B U3ydeHUs, MH(MOPMAIMOHHBIX U 00pa30BaTEIbHBIX
TEXHOJIOTUH, CPEACTB TUCTAHIIMOHHON (POPMBI 00yUEHHUS.

2. [lnanupyembie pe3yJabTaThbl 00y4eHHUsI 10 TUCHUIIJIMHE

KomnereHuus NuankaTopbl 10CTHKEHHSI

IK-7. 3HaTh: 0a30Bble NPUHIUIBI MOCTAHOBKH E€CTECTBEHHOHAYYHBIX

Crioco0eH MaTeMaTu4ecKu 3aJa4 M KIACCHMYECKHX 3a/Jady MaTeMaTHKH, OIpeleIeHUs

KOPPEKTHO CTaBHUTh OCHOBHBIX MOHSATHM M JI0Ka3aTelbCTBA TEOPEM IO OCHOBHBIM

€CTECTBEHHOHAY4YHbIE 33aJ]a4l U pazaesniaM MaTeMaTHKU;

KJIAaCCHYECKUE 3a/Ia4uu ¥YMeTb: pematb OCHOBHBIE THIBI MaTeMaTHYECKUX 3ajad,

MaTeMaTHKH, CTPOTO T0Ka3aTh JI0Ka3aTh yTBEpKJAEHUE, CPOPMYIUPOBATH PE3yJIbTaT, YBUACTb

yTBEpkKAeHHE, CHOPMYIUPOBATh | €0 CIIEACTBHS;

pe3ynbTaT, YBUICTh CIEACTBUS Baapners: NEPBUYHBIMU HaBbIKaMU MIPUMEHEHHUS

MOJIyY€HHOTO pe3ysibTaTa MaTEeMaTHYECKOro armapara K PelIeHHI0 KOHKPETHBIX 3a/1ad U3
pa3IUYHBIX 00J1acTel MPUKIAIHON MaTeMaTUKU U HHPOPMATHKHU.

3. Conepskanue TUCHUIIAHBI

N3ydenue ¢u3uku HayMHAeTCd B TPETHEM CEMECTpe C pasfelia «MEXaHHKay, MOCBSIIEHHOTO
MEXaHUYECKOMY IBUKEHHIO Tell U cpel. PaccmaTtpuBaercs KMHEMaTWKa U JUHAMHKA IJI Mojejei
«MarepuanpHas» U «TBEPAOE TEIO» B CIy4asX HUX IMOCTYNATEIHHOTO M BPALATEIBHOTO IBMXKEHUN
OTHOCHUTEJIbHO WHEPUUAIBbHON CHUCTEMBl OTCYETA. 3aTeM H3y4daeTcss TeMa O 3aKOHAX COXPaHEHUS
HMMITyJIbCa, MOMEHTa HMMIYJIbCa M MEXaHWYECKOW SHEpPruM Teja. YEJIeHO BHHMaHHE H3YyYEHUIO
MEXaHUYECKOTO JBUKEHUS OTHOCUTEIBHO HEMHEPLHUAJIbHBIX CHUCTEM OTCUETa, a TAKXKE AIIEMEHTaM
PENSATUBUCTKOM MEXaHUKH. Pa3HOBUAHOCTBIO MEXAHWYECKOrO JIBHJKEHMS CIYKAaT MEXaHUYECKHE
KojeOaHus W YINpyrue BOJIH, MIUPOKO PACIPOCTPAaHEHHBIE B MPHUPOJEC U TEXHHUKE. 3aBeplIacTCs
M3Yy4YeHHE MEXaHUKH TeMOW KWHEMAaTHUKU U JUHAMUKH KUAKOCTEH W ra3oB. Jlanee uzydeHue Gpusuku
MOCBSILIEHO TEIUIOBOMY JBMYKEHUIO MOJIEKYISIPHO-KUHETUYECKOM TEOPUU M TEPMOJMHAMUKH Ha
MpuMepe MOJIENIEH BEIECTBA «MACAIbHBIN Ta3» U IPYrux MOJeNel arperaTHbIX COCTOSTHUM BEIIECTBA.
PaccmarpuBatorcs ocHoBHble yTBepxkaeHuss MKT, Teopema o pacnipeneneHny KHHETUUECKOW SHEPTrUu
U CTAaTHUCTHMYECKHE paclpelesieHus MOJIEKYJ B MOJENU HJealbHOro raza. B TepmoanHamuke
BBIACHSIIOTCS TOCTYJIAaTbl M MX IPUMEHEHHWE K OIHCAHUIO Pa3HbIX COCTOSTHUM M MPOIIECCOB B




BellecTBax, (ha30BbIC MEPEXObl U KPUTUYECKHU SBIICHHS, a TAKXKe SIBICHUS IepeHoca Ha MpHMepe
MOJIEIU UJICaIbHOIO Ta3a.

B 4eTBEpTOM cemecTpe M3YydaroTCsl OCTANbHbIE pa3fesbl (PU3UKUA. DICKTPOMArHUTHBIC SBIICHUS
METO/I0JIOTUYECKU PACCMaTPUBAIOTCS CHavyaJla ¢ MO3ULUMN IPEACTABICHUS 00 AJIEKTPUUYECKOM I10JIE U
MarHUTHOM I0JI€, a 3aTEM €JUHOTO IEKTPOMArHUTHOro mnoJig. opMynnpyroTcss OCHOBHbBIE TEOPEMBbI
IEKTPOCTATUKM U MArHUTOCTATHKH, UX NPUMEHEHHUE B BaKyyMe€ U B BELIECTBE. 3aTEM H3y4daroTCA
TEMbl JJIEKTPOMArHUTHOW MHIYKLIMH, €IUHOTO 3JIEKTPOMArHUTHOTO TMOJS, 3JIEKTPOMATrHUTHBIX
Konebannii W BoJH. Jlamee paccMaTpuBAalOTCS ONTHYECKHUE SBJICHHS B PaMKax BOJHOBOM,
F€OMETPUYECKONM U KBAHTOBOW TEOPHIA, KOTOpPHIE B IEJIOM INPUBOJAAT K BBIICHEHHIO COBPEMEHHBIX
MIPEJICTAaBICHUI O KOPIIYCKYJSIPHO-BOJIHOBOM JAyalM3MeE CBETa. 3aTEM BBISCHSETCS KOPIYCKYJISPHO-
BOJIHOBOM JyaJIN3M YaCTHUIl BEIIECTBA U C IIOMOIIBIO KBAHTOBOW TEOPUU U3Y4alOTCs CBOMCTBA ATOMOB.
C npuMeHeHHeM KBaHTOBO-MEXaHUYECKOT0 T0IX0/1a pacCMaTPUBAIOTCS OCHOBHBIE CBOMCTBA aTOMHBIX
s5ep, OOMEHHBIN XapakTep SAEPHBIX CHUJI, @ TAKXKe SBJICHUS PaJMOAKTUBHOCTHU U SJCPHBIE PEaKLUU.
3akaHuMBaeTcd M3ydeHHEe (U3MKM  KiIacCU(pUKalUMeld SJIEeMEHTApHBIX YacTHUI] Ha OCHOBE
(yHIaMEHTaJIbHBIX B3aMMOJICHCTBUN M KBAHTOBBIX CTaTHCTHK, & TaKXKe KpaTKUM 0030pOM CBOMCTB
TBEPABIX TEJ C TOUKH 3PEHUSI KBAHTOBOU TEOpUHU.

N3ydeHue snekTpoMarHeTusma, ONTUKH, KBAHTOBOM (U3UKHU U (PU3HKU aTOMa COMPOBOKIACTCS
MIPOBEJIEHUEM DOKCIIEpUMEHTa B JIA0OpAaTOpPHBIX YCIOBUSAX W MNPUMEHEHHEM DIIEMEHTapHOMN
MaTeMaTHUKH, THHEHHOH (M BEKTOPHO#) anreopsl, quddepeHInatbHOr0 U HHTErPATLHOTO HCUYHCIICHHS,
AJIEMEHTOB TEOPUU BEPOSITHOCTH U MATEeMaTHMYECKON CTaTHCTUKH, OCHOB T€OMETpPHUH, CPEICTB
00paboTku rpaduueckoit HHPOPMaIIUH.

Takum o6pazom, mucuuruiiHa «®u3nKa» TMO3BOJSIET BBISICHUTH, KaK MPUMEHSIOTCS pa3HbIe
¢busnuecKkre U MareMaTudyeckue MOJEIM U METOMbl, pa3sHOOOpa3HbI MaTeMaTHYecKHil ammapar Juis
M3y4YEeHHUs CTPYKTYPHOM opraHu3aluu BeriecTsa BeeneHHoit n monieBoit popMbl CyIIeCTBOBaHUS MaTEpUH.

4. TeMaTH4YeCKHI IJIaH

3 cemectp
DopMBbI 3aHATUH
No Paszpnensr n Bcero MPaKTH- nabopa- camo-
n/m TEeMBI YacoOB |JIEKI[MH| YECKHE TOPHBIC CTOSTEIIbHAS
3aHATHS 3aHATHS paborta
1 Beseoenue. Mexanuxa 13 4 4 2 3
Kunemaruka.
2. | AuHamuka 22 4 2 6 10
3. |Pabota, MOIITHOCTB, SHEPTHS 4 1 2 0 1
4. |3aK0oHBI COXpaHCHHS 13 1 2 4 6
5 HewunepuuanbHbIe CUCTEMBI 4 1 5 0 1
oTCYeTa
6. |Onementsl CTO 2 1 0 0 1
7 MexaHnueckue KojaeOaHus 1 17 4 5 4 7
BOJIHBI
8. | MexaHuKa KXUIKOCTEN U ra3oB 6 2 2 0 2
Monexynapuas Qusuxa u
9 mepmMoOUHAMUKA. 14 2 4 4 4
OCHOBBI MOJIEKYIISIPHO-
KMHETUYECKOU Teopuu
10. | OcHOBBI TEPMOJMHAMHUKHU 16 4 4 4 4
11 ArperatHbie COCTOSTHHS 11 4 4 0 3
BEIIICCTBA
12 ®da3oBkIe MIEPEXOIbI u 11 5 5 4 3
KPUTUYECKHE SIBICHUS
13. | SIBneHus nepeHoca 11 2 2 4 3
Hroro 144 32 32 32 48




4 cemecT

DopMbl 3aHATUI

Ne Bcero npakTu- | jJabopa- | camocro-
Paznensl u Tembl
/o YacoB |JIEKIMH| YECKHUEC TOpHBIC | SITENbHAs
3QHSITHS | 3aHSITHS pabota

Onexmpomaznemusm

1. |DnexrpocraTuueckoe mosie B Bakyyme u| 10 4 4 0 2
B BEIIIECTBE

2. |IlocTOSTHHBIN MEKTPHUECKUI TOK 12 2 2 4 4

3 MarHuTHO€ 10JIe B BaKyyMe U B 15 3 4 4 4
BEIIIECTBE

4. |DnexTpoMarHuTHas UHAYKIIHS B 1 2 0 2

5. | OnexTpoMarHuTHbIE KOJaeOaHus U BOJIHBI 6 2 2 0 2

6. |Qnmuxa ) 14 | 2 4 4 4
OcCHOBBI BOJIHOBOM ONTHKHU

7. |BzaumMopeiicTBHe CBETA C BEIIECTBOM 6 2 2 0 2

8. | OCHOBBI reOMETPUYECKON ONTHKH 11 2 2 4 3

9. |OcHOBHI (hoTOMETPUN 6 2 2 0 2

10. | OCHOBBI KBAaHTOBOM ONITHKH 6 2 2 0 2

Beposmnocmuulii xapakmep cocmosiHus.
U 0BUIICEHUS MUKPOYACMUY,

11. | KoprycKymsipHO-BOJIHOBOM Tyaiun3M. 6 2 2 0 2
VYpasuenue llIpénunrepa u ero
peleHue

Duzuxa amoma
Monaenu atoma.

12. 6 2 2 0 2
KBanTOBO-MeXaHHUYECKOE OMHCaHNE
aToma
AHoepnas ¢uzuka
13 XapaKkTepuCTUKU U MOJIEIH aTOMHOTO 6 2 2 0 5
sanpa.
PannoakTUBHOCTG U siIEpHBIE PEaKIIuu
Du3zuka 21eMeHmapHuLx Yacmuy
14, Knaccudukanus sneMeHTapHbIX YaCTHII. 4 2 0 0 5
Bsaumornpespaiiienre s51eMeHTapHbIX
YaCTHII
Quzuxa meépooco mena
15, 30HHas Teopusl. 4 2 0 0 5
KoHTakTHBIE SBJICHUS.
3aknouenue
IToaroToBka K 3K3aMeHy 27
Bcero 3a 4 cemectp 144 32 32 16 37 (+27)
Hroro 3a Bech Kypc 288 64 64 48 85 (+27)
5. Buabl o0pa3oBaTe/ibHOM JesITeJIbHOCTH
3aHATHSA JTeKIMOHHOT0 THIIA
3 ceMecTp
Jexyusn 1.
Beseoenue

[Ipenmer uzydenus GU3NKU.
Ces13b (hM3HMKHM C MaTEeMaTUKOM 1 MH(DOPMATUKOH.
Paszoen: Mexanuka




Mexanudeckoe ABHKEHUE, OCHOBHAs 33Jjaua MEXaHUKU.

Crioco0Obl OnMCcaHusi MEXaHUYECKOTO TBHKEHHUSI.

Monenu Tena.

Tema: Kunemaruka
Kunemamuxa mamepuanvnoii mouxu

Tpaexropus, IyTb.

JluneliHble NEpeMEelIeHHE, CKOPOCTh U YCKOpEHHE (CpeIHHME U MIHOBEHHBIE) IpHU
MPSIMOJIMHEITHOM JIBH>KEHUU.

3aKoHbI (KHHEMATHYECKHUE YPAaBHEHUS) PABHOMEPHOIO MPSIMOJIMHENHOTO JBH>KEHHUS.

3aKoHbI (KHHEMATUYECKUE YPaBHEHUS) PABHOIIEPEMEHHOTO IPSIMOIMHENHOTO JABHKEHUS.

VYrioBele NepeMenIeHNe, CKOPOCTh U YCKOpeHHUe (CpeHHE U MIHOBEHHBIE) IIPU JBUKEHHUU 110
OKPY>KHOCTH.

3aKoHbI (KHHEMATHUUECKNE YPaBHEHUS) PABHOMEPHOTO ABMKEHHUS MO OKPYKHOCTH.

3aKoHbI (KHHEMATUYECKHE YPaBHEHUS) PABHOIIEPEMEHHOTO JIBH)KEHHUS 110 OKPYKHOCTH.

Jexkyus 2
Ce3b MedHcOy MUHEUHbIMU U Y2NO08bIMU KUHEMAMUYECKUMU 8eTUYUHAMU
CBs13b MEX/ly TUHEIHON U YITIOBOM CKOPOCTSAMHU.
[TonHOE yCKOpEeHUE, HOPMATIBbHOE U TAHT€HIIMAIBHOE YCKOPEHUS.
Kunemamuxa meépooeco mena

[TonsTe Tena kKak MEXaHUYECKOUW cucteMbl. LleHTp macc.

3aKoHbI (KHHEMATHYECKHE YPaBHEHUS) IOCTYNATEIbHOTO JBUKEHHS TBEPAOTO Tea.

3akoHbl (KMHEMAaTHYECKHWE YpaBHEHMs) BpallaTeIbHOTO JBWKEHHS TBEPAOrO Tejla BOKPYT
coOCTBEHHOI1 ocH.

Jekyus 3
Tema: /Inunamuka
Mepur unepyuu
CaolicTBO MHEpPTHOCTH. Macca.
MoOMEHT uHEepUHUHA MaTePUATbHON TOYKA U MEXAHUYECKOU CUCTEMBI.
Mepwi 0sudicerus
Nmiynsc MaTepuanbHONW TOUYKA U MEXaHUYECKOM CHCTEMBI.
MoMeHT uMITyJIbCa MaTepUaIbHON TOYKU U MEXaHUYECKOU CHCTEMBI.
Cunbl u MOMeEHMbL CUTL
Cuua.
Buet cuit B mpupoe (cuia TIroTeHHs, CUla TSXKECTH, BEC, CHIIa YIIPYTOCTH, CHIIbI TPEHHS)
(camocmosmenwvno).
[Tone cubl (mosie Kak BUA MaTepPUH, HAPSXKEHHOCTD TMOJIS CHIIBI TSDKECTH, OJHOPOTHOE U
HEOIHOPOIHOE T0JIe, IIEHTPAIbHOE TI0JIe) (CamMocmosimensHo).
[TpuHIMT HE3aBUCUMOCTH JIEHCTBUS CUJI, PaBHOICHCTBYIOIIAS CHUIIA.
MoOMEHT CuJIbl OTHOCUTENFHO TOUKH U OCH BPAIICHHUS.

Jexuusn 4
3axonvt Ounamuxu

HNuepumnaneubie cuctemsl otcuera, npuHuui ['anunes. Ilepssiii 3akoH HeroToHa.

Bropoii 3akon HproToHa (ypaBHEHHE ABMXKEHHs) M €0 YacTHBIM cllyyail Mpu MOCTOSHHOMN
Macce Tena. Teopema o0 IBMKEHHUU LIEHTPA Macce.

JIBukeHHe Tena MepeMeHHON Macchl (peakTHBHas cuja, ypaBHeHue Memiepckoro, gopmyna
[{1OTKOBCKOTO, KOCMUYECKHE CKOPOCTH) (CamocmosimenvHo).

OcHOBHOE YypaBHEHUE [MHAMHMKHU BpallaTeIbHOTO JBIKEHHS M €ro YacTHBIM ciayyail npu
HEM3MEHHOM MOMEHTE UHEPLUHU TEA.

YcnoBus paBHOBecHs Tena. Byl paBHOBECHSI.

Tperuii 3akoH HproTOHA.



Jlexkuyua 5
Tema: PadoTa, MOIIHOCTD, JHEPIUsl

PaGota cunbl (anemMeHTapHas U CpeIHsisi) MpH MOCTYIATeIbHOM JBIKeHHH. PaboTa MOMEHTa CHIIbI
(aremeHTapHast ¥ CpeIHsisl) IPY BpalaTe/IbHOM JIBUKEHUN

MorHocTs (MrHOBEHHASI M CPE/IHSIA) MPU MOCTYNATEIbHOM JBIKEHUH. MOITHOCTh (MIHOBEHHAS U
CpeIHsIsl) P BPAIIATEIbHOM JIBIKEHUU.

OHeprus. MexaHuueckast SHEpIrusl.

Kunernueckas sHeprus py MOCTyINaTeIbHOM JIBIKeHNU. KuHeTnueckast SHepruis py BpalaTeIbHOM
JIBIKECHHU.

[loreHimanbHast oSHeprusi B MOJie CWJIbl  TsDKecTH.  lloTeHImMambHas SHEpPrus — ynpyro
ne(hOpPMHUPOBAHHOTO TENIA.

Tema: 3akoHBI COXpaHEHUS

[TonsiTne 3aMKHYTOM MEXAHUYECKOM CHCTEMBI.

Teopema 00 W3MEHEHMM WMITYJIbCA MEXAaHMUECKOM CHUCTEMBbl. 3aKOH COXpaHEHMS HMITYJIbca
MEXaHUYECKON CUCTEMBI.

Teopema 00 M3MEHEHMHM MOMEHTA UMITYJILCA MEXAHUYECKON CHUCTEMBI. 3aKOH COXpaHEHHsST MOMEHTa
AMITYJTbCa MEXaHUYECKON CUCTEMBI.

I'upockort (camocmosimensho).

Teopema 00 n3MeHeHHN MEXaHNYEeCKOM SHEPTrUU. 3aKOH COXPaHEHHs] MEXaHUYECKOM SHEPrUu.

AOCOJTFOTHO YIIPyruii ¥ aOCOIFOTHO HEYIPYIHi yAaphl (camocmosmenvho)

Jekuyus 6
Tema: HennepumnajbHbIe CHCTEMbI 0TCYETA

JIBrb>KeHHe Tejla OTHOCUTENBHO MOCTYNATEIbHO IBHOKYIIEHCS H.c.0. CHiia UHEepIH.

JIBI>KEeHME Tena OTHOCUTEIBHO Bpamiaromencs H. . 0. LleHTpoOexHas ¥ KOPHOJINCOBA CHIIBI
WHEPLUH.

Tema: D1eMeHTHI CIeNUAJIbLHOM TEOPHH OTHOCUTEILHOCTH

ITpeo6pazoBanus ["anuies, ”HBapUaHTHOCTD 2-T0 3akoHa HetotoHa (camocmosmensvho).

[Tocrynatel DitHmTeiHA, TpeoOpa3zoBanms Jlopenna. PenstuBucrckas dopma 2-ro 3akoHa
Hprorona.

B3anMocBs13b Macchbl U SHEPrUu.

Jlekuyus 7
Tema: Mexann4yeckue KoJeOAHUS M BOJIHbI
Mexanuueckue xonebanus

KonebarenpHoe nBukeHUE. MeXxaHUYeCKue KoJieOaHus.

MasiTHUKH ~(MaTEeMaTUYECKUH, TNPYKUHHBIA, (U3NYECKUH, TPUPWIAPHBIN, KOHUYCCKUH,
HUKJIOUAATIBHBIN) (camocmosmensho).

CB00OIHBIC TapMOHUYECKHUE KOJICOAHUS TPYKHUHHOTO (MM MaTEeMaTHYeCKOTO) MAasiTHHKA:
muddepeHnanbHOe ypaBHEHHE, 3aKOH KOJICOAHWH. AMIUIMTYJA, TEPUOJ, 4YacTOTa, IMUKIUYECKas
yacToTa, (pa3a KojacOaHmiA.

CroskeHre TapMOHUYECKUX KoJiebaHuit (camocmosmenvho).

CBoOoiHBIE 3aTyXarolue MPYXKUHHOTO (nnum MaTEMaTHYECKOTO) MasiTHUKA!
muddepeHnnanbHOe YypaBHEHNE, 3aKOH KoJleOaHui. AMIUTUTY/A, IEPUOJ, 4acToTa, ¢a3a, JeKPEeMEHT
3aTyxaHus, BpeMsl pelaKkcaiuu, 100pOTHOCTb.

Jexkyus 8
Mexanuuecxue xonebanus (IPOJIOTKEHHE)

BbIHYXIeHHBIE YCTAaHOBHBIITHECS KOJCOAHHUS MPYKUHHOTO (WJIM MAaTEMAaTHYECKOTO0) MasTHUKA!
maddepeHnnanbHOe ypaBHEHHE, 3aKOH KOJIeOaHMid. AMIUIUTYHO-4aCTOTHAs XapakTepucTrka. da3o-
YacTOTHAs XapaKTepPUCTUKA. Pe3oHaHC.

Mexanuueckue 8onnbl



MexaHu3M pacnpocTpaHeHus KojieOaHuil B 0OTHOPOIHON YyIpyroi cpere.

JIyd, ¢GpoHT M BUABI MEXaHMYECKHMX BOJH (IUIOCKHE H cepHyueckue, MNpOJOJIbHBIE U
MoTiepeyHbIe). YpaBHEHHE IUIOCKOM rapMoHWYeckod Oerymieid BomHbl. Yactora, (asza, CKOpOCTb,
JUIMHA BOJIHBI Y BOJTHOBOE YHCJIO.

Oueprus Oeryiieit BoiHbl, 00bEMHAS TUIOTHOCTD SHEPTUH, IIOTOK SHEPTUU U BEKTOP YMOBA.

Crosuve  BOJHBL,  y37Ibl W IYYHOCTH, paclpeieiieHUE MEXaHWYECKOM  3Hepruu
(camocmosimenvno).

DOneMeHTbl aKyCTUKHM (MCTOYHMKHU M NPUEMHUKHU 3BYKa, CUja 3BYKa, aKyCTHUECKOE JaBJICHUE,
aKyCTHYECKUH PE30HAHC, YIBTPA3BYK) (camocmosmenvho).

Jexuun 9
Tema: MexaHUKa )KMIKOCTEHd U ra3oB
Tuopocmamuxa
OTnn4uTeNbHbIe CBOMCTBA KUIKOCTEN M ra30B, KaK CIUIOMIHBIX CPE]l.
JlaBneHue B KUIKOCTAX U rasax. [ uIpocTaTu4ecKuii 3aK0H.
T'uopoounamuxa
ApxumenoBa cwiia. Y CIOBHE IUIABaHUS TEL.
OcHOBHBIE IOHATHUS TMHAMUKH KUJIKOCTEH.
YpaBHEHHE HEPA3PBIBHOCTH.
YpaBHenue bepHyinu 115 neanbHOM JKUAKOCTH U CIEJACTBUS U3 HETO.
JIBmxenue Bsizkoit sxuakoct. @opmynsl Hetotona u [lyaseins. Jlamunapaoe u TypOyJIeHTHOE
TeyeHue. Yuciao Pelinonsaca.
JIBroKkeHuE Tena B BA3KO# cpene, hopmyna Ctokca (camocmosmenvho).

Jexkyus 10
Pazoen: Monekynapunas puzuxka u mepmoouHamuka
Tema: OCHOBBI MOJIEKYJISIPHO-KUHETHYECKO TeopUuun
MKT uoeanvHnoeco 2aza:

OcHOBHBIE TIOJIOKEHUST MOJIEKYJIIPHO-KUHETUYECKOH TEOPUH.

Monens uneanbHOro raza. Macca MoJjieKyJbl, MOJIIpHAsi Macca.

CpenHsas qyHa cBOOOTHOTO MpoOera MoJIeKyll, CpeHss apuMeTHIecKas CKOPOCTb.

CronkHOBeHHE MOJIEKY, 3PPeKTUBHbIN AuaMeTp. CUiibl B3aUMOCHCTBUS MOJIEKYIL.

OcnoBHoe ypaBHeHue MKT uaeanbHoro raza. Cpeanssi KBaapaTuiHasi CKOPOCTb.

Teopema o paBHOpacnpeeIeHUN KHHETUYECKON SHEPTHUH MOJIEKYJIbI IO CTEIIEHSIM CBOOOIbI.

Cmamucmuueckue pacnpedenerus 6 MKT:

Pacrnipenienienne MoseKkysa Mo CKOPOCTAM (MJIM KMHETUYECKUM DHEPrHsiM), HauBepOsTHEHIIas
CKOPOCTb.

Pacrnipenienenne Mosexy:n Mo MoTeHUUAIbHBIM dHEprusiM. bapomeTtpuyeckas hopmyna.

Jexyun 11
Tema: OCHOBBI TEPMOAUHAMUKH
Obwee, nynegoe u nepgoe Hauaia MepmoOUHAMUKU

OcHoBuble nousatus T/,

O6mee mauano T/I.

HyneBoe nauwano TJI. Tepmuueckoe ypaBHEHHE COCTOSHUSA HA€aIbHOro rasa (ypaBHEHHE
MenneneeBa — Knaneiipona). Kanopuyeckoe ypaBHeHHE COCTOSTHUS HICATBHOTO Ta3a.

["a3oBBIe 3aKOHBI KaK YacTHBIE CIIyuyau YPaBHEHHUS COCTOSIHUS UJCALHOTO Ta3a. AnuabaTHBIM
npouecc, ypasaenue Ilyaccona.

Buyrpennss sHeprus, nepsoe Hadano T/I.

Pabota raza. KonudecTBo TEIIOTHI.

[Ipumenenue | nauana T/] k u3omnpoueccam B UACaIbHBIX ra3ax.

MoussipHas ¥ yienbHas TEIMIOEMKOCTH UICAJIBbHOTO ra3a B H30IIPOLECCaXx.



Jexkyusa 12
Bmopoe u mpemve navana mepmoounamuxu
OO6patuMbie 1 HEOOpPATUMBIE TTPOIIECCHI.
OHTpoIUs, BTOPOE HayaJl0 TEPMOIMHAMUKHU.
CraTucTuueckas TpaKTOBKA SHTPOIMHU, ypaBHEHHE boJibliMaHa.
W3MmeHeHne SHTpONMH B U30IIpOLIECCaX.
Huxnuueckuit (kpyrosoit) nmpoiecc. [ToHsITHE O TEMIOBBIX U XOJOAUIBHBIX MAIIUHAX.
Hukn Kapno, Teopemsr KapHo.
Tperbe Hauano TepmoarHaMuKH (Teopema HepHera) u ciieacTBus us Heé.
I'pannisl mpuMeHnMocTy 3ak0HOB T/I.

Jexyusa 13
Tema: ArperaTHble COCTOSIHMSI BellleCTBA
Peanvnvie 2aszvi
CBoiicTBa peanabHbIX ra30B.
TepMuueckoe ypaBHEHHE COCTOSHHS pealbHOro rasza (ypaBHeHue Ban-nep-Baanbca),
nzotepmbl Ban-nep-Baanbca u Dujproca.
Pabora cui npuTsSHKEHHs MOJIEKYIT, KaJJOpUYECKOE YPaBHEHUE COCTOSHUS peaibHOIO rasa.

Jexkyus 14
JKuoxocmu
Ctpoenue XUAKOCTEH, OIMKHUN TOPSIOK.
[ToBepxHocTHOE HaTsHKeHUE. CBOOOAHAS YHEPT U TOBEPXHOCTHOTO ciost. Popmyna Jlammaca.
CmaunBaeMOCTh KUJIKOCTBIO MOBEPXHOCTEN. KanwiisspHble sSBIEHUS.
PacTBOpBI, TEMIIOTA pAaCTBOPEHUS, OCMOTUYECKOE IABJICHUE.
Teépovie mena
Kpucrannuueckue TBEpAbIC TENA, TATTBHUI MOPSAIOK, CHHTOHUU.
AHHM30TPOTIHS KPUCTAJIIOB.
Tumnbl cBsA3€il 4acTUIl B KpUCTaJLIax.
TermmoBoe pacuimpeHne KpucTasjioB.
Knaccuueckas Teopus TeIOEMKOCTH KPUCTAIOB, 3aKOH J[tononra u IlTu.
AmopdHBIe BElECTBa, MOJUMEPHI, JKUAKHE KPUCTALIBI (CaMOCmMOosmensto).

Jexyusn 15
Tema: da3oBble nepexobl H KPUTHYECKHE SIBJICHUSA
[Tonsatus ¢a3b u dazoBoro nepexoaa (PII).
®II 1 pona u ckpbITast yaelbHas TIUIOTa.
YpaBHEeHHE TEIIOBOTO OanaHca.
JlnHaMU4ecKoe paBHOBECHUE KUJIKOCTH U Tapa. BiakHOCTh, TOYKa POCHI.
VYpasuenne Knaneiipona — Knaysuyca, auarpaMma coOCTOSIHUS BEIIECTBA.
Kputnueckoe cocTosiHuE, KpUTHUECKUE TTapaMeTphI.
da3oBbIe epexopl 2 pojia U «CKAY0K» TEINIOEMKOCTH.

Jexkuyus 16
Tema: SIBJ1eHus mepeHoca
Huddysus razos, 3akon Puxka.
Kosdduuuent nuddy3nu ra3oB u ero 3aBUCUMOCTb OT APAMETPOB COCTOSIHUS Taza.
BsskocTts, 3akoH HproTOHA.
KoadduimeHT BI3KOCTH T'a30B U €T0 3aBUCUMOCTh OT MapaMeTPOB COCTOSIHUS raza.
TennonpoBoaHOCTh, 3aKk0H Dypbe.
KoadduineHT TermnonpoBoAHOCTH I'a30B U €ro 3aBUCUMOCTh OT IapaMeTPOB COCTOSIHUS raza.
CBs3b k03¢ duienToB 1udpdy3un, BI3KOCTH U TETUIONPOBOTHOCTH.



4 cemectp
Jexyusn 1
Pazoen: Inexkmpomaznemusm
Tema: DilekTpocTaTH4YecKoe MoJie B BAKyyMe
Hanpsoicennocms 21ekmpocmamudecko2o nous.
DneKTpUUYecKuil 3apsij, 3aKOH COXPAHEHHUS AIEKTPUUYECKOTO 3aps/a.
[Ipunnun 6nuskoxaeiicTus, 3akoH Kynona.
DnexTpuueckoe nojue. BekTop HanpsyK€HHOCTH, JIMHUU HANPSKEHHOCTH.
[IpuHnun cynepnosunuu nosiel. [IpuMepsl 21eKTpUIECKUX MOJIEH.
IHomenyuan u nomenyuanvras suepeus I1I.
Pabota cui anekrpocrarndeckoro nojs. Teopema o MUPKYISIUN BEKTOpa HAPSHKEHHOCTH.
[ToTenuman. CBsA3b pa3HOCTH MOTEHIIMAJIA C HANIPsDKEHHOCTHIO OI1.
[ToTeHumanpHas 3HEprus 3apaa B AJIEKTPUUIECKOM TOJIE.
OHeprus u o0bEMHas MIOTHOCTH 3Hepruu DI

Jexuusn 2
Tema: DiiekTpocTaTHYecKoe 10Jie B BelecTBe
OII none npu Hanuyuu OUIIEKMPUKOB

[Monsipuzanus qusnekTpukoB. Bektop nnaykuuu (3nexkrpuueckoro cmemienus) D11

[Torok BekTopa nnaykiuu JI1. Teopema OcTporpaackoro-I'aycca u e€ npuMeHEHHE.

DneKkTpruyeckas BOCHPUMMYHUBOCTh U TPOHUIIAEMOCTb. JIEKTPUUYECKUI THCTEPE3UC.

OI1 npu Hanuyuu npooOHUKOE

Onektpusanus NPOBOAHMKOB. [loTeHIMan mNpoOBOJHMKA B  3ANEKTPOCTATHYECKOM IIOJIE.
DJIEKTpOCTaTUYECKas 3alUTa.

DneKTpOEMKOCTh MMPOBOIHUKA, KOHJEHCATOpa U 6aTapen KOHJIEHCATOPOB.

OHeprus 3apsyKEHHOTO MPOBOJIHUKA U KOHJIEHCATOPA.

Jekyus 3
Tema: I1oCTOSIHHBIN JIEKTPUYECKU A TOK

VYcroBus CylecTBOBaHUS M XapaKTEPUCTHKHU SJIEKTPUUIECKOTO TOKA.

3akon Oma ans ogHOpojaHOro yyacTka uenu. CompoTuBieHHE HPOBOAHMKA U Oarapeu
MIPOBOTHUKOB.

3akon OMa JyIsi HEOTHOPOHOTO YJYacTKa Ienu U 3aMKHYyTo# 1ienu. [IpaBuna Kupxroda.

PaboTa u MOIIIHOCTH B 1IeNM MOCTOSIHHOTO TOoKa. 3akoH /oy - Jlenna B nuddepeHnmanbHoi
Y UHTErpaJIbHOM (popMmax.

DNEKTPUUYECKUIN TOK B DJIEKTPOIUTAX.

DNEeKTpUYECKUN TOK B rasax.

Jexuusn 4
Tema: MarHuTHOe IoJjie B BAKyyMe
MarsuTHO€ 1oJie, BEKTOp MarHUTHOM MHIYKIIUH.
3akoH buo — CaBapa - Jlannaca.
[Tpunnun cynepnosunuu MII. ITpumepsl MarHUTHBIX MOJIEH.
[Totok BekTopa nHaykiuu MII, Teopema Octporpaackoro — ['aycca i MarHUTHOTO TOJISL.
JleficTBHE€ MarHUTHOTO TOJIA HA MPOBOJIHUKHU C TOKOM, CHJIa AMIiepa.
JlelicTBMEe MarHUTHOTO TOJIS1 HA ABMKYIIUICS 3apsn, cuia JlopeHna.

Jlexkuua 5
Tema: MaruurHoe 1oJie B BellecTBe
Hamaranuusanue maruetukoB. Bekrop Hanpsok€aHoctr MIT.
MarnuTHas BOCHPHUMMYHBOCTh M HpoHHMLA@eMOocTh. (Ciiabble M CHIIbHBIE MAarHeTHKH.
MarHuTHBIN TUCTEPESHUC.
Teopema o nupkysssuuy Hanpsbk€HHocTH MIT n e€ npumenenue.



Tema: DjIeKTPOMATrHUTHASA MHAYKIHS
3akon @apanes, npaBwio Jlenna. CaMOMHAYKLUS, HHIYKTUBHOCTH KOHTYpa C TOKOM.
B3anMonnyknus, TpancGopmarop. IKCTPATOKH IPY 3aMBbIKAHUU U Pa3MBIKaHUH LICIIH.
OHeprus U IIOTHOCTh SHEPIMH MarHUTHOT'O MOJIS.
Buxpesoe anekrpuueckoe noiie. Tok cMmemenus. Cucrema ypaBHeHui Makcsena.
DNEKTPOMarHUTHOE M0JI€ U €r0 YHEPIUsL.

Jlekyus 6
Tema: DileKTpOMarHUTHBIE KOJIeOAHUS U BOJTHbI

DnexTpudueckuil KonebaTenbHbI KOHTYp. CBOOOIHBIC KOJICOaHMs. 3aTyXaroliue KOJICOaHHS.
BoinyxeHHble Kose0aHusl.

[lonyuenue nepuoanyeckoil 3.a.c. CONpPOTUBICHHE, WHIYKTUBHOCTh M EMKOCTh B IENH
MepeMeHHOTro Toka. 3akoH OMa. Pe3oHaHCHbIE SIBJICHUS B LIETIH IEPEMEHHOTO TOKA.

DneKTpOMarHUTHbIE BOJIHBI B BaKyyMe€ M B OJHOpoAHON cpene. lllkama snexkTpoMarHUTHBIX
BOJIH. BonHOBOE ypaBHEHUe. YpaBHEHHE BOJIHBI, IUIOCKAs 3JIEKTPOMarHUTHas BOJIHA. DHEPTHUs BOJIHBI,
BEKTOp YMOBa — [JOMTHHIa, NTHTEHCUBHOCTb.

Jekyus 7
Pazoen: Onmuka
Tema: OCHOBBI BOJITHOBOI ONITUKH
Ompaodicenue u npenomieHue
[IpuHnmn [Mrolirenca.
OTtpaxeHue cBera.
[Ipenomiienue cpera.
[TosiHOE BHYTpEHHE OTPAKEHHUE.
Humepgpepenyus ceema
[ToHsiTHE O KOTE€PEHTHOCTH.
[IpuHIMT Cynepno3uIy BOJH.
Hurtepdepentus certa.
Merton aeneHust BOJHOBOTO (PpOHTA, CXEMBbI IBYXJ1y4eBOil HHTEp(EpEHLINH.
Meto aeneHus aMILUIUTY/Ibl, CXeMbl HHTEp(EepEeHIIMH B TOHKUX MIEHKAX U Kojblla HproToHa.
Jugparxyus
[Tpunmun Ioiirenca-Openens.
Merton 300 Openens.
Hudpakuus Openens. [Ipumepsr.
Hudpakuus Opaynrodepa. [Ipumepsr.

Jexuus 8
Tema: BzaumMopeiicTBae CBeTa ¢ BeIECTBOM
Tonsapuzayus ceema
EcrecTBeHHBIN U OJISIPU30BAHHBIN CBET.
[Tonspuzanus cBeTa npu OTpake€HUu, 3aKoH bprocrepa.
[Tonapusanus npu NpesoMIICHUH, JBOMHOE JTy4YENpeIOMIICHUE.
AHanu3 noJsipu30BaHHOTO CBETA, 3aKOH Mairoca.
Bpaiienue ImIOCKOCTH MNOJSApU3alMU ONTHUYECKM AKTUBHBIMU CpEIaMH, JJIEKTPUYECKUM U
MAarHUTHBIM IOJISIMU.
Jucnepcus ceema
OcHOBBI 35IeKTpOHHOH Teopuu aucnepcuu pyne - Jlopenna.
YpaBHeHUE nucnepcuu, Kpusas aucnepcuu. HopmanbHas nucnepcusi.
da3oBas U rpymnmnoBasi CKopocTb, hopmyna Parnes.
loznowenue u paccesnue ceema
AHoManbHas nucnepcusi. Kpupas noriomeHus.
3akoH norJomenus byrepa-bepa.



Paccesnue cBera B pa3innyHbIX Cpelax, 3akoHbl Tunnansa u Panes

Jexuun 9
Tema: OcHOBBI reOMeTpHYECKON ONITHKH

[Tpunnun depma U 3aKOHBI TEOMETPUYECKOM ONTHUKH.

[TocTpoenue n300paskeHNH ¢ TOMOIIBIO MIOCKOTO 3epKaa.

[TocTtpoenne u300paxkeHU C MOMOIILI0 CcPepuueckoro 3epkana, ¢Gopmyna chepruueckoro
3epkaJia.

[IpenomiieHne cBeTa NpU3MON.

[TocTpoenue n300paxeHuil ¢ MOMOIIBIO JIUH3, POPMYiIa TOHKOM JIMH3BI.

CucTeMsbl IMH3, ONTHYECKUE TPUOOPHI U UX adeppanuu.

Jexyus 10
Tema: OcHOBBI (poTOMeTpHUH
CBeToBbIe BETMYMHBI U UX U3MEPEHHE.
I'na3 yenoBeka kak poTomMeTpuyecKuii mpudop.
3aKOHBI OCBEIIEHHOCTH.
[IpencraBnenue o0 €CTECTBEHHOM U NCKYCCTBEHHOM OCBEIIEHHOCTH.

Jexkyus 11
Tema: OCHOBBI KBAHTOBOM ONTUKH

I'unoresa [1naHka o KBaHTax CBeTA.

TennoBoe wusnyuenue, dopmyna I[lmanka mus TeruioBoro wm3nmydeHws. 3akoHbl Credana —
Bboabimana n Buna.

Buemauit  potoadpdexr, ompitel CTONETOBA M 3aKOHOMEPHOCTH BHemIHero ¢otodddexra.
VYpaBHeHue DitHIITEHA 1 KpacHas rpanuna Gorodddekra.

JlaBiieHue cBeTa, onbITH JIeOeaena.

Oddexr Komnrona.

Jexkyus 12
Pazoen: Bepoamnocmmuulii xapaxmep cOCMOAHUA U OBUNHCCHUA MUKPOUACMUY
Tema: KopnyckyjJasipHO-BOJHOBOM AyaJu3M MHKPOYACTHIL

I'unote3a Jlyn ne Bpoiins u e€ skcnepuMeHTanbHOE MOATBEPKACHUE: OMBITHI MO TUGPaKIUU
anekTpoHoB TomcoHa, TaprakoBckoro u ®abpukanra.

OnucaHue COCTOSIHUSI YaCTHUIbl C MOMOIIBIO BOJHOBON (YHKIHMH. BeposTHOCTHBIN CMBICH
BOJTHOBOM (hyHKITUH.

[Tpunnun Heonpenenéunocteld. COOTHOIICHUS HEOTIPEEIEHHOCTEH.

Tema: YpaBuenne Lllpénunrepa u ero pemenue

VYpasuenne Illpeaunrepa. [IBukeHHe YacTHUIbI MOTEHIUAIBHON SIME C HENPOHUIIAEMBIMH
cTeHKkaMu. KBaHTOBBIN OCLHUIUIATOP.

TynuensHbil 3G HeKT.

KBaHTOBbBIE KOMITBIOTEPHI.

Jexyusa 13
Pazoen: @usuxka amoma
Tema: Moaeau aroma

Mopnens atoma Tomcona. OmbiThl ¢ « -uactuniamu Pesepdopna, moxaens Pesepdopna.
CrnekTpanibHble 3aKOHOMEpPHOCTH aToMa Bojaopoja. [loctynatel bopa. BonnoBast monens ne bpoiins.
Monens bopa-3ommepdensa.

Tema: KBaHTOBO-MeXaHH4YeCKOe ONMUCAHUE ATOMA

KBanTOBBIE unClia ¥ UX (PUINYECKUI CMBICI. DNeKTpoHHAast KOHurypanus aroma. [IpuHiun
[Taynu u 0OBsICHEHHE CTPYKTYPBI Ta0NIHIIa XUMHUECKHUX dJIEMEHTOB MeH/ieneena.

Omnpit lTepna — 'epnaxa.



TopMO3HONW M XapaKTEpUCTUYECKUN PEHTICHOBCKHUE CHEKTpbl. 3akoH Mo3nu, rumnoresa
Koccens.

Jexkyus 14
Pazoen: Quszuka amommnozo aopa
Tema: XapakTepucTHKHN U MO/IeJIM AaTOMHOI0 sipa

[IpencraBnenune o cocrtaBe siapa. CraTuueckue W JTUHAMUYECKHE XaPAKTEPUCTHKU aTOMHBIX

snep. Anepusie cunbl. Monenu sapa. M3otonsl, n306apbl, H30TOHBI, 3epKAJIbHBIE SpA.
Tema: PaimoakTUBHOCTD U si/IePHbIE PeaKuuu

SBneHue panoakKTUBHOCTH. 3aKOH PaJIMOAKTUBHO pacnaja. THIbl paJuoaKTUBHBIX PacHaoB,
MpaBuia CMELICHHUS.

SAnepuble peakmuu, ux kKiaccudukanvs. Jlenenune u cuaTes suep. SaepHbie peakiuu B 3BE3IaX.

Jexkyus 15
Pazoen: Dusuka InemenmapHplX Yacmuy,
Tema: Kitaccudgukanus 3jieMeHTAPHBIX YaCTHI
OyHIaMEHTAIbHBIE B3aUMOICHCTBUA.
OCHOBHBIE KJIACCHI DJIEMEHTAPHBIX YACTHII.
KBapku 1 KBapKOBBIil COCTaB aIpOHOB.
Tema: B3aumonpeBpaiieHue 3JieMEHTAPHbIX YACTHI
[Ipencrasnenue o riaooHax. OOMEHHOE B3aUMO/IEHCTBUE.
[TepBuuHbIE U BTOPUYHBIE KOCMUYECKUE JTYUH.
[upoTHBIH 1 JOATOTHBIN YD (HEKTHI.

Jekyus 16
Pazoen: Duzuka meépoozo mena
Tema: 3oHHas Teopus
30HHasg Teopus: oOpa3oBaHUE DSHEPreTHYECKHX 30H B KpHUCTalllaX, 3aloJIHEHUE 30H
AJIEKTPOHAMH.
Knaccudukanus TBEpABIX Tell.
DIEKTPONPOBOJHOCTH IPOBOIHUKOB U MOJYIIPOBOJHUKOB C TOYKH 3PEHUSI KBAHTOBOM (PU3UKH.
Tema: KOHTaKTHBIE SIBJICHUSA
KoHTakT AByX MOJIynpOBOJHUKOB, 3J€KTPOHHO-IBIPOYHBIN MEPEXO/I.
[Ipocreiinye noxynpoBOAHUKOBbIE PUOOPHI.
3akiroueHue
YpoBHM CTPYKTYypHOU opranuzanuu BemlecTBa Bo Bceenennoi. TemHas marepust U SHEprusi.
KBanrtoBas rpaBuranus.

3aHATHS CEMUHAPCKOI0 THIIA
Ilpakmuueckue 3auamus

3 cemecTp
Sanamue Ne 1
Pa3zoen: Mexanuxa
Tema: Kunemaruka
Kunemamuka npsamonunetino2o u nocmynamenbHo20 08UNHCEHULL
Bonpocsl
Urto u3yyaeT Qpu3nka, MeXaHuKa, KHHEMaTuKa?
UYTo Ha3pIBAIOT MaTEpUAIbHON TOUKOM?
Yro Takoe cucrema oTcuera?
Uto Takoe BekTOp mepemenieHus? Bceerma M Moaynb BEKTOpa IMEPEMELIEHUS COBIAJAET C
MPOMICHHBIM ITyTEM?
5. KakoBa ocHOBHas 3a1a4a MexaHuku? UTo 3HAUMT OMKcaTh ABKEHHUE Teaa?

el A



~No

w

10.

Kakue ciocoObl onrcanust BMKEHUS CyLIECTBYIOT? B uem oHu 3akmoyarorcs?
JlaTb onpeneneHus: BEKTOPOB Cpe/iHel U MTHOBEHHOM ckopocTeit. KakoBbl UX HarpaBiieHus?
Uro Takoe paBHOMEpHOE JABMXKeHME? 3aluIInTe 3aKOH ATOTO JBWKeHUs. Hapucyiite rpaduxu
MIPOEKLIUNA CKOPOCTH U IEPEMELIEHUS JUIsl 3TOTO JBUKCHHUSL.
Kakoe nBuxeHne Ha3bIBaeTCs PaBHOIIEPEMEHHBIM? 3alMIINTE 3aKOH TOro JBMKeHue. Hapucyiite
rpaduKu MPOEKIHUNA CKOPOCTH U IEPEMEIIEHUS IS ATOTO JIBYKEHHSL.

3amaun
TIpsIMOITHHEHHOE JBIKEHHE TOUYKH 3aaH0 ypaBHeHHeM: X= -2 +3t - 0,5t°. Hanucars ypaBHeHne
3aBHCUMOCTH CKOPOCTH TOYKM OT BpeMeHH. [locTpouTh rpaduk 3TO# 3aBHCHMOCTH; HAWTH
KOOPJMHATY M CKOPOCTh TOUKH 4Yepe3 2 ¢ U § ¢ Iociie Hayasia JIBUKEHUSI.

—at% 436
Pajuyc BEKTOp MAaTEpHATbHOM TOUKM M3MEHSETCS CO BpeMeHeM o 3akomy ' =4U1+30+2k

Omnpenenuts: a) ckopocThV ; 6) yCKOpeHHEe @ B) MOJIY/Ib CKOPOCTH B MOMEHT BpeMEHH 2.
Teno mamgaet ¢ BeicoThl 2000 M, 3a kKakoe Bpemsi OHO TipoitaeT nocnennue 100 m?
Teno OpoiieHo BepTUKATBHO BBEpPX co ckopocThio 30 m/c. Ha kakoil BeICOTE M Yepe3, CKOJIBKO
BpEMEHHU CKOpOCTh Tena (Mo Mojyiar) OydeT B TpU paza MeEHbIIe, YeM B Hayalle Hojbema?
Onpenenuth CKOPOCTh MsiYa yepes 4 ¢, eciv OH OpOIIeH BEpTUKAIbHO BHU3 CO CKOPOCTBIO 5 M/C.
Teno Opocmnm ¢ OBEPXHOCTH 3€MJIM TIOJ YIJIOM O K TOPU30HTY C HAYaJIbHOH CKOPOCTBIO LO.
[IpeneOperasi cCOMpOTHBIEHHEM BO3[yXa HaWTH: a)BpeMs JBHKEHHUS; 0)MaKCUMAJIbHYIO BBICOTY
MoIbEMA M TOPH3OHTAIBHYIO AaJTBbHOCTh ToJieTa. [Ipu kakoMm 3HaueHHH yriia OpocaHusi OHU OyayT
paBHBI? T) ypaBHEHHE TpPACKTOpUH Y(X), T y M X TEPEMCEIICHHE Tela 1O BEPTHKAIH |
TOPH30HTAIM COOTBETCTBEHHO; ) PalNyChl KpUBU3HBI HAvajla ¥ BEPUITUHBI TPACKTOPHH.

3aauy JUIsl CaMOCTOSITEIbHOTO PEeIeHUs
KunemaTtnueckne ypaBHEHUs JBHKEHUS ABYX MAaT€pPHUAIbHBIX TOYEK UMEET BUI: X1 = A + Bt +
C1t2 unX,=A,+ Bt + Cztz, rae Cy = -2m/c2, Cy = 1m/c2. Onpenenutb: a) MOMEHT BPEMEHH, JIJIs
KOTOPOTO CKOPOCTH ATHX TOYEK OYAYyT paBHBI; 0) yckopeHus al u a2 /it 3TOro MOMEHTA.
r =t%i +3t?]

Panuyc BekTOp MaTepuanbHONW TOYKHM M3MEHSETCS CO BPEMEHEM IO 3aKOHY , TIe

. opthl ocedt X u Y. OnpenenuTs 1yisi MOMEHTa BpeMEHH | C: a) MOIyJIb CKOPOCTH; 0) MOy
YCKOPEHUSI.

Teno mamaer ¢ BbicoThl 490 M. OmnpenenuTs MEpeMenIeHue Teaa 3a MOCIECAHIO CEKYHIY
MaJCHHUS.

Teno mamaer ¢ BBHICOTHI | KM C HYJIEBOW HavallbHOM CKOpocThio. [IpeHeOperas conmpoTHBIeHUEM
BO3JlyXa, ONPEAEINTh, KAKOE BpeMs MOHAT00UTCS TeNy JJIsl IPOX0XKIeHus nociaennux 10 M myru.
C 6amnu BeicoToi 30 M B TOPH30HTAILHOM HaIIPaBJIEHUU OPOILIEHO TEJIO0 ¢ Ha4YalbHOM CKOPOCTHIO
10 M/c. OnpenenuTh: a) ypaBHEHHE TPACKTOPHH Tela y(xX); 0) CKOPOCTh Teja B MOMEHT IaJICHUS
Ha 3eMJIIO; B) YT0JI, KOTOPBI 00pa3zyeT 3Ta CKOPOCTh C TOPU30OHTOM B TOUKE €ro MaJCHHUS.

3anamue Ne 2

NoogokrwdPE

Tema: KunemaTuka (IipooinKeHue)
Kunemamuka osusiceHus no OKpys#CHOCIMU U 8PAUAMENILHO20 OBUNCEHUS
Bomnpocsl
UTto Ha3bIBAIOT YITIOBBIM IepeMenieHnemM? EquHuibl uaMepeHus..
UTo Ha3BIBAIOT YIIIOBOM CKOPOCThI0? ENMHUIIBI H3MEPEHUSI.
UTo Ha3BIBAIOT YIIIOBBIM yCKOpeHUueM? EMHUIBI U3MepeHusl.
B uém cocTouT 0CHOBHAs 3a/jaua MEXaHUKH B CITydae JABMKEHUS MO0 OKPYKHOCTU?
UTo Takoe TaHTeHIIMAIBFHOE YCKOPEHHE, HOPMAaIbHOE YCKOPEHHE MOTHOE YCKOpeHue?
KakoBa cBs13p MeX 1y TUHEHHBIMU U YTTIOBBIMH KHHEMATUYECKUMU BETUYUHAMU?
Kakoii BUJ1 IMEIOT 3aKOHBI PABHOMEPHOTO U PABHOMIEPEMEHHOTO JIBHKEHUS IO OKPYKHOCTU?
3ajauu
Koneco, Bpamasche paBHOYCKOPEHHO, JTOCTHUTIIO yriaoBoi ckopoctu 20 pan/c yepe3 10 o6opoToB
MocJie Havasa JBIWKeHus. UeMy paBHO yriioBO€ YCKOpEHHe KoJieca?



10.

Huck paguycom 10 cm Bpaiaercst Tak, 4TO 3aBUCHUMOCTb YIJjla IOBOpPOTa pajuyca JIUCKa OT

BpEMeHH 3ajaercs ypaBHeHmeM: ¥~ 3+t+t’+ ts. Omnpenenuth Uis TOYEK HA 0007€ IUCKA K
KOHILY BTOPOM CEKYH/IbI MOCJIC Hayala JIBXKEHHS: a) TAaHTCHIIMAIIbHOE YCKOpeHue; 0) HopMallbHOE
YCKOPEHHUE; C) IIOJIHOE YCKOPEHHUE.

Huck paguycom 10 cm Bpaiiaercs Tak, 4T0 3aBUCUMOCTb JIMHEWHON CKOPOCTH TOYEK, JISKAIIUX Ha

0Gozie Koseca, OT BPEMEHH 3a/[aeTCsl YPABHCHHEM ¥ 03t+ 0’1t2. OnpenenuT MOMEHT BPEMEHH,
UL KOTOPOT'O BEKTOP IOJIHOTO YCKOPEHHs 00pasyeT ¢ pajnycoM Koieca yroi 4°.

MarepuanbHasi TOUKAa HAUWHAET JBUraThCsl MO OKPYKHOCTH paauycoM 12,5 cM ¢ MOCTOSIHHBIM
TaHTeHIUABHBIM yckopenuem 0,5 em/c?. OrnpenenuTsb: a) MOMEHT BPEMEHH, ITPU KOTOPOM BEKTOP
YCKOpEHUs 00pa3yeT ¢ BEKTOP CKOPOCTH Yroi 450; 0) myTh, MPOUICHHBIN TEJIOM 33 3TO BPEMSI.
Jluck BpamjaeTcss BOKPYT HEIMOJBIDKHOM OCH TakK, YTO 3aBHCHMOCTH yIJia TIOBOPOTA JHCKA OT

BPEMEHU OIKCBIBAECTCA YpaBHEHUEM ¢=0’5t2. Onpenenuth K KOHILy BTOPOM CEKyHJBI IMOCHE
Hayaja JIBIDKCHHS: a) YIJIOBYIO CKOpPOCTH JMCKa; 0) YIrJIoBO€ YCKOPEHHME NMCKa; C) AJIA TOYKH,
Haxosmencs Ha paccTossHUM 80 CM OT OCH BpallleHHUsI, TAHT€HIIUAILHOE YCKOPEHHUE, HOpMaJIbHOE
YCKOpPEHHUE U MOJTHOE YCKOPEHHE.
3aj1auy Julsl CaMOCTOSITEIbHOIO PelIeHUs

Koneco Bpamiaercsi ¢ MOCTOSIHHBIM YTJIOBBIM ycxogeHHeM 2 ¢ Yepes 0,5 ¢ mocne Hauana
JIBIDKEHUS TIOJTHOE YCKOpEeHHe Kojeca paBHo 13,3 m/c”. UeMy paBeH paauyc koJseca?

Huck pamnycom 10 cMm Bpamaercss Tak, 4YTO 3aBUCMMOCTh YIJIa MOBOPOTA paguyca JUCKa OT

M p=2+4t°

BPEMEHH 3a/1a€TCs ypaBHEHHE . Onpenenuts uis TOYek Ha o0oOJie Kojieca JHCKa
HOPMaJIbHOE M TaHTEHIIMAJIFHOE YCKOPEHHSI B MOMEHT BPEMEHH 2 CEKYHJIbl OT Havyaia ABUKEHUS,
a TaKXe yroJl MOBOPOTA, IPU KOTOPOM IOJIHOE YCKOPEHHE COCTaBISET C PaJUycoM AHMCKa yroll
45°,

Jluck Bpamiaetcsi BOKPYI HEMOJBIKHON OCH Tak, YTO 3aBUCHMOCTH yIJIa IOBOpPOTA AMCKA OT

BpEMEHHU ONUCHIBAECTCS YpaBHEHHEM (p=0,5t2. Onpenenuth K KOHI[y BTOPOM CEKyHJBI IMOCIE
Hayaja ABM)KCHMSI MOJIHOE YCKOpPEHHE TOYKM Ha 00oje JHCKa, eclid JMHEWHas CKOPOCTb 3TOM
TOYKH B 3TOT MoMeHT 0,4 M/c.

Touka qBUKETCS IO OKPYKHOCTH PalycoM 15 cM ¢ MOCTOSIHHBIM TaHT'€HIIUAJIbHBIM YCKOPEHUEM.
K koniy yerBeproro o6opoTa mocie Hayaja JBH)KEHHUs JIMHEHHAsh CKOPOCTh TOYKU 15 cm/c.
Onpenenuts HOPMaIbHOE YCKOPEHHE TOUKH uepe3 16 cexyH/ mocie Hayana JBHKEHUSI.

Ban naunnaer Bpamarbcs u 3a nepbie 10 cexkyHn copepmiaer 50 o6opotoB. Cuuras BpaiieHue
Bajia paBHOYCKOPEHHBIM, OIIPEICIUTh YTIOBOE YCKOPEHHE U KOHEUHYIO YTIIOBYIO CKOPOCTb.

3anamue Ne 3

Nooohk~own

2

10.

11.

Tema: Innamuka

1. Bompocsl
Cdhopmynupyiite nepsslii 3akoH HproToHA.
Kakwue cucrembl oTcueTa Ha3pIBalOT HHEpIUAIbHBIME? [IprBeanTe MpUMeEphl TAKUX CHCTEM.
Uro Takoe uneptHOCTh Tena? Kakas ¢uznueckas BeTUUYMHA SBISETCS MEPOil HHEPIUU?
[Touemy Tes0, mpeoCTaBIeHHOE caMoMy ceOe, HE COXpaHsAeT CKOPOCTh CKOJIb YTOJHO JOIT0?
Kakoii cMbic umeeT noHsATHE cuibl? B Kakux elUHUIIAX OHA U3MepseTcs?
Cdhopmynupyiite 3akon Becemupnoro tsrorenus. Kak onpeaensercs: rpaBUTaIllMOHHAs TIOCTOSTHHAS
Y KaKkoB ee (PM3MUYECKU CMBICH?
B uem cocTouTt mpUHIIMIT HE3aBUCUMOCTH JICHCTBUS CHIT?
B uewm 3akmrouaercs npuHIUN cynepno3uiuu cun? Jaiite onpeaeneHne paBHOACHCTBYIOMIECH CHIT.
Cdhopmynupyiite BTOpoil 3akoH HploToHa: a) B o0meM Buae, 0) B ciydyae IBUKEHHS Tela
MOCTOSIHHOM Macchl. UTO HA3bIBAIOT YPAaBHEHUEM JABUKEHUS?
Cdhopmymupyiite Tperuit 3akoH Hprotona. [IpuBenuTe mpumepbl MPOSIBICHUS 3TOTO 3aKOHA B
OKpYXKarollen JEHCTBUTEILHOCTH.



3amaun
Teno maccoii 1,0 kr neXUT HAa TOPU3OHTAIBHON moBepxHOCTH. Kosdpduuuent tpenus 0,1. Ha

TEJNO JEMCTBYeT ropu3oHTanbHas cuwia F. Onpenenuts cuily TpeHus Juisl AByX ciydaeB: a) F =
0,50 H; 6) F = 2,0 H. M3006pa3uth rpaduuecku, Kak U3MEHSETCS CHJIa TPCHUS TPU HU3MEHEHHUH
cunsl F.
KakoBa HauyanpHasi CKOPOCTh MIA0OBI MYIIEHHOH MO MOBEPXHOCTH JIbAA, €CIM OHA OCTAaHOBUJIACH
gepe3 40 c¢? Koaddumment tpenus maiidsr o nex 0,05.
Ha ctone nexart nBa 6pycka, cBsizanHble HUTHIO. Ha Opycok maccoit ml = 4 kr aeiictByer cuia 20
H nox yrimom 300 k ropusoHTy. Macca BToporo 6pycka m2= 2 Kr, KO3QQHUIIHMCHT TpeHHs OPYCKOB
o croin 0,1. Omnpenenute yckopeHUe, ¢ KOTOPbIM JIBUXKYTCS TeJla, a TAK)KE CUITy HATSHKEHUSI HUTH.
Benepko ¢ Boao# BpaiairoT B BEPTUKAJIBHOW MIIOCKOCTH Ha BepeBke muHOM 0,5 M. C kakoit
HauMEHBIIEH CKOPOCThIO HY>KHO €r0 BpallaTh, YTOObI IPU MPOXOKICHUH YEPE3 BEPXHIOK TOUKY
yZep>KaThb BOJYy B BeJlepke?

3aJ1auy Juisl cCaMOCTOSATEIbHOIO PEIIEHUS
Teno maccoit 20 kr TaHyT ¢ cunoi 120 H mo ropusontanbHO¥ moBepxHocTH. Ecnu 3Ta cuna
npuToskeHa o yriom 60° K TOpH30HTY, TO TeO ABIKETCS paBHOMEpHO. C KaKHM YCKOPEHHEM
OyLET IBUTaThCs TENIO, €CIH TY K€ CHILY IPHIOKUTH 1101 yriioM 30° K ropu3oHTy?
JIBa Tema maccamMu mp=3 KI' B my= OKTI JIe)KaT Ha aOCOJIFOTHO TJIAJIKOM CToje. Tela CBs3aHbI
HEBECOMBIM IITHYPOM, KOTOPBIM pa3pbIBaeTCsl €clu K Tely ¢ MEHbILIEH Maccol MPUIOKHUTh CUITY
240 H. Kakyro MUHUMAaJbHYIO CUJTy HAJI0 IPUJIOKUTH K TeITy OoJbLIeil Macchl, YTOOBI pa3opBaTh
mHyp?
JleTunk maBUT Ha CHUJIEHBbE camoJieTa B HIbKHEN Touke netiin Hecreposa ¢ cumoit 7100 H. macca
nerynka 80 kr, paanyc netiu 250 M. OnpenenuTs CKOpOCTh CaMOJIeTa.
Teno maccoil m COCKaIb3bIBAET ¢ TPEHUEM C HAKJIOHHOM IUIOCKOCTH. YTOJ HAaKJIOHA IIJIOCKOCTH O
,ee mmuHa 1, koaddumuenT Tpenuss | . HavanpHas ckopocTh Tenna paBHa Hymo. HaiiTu Bpems
CIyCKa Teja ¢ HAaKJIOHHOM MIIOCKOCTH.

3anamue Ne 4

ONoGaRwWNE

=

Tema: PaGoTa, MOIIIHOCTH, MEXaHUYECKAsl IHEPTUS
Bonpocsl
Uemy paBHa paboTa CHIIbI?
Uemy paBHa paboTa MOMEHTA CHJIBI?
UTo Ha3bIBAIOT MOIIHOCTHIO? B Kakux equHUIIaX U3MEPSIOT MOITHOCTD?
Uto Takoe MeXxaHUUYECKas SHEprus?
Uemy paBHa KMHETUYECKAsl SHEPTHsI IPU MPSAMOIUHEHHOM (MIJIHM MOCTYATEIbHOM) IBUKEHUN?
Uemy paBHa KMHETUYECKasl SHEPTHsI P JIBHXKEHUU 110 OKPYKHOCTH (UJIM BpalleHUn)?
Kax onpenenuts 3HEPruto B NOJI€ CUIIbI TSKECTH 3eMIIU?
Kaxk onpenenuts sHEPruto C:kaToi NpyKUHbI?
3ajauu
ABTOMOOWIBL Maccoit 1,8 T IBUKETCS B rOpY, YKIOH KOTOPOH cocTaBigeT 3 M Ha Kaxbsie 100 m
nytu. Koaddunuent tpenus konec o nopory pasen 0,1. Haiitu: 1) paboty A aurarens Ha nyTu
5 kM, 2) pa3BUBaeMYIO JIBUTATEIEM MOIIHOCTH P, eciii 3TOT myTh IPEOI0JIeH 32 5 MUH.
[lyns maccoit ml, nersmas TOPU3OHTAJIBHO CO CKOPOCTBIO LO, MOMAAAET B HIDKHMA KOHEI
CTEPKHS, 3aKPETVICHHOTO HA TOPU30HTAIIBHON OCH, MPOXOAAIIEH Yepe3 BEPXHUM KOHELl CTEPXKHS,
U 3acTpeBaeT B HeM. Macca crepxkHs m2, anuHa | OnpeaenuTs TUHEHHYI0 CKOPOCTh HUKHETO
KOHIIa CTEPKHS Cpa3y Mocie NonaaaHus myiu.
C BepUIMHBI HaKJIOHHOW IMJIOCKOCTH HAYMHAET CKAThIBATHCS CIUIOLUIHON OJHOPOJIHBIM LIMIUHAIP.
Haiitu Bpems ckaThIBaHUsI UIMIMHAPA, €CIIU HadallbHAsl BbICOTA 3 M, JUIMHA MIIOCKOCTH 10 M.
Kunernueckas sHeprus Tejia Maccoil 2 KT B HEKOTOPbII MOMEHT BpeMeHH paBHa 25 JIx. Haiinure
HMITYJIbC 3TOTO TeJa B JaHHBI MOMEHT BpEMEHU?
3a1auu Ui CaMOCTOSATEIbHOTO PELICHUS




PaBHozelicTByIOImast Cuil, JAEUCTBYIOIIMX Ha Teno, paBHa 20 H u HampaBiieHa ropU30HTAIBHO.

Teno ABWKETCA TAK, YTO €ro KOOPAMHATA M3MEHSAETCs MO 3aKoHy X = 10+2t+t2. Kakyto
paboTy coBepiiaer cuiia 3a 5 c?

Huck maccoit M katutca 0€3 CKOJIBKEHUSI MO0 TOPU30HTAJIBHOM IJIOCKOCTH CO CKOpPOCThIO V.
HaiiTn kuHeTH4YeCKyI0 SHEPIUIO TelA.

C BepxHEro ypoBHS HAaKJIOHHOH IUIOCKOCTH OJHOBPEMEHHO HAUMHAIOT CKaThIBaThcsl 0e€3
CKOJIbJKEHUS CIUIOLIHBbIE LUIMHIP M IIap C OJMHAKOBOM Maccoil M OJMHAKOBBIMHU PaJUyCaMU.
Haiitn oTHOLIEHHE CKOPOCTEN ITUX TEI HA HEKOTOPOM JAHHOM YPOBHE.

Kompo maccoit 40 r u paguycom 3 cM Bpamlaercss BOKPYI HEMOJBUKHOW OCH,
NEPIIEHANKYIISIPHON TUIOCKOCTH IMCKA U TPOXOJIAIIEH Yepe3 ero MEeHTP Macc CO CKOPOCTHIO 2 M/C.
HaiiTn KuHEeTHYECKYIO SHEPT U0 TElIA.

3anamue No 5

N

~NOo Ok~ Ww

Tema: 3aKkoHBbI cOXpaHeHHs

. UTo Ha3bIBAIOT MEXaHUYECKOU cuctemoii? Kakue cucteMbpl Ha3bIBAIOTCS 3aMKHYTBIMU ?
. Uemy paBeH MMMyJbC MEXaHWYECKOW CHUCTEMbl MaTepUalbHBIX TO4YeK? Kak OH M3MEHsSETCs 1o

eHCTBUEM BHEIIHUX CHII?

. ChopmynupyiiTe 3aKk0H COXpaHEHHS UMITyJIbca. J{J1s KaKMX CHCTEM OH CIpaBeIIuB?

. UTO Takoe LEHTP Macc CUCTEMBI MaTepraIbHbIX TOUeK? Kak ero Mo>XxHO ONpeaenTs?

. Havite onpenenenus sHeprun U paboThl. OOBSICHUTE CBSI3b MEXKYy STUMHU BETMYHMHAMH.

. Kakue cumbl Ha3bIBatOTCSI KOHCEPBATUBHBIMU ?

. UTo Ha3bIBAlOT KUHETHYECKOW M TMOTEHIMaNbHOU 3Heprueii? KaxoBbl 0COOCHHOCTH ITHX BHUIOB

SHEPruii?

. ChopmynupyiiTe 3aKOH COXpAaHCHHS MEXaHHMYECKOW JHEepruu. B Kakux ciaydasx ToHas

MCXaHUYCCKaA SOHEPIrusad CUCTEMbI HE COXpaHSIeTCﬂ?

. Uto Takoe ynap? Kakue BHABI yJapoB IIApOB BaM M3BECTHBI? B Kakux ciydasiX HE BBINOJIHIETCA

3aKOH COXPaHEHUS MEXaHUYECKOU SHEPTUu?
3ajauu
Cuapsg maccoit 100 kr, JeTAmuid TOPU30HTAIBLHO BAOJIb JKEJIE3HOJOPOKHOIO MYTH CO CKOPOCTHIO
500m/c, momagaeT B BaroH ¢ MecKOM M 3acTpeBaeT B HeM. Kakyro cKOpoCTb MOJY4YHUT BaroH, eciu
OH JIBUTAJICS CO CKOPOCTHIO 36 KM/4 B HampaBlIeHUH, TPOTUBOMOJIOKHOM JBHUKEHHUIO CHapsiia?
[Tyns maccoii St, sersnias ropu30HTAIBHO, MOMaAaeT B OPYCOK, YCTAHOBJICHHBIA Ha MOABMKHOM
Tenexke. Macca Opycka ¢ Tenexxkoit 495 r. Korpa myins nomnamaer B TENEKKY U 3aCTPEBAET B HEW,
cucrtema npuodperaer ckopocts 0,8 M/c. OnpenenuTs Ha4albHYI0 CKOPOCTb ITYJIH.
JIBa mapa maccaMu m; = 1 Kr ¥ mp = 2 KI' JBMXKYTCS MOCTYINATENIbHO BIOJb FOPU30HTAIBHOMN
npsIMOM B ogHOM HampapieHuu. CkopocTu ImmapoB jo yaapa vi = 7,0 m/c u v, = 1,0 m/c.
Onpenenuts CKOPOCTH IIAPOB MOCIE a0COTIOTHO YIIPYroro yaapa.
Onpenenutb BO CKOJBKO pa3 YMEHBIIUTCA CKOPOCTH IIapa, ABMKYIIErocs CO CKOPOCTBIO V, MPHU
€ro COyJapeHUH C MOKOSIIUMCS IIapOM, Macca KOTOporo B N pa3 0oJbllie MacChl HANETAIOIIETO
mapa. Yaap cuuTaTh LHEHTPAIbHBIM U a0COTIOTHO YIIPYTHM.
3a1auu Ui CaMOCTOSATEIbHOTO PELICHUS
[Ipu nieHTpanbHOM YIPYroMm yaape, IBUXKYyIIeecs Telo Maccoid ml ynapsieTcst o mokosieecst Teao
Maccoid m2. B pe3ynbpTaTe 4ero ckopocTh MEpBOIoO Tela YMEHbBIIMIACH B /1Ba pa3a. OnpeaenuTs BO
CKOJIBKO pa3 macca MEepBOro Tena OoJbllle MacChl BTOPOTO M KHHETHUECKYIO DHEPTHIO BTOPOTO
TeJla HEMOCPEICTBEHHO MOCTe yapa, €Clii NepBOHAYaIbHAsI KUHETUYECKAsl JHEPTUsl MIEPBOTO TeJa
o6bu1a paBHa 800 J[x.
JIBa Tema, MBUTAsICh HABCTpeuy JAPYT APYTy co cKopocThio 3,0 mM/c Kaxzaoe, Mocie yaapa CTalu
JIBUTAThCSI BMECTE CO CKOPOCThIO 1,5 M/c. OnpeenuTh OTHOIIIEHHWE MacC STUX Tel.
JIBa ManbIX MJIaCTWJIMHOBBIX IIapuka, macca koTopbix 0,1 kr u0,2Kkr, mojBemIeHbl HA HUTSIX
OJIMHAKOBOM JJIMHBI 1 M Tak, 4TO OHM CONpHUKacatoTcs. [1epBhlil MIapuK OTKIOHUIHN OT MOJIOXKEHHUS
paBHOBECHS Ha Yroi /2 1 OTIycTUIU. Ha Kakyro BBICOTY TOJHUMYTCS MIAPUKH MOCTEe aOCOIIOTHO

Heylnpyroro yzaapa?




8. OXOTHHK CTpeJsieT U3 PYXbs C ABIKYIIEHCS JIOJKH B HANpaBJIieHUH ee JBkeHns. Kakosa Oblia
CKOpPOCTh JIOJKM JIO BBICTpPENa, €CIM OHAa OCTAHOBWJIACH TIIOCJIE JBYX CJIICJIIAHHBIX MO
BbICcTpenioB? Macca nonku /20 ke, macca oxoTHuka 80 ke, macca 3apsiaa 25 2. CKOpoCTh BbLIETa
cHapsiza u3 pyxbs 600 m/c.

3anamue Ne 6
Tema: HemHepumnaJibHble CHCTEMBbI 0TCYETA
Bonpocsl

. Kakue cucrempl oTcuera Ha3pIBatOTCSl HEMHEPLUAIbHBIMU?

Korzaa 1 nouemy Heo0X0uMO paccMaTpuBaTh CUIIbI MHEPLUU?

Uro Takoe CUiIbl MHEPLUUU W YEM OHM OTJIMYAIOTCA OT CHJI JACUCTBYIOUIMX B HHEPLHUAIbHBIX

cUCTEeMax oTcyera?

Kak nanpaBnena nenrpo6exnas cuna? Korga ona npossisiercs?

Kak nanpasnena cuna Kopuonuca? Korga ona nposisisiercs?

KakxoBb1 0COOEHHOCTH BCEX CHJT UHEPIIHH?

Teno OpolieHO BepTHKaIbHO BBEpX. BepHETCs T OHO B Ty € TOUKY IPU NaJeHUH Ha 3eMiTio?

[IpuBeauTe nmpumMe NposIBICHUS CUJI HHEPLIMU Ha 3eMIIe.

3aauu Ui pelieHus B ayAUTOPUU

1. Hebonpmoe Teno magaer 6e3 Ha4aJIbHOW CKOPOCTH Ha 3eMIlt0 Ha kBatope ¢ BeicOTHI 10,0 M. B
KaKyl0 CTOPOHY M Ha KaKO€ pacCTOSHHE X OTKJIOHHUTCS TEJO OT BEPTHUKAJIU 3a BpeMs MajeHHs?
ConpoTuBieHHEM BO3lyXa peHeOpeyb.

2. T'opH30HTANILHO PaCIONIOKEHBI CTEP)KEHb BPAIIACTCS BOKPYT BEPTHUKAIBHOW OCH, TPOXOJSIICH
4yepe3 ero KoHell ¢ yriaoBoi ckopocthio 1,00 paa/c.PaccTosiHue oT ocu 0 Apyroro KOHIA CTEPKHS
1,00 m. Ha crepxenp HageTa HeOobIIast My(Ta, 3aKkperyieHHas: ¢ TOMOIIBI0O HUTH Ha PaCCTOSTHUHN
0,100 m oT ocu BpamieHus. B HauanbHBIIT MOMEHT BPEMEHU HUThH MEPEKUTAIOT U My()Ta HAUWHAET
CKOJIb3UTh 0€3 TpeHus 1o cTpexHio. HaliTu BpeMmsi, crycTsi KOTOpoe My(pTa CIETUT CO CTEPIKHSL.

3a/1auu Juis cCaMOCTOSATEIbHOIO PelleHUs

3. ChoyTHUK IBWIKETCS B IKBATOPHAIBHOM IJIOCKOCTH 3€MJIM C 3alajia Ha BOCTOK IO KPYroBOH
opoute pammyca R. IlpeneOperas yckopeHHeM, OO0YCIOBICHHBIM JBIKEHHEM 3EMJIH BOKPYT
CoJHIla, HAUTU YCKOPEHUE CIYTHUKA B CUCTEME OTCUETA, CBA3aHHOU C 3€MJICH.

4. Bpamenue 3emMiid NPUBOJUT K OTKJIOHEHHIO0 CBOOOTHO MaJAl0NINX TE OT HampaBjeHus oTBeca. B
KaKyl0 CTOPOHY IPOUCXOTUT 3TO OTKIOHEHHE?

5. Ha mmockoctu ¢ yriaom HakiaoHa o JeKUAT Teno. Onpenenure HauMEHbIIEe 3Ha4YeHHE
ko3¢ dumenTa TpeHusl, Ipu KOTOPOM Tello He OyJIeT COCKalIb3bIBaTh C HAKIOHHOM IIOCKOCTH,
€ClIi TUIOCKOCTh JBWXKETCA: a) paBHOMEpHO; ©O) paBHOyckopeHHo. Pemmre 3amauy B
MHEPLUHATBLHON U HEeMHEepLUaIbHON CHCTEME OTCUeTa.

LN
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3anamue Ne 7

Tema: MexaHn4eckue K0J1e0aHUA U BOJHBI

Bonpocsl

Uro Takoe konebanue? Kakue koneGaHus Ha3bIBAIOT: a) CBOOOIHBIMHU, 0) BHIHYKJICHHBIMU?
Kakue xonebanust Ha3pIBaIOT FAPMOHUYECKUMH, 3aTyXaIOIIUMU?
Jlaiite ompeneneHue amIuMTyabl, Gasbl, MEpPHOJA, YaCTOThl, IMKIMYECKOH YacCTOTHI
KoJIe0aHUH.
UTo Ha3BIBAIOT: ) MAaTEMAaTUYECKUM MassTHUKOM, 0) IPY>KHUHHBIM MasiTHUKOB?
Kak u3meHuTcs yactora COOCTBEHHBIX KOJIEOAHH C YBETUYEHUEM MACChl MasITHUKA?
3anummre A8 3aTyXalomuX KojeOaHuii: a) nuddepeHanbHoe ypaBHeHUE, 0) ero pelieHue.
[To xakoMy 3aKOHY U3MEHSETCS aMILTUTY/A 3aTYXaroMINX KOJIeOaHit?
Uro Takoe kodddunmeHT 3atyxanus? Jlorapupmudeckuii JeKpeMeHT 3aTyXaHHsI?
Uto Takoe BBIHYXACHHBIE KoseOanusa? OT 4ero 3aBUCUT UX aMIUIUTyaa?
10 Uto HazbpiBatoT pe3oHaHcoM? OT 4ero 3aBUCAT pe30HAHCHAS YaCTOTa M aMILTUTyAa?
11. OOBsicHUTE MEXaHU3M PACIPOCTpaHEHUE KOJIeOaHUH B YIIPYToii cperie.
12. Yro Takoe: a) j1y4, B) BOJIHOBAsi IOBEPXHOCTbH, T') PPOHT?

wrh e
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13. Yro Ha3bIBAIOT: a) MOTIEPEYHON BOJIHOM, 0) IPOJOIBHOM, B) OeryIiei, r) cTosiuel, ) MIOCKOMH,
e) chepuueckoii?
14. Yo Ha3BIBAIOT: &) JJTUHOW BOJIHEI, 0) BOJTHOBBIM YHCIIOM?
15. Yto Ha3piBaroT (ha30Boi CKOpOCThIO? [ pyIMImoBoii CKOPOCTHIO?
16. Kak onpenenuTs SHEPTHIO MEXaHUYECKOH III0CKOM rapMOHUYECKON BOJTHBI?
3anaun
1. MarepuanbHas TOUKa Maccod 5 I coBepllaeT rapMOHMYEcKUe KojebaHus ¢ yacrotou 0,5 I'm.
Amruutyna kosiebanuii 3 cMm. Omnpenenuth CKOPOCTh, YCKOPEHHUE W CHITy, JNEHCTBYIOUIYIO Ha
TOYKY B MOMEHT, KOI'/la cMellleHue X = 1,5¢cM.
2. Haiitm ammutyny, mepuoj, 4acTOTy WM HadajdbHYIO (a3y KojeOaHHs, 33JaHHOTO ypaBHEHHUEM

- 5Sin(39,2t + 5,2)CM

3. Touka coBepiaeT rapMoHHYecKHe Koebanus. B HeKkoTopelii MOMeHT BpemerH t1 cMemenue X1 =
5 cm. Ilpu yBenmueHun (as3wpl BIBOEC CMEIICHHE TOYKM cTajo X2 = 8 cMm. Haiftm ammumtymy
KoJIeOaHUH.

4. Cxopoctb ynpyrux BojiH 4 m/c. Paccrosinue Mexay ABYMs KOJICOMIONIUMUCS YaCTUIIAMU CPEJIBI C
paszHocThio (a3 m /4 paBHO 5 cMm. OmnpenenuTs: a) 4acToTy, 0) mepuoAa KoJieOaHUM, B) IIUHY
BOJIHBI.

3aj1auy Juis cCaMOCTOSATEIbHOIO PEelIeHUs

5. Haiitu ammmryny, nepuoj, 4YacToTy, HaudalibHyl a3y KoJieOaHWH, a TakkKe MOIYy4YUTh

BBIPAKEHUSI CKOPOCTH, YCKOPEHMSI U MEXaHUYECKOM PHEPruu, €ciiu 3aKOH KojeOaHU MMeeT BUJ

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

Kax n3menutcst mepuo 1 koaebaHuii MasTHUKA MPU TIepeHoce ero ¢ 3emiu Ha JIyHy.

7. Uemy paBeH nepuoj koieOaHus MasTHUKA, HAXOIALIETO B BaroHe, ABMKYIIEMCS TOPU30HTAIIBHO C
YCKOpeHHEM a?

8. Yacrora konebanmii wctouHuka ynpyroi BomHbl paBHa 500 ['m. Bosma pacmpoctpansiercs B

BO3ayxe co ckopocThio 340 m/c. Berumcnmre: a) NUKIMYECKYIO YacTOTy, 0) MEpHOJ, B) UIUHY

BOJIHBI, T') BOJJHOBOE YHCJIO. 3alUIIUTE YpaBHEHHUE BOJIHBI.

o

3anamue Ne 8
Tema: MexaHuKa JKHAKOCTEH U ra3os

Bomnpocst
1. Yrto Ha3bIBAIOT CTAllMOHAPHBIM TEYCHUEM KUIAKOCTH (Wiau ra3a)? Yro Takoe «Hec)KHMaemas
JKUIKOCTE)?
2. ChopMynupyiiTe U 3alMIIATE TEOPEMY HEPa3phIBHOCTU CTpyH. M300pa3uTe COOTBETCTBYIOUIYIO
TpyOKY TOKa.

3. Uro Takoe «upaeanbHas XUIAKOCTb»? CdopmynupyiiTe U 3anuuure ypaBHeHue bepHymu.
OnuiuTe KaXx10€e ero ciaraeMoe.

C xakoil CKOPOCTbBIO KUIKOCTb BHITEKAET U3 OTBEPCTHSI?

OT 4ero 3aBUCHUT CHJIa PEAKLIMK BhITEKAOLIEH CTpyH?

Uro Ha3bIBAIOT: a) JIAMUHAPHBIM TEUCHHUEM, 0) TYpOYJIEHTHBIM TeUCHUEM ?

Kakoit Buz umeer u Juig yero HyxHa popmyna [lyaseiina? Uto Takoe «IOTOK KUAKOCTH»?

ITo kakOMy KPUTEPHIO OIIPEIEIAIOT XapaKTep TeUECHUS KUIAKOCTH?

Urto Ha3bIBAIOT :a) JIOOOBBIM CONPOTUBIECHUEM, 0) MOABEMHOMN CUIION?

0. Yro no3Bosster Haiitu popmyna Ctokca?

BOo~NOGA

3agaun
1. Axsapuym umeet GopMmy Kyba co cropoHoit a = 60 cm. Jlo kakoil BBICOTHI h clenyeT HamuThH B

HEro BOJly, YTOOBI CHJa JaBJeHHUS Ha OOKOBYIO CTEHKY Oblia B 6 pa3 MeHble, YeM Ha JTHO?
ATMocdepHoe TaBiieHUe He YUUTHIBATb.

2. B crakane muaBaeT Kycok jbjaa. Kak u3MeHHUTCS ypoBeHb BOJBI, Korjaa jej pactaetr? M3meHuTcs
JIM OTBET, €CIIU BO JIby HAXOJUTCA: a) KycoueK npoOkH; 0) cTanpHas raiika?



B nebonbmom GacceifHe mraBaeT mory3aToruIeHHas JIOAKA. Y POBEHb BOJBI B JIOJIKE TAKOH ke, Kak
B Oacceitne. V3 10o1ku 3a4epmHyH BEAPO BOABI U BEUTHIIN B OacceiiH. ['1e Teneph BhIllie YpOBEHb
BOJIbI — B JIOJIKE WK B Oacceiine? Kak u3mMeHwiIcs ypoBeHb BOJIbI B Oacceitne?
C MocTHKa Haj KaHaJoOM, II0 KOTOPOMY TEYET BOJA, OMYyIIEHA y3Kas M COrHyTas MOJ NPSIMbIM
yrioMm TpyOka. E€ oTKpbITHII KOHel 00paiiéH HaBcTpedy TeueHuo. Bona B TpyOke moaHsiach Ha
BbICOTY150 MM Haja ypoBHEM BobI B KaHasle. HailTu ckopocTh TeueHus BOIbI B KaHAJIE.
Hunuuapuaeckuit cocyn Beicotoit 50,0 cm u paguycom 10,0 cMm HamoHEeH A0BepXy Bojaou. B nHe
cocyma OoTKpbeIBaeTcsi orBepctue paamyca 1,00 mm. [IpeneOperasi BA3KOCTBIO BOJIbI, BHIYHCIIHTE
BpEeMs UCTEUEHUs BCEH BOJIbI U3 COCYAA.

3aJ1auy Juls cCaMOCTOATEIbHOIO PEIICHUS
B Hebomnpimom Oacceitne tuiaBaet yiogka. I3MeHHTCst i (M Kak) YpOBEHb BOJIBI B OacceiiHe, eciu
JIeXAIINI Ha THE JIOJKH KaMEeHb OPOCHUTH B BOIY?
Boznymneiil map oo6semom V = 300 M3 maput BOau3u noBepxHoctu 3emun. C mapa cOpocunu
Oasutact, ¥ 1ap MOJHSJICS Ha BBICOTY, Il INIOTHOCTh BO3/yXa BABOE MeHbIIe. KakoBa Macca Am
Oamnacra, ecnu oObeM Iapa mHpu noabeMe ysenuuwicsd B 1,5 paza? Temmeparypy Bo3nyxa
cuuraiite pasHoi 00C.
[TnactmaccoBblif Opycok 1uiaBaeT B Boje. Kak m3aMeHuTcs riyOuHa norpykeHus Opycka B BOLY,
€CJIM MTOBEPX BOJIbI HAJTUTH CJIOW MacJa, MOJIHOCTHIO MOKPBIBAOIINI OpycoK?
Ha ppruakHbIX Becax ypaBHOBEIIEH TMPsIMU cOCyA ¢ Bojgoil. HapymmuTcs nu paBHOBecHe, €Ciau B
BOJIy IOTPY3UTh IMO/IBEILIEHHBIA HAa HUTKE CTaJIbHON OPYCOK TakK, YTOOBI OH HE Kacaycs JHa?

3anamue No 9
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Tema: OCHOBBI MOJIEKYJISIPHO-KUHETHYECKON TEOpUHU
MKT uoeanvroeo eaza
Bonpocsl
CdopmynupoBatb ocHOBHBIE yTBepxkacHHS MKT.
B uém cytb Moaenu uaeanbHoro rasa’?
Kaknumu MukponapaMeTpaMmu XapaKTepHU3YIOTCS MOJIEKYJIbI?
Kak HaliTu: aTOMHyI0 €OUHMILy MacChl, MacCcy MOJEKYJbl, MOJIIPHYIO MacCy BEIEecCTBa,
KOJIMYECTBO BellecTBa?
Uro Takoe 3(h(HeKTUBHBIN JUAMETP MOJIEKYJIbl, U KAKOBO €ro 3Ha4€HHUE MO MOPSAIKY BEIHUYNHBI?
UTto Ha3bIBAIOT AIUHHONW CBOOOJHOTO Mpobdera MOJIeKys, U OT Yero OHa 3aBUCUT?
Uro Takoe cpemHss apudmMernyeckas CKOPOCTb MOJIEKYJbl, KAKOBO €€ 3HAa4YeHHE IO MOPSAKY
BEJIMYUHBI?
Uro Takoe cpedHss KBaJpaTHYHas CKOPOCTb MOJIEKYINIbI, KaK OHa COOTHOCHUTCSI CO CpelHei
apudMeTHnIecKon?
UTo HaA3BIBAIOT CTEMEHbIO CBOOOABI MoJieKynbl? Kakue oHu ObiBatoT? CKOJBKO WX JUISI MOJIEKYI
pa3Hoil CTPYKTYpbI?

. Kak naiitu: CPCAHKOI0 KHNHETUYCCKYIO SHCPI'UIO OJIHOM MOJICKYJIbI, BCEX MOJICKYII BeH.IeCTBa‘.7

3agaun
OmnpenenuTth CPeTHION JJIMHY CBOOOIHOTO Mpobera MoJiekya Kuciiopoaa. Kucinopoa HaxonuTcs B

cocyze mpu temieparype 27 °%Cu nmasneHun 100 xI1a.
Onpenennuts cpeHee YUCIO CTOJKHOBEHUH 3a 1 ¢, MPOUCXOIAIIMX MEXKIY BCEMH MOJIEKYJIaMU
a30Ta. A30T HaXOUTCA B cocyie EMKOCTBIO 3 J1 IIpU Temreparype 27 °C u naBnenum 100 xI1a.
B cocyne émkocthio 4,0 11 coaepkUTCst HEKOTOPbIM ra3 maccout 0,6 r moj 1aBieHueM 2,010° ITa.
OnpenennuTts CpeHIO KBAAPATUHYHYIO0 CKOPOCTh NOCTYNATENBHOTO IBUKEHUS MOJIEKYIL.
HaliTu cpenHio0 KHMHETHYECKYI0 DSHEPTHI0 IIOCTYNATENbHOTO JBWJKEHUS BCEX MOJIEKYI,
conepranuxcst B 0,20 T BOASHOTO mapa 1pu Temmeparype 27 °C.

3aJ1auy Julsl CaMOCTOSATEIbHOIO PEIICHUS
OnpenenuTth CpeHIO JIHHY CBOOOIHOTO MpoOera aroMoB relivsl B YCIOBHUSAX, KOT/A MJIOTHOCTh
rejus paBHa 2,1‘10'2 Kr/m>,
IIpu xakoil TemmepaType MOJIEKYNBl Tenusi 00JaJaroT Tako e cpeaHed apupmeTndeckoit
CKOPOCTBIO, KaK MOJIEKYJIBI BOAOPOa Npu Temreparype 288 K.




7.

8.

Ckonpko Mozekyn coaepkurcss B 10 r HEKoTOporo rasa, CpeiHsisi KBaJpaTH4Has CKOPOCThb
MOJIeKyN KoToporo paBHa 480 m/c mpu Temnepatrype 23 °C?

JlaBnenue naeamsHoro rasa 10 wlla, xommentpamms momekyn 2,010% cm® . Onpemenuts:
CPEAHIOI0 KHHETHYECKYIO SHEPTHUIO MOCTYNATENIbHOTO JBIKEHHUS OJTHOW MOJICKYIIbI; TEMIIEPaTypy
rasa.
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Cmamucmuueckue pacnpeoenenusi MOIeKyl 2a3d
Bonpocsl

KakoB xapakrep ABM>KEHUSI MOJIEKY?
Uro Takoe QyHkmus MakcBeia, kakoB e€ ¢u3uueckuii cmbicn? M3o0pasure rpaduk GyHKINN
Maxkcsemia.
KaxoB cMbICH BBIpayKE€HUS «pacrpeesieHue MOJIEKYJI IO CKOPOCTSIM»?
Urto Takoe HauBepOATHENIIasi CKOPOCTh?
KakoBo cooTHOlIEHHE HauWBEpOATHEHIIEH CKOPOCTH €O cpeiHed apudMeTnueckod W cpenHei
KBaJIpaTUYHOM?
Kak skcriepuMeHTanbHO OBLIO MMOATBEPKICHO pactpeseneHne Makcsena?
Uto HazwiBaroT pacnpeneiaecHueM boiabivana? M300pa3uTk ero rpaduyecku.
Kakos Bua 6apomerpuyeckoit popmyibl, Kak €€ MOJyduTh?
[Ipm kakux ycnoBusX cpaBeaauBbI pacnpenenenus Makcsemia nu boasimana?

. [IpuBenure mnpuMepbl MPOSIBICHUS pacupeneieHuss bosblMaHa WM CHIPaBEUIMBOCTh

OGapoMeTpudecKo (GOpPMYIIHI.
3aga4n

Onpenenuth HaMBEPOSTHEHIIYIO CKOPOCTh MOJIEKYJ HEKOTOpPOro Tas3a, €eCiM CpexHss
KBaJpaTU4YHasi CKOPOCTh €ro MOJIeKyJ paBHa 516 m/c. Kakoii 3To ra3 (MoJisspHas macca), €Clid ero
temmeparypa 300 K ?
Onpenenuth HaMBEPOSTHEHIIYIO CKOPOCTh MOJIEKYJT OJHOIO rpamMma HEKOTOpOro rasa, eciiu
M3BECTHO, UYTO B ATOM rase npu Temmeparype 273 K comepkurcs 1,8'10% MOJICKYJI.
Ha mnoepxsoctn 3emim Gapomerp mokassiBaer 1,01310° ITa. KakoBo ero mHokasaHHe IpH
nogbemMe Ha TB Oamuo B OcrankumHo BbIcOTOM 533 M? Temmeparypy BoO3ayXa CUMTATh
noctossHHOM 1 paBHOM 280 K. HaliTu Tak»e KOHIIEHTpalUIO MOJIEKYJ BO3/1yXa Ha 3TOM BBICOTE.
Ha kaxoii BeicoTe AaBiieHHne aTMOC(hEpHOTO BO3Iyxa cocTaBiseT /5 % OT naBieHHs] HA ypOBHE
Mops? Temneparypy Bo3ayxa cuuTaTh MOCTOSTHHOM U paBHOH 0 oC.

3a/1auu Juisi cCaMOCTOSTEIbHOIO PelIeHUs
Onpenenutbs HaMBEPOSITHEHUIITYIO CKOPOCTh MOJIEKYJ HEKOTOPOro rasa Maccoif 1 r, eciii U3BECTHO,
4TO B 3TOM Ta3e npu tremneparype 273 K conepxkurcs 1,810 2 MOJIEKYII.
Kakoii mporeHT OoT 001ero 4mcia MOJEKyJl HEKOTOPOTO ra3a COCTAaBIISIIOT MOJIEKYN, MOIYIU
CKOPOCTEH KOTOPBIX OTINYAIOTCS OT CPEAHEN KBaJApaTHUHOM ckopocTu He Oonee, yem Ha 0,5 %.
[Ipu kakoil TemmepaType 4HMCIO MOJEKYNI a30Ta, 00JaJalolluX CKOPOCTSIMH, MOAYIM KOTOPBIX
3aKitoueHsl B HHTEepBajie 299+-301 m/c, craHeT paBHO YHCIIy MOJIEKY, 001aIal0IUX CKOPOCTSIMU
B uHTepBane 599+601 m/c?
Onpenenuthy OTHOILIEHUE AABIEHUS BO3[yXa Ha JHE IIAXThl TYOMHOM 2 KM K JaBJICHHUIO HA
BBICOTE 2 KM, IPHHIMAs TEMIIEpaTypy BO3/IyXa OAMHAK0BOH u paHoii 0 °C.
Onpenenuth Maccy rasa, HaxOJISIIETOCs B BEPTUKATHLHOM IMIIMHAPUYECKOM COCYJE, TUIOIIAIb
OCHOBaHHUsI KoToporo S, BeicoTa H. CumTarth M3BECTHBIMH TEMIIEpaTypy Ha YpOBHE HHKHETO
OCHOBaHUS IIWIMHJpA, AaBIIEHUE Ha TOM YPOBHE U MOJISIpHYIO Maccy. [IpuHsaTh TemmepaTypy u
yCKOpeHUe CBOOOIHOTO Ma/IeHUs HE 3aBUCSAIINMHU OT BBICOTHI.
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Tema: OCHOBBI TEPMOAMHAMMKH
Ypasuenue cocmosinus udeanvrozo 2asa. I azogvie 3aKoHbl

Bonpocsl
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UTto o03HAYalOT TEPMHUHBL TEPMOJMHAMUYECKAs CHUCTEMa, TEPMOJUHAMUYECKOE COCTOSIHUE
BEIIECTBA, TEPMOIMHAMUYECKHE ITapaMeTPhl, TEPMOTUHAMUYECKHIA TTPOIIecc?

[IpuBenuTe mpuMepsl TEPMOIUMHAMUYECKUX ITAPAMETPOB U MPOLIECCOB.

UTO Ha3BIBAIOT YPABHEHUEM COCTOSIHUS?

Kaxo#t Bu11 /U1t M1€anbHOIO ra3a UMEeT: a) TEPMUUECKOE YpaBHEHUE COCTOSIHUSA, 0) KaTopUuecKoe
ypaBHEHHUE COCTOSIHUS?

[Ipu xkakoMm yCIOBHMU MPOUCXOAMT: a) M30TEPMHUECKHI mporecc, 0) M300apHBIN Tpolecc, B)
M30XOPHBIN Iponecc?

N3006pa3ute rpaduueckr Kaxblii H30MpoIece Ha KoopauHatHou cetke: a) (p,V), 6) (V,T), B)
(p.T).

UT0 Takoe KOMIIOHEHTa CMECH, TapIIHAIbHOE JIaBlicHuE?

Kax onpenenuts naBjieHue cMecH ra3on?

3anaun
Jlo kakoi TemmepaTypbl MOKHO HarpeThb IUIOTHO 3aKpBITBIA cOCy[, coaepKamuid 36 T BOJIBIL,
YTOOBI OH HE Pa30pBaJICs, €CIM CTEHKH COCyJa BBIJCPKUBAIOT JaBICHUE 510°a ? EmkocTs
cocynaa S .
B cocyne o6semoM 0,1 11 comepKHTCST HeKoTOpsIil ra3 mpu Temmeparype 27 °C. Ha ckombko
IOHU3HTCS JABIICHNUE Ia3a, eCIM BCISACTBIE YTSUKH ra3a u3 cocyua oiiizer 102 monexyn?
B cocyne o6pemom 2 M® HAXOJUTCS cMeCh 4 KT Tels U 2 KT KHUCJI0poJia Ipu Temneparype 27 oc.
OrnpenenuThb JaBieHNe U MOJSIPHYIO MacCy CMECH Ta30B.
l'a3 cxxatr M30TEPMHUYECKH OT 00beMa 8*%10° Tla 1o oobema 6*107° M3, MIPU STOM JaBJICHUE Trasa
BO3POCJIO Ha 4*10° Ta. Kakum 66110 MepBOHAYAIILHOE JaBJIeHUE Ta3a’?
3a/1auu U1 CaMOCTOSATEIBLHOTO PEIICHUSI

B Gaiose eMKkocTbio 0,2 M> HaxouTes renuii mox gasiernem 1107 [a u npu Temrepatrype 290
K. ITocne noakayky renvst qaBjeHHUE ITOBBICHIOCH Ha 210’ [Ta, a Temneparypa - Ha 303 K. Ha
CKOJIBKO YBEJIMYHMJIACh Macca rejusl Mpu MoJKadyKe?

OmpenenuTh Maccy yriIeKUCIoTo ra3a, mpoTekaromiero B reueHue 10 Mmun co ckopoctsio 0,9 m/c o
TpyOe, TUIOMmas TOMEPEYHOT0 CEUEHUs KOTOpOr 5 cM®. Jlanenue raza 3,9°10° Ila. Temmepatypa
280 K.

Hekortopyio Maccy wuaeanbHOTO rasza CHayala H300apHO HarpeBaloT, 3aTeéM H30TePMUYECKH
CKMMAIOT, a 3aTEM HM30XOPHO MOHIKAIOT JaBiieHue. ['a3 Bo3Bpaliaercss B MCXOJHOE COCTOSHHUE.
N306pa3ute a1 mporiecchl Ha koopauHatHeix cetkax: (V,p), (T,V) u (T,p).

B 6annone emkocthio 0,80 M Haxoautcs 200 r Bogopoaa u 290 r azora. Onpenenutb AaBiICHUE
CMECH, eclIi TeMIeparypa okpyskaorei cpeast 27 °C.

OnpenenuTh IJIOTHOCTh Tra30BOM cmecHu, cocrosmed u3 8,0 r remus m 4,0 © aproHa npu
temmeparype 290 K u manennu 1,0'10° I1a.
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Ilepsoe u emopoe navana 1/]
Bomnpocsl

W3 yero oOpasyeTcst BHYTpEHHSS SJHEPTHsl BeliecTBa’?
Chopmynupyiite mepBoe Hayalo TEPMOIMHAMUKH. B uYeM CXOJICTBO W pa3iuuue MOHITHMA
«KOJTMYECTBO TEIIOTHI», «padoTa?
Uto Ha3bpIBalOT TEIUIOEMKOCTBIO BEIIECTBA: MOJISAPHOH, yAenbHOU? B Kakux eauHHIlaX OHU
n3Mepsorcea? KakoBa MeXy HUMH CBSI3b?
Chopmymuposats 1HT/] ni1s n30XxopHOTO mpoiiecca U OMpeaeuTh padoTy, KOJTUYECTBO TETIOTHI
U MOJIIPHYIO TEIUIOEMKOCTb.
Chopmymuposats 1HT/] ns usobapHoro mpoiiecca U onpeAenuTs paboTy, KOTUYECTBO TEIIIOTHI
U MOJIIPHYIO TEIUIOEMKOCTb.
Cdhopmymuposates 1HTJ] mis M30TEpMHUUYECKOTO TpoOIEcca U OMPEACTUTh padoTy, KOJIMYECTBO
TEIUIOTHI U MOJISIPHYIO TEINIOEMKOCTB JUIsl U30TEPMUUYECKOTO MpolLiecca.
Cdhopmymuposates 1HTJl ans agmabaTudeckoro mpoiecca M ONPEeuTh padoTy, KOJIMYECTBO
TEIUIOTHI U MOJISIPHYIO TEIUIOEMKOCTh JIJIS aInadaTuyecKoro mpolecca.



8.
9.

Yro Takoe SHTpOIHs (TepMOAMHAMUYECKasi TPAKTOBKA, CTATUCTUYECKAs TPAKTOBKA)?
B uem cyTh BTOpOTo Hauana TepMOJUHAMMKY U €€ OTIMYHE OT [IEPBOro Hayasa?

10. Chopmynupyiite epByIo U BTOpyIo Teopembl KapHo.

1.

10.

11.

12.

3amaun
Boopos 3anumaer 06bem 10 m° pu ganernn 0.1 MITa. Ero Harpenu mpy MOCTOSHHOM 0GBbeMe

1o gasnenus 0.3 MIla. Onpenenuts U3MEeHEHUE BHYTPEHHEH SHEPTUHU Ta3a, paboTy, COBEPIIEHHYIO
ra3oM U TEIUIOTY, COOOILEHHYIO razy.
Onpenenuth paboTy, COBEPIIEHHYIO MJICAIBHBIM Ta30M IPU U30TEPMUYECKOM PACIIUPEHUH, ECIIU
ero masienne ymeHsmmzock ot 12.10° Ia mo 2,0.10° Tla u ecim B Hadage paciIMPEHHs ras
3aHuMaJI 006EM 2,0 M3 0.
Kucnopox maccoit 160 r HarpeBarot npu nocrossHaoM naieHuu ot 320 no 340 K. onpenenuTs:
KOJIMYECTBO TEIJIOTHI, TOTJIONICHHOE Ta30M; W3MEHEHHE BHYTPEHHEH sHeprum; padoTy
paciupeHus rasa.
Onpenenuth U3MEHEHHE SHTPONUHU |1 T a30Ta B MPOLIECCE CHKATHA OT JaBJIeHUs 1 aT™M 710 1aBiIeHUS
1,5 atm. HayanbHas u KoHeUHast TeMrepaTypbl paBHbI, cOOTBeTCTBEHHO, 290 K 1 340 K.
Bonopon maccoii 1 r noasepraercst cHayasia aanabaTHOMY CKaTHUIO JI0 BABOE MEHbBILEro 00béMa, a
3aTeM HM30XOPHOMY OXJIQXKJEHHUIO /10 HayalbHOM Temmneparypsl. M300pa3ute rpaduuecku 3tu
nporecc B ocsax (P,V) u (S, T). Onpenenuts U3MEHEHNE SHTPOIIMU BOAOPOAA MEXKIY HAYaIbHBIM H
KOHEYHBIM COCTOSTHUSIMH.
Temneparypa HarpeBarenst temoBod Mammuabl 500 K. Temmnepatypa xonoawnsHuka 400 K.
Onpenenuts: KIIJ| TeroBoit MmamiuHbl, pabotaromedt no nukiny KapHo; MOJHYIO MOIIHOCTh
MAIlIMHBI, €CJIM HarpeBaTeNlb €KECEKYHIHO nepenaer el 1675 [ TennoTsl.

3a/1auy Juis cCaMOCTOSATEIbHOIO PEellIeHUs
VYrnexucnsiii Taz maccoit 88 T mzobapro Harper ot 300 K mo 350 K. Onpenenuts: KOIHYECTBO
TEIUI0ThI, COOOILEHHOE ra3y; paboTy raza; "3MEHEeHHEe BHYTPEHHEN SHEpPIrui.
Bo ckoJibkO pa3 yMEHBIIWJIOCH JaBjieHHWE a30oTa Maccod 10 T, KOTOpBIA HaXOOUTCA NpPHU
temneparype 17 OC, ecin MIPU U30TEPMHUYECKOM PACITUPEHUH ITOT Ta3 coBepmmi padoty 860 [[x?
O6bem aprona, Haxomsmerocs npu gaBiaeHun 80 klla, yBemwuwmiics or 1 mo 2 1. Ha ckombko
W3MEHUTCS BHYTPEHHSS DHEPrUs rasza, €CIM pAcIIUpEeHHEe IMPOU3BOAMIOCH: a) H300apHO; 0)
anuabaTHO?
OIpefelnTh M3MEHEHHe SHTPOIHH BO3AyXa 0OBEMOM | M° NpH ABYKPATHOM H30TEPMHYCCKOM
yBenuueHuu o0bema. [lo pacuimpenus Bo3IyX HaXOuiIcs Mo AaBieHueM 1,96 atm u remmeparype
273 K.
Bonopon maccoit 100 r cHauana n300apHO HAarpeT Tak, YTO €ro 00bEM YBEJIIMUUIICS BTPOE, a 3aTeEM
ObUT M30XOPHO OXJIAXJEH TaK, YTO JaBJI€HHE YMEHbIIUJIOCh BTpoe. OmnpeaenuTh CyMMapHOe
W3MEHEHHE SHTPOIHH.
Wneanphas TemnoBas MmamiuHa, pabortaromas no mukiny KaphHo, coBepiiaer pa®oty 3a muki 80
k/[x. Temnepatypa narpeBatens 373 K, a xonogunsuuka — 273 K. Onpenenuth: 1) KomudyecTBo
TEIUIOTHI, OJIy4eHHOE pabOYUM BEIIECTBOM OT HarpeBates, 2) KOJIM4eCTBO TEIUIOThI, IepeAaHHOE
XOJIOIWIBHUKY, K.I1.J. IUKJIIA.

3anamue No 13

Tema: ArperaTHble COCTOSIHHS BellleCTBA
Tennogvie ceolicmea peanbHbIX 2a306
Bomnpocsl
IIpy Kakux yciaoBHAX BO3HMKAIOT OTKJIIOHEHUS CBOWCTB PEANbHBIX a30B OT 3aKOHOB HACAIBHBIX
ra3oB, U B YEM OHHU COCTOST?
UYro coboil mpencraBnser ypaBHeHue Ban-nep-Baanbca? KakoB ¢u3nueckuil cMbICi MOMpPaBOK
«a» u «b» B ypaBHeHnn Ban-nep-Baanbca?
Kakoii Bug umeror usorepmsl: Ban-nep-Baanbsca, Ouaproca? Kakoli ydactok uzotepMel Ban-aep-
Baanbca ¢pusnueckn HEBO3MOXKEH U MOYeMy?
Kak meHsiercst BUJ M30TEPM pEaJbHOTO rasa, MOJIyYEHHBIX IIPHM pa3HbIX €ro TeMIepaTypax, U
novemy?



Uemy paBHA BHYTPEHHSISI DHEPTHUS peaabHOro ra3a?
3agaun

Kakyto yacTh AaBIeHHs KHCIOpOJA Ha CTEHKH COCYJa COCTABIISICT MOJEKYIApHOE (BHYTpEHHee)
JaBiieHHe, 00YCIOBICHHOE CUIAMU MPUTSHKEHUS MOJIEKYII, €CII 00BEM cocy/ia ¢ KUCIOPOIOM 8 I,
Macca kuciopoaa 300 r, temmeparypa 300 K? Kakyio uacth o0BEMa cocyma COCTaBISIET
coOCTBEHHBIIH 00BEM MOJIEKY KUCIOpoaa?
Beramcnure temmeparypy, Ipu KOTOPOH JAaBJICHHUE PEATBHOTO KUCIOPOa, UMEIOIIETO TNIOTHOCTD
100 r/i1, paBHo 70 arM. CpaBHHUTE ¢ TeMIIepaTypoi «uaeanbHOro» kucioposa. [TocrosiHubie Ban-
nep-Baaibca «a» u «by paBHsl, cootBercTBerHO, 0,135 H'm*/Mons? 1 3:10° Mm% /mous.
PeanbHblit Bog0opo B KoaudecTBe 1 MOJIb pacimpsercs uzorepmudecku mnpu temmeparype 300 K,
pu 3ToM 00BEM cocyna yBemuuuics ot 1,5 1 go 15 1. OnpenenuTs COBEPUIEHHYIO BOJIOPOJIOM
paboTy, eciau mocrosiHHbIe Ban-nmep-Baambca «a» u  «b» paBHbl, coorBerctBeHHO, 0,024
Hm*/moms? n 26'10° M3 /mois.
Onpenenuth u3MeHeHue HSHTponuu 10 T peanpHOro YrjaeKucioro rasza mnpu oOpaTUMOM
nu30TepMHUUecKoM paciupernn ot 1 1 g0 5 1. Tlocrosiuusie Ban-nep-Baanbca «a» u «b» paBHbI,
COOTBETCTBEHHO, 0,36 Hm*/Mons? u 4,3'10'5 M3/MOJTE.

3a/1auu JUTS cCaMOCTOSTEITLHOTO PEIIeHUs
B Gamnone emkocteio 20 m Haxomutcs 80 moielt HekoToporo rasza. [lpu 14 OC naBnenue rasa
paBHO 90 atMm, a ipu 63 OC naBnenne yBennumiiock 10 109 ar. Beraucnure nocrosiHasie Ban-nep-
Baanbca s storo rasa.
B cocyne o6némom 0,2 M Haxoautcs 300 Mop BOJOpOIA TIPU HOPMAILHOM AaBieHUH. Cuutas
ra3 peaJbHbBIM, ONPEICITUTh, BO CKOJIBKO pa3 HaJI0 YBEIUYHTH €r0 TeMIIEpaTypy, YTOOBI JaBlicHUE
YBEIUYWIOCH BTpoe?
Brruucnure maBneHue peaqbHOTO KUCIOpoa maccoit 1,1 kr, Haxomsmerocs B 6aumone 20 1 npu
Temneparype 13 oC. CpaBHuUTE pe3yibTaT, CUATAS T'a3 UJICaTbHBIM.
Bomopon B xommuectBe 1 monp 3anmMaer 00béM 1 11 mpu temmeparype 300 K. Beraumciure
JaBJICHUE aproHa: a) CUMTas aproH HICAIbHBIM Tra3oM; 0) cuMTas aproH pEaJbHBIM Ta30M C
CUJIaMU BHYTPEHHEr0 TMPUTSHKCHUS MOJIEKYJ, HO TpeHeOperass MX COOCTBEHHBIM OOBEMOM; B)
CUHMTasl aproH PEaJbHBIM Ta30M C COOCTBEHHBIM O0BEMOM MOJEKYJ, HO TpeHeOperas cuiaMu
BHYTPEHHETO MPUTSHKEHUS MOJIEKYJI; T) CUMTast aproH peaibHbIM ra3oM.
Apron B kosinuectBe 1 KMoJIb pacmupsieTcs nzorepmudecku npu remneparype 300 K ot 1 M 10 5
M°. CuMTas ero «BaH-AEp-BaalbCOBBIMY», OINPEAEIUTh: 1) COBEpILICHHYIO paboTy, 2) U3MEHEHUE
BHYTpEHHEH 3Hepruu, 3) cooOIIeHHOE KOJTMUYECTBO TEIIOTHI.

3anamue Ne 14
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Tennosvie ceolicmea peanbHbiX HCUOKOCmell U MEPOLIX mei
Bonpocsl
KakoBbl cOBpeMeHHbIE MPEACTABICHUS O CTPOSHUH JKUIKOCTEH?
Kak 0ObsICHUTH MOBEPXHOCTHOE HATSKEHUE KUuAKoCcTH? [IprMepsl ero mposBlieHus!.
UTto Ha3bIBAIOT: a) yIEJIbHOW CBOOOJHOMN SHEprueil MOBEPXHOCTH KUIKOCTH, 0) KOd(hdUIIMEeHTOM
MMOBEPXHOCTHOTO HATSHKEHUS?
Uro Takoe narutacoBckoe nasineHue? @opmyna Jlamnaca (BbIBOM).
Kak oObsicHuTh KanmuuisipHble sBiAeHHS? OTYero 3aBUCHT BBICOTa MOABbEMA HIIM OIMYyCKAHUS
KUJKOCTU TIO Kamuuispy?
KakoBbl 0COOEHHOCTH KPUCTATITUYECKUX TeN?
KakoB xapaktep ABMKEHUS YacTHIl B y3/1aX KpUCTAIIMYECKOU pemeTkn? OObSICHUTE MEXaHU3M
TEIJIOBOTO PACHIUPEHUS TBEPABIX TEIL.
Kak BpIYMCIUTH BHYTPEHHIOIO SHEPTUIO OJTHOTO MOJISl BEIIECTBA B KPUCTAIITNYECKOM COCTOSTHUU?
[ToyuuTs BBIpaXKEHUE TS TETIIOEMKOCTH KPUCTAUIOB (B KJIACCHUECKOM MPUOIMKECHUN ).
3ajauu
Ha CKOJIBKO HArpeeTcs KaIuisi PTYTH, [ONyYCHHAs IIPH CIMSHAM ABYX Kamenek pammycom 102 m
kaxaas? [lnoTHOCTH, yAenbHas TEMIOEMKOCTh W KOX(PGDUIMEHT MOBEPXHOCTHOTO HATKEHUS
PTYTH paBHbI, cooTBeTcTBeHHO 13600 Kr/™M°, 136 JIx/(kr’K) 1 0,513 H/m.



10.

®urtnip nogHuMaeT BoAy Ha BeicoTy 80 cM. Ha kakyro BBICOTY 1O TOMY e (PUTHIIIO TIOTHHU METCS
kepocuH? Koa(huimeHT noBepXHOCTHOTO HATSHXKEHUS U IJIOTHOCTh PaBHBI, COOTBETCTBEHHO, IS
BozIBI 72,75 MH/M 1 1000 kr/ m°, st kepocnma 24 MH/m 1 800 kr/ m°,
Topsiuast Boga ¢ Temmeparypoii 87 °C maccoii | KI OTZAeT TeroTy XOJOMHOH BOJE TAaKOH ke
Macchl, TeMIeparypa Kotopoit 17 °C. ¥x TEMIIEpaTypbl CTAHOBATCA OAUHAKOBBIMU. [Ioka3aTe, 4To
SHTPONUS IPU ITOM YBEIUUHUBAETCS.
[Tonb3ysce 3akoHoM [lrononra u [Itv, HallTH, U3 KAKOro MaTepuasga U3rOTOBICH METAIUIMYECKUN
umnHap BecoMm 0,245 H. U3BecTHO, uto 11 ero HarpeBanus Ha 20 K noTpeboBaioch KOJIMYECTBO
ternothl 117 JIxk.
Yacsl ¢ 1aTyHHBIM MasiTHUKOM MJYT HpaBUibHO IpHu Temmeparype 273 K. Ha ckonpko orcranyr
4achl 3a CYTKH, €clii TeMIieparypa noBbicutcs 10 293 K? KoappuuueHT TuHEHHOro paciupeHus
JIATYHU PaBEH 1910° K™

3aJ1auy Juis caMOCTOATEIbHOIO PelICHUs
Kakyro paboTy Hajjo COBEpUINTH, YTOOBI BHIAYTh MBUIbHBIN My3bIph AUaMETpoM 14 cM, eciu 3ToT
mpouecc cuutaTh uzorepMuueckuM? Kodp@pHUIIMEeHT NOBEpXHOCTHOIO HATSDKEHUS MBUIBHOMN
wieHku pased 0,045 H/m.
Kakyto paGoTy HEoOXOAMMO COBEPIIMTH, YTOOBI KaIUII0 Maciia Maccod 1 T U30TepMUYECKU
pa3apoOUTh BHYTPU BOJIBI Ha Kamelbku aAuaMeTpoM 1o 2 MkM? KoappuiueHT moBepXHOCTHOTO
HaTsDKCHUS Ha TPaHUIlE «BOJIa — Macyio» paBeH 18 MH/M, miotHocTs Macia — 900 kr/m”.
B cniupt Ha HeGobIIyIO TIYOHHY OMyIIeHa KanuulsipHas TpyOKa, BHYTPEHHUHN AuaMeTp KaHaia
kotopoit 0,5 mm. Onpenenuth BeC CHUPTA, MOAHSIBIIETOCS IO KaHANy, €Cld KO3(POUIUEHT
MMOBEPXHOCTHOTO HaTsbkeHus paseH 0,022 H/wm.
IIpn temneparype 273 K pnumna nuHkoBoro crepxkHs paBHa 200 mMm, a megnoro 201 mwm.
[Tonepeunsie pazmepbl cTepxHE oauHakoBele. [Ipu kakoil Temneparype OJMHAKOBBI: 1) JTHMHBI
cTepkHer; 2) 00béMbl crepikHel? KoaddumueHT MMHEHHOro TEIIOBOTO PACIIMPEHHUs ITMHKA
2910° K*, mem — 1710° K.
CBuHIOBas YIS, JeTAIas co ckopocThio 400 M/c, ynapsieTcst 0 CTeHKY ¥ BXoAWT B He€. Cunras,
yto 10 % KUHETHYeCKON HSHepruM myiaud HIAET Ha €€ HarpeBaHue, ONPENEIUTh, HAa CKOJIBKO
Harpenach Iyis. YKa3zaHHe: yIeJIbHYI0 TEIUIOEMKOCTh CBHUHIA ONPENEIUTh, BOCIOJIb30BaBIINChH
3akoHOM /J[romonra u I1tu.

3anamue Ne 15
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Tema: da3oBble Mepexo/bl
Bompocsl
Yro Ha3bIBaloT: (pa3oii BemecTsa, (pa3zoBsiM nepexonom? HazoBute azoBbie epexosl.
KakoBbI yc0BHsI paBHOBECHSI HA TPAHULIE «OKUJKOCTh — TBEPJOE TEIION?
Yro Takoe: TemiepaTypa IUIaBIeHUs, CKPbITas TEIJIOTa MIABICHUs?
[Touemy ynenpHast TeroTa napooOpa3oBaHMsl 3aBUCUT OT TeMIEPATyphl )KUAKOCTHU?
YTo nmpoucxoauT ¢ BHYTPEHHEH 3HEprueil U SHTPONHEH )KUIKOCTH IPU UCTIapEHUU?
KakoBo oTiinune ucnapeHus ot KuneHus?
UYro Takoe HACBILIEHHBIX Map, U KaK ONpPeNIeNIUTh ero JaBjieHue?
Yro ocoboii npeacrasser ypasHenue Kianeiipona — Knaysuyca?
Kakoii B MMeeT nuarpaMma paBHOBECHS KPUCTAJUIMYECKOHM, >KUIKOW M razoBoi ¢a3? Uro
Takoe: a) TpoiHas TOuKa, 6) KPUTUUECKOE COCTOSTHUE?
Yem otimuaroTcs (pazoBble MEPEXoabl IEPBOTO pojia OT (a30BbIX NEPEX0A0B BTOPOTo poja.
3aja4u
OnpenennuTes IIOTHOCTE BOJASHOIO Mapa B KPUTUYECKOM COCTOSHUM, €CJIM BaH-JEp-BaajlbCoOBa
MOCTOSIHHAS «D» JUTs Hero paBHa 310° M3/Monb.
Onpenenuts >(PQPEKTUBHBIN IUaMeTp MOJEKYIbl a30Ta, €CIM KPUTHYECKOe MAaBleOHuE U
KpUTHYECKasi TEMIIEpaTypa paBHbl, COOTBETCTBEHHO, 33,5 at™m u 420,1 K.
OtHocurenbHass BIAXHOCTh Bo3ayxa npu temmneparype 302 K paBra 70 %, a naBneHue
HaChILIEHHOTO BoJsHOro napa 3,996 klla. OnpenenuTs MIOTHOCTH BO3/yXa B ATHX YCJIOBMSIX U
TOYKY POCBI.



10.

Onpenenuth U3MEHEHUE TEMIIEPATYPHI IUIABJICHUS JIba IPY YBEJIMYEHUH BHEIIHETO JABJICHUS Ha
1 aT™m, eciy M3BECTHO, YTO INpH IUIABJIEHUU | KMOJS JbJla U3MEHEHHE SHTPONMUM paBHO 22,2
k/[x/K. [110THOCTH BOABI ¥ JIbJa PaBHBI, COOTBETCTBEHHO, 1000 kr/m° 1 900 kr/vC.
Onpenenuts u3MeHeHue SHTponuu 10 r JbIa MpU MPEBpALEHUM €ro B BOJSHOW map INpu
temneparype 373 K.TemnoémkocTh npaa cuuTaTh HE 3aBHCSIIENH OT Temneparypsl. HadanpHas
Temneparypa jbjaa pasHa 253 K Temnepatypy miaBieHus jabja DpuHITH paBHoU 273 K.

3aJ1auy Julsl CaMOCTOSTEIbHOIO PEellICHUs
CkonbKO 3dupa I0JKHO OBITh HAIUTO B aMIyly oObémom 28,5 cM®, 4TGB! IIPM HarpeBaHuu
HabOmroaTh KpuTH4eckoe coctosHue? Kpurmueckoe naBieHue paBHO 35,6 aTM, KpUTHYECKas
Temneparypa — 466,8 K, MomsipHas macca — 74107 kr/mous.
B komHate 06béMoM 120 M° npu temneparype 20 °C oTHOCHTENBHAS BIAKHOCTH BO3J/lyXa paBHa
60 %. OmnpenenuTh Maccy BOJSHBIX MAapoB B KOMHATe. [[TOTHOCTh HACHIIIEHHOTO BOJSIHOTO Tapa
IIpH 3TOM Temmeparype paBHa 23 /M,
Omnpenenuth aOCOJIIOTHYIO U OTHOCUTEIBHYIO BJIaKHOCTh BO3/1yXa B NOMEIIEHUH, €CIIH U3BECTHO,
yT0 Temneparypa paBHa 289 K, a touka pocsr 279 K.
Onpenenuth W3MEHEHHWE OSHTPONMM NpPU MpeBpalleHHH | Kr napa, HAaXOJIUBIIErocs Ipu
temiieparype 573 K, B Bojly U MOCIEAYIOUIEM OXJIaXACHUH BOJbI A0 TemmepaTypsl 293 K.
MapreHoBckas neuyb paboTaeT Ha HpUpogHOM raze. CKONBKO raza Hajo H3pacxojoBaTh s
BeIIaBKU 50 T cranmm, ecnu k.ai.j. neun 40 %? HavanpHas temmepatypa ctamu 20 oC, e
yaenbHas TermoéMmikocth 460 Jx/(kxr’K), ymenpHas TemsoTa TUTaBJICHHS 2,710°  Jhx/kr,
TeMrneparypa miaasiaeHus 1500 °c, yenbHas TeIoTa cropanns rasa 4,4 107 Jhx/kr.

3anamue No 16
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Tema: SIBJieHMsI mepeHOCa
Bonpocsl
Kaxkue cyimectBytoT siBieHus nepeHoca?
KakoBa npuunna: quddy3um, BHyTpEHHEr0 TPeHHs, TeIUIONPOBOIHOCTH?
Ot yero 3aBucAT K03hduHeHTs AUPGY31UH, BI3KOCTH, TEIJIOMPOBOHOCTH?
KaxoBa cBsi3p MeXX 1y STUMHU KOd(DPHUITHEHTAMU U YeM OHA 00YCIIOBIICHA?
Kyna nanpaBneHbl BEKTOpPHI IJIOTHOCTH MOTOKAa Macchl MOJIEKYJI, IJIOTHOCTH MOTOKa MMITYJIbCa
MOJIEKYJ, MJIOTHOCTH MOTOKA TEIIOTHI (3HEPTruu)?
Kak HanpaBneHbl BEKTOpPbI TpaJMeHTa IJIOTHOCTHU, TPaJieHTa CKOPOCTH Jipeiida cio€B BellecTna,
rpaJieHTa TeMIIepaTypsl CJI0EB BelecTBa?
3ajauu
On?enenme Maccy a30Ta, MpOIIEIIIero BeieAcTBUEe AU(dy3un yepe3 MOBEPXHOCTh IJIOLIAAbI0
10 m® 3a 10 CeKyHJ, €CIH B HANPABICHHH, MEPICHIUKYIAPHOM 3TOIl MOBEPXHOCTH, IPAIUCHT
IJIOTHOCTU paBeH 1,26 kr/m”. Temmnepatypa azota 300 K. Cpeansist anuna cBoboiHOrO mpodera
MOJIEKYJ a30Ta paBHa 107 M, a s pexrusnbrii nuamerp 3,110 m.
B ycnoBusx npeapiayiiei 3a1a4i BEIYUCIUTD KOAPHUITUESHT BHYTPEHHETO TPEHUS a30Ta.
Uemy paBeH KOA(p(GUIMEHT TEMJIONPOBOIHOCTU JABYXaTOMHOTO rasa, HaXOJsIIErocs B COCyne
00BEMOM 2 11 1 conepxamero 4107 MoJIeKyl, enu KoddduiueHT auddy3un 3TOro rasa paBeH
210° M%/c ?
3aJauy JUIsl CaMOCTOSITEIbHOTO PEIIEHUS
Onpenenuth kodpduument mubdy3un kucaopoma mnpu Temmeparype 50 °C, ecim mpu
HOPMAIIBHBIX YCIOBHAX OH paBeH 14,210° m%/c. Cunmrats, 4To HarpeBaHWe MPOM3OILIO MPH
HEM3MEHHOM 00BEME COCy/Ia C KUCIOPOJIOM.
Kucnopog u yriaekuciaslii ra3 HUMEIOT OJMHAKOBYIO Temmeparypy M jaaBieHue. Cuuras
3ppeKTUBHBIE AMAMETPbl MOJEKYJ 3THX TIa30B OJMHAKOBBIMHU, OIpPENCIUTh OTHOLIEHUs: 1)
kodpuuuentoB auppy3un; 2) KodPPHUIMEHTOB BHYTPEHHETO TpeHHs; 3) Kod(hPUIUEHTOB
TETIONPOBOAHOCTH.
Kakoe KOIMYECTBO TEIUIOTHI TEpseTCA €XKEeYaCTHO 4Yepe3 OKHO 3a CUeT TEeIUIONPOBOJHOCTH
BO3/JlyXa MEXJIy paMaMH, €clM IUIOIaJb OKHa 4 M°, pacCTOsSHHE MEXIy pamMamMu 3 cm?
Temneparypa B nomerennnu 20 °C, a cuapyxu -10 °C. JlaBienue HopManbHOE.




4 cemectp
anamue Ne 1

Tema: JaekTpocTaTu4yeckoe noJjie B BAKyymMe H B BelllecTBe
Onexmpocmamuyeckoe noie (311) 3apsocennvix men. Heticmeue D11 na 3apsobi.
Bonpocsl

CBolicTBa AJIEKTPUUECKOI0 3apsa.

3akon Kymnona.

Bekrop HanpsbkeHHOCTH 3ekTpocratudeckoro nods (O11). Enqununs! uamepenus HanpsokEHHOCTH
Hanpspoxkénnocts OI1, co31aHHOTO TOUEUYHBIM 3apsIOM.

Bexrop unayknuu (anexrpuyeckoe cMmeuienue) I11. Equnuibl usmepenns nHAYKIUN.

Teopema Octporpaackoro — ["aycca nnst unaykiuu J11.

@opmynsl ans uHAYKUMW (uiau Hanpsbk€HHoctd) Ol mo teopeme O. — I'., co3manHOro: a)
TOYEYHBIM 3apsiAoM, 0) 3apsyKEHHON HUTHIO, B) 3apsHKEHHBIM IMIIMHIPOM, T') 3apsbKEHHOM cdepoit, 1)
3apsKEHHON TUIOCKOCTBIO.

8. Kaprmra nuHMI  HanpsHkEHHOCTH  (MHAYKIUHM) — DIEKTPUYECKOTO  TOJIA,  CO3JaHHOTO

MIEPEYNCIICHHBIMU BBILIE 3apS’)KEHHBIMU TEIAMHU.

9. Teopema o mupkymsanuu HanpspkEHHOCTH D11

10. Pa6oTa OII mo nepeMenieHuro 3apsia.

11. lloTennman u pacyer pa3HOCTH mnoTeHIManoB OIl, cO3AaHHOTO MNPOTHKEHHBIM 3apSKEHHBIM

TEJIOM.

12. CBsi3b pa3HOCTH MOTEHIMAIOB 1 HanpspKEHHOCTH DI

3aga4n

1. B BepmmHax npaBHILHOTO TPEYrOJbHHUKA CO CTOPOHAaMU, paBHBIMU 10 cM Kaxjas, JIeKaT 3apsbl
2,2 10°® K, -1,0- 10°® K. Onpenenure HANPSHKEHHOCTh B TPEThEN BEPIIMHE TPEYTrOJIbHUKA.

2. Tlo ob6bemy mapa, pamuyc kotoporo 10 cm, paBHOMEpPHO pacmpeneneH 3apsg ¢ 00beMHOM
IJIOTHOCTBIO 8,85~10'6 Ka/v®. Onpenenute BEKTOP HANPSKEHHOCTH B TOYKAX, HAXOIAIIMXCS Ha
paccrostauu 30 Mm, 10 cM (Ha TOBEpXHOCTH) U 15 CM OT LIeHTpa 1Iapa.

3. Tonkas mpoBojoka muHON 10 cM paBHOMEpHO 3apsiKeHa 3apsaoM 3,3-10® Ku. Onpenenure
HaNpsH>KEHHOCTD AJIEKTPUUYECKOTO TOJIsl Ha OCH MPOBOJIOKK Ha paccTtosiHuu 10 cm ot ee koHua, 10
M OT €€ KOHIIa.

4. Omnpenenure padboTy, KOTOPYIO HEOOXOIMMO COBEPIINTb, YTOOBI YBEIUYUTh PACCTOSIHUE MEXKIY

JIBYMsI OJIMHAKOBBIMH IIJIACTUHAMU IwIo1aab0 200 cm? Ha 3,0 cM. 3aps/ibl IJIaCTUH 2,0-10'7 Knu-
2,0¢107 K.

Nook~wdpE

3a1auu Juisi cCaMOCTOSTEIbHOIO PelIeHUs

5. 3apspkeHHas NbUIMHKAa HaXOAMUTCS B PABHOBECHM MEX]Y IUIACTHUHAMHU IUIOCKOTO KOHAEHCATOpA.
Macca neutnak# 1,0910-12 r. Onpenenure 3apsi NbUIMHKH, €CJIM PACCTOSIHUE MEXY IJIaCTUHAMU
1,0 cMm 1 pazHOCTb NOTEHIMAIOB 612 B.

6. JIBe oaMHaKOBbIE KpyIJble MIACTUHBI TUIomanso 100 cM® KaXKash PacIiONOKEHbI TapallIeibHO
Opyr JIpyry. 3apsa OJHOW IJIACTUHBI -6,7-10'8 Kn, npyron — 6,7-10'8 Kin. Onpenenute cuiy
B3aMMHOI0 MIPUTSKEHUS TUIACTUH, €CIIM PACcCTOSTHUE MEXIy HUMH: a) 1 cm, 6) 10 m.

7. PaccrosiHue Mexay OByMs TOYEYHBIMH 3apsigamMu 2,7 108 Kn u -1,5- 10® Kn paBHO 5 CM.
Omnpenenure BEKTOpP HANPSHKEHHOCTH B TOYKE, YAAJIEHHOW OT MEpBOro 3apsiia Ha 4 cM, a oT
BTOPOTO Ha 3 CM.

8. Konbuo paguycom 5,0 cM 13 TOHKOM MPOBOJIOKM PaBHOMEPHO 3apsikeHo 3apsaom 1,6¢10-8 Ki.
Omnpenenure MOTEHIUAN MOJS: a) B IEHTPE KOJbla, 0) B TOYKE HA OCH KOJIbIIa, OTCTOsIIeH Ha 10
CM OT ero miockocTu. OnpeaenuTe HanpsKEHHOCTh 3JIEKTPUYECKOTO MO B TUX TOYKAX.

9. TonoxutenpHble 3apsasl 3,0010-5 Kin u 6,0°10-6 Kt HaxoasTcs B BakyyMe Ha pacCTOSIHUU 3 M
apyr ot apyra. Kakyro paboTy HE0OX0AUMO COBEPIIUTh, YTOOBI CONMU3UTH 3aPSbl 10 PACCTOSHUS
0,5 m?.




3auamue Ne 2

HpOGOOHuKU u dusﬂekmpuku 6 JJleKmpocmamuiyecKom noJie

Bonpocsr:

1. Dnekrpocraruyeckas 3aliuTa.

2. DJEeKTPOCTATHYECKOE MOJIE B TUAICKTPHUKE.

3. DnexkTtpuyeckas EMKOCTb: YEAMHEHHOTO 3apsaa, IUIOCKOTO KOHJEHcaTopa, chepruecKoro

KOHJIEHCATOpAa.

4. Dnexrpuueckas éMKOCTh 0aTaper KOHJICHCATOPOB NMPH MX COSAMHCHHH: a) TOCIEIOBATEIBHO, 0)

apajuIeabHO.

5. DHeprusi: a) KOHAEHcaTopa, 0) ogHopoanoro JI1, B) HeoaHopoanoro JII.

3aj1auu:

1. IlpoctpancTBO  MEXKAy IUIACTUHAMHM  IJIOCKOTO  KOHJIEHCATOpa  3aloJIHEHO  CTEKJIOM
(manexkTpuYecKas MPOHUIIAEMOCTh paBHA 7), PACCTOSHUE MEXIY TJIaCTUHAMU 5 MM, Pa3HOCTh
noTeHuuanoB Mexay Humu 1 kB. Omnpepenute: a) HanpsKEHHOCTb SJEKTPUUECKOTO IO B
CTEeKJIE; 2) TOBEPXHOCTHYIO TUIOTHOCTH 3apsija Ha IJIACTHHAX; B) MOBEPXHOCTHYIO IJIOTHOCTH
CBSI3aHHBIX 3apsI/I0B HA CTEKIIE.

2. JIBe xoHmeHTpUUeckune Metayumueckue chepsr paguycom 20 cm u 50 cM 00pa3yroT chepudeckuii
KoHJeHcatop. M3 3apsinel mo BenmuuHe paBHbl 100 vHKn.  OmnpenenuTs  3HEpruio
ANEKTPOCTATHUECKOTO TOJIST MEXIY chepamu.

3. K mractuHa TUTOCKOTO BO3IYNIHOTO KOHJIEHCATOpa MPHIIOXKEHA Pa3sHOCTh moreHuaioB 500 B.
Inomaxns mwiactua 200 cv?, paccrosiHue Mexay Humu 1,5 mM. [locne oTkimroueHnst KoHAeHcaTopa
OT UCTOYHHUKA MPOCTPAHCTBO MEXKy IVIACTUHAMH 3an0JTHWIN TtapaduHoM (€ = 2), OnpenenunTs: a)
KaKo¥W CTajla Pa3HOCTh MOTEHIMAJIOB; 0) EMKOCTh KOHJIEHCATOPA 0 BHECEHUS JUDIEKTPUKA; B)
€MKOCTh KOHJICHCATOPa TI0CIIe BHECCHUSI TUIJICKTPHKA.

4. JlBa xoHaeHcaTopa eMKocThiO 3,0 MKD u 6,0 MKD coearHMIN MEXTy COO0N M MPHUCOCTUHUIN K
Oarapee ¢ DJIC 120 B. Omnpenenute 3apsn Kakaoro KOHACHCATOpa M Pa3HOCTh MOTEHIIMAJIOB
MEXy ero 0OKJIaKaMu, €ClIu KOHJECHCATOpa COSANHEHBI: 1) MmapamuienbHo; 2) MoCIeI0BaTENbHO.

3a/1auy Juisl CaMOCTOSTEIbHOIO PelIeHUs

5. Tlnockuii KOHAEHCATOP, 3aMOJHEHHBIA CIIOAOW, 3apsDKeH 10 pasHocTH moTeHnuaioB 600 B.
Haiigute snekTpuyeckyio BOCIPUUMYMBOCTH CIIOJbI U 3HAYEHUE BEKTOPOB MOJIAPU3ALUU U
uHaykuuu. PaccrosiHue Mexay oOkinankamMu konjaencaropa 0,2 cm.

6. 3apsan 3,0-10® Ki maxonures B neHTpe napaduHoBoro mapa auamerpom 6,0 cMm. Omnpenenurte
IJIOTHOCTD MOJIAPU3ALMOHHBIX 3apsAI0B HAa MOBEPXHOCTH I1apa.

7. Omnpenenure €MKOCTb HWIMHIPHUYECKOTO KOHJAEHCATOpa CO CTEKJISSHHBIM JUAJIEKTPUKOM, €CIIU
BbIcOTa KoHzeHcaropa 20,0 cM, paguyc BHyTpeHHEH oOknaaku 7,40 cM, a BHemHed — 7,63 cwm.
(2,54 ud).

8. DHeprus MiIockoro Bo3aymHoro kouaencaropa 0,4 H/[X, pasHOCTh MOTEHIIMANIOB Ha OOKIIaKax

2
600 B, muomans muactud 1 cm”. OnpenenuTs: pacCTOSTHUE MEXIy 00KIIaJKaMu; HAPSX)KEHHOCTb
MOJIsI KOHJEHCATOPa; 00BbEMHYIO IITOTHOCTH YHEPTUHU TOJIA.

3anamue No 3

1.
2.

Tema: IlocTOSTHHBII YJIEKTPUYECKHUI TOK
Bomnpocbr:
Cuna Toka, MIOTHOCTh TOKA.
DNEeKTPOCONPOTHUBIICHNE: a) IWIMHIPUYECKOTO pe3ucrtopa, 0) Oarapen pe3UCTOpOB MPH HX

IIOCJIICA0BATCIIbHOM COCAMHCHNH, B) 6aTapeH PE3UCTOPOB MTPH UX MAPAJUICIIBHOM COCAUHCHHNU.

©ooN Ok W

OnHOpPOAHBIN U HEOAHOPOAHBIN YYaCTOK LIETIH.

O/1C, cTopoHHHE CUTIBI.

3akon Oma, npaBuia Kupxroda.

PaGota Toka, MOIITHOCTE TOKA (TIOJTHAS, MTOJIe3HAs, TOTEPD).
KII ncrounuka Toka.

3akoH /Dxoynsa — Jlenna

3aKOHBI JIEKTPOIU3A.



10. Ta30BBIif pa3psa: a) CaMOCTOSITETBHBIN, 0) HECAMOCTOSTEIBHBIH.

1.

10.

3anaun

Onpenenuth IJIOTHOCTh TOKA, TEKYILEro I0 NPOBOJHUKY UIMHOM 5 M, €ClIM Ha KOHLAX €ro
MO/JIEP’KUBAETCS Pa3HOCTh MOTEHIMAIOB 2 B. Y 1eNbHOE CONPOTUBIIEHUE MaTepHalla IPOBOJHUKA
paBHO 2 MkOM M.
B uenu nocrosunoro toka 3J1C ucrounuka Toka 5,0 B. BHyTrpenHee conpoTuBieHre UCTOUHHUKA
toka 0,1 Owm. Pesuctopsl comnporuBieHusimu pe3uctopoB 4,0 Om u 6,0 Om, coeauHEHBI
napajuiensHo. Halaure Toku, TeKyniue yepes NepBblid U BTOPOU PE3UCTOP.
Axxymynarop ¢ 9/1C 2,6 B, 3amMKkHyTBIN Ha BHEIIHee conpoTuBieHue, 1aeT Tok 1,0 A. IIpu stom
Pa3HOCTh NOTEHLMANIOB MEXKIYy IOJIIOCAaMM akKymyistopa paBHa 2 B. Hailigure TtemsoByio
MOIITHOCTb, BBIJICTSIEMYIO B aKKYMYJISITOPE, IMOJTHYIO MOIIHOCTh UCTOYHHUKA, TIOJIE3HYIO MOITHOCTD.
IIpu  noxkmroueHun K Oarapee  pe3ucTopa Ha  HEM  BBLAEISETCS  MOIIHOCTb
12 Br. IIpu srom KIIJI cucremsbl, cocTosimei U3 OaTtaper W pe3ncTopa, okasaics paBHbIM 0,5.
Haiimure KIIJ cuctembl npu TOAKIIOYEHUH K Oarapee APyroro pe3ucropa, Ha KOTOPOM
BBIJIEJISIETCS. MOIIHOCTH 9 BT.
JlBa mpoBoaHuKa comnpotuBiaeHussMH [0 Om u 16 Om coenuHeHsl napamuiensHo. [Ipu
MPOXOKJICHUHM TOKa Ha MEPBOM MPOBOJHUKE BbiAensiercs 40 /o temnoTel. OnpeneanTsb, Kakoe
KOJIMYECTBO TEIJIOTHI BBIJICTUTCS B O0OMX TMPOBOJHUKAX 3a TO K€ BpeMs TMpU HX
MIOCJIEIOBATEIILHOM COEIMHEHUU.

3aj1auy Juis cCaMOCTOSATEIbHOIO PEeIIeHUs
Hcrounuk TOKa ¢ 3.4.¢c. /2 B v BHyTpeHHUM conpoTuBieHreM 0,5 Om COEIWHEH C PeoCTATOM.
Hamnpsxkenne Ha 3axumax nctoyHuka paBHO /(0 B. KakoBa JajiMHa MEIHOM IPOBOJIOKH PEOCTaTa,
eciu ee ceuenue I mm® ? Y nenpHoe COIIPOTHUBIICHUE METU 1,68'10° Owm.
JIBa OMHAKOBBIX MCTOYHUKA TOKA COEIUMHEHBI B OJHOM CIIydae IMOCJIEJOBATENbHO, B JIPYIOM —
napajuieapHo. B 00omx ciaydasx OHM 3aMKHYTHI Ha BHemHee comportuBienue / Om. Haiitu
BHYTPEHHEE COINPOTUBIIEHUE KaXKJIOTO MCTOYHHMKA TOKa, KOTJa Cuja TOKAa BO BHEIIHEW LEMu B
000X clTydasx OJMHAKOBA.
VY snementa ¢ DJIC 6 B cuima Toka mpu KOpOoTKOM 3ambikaHuu 3 A. [Ipu kakoMm BHEHIHEM
COTPOTHBIICHUH, MOJKIIOYEHHOM K MCTOYHUKY, MOJIe3Has MOLTHOCTh OyaeT MakcumaibHa? Uemy
OHa paBHa.
DNEeKTpUYECKUd YalHUK MMEET JIB€ CeKUMU HarpeBarteld. [Ipy BKIIFOUEHHH MEpBOW CEKIIMHU BOJA
3akunaeT 4yepe3 10 MuH, a npu BKIOYEHUU BTOpoil — uepe3 30 MuH. Yepe3 CKOJIBKO BPEMEHHU
3aKUIUT BOJIA, €CIIM CEKI[UU BKIIOYHUTD MapaljiesbHO?
HukenupoBanue MeTauIM4ecKoro M3JeNus C IJIOMAb0 moBepxHocTH 120 cm? IIPOJIOJIKAJIOCH 5

g npu cuite Toka 0,3 A. Onpezaenure Tonmuay h cios HuKess (BaIEHTHOCTh paBHa 3, IIIOTHOCTH
8800 xr/n’).

3anamue Ne 4

wWooNoU~WNE

Tema: MarHuTHOe 110JIe B BAKYYMe M B BellleCTBe
MII moxos. Heiicmeue MII na moku

Bomnpocsl
Marnutoctarudeckoe moje (MII).
Bexrop nanykunu MII. EnuHuibl uamMepeHuss MarHUTHOM MHIYKLIIUU
Nunykuus MII, co3nanHOrO 31€MEHTOM TOKa, 3akoH buo — Caapa.
[IpuHIMI Cynepno3uiMy MarHUTHBIX MOJIEH.
Teopema Octporpaackoro — 'aycca s unaykuuu MIT.
Bexrop nHanpsbkennoctu MIL Eqyaune! usmepenus.
TeopeMa 0 HUPKYIALHUHA HANIPSHKEHHOCTH MAarHUTHOTO MOJIA.
WNunykuust MIT: a) mpsiMoro Toka, 6) KpyroBOro TOKa, B) KaTYIIIKA UHAYKTUBHOCTH (COJICHOH/IA).
Kaprtuna nunuit uaaykiun (HanpspbkeHHocTH) MII, co31aHHOTO mepeurcIeHHBIMU BBIIIE TOKAMH.

10. Cuna Amnepa.
11. Pa6ota OII o nepeMeleHuto NpoBOJHUKA (KOHTYpa) C TOKOM.

3agaun



10.

11.

[To nByM O€CKOHEUHO [UIMHHBIM MapajuIeIbHBIM MPOBOAHHMKAM TeKyT Toku 70 A u 50 A B
IIPOTUBONOJIOKHBIX HampasiieHusX. PaccrosiHue Mexay npoBoaHukamu 15 cm. Omnpenenute
MHIYKLIHWIO MarHUTHOIO IOJII B TOYKE, yJAJIEHHOW OT MepBOro npoBojgHuka Ha 20 ¢cM u OT
BTOPOTO IpoBOAHKKA Ha 30 cM.
Ilo xpyroBoMy BUTKY M3 TOHKOTro Inposoja paauycom 100 mm mupkynupyer tok 1 A. Haiinure
WHJIYKIIMI0O MAarHUTHOTO TOJIs: @) B LIEHTPE BUTKA; O0) HA OCH BUTKA B TOYKE, OTCTOSIICH OT €ro
uentpa Ha 100 mm.
[lo nByM mnapamienbHbIM NPOBOJHUKAM JIMHOM 1o 2 M Tekyr Toku 50 A m 100 A B
MIPOTUBOTIOJIOKHBIX HarpaBlieHUs1x. Paccrosinue mexay npoBoanukamu 10 cm. Onpenenure cuity
B3aMMOJCHCTBUS TOKOB.
B oxHopoanoe maruuTHO noJie ¢ uaaykuuei 0,1 Ti nomenieHa kBajpaTHas paMKa ILIOIMAIbI0 25
cM®. HopMaih K IIOCKOCTH PaMKH COCTAaBJsIeT ¢ HANPABICHHEM MAarHHTHOro mosst yrom 60°,
Omnpenenure Bpalamui MOMEHT CHJI AMIIepa, eclid 0 paMKe TeueT TOK 2 A.
JIBa mpsIMOJIMHEMHBIX JUTMHHBIX MPOBOJAHMKA PACIIOJIOXKEHBI HAa paccTostHuU 10 cM apyr oT apyra.
[To npoBogHukam TekyT Toku 20 A u 30 A B 01HOM U TOM k€ HampaBieHuu. Kakyro padoty (Ha
€IMHUIY JUIMHBI MPOBOJHUKA) HY)KHO COBEpPLIMTb, YTOOBI PA3JABUHYTH 3TH IPOBOJHUKU 10
paccrositus 20 cm?

3aj1auy Juisg caMOCTOATEIbHOIO PEIIeHUs
[To mpsmMonuHetHOMY O€CKOHEYHO [UIMHHOMY NPOBOJAHMKY TeueT TOoK 12 A. Ompexnenute
MHIYKIWIO MarHUTHOTO TMOJISl B TOYKE, PaBHOY/AAJIEHHOM OT KOHIIOB IPOBOJIHMKA M HaXOJsIencs
Ha PacCTOSTHUU 8 CM OT €r0 OCH.
Conenoun mmuHout 50 cm coxepxur 1000 BuTKOB. OnpenenurTe WHIYKIHMKO MArHATHOTO IOJIS
BHYTPH COJICHOMJIA, €CIIM CONPOTUBIEHHE 0OMOTKH paBHO 120 Om, a HampsbkeHue Ha €€ KOHIax
paBHO 60 B.
[To BuTky, umeromemy ¢opMmy kBaapara co ctopoHoil 20 cm, umer Tok 5 A. Omnpenenute
VMHJYKIUIO MATHUTHOTO MOJISl B TOYKE NIEPECEUECHHs TMaroHaJIed U B OJJHOM U3 TOUYEK MepecedeHust
CTOPOH.
B onHopogHOoM MarHuToMm mnosie ¢ uHAaykiuen 0,2 Tia HaxoauTcss TpsSAMOUM MPOBOJHUK JJIMHHO 15
cM. [lo Hemy Teu€r Tok 5 A. Omnpeaenutre yroa MEXAy HAIpPaBICHUEM TOKAa M BEKTOPOM
MarHUTHOM MHIYKIHH, €CJIM CO CTOPOHBI MoJisd nerctByeT cuia 0,13 H.
[To npsiMmoMy rOpU30OHTAIBHOMY MPOBOJHUKY MpoTekaeT Tok 10 A. [log Hum Ha paccrosHuu 1,5
CM HAXOMWTCS MApaUIeIbHBI eMy allOMHHHEBBIH MPOBOJ (ILIOTHOCTH AMOMHUHES 2,7 T/cM°), 1o
KOTOpPOMY NpoIycKarT Tok 1,5 A. Onpenenute mioniaab MonepeyHoro CeYeHus alroOMUHUEBOTO
MIPOBOJIA, €CIIU OH Y/IEPKUBAETCSA HE3AKPEIJIEHHBIM.
Butok paanycom 5 cm ¢ TOKOM / A TOMEIIEH B OJTHOPOJHOE MAarHUTHOE I0JI€ HAIPSHKEHHOCTBIO
5 kA/M Tak, 9T0 HOpMaib K BHTKY oOpasyer yroin 60° ¢ mampasiennem mois. Kakyro paGory
COBEPILAIOT CUJIBI IIOJIS [IPY IOBOPOTE BUTKA B YCTOWYMBOE MOJIOKEHUE?

3anamue Ne 5
MII osudicywecoca 3apsoa, deticmeue MII na osuscywuecs 3apaovi. Macnemukuy 6 MazHumom noie

ok b PE

Bonpocsr:
Cuia JlopeHiia u e€ HampaBJICHHE.

MarsuTHbIII MOMEHT KOHTYPa C TOKOM.

MHUKpPOTOKH, BEKTOpP HAMarHW4YMBaHUs, TOK HAMarHHYMBaHUA (TIOBEPXHOCTHBIN TOK)
MarsuTHas MpOHUIIAEMOCTh, MarHUTHasi BOCIPUUMYHUBOCTb.

I'padux kprBOIl HAMarHWYMBaHUS B Cllydae: a) TMaMarHeTuka, 0) mapamarHeTuka, B)
beppomarneruka?

MarsuTHbIH rucTepe3nc (IOMEHHasi CTPYKTYypa, NMeTIs F’UCTepe3nca, KOIPLUUTHBHAS CUIIa,
OCTaTOYHass HAMarHM4YE€HHOCTH ).
Ouneprus MIL

3agaun



DJNEeKTPOH JBWKETCS MPSMOJMHEHHO € TOCTOSHHOW ckopocthio 0,2 Mwm/c. Omnpenenurte
MHIYKLIHAIO MarHUTHOIO TOJIl B TOYKE A, HaXOJAILIEHCS HAa PacCTOSTHUM 2 HM OT MTHOBEHHOTO
IIOJIOXKEHUSI MIEKTPOHA. YTOJI MEXKLy CKOPOCTBIO AIEKTPOHA U JIMHUEN, COSUHSIONIEN 3JIEKTPOH U
TOUKY A, paBeH 45°,
DNEKTPOH BJETEN B MarHUTHOM IOJi€ ¢ MHAYKuMed 2 MTin. B MarHMTHOM mojie OH JBMXKETCA
KpYyroBoit opoure paauycom 2 cM. OnpeaenuTb MarHUTHBIH MOMEHT SKBHBAJICHTHOTO KPYTOBOTO
MHUKpOTOKA.
[TpoToH ABMKETCS B MAarHUTHOM TIOJIE HANPSHKEHHOCTHIO /() A/M TI0 OKPY>KHOCTH PagnycoM 2 cM.
Haiiti KMHETHYECKYIO SHEPruto npoToHa (B MaB).
Conenonp, uMerIIMN AIMHY 29 cM, IUIOMAAL TonepeyHoro ceyeHus 10 cm? u 400 BUTKOB B
o0OMOTKE, HaXOIUTCA B JHMAMarHUTHOW cpene. OmnpenenuTh CUIy TOKa B OOMOTKe, €Cin
WHAYKTHBHOCTH COJIeHoMa paBHa | MI'H, a HAMarHU4eHHOCTh BHYTpH Hero 20 A/M.

3aJ1auy Julsl CaMOCTOSTEIbHOIO PelIeHUs
DONeKTpOH B aToMe BOAOpOJa IBMXKETCS BOKPYT s1pa MO KpyroBoil opoburte (B Teopuu bopa)
paauycom 52,8 mm. OmnpeneiauTb HWHAYKIUIO MarHUTHOTO IOJIS, CO3JaHHOIO JJIETKPOHOM, B
LIEHTPE €ro OPOUTHI.
OnexTpoH co ckopocThio 10 Mwm/c Bieren B 0JHOPOAHOE MArHUTHOE IOJI€ MEPHEHAUKYISIPHO
JUHUSAM MarHUTHOM MHAYKUMU. MarauTtHas unaykuus pasHa 0,1 Tn. Onpenenure HOpMaabHOE U
TaHT'eHIIMAJIbHOE YCKOPEHUS AIIEKTPOHA.
B wmarmutHOM Tmosme ¢ uHayknumed 1,2 Ta mo  KpyroBoil  opbute  paamycom
45 cm gBwkercs « - dvactuma. Ompenenurte: a) CKOPOCTh ¢ -4acTUIBI; 0) KHHETHYECKYIO
SHEPTUIO (¢ -4aCTHIIBI; B) PA3HOCTh MOTEHIIMAJIOB, MPOMJICHHYIO & ~4aCTUIICH.
ITo o6moTKe coneHonmaa MHAYKTUBHOCTHIO 3 MI'H TeueT Tok 0,4 A. ConeHoua UMeeT AuHY 45 cMm,
IJIOIIAIb ITonepevHoro ceuenus 10 cm?, 1000 BHTKOB, Onpenenure BHYTPU IMaMAarHATHON CPEbI
COJICHOM/IA: a) MATHUTHYIO HHIYKIINIO, 0) HAMarHUYeHHOCTb.
[To conenounny nnunoit 0,25 cM Teyet Tok 1 A. Uuciao BUTKOB B
obmoTtke 500, miomaas MOMEepeYyHOro CEYeHUs cojieHouma 15
cM’. B COJNCHOWI BCTAaBICH JKENC3HBIN cepAcUHUK (KpuBas
HaMarHU4YMBaHUs — Ha pUCYHKe). HaliTu 3Hepruio MarHuTHOTO
T0JISI COJIEHOUIA.
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3anamue Ne 6

N

o

Tema: jaeKTpOMarHuTHASI MHAYKIMS

Bonpocsl
MarauTHEIHA IOTOK.

3aKoH 3JieKTpoMaruuTHor unaykunu dapanes. [Ipasuso Jlenna.

byaer nu BO3HHMKAaTh MHIYKIIMOHHBIH TOK B KPYIrOBOM BHTKE, HAXOIALIEMCS B OJHOPOJHOM
MarHuTHOM II0JIe, €CJIH: a) MepeMelaTh BUTOK MOCTYMaTeabHo; 0) BpalaTh BUTOK BOKPYT OCH,
MPOXOIAIEH Yepe3 HEHTp MEepPHeHIUKYISIPHO TUIOCKOCTH BHUTKA; B) BpallaTh BUTOK BOKPYT OCH,
JIeKAIeH B INIOCKOCTH BUTKA.

SIBneHne caMOMHIYKIHH.

OrnpeneneHre HHIYKTUBHOCTH KOHTYpa. THAYKTUBHOCTE COJIEHOUIA.

NuayktuBHOCT, OaTaped COJICHOMAOB TIPH WX COEAMHEHUU: a) TMOCJIelI0BaTeNbHO; 0)
napajieabHoO.

SIBneHue B3aUMHON UHAYKLIHUH.
Koadduuuent tpanchopmarum.

3aja4u
[ToTox MarHUTHOM MHIYKLUHU CKBO3b MOIMEPEYHOE CEYEHHE COJICHOUIA 0e3 cepAeYHMKa paBeH 2
MkBO. Jlnmuna conenounna 12,5 cM, yncno ButkoB paBHo 500. Ompenenute MarHUTHBI MOMEHT
COJICHOM 1.
Pamka B (hopMe paBHOCTOPOHHETO TPEyrojbHHKAa MOMEIIEHA B OJHOPOJHOE MarHUTHOE IOJIe C
nnaykuuen 0,08 Tn. Ilepnenaukynsp K IUIOCKOCTH paMKH COCTAaBJISIET C HAlpaBICHUEM



10.

MarHutHoOTo noJjst yroi 30°. Onpenenure CTOPOHY paMKH, €CIIM U3BECTHO, YTO CPeHEE 3HAUCHUE
O/1C unayKuuu, BO3HUKAIOLIEH B paMKe NpH BbikitoueHuu nostst 3a 0,03 ¢, pasHo 10 MB.
[TpoBoanuk mymHOM 0,5 M IBHKETCS CO CKOPOCTBIO 5 M/C MEPHEHIUKYIISPHO CHIIOBBIM JIMHUSAM B
OJIHOPOJIHOM MAarHUTHOM IoJjie, UHAyKuus kotoporo 8 mTi. Haiiaure pasHOCTh MOTEHLIMAJIOB,
BO3ZHMKAIOIIYIO HA KOHIIAX IIPOBOJIHHUKA.
Cuna toka B coneHouzae paBHOMepHO Bo3pactaeT oT 0 mo /0 A 3a I mun. Ilpu 3TOM coseHOUT
HakarumBaeT 3Hepruto 20 /. Kakas 3.71.c. MHIynuupyeTcs B cojeHouae?
Pesucrop conporusnenuem 150 Om u coneHoup conpoTupiieHueM 15 OM u UHAYKTUBHOCTHIO 1,5
I'n coenuHeHbl mapayieIbHO W TOJCOCAMHEHBI uepe3 Kitou K ucrouHuky ¢ IDJC 60 B.
OrnpenenuTh HanpsbKeHUe Ha KoHax cojienouaa yepes3 0,01 c u 0,1 ¢ mocie pa3MbiKaHUs 1IEH.
3aJ1auy Julsl CaMOCTOSTEIbHOIO PEellICHUs
[lnockuii BUTOK ruromazsto 10 oM’ cuenaH u3 npoBoJioku comnpotusienneMm 0,5 Om. CusoBbie
JIUHUU OJHOPOJHOIO MarHWTHOTO MOJIs ¢ MHAYKUMEH 4 Ti neprneHAuKYISIpHbI IJIOCKOCTH BUTKA.
K Butky npucoenunen ranbBaHomeTp. Haiiaure snexkTpuyeckuid 3apsij, NPOLISAIIMN Yepes
raJlbBaHOMETp IIPH MOBOPOTE BUTKA Ha yroJ 120°.
Konpo u3 amomuHueBoro nposoja (yaelbHOE CONpOTHUBIEHUE Meau 26 HOM'M) NOMELIEHO B
MarHUTHOE T0JI€ NEPIEeHIUKYISPHO JMHUSAM MarHUTHOM MHAykuuu. Juamerp konsie 30 cwm,
JaMeTp MEIHOTO mpoBoja 2 MM. HaliTu cKopocTh M3MEHEHUSI MarHUTHOTO MOJIE B TOT MOMEHT,
KOT/Ia CHJIa TOKA B KOJIbIIE CTAHET paBHOM 5 A.
Kontyp miomasnsro 107 M pPAacIiOOKEH NEPHEHAUKYISIPHO JMHUASAM MAarHUTHOM WMHIYKLHH.
MarunuTtHass UHIYKIUs. MeHsieTcst o 3akony B(t) = 5.sin(4,7.t) Tn. Onpenenure: a) 3aBUCHMOCTh
MarHUTHOTO TOTOKa OT BpeMEHH; 0) MFHOBEHHOE 3Hau€HHWE MAarHWTHOTO MOTOKa 4epe3 5 c; B)
3apucuMocth DJIC MHAYKIMM OT BpeMeHM; T') MakcuMaibHoe 3HaueHue DJIC mHAyKuuu; m)
MraoBeHHoe 3HaueHue JJIC nuaykuum yepes S c.
YeMmy paBHa 00beMHas IJIOTHOCTh SHEPIMM MarHUTHOIO IMOJISI COJIEHOMAa Oe3 CepAevHUKa,
HMMEIOIETO IUIOTHYIO OJHOCIONMHYI0 HaAaMOTKY MpoBOAOM auameTpoMm 0,32 MM, €ciu Mo Hemy
TeueT TOK 0,1 A?
Conenonp 6e3 cepieyHUKa U C OJHOCIOWHON 0OMOTKOM M3 MPOBOJIOKH auaMeTpoM 0,5 MM UMeeT
quHy 40 cM ¥ TUIoIa1b nonepevyHoro ceuenus 50 cM®. B teuenne 0,5 ¢ npu Hanpsbkenuu 10 B
Ha KOHIIaX COJICHOU/1a B OOMOTKE BBIJIEJIAETCS] KOJMUYECTBO TEMJIOThI, PABHOE SHEPTUU MarHUTHOTO
110JIs1 BHYTpH cojieHonia. CuuTast 1oJie OqHOPOAHBIM, HAMTH CUITy TOKa B OOMOTKE.

3anamue Ne 7
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BO0o~NO A

0.
11.
12.
13.
14.

Tema: DjaeKTpOMarHuTHbIE KOJe0AHUSI M BOJIHbBI
C80600HbIE 3NIeKMpOMacHUMHbLE KOIeOAHUsL 8 JNeKMPUYECKOM KOHMYpe
Bonpocsl
[TonsiTHe: a) aneKTpoMarHuTHBIE KosieOaHus; 0) KoieOaTenbHbIN KOHTYP.
HuddepenunanbHoe ypaBHEHHE U 3aKOH KoyieOaHMl 3apsna: a) B HAeaIbHOM KOHType, 0) B
pealbHOM KOHTYpE, B) IIPU BBIHYK/IEHHBIX KOJIEOaHUSAX B KOHTYpE.
[leprion u vacroTa kojeOaHuii: a) B HMIEAITBHOM KOHType, 0) B peallbHOM KOHType, B) IpH
BBIHYXJICHHBIX KOJI€OaHUSAX B KOHTYpE.
3aBHCHMOCTh aMILIUTY/a 3apsiia Ha KOHAEHCATOpE OT BPEMEHH B PEaIbHOM KOHTYpE.
JIeKpeMEeHT AJIeKTPOMArHUTHBIX KOJICOaHHIA.
Bpewms penakcaruu.
H3meHeHne Toka B KaTYIIKE UAeaIbHOTO KOJIe0aTeaTbHOTr0 KOHTYpa.
N3meHeHne HanpsbKeHUs Ha KOHJIGHCATOPE, KaTyIIKe MHIYKTUBHOCTU U PE3UCTOPE.
3akon Oma Ha yJacTKax €Ny MepeMEHHOT0 TOKa.
PeakTuBHBIE COTTPOTUBICHHUS.
MOITHOCTB LIENH TEPEMEHHOT0 TOKa
YpaBHEHUS TUIOCKOM AIEKTPOMAarHUTHOW BOJIHBI.
Cas3p Mexny Hanpspk€HHOcTsMU D11 u MIT B OMB.
Kunematnueckue xapakrepuctuku OMB: a) ckopocth (B Bakyyme, B BemiecTBe); 0) daza; B)
4acToTa; T') IEPUOI; 1) BOTHOBOE YHCIIO; €) ATUHA BOJHBI.



15. DHepreTuueckue xapakrepucTuku DMB: a) sHeprus; 6) 00beMHas TUIOTHOCTh SHEPTUH; B) TIOTOK
SHEPTUH; I') INIOTHOCTH MOTOKA 3HEpruu (BekTop YMoBa-IloiinTura); 1) MHTEHCUBHOCTbD.

3anaun

1. Konpencarop kojebaTenbHOro KOHTypa ObUT 3apsokeH A0 3 MKKu. 3Has, 4To MHIYKTHBHOCTD
KaTymky paBHa 2 MI'H M 4acToTa 3JIEKTPOMAarHuTHHIX Kosiebanuit 30 I, BBIYMCINTH SHEPTHUIO
MarHUTHOTO NOJIS KaTyIIKU 4yepe3 1 ¢ mociie Havaja 3J€KTPOMAarHUTHBIX KOJIEOAHUH, cuuTas Ux
HE3aTyXaloUUMHU.

2. KonebarenpbHOro KOHTYp COCTOMT U3 KOHAeHcaropa emkoctbio 10 wMx®, Karymku
WHAYKTHBHOCTBIO 25 MI'H W pesuctopa comporuBieHneM 1 Owm. MakcumanbHBIA 3apsf
KoHJeHcatopa paBeH | MK, Omnpenenuts: a) mepuoa 3JIEKTPOMArHUTHBIX KojeOaHUH, 0)
norapupMUIECcKui JEKPEMEHT 3aTyXxaHus AJIEKTPOMAarHUTHBIX KoJIe0aHu, B
)ypaBHEHHE 3aBUCUMOCTH HAIIPSHKCHUS Ha IJIACTHHAX KOHJICHCATOPa OT BPEMEHH.

3. B memns mepemenHoro Toka HanpspkeHueMm 220 B u gacroToit 50 [y mocneoBaTenbHO BKITFOUCHBI
pesuctop conpotuiieHreM 100 Om, kaTyrika HHIYKTUBHOCTEIO 0,5 I'H U KOHJIeHCAaTOp EMKOCTHIO
10 mMx®. Omnpenenure: 1) cunmy Toka B Ienu; 2) TMaJCHHE HANPSHKEHUS Ha aKTUBHOM
CONPOTHBIIEHUH; 3) TNaJCHUE HANpsDKEHHsT Ha KOHJAEHcarope; 4) MaJeHHe HalpsyKeHUs Ha
KaTyILKe.

4. Omnpenenuth PE30HAHCHYIO 4YacCTOTy KOJIeOATeIbHOW CHUCTEMBI, €CJIM YacToTa COOCTBEHHBIX
koebannii 300 I'm, a morapudmudecknii JEKpEMEHT 3aTyxaHus Koyebanuii paseH 0,2.

5. B cpene ¢ € =2 m p =1 pacnpocTpaHsercss TIIOCKas AJIEKTPOMArHUTHAs BOJIHA. AMIUTHTYIA
HaANpPsLKEHHOCTH 3JIeKTpuyeckoro mnois BojHel 50 B/m. Haiitu: a) ammiuTyny HanpsKeHHOCTH
MarHuTHOTO 1oJst; 6) (ha30ByI0 CKOPOCTH BOJIHBI; B) HHTEHCUBHOCTH BOJIHBI.

3aj1auy Juis cCaMOCTOSATEIbHOIO PEIIeHUs

6. BpramcnuTh SHEPrUIO JJIEKTPUYECKOTO Mo KoHaeHcartopa depes 0,02 ¢ mocie Hayanma
AIIEKTPOMArHUTHBIX KOJieOaHUi B UI€aIbHOM KOHTYpE, €CIM KOHACHCATOp UMEET eMKOCTh IMD u
o1 3apspkeH 10 0,4 Kit, a ”HIyKTHBHOCTH KaTyliku paBHa 2 MIH.

7. Pa3HOCTH MOTEHIIMATIOB HAa OOKJIa/IKax KojebaTeIbHOr0 KOHTYypa YMEHBIIIACh B 3 pa3a 3a 1 Mmc.
OnpenenuTh CONPOTUBJIECHUE KOHTYpA, €CIUM eMKOCTh KoHaeHcaTopa 0,2 Mk® u MHAYKTUBHOCTH
katymku 5,07 mI'H.

8. KonebarenbHbI KOHTYpP COACPXKHUT KATYIIKYy WHIYKTUBHOCTBHIO 6 MKI H, KOHJIEHCATOP €MKOCTHIO
10 H® u pe3uctop conpotupieHueM 10 Om. Onpenenute A ciiydyas MaKCUMyMa TOKa, KaKOBO
OTHOIIEHHUE PHEPTMH MATHUTHOTO MMOJI KATYIIKU K SHEPTUU AJIEKTPUUECKOTO I0JI KOHJEHCATOPA.

9. Omnpegenute JorapupMUUECKUil AEKPEMEHT 3aTyXaHus, MPU KOTOPOM SHEPrus KoyieGaTelabHOro
KOHTYpa yMeHbIaeTcs B 8 pa3 3a 5 MOJIHBIX KoJieOaHU

10. KonebarenpHbIN KOHTYP coaepkuUT conpoTuBienue 20 O M, KaTymKky HHAYKTUBHOCThIO 10 MI'H,
koHsieHcaTtop eMKocThio 0,1 Mx®. OnpenenuTs, 4epe3 CKOJIbKO MOJHBIX KOJICOAHHH aMILTUTY/a
TOKa B KOHTYPE YMEHBILIUTCA B € pas.

11. B mens mepeMEHHOTO TOKa BKJIIOYEHBI MOCIEIOBATENBHO Pe3UcTOp compoTuBieHueMm 3 Ow,
KaTyIlIKa U UHIYKTUBHBIM COMPOTUBICHUEM 2 OM U KOHAEHCATOP C EMKOCTHBIM CONPOTHUBICHUEM
6 Om. Kakast MOLLIHOCTb BbIAEISAETCA B LIENH MPU JCHCTBYIOLIEM 3HAYEHUU CUJIBI TOKA 2 A?

12. YpaBHeHHE MIOCKOW 3IEKTPOMArHUTHOM BOJIHBI, PACIIPOCTPAHSIONIEICS B HEMarHUTHOM cpesie ¢
(1 = 1), mmeer Bux: E(x,t) = 2107sin(2r10° t — 8,97'’X) B/m. Omnpenenurs: 4acToTy KoneGaHHiA,
($ha30ByI0 CKOpPOCTh, IUAIEKTPUUECKYIO MPOHHUIIAEMOCTh CPEMbl, JUIMHY BOJIHBI, MHTEHCUBHOCTh
BOJIHBI.

13. B BakyyMe pacnpoCTpaHATCA MII0CKas 2IEKTPOMAarHUTHAs BOJTHA. AMIUIUTY/Ja HAMpsHKEHHOCTH €€
MarauTHoro mnons 0,1 A/m. OmnpenenuTs: aMIUIUTYLy HANpPSDKEHHOCTH AJIEKTPUYECKOTO TOJIS;
CPEAHIOI0 10 BPEMEHH 00BEMHYIO MJIOTHOCTh SHEPI UM BOJIHBI.

3auamue Ne 8
Tema: OCHOBBI BOJTHOBO# ONNTHKHU
Unumepgpepenyus ceema

Bomnpocsl
1. TMpunuun ['toitrenca.



w N

o

[onstus: a) uatepdepeHuys, 6) MHTEpPEepeHIMOHHAS KapTHHA, B) HHTEP(PEPEHIIMOHHBIA CIIEKTP.
YcinoBust MAKCHMYMOB 1 MUHUMYMOB HHTEP(EPEHIIMOHHON KapTHUHBI.
Xox nydeil mpu MHTEpPEpPEHIIMH METOAO0M JelieHHs BOJHOBOro ¢ponrta: a) cxema HOura, 0)
ouzepkana @penens, B) ounpusma Openens.
Xon nmydedr mpu uHTEp(EPEHIIMM METOJOM JIEICHUS aMIUTATYIbl (SHEPTUU) BOJIHBI: a) TOHKHE
wI€HKH, 0) Koabia HetoToHa.
B uem cocTouT MpoCBETICHUE ONTHKU.
UTo MpoucxXoauT ¢ MHTEP()EPSHIIMOHHON KapTHUHON CBETa OT MOHOXPOMATHYECKOTO MCTOYHHUKA,
€CJI ITyYKU CBETa UAYT HE B BO3J/lyX€E, a B BOJE?
Uem oTauyaercs HHTEPPEPEHLIMOHHAs KapTHHA KPAacCHOI'O MOHOXPOMAaTHYECKOI'O CBETa OT
UHTEPPEPEHIIMOHHON KapTHHBI MOHOXPOMAaTHYECKOTO (PHOJIETOBOTO CBETa?
Uem oTnmuaeTcs MHTEpGEPCHIIMOHHAS KapTHHA OEJIOTo CBETa OT MHTEP(EPEHIIMOHHON KapTUHBI
MOHOXpPOMAaTHYECKOIo cBeTa?
3anaun

Haiitu Bce nnmunbl BosiH BuauMoro ceeta (ot 0,76 1o 0,38 Mkm), koTopsie OyayT: 1) MakCUMaIbHO
YCHUJIEHBI; 2) MaKCUMalbHO OCIabJeHbl MPU ONTHYECKOW Pa3HOCTH XoJa A MHTeppepupyroIuX
BOJIH, paBHOMU 1,8 MKM.
B onbite FOHra paccrosinue ot meneit 1o 3kpaHa 3 M. OnpeaenuTs YIJI0BO€ PacCTOSHUE MEX]TY
COCETHUMU CBETJIBIMHU IOJIOCAMH, €CJIM TPEThSl CBETJIAs M0J0Ca OTCTOUT OT LIEHTPa KapTUHBI HA
paccrosiHuu 4,5 MMm.
B ompite ¢ 3epkaiamu @penens paccrossHue d MeXAy MHUMBIMH H300paXEHUSIMH HCTOYHHKA
ceera paBHo 0,5 MM, paccrosiHue | oT HEX 10 3KkpaHa paBHO 3 M. JlnmHa BomHBI A=0,6 MKM.
Onpenenuth WUPUHY b M0J0C HHTEPPEPEHITNHN Ha IKPAHE.
VYcranoBka Juisi moJsiydyeHusi Kosiell HblOTOHAa oOcBemaeTcsi MOHOXPOMATHUYECKHUM CBETOM,
MajaollliM [0 HOPMajdud K TOBEPXHOCTH IUIACTUHKU. Paguyc KpuBH3HBI JUH3BI 8,6 M.
Habmonenue Beaercs B oTpakeHHOM cBeTe. Mi3MepeHUs MU YCTaHOBIIEHO, YTO PalyC YETBEPTOTO
TEMHOTO KOJIbIIa (CUMTasl IIEHTPAIbHOE TEMHOE TMATHO HYJIEBBIM) 4= 4,5 mm. Haitinure mmnry
BOJIHBI 1a/Ia0IIET0 CBETA.

3a1auy Juisl CaMOCTOSTEIbHOIO PEelIeHUs
B onwiTe FOHra otBepcTHsi OCBEIIATIMCH MOHOXPOMATHUYECKUM CBETOM JIMHOW BOJHBI 600 HM.
PaccTosinne Mexay OTBEepCTHAMH 1 MM, paccTOsiHUE OT OTBEepCcTHid 10 3kpaHa 3 M. Haiigute
IOJIOKEHHE MIEPBBIX TPEX CBETIIBIX MOJIOC.
B ombite FOHra paccrosiuie Mexay AByMsl IIEISIMU, HA KOTOPbIE AAAET CBET JUIMHOW BOJIHBI 0,6
MKM, paBHo 0,5 Mm. OmnpenenuTh paccTOSHUE OT IIEJed [0 DJKpaHa, €CId UIMpUHA
UHTEP(EPEHIIMOHHBIX MOJIOC OKa3alach paBHOM 1,2 MM.
Omnpenenure, BO CKOJIbKO pa3 MU3MEHUTCS IIUPHUHA HHTEP(EPEHIIMOHHBIX I0JOC B OIBITE C
3epkagamu DOpeHensi, ecid (PHUOJETOBBIN cBeTOPUILTp (mpormyckaemas juiiHa BoJHBL 400 HM)
3aMeHUTh KpacHbIM (700 HM).
YcraHnoBka [Uisi mosiydyeHuss Kosiell HpIOTOHA oOcBemaeTcsi MOHOXPOMATHYECKHM CBETOM,
MaJaroIlUM HapaielbHO ITaBHONW ONTHUYECKON ocH JUH3bl. HabmoneHne BeaeTcs B OTpakKeHHOM
ceere. Pannycel ByX cocenHMX TeMHbIX Kouien paBHbl 4,0 MM u 4,38 mMM. Panuyc kpuBH3HBI
nuH3bI 6,4 M. Haiinute nopsiakoBbie HOMepa KOJIel ¥ ATUHY BOJIHBI MTaJAI0IeT0 CBETA.
Benblit cBer magaer mox yrioM 45° Ha MBUIBHYIO IUICHKY, [OKA3aTelb MPETOMICHHS KOTOPOIl
1,33. OmnpenenuTs HAWMEHBIIYIO TOJIIMHY IUICHKH, MPU KOTOPOH OTpakeHHbIE I OymayT
OKpaIlleHbI B XKeThIN 1BET (4 = 580 1m).

3anamue No 9

el A

Jugdpaxyus ceema
Bonpocsl
[Tpunnun Iroiirenca - Openens.
3onbl Openens, paguyc BHEIIHEN rpaHuiibl M-i1 30861 Openens.
[Monstus: a) audpaxuus, 6) AMdpaxroHHast KapTUHA, B) AUPPAKIIMOHHBIN CIIEKTP.
VYcnoBusi MAKCHMYMOB M MUHUMYMOB TU(PPAaKIIMOHHON KapTHHBI DpeHens.
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10.

10.

11.

12.

Xoa aydelt mpu uX HOPMAJIHHOM MaJICHUU: a) Ha 1Ielb, 0) Ha AU(QPaKIIMOHHYIO PEHIETKY.
VYcnoBus TIaBHBIX MAaKCUMYMOB U JJOTIOJTHUTEIBHBIX MHHUMYMOB TU(MPAKINOHHON KapTUHBI IPU
HOPMAJILHOM Ta/ICHUH ceTa Ha AU(PAKIMOHHYIO PEHIETKY.
Pazpemaromas cnocoOHOCTh TU(PAKIUOHHOHN PEIIETKH.
VYCcnoBusi MakCUMyMOB OT TPOCTpPaHCTBEHHON audpaxiuonHoN pemérku (popmyna Bynbda —
bporra).
Yem oriauuaercs IUpaKLUOHHAs KapTHHA KPAacHOIO MOHOXpPOMAaTHYECKOIo CBETa OT
T(paKMOHHON KapTUHBI MOHOXPOMATHYECKOTO (PHOJIETOBOTO CBETa?
Yem otnmvaercss audpaknuoHHas KapThHAa OeIoro cBera oOT AW(QPAaKIUOHHAS KapTHUHBI
MOHOXpPOMAaTHYECKOIo cBeTa?
3anaun

Ompenenure paauyc TpeTrheil 30HBI DpeHens mis ciaydas IUIOCKOM BOJHBL Paccrosinue ot
BOJTHOBO# MOBEPXHOCTH JI0 TOUKH HaOM0eHus paBHo 1,5 m. [{muna BostHb 0,6 MKM.
Ha y3kyto mens mupunoit 0,05 MM nagaer HopManbHO rosy0oii cet (A = 490 um). OnpenenuTsb
HarpaBJieHue (yroJi qudpakiiny) Ha BTOPYIO TU(PaKIIHOHHYIO MOJIOCY.
Ha mens mupunoit 0,1 MM nagaer HopmaibHO MOHOXpoMatuyeckuil ceer 500 uMm. Omnpenenure
paccTosiHMe OT DKpaHa J0 coOuparoiied JWH3bI, KOTOpas HaxOAUTCS BOMW3M IIETd s
(dbopmupoBanust Tu(pPaKIUOHHON KapTUHBI, €CIIU PACCTOSIHUE MEXY MEPBbIMU AU(PPaKIINOHHBIMU
MHUHHUMYMAaMH 110 00€ CTOPOHBI OT LIEHTPAJILHOTO MaKCUMYyMa paBHO | cM.
Cger ¢ A = 589,0 HM mazaeT HOpMaJIbHO HA AU(PAKIMOHHYIO pelieTKy ¢ nepuoaoM d = 2,5 MKM,
cozepxkaugyto N = 10 000 mrpuxo. Haiftu yrinoByioo mupuHy Iu(pakMOHHOIO MakCUMyMa
BTOPOTO MOPSKA.
VY3Kuii My4O0K pEHTI€HOBCKOIO M3Iy4€HUs JJIMHOM BOJIHBI 245 MM MagaeT MojJ HEKOTOPBIM YIJIOM
CKOJIbXKEeHUsT Ha Tpanb MoHOkpuctamia NaCl (momspras macca 58,5107 KI/MOJIb), TIJIOTHOCTH
KoToporo 2,16 r/em’. OnpenenuTh yroja CKOJIBKEHHUS, €CIM IPU OTPAKEHUH OT ITOM TpaHu
HaO0JI0JaeTCsl MAKCUMYM BTOPOTO MOPSIKA.

3a1auy Juisi cCaMOCTOSTEIbHOIO PEelIeHUs
Ha guadparmy ¢ KpyriabsIM OTBEPCTHEM JHAMETPOM 5 MM MajaeT MapajuleJbHBIM IMydoK CBETa C
mumHOW BoJIHBI 600 HM. OmpenenuTh pacCTOSIHUE OT OTBEPCTHS IO TOYKH HAOJIOJCHHS, €CIH
OTBEPCTHE OTKpHIBAET: 1) nBe 30HBI Dpenens, 2) Tpu 30H6I DpeHens.
Mexly TOYEYHBIM MCTOYHMKOM CBETa M OJKPAaHOM IMOMECTHIM JuadparMy C KpYIJIbIM
OTBEPCTUEM, PAANYC KOTOPOTO I MOKHO MEHSAThH B Ipoliecce ombiTa. PaccTosHus oT nuadparMbl
JI0 UCTOYHMKA M dKpaHa paBHbl 2 = 100 cMm u b = 125 cm. Onpenenuth JIMHY BOJIHBI CBETA, ECIIH
MaKCHUMYM OCBEIICHHOCTH B IIEHTpe IU(PaKIIMOHHON KapTUHBI Ha SKpaHe HAOJI01aeTcs MpH I =
1,00 MM U cieayromuil MaKCUMYM TpH 12 = 1,29 MM.
Monoxpomatuueckuii ceeT 500 HM najgaeT Ha IJTMHHYIO TPSMOYTOJBbHYIO MIEIb IUPUHON 12 MKM
nox yriaom 45° x e mopmau. OnmpeneuTh YrIoBOe MOTOKEHHE MEPBHIX MHHHMYMOB (M=+1)
PacCMoJIOKEHHBIX 0 00€ CTOPOHBI OT IIEHTPAIbHOTO (payHrodepoBa MakCUMyMa.
Ha mudpakinuoHHyto peneTky HopMaabHO MaaaeT *enTblil cBeT (A = 570 wm). Yron nudpakiun
urst 5-ro Makcumyma 30°, a MEUHHMaTTbHAs PA3HOCTB [UIHH, paspelnaeMas pemeTkoii, A4 = 0,2 uu.
OnpenenuTh: MOCTOSHHYIO PEIIETKH; UIMHY PELIETKH.
Kakoe umcio mrpuxoB Ha €IMHUIY JUIMHBI UMeeT TUPaKIMOHHAS PEIIeTKa, €CIU 3eJeHast TUHUS
pTyTH (A = 546,1 HM) B clieKTpe MepBOro nopsaka HabaroaaeTcs noj yriom 19°8'7
VY3Kkuif My4OK MOHOXPOMAaTHYECKOTO PEHTI€HOBCKOTO M3JIyYeHHs MaJlaeT Ha I'paHb KPUCTAJIA,
MEXaTOMHOE paccTosiHre KoToporo 0,3 #y. OnpeaenuTs JJIMHY BOJIHBL, €CIHU MOJ YIJIOM MaJeHUS]
60° HaGmomaeTcs MMBPAKIHOHHEIA MAKCHMYM 2-TO TOPS/IKA.
V3Kkuil My40K peHTI€HOBCKOTO M3JIy4eHHUs JUTMHOW BOJIHBI 245 MM Ma/aeT Mo YIJIOM CKOJIbKEHUS
60° ma rpams Monokpucramta NaCl (Momstipras macca 58,5107 kr/MoiIb), IIOTHOCTH KOTOPOTO
2,16 t/cm®. OmpenenuTs yron JTHHY BONHBI H3IY4EHWS, €CIIM MPH OTPAKEHHH OT STOH IpaHH
HaOJI0/1aeTCsl MAKCUMYM TPETHETO MOPSI/IKa.
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Tema: B3aumoaecTBUe CBeTa C BelleCTBOM
Bonpocsl
[Tosapu30BaHHBIN U €CTECTBEHHBIN CBET.
3akoH bprocrepa.
3akoH Maitoca.
VY107 noBopoTa MIOCKOCTH NOJISIPU3ALUU: a) ONTUYECKH aKTUBHOM cpeiol, 0) MarHUTHBIM MOJIEM
VpaBHenue nucnepcuu. HopmanbHas 1 aHOMasbHAas TUCHIEPCUS.
Cyts anextponnoit Teopuu [dpyne-Jlopenna.
3axoH byrepa.
Kaknmu OynyT Ka3aTbcst KpacHbIe OYKBBI, €CITH UX PACCMATPUBATh Yepe3 3€JIEHOE CTEKIIO?
Turmel paccesHus cBera.
®opmyia Pernes.
Dddexr Homnepa. [Ipononsusiii 3dpdext Homnepa. [lonepeunsiii adpdext Homnepa.
N3nyuenune BaBuiioa — Uepenkosa.
3anaun
[IpenenbHBI yros MOJHOTO OTpPaKeHUs JUIs Iydyka CBETa Ha TpaHUIE paszena Kpucrauia
KaMEHHOM coyii ¢ BO3ayxoM paBeH 40,5 °, Onpenenute yron bproctepa nmpu nmajeHUM cBeTa U3
BO3JlyXa Ha MOBEPXHOCTh 3TOTO KpUCTaIA.
Ompenenure, BO CKOJBKO Pa3 YMEHBIIUTCS WHTCHCHUBHOCTH CBETA, MPOIIEAIIETO Yepe3 JBa
HUKOJIA (TIOJISIPU3ATOP M aHAIM3ATOP), €CIU YroJl MEXIAy WX TJIIaBHBIMHU TUIOCKOCTSIMH 60 s
Ka)KJIOM HUKOJIE TepsieTcst 8 % MHTEeHCUBHOCTH MaJarolllero CBeTa.
[InacTuHKa KBapua TOJIIIMHONW 2 MM, BBIPE3aHHAs NEPHEHANKYIIPHO ONTHYECKOW OM KpHUCTAILIA,
MOBOPAYMUBAET TUIOCKOCTh TOJIAPU3AIMH MOHOXPOMATHYECKOTO CBETa HEKOTOPOMW JJIMHBI BOJIHBI
Ha yroa 30 0 Onpenenure TOJIMMUHY TaKOW KBapLEBOW IJIACTUHKHA, KOTOpPAs MPHU MOMEIICHUU
MEK/y MapajIeIbHBIMUA HUKOJSIMA TIOJIHOCTBIO TACUT 3TOT CBET.
Haiitu KOHIIEHTpAIIO0 CBOOOHBIX 3JIEKTPOHOB HOHOCHEPHI, €CIH IS PATUOBOJIH C YACTOTOU V =
100 MTI'n ee mokasatens npenomiieHus n = 0,90.
Tommuua crekna B Terumne 4 mMm. KoaddumuenT noriomenus st cTekia B MHPpaKpacHOU
obnactu criektpa 0,62 em™. Kakast nost SHEPIrUU JOCTUTAET PACTECHUA?
B cnekTpalbHBIX JIMHMSX, H3IY4aeMbIX aCTPOHOMHYECKMMH OOBEKTaMH — KBa3apaMu,
HaOJI0JaeTCsl KPacCHOE CMEIIEHUE, KOTOPOE OTBETCTBYET TPEXKPATHOMY YMEHBIICHHIO YaCTOTHI
n3inydyenus. Onpenenure, ¢ KAKOW CKOPOCTBIO yIAJIsAETCsl KBazap.
3ajiauy JJisg CaMOCTOSATEIbHOIO PELIECHHUS
Ha kakoil yrioBoil BeICOTE€ HaJ TOpPU30HTOM Haxoautcs CoOJHIE, €ClIM COJIHEYHBIN JIyd,
OTPaKEHHBIN OT MOBEPXHOCTH BOJIBI (N = 1,33), MakCUMAaJIBHO MO PU30BAH?
[InacTuHKa KBapua TOJMIIMHON 2 MM, BbIpE€3aHHas NEPHIEHANKYIAPHO ONTUYECKON OCH KpUCTaIa,
[MOBOPAYMUBAET IUIOCKOCTh MOJISIPU3aLUA MOHOXPOMATUYECKOTO CBETA HA YroJl 30° . Onpexnenuts
TOJIIUHY APYroil KBapIeBOM MIACTUHKH, HEOOXOUMOM ISl TOJIHOTO TallleHHs CBETA.
EcrecTBeHHBIE MOHOXPOMATHYECKUI CBET MAJaeT Ha CUCTEMY M3 JIBYX CKPEILEHHBIX HUKOJEH,
MEXJy KOTOPBIMH HaXOAUTCS KBapleBas IUIACTUHKA, BbIPE3aHHAs NEPHEHAMKYISIPHO K
ontuyeckoil ocu. HailTu MUHMMaIbHYIO TOJIIUHY TUIACTUHKH, MPU KOTOPOH 3Ta cucteMa OyneT
npomyckath 1 = 0,30 cBETOBOTO MOTOKA, €CIU MOCTOSTHHASI BpallleHusI KBapiia o = 17 yri.rpag/mm.
Nmes B BUITy, UTO 711 TOCTATOYHO KECTKMX PEHTT€HOBCKHUX JIYY€H AJIEKTPOHBI BEIIECTBA MOMXKHO
CUUTaTh CBOOOJHBIMH, OMNPEACTUTh, HACKOJBKO OTJIMYaeTCs OT eOUHHIBI IO0Ka3aTelb
npenomIIeHus rpaduTa s PeHTT€HOBCKUX JIydel ¢ JITUHOUW BOTHBI B BakyyMe A = 50 mM.
Kosdduiment mnornomeHus HEKOTOPOTO BeHIecTBa Ui MOHOXPOMATUYECKOTO  CBeTa
onpeneaeHHON JMHbI BOIHBI paBeH 0,1 em™, /OnpenenuTsh TOJNIUHY CIOS BEIIEeCTBa, KOTOpas
HeoOxouMa JUTsl OCcllablieHuu cBeTa: a) B 2 pasa, 0) B 5 pa3. Ilotepu Ha oTpakeHue cBeTa He
YUUTHIBAT.
Omnpenenure MUHUMAIBHBIH HMITYIIbC, KOTOPBIM JOJDKEH 00MaJaTh AIIEKTPOH, YTOOBI APQeKT
BasunoBa — UepenkoBa HabIrOalCs B CpeJie C MOKazaTeaeM npeaoMieHus 1,5.
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Tema: OcHOBBI reOMeTpHYECKON ONTHKH
3axoHvl ceomempuieckoli OnmuKu
Bonpocsl
AOGCOIOTHBIN NOKA3aTeNb MPETOMIICHHUS, OTHOCUTEIBHBIIN MMOKa3aTeb MPEIOMIICHHS.
[Tpunnun Oepma.
3aKOHBI FT€OMETPUYECKON ONTUKU: a) OTPAXKEHUs], 0) IPETOMIICHUS, B) IPSIMOIMHEWHOCTH JIY4EH,
r) 00paTUMOCTH JTy4eH.
[MonsiTust: a) 3epkaio, 0) mpu3Ma, B) JIMH34, T) ONTHYECKAsl CUCTEMa, 1) ONTHYECKUH Tproop.
[onsiTusi: a) myd, ) riaBHas ONTHYECKas OCh, B) QOKYC, (POKycCHOE paccTOSIHHE, T) ONTHYECKas
CHJIa JIMH3BL, 1) YBEJIMYEHHE U300paKEeHUSI.
Twume! 3epkan: a) mo ¢opme, 6) O HANTBUICHHIO HAa TTIOBEPXHOCTb.
XapakTepHble TOYKH, JJUHUU, TUIOCKOCTH, JIy4H MPHU MOCTPOCHUHM M300paKEHUH C TOMOIIbIO: a)
MIJIOCKOTO 3epKaiia, 0) cepuueckoro 3epkaia, B) TOHKOU JTUH3HI.
®dopmyna: a) chepuueckoro 3epkana; 0) TOHKON JTMH3HI.
[Ipenomirstronyvii yroJr npu3Msl.
3anaun
Ha kparo GacceitHa CTOUT 4eIOBEK U HaOIIOJaeT KaMEHb, JieKanui Ha qHe. [myOuna OacceitHa
paBHa h. Ha kakoMm paccTossHUM OT MOBEPXHOCTH BOJbI BUIHO M300pakeHHE KaMHS, €CIU JIy4
3pEHUs COCTaBIISET C HOPMaJbIO K TOBEPXHOCTHU BOJIbI Yo 97
TIpeelbHBII YOI MONHOTO OTPAKEHHS HA IPAHUIE CTEKIIO — JKHAKOCTh paBeH 65 °. Onpenenure
MOoKa3aTesb MPeToMIICHHS KUAKOCTH, €CIIH MToKa3aTelb MPeIoMIIeHHs CTeKIa paBeH 1,5.
Ha crexnsHHy0 npusMmy ¢ OPEIOMISIONIUM YrioM 55° mamaer Jy4d CBETa MOJA YIJIOM 30°,
Onpenenutph yroy OTKIOHEHUS Jyda IPU3MOM, €ClIi ToKa3aTellb PeIOMIIEHUs CTeKIa paBeH 1,5.
BoruncnuTe 1 HauepTUTE KOJIMYECTBO N300paKEHUH TOUEYHOTO UCTOUYHHKA CBETA, €CIIM UCTOUHUK
HAXOJUTCS MEXKILY ABYX MIOCKHX 3ePKAIL, MEKIY KOTopbiMu yroi 30°.
[Nocrpoiite n300paskeHne MpenMeTa OT BBITYKIIOTO 3epKajia, €ClM MPeAMET HAaXOJUTCS OT BEpPIIMHbI
3epKajia Ha PAacCTOSIHUM: a) MEHbIIe (DOKYCHOTO PacCTOsIHUS, 0) paBHOM (DOKYCHOMY PacCTOSHHIO, B)
Oostbirie (POKYCHOTO PACCTOSIHUSI, HO MEHBIIIE paJiilyca KPUBHU3HBI, T) PAaBHOM PalyCy KPHUBH3HBI, [T)
OoJblIIe paguyca KpUBU3HBL. OXapakTepu3yiTe H300paskeHHe B KaXIOM CITy4Jae.
Heo6xoaumMo M3roTOBUTH IIJIOCKO-BBIMYKJIYIO JIMH3Y C ONTHYECKOW cuioi 4 mntp. Onpenenuthb
paanyc KpUBU3HBI BBINYKJIONW MOBEPXHOCTH JIMH3bBI, €CIM IOKa3aTeslb MPeOMIICHUs MaTepuaia
JIMH3BI paBeH 1,6.
3a/1auu Juisi cCaMOCTOSTEIbHOIO PelIeHUs

Ha IIocKonapauIebHyI0 CTEKISHHYIO TUTACTHHY TOJIIMHOM 5 CM Majaer Jyd cera mof yriom 30 °.
Berancnute 60koBoe cMelieHHe S JTyda, IPOIIEIIero CKBO3b ATy IiacTuHy. [lokasaresns npenoMieHus
crexia 1,5.
Jlyu cBeTa BBIXOAWT U3 CTEKIIA B BO3AyX. BhiunciuTe CKOpOCTh CBeTa B CTEKIIE, €CIU MPEeTIbHBIN Yo
TIOJTHOTO BHYTPEHHETO OTPaYKEHHs PaBeH 42°,
Jlyu cBeTa BBIXOJUT U3 CTEKJISSHHOW Mpu3MbI (N = 1,5) moxa Tem ke yriioMm, 4To U HajaeT Ha Heé.
OnpenenuTs yroj OTKJIOHEHHUS Jyda IPU3MOM, €CIU €€ MPEeTOMIISIIOIIUN YTroJl 60°.
[TocTpoiiTe M300paskeHHE TOYEYHOTO MCTOYHHMKA CBETa B JABYX IUIOCKHUX 3€pKanaX, e€ClId Yyroll
Mexly HUMH paBeH 120°, 90°, 72°, 60°, 45°. CkoiabKko n300paXkeHH moydaeTcs?
Bornyroe cdeprueckoe 3epkaio UMeeT paauyc KpuBu3Hbl R=45 cwm. PaccrosHue oT npenmera, BbicoTa
KOTOPOTro 3 cm, 10 3TOT0 3epKajla paBHO JIBYM pajuycaMm KpuBH3HbL. IlocTpoiite n3o0pakeHue npeamera
W BbMUCIHTE: a) (DOKYCHOE paccTosHue, O) TMONOKEeHHE W300paKeHHs TpenMeTa, B) YBEIUUYEHHE
m3o00paxkeHus. Kakoe mnomydunock M300pakeHHE: YBEMYEHHOE WM YMEHBIIEHHOE, MpsIMOe WU
MIEPEBEPHYTOE, NEUCTBUTENBHOE WM MHUMOE?
JIBosikoBBIMyKIIass uH3a U3 crekna (N, = 1,5) oGmamaer ontuueckoit cumout 4 antp. [lpu eé
MOTPYKEHUH B KUIAKOCTH (N, = 1,7) nuH3a AeiicTByeT kak paccewBaromias. Omnpenenuts: 1)
ONTUYECKYIO CHJIy JIMH3BI B JKUJKOCTH, 2) (DOKYCHOE paccTOSHHE JIMH3bI B JKUAKOCTH, 3)
MOJIOKEHHE N300paKEHHsI TOUKU, HAXOSIIEHCs Ha TJIaBHOM ONTHYECKO OCH Ha PACCTOSHUM TPEX
(OKYCOB OT JIMH3BI JJIS CIIy4aeB JIMH3BI B BO3/IyXe U B )KHMJIKOCTH, IOCTPOUTH 3TH U300paKEeHUSI.
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Tema: OcHOBBI (poTOMETPUM
Bonpocsl

OcHOBHBIE TIOHATHS (POTOMETPUH.

OCBeIIEHHOCTh OT TOYEYHOT'O UCTOYHHKA.

3akon JlambGepTa.

OcBemeHHOCTh H300paKEeHUS, TaBAEMOTO JINH3OM.

3amaun

ToueuHbIil U30TPONHBINA UCTOYHUK UCITYCKAeT cBETOBOM NMOTOK @ = 10 1M ¢ JIMHON BOJIHBI A =
0,59 mxMm. HaliTu amMmiuTyqHble 3HAU€HUS HAIPSDKEHHOCTEM 3JIEKTPUYECKOr0 W MarHUTHOTO
II0JIEH ATOTO CBETOBOI'O IIOTOKA HA PACcCTOSIHUM ' = 1,0 M OT UCTOYHHUKA.
JIaMOepTOBCKHII MCTOYHUK MMEET BHJ O€CKOHEYHOH 1uiockocTd. Ero sipkocts paBHa L. Haittu
OCBELICHHOCTH IUIOIIA/IKH, PACIIOJIOKEHHON NTapaJUIeIbHO JAHHOMY UCTOYHUKY.
Ha Breicote h = 1,0 M Hax nieHTpOoM Kpyrioro croja paguyca R = 1,0 M mojBeiieH TOYeYHbBIN
HCTOYHMK, CUJIa CBETa KOTOPOro [ Tak 3aBHCHUT OT HAIPABIIEHHUS, YTO OCBEIIEHHOCTh BCEX TOUEK

CTojla OKa3biBaeTcs paBHoOMepHoil. Haiitm Bung o¢yukmum I(8), roae 9 — yroa wmexay
HaIpaBJICHUEM M3JIy4€HUS U BEPTHUKAIbIO, @ TAaKKE CBETOBOM MOTOK, MaJarolllMi Ha CTOJ, €CIH
1(0) = 1o = 100 xx.

Haiitu ¢ moMonipro KpuBOil OTHOCUTENIBHOM CIIEKTPAIbHOW YyBCTBUTEILHOCTH IJ1a3a:
a) MOTOK PHEPTUM, COOTBETCTBYIOIINN CBETOBOMY MOTOKY B 1,0 1M ¢ myuuoi BosiHbl 0,51 u 0,64
MKM; 0) CBETOBOW TMOTOK, NMPUXOJANIUNCA HAa WHTepBaI MH BoJH oT 0,58 mo 0,63 MM, eciu
COOTBETCTBYIOIIMI MOTOK 3Heprun @, = 4,5 MmBT, npuueM nocneHuid pacupeneneH paBHOMEPHO
M0 BCEM JJIMHAM BOJH 3TOr0 WHTepBaja. CuMTarh, YTO B JAHHOM CIIEKTPAIBLHOM HWHTEpBaje
¢byHkus V(A) 3aBUCUT JTUHEHHO OT JUTMHBI BOJIHBI.

3aiauy 1Jisg CaMOCTOSATEIbHOIO PEIICHHUS
CBEeTUJIBHUK U3 MOJIOYHOTO CTeksa uMmeeT popmy mrapa nuamerpoM d=20 cm. Cuna cBeta I mapa
paBHa 80 k1. OnpeaenuTh NOJHBINA CBETOBOM NOTOK @, CBETUMOCTh M U ApKOCTh L CBETHIIBHUKA.
CBeTWIIHPHUK, UMCIOIINI BUJT pABHOMEPHO CBeTsIIeHcs cheprl paguyca R = 6,0 cMm, HaxoauTces Ha
paccrostann h = 3,0 M or nona. SIpkocts cBermisHuka L = 2,0%10 KI/M° M He 3aBHCHT OT
HarpasJyieHus. HaliTh 0CBEEHHOCTh M0J1a HENOCPEACTBEHHO MOJT CBETHIIBHUKOM.
ComnHile, Hax0sICh BOJIM3M 3€HUTA, CO3/1a€T HA TOPU30HTAIBHON MOBEPXHOCTH OCBEIIEHHOCTh E =
0,1 Muik. Inametp CosHiia BuaieH noj yriaom o=32". Onpenenuts BuguMyto sspkoctb L ConHia.
OcgenieHHOCTh E MOBEPXHOCTH, MOKPHITOM Cl10eM caxku, paBHa 150 5k, sipkocTh L oMmHaKkoBa BO
BCEX HAIPABJICHHSX U paBHa 1 k/M°. OnpeennTh Ko(hGHUIHEHT OTPasKEHHS p CaxKHL.
Haiitu cpenHior0 0CBEIEHHOCTh 00IydaeMOoi 4acTu HEeNpo3payHoil cdepbl, ecau Ha Hee MaJaeT:
a) mapauIeTIbHBIM CBETOBOM MOTOK, CO3JAOLIUN B TOYKE HOPMAJIBHOTO MAaJCHUS OCBEIEHHOCTD
Eo; 6) cBeT OT TOUEYHOTrO M30TPOMHOTO UCTOUHUKA, Haxosmierocs Ha pacctossHuu 1 = 100 cm oT
uentpa chepsl. Paguyc cdeprt R = 60 cm u cuna cera [ = 36 k.
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Tema: OCHOBBI KBAHTOBOM ONITHKH
Bonpocsl

[ToHsITHE TEMIOBOTO U3ITY4YEHUS
CnexTpanbHas IIIOTHOCTh SHEPreTUYECKONH CBETUMOCTH, CyMMapHasi SHepreTuyeckasl CBeTUMOCTh
(u3myyarenbHas CIOCOOHOCTb) Tena
3akon Kupxroda
IIpencraBnenue o poTone: a) sneprus (runotesa [Inanka), 6) macca, B) UMITYJIBC
®opmyna [Inanka U1 TEMIOBOTO U3ITY4YEHUS
DHepreTuyeckas CBETUMOCTb TBEPIOTO Telna, 3akoH Credana-bonabpimana
3akoH cMmeleHus Buna
[onsitus poroapexra, BHenrHero porordpdexra
3akonsl CroneToBa A5 BHeNIHero Gotorddexra

10 VYpaBHenue DiiHITelHa U151 0IHO(POTOHHOTO BHEIIHETo (poTorddexTa, KpacHas TpaHHLA



11. /laBnenue cBeTa Ipu HOPMaJIbHOM NAJEHUU HA IOBEPXHOCTD
12. KomnronoBckuii cisur (3¢ dexr Komntona)

1.

3azaun
Nznyuenne ConHIIA MO CBOEMY CIEKTPATHHOMY COCTaBY OJIM3KO K H3JIyU4EHHUIO a0COJIIOTHO

YEPHOTO TeJa, JUIsl KOTOPOro MAaKCUMYyM CIIEKTPalbHON IUIOTHOCTU 3HEPIETUYECKON CBETHMMOCTHU
npuxoautcs Ha anuHy BosiHbl 0,48 mxMm. Haiitu: a) temneparypy mosepxHoctu CouHia, 0)
sHepruio, Tepsemyro CoJiHIEM Ha u3iaydeHue B TeueHue 10 MUH; B) Maccy, TEpSEMYIO 3a 3TO ke
BpeMsi; T) BpeMms, 3a kotopoe macca CoiHila yMeHbIuTes Ha 1%.
DHepreTHYeckas CBETHMOCTh abcomorHo uepmoro tema 1,310" Br/m?. Ompenenuts wimHy
BOJIHBI, OTBEYAIOIYI0 MAKCUMYMY CIEKTPAJIbHON MJIOTHOCTH SHEPreTHUYECKONH CBETUMOCTH 3TOTO
Tena.
Kanuesslil kaTo1 ocBeIaeTcss MOHOXPOMATUYECKUM CBETOM JIUHOU BOJIHBI 400 HM. OnpenenuTsb
HauMEHbIIIee 3aJIep’KUBAIOIee HANPSIKEHHE MEXKIy KaToJOM U aHOJOM IpU KOTOPOM (OTOTOK
npekpariaercs. Pabota Bexo1a (hOTOIEKTPOHOB C MIOBEPXHOCTH Kayus paBHa 2,2 3B.
OmpenenuTh KpacHyro rpaHuily ¢oTtodpderra sl HUHKA W MaKCUMAJIbHYI CKOPOCTH
(OTONEKTPOHOB, BBIPHIBAEMBIX C €TI0 MOBEPXHOCTH AJIEKTPOMArHUTHBIM HM3JIyY€HUEM C JUTUHOMN
BOJIHBI 250 HM.
JlaBieHre MOHOXPOMAaTUYECKOro cBeTa JUIMHOW BoJIHBI 600 HM Ha 3a4epHEHHYIO MMOBEPXHOCTD,
PaCIOJIOKEHHYIO TIEPICHAUKYIISIPHO MaaapieMy uiinydenuto, pano 0,1 mklla. Onpenenute: a)
KOHIICHTpaIMio (POTOHOB B MA/IAIOIIEM ITyYKe CBeTa; 0) YMCiIo (POTOHOB, MATAIOIINX E€KECEKYHTHO
Ha 1 M TIOBEPXHOCTH.
@OTOH C JIMHOW BOJHBI 5 TM HCHBITAT KOMITOHOBCKOE PACCESHHE MOJ YIJIOM 90° Ha
MepBOHAYAILHO MOKOUBILIEMCSI CBOOOTHOM 3j1ekTpoHe. Onpenenure: a) U3MEHEHUE JJIMH BOJIHBI
(dhoTOHa NpU paccesHUU; 0) SHEPTUIO OTAUU MIEKTPOHA; B) UMITYJIbC OTJA4U AIEKTPOHA.

3a1auy JuIsl CaMOCTOSTEIbHOIO PelIeHUs
BcenenctBue u3MeHeHHs TeMmIepaTypbl YEpHOTO Teja MaKCUMYM CHEKTPajJbHOM IJIOTHOCTH
SHEPreTUYECKON CBETMMOCTH CMECTWJICS B CHEKTPE TEIIOBOTO H3JIy4EHHUS C JUIMHBI BOJHBI 2,4
MKM 710 0,8 Mkm. Kak 1 BO CKOJIBKO pa3 U3MEHIIUCH: a) CyMMapHasi SHepreTHueckas CBETUMOCTh
Tena; 0) MakCUMallbHas CIIeKTpalibHas MJIOTHOCTh YHEPT€THUECKON CBETUMOCTHU ?
Nmeetcs n1Ba aOCOJIIOTHO YEpHBIX MCTOYHUKA TEIUIOBOTO M3NydeHHs. Temiieparypa OJHOTO W3
Hux Ti= 2500 K. Haiitu Temneparypy Apyroro MCTOYHHKA, €CJIM JJIMHA BOJIHBI, OTBEYarolas
MaKCUMyMy €ro CHEKTPaJIbHOW IUIOTHOCTH SHEPreTuueckoi cBeTumoct, Ha AA = 0,50 MM
0oJbIlle  JUIMHBI ~ BOJIHBL, COOTBETCTBYIOLIEH MaKCUMYyMYy  CIEKTPaJIbHOM  IJIOTHOCTH
SHEPreTHYECKON CBETUMOCTH MEPBOT0 UCTOYHHKA.
[Ipu moouepeTHOM OCBEIIEHUH MOBEPXHOCTH HEKOTOPOrO METalljla CBETOM C JJIMHAMU BOJH A1 =
0,35 MM u A1 = 0,54 MKM OOHApPYXWIH, YTO COOTBETCTBYIOIIHE MAaKCHUMaJbHBIE CKOPOCTH
(OTOANEKTPOHOB OTIMYAIOTCS ApPYyr OoT Apyra B m = 2,0 pasza. Haiitu paboTy BbIXOJa C
MMOBEPXHOCTH 3TOTO MeTaa.
byner nm wnabmiomatbes  QorodddexT, ecau Ha MOBEPXHOCTh cepedpa HaANpaBHUTH
yIapTpaQHrOIETOBOE U3TyUYeHUE ¢ AMUHOM BOIHBI 300 HM?
JlaBieHre MOHOXPOMATUYECKOro cBeTa JIMHOW BoJHBI 500 HM Ha 3auepHEHHYIO MOBEPXHOCTH,
PaCMOJNIOKEHHYI0 MEepIeHANKYIIPHO MajatoneMy usnydeHuto, pano 0,15 mklla. Omnpenenute
ancio (OTOHOB, MAMAONINX HA TOBEPXHOCTH TIOmambio 40 cm”3a 1 ¢
@®oton ¢ osHeprueir 1,025 M»dB paccesncs Ha mnepBOHAYaJIbHO ITOKOMBIIEMCS CBOOOJIHOM
anekTpoHe. Ompenenure yroia paccessHus (OTOHA, €CIM JJIUHA BOJHBI PacCesTHHOro (hoToHa
OKa3ajach paBHOM KOMITOHOBCKOMW JAJIMHE BOJIHBI 2,43 M.

3anamue No 14

Tembl: KopnyckyIsipHO-BOJTHOBOMH 1yaJIM3M.
Ypasuenue lllpéaunrepa u ero pemexnue

Bonpocsl

1. Tunoresa JIyn ne bpoitns.
2. JlnunHa BomHBI e Bpoiins pensTHBUCTCKON YacTHUIIBI
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11.

12.

I'pynnoBas ckopocCTh BOJIHBI A¢ bponis
CootHoienust HeonpeaenéHuoctei I eitzendepra
CranuonapHoe ypaBHeHue llpenunrepa.
OOmmii BUJ BOJTHOBOW (DyHKIUHU
YcnoBue HOPMUPOBKHM BOJTHOBOM (DyHKIIWU.
3anaun

Bobruncnute 1eOpoiliieBcKue AJIUHBI BOJH 3JIEKTPOHA, MPOTOHA M aTOMa YpaHa, HMEOLIUX
OJINHAKOBYIO KUHEeTHUYecKyto sHepruto 100 aB.
3apsKeHHasl 4yacTHIla, YCKOpEHHas pa3HOCThi0 moreHiuanoB 500 B, umeer AnuHy BOJHBI Jie
Bbpoiins 1,282 M. Cuunras 3apsi 5TOM 4aCTUIIBI paBHBIM 3apsiy dJIEKTPOHA, ONPEIEIUT €€ Maccy.
JlnuHa BOJHBI ()OTOHA, KOTOPBIA HCHylleH atomoM, paBHa 0,6 mxwm. [IpuHUMAas BpeMs >KU3HU
aToMa B BO30YXIEHHOM COCTOSIHUM PaBHBIM 108 C, ONPEACIINTh OTHOIIEHUE ECTECTBEHHOU
UIMPUHBl SHEPreTHYECKOr0 YPOBHS, Ha KOTOPOM ObUT BO3OYKIEH 3JEKTPOH, K H3Iy4aeMoM
SHEpruu.
OnexTpoH ¢ kuHetmueckoil sHeprue T = 4 3B noxanuszoBan B obmactu pazmepoM 1 = 1 Mkm.
OueHuTh ¢ MOMOIIBIO COOTHOIICHHS HEOIPEAEICHHOCTEH OTHOCHUTENIbHYIO HEOIPEEIEHHOCTh
€ro CKOPOCTH.
BousiHOBast (hyHKIHMS HEKOTOPO#i yacTuIlbl uMmeeT Bua = Aexp(-r/a), rme A U a8 — KOHCTaHTHI, I —
paccTOsIHME YaCTHIBI OT CHJIOBOTrO LeHTpa. HaliTh Hanboee BEpOATHOE PACCTOSHUE [gep YACTHIIBI
OT LIEHTpA.
Yactuma Maccsl m ABMKETCS B OJHOMEPHOM MOTEHIHANIbHOM mojie U = kx%/2 (TrapMOHUYECKUI
ocuruIATOp). OLEHUTh MUHUMAJIBHO BO3MOKHYIO SHEPTHUIO YACTHIIBI B TAKOM I10JIE.

3aj1auy Juis cCaMOCTOSTEIbHOIO PelIEHUs
Kunernueckas sHeprus snexrpona pasHa 0,6 MaB. Onpenenute ero jiinHy BOJIHBI 1€ bponis.
OnpenenuTh AJIUHY BOJHBI € Bpoiisis, XapakTepu3yoNIyr0 BOJHOBBIE CBOMCTBA aTOMa BOJOPO/Ia,
KOTOPBIN JIBKETCA CO CKOPOCTBIO, PAaBHOM CpeIHEN KBAJAPATUUYHOW CKOPOCTH MPU TEMIIEpaType
17°C.
Bocronb30BaBIIMCE  COOTHOIIEHHEM HEOMPENENEHHOCTEH, OLIGHUTE pa3MBITOCTh (LUIUPUHY)
SHEPTreTUYECKOTO0 YPOBHsI aToMa BOJOPOJia B COCTOSHHUHU: a) OCHOBHOM; 0) BO30YXJIEHHOM CO
BPEMEHEM JKU3HU 10%c.
OueHuTh € TOMOIIbIO COOTHOIICHUS HEONPENEICHHOCTe MUHUMAIBbHYIO KHHETHYECKYIO
SHEPrHIO AIIEKTPOHA, JOKAIU30BaHHOTO B 061acTu pazmepoM | = 0,20 um.
Yactuila HaXoAWTCA B JBYMEPHOW NPSIMOYrOJbHOM MOTEHIHMANBHOW $IME C aOCOJIOTHO
HenpoHunaeMeiMu creHkamu (0 < x < a, 0 <y < b). Onpenenuts BEpOSTHOCTh HAXOXKJCHUS
YaCTHUIbl C HAMMEHBIIICH 2Heprueit B obmactu 0 < x < a/3.
Yactuiia HaXoUTCS B OECKOHEYHO TNIyOOKO# OJHOMEPHOM MOTEHIMAIBLHON siMe IHPUHOH | Ha
BTOPOM JHEPreTHYeCKOM YpOBHE. B KakuxX TOUYKax SIMbI IJIOTHOCTH BEPOATHOCTU OOHApPYKEHUS
YaCTHUIIBI COBMA/IAET C KJIACCHYECKON TNIOTHOCTHIO BEPOSITHOCTH?

3anamue Ne 15
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Tema: ®u3uka aToma
Bonpocsl

Mogenu atoma BOAOPOAA, UX HECOOTBETCTBUE OIBITHBIM JaHHBIM
OcHoBsl Teopun bopa, e€ HegocTaTku
KosdduiuneHTs! Npo3padHOCTH U OTPAXKEHUS OTEHIIUAIBHOTO 0apbepa.
Pewmrenne ypasuenus Lllpeaunrepa it aroma Bogopoaa. Pu3nyeckuii CMbICI KBAHTOBBIX YHCEIL.
CruH a5eKTpoHa.
IIpunnun 3anpera [Taynu. Ilepuoauyeckas cucreMa XMUMUYECKUX DIIEMEHTOB.
CriekTpasIbHbBIE TEPMBI.
IIpaBuna Xynna.
MexaHn4eckuii MOMEHT aToMa.

10. Mar"uTHBI MOMEHT aTOMA.
11. IlpaBuna orOopa



10.

11.

12.

3azaun
Kakoil cepum NpUHAUICKUT CIEKTpalbHAs JMHUSA aTOMapHOrO0 BOJOPOJA, BOJHOBOE YHCIIO

KOTOpPO#l paBHO pa3HOCTH BOJIHOBBIX YMCEJ CIEAYIOIIMX ABYX JUHUI cepun banbmepa: 486,1 u
410,2 am? KakoBa jjivHa BOJHBI STON JUHUH?
OmnpenenuTh JUIMHBI BOJH CIEKTPAJIbHBIX JUHHUM, BOSHUKAIONIUX MPH NEpexoae BO30YKICHHBIX
aTOMOB JIMTHSI U3 COCTOSIHUS 3S B OCHOBHOE cocTosiHUE 2S. Pua0Oeprosckue nomnpasku i S- u P-
tepmoB paBHsl -0,41 u -0,04.
Hammcare ¢ moMomipro mnpaBmwil XyHJA CIEKTPAJIBHBIA CHUMBOJ OCHOBHOIO TE€pMa aroma,
€IMHCTBEHHAsI HE3aIOTHCHHAS 110J000JI09Ka KOTOPOTo 3amoyHeHa: a) Ha 1/3, u S = 1; 6) Ha 70%,
uS=3/2.
Haiitn MakcuMaabHO BO3MOYHBIN ITOJTHBIN MEXaHUYECKHIA MOMEHT U CIIEKTpaJIbHOE 0003HAUYCHUE
TepMa aToMa: a) HaTpHsl, BAJICHTHBIM 3JIEKTPOH KOTOPOTO MMEET INIaBHOE KBAaHTOBOE YMCIIO N = 4,
6) ¢ aeKTpOHHOIT KoHburypauueii 15°2p3d
VY aroma kakoro snemeHTa 3anojHeHsl K-, L- u M-o0osiouku, 4S-11010001049Ka ¥ HaMoJOBUHY 4p-
o0oJiouKa?

3aj1auy Julsl CaMOCTOSTEIbHOIO PelIeHUs
Kakue nuHUM cOAEPKUT CHEKTP MOTJIOLIEHUS] aTOMapHOT0 BOJIOpO/Jia B IMaNa3oHe JUIMH BOJIH OT
94,5 o 130,0 am?
HaifTi KBaHTOBOE YMCIIO N, COOTBETCTBYIOMIEE BO3OYKICHHOMY cocTosHMIO noHa He', ecrm mpu
Mepexo/ie B OCHOBHOE COCTOSIHME 3TOT MOH MCITYCTHJI IIOCIEA0BATEIbHO JBa (POTOHA C JAJTUHAMU
BoiH 108,5 u 30,4 M.
Onpenenuth PHEPrUI0 3JIEKTPOHA aToMa BOJIOPOJia B CTAlMOHAPHOM COCTOSIHMHU, JAJISi KOTOPOTO
BoJiHOBast Qynkiwms y(r)=A(l+ar)e™, rue A, a 1 0. — HEKOTOPbIE MOCTOSIHHBIE.
HaiiTi sHepruto cBsi3u 3J1€KTpOHa B OCHOBHOM COCTOSIHUM BOJOPOJIOTIOOO0HBIX HOHOB, B CIIEKTpE
KOTOPBIX JJIMHA BOJIHBI TpEThell InHUU cepuu banbmepa paBHa 108,5 Hm.
DHeprusi CBSI3W BAJIEHTHOTO DJJIEKTPOHA aTroMa JIMTHS B COCTOSIHMSAX 2S u 2P paBHa
coOTBETCTBEHHO 5,39 u 3,54 5B. Brruuciauts puadeproBckue momnpasku st S- U P-repmoB sTor0
aToMma.
YCTaHOBHUTh, KaKH€ W3  HIKENEPEUHMCIEHHBIX  [EPEeXOJ0B  3alpelleHbl  MpaBUIaAMH
ot60pa: “Daz — P2, *P1 — *Sipz, °F3 — °P2, *Fr — *Dspe.
ATOM HaxOJIUTCS B COCTOSIHUM, MYJIbTUILIETHOCTH KOTOPOTO paBHA 3, a MOJIHBIM MeXaHYeCKUH
momenT hV3. KakoBbI 3HAYEHHS €r0 OPOUTATBHOTO KBAHTOBOTO HCIa?

3anamue Ne 16
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Tema: Sinepuas pusnka
Bonpocsl

Uewm oTinyaTtcs siapa-u300apbl OT saep-U30TONOB?
3aKOH paJIMOaKTUBHOTO pacraja
[TocTosiHHAsA pachiaja v epuo/I moaypacnaga
Tunsl pagnoakTUBHOTO pacmnaja, IpaBuUiia CMEIECHH
[ToyeMy MPOYHOCTH sA€P YMEHBIIAETCS Y TAKEIBIX AIIEMEHTOB?
[Tox neiicTBMEM KakuMX 4YacTHI] — alb(}a-4acTUIl WIM HEUTPOHOB — SIEPHBIE peakuuu Ooliee
s¢dekTuBHBI (1 MouemMy)?
3aKOHBI COXPAHEHUS B SJIEPHBIX PEAKITHIX
KakoB xapakrtep IemHOM peakiuu aenenus, eciau : a) K> 1;6) k=1;B) k < 1?

3ajauun
VICKYCCTBEHHO ~TOJYYCHHBI pAAMOAKTHBHBI M30TON Kambis 20Ca HMeeT MepHoN
noyypacnaja, paBHbiid 164 cyrkam. HaiiTu akTUBHOCTB 1 MKT 3TOTO mpemnapara.
Beruucnute mMacey (B a. e. M.): a) atoma Li-8, sHeprus cBs3u sjapa kotoporo 41,3 MaB; 0) sipa C-
10, y xoTOpOro 3HEprus cBA3M Ha OJIMH HYKJIOH paBHa 6,04 M»B.
OrpeenTe MUHIMAIBHYO SHEPIUIO, HEOOXOMMYIO JUTS pas3eleHus sapa yriepoaa “¢C Ha Tpu
OJIMHAKOBBIX 4YacTUIBL. Macca siapa yraepomga mc = 11,9967a.e.m, macca siapa Trenmus mpye =



ok~

10.

11.
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4,0015a.e.m, (1 a.e.m = 1,66 -10%" kr, ckopocts cera ¢ = 3-10° m/c, 1 MaB = 1,6 10 [Ix).
OTBeT npeacTaBbTe€ B METAICKTPOHBOJIBTAX U OKPYTIIUTE J0 IECATHIX.
Haiinure sHepruio, 0CcBOOOXKIAIOIIYIOCS MPU SIIEPHOUN peaKIuu L0 +4H — %He +%He .
Kakue u3 Hkecne1yrommux NpoLeccoB 3alpelieHbl 3aKOHOM COXPAHEHHUs JIENTOHHOTO 3apsiia:
Dn—op+e +v;
D - +e+e’;
- +v;
4)p+e —->ntv;
Syt —e +v+v;
K - p+v?

3aJ1auy Julsl CaMOCTOSTEIbHOIO PEelICHUs
Kaxast yacte aToMOB paguoakTuBHOTrO KobOansTa 58 27 Co pacnagaercs 3a 20 CyTOK, €Clid MepUo
noJypacnajaa paBeH 72 cyrkam?
BbruncnuTh KHHETHUECKHE SHEPTUN MPOTOHOB, UMITYJIbChl KOTOphIX paBHbI 0,10, 1,0 u 10 I'3B/c,
I7le ¢ — CKOpPOCTh CBETA.
BBIUHCIINTE SHEPIUIO, HEOOXOAMMYIO s pasiencHus sapa Ne?® Ha aBe o-gactuisl u sapo CL2
eCIIM M3BECTHO, YTO SHEPrMHM CBS3M Ha OmWH HykioH B sgpax Ne?’, He'wn C* pasubl
cootBeTcTBeHHO 8,03, 7,07 1 7,68 M»1B.
Haiitu yncio HENTPOHOB, BOSHUKAIOIIMX B €AUHUILY BPEMEHH B YPAHOBOM PEAKTOPE, TEILIOBAs
MOIIHOCTH KoTOoporo 100 MBT, eciiu cpeqHee yncio HEUTPOHOB HA KaXKIbId aKT JEJIEHUS PaBHO
2,5. Cuurarp, 4TO NMPHU KAXKJIOM JIeJIeHUN 0CcBOO0XmaeTcs sueprust 200 M»aB.
Cuuras, uyTo B ogHOM akte aeneHus siapa U-235 ocBoboxkaaercs sneprus 200 MaB, onpenenuts:
a) DHEPruio, BBIJIEISIOMIYIOCS MPH CroOpaHUM OAHOro Kmiorpamma usortomna U-235, m maccy
KaMEHHOTO YIJISI C TEIUIOTBOPHOUW crocoOHOCThI0 30 KJDK/T, SKBHBAJICHTHYIO B TEIUIOBOM
OTHOIIIEHHH OofHOMY Kmiorpammy U-235; 6) maccy mzorona U-235, moasepriierocsi JACICHHUIO
MpU B3pbIBE AaTOMHOM OOMOBI C TPOTHJIOBBIM SKBUBaJeHTOM 30 KHJIOTOHH, €CJIM TEIUIOBOM
SKBUBAJICHT TpOTUJIA paBeH 4,1 kJIx/T.
Hanummure negocraroniye 0603Ha4eHUs B CIEAYIOLUIUX AICPHBIX PEAKIIHIX:
1) 2713A| + loIl — 7+ 42He ;
2) %C+1H > BC +2;
3) 2+ 11H — #1Na + “He ;
4) 5525Mn +?7 > 5526Fe + 10n ;
5) 2713A| ty— 2612Mg + 7.

JlaGopaTopHble 3aHATHUSA
3 cemecTp

Mexanuxa
JlaboparopHas pabota Ne 1: U3mepeHue NJI10THOCTH TBEPAOIO Tejia
[lenu paGoTHL:
N3yunTh ycTpONCTBO WITAHIEHUUPKYJS U HAYUYUTHCS U3MEPSTh JIMHEHHBIE pa3Mepbl Tela C €ro
MIOMOIIIBIO.
N3yunTh yCTpOHWCTBO MHUKpOMETpa M HAYYUThCS HU3MEPSATHh JIMHEWHBIE pa3Mepbl Tela C €ro
MTOMOIIIBIO.
N3yuuTh npaBuiia Mojab30BaHMS JNEKTPOHHBIMU BECAMHU UM HAYUUTHCS U3MEPSATh MAcCy Tel C UX
MTOMOIIIBIO.
Bb1uncanTe N10THOCTH OJTHOPOHOTO TBEPAOIO TeENa.
N3yunts TexHoIOTHIO OOpaOOTKH PEe3ynbTaTOB W3MEpPEHUH, BBINOJHEHHBIX MPU OJMHAKOBBIX
HayaJlbHBIX YCIOBUSIX.
[Ipubopsl ¥ MPUHAIIEIKHOCTH:

QJICKTPOHHBIC BEChI, IITAHICHIUPKYJIb, MUKPOMETP, OAHOPOIHOC TBép,Z[Oe TECII0.

KoHTposibHBIE BONIPOCHL:
Uto Takoe mIoTHOCTH BemiecTBa? B yem ee pusnueckuit cmpici?




e Uro xapakTepu3yeT IIOTHOCTh: CBOMCTBO T€Ja UM CBOMCTBA BellecTBa?

e Kak uzMeHsieTcs INIOTHOCTD TeJla IPU U3MEHEHUU TEMIIEPaTypbl?

e Kak y3Harh e€cTh M B OTJIMBKE BHYTPEHHHUE IyCTOTHI (PAKOBMHBI), €CIM U3BECTEH MaTepual, U3
KaKoro OHa M3roToBJIeHa?

e BriBenute pacu€THyro GOpMyIy Ui BBIYMCICHUS TUIOTHOCTHU TeJa.

e Kakue um3MepeHUs Ha3bIBAIOT: a) NPsAMBIMH; 0) KOCBeHHbIMH? Kakue BeTMYUHBI SIBISIOTCS
MPSIMBIMH U3MEPEHUSIMH B pacueTHO# popmyie?

e OnummuTte X0 paboThI.

e (CKOJIbKO HaJ0 CJlieNaTh OMNBITOB IMPH OJAMHAKOBBIX HAuyalbHBIX YCIOBHSX, YTOOBI HAJIEKHOCThH
npsiMbIX u3Mepenuit opima 80 %, 90 % ?

e Kak nonp30BaThCs MUKPOMETPOM, IITAHT€HLIIUPKYJIEM, BECAMU?

e KaxoBsl 11 3TUX IPUOOPOB: a) IpeIesbl U3MEPEHUI; 0) LieHa AETIEHUS; B) MOIPELUIHOCTh OTCUETA;
I') MOTPEIHOCTH Npudopa?

e Kak mis npsMbIX U3MEpEHUN BBIYUCIUTBH: a) CUCTEMATHUECKYIO MOTPEHIHOCTh; 0) cilydalHyro
MOTPEIIHOCTh; B) aOCOIIOTHYIO MOTPEIIHOCTh; OTHOCUTENIBHYIO MTOTPEIIHOCTh?

e Uro sABISETCS HICTOYHUKOM CUCTEMATHUECKUX U CIy4alHbIX OTPEIIHOCTEH?

[louemy oTHOCHTENBHAs TOrPEUIHOCTh Jy4lle XapaKTepU3yeT KauyecTBO M3MEPEHUH, ueM

abcomoTHas? [Ipumepsl.

UTto Ha3bpIBAIOT CTaHAAPTHOM (GOpMOIL 3amucu MpUOIHKEHHOTO uncia?

Uto HazwiBaroT 3Hauamiei mudpoii? Kakue nudpsr 3navamniue B yucne: 0,352; 5,60; 23,107

KaxoBbl mpaBuiia OKpyrieHus Mpu BBIYMCICHUH MTorpemHocTei? [IpuBectu npumepsl.

Kakue mudpsl Ha3bIBaIOT BEPHBIMU B MPUOIMKEHHOM 4YHCIe, Kakue coMHUTeNnbHbIMU? Kak (1o

KaKOMY KPUTEPHIO) OKPYIJIMTh Cpe/IHEee 3HaYCHHE MPSIMOTO UITM KOCBEHHOTO U3MEpEHHUs?

e 3anumwure (GopMyibl, HEOOXOAUMBIE AJIS BBIUYMCIEHHUS MOTPEHIHOCTEH KOCBEHHOI'O HM3MEPEHMS
(IJIOTHOCTH) 1O TEXHOJIOTUH NTPOBECHUS OIIBITOB MPU OJJUHAKOBBIX YCIOBUSIX.

e B kakoMm BHjI€ ClIEIYET 3aMUCaTh IOBEPUTENbHBIN MHTEPBA 3HAYEHUIT KOCBEHHOTO U3MEPEHUS?

e Uro Ha3pIBalOT NOBEPUTEIBHBIM HMHTEPBAJIOM 3HAYCHWM MPSIMOTO MM KOCBEHHOTO M3MEPECHHA?
Yo o3HAYaeT Takas 3amuch: p =2,6+0,3(c/cn’)?

e Kakue ommuOKK JOMYIIEHBI B CIACAYIOMICH 3aIMCH KOHEYHOTO pe3yibTaTa M3MEpeHHs o0bEMa:
V =2,317+0,1482(cx* )?

JlaGopaTtopHas padota Ne 6: I3MepeHre CKOPOCTH IYJIM METOI0M OA/LIHCTHYECKOT0 Masi THUKA
[{enn paGoTHL:

N3yunts pusnveckrie 0CHOBBI METOJ1a 0AUIMCTUYECKOTO MAATHHKA.

BbI4rcnuTh CKOPOCTH IMyJIM METOI0M 0aJNIMCTUYECKOTO MasTHUKA.

N3yunTth npaBuia noib30BaHUs CEKYHIOMEPOM.

W3yunth TEXHONOTHIO OOpaOOTKH pe3yabTaTOB H3MEPEHUMN, BBIIOJHEHHBIX TMPU Pa3HBIX

HAYaJbHBIX YCIOBUSIX.

el A

HDI/I6ODBI U IPUHAAJICKHOCTH
CTalluOHapHast YCTAHOBKa C OAITINCTUYECKUM MasATHHUKOM, OTCUCTHBIM YCTpOﬁCTBOM (HHHeﬁKa C
HHaHKOﬁ) U ITHEeBMAaTHYECKOM BHHTOBKOﬁ; mymnda JJd CTpeJ'IL6LI U3 ITHEBMAaTHYECKOM BHUHTOBKHU;
QJICKTPOHHBIC BECBI; CCKYHIOMCD.

KoHTpoJIbHBIE BOIIPOCHI:

o CdhopmynupyiiTe 3aKOH COXpaHEHUS UMITYIbCa MEXaHUYECKON CHCTEMBI.

e CdhopmynupyiiTe 3aKOH COXpaHEHUSI MEXaHUYECKON SHEPTUu.

e KakoBbI yCIIOBHS /1Is1 BBIIIOJHEHUS 3THX 3aKOHOB? Kak obecrieueHo BBINIOJHEHHE ITUX YCIOBHI B
JaHHOM 1abopaTopHOil ycTaHOBKE?

e BriBenute pacu€rHyro popmyiy Uit CKOPOCTH ITYJIH.

e B GombIyro WM MEHBIIYIO CTOPOHY MCKa3WICS OBl pe3y/bTaT BHIYUCICHUS CKOPOCTHU ITYJIH, €CIH
ObI OHa He 3acCTpsula B IUIACTHIIMHE, OTCKOYMIa?




el NS =

Onna W3 ABYX OJMHAKOBBIX MYNb OTKJIOHSET OAJUTMCTUYECKUH MasTHUK Ha Yol B JiBa pasa
Oonbmii, yeM apyras. CpaBHHTE CKOPOCTH 3THX ITYIIb.

Onumure X0 padOTHI.

B uém 0c00eHHOCTh TEXHUKHU 0€30MMaCHOCTH B JaHHOM pabote?

Kak u 11 uero npoBoAUTCS HACTPOIKA IKCIEPUMEHTAIBHON YCTaHOBKHU NEPE]] BHICTPEIOM?

Ecnu ocTaBisiTh Nyio IOCHE BBICTpENAa BHYTPU IMJIMHAPA, TO MOXKHO JM CUUTATh YCIIOBUS
MPOBEACHUST TOCIEIYIOUINX OMNBITOB oauHakoBbIMH? Kakas Qusmueckass BenmuumHa (mpsMoe
U3MEpPEHUE) U3MEHUTCS IIPU ITPOBEIEHUU MOCIIEYIOIIEro OnbITa?

EcTth 11 Han&XHOCTH MPSAMBIX W3MEPEHUI, €CIM OHU MPOBEAEHBI 110 OJHOMY pasy JUlsl JaHHOU
MacChl IUJIMHAPA MasSTHUKA?

Ecnu npousBoauTh BbICTpen 1o 1 pa3y W IyJit0 MOCJE BBICTpENa OCTaBJIATh BHYTPU LIMIUHAPA
OAJITUCTUYECKOTO MAasITHUKA, TO: a) MOXKHO JIM HAXOJAUTh CPEAHHUE 3HAUCHUSI TIPSMBIX U3MEPEHUI;
0) MOHO Ji1 (M KaK) HATHU cpeiHee 3HaUYeHNEe KOCBEHHOTO U3MEPEHHUS (CKOPOCTH Ty )?
Cohopmynupyiite mnpaBuia NOJIb30BAHUSA OJIEKTPOHHBIMM BecamH. KakoBbl HX mHpezensl
M3MEpEHUH, 11eHa JAeJICHUS IIKaJIbl, MOTPEIIHOCTh Tprdopa?

ChopmynupyiiTe mpaBuia IMOJIH30BaHUS JIA0OPATOPHBIM CEKyHIOMEpoM. KakoBbI €ro mpeness
M3MEpEeHUN Ha HIKaiax, [eHa JeJIeHUs KaXKJO0! IIKaJlbl, IOTPEIIHOCTh pudopa?

KakoBBI ipe/ieibl U3MEpEeHHH, 1IeHa JISTICHHS IKAJIbI, IOTPENTHOCTD TUHEHKHN ?

B kxakom pazpsie no/pKHa ObITh TOCHEIHSS U3 3HAYAIUX [MUQP MPHU 3aMKUCH TIPSIMBIX U3MEPEHHI
KaXXJIbIM U3 3TUX TpUOOpPOB?

3anumute GOPMYITBI SISl BRBIYUCICHUS CHCTEMATUIECKUX TTOTPEITHOCTEH MPSMBIX H3MEPEHUH.
Kak BBIYMCINUTD CITy4aiiHYIO OTPEIIHOCTh KOCBEHHOTO U3MEPEHHUS (CKOPOCTH ITyJIH)?

Kak 1718 KOCBEHHOro M3MEpEeHMsI BBIYMCINTH: a) OTHOCHTEIBHYIO CHCTEMaTHUYECKYIO
MOTPEITHOCTH, 0) CUCTEMATUYECKYIO TTOTPEITHOCTH?

Kaxk 1t KocBEeHHOTO M3MEpEeHUs B JaHHOUW paboTe BHIUMCIUTH: a) a0COIOTHYIO MOTPENTHOCTD; 0)
OTHOCHUTEJIbHYIO MOTPEUTHOCTh?

CdopmynupyiiTe mpaBuia OKpYTJIEHUS MOTPEITHOCTEH.

Kakyio morpemHoctb KOCBEHHOTO HW3MEpPEHHUs HaJl0 3HaTh, YTOOBI OKPYIJIUTH €ro cpeaHee
3HaueHue? Kak ompenenuth pas3psabl BEpHBIX U COMHHUTEIbHOW LU(p B CpeAHEM 3HAUCHUU
KOCBEHHOTO U3MEpEHUsI?

Kak 3anucarb 1oBeputeabHbI HHTEPBaJ 3HAUEHUH KOCBEHHOTO M3MEpEHUs?

KakoBa HaJe)KHOCTh HailIGHHOTO JTOBEPUTEIHHOrO0 HMHTepBasia? MOXKHO JU YTBEpXKAaTh, YTO C
YKa3aHHOW BaMM BEPOSITHOCTHIO MPU HOBOM BBICTpENIE CKOPOCTH ITyJIM IOMaJeT B HaWJCHHBIN
JOBEPUTEIbHBIN HHTEPBA?

Jlaboparopnas padota Ne 8: IIpoBepka 3akona I'yka u usmepenne moayJsi FOura
[lenu paGoTHL:

[IpoBepuTh BBIMOIHUMOCTH 3aK0HA ['yKa it ynpyroi aegopMaiii pacTsHKeHHUS.
N3meputs Monyns FOHra matepuana 3agjanHoro oopasia.
W3yunth npaBuia noyib30BaHUs UHAUKATOPOM YacOBOTO THUIIA.
3aKpenuTh TEXHOJOTHUI0O OOpabOTKH pe3yabTaTOB HW3MEPEHHM, BBINOJHEHHBIX MPH Pa3HBIX
HayaJlbHBIX YCIOBHUSIX.
[IpnoOpect  HaBBIK TpadUUYecKoro MPEACTABICHUS  OKCIEPUMEHTAIBHBIX  JaHHBIX U
WCIO0JIb30BaHuUs Tpaduka mpu o0paboTKe pe3yabTaToB.

[Ipubopsl U NPUHAAIEKHOCTH:

IIpOBOJIOKA, TUPHU, MHAUKATOP YaCOBOI'0 THUIIA, MUKPOMETD, JIUCT MHHHHMeTpOBOﬁ 6yMaFI/I, po3pavHasn

JINHEMKA.
KoHTpoapHbIE BOIPOCHI:
e Uro Ha3bIBAIOT: a) aOCOMOTHOM Nedopmarueii, 0) OTHOCUTEIBHOMU Aedopmarueii?
o Cdopmynupyiite 3akoH ['yka.
e Uro Takoe HOpManbHOE HanpspkeHne? KakoBa ero einHuIa U3MepeHus?
e Uro HazeiBatoT MoayieMm FOHra? B Kakux equHHUIIAX H3MEPSIOT?
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UTto Ha3bIBAIOT NPEIEIOM YIPYTOCTH?

Onumure sIBIEHUE YIIPYTrOro IUCTEpPE3Uca.

BriBenute pacuérayro popmyny s BeIYrcIeHUs: Moxyias FOHra.

Onumure X0 padOTHI.

B uém 0coOeHHOCTh TEXHUKHN 0€30MaCHOCTH B JaHHOU padoTte?

Kax moAaroToBuTh 1a00paTOpHyI0 YCTAHOBKY K U3MEPEHUSIM.

C KaKuM «I1arom» cjaeayeT MeHSTh 3Ha4€HHE MAacChl, HEOOXO0UMOM IS Ie(hOpMalliU TTPOBOJIOKH
B JIaHHOM padoTe?

Uro cnenyer caenarb ¢ TUPSIMU 110 OKOHYaHUH OTIBITOB?

CohopmynupyiiTe mMpaBuia IOJB30BaHUS HMHIUKATOPOM 4YacoBOro THma. KakoBBl mpenensbl
M3MEpPEHUH ero IIKaJ, [ICHBI ISJICHHSI ITKaJ, IIOTPEIIHOCTh Mpudopa?

CdopmynupyiiTe mpaBuia Mojab30BaHusI MUKpoMeTpoM. KakoBbI mpeensl n3MEepeHni ero ImiKall,
LIEHBI JCJICHUs IIKaJI, TOTPEITHOCTH mpudopa?

BriBenute pacuetHyo popmyny g Moayis FOHra.

Kakue Benmuuumnbl B pacu€THOM dopmyne s Monyias FOHra SBISIOTCS — «IIPSIMBIMH
U3MEpEHUsIMU»?

B xakoM paspsjie HaxoIuTCs MOCIEIHss 3Havamas mudpa Kaxaoro U3 IpsiMbIX U3MEPEHU?
Kakne m3 npsAMbIX M3MEpEeHUN MEHSAIOTCS OT OmbITa K OnbITY? MOXKHO JM CUHTaTh YCIOBHS
OTIBITOB OJJMHAKOBBIMU?

Kakne morpemHocTH TPsIMBIX HM3MEPEHUN HET CMBICIA BBIYUCIATH TMPH Pa3HBIX YCIOBHIX
OTIBITOB?

Kak BBIYMCIUTH CHUCTEMATHYECKHE MOTPEIIHOCTH Ka)KJIOr0 W3 MPSAMBIX M3MEPEHU? 3amuiunTe
(bopMyIIBL.

KakoB ¢usnuecknii cmbicn momayns KOHra? MoskeT Ju MEHSThCS 3HAUYEHHE STOTO KOCBEHHOTO
W3MEPEHHUS OT OMbITA K ONbITY? MOXHO JIM ¥ KaK HaWTH cpenHee 3HaueHue moayist FOura?

Kak ompenenuts ciay4aiiHyto, CUCTEMAaTUYECKYIO, A0COJIIOTHYIO U OTHOCHUTENBbHYIO OTPEIIHOCTH
Moyist FOnra? 3anumute GopMyIbl.

CdopmynupyiiTe mpaBuia OKpYTJICHUS MTOTPEITHOCTEH.

Kakyro mnorpemnocts mMomynsi KOHra BiusieT Ha OKpYyIJIEHHME €ro cpeaHero 3HauyeHus? Kak
OTIPEICNIUTh Pa3psIbl BEPHBIX U COMHUTENbHOM 1UGp B cpeaHeM 3HaueHuu Moayis KOura?
3anuimTe T0BEpUTEIbHBIN HHTEpBaAN 3HaUeHHH Moyis FOHra? CpaBHUTE TaONIMYHOE 3HAYCHUE
Moy FOHra ¢ 3TuM uHTEpBaIoM.

Kakue BennuuHbI cieyeT NoAnrucaTh Ha OcH adCIce U OpauHaT?

Urto oTMeHaroT Ha OcsX: MaclITald WK 3HaYeHUs] PU3NUECKUX BEITUYUH?

Kakune macmitaObl cylmecTByrOT?

Kakoii Bun 1omkHO uMeTh pabouee mosie rpaduka: mojoca, KBaapar, NpsiMOyroJIbHUK?

Urto caenatb, ecinu rpaguk yIoXKuics Ha paboueM MoJe B BHJAE: a) TOPU3OHTAIBHOM MOJOCHL; 0)
BEPTUKAIBHOU MOJIOCHI?

Kak cnenyer npoBOWUTh TMHUU IO OTMEYEHHBIM TOKAM Ha KOOPAMHATHOU ceTKe?

Onumure CyTh METOJIAa KHATSHYTON HUTW» 7Sl IOCTPOEHUs Tpaduka.

Kak ybenuThcsi, 4To IKCIIEPUMEHT MOATBEPKIAET CIIpaBeNIMBOCTh 3akoHa ['yka?

Kak ¢ momombto rpaduka BEIMUCIUTE 3HadeHre Moayist FOura?

Kak ybenutbes, 9to 3HaueHue Moayis KOHra, moiay4eHHOTo ¢ TOMOIIbIO Tpadrka, COOTBETCTBYET
JOBEPUTENBHOMY UHTEPBAITY, BHIYMCIEHHOMY aHAJIUTUYECKH?

JlaboparopHas padota Ne 10: IIpoBepka 0CHOBHOI0 3aKOHA BPAIIATEJILHOI0 IBHKEHUS (HA
MasTHUKe O0epOeka)
Llean paGoTsL:
DKCHEPUMEHTAIBHO OMPEACIUTh MOMEHT CUJIbl U YTJII0BOE YCKOPEHUE MAsSTHUKA.
[IpoBepuTh OCHOBHOM 3aKOH BPAILIATEIBLHOTO ABUKEHUSI.
[IproOpecTr HaBBIK U3MEPEHHSI BpEMEHHU CUETYMKOM-CEKYHIOMEPOM.



4.

3akpenuTh HaBBIKM OOpaOOTKM pPE3yJbTaTOB KOCBEHHOTO H3MEPEHHUS B Cilydae IPOBEACHUS
OTIBITOB TP PA3TMYHBIX HAYAIBHBIX YCIOBHSIX.
[Ipubopsl ¥ MPUHAIICIKHOCTH:

KpecTooOpa3HbIii MasTHUK, HAaOOp Tpy30B, CUYETUMK-CEKYHIIOMEp, IITAHTCHLIMPKYNb, MaciTaOHas
CaHTUMETPOBAas JIMHEHKA.

KoHTpoJibHBIE BOIPOCHL:
CdhopmynmrpoBaTh OCHOBHON 3aKOH JJHHAMUKHU BPAIIATEIHHOTO JTBUYKCHUSI.
Uro Takoe MOMEHT CWUJIbl OTHOCHUTENbHO: a) TOYKM; O) ocu BpamieHusa? B kakux eauHuIax
n3mepsiercs? Kyna HanpaBieH MOMEHT CHIIbI OTHOCUTEIBHO TOUKU?
UYro takoe yrioBoe yckopenne? Kyna oHo HampaBieHo? B kakux equHHIIAX U3MEpSeTCs?
Uro Takoe MOMEHT MHEpIHH: a) M. T., 0) Tema? Uto oH xapakrepusyer? B kakux eanHUIAX
nuzmepsiercs?
[ToueMy MOKHO CUMTaTh, YTO JUHEHHOTO YCKOPEHHE Ipy3a paBHO TAHTE€HIIMAILHOMY YCKOPEHHUIO
TOYeK IIKUBa MasTHUKa OOepOeka?
BeiBectr hopmyny M =m(g —a)r.
Cdhopmymupyiite Teopemy Lllreiinepa. Kak ona npumensiercs B JaHHOU padoTe?
BriBectu popmynsl 11t yckopeHuit a, u a,. Usu 310 yckopeHus? Uto HE0OX0AMMO cOOMI0aTh,
9TOOBI B 3TOM paboTe OHU OBLITU PaBHBI IPYT APYTY?
BriBenute pacuérnyro popmyny s MOMeHTa HHepiuu MasTHrka Obepoeka.
Kakue BennuuHbl B pacu€THON (hopMyJie SIBISIOTCS NPSIMBIMUA U3MEPEHUSIMU?
Cdhopmynupyiite npaBusa MoJib30BaHUs CUETYNKOM-eKYHAOMepoM. KakoBbl ipeesibl n3MepeHuit
€ro IIKaJl, IeHb JeJIeHUs IIKaJl, TOrPeuIHOCTh pubopa?
ChopmynupyiiTe mpaBuiIa MOJb30BaHUS IITIHTEHITUPKYJIeM. KakoBbl Mpeensl u3MEpeHuid ero
IIKaJ, [IEHbI IeJICHUS KA, MOTPEIIHOCTh prudopa’?
B kakoMm paspsiie HaxoIuTCs MOCIeHss 3HaYaas nudpa KaxJaoro npsMoro u3mMepeHus?
Kakoe u3 npsMbIX U3MEPEHUN MEHSETCS OT OMbITA K OMBITY?
MOoXHO T yCpeaHATh JI000€ U3 MPSAMBIX HM3MEPEHUH, €CIIM YCIOBHUS ONMBITOB paszHbie? Kakyto
MOTPEIIHOCTh U TNPSAMBIX M3MEPEHHUU CIIEAYeT BBIYUCIATH B TAKUX YCIOBHUSX, a4 KakHe
MOTPENTHOCTH — HEBO3MOKHO?
Kakune BenuuuHbI B JaHHON paboTe SBISAIOTCS KOCBEHHbIMU m3MepeHusamu? Kakue u3 HuUX
MEHSIFOTCS OT OIIBITA K OTBITY?
Kak oGecrnieunTs HEM3MEHHOCTh MOMEHTA MHEpLIUU MasiTHUKAa ObepOeka B n1aHHOi paboTe?
3anumure GOpMyIbI sl BHIYMCIEHUS MOTPEUIHOCTE MOMEeHTa uHepuuu MastHuka O6epoOeka:
CITy4aitHO#, CUCTEMATHYECKOM, aOCOTIOTHOM, OTHOCUTEIIBHOM.
CdopmynupyiiTe nmpaBuia OKpYrJIeHUs MOTPEITHOCTEH.
Kak, 3Has a0CONIOTHYIO OTPETHOCTh MOMEHTA UHEPLIUU, OKPYTIIUTh €r0 CpeaHee 3HaueHue?
3anuiuTe 10BEPUTEIbHBINA UHTEPBAJ 3HAUCHU MOMEHTA nHepIuu MasiTHuka Obepoexa?
Kak u3MeHHMTCS MOMEHT HWHEPLMH 3TOr0 MasTHUKA, €CJIM LWIMHAPHI 3aKpENnuTh Ha JIPYroM
pacCTOSTHUM OTHOCHUTEIILHO IIKUBa?
UTOo CchayXUT MOATBEPKACHUEM CIPABEAJIMBOCTU IPOBEPSEMOIO 3aKOHA BpallaTeIbHOIO
IBHKEHUA?
IToctpoiiTe Tpaduk 3aBUCHMOCTH YIJIOBOTO YCKOPEHHS OT BpAIAIOIIEr0 MOMEHTa METOJIOM
«HATSHYTOH HUTH» (JOMOJHUTEIBHO MOKHO MMPUMEHUTh KOMIBIOTEPHBIE IPOIPAMMBI).
Kak no rpauky onpeneauT MOMEHT MHepLIUHU MasTHHKa ObepOeka?
Kak y0enuTbcs, uYTO 3HAU€HHE MOMEHTAa HWHEPIMM, IMOJIYYEHHOIO C IOMOLIbI0 TIpaduka,
COOTBETCTBYET JI0BEPUTEIBHOMY UHTEPBAITY, BEIUMCIECHHOMY aHAJIUTHYECKU?
Kak u3mensitcs M, r, a, t, | eciu HUTH HAMOTATh Ha IIKUB MEHBIIIETO paauyca?
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JIaGopatopHnas padora Ne 12: U3mMepeHrne MOMEHTOB HHEPIUH TBEPAbIX TeJ U NOMOIIbIO
TpUPUIAPHOTo NoaBeca U nposepka reopemsbl LTeiinepa

Llean paGoTsL:
W3yuuTh KpyTUIbHBIE KOJICOaHUS! TPUPHIISPHOTO MOIBECA.
W3mepenne MOMEHTa HHEPIIMH Tella, TOMEIIEHHOTO Ha TATGOpMy TPHUPHUIIIPHOTO MOIBECa.
DKCIepUMEHTAIBHO MTPOBEPUTH CIIPAaBENIMBOCTH TeopeMbl LlITelinepa.
3aKkpenuTh HaBBIK MPUMEHEHUS rpauIeckoro MeTo a.
3aKkpenuTh HABBIKH 00pPaOOTKH PE3yNbTaTOB KOCBEHHOTO M3MEpPEHHS MPU MPOBEICHUH OTBITOB B
OJIMHAKOBBIX YCIIOBUSIX.

[IpuGopsl ¥ NPUHAAIEKHOCTH:

TpuUISAPHBINA oBeC B cO0Ope; TPy3HK (TBEPIOE TEIO CUMMETPHYHON (POPMBI); aHATTUTHYECKHIE BECHI,
MeTaJUIN4YeCKasl IMHENKA; ITAaHT€HUUPKYJIb; CEKYHIOMED; JJIMHHAS JIMHEHUKA NN PYJICTKA.

KoHTpoJibHBIE BOIPOCHL:
Uro Takoe TpUPUIAPHBINA OJIBEC U KaKHUEe JBUKEHUS OH COBEpILAET?
Kakne nuHamMudeckue ypaBHEHUS ONPEIEISIOT ABMKEHHE TPUDUISIPHOTO ToiBeca?
UTo Ha3bIBAIOT OCEBBIM MOMEHTOM CUJIBI ((hopMysia, PUCYHOK).
Uto Takoe MOMEHT uHepIiuu Tena? Uto oH xapakrepusyer?
Kak npeobpa3zyercs sHeprusi BO BpeMsi KpYTUIIBHBIX Kosie0aHHi TpuuisipHOro nojseca?
Kak onpenenuTs MOMEHT MHEPLIUU OTHOPOIHBIX TNl TEOMETPUUYECKU PABUIBLHON (GOpMBbI?
Coopmynupyiite Teopemy Illreiinepa. Kak mpoBeputs Teopemy IllteitHepa (kadecTBEHHO H
KOJINYECTBEHHO)?
BriBenuTe pacueTHyio GopMyiy /Ui BIYMCIEHUS MOMEHTA HHEPLUU TPUPUIIIPHOTO TIOJIBECA.
Kakue BennuuHbI cieyeT HENOCPEICTBEHHO W3MEPHUThb, YTOObI HAaWTH MOMEHT MHEPIHMH Tela
METO/IOM KPYTHJIbHBIX KoJieOaHuil TpuduisipHoro noaseca’?
OmnumuTe X0 paboTHI.
Chopmynupyiite mnpaBuia TMOJIb30BAaHUS 3JICKTPOHHBIMU BecaMu. KakoBbl HUX mpezensl
W3MEPEHUH, IIeHa JIeJICHUs, TIOTPEITHOCTh Mprubopa?
ChopmynupyiiTe mpaBuia MOJIb30BaHUS IITAHTCHIIUPKYJIeM. KakoBbI mpenensl M3MEpEeHUN ero
IIKaJ, LIEHbI IeJICHUS [IKaJ, MOTPEIIHOCTh prudopa’?
Chopmynupyiite npaBuiia MOJb30BaHUS JAOOPATOPHBIM CceKyHIoMepoM. KakoBbl mpeaensl
M3MEpEeHUH ero 1IKaj, LIeHbl JIEJIeHU HIKaJ, OTPelHOCTh prudopa?
KakoBbl ipeienibl u3MepeHuii pyieTKy, IieHa JIeeHus U e€ MprubopHas MOrperrHoCTh?
B kakoMm paspsizie HaxXoIUTCs MOCIeHss 3Havaas nudpa KaxIoro npsMoro u3mMepeHus?
Kakum oOpazom [is myctoi miargopmbl TpUPUISPHOrO MojaBeca W AJs IIaT(GOpMbI C TEIOM
obecreunTh B JaHHOU paboTe OJIMHAKOBBIE YCIOBUS IPOBEICHHS ONBITOB?
CKOJIBKO OTIBITOB HEOOXOIUMO MPOBECTH Ui 00ECIIeYeHHs] MUHUMAIbHOW HAJEKHOCTH MPSMBIX
usmepenuii (80 %)?
Hano nu BeIUMCIATH CpelHUE 3HAUEHUS MPSIMBIX U3MEPEHUMN, €CIIU YCI0BUS IIPOBEICHHS OIBITOB
OMHAKOBEIE?
Hano 1M BBIYMCHATH 3HAYEHUS KOCBEHHBIX H3MEPEHHMM B KaXJOM OIIBITE, €CJIU YCJIOBUS
MIPOBEACHUS OIBITOB OJIMHAKOBbIe? Kak BBIUMCIUTH CpeHEE 3HAUYECHUE KOCBEHHOIO U3MEPEHMUS B
TaKUX YCIOBUSX?
Hanummre gopmyrnbl s BceX MOTPENIHOCTEN MPSMbIX U3MEPEHHIA.
Kakue norpemHocty ciieyer BBIYMCINUTD UIsI KOCBEHHBIX U3MEPEHUN MOMEHTA UHEPLUU MYCTON
mwiatGopmMbl U MOMEHTa HWHepuuu miaatgopmel ¢ Ternom? Hamummure dopMynasl ISl Takux
MOrPELTHOCTEN.
Cdhopmynupyiite mpaBuia OKpYyrJieHUs MOTPEIIHOCTEH.
[To kakOMy KpUTEPHIO CIAEAYET OKPYIIATh CPEAHUE 3HAUEHUS IPSIMBIX U KOCBEHHBIX U3MEPEHUI?

JIaboparopHas pabota Ne 13: 3yuyeHue 3aKOHOB KOJIe0aHU MaTeMATHYECKOTI0 MasiTHUKA

eJIb pa0OTHL:

Brruncauts nepunon KOJIeOaHHMIT MaTeMaTHYCCKOr0 MasTHUKA



2. Yb6enuTbcs B TApMOHUYECKOM XapakTepe 3aKOHa KoJeOaHUH MaTeMaTHYECKOTO MasiTHUKA.

3. 3akpenuTh HaBBIKH 00pAaOOTKH PE3yabTATOB KOCBEHHOTO U3MEPEHHsI NMPHU MPOBEIACHUH OTIHITOB B
OJIMHAKOBBIX YCIOBUSIX.

[Ipubopsl ¥ MPUHAIICIKHOCTH:
CEeKYHJOMEP, METPOBAasi JJMHEINKA, IAPUKU Ha JUIMHHBIX HEPACTSHXKUMBIX U ITTUHHBIX HUTSIX.
KoHTpoJibHBIE BOIPOCHL:

e MOXHO JIM CUMTATh U TOYEMY KoJieOaHUS MATEMaTUYECKOro MAsTHHKAa TapMOHUYECKUMHU B
JTaHHOU pabdoTte?

e Bpenure 3aKOH TapMOHUYECKUX KOJIEOAHMI MAaTEMAaTHYECKOTO MasgTHUKA?

e Hanummure dpopmyny s nepuoga MaTeMaTHYECKOTO MasTHUKA.

e FEciu 1Ba MaTeMaTUYECKUX MAATHHKA C OJJUHAKOBOW JIJTMHOM HUTH 2 M OTKJIOHWJIM - TIEPBBIM Ha 5
cM, a BTopoi Ha 10 cM, TO y Kakoro MasiTHHKa repuoJi oyzaer 6ompuie?

e (CpaBHUTE TIEPHOJBI KOJIEOAHUN JBYX MasTHUKOB C OJMHAKOBOW NJIMHOW HUTH 2 M U Pa3HbIMHU
Maccamu Tpy30B 20 T u 50 T, coBepIIaOIUX KOJIeOaHusI 110 MAJIBIM yIJIOM.

e Kak u3MEHHTCS Tepuo/ KoJieOaHUN MAaTeMaTHYeCKOTO0 MasTHHKA, €CIIU: a) MOJHATHCA BBICOKO B
ropy, He U3MEHSSI IPU ATOM €Tr0 JUIMHBI; 0) repenereTs Ha JIyHy?

e BriBenute pacuetHyro Gopmyiny A MEepUOJa TapMOHUYECKUX KOJIEOaHMH MaTeMaTH4ecKOro
MasTHUKA. [Ipy KakuX ycIoBUsIX OHA BBITIOJTHSAETCS?

e Kaxkue BennuuHbl B pacueTHOM popmyIie SABISAIOTCS MPSIMBIMU U3MEPEHUSIMU?

e OnummuTte X0 paboThI.

e CdopMmynupyiiTe MpaBuiIa TOJIb30BAaHUS JIAOOPATOPHBIM CeKyHAOMepoM. KakoBbl mpenesnbl
M3MEpEHUH ero 1IKaJj, LIeHbl IJIEeHUs IIKaJ, OTPelHOCTh prudopa?

e KakoBHI Ipe/essl I3MEPEHNH METPOBOH TMHEHKH, TIeHa JeTICHHUs U €€ TPUOOpHast MOTPEIIHOCTh?

e B kakom pa3pszie 10KHA ObITh MOCIETHSS U3 3HAYAIUX UG IPU 3aUCU TIPSIMbIX U3MEPEHUI
KaXKbIM U3 3TUX TPpHOOPOB?

e Kakum oOpazom miisa KoyieOaHWA MaTEMaTHYECKOTO MasTHHKA OOCCTIeUYUTh B JaHHOW pabore
OJINHAKOBBIE YCIOBUS TPOBEICHUS OMBITOB?

e (CKOJIBKO OTIBITOB HEOOXOMMO TIPOBECTHU sl HAAEKHOCTH NpsiMbix usmepenuii 80 %, 90 % ?

e Hano 1y BBRIYUCHATH MEPUOJ] MATEMaTUYECKOTO MasTHUKA B KaXKJIOM OIBITE, €CIH YCIOBHS
OTIBITOB OJMHAKOBbBIE?

e Hamnummure Gpopmysnbl A1 BceX MOTPENIHOCTEHN MPSMbIX U3MEPEHHIA.

e Hamumure ¢opMyabl a1 NOTPEIIHOCTEH KOCBEHHOro u3MepeHHs (mepuona), KOTOpbIE
HE0OXO0IMMBI B TaHHOW paboTe Mpu MPOBEACHUHU OINBITOB B OJMHAKOBBIX YCIOBHUSX.

e Cdhopmynupyiite nmpaBmiIa OKpYrieHUs MOTPEITHOCTEH.

e Kak, 3Has aOGCONIOTHBIE MOTPEIIHOCTH, OKPYIJIUTh CPEAHHE 3HAYEHUS MPSMBIX U KOCBEHHOTO
U3MEpPEHUI?

e 3anumuTe TOJYYECHHBI  JOBEpUTENbHBIH MHTEpBaJ  3HAYCHMH TiepuoAa  KojebaHui
MaTeMaTH4eCKOr0o MasTHUKA.

Jlaboparopnas pabota Ne 14: Onpenesnenue ko3pGpuHEHTA YIPYTOCTH NPYKUHbI
[{enab paboOTHL:

Omnpenenuth KO3(QOUIUEHT YIPYTOCTH MPYKUHBI CTATHYECKHUM METO0M
Omnpenenuth K03(HHUIHUEHT YIPYTOCTH NPY>KUHBI TUHAMUYECKUM METOIOM.
3. 3akpenuTh HaBBIKM OOpPaOOTKM pE3ylbTaTOB KOCBEHHOTO H3MEPEHHS B clydyae MpPOBEICHUS

OTBITOB TP PA3IMYHBIX HAYAIbHBIX YCIOBHSIX.

[Ipubopsl U NPUHAAIEKHOCTH:
CTallbHas MPY)KMHA Ha KPOHILITEHe, HAa0Op rpy30B, CEKYHIOMED, JTUHEHKA.
KoHTposibHBIE BOMIPOCHL:
Hna cmamuueckozo memooa

e Kakue cuiibl JeMCTBYIOT Ha HEMOABMXKHBIN I'Py3, MOABEUIEHHBIN K BEPTUKAIBHOUN NpyKUHE?
e B uem cyTh cTaTueckoro MeToja onpeaeneHus kodhduirenta ynpyroctu?
o Cdopmynupyiite 3akoH ['yka m1st neopmariiu cxkaTvsi UIu pacTKEHHS IPYKUHBI.

NP




o KakoB (usmueckuii cmpici koddpdunmenta ymnpyrocta (kodddunuenra xecrkocta)? B kakux
eAMHUIAX OH U3MEpsIeTCs?
BriBenute pacuérayto popmyiny ko3 uimenTa ynpyrocTs JUist STOro Cirydas.
Kakue Benn4uHbI B 3TOU (OpMyIie SBISIOTCSA TPIMBIMH U3MEPEHUSIMU?
Onumure X0 padOTHI.
KaxoBbI ipeniesbl u3MepeHut JIMHEWKY, 1ieHa AeNIeHUs U €€ MpUuOOpHast MOTPEITHOCTH?
B kakom paspsize JomKHa OBITh TOCIEAHSS U3 3HAYANINX MU(P MPH 3aHuCy TPSMBIX U3MEPEHHN?
Kakoe npsimoe n3mepeHue MeHsIeTCs OT OIbITA K OIBITY?
MO>KHO M BBIYMUCIATH CPEJHHE 3HAUEHUS MPSAMBIX U3MEPEHUN, €CJIM OMBITHI MPOBOIATCS MpPHU
Pa3HbIX HAYaJIbHBIX YCIOBUIX?
Boruncnute cucreMaTudeckue MorpeiHoCTH MPSMBIX U3MEPEHU.
e Kak BrluMCINTD CpeHee 3HaueHUe Kod((ULIMEHTa YIPYTOCTH U €ro MOrPELTHOCTH, €CIIU OIBITHI
MIPOBOJIATCS MPHU Pa3HbIX HAYAJIBHBIX YCIOBUSX?
e Kak usmenurcs kod3pPUIMEHT ynpyrocTu MPYKHUHBI, €CIU: a) MPYKHUHY cAenarb U3 Meau, 0)
MPYXUHY U3 CTaIU B35Th OOJbIIEH ITMHBI, B) IPYKUHY U3 CTAJIU B3STh OOJIBIIEr0 ceueHus?
Jlns ounamuuecko2o memooa
B ueM cyTh nMHAMHYECKOTO METO/a OnpeAesieHust KodppuimenTa ynpyroctu?
Kakue xonebanus Ha3bIBalOT FApMOHUYECKUMHU?
[Ipu xakux ycloBUSIX TPy3 Ha MpYyxKUHE Oy/IeT coBeplIaTh rapMOHUYECKHE KOJIeOaHu .
[To kakoi TpaeKTOpUM ABMKETCS TPY3, NOJIBEIICHHBIN HA IPYKUHE?
Kakwue cuibl Ha HEro IeUCTBYIOT?
Hamumure BTOpod 3akoH HploToHa a1 Tpy3a Ha MNpyKHHE H TNpeoOpa3yidTe ero B
g depeHnrnaIbHOe YypaBHEHHUE.
Kaxoit Bun umeet pemienne (3aKoH KosiebaHuii) 3Toro nuddepeHnuanibHoro ypaBHeHuUs ?
UTo HA3BIBAIOT: a) aMIUTHTYAOM, 0) da3oi, B) MUKINYECKON YaCTOTOM, T') YaCTOTOM, 1) MEPUOIOM
KoJiebaHui? B Kakux eMHUIIAX U3MEPSIOT BCE OTH BEITUINHBI?
OT KakuX MapameTpoB 3aBHCUT NEPUOJ FAPMOHHYECKHUX KOJIeOaHUI MPY>KUHHOTO MasiTHUKA?
BriBeure pacuéTayro popmyny ko3 uiimenTa ynpyrocTu ajst 3TOro cirydas.
Kaxkune BenmnuuHbl B 3TON (HOpMyIIe SBISIOTCS MPSIMBIMU H3MEPEHUSIMHE?
Onumure X0 pabOTHI.
e CdopMmynupyiiTe MpaBuiIa TMOJb30BaHUS J1AOOPATOPHBIM ceKyHIoMepoM. KakoBbl mpeaesnbl
M3MEpEeHUH ero 1IKaj, LIeHbl IEJIeHUs KA, OTPelHOCTh prudopa?
e B kakom paspsje 10KHAS HaXOAUThCA MOCIEA s 3HavaIas [udpa mpu 3anucu BpeMeHn?
Kakoe nmpsimoe nu3smepeHue MEHsIeTCs OT ONbITA K ONBITY B TUHAMUYECKOM METO1e?
Brruncnute cucreMaTudyeckie morpeirHoCTH MPSMbIX U3MEPEHUIA.
Brruncnute cpeanee 3HaueHue ko3duiinenta ynpyrocTy u ero morperrHoCcTy.
CpaBHuTE 10BEpUTEIbHBIC HHTEPBAJIbI 3HAYCHUH KO3 (UILIMEeHTa YIPYTOCTH B 000MX METOax.
Kakoii u3 Mmeto0B siBnsieTcst 60y1ee TOUHbIM?

JlaboparopHas padota Ne 15: M3yuyeHue cBOOOIHBIX KO1eOaHUI MPYKUHHOT0 MAsSITHUKA
Llean paGoTsL:

VYbeautbcs B 3aTyXarolleM XapakTepe CBOOOIHBIX KoJeOaHUH MPY>KUHHOT'O MasiTHUKA.

2. OnpenenuTb KOXPPUIHEHT 3aTyXaHUs, JTorapuMUUECKUN TeKpPEeMEHT 3aTyXaHus, K03 uueHTt

COIIPOTHUBIIEHUS CpeJibl, JOOPOTHOCTh M BPEMsI peslaKCalluy MPY>KUHHOTO MasATHHUKA.
3. 3axkpenuTb HaBbIKM BBIYMCIIECHHUS MOTPEIIHOCTEH MPSIMBIX U KOCBEHHBIX N3MEPEHUH.
[IpuGops! ¥ NPUHAUICKHOCTH:

NPYKUHHBIA MasTHUK, OTCYETHOE YCTPOMCTBO (JIMHEIKa), COCYA C BOJIOM, CEKYHIOMEp.
KoHTpoabpHBIE BOIPOCHI:

e JlaiiTe onpeneneHre cBOOOIHBIX KOJIEOaHHH.

e Kakue kosie6aHusl Ha3bIBAIOTCS COOCTBEHHBIMU ?

e Kakue xosie6aHus Ha3bIBAIOTCSI TAPMOHUYECKUMHU ?

=
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Kakue ycnoBust JOIKHBI BBIIOJTHATHCS, YTOOBI B CHCTEME BO3HUKIIM FApMOHUYECKHE KOJIeOaHus?
Kakue cuipl JeiicTBYIOT Ha MPYKMHHBIM MasTHUK, COBEPIIAIONINA TrapMOHUYECKUE KoJeOaHus?
Hanummre 2 3akon HeioToHa, mpeobOpasyiite ero k quddepeHnnaIbHOMy YPaBHEHUIO U TIOTYYHTE
€ro pemieHue (3ak0H CBOOOHBIX TAPMOHUYECKUX KOJICOaHUN ).

B xakom citydae B 3aKOHE KOJICOaHUI MUIITYT QYHKIHIO «COS», a B KAKOM «SIiN»?

[Touemy peanbHbIe CBOOOAHBIEC KOJIEOaHUS BCETAa 3aTyxatouue?

Kakas cuna npuBouT K 3aTyxaHuto Kojiebanuit? OT 4ero oHa 3aBUCHUT?

Urto Ha3pIBalOT K03 PuieHTOM 3aTyxaHus? B kakux enuHunax oH usmepsercs?

UTO MpOUCXOAUT C SHEPTHEH 3aTyXarImuX KojaeOaHui?

Hanmummre 2 3akon HerooroHa s ciydas 3aTyxaHus KojeOaHui, mpeoOpasydTe ero K
maddepeHInaNbHOMY YPaBHEHHIO M TIOJYYHUTE €ro pemieHue (3aKOH CBOOOIHBIX 3aTyXarOUINX
KoJieOaHuit).

UTo NpoUCXOAUT C aMIUIUTYOM 3aTyXaroIKX KoJieOaHuii?

CpaBHuTe 17151 TApMOHUYECKUX U 3aTyXaloUIUX KoyieOaHMil: a) 4acTOThl, 0) neproabI?

Uro wHaspiBatOT: a) Kod(p@uUUMEeHTOM 3aryXxaHus, O) JE€KpEeMEHTOM 3aTyXaHWs, B)
JOorapu(MUUYECKUM JIEKPEMEHTOM 3aTyXaHHs, I) BPEMEHEM peJakcaluu, 1) J0O0pOTHOCTHIO
KoJe0aHmii?

KakoBbI eMHUIIBI N3MEPEHUI 3TUX BETUYHH?

Onumure xo pabOTHI.

B pacuetHbIX opMynax Juisi KOCBEHHBIX M3MEPEHUMN OINpeAeTuTe, KaKue BEIMYUHBI SBIISIFOTCS
MPSIMBIMU U3MEPEHUSIMH U B KAKOM pa3psi/ie TO0JKHBI ObITh UX MOCIEAHNE 3HAYAIINe HUPHI.
Hanumure ¢opmysasl A BBIYMCIEHUS TMOTPEUIHOCTEH MPSAMBIX U KOCBEHHBIX H3MEPEHHI,
HE0OXOMMBIE B JAHHOW paboTe.

Ilo xakoMy KpUTEpHIO CleIyeT HaWTH COMHHMTEIbHYIO LU(PY CPEAHEro 3HaueHHs] KOCBEHHOTO
n3MepeHusi?

JlabopaTtopHnas padota Ne 16: UcciienoBaHue 3aKOHOB KoJle0aHNi (PU3HUYECKOT0 MAasITHHKA
[{ean paGoThL:
N3yunTh 3aK0HBI KOJIeOaHUH (HU3HUIECKOTO MasTHUKA.
Onpenenutsb nepuoj Kojiedanuii pu3nueckoro MasiTHUKA.
3aKpenuTh HaBBIKU OOpPaOOTKU pe3ylnbTaTOB KOCBEHHOTO M3MEPEHHUs IMPH MPOBEACHUU OIBITOB B
OJINHAKOBBIX YCIOBUSX.
[TpuOopbl ¥ NPUHAIIECIKHOCTH:

CCKYHAOMCECD, METPOBasd J'IPIHGfIKa, CTECPIKECHD C JMCKaMU, IIapuK Ha HUTH.

KoHTpoJIbHbIE BOIPOCHI:
Haiite onpeneneHue (pU3NYECKOro MasiTHUKA.
ITo xakoii TpaeKTOpHUHU ABMXKETCS LEHTP Macc (PU3NYECKOTO MASTHHUKA.
UYro Ha3bIBAIOT LEHTPOM KadaHUN (U3NUECKOTO MasiTHUKA?
Kak HampaBiieH BEKTOp YIJIOBOTO IE€PEMELICHUs, €CIIM MAasTHUK JBUXKETCA OT IOJIOKEHUS
paBHOBecHs?
Kak HanpaBieH pyu 7TOM BEKTOP MOMEHTA CUJIbI TSXKECTU?
3anuumMTe OCHOBHOM 3aKOH JIMHAMMKM BpaIlaTeIbHOTO JIBUKEHUS U TPUBEAUTE €ro K
middepenunansHomMy ypaBHeHMio ([[Y) konebanuil ¢uszmyeckoro MasTHHMKA, CUYMTas HX
rapMOHUYECKHUMU.
3anummure pemenue Y (3akoH kosjeOaHMil) M HA30BUTE BEJIMYMHBI, BXOJSIIUME B 3TOT 3aKOH
KoJIe0aHUH.
[TpuBenute mpuMepsl KoJieOaHUH B MPUPOE U TEXHUKE, U1 KOTOPBIX MOKHO MPUMEHUTH MOJIENb
($U3N4IEeCKOTO MAATHUKA.
OT KaKMX MapaMeTpoB U KaK 3aBUCHUT MEpUoJl KojieObaHui pu3nueckoro MasTHuKa?
UYro Ha3bIBAIOT NPUBENEHHON JUTMHOM (Pr3HUYECKOro MasiTHUKA?
YeM noxoxu pu3nyeckuii 1 MaTeMaTUYECKH MasTHUKH?
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YeMy paBeH MOMEHT MHEPIUH (PU3MYECKOTO MAsITHUKA B BUE: ) CTEPIKHS, OJIMH KOHEI[ KOTOPOTO
3aKperiéH; 0) TUCKa, MPUKPEIUIEHHOTO B HEKOTOPOU TOUKE CTEPIKHSL.

Kakue BenuumHBI B pacdyeTHOM ¢opmyne Juisi Tepuoja KoieOaHWW SBISIOTCS MPSIMBIMH
U3MepeHusIMu?

Onumure X0 padOTHI.

Kak oOecneuuTh Ui KaXAOTO U3 JTUX (U3HYECKHX MASTHUKOB OJMHAKOBBIC YCIOBHS
IIPOBEJICHUS OIIBITOB.

B kakom paspsizie HaXoIUTCsI OCTeIHSS 3HAYaIas Hudpa IpsMoro U3MepeHus?

Hanumure popmyiibl 115 HOrpenIHocTed NpsMbIX U3MEPEHUIA.

Kak okpyrauTh: a) morpenrHocT! U3MEpeHnH, 0) cpeHee 3HaYCHHE MPSIMBIX H3MEpEHHiA?

Hago nu BbIYMCHATH 3HAUEHHUS] KOCBEHHBIX H3MEPEHHMH B KaXIOM OIbITE, €CIH YCIOBUS
IIPOBEJICHUS OTBITOB 0/1IMHAaKOBbIe? Kak BBIUNCINTD cCpe/iHee 3HaYeHHEe KOCBEHHOTO U3MEPEHUs?
Kakue norpemrHoctTy He00X0AMMO BBIYUCIUTH Il KOCBEHHOT'O U3MEPEHHUS B Cllydae IMpOBEICHUS
OTIBITOB B OJJMHAKOBBIX YCIOBUAX?

Kak onpenenuts pa3psi COMHUTENbHON HUGPHI IPU OKPYIIIEHUU CPETHETO 3HAYEHUS] KOCBEHHOTO
n3MepeHus?

CpaBHuUTE 10BEpUTEIbHbIE HHTEPBAJIBI 3HAUEHUH NTEPHOJI0OB 000X MASITHUKOB.

JlabopaTtopHnas pabota Ne 11: OnpenenenHne MOMEHTOB HHEPLUH TBEPIABIX TeJI METOA0M
KoJieOaHu i
Lenu paboTsr:
OKCIEPUMEHTAIBHO ONPEAEIUTh MOMEHT MHEPLMU TBEPAOIO Tela MPABUIBHOW M€OMETPUYECKON
(bopMBI.
N3yuuTh MeTO1 KOJICOaHUH TS OTIPE/ICTICHNSI MOMEHTA WHEPITUH Tela.
3aKkpenuTh HABBIKK 00pPaOOTKH Pe3yIbTaTOB KOCBEHHOT'O U3MEPEHUS MPH MPOBEJICHUN OIBITOB B
OJIMHAKOBBIX YCIIOBUSIX.
[TpuGOpPHI ¥ IPUHAIUICKHOCTH:

MaxOBHK C IPy30M, IITAHT€HUUPKYJb, METAJUIMYECKas JIMHEIKA, CEKYHIOMED.

KoHTpoJILHBIE BOOPOCHL:
Kaxkoe cBO¥CTBO Telia BeIpa)kaeT MOMEHT UHEPITUH ?

UTo Ha3bIBAIOT MOMEHTOM MHEPIIMH: a) MaTepUaIbHON TOUKH, 0) CHCTEMbl MAaTePUAIbHBIX TOUYEK?
B xakux egununax on uzmepsercs B CU?

Chopmynupyiite Teopemy llITeitnepa. Kak oHa ncronp3yercs B JaHHOUW padoTte?

B uém 3akimrodaercs (U3MYCCKUN MPUHIUI ONPEICICHUS MOMEHTa HWHEPIHHA METOI0M
KoJieOanuii?

[TosicHUTE ¢ TOMOIIBIO YEPTEkKA CMBICI BEIMYUH, BXOISIIUX B BHIPAKEHHE I PACCTOSHUSA &
Yro Takoe neHTp Macc? I'ie pacrosiokeH LEeHTp Macc MaXxOBUKa B JaHHOH paboTe?

BeiBeauTe pacueTHyro GopMyity JUisi MOMEHTa HHEPLIMK MaXOBHKa.

Kakue BenuuuHbl B pacuyeTHOW QopMyne Ui MOMEHTa HHEpLUHU SBISIOTCA MPSMBbIMU
U3MEpPECHUSIMU?

V3MeHuTCS 11 MOMEHT MHEPLIMM MaXOBMKa, €CJIM MaXOBHK cIeNaTh U3 Jpyroro Marepuana’?

Kak n3MeHsATCS BeNWYMHBI B pacyeTHOM (opmyne, eciu HWIMHAPUYECKUH TPy3 HMPUKPENUTh
BBIILIE MPEKHET0 TOJI0XKEHUs?

Onumute Xoa paboTHI.

CKonbKO pa3 HaJ0 MOBTOPUThH OIBIT B OJUHAKOBBIX YCIOBHUSAX, YTOOBI HAJI&KHOCTb MPSIMBIX
nu3Mepenuit opia 80 %, 90 % ?

CoopmynupyiiTe mpaBuia NOJIb30BaHUS JAOOPAaTOpPHBIM CceKyHIoMepoM. KakoBbl mpezesns
M3MEPEHHUH ero MIKaJl, IIeHbI JeJICHHs [IKaJl, TOrPeHOCTh Mprudopa’?

CoopmynupyiiTe mpaBuia MOJIb30BaHMs INTAaHMeHIMPKYaeM. KakoBbl mpeaensl U3MepeHuil ero
IIKaJI, IIeHbI JeJIEHHs] IIKaJl, TOTPeIIHOCTh Mpudopa?

KakoBbI mpe/iesnibl n3MepeHni MKaIbl JIMHEHKY, 1eHa JeIeHHs! Kbl MOTPEeIIHOCTh pubopa?




B kakom paspsae OJDKHAs HaXOOUThCSA TOCIEAHSAA 3Haudamas nudpa mpu 3amucH HpsSMBIX
M3MEPEHUH KaXKbIM U3 3TUX IPUOOPOB?

Kak uig npsiMbIX U3MEpEeHUN BBIUMCINTB: @) CPEeIHEE 3HAUEHHUE, 0) CilydaliHyl0 IIOIPELIHOCTD, B)
CHCTEMAaTHYECKYl0 TOTPEUIHOCTh, T) aOCONIOTHYIO TOTPEHIHOCTh, /) OTHOCHUTEIbHYIO
[IOTPEIIHOCTb?

Kak mpu oauHAKOBBIX YCIOBHUSX OIBITOB CIEAYET BBIYMCIATH CPEIHEE 3HAYEHHE KOCBEHHOTO
u3MepeHus?

Kakue morpemHocT# KOCBEHHOTO M3MEpPEHHUsl ClIeyeT BBIYUCIATH B Takux ycioBusx? Kakoe
3HAYEHHUE HE JIOJDKHA MPEBBILIATH OTHOCUTEIbHAS TOIPEIIHOCTh?

[To xakuM mpaBmiIaM HAJ0 OKPYIJISATh 3HAUEHUSI TOTPEILIHOCTEN?

[To KakOMy KPUTEPHIO OMPEIEISIOT COMHUTEIbHYIO IU(PY IPU OKPYIIICHUU CPEIHUX 3HAYCHUN
MPSIMBIX U KOCBEHHBIX U3MEPEHU?

Omnpenenure JOBEPUTENbHBIN UHTEPBAJI 3HAUEHUI MOMEHTa MHEPIIMN MaXOBHKa B IaHHOM paboTe.

Monexynapuaa gpuzuxa u mepmoouHamuKa

JlabopaTtopHnast pabota Ne 1: U3mepenue 3(p(peKTHBHOT0 JUAMETPA U CPeIHeN NJIMHBI CBOOOHOIO
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npoﬁera MOJIECKYJI ra3a

el paOOoThIL:

. Beruncnuth 3HaueHus 3¢(eKTUBHOrO JUaMeTpa U CpeiHel AJMHBI CBOOOIHOrO mpobera MoJeKyl
BO3/yXa.

. M3y4nuth MeTOJ BBIYMCIIEHUS 3TUX BEJIMYMH, OCHOBAHHBIA Ha HCIOJIb30BAHUU SIBICHUS BS3KOCTU
cpenpbl.

. IIproGpectu HaBBIKK pabOTHI C TEPMOMETPOM, OAPOMETPOM U JKUAKOCTHBIM MAaHOMETPOM.

. 3aKpenuTh HaBBIKUA PAOOTHI € JIEKTPOHHBIMU BECAMH U CEKYHIOMEPOM.

. 3aKpenuTh HaBBIKM 00pabOTKH pe3yiabTaTa KOCBEHHOI'O BBIUMCICHMS B CIIy4ae IPOBEACHUS ONBITOB
IIPU OJIMHAKOBBIX YCJIOBUSX.

[IpuGOpEI M TPUHALIEKHOCTH:

TepMOMETp, OapoMeTp, KUAKOCTHBI MaHOMETpP, OJJIEKTPOHHBIE BECHI, CEKYHIOMEpP, COCyIl C
KalUJUISIpOM, JIBE€ CTEKJISTHHbIE KOJIOBI.

KOHTpOJIbHBIE BOIPOCHI:
UYto Ttakoe r3pPexTuBHBIN quaMETP MOJIEKYNIbl? OT 4ero 3aBUCUT €0 3Ha4YCHHE?
Uemy paBHO cIipaBouyHble 3HaueHUs 3(G(GEKTUBHOIO JHMaMeTpa MOJIEKYJl a30Ta U Kuciopona?
KakoBo 3nauenue 3¢hpekTuBHOrO quameTpa Mo MOpsIKY BETUUHHbI?
Uro Takoe cpeaHas JIMHA CBOOOIHOrO mpobera MoJiekysabl? OT 4ero 3aBUCUT €€ 3HaYeHHe?
Onenute 3Ha4Y€HUE JUIMHBI CBOOOJIHOTO MpobOera MOJEeKya a30Ta M KUCIOpoJa MPU HOPMAJIbHBIX
YCIOBUSX.
Onummure ycTpoicTBO SKCIEPUMEHTAIBHON YCTaHOBKHU.
Onummure MeTOoJ, MCIOJNb3YeMbli B JaHHOW paboTe Al BBIUMCICHUS 3HAUYCHUN JITHHBI
cB0OoAHOTO TIpodera u 3(pPeKTUBHOTO TUaMeTpa MOJIEKYIL.
BriBenute pacuetHbie GopMymnbl Uisl AIHMHBI CBOOOIHOTO mpobera u 3)PEeKTUBHOTO AMAMETpa
MOJIEKYII.
[Touemy B 3T0# paboTe CTPys BOJBI IPEBpALIACTCS B KAruiu?
Kakyro poiib urpaet BS3KOCTh BO3/yXa B JaHHOU padoTe?
Onumure sBIEHUS BSI3KOCTH Taza. UTo HaspBaloT Kodd¢uimeHtom BsizkocTu? KakoB ero
¢buznueckuit cmpicn? B xakux equHuiax o uamepsiercs 8 CU?
UYro mpous3oiaer ¢ JUIMHOM cBOOOJHOTrO mpodera MOJEKYN BO3/AyXa, €ClIH: a) ero BSA3KOCTb
YBEIIUYUTCS; 0) TOBBICUTCS TEMIIEpaTypa; B) MOHU3UTCS BIAKHOCTH BO3TyXa?
[lepeuncnute BeTMYMUHBI MPSMBIX U3MEPEHUN B pacu€THOU (opMyne: a) Ui JUIMHBI CBOOOIHOTO
npobera; 0) 1 3pPEeKTUBHOTO AUAMETPA MOJIEKYII.
Kakum o0pa3oM B naHHOH paboTe 00ecreunuTh OAMHAKOBBIE YCIOBUS MPOBEJCHHUS OTIBITOB?
Onummure ycTpoicTBO TepMoMeTpa. KakoBbl ero mpenensl U3MEPEHUH, IeHa NEICHUS IIKAabl,
MOTPEUIHOCTh nprdopa?




e Onumute ycTpoiicTBo Oapomerpa. KakoBbl ero mpenenbl M3MEPEHHM, 1I€HA JIEJICHUS Kb,
MOTPEITHOCTh Iprbdopa?

e Onumure YCTPOWCTBO KHUIKOCTHOTO MaHOMeTpa. KakoBbl ero mpenensl U3MEPEeHHH, IeHa
JIeTIEHUS! IIIKAJTBI, IOTPEIIHOCTh prudopa?

o CdopmynupyiiTe mpaBuia pabOTHl ¢ AIIEKTPOHHBIMU Becamu. KakoBbI WX Tpeaelibl U3MEpEHUH,
LIEHA JICJICHUS IIKaJIbl, TOTPEITHOCTh prudopa?

o CdopmynupyiiTe mnpaBuiia pabOTHl C JIA0OPATOPHBIM CeKyHIAOMEpoM. KakoBBI €ro mpeeiibl
M3MEPEHUH Ha IIKaJIax, [ieHa JAeNeHUs KaXI0HM IIKaJIbl, MOTPEIIHOCTh Ipudopa?

e  OnuummuTe X0 paboTHI.

e B 4éM 0coOEHHOCTh TEXHUKH OE€301IaCHOCTH B JJAHHOU padoTe?

e Kakoe KOJIMYECTBO OIBITOB HAJIO MPOBECTH ISl 0OecTieueHus] HaAEKHOCTU u3Mepenuid: a) 80 %,
6) 90 % ?

e Sanmumurte GopMysbl, HEOOXOTUMBIE JIJIsi BBIYUCICHHUS BCEX MOTPENIHOCTEN MPSMBIX U3MEPEHUH,
HEOOXOMMBIX B TEXHOJIOTHH MPOBEIEHUS OIMBITOB MPU OJIMHAKOBBIX HAYAIBHBIX YCIOBHUSX.

e 3Samumure ¢GOpPMyIbl, HEOOXOIUMBIC JJI BBIUMCICHUS BCEX TMOTPEITHOCTEH KOCBEHHBIX
M3MEPEHUH, HEOOXOTUMBIX B TEXHOJIOTHU MPOBEIEHHUS OIBITOB MPHU OJMHAKOBBIX HaudaJIbHBIX
YCIIOBUSIX.

o CdhopmynupyiiTe mpaBuiIa OKpyrieHUs MOTPEITHOCTEM.

e [lo KakOMy KpPHUTEPHUIO CIIETyeT OKPYIJIUTh CpeHEE 3HAUECHNE TIPSAMBIX U KOCBEHHBIX H3MEPEHUH.

e B xakoMm BHJI€ CIIEIYET 3aMUCATh IOBEPUTENBHBIN MHTEPBA 3HAYEHNI KOCBEHHOTO U3MEPEHUS?

JlabopaTtopnast pabota Ne 3: I3mepeHue ainadbaTuueckoil mocTOSIHHOM ra3a
Lenu paboTsl:

1. IlonyuuTs nipeacTaBieHre 00 aauadaTHIeCcKOM MPOIIecce.

2. BbIuucnuTh 3HaYCHUE aInadaTHIECKO TTOCTOSIHHON BO3TyXa.

3. CdhopmupoBaTh TPEACTABICHHE O TEIUIOEMKOCTH Ta3a ¢ TOYKH 3PEHUS KIACCHYECKOW TEOpUHU
TEIUIOEMKOCTH.

4. M3yuuth meton Knemana u Jlezopma.

5. 3aKkpenuTh HaBBIKM 00pabOTKU PE3ylbTaTOB KOCBEHHOI'O M3MEPEHHS MPH MPOBEIECHUU OIBITOB B
Pa3IMYHbIX HAYAJIBHBIX YCIOBUSX.

[TpuOopbl ¥ NPUHAIIECIKHOCTH:
KUJKOCTHBI ~MaHOMETp, PYYHOM HAcoc, OOJBIION CTEKISIHHBIM cOCyl C TpoOKoW U
BJIArOMOTJIOTUTENIEM, COETUHUTENbHBIE TPYOKH C BEeHTUJISIMH.
KoHTpoIbHbIE BOTIPOCHI:

e CdopMmynupyiiTe nepBoe Hauaiao TEPMOIUHAMUKH. UTO XapaKTepU3YIOT BEIUYHHBI «KOJIUYECBTO

TEIUIOTHI» M «paboTa TePMOIMHAMUYECKON CHUCTEMBI»: COCTOSIHHME CHUCTEMbl WJIM COBEPIIAeMBbIil

ero mporiecc?

MosxHO 11 TOBOPUTH 00 "n3mMeHeHnn" 3tux BennunH? Kakue nx 0603HaueHus 10MyCTUMBI?

Uro Takoe agunabatudeckuii mporecc?

KakoBbl 0cOOeHHOCTH a1nabaTHYeCcKOro Mmpoliecca Mo CPaBHEHHUIO C U30IIpolieccaMu?

[IpumenuTe nepBoe HA4YaIO TEPMOJUHAMUKY K a1nadaTHdeCKOMY MPOIIECCY.

BriBenute nuddepeHnnansHoe ypaBHEHHE ISl aaMabaTUYecKOTo Mpollecca W HailauTe ero

peuieHue.

e Kakue mapameTpbl COCTOSHHUSI CHCTEMBI M3MEHSIOT Ipu aguabatudyeckom rmpouecce? Kakumu
YpaBHEHUS OMUCBHIBAETCS B3aUMOCBSI3b MEXITY U3MEHSIOUUMUCS [TapaMeTpaMu?

e BriBectu ypaBHeHus [lyaccoHa B pa3nuyuHbIX IEPEMEHHBIX.

e Uro Ha3pIBAIOT ajuabaTHueckoi mocTostHHON? Kakue TeopeTwueckue 3HAUCHUS MPUHUMAET 3Ta
BEITMYMHA B CIIy4asX rasza: a) OJHOATOMHBIX MOJEKYJT; 0) JBYXaTOMHBIX MOJIEKYI; B) TpeX- U
MHOT'OATOMHBIX MOJIEKYJ?

e I3 xakoro Tuma MoJIEKYl1 COCTOUT BO31yX (B MPOIEHTHOM COJAEPX AHWW) U KaKUe 3HAUCHHS
aanabaTHYeCKOW MOCTOSHHOW OXKUJaeTe MOJNyYuTh B JaHHOU pabore?




Kak u3menmnocr Obl 3HaYeHHE aquadaTHYeCKON MOCTOSHHOM, €CIIM MOJICKYJbl BO3lyXa HAUYHYT
JTUCCOIIUUPOBATH?

Uro Takoe TemmoemkocTh? KakoB ¢u3ndeckuii cMbica 310l BennuuHbl? B kakux eauaunax CU
U3MEPSAETCS MOJIIPHAsI TEMJIOEMKOCTS (y/A€IbHas TEIIOEMKOCTb)?

Yro xapakTepusyeT TeIIOEMKOCTb: COCTOSIHUE CUCTEMBI WJIM COBEPILIAEMBIN €10 IpoLecc?
Haiingure 3HaueHus MOJSPHBIX M300apHOM M H30XOPHOW TEIJIOEMKOCTEH HAEaJbHOro rasa,
COCTOSIIETO U3: a) OAHOATOMHBIX MOJIEKYI; 0) TBYXaTOMHBIX MOJICKYII; B) TPEX- 1 MHOTOAQTOMHBIX
MOJIEKyJ?

3aBUCHUT JIM TEIUIOEMKOCTb OT TEMIIEpaTypbl COTJIACHO KJIACCMYECKOW TEOpUU U B pealibHOM
CUTYyaluu?

Onumure meton Knemana u Jlezopma, ucnoinssys (p,V)-auarpammy.

BriBenute pacuérnyro popmyny, npumensis (p,V)-auarpammy.

Kak TeXHOIOrn4ecKH OCyIEeCTBUTh T€ MPOIIECCHI, KOTOPBIE JIOJKEH COBEpLIaTh BO3AYX B JaHHOM
pabote?

Onumure xo pabOTHI.

[Touemy Henb3s JOOUTHCS COOMIOACHUS OJMHAKOBBIX YCIOBUM IMPOBEJIEHUS ONBITOB B JaHHOU
pabote?

[lepeuncnure BeTMUYUHBI PSAMBIX U3MEPEHUN B pacu€THOU hopmyie.

Onumure yCTpOMCTBO JKHJIKOCTHOrO MaHoMeTpa. KakoBbl e€ro mnpenensl H3MEpeHU, ILieHa
JIeJIeHUs! IIKaJbI, IOTPEIHOCTh Mpudopa?

3anumuTte GopMysbl, HEOOXOUMbIE Uil BHIYMCICHUS BCEX MOTPEIIHOCTEN MPSAMBIX U3MEPEHUH,
HEO0OXO0IMMBIX B TEXHOJIOTUH IIPOBEJCHHUS OIBITOB IIPU Pa3HbIX HauyaIbHBIX YCIOBUAX.

3anumure QOpMyNbl, HEOOXOAWMBIE JUISI BBIYMCIEHUS BCEX MOrPEIIHOCTE KOCBEHHOTO
U3MEpEHUs, HEOOXOAMMBIX B TEXHOJIOTUM TIPOBEJCHMS OMNBITOB IPU Pa3HBIX HaYaJbHbBIX
YCIIOBUSX.

CdopmynupyiiTe mpaBuia OKpYTJIeHUS MTOTPEITHOCTEH.

ITo xakOMy KpUTEPHIO CIEAYET OKPYIVIMTh CPEIHEE 3HAYCHUE NIPSAMBIX U KOCBEHHBIX U3MEPECHUM.
B xakoM Buje cienyeT 3anucarh J0BEPUTEIbHBIN HHTEPBAJ 3HAYEHU KOCBEHHOTO U3MEPEHUS?

JlaGopaTtopHas pabota Ne 4: I3yueHue siBJeHUS TENJI0BOI0 00bEMHOI0 PACHIUPEHHS KUTKOCTH

[{enn paGoTHL:

1. BeIsICHUTE MeXaHU3M TEIJIOBOIO 00BEMHOTO paciiupeHus BOABI 1 Macjia.

2.

OKCIIEpUMEHTAIBHO TMOJMYYUTh TEMIEPaTypHYIO 3aBHCHUMOCTh KO3((HIMEeHTa TermioBoro

00BEMHOT0 pacIIMPEHHs BOJbI U Maciia, HOCTPOUTH T'pauKU STUX 3aBUCUMOCTEH.
3. Haiitu uncnoBbie 3HaYCHUS ITHX KOIDPHUITUEHTOB.
4. 3akpenuTh HaBbIKW MOCTPOCHUS U UCTIOTIB30BaHUS TpaduKoB Mpu 00pabOTKE pe3yIbTaToOB.

HDI/I6ODBI U IPUHAAJICKHOCTH

JIB€ OJIMHAKOBBIC YCTAHOBKU C PAa3HBIMU JKUJIKOCTSIMH (BOJOW U TEXHMYECKUM MacjoM), HarpeBaTelb
(ameKTpoIIuTKa), 6apoMeTp, Ba JMCTa MUJUIMMETPOBOI OyMaru, mpo3padHas TuHeiKa.

KoHTpoabHBIE BOIPOCHI:
Onummre crpoeHne XUAKOCTH. C 4eM HMX CXOIACTBO M pa3ivyMe 10 CPAaBHEHUIO C ra3aMHu U
KPUCTAJITIMYECKUMHU TeJIaMu?
UYto Takoe dHEprusl akTUBALUU MOJIEKYJIbI JKUKOCTH?
KakoB MeXaHM3M TEIUIOBOTO PaCIIMPEHUS KUJKOCTH?
Yro Takoe K03(GHUIHMEHT TEMIOBOr0 00BEMHOTO paclIupeHus?
B 4yem cocrout ¢puznueckuit CMbICT 3TOM BETUUUHbI?
3aBHCUT JIM 3Hau€HHE KOA(PPHUIMEHTa TEIIOBOIO OOBEMHOTO pacIIUpEeHHs] OT aTMOC(HEPHOTro
naBlieHus?
OObsicHUTE NPUYMHY pa3IUuUsl  TEIUIOBOIO pACIIMPEHUS  aCCOLMUPOBAHHBIX U TPOCTHIX
xuakocTed. Kak paznuune MexXay 3TUMHU THIIAMU KUJIKOCTEH BIMSIET Ha BETUUYUHY KOAPPUIIUEHT
TEIJIOBOTO 0OBEMHOTO paclIMpeHus?
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[TpuBeauTe MpUMEpHI MPOSIBICHUS U UCTIOJIE30BaHUS TETIOBOTO PACIIUPEHUS KUIKOCTU B OBITY U
IIPOU3BOJICTBE.

Kakue )xuaKocTu ¥ mouemy SBISIFOTCA: a) IPOCTBHIMU, 0) aCCOIMMPOBAHHBIMU?

BeimmumuTe cipaBoyHble 3HaY€HUST KOA(PPHUIMEHTA TEIIIOBOTO 00BEMHOTO PACIIMPEHHS CIIUPTA U
BOJIbI B Pa3HBIX TEMIIEPATYPHBIX HHTEPBAJIaX.

Mensercss i U 1o4eMy KO3 HUIMEHT TeIIOBOTO 0OBEMHOTO PACIIUPEHUS ISl HE JOCTATOYHO
LIIMPOKOT0 HMHTEpBaja TEMIIepaTyp B cCilydae: a) IMPOCTOM JKHUIAKOCTH, O) acCOLMHUPOBAHHON
KUJKOCTU?

MOKHO JI BBIYKCIIATH €IUHCTBEHHOE CpeHee 3HaueHHue Kod(PUIIMEeHTa TeIIOBOTO 00BbEMHOTO
paciupeHus BOJIbl JUIsl BCETO TEMIIEPATypHOTO MHTEpBaja B JaHHOU paboTe?

Onumure xo padbOTHI.

B uém 0coOeHHOCTh TEXHUKU 0€30T11aCHOCTH B JaHHOU padoTte?

[Touemy B maHHOI paboTe YCIOBHSI MPOBECHUS OITBITOB HEJIH351 CYUTATH OJHHAKOBBIMHU?
BriBenute pacuetHyro popmyny i Ko ULMEeHTa TEMIOBOro 00bEMHOIO PaCIIMPEHUSI.
[Tepeunciute BETMUMHBI TPSIMBIX U3MEPEHUIN B pacueTHOU popmyre.

Onumure ycTpoicTBO TepmMomeTpa. KakoBbl ero mpenensl M3MEPEHUM, 1I€HA JETECHUs IIKaJbI,
MOTPEITHOCTH TIprbdopa?

3armumure GopMysbl, HEOOXOAWMBIC UIS BBIYMCICHHS ITOTPEITHOCTEH TPSMBIX W3MEPEHUH,
HEO0OXOIUMBIX B TEXHOJIOTUU TIPOBEICHHS OIBITOB IIPH Pa3HBIX HAYaIbHBIX YCIOBHUSX.

3amummure QOopMyabl, HEOOXOIMMBIE IS BBIYHACICHUS BCEX IMOTPEITHOCTEH KOCBEHHOTO
U3MEpEHUs, HEOOXOJWMBIX B TEXHOJOTHHM IIPOBEJACHUS OINBITOB IPU PA3HBIX HAYAIBHBIX
YCIIOBUSIX.

CdopmynupyiiTe mpaBuia OKpyTJIEHUS MTOTPEITHOCTEH.

[To xakOMy KpUTEpHIO CIENyeT OKPYIJIUTh CpeIHEe 3HAUCHHE MPSAMBIX U KOCBEHHBIX U3MEPEHHIH.
B kakom Buze cieayeTr 3amucaTh JOBEPUTEIbHBIA MHTEPBAJ 3HAYEHU KOCBEHHOTO U3MEPEHUA?
CKOJIbKO TOBEPUTENBHBIX HHTEPBAJIOB CJIEIYET ONPEACIUTh I BOAbI?

KaxoBbl mpaBuia moctpoenus rpadukoB, BHIOOpA MacIITaOOB, IMOJMUCEH KOOPIMHATHBIX OCEH?
Kax moctpouts rpaduk auHEHHOM 3aBUCUMOCTHA METOJIOM HATSIHYTON HUTH?

KaxoB ¢usnuecknii cMpIci yriioBoro koddduimenta rpagukoB 1 CliupTa U BOABI?

CKOJIBKO CpeHUX 3HAYCHHUH yrioBoro ko3 GUIIMEHTa HAJI0 ONPEACIIUTh: a) s CIupTa, 0) /Is
BOJEI?

Kak B cnyuae MeTosa HaTSHYTOW HUTHU MOYHO BBIYMCIUTH CIY4aillHYIO MOTPEUIHOCTH YIIIOBOTO
ko3 durmenta mo rpaduKy JMHEHHON 3aBUCUMOCTH?

JlabopaTtopHas padota Ne 11: Onpenesnenne yaeJbHON TEMJIOThI KPUCTAUIN3AIUN MeTaJLjIa

[lenu paGoTHL:

. HSyLII/ITb SIBJICHUA IINIABJICHUA W KpUCTAJIJIM3aAl[UU.

O3HAaKOMUTECS C MCTOAOM H3MEPCHUSA TEMICpaTyp € INOMOIIBKO  TCPMOIIAPHIL. 3.BeryuciuThb

3HAYEHHE YACTbHOM TeIIOTH KPUCTAITH3ALUH OJIOBA.

. M3ydnTh MeTO OXJIaKACHUS C MCIOJIb30BAaHHEM TEPMOTIAPhI ISl BBIYUCICHHUS CKPBITOW TEIUIOTHI
(a3oBoro nepexo/a nMepBoro poja.

. [IpnoGpectu HaBBIKK pabOTHI C MHOTOIIPEIEIbHBIM BOJIBTAMIIEPMETPOM.

. 3aKpenuTh HaBBIKM T'padUUEecKOro MpeJCTaBICHUs PE3YJIbTAaTOB M3MEPEHUH U HMCHOJIb30BAHUS
rpauKoB.

HDI/I6ODBI U NpUHAJIC)KHOCTH

HCClIelyeMOe BEIEeCTBO (0JI0BO) B COCYJIE, IITaTUB C JepKaTesieM, HarpeBarellb (3JeKTPOIUIUTKA),
TepMornapa, MUWIIHUBOJIBT aMIIEpPMETP, COEIMHUTENbHBIE TPOBOJIA, CEKYHIOMED, I'paduK IpaynpOBKH
TEpPMOIaphl, JHCT MHUJUTUMETPOBON Oymaru pazmepoM 20x25 cM, po3pavHas JIMHEHKa.

KoHTpOIbHBIC BOIPOCHL:
OnumwnTte CTPOCHUC KUIAKOCTH. C dem ux CXOACTBO U Ppa3IN4YHC IO CPABHCHUIO C razaMu U
KpUCTATNIMYCCKUMU TenaMu?
Yro Takoe OHEPrUsd aKTUBALIUH MOJICKYJIbI )KI/I,I[KOCTI/I?
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KakoB MexaHN3M TEIUIOBOrO pacIIUPEHUS )KUJIKOCTH?

UYro Takoe KO3(PHUIHMEHT TEIIIOBOT0 00BEMHOTO pacuIupeHus?

B uem cocrout puzmueckuii CMBICT 3TO BEIIMYUHBI?

3aBUCUT NU 3Ha4YeHHE KOA((UIMEHTA TEIJIOBOTO OOBEMHOTO PACIIUPEHHUS OT aTMOC(EpPHOTO
JaBJIeHUA?

OObscHUTE NPUYUHY pa3IW4Usl  TEIUIOBOIO PACUIMPEHUS  ACCOLMUPOBAHHBIX U MPOCTBIX
xuakoctel. Kak paznuune Mexay 3TUMU TUIIAMU JKMJIKOCTEH BIMSIET Ha BEIUUYMHY KOA(PPUIUEHT
TEIUIOBOTO 00BEMHOTO pacIIUpPEHUs?

[IpuBenuTe mpuMepsI MPOSIBIICHHS H UCIOJIB30BAHMUS TEIIJIOBOTO PACIIMPEHUS )KHUIKOCTH B OBITY U
IIPOU3BO/ICTBE.

Kakue )XuIK0oCTH ¥ ToueMy SBISIFOTCA: a) MIPOCTBHIME, 0) aCCOIMMPOBAHHBIMU ?

Beinumure cipaBouHble 3HaYeHUsS KO3 (UIIMEHTa TEIIOBOr0 00bEMHOTO PACIIMPEHUS CIIUPTA U
BO/JIbI B Pa3HBIX TEMIIEPATYPHbIX HHTEpBaJIaX.

Mensiercst 11 ¥ oyemMy Ko3((PUIMEHT TEII0BOro 0ObEMHOIO PACHIMPEHUs ISl HE JOCTATOYHO
IIMPOKOTO HMHTEpBaja TEMIlepaTyp B cCiydae: a) MPOCTOM JKHUIKOCTH, 0) accOUMUpPOBAHHON
KUJKOCTU?

MOHO JI BBIYMCTISATH €IUHCTBEHHOE CpeHee 3HaueHue Kod(PUIMEeHTa TeIIOBOTO 00BbEMHOTO
paciupeHus BOJIbl ISl BCETO TEMIIEPaTypHOTO UHTEpBaja B JaHHOU paboTe?

Onumure X0 pabOTHI.

B uém 0coOGeHHOCTh TeXHUKH 0€30T1aCHOCTH B JaHHOU padboTte?

[Touemy B nanHO# paboTe yClIOBUS MTPOBEIEHUS ONBITOB HENb35 CUNTATh OJMHAKOBBIMU ?
BriBenute pacuetHyio popmyny uid ko3 uieHTa TerioBoro 00bEMHOI0 pacliupeHus.
[Tepeuncnute BETMUMHBI PSIMBIX U3MEPEHUIN B pacueTHOU popmyre.

Onummure ycTpocTBO TepMomMmeTpa. KakoBbl €ro npeaeiabl M3MEpPEHH, IIeHa EJICHHS IIKaJIbI,
MOTPEITHOCTH TIprbdopa?

3anumure (Gopmynbl, HEOOXOOUMBIE HJS BBIYHCIEHUS TOTPEHIHOCTENH MPSAMBIX H3MEPEHUH,
HEO0OXO0IUMBIX B TEXHOJIOTUU IIPOBEJCHHUS OIMBITOB IPH Pa3HBIX HauaIbHBIX YCIOBUSX.

3anumure QOpMyNbl, HEOOXOAMMBIE JUISI BBIYHCIEHHUS BCEX MOTPEIIHOCTEH KOCBEHHOTO
U3MEpeHusi, HEOOXOJWMBIX B TEXHOJOTHMHM TMPOBEACHUSA OINbITOB MPU PA3HBIX HayaJIbHBIX
YCIIOBUSX.

CdopmynupyiiTe mpaBuia OKpYIJIeHUS MOTPEITHOCTEH.

[To xakOMy KpUTEpHIO CIeIyeT OKPYIJIUTh CpeIHee 3HAYCHHE MPSAMBIX U KOCBEHHBIX U3MEPEHHIH.
B kxakom Buje cienyer 3amucarh TOBEPUTEIbHBIA MHTEpBAJ 3HAUEHUI KOCBEHHOTO M3MEPEHUS?
CKOJIBbKO TOBEPUTEIBHBIX HHTEPBAJIOB CIIEYET ONMPEICIIUTh I BOIbI?

KakoBsl mpaBuiia noctpoenus rpadukoB, BEIOOpa MaciiTadoB, MOAMUCEH KOOPAUHATHBIX Ocei?
Kak moctpouts rpaduk TMHEHHON 3aBUCUMOCTH METOJIOM HATSAHYTON HUTH?

KakoB ¢usnyeckuii cMbIca yrioBoro koddduimenra rpaukoB Uisi CIUpTa U BOABI?

CKONBKO CpeHHMX 3HAYEHMH YriIoBOro Kod(h(uIUeHTa HAJ0 OMPENENUT: a) Ul coupta, 0) amis
BOJIBI?

Kak B cmyyae MeTona HaTSHYTOW HUTHU MOYHO BBIYHCIUTH CIYYaillHYIO MOTPEUIHOCTH YIIOBOTO
koa¢uimenTa no rpaduKy TMHEHHOM 3aBUCUIMOCTH?

JIaGopatopHas padota Ne 9: I3mepeHue cKOpPOCTH MCIIapEeHHs KUAKOCTH U U3MEHEeHHs eé

JHTPOIHMHU IPH ITOM Ipolecce

Llean paGoTsL:

I/ISMepI/ITb CKOPOCTh HUCIIApCHUA 3THUJIOBOTI'O CITUPTA U BOJBI.
Brauciuthk n3aMeHneHue OHTPOIINU HCKOTOpOﬁ MacCChbl JKHUJAKOCTH IIPU MEPEXOJ€ €€ B I1ap.
3aKp€HI/ITL HaBBIKHN 06pa6OTKI/I pe3yiibTaTa KOCBCHHOI'O BBIYHUCJIICHUA B ClIyda€ IPOBCIACHUA
OIIBITOB IMPU OANHAKOBLIX YCJIOBUAX.

HDI/I6ODBI W IPUHAJIC)KHOCTH .




AJIEKTPOHHBIE BEChI, ATWIOBBIA CIHUPT, JUCTUUIMPOBAHHAS BOJA, HEBBICOKUW IMJIMHJIPUYECKUUN
COCY/[l, TEPMOMETP, IITAHT€HLHUPKYJIb, CEKYHJIOMED.
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5.

KoHTpoJibHBIE BOIPOCHL:
Kak ncronkoBaTh npouecc UCIIapeHus: ¢ TOYKU 3PEHUS MOJIEKYJIIPHO-KUHETHYECKON TeOpUn?
[ToueMy XUAKOCTH IpPU HCHAPEHUU OXJIAXKAAIOTCS, a IMpU KUINEHUM MX TeMIepaTypa He
u3MeHsercs?
B xakoMm ciyuae ynenpHas TeIioTa UCapeHus (Wiv KOHACHCAIMN) paBHA HYJIO?
Kakas BennumHa XapakTepu3yeT MHTEHCUBHOCTb UCIIApEHUS?
Kak n mouemy MeHsSIETCSI CKOPOCTb MCIAPEHMs KUAKOCTH, €CIM: a) YBEIMYWUTh IUIOIIAJb €€
MIOBEPXHOCTH; B) YMEHBIIUTH BHEIIHEE JaBJICHUE?
Uto Ha3bIBaAIOT SHTpONUEH?
OO6bsacHUTE GUBNYECKUIN CMBICI SHTPOIUH.
[lepeuncnure BETUUUHBI IPSIMbIX U3MEPEHUN B pacu€THON GopMmyrie: a) IUisl CKOPOCTH HCTIapEHUS
XKHUJKOCTH; O) ISl ”BMEHEHHUS SHTPOTINH KUAKOCTH MIPU UCTIAPCHUH.
Kakum oOpas3om B janHO#N paboTe 00ecneunTh 0AMHAKOBBIE YCIOBUS TPOBEICHUS ONBITOB?
ChopmynupyiiTe npaBuiia pabOThl ¢ IEKTPOHHBIMU BecamMu. KakoBbI MX mpenensl u3MepeHuH,
IIEHa JISJICHUS IIKaJIbl, TOTPEITHOCTh prudopa?
ChopmynupyiiTe mpaBuia paboTel ¢ J1a0OPaTOPHBIM CEKyHIOMepoM. KakoBBI €ro mpeness
M3MEPEHUH Ha IIKaJIax, [eHa JeTEHUs KaKI0W IIKaJIbl, TOTPEITHOCTh prudopa?
Onumure xo pabOTHI.
B uéM 0coOeHHOCTh TeXHUKH 0€30TIaCHOCTH B JaHHOU padoTte?
Kakoe xonm4ecTBO OTBITOB HAJ0 MPOBECTH s obecrieueHns Haa&KHOCTH u3MepeHuii: a) 80 %,
6) 90 % ?
[louemy B naHHOW paboTe HayadbHBIE YCIOBHSI IPOBEJIEHUS OIBITOB MOXHO CYHTATh
OMHAKOBEIMHU ?
3anumure GopMysbl, HEOOXOIUMbIE IJI BHIYUCICHHS BCEX MOTPEIIHOCTEH MPSAMBIX W3MEpPEHUH,
HEO0OXOIUMBIX B TEXHOJIOTUU IIPOBEJCHUSI OMBITOB IPU OJIMHAKOBBIX HAUYaJbHBIX YCIOBHSIX.
3anumute (GOpMyabl, HEOOXOJWMBbIE JJsi BBIUMCICHHUS BCEX MOTPEIIHOCTEH KOCBEHHBIX
U3MepeHul (CKOpPOCTH HCIApeHUs] MU HU3MEHEHHUS HHTPONHH), HEOOXOJUMBIX B TEXHOJIOTHUU
MIPOBEJICHUS OTIBITOB MPH OJMHAKOBBIX YCIOBHUSX.
CdopmynupyiiTe nmpaBuia OKpYTJIeHUS MOTPEITHOCTEH.
[To xakOMy KpUTEpHIO CIeyeT OKPYIJIUTh CPeIHee 3HAYCHHE MPSAMBIX U KOCBEHHBIX U3MEPEHHIH.
B kxakom BHje ciielyeT 3anucaTh JOBEPUTENbHbIM HHTEPBAJl 3HAYCHU KOCBEHHOTO U3MEPEHUs?
Kakoe 3HaueHue He 10JDKHA MPEBBIIATH OTHOCUTENbHAS MTOTPEIIHOCTH?
CpaBHuTE 3HAYEHHA CKOPOCTU HCHAPEHUS CIUPTAa U BOJbI, OOBSICHUTH MX PA3IUYUE C TOUYKHU
3peHus CTPOCHHS U TEIUIOBBIX CBOMCTB KUIKOCTEH.
CpaBHuTE 3HAYEHHUS MU3MEHEHUS SHTPOIUU CHHUPTAa U BOJIbI, OOBSICHUTH UX PA3IUUYUE C TOUKH
3peHus CTPOCHHS U TEIUIOBBIX CBOMCTB KUIKOCTEH.

JlaboparopHas padota Ne 10: 3yuyeHue siBJIeHUsI TENJI0BOr0 pacliupeHusi TBEPABIX TeJl
[{enn paGoThL:
N3yuuTh siBIIEHHE TEIUIOBOTO PACIIUPEHUS TBEPABIX TEIl.
Brruncnuth cpenHee 3HaueHHEe KO3PPUIIMEHTa JTUHEHHOTO pacIIUpEHUs JaTyHH.
DKCIIEpUMEHTAILHO TPOBEPHUTH 3aBUCUMOCTh Y/UIMHEHUS METaNIMYecKO TpyOKu npu
HarpeBaHUU OT €€ MepBOHAYAILHON JJIVHBI.
3aKkpenuTh HaBBIK rpadguueckoro MpeacTaBICHUS SKCIIEPUMEHTANIBHBIX ~JaHHBIX U
WCIOJIb30BaHUsl TpaduKa s BEIUUCICHHUS U 00paOOTKH pe3ylnbTaTOB U3MEPEHUIA.
3aKpenuTh HaBBIK OOpaOOTKH pPe3yIbTaTOB METOJIOM HAMMEHBIIUX KBAAPATOB.
[Ipubopsl ¥ MPUHAIIEIKHOCTH:

MeTaJTHYecKre TPyOKH, Pe3UHOBBIEC IIUIAHTH, IMOJCTaBKa CO MIKAJIOM, KIOBETa, K0JI0a, dJIEKTPOILIUTKA,
WHJUKATOp YacoOBOTO THMA, OapoMeTp, TEePMOMETp, JHUCT MHUIUMETPOBOW OyMaru, mpo3padHas
JIMHENKA.



KoHTpoJibHBIE BOIPOCHL:

e OOBICHUTE MEXaHHU3M SIBJICHHSI TETDIOBOTO PACITUPEHUSI.

e U3oOpasute rpaduku 3aBUCUIMOCTEH OT PACCTOSHUS MEXKIY YaCTUIAMHU:  CHJIBI MPUTSHKCHHS,
CUJIbl OTTAJKUBAHUS; PE3YIbTUPYIOLIECH CHIIBI B3aUMOJICHCTBUSI; SHEPTUU MPUTSHKEHUS; SHEPTUU
OTTAJIKUBAHUSA; DHEPTUU B3aUMOJCUCTBHUSA. UTO Ha3bIBACTCA: IMOTECHLHUAIBHOM KPUBOU,
MOTEHIIUATILHOM SIMOM?

e [lpuBeauTe npuMepsl MPOSIBICHUS M UCIIOIB30BAHUS TEIJIOBOIO PACIIMPEHUS B OBITY U TEXHHUKE.
Bcerna nu npu HarpeBaHUM TN UX pa3MeEphl YBEITUINBAIOTCS ?

e Uro Ha3bIBAIOT KOAIPPHUIIMEHTOM JUHEHHOrO0 M 00BEMHOIO TEIIOBOro  pacuiupeHus? Kakos ux
busnueckuii cMpicn? B kakux equHUIIAX U3MEPSIOTCS UX 3HAUCHHSI?

e KaxkoBa cBsi3p MEXIy JUHEHHOTO W OOBEMHOTO TEILIOBOrO  paciupenus’? BeiBectu dhopmyry,

BBIPAYKAIOIIYIO 3Ty CBSI3b.

KaxoBbl Tabnuunbie 3HaUeHUS KOAhDUITEHTA JIMHEWHOTO PACITUPEHHUS IJIs1 CTAIH U JIATYHU ?

BriBeute pacueTHyro Gpopmyiy.

[lepeuncnure BeTMUUHBI IPSAMBIX U3MEPEHUN B pacu€THOU (hopmyie.

Onumure ycTpoicTBO TepmomeTpa. KakoBbl ero mpenensl M3MEpEHUM, 1eHa JIEJICHUS IITKaJbI,

MOTPEITHOCTH TIprbdopa?

e Omnummute ycTpocTBo Oapomerpa. KakoBbl ero mpenensl W3MEpEeHHM, IIeHa JEJICHUS Kb,
MOTPEITHOCTH TIprbdopa?

o Cdhopmynupyiite mpaBuia paboThl ¢ Ja0OPATOPHBIM MHIMKATOPOM YacoBoro Tuma. KakoBbl ero
TpeAesibl U3BMEPESHHI Ha ITKaJax, eHa JIEeJICHUs KaKI0H MIKaJIbl, TOTPENTHOCTh prubopa?

e OnummuTe X0 paboThI.

e B uyém 0cOOEHHOCTh TEXHUKHU O€30TIaCHOCTH B TaHHOU paboTe?

e B Kakux ycJIOBHUAX HNPOBOJUTCS ONBIT — OJIMHAKOBBIX WK pa3HbIX? Eciau B pa3HbIX, TO Kakoe U3
MPSMBIX U3MEPEHUN JOKHO MEHATh CBOM 3HAYCHHUSI?

e OnummuTe METOJbl HATSHYTOM HUTM M HAMMEHBIIMX  KBaJApaTOB JUISl BBIYMCIIEHUS YIJIOBOTO
ko3 durmenTa.

e 3anumure GOpMYJIbl, HEOOXOIUMBIE ISl BBIYMCICHUS BCEX MOTPEUIHOCTEN MPSMBIX U3MEpPEHUH,
HEO0OXOIUMBIX B TEXHOJIOTUU IIPOBEJCHHUS OIMBITOB IPH Pa3HBbIX HauyaIbHBIX YCIOBUSX.

e 3anumwurte ¢GopMyiabl, HEOOXOAMMBbIE MJs BBIUYUCICHHUS BCEX MOTPEIIHOCTEH KOCBEHHOTO
U3MepeHusi, HEOOXOJWMBIX B TEXHOJOTHMH TMPOBEACHUSA OINbITOB MPU PA3HBIX HaYaJIbHBIX
YCIIOBUSIX.

e Cdhopmynupyiite nmpaBuiia OKpYrieHUs MOTPEITHOCTEH.

e Kakomy KpUTEpHIO COOTBETCTBYET pPa3psii COMHUTEIbHOW HUGPBHI IPU OKPYIJIEHUU CPETHETO
3HAYEHUS MPSIMBIX U KOCBEHHBIX U3MEPEHUN ?

e B kakoM BUJE CIEyeT 3a1ucaTh JOBEPUTENIbHBIA HHTEPBAI 3HAYEHUI KOCBEHHOTO U3MEPEHHUS?

Jlaboparopnas padota Ne 13: OnpenesieHue BJIAKHOCTH BO3AyXa H TOUKH POCHI
[lenu paGoThL:
W3mepuTh BIaKHOCTH BO3yXa.
Onpenenutb TOUKY POCHI.
[IproOpecTy HAaBBIKU PaOOTHI C THTPOMETPOM U IICUXPOMETPOM.
[IproOpecT HaBBIKM HCIIOJIB30BAHUS TCUXPOMETPUUECKON TaOMUIbI U TaOMUIBl JaBIICHUS
(TIOTHOCTH) HACKIIIEHHOTO Tapa.
5. 3akpenuTh HaBBIKM 00pabOTKM pe3ynbTaTOB MpPH MPOBEACHHH JKCIEPUMEHTa B OJUHAKOBBIX
YCIIOBHSIX.

el N =

[IpuGops! ¥ NPUHAUICKHOCTH:
NICUXpOMETp AccMaHa (acUpalMOHHBIN), TICUXpOMETp ABIyCTa, BOJIOCHOM THIPOMETp, THTPOMETP
KOHJICHCALIUOHHBIN.

KoHTpoabHbIE BOOPOCHL:
e Yro0 Takoe HEHACHILIEHHBIN 1 HACBIIEHHBIN map?




e Kak 3aBHCHT JaBlieHHE HACHIIICHHOTO Tapa: a) oT o0beMa, 0) oT Temneparypbl? OOBsICHUTE 3TH
3aBHCHUMOCTH.

e U0 Ha3BIBAIOT: a) a0COTIOTHOW BIAXKHOCTHIO, 0) OTHOCUTEIHHOM BIAYKHOCTHIO?

e U306pasute B koopamHatax (V, p) M30TEpPMBI PEANBHOTO Ta3a NPU pa3HBIX TeMIleparypax.
OObsicHUTEe MX. YKaXHTE HA auarpaMmme obnactu: omgHo(dasHble cocTostHus "map" (razoobpasHoe
COCTOSIHUE) U "KHUIKOCTB", IBYyX(a3HOe COCTOSHUE "Tap —KUAKOCTH'.

e UYro Takoe KPUTHUYECKOE COCTOSIHHME, KpUTHYecKHe mapamerpbl? OT Yero 3aBHCAT 3HAYCHHS

KPUTHYECKHX JIaBJICHUS, 00beMa, TeMIepaTyphl?

OnuiuTe yeTpoiCcTBO: a) ncuxpoMerpa Accmana (acnmuparioHHOro), 0) mcuxpomerpa ABrycra.

Cdhopmymupyiite mpaBuia paboThl ¢ ITUMHU TpHOOpaMHU.

I'te npUMEHSFOTCSI IICUXPOMETPBI U TUTPOMETPHI?

OnumuTe CyTh ICUXPOMETPHUYECKOTO METO/1a U3MEPEHUS BIIAYKHOCTH BO3/IyXa.

Onumure xo pabOTHI.

B uém 0coOeHHOCTh TeXHUKH 0€30TIaCHOCTH B JaHHOU paboTte?

Uro Takoe MOCTOSHHAs ICUXPOMETpa U KaK ee HalTH?

Kakum o06pazom B jaHHOM paboTe HAO ONMPEAETUTh JaBieHue (TUIOTHOCTh) HACHIIIIEHHOTO Tapa?

Uto Takoe "Touka pochl" U Kak €€ ONpeAesuTh B JaHHOU padbore?

Kakue BeTMIuHBI ABIISIOTCS MPSIMBIMU U KOCBEHHBIMHU H3MEPEHHUSIMH B 3TOH padoTe?

Kakue morpemHocTd clieAyeT BBIYHCIATH JUIS NMPSMBIX W KOCBEHHBIX H3MEPCHHH B JTaHHOW

pabore.

CdopmynupyiiTe mpaBuia OKpyTJIEHUS MTOTPEITHOCTEH.

e KakuMm 00pa3oM HaIO OKPYIIIUTH CPEAHNUE 3HAUCHUS MPSMBIX U KOCBEHHBIX U3MEPEHH.

e 3amuImmuTe JOBEPUTEIHHBIC MHTEPBAIBI BIAKHOCTH BO3/IyXa U TOYKH POCHI B JAHHOH padoTe.

JlabopaTtopHas pabota Ne 8: U3MepeHue yaeJbHOI TeNJIOTHI Napoodpa3oBaHusl PH TeMIepaType
KHIIEHUS KUAKOCTH
[{ean paGoThL:
N3yuuts siBieHus mapooOpa3oBaHus (MCIAPEHUE U KUTICHUE) ¥ KOH/ICHCAIIUH.
BoruncnuTh 3HaUeHHE yIeIbHON TEIUIOTHI TapooOpa30BaHUsl BObI IPU TEMIEPATypeE €€ KUIEeHHUS.
3. M3yuuTh KamOpUMETPUYECKHI METOJl M3MEPEHUS CKPBITOM TEeIUIoThl (a3oBOro mepexoja
MIEpBOTrO poja.
4. 3akpenuTh HaBbIKKU OOpaOOTKM pE3yJabTaTOB MpPU MPOBEICHUH HKCIEPUMEHTa B Pa3JIMYHBIX
YCIIOBUSX.

N

[TpuOopbl ¥ NPUHAIECIKHOCTH:
KoJ0a ¢ KUISTHIBHUKOM, KaJIOPUMETP, HEOOJBIIONW cOCyl, TepMOMETp, OapoMeTp, 3JIEKTPOHHBIE
BECHI.

KoHTpoabHbIE BOIPOCHI:

e U0 Ha3BIBAIOT CKPHITON TEIUIOTOU (ha3oBOTO mepexoa?

e [loyemy ckpblTasi TeIIOTa MapooOpazoBaHUs 3aBUCUT OT Temmepatypsl? KakoBo TabnuuyHOe
3HAYEHUE CKPBITON TEIIOTHI MPU TeMIepaType KUIEHUS BOIbI?

e Uem oTiMyaeTcss Mpolecc MOBEPXHOCTHOTO HCTIAPEHHS KUIKOCTH OT e€ kuneHusi? Omnuminre
MEXaHU3M 3THUX IIPOLIECCOB.

e [Ipu KakoM ycIOBHM HaYMHAETCS MPOIECC KUTICHUS?

e Uro Takoe TemnoBoi Oananc? 3anuIInTe ypaBHEHUE TEIJIOBOrO OajaHca M 00BSICHUTE BXOSAIINE
B HETO BETTUYHHBI.

e Kakue BemecTBa 0TAak0T, a KaKue NOTyYaroT TeIUIOTY B JaHHOM paboTe?

e OmnumuTte YCTPOHCTBO  HW3MEPEHUSMH, MpaBUiia MOJIB30BAHUS TEPMOMETPOM, OAPOMETPOM H
TEXHUYECKUMHU BECAMH.

e Onumute ycTpoiicTBO TepmMomeTpa. KakoBbl ero mpenensl U3MEpPEHUM, 1eHa JIEJIeHUsS IIKaJbl,
MOTPEIIHOCTH Mpudopa?




e Onumute ycTpoiicTBo Oapomerpa. KakoBbl ero mpenenbl M3MEPEHHM, 1I€HA JIEJICHUS Kb,
MOTPEITHOCTh Iprbdopa?

o Cdopmynupyiite npaBuia paboThl C MEKTPOHHBIMU BecaMu. KakoBbl MX Ipeiesl U3MEpPEeHUH,
[eHa JeJICHHsI IIKaJbI, MOTPEIIHOCTh pubopa?

e BrBenute pacu€tHyro  QopMmyiny AisS  ONPEAENCHUS  CKPBITOM  YAEIbHOHW  TEIUIOTHI
napooOpa3oBaHUsL.

e B uem cocTtour MeTroa M3MEpPEHMsI YIEIbHOM CKPBITOM TEIUIOTHI MapooOpa3oBaHUsl B JIaHHOU
naboparopHoii padore?

e OnuummuTte X0 paboThI.

e B uéM 0cOOCHHOCTh TEXHUKH OE30MIACHOCTH B JIAHHOU pabote?

e Kakue BenmMUMHBI B pacu€THBIX (GOpMynax Jjisl TeMIepaTypbl KHUIIEHUS W CKPBITOW yHETbHOU
TEIUIOTHI SIBJIAIOTCS: a) IPSIMBIMU U3MEPEHUSIMHU; 0) KOCBEHHBIMHU U3MEPEHUSMU.

e [loyemy B maHHOM paboTe HENb3SI CUNTATH YCIOBUS ITPOBEICHNUS ONBITOB OJUHAKOBBIMU?

e 3anumure GopMyJIbl, HEOOXOIUMBIE ISl BBIYMCIEHUS BCEX MOTPEUIHOCTEN MPSMBIX U3MEpPEHUH,
HEO0OXO0IMMBIX B TEXHOJIOTUH IIPOBEJCHUS OIBITOB IIPU Pa3HbIX HauaIbHBIX YCIOBUSX.

e 3anumwure (opMysbl, HEOOXOAMMBIE JJI BBIYUCICHUS BCEX MOTIPEHIHOCTENH KOCBEHHBIX
U3MEpeHul, HEOOXOJMMBIX B TEXHOJIOTMM NPOBEIEHHUS OIBITOB MPHU pPAa3HBIX HaYaJIbHBIX
YCIIOBUSIX.

o CdhopmynupyiiTe mpaBuiia OKPYriIeHUs MTOTPEITHOCTEH.

e [lo KakoMy KpUTEPHUIO CIEAYET OKPYIIIUTH CPEAHEE 3HAUCHUE MPSAMBIX U KOCBEHHBIX U3MEPEHUH.

e B kxakoM Buje cieayeT 3anucaTh JOBEpUTEIbHBIN UHTEPBAJI 3HAUEHUN KOCBEHHBIX U3MEPEHUN: a)
TeMIlepaTypbl KUleHus, 0) yAeIbHO! CKPBITON TEIIOTH TapooOpa3zoBaHUs?

JlaGopaTtopnast pabota Ne 6: U3mepenue kod(pPpunuenTa BI3KOCTH KUAKOCTH
[{ean paGoThL:
N3yuuts sBIieHNE BA3KOCTH KHUAKOCTH.
Boruncnuth 3HaueHne KOA(QQHUIIMEHTa BI3KOCTH INIHIIEPUHA U CITUPTA.
N3yunts Mmeton CTOKca U METO/I C UCIIOJIb30BAHUEM KaIllUJUIIPHOTO BUCKO3UMETPA.
3aKpenuTh HaBbIKM Pa0OTHI CO MITAHTCHIIUPKYJIEM, MUKPOMETPOM U CEKYHIIOMEPOM.
3aKpenuTh HaBbIKU 0OPabOTKU pe3ylIbTaTOB.
[TpuOopbl ¥ NPUHAIIECIKHOCTH:
- mo merony CToKkca: CTEKISIHHBINA LUIMHIPUYECKUN COCY] C INIMIIEPUHOM, CBUHIIOBBIE U CTaJbHbIC
HIapUKH, MUKPOMETP, CEKYHAOMED, IITAaHT€HIUPKYJIb, MUJUTUMETPOBAs JTUHEHKA;
- 110 METOAY C KCIIOJIb30BAaHHEM BHUCKO3MMETpA: KaNMUISPHBINA BUCKO3UMETP, CEKYHIOMEp, (IIaKkoH ¢
BOJIOH, (JIaKOH CO CIIUPTOM, (HJIAKOH C BOJOH Ul MPOMBIBaHUSI BUCKO3UMETpa, MEH3ypKa, BOPOHKA,
Hacoc («rpyiiay»), Tpyoka.

oo E

KoHTpoJIbHBIE BOIIPOCHI:
Ilo memoody Cmoxca:

e  OnwuIuTe SBJICHUE BA3KOCTH KHUIKOCTH.

e UYro HaspBaOT KO03(pdunmeHTom BsizkocTH? B KakMX eIUHHMIIAX WU3MEPSIETCs €ro 3HaucHHe?
KakoB mopsiiox BenuunHbl Kod(duimenta Bs3kocTu xkuakocteil? CpaBHUTE €ro ¢ MOPSAKOM
Koa(duIMeHTa BI3KOCTH T'a30B.

e UYemy paBeH K03()PULIMEHT BSI3KOCTH NMPU KOMHATHBIX YCIOBMSX: a) JUISI YUCTOTO TIIHMIEPHHA; O)
JUTS TUCTUIUTHPOBAHHON BOABI?

e KakoBa 3aBHCHMOCTh KOX(pHIMEHTa BA3KOCTH OT TEMIEpaTypbl B ciydae: a) >KUAKOCTEH, O)
ra3oB? OOBSICHUTE 3TU 3aBUCUMOCTH.

e Kakue cumbl AeWCTBYIOT Ha IIApUK MpPU €ro JBHKEHUHM B TiullepuHe? 3anmuIInTe ypaBHEHHE
JBIDKEHUS IIapuKa B BEKTOPHOH (opMe B MPOEKIHSIX Ha OCh, BIOJb KOTOPOW MPOUCXOIUT
JIBMKEHUE.

e KakoB xapakrep IBMKEHHUS IIapHKa: a) OT MOBEPXHOCTH TIUIIEpUHA JI0 BEPXHEH METKH Ha COCY/E,
0) OT BepxXHEW METKH 10 HWKHEH METKH, B) OT HI)KHEH METKH 10 1Ha cocyaa?

e Kak BbUMCIUTH KOI((PUIIHEHT BA3KOCTH 10 MeToay CTOKca (BBIBECTH pacyeTHYIO (popmyity)?




2.
3.

N3menntes nu 3HadeHne Kod(QduiMmeHTa BsI3KOCTH TIIUIEPUHA, €CIIM BMECTO CTAIbHOTO MIapHKa

KCIIOJIb30BAaTh CBUHIIOBBIN?

Kakne BenmuuHbl B pacu€THOW ¢opmysie IS BA3KOCTU TIIHMIICPUHA SIBISIOTCS MPSMBIMH

U3MepeHusIMu?

Kakum o0pa3oMm B JaHHOW paboTe MOKHO OOECIEYHTHh COOIOJCHHWE OJMHAKOBBIX YCIOBUUI

IIPOBEJICHUS OIBITOB?

Cdhopmymupyiite mpaBmwia paboTel ¢ 1a0OpaTOPHBIM CEKyHIOMEpoM. KakoBbI ero mpemessl

M3MEPEHUH Ha IIKaJIax, [ieHa JAeNeHUs KaXI0HM IIKaJIbl, MOTPEIIHOCTh Ipudopa?

Cdhopmymupyiite mpaBuia paboTel ¢ MUKpOMeTpoM. KakoBEI ero mpeensl n3MEepeHui Ha IKajax,

[IEHA JICJICHUS KaXKI0M IIKaJIbI, TOTPEIIHOCTh Mpudopa?

Onumure xo padbOTHI.

Kakoe xonm4ecTBO OTBITOB HAJ0 MPOBECTH Jisi oOecrieueHns Haa&KHOCTH u3MepeHuit: a) 80 %,

6) 90 % ?

Kaxk o6ecrieunts nmpoBeeHUS OTBITOB, YTOOBI HAYAIBHBIE YCIOBUS OBLITN OJITMHAKOBBIMU?

3anumute GOpMyIibl, HEOOXOAMMBIE ISl BEIYMCICHHUS BCEX TMOTPEITHOCTEH MPSMBIX U3MEPEHUH,

HEOOXOUMBIX B TEXHOJIOTHH MPOBEJICHUS OTIBITOB MPHU OJIMHAKOBBIX YCIOBHUSIX.

3anumute (HOopMysbl, HEOOXOIWMBIE [UIsi BBIYHCICHHUS BCEX TOTPEUTHOCTEH KOCBEHHBIX

M3MEpPeHUN (CKOPOCTH HCHApeHHs] M WM3MEHEHUS DSHTPOMHH), HEOOXOJUMBIX B TEXHOJIOTHUHU

MIPOBEJICHUS OTIBITOB MTPH OJTMHAKOBBIX YCIOBHUSX.

CdopmynupyiiTe mpaBuia OKpyTJIEHUS MTOTPEITHOCTEH.

[To kakoMy KpUTEpHIO CIEAYET OKPYIIUThH CPEIHEE 3HAUCHHUE TPSIMBIX M KOCBEHHBIX U3MEPEHHIA.

B xakoM Buje ciienyeT 3anucarh J10BEPUTENbHBIN HHTEPBAJ 3HAYEHU KOCBEHHOTO U3MEPCHUS?
Ilo memo0dy ¢ ucnonvzosanuem gucko3umepa:

OnuimmuTe ycTporCTBO BUCKO3UMETpA.

Kto n3006pén Buckozumerp?

OT Kakux BEJIMYUH 3aBHCUT OOBEM KUAKOCTH, MPOTEKAIoUIel uepe3 KalWUIAPHYIO TPYOKY

(ygacTox BHCKO3UMeETpa)?

Kakum o0pazoM Beiuucisiercs 3HadeHHEe KO3 (UIMEHTa BSA3KOCTU >KUJIKOCTH C TOMOIIBIO

KalWUISIPHOTO BUCKO3UMeTpa?

Kakas u3 xxunkocreil 1 nouemy 6ojee BsizKasi: BoJa WM CUPT?

KakoBbl crpaBouHble 3Ha4eHHs] KOA(D(OUIUEHTOB BA3KOCTU 3TUX KHUAKOCTEH MPU HOPMAaJIbHBIX

YCIOBUSAX (MK OJIM3KUX K HUM)?

Onumure X0 pabOTHI.

B uém 0cobeHHOCTh TEXHUKHU 0€3011aCHOCTH B JaHHOU paboTre?

CKOJIBbKO BEIMYUH TUIIA CIIPSIMOE U3MEPEHUE» HaXOIUTCS B pacu€THOM dopmyre?

Kakoii u3 MeronoB - meroa CTokca WM METOJ KalWUIIPHOTO BUCKO3MMETPA - JaCT MEHBIIYIO

OLIMOKY BHIYHCIECHUS KOOPPUIIHEHTA BI3KOCTH B TPOLIEHTHOM BBIpaKeHUU?

3anumute (HOpPMYNbl A BBIYMCICHUS HEOOXOIMMBIX IMOTPEHIHOCTEH MPSIMBIX UM KOCBEHHBIX

HW3MEPEHUI.

JlaboparopHas pabota Ne 7: UcesieoBaHue TeMnepaTypHoii 3aBucuMoctT ko3 ¢uiuenta
BA3KOCTH KHIKOCTH
Llean paGoTsL:
MeroioM  KanmWUIAPHOTO  BUCKO3UMETPA  DKCIIEPUMEHTAIBHO  IMOJIYYUTh 3aBUCUMOCTD
K03 duIMeHTa BI3KOCTH TIHUIIEpPUHA OT TEMIIEPATYPHI.
BpranciuTe SHEPrUI0 aKTUBALMU MOJIEKYJ TJIMLIEPUHA.
3aKpenuTh HaBbIKM 0OPaOOTKHU pe3ylbTaTOB MPH MPOBEICHUU OMBITOB B PA3HBIX YCIOBUSIX.
[Ipubopsl ¥ MPUHAAIEIKHOCTH:

BHUCKO3MMETp C IVIMIIEPUHOM B TEPMOCTATE, HarpeBaTellb, CEKyHIOMED, ABa JIMCTa MUJUIMMETPOBOMN
Oymaru, po3payvHasi JIMHeHKa.

KoHTpOIbHBIC BOIIPOCHL:

Onuimmure CTpoeHUE KUAKOCTEN.
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UTO MOHUMAIOT MO/ «ONM>KHUM TOPSIKOM»?

KakoBa ¢u3uueckasi CyTb BICHHS BSI3KOCTU B KUAKOCTSIX?

Kakoii ¢usmueckuii cmpica uMeeT K0O3PPUITUSHT BI3KOCTH?

B kakux enuHUIAX U3MepseTCs 3HaYeHHE Kod(hdUmeHTa BI3KoCTH?

Yemy paBeH KOAPPHUIMEHT BI3KOCTH MPH KOMHATHBIX YCIOBHSX: @) JJIS YACTOTO TIIMIEpUHA; 0)
JUI JUCTUJUTMPOBAHHON BOJBI?

Kak 00BsCHUTD 3aBUCUMOCTH KOS PHUIMEHTA BA3KOCTH )KHJIKOCTEH OT TeMIIEpaTyphl?

B 4em paznuume TemMrepaTypHbIX 3aBHCUMOCTEH KOA(PPHUIIMEHTOB BA3KOCTH KUAKOCTEH 1 Ta30B?
UTto Ha3bIBAIOT YHEPrUEN aKTUBALUU MOJIEKYJ )KUIKOCTH?

Onuimure ycTpoicTBO TEPMOMETPA.

Cdhopmymupyiite mpaBuia paboTel ¢ J1a00PATOPHBEIM CEKyHIOMEpPOM. KakoBBI €ro mpemenbl
M3MEpEeHUN Ha HIKaiax, [eHa JeJIeHUs KaXKJO0! IIKaJlbl, IOTPEIIHOCTh pudopa?

Onumure ycTpolCTBO M MPUHIMI U3MEPEHUH C TOMOIIBIO BUCKO3UMETPA.

Onumure xo pabOTHI.

B uém 0coOeHHOCTh TEXHUKU 0€30T11aCHOCTH B JaHHOU padoTte?

BriBenuTe pacueTHyro GopMyay Ui OIPEENIEeHNs SHEPTUH aKTUBALIUN MOJIEKYJIBI.

B uem cocTout MeTo1: a) HaTIHYTOM HUTH; 0) HAUMEHBIINUX KBAJPaTOB?

KakoBsl mpaBuiia noctpoenus rpadukoB, BbIOOpa MaciiTaboB, MOANUCEN KOOPAUHATHBIX Ocei?
KakoB ¢usnueckuii cMpicii yrioBoro kodduimenta rpaduka 3aBUCUMOCTH Kod(duuueHTa
BSI3KOCTH TJIMIIEPHHA OT TEMIIEPATYpPhI ?

Kak B cimyyae mMeTosna HaTSHYTOW HUTHU MOYHO BBIYMCIUTH CIY4alHYIO MOTPEUIHOCTH YIIOBOTO
ko3 durmenta mo rpaduKy TMHEHHON 3aBUCUMOCTH?

Kakune BenmuuumHbl B pacy€THOM GopMmyne Uis SHEPrUM aKTUBALMM SIBISIFOTCS  «IIPSIMBIMU
U3MEPEHUSIMI ?

3anumute GopMysibl, HEOOXOIUMBIE Ui BHIYMCICHUS BCEX MOTPEIIHOCTEH MPSAMBIX U3MEPEHHUI,
HEO0OXO0IUMBIX B TEXHOJIOTUN IIPOBEJCHHUS OIMBITOB IIPH Pa3HbIX HAauYaIbHBIX YCIOBUSX.

3anumure (OpMyJabl, HEOOXOJWMBbIE JJsi BBIUMCICHHUS BCEX IOTPEIIHOCTEH KOCBEHHBIX
M3MEpEeHUl B TEXHOJOTUY MPOBEACHUS ONBITOB IIPU Pa3HBIX HAYAIbHBIX YCIOBUSX.
CdopmynupyiiTe mpaBuia OKpyTJI€HUS MTOTPEITHOCTEH.

[To xakOMy KpUTEpHIO CIEeIyeT OKPYIJIUTh CPeIHee 3HaYCHHE MPSAMBIX U KOCBEHHBIX U3MEPEHHIA.
B kakom Buje cienyeT 3anucaTh JOBEPUTENbHBIN HHTEPBANl 3HAYCHUM YHEPIUH aKTUBALIUU?

JlaGopaTtopnast pabota Ne 12: M3ydyeHue siBJIeHUSI TENJIONMPOBOJIHOCTH TBEPABIX TeJl

[{enn paGoTHL:

. ChopmupoBaTh NpeacTaBieHUE O TEIUIOMPOBOIHOCTH.

. ChopmupoBath NpeaCTaBICHNUE O TEMIIEPATYPHOM IOJIE.

. I3yunts 3akoH Dypse.

. I3yunThb kanmopuMeTpuuecKuii METo]1 onpeaencHuss KodQpPUIMeHTa TerionpoBOAHOCTH BEIIECTBA.

. Beruncnuth k03()(pULIMEHT TEmIoNnpOBOHOCTH CILIaBa (JIATYHH).

. 3aKpenuTh HABBIKU TIOJIB30BaHUSI OAPOMETPOM, TEPMOMETPOM, CEKYHIOMEPOM.

. 3aKpenuTh HaBBIKK O0OPaOOTKH pe3ylbTaTOB U3MEPEHHUI MpU MPOBEIECHUH OIMBITOB B OJHUX U TEX
KE YCIIOBUSIX.

HDI/I6ODBI U NpUHAJJIC)KHOCTH

KaJOPUMETPUUYECKUM CTaKaH CO CIUIAaBOM, CTaKaHYMKU CO JIbJAOM, YIJIOTHUTENb JJIS JIbJa, IITATUB,
ANIEKTPOIUINTKA, Koyba ¢ TpyOKOH, HIMPOKHM cocyn Julsl Talod BOJbl, OapoMeTp, TEepMOMETD,
CEKYHJIOMED, IEKTPOHHbBIE BECHI, CTAKAHYMK.

KoHTpoIbHBIE BOIPOCHL:
Yro Takoe TCHHOHpOBOI{HOCTB? Onummre MeXaHU3MBI TCILJIOMTPOBOAHOCTHU TBEPABIX TCII.
Yrto Takoe TEMIICPATYPHOC II0JIC; H3O0TCPMHUUYCCKUC TMMOBCPXHOCTH, I'PAJUCHT TeMnepaTprI? B
KaKux CIUHHLAX U3MEPSACTCA I'PaduCHT TEMIICPATYPhI B cnu?




e KakoBo TabnuyHoe 3HaYeHHE KO3 PULIMEeHTa TeIUIONPOBOJHOCTH JaTyHH? [louemMy OHO 3a/1aHO B
BU/JIE MHTEpBaja 3HaUeHUM?

e Kakue BupI TeMIepaTypHbIX 1ojien paznuyaror? Kakoe TemmeparypHoe moJie Tpedyercs: co3aaTh
B JIATYHHOM LWJIMHJIpPE B JaHHOH padore?

e Umeercs crepkeHb MHOW 6 M ¢ rpamueHToM Temmeparypel 600 K/m. Haiitu pa3HOCTB
TEMIIEpaTyp: MEXIY CEPEAUHON CTEPKHS U €r0 KOHLIOM; MEKy KOHIIAMU CTEPXKHSL.

e Yro HA3BIBAIOT: &) TEIUIOBBIM MTOTOKOM; 0) IMJIOTHOCTBIO TEILIOBOTO MOTOKa? B KakWx eauHUIax

(8 CH) onu usmepstorca?

KakoB ¢u3uueckuii CMBICI ITIOTHOCTH TETUIOBOTO IMOTOKA?

UTto Ha3bIBAIOT IPaIMEHTOM TEMIIEpPATyphl?

Kak HampaBieHbl BEKTOpPbl IUIOTHOCTH TEIJIOBOT'O NOTOKA U Ipajiu€HTa TEMIIEpaTyphl?

Chopmynupyiite 3axkoH Dypwe; Hanumute ypaBHeHHe Dypre. UTO o03HadaeT 3HAK

ypaBHeHUU Dypbe?

Haiite onpenenenne KoApPUIIMEHTa TEIUIONPOBOAHOCTH U OOBSICHUTE €ro (PM3UUYECKHUI CMBICIL.

e (CpaBHUTE POJIb PEUICTOYHOM TEIJIONMPOBOJHOCTH U AJIEKTPOHHOMN TEIIONPOBOJHOCTH B 0OLIEH
TEIUIONPOBOJHOCTH METAJLIOB.

e OnuumuTe CyTh KaJTOPUMETPUUYECKOTO METOJIa U3MEPEHUS TEIIONPOBOJIHOCTH JIATYHH B JaHHOU
pabore.

e Kaxum oOpa3om obecriedyrBaeTCsl CTallMOHAPHOCTh U OJTHOMEPHOCTh TEMIIEPaTypHOTo MoJis?

e BriBenmute pacuétHyio Qopmydy A8 BBIYMCIEHHS ~ OKCHEPUMEHTAIbHOIO  3HAYCHHS
ko3 durmenTa TernIonpoBOHOCTH.

e OnummuTte X0 paboThI.

e B 4ém 0COOEHHOCTh TEXHUKH O€30TIACHOCTH B JJAaHHOU paboTe?

e [louemy B gaHHON paboTe HECMOTpPS Ha CTALIMOHAPHOCTH TEMIEPATypHOTO MOJIA B JaTYHHOM
UWIMHJPE YCIOBUS MTPOBEICHUS OIBITOB BCE-TAKU HENb3Sl CUUTATh OJUHAKOBBIMU?

e Kakne BenuM4MHBI B pacu€THOW (opmyse SBISIOTCS «IPSIMBIMH H3MepeHusMu»? Kakoe ux
MPSIMBIX U3MEPEHUN MOKET MEHSATH (1 T0YeMy) CBOE 3HAUEHUE OT OTbITA K OMBITY?

e 3anumure GOpMyJIbl, HEOOXOIUMBIE ISl BBIYMCIEHUS BCEX MOTPEUIHOCTEN MPSMBIX U3MEpPEHUH,
HEO0OXOIMMBIX B TEXHOJIOTUU IIPOBEJICHUSI OIBITOB B Pa3HBIX YCIOBUSX.

e 3anumwure ¢GopMysabl, HEOOXOAMMBIE JJs BBIYUCICHHS BCEX IMOTPEHIHOCTEH KOCBEHHOTO
W3MEpEeHUs M0 TEXHOJIOTHU MTPOBECHHUS OIBITOB B Pa3HBIX YCIOBUSX.

e Cdopmynupyiite nmpaBuiia OKpYrieHUs MOTPEITHOCTEH.

e [lo KakOMy KpUTEPHUIO CIEAYET OKPYIJIUTH CPEAHEE 3HAUCHUE MPAMBIX U KOCBEHHBIX U3MEPEHUH.

e B kakom Buje cienyer 3anucarh JOBEPUTEIbHBIN HHTEPBAI 3HAUEHUH KOCBEHHOT'O U3MEPEHUS?

n_n
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4 cemectp

Inexkmpomaznemusm
JlaboparopHas pabota Ne 1: DkcnepuMeHTAbLHOE H3YUeHHe 00001eHHOr0 3akona Oma
[lenu paGoTHL:
N3y4unTh 3aBUCUMOCTD MEXKI1Y TOKOM M PA3HOCTHIO TIOTEHI[MAIOB HA YUYaCTKE LIETIH.
OnpenenuTp 37IEKTPOABUKYIIEH CUIIbI MCTOYHUKA TOKA U COTIPOTUBJICHUS YYaCTKa LIEMH. .
[TproOpecTr HAaBBIKU paOOTHI ¢ MHOTOMPEACTbHBIMHI BOJIBTMETPOM U aMIIEPMETPOM.
3aKpenuTh HaBbIKK MIPUMEHEHUs Tpaudeckoro MeToaa Mpu 00paboTKe pe3yabTaToOB.
[Ipubopsl U NPUHAAIEKHOCTH:
AKKyMYJISITOP, BOJBTMETP, MUJUIMAMIEPMETP, PE3UCTOPHI, KIIOY, NEPEKIHYaTellb, PEerylIupyeMblii
HMCTOYHHUK TOKA, COEIMHUTEIbHBIE TIPOBO/IA.
KoHTpoibHBIE BOMIPOCHL:
o Cdopmynupyiite 00001IeHHBIH 3akoH OMa ISl ydacTKa Ienu, I 3aMKHYTONH Hepa3BeTBICHHOU
uenu. KakoBbl mpaBuiia 3HaKOB MPH 3aMIMCH YPABHEHUH, BBIPAYKAIOIIUX 3TH 3aKOHBI?
e [lpu xakux yclOBHSX B ILIeNMU OyIET CYyIIEeCTBOBAaTh MOCTOSHHBINA dyekTpudeckuii Tok? Kakosa
pOJIb HICTOYHUKA TOKA B LIETIH?

el N =
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Kakue cumnbl Ha3biBaroTCss cTopoHHUMHU? [IpuBennTe npuMepbl CTOPOHHUX CHIIL.

B dyem cymiectBeHHOE pa3iMuMe TMOHATHI: pPa3HOCTh moTeHIUanoB, IJC wucrounuka u
HalpspKeHHe (WK Na/IeHUe HAaIpsDKEHUs) Ha yJacTKe Lenu?

OObsicauTe HPU3NIECKU CMBICT TOUYEK MepeceueHus rpaguka 3aBUCUMOCTH  C OCSIMH KOODPIMHAT.
[louemy rpaduku [Is OJHOTO CONPOTHBICHUS, HO PAa3HBIX MOJSAPHOCTEH TOAKIIOYCHHUS
ucrounuka J/]C oka3bIBalOTCA NapajieIbHBIMU JPYT APYyry?

B uem cocTouT MeTOJ HAMMEHBIIMX KBAApPAaTOB Ul MPOBEJCHMS HaWIydlled NOpsMON 110
9KCIEPUMEHTAJIbHBIM TOUKAM

JlabopaTtopHnas pabota Ne 2: McciieoBanne 3aBUCMMOCTH MOJHOI MOIIHOCTH, MOJ1€3HOI
MOIIHOCTH U K.IL.J. HCTOYHUKA OT HArPY3KH
Llenu paboTsL:
N3ydeHre 3aBUCUMOCTH TOJHOW MOIIHOCTH, MOJE3HOW MOLIHOCTU U Ko3(duiiueHTa mojae3Horo
neiictus (KIIJ[) ucrounnka ot Toka (CONpPOTHUBIIEHUS) HATPY3KHU.
Omnpenenenue DJIC 1 BHYTpEHHETO CONPOTUBIICHUS UCTOUYHUKA.
[IproOpectr HaBBIKU pabOTHI ¢ MHOTONPEAEIbHBIMHA BOJIBTMETPOM M aMIIEPMETPOM.
3aKpenuTh HaBbIKU IPUMEHEHUs Ipa)uyeckoro MeToAa pu 00paboTKe pe3yabTaToOB.

IIpubopEI M NPUHAIUISIKHOCTH:

HCCIeAyeMbI UCTOYHHUK, BOJIBTMETP, aMIIEpPMETpP, Mara3uH COMPOTUBIICHUM, KITIOUY, COCTMHUTEIIbHBIC
MIPOBOJIA.

KoHTpoapHBIE BOIIPOCHL:
Kaxyto poJib B 3€KTpUYECKO LENN UIPAET NCTOYHHUK TOKa?
UYro Takoe D/IC u BHyTpeHHEE COIPOTUBICHHE HCTOUYHUKA?
Kaxkoii HanOoJIBIINHA TOK MOXKET HaTh UCTOYHUK?
Uto Ha3pIBa€TCS MOJHOW MOIIHOCTHIO, TMOJIE3HOM MOIIHOCTHIO, MOIIHOCTHIO moTepb u KIIJI
HCTOYHHUKA?
Kaxk 3aBUCHT MoJHAs MOLIHOCTD, MoJie3Hast MOIHOCTh ¥ KIIJI ncTouHMKa OT TOKa HAarpy3Ku?
Kak oOecrieunTs HamOOJIBIIYIO TOJE3HYIO MOIIHOCTh ucToyHMKa? KakoB mpu stom KII/]
HCTOYHHUKA?
Korpga KIIJ] ncTouyHrKa JOCTHUracT MaKCUMAJIbHOTO 3HAYCHUS?
['me Ha mpakTUKE MPUMEHSIOTCS PEKHUM COTIACOBAHHOW HArpy3KH M PEXKHUM C HAHMOOJBIIUM
BO3MOKHBIM KIIJI?
Kak 3aBucHT moJie3Hass MOIIHOCTb, MOJIHAs MOIIHOCTh, KII/[ ucTouHuka U HamnpsbkeHUE Ha ero
3aKHMax OT COMpoTHBJIeHUsS Harpy3ku? [loctpoiiTe rpadmku a1 STUX 3aBUCUMOCTEH.

JlaboparopHas pabota Ne 18: OnpenesieHue ropu30HTAIbHON COCTABISIONIE MATHUTHOTO MOJIS

w

3emin
[lenu paGoThL:
DKCIIEPUMEHTAIIBHO OIMPENEIUTh TOPU3OHTAIBHYIO COCTABJISIONIYI0 HHAYKIIMA MarHUTHOTO TOJIs
3emin.
[To3HaKOMUTBCS € METOJOM OIpEAeTCHUS BEKTOpa HWHAYKIWKW MAarHUTHOTO TONiA 3eMiu ¢
WCIO0JIb30BaHMEM TaHT€HC-TaTbBaHOMETPA.
[TproOpecTr HaBBIKU paOOTHI C TAHT€HC-TAIbBAHOMETPOM.
3aKpenuTh HaBBIKM OOPaOOTKHU pe3ylbTaTOB, MOTYYEHHBIX B PA3HBIX YCIOBHSIX.
IIpuGopsl ¥ IPUHALIEKHOCTH:

TAHI'CHC-TAJIbBAHOMETP, aMIICPMETP, PEOCTaT, JIBOMHOM NEpEKIIOIATCIIb, COCAUHUTCIIbHBIC ITPOBO/IA.

KoHTpoIbHBIE BOIPOCHL:
[lpn kakux YCIOBHSX B TPOCTPAHCTBE CYIIECTBYeT MarHuTHoe mnoie? Kak ero MoxHO
0OHapyXUTH?
Yro Ha3bpIBaCTCS MHAYKIIMEH MarHUTHOTO moJisi ? HampsykeHHOCThIO MarHUTHOTO moJist ? B kakux
SIMHHLIAX OHU U3MEPSIOTCS?




PoNbE

Kak mpoBoxsdTcs JMHUN HHAYKIMM MarHutHoro nousist? Hapucyiite JMHMM HMHAYKUUU
IIPSIMOJIMHENHOIO TOKA, KPYTOBOT'O TOKA, COJIEHOUA.

B uem cyTh MeTO 1@ OIIpeieneHHs TOPU30HTAIIBHOM COCTABIISIOIIEH MAarHUTHOTO MOJIS 3eMIu?
CpaBHuUTE NOJyYEHHbIE B 3KcliepuMeHTe 3HaueHus B u H ¢ Bcrpeuaromumucs B npupoje U B
TEXHUKE.

[Ipn xakux ycIOBHSIX MarHUTHOE MOJ€ 3€MJIM MOXKET U3MEHAThCA? Biuser 1u MarHuTHOE 1oJje
3eMJId U €ero U3MEHEHMsI Ha PaCTEeHUs, )KUBOTHBIX, YEJIOBEKA?

Onmuka
JlabopaTtopHnas padota Ne 1: OnpenesjieHue paguyca KpMBH3HbI JIMH3bI ¢ IOMOUILIO KoJIel
HbroTona

Llenu paboTsr:
Habnronenne nHTEpPEPEHIIMOHHBIX ITOJIOC PAaBHOW TOJIIUHBI B BHJIE KoJienr HpioToHa.
Onpenenenne paanyca KpUBU3HBI CTEKIISTHHOW JIMH3HI.
[IproOpereHre HaBBIKOB pabOThI ¢ MUKPOCKOIIOM.
3aKkpenuTh HaBBIKH 00PaOOTKH PE3yNIbTATOB U3MEPEHHI MPH Pa3HBIX YCIOBUAX OTBITA.

[Ipubopsl ¥ MPUHAIICIKHOCTH:

MHUKPOCKOII, UCTOYHHK CBCTA, CBGTO(i)I/IJ'II)Tp, OOBEKTUBHEIN MHUKPOMCTpP, IJIOCKOBBIITYKJIAad JIMH3a WU
IJIOCKOITIapaJuICiibHaA IMIaCTUHKA.
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KoHTpoabHBIE BOOPOCHL:

Uto Takoe uaTEepdhepeHITUS:

Urto Ha3bpIBalOT UHTEP(HEPEHIIMOHHONW KapTUHOMN ?

Kaxkue cymecTByrOT METOIbI OTydeHUS HHTEP(PEPEHIIMOHHBIX KapTHH?

Kakue cymecTByloT cxembl (MIOMHUMO TpPHUMEHEHHS Jia3epa) MOJIydeHHs HHTep(epeHIIMOHHON
KapTUHBI?

N3obpasute xon myueit B cxeme «koJibiia HetoToHay. Kakue myun korepeHTHBI U IoueMy?

Jl51g yero B 3TOH cxeme Hy)KHa MJI0CKO-BBIMYKJIas JMH3a ¢ OOJIBLIIUM paglycoOM KPUBH3HBI?
BreiBectu popmynbl 1isi paguycoB TEMHBIX M CBETJIBIX KOJIEL B OTPaKEHHOM U IMPOXOJALIEM
CBeETe.

[Ipennoxxure 060CHOBAHUE U BHIBOJ pacueTHOM (hOpMyIIbI s paguyca KPUBU3HBI JIUH3bI.
[Ipennosxure Ajs onpeaesaeHus paarnyca KpUBU3HbI TUH3bI rpa@UuecKuil METOI.

Kak mensiercs paccTosiHie MEXy KOJIbI[aMU C yIaJeHHEeM OT UX IieHTpa?

YTo AOJKHO MIPOU30MTH € KOJIbIIaMu HbIOTOHA, €Clii MeX 1y MJIaCTUHKOW U JIMH30M HAJUTh BOIY?

JlaGopaTtopHas pabota Ne 6: OnpenesieHue AJIUHbI CBETOBOW BOJHbI PH MOMOIIIU
JIu(paKuMoOHHOM pemeTKu
[{enn paGoThL:
Hab6monenue nudpakuuun "OGemoro" cBera Ha MEPUOAUYECKON CTpYKType(audpaKkirOHHOMN
penieTke).
Omnpenenenre NOCTOSHHON TUGPAKIIMOHHOMN PEHIeTKH U €€ CIEeKTPaIbHbIX XapaKTEPUCTHK.
Omnpenenenue JUIMHBI BOJHBI OJHOM M3 COCTaBIIstoNIeH "Genoro"” cera.
3akperieHue HaBbIKOB 00pabOTKU pe3yabTaTOB U3MEPEHUH.
[Ipubopsl U NPUHAAIEKHOCTH:

OTNTUYECKAsi CKaMbsi, UCTOUYHUK CBETa, HKpaH CO IIKAJIOW W IIENbl0, AU(PPAKIHNOHHBIE PEIIETKH,
JIMHENKA.

Konmponvuvie 6onpocui:
Kakyto tun audpaxuuu Habmogaercs B 1aHHOH paboTe?
BriBenuTe ycnoBue HaOIr01€HUS TI1aBHBIX MAaKCUMYMOB.
IIpu xakoil ATMHE BUAMMOTO CBETa BOJHBI IMOJIOCH JU(PPAKIIUOHHOW KapTHUHBI U PACCTOSHHS
MeX]ly HUMH Haubosee mupokue? [Touemy?
[Touemy B 1ieHTpe AUPPaKIMOHHON KapTUHBI HaOmo1aeTcs O6enas mosoca?
[Touemy nosoce! 60s1ee BBICOKOTO HOPSI/IKA CTAHOBSTCS MEHE SIPKUMU?
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Kakoit Buzx npuoOpereT mudpakiinoHHas KapTHHA B MOHOXPOMATHYECKOM CBeTe?
Yem otnmuaercs AUPPaKIHOHHBINA CIEKTP OT CIIEKTPa MPU3MbI?

Kakue cymecTByIOT XapakTepUCTUKU JU(PPAKITUOHHON peméTku?

CpaBHHTE CIIEKTpaIbHBIC XapaKTEPUCTHKN UMEIOIIUXCS AU(DPAKIIMOHHBIX PEIIETOK.
Kak MO>XHO U3MEHHTDH XapaKTEPUCTUKU PEIIETKN?

Jlaboparopuas padota Ne 9: Onpenesnenne (POKYCHbIX PACCTOSTHUIT TOHKUX JIMH3
Llenb paboTe:
W3yauTh MeTOIbI H3MEpEHUs: (POKYCHBIX PACCTOSIHUI TOHKHUX JINH3.
Boruncnuth GOKycHbIE pacCTOSHUS COOMpPArOILEl U pacCceuBarOLIEH JIMH3HI.
3aKpenuTh HaBbIKM OOpa0OTKHU pe3ysIbTaTOB IKCIIEPUMEHTA.
[puGopbl ¥ NPUHAAIEKHOCTH:

ONTHUYECKAsi CKaMbsl, OCBETHUTENb, IPEAMET, HAOOP JIHH3,
JKpaH, JUHEHKA.

1.
2.

KoHTpoJabHBIE BOOPOCHL:

Uto Takoe nuH3a?

Kakyro nuH3y Ha3bIBatOT TOHKOM?

Kaxune ObIBatoT THIIBI JIMH3 B 3aBUCUMOCTH OT UX KOHCTPYKITAU?

UTto Takoe cobuparomias U paccenBaromias JrH3a? KakoBbl UX yCcI0BHBIE 0003HAYCHUS?
KakoBbI OCHOBHBIE XapaKTEPUCTUKU JTUH3?

[Ipoananuzupyiite Gpopmyny TOHKOM JTUH3BI.

Kak naiitu yBenuueHue n300pa>keHusi, MOJTy4€HHOTO C OMOIIBIO JIUH3bI?

Kak ™eHsieTcss TONOXKEHWEe W BHJ H300paXeHUs MpeaMeTa TMpU IMEePEeMENIeHUN €ero
OCCKOHEYHOCTH K coOMparomiei TuH3e?

UYTo Takoe onTUYECKas CUJIa JIMH3bI U OT YEr0 OHA 3aBUCHT?

UEM cyTh METOZIOB BBIYHUCIICHUS (DOKYCHBIX PACCTOSHUM JIMH3 B JaHHOW padoTte?

JlabopaTtopnast pabota Ne 10: M3yueHune onTu4ecKux Nnpudopon
[{ean paGoThL:
MonenupoBanue MUKpPOCKOIIa 1 3puteiabHoi TpyOs! Kerutepa.
Omnpenenenre yBeIMYCHUN MOJIelIel MUKPOCKOIIA U 3PUTEIILHON TPYOBI.
[TpuOopbl ¥ NPUHAIECIKHOCTH

us3

Mukpockon MBP-1, 3putenbnas tpyda, HaOOp JMH3, HA0Op OOBEKTHBOB U OKYJISPOB, 0OBEKTUBHBIIN
MUKPOMETp, MPU3Ma, ONITUYECKAst CKaMbs, INHEHKA.

KoHTpoIbHbIE BONIPOCHL:
JUig yero Hy>keH MUKpocKon? ONUIINTE YCTPONCTBO MUKPOCKOIIA.
Yro takoe 06bexTuB? Kakue ObIBaOT THUITBI 0OBEKTUBOB?
Kakoe npenmyIecTBo y 3epKajlbHbIX 0ObEKTHBOB?
Kaxkoe nzo6pakenue 1aét 00beKTUB?
Jnia gero HyxeH okynsap? Kakoe nzobpaxenue oH qaét?
N300pa3zute X011 Tydeid B MUKPOCKOTIE.
YeMy paBHO yriioBoe yBeIMYeHHE MUKpocKona? BeiBenute Gpopmyiy.
OnuuuTe ycTpoHCTBO 3pUTenbHOM TpyOs! Kertepa.
Kakoe nzo6paxenue naér tpyda Kemepa?
B uém otnmune Tpy6s1 Kennepa ot TpyOs! [Nanunes?
Uro npencrasisier co00il TeIECKOMMUECKUN X0 Tydeit?

IIpu kakoM YCIOBHM JOCTHUTaeTcsl TeeCKONMUYecKuid XoJ jiydel B TpyOe Keruepa (uemy paBHa

onrthyeckas JiuuHa L TpyOs! Teneckomna)?

Kak HaifTu yrimoBoe yBenuyeHHE TeJecKoma (3pUTesibHOW TpyObl), 3Hast (POKYCHBIE pacCCTOSHUS

00BeKTHBA U OKyJsIpa?
Kakoit 3nak nMmeeT yrioBoe yBenuueHnue Tpyos! Kerepa, Tpyos ['anumnes?



KakoBbI onTHYeCKHE CBOMCTBA YEI0BEYECKOrO I1aza’?
Kak ucnpaBuTh HEAOCTATKU 3pEHUS?

CamocrosiTesibHAs paboTa
CamocTrosTenbpHas paboTa COCTOUT U3:

1) MOATrOTOBKM NHCHMEHHBIX OTBETOB (pedepaTsl) Ha HEKOTOpPHIE TEOPETHUYECKHE BOIPOCH IO
JIEKLIMOHHBIM 3aHATUAM (3 cemecTp),

2) MOArOTOBKE OTBETOB HA KOHTPOJIbHBIE BOIPOCHI M PEIICHUIO 3a1a4 JIJIsl CAMOCTOSITEIbHOM paboThI K
MPaKTUYECKUM 3aHITHSIM,

3) HOArOTOBKE K BBIIIOJIHEHHUIO U 3alllUTE JAOOPATOPHBIX paboT (Ipu 3TOM B paboTax ¢ MOCTPOEHUEM
rpadUKOB JIOYCKAETCS JOTOIHUTEIBHO K METOY «HATSIHYTOW HUTHY MPUMEHSATh METOJT HAUMEHBIIINX
KBaJIpaToB JUIS BBIYMCIICHHUI YIIIOBBIX KOA(P(PUIIMCHTOB U KOMIIBIOTEPHBIC IIPOTPAMMBI ).
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1)
2)

3)

4)

Temvl pechepamos
Buiel cuit B mpupoe (cuina TSIroOTeHHUs, CUITa TSHKECTH, BEC, CHIIa YIPYTOCTH, CHIIbI TpeHus) (2 u).
[Tosne cumbl (1MoJie Kak BUI MaTEPUH, HAPSHKEHHOCTH TIOJISI CHITBI TSHKECTH, OJTHOPOIHOE U
HEOTHOPOAHOE T0JIe, IEHTpaIbHOE 1osie) (2 4).
JIBI>KEHUE Tella IepeMEHHOM Macchl (peakTHBHAsS CHJia, ypaBHeHHe Memepckoro, popmyra
[{nonkoBCcKOro, KOCMUYECKHE CKOPOCTH) (2 1).
I'upockort (2 1).
AOCOIOTHO YNpYrHii 1 aOcomoTHO Heynpyruil yaapsl (1 1)
[IpeoGpaszoBanust ["anuies, ”HBapHaHTHOCTH 2-To 3akoHa Hetotona (1 ).
MasTHuKY (MaTeMaTUYecKuil, NpyXKUHHBIN, (prU3ndecKuil, TpuUISPHBIN, KOHUYECKH,
nuKIonanbHbIN) (1 1).
CrnoxeHue rapMOHUYEeCKUX KoseOanuii (1 1).
Crosture BOJIHBI, Y3JIbl U ITyYHOCTH, paCIIpe/IeICHHe MeXaHnueckon sHepruu (1 9).
DneMeHTHl aKyCTUKU (MCTOUYHUKH U MPUEMHUKHU 3BYKa, CHJIa 3ByKa, aKyCTHUECKOE JaBJICHUE,
aKyCTHYECKUU PE30HAaHC, yabTpa3BykK) (1 1).
JIBmkeHue Tena B BA3kou cpene, hpopmymna Ctokca (1 u).
AMopdHBIE BEIIECTBA, IOJUMEPHI, )KUJIKHE KpUCTALIHI (1 1).

6. Kputepuu olleHNBAHUSA Pe3yJIbTATOB OCBOCHUS IMCHUILIMHBI (MOLYJIs1)
6.1. OnleHOYHbBIE CPEACTBA M KPUTEPHUN OLEHMBAHUS ISl TeKYlIeH aTrecTalun

Tekymas arrecranus npoBoauTcs B popme:
OTBETHI Ha BOIIPOCHI MPAKTUYECKHUX 3aHATUHN U pElICHHE 3a/1a4 Ha JJOCKe (B y4eOHOH ayAuTOPHH);
KOHTPOJILHON pabOThI, BBIMOIHIEMON MO BapuaHTaMm (4-6 BapHaHTa); B KaXXIOM BapuaHTe 1o 4
3aladyd Ha pa3Hble TEMbl H3Yy4aeMOro pasjena (U3MKd B JaHHOM CeMecTpe, 1O BBIOOpY
MIpernoaBaTeisi MOKET IPOBOAUTHCS MMCHbMEHHO ayTUTOPHO WM MHUCHbMEHHO 3a04YHO;
3aluUThl Ja00OpaTOPHBIX paboOT; MpPH 3TOM B CiIydae AMCTAHLIMOHHOIO pPEXHUMa OOydeHUS —
BBITIOJTHEHUS JIa0OpaTOpHOU pabOThI HAa 000PYAOBAHUU HE TpeOyeTCs;
BBIMOJTHCHHUS TEMATHYECKOTO pedepara (MMCbMEHHO, 3 CEMECTP).

Ilpumepoi
Bonpocs! ¥ 3a1a4n Ha NPaKTUYECKOM 3aHITHU
[IpencraBnensl B 1. 5 (paznen «lIpakTuueckue 3aHITHD))

KontponsHas paborta
Bapuanr 1
1. Toueunsie 3apsnsl 4 MKKn u —6 MxKn pacnonoxens! Ha pacctostHuu 10 cM Apyr oT apyra.

Haiigute KOOpAWHATHI TOYKH, B KOTOpOfI NMOTCHIMAJ CO3aBaA€MOT0 3THUMHU 3apdaMU SJICKTPUUICCKOTO
I10JIsA paBCH 0. Paccuuraiite HAIPSKCHHOCTD 3JICKTPUYCCKOTO IIOJIA B 3TOM TOUKE.



2. Tpu ucrounuka 1oKa (& =2,0B, &, =¢,=108) coeauHeHbl KaK IOKa3aHO Ha PUCYHKE.

BHyTpeHHre CONPOTUBIIEHHS UCTOYHHUKOB I, =T, = I, = 0,40 Om. Onpenennure TOKH B BETBAX LIETH.

1 il

3. B marauTHOM T0J1e ¢ mHAYKIHeH 0,5 T HaxoauTcs KBaapaTHas paMka co ctopoHoit 10 cM u
conpotusiienueM 0,05 Om, pacniosioxkeHHas! NEPHEHAUKYISIPHO JIMHUSAM UHIYKIIUM MarHUTHOTO MOJIS.
Kakoii 3apsn npoTekaeT uyepes MonepeyHoe ce4eHrne paMKu Ipu noBopote ee Ha 60°7?

4. B onbite FOHra oHa U3 11e1€i 3aKphIBAETCS TOHKOM CTEKJISTHHOM TUIACTUHKOM, B pe3ysibTaTe
4yero UHTep(epeHIIMOHHAas KapTHHA CMEIaeTcsl Ha MATh noJioc. KakoBa ToJHa MiIacTUHKH, €CIIN
JUTMHA BOJIHBI W3nydyeHus 632,8 um? [lokazarens npenomiieHus ctekia 1,52.

5. Ha xakyro JyiuHy BOJHBI Ay MIPUXOJUTCS MAKCHUMYM CHEKTPaIbHOU MIIOTHOCTH
IHEPreTUIecKoi cBeTUMOCTH (M), T)max Y€pHOTO Tema mpu Temmeparype t=0 °C.

6. CKoJIbKO [-4aCTHII UCITyCKAeT B TEYCHHE OJTHOTO Yaca 1,0 MKT n3oTorma Na24, MepuoI
noJiypacmnajaa KOToporo paseH 15 u?

JlaGopatopHble paboThI
[TpuBenens! Boie (1. 5, pasznen «JlabopaTopHbie pabOTHI»)

Tematuueckue pedeparsl
[TpuBencus! Boime (1. 5, pasaen «CamMocTosTeNbHAsS paboTay)

3agaun
1. TlpsimosMHEWHOE ABMKEHUE TOYKH 33/IaHO ypaBHEHHEM: X= -2 +3t - O,5t2. Hamucatp ypaBHEHHE

3aBUCHMOCTH CKOPOCTH TOYKH OT BpeMeHHU. [locTpouTh Tpaduk 3TOH 3aBUCHMOCTH; HAWTH
KOOPJAMHATY U CKOPOCTh TOYKHU 4Yepe3 2 ¢ U § ¢ MMocIie Havaja ABUKCHUS.
Boinoanenue:

Tpebosanusn K évinoiHeHUI0
OTBeTBI Ha BOIIPOCHI U PEIIEHKE 3a/1a4 Ha JIOCKE (B ayJIMTOPHH)

OTBeT Ha BOMPOC J0JKEH OBITh KPATKUM, HO TOYHBIM U UCYEPIIBIBAIOIINM, IPU HEOOXOMMOCTH
COMPOBOXKAEH PUCYHKOM U/WiH (HOPMYIIOH.

Pemenue 3agauun Ha JOCKe:
- CHayaJja 3amucaTh KpaTko, 4To aaHo («JlaHo»...); MpH 3TOM eAUHUIBI u3Mepenus nepeectu B CU,
YHCIIOBBIC 3HAUEHUS 3allUcaTh B CTAHJApTHOM popme 3amucu 4ucna;
- 3aTeM KpaTtko odopMuTh Bompoc 3amaun («Haiitu» ....), a ecnu TpeOyercss HalTH HECKOIBKO
(Gu3BENUYNH, TO Ha OTJEIBHON CTPOKE KPAaTKO 3aMucaTh COOTBETCTBYIOUIUI BOMPOC, MPH 3TOM, €CIU
TpeOyeTcst HAUTHU BEKTOPHYIO BEJIMUUHY, TO 0003HAUUTH €€ COOTBETCTBEHHO;
- nanee oopmuts pererue («Perenuey...):

* yKa3zarb, 0 KaKOM SIBJICHUH (WJIM 3aKOHE) HJIET pPeyb,

* chenaTh XapaKTEpHBIH PHUCYHOK (DIEKTPHUUECKYI0 CXeMy, TIpadHk), COOTBETCTBYIOIIMIA
COJICP’)KaHUIO YCIOBHS 3a/layd, Ha KOTOPOM BCE BEKTOPHBIE BEIWYHHBI JIOJDKHBI OBITh yKa3aHbl U
MO/MKCAHBI, a B Cllydae Tpadudeckoii 3a1auu Tpad K BHITIOTHUTH B COOTBETCTBYIOIIEM MaciiTade;

* COCTaBUTh CHUCTEMY YypaBHEHWH, BBIPXKAIOUIMX (PU3NYECKHE 3aKOHBI M CBSI3U MEXKIY
BEJIMYMHAMH IS 3TOM 3a/1a4H,




* BBIMOJHHUTH MPeoOpa3oBaHWE YpPAaBHEHUW 1O TMONy4eHHUs pacuéTHoil ¢opmyisl (T. e.

MOJIyYHTh PEIIeHHE B 00IIEeM BUE),

* IPOBEPHUTH EANHUIIBI H3MEPEHHSI HCKOMOM BETMYMHBI B pacueTHOH opmye,

* MOJCTaBUTHb YMCJIOBBIC 3HAUYEHUS M3 0a3bl JAHHBIX 33Jaud, a TAKKE C HCIOJIb30BaHUEM
HEOOXOAMMBIX CIIPABOYHBIX JaHHBIX U BEIYUCIUTH 3HAYCHUE UCKOMOW BEITMYNHBI,

* [POAHATU3UPOBATH IMOJIYYEHHBIH pE3ylbTaT C TOYKU 3PEHUS €ro JIOCTOBEPHOCTH (U3
MIPaKTUYECKUX U ObITOBBIX HAOMIOEHUI) U 3anucaTh 0TBET («OTBETY).

KontpoabHas pabora

B Bepxueit ctpoke nomxHO ObITh Ykazano: ®UO, rpynmna, nara

Bo BTOpOii cTpoke: Konrponbnas padora mo gusuke Cemectp...

B tperbe cTpoke: Bapuasr ...

OdopmiATh perieHne 3aaad XeaaTeabHO B TOH K€ MOCIeI0BATEeIbHOCTH, KaK OHH MEPEUHCIICHBI
B BAPHUAHTC 3aJIaHU.

CHayana 3anucaTh TEKCT 3a/1a4.

3arem odopmuth «/laHo», «Haiitu», «PemieHue» aHamorMyHO TeM TpeOOBaHUSM, KOTOpPBIE
OTIMCAHBI BBIIIC (HA 3aHATHH, JUIS ayJAUTOPHOM paboThI).

[IpoBenenue u 3amurTa 1a00paTOPHBIX PabOT
Jlo BbInoJiIHEHUs JabopaTOpHOM paboThl, 3apaHee MOArOTOBUTH II1A0JIOH oTyeTa (Ha ABOMHOM
JIUCTE B KJIETKY OOBIYHOM LIKOJIBHOM TETpaan).
[TepBas crpoka: ®UO , Tpymmna , JaTa
Bropas ctpoka: Ne w1 HazBanue abopaTopHOM pabOTHI

Llenu pabomor: 1) ... (3amucatb B COOTBETCTBHUH C METOJAMYECCKHUMH YKA3aHHSAMHU K JIaOOpaTOPHOM

Ilpubopvl u npumaonexcrHocmu: ...(3amMcaTh B COOTBETCTBHM C METOIMYECKHUMH YKAa3aHUAMHU K
nabopaTopHOU paboTe W (PaKTUYECKUM HAJIMYHEM Ha pabodyeM CToJie JaOOpaTOPHOTO MPAKTHKYMA). ..,

Tabauya xapakmepucmux npudoopos:

HazBanue npubopa Kinacc [Ipenensl n3MepeHuii no [lena [ToupemHocTh
TOYHOCTH, nIKasue JICTICHUS npudopa,
k mkaisl, C Sup
Xmin Xmax

Cxema onvima: ...(PUCYHOK B COOTBETCTBUU C METOJWYECKUMU YKA3aHUIMH K J1abopaToOpHOU paboTe
1 (haKTUYECKUM HaJIMYheM Ha pabodeM CToJie Tab0opaTOPHOTO MPAKTUKYMA). . .

OcHognobie ¢hopmynol.
... (3aK0H (U3HUKHU, C KOMMEHTAPHIMHU)
. (ompenenenue (HU3MUECKOI BETUYNHBI)
. (YpaBHEHUE CBS3M H T. 11.)
. (pacuetHas hopMyna A KOCBEHHOTO U3MEPEHNs)
. (popmynbI At BEIYUCTIEHUS MMOTPEIIHOCTEN MPSAMBIX M KOCBEHHBIX U3MEpPEHUH). . ...

Pesynomamui usmepenuii u ux oopabomru:

Ne X1, el. u3M. Xo, e11. U3M. X3, e11. U3M. Y, en. u3Mm.
(mpsimoe (mpsimoe (mpsimoe (KocBeHHOE
MMEpEHHE) MMEepEeHNne) MMEepEeHune) MMEpEHNe)
1
2




X¢p (cpen. 3Hay.)

G (Cyd. morper.)

d (cucrem. morpent. )

A (abco. morpern.)

€ (OTHOCHUT. MOTPEIlL. )

.... (BeruMCIIeHUs TIO (hopMyIiaM, aropuT™: GopMyJa - TTOJICTAHOBKA YUCIIOBBIX 3HAYCHUHN — PEe3yIbTaT
— OKpYIJICHHE pe3yibTaTa, eANHULA U3MEPEHHS). . . . ..

Pe3yﬂbmambl U 661800
V= ycp,ﬂ:Ay, &y = .. %

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

Omeempwl Ha KOHmMPOJIbHblE BONPOCHL.

Bonpocsl OTBeTHI

... (BOmIpoC U3 CIIUCKa K
nmabopaTopHoi padoTe, CM. TI. 5,
paznen «JlabopaTropHsie pabOTHI»)

Ha 3anstuu:

- MPOWTH WHCTPYKTaX IO TEXHUKE Oe30mMacHOCTH (NP IMEPBHYHOM TOCEHICHWH J1a00paTopuu) H
pacmiucaTbcs B COOTBETCTBYIOIIEM XKYpHAJIE,

- M3y4YUTh HMeEIUecs NpUOOPbI, BBIACHUTH HMX YCTPOWCTBO, MPUHIUIN HM3MEPEHUM, 3ammcarb
HEO0OXOUMBIE TaHHBIE O MPUOOPaAX B OTUET;

- M3Y4YUTh HEOOXOJIUMBIEC IUIAKaThl, CTEHIbl B JIAOOPATOpPHHM W 3amucaTh HEOOXOJIUMBbIE IaHHBIE B
OTYeT;

- Ui JIONMycKa K BBIMOJIHEHHIO pabOThl O OTBETUTH Ha BOIPOCH! IpernojaBaTelis Mo Mpudopam u
TEXHOJIOTUU MPOBEACHUS J1a00PATOPHOTO IKCIIEpUMEHTA, GU3NIECKIM OCHOBAM OIIBITOB;

- BO BpeMsI U3MEpPEHUIl CTyJIEeHThl MOTYT KOHCYJIBTHUPOBATHCS C IpernojaBaTesieM U JabOpaHTOM IO
TEXHHKE MPOBEJACHUSI OTBITOB,

- 10 OKOHYaHHH MPSAMBIX U3MEPEHUI MPEABIBUTH UX MIPETOABATEINIO ISl KOHTPOJIS.

CamocToATenbHO (B TOMAIIHUX YCJIOBHSIX) MPOBECTU BCE HEOOXOAMMBIE PACUETHI IJISl 3aLIUTHI
paboThl, MUCBMEHHO OTBETUTHh HA KOHTPOJbHBIE BOMPOCH! (CM. II. 5,pa3znen «JlabopaTopHbie paboOTh»,
a Tak)Ke METOJMYecCKHe yKa3aHHs K paboTe). BoluncieHus MOXHO JAenaTh Ha JUYHOM KOMIIbIOTEpE
WM Ha KOMIIBIOTEpE B TAOOPATOPHON ayAUTOPUH, IPUMEHSSI CTAaHJAPTHBIE IPOTPAMMBI.

[Ipu HEOOXOAMMOCTH TOCTpOeHUs rpaduka HEOOXOAUMO UMETh JUCT MUIUTMMETPOBON Oymaru
dopmara A4 u AS. Ocu, rpaduku, MOAMKUCH BBIMOIHITH TOJBKO KapanaamoMm. Qopmar KaxkIoi ocH
rpaduka momkeH ObITh BeIOpaH mo cranmgapty (1:1, 1:2, 1:4, 1:5 u T. n.) Tak, 4T0OBI pabouee mose
rpadguka MMeENO0 BHUJ NPSIMOYrOJIbHMKA, OJM3KOTO K KBajgpaTy WIU HEMHOTO BBITSHYTOIO II0
rOpU30HTAIM (T0JIe B BHUJIE Y3KOW BEPTUKAIBbHON WM TOPHU30HTAIBLHOM MOJOCH CBHJIETEIBCTBYET O
HEBepHO BbIOpaHHOM Mactitabe). s moamucel oceil mpUMEHSATh CTaHAApTHBIN Bua uucna. L{udps
Y 3arjaBHbIe OyKBBI JOJDKHBI OBITH TIO BBICOTE OKOJIO 7 MM, CTPOYHBIE OYKBBI — OKOJIO 5 MM, UHJEKCHI
— okosio 3 mm. KonmndectBo nudp BIOIE oceil 6-8 (MOXKHO MOAMHUCHIBATH HE KAXKIYI0 MAaCIITAOHYIO
pucky). Orubaromiye JTUHUN TPOBOJUTH MO IKCHEPUMEHTATbHBIM TOYKAM TaK, YTOOBI OBLT y4TEH
JOBEpUTENBbHBI UHTEpBaJ TOTpPEUTHOCTeH M3MepeHuil (0e3 W3IOMOB, IUIABHO, C «PaBHOMEPHBIM»
pazdpocoM TOYEK OTHOCHTENIbHO NUHHH). Eciu Ha oIHOW M TO# ke MacmTaOHOW CeTKe HAHOCHTh
HECKOJIBKO TpaduKoB, TO JKETaTelbHO BBIOMpPATh pa3Hble CHUMBOJBI i  0003HAYCHUS
AKCMEPUMEHTATIBHBIX TOYEK WM TIOIMTUCHIBATh IPaUKH (BBIHOCKAMH).

Ha cnenyromem ydeOHOM 3aHATHM B TaOOPATOPHOM MPAKTHKyME MPEABSBUTH O(GOpMIIEHHBIC
OTYEThI, OTBETUThH HA BOMPOCHI MPETOaaBaTeNs sl 3auTUThl paboThl. [Ipyn HE0OX0MMOCTH BBIIOTHUTH
MMOBTOPHBIE U3MEPEHUS U PACUETHI.




Temaruueckue pedeparsl

IlepBas crpoka: ®HO rpymma Jara

Bropas crpoka: Pedepar Ne Cemectp

Tperss ctpoka: Tema

UYerBepras crtpoka: Has3Banue « ... (3armaBue B COOTBETCTBUU CO CIMCKOM TE€MAaTHUYECKHX

pedeparos, cMm. 1. 5 pazaen «CaMmocTosTenbHas padoTay).. ..
[Iarast u nanee: ...(Tekct, GOPMYIIbI, PUCYHKH).....
[Mocnenuss (610k): Jluteparypa (Criucok)

OdopmiaATe TemMaTHdecKuil pedepar Mo COTIACOBAHHIO C MPETNOJABATEIEM MOXKHO «OT PYKH»,
WK B IeyatHoM BapuaHnte. O0bEM 3KkBUBaNIEHTEH He Oosee 3 ney. crp., mpudt TNR 14, 1 untepsan,
noJist — o 2. KonmuectBo pucyHkoB u ¢oTo He HonkHO npeBbimaTh 30 % o0bvéma pedepara. Pucynku
JOJKHBI OBITH IPOHYMEPOBAHBI M TIOANUCAHBI (CHU3Y, MO/ PUCYHKOM), & B TEKCTE B KPYTIIBIX CKOOKax
yKa3aH HOMep pHcyHKa. [Ipu Hamuumu TabnWIl WX TakKe HaJIO COCTABISATH C HOMEPHOM, Ha3BaHUEM
(max Tabmuneit) U cepuTkoi B TekcTe. Kaknas ¢popmyna 3anuceiBaeTcsi Ha OTACIBHONU CTPOKE, B KOHIIE
CTPOKH CIIpaBa yKa3bIBaeTcs HOMep (GOpMyIbl, B TEKCT€ MOKHO HCIIOJB30BaTh HOMepa (OpPMYIT IS
CCBUIOK Ha HUX. B TekcTe B KBaJpaTHBIX CKOOKax yKa3bIBalOTCS Homepa yueOHuKoB (u3 OBC
FOPAJIT), KOTOpbIE MCIIONB30BATICH IIPH MOATOTOBKE pedepara.

Kpumepuu ouenueanusn
OTBETBI HA BOMIPOCHI M PEIICHHMS 33134 Ha JIOCKE (B ayTUTOPUH)

OreHka 3a OTBET Ha BOIPOCHI MOKET OBITh BCTaBJICHA, €CJIM JIaHBI OTBETHI HAa 3 W Oosee
BOIIPpOCAa W3 CIIMUCKA KOHTPOJBHBIX BOMPOCOB K IPAKTHUECKOMY 3aHATHIO (CM.ILS, pasjaen
«[IpakTHYeCKUE 3aHATUN):

- OIEHKa «5» WIH «3a4TeHO» (B 3 ceMecTpe), €CIM KaXKIblii M3 OTBETOB BEPHBIM W IIOJHBIN, TIpH
HEOOXOUMOCTH COIPOBOKIEH PUCYHKOM H/WIH (OPMYIION;

- OLIEHKA «4» UJIN «3a4TeHO» (B 3 CEMECTpPE), €CIIH J]Ba U3 TPEX OTBETOB BEPHBIE U MOJHEIE,

- OIICHKA «3» WM «3a4TeHO» (B 3 ceMecTpe), €CIM XOTS Obl OJIMH W3 OTBETOB BEPHBIM W TOJHBIH, a
Jpyrye AaHbl C OUIMOKaMU WU HETIOJHBIE,

- OLIEHKA «2)» WJIU «HE 3a4TeHO» (B 3 CEMECTpE), €CJIM OTBETOB HET WJIM OHU HEBEPHbIE, HE MOJIHBIE.

Kaxnas 3amava oneHmBaeTcs Mo 5-0anbHOW IMKajae WIM «3a4T€HO - HE 3a4TeHo» (B 3
cemMecTpe):

- OLIEHKa «5» WJIM «3a4TeHo» (B 3 CeMecTpe), eciaH MOJydeHO pelieHre B oOLieM BUJE, BBINOJIHEHA
MpOBEpKa HAUMEHOBaHWM (U3BEIMYMH M TMOJACTAaHOBKA YHCIOBBIX 3HA4YeHHN Oe3 OmuboK u
HETOYHOCTEMN,

- OLIEHKa «4» WM «3auTeHO» (B 3 CeMecTpe), eciay MOJy4eHO pelieHre B oOIIeM BHJIE, BHIMOIHEHA
MpOBEpKa HAaWMEHOBAaHUM (U3BENMYMH M TOACTAHOBKA UHWCIIOBBIX 3HAUYEHUH, HO JIOMYIIEHbI
HETOYHOCTH B PUCYHKE WJIM BBIYMCIICHUSAX UCKOMOM BEJIMYUHBI;

- OIICHKa «3» WU «3a4TeHO» (B 3 ceMecTpe), eClM MOJIydeHO pelleHue B oOIieM BHle, HO HET
MIPOBEPKHU EMHHI] U3MEPEHUHN, KOJIMYECTBEHHOTO pe3ybTaTa (Ml OHU OIIMO0YHbIE), €CTh OIIMOKY Ha
PHUCYHKE;

- OLIGHKa «2» WIH «HE 3a4TeHOo» (B 3 ceMecTpe), €ciau He MOJIY4YeHO peIlleHHe B O0IleM BHIE
(OTCYTCTBYET MJIM HEBEPHOE), HE 3aBUCUMO OT HaIu4usi 0(OPMIICHHS TaHHBIX, PUCYHKA U OCHOBHBIX
dbopmyi.

B koHIie cemecTpa ornpeaenseTcsi CpeaHss OIIeHKa 32 OTBETHI Ha BOMPOCHI M pEIIeHHE 3a/1a4 Ha
MpaKTUYECKUX 3aHATHSAX. OHa y4YHMTHIBAETCS MPU BBICTABICHUHM OIEHKM HAa JK3aMeHe (B KadyecTBe
JOTIOTHUTENBHOU «PEUTHHTOBOH»). Bo BTOpOoM cemecTpe - oOIas OIEHKa «3a4TE€HO», €CIH ObUIH
3auTeHbl He MeHee 70 % 3a/a4 1 OTBETOB Ha BOMPOCHI.

KonTponbHas paboTa
Kaxxmast 3amada olleHMBaeTCs aHAJIOTHYHO OIMHUCAHHBIM BBIIIE KPUTEPUSM s 3a1ad Ha
MIPAKTUYECKHUX 3aHSATHUSX.
HTorosas olieHKa 3a KOHTPOJBHYIO PaboTYy:
- OIICHKA «5», €CclIu UMeeTcs He 0oJiee OJTHOM YaCTHOM OIEHKH «4» U OCTalIbHBIC «5»;
- OIICHKA «4», eClTu UMeeTcs He 0oJiee 0THOM YaCTHOM OIEHKH «3» 1 OCTabHBIC «4» U «5»;
- OIICHKA «3», €ClTU UMeeTCs He 00Jiee 0THOM YaCTHOM OIEHKH «2» U OCTaJIbHBIC «3», «4», «5»;




- OIIEHKA «2», eClIh UMEETCS ABE U 00JIe€ YACTHBIX OLIEHOK «2».
OneHka 3a KOHTPOJIbHYIO paOOTy YUYMTBHIBAE€TCS IPHU BBICTABICHHWU OLIGHKH Ha 3K3aMmeHe (B
KaueCTBE BTOPOU JOTIOJHUTEIBHON «PEUTUHTOBOWY).

3amuTa J1abopaTOPHBIX PadoOT

Kaxxnas maGopaTtopHast paboTa BBIMONHICTCS W 3aAIIMINASTCS B TCUCHHE 2 3aHATHH TakK, 4TO
KOJIMYECTBO Pa0dOT COOTBETCTBYET B 2 pa3a yMEHBIIEHHOMY YHUCITY y4eOHBIX Henenb. s 3amuThl
JOJIZKHBI 6I)ITI) IMMPaBUJIbHO BBIINIOJIHCHLI BCC U3MEPCHH, JaHbl OTBETHI HA BCC KOHTPOJbHBIC BOITPOCHI.

Onenka «5y» (3a0IUIIeHo0) 3a JIA00PATOPHYIO padOTY BBICTABIICTCS, €CITM B OTUYET aKKypaTHO U
BCpPHO O(i)OpMJIeH, BCC IMPAMBIC W KOCBCHHBLIC PE3YyJIbTAaTbl IOJYYCHBI BCPHO, BCC IMOIpCIHIHOCTHU
BBIUMCIICH U OKPYTJICHBI BEPHO, BCE OTBETHI HA KOHTPOJIbHBIE BOTIPOCHI K TaOOPaTOPHOI paboTe JaHbI
MIPaBWIIBHO.

Onenka «4» (3alIMINEHO), €CIM eCTh HWCIpPaBJICHUS B OTYETE, JaHbl BEPHBIE OTBETHl Ha
KOHTpoJIbHBIE Boripockl He MeHee 90%.

Onenka «3» (3aIIMIIEHO), €CITM OCTAJNCh HEBEPHO BBIYUCICHHBIMH WM HEBEPHO
OprrJ'[éHHBIMI/I MOrpeIIHOCTHU I/ISMepeHHfl, €CTh HCTOYHOCTU B O@OPMHGHI/II/I 0T4YCTa, IaHbl BCPHLBIC
OTBETHI Ha BOIPOCHI K JTabopaTopHoii paboTe He meHee 80 %.

OrnenHka «2» (He 3alUIICHO), €CIIM HEBEPHO BBIYHCIICHBI KOCBEHHBIC H3MEPEHUS, IOTPEITHOCTH
M3MEPEeHUH, €CTh HETOUYHOCTH B O(OPMIICHHU OTYETAa WJIM OTCYTCTBYET KaKOW-TMOO U3 €ro OJIOKOB,
JTaHBI OTBETHI HA KOHTPOJIBHBIE BOMPOCHI K JIaboparopHoii padote meree 80 %o.

HrtoroBass omeHka 3a Bce JabopaTopHbie pPabOTBI B ceMecTpe, NPEIyCMOTPEHHBIE B
COOTBETCTBUU C IPaQUKOM 3aHITHIA U PACIIHCAHUEM:

- OIICHKA «5», €CITi UMeeTCs He 00Jiee IBYX YaCTHBIX «4», OCTAIbHBIE «5;

- OIICHKA «4», eCITh UMeeTCs He 0o0Jiee IBYX YaCTHBIX «3», OCTAIIBHBIE «4» U «5»;

- OIIEHKA «3», €CITU UMEETCS He 00Jiee TBYX YACTHBIX «2», OCTAIBHBIE «3», «4», «5»;
- OLIEHKA «2», eCJI1 UMeeTCsl 0oJiee IBYX YaCTHBIX «2.

[TonoxwurenpHass UTOroBasi OLEHKA B CEMECTpE 3a BECh KOMIUIEKC JIabOpaTOpPHBIX padoT
YUUTBHIBAETCSl TMPU BBICTABIEHUM OLIEHKM Ha JK3aMeHe (B KadyecTBE TPETheW JOTMOJHUTEIbHON
«PEUTHHTOBOIY). B TpeTbeMm cemecTpe o0Ias OleHKa «3allUIEeHO» COOTBETCTBYET IMOJIOKHUTEIBLHOM
OLIEHKE MO0 5-0aJLHOM CHCTEME, «HE 3aIMILECHO» - OLIEHKE «2».

[Ipn HeynoBIETBOPUTENHHON OIIEHKE MM «HE 3alIMIIEHO» B CEMECTPE 3a BECh KOMILIEKC
1ab0paTopHBIX pabOT HEOOXOUMO MOArOTOBUTH M 3alIUTUTh WX BO BpeMs 9K3aMEHAIIMOHHOM CeccHH
Ha KoHcynbTanuu. Ecnm ocraéres 3aq0/KeHHOCTH Mo J1abopaTopHeIM pabotam (Oojiee IBYX He
3alUIIEHHBIX), TO HA 3K3aMEHE OLIEHKA MOKET ObITh CHIKEHA BIUIOTH /10 «HE YJOBJIETBOPUTEILHO).

Temartnueckue pedeparnl (3 ceMecTp)

Kaxxnpiii KoHCHIEKT (pedepaT) OlCHUBACTCS M0 S-0aIbHOM IIKaJie B 3aBUCUMOCTH OT TOJHOTHI
OTIMCAHUS U3y4aeMOTO SBJICHHS.
- OLEHKAa «5», €ecad TNpPEeACTaBIIeHO oO0INee OmucaHue (PU3UYSCKOro SIBJICHHUS, COJAEpKarcs
HEOOXO/JIMMbIC PHCYHKH (YEPTEKH),  COACPIKATCS OCHOBHBIC (OPMYIIBI; TPUBEACHBI TMPUMEPHI
MPUMEHEHHSI HM3y4aeMOoro (DU3MYECKOTO SIBJICHHS, BBINIOJHEHBI TpeOOBaHUS 1O O(MOPMIICHUIO
pedepara;
- OLeHKa «4», ecau TPeACTaBIIeHO o0Iiee onucaHhue (QU3NYSCKOro SIBJIICHHUS, COAEpKaTcs
HEOOXO/JIMMbIE PHUCYHKH (YEPTEKH),  COJCPKATCS OCHOBHBIE (OPMYIIBI; MOTYT OTCYTCTBOBATh
MpUMeEpPbl MPUMEHEHHUS W3Y4aeMOTo (U3UYECKOTO SIBIICHUS, UMEIOTCS HECYIIECTBEHHbIE HApyIICHUS
TpeboBaHui 1o odopmieHHu0 pedepara (Hampumep, HEBEPHO yKa3aHbl HOMEpa PUCYHKOB, TaOiHII,
CCBUIOK, OpMyI);
- OIIEHKA «3», eclu MpeAcTaBleHo olIiee onucanue GU3NYECKOTO SBIECHUS, HET UM Majlo PUCYHKOB,
dbopMynbl WM B HUX €CTh OMIMOKH, MOTYT OTCYTCTBOBaTh NPHUMEPHI MPUMEHEHHS H3y4aeMOro
(U3MYECKOTO SBIICHUS, WMEIOTCS HECYIECTBEHHbIE HapyIIeHUs TpeOOBaHUN MO OMOPMICHHIO
pedepara (HampuMep, HEBEPHO yKa3zaHbl HOMEPA PUCYHKOB, TaOIUII, CCHUIOK, (hopMyn);
- OIIEHKa «2», €CIIM HE PACKPBITO COJIEp>KaHHWE TEMbI, HET PUCYHKOB, (JOpMyJ, a TaKXKe CCHUIOK Ha
HCTOHUKHU.

Hrorosas olieHka 3a Bce TeMaTu4eckue pedeparsl B 3 ceMeCTpe:
- OIIEHKa «5», eclii uMeeTcsl He 0oJiee ABYX YaCTHBIX «4», OCTaIbHBIE «5»;




- OIIEHKA «4», eCJIM UMEeeTCs He 0oJiee IBYX YaCTHBIX «3», OCTANBHBIE «4» U «5»;

- OIIEHKA «3», €CJIM UMEeeTCsl He 0oJiee IBYX YaCTHBIX «2», OCTANBHBIE «3», «4», «5»;

- OLIEHKA «2), eCJI1 UMeeTCs 00JIee IBYX YACTHBIX «2».

Takum 00pa3oM, B TPEThEM CEMECTPE OIIEHKA «3aUTEHO» COOTBETCTBYET IMOJIOKHUTEIHLHOU OICHKE TI0
5-0aJIbHOM CHUCTEME, «HE 3aUTEHO» - OlleHKe «2». [lomoxuTenbHas UTOrOBas OIlEHKa B 3 CEMECTpe 3a
BECh KOMIUJICKC TEMATHYECKUX pedepaToB yIUTHIBACTCS IIPH BHICTABJICHUHN 3a4eTa.

3aganus (B ciydae AUCTAHIIMOHHOIO 00yUeHus)
AHaJOTHYHbIE KPUTEPHUSM [UIsi OTBETOB HAa BOMPOCHI M PEUICHUIO 3a7ad Ha Jocke (B
ayJIUTOPUH) U B KOHTPOJILHOM paboTe.

6.2. OueHoYHbIe CPEeCTBA M KPUTEPHUH OLEHUBAHMS VIS IPOMEKYTOYHOI aTTecTanuu

[IpomexyrouHass aTTectanus Mo aucHuIuimHe «DH3uKa» B TPEThEM CEMECTPE COCTOUT W3
3a4€Ta M B YETBEPTOM CEMECTPE — B BHJIE 3K3aMEHA B COOTBETCTBHH C YICOHBIM TUIAHOM.

3auét B 3 ceMecTpe COCTOMT B BBITIOJHEHUHW PEHICHWH 3a1ad, J1a0opaTOpHBIX pPadOT H
CaMOCTOSITEIIBHOM paOOTHI IO COJICPIKAIMMCS B JAHHOK TIpOTpamMMe YIeOHBIM BOIIPOCAM.

Ox3aMeH 3a 4 ceMecTp CTYACHTHl CHAI0T [0 BOMpocaM OujeTa, UM MPEAOCTaBIACTCS
BO3MOYHOCTh ITOJITOTOBKHM NMHCHBMEHHOTO OTBETA, a 3aTeM — YCTHOTO OTBETa Ha BOMPOCHI Omiera. B
KAa4e€CTBC IOITOJIHUTCIIbHBIX BOHpOCOB I/ICHO.]'H)?)YIOTCSI KOHTpO.]'H)HI)Ie BOHpOCBI I/I/I/IJ'II/I 3agauyn  IJisd
CaMOCTOSITEIIBHOTO pemeHus (cM. 1. 5, paznen «[Ipaktudeckue 3aHATH»). [Ipy BEICTABICHUN OIICHKH
3a 9K3aMEH YUUTHIBAIOTCS OLIEHKH 10 APYIHM BUAAM 3aHITUN B cemecTpe (cM. 1. 6.1).

3 ceMecTp
IIpumep mecmosoeo 3adanus

M 1. Ecnu @, u @, — TaHr€HIMaIbHas U HOPMaJIbHAs COCTABJISAIONIAs YCKOPEHHS, TO COOTHOLICHHUS
a, =0, a, =0 cnpaBenmuBHI 115

1. paBHOMEpPHOTO IBHXEHUS MO OKPYKHOCTH

2. TPSIMOJMHEWHOTO PaBHOMEPHOTO JBHKEHUS

3. NPSIMOJMHEWHOTO PaBHOYCKOPEHHOIO JBUKECHUS
4. paBHOMEPHOI'O KPUBOJMHEHHOTO IBHKEHUS

N 2. Jluck paauyca R Bpamaercs BOKpYr BepTHKaIbHOH ocH
PaBHOYCKOPEHHO [0 YaCOBOM CTpenke. YKaKUTe HalpaBiIeHHE BEKTOpa

YTJIOBOTO YCKOPEHUS
1

2
3
4

N 3. B kakom u3 MNPEACTABJICHHBIX Ha PHCYHKAaX CJIy4acB CYMMapHBIﬁ MOMCHT BCCX CHII,
IIPUIIOKCHHBIX K TCITY, 6yz[eT MaKCHMAaJIbHBIM:

PO

12345

Ne 4. Teno maccoir 1 Kr pasronsiercss moj ACHCTBUEM IMOCTOSHHOM CHJIBI U3 COCTOSIHHMSI TIOKOS /10
ckopoctu 4 m/c. IIpu 3Tom cuina coBepiraer padory:



1. 8 Ix
2. 16 Ix
3. 2 Ix
4. 4 ]Ix
d’x b dx k
Ne 5. VYpaBHeHME [JBUKEHUS IPYKMHHOTO MAasATHHUKA —2+—-—+—X:0 SABJIACTCS
dt® m dt m

maddepeHInanbHBIM ypaBHEHHEM:

1. cBOOOIHBIX 3aTYXAIOIIUX KOJICOAHHIA

2. cBOOOJHBIX HE3aTyXaIONINX KOoJIeOaHU

3. BBIHYXJICHHBIX KOJICOaHUH.
Ne 6. JInst ipo10JIBHOM BOJTHBI CIIPABEIMBO YTBEPIKACHHE:

1.  gacTumpsl cpepl KOJIEOTIOTCS B HAPABICHUN PACIPOCTPAHEHUS BOJHBI

2. BO3HUKHOBEHHE BOJHBI CBS3aHO C jJedopmarmeii caBura

3. dYacTuIBl Cpelpl KOJICONIOTCS B HAIPABICHHSX, MEPICHIUKYISPHBIX HAIMPABICHHUIO
pacnpoCTpaHeHus BOJIHBL.
Ne 7. O6béM cocyna ¢ WAcCaIbHBIM Ta30M YMEHBIIMJIA BIBOE€ M JOOABUIM B COCYIl Takoe e
KOJIMYECTBO 3TOTO ke raza. TemmepaTypa rasa mojJiep>KuBaercs NocTostHHONW. Bribepure 1Ba BEpHBIX
YTBEPKIACHUS (YKaXKUTE HOMEPA)

1.  nmaBneHume raza yBeJIMUYWIIOCH B 4 pasa;

2.  BHYTPEHHSS DHEPTrHUs HE H3MEHHWIIACKH;

3. KOHIIEHTpAIWs MOJIEKYJ YMEHBIITUIIACK;

4. ra3 coBepuin padorTy;

5.  IUIOTHOCTb ra3a yBeJIHUYUJIaCh.
Ne 8. OmuH MOJTB OJHOATOMHOTO HJICATHHOTO Ta3a n300apHO Harpenu. Kak M3MEHMIUCh TIPU 3TOM €ro
00bEM W BHYTpEHHssI SHeprusi? (Ui KaKI0i BENIMYMHBI YKKUTE COOTBETCTBYIOIIMN XapakTep

HU3MEHECHHUS) U

1. yBenuumiacs, A

2. YMEHBIITUIACH,

3. He U3MEHMWJIACh. 2
Me 9. Ha pucyHke nokaszaH mpoiecc U3MEHEHHS COCTOSTHHS
1 momst ogHoaTomMuOTO ra3a (U — BHYTpEeHHSS SHEeprus, P — 1
nasieHue). BriGepure 2 BepHBIX yTBEepkKAeHUS (YKaKUTE
UX HOMEPA):

1. KOHIIEHTpAIUS MOJICKYJ T'a3a yMEHBIIIACTCS; ol

2. 00BEM rasa He MEHSIETCH; p
3. IUIOTHOCTH ra3a yBEJINYHBACTCS;
4. TtemmepaTypa MOBBIIIACTCS

M 10. B noHenenbHUK U BTOPHHUK TeMIlepaTypa Bo3ayxa Obuia oanHakoBoi. [lapuuanpHoe faBieHue
BOJITHOTO Napa B aTMoc(epe B MOHEACTBHUK OBUIO MEHBIIIE, YeM BO BTOPHHK. BriOepuTe 1Ba BEpHBIX
yTBEepkAeHUA (YKOKUTE HOMEPA)
1. TIOTHOCTBH BOJSHBIX MApOB B BO3/1yXE B MOHEIEIBbHUK ObllIa MEHbILIE, YeM BO BTOPHUK;

2.  OTHOCHTeNbHas BIAKHOCTb BO3/1yXa B MIOHE/EIbHUK ObLIa MEHbIIE, YeM BO BTOPHUK;

3. KOHIEHTpaIHs MOJIEKYJ BOJISTHOTO Mapa B BO3JlyXe B MOHEEIbHUK U BTOPHUK 0a;

4.  1aBlIeHME HACBIIICHHBIX BOJSHBIX IMAapoOB B IOHENICIBHUK ObUIO OOJbIIE, YeM BO
BTOPHUK;

5. Macca BOHBIX mapoB B 1 M° Bo3yXa B MOHEENbHUK ObLIa GONbIIE, YeM BO BTOPHHK.
ra3a yBeJIu4niach.
Ne 11. T'a3 B cocyze cxanu, coBepmiuB padboTy 30 Ix. BHyTpeHHSS 3HEprus MpH 3TOM YBEJINYMUIIAChH
Ha 25 /1. Kakoe KOmM4ecTBO TEMIOTh OTJAJl IPU 3TOM ra3?

1. 55 JIx;

2. 5 JIx;



3. 30 Ix;

4. 25 Ix.
Ne 12. Yemy paBen makcuManbHblil KIT[I, KOTOpBI MOKET UMETh TEIUION ABHraTelb C TEMIIEPATypoil
Harpesarens 727 °Cu TEMIIEPATYPOM X0JIOAUIbHUKA 27 °C.

1. 90 %;
2. 3%;

3. 70%;
4. 30 %.

Ne 13. Uto0Obl HarpeTh KycoK MoJmOaeHa Maccoi 96 T Ha | Tpagyc, eMy HaJo mepeaarh KOIUIeCTBO
TerioTel 24 Jxx. UeMy paBHa yJelbHas TEIUIOEMKOCTh 3TOro BemectBa? (Beiuncnuts.)

Ne 14. Kakoe KOJIMYECTBO TEIUIOTHI BBIIEIUTCA MPHU KpPUCTAIM3AlUU CBUHIA Maccoi 120 r, B34TOro
IIpH Temiieparype iasnenusa? (Berunciaurs. )

4  cemectp
Bonpocut k sxzameny

1. Dnextpuueckoe moje B Bakyyme. (VICTOYHHMKM 3IEKTPOCTATHYECKOrO TMOJs.  BekTop
HaIpsDKEHHOCTH W JIMHUM HanpspkEHHOCTH. [IpuHImn cyneprno3unuu i pe3ylbTHUPYIOIIEH
HanpspkeHHOCTH. [Ipumepsr Ol Ilorenuman. IlpuHuun cynepnosunuu A CyMMapHOTO
NoTeHIMaIa. DKBUIIOTEHIMAbHBIC TOBEpXHOCTH DI1, mpumepsi)

2. Dnektpuyeckoe mosie B BemiectBe. (Bekrop wuaykmmm DI, ero cBsA3b € BEKTOPOM
Hanpspk€HHOCTU. Teopema Octporpaackoro — I'aycca uist 2IEeKTPOCTaTUYECKOTO MOJIs, TPUMEPHI
MIPUMEHEHHUsI. DIIEKTPUYECKOE IOJI€ MPU HAJIUYHMHA MPOBOJHHUKOB. DJIEKTPOCTATHYECKas 3aIlUTA.
CerHeTORICKTPUKH)

3. JleticTBue amexTpudeckoro moiis Ha 3apsabl. (Ces3p padotel DI mis mepemenieHus TpoOHOTO
3apsga ¢ ero Hanpsuk€HHOCThIO OII, ¢ pasHocThIO moTeHManoB. [loTeHnmansabiil Xapakrep OI1,
Teopema o mupkymsaiuu. Cesazb padotel DIl ¢ sHeprueit B3amMoOeHCTBHS 3apsaoB. DHEPTHUS H
00bEMHAS TNIOTHOCTh SHEPTUH IIEKTPUUECKOTO TTOJIs).

4. TloCTOSHHBIN SIEKTpUYECKH TOK. (XapaKTEpUCTHKH TOKa MPOBOAUMOCTH. VICTOYHHKH TOKa,
CTOPOHHHE CWJIBI M UX paboTa, 3JeKTpOoABMXKYyIIas cuia. 3akoH Owma [Uisi OJAHOPOJHOTO U
HEOTHOPOJHOTO YYacTKOB IIenH, 3aMkHyTo# menu. [IpaBmia Kupxroda. DiekrpoconpoTuBieHre
U €ro 3aBUCUMOCTH OT (JOPMBI, pa3MeEPOB, IPUPOIbI U TEMIIEPATYPbl PE3UCTOPA. )

5. Pabota u MomIHOCTH 3neKkTpuyeckoro toka. (Pabora u MOIIHOCTH TOKa pa3HBIX YYaCTKOB LIEMU
MIOCTOSTHHOTO 3yekTpruyeckoro Toka. KIIJ[ mcrouHumka TOKa, €ro 3aBUCUMOCTh OT TOKa M
AIIEKTPOCONPOTUBIICHUS. )

6. DOnexrtpuyeckuil TOk B pa3Hbix cpeaax. (Kiaccuueckas snexkTpoHHas TeOopusi METAIOB U e
TpynHocTd.  KoOHTakTHas pa3HOCTh IOTEHUUANIOB. OJEKTPUUYECKUN TOK B AIIEKTPOJIUTAX,
3NEKTPOJIn3, 3aKoHbl Dapajes, MOJBUKHOCTH MOHOB B JJIEKTPOJUTAX. DJIEKTPUUYECKUH TOK B
ra3ax, MOHH3aIs, pekoMOuHanus. ['a30Bblil pa3psia U ero TUIIBL.)

7. MarauTtHoe moJjie B Bakyyme. (MarHHTHOE TMOJie M €ro MCTOYHHKH. 3akoH buo — CaBapa —
Jlanaca, BEKTOp MarHUTHOM MHIYKIMH, JUHUMA MAarHUTHOM UHAYKUUU. BuxpeBoit xapaktep MII.
[IpuHiun cynepno3suuuu s pe3yiabtupyromend nuaaykuuy MII. MII ipsiMoro Toka u KpyroBoro
toka. Teopema Ocrporpazckoro — ['aycca. MII aBmxkyierocs 3apsna.).

8. MaruutHoe mnone B BeulectBe. (HamarHWumMBaHWE MAarHETHKOB, MHKPOTOKU. Bektop
Hanpspk€HHOcTH MII, Teopema o mupkynsauuu Hanpsbk€HHocth MII m e€ npumeHeHue.
MarnuTtHas BOCIPUUMYHBOCTh M MIPOHUIIaeMOCTh. [[oHsATHE 0 cabbIX MarHeTUKax: qua- U mapa-
MarHeTnkax. CuIbHBIE MarHeTUKH: (eppoMarHeTHKH, aHTU(eppoOMarHeTuku, (GeppuTsI.
MarHuTHbBIN THCTEpPE3HC. )

9. JleficTBMe MarHUTHOTO MOl HA TOKU U 3apsabl. (IelictBue MII Ha 0AHOPOAHBIN MPOBOIHHK C
TOKOM, cuiia Amnepa. B3aumoeiicTBre napasuienbHbIX TOKOB. MarHUTHBIN MOTOK U padota MIT.
MarsuTHbI1 MOMEHT KOHTYpa ¢ TOKOM U aeWictBue Ha Hero MII. JlelictBue MII Ha nBwxymuiics
3apsz, cuna JlopeHna.)

10. DaeKTpOMarHUTHAS UHAYKIMS U AJIEKTPOMAarHUuTHOE moJie. (DJIeKTpOMarHuTHAsE MHIYKIUS, 3aKOH
@apanes, npaswio Jlenna. ['eHepupoBaHue mnepemMeHHOro Toka. CaMOMHAYKLUS, B3aWMHas



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

UHAYKLIMA. BuxpeBoe asekTpuueckoe 10Jie, TOK CMELIeHHd. YpaBHeHMsT MakcBemia u
MaTepUabHbIC YPaBHCHHUSL. )

OnektpomarauTHeie kojeOanusi. (KoseOatenbHblii koHTYp. CBOOOIHBIE 3JIEKTPOMArHUTHBIC
rapMOHHYECKHe KoJjeOaHMs, 3aTyXarolme KojeOaHus M uX xapakrepuctuku. IIpeobpasoBanue
JIEKTPUYECKON SHEPTUU B MarHUTHYIO)

OnexTpoMarHuTHbIE BOJHBI (BosiHOBOM mpouecc. BoaHOBbIE ypaBHEHHS U ypaBHEHMS ILJIOCKOMN
anekTpoMarHuTHOM BoJiHbl. [lomepeunocts OMB. Kunematuueckue U dHEpPreTHUYECKUE
xapaktepuctuku DMB. llIkana SMB)

Wntepdepentms ceera. ([Ipunmun Ioiirenca. [lonsATHe 0 KOorepeHTHOCTH. MeETOABI MOTydeHUs
KOTEPEHTHBIX BOJIH B onTuKe. CXeMbl HHTEP()EPEHIIMOHHBIX KAPTHH).

Hudpakmus ([Mpuanun roiirenca-®penens. Merox 30 @penens. Hudpaxmus Ppenens u
®paynrodepa).

[onsipuzanus ceera. (IloHsiTHe O eCTECTBEHHOM U MOJISIPU30BAaHHOM cCBeTe. 3akoH Maittoca.
CriocoObl MoJIIpU3alvy CBETA U CYLIHOCTh Ka)KJI0TO U3 HUX. AHAIHU3 NOJSPU30BAaHHOTO CBETA. )
B3aumoneiictBue cBeta ¢ BemectBoM (Jlucrepcusi. OCHOBBI AIEKTPOHHOW TEOPUHU TUCTIEPCHH.
[Tornomenue u paccesiHie CBETA)

3akonbl reoMmerpuueckoi ontuku (Ilpunuun ®@epma. BbiBoJ 3aKOHOB Te€OMETPUUYECKOIN ONTHUKH.
[Ipenomienue cBeta pa3aMYHBIMU MOBEPXHOCTAMU. [Ipu3ma, 3epkajia M1 TOHKHE JHMH3bL. BBIBOJ
(bopMyIbl ceprudecKkoil MOBEpXHOCTH U (POPMYIIBI TOHKOW JIMH3BI Ha OCHOBe mpuHimna depma.
OnTHueckue NpuodopsI.)

®otometpus (CBETOBbIE BEIMUMHBI U €IUHUIBI UX U3MEPEHUsI. 3aKOHBI OCBEIIEHHOCTH. [ 1a3 Kak
dboToMeTpuueckuit mpudop).

OcnoBbl kBaHTOBOM onTukH. (TemnoBoe n3nydenne. ®otordpdext, r3¢pdext Komnrona u naBienne
cBeta. KopmyckynsspHO-BOTHOBOM Tyalii3M CBETA).

BomHoBeie cBoiicTBa wactui BemiectBa. (I'mnoresa Jlyn ne bpoitns. OnbIThl, MOATBEPKAAIONINE
npeanosioxkenue ne bpoiinsa. BomnoBas dyakums u e€ Qusmueckuit cmbicha.  [lpuHIMI
HeomnpeaenéHHocTel. YacTuiia B MOTEHITMAIBHOM SIME C HEMPOHUIIAEMBIMU CTCHKAMH )

Ctpykrypa u Mmoaenu aroma. Teopus bopa (axcmepuMeHTadbHBIE JAHHBIE O CTPYKType aToma,
mognenn Tomcona, Pesepdopna, bopa, bpoiins, 3ommepdenbaa, crieKTpalbHbIE 3aKOHOMEPHOCTH
aToMa BOJIOPO/Ia, MOCTYIaThl bopa, sHeprus 3JIeKTPOHA B aTOME, cepHraiibHas Gpopmyra)
KBantoBo-mexanuueckoe onucanue aroma Bojopoja (OnepaTopHblii METOJ KBAHTOBOM (DU3UKH.
CrauvoHapHOE€ ypaBHEHHE JIB)KCHHMS KBAaHTOBOW HEPEIATUBHCTCKOM dacTulbl. KBaHTOBBIE
yucna u ux ¢pusudeckuid cMbici. Crul anektpona. Onwit [lTepra-I'epnaxa)

Mpuoroanektponnble  atombl  (IIpunnun  Ilaynu. OnexktpoHHass KOHQUrypamusi aToma.
[leppoanyHOCTE CBOMCTB XHWMHYECKUX JJIEMEHTOB. PEHTreHOBCKME CIEKTpBI, CepualbHas
dopmyna u runotesa Koccens)

®du3rka aTOMHOTO si7jpa (COCTaB aTOMHOTO SApa, SIEPHbIE CUJIbI K MOJIENH siipa. BUabl 1 3aKOHBI
PaaroaKTUBHOTO U3NydeHus. OCOOCHHOCTH Pa3IMYHBIX PAJAUOAKTUBHBIX MIPEBpallleHUN. SnepHbie
peakiuu u aToMHas 3Heprus. JleneHue u cuHTes siep.)

®uzuka sneMeHTapHbIX 4YacTull (DyHIaMeHTalbHBIE B3aUMOJICHCTBUS M OCHOBHBIE KIIACCHI
AJIEMEHTapHbBIX YacTuil. [ 100HbI)

Onementsl  ¢u3uku TBEpHoro Tena (Ilomstme o0 30HHOM TeopuM  TBEPABIX  TEIL
DEeKTPONPOBOAHOCTD TBEPABIX TeNl. D dexT Xouia)

Obpa3zey sxK3ameHayuoHHo20 Ourema

denepanbHOE TOCYAAPCTBEHHOE 00pa30oBaTe/ibHOE YUpPeKIeHUue BbICIIero 00pa3oBaHus

CMOJICHCKHI IroCy1apCTBeHHbIN YHUBEPCHUTET

Kadenpa ¢pusznkn u TeXHU4eCKHX AUCHUIIINH
Hanpasnenune noarorosku 44.03.05 Ilenaroruveckoe odpazoBanue (¢ ABymsi npoguiasamu

NMOATr0OTOBKM)
JucuumiuHa: @usnkKa
4 cemecTp
JK3aMeHANMOHHBIN OmJteT Ne 1



1. Dmnexrtpuueckoe mojie B Bakyyme. (McTouHMKHM 3IeKTpOCTaTHYecKOro mois. BekTop
HaIpsHKEHHOCTU U JIMHUU HANpspKEHHOCTU. [IpuHIMI cyneprnio3unuu s pe3yabTUPYIOIIEeH
HanpspkeHHOCTH. [lpumeprr OII. Ilotenuman. IlpuHiun cymepno3uuuu Aias CyMMapHOI'O
MOTEHIIMAIA. DKBUIIOTEHLIMAIbHbIE TOBEpXHOCTH D11, mpumMepsl)

2. udpakmus (Ilpunuun [oiirenca-Openens. Meton 30u @Openens. Audpaxmus Openens u
dpaynrodepa)

3. KonebarenbHbIN KOHTYp, COCTOSAILINIA U3 TNIOCKOTO KOHJIEHCAaTopa ¢ Turomaapo miactud 100
cMPM KATYIIKH MHIYKTHBHOCTBIO | Mkl H, BO3OYKIACT SIEKTPOMATHHTHBIC BOIHBI JUTHHOI
10 m. OnpenienuTh pacCTOSHUE MEX/Ty IUIaCTUHAMU KOHJEHCATOPA.

4. Omnpenenuts AJUHY BOJIHBI ()OTOHA, HMIIYJbC KOTOPOIO DPABEH HUMILYJIbCY 3JIEKTPOHA,
MPOLIEAIIEro Pa3HOCTh NOTeHManoB 9,8 B.

5. IlpoucxoauT peakuus CHUHTE3a NECUTEPUsS M TPUTHUS, B PE3YJIbTaTe KOTOPOW 0Opasyercs
HEHUTPOH M HEWU3BECTHAs 4YacTHIla. 3amucaTbh CXEMYy SJIEpPHOM peakiuu, OIpeNelIuTh
HEU3BECTHYIO YaCTHUIy U DHEPIeTUUECKUI BBIXOJ PEaKI1H.

3aBkadenpoit A.B. [ronnun

Kpumepuu oyenuganua 3auema u 3k3amena
3 cemectp

«3auéT» BBICTABIIAETCS, €CIM OJHOBPEMEHHO UMEIOTCS:
- CpeIHssl UTOrOBas OLIEHKA «3aYTEHO» M0 OTBETAM Ha BOIIPOCHI U PEIICHUIO 33Ja4 Ha MPAaKTUYECKOM
3aHATHHU (B CEMECTPE) WITH IO 3aJaHusIM (B CiIydae JUCTAHIIMOHHOTO O0YUYCHHS);
- OIICHKA «3a4TEHO» 110 KOHTPOJBLHON padoTe;
- UTOTOBasl OLIEHKA «3ALIHUILEHO» 110 BCEMY KOMIUIEKCY J1abopaTOPHBIX padoT;
- UTOTOBas OLIEHKA «3aYTEHOY 10 BCEMY KOMILIEKCY TEMaTHYECKUX pedepaTos.

«He 3auTeHO» BBICTABIIAETCSI, €CIIU €CTh XOTsI ObI OJJHA OLICHKA «HE 3a4TEHO» U3
NEPEYHCICHHBIX BBILIE TyHKTOB.

4 cemectp
OTBeT Ha BONIPOC IK3aMEHAITMOHHOTO OWJIETa OIICHUBAETCS 10 S-0aJIbHOM ITKAJIe:

- OIeHKa «5», €cClIM TpPEJCTaBICHO TIOJHOE OMNucaHue (QU3UUYECKOro SBICHHS, COAEpIKaTCs
HEOOXOUMbIE PUCYHKH (4EPTEKHU, CXEMbI, rpadukm), 63 OmmMOOK 3amucaHbl OCHOBHBIC (OPMYIIBI H
BBITIOJIHEHBI TPe0Opa30oBaHusl BRIPAXKEHHUM IS OTYYEHUS JOKA3aTENbCTBA YTBEPKACHUS; TPUBEACHbI
MIpUMEPbI IPUMEHEHHS U3y4aeMoro (pUu3n4ecKoro sSBJICHUS;
- oleHKa «4», ecliu MPEeACTaBICHO B IIEJIOM IOJIHOE ONMUcaHue (PU3MUECKOro SIBJICHHS, COAepKarcs
HEOOXOAUMbIE PUCYHKH (YEPTEIKHU, CXeMBbI, rpaduku), 6e3 ommnboK 3amucanbl OCHOBHBIE (POPMYIIBI, HO
B MPeoOpa30BaHUIX BBIPAKEHUI MOTYT ObITh OIIMOKH; MOTYT OTCYTCTBOBATh IMPUMEPHI IPUMEHEHUS
M3y4aeMoro (pu3nuecKoro SBJICHUSI, UMEIOTCS HEKOTOPble HETOYHOCTH M HETrpyOble OLINOKY;
- OLIEHKA «3», eCJIM MPEACTABICHO KPAaTKOE ONKCcaHue (PU3NYECKOTO SIBIICHUS, HET WU MaJI0 PUCYHKOB,
06e3 omuMOOK 3amucaHbl OCHOBHBIE (OPMYJbl, HO HET MNPEOOpPa3OBaHUI BBIPAKEHUN; MOTYT
OTCYTCTBOBATh MIPUMEPHI MPUMEHEHHS U3y4aeMOro (PU3HUECKOTO SBJICHHUS,
- OLIEHKA «2», €CII HE PACKPBITO COJIEp>KaHUE BOMPOCA, HET PUCYHKOB, (hOPMYII, AOMYILIEHbI rpyObIe
omnOKku B (OPMYTUPOBKAX 3aKOHOB, HE YETKOrO oOmpeneieHus (U3NYECKUX BEIUYUH H HX
pa3MEPHOCTEM.

Kaxxnas 3agaua sx3aMeHaIMOHHOTO OHIieTa OIIEHWBAETCS M0 S-0anbHOM IIKane:
- OIEHKa «5», €cnu TMOJY4eHO pelieHHe B OOIIeM BHJE, BHITIOJHEHAa MpOBEpKa HAMMEHOBAHUU
(U3BENUYMH U MOICTAHOBKA YHCIIOBBIX 3HAUCHUH 0e3 OMMO0K U HETOUHOCTEH;
- OlEeHKa «4», ecnu TMOJY4eHO pelieHHe B OOIIeM BHJE, BHITIOJHEHAa MpOBEpKa HAMMEHOBAHUN
(Gbu3BENMYMH ¥ TOACTAaHOBKA YHCIOBBIX 3HAYEHW, HO JOMYIIEHBl HETOYHOCTH B PUCYHKE WU
BBIYHCIICHUSX HCKOMOU BETMYHHBI;
- OLIEHKa «3», eclH MOJY4YeHO pelleHHue B OOIIeM BHJIE, HO HET MPOBEPKU EIWHUIl HW3MEpPEHH,
KOJIMYECTBEHHOTO pe3yNibTaTa (MU OHU OLTUOOYHBIE), €CTh OITMOKH Ha PHUCYHKE;
- OIICHKA «2», €CJIM He TMOJIy4YeHO pellIeHue B 001IeM BHe (OTCYTCTBYET WIIM HEBEPHOE), HE 3aBUCUMO
OT Hanuuus opOPMIICHUS JaHHBIX, PUCYHKA U OCHOBHBIX (hOPMYII.

HroroBas olieHKa 3a OTBET MO YK3aMEHAIIMOHHOMY OWJIETY:
- OIIEHKA «OTJIMYHOY, €CITU UMEETCs He 00Jiee OJJHON YaCTHOM OIEHKH «4» U OCTAIBHBIE «5»;



- OIIEHKA «XOPOIIIOY», ECII UMEETCS He 00Jiee OTHON YaCTHOM OIEHKH «3» U OCTAIBHBIC «4» U «5»;
- OIICHKA «yJIOBJICTBOPUTEIILHOY, €CIIM UMEETCsl He 0oJiee OJHON YaCTHOUW OIEHKU «2» M OCTaJbHBIC
«3», «d», «5»;
- OI[EHKA «HEYIOBIETBOPUTEIBHOY, €CITH UMEETCS JIB€ U 00JIee YACTHBIX OI[EHOK «2.

OnHako UTOroBasi OIEHKA 3a AK3aMEH YYUTHIBAET HE TOJBKO OTBET IO OWIIETy, HO W TpHU
JIOTIOTHATEIbHBIC «PEUTHHTOBBIC)» OIIEHKHU 32 paboTy B ceMecTpe:
- 32 OTBETHI HA BOIIPOCHI U PEILICHUE 3a/1a4 Ha JOCKe (B ayJUTOPUN) UJIH BBIMIOJHEHUE 3a/IaHul (B
cilydyae JUCTAHIIMOHHOTO 00y4YeHUs),
- 32 KOHTPOJIbHYIO paboTy,
- 32 3aIUTYy 1abOPaTOPHBIX PadoT.
Haxonutcs cpeanee 3HaueHne U3 3TUX TPEX «PEUTUHTOBBIX OIIEHOK. ECII OHO OKa3bIBA€TCS BHIIIE
OIIEHKHU I10 OUJIETY, TO UTOTOBAs OIIEHKA 32 9K3aMEH MOBBIIIAETCS, €CJIM HUXKE — TO TIOHMUKACTCH.

7. IlepeyeHb OCHOBHOI1 1 I0NIOJHUTEJIbHOM y4eOHOl JUTepaTyphl

7.1. OcHOBHas1 qUTEpaTypa
3 cemecTtp

1. Aizennon, A. E. ®usuka : yuyeOnuk u mpaktukyMm st By3oB/ A. E. Aitzennion. — Mocksa :
NznatenberBo HOpaiit, 2020. — 335 ¢. — (Bricmee odpazoranue). — ISBN 978-5-534-00487-8.
— Texkcr : anexrponnsiii / DBC IOpaiit [caiit]. — URL.: https://urait.ru/bcode/450504

2. boumapes, b. B. Kypc o6mieit ¢usuku B 3 ku. Kuura 1: Mexanuka : yueOHUK a1 OakanaBpos /
b. B. bonmapes, H. I1. Kamamnaukos, I'. I'. Cnupun. — Mocksa : M3parensctBo HOpaiit, 2019. —
353 c. — (bakamaBp. Axamemudeckuii kypc). — ISBN 978-5-9916-1753-6. — Tekcr
anexrpounsii // DBC HOpaiir [caiir]. — URL.: https://urait.ru/bcode/425487

3. bonmapes, b. B. Kypc o6mieit ¢dusuku B 3 ka. Kaura 3: TepmoanHamMuka, cTaTUCTHYECKas (pusuka,
CTpOCHHE BemiecTBa : ydeOHMK i OakamaBpoB / b. B. bonmapes, H. Il. Kanamaukos,
I'. T. Ciupun. — 2-e w3n. — Mocksa : UsnarensctBo HOpaiit, 2019. — 369 c. — (bakanagp.
Axanemuueckuii kypc). — ISBN 978-5-9916-1755-0. — Texkcr : anmexrponnsiit // DbC HOpaiit
[caitr]. — URL.: https://urait.ru/bcode/425491

4. Bbopmosckuii, I'. A. Obmass ¢usuka B 2 1. Tom 1: yuebHoe mocoOme s BYy30B /
I'. A. Bopnosckuii, D. B. bypcuan. — 2-e usn., ucnp. u gomn. — Mocksa : U3mparensctBo HOpaiit,
2020. — 242 c.— (Bwicmiee o6pazoBanue). — ISBN 978-5-534-05451-4. — Tekcr
anextponnsiii // DBC FOpaiit [caiit]. — URL.: https://urait.ru/bcode/454254

5. JlaBeiikoB, B. B. ®u3uka: mexaHuka, SJIEKTPUYECTBO W MAarHeTH3M . ydeOHOe mocoOue it

cpenHero mnpodeccHoHanbHOro ooOpazoBanus / B. B. JlaBelakoB. — 2-¢ u31., UCHp. W JOI. —
Mocksa : MzpatenwctBo IOpaiit, 2020. — 169 c. — (IIpodeccnonanpHoe 00pa3oBaHHUE). —
ISBN 978-5-534-05014-1. — Tekct : onekrponusid // OBC [IOpaiit [caiit]. —

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

6. 3amypaes, B. [I. Monekynsapnas ¢usuka. 3agaun : yuebHoe nmocodue A By3oB / B. I1. 3amypaes,
A.Il. Kamuanaa. —  MockBa :  M3parenbctBo  FOpaiir, 2020.— 189c.—  (Bsicmee
obpazoBanue). — ISBN 978-5-534-08229-6. — Texkcr : anexrponusii / IbC HOpaiit [caiiT]. —
URL: https://urait.ru/bcode/455724

7. Huxkepos, B. A. ®u3zuka : yaeOHUK U MpakTUKyM Uit By30B / B. A. Hukepos. — Mockaa :
WznarensctBo FOpaiit, 2020. — 415 c. — (Briciee o6pazoBanue). — ISBN 978-5-9916-4820-2.
— Texcer : anexkrponHsiit / IBC FOpaiit [caiit]. — URL: https://urait.ru/bcode/450293

8. Ilpomkwusn, C. C. MexaHnuka, TepMOJAMHAMHKA 1 MOJIeKYIsapHas ¢puznuka. COOpHUK 3a1ad : yueOHOe
nocobue ans By30B / C. C. I[Ipomkun, B. A. Camoneros, H. B. Humenckuit. — 2-e u3n., ucnp. u
non. — MockBa : MznmarensctBo FOpaiit, 2020. — 467 c.— (Bpicmiee oOpa3oBaHue). —
ISBN 978-5-534-04772-1. — Texkct : onektponusid // OBC [Opaiit [caiit]. —
URL.: https://urait.ru/bcode/453302

9. CxmspoBa, E.A. ®usuka. Mexanuka : yueObHoe mocobue s By3oB/ E. A. Cxnsaposa,
C. . Ky3nenos, E.C. Kymokuna. — 3-e¢ u3a., nepepad. u jom. — Mocksa : M3narenbcTBo
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10.

11.

10.

Opaiit, 2020. — 248 c. — (Bricmiee oOpazoBanue). — ISBN 978-5-534-06860-3. — Tekcr
anextponHbii // DBC FOpaiit [caiiT]. — URL: https://urait.ru/bcode/453993

Tpodumona, T. 1. PykoBOoJICTBO K peIICHHUIO 3a/1a4 10 (HU3UKE : yueOHOE mocodue s By30B /

T. U. Tpodpumoa. — 3-e u3zf., ucnp. u gon. — Mocksa : M3narensctBo HOpaiit, 2020. —

265 c. — (Bsicmee oopazoBanue). — ISBN 978-5-9916-3429-8. — Tekct : anexTponHslii // O9BC
IOpaiir [caiiT]. — URL: https://urait.ru/bcode/449610

®dusznka : yaeOHHK W TIpakTUKyM st By30B / B. A. Wneun, E. 0. baxtuna, H. b. Bunorpanoga,
I1. U. Camoiinenko ; nox penakuueid B. A. Unbuna. — Mocksa : U3narensctBo HOpaiit, 2020. —
399 ¢. — (Bwicmiee o6pazoBanue). — ISBN 978-5-9916-6343-4. — Tekcr : anekrpoHHsii // DBC
IOpaiir [caiiT]. — URL: https://urait.ru/bcode/450506

4 cemectp
Aizennon, A. E. ®usuka : ydeOHUK M TpakTUKyMm mis By30B / A. E. Aiizenion. — Mockasa :

WznatenberBo Opaiit, 2020. — 335 ¢. — (Bwicmiee obpazosanue). — ISBN 978-5-534-00487-8.
— Texkcr : anexrponnsiii / OBC IOpaiit [caiit]. — URL: https://urait.ru/bcode/450504

bounapes, b. B. Kypc o6mieit ¢usuku B 3 kH. KHura 2: snekrpoMarHeTusM, ONTHKA, KBAHTOBAs
¢u3uka : yueOHuk s OakamaBpoB / b. B. boumapes, H. I1. Kanamuukos, I'. I'. Cnupun. — 2-¢
m3a. — Mocksa : UzparensctBo HOpaiit, 2019. — 441 c. — (bakanaBp. AkageMudecKuid Kypc). —
ISBN 978-5-9916-1754-3. — Tekct : onekrponnsid // OBC IOpaiit [caiit]. —
URL.: https://urait.ru/bcode/425490

bopmosckmit, I'. A. O6mas ¢usuka B 2 1. Tom 2: yuebHOe mocoOme it By30B /
I'. A. bopmoeckuii, 3. B. Bypcuan. — 2-e¢ mu3j., ucrp. u gorm. — Mocksa : M3narenscTBo FOpaiir,
2020. — 299 c.— (Bwicmiee o6OpazoBanue). — ISBN 978-5-534-05452-1. — Tekcr
anextpouusiii // DBC FOpaiit [caiit]. — URL.: https://urait.ru/bcode/454455

I'opsiue, b. B. O6mas ¢usuka. Onruka. [IpakTnyeckue 3aHsaTHs © yaeOHOE 1mocobue 1js By30B /
b. B. T'opsiue, C. b. Mormnbaunkuii. — Mocksa : W3nmarensctBo [Opaiir, 2020. — 92 c. —
(Bricmiee o6pazoBanue). — ISBN 978-5-534-00778-7. — Tekcr : snekrponnsiii / DbC IOpaitt
[caiir]. — URL.: https://urait.ru/bcode/451305

JaBeiikoB, B. B. ®wu3uka: MexaHwka, SJIEKTPUYCCTBO M MarHeTH3M : ydeOHOe IocoOme uIst

cpenHero mpodeccuoHaabHOr0 oOpazoBanus / B. B. JlaBeinkoB. — 2-¢ w3A., WCOp. W JIOM. —
Mocksa : MzparensctBo IOpaiit, 2020. — 169 c. — (IIpodeccnonanpHoe 00pa3oBaHHUE). —
ISBN 978-5-534-05014-1. — Tekcr : onektponnsli // 3OBbC IOpaiit [caiit]. —

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

KysnenoB, C. . ®uszuka: ontuka. DJIEMEHTbl aTOMHOW W sIEepHON (PHU3MKH. DIIeMEHTapHbIE
yacTulbl : yaeOHoe mocobue mis By3oB / C. . Ky3nenmoB. — Mocksa : M3gatenscTtBo HOpaiir,
2020. — 301c.— (Bwicmiee o6pazoBanue). — ISBN 978-5-534-01420-4. — Texkct
anekTpounbiii // DBC KOpaiit [caiit]. — URL: https://urait.ru/bcode/451430

Huxkepos, B. A. ®usuka : yaeOHUK U npakTukym 1j1s By30B / B. A. HukepoB. — Mockaa :
WznatensctBo FOpaiit, 2020. — 415 c. — (Bricuiee o6pazoBanue). — ISBN 978-5-9916-4820-2.
— Texkct : anexrponnsiii / IBC FOpaiit [caiit]. — URL: https://urait.ru/bcode/450293

CyxanoB W.U. OcHoBel ontuku. Teopust wu3o0OpaxkeHus : ydeOHOe mocobue it By30B /
N. U. CyxanoB. — 2-e w34, wucnp. u jgon.— Mocksa: HzmarensctBo  IOpaiir,
2020. https://urait.ru/bcode/453260

Tpodumosa, T. . PykoBOACTBO K peIIeHuI0 3a1a4 1Mo pusuke : yueOHOEe mocodue st By30B /

T. W. TpodumoBa. — 3-¢ u3., uctp. u gon. — Mocksa : M3garenscto FOpaiit, 2020. —

265 c. — (Bricmiee oopazoBanue). — ISBN 978-5-9916-3429-8. — TekcT : anexTponHslii // 9bC
FOpaiit [caiit]. — URL: https://urait.ru/bcode/449610

®dusmka : yueOHUK M MpakTukyMm Juid By3oB / B. A. Mnbun, E. FO. baxtuna, H. b. Bunorpanosa,
I1. U. Camoiinenko ; noxa penakuueid B. A. Mnbuna. — Mocksa : U3narensctBo FOpaiit, 2020. —
399 c. — (Bericmiee o6pazoBanue). — ISBN 978-5-9916-6343-4. — Tekct : anexkrponssiii // DbC
IOpaiir [caiiT]. — URL: https://urait.ru/bcode/450506
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7.2. lonoJIHUTE/ILHAS JIUTEPaTypa
3 cemectp

Bbobommna, C. b. ®usuka. TemioBeie mporecchl : yaueOHoe mocodue it By30B / C. b. bobommHa,
I'. H. M3maiinoB. — 2-e usf., ucnp. u gon. — Mocksa : U3narensctBo FOpaidt, 2020. — 118 c. —
(Beicmiee obpazoBanue). — ISBN 978-5-534-08814-4. — Tekcr : anekrponHsiii / ObC FOpaiit
[caiiT]. — URL.: https://urait.ru/bcode/454059
Bopnosckmii, I'. A. dusuueckre OCHOBBI €CTECTBO3HAHHUA . ydeOHOE mocoOme s By30B /
I'. A. BopnoBckuii. — 3-e wm3zd., uchnp. U gon. — Mocksa : M3marensctBo HOpaiit, 2020. —
226 c. — (Bricmiee o6pazoBanne). — ISBN 978-5-534-05209-1. — Tekcr : anekrponusiii // IBC
IOpaiir [caiiT]. — URL: https://urait.ru/bcode/454253
bopnoBckuii, I'. A. ®usznyeckue OCHOBHI MATEMAaTHYECKOTO MOJICIHMPOBAHUS : YUYECOHUK U
npaktukym it By3oB / I'. A. bopmosckuii, A. C. Konaparses, A. Yoyaepu. — 2-e u3., HCIIp. U
norn. — Mocksa : MsmarensctBo IOpaiit, 2020. — 319 c. — (Bricmee oOpa3oBaHue). —
ISBN 978-5-534-05365-4. — Tekcr : onekrponnbii // 3BC IOpaiir [caiiT]. —
URL: https://urait.ru/bcode/452264
Tonpamreiin, A. E. ®usndeckne OCHOBBI MOJyYeHHsS WHGOpPMAIHMK : y4eOHUK JIsi BY30B /
A. E. Tonpamreiin. — Mockpa :  M3gatensctBo  FOpaiit, 2020. — 291c.— (Bsicmee
obpazoBanue). — ISBN 978-5-9916-6529-2. — Texkcr : anekrponnsiii / DBC KOpaiT [caiiT]. —
URL: https://urait.ru/bcode/451328
lopnau, B. B. ®u3uka: MexaHuka. DIeKTpUYECTBO U MarHetusM. JlabopaTOpHBIN MPaKTUKYM !
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NznatenberBo FOpaiit, 2020. — 171 c¢. — (Bricmee oopa3zoBanue). — ISBN 978-5-534-07606-6.
— Texkcer : amexrponnsiii / OBC IOpaiit [caiit]. — URL: https://urait.ru/bcode/455479
lNopnau, B. B. ®u3uka. 3amauu, Tectel. MeToapl pemieHus : yaeOHOe TocoOue i CpPeaHEro
npodeccuonaaprHoro odpaszosanms / B. B. 'opmau. — Mocksa : M3marensctBo FOpatit, 2020. —
301 c. — (IIpodeccumonanproe obOpazoanue). — ISBN 978-5-534-08112-1. — Tekct
anekrpounsii // DBC FOpaiir [caiir]. — URL.: https://urait.ru/bcode/449119
Iopnau, B. B. ®usuka. CamocrositenpbHas paboTa CTyaeHTa : ydeOHOe mocobue it By30B /
B. B. T'opmau, H. A. UBanoB, M. B. [Inactuauna. — 2-¢ wm3ma., wcop. W g0 — MockBa :
M3narensctBo Opaiit, 2020. — 168 ¢. — (Bricmee o6pazoBanne). — ISBN 978-5-9916-9816-0.
— Texkcer : snexrponnsiii / DBC WOpaiit [caiit]. — URL: https://urait.ru/bcode/452048
Kamamnukos, H. I1. ®usuka. ['padudeckue meToapl pemieHus 3aaad : ydeOHOE MocoOue s
cpearero mpodeccuonanbHoro oobpazosanms / H. I1. Kanamnaukos, B. M. Komkun. — 2-¢ wu3p.,
ucrp. u gom. — Mocksa : M3marensctBo FOpaiit, 2020. — 250 c. — (IIpodeccuonanbroe
ob6pazoBanue). — ISBN 978-5-534-00186-0. — Texkcrt : anexrponnsiii / ObC IOpait [caiiT]. —
URL: https://urait.ru/bcode/452419
Kanamaukos, H.II. ®usuka B 2 4. Yacts 1: ydeOHMK M TPAaKTUKYM JUIS CPEIHETO
npodeccuonansuoro obpazosanusi / H. I1. Kanamnukos, C. E. MypaBseB. — 2-¢ u31., UCIp. U
non. —  MockBa: M3marensctBo  Opaiir, 2020. — 254 c.—  (IIpodeccuonanbHoe
obpazoBanue). — ISBN 978-5-534-09159-5. — Tekcr : anexrponnsiii / 9bC Kpaiit [caiiT]. —
URL: https://urait.ru/bcode/449060
KpaBuenko, H. 10. ®dusuka : yuebHuk u npaktukyMm st By3os / H. FO. KpaBuenko. — Mockaa :
WznatensctBo FOpaiit, 2020. — 300 c. — (Bsiciee o6pazoBanue). — ISBN 978-5-534-01027-5.
— Texer : anekrponHsiii / IBC FOpaiit [caiit]. — URL: https://urait.ru/bcode/450821
JlotoB, K. B. ®u3uka cruomHeIx cpeq : yaedHoe nmocodue mist By30B / K. B. JlotoB. — 2-e m31.,
uchp. u non. — Mocksa : M3garensctBo HOpaiit, 2020. — 135 ¢. — (Briciiee oOpa3oBanue). —
ISBN 978-5-534-10208-6. — Tekct : onekrponsubii // 3BC IOpaiir [caiiT]. —
URL: https://urait.ru/bcode/456087
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nom. — Mocksa: WzpmatensctBo HOpaiit, 2020. — 265c. — (Bsicmiee o0pa3oBanmue). —
ISBN 978-5-534-08600-3. — Tekct : onekrponsueii // 3BC IOpaiir [caiiT]. —

URL: https://urait.ru/book/fizika-452605
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IOpaiir [caiiT]. — URL: https://urait.ru/bcode/451204

®dusuka: KojeOaHUS W BOJIHBL. JlabOpaTOpHBIM MPAKTHKYM : yueOHOe mocobue it By30B /
B. B. I'opnay, H. A. 1BaHoB, M. B. IInactunuHa, A. C. Py6an ; oJ,  pelnakuueu
B. B. l'opmmaua. — 2-e u3n., ucnp. u gomn. — Mocksa : M3mparensctBo KOpaiit, 2020. — 128 ¢. —
(Beicmiee obopazoBanue). — ISBN 978-5-534-10139-3. — Tekcr : anekrponssiii / ObC FOpaiir
[caiiT]. — URL.: https://urait.ru/bcode/452050

@wmsuka. CnoBapp-cripaBoyHuK B 2 4. Yacte 1 : cmpaBounmk s By3oB/ E. C.IlmatyHos,
B. A. Camoneros, C. E. bypasoii, C. C. ITpomikud. — 2-¢ u3j., crep. — Mocksa : M3aaTenbcTBo
Opaiit, 2019. — 379 c. — (YuuBepcurersl Poccun). — ISBN 978-5-534-01789-2. — Tekcr :
anexrpounsiii // DBC HOpaiir [caiir]. — URL.: https://urait.ru/bcode/434086
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396 ¢c. — (YuuBepcutetrsl Poccum). — ISBN 978-5-534-01939-1. — Tekct : 21IeKTpOHHBIN //
3BC IOpaiir [caiit]. — URL.: https://urait.ru/bcode/434437
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I'. A. BopnoBckuii. — 3-e¢ u3m., mchnp. U gom. — Mocksa : M3matensctBo IOpaiit, 2020. —

226 c. — (Bricmiee obpazoBanmue). — ISBN 978-5-534-05209-1. — Texkcr : anextponHsIii // IBC
IOpaiir [caiit]. — URL.: https://urait.ru/bcode/454253

bopnoBckuii, I'. A. ®usuyeckre OCHOBbI MaTEeMAaTHUYECKOTO MOJEIUPOBAHUS : YYEOHUK H
npakTukyM s By30B / I'. A. bopmosckuii, A. C. Koraparees, A. Yoynepu. — 2-e u3z., UCIIP. U
non. — Mocksa : HM3marensctBo IOpaiit, 2020. — 319 c.— (Bricmee oOpa3oBanue). —
ISBN 978-5-534-05365-4. — Tekcr : omektponnbii // 3BC IOpaitr [caitt]. —
URL: https://urait.ru/bcode/452264

TFompmmreitn, A. E. ®usnueckue OCHOBBI IMOJIydeHHST HH(POpMAaIUHU : y4eOHMK I BY30B /
A. E. Tompmmrelin. — MockBa :  MzmatensctBo  FOpaiit, 2020. — 291c.— (Bsicmiee
ob6pazoBanue). — ISBN 978-5-9916-6529-2. — Tekcr : anexrponusiii // ObC IOpait [caiiT]. —
URL: https://urait.ru/bcode/451328

lopmau, B. B. ®usuka. 3agaum, TecThl. MeToapl pemieHus . ydeOHOe MmocoOue Ui CpeaHEro
npodeccuoHanbHoro obpaszoBanus / B. B. 'opmau. — Mocksa : U3narensctBo FOpaiit, 2020. —
301 c. — (IIpodeccmonanpHoe obOpaszoBanue). — ISBN 978-5-534-08112-1. — Tekcr
anextpounsiii // DBC FOpaiir [caiit]. — URL: https://urait.ru/bcode/449119

lopmau, B. B. ®u3uka: kBanToBas (uszuka. JJabopaTropHbIli NPAKTUKYM . ydeOHOE mocoOue uIst
By30B/ B. B. 'opmau. — 2-e u3z., ucnp. u pon. — Mocksa : U3parensctBo Opaiit, 2020. —
114 c. — (Beicmiee o6pazoBanue). — ISBN 978-5-534-10137-9. — Texkcer : anexrponnsiii // DbC
FOpaiit [caiit]. — URL: https://urait.ru/bcode/452869

l'opnau, B. B. ®u3uka: MexaHuka. DJIEKTPUUYECTBO M MarHeTu3M. JIabopaTOpHBIN MPAKTHUKYM -
yueOHOoe mocobme mius By3oB/ B.B.lopmau.— 2-e¢ wu3m., mepepad. m mgonm. — Mockaa .
WznatensctBo FOpaiit, 2020. — 171 c. — (Bsiciee o6pazoBanue). — ISBN 978-5-534-07606-6.
— Texcer : anekrponHsiii / IBC FOpaiit [caiit]. — URL: https://urait.ru/bcode/455479

Iopiay, B. B. ®usuka. CamoctosiTespHas paboTa CTyaeHTa : ydeOHOe mocoOue uis BY30B /
B. B.T'opmau, H. A. UBanoB, M. B. [Inactununa. — 2-e¢ wu3n., ucnp. U jgon. — Mocksa :
WznatensctBo FOpaiit, 2020. — 168 c. — (Beiciee o6pazoBanue). — ISBN 978-5-9916-9816-0.
— Texer : anekrponHsiit / IBC FOpaiit [caiit]. — URL: https://urait.ru/bcode/452048

HNodde, b.JI. ®usuka sneMeHTapHBIX YacTHIl: KBaHTOBas XpomojauHamuka B 2 T. Tom 2 :
yuebHoe mocobue amns By3oB / b. JI. Modde, JI. H. Jlunaros, B. C. ®agun. — 2-e uza., nepepad. u
non. — Mocksa : MznmarensctBo IOpaiir, 2019. — 344 c.— (ABTOpPCKHI Yy4EOHHUK). —
ISBN 978-5-534-08087-2. — Tekct : onekrponseii // 3BC IOpaiit [caiiT]. —
URL: https://urait.ru/bcode/441566
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Kanamaukos, H. I1. ®usuka. ['paduueckue meTonsl pemieHus 3anad : yueOHOe mocoOue s
cpeanero npogeccronansHoro obpaszoanus / H. I1. Kanamnukos, B. U. Komkun. — 2-e u3n.,
ucrp. u gom. — Mocksa : M3parenscrBo FOpaiit, 2020. — 250 c. — (ITpodeccrnonaibHoe
obpazoBanue). — ISBN 978-5-534-00186-0. — Texcr : anextponusiit // ObC FOpaiit [caift]. —
URL: https://urait.ru/bcode/452419

Kanamaukos, H.Il. ®u3uka B 2 9. Yactp 2: y4eOHHMK W TPAKTHUKYM IS CPEIHErO
npodeccuonanbHoro odpaszosanus / H. I1. Kamammukos, C. E. MypaBbeB. — 2-¢ u31., UCIp. U
norm. —  MockBa:  WMsmarenbctBo  FOpaiir, 2017.— 293 c.—  (IIpodeccronanbaoe

obpazoBanue). — ISBN 978-5-9916-9730-9. — Texkcr : anekrponnsiii / DBC KOpait [caiiT]. —
URL.: https://urait.ru/bcode/397704

Kpasuenko, H. 0. ®usnka : yuebHuk u npaktukyMm st By3os / H. FO. KpaBuenko. — Mockaa :
NznatenscrBo FOpaiit, 2020. — 300 c. — (Bricmiee o6pa3zoBanue). — ISBN 978-5-534-01027-5.
— Texcr : anextpounsiii / DBC HOpaiit [caiit]. — URL.: https://urait.ru/bcode/450821

JloroB, K. B. ®usuka crutomHeIx cpen : yaedHoe mocobue st By30B / K. B. JlotoB. — 2-¢ w311,
uctp. u gon. — Mocksa : M3narensctBo FOpaiit, 2020. — 135 ¢. — (Bsicmiee oOpa3oBaHue). —
ISBN 978-5-534-10208-6. — Tekct : onekrponnbii // 3BC IOpaiir [caiiT]. —
URL: https://urait.ru/bcode/456087

JlroroB B. I1. LIBeToBeneHne ¥ OCHOBBI KOJIOPUMETPUH: YYCOHUK W TPAKTHKYM JJIsi BY30B /
B. I1. JTrotoB, I1. A. YerBepkus, I'. 1O. 'onoBactukoB. — 3-¢ m3n., nepepad. u gon. — Mocksa :
W3znarensctBo FOpaiit, 2020. https://urait.ru/bcode/451507

Pomuonos, B. H. ®usuka : yueOHoe mocodue mius By3oB / B. H. Poguonos. — 2-e u3z., ucnp. u
norm. — Mocksa : WMsnmarenberBo HOpaiit, 2020. — 265c. — (Bwicmiee oOpa3oBanwue). —
ISBN 978-5-534-08600-3. — Tekct : onekrponnbii // 3BC IOpaiir [caiiT]. —
URL: https://urait.ru/book/fizika-452605

[IpakTueckue 3aHsATHS TO oOmeMmy Kypey ¢dm3mkuy : yuyeOHuk misi By3oB/ . B. Epodeena,
1O. 1O. Kproukos, E. A. Cxnsipoa, U. I1. UepnoB. — Mocksa : U3narensctBo FOpaiit, 2020. —
492 c. — (Bwicmiee o6pazoBanue). — ISBN 978-5-534-09399-5. — Tekct : anexrponnsiii / ObC
FOpaiit [caiit]. — URL: https://urait.ru/bcode/451204

dusnka: KojgebaHus M BOJHBL. JlabopaTOpHBIA IPAKTHKYM : y4eOHOe mocoOue st BY30B /
B. B. T'opinay, H. A. BanoB, M. B. IInactunnna, A. C. Pybasn ; moJ penakuue
B. B. I'opimaua. — 2-e u3n., ucnp. u gon. — Mocksa : M3garensctBo FOpaiit, 2020. — 128 ¢. —
(Beicmiee ob6pazoBanme). — ISBN 978-5-534-10139-3. — Tekcr : anekrponnsiit / ObC IOpaitt
[caiiT]. — URL.: https://urait.ru/bcode/452050

®usuka. CrnoBaps-cipaBoyHuK B 2 4. Yacte 1: cmpaBounuk mns By3oB/ E. C. IlmaryHos,
B. A. Camoneros, C. E. bypasoii, C. C. I[Ipomkun. — 2-e u3a., crep. — Mocksa : 3narenscTBo
Opaiir, 2019. — 379 c. — (VuauBepcutetsl Poccun). — ISBN 978-5-534-01789-2. — Teker
anextponusiii // DBC FOpaiir [caiit]. — URL: https://urait.ru/bcode/434086

®uszuka. CnoBapb-cripaBoyHUK B 2 4. Yacth 2 : cnpaBouynuk ansi By3oB/ E. C.IlnaryHos,
B. A. Camonetos, C. E. bypasoii, C. C. [Ipomkun. — Mocksa : U3gatensctBo FOpaiit, 2019. —
396 c. — (YuuBepcutersl Poccum). — ISBN 978-5-534-01939-1. — Tekct : 3nmeKTpOHHBIN //
OBC Opaiir [caiit]. — URL: https://urait.ru/bcode/434437

7.3. Ilepeyenn pecypcoB HH(POPMALMOHHO-TeJIeKOMMYHUKALMOHHOM ceTH « AHTEepHeT»
3bC Opaiit: https://urait.ru
Poccwuiickas I'ocynapcrBennas bubnunoreka: http://www.rsl.ru/
Hayunast 6ubanotexka MOCKOBCKOTO TOCyAapCcTBEHHOro yHuBepcutera uM. M.B. JlomoHOCOBa:
http://www.lib.msu.su/index.html
OtkpblITast pycckas 3J1eKTpoHHas oubnuoreka: http://orel.rsl.ru/index.shtml
Hayunas  OubOmmoreka  Caskr-IlerepOyprckoro  rocylapCTBEHHOTO — YHHUBEPCHUTETA:
http://www.lib.pu.ru/
YHuBepcuTeTckas nHpopMalroHHas cucteMa «Poccus»: http://uisrussia.msu.ru
WNurepuer-snnumknonenun: Wikipedia, Dic.academic.ru, Megabook.ru, Krugosvet.ru.
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8. Caiit «Snepnas ¢pusuka B IHTepHETE» Kadeaphl 00men saepHoil Gu3nku GU3nIecKoro
dakynerera MI'Y 1 HUMA®D MI'Y: http://nuclphys.sinp.msu.ru/

9. Cnucok HoGeneBckux naypearos mo ¢usuke: http://n-t.ru/nl/fz/

10. Hay4no-momyssipHbIf pu3HKO-MaTeMaTHueckuid )xypHai «Ksant»: http://kvant.mccme.ru/

8. MaTepuajibHO-TeXHUYECKOE OOecnedeHne

YueOHasi ayauTopusi A8 NPOBedeHUs] 3aHATHUH JIEKIHHOHHOIO THIA, OCHAIICHHAS
CTaHJApTHOH  y4yeOHOW MeOenblo, MYJIbTUMEIUAIPOEKTOPOM, HOYTOYKOM, KOJIOHKaMU U
MHTEPAKTUBHOM JTOCKOM.

YueOHasi ayaquTopusi A NPOBeIEHUs 3aHATHH CEMHHAPCKOr0 THNA, TIPYNNOBBIX H
UHIUBHAYAJTbHBIX KOHCYJbTAIMHA, TeKyUIero KOHTPOJSI M IPOMEXKYTOYHOH aTTecTaluM,
OCHAIIICHHAs] CTaHJIApTHOW Y4eOHOU Mebenblo, J1abopaTopHbIM OO0OpYyAOBaHUEM (IIEPEUYMCICHO B
paznene 5).

IMomemenune 1Jisi cCaMOCTOSITEIbHOM PadOThI — KOMITBIOTEPHBIA KJIACC C JOCTYIIOM K CETH
«UuTepuer» u SUOC Cmonl'V.

9. IlporpamMHoe o0ecneyeHne
Microsoft Open License (Windows XP, 7, 8, 10, Server, Office 2003-2016), nuieH3us
66975477 ot 03.06.2016 (6eccpouHo).
Obyuaromumest  obecrieden  goctyn Kk ObC  «lOpaiity, npoctynm B 3IIEKTPOHHYIO
MH(POPMAITMOHHO-00Pa30BaATEIBHYIO CPE/ly YHUBEPCHUTETA.
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