[loKyMeHT NoAnucaH NpocToit 3NeKTPOHHOM NOAMUCHI0
NHdopmaumsa o Bnagenbue:
®WNO: NMepasikosa CBetnana BanepbesHa

[omkHocTb: [upexTop konnes KOYsr. CTaB onone o o
Nara nognucanus: 19.06.2026 CTepc BO HayKH U BBLICILIETO O6pa30BaHI/I$I Poccuiickoit denepanu

YHUKaNbHb nporpaM@m@mubﬂoe rOCyJIapCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPESIKICHHE BICIIIETO
63a18c373da05c089b08fcc89c468af301900f17 00pa3zoBaHUs

«CeBepo-KaBkasckuii (penepanbHblii yHUBEPCUTET)

Komnemx CKOVY B r. CtaBpormnose

METOJUYECKHUE YKA3ZAHUSA
K NPAKTHYeCKUM 3aHATHIM

o (yuebnoit) nucuuruinae  OJ1.11 ®@uzuka

CrnenuanbHOCTD 08.02.14 Dkcnnmyaranus U 00CIy>KMBaHHE MHOTOKBAPTUPHOTO I0Ma

dopma 00yueHust ouHas

CraBpornoib



MeTtoauueckue ykazaHus K MPaKTUYECKUM 3aHITUSIM MO Juciuruinie «Dusuka» cocTaBiIeHb B
cootBercTBUM ¢ TpeboBanussMu @I'OC CIIO u npenHa3HAYEHBI IS CTYACHTOB, 00YYarOIUXCs
no crneranbHocTh: 08.02.14 DKcruryaranus 1 00CITy)KMBaHHE MHOTOKBAPTUPHOTO JIOMA.

MeTtoauyeckue ykazaHus sl y4eOHOM TUCHUIUIMHBI pa3paboTaHbl:
1 AdanaceeB Cepreii ['eopruesuy, npenoaasareinsb koiemka CKDY B r. CraBpomnodie



1L.IIOACHUTEJIBHASA 3AIIMCKA
JlaHHbBIE METOAMYECKHUE YKA3aHU [TPEIHA3HAYAIOTCS JIs OKa3aHUs IIOMOIIY CTyIeHTaM B
BBITOJIHEHUH MTPAKTUYECKUX PadOT 1Mo yueOHOH aucuuminie «Pusnukay.

Buabl 32124 U IVIaHBI UX PELICHUSA

Ha npakTuueckux 3aHATHAX 10 (PU3MKE OOBIYHO HCIIONIB3YIOTCS:

1) 3agaum-ynpaXHEHHs, MOMOTAIONIME CTYyIACHTaM NpuoOpecTd TBEPIbIC HABBIKU
pacyéra 1 BbIYKCIICHUI;

2) 3ajauu JUIsl JEMOHCTPALMH IPAKTUYECKOTO IPUMEHEHMSI TEX UM UHBIX 3aKOHOB;

3) 3aauM 11 3aKpeIyICHUs. U KOHTPOJIsl 3HAHUI;

4) no3HaBaTeNbHbIE 33Jauu.

3anauu Ui 3aKpeIyICHUs] U KOHTPOJIS 3HAaHUM U 3a1a4u-yIpPaKHEHUsl PaCCYUTAHbI Ha
VCIIOJIb30BaHUE TOTOBBIX 3HAHUM, IOJYYEHHBIX U3 KHUT, JEKUUH, OT npenoaasarens. Pemenue
TaKMX 3a7a4 ONHPAETCs B OCHOBHOM Ha MEXAaHMU3Mbl NaMATH U BHUMaHHUS. OHO B U3BECTHOM
CMBICJIE TIOJIE3HO U J1aXKe HEOOXOAUMO.

Hampumep, npu pemeHun 3agaduu-ynpaXKHEHUS Ha KOJIMYECTBEHHBIM pacd€r cpemaHei
KBaJIpaTUYHOM CKOPOCTH MOJIEKYJ IJla3a MpH 3aJaHHBbIX YCIOBUAX (TEMIEpAType) CTYAEHTHI
JIOJDKHBI 3HATh (OpMyIy A pacuéra cpeiHed KBaJpaTHUYHOW CKOPOCTU MOJIEKYJ, 3HaYeHHE
YHUBEPCAJIbHON I'a30BOM MMOCTOSIHHOM, U yOEIUThCS, YTO CKOPOCTU MOJIEKYJI OYEHb BEIMKH JIaXe
IIpY KOMHATHBIX TeMIiepatypax. Bcé aTo nmosnesHo it uzyueHust MojaeKkyssipHoi ¢pusuku. OaHako
TOJIBKO T€ 3a7ja4d, B KOTOPBIX YCTaHABJIMBAKOTCS HOBBIC, HEU3BECTHBIC PAHEE CTYICHTAM CBSI3U
MEX/1y 3HAKOMBIMU (PU3NUECKMUMH XapaKTEPUCTUKAMM, SIBJISIFOTCS CTUMYJISTOPOM UX YMCTBEHHOM
nestenbHOCTH. K TakuMm 3asauam B MEpBYIO Odepenb OTHOCATCS IO3HABATEIbHBIE 3ajauu.
OTnuuue mo3HaBaTENbHBIX 3a7]ad OT 3a/ay JAPYTUX BHUJIOB COCTOMT B TOM, YTO B IPOLIECCE UX
perieHus o0yJaromuics NpruooOpeTaeT HOBbIE 3HAHUS.

Ecnu cryaeHT umeer cinadyro TEOpEeTUYECKYIO TOATOTOBKY, PEIIeHHE 3a1a4 oJ00HOT0
poJla MOKET OKa3aThbCsl AJI1 HETO HEMOCWIBbHBIM. Jlaske B ATOM cilydae, €Clld, NPUCYTCTBYs Ha
3aHATUAX, OH TTO3HAKOMHTCS C XOJIOM PEIIEeHUS U Pe3ylIbTaTOM, 3TOro OyJIeT Hel0CTaTOYHO IS
JOCTMDKEHUS 1IeNM MO3HaBaTesIbHOM 3amaun. [loaTomy HYXHO TpeOoBaTh, YTOOBI CTYIEHTHI
TOTOBWJIM TEOPETUYECKUI MaTepuall, U IMOKa3blBaThb MM, YTO HMMEHHO HEBBIIIOJHEHHUE 3TOTO
TpeOOBaHUS IPUBOJUT K HEyAaue MPU PELICHUH 3a1a4.

Jlnst pemienns 3a1a4 pac4E€THOrO XapaKkTepa JOCTaTOYHO COCTABUTh CUCTEMY YPaBHEHMH,
a Janplie BCE CBOJUTCS K MareMaTH4ecKuM aelcTtBusM. Hekoropwle 3amauum TpeOyroT s
pelleHus: TeOMETPUUYECKUX MMOCTPOSHHUM U HCTOiIb30BaHus rpagukoB. HecMoTpst Ha paznuuue B
BUJAX 3aJ]ay, UX pelICHHEe MOXKHO MPOBOAMTH IO CIEAYIOIIEeMYy O0lIeMy IUIaHy (HEKOTOpbIe
IYHKTBHl IUIAaHa MOTYT BBINAJaTh B HEKOTOPBIX KOHKPETHBIX CIydyasX), KOTOPBIA Hajo
IIPOJUKTOBATh CTYI€HTaM:

1. mpoyecTh BHUMATEIBHO YCIOBHUE 3a/1a4U;

2. IOCMOTPETb, BCE JIM TEPMUHBI B YCIOBUSAX 33/1a4l U3BECTHBI U MOHATHBI (€CTIU YTO-
TO HESICHO, cJelyeT oO0paTUTbci K Yy4eOHHKY, MPOCMOTPETh PEUICHHs NPeIblIyluX 3ajaad,
MIOCOBETOBAThHCSI C MPeroaBaTesieM);

3. 3amMcaTh B COKpAlllEHHOM BHJE YCJIOBHE 3ajaud (KOTJa BBEJIEHBI CTaHAApPTHHIE
0003HauEHMS, JIETUe BCTIOMHHATH (POPMYJIBI, CBSI3bIBAIOIINE COOTBETCTBYIOIINE BEIMUUHBI, YETUE
BUJIHO, KAKME XapaKTEPUCTUKHU 3aJjaHbl, BCE JIU OHU BBIPAKEHBI B OAHON CUCTEME €AUHMII U T.]1.);



4. cpenath 4epTEX, €CIM 3TO HEOOXoAMMO (Jenmasi 4yepTéx, HYKHO CTaparbCs
NpEeJCTaBUTh CUTYAIHIO B HanboJsee o01eM BUe, HallpuMep, €CIIM peraeTcs 3a/1a4a 0 KoueOaHuu
MasiITHHKA, €0 CIeayeT H300pa3uTh HE B MOJOKECHUH PABHOBECHS, @ OTKIOHEHHBIM);

5. TPOW3BECTH aHAIM3 3a/Ja4d, BCKPBITH €€ (u3MUeckuii CMbICT (HYXHO YETKO
IIOHUMaTh, B YeM OYET 3aKII0YaThCsl PELICHUE 33/1a4H; TaK, €CIIU TpeOyeTcs HAlTH TPaeKTOPHUIO
JBUKEHUSI TOUKH, TO OTBETOM JOJKHA CIY’KUTh 3allUCh YPABHEHHMI KPUBOMW, OMUCHIBAIOIIEH 3Ty
TPAeKTOPHIO; Ha BOIPOC, Oy/ET JIM TPAeKTOPUs 3aMKHYTOMN JIMHUEH, CIelyeT OTBETUTh «a» WU
«HET» U 00BACHHUTH, IOYEMY BBIOpAH TaKOM OTBET);

6. YCTaHOBHUTb, Kakue (U3MUECKHe 3aKOHbI U COOTHOUICHHS MOTYT OBITh
MCII0JIb30BaHbl IIPU PELICHUH JaHHOU 3aJauH;

7. COCTaBUTh YpPaBHCHUS, CBS3bIBAIONIMEC (U3NYECKUE BEITUYHMHBI, KOTOPBIC
XapaKTEepU3YIOT paccMaTPUBAEMBbIE SIBJICHUSI C KOJIMYECTBEHHOW CTOPOHBI;

8. pemuTh 3TU ypaBHEHUS OTHOCUTEILHO HEU3BECTHBIX BEJIUYHH, MOJYyYUTh OTBET B
obmem Bupe. [lpexae yem nepexoAuTh K YHUCICHHBIM 3HAYEHUSM, TOJIE3HO MPOBECTH aHAIHU3
3TOTO PELICHHUS: OH TIOMOXET BCKPBITh TAKUE CBOMCTBA

paccMaTpuBaeMOro sIBJICHHS, KOTOPbIE HE BUIHBI B YUCIICHHOM OTBETE;

9. mepeBecTH KOJIWYECTBEHHBIC BETUYMHBI B OOIIEPUHATYIO cuctemy enuuul (CH),
HalTU YUCIICHHBIN PE3YyJIbTAT;

10. mpoaHanu3UpOBaTh MOJYUYEHHBIH OTBET, BBIICHUTh KaK H3MEHSETCS HCKOMas
BCJIMYMHA TIPU U3MEHEHUH JPYTHX BEJIWYWH, (QYHKIHUEH KOTOPBIX OHA SIBIISETCS, MCCIICIOBATH
npeJiebHbIE CIIydau.

[IpuBenénHas mnocneqoBaTeNbHOCTh JIEUCTBUI NPH PEIIEHUWU 3a/ad YCBAaMBAETCS
CTyJIEHTaMH, KaK MpaBUIIO, B XOJE 3aHATHIl, KOTJla OHM Ha MpaKTHKE YOexKTaroTcs B eé
nenecoodpasHoctu. [loaToMy B KOHIIE 3aHATHS TMOJE3HO TOJBECTH HWTOT, CHOPMYIHPOBATH
HalJICHHBII aJTOPUTM PaCCyKACHHUM. 3aMETUM, BIIPOUYEM, YTO HE BCETIa MOXKET OBITh MPEATOKEH
AITOPUTM PEILIEHUS 3a4a4H.

[Ipn anHanu3e 3aga4 Ha ayJUTOPHBIX 3aHATUSAX IIOJIE3HO BO3BpAIIATHCA K IUJIAHY.
OTKJIOHEHHE OT HEro B OOJIBIIMHCTBE CIIy4aeB HE MO3BOJISIET CTYAECHTY PEUIUTh 3adady. Toraa
HY)KHO HAallOMHHMTb €My, KaKOM 3Tall MpOMYyIIeH U YKa3aTb, YTO MMEHHO 3TO U IOCIYKHUJIO
MPUYMHOW HEYJauu.

IIpumep pewieHus 3aga4u

3agauya.

Teno OporeHo OT MOBEPXHOCTH 3€MJIU MOJ1 YTIIOM ¢ K TOPU30HTY C HAYaJIbHOM CKOPOCTHIO

Yo, OnpenenuTth BBICOTY MOABEMA U TaTbHOCTh MOJIETA.

JlaHo: Pemenue

o [Iycte Tenmo OpolleHO OT MOBEPXHOCTH 3€MJIM MOJ YIJIOM o K TOPHU3OHTY C
Vo Ha4aJIbHOW CKOPOCTBIO Lo

Haiitn: Bri6epem cuctemy oTcuéra TakuMm 00pa3om:

y-? - COBMECTHMB HAa4aJIO IPSIMOYTOJIbHOM JE€KapTOBOM CHCTEMBI KOOPIMHAT C HAYAJIOM
X-? JIBYDKEHUS Tena;

- OCb MKC HalpaBjeHa TOPU30HTAJIBHO;
- OCb UTPEK — BEPTUKAJIBHO;
- yachl OTCUUTHIBAIOT BpPEMS OT MOMEHTA HayaJla JABHXKCHHSL.
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I[BI/I)KCHI/IC TCJIa 1IOJA YIJIOM K TOPU3OHTY SABJIACTCA PABHOYCKOPCHHBIM, TaK KakK
MMPOUCXOAUT B ITOJIC TATOTCHHUA U €TO OIIUCBIBAIOT CJICAYIOIIUC YPABHCHU:
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JanbHOCTB TOIETa: 9
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2. O0beM U cofepKaHMe MPAKTHYECKUX 3aHATHIH

N dopma O0bem
® | HaummeHoBaHHMe TeMbI JMCHHMIIJIMHBI M MPAKTHYECKOT0 3aHATHS
KOHTPOJIsI 4acoB
Pasznen 1. Mexanuka
1 Tema 1.1. Kunemartuka. MHCbMEHHBIN 2
N3ydeHune 3aKk0HOB JBM)KEHHUS U pEelICHUE 337a4 10 KUHEMAaTHKe. OTUéT
9 Tema 1.2. /lnnaMuka. MUCHbMEHHBIN 2
M3yueHne 3aK0HOB IBM)KEHUSI U PELICHHUE 3aJa4 110 TUHAMUKE OTYET
3 Tema 1.3. 3ak0oHBI cOXpaHeHHSI B MeXaHHUKe. MACBMEHHBIN 2
N3ydeHne 3aK0HOB COXpaHEHUsI MEXaHUYECKOT O ABMYKEHUS OTYET
Pazpnen 2. Moaekyasipaasi pusuka
Tema 2.1 MoJiekyJIsIpHO-KMHETHYECKAsl TEOPHSI. N
4 | 3amaun Ha TA30BBIE 3aKOHBI M IPUMEHEHHUE yPaBHEHUS COCTOSIHUS [HCHMEHHBIH 6
HJeabHOTO rasa. orer
5 Tema 2.2 Hayana TepMOAUHAMMKH. MACEMEHHBIN 6
W3yuenne Hayas TEPMOAMHAMMKHY U PEIICHHE 334a4 110 TEME. OTYET
Tema 2.3 ArperatHble COCTOSIHHMSI BellecTBa M (pa3oBble
6 | MepexonbL. MUCbMEHHBIN 6
W3yuenne arperaTHbIX COCTOSIHUN BEIIECTBa, (Pa30BBIX MEPEXOA0B U OTYET
pelIeHue 3a1a4 1o TeMe.
Pa3nea 3. DiekTpoamHaMmuka
7 Tema 3.1 DuekTprUeCcKoe moJie MUCHMEHHBIN 6
W3yueHne 3aKOHOB IEKTPUUYECKOT0 M0JIs1 M PELICHHUE 3a1ad 10 TEME. OTYET
8 Tema 3.2 IlocTOSIHHBII JIEKTPUYECKUH TOK. MUCbMEHHBII 6
W3ydeHne 3aKOHOB ANEKTPHUECKOT0 TOKA U PEIeHHE 3a7a4 10 TeMe. OTUET
Tema 3.3 DnexTpuyeckuii TOK B pa3JIHYHbIX Cpeaax. N
9 | H3y4yeHue 3aKOHOB 3JIEKTPUYECKOTO TOKA B PA3JIMUHBIX CpeAax H fHCHMCHHBIT 6
pelIeHue 3a/1a4 1o TeMe. orHer
10 Tema 3.4 MarauTHoe noJe. MACbMEHHBIN 6
W3ydeHne 3ak0HOB MarHUTHOTO TOJISI M PElIeHHe 3a]1ay 10 TeMe. OTUéT
Tema 3.5 DnexkTpoMaruuTHOE MOJIE N
11 | Uzyuenue 3aKOHOB JIEKTPOMATHUTHOTO IOJISL M PEIICHHE 3aaad 110 HHCHMEHHBIH 6
oM. OTYET
Pa3nea 4. KosieOanust 1 BOJTHBI
Tema 4.1 Mexanu4eckue Koy1e0aHusI U BOJIHBI. N
12 | Uzyuenue npupoabl MEXaHMUECKUX KoJeOaHU U pelieHre 3aaay 1o [HCHMEHHBIH 4
TEME. OTYET
Tema 4.2 DjieKTpOMArHUTHbIE K0J1I€0AHUA U BOJIHBI. N
13 | Uzyuenune npuponabl BSNEKTPOMATHUTHBIX KOJNEOaHWH M pelieHue fHCHMCHHBIT 4
3aJ1a4 10 TEME. oret
Paspea 5. Ontuka
Tema 5.1 I'eomeTpnueckas onTuka. N
14 | Uzyuenue 3aKOHOB T'€OMETPUYECKON ONTHUKH W peILleHre 3agad 110 fHCHMCHHBIT 4
TEME. orer
15 Tema 5.2 BosiHOBast onTukaA. MACbMEHHBIN 4
M3ydenne 3aKk0HOB BOJTHOBOM ONTUKH U PELIEHUE 3aa4 110 TEME. OTYET
16 Tema 5.3 CnenuanbHasi TeOPHsI OTHOCHTEIBHOCTH. MIMCEMEHHBIN 4
N3zyuenne nonoxenunit CTO u penieHne 3aaa4 0o TEME. OTYET
Pasnea 6. KBanToBasi puznka




Tema 6.1 KBanToBasi oNTHKA.

MUCHMEHHBIN

17 . 2
W3ydeHune cTpoeHns aToMa M pelIeHne 3a/1a4 110 TeMe. OTUYET

18 Tema 6.2 ®du3uKka aToMa H AaTOMHOIO sAAPA. MACbMEHHBIN 4
M3yuenue cTpoeHus sapa aroMa U pelieHue 3ajad o TeMe. OTYET

Hroro: 80




Pa3zgen 1. Mexanuka

Tema 1.1. Kunemaruka

IIpakTuyeckass padora: HM3ydyeHue 3aKOHOB JBHKEHHUSI W pellleHHE 3aaa4 MO
KHHEMAaTHKe.

Hean 3anaTusa: V3yuyuTh 3aKOHBI KHHEMATUKH U 3aKPENUTh 3HAHUS HA MPAKTUYECKOM
PEIICHUH 3a]1a4 110 TeME.

3amaua

VYpaBHEHHE JBMKEHHS MaTepHATbHONW TOUKH BJIONb OCH X MMeeT Buj X=A+Bt+Ct?, riae
A=2m, B=1 m/c, C=-0,5 m/c*. HaliTu KoOpMHATY X, CKOPOCTb ¥ ¥ YCKOPEHHE ¢ TOUKH B MOMEHT
BpeMeHu t=2c.

3anava

[To 3amanHbIM Tpadukam (puc.) HANTH Ha9aTbHBIC KOOPAMHATHI TEJI M TPOSKIIMHA CKOPOCTH
ux JBukeHus. Hamucars ypaBHeHuUs ABMKeHUs Ten X = X(t). 13 rpadukoB u ypaBHEHUN HAWTH

BpEMs U MECTO BCTPEUH TeJl, IBHKCHHUS KOTOPHIX onuchiBatoTcs rpadukamu 11 u I11.
XM | f
5 |

III
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3anaqa

JlBa moe3na ABMXKYTCS HABCTpedy JpYr JAPYry co ckopocTsMH 32 kM/4 U 54 km/d.
[Taccaxxup, HaXOAAIIMICSA B IEPBOM IIOE3/IE€, 3aMEUYAET, UTO BTOPOU MOE3] MPOXOAUT MUMO HETO
B TeueHue 14 c. KakoBa nnuna Broporo noesaa?

3anaua

Pr16010B, nBUTAsCh Ha JIOJIKE MPOTUB TEUEHUS PEKH, YPOHUI ynouky. Uepe3 1 MuH OH
3aMeTUJI TIOTEPI0 U cpa3y K€ MOBEpHYJ oOpaTHo. Uepe3 Kakoil MPOMEXYTOK BPEMEHM IOCIIe
NOTEPU OH JOTOHUT YA04KY? CKOPOCTh TE€UEHHUS PEKU U CKOPOCTh JIOJAKU OTHOCUTEIBHO BOJbI
NOCTOSIHHBL. Ha KakoM paccTosiHUM OT MecTa TOTEPU OH JJOTOHUT YAOUKY, ECIIM CKOPOCTh TEUEHUS
BOJIBI paBHA 2 M/c?

3anaqa

Yacrtora oOpamieHus Bo3aymHoro BuHTa camonera 1500 o6/mMuH. CKONIBKO 0OOpPOTOB
nenaet BUHT Ha myTH 90 kM nipu ckopoctu nosiera 180 km/4a?

Pa3nea 1. Mexanuka

Tema 1.2. lunamuka

IIpakTuyeckass padora: H3ydyeHue 3aKOHOB [BHKEHHUSI W PpeLICHHE 3a1a4 10
AUHAMHUKeE

Hemn 3anaTus: VM3yduTh 3aKOHBI NMHAMMKUA M 3aKpPENUTh 3HAHUS HA MPAKTUYECKOM
pELICHUH 3a/1a4 110 TEME.

3amaua
[Ipu BBICTpENiE M3 NMPYKUHHOIO MUCTOJIETA BEPTHUKAIBHO BBEpX Iyist maccod m=20 r



HOJHsIAach Ha BbIcoTy h=5 M. OnpenenuTh *KecTKOCTh K Mpy:KUHBI MUCTOJIETA, €CIM OHA ObLIa
ckara Ha S=10 cM. Maccoit mpy>KuHbI PeHEOPEYb.

3anaqa

[Tap maccoit mi, ABM>KYLIUICSA TOPU30HTAIBHO C HEKOTOPOM CKOPOCTBIO V1, CTOJIKHYJICS C
HETOJIBIKHBIM IIAPOM MAcCOU mp. Yap - mpsiMOii, IEHTPaIIbHBIN, a0COMOTHO yrpyruil. Kakyro
J0t0 Ex CBOEH KMHETUYECKOM SHEPrUu MEePBbIN 1Iap mepeaal BTopomy?

3amava

[TnaTdhopma B BuE CIUTOIIHOTO AUCKa paguycoMm R=1,5 M u Mmaccoii m1=180 kr Bpamaercs
110 MHEPLIUU BOKPYT BEPTUKAJIBHON ocu ¢ yactoTor N=10 06/MuH. B nienTpe miaaTdopmsl CTOUT
qenoBeK Maccoit M=60 kr. Kakyro JTMHEHWHYI0 CKOPOCTh OTHOCUTENIBHO T0JIa MTOMEIIeHUs Oy 1eT
UMETh YeJIOBEK, €CIIM OH MepeieT Ha Kpail miaThopMbl?

3anava

Teno GporreHo BepTUKAIBHO BBEpX O ckopocThio 30 M/c. Ha Kakoii BEICOTE U Uepe3 Kakoe
BpeMsI CKOPOCTh Tena (1o Moayiio) OyneT B 3 pa3a MeHbIIIe, YeM B Havaje noabema?

3anaua

Haiit BbICOTY moabeMa M JANbHOCThH MOJIETa CUTHAIBHON PAKEThl, BBIMYIICHHONH CO
ckopocThio 40 M/c mox yriiom 60° K TOPU30HTY.

3anava

Bo ckonbko pa3 OTIMYaeTcsl CKOPOCTh MCKYCCTBEHHOI'O CHYTHHKA, ABMXKYIIETOCs Ha
BbicoTe 21 600 KM OT MOBEPXHOCTH 3€MJIH, OT CKOPOCTHU CITYTHHUKA, ABUXKYIErocs Ha BeicoTe 600
KM HaJ| noBepxHocThbi0? Pannyc 3emnu npuHsaTh paBHbIM 6400 kM.

3anaua

Kakyro cuiy Hamo npunoxkuth JUisl TOAbEMa BaroHeTKH maccoil 600 Kr mo scTakajne c
yriioM HakJioHa 20°, eciau K03 GUIMEHT CONPOTUBICHU ABMKeHHIO paBeH 0,057

3anaua

C KakUM yCKOpEHHEM a CKOJB3UT OPYCOK MO HAKJIOHHOM MJIOCKOCTH € YTJIOM HakJIOHa o=
30° mpu ko3 punmente Tpenus u= 0,2?

3anava

C kakoil MaKCHMaJbHOM CKOPOCTBIO MOXXET €XaTh MOTOIUKIHUCT IO TOPU30HTAIHHOU
MJIOCKOCTH, OMHCHIBast ayry paaunycoM 100 M, ecnu k03P GUIIUEHT TpeHUs pe3uHbl 0 1mouBy 0,47
Ha xako# yroa oT BEpTUKaJIBHOTO TIOJIOKEHUS OH IIPU 3TOM OTKJIOHSAETCS?

3anaua

Bpycok maccoii 400 r nmox aeiictBuem rpysa maccoit 100 r (puc.) IpoOXOJUT U3 COCTOSHUS
nokost myTh 80 cMm 3a 2 ¢. Halitu ko3 durnrienT tpeHus.

NN

3amaua
Moryt nu cunel 10 u 14 H, npunoxeHHble K OJHON TOYKE, 1aTh PABHOJCUCTBYIOILYIO,
paBHylo 2, 4, 10, 24, 30 H?



3amaua

Hurtb, Ha KOTOpOI1 BUCUT Ipy3 Maccoi 1,6 Kr, OTBOAUTCS B HOBOE MoJ0keHue cuioit 12 H,
JIEUCTBYIOILLEH B TOPU30HTAIBHOM MOJ0KEHUU. HaliTH Cuily HaTSKEHUS] HUTH.

3anaqa

[Tpu kakoM MUHUMAaJILHOM KO3(PHIIMEHTE TPEHHSI CAHKU HE OYAyT CKaThIBaThCs C TOPHI,
€CJIM YTOoJl HaKJIOHa ropel paBeH 30°7

3amava

Ha kponmreitne Bucut rpy3 maccoit 100 kr, yroa Mexy HaKJIOHHbIM U TOPU30HTAJIbHBIM
crepxkHsmMu paeH 300. Onpenenure cuily, pacTArMBAOILY0 TOPU30HTAIbHBIN CTEPKEHD, U CUITY,
CKUMAIOIIYIO0 HAKJIIOHHBIN CTEP/KEHb.

30°
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3anava

J1Ba ogHOpOoHBIX 11apa Maccamu 10 kr u 12 kxr ¢ paguycamu 4 ¢cM 1 6 CM COOTBETCTBEHHO
COCIMHEHBI MOCPEICTBOM CTEpKHS Macco 2 kr u jmHou 10 cM. LleHTpsl mapoB jexaT Ha
IIPOJOJDKEHUH OCH cTepskHA. HallnuTre nosoxeHue eHTpa TSHKECTH 3TOH CUCTEMBI.

Pa3nea 1. Mexanuka

Tema 1.3. 3aKoHBI COXpaHEeHHS B MEXaHHKE.

IIpakTnueckas padora: N3yyeHue 3aKOHOB COXpPAHEHHS] MEXaHNYE€CKOT0 ABHKEHUS

He.]'ll/l 3aHATHA: I/I3y‘~H/ITL 3aKOHBI COXpPAaHCHUA B MCXAHUKC M 3aKpPCIIUTb 3HAHUA Ha
MPAKTUYECKOM PELICHUH 3a/1a4 110 TEME.

3anaua

Baron maccoii 20T, nBmwkymuiics co ckopocTthio 0,3m/c, HaroHser BaroH maccoi 30T,
IBUOXKYIIHICS co ckopocThio 0,2M/c. KakoBa cKOpocTh BaroHOB IMOCIE B3aUMOJACHUCTBUS, €CIU
yZiap Heynpyrui?

3anaua

Kakyro paGoTy Hajo COBEpHINTH, YTOOBI JISKAITUNA HA 3eMJIE€ OJHOPOJHBIN CTEPKEHB
JuHOM 2 M 1 Maccor 100 Kr mOCTaBUTh BEPTUKATIBLHO?

3anaya

C kakoil Ha4YaJbHOW CKOPOCTHIO Vo HAO OPOCUTH BEPTHKAIBHO BHHU3 MSY C BBICOTHI N,
4TOOBI OH MOCJIEC y/apa O 3eMITI0 MOANPBITHY OTHOCUTEIHFHO HAYaIbHOTO YPOBHS Ha BBICOTY: a)
h=10 m; 6) h. Cuutath yaap abCOTIOTHO yIIPYTUM.

3anaua

MasaTHHK Maccoil M OTKJIOHEH Ha yroia a OT BepTukaiu. KakoBa cuia HATSHDKEHHS HUTH
IIPU IPOXOKIAECHUN MAaATHUKOM I10JIOKEHUSI PABHOBECHSI?

3amaua

CamoneT maccoif 2 T IBHKETCS B TOPU3OHTAIILHOM HAaIPaBJICHUH CO CKOPOCThIO 50 m/c.



Haxonsice Ha BbicoTe 420 M, OH MEPEXOAUT HA CHUKEHUE TMPHU BBHIKIIOUYEHHOM JIBUTATElE U
JOCTUTAET JTOPOXKKHU adpoipoma co CKOpocThio 30 m/c. Onpenenuth paboTy CHIIBI COTPOTHBIICHUS
BO3/lyXa BO BpeMs IIAHUPYIOLLIETO MOJIETA.

3anaqa

Haiitu KIIJI HaxioHHOM TUIOCKOCTH JUMHON 1 M U BBIcOTOH 0,6 M, ecnu K03 PuIEeHT
TPEHUs IPHU ABMKEHHUH 10 Hell Tena paseH 0,1.

3amava

C KaKoif CKOPOCTHIO MOHMKAETCS YPOBEHb BOABI B OaKe, IIOMIAb CEYEHN KOTOPOro 1M?,
€CIIN CKOPOCTh TEUEHHUs BOJIBI B OTBOJAIICH TpyOe ceuenneM 20 cm? paBHa 2 M/c? Kakos pacxon
BOJIbI B Oake?

3anaqa

CKkopocTh Te4ueHus BOJbI B MIMPOKOH dacTu TpyOs! 10 cM/c. KakoBa CKOPOCTH €€ TeueHus
B Y3KOH 4acTH, TuaMeTp KOTOPOH B 4 pa3a MeHblIe JuaMeTpa IHUPOKOH yacTu?

3anaua

Ecnu moakmouuTh NUTAHT K BBIXOJHOMY OTBEPCTHIO TbLIECOCAa U MOMECTUTH B CTPYIO
MSTYHK ISl HACTOJIBHOTO TeHHHUCA (pHC.), TO OH OyJIeT MapuTh B CTPYE U MPH ABMKCHUHU IIITAHTA
Oyznet cinenoBath 32 HUM. OOBSCHUTH SIBJICHHUE.

3anaua
B Bom0npoBoaHOI TpybGe 0Opa3oBaloch OTBEPCTHE CEUEHHEM 4 MM2, M3 KOTOPOTO OBET
BEPTHUKAJIBHO BBEPX CTPYS BOJIbI, MOJAHUMAasACH Ha BbICOTYy 80 cMm. KakoBa yTeuka BobI 3a CyTKU?

Pa3nea 2. MoaekynspHas pusuka

Tema 2.1 MonekyaIsipHO-KMHETHYECKAS TEOPHUSsI

IIpakTnyeckas padora: 3agaum Ha rasoBble 3aKOHbI U NPMMEHEHHE yYPaBHEHUS
COCTOSIHUSI H€ATbHOI0 ra3a.

He.ﬂl/l 3aHATUSA. I/I3y‘II/ITB Ta30BbBIC 3aKOHBI W 3aKPCIIMTh 3HAHUA Ha HNPAKTHYCCKOM
pELICHUH 3aj]ad 110 TEME.

3anaya

Kaxoe koin1uecTBO BEIECTBA COAEPKUTCS B AIFOMUHMEBON OTIMBKE Maccou 5,4 kr?

3anaua

Kakoit 00beM 3aiiMeT BOJOpPOJ, COAEPIKAIIMIA TaKkoe e KOJIMYECTBO BEILECTBa, KaKoe
coziepKuTCA B a30Te obbeMoM 2 M3? Kakoii 06beM 3aiiMeT KMCIOpOJ, COAep Kalluil Takoe ke
KosindecTBO BenlectBa? TemnepaTypa u 1aBiIeHHE I'a30B OJJUHAKOBHIE.

3amaua

Haiitn Maccy MOJIeKyJ bl BOJBI M METaHA.



3amaua

KakoBa cpenusisi kBajpaTuyHasi CKOPOCTh JIBUKECHHUSI MOJIEKYII Ta3a, €CiH, UMes maccy 6
KT, OH 3aHHMaeT oobeM 5 M° npu nasnennu 200 xI1a?

3anaqa

Bo ckonbko pa3 cpeHss KBaApaTU4YHAs CKOPOCTb MOJIEKYJ KUCIOPO/a MEHBIIIE CpEaHEN
KBaJJPaTUYHON CKOPOCTU MOJIEKYJ BOIOPO/IA, €CIIH TEMIIEPaTyphbl 3TUX I'a30B OJUHAKOBBI.

3amava

Haifti Maccy IpHpOHOTrO rOPIOYEro ra3a 00beMoM 64 M3, cuuTas, 4To 00bEM yKa3aH MpH
HOpPMaJIbHBIX YCJIOBUAX. MOJIpHYIO MacCy HPUPOAHOIO TOPHOYEro raza CYUTaTh PaBHOU
MoJsipHoit Macce metana (CHa).

3anaqa

B onunakoBbIX OamyioHax NMpu OAMHAKOBOM TeMmIieparype Haxoxasrcs Bojxopoxa (Hz) u
yriekucasiii a3 (CO2). Maccbl T1a30B oaMHaKkoBbl. Kakoi W3 ra3oB HpOM3BOAMT OoJbliee
JIaBJIEHUE HA CTEHKU OaJJIOHA ¥ BO CKOJIBKO pa3?

3anaua

Illap o6Bemom V=0,1 M3, c/ienanublii 3 TOHKOH GyMaru, HamoJIHAIOT TOPSIUM BO3AYXOM,
umMeromuM temieparypy T2=340°K. Temneparypa okpyxatorero Bozayxa T1 = 290°K. JaBnenue
BO3/lyXa p BHYTpHU Iapa u atMochepHoe namieHue oauHakoBbl U paBHBI 100 klla. ITpu kakom
3HauYE€HUU Macchl M OymMa)kHOM 000JI0UKH Iap OyJeT MogHUMATbCS?

3anava

[Ipu noBbllIeHUH a0COIOTHOM TeMmepaTyphl MJI€AIbHOIO ra3a B 2 pa3a JaBJI€HME rasa
yBenuuuiock Ha 25% . Bo ckoibKo pa3 nmpu 3TOM U3MEHWICS 00beM?

Pasnea 2. MoaekynspHas pusnka

Tema 2.2 Hauajia TepMOAUHAMUKHA

IIpakTuyeckoe 3ansaTHe: M3yueHne Hayajl TEPMOIAMHAMUKH M pelleHHe 3a/7a4 MO
TeMe.

]_Ie.]'ll/l 3aHATHA:. HSy‘II/ITB 3aKOHbI Ha4dYal TCPMOAWMHAMHUKHU M 3aKPCIIMTb 3HAHHUA Ha
MPaKTUYECKOM PEIICHUH 3a]1a4 110 TEME.

3agava

Hackonbko u3MeHsieTcsl BHYTpEHHsAs 3Heprusi renus maccod 200 T mpu yBeIMUYEHHH
Temreparypbl Ha 20°C?

3amava

Kaxk m3MeHsieTcst BHyTpeHHSISI SHEPTHsl OJJHOATOMHOTO ra3a Mpu W300apHOM HarpeBaHHUH?
MIPU U30XOPHOM OXJIKJICHUU? TIPU U30TEPMHUIECKOM CIKATHH?

3agava

Kakyro paboty A coBepmiaer ra3, KOJIMYECTBO BEIIECTBA KOTOPOTO V, TIPH M300apHOM
MOBBIIICHUH TeMIlepaTypbl Ha AT7?

3amgava

B nByx umnuHIpax noJ MOABUHBIM TOPIIHEM HAaxXOMASTCS BOAOPOA M KHUCIOPOJ.
CpaBHUTH PabOTHI, KOTOPHIE COBEPIIAIOT 3TU ra3bl MPU N300apPHOM HATPEBAHUU, €CIIH X MACCHI,
a TaK)Ke HayaJlbHbIE U KOHEYHbIE TEMIIEpaTyphl PaBHBI.

3amaua

O6mem kucimopoma maccoi 160 T, temmeparypa kotoporo 27 °C, mpu wnzo0apHOM



HarpeBaHuu yBenuuuics BiaBoe. Haiitu paboTy rasa mpu paciiipeHHH, KOJIWYECTBO TEIUIOTHI,
KOTOpOE MOIIUIO Ha HarpeBaHUEe KUCIIOPO/1a, U3BMEHEHHE BHYTPEHHEU SHEPTUH.

3anaqa

B kanopumerp ¢ Temnoemkoctbio 63 JIx/K 6110 HanmTo 250 T Macna npu 12 °C. Tlocne
OImycKaHus B Macjo MeaHoro tena maccoit S00 r mpu 100 °C ycranoBmiiack o0mas Temmeparypa
33 °C. KakoBa, 10 JaHHBIM OIBITA, YJEIbHAs TEIJIOEMKOCTh Macia?

3amava

B uneanbHoO# TEmI0BOM MalInHe 3a CUET Ka)kI0T0 KUJIOJKOYIIS SHEPTUH, TOTy4aeMOi OT
HarpeBateins, coBepiaercs padora 300 JDk. Onpenenuts KIIJ[ mammubl M Temmeparypy
HarpesaTelis, ecili Temneparypa xonoauibHuka 280 K.

3anaqa

Kakyro cpemHioro MOUIHOCTH pa3BHBAET JIBUTaTelb MOTOIMKIIA, €CIU IMPU CKOPOCTH
merxeHus 108 km/4 pacxoy 6en3una cocrasiuseT 3,2 1 Ha 100 km mytw, a KIT/] nBuratens 25% ?

3anaua

C kakoil HauMeHbIIel CKOPOCTHIO TOJIKHA JIETETh CBUHIIOBAs APOOUHKA, UTOOBI IPU yaape
0 MpEenITCTBUE OHA paciiaBuiack? Cunutarh, 4To 80% KUHETUYECKON IHEPTrUU IPEBPATUIIOCH BO
BHYTPEHHIOIO SHEPTHUI0 JPOOUHKH, a TeMIepaTypa ApoOuHKH 110 yaapa Obuia 127 °C.

Pa3nea 2. Monekynsipaas pusuka

Tema 2.3 Arperatubie cOCTOSIHMS BelllecTBA U (ha30BbIe Mepexoabl

IIpakTuyeckasi paboTa: ArperaTHble COCTOSIHUS BellleCTBA U (pa3oBbIe MepPexo/bl.

Henun 3ansitusi: V3yunTh arperatHble COCTOSIHUS BelIecTBa, (a30BbIE MEPEXOAbl U
3aKpENUTh 3HAHUS Ha MPAKTHYECKOM PEIICHUH 33]1a4 10 TEME.

3anava

Kakoe xomnuecTBO TEMIOTHl MOTpedyeTcs i TIaBieHUsT 2,6 KI' CBUHIIA, B3SITOTO MPH
temmepatype 300 °K?

3anaua

Kakoe xonnuecTBO TEMIOTHI HaJIO 3aTPATUTh, YTOOBI 125 T JibJla, UMEIOIIET0 TEMIIEPATypy
268 °K, npeBparuth B miap?

3anava

Macca cepebpa 10 r. CKOTBKO DHEPrUU BBIACITUTCA TPH €r0 KPUCTAJUIM3AIUUA |
oxnaxaernu 10 600°C, eciu cepebpo B3ATO MPH TEMIIEPATYPE IIABJICHHS?

3anaya

Kakoe konm4ecTBO TEmI0TH HEOOXOAMMO JIsi HarpeBaHus 1,5 KT JibJa OT TeMmepaTypsl -
20°C 1o TeMmeparyphl IUIABIEHUS U MIPEBPAILEHUS €ro B Boay? YeabHas TEIIOEMKOCTh Jbaa

2100 JIx/ kr+°C, yaenpHas TemioTa miasneHus abaa 3,4+10° JIx/kr.

3anaua

Temmeparypa Bo3ayxa B momemennn 27°C, a mapruanbHOe JaBlIeHHe BOASHOTO Tapa B
HeMm 1,7 x[1a. OnpenenuTs aOCONMIOTHYIO H OTHOCHTENBHYIO BIQXKHOCTh BO3/IyXa.

3anaya

Koaddurment noBepxHOCTHOTO HaTsOKeHHsS KepocuHa paBeH 24 mH/m. Kakyio paboty
COBEpILAT CHJIBI TOBEPXHOCTHOT'O HATSKEHUSI, €CIIH TTIOBEPXHOCTHBIH CIIOHM KEpOCHHA YMEHBUIUTCS
Ha 20 cm??

3amaua



Kakoe xonmnuecTBO TEIIOTHl HEOOXOAUMO COOOITUTH JBYM KHIJIOTPaMMaM BOJBI, B3SThIM
npu Temneparype 50 0C, 4ToObI MOTHOCTHIO 3TY BOAY NIPEBPATUTH B map?

3anaqa

200 TpamMM BOASHOTO Tapa, B3sToro mpu Temmeparype 100°C, mepesenn B Boy, B3ATYIO
ipu Temnepatype 20°C. Kakoe KoIuuecTBO TEMIOTH MU 3THX HPOIIECcax BOJA U Tap Tepeaaiu
OKpyXaroleut cpeae?

3anaqa

B Bogy maccoit 400 r u Temneparypoit 10 °C Bnyctunu 10 r BoasgHOro mapa c
temriepatypoit 100 °C. Onpenenute, Kakas TeMIepaTypa YCTAaHOBUTCS B COCY/IE.

3amava

Kycok npna maccoit 8 xr umeer temneparypy 0 °C. Ero HauMHarT IUIaBUTh, CXKHUIras
kepocuH. Uto Oyzer B cocyae, koraa croput 100 r kepocuna?

3anaqa

B cocyn ¢ Bopoii Maccoit 2 kr u remneparypoi 60 °C moJioKWIM Kycodek Jiba Maccoit 50
r u remneparypoii 0 °C. Kakas remneparypa ycranoBurtcs B cocyae? (Otset: t = 56 °C.)

3agadua

Kakoe komn4yecTBO TEIMIOTHl BBIIEISETCS MPU KOHJSHCAIIMU BOASIHOTO Mapa Maccou 5 Kr
npu temmeparype 100 °C u oxnaxaenuu odpazosasiieiics Bojsl 10 30 °C? (Otset: Q= 1,3 « 107

Jx.)

3anaua

Onpenenure KII/] nBuratens tpakropa, KOTOpoMy JJisl BeIOJIHEHUs padoTsl 1,89 107
JIx moTpeboBanoch 1,5 Kr TOIIMBA C yAETbHOU TerioToi cropanus 4,2 « 106 J{x.

Paznen 3. DaekTpoaunaMmnka

Tema 3.1 DiiekTpHYecKoe noJie

IIpakTuyeckas padora: M3yuenune 3aK0HOB YJIEKTPHYECKOT0 MOJIsI U pelieHue 32124
o Teme.

Henun 3ansTus. V3y4yuTh 3aKOHBI AJIEKTPUYCCKOTO TIONS W 3aKPENHUTh 3HAHUS Ha
MPAKTUYECKOM PEUICHUH 3a/1a4 110 TeMe.

3anaua

JIBa Toueunbix anekTpuueckux 3apsana Qi=I1uKn m Q2=-2uKn HaxonsATcs B BO3myxe Ha
paccrossuun d=10 cm apyr ot apyra. OnpenenuTs Hanpsok€HHOCT, E M moTeHmman ¢ mous,
CO3/1aBa€MOr0 ATUMH 3apsaMu B TOUKe A, ynanéHHoU oT 3apsana Q1 Ha paccTosiHUE 11=9 CM U OT
3apsiaa Q2 Ha 12=7 cM.

3anaya

Bo ckonbpko pa3 Hao U3MEHHUTHh PACCTOSTHUE MEXY 3apsgaMu MpHU YBEIMYEHUH OJHOTO
U3 HUX B 4 pa3a, 4TOOBI CHJIa B3aMMOJICHCTBHS OCTANIACh TPEKHEH?

3anaua

OnuHakoBbl€ MIapuKH Maccoil 1o 0,2rnoABeIIeHbl Ha HUTH TaK, KaK OKa3aHO Ha PUCYHKE.
Paccrosnue mexnay mapukamu BC = 3 cMm. Haiftu cuny HaTspkeHust HUTH Ha ydactkax AB u BC,
€CJIM IIapruKaM COOOIIMIIM OJJMHAKOBBIE 110 MOAYI IO 3apsiabl o 10 HKi. PacemoTpeTs cmyqan: a)
3apsabl OTHOMMEHHBIE; 6) 3apsiibl pa3HOUMEHHBIE.



@ C
3agaua

JlBa 1mapuka, pacrosioKeHHble Ha paccTosiHUM 10 cM Apyr oT Ipyra, UMEIOT OJJMHAKOBbIE
OTpHUIIATEIIbHBIE 3apsiibl U B3auMOACUCTBYIOT ¢ cwiod 0,23 MH. Haiit umcino u30bITOYHBIX
JJIEKTPOHOB Ha KAXKIOM IIapUKE.

3amaqa

C KakuM yCKOPEHHUEM JBUKETCS MIEKTPOH B NIEKTPUUYECKOM I10JIE€ HANPSKEHHOCTHIO 10
kB/m?

3anaua

JlBa 3apsa, oAMH U3 KOTOPBIX 110 MOAYNIO B 4 pa3a Oosblile Ipyroro, pacloyioKeHbl Ha
paccTosiHuU I' Ipyr oT Apyra. B xakoil Touke MpocTpaHCTBAa HANPSYKEHHOCTh MOJIS paBHA HYJIIO,
€CJIU 3aps/Ibl: @) OIHOMMEHHbIE; 6) pa3HOUMEHHbIE?

3agadua

3apsOKCHHBIM  METAJUIMYECKMM  JIMCT CBEpHYJIM B muiauHap. Kak  u3meHunach
IIOBEPXHOCTHAs IUIOTHOCTH 3apsaa?

3anaua

HaiiTi HanpsKeHHOCTh MOJIs 3apsKEHHON 0€CKOHEYHOM IUIaCTUHBI, €CIIM TOBEPXHOCTHAs
TIIIOTHOCTH 3apA/ia Ha Heit paBHa 354 HKi1/M?

3anaua

Mexny 1ByMs IUIaCTUHAMH, DPACIOJNIOKEHHBIMU  TOPU30OHTAJIbHO B  BaKyyMe€ Ha
paccrosiHuu 4,8 MM JApyr OT Jpyra, HaxOIWUTCA B PABHOBECHU OTPHULIATEIBHO 3apsDKEHHAsS
Karenbka Macia Maccoi 10HT. CKOJIBKO «M30BITOYHBIX)» 3JEKTPOHOB MMEET KaleibKa, eClid Ha
IUTACTUHBI NOAAHO HanpsbkeHue 1 kB?

3agaua

Emkocts omHoro xonnencatopa 200 n®d, a apyroro — 1 mMx®. CpaBHUTH 3apsibl,
HAKOIUIEHHbIE Ha 3THUX KOHJEHCATOpax MpU MX MOJKIIOYEHHH K IOJIFOCaM OJIHOTO U TOTO XKe
MCTOYHUKA IOCTOSTHHOTO HaIPSHKEHHUS.

3amaqa

Bo ckoibpK0 pa3 U3MEHUTCS] eMKOCTh KOHJIEHCAaTopa MPH YMEHbIIEHUH padoueil miomia m
IUTACTHK B 2 pa3a U YMEHbBILIEHUHU PACCTOSHUS MEXAY HUMU B 3 pasza?

3anaqa

IIpu BBEIEHNH B IPOCTPAHCTBO MEXKY INIACTUHAMH BO3yLITHOTO KOHAEHCATOPa TBEPAOIO
JUDJIEKTPUKAa HanpspDKeHWe Ha KoHjaeHcarope ymenpmmioch ¢ 400B no 50B. Kakxosa
TURIIEKTPUYECKasi IPOHUIIAEMOCTb TUANIEKTpUKa?

3amaqa

Paccrosane  Mexay IUIaCTUHAMHU  3apsKEHHOTO IIOCKOTO KOHIEHCATOPA YMEHBIININ
B 2 pa3a. Bo ckoibKO pa3 U3MEHWJIACh 3HEPIHsl U IJIOTHOCTH 3HEpruu noist? PaccMoTpers aBa
Cllydas: a) KOHJEHCATOp OTKJIIOYWJIM OT MCTOYHMKA HAINpsDKEHMs; 6) KOHAEHCATOp OCTajCs
IPUCOEANHEHHBIM K UICTOYHHMKY ITOCTOSIHHOTO HAIIPSIKEHMUS.



Pa3znea 3. JjekTpoauHaMuKa

Tema 3.2 IlocTOSAHHBII 2JIeKTPUYECKUH TOK

IIpakTnyeckas padora: 3yueHne 3aKOHOB JIEKTPHYECKOI0 TOKA M pellieHHe 32124
110 Teme.

e 3auaTusa. M3yduTh 3aKOHBI JIEKTPUYECKOrO TOKA M 3aKpENMTh 3HAHUSA Ha
IIPAKTUYECKOM PELICHUH 3a/1a4 110 TEME.

3amaua

CKOJBKO BpeMEHH JUTMIIOCh HUKEJIMPOBaHUE, €CIIM Ha U3JIeJINEe OCeJl CII0M HUKels Maccou
1,8r npu cune Toka 2A? DIeKTPOXUMUYECKHiT SKBUBANEHT HUKes paseH 3-10  kr/Ki.

3anauda

[Ipu cepebpennu u3aenui noib30Baauch TOkoM SA B redenue 15 muH. Kakoe konnuecTBo
cepeOpa u3pacxo0BaHO 3a ATO BpeMs? DICKTPOXUMHYCCKHI IKBUBAJICHT cepedpa paser 1,12-10°
6 kr/Ko.

3amaqa

OJC »nementa 1,5B, a ero BHyTrpenHee comnpotusieHue 0,5 Om. ComnpotuBieHue
BHeINIHeH 1enu Takxke paBHo 0,5 OM. KakoBa cuia Toka B nienu?

3anaua

AKkymynsTop ¢ BHyTpeHHUM conpotusieHreM 0,20m u D/1C 2B 3aMKHYT NpOBOJIOKOM.
Onpenenuts MoLaab MOMNEPEUHOTO CEYEHHS MPOBOJIOKH, €CIIM CHJIa TOKa B LENH paBHA SA,
y/IeTbHOE CONPOTUBIEHNE TPoBoaokH pasHo 0,1:10° Om M, a ee muHa paBHa Swm.

3anaqa

KaxoBa macca Menu, BblienuBLIelcsa 3a | 4 Ha Karoze, €CaM CHJIa TOKa 4epe3 pacTBOP
MeJIHOTO Kyropoca paBHa 5000 A? DieKTpoXuMHYeCKHUil SkBuBaTenT Meau 3,28:107 kr/ K.

3anaqa

J1Ba npoBoHUKA conpoTuBiieHnEM SOM u 70M coeIMHEHBI APAJUIEIBHO U OIKIIOUEHBI
K MCTOYHMKY 3JIEKTPUUYECKOTo Toka. B mepBom BeIIenunoch B Buae Temia 17,6 x/lx sHepruu.
Kakoe kon1uecTBO TEII0Thl BBIAECINUIOCH BO BTOPOM ITPOBOAHUKE 32 TO K€ BpeMsi?

3anaua

CKOJIbKO BPEMEHH JUIUTCS HarpeBaHUE B 3JIEKTPUUECKOM YaiiHHKe MOoIIHOCThI0 800BT 31

Bojiel 0T 180°C 0 Temmeparyps! kunenus? KI1J] yaitnuka pasen 87%.

Pa3nea 3. DiekTpoamHaMuKka

Tema 3.4 MarnuTtHoe nmose

IIpakTuyeckas padora: M3yyeHue 3aKOHOB MATHUTHOIO I10JIS1 M pellIeHHe 3a1a4 110
TEMe.

Hean 3anaTus: M3ydynTh 3aKOHBI MarHUTHOIO TIOJISI W 3aKpENHUTh 3HAHUSA Ha
MIPAaKTHYECKOM PELICHUH 3a7a4 110 TEME.

3anaua

JIBa mapalenbHbIX OECKOHEYHO JIMHHBIX mpoBoja D u C, mo KOTOpBIM TEKYT B OJJHOM
HampaBJICHUU TOKU cwioi 1=60 A, pacnosoxenbl Ha paccrossauu d =10 cMm apyr oT apyra.
OnpenenuTh MarHUTHYIO MHAYKIHIO B MOJs, CO3/1aBa€éMOTo MPOBOJHUKAMU C TOKOM B TOYKE A,
OTCTOSIIIEN OT OJTHOTO MPOBOJHUKA HA PACCTOSHUU 1=5 CM, OT IPYTrOro Ha pacCTOSAHUU =12 cMm.

3amaua



Pamka miomansio 400 cM? roMelneHa B OJHOPOJHOE MarHUTHOE nosie uHayknuen 0,1 Tn
TakK, 4TO HOPMAJIb K paMKe TepIeHANKYIIpHA JIMHUSIM UHAYKIUU. [Ipu Kakoii cuiie TOKa Ha paMKy
Oyner aeiicTBoBaTh Bpamaomuii MomeHT 20 MH-M?

3anaqa

MarsuTHBIH MOTOK BHYTPH KOHTYpA, TUIONMIAAb MOMIEPEYHOro CeueHHs KOToporo 60 cm?,
paBen 0,3 mMBO. Haiith wHAykmuio mojiss BHYTpU KoHTypa. [loje cuuTaTh OJHOPOIHBIM U
NEePIEeHIUKYISIPHBIM IIOCKOCTH MPOBOIHUKA.

3amaua

KaxoBa mHAYyKIIMS MAarHUTHOTO TOJIS, B KOTOPOM Ha MPOBOJIHUK C JUIMHOM aKTUBHOM YacTu
5 cm peiictByer cuna 50 mH? Cuma toka B mpoBoanuke 25 A. IIpoBOAHHMK pacroyioxeH
NEPICHIUKYISIPHO BEKTOPY UHAYKIIMA MAarHUTHOTO TIOJISI.

3anava

[TpoBoguuk ab, mmuaa Kotoporo | ¥ Macca M, mojBeIIeH HA TOHKUX MPOBosIoYkax. [Tpu
MPOXOXKACHUN BO HEMY TOKa | OH OTKJIOHWIJICS B OJTHOPOJHOM MAarHUTHOM Tojie (pHC.) TaK, 4TO

HUTHU 06pa30BanH yroJji aC BEPpTUKAJIbIO. Kaxkoa HHAYKIHSA MAaraHuTHOI'O roJis?
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3anaqa

Kakas cuna geiicTByeT Ha MPOTOH, JABHXKYILIUMCS cOo cKopocThio 10 Mwm/c B MarHuTHoOM
nosie uHAyKuuen 0,2 Ti nepneHAuKyIspHO JTMHUAM UHAYKUINN?

3anaua

[Ipoton B marautHOM mnosie uHayknuei 0,01 Tn omucan okpyxHocTh paguycom 10 cwm.
Haiitu ckopocTh pOTOHA.

3anaqa

IIpoToH M o—yacTHIa BIETAIOT B OTHOPOAHOE MAarHUTHOE 0JI€ EPIEHIUKYIISIPHO JTUHHSIM
uHAYKIMHA. CpaBHUTH pajlyChl OKPYKHOCTEH, KOTOpBIE OIMCBHIBAIOT YaCTHUIbl, €CIM y HHUX
OJIMHAKOBBI: @) CKOPOCTH; 6) SHEpruu. 3apsj a—4acTHIBl B 2 pa3a Ooiblle 3apsja MpoTOoHa, a
Macca 0—4acTulbl B 4 pa3a 00JIbLIE €r0 MacCHhI.

Paznen 3. DiiekTpoanHamMuka

Tema 3.5 DyekTpoMarHuTHoe 1moJie

IpakTuyeckasi padora: U3yuyeHue 3aKOHOB 3JIEKTPOMATHUTHOIO 1OJISI U pellieHne
3aJa4 Mo Teme.

Hean 3anaTusi: V3y4yuTh 3aKOHBI 3JEKTPOMArHUTHOIO TOJIA M 3aKpPENUTh 3HAHUSA Ha
MPaKTUYECKOM PEIICHUH 3a/1a4 110 TEME.

3amaua
[To kakOoMy 3aKOHY JOJDKEH U3MEHSTHCS MarHUTHBIA TTOTOK B 3aBUCUMOCTH OT BPEMECHH,



yTo0b1 D/1C MHAYKIIMK, BOSHUKAIOIIAS B KOHTYPE, OCTaBaJIach MOCTOSHHOMN?

3anaqa

CKOJIBKO BUTKOB JIOJKHA COIEPIKATh KaTYIIKA C TIIONIAIbI0 TIOTIEPEUHOro cedenus 50 cm?,
4yT00BI TpU HM3MEeHEeHUH MarHUTHOM uHAyKmuu ot 0,2Tm mo 0,3 Tn B Teuenume 4 mMc B Hell
B030yxnanacs 9J1C 10B?

3amava

C Kakoil CKOpOCThIO HAJ0 MEepeMEIIaTh MPOBOJHUK MO yriioM 60° K JIMHUAM HUHAYKIUU
MarHuTHOTO TMOJIs, 4yTOObl B mpoBoaHMKE Bo30Oyxknamnack JDJIC wuaykiuu 1 B? Wugykius
MarHuTHOro nosis paBHa 0,2 Tiu. [[nuHa akTuBHOM YyacTu 1 M.

3anaqa

Kakas 3/1C camonnyKuuu Bo30yKaaeTcsi B 0OMOTKE JIEKTPOMarHuTa HHAYKTHBHOCTHIO
0,4 I'n npy paBHOMEPHOM M3MEHEHUHU CHIIbI TOKA B Hell Ha 5 A 3a 0,02 c?

3anava

B karymke unnykruBHoctbio 0,6 I'H cuna Toka paBHa 20 A. KakoBa 3Heprus MarHuTHOTO
noJist ATor Karymku? Kak n3MEeHUTCS SHEepTUs MoJis, €ClIM CHJIa TOKa YMEHBIIUTCS BIBOE?

3anaua

Kakoii nomxkna ObITH cujia TOKa B 0OMOTKE Jipoccensi UHAYKTUBHOCTBIO 0,5 ['H, 4TOOBI
SHEPTHUs MOJs oKazanack paBHou 1 JIx?

Pa3nen 4. Kojie0anus u BOJIHBI

Tema 4.1 Mexanndeckue Ko1e0aHNsI H BOJIHBI

IIpakTnyeckas padora: M3yyenue npupoabl MeXaHHYECKUX KOJICOAHUI U pelIeHne
3aja4 1o TeMe.

Heau 3anaTusa: O600MUTE U 3aKPENUTh 3HAHUS HA MPAKTUYECKOM PEIICHUU 3a]ad 10
TEME.

3anava

Touka coBepiaeT rapMoHHUeckue koyebanus ¢ yactotoid v=10 I'i. B MoMeHT, MpUHSATHII
3a HaYaJbHbIM, TOYKA HMMEJa MAKCUMAIIbHOE CMEIICHUE Xware=1 MM. HammcaTe ypaBHEeHHE
KOJICOaHHU I TOYKH.

3anaua

I'py3uk, konebmromuiics Ha MpyX)uHe, 3a 8§ ¢ coepmna 32 konebanus. Halitu nepuon u
94acTOTY KoJIeOaHUH.

3anaua

Ha xakoe paccrossHue Hago OTBECTH OT IOJIOKEHUSA paBHOBECHs rpy3 maccor 640 T,
3aKpETUICHHBIN Ha MpYXHHE kecTKoCThio 0,4 KH/M, 4TOOBI OH MPOXOIUIT MTOTOKEHNE PABHOBECHS
co ckopocThio 1 m/c?

3anaya

Ecnu x HekoTopoMy rpy3y, KOJIeOmomeMycsl Ha MPYKUHE, TTOIBECUTh THpro Maccor 100
T, TO 4acToTa Konebanuii ymensimurcs B 1,41 paza. Kakoit Maccel rpy3 ObUT MepBOHAYAIBHO
MOJBEIICH K IPYXKUHE?

3amaua

Bo ckonbko pa3 M3MEHUTCS YacToTa KojeOaHMH MaTeMaTH4eCcKOro MasTHUKA Mpu
YBEJIMYCHUH JJIMHBI HUTH B 3 pa3a?

3amaua



Manbpumrk HECET Ha KOPOMBICIIE BEIPA C BOJIOM, IEPHO COOCTBEHHBIX KOJICOAaHUH KOTOPBIX
1,6 c.Ilpu kaKoif CKOPOCTH IBHKEHHS MaJbuMKa BO/Ia HAYHET 0COOCHHO CUJIBHO BBHINICCKUBATHCS,
ecJsiy JuinHa ero mara 60 cm?

3anaqa

[Tpu m3mepeHun TIyOMHBI MOPS TOJ KOpabyieM MpH MOMOIIM 3X0J0Ta OKa3aloCh, YTO
MOMEHTBI OTIPABJICHUS U MIPUEMa YIIbTPa3ByKa pa3JeieHbl IpoMexxyTkoM BpeMenu 0,6 c.Kakosa
rIyOrMHa MOps o] Kopabiaem?

3amaua

CkopocThb pacipocTpaHeHus 3ByKa B CTallu paBHa 5 km/c. KakoBa ayinHa 3ByKOBOW BOJIHBI,
KOTOpask paclpoCTpaHsIeTCsl B CTAIM, €CITM YacToTa KojeOanuii papHa 4kl i?

3anaqa

Jlonka kayaeTcs B MOpe Ha BOJIHAX, PACIPOCTPAHSIONIMXCS CO CKOPOCTBIO 2M/C.
Paccrostare Mexay Onmmkaimimu rpeOHsIME BOJTHBI 6M. KakoBa 9acToTa yJapoB BOJH O KOPITYC
JIOOKU?

3anaua

B okeanax maymmua BoiHbI gocturaer 300 M; mepuoj kosiebaHul B BOMHE paBeH 13,5c.
KaxoBa ckopocTh pacripocTpaHEeHHUs TAKUX BOJIH?

3anava

[To moBEpXHOCTH BOJBI B 03€pe BOJHA PACHPOCTPAHIETCS CO CKOPOCThI0 6Mm/c. KakoBbl
NepUOo U YacToTa KojiebaHui OakeHa, ecu JJIMHa BOJIHBI 3M?

3anava

JIUHaMUK TOJKIIIOYEH K BBIXOAY 3BYKOBOI'O T'€HEpaTopa AJIEKTPUUYECKUX KOJIeOaHWM.
Yactora konebanuii 165 I'u. Onpenenure 1IMHY 3ByKOBOM BOJIHBI, 3Hasl, YTO CKOPOCTh 3BYKOBOM
BOJIHBI B Bo3ayxe 330 m/c.

Pa3nea 4. KosieOanust 1 BOJTHBI

Tema 4.2 DileKTPOMArHUTHBIE KOJIEOAHHUS U BOJIHBI

IIpakTnueckas padora: M3ydyenue npupoabl JIEKTPOMATHUTHBIX KoOJeO0aHMH U
pelIeHue 3a/1a4 10 TeMe.

Hean 3anaTusa: O600INTE U 3aKPENUTh 3HAHUS Ha MPAKTUYECKOM PEIIEHUU 3a]ad I10
TEME.

3anaqa

HauanbHblii 3apsi, cOoOIIEeHHBIH KOHAEHCATOPY KOJIeOAaTeIbHOTO KOHTYpa, YMEHBIINIH B
2 paza. Bo ckosbKO pa3 U3MEHWIINChH: a) aMIUIUTY1a HApsDKEHUs; 6) aMIUIMTYIa CUIIBI TOKA; B)
CyMMapHasi SHEpPIUs AIEKTPUUECKOTO MO KOHIEHCATOpa U MAarHUTHOT'O TOJISl KaTyIIKN?

3amaqa

B konebarenbHOM KOHTYpe MHIYKTUBHOCTh KaTymikupaBHa0,2]'H, a aMILIATY/1a
koneOanuit cuibl Toka 40 MA. HaiiTu SHepruro 3JIeKTpUUYECKOro TOJIsl KOHJEHcaTtopa u
MarHMTHOTO IOJISI KaTyIIKH B TOT MOMEHT, KOTJJa MTHOBEHHOE 3HAUEHHE CUJIBI TOKa B 2 pasa
MEHBIIIE aMIUIUTYAHOIO 3HAYEHMUS.

3anaqa

AMIuTyaa cuiiel Toka B KOHType 1,4 MA, a ammutyna Hanpsbkenus 280 B. Haiitu cuty
TOKa M HAaIpPsDKEHHE B TOT MOMEHT BPEMEHH, KOTJja SHEPrus MarHUTHOTO IOJI KAaTyIIKH paBHA
JHEPrUU JIEKTPUUECKOro MOJII KOHACHCATOPA.

3amaua



KonebaTenpHbIii KOHTYP COCTOUT M3 KOHJIEHCATOpa €MKOCThI0 1 MK®D M KaTymku
MHAYKTUBHOCTBIO 4 I'H. AMIMTyAa KonebaHui 3apsana Ha koHaeHcatope 100 mxKn. Hanucars
ypasaenus g = q(t), i = i(t), u = u(t). Haiiti ammmutyny KojieOaHHd CHIIBI TOKA U HAIIPSKCHUSL.

3anaqa

B nens BKIIIOUEHBI KOHJEHCATOP EMKOCThIO 2 MKD U KaTyiika THAYKTUBHOCTHIO 0,005
I'n. IIpu kakoit yacToTe TOKa B ATOU LIeTH Oy1eT pe30HaHC?

3amava

Onpenenutb IIMHY 3JIEKTPOMArHUTHOM BOJIHBI B Bakyyme, Ha KOTOPYIO HAacTpOEH
KoJIe0aTeNIbHBIN KOHTYp, €CIM MaKCUMalbHBIN 3apsan konjaeHcatopa 20 uKn, a MakcumanpHas
CuJIa TOKa B KOHType 1 A.

3amava

Ompenenure pacctosiHue oT 3emiid 10 JIyHbI B MOMEHT JIOKAIIUU, €CJIA TTOCIAHHBIN CUTHAJ
BepHYyJIcs uepes 2,56 c.

3anava

B kakom quamna3one JUIMH BOJIH MOKET paboTaTh MPUEMHUK, eclii EMKOCTh KOHJIEHCATOpa
B ero KosebareabHOM KOHType IiaBHO m3Mmensercs or Cl = 50 nd® mo C2 = 500 nd, a
MHIYKTUBHOCTb KaTYHIKU MOCTOsIHHA U paBHa L = 20 MxI'H?

3anava

Ha xakom paccrossHuu s OT aHTEHHBI paguoiokaTtopa A Haxoautcs oObekT C, ecnu
OTPaXEHHBIN OT HETO PAJAMOCUTHANI BO3BPATHIICS 0OpaTHO Yepe3 MPOMEKYTOK Bpemenu T = 200

MKC?
S
Av= ~()c
3amava

Kaxum MoxeT ObITh MaKCUMaJIbHOE YUCIIO UMITYJIBCOB, UCITYCKAEMBIX PaIUOJIOKATOPOM 32
BpeMms t = 1c, Ipu pa3BeAbIBAaHUY 1IEJIN, HAXOAAIIENCSA Ha paccTossHUU S = 30 KM OT Hero?

S
Av= () c
3amava

CKOpoCTh V pacpOCTpaHEHUs AIEKTPOMArHUTHBIX BOJIH B HEKOTOpoH cpene paBHa 200
Mw/c. Onpenenure JUIMHY A JIEKTPOMAarHUTHBIX BOJH B 3TOM Cpezie, €CIM UX 4acToTa KojeOaHun
B Bakyyme vo =2 MI 1.

3anaqa

Onpenenure UIMHY 3JIEKTPOMAarHUTHOM BOJIHBI B BaKyyMe, Ha KOTOpPYIO HAacTpOEH
KoJIeOaTeNbHbIN KOHTYP, €CIIM MaKCUMaJIbHbIN 3apsa Ha oOkJankax KoHaeHcartopa Qm =10 uKu,
a MakcHUMallbHas cuja TOKa B KOHType Im = 1 A. AKTUBHBIM CONPOTHUBIEHHEM KOHTYypa
npeHeopeyb.

3amaqa

[Inockast a7€KTpOMarHuTHasE BOJIHA PaclpOCTPaHAETCS B OJHOPOJHOM M HM30TPOITHOU

cpene

HAMpPSDKEHHOCTH DJIEKTPUYECKOro Tofisi BoiHBI Eo= 12 B/m. Ompenenute: dazoByro
CKOPOCTH BOJIHBI; aMIUTUTY/Ty HAMPSHKEHHOCTA MarHUTHOTO TIOJISI BOJTHBI.

3agaua

HcTourrk MOHOXPOMATHYECKOTO CBETA C JITTMHOM BOJIHBI Ag=550 HM JIBIKETCS B BAKyyMe
co ckopocThio L = 0,2¢ 1o HampaBJIeHHIO K HaOmoaaTeno. OnpeaenuTe AITUHY BOJTHBI, KOTOPYIO
3aUKCUPYET MPUEMHHK HAOIIOAATEIIA.

Pa3nea 5. Ontuka
Tema 5.1 'eomeTpuYeckasi ONTHKA
IIpakTuyeckas padora: U3yyeHue 3aKOHOB reOMeTPUYECKON ONTHKH U pelleHue



3aaav 1mo TeMe.

Hemn 3ansaTHA. V3y4uTh 3aKOHBI '€OMETPUYECKONM ONTHUKHA M 3aKpEIUTh 3HAHMS Ha
IIPAaKTUYECKOM PELICHUH 3a1a4 110 TEME.

3agaua

Ot Ommkaiimert 3Be3nnl (o LlenTaBpa) cBer moxomut a0 3emiu 3a 4,3 roma. KakoBo
pPacCcTOsIHUE J10 3BE3/IbI?
3amaua

OTPaXKCHHBIM W MMAAI0NINM JTydaMu ObuT paBeH 70°?
3anaqa

HO,[[ KaKuM YIJIOM OOJDKCH IaJaThb JIY4Y CBETA Ha IINIOCKOE 3€pKalo, YTOOBI Yrojia MEXay

N300pa3uTh ABa B3aMMHO NepHeHIUKYIApHBIX 3epkaia AO u OB, mya CD, nagaromuii Ha
3epkaio OB, u nanpasnenuss DE u EF nanpneiimero xona storo snyva. Jlokazats, uro ayu EF
napaenes aydy CD npu mo6om yrite najgenus gyda CD B IIIOCKOCTH IByTPaHHOTO yIJIa.

3anaua

Ha xakoii BbicoTe h HaxomuTcs a’pocrtaT A, eciim ¢ OantHu BeIcOToM H OH BuaeH moj

YIJIOMOHAJ TOPU30HTOM, & €r0 U300paKeHHE B 03€pe BUAHO MOJ1 YTIIOM [ IO TOPU30HTOM (puc.)?
A
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3amava

Ha kakoll yron OTKJIOHMTCA JIyd CBeTa OT I€PBOHAYAIBHOI'O HAIPABJICHMsS, yIaB IOJ
yriaoM 45° Ha OBEPXHOCTD CTEKJIA? HAa IOBEPXHOCTh anmMasa?
3anaqa

Jlyd cBeta mepexoaWMT W3 BOJABI B CTEKJIO. YToJ majaeHus paBeH 35°. Haitu yron
MIPEIOMIICHUSI.

3amaua

KaxoBbl paanychl KpUBH3HBI IOBEPXHOCTEH BBIMYKJIO-BOTHYTOM cOOMparomiei JUH3BI C
ONTUYECKOH CHUJIOHN 5 ANTp., €CIM OJIMH U3 HUX OOJbIIe Ipyroro B 2 pa3a?
3anaqa

[Ipenmer pacmosiokeH B 25 cM OT coOuparomeid JHH3Bl C paJuycaMd KpPUBU3HBI
nosepxHocted 20 cM. OnpenenuTs NoKa3aTellb MPEJIOMIIEHNS CTEKIIA, U3 KOTOPOrO U3rOTOBJIEHA

JIMH3a, €CITU JICUCTBUTEIHHOE N300paKeHUE TIPEIMETa MOTYYHIIOCh Ha pacCTOSTHUU | M OT He€.
3amaua

pasa.

Onpenenutb ONTHYECKYIO CHUJIy pacCeUBaroOllled JMH3bI, €CIM M3BECTHO, YTO IMpPEIMET,
MTOMEIICHHBIN TIepe Bel Ha paccTossHuU 40 cM, JaeT MHUMOE M300pakeHre, YMEHbIIIEHHOE B 4

3amaya



Ha pucyHke noka3aHbl MOJ0KEHUA IIIaBHBIX onTHYeCKUX ocet OO’, CBETIIMXCS TOYEK
A u ux uzo0paxennit A’. Kakue nuH3bI (COOMpAOIINE WA PACCEUBAIOIINE) COOTBETCTBYIOT
pucyHkam a, 6, B? HaiiTu mocTpoeHHEeM MOJI0KESHHUE JIMH3 M UX TJIaBHBIX (JOKYCOB.

0 ‘A o o o’ 0 A 4 o
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Pazgen 5. OnTuka

Tema 5.2 BosiHoBasi onTHKA

IIpakTnueckas padora: M3yyeHue 3aKOHOB BOJIHOBOI ONTHKHU U pelleHUe 32124 110
TeMe.

Henun 3ansaTusa: M3yuuTh 3akoHbl (U3NYECKOM ONTHUKM W 3aKpENUTh 3HAHUS Ha
MPaKTUYECKOM PEIICHUH 3a/1a4 110 TEME.

3anaua

Ha mudpakimmonHyio pemeTky B HalpaBICHWHM HOPMaTd K €€ IMOBEPXHOCTH MaaaeT
MoHOXpomaTudeckuii cBeT. Ilepuon pemérkun 0=2 kM. Kakoro HauOonbliero mnopsaka
TU(PPaKLMOHHBIA MAKCUMYM JaET 3Ta pelIéTka B cirydae kpacHoro csera (M=0,7 MKM) U B cityyae
¢uonerosoro (A2=0,41 mMxm)?

3anaqa

B kaOunere ¢usuku ectb nudppakuuoHHsle pemerky, umeromue 50 u 100 mtpuxos Ha 1
MM. Kakas u3 HUX facT Ha SkpaHe OoJiee MHUPOKUI CIIEKTP MPU MPOUYUX PaBHBIX YCIOBUSAX?

3anaua

Hudpakiuonnas pemerka coaepkut 120 mrpuxoB Ha 1 mMm. HaliTu ainMHy BOJHBI
MOHOXpPOMAaTHYECKOI0 CBETa, MAJAlOIIEr0 Ha PELIeTKYy, €CIH yrojl MEXIy JBYMS CIEKTpaMu
IIEPBOIO MOPsAIKA PaBeH §°.

3agaua

JIBa KOTEpEeHTHBIX HCTOYHUKAa S1 M Sz (pUC.)U3Iy4ar0T MOHOXPOMATHUYECKUH CBET C
uinHOM BoHBI 600 HM. OnpeenuTh, Ha KAKOM pacCTOSTHUM OT Touku O Ha SKpaHe OyJieT NepBbIii
MaKCHUMYM ocBemeHHocTH, eciii OD=4 mu S1 S2 =1 mm.

HPHK
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3anaya

B ycranoske s HaOmogeHus konel HproToHa nenosib3yeTcs IIOCKOBBIMYKIas JTMH3a ©
panguycoM KpuBH3HBI 8,6 M. [Ipu oOCBemeHMH YCTAaHOBKA MOHOXPOMATHYECKHM CBETOM,
nagaromuM HOPMAJIbHO Ha MJIOCKYIO IMMOBCPXHOCTDH JIMH3BI, paJuyC YCTBCPTOrO TEMHOI'O KOJIbIAa
Obu1 paBeH 4,5 MMm. OnpeAenUTh ATUHY BOJIHBI CBETa, €CIIM HAOJIOICHHE BEJIOCh B OTPaKEHHOM



CBeETe.

3anaqa

CBer, OTpakeHHBIM OT MOBEPXHOCTH BOJbI, YaCTUYHO ToJisgspu3oBaH. Kak ybenutbcst B
3TOM, UMesl oJsipou1?

3anaqa

Kakue 4dactoTsl kosiebaHull COOTBETCTBYIOT KpaWHuM KpacHbIM (L=0,76 Mkm) wu
KpaitHuM ¢uoneToBbM (Ly = 0,4 MKM) Tyyam BUAMMOMN 4acTu criekTpa?

3amaua

Jns nanHOrO CBETa JyIMHa BOJIHbI B Bojzie 0,46 MmxM. KakoBa jyiiHa BOJIHBI B BO3yX€?

Pa3nea 5. Ontuka

Tema 5.3 CnenmnajbHasi TeOpUs OTHOCUTEJIBLHOCTH

IIpakTnueckas padora: U3yuyenue nosoxxkennii CTO u pemienue 3a1a4 1o reme.

Hesm 3ansiTus: V3yuuTh 3aKOHBI PEIATUBUCTCKON TUHAMUKU M 3aKPENUTh 3HAHUS Ha
IPAaKTUYECKOM pEIlIeHUH 3a]1a4 10 TEME.

3anaua

DneMeHTapHasi 4YacTUIla HEUTPUHO ABUKETCS CO CKOpPOCThIO cBera c¢. Habmiomaresnn
JBHKETCS HABCTPEUY HEUTPHHO CO CKOPOCTHIO V. KakoBa CKOpPOCTh HEUTPUHO OTHOCUTEIIBHO
Habmonatens’?

3anava

JIBe yacTHIIBI, paCCTOSIHUE MEXKIY KOTOPBIMU X = 10 M, JIeTAT HaBCTpedy APYT APYTy CO
ckopoctsMHu vV = 0,6c (11ecThAecAT NPOLIEHTOB OT CKOPOCTH cBeTa). Uepe3 Kakoi MPOMEKYTOK
BpPEMEHHU 110 J1JaOOPaTOPHBIM YacaM MPOU30MIeT coyaapeHue?

3anaua

KakoBa Macca MpoToHa, JeTsAmero co ckopocthio 2,410% m/c? Maccy mokost mpoToHa
CUMTaTh paBHOM 1 a. e. M.

3anava

Bo ckonbko pa3 yBenuuMBaeTcs Macca 4acTULbl OpU JBUKEHHH cO cKopocThio 0,99¢?

3anava

OneKTpOH ABMXKETCs co ckopocThio 0,8c. OnpenennTs NOJHYI0 U KHHETHYECKYIO
SHEPTHIO AJIEKTPOHA.

Paszpen 6. KanToBas puszuka

Tema 6.1 KBanToBasi onTuka

IIpakTuyeckas padora: U3yuyeHue CTPOeHHUsI AaTOMa U pPellIeHUe 3a1a4 10 TeMe.

Hean 3ansaTus: N3yuyuTh MOJIETN CTPOSHUS aTOMA U 3aKPENUTh 3HAHUS HA MPAKTUYECKOM
pELIeHUH 3314 110 TEME.

3amaua

[Ipu o6yyeHnn mapoB pTYTH JIEKTPOHAMU SHEPTUS aTOMa PTYTU yBelnuuuBaeTcs Ha 4,9
»B. KakoBa miuHa BONHBI HM3Iy4YeHHS, KOTOPOE HCITYCKAIOT aTOMBI PTYTH TIPU TEpPeXoje B
HEBO30YKJICHHOE COCTOSTHUE?

3amaua

Jlis voHM3anuu aroma a3ora HeoOxoauma sHeprus 14,53 3B. Haiitu anuHy BOJHBI
U3JIy4€HHS], KOTOPOE BHI30BET HOHU3AIUIO?



3amaua

Jlj1 OqHOKpaTHOM MOHU3ALMK aTOMOB HEoHa TpeOyeTtcs 3Heprus 21,6 3B, 11 ABykpaTHOM
— 41 5B, nns tpexkparHoit — 64 3B. Kakyio cTeneHp HOHU3AIMHM MOYXHO TMOJXYYUTh, 00Tydas
HEOH PEHTT€HOBCKMMHU JIydaMH, HAMMEHbIIAs JJIMHA BOJHBI KOTOPBIX 25 HM?

3anaua

B 1814 r. U. ®paynrodep oOHApYKUIT YETHIPE JIMHUH TMOTJIONMIEHUS BOJOPO/a B BUIUMOMN
yacTtu criektpa ConHna. HanGombas 1jimHa BOJIHBI B CIIEKTPE MOTJIOMICHUS Obuta 656 HM. Haiitu
JUIMHBI BOJIH B CIIEKTPE MOIJIOIIEHHSI, COOTBETCTBYIOLIUE OCTAIbHBIM JIMHUSM.

3amava

Kakyio MHHUMaNbHYIO CKOPOCTH JOJDKHBI UMETh JIEKTPOHBI, YTOOBI yIapOM IEPEBECTH
aTOM BOJOPOJa U3 IIEPBOI0 IHEPrETUUECKOTO COCTOSIHUS B NIATOE?

3anaua

OmnpenenuT MAKCUMAIBHYIO CKOPOCTh (DOTORIEKTPOHOB, BBHIPHIBAEMBIX C IMOBEPXHOCTH
cepebpa:

1) ynpTpaduoneToBeIMU JTy4amMu ¢ JUIMHON BOJMHBI A1=0,155 MKMm;

2) v - myyamu ¢ JiMHOM BonHBI A2=0,01 A(anrctpem)

3anaua

DNEeKTPOH, HaYaJIbHOM CKOPOCTHbIO KOTOPOTO MOKHO IIPEHEOPEUD, IPOLIEN YCKOPSIOILYIO
pasHoctb norennuanos U. Haiitu mumnny BosHbl ne bpoiins A s nByx ciydaes: 1) U1=51 B; 2)
U,=510 kB.

3anaua

ITpu Kakoit MUHUMAaJIbHON YHEPTUHU KBAHTOB MPOU30iaeT poT0d(h(HeKT Ha HIMHKOBOH
JIacTuHe?

3anaua

JlnuHHOBONIHOBasA (KpacHast) rpaHuua Qortosddexra mig menu 282 M. Haiitu pabGoty
BBIX0/J1a 3JIEKTPOHOB U3 MeH (B 3B).

3anaua

VYron paccestHusI pEHTTEHOBCKUX JIydel ¢ JUIMHOW BOJHBI 5 M paBeH 30°, a 3JIeKTPOHBI
OTJaYM JIBWXKYTCA moj yriaoM 60° k HampaBieHHIO Najaromux Jjyded. Halitu: a) ummynsc
AJIEKTPOHOB OT/a4yM; 6) UMITYJIbC (POTOHOB PACCESIHHBIX JTy4ei.

Pa3nea 6. KantoBas puszuka

Tema 6.2 @u3znka aToMa 1 ATOMHOI0 A/APa

IIpakTnyeckas padora: H3ydeHue 3aKkoHOB (U3MKH aTOMHOIO SiAPa M pelIeHHue
3aJa4 10 Teme.

He.ﬂl/l 3aHATHUA: I/ISyLH/ITI) MOZCIIN CTPOCHUA AApa U 3aKPCIIUTh 3HAHUA Ha IIPAKTHYICCKOM
pELIeHUH 33124 110 TEME.

3anaua

KakoBbl mpeumyImiecTBa KOOAIbTOBOW MYIIKK MEpPEe] PEHTICHOBCKONW YCTaHOBKOW MpHU
oOHapyXeHUHN BHYTPEHHUX J1e(PEKTOB U3IeTHil?

3amaua

Kakoii uzoron o6pasyercs u3 ypana >°Ug, 1ByX f-pacniajioB 1 0JHOTO o-pacriaja’?

3amaua

B pesynbTaTe Kakoro paJHoaKTHBHOTO paciajna HaTpuii 2’Naji mpeBpamaercs B MarHHii



22Mg 12?

3anaqa

AKTHUBHOCTb paJIMOaKTUBHOIO 3JIEMEHTA YMEHBIIMIIACH B 4 pa3a 3a § cyrok. Haiftu nepuos
noJrypacrnaja.

3anaqa

Beramciuth aedeKT Macchl U SHEPTHIO CBA3M Aapa SLiv.

3amava

Kakyro MUHMMabHYIO YHEPTUIO JOJKHA UMETh 0-4aCTULA JUIsl OCYLIECTBIEHUS SIIEPHOI
peakuuu

"Liz+*He, —>1°Bs +'no
3anaqa
Kakas sHeprus BolaensieTCs Ipu TEPMOSACPHON PEaKLINU:
?H + 3H; —>*Hez +'no

3anaua

Ipu o6myuennn yriuepoaa 2Cs npoToHamMu o6pasyercs nzoton yrieponaCe.Kakas npu
3TOM BbIOpackiBaeTcs yactuna? HamucaTh peakiuio.

3anaua

B pesynbTare TepMosiiepHON peakluy COeIMHEHNUs IBYX POTOHOB 00pa3yeTcs AeUTPOH
u HeiitpuHo. Kakas eme nossinsercs yactuna? Hanucars peakiuro.

3anava

B ycraHoBkax s y -00JydeHHS B CETbCKOM X03SICTBE MCIIONB3YETCs [3-paIi0aKTHBHBIN
uzoton nesus 3'Csss. HanmcaTs peakmmio B-pacmaza. HalTH MaKCHMAanbHYIO 4acToTy y -
U3IY4YeHUs, eclnd Haubojbluas dHeprus 7Y -kBaHTOB paBHa 0,66 M»>B. Boeruncioute
PENATUBUCTCKYIO CKOPOCTh B-uacTHil, eciau ux sxeprus 1,18 MaB.

3anaua

Haiitu yactory y -u3nyueHust, o0pa3yromerocs Ipu TepMOsIepHON peaKkLuu:

'H; + 3H; —> *He, + vy,ecom a-yactuna nmprodperaer sHepruio 19, 7 MaB.

3anava

[Ipy aHHUTUISALIUU AJIEKTPOHA M MO3UTPOHA 00Pa30BaJIOCh JiBa OJMHAKOBBIX Y-KBaHTA.
Haiitu nnuny BostHbI, npeHeOperas KHHETUYECKOM Hepruen 4acTull 10 PEaKIiH.

Kpurtepuu oneHkn npakTuyeckux pador:

Texymuii KOHTPOJb TMpeACTaBIseT CcO00M PEryylsIpHO OCYIIECTBISEMYIO MPOBEPKY
yCBOGHUs YydeOHOro wmarepuana. JlaHHas OIlEHKAa TMO3BOJSET HAa OCHOBE TIOCTOSHHOTO H
HEIMIPEPBIBHOT'O Ha6J'IIO)IeHI/I${ 3a Ka4€CTBOM YCBOCHHA CTYACHTOM yqe6Horo H MMPAKTUYCCKOI'0
MaTrepuana, CHCTEMAaTUUECKH BBISBISATH U OLIEHUBATh €r0 3HAHUSI.

HpaKTquCKHe 3aHATUA, KaK IpaBUJIO, JOJDKHBI HIPOBOJUTHCA B AKTHBHOM H
WHTEpaKTUBHOM pexkuMe. OlleHKa 3HaHUM, YMEHUH M HaBBIKOB OCYILECTBISIETCS Ha BCEX
MPAKTUYCCKUX 3aHATHAX B COOTBETCTBUHM C LECIAMH U 3aJadyaMH 3aHATHUA. KOHTpOJ'IL MOXET
MPOBOAMTHCS B HaYalle, B X01€ OTPAOOTKH OCHOBHOM YacTH M B 3aKTIOYUTEIHLHON YacTH 3aHATHUA.

Tekymuii KOHTPOJIb 3HAHWN, YMEHUN W HAaBBIKOB OCYIIECTBISETCS IMPENOIaBaTeIeM Mo
HHTH63.JIJIBHOI>1 IIKaJIC C BBICTABJICHUCM OLICHKHU B KYpHAJIC YUCTa 3aHITHH.

[To pe3ynbTaTamM BBIMOJIHEHHUS MPAKTHUYECKONH pabOThl «OTJIMYHO)» BBICTABISETCS, €CIH
pa60Ta BBITIOJIHCHA ITPABUJIBHO U B ITOJTHOM O6’beMe, CTYACHT aKTUBHO pHGOTaCT B TCUCHHUEC BCCTO
MPAKTUYECKOTO 3aHATHS, AA€T MOJHbIE OTBETHI HA BOIPOCHI MPENoAaBaTeisi B COOTBETCTBUH C



IUTAHOM MPAKTUYECKOTO 3aHATHUS U TIOKA3bIBACT IPU 3TOM TITyOOKOE BilaJIEHUE COOTBETCTBYIOIECH
JUTEPATYpPOM 1O pacCMaTPUBAEMBIM BOIIPOCAM, CIIOCOOEH BBIPa3UTh COOCTBEHHOE OTHOIICHHE K
JAHHOU npobJeme, MPOSBISIET YMEHHE CAMOCTOSITENILHO M apTyMEHTHPOBAHO H3JIaraTh MaTepuall,
aHAJIM3UPOBATH (AKTHI, ETaTh CAMOCTOSTEIbHBIC 000OIICHNS 1 BEIBOBI.

[To pe3ynpTaraM BBIMOJHEHUS MPAKTUYECKOH PaOOTHI «XOPOILIO» BBICTABISETCS, €CIIU
paboTa BBINOJNIHEHA NMPABWIBHO M B IIOJIHOM OOBEME, CTYICHT aKTHBHO PabOTaeT B TEUCHHE
NPAaKTUYECKOTO 3aHATHS, JaeT NPAKTUYECKH TOJHBIE OTBEThl Ha BOMPOCHI IPErojaaBaTels,
U3JI0’KEHHE MaTepHaia JIOTHYeCKoe, 000CHOBaHHOE (pakTamMM, OCBEIIEHHE BOIIPOCOB 3aBEPLICHO
BBIBOJAMH, CTYIEHT OOHApYXUJI YMEHHE aHAJIM3UPOBATH (PaKThl, a TAKXKE BHIMIOIHATH y4eOHBIC
3aganus. Ho B oTBeTax oMmyieHsl HETOYHOCTH, HEKOTOPBIE He3HAUYUTEIbHBIE OMINOKH, HMEIOTCS
HOTPEIIHOCTU O(pOpMIICHHUS PAOOTHI.

[To pe3ynbraraM BBIMOJHEHUS MNPAKTHUYECKOH PabOTHl  «YA0OBJETBOPHTEIHHO
BBICTABJIIETCS. B TOM ClIydae, Korja padoTa BBHINOJIHEHA C HE3HAYUTEIbHBIMH HETOYHOCTSIMH,
NPAaKTHYECKH B IIOJIHOM 00bEME, CTYJCHT B I[EJIOM OBJIAJIENI COJIEP)KAHUEM BOIIPOCOB I10 JTAHHOM
TeMe, OOHApy)KMBAeT 3HAHUE JICKIMOHHOTO MaTepuana M Y4eOHOH IUTepaTyphl, IBITACTCS
aHAJIM3MPOBATh (PaKThI, eNaTh BBHIBOJBI W pelIaTh 3agadu. IIpu 3ToM Ha 3aHATHH BeIeT ceOs
MIACCHBHO, OTBEYAET TOJBKO 1O BBI3OBY IPEINO/ABATEllsl, JA€T HEMOJIHBIE OTBETHI HA BOIPOCHI,
JIONYCKaeT OMIMOKY MPH OCBEIICHUN TEOPETUIECKOT0 MaTepuara.

[lo pesynpTaTaM BBINOJIHEHUS MPAKTHYECKOH pabOTHl «HeY/AO0BJIETBOPHUTEIbHOY
BBICTABJISIETCS B CIIy4ae, KOT/Ia CTYyJCHT OOHAPYKMJI HECOCTOSTEIBHOCTh OCBETUTH BOIIPOC, JTHOO
BOTIPOC PACKPHIT HEMPAaBUIBHO, OECCUCTEMHO, C TPyOBIMU OIIMOKaMH, MPH 3TOM OTCYTCTBYIOT
NOHMMaHHE OCHOBHOW CYTH BOITPOCA, BHIBOJIbI, 0000IICHHS.
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Metonudeckue ykazaHus K J1a00OpaTOpHbIM paboTaM 1o gucHuruiHe «Dusnkay
coctaBiieHbl B cooTBeTcTBUU ¢ TpeboBanmsimu OI'OC CIIO u npemHa3HaveHbl sl CTYICHTOB,
oOyuaromuxcs o cnenuanbHocTh: 08.02.14 Dkcruryaranus u 006CIyKMBaHUE MHOTOKBAapTHPHOTO
JIoMa.

Mertoanyeckue ykazaHus Ui y4eOHOM JUCHUIUIMHBL pa3padoTaHbl:
1 AdanaceeB Cepeii I'eopruesuy, npenonaBatens kouiemka CKOY



1.ITIOACHUTEJIBHASA 3AIITMCKA

JlaHHbIE METOAMYECKHE YKA3aHUS MTPEeIHA3HAYAIOTCS AJIsl OKa3aHUsl IOMOIIH CTyIEHTaM B
BBINOJIHEHUH Ja00paTOPHBIX padoT Mo yueOHOU auciurinie «Dusnkay.

JlabopaTopHnasi padora —>To aHupyemast yuebHasi, yaeOHO-Hcce10BaTeNbCckas paboTa
CTY/ICHTOB, BBITIOJHIEMAsl B ayIMTOPHOE BPeMs 110 33aHUIO U MIPU METOJUYECKOM PYKOBOJICTBE
npenogasarens (IpU YaCTUYHOM HEMOCPEICTBEHHOM YYacTHUHU MpernoiaBaresisi, OCTaBISIOLIEM
BEYILYIO POJIb 32 pabOTOM CTY/IEHTOB).

JlaGopaTopHas paboTa sBJIsSETCS 0053aTeILHOMN I KaXA0ro o0yJarorierocs, e€ 00bEM B
qacax OmpeaessieTcs JeHCTBYIOIUMHI YYeOHBIMU TNIAHAMU MO 00pa30BaTEeIbHBIM MPOrpaMMaM,
peanuszyembiM B Koiemxe CKDY.

Jlnst opraHuzanuy J1abopatopHOW paboThl OO0yYaromuUXcs HEOOXOAMMBI CIIEIYIOIINE
YCIIOBUSL:

- TOTOBHOCTH 00YYaIOMIMXCsl K cCaMO0OOyUeHHIO;

- HaJlM4ue M JOCTYIMHOCTh HEOOXOIMMOT0o Y4eOHO-METOJAMYECKOTO M CIPAaBOYHOIO
Marepuarna;

- CUCTEMa PEeryJsipHOro KOHTPOJIS BHITIOTHEHUS JIa0opaTOpHOU paboThI;

- KOHCYJIBTAITMOHHAS TIOMOIIIb;

- pa3psiCHEHHE 00yJaroIMUMcs LieJiei, 3a1a4 1abopaTtopHoOi paboThI.

Kpurepusimu onieHKH pe3ylbTaToB JIaA00PaTOpHOM pabOThl 00YUYaAIOMIETOCss MOTYT OBITh:

- YpOBEHb OCBOEHUSI yueOHOr0 MaTepuarna,

- YMEHHE HCIIOJIb30BaTh TEOPETUYECKHE 3HAHWS TPH BBHIMOJHEHUH TNPAKTHUYECKUX H
HCCJIeIOBATEIbCKUX 3a7aY,

- TIOJHOTa OO0IIey4YeOHBIX MPEICTABICHUN, 3HAHUN M yMEHHWI MO HM3y4aeMoil Teme, K
KOTOPOM OTHOCHUTCS JIaHHAas TabopaTopHas padora,

- 000CHOBaHHOCTh M YETKOCTh M3JIOKEHHS OTBETa Ha TOCTABICHHBIN 1O Ja00paTOpHOIi
paborte Bormpoc,

- o(hopMIIEHHE OTYETHOTO MaTepHaja B COOTBETCTBUHU C TPEOOBAHUSAMU, IPEABIBIIEMBIMHU
K [M0I00HOTO poja paboTam.

2.00beM H coeprkaHue J1a00PaTOPHOI padoThI

HaumeHnoBaHHe TeMbl JHCIUILIHHBI M J1a00PaTOPHOH dopma Oo0bem

Ne
padoThI KOHTPOJIs 4acoB

Paznen 1. Mexanuka

Tema 1.2. J/Innamuka MUCHMEHHBIN

1 Jlaboparopnasi pabora: OTUET TIO 5
ITposepxka KIIJ[ mnpoctoro MexaHmsma (HAaKJIOHHOHM | 1aGoOpaTOpHOM
TUTOCKOCTH) pabote

Pa3nea 3. DiekTpoamHaMuka

Tema 3.2.ITocTOSSHHBIN IEKTPUUECKUI TOK THCEMCHHBIN
2 | JlabopaTopnas padora: ordermo 2
1abopaTopHOii
CoenuHeHne NpoBOHUKOB.
pabore
Paszpen 5. OnTuka
Tema 5.1. T'eomeTpudecKas ONTHKA THCEMCHHBIN
3 | JlaGoparopnas paGorTa: oTHeT no - 2
nabopaTopHOI
N3mepeHne mokasaresns IpeIOMICHUS CTEKIIa. pabore

Pa3nea 6. KantoBasi puzunka




Tema 6.2.0u3nka aTOMa U aTOMHOTO SI7Ipa THCEMCHHDIN
4 | JlaGopaTopHasi padora: l3yueHue TPEeKOB 3apsKEHHBIX oTHer o 2
qacTul 1o gortorpadpusim AabopaTopHoii
p ) pabore
Hroro: 8

3. MeToauyeckue yKka3aHus N0 BbINOJHEHUIO J1a00paTOpPHOii padoThl

I'maBHOe Ha3zHaueHWe J1Ia0OPATOPHBIX 3aHATHMM 1O (Qu3nke — MnpuoOpeTeHue
00y4aromuMHUCs HEOOXOIUMBIX YMEHHUI U HABBIKOB B MPOBEJACHUN (PU3MYECKOTO IKCIIEPUMEHTA.
[Tpu 3TOM 00Oyuaromuecs 10JIKHbI IPOBEPUTH OCHOBHBIE (PM3NYECKHE 3aKOHOMEPHOCTH SIBJIICHUH,
MO3HAKOMHUTBCS C METOJaMH HM3MEPEHUH W mpaBmiaMu 00paOOTKH pPe3ylbTaTOB H3MEpPEHHIA,
HAY4YMUThCS OOPAIIEHUIO C COBPEMEHHON HayuyHO! anmaparypoi.

OOyuaromuecs BBIIOJIHAIOT JIaOpaTOpHblE paboThl 1O TrpauKy, HUMEIEMYyCs B
ayJUTOpUU.

Kaxmomy 3aHSTHIO TpeAIIeCTBYeT IMpeIBapUTENbHAs MOJIrOTOBKA 00ydYaromerocs,
KOTOpasi BKJIIOYAET B ceO0sl:

a) 03HAKOMJICHHE C COZICpKaHUEeM JJab0paTOpHOHN paObOThI IO METOIMYECKUM YKa3aHUSIM K
HEW;

0) mpopabOTKy TEOPETUICCKON YaCTH IO YICOHUKAM;

B) COCTaBJICHME OTYeTa IO JIAOOPAaTOpHOW paboTe B COOTBETCTBUU CO CTaHIApTOM
«BpmonHeHne u opopmileHHEe OTYETOB MO JabopaTopHbIM paboTtam». «OT4eT» BBHIIOIHIETCS B
OTJICJILHON TeTpaau /A 1a00paTOPHBIX PadoT.

«OT4eT» JOIKEH CO/IePIKATh:

1) Ha3BaHMe 1abOpPaTOPHON PabOTHI;

2) 1enb;

3) 3agauy;

4) npuOopbI ¥ MPUHAAIEKHOCTH;

5) TabnuIly JUIsl 3aHECEHUSI METPOJIOTHYECKUX XapaKTEPUCTHK U3MEPHUTEIbHBIX TPHOOPOB;

6) TEOPETUUECKYIO YaCTh (OCHOBHBIC MIOHATHS U 3aKOHBI);

7) onucaHue METO/1a U3MEPEHHUH U YCTaHOBKU;

8) TaOauIIBI AJIs1 3aMIMCU B HUX PE3YJIbTAaTOB U3MEPEHUH.

Teopernueckas yacTh J1OJKHA OBITH KpaTKOM, 3aHUMaTh He Oojee yiucTta. OHa JOJKHA
COJIepKaTh OCHOBHBIE TOJIOXKEHHS, 3aKOHBI, JIe)Kallie B OCHOBE HM3y4aeMoro (U3NYECKOTO
SBJICHUS, U pabouyto popmyiy (6e3 BbIBoJA) ¢ paciin(ppoBKOi BceX OyKBEHHBIX 0003HAYCHUH.

OO6yuaromuiics 10JKe€H TOMHUTD, YTO METOAMUECKHE YKa3aHU K JTa00paTOpHBIM paboTaM
SBJISIIOTCSL TOJIBKO OCHOBOM [UIi WX BBIMOJHEHUS. TEOpeTHYecKyl0 MOATOTOBKY K KaKIOU
n1abopaTopHOil paboTe HEOOXO0IMMO OCYIIECTBIISATh C TOMOIIBIO YUEOHOM JTUTEpaTypHI.

K BrimonHeHUI0 HOBOW (ciemyromieil) paboThl JOMYCKAIOTCS O0O0ydYarolInecs,CAaBIIie
OTYEeT MO NpeAblAyllel JabopaTopHOH paboTe M YCHEIIHO MpoIIeAmne codeceoBaHuE C
npernoaBareneM. @opManbHBIM MPU3HAKOM TOTOBHOCTH OOYYArOMIErocsl K 3aHSTHIO SBIISIETCS
HaJIM4YME y HETO «OTYeTay Mo MpecTosIei padoTe.

Jlnst moydeHust JIOoIycKa OOYYaloUIMiACs JOJDKeH IOKa3aTh YCBOGHHE WM METoJa
OTpeieIeHUs] UCKOMBIX (PU3MUYECKUX BEITMYMH, TOHUMAHUE UCCIEIYEMbIX B paboTe (GPU3NUECKUX
SIBTICHHH, YSICHEHHE (PU3NIECKOTO CMBICTIAa OCHOBHBIX BEJTUYHH.

OOyuaromyecsi, IMOJyYUBIINE JOMYCK, NPHUCTYMAOT K BBIMOJHEHHIO J1a00OpaTOpHOiL
pabotel. B mabGopaTopun HEOOXOAMMO CTPOro COOJOIATh MpaBWiIa TEXHUKH Oe3omacHocTH. B
XO0Jle 3aHATHS 3alpeIlaeTcsl 3aHUMATbCs IMOCTOPOHHMMH JellaMH, MOAXOMUTh K JPYTUM
YCTAaHOBKaM M MeIIaTh BBIOJHEHUIO paboT cryiaeHTamu. OOydarommecss MOTYT padoTaTh
Opuragamu. OTYeT y KaXAOro JODKEH OBITh WHAMBHUAYyadbHBIM. He cnemanneie 0e3



YBKUTEIBHOW NMPUYMHBI pabOTHI BBIMOIHAIOTCS C pa3pelieHus MpenojaBareis B CIEHaIbHO
OTBEJICHHOE BpEMS.

[lepBbIif 3Tam NPaKTUYECKOH YacTh pabOThl — O3HAKOMIICHHE C MPEIOKEHHBIMU
UHCTpyMEeHTaMu, npubopamu u ammaparypoil. Ilpm 3TOoM ocoboe BHUMaHHE YHAenseTcs
OTIPENICIICHUI0 METPOJIOTHUECKUX XapAaKTEPUCTHK U3MEPUTENLHBIX IIPUOOPOB B KOTOPHIE BXOJIAT:
Jana3oH U3MEPEeHHUI, 1IeHa JIeJICHU, KJIacC TOYHOCTH (17151 CTPENIOYHBIX 3JIEKTPOU3ZMEPUTEIbHBIX
npuOOpOB), MOTPEIIHOCTh U3MEPEHUH. DTH XapaKTEPUCTUKH, BBIPAKCHHBIE B TeX CAMHUIAX, B
KOTOPBIX CHUMAIOTCS IMMOKa3aHUsl ¢ TPUOOPOB, 3aHOCATCSA B METPOJIOTHUECKYIO TaOIUILy.

Crenyronuii 3Tamn BeITOJTHEHUS PabOThI — COOpKA, MOHTAX, HAJIKa SKCIIEPUMEHTAIHLHON
YCTaHOBKHM (€CIM 3TO HeoO0XOoAMMO). MOHTaX YCTaHOBKH, BBIIIOJHEHHBIH 00Yy4aroIIUMUCS,
JOJDKEH OBITh MPOBEpEH MpenojaBaTeieM WM Ja0opaHToM. TOJBKO MOCHE 3TOW MPOBEPKH
oOydaromuiicss TPUCTYMaeT K CaMOCTOSATEIbHOMY BBINOJIHEHUIO paboThl. [lpu mepBbix
HaOJIOICHUAX HUKAKUX OTCUETOB M 3alMCell MPOU3BOIUTH HE cieayeT. JIMb mocie Toro, Kak
00y4aronuiicss HECKOJIBKO pa3 MPOCIIEeAUT SIBICHUE, HAYYUTCS YIPABIATH YCTAHOBKOM U MPOBEIET
TaK HAa3bIBAEMBIC «IIPHUIETIOYHBIE W3MEPEHHUS», MOXKHO MPHUCTYNUTh K 3alUCH TOKa3aHWU
pUOOPOB.

PesynbTaThl M3MepeHil B TeX €IWHUIAX, B KOTOPBIX CHUMAIOTCS MOKa3aHHs NMPHOOPOB
(910 — He oOs3aTenbHO eauHuIbl CH), 3aHOCATCS B TaOnMIly, IPEICTABICHHYIO B METOAMUYECKUX
yKa3aHWsIX WIA COCTaBJICHHYI0 oOydarommmucs. [lpm 3ToM B Tabiuily 3amuchIBalOTCS
0003HaYCHHSI U €UHUIIBI U3MEPEHHS KaX10i (pu3ndeckoil BenuuuHbl. [loaydeHHbIe pe3ynbTaThl
IIPEJICTaBIISIFOTCS IPENOIaBaATENI0. 3aTEM C pa3peLIeHMs] IPENo1aBaTeNsl HyKHO BBIKIIOUUTh WIN
pa3obpaTh YCTaHOBKY.

[To OKOHYAaHUM TPAKTUYECKOH YacTH pabOThl OOydJaromuiics 3aBepmaer ohopMieHHE
oTueTa 1o JabopaTopHoii padoTte. i ’TOr0 OTUET AOMOIHSACTCS CIEAYIOIUM COJCPKAHUEM:

1) Tabnuiieit ¢ pe3yabTaTaMy U3MEPEHHI;

2) 00paboTKOH pe3yabTaTOB BCEX MPSAMBIX U KOCBEHHBIX M3MEPEHHIA;

3) pacueToM MCKOMBIX BeIH4MH B enunuiax CU;

4) rpaduxamu (€ciu 3T0 HE0OXOAUMO);

5) BbIBOJAMHU.

Jnst Toro 4toObl OTYET OBUT YETKMM W aKKypaTHBIM, OOydYaloUIMHCs JOIDKEH HMETh
pabouyto (4epHOBYIO) T€TPab, B KOTOPOU MPOBOJUTCS pacyeT UCKOMBIX (PM3UYECKUX BEIIUYUH,
HOTpEeIIHOCTe U3MepeHuid U T.1. Bee sTambl 3THX pacueToB HEOOXOIUMO KpaTKO OTpasuTh B
oTyere.

BbIBO/IBI OTUETA JOIDKHBI ONMPATHCSl HA aHAJIN3 BBISIBJICHHBIX B pab0Te 3aKOHOMEPHOCTEH,
CBSI3EH MEXKIY pa3IMIHBIMU (PU3NIECKUMHU BEIMIMHAME, CPABHEHHUE TTOTYIEHHBIX PE3YIbTATOB C
TEOPETUYECKUMHU U TaOJIMYHBIMU.

B koHIe 3aHsATHS TOJHOCTHIO OGOPMIICHHBIN OTYET IO JIA0OpaTOpHOU paboTe cmaercs
npenoasarento. [lepeHoc odopmiieHHs OTUETa Ha JIOM JENIAeTCs B UCKITIOUUTENbHBIX CIyqasX.

3ammTa J1abopaTopHO pabOThI MPOBOIUTCS HA CIEIYIONIEM 3aHSATHU U BKIIOYAET B CeOs
TaKue 3JIeMEHTHI, KakK:

a) cobeceoBaHUE IO IKCIIEPUMEHTAILHON YacTH pabOTHI;

0) oOcyxJieHre pe3yIbTaTOB BBHIIOJIHEHUS PAOOTHI;

B) OTBETHI OOYYAIONIMXCS HA KOHTPOJIBHBIE BOIPOCHI, UMEIOIIHECS B METOAMYECKUX
yKa3aHUX K JJabopaTOpHBIM paboTaMm.

Bo3moxHBI cuTyaruu, Korja Ha J1abopaTOpHOM 3aHATHU OOydJaromniuecss padoTaroT IO
TeMaM, KOTOpPBIE €Ille HE OCBEIIATKCH B JIGKIIUAX M HE U3YYaJIHCh HAa MPAKTHUECKUX 3aHATUSIX. B
CBSA3M C JTUM BaXKHAa U OTBETCTBEHHA pOJIb YYEOHUKOB, y4e€OHBIX MOCOOHMI M CHpaBOYHOM
JUTEPATyphl, KOTOPbIE JOHKHBI UMETh 00yUaloIuecs Ha 3aHATUSX.

[lo oxoHuaHum 3aHATHS oOydaromMecs NPUBOAAT B TMOPANOK paboune Mecra, a
NPUHAAIEKHOCTH K JIAOOPaTOPHOU paboTe caaroT Ja00paHTy.

JlaGoparopHble paOOThl, Kak NpPaBUJIO, MJODKHBI MPOBOJUTHCS B AKTUBHOM H
UHTEPAKTHUBHOM pexkuMe. OleHka 3HaHUH, YMEHHH M HaBBIKOB OCYHIECTBISIETCS Ha BCEX



na6opaTopHHx 3aHATUAX B COOTBECTCTBUU C LCIKLIMU U 3aa4aMM 3aHSTUS. KOHTpOJIB MOXET
MIPOBOJIUTHCS B HAaUaje, B X0A¢ OTPAOOTKH OCHOBHOM YacTH U B 3aKJIFOYMTEIILHON YacTH PabOThI
Ha dTane e€ 3amuThI.

Tekymuii KOHTPOJb 3HAHUW, YMEHUN M HABBIKOB OCYILECTBIISCTCS MPENOJIaBaTeIeM Mo
nATUOAJUILHON LIKAJIE C BHICTABICHUEM OLICHKHU B KypHAJIE yueTa 3aHsITHH.

4. Ilepeuyennb J1a60paTOPHBIX padoT

Pazpen 1. Mexanuka

Tema 1.2. /lunamuka

JlabopaTopnasn padorta: [Iposepka KII/] mpocTroro Mmexanusma (HaKJIOHHOH TIJIOCKOCTH )

Llesb: nMpoBepUTh Ha OMBITE B TOM, YTO IMOJie3Hass padoTa, BHIIOJIHEHHAS C MOMOIIBIO
MIPOCTOT0 MEeXaHn3Ma (HaKJIOHHOM TJIOCKOCTH ), MeHbIe ool u KITJ[<1.

OO0opynoBanue: ITMHAMOMETD; HAMPABIISIONIAs peiika 1 KapeTKa; Habop rpy30B; TUHEHKA;
HITaTUB ¢ My(PTOH U MepeKIauHOM.

Kparkue Teopernueckue cBeeHHus.

[IpucnocoOnenus, cayxamue 1 MpeoOdpa3oBaHUs CUIIbI, HA3bIBAI0 MEXAHU3MAaMHU.

K mpocTeiM MeXxaHM3MaM OTHOCSITCS: pbl4ar M €ro pa3HOBUAHOCTU — OJIOK, BOpPOT;
HAKJIOHHAS TJIOCKOCTh U €€ Pa3HOBUIHOCTH — KJIMH, BUHT.

B npeanbHbIx ycnoBusix (0€3 ydeTra TpeHMsI, BOSHUKAIOIIETO MPHU JIEHCTBUU MEXaHU3MA)
paboTa, coBepllleHHAas MPWIOKEHHONW Cuioi (3Ty paboTy Mbl OyaeM Ha3bIBaTh MOJHOU
(3aTpadueHHOM) A3), paBHA MOJE3HOU paboTe Ay MO MOIBEMY I'PY30B UM MPEOOJICHUIO KAaKOT0-
100 COMPOTUBIICHUS.

Ha mpakTuke coBepilieHHasi ¢ OMOIIBI0O MEXaHU3Ma I0JIHAs padoTa BCEra HECKOJIBKO
OoJbiie mosie3Hoi paboTel. YacTh paboThl cOBEpIIaeTCs MPOTUB CUJIBI TPEHUS B MEXaHU3ME U 110
NEPEMELICHUI0 €ro OTAENbHBIX uvacTe. Tak, mnpuMeHss MNOABMXKHBINA OJIOK, MPUXOAUTCS
JIOTIOJTHUTEIBHO COBEpIIATh padoTy MO MOABEMY caMoro 0J0Ka, BEPEBKU IO MPEOJOIECHUIO CHIIbI
TpEeHUsI B OCH OJIOKa.

Kakoilt Obl MexaHM3M Mbl He B3sUIH, MOJe3Has padoTa, COBEpIIEHHAs ¢ €ro MOMOIIBIO,
BCEr/la COCTaBJISET JINUIb YAaCTh MOJHON paboThl. Cle10BaTeIbHO, MOXKHO 3aIUCaTh!

Au<As, umn (Anl4s) <1 (1)

OTHo1eHue moJie3Hoi paboThI K MOTHOM padoTe Ha3bIBaeTCs KO3 (GUIIMEHTOM MOJIE3HOTO
NefcTBUS MEXaHU3Ma.

KITJl 0O6p1yHO BBIpaXXaroT B MPOIEHTAaX U 0003HAUYAIOT T'PEeuecKoi OYKBOHW 1 (UUTaeTCs

«TaY):
n==2.100% ()
Az
Ho «3onoroe mpaBmio MeXaHUKW» BBINOJHAETCA M B 3TOM ciiydaw. HacTb IOJIE3HOMN
pabotel — 20% ee — pacxoayercs Ha NMPEOJOJCHHE TPEHHUs B OCH pbluyara M COMPOTHUBICHHS
BO3/1yXa, & TAK)K€ HA JBUKEHHUE CaMOI'0 pblyara.
KII[ mro6oro mexanusma Beerna menbiie 100%. Konctpyupys MexaHu3Mbl, CTpeMsTCs
yBennuuTh ux KIIZI. /{1 3TOro ymeHpmaroT TpeHUE B OCSIX MEXaHU3MOB U MX BEC.
B cnydyae HakJIOHHOW IJIOCKOCTH MoJie3Has paboTa- 3T0 paboTa, coBepliaeMas Hpu
MOJIbEME TeJla BBEPX IO BEPTHUKAIH:
An=P'h (3),
rine P-Bec Opycka, h —BbICOTa HAKJIOHHOM MJIOCKOCTH.
[Tonnast (3aTpaueHHas ) paboTa — 3T0 paboTa, coBepiIaeMasl IMpH MOJbEeMe Tella BJIOJIb
HAKJIOHHOH INTOCKOCTH:
A, =F'S (4),
rae F-cuna Tsru, S-nyTh, IpOAEIaHHbIA TEIOM IPU ABHKEHHH.
CrnenoBarenbHo, ans onpeaenenus KIIJ[ HakimoHHOW MIIOCKOCTH B paboTe HYXHO
U3MEPUTBh, BeC OpycKa, BBICOTY HAKIIOHHOM MJIOCKOCTH, CUITY TSTU U IIyTh, IPOIIEHHBIN OpyCKOM.
IHopsinok BbIMOTHEeHNs PadOTHI.



1. Onpenenure LeHy AeNE€HUs, IPEAE] U3MEPEHUS U NOTPEIIHOCTD IPSIMOIO U3MEPEHNUS,
IPOIIEHHOT0 MyTH U BBICOTHI MIOJIbeMa (IIOTPELIHOCTh U3MEpEeHUs paBHa nojoBuHe L] mkans

HU3MEPUTEIILHOTO TPUO0pa).
Pe3ysbpTaThl H3MEPEHUIA 3alUIINTE B TAOJIHILY.

Ilena
JIeTICHUSI
JIMHEWNKH,

Mm/oen.

[Torpemnocts
HU3MEpPEHUs
JIMHEUKH, M

AS, Ah, m

Ilena genenus
JTUHAMOMETDA,
H/oex.

[Torpemnocts
U3MEpPEHUs
JTUHAMOMETDpA,
H

AF, H

2. CobepuTe 3KCIIEPUMEHTATBHYIO YCTAaHOBKY IO PUCYHKY.

3. Cnenaiite 0003HaUEHHUS MMapaMETPOB HAKJIOHHOW IIJIOCKOCTHU W CHJI, JIEHCTBYIOIIUX HA
OpyCOK Ha S)CKU3HOM PUCYHKE.
4. Onpenenute ¢ NOMOLIbIO AMHAMOMETpA Bec Opycka P.
5. Ilonoxwure 6pycok Ha AOCKY, IPUKPENHB K HEMY AUHAMOMETD.
6. [TepemenaiiTe OpycoK ¢ TOCTOSSHHONW CKOPOCTHIO BBEPX MO HAKIIOHHOM JOCKE.
7. I3MepbTe ¢ MOMOILBIO JIMHEHKH ITyTh, KOTOPBIH Mpojenan Opycoxk, S.
8. 3MephTe ¢ MOMOIIBIO IMHEHKU U BBICOTY .
9. U3mepsbte cuity TArd Frarn.
10. Beraucnure paboTsl 10 popMynam:
An =Ph,
A; =FS.

A
11. Onpenenure KITJ] HAKIOHHOM TWIOCKOCTH:Y) = e 100%
3

12. Pe3ynbraThl U3MEpEeHUI ¥ BEIYUCICHHUH 3aUIINTE B TAOJIUILY:

Pa6ora npu
I1yTs, Pa6ora npu p
Bec N . BricoTa Cuia JIBIKEHUH
MIPONICHHBIN BEPTUKAIILHOM KILJ
KapeTKu moabeMa TITU 110 0
TEIOM MogBEME n, %
P.H h, m F, H MOBEPXHOCTH
S, m An, JIx
As, JTx

13. CaenaiiTe BBIBOJ 1O 1€)X pPaOOTHI M MPOKOMMEHTHUPYNUTE MOTYyYEHHBINH pe3ysIbTar.
KoHTposbHbIE BONIPOCHI.

1. [IpuBeauTe mprMephl COBEPIIECHUS MOJIE3HON paboThl pa3IMUYHBIMU MEXaHU3MaMHU.
2. [louemy HeBO3MOXkHO co3aaTh Mexanu3M ¢ KII/I pasabiv 100%.

3. 3a cueT 4ero BO3HUKAIOT OUTHOKH TIPU U3MEPEHHH ?

Pa3znea 3. JjekTpoauHaMuKa

Tema 3.2. IIoCTOSHHBIN 3JEKTPUIECKUNA TOK

JlaGoparopuas padora: CoeuHEeHNE NPOBOIHUKOB, U3yUYECHHE 3aKOHOB JIEKTPUUECKOTO
TOKA.



Lesb: 3KCIIEPUMEHTAIBHO MPOBEPUTH CIIPABEIIMBOCTh 3aKOHOB JJIEKTPUUYECKOTO TOKA
JUIs IOCJIEI0BATEIBHOTO COEIMHEHMS TPOBOIHUKOB.

O0opynoBaHMe: HCTOYHHK TOKA, JIBA MIPOBOJIOYHBIX PE3UCTOPA, AMIIEPMETP, BOIBTMETP,
pEeocCTar, K04, COeIMHUTEIbHbIE TPOBOJIA.

Kparkue TeopeTtnueckue cBeeHHUsI.

IIpu nocnenoBaTesbHOM COEIMHEHUU NMPOBOJAHMKOBCHIIA TOKA | BO BCeX MPOBOJHHMKAX
onuHakoBa |1 = |2 = |. [lozakony Oma, Hanpsbxkenuss Ur u Uz Ha npoBoanukax paBHblU1=IR1,
U>=IR2. DxBHBaNIeHTHOE COMPOTUBIIEHUE RiywspaccunThIBaETCS 10 GopMyIie:

RaKB: R1+ R2+ +Rn.

OTOT pe3yabTaT CHpaBEUIMB JUIsL JIIOOOr0 YHMCIIANOCIEJOBATEIBHO COEAMHEHHBIX
IIPOBOTHUKOB.

OnHo u3 Hambonee MPOCTBIX M YacTO BCTPEHAOLIMXCS COCOUHEHUH moTpeOuTeneil —
nocienoBarenbHoe. Pe3ynbTarhl JaHHON 1a0opaTopHOil paOOThI MO3BOJSAIOT YOEAMThCA B

MMPaBUJIbHOCTHU 3aKOHOB ITOCJIICAOBATCIIbHOI'O COCAMHCHUA IIPOBOAHHNKOB:
Uy R
I:COTlSt, U:U1+U2, R:R1+R2, —_— =
Uz R
HOpﬂIlOK BBINMOJITHCHUA paﬁoTbl.

1. Onpenenuth NEHY JIEJICHUS aMIIEPMETPa U BOJIBTMETPA.
2. CobpaTb 3IeKTpUYECKYIO 1IeMb 1o cxeme. [locie mpoBepku mpenoaBaTeaeM 3aMKHYTh
ETIb.

3. I3MepuTh CUITy TOKA Ha Pa3HbIX y4acTKax LIENH U CPABHUTH ITOJIyYEHHBIE 3HAUEHUS:
4. 3MepuTh BOJIbTMETPOM HampsKEeHUE B 00ILIEN e U Ha OTJEJIbHBIX PE3UCTOpax:
5. Beruncaute ob1iiee ConpoTHUBIEHUE yJacTKa U CONTPOTUBIIEHUS OTIEJIbHBIX PE3UCTOPOB:
6. BeIuucinTh OTHOIIEHUE HANIPSDKEHUH Ha PE3UCTOPAX U OTHOILIEHUE UX CONIPOTUBIICHU!
7. Pe3ynbpTaThl HU3MEPEHUH M BHIUMCIEHUH 3anucaTh B TaOJIHILY.
Cuna snextpudeckorotoka | B | HampsbkeHne Ha pe3ncrope ConpoTuBIIEHUE PE3UCTOPA
Lenu Uy U, Uosy R1 R> Rosu

8. Cnenats BLIBOJI.

KoHTposbHbIe BONIPOCHI.

1. OObscHUTH (pU3HUECKHE OCHOBBI MPOBOIUMOCTU MeTayuioB. CPopMyIupoBarh, YTO
TaKO€ JIEKTPUUECKUH TOK, IPUBECTH €TI0 XaPAKTEPUCTUKH.

2. PackppITh CyTh CONPOTUBIICHHS KaK 3JEKTPUUECKON XapaKTEPUCTUKHN PE3UCTOPA.

3. 3amucarh (HopMyay 3aBHCHMOCTH DJIEKTPUUYECKOTO CONPOTHUBIEHHMS OT MaTepuala,
JUTMHBI U IJIOLIAAH MTOTIEPEYHOT0 CEUEHHUS TPOBOAHMKA.

4. Yo TaKkoe IeKTpudecKas 1elnb?

5. Yro Ha3bIBAaETCS MOCIEN0BATENBHBIM COEMHEHUEM 3JIEMEHTOB?

6. IIpu momomu 3akoHa Oma BeIBeaUTE (POPMYITY IKBHBAJICHTHOTO CONPOTHBIICHUS TPH
II0CJIEI0BATEILHOM COEIMHEHUH IIPOBOIHUKOB.

Pa3nen 5. Onruka



Tema 5.1. 'eomeTpuyeckas onTUKa

JlaGoparopHas padora: M3mepeHnue nokaszaTens NpeIoMICHUS CTEKIIA.

Henab: onpenenuTs nokas3areib MNPEIOMIEHUS CTEKISIHHON IIACTUHBI U O3HAKOMUTHCS C
OJIHMM M3 METOJIOB U3MEPEHUSI CKOPOCTH CBETA B BEILIECTBE.

OO0opynoBanme: HCTOUHUK 3JIEKTPOIIUTAHUS, JIaMIIa, KJIF0Y, SKpPaH C LIEJIbI0, IPO3payHas
IUTACTHHA CO CKOIICHHBIMH IPaHSIMHU, TJIACTUKOBOM KOBPHK ILIAHIIET, OyIaBKa.

Kparkue Teopernueckue cBeeHHUsI.

B ontuke nokasarens npenomiieHus (MK MOKa3aTeab IPETOMIICHUS) ONITUYECKON CpeIbl
npecTaBisieT co0ol Oe3pa3MepHOe YUCIO, KOTOPOE YKas3bIBaeT Ha CIIOCOOHOCTH 3TOW Cpeabl
u3rubaty cBer. [lokazaTenb mpenOMIICHUS OIpenesseT, HACKOIbKO HCKPUBISETCS WU
IIPEJIOMJIIETCS. MYTh CBETAa IPU BXOJE B Marepuaj. DTO ONUCHIBAETCS 3aKOHOM IIPEIOMIICHUS
Cuenna:

Ny'sin 61 = Ny'sin 6o,
rae 01 u @2 - yron majeHus U yroj MpPeIOMIIEHHUs, COOTBETCTBEHHO, Jy4a, MEepECceKarolero
TpaHULly pa3jena MeXay ABYMs CpelaMu C MOKa3aTelsiMu IpernomiieHus N1 u Nz. [lokazarenu
MIPEJIOMJIEHUSI TAKXKE OINPEAEISIIOT KOJUYECTBO CBETA, KOTOPOE OTPAKAETCS MPHU JTOCTUKEHUU
IpaHULbl pa3ziena, a TAaKKe KPUTUYECKUH Yyroj Ui MOJHOIO BHYTPEHHErO OTpPa)XXEHHs, HX
MHTEHCUBHOCTH U yroia bprocrepa.

[TokazaTtens NpeIoOMIIEHUS MOXHO pacCMaTpuBaTh Kak KOX(PQPHUIMEHT, Ha KOTOPBIH
CKOPOCTb U JIIMHA BOJIHBI U3J1yYEHUsI YMEHBIIAIOTCS 10 OTHOLIEHHUIO K UX 3HAYEHUSIM B BaKyyMe:
CKOPOCTb CBETa B Cpejie paBHA V = C/ N, ¥ aHAJIOTHYHO JUIMHA BOJIHBI B 3TOM cpezie paBHa A = Ao/n,
r7ie AodTO JUIMHA BOJIHBI 3TOTO CBETa B BaKyyMe. JTO O3HA4yaeT, YTO BaKyyM HMeEEeT MOoKa3aTellb
MpEIOMIICHUS, paBHBIA |, W mpeanonaraer, 4ro 4dactota (f = v / 1) BOJHBI HE 3aBHCHUT OT
MOKa3aTelisl MPEJIOMIICHHUS.

[Tokazarenp HpeIOMIIEHUS MOKET MEHSATHCS B 3aBUCUMOCTU OT JJIMHBI BOJHBL. JTO
IOPUBOAUT K TOMY, YTO O€NbIil CBET NpHU NMPETOMIICHUN PaCIEIUISIeTCsl Ha COCTaBIISIONIME [[BETA.
Oto0 HazpIBaeTcs qucnepcueil. ITot 3¢ (eKT MOKHO HabII0JaTh B MPU3Max U pajayrax, a TaKkxke B
BUJE XpOMAaTHYecKoil abeppanuu B JuH3aX. [[ng OONbIIMHCTBA MaTepHaloB IOKa3aTelb
IPEIOMJICHUSI U3MEHSIETCS C JJMHOM BOJIHBI Ha HECKOJIBKO IPOILIEHTOB MO BCEMY BHUIUMOMY
cnekTpy. Tem He MeHee, Mmoka3aTeNnu NMPETOMIICHUS Ul MaTepHajaoB OOBIYHO COOOLIAIOTCA C
MCIIOJIb30BaHUEM OJTHOTO 3HaU€HUs AJis N, 0OBIYHO U3MEPSIEMOIO IIPH JTMHE BOJIHBI 633 HM.

IHopsinok BbIMOTHEHHS PAdOTHI.

1. Ilonoxute Ha AUCT OymMaru ¢ MOJJIOKEHHBIM IOJ] HErO0 KapTOHOM TpalelueBUIHYIO
IUTACTUHKY ¥ 0OBEUTE €€ KOHTYPBHI.

2. HakonuTe ¢ OJHOW CTOPOHBI CTEKJIa JIB€ OyJIaBKM TaK, 4TOObI MpsiMasi, IPOXOAsILas
yepe3 HUX, He Oblila MepreHUKYIsIpHa IPaHu MIIACTUHKH.

3. Hakonute ¢ npyroi CTOpOHBI IJIACTUHKH €111e ABE OYyJIaBKHM TaK, YTOOBI, TJISAIS BIOJb
HUX CKBO3b CTEKJIO, BUJIETh BCE OYIIaBKH PacIoOIOKEHHBIMU Ha OJTHON MPSMOH.

4. CHUMHTE CTEKJIO U OyJIaBKH, OTMETHTE MECTa HAKOJIOB TOUKamu 1, 2, 3, 4 u nmpoBeauTe
yepe3 HUX JIMHUM JI0 TIepecedeHns ¢ TpaHuIlaMH CTeKIa (puc. ).



5.CoeauHuB TOYKH 2 U 3, IOJyYUM HalpaBjeHHUE JIyya CBETa.
6.ITpoBenuTe uepes TOUKU 2 U 3 NEPHEHIUKYIAPHI K MPETOMIISIOIIMM OBEPXHOCTSIM.
7.3mMepbTe ¢ MOMOIIBIO TpaHCIOPTUpPA yroia majaeHus ol u yrosn npenomnenus yl u

OIpeNEINTe CUHYChI U3MEPEHHBIX YTIIIOB.
sina

8. Beruucnure nokasaTesb MPeToMICHU N CTEKIIa, HCIOIb3Ys popMyny N = siny
9. IloBTOpUTE M3MEPEHUS JUIs YIila MaIeHUs 02, 03, 04, 05 U YIJIa IIPETIOMIICHHUS Y2, V3, V4, V5.
10. BeruuciuTe nokasarelb IpeIoMIIEHUs cTekia o gopmyie n.
11. 3anumure pe3yapTaThl U3MEPEHHUMN U BBIUUCICHUM B TaOJIUILY.
12. BeluuciuTe cpesiHee 3HauUeHHe oKa3aTessl IPEeJOMIICHHUs CTEKJIa.
Ne
OIbITa
1

a Sin a Yy siny n Nep

2
3
4
5

13. BerauciuTe OTHOCHTEIBHYIO TIOIPEITHOCTD N3MEPEHHSL.

14. Beruucnute aOCOMIOTHYIO MOTPEIIHOCTh U3MEPEHUS.

15. 3anumure 3HaYeHHE MMOKA3ATENsl MPEIOMIICHHSI C YU€TOM MOTPEIIHOCTH:

N=Nep £ 4n

16. CnenaiiTe BBIBOJ.

KoHTposbHbIE BONIPOCHI.

1. KakoB u3uueckuii cMbICI OKa3aTesl MpeoMIeHUs ?

2. 3anummure GopMyIly U pacyeTa mokas3aresst MpeJoMIIeHNs?

3. Kakyto pu3nyeckyro BeMUUNHY Ha3bIBAIOT a0COFOTHBIM MTOKA3aTeIeM IPEIOMIICHUs?

4. Yem oTJINYAETCS OTHOCUTEIBHBIN MOKA3aTENb IPEIOMIIEHUS OT a0COIIOTHOTO?

5. Iouemy ¢dopmyna uis mokasareisl NMPEJIOMIICHUS CIpaBeIMBa MPU MaJbIX YIiax
naaeHus’?

6. Uto xapakTepu3yeT abCOMIOTHBIN MOKa3aTeb MPEIOMICHUS ?

7. 3adeM i1 NPOCBETJIEHHS ONTHUKM (TalIEHWs OTPAaXEHHOI'O JIyda) Ha IOBEPXHOCTh
ONTUYECKOTO CTEKJIa HAHOCAT TOHKYIO IPO3PAYyHYI0 IUIEHKY C TIOKa3aTeleM MpeIoMIICHUS
OOJIBIINM UJIM MEHBILIUM MOKAa3aTellsl IPeIoMIIeHUs cTekia?

8. Kakum nomkeH OBITh MOKa3aTelb MPENOMIEHHUS Cpelabl, Ha TpaHHUIe KOTOPOM
HaOJII01aeTCsl MOJIHOE OTPaKEHHE JTy4a, UIYIIETrO U3 IyCTOTHI?

9. Ilouemy, cuas y KOCTpa Mbl BUJUM NPEIMETHI, PACIIOIOKEHHBIE IO JPYTYI0 CTOPOHY
KOCTpa, KOJIECOIIOIMHCS?



Pa3znes 6. KBantoBas pusuka

Tema 6.2. Pu3zuka atoMa U1 aTOMHOI0 siApa

JlaGopaTopHas padora: V3ydeHue TpeKoB 3apsKEHHBIX YaCTHIL 10 (poTorpadusim.

Heab: HayunThCcs aHAIM3UPOBaTh (oTorpadMu TPEKOB 3apsDKCHHBIX — YaCTHIL,
dororpadupoBaHHBIX B Kamepe BuiibcoHa, My3bIpbKOBON Kamepe U METOA0M (hOTOAIMYIbCUH,
MO3HAKOMHUTHCS C METOZIOM BBIYHMCIICHUS OTHOLICHUS 3apsi/a K Macce YacTUIbl o gororpaduu ee
TpeKa.

OGopynoBanue: Qotorpadpuu TPEeKOB 3apsHKCHHBIX YACTUI], MOIYYCHHBIX B Kamepe
Bunscona, my3sIpbKoBOil kKamepe 1 Ha (HOTOAIMYIbCUH; poTorpadus TPEKOB 3apsKEHHBIX YaCTHIL
B Kamepe BuibcoHa, momenieHHoi B MarHUTHOE I10JIe, JINHEHKa U3MepUTeIbHas, TPAHCIIOPTHD,
JIUCT KaJIbKU pazMepoM 60 x 90mm.

Kparkue TeopeTrnyeckue cBeieHHs.

1.Tpekn 3apsyKCHHBIX YacTHII B Kamepe BHIIbCOHA MpencTaBisOT COOOW LENOYKH
MHKPOCKOTIMYECKUX KamleJeK JKHIKOCTH (BOIBl MM CIIHPTa), OOpa30BaBIIMECS BCIEACTBHUE
KOHJICHCAIIUM TIEPECHIIIEHHOT0 Iapa 3TOM JKUIAKOCTH Ha WMOHAaX, PACIOJO0KEHHBIX BIOJb
TPAaeKTOPUHU 3apsHKEHHOH YacTHUIBI; B ITy3BIPHKOBOW Kamepe — LEMOYKH MHUKPOCKOMHYECKHX
MYy3BIPBKOB Tapa IEPEerpeToi >KUAKOCTH, O0pa30oBaBIIMXCS Ha HOHAX; B (POTOAIMYIbCUU —
IIETIOYKU 3€peH MEeTaJUIM4ecKoro cepeOpa, oOpa3oBaBIIMXCS Ha HMOHaX. TpeKH IMOKa3bIBAIOT
TPAEKTOPHUIO ABIKEHHS 3apPSHKEHHBIX YACTHII.

2. JlnHa Tpeka 3aBHCUT OT HA4YaJbHOW SHEPTUH 3apsHKEHHOH YacTUIBI M IJIOTHOCTH
OKpY’KalomIel cpe/ibl: OHa TeM OO0JIbIIE, YeM OOJIbIIe SHEPTHSI YACTUIIB U YeM MEHBIIIE TNIOTHOCTh
Cpenpbl.

3. TommuHa Tpeka 3aBUCHT OT 3apsiJia U CKOPOCTH YACTHIIBI: OHA TeM OOJIbIIe, YeM OOJIbIe
3aps/] YaCTHIIBI U Y€M MEHBIIE €€ CKOPOCTb.

4. Tlpu nBUKEHWW 3apsHKCHHOM YaCTHIIBI B MarHUTHOM IIOJIE TPEK €€ IOJTydaeTcs
UCKPUBICHHBIM. Pajiyc KpUBHU3HBI 3aBUCUT OT MAacChl, 3apsAAa, CKOPOCTH YacTUIBl M MO
MHYKIIMM MarHUTHOTO TOJISI: OH TeM OoJiblile, 4eM OO0JIbIIe Macca U CKOPOCTh YaCTULBI U YeM
MEHBIIIE €€ 3aps]l K MOTYJIb MHITYKIIMA MarHUTHOTO TIOJIS.

5. I1lo U3MeHEeHUI0 panyca KPUBU3HBI TPEKA MOXKHO ONPEAEIUTh HalpaBlIeHUE JBIKEHUS
YacTUIBl U W3MEHEHHE €€ CKOPOCTH: B Hayalle JIBM)KEHHUS CKOPOCTh OOJIbIE Tam, rie OoJblie
panuyc KpMBU3HBI TpEKa.

Iopsiiok BbINOJIHEHHS PA0OTHI.

1. [Ipoananuzupyiite nepByto Gotorpaduro, Ha KOTOPO N300paKEHbI TPEKU 0-4aCTHIL B

Kamepe BuiibcoHa M OTBETHTE Ha BOIIPOCHI:



1) B kakoM HarpaBJIeHUU ABUTAIUCH O.-HACTUILIbI?

2) Iloyemy IMHA TPEKOB O-4ACTHIL] IPUMEPHO OJJMHAKOBA?

3) [Touemy TosMHA TPEKOB (-YACTHI] K KOHILY IpoOera HEMHOT'O YBEJIMUUBAETCS?

4) IToueMy HEKOTOpPBIE 0-YACTHUIIBI OCTABIISAIOT TPEKU TOJIBKO B KOHIIE CBOEro npodera?

2. [Ipoananuzupyite BTOpyIo Gotorpaduio, Ha KOTOPOH M300paKEHBI TPEKU 0.-UACTHUIL B
KaMepe BunbcoHa, MOMEIIEHHON B MATHUTHOE T10JIE U OTBETHTE HA BOIIPOCHL:

1) B kakyto cTopoHy JBUTaNach o - yacTuua’?

2) IloueMy Tpeku o -4aCTHIL] UCKPUBIIEHBI?

3) Kak Obu1 HampaBiieH BEKTOP MarHUTHOM MHYKITUH?

4) Tlouemy M3MEHSIOTCA PaguyC KPUBH3HBI M TOJIIIMHA TPEKOB a-4acCTULl K KOHILYy HX

npobera?
3. IIpoananusupyiite Tperpio dororpaduio, Ha KOTOPOH M300pakeH TPEK DIEKTPOHA B

KUIKOBOJAOPOJHON ITy3bIPBKOBOM KaMepe, MOMEIICHHOW B MAarHUTHOE IOJIE M OTBETHTE Ha

BOIIPOCBI:



1) [louemy Tpek 3yieKTpoHA UMeEET popMy criupanu?

2) B kakoM HarpaBJICHUH JBUTAJICSA DJICKTPOH?

3) Kak Obu1 HampaBsieH BEKTOP MAarHUTHOW MHIYKIIUN?

4. Tlpoananusupyite 4eTBepTyr0 (oTorpaduio, Ha KOTOPOH U300pakKeHbI TPEKH SAep
ATOMOB MarHHUs, KaJIbIUs U JKeje3a B POTOIMYIIBCUH B OTBETHTE HA BOTIPOCHI:

1) IloueMy Tpeku si7ep aTOMOB UMEIOT Pa3HYIO TOJLIUHY?

2) Kakoii Tpek npuHaUIeKUT SJIpy aTOMa MarHus, Kajablus U jkese3a?

3) Kaxkoii BEIBOJI MOXKHO CIIENATh U3 CPAaBHEHUS TOJILIUHBI TPEKOB €D aTOMOB Pa3IMYHbIX
AJIEMEHTOB?

4) Yem OTIUYAIOTCS TPEKU YACTHUII, MOTyUYEHHBIE B (POTOIMYIBCHUHU, OT TPEKOB YAaCTHI] B
Kkamepe BuibCcoHa 1 my3bIppKOBOM Kamepe?

5. Paccmotpure ¢ororpaduio TpeKoB 3apsKEHHBIX YaCTHII, IBUTABIIUXCS B MAarHUTHOM
nosie. Halimure Ha hoTorpaduu n18a Hanboiee TOJICTHIX HCKPUBICHHBIX TPEKA.



Tpexu 3apadsicennbix yacmuy
6 kamepe Bunvcona nomewennoii 6 macHumuoe noie
Ha 3apskeHHYI0 yacTuIly, JBHKYIYIOCS B MAarHUTHOM I10JIe, A€MCTBYeT cuia JIopeHua,
BEKTOP KOTOPOH MEpPHEHAMUKYISPEH BEKTOPY CKOPOCTH YacTHIBl. JTa CHJIA SBJISETCS
LEHTPOCTpEeMUTeNnbHOM crioi: Fi7=F,

Fp = quB, Fu=ma,a=%2

1) yacTUIbl JABUTAIOTCS B MAarHUTHOM ToJie¢ ¢ MHAyKuuen 2,2Ti, UMEIT OJMHAKOBBIC
MOJIYJIM Ha4aJIbHBIX CKOPOCTEH,

2) AeBBIN TPEK MPUHAMICHKHT APy aTOMa BOJIOPOA, MPaBbIii — HEU3BECTHON YaCTHIIE,

3) yuTHTe, 4TO OTHOIIEHHE 3aps/a aToMa BOAOPOAa K ero macce —9,6x 107 Ki/kr.

4) OcTOpOKHO MIepeHecuTe 00a TpeKa Ha KallbKy U H3MEPbTE PaTuyChl HX KPUBH3HBI.

5) Ompenenute UEHTPHl KPUBU3HBI TPEKOB, JJIsI 3TOTO B CPEIHMX YYacTKax TPEKOB
MPOBEAUTE MO JBE XOPAbl MU B CEpEeIWHE K HHM BOCCTAHOBHUTE MEPIEHAUKYJSAPBL. TOYKH
MepeCceUeHHs EPIICHANKYISIPOB U OYIyT LIEHTPAMHU KPUBU3HBI TPEKOB.

6) M3mepbTe paauychl KPUBU3HBI C TOMOIIBIO H3MEPHUTEIHHOM JIMHEHKH, YIUTHIBAS
MacmTad CHUMKA.

7) BeiBenute pacueTHyro (opmymny AN ompeieNieHHss OTHOIICHHS 3apsia K Macce
HEN3BECTHOM YaCTHIIEI.

8) Cnenaiite BBIBOJI.

KoHTpoJibHBIE BOIIPOCHI.

1. CkopocTh 0-dacTUIsl B cpene B 15 pa3 MeHble ckopoctu P-uactuiiel. [louemy -
JacTHUIa cliadee OTKIOHAETCS MAarHUTHBIM IT0JIEM?

2. bombapaupys 60p °Bi1 GBICTPHIME JBMKYIIUMHUCS MPOTOHAMM, MOJTYYalOT B KaMepe
BunibcoHa Tpu modTH OJMHAKOBBIX Clie/la YaCTHIl, HAITPaBJICHHBIC B pa3Hble CTOPOHBI. Kakue 310
YacTHIbI?

3. OT 4ero 3aBUCHUT paJnyc KPUBU3HBI TPEKA MPH JIBIXKCHUH YaCTHUIBI B MATHUTHOM T10J1e?

4. T ne Oyaet Oombliie ATMHA TPEKA (i-YACTHIIBI Y TOBEPXHOCTHU 3eMITH UIIH B BEPXHUX CIIOSX
atMocdepsi?

5. Hanummre sepHYI0 PeakIuio, MPOUCXOMAILyI0 mpu OGombapaupoBke 2'Aliz o-
YaCTHUIIAMHU U COTIPOBOXKIAIONTYIOCSI BHIOMBAHUEM MPOTOHA.

6. I3MeHuTCA 1 Macca 4acTUlLIbl, €€ MOPSAIKOBBIA HOMED MPU UCITYCKaHUU Y-KBaHTa?

7. [loyemy myIvHA M TOJIIIMHA TPEKOB 0OPa30BaBIINUXCS YACTHI] HEOIMHAKOBBI?

8. B HacTosi1iee BpeMs MOXKHO OCYILECTBUTh MEUTY aIXUMHUKOB CPEIHEBEKOBbBS MOJYUYUTh
U3 pTyTH 30510T0. Kakum 06pa3om 3T0 MOXKHO CenaTh?



Kpurepun oueHku j1a60paTopHbIX padoT:

ITo pe3ynbraTam BBIITOJHEHHS J1a00OPaTOPHOM PabOThl «OTJMYHO» BHICTABISAETCS, €CIU
paboTa BBIIIOJHEHA TPABUIIBLHO U B TOJTHOM 00bEME, CTYJICHT aKTUBHO PaboTaeT B TEUEHUE BCETO
3aHATHS, JAeT IOJIHble OTBETHl Ha BOIPOCHl IpPENojaBaTeiss B COOTBETCTBUM C ILJIAHOM
7a00paTOPHOTO 3aHATHS M TOKA3bIBA€T MPU STOM TIIIyOOKOE BIaJ€HHE COOTBETCTBYIOIICH
JUTEPATYpPO 1O paccMaTpUBAEMbIM BOIPOCaM, CIIOCOOEH BbIPa3UTh COOCTBEHHOE OTHOIIEHHE K
JAHHOH npobJeme, MPOSBISIET YMEHHE CAMOCTOSITENILHO M apIyMEHTHPOBAHO H3JIaraTh MaTepual,
aHaJIU3UPOBaTh (PaKThI, JeJaTh CAMOCTOATENIbHbIE 00OOIIEHUS U BHIBOIBI.

[IpaBuabHO oOmpenenseT LeNb OIbITa M BBHINOJHSAET padoTy B MOJHOM o0beMe C
coOJIIO/IeHNEeM HEOOXOAMMOM IOC/IEA0BAaTEIbHOCTH IPOBEACHHUS ONBITOB W U3MEpPEHUil.
CaMOCTOSTeTPHO H  PallMOHAIBHO BBHIOpAJl ¥ TOATOTOBHJ JUIS OMBITA HEOOXOIUMOE
0o0opyJI0BaHUE, BCE OMNBITHI MPOBEN B YCIOBUAX M PEKUMax, OOECIEUMBAIOIUX IOJyYCHHE
pEe3yabTaTOB M BBIBOJIOB C HAWOOJBIIEH TOYHOCTHIO. HaydHO TpamMOTHO, JIOTUYHO OMHUCAI
HaOroeHuss U cOpMHUpOBAI BHIBOJBI M3 ONbITa. B mpeacraBieHHOM oT4eTe MPaBWIBHO U
AKKypaTHO BBITIOJHIJI BCE 3aITMCH, TaOJIHIIBI, PUCYHKH, YEPTEKH, IpaduKH, BEIYUCICHHS U CAeTall
BbIBOIbI. [IpaBMIIbHO BBINOJIHMI aHAIU3 norpemHocteil. [IposBiser opraHn3aluoHHO-TPYAOBbIE
yMeHus (TMOAIepKUBAET YUCTOTY pabouero Mecra M Mops0K Ha CTOJIe, SKOHOMHO HCIOJB3YET
pacxoJHble MaTepuaibl). OKCIEPUMEHT OCYLIECTBISET M0 IUIaHy C Y4EeTOM TEeXHUKHU
0€30MacHOCTH U IIpaBUJI pabOTHI C MaTepralaMu U 000PYJOBaHUEM.

Ilo pe3ynbTaTaM BBINOJIHEHUS J1AOOPATOPHONW PabOThl «XOPOLIO» BBICTABIACTCS, €CIU
paboTa BBINOJIHEHA MPABHJIBHO M B MOJHOM O0BEME, CTYJNCHT aKTHBHO Pa0OTaeT B TeUCHHE
3aHATHS, AA€T IPAKTHUECKU MOJIHbIE OTBETHI Ha BOIIPOCHI MPENoiaBaTess, U3J10KEeHne MaTepuaa
Joruyeckoe, 000CHOBaHHOE (haKTaMH, OCBEIICHHE BOIPOCOB 3aBEPUICHO BBIBOJAMH, CTYICHT
OoOHapyKUJI yMEHHE aHAJTN3UPOBaTh (DaKThl, a TAKXKE BHINOJIHAT yueOHbIe 3aaHus. Ho B oTBeTax
JIOMYIIEHbl HETOYHOCTH, HEKOTOpble HEe3HAUUTEIbHbIE OIIMOKH, MMEIOTCS MOTPEHIHOCTH
odopmiieHUs pabOTHI.

Ilo pesynpTaTaM BBINOJHEHUs J1IAOOpAaTOPHOM pabOThl  «YAOBJIETBOPHUTEIbHO)
BBICTABJISIETCS. B TOM CiIydae, Korja padoTa BHIMOJHEHA C HE3HAYUTEIBHBIMA HETOYHOCTSIMH,
NPAaKTUYECKH B TIOJHOM 00bEME, CTYACHT B LI€JIOM OBJIAJIE COJEpKAHUEM BOIPOCOB MO TAaHHOMH
TeMe, OOHApy)KMBAeT 3HAHUE JICKIMOHHOTO MaTepuana ¥ Y4eOHOH IUTEepaTypbl, IBITACTCS
aHaTM3UpOBaTh (DAKThI, JEJIaTh BBIBOJBI M peliaTh 3a1aud. [Ipy 3TOM Ha 3aHATUU BeAeT cels
MIACCHBHO, OTBEYAET TOJBKO 1O BBI3OBY IPEIO/aBaTEllsA, Ja€T HEMOJIHBIE OTBETHI HA BOIPOCHI,
JIOITyCcKaeT OUIMOKY IpH 3aIIuTe 1abopaTOpHON paboTHI.

[lo pesynpTaTam BBHINOJTHEHHS] J1a0OPAaTOPHOW pabOTHl «HEYAOBJIETBOPUTEIbHO
BBICTABIISIETCS B CIIydae, KOIJIa CTYJIeHT OOHApyKUJI HECOCTOSTEIbHOCTh OCBETUTH BOIIPOC O XOJIe
paboThI, OO BOMPOC PACKPHIT HEMPABUIBHO, OECCUCTEMHO, C TPYOBIMU OIIMOKAMHU, TIPH 3TOM
OTCYTCTBYIOT TOHMMaHHE OCHOBHOM CYTH BOIIPOCA, BBIBOIbI, 0000IICHNUSI.



5. CipaBoYHBIif MaTepuaJl

Hozcpewinocmu uzmepenuii.

W3mepenue-3To onpenencHuss 3HaueHHs (U3UUECKOW BETUYMHBI (A) C TOMOIIBIO
puOOpPOB U U3MEPUTETIBHBIX HHCTPYMEHTOB.

1. 3mepenust MOTyT OBITh IPSMBIMU M KOCBEHHBIMH.

IIpsiMble M3MepeHHs — HENOCPEACTBEHHO ONPENESIOT  HCKOMYK  BEIMUYHHY,
HEMOCPEICTBEHHO CPEJCTBAMU U3MEPEHUS

KocBeHHbIe M3MEpeHUsl — ONpeNeAoT 3HaueHHe (PU3NYECKON BEJIMYMHBI IO (GopMmylle,
CBA3bIBalOIE €€ ¢ JApyrMMH (U3MYECKUMH BEIMYUMHAMMU,ONPENCIIAEMbIMU  MPSIMUMBbI
U3MEPEHUSIMHU.

AA-abCconroTHAsE TOTPEIIHOCTD U3MEPEHUsT (PU3UUECKON BETHUUHBI A.

€-OTHOCHUTEIJIbHAS TTOTPEITHOCTh M3MEPEHUsl (PU3MYecKoi BETMYMHBI paBHA OTHOIICHHIO
a0COITIOTHOW MOTPEIIHOCTH K U3MEPEHHOMY 3HAYECHUIO BEIUYHHEL: € = AA/A " 100%

AuA-abcontoTHas MHCTPYMEHTaJbHAs MOTPELIHOCTh OMNpeAessieTcs KOHCTpYKLIMEH
npudopa

AoA —a0com0THAs MOTPELIHOCTh OTYETa (IOJIyYaeTcsi OT HeIOCTaTOYHO TOYHOI'0 OTCUeTa
NOKa3aHUN CPEJCTB U3MEPEHUI), OHA paBHA ITOJIOBUHE LIEHBI JIeJIeHUs IPpUOOopa; IpU U3MEPEHUU
BPEMEHHU — IIEHE JICJIEHUS YacOoB.

AA=A yA+A A - MakcUMalTbHAs a0COTIOTHAS TIOTPEITHOCTb.

2. Kimacc TOYHOCTH 3IIEKTPOU3MEPUTENIBHBIX IPHOOPOB.

Kaxnpiit nmpubop mmeer kitacc TouHoctH y. Kiacc TouHoctu npubopa ykas3blBaeTcsl Ha
HIKaje npudopa wim B ero nacrnopre. Vcmnonszyemble 00bIYHO MPUOOPHI UMEIOT KJIACC TOUHOCTH:
0,1;0,2;0,5; 1;1,5; 2,5; 4.

3Hasg KJacC TOYHOCTH MOXKHO OINPEAEIUTh aOCONIOTHYIO HMHCTPYMEHTAIbHYIO
MOTPEIIHOCTD

AuA= Yup' Anax/100

3. Kak 3anucarb pe3ynbTaT U3MepeHHi

A=App+AA e=....... %
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Metonudeckne yka3aHUS K CaMOCTOSITENBHOW pabore mo aucuuriuinHe «Dusukay
coctaBiieHbl B cooTBeTcTBUU ¢ TpeboBanmsimu OI'OC CIIO u npemHa3HaveHbl sl CTYICHTOB,
oOyuaromuxcs o cnenuanbHocTh: 08.02.14 Dkcruryaranus u 006CIy)KMBaHUE MHOTOKBAPTHPHOTO
noma, (enepanbHOTO TOCYJApCTBEHHOTO O0Opa30BaTEIbHOTIO CTaHAApTa CPEaHEro OOIIero
oOpa3oBaHMsI © MNPUMEPHOM MpOrpamMmbl  OOIIEOOpa30BaTENbHONW  JAUCHUILUIMHBIL  JUIS
MpOo)eCCHOHANIBHBIX ~ 00pa30BaTENIbHBIX OpraHu3aluii, ¢ Y4YEeTOM HaIlpaBJICHHOCTH Ha
YIOBJICTBOPEHUE MOTPEOHOCTEH PETHOHATLHOTO PhIHKA TPYJa U paboToIaTeeH.

MeTtoauueckue ykazanus sl y4eOHOM TUCHUTUIMHBI pa3padOTaHbl:
1 Adanacees Cepreii ['eopruesuy, npemnogaBareins koiemka CKOY



1.IIOACHUTEJIBHASA 3AIIMCKA

JlaHHBIE METOMYECKUE YKA3aHUs [TPEAHA3HAYAIOTCA JIJIs1 OKA3aHMs IOMOILIM CTYJIEHTaM B
BBIITOJIHEHUH CAMOCTOSITENBHBIX MO y4yeOHOW aucuuiummHe «QPu3uKa» mis TOATOTOBKE K
SK3aMEHY.

Lenn u 3aga4n caMoCTOATEILHOMH PadoThI

B ocHOBe caMocTosATENbHONM pabOThl 00YYAIOIIMXCS M0 JUCIHUILIMHE JISKAT MPUHIUIIBI
CaMOCTOSITEJIbHOCTH, Pa3BUBAIOLIE-TBOPUECKON HANpPABICHHOCTH, LEJIEBOI0 IUIAHUPOBAHUS,
JUYHOCTHO-AEATEIBHOCTHOIO MOAXO0A.

OCHOBHBIE IIETTH CaMOCTOSITEIBHON pabOoThl 00YJAIOLINXCS IO AUCHUILTHHE «DU3NKa»:

— CHCTEMAaTHU3alMs U 3aKPEIUICHUE TIOJYYEHHbBIX TEOPETUYECKUX 3HAHUM U PAKTUYECKUX
YMEHUU;

— yriiy0JieHHe U paclIMpeHue TEOPETUYECKUX 3HAHMUIA;

— ¢opMHpOBaHHE YMEHHUN HCIIOJIb30BAaTh HOPMATHUBHYIO, CIIPABOYHYIO JOKYMEHTALUIO
CIEUUATIbHYIO JIUTEPATYPY;

— pa3BUTHUE TO3HABATENIBHBIX CIIOCOOHOCTEM M aKTHBHOCTH OOYYaIOLIUXCS: TBOPUYECKOM
MHULIUATUBBI, CAMOCTOATEIbHOCTU MBIILIEHUS, OTBETCTBEHHOCTU U OPraHU30BAHHOCTH;

— (hopMupoBaHHE CIIOCOOHOCTEW K CaMOpa3BUTHIO, CaMOCOBEPIIEHCTBOBAHUIO MU
caMopeain3alnuu;

— pa3pelieHue NPOTUBOPEUYUN MEXKAY TPAHCIALMEH 3HAHUM M HMX YCBOCHHEM BO
B3aUMOCBSI3M TEOPUU U IIPAKTUKH;

— Pa3BUTHUE UCCIIEA0BATEIbCKUX YMEHUH.

CamocrtosiTenbHast pabotra mo aucuuiuinHe «®Dusmnka» OCYyLIECTBISETCS C LENbI0
BBITNIOJTHEHUS! CIEAYOIINX (DYHKINII:

— pa3BuBaroleH (TTOBBIIICHHUE KYJIbTYPhl YMCTBEHHOTO TPY/1a, IPUOOIIIEHNE K TBOPUECKUM
BHJIaM JIESTEILHOCTH, 00OTAIlIEHUE MHTEJUIEKTYaTbHBIX CIIOCOOHOCTEN 00yJarouXcs);

— MH(POPMALMOHHO-00yUaIOIIeH;

— OpPHEHTHpYIOIIEH U  CTUMyJupywoomer  (mpoueccy  oOydeHUss — MpuUIaeTcs
npodecCHOHATBLHOE YCKOPEHHE);

— BOocHUTHIBaoLeH ((opMupyroTcs M pa3BUBAIOTCS NPO(ECCHOHATIbHBIE KauyecTBa
CIIEIMAINCTA);

— HCCIIE0BATENIbCKOM (HOBBIN yPOBEHB MPO(PECCUOHATBHO-TBOPUYECKOTO MBIIIJICHNUS).

JUIs NOCTMIKEHHUs YKa3aHHBIX ILE€JIeH, 3aKpelyIeHHsT UM CHUCTEMAaTH3alud W3Y4EHHOTO
yueOHOro marepuaia, (OPMHUPOBAHMS M pA3BUTHUA YMEHMH, HAaBBIKOB U KOMIIETEHIIMH,
Ka4eCTBEHHOT'O OBJIAJICHUs 3HAaHMAMU OOydalolMecs Ha OCHOBE TEMaTH4eCKOro IUIaHa
CaMOCTOSITENIbHOM pabOThI pEIIaloT CAEYIOUINE 3a/1a4H:

— U3Y4al0T PEKOMEH1YEMbIE UCTOYHUKU;

—IOBTOPSIOT U U3y4alOT OCHOBHBIE MOHATHUS TEOPUH TUCHUTUINHBI;

— OTBEYAIOT HA KOHTPOJIbHBIE BOIIPOCHI;

— Pa3BUBAIOT HABBIK HAIIMCAHMSI KOHCIIEKTOB Ha 33/IaHHYIO TEMY,

— COCTAaBJISIIOT MOHSATHHHBIN CIOBaph y4eOHOTO 3aHATHS;

— paboTaroT ¢ MaMsATKAMHU, OTIOPHBIMU KOHCIIEKTaMH;

— Pa3BHMBAIOT HABBIK HANHMCAHUS O0YYaIOUIMX M MPOBEPOUYHBIX CAMOCTOSATEIBHBIX padoT,
TECTOBBIX 3aJaHUH.

TpebGoBanus k pe3yJbTaTaM OCBOCHUS:
B pesynbTare ocBoeHUS yueOHOW TUCIUTUTHHBI 00YYalOIIUIACS TOIKEH YMETh!
- ONKCHIBATh M OOBSACHATH (PU3HUECKUE SIBJIICHUS U CBOMCTBA BELIECTB: JBMKEHHE HEOECHBIX Tell
U UCKYCCTBEHHBIX CITyTHHKOB 3€MJIM; CBOWCTBAa Ta30B, XHUAKOCTEH U TBEPIBIX TEIl;
ANEKTPOMArHUTHYIO HMHAYKIHUIO; PacHpOCTPaHEHHUE »JJIEKTPOMArHUTHBIX BOJIH; BOJHOBBIE
CBOWCTBA CBETA; M3JIyUYCHHUE U TOTJIOIIEHHE CBETa aTOMOM; (DOTOAPEKT;



-OTHanTBFHHOTeﬂﬂOTHaquHXTeopHﬁ;HeHaTBBHBOHBIHaOCHOBCBKCHCPHMGHTaHBHHX
JAaHHBIX; IIPUBOJUTHL IIPUMCEPHBI, ITOKA3bIBAOIIHUEC, 4YTO Ha6J'IIO,I[eHI/I5[ U OSKCIICPUMCHT
SIBIIIFOTCS. OCHOBOM VIS BBIABIDKCHHS THIIOTE3 H Teopnﬁ, MO3BOJIAKOT IMPOBCPHUTH
HUCTUHHOCTHE TCEOPECTHYECKHUX BBIBOAOB;, 4YTO (1)I/I3I/I‘ieCKa$I TEOpHsSA Oa€T BO3MOXKHOCTDH
OOBSICHATh HM3BCCTHBHIC SIBIICHUS npupoabl W HAYYHBIC q)aKTLI, NpeACKa3bIBATh CIIC
HCEHU3BCCTHBIC ABJICHUS,

- TPUBOAMUTH TPUMEPHI MPAKTHYECKOTO HCIOIb30BaHUS (PU3MUECKUX 3HAHUN: 3aKOHOB
MEXaHUKH, TEPMOJMHAMHMKUA M DJJEKTPOJAMHAMHKHA B JHEPre€TUKE; pa3IMYHBIX BUIOB
AJEKTPOMAarHUTHBIX U3IYYEHUH JUIsl pa3BUTHUS PaJlo- U TE€IEKOMMYHUKALIUN; KBAHTOBOMN
(bU3HMKY U CO3JaHMSI SIIEPHON YHEPTETUKH, JIA3€POB;

- BOCIPHHMMAaTb M Ha OCHOBE IIOJIYYCHHBIX 3HAHUM CaMOCTOSTEIBLHO OLICHUBATh
JOCTOBEPHOCTh €CTECTBEHHO-HAyYHOH HH(OpMaLuy, cojepKallieicss B COOOIIEHUsX
CMMU, NnTepHeTe, HayuHO- MONYJISPHBIX CTAaThX;

- UCIOJb30BaTh NPUOOPETEHHbIC 3HAHUSA M YMEHHUS AJIS pEIICHUs MPaKTHUYECKUX 3ajad
MTOBCETHEBHOM KHU3HH JIsi: 00ecIeueHus] 0€30MacHOCTH KU3ZHEACATEIILHOCTH B TIPOIIecce
UCIOJIb30BAaHUS TPAHCIIOPTHBIX CPE/ICTB, OBITOBBIX 3JIEKTPONPUOOPOB; OLIEHKH BIMSIHUSA HA
OpraHM3M 4eJOBeKa U Jpyrue OpraHu3Mbl 3arpsA3HEHUsS OKpYXalollell cpembl;
PalMOHAIBHOIO IIPUPOIOIOIL30BaHUA U 3AILUTBI OKPYKAIOIIEH Cpedbl U BO3MOKHOCTb
NPUMEHEHUsS] 3HAHMW TpU pPELIEHUH 3a/]ad, BO3HUKAIOIIMX B  IOCIEIYyIOIIEH
poecCUOHAILHOMN 1EATEIbHOCTH.

3HAThb:

- CMbICI TOHATUH: (uU3HUecKoe SBJICHHE, THUIMOTe3a 3aKOH, TEOpHs, BEIECTBO,
B3aMMOJICIICTBHE, DSJIEKTPOMAarHUTHOE TIOJie, BONHA, (OTOH, aTroM, aTOMHOE SO,
MOHU3UPYIOLINE U3JIyUY€HUs, TUIaHeTa, 3B€3/1a, ralakTHKa, Beenennas;

- CMBICH (PU3MUYECKUX BEJIMYUH: CKOPOCTb, YCKOpPEHHE, Macca, CUia, UMITYNbC, paboTa,
MeXaHWuYecKas DSHEprus, BHYTPEHHsSI JHeprusi, aOCONIOTHas TemIepaTypa, CpeaHss
KMHETUYECKasl DHEpPrusl 4YacTULl BEIIECTBA, KOJIMYECTBO TEIUIOTHI, SJIEMEHTAPHBIN
JNEKTPUUECKUN 3apsifl;

- CMbICI (PU3MYECKUX 3aKOHOB KJIACCMUECKOW MEXaHHMKHM, BCEMHUPHOTO TATOTEHUS,
COXpaHEHHS DOHEPrHH, UMIYJIbca U DJIEKTPUYECKOTO 3apsiia, TEPMOJMHAMUKH,
3JIEKTPOMArHUTHOM MHIYKIMHU, GOTOdIPdeKTa;

- BKJIaJ] POCCUMCKUX U 3apyO€KHBIX YYEHBIX, OKa3aBIIMX HauOoJIblee BIUSHUE Ha
pa3BuTHe QU3MKH

Buabl 3a1a4 ¥ IUIaHBI UX PeLIEHU
Ha 3ansTuHsX 1o ¢pusnke 0ObIYHO UCHIOIB3YIOTCS:
1) 3amaum-ynmpaKHEHHUs, MOMOTAIONIMe CTYyAEHTaM MpuoOpecTu TBEPJbIE HABBIKU
pacyéra U BBIYUCICHUI;
2) 3aja4uu JUIsl IEMOHCTPAMU TPAKTUYECKOIO MPUMEHEHHUSI TEX WM UHBIX 3aKOHOB;
3) 3amaum AJ1s 3aKperIeHUsT U KOHTPOJIS 3HAHUI;
4) no3HaBaTeIbHbIC 33a4H.
3amaun A 3aKpeTUICHHs] 1 KOHTPOJISl 3HAaHUHA U 3aJ]a4u-yIIPAKHEHUST PAaCCUNTAHbI Ha
MCIIO0JIb30BAaHUE TOTOBBIX 3HAHWM, MOJTYYEHHBIX M3 KHUI, JEKLIUW, OT mpenojaBarens. Pemenue
TaKUX 3a/a4 OMHMPAETCS B OCHOBHOM Ha MEXAHM3MbI MaMATH M BHUMaHUsA. OHO B U3BECTHOM
CMBICJIE TTOJIE3HO U Jake HEOOXOMMO.
Hanpumep, npu pemieHnn 3agadyn-ynpakKHEHUST HAa KOJMYECTBEHHBIM pacu€T cpeaHen
KBAJIPATHYHOW CKOPOCTH MOJICKYJ TJia3a MpH 3aaHHBIX YCIOBUAX (TEMIEpaType) CTYACHTHI
JOJKHBI 3HATh (popMyny Ay pacuéra cpeaHell KBaJIpaTHUYHOM CKOPOCTH MOJIEKYJ, 3HAUECHHE



YHUBEPCAJIHHON T'a30BOM MOCTOSIHHOM, U yOEIUTHCS, YTO CKOPOCTU MOJIEKYJ OYEHb BEIHMKH JTaXKe
IIpY KOMHATHBIX TeMIepaTypax. Bcé aTo nonesHo i u3yueHus MoiaeKysipHoi ¢pusuku. OgHako
TOJIBKO T€ 3aJjaud, B KOTOPBIX YCTaHABJIMBAIOTCS HOBBIE, HEU3BECTHBIE paHEEe CTyJIEHTaM CBS3U
MEXy 3HAKOMBIMU (PU3UUECKUMH XapaKTEPUCTUKAMU, BIISIFOTCS CTUMYJIATOPOM UX YMCTBEHHOM
nestenbHOCTH. K TakuMm 3asauam B IEpBYIO Odepelb OTHOCATCS I103HABATEIbHBIE 3ajauul.
OtnMune mo3HaBaTENBHBIX 3a7ad OT 3aJad APYTHX BHJOB COCTOMT B TOM, YTO B IIpOLECCE HX
peneHns 00yJaromuics puoOpeTacT HOBbIE 3HAHUS.

Ecnu cTtyneHT uMeeT cnabyro TEOpEeTHUECKYIO [TOAT0TOBKY, PeLICHHE 3a1a4 0J00HOTO
pOZla MOKET OKa3aThCsl Ul HEr0 HENOCWIBHBIM. Jlake B 9TOM ciy4ae, €Cild, PUCYTCTBYs Ha
3aHATHUAX, OH MIO3HAKOMUTCS C XOJIOM PEIIEHUs U Pe3yIbTaTOM, 3TOro OyJeT HeJOCTaTOYHO IS
JOCTIDKEHUS 1IeNTM MO3HaBaTeNbHOW 3amauyd. [losTomMy HYXHO TpeOoBaTh, YTOOBI CTYAEHTHI
TOTOBWJIM TEOPETUYECKUM MaTepuall, U INOKa3blBaTb MM, YTO HMMEHHO HEBBIIIOJHEHUE 3TOIO
TpeOOBaHUS IPUBOJUT K HEY/Aaue MPU PELIEHUH 3aa4.

JUia penieHus 3a7a4 pacu€THOIO XapakTepa JOCTaTOYHO COCTABUTh CUCTEMY YPaBHEHHUH,
a jmanplie BCE CBOAWUTCS K MaTeMaTHUECKUM JeHcTBHsM. Hekoropwie 3amaum TpeOyIOT s
peLIeHHs] TEOMETPUUECKUX OCTPOSHUH M MCMOib30BaHus rpadukoB. HecMoTps Ha pasnuuue B
BUJAX 3a]ad, UX pEIICHHEe MOXXKHO MPOBOJHTH IO CIEAYIOIIEMY O0meMy IIaHy (HEKOTOpbIe
OYHKTHl IUTaHA MOTYT BbIIAJaTh B HEKOTOPbIX KOHKPETHBIX CIydasx), KOTOpPbIM Hamo
IPOJUKTOBATh CTY/IEHTaM:

1. npodecTs BHUMATENBHO YCIOBHE 3a/1a4H;

2. IOCMOTPETb, BCE JIM TEPMUHBI B YCIOBUSAX 3aJa4l U3BECTHBI U IMOHATHBI (€CIU YTO-
TO HEACHO, CleqyeT OOpaTUThCs K y4eOHHUKY, NMPOCMOTPETh pELIeHHs MpeablIyluX 3ajad,
IIOCOBETOBATHCSI C MIPENoaBaTesieM);

3. 3amucarh B COKpAIlGHHOM BHUJE YCJIOBHE 3aJaud (KOrja BBEAEHBI CTaHIApTHHIE
0003Ha4YeHMsl, JJerye BCIIOMUHATh (POPMYJIbI, CBSI3BIBAIOLINE COOTBETCTBYIOLIUE BETMUMHBI, UETUE
BUJIHO, KaKHe XapaKTepUCTUKH 3aJ]aHbl, BCE JIN OHU BBIPA)KEHBI B OAHOMN cHCTEMEe €AMHUIL U T.]1.);

4. cpenatb 4epTéX, €CIM 3TO HEOOXOAMMO (Jenasi 4yepTéx, HYKHO CTaparbCs
NpeJCTaBUTh CUTYAIIMIO B HarOoJee o011eM BU/IE, HAITPUMED, €CIH pelaeTcs 3a/1a4a 0 KojieOaHuu
MasiTHUKA, €ro clieAyeT U300pa3nuTh HE B MOJ0KEHUH PAaBHOBECHS,  OTKIIOHEHHBIM);

5. MpoOM3BECTH aHAIM3 3aJlaud, BCKPBITh €€ (u3MUecKHil cMbICH (HY)XHO YETKO
MOHUMATh, B Ye€M OYJIET 3aKII0YaThCS PEIICHUE 3a]]a4H; TaK, €CITU TPeOyeTCss HAUTHU TPASKTOPHIO
JBUKEHHS] TOUKH, TO OTBETOM JIOJDKHA CIIY’KUTh 3allMCh YPAaBHEHUI KPUBOM, ONUCHIBAIOLIEH 3TY
TPAeKTOPHIO; Ha BOIPOC, Oy/IET JIM TPAeKTOPUsI 3aMKHYTOM JIMHUEH, CIelyeT OTBETUTh «1a» WU
«HET» ¥ 00BACHUTD, IOYEMY BBIOpaH TaKOH OTBET);

6. yCTaHOBHUTH, Kakue (U3NYECKHE 3aKOHBI W COOTHOMIICHHS MOTYT OBITh
MCII0JIb30BaHbl IIPU PELICHUH JaHHOW 3aJa4H;

7. COCTaBUTb YypaBHEHHUS, CBS3bIBalOIIME (UINYECKUE BEIUYMUHBI, KOTOpHIE
XapaKTEpU3YIOT pacCMaTPUBAEMBIE SIBJIEHUSI C KOJIMUECTBEHHOW CTOPOHBI;

8. peummTh 3TH ypaBHEHUS OTHOCUTEJIHbHO HEU3BECTHBIX BEJIMYMH, MOJYYUTh OTBET B
obmeMm Buje. Ilpexne yeM nepexoAuTh K YHCICHHBIM 3HAUYEHUSM, TOJIE3HO MPOBECTH aHAIU3
ATOTO PELIEHUs: OH MOMOYKET BCKPBITh TAKHUE CBOWCTBA

paccMaTpuBaeMoro SIBIE€HHs, KOTOpPbIE HE BUAHBI B UHCIEHHOM OTBETE;

9. mepeBecTH KOJIMYECTBEHHbIE BEIMYMHBI B 0OIIENPUHATYIO cucteMmy enuuul (CH),
HaWTU YUCIICHHBIN PE3YyJIbTAT;

10. mpoaHanM3MpOBaTh MOJYYEHHBIM OTBET, BBIICHUTh KaK H3MEHSAETCS HCKOMas
BEJIMYMHA TP U3MEHEHHH APYIHX BETUYMH, (QYyHKIMEH KOTOPBIX OHA SIBJSETCS, UCCIIEIOBATh
IIpeeIbHBIE CITyqaH.

IIpuBenéHHas MOCIENOBATEIBHOCTh IEUCTBUM IIPU PELICHUU 3a1ad yCBAaUBACTCS
CTYACHTaMM, KaK IpPaBUJIO, B XOJE 3aHATUH, KOrJa OHM Ha MpakTHKe yOexIarTcs B eé
nenecooOpasHocTi. IloaToMy B KOHIIE 3aHATHS IOJIE3HO IOJBECTH WTOT, CHOPMYIHPOBATH
HaWJIEHHBIN aJITOPUTM PACCYKICHUH. 3aMETHM, BIIPOYEM, YTO HE BCETJ]a MOXKET OBITh MPETOKEH
QITOPUTM PELICHUS 3a7auu.



HpI/I AHAJIN3C 3aJa4 Ha aYAUTOPHBLIX 3aHATUAX IIO0JIC3HO BO3BpAalllaThbCAd K ILJIAHY.
OTKJIOHEHHE OT HETO B OOJBLIIMHCTBE CJIydacB HC IIO3BOJIACT CTYACHTY PCIIMTH 3aJady. Torna

HY’)KHO HAIlOMHUTb €My, KaKOM d3Tall IPOIYLIEH M yKa3arb, YTO MMEHHO 3TO U IIOCIYKWIIO
IIPUYUHON HEylauH.

IIpumep pemenus 3agaun
3anaua.

Teno OporIeHO OT MOBEPXHOCTH 3€MJIU M1OJ1 YTJIOM ¢ K TOPU30HTY C HAYAJIbHOM CKOPOCTHIO
U, . OnpenenuTs BLICOTY NOABbEMA U JAIIBHOCTD IOJIETA.

Hano:

HayaJIbHOU CKOPOCTBIO Uy .

Ha4daJlIOM ABHXXCHMA TCIIA,

- OCb UT'PCK — BEPTUKAJIBHO,
- 4acCbl OTCHUTBIBAIOT BPEMA OT

Pemenue

ITycts Teno OpoOIIEHO OT MOBEPXHOCTH 3€MJIM IOJ YIJIOM ¢ K TOPU3OHTY C

Bribepem cuctemy oTcuéra TakuM 00pa3om:
- COBMECTHUB Hayajo NPSIMOYTOJbHOW JIEKApTOBOM CHUCTEMBI KOOPAMHAT C

- OCh UKC HAIIpaBJICHA T'OPHU30HTAJIbHO,

MOMCECHTA Hadajia IBHXKXCHHUA.

Yy

I[BI/I)KCHI/IG TCJIa 1OJ YIJTIOM K TOPU3OHTY SABJIACTCA PABHOYCKOPCHHBIM, TakK

KakK

MMPOUCXOAUT B MOJIC TATOTCHHA U €TI0 OIIUCBIBAIOT CJICAYIOMINUC YPABHCHU !
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VYpaBHEeHHE MPOEKIIMH HAYAJIbHOM CKOPOCTH Ha OCU KOOPAMHAT 3alIUIIETCS:
Uy, =V, - COSt
Ly, =y -sin o
W3 cuctem ypaBHEHHI MOKHO BBIPA3UTh BPEMSI, YUUTBIBAs, YTO B BEpXHEH Touke v, =0
, OIIPEACIIUTb BPEM l'IOI['béMa TCia:
0=uy,sin ¢ —gt
U, SIN @

g
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. . 2 . 2
vesina  gusina)  (v,sina)

Bricora nogbéma: Y =Y, + 0, Sin «
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JlambHOCTD TIONETA: X = Uy SIN 200
g
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2. O0beM M cofiepKaHHe CAMOCTOSTEJIbHON PadoThI

o HaumeHnoBaHue TeMbI AUCHHUILIMHBI M ®opma O0neM
B CaMOCTOSITE/ILHOT0 3aHATHS KOHTPOJIfA 4acoB
cobeceoBaHuE,
1 | Teopernueckasi 4aCTh CAMOCTOSITEIbLHON PaGOTHI ONIOPHBII 2
KOHCIIEKT
., MUCbMEHHBIN
2 | IIpakTHYecKasi 4acTh CAMOCTOSITEJILHOI PadoThI . 2
Hroro: 4

ITopsinoK BBINOJHEHUS] CAMOCTOATEIHLHOH Pa0OTHI.
1. Ha ocHOBaHMM JUTEpaTypbl, PEKOMEHJOBAHHOM K BBIMOJHEHUIO CAMOCTOSTEIbHON

paboThl, HEOOXOUMO HM3YUUTh TEOPETHUECKHE BOIPOCH MO JAaHHOM TeMe COIJIacHO
TUIaHy.

2. CocTaBUTH KpAaTKUIl KOHCIIEKT JAHHOT'O MaTepuana:

Pa30uTh TEKCT Ha OT/IENbHBIE CMBICIOBBIE TYHKTHI.

w

4. 3amnucaTh NOJYyYUBUIMICS TJIaH B TETPAJX B BUJI€ ONIOPHOTO KOHCIIEKTA, BCTABUB B HETO
onpezaeneHusi, Gopmynbl, BEIBOJBI, (OPMYIUPOBKHU, BBIBOABI (POpMyI, GOpMYIUPOBKU
3aKOHOB U T.JI.

5. Tlpopemars TUIIOBBIE 33/1a4H 1O pa3jienaM (pU3UKH.

KommnuiekT 3aianuii 1Ji caMOCTOSITEIbHOM NMOATOTOBKH K 3K3aMeHYy

Yactb A: Teopernueckasi 4aCTh CAMOCTOSITEJILHOMH PadoThI
Ilepeuens 6onpocos 0 camocmosamenbHol no020MoGKU K IK3AMEHY

1. JIBwxkeHwue.
2. KI/IHeMaTI/IKa NOCTYNATCIbHOI'O ABUKCHUS.



Kunemaruka BpamareabHOTrO ABHKCHHS.
JluHaMuKa NOCTYNaTeabHOIO IBUKEHHUS.
JluHaMuKa BpamaTeabHOTO IBUKECHUS.
KpuBonuneliHoe 1BU>XEHUE.

3akoH BcemMupHOro TAroTeHusl.

Cuuisl B Ipupoie.

Nmmynsc Tena.

0. Mexanuueckas 3HEprus Tea.

11. HeunepuuanbHble CUCTEMBI OTCUETA.

12. Craruka.

13. MexaHuKa XKUJKOCTH U Ta3a.

14. Kone0aHus 1 BOJIHBI.

15. Dnementsl C.T.O.

16. OcHOBBI MOJIEKY I PHO-KMHETUYECKOI TEOpUH.
17. I'a30BbI€ 3aKOHBI.

18. IlepBoe HayaI0 TEPMOIUHAMHUKH.

19. Bropoe Hayasio TepMOANHAMUKH.

20. DHTponUS.

21. Iuxn Kapno.

22. TermoBele MamuHbI. KIT/T.

23. DIIEKTPOCTATHKA.

24. DnexkTpoAMHAMUKA.

25. DNeKTpUYECKHIA TOK.

26. Teopust IPOBOIUMOCTH B METaJLIAX.

27. Teopus TPOBOJIUMOCTH B JIEKTPOJIUTAX.
28. Teopus MPOBOJIMMOCTH B ra3ax.

29. Teopus TPOBOIUMOCTH B MOTYITPOBOTHUKAX.
30. MaruuTHOE 1oJie.

31. DreKTpoMarHUTHOE TOJIe.

32. OcHOBBI (POTOMETPUH, 3aKOHBI OCBELIEHHOCTH.
33. 'eomeTpuueckas ONTHKA.

34. UnTtepdepenius u qudpakius cBera.
35. [onsipu3anus ceera.

36. [lucnepcus cBera.

37. KBaHTOBBIC SBIICHUSI.

38. Ctpoenue aroma.

39. Ctpoenue sjpa.

40. DnemMeHTapHbIe YaCTUIIBI.

POONO U AW

Yacrs B: [IpakTHyeckasi 4acTh CaMOCTOATEJIBLHOM PadoThI

Ilepeuens npumepHuvlx 3a0ay 0151 CAMOCMOSAMENLHOU PabOmul
ABTOMOOWMIL Tporaercst ¢ Mecta U 3a 10 ¢ pasronsiercss 10 ckopoctu 72 km/4. C Kakum
YCKOPEHHUEM JIBUTaJICsl aBTOMOOUIIb M KaKOM MyTh OH MpOILEeN PU 3TOM?
Kakoe yckopenue Oyner coobmats kaMHI0 Maccoit 3 kr cuia 60 H?
Onpenenure NOJHYIO MEXaHUYECKYIO SHEprHio Tena Maccoil 500 r, IBUKyILerocs Ha BBICOTE
10 M co ckopocTthio 20 m/c.
Brruucnure neproa v 4acToTy KoneOaHui MasiTHUKA JJTUHON 9,8 M.
Nmeercs nBa nmpeamera OJIMHAKOBOM MAacChl MU OJMHAKOBOW TEMIIEPATYPBI: OAUH U3 MEIHU,
npyro u3 amoMuHus. Kakoil M3 HHMX HarpeeTcss 0 0oJiee BBICOKOW TeMIlepaTypbl Mpu



10.

11.

12.

13.

14.

15.

nepegaye MM OJIMHAKOBOTO KOJMYECTBA TEIUIOTHI? YienbHas TerioeMKocTs Mmean 400
Jx/(xr-°C), amomunus — 920 JIx/(xr-°C).

ABTOMOOWJIb JBUXKETCS IO BBIMTYKIOMY MOCTY, UMEIOIIEMY paauyc KpuBHU3HBI 10 M.
Ckopoctb aBTOMOOMITSE 36 kM/4.YeMy paBHO ero yckopenue? Kyna oHo HanpaBieHO?

Ha BricoTe 4 M Bucur s1610k0 mMaccoir 50 r. Uemy paBHa cujia TSKECTH, JEHCTBYIOIIAs Ha
Hero? C Kakoi CKOPOCTBIO YIAPUTCS ATO S0JI0KO O 3eMJII0, €CIIU COPBETCS C BETKU?

YeMy paBHa CKOPOCTh IOPOXOBOM pakeThl Maccod 2 Kr Mocjie BbUIETa U3 Hee MPOIYKTOB
cropanus maccoi 0,2 xr co ckopocThio 500 m/c?

Kakoe koi1ruecTBO TEmI0Thl HEOOXOAUMO JIJIsl HarpeBaHUs CTAJIbHOM JIeTalu Maccoi 2 Kr Ha
20 °C ? Y nenbHas TeruioeMKocTh ctanu paBHa 500 [x/(kr-°C).

Y4acTOK  JEKTPUYECKOM LEenu COCTOMT U3 TPeX  PE3UCTOPOB, COEAMHEHHBIX
nociyeaoBarenbHo. CONpPOTUBIIEHUS IEPBOIO U BTOPOIO PE3UCTOPOB PaBHBI COOTBETCTBEHHO
R1= 36 Om u Rz =54 Om. Hamnpsbxenue Ha iepBoM pesuctope paBHo 6B. Onpenenute cuimy
TOKa B y4YacTKe IENH; HAMpPsDKEHHWE Ha BTOPOM PE3UCTOpE; COMPOTHBICHHE pe3ucTopa Rs,
€CJIM HamnpsbKeHue Ha Hem paBHO 20B.

Tpu pesucropa, cOnpoOTUBIEHUS KOTOPbIX 2, 6 U 12 Om, coenuHeHbl NOCAEA0BATENbHO U
MOJIKJIIOUEHBI K UCTOYHHUKY TOKa. HampsbkeHue Ha BTopoM pesuctope paBHo 8B. Haiinute
HAIpPsDKEHUS Ha IIEPBOM U TPETHEM PE3UCTOPAX.

B cerp ¢ Hampsbkenuem 220 B BiirodeHbl mocienoBaTenbHO peoctaT w10 samn
conpotusiieHueM 24 OM KakJasi, pacCulTaHHble Ha HanpsbkeHue 12 B kaxnaa. Onpenenutsb
CUJLY TOKA B LIENIU ¥ COIIPOTUBJIEHUE PEOCTaTa, €CIM OH BKIIIOUYEH MOJTHOCTBIO.

Yetblpe mpoBOAHMKA C compoTuBieHueM 1o 1,5 OM kaxawlii TpeOyeTcs COeAUHHUTH Tak,
4T00BI ONY4YuTh conpotuBieHue 2 Om. Kak ato cnenars? Hapucyiite cxemy.

KakoBo conpoTuBieHUE KaKJI0TO U3 JIBYX MPOBOJHUKOB, €CIU MPHU MX MOCIEI0BATEILHOM
COEIMHEHNH Nony4aercs conpotusienue 20 Om, a npu napajieasHom 5 Om?

Yemy paBHa cuia TOKa, IPOTEKAIOIIET0 yepe3 OOIIYy0 YacThb JIEKTPUUECKOoil enu, eciau Ry =
R2=50mM, R3=R4=R5=10 Om?
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