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1 BBEAEHUE

BaxHyro uwacte TeopeTHuecko U MNpo(ecCHOHAIbHONW MPAKTUYECKOM IOArOTOBKU
00yYaromuXCcsi COCTABIISIIOT MIPAKTUYECKHE U JIAOOPAaTOPHBIE 3aHITHS.

CoctaB u coaep)kaHUE IPAKTUYECKUMX M JAOOpAaTOPHBIX 3aHATHHM HampaBieHbl Ha
peanuzanuio DenepasbHOrO TroCylapCTBEHHOIO 00pa3oBaTENbHOIO CTAHAAPTA CPEIHEro
o01iero o0pa3oBaHus ¢ yU4ETOM MOJIy4aeMOi CIIeUaIbHOCTH.

Benymeld nuaakTHUECKOW IIENbI0 TMPAKTHUECKUX 3aHATUH sBIsieTCsl (OPMHUpPOBAHHE
npopeCCHOHATIBHBIX MPAKTUUYECKUX YMEHHHM (YMEHHUH BBIIOJHSATH ONpEICICHHbIE AEHCTBUS,
orepannu, HeoOXOAMMBbIE B MOCIEIYIONIEM B MPO(EeCCHOHAIBHOM eI TEIbHOCTH) MU Y4eOHBIX
NPAaKTUYECKUX YMEHMH (YMEHMH pemarsh 3afaud 1o (U3uKe), HeOOXOAUMBIX B MOCIEAYIOIIEH
y4eOHO! JNEeSATENbHOCTH.

Benymel nuaakTuyeckoi 1esbio 1a00paTOPHBIX 3aHATUH SBISETCS SKCIIEPUMEHTAIBHOE
NOJATBEPXKJIEHUE M IPOBEPKA CYLIECTBEHHBIX TEOPETUYECKUX IOJIOKEHUH (3aKOHOB,
3aBUCUMOCTEH ).

B coorBerctBUM ¢ paboueil mnporpammol yd4eOHOM aMCHMIIIMHBL  «Du3uKa»
IPEIYyCMOTPEHO MPOBEJCHUE IPAKTUYECKUX U Ja00paTOPHBIX 3aHATHH.

BrimonHeHne NpakTUYECKUX U J1a0OpaTOpHBIX pPadOT 00ecneunmBaeT JIOCTHIKCHHE
00y4aroIUMUCS CIeYIOIUX Pe3yIbTaToB:

IIpenmeTHble pe3yJibTAThI

BJIaJCHHUC OCHOBOIIOJIararomuMun (1)I/ISI/I‘I€CKI/IMI/I INOHATUAIMHU MW BCIIMYMHaAMHU,
XapaKTCPU3YIOIIIUMHU Q)HSHHGCKI/IC IMpoueCChl (CBHSaHHHMI/I C MCXaHHUYCCKUM
JABHXKXCHHEM, BSaHMOHGﬁCTBHCM TCJI, MCXAHUYCCKUMH KOJICOAHUSIMH U BOJIHAMU,
ATOMHO-MOJICKYJISIPHBIM CTPOCHUCM BCIIICCTBA, TCIIJIOBBIMU mponeccamMu;,
QJICKTPUYCCKUM U MAarHuTHBIM IIOJIAIMHU, DJICKTPUUICCKHUM TOKOM, BJICKTPOMArHUTHBIMU
KoJIcOaHUSIMH | BOJIHaAMH,; OIITHYCCKHMMHU ABJICHHAMH, KBAHTOBBIMHU SABJICHHUAMU,
CTPOCHUEM aToMa n aTOMHOI'O sapa, paHI/IoaKTI/IBHOCTI)IO); BJIaJICHUC
OCHOBOIIOJIararomumMun ACTPOHOMUYCCKUMU IIOHATHUAMU, IIO3BOJIAIOIIIMMUA
XapaKTCPU30BaTh IMPOLCCCHI, MPOHUCXOAAIINEC Ha 3BE3AaX, B 3BC3AHLIX CUCTEMAX, B
MEXXTraJlaKTH4eCKOM cpeac; IBUKCHHUC HeOeCHBIX TCJI, SBOJIOIUIO 3BC30 U BCGHGHHOﬁ;

I1PG3

BJIaJICHUE 3aKOHOMEPHOCTSIMU, 3aKOHAMU U TEOPUSIMHU (3aKOH BCEMUPHOTO TITOTEHUS,
I, I m III 3axkoHbl HbrOTOHA, 3aKOH COXpaHEHUs] MEXAHUYECKOW IHEPTHM, 3aKOH
COXpAHEHUsS HMMYJIbCAa, MPUHUUII CYNEPHO3HMIMU CWJI, TPUHUMUII PABHOIPABHOCTH
WHEPLHUAIBHBIX CUCTEM OTCUETA; MOJEKYISAPHO-KUHETUUYECKYI0 TEOPUIO CTPOECHUS
BEIIECTBA, T'a30BbI€ 3aKOHBI, IMEPBbIM 3aKOH TEPMOJIWHAMHUKH; 3aKOH COXpPAHEHUS
AIEKTPUYECKOTO 3apsiaa, 3akoH Kynona, 3akoH Oma Juis yyacTka 1ienu, 3akoH Oma
[1P64 | nyst moaHOM 3eKTpuyeckoi nenu, 3akoH [[xoyns - JleHia, 3aKoH 3JeKTpOMarHUTHOM
WHAYKIMHU, 3aKOH COXPAHEHMS JHEPIUH, 3aKOH IMPSAMOJIMHENHOIO PaCHpOCTPAHEHUS
CBETa, 3aKOH OTPaKCHHSI CBETA, 3aKOH IPEJIOMIICHUS CBETA; 3aKOH COXPaHECHUS
SHEPIrUH, 3aKOH COXPAHEHUs MMIIYJIbCA, 3aKOH COXPAHEHHUs AJIEKTPUUECKOTO 3apsa,
3aKOH COXPAHEHUs MacCOBOr0 4YHWCIA, MOCTyJaThl bopa, 3aKOH paguoaKTHUBHOIO
pacrnajza); YBEpEHHOE MHCIIOJIb30BaHUE 3aKOHOB M 3aKOHOMEPHOCTEH MpU aHaIU3e
(u3MYECKUX SIBJICHUN U MPOIIECCOB;

BJIaJICHME OCHOBHBIMH METO/IaMH HAay4HOT'O IO3HAHMS, MCIOJb3yeMbIMU B (DU3HKE:
[1PG6 | mpoBOaUTH TpsIMblE M KOCBEHHbIE H3MepeHUs (U3MUECKUX BEIMYMH, BbIOMpas
ONTUMAJIBHBIA  CIIOCOO M3MEpEeHHs M HUCHOJb3ys M3BECTHBIE METOJbl OLIEHKU
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MOTPEIIHOCTe HM3MEPEHUN, MPOBOAUTH HMCCIECIOBAHUE 3aBHCHUMOCTEH (DHU3HUECKUX
BEJIMYUH C HCIOJIb30BAHHEM TMPSAMBIX H3MEPEHHUH, OOBSICHATH IMOJyUYEeHHBIE
PE3yNIbTAThI, UCTIONB3YS (PU3NUYCCKUE TEOPUHU, 3aKOHBI U TIOHATHUS, U JIEIaTh BHIBOJIBI,
co0moaTh npaBuia 0€30MacHOro Tpyaa MpH MPOBEICHUHU HCCIIEIOBAaHUI B paMKax
y4eOHOTO  SKCIEpUMEHTa M Yy4eOHO-HCCIENOBATENbCKOM  JEATENIBHOCTH  C
UCIOJIb30BaHWEM IUGPOBBIX H3MEPUTENBHBIX YCTPOWCTB U  JIaDOpaTOPHOTO
o0opynoBaHus; COPMUPOBAHHOCTH MPEJCTABICHUN O METOJAaX MOTYYCHHS HAyYHBIX
ACTPOHOMUYECKHUX 3HAHMII;

I1P67

C(OPMHPOBAHHOCT yMEHHs pellaTh pacueTHbE 3aJaud C SBHO 3aJaHHOM
¢bu3nvecKkoil MojebIo, UCHONB3yd (PU3MUYECKHE 3aKOHBI M TPUHIIMIIBI, HA OCHOBE
aHaJIM3a YCJIOBHS 3a/laud BbIOMPATh (U3UYECKYI0 MOJEIb, BBIIEIATH (DPU3HUYECKHE
BEIMYUHBI U (OPMYIIBI, HEOOXOMUMBIE Ui €€ pEIIeHUs, NPOBOIUTH PAcCUeThl H
OLIEHUBATh PEAIbHOCTh IOJIyYEHHOIO 3HAa4YeHUs (U3NYECKOH BEIUYMHBI; pelarh
KaueCTBCHHBIC 3aJa4M, BBICTpauBas JIOTMYECKH HEINPOTUBOPEYUBYIO LEHNOYKY
paccyXKIeHUI C ONOpoil Ha H3yuyeHHbIE 3aKOHbI, 3aKOHOMEPHOCTH M (PU3HUECKue
SIBJICHMS;

I1P68

C(OPMHUPOBAHHOCTh YMEHHUS IPUMEHATh IOJIYYEHHbIE 3HAaHUA U1 OOBACHEHHUS
YCIIOBUH NIpOTeKaHuss (U3MYECKUX SBICHUW B TMPUPOAE U Uil [PUHATHS
IPAKTUYECKUX PELICHUH B MOBCEJHEBHOM XH3HM A obecneueHus 0e3011acHOCTH
npu oOpamieHud ¢ OBITOBBIMM IPUOOpaMM U TEXHUYECKHMMH YCTpOIlCTBaMH,
COXpaHEHMs 310pOBbS U COONIONEHUS HOPM DSKOJOIMUYECKOro IIOBEIECHUS B
OKpY’KaloIlel cpefie; MOHUMaHNue HeOOXOAMMOCTH TPUMEHEHUS TOCTHKEHUN (DU3UKU
Y TEXHOJIOTMH JJIs1 paliMOHAJIbHOIO IPUPOAOIO0Ib30BAHUS;

I1P610

OBJIaJICHHE YMEHUSMU paboTaTh B IPYMIE C BBIIOJIHEHUEM Pa3IMYHbIX COLMAIbHBIX
poJeil, IIaHUpoBaTh pabOTy IPYIIIbI, PALMOHAIBHO PACHPEEATh IEATEIbHOCTh B
HECTaH/IApPTHBIX CHUTYalUsAX, aJIEKBaTHO OLICHMBATH BKJIAJ KaXK/I0T'O U3 YYaCTHUKOB
IpYIIIBI B pelIeHHE paccCMaTpUBaeMoil MpooIIeMbl;

Metan

CAIMETHBIC PE3YJJbTAThI

MP 8

CIIOCOOHOCTh M TOTOBHOCTH K CaMOCTOATCIIBHOMY IIOHUCKY MCETOAOB PCIICHUA
MPAKTUYCCKUX 3aa4, MIPUMCHCHUIO PA3JIMYHBIX MCTOOOB IO3HAHUA,

MP 9

OBJIAJICHUE BUJAMU  JIEATEIBHOCTH II0 IIOJYYEHUIO HOBOIO 3HAHUA, €r0
UHTEpIpeTalMi, NpeoOpa3oBaHUI0 M MPUMEHEHMIO B Pa3jIMYHBIX y4EOHBIX
CUTYyallUsX, B TOM YHCJIE IPU CO3/IaHUH YUEOHBIX M COIIMATIBHBIX IPOEKTOB;

MP10

dhopMUpOBaHHE HAYYHOTO THIA MBIIUICHUS, BJIAJICHUE HAYYHOU TEPMHUHOJIOTHEM,
KJIFOYEBBIMH MOHATUAMHU U METOJAMU,;

MP 13

AHAIIM3UPOBATH IIOJIYYCHHBIC B XOAC PCHICHUA 3adadyu PpEe3yJbTaTbl, KPUTHUYCCKHU
OICHUBATH UX NOCTOBECPHOCTL, IPOTHO3UPOBATH N3MCHCHHEC B HOBBIX YCJIOBHUSIX,

MP 17

YMETb TNEPCHOCUTL 3HAHUA B TIO3HABATCIBHYHO W IMPAKTUYCCKYIO obiactu
KU3HCACATCIIBHOCTH,

MP 21

BJIAJICTh HaBBIKAMU IOJIydyeHHs WHGPOpPMAlMM W3 HCTOYHUKOB pasHBIX THIIOB,
CaMOCTOSITEJIHO OCYILECTBIIATh MOUCK, aHAIW3, CUCTEMATH3aLMI0 U UHTEPIPETALIHIO
nH(OpMaIMY pa3IMYHBIX BUJOB U (OPM IpeJICTaBICHHUS,

JINYHOCTHBIE pPe3yJIbTaThl

CIIOCOOHOCTH OLCHUBATH CUTYyAallUIO U IPUHHUMATHh OCO3HAHHBIC PCIICHUA,

JIP 13 OPHEHTUPYSICh Ha MOPAJTbHO-HPABCTBEHHBIE HOPMBI U IICHHOCTH;

JIP 14 | oco3Hanue TMYHOTO BKJIaJa B IOCTPOCHHE YCTOHYMBOTO Oy IyIIero;

JIP 23 | roTOBHOCTH K TPY/y, OCO3HAHHUE [ICHHOCTH MacTEPCTBA, TPYIOIIO0HE;

JIP26 | roTOBHOCTB M CLIOCOOHOCTh K 00pa30BaHMIO U caMO00OPa30BAHUIO HA TIPOTSHKCHUH
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‘ BCEM KU3HU;

ConepxaHue NPaKTUYECKUX M JIA0OpaTOPHBIX 3aHATUM OPUEHTHPOBAHO HA IOJTOTOBKY
00y4aroIuxcss K OCBOGHHIO IIPOrpaMMbl IIOATOTOBKM CIELHUAIUCTOB CPEJHETO 3BEHA IO
CIIELUATIbHOCTU ¥ (POPMUPOBAHUIO 0OUUX KOMNEMEHYUIL:

OK 01 BeiOupare crmocoObl pemeHus 3afad Mpo(ecCHOHATBHONW JIEATEbHOCTH
IPUMEHHUTENBHO K Pa3IMYHbIM KOHTEKCTaM.

BrimontHeHNE 00y4aromuxcs MPaKTHUYECKUX /WM J1TA0OpaTOPHBIX PAbOT mo ydeOHOM
mucruruinHe «Pu3nkay HapaBIICHO HA:

- 0b0OWenue, cucmemamusayuio, yeayoieHue, 3aKpenienue, pazeumue u 0emaiu3ayuro
HOJYYEHHbIX MeoPemuieckKux 3HAHULL N0 KOHKPEMHbIM meMam Y4eOHol OUCYUNTUHDL,

- opmuposanue ymenuil npuMeHs mb NOLYYEHHble 3HAHUSL HA NPAKmuKe, peanu3ayuro
eO0UHCMBA UHMENNEeKMYANbHOU U NPAKMUYECKOU 0esimelbHOCIU,

- opmuposanue u pazeumue YMeHUil. HAOAOOAMb, CPABHUBAMb, CONOCMABIIAMD,
AHANU3UPOBAMb, 0eNamb 6bleo0bl U 0000WeHUs, CAMOCMOAMENbHO BeCMU UCCIE008AHUS,
NOIbL306AMbCA PA3IUYHBIMU NPUEMAMU USMEPEHUT, OOPMISIMb pe3yibmamyl 8 eude maoaiuy,
cxem, epaguxos;

- npuobpemenue HABLIKOE pabOMbl ¢  PAIUYHLIMU  NPUOOPAMU, ANNAPAMYpPOl,
VCMAHOBKAMU U OPY2UMU MEXHUYECKUMU CPEOCMBaMu OJisi NPOBEOEHUs. ONbINOS,

- pazeumue UHMEeLIeKMYAIbHbIX YMeHUl y 0yOyuwux CRneyuaiucmos: aHaIumuyecKkux,
NPOEKMUPOBOUHBIX, KOHCMPYKMUBHBIX U OP.,

- 8bIPAOOMKY NpU peuteHuy NOCMABIEHHbIX 3a0ay NPOpeCcCUOHANTbHO 3HAYUMBIX KAYeCms,
MAKUX KaK CamoCmosimeibHOCHb, OMEEeNnCmMeeHHOCHb, MOYHOCb, MEOPYECKAS. UHUYUAMUBA.

[pakTrdeckre W JTaOOPATOPHBIC 3aHITUS MPOBOISTCS B paMKaX COOTBETCTBYIOIICH TEMBI,
TIOCJIC OCBOCHUS TUAKTUICCKHMX €IMHHII, KOTOPhIC 00CCIICUNBAIOT HATMYHNE 3HAHUMA, HEOOXOIMMBIX
JUTS €€ BBITIOJHEHNS.



2METOAUYECKHUE YKA3AHUS

Tema 1.1 Kunematuka. Kunemarnka TBEpaoro reJia

IIpakTnyeckoe 3ansaTue Ne 1
Pemenne 3ana4 no reme: «Kunemarnka marepuaibHoii Touku. [lapamerpnl
JABHKEHU

]_[e.m,: HAay4YUTBCA pPa3/ind4aTb BUIAbI MCXAHUYCCKOTO IABWIKCHUSA B 3aBUCHMOCTHU OT
bOopMBI TPAaCKTOPUU U CKOPOCTH IE€PEMEIIEHUs Tela, PACCUUTHIBATH €ro IMapameTphl,
HAay4YHUTbCA 1/1306pa>1<aTL Fpa(l)I/I‘-IeCKI/I Pa3JIMIHbIC BUAbl MCXaHUYCCKHUX HBH)KCHHﬁ, 3aIlInChIBaTh
YpaBHEHUS JBUXKEHHS pa3inlyaTh €ro OTHOCHTEIbHOCTb, HAy4dyuThCs (GOPMYIHpPOBATh
CJEIYIOIIME TOHATHS: MEXaHWYECKOEe JBUXKEHUE, CKOPOCTh M YCKOPEHHE, CUCTEMa OTCYEeTa,
MEXaHUYECKUN TPUHLUIT OTHOCUTEIHLHOCTH.

Brinosinenue padorsl cnocodcTByeT GOPMHPOBAHMIO:

IIP63 BiajgeHWe OCHOBONOJATAIOMIMMHU  (DU3MUECKUMH TOHATUSMH W  BEIUYHHAMH,
XapaKTepu3ylIuM  (U3MYEeCKue Impolecchl (CBI3aHHBIMU C  MEXaHUYECKUM
JBIKCHUEM, B3aUMO/ICHCTBUEM TE)

1IP64 yBepeHHOE HCIIONB30BaHHE 3aKOHOB W 3aKOHOMEpPHOCTEH mMpH aHanmm3e (Ppu3nyecKux
SIBJICHUI U NIPOLIECCOB;

1IP67 chopMUpPOBAHHOCTh YMEHUS PElIaTh PACUCTHBIC 337a4d C SBHO 33J[aHHOW (PH3UIECCKON
MO/JIEJIBIO, UCTIOJb3Ys (PU3UUYECKHE 3aKOHBI U MPUHLUIBI; HA OCHOBE aHAJIU3a yCIOBUSA
3a7auu BEIOUPATh (PU3NIECKYIO MOJIEIb, BBIACIATh (PU3NIECKUE BETHUUHBI U (POPMYIIBI,
HEOOXOAUMBIE Il €€ peIICHUs, NPOBOJAUTH pacyeTbl M OLEHMBATh PEaIbHOCTb
IIOJIyYEHHOT0 3HaueHus (U3NYECKOM BEIMYMHBI, pEIlaTh KAaueCTBEHHBIC 3a/ayM,
BBICTpauBasl JIOTUYECKH HEMPOTHBOPEUYMBYIO LIETIOYKY PACCYXACHHW C ONOpOM Ha
M3Y4YEHHbIE 3aKOHBI, 3aKOHOMEPHOCTU U (U3NYECKUE SIBICHUS;

MPS8 crnocoOHOCTP M TOTOBHOCTh K CaMOCTOSATEIbHOMY IIOUCKY METO/A0B pELIeHHUs
MPaKTUYECKUX 3a/]]a4, IPUMEHEHUIO Pa3IMUHbIX METOJIOB ITO3HAHUS;

MPI3 aHanmu3upoBaTh IOJIYYEHHBIE B XOJE pELICHHs 3aJaud pe3yibTaTbl, KPUTHUYECKU
OLIEHHUBATh UX JIOCTOBEPHOCTH, MPOTHO3UPOBATh U3MEHEHUE B HOBBIX YCIIOBUSX;

MP17 ymeTb TEpEeHOCUTb 3HAaHUS B T[IO3HABATEJIbHYI0 M NPAKTUYECKYyI 00JacTu
KHU3HEICATEIbHOCTH;

JI13 cniocoOHOCTh OLIEHMBATh CUTYAIMIO M MPUHUMATh OCO3HAHHBIE PEIIEHUs, OPUEHTHPYSCh
Ha MOpaJIbHO-HPAaBCTBEHHbIE HOPMBI U LIECHHOCTH;

JIP23 TOTOBHOCTb K TPY/Y, OCO3HAaHHE LIEHHOCTH MacTepCTBa, TPYL0JI00HeE;

MarepuanbHoe ofecrneyeHHMe: I0CAJ0YHBIE MeECTa MO KOJUYECTBY OOYyYarolIuxcs,

pa3aTOYHBIA MaTEepHaI C 3aIaHUSIMU, COOPHUKH 3a/1a4, CITPABOYHBIC MaTEPHATBI

3aganme: pemmTh 3a7a9u
IHopsiaok BhINOIHEHHS Pa0OTHI
[Tepen pemenreM 3aaay pa3zoOparh KpaTkue TEOPETUIECKHE CBEIEHUS
[TpoBecTr aHaTN3 BEIMYHH, BXOAAIINX B ()OPMYIIBI.
3. Pemmts 3a1aun o BapuaHTaM, UCONb3Ys (GOPMYIIBI A1 pacuéTa mapamMeTpoB JBHKEHUS
TeJ, TPOAHATU3UPOBATh TpaQUKH IBWDKEHHS TEJ, OIUCATh XapakTep JBIKCHHS
(camocrosTenbHas paboTa).

=

Xox pa0doTsr:
Kparkue Teopernuyeckne cBeeHHA
Bl/l}Il)I MEXAHUYCCKOI'0o IBHUKCHUSA TeEJl
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TpaeKTOpI/IH — JIMHUA, OIMUCbIBACMasi ABMXKYIIUMCS TCIIOM.

[Iyte (f) — pacCTOsiHUE MEXIy IBYMs T'€OMETPHYCCKUMU TOYKAMH, OTCYMTAHHOE BIIOJIb
TPAaeKTOPUH JIBIKCHHS TeIa.

[Tepemenienue (S ) — BEKTOP, COSAMHSIONIMN HAYaIbHOE U KOHEYHOE MTOJIOKEHHUS Tella.

Teno orcuéra — T€10, OTHOCUTEIHHO KOTOPOTO PACCMAaTPUBAIOT MOJIOKEHHUE APYTUX Tell.
Cucrema oTcyéra — TENO OTCYETA, C KOTOPHIM JKECTKO CBSI3aHBI CHCTEMa KOODJHMHAT, Yachl U
METp.

MarepuanpHasi TOUKa — TEJIO, pa3MepaMH KOTOPOTO MOKHO NMPEHEOPEyb.

OonomepHoe osudiceHue. JIBuxkeHNe ¢ MOCTOSHHOM CKOPOCTBIO.

IIycTh TENO IBUKETCS B HAIPABICHUH OCH X C IIOCTOSIHHOM CKOPOCTBIO V U 3 BPEMS Ar =7 — ¢,

IIPOXOJUT IYTh Ax = x — x, - CpEIHSASA CKOPOCTb X

5 o g

X
Vep =} x(t) = x, + vAt|, IBUAKEHHE O€3 yCKOPEHHS % |

v = const x(t) = xo + vt

Xo

Heudicenue ¢ nepemennoui ckopocmvro. Ecnu Teno JIBHKETCA
HarnpaeieHUU ocu X ¢ mepeMeHHoU ckopocThio V(t), To, rpaduku X(t) u
V(t) umeroT BU:

[Tpu 3TOM rOBOPST, YTO TEJIO IBUIKETCS C YCKOPEHUEM.

VYckopenue (a) — CKOPOCTh U3MEHEHHUST CKOPOCTH.

Eciu 3a BpeMms At =t —t, u3menenne ckopoctu AV =V =V, 1o cpeanee yckopenue: |8, = —
0 0 p

M
—.
C

[a] =1

V-V alt
Uza = At°:>v:v0+aAt HITH V(1) = v, +aAt| |X(8) = X + VoAt + >

Ecnu v, ma coHampaBieHbl, TO CKOPOCTb JIBUJKEHUS TeJla BO3PACTaeT, a MMEET 3HAK «+»; B

MPOTUBHOM CIIy4ae CKOPOCTh YMEHBINIAETCS U @ UMEET 3HaK «—». Y

o~

i
i uem;(x = Lj Q&

ox X

Ecnun BpeMs JIBHKECHUS At HEU3BECTHO, TO V

2 2
B v(t) - vp o
x(t) = x5 + Ty 0 v




[Tycth Teno OpolieHo U3 Hayajga KOOpAUHAT MOJ YIJIOM K TOPU30HTY C HaYaJIbHON CKOPOCTBIO

Vo3 rpaduka BHMIHO, 4YTO v, =7V, + Vo, (ABYMEPHOE JBHKECHHUE

Y
y=-— 9 -X2+£

2'V§x Vox

"X| MOXHO paccMaTpuBaTh, KaK HaJlOXEHHE .Opyr Ha Jpyra JIBYX

OJTHOMEPHBIX — 110 0csiM X 1 Y).

IIpumepsl pemenus 3agaq

1. ABToMOOMIB TIpoexain o yiuie 200 M, 3aTeM CBEpHYJ BIpaBo U npoexan emie 100 m
no mnepeyiaky. Cuuras JIBUKCHHE aBTOMOOWISI TPSMOJIMHEHHBIM, HAWAWTE TyTh U
nepeMenIeHIe aBTOMOOUIIS.

Jano: Pemenne: V
S

Crenaem 4epTéx: '

1.ITyte aBTOMOOWISE L = S1 + S =200 + 100 =300 M/
2.Monynb nepemernienusi AC Beraucisiem 1o T. [Tugaropa:

S = sz +5s2 =+/200% +100% =200m.

Otser : £ =300M; S = 200Mm.

2. Tloe3n mpomien MHepBYK MOJOBUHY HYTH CO CKOpPOCTbIO 72 KM/4, BTOPYIO — CO
ckopocThio 36 km\u. OnpesiennTe CPeIHIOI CKOPOCTD M0e3/1a Ha BCEM MYTH.

JlaHo: CHu Pemenue:

vi = 72 20wm/c CpenHsisi CKOpOCTb ITPOXOXKACHUS ITYTH:

KM/

10 mc v =§; S=§5 + 82’ S$1=5,=5/2
4
v, = 36 !
KM/d Bpemsi nBuKeHHS CKIIabIBae€TCsd M3 JIBYX Pa3HBIX MPOMEKYTKOB
BpeMeHu: t; ut

Vep-? 1Y 1 2.
S, S . S, S

3a BpeMs 3 CKOpoCTh Toe31a v1, 3a BpeMs t, CKOpoCTh — V. t=—"=—,L="-=——
v, 2y v, 2v,



O6mee Bpemsa t = ty+t, — ,_ S S . IloxgctaBum t — B ypaBHEHHME CPEIHEH CKOPOCTH:

v, 2v,
_S_ S _ 1 2v,
Pt s i_i_i L, T U v, +U;
v, 2v, 20,0,
2.20-10 400

~13,3 m/c

HOI[CTaBI/IM YUCJICHHBIEC 3HAUEHUs: U

*~ 20410 30
OrtBet: v, = 13,3 M/c

3. Ompenenure MOLYJb CKOPOCTH M LIEHTPOCTPEMUTENILHOTO YCKOPEHUS! TOYEK 3€MHOMN
IIOBEPXHOCTHU Ha 3kBaTope. Paguyc 3emnu npusats paBHbIM 6400 kM

Jano: CHu Pemenue:

R=6400km 6,4 -10° M Touku 3eMHOIi MOBEPXHOCTU HA 3KBATOPE ABUXKYTCS IO

_— 8,64 - 10% OKPYXHOCTH paguyca R, mo3ToMmy MOJ1yJib UX CKOPOCTHU
=244
6
— UZZﬂRZZ 314-6-10 — 465.10° /e
T 8,64-104
Qe - ?
LleHTpOCTpEMUTENBHOE YCKOPEHUE MOKHO HANTH:
2 2
' (4,65-10%) 3410 W

%= R T 64-10°
OtBetr: v = 4,65-10>™m/c ; ay = 3,4-10 2 m/c2

4. Cyns 1o CniuoMeTpy, 3a | MHHYTY CKOpOCTh aBTOOyca u3menumnack ¢ 18 1o 72 km/4. C
KaKUM CpeIHUM YCKOPEHHUEM JIBUrajics aBTooyc?

Hano: cn Pemrenue:
t= 1 MuH. 60 c 1. JlBwxeHue aBroOyca HOCHT PaBHOYCKOPEHHBIM Xapakrep,
a>0.
vo = 18 KkM/u 5 M/c
2. 1o onpeneneHuto yCKOpeHus: ,_ Y _ V=
v =72 KkM/4 20 m/c T
a-? 3. Beruncium 3Ha4eHUE yCKOPEHus ,_20-5 _ ¢ m/c?
60

OrtBer: a= 0,25 M/c?.

Pemmnts 3an1a4u (110 BapuaHTaM, HCIIONB3Ys Tadbauiy 1)
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B ycioBuM HEKOTOPBIX 3a7ad OTCYTCTBYIOT LU(PHL. 3HaueHUS (U3NYECKUX MapaMeTpoB
3THX 3a7ad HeoO0XoauMo OparTh M3 TaONMMUBl 1: MO BEPTHUKAIBHOW CTPOKE YKa3aH HOMEp
BapHaHTa, 110 FTOPU30HTAILHON — HOMEp 3a/1auHu.

1. JlBukeHHe CTpPOMTENbHOW BAaroHETKU 3aJaHo ypaBHeHHeM. OrpelenuTe HadalbHYIO
KOOpJMHATY, HAYaJIbHYIO CKOPOCTh U YCKOPEHUE IIPU JBUKEHUH.

2. YenoBek M CTpOUTENbHAs TeJIEKKa JBUXKYTCS B OJHOM HampaBieHuu. Onpenenure ux
OTHOCHUTEJIbHYIO CKOPOCTh, €CJIM CKOPOCTh 4eJoBeKka 1 km/d, a BaroHeTku 4 km/4. Pemmre oty
3ajjauy U MpH YCIIOBUH, YTO OHH JBHXKYTCS B IPOTUBOIOJIOMKHBIX HAlPaBJIECHUSX.

3. CrpouTenbHBIN KpaH MOJHUMAET TPY3 Ha BHICOTY h M. OTHOBpEeMEHHO KpaH MepeIBUTaeTCsI
Ha paccrosHue | M. OnpenenuTs nepeMerieHue rpys3a, €ro BepTUKaIbHYI0 U TOPH30HTAIBHYIO
cocrapisrone. M300pa3uTh X COOTBETCTBYIOIIMMHU BEKTOpaMu. YeMmy paBHbI MOJYJIM 3TUX
BEKTOPOB?

4. Yenosek npouen no npocnekty 240 M, 3aTeM MOBEpHYJ Ha MEPEKpPEeCcTKe W MpoIlen B
NePICHANKYIIpHOM Hampasnenun eme 70 m. Ha ckombko
HPOLIEHTOB IYyTh, NPOMIECHHBIN YEIOBEKOM, OOJbIIE MOIYJIS m oI ero
nepeMenieHus ?

5. YacoBoil oxpaHsSeT CTPOUTEIbHbII OOBEKT, OrOpOKEHHBIN
kBagpatHeiM 3a0opom ABCD, o0xoms ero mo mepumerpy.
Yemy OynyT paBHBI €ro HmyThb U IE€pPEMEIICHUE, €CIU OH U3 7
TOUKH A, nepeiié€r B Touky B, 3aTtem touky C, 3aTem Touky D,

nocje 4yero BepHéTcs B Touky A? JImuHa CTOpOHBI KBaJpara a M.

6. IlepByro MNONOBUHY IIyTH AaBTOMOOWIb  ABMramcs U 1 7 3 4 t,;
PaBHOMEPHO CO CKOpPOCTBIO, MOAYNIb KOTOpod V1 km/4, a

BTOPYIO IOJOBHUHY — CO CKOPOCThIO, B 2 pa3a MeHbuled. HailTu cpelnHIol0 CKOpPOCTBIO

JIBIDKEHUS! aBTOMOOMIISL Ha BCEM ITYTH.

7. KaMA3 ¢ meckoM, Tporasch ¢ MecTa, JBHXKETCS C MOCTOSHHBIM yCKOpeHHeM a . Yepes
CKOIIbKO BPEMEHHU OH NPUOOpPETeT CKOpocTh V?

8. Kakyto ckopocTh pa3BuBaeT camocBall 3a BpeMs At rmociie Hayana JIBUKEHHUS, €ClIU OH eJIeT
¢ yckoperueM a? Kaxoii myTb OH POXOAHUT 3a 3TO BpeMsi?

9. IlpuBecTH mpuMepbl CTPOUTENBHBIX TeJ, HaXOMALIMXCS B IMOKoe. JleHcTBHE KakuxX Telnl
KOMIIEHCUpYETCs B 3TUX ciydasx? (3 mpumepa; AeHCTBYIOLINE CUIIbI H300pa3UTh HAa PUCYHKE).
10. B aBmxymiemMcsi Barone TOBapHOI'o Moe3[a HaxosATcs MOJJOHBI ¢ ra3obiokamMu. B mokoe
WU JIBUKEHUU OHM HAXOJSTCS OTHOCHUTEIBHO: a) MAaIlllMHUCTA TMoe3/a; 0) penbcoB; B) MoJia
BaroHa; r) TeserpagHsIx cToa00B?

11. Kakomy BHIy ABM)KEHUSI COOTBETCTBYET KakIblii rpaduk Ha puc.1? C kakoil CKOpOCTbIO
JIBUTAJIaCh CTPOUTENbHAsl KOHCTPYKLHUSA, IS KOTOPOM 3aBUCHUMOCTh IIyTH OT BPEMEHHM
nuzobpaxaercsa rpaduxamu I, II, [II? 3anucate ypaBHeHUE ABMXKEHUS VIS p,.1 T'padUKOB
I, 11

6) Kakoii ¢pusnueckuii cMpicn numeeT Touka nepeceuenus rpaduxos II u Il Ha puc.1? Kakoii u3

rpauKOB COOTBETCTBYET JBM)KEHUIO C OOJIbIIEH CKOPOCTHIO?

MO>KHO 11 IO ATUM TpapHKaM ONPEAETUTh TPACKTOPUH JBUKECHUS ?

Tab6muna 1
Ne 1 3 5 6 7 8
3a/1a-
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qn

Ne h | a V1 a At |a
Bapu-

— M M M M/c M/c? c M/c?
1 X(t)=10+10t-t* 2 10 | 100 5 2 10 |2
2 X(t)=20+20t-t* 4 20 | 200 10 4 20 |4
3 X(t)=30+30t-t* 6 30 | 300 15 6 30 |6
4 X(t)=40+40t-t* 8 40 | 400 20 8 40 |8
5 X(t)=50+50t-t? 10 50 | 500 25 10 50 |10
6 X(t)=60+60t+t* 12 60 | 150 30 12 60 |12
7 X(t)=70+70t+t* 14 70 | 250 35 14 70 |14
8 X(t)=80+80t+t* 16 80 |350 40 16 80 |16
9 X(t)=90+90t+t* 18 90 | 450 45 18 9 |18
10 X(t)=10+100t-t° 20 10 |550 50 20 10 |20

®opmMa mpenOCTaBJIeHHs] Pe3yJbTaTa. BBIIOJHEHHBIE 3aJa4d B TETPagd JUIS
MPAKTUYECKUX padoT.

Kputepun ounenku:
Oyenka «OMAUYHOY» BbICMABNAEMCs: TIPABUILHO BBINOJIHEHB! BCE 3aJjaHUsl B COOTBETCTBHH C
TpeOOBaHUSIMU, TPABUIBLHO  BBITIOJHEHBI  JIOMIOJHHUTENbHBIC  3a/JIaHHsl, CBOEBPEMEHHO
MIPEOCTABIIEH OTYET O BHITIOJHEHUU PAOOTHI.
Oyenka «xopouloy 6vlcmaegisiemcs: TPaBUIbHO BBINIOJIHEHBl BCE 3a/1aHHsI B OCHOBHOW YacCTH,
JOTIONTHUTEIbHBIC 3a/laHusl BBITIONHEHBl HE B TOJHOM O0beMe, MPEeIOoCTaBlIeH OTYeT O
BBITIOJTHEHUH DPA0OTHI, JTUOO B CIydyae HECBOEBPEMEHHOTO MPEAOCTABICHUS OTYETa WU C
HAJIMYUEM HECYIIECTBEHHBIX OIIMOOK B BHIMIOJTHEHUHU 33 JaHUSI.
OyeHnka «y00671emeopumenbHoy» 8blCMABIAemcs: BbIIIOIHEHBI HEe Bce, HO Ooniee 50% 3amanuit
paboThI, JOMOTHUTEIBHBIC 3aJJaHUsI HE BBITIOJIHEHBI, HECBOCBPEMEHHO MPEIOCTABICH OTYET O
BBITIOJTHCHUH Pa0OTHI.
Oyenka «HeyOogremeopumenvHoy evicmasisemcs: BbIMOAHEHO MeHee 50% paboThl, He
BBITIOJTHEHBI JOTMIOJIHUTENBHBIE 33/IaHUS, OTYET O BBIMIOJTHEHUN PAOOTHI HE MPEIOCTABIICH.

Tema 1.2 JInnaMuka, JTHHAMHKA BPAIIATEIbHOI0 ABHKeHHUsI. 3AKOHbI COXPAHEHUS
B MEXaHHUKeE

IIpakTHyeckas: padora Ne 2
Pemenne 3aga4 no teme «3axkonnsl HeroToHa. 3aKkoHbI cOXpaHeHHs»
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Hean: Moay4yuTs MpENCTaBICHUE O CHIOBOM JEWCTBHU OJHOIO Teja Ha IPYyroe, Macce
TeNa, pa3iuyaTh IMOHATUS HMHEPIMA M HMHEPTHOCTH, HAyYUThCA (HOPMYIHPOBATH MOHATHUS
MaccChl, CHJIbIL, 3aKOHbI Hpr0TOHA.

BoinosiHeHne padoThI cioco0CcTBYET (POPMUPOBAHUIO:

IIP63 BrnajeHue OCHOBONOJATalOIIMMU  (U3UYECKUMHU TOHATUSAMH U BEJIMYMHAMU,
XapaKTePU3YIOIUMH  (U3UYECKUE TPOIecchl  (CBSI3aHHBIMH C  MEXaHHYECKHM
JBM>KEHUEM, B3aUMOJICHICTBHEM TeE)

1IP64 yBepeHHOE HCIIONB30BaHME 3aKOHOB M 3aKOHOMEpPHOCTEH mpH aHanmmusze (pu3nyecKux
SIBIICHHUI U TIPOIIECCOB;

I1IP67 cpopMUpPOBAHHOCTh YMEHUS PEIIaTh PACUETHBIC 33aJ[a4M C SBHO 3aJIaHHOW (U3NYECKOU
MO/IEJIBbIO, UCTIOJIB3Ysl (PU3MUYECKHE 3aKOHBI U MPUHIUIIBI; HA OCHOBE aHAM3a yCIOBUS
3a7auu BEIOUPATh (PU3NIECKYIO MOJIEIb, BBIACIATh (PU3NYECKHE BETHUUHBI U (POPMYIIBI,
HEOOXOJMMBIC i €€ pEIICHUs, NMPOBOAMTH PACUYCThl M OICHUBATH PEATbHOCTD
MOJyYCHHOTO 3HAa4YeHUs (PU3MYECKOW BEJIMYMHBI, pEIIaTh KAaueCTBEHHBIC 3aauM,
BBICTpauMBasi JIOTHYECKH HEMPOTUBOPEUMBYIO IICTIOUKY PACCYXICHHH C OMOpod Ha
M3yYEHHBIE 3aKOHBI, 3aKOHOMEPHOCTH U (PH3HUECKHUE SIBIICHHUS;

MPS8 crnocoOHOCTP M TOTOBHOCTh K CaMOCTOSTEIBHOMY IOMCKY METOJOB PEUICHHS
MPAKTUYECKHX 33/1a4, TPUMEHEHHIO PA3IMYHBIX METO/IOB IIO3HAHMS,

MPI13 aHanmu3upoBaTh IOJIyUYCHHBIC B XOJE PEIICHHS 3ala4d Pe3yJIbTaThl, KPUTUYCCKU
OLIEHUBATh UX JJOCTOBEPHOCTH, IPOTHO3MPOBATH U3MEHEHNE B HOBBIX YCIIOBHSIX;

MPI7 ymeThb TIEPEHOCUTh 3HaHWS B [O3HABATCIBHYHD M TNPAKTUYECKYyH 00JacTu
KHU3HENIEATSITBHOCTH;

JI13 cniocoOHOCTh OLIEHMBATh CUTYAIMIO M MPUHUMATh OCO3HAHHBIE PEIICHUs, OPUEHTHPYSCh
Ha MOpPaJbHO-HPABCTBEHHBIE HOPMBI M IIEHHOCTH;

JIP23 TOTOBHOCTb K TPY/Y, OCO3HaHHE LIEHHOCTH MacTepCTBa, TPYL0JI00HE;

MarepuanbHoe ofecrnedyeHHue: -10CAaJOYHBbIE MECTa MO KOJUYECTBY OOYyYaroIIuXcs;

paSI[aTO‘{HBIfI Marepurall C 3aJaHUAMU; C60pHI/IKI/I 3a7a4, -CIipaBOYHLEIC MaTCPUAJIbL

3anaHue: peuuTh 3a/1a91
IMopsinok BHINOJIHEHHUS PAadOTHI:

=

[Tepen pemienreM 3aaay pa3zo0parh KpaTKhe TEOPETUYECKHE CBEIEHUS
[TpoBecTu aHanu3 BENTUYHMH, BXOJIAUINX B (DOPMYIIBI.
3. Pemmts 3agaun Ha mpUMeHeHHEe 3aKOHOB Hb10TOHA, BHISIBUB OCHOBHYIO NIPUUNHY JABHKEHHS
TeJa U BUJ CUJIbL, JIeMCTBYIOIIEH Ha TeNo (caMOCTOsITeNbHAs paboTa o0 BapuaHTaMm).
Xon padoTsri:
Kparkue TeopeTuueckne cBeieHHs
Junamuka. OCHOBHbIE TOHATHUS

N

WNHepuuss — sBIEHUWE COXpPAHEHUsS CKOPOCTH JBW)KEHHUS Tela IIpU

OTCYTCTBUM BHELIHUX BO3JIEHCTBUH.

NHepTHOCTL — CBOMCTBO TEN, MPOSBIAIOIIEECS] B TOM, 4YTO IIpHU i
OJIMHAKOBBIX BHEIIHUX BO3JACUCTBUAX Pa3HbIE Tesa MPUOOPETAIOT pa3Hble YCKOPEHUSI.

Macca (M) — Mepa uHEpPTHOCTH Tel.  [M] = 1 K. a,

3|3

=

3a oTanon maccel (1 KWIOrpamMm) IpUHATa Macca MEXIYHapOJHOTO IPOTOTHIA |a,
KUJIOTpaMMa.
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M3 ONBITOB M3BECTHO, 4YTO YCKOPEHHUS, IOJydaeMble TeIaMH IIPH P
B3aUMOJICICTBUM, 0OPATHO MPOHNOPLUOHATBHBI X MACCaM: Mpppp = — 10—+
Ecnu maccy kakoro-nubo Tena MpUHSATH 32 3TAJOH, TO MOKHO U3MEPHUTH Brina
Maccy Ipyrux Tell: m

[TnoTHOCTH Tena () — P=y [p]:1%

Cuma (F) —  wMepa MEXaHHUYECKOrO JEHCTBUS OJHOrO Tejla Ha

apyroe. [F]=1H — HploTOH.

Cuuta MeeT HarpasJIeHUE, T. €. CUIA-8EKMOp.

Cuna Bcerjga npuiIokeHa K TOMY Telly, Ha3BaHME KOTOPOTO CIEAYET B IPEJIOKEHUU IOCIe
HpesIora «Hay.

CuioBoe 1osie — 0coOblii BU MaTepuu, HOCPEACTBOM KOTOPOro Nepeaaércs AeHCTBUE CUIIBI.

PaBHonelicTByromas (pe3yasTupyromas) cul ( R ) —cuila, paBHas BEKTOPHOH CyMMe F

S ~ p=—
nanueix cun F.R= Z F S
JaBneHue (p) — OTHOIICHHWE CHJIBI K IUIOIIAIM MOBEPXHOCTH, Ha KOTOPYIO OHA JCHCTBYET B
HEePICHINKYIAPHOM HalPaBICHUH. [p]=1 H
1 ITa — mackanb M°
Wmnynbe Tena (p)— BEKTOPHAsS MEpa MEXaHUYECKOT'O JABMIKCHUSI, paBHAsI v

m
- = KT M e

MIPOM3BEICHUIO MACCHI TEJIA HA €r0 CKOPOCTh. |p =m-V|[p]=1

. P R
WUmnynbc cunbl ( F-Ar) — BEKTOpHas Mepa JEHUCTBUS CHIIBI, paBHas

IIPOM3BENECHUIO cUIIbl Ha BpeMs e€ neictBus. [F-At] =1 H-c.

3akonbl HeoToHa

O060061mMB pe3yabTaThl CBOUX UCCIENOBaHUM U, yuTs paboty [anunes «O IBUKEHUU TeN MO
uHepiuny», HetoToH chopmynupoBan 3akOHYCHHOE MOJIOKEHNE, U3BECTHOE KaK INEPBBIM 3aKOH
HproToHa:

CyIIecTBYIOT CHUCTEMBI OTCYETa, OTHOCHTEIBHO KOTOPBIX TEJIO HAXOJIUTCS B TIOKOE JHUOO
JBWXKETCSA NPSAMOJMHENHO W PAaBHOMEPHO, €CJIM PABHOAECHCTBYIOIIAS BCEX IPUIIOKEHHBIX K
HEMY CHJI paBHA HYIIIO.

WuepunansHas cuctema otcuéta (MCO) — cucrema oTcuéra, B KOTOPOW BBIMIOJIHAETCS TEPBBIi
3aKkoH HproTOHA.

- Ap mAvV . =
N3 F= % = Ve = ma TOoJy4aeM BTOpoii 3akoH HeroTOHA! F=m-a
JUIA TeJ1a HOCTOHHHOfI MacCChI CKOpOCTI) N3MCHCHUS I/IMHy.]'II)CEl paBHa HpOI/ISBeI[GHI/IIO MacCChbl Ha
YCKOpEHHUE.

Bropoii 3akon Hprorona pabotaer Tompko B MMCO u mpu ycioBuUH, YTO Macca Tela U
JIEMCTBYIOIIME HA HETO CUJIbI IOCTOSIHHBI.
Bropoii 3akoH HproTOHa cripaBeyivB U1l paBHOACHUCTBYIOIIEN R BCEX CHUJI, IPUIIOKEHHBIX K

TEIy, TIOITOMY, TIPEXKJIe YeM pPelIaTh 33a4H C €r0 MPUMEHEHUEM, HaJl0 OTPEICITHTD R .
Tperwuii 3akoH HeloTOHA: CHIIBI, C KOTOPBIMH J[Ba TeJla IEHCTBYIOT JIpYT Ha Jpyra,
YHCIICHHO PaBHBI M HAIIPABJICHBI B TPOTHBOIIOJIOKHBIE CTOPOHBI 110 OHOM MPSIMOH.
Tpetwii 3akoH Herotona padoraet Tonsko B UCO.

[Tonaras, yro Bce Tema BcemeHHoWl B3auMHO mnpuTsAruBaioTca, HpooToH B 1682 T.
chopMyIMpOBaT 3aKOH BCEMUPHOTO TATOTEHUS: BCE TeJla MPHUTATUBAIOTCS
JPYr K OPYTYy C CHJIAMH, MPSIMO MPOIMOPIHOHATGHBIMEA MPOU3BENeHUIO uX |F
Macc U OOpaTHO MPOMOPIMOHAIBHBIMU KBaJApaTy PacCTOSHHS N

MCXKIYy HUMHU. WL:;L,’

rae Fi» — cuna B3auMHOTro NPUTSKCHUS TEJI MacC My U My, ] E

TSR

F,=-F,

_y-m.-m,
==
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¥ — rpaBUTALlMOHHAS! IOCTOSIHHAS. ‘72 6,6720 - 10™ HMZ/KFZ‘.
Cuiibl B mpupoje
Cuna TspKecTH ( F,

) — cumia, cooOIaromas Tely YCKOPEHHE CBOOOIHOIO = _
F ... =mgd

SK

naacHUus;.

Cuna TsKeCTH HampaBjieHAa BEPTUKAJIbHO BHU3 (NEPIEHAMKYISPHO KacaTeNbHOH K
HIOBEPXHOCTHU 3EMJIH).

Peakuusi( N ) — cua aeiicTBus onopsl (IoBeca) Ha TeJIo.

Bec tenma (P) — cuma, ¢ KOTOPOM TeJNO JAEHCTBYET HA OIOPY WM IIOJBEC BCIIEICTBHE
IPUTSDKEHUS K 3eMile.

HeBecoMocTh — MCUE3HOBEHHE Beca Tejla MPHU JABHKCHUH ONOPHI C YCKOPEHHEM CBOOOIHOTO
nasieHusl.

[leperpy3ka — yBemueHue Beca Teja IpH JBIKEHUH OMIOPBI C YCKOPEHUEM BBEpPX. —
Cwuna ynpyroct ( 7, ) — Cujia, BO3HUKAIOLIAs B TEJE NPHU Jiehopmanym. Fy = —kX

3akon ['yka: cwia yOopyroctd, BO3HHKAWImas TMpH JaedopManuu  Tena,
IPOIMOPLUOHANIbHA €ro a0CONIOTHOW JedopMalvd W HampaBlieHa B CTOPOHY, FTp = ,UN

IPOTUBOIOJIOKHYIO IIEPEMEILEHUIO YaCTHUIL TeNa:
Cuna Tpenus 1moxos ( F,,, ) — CHJIa, BO3HHKAIOIAs HA I'PAHUIE CONPUKOCHOBEHHS TEI HpH

OTCYTCTBHUM UX JABHKEHUSI OTHOCUTENIBHO JIPYT Ipyra.
{i — K03 PUIIEHT TpeHUs (3ABUCHT OT MATEPHAIOB TPYIIMXCS TOBEPXHOCTEN ).

IlpuMepsl pereHnst 3a1a4

1. bpycok maccoil 2 Kr MOKOUTCS Ha TOPU3OHTAJIbHOM IUIaJIKOW MOBEpXHOCTH. C Kakum
yCKOpeHueM OyneT JBUraTtbcs OpycoK, €clid K HeMy MPUJIIOKUTh TOPU30HTAIBHO

HarpaBigHHyto cuity 10 H? Y M’ g
i)' X
Pemenue: J:‘
Y m
M=2 Kr
F=10H
a—"?

—

Boruncnenus: ITo BTopomy 3akony Hetotona F =Ma. Cuna E coobuiaer 6pycky yckopeHue a
[To HampaBIEHUIO 3TU BEIUYUHBI COBMAIAIOT MEXKAY COOON U OCBIO «X).

B ckamsipHoit hopme ypaBHerue umeer Bux: F=ma= ,_F 10 . m/c?. OtBeT: 5 M/c2.
m 2

2. Ha ToHko#1 npoBosioke noxasemieH rpy3 Maccor 10 kr. Ilpu 3TOM aymmHa mpoBOJIOKH
yBenuuwiack Ha 0,5 MMm. Yemy paBHa %KECTKOCTh TPOBOJIOKH?

VA =
Jano: CHu Pemenue: F ynp.

mg
x=0,5mm 0,5-10% m

k-?
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I'py3, MOABEIICHHBIM Ha IPOBOJOKE, HAXOAWTHCSA B IOKOE. 3HAYUT F ypp II0 MOAYIIIO
paBHa FM. Fn=Mg; Fynp=-kKX B ckamapnoii popmyne ocb OVY: Fy-Fyp=0

kH
Fn=Fynp = Mg=koc=> k=9 k=228 196000 2 Otser: 196,

0,5-10" M

Pemutsb 3agaun (N - Homep sauie2o 8apuanma no Cnucky)
1. C momomplo OameHHOro KpaHa MOAHUMAIOT rpy3. CKOpPOCTh MoabeMa IMOCTOSHHA.
Omnpenenure, Kakue cuibl JelcTByroT Ha rpy3? KakoBel ux Hanpasienusi? Kakosa
paBHOzelcTBytomas? Ilouemy? Y HEONBITHBIX KPAaHOBIIMKOB OBIBAIOT OOPBIBBI TPOCOB B TEX
CIIydasiX, KOI/Ia OHU He 00pallaioT BHUMaHUs Ha CUJIbHO pacKauyMBaHUE NMEPEHOCHUMBIX TPY30B.
Crny4aiiHbl 11 TaKue OOpBIBbI?

2. [Touemy Ha PYKOSITKH, TOJIOBKH OOJTOB, TallkKh KpYyrJioi (OpMBbI, 3aBUHYMBAEMbIC U
OTBUHYMBACMBIC BPYUHYIO, HAHOCAT CIICIIHAILHYIO HaKaTKy (pudienue)?
3. Koneco (mkuB) mpuBOIUTCS B JBMXKEHHE MpH Momomlud pemHs. Onpenenure Bui

TPCHUS, BO3HUKAIOMICTO MCKAY IKHUBOM U PCMHCM: TPCHHUEC CKOJILKCHUA HUJIM TPCHUC IOKOs?
C‘II/ITaI‘/'ITe, 4TO PCMCHDb HC IIPOCKAJIb3bIBACT.

4, Onpenenure BHJ TPEHHs, BO3HUKAIONIETO MEXIy KOJIECOM &h

JIBUOKYIIEHWCS TEIEKKU U TPYHTOM, @ TAKXKE MEKLY BTYJIKOM o e

KoJjieca M 0cbro. OCh MPUKPEIUIEHA K TEIEKKE HemoABMKHO (Puc.2). ’;\_'-O)', )
———\.“—v"——-’" > .'

5. [Touemy Hamo Gepedb CMa30YHbIE MATEPUAbl OT IONAJAHUS B HUX Pue-2 Hecka

Y TIBLIN?

6. [ToueMy HYXHO O€peyb TOPMO3HYIO KOJIOJAKY M TOPMO3HOM OapabGaH TPaHCIIOPTHOIO

CpeICTBa OT IONaAaHus MEXYy HUMH Maciia?

7. JIiist 4ero TpH COEIUHEHWH MATKMX MAaTepHalioB IO TOJOBKY 0o0iaTa M TaiKy

MOAKJIA/IBIBAOT 110y OobIero auamerpa’?

8. B kakoM M3 nepeyrcIIeHHbIX HIDKE SBJICHHH 10T ICHCTBUEM CHIIBI COBEpIIaeTCs pabora

(cM. puc.3) Tpoc HaXOIUTCS B HATSIHYTOM COCTOSIHHM TIOJ] IEUCTBHUEM CHJIBI TsDKECTH; 0) Ha
CTOJ JICMCTBYET BeC TMPH; B) Ta3 JaBUT HA CTEHKU OalsIOHA; T) MOPIIEHb BHITAIKUBACTCS W3
IUIMH/IpA TIOJ] JICHCTBUEM CHJIBI JIABJICHUS Ta30B; 1) MAIbUUK TSHET BEPEBKY, MPUBS3AHHYIO K
IIPOYHOM CTeHE?

LA

&

Puc. 3

9. Ha ropuzonTanbHOM ydacTKe MyTH MaHEBPOBBIN TEIJIOBO3 TOJKHYJN BaroH. Kakue tena
JIEMCTBYIOT Ha BaroH BO BpeMs W mociie Toiuka? Kak OyaeT ABUTAaThCsl BaroH MOJ BIUSHUEM
3THX Ten?

10. Bripasute B kuioBarrax M meraBartax cieayrommue momHoctd: 3500 Brt; 200 Br;
5000BT; 110000BT. Bripazute B Barrax cieayromue mouHocT: 3 kBt; 1,5 xBT; 0,6 kBT; 0,04
MBrT; 0,0001 MBT.
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11.  Yemy paBHa cuia TSKECTH, NEHCTBYIOLIAS HA YMAKOBKY C LIEMEHTOM Maccoi 2,5kr,
600r, 1,2 1, 501?

12. TlepBbIii COBETCKHMN HCKYCCTBEHHBIM CITyTHHUK 3eMiH OblT 3amymieH 4 oktsaops 1957
roja. OnpenenuTb Maccy 3TOro CIyTHHKA, €CJIM U3BECTHO, UTO Ha 3eMJie Ha Hero JelcTBOBaa
cuiia TskecTH, paBHast 819,3H.

13. Ha HenonBwxHOI1 miaTdhopMe CTOUT AIIUK ¢ KUPIIUYaMH Maccoil N ToHH. Beruucnure u
M300pa3uTe Ha PUCYHKE CUITY TSKECTH U BEC SIIMKA.

14. CmoxkeTe i BbI MOAHATH TUIACTUHY M3 MPOOKH 00BEMOM N eM>? TIIOTHOCTD pOOKH
240kr/™>.

15.  ABTOOYC Maccoif N TOHH elIeT o Topu3oHTaIbHOMY Iocce. Kakas cuna tpeGyercs s
cooOuieHust eMy yckopenus 1,4 M/c.

16. Baronetka Maccoil N ToHH aABWXKeTcs mon aedctBueM cuibl 60 kH. Onpenenure
YCKOpPEHHE €€ IBUKECHUS.

17. JIBa xopabiist Maccoil N TOHH Ka)blid, CTOAT Ha pelne Ha paccTosHUU 0,5 KM OJIMH OT
npyroro. KakoBa cuia NpUTsDKEHUS. MEXy HUMU?

18.  OmpenenuTh Maccy KaxIoro M3 JBYX OJIMHAKOBBIX aBTOMOOWIIEH, €CIIM Ha PacCTOSTHUU
0,1 xM Ha HUX AeWcTBYeT cuiia npuTsxeHus 6,67mH.

19.  OmpenenuTh paccTosHME, HAa KOTOPOM JBE BaroHeTKM Maccod mo 20 Kr Kaxnias
B3aMMOJEICTBYIOT ¢ criioi 67mMKkH.

20.  Kakyro cuily Haao NMPUIOKHTh K BaroHy Maccod N TOHH, YTOOBI OH CTal JBUTAThCA
paBHOyckopeHo u 3a 30c npormen myth 36 M? Koaddunuent tperns pasen 0,008.

21.  TIlopx pmeiicTBHEM CUJIBI TATH CKOPOCTh BaroHa Maccoil N TOHH Bo3pocna ¢ 4,25 m/c 1o
32,4 xm/4 Ha myTH 75,5 M. Uemy paBHa cuia Tsru, eciu Ko3(GPHUInueHT TpeHUs P ABIKESHUN
BaroHa paseH 0,025?

22.  Kakyro culy TATH JIOJDKEH pa3BUBATh JIBUTATENlb, YTOOBI JIOKOMOTHB MAaccoil N TOHH
JBUTAJICS: a) paBHOMEPHO; 0) ¢ yckopenuem 0,2 M/c?.
23.  DJeKTpOBO3 IPH JBMKECHUH 0 TOPH3OHTATHFHOMY IyTH pa3BuBaeT cuiry Tsaru N kH. Ha

yuacTke myTd JumHoi 600 M ckopocTh moe3aa Bo3pocia ¢ 32,4 no 54 km/4. Onpenenure cuiy
COTPOTHUBIICHUS IBUKEHUIO TI0€3/1a, eciin ero Macca paBHa 10000 ToHH.

®opma npeaocTaBieHHus pe3yabTaTa
BrImiosTHEeHHBIC 33/1a4H B TETPAIN IS IPAKTHUECKUX PadoT.

Kpurepun onenkn:
Oyenka «OMAUYHOY BbLICMABIAEMCS: TIPABUIBLHO BBIIIOTHEHBI BCE 3aJaHUs B COOTBETCTBHH C
TpeOOBaHUSIMU, TPABUIBHO  BBHIMIOJHEHBl JOMOJHUTENbHBIE  33/1aHHf, CBOEBPEMEHHO
MPEIOCTABIIEH OTYET O BBIMOJIHEHUU PAOOTHI.
OyeHnka «xopouio» vlcmaeisemcs: TMPaBUIBLHO BBIMOTHEHBI BCE 33JaHUS B OCHOBHOM YacTH,
JOTIONTHUTEIbHBIC 3a/laHusl BBIMIOJIHEHBI HE B TOJHOM O0beMe, MPEeIOoCTaBlI€H OTYeT O
BBITIOJIHEHUH PaOOThI, THO0 B Cilydyae HECBOEBPEMEHHOTO MPEIOCTABICHHUS OTYETa WU C
HAJIMYUEM HECYIIECTBEHHBIX OIIMOOK B BHIMIOJTHCHUN 33 JaHUS.
Oyenka «y0061emeoOpuUmMenbHo» 8blICMABIsAeMcs: BHIMIOTHEHBI HE Bce, HO O6onee 50% 3amanuii
paboThI, JOMOTHUTEIBHBIC 3aJJaHUsI HE BBITIOJIHEHBI, HECBOCBPEMEHHO MPEIOCTABICH OTYET O
BBITIOJTHEHUH PaOOTHI.
Oyenxa «HeyOo8IemeopumenvHoy evicmasisemcs: BbIMOTHEHO MeHee 50% paboThl, He
BBITIOJTHEHBI JOMOJIHUTENBHBIE 33/1aHUS, OTYET O BBIMIOJTHEHUN PAOOTHI HE MPEAOCTaBIICH.

Tema 1.2 JInnamMuka, JTMHAMHKA BPALIATEIbHOI0 IBHKeHHUsI. 3AKOHBI COXPAHECHHS
B MEXaHHUKeE
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IIpakTuyeckas padora Ne 3
Pemenue 3aga4 no teme: «3aKoHbI COXpaHEHHUs B MEXaHUKe U X IPUMEHEHH e»

Heab pabdoThbl: HAyYUTHCS MCIIOJIB30BaTh 3aKOH COXPAaHEHMsI MEXAaHUKH Ui pacuéra
apaMeTpPOB PA3JINYHBIX (PU3NUECKUX MTPOLIECCOB

BoinosiHeHne padoThI cioco0cTBYET (POPMUPOBAHUIO:

IIP63 BiajgeHue OCHOBONOJATalOIIMMU  (U3HMUECKUMH TOHATUSMH U  BEJIUYHHAMH,
XapaKTepU3yloIUMU  (U3NYECKUE TMPOLecChl  (CBS3aHHBIMU C  MEXaHHYECKUM
JBUKEHHEM, B3aUMOJIEHCTBUEM TEN)

1IP64 yBepeHHOE HCIOJIb30BAHHE 3aKOHOB U 3aKOHOMEPHOCTEW MpH aHalu3e (PU3NUEeCKUX
SIBJIEHUM U IIPOLIECCOB;

1IP67 copMUpPOBAaHHOCTh YMEHHS PellIaTh pacUETHBIC 3a7a4d C SBHO 33aJJaHHOW (PU3NUECKON
MOJIENIBIO, UCTIONB3Ysl (PU3MUYECKHE 3aKOHBI W MPUHIUIIBI; HA OCHOBE aHAJU3a yCIOBUS
3a/1a4¥ BBIOUPATh (PU3UUECKYIO0 MOJEIb, BBIICTATH (DU3HUECKUe BETUYUHBI U (POPMYIIBI,
HEOOXO/AMMBIC IJIi €€ peIICHHUs, TMPOBOAMTH pPACYETHl M OICHUBATh PEATbHOCTD
MOJIYYUEHHOTO 3HaueHusi (U3NYECKOW BEIMYMHBI, pellaTh KAaueCTBEHHBIC 3a/ayH,
BBICTpPauBasl JIOTMYECKH HENPOTHBOPEYMBYIO LEMOYKY pPACCYKICHHM C ONOpOM Ha
W3YYEHHBIE 3aKOHBI, 3aKOHOMEPHOCTU U (PU3NYECKUE SIBICHUS;

MP8 cnocoOHOCT M TOTOBHOCTH K CaMOCTOSITEIbBHOMY IIOMCKY METOJIOB pEIlIeHUs
MPAaKTUYECKUX 3a/1a4, IPUMEHEHUIO Pa3JIMYHBbIX METO/I0B [TO3HAHMS;

MPI13 ananu3upoBaTh IOJYYEHHbIE B XOJE pELICHUs 3aJayd pe3yibTaTbl, KPUTHUYECKU
OLICHUBATh UX JIOCTOBEPHOCTb, IPOTHO3UPOBATH U3MEHEHUE B HOBBIX YCIOBUSIX;

MPI7 ymeTh TIEPEHOCUTH 3HAHUS B I[IO3HABATCIBHYIO M TMPAKTHYECKYI0 00JacTu
KU3ZHEEATEIIBHOCTH;

JI13 criocoOHOCTh OLIEHUBATh CUTYAIUI0 U NMPUHUMATh OCO3HAHHBIE PELIECHUSl, OPUEHTUPYSICh
Ha MOPAJIbHO-HPABCTBEHHBIE HOPMBI U [ICHHOCTH;

JIP23 TOTOBHOCTH K TPYAY, OCO3HAHUE LIEHHOCTH MAacTepPCTBa, TPYAOIIO0HE;

MarepunanbHoe o0ecneuyeHMe: -1IOCAJI0YHBIE MECTa MO KOJMYECTBY OOYyYaIOLIUXCS;

paSI[aTO‘{HBIfI Marepurall C 3aJaHUAMU; C60pHI/IKI/I 3a7a4, ClipaBOYHBIC MaTCPUAJIbL

3anaHue: peunuTh 3a1a91
IMopsinok BHINOJIHEHHUS PadOTHI:

1. Tlepen pemeHuem 3agau pazodpaTh KpaTKUE TEOPETUUECKHE CBEACHUS
2. llpoBecTn aHanmM3 BENWYHMH, BXOISIIUX B (OPMYIBI, YSICHHTH IOHSTHS W COCTaBHUTH
npejcTaBieHne 0 paboTe, MOIIHOCTH, MOTEHLUUAIBHOM M KMHETUYECKOM SHEpruu, 3HaTh
(GhOPMYJIBI JIJIS1 UX BBIYUCIICHUSI.
3. Pemmtsb 3amaum Mo BapuaHTaM, MCIIOJIb3YS 3aKOH COXPAHEHUS! SHEPTruM (CaMOCTOSATENIbHAS
paborta).
Xox padoTsl
Kparkue TeopeTnueckue cBeIeHHs
3aK0H cCOXpaHEHMsI SHEPTHUH JIEHCTBYET B 3AMKHYTBIX CUCTEMAX.

3amknymoii Ha3bIBA€TCA CUCTEMA TeJl, B3aMMOJICUCTBYIOIIUX TOJBKO APYT C IPYrOM U HE
B3aUMO/ICCTBYIOIINX C IPYTUMU TEIaMHU.

Hmnynve cunvl — BEKTOpHAST BEJTUYHHA, SBISTFONIASCS MEPOU JEHCTBUS CUJIBI 32 HEKOTOPBIM
MIPOMEKYTOK BPEMEHHU.
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I'=F-t, | —uMmynbc cuibl F 3a Bpems t
HNmnynbe Tena (KOJIMYECTBO ABMXKEHHSI) — BEKTOpHAs (U3NYECKas BEIMYMHA, SBISIOIIASCS
K2 M

MEpPOH MEXaHUYECKOTO IBUKEHUSA: P=m-5;
c

Bropoii 3akon HetoToHa MOXHO 3amucbeiBath B Bujae: Ft = mvy — mvg

P — UMITYIIbC T€JIa MacCOi M, IBHIKYIIETOCSA CO CKOPOCTBHIO U .

KomyectBo nmoTpebiisieMoii SHEpTUH — OIMH U3 TJIABHBIX MOKa3aTeed TEXHUIECKOTO Pa3BUTHS
obmrectBa. [Ipom3BOACTBO, paclpefelicHHe W TOTPEOJICHHE SHEPTUM  HEBO3MOXKHO 4663 et
npeoOpa3oBaHust U3 OJHOIO BUA B Apyroi. Eciu mox gelicTBHEM MOCTOSIHHOMN CHJIBI F %

TEJI0 -
COBEPILIUIO TIEPEMEIIEHUE §, TO TOBOPAT, YTO CHIIOM COBEpIICHA / °
paboma.

Pabota (A) — ckansspHOE IPOM3BEACHUEC BEKTOPOB CHIIBI F U IIEPEMELICHHS § .
IJIe & — Yol MeXIYyF U §; Fg =F-cose — MIPOCKLUS F Ha

A:‘If‘-‘§‘-cosa: F-S.cosa =F,S

HarpaBJICHHUE.
[4] =1 H-m = I — mxoyIib A Tk
Mornocts (N) — CKOPOCTh COBEpIIIEHUS paOOTHI N= At [N] :1? =1Br

JHeprus

MexaHnueckasi CHCTeMa — COBOKYITHOCTh MAaTePUAIIbHBIX TOYEK, B3aUMOJICHCTBYIOIIUX JAPYT
C IPYrOM H TEJIaMH, HE BXOJSIIMMHU B 3TY COBOKYITHOCTb.

[Tocne comepuieHus pabOTHl cHUCTeMa MEPEerET M3 OJHOTO COCTOsHUS B apyroe. Torma
pabota — d¢Qu3nUeckas BEIWYHMHA, XapaKTEPHU3YIOLIas npoyecc TEpexoja MEXaHHYECKOU
CHCTEMBI U3 OJTHOTO COCTOSIHUS B IPYTO€.

MOXHO TOBOPUTbH, YTO CYIIECTBYET HEKHUIl IMapaMeTp MEXaHWYECKON CHCTEMbI, H3MCHECHUE
KOTOpOT'0 paBHO COBEPILIEHHON padoTe 4.

Mexanudeckast sHeprus (E) — mapaMeTp MEXaHHYECKOH CHCTeMbl, H3MEHEHHE (ar)
KOTOPOTO paBHO coBepui€HHOM padote (A). AE =A. [E]=1]Tx

riae Eq — MexaHudeckasi 3Heprusi CHCTEMbl B HAYaJIbHOM COCTOSIHUMY;

E, — wMexaHmueckas DHEPTUsi CUCTEMBl B KOHEYHOM COCTOSHUH.

AE = £|a%

V3MeHeHne SHEPTUU Az MOXKET OBITh KaK MOJIOKUTEIbHBIM, TaK U OTPULIATEIbHBIM.

Pabora — mepa n3MeHeHus1 MEXaHUUYECKON SHEPTUU CUCTEMBI.

Kunerndeckast sHeprus (Ey) — TOJOBHHA MpPOW3BENCHMS MAacChl Tela Ha
KBaJparT €ro CKOpOCTH. E =

Kunerndeckas 3Heprust — 3HEPIysl IBUKEHUS. -2

Torna [4=E, — E,| MM 4= AE,|, T. €. €Clii CUJIa COBEPINAET TOIOKUTENbHYIO paboTy, TO
KUHETHYECKasi SHEPTHsl TeJla BO3pacTaeT, 1 00paTHO.

[MoTennmansHas sHeprus (£,;) — SHEpPrusi B3aUMO/ICHCTBUS TEJl WM YacTel Tea.

HyneBoii ypoBeHb NOTEHIIMATBHOM SHEPIUHU — COCTOSIHUE CUCTEMBI, B KOTOpoM E; = 0.

HyneBoil ypoBeHb MOTEHIMAIBHOI 3HEprun B3aumojencTBus tena ¢ 3emnéit (HYIIO3) —
TOPU30HTANIbHAS IJIOCKOCTh, HAa KOTOpOW mnpuHHMaeTcs E, cucremsl Teno—3emisi paBHOU
HYJIIO.

[Tyctp Teo Maccel M MoJ JEHCTBUEM CHIIBI TSDKECTH 7 TIEPEMECTHIIOCH C BBICOTHI Ni 110

BBICOTBI h, 0e3 W3MEHEHUS CKOPOCTH. Pabota CHJIBI TSDKECTH

A= FriS =mg(h, —h,) = mgh, —mgh, = —(mgh, —mgh,) = = ~(Eqp — Eny) HIH[ A = —AE, ]
[MoTeHnmanpHas SHEprusi B3auMmojeicTBus Tenma ¢ 3emiend (E,) —

NPOM3BEJICHUE CUIIBI TSDKECTH Tella Ha BBICOTY N IMOJIOXKEHUS LIEHTpa Macc

E. =mgh
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Testa oTHocurelbHO HYIID3.

[ToTeHIMaIpHOM PHEPrUEH B3aMMOJJCHCTBUS YacTell Tena 001aaroT yrnpyro k2
nedhOpMUPOBAHHEIE TETIa E =
II
[TorenmuansHast 3Heprus ynpyro aedopmupoBanroro tena (E;) — mojgoBuna
IpOU3BENICHUST KECTKOCTH K Tema Ha KBaapaT ero abCONIOTHOU T
edopmaluu x.
aepopmary 0 X, X, X

3aKOHBI COXPAHEHHS B MEXaHUKE

DHeprus UHTEPECyeT YeJIOBEYeCTBO Ha BCEM IYTH €ro pa3BUTHUsA. Bekamu J01U MBITAINUCH
M300pecT MalMHy («Beunblli O8ucamenvby»), TO3BOJSAIONIYIO IOJIy4aTh SHEPrUI0 U3
«HUOTKYA».

3aKOH COXpaHEHUsT W TPEBpPAILCHUS DSHEPrUM 3allpeliaeT CyIIECTBOBAHUE BEYHOTO
JBUTATENS, OAHAKO BpEeMsl OT BPEMEHH MOSBISIIOTCS JIOIU, OOBSBISIONIME O CO3JaHHUU
OYEPEIHON €ro MOJEIH.

3aKOH cOXpaHeHHs] MeXaHUYeCKOH YHeprum

Buenaue cuiibl — CUibl, 1EHCTBYIONINE CO CTOPOHBI TEJ, HE BXOSIINX B 3Ty CHCTEMY.

3aMKHYyTass MEXaHUYecKas CUCTeMa Tell — CHUCTeMa, Ha KaKJoe M3 Tel KOTOpPOW He
JIEUCTBYIOT BHEUIHUE CHJIbI WM PABHOJCHCTBYIOIIAS BCEX BHEIIHUX CHUJI paBHA HYJIIO, T.C.
S i =0

PaccMoTpuM 3aMKHYTYIO MEXAHUYECKYIO CUCTEMY Tel, 3HAYEHUS MOTEHIIUAIBHON SHEepPruu
KOTOpPOM B HAYaJbHOM M KOHEYHOM COCTOSIHUSAX paBHbI £y U Eyp, KHHETHYECKOU: Ey U Eo:
|Ea + Ei = Eg + Eyo|

n

[TonHasgs MexaHW4YeCKash SHEpPrus CUCTEMbl — CyMMa KWHETHYECKOM W MOTEHIUAJIbHOU
SHEPTUHU TEJl 3TON CUCTEMBI. ,
3aKOH COXpaHEHUS MEXaHWYECKON SHEPruu: IOJIHAs MEXaHHWYecKas Z(Ek +E ), =const
SHEPIusl 3aMKHYTOM MEXaHUYECKON CHUCTEMBI T€J, B KOTOPOM AEHCTBYIOT |i=l
TOJIBKO CHJIBI TSKECTH M YIIPYTOCTH, OCTAETCSI HEU3MEHHO.
OTaenpHO OT Tena OTCYETa HU OJTHO TEJIO HE 00JIajjaeT MEXaHHUeCKON YHEPTUEH.
3aKOH COXpaHEHMsI UMITyJIbCa
Ilycts nBa Tema mMacc My U My COCTABISAIOT 3aMKHYTYH0 MEXaHHUYECKYIO Z p, = const
CUCTEMY, JABHKYTCSI HABCTpEUY APYT APYTY U B3aUMOJAEHUCTBYIOT C CHJIaMU 7, U |i-L

Fy.

ITo Tperbemy 3akoHy HbroToHa F = -F, . [0 B3auMOJIeiiCTBHUS UMITYJIbCHI TEJl OBUIM B, U
P, , IOCJI€ B3aUMOJACUCTBUS P; H P, .

T.€. BEKTOPHBIE CYMMbI UMITYJIBCOB T€J JI0 U ITOCIIE B3aUMOJECHCTBUS OJJUHAKOBBI.

DyHIaMEHTAIBHBIN 3aKOH COXpaHeHus UMITylIbCa: [~ — ~ =
F€OMETPHUYECKAs] CyMMa HUMITYJIBCOB TeJl 3aMKHYTOM MEXaHWYECKON pl + p2 — pl + p2
CHUCTEMBI OCTAaETC HEU3MEHHOM.

3aKOH COXpaHEHUs UMITyJbca MpuMeHuM Toabko B MCO.
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Coynapenusi Tej: 3aKOH COXPAaHEHHsS MEXAHWYECKOW JHEPTUU M 3aKOH COXPAHCHUS
UMITyJbCa TO3BOJIAIOT HAXOOUTh PEUICHHs MEXaHMYEeCKMX 3aJad B TeX Ccllydasx, Koraa
HEU3BECTHbI JeWCTByroIMe cuibl. [IpuMepom Takoro poja 3anad  sBISETCS  yAApHOE
B3aMMOJICHCTBHE TEIl.

YaapoM (Win CTOJKHOBEHHUEM) MPHHATO Ha3bIBaTh KPATKOBPEMEHHOE B3aMMOJICHCTBHE
TeJ, B pe3yJbTaTe KOTOPOTrO UX CKOPOCTHU HCIBITHIBAIOT 3HAUNUTEIbHBIC H3MEHEHHUS.

B MexaHMKe 4acTO MCIOJIB3YIOTCS JBE MOJEIH YAAPHOTO
B3aUMOJICUCTBUSI — aOCOIOMHO YRPYeUil W AOCONIOMHO |, ms
Heynpyzuii yoapol. O *——Q

AOCOJIOTHO HEYOPYIMM  yIapoM Ha3bIBalOT  TakKoe 7l T TS 7
ylapHOE B3aUMOJIEHCTBHE, NMPU KOTOPOM Tella COEIUHSIOTCS - R
(cmunaroTcsi) Opyr € JIPYroM M JIBHXKYTCA Aaibllie KaK OHO P —r—r—
TEINO.

[Ipu aOcomOTHO HEyHpyrom yaape MexaHuyeckas
sHeprusi He coxpansercs. OHA YaCTHYHO WIM TOJHOCThIO ~
MEPEXOJIUT BO BHYTPEHHIOIO SHEPTUIO TeJ (HarpeBaHue). O — '7@ -

AOCOJIIOTHO YIPYTUM YIapOM Ha3bIBAETCSI CTOJKHOBEHHE, my
Opyd KOTOPOM Tella [OClie COYAapeHus JBUXKYTCS IO
OTJICTBHOCTH, M COXPAHSACTCS MEXaHWYECCKask SHEPTHSI CHCTEMBI il KA A AN
Te.

m:
7 4

ITpu aGcontoTHO ypyrom ynape Hapsiy ¢ 3aKOHOM COXPAHEHUS MMIYJIbCA BBIIOJIHACTCS
3aKOH COXPAHEHUS MEXaHUYECKOU SHEPruM.

IIpumepsl pemenus 3agaq

1. OmnpenenuTs MOLIHOCTh TEIUIOBO3a, 3HAas, YTO IPU CKOPOCTU JABMXKEHMA 43,2
KM/4 cuita Tsiru pasHa 105 kH
Hano «CHN» Pemrenue:

0 =43,2 km/4 12/ ¢ MOIIHOCTb HaxoAUTCs 110 Gopmyle: N = 2
t

F=105xH 105-10° H
Cuna TSy COBEpIIAET MOJIOKUTEITHHYIO PadoTy:
N-?
A=FScosa, Zo=0,A=F.S JIBm>xeHHE  TEmiIoBO3a
F.S

PaBHOMEPHOE U MPSAMOJIUHEHHOE: N === F

S
2-v
t

N =F-v =12 m/c-105-10° =1260-10° Bt

Otset: N = 1260 xBT.

2. Teno maccoit 10 kT cBOOOAHO mamaeT ¢ BBICOTHI 20 M H3 COCTOSIHHUS ITOKOS.
Yemy paBHa KUHETHYECKasi SHEPTUS B MOMEHT yAapa 0 3eMiito?
Jano: Puc. Pemienue:
m =10 xr 1 h Em Eif0  CormacHo 3aKOHY COXpaHEHUS DHEPIHH:

ve=0 M/c % EpO + Exo = Epl + Exo
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hg=20m 3a Teno 0TcYeTa MPUMEM 3EMITIO:

2

hi=0wm 2 mgh, + m;o :mghﬁmTUlz yautbBas h; =0,v9=0
g =10 m\c? Ex E; =0 mah _mo! wu Exg=mghg
2
Eq-—-7 Ex; =10-10-20 =2000 JIx
Ortser: 2 k/Ix.

3. Bo BpeMs MaHEBpPOB Ha KEIE3HOJOPOXKHOW CTaHIMH JBE IUIAT(GOPMBI MaccaMd mj =
2,4:10* kxr u my = 1,610* xr xBuramuces HaBCTpEUy JIPYT APYTYy CO CKOPOCTSIMHU, MOJYJIH
KOTOPBIX paBHEI V1 = 0,5 M/c 1 v = 1 M/c. HaiimuTe cKOpoCcTh MX COBMECTHOTO JIBHIKEHUS
mociie Toro, Kak cpaboTala aBTOCIEIKA.

JlaHo:

my;=2,4-10* kr

mo= 1,6 - 10* kr
vy = 0,5 m/c

vy = 1lM/c

1)06-?

N300pa3uM cXxeMaTU4yHO JIEHCTBYIOIIME CHJIBI Ha JIBHXKYIIUECs MiaaTgopMmbl. B mpoeknuu Ha
ocb X: N, m,gH N, m,g CHIIBl B3aMMHO YPAaBHOBELIEHBI.

MoxHO IMPUMEHUTH 3aKOH COXPAaHCHUA NMITYJIbCa: rn]_U]_ + mZUZ — (rnl + m2)006

/1€ Vo5 — CKOPOCTH IUIaT(OPMBI TOCIE CLENKH.

B mpoexkiusix Ha ock X: My Vix + M Vo = (M1 + M3) Vogx

T.K. Vix=V1, Vax = - V2, TO Vesx = -0,1 M/cC

3HaK (-) MOKa3bIBaE€T, YTO CKOPOCTh Vo HAMpAaBIICHA MPOTUBOIOIOKHO ocu X (cmpaBa —
HaJIEBO).

Pemuts 3apaun (N - Homep sawezo eapuanma no cnucky)
1. [Ipu cTponTenscTBE KaHATHOM TOPOTH B TOPHOM MECTHOCTH CaMOCBAJI MACCOM N TOHH
noaHsucss Ha BbicoTy 400M Hax ypoBHeM Mops. OnpenenuTbs MOTEHLHAIbHYIO SHEPTHUIO
aBTOMOOWIISI OTHOCUTENIBHO YPOBHSI MODSL.

2. Moot xompa 1yisi 3a0uBanusi cBaii maccoil S00KT magaer ¢ BBICOTHI N MeTpoB. Uemy
OyzeT paBHa MOTEHIIMAIBHAS M KWHETUUYECKasi DHEPTHUs MOJIOTa Ha BhICOTE 4MeTpa?
3. Kakoii moteHnmanpHON 2Hepruel objamaeT Temo Maccoi N Kr, MOJHSATOE Ha BBICOTY

15meTpa? Kakyto paboTy OHO MOKET COBEPIIMTH MPH MalaHuu Ha 3eMITi0?
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4. OmnpenenuTs MOIIHOCTH CEP/LAa BAIBLOBIIMKA B Ipolecce GU3NIecKoil paboThl, 3Ha,
YTO TIPU OJHOM yAape OHO COBepIIaeT padoTty, paBHy 16 Ik, a B MUHYTY JieiaeT MPUMEPHO
240 ynapos.

5. [Ipu cxarum OydepHO MPYKUHBI /1 BaroHa Ha ScM npou3BeneHa padora 3,75 kJIx.
Kakas cuna tpebyetcst 1ist cxxaTust 3Toi npyxunsl Ha lem? TlocTpoiite rpaduk 3aBHCUMOCTH
YAJTUHEHUS TPYKUHBI OT BEJIMYUHBI TPUIIOKEHHOM CHJIBL.

6. [Tpu yaape aByx BaroHoB OyQepHas mpyXuHa cxajach Ha N cM. JKeCTKOCTh MpYKUHBI
3000 kH/M. Onipenenuth paboOTy MpH CIKATUU TIPY>KUHBI.

7. Kakas pabora mpowsBeneHa mpu CxaThH OyPEepHON NPYKHHBI KEIC3HOAOPOKHOTO
BaroHa Ha N cM, €CIIM JUIsl CKaThsl MPY>KUHBI Ha 1 cm Tpedyercs crta 350000H?

8. TsxenoBecHbld cocTaB ¢ yriaem maccoit 6000t nmpeononeBaet noaseM B 100 merpos. Ha
KaKyl0 BBICOTY MOXXHO TMOJIHATH Teno Maccod 100 Kr, eciu UCHONB30BaTh 3armac
NOTEHLIMAJIbHON PHEPIUH B BEPXHEW TOUKE MoabeMa?

9. Baronerka paBurajzacb 1O TOPU3OHTAJIBHOMY IIYTH, Yepe3 HEKOTOpOE BpeMms
ocraHoBuwiIachk. Ee kuHeTnueckas sHeprus crtana paBHa 0, a IOTEHUMalIbHas OCTaJlach
HEU3MEHHOU. He HapyIIuics v B 3TOM Clly4ae 3aKOH COXPaHEHHsI U IPEBPAIICHHs SHEPTUn?
10. JInsg morpy3ku yriss B BarOH IIPUMEHSETCS JICHTOYHBIM TPaHCIOPTEp, KOTOPBIN
nepeMeniaeT yrojib BBEpX MO HaKJIOHY Ha BBICOTY 5 M. B MuHyTy morpy3uuk gocrasiser 12t
yrisi. Baron 3anonnsiercs 3a 5 muH. Kakyro paGoTy 1pu 3TOM coBepIIaeT TpaHcnoprep?

11.  TemnoBo3 TAHET COCTaB CO CKOPOCTBbIO N KM/4, pa3BuBass MouHocTh 880 kBT. Kak
BEJIMKA B 3TOM Cllyyae cuiia TAru?

12.  Jlurarens oducHoro BeHTHIsTOpa MMmeeT MomHocTh 0,35 kBt. Kakyio paboty oH
COBEPUINT 3a N MUHYT.

13. Bpluncautb paboTy, COBEpIIAEMYIO TSKEI0ATIETOM, KOTJa OH PABHOMEPHO MOIHUMAET
mranry Maccoi 100 xr Ha BbicoTy 1,5M.

14.  Kakymo paboTy HYXHO COBEpIIUTh, UTOOBI moe3 Maccoi 1000 TOHH, BMKYIIHMICS CO
CKOPOCTBIO 72KM/Y YBEITUYHUII CBOIO CKOPOCTH /10 108 km/9?

15.  Kakoiif Macchl rpy3 MOXKeT MOJHUMAaTh MOAbEMHBIN KpaH cO CKOpocThio 1,5M/c, ecnu y

HEro JIBUraTeslb MOIHOCThIO 12kBT1?

16. OpuHakoBO M CKMMaroTCs Oydepa MpH CTOIKHOBEHUH JIBYX OMHAKOBBIX BarOHOB, OJMH
U3 KOTOpbIX HenoABWKeH? PaccMoTpuTe ciydau: NOpPOXHUI BaroH HEMOJBUIKEH,
JBUKETCS TPYKEHBIN; TPYKEHHBIA HENOIBUKEH, IBUKETCSI TIOPOKHHIM.

17. YtoObl CIBUHYTH C MECTa TSKEJIBIN KEIE3HOAOPOKHBIA COCTaB, MAIIMHUCT JAeT 3aTHUN
XOJl, 0J1aBasl COCTaB HEMHOTO Ha3aj, a MOTOM YK€ JaeT nepenHui xon. Ilouemy Ttakum
00pa3om, jerye TpOHYTh COCTaB C MecTa?

18. PabGounii, Oerymmuii Mo meXy CO CKOPOCTbIO 7 M/C, JOTOHSET TEJIEXKKY C Ipy3aMmH,
JBUKYLIYIOCS CO CKOpPOCThIO 2 M/C, M BCKakuBaeT Ha Hee. C Kakol CKOPOCTBIO
IIPOJOJDKAET JIBUTaThCsl TEJIEKKA, €CIIM MacChl TEIEKKH M YEJIOBEKAa COOTBETCTBEHHO
paBHbl 30 xr u 70 Kr.

19. JIBe xene3HO0pOKHBIE TIAT(OPMBI JBIXKYTCS HAaBCTpEUy APYr Apyry co ckopoctsamu 0,6
u 0,4 m/c. Maccel miathopMbl COOTBETCTBEHHO paBHbI 18 1 28 1. C Kakoil CKOPOCThIO U B
KaKoM HarpaBJIeHUHM OyIyT JBUTAThCs IIATPOPMBI MOCIE CTOJIKHOBEHUA? Yap CUMTaTh
YHIpYruMm.

20. Xene3HOMOPOXKHBIM BaroH Maccod 25 TOHH Moabe3kaeT co ckopocTeio 0,3 M/c K
CTOAILEMY Ha TOM € IyTH HEMOJBM)KHOMY BAaroHy Maccoil N TOHH M aBTOMAaTUYECKU
cueruigercs ¢ HuM. Ilocie cuenku BaroHsl JBHXKYTCS NMPsSMOJIMHENHHO. KakoBa cKOpoCTb
JIBIKEHUS BaroHOB ITOCJIE CIIETIKU?

21. Xene3HOMOPOXKHBIM BaroH Maccod 35 TOHH MOXBE3KAET K CTOSIIEMY Ha TOM K€ IyTH
HENOJIBYKHOMY BaroHy Maccoil N TOHH M aBTOMaTHYecKH cueruisiercss ¢ HuM. [locie
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CIIETIKM BaroHbI JBIKYTCS MPSAMOIUHENHO co ckopocThio 0,5M/c. KakoBa Oblia CKOpOCTH
BaroHa Maccoil 35 TOHH nepes CuenKon?

22. CTONKHYIIMCH JIBa OJJMHAKOBBIX IUIACTHJIMHOBBIX MIApUKA, IPUYEM BEKTOPBI HX CKOpPOCTEH
HEMOCPE/JICTBEHHO Iepe/l CTOJIKHOBEHHEM OBLIM B3aUMHO MEpPIEHINKYISPHBI U BIBOE
OTJIMYAIUCH IO MOAyt0: ¥;=29,. Kakoii Obl1a cKOpocTh OoJiee OBICTPOro MapuKa Mepes
a0COJIIOTHO HEYNPYTUM yIapoM, €CIHM IOCJIE€ HEr0 BEJIMYMHA CKOPOCTH IIAPUKOB CTaja
paBHo# 1,5Mm/c?

dopma npeaocTaBjieHus pe3yJbTaTa
BrimonHeHHbIe 3a71a4d B TETPaH s MPAKTUYECKUX padoT.
Kpurepun oueHku:

OyeHka «OMAUYHOY» BbICMABNAEMCs: TPABUIBLHO BBIMOJIHEHbl BCE 3aJaHUsI B COOTBETCTBHH C

TpeOOBaHUSIMU, TPABWIBHO  BBIMOJHEHBl JOMOJHUTENIbHBIE  33/1aHHf, CBOEBPEMEHHO

MIPEJIOCTABIICH OTYET O BBINOJIHEHUU PAOOTHI.

Oyenka «xopouioy vlcmaeisemcs: NPaBUIBLHO BBINOJIHEHBI BCE 33JaHUsS B OCHOBHOM YacTH,

JIOTIOJIHATEIbHBIC 3aJlaHUsl BBIMIOJIHEHBI HE B TIOJIHOM OO0BEMe, MPEAOCTaBI€H OTYET O

BBITIOJIHEHUH PabOThI, JTHO0 B Clydyae HECBOECBPEMEHHOTO MPEIOCTABICHHUS OTYETa WU C

HAJIMYUEM HECYIICCTBCHHBIX OIIMOOK B BHIMIOJTHCHUN 33 JaHUSI.

OyeHnka «y00671emeopumenbHo» 8blCMABIAemcs: BBHITIOIHEHBI HE Bce, HO Oonee 50% 3amanuii

paboThl, JOMOTHUTETbHBIC 33/1aHUsl HE BBIOJIHEHBI, HECBOEBPEMEHHO MPEAOCTaBICH OTYET O

BBITIOJTHEHUH PaOOTHI.

Oyenxa «HeyOo8remeopumenvHoy evicmasisemcs: BbIMoOAHEHO MeHee 50% paboThl, HE

BBITIOJIHEHBI JOTIOJTHUTEIBHBIC 3a/IaHHsI, OTYET O BBIIIOJIHEHUH PAa0OTHI HE TTPEIOCTABIICH.

Tema 2.1 OcHoBBI MOHeKyJIﬂpHO-KHHeTH‘leCKOﬁ TCOPUHU U TEPMOAUHAMUKHA. AFpeFaTHBIe
cocTofsHuS BemecTBa. Pa3oBbie nmepexoabl

IIpakTnyeckoe 3ansaTue Ne 4
Pemenne 3aga4 no teme «OCHOBBI MOJIEKY/ISIPHO-KMHETHYECKOH TEOPHN»

Hean paGorbl: yrayOuTh W KOHKPETU3UPOBATH TMPEJCTABICHUS O MOJCKYJISPHO-
KMHETUYEeCKOM Teopuu BemecTBa. Hayuumtbes ucnonws3oBarh 3akoHbl MKT st pacuéra
OCHOBHBIX ITApaMETPOB COCTOSIHUS BEIIECTBA.

Boinosinenue padorsl cnocodcTByeT GOpMUPOBAHUIO:

IIP63 BnajgeHWE OCHOBOIOJATAIOIIMMH  (HU3UISCKUMH TOHSATHSIMH W BEITUYMHAMHU,
XapaKTepU3yIOIUMH  (U3UYECKHUe Tpolecchl  (CBSI3aHHBIMH C  MEXaHMYECKHM
JBUKEHHEM, B3aUMOJICHICTBHEM TEN)

1IP64 yBepeHHOE MHCIIONb30BaHME 3aKOHOB W 3aKOHOMEpPHOCTEH NpH aHanu3ze (pu3nyeckux
SIBJICHUH U IPOLECCOB;

1IP67 chopMHpPOBAaHHOCTh YMEHUS PEIaTh PacyeTHBIC 33Jauu C SIBHO 3aJaHHOM (u3nueckon
MOJIETIbIO, UCIONB3YS (DH3MUECKHUE 3aKOHBI M MPUHIIMIIBI; HA OCHOBE aHAlIM3a YCJIOBUSA
3aJjauu BBIOUpPATh (PU3NYECKYIO MOJIEINb, BBIACIATh (PU3NUECKUE BETUUUHBI U (POPMYIIBI,
HEOoOXOUMBIE JUIsl €€ pEeLIeHUs, MPOBOAUTH pacueThl M OLEHUBATh PEabHOCTD
MOJyYEeHHOTO 3HAa4yeHUs (PU3MUECKOM BEJIMYMHBI, pEIIaTh KaueCTBEHHbIE 3aauM,
BBICTpPauBasl JIOTMYECKH HEMPOTHBOPEUYMBYIO ILIETMOYKY PACCYKICHHM C OMNOpOMl Ha
M3yYEHHBIE 3aKOHbI, 3aKOHOMEPHOCTH U (PU3HUECKHUE SIBICHHUS;
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MPS8 crnocoOHOCTP M TOTOBHOCTH K CaMOCTOATEIBHOMY IIOMCKY METO/OB pELICHHUS
MPAaKTUYECKUX 3a/1a4, IPUMEHEHUIO PA3IMYHBIX METO/I0B [TO3HAHMS;

MPI3 ananu3upoBaTh IOJYYEHHbIE B XOJE pELICHMs 3aJaud pe3yibTaTbl, KPUTHUYECKU
OLICHUBATb UX JIOCTOBEPHOCTb, IPOTHO3UPOBATh U3MEHEHUE B HOBBIX YCIOBUSIX;

MPI7 ymeTh TIEPEHOCUTHh 3HAHUS B I[IO3HABATEIbHYID M MPAKTHYECKYI0 0O0JacTu
KU3ZHEIEATEIIbHOCTH;

JI13 cniocoOHOCTh OLIEHMBATH CUTYAIMIO M MPUHUMATh OCO3HAHHBIE PEIICHUS, OPUEHTHPYSCH
Ha MOPAJIbHO-HPABCTBEHHBIE HOPMBI U IIEHHOCTH;

JIP23 TOTOBHOCTb K TPYAY, OCO3HAHHE IEHHOCTH MacTepCTBa, TPYIOI00HE;

MaTepnanbﬂoe o0ecneyeHue: MmocaJgo4HbIC MECTAa IO KOJIHUYCCTBY 06yqafoumxcs1;
p%ﬂ&TO‘-IHHfI Marcpurall C 3alaHUAMU; C60pHI/IKH 3aaa4, CIIpaBOYHBIC MAaTCPUAJIbL

3aganue: ucnomnb3ys ocHoBHBIE (hopmyiibl 3akoHOB MKT, pemuts 3agaun

IMopsiioK BHINOJHEHNS PAOOTHI
1.  TloBTOpHUTH OCHOBHBIE BOIIPOCHI MOJICKYJISIPHO-KHHETHICCKOW TEOPHUH.
2.  Pemmtsh 3amaum mo BapuaHTaM (M3 CIIKCKA U TaOJIMIIBI)

Xoa padoTsl

Kparkue TeopeTuyeckue cBeeHHs
KonunuectBo BemiecTBa (V) — (u3Myeckas BeIWYMHA, ONpeelsemMast a1
YHCJIOM €r0 CTPYKTYPHBIX 3JIEMEHTOB (aTOMOB, MOJIEKYJ U 1p.) [v] =1 N, =6,02-10 MOTb
MOJIb.
Yucno ABoraapo (Na) — KOJIMYECTBO 4YacTHIl B 1 MOJb BeliecTBa (Ha3BaHO B 4ecTh AMeeo
ABorajpo (17761856, Uranus).
MomnsipHasi Macca BelecTBa (4) — BEIMYHMHA, YUCICHHO PaBHAs €ro OTHOCUTEIBHOW aTOMHOI

(MONeKynsipHON) Macce Mgy B ATOMHBIX €JUHHMIIAX Macchl (CM. MEPUOJUYECKYIO CHUCTEMY
KT

-3 _
Amutpust H =My, 1071 Ppanosuua MenneneeBa (1834-1907, Poccus). [p]=1 MOJIb
Macca ofHOM MOJIEKYIBI (B KI): [my = NL .

A

W3 omnbITOB M3BECTHO, uTO 1 MOJb ra3a (HE3aBUCUMO OT XHUMHMYECKOIO COCTaBa) MpHU
HOPMAJIBHBIX YCIOBHAX (OOC 1 760 MM pT. CT.) 3aHUMaET 00bEM 22,4-10° M (22,4 n).

Konuenrparmst  (N) —  KOJMYECTBO monekyn N B exuHnne oobema V.
. [n]zlL nﬂz2,7-1025i3
V M3 M

Yucino Jlommuara (Nj) — KOHIEHTPALUS MOJIEKYJT T'a3a P HOPMAJIbHBIX YCIIOBHSX

|N =v-N,|i|m=v- |- aucio momekyn N B v MOIIb BelecTBa ¥ ero macca m.

2 —
p= 3 n- E.|— ocaoBuoe ypasuenne MKT uaeanbpHOro rasa,
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m-V o
rac EK = 5 — CpC€OHsAsA KMHCTHYCCKasA S3HECPrusl OJHOM MOJICKYIbI, M — MacCa MOJICKYJIbI,

N V2 p
;N — CpedHss KBaJApaTUYHAsS CKOPOCTh JIBHIKCHHS
MOJICKYJIBI.
TemmnepaTtypa — XapaKTepUCTHKA CTETICHU HATPETOCTH Tea.
AOCONIOTHBIN HYJIb — TemMneparypa t = —273,150C, IpU KOTOPOH ~—27315°C  ( T

JIOJKHO TIPEKPATUTHCS TIOCTYMATEIHHOE ABUKCHUE MOJICKYIT.

AbcomoTHas mikana temreparyp (mkana Kenpsuna) (7) — mkanga Temrmeparyp, i€ 3a HYJb
MPUHUMAIOT a0COTIOTHBINA HYJIb.

[7T] = 1 K — kempBun. 1 K = 1°C. Mexny mkanamu KensBuna u llenbcusi aeictByer
cootHomienue: |1 =1+ 273,15|,

_ X
k=138-10 23%— nocTosiHHas bosjbuMmana (Hassana B uecth Jlromsura Bosibumana (1844—

1906, ABcTpus).

, T. €. OdGleHue 2aza He 3d6UCUmM Om e20 NpUpoovl, a ONpeoesiemcs MoIbKO
KOHYyeHnmpayuetl n Moaexkyn u memnepamypou T.

OObeMHEHHBIN Ta30BbIM 3aKOH: IS JIAHHOTO KOJMYECTBA BEIIESCTBA MPOU3BEIACHHEC JTaBIICHUS
ra3a Ha ero o0bEM, OTHECEHHOE K a0COIFOTHOM TeMIepaType, €CTh BEJIMYMHA TOCTOSTHHAS.

Tk ﬂ =R v = const
R=k-N,=831 Koom | ~ T T YHUBEpCallbHas Ta30Basi IOCTOSIHHAS.

m )
pV = — RT |— ypaBHEHHE COCTOSTHUS HaeaabHoro ra3za (Menneneesa-Knaneiipona).
)7

[IpakTHueckuii THTEpEC BBI3BIBAIOT TPH MpOIIECCa B Ta3ax:
1) mpu v =constu T=const; 2)mpuv=constup=const; 3)npu v =constuV=const.
N3orepmuueckuii nporecc. 3akon boins-Mapuotra
P N3oTepmuueckuii mporecc — Mpouecc B Ta3ze, MPOUCXOMSIIMN TPHU
T <T,<I3  MOCTOSHHBIX KOJIMYECTBE BEIIECTBA U TEMIIEPATYPE.
3akoH  boigs-MapuoTra: 1OpH  MOCTOSIHHBIX
1BOTEPMA. K OJTMYECTBE BEIIeCTBA u TeMIiepaType pV = ConSt
MPOM3BEICHNE JaBIIEHUs Ta3a Ha €ro o0bEM
OCTaETCA MOCTOSTHHBIM.
V' Uzobapuueckuii mpouecc. 3akon I eii-Jlroccaka
I/1306ap1/mec1<1/11?1 MpoLEecCc— MPOLECC B rase, MNPOUCXOMAIIMNA MPH MOCTOSHHBIX KOJIMYECTBE
BEILIECTBA U JABJICHUU

P
I nu30Xopa
R F’l > Py 3akon  [eii-JIroccaka: IIpU  TOCTOSHHBIX ! v,
el o 7
0 273 T KOJINYECTBE BEILECTBA M JIABJICHUU OOBEM Trasza e A >V,
OpsMO  HPONOPLMOHAIEH €ro  abCONIOTHOM 0 Al
TeMIeparype. 273 T

N3oxopuueckuit mponecc. 3akon lapis

N3oxopuueckuil mporecc — MpoIecc B rase, MPOUCXOIAIIUMNA MPU MOCTOSHHBIX KOJWYECTBE

BerecTBa u 00bEMe (ObuT u3yueH [laprem).

3akon llapns: mpu MOCTOSHHBIX KOJIMYECTBE BEMIECTBA U 00BbEME JaBICHHUE Ta3a — AT

MPSIMO TIPOTMIOPITMOHATIEHO €r0 a0COMIOTHON TeMIepaType. p= ﬂ
26




Buyrpennsist oneprus raza (U) — cyMMa KHHETUYECKOM SHEPTUH €0 MOJICKYII, TOTCHIIUATBHOMI
JHEPrUU MX B3aMMOJICHCTBYS U BHYTPUMOJIEKYJIIPHON DHEPIHH.

3 5
U= EVRT — JUISL OJJHOATOMHOTO HJICaJIbHOTO rasa. U= EVRT - LIS JIBYXaTOMHOTO T'a3a

U =3vRT | Jlna MHOrOaTOMHOI'O UACAIBHOTO ra3za

PaboTa raza npu n300apu4ecKOM pacIIupeHUN: _ _ ]
dusmueckuii cmeica R: A =V RAT A - p AV

YHUBEpCcajbHasl ra30Basl OCTOsIHHAs — paboTa, coBepliaeMasl OAHUM MOJIEM HIEaJbHOIo rasa

IpU €ro U300aprUUeCcKOM HarpeBaHWU Ha OJIMH KEJIbBUH.

B ycioBum HEKOTOpBIX 3a/1a4 OTCYTCTBYIOT HUGPHL. 3HaYeHUs (PU3NYECKUX MapaMeTPOB 3TUX

3a1a4 He0OX0AUMO OpaTh U3 TabIUIHI 1:

10 BEPTUKAJILHON CTPOKE yKa3aH HOMEP BapHaHTa, 10 TOPU3OHTAIBHON — HOMEP 3aladH.

1.  Bpluucaurth Maccy OHON MOJIEKYJIBI 33JaHHOTO Ta3a.

2. CKOJIBKO MOJIEKYJ COJIEPKUTCS ITPH HOPMAJIBHBIX YCIOBUSAX B M KUJIOrpaMMax BOJOpoOJa
H,?

3. Kakoe KOJIMYECTBO BELIECTBA V COJCPIKUTCS B AIIOMHHHEBOW OTJIHMBKE Maccoil m? (

Po = 27-10°° KI/MOJIB).

4. KakoBa macca v MOJEH YIIIEKUCIIOoro raza? — 44.10~2 KI/MOJIB).
Hcoz

5. CpenHss KHHETHYECKas SHEPTHUs MOCTYNATEIBHOTO ABIXKEHUS MOJICKYII I'a3a paBHA E .
Yemy paBHa Temrmeparypa raza? (k =1.38-1072° Ix/K).

6. B OamioHe eMKOCThIO V JIMTPOB HAXOIUTCS KHCIOPOJ MPH TeMIlEpaType T W JaBJICHUU
P. Omnpeenuth Maccy rasza B 6autone. (MO, = 32-107 KI/MOJIb)

7. B nmnmHApe amsens JaBIeHHE BO3AyXa M3MEHSeTcs OT P, AOP, ; 00beM IPH 3TOM
yMeHbIIaeTcs oT V, 10 V, auTpoB. HadanbHas TeMneparypa npouecca T,. Onpenenuts

TemIeparypy Bo3yxa T, B KenbBHHAX Iocie cxxaTus.

©o

KakoBa BHyTpeHH:SI SHEpTHs V MOJIEH OTHOATOMHOTO ra3a Ipu TeMmeparype T7

9. B 6amnone emxocthio 30 51 HaxomuTes kuciopon npu temmeparype 300K u naBnenun
0,78MIla. Onpenenute Maccy raza B OajioHe.

10. bammon emkocteio 100 1 comepxkut 5,76 kr kucnopoma. Ilpu kakoii TemmepaType
BO3HUKAET OMACHOCTb B3PbIBA, €CJIM OAJIOH BblIEpKUBaeT AaBienue 10 SMIla?

11. BbluucnuTh yBeNWYEHHE BHYTPEHHEH SHEpruu 2Kr BOAOPOAA NPU TOBBILIEHUH €ro
temneparypsl Ha 10 K.

12.  VYrnekucnslif ra3 Maccoit 0,2 Kr HarpeBaroT npu noctossHHOM naBieHnu Ha 88K. Kakyto
paboTy coBepIIaeT Npu 3TOM raz?

Tabmuna 1
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- 1 21314 5 6 7 8
£ TA3 m{mlv [E, [V][T[P[P[R[VI[V[T]v [T
S ((opmyra) Kr | r [moms| JlK n [°K [kIla|xITa|k[la| n | 1 |°C |Mons| K
1 |Kucropog O, | 1 [27] 2 |6-20%*| 2 {100| 1 | 2| 1 |7 |5 |27]1]|27
2 Bomopon Ho,| 2 |54]| 4 |7-20%Y 4200 2 | 3| 2| 8] 6|28]2]028
3| Meran CH, | 3|81 6 (820" 61(300] 3|4 |39 7|20 3]29
4 |O30m Os | 4 |108] 8 |9-102*| 8 |400| 4 | 5| 4 |10] 8 [30] 4|30
5 |Asor N, | 5 [135]10]1-20%* 10 {100] 5| 6| 5|11|9|31]5]31
6 [yrmepon  C, | 6 |162| 12 [2:10%* [ 12]200] 6 | 7 | 6 | 12] 10| 32| 6 | 32
7 |Vraexuemsiit CO, | 7 [189] 14 [3-10% [ 14 (300 7 | 8 | 7 | 13| 11| 33| 7 | 33
8 |[eumit He, | 8 |216] 16 |4-10%*| 16 {400 8 | 9 | 8 | 14| 12| 34| 8 | 34
9 NH 5 9 (243 18 |5-10%* | 18 |100| 9 | 10| 9 | 15| 13| 35| 9 | 35
10 cl, 10 {270 20 |55:10%" 20 200 10| 11| 10| 16| 14 | 36| 10| 36

®opma npeaocTaBIeHus pe3yabTaTa
BrimonHeHHbIe 331241 B TETPAAX ISl IPAKTHIECKUX padoT.

Kpurtepuu ouenku:
Oyenka «OMAUYHOY» BbICMABIAEMCs: TIPABUIBLHO BBIMOJIHEHBI BCE 3aJaHHsI B COOTBETCTBHH C
TpeOOBaHUSIMU, TPABUIBHO  BBHIMOJHEHBl JOMOJHUTENbHBIE  33/1aHHs, CBOEBPEMEHHO
IPEJOCTABIIEH OTYET O BBIITOJHEHUH PAOOTHI.
Oyenka «xopouwio» evicmasisiemcs: TPaBUIBHO BBIOJHEHbI BCE 3aJ[aHHs B OCHOBHOM 4YacTH,
JIOTIOJTHUTEIIPHBIE 3a/IaHUsl BBINIOJHEHBI HE B IOJIHOM 0O0BEMe, MPEJOCTaBIE€H OTYET O
BBITTOJIHEHUH PaboTHI, MO0 B CIlydyae HECBOCBPEMEHHOTO MPEJOCTABICHUS OTYETAa WIIH C
HAJIMYMEM HECYIIECTBEHHBIX OIMIMOOK B BHITIOJHEHUH 3a/1aHUSI.
Oyenka «y0061emeoOpUMenbHO» GblICMABIAeMCs: BHIIIOTHEHBI HE Bce, HO O6omnee 50% 3amanuit
paboThl, TOTIOJIHUTENbHBIE 33JJaHNs HE BBINIOJIHEHbI, HECBOEBPEMEHHO MPEAOCTABICH OTYET O
BBITOJIHEHUH PaOOTBHI.
Oyenka «Hey00B81emeopumenvHoy 6vicmasisemcs: BbIIOIHEHO MeHee 50% paboTsl, He
BBITOJIHEHBI JIONIOJHUTENBHBIE 33JaHUsl, OTYET O BHIIIOJHEHUN PaOOThI HE MPEIOCTaBIIEH.

Tema 2.1 OcHOBBI MOJICKYJISIPHO-KHHETHYECKOH TEOPHH M TEPMOANHAMHKH.
ArperaTrHbie COCTOSIHUA BellecTBa. @a3oBbie nMepexoabl

IIpakTu4yeckoe 3ansiTue NeS
Pemenue 3aga4 no reme «OCHOBbI TEPMOJAUHAMHUKID)

Hean paboThl: Ha mpuUMepe pEIICHHs 3a7a4 H3YYUTh 3aKOH COXPAaHEHUS SHEPrHH
MPUMEHUTEIBHO K TEIUIOBBIM IIpolLieccaM, NYTSX HM3MEHEHUsS BHYTPEHHEW HHEpruu Te,
aanabaTUIecKoM Ipolecce, MPUHIIUIE PaboThl TETUIOBON MAITUHBIL.

BrinosiHeHue padoThl cnoco0cTBYET (POPMUPOBAHUIO:
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IIP63 BnajgeHWe OCHOBOIOJATAIONIMMH  (DU3UYECKHMMH TOHSATHSAMH W BEITUYMHAMHU,
XapaKTepu3ylomuMU  (U3NYECKHUE TMpoLecchl  (CBSI3aHHBIMU C  MEXaHHYECKUM
JBUKEHUEM, B3aUMOJICHCTBUEM TEN)

1IP64 yBepeHHOE HCIOJB30BaHHWE 3aKOHOB M 3aKOHOMEPHOCTEH MpH aHaln3e (PU3NUYECKUX
SIBJIEHUM U IIPOLIECCOB;

IIP67 chopMUpOBaHHOCTh YMEHHS PEIIaTh pacUETHBIC 3aJa4M C SBHO 3aJIaHHOU (PU3NUYECKON
MO/IEINIBIO, UCTIOJB3Ys (PU3MUYECKHE 3aKOHBI U MPUHIUIIBI; HA OCHOBE aHAJIU3a yCIOBUS
3a/lauM BBIOUPATh (PU3UUECKYIO0 MOJEIb, BEIICTATH (PU3HMUecKue BEIUYUHBI U (HOPMYIIbI,
HEOOXO/AMMBIC Ui €€ peIICHUs, NMPOBOAUTH PACUYETHl M OICHHWBATh PEATbHOCTH
MOJIyYEHHOTO 3HaueHusi (U3NYECKOM BEJIMYMHBI, pellaTh KAaueCTBEHHBIC 3a/ayH,
BBICTpauBasl JIOTUYECKH HEMPOTHBOPEUMBYIO LIEMOYKY PACCYX ACHUHW C ONOpOl Ha
M3YYEHHbIE 3aKOHBI, 3aKOHOMEPHOCTH U (PU3UUYECKUE SIBICHMUS,

MP8 crnocoOHOCT M TOTOBHOCTH K CaMOCTOSITEIbBHOMY IIOMCKY METOJOB pELICHUs
MPAKTUYECKUX 3a/1a4, IPUMEHEHUIO PA3JIMYHBbIX METO/IOB [TI03HAHMS;

MPI13 aHanmu3upoBaTh TOJYYECHHBIE B XOJAE pEIICHUS 3a7aud pPe3yJbTaThl, KPUTHUYECCKU
OLICHUBATb UX JIOCTOBEPHOCTb, IPOTHO3UPOBATH N3MEHEHUE B HOBBIX YCIOBUSIX;

MPI7 ymeTh TIEPEHOCUTH 3HAHUS B I[IO3HABATCIBHYIO M TMPAKTHYECKYI0 00JacTu
KU3ZHEIEATEIIbHOCTH;

JI13 cniocoOHOCTh OLIEHMBATH CUTYAIMIO M MPUHUMATh OCO3HAHHBIC PEIICHHS, OPUEHTHPYSCH
Ha MOPAJIbHO-HPaBCTBEHHbBIE HOPMBI U [IEHHOCTH;

JIP23 TOTOBHOCTB K TPYZY, OCO3HAHHE LIEHHOCTH MacTepCTBa, TPYAOII00UE;

MarepuanbHoe o0ecnmedeHHe: TIOCAJOYHBIE MeECTa MO KOJIMYECTBY OOYYAIOUIUXCS;

pa3IaToyHBIA MaTepua ¢ 3aJaHUusIMHU; COOPHUKH 3a]1a4, CIIPAaBOYHBIC MaTEPHUAIIbI
3anaHue: pemMTh 3214
IMopsinok BLINOJITHEHHUS PA0OTHI:

1.  Ilepen pemenuem 3a1ad pazoOpaTh KpaTKUE TEOPETUUECKUE CBEICHUS

2. IlpoBecTH aHanM3 BEIMYUH, BXOMAUMX B (opMmyisl. Belyunts (opMynupoBky u
MaTeMaTHUYECKYIO 3aIHCh TIEPBOTO HavaIa TEPMOINHAMHUKH

3. PemuTsh 331a4M 110 BapHaHTaM, COCTaBUB YpaBHEHMsI TEIUIOBOTO OallaHca, PelUTh 3a/1aun
Ha M3MEHEHHE BHYTPEHHEW SHEPTUU Tella MPH TEIUIOBBIX M MEXaHWYECKHX IpOIeccax
(camocrosTenbHas paboTa).

Xoa padoTsl
Kparkue Teopernueckue cBeeHHs
TenmooOMeH (Temsonepenaya) — OOMEH BHYTpEHHeW dSHeprueil 0e3 cOBepLICHHS

MEXaHHYECKOM paboThI.

KonnyectBo Ternots! (Q) — sHeprus, nepeaanHas B pe3yabTare TernIoo0MeHa. Q=c-m-AT

VYaenpHas TEIOEMKOCTh (¢) — KOJWUYECTBO TEIIOTHI, HEOOXOAMMOE Il HarpeBaHus | Kr

0 Jx
c=— |[e)=1
semectsa Ha 1 K (1°C). T [c] K

— ypaBHEHHE TEIJIOBOro OasiaHca.

[>- Qo = > Quon

- [0=qa. _Q = 1_I[H‘
Copenne: [Q=q-m|. |d [q] -
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VYaenbHas Teriora cropaHus (() — KOJIMYECTBO TEIUIOTHI, BBIACISEMOE MPH CropaHuu 1 Kr
TOIUIUBA.

Hapoo6pa3OBaHHe-nepexon BCHICCTBA U3 ) KUJKOI'O COCTOSIHHUS B ra3006pa3Hoe.

Q Jlx
Q=r-m| [r== [r] =1
m KT
VYaenbHas Teruiota mapooOpasoBaHus () — KOJMYECTBO TEIUIOTHI, HEOOXOAUMOE IS

npeBpatleHus B rmap 1 Kr )KUIKOCTH MPU MOCTOSHHOM TeMIepaType.

" Q
[L1aBJeHKE — TIEPEXOJT BEMIECTBA U3 TBEPIOTO COCTOSHUS B HKUJIKOE. A= [4]=

VY aenbHas TemaoTa IJIaBJICHUS (7\.) — KOJINYCCTBO TCIIJIOTHI, HCO6XOI[I/IMOC JJIA IIJ1aBJICHUA 1 xr
BCIIECTBA IIpHU TEMIICPATYPC IJIaBJICHU.

IlepBBIii 3aKOH (Haqano) TCPMOJMHAMHWKH. H3MCHCHHC BHYTpeHHeﬁ QHCPIun AU cucremsl
paBHO CYMMC KOJIMYCCTBA TCIJIOTHI Q, MNePCaAaHHOTO CUCTEMC, U pa6OTBI A, COBGpH.IGHHOfI Hang

HEll BHEITHUMH critaMu  |AU =Q + A

HpI/IMeHeHI/IC MEpBOro Havdajia TCpMOAMHAMHKHA K U30IIpoHccCcaM

HsoTepymuveckni nponecc, | H3oxopHbIl npomec, HzodapHslil mpomece, | AnmadaTHuecKHii mpomecc,
T =const V =const p = const =0
AU=0 = @9=4,_ |4,.,.=0 = 0=AU O=AU+4__ A, =-AU
TennoBas MammHa — MallMHA, COBEpLIAIOINAs MEXaHHUYeCKylo paldoTy 3a Ccuér I
BHYTPEHHEHN SHEPTUU TOILINBA. L _I -
Fr

Pabouee Ten0 — ras, copepiiaronmil padoTy B TEMJIOBON MalluHe.

Harpesatens — ycTpoiicTBO, cooOIaroiiee paboueMy Tely KOJTUYECTBO TEIUIOTH Q1 mpu
temrieparype 71.

XOJOJIUITBLHUK — YCTPOMCTBO, OTHUMAIOIEE OT pabodero Teja KOJIMYECTBO TEIUIOTHI Qo Mpu
L-T,

I

temriepatype 7».

Mmax =

IIpuMmepsI pelieHus 3aaa4

1. B amomunmneByro kactpromro maccoi 0,15 kr Hanuto 1,2 Kr Bozb!I pu 20° C. Croibko
KUIATKY HY)KHO JOJIUTH B KacTPIOJNIO, YTOOBI TeMIepaTypa BOABI cTaja 50° C? [Torepsmu
TEIIa B OKPYXKAIOLIYIO0 Cpelly IpeHeOpeyb.

HaHno: Pemenue:

m,=0,15 kr nonydenHoe Terno Q1=C,.My(0-ty); Qa=C,Mj,(0-ty)
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m=1,2 kr otaanHoe Termio Q3=C,.m; (-0)

t,=20°C ypaBHeHHe TersoBoro 6ananca Q1+Q,=Q3
t,=100°C Ca-My (-tx)+M,.Ca (B-ty)=C,.M (t-6)
0= 500C m,= (e¢,m, +m.c)(@—-t,) =
Cs (tr - 9)
=920 Jx/xr’C (4200-1,2+015-920) - (50-20) _ .

. 4200 (100 —50)
c;= 4200 Tx/xr C
Otser: 0,74 xr

my —?

2 B mporuecce uzobapHOro pacmupenus razy nepeaano 6 MJDx tertotsl. [Ipu sTom ras
copepiiaer padory 1,2 MJx. M3menunach v BHYTpeHHss 3Heprus raza? Harpencs ra3 wim
OXJIa/IUIICSL.

Hano:

A'=1,2 M]Tx «CH» Pemenne: Beruncnenust:

Q=6 Mk 6-10°/x  |AU=Q-A’" | AU=6-10° Tx-1,2-10° JTx =
1,2-10%11x = 4,8-10° Ik

AU-?

Pemmts 3agaun. B ycnoBun 3a1ay oTcyTcTBYIOT HU(PHL. 3HaueHUs GU3NYECKUX MAapaMeTpOB
3TUX 3a7ady HeoO0XxoauMo OpaTh M3 TaOnMIbl 1: MO BEPTUKANBHOM CTPOKE YKa3aH HOMEp
BapHaHTa, 110 TOPU30HTAILHON — HOMEP 3a/1auHu.

1. Kakum cmocobom — coBeprieHHeM pabOThl WIM TeIUIonepeaaued HU3MEHsAeTCs
BHYTpPEHHSISI DHEPrusi AeTaad B CIEAYIOIIMX Ciydasx: 1) cTporaHue nperanu; 2)
HarpeBaHUe JIETaIu B MEYU MEpe] 3aKaakoi; 3) ObICTpOE OXJIAXKICHHUE JIETalu B BOJIC

(3akanka)?

2. Paboume TrOpsiUMX 1IE€XOB HOCAT KOMOWHE30HBI, TOKPBITHIE METAJUIMYECKUMU
onectaummu yeuryiikamu. [ToueMy OHM XOPOIIIO 3alMINAIOT YET0BEKa OT >Kapbl?

3. Bony maccoit m narpenmu ¢ temnepatypbl Ti noT,;. Kakoe konm4ecTBO TEriOThHI
3arpatwiu npu Harpese. (Cy=4200x\kr-K)

4. Onpenenuth Maccy Harperod Bonbl, eciau s e€ HarpeBa Ha AT 3arpartuinu
KoImuecTBo TerioThl Q. (C, = 4200 Jhw/kr - K)

5. Ompenenuth Maccy CrOpPEeBIIETO KaMEHHOTO YIJISL, €CIIH TPH CTOPaHUH BBIICTIOCH Q
Jxoyneit Temnotsl. (q=29MJIx/kr)

6. Croupt Maccoii M ucnapwica. ONpenenuTb KOJIUYECTBO TEIUIOTHI, 3aTPAYECHHOE IS
BbInapuBanus cnupta. (r=0,85 MJx/kr)

7. OmnpenenuTh KOJUYECTBO TEIJIOTHI, HEOOXOIUMOE I PACIJIABICHHUS]  OJOBSIHHOTO

ciutka Macco m. (A= 0,59 M]Dx/kr). Kakoe KOmMYecTBO Teria BBIACIUTCS TpU
OXJIQXCHUH ITOTO PACIUIABICHHOTO CIIUTKA?
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10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

['a3 mox nmaBnenuem Pi1 m306apHO pacmmpumics u coBepurmul pabdory 25 J[x. Ha
CKOJIBKO YBEJIHYMIICS 00beM rasza?

Tepmoanaamuueckoit cucreme nepenano Q JIx terorsl. Kak nu3MeHHTCS BHYTpEHHSS
SHEPTHs CUCTEMBI, €CJTH OHa coBepImia padboty A?

[Tpu m3orepmuyeckoMm pacmupeHun (T=const) razom Oblna coBepmieHa pabora A.
Kakoe konnuecTBO TerioTel Q coobiieHo razy?

Beruucnutes  KIIJI TemnoBoM MalIMHBIL, €CIM  TemIeparypa Harpesarens i,
XoJoquiIbHUKa T).

Kakoii nomkna ObITh TeMnepaTypa HarpeBatens 11, utoOsl KIIJ[ nurarens cocrasisut
1 IpU TeMIepaType XOoNoamIbHUKa T

Tennoas anexkTpocraniius mMomHocThi0 2400 MBT nmotpebnser 15001 yrns B uac.
Kakos KIIJI ctanmuun?

Jl1s MOBBILLIEHUST TBEPAOCTH M MPOYHOCTH CTAJbHBIX M3ACIUN MPUMEHSIOT 3aKaJKy
(HarpeB 70 HEKOTOPOH TeMIepaTyphl C MOCIEAYIOIIUM OBICTPBIM OXJIAXKICHUEM).
Kakoe konu4ecTBO TEIIOTH HEOOXOAMMO, YTOOBI HATPETH CTATHLHON MOJIOTOK MacCOU
500r ot 17 mo 817°C? BrerumcianuTe, Kakoe€ KOJIWYECTBO TEIJIOTHI BBIJIEISET MOJIOTOK,
€CIIM €ro OXJaXJAalT B JKUIKOM KHUCIOpOJE, TemiiepaTypa kotoporo -183°C.
VnenbHas TertoeMkocTh ctanu 460 [x/ kr-°C.

Kakyro Maccy kokca notpedyercs cxxeub, 4To0bl Harpets 10T yyryna Ha 10°C?

B mnaBunbHyro neus 3arpyswin 2000 xr uyryna, B3sroro npu 20°C. Kakoe
KOJIMYECTBO TEIUIOTHI 3aTpauyeHo B HeW Ha ero IuiaBiieHue? CKONBKO JIbJa, B3SITOrO
npu 0°C, MOXHO ObUTO OBI PACIUIABHUTH 32 CYET STOTO KOJIUYECTBA TEILIOTHI?

B naBwibHOM neuu 3a oAHY IUIaBKY NOAy4YwiInd 250 Kr aJlloMUHUS TIpU TEMIIeparype
660°C. Omnpenenure, HACKOJIBKO M3MEHWIACh BHYTPEHHSSI SHEPIUsl aJlOMHHUS, €CIU
ero HavanpHas Temneparypa Obuta 20° C. YaenbHas TEIIoTa IUIABJICHUS aTIOMUHUS
3,9 MJIx/kr.

UyryH B JIMTEHHBIX I€XaxX IUIaBAT B Ie4yaX, Ha3bIBA€MbIX BarpaHkamu. Omnpenenure
KOJINYECTBO TEIUIOTHI, HEOOXOAMMOE JUId IUIaBKM OT YyryHa, JIOBEIIEHHOIO J0
TEMIEPATyphl IJIABJICHU. Y JeNIbHas TeIuloTa miasieHus crasa 138 270 J[x/kr.

JloM 4YepHBIX METaJJIOB MEPEIUIABIAIOT B CTalb B MapTEHOBCKMX Ieyax. Kakoe
KOJIMYECTBO TEIIOTHI HEOOXOAMMO JUIsl HarpeBaHusl U paciuiaBieHust 10 T cranbHOIro
JoMa, eciu HadaibHas TeMmmeparypa ero 20°C? Temmeparypa IUiaBieHHs CTalld
1400°C.
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3 4 516|718 9 10 11 12

m|T, [T,|AT| Q[ Q| m|m QA | A|T=|T,|T, T,

kr | °C| °C | K |xIxMJx r | r |xIa|xDx| Jx | Jx |const| °C | °C N | ec
1| 1 | 5|8 10100 10 [200| 20 [ 100|100| 50 | 100| - [100| 20 | 0,9 | 10
2 | 2 [ 10]9020[200| 20 [400| 40 200|200 100|200 - [200| 30 [ 0.8 | 20
31 3 [15]95(30(300(30|600| 60 [300]300]150{300( - [300| 40 [ 0,7 | 30
4 | 4 20 (100( 40 [400| 40 | 800 | 80 [400|400|200(400| - [100| 25 | 0,6 | 40
5155 (8 |50(500f50(100f 10 [500( 500250500 - [200f 35| 0,5 | 50
6 | 6 [ 10|90 | 60 [600[ 60 [200| 12 [600|600|300[600[ - [300f 45 | 0.4 | 60
T 1 7 [ 15]195(70 (700 70 {300 14 {700 700( 350700 - [100| 30 | 0,95 70
8 [ 8 [ 20 (100 80 [800| 80 [400| 16 [ 800|800 |400(800| - [200f 40 | 0,85 | 80
91 9 5 (8 [90 {900 90 500 18 [ 900|900 |450(900| - [300| 50 | 0,75 90
10 [ 1 [ 10| 90 [ 100 100 | 100|600 | 20 | 100| 100|500 | 100| - |400| 60 | 0,35 | 100

®opma npeaocTaBIeHHUA pe3yabTaTa
BrinmonHeHHbIe 3a1a41 B TETPau AJsl IPAKTUYECKUX padoT.
Kpurepum ouenku:

Oyenka «OMAUYHOY» BbICMAGIAEMCs: TIPABUIBLHO BBIMOJIHEHBI BCE 3aJaHHsl B COOTBETCTBHH C
TpeOOBaHUSIMH, TPABWIBHO  BBINOJHEHBI  JIOTIOJHUTENBHBIC  33/1aHUS, CBOEBPEMEHHO
IPEOCTABIICH OTYET O BHIITOJHEHUN PAOOTHI.

Oyenka «xopouioy vlcmaeisemcs: NPaBUIBLHO BBINOJIHEHBI BCE 33JaHUsS B OCHOBHOM 4acTH,
JIOTIOJTHUTEIIPHBIE 3a/IaHUsl BBIIOJHEHBI HE B IOJIHOM 0O0BEMe, MpPEJOCTaBIE€H OTYET O
BBIMOJIHEHUH paboThl, JUOO B Clyyae HECBOEBPEMEHHOI'O MPEJOCTAaBICHUS OT4YEeTa WM C
HaJINYMEM HECYILECTBEHHBIX OLUIMOOK B BHITIOJTHEHUH 3a/IaHUS.

Oyenka «y0081emeopumenbHoy 6bICMAasIAemcs: BbIIOJIHEHBI He Bce, HO Oonee 50% 3anaHuii
paboThl, TOTIOJIHUTENbHBIE 33JJaHNs HE BBIIIOJIHEHbI, HECBOEBPEMEHHO MPEAOCTABIEH OTYET O
BBITIOJIHCHUH Pa0OTHI.

Oyenka «Hey008IeMBOPUMENbHOY GblCMAGIsiemcs: BbIMolHEeHO MeHee 50% paboTel, He
BBITTOJIHEHBI JIOTIOJTHUTENBHBIC 3aJJaHNs, OTYET O BBIITOJHEHHH PaOOTHI HE TIPEOCTABIICH.

Tema: 3.1. DnexkTpocraTuka

IIpakTnyeckoe 3ansaTue Ne 6
Pemenne 3aga4 no teme «JIEKTPOCTATHKA)

Heab padorsi: chopMupoBaTH YMEHHS MPUMEHSTH MOJYYCHHBIC 3HAHUS JJISl PEIICHUS
MPaKTUYECKHX 3a]1a4.
BrinosiHeHue padoThI cioco0cTBYET (POPMUPOBAHUIO:

IIP63 BnajgeHWE OCHOBOIOJATAMOIIMMH  (DU3UYSCKUMH TOHSTHSIMH W BEITWYMHAMHU,
XapaKTepU3yIOIUMHA  (U3NYECKHE TPOLECChl  (CBS3aHHBIMU C  MEXaHHYECKUM
JBIKEHUEM, B3aUMOJICHCTBUEM TEN)
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1IP64 yBepeHHOE MHCIIONB30BaHME 3aKOHOB W 3aKOHOMEpPHOCTEH MpH aHanmmusze (pu3nyeckux
SIBJIEHUM W MPOLIECCOB;

1IP67 cpopMUpPOBAaHHOCTh YMEHUS PEIIaTh PACUCTHBIC 337a4d C SBHO 33J[aHHOW (PU3UUIECKON
MOJIETIbIO, UCTIONB3Ys (pr3ndecKkne 3aKOHBI U NPHHIUIBI, HA OCHOBE aHAIN3a yCIOBHS
3aJauu BEIOUPATh (PU3NYECKYIO MOJIEIb, BBIACIATh (PU3NYECKHE BETMYUHBI U (POPMYIIBI,
HEOOXOJMMBIE JJIsI €€ peIICHHs, IPOBOAUTH pacdyeThl M OICHUBATh PEATbHOCTh
MOJyYeHHOTO 3HAa4YeHUs (PU3MUECKOW BEJIMYMHBI, pEIIaTh KaueCTBEHHbIC 3aauM,
BBICTpaBasl JIOTMUYECKH HENPOTHBOPEUYMBYIO IIETIOYKY PACCYKICHHH C ONOpOW Ha
M3yYEHHBIE 3aKOHBI, 3aKOHOMEPHOCTH U (PU3HUECKUE SIBIICHHUS;

MP8 cnocoOHOCTP M TOTOBHOCTH K CAMOCTOSATENIHOMY IIOMCKY METOJIOB pPELICHUS
MPAKTUYECKHX 33/1a4, IPUMEHEHHIO PA3JIMYHBIX METO/IOB ITO3HAHMUS,

MP13 ananu3upoBaTh IOJYYCHHBIC B XOJA€ PEIICHHS 33a/a4d Pe3yIbTaThl, KPHUTUYECKH
OLIEHUBATh UX JJOCTOBEPHOCTH, IPOTHO3HPOBATH U3MEHEHNE B HOBBIX YCIIOBHSIX;

MP17 yMeTp TIEPEHOCHUTH 3HAaHUS B I[IO3HABATEIbHYI0O M IPAKTUYECKyI0 O00JacTu
KHU3HEIEATSITBHOCTH;

JI13 criocoOHOCTh OLIEHMBATH CHTYallMIO M MPUHHUMATh OCO3HAHHBIC PEILICHHs, OPUEHTHPYSCH
Ha MOpPaJIbHO-HPABCTBEHHBIE HOPMBI M LIEHHOCTH;

JIP23 TOTOBHOCTB K TPY/y, OCO3HaHHE [IEHHOCTH MacTepCTBa, TPYAOIIO0HE;

MartepuaabHoe o0ecmedeHHe: II0CAJO0YHBIC MECTa IO KOJMYECTBY OOYYaIOMINXCS;

p%ﬂ&TO‘-IHBIfI MaTepHan C 3alaHUAMU, C60pHI/IKI/I 3aja4, CHpaBO‘IHI)IC MaTepI/Ia.HBI
3aiaHue: pemIuTh 32124

Ilopsinok BbINOJIHEHHUS PadOTHI:

=

[epen pemieHreM 3a7a4 pa3o0paTh KpaTKHE TEOPETUICCKHE CBEICHUS
[TpoBecTn aHAN3 BETUYHH, BXOISAIINX B (DOPMYIIHL.
3. Pemmts 3amaun ¢ HCHOJB30BaHUEM (HOPMYN 3aKOHOB SIEKTPOCTATHUKH, (hopmyr
HANPSDKEHHOCTH TIONISE M TOYEYHOTO 3apsiia, padOThl TOJII W DHEPTUU  3apsDKEHHOTO
KOHJIeHCcaTopa (caMocTosTeNnbHas paboTa).

Xoa padoTsbl

Kpartkue Teopernyeckne cBeleHUs
=gl 94
3akoH KynoHna B Bakyyme: re AmEgr
g9 44,
e’ dmee

N

F
3axoH KynoHa B cpene:

')
HaHpH)KeHHOCTB QJICKTPHUYCCKOTO ITOJIA: <

™
P
4o
&

3 k4.
Hanpsi>keHHOCTB 2JIEKTPUYECKOTO MOJI TOUEYHOT0 3apsia: nr

3aKOH COXpaHEHUs AEKTPUUECKOro 3apsaaa: g = g1+ got ... + On.
A

q

Q- g2 =Ag
Pa3HocTh NOTEHIINATIOB:

[ToTeHIIHaT TOYEYHOTO 3aps/Ia: AneE,r &

CBH3B IIOTCHIMAJIa U HaprI)KeHHOCTI/IZ d
-~ g
C=

SJICKTPOCMKOCTL KOHACHCATOpa:
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g, ~9.) gl

W :
2

OHeprus 3apsKEHHOr0 KOHIEHCATopa: ;
IIpumepsl pemenus 3agaq

1. Kakyro paboTy coBepriaeT moJie MpHu NEPEMEIICHUH 3apsiia 2:10® Ki u3 Touku c
norennuanoMm 700 B B Touky ¢ noreniuanom 200B?

Jano:
g= 2.10% Kn
PeleHue: Bbluncnenue:
o= 7008 A A= 2.10® Kn (700 B-200B) =
P—P,=—=
= q
_? A:(¢1_(pz)'q

5
2. B OQHOPOIHOM 3JIEKTPHYECKOM IIOJIE ¢ HampshkeHHOCThIO 6-10° 1 mepememaercs

K
3apsia 7.10°® K na paccrosiHue 8 ¢M MoJ yriioM 60° k JMHIIM HanpsKeHHOCTH. ONpenenuTh
paboTy 1Mo mepeMenIeHnIo STOTO 3apsia.

Hano: «CHW» | Pemenne:
E=6.10° H A=F-S cosa, F=E-q; S=t; A=E-q-{ cos o
Kn
A=7-10°K1-6.10° M .8.10°m-0,5=
q=7-10° K S .
£=8 cM =1,68-10"1x=1,68Mm/]x
. 810
=60 241
A-? OtBet: A=1,68m/Ix

Pemursh 3anaum (N - Homep sauieco sapuanma no cnucky):

1. HanpsbkeHne Mexay Moirocamu OaTaped akKymymisiTopoB N KB. kakoil 3apsii moiyduT
KoHJIeHcaTop eMKOCThI0 500 MKk®D, eciu ero COeTMHUTH C MOTFCaMU ATOM OaTapen?

2. JIBe OIMHAKOBbIE HEOOMBINME TMOBEPXHOCTH MPHU TPAHCIIOPTUPOBKHU JETaJIel MOTYUHIN
sapsimel 6*10°Kn m -12*10°Kn, Haxomsmpecss Ha PacCTOSHHE N CM APYT OT JPYTa.
Onpenenure cuily B3auMOJEHCTBUS MEKy HUMH.

3. Ipu mepememenuu 3apsiia 2 Kit B 3JIeKTpHYeCKOM TIOJIE CHIIBI, JICUCTBYIONIUE CO CTOPOHBI
3TOro mojs, coepmmian pabory 8 Jx. Uemy paBHa pa3HOCTh MHOTEHIMAJIOB MEXIY
Ha4aJIbHOW U KOHEYHON TOYKAMH ITyTH?
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4. Tlpu nepeMeIeHnn MEKTPUYECKOTO 3apsiia MEX1y C TOUYKAMU C Pa3HOCTBIO TOTEHIIMATIOB 8
B cunbl, aeiicTByronMe Ha 3apsii CO CTOPOHBI SJIEKTPUUECKOTO TOJIsI, COBEPIIHIN padoTty 4
JIx. Yemy paBeH 3apsia?

5. Hampsbkenue Mexay IByMsl TOPU30HTAIILHO PacnoyioeHHbIMH MiactTuHamMu 600 B. B morne
3THUX TUIACTHH HAaXOAMUTCS B PABHOBECHHM 3apsDKCHHAs MBUIMHKA Maccon 3* 107r. Paccrosmue
MeXy miacTuHamMu N MMm. OmipenenuTe 3aps/] MbUTHHKY.

6. Konnencarop emkocThio 0,02 Mk® coeMHMIN C HCTOYHHUKOM TOKA, B PE3yJbTaTe 4ero OH
npuoOpen 3apsi 10°Ka. Onpenenvre 3Ha4CHUE HANIPSHXKEHHOCTH MOJIST MEKy TIAaCTUHKAMK
KOHJIEHCATOpa, €CIIU PACCTOSIHUE MEXAY HUMH N MM.

7. B HEKOTOpOU TOUYKE AJIEKTPUIECKOTO 1Mo Ha 3apsan = 5 K netictByer cuma F = 4-10-7
H. Halit HanpskeHHOCTB 110J1s £ B JaHHOM TOYKE.

8. Kakast HampsKeHHOCTh 3JIeKTpUUecKoro moiyiga E co3maercs 3apsaoM siapa HeoHa (Ne) ( =
1,6-10™ Kz na paccTosiHuu r=10" m or LeHrpa siapa’?

9. Ha paccrostHum I = 5 cM JIpyr OT Jpyra B BaKyyMe PacrojOKEHbl MPOTUBOIOJIOKHbBIE O
3HaKy 3apsabl BenmmuuHOM || = 7 HKi. HaliTé HanpspkeHHOCTh JIEKTPUYECKOTo moyis £ B
TOYKE, HAXOIAIICHCS Ha PACCTOSIHUU @ = 3 CM OT IMOJIOXKHUTENILHOTO 3apsiaa u B b = 4 ¢m ot
OTPHULIATENILHOTO 3apsija.

10. B oIHOPOAHOM »3IEKTPUYECKOM TIOJE PACCTOSIHUE MEXIY ABYMS TOYKAMH BIOIb
CWJIOBOHM JIMHUU I = N cM, a pa3HOCTh MoTeHuuanaoB mexay Humu 100 B. Onpenenure
HANPSDKEHHOCTH oA E.

11.  Ilpu HampskeHMH MEX]y IlacTUHaMu KoHzaeHcaTopa 200B pasHoMMEHHBIE 3apsbl Ha
MJIACTUHAX PaBHBI 10 K. Uemy paBHa 31€KTPOEMKOCTh KOHJEHCATOpa?

12.BplMUCIUTE SHEPTUIO IJIEKTPHUYSCKOTO TIONS KOHAEHCATOpa JJIEeKTpoeMKOCThio 10 MKD,
3apspKeHHOro A0 Harnpsbkenus: 10B.

13.  Kakas pabora coepiaercsi npu nepemenienun 3apsaa 4,6 MkKi B anekTpudeckoM rmose
MEX]ly TOUKaMH C Pa3HOCThIO MOTeHuanoB 260 kB?
14. B 0IHOPOIHOM 2IEKTPUYECKOM MOJIE ¢ HANPSKEHHOCTHIO 18-10° H. nepeMenaeTcs
Kn

3apsn 7-10% K1 ma paccTossHME N CM IOJ YIJIOM 60° x muHEAM HaIPSHKEHHOCTH.
Onpeaenuts paboTy MO MEPEMEIICHUIO ATOTO 3apsa.

®opma npeaocTaBIeHHus pe3yabTaTa
BrImiosTHEeHHBIC 3a/1a4H B TETPAIN IS TPAKTHYECKUX PadoT.

Kpurepun oneHkn:
OyeHnka «OmMaU4HO» 8bICMABIAENCs: TIPABWIBHO BBITOJHEHBI BCE 3a/IaHUSI B COOTBETCTBUU C
TpeOOBaHUSIMU, TPABUIBHO  BBHIMIOJHEHBl JOMOJHUTENbHBIE  33/1aHHs, CBOEBPEMEHHO
MPEIOCTABIIEH OTYET O BBIMOJIHEHUU PAOOTHI.
Oyenka «xopouwio» 8vbicmasisiemcs: TPaBUIBHO BBIIOJHEHBI BCE 3aJ[aHUs B OCHOBHOM 4YacTH,
JOTIONTHUTEIbHBIC 3a/laHusl BBITIONHEHBI HE B TOJHOM O0beMe, MPEeIOoCTaBlIeH OTYeT O
BBIMTOJIHEHUH PaboTHI, OO B Cilydae HECBOCBPEMEHHOTO MPEJOCTABICHUS OTYETa WIIH C
HAJIMYUEM HECYIIECTBEHHBIX OIMOOK B BHITOJIHCHUN 33 JaHUS.
Oyenka «y00871emeopumenbHoy 6bICMAIsAencs: BBITIOTHEHBI He Bce, HO Oonee 50% 3amaHuii
paboTHI, TOTOTHUTEILHBIC 3a/IaHUs HE BBITOJIHCHBI, HECBOCBPEMEHHO MPEAOCTABICH OTYET O
BBITIOJTHEHUH PaOOTHI.
Oyenxa «HeyOogiemeopumenvHoy evicmaesisemcs: BbIMOTHEHO MeHee 50% paboThl, He
BBITIOJTHEHBI JOTMIOJIHUTENBHBIE 33/IaHUS, OTYET O BRIMOJHEHUN PabOTHI HE MPEIOCTABIICH.
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Tema 3.4 MarautHoe noJjie. JJIeKTPOMATHUTHASI MHAYKIUS

IIpakTuyeckoe 3ansaTue Ne7
Pemienne 3a1a4 no reme «VMarHuTHOe 110JIe H €r0 XapaKTePHUCTHKH»

Hesas padoThl: chopMupoBaTh MOHUMAHUE PO (PU3UKH B (POPMHUPOBAHUHU KPYTro3opa U
(GYHKIIMOHATBHOM TPAMOTHOCTH 4YEJOBEKa [UIl pEIICHHWS NPaKTHYECKUX 3amad; Ui
OOBSCHEHUS YCIOBHH NMpPOTEKaHUS (PU3NUECKUX SBICHHH, YMCHHS BBIIOJIHITH PACUYETHHIC U
rpadguyeckue 3a1a4n

Boinosinenue padoTsl cnoco0cTBYeT (DOPMHUPOBAHUIO:

IIP63 BnajgeHwe OCHOBOIIOJIATAIOMIMMHU  (PU3MYECKMMM MOHATHSMH U BEIUYMHAMHU,
XapaKTepU3yloIUMU  (U3WYECKUE IMpoLecchl  (CBS3aHHBIMU C  MEXaHUYECKUM
JBUKEHHEM, B3aMOJICHICTBHEM Te)

1IP64 yBepeHHOE HCIIONB30BaHHE 3aKOHOB W 3aKOHOMEPHOCTEH mNpH aHanmm3e (Ppu3nyecKux
SIBJICHUH U IPOLIECCOB;

1IP67 cpopMUpPOBAaHHOCTh YMEHUS PElIaTh PACUCTHBIC 33Ja4d C SBHO 33J[aHHOW (PH3UIECCKON
MOJIETIBIO, UCIONB3YS (hHM3MUECKHUE 3aKOHBI M MPUHIIMIIBI; HA OCHOBE aHAIIM3a YCJIOBUSA
3a7auu BEIOUPATh (PU3NIECKYIO MOJIEIb, BBIACIATh (PU3NYECKUE BETHUYUHBI U (POPMYIIBI,
HEOOXOIUMBIE ISl €€ PpEeLICHHs, MPOBOJUTH pacueThl M OLEHUBATh PEATbHOCTD
IIOJIyYEHHOT0 3HaueHus (U3NYECKOM BEIMYMHBI, pEIlaTh KAaueCTBEHHBIC 3a/ayM,
BBICTpanBasl JIOTMYECKH HENPOTHUBOPEUMBYIO LIEMOYKY PACCYXIECHHM C OMHOpoil Ha
M3yYeHHBIE 3aKOHBI, 3aKOHOMEPHOCTH U (PH3UUECKUE SBIICHHS;

MP8 cnocoOHOCT M TOTOBHOCTH K CaMOCTOSITEIbHOMY TIIOMCKY METOJIOB pEelIeHUs
MPaKTUYECKUX 3a]a4, IPUMEHEHUIO Pa3IMYHbIX METOJIOB ITO3HAHUS;

MPI3 aHanmu3upoBaTh IIOJIYYEHHBIE B XOJE pELICHHs 3aJadd pe3ylbTaTbl, KPUTHYECKU
OLIEHHUBATbh UX JIOCTOBEPHOCTH, IPOTHO3UPOBATh N3MEHEHNE B HOBBIX YCIIOBUSX;

MPI7 yMmeTb TEpEeHOCUTb 3HAaHUS B T[IO3HABAaTEJIbHYI0 M NPAKTUYECKYyl 00JacTu
KU3HEICATEIbHOCTH;

JI13 cniocoOHOCTh OLIEHMBATh CUTYAIMIO M MPUHUMATh OCO3HAHHbIE PEIIEHUs, OPUEHTHPYSCh
Ha MOpaJIbHO-HPABCTBEHHbIE HOPMBI U LIECHHOCTH;

JIP23 TOTOBHOCTb K TPYZy, OCO3HAaHHE LIEHHOCTH MacTepCTBa, TPY0I00HE;

MarepuanbHoe o0ecrnedeHne: I0CAJ0YHbIE MecCTa IO KOJHYECTBY OOYYarOLIUXCS;

pa3aToyHbIi MaTepua ¢ 33aHUsAMHU; COOPHUKH 3a/1a4, CIIPaBOYHbIE MaTE€PHUAIIbI
3anaHue: pemMTh 321241
IHopsinok BbINMOIHEHHs PA0OTHI:

1. Tlepen pemenuem 3a1au pa3o0paTh KpaTKUE TEOPETHUECKUE CBEICHUS

. IIpoBecTu aHanu3 BEIUYUH, BXOJIAMIHUX B OPMYIIBI.

3. Pemmute 3amaum ¢ mpumMeHeHHEM (HOpPMYNT MArHUTHOM WHAYKIWU, CUIBI AMIepa, CHIIbI
Jlopenma. HWcmonb3ys mpaBuia TOCTPOEHHUS, BBIMOJIHUTH TpaduyecKkue 3a7adyd Ha
onpezaenenue cui Ammnepa u JlopeHra, MarHUTHON MHAYKIIUY, TPUMEHSS IPaBUIIa MIPaBOM U
JIeBOM pyKH.(caMOCTOsITeNIbHAs paboTa).

Xoxa padoThbl

N

Kparkue TeopeTruyeckue cBeleHUs
CBoiicTBa MArHUTHOTO MOJISA
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1. MarHuTHOE 1oJIe MOPOKIAETCS SICKTPUIESCKUM TOKOM (IBIDKYILIUMHUCS 3apsSaaMu).
2.MaruuTHOe TmOJe OOHApYKMBACTCS IO JACUCTBUIO HA DJICKTPUUECKHH TOK (ABMXKYIIHE
3apsiibl).

Jiss  XapakTepUCTHKH MArHUTHOTO TIOJISi BBOIUTCS (HU3MUECKas BEIWYMHA — HWHIYKIHS
MarHuTHOTO nosisi. Moaysb BEKTOpa MarHUTHOM MHIYKLIIMM PABEH OTHOLICHUIO MAaKCUMaJIbHOU
cmibl Fmax, neiicTByromeit co CTOPOHBI MArHUTHOTO TOJISI HA YYacTOK MPOBOJIHUKA C TOKOM, K

B: Fmax

IMPONU3BCACHUIO CHUJIBI TOKA I Ha JJIMHY 3TOI'0 y4aCTKa AL: I-40

8]-

H
——=Ta
Enuuunia namepenuss MarHUTHOM MHIYKLIMU Ha3bIBAETCS TECIIA — . A-M
XapakTepuCTUKOM MArHUTHOTO TIOJSl B BaKyymMe SIBJISIETCS BEJIMYMHA, Ha3blBaemas
HaIpPSOKEHHOCThI0O MarHuTHOrO mojsi H. DTo BekTopHas BeNMYMHA, COBIAJAIONIAs B

—

OJTHOPOJTHOM cpese ¢ B .
Moaynu 5THX XapakTEPUCTHK MarHMTHOro moias (W ) CBA3aHBI COOTHOLIEHHEM:

B = lLl,LloH w1 T
rze [lp — MarHuTHas nocrosiuuas; 4n*10 “'T'u/Mm.
L — MarHuTHas MPOHUIIAEMOCTh CpEbl, KOTOpas IMOKa3bIBAaCT, BO CKOJBKO Pa3 HMHIYKIHUS
MarHUTHOTO TIOJIS B IAHHOW cpejie OOJIbIIIe WIH MEHBIIE, YeM B BaKyyMe.
Moynb WHAYKIIMKM MArHUTHOTO IOJI JIJIS MPSIMOTO OCCKOHEYHO JUIMHHOTO TMPOBOIHUKA C

ol
Py

TOKOM pPaBEH: 27R

JlelicTBME MArHUTHOTO TOJISI HA TPOBOJHUK C TOKOM
Cuita, neficTByrolas Ha MPOBOJHUK C TOKOM, IMTOMEIICHHBIM B MarHUTHOM I10JI€, Ha3bIBAETCS
cuinoi  Ammepa. BemuuumHy 3TOM  CWIBI  ONpEACNSIOT MO  3aKOHYy  Amrepa:

F=B-1-/-sina rae { — JuiMHa NpOBOAHUKA, M;
0. — YTOJI MKy BEKTOPOM MarHUTHOW WHIYKIIUU U TTPOBOTHUKOM.
Hanpasnenue cuibl AMiiepa onpeensieTcs: o NpaBuily JIEBOU PYKHU:
Ecnu neByto pyKy pacmnonoXuTh TaK, 4TOOBI MEPIECHANKYISIPHAS] K TPOBOTHUKY COCTABJISIOIIAS
BEKTOpAa MarHUTHOW MHAYKIIMKA BXOJHWJA B JIaJIOHb, a 4 BHITSHYTHIX Majblla ObUIA HAMIPABIICHBI
M0 HAMPABIICHUIO TOKA, TO OTOTHYTHIM Ha 90 OOJBIION mayiel] MOKa)KeT HANpPaBJICHHUE CUJIBI,
JEHCTBYIOIEN HA OTPE30K MPOBOJHUKA
Cwita B3aUMOJICUCTBUSI MEX]TY JIByMsI MapaJUIeIbHBIMU TIPOBOJHUKAMH C TOKOM OIPEAeIsaeTCs

HLlo 1.1 4
27R

no popmyie: F = , Tie R — paccrosinue Mexy npoBoJHUKaMu, M;

{ — IMHA IPOBOJAHUKA, HA KOTOPBIN ACMCTBYET cuiia, M;
Ho — MarHuTHasi OCTOSIHHAS; o= 47 107H/A%
JleficTBHEe MarHUTHOTO TOJIL HA IBWKYIIMICS 3apsif
Cuna, ¢ KOTOpPOH MAarHMTHOE IIOJI€ JEHCTBYET Ha JBIKYLIUICS DJIEKTPUUECKUH 3apsj,
HasbpIBaeTcs cuioi Jlopenna. Moyis stoii cunbl pasen: Fii= Bgusin a
rae g — MOIyJb 3apsiia yacTuilbl, Kir, v — CKOpOCTh 9acTHIIBI, M/C; 00 — YToJl Mexay B u v
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qaCTI/IHa o ﬂCfICTBHeM CHIJIBI HopeHua ABUIKCTCA C HCHTPOCTPCMUTCIIbHBIM YCKOPCHUCM

L-m 21 -m
paauyc oKpykHOCTH: R=77 —_,

| lal- B
rae R — paanyc oKpy»XKHOCTH 1O KOTOPOH JIBUXKETCS 4aCTHIIA, M;
T — nepuox oOpaIeHus YaCTHIIBI, ¢, M — Macca YacTHUIIBI, KT.
Hanpasnenue cuinel Jlopenna onpenensiercs 1o npaBuily JEBOUH PyKU:
Ecnu neByto pyKy pacrnoyioKuTh Tak, YTOObI COCTaBJISIONIAs BEKTOPAa MATHUTHOW MHIYKIIHH,
NEePIEeHIUKYIApHAs CKOPOCTH 3apsia, BXOAWIA B JIaJ0Hb, a YEThIpE NaJiblia ObLITN HAIIPABIICHBI
MO JBI)KCHHUIO TOJIOKHUTEIBHO 3apsKEHHOM 4YacTHIlbl (IIPOTHUB JIBHXKEHHSI OTPHUIATEIBHO
3apsOKEHHOM YacTHUIbI), TO OTOTHYTHIM Ha 90 OOJbIION majer] MOKaXeT HalpaBleHUe
JIEUCTBYIOLLEH Ha 3apsa] cuiibl JIopeHa
Cuna JlopeHna nepneHAUKYISpHA CKOPOCTH IBUKEHHS YaCTHULIbI, CIEAOBAaTEIbHO, OHA HE
coBepiiaer paboThI, T.€. HE MOXXET W3MEHHUTh KHHETUYCCKOW SHEPTUU 3apsHKCHHBIX YaCTHII,
JIBUXKYIIMXCS B MATHUTHOM TIOJI€.
MarnuTHbIi TOTOK. BenuunHy, 4MCIIEHHO PaBHYIO TPOU3BECHUIO MOIYJISI BEKTOPA MHIYKIIUH
MarHUTHOTO TMOJISI Ha IUIOHIa/b MOBEPXHOCTM U HAa KOCHMHYC YIJla MEXIy HampaBJIeHHEM
BEKTOpAa MAarHUTHOM MHIYKIIMU U HOPMAJBIO K IJIOCKOM MOBEPXHOCTH, HA3BIBAIOT MATHUTHBIM
MOTOKOM.
®=BS cos o [®]=Tirm*=B6 (BeGep).

IIpuMepsI pelieHus 3aaa4

; mepuon BpamieHus 1 =

1. [IpoBOIHUK € CUJION TOKA SA TOMEIIEH B OJTHOPOJHOE MarHUTHOE TOJI€ ¢ UHIYKIUEH
-2
1:10“TA. Yron MexIy HarmpaBleHHAMH Toka M mons 60°. onmpenenuTe JIMHY HPOBOIHMKA,
. . -2
€CJIM ToJie AeHCTBYeT Ha Hero cuiioi 2-10°H.

Jano: Pemienue
I=5A
B=1-10°TA | F=B-I-{sino =>0=__F ; (= 210°H .
a =60° B-Isina 1.102TA-0.87-5A
F=2-10"H
-7
. o
Sin 60°=0,87 Otser: {=0,46Mm.

2. Kakas cwia JIeHCTBYeT Ha DJIEKTPOH, JIETAIIMKA B OJHOPOAHOM MAarHUTHOM IIOJIE C
WHIYKIUEN 1-10% TA MEPIEHIUKYISIPHO JIMHUAM MarHUTHOW MHIYKIUU CO CKOPOCTBIO 3-10°®
-1
M/c, 3apsn anekTpona e=-1,6-10 Ko

Hano «CI» Pemenue
v=3-10°m/c Ha snexTpoH, IBIXKYyLIMIiCS B MarHUTHOM IOJIE, JIEUCTBYET
B=1-102TA cwia Jlopenna: Fa=B- |q| -U-Sina
a=90° FA=1-10"TA 1,610 Ki-3-10°w/c= 4,8-10°H
e=1.610 K. Otser: 4,8 10°H
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10.

11.

12.

13.

14.

15.

16.

Pemurtsh 3anaum (N - Homep sauieco 6apuanma no Cnucky):

Ha npsmonunHeiHslii npoBOAHUK ¢ TOKOM 1,5A B OJHOPOJHOM MAarHUTHOM IIOJIE C
unaykuen 0,4 TA peiictByer cwia n H. Onpegenure 1iuHy NPOBOJHUKA, €CIU OH
pacmooxes moj yriioM 30° K CHIOBBIM JIMHUSIM.

Kakas cwia [edcTByeT Ha IPOTOH, JIETAIIMM B OJHOPOJHOM MAarHUTHOM IIOJE C
UHIYKIUEH 4-10° TA NEPHEHANKYJIIPHO JUHUAM MarHUTHOW MHAYKIMH CO CKOPOCTBIO
2:10°m/c. 3apsg npotoHa g=1,6- 10°KA.

Jaiite ompeneineHrMe MarHUTHOW MHIYKIUMU. B KakuxX eIuMHUIAX OHA u3MepsieTcs?
3anuIuuTe eIMHULYY MarHUTHOM MHAYKLIUU 4€PE3 OCHOBHBIC

eaAuHMLIBI u3MepeHus B cucteme CU.

IEKTPOH JBHAKETCS B BAKYyMe CO CKOPOCThI0 3-10° M/c B O/IHOPOIHOM MarHHTHOM IOJIE
¢ uaaykueit B = 0,1 Tn. Yemy paBHa cuna F, nelicTByromiasi Ha 3J€KTPOH, €CIU YroJl
MEXly HallpaBJICHUEM CKOPOCTH U JIMHUSMU MarHUTHOM MHIYKLIUU PaBEH 90%?
[TpstMONMHENHBI MPOBOAHMK, IO KOTOpoMy wuaeT Tok cuiod 10A, momemeH B
OJIHOPOJAHOE MarHuTHOe mnoiie, MHAyKuus koroporo 0,3Ti. Yrosm mexny HamnpaBiceHHEM
TOKa U BEKTOPOM MarHuTHOM uHaykuuu pasex 300.

C kakoii cunoii F nelicTByeT MarHuTHOE MoJie Ha Y4aCTOK IPOBOJIHUKA JJIMHOM n M?
Onpenenute MarHUTHBIA TOTOK, MPOXOASIIMN uepe3 MPSIMOYTOJbHYI0 pPaMKy CO
CTOPOHAaMHU 2X5 CM, €CJIH OHa IIOMELICHA B OJHOPOJHOE MarHUTHOE IIOJIE C MHIYKIMEH
4-10° TA o yriioMm 30° K IMHUAM UHAYKLIUH TIOJIS.

B oxHOpOIHOE MarHMTHOE MOJIE, MHIAYKLUS KOTOPOTO 1,26:10° TA, momemen IPSAMON
IIPOBOAHMK JJIUHOU n cM. Omnpenenure cuily, AeHCTBYIOUIYIO Ha IPOBOJHUK, €CIIU 110 HEMY
TedeT Tok 50 A, a yros MexXJly HallpaBJI€HUEM TOKa BEKTOPOM MHIYKIMH cocTaBisieT 30°.
ITpoBognuK ¢ cuioi Toka 5,0A moMenieH B OZHOPOJHOE MAarHUTHOE I0JIE ¢ MHIYKIUEH
1,0-10% TA. Vron MEXJly HalpaBleHUsIMH Toka M monst 60°. OnpenenuTe aKTHUBHYIO
JUIMHY NIPOBOJIHUKA, ECJIN MI0JIE IEUCTBYET HA HETO CHIION 2 107 H.

Kakyro paboty coBepiaeT OJHOPOAHOE MAarHUTHOE ToJie MHAYKIHen 1,5 102 TA npu
nepeMenieHnn Ha pacctosHue 0,2 M IpOBOAHMKA IJIMHOW 2M, MO KOTOPOMY TE€YET TOK
10A; ecnu mepemenieHre MPOUCXOANUT BAOJIb NeicTBUsA cil? [IpOBOJHHK pactionokeH 1o
yriaoMm 30° K HanpaBJIEHUIO TOJI.

HaitguTte WHOYKIMIO MarHUTHOTO IOJS, B KOTOPOM MAKCHMAJIbHBIA MOMEHT CHJI,
JNENCTBYIOIMX Ha paMKy ¢ TokoM B 3,0 A, pasen 1,5H-m. Pa3zmepsr pamku 0,05X0,04 M,
YHCIJIO BUTKOB PaBHO N.

B onHopogHoM marHutHOM mnone ¢ uHaykuued 0,25 TA HaxomuTcs NpsMOJIMHENWHBIN
NPOBOAHMK JIMHON 1,4 M, Ha KOTOpBIN AelicTByeT cuia 2,1 H. Onpenenure yron Mexay
IIPOBOJAHMKOM U HAIIPAaBJIIEHUEM BEKTOPA MHIYKIIMM MArHUTHOTO IOJISI, €CIIM CHUJIa TOKA B
IpoBOJHHUKE 12 A.

YemMy paBHa cuja TOKA B IPSMOM NMPOBOJHUKE UIMHOM 1,0 M, TOMEIEHHOM B OJJHOPOIHOE
MAarHUuTHOE TOJI€ C UHIYKIIUEH 1,5-10'3 TA, ecnu Ha 3TOT MPOBOAHUK CO CTOPOHBI OIS
JIEHCTBYET CHJIA 2,1-10% H? VYron MEXJy HaIIpaBICHUEM OJJIEKTPUYECKOTO TOKa M
BEKTOPOM MHIYKIMU paBeH 45°.

Ha o0MoTKy poTopa 31eKTpoaBHraTess MpH HPOXOXKICHUU IO TMpoBoay Toka 20 A
nercteyer cuna B 40 H. Omnpenenure BeNIWYMHY MarHUTHOM HHIAYKIWA B MeCTe
pacIoiokeH st MpoBo/a, eciau ero anuHa 20 cM. O6MOTKa COEPKUT N BUTKOB.

OJIEKTPOH ONMCHIBAET B MArHUTHOM II0JIE OKPY>KHOCTb PaJlyCcoM 4,0-10° m. CkopocThb
JIBIDKEHUS 3JIEKTPOHOB paBHa 3,5-106 m/c. HaiiiuTe HHAYKIINIO MArHUTHOTO TOJIS.
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18.
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24.
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IIpoToH pABUXKETCS €O CKOPOCTBHIO 1,0:10° wm/c MEPIIEHAUKYISPHO OJHOPOJHOMY
MarHuTHomy mnoito ¢ uaaykiuend 1,0 TA. Haligute cuny, NEeWCTBYIONIYIO Ha MPOTOH, U
paauyc OKpyKHOCTH, I10 KOTOPOM OH JIBHKETCS.
DJIEKTPOH BJIETAET B OJHOPOJHOEC MAarHUTHOE IOJIE, MHIYKUHS KOTOPOTO 2,0-104 TA,
NEPIEHIUKYJIPHO CHUJIOBBIM JIMHHMSM CO cKopocThio 1,0 10% m/c. Berumcmure paguyc
OKPYKHOCTH, 110 KOTOPOU OYAET IBUTATHCS SJIEKTPOH.
Kakass cuna pgeiicTByeT Ha SJEKTPOH, JETSIIMA B OJHOPOAHOM MArHUTHOM IIOJIE C
uHaykaue 1,0 102 TA MEePIEHANKYIISIPHO JIMHUSAM MAarHUTHON MHIYKIIUH CO CKOPOCTHIO
3,0-10° m/c?
DJIEKTPOH, JIBUTAsICh CO CKOPOCTHIO 3»,54-105 M/C, TIOMaiaeT B OAHOPOJHOE MAarHUTHOE
noJie ¢ UHAyKuen 2,0 10° TA MEPIEHIUKYIISIPHO K €0 CWJIOBBIM JIMHUSIM U NIPOJOJIKAECT
JIBUKEHUE IO OKPYKHOCTH paguycoMm 10 cm. Halingure ynenpHbIN 3apsl 3JE€KTpPOHA, T.€.,
OTHOILIEHHE €0 3apsijia K Macce.
[IpoToH, MMeONIMHA CKOPOCTH 4,6-105 M/C, BIETAaeT B OJHOPOJHOE MAarHUTHOE IIOJIE C
uHaykuued 0,3 TA nepneHIuKkylIsspHO MarHUTHBIM CHJIOBBIM JIMHUSM. PaccuuTtaiite
paznyc OKpY>KHOCTH, IO KOTOPO# Oy/AeT ABUTaThCs MPOTOH.
IIpoToH nBMKETCS B OJHOPOAHOM MArHMUTHOM TIOJI€ C HWHIYKIUEH 3,4'10°TA B
IUIOCKOCTH, MEPIEeHIUKYISAPHOW K CHJIOBBIM JIMHUAM. OmNpeAenuTe paanyc TPaeKTOPHH
IPOTOHA, €CITH ABIKCHIE MPOUCXOINUT B Bakyyme 3,3-10° m/c.
B ognopoanoe marnutHoe mosne ¢ uHaykuued 8,5-10-3 TA Bieraer 31€KTpoH €O
ckopoctbio  4,6:10° M/c, HampaBieHHOM IEPNEHIMKYIAPHO K CHIOBBIM JIHHHSIM.
Onpenenure cuily, ACHCTBYIOLIYI0 Ha 3JEKTPOH B MAarHUTHOM TIOJiE U Paguyc AYTH
OKPY>KHOCTH, TI0 KOTOPOW OH JABUKETCS.
B marnutHoe mone ¢ muaykuued 0,5 TA B HampaBieHMH, cocTaBistoumieM yroia 45° ¢
JUHUSAMHA WHAYKIIUH, BIETACT AJIEKTPOH CO CKOPOCTHIO 2,0-10° wm/c. Ompenenure cuiy,
JEHCTBYIOIIYIO Ha HETO.
B marnuTHOE moJie B HANpaBJICHUH, MEPICHAUKYISIPHOM JHHHUSM HHIYKIIUH, BJIETAET
MPOTOH CO CKOPOCTHIO 3,2° 10° m/c. Haiiure MHIYKIUIO 3TOTO TMOJISI, €CJIM MPOTOH OMUCAT
OKpPYXHOCTb paguycom 10 cMm.
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®opma npeaocTaBIeHHus pe3yabTaTa

BrimonHeHHbIe 3a71a44 B TETPAIH IS MPAKTUYECKUX PadoT.
Kpurepum ouenku:

OyeHka «OMAUYHOY» BbICMAGIAEMCs: TIPABUIBLHO BBIMOJIHEHBI BCE 3aJjaHHsl B COOTBETCTBHH C
TpeOOBaHUSIMU, TPABUIBHO  BBHIMOJHEHBl JOMOJHUTENbHBIE  33/1aHHf, CBOEBPEMEHHO
MIPEIOCTABIICH OTYET O BBIMIOJIHCHUN PAOOTHI.
Oyenka «xopouio» vlcmaeisemcs: NPaBUIBLHO BBINOJIHEHBI BCE 33JaHHUsS B OCHOBHOM 4acTH,
JIOTIOTHUTEIFHBIC 3aJIaHUsl BBITIOJIHEHBI HE B TIOJHOM OO0BEMe, IPEIOCTABIICH OTYET O
BBINTOJIHEHUH PabOTHI, OO B CIlydyae HECBOCBPEMEHHOTO MPEJOCTABICHUS OTYETAa WIH C
HAJIMYUEM HECYIIECTBEHHBIX OIIMOOK B BHIMOJIHEHUHU 33 JaHUSI.
OyeHnka «y00671emeopumenbHoO» GbICMAGIAemcs: BBITIOIHEHBI HEe Bce, HO Oonee 50% 3amanuii
paboThl, TOMOTHUTETbHBIC 3a/1aHUsl HE BBIIOJIHEHbI, HECBOEBPEMEHHO MPEAOCTaBICH OTYET O
BBITIOJTHEHUH PaOOTHI.
Oyenka «Hey008IeMBOPUMENbHOY GblCMABisiemcs: BbIMolHeHO MeHee 50% paboTel, He
BBITIOJTHEHBI JIOTTOJIHUTEIIBHBIC 3a/IaHUSI, OTYET O BBIMTOJTHCHUN PAOOTHI HE MPEIOCTABIICH.

Tema 3.4 MarauTHoe noJie. JJIeKTPOMATHUTHASL MHAYKIUSA

IIpakTyeckoe 3ansaTue Ne§
Peumrenue 3a1a4 no reMe «J1eKTPOMATHUTHASA HHAYKIHA. 3aKOH J1eKTPOMATHUTHOI
UHAYKIHH. CaMOMHTYKIHD)

Heas: chopmupoBaTh NOHUMaHKUE POJIM (PU3UKH B POPMUPOBAHUM KPYro3opa BiIaJeHHUE
OCHOBOIOJIAraloUMU (PU3NUECKUMH TOHATHUAMHU, 3aKOHOMEPHOCTSIMHU, 3aKOHAMU U TEOPUSIMH,
YMEHHSI BBIIIOJIHATH pacueTHbIE U rpapuuecKue 3a1auu

Boinosinenue padorsl cnocodcTByeT GopMHUPOBAHUIO:

IIP63 BnajgeHWE OCHOBOIOJATAIOIIMMH  (DU3UYSCKUMH TOHSATHSIMH W BEITWYMHAMHU,
XapaKTepu3yIOIUMH  (U3UYECKHe Tpolecchl  (CBSI3aHHBIMH C  MEXaHMYECKHM
JBUKEHHEM, B3aUMOJICHICTBHEM TEN)

1IP64 yBepeHHOE MHCIIONB30BaHME 3aKOHOB W 3aKOHOMEpPHOCTEH mpH aHanmu3ze (pu3nyecKux
SIBJICHUH 1 IPOLIECCOB;

1IP67 chopMHpPOBAaHHOCTh YMEHUS PELIaTh pacyeTHBIE 33Jauu C SIBHO 3aJaHHOM (u3nueckon
MOJIETIbIO, UCIONB3YS (DH3MUECKHUE 3aKOHBI M MPUHIIMIIBI; HA OCHOBE aHAlIM3a YCJIOBUSA
3aJjauu BEIOUPATh (PU3NYECKYIO MOJIENb, BBIACIATh (PU3NUECKUE BETUUYUHBI U (POPMYIIBI,
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HGOGXO,Z[I/IMBIG Jjig €€ PCIICHUA, NPOBOJAUTH PACUCThBI W OLCHHUBATL PCAILHOCTDH
MOJIYyUEHHOTO 3HaueHusi (U3NYECKOM BEIMYMHBI, pellaTh KAaueCTBEHHBIE 3a/ayH,
BBICTpauBasi JIOTUYECKU HEMPOTHUBOPEUMBYIO ILIEMOYKY pACCYXKICHHM C OIOpOM Ha
M3YYEHHbIE 3aKOHBI, 3aKOHOMEPHOCTU U (PU3NYECKUE SIBICHUS;

MPS8 cnocoOHOCTP M TOTOBHOCTh K CaMOCTOSATEIBHOMY IOMCKY METOJOB pelICHUs
MPAKTUYECKUX 3a/1a4, IPUMEHEHUIO PA3JIMYHBbIX METO/I0B [TI03HAHMS;

MPI3 ananu3upoBaTh IOJYYEHHbIE B XOJE pELICHMs 3aJaud pe3yibTaTbl, KPUTHUYECKU
OLICHUBATh UX JIOCTOBEPHOCTb, IPOTHO3UPOBATH U3MEHEHUE B HOBBIX YCIIOBUSIX;

MPI7 ymeTh TIEPEHOCUTH 3HAHUS B I[IO3HABATEIBHYIO M MPAKTHYECKYI0 0O0JacTu
KU3ZHEIEATEIIbHOCTH;

JI13 cniocoOHOCTH OLIEHMBATH CUTYAIMIO M MPUHUMATh OCO3HAHHBIC PEIICHUS, OPUEHTHPYSCH
Ha MOPAJIbHO-HPABCTBEHHBIE HOPMBI U [IEHHOCTH;

JIP23 TOTOBHOCTb K TPYAY, OCO3HAHHE IEHHOCTH MacTepCTBa, TPYIOI00HE;

MarepuanbHoe ofecredeHue: TOCAJOYHBIE MeECTa IO KOJUYECTBY OOy4arOUINXCS;
pa3gaTo4YHbId MaTepual ¢ 3aJaHUsIMU; COOPHUKH 33/1a4, CIIPAaBOYHbIE MaTepPHAIIbI

3ananue: pemMTh 32124
IMopsinok BHINOJIHEHHS PAdOTHI:

1. Tlepen peureHuem 3aaq pa3oopaTh KPaTKUE TEOPETUUCCKUE CBEICHHUS
2. IlpoBecTu aHAU3 BEITUYHH, BXOSAIIHX B (POPMYIIBI.
3. Pemuth 3amaun ¢ npuMeHeHreM (GOpPMYIJI MATHUTHON WHAYKIMH, WHIYKTUBHOCTH KOHTYpa,
OJ1C MHAYKIIMY U CAMOMHIYKIIMH
Xoa padoTsl

Kparkue TeopeTnueckne cBe1eHHs

3aKoH JIEKTPOMArHUTHOW MHIYKIIUH:
OJIC wHAykuMM B 3aMKHYTOM KOHTYpPE paBHa IO MOIYJIO CKOPOCTH H3MEHEHHS

MATHUTHOTO MOTOKA 4epe3 MOBEPXHOCTh, OTPaHHYEHHYI0 KOHTypoM: . — 2P| rtre g — DJIC

unaykuuu, B; AO= @,-®; — u3aMeHeHne MarHuTHOTO MOTOKa, BO; At — mpoMexyToK BpeMeHH,

B TCUYCHHEC KOTOPOro IMPOU3OHLIO JAHHOC HU3MCHCHUC, C; ATl _ CKOpPOCTb HU3MCHCHHA
At

MAarsuTHOIO ITOTOKa, 376 .

c

C Y4€TOM HaAIIpaBJICHUA NHAYKIIMOHHOTI'O TOKA 3aKOH 3aIllUChIBACTCA TAK: g = _@ .
! At

Ecimu BaMKHYTBIﬁ KOHTYp COCTOUT U3 N OCIaCA0OBATCIIbHO COCAMHCHHBIX BHTKOB
4D

At

PazHocth moreHmmanoB U Ha KOHIAX TPSMOJIMHEWHOTO TPOBOJHHMKA JUITMHOW |,
JIBIKYILIETOCS] CO CKOPOCTBIO V' B OJTHOPOJTHOM MarHMTHOM I10J1€

U = Blvsina ,

TZI€ 0L — YToJI MKy HaIPaBJICHUSIMH BEKTOPOB CKOPOCTH UV W MarHUTHOMN

uHAyKnuu B

DJIEKTPUYECKUI TOK, MPOXOASAIIMI IO IPOBOJHUKY, CO3/1a€T BOKPYI HETO MAarHUTHOE
nosie. MarHuTHBINM IMOTOK CKBO3b IUIOLIAJb MOBEPXHOCTH, OIPAHUUYEHHYIO CAMHUM KOHTYpPOM,
MIPOTIOPITMOHANICH CUJIe TOKa B KOHType: D=L-I.

, Irae N — 4HCIIO BUTKOB.

(HarpuMmep, B CONECHOMEL) ¢ =—N -
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Koadduuuent mnponopuroHamsHocTH L HasbpiBaeTcsi HHAYKTUBHOCTBIO KOHTYpa:

[L]= {d)} = BTé= ' (renpm).

1
3HayeHne WHAYKTUBHOCTH 3aBUCHUT OT pa3MepoB U (POpMBI MPOBOJHHMKA, a TAKXKE OT

MarHuTHBIX CBOHCTB cdepbl, B KOTOpoil oH HaxoauTtcs. DJIC caMOMHIYKIIMM TIO 3aKOHY
AJIEKTPOMArHUTHON MHYKIIMU paBHA!

10.

11.

12.

13.

Al T.K. 40
is — Z’ is ~ At,

rae Al=l,-1; — u3meHeHue cuibl TOKa B IPOBOJIHUKE, A;
At — Bpemst ero u3MeHEHUs, C;

a CKOPOCTbh U3MEHEHHUS CUJIbI TOKA, A,
At c

. L-12
OHeprust MarHUTHOT'O OISt MPOBOJHUKA C TOKOM: v, = , [x]

2

Pemuth 3aaaum (N - HOMEp BaIIero BapHaHTa MO CITHCKY)
Ha ckonbko wu3MeHunach cuia ToKa B IpoBOoJgHUKe, ecnu 3a 0,1 ¢ B IpOBOJHUKE,
WHIYKTUBHOCTBH KOoTOporo 4 I'n, mosisunack DJ1C camounnykuuu paBaas 12 B?
3a Kakoil MPOMEXYTOK BPEeMEHM MarHuTHbI moTok m3meHwics Ha 0,01 BO, eciau B
KoHType Bo3HukaeT DJC unaykiuu n B?
MarnuTtHoe noJje KaTylmku ¢ MHAYKTUBHOCTRIO 0,2 ['H obnanaet sueprueit 0,4 Ix. Yemy
paBHa cuJia TOKa B KaTylIke?
Omnpenenure -SHEPrui0, 3amacaéMyl0 B MAarHUTHOM II0JI€ HMHAYKTOpa, KOTOPBII
UCTIONIB3YETCSI B YCTAHOBKE ISl MAarHUTOMMITYJILCUBHOTO (popMOBaHuUs. VIHIYKTHUBHOCTB
karyuku 7,0 107 I', cuna pazpsgHoro toka 1,45- 10° A.
Kakoi moTok MarHUTHOM MHAYKIMU CO3/1A€TCS B KOH TYpPE€ BJIEKTPUUYECKUM TOKOM, €CIIH
npu ero ymesnsineHun 10 Hyns 3a 0,01 ¢ B xkoHType BozHukaer OJIC caMOMHIYKIMH
paBnas 30 B?
Onpenenure SHEPrur0 MarHUTHOTO TOJS KaTyIIKH, B KOTOPOW IpH cuie Toka 6,8A
MarHMTHBIN OTOK paBeH 2,5MB6.
3a KakoW NPOMEXYTOK BPEMEHM B KaTyllke ¢ MHAyKTHBHOCThIO 0,28 I' mpoucxonut
HapacTaHue CWIbl TOKa OT Hynsd 10 9,6 A, ecnu mpu 3ToM Bo3HMKaeT cpeasss D/C
caMOMHAYKIMH, paBHas 38,4 B?
[IpoBOOHUK JIMHOM N M MEpeMENIaeTcsl B OJJHOPOJHOM MAarHUTHOM IOJIE C MHAYKIUEH
0,2 TA. JIBuwkeHre NPOBOJHHUKA MPOUCXOAUT cOo cKopocThio 10 M/c mox yriom 45° k
MarHUTHbBIM cuioBbIM JIMHUSM. Hatiaure 9/1C nHayKIMK, BOZHUKAIOIIYIO B IPOBOJIHUKE.
Kakoli MarHuTHBINA MOTOK MPOHU3BIBAET KOHTYP, €CJIU IIPU PAaBHOMEPHOM HCYE3HOBEHHUU
MarHuTHOTO TIOJIS B Te€UeHHUe n ¢ B KaTymike uaaynupyercs IJC, pasuas 0,02 B?
Kakoli MarHMTHBIN MOTOK MPOHU3BIBAET IUIOCKYIO IOBEPXHOCTH IIIOLIA/IBI0 3 oM npu
naaykuu nodia 0,24 TA, eciiu HOpMaib, K TIOBEPXHOCTH PACcOIOKeHa Mo yriioM 60° k
BEKTOPY UHAYKLIUH.
Ornpenennre MHAYKTUBHOCTh KATYIIKH, €CJIM IIPU yBEJIMYEHWH TOKa B HEW Ha 2,2A 3a
50-10-2c nosBasiercs cpennssa JJ1C camonnaykiuu, passas 1,1 B.
B npoBognuke mmmuON 0,5 M, IBIXKYIIEMCS €O CKOpOCThIO 3,0 M/C, IEpIEHANKYISIPHO
CWJIOBBIM JIMHUSIM OJHOPOJHOTO MarHUTHOro mnoisi, Bo3Hukaer JC 6mB. Onpenenvre
MHAYKIIWIO MATHUTHOTO MOJIS.
Onpenenure MarHUTHBIA TOTOK, MPOXOASIIUN Yepe3 NPSAMOYTOJIBHYIO IJIOLIAAKY CO
croponamu 20x40 cm, eciu oOHa MOMEIeHa B OJJTHOPOJHOE MAarHUTHOE IMOJIE€ ¢ UHAYKIUEH
0,5M TA oz yrnom 60° K TMHUSIM UHYKIIHH TTOJIS.

44



14.  Omnpenenute DJIC unaykumu, Bo30OyXkaaemMyio B KoHType, eciu B Hem 3a 0,01 ¢
MarHuTHBIM TOTOK paBHOMEpHO ymeHblmaercs 0,5 mo 0,4 BO, 4To0bl B KOHTYypE
B030yxaanace DJ1C nunaykuu 3,8 B.

15. Ompenenure MNPOMEXYTOK BPEMEHH, B TEYCHHME KOTOPOIO MArHUTHBIA IOTOK,
POHM3BIBAIONINI KOHTYp, HoinkeH yBenuuuThest oT 0,01 mo 0,20 BO, uyToObI B KOHTYpE
Bo30Oyxnanace DJ1C uaayknuu n B.

16. Omnpenenure D/IC MHAYKIMK Ha KOHIAX KPBUIBEB CaMoJieTa, UMEIOMIMX JIUHY 12 M,
€ClIi CKOpOCTb €ro Ipu TOpU30HTalNbHOM mojere 250 M/c, a BepTUKalbHas
COCTaBJIAIOLIAsi MAarHUTHOW MHIYKIIMM 36MHOI'O Maruerusma 5,0- 10 TA.

17. B oxHOpOJHOM MarHUTHOM Iojie 1moja yriioM 30° K HamnpaBJIEHUIO BEKTOPAa MHIYKIHH,
BenuurHAa KoToporo SMTA, nBWXKeTcs NPOBOAHUK cO cKopocTtbio 10 wm/c; BekTop
CKOpPOCTH NEPINEHAUKYIAPEH NPOBOIHUKY. Omnpenenure JUIMHY NPOBOAHUKA, €CIIM B HEM
Hasoaurcs D/1C, pasuas 0,25mMB.

18. Tpakrop obmero maznadenus: K-700 uaer co ckopocthio 28 km/4. Onpenenure pa3HOCTh
MOTEHIIMAJIOB HAa KOHIAX IMEpeaHeHd OCH, €CIIM JJIMHA €€ OKOoJIO 2,6M, BEepTHUKaJIbHAs
COCTaBJIAONIAsA MarHUTHOTO 110J1g 3emutu 5,0- 10° TA.

19. Yemy paBna D/IC caMOMHIYKIIMHU, BOSHUKAIOIIAS B KaTYIIKE ¢ MHAYKTUBHOCTHIO 2,0- 1072
I'n, B KOTOpOI TOK cuion 7,5 102 A ucuesaer 3an c?

20. MarnauTHoe mosie Kat ymku ¢ nHayktuBHOCThIO 0,1 I' obmamaer sueprueit 0,8 k. Yemy
paBHa CHJIa TOKA B KaTyIIke?

21. TIlpoBomouHasi mpsiMoyrosibHasi pamka co cropoHamu 20cm m 30 cM pacroyiokeHa B
OJTHOPOJJHOM MAarHUTHOM IIOJ€ M MEPHEeHIUKYJSpHA CHJIOBBIM JHMHUAM. Ormpenennte
MHAYKIHIO 3TOTO I0JIsA, €CJIM MPU ero ucuyesHoBeHuu 3a 1,2:-10-2 ¢ B paMke HaBOIUTCS
cpennss DJC 3,5 mB.

22. UYemy paBHa MHAYKTUBHOCTH KATYIIKH, €CJIM MPOTEKAIOMIMKA MO Hei Tok cwioit 0,15 A
CO3/1aeT MOTOK MarHUTHOM uHIyKImu 7,5-10-3 B6?

23. Uemy paBHa MHIYKTHBHOCTH IIPOBOJHHKA, B KOTOPOM TIPH BO3pacTaHWH TOKa OT 1,5 1o
1,8A 3a n ¢ Bo3Oyxnaercs 3/C camounaykiuu 0,9 B?

24. 3a xakoil MPOMEXYTOK BPEMEHHU B KOHTYpe WHAYKTUBHOCTHIO 2,0-10-5 I' mpu n3meneHun
toka Ha 0,5A Bo3nukaer D/[C camonnaykiuu 10 B?

25. Ormpenennte WHAYKTUBHOCTh KaTYIIKH, €clid mpu Toke 3,0A MarHWTHOE IoJie B HEH
oGmaznaer sHeprueit 6,0-1072 Jix
dopma npeaocTaBIeHHUA pe3yabTaTa

BeinonHeHHbIe 3a/1a41 B TETpaau AJIs MPAKTHUECKUX padoT.

Kpurepun onenku:

Oyenka «omMaU4HO» 8bICMABIAEMCA: TIPABUIBHO BBIITOJHEHB! BCE 3a/laHUsI B COOTBETCTBUU C

TpeOOBaHUSIMU, TPABUIBHO  BBIMOJHEHBl JONOJHUTENIbHbIE  33/1aHHS, CBOEBPEMEHHO

IPEOCTABIIEH OTYET O BHIIIOJHEHUN PAOOTHI.

OyeHnka «xopouio» vlcmaeisemcs: MPaBUILHO BBINOJIHEHBI BCE 33JaHHUS B OCHOBHOM YacTH,

JIOTIOJTHUTENIbHBIC 3a/laHUSl BBIIIOJHEHBI HE B IOJHOM 0O0BeMe, MpPEeJOCTaBIe€H OTYET O

BBIMIOJTHEHUH PA0OTHI, JUOO B CIyyae HECBOEBPEMEHHOI'O MPEAOCTAaBJICHUS OTYETa WU C

HaAJIMYMEM HECYIECTBEHHBIX OLIMOOK B BBHIIIOJIHEHUH 3a/1aHUSI.

OyeHnka «y00671emeopumenbHo» 8blICMABIAemcs: BbIIIOIHEHBI HEe Bce, HO Oosiee 50% 3amanuit

paboThI, TOTIOJIHUTENFHBIE 33JJaHNs HE BBITIOJIHEHbI, HECBOEBPEMEHHO MPEJAOCTABICH OTYET O

BBITIOJTHCHUH Pa0OTHI.

Oyenxa «HeyOogiemeopumenvHoy evicmaesisemcs: BbIMOTHEHO MeHee 50% paboThl, He

BBITIOJTHEHBI JOMOJIHUTENbHBIE 33/1aHUS, OTYET O BBIMOJIHEHUN PaOOThl HE MPEIOCTABIIEH.

PA3JIEJI Ne4. KOJIEBAHUSA 1 BOJIHBI
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Tema 4.2 Jy1eKTpOMarHuTHbIE K0JIe0AHUSI M BOJTHBI

IIpakTuyeckoe 3ansiTue Ne9
Pemenne 3ana4 no reme «Buabl CONPOTUBJIEHU B ENAX EPEMEHHOI0 TOKA»

Heab padorbi: chopMUpOBaTh MOHUMaHUE POJM (GU3UKH B (POPMUPOBAHUHU KPYro3opa
BJIaJICHHE OCHOBOIIOJIATAIOIIUMH (PU3HMUECKUMH MOHITUAMH, 3aKOHOMEPHOCTSIMH, 3aKOHAMH H
TEOPHSIMH; YMEHUS BBIIIOIHATH pacueTHbIC U TpauuecKue 3a1aun

Boinosinenue padorsl cnocodcTByeT GOPMIUPOBAHMIO:

IIP63 BnajgeHWe OCHOBOIIOJIATAIOMIMMHU  (PU3MYECKMMM TMOHATHSAMH U BEIUYMHAMHU,
XapaKTepU3yIOIUMH  (U3UYECKUE TPOIecchl  (CBSI3aHHBIMH C  MEXaHMYECKHM
JBUKCHHEM, B3aMOJICHICTBHEM Te)

1IP64 yBepeHHOE HCIIONB30BAaHHE 3aKOHOB W 3aKOHOMEpPHOCTEH mNpH aHanmm3e (pu3nyecKux
SIBJICHUH U IIPOLIECCOB;

1IP67 copMUpPOBAHHOCTh YMEHUS PElIaTh PACUCTHBIC 337a4d C SBHO 33J[aHHOW (PH3UIECCKON
MOJIETIBIO, UCIONB3YS (hHM3MUECKHE 3aKOHBI M MPUHIIMIIBI; HA OCHOBE aHAIIM3a YCJIOBUSA
3aJauu BEIOUPATh (PU3NIECKYIO MOJIEIb, BBIACIATh (PU3NYECKUE BETHUYUHBI U (POPMYIIBI,
HEOOXOIUMBIE [UIsl €€ PpEeLICHHs, MPOBOJUTH pacueThl M OLEHUBATh PEATbHOCTD
IIOJIYyYEHHOT0 3HaueHus (PU3NYECKOM BEIMYMHBI, pEIlaTh KAaueCTBEHHbIC 3a/ayM,
BBICTpanBasi JIOTMYECKH HENPOTHUBOPEUMBYIO LIEMOYKY pACCYXIECHUM C OMHOpoil Ha
M3yYeHHBIE 3aKOHBI, 3aKOHOMEPHOCTH U (PH3UUECKUE SBIICHHS;

MP8 cnocoOHOCT M TOTOBHOCTH K CaMOCTOSITEIbHOMY TIIOMCKY METOJIOB pEelIeHUs
MIPaKTUYECKUX 3a]1a4, IPUMEHEHUIO Pa3IMUHbIX METOJIOB [103HAHUS;

MPI3 aHanu3upoBaTh IOJIYYEHHBIE B XOJE pELICHHs 3aJaud pe3yibTaTbl, KPUTHUYECKU
OLIEHHUBATh UX JIOCTOBEPHOCTH, MPOTHO3UPOBATh U3MEHEHUE B HOBBIX YCIIOBUSX;

MPI7 yMmeTb TEpEeHOCUTh 3HaHUS B [IO3HABAaTEJIbHYI0 M NPAKTUYECKYyI 00JacTu
KHU3HEICATEIbHOCTH;

JI13 criocoOHOCTh OLIEHUBATh CUTYAIlMI0 U NPUHUMATh OCO3HAHHBIE PEIIEHUS, OPUEHTHPYSChH
Ha MOpaJIbHO-HPAaBCTBEHHbIE HOPMBI U LIECHHOCTH;

JIP23 rOTOBHOCTb K TPYZy, OCO3HaHHE LIEHHOCTH MacTepCTBa, TPYIOTr00UE;

MarepunanbHoe ofecredeHHe: TOCAJOYHBIE MeCTa IO KOJUYECTBY OOy4aroUIuxcs;
pa3IaTOYHBIA MaTepual C 3alaHusIMU; COOPHUKY 3aja4, CIIPaBOYHbIE MaTEpUAIIbI

3anaHue: pemMThH 32124
Iopsiaok BbIMOIHEHHs PA0OTHI:

1. Tlepen pemenunem 3ama4 pa3o0paTh KpaTKUE TEOPETUUECKHUE CBEICHHS

[TpoBecTu aHaMM3 BENTUYHH, BXOISAIINX B (DOPMYIIHIL.

3. Pemmtp 3amaum ¢ mpumeHeHHeM (GopMyn KoeOaHWH B CETH MEPEMEHHOTO TOKa, BUJIOB
COTMPOTHBIICHUS B I[EMU MEPEMEHHOT0 TOKa, (OpMyI TpaHCHOPMATOPOB Pa3IUIHOTO BUAA
(camocrosiTenpHas paboTa).

N

Xon padoTsl
Kparkue TeopeTuueckne cBe1eHUs
TpaHchopmaTop
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BUJIBI OBBIMIAIOIINN MOHMKAIOIIUI
Ornpenenenue TpaHcopmarop, y KOTOporo | Tpancopmarop, y KOTOPOIo
YUCJIO BUTKOB BO BTOPUYHOM | YMCIIO BUTKOB BO BTOPUYHOM
0oOMOTKe OoJibIle, YeM B | OOMOTKE MEHBIIE, 4YEeM B
MEePBUYHOI MEPBUYHOU
Pucynok
wl w2 wl w2
Koaddumment n<l n>1
Tparchopmanm
n=f1_% u _1,_5s,
& w, U, 1§
KII tpanchopmatopa P,
nmpa}w([mp.vmopa = F 100% ~ 99%
3
CornpoTHBICHHS B IIEMU IEPEMEHHOTO TOKa
[TpuGopsr Pesucrop Karymiky nnaykruBaocteio L | KonneHncaTop eMKoCTbIO

comnpoTuBiieHneM R

C

Cxema L L o
Brd o] o]
LY U v
Cwita Toka I(t) = I, sin ot

1(t) = %sin(a)t —%)

1(t) = CUywsin(ar + %)

47




Cnsur ¢a3 =0 Y,U | Hanpsixenne onepexxaer Tok | Hampsokenue orcraer ot
71' 72/-
U3MEHSETCs B | ma p=2 =90° Toka Ha ¢ =2 =90°
OJIMHAKOBBIX (a3zax, 2 2
a 9. SHEprus
pacxoIUThCs Ha
TEIJIOBOE  JIeiCTBHE
TOKa
CormnpoTuBieH
ue
l
R= Pot (1+(xt) X.= i
1. popmyna S ac
XL:(D L
R
2. 3aBUCUMOC ‘ R
Th 5
oL— R,
COTMPOTUBIICH “
17100 oT ’ N
4acTroTa ®
3.
onpenenenne | AKTHBHOE — EmKocTHOE -
COITPOTUBJICHHUC COIIPOTHUBIICHUE,
noTpeduTes, 00yCIIOBICHHOE
DeoBna3 ero NHunykTuBHOE —
p pa3yrony COMDOTHRIICHNE HAJIUYUEM  €MKOCTU B
MOABOAUMYIO K HEMY 5 P ’ [ernu
SHEPTHIO B IPYTHE 00YCJIOBIIEHHOE SIBIECHUEM
BH/IBI SHEPTUH CAMOMHLYKIH
3akon Oma 1) = U() 1 = Yo 1, = o
TR X, ° Xe

1.2
[TosHOE CONPOTUBIIEHHUE ENH TIEpeEMEHHOr0 ToKa: Z= VR? + (wlL — E)

3axon OMma AJI aMIUTUTY AHBIX 3HAYEHUH CUJIBI TOKA |0 W HalIPpSAXKCHUS Uo B [ICTIM IEPEMEHHOT'O

lo= Uo/\/ﬁ + (oL — ﬁ)z

TOKa:

PeakTuBHOE — COIIPOTUBJICHHUC HOTpC6I/ITCJ'IH, HC HDCO6D33VIOIJ_ICI‘O MNOoABOANMYIO K HCMY

SHEPTUIO B Jpyrue Bubl 3HEpruu (H-p pakera) X=X -X.=ol- -

X >X¢ — HHIYKTUBHBIN Xapakrep; X=X, — pe3oHaHc; X>X| — EMKOCTHBIN XapakTep
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JleiicTByI0IIlee 3HAYEHHE MOIIHOCTH NMepeMeHHOro Toka (P) — BelWuyuHa, YHCICHHO paBHAs
MOITHOCTH TOCTOSIHHOTO TOKa Procr, IPU YCIOBHH, YTO 00a TOKA 3a OJMHAKOBOE BpPEMsi, paBHOE
NepUoAy MePEeMEHHOro Toka 7, Ha paBHBIX pe3UCcTOpax R BBIAEIAT paBHBIE KOJUYECTBA TEILUIOTHI

2 2
Q.|p= % = % = (2]—; . JelicTByromiee 3HaueHNEe MOIIHOCTU IIEPEMEHHOIO TOKA YacTO HAa3bIBAIOT

AKTHBHOM MOIIHOCTBIO.

IIpumepsl pemenust 3aaa4

1. Karymika nagyktuBHOCThIO 0,1 ['H 1 akTUBHBIM conpotuBieHreM 25 OM BKIIIOUYEHA B
CeTh IPOMBIIUIEHHOI'O MEPEMEHHOI0 TOKAa €O CTaHAAapTHOH uactoToi. Ompenenure TOK B
KaTyllIKe, €CJIU HalpssKeHue Ha ee BBogax 120 B.

Jano: =Y. x =+/25% +(4-3,14-50-0,1)2 =
X

KaTyliKa 5 > =+/625+986 = /1611 = 40,10m

L=0,1 I'n HoNR = 0

R=25 Om =VR* +(@b)® = 1y=220 5y

V:50 FH = \/m 40’1

U=120 B

1 4=7

2. Ha KOIXO3HYI NOJCTaHIUIO IOCTyNaeT TOK HampsbkeHueM 6600 B. nepBuuHas
obMoTKa TpaHcdopmaTopa nmoactanimu umeeT 3300, a Bropuuynas 110 BuTkoB. Omnpenenurte
paboyee HaNpsHKEHHE B KOJIXO3HOW 3JIEKTPOCETH M MOTPEOISEMYI0 MOIIHOCTh CUja TOKa B
cetr 200 A moTepsiMU SHEPTHH B TpaHCPOpMATOpE MPEeHEOPEUb.

Hano: ﬂ:ﬂ U. = 6600-110 _220 B
Tpancdopmarop 0, Uy 2 3300

U1=6600 B o, Uro: .
1=3300 B o, P,=220-220=44-10"B1=44
2,=110 T

1,=200 A e

Uz, PZZ?

3. Cuna ToKa B epBUYHOM 00MOTKe TpaHchopmaropa 0,5 A, HanpsKeHHe Ha ee KOHLAX

220 B, BO BTOpHUYHON OOMOTKE COOTBETCTBEHHO & A u

12 B. Omnpenenure KIIJ

Tpanchopmaropa.
Jano: P __12-8 1000 —87%
=_n. 477 = . -

Tpancopmaropa |/ P 100% 220-0,5 ° °
1,=0,5A Ul
,=8 A =222 .100%
U=220 B Ul
U,=12B
n=7?

Pemmts 3apauu (N - Homep 6awe2o sapuanma no CRUcKy):
1. Cwuia TOoKa B TMepBUYHOM 00MOTKe TpaHchopmaTtopa 0,2 A, HampsHKEHHE Ha KiIeMMax

220 B. Onpenenure HanpsHKEHUE U CHUTY TOKa BO BTOPUYHOM 0OMOTKE TpaHc(opMaTopa, eciu
ko3 uuueHt Tpanchopmanuu 0,2.
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2. [lepeuunas obmotka Tpanchopmaropa comepxkutr 800 BurtkoB, BropuuHas 3200.
Onpenenure ko3P duiiueHT Tpaachopmarim.

3. Cuna Toka B ceTH M3MeHseTcs 1o 3akoHy 1 = 8,5 sin o t. Kakoe koinM4ecTBO TEIUIOTHI
BBIJICITUT DJICKTPOKAMHH 3a 2 Yaca paboThl, eciu ero conporusiicane 80 Om?

4. Cuna Toka B mepBuYHON 00MOTKe TpaHchopmaropa 0,6 A, HanpsHKEHHE HA €€ KOHIaX
220 B; Bo BropuuHoii oomMoTtke 6 A u 14 B. Onpenenure KII/] Tpancdopmaropa.

S. B nepBuuHOli 00MOTKe MOBBIIIarOIEro tpancpopmaropa 80 BUTKOB, @ BO BTOPUYHOM
1280. HanpspkeHne Ha KOHIaxX mepBuYHOM oOMoTku 120 B, a BenmuunHa TOKa BO BTOPUYHOMN
obmoTke 0,25 A. Onpeaenure MOAE3HYIO MOIIHOCTh TpaHchopMarTopa.

6. JUis  TpaHCIAUMU paauonepenad MPUMEHSIOT MOHWXKAIOUIMK TpaHcdopMaTop C
HanpsokeaueM 480 B 1o 30 B. Omnpenenure momHuocth Tpancopmatopa ¢ KI1 96%, ecnu k
HeMy nonkiroueHo 100 penpoaykTopos, norpedsstonux Tok 0,008 A.

7. Omnpenenure yros IOBOPOTAa BUTKA B OJHOPOJHOM MArHUTHOM IOJI€, 3Has, 4TO
MakcuMaibHoe 3Hadenue Toka 10042 A, a Tox B manubiii MoMenT 100 A.

8. Omnpenenure k03P uireHT TpanchopMaly 3BOHKOBOro TpaHchopMaropa, MUTaeMoro
CETEBBIM TOKOM ¢ HanpsbkeHueM 220 B, ecnu npeoOpa3oBaHHbIN TOK UMeeT HanpsikeHue 2 B.
9. [lepBuuHas 0OMOTKa MOBBIIIAIONIETO TpaHChopMaTopa umMeeT 45 BUTKOB, a BTOpUYHAS
900 BuTkOB. [lepBuuHas KaTylIKa BKIOYAETCA B CETh IEPEMEHHOrO TOKa C HanpsbkeHueMm 120
B. Kakoe nanpspkenue Oyner Ha 3a)KHUMax BTOPUYHOW 0OMOTKHU?

10. DnexTpuueckas ayra JoJKHA TOpeTh noJ HanpsbkeHueMm N B, a B cetu 220 B. Ckonbko
BUTKOB JIOJDKHA COJIEp>KaTh BTOPUYHAsA OOMOTKA, €CIM B MEPBUYHON OOMOTKE, BKIIIOUEHHOI B
CEThb, 385 BUTKOB?

11. B nepBu4HON OOMOTKE MOBBIMIAIOLIETO TpaHCPopMaTopa N BUTKOB, BO BTOPUUYHON —
2000 ButkoB. Kakoe HampspkeHHE Ha 3aKMMax BTOPUYHOM OOMOTKHM MOKHO IOJyYUTh, €CIIU
BKJIFOYMTH TpaHc(hopMaTop B ceTh ¢ HanpspkeHueM 110 B?

12. Karymka uanykTuBHOCTBIO 20 MI'H BKIIOUEHA B CETh IIEPEMEHHOTO TOKA C YaCTOTOH N
['u. Onpenenure MHAYKTHBHOE CONPOTUBIICHUE KATYILKH.

4 o
13. Konpencarop emxocthio 8-:107'¢ BKIIIOYEH B CETh MEPEMEHHOTO TOKa ¢ yactoToi 50 I'm.

OnpenenuTth Cuily TOKa Ha y4acTKe LIeMH ¢ KOHAEHCATOPOM, €CITU CONPOTHUBIIEHHUE MOABOIIIMX
npoBooB N OM, a HanpsKEHUE Ha BCeM ydacTke 1enu 12 B.
14.  Kak M3MEHHUTCS MHIYKTHBHOE CONPOTHUBICHHME KATYIIKH, €CIU €€ BKIIYHUTh B IEMb
nepeMeHHoro Toka ¢ yactoroi 10 xI'u, BMecto 50 I'u?
15.  TIlepBuunas oOMmoTka TpaHcpopmaropa coaepxutT 800 BuTkoB, BTOopuuHas 3200.
Onpenenure ko3P duiiueHT Tpanchopmariim.
16.  Karymka MHOYKTUBHOCTBIO N ['H, aKTUBHBIM COIMPOTHBIEHHEM 25 OM BKJIIOYEHA B CETh
IPOMBIIIJIEHHOTO TIEPEMEHHOr0 TOKa CO CTaHAapTHOM yactoToi. Omnpenennure TOK B KaTyIIKe,
€CJIM HanpsbKeHue Ha ee BBojax 120 B.

®opma npeaocTaBjIeHHus pe3yabTaTa
BrinonHeHHbIe 331241 B TETPaaAX JJIsl MPAKTHYECKUX padoT.

Kpurtepun ouenku:
Oyenxa «OMAUYHOY» BbICMAGIAEMCs: TIPABUIBHO BBINOJIHEHB! BCE 33JJaHUSI B COOTBETCTBUU C
TpeOOBaHUSIMH, TIPAaBWIBHO  BBIMIOJHEHBI  JIOTIONHUTENBHBIC  3a/1aHUs, CBOEBPEMEHHO
MIPEJIOCTABIIEH OTYET O BBINOJIHEHUU PAOOTHI.
Oyenka «xopouioy blcmaeisemcs: PaBUIBLHO BBINOJIHEHBI BCE 33JaHHUS B OCHOBHOM YacTH,
JIOTIONTHUTEJIbHBIE 3a/laHusl BBINIOJHEHbl HE B TIOJHOM O0bEeMe, MpPeloCTaBlIeH OTYeT O
BBINOJIHEHUHM PaboThl, MO0 B Clydyae HECBOCBPEMEHHOI'O MPEJOCTAaBICHUS OTYETa WM C
HAJIMYMEM HECYIIECTBEHHBIX OIMIMOOK B BHITIOJTHEHUH 3a/IaHHSL.
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Oyenka «y00871emeopumenbHo» 6bICMAasIsAemcs: BHIIOJIHEHBI He Bce, HO Oonee 50% 3amaHuii
paboThI, TOTIOIHUTENFHBIC 33JJaHHsI HE BBITIOJIHEHBI, HECBOCBPEMEHHO TPEIOCTABICH OTYET O
BBITIOJTHEHUH PaOOTHI.

Oyenka «HeyOogremeopumenvHoy evicmasisemcs: BbIoAHeHO MeHee 50% paboThl, He
BBITIOJTHEHBI JOTMIOJIHUTENIBHBIE 33/IaHUS, OTYET O BBIMOJTHCHUN PA0OTHI HE MPEIOCTABIICH.

Tema 4.2 DleKTPOMarHuTHbIe KOJIe0AHUS U BOJHbBI

IIpakTnyeckoe 3ansaTue Ne 10
Pemenne 3apa4 no reme «JIeKTPOMATHUTHBIE KOJIEOAHUSA U BOJHbD)

Heab padorbi: chopMUpOBaTh MOHUMaHUE POJH (GU3UKH B POPMUPOBAHUHU KPYro3opa
BJIQJICHAE OCHOBOMOJIATAOIIUMHU (DU3MYECKUMH MOHSTUSMU, 3aKOHOMEPHOCTSIMH, 3aKOHAMH H
TEOPHUSMHU; YMECHHS BBITIOJIHATH PACUCTHBIC U TpaQUICeCKHUE 3a1a4uH

Boinosinenue padorsl cnocodcTByeT opMUPOBAHUIO:

I1IP63 BiajgeHWe OCHOBONOJATAIOIIMMHU  (DU3MUECKUMH TOHATUSMH W  BEIUYMHAMH,
XapaKTepU3yIIUMHU  (U3NYECKUE TMPOLECChl  (CBA3AHHBIMU C  MEXaHUYECKUM
JBUKEHUEM, B3aUMOJICHICTBUEM TEN)

1IP64 yBepeHHOE HCIOJB30BaHHE 3aKOHOB M 3aKOHOMEPHOCTEW MpH aHalu3e (PU3NUecKux
SIBJIEHUM W TIPOLIECCOB;

1IP67 copMUpPOBaHHOCTh YMEHUS PellIaTh pacyeTHBIC 3a7a4d C SBHO 33aJJaHHOW (PU3NUECKON
MO/IENIBIO, UCTIOJB3Ysl (PU3MUYECKHE 3aKOHBI M MPHHIUIIBL, HA OCHOBE aHAIN3a YCIOBHS
3a/1a4¥ BBIOUPATh (PU3UUECKYIO0 MOJEIb, BBIICTATH (DU3HUECKUe BETUYUHBI U (POPMYIIBI,
HEOOXO/AMMBIC IJIi €€ peIICHHUs, NMPOBOAMTH pPACUYETHl M OICHWBATh PEATBHOCTH
MOJy4YEeHHOTO 3HAa4yeHUs (PU3MUECKOM BEJIMYMHBI, pEIIaTh KaueCTBEHHbIE 3ajauH,
BBICTpPauBasl JIOTMYECKH HENPOTHBOPEYMBYIO ILEMOYKY PACCYKICHHM C ONOpOM Ha
M3yYEHHbIE 3aKOHBI, 3aKOHOMEPHOCTH U (PU3HUECKUE SIBICHMUS;

MP8 cnocoOHOCT M TOTOBHOCTH K CaMOCTOSITEIbBHOMY TIIOMCKY METOJIOB pELIeHUs
MIPAKTUYECKUX 3a]a4, IPUMEHEHUIO Pa3IMYHbIX METOJOB IT03HAHUS;

MPI13 ananu3upoBaTh IOJYYEHHbIE B XOJE pEILICHMs 3aJayd pe3yibTaTbl, KPUTHUYECKU
OLICHMBATh UX IOCTOBEPHOCTH, IPOTHO3UPOBATH U3MEHEHUE B HOBBIX YCIIOBUSX;

MPI7 ymeTh TIEPEHOCUTHh 3HAHUS B T[IO3HABATEIBHYID M TMPAKTHYECKYI0 00JacTu
KU3ZHEEATEIIBHOCTH;

JI13 criocoOHOCTh OLEHUBATh CUTYALMI0 U MPUHUMATh OCO3HAHHBIE PEIICHUs, OPUEHTUPYSICh
Ha MOpaJIbHO-HPAaBCTBEHHBIE HOPMBI U LIECHHOCTH;

JIP23 TOTOBHOCTH K TPYAY, OCO3HAHHE LIEHHOCTH MacTepCTBa, TPYAOII00HE;

MarepunanbHoe ofecriedeHue: TOCAJOYHBIE MeCTa IO KOJUYECTBY OOy4aroOUINXCS;
pa3aTo4YHbI MaTepual ¢ 3aJaHUsIMU; COOPHHMKH 33/1a4, CIIPAaBOYHbIE MaTePHAIIbI

3anaHue: pemMThH 321241

ITopsinok BbINOJIHEHHA PadOTHI:

=

[lepen pemennem 3aaa4 pa3o0paTh KpaTKUE TEOPETUUECKUE CBEACHUS
[TpoBecTu aHaMM3 BENTUYHH, BXOISAIINX B (DOPMYIIBL.
3. Pemmth 3a/1aun ¢ MPUMEHEHHEM XapaKTePUCTHK MIEPEMEHHOTO TOKa, 3aKOHOB IIEPEMEHHOTO
TOKa, 3aKOHOB 3JICKTPOMArHUTHBIX KOJIEOaHUI U BOJIH CAMOCTOSsITENIbHAs paboTa)
Xoxa padoTsbl

N
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Kparkue TeopeTuyeckue cBe1eHUs
llepemennsiii mox, NEPUOINYECKH U3MEHSIOIIMICS MO BEIMYMHE U HAIIPABICHUIO.
Xapaxmepucmuxu nepemenno2o moxa (~)

1. [Tepuon T, ¢ — Bpems, 3a koTopoe (&) DC HHIYKIIMN COBEPIAET OJHO MOJTHOE KoJieOaHueE.
1 n .
2. YacTtoTra v=—=— Ty — YMCJIO MOJHBIX KOJcOaHuii 3a 1 cexyHy.
T t
B Poccun npumensiercst Tok ¢ v=50 ', crangapTHas, 1.€. lj 1 & MEHSIOT CBOE HaIlpaBJICHUE
100 pa3 B cexynay. Tok ¢ v=50-10* 'ty — ok Hu3KOIt yactoTsL. Tok ¢ v~10*10° I'y — Tok

BBICOKOU 4aCTOTHI.

2n pao
3. = — = 27zv—— — KpyroBas 4acToTa.
T c
4. MrHOBECHHBIE 3HaYEHUsT 0003HAYAOTCS CTPOYHBIMU OYKBaMHU: I.  AMIUIATY/HBIC 3HAUCHHSI
0003HayvaroTCs 3arinaBHbIMU OykBamu: |, U, €.
. _ _um.
i=l,cosmt; m= Usmenenus |, U, € B nenu ~|
U=Uncos(ot+o); = MIPOUCXOISAT C OJUHAKOBOM
JacTOTOM, HO pa3Hou (a3oi
e=gmot; Em=BSw; » HOp b

O cuie IMEPEMCHHOTO TOKa CYJAIT IO €ro TCIIJIOBOMY BOSﬂCﬁCTBHIO, T.K. OHO HC 3aBHCHUT
OT HaIIpaBJICHHA TOKa (KaK MarouTHOC U XI/IMI/I‘ICCKOG).

5. [Jeiicmeytowum (3¢ghpekmusnvim) 3HaueHUeM nepemMeHHO20 MOKA HA3bIBACTCS

IMOCTOSTHHBIN TOK, BBI,HCJ'IHIOH_[Hﬁ B IIPOBOJHHUKE TO K€ KOJIMYCCTBO TCILIA, YTO U HepeMCHHLIﬁ

m

| €
TOK 3a OJIMH Nepuof. |y = Tm =0,7071, Uy =—2=0,707U g, =—==0,707¢,
2 V2

V2

DJIEKTPOMarHuTHbIE KoJIeOaHusI

Onpenenenue Hezaryxaromue konebaHus, BOZHHUKAIONIME MO JACHCTBUEM BHEIIHEH
nepuoanuecku uamensronieiics IC e=gycoswt

IIpouecc IIpouecc, mpu KOTOPOM BJIEKTPOMATHUTHOE TMOJ€ MEPUOANYECKU
HU3MCHACTCA IO BPpEMCHU

YcnoBue TlocienoBaTenbHOE COeAUHEHUE:
BO3HUKHOBEHUSA 1) KoHZIEHCAaTOpa, HAKATUTMBAIOILIETO SHEPTHIO AIEKTPUUECKOTO TOJIs;
KOJIeOaHu 2) KaTyILIKU HaKaIlJMBAIOIIEH SHEPTUI0 MarHUTHOTO TIOJIS;

3) BO3HMKHOBEHHE CBOOOJHBIX KOJI€OaHW B KOHTYpPE OOYCIOBJIEHO
ABJICHUEM CaMOMHAYKIIUN

[Tpumep DnekTpuueckas IeNb, COCTOAIIAs W3 KOHAEHCATOpa W KaTYyIIKH, B
KOTOpPOIl 3HEpPrusi 3JEKTPUYECKOrO IOl MPEBpAIaeTCsi B JHEPTHUIO
MarHuTHOTO TOJSI U 0OpaTHO
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3aKOHEI
T=27JL-C —

dhopmyna Tomcona

E,=E.; vo=const

S S R—Q

e
1. Bemnyxaennsie kosebanus. Kimrod B «1» — 3apspkaercss KOHACHCATOP.

1

@Wo = .C 2. CoOcrtBennble koseOanus. Kiod «2» dIEKTpUYECKOE IMOoIe
MarHuTHoe mnojie. YacTb SHEprum TpaTUTCs Ha HarpeB MpoBoaoB R—Q
KoJeOaHus 3aTyXarolue.
Jlnst moaep kaHusl He3aTyXaloUMX KoyueOaHui mepeBoauM Kirod  «1»,
3aTeM B «2». BbIHYXIeHHBIC — He3aTyXaloue KoieOanus

DHeprus [Ipeobpa3oBanue HHEPrUM  SJICKTPUUECKOTO TMOJS B  DHEPTHUIO
MarHMTHOI'O IOJISl 1 HA00OPOT IO rapMOHUYECKOMY 3aKoHY E, <> E,,

Ryp=0 [ e O

cobcTBennbie DMK | Hitt = — \G)}}

'

t

i S | _‘}B‘T@I,

cu? _Li®
2 2
CU%=LP
DJIEeKTPOMArHUTHbIE BOJTHBI
Onekmpomaenumuas 6oiHa (OMB) — pacnpoCTpaHEHHE JJIEKTPOMAarHUTHOTO TIOJS B

MMPOCTPAHCTBE C TCUCHUCM BPEMCHHU.

cAt

Paccrosaue ot paguonokannonsoi ctanuuu (PJIC) no o0bexra: AS = BN

OMB (B 3aBUCHMMOCTH OT JJIMHBI BOJIHBI ﬂ) JCIIAT Ha AUalla30HbI:

1) nmuaEBIe A > 1000 M;
2) cpeanue 100 < A <1000 m;

3) xopotkue 10 < A <100 wm;
4) ynprpakopotkue A < 10 m.

CKOpOCTI) BOJIHBI B CPEAC 3aBUCUT OT JJICKTPUYCCKUX U MAarHUTHBIX CBOMCTB CpCabl:

C C

V=G n

C
— = y/eu=n>1- onTuyeckas MIOTHOCTh CPEIbl

9
Jliiuaa BotHBI A=9*T = ~ B CpeJie; Juis BaKyyma Ag=c *T = 5

C

cT Yl
A == 270; c- cKopocmb IMé 6 6aKyymy unu 6 6030yxe- 3*108m/c

vn

IIpuMmepsI peieHus 3aaa4

1. Cuna Toka B ceTH M3MEHseTcs 1o 3akoHy i=4,2 Ssinmt. Kakoe KOIUYeCTBO TEMIOTHI
BBIJICJIUT JIEKTPOKaMHH 3a 1 4 paboTsl, eciu ero conportusienue 70 Om?

Jauo: Q=" 4Rt m=4,2A

IIEKTPOKAMUH | i=|,Sinwt 1,=0,707-4,2=3A

i=4,2 sinot ot Q=3270-3,6-10%~2,3-10° JIx=
—_ 3 4:_:0'707'|m =

t=3,6-10° ¢ 2 =2,3 M/

R=70 Om
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Q=7 | |

pabouero

2 B ycraHoBKax il 3JEKTPOTHAPABINYECKON 00pabOTKM MaTepuaroB KOHIEHCATOPHI
KOHTYpa SIBISIFOTCSIL €MKOCTHBIMM  HakKonMTelas MM sHepruu. Omnpezaenure

HauOOJIBIIYI0 CUJy KPaTKOBPEMEHHOI'O TOKA, BO3HUKAIOLIEIO B LIENHU IPU NPSIMON pa3psake

TAKOI'o KOHJCHCATOpa Ha IIPOBOJHUK,

€CIIM H3BECTHO, 4YTO 3aHCCCHHasd OHEPIus B

konjaeHcarope 10 kJx, uHaykTuBHOCTH KOHTYpa 0,03 MKI H.

JlaHO: K — KOHTYp E.=E. 5.10% I8
. Imax =1/ —— = 10,66-10
E=10" Ix y 3-10
L =3.10% I e -0,8-10° =8.10%A
T2
U

[

i L

Imax =?

Pemmurs 3anaum (N - Homep saweco sapuanma no cnucky):

1. Byayt nu HacTpoeHBI B PE30HAHC KOHTYPHI MepeaTyiKa U MPUEMHHUKA, €CITU UX TapamMeTpbl
C1=200TII®D, Ly =2 mI'n; C; =100 I1D; Ly =4 mI'H?

2. KonebarenbHbli KOHTYp COCTOMT U3 KOHJEHCAaTopa eMKocThio SMK®D u KaTyliku
uHAYKTUBHOCTRIO 0,2 T'H. OnpenenuTe MakCUMalIbHYIO CUJITy TOKa B KOHJIEHCATOpE, €CIIU
MaKcHUMaibHas pa3HOCTh MOTEHIMAOB Ha 0OkiIagkax konaeHcaropa 90 B. Ilotepsamu Ha
HarpeBaHue MpoBOJIOB IPEHEOPEYb.

3. OJIC muaykuuu, BO3HMKAIOLIas B paMKe MpPU BpAlllEHUH €€ B OJAHOPOJHOM MarHUTHOM
1oJie, U3MEHsETCS 10 3akoHy e = 12 sin100 nt. Onpenenure aMILTUTYAHOE U ICHCTBYIOIIEE
3Hauenue J/IC, nepuon, yactoty, MrHoBeHHoe 3HaueHnue J/]C npu t =n c.

4. MarHuTHbBI! MOTOK B paMKe, paBHOMEPHO BpalIalOIIUIiCs B OJHOPOJIHOM MarHUTHOM IOJI€,
u3MeHsaercs no 3akony ® = 3 102 cos157t. HaiixuTe 3aBHCHMOCTh MIHOBEHHOTO
3HaueHuss OJIC wuHAyKUMH, BO3HMKArOUlel B pamke, OT BpeMeHu. Omnpexnenute
MaKCHMalbHOE U JAelicTByromiee 3HaueHue J/C, nmepuoa 1 4acToTy TOKa.

5. B pamxke, paBHOMEpHO Bpallarouieiicss B OJHOPOJHOM MAarHUTHOM IOJie, MHAYLUPYETCS
TOK, MTHOBEHHOE 3Hau€HHE KOTOPOro BeIpaxkaeTcs GopMysoi

6. i = 3sinl57t. OmpenenuTe aMIUTUTYAHOE, JCHCTBYIOIICE 3HAYEHHE TOKA, MTHOBCHHOEC
3HaueHue Toka mnpu 0,N ¢, mepuoj 1 4acToTy.

7. Omnpenenute MakCHUMaJbHOE W JIEHCTBYIOIee 3HaueHue nepeMeHHor DJIC, BO3HMKarOIIEH B
paMKe IIpU €€ PaBHOMEPHOM BpAIEHUHM B OJHOPOJHOM MAarHUTHOM IIOJIE, €CIIM IIPU YIJIE
IOBOpOTa paMkH Ha 45~ mraHoBeHHoe 3HaueHue J/1C 156 B.

8. Omnpenenure MmakcumaibHyto /1C, 3Has, uTO TIpH 30° 3/1C unykumm 110 B.

9. B konebareqbHOM KOHTYpe € HWHIYKTMBHOCTBIO N MI'H MakcHMallbHOE HamlpsDKEHHE Ha
obmotkax koHaeHcatopa 200 B. ompenenure mepuon kosiebaHWii CBOOOTHBIX 3JIEKTPOHOB B
KOHTYpE, €CJIM MaKCUMaJlbHas cuiia Toka B KoHType 0,2 A.

10. Onpenenure cuimy TOKa B KoONeOAaTENIbHOM KOHTYpE B MOMEHT TOJHOM pa3psiKu
KOHJICHCATOPAa, €CIIM YHEPTHUS] MATHUTHOTO TIOJISI KaTyIITKH 4,8-10'3 JIX, a MTHIYKTUBHOCTh
0,24 I'n.

11. Onpenenute SHEPrUI0 ANEKTPHUUECKOTO IMOJISI KOHJEHCcAaTopa eMKocThio N MKD, eciu

HarpspkeHue Ha ero o0xmaakax 400 B.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Omnpenenure MepuoA M YaCTOTY COOCTBEHHBIX SJIEKTPOMATHUTHBIX KOJIEOAHHWN KOHTYpA,
ecnu ero MHAYKTUuBHOCTH 1MI'H, a emkocTs 100 HOD.

Omnpenenure cuily TOKa B KOJIEOATEIbHOM KOHTYpE B MOMEHT IIOJHOH pa3psiKu
KOHJIEHCATOpa, €CJIM SHEPrus MarHUTHOTO Mo Karymku N mJ/x, a unayktuBHOCTH 0,12
I'n.

NHaykTUBHOCTD KoJieOaTeapHOTO KOHTypa SO0MKI'H, Kakyr0 €MKOCTh CJIEIyeT BBIOpATh,
4YTOOBI HACTPOUTH €ro Ha yacTory 1mMI'm?

B ycraHoBkax Ui 3NEKTPOrUAPABINYECKON OOpaOOTKM MaTepuasioB KOHJIEHCATop paboyero
KOHTYpa SIBIISIETCS E€MKOCTHBIM HakomuresneM »Hepruu. Onpenennute HauOONBIIYIO CHITY
KPaTKOBPEMEHHOI'0 TOKa, BOSHUKAIOIIETO B LIEMU MPH MPSMOI pa3psiIKe TAKOro KOHAEHCATopa
Ha I[POBOJIHMK, €CIM M3BECTHO, YTO 3alaceHHas JSHeprusi B KoHaeHcarope 10 kJIxk,
MHAYKTUBHOCTH KOHTYypa 0,03MKI H.

KonebarenbHblii KOHTYpP COCTOMT M3 KOHIECHCATOpa €MKOCTbI0 3 MK®D H KaTylmKu
uaykTHBHOCTBIO 2-107 T'H. Omnpenelnte COGCTBEHHYIO HacTOTY SJICKTPOMATHHTHBIX
KoJie0aHUl B KOHTYpE.

B karymike WHIYKTUBHOCTBIO N 102 TH COBEPLIAKOTCS ANEKTPOMATHUTHBIC KONCOAHMS C
MepUoI0M 10°c. Ornpenenure eMKOCTh CUCTEMBI.

KonebaTenbHbIil KOHTYp COCTOMT M3 KOHAeHcaTtopa eMKocThio 0,601 Mx® u kaTymku c
MHIYKTHBHOCTEIO 107 T'H. OnpeienTe mepro, 9acToTy COOCTBEHHBIX IEKTPOMATHATHEIX
KoJie0aHUl KOHTYpA.

Konpencarop eMKOCTbIO 3.10° MK®D, 3apsKEHHBIN O HEKOTOPOIrO MOTEHIMAIIA, pa3pshKaeTces,
3aTeM 3apspKaeTcs 4epe3 KaTyliky ¢ HHIYKTUBHOCTBHIO 1,8MkI'H. Ompenenure mnepuon
koneOanuii. [louemy kaxxknoe mociemyroiee KojeOaHHe aaeT HA OOMOTKaxX KOHJIEHCaTopa
MEHBUIYIO pa3HOCTh OTEHIIMAIIOB, YeM Ipeablayiee?

Onpenenure nepuoj U 4acTOTy COOCTBEHHBIX KOJICOaHHI B KOHTYpE MPH eMKOCTH 2,2 MKD
u uHaykTuBHOCTH 0,6MI H.

Beruucnure yacToTy COOCTBEHHBIX KoJieOaHuil B KOHTYype ¢ conpoTtuBienuem 0 Om, eciu
MHAYKTUBHOCTh B 3TOM KOHType 12MI'H, a emkocTh 0, 88 Mx®. Kak uzmeHuTcs gacrora
KoJIeOaHUH, €CIIM MOCIeI0BATENbHO BKIIOUUTh B KOHTYp ellle N TaKuX ke KOHJieHcaTopa?
Uemy paBeH Tepuo]i COOCTBEHHBIX KOJ€OaHMM B KOHTYpE C HHIYKTHMBHOCTBHIO 2,5 MIH u
eMkocThio 1,5 Mk®D? Kak u3MeHHTCS nepros KosebaHui, eciu napauiesIbHO K KOHJEHCATOpy
MPUCOEIMHUTS ellle 3 TaKHUX K€ KOHJieHcaTopa?

Pe3onanc B kosiebaTenbHOM KOHType HacTymaeT npu dactore 4,2 kl'n. Omnpenenurte
MHYKTUBHOCTb KaTyILIKH, €CJIM EMKOCTh KOHAeHcaTopa 2,2 MK®.

B ko7e6aTeIbHOM KOHTYpE ¢ HHAYKTHBHOCTHIO 0,4 TH 1 eMKkocThio 2-10™ @ ammmmTyaHOE
3HaueHne Toka 0,1 A. Kakum Oyner HampspkeHHe B KOHIEHCATOpE B TOT MOMEHT, KOTja
SHEPIUU 3JEKTPUUYECKOT0 U MAarHUTHOrO mojeil OyayTr onuHakoBbl? KoneGaHus KOHTYypa
CUMTATh HE3aTyXaIOUIUMHU.

OnpenenuTts JUIMHY BOJHBI, eciu ee (azoBas ckopocTh 1500m/c, a yactora konebaHuit N
I'm.

Kakoit mytp mpoiiner ¢asza BomnoBoro asmxkeHus 3a 0,02c, ecnu yacrtora KosneGaHUN
2MI'11, a mmHa BoJHEI 150M.

Onpenenuth 4acTOTy H3JIYYEHHUs YJIBTPa3ByKOBOIO IE€HEPATOpPA, €CIIM IMOCBUIAEMBIH MM
UMITyJIbC, cogepskamuii 100 BosH, mpomomkaerces N. ¢

Onpenenuts AIUHY BOJHBI YJIBTPa3BYKOBOI'O TIE€HEPATOpa B AJIIOMHHHMM, €CIM 4acToTa
ynbTpa3Byka 3MI 1, a ckopocTs B amomunuu 5,1*107 m/c.

Pagnonepenaruuk padoraetr Ha yactore 6 MI'l. CKOJBKO BOJH HaXOIUTCA HAa PAaCCTOSHUU
100xM 110 HampaBIESHUIO PACIIPOCTPAHCHUS PaJHOCUTHAIA?

55



®opma npeaocTaBIeHus pe3yabTaTa

BeimotHeHHBIE 331241 B TETPAIN IS IPAKTHYECKUX padoT.
Kputepuu onenku:

Oyenka «Omau4HO» 8bICMABsiencs: TIPABUIBHO BBIOJIHEHBI BCE 3aJIaHUsI B COOTBETCTBUU C
TpeOOBAaHUSIMU, TPABUIHHO  BBHITIOJHEHBI  JIOMOJHUTENBHBIE  3a/IaHUs, CBOCBPEMEHHO
IPEJOCTABIICH OTYET O BBITOJHEHUU PAOOTHI.
Oyenka «xopouwio» 8vbicmasisiemcs: TPABUIBHO BBIIOJHEHBI BCE 3aJ[aHUs B OCHOBHOM 4YacTH,
JIOTIOJTHUTEJIbHBIC 3a/IaHUsl BBIIOJHEHBI HE B IOJIHOM OOBEMe, MPEJOCTaBICH OTYET O
BBITIOJTHEHUH PA0OTHI, MO0 B Clydyae HECBOCBPEMEHHOTO MPEIOCTABJICHUS OTYETa WU C
HAJIMYMEM HECYIIECTBEHHBIX ONIMOOK B BBITIOJTHCHUH 3aJIaHHS.
Oyenka «y00871emeopumenbHo» 6bICMAsIsAemcs: BBITIOIHEHBI HE Bce, HO Oonee 50% 3amaHuii
paboThI, TOTIOJIHUTENLHBIC 33aJJaHHsI HE BBITIOJIHEHBI, HECBOCBPEMEHHO TPEJIOCTABICH OTYET O
BBITIOJTHEHUH PaOOTHI.
Oyenka «HeyOogremeopumenvHoy 6vicmasisemcs: BbIoAHeHO MeHee 50% paboThl, He
BBITIOJTHCHBI JOTIOJIHUTEIIBHBIC 33/IaHUS, OTYET O BBIMOJTHCHUN PAOOTHI HE TIPEIOCTABIICH.

Tema 4.2 Dy1eKTPOMarHuTHbIE KOJIeOAHUS M BOJIHbBI
IpakTuyeckoe 3ansaTue Ne 11
Perenne 3a7a4 mo teme: XapakTepUCTUKH NePEMEHHOr0 TOKA

HeJIb paﬁoTbI: HU3Yy4YUTh MArHUTHOC I10JIC, 3HATh €TI0 IMpUpoay, €ro ﬂeﬁCTBHe Ha Jpyruce
MAarauTHBIC I10JI, IPOBOJHUK C TOKOM, HBH)KYMHﬁCﬂ 3apsani.

Boinosinenue padorsl cnocodcTByeT opMUPOBAHUIO:

1IP63 BnajeHue OCHOBOIOJIATAIOUIMMH (PH3UYECKUMH TIOHATHSAMH M BEJIMYMHAMM,
XapaKTepU3YIOIUMHU (U3NYECKUE MNPOIEecChl (CBA3aHHBIMU C MEXaHHMUYECKUM JIBUKCHHEM,
B3aUMO/ICCTBUEM TEIN)

IIP64 yBepeHHOE WHCIIONb30BaHME 3aKOHOB U 3aKOHOMEPHOCTEH TMpH aHaiu3e
(bU3HYECKUX SIBJICHUHN U MPOIECCOB;

IIP67 chOopMUPOBAaHHOCTh YMEHHs pellaTh pacueTHbIE 33Ja4d C SIBHO 3aJaHHOM
¢u3nyecKoil MOAENbl0, UCHOIb3ysl (U3NYECKHE 3aKOHBl M MPUHIUIBI;, HA OCHOBE aHaIW3a
yCIOBHS 3a/aud BbIOMpaTh (PU3MUECKYIO MOJeNb, BBIACHATh (U3NYECKHE BEIMYUHBI U
(dopMyibl, HEOOXOIUMBIE AJII €€ PEIIeHUs, IPOBOAUTH pacyeThl U OLEHUBATh PEATbHOCTh
MOJYYEHHOT0 3HaueHUs (U3NYECKON BEIMYHMHBI; pellaTh KaueCTBEHHbIE 3a/1a4M, BBHICTpaUBast
JIOTUYECKH HENPOTHBOPEYMBYIO ILIETIOYKY PACCYKICHHM C ONOpPOHM Ha M3Y4YEHHBIE 3aKOHBI,
3aKOHOMEPHOCTH U (PU3UUECKUE SIBIICHMUS;

MPS8 cnocoOHOCTh M TOTOBHOCTh K CAaMOCTOSATEIbHOMY IIOMCKY METOJOB PpELICHHS
IIPAKTUYECKUX 3a7a4, IPUMEHEHHUIO Pa3IMUHBbIX METOJ0B [T03HAHUS;

MP13 ananu3npoBaTh MOJYYEHHBIE B XOJ€ PELICHUs 3a/a4d PE3yJbTaTbl, KPUTHYECKU
OLICHUBATh UX JIOCTOBEPHOCTH, IPOTHO3UPOBATH U3MEHEHUE B HOBBIX YCIIOBUSX;

MPI17 yMeTb TEpPEHOCHTh 3HAHUS B IIO3HABATEIBHYID W TIPAKTUYECKYIO OOJIaCTH
KU3HEJEATEBHOCTH;

JI13 crnocoOHOCTh OLEHUBAaTh CUTYallMI0 M NPUHUMATh OCO3HAHHBIE pELIEHUS,
OPUEHTUPYSCh HA MOPAJIbHO-HPABCTBEHHBIE HOPMBI U LIEHHOCTH;

JIP23 TOTOBHOCTH K TPYAY, OCO3HAHHE LIEHHOCTH MacTePCTBa, TPYAOIIO0HE;

MarepuanbHoe ofecreyeHHMe: I10CAJOYHbIE MeCTa MO KOJMYECTBY OOYYaIOIIMXCS;
pa3aTo4YHbI MaTepual ¢ 3aJaHUsIMU; COOPHHMKH 3a/1a4, CIIPAaBOYHbIE MaTEePHAIIbI

3amanmue:
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1. Jlarp mNOHATHE NEPEMEHHOIO TOKA, MOBTOPUTH YCTPOMCTBO M NPHUHLHUI JEHCTBUS
MHIYKIMOHHOTO TeHepaTopa.

2.  BbIACHUTH MpakTHYECKOE 3HAYCHHE MCIIOIb30BaHMS IEPEMEHHOTO TOKa B OBITY, HayKe,
IIPOU3BOJICTBE.

3.  llpumeHHMTH HW3YYEHHBIH MaTepuan MpU PEIICHHH 337ad Ha MapaMeTphl IMEpEMEHHOTO
TOKA: MTHOBEHHbIE, aMILIUTYIHbIE U AceiicTBytonme 3HaueHus J/1C, HanpsKeHus U CUITbL
IIEPEMEHHOT0 TOKa.

IHopsinok BbINOJHEHHUS PAOOTHI

I1OBTOpPUTH OCHOBHBIE BOOPOCHI TeMbI «IIepeMEHHBIN TOK»

IlepeMeHHBII TOK — BBIHY)KJICHHbIE T'apMOHHYECKHE iy

3JIEKTPOMAarHUTHbIE KOJIeOaHUs B TPOBOJHUKE. E
BcenenctBue 2NEKTpOMAarHMTHOW HMHIAYKUMM B paMKe | 1] ’ o _ﬁ_}
BO3HHUKAET rapMOHUYECKHU MEHSIOIIASICS 21C A 2l .

§=-0=B-S-0-sind| wmz= s sinot

(&0 = BS-@— ammuryna 3/C MHAYKIKT) K MOYKHO TOBOPHTH, YTO TOJIy4YEH MEPEMEHHBIN TOK.

[TepemeHHbII TOK OBITOBOI AeKTpoceTn uMeeT yactotry v =50 I'mu w = 27v = 1007 [pan/c].

1T: 1 Tt
T,

Ia
U| — T~
Pe3ucro It
P B LieIIH IIepeMEHHOr0 TOKA

Bxittounm pesuctop conpotuBiieHus R B ceTh nepemenHoro toka HanpspkeHus U(t) = Ugsinat

R

(*). B xaxx1plii KOHKpETHBIH MOMEHT BPEMEHM NPOXOKJIEHUE NIEPEMEHHOIO TOKA B PE3UCTOPE
KaueCTBEHHO HUYEM HE OTJIMYAETCS OT MPOXOKIACHHS MOCTOSHHOIO M MOJYUHSIETCS 3aKOHY

Ut -
Owma: |1(2) = TE) . Torma 1(¢) = %sina)t nnn |1(t) = 1, sinax

I'pacduku I(t) u U(t), B omHOM crcTeMe KOOPAWHAT, UMEIOT BUJL:
Bcest mogBoMMast K pe3sucTopy AMEKTpUYecKas SHEpPrusl MpeBpaIiacTcs B TEIUIOBYIO, T. €. OH

00J1a/1aeT aKMUBHbLIM CONPOMUBTIEHUEM.
AxTHBHOe (oMHueckoe) conporuBienue (R) — comporuBiecHHE pe3ucTopa 06e3 ydéra ero
€MKOCTU U UHIYKTUBHOCTHU.

Eats
w1
EMkocTh B lenu nepeMeHHOro ToKka

M3BecTHO, YTO KOHICHCATOP NOCTOSHHBIA TOK HE MPOBOAUT (LIEb MEXIy OOKIaIKaMu

Pa30MKHYTA).

Brutounm kongeHcaTop emkoctu C B 11enb iepeMeHHOTo Toka HanpspkeHus U(t) = UpSinat (*).
['paduku I(t) u U(t) B 01HO# crucTemMe KOOPAUHAT, UMEIOT BHII:

X = — €eMKOCTHO€ CONIPOTHBJICHHE IIEPEMEHHOMY TOKY.
=

1
C| Xc ymenbmaercs ¢ poctom @u C

a1 1
Uat - -
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e L

MNHIYKTHBHOCTH B LIeNH NEPEMEHHOr0 TOKA

BkJIrouuM KaTymiky HHAYKTHBHOCTH L B 11emb nepemenHoro toka Hampspkenus U(t) = UgSinat
(*) (axTHBHOE CONPOTHBIICHHE IPOBO/Ia KaTymku R = 0).

I'paduxu I(t) u U(t) B ogHO# cucTeMe KOOpIUHAT, HMEIOT BUL:

— MHAYKTHBHOE CONIPOTHBJIEHHE TePpeMEeHHOMY TOKY. (X| pacTer ¢ pocToM @ U
L).

JleiicTByI01IIee 3HAYEHHE MOIIHOCTH NMepPeMeHHOro Toka (P) — BeJMYKrHa, YUCICHHO PaBHAsI
MOIITHOCTH ITOCTOSTHHOTO TOKa Ppocr, TIPU YCIOBUH, YTO 00a TOKA 32 OIMHAKOBOE BPEMsI, PABHOE
NEepUoAy TEepEeMEHHOro TOoKa 7, Ha PaBHBIX pEe3UCTOpax R BBIIENAT paBHBIE KOJIWYECTBA
TerIoThI Q.

IR 1,U, U?
I/I3P:PHOCTI/IU():|0~R:> PZOT: Ozozﬁ.

I[efICTBYIOmeC 3HAYCHUEC MOIIHOCTH TIMEPEMCHHOIO0 TOKa 4YaCTO HAa3bIBAKOT AKTHUBHOH

MOIIIHOCTBHIO.
JleiicTByI01IIee 3HAYEHHE CHJIIbI epeMeHHOoro Toka (l) — BeMuuHa, YHCICHHO paBHAs CHUIIC
MOCTOSIHHOTO TOKA lyocr, IPH YCIOBHUM, YTO 00a TOKA 3a OJUHAKOBOE BPEMs, PaBHOE MEPHOLY
MNEPEMCHHOI'O TOKa T, Ha paBHBIX PE3UCTOpPaAX R BBIACIIAT PaBHBIC MOIITHOCTH.

IR I,
U3P=Puer=I12.R=1"R =22 = |1=-L

nocr 2 \/E '

JleiicTByIolllee 3HAYeHHe Hampsikenusi nmepemenHoro toka (U) — BeauuMHA, YHCICHHO

paBHass HaANpPsSXKCHUIO TTOCTOSAHHOI'O TOKa UHOCT’ npu ycCJIOBHUU, YTO o0a Toka 3a OJNHAaKOBOC
BpEM:, paBHOC IICpUOAY ICPEMCHHOI'O TOKa T, Ha PaBHBIX PE3UCTOpAX R BBLACIIAT PABHBIC

MOIITHOCTH.
2 2
U
3 pzpmmzﬂzlj_: U==22]
2R R 2

Ha mnpakTuke Hac pelko HHTEPECYIOT aMIUIMTYJIHbIE WJIM MIHOBEHHbIE 3HAYEHMS CHUIIBI,
HaNpspKeHNUs WM MOIIHOCTH IEpeMEHHOTo Toka. VIHTepec MpencTaBisOT UX Oelicmsyloujue
3HAUYCHUs.

3akon OMa 71 IEPEMEHHOT0 TOKa

U,
I/I3BeCTHO, 4TO B ICHIAX NEPEMEHHOI'O TOKA!: a) IJIL AaKTUBHOT'O COIIPOTUBJICHU A R: Iy = ?0 ;

. U, U
6) msa émxoctu C: I, =—%; B) a1s UHAYKTHBHOCTH L. 1) = =% U
Xe X | =
Yuts, uto I, =1-J2 u U, =U-~+/2, nonydum 3akoH Oma isl HEPEMEHHOr0 TOKa R

JUISL PE3UCTOPA, EMKOCTA U UHAYKTUBHOCTH:

Pe3onanc B menu NMEPEMEHHOI'0 TOKA
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Cobepém 1enp M3 KaTyIIKM HMHIYKTUBHOCTU L, koHaeHcaropa C, ammepmerpa
=% | mepemenHoro Toka A M MCTOYHMKa nepemenHoro Hanpspkenns U = Ugsinat c

M3MEHSEMON 4YacTOTOM . AKTHBHOE COIPOTHBIEHHE IMPOBOJOB U KATYIIKU
WHIYKTUBHOCTH R =~ 0.

Oukcupys Uy = const u u3MeHss 4actory @ oT 0 10 MaKCHMaJIbHO BO3MOXKHOTO 3HAYCHUS,
CHMMEM 3aBHCHUMOCTh CHJIbI jelcTByromiero Toka B 1enu |(w). Okazanoch, 4To Ha 4acToTe

|
Wy = ——
" Jrc

Pe3onanc — sBicHHUE PE3KOro BO3paCTaHUs aMIINIUTYJbl BBIHYXACHHBIX J3JICKTPOMAIHUTHBIX

Ha6J'II-OI[a€TCH PE3KOE YBEIIMYCHUEC TOKA.

KOJICOAHUH MPH COBIAJCHUU YacTOTHI BBIHY)KJAIOIIETO HAMPSDKEHHs ¢ COOCTBEHHOM 4acTOTOM

KoJie0aHui KOHTYpA.
I
Ey=Ra<R;

, uf

OJEeKTPOMAarHUTHBIA pe30HaHC (KaK U MEXaHWYECKMi) HACTYMaeT MpH COBMAJCHUU YaCTOTHI
BHEIIIHUX BO3JIEMCTBUIl ¢ COOCTBEHHOM 4acTOTOM KojeOaHWil CUCTEMBI, IIPU 3TOM AKTHBHOE
COIIPOTHUBJIEHUE JEHCTBYET aHAJIOIMYHO CHMJIE TPEHUS — IEPEBOAUT SHEPrur0 KoieOaHuil B
SHEPTUIO TOTEPH (TEIIO0).

Jus pasubix R (mpu nocrosinubix L, C) kpussie |(@) umerot Bu:

[Tpu 3HaunTENBbHBIX R pe30HAaHC MOKET ObITh MPAKTUYECKU HE3AMETHBIM.

Pe3oHaHc MIMPOKO MCHONB3YIOT B PAIMOTEXHUKE (IIPU HACTPOIKE KOHTypa pajaruonpUEéMHUKA
Ha YacTOTy BBIOpAaHHOM paJuOCTaHIIUU U TIP.).

I'eneparop nepemennoro toka (I'TIT)

ITpocreimmii I'TIT cocTOMT M3: MOCTOSIHHBIX MarHUTOB 1; KOHTypa 2;
KOHTaKTHBIX Kousiell 3; meTok 4. IIpum BpameHuum KOHTypa C YIJIOBOH
CKOPOCTBIO (» €r0 MAarHUTHBIN TOTOK

u DJIC = -@' = gSinwt. J[nsg KoHTypa U3 N BUTKOB & =
N-&-Sinax.

KonctpyktusHO I'TIT cocTOMT U3 IBYX OCHOBHBIX YaCTEH: HEMOABUKHON —

CTATOPA U Bpallalolielics — pOTOPa, U3TOTOBJIEHHBIX U3 3JIEKTPOTEXHUYECKOU
CTaJIH.

C nenvto yBenmumuenusi KIIJ[ renmepartopa (6onee TOJHOTO HCIOIB30BAHUS
MarHUTHOTO TIOTOKA) 3a30p MeEXJAy CTarTopoM M POTOPOM  JENaioT

MHWHUMAJIBHBIM.
3HAQYUTEIIBHO YIy4IIatoTCs.
Tpauncdopmarop

_,53:.-1':_ i

SIH HI

Y

TpancdopMaTop — yCTpPOICTBO, MPEAHA3HAYEHHOE U1l U3MEHEHUSI 3HAYEHU HANPSAKEHUS U

CHUJIBI IEPEMEHHOTO TOKA.
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Tpancdopmarop 6611 ckoHCTpYHpoBaH B 1876 1. [lerpom Hukonaesudyem SI06moukoBsiM (1847—
1894, Poccus).

[Tpocreiimmii TpancHOpMaTOP COCTOUT U3 3aMKHYTOT'O CTATHHOTO CEPJCYHHIKA U IBYX HAJCTHIX
Ha HEro Karymiek ¢ oomotkamu. OpHa 0OMOTKA — MEePBUYHASL — MMOAKIIOYACTCS K UCTOUYHHUKY
MEPEMEHHOTO HANPSDKEHUS, APyras — BTIOPUYHAS — K OTpeduTento. Tok mepBUYHON OOMOTKH
CO3/a€eT B Cep/IeUHUKE NIEPEMEHHOE MAarHUTHOE I0JIe, KOTOPOE MIPOHU3BIBAET BUTKU BTOPUYHOU

00MOTKH ¥ HaBoaAMT B HeW DJIC MHIyKIUH. u,

[Tycth mepBUYHAsE OOMOTKA COJIEPKUT /V; BUTKOB, BTOpHYHasi — N, BUTKOB U K mepBuyHOi (U,

iy

N

00MOTKE MPUII0KEHO NTepeMeHHOoe Hanpsbkenue Us.

& U N
?2 = 72 = Vz = K|, rne K — ko3Qpuuuent TpanchopManuu.
1 1 1

Eciu N; > M, 10 TpaHchopMaTop HA3bIBAIOT MOBBIIAKIIUM, N, < N} — IOHUKAIOIIHM.

PemmwmTh 3a1aum 1o BapraHTaM
B ycroBuu 3amad orcyTcTBYIOT UGPHL. 3HAYCHHS (PU3UYECKHUX MAapaMeTPOB ITUX 3a]ad

HeoOxoaumMo OpaTh K3 TaOMUIBl 1: MO BEPTUKAIBHOM CTPOKE yKa3aH HOMEp BapHaHTa, MO

TOPU30HTAIIBHOM — HOMEp 3aJ1a4H.

1. O/1C uHAYKIMY, BO3HUKIIAS B PaMKe MPHU BpAlIeHUHU €€ B OJHOPOJHOM MAarHUTHOM
moJjie, U3MeHsAeTCs 1Mo 3akony &(t)=go-Sin ot (cM. Tabnuity 1). OnpeaeauTs aMIUTUTYHOE
3Hauenune D/IC, mraosenHoe 3Hauenue J/1C npu t=0,002¢c, nepuona u 4acToTy TOKa.

2. MarsuTHBbI NIOTOK B PAMKE, PABHOMEPHO BPAILAIOIIECHCS B OJHOPOAHOM MarHUTHOM
nosie, u3MeHsiercss 1no 3akoHy P=Pgc0s6280t. Haiitu 3aBucumocts DJIC umHIyKUIMH,
BO3HHUKAIOIIEH B paMKe, OT BPEMEHHO OIpPEACIUTh aMIUIMTYIHBIE M JCHCTBYIOIIUE
3Hauenus J/1C, nepuoa u 4acToTy TOKa.

3. Onpenenuth JAEUCTBYIOIIEE 3HAUYEHHWE CHUJIbI TOKA, M3MEHSIOUIErocsl IO 3aKOHY
I(t)=lo-sin 54t.

4. OmnpenenuTs 4acTOTy MEPEMEHHOI0 TOKa, IIMKJIMYECcKasi 4acToTa Kotoporo pasHa 110m.

S. Konpnencarop éMKoCTBIO 10 ®BKrodeH B ceTh MEPEMEHHOT0 TOKa ¢ yactoroil 500,
OmnpenenuTs EMKOCTHOE CONIPOTHBIIEHUE KOHIEHCATOPA.

6. Kongencarop émkoctpio C BKJIIOYEH B CETh IPOMBILUIEHHOTO ToKa. OmpenenuTb
€MKOCTHOE COIIPOTHBIICHHE.

7. Karymka naayktuBHOCThIO 0,5 ['H BKIIIOUEHA B CETh NEPEMEHHOIO TOKAa C YacTOTOM
50T . OnpenenuTb HHAYKTUBHOE CONPOTUBIICHHE KAaTYyIIKH.

8. Karymka nHaykTuBHOCTRIO L BKIIIOUEHA B CETh NMEPEMEHHOro oka ¢ dactotod S50Im.
OnpenenuTs HHAYKTUBHOE CONPOTHUBIICHUE KAaTYyIIKH.

9. Hamnpspbkenuss nepBu4yHOM W BTOpUYHOM 0OMOTOK TpaHcopmaropa U; u  Us

COOTBETCTBEHHO. UMCI0 BUTKOB BTOpUYHON 0OMOTKM Np. OnpenenuTh: YUCIO BUTKOB
nepBuuHOil 00MOTKH N1, ko3dduuuent tpancpopmanuu K u Buag tpancopmaropa
(TOBBIIAIONINI WIIA TOHUKAIOLIHI ), OTBET MOSICHUTb.

10. Onpenenuth MOIIHOCTH TEPBUYHONW M BTOpUYHOU 1ened TpaHchopmaropa Pi u Py,
ecnu u3BecTHbl: HampspbkeHuss Ui u Uz, Tok l; mepBuuyHOM 0oOMOTKH. Paccumtathb
kod(urment tpanchopmaruu K u ykazats Bua tpancopmaTopa (MOBHIIAIONTUN UITH
MOHMKAIOIUI ), OTBET MOSICHUTb.

@®opma npegocTaBieHHs pe3yabTaTa
BrinonHenHbIe 331241 B TETPAAX JJIsl IPAKTHUYECKUX padoT
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1 2 3 6 8 9 10
- D |, |C |L U, |U, |[N,|U |UB]|I A
B6 A |Mx® (M[H | B B wt | B

1 | g(t)=110-sin 100xt | 0,01 | 100 |1 10 220 | 1100 |5 1100 [ 220 | 0,1
2 | g(t)=120-sin 200xt | 0,02 | 200 | 2 20 220 | 1100 |10 | 1100 | 220 |0,2
3 | &(t)=130-sin 300wt | 0,03 | 300 |3 30 220 | 1100 | 20 |1100 | 220 |O0,3
4 | g(t)=140-sin 400zt | 0,04 | 400 | 4 40 220 | 1100 |25 | 1100|220 |04
5 | ¢(t)=150-sin 500zt | 0,05 | 500 | 5 50 220 | 1100 | 30 | 1100|220 |05
6 | ¢(t)=160-sin 600xt | 0,06 | 600 | 6 60 220 | 1100 | 35 |1100 | 220 | 0,6
7 | g(t)=170-sin 700xt | 0,07 | 700 | 7 70 220 | 1100 |40 | 1100 | 220 |0,7
8 | g(t)=180-sin 800zt | 0,08 | 800 | 8 80 220 | 1100 |45 | 1100 | 220 |0,8
9 | g(t)=190-sin 900zt | 0,09 | 900 | 9 90 220 | 1100 |50 | 1100 | 220 |0,9
10 | g(t)=110-sin 50t | 0,11 | 990 | 10 99 220 | 1100 |55 | 1100 | 220 |1

®opma npeaocTaBaeHHus pe3yabTaTa
BrimonHeHHbIe 331241 B TETPAAX ISl PAKTHIECKUX padoT.

Kpurepum ouenku:
Oyenka «OMAUYHOY» BbICMABIAEMCS: TIPABUILHO BBINOJIHEHB! BCE 3aJjaHUsI B COOTBETCTBUM C
TpeOOBaHUSIMU, TPABUIBHO  BBHIMOJHEHBl JOMOJHUTENbHBIE  33/1aHHs, CBOEBPEMEHHO
NPEOCTABIICH OTYET O BHIITOJHEHUN PAOOTHI.
OyeHnka «xopouioy vlcmaeisemcs: MPaBUILHO BBIMOJIHEHBI BCE 33JlaHUS B OCHOBHOM YacTH,
JIOTIOJTHUTEIIPHBIC 33/IaHUSl BBINIOJHEHBI HE B IOJIHOM O0O0BEMe, MpPEeJOCTaBIE€H OTYET O
BBIMOJIHEHUH paboThl, JUOO B Clyyae HECBOEBPEMEHHOI'O MPEJOCTAaBICHUS OT4YEeTa WM C
HAJIMYMEM HECYIIECTBEHHBIX OIIMOOK B BHITIOJTHEHUH 3aIaHHSL.
Oyenka «y0081emeopumenbHoy 6bICMAasIAemcs: BBIIOJIHEHbI He Bce, HO Oonee 50% 3ananuii
paboThI, TOTOHUATENBHBIC 33aJaHHsI HE BBHITIOJHEHBI, HECBOEBPEMEHHO TPEIOCTABIEH OTYET O
BBITOJIHEHUH PaOOTBHI.
Oyenka «Hey008IeMBOPUMENbHOY BblCMAGIsiemcs: BbIMolHEeHO MeHee 50% paboTel, He
BBITOJIHEHBI JIONIOJIHUTENbHBIE 33JaHNs, OTUYET O BBIITOJHEHUH PAOOTHI HE MPEAOCTABIICH.

Tema 4.3 I'eomeTrprnueckasi oNTUKA

IIpakTnyeckoe 3ansaTne Nel2
Pemenne 3aga4 no reMe «3aKOHbI reOMeTPUYECKOM ONITHKU»

Heab padorbi: chopMUpoBaTh MOHUMaHUE POJM (GU3UKK B (POPMUPOBAHUHU KPyrozopa
BJIaJICHHE OCHOBOIIOJIATAIOIIUMH (PU3MUECKUMH MOHATUAMH, 3aKOHOMEPHOCTSMH, 3aKOHAMU U
TEOPHSIMH, YMEHHUSI BBITIOIHSTh pacyeTHbIE U rpadudeckue 3a1auu

Boinosinenue padorsl cnocodcTByeT GOpMUPOBAHUIO:

IIP63 BrajeHWe OCHOBONOJAralOIMMU  (U3MUECKUMH TMOHATUSMH U  BEJIUYHMHAMH,
XapaKTEePU3YIOMUMH  (U3UYECKHE TPOIECChl  (CBA3AaHHBIMH C  MEXaHHYECKUM
JBUKEHHEM, B3aUMOJEHCTBUEM TEN)

IIP64 yBepeHHOE HCMOJb30BaHUE 3aKOHOB M 3aKOHOMEPHOCTEH NpU aHaiu3e (U3NYECKUX
SIBJIEHUM U IIPOLIECCOB;
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1IP67 chopMHpPOBAaHHOCTh YMEHUS PEIaTh PacyeTHBIC 33Jauu C SIBHO 3aJaHHOM (pu3mueckon
MOJIETIbIO, UCTIONB3YS (hpr3ndeckue 3aKOHBI M MPUHIUIIB];, HA OCHOBE aHAIN3a yCIOBHS
3a7auu BEIOUPATh (PU3NYECKYIO MOJIEIb, BBIACIATH (PU3NYECKHE BETMYUHBI U (POPMYIIBI,
HEOOXOJMMBIE JJIsI €€ PpEIICHHs, IPOBOIUTH PACUYETHl M OICHUBATh PEATBHOCTD
MOJyYEeHHOTO 3HAa4YeHUs (PU3MUECKOW BEJIMYMHBI, pEIIaTh KaueCTBEHHbIC 3a7auM,
BBICTpaMBasl JIOTMYECKH HEMPOTHBOPEUMBYIO IICTIOYKY PACCYXKICHHH C ONOpOW Ha
M3yYCHHBIE 3aKOHBI, 3aKOHOMEPHOCTHU U (PU3HUECKUE SIBIICHHUS;

MP8 cnocoOHOCTP M TOTOBHOCTH K CAMOCTOSATENIHOMY IIOMCKY METOJIOB PELICHUS
MPAKTUYECKHX 33/1a4, IPUMEHEHHIO PA3JIYHBIX METO/IOB IO3HAHMUS,

MP13 aHanu3upoBaTh IOJNYyYCHHBIC B XOJA€ PEIICHHS 33/a4d Pe3ybTaThl, KPUTUYECKH
OLIEHUBATh UX JJOCTOBEPHOCTH, IPOTHO3MPOBATH U3MEHEHNE B HOBBIX YCIIOBHSIX;

MP17 yMeTp TIEPEHOCHUTH 3HAaHUS B I[IO3HABATEIbHYI0O M IPAKTUYECKyI0 00JacTu
KHU3HEEATSITbHOCTH;

JI13 criocoOHOCTh OLIEHMBATH CHTYAI[HIO M IPUHHUMATh OCO3HAHHBIE PEIICHUs, OPUCHTHPYSCH
Ha MOpPaJIbHO-HPABCTBEHHBIE HOPMBI M LIEHHOCTH;

JIP23 TOTOBHOCTB K TPYAy, OCO3HaHHE [IEHHOCTH MacTepCTBa, TPYAOIIO0HE;

MartepuajibHoe o0ecmedeHHMe: I10CAJOYHBIE MeECTa IO KOJHYECTBY OOYYAIOLIMXCH,
pa3gaTouHBId MaTepHal ¢ 3aJaHusIMU; COOPHUKH 3a/1a4, CIIPAaBOYHBIC MaTEPHAIIBI

3ajaHue: pemIuTh 33124
Iopsiiok BbIMOJIHEHUsI PA0OTHI:

1. Ilepen pewenuem 3agau pa3oOparb KpaTKUE TEOPETHUECKUE CBECHUS

[TpoBecTn aHamM3 BEIMYMH, BXOAALIUX B (POPMYJIBI.

3. Pemmts 3amaun ¢ mpuMeHeHHEM (QOPMYII T€OMETPUIECKON U BOJTHOBOW ONTHKH, 8 UMEHHO
IPUMEHHUTh 3aKOHBl OTPa)KEHHs, NPEJOMIIEHUS M IIOJHOTO BHYTPEHHETO OTPAKEHUS,
(dbopMyIbl UHTEpPEPEHLINN U TU(PPAKLIMOHHON PEIIETKU (CaMOCTOsSTENbHAs padoTa).

Xoa padoTsl

N

Kpartkue TeopeTrnyeckue cBeleHUs
I'eomeTpuyeckasi onTuka

3aKOHBI OTPaKECHHS

.'3 1) mepBblii 3aKOH OTPaKeHWsS: MAJAIOUIMNA JIyd, OTPAKEHHBIA JIyd U
NEPHEHAUKYJIAp K TpaHUlE pasjena Cpell, BOCCTAHOBICHHBIH B TOUYKE
MaJeHus J1y4a, JIEKAT B OAHOU IIJIOCKOCTH;

2) BTOPOIi 3aKOH OTPaKeHMsI: YTOJl OTPAKCHUS PABCH YUy MaleHHS

¥ 3aKoHBbI NPeJIOMJICHHSI:

1) mepBblii 3aKOH MPEJOMJIEHHSI: NTAAIOIIUI JTy4, TPEIOMIEHHBIN JIyd M MEPHEHIUKYIAP K
TpaHULE pa3jiena cpell, BOCCTAHOBIEHHBIN B TOUKE NaICHU JIyYa, JI€XKaT B OJHOM INIOCKOCTH;

2) BTOpOii 3aKOH TPEJIOMJIEHUS: OTHOIICHHWE CHHYCa Yria MaieHHs K CHHYCy yIJja
MIPEJIOMIIEHUS IS IBYX JIaHHBIX CPEJl €CTh BEIMYMHA IOCTOSHHAS.

sing v i
22 L const n2:S|r1_a n :n2
21

siny v, n, siny n,
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OTHOCHTEJbHBIH MOKAa3aTelIb NMpeJoMJIeHus (BTOPOM Cpelbl OTHOCHTENILHO TEepBOi) (Np1) —
N21 MOKa3bIBAET, BO CKOJIBKO pa3 CKOPOCTh CBETA B Cpelie 2 MEHBIIE CKOPOCTHU CBETa B cpere 1.

AOCOJIOTHBII TMoOKa3aTeJb NpeJoMJIeHHs cpeabl (N) — OTHOCHUTENBHBIA IOKa3aTesb
IIPEJIOMJIEHUS 3TOM Cpefibl N21 OTHOCUTEIBHO BaKyyMma.

IlotHOe oTpa’keHHe cBeTa — SBJICHHUE, NPH KOTOPOM CBET IOJHOCTHIO OTPaKAETCS OT
TPaHMIIBI pa3jiesa cpe.

IIpenejibHbI yroa MOJHOr0 OTPA’KeHUS] — YroJ TMAaJCHUS, COOTBETCTBYIOIIMHA YTy
MIPEJIOMJICHUS ¥ = 90°

Ilpumep pewienusn 3a0auu
1. TlpenensHbI yroyi MOJHOIO OTPaKEHUS JUIA Bo3Ayxa M crekiaa 34°. Omnpeneauts
CKOPOCTb CBETa B 3TOM COPTE CTEKJIA.

Jano: Pemrenue Brruncnenue
8030YX, CIEKIO 1_sina _v v=2310%sin34°=
n sing c
Bp = 90 %:% = _sina,, | 310°.0,559
Q= 34° b = osing =1,66710°==167760
3108 1 " km/c ~1,7-10° w/c.
c=310" m/c
v-?

OrTBert: 1,7~108 Mm/c.
Pemutsh 3agaum (N - HoMep auieco 8apuanma no Cnucky)

1. Tlpu yrne nanenust 60° yroin npenomiieHust N°. Onpeaenure yroii MperoMIICHUs B 3TOH JKe Cpefie,
€CJIM CBETOBOM ITy4OK HamlpaBUTh NOA yIiioM najienus 30°.

2. OmnpenenuTe IOKa3aTeNd NPEIOMJIEHUS TJHMIEPUHA OTHOCHTENBHO BOJBI U BOJBI
OTHOCHUTEIIbHO IIMIIEpUHA, €CIH a0COIOTHBIN MoKa3aTesb npejioMieHus riunepuna 1,47, a
BoAn! 1,33.

3. Ompexnenute yroj OTKIOHEHUS JTy4a CTEKISTHHOW MPU3MOM, IPETIOMIISTIOIIAN yroJI KOTOpOr N
IpaaycoB, €CIM yroj NaJcHus Jyda Ha NIEPEJHIOI0 TPaHb MPU3MBbl paBeH Hyio. [lokazarens
npenomiieHus crekna 1,5.

4. Jlyd cBeTa majiaeT Ha MOBEPXHOCTh BOJBI MO YIJIaMu N 0 Mox kaknm YIJIOM JIOJKEH YIacThb
Jy4 Ha MOBEPXHOCTh CTEKJIa, YTOOBI YToJI MPEIOMIIEHUS OKa3aJIcs TaKUM ke?

5. VYronm mnamaHus Jnyya cBeTa Ha IOBEPXHOCTb IOJCOJIHEYHOrO Macjia 60°, a yroi
MIPEIOMIIEHUS 36°. HaiiTu mmokasares MIPEJIOMJIEHUS MacJa.

6. Jlyd cBeTa mepexoAUT CO CTeKJIa «Ierkuid KpoH» N=1,57 B Boxmy. Yron mnajaeHus
yBeNMUMBAOT. KakoB MpeenbHbId yTroJl MOJHOTO BHYTPEHHETO OTPAKEHUS?

7. Bpruucnure npeaeabHbI yroi HOJTHOTO BHYTPEHHErO OTPAKEHUs JUIs ajMas3a Ha TPaHuIe C
BOJIOH, 3Hasl, YTO a0COTFOTHBIN MMOKa3aTesh mpenoMieHus anmasa 2,417, a Bogsr 1,333.

8. OmnpenenuTe OTHOCHUTENBHBIA IOKa3aTeNlb NpENIOMIICHHs, eciau yroia mnagenus 30°, a
npesomiieHus N°.

9. Jly4u COTHEUHOTO CBETa MaJal0T Ha MOBEPXHOCTb BOJBI oA yriioM 74°. ITox kakum, yriom
K TOPU30HTY BOJ10J1a3, OIYCTUBILINICS B BOJY, OYJET BUIETh COJHIIE?
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10. Onpenenute TOKa3zaTedb MPETOMIICHUS BEIECTBA, €CIM MPEAETbHBI Yrol IOJHOTO
oTpakeHus 42°.

11. JIyu cBera majieT Ha IIOCKONAPALIENIbHYIO CTEKISTHHYIO TUIACTUHKY 1o yriioMm 60°. Kakosa
TOJIIMHA TUIACTHHKY O, €CIIM MK BBIXOJIE U3 Hee JIyd cMecTHIcs Ha 20 Mm?

12. JIyd cBera majaeT Ha IUIOCKYIO CTEKJISIHHYIO IDTACTUHKY ToymuHo#i d = 3 cm moj yriom 70°.
Onpeznenute cMmelleHre Ty4a BHYTpH riacTuHKu. [lokazaTens npenomienus crekna 1,5.

13. Yron nageHus: CBETOBOTO Iy4yKa, UAYIIETO U3 CTEKJIA C MOKa3aTeJeM MPEeIOMIICHUS CTeKIIa
1,67 B Bogy c mokazatenem mpenomienus 1,33, paBen 60°. Ha kakoi yros OTKJIOHSETCS
CBETOBOM ITy4OK Ha TPaHMUIIE, TO XK€ MPH yriie najaenus 53°7

14. TloctpoiiTe X0 dyd4a, €Ciy MoKa3aTelb MPEJOMIICHHUS BEIECTBA MIPU3MbI 0OJIbIlIE TOKA3aHUS
IIPEJIOMIIEHUS BO3/1yXa.

15. [locTpoiiTe Xxox Jyda, eciu T[OKa3aTelb IMPEIOMIICHUs BEIIECTBA MPU3MbI MEHBIIE
NOKa3aTelsl PeJIOMIIEHUN

®opma npeaocTaBaeHHus pe3yabTaTa

BrimonHeHHbIe 331241 B TETPAAX ISl PAKTHYECKUX padoT.

Kpurepum ounenku:

Oyenka «OMAUYHOY» BbICMABAAEMCS: TIPABUILHO BBINOJIHEHBl BCE 3aJaHUsI B COOTBETCTBUM C

TpeOOBaHUSIMU, TPABUIBHO  BBHIMOJHEHBl JOMOJHUTENbHBIE  3a/1aHHf, CBOEBPEMEHHO

IPEOCTABIICH OTYET O BHIITOJHEHUN PAOOTHI.

OyeHnka «xopouioy vlcmaeisemcs: MPaBUIBLHO BBIMOJIHEHBI BCE 33J1aHUS B OCHOBHOM YacTH,

JIOTIOJTHUTEIIPHBIC 3a/IaHUSl BBINIOJHEHBI HE B IIOJIHOM 0O0BEMe, MpPEeJOCTaBIE€H OTYET O

BBIMIOJTHEHUH PA0OTHI, JUOO B CIydyae HECBOEBPEMEHHOTO MPEAOCTABICHUS OTYETa WU C

HAJIMYMEM HECYIIECTBEHHBIX OUIMOOK B BHITIOJTHEHUH 3a/IaHHSL.

OyeHnka «y00671emeopumenbHoO» GbICMAGIAemcs: BBHIIOIHEHBI HE Bce, HO Ooniee 50% 3amanuit

paboThI, TOMOHUTENBHBIC 33JaHHsI HE BBHITIOJHEHBI, HECBOCBPEMEHHO TPEAOCTABIEH OTYET O

BBITIOJTHEHUH PaOOTHI.

Oyenka «Hey008IeMBOPUMENbHOY GblCMAGIsiemcs: BbIMolHEeHO MeHee 50% paboTel, He

BBITOJIHEHBI JIONIOJHUTENBHBIE 33JJaHUsl, OTYET O BHIIIOJHEHUN PaOOThI HE MPEOCTaBIIEH.

Tema 4.4 BosiHoBast ONITHKA

IIpakTnuyeckoe 3ansitue Nel3
Pemenne 3a1a4 no teme «BoJiHOBBIE CBOICTBA CBETa»

Hean padoTsl: ucnonab3ys GopMynny nudpakIimOHHON PEIIeTKH HAYUYUThCS PACCUUTHIBATH
JUTMHY BOJIHBI CBETA, MTAPAMETPhI PEIIETKU

Boinosinenue padorsl cnocodcTByeT GopMUPOBAHUIO:

IIP63 BrajeHWe OCHOBONOJAralOIMMU  (U3MUECKUMH TMOHATUSMH U  BEJIUYHMHAMH,
XapaKTepU3yIOIUMU  (U3NYECKUE TMPOLECChl  (CBA3AHHBIMU C  MEXaHHYECKUM
JBUKEHHEM, B3aUMOJEHCTBUEM TEN)

IIP64 yBepeHHOE HCMOJb30BaHUE 3aKOHOB M 3aKOHOMEPHOCTEH NpU aHaiu3e (U3NYECKUX
SIBJIEHUM U IIPOLIECCOB;

IIP67 chopMUpPOBAaHHOCTh YMEHHUSI PeIIaTh PAacUCTHBIC 3aJaud C SIBHO 33JaHHON (DU3UYIECKOM
MOJIEJIbIO, UCTIOJB3Ys (PU3UUYECKUE 3aKOHBI U MPUHLUIIBI;, HA OCHOBE aHAJIM3a YCJIOBHUS
3aJlauM BBIOUPATh (PU3UUECKYIO0 MOJEIb, BBIIETATH (PU3HUECKUE BETUYUHBI U (OPMYIIbI,
HEOOXOAUMBIE JJIi €€ pelIeHUs, NMPOBOAUTH pPACUEThl M OIEHHWBATh PEATbHOCTH
MOJIYyYEHHOTO 3HaueHus (U3NYECKOM BETUYMHBI; pellaTh KadeCTBEHHbIE 3aJauu,
BBICTpauBasl JIOTUYECKH HEMPOTHBOPEUYMBYIO LIEMIOYKY PACCYXACHUH C ONOpOM Ha
M3Y4YEHHbIE 3aKOHBI, 3aKOHOMEPHOCTU U (U3NYECKUE SIBICHUS;
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MPS8 crnocoOHOCTP M TOTOBHOCTH K CaMOCTOATEIBHOMY IIOMCKY METOJOB pEIICHHUs
MPAKTUYECKUX 3a/1a4, IPUMEHEHUIO PA3JIMYHBbIX METO/IOB ITO3HAHUS;

MPI3 ananu3upoBaTh IOJYYEHHbIE B XOJE pELICHMs 3aJaud pe3yibTaTbl, KPUTHUYECKU
OLICHUBATh UX JIOCTOBEPHOCTb, IPOTHO3UPOBATH U3MEHEHUE B HOBBIX YCIIOBHSIX;

MPI7 ymeTh TIEPEHOCUTHh 3HAHUS B I[IO3HABATEIbHYID M MPAKTHYECKYI0 0O0JacTu
KU3ZHEIEATEIIbHOCTH;

JI13 cniocoOHOCTh OLIEHMBATh CUTYAIMIO M MPUHUMATh OCO3HAHHBIC PEIICHUS, OPUEHTHPYSCH
Ha MOPAJIbHO-HPABCTBEHHBIE HOPMBI U IIEHHOCTH;

JIP23 TOTOBHOCTb K TPYZY, OCO3HAHHE IEHHOCTH MacTepPCTBa, TPYAOTI00HE;

MarepuanbHoe ofecredeHue: TOCAJOYHbIE MeCTa IO KOJUYECTBY OOYy4arOUIMXCS;
pa3gaTo4yHbId MaTepual ¢ 3aJJaHUsIMU; COOPHUKH 3a/1a4, CIIPAaBOYHbIE MaTepHAaIbI

33[[31-[1/[61 PeIIUTDb 3aa9u
HOpﬂ)IOK BbIITOJTHCHHU A paﬁDTI)I:

1.IToBTOpUTS sIBICHUE TUPPAKIHN
2.IloBropuTh opMyIty TudpaKIUOHHON PEIICTKH
Xoa padoTsl

Kparkue TeopeTnyeckne cBeIeHUs
BoJsHoBas onTuKa

|. Unmepghepenyus. /{ns KOTepeHTHBIX UCTOYHHUKOB!

ociabJieHue. yCUJIEHUE

Alay = ZK%: ki k=01 23

Almin = (2k + 1)%, k=1,2,3, ...

B miockonapamiensHOW TUlacTHHKE: A€ J-TONIIMHA TUICHKH;N- TOKa3aTellb
npesoMieHus, K- Homep criekTpa
_ _4dn 2dn
max T2k +1 Amin =——
k
Iy .
O6o6menHas popmyia: Ar = n-AS =3 m=b 4 Maer ; D = eroe— MaX, Myeu; B = sposroe— MIN

C
n="S; =3 10® m/c; Ar- onrrueckast pa3HOCTh X0/1a; *AS- TeoOMeTpHUYECKas Pa3HOCTh X0/1a

A%
Il. Jugpparxyus. Ar =K\ = d sing

K _a.

d ¢’
NOCTOSIHHAS TU(PAKIIMOHHOMN PEIeTKH.

JUI MalbIX YIJIOB: Sing = tgp =

1

100

107
"~ 100

m=10"y (100 mTpuxoB Ha MM) —

Judpakus cBera — OTKJIOHEHHME CBETOBBIX BOJIH OT MPSMOJIMHEHHOTO paclpoCTpaHEHHs
(paccenBaHue) IIPHU BCTPEUE C MPEMATCTBUEM HIIM SKPAHOM C ILIEJIbIO.

IIpensarcreue |Pucynox

OO0bsicHEHUE
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1) V3kas Ha »kpane B 1eHTpe o0Opasyercs CBETJIO€ TISTHO
mens A=10"- Oompmie  pasmepa orBepctus. Ha  kpasx 1menu
10° cm o0pa3yroTcsi BTOPUYHBIE BOJHBI U JYy4d CBeTa
pacceuBatorcsi. Ha skpaHe 3a MSITHOM 4epemyrorcs

TEMHBIE U CBETJIbIE I10JIOCHI
2) Tonkoe Kpas  npoBosioukn — SABJISIIOTCS ~ KOT€PEHTHBIMU
MIPENSITCTBUE UCTOYHHKAMU BOJIH, B pe3yibTare Audpaxiuu
(mpoBoJIOUKa) KOTOpBIX Ha 3KpaHe BO3HUKAeT WHTepdepeHIus, a B
S IEHTPE YKpaHa BOJHBI MPUXOIAT B OAMHAKOBOH (aze,

[I03TOMY «T€Hb)» — CBETJIas

B

3) I |HHrepdepeHnys Ha DKpaHE SABISAETCA CIEICTBUEM
Korepenthsie e l'”l',-,-,j.'.'.'.‘.:u:!'l"""" TUdPaKIUU OT ABYX KOTE€PEHTHBIX HCTOYHUKOB. C
HMCTOYHHKHU. i Illilll‘”i :EE:::' il IIOMOUIbIO  ONbITA  W3MEPEHbl  JUIMHBI  BOJIH,

Oneir  FOnra
1802 r.

COOTBECTCTBYIOIIHME CBETOBBIM JydaM pa3sHOIr'0 IIBECTa

4)
Hudpaxnuon
Hasl peuieTka

HH

o

w

Hugppaxkyuonnasa  pewemka COBOKYITHOCTb
OosbLIOrO 4YHciaa Y3KMX MapajuleNIbHBIX —LIEJeH,
PACIIONIOKEHHBIX Ha MallbIX PaBHBIX paccrosHusx (d)
Ipyr ot apyra. [Ipumep: yacTeiii rpeGemiok, pecHULbL,
nepo.

. Ar ki
Sing=-

“d

Ar=k\=d-sin@| — popmyna audpaKIHOHHON PEIIETKH,

rac

Ar — omnTuyYecKas pa3sHOCTh XOJa JIydei; ¢ — yroix
OTKJIOHCHHS JIydeil OT MEepreHANKYJsIpa K IIOCKOCTH
PEIIETKH; Qg — MIN, @ — MaXx;
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MaxkcumyMmbI 432101234 K — umciio mmH BoiH; K — menoe — max — cBerias
Pa3HBIX 10JI0Ca; MAaKCHMYMBI PAacCIOJIOKEHBI Ha PaBHBIX
CBETOBBIX Ao PaCCTOSIHHSX APYT OT APYra;
W3JTy4CHU I

A d — mepuox (IOCTOSIHHAS) PEIIETKA — PACCTOSHUE OT

3-2-1 0

1

2

3

Havayia OJHOM eI 10 HadaJia CIASAYIOIICH MIeiH.

ITo3BoJIIET BEIYUCIATH JJIMHY BOJIHBI:

d-sin
A= 5Ine
k
I[I/I(bpaKuI/IOHHyIO peueTKy HUCIIOJIB3YIOT I
OmnmpeaAcICHUA COCTaBa CBCTOBOI'O MU3JIYYCHHA, T.K.

CBCT, COOTBeTCTBYIOIHI/Iﬁ PasHbIM JIMHAM BOJIH, O4CT
MaKCUMYMBI B Pa3HbIX MECTAX

. 14
2. B Bozme uHTEpPEpUPYIOT KOTEPEHTHBIC BOJHBI yacToTor 5 - 107" I'm. Ycunures umm
oclabHeT CBET B TOYKE, €CJIM TeoMeTpudeckas pa3HOCTh Xoja jy4eil B Heil paBHa 1,8 MkM?

ITokazarens npenomiieHust Boasl 1,33.

Hano: Pemienue Beruucnenus
=5 . 14 14 -6
v=5-10"Tn Ar=n-AS=* m==<k o 2:1.33-5-10"18-10
2 2v 3-10°
AS=1,810°m
m = 2AS 7,98 =~ 8 — ueTH.
n=1,33
Max ycuieHHue CBeTa
c=3-108m/c
m —?

Pemuts 3agaun:

Judpaxknuonnas pemerka umeer 50 mrpuxoB Ha 1mm. [lox kakumu yriiaMu BUIHBI max
NIEPBOTrO U BTOPOTO MOPSIKOB MOHOXPOMAaTHYECKOIO U3TydeHus ¢ JIMHON BOJIHbI 400 HM?
Onpenenure AJUHY BOJHBI JUIsl JTUHUM B JAUQPPAKIIMOHHOM CIEKTPE BTOPOrO MOPSAKA,
COBMajaNIei ¢ N300pa’keHUEM JIMHUU CIIEKTpa TPEThero mopsaka ¢ AIuHoN BojHbl 500
HM.
Ha mudpakuumonnyro pemerky ¢ nocrosaHoi 0,01 MM HampaBieHa MOHOXpOMaTH4ecKas
BosiHA. [lepBblii AMGPAKIUOHHBI mMax MOJy4eH Ha SKpaHe CMEIIEHHBIM Ha 3 c¢M OT
NIEPBOHAYAJILHOTO HampaBieHUs cBeTa. ONpenenuTe IIMHY BOJIHBI MOHOXPOMAaTHYECKOTO
W3JIYYEHHUS, €CJIM PACCTOSTHUE MEXKITY SKPAaHOM M pemeTkor 70 cm.
Onpenenure ONTUYECKYIO Pa3HOCTh XoAa BoiH JummHOM 540 Hw, mpomemmmx yepes
TUGPaKIMOHHYIO PEHIETKY U 00pa30BaBIIMX Max BTOPOTO MOPsIIKA.
Judpakuuonnas pemerka ¢ nocrosHHoi 0,004 MM ocBemiaeTcst CBETOM € JUIMHOW BOJH
687 am. Tlox kakuM yriaom K pemeTke HY>KHO MPOU3BOAUTH HAOIIOICHUS, YTOOBI BUIETh
n300pakeHHe CIeKTpa BTOPOTo MopsaKa?
Onpenenute NMOCTOSHHYIO JUGPAKIIMOHHON PEUIeTKH, €CU MPU €€ OCBEIIEHUHU CBETOM C
JUIMHOM BOJIH 656 HM CIIEKTpP BTOPOI0O NOPSAKA BUAEH IOJ yriioM 15.
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7. OmpenenuTe IIWHY BOJHBI JJI JIMHUW B JTUQPAKIIMOHHOM CIIEKTpe 3-TO TOpPSIKa,
COBITA/IAIONIEH C TMHHUEHN B CIIEKTPE YETBEPTHOIO MOPAJIKA C JUIMHOM BOJHBI 490 HM.

8. Kakoii HamOoONpmIMK TOPSIOK CHEKTpPa MOXHO BHJIETh B JU(DPAKIMOHHOW peIIeTKe,
nmMeroen 500 mTpuxoB Ha 1 MM MpH OCBEIIEHUH €€ CBETOM C JUIMHOM BOJIHBI 720 HM?

9. B HEKOTOpPYI TOYKY MPOCTPAHCTBA MPHUXOMIT JBAa My4YKa KOTEPEHTHOTO H3IIyU4CHUsS C
ONTUYECKON pa3HOCThIO XoAa N MkM. Ormpenenure, NPOU30HAET yCUICHHE WIU
ocnabJIeHUE B 3TOU TOYKE CBeTa ¢ JIMHOM BOJIHEI 760 uM, 600 1M, 400 HM.

10. KakoBa onTuyeckas pa3HOCTb XOJa JABYX KOI€PEHTHBIX MOHOXPOMATHYECKHUX BOJH B
BEILIECTBE C ITOKa3aTeseM IpeaoMieHus 1,6, eciu pa3HocTh Xoa Jiyueil N cM?

11. Ha ToHKyIO IUICHKY C TIOKa3aTesieM MpeoMiIeHus 1, 5 neprneHIuKyIsapHO ee TOBEPXHOCTH
NaJaeT MapaJyIeNIbHBI IYYOK XKENThIX Jiydyed ¢ JuMHOM BonHbl 600 HM. Ilpu kakoi
HauMEHbIIEH TOJIIIMHE IUICHKH OHA B OTPAKEHHOM CBETe OYyJeT Ka3aThCs KeNnTou?

12. JIBa KOrepeHTHBIX JIyda ¢ JyIMHaMU BOJTH 404 HM mepeceKaroTcsl B OJTHOM TOYKE Ha dKpaHe.
Uro Oyner HaOmogaThcsi B STOM TOYKE — YCHIIEHHWE WM oOcjabieHue CBeTa, €ciu
ONTUYECKasi Pa3HOCTh X0Ja JIydeil N MKM?

13. Bo ckonbKO pa3 yBEIUYUTCS PACCTOSHHUE MEXKAY COCEAHHUMH HHTepepeHIIMOHHBIMU
M0JIOCAMU Ha dKpaHe B onbiTe FOHra, eciu 3eneHbiii CBeTOUIbTpP C IJTUHOM BOJIHBI 25- 10°
CM 3aMEHHTh KPACHBIM C JJIMHOW BOJIHBI 6,5 - 10 cm?

14. B HEKOTOPYIO TOUKY MPOCTPAHCTBA MPUXOAT ABE KOTEPEHTHBIE BOJIHBI C TEOMETPUUYECKOM
pazHocThiO xona 1,2 MKM, JiuuHa KOTopeix B BakyyMe 600 HM. Omnpenenurte, 4to
MIPOU30MICT B ATON TOUYKE BCIEACTBHE HHTEPPEpEeHIINU B Bo3ayxe, B Boje (1,33), B cTekiie
(1,5).

15. Pa3HocTh XO1a Jiydel ABYX KOT€PEHTHBIX MCTOYHHKOB CBETAa C JJIMHOW BOJIHBI 6-107 M,
CXOJSIIMUXCS B HEKOTOPOM TOYKE, paBHA 1,5-10° M. Vemnenne win ocinaGienne cpera
Oyner B 3Toi Touke?

16. Hudpaxuuonnas pemierka umeeT 50 mtpuxoB Ha MM. [loa kakuMu yriamu BHIHBI MaX
MEPBOIr0 U BTOPOTO MOPSIKOB MOHOXPOMAaTHYECKOI0 U3ITy4eHus ¢ JIMHON BoJIHbI 400 HM?

®opmMa npeaocTaBieHus pe3yJibTaTa

BrinonHeHHbIe 33241 B TETPAIH IS IPAKTUUECKUX padoT.

Kpurepun onenkn:

Oyenka «OMAUYHOY BbICMABIAEMCS: TIPABUIBLHO BBIIIOTHEHBI BCE 3aJjaHUs B COOTBETCTBHH C

TpeOOBaHUSIMU, TPABUIBHO  BBHIMIOJHEHBl JOMOJHUTENbHBIE  33/1aHHf, CBOEBPEMEHHO

MIPEIOCTaBIIEH OTYET O BHITIOJHEHUU PAOOTHI.

Oyenka «xopouioy 6vlcmaegisiemcs: TPaBUIbHO BBIIIOJHEHBI BCE 3a/IaHHsI B OCHOBHOW 4YacCTH,

JIOTIOJTHUTEIbHBIC 3a/laHus BBITIOJHEHBI HE B TIOJIHOM OO0BEME, MPEIOCTaBIEH OTYET O

BBITIOJTHEHUH DPA0OTHI, JTUOO B CIyyae HECBOEBPEMEHHOTO MPEAOCTABICHUS OTYETa WU C

HaJMYHEM HECYIIECTBEHHBIX OMIMOOK B BBHITTOJIHCHUH 3aaHUSI.

Oyenka «y00871emeopumenbHoy 6bICMAasGIAemcs: BBIIOJIHEHBI He Bce, HO Oonee 50% 3anaHuii

paboThI, JOMOTHUTEIBHBIC 3aJJaHUsI HE BBITIOJIHEHBI, HECBOCBPEMEHHO MPEIOCTABICH OTYET O

BBITIOJTHEHUH PaOOTHI.

Oyenka «HeyOogremeopumenvHoy evicmasisemcs: BbIIOAHEHO MeHee 50% paboThl, He

BBITIOJTHEHBI JOTIOJIHUTENNBHBIE 33/IaHUS, OTYET O BBIMIOJTHEHUU PabOTHI HE MPEIOCTABIICH.

Tema 5.1 KBanToBasi atomHas pusuka. CtpoeHue atoma

IIpakTnyeckoe 3ansiTue Nel4
Pemenne 3aga4 mo teme «3akonsnl porodrdppexrar
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eab padoThl: U3y4UTh KBAHTOBYIO Teoputo, Teoputo MakcBema, u [Inanka. monsitue
¢doroHa., kBaHTa. 3aKOHBI PoTOdIPdeKTa.

BoinosiHeHne padoTsl cioco0CTBYET (POPMUPOBAHMIO:

IIP63 BiajeHue OCHOBONOJIATAOMUMHM  (U3NYECKMMU TOHATUSAMU M BEIMYMHAMU,
XapaKkTepU3YIOIUMH  (U3WYECKHE  TPOLECChl  (CBS3aHHBIMH € MEXaHHYECKUM
JBY)KEHUEM, B3aUMOJICIICTBUEM Te)

ITP64 yBepeHHOE HCIIOJIb30BaHUE 3aKOHOB M 3aKOHOMEPHOCTEH Mpu aHaimu3e (U3NYECKUX
ABJICHUH U NIPOLIECCOB;

ITP67 chopMUPOBAaHHOCTh YMEHHS pEIIaTh PACUETHBIC 3a/1a4M C SIBHO 33JJaHHOMN (PHU3UYECKOi
MOJICJIBIO, MCIIOJNIB3Ysl (DPU3MUECKUE 3aKOHbI U MPUHIMIIBI, HA OCHOBE aHAJM3a YCJIOBMS
3aJa4u BBIOMPATh (PU3UUECKYIO MOJIENb, BBIIEIATh (PU3NUECKUE BEINYUHBI U (HOPMYIIHI,
HEOOXOAUMBIE JJIsl €€ pELIeHHs, IPOBOJUTH pacyeTbl M OLICHWBAaThb pPEAJIbHOCTh
MIOJIyUEHHOI0 3HaueHusi (U3NYECKOM BEIUYMHBI; pellaTb KaueCTBEHHBbIE 3aJayd,
BBICTpauBasl JIOTMYECKH HENPOTHUBOPEUYMBYIO LEMNOYKY pPACCYXIECHHH C OIOpOH Ha
M3y4EHHBIE 3aKOHBI, 3aKOHOMEPHOCTH U (pU3HUYECKHE SIBICHHUS;

MPS8 cnocoGHOCTP W TOTOBHOCTb K CaMOCTOSATEIBHOMY IIOMCKY METOJIOB peIIeHUs
IPAKTUYECKUX 3ajay, IPUMEHEHUIO Pa3IMUHbIX METOJOB [T03HAHUS;

MPI13 ananu3upoBaTh IOJYYEHHBIE B XOJ€ pEIICHUS 3aJayd pPe3yabTaTbl, KPUTHUECKU
OLICHUBATh UX IOCTOBEPHOCTD, IPOTHO3UPOBATH U3MEHEHUE B HOBBIX YCIIOBUSX;

MP17 yMeTh TIEpEHOCHTH 3HAHHS B II03HABATCIBHYIO U TIPAKTHUYECKYI0 O0IacTH
KU3HEIEATEIIBHOCTY;

JI13 ciocoOHOCTH OLIEHHMBATh CUTYallMIO U IPUHUMATh OCO3HAHHBIE PEIICHUSI, OPUEHTUPYACH
Ha MOPaJIbHO-HPAaBCTBEHHBIE HOPMBI U LIECHHOCTH;

JIP23 TOTOBHOCTB K TPYAY, OCO3HaHUE IEHHOCTH MacTepCTBa, TPYAOII00HE;

MarepuanbHoe o0ecrnedeHne: I0CAJ0YHbIE MecCTa IO KOJHYECTBY OOYYarOLIUXCS;
pa3aToyHbIi MaTepua ¢ 3aaHUsAMHU; COOPHUKH 3a/1a4, CIIPaBOYHbIE MaTepHUAIIbI

3ananue: pemiMTh 3a1a4M

HOpﬂ)IOK BbIIIOJTHCHHU A paﬁDTI)l

1. W3yuuth $u3MUecKyr0 NPUPOAY U CBOWCTBA BHYTPEHHETO U BHEHIHETO (POTOAPQEKTOB,
UX pa3linyue.

2. BbLICHUTH NpakTHYECKOE 3HAu€HHE MCIIOJIb30BaHMs sBIeHUS (oTodddexta B OBITY,
npupoje, HayKe, MPOU3BOACTBE, MEUIIMHE, HX BPEIHOE U TIOJIE3HOE ICHCTBHE.

3. Ilpumenuts ypaBHeHHE DUHIITEIHA /U1 BHEIIHETO (oTorddexTa npHu peleHnH 3a/1au.

Xoa padoTsl
Kparkue TeopeTuyeckue cBe1eHHs
KBaHTOBas onTHKa — pa3jien ONTUKH, U3y4YaroIUil sIBIEHUS, B KOTOPBIX CYIIECTBEHHBI

KBAHTOBBIE CBOMCTBA CBETA M aTOMOB BEIIIECTB.

T Bremnunit poros ekt — siBIeHrne BBIX0/1a IEKTPOHOB U3 BELIECTBA MO

JICUCTBUEM CBETA.
®oTOH (KBaHT) — OPIHS CBETOBOM SHeprun E = h-v.

@DOTOANEKTPOH — IJEKTPOH, YIacTBYIOIIHH B poTodddexTe.
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ONPEAENSAETCSA YACIOM 3JIEKTPOHOB, BBIXOIAIINUX U3 METajla B
€IMHHILY BPEMEHU NPU TAHHOW OCBEUIEHHOCTH.

(OTORIIEKTPOHOB, TOKUIAIOIIUX MOBEPXHOCTh METAILIa B

®oroaddexr obHapyxkun ['epny u uccnemoBan Anekcanap ['puropreBud CrToneToB
(1839-1896, Poccus).

3akoHbl BHEIIHETO QoTodddexTa
MakcumanbHas cuiia GOoTOTOKa — TOK HackimeHusly, —

[TepBeiii 3akoH GoToddhdexra: KOTUIECTBO

€UHUILlY BPEMEHH, NPSMO IIPONIOPLUUOHAIBHO SHEPTUH
CBETOBOM BOJIHBI, IIOTJIOIIAEMOM 3a 3TO BPEMS JAHHOU

IMOBCPXHOCTLIO.

KHHCTHUYCCKAasd SHCPIru-d @OTOBHGKTpOHOB HEC 3aBUCHUT OT

Bropoii 3akoH doTtorddexra: MakcuMaabHas

HHTCHCHUBHOCTHU CBCTA, IIPAMO IIPOIIOpHHOHAIbHA YaCTOTEC ﬂ @

H3JTYUYCHUS U 3aBUCUT OT MaTCpUaJla 3JICKTPOAA. L

+

Kpachnas rpanuna ¢porodpdexra (Vimin) — HAUMEHbIIIas U I

yactoTa OMB, Be3bIBatoIel (HoTodhDHEKT.

Tpertwnii 3akoH hoTodddekra: KpacHas rpanuna Gorodddexra onpeaeasieTcss TOIbKO

MaTCpHraJIOM BJICKTpOAa U COCTOAHUEM €TI0 ITIOBEPXHOCTHU.

hy = +—
AKBIX 2

my?2 — ypaBHeHue DifHTelHa U1t GoTorddexTa.

h=6,63-10"" Ilx-c;m=9,1-10"" kr; C=3-10° m/(]

Penmtsb 3a1aun. B ycinoBUM HEKOTOPBIX 3a7jad OTCYTCTBYIOT HU(DPBI. 3HAYCHUS PUINIECKUX

napaMeTpoB THX 3a7a4 HE0OX0 MO OpaTh u3 Tabauubl 1:

o BepTHKaJII)HOﬁ CTPOKE YKa3aH HOMEp BapuaHTa, 110 FOpHSOHTaHBHOﬁ — HOMCD 3ala4u.

=

DNEKTPOMarHUTHOE M3TYICHHE UMEeeT JyacToTy v . KakoBa sHeprust kBaHToB E?

KBaHTBI 2JIEKTPOMArHUTHOTO W3IYYCHHsS WMEIOT SHepruto E. OmpeaenuTs 9acToTy HX
KoJe0aHu V.

[Ipy kako¥i MUHUMAaIbHOW YaCTOTE U3JIYYEHUS Vin, MAJTAONIUNA HA TOBEPXHOCTh 3aKUCH
Meau, HauHercs ¢otorddekr, ecin paboTa paBHa W3 OSTOrO BEILIECTBA BBIXOJA
Ap=8,24-10™ JTx?

Ha moBepXHOCTh Ie3Us MajlaeT M3ITYYCHHE C YacTOTOH V. BeuleTaromue B pe3yibrare
dororddexra IMEKTPOHBI UMEIOT KHUHETUYECKYIO SHEPTHIO W,=2,8-10"° JIx. Kaxosa
paboTa BeIX0Ja Apy?

Wznyuenue ¢ 4acToTol kojebaHus v BeI3bIBaeT HoTod(H(PEKT HAa TOBEPXHOCTH BEIIECTBA.
Kakyro KHHETHUECKYIO YHEPTHUIO MOMYUYalOT AIEKTPOHBI, €ClIi paboTa BBIX0/Ia COCTABISET
2-10™"° 1?2

Kakyto uactorTy KkonebaHUNl V UMEET H3Iy4YeHHE, €CIM BBIOMBAEMBICE UM DJICKTPOHBI
UMEIOT PHEPTHUI0 By, @ paboTa Bexona Agyx=60,5- 10° JIx. KakoBa sneprust poronos E,
BBI3BIBAIOIINX ATOT GOTOIPHEKT?

70



7. Ilpu xakoli MUHUMAJILHON YacTOTE U3IYUYEHUS Vin, MAJAIONIMI Ha TOBEPXHOCTh 3aKUCH
Menu, HauHeTrcs Qotodddext, ecnm pabora paBHa W3 ITOTO BEIIECTBA BBIXOAA
Apx=8,24-10™° J1x?

8. Pabota BBIXO/Ia AIEKTPOHOB C TOBEPXHOCTH IIE€3Us COCTABIISICT 1,9-10™%° Hx. Kakyro
Y4aCTOTy KOJEOAHUH Vmin TOIDKHO UMETh M3JTydeHHe, criocoOHoe BbI3BaTh GoTodhdekT Ha
IIOBEPXHOCTHU ATOT0 BellecTBa?

9. PaGota BbIX0J1a 2JIEKTPOHOB U3 Oapus Agy=1,8" 101 JIx. [Ipu kako# njuHE BOJHBI Amin
HauHeTcs (POTOAIPEKT Ha MOBEPXHOCTH 3TOI0 MUHEpasa?

10. Kakyio KHHETHYECKYIO0 SHEpPrur0 OyAyT HMMETb JJIEKTPOHBI, BHIOMBAacMble M3 HATPHS

KBaHTAMHU 3€JICHOTO CBETA (A5, =500 HM), eciiu paboTa BBIXOJA JIEKTPOHOB W3 HATPHUS
-19
cocrasinseT 3,36-107 Jx?

- KM o
11. CxopocTh cBeTa B BoJe p =225-10° ——, a JAJIuHA CBETOBOHM BOJIHBI A. KakoBa sHeprus
l.l

¢dboToHOB cBeTa?

Tabmura 1
1 2 4 5 6 11
v, I'm. E, IbK v, I'm. v, I'm. EKI/IH, IbK 7\,, HM

1 1-10% 6,1-10" 1-10% 1-10% 1,1-10% 100
2 2-10% 6,2:10%° 2-10% 2-10% 22101 200
3 3-10% 6,3-10"° 3-10% 3-10% 3.3-107 300
4 4-10% 6,4-10"° 4-10% 4-10% 44100 400
5 5-10% 6,5-10"° 5-10% 5-10% 55107 500
6 6-10* 6,6:10%° 6-10* 6-10* 6,6:10"° 600
7 7-10% 6,7-10 7-10* 7-10* 7,7-10% 700
8 8-10% 6,810 8-10% 8-10% 8,810 800
9 9-10* 6,9-10" 9-10* 9-10* 9,9-10%° 900
10| 10-10% 7,0-10™ 10-10* 10-10* 10-10% 990

®opMa npeaocTaBIeHHUA pe3yabTaTa
BeinonHenHbIe 331241 B TETpan AJIs PAKTHUECKUX padoT.

Kpurtepun ouenku:
Oyenka «oOmaudHo» 6vlcmaeidemcs: NPaBUIIbHO BBIIIOJIHEHBI BCE 3aJJaHHUs B COOTBETCTBHH C
TpeOOBaHUSIMHU, TMPABWIBHO BBIMIOJHEHBl JOIMOJHUTENbHBIE 3a/laHusl, CBOEBPEMEHHO
MIPEJJOCTABIIEH OTYET O BBINOJIHEHUH PAOOTHI.
Oyenka «xopowioy evicmasnsemcs: IPAaBUIbHO BBIIIOIHEHBI BCE 3aJaHUsI B OCHOBHOM 4acCTH,
JIOTIOJTHUTENIbHBIE 33JaHUsl BBINOJIHEHB HE B IOJHOM OOBEMe, MPEJOCTaBIE€H OTYET O
BBINOJIHEHUH DPA0OTHI, JTUOO B Cllyda€ HECBOEBPEMEHHOIO IPEIOCTABIEHUS OTUETa WU C
HAJIMYMEM HECYILECTBEHHbIX OIIMOOK B BHIIOJIHEHUH 3a/1aHUS.
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Oyenka «y0061emeopumenbHo» 8blcmagisgemcs: BhIIIOIHEHBI He Bce, HO Oonee 50% 3amanuit
paboThI, TOTIOTHUTEIIBHBIC 3a/IaHUSI HE BBITIOJIHEHBI, HECBOCBPEMEHHO MPEOCTABIICH OTUYET O
BBITIOJTHEHUH Pa0OTHI.

Oyenxa «Heyoo8iemeopumenvbHoy evlicmasisemcs: BblolHeHO MeHee 50% paboTbl, He
BBITIOJTHEHBI JOTIOJIHUTENBHBIE 33IaHUSI, OTUET O BHIMIOJTHCHUU PAOOTHI HE MPEOCTABIICH.

Tema 5.1 KBanToBasi atomHas pusuka. CTpoeHue atoma

IIpakTuyeckoe 3anaTue Nel5
Pemenne 3a1a4 no teme: «CTpoeHHe aTOMA M AaTOMHOTIO SIAPay

Hean padoThl: M3yuuTh SACPHYIO MOeb atoma. OnbiTel O. Pezepdopaa. Moaenb
aroma Boaopoxa no H. bopy.

Boinosinenue padorsl cnocodcTByeT GopMHUPOBAHMIO:

IIP63 BiajgeHWe OCHOBONOJATAIOMIMMHU  (DU3MUECKUMH TOHATUSMH W  BEIUYHHAMH,
XapaKTepu3ylIUMH  (U3UYEeCKUe IHpouecchl  (CBSI3aHHBIMM C  MEXaHUYECKUM
JBUKEHUEM, B3aUMOJICHICTBUEM TEN)

1IP64 yBepeHHOE HCIIONB30BAaHHE 3aKOHOB W 3aKOHOMEPHOCTEH Npu aHaimu3e (U3UIECKUX
SIBJICHUI U NPOLIECCOB;

1IP67 cpopMUpPOBAHHOCTh YMEHUS PElIaTh PACUCTHBIC 337a4d C SBHO 33J[aHHOW (PH3UIECCKOMN
MO/JIEJIBIO, UCTIOJb3Ys (PU3UUYECKHE 3aKOHBI U MPUHLUIBI; HA OCHOBE aHAJIU3a yCIOBUSA
3a7auu BEIOUPATh (PU3NUECKYIO MOJIEIb, BBIACIATh (PU3NYECKHE BETHYUHBI U (POPMYIIBI,
HEOOXOAMMBIE Il €€ peIIeHHUs, NMPOBOJAUTH pacyeThl M OLEHMBATh pPEaIbHOCTD
MOJIyUEHHOTO 3HaueHusi (U3NYECKOM BEIMYMHBI, pellaTh KaueCTBEHHBIE 3a/auM,
BBICTpauBasl JIOTUYECKH HEMPOTHBOPEUYMBYIO LIETIOYKY PACCYXACHHW C ONOpOM Ha
M3Y4YEHHbIE 3aKOHbI, 3aKOHOMEPHOCTU U (U3NYECKUE SIBICHUS;

MPS8 crnocoOHOCTP M TOTOBHOCTh K CaMOCTOSATEIbHOMY IIOUCKY METO/A0B pELIeHHUs
MPaKTUYECKUX 3a/]]a4, IPUMEHEHUIO Pa3IMUHbIX METOJIOB ITO3HAHUS;

MPI13 aHanu3upoBaTh IOJIYYEHHBIE B XOJE pELICHHs 3aJaud pe3yibTaTbl, KPUTHYECKU
OLIEHHUBATh UX JIOCTOBEPHOCTH, MPOTHO3UPOBATh U3MEHEHUE B HOBBIX YCIIOBUSX;

MPI7 yMmMeTb TEpEeHOCUTh 3HaHUS B [IO3HABAaTEIbHYI0 M NPAKTUYECKYyl 00JacTu
KHU3HEICATEIbHOCTH;

JI13 cniocoOHOCTh OLIEHMBATh CUTYAIMIO U MPUHUMATh OCO3HAHHbIE PEIICHUs, OPUEHTUPYSCh
Ha MOpaJIbHO-HPAaBCTBEHHbIE HOPMBI U LIECHHOCTH;

JIP23 TOTOBHOCTb K TPYAY, OCO3HAHHE LIEHHOCTH MacTepCcTBa, TPYI0JI00He;

Xon padoTsl
KpaTtkue Teopernueckue cBegeHHs
CocraB paanoakTuBHOro usjaydenus. Cpoiicta o, 3, y-u3ay4eHuii

PagnoakTuBHBIEC TPEBpAIICHHS:
a) la-pacnaa: Mx—>M4v+iHe|; 0) |[f-pacnam: Mx— My+ |,
- 3akoHn paduoakmuenozo pacnada

Pezepdopna ycranoBui:

1) p/a BemiecTBa yObIBaeT ¢ TEYCHUEM BPEMEHH;
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2) 17 K00 p/a BEIIeCTBa CYIIECTBYET HHTEPBal BPEMEHH, B TEYEHUE KOTOPOTo yObIBAaET B
0ea pasza.

[Meprox nonypacnazna (7) — BpeMsi, B TE4CHUE KOTOPOT'O PACIaaeTcsl MOJOBUHA OT HAYAIbHOTO
qrclia p/a aTOMOB.

I'pacduk A(t) 3aBucrMocTH p/a (CKOpOCTH pactana) B % OT BpeMEHHU:

[TycTs HauanbHOE yKciio Moisiekyn BemectBa No (100%), Torna

& %

N N
1a0 yepe3 1 4uciio MOJIEKYJ1 OymeT 70 (50%), uepes 2T —2—20 (25%),

t

N 1 t -
gepe3 37— —, 1.e. N=Ny-— Takkak #n=—,10|[N=Ny-2 7|
2 2" T

3aKOH paJHuO0aKTUBHOI'O pacrajia.

HckyccTBEHHOE IPEBPAIIEHHE AIEP '4N+3He—'JO+H .

B omnbiTax a-dactuna 3axBarbiBaeTcs npuMepHo oaHuM u3 50000 szep azora.
dotorpaduu TPEKOB TIIATEIBHO U3YYalOT U paciiu(ppoBbIBAIOT.
BriocnenctBun ynanock oOHapyKUTh INpeBpallieHus saep ¢ropa, HaTpus, aJlOMUHHUS U Ap.,
COIPOBOKAAIOIINECS UCITYCKAaHUEM ITPOTOHOB.
B sapax TSKENBIX 37€MEHTOB (B KOHLE MEPUOJUUYECKOM CHUCTEMbl) TaKUX MpPEBpallleHUid He
Ha0Ir01a710Ch (BepoATHO OOJBIION 3apsa] 3THUX sIep HE MO3BOJSET O-4AaCTUIE BIUIOTHYIO
MPUOJIU3UTHCS K HAM).
Taxue mpeBpaiieHus 1 Ha3bIBalOT NCKYCCTBEHHBIMHU SIZICPHBIMHU PEAKIHSMH.
HcmyckaHue MpOTOHOB TPH SAEPHBIX PEAKIHSIX M KPAaTHOCTh 3apsia siapa 3apsay MpOoTOHA
TOBOPWJIM O TOM, YTO MPOTOH BXOJMUT B cocTaB siapa. OnHako, Macca sijipa (1o pe3ynbraTam
pacyéToB U OMBITOB) OKa3bIBAJIACh OOJIBIIE MTPOM3BEICHHS OOIIEro 3apsia BCeX MPOTOHOB (B €)
Ha Maccy MpoToHa (B a.e.M.), T. €. [IOMUMO IPOTOHOB B SIp€ JIOJKHBI OBLIM HAXOAUTHCS U
Opyaue dIIeMEHTapHbIe YaCTUIIBI.

OTkpeITHE HEUTPOHA, TPOTOHHO-HEUTPOHHAS MOJIETH aTOMa
UccnenoBanus mokaszanu, 4To mMacca HelTpoHa B 1838,6 GombIilie Macchl AJIEKTPOHA M TIOYTH
paBHa Macce npotoHa (1836,1 macc anexrpona). IIpu nonaganun a-4actun B sapa Oepuiuins

IPOMUCXOIUT PEAKLUSA: §BetiHe—>'2C+in, [I€ n — HEUTPOH.

HeliTpon — HecTabuibHas yacTHia (C BpEMEHEM JKU3HM 7~ 15 MUH), KOTOpasi pacrajgaeTcst Ha
IIPOTOH, ANEKTPOH U HEUTPUHO (YacTULIA, TUIIEHHAS MACChI IIOKOS ).

MaccoBoe uuciio (A) — cymma gucen npotoHoB Z u Heitponos N B sape [A=N+Z

S nepHbie peaku
SlnepHas peakuusi — UI3MEHEHUE aTOMHOTO s/ipa MPU B3aUMOJIEUCTBUM C JPYTUM SIAPOM WIIA C

7y ;.1 4 | 4
DIIEMEHTAPHON YaCTHUIICH. 3 Ll+1 H— 2 H 2 He

27 1 24 4
3 Al+on—> [ Na+,5He
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2 Pemuth 3agaun:
1. Kyna cmemaercst anemeHnT Y B Tabnuiie MeHeneeBa B pe3ysbrare 2-X [3-pacnaaoB?
ano: Pemienue

AX 2B Ax 2B+

2

OrtBerT:

14 o
2. B pesynbrare 3axpaTa (X -yacTuLbl SApoM M3oTona asora N obpasyercs HEM3BECTHBIH
9JIEMEHT U MpoTOoH. Hamucars peakiuio 1 onpeienTh HEU3BECTHBIN 2JIEMEHT.

Hano: Pemienue

NG gps| ON He  p X
JHe

X-? Ortser:

Pemts 3ananus:

1.9/eMeHT KypuaTOBMil TONTydHiHM, OONydas IUIyTOHMI o /P14 sgpamu HeoHa . Ne

. yp y4uiu, y4 yT 94 Ap 10 NE.
Hanummre peakiuio, eciau U3BECTHO, UTO B pe3yJIbTaTe 00pa3yercs elle YeTbipe HeMTpoHa.
2. Harmummmre HeocTaromye 0003HaYEHUS B CIIEAYIOIINX SIEPHBIX PEaKIIUsIX:
a) 7Al+in —>2+He;  0) ?2+H>Na+/He;
B) *Mn+?—2Fe+in; T) ZAl+y—>2Mg+?;
1) “B+in—>2+a;  ©) EMn+lp —2+in;
K) TLi+!He >+ He;3) 2H +y —>2+n-
3. Tlporaktunuit 2p, o-paguoakTuBeH. OTNpenenuTe, KaKoW DBJIEMEHT MOIy4aeTcs ¢
MOMOIIIBIO ATOTO pacnaja?
4. B KaKko# 5JIEMEHT NPEBPAIaeTes 239y MOCe ABYX B-pacnajioB U OJHOTO o-pacmaja?

3 3

5. V3oTom renus ° e NMOMy4YaeTes B pe3ysibTare 60MOapAMPOBKYU SIEpP TPUTHUS *ff TIPOTOHAMH.

Haiinure sHEpreTHYECKHl BBIXOT 3TOM PEAKIIUU.
6. KakoBa asiekTpudeckass MOIHOCTh aTOMHOM 3JIEKTPOCTAHLIUHU, PACXOAYIOIIMM B CcyTKH 220 T
uzorona 2y u umerornenn KIII=25 %?

®opma npeaocTaBjaeHHus pe3yabTaTa
BrinonHeHHbIe 331241 B TETPaaAU JJIsl MPAKTHUECKUX paloT.

Kpurepun ouenku:
Oyenxka «OMAUYHOY» BbICMAGAAEMCs: TIPABUIILHO BBINOJIHEHB! BCE 3aJaHUsI B COOTBETCTBHM C
TpeOOBaHUSIMHU, TPABWIHHO  BBINOJHEHBl JONOJHUTENIbHBIE  33/1aHHf, CBOEBPEMEHHO
IPEOCTABIIEH OTYET O BHIITOJHEHUN PAOOTHI.
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Oyenka «xopouwio» 8vbicmasisiemcs: TPABUIBHO BBIIOJHEHBI BCE 3aJ[aHUs B OCHOBHOM 4YacTH,
JIOTIOJTHUTEIIHBIC 3a/IaHUsl BBIIOJHEHBI HE B IOJIHOM 00BEMe, MPEJOCTaBICH OTYET O
BBIMOJIHEHUH PaboTHl, MO0 B Clydyae HECBOCBPEMEHHOI'O MPEJOCTABICHUS OTYETAa WM C
HAJIMYMEM HECYIIECTBEHHBIX ONTMOOK B BBITIOJTHCHUH 3aJIaHHS.

Oyenka «y00871emeopumenbHoy 6bICMAsIsAemcs: BBITIOIHEHBI HE Bce, HO Oonee 50% 3amanuii
paboThI, TOTIOJIHUTENLHBIC 33aJ]aHUsI HE BBITIOJIHECHBI, HECBOCBPEMEHHO TPEIOCTABICH OTYET O
BBITIOJTHEHUH PaOOTHI.

Oyenka «HeyOogremeopumenvHoy evicmasisemcs: BbIIOAHEHO MeHee 50% paboThl, He
BBITIOJTHEHBI JOTMOJIHUTENIBHBIC 33/IaHUS, OTYET O BBIMOJIHEHUU PAOOTHI HE MPEIOCTABIICH.

Tema 5.1 KBanrToBasi atomHasi pusuka. CTpoeHue atoma

IIpakTuyeckas padora Nel6
Pabora ¢ moaBH:KHOI KapTOi 3Be31HOT0 HedA.

I_Ie.m,: CUCTCMATU3UPOBATh U er'IY6I/ITI> 3HaHHA 110 TEMC, 0Tpa60TaTB MOMCHTHBI BOCXO04a U
3axoJa, BerHeﬁ U HUKHEH Ky.]'IBMI/IHaI_[I/Iﬁ CBETHJI T10 TIOABUIKHOM KapTeC 3BE3JHOT'O HeOa

Boinosinenue padorsl cnocodcTByeT opMUPOBAHUIO:

IIP63 BiajeHHE OCHOBOIOJArarOIIMMU  (U3MUECKUMH MOHATUSAMH U  BEJIUYHMHAMH,
XapaKTepU3yIOIUMU  (U3WYECKUE IpoLecchl  (CBS3aHHBIMU C  MEXAaHUYECKUM
JBM)KEHUEM, B3aUMOJICIICTBUEM Te)

1IP64 yBepeHHOE HCIIONB30BaHHE 3aKOHOB W 3aKOHOMEPHOCTEH NpH aHanmm3e (Gpu3nyecKux
SIBJIEHUM U IIPOLIECCOB;

IIP67 chopMUPOBAHHOCTh YMEHHUSI pelllaTh PacUETHBIC 3a7aud C SIBHO 3aJaHHON (DU3UYECKOM
MOJIEJNIbIO, UCTIOJB3Ys (PU3UUYECKHE 3aKOHBI U MPUHIUIBI; HA OCHOBE aHAJIU3a yCIOBUS
3aJ1auM BBIOMPATh (PU3UYECKYIO MOJEIb, BBIIEIATh (PU3HMUECKUE BETUYUHBI U (OPMYIIbI,
HEOOXO/AUMBIE Ui €€ pelIeHUs, NMPOBOAUTH pPACUEThl M OIEHHWBATh PEATbHOCTb
MOJIYyUEHHOTO 3HaueHusi (PU3NYECKOM BEIMYMHBI, pellaTh KaueCTBEHHBIE 3a/lauM,
BBICTpauBasl JIOTUYECKH HEMPOTHBOPEYMBYIO LIENOYKY PaACCYKIEHHI C ONOpod Ha
M3Y4YEHHbIE 3aKOHbI, 3aKOHOMEPHOCTU U (PU3NYECKUE SIBICHUS;

MPS8 crnocoOHOCTP M TOTOBHOCTh K CaMOCTOATEIBHOMY IIOMCKY METOJIOB PpEIICHHUs
MPaKTUYECKUX 3a]]a4, IPUMEHEHUIO Pa3IMYHbIX METOJIOB ITO3HAHUS;

MPI13 aHanu3upoBaTh IIOJYYEHHBIE B XOJE pEIICHHs 3aJadu pe3yibTaTbl, KPUTHUYECKU
OLIEHHUBATh UX JIOCTOBEPHOCTH, MPOTHO3UPOBATh U3MEHEHUE B HOBBIX YCIIOBUSX;

MPI7 ymeTb TEpEHOCUTh 3HaHUS B T[IO3HABAaTEIbHYI0 M NPAKTUYECKYyI0 00JacTu
KU3HECSATENIbHOCTH;

JI13 ciocoOHOCTh OLIEHMBATh CUTYAIMIO M MPUHUMATh OCO3HAHHBIE PEIICHHS, OPUEHTUPYSChH
Ha MOpaJIbHO-HPABCTBEHHbIE HOPMBI U LIECHHOCTH;

JIP23 TrOTOBHOCTb K TPYZy, OCO3HAaHHE LIEHHOCTH MacTepCTBa, TPYA0TH00HE;

3aoanue:

nmopaboTaTh C KapTOi 3BE€3THOTO He0a;
OTIpEeACTUTh TOPU30OHTATBHBIE KOOPAUHATHI,
OTIpPEICITUTH MOMEHTHI 3aX0/1a U BOCX0J1a COJTHIIA;
OTIPEeACTUTh OOBEKTHI MO 33/IaHHBIM KOOPIUHATAM.

PN E
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OO6opynoBaHue: TOABMKHAS KapTa 3BE3THOTO HeOa
Xox paboTsl

1.0OnpenenuTs 3KBaTOPUAIbHBIE KOOPINHATHI:

3Be3na

CkJioHeHue

IIpsimoe BocxoxkaeHME

Aunrouns(B Ilepcest)

Kacrop(o biusnenos)

Anbnebapan(o Tenblia)

Munap(& b.Menseauiisr)

Anpraup(a Opia)

2.0npenenuTh ropu3oHTadbHbIe KoOpAuHAThI Ha 21.00 B IeHb BBIITOJTHEHUS MPAKTUYECKOM
paboTHI:

3Be3na A3umMyT Bricora

IMosutykce (B bansHeionr)

Amntapec(o. CKoprroHa)

IMonsapHas(a

M.MenBeuIis)

Apxtyp(o Bononaca)

IIpormon(o M.IIca)

3.0mpenenuTb MOMEHTBI BOCX0/1a U 3aX0/1a, BEpXHEHW U HUKHEH KyJIbMHUHALUN B IEHb
BBITIOJTHEHUSI TPAKTUYECKOW pabOThI:

3Be3na

Bocxon

3axon

B.xynsmuHanms H.xynbmunanus

Bemmsarpuke(y
Opuona)

Peryn(o JIbBa)

Berenbreiize(a
Opuona)

Purens(B
Opuona)

Bera(a JInpsr)

4.0Hpe,Z[CJ'II/ITB O0OBEKTHI 110 3aIaHHbIM KOOpAWHATaAM

Koopaunatet

OO0BeKT

BEpPXHE
BricoTa i
KyJ'IBMI/IHaI_H/II/I

209 41 muH., + 45

51 17 muH., +46

6445 wmun., - 17

13 4 25 mMuH., - 11

22 4y 58 muH., - 30
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5.Kakue co3Be3nus Bocxomar B 22.35 B A€Hb TPOBEICHUS MPAKTHIECKON paboThl? 3axoasar?
Kynsmunupyrot?

dopma npeaocTaBjieHus pe3yJbTaTa

BrinonHeHHBIC 3a/IaHUS B TETPAIH JUTSI PAKTUIECKUX PaboT.

Kpurepum ouenku:
Oyenka «omau4HO» 6blcMAgIsemcs: TPaBUIbLHO BBINOJIHEHBI BCE 33/1aHUSI B COOTBETCTBUH C
TpeOOBaHUSIMU, TIPABUIIBHO  BBINIOJHEHBI  JOMOJIHUTEIBHBIC 3aJlaHUs, CBOEBPEMEHHO
MPEAOCTABIICH OTYET O BHIMOJHEHUU PaOOTHI.
Oyenka «xopouioy 8vicmasisemcsi: MPaBWIBHO BBITIOJIHEHBI BCE 3aJjaHUs B OCHOBHOW YacTH,
JOTIOJTHUTEBHBIC 3aJlaHUs BBINIOJIHEHBI HE B TOJHOM OOBEME, MPEJOCTaBICH OTYET O
BBITIOJIHCHUHM PadOTHI, JTUOO B Clydyae HECBOSBPEMEHHOI'O IPEJAOCTaBICHUS OTYETa WU C
HaJIMYMEM HECYIICCTBEHHBIX OMIMOOK B BHIMIOJIHCHUH 3aJaHHUSI.
Oyenka «y0061emeopumenbHoO» 6blCMAGIAencs: BBIIOTHEHBI HE Bce, HO Oosee 50% 3amanuii
paboThI, TOTIOTHUTEILHBIC 3aJaHKs HE BBITOJIHEHBI, HECBOCBPEMEHHO TIPEIOCTABICH OTYET O
BBITIOJITHCHUH Pa0OTHI.
Oyenka «Hey0081emMBOpUmMenvHoy Gvicmasisiemcs: BbIolHeHO Menee 50% paloTel, HE
BBITIOJTHCHBI JTOTIOJTHUTEIBHBIC 3a/IaHKS, OTYET O BBHITIOJIHCHHH paOOThI HE MPEIOCTABIICH.

Tema 1.1 Kunematuka. Kunemaruka TBEpaoro resa

JladopaTopHoe 3ansTue Ne 1
«OmnpenesieHue MIOTHOCTH BelIeCTBA»

I_[e.m, paﬁoTbIZ OKCIICPUMCHTAJIBHOC OIIPCACICHUC IINIOTHOCTHU KUAKOCTHU K TBECPAOI'O TCJIA.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

IIP64 yBepeHHOE HCHOJb30BaHME 3aKOHOB M 3aKOHOMEPHOCTEH NpU aHaiuu3e (U3MYECKUX
SIBJIEHUM U IIPOLIECCOB;

IIP66 BnaneHue OCHOBHBIMM METOJAMH HAy4yHOTO IO3HAHUS, UCIHOJIb3YEMbIMH B (DU3HKE:
IPOBOJIUTH MpsIMbIE M KOCBEHHBIE H3MEpEHUs (U3NYECKUX BEJIWYMH, BbIOMpas
ONTUMAJbHBIA CHOCOO W3MEpPEHUsT M HCIOJIb3ysS HW3BECTHBIE METO/Abl OLIEHKH
MOTPEUIHOCTEH HM3MEpEeHH, MPOBOAUTH MCCIEOBAHHE 3aBUCHUMOCTEH (PU3MUECKUX
BEJIMYMH C UCIOJIb30BAHUEM MPSIMBIX U3MEPEHUM, OOBACHATH MOJIyY€HHbIE PE3YNIbTAThI,
UCTONb3Yys (PU3MUYECKHE TEOpUH, 3aKOHBI M TOHATHS, M JIeNaTh BBIBOJBI; COONIONATH
npaBwia 0€30MacHOro TpyJAa IMpHU IPOBEIEHUU HCCIEIOBAaHUI B paMKax y4eOHOro
HKCHEpUMEHTa U Yy4eOHO-HCCIIEOBATEIbCKOW JESITEIbHOCTH C HCIOJIb30BAaHUEM
IUQPPOBBIX  U3MEPUTETBHBIX  YCTPOWCTB W  JAaOOpPAaTOPHOTO  OOOPYAOBAHMUS;
c(OPMHPOBAHHOCTh  IpEJCTaBICHUH 0 METOaxX MOJIyYEHUs Hay4YHBIX
ACTPOHOMHUYECKUX 3HAHUM;

1IP67 chopMHpPOBAaHHOCTh YMEHUS PEIaTh pacyeTHBIE 33Jauu C SIBHO 3aJaHHOM (u3nueckon
MOJIETIbIO, UCIONB3YS (DH3MUECKHE 3aKOHBI M MPUHIIMIIBI; HA OCHOBE aHA/IM3a YCJIOBUSA
3aJjauu BEIOUPATh (PU3NYECKYIO MOJIENb, BBIACIATh (PU3NUECKUE BETMUUHBI U (POPMYIIBI,
HEOOXOUMBIE JUIsl €€ pEeLIeHHUs, MPOBOAMTH pacueTbl M OLIEHHWBATH PEATbHOCTh
MOJly4YEeHHOTO 3HAa4YeHUs (PU3MUECKOM BEJIMYMHBI, pEIIaTh KaueCTBEHHbIE 3ajauM,
BBICTpPauBasl JIOTMYECKH HENPOTHBOPEUYMBYIO ILETMOYKY PACCYKICHHM C OMNOpOiMl Ha
M3yYEHHBIE 3aKOHbI, 3aKOHOMEPHOCTH U (PU3HUECKUE SIBICHHUS;

IIP68 chopMUpOBaHHOCTH YMEHUS TIPUMEHSTH MMOTYYEHHBIC 3HAHUS 71T OOBSICHEHUST YCIIOBHI
npoTeKaHus (pU3NYECKHUX SBJICHUHN B IPUPOAE U IS IPUHATHS MPAKTHUECKUX PEIICHUN
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B ITOBCETHEBHOM XKHU3HH JUIs 0OecriedeHus: 0e30MacHOCTH MPH OOPAIEHUH C OBITOBBIMU
npubopaMu M TEXHHYECKHMH YCTPOMCTBAMM, COXPAHCHHS 370POBBSI M COOJIIOJCHUS
HOPM 9KOJIOTHYECKOTO MOBEJCHHS B OKPY)KAIOLICH cpefie; MOHMMaHue HeOOXO0JMMOCTH
OPUMEHEHHUST  JOCTY)KEHHH  (U3MKM M TEXHOJIOTMA A PalMOHAIBHOTO
MIPUPOIOTIOIB30BAHHS;

MP8 cnocoOHOCTP M TOTOBHOCTH K CAMOCTOSATENIFHOMY IIOMCKY METOJIOB pPELICHUS
MPAKTUYECKHX 33/1a4, TPUMEHEHHIO PA3IMYHBIX METO/IOB IO3HAHMS,

MP13 ananu3upoBaTh IOJYYCHHBIC B XOJA€ PEIICHHS 3a/a4d Pe3yIbTaThl, KPHUTUYECKH
OLIEHUBATh UX JJOCTOBEPHOCTH, IPOTHO3MPOBATH U3MEHEHNE B HOBBIX YCIIOBHSIX;

JI13 criocoOHOCTh OIIEHMBATh CUTYAIMIO M IIPUHHUMATh OCO3HAHHBIE PEIICHUs, OPUCHTHPYSCH
Ha MOpPaJIbHO-HPABCTBEHHBIE HOPMBI M LIEHHOCTH;

JIP23 TOTOBHOCTB K TPY/y, OCO3HaHHE [IEHHOCTH MacTepCTBa, TPYAOIIO0HE;

MarepuanbHoe  ofecrmedyeHMe: BeChl C  pa3HOBECaMH; JIMHEWKa  MacmTaOHas,
HITAaHT€HIIUPKYJIb; MCH3YPKa; BEIIECTBO, IJIOTHOCTH KOTOPOTO HYXKHO OIPEICIIUTh.
3amaHue: oINpeleauTe Maccy M O0BEM HCCICIYeMOro BEINECTBAa. BBIYMCIUTE IUIOTHOCTH

BCIICCTBA.

Xoxa padoTsbl
Kparkue TeopeTruyeckue cBeleHUs

[ITOTHOCTBPIO BEIIECTB HA3BIBACTCS OTHOIICHHWE MAacChl BEIIECTBA K €ro oObeMy.
OU3NYECKUIl CMBICI: IIOTHOCTh MOKA3bIBAET, YEMY PaBHA Macca OJHOTO KyOMUYECKOTO MeTpa
BeIecTBa/

p =m/Vrae p— IIOTHOCTh (KF/M3); m — macca Tena (kr); V — o0beM Tena (M3)

[Topsimok BBITOTHEHUS PaOOTHI

Jlns onpenenenus mIOTHOCTH TBEPIOTO Tela BRIYUCIUTE €r0 00BEM.

O0BeM IPSAMOYTOIBHOTO TIapaJUIeNIeHIe1a BRIYucInuTe no popmyne: V=a-b-h,

rje a — JJIiHa, M; b — mupuHa, M; h — BeicoTa, M.

OO0beM NUIMH/PA BRIYUCIUTE TI0 (hopMmyIIe:
2
V == .h, h—BeIcOTa unuHpa, M; d — ero aAuameTp, M.

Ecnu TBepaoe Teno umeeT HEeMpaBUIbHYIO (OpMY, TO €ro 00beM OIpPEaeIUTe C TOMOIIBIO
MEH3YpPKH, B KOTOPYIO OH MOKET OBITh MOTPY>KEH.

2. Ha Becax, npe/e ypaBHOBEIIEHHBIX, OIIPEIEIIUTE MacCy Tela.

3. TTo hopmyne p=m/V BbIUKCIHUTE MIIOTHOCTH TBEPIOTO TEJA.

4. Pe3ynbTaThl H3MEpEHU 3aHECUTE B TAOJIUILY U C/IETaiTe BHIYMCICHUS.

< - . =
= > OTHOCHTENBLHAS
o - A e mg
2| < /M - () = =
= as} o < D P — =
3) = S |5 ~ | 5 |2 | morpemHocTs
o o, e o @O X -
= = S Q =9 ~ =} ¥
: s B3| SEE|E|E

§= m.loo%
PT

OmnsITHOE OMpPCACIICHUC TINIOTHOCTU BOABI
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1. JIns ompeneneHus TUIOTHOCTU BOJIBI HEOOXOJMMO: HAWTH Maccy Taphl, B KOTOPYIO HYXKHO
MIOMECTHTB BOJLY U ONIPEIEIIUTh MAacCy BOJIBI O€3 Taphl.

2. Ompenenute 1EeHY JSICHUS MEH3YPKHU M HAWIUTE 00beM B3BEIICHHOM KUIKOCTH (BOJIBI).

3. Pe3ysbTaThl ONbITAa 3aHECUTE B TAOJIMILY U BBIYHCICHHS NTpousBeauTe B cucteme CH.

< S
8 B %
s < [T = OTtHocUuTenpLHad
= = = a2 - R

Q = SN « I H g S

m - = = E s Q = Q T =

5 & S % |5 8 5 3 g = S F E MOrPEIIHOCTh

o ) Z 5 |0 g & == B = .

5 2 S22 5EF B8 |e8 | gé ¢

o - 8 o~ 5 OB = E 8 5 'Q ¢

M EE EXEISKKE D |E E EH & o

5 =2L1 " P+ \100%
Pr

KonTposabHbie BOonpochl
1. U3 1ByX pa3HBIX METaIOB U3rOTOBJICHBI OJMHAKOBEIE 110 pa3MepaM KyOuku. B3pemmBanue
[0Ka3ajlo, YTO Macca OJHOro KyOuka Oojble Macchl apyroro B 3,3 pa3a. OauHakoBa JH
IUIOTHOCTh MeTaiia? Eciau HeT, TO BO CKOJIBKO pa3 OTJIMYAIOTCS IUIOTHOCTHU?

2. Tpu peranu — MezaHas, *elle3Has U aTIOMMHUEBAs — UMEIOT OJUMHaKoBble 00bEMBI. Kakas

JieTa]b UMEeT HaubOoJIbIIYIO Maccy, Kakas HauMeHblIyto? I1ycToT B 1eTansax HerT.

Kycok meramia o6bémom 250 cM® HMeer Mmaccy 1750 r. uro 370 3a MeTanmn?

. Ha vamku ypaBHOBEIICHHBIX BECOB IMOCTABIICHBI OJJMHAKOBHBIE cTakaHbl. [locie Toro, Kak B
OJIUH CTaKaH HAJWJIM MOJIOKO, @ B JIPYrod — IOJICOJHEYHOE Macilo, paBHOBECHE BECOB HE
Hapymiock. O0BEM Kakoi U3 )KHUIKOCTEH OobIe?

®opma npeaocTaBlIeHUs pe3ybTaTa

BoinonHeHHbIe 3a/1a4M B TETPau AJis 1a0OpaTOPHBIX padoT.

Kpurepun onenkn:

Oyenka «omau4HoO» 8bICMAGAAEMCs: IPABUIBHO BBITIOJIHEHBI BCE 3aJjaHUs B COOTBETCTBUU

C TpeOOBAaHUSAMH, NPABUIBHO BBINOJIHEHBl JIOMOJIHUTENbHBIE 33/1aHUS, CBOEBPEMEHHO

IIPEJIOCTABIIEH OTYET O BBINOJIHEHUU PAOOTHI.

Oyenka «xopouwio» 6vicmasisiemcs: TPABUIBHO BBIIOJHEHBI BCE 3aJlaHUS B OCHOBHOM
YacTH, JIONOJHUTENIbHbIE 3aJJaHUsI BBIIIOJHEHBl HE B MOJIHOM O0ObEME, MPEAOCTaBIEH OTYET O
BBIMOJIHEHUH paboThl, JTUOO B Clydyae HECBOEBPEMEHHOI'O MPEJOCTAaBICHUS OT4YEeTa WM C
HAJIMYMEM HECYIIECTBEHHBIX OIIMOOK B BHITIOJTHEHUH 3a/IaHHSL.

Oyenka «y00671emeopumenbHoy 6bICIMAGIAEmcs: BBHIIOIHEHb He Bce, HO Oomnee 50%
3alaHuil paboThl, TONOJHUTENbHBIE 33/1aHNS HE BBINIOJHEHBI, HECBOEBPEMEHHO NMPEAOCTaBIECH
OTYET O BBIMOJIHEHUH PabOTBHI.

Oyenka «HeyooenemeopumenvbHoy evicmaegnsiemcs: BbIIOTHEHO MeHee 50% paboTsl, He
BBITOJIHEHBI JIOTIOJHUTENbHBIE 33JJaHNS, OTYET O BHIIOJHEHUH PaOOTHI HE MPEIOCTABIICH.

> ow

Tema 2.1 OCHOBBI MOJIEKYJISIPHO-KHHETHYECKON TEOPUH M TEPMOJAMHAMHUKHU. AIrperaTHolie
COCTOsIHMS BeecTBa. Pa3oBble Mepexoabl

JlabopaTopHoe 3ansitue Ne 2
«OmnpenesieHue yaeabHON TENJI0eMKOCTH BelIECTBA)
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Ilenv paGomer: HayduTbCs ONPENENATH YACIBHYIO TEIUIOEMKOCTh TBEPIOTO  Tela
HKCIIEPUMEHTAIBHBIM CIIOCOOOM.

Boinosinenue padorsl cnocodcTByeT opMUPOBAHUIO:

11P64 yBepeHHOE UCTIONIb30BaHIE 3aKOHOB M 3aKOHOMEPHOCTEH P aHAIM3e GU3NICSCKUAX SBICHUN U IIPOIECCOB;
ITP66 BnaneHue OCHOBHBIMH METOIAMH HAyYHOTO MO3HAHUS, UCIIOJIB3YEMBIMH B (DM3HKE: IIPOBOAUTH MPAMBIC H
KOCBEHHbIE HW3MEpeHUs (U3NYECKUX BEJIMYHMH, BBHIOMpAsh ONTHUMAJbHBIA CIIOCOO HW3MEPEHUs W UCIOJIb3YS
M3BECTHBIE METOJbI OLEHKH IOTPELIHOCTEH WU3MEPEHUH, MPOBOJUTH HCCIIECOBAHUE 3aBUCUMOCTEH (PHU3NYECKUX
BEJIMYMH C UCIIOJIBb30BaHHUEM IIPSIMBIX W3MEPEHUH, OOBSCHSTH IOJyYCHHBIE PE3YJIbTAaThl, UCIIOIB3YS (H3HYECKUE
TEOpHH, 3aKOHBI W TIOHATHS, W JejaTh BBIBOJBI; COONIONAaTh MpaBHiIa 0E30IIacCHOTO TpyJda IpU IPOBEACHHU
UCCIEJIOBaHUH B paMKaXx y4eOHOTrO OKCIIEpUMEHTa U  Y4eOHO-HCCIIeNOBATEIbCKOM JEATENBHOCTH C
WCIIONIB30BaHNEM IH(POBBIX M3MEPHUTENBHBIX YCTPOHCTB U J1a0OPaTOPHOTO 000PYAOBaHHS, CPOPMHUPOBAHHOCTD
MPECTABICHUH O METOJaX MOIYIEHHs HAy9IHBIX aCTPOHOMUIECKUX 3HAHUM;

IIP67 chopMHUpOBaHHOCTE YMEHHS peIIaTh pacueTHBIE 3afaddl C SBHO 3aJaHHON (M3NYEeCKOW MOJETbIo,
UCTIONB3Ysl (PU3WYECKUE 3aKOHBI M TPHHIMIIB;, Ha OCHOBE aHAM3a YCJIOBHSA 33Jadyd BBIOMPATh (DPU3HUECKYIO
MOJIETIb, BBIICIATE (U3MUECCKUEC BEIMIMHBI U (POPMYJIIBI, HEOOXOAUMBIC JUIA €€ PEIICHHUs, IPOBOANTH pacdeThl U
OILICHUBATHL PCaJbHOCTh TIOJYYCHHOI'O 3HAYCHUA q)HSH‘IeCKOfI BCJIMYUHBI; pEHIaTb Ka4YCCTBCHHBLIC 3aJia4u,
BBICTpauBas JIOTUYECKU HENPOTHBOPEUUBYIO LENOUYKY PACCYXKIECHUH C ONOPOM Ha M3YyYEHHBIC 3aKOHBI,
3aKOHOMEPHOCTU U (bmnqecxne SIBJICHUA,

ITP68 chopMHUPOBAaHHOCTH YMEHUSI NPHMEHSATh MONYyYEHHBIC 3HAHUS JJIsl OOBSICHEHHS YCJIOBHH INPOTEKAHHS
(u3MyecKUX SIBIEHUHA B NPUPOJE W JUIs TNPHHSATHS NPAKTUUECKHX PELUICHUH B IOBCEAHEBHOM MKM3HU IS
obecrieueHnst 0E30MACHOCTH TPH OOpAIICHHH ¢ OBITOBBIMH INPHOOpaMH M TEXHHYECKHMMHU YCTpOICTBaMH,
COXpaHEHHs 3JI0POBbSI M COOJIONEHHWS HOPM HKOJIOTHMUYECKOTO MOBEICHMS B OKPY)KAIOIIEH cpene; MOHUMaHHE
HE0OXO0NMOCTH IPUMEHEHUS JOCT)KEHUH (PU3UKN M TEXHOJIOTHH JUTS PAIlMOHAIBHOTO IPHPOAOIIONB30BAHMS;
MPS8 criocoOHOCTE M TOTOBHOCTh K CaMOCTOSATENIPHOMY IIOMCKY METOZOB pEIICHHs IPaKTHYESCKUX 3ajad,
MPUMEHEHHUIO Pa3INdHbIX METOOB TIO3HAHUS;

MPI3 aHanu3UpOBaTh IOJYYECHHBIE B XOJ€ pELICHUS 3aJauyd pe3yiabTaThl, KPUTHYECKH OLEHHMBATh HX
JOCTOBEPHOCTD, IIPOTHO3UPOBATH UBMCHEHUE B HOBBIX YCJIOBUAX,

JI13 cnocOOGHOCTh OLIEHMBATh CUTYAaIlMI0O W NPUHMMATh OCO3HAHHBIC PEIICHHs, OPHEHTUPYSICh HA MOPAJIBHO-
HpPaBCTBECHHBIC HOPMBI U HEHHOCTH,

JIP23 rOTOBHOCTS K TPYJy, OCO3HAHHE IIEHHOCTH MacTepCTBa, TPYLOI00HE;

MartepuaibHoe obecrniedeHHe: BECHl U PA3HOBECHI, KaJOPUMETP, TEPMOMETP, BOJA, TBEPIOE
TEI0, HarpeBaTelb.
IMopsiioK BHINOJIHEHUST PA0OTHI:

Onpenenuts Maccy BHYTPEHHETO COCYAa KaJlOpUMeETpa (mK).
Hanuts Bo BHyTpeHHUit cocyn kanopumerpa 100 M1 BOJIbI U ONPEIEIIUTh €€ Maccy (mg).
[TomecTUTh BHYTpEHHUH COCY]l KaJJOPUMETPA BO BHEILIHUI.

M3MepuTh HaYaJIbHYIO TEMIIEpaTypy BOJbI (tg) U KaJopuMeTpa (tK ), (t = tK)

H3meputs Maccy Tena (mT).
Harpets Teno u onpeaennTs ero TeMrneparypy (tT).
OnycTUTh TENIO B KAJIOPUMETP Ha 3-5 MHUH. U U3MEPUTH TEMIIEPATYpPy KHUIAKOCTH (9) .

I/ICHOHBSyﬂ JAaHHBIC OIIbITa W YPABHCHUC TCIIJIOBOT'O 6ancha, ONPCACIIUTL YIACIbHYIO
TCIINIOEMKOCTD TECJ1a.

, te Q. — TEIIOTa, OTAAHHAS TENOM, /i,

Qom. = QHOJI. = Ql + Qz
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Qo — NONy4eHHast TeroTa, Joxc;

Q, — Terutora, moydeHHas BOAOM, /oic;

Q, — remioTa, MOMyYCHHAsT BHYTPEHHUM COCYIOM KallOpUMETpa, JJoic.

Qom. =C,m, (tT - 0)

Ql = MzCy (‘9 _tB)

, T7ie C, — TeIJIOEMKOCTb Tella,

ke- K

m, — macca Tena, ke; t, —Temneparypa tena, °C;

6 — ycranoBuBiasics remneparypa, °C.

rae M, — macca BOAbl, k2, C, — TEIIOEMKOCTE BOJIbI
B s B

ke- K
t, —Temneparypa Boasl, °C;
6 — ycranoBuBIIascs Temneparypa, °C.
Q, =M, Cy (0 _tK) .
rae M, — macca KaJJoOpuMeTpa, Ke,
C, — yZAenbHas TEINIOEMKOCTh antomMunus °C;
t, — Temneparypa kanopumerpa, °C; € — ycraHOBUBILAsiCs Temiiepatypa, °C.
Pe3ynbrarel u3mMepeHuil U BBIYUCICHUN 3aHECTH B Ta0nuily 1:
Tabmuna
HavanpHas VY nenbHas Temme- | YnaenpHas Abco- OtHOCH
Macca TeMIICpaTypa TCIIIIOEMKOCTD parypa TCIINIOEMKOCTD JIFOTHas -
CMECH CMECH norpeur- TCJIbHas
Kamop | Box | T| BOx TeNl | BOABI | Marepua C C HOCTb rnorpeit
u- bl e| bl Kajuop | a Cy na @,°c | momy | Tabm. A e - HOCTh
Metpa | m, | At | B t,, | o | KATOPHM . ke K &,%
a . cTpa oHC
mK , OC OC ke K p .
K2 Ko n MeTpa CK 7 e xe- K
t ke K
) K Lo
0
€ xe - K
100 | 4200 | 880

CpaBHUTH TOJNy4eHHBIH pe3ynabTarT (C, ) ¢ TaOMMYHBIM. Bbrumciauts aOCOMIOTHYIO (A) u

OTHOCHUTEIIbHYIO (8) MOTPEIIHOCTH 110 popMysIam:

A=|C

mab6n

-C

noJyu

CraenaTh BBIBOJ 1O paboTe
OTBeTUTH Ha KOHTPOJIBHBIE BOIIPOCHI.

KOHmpOJ'leble 60NPOChL

1 sapuanm

3agaya: 2Kr BO3ayXa B 3aMKHYTOM COCyA€ MEIJIEHHO HarpeBatoT oT 0 10 100°C. Kaxkoe

KoJIn4ecTBO Teru1oThl nmosyums Bo3ayx? (Cy=1 x/[x/kr-K)
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3amaya: Kakoe KOJWYECTBO TEIUIOTHI TPeOyeTCs ISl pacIliaBIICHUS 10° kr cranpHOrO NOMa B
MapTEHOBCKOM meun, eciu A=82 kJK/KT.
KakoB ¢usuuecknii cmpici KI1/] TemmoBoii MarmiHb1?
VY nenpHas TerioTa cropaHus HedTu 4,6-10" Ix/kr. Yo 910 3HAUMT?
YT0 Ha3bIBAIOT TEPMOJNHAMUYECKOW CUCTEMOM?
2 eapuanm
3amaya: Ilpm mnnaBnenun omoBa 3arpatwim  1,3x/Dx  Temnorel. OmnpenenuTs Maccy
PaCIUIaBICHHOTO OJIOBA. Agropa—29 KJK/KT
3amaya: Onpeaenuts KIIJ] TeruioBoii MammHel, eciiu T1:420°C, T2:13OOC.
VY nenpHas Ternora miasineHus cepedpa 87000 Jx/kr. Uto 3To 3HAYMT?
[IpuBenuTe HECKOJBKO MPUMEPOB H3MEHEHHUs HHEPruM Teja MIpHU TeliooOMeHe U Ipu
COBEpIICHUH PabOTHI.
Uto Ha3BIBAIOT TEPMOJIUHAMHYECKUM TIpoiieccomM?

Tema 3.2 IlocTOSIHHBII JIEKTPUYECKHH TOK

JlabopaTopHoe 3ansiTue Ne3
«OmnpenesieHue yaeJbHOT0 CONPOTUBJIEHHUS MPOBOJHUKA»
Leapb pabdoThl: onpeaeneHne yaeabHOro COMPOTHBICHUS TPOBOAHHUKA SKCIIEPUMEHTATbHBIM
IIyTeM
Boinosinenue padoTsl cnocodcTByeT GopMHUPOBAHMIO:

I1P64 yBepeHHOE UCIIOIb30BaHHE 3aKOHOB M 3aKOHOMEPHOCTE NPH aHajIn3e PU3MIECKUX SIBICHUH U TPOLIECCOB;

ITP66 BnaneHue OCHOBHBIMH METOJAaMH HAY4HOI'O TO3HAHUS, UCIIOJB3YyEeMbIMH B (DM3HKE: MPOBOAUTH NPSAMbIE U
KOCBEHHBIE N3MEPEHHUS (PU3HMUECKUX BEIWYMH, BEIOMPAst ONTUMAIBHBINA CIIOCOO M3MEPEHHUS M HCIONb3Ys
W3BECTHBIC METOJBl OLIEHKM IIOTPEIIHOCTeH W3MEepeHHuil, MPOBOJUTH WCCICAOBAaHHE 3aBUCHMOCTEH
(U3MYECKNX BEIMYMH C HCIIOJIB30BAHMEM IIPSAMBIX M3MEPEHHH, OOBSCHSITH IMOJTYyYEHHBIE PE3YNbTaThl,
UCTIONB3ysl (pU3NYecKHue TEOpHM, 3aKOHBI M TOHATHS, M JeJNaTh BBIBOJBI;, COOJIIOAATH NpaBHia
0e30macHOro TpyJa NpW TNPOBEICHWH HCCIEJOBAaHMH B paMKax y4eOHOTO SKCIEpUMEHTa M ydeOHO-
HCCIIEIOBATEIbCKOW JIESTENBHOCTH C HCIONb30BAaHHEM LU(POBBIX H3MEPHUTENIBHBIX YCTPOHCTB M
nabopaTopHOro 000pynoBaHMs; CHOPMUPOBAHHOCTH MPEACTABICHUI O METONAX IOMYYEHHS HAYYHBIX
aCTPOHOMHMYECKUX 3HAHUIL;

IIP67 chopMHpPOBaHHOCTh YMEHHMsl pELIaTh pPACYETHbIE 3aJadd C SIBHO 33/JlaHHOI (DU3MYECKOW MOJEIbIOo,
UCToNb3ysl (U3MUECKHE 3aKOHbI W NPUHIMIBI, Ha OCHOBE aHalnM3a YCJIOBHS 3ajJadd BbIOMpPATh
(U3MYECKYI0 MOJENb, BBIACIATh (PU3NYECKUE BEIMYMHBI U (OPMYJIbI, HEOOXOIUMBIE Ul €€ PELICHHs,
MIPOBOJIUTH PacyeThl M OLIEHUBATh PEAJbHOCTH MOJYYCHHOTO 3HAYeHHs (U3NYECKON BEITHUMHBI; peIlaTh
Ka4yeCTBEHHBIE 3a[auH, BRICTPAUBAsl JIOTHYECKH HEIPOTHBOPEUHBYIO IETIOUKY PACCYKACHHUN C OIOpPOil Ha
H3y4YeHHBIE 3aKOHBI, 3aKOHOMEPHOCTH U (PU3UUECKUE SBICHHUS;

ITP68 chopMHUPOBAaHHOCTH YMEHUSI NPHMEHSATh MONyYCHHBIE 3HAHUS Al OOBSICHEHWS YCIOBHH IPOTEKaHHS
¢du3nYecKnX SBJICHUH B MPUPOAE M JUIS NPHHATHS NMPAKTUYECKUX PELICHHH B NOBCETHEBHON XU3HU IS
obecrieueHnst 6€30MMaCHOCTH TIPH 0OpaNIeHN: ¢ OBITOBBIMU NMPUOOPAMH M TEXHUYECKHMH yCTPOWCTBAMH,
COXpaHEHMs 3/I0pOBbSi M COOJIIOAEHHS HOPM DKOJIOTHUECKOTO IIOBEJCHHS B OKpYKaIoOIeH cpene;
MOHMMaHHE HEOOXOAMMOCTH NPUMEHEHHUS JOCTIDKEHWH (HM3MKH M TEXHOJOIWH Uil palroHaJIbHOTO
MIPUPOJONOIb30BAHNUS;

MP8 crnocOOHOCTP W TOTOBHOCTH K CaMOCTOSTENbHOMY IIOMCKY METO/JOB DEHICHHS TNPAKTHYSCKUX 3ajad,
MIPUMEHEHHIO PA3ITUIHBIX METOJIOB ITO3HAHUS;

MP13 aHanM3WpoOBaTH IIOJIyYEHHBIE B XOAE pEHICHHSA 3adaddl pe3yJbTaThl, KPUTHYECKH OICHHBAaTh HX
JIOCTOBEPHOCTD, IIPOTHO3UPOBATH H3MEHEHHUE B HOBBIX yCIOBHUSX;

JI13 cnocOOHOCTh OIEHMBATh CUTYAIMI0O W NPUHUMATh OCO3HAHHBIC PEIICHHS, OPHUCHTUPYICh HA MOPAIBHO-
HPABCTBEHHBIE HOPMBI U LIEHHOCTH;

JIP23 TOTOBHOCTbH K TPY/y, OCO3HaHUE LIEHHOCTH MacTepCTBa, TPYI0II00He;
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MarepuanbHoe o0ecneyeHHe:  HCTOYHHK TOKa, aMmIepMeTp, BOJBTMETP,

COCIMHUTENIBHBIE IIPOBOJA, KIIOY, INTAHICHIUPKYJb, JIMHEWKA, KYCOK IIPOBOJA, YACIBHOE
COIIPOTHBIIEHUE KOTOPOIO ONPEAEIIACTCS.

3ananne

CamocTosaTenbHO coOpaTh MEKTPHUECKYIO LEMb 110 CXEME.
CHATH NOKa3aHus aMIEpMeETpa U BOJIBTMETpA.
Hcnonp3ys IITAaHIEHIUPKYIb U JIMHEHWKY, HAYUYUTHCS OIPEAEIATh FE€OMETPUUYECKHUE Pa3MeEphl
IIPOBOJHMKA.
Onpenenuts BEIUUYUHY YIEIBHOTO COIIPOTUBIIEHUS METaJLIa.
Ilopsinok BbINOJHEHHS padOThI:

A
Cobparh 11enb 1Mo cxeMe U MoKa3aTh Il IPOBEPKU ~
PYKOBOJUTEIIIO. —
3aMKHYTh L€IIb U CHATb MTOKa3aHUs aMIIEpMETpa U
BOJITMETpA.
BbruncnuTh conpoTuBIeHNE MPOBOHUKA IO hopmyIie:

,rne | - Tok B mpoBoauuke, A; U - majeHue HanpsKeHHs Ha IPOBOAHKKE, B.

I/ISMepI/ITB JJIMHY U BBIYUCIIUTD IUIOMIAAb ITOIIEPEUHOIO CCUCHUS ITPOBOJHUKA 1O (1)OpMy.]'ICZ

7-d2 , e d - auaMeTp IpOBOJHHKA.

4

S

R-S

P=—""

BbruucnuTh yaenbHoe cCOnpoTUBIEHHE O (HopMy

. I[aHHBIe 3aHCCTH B Ta6n1/1uy .

. Berancnuts abcomoTHyO (A) ¥ OTHOCUTENBHYIO (€) TOTPEITHOCTH U3MEPEHHH 0 opMyIiaMm:

A
A= |pTAE/7. - pnoqu.| c=—-100%

Prasi.

. Cnenatb BbIBOJ 110 paborTe.

®opma npeaocTaBieHHs pe3yJibTaTa

Taoauna

Uu,B A R,Om | l,m d, m S, M | POM-m | p A,OM'.&%

Omm

BEILECTBO
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KoHnTpoJsbHbIe BOpochl

1. Or kakux BEJWYUH U KaK 3aBHCUT COIPOTUBIICHHE MPSIMOJUHEHHOrO0 METaUIMYecKOTo
MPOBOJIHUKA?

2. Jlea MeaHBIX NPOBOJHHMKA HMMEIOT OJUHAKOBYIO JJIMHY, HO Ppa3IUYHYIO IUJIOLIa/b
[OIEpEeYHOro cedyeHwus.:1,6 mm® u 0,8 mm’  Kakoii IIPOBOJHUK HMEET MEHbLIEE
COIPOTHBIIEHUE U BO CKOJIBKO pa3?

3. CKOIbKO METPOB HMKEIMHOBOTO TMPOBOZA IUIOUIA[bI0 momepeyHoro cedeHus 0.1 mm
noTpeOyeTcs JIs M3TOTOBJICHHS peocTaTa ¢ MaKCUMAaJbHBIM compoTuiieHueM 180 Om?
VnensHoe conporuBieHue Hukenuna 0,42 10°0m M.

®opma npeaocTaBIeHHus pe3yabTaTa

BrinonHenHsbie 331241 B TETPAAX AJ1s1 JIaOOPATOPHBIX padoT.

Kpurepum ouenku:

Oyenka «OMAUYHO» BbICMABAAEMCS: TIPABUIBHO BBINOJIHEHB! BCE 3aJaHUsI B COOTBETCTBUM C

TpeOOBaHUSIMU, TPABWIHHO  BBIMOJHEHBl JOMOJHUTENbHBIE  33/1aHHf, CBOEBPEMEHHO

NPEOCTABIICH OTYET O BHIITOJHEHUN PAOOTHI.

OyeHnka «xopouioy vlcmaeisemcs: MPaBUIBLHO BBIMOJIHEHBI BCE 33JaHUS B OCHOBHOM YacTH,

JIOTIOJIHUTEJIbHBIE 3a/laHusl BBIIIOJHEHbl HE B IIOJHOM O00bEME, IpPENOCTAaBIEH OTYET O

BBIMIOJTHEHUH PA0OTHI, JTUOO B CIydyae HECBOEBPEMEHHOIO MPEAOCTABICHUS OTYETa WU C

HAJIMYUEM HECYIICCTBCHHBIX OIIMOOK B BHIMIOJTHCHUN 33 JaHUSI.

OyeHnka «y00671emeopumenbHo» 8bICMABIAemcs: BBHITIOIHEHBI HE Bce, HO Oonee 50% 3amanuii

paboThl, TOMOIHUTENbHBIE 331aHNUSI HE BBINOJIHEHbI, HECBOEBPEMEHHO IPEJOCTABIEH OTYET O

BBITIOJTHEHUH PaOOTHI.

Oyenka «Hey008IemMBOpUMeENbHOY Gblcmasisiemcs: BbIMolHeHO MeHee 50% paboTel, He

BBITIOJTHEHBI JOMOJHUTENbHBIE 33/IaHUS, OTYET O BBIMOJIHEHUU PA0OTHI HE MPEAOCTaBIICH.

2

Tema 3.2 IlocTOSAHHBII 3JIeKTPUYECKUH TOK

JladopaTropHnoe 3ansiTue Ned
«IIpoBepka 3axkoHa OMa Il y4aCTKa Lenm»
Lear paboTbl: W3MepeHHE TOKAa W HaNpsHKEHUs — J1adopaTopHbIMU  Ipubopamu
AKCIIEpUMEHTANIbHAS IIPOBEPKA BBINOJIHEHMS 3aK0HA OMa.
BeinosiHenue padorTsl crnoco0cTBYeT (POPMHUPOBAHUIO:

11P64 yBepeHHOE UCTIONIb30BaHIE 3aKOHOB M 3aKOHOMEPHOCTEH P aHAIM3e (U3NICCKUAX SBICHUN U IPOIECCOB;

IIP66 BnaneHne OCHOBHBIMHM METOJAMH HAyYHOTO MO3HAHUS, UCIOIb3yEeMBIMU B (DPU3UKE: MPOBOIUTDH MPSIMBIC U
KOCBCHHBIC W3MEPEHUs (PH3MUSCKUX BEIMYHH, BHIOMPAs ONTHMAIBHBIA CIIOCO0 M3MEPEHUS M UCTIONB3YS
W3BECTHBIC METOJBI OLEHKH TOTPEITHOCTEH W3MEpEeHUl, MPOBOJUTH HCCICIOBAaHHE 3aBUCHUMOCTEH
(U3NYECKUX BEIMYHH C WCIIOJNF30BAaHHEM IPSIMBIX H3MEPEHHU, OOBACHATH IONyYSHHBIC PE3YNbTaTHI,
HCIOJIBb3YA (bn3nqecxne TCOPUH, 3aKOHbBI W TIOHATUA, W ACJIAaThb BBIBOABI, CO6II}O)13.TB IpaBuja
0e30macHOr0 TpyAa MpPH MPOBEIECHHHM HCCIEAOBAaHMA B paMKax y4eOHOTO 3KCIIEpHMEHTa M y4eOHO-
HCCIICIOBATENILCKON JIEATEIIFHOCTH C HCIIOJIB30BAaHUEM ITH(PPOBBIX H3MEPUTENBHBIX YCTPOHCTB U
nabopaTtopHoro o0opyaoBaHUs; cHOPMUPOBAHHOCTH MPEACTABICHUH O METOAax IMOJYYCHUS HAyIHBIX
ACTPOHOMMYECKUX 3HAHUK;

IIP67 copMHpPOBAaHHOCT, YMEHMS pELIaTh pPacyeTHhIE 3aJadd C SBHO 33JlaHHOM (M3MYECKOH MOJIEIbIO,
UCTIONB3ysl (U3MUYECKHE 3aKOHBl W TPUHIMIIB;, HA OCHOBE aHalW3a YCIOBHMS 3a7add BEIOMpaTh
(U3MYECKYI0 MOAENb, BHIACIATh (PU3NYECKUE BEIMYMHBI M (OPMYJIbI, HEOOXOJUMBIE Ul €€ PELIeHHs,
IIPOBO/INTH PACUETHl M OLEHWBATh PEAIbHOCTH MOJIyYEHHOTO 3HAYEeHUs! (PU3NUECKON BEIMUYMHBI; pelaTh
Ka4eCTBEHHbIE 3aJ1au¥, BEICTPAanBask JJOTMYECKH HENIPOTHBOPEUYHMBYIO IIETIOYKY PACCYKACHUMH C OIOpoi Ha
N3y4YECHHBIE 3aKOHBI, 3aKOHOMEPHOCTH ¥ (PU3NUECKHE SIBJICHNUS;

IIP68 chOpMUPOBAHHOCTh YMEHHUS NPUMEHSTH TOJYYCHHBIE 3HAHUS JJISI OOBSICHEHUS YCJIOBHHA TPOTEKAHUS
q)I/I?;I/IquKI/IX SIBICHUH B mpupoac U A NMPUHATUA MTPAKTUICCKUX peI_HeHI/Iﬁ B HOBCC}IHCBHOﬁ JKHWU3HU I
obecrnieueHns 6€30IaCHOCTH MPH OOPAIIEHUH ¢ OBITOBEIMH MPHUOOPAMHU U TEXHWYECKHMHU YCTPOWCTBAMH,
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COXpaHEHMs 310pPOBbS M COOJIOACHHS HOPM OHKOJIOTHYECKOTO IIOBEICHMS B OKpPYXKAIOIICH cpene;
MOHMMaHUE HEOOXOAMMOCTH NPUMEHEHHUS AOCTIDKCHHMH (U3MKH M TEXHOJOTWH [UId PanroHAIBHOTO
MIPUPOJIOTIOTB30BAHNS;

MPS8 cnocoOHOCTP M TOTOBHOCTH K CAMOCTOSITEIBHOMY IIOMCKY METOMOB PEIICHMS NPaKTHYECKUX 3a7ad,
MIPUMEHEHHMIO Pa3INIHBIX METO/I0B IIO3HAHUS,

MPI13 ananmu3upoBaTh IIOJIyYEHHbIE B XOJA€ PEIICHUS 3aJadd pe3yJbTaThl, KPUTUYECKH OLEHUBAThb MX
JIOCTOBEPHOCTb, IPOTHO3UPOBATH U3MEHEHHUE B HOBBIX YCIIOBUSX;

JI13 cnocoOHOCTh OLIEHMBATh CHUTYallMI0 W NMPUHUMAaTh OCO3HAaHHBIC PEIICHUS, OPHEHTHPYSICh Ha MOpPAIBHO-
HPaBCTBEHHBIE HOPMBI U LIEHHOCTH;

JIP23 TOTOBHOCTB K TPYyIly, OCO3HaHHE LIEHHOCTH MacTepCTBa, TPYAOJI00ue

MartepuanbHoe obGecrnedeHne: aMIepMETp Ja0OPAaTOPHBIN, BOJBTMETP JIAOOPATOPHBIH,
WCTOYHHMK TUTaHUsA, Ha0op W3 TPEX pe3ucTtopoB compotuBieHusMu 4 OMm, 6 Om, 12 Owm,
peocTaT, KJII04Y 3aMbIKaHUsI TOKa, COeIMHUTENbHbBIE IPOBO/IA.

3aganue

1. Ilpaktuuecku yoenurcs B GpuU3MUECKOI CYIIHOCTH 3aKkoHa OMa Ui ydacTKa LEenu.
2. YCTaHOBHTbH Ha OIBITE 3aBUCHUMOCTb CHJIbI TOKA OT HAPSKEHUS U COMPOTUBIICHHUS.
ITopsiiok BHIOJIHEHUS Pa6OThI

3JIGKTpH‘~I€CKPIﬁ TOK W  HaApsOKCHUC  ABJIAKOTCA  OCHOBHBIMU (1)I/I3I/I‘ICCKI/IMI/I
BCJIIMYMHAMHU, XAPAKTCPU3YIOIIHUMU 3JICKTPOMAIHUTHBIC ITPOLIECCHI B BHCKTpHHCCKOﬁ OCIIn.

Hal'[pﬂ)KCHI/IC Ha y4aCTKe BHGKTpHHCCKOﬁ e U3sMEepACTCA BOJIBTMETPOM, BKIIFOYCHHBIM
MCXKAY ABYM TOYKaMM LICTIU NTAPAJJICIIBHO 3TOMY YUACTKY.

Toxk nenu HN3MEPACTCA aMIICPMETPOM, BKITFOUCHHBIM ITOCJICA0BATCIIBHO C LCTIBIO.

Cxema BKIIIOUCHHS BOJIBTMETpPA V " aMIIepMeTpa A moka3zaHa Ha pUCYHKaX:

Tox W HampspKEHHWE Ha YYacTKE DJIEKTPUYECKOU
LIENU C PE3UCTUBHBIM 3JIeMEHTOM R cBsi3aHbl 3akoHOM OmMma:

1. HccnenoBaHue 3aBHCHMOCTH CHJBI TOKa OT
HANPSKEHUS] HA JAHHOM yY4acTKe Lelu.
Bxmtounte tok. [lpum momouu peocrata 1oBeauTe
HaIpsHKEHUE Ha 3aKUMax IMPOBOJIOYHOIO pe3ucropa 10 1.5 B,
3areMm 10 2 B u 1o 3 B. Kaxnplii pa3 npu 3ToM usmepsiite

CUJIY TOKA U pe3yJIbTaThl 3alluchiBaiiTe B TaoO. 1.

Tabauua 1.

U, B
HaAIPSKEHNE
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I, A
CHJIa TOKa

[Toctpouts rpaduk 3aBUCUMOCTH CHIIBI TOKA OT HANPSKCHUS

Al HCCJICI[OB&HI/IC 3aBUCHMOCTH CHJIBI TOKA OT
COIMPOTHUBJICHUS YYaCTKa HECIIN IPU

08
MOCTOAHHOM HAIIPS’KECHUHN HA €0 KOHIaX.

14 Brxirounte B menb II0 TOM K€ CXEMeE

o MIPOBOJIOYHBIN pe3ucTop CHayajia
conpotuieHuemM 4 Om, 3atem 6 Om u 12 Om.

2 3 4 5 ¢ Ilpu momoiu peocTaTa YCTaHABIMBAWTE Ha
U 8]

‘| KOHIAxX ydyacTKa KaXIblii pa3 OJHO U TO XKe
HanpspKeHue, Hanpumep, 2 B. V3MepsiiTe npu 3TOM CHIIy TOKa, pe3yJIbTaThl 3allMChIBANTE B
Tabnuiy 2.

Hal

R, Owm|
COMPOTUBJICHUE

I, A 0.2

o
o

CHJIa TOKa ! 2 3 4
U (8]

Tabmuia 2.
[Toctpouts rpaduk 3aBUCUMOCTH CUIIBI TOKA OT COMTPOTUBIICHHUS
dopma npeaocTaBIeHHA pPe3yabTaTa

1. PesynbTarbl M3MEpeHMH W BBIUMUCICHHM 3aHecTH B Tabmuubl 1 M 2 C NOCTpOEHUEM
COOTBETCTBYIOIIUX IPaQHUKOB.
2. CpenaTh BBIBOJ MO paboTe.
KoHnTpoJsbHbBIE BOPOCHI

1. Hampspkenue Ha 3axumax snekTpuueckoro ytiora 220B, ConpoTuBieHre HarpeBaTelbHOTO
anemeHTa ytiora 50 Om. Uemy paBHa cuia TOKa B HarpeBaTEIbHOM 3JIEMEHTE?

2. Cuna TOKa crnupainu snektpuyeckoi mammbel 0,7A, comporuBieHue jamibsl 3100m.
Onpenennure HaIpsKEHUE, 110 KOTOPHIM HAXOIUTCS JIaMIIa.

3. MO>HO 1 BKJIIOYHUThH B CE€Th ¢ HanmpspkeHneM 220BonbsT peocTar, Ha KOTOPOM HAIlMCaHO: a)
300M, 5A; 6)2000 Om, 0,2 A.

4. Jlanbl rpa@UKy 3aBUCUMOCTH CHJIbI TOKA OT HANPSKEHUS IS KaXKI0T0 U3 IBYX MapaljieIbHO
COETMHEHHBIX MPOBOJIHUKOB (cM.pHc.1). OnpeneanTs cUily TOKa B HEpPa3BETBIEHHOM YacTH,
LIENIH, KOT/Ia HANPsKEHNE Ha KOHIIAX ydacTka. 2 B.
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Puc.1 Puc. 2

J(A)‘ 1 J(A)‘

(S S T S B S Y

- -
U (B) 0 1 2 3 4 5 U (B)

5. Jlanbl rpaduKu 3aBHCUMOCTH CHJIBI TOKA OT HANIPSDKEHUS JIBYX Y4acTKOB 1enu (cM.puc.2). Ha
KAaKOM y4acCTKe COIPOTUBIIEHUE OOJIbILIE U BO CKOJIBKO pa3?

®opma npeaocTaBlieHUs pe3ybTaTa
BrimonHeHHbIe 331241 B TETPAAX AJIs1 JIAOOPATOPHBIX padoT.

Kpurtepuu ouenku:
Oyenka «OMAUYHOY» BbICMAGIAEMCs: TIPABUIBLHO BBIMOJIHEHBI BCE 3aJjaHHsl B COOTBETCTBHH C
TpeOOBaHUSIMU, TPABUIBHO  BBHIMOJHEHBl JIOMOJHUTENbHBIE 3a/laHds, CBOEBPEMEHHO
MPEIOCTABIICH OTYET O BBIMOJIHEHUU PAOOTHI.
OyeHnka «xopouioy vlcmaeisgemcs: MPaBUIBLHO BBIMOJTHEHBI BCE 33JaHUS B OCHOBHOM YacTH,
JIOTIOJTHUTEIIPHBIE 3a/IaHUsl BBINIOJHEHBI HE B IOJIHOM 0O0BEMe, MPEeJOCTaBIe€H OTYET O
BBIMTOJIHEHUH PaboTHl, OO B Cilydae HECBOCBPEMEHHOTO MPEJOCTABICHUS OTYETa WIIH C
HAJIMYMEM HECYIIECTBEHHBIX OIIMOOK B BHITIOJTHEHUH 3a/IaHHSL.
Oyenka «y0061emeoOpUmMenbHO» 8blCMABIsiemcs: BHIIIOTHEHBI HE Bce, HO O6omnee 50% 3amanuit
paboThl, TOTIOJIHUTENbHBIE 33JJaHUs HE BBINIOJIHEHbI, HECBOEBPEMEHHO MPEAOCTABICH OTYET O
BBINOJIHEHUH PaOOTBHI.
Oyenka «Hey00B81emeopumenvHoy 6vicmasisemcs: BbIIOIHEHO MeHee 50% paboTsl, He
BBITOJIHEHBI JIOIIOJHUTENbHBIE 33JJaHUs, OTUYET O BHIIOJIHEHUH PabOThl HE MPEIOCTABIIEH.

Tema 3.2 IlocTOAHHBIN 2JIEKTPUYECKUH TOK

JlaGoparopHoe 3aHsaTHE NS
Onpenenenne 3/IC 1 BHyTpEeHHEro CONPOTHBJICHUS] HCTOYHHKA TOKA

Ieap padoThl: ONBITHBIM IYTEM Hay4UThCS onpenensaTs J/C, HCTOUHNKA U €r0 BHYTPEHHEE
COIIPOTHUBJICHUE.
BbinosiHeHue pa6oTsl cocodcTBYeT (POPMUPOBAHUIO:

IIP64 yBepeHHOE HCIIOB30BAHNE 3aKOHOB M 3aKOHOMEPHOCTEH MpH aHaIN3e QU3NUECKUX SBICHUH U MPOIIECCOB;

IIP66 BnageHne OCHOBHBIMH METOJAMH HAYYHOTO IO3HAHMS, MCIIONB3YEeMBIMH B (DH3HKE: IMPOBOANTH HPSMBIE U
KOCBEHHBIE N3MEPEHUs (PU3MUECKUX BEIIMYHH, BEIOWPAs ONTUMAIBHBIN CIIOCOO M3MEPEHUS M MCIIONB3YS
M3BECTHBIE METOJBl OLIEHKM IOTPEUIHOCTEH W3MEPEeHHH, NpPOBOAWTH HCCIENIOBAaHHWE 3aBUCHMOCTEH
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(GU3NYECKNX BEIMYMH C HCIOJIB30BAHHEM IMPAMBIX M3MEPEHHH, OOBACHSITH MOTYYEHHBIC PE3YNbTATHI,
UCTIONB3ysl (pU3MYecKHe TEOpHH, 3aKOHbl M IIOHATHS, M JeJaTh BBIBOJIBI, COOJMIOAATH IIpaBHIIA
0e30macHOT0 TpyAa MpPHU MPOBEISHHHM HCCIEAOBAaHWNA B paMKax Y4eOHOTO SKCIIepHMEHTa M y4deOHO-
HCCIIEOBATEIbCKON JESATENBHOCTH C HCIONb30BAaHWEM LH(PPOBBIX H3MEPHUTENBHBIX YCTPOHCTB H
nmabopaTopHOro 000pyHOBaHMUS; CHOPMHUPOBAHHOCTh NPEACTABICHUH O METOJAaX MONYyYCHHS HaydHBIX
ACTPOHOMUYECKUX 3HAHMM;

IIP67 cdopMHpPOBAaHHOCTh YMEHHMSl pELIaThb pPacueTHBIE 3aJayd C SIBHO 33JaHHON (M3MYECKOH MOJIEIbIOo,
UCToNb3ysl (U3MUECKHE 3aKOHbI W TPUHLMUIIB;, HAa OCHOBE aHaNW3a YCJIOBHS 3alayd BEIOMpaTh
(U3MYECKYI0 MOJENb, BHIAEIATh (PU3NYECKUE BEIMYMHBI M (OPMYJIbI, HEOOXOJMUMBIE Ul €€ PELICHHS,
MIPOBO/IUTH PAaCUEThl M OLEHUBATh PEAbHOCTh IOJIyYEHHOTO 3HaYeHUs! (PU3NUECKOW BEJMYMHBL; PEllaTh
Ka4yeCTBEHHBIC 3aJlauM, BEICTPauBas JJOTMYECKH HENPOTUBOPEUHMBYIO LIEMIOYKY PACCYKACHHUH ¢ OMOpOH Ha
N3y4YCHHBIE 3aKOHBI, 3aKOHOMEPHOCTH ¥ (PU3UUECKHE SIBIICHNUS;

IIP68 chopMUPOBAaHHOCTE YMEHHS MPHUMEHSATHh MONyYeHHBIC 3HAHUS M OOBSICHEHHS YCIOBHHA IPOTEKAHHS
¢u3HUYeCcKnX SBICHUN B IPUPOAE W JUIA NPHHATHS NMPAKTUUECKUX PEHICHHH B MOBCETHEBHON XHM3HU [UIS
obecrnieueHns 0€30IACHOCTH TIPH OOpaIIeHUH ¢ OBITOBEIMH IPHOOPaMHU U TEXHUYECKUMH YCTPOUCTBAMH,
COXpaHEHHs 3/I0pOBbS M COONIOACHHWA HOPM 3KOJIOTHYECKOTO IIOBEJCHHS B OKPYXKAIOIIEH cpene;
MIOHNMaHUE HEOOXOAMMOCTH NPHUMEHEHHUS JOCTIDKCHWH (U3MKH M TEXHOJOTWH UIi palroHAIBHOTO
MIPUPOJIOTIOTB30BAHNS;

MPS8 cnocoGHOCTP M TOTOBHOCTh K CAaMOCTOSITEIHHOMY IIOMCKY METOZOB pEIIeHHs NpPaKTHYSCKUX 3ajad,
MPUMECHCHUIO Pa3JIMYHbIX METOAOB ITO3HAHUA,

MPI3 aHanu3UpOBaTh IONy4YEHHBIE B XOJ€ pELICHHA 3aJauyd pe3yibTaThl, KPUTHUECKH OLEHMBATh HX
JOCTOBEPHOCTD, IPOTHO3UPOBATH UBMCHCHHE B HOBBIX YCJIOBUSAX;

JI13 cnocoOGHOCTh OLIEHMBATh CUTYallMI0O M NPUHMMATh OCO3HAHHBIC PEIICHHs, OPHUEHTUPYSICh HA MOPAIBHO-
HPaBCTBEHHbIC HOPMBI U LICHHOCTH;

JIP23 TOTOBHOCTb K TPY.y, OCO3HaHUE LIEHHOCTH MacTepCTBa, TPYI0II00HeE;

MarepunanbHoe o0ecrnedeHHe: HCTOYHUK JJIEKTPUYECKOM OSHEpPruu, ammepMerp, Koy,

BOJIBTMETP, COCANHUTCIIbHBIC IIPOBO/JIA, HOTpe6I/ITCJ'H: SHGKTpH‘ICCKOﬁ OHCPIUuHu.

3aganue

1. Hcnonp3ys BoabT™METp, onpenenuts J/1C uctouHuka Toka.
Omnpenenuts BennunHy 3/1C 1 BHYTPEHHETO CONPOTUBIIEHNS NCTOUYHUKA TOKa,
UCIIOJIB3YS MOKa3aHUs aMIIepMETpa U BOJbTMETPA.

N

ITopsinok BbINOJIHEHHS PA0OTHI

- @ +
1. Colepute 5SIEKTPUUYECKYIO IIE€Mbh IO CXeMe
(Puc.1)
2.  Omnpenenure 1EeHy JIeTICHUS
3JIEKTPOU3MEPUTENBHBIX PUOOPOB.
3. Msmepwsre DJIC ncroynmka toka. [ms sToro
OIlpeNie/IuTe TIOKa3aHUs BOJIBTMETpA IpH Puc. 1
Pa30MKHYTOM KITFOUE.
4.  H3mepbTe BETWYHMHBI CHIBI TOKA U HANPSHKEHUS HA BHEITHEH U YacTu  Iemnw,
3aMbIKast Kitod. PaccuunTaiite conmpoTuBiieHue 1Mo Gopmyie: R= N
5.  HM3MmeHss monoKeHHs ABM)KKA peocTara, MOBTOpUTe u3MepeHus (1.3) emié
JIBAXKIBI. r= ¢-IR

6. BeuncianTe BeIMYHHY BHYTPEHHETO CONMPOTUBIICHHS 110 GopMyJIe: |
Pe3ynbrarhl n3MepeHuii U BEIYMCIICHU 3aHeCUTe B TaOIuUILy 1.
Crnenatb BBIBOJ 1O padoTe.

o N

dopma npegocTaBieHus pe3yabTaTa
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KoHTpo/bHbIE BONPOCHI

1. Tlouyemy nmoka3aHus BOJIBTMETpPA MPU PA3OMKHYTOM U 3aMKHYTOM KJIIOU€ Pa3IMYHbI?

2. Jlna uamepenus D/1C uCTOUHMKA TOKA U €r0 BHYTPEHHETO COMPOTUBIICHHUS CTYACHT COOpa
cxeMmy, n300pakEéHHy0 Bbilie. [Ipu 3ToM BONBTMETp MOKa3al 5 BOJb, a ammepmerp — 1
Awmmnep. Ilocne pa3mbikaHusi kitoda BoibTMETpa mnokazan 6 Bonwst. Uemy paBubl D/IC
MCTOYHUKA TOKA U €r0 BHyTPEHHEE CONPOTUBICHHE?

3. DJC wucrounumka Toka 3 B, a BHyrpenHee comportusienue 0,5 Owm. ComporuBieHue
BHewHel yacty nenu 10 Om. Haiiaure cuity Toka B nenu.

4. Cuna Toka B uenu pasHa 0,4 A., BHyTpeHHee CONpOTUBJIEHHE MCTOYHUKA Toka 0,5 Om,

BHemHee-4,5 Om. KakoBa 9/IC ucrounuka?
®dopma npeaocTaBIeHHUs pe3yabTaTa
BrimonHeHHbIe 3a71a4u B TETPaH 71 1aOOpaTOPHBIX padoT.
Kpurepun onenkn:
OyeHka «OMAUYHOY» BbICMAGIAEMCs: TIPABUIBLHO BBIMOJIHEHBI BCE 3aJjaHHsl B COOTBETCTBHH C
TpeOOBaHUSMHU, [PABUIBHO  BBIIOJHEHbl JONOJHUTENIbHBIE  33/1aHUS, CBOEBPEMEHHO
MPEIOCTABIIEH OTYET O BBIMOJIHEHUU PAOOTHI.
Oyenka «xopouio» vlcmaeisemcs: NMPaBUILHO BBIMOJIHEHBI BCE 33JaHUsS B OCHOBHOM YacTH,
JOTIONTHUTEIbHBIE 3a/laHusl BBIMIOJIHEHBI HE B TOJHOM O0beMe, MPEeIOoCTaBlIeH OTYeT O
BBIMIOJTHEHUHM PAa0OTHI, JTUOO B CIyyae HECBOEBPEMEHHOI'O IPEAOCTABICHUS OTYETa WU C
HAJIMYUEM HECYIIECTBEHHBIX OIIMOOK B BHIMIOJTHEHUHN 3aJaHUSI.
Oyenka «y0061emeoOpUmMenbHO» 8blICMABIsAeMcs: BHIIIOTHEHBI HE Bce, HO O6omnee 50% 3amanuit
paboThl, TOTOTHUTETbHBIC 3a/l1aHUsl HE BBIIOJIHEHBI, HECBOEBPEMEHHO MPEAOCTaBICH OTYET O
BBITIOJIHCHUH Pa0OTHI.
Oyenka «Hey0081emeopumenvHoy 6vicmasisemcs: BbIIOIHEHO MeHee 50% paboTsl, He
BBITIOJTHEHBI JOMOJIHUTENBHBIE 33/1aHUS, OTYET O BBINOJIHEHUN Pa0OTHI HE MPEAOCTaBIIEH.

Tema 3.2 IlocTOSAHHBIN 2JIEKTPUYECKHH TOK
JlaGopaTopHoe 3ansitue Ne6

«HccesenoBanue 3aBUCUMOCTH MOIIIHOCTH, OTPe0J/IsIeMOil JIaMII0ii HAKAJIMBAHUSA OT
HANPSIZKEHNUS HA ee 3a:KNMax»

ean paboThI: KcCIe0BATh 3aBUCUMOCTH MOIIHOCTH, OTPEOJIIEMOM JTaMITON HaKaJTUuBaHUSI
OT HAITPS’KCHUA Ha €€ 3aKnuMax

Boinosnenue padorsl cnocodcTByeT GopMHUPOBAHUIO:

HP64 YBEPECHHOC HUCITOJIb30BAHUC 3aKOHOB U 3aKOHOM€pHOCT€ﬁ IIpyu aHaJIn3e (1)I/ISI/I‘I€CKI/IX SIBIICHUH U IMMpO1ECCOB;
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1IP66

11P67

1IP68

BIIaJICHHE OCHOBHBIMH METOJIaMU HAYYHOT'O MO3HAHUs, UCTIOIb3YEeMBbIMU B (PH3UKE: MPOBOIUTH MpPSIMbIE U
KOCBEHHBIE M3MEpeHUS (PU3NYECKUX BEIWYWH, BHIOMpAas ONTHMAJIbHBIA CIIOCOO M3MEPEHHS W WCTIOIb3YS
W3BECTHBIE METOAbl OLEHKM MOTPEIIHOCTEH H3MEPEHUM, NPOBOAUTH HCCIEIOBAaHUE 3aBUCUMOCTEH
(hM3MYECKUX BENWYHH C WCIIOJNB30BAaHUEM IPSIMBIX HM3MEPEHHH, OOBACHATH IONyYEHHBIC Pe3yJIbTaThl,
UCTIONB3YS (pr3uyecKue TeOprH, 3aKOHBI U TTOHATHS, M AeJaTh BRIBOJBL, COOMIOATE MpaBmiIa Oe30MacHOTO
TpyZAa TpU TPOBEISHNH WCCIICAOBAHUHA B paMKax y4eOHOTO KCIIEpUMEHTa U y4eOHO-HCCIIeI0BAaTEIECKOM
JESITETbHOCTH C  HCIOJB30BAHUEM ITUPPOBBIX H3MCPHUTCIBHBIX YCTPOWCTB H  J1abOpPaTOPHOTrO
000pynoBaHus; cHOPMUPOBAHHOCTH MPEACTABICHUN O METOJAaX MOJNyYeHHS HAYYHBIX aCTPOHOMHUYECKUX
3HAHUM;

c(hOPMHUPOBAHHOCTh YMCHHS peEIlaTh PACUYCTHBIC 3aJa4d C SBHO 3aJaHHOW (DU3UYECKON MOJCIBIO,
UCTIONB3Ys (PU3NUCCKUE 3aKOHBI U MPUHIIUIIBI, HA OCHOBE aHAJIM3a YCIIOBUS 3a]1a4d BEIOUPATH (DU3UIECKYIO
MOJICJIb, BBIACIATh (DUIUUCCKUC BEIUYHMHBI M (DOPMYIIBI, HCOOXOMUMBIC IS €€ PEIICHUs, MPOBOIUTH
pacdeTsl ¥ OIICHUBATh PeallbHOCTh MOITYICHHOTO 3HAYCHUS (PM3NIECKOI BEITMUNHBI; PEIIaTh KaueCTBEHHBIE
3a/1a4y, BBICTpauBas JOIMYECKH HENPOTHBOPEUMBYIO LENOYKY PACCYXKACHHUW C ONOPOM Ha H3yYEHHBIE
3aKOHBI, 3aKOHOMEPHOCTH U (PU3UIECKUC SBIICHIS,

c(hOpMHUPOBAHHOCTS YMCHHUS IPHUMEHATH IIONyYEHHBIC 3HAHUS IS OOBSICHEHHS YCIOBHH NPOTEKAHUS
(hM3MYecKUX SBICHUHN B MPUPOAC W U MPHHATHS MPAKTUYCCKUX PEIICHHH B MOBCEJHEBHOM JKU3HU IS
obecrieueHns1 0€30MACHOCTH MPU OOpameHn: ¢ OBITOBRIMH HMPUOOPAMH U TEXHHYECKHMHU YCTPOHCTBAMH,
COXpaHEHHs 3J0POBbS M COOJIOACHHS HOPM DSKOJOTHYECKOrO TIOBEIEHUS B OKpYXKaloulel cpene;
MOHUMAaHUE HEOOXOMUMOCTH NPUMEHEHHUS JOCTHKCHUN (GU3UKH U TEXHOJOTHHA [UIS PalMOHAIHHOIO
MIPUPOJIOTIOJIb30BAHUS;

MPS8 cnocoGHOCTP M TOTOBHOCTh K CAaMOCTOSITEIHHOMY IIOMCKY METOZOB peIIeHHs NpPaKTHUYSCKUX 3ajad,

MPI3

MMPUMEHCHUIO PA3JINYHBIX METOAOB IMO3HAHUSA,
AHAJIM3UPOBATh IMOJYYCHHBIC B XOAC PCHICHUA 3aJadd pe3yJibTaTbl, KPUTHYCCKH OLCHHBATH HX
JAOCTOBCPHOCTD, IIPOTHO3UPOBATHL U3BMCHCHUC B HOBBIX YCJIOBUAX,

MP17 YMETh NIEPCHOCUTL 3HAHHMSA B TIO3HABATCIIbHYIO U ITPAKTUYCCKYIO obnactu KHU3HCACATCIbHOCTH,
JI13 crnocoOHOCTh OLCHMBATh CUTYallMIO W NPHUHHUMATh OCO3HAHHBIC PCHICHHSA, OPUCHTUPYACH HA MOPAJIbHO-

HpPaBCTBCHHBIC HOPMbBI U ICHHOCTH;

JIP23 TOTOBHOCTb K TPY.y, OCO3HaHUE LIEHHOCTH MacTepCTBa, TPYI0II00HE;
MarepuanbHoe o0ecnedeHue: Oarapes aKKyMyJsTOpa, OJJIEKTPUYECKas JIaMIIOYKa C

MaTpoOHOM, PC€OCTAT CO CKOJIB3AINUM KOHTAKTOM, aMIICPMETP, BOJIBTMETP IMOCTOSHHOI'O TOKa,
COCAMHUTCIIBHBIC TPOBOJA, KIIHOY.

3ananue

1.

2.

1. Cobpath 11ensb mo cxeme.

2. 3aMKHYTb LN U U3MEPUTH HAauOOIIbIlIee HAPSKEHUE Ha
3a)KMMax JIaMIIbl U BEJIMYUHY TOKA B LIETIH, a 3aTEM

BBIYHCIIUTH MOIIHOCTh Toka P=I-U. _@

3. YMEHBIINTD HaIMpsKCHUEC Ha 3a’)KNUMax JIaMIIbl C TIOMOIIbIO

BbIsicCHUTB, KaK 3aBUCHUT MOILIHOCTb IEKTPUYECKOTO TOKA OT HAIIPSKEHUS U CUIIBI TOKA B
LEIH.
OKCIIEpUMEHTANIBHBIM IIYTEM MOATBEPIUTH 3TY 3aBUCUMOCTb.

ITopsinok BbINOJHEHHS PadOTHI

.y
J+

peocTara U USMCPUTH CUITY TOKA B IICTIH, a4 3aTEM BbIYHUCIINTD
MOIIHOCTH TOKaA.

4, HpOI/ISBCCTI/I OIIBIT €I pa3, YMCHBIIHNB HAIIPAKCHHUEC HA 3a’KUMaAX.

5. Pe3ynbTarhl Bcex U3MEPEHUM 1 BBIUMCICHHM 3anucarh B Tadaumy 1.
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6. [Ipoananu3upoBaTh K3MEHEHHUE MOIITHOCTH, IMTOTPEOIIEMON JTaMIONW HaKaIMBAHUs, TIPH
W3MEHEHUH HaIPSKEHUs Ha e€ 3aKuMax.

7. Cnenatb BBIBOJ 110 padoTe.

®opma npegocTaBJieHHs pe3yabTaTa

Tabmuna 1.
Ne m\r Cuna Toka, A Hanpsioxenue, B MoitHocTh, BT
1
2
3

KonTposbHbie BOonpochl

1. Yro Ha3pIBatOT MOIIHOCTHIO U KaK €€ paccUuTaTh?
2. Urto npuHHUMAIOT 3a eAHHITY MolTHOCTH? Kak BhIpaskaeTcs eIMHUIIa MOIITHOCTH Yepe3
€/IMHUIIBI HANIPSDKEHUS U CHITBI TOKa?
Kakue equHUIBI MOIIIHOCTH UCIIONIB3YIOT B IPAKTHKE?
B uensb ¢ Hanpsbxkenuem 127B BkirodeHa ayieKTprUyecKas JlamIia, CHijia Toka B KOTOpOi
0,6A. HaiiT MOIITHOCTH TOKA B JIaMII€.
5. DIEeKTpOIUINTKA paccuuTaHa Ha HanpsbkeHue 220B u cuny Toka 3A. Onpenenure
MOIITHOCTb TOKA B IJIUTKE.

dopma npeaocTaBiieHus pe3yibTaTa
BrimonHeHHbIe 3371241 B TETPau 71 1aOOpaTOPHBIX padoT.

Kpurtepuu ouenku:
Oyenka «OMAUYHOY» BbICMAGIAEMCs: TIPABUIBLHO BBIMOJIHEHBI BCE 3aJaHHsl B COOTBETCTBHH C
TpeOOBaHUSIMH, TPABWIBHO  BBIMOJIHEHBI  JIOTIOJHUTENBHBIC — 33/IaHUS, CBOEBPEMEHHO
IPEJOCTaBIIEH OTYET O BHIIIOJHEHUN PAOOTHI.
Oyenka «xopouwio» 8vblcmasisiemcs: TPABUIBHO BBITOJHEHBI BCE 3aJaHUs B OCHOBHOM YacTH,
JIOTIOJTHUTENIbHBIC 3a/laHUsl BBIIIOJHEHBI HE B IOJHOM 00OBeMe, MpeJOCTaBle€H OTYET O
BBINTOJIHEHUH PaboTHI, OO B CIlydyae HECBOCBPEMEHHOTO MPEJOCTABICHUS OTYETa WIH C
HaJINYMEM HECYIECTBEHHBIX OLUIMOOK B BHITIOJTHEHUH 3a/IaHUS.
Oyenka «y0061emeoOpUmMenbHO» 8blCMABIsiemcs: BHIIIOTHEHBI HE Bce, HO O6omnee 50% 3amanuit
paboThI, TOTIOJIHUTENBHBIE 33JJaHNs HE BBITIOJIHEHbI, HECBOEBPEMEHHO MPEAOCTABIEH OTYET O
BBITIOJTHCHUH Pa0OTHI.
Oyenxa «HeyOo8IemeopumenvHoy evicmasisemcs: BbIMOTHEHO MeHee 50% paboThl, He
BBITTOJTHEHBI JIOTIOJTHUTENBHBIC 3aJaHUsI, OTYET O BHIOJHEHUN Pa0OTHI HE MPEIOCTABIICH.

> ow

Tema 3.3 DieKTpHUYECKUH TOK B Pa3JIHYHBIX cpeAax

JlaGoparopHoe 3aHsaTHE Ne7
H3y4yenue CBOMCTB M0JIyIIPOBOJHUKOB
Iesas padoThl: yrayOuUTh MOHUMAHUE (PU3MUECKOTO CMBICIIA TIOHATHS MTOIYITPOBOIHUK U

MCEXaHU3Ma €ro NpoBOAUMOCTH.
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BrinosiHeHne padoThl cmoco0cTBYET (POPMUPOBAHUIO:

I1P64 yBepeHHOE UCTIONIb30BaHHUE 3aKOHOB M 3aKOHOMEPHOCTEH IPH aHajIn3e PU3MYECKUX SIBICHUH U TPOLIECCOB;

IIP66 BnaneHue OCHOBHBIMH METOAAMH Hay4HOI'O HO3HAHUS, UCIIOJIb3YEMBIMH B (DPU3HMKE: MPOBOAUTH MPSIMbIE U
KOCBEHHbIC M3MEpPeHUS (HM3UYCCKHX BEIMYMH, BHIOMPAsk ONTHMAIbHBINA CII0CO0 M3MEPEHHs H HCIIONb3Ys
W3BECTHBIC METOABI OLEHKH IIOTPEIIHOCTeH H3MEpeHHi, IPOBOAUTH HCCICAOBAHHE 3aBHCHUMOCTEH
(GU3NYECKUX BEJIWYMH C HCHONB30BAHUEM MPSAMBIX M3MEPEHHUH, OOBSACHATH NOJyYeHHBIC Pe3yNbTaThl,
UCTIONB3YsSd (U3MYECKHE TEOPUM, 3aKOHBI M IOHATHS, W JAENaTh BBIBOJBI;, COONIONATH IpaBHIA
0e30macHOT0 TpyAa MpPHU MPOBEIECHHH HCCIEAOBAaHWA B paMKax Y4eOHOTO SKCIIEpHMEHTa M Yy4eOHO-
HCCIICIOBATENBCKOM JEATENBHOCTH C HCIIOJIBb30BAHHEM IM(PPOBBIX HM3MEPHUTEIBHBIX YCTPOHCTB H
71ab0paToOpHOro 000pYAOBaHUS; CHOPMUPOBAHHOCTh NPEACTABICHUH O METOJaX MOJIYYEHHs Hay4HBIX
ACTPOHOMHMYECKUX 3HAHUIL;

IIP67 cdopMHpPOBaHHOCT, YMEHHMS pELIaTh pacyeTHhIC 3aJadd C SBHO 33JlaHHOM (DM3MYECKOH MOJIEIIbIO,
UCTIONB3ysl (U3UUYECKHE 3aKOHBI W TPUHIMIIB, HAa OCHOBE AaHajM3a YCJOBHUs 3aJaud BBHIOUpATH
(U3MYECKYI0 MOJENb, BHIACIATh (PU3NYECKUE BEIMYMHBI M (OPMYJIbI, HEOOXOIUMBIE Ul €€ PELICHHs,
MIPOBOJUTH PACUEThl M OLEHUBATh PEAIbHOCTH MOJIyYEHHOTO 3HaYeHUsS! (PU3NUECKON BEIMUYMHBI; peIlaTh
KaueCTBEHHBIC 3a/1a4H, BEICTPANBas JIOTHYESCKH HEIPOTHBOPEUUBYIO LICTIOUKY PACCyKICHUH ¢ ONOpol Ha
W3yYCHHBIC 3aKOHBI, 3aKOHOMEPHOCTHU U (PU3MUYECKHUE SBICHUS;

IIP68 chopMHUPOBaHHOCTE yYMEHHUsS NPUMEHATH IMOJYYCHHBIC 3HAHUS Ul OOBSACHEHHS YCIOBHI NpPOTCKaHUS
(u3nYeCKUX SBJICHUN B MPUPOJC U JUIS IPHHATUS NPAKTHYESCKUX PEIICHHI B IOBCEAHCBHON KU3HH UL
obecrieueHHs1 6€30MacCHOCTH IPH OOpAIeHNH ¢ OBITOBBIMHU IPHOOPAMHU M TEXHHYECKHUMH YCTPOHCTBAMH,
COXpaHEHHs 3J0pOBbS M COOJIIONCHUS HOPM OKOJOTHMYECKOrO IIOBEACHHS B OKpYXKawIIel cpexe;
IIOHUMaHHC HeO6XO[[I/IMOCTI/I MMPUMCHCHUA [[OCTI/I)KGHI/Iﬁ (1)I/I3I/IKI/I U TEXHOJIOTHUM U1 palluOHAJIBHOT'O
MIPUPOJIOTIOIB30BAHUS;

MPS8 cnocoGHOCTP M TOTOBHOCTh K CAMOCTOSITEIBHOMY IIOMCKY METOJZOB peIIeHHs IpPaKTHUYSCKUX 3ajad,
MPUMECHCHUIO PA3JIMYHbIX METOAOB IMO3HAHUA,

MPI3 aHanM3UpOBaTh IIONy4YEHHBIE B XOJ€ pELICHHA 3aJauyd pe3yibTaThl, KPUTHYECKU OIIEHUBATh UX
JIOCTOBEPHOCTb, IPOTHO3UPOBATH H3MEHEHHE B HOBBIX YCIIOBHSX;

MP17 ymeTbh NEpEHOCHTb 3HAHUS B IO3HABATEIBHYIO U MPAKTHICCKYIO 00JIACTH KU3HEACATEIILHOCTH;

JI13 crocoOHOCTH OLICHWBATH CHTYallMI0 W NPUHUMATH OCO3HAHHBIC DPEIICHUS, OPUCHTHUPYSACh Ha MOpPAaJbHO-
HPaBCTBEHHBIC HOPMBI M LICHHOCTH;

JIP23 rOTOBHOCTB K TPY/y, OCO3HAaHHE LICHHOCTH MacTepCTBa, TPYIOIO0HE;

MaTepna.m,Hoe o0ecmeyeHne: HNCTOYHUK TOKa4, aMIIEpMETpP, PEOCTaT, KIIOY, IOHUON,
COCAMHUTCIIBHBIC TIPOBOAA.

3ananue

1. U3yuuTh CBOHCTBa 3JEKTPOHHO-IBIPOYHOIO IIepeXoJa W UCIONb30BaHHE €ro B
MOJIYTIPOBOTHUKOBBIX MPpHOOpax.
2.  YMeTb Ha4yepTUThb JJIEKTPUUYECKYI0O CXEMy M OOBACHUTb NPUHIUN JeHCTBUSA
BBIIPSAMUTENS U YCUJIUTEINSI TOKA Ha MOJTYIPOBOAHUKOBBIX INO/IaX U TPHOJAX.
ITopsinok BbINOJHEHUs PadOThI

[ToynnpoBOHUKHM XapaKTEPU3YIOTCSA OTIMYHOM OT IPOBOJHUKOB IPOBOJUMOCTBIO:
COOCTBEHHOM, JBIPOYHOM (p-TUIIA) U ANEKTPOHHOH (N-THMA).

[TosrynpoBOHUKM MOTYT MMETh JBa TUIIA MPUMECHOW MPOBOAUMOCTH: JIEKTPOHHYIO (n-
TUI), OOYCIIOBICHHYIO JOHOPHBIMM MPHUMECAMH, M JBIPOUHYIO (p-TUII), OOYCIOBIEHHYIO
aKILIENITOPHBIMU MTPUMECSIMH. B N-MoynpoBOIHUKE OCHOBHBIE HOCUTENH 3apsjia — JJIEKTPOHBI,
a B P-TIOJIYIPOBOJIHUKE - ABbIPKU. KpoMe OCHOBHBIX HOCHUTEJEH 3apsja B Ka)JI0M BEIIECTBE B
3HAYUTENIbHO MEHBLIEM KOJHYECTBE COJAEpkKAaTcsi W HEOCHOBHBIE HOCUTENIM 3apsjaa
MPOTUBOMNOJIOXKHOTO 3HaKa. OHM BO3HUKAIOT 3a CUET pa3pyIlIEeHUsI KOBAJIEHTHBIX CBA3EH.
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Ecin 11Ba mpoBOJHUKA C MPOBOAMMOCTBIO Pa3HOIO pOJa MPUBECTH B KOHTAKT, TO HA MECTE
KOHTaKTa 00pa3yercsl 3aluparolldii CIIOH, KOTOPBIH XOpOIIO MPOBOJUT TOK B OJHOM
HaIPaBJICHUU U NPAKTUYECKU HE IPOBOAUT TOKA B APYroM. DTO CBOMCTBO HCIIOJIB3YETCS B
MOJIYTIPOBOIHUKOBOU TEXHUKE.

['panuiia CONPUKOCHOBEHMSI JBYX TOJYNPOBOJHUKOB, OJWH M3 KOTOPBIX HMEET
ANIEKTPOHHYIO, a JPYrol — JbIPOYHYIO TMPOBOAUMOCTb, HA3bIBAETCA pP-N  IMEPEXOJIOM.
[IpakTUuecku p-n mnepexo]i Co3qaeTcsi He MEXaHUYECKUM KOHTAKTOM JIBYX MOJYIPOBOIHUKOB,
a BHECEHHWEM [OHOPHBIX M aKLENTOPHBIX MpPUMECe B pa3IMYHble YacTH YHUCTOIO
MOJIYIPOBOJHUKA. OTH TEpPeXOJbl SBISIFIOTCS OCHOBHOH OOJBIIMHCTBA COBPEMEHHBIX
MOJIYTIPOBOTHUKOBBIX TPUOOPOB.

IIpoBepka 0AHOCTOPOHHE MPOBOAMMOCTH AHOIA.

1.  CocraButh 11Nk MO CXeMe pUCYHKa 1. / N
2. _‘ | |'>| :

Juon J12 BKIIOYUTH B IPSAMOM (IIPOITYCKHOM)
HaIpaBJICHUHU: OTMETKA «+» J0JKHA OBbITh OOpalieHa K
nositocy ucrounuka JJIC. 3aMKHYTb LI€TIb U OTMETUTh
noka3aHus amnepmerpa. Llenb pa3oMKHYTb.

3. Jwox /12 BKIrOYHMTH B 0OpaTHOM HANPaBICHUU —5|—O—
(3anopHoMm). Llens 3aMKHYTH U YOIUTHCS B OTCYTCTBUU Puc.
TOKa B 1enu. Llenb pa3soMKHYTB.

4.  Pesynbrarhl HaOMIOACHUN 3aHECTH B Ta0MIy 1.
CHsATHE BOJIbTAMIIEPHOM XapPaKTEePUCTUKHU AHO/AA.

1.  CocraButh 1eMnb MO CXeMe PUCYHKa 2:

2. Jluop BKJIIOYUTH B MPOMYCKHOM HalpaBJICHUH.

3. 3amknHyTh 1enb. [logobpars monoxkeHne IBUKKA peocTara Tak, YTOObI BOIBTMETP
II0Ka3ajl caMoe MaJloe HanpshkeHue. CHSTh MOKa3aHus Fo--a
M3MEPUTEITBHBIX IPHOOPOB. _ L

4.  TlepememaTh NOCTENEHHO JBI)KOK peocTaTa U CHSTh Lol
HE MeHee 7 3HaYEeHWH HANPSOKEHUS U CUJIBI TOKA. —_— C) C)
Pa3omMkHYyTB 1ETIb.

5. PesynbraThl n3MepeHul 3aHECTH B Ta0IUILy 2.

6. Ioctpouts rpaduk 3asucumoctu I(U). ITo ocu OX
orkiansBare U (B), mo ocu OV - | (A). Puc.
7.  CpaemaTs BBIBOJ.
®opma npegocTaBJieHHs pe3yabTaTa

Tabmura 1

IIpoBepka 01HOCTOPOHHEN MPOBOAMMOCTH AUO/A.

Ne m\nm Crioco6 BKITIOYEHUS [Tokazanus amnepmerpa
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Ta0mnuma 2

CHsaTue BOHBTaMHepHOﬁ XapaKTECPUCTHUKHU AUOAA.

No Toxk, npoxoasiuii yepe3 Auo, Hanpsikenue, nogjanHoe Ha U0/,

m\i I (A) U (B)

KOHTpOJ’IbHLIe BOIIPOCHI

B 4ém paznuune npoBOJUMOCTH ITPOBOJIHUKOB U MOTYIPOBOTHUKOB?

Kakoii Tun noiaynpoBoAHHUKA MOJTYIUTCS, €CIIM K TepMaHuI0 100aBUTH mpumMech (ocdopa?

Kakoii Tun monynpoBogHHUKA MOTYYUTCS, €CIH K TePMaHHIO T00ABUTH MPHUMECh HHTUS?

Kakoe siBnenne Ha0noAaeTcs Ipyu BCTpede CBOOOIHOIO AJIEKTPOHA C ABIPKO B

MOJIyTIPOBOHUKE?

Kak MOXHO yCUITUTh HHTEHCUBHOCTH T'€HEPALIUU Tap «3JIEKTPOH-IBIPKa»

Kak 00BsICHUT yBEeMUYEHHE YCIBHOTO COTIPOTUBIICHUS TOTYIIPOBOJHHUKA IIPH

YMEHbILIEHUU TeMIepaTyphi?

Uro sBRsieTcsl B cXeMe TpUo/ia BXOIHOM LIEMbI0, @ UTO — BBIXOAHOM?

KaK clielyeT BKJIIOYHTD B LIETIb TPAH3UCTOP, YTOOBI OH JIEHCTBOBAJ U KaK O] B IPSIMOM

HaIpaBJIeHUU?

Uto noka3pIBaeT BOJbT-aMIIEpPHAs XapaKTepUCTUKA auoaa?

dopma npeaocTaBjieHus pe3ybTaTa
BrimonHeHHbIe 3a71a41 B TETPaIH 71 1aOOpaTOPHBIX padoT.
Kpurtepuu ouenku:

Oyenka «OMIUYHOY» BbICMAGIAEMCs: TIPABUIBLHO BBIMOJIHEHBI BCE 3aJaHHsl B COOTBETCTBHH C
TpeOOBaHUSIMH, TPABWIBHO  BBIMOJHEHBI  JIOTIOJHUTENBHBIC  33/1aHUS, CBOEBPEMEHHO
IPEJOCTaBIIEH OTYET O BHIITOJHEHUN PAOOTHI.
Oyenka «xopouwio» 8blcmasisiencs: TPABUIBHO BBITOTHEHBI BCE 3aJ[aHUs B OCHOBHOM YacTH,
JIOTIOJTHUTENIBHBIE 33/1aHUSl BBIIIOJHEHBI HE B IOJIHOM 0O0BeMe, MpeJoCTaBlIe€H OTYET O
BBINTOJIHEHUH PaboTHl, MO0 B Cilydyae HECBOCBPEMEHHOTO MPEJOCTABICHUS OTYETAa WIH C
HAJIMYUEM HECYIIECTBEHHBIX OIIMOOK B BHIMOJTHEHUHN 3aJaHUSI.
Oyenka «y0061emeoOpUmMenbHO» GblCMABIsAemcs: BHIIIOTHEHBI HE Bce, HO O6omnee 50% 3amanuit
paboThl, TOTOJIHUTENBHBIE 33JJaHNs HE BBINIOJIHEHbI, HECBOEBPEMEHHO MPEAOCTABICH OTYET O
BBITIOJTHCHUH Pa0OTHI.
Oyenxa «HeyOo8iemeopumenvHoy evicmasisemcs: BbIMONHEHO MeHee 50% paboThl, He
BBINTOJIHEHBI JIOTIOJTHUTENBHBIC 3aJJaHUS, OTYET O BBITOJHEHHH PAOOTHI HE TMPEIOCTABIICH.

Tema 4.1 Mexann4deckue KoJIe0aHUA M BOJHBI
JlabopaTopHoe 3ansitue Ne8

«I/I3yqeﬂne 3aBUCHUMOCTH Iepuoaa K0J1e0aHui MaTeMaTHYeCKOro MasiTHHKA OT ero
AJIMHBD»
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eab padoThi:

1. Onpenenuth NEPHO U YACTOTY KOJIEOAHUN MATEMAaTUYECKOTO MAsTHHKA.
2. Tloka3aTb 3aBHCHMOCTH MEpHOAA M YaCTOThl KOJeOaHWN OT JJIUHBI CaMOTo
MasiTHUKA
Boinosinenue padorsl cnocodcTByeT opMUPOBAHUIO:

I1P64 yBepeHHOE UCTIONIb30BaHHUE 3aKOHOB M 3aKOHOMEPHOCTE IPH aHajIn3e PU3MIECKUX SIBICHUH U TPOLIECCOB;

IIP66 BnaneHue OCHOBHBIMH METOAAMH Hay4HOI'O HO3HAHUS, UCIIOJIb3YEMBbIMH B (DU3UKE: MPOBOJMUTH MpPSIMbIE U
KOCBEHHbIE U3MEPEHUs (PU3UUECKUX BEJINYMH, BHIOMPAs ONTUMAJbHBIA CII0OCO0 M3MEPEHHs M UCTIONb3Ys
N3BECTHBIE METOJBI OLEHKH IOTPEHIHOCTeH HM3MEpeHHH, NpPOBOAWTH HCCIIEIOBaHUE 3aBUCHMOCTEH
(U3MYECKUX BEIMYMH C HCIOJIB30BAHUEM IIPSIMBIX M3MEPEHUH, OOBSICHATH IOJNy4YEHHBIE DPe3yJbTaThl,
UCTIONB3ysd (U3MYECKHE TEOPUM, 3aKOHBI M IOHATHS, W JAENaTh BBIBOJBI;, COONIOAATH IpaBHiIA
0e30macHOT0 TpyAa MpPHU MPOBEIECHHH HCCIEAOBAaHWNA B paMKax Y4eOHOTO SKCIIEpHMEHTa M Y4eOHO-
HCCIICIOBATENNBCKOM IESATENPHOCTH C HCIIOJBb30BaHHEM LHU(MPOBEIX H3MEPUTENIBHBIX YCTPOWCTB H
nabopaTopHOro 000pyHOBaHHS; CHOPMHUPOBAHHOCTH MPEICTABICHUH O METOIAX IOMYYCHHUS HAyYHBIX
ACTPOHOMMYECKHX 3HAHHH;

IIP67 chopMHPOBaHHOCTb YMEHHS pelIaTh pacyeTHBIC 3aJadyd C SBHO 3aJaHHON (QU3MYECKOW MOJCIBIO,
HCIOJIb3YA (I)I/I3I/I‘ICCKI/IG 3aKOHbI W TIIPUHIUIIBI; Ha OCHOBC aHaliu3a YCJIOBUA 3aJadu BLI6I/IpaTI)
(U3MYECKYI0 MOJENb, BHIACIATh (PU3NYECKUE BEIMYMHBI U (OPMYJIbI, HEOOXOJUMBIC Ul €€ PELICHHs,
MPOBOAUTH PACUYETHI U OUCHUBATH PCAJILHOCTH MOJTYUCHHOT'O 3HAYCHUA (I)I/I3I/I‘~ICCKOI‘/‘I BCJIMYMHBI, pelIaTh
KaueCTBEHHbIE 3a/1a4H, BBICTPANBAasl JOTUYECKH HEMPOTUBOPEUUBYIO LIEMOUKY PACCYKICHUN C OMOPOil Ha
N3Y4YCHHBIC 3aKOHbI, 3aKOHOMECPHOCTH U (I)I/BI/I'—ICCKI/IC SIBJICHUA,

ITP68 chopMHPOBAaHHOCTh YMEHHUS TPHUMEHSATH MOJYyYSHHbIC 3HAHMS Uil OOBSCHEHHS YCJIOBUI NPOTEKaHWs
(bu3nUeCKUX SBICHUN B MPUPOJE U UL IPHHATHS NPAKTHYCCKUX PEIICHUH B TIOBCEIHEBHOM JKU3HU IS
obecrieueHHs1 6€30MacCHOCTH IPH OOpAIeHUH ¢ OBITOBBIMHU IPHOOPAMHU M TEXHHYECKHUMH YCTPOHCTBAMH,
COXpaHEHHs 3I0pOBbS ¥ COOJIIONCHUS HOPM OKOJOTHMYECKOrOo IIOBEACHMS B OKpYXKamoleil cpexe;
NOHMMAaHHE HEOOXOAWMOCTH IMPUMEHEHHS JOCTIKCHHH (U3MKHM M TEXHONOTHH IJIsl PallOHAIBLHOTO
TPUPOIOIIONE30BAHN;

MP8 crnocoOHOCTb W TOTOBHOCTh K CAMOCTOSITCJIbHOMY IIOMCKY METOJNOB PpELICHHs HPaKTHYSCKHUX 3ajad,
MMPUMEHCHUTIO PA3JIMIHBIX METOAOB ITO3HAHUA,

MPI3 aHanM3UpOBAaTh IOJTYYEHHBIE B XOJE pEIICHHUS 3aJadyd pe3yJabTaThl, KPUTHYECKH OLEHHBATh HX
JOCTOBEPHOCTD, IPOTHO3UPOBATH UBMCHECHHNE B HOBBIX YCJIOBUSX;

JI13 cnocOGHOCTh OLIEHMBATh CUTYAaIlMI0O W NPUHMMATh OCO3HAHHBIC PEIICHHUS, OPUEHTHPYACh HAa MOpPaIbHO-
HPaABCTBEHHBIC HOPMBI U HEHHOCTU,

JIP23 rOTOBHOCTB K TPY/y, OCO3HAaHHE LIECHHOCTH MacTepCTBa, TPYIOIIO0HE;

MarepuanbHoe o0ecneyeHue: ITATUB C JepXkKaTeleM, IAPUK, MOJBEIICHHbIA HA HUTU
JUTMHOW OKOJIO METpa, JIMHEHKA, CEKYHIOMED.

3ananne
1. I/ISYT-II/ITB KOJ'IC6aTeJ'II>HOG JABNXKCHHUEC HUTAHOTI'O MasATHHUKA.
2. OmnpenenuTh NEPUOJ U YaCTOTY MPHU KOIEOAHUSX MAaATHUKA C Pa3HOU JJIMHOM HUTH.

3. BbIsICHHUTB, KaK 3TH XapaKTEPUCTUKH 3aBUCT OT UTMHBI MasITHHUKA.
IHopsiiok BhINOJIHEHHS PA0OTHI

1. W3mepuTh NIUHY HUTH

2. TloxcuwraTh 4YMCIO KOJEOAHUM, BPeMs M BBIYUCIHMTHL INEpUoj Kojebanui mo |1 =—
dbopmyre: n

3. V3MeHuTh MIMHY HHUTH, MOCUUTATh YHCIO KONeOAaHWid, BpeMs W BBIYUCIUTH MEPUOJ
KoJIeOaHWi pU TAaHHOM IJTUHE.

4. ]laHHbIC U3MEPEHUN U BHIYMCICHUN 3aHECTH B TaOJIUILY

. 1
5. OmnpenenuTh 4acTOTy KoJiebaHuil 1o Gpopmyre: v = T

6. TlomydeHHBIC TaHHBIC 3aHECTH B TAOIUITY 1.
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7. CpaBHI/ITB nepuoa MW 4YaCToTy MATEMATHYCCKOI0 MAsATHHUKA, IMOJIYYCHHBIC Pa3HbIMU
croco0amu.
8. Cnenath BBIBOJ 11O padoTe.
Tabmuna 1.

Ne oreiTa 1 2

Jlinna masitHuKa |, M

Yucmo Kkoebanuit N

Bpewms konebanuii t, ¢

[Tepuon xonebanuii T, ¢

Yacrora xojebanuii v, I'rg

KoHTpoJibHbIe BONPOCHI
1 BapuaHT
1. Yro  waspBaroT KoieOanmeMm? Korma  koieOaHums  Ha3bIBAIOTCS  CBOOOIHBIMU,
BBIHY/ICHHBIMH, COOCTBEHHBIMU?
Kakas cuna Ha3pIBaeTcs BO3Bpaliaromen?
Cdopmynupyiite onpeaeneHne MaTeMaTHYECKOT0 MasiTHUKA.
Uro Ha3pIBaeTcs (a3oif konedanus?
[Tpu kaKuX yCIOBUSX MOXHO HAOIIO/IaTh SBJICHHE MEXaHHUECKOT0 pe3oHaHca?
MasitHuk coBepiina 20 xoneGanuit 3a 1 munyry 1Ocexyna. Haiitu nepuop, dactory u
[UKINYECKYIO YacTOTYy KoJeOaHuH.
VYpasHenue konedbanuii umeer Bu: X=8 c0s 0,8t. Onpenenmutes X, T, V, @,.
Haiitu maccy rpy3a, KOTopblil Ha pyxuHe sxecTkocThio 350H/M nenaer 30 koneGaHMid.
2 BADHAHT
Kakwue ycrnoBus He0OXOIUMBI /Ui BOSHUKHOBEHHUS U TIOJepKaHUS KoleOaHmii?
KakoBo paznnune Mexay 3aTyXalolMMU U He3aTyXaloKUMH KoJieOaHusIMU?
Urto Ha3bIBaeTcs MepHo0oM KojeOaHUM, B KAKUX €IMHUIIAX OH U3Mepsercs?
Kak 3aBucut nepuos kone6aHuil MaTeMaTHYECKOTO MaITHUKA OT €ro JJTUHBI?
[Tpu KakuX ycIOBUSX MOXHO HaOJt0/1aTh SIBJICHHE MEXaHUUECKOI0 pe30HaHca?
CkonbKO KoJIeOaHHI COBEpIIaeT MaTeMaTHUYECKHI MasSTHUK JUTMHON 2 MeTpa 3a 6 MUHYT?
KakoBa coOcTBeHHas 4acToTa 3TUX KojaeOaHun?
VYpasHenue konebanuit umeet Bua: X=10 cos 1,2t. Onpenenuts X,, T, V, Q.
8. Haiitm wacrory konebGaHuwii rpy3a Mmaccoid 200rpamm, ITOJBEHNICHHOTO K TPYXHHE
KECTKOCThIO 16 H/M.

®opma npeaocTaBIeHHus pe3yabTaTa
BrinonHeHHbIe 3a/1a4M B TETPaIu s Ta0OpaTOPHBIX padoT.

Kpurepun ouenku:
Oyenka «OMAUYHOY» BbICMAGAAEMCs: TIPABUILHO BBINOJIHEHBI BCE 3aJaHUsI B COOTBETCTBUM C
TpeOOBaHUSIMU, TPABWIHHO  BBINOJHEHBl JONOJHUTENbHBIE  33/1aHHf, CBOEBPEMEHHO
IPEJOCTABIIEH OTYET O BHIIIOJTHEHUN PAOOTHI.
OyeHnka «xopouio» vlcmaeisemcs: TMPaBUIBLHO BBIMOJIHEHBI BCE 33JaHHsS B OCHOBHOM YacTH,
JIOTIOJTHUTENIbHBIC 33a/IaHUSl BBIIOJHEHBI HE B IIOJIHOM 0OBeMe, MpeJoCTaBlIe€H OTYET O
BBIMIOJTHEHUH PA0OTHI, JUOO B CIyyae HECBOEBPEMEHHOI'O MPEAOCTABICHUS OTYETa WU C
HATMYUEM HECYIIECTBEHHBIX OMIMOOK B BHIMIOJTHEHUHU 33 JaHUSI.

oM wN
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ok wdE
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Oyenka «y00871emeopumenbHo» 6bICMAasIsAemcs: BHITIOIHEHBI He Bce, HO Oonee 50% 3amaHuii
paboThI, TOTIOJIHUTENFHBIC 33aJJaHHsI HE BBITIOJTHEHBI, HECBOCBPEMEHHO TPEIOCTABICH OTYET O
BBITIOJTHEHUH PaOOTHI.

Oyenka «HeyOogremeopumenvHoy evicmasisemcs: BbIoAHeHO MeHee 50% paboThl, He
BBITIOJTHEHBI JOTMIOJIHUTENIBHBIC 33/IaHUS, OTYET O BBIMIOJIHEHUU PAOOTHI HE MPEIOCTABIICH.

Tema 4.2 DJeKTPOMATrHUTHBIE KOJIeOAHNS W BOJIHBI
JlabopaTopHoe 3ansitue Ne9

«M3y4yenne ycrpoiicTBa Tpancopmaropa, renepaTopa»

Heab padoThi: U3YYUTh YCTPOKUCTBO M MPUHITUI pabOTHI TpaHchopMaTopa. TeHepaTopa.
Boinosinenue padorsl cnocodcTByeT GOpMUPOBAHUIO:

11P64 yBepennoe ucnosib30BaHUE 3aKOHOB M 3aKOHOMEPHOCTEH MU aHau3e PU3HUECKHUX SBICHUI H MPOLECCOB;

ITP66 BnaneHue OCHOBHBIMH METOAAMH HAYYHOTO IO3HAHUS, UCTIOIB3YyEeMBIMH B (DM3HKE: MPOBOAUTH MPSAMBIE U
KOCBEHHbIC U3MEPEHUs (PM3NUECKUX BEINYMH, BBIONPAs ONTHMAaJbHBIA CIIOCOO M3MEPEHUS U HCIIONB3YSI
N3BECTHBIC METOJBI OIEHKH IIOTPEIIHOCTEH W3MEpEeHHH, MpPOBOAWTH HCCIEIOBaHNWE 3aBUCHMOCTEH
(GU3MYECKNX BEIMYMH C HCIOJIB30BAHMEM IIPAMBIX M3MEPEHHH, OOBSCHSITH IMOJTYYEHHBIC PE3YNbTaThI,
UCTIONB3Yysl (pU3MYecKHe TEOpHH, 3aKOHBI M TOHATHS, M JeJaTh BBIBOJBI; COOMIONATh MpaBUiIa
0e30macHOro TpyJa HpW TNPOBEICHWH HCCIEJOBAaHWH B paMKax yd4eOHOTO SKCIIEPUMEHTa M ydeOHO-
HCCJIEIOBATEIbCKONW JICSTENBHOCTH C HCMOJb30BAaHHEM LU(POBBIX H3MEPHUTENBHBIX YCTPOHCTB H
71a00paTopHOro 000pYAOBaHMUs; CHOPMUPOBAHHOCTh MPEACTABICHUA O METOAAX IOJYYCHUs] Hay4dHbBIX
ACTPOHOMMYECKUX 3HAHUN;

IIP67 cdopMHpPOBaHHOCTh YMEHHMsl pPELIaTh pacUeTHbIC 3aJadd C SBHO 33JlaHHOM (PM3MYECKOH MOJEIbIO,
UCroNb3ysi (U3NUECKHE 3aKOHbI W TPHUHIMIIBI, HAa OCHOBE aHalW3a YCJIOBHS 3a7add BbIOMpaTh
(U3MYECKYI0 MOJENb, BBIACIATh (PU3NYECKUE BEIMYMHBI U (OPMYJIbI, HEOOXOIUMBIE Ui €€ PELICHHs,
IIPOBOANTH PACUETHl M OLEHWBATh PEAbHOCTh ITOJIyYEHHOTO 3Ha4eHHUs (PU3MUECKOI BENMYMHBI; pemarh
Ka4eCTBEHHBIE 3aJ1auM, BEICTPAaUBas JJOTMYECKH HENPOTHBOPEUHMBYIO IENIOUKY PACCYKACHHUH C OMOpOH Ha
N3y4YCHHBIE 3aKOHBI, 3aKOHOMEPHOCTH M (PU3NUECKHE SIBICHNS;

ITP68 chopMHUPOBAaHHOCTH YMEHHUSI TPHUMEHATH IOJTYyYCHHBIE 3HAHMS ISl OOBSCHEHHS YCIOBHH INPOTEKaHUS
¢du3HYecKnX SBJICHUH B IPUPOAE M JUIA NPUHATHS NMPAKTUUECKUX PELICHNH B MOBCETHEBHON XU3HU JUIS
obecrnieueHns 6€30IIACHOCTH MPH OOPAIIeHUH ¢ OBITOBBIMM IPUOOPAMHU U TEXHUYECKMMHU YCTPOHCTBAMH,
COXpaHEHMs 37I0POBbS M COOJIOICHHS HOPM DSKOJIOTHYECKOTO MOBEACHHA B OKpYXKAIOLIEH cpene;
MOHMMaHHe HEOOXOJMMOCTH NPUMEHEHHUS JIOCTIKEHHUH (HM3MKH U TEXHOJOIMH UIs PaluoHaIbHOTO
MIPUPOIOTIOIH30BAHNUS;

MPS8 cnocoGHOCTP M TOTOBHOCTH K CaMOCTOSITEIBHOMY IIOMCKY METOAOB pEIICHHWS INPaKTHYECKHUX 3ajaad,
MIPUMEHEHHIO PA3ITUYHBIX METOJIOB ITO3HAHUS;

MP]3 ananu3upoBaTh IIOJNyYEHHbIE B XOJE pEIICHHs 3aJadd pe3yJbTaThl, KPUTHUECKH OIEHUBATh WX
JIOCTOBEPHOCTH, IPOTHO3UPOBATh N3MEHEHHE B HOBBIX YCIIOBHSIX;

JI13 cnocoOHOCTh OLIEHMBATh CHUTYallMI0O M INPUHUMAaTh OCO3HAaHHBIE PEIICHMS, OPHEHTHPYSICh Ha MOpPAIBHO-
HPABCTBEHHBIE HOPMBI U LIEHHOCTH;

JIP23 TOTOBHOCTb K TPY/y, OCO3HaHHE LIEHHOCTH MacTepCTBa, TPYI0II00HeE;

MarepuanbHoe o0ecrnedeHue: TpaHchopmarop 1aOOpaTOpHBIH, JlamMIa HaKalIWBaHHS, KIIIOY
3aMbIKaHUs TOKa, KOMIUIEKT IIPOBOJIOB COEAMHUTEIbHBIX.

3aganue

1. W3yuuth cTpoeHME, HA3HAYCHHUE U MPUHIIMIT ASHCTBHS TpaHchopMaTopa
2. W3yuuTh cTpoeHHe, Ha3HAYCHHE W TIPUHIIHIT ACHCTBUS TeHepaTopa.
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IHopsinok BbINOJHEHHUS PA0OTHI

1. H3zy4yenue ycrpoiictBa Tpancgpopmaropa
Tpancdopmarop npeodpasyer nepeMeHHbII TOK OAHOTO HaNpsKEHUs NIPU HEN3MEHHOU

yactote. OH COCTOUT U3 3aMKHYTOT'O CepJICYHHKA, U3TOTOBICHHOTO U3 CIIEUaIbHON JTMCTOBOM
TpancOpMATOPHOW CTallM, HA KOTOPOM pAaclojararoTcs JABE KATYIMIKA (WX Ha3bIBAIOT
00MOTKaMu) C pa3HbIM YUCJIOM BUTKOB U3 MEIHOW MTPOBOJIOKHU.

OpnHa 13 0OMOTOK, Ha3bIBAETCs MEPBUYHOM, MOKIIOUAETCA K UCTOYHUKY [I€PEMEHHOI0
HaNpsDKCHUs. Y CTPONCTBA, MOTPEOIIAIONINE AIIEKTPOIHEPTHUIO, MOAKIIOYAIOTCS K BTOPUYHOMN
00MOTKE, X MOXET OBITh HECKOJIBKO.

[Tpu BEIONTHEHUH pabOTHI CIEAYET M3YYHTh YCTPOHCTBO TpaHChHOpMaTopa, BKIIOYHTH
ero B ceTb nepemMeHHoro Ttoka (36 B). B pexxume Xx00CTOro Xo/1a M3MEPUTh HAIPSDKEHUE Ha
0OMOTKax M BBIYUCIHTH KO HUIMEHT TpaHchopMalyy, a npu padbote TpanchopmaTopa «Imoj
Harpy3Koi» yCTaHOBHUTH CBSI3b TOKAMHU M HAIPSDKEHHEM B OOMOTKAX.

Tpancopmarop COCTOMT M3 JIBYX KaTyIIEK

BroperHan

obmoria

N, mrrvom

Broge oo
HAOE e

~

u cepaeunuka. CepleyHUK COCTOUT U3 JIBYX
MOJIOBUH, KOTOPBIE€ BCTABJISIIOT B KATYIIKY M C IIOMOIIBIO CKOOBI 3aKPETUISIOT HA OCHOBAHUMU.

1, 2 — xaTymku, 3 - MarHATONPOBOJT; 4 — OCHOBaHUsL; 5 —000iiMa.

Xoa padoTsl

1. Paccmotpute ycTpoiicTBo TpaHchopmaTopa. Onpeaenure NepBUYHYIO OOMETKY (KIEMMBI C
Haanuceto: 36 wnu 42 B) u 1Be BTOpUYHBIX KiieMMbl 2,2 B 1 4,4 B)

2. HauepTuTe 3/1€KTPHUECKYIO CXeMy TpaHchopMaTopa.

3. Paszbepute Tpanchopmatop. [i1st 3TOT0 MOBEPHUTE €r0 OCHOBAHHWEM BBEPX U OTKPYTHTE JBE
raiiku KparuieHus: CKoObl. BeIHBTE Cep/IeUHUK U PACCMOTPUTE €T0 YCTPOHCTBO.

4. CobGepute TpanchopmaTtop. [nas 3TOro BCTaBbTE CEPACYHUK CO CKOOOW B KaTYIIKH.
YcranoBuTe TpaHchOpPMATOp HA OCHOBAHHE U 3aKPETUTE ETo TaiKaMu.
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2. H3y4yenue ycTpoiicTBa reueparopa.
I'enepatop moctosHHOro TOoKa (puc. 1) coCTOMT M3 ABYX YacTeil: HENOABMXKHON U

Bpaluaronieiics. HenonsuxHas 4acTh (CTaTop) SIBJISIETCS OCTOBOM MAIIMHBI U OJJHOBPEMEHHO
CIIYXKUT JUIsl CO3JaHUSl MarHUTHOIO ITOTOKAa. BO Bpamaromiencs 4acTd, Ha3bIBAEMOW SKOPEM
(poTopoM), HHIyLUpYETCs MEKTpoABIKYyILas cuia - SJ1C.

KoHcTpykius renepaTopa oCTOSHHOIO TOKa (CM. puc.2).

HemnonsuxkHass 4acTh COCTOMT W3 CTaHWHBI (1), TVIaBHBIX TOMIOCOB (2) ¢ OOMOTKO#M
BO30YKaeHMsI (3) U AOMOIHUTEIBHBIX MOIOCOB (4), YMEHBIIIAEMBIX UCKPEHUE TIO]] IIIETKAMH.

SIkopb umeeT cepAeuHuK (5), HaOupaeMblil U3 TOHKUX CTaJIbHBIX JIUCTOB, OOMOTKY SIKOPSI
(6), 3amoxeHHYIO B Ta3bl cepjeyHuka W Koyuiektop (7). Ha moBepXHOCTh KOJUIEKTOpa
HAJIOKCHBI yrOJILHO-TPa@UTOBBIE IEeTKH (8), 00eCrneunBarONINe CKOJB3SAIMUNA KOHTAKT C
00MOTKOM Bpamaromerocst sikops. Komiekrtop mMeer Gopmy IWIMHIPA M BBIOTHSIETCS U3
W30JIMPOBAHHBIX MEIHBIX IUIACTHUH - JIAMEJICH - K KOTOPHIM IMOJICOCIMHEHBI CEKIIUU SIKOPHOM
00MOTKH. Bpamasice BMecTe ¢ OOMOTKOH, KOJUIGKTOP BBITIOJNHSET POJb MEXaHUYIECKOTO
BBIIPSAMUTEIIS.

OOMoOTKa BO30YX/IEHUS CO3/IAeT INIaBHBIA MarHUTHBIN MOTOK @ momocoB. B reneparopax
C HE3aBUCHUMBIM BO30YK/I€HUEM OHA MMUTAETCS OT MOCTOPOHHEr0 MCTOYHUKA TOCTOSTHHOTO TOKa
(BBIIpAMUTENS, akKyMyisiTopa U T.i.). C TeHepaTopoM C MapajuieNbHBIM BO30YXKIEHHUEM
00MOTKa IJIaBHBIX ITOJIIOCOB MOJKIIIOYEHA K TJIaBHBIM LIETKaM, T.€. MapajljIeIbHO LENH SKOPS.
B cBs13u ¢ 3TUM U151 BOSHUKHOBEHHsI MarHUTHOro noroka u 3J[C HeoO6xoaum X0Tst Obl ci1aOblit
OCTaTOYHBIM MAarHUTHBIN IOTOK. brarogapss Haau4yuio0 OCTaTOYHOI'O MAarHeTU3Ma BO3HUKAET
IPOIECC CaMOBO30YKICHUS F€HEpaTOpa.

Puc. 1. Puc. 2.

H3ydeHue ycTpoicTBa TDaHCd)ODMaTODa:

Crtpoenue TpanchopMaTropa HaYepPTUTh, COCTABHBIC YaCTH yKa3aTh, (GOPMYJIbI 3aITMCaTh, HA
KOHTpOJ'II)HI)Ie BOHpOCI)I OTBECTUTH.
M3vyuenue ycTpolicTBa reHeparopa.
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CrpoeHne reHepaTopa Ha4yepTHTb, COCTAaBHbIE YacTH YKaszaTh, (OpMyJbl 3amucaTb, Ha
KOHTPOJIbHBIE BOIIPOCHI OTBETUT.

KonTpoJsbHbIe Bonpockl
1 BapuanT

Uro Ha3bpIBalOT MHYKIIMOHHBIMHU I€HEpaTopaMu?
Kaxkoii TpancgopmMarop Ha3bIBalOT MOBBIIIAIOIINM, & KAKOH MOHMKAIOMINM?
Uro Takoe xos10cToi X0 Tpanchopmaropa’?
[Touemy cepaeynuk Tpanc(opmaTopa U3TOTOBISIOT U3 CTAH, a HE U3 MEAU?
B nepBuuHOlt 00MOTKE TpaHchopMaTopa, BKIIOUEHHOW B ceTh ¢ HampspkeHnem 380B.
Conepxurcst 1320 ButkoB. OmpenenuTh HanpsyKeHHE Ha BTOPUYHONW OOMOTKE, €CIIM OHa
conepxwut 300 BuTKOB. Bu Tpanchopmaropa ykazarb, OTBET MOSCHUTD.

2 BapuaHT

SN

HazoBuTe 0cHOBHBIEC YacTH reHepaTopa MepeEMEHHOI0 TOKa.

Jlokasath, 4TO y MOBBIIIAIOMIEro Tpanchopmaropa K>1.

W3mensier i TpancopmaTop 4acToTy IpeodpasyeMoro ImepeMeHHOro ToKa?

[Touemy cepreunuk TpanchopMaTopa COOUPAIOT U3 OTACNBHBIX IUIACTUH?

Eci Ha nepBudHyro 00MOTKY Tpanchopmaropa nomaérest Hanpspkerue 220B, To Ha BTopraHON
00OMOTKE TIpH XOJIOCTOM X07ie Tomy4aeTcs Hanpsbkenue 130B. Uncro BUTKOB MEPBIYHON 0OMOTKU
pasHo 400. OnpenenmTh YKCI0 BUTKOB BO BTOPUYHOM 0OMOTKe. Bup Tpanchopmaropa ykasars,
OTBET MOSICHUTb.

agrwdE

3 BapuaHTt

=

KaxoBa posip UHAYKTOpa U SIKOpPsI B YCTPOMCTBE reHEpaTopa NEPEMEHHOr0 ToKa?

Uro Takoe noHrkaromuii Tpanchopmarop?

3. Tlouemy cepaeuHuK TpaHc(opMaTopa JENaroT He CIUIOUIHBIM. A N3 MHOYKECTBA IUTACTHH,
W30JIMPOBAHHBIX JIPYT OT Jipyra?

4. Tloyemy MOIIHOCTB, OTpeOIIsieMast 0T BTOPUYHOM OOMOTKH, MEHbIIIE MOIITHOCTH,
MOABOIMMOM K IEPBUYHON 0OMOTKE?

5. CKONbKO BHTKOB JIOJDKHa HMMETh BTOpUYHAs OOMOTKa TpaHc(opMaTopa Ul MOHWKEHUS

HarpsokeHus ¢ 12000 mo 120B, ecim mepBuuHas ooMotka coxpepxkuT 4000 ButkoB? Bup

TpaHc(opMaTopa yKazars, OTBET MOSICHUTE.

N

®opma npeaocTaBlIeHUs pe3ybTaTa
BoinonHeHHbIe 3a/1a4M B T€TpaIu )i 1a00paTOpHBIX padoT.

Kpurepun onenkn:
Oyenxa «omauyHo» 6vicmasisemcs: TPABUILHO BBIIIOJHEHBI BCE 33JaHUSI B COOTBETCTBHU C
TpeOOBaHUSAMH, TPABWIBHO  BBIMOJHEHBl JIOMOJHUTENBHBIE  33/1aHUS, CBOEBPEMEHHO
MpeaoCTaBJICH OTUCT O BBIITOJTHCHHUN pa60TI)I.
Oyenxa «xopouioy evicmasisemcs: NPaBUIbHO BBIIOJIHEHB! BCE 3a/laHHs B OCHOBHOM 4YacTH,
JOITOJIHUTEIIbHBIC 3aJlaHUuA BBIIIOJIHEHBI HE B ITOJIHOM O6T)€Me, npeaocCTaBjI€H OTYET O
BBIMOJIHEHUH PaboThl, MO0 B Clyyae HECBOCBPEMEHHOI'O MPEJOCTABICHUS OTYETa WM C
HAJIMYHUEM HECYIICCTBECHHBIX OIITMOOK B BEIMTOJHEHUH 3aaHus.
Oyenka «y0061emeopumenbHoy 6blCMas/isaemcs: BbIIIOIHEHbI HE Bce, HO Oonee 50% 3amaHuit
pa6OTBI, AOIOJHUTEIIBbHBIC 3aJaHWs HE BBIIIOJTHECHBI, HCCBOCBPECMEHHO IMPEAOCTABIICH OTYCT O
BBITTOJIHEHUH PaOOTBHI.
Oyenka «Hey0o8IemeopumenvHoy evicmasisiemcs: BbIIOTHEHO MeHee 50% paboTel, He
BBITOJIHEHBI JIOTIOJHUTENIBHBIE 33J]aHUs, OTUYET O BHIIIOJTHEHUN PaOOThI HE MPEJOCTABIIEH.
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