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BBegoeHue

MeToaun4yeckoe nocobue coctaBneHo B COOTBETCTBUM € paboyert nporpammon y4yebHom
ancumnnunibl OO0.11 «Pumsmkar.

Pabouyenn nporpammon y4ebHOM OuCUMNAMHBI  Ha nabopaTopHble  3aHATUSA
npegycmMoTpeHo 34 vaca.

Llenbto npoBeaeHna nabopaTopHbIX 3aHATUN SBMSIETCA:

- 3aKpenrneHne TeopeTUYecKnx 3HaHun 1 NnpnobpeTeHne HeoBXoaUMBbIX MPaKTUYECKUX
HaBbIKOB Y YMEHUIN NO OTAENbHLIM TEMaM Kypca.

Hapsgy ¢ dhopmmpoBaHMeEM yMEHUI 1 HaBbIKOB B Npouecce nabopaTopHbIX 3aHATUN
0606LatoTCs, CMCTEMATU3MPYIOTCH, KOHKPETU3UPYKTCA W YrnybnsawTcsa TeopeTuyeckme
3HaHus, BblpabaTbiBaeTcs CNOCOBHOCTb M YMEHUE NCNOSb30BaTb TEOPETUYECKNE 3HAHUS Ha
npakTuke, pa3BnBalOTCA UHTENNEKTyarnbHble YMEHUS.

BbinonHeHne nabopaTopHbIX 3aHATUI CNOCOOCTBYET:

1. nyGokomy 1 0CO3HaAHHOMY YCBOEHUIO MaTepuana.

2. [NpnobpeTeHuto obyyaLMMUCA MPaKTUYECKUX YMEHUA U HaBblKOB paboTbl C
nabopaTtopHbIM 060pyaOBaHUEM.

3. PopMMpPOBaHUIO YMEHUI MPUMEHSATb NOMYyYEHHbIE 3HAHWS Ha NPaKTUKeE.

4. BblpaboTke npodecCnoHanbHO 3HAYMMbIX KayecTB, Kak CaMOCTOSITENbHOCTb,
OTBETCTBEHHOCTb, TBOpYECKasa NHULMATMBA.

5. PasButuio nHTepeca Kk oumsmke.

B pesynbTaTe BbINOMHEHNSA NabopaToOpHbIX 3aHATUN y 0Dy4daroWmnxcs OpPMUPYOTCS
3NeMEeHTbI CreayLmnX 06LNX KOMNETEHLMI:

OK 01. Bbibupate cnocobbl pelieHust 3agady npodeccroHanbHOW LesTenbHOCTH,
NPUMEHNTESbHO K Pa3fiMyHbIM KOHTEKCTaM;

OK 02. Vcnonb3oBaTb COBPEMEHHbIE CPEeACTBa NoUcKa, aHanusa U MHTepnpeTaumm
MHdOpMaUUM U MHPOPMALMOHHbIE TEXHONOIMMU ANA BbIMOMHEHUSA 3a4a4 Npod)ecCnoHaribHON
AeATenbHOCTN.

OK 03. lMnaHupoBaTb ¥ peanu3oBbiBaTb COBCTBEHHOE MNPOdECCUMOHANbHOE U
NNYHOCTHOE pa3BuTUe, NpeanpUHUMaTENbCKYO AeATeNnbHOCTb B NpodeccnoHarnbHoun cgepe,
NCronb30BaTh 3HaHWS MO NPaBoOBOW U PUHAHCOBOW rPAMOTHOCTU B Pa3fiMYHbIX XU3HEHHbIX
cuUTyaumsax.

OK 04. 3ddekTnBHO B3anmMoaencTBoBaTh U paboTaTb B KONMEKTUBE U KOMaHAE

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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OK 05. OcyLecTtBnATb YCTHYHO U MUCbMEHHYIO KOMMYHUKaUMIO Ha rocyaapCTBEHHOM
a3blke Poccuinckon ®Pepepaumm ¢ y4eTom OCOBEHHOCTEN COLMAanbHOrO W KyNbTypHOro
KOHTEKCTa.

OK 07 CopenctsoBaTb COXpPaHEHUIO OKpyXKalollen cpenpl, pecypcocbepexeHuto,
NPUMEHATb 3HaHUS 06 W3MeHeHUM Knumata, MpPUHUUNBLI BGepexnuBoro npousBOACTBA,
3P PEKTUBHO LENCTBOBATL B YPE3BbIYANHLIX CUTYaLUAX.

Mpn NoAroToBKe K BbINOMHEHMIO paboThbl cneayeT:

MpopaboTaTb COOTBETCTBYOLWNIN MaTepuan.

YACHUTb LienNb 3aHATUS.

O3HakoMUTbCS C coaepXXaHMeM U NocrneaoBaTeNIbHOCTLIO MPOBEAEHUS 3aHATUS.
O3HaKOMUTBLCS C N3MEPUTENBHBIMU NPUBOPaMKN U UX XapaKTEPUCTUKAMM.

Mo BO3MOXHOCTM 3apaHee noarotoBnTb Ta6n|/|u,y On4 3anncn pes3yrnbTaToB.

o 0k wDn R

CpoenaTtb NMMCbMEHHbIN OTYET NO BbINONIHEHHON paboTe.
MpenogaBaTtenb 00s13aH NpPoOBEpPUTb 3HaAHUSA OOy4valOWMXCA M TFOTOBHOCTb K
BbIMOSIHEHUIO 3a4aHUS.

KpuTtepuin oueHkn nabopaTopHbIX paboT

OueHka «5» cTaBUTCs, €Cnu yvawuncsa BbINOMHAET paboTy B NONHOM obbeme C
cobnogeHnemMm HeobXxoOAMMOKM MNocreaoBaTeNbHOCTM NPOBEAEHUS OMbITOB U U3MEPEHUN;
CaMOCTOATENBHO U pauUMOHanNbHO MOHTMPYET HeobxoguMmoe obopydoBaHMe; BCE OMbITbl
NpPOBOAMUT B YCINOBUSX U pexnmax, obecneunBatomx nonyvyeHme npaBusbHbIX pedynbTaToB
1 BbIBOAOB; cobntogaeT TpeboBaHus npaBun 6e3onacHOCTX Tpyaa; B OTYEeTe NpaBuIbHO U
aKKypaTHO BbIMOMHSET BCE 3anucu, Tabnuubl, PUCYHKKN, YepTexu, rpadurkun, BbIYUCTIEHUS;
NpaBuUITbHO BbIMNOMNHSAET aHann3 NOrpeLLIHOCTEN.

OueHka «4» CTaBUTCS, €CNU BbINONHEHbI TPeboBaHUs K OueHKke «5», HO Obino
AOoNyLeHo ABa - Tpy Hego4yeTa, He bonee ogHOM Herpybon owmnbkn n ogHOro Hego4eTa.

OueHka «3» cTaBuTCs, ecnu paboTa BbINOMIHEHA HE MOJSIHOCTbO, HO OObEM
BbIMOSTHEHHOW YaCTU TaKOB, NO3BOSIAET NOYYMTb NPaBUIbHbBIE Pe3ynbTaTbl M BbIBOAbI: €CIN
B X04e NpOBeAEHUs ONnbiTa N N3MepeHnii bbinm aonyLieHbl OLINOKN.

OueHka «2» cTaBuTCcs, ecnn paboTa BbINOHEHA HE MOSIHOCTLID M 06bEM
BbIMONIHEHHOW YacTu paboTbl HE MO3BONSET CAENaTb NPaBUIIbHBIX BbIBOAOB: €CMNN ONbIThI,
N3MEpPEHUS, BblYMCNEHUS, HAbNIOAEHNS MPON3BOANITUCH HEMPABUIBHO.

B cnyyae BbINonHeHnst paboThbl Nnapamu UM ManbiMn rpynnamm oueHka «3», «4» unm
«5» MOXeT ObITb 3aMEHEHa Ha «3a4eT.
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OueHka «1» cTaBUTCS B TOM Clny4ae, ecrnin yyalmincs COBCEM He BbIMONHWUA paboTy.
Bo Bcex cnydyasix oOuLeHKa CHwkaeTcs, ecnu He cobnoganuce TpeboBaHUS npaBwn

6esonacHocTM rpyaa.

Pasgen 2. Tema 2.1. OCHOBbI MOSIEKYNSAPHO-KUHETUYECKON Teopun. TennoBoe
ABWXEeHUe MoreKkyn.

Na6opatopHoe 3aHATHe Nel. U3yyeHne OQHOro U3 N30NpoLeccoB

Llernb: n3yuntb 3akoH bonnsa-MapuoTTa.

HcxodHble OaHHble U Mamepuaribl: CUNb(OH, MeTanIM4yeckum MaHoOMeTp.

Kpamkasi aHHomauyusi:

JKcnepuMeHTanbHas ycTaHoBKa ANs NpoBepku 3akoHa bonnsa-MapuoTTa nokasaHa
Ha pucyHke. OHa coCcToUT U3 CcuIboHa, NO3BOMNSIOLLErO U3MEHSATL OObEM rasa (Bosayxa), 1
mMeTannuyeckoro maHomeTtpa. CHavyana oTkpbiBalOT oba KpaHa MaHoMeTpa U C NOMOLLbIO
BMHTa cUNbgOHa pacTArMBalT UM CKUMAlT LUIMHOP Tak, YTobbl 06bem BO3ayxa B HEM
6bin paBeH 7,5y.e.3aTeM 3akpbIBalOT MpaBbli KpaH MaHOMeTpa U MPUCTYNatoT K NpoBepke
3akoHa bouna-MapuoTTa, KOTOpbIM NMEEeT crieayroLyo (opMynUpPOoBKY: ANA rasa AaHHOW
Macchbl Npon3BefeHne AaBneHns ra3a Ha ero o6bem NOCTOAHHO, eCrin TeMrnepaTypa rasa He
nameHsieTca: PV=const . Heckonbko pa3 MeaneHHO uameHsoT obbem Bo3gyxa B npubope
n HabnogaeT 3a MnokasaHMsaMM  MaHoOMeTpa, [Mpu  MOCTOSHHOW  TemnepaTtype.
PesynbTaTtel n3MepeHun 3anucaHbl B Tabnuue rae o6beM BblpaXeH B YCNOBHbIX

eaMHuLax, a AasneHue - B atmocdepax (1 atm = 1 kr/cm? = Ma).

CodepxxaHue u rnopsidok 8bInosiHeHUs pabomsi

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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1.03HakomMuTbCcst Cc  obopygoBaHMeM,  3anuMcaTb  UX  TEXHUYECKMe  [OaHHble.
2. N3mepuTb o6bewm, [aBneHue. PesynbTaThl 3aHecTu B Tabnuuy.

3. TMo nony4eHHbIM AaHHbIM paccuuTaTh - PV.

O61Lém V rasa JdaBneHwne P lMponsBeneHne gaBneHnsa Ha 0OBLEM:
PV=const
7,5 1
6,5 1,15
6,0 1,25
8,0 0,94
9,0 0,83

4. Cpenatb BbIBO4 O 3aBMCUMMOCTW OaBfieHMSI AA@HHOM Macchbl rasa oT ero obbema npu
NOCTOSIHHOM TemnepaType.
5. MocTponTb rpadmKk 3TOM 3aBUCUMOCTM.

6. BoiBoabl no pabore.

KOHm,OOj'IbeIe 80r1pOChI

1. Yto Ha3bIBaOT n3onpoLeccom? Cdopmynupynte rasoBble 3aKOHbI.

2. 3apucynTte rpadunkn n3onpoLeccoB?

3. 3Banuwumte | 3aKOH  TepMOAMHAMMKM  ONS  PasnU4YHbIX  M30MPOLIECCoB?

Kakon npouecc HasbiBaloT agnabatHeiM? NMpmuBecTn npumepsl

Jlumepamypa:

Msaknwes, I'. A. ®dusuka. 10-n knacc. basosbii U yrnyGneHHbI YPOBHU : y4ebHuk / . A.
Msakuwes, b. b. byxoBues, H. H. Cotckun ; nog pea. H. A. NapdeHTeeBon. — 11-e n3g,.,
ctep. — Mocksa : lNpocseleHne, 2024. — 432 c. : nn. — (Knaccudecknin kypc). — ISBN
978-5-09-112178-0. - TekcT: 3NEKTPOHHbIN.-URL:
https://znanium.ru/catalog/product/2157221 (pata o6pawenus: 21.10.2024). — Pexum
pocTyna: no nognucke. (ctp.189-191).

Pasgen 2. Tema 2.2 ArperaTHbleé COCTOSIHUA BellecTBa
JNTa6opaTopHoe 3aHATHE N2 2. OnpeaeneHne BNaXHOCTU BoO3ayxXa
Llenb: OnpenennTb OTHOCUTESbHYHO BMAXXHOCTb BO34yXa B KabuHeTe.
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UcxoOHble OaHHble u Mamepuarsbl. TepMoMeTp OEMOHCTPAUNOHHLIA, TEPMOMETP
nabopaTtopHbIA, CTakaH C BOLOW KOMHATHOW  TemnepaTtypbl, KyCOK  Mapnu,
ncuxomeTpuyeckasa Tabnuua.

Kpamkasi aHHomauusi:

1. Boga 3aHumaeT okono 70,8% noBepxHOCTU 3eMHOro Lapa. XXusble opraHu3Mbl
cogepxat ot 50 o 99,7% soabl. O6pasHO roBOpS XMBble OPraHN3Mbl - 3TO OAYLLIEBIEHHAS
Boaa. B atmocdepe HaxoamTcsa okono 13-15 Tbic. Ky6. KM BOAbI B BUAE Kanenb, KpUCTanos
cHera v BogsaHoro napa. B cpeaHem B atmMocdepe 1.24x 101°kr BogaHoro napa. U xota ero
ponto coctaenseT meHbwe 1 % oT obuwen maccbl aTMOCEpbl, €ro BrMsiHAE Ha norogy,
Knumat 3emMrnn, camoyyBCTBME NoAen o4eHb BENUKO. [NaBHbI UCTOYHMK BOOSAHOMO rnapa B
aTmocdepe - cnapeHue BoAbl C MOBEPXHOCTM OKeaHOB, MOpen BOOOEMOB, BaXXHOW MOYBbI,
pacTeHuit. C BoAsHbIX NPOCTOPOB U1 CyLUM 3a roa ucnapsietcsa cabiwe 500 000 km3Boabl, T.€.
KONMYecTBO  BOAbl, MNOYTUM  paBHOe  KonuyectBy Bogbl B YépHomM  mope.
B atmoccepe nog BAMSHMEM pasfUYHbIX MPOLIECCOB BOASHOW Map KOHAEHCUMpYyeTCs.
Mpn aTom obpasyoTca obnaka, TymaH, ocagku, poca. Npu koHaeHcaunn Bnaru BoblaensieTcq
KONMMYECTBO TENMOTbl, PaBHOE KOSNIMYECTBY TEMNOTbl, 3aTpPadeHHOMY Ha WCnapeHue.
OTOT NPOLECC NPMBOANT K CMSAMMEHUIO KIMMMATUYECKMX YCNOBUIN B XONOAHbLIX paloHaXx.

2. Bo3gyx MoxeT ObiTb CyXOM M Bf@XHbI B 3aBMCUMOCTU OT KONMYeCcTBa Napos,
HaxoasaLwmxcs npu AaHHON TemnepaTtype B aTMocaepe.
AGcontoTHaa BNaXHOCTb P MOKa3blBaeT CKOSIbKO rPaMMOB BOASHOrO napa COAEPXKUTCA B
Bo3ayxe o6bémoM 1 M3 npu OaHHBLIX YCNOBMSIX, T.e. MNMOTHOCTb BOAAHOrO napa,

r .
n3mepsiemoro B —. Ons CyXgeHunda o cteneHn BJ1IaXXHOCTU BaXXHO 3HAThb, Onmn3ok nunu ganéx
M

BOASAHOM nap, HaxogsaWwmnca B BO3ayxe, OT COCTOAHUA HaCbILWEHNA. [na atoro BBOOAT
NMOHATME OTHOCUTESNbHOM BRAXHOCTU. OTHOCUTENIbHOM BIIAXHOCTbIO BO3ayxXa ¢ Ha3blBakoT
OTHOLUEHMe abConTHON BNAXXHOCTH BO3AyxXa p K MIOTHOCTUN py HaCblWEeHHOro BOAAHOIo
napa npu TOW xe TemMmnepartype. C*) BblpaKaeTcA B npoueHTax.

OTHOCUTENBHYIO BNAXXHOCTb MOXHO OnpeaenuTb no hopmyne.

@=L x100% (1)
Po

3. Ecnu BnaxHbil BO3gyx oOxnaxpaTb, TO MpPU HEKOTOpPOWN TemnepaTtype nap,
HaxoAsLWUNCA B BO3OYyXe MOXHO AOBECTU A0 HacbiweHus. [Npu ganbHenwem oxnaxaeHum

BOASAHOM nap HadYnHaeT KOHOEeHCUpoBaTbCA B BMOE POCHI. MNosiBngaeTca TyMaH, BbilnagaeT
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poca. TemnepaTypy, Npy KOTOPOW Nap, HAXOAALLMNCA B BO3yXe, CTAHOBUTCS HACbILLLEHHbI B
npouecce oxnaxaeHusi, HasblBalOT TOYKON POCkl. [10 TOUKe POChI C MOMOLLLIO CreLlmanbHbIX
Tabnuu MOXXHO onpeaennTb abCcontoTHYO BNaXXHOCTb p. 1o 3agaHHOM TemnepaType Bo3ayxa
MOXHO ONpeAennTb C MOMOLLIbIO 3TKX XXe Tabnuy, NAOTHOCTb HACLILLEHHOIO Napa p,, a 3aTem
no popmyre (1) onpenensitoT OTHOCUTESNBbHYIO BIIaXKHOCTb BO34yXa.

4. 3HayeHue BnaxHocTn Bosgyxa. OT BMAXHOCTU 3aBUCUT MHTEHCUMBHOCTb
ncnapeHnsa Bnaru ¢ NOBEPXHOCTU KOXWM 4venoseka. A ucrnapeHue snarn umeet Gonblioe
3HayYeHus AN noggepxaHwa TemnepaTypbl Tena MOCTOSAHHOW. bnaronpuaTtHaa ans
yerioBeka OTHOCUTENbHas BraxHoOCTb Bo3ayxa 40-60%. Takyo BNaXXHOCTb NogaepXusatoT
NPOM3BOACTBEHHbIX MOMELLEHNAX, Ha BopTy KocMmyeckoro kopabns. bonbloe 3HayeHue
MMeeT 3HaHWe BNaXXHOCTU B MeTeOoposnornm ansa npeackasaHnsa norogbl, T.K. KOHAeHcaUNS
BOASIHOMO napa npueoauT K obpasoBaHUio 061akoB 1M nocneayowemMy BbiNadeHUIo 0CagKoB.
Mpn atom Bbligendetca 6onbloe KONUMYeCcTBO TennoTbl B aTtMocdepy. W Haobopor,
ncnapeHne ConpoBOXAAaeTca MorfoweHMeM TennoTbl. B TKaukom, KOHAUTEPCKOM,
/neyaTHOM M Opyrux Npou3BOACTBaxX ANA HOPMarbHOMO TeYEeHUs NpoLeccoB Heobxoanma
onpefenéHHasl BIaXHOCTb. XpaHeHue MpPOM3BEAEHUN WCKYCCTBA, KHUM, My3blKarnbHbIX
WHCTPYMEHTOB TpebyeT nogaepxaHnsa BNaXXHOCTU Ha HEOBXOAUMOM YPOBHE.

5. Npubopsbl Anga onpegeneHnsa BnaxxHocTu. [1na onpeaeneHns BNaXXHOCTU BO3ayxa
NCNonb3yT TakMe npubopbl, Kak TrUrpomMeTpbl (KOHAEHCALUMOHHBLIA WU  BOJIOCHOW) W
ncuxpomeTpbl. C  MOMOLWBK  KOHOEHCAUMOHHOrO rMrpomMeTpa MOXHO OonpenenvTb
abConTHYIO BAAXHOCTb MO O4YKe pochbl. [JencTBMe BOSIOCHOrO rMrpoMeTpa OCHOBAHO Ha
CBOMCTBE YeroBeYeCKoro Borioca yanuHaTees MNMpn yBenmyeHnm oTHOCUTESNTbHOW BNaXXHOCTH
Bo3ayxa. [1pn aTOM cTpenka Ha LWKane ykasblBaeT OTHOCUTESbHYHO BIIaXXHOCTb BO34yxa B
npoueHTax.

6. YCTpOUCTBO N NPUHLMN OEeNCTBUA ncuxpomeTpa. [cuxpomeTp cocTtouT M3 ABYX
TepmomeTpoB. OanH TepMOMETP MoKasbliBaeT TemnepaTypy Bo3adyxa, a Apyrom obmoTaH
TKaHblO, KOHeL, KoTopow onyuweH B Bogy. [lpy ucnapeHun BoAbl C TKaHU TepMOMETP
oxnaxpgaetcs. Npu 6onbluen NN MeHbLUEN BNAXXHOCTU UCNapeHne nponcxoant deictpee?
3HauMT pas3HOCTb MNOKasaHUW TepMomeTpa Tem 6ornblle, YeM MeHbLle OTHOCUTENbHas
BNaXHOCTb. [1o pasHOCTM MOKasaHWM CyxXOro W BRaXHOro TEPMOMETPOB C MOMOLLbIO

crneumanbHbIX Tabnuy, MOXHO onpegennTtb OTHOCUTENTbHYIO BI1a)XXHOCTb BO34yXa.

CoodepxxaHue u rnopsidok 8blrnosiHeHUs1 pabomsi

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsuwemycs e 1C: Konnedx
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1.C nomoLLblo AEMOHCTPALIMOHHOIO TEpMOMETPa M3MepbTe TemnepaTypy Bo3ayxa B

knacce - Kyx TepmomeTp nabopaTtopHbIn.

2. ObepHuTe pesepByap TepMoMeTpa flabopaTopHOro Mapnen Tak, YTobbl KOHYMK

TKaHn cBOOGOAHO cBMCan BHU3, U 3aKkpenuTte ero HUTKOWN.

3. [lep>xa TepMOMETp 3a €ro BepXHUM Kpaun, OnycTUTe CBUCAIOLLYI0 YaCTb TKaHWN B

Boay. Boaa gomkHa cMounTtb TkaHb. [py 3TOM pesepByap TepMoMeTpa AO0MKEH OCTaBaThCs

BbllL€ YPOBHA BObl B CTaKaHe.

4. Habnogaa 3a nokasaHWAMW TepMOMETpa, 3anuiuTe camoe HU3Koe MNokasaHue

TEPMOMETPA, 3TO 3HAYMT Ly, .

5. Pe3ynbTaTbl UBMEPEHUN 3aHeCUTe B Tabnmuy.

,0C ©,%

t cyxoro, OC |t BnaxHoro ,0C |t cyxoro — t BNaxHoro OTHOCUTenNbHast BNaXXHOCTb

6. C nomoLLbto ncmxpomeTqueCKon Tabnmupl onpenennTte OTHOCUTESIbHYH BITa>KHOCTb

BO34yXa B Kracce

7. BeiBoabl no paboTte

KoHmporsbHble 80rpochl
1. Yto Takoe ucnapexHme? KongeHcaums?
2. Kakne atmocdepHble SBNeHns 00bACHATCA KOHAeH Caumen napa?
3. MNornowaeTtcsa unu BulAenseTcst 3Heprus npu
a) KoHgeHcauuu ; 6) ncnapeHumn?
4. Kakon nap Ha3blBalOT HaCbIWEHHbIM? HeHacbIWeHHbIM?
5. Yrto o3HavaeT guHaMmn4eckoe paBHOBECKE XNOKOCTU 1 napa?

6. Touka pochl.

Pasgen 2. Tema 2.2 ArperatHble COCTOSIHUS BeLeCcTBa

NNa6opaTtopHoe 3aHsATHE Ne 3
Tema: ONPEAENNEHUE KOQOPDPULIMEHTA MNOBEPXHOCTHOIO HATAXXEHUA
XNOKOCTHU

Lenb paboTtbl: onpeaenntb k03 dOUUMEHT NOBEPXHOCTHOIO HATSXKEHNSA BOAbI NPU
KOMHaTHOM TemnepaTtype.

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsuwemycs e 1C: Konnedx
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Mpubopbl n maTepmansbi:
cocyp, C BOAOW, WNpuUbl (pasHbIX Mi), MEPHBIN CTakaH, 3NEeKTPOHHbIE BECHI.
Kpatkasa aHHoTauus.

Habntogasa 3a oTpbIBOM Kanmv XUOKOCTU OT BEPTUKANbHOWM Y3KOW TPYOKN, MOXKHO
onpeaenuTb KO3PPUUNEHT ¢ MOBEPXHOCTHOIO HATSXXEHUS XXUOKOCTH.

KoaghghuyueHm noeepxHocmHO20 HamsiXKeHus1 YUCJIeHHO paeeH cuse
noeepxHOCMHO20 HamsKeHus1, delicmeayroujell Ha eQUHUUY OJIUHbI 2PaHUUbI
c80600HOlI NoeepxHOCMU XUGKocmu:

F
a=—

Y
raoe | — AnNuHa yyacTtka KOHTypa, Ha KOTOpbIi fencteyeT cuna F (a Takke Hebonbluoe

TeopeTnyeckoe BBefeHNe 06 3Heprum NoBepXHOCTHOIro CNoA U NOBEPXHOCTHOM
HaTSXXeHUN XXUAKoCTeNn).

PaccMOTpuM, Kak pacTeT Kanns XWAKOCTU NpU BbiXode U3 y3Koli Tpyoku. Pasamep kannu
nocTeneHHo HapacTaer, HO OTpbIBaeTCA OHa TONbKO TorAa, Koraa Aocturaet
onpeaerneHHoro pasmepa (cm. puc. 1 a).

JUyyL

O

a b c
Puc. 1.

Moka kanns HeaoCTaTOYHO BENUKA, CUIbl MOBEPXHOCTHOIO HATSXKEHUSA A0CTATOUHbI, YTOObI
NPOTUBOCTOATb CUSE TSXKECTU N NpeaoTBpaTUTL OTpLIB. [lepen oTpbiBOM 06pa3yeTcs
Cy>XeHue — wenka kannum (puc. 1 b). lNoka kannga yaepXuBaeTcsl Ha KOHLE KanunnsipHOn
TpyOKkM, Ha Hee ByayT OenNCTBOBaTb CUMbI:

cuna TaXKecTtin Mg , HAanpasJlieHHad BepPTUKaribHO BHU3 U CTpeMALLLaACA OTOPBaTb Karsto
(puc. 2);

CUIbl NOBEPXHOCTHOrO HaTsKeHns ¥ , HanpaBneHHble MO KacaTenbHON K NOBEPXHOCTU
XXMAKOCTM W NeprneHanKynsipHO KOHTYpY | Wwenkn kannu.

mg

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsuwemycs e 1C: Konnedx
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Puc. 2.

AT cunbl CTpEeMATCA yaepKaTb Kanro. Pesyanvlpyrou.l,a;l cuJia NoBepXxXHOCTHOro
HaTsKeHus & HarnpaslieHa BBepX N paBHa

H=ud, @)

roe | — annHa KOHTYpa wenkn kannu. Korga cuna TshKecTn cTaHeT paBHa cune
NOBEPXHOCTHOIo HaTAXEeHUA npom3017|,u,eT OTpbIB Karsiun:

"= )
Ana moaynewn cun:
[FI=I-F/
C yyeToMm (2) 3anuwem:
mg =i
Tak KaK 4nvMHa KOHTypa LWenKn Kannu
I=md,

roe d — aMameTp Lenku kannu, cnegosaTenbHo

mg = and,

oTKyaa

nd (4)
Macca ogHow kannu
"y = OV,
rae p — NAOTHOCTb XuakocTu (ans Boapl p = 1000 ka/m3), Vi — 06beM 0aHOW Kannu.

Ecnu nocunTaTb, CKOMBKO Kanenb BbITEYET N3 KAaNUINspHON TPYOKN B MEPHbIV CTakaH, 1
N3MepuTb Nx 06bLEM V, TO MOXHO HanTM 06beM OQHOWN Kannu:

Torga k03 PMUNEHT NOBEPXHOCTHOIO HaTSXKEHUSI MOXHO paccunTaTb no hopmyrne:

o= 8
ere it (5)
dopmyna (5) saBnsetca paboyen pac4yeTHOM OOPMYIoNn.

B nencrBntenbHOCTM Kannsa He OTpbIBAeTCS NO FIMHUM OKPYXXHOCTU Wwenkn. B MoMeHT, koraa
pasmMep Kannu OCTuraeT 3Ha4YeHus, onpenendaemMoro paBeHCcTBoMm (3), Wwerka HaymHaeT

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsuwemycs e 1C: Konnedx
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6bICTpo cyxaTbca (puc. 1 b), npuyem en conyTcTBYET eLle oaHa MarneHbkas Kkanng (puc.
1c).

Kpome Toro, B pacyetax, AuameTp LENKM Kanam B MOMEHT OTPbIBA MOXXHO NPUHSATL PaBHbIM
BHYTPEHHEMY AnaMeTpy TpyOKW, Tak kak Tpybka 4OCTaTOYHO y3kasi U ee AuaMeTp CPaBHUM C
AVaMEeTPOM LLENKM Kannw.

[ng pacyeta o no copmyne (5) He06xo0AMMO BO BpeMs U3MepeHUs cneauTb 3a YUCTOTOM
kanunnsipa n soabl. Kpome 10ro, KoamUNEHT NOBEPXHOCTHOIO HATSAXKEHUST o 3aBUCUT OT
TemnepaTypbl UCCnegyemMomn XnaKkocTu: C pOCTOM TeMmnepaTypbl OH yMeHbliaeTcs. [Npu
KomHaTHon Temnepatype 20 °C TabnuyHoe 3HavyeHne koadbdpuumeHTa o ans
AUCTUNINMPOBAHHOW BOAbl Omasn = 72,5-1072 H/m.

YkKka3saHus K pabore.

B Hawem onbiTe Mbl ByaeM cunTaTb Kannu BoAbl, BbiTEKaKOLLME Yepes UMy MeaMLUHCKOro
lwnpuvua.

1. N3meputb TeMmnepaTypy OKpyxatoLlen cpeqbl.

2. HabpaTtb B YNCTbIM CTakaH XONO04HOW BOAbl NN UCTUIINMPOBAHHON BOAY ,
MakcumarnbHO oxnaanTb Boay (NpnbnuantensHo go 10-12 °C). Nameputb
TemnepaTypy BoAbl.

3. lNoaroToBUTL HEBOSBLLLOW YACTLIN COCyf (Yalleyky, OflakoH, MEePHbIA CTakaH U T.N.), B
KOTopbI ByaeT npokanbiBaTbCA BoAa. BaBecuTb NycTon cocyq Ha SNEKTPOHHbIX
Becax.

4. TlpuroToBUTb LUNPULbI ANS MHBEKUNIA pas3nuyHbix 06beMoMm. B wnpuy HabpaTb
XONnoaHoW BoAbl M nocuyuTaTb Yncno kanernb N 1 nameputb Mx 06beM B MEPHOM
cTakaHe V, a Takxke, 3Has gnameTp kanunnsapa d (no mabnuye 1 nocmompems Orisi
wnpuyos), HanucaTb BCe AaHHble B Tabnuuy pesynbTaToB.

5. Paccuntatb K0a(ppnUneHT NOBEPXHOCTHOIO HaTsXkeHna no opmyne (5).

6. [MpokananTe BCK BOAY U3 LUMpULA B COCYL, TOYHO COCYMTAB KONM4ecTBo Kanesnb N.
MpoaenanTte onbIT 3 pasa. PaccuntanTte cpegHee vncno kanenb Ncp.

7. CpaBHUTb paccunmTaHHOe 3HauYeHne koacdurumeHTa NOBEPXHOCTHOIO HATSXKEHWUSI C
TabnUYHbIM.

8. BbiBOA

KOHTPOIJIbHbIE BOMNMPOCHI
1. KakoB hmanyeckmin cMbICr KoahpuumeHTa NnoBepXHOCTHOIO HaTsHXKeHNA?

2. KakoBO 3Ha4yeHue KoapduuneHTa noBepXHOCTHOIrO HaTSXXEHUSA NPU KPUTUHECKON
TemnepaType n no4yemy?

3. Kak nameHutca koadhdpuLMeHT NOBEPXHOCTHOIO HaATAXXEHUSA BOAbI, ecnu gob6asnTb B BOAY
cnnpT?

4. Kakoe 3Ha4YyeHne NMeKT ABIIEHUS CMayMBaHUs N HECMavYnBaHNA B npupoae un TEXHUKE?

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsuwemycs e 1C: Konnedx
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Tema 3.1 dnekTpuyeckoe none

Na6opaTtopHoe 3aHATME No4.
Tema: OnpepeneHne 3aNeKTPUYECKOU €MKOCTU KOHAEHCATOPOB

Llenb paboTtbi:

1) ncenengoBaTb 3aBUCUMOCTL 3J1EKTPOEMKOCTU NJTOCKOro KoHAeHcaTopa OT nnowann
NnNacTuH,

2) ncecnengoBaTb 3aBUCUMOCTDL 3J1IEKTPOEMKOCTU MNJ1IOCKOro KoHaeHcatopa OT Halin4vnA
ON3IEKTPUKA,

3) nccnengoBaTb 3aBUCUMOCTbL 3J1EKTPOEMKOCTU MIOCKOIro KoHAeHcaTopa OT paCCTOAHUA
mMexay niactnHamm KoHgeHcaTopa.

Mpnbopbl n maTepmansol.

OneKTpoMeTp 13 Habopa No ANEeKTpocTaTUKe.

[NCKM C OMINEKTPUYECKMM NOKPbITUEM.

[dunanekTpuyeckue nnacTuHbl (nnekcurnac, 36oHUT, CTEKNOo).
LWTatme ¢ MydTOMN 1 Nankomn.

CoeanHuTenbHbIE NPOBOAA.

JInHenka n3 opraHM4eckoro ctekna (nnekcurnaca).
LLlenkoBas TKkaHb.

NoakswNpE

KpaTKaﬂ dHHOTaUMA.

B3anmHOM anekpoemMKoCTbo ABYX MPOBOLHUKOB Ha3blBaeTCs omnsndeckas BenmymHa,
YUCIEHHO paBHas 3apsaay (, KOTOPbIN HEOBXOAUMO NepeHecTn ¢ OAHOro NPOBOAHMKA Ha
ApYyron Aons Toro, YTobbl UIAMEHUTb Ha €ANHULLYY Pa3HOCTb NOTEHLManoB

i i ﬁi‘f N 'Ifi or
( #1_ w3 ) MG)K}J,y HUMMW: , rae: - ANIEKTPOEMKOCTb MJ1I0CKOro KoHAeHcaTopa,
# . noTeHuwnan HM)‘KHeﬁ nnacTUHblI KOHOEHCAaTopa,

¥4 - noTeHuman BepxHeW NnacTuHbl KoHAeHcaTopa, U- HanpshkeHre Mexay nracTuHaMmm
(obknapgkammn) KoHOEHcaTopa,

U = (#1- #1) - pa3HOCTb NOTEHLUMANOoB (HanpskeHne Mexay nnacTuHamm).

Mpeobpasyem dopmyny K BUay

lMnockunn koHgeHcaTop npeacTaBnseT cobon ABe napannenbHble NOCKUe NNacTUHbI
(obknagkm), 3apsXkKeHHble 04MHAKOBLIMU MO aBCONOTHOMY 3HAYEHMIO, HO Pa3HOUMEHHbIMU
3apsagamu. NnactunHbl (06kNagkn) KoHgeHcaTopa UMELOT Nowanb S, HaXOAATCS Ha
pacctosiHum d gpyr ot gpyra. Mexay obknagkaMmy KoHOeHcaTopa pacnonoXeH AN3NEKTPUK
(BO34yX, OpraHnyeckoe cTekro, 36OHNT) C OTHOCUTENBbHON ONANEKTPUYECKON
NPOHNLLAEMOCTbIO £,

Mopspok BbiNonHeHUs paboTbl.
HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsuwemycs e 1C: Konnedx
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1.MoarotoBUTbL 3KCNEpUMeEHTasrbHY YCTAaHOBKY K NPOBEAEHMUI0 UCCrefoBaTeSIbCKON
AeATerlbHOCTU:

1) nocTaBMTb ANEKTPOMETP B LIEHTPE flabopaTopHOro ctona,

2) NepBbI AUCK YKPENUTb Ha LieHTparibHOM CTEPXXHE 3NEKTPOMETPA,

3) BTOPOW OMUCK NPUKPENUTD K Nanke WwraTuea,

4) Koprnyc anekTpoMeTpa COeaNHNTbL NPOBOAOM CO BTOPbIM JUCKOM U 3a3€MNUTb.

5) pacnonoxuTb ANCKN Ha PacCTOSHUN S5 CAaHTUMETPOB TakK, YTOObI MX LLEHTPbI ObIN Ha
O[HOW NPAMON, NPOBELEHHON Yepes OCb CTEPXKHS AreKTpoMeTpa.

2.

1) Ocnabutb 3aXMM nanku wraTmMea Tak, YToObl MOXHO ObIrio 6e3 BonbLnX yeunumn
onyckaTb (NogHMMaTb) BTOPOW AUCK KOHAEHCaTOpA.

2) B3aTb B pyKy JIMHENKY, OCYLLECTBUTb 3NEeKTpU3aLmo nyTeM TPEHNS LLEeNKOBOW TKaHn 06
OPrcTekso.

3) 3apsanTb HWXKHIOK MACTUHKY KOHAEHcaTopa, MPUKOCHYBLUNCH K CTEPXKHIO A1eKTpockona
Ha3NEeKTPU3oBaAHHON NMHENKON. BepxHssi nnacTuHka npuobpeTeT aneKkTpuiecknin 3apsag
paBHbIN NO BENIMYNHE, HO NPOTMBOMOMOXHbLIN NO 3HaKy. KoHOeHcaTop 3apskeH. Y CTaHoBKa
rotoBa Ang npoBefeHns OMnbITOB.

OnbIT N2 1.

1) YmeHbwaem paccmosiHue d mexay nnactMHaMmu KoHgeHcaTopa, MegneHHo npubnukas
BEPXHU ONCK K HUXKHEMY LUCKY.

2) Habniogaem 3a nokasaHWSAMU CTPENKN 3N1IEKTPOMETPA, Kak U3MEHSIETCS HarpsihkeHUe
U (yeesnuyueaemcsi unu ymeHbwaemcsl),

3) 3anucbiBaem B Tabnuuy Ne 1 pesynbtat HabnwaeHus.

c=2
4) Ncnonb3ya opmyny U sanucbiBaem BbIBOJ, O TOM, YTO NPOUCXOaUT
C arlekmpoeMKocmbro KoHOeHcamopa C (yseriuyusaemcsi unu yMeHblwaemcs).

OnbIT Ne 2.

1) YBennuuBaem pacctosiHue d mexay nnactMHaMy KoHgeHcaTtopa, MeasieHHO NoaHnMas
BEPXHUN OUCK.

2) Habntogaem 3a nokasaHUsiMM CTPENKU 3NEKTPOMETPA, Kak U3MEHSIeTCS HarpsiXkKeHue
U (yeenudyueaemcs unu yMeHbWwaemcsl).

3) 3anucbiBaem B Tabnmuy Ne 1 peaynbTaT HabnogeHus.

c=2
4) Vicnonb3aysa dopmyny L 3anucbiBaem BbIBOA O TOM, YTO MPOUCXOAUT
C 3J/IeKMmpoemMKOCMmbro C KOHOeHcamopa (yeenutlueaemCFI usmnu ymeHbLuaemCﬂ).

5) AHannanpys pesynbTaTbl ONbITOB 1 HABMOAEHUI, 3anucbiBaem B Tabnvuy Ne 1 BbiBOA O
TOM, Kakas 3aBMCMMOCTb CYLLECTBYET MeXay 3/1eKmpoeMKocmbio KoHOeHcamopa C u
paccmosiHuem d (npsiMasi NPonopLMoHanbHas 3aBUCUMOCTb UIn obpaTHas
nponopLmMoHarnbHasa 3aBUCUMOCTD).

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsuwemycs e 1C: Konnedx
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Tabnuuya Ne 1.
d U Bbi800: Kakasi cyuiecmsyem
paccmosiHue HarnpsixeHue g 3asucumMocmb MexX0y
Mexoy ¢ = 7 anekmpoemkocmaeto C u
nnacmuHamu paccmosiHuem d
3/1€KMPOEMKOCMb
yMeHbLUaeTcs
yBenMymBaeTcs
OnbIT Ne 3.

1) YcTtaHaBnuBaem pacctosiHme d mexay nnactuHamm koHgeHcatopa d = 5 MunnnmeTpos.
2) 3ameyvaeM MnonoxeHue CTpesiku anekTpomeTpa.

3) OCTOPOXXHO BBOAMM CTEKMNAHHYIO NIIACTUHKY (OU3IeKmpuK) Mexay obknagkamu
KOoHOeHcaTopa.

4) OTmeyaeM HOBOE MOSOXEHME CTPESIKM ANieKTpoMeTpa.
5) 3anucbiBaem B Tabnnuy Ne 2, kak naMmeHunock HanpsixxeHue U (ysenudueaemcs unu
yMeHbwaemcs).

c=-2Z
6) Vicnonbaysa dopmyny U zanucbiBaem BbIBOS O TOM, YTO npoucxoaut
¢ anekmpoemkocmbto C KOHOeHcamopa (ysenu4yueaemcs unu yMeHbLWaemcs).

7) BblHMMaem 13 KoHaeHcaTopa CTEKMNSAHHYO NNAaCTUHKY, BO3BpaLlaeM Ha nNpexHee MecTo.
OnbIT Ne 4.

1) PacctosiHue mexay obknagkamu KoHaeHcaTopa octaetcs 6e3 nameHeHus. (PacctosiHne
MeXxay nnacTuHamm KoHgeHcaTopa d = 5 MunnumeTpos).

2) 3ameyvaeM MonoxeHne CTpesiku anekTpomeTpa.

3) OcTopOXXHO BBOAMM 3O6OHUTOBYIO NNACTUHKY (OUSIEKMPUK) Mexay obknagkamm
KoHAeHcaTopa.

4) OTmevyaem HOBOE NOMoXKeHme CTPENKN 3aneKTpomMeTpa.

5) 3anucbiBaem B Tabnuuy Ne 2, kak naMmeHunock HanpsixxeHue U (ysenudueaemcs unu
YMeHblaemcsl)

c=2
6) Vcnonb3aysa dopmyny U | 3anucbiBaem BbIBOA O TOM, YTO MPOVCXOAUT
C 3J/IeKMmMpoemMKOCMmbro C KOHOeHcamopa (yeenutlueaemCFI usmnu ymeHbLuaemCH).

7) AHanuanpys pesynbTaTbl ONbITOB M HAbMOAEHWIA, 3anUcbiBaeM BbIBOL O TOM, Kakas
3aBMCUMOCTb CYLLLECTBYET MeXAY 3/1eKmpoeMKocmbio KoHOeHcamopa C u
ouanekmpu4yeckol npoHuyaemocmsto £ (obpaTHas NPonopUMOHanbHas 3aBUCUMOCTb UK
npsiMas NponopunoHanbHasi 3aBUCMMOCTb).

8) BblHMMaeM 13 koHaeHcaTopa 300HUTOBYIO NNACTUHKY, BO3BpaLLAEM Ha NpexHee MecTo.

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsuwemycs e 1C: Konnedx
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Tabnuuya Ne 2.
£ U oo Bbi800: kakasi cywecmsyem
duanekmpu4yeckasi HanpsKeHUe 7 3asucumMocmb MexX0y
MpoHUYyaemMocms anekmpoemkocmbto C u
cpeobi SJ1EKMPOEMKOCMb Quanekmpu4eckou
MPoHUYaemMocmbio cpedbl <
yMeHbLUaeTcs
yBenMymBaeTcs
OnbIT Ne 5.

1) PacctosiHue mexay obknagkamu kKoHaeHcaTopa octaeTtca 6e3 nameHeHus. (PaccrosHue
MeXxay nnacTuHamm KoHgeHcaTopa d = 5 MunnumeTpos).

2) 3amevaeM rnonoxeHue CTpesiku anekTpomeTpa.

3) Habnogasa 3a nokasaHUAMMU CTPESIKM AfIeKTPOMeTpa, CABUIraeM BEPXHIO 00KaaKy
KOHAEHcaTopa, YMeHbLUAs nrowanb B3anMHOro NepekpbITUS NNacTyH.

4) 3ameyaeM HOBOE MOSIOXEHWE CTPEerKM afiekTpomeTpa.

5) 3anucbiBaem B Tabnnuy Ne 3, kak nameHsaeTcsa HanpsxxeHue U (ysenudueaemcs unu
YyMeHbUWaemcsi)

c=2
6) Vcnonb3aysa dopmyny U | 3anucbiBaem BbIBOA O TOM, YTO MPOUCXOAUT
C 3J/IeKmpoemMKOoCmbro C KOHOeHcamopa (yeenuqueaemCFl usmnu ymeHbLuaemC,q).

7) AHanuanpys pesynbTaTbl ONbITOB M HAbMOAEHWIA, 3anncbiBaeM BbIBOL, O TOM, Kakas
3aBMCUMOCTb CYLLLECTBYET MeXAY 3/1eKmpoeMKocmbto KoHOeHcamopa C u eefiu4uHoU
nnowadu S (obpaTHasi nponopumoHarnbHas 3aBUCMMOCTb UM NpAMas NPonopLmMoHanbHas
3aBUCUMOCTb).

OnbIT N2 6.

1) PacctosiHue mexay obknagkamu KoHaeHcaTopa octaetcs 6e3 nameHeHus. (PacctosiHne
MeXay nnacTuHamm KoHgeHcaTopa d = 5 MunnumeTpos).

2) 3amevaeM NnonoXxeHne CTPesiku anekTpomeTpa.

3) Habntogasa 3a nokasaHUsSMK CTPESKN 3NeKTpoOMeTpa, CABUraeM BEPXHIO 0bKnaaky
KOHAEeHcaTopa, yBenuymBas nnoLaib B3anMHOro NepeKpbITUS NNacTuH.

4) 3ameyaeM HOBOE MONOXEHNe CTPErikN AfieKTpoMeTpa.

5) 3anucbiBaem B Tabnnuy Ne 3, kak nameHsaetcsa HanpsxxeHue U (ysenudueaemcs unu
YMeHblaemcsl).

g
=2
6) Vicnonb3ys opmyny v , 3anncblBaeM BbIBO, O TOM, YTO NPOUCXOOUT
¢ annekmpoemkocmsbto C KoHOeHcamopa (ysenuyusaemcs Unu yMeHblaemcs).

7) AHanuanpys pesynbTaTbl ONbITOB M HAbMOAEHWIA, 3anUcbiBaeM BbIBOL O TOM, Kakas
3aBMCUMOCTb CYLLLECTBYET MEXAY 3/1EKMpPOeMKocmbo KoHOeHcamopa C u rnnouwadbro

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsuwemycs e 1C: Konnedx
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83aUMHO020 nepeKkpbimus nnacmuH S (obpaTHas nponopunoHarbHas 3aBUCUMOCTb UM
npsaMasi NnponopLmnoHasnbHas 3aBUCUMOCTb).

Tabnuua Ne 3.

S — nnowaok U oo g Bbi1800: Kakasi cyuiecmsyem
83aUMHO20 Harps>keHue 7 3asucumMocmb MexX0y
rnepekpbImusi S7eKMpPOeMKOCME anekmpoemkocmsbio C u
rnaacmuH row,aobro rniacmuH S
yMeHbLUaeTCcs
yBenuynBaeTcs
BbiBopa.

Paspen 3. Tema 3.2.3aKkoHbl MOCTOSAHHOIO TOKa.

Na6opartopHoe 3aHATMEN? 5
MN3mepeHune yaenbLHOro conpoTuBneHusi NpoBOAHUKOB.

Lenb: onpenennTb yaeribHoe conpoTuerieHne npoBogHUKa N CpaBHUTb €ro C
TabnM4YHbIMM OAHHBIMM.

McxoaHble fgaHHbIe U MaTepuanbl: NCTOYHUK SJIEKTPONMNTaAHNA, PEOCTAT, aMNepMeTp,
BOJIbTMETP, KJ1HO4, coeanHNTElbHblE NpoBoAda.

KpaTKaﬂ aHHOTaLUMA.

D,J'IFI BbINMOJTHEHNA pa6OTbI Heobxoauma NPoOBOJ1OKa U3 MmaTtepunana C oonbwum yAOEeIbHbIM
cornpoTmnBiiEHNEM.
YaenbHoe conpoTueneHne npoBogHUKAa MOXXHO BbIYUCTIUTL, NCMNOJ1b3YA d)OpMyJ'IbII

—pxi
R—pxs

_ mxd?

S =
4

ConpoTuBneHne NPOBOAHMKA MOXHO M3MEPUTb, UCMNONb3ys 3akoH Oma. B aTom cny4yae
dopmyna ans pacyeTa yaernbHOro conpoTueneHus byaeT BbirnsaeTb Tak:

_RxS _ (Rxmxd?)

Tl @axD)

_ (Uxmxd?)
T axIxl

CopgepxaHue U NOpAJOK BbINONTHEHUA PaboTbI:

1. O3HakoMuTbCS ¢ Npubopammn n o6opygoBaHMEM, 3anmcaTb UX TEXHUYECKNE OaHHbIe.
2. CobpaTb anekTpuyeckyto uenb (puc 1).

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsuwemycs e 1C: Konnedx
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Puc (1)

3. NamepuTb cuny Toka | n HanpsixeHe Ha ero KoHuax.
4. lamepuTb ONUHY NPOBOAHUKA U €ro AnameTp.
5. Pe3ynbTaT U3MepeHun 1 BbIYUCIEHNIA 3aHECTU B Tabnuuy.

Uu,B I, A d, mm L,m p, OMX M T~ 3,14

6. Bblumcnutb NpubnmsnTenbHoe 3HadYeHne yaenbHOro ConpoTUBNEHUS NPOBOAHMKA.

7. OnpefennTb UHCTPYMEHTAarbHbIE NOrPELLUHOCTU U3MEPUTENBbHbIX NPUBGOPOB 1
NorpeLHoOCTM oTcHeTa.

8. BbluncnuTb npubnunsntensHoe 3HavYeHne yaenbHOro ConpoTMBIIEHUSA NPOBOAHMKA.

9. 3anucatb pe3ynbTaT U3MEepPEHUN YOeNbHOro CONPOTUBNEHUS NPOBOAHMKA B BUAE P =
Pup T Ap

10.0npenenntb NO CNpaBOYHMKY Matepmana npoBOAHMKA.

_Uxmxd?

=314
4xIxl

KoHTponbHbIe BONpoCHI:

1. Y70 Ha3bIBaKOT yaeribHbIM CONPOTUBIIEHMEM NPOBOLHMKA?

2. Novyemy Ons M3roToBrNeEHNA HarpeBaTesibHbIX 3N1EMEHTOB NMPUMEHSIIOT MPOBOAHUKN C
OonbLUMM yaenbHbIM CONPOTUBNEHMEM, a N5 NOABOAALLMX C ManbiM?

3. B kaknx eguHuuax n3aMepsitoT yaenbHoe ConpoTMBIiEHNe NpoBoaHMKa B cucteme CN?

4. NokasaTb rpadMyeckn 3aBMCUMOCTb CUIbl TOKa, HA AAHHOM y4acTKe, OT CONPOTUBMEHUS
3TOro NPOBOAHMKA U HarpPsHKeHUs.

5. 3aBUCUT N conpoTMBEHNE NPOBOAHMKA OT CUSIbl TOKA U HAanNpPsKeEHUs1 Ha JaHHOM
NpoBOAHMKE?

Pasgen 3. Tema 3.2. 3akoHbl MOCTOAHHOIO TOKA.

NabopaTopHoe 3aHATMENS 6
OnpeneneHune 3C v BHYyTPEeHHEro CONpoTUBIIEHMA UCTOYHUKA TOKa.

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsuwemycs e 1C: Konnedx
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Lenb: oBnagexue npnemMmom onpegeneHnda Q0C n BHYTPEHHEro conpoTmeIieHnA
MCTOYHMKa TOKa C NoOMOLLbIO BOJIbTMETPA U aMnepmMeTpa.

McxogHble AaHHble U MaTepuanbl: UICTOYHMK TOKa, aMNepMeTp, BONIbTMETP, PE3NCTOP,
KMo4, coeauHUTENbHbIE NPOBOAA.

KpaTKaﬂ aHHOTaLUMA.

PaboTa BbINOMHAETCA C NOMOLLBbIO 3KCNEPUMEHTAlTbHOW YCTAaHOBKM, CXeMa KOTOPOW
n3obpaxeHa Ha puUCyHke 1.

e |i]1
@

puc. 1

O C nM3mepsoT C NOMOLLLI0 BONbTMETPA Npu
pa3oMKHYTOM Kkrtoye. B aTom criyyae
conpoTuBneHne BHewHen uenm R - < (unn R » r), n Toraa

U==¢.(1)

Cnepgyet 3aMeTUTb, YTO paBeHCTBO (1) BbINONHAETCS TEM CTPOXe, Yem DbonbLue
BHYTpPEHHEE CONPOTUBIIEHME BONbTMETPA.

BHyTpeHHee conpoTMBreHne NCTOYHMKA TOKa onpeaensioT nocne Toro, kak 4C byaet
n3amMepeHa. 3amblKatoT KoY U naMepsaT HanpskeHne U Ha pe3ncTope u cuny Toka | B
uenu. CornacHo 3akoHy OmMa Ans NofHOW uenu, cogepxallen pesnctop, MoXHO
yTBEpXaaTb, YTO

r=22(2)

Cop.epx(aHMe n NopsaaoK BbinoJsiIHEHUA paGOTbI:

1. Jokaxunte cnpaseanmBocTb popmyrnbl (1).

2. BeiBegnTte pacyeTHyto hopmyny (2) Ana onpeaeneHns BHyTPEHHEro ConpoTUBNEHNS
NCTOYHMKa TOKa.

3. YkaxunTe, Kakne pusmyeckue BennumMHbl nognexar npsaMoMy n3amepeHuto s
onpeaenexnsa 3C 1 BHyTPEHHEro CONPOTMBIIEHNS UCTOYHMKA TOKa NPUEMOM,
ncnosnb3yemMbliM B aHHOW paboTe. C NOMOLLBIO Kakux n3meputenbHbIX Npubopos byayTt
npoBefeHbl uamepeHna? Onpegenure 1 3anUwwnTe rpaHuLbl abCoMTHBIX NOrpeLLIHOCTEN
3TUX Nprubopos.

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsuwemycs e 1C: Konnedx
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4. Onpegenute 1 3anunTe rpaHuubl abCONOTHBIX MOrpeLlHOCTen oTcyeTa amnepmeTpa u
BOSNIbTMETpA.

5. 3anuwute popmynbl 4ns onpefeneHns rpaHnubl abComnoTHBLIX NOrPeLLIHOCTEN
namepexna 0C nr.

6. MNogroToBbTe TabnuUy AN 3anUcy pesynbTaToB U3MEPEHUIN U BbIYUCTIEHNNA.

B Ag, B UB AU,B I, A ALA r, Om Ar,Om

7. CobepuTe aKcnepMeHTarnbHy YCTaHOBKY MO cxeme, n3obpaxxeHHon Ha pucyHke 10.
8. MNoaknio4YnTEe NCTOYHUK TOKA K 9NEKTPOCETU U NPU pa3oMKHYTOM Kntode namepbte 30C
NCTOYHUKA.

9. 3aMKHUTE KoY, onpegenvTe N 3aHecuTe B Tabnuuy nokasaHna amnepmeTpa u
BONbTMETpA.

10. Beluncnute rpaHuubl abCcontoTHBIX NorpewHocTen namepennn €, U n .

11. Bbluncnnte 3Ha4YeHne BHyTPEHHEro ConpoTUBIEHUSI UCTOYHMKA TOKa T.

12. Beluucnute 3HayeHue rpaHuLbl abContoTHOM NOrpeLlHoCcTH Ar.

13. 3anuwmnTte nonyyeHHble 3HayeHns SC 1 BHYTPEHHEro CONPOTUBIEHMS C Y4ETOM
rpaHnL, Mx abCOMNOTHBIX NOrPEeLLIHOCTEN:

Eyer —EXTAE, Ty =1 LAY
BbiBOAg no pab6ore.

KoHTponbHbIe BONpochl:

1. lNMoyemy BHYTpEHHee CONPOTUBMNEHNE BONbTMETPA MOXET BIIMATb HA TOYHOCTb
namepenuna 30C?

2. Kak nsmeHuTbCA nokasaHne BorbTMETPa Npw 3aMKHYTOM KIHOYe, eCrin BHYTPEHHee
COMpPOTUBNEHME UCTOYHMKA yBENMYUTCA?

3. Kakum gomkHo 6bITb CONPOTUBIEHNE PE3UCTOPA, YTOObI CUIY TOKa B LENU He
npesbllLana BEpXHUM Npeaen usmepeHus amnepmeTpa?

Mcnonb3dyemas nutepartypa:
®usuka. 10 knacc. Y4ebHuk. basoBbln 1 yrnybnéHHbIn ypoBHU - Makuwes I, A., Byxosues
b. Bb., Cotckmii H. H. / Noga pea. NMapdeHTbeBon H. A. 2023 r.

Paspen 3.Tema 3.2.3akoHbl NOCTOSAHHOrO TOKa.

Na6opartopHoe 3aHATME Ne7
M3yyeHne nocnepnoBatenbLHOro U napansenbHOro coeAuHeHUA NPOBOAHUKOB
(pe3ucToposB).

Uenb: JKCNnepmnMmeHTaribHO NPOBEPUTL yTBEepXOAEeHNUE O TOM, 4YTO B SJ'IeKTpI/I‘-IeCKOVI uenu,

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsuwemycs e 1C: Konnedx
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copepxallen 4Ba NoCneaoBaTenbHO COEAMHEHHBIX PE3NCTOPA CONPOTUBIIEHNEM Ry, U R,

CrpaBeanvBbl PaBeHCTBaA:

R12=R1+R;; U1 ,= U +U;, n

U, R

U—l = R—l , rae Uyu U, - nafeHne HanpskeHNe Ha COOTBETCTBYIOLLMX COMPOTUBIIEHUSIX.
2 2

WcxoaHble AaHHbIE M MaTepmanbl: UCTOYHVK SMEKTPOMUTAHUSI, PE3UCTOP R,, PE3UCTOP

R,, aMnepMeTp, BOMbTMETP, KItod, COEAMHUTESbHBIE MPOBOAA.

Cxema YCTaHOBK Ansi BbINOSIHEHUs: paBoTbl NokasaHa Ha puc 1.

CopepxaHue n NopsaoK BbINONIHEHUA paboThl:
NocnepoBaTtenbHoe coeauHeHue
1. O3HakomuTbCA € Npubopamu n obopyaoBaHNEM, 3anNncaTb X TEXHUYECKME OAHHbIE.
2. Cobpatb anekTpuyeckyto uens (puc 1).
3. NamepuTtb obLiee HanpskeHne U, n HanpshkeHne Ha ydacTkax Uy, U,.
4. NamepuTb cuny Toka |.
5. Pe3ynbTaT M3MepPEHUn 1 BbIYUCIIEHN 3aHECTN B Tabnumuy.

I, A U, B U,, B U 2B | R;,0M | R;,0M | Ry, OmM Uy R,

6. [No nony4yeHHbIM JaHHLIM paccynTaTb CONPOTUBIIEHNE PE3NCTOPOB -R;, R,, 0bLee
conpoTtuBneHue R.

MpoBepuUThb:
Ui _R

a) 1M1
Uz R

b)Uy, =U; + Uy
C)|=11 = IZ

Puc (1)

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsuwemycs e 1C: Konnedx
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‘ Y 4
D—@

Ol@

7. IaMeHNTb CXeMy YCTaHOBKM Tak, YTODObl OHa NO3BOISANIa U3MEPUTb HanNps>KeHne Ha
BTOPOM M NepBOM conpoTuerieHun. Cxemy 3apmucoBaTtb B TeTpadb

8. NamepuTtb obLlee HanpskeHne Ha AByX conpoTuerneHnsx Uq, Us,.

9. NpoBepunTb BbINONHAETCA NN paBeHCTBO U, ,= U + U,

10. Bblumncnntb conpoTtusneHmsi R4, R, 1 npoBepuTb CNpaBeasiMBOCTb paBeHCTBA
R1,2 = R1 + Rz

Ui _R
11.BbI4MCINTL OTHOLIEHNUS — = —=
U, Ry

MapannenbHoe coeanHeHne
1. O3HakomuTbCs ¢ Nnpubopamm n obopyaoBaHNEM, 3anNnCaTb UX TEXHUYECKME AAHHbIE.
2. Cobpatb anekTpuyeckyto uenb (puc 1).
3. Nameputb obuiee HanpskeHne U, a Takke cuny Toka .
4. Pe3ynbTaT U3BMEPEHUN U BbIMUCNEHUI 3aHECTU B Tabnuuy.

U, [L,A[L, [l,,A[R,OmM]|1/R;,0M |R,,OM|1/R,, |Ry,0M| LR, ,,0m | I, |R,
B A Om /L, | /Ry

5. HapucoBaTtb B TeTpaan CXemy 3r1eKTPUYECKON Lienu.
MpoBepuThb:

a) 11/12=R1/R2
b) Uy,=U,=U,
C) |211+12

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsuwemycs e 1C: Konnedx
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—

—/

Puc (1)
6. I3MeHnTb CxemMy yCTaHOBKM Tak, YTOObl OHa NO3BOMsNa N3MEPUTb CUIY TOKa Ha BTOPOM U
nepBom conpoTueneHun. Cxemy 3apucosaTb B TeTpaib.
7. o paHHbIM NPoBeAEHHbBIX UBMEPEHUIN BbIYUCITUTE BENNYUHBLI CONPOTUBIIEHNA R; R, R, a
Takke BenuunHel 1/R; n 1/R,
8. Bbluucnutb cymmy 1/R; n 1/R, NpoBepUTL CnpaBeiiMBOCTb paBEHCTBA
1/R, ,=1/R,+1/R,

BbiBoAa no pa6orTe.

KoHTponbHbIe BONpPOCHI:

1. Kakoe coeanHeHne Ha3biBatoT nocnenoBaTenbHbIM?

2. Kakoe coegmHeHne napannensHoe?

3. Cdopmynumpynte 3akoH Oma ansa yyactka uenu.

4. B yem npeumMyLlecTBa napannenbHoro coeanHeHnsa notpebutenen?
5. Kakon npnbop coeanHeH napannenbHo ¢ noTpebutenamm?

Wcnonb3yemasa nutepartypa:
®usumka. 10 knacc. YuebHuk. basosbin 1 yrinybnéHHbin ypoHu - Makuwes I'. A., byxoBues
b. Bb., Cotckmunt H. H. / MNog pea. NMapdeHtbeBon H. A. 2023 r. (cTp. 130-133).

Paspen 3.Tema 3.2.3akoHbl NOCTOAHHOIO TOKA.

NabopaTopHoe 3aHaATME Ne8

Tema: UcciienoBanne MOITHOCTH, NMOTPEOJIsIEMOI JIAMIIOH OT HANIPSAKEHHUS HA ee

3a’KMMax.

Ileanb paGoThI: Ha OIBITE UCCIIEOBATH 3aBUCMOCTDh MOIITHOCTH, IMOTPEOIIeMOi

JIAaMITOM HaKaJIMBaHMs, OT HANPSKCHUS Ha €€ 3aKuMax.

Oo6opynoBanme: >eKTpUYECcKas JamIia, MICTOYHUK MUTaHUSA, PEOCTAT, aMIIEpMETP,
BOJIBTMETP, OMMET), KJIFOY, TTPOBOJIa, MUJUIUMETPOBAsi Oymara.

Teopernueckue cBeeHUs.

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsuwemycs e 1C: Konnedx
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[Ipu 3aMbIKaHUH 3IEKTPUUECKOM LIEMH HA €€ YYACTKE C COMMPOTHBICHHEM R,
tokoMl, HanpskeHneM Ha KoHuax U mpousBoauTcs padora A:
A= Ut = I’Rt = U/R
BenmnuuHa, paBHas OTHOLIEHHWIO padOThl TOKA KO BPEMEHHU, 3a KOTOpPOE OHa
COBepILIaeTCs, Ha3bIBAETCSI MOIIHOCTBIO P: P=A/t.
CraenoBaTteibHO,
P=IU=1°PR=U¥R (1)
Amnanus BelpaxkeHus (1) yoexxaer Hac B TOM, 4TO P — (QyHKIMS 1BYX IEPEMEHHBIX.
3aBucuMocTh P o1 U MOXKHO HccnenoBaTh 3KCIIEPUMEHTAIBHO.
IHopsinok BeIMOTHEHUs1 padOThI.
1. Onpenenutsb LEeHy JeNEHU IKaIbl U3MEPUTEIbHBIX IPUOOPOB.
2. OMMETPOM H3MEPUTH COTIPOTHUBIICHNE HUTH JIAMIIBl IPU KOMHATHOU TEMIIEpaType.
3.CocTaBUTh 3JEKTPUYECKYIO LIEMb 0 CXEME, N300paKEHHOM Ha PUCYHKE,

co0uroaast MOJSIPHOCTH MTPHUOOPOB.

D

4.ITocne npoOBEpPKH LIENH MIPENOAABATENEM KIIFOY 3aMKHYTh. C IIOMOIIBIO peocTara
YCTAaHOBUTH HAUMEHbIIIEE 3HaUCHUE HaNpshKeHUA. CHATh MOKa3aHUSI U3MEPUTEIbHBIX
pruOOpOB.

S.I1ocTenenHo nepemenias MOJ3yHOK peocrara, CHATh 8—10 pa3 nokasaHus
aMIiepMeTpa U BOJIbTMETpA.

6.1 KaXA0ro 3HaUeHHs HAPsKEHUs onpeenTh MoinHocTh P=UI, motpebisemyto
JIaMITOH, conpoTuBieHne HUTH Hakama Rr=U/I

7. PesynbpTaThl U3MEpPEHUH M BBIUMCICHUH 3aMCaTh B TAOIUILY.

Homep | Hanpsikenue Ha Cuna Toka B MomHocTb, ConporusJienue
OIbITa 3aKUMax JJaMIlbl JaMIie HOTpeﬁ.ﬂﬂeMaﬂ HUTHU HaKaJa
U,B LA JaMIou R, Om
P, Bt

1.

2.

3.

4.

S.

6.

7.

8.

9.

10.

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsuwemycs e 1C: Konnedx
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8. IMocTpouTs rpaduik 3aBUCUMOCTH MOITHOCTH, TOTpebsieMoit tammoii P (BT), ot
HanpspkeHus Ha ee 3akumax U (B). Tlo ocu opauHaTt oTKIIabIBaTh MOIIIHOCTD B
BaTTax, Ha OCU a0CIIUCC — HAIIPSKEHUE.

9. Cnenatb BBIBO/I.
KouTposbHbie BONPOCHI.

1. KakoB (hu3nueckuii CMbICI HaNpsHKEHUS HA y4aCTKE IEKTPUUYECKOM 1enu?

2. Kakue ciocoObl onpenenenns MOIHOCTH TOKa BaM U3BECTHBI?

3. Jlamnsr 200-BarTHas u 60-BaTTHAs, paCCUYMTAHBI HA OJHO HANpPSKEHUE.
ConpoTuBieHnue, Kakoi JiaMiibl Oosbuie? Bo ckoibko pas

4. MOXHO JIY 10 IPKOCTH CBEYECHUS JIEKTPUUECKOM JIAMIIbI CYIUTh O KOJIUYECTBE
TEIUIOTHI, BBIIEIIIEMON B HUTH JIAMIIBI ITIPY HATPEBAHUH JJIEKTPUYECKAM TOKOM?

5. Kak 3aBUCHT KOJIMYECTBO TEIUIOTHI, BBIAEIISIEMON B HUTH JIAMIIBL, OT CHJIBI TOKA?

6. Kakue npeBpallieHnst 3JHEPTUH POUCXOANUT B 3aMKHYTOM DJIEKTPUUYECKON LIETTU?

Mcnonb3dyemas nutepartypa:
®usumka. 10 knacc. YuebHuk. basosbin 1 yrinybGnéHHbin ypoBHU - Makuwes I'. A., byxoBues
b. B., Cotckunt H. H. / MNopg pen. MNapdgeHtbeson H. A. 2023 r. (ctp 130-133).

Paspen 3. Tema 3.2.3aKoHbl MOCTOSAHHOIO TOKA.

NNa6opaTtopHoe 3aHATMEN? 9
OnpepeneHue KM anekTponsnTku

Uenb: Onpegenntb KO3(MPULMEHT NONEIHOrO AENCTBUS ANEKTPUYECKON NITUTKN.

UcxoaHble AaHHbIe U MaTepuanbl: dnekTpuyeckas NnuTka, MeTannMyeckuin cocya, BECh,
pa3HOBEChl, TEPMOMETP, BOAA.

Kpatkasa aHHoTauus.

KoahpmumneHT nonesHoro 4encTBUS 3MeKTPOrnTKA BbldUcnaeTcs No goopmyrne:

L 1009
A

roe B YACIUTENe onpeaenieHo KONMMYecTBO TENMOTLI, HeoOxoaMmoe AN HarpeBaHus
cocyna c Bogou
Qrz_ Cp M “3 =Tpy+ CH.“E = 1) Mg

a B 3HaMeHaTersne rnpeacraBjieHa pa60Ta ANTIEKTPUYECKOIo TOKa
A, =P

CopepxaHue U NOpAJOK BbINONTHEHUSA paboTbl:

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsuwemycs e 1C: Konnedx
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. O3HakoMunTbCA € Npubopamn 1 obopyaoBaHMEM.

. Onpepgenute maccy cocyna, B KOTOpoM byaeT HarpeBaTbCs BoAa Ha NANTKE Mc

. Hanente B MeH3ypKy BoAbl 1 onpeenure ee Maccy ms

. N3amepbTe HavanbHyto TemnepaTtypy Boabl t1

. PaccmoTpuTe Hagnuch Ha aNeKkTPoNnTKE 1 3anuunte B Tabnumuy Hy>KHO Bam BENUYMHY.

. loBeguTe BOAY OO0 KUMEHUS U 3aceknTe Bpems t, koraa Boga Havana KuneTb.
. N3amepbTe KoHeYHyo TemnepaTtypy Boabl to.
Bbluncnvte no popmyne KoadppuUNEHT NOME3HOro AENCTBUS ANEKTPONSTUTKU.

1
2
3
4
5
6. [MocTaBbTe cocya ¢ BOOOM Ha SNEKTPOMNSIUTKY N BKITHOYNUTE ee B CETb.
7
8
9.
1

0. PesynbTaT n3aMepeHuin 1 BblYUCIIEHUIA 3aHECTM B Tabnuuy.

mg., KI' m,, Kr t,°C C.. A C,. A P, Br t,c t,, °C | KI1Q
Kr-K ur-K
0.046 3 18 880 4187 800 1500 100

BbiBoAa no paborte.

KOHTpOﬂbeIe BOMNpPOCbLI.

1.

2.

Mouyemy Ans N3roToBMEHMsI HarpeBaTeNbHbIX 3N1IEMEHTOB MPUMEHSIOT NPOBOLAHUKN C
GonbWMM yaenbHbIM CONPOTMBIIEHMEM, a ANSA NOABOAALMNX C ManbiM?
Onpepenntb NokasaHMs CYETYMKOB 3NIEKTPOIHEPIMM N NO AEUCTBYOWEMY Tapudy 3a
1 kBT 4, nogcyntTaTb CTOMMOCTb 3NEKTPO3HEPrMK, pacxogyemon 3a 1 mecsu (30
AHen) Bcemn npubopamn B KBapTupe

Kakoe konmyecTBo TennoTbl HE06X0A4MMO ANs pacnnaBfieHns MeaHoro nposoaa
AnvHoi 10 m, conpoTtuenexHuem 17 MOM, Haxoasdlerocs npu Temnepatype 0°C
OnpepgenuTte pacxoq SHepPrun B aNeKTpnu4eckon namne, BKNOYEHHON Ha 10 MUHYT B
ceTb C HanpshxeHuem 127 B, ecnv cuna Toka B namne 0,5 A.

Cwuna ToKka B nasinbHUKe, BKMNOYEHHOM B CeTb C HanpsbhxeHnem 220 B, pasHa 1,1 A.
Onpepgennte conpoTMBEHME NasanbHMKA U pacxon SHeprumn, Heobxogmmon ans
nassnbHuKa 3a 15 MUHYT.

Wcnonb3yemas nuteparypa:
INutepatypa: J1.C. XXgaHos I'.J1. XXgaHoB «®usunka» §6.4 — 6.5 ctp. 57; §17.1 - 17.2 c1p.

181

Paspen 3. Tema 3.3 dneKkTpuyeckuim ToK B pasniMyHbIX cpeaax

NabopaTopHoe 3aHsaTMENS 10
OnpepneneHune TepMuyeckoro kKoadpcpuumeHTa conpoTUBNEeHUs Meam

Llenb: onpegenutb cpegHee 3HaYeHne TeMnepaTypHoro koadduumneHTa conpoTUBNeHUs

Meau.

McxogHble AaHHbIe U MaTepuanbl: NpMbop Ans onpeaeneHus TemrnepaTypHoOro

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsuwemycs e 1C: Konnedx
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ko3 hrLMEHTA CONPOTMBIIEHMS MEAM, Yallka C CyXUM roploYMM, aBoMeTp (MynbTUMETP),
TEPMOMETP TEXHUYECKUIA, KOMMNIEKT NPOBOAOB.

KpaTkas aHHOTauus.

XapaKkTepucTUKOM NPOBOAALLNX CBOMCTB MaTepmnana npoBo4HUKA ABNSETCS yaefibHoe
COMpPOTUBNEHMNE, T.€. CONPOTUBIIEHME NMPOBOAHMNKA, UMEIOLLIErO NONepeYyHoe ceyeHne,
paBHOe eavHuWLEe Nnowaau, U AnuHy, paBHyo eauHuue anvHbl. Ecnn npoBoaHuK ¢
yOernbHbIM CONPOTUBIIEHNEM P UMEET NOo BCen ANuHe | ogMHakoBoe cevyeHne S, To ero
COMpOTUBIIEHNE MOXET ObITb MOACYUTAHO NO cpopwl)/ne

R=p—
P S
YpensHoe conpoTtumeneHne npoBogHNKa 3aBUCUT B obwem crniy4yae OoT MHOIrmx
CbaKTOpOBZ TeMnepartypbl, MEXaHUYECKUX ,D,e(bOpMaLI,VIIZ, HanpAaXeHHOCTU MarHMTHOro noss,
B KOTOpOE€ NnomMeLleH npoBOOHUK, U T.M. OTK 3aBNCMMOCTH LLIMPOKO MNCNOJ1b3yETCA B

N3MEpPUTENbHON TEXHUKE N aBTOMAaTUKE.
B aTom cnyyae dopmyna ans onpeaeneHns ConpoTMBNEHNS UMeeT BUA:

R = Ri,ull +our; —1,)]

3HayeHns a He SBMSOTCS NOCTOSAHHBIMU U U3MEHSIIOTCS C UBMEHEHMEM TeMNnepaTypbl,
O[HaKO B HEKOTOPbIX TEMMEPATYPHbIX MHTEpBanax 3ToT KO3PULUNEHT MOXKHO
XapakTepu3oBaTb CpeaHMM 3HaYeHMeM TeMnepaTypHOro koagguumneHTa.

MpumeHsiembln B paboTe npubop (puc. 1) ans 3 5
onpegeneHns tTemnepaTypHoro koadgdguumeHTa

Meam COCTOUT u3 KaTywkun 1. KaTywka npegcrasndet [‘[[D
cobon KapTOHHbIN KapKac 2, Ha KOTOPbIA HaMOTaH [ 7 I

Me[HbI NPOBOA4 C NakoBon nsonsumen. KoHubl
NpoBoAa BbIBEAEHbI K 3aKMMaM 3, yCTaHOBIIEHHbIM
Ha nnacTtmaccoBou Konoake 4. B aTon konoake
3aKpenneHa cTeknsHHas npobupka, B KOTOPYHO —\\i
BCTaBIEH Kapkac KaTywku. CBepxy B Kornoake
nMeeTcsa oTBepcTME 5 ans TepmMomMeTpa,
n3mepsoLLero TemnepaTypy katywku. Mpmnbop
nomMeLlaroT B cocy ¢ Bogon. B cocyne numeetca N
anekTpuyeckasi cnmparnb C BbiBe4EeHHbIM HaBEPX
knemmamu. NoacoeanHnB aNeKTpUYECKYHO cnmparb K

4

yd

MCTOYHUKY TOKa, HarpeBaloT Body B cocyae, \__/
NnepvoanYeckn CYNTbIBAsi NokasaHUs TEpMOMETPa U
n3Mepas OMMETPOM COMPOTUBIEHNE KaTyLLKU. Puc. 1

Cop.epx(aHMe n NopsaaoK BbinosiHeHUA pa60Tb|:

1. 3aneunte B cocyq Boay Ha 2/3 BbICOThI cocyaa. BHumaHue: 3anveas Bogy B cocys,

npuMUTE Mepbl K TOMY, YTOObI BOAa He nonana BHYTPb NPO6UpKN.

BcTtaBbTe B npobupKy TepMoMeTp.

BbpkaaB HekoTOpoe BpeMsi, Noka BbIPOBHAKOTCA TeMnepaTypa BoAbl U KaTyLLKK

npubopa, 3anuwmTe nokasaHmsa TepmomeTpa to.

4. V3mepbTe MynbTUMETPOM CONPOTUBIIEHNE KaTyLwwKN R, 1 3anuwnte pesynbtaTbl B
Tabnuuy.

5. lMoakntounTte cnupanb K UICTOYHUKY TOKa U YCTAHOBUTE HanpsbkeHue He bornee 24 B.

w N

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsuwemycs e 1C: Konnedx
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6. CneguTe 3a noBbllEHNEM TeMMepaTypbl kKaTywwkn. Koraa Temnepartypa KaTyLuKu
okaxeTca kpatHon 10, T.e. i t =30, 40, 50 C° namepbTe CONPOTUBIIEHNE KATYLLKW.
PesynbTaTtbl usmepeHui 3anuwimTte B Tabnuuy.

Mcnonbays pesynbTaTbl NepBoro onbita u Tpex nocneayowmx (ti, Ri ), BeldmucnuTe
ANS KaXXOoro onbiTa 3Ha4YeHne TemnepaTypHoro KoaddumumneHTa cConpoTUBNEHUS
Meaun no oopmyrne

o~

o K~ Ry
R, -At

9. PesynbTaT M3amMepeHui 1 BbIYUCIIEHNI 3aHECTM B Tabnuuy.

=

Ne | g, C° R‘Fﬂ ,Om | 1,,C° R, ,Om o,
n/mo rpax’ rpam’

10.Hangute cpegHee 3HayeHMe TeMnepaTypHOro KoadpuumeHTa conpoTMBNeHNs Mean
a.
11.. HauyepTtute rpacduk 3aBucmumoct R ot Temnepatypsbl t (B macwTabe).

BbiBOA no pab6ore.

KoHTponbHbIe BONpPOCHI:

1. UTO Ha3bIBaeTCsa TemnepaTypHbIM KO3 PUUMEHTOM CONPOTUBIEHNA?

2. YpenbHaa npoBOAUMOCTb NMPOoBOAHMKA. PU3NYECKUIA CMbICH, €ANHULIbI UBMEPEHUS, OT
4Yero oHa 3aBUCUT?

3. KakoBa 3aBMCUMOCTb yAernbHOro CONpPOTMBIIEHNS MPOBOAHUKA OT TeMnepaTtypbl? Yem
XapakTepuayeTcs 9Ta 3aBMCUMOCTb?

4. TemnepaTypHbI KOS(PPULMEHT CONPOTUBNEHUSA. UTO OH XapaKkTepusyeT, OT Yero oH
3aBucuUT. B kaknx eanHuLax namepsaetca?

5. 3aBucuT N conpoTMBreHMe NPOBOAHMKA OT TemnepaTypbl? Ecnv 3aBucuT, To KakoBa aTa
3aBMCUMOCTb? OBBACHUTDL (PU3NYECKNIN CMBICIT 3TOrO SBJIEHUS.

6. Kak nameHuTcs conpoTuBneHne NnpoBoAHMKa C NOBbILLIEHNEM TemnepaTypbl U noyemy?

7. CpaBHUTb 3aBUCMMOCTb U3MEHEHUS COMPOTUBIIEHNSA METanIMYeCcKMx NPOBOAHUKOB U
ANeKTponnToB OT TemnepaTypbl. OBBbACHUTL PU3UKY ABNEHUNA, MOPOXOAIOLLNX ITY
3aBMCUMOCTb.

8. NameHnTCa N TemnepaTypHbIn KOIPPULMEHT CONPOTUBIIEHUS, €CIU ONpeaensTb ero no
yaernbHOMY COMPOTUBIIEHUIO, @ HE MO N3MEPSIEMOMY COMPOTUBIIEHNIO?

9. 3aBucuT N TemMnepaTypHbIN KOIPMDULNEHT CONPOTUBIEHNS OT Matepuana
COMPOTUBNEHUS.

10. B yem pn3n4eckmii CMbICI CONPOTMBIIEHUSA NpoBoAHMKa? OT Yero OHO 3aBUCUT?

11. Hannwute n 06bssiCHUTE MaTeMaTMYECKY0 3aBUCMMOCTb COMPOTUBIEHUS OT MaTepuana
N pa3MepoB COMNPOTUBIIEHWS.

Ucnonb3yemas nuteparypa:

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsuwemycs e 1C: Konnedx
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1 XXpaHos J1.C., XKgaHos I".J1. ®dusnka. YuebHuk ans cpegHux crneumanbHblX y4eOHbIX
3aBeJEeHNN.

2 COopHuKK 3aga4 no umsnke. YyebHoe nocobue ans cpegHux cneumanbHbiX y4eOHbIX
3asegeHun./ MNopg pen. P.A. Nnmagkoson.

3 donaykosa P.A. PykoBoacTBo nNo npoBeaeHuto nabopatopHbix paboT no doumsmke. — M.:
Bbicwas wkona,

Paspen 3. Tema 3.3 dneKkTpu4yecKkuin TOK B pasfiMdHbIX cpeaax

NNa6opaTtopHoe 3aHATMEN? 11
OnpepneneHne aNeKTPOXMMUYECKOro 3KBUBaneHTa megu

Llenb: onpegenutb cpeHee 3Ha4YeHne TemnepaTypHoOro KoaduumneHTa conpoTnsieHns
Meau.

UcxoaHble aaHHbIe U MaTepuansbl: Becbl ¢ pasHoBecaMun, amnepmeTp, Yacbl, BEHTUNATOP
HaCTONbHbIA UNKW ANEKTPONIIUTKA, MCTOYHUK 3NIEKTPUYECKON 3Heprm (BbinpsamuTens BC 4-
12 nnun Gatapest akkyMynsaToOpoB), peocTaT, KN4y, MeaHble NacTuHbl (2 WT.),
coeanHUTENbHbIE MPOBOAA, ANEKTPONUTUYECKas BaHHa C paCTBOPOM MeLHOro Kyrnopoca,
HaxxgavHas bymara.

KpaTtkasa aHHOTauus.
Mpwn pacTBOpPEHUM SNEKTPONUTA MO, BNNSTHUEM 3M1IEKTPUYECKOrO NONSA NPONUCXOLANT
anccoumaums MoneKkyn aneKkTponuTa Ha NoNoXMUTESNbHO U OTpULATENBHO 3apsPKEHHbIE NOHDI
(anekTponuTuyeckasn guccoumaums). ANeKTponpoBOAUMOCTb 3NEKTPONMTOB 00ycrnoBneHa
NOHaMMW.

MpoxoXaeHne anekTpMYEeCcKoro Toka Yepes 3MeKTPoSIMT CONPOBOXAaeTCs BblAeNeHNeEM Ha
3neKTpoAax BellecTB, BXOAsLIMX B COCTaB anekTponuta. Macca BellecTsa,

BblOenMBLUErocs npu afiekTponunse 3a spems t, HaxoanTcs no cbopmyne: m=KiIt.

ABneHne anekTponM3a Haluso LWMPOKOe NPUMEHEHNE B TEXHMKE N NMPOMBbILLIIEHHOCTMW.
[MprMeHeHne anekTponusa: Nofly4YeHne LUBETHbIX MeTanmoB (O4MCTKa OT NpUMecen -
pacHMpOBaHKNE); raribBaHOCTENMSA - NONTyYeHNe NOKPbLITUI Ha MeTanne (HUKenupoBaHue,
XpOMUPOBaHWE, 301104eHNE, cepebpeHne n T.4.); ranbBaHoOMMacTuKa - NonyYyeHue
oTCnaMBaeMbiX MOKPbITUM (penbedHbIX KONui).

CopgepxxaHue 1 NOpsAnoK BbINONMHEHUSA paboTbl:

12. TwaTenbHO OYMCTUTbL MOBEPXHOCTb MEAHOW MNACTUHbBI HaXAa4yHon Gymarom u
B3BECUTb 3Ty NNACTUHY C MaKCMMarbHO BO3MOXHOMW TOYHOCTLIO.

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsuwemycs e 1C: Konnedx
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13.CobpaTb anekTpU4eckyto Lenb no
CXeme, B3BELUEHHYO NNaCTUHKY
COEOVHUTL C OTpULLaTENbHBIM NOIFOCOM
NCTOYHUKA SNEKTPUYECKOWN SHEPIUM:

K B
;-—/-—__-.'l'l"i.__l
14.TMocne npoBepku uenu npenogasaTenemM, 3aMeTUTb BPeEMS N0 YacaM C CEKYHAHOM

CTPEriKoW, 3aMKHYTb Koy, BbICTPO yCTaHOBUTL peocTaTtoM cumy Toka 1-2 A.

15.Yepes 8-10 MUHYT Lenb pasoMKHYTb. [nacTuHy, cnyxatlyto B OnbITe KaToAoM,
BbIHYTb, OCTOPOXHO OMOJSIOCHYTb BOAOW, BbICYLUNTL Nepes BEHTUNSATOPOM Unu
3MEKTPONMNTKON, TLLATEeNbHO B3BECUTbL N ONpeaennTb Maccy BblaenuBLLEenca Meau.

16.1lo pesynbTaTtam U3MepPEeHNn onpeaennTb SNEKTPOXUMUYECKNA SKBMBANEHT Meam Mo
dopmyne:

&= —L- 1007 o

17. PesynbTat namepeHui n BbIYNCIIEHUIN 3aHECTN B Tabnuuy.

w9 )
: . : =
% : ;| < % %Q ! 2
BT IR S P PO T
5 5 2| 3 S 2 -
I M g: IR ERE
SF .| g5 .| g8g| 8 g ik § 8 & A
EEE EEE SEE|8 |42 |S8Ef |5i8% |8

BeiBoa no paborte.
KoHTponbHbIe BONpOCHI.

1. YTO Ha3sbIBAIOT ANEKTPONUTUYECKON auccoumnaumnen?

2. Yrto Takoe anekTponua?

3. Cdhopmynupymnte 3akoHbl Gapages.

4. TNpuBeguTe NpUMepbl UCNOMNb30BaHUA AIEKTPONN3A B TEXHUKE U MPOMbILLNIEHHOCTH.

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsuwemycs e 1C: Konnedx
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5. C kakou uenbio MeTannuyeckme n3gennsa NokpbIBatT LMHKOM, XPOMOM, OJFTOBOM,
Hukenem?

6. PacTtBop conu anst metanna gOSKEH CMYyXUTb 3MeKTPoONUTOM Ans HukenupoBaHus? K
KaKoMy MOJIHOCY UCTOYHMKA TOKa HY>KHO NPUCOeaUHUTL HUKENUPOBaHHOE u3aenve?

Ucnonb3lyemasa nutepartypa:
1 XXpanos J1.C., XKgaHos [".J1. ®dusuka. Y4ebHuk ons cpegHmx cneumanbHbIX y4eOHbIX
3aBeJEeHNN.

2 COopHuKK 3aga4 no umsnke. YyebHoe nocobue ans cpegHux cneumanbHbiX y4eOHbIX
3aBeneHunn./ MNopg pea. P.A. magkoBon.

3 donaykosa P.A. PykoBoacTBO No npoBefeHuto nabopaTtopHblx pabdoT no gpusnke. — M.:
Bbicwas wkona,

Paspen 3.Tema 3.4. MarHuTHoe none.

NNa6opaTtopHoe 3aHATME Ne 12
N3yyeHune anekKTpoMarHMTHON UHAYKLMUMN.

Llenb: n3yunTb siBNeHne anekTpoMarHMTHON UHAYKLNN.

McxoaHble fgaHHbIe U MaTepuanbl: MunMamnepMmeTp, NCTOYHUK NMNTaHNA, KaTyLUKN C
cepgevyHunkamn, MardnTbl, BbiKnto4YaTeslb KHOMOYHbIN, COEANHUTENbHbIE npoBoaa,
MarHMTHasa CTperika, KoMnac, peocTtar.

Kpatkas aHHOoTauus

Cambil BaXXHbIV (hbaKT, KOTOPbIA yaanocb O6HAPYXUTb - 3TO TECHAs CBA3b MeXAy
3NEKTPUYECKMM U MarHUTHbIM norem. lNepBbin Wwar B OTKPbITUM HOBbLIX CBONCTB
AneKTpoMarHuTHbIX B3aumogencteun caenan M. ®apagen B 1831r. AsneHne
3AMEKTPOMArHUTHON MHAYKLMKN 3aKITo4aeTCa B TOM, YTO B 3aMKHYTOM NPOBOASILLIEM KOHTYpe
BO3HMKAET TOK NMPU U3MEHEHUUN YNCIa NIMHUA MarHUTHON MHAYKUMW, NMPOHU3bIBAOLLMX
NOBEPXHOCTb, OFPAHUYEHHYIO 3TUM KOHTYPOM.

CopepxxaHue 1 NOpsAAOK BbINOMTHEHUS paboTbl

1. MpuctaBuTb cepaeyHUK K OQHOMY M3 MOMCOB MOMOCOBOro MarHMTa U BOBUHYTb BHYTPb
KaTyLku, Habnogasa oAHOBPEMEHHO 3a CTpenkon munnuamnepmeTtpa (MoxHo 6e3
cepAaeyHuka).

2. MNoBTOpUTL HabnogeHWe, BbiABUIras MarHuT 13 KaTyLLKKU, a Takke MeHss nomntca
MarHuTa.

3. 3admkcmpoBaTb CxeMy OnbiTa U NPOBEPUTbL BbINOMHEHUE NpaBuna JleHua B Kaxxgom
cnyyae.

4. Pacnonoxuntb BTOPYIO KaTyLLKy psiAOM C NepBour Tak 4Tobbl OHWM coBnaganu.

5. BctaBuTb B 00€ KaTyLKM Xenes3Hble CepAeYHUKN, N NPUCOEOUHUTD BTOPYHO KaTyLLKY
Yyepes BbIKMNoYaTernb K UCTOYHUKY NMUTaHUSA.

6. 3amblkan 1 pasmblkas Koy, HabnwaaTb OTKITOHEHWE CTPENKN MUnnnamMnepmMeTpa.
7. 3apucoBaTb CXeMy OfnbiTa U NPOBEPUTL BbINOSTHEHWE npasuna JleHua.

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsuwemycs e 1C: Konnedx
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BbiBoabl no paboTe.

KoHTpoOnbHbIe BONPOCHI:

1. KTO OTKpbIN siBNEHNE 3NEKTPOMarHMTHOM NHOYKUMN?

2. ChopmynmpoBaTh 3aKOH 3NEKTPOMarHUTHON MHOYKLUNN.

3. Ncnonb3ys npasuno JleHua, ykasaTb HanpaBfieHME TOKa B 3aMKHYTOM KOHType (CM.puc).
4. MarHuTHbIM NOTOK. EANMHMUA MarHMTHOro noToka?

Wcnonb3yemasa nutepartypa:
CrtenaHoB C. B.. dusumka. 10-11 knacc : J1ab. akcnepumeHT : KHura ang yyawmxca. —
Mocksa : lNpoceeleHne, 2005 (cTp.26-27).

Pasgen 4. Tema 4.1. QnekTpomarHuTHble KonebaHums.

NabopaTopHoe 3aHATUENe13
M3yuyeHune paboTbl TpaHchopmaTopa.

Lenb: n3ayuntb paboTty TpaHcopmaTopa.

UcxoaHble AaHHbIe U MaTepuanbl: TpaHCOpMaTop, BbINPSMUTENb, UMEILUI BbIBO,
perynupyemoro HanpsbkeHus 8-20 B, aBOMeTp LUKONbHbIN, peocTaTt NoSi3yHKOBbIW, KoY
nabopaTopHbIi, coeguMHUTENbHbIE NPpoBOAA.

CopepxxaHue 1 NOpSAAOK BbINOMIHEHUS paboTbl

1. O3HakomuTbCA € Npubopamu n obopyaoBaHneM, yCTPOMCTBOM TpaHcdopmaTopa.
2. CobpaTb anekTpu4eckyto Lenb no cxeme 1.

3. NamepuTb |,U, B nepBMYHON 1 BTOPUYHON OOMOTKAX.

4. Pe3ynbTaTbl UIBMEPEHUN U BbIYNCIEHN 3aHECTU B Tabnuuy.

Ne MepBuyHaa obmoTKa BtopuyHas obmoTka K.n.Aa.
n/n

U, Iy Py U, I, P,

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsuwemycs e 1C: Konnedx



MO-11 02 03- OO[.11.13 KMPK BrAP® ®I'60Y BO «KI'MY»

DUBVKA | C.33/46

5. [No nony4eHHbIM JaHHbIM paccynTaTb
- KoahpuumeHT TpaHchopmauum K TpaHcdopmaTopa. Cxema TpaHcopmaTopa:

I-cuna TokKa;
U-HanpskeHwue;
I, I,- nokaxeT amnepmeTp;

U, ,U,-NOKaXeT BONIbTMETP; ~6.3 B/@/

-noTpebnsemyto MOLWHOCTb Py
NONE3HY MOLLUHOCTb P,, N KOI(PPULIMEHT NONE3HOro 4ENCTBUA:

a) P1: 11 X Ul! 6), 6) PZZIZ X Uz, B) Knﬂ= P2/P1

6. OnbIT NOBTOPUTBL eLLé TPK pasa, Kaxabl pa3 MeHAS C NOMOLLBIO peocTarTa,
COMPOTUBIEHME Harpy3kn Tak, YTobbl HaNpPsHKeHWe Ha BTOPUYHON 0BMOTKE MEHSNOCH
npuMmepHO Ha 5 B. B kaxgom onbiTe namepbTe cuny Toka u

HanpsbkeHue, B NepBUYHON M BTOPUYHON OOMOTKaX U Bbl4MCINTE KO ULIMEHT NOMIE3HOro

JencTBums.
A;
W,
K

7. o nony4yeHHbIM JaHHLIM NOCTPOUTL rpaduk 3asucumocTtn Kl tpaHcgopmaTtopa ot
none3Ho-pacxogyemMon MOLLHOCTH.

8. Mo ropM3oHTanbHOM OCK OTAOXMUTE MOLLHOCTb B MacwTabe 1cm=0.1 BT, a no BepTukanu
KA s macwrtabe 1cm-10%

BbiBOAbI No pabore.

KoHTponbHbIe BONpoCHI:

1. Mo4yemy cepaeyHUKN TpaHCOopMaTopoB COBUPAOT N3 NNACTUH 3NEKTPOTEXHNUYECKON
ctanu?

2. [loyemy HanpskeHue N3MepaoT, Npy onpeaenieHnn KoadduuneHTa TpaHcdopmaumm
npyv 3aMKHYTOW BTOPUYHOW Lienu.

3. Noyemy K1 npumeHsiemoro B paboTe TpaHcopmaTopa 3HaYUTENBHO HUXKE, YEM Y
NPOMbILLNEHHbIX, 6OMbLION MOLHOCTN?

4. YTto Takoe KoadhduUMEHT TpaHchopMaLuum 1 OT Yero OH 3aBUCUT?

5. Ha kakom ¢hmanyeckom npmHUMNEe OCHOBaHO AENCTBME TpaHcdopmaTopa?

6. Ycnexn anektpudgukaummn B Poccun.

Ucnonb3yemas nuteparypa:
I A.Maknwes, b.6.byxosues (cTp. 107 4.11)

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsuwemycs e 1C: Konnedx
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CrtenaHoB C. B.. dusumka. 10-11 knacc : J1ab. akcnepumeHT : KHura anga yyawmxcs. —
Mocksa : [NpocelteHne, 2005 (ctp.31).

Pasgen 5. Tema 5.1. l'eomeTpuyeckas ontuka.

Na6opartopHoe 3aHATMEN214
MNMokasaTenb NpenomrneHns cTekna.

Uenb: onpenennTb NokaldaTtesib nperioMneHna ctekra.

UcxoaHble aaHHble U MaTtepuansbl: CTeknaHHas nnactvHa ¢ AByMS napannesibHbIMu
rpaHsmMu, 6ynaBku C NNACTUKOBOW FONOBKOM(3LWT), TPAHCNOPTUP, NOABEMHbINA CTONUK,
Tabnuua TPUroHOMEeTPUYECKNX PYHKLUN.

KpaTKaﬂ aHHOTauusA

CeeT npu nepexone U3 o4HON cpeabl B APYryt0 MEHSIET CBOE HanpaBreHue, T.€.
npenomMmnseTcs.

MpenomneHne ob6bACHAETCS TEM, YTO CKOPOCTb pacnpocTpaHeHUs cBeTa Nnpu nepexoae 13
OOHOW cpeabl B APYryt0 N3MEHSIETCS U NOAYMHSAETCS CrneayroLLIMM 3aKkoHaM:

1. Mapgarowmin nyy nexaT B OQHOM NNIOCKOCTU C NepneHanKynsapoM, NpoBeAEHHbIM Yepes
TOYKY NafeHuns K pasgeny AByx cpes.

2.0THOLLEHME CUHYCa yrna NnageHnst U CUHyCca yrna npenomneHns B - BenmyumHa
NOCTOsIHHAsA ANs AaHHbIX ABYX Cped U HasbiBaeTcsl koaduumeHTom npenomnenms (n),
BTOPOW Cpefbl OTHOCUTESIbHO NepPBOW:

n = sinalsing.

CopepxaHue u NOpsfOK BbINONTHEHMA paboThbl

1. O3HakomuTbCA € Npubopamum n obopyaoBaHNEM.

2. Ha nogbeMHbI CTONWK NOMNOXUTL pa3BepHYTY0 TeTpaab Ans nabopaTopHbix paboT. Ha
ANCT TeTpaam NNawMs NoNOXNUTb CTEKIAHHYIO NIIACTUHY U KapaH4awwom o6BecTun eé
KOHTYpbI.

3. C gpyron cTOpOHbI CTeKNa, NOMNOXUTb Kak MOXHO Aanblue Apyr oT Apyra, Ase bynasku
Tak, YTOObI NpsIMas NpoxogsaLwas Yepes HUX He Bbinia nepneHanKynspHa OgHON 13
napansienbHbIX rpaHen NNacTUHbI.

4. TpeTbto OynaBKy pacnofioXnTb MO rpaHn ¢ APYron CTOPOHbLI CTEKNa M BKOSOT €€ Tak,
4yTO6bl CMOTPSA BAONb BCeX BynaBoK B CTEKINO BUAETb UX PACMONOXEHHBIMN Ha OOHOW
NPAMOMN.

5. Ctekno n 6ynaBku, CHATb U MeCTa HaKoSloB OTMETUTb Toukamun 1,2,3. Yepes Toukun 1, 2 u
3 NpoBecTn NpAMble OO nepeceyYeHns ¢ KOHTypamu ctekna. Yepes Touky 2 NpoBecTu
nepneHaukynap K rpaHuue AB oByx cpeq Bo3gyx-CTeKO.

6. OTMEeTUTb yrosn nageHus a v yron npenoMneHnst B TpPaHCNoOpPTUPOM, N3MEPUTL 3TU YIIibl U
no Tabnuue 3Ha4YeHn CUHYCOB ONpeaennTb CUHYCbl ATUX YIIOB.

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsuwemycs e 1C: Konnedx
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BapuaHT 2
MokasaTenb NpenoMmneHns cTekna oTHOCUTENBHO BO3ayxa onpeaensetcsa no oopmyne:

n=sina/sinf
roe a - yronb nageHusi nydka cBeta Ha rpaHb NNacTUHbI U3 BO3dyXa B CTEKIO;
B - yron npenomneHnsi CBETOBOrO My4ka B CTeKme.

[ns onpegeneHnst OTHOLLEHUS, CTOSALLEro B MpaBon YacTu oopMyIibl, NOCTynarT
cnegyowmnm obpasom. Nepen TeM Kak HanpaesuTb Ha NACTUHY CBETOBOW My40K, €€
pacrnonaratT Ha nMcTe MUIIMMeTpoBon Bymarn (Mnun nucte Bymarum B KIeTKy) Tak, YToObI
OfHa M3 e€ napannenbHbIX FpaHen cosnana c npeaBapuTenbHO, OTMEYEHHOW JIMHUEN Ha
Oymare. 3Ta NUHUA yKaXeT rpaHuuy pasgerna cpei: Bo3ayX - CTEKNO0. TOHKO OYNHEHHbBIM
KapaH4alloM NpoBOAAT NIMHUIO, BOOSb BTOPOKW NapasnenbHOn rpaHn. 3ta NUHUS
n3obpaxaeT rpaHuLy pasgena cpef CTekmno - BO3ayX.

lMocne aToro, He cMeLLas NacTUHbl, Ha €€ NepBYyIO NapannenbHy rpaHb HanpaBnsalT
Y3KUA CBETOBOW MYYOK Mo KakuM-nnbo yrnom K rpaHn. Boonb nagaroLwero Ha nnacTuHy u,
BbllLeLero n3 Heé CBeTOBbIX MYYKOB KapaH4aLloM CTaBsAT TOYkn. 1,2,3 n

4. [Mocne 3Toro amnoyky BbIKIIOYAOT, NAACTUHY CHAMAKT U C NOMOLLLHO FIMHENKN
npoYepYMBalOT BXOOALMI, BbIXOAALWMNM N NepennoMIIEHHbIN Ny4n. Yepes Touky B rpaHuubl
pasgena cpef, Bo3gyx - CTEKNo, NpoBOAAT NepneHanKynap K rpaHuue, oTMevaroT yriv
nageHuna a n npenomnenna B. [lanee ¢ nOMOLLbIO UMPKYIS NPOBOASAT OKPYXHOCTb C
LEHTPOM B TOYKe B 1 CTpoAT npsiMoyrosibHble TpeyronbHukn ABE n

CBD

Tak kak sina=AE/AB, sin g = CD/BC n AB=BC, 10 hopmyna ans onpegeneHus
nokasaTternisi NperioMrneHns cTekrna nmeeT Bug

n=AE/DC

AnuHy otpeskoB AE n DC namepsaioT no MunnmmeTpoBon bymare.

BbiBOoAbI No pabore.

KoHTponbHbIe BONpoCHI:

1. Yto HasbiBatoT NpenomneHnem ceeta. OTpaxeHnem ceeta?

2. OT 4yero 3aBUCUT NokasaTtesnb NPeIOMNeHNs?

3. Kak nameHsieTcsa nokasarenb NpenomneHns npu nepexoge ceeta n3 MeHee nnoTHou
cpenbl B 6bornee NnoTHyto.

4. B kakon cpege CKopoCTb cBeTa HanmbosnbLwan?

5. MNpwn Kaknx ycnoBmsix MOXeT HAcTynaTb NOSIHOE OTpaXxeHne?

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsuwemycs e 1C: Konnedx
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Wcnonb3yemasa nutepartypa:

CtenaHoB C. B.. dusumka. 10-11 knacc : J1ab. akcnepumeHT : KHura anga yyawmxcs. —
Mocksa : NpocseleHne, 2005 (cTp.38-40).

I.A.Mskmwes b.65.byxoBues. 11 knacc (cTp.162).

Tema 5.2 BonHoBble cBOMCTBa cBeTa

INa6opartopHoe 3aHaTHe Nel15

OnpegeneHve ANNHbI CBETOBOMW BOJIHbI NpY NoMoLlum A pakLUMOHHON peLueTKU

Llenb pa6oTbl: n3yyeHne SBneHus audpakunm cBeta U MUCrosib3oBaHNe 3TOro SIBMEHUS
Ansi onpeaeneHnst ArnvHbl CBETOBOW BOSHbI B Pa3fiMYHbIX YacTsaX BUAMMOIO CreKTpa.

Mpnbopbl n maTtepmanbl: AndpakuMoHHaa peLéTka; NNocKas LwKana co LWebio 1
namna HakanmBaHusa ¢ MaToOBbIM 3KPaHOM, YKPEniEéHHbIE Ha ONTUYECKON CKaMbe;
MUNNMMETPOoBas NMHeNKa.

1. TEOPUA METOOA

Andpakumen BonH Ha3biBaeTcs ormbaHve BonHamMu npensatcTeuin. MNog npenaTcTemusaMun
NMOHMMAIOTCA pasfnnUYHble HEO4HOPOLHOCTU, KOTOPbIE BOJSHbI, B YACTHOCTU, CBETOBbIE, MOTYT
ormdaTtb, OTKMOHSSCb OT NPAMOSIMHENHOIO pacnpoCcTpaHeHus 1 3axons B obnacTtb
reomeTpuyeckon TeHun. [incppakuna HabngaeTcs Takke, Korga BOSHbI NPOXOAAT Yepes
oTBepcTud, ormbas ux kpas. Audpakums 3aMeTHO BblpaXkeHa, eCcnu pasmepbl NpenaTcTBUN
NN OTBEPCTUIN NOPSIAKA ANWHBI BOSHbI, @ Takke Ha BOMbLUMX PACCTOSHUAX OT HUX MO
CPaBHEHMIO C NX pa3MepamMm.

Andpakumsa ceeta HaxoauT NpaKTUYeCcKoe NpUMeHeHE B ANPPaKUNOHHBIX PELLETKaX.
[AndpakuMOHHON PELLETKON Ha3bIBaAKOT BCAKYIO NEPUOLANYECKYIO CTPYKTYPY, BIUSAIOLLYIO Ha
pacnpocTpaHeHue BOSH TOW Ui nHon npupoasbl. lNpoctenwas ontnyeckasa gudpakumoHHas
peLlwéTka npeacrasnsaeT cobon pag oaMHaKOBbIX NapannenbHbIX O4eHb Y3KUX Lenewn,
pa3fgenéHHbIX OANHAKOBBIMU HENPO3payHbIMK nonocamun. Kpome Takumx npo3payvHbix
PEeLETOoK CYLLLEeCTBYIOT TaKKe oTpaxKaTerbHble AN(paKkLUNOHHbIE PELUETKN, B KOTOPbIX CBET
oTpaxkaeTcs OT napannesibHbIX HepoBHOCTEN. [1po3payHble AMdpakUMOHHbIE PELLETKM
00bI4YHO NpeacTaBnsaloT cOB0M CTEKNAHHYIO MNNACTUHKY, HA KOTOPOKM arnMasoM C NOMOLLbIO
crneunanbHON AenNUTeNbHOM MalUMHbI MPOYEepPYEHbI NOSOCHI (LUTPUXN). DTU LUTPUXK
ABIISAOTCA NOYTU MONHOCTBIO HEMPO3paYHbIMN NPOMEXYTKaMN MeXy HENnoBpeXaEHHbIMU
4YacTSAMW CTEKMNSHHOM NNACTUHKM — LWeNaMn. YnMcno WTpmuxos, NPUXOSALNXCA Ha eauHnLY
ANWHbI, yKa3blBaeTcs Ha pelwéTke. MNeprnoaom (noctosHHON) pewéTkm d HasbiBaeTcs
CyMMapHas LUMp1Ha OAHOro HENPO3PAaYHOro WTpMUXa NC WUpMHA OQHON NPO3payvHON
LLIenu, Kak nokasaHo Ha puc. 1, rae nogpasyMeBaeTCsl, YTO LWTPUXU U MONOChl PacrnofoXeHbl
nepneHauKynsapHO NIIOCKOCTU PUCYHKa.

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsuwemycs e 1C: Konnedx
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M

Puc. 1. lNMpoxoxaeHne ceeTa Yyepes ANdpakuNOoHHYIO peLleTKy

OP: J1 — cobupatowasa nuH3a, 3 — akpaH gnsa HabnogeHnsa g pakumMoHHON KapTuHbl, M
— TOYKa CBeAEHMNS napannesbHbIX Nyvyen

Ecnu nagatowmn Ha pelweTKy CBET COAEPXKUT BOSTHbI pasnnyHbIX 4nvH 1, 2, 3, ..., TO
no dpopmyrsie (2) MOXHO nogcumTaTth ANdA Kaxgom kombuHaumm k , ansa kotopbix 0yayT
HabngaTbCsa rnaBHble MakCUMYMbl MHTEHCUBHOCTM CBETA.() CBOW 3HAYeHUs yrna
andopakumnm an

Mpun k =0, T. e. B HAaNpaBneHMn, CTPOro NepneHANKYNsAPHOM NNIOCKOCTN PELUETKN,
YCUINBAKOTCS BOSTHbI BCEX ANNH. OTO TaK Ha3bliBaeMbl CNEKTP HyreBoro nopsiaka. [isa
3Haka, +tk 0 cOOTBETCTBYIOT ABYM CUCTEMAM ANPAKLMOHHbBIX CMEKTPOB, PACMONOXEHHbIX
CUMMETPUYHO MO OTHOLLIEHMIO K CMIEKTPY HYSEBOro nopsiaka, crieesa u cnpasa oT Hero. Npu
k = 1 cnekTp HOCUT Ha3BaHWe criekTpa NepBoro nopsaka, npy k=2 nonyyaetca cnekTp
BTOPOro nopsigka v T. A.

Ha TEMHOM hoHE MOXHO BUAETL CUCTEMY OTAENbHbIX APKUX NIMHUA OQHOro LBETa, U3
KOTOPbIX KaXkgas COOTBETCTBYET CBOEMY 3Ha4YeHUto A KapTuHa, BO3HUKaKOLWas Ha 3KpaHe B

crnyyae MOHOXpOMaTUYECKOro CBeTa, T. €. CBeTa, XapakTepmnayemMmoro ogHou ornpeaenéHHomn
ONMHOW BOJIHBbI.

| | 0

k=-1 k=0 k=2

ﬁu
Il
|
[

Puc. 2. Bua kapTuHbl, nony4aemMomn ¢ NOMOLLbI ANdpPakLUMOHHOM peLLeTKU:

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsuwemycs e 1C: Konnedx
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a) cnyyan MoHoxpomaTudeckoro ceeta, 6) cniyyan 6enoro ceeta HabnwgaeTca HyneBow
MaKCMMyM, SBASIOWNACA LEHTPOM AMPPAKLMOHHON KapTUHbI.

Mpyn k =1 no obe CTOPOHbI OT HyNEeBOro Makcumyma OyayT MakCUMyMbl MEPBOro
nopsigka: mpu K=2 - MakCUMyMbl BTOPOro nopsigka v Tak ganee.

CnocobHOCTb AMdPaKkUMOHHON PELETKN pa3naraTtb CBET B CMEKTP UCMONb3YHT Ha
NpakTUKK AN NofyYeHust U UccneaoBaHUs CrekTpoB.

Llenbto aaHHom nabopatopHon paboTbl ABNAETCA onpeaeneHne AfiMHbl CBETOBbIX BOJSTH B
pasnuyHbIX 061acTax cnekTpa npy nomowm andpakunoHHon peéTkn. Cxema yCcTaHOBKM
nokasaHa Ha puc. 3.

OnpepneneHue ANWHblI CBETOBOM BOMHbLI C NOMOLLLIO
AndpakUMOHHOW peLUéTKMN

i 10016 w igh o

| [T (oo e I| oo |l

EEEEEEENI
~ @® Cnektp
,'\ O KpacHslit
POCCTE)FIHMG oT R= 50 M !w enéHbIi
PELETKIM AD o
SKpAHa CHHHA
O ®uoneTosbiil

Puc. 3. Cxema nabopaTtopHOn yCTaHOBKM

a¥=m,
X , OTKyaa
A= d-y
k-x _

2. NOPAOOK BbINOJNIHEHNA PABOTbI

1. YcTaHoBUTE, Kak NokasaHo Ha puc. 3, LWKany ¢ OTBEPCTMEM A Ha OAMH KOHeL,
ONTUYECKOM CKaMbM BOMN3KM OT NlaMnbl HakanMBaHusa S, a AMPaKUNOHHYIO PELLETKY — Ha
Apyrouv eé koHey. Bkrounte namny, nepen KOTOPOM HaXOAUTCA MaTOBbIA 3KPaH.

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsuwemycs e 1C: Konnedx



MO-11 02 03- OO[.11.13 KMPK BrAP® ®I'60Y BO «KI'MY»

DUBVKA | C.39/46

2. NepeaBurasa peLlweTky No ckambe, AobenTtech, YTOObI KpacHasa rpaHuLa NPaBoro
cnekTpa nepsoro nopsigka (k = 1) coBnana ¢ Kakum-nmbo uenbiM geneHnem Ha wkane k.

3. Ncnonb3ysa NnuHenky, namepbTe pacCTosHME X OS5 3TOro crny4yas.

4. MNpopenanTte Te Xe onepauun ons oruoneToBomn rpaHuLbl NpaBoro cnekTpa nepsoro
nopsigka v ans cepeiuHsl 3e5IEHOrO y4acTKa, pacrnosioXXeHHOro B cpeiHen YacTu cnektpa (B
AanbHenwem aTta cepeauHa byaet ans KpaTKoCTM HasbiBaTbCs 3€NEHON NIMHUEN).

5. AHanorn4Hole n3amepeHns npogenanTte 4ss neBoro cnekrpa nepsoro nopsagka (k 1).

Yuytute, 4TO ANSA NEBbIX CNekTpoB Ntoboro nopsigka k < 0 M M COOTBETCTBYHOT
oTpuuaTenbHblE 3HAYEHMSY.

6. Te »xe camble onepauuu npogenanTte 4na KpacHoW 1 (pnoneToBoun rpaHunL n ona
3€eNEHON NIMHUK CNEKTPOB BTOPOro nopsigka.

7. PesynbTaT UaMepeHun n BblMUCNEHU 3aHeCTu B Tabnuuy

CnekTp namnbil i Al
k X,CM | Y, CM Ai, HM < } A= <;") A—i, HM < >
HaKalimBaHNA HM , i
1 30 2 667 49
KpacHas
1- | 27 2 741 716 25 25
rpaHuua
2 | 275 4 741 25
1 43 2 465 17
dunonertosas 1- 42 2 476 6
483 15
rpaHvua 2 39 4 513 30
2- | 42 4 476 6
1 39 2 513 40
3enéHas 1- | 36 2 556 3
553 20
NNHUS 2 34 4 588 35
2—- | 36 4 556 3

4. KOHTPOIJIbHbIE BOMNPOCHI

1. B 4ém cocTouT siBneHne gudpakunmn n koraa andpakums Hambonee 3aMeTHO BbipaxkeHa?

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsuwemycs e 1C: Konnedx
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2. Y10 Takoe andpakumoHHas peLuéTtka u ans 4ero nogooHble peLETKM UCNOoNb3yHTCA?
3. Y10 0bbI4HO NpeacTaBnseT cobon npo3pavyHas AndpakuMoHHas peleéTka?

4. KakoBO HazHa4eHue NUH3bl, UICNONb3yeMon BMeCTe C ANpakLUMOHHON peLléTKkon? YTto
CNYXWUT NUH30M B AaHHON paboTte?

5. Noyemy npu oceeLieHnn 6enbIM CBETOM B LIEHTPasibHON YacTu ANGpPaKkLNOHHON KapTUHbI
BO3HMKaeT 6enasa nonoca?

Tema 5.2 BonHoBble cBOMCTBa cBeTa

NabopaTopHoe 3aHsATME Ne16
HabnroaeHune cnekTpoB usnyvyeHuve

Lenb: npoHabniogaTe NMHenyaTble CNeKTpbl BOAOPOAa U renus, AaTb XapaKTepUCTUKY
CMNEKTPOB.

UcxopHble AaHHbIE U MaTepuanbl: crnekTpanbHble Tpyokn ¢ H u He, cTouHnk-cnektp 1,
WMCTOYHUK NUTaHUS, WITAaTUB, COeAUHUTENbHbIE NPOBOAA.

KpaTKaﬂ aHHOTaUuA:

B 06blYHbIX YCNOBUAX BELLECTBO B ra3006pasHOM COCTOSIHUMN SABNSETCA N30NATOPOM,

TaK Kak aToMbl UM MOSEKYbI, ABMASKOTCA HEUTpanbHbIMU. HO ra3 MoXHO caenatb
NPOBOAHMKOM NMpW onpeaeneHHoM noHmsaTope. MNpoxoxaeHne Toka Yepes ra3 HasbliBaeTcs
rasoBbIM pPa3psaoM.

fBneHne NpoxoxaeHns aneKTpMYEeCcKoro Toka Yepea ras, Habniogaemoe TOMbLKO Npu
YCINOBUWN KaKoro-nmbo BHELUHEro BO3AENCTBUS, HA3bIBAETCH HECAMOCTOATENbHbIM.
ABneHne NpoxoXxaeHus Yepes ras af1ekTPUYECKOro Toka, He 3aBUCALLEro OT AENCTBUN
BHELLUHMX MOHN3aTOPOB, HA3bIBAETCHA CAMOCTOSITENbHLIM Pa3psiAOM.

B 3aBMCMMOCTM OT CBOMCTB 1 COCTOSIHUI ra3a, Xxapakrtepa 1 pacnosioKeHUst 3NeKTpoaos, a
Takke OT NPUIIOXKEHHOTO K 3MEKTPOAAM HanpshKeHne BO3HUKAT pasnnyHble BUAbI
CaMOCTOATENbHOMO pa3psja B rasax

Mpn HM3KUX AaBneHuaX (gecsaTble 1 CoTble 40NN MM. PT. CT.) B TpyOke HabntogaeTca
Tneowm paspsaa. MNpu aTom Bca Tpydka, 3a UcknodeHnem HebONbLIOro yyacTka Bo3sne
KaToga, 3anosiHeHa O4HOPOAHbBIM cBeYeHMeM. B 3aBMCMMOCTM OT rasa, 3anonHsoLEero
TpybKy, cBeyeHne HabnogaeTca UBETHbIM. Takme razopaspsagHble Tpyokm yacto
ncnonb3dyeTcsa Ansg oPopMIeHUs peknam.

ConepmaHMe n NopAaAaoK BbinosiHeHUA pa60Tb|:

1. O3HakoMmuTbCA ¢ Npubopamn n obopyaoBaHUEM.

2. MogkniounTb cnekTpanbHble TPYOKN K UCTOYHUKY NUTaHUS cnekTp-1.

3. MopgaTtb HanpsixeHne (8B-10B).

4. Habniogatb nuHenvaTtble CnekTpbl BO4OPOAA, a 3aTeM renvs.

5. Onucatb uBeTa CNekTpoB BOAOPOAA U renns B CTPOron nocrneaoBaTeribHOCTH.
6. PaccMoTpeTb CrnekTpbl CKBO3b rPaHN CTEKMSHHOW NNAacTUHbI.

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsuwemycs e 1C: Konnedx
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7. 3apucoBaTb Hanbornee sipkve NMHUK CNEKTPOB BOAOPOAA W renus.
8. [latb onpepaeneHns Bcex BUAOB CNEKTPOB

BbiBOAabI No paboTe.

KoHTpoOnbHble BONPOCHI:

1. Y10 Ha3bIBaOT ra3oBbIM pas3pagom?

2. Kakue rasoBble pa3psiabl Bbl 3HaeTe?

3. Mpwn kaknx ycnoBmsix MOXXHO HabnoaaTe KOPOHHbIN pa3psag?
4. 'ae MOXHO HabngaTb UCKPOBOKW paspsig

5. MNMpuBeguTe Nnpumepbl NPUMEHEHNIN INEKTPUYECKMX pa3pagoB?

Mcnonb3yemas nutepartypa:
.A. Makmwes B.B. ByxoBues (1 4.c1p.331).

Tema 7.2 3Bonoumns BceneHHon

NNa6opaTtopHoe 3aHATMEN?S 17

U3yyeHune 3Bé3aHOro Heb6a c NOMOLLLIO NOABUXHOM KapThbl 3B€34HOro Heba

Llenb: Nno3HaKoMUTbLCA C NOABMXHOW KapTon 3BE€3HOro Heba, HayunTbCcsa onpeaensaTb
yCrnoBUSl BUANMOCTW CO3BE3ANN HAYYMTbCS OnpeaeniaTb KoopanuHaThl 3Be3[.

MUcxoaHble aaHHble U MaTepuanbl. NnoABMXHaA KapTa 3Be34HOro Heba.

KpaTKaﬂ aHHOTaLUMA.

Bug 3B€3aHOro Heba n3MeHsieTcst n3-3a CyTOYHOro BpaweHus 3emnu. iameHeHne Bmuaa
3B€34HOro Heba B 3aBUCMMOCTM OT BPEMEHM roga NPoOnUCXoanT BCneacTeme obpalleHus
3emnun Bokpyr ConHua. PaboTta noceseHa 3HaKOMCTBY CO 3BE3AHbIM HEOOM, peLleHnIo
3agay Ha ycrioBus BUAMMOCTU CO3BE3AUN M ONpeaeneHnm nx KoopamHar.

Ha nogswxHou kapTe:

3BE&3[bl NOKa3aHbl YEPHbIMU TOYKaAMM, pa3Mepbl KOTOPbIX XapakTepU3yT SSPKOCTb
3B&3[;

TYMaHHOCTU 0003HaY€eHb! LUTPUXOBLIMW JIMHUSIMU;
CEBEpPHbIV MNONKC MUpa U306paxKeEH B LIEHTPE KapThl,

NNHUK, NCXoadALLME OT CEBEPHOro NMosca Mupa, NokKasbiBalOT PacrnofoXeHne Kpyros
CKINOHeHus1. Ha 3Bé3gHoun kapTe Ansa AByX OnvKanLmnx KpyroB CKITOHEHUS YriioBoe
paccTosiHMe paBHoO 1 y;

HebecHble napannenu HaHeceHbl Yepe3 30°. C nx NOMOLLbI0 MOXHO NPON3BECTU
OTCYET CKINOHeHue ceeTun J;

TOYKM NepeceyeHnst IKIUMTUKN C IKBATOPOM, OS5 KOTOPbIX Npsimoe BocxoxaeHne 0 n
12 4., Ha3bIBalOTCA TOYKaMn BeceHHero g 1 W paBHOOEHCTBUI;

no Kpato 3Be34HOM KapTbl HAHECEHbI MeCALbl 1 YMChna, a Ha HaKnagHOM Kpyre — 4achbl;

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsuwemycs e 1C: Konnedx
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e 3eHWUT pacnonoxeH B6NN3n LeHTpa Bbipesa (B TOUKE NepeceveHnst HUTH,
n3obpaxatowien HebecHbIN MepngnaH ¢ HebecHon napannesnbio, CKIOHEHNE KOTOPOW
paBHO reorpaduyeckon LWMpoTe Mmecta HabnoaeHns).

e [Insa onpeneneHnss MecTonornoxeHus HebecHoro ceeTmna Heob6xoaMMo MecsL, YMCo,
yKasaHHOe Ha 3B&3[HOW kapTe, COBMECTUTb C YacoM HabntodeHns Ha HaknagHoOM

Kpyre.

HebecHbin akBaTop — 6onbLIon Kpyr HebecHon capepsbl, NIOCKOCTb KOTOPOro
nepneHAanKynsapHa ocyn Mupa u coBnagaeT C NOCKOCTbI0 3eMHOro akBaTtopa. HebecHbIn
3KBaTOp OenuT HebecCHyo cdepy Ha ABa nonylapus: ceBepHoe nosnyliapue, ¢
BEPLUMHOW B CEBEPHOM MOSIOCE MUPA, W IOXXHOE MonyLllapue, C BEPLUNHON B FOXXHOM
nontoce Mmnpa. Cossesans, Yepes KoTopble NpoxoauT HebGeCHbIN aKBaTOp, Ha3blBatoT
aKkBaTopuasnbHbiMU. PasnuyaloT co3Be3auns toxHble 1 ceBepHble. Co3Besans CeBepHoro
nonywapus: bonbwasa n Manas Megseguubl, Kaccnones, Lledben, [pakoH, Jlebenb,
Jlnpa, Bononac v gp. K toxHbiM oTHocsTca KOxHbIN KpecT, LleHTaBp, Myxa, XKXepTBeHHUK,
FOXHbIN TpeyronbHuK.

Montoc mmpa — Touka Ha HebecHoM cahepe, BOKPYr KOTOPOM NPOMCXOANT BUOUMOE
CYTOYHOE [BWXeHWe 3B€3 U3-3a BpalleHus 3emnv BOKpyr cBoen ocu. HanpasneHue Ha
CeBepHbI NONKC MMpa CoBNagaEeT C HanpaBnNeHMEM Ha reorpaduyeckumii Ceeep, a Ha
KOXXHbIN NOMC MUpa — C HanpasfieHMeM Ha reorpaduyeckui tor. CeBepHbIn Nomoc
Mupa HaxoauTcsa B co3se3ann Manon Megseguubl ¢ NoNsSpMccMmon (Buanmas sipkas
3Be3/a, HaxoasdLasica Ha ocu BpalleHna 3emnu) — MonsapHoun 3B8e340M, FXHbIM — B
co3pe3gmn OKTaHT.

TyMaHHOCTb — Yy4aCTOK MEX3BE34HOWN cpeabl, BblAENAOWMIACA CBOMM U3ITy4YeHNEM
WX NOrnoLeHneM nsnyyeHus Ha obwem goHe Heba. PaHee TymaHHOCTAMM Ha3biBanm
BCSIKUA HENOABWXKHBIN HA HEGe NPOTSHKEHHbIN 06bekT. B 1920-e roabl BbISICHUOCH, YTO
cpeav TYMaHHOCTEN MHOIO ranakTuk (Hanpumep, TymaHHocTb AHgpomeabl). [Nocne
3TOro TEPMUH «TYMAHHOCTb» CTas NoOHMMaTbCA bornee y3ko, B yKkadaHHOM BbilLE CMbICHE.
TymMaHHOCTW COCTOAT U3 MNbIfK, rasa v nnasmbl.

OKnunTuka — BonbLLon Kpyr HebecHoM cdepbl, N0 KOTOPOMY NPOUCXOANT BUOUMOE
roanyHoe asmxkeHne ConHua. MNnockocTb 3KNMNTUKM — MFAOCKOCTb 0bpalleHns 3emnu
Bokpyr CornHua (3eMHon opbuThl).

B 3aBncumocTn OT MecTa HabntogaTtens Ha 3eMmne MeHsieTcs B1A 3Be34HOro Heba u
XapakTep CyTO4HOro aswxeHus 3se3a. CyTouHble NyTn cBeTUN Ha HebecHon cdepe —
3TO OKPYXXHOCTU, MIIOCKOCTM KOTOPbIX NapannenbHbl He6eCHOMY 3KBaTOPY.

PaccmoTpum, Kak nsmeHseTcs Bua 3se3gHoro Heba Ha nontocax 3emnu. Monoc —
3TO Takoe MecCTO Ha 3eMHOM Llape, rAe OCb MMpa COBMNaaaeT C OTBECHOW NUHNEN, a
HeBeCHbI 9KBaTOP — C FOPU3OHTOM.

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsuwemycs e 1C: Konnedx



MO-11 02 03- OO[.11.13 KMPK BrAP® ®I'60Y BO «KI'MY»

DUBVKA | C.43/46

[nsa HabnopaTens, HaxoasLlerocs
Ha CeBepHoM nontoce 3emnu,
MonapHas 3Be3na dynet
pacnonaraTbCsl B 3eHUTe, 3B€34bl
OyayT ABuUraTtbCs No Kpyram,
napannenbHbIM MaTeMaTUyYecKkomy
rOPU3OHTY, KOTOPbIA COBNagaeT C
HeGeCHbIM akBaTopoMm. [pu aTOM
Haf ropM3oHTOM OyayT BUOHbI BCE
3B€3[bl, CKIIOHEHME KOTOPbIX
NoNOXNUTENBLHO (Ha KOXXHOM
nontoce, HaobopoT, 6yayT BUAHbI
lopuaonT BCE 3Be3[bl, CKIIOHEHME KOTOPbIX
oTpuLaTenbHO), a UX BbICOTa B
TeYeHune CyTok He ByaeTt
nameHaTbes. MNepemectnmcs B
NpuBbIYHLIE ANSA HAC cpeaHne
LWUMPOTLI. 34€eCb yXKe OCb Mupa U
HeBEeCHbIN 3KBATOP HaKITOHEHbI K
rOpu3oHTY. MO3TOMY M CyTOYHbIE
nyTn 3B€34 Takke 6yayT
HaKMOHEHbI K FTOPU3OHTY.
CnepoBaTtenbHO, Ha CpeaHuX
LuMpoTax Habnogatenb CMOXeET
HabnogaTh BocxoasLwme mn
3axogsdlwme 3se3abl.

Moa BoCXxogoM NoHMMaeTcs
AABNEeHne nepecevyeHnsi CBETUIIOM
BOCTOYHOM YaCTN UCTUHHOIO
ropu3oHTa, a nog 3axo4om —
3anagHon 4YacTun 3TOro ropn3oHTa.
Momumo aToro, YacTb 3B€34,
pacnonararoLmnxcsi B CEBEPHbIX
OKOJTONOSISAPHBIX CO3BE3ANSIX,
HuMkoraga He OyayT onyckaTbcs 3a
ropu3oHT. Takue 3Bé34bl NPUHATO
Ha3blBaTb He3axoasawmmn. A
3B€3/bl, PACnOsIOXXEHHbIE OKOSO
KOxxHoro nontoca mupa gns
Habniogatens Ha cpeaHnx
lWmpoTax byayT AaBNATLCA
HEBOCXOOALLMMMU.

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsuwemycs e 1C: Konnedx
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OTtnpaBumMmcs ganblue — Ha
aKBaTOp, reorpacdumyeckas wmpoTa
KOTOpPOro paBHa Hynt. 34ecb OCb
Mupa coBnagaeT ¢ NoslyaeHHON
nnHWen (To ecTb pacnonaraeTcs B
NOCKOCTU rOpU30HTa), a
HeBeCHbIN 3KBaTOP NPOXOAUT
yepes 3eHUT.

b
.
.
.
.
.
.
.
.
.
‘

CyTouHble NyTK BCeX, 6e3
NCKINIOYEHNS, 3BE3[,
nepneHanKynsapHbl TOPU3OHTY.
MoaTomy HaxoasiCb Ha aKBaTope,
Habniogatenb cMoXeT yBuaeTb
BCE 3BE€3[bl, KOTOPbIE B TEYEHNEe
CYTOK BOCXOAST M 3aX04AT.
Boobuwe, anga Toro, 4ToObI CBETUIO
BOCXOAMIIO N 3aX04uno, ero
CKITOHEeHne no abcontTHOM
BeNiMYMHe JOIMKHO ObiTb MEeHbLLe,
yem

18] <90°— ¢

[6] =90°—¢ y

Ecnu , To B CeBepHOM nonylapun oHa bygeT SBnATbCSA He3axoasLen
(ansa KOxxHOro — HeBOCXOAALLEN).

Torga o4eBMOHO, YTO Te€ CBETUNA, CKIIOHEHME KOTOPbIX 6] =90°—¢ , ABNSAOTCSA

HeBocxogawmmn ans CesepHoro nonywapwus (Mnu Hesaxogawmmm anst KOxHoro).

JdkBaTopuanbHasa cuctema
KoopAuHaAT — 3TO cucTema
HebeCHbIX KoopaMHaT, OCHOBHOM
NSIOCKOCTBIO B KOTOPOW SABNSIETCS
NNOCKOCTb HeGEeCHOro aKkBaTopa.

JkBaTopuarnbHble HeGeCHbIe
KOOPAWHATDI:

1. CknoHeHune (8) — yrnosoe
pacctosiHue ceeTuna M ot HebecHoro
9KBaTOpa, N3MepeHHoe BAOb Kpyra
ckroHeHus. OBbIYHO BbipaxaeTcs B
rpagycax, MMHyTax 1 cekyHaax ayru.
CKrnoHeHWe NonoXnTenbHO K ceBepy
OT HebecHoro akBaTopa 1
oTpuLaTenbHO K tory oT Hero. O6bekT
Ha HebGecHOM aKBaTOpe nmeeT
cknoHeHne 0°. CKNnoHeHne ceBepHOro
nontoca HebecHon cdepbl paBHo +90°

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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CKIoHeHue 10XXHOro nortoca pasHoO
-90°.

2. Mpamoe BocxoxaeHue ceBeTUna
(a) — yrnoBoe paccTosiHue,
n3mMepeHHoe BOonb HebecHoro
9KBaTOpa, OT TOYKN BECEHHEIO
pPaBHOAEHCTBUS [0 TOYKU
nepeceveHms HebecHoro akeaTtopa c
KPYrom CKITOHEHUs cBeTuna

Cop.ep)KaHMe n NnopsaaoK BbinosiHeHUA paGOTbI:

3apava 1.

OnpepenuTe akBaTopuanbHble kKoopanHaTtel AnbTtampa (a Opna), Cupuyca (a bonbuoro
Mca) n Beru (a Ilupsr).

3apauva 2. Vicnonb3ys kapTy 3Bé3gHoro Heba, HanguTe 3Be3ay no e€ koopanHaTam: O =
+350; a = 14 6Mm. 3apgava 3. Onpegenute, kakon siBnsieTcs 3sesna © Ctpenbua, Ansa
HabngaTens, Haxoaswero Ha wupoTte 550 15'. OnpegennTb, BOCXOASLLEN NN
HeBOCXOALLEN ABNSEeTCH 3Be3aa ABYMS cnocobamMu: C MCNONb30BaHMEM HaKMagHoro
Kpyra noAaBuXHOW KapTbl 3Be3gHOro Heba un ¢ ncnonb3oBaHnemM opmyn ycnosus
BWOMMOCTM 3BE3[.

lMpakmuyeckul cnocob. Pacnonaraem NoABMKHbIN KPYr Ha 3B€3QHOWN KapTe U Npu ero
BpaLLeHUn onpeaensieM, SiBNsieTca 38e34a BOCXOAALWEN NN 3axXoasLen.
Teopemuyekuli cnocob. Vicnonb3yem cdopmyribl yCroBUS BUAMMocT 3se3a: Ecnm , 1o
3Be3aa ABNAeTCA BoCcxXoaslen n 3axogswen. Ecnu , To 3Bes3ga B CeBepHOM nonyLwiapum
ABNsieTCcA He3axoasduwen Ecnu , To 3Be3ga B CeBepHOM nonyLuapum SiBAsieTcs
HEeBOCXOAALLEN.

3apauva 4. YCcTaHOBUTb NOABWXKHYIO KapTy 3B€34HOro Heba Ha AeHb 1 Yac HabnaeHus n
Ha3BaTb CO3BE3aMsl, PACMNOSIOXKEHHbIE B KOXKHOM YacTn Heba OT ropM3oHTa Ao nostca
MMpa; Ha BOCTOKE — OT rOpM30HTa 40 nosca Mupa.

3apaya 5. Hantun co3esans, pacrnonoXeHHble Mexay ToukaMmn 3anaga un cesepa, 10
okTA6psa B 21 yac. [NpoBepuTb NPaBUNbHOCTb ONpeaeneHnst Bu3yanbHbiM HabnogeHnem
3Bé3aHoro Heba.

3apava 6. Hantu Ha 3B€3aHOM KapTe co3Be3amns ¢ 0603HAaYEHHBbIMU B HUX TYMAHHOCTAMM
N NPOBEPUTb, MOXHO I UX HabngaTb HEBOOPYXKEHHbIM 11a30M 11a30M Ha AeHb U Yac
BbINOSTHEHUSA NabopaTopHON paboThl.

3apayva 7. Onpepenutb, 6yayT N BUgHbI co3sesauns [esbl, Paka. BecoB B nosiHoYb 15
ceHTAbpA? Kakoe co3Besane B 370 xe Bpemda byaeT HaxoauTbcs BOMIM3N ropu3oHTa Ha
cesepe”?

3apaua 8. OnpegenuTb, Kakne n3 nepedncrieHHblx cosse3anin: Manas Megseguua,
Bononac, BosHnuuin, OpunoH - gns Bawen WnpoTbl 0yayT He3axoasawmmmn?

3apava 9. Ha kapTe 3Bé3aHOro Heba HanTK NATb NOObLIX NEPEYNCIEHHbIX CO3BE3NMN:
bonbwasa Measeguua, Manas Megseanua, Kaccmonesi, AHgpomeaa, lNerac, Jlebeap,
Ivpa, Mepkynec, CeBepHas KOpoHa — 1 onpeaenuTb NPUBNMXKEHHO HebGecCHbIe
KoopauHaTbl (CKMOHEHME, N NPAMOE BOCXOXAEHNE) a-3B€3 3TUX CO3BE3ANN.

3apaya 10. OnpegennTb, kKakve co3Be3anst ByayT HaxoAMTbCHA BONN3N rOpM30oHTa Ha
Cesepe, Ore, 3anage n BocTtoke 5 masi B NONHOYb.

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsuwemycs e 1C: Konnedx
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BbiBOA no pab6ore.

KOHTpOJ'IbeIe BOMNPOCHI A5nA 3aKpernyfieHna TeopeTn4eckoro Mmatepuara K rnpaktn4eCKkomy

3aHaTuio: 1. 2. 3. 4. 5. 6.
KoHTpoOnbHbIe BONpPOCHI.

7. YT0 Takoe 3B&3aHOE HeDOO?

8. YT0 Takoe co3se3ausa?

9. CKONnbKO Ha cerogHALWHUM OeHb co3Be3anin?

10. nepe‘-IVICJ'IVITb OCHOBHble CcOo3Be3auA Ui T1e, KOTopble Bbl 3HaAETE.

11.4Y70 Takoe kapTa Heba?
12.Yt0 Takoe HebecHbIN 3KBaTOp?

Wcnon b3yeMad nurtepartypa:

AcTtpoHomus. 11 kn.: Yueb, ansa obuweobpasosar. y4eb, 3aBegeHnin / 6. A. BopoHL0B-
BenbamuHos, E. K. Ctpayt. — 4-e nsg., ctepeotun. — M.: [lpocpa, 2023.

HokymeHnm ynpasnsemcs npoepammHbiMu cpedcmeamu 1C: Konnedx
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