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1. [losicHUTEABbHAA 3AIMUCKA

1.1. Kparkaa xapaktepucruka OVY]/.11 Pusuka, ee mneam u 3azaun. Mecto
Jabopatopubix padot B kKypce OV /.11 ®usuka.

Hucoummuaa OV/[.11 ®usmka sBisercss 4acTbio pabodeil OCHOBHOHN 00pa3zoBaTeIbHOMN
nporpamMmbl B cooTBeTcTBUU ¢ PI'OC no cnenunansHoctr CIIO 22.02.06 CBapouHO€ TPOU3BOACTBO
(xBanmupUKAIUS: TEXHHUK cO crienuanu3anueit "CBapouHoe mpon3BoacTBo").

Hucnunnuna usyqaercs B | - Il cemectpax. B memnom pabodeit mporpaMMoi peaycMoTpeHo
40 gacoB Ha BBITTOJTHEHUE J1a00PaTOPHBIX PAOOT.

Llens HACTOSMX METOAUYECKHX PEKOMEHIAIUMW: OKa3aHHE IOMOIM OOyJarolmmMmcs B
BBIMTOJIHEHUH J1abopaTopHbIX padoT nmo auctummHe OY /.11 ®dusnka, kKaueCTBEHHOE BHITIOJIHECHUE
KOTOPBIX TOMOKET O0Y4aroIMMCsl OCBOUTH 00S3aT€bHBI MUHUMYM COJIEPKaHUs TUCIUTUIMHBIL U
MOATOTOBUTHCS K TPOMEKYTOYHON aTTECTAllNH B OpME IK3aMEeHa.

1.2.  Opranm3anusi ¥ NOPSIAOK MPOBe/IeHUs JIAaOOPaTOPHBIX PadoT

JlaboparopHbie pabOTBl MPOBOMAATCS TOCIIE WM3YyYCHHS TEOPETHYECKOTO MaTepHaa.
BBenenue nabopaTopHbIX paboT B YUeOHBIN MPOLIECC CIYKHUT CBSI3YIOIIMM 3BEHOM MEXIY TEOpHUei
u mpakTukoii. OHU HEOOXOOWUMBI IJIsi 3aKpeIJICHWS TEOPETUYECKUX 3HAHWW, a TakkKe ISt
MOJTy9eHUs TPAKTHYECKUX HABBIKOB M yMeHHH. [Ipu mpoBeneHun abopaTopHBIX padoT 3agaHus,
BBIMOJIHSIFOTCS. CTYJEHTOM CAaMOCTOSITENIbHO, C MPUMEHEHHEM 3HAHUW M YMEHUM, YCBOCHHBIX Ha
NPEABIIYIIMX 3aHATHAX, a TAKOKE C MCIOJIL30BAHHEM HEOOXOIUMBIX MOSICHEHHH, MOJYYEHHBIX OT
npenogaBareis. OOydaronmecs TOJDKHBI UMETh METOJUYECKHE PEKOMEHJAIMU IO BBIMOJIHEHUIO
71a00paToOpHBIX PadOT, KOHCIIEKTHI JIEKIIN I, N3MEPUTEIbHbIE U YePTEKHBIE HHCTPYMEHTHI, CPEJICTBO
JIUI BBIYHCIICHU.

1.3. O0ume yka3zaHusi 0 BBINOJHEHHUIO JJA00PATOPHBIX padoT
Kypc mnabGopatopubix pab6or mno gucnumiauae OVYJ.11 @usuka npemycMaTpuBaer
nposenenne 20 paboT, MOCBSIIICHHBIX H3Y4EHUIO:

e 3aKOHOB MEXaHWKH, B YACTHOCTHU KOJIEOATEIHHOTO JBHMKEHUST; H30MPOIIECCOB, 3aKOHOB
MIOCTOSIHHOTO U IIEPEMEHHOT0 TOKa, TEOMETPUUYECKOM 1 BOJHOBOI ONTHUKHU, 3aKOHOB
OCBEIICHHOCTH, 3aKOHOB (oTod(dekTa;

e KanuuisipHbIX SIBJICHUH B )KUJIKOCTU, CBONCTB TBEP/IBIX, JKUJIKUX U Ta3000pa3HbIX Tell,
SIBIICHUIO JIEKTPOMAarHUTHON MHIYKIUH, SIBICHUIO TU(PaKIUK U HHTEP(EepeHIINH;

e  (CBOWCTB 3JIEKTPOMarHUTHOTO B3aMOIEHCTBHUSI, TPOXOXKICHUS TOKA B PA3TMYHBIX CPEIax,
CBOICTB 3JIEKTPOMarHUTHHIX (paJ o) BOJIH, CBOMCTB 3JIEMEHTAPHBIX YACTHUII.

[Tpr mMOATOTOBKE K MPOBEACHUIO IA0OPATOPHOM PabOTHI HEOOXOAUMO:

* 03HAKOMHTKCS C JJaOOpPaTOPHBIM 000PYIOBAHUEM;

* O3HAaKOMHUTBCA C TIOPSIKOM BBINOJIHEHHUS] paOOThl, YCTAHOBUTH JAWANa30H M3MEHEHHUS BcCeX
U3MepSeMbIX BEIMUMH, a TAKKe 3HAYCHH € YCTAHOBOK (IO 331aHHIO).

[locne BbITIOTHEHHS JTAOOpATOPHOW PabOTHI OOYJAOMMICA K CICAYIOIEMY 3aHATHIO o(opMIiseT
OTYET, KOTOPBIN JIOJKEH CONEPIKATh!

* Ha3BaHMUeE JIaDOPATOPHOI pabOTHI, €e 11eJb;

* KpaTkue, o0Ime CBeIeHHs 00 N3ydaeMOM SIBJICHUH, 3aKOHE U T.1I.;

* HEOOXOomUMBIA TpaduuecKkuii MaTepuall, YKa3aHHBIA MpernojaBaTejeM MpPH BBHIMOJIHEHUH



n1abopaTopHOil paboTh! (MIPUHIMITHATIBHAS CXeMa JIAO0OPAaTOPHON YCTaHOBKHU, TpaduKn );

* JJaHHBIE, IOJIy4EHHbIE HEITOCPEICTBEHHO U3 IIPOBOANMBIX OIBITOB;

* pe3ynbTaThl 00paOOTKH JaHHBIX OMBITOB ¢ HEOOXOANMBIMH MOSICHEHUSMH;

* rpaduyeckuil Matepual, OTOOpaKaIONMil MOJydYeHHBIE B XOJI€ ONBITOB 3HAUEHUS H3MEPSEMbIX
BEJIMYMH;

* OIICHKY pE€3YJIbTATOB MCIBITAHUM.

Ilpu pabGore B KabmHETEe (U3MKUM HEOOXOIUMO PYKOBOJCTBOBATHCS MHCTPYKIHMSAMU IO TEXHUKE
0€30MacHOCTH, YYUTHIBAIOLMMH Bce crerupuyeckue 0COOCHHOCTH KaOMHeTa, Takue Kak Haludue
BBICOKOTO  HAIPsDKEHUS, JIETKOJOCTYITHBIX JUIS  NPUKOCHOBEHHWS  TOKOBEOYIMX  YacTei
AJIEKTPOOOOPYIOBAHUSI.

B xaOunere ¢U3MKU HENb3s1 HAXOAUTHCS B OTCYTCTBHE MPENOABATENS UITH JIUIA, OTBETCTBEHHOTO
3a TEXHUKY O€30MMacHOCTH.

Bce nuuHBIE BEImM CTYIEHTOB pa3MEN@IOTCS B KOHIE KaOWHETa, MPOXOAbI MEXAY CTOJaMU
JIOJDKHBI OBITH CBOOOTHBI.

3amnpenercs BHIHUMATh Ja0opaTopHOE 000pyaoBaHKE 0€3 pa3pelleHts IpernoiaBaTes.
3ampemnaercs NepeHOCHTh TPUOOPHI M 000PYIOBAHHE C OAHHUX CTOJIOB Ha JAPYTHE.

3aKOHUMB DSKCHEPHMEHTHI, TpyNna NPUBOAUT B TOPSIOK CTOJN C OOOPYIOBaHHEM M CHaéT
o0opynoBaHue NMPEnoJaBaTeto, I0Cie Yero MPUCTyaeT K 0(hOPMIICHUIO OTYETAa U YCTHOM 3alyTe.
3anpen@ercs OTBJIEKATh JPYIUX CTYICHTOB OT BBIIIOJHEHUS PA0OTHI MJIM MELATh UM.

[lpu HapymeHUU TpaBUI TEXHUKUA 0€30MMACHOCTU CTYAEHT OTCTPAHSETCS OT BBHIITOJIHEHUS pabOTHI.
Buumanue! Bruouath j1a0opaTopHble YCTAHOBKHM W BBINOJHATH Kakue-J1M00 JeiicTBHS €
npudopamu nomyckaercsi TOJIBKO ¢ paspemenuss npenoaaBareJis!

Ilpu oOHapyXeHHH TPU3HAKOB HEHCIPABHOCTH, TAaKUX KakK: TOSBJICHHE WCKPEHHUS, JbIMa,
crenu(uYeckoro 3amaxa, aHOMAaJbHBIX I[IOKa3aHWW HW3MEPUTENBHBIX TpUOOpPOB, CleayeT
HEMEJUIEHHO OTKIIOYUTh BCE HCTOYHUKU DJEKTPOIHEPIUH U COOOIMTH O CIy4UBILIEMCS
IIPETIOAaBATEIO.

Kabuner ¢u3uku HOKEH MMETh CPEACTBA IMOXKAPOTYIIEHUS M OKA3aHHS MEPBOM MEIMIIMHCKON
nomonm. Ha mepBom 3aHATHH W3ydatoTCsl PaBHIIa TEXHUKU O€30aCHOCTH M IIPOBOAUTCS BBOIHBIH
UHCTPYKTaX C MOCJIEAYIOLICH TPOBEPKOI €r0 YCBOCHMS, O YEM CBHJIETENBCTBYET 3allKCh B XKypHae
0 TeXHWKe Oe30macHOCTH KaOWHeTa/mabopaTopuy, TOANMKMCHIBAEMBIA  IMpEnogaBaTelieM,
IPOBOAMBIIEM HHCTPYKTAX, U BCEMU O0YyJarOIIMUCSL.

1.4. Kputepuu ouneHKH pe3yJIbTATOB BbINOJHEHUS JIa00paTOPHBIX padoT

Kputepusmu olieHKU pe3yinbTaToB pabOThl 00yJaOIIMXCS SIBJISIOTCS:

® YpPOBEHb YCBOECHMS 00ydarolMMCs ydeOHOro MaTepHana;

e yMEHHE OOy4aroIlerocs HCHOJIb30BaTh TEOPETUYECKUE 3HAHUS TPU  BBIINOJHEHUH

MPaKTUYECKUX 3ajiay;

e c(hOpMHUPOBAHHOCTD OOILECYIEOHBIX U MPO(PECCHOHATIBHBIX KOMITETEHIUMN
JIP 2 ¢u3uuecku TIpaMOTHOE IOBEJCHHE B NPOPECCHOHAIBHOW JEATENbHOCTH U OBITY INpHU
oOparieHuH ¢ mpudopamMu U yCTPOMCTBAMHU
JIP 4 yMmeHHWe HCIOJIB30BATh JOCTHIXKEHHUS COBPEMEHHOW (M3MUECKON Haykd H (PU3MYECKHX
TEXHOJOTMH JJIs1 TOBBIIIEHUS COOCTBEHHOIO WHTEIUIEKTYaJIbHOTO pPa3BUTHS B BbIOpaHHOU
npodeCcCHOHATLHOMN JIESTEIIEHOCTH
JIP 5 ymeHHe CaMOCTOSITENbHO JOOBIBAaTh HOBBIE ISl ce0sl (DM3MUECKUE 3HAHUS, MCIIONB3YS JUIS



3TOTO AOCTYMHBIE UCTOYHUKH HHPOpMAIUU
JIP 6 ymeHue BbICTpauBaTh KOHCTPYKTHBHbBIE B3aMMOOTHOILEHUS B KOMaHJ€ M0 PEIICHHUI0 00ImMX
3a1a4
JIP 7 ymeHue yrpaBisiTh CBOEH IMO3HABATEIBHOU JIEATEIBHOCTBIO, IPOBOAUTH CAMOOLIEHKY YPOBHSI
COOCTBEHHOT'0 MHTEIIJIEKTYaIbHOTO Pa3BUTHS;
MP 1 wucnonp30BaHHE pa3IUYHBIX BHUJOB I[103HABATEIBHOW JEATEIBHOCTH [UISI PEHICHUS
¢u3uYecKux 3a1ady, MPUMEHEHHE OCHOBHBIX METOJOB TMO3HAHUsS (HAOMIOJEHUS, OIMCAHUS,
M3MEPEHUS, SKCIIEPUMEHTA) AJIsl U3YUCHHS PA3IMUHbBIX CTOPOH OKPY)KAIOIEeH NeHCTBUTENBHOCTH;
MP 2 wucCHnoJb30BaHME OCHOBHBIX HWHTEJUICKTYAIbHBIX ONEpaluil: TOCTAaHOBKUA  3aJa4H,
dopMynHpOBaHHUS THUIOTE3, aHAllM3a M CHUHTE3a, CpaBHEHHWs, OOOOIICHHS, CHCTEMAaTH3allHH,
BBISIBIICHUSI IPUYHNHHO-CIIECTBEHHBIX CBS3EH, MOMCKA aHAIOTOB, (GOPMYTUPOBAHUSI BHIBOJIOB IS
U3Y4eHHUs pPa3UYHbIX CTOPOH (HU3UYECKUX OOBEKTOB, SIBJICHHN M TMPOIECCOB, C KOTOPBIMU
BO3HUKAET HEOOXOJUMOCTh CTAJIKUBATHCS B MPO(eCcCCHOHANIBHOM cdepe
MP 4 ymeHue HCIOIB30BATh Pa3IMYHbIE UCTOYHUKU JUIS TONydeHUs (Gu3ndeckoil nHQopMmaluu,
OIICHUBATH €€ JJOCTOBEPHOCTh
MP 5 ymeHue aHaM3UPOBATH U MPEJCTABIATH UH(GOPMALIMIO B Pa3IMUHbIX BUIAX
[1P 2 BnajeHre OCHOBOMONIATAIOIIMMH (PU3UISCKUMU MTOHSTHSIMH, 3aKOHOMEPHOCTSIMH, 3aKOHAMU U
TEOPHUSIMU; YBEPEHHOE HCIIOIb30BaHUE (PU3MUECKON TEPMUHOIOTUU U CHMBOIUKA
[IP 3 BrnameHuWe OCHOBHBIMHM METOJAaMU HAYYHOTO IIO3HAHUS, HCIOJIb3YeMbIMU B (U3HKE:
HaOII0JICHUEM, OTTUCAHUEM, H3MEPEHUEM, SKCITEPUMEHTOM
[1P 4 ymenus oOpabaTbiBaTh pe3yabTaThl U3MEPEHU, OOHAPYKUBATH 3aBUCUMOCTh
MEXy (pU3NYeCKUMH BETUYHMHAMU, OOBSICHSITH OJydeHHBIE PE3YNIbTaThl U JIe1aTh
BBIBO/IbI
ITP 6 chopMHUpPOBaHHOCTH YMEHUS IPUMEHSTH MOTYUYEHHBIE 3HAHUS TSI OOBSICHEHUS
YCIOBHH MPOTEKaHUS PU3NUYECKUX SBJICHUN B IPUpPOJE, TpodeccroHanbHol cepe u sl IPUHSITUS
MPAKTHYECKUX PEIICHUI B MOBCEIHEBHOM KU3HMU;

B pesynbrate u3ydeHusi QU3HKH U BBIMOJTHEHUS JIA0OPATOPHBIX PalbOT CTYACHT IOJIKCH
3Hamv:
. OCHOBHBIE TMOJOXEHUS (U3NYECKUX TEOpUui, (QyHAaMEHTAIbHbIE 3aKOHBl M MPUHLIMIIBI,
JIeKane B OCHOBE COBPEMCHHOM (M3HYECKOM KapTUHE MUPA,;
. CMBICT (U3UYECKUX TIOHSITHUI U BEIUYHUH;
. 0COOCHHOCTHU (PU3NYECKUX MPOIECCOB, X PA3BUTHE U B3aUMOCBSI3b.

CTyneHTbl JOIKHBI UMETh TIPEACTABIICHUE:
. 00 00mMX 3aKOHOMEPHOCTSX (M3UUECKUX SBICHUU U TMPOIECCOB, XapaKTEPHBIX I BCEX
pasnenoB (U3NKH.
CTyneHTBI JOJIKHBI yMemy:

. OMHUCBHIBATh M OOBSCHATH (M3MYECKUE SBIICHUSI U CBONCTBA TEJ: MEXaHMYECKOE JIBHKCHHE
TEJI; CBOKMCTBA I'a30B, )KUJKOCTEN U TBEPBIX TEII; 3JIEKTPOMAarHUTHBIE SIBJICHUS, BOJIHOBBIE CBOICTBA

CBeETA;

. OTJIMYATh TUIIOTE3bl OT HAYYHBIX TEOPHIl; JI€JaTh BHIBOJABI HA OCHOBE IKCIIEPUMEHTAIBHBIX
JIaHHBIX;

. MPUBOJUTH TPUMEPHI, ITOKA3bIBAIONME, YTO: HAOMIOJCHHS M JKCIEPUMEHT SBIISIOTCS

OCHOBOM JIJI BBIIBUXKEHUS THIIOTE3 U TEOPUI, MO3BOJISAIOT TPOBEPUTH HCTUHHOCTh TEOPETUY €CKUX
BEIBOJIOB;
. MPUBOJUTH MPUMEPHI MPAKTHYECKOTO HCIOIh30BaHUs (M3MYECKUX 3HAHUM, OCHOBBIBASCH



Ha 3HAaHMH 3aKOHOB U SIBJICHUI IMpUpOABbI;

. BOCIIPUHHMMATh U HA OCHOBE IOJIydEHHBbIX 3HAHUI 1 YMEHUH B IPAKTUYECKON JEATEIIbHOCTH
CaMOCTOSITEIBHO OIIEHMBATH MOTYUYEHHYIO HH(POPMAIIUIO B XOJI€ TTPOBEICHHOW pabOTHI;
. apryMEHTHpPOBaTb CBOIO TOUYKY 3pEHHMS MpH OOCYXKICHHMH (U3NYECKUX MpobieM

BO3HUKAIOMIMX 110 XOAY BBIITOJHCHUA OHpCI[CJ'IéHHOFO 3alaHH.

Kpurepuu onennBanus 1abopatopHoii paboThl

OneHka

Kpurepuu onennBanus

PabGora BEINIOJIHEHA B  MOJHOM o00BeEME ¢  COOMIOJNEHHEM  HEeOOXOIMMOM
MOCJIEI0OBATENBHOCTH MPOBEACHHUS, CONEPKUT PE3YIbTaThl M BBHIBOJbI, BCE 3aIlMCH,
TaOJIHUIIBI, PUCYHKH, YEPTEXKH, TPa(UKN BHIMOTHEHBI akKypaTHO. OOydarommiics BiIaieer
TEOPETUYCCKAM  MaTepuaioM, (GOPMYIHpPYeT COOCTBEHHBIC, CaMOCTOSTEIbHBIC,
000CHOBaHHBIE, MPEACTABISAET MOJHBIE U Pa3BEPHYThIE OTBETHI Ha JOMOJIHHUTEILHBIE
BOIIPOCHI.

Pabora BeITIOJIHEHA B IOJHOM 00BeMe €  COONIOAEHHMEM  HEOoOXOOUMOM
MOCIIE0BATEIbBHOCTH IMPOBEICHUS, COIACPKHT PE3YIbTAaThl M BBIBOJBI, BCE 3aIllUCH,
TaOIULIbl, PUCYHKH, YEPTEXKH, rpaduKi BHIITOJIHEHBI akKypaTHO. OOyJaronmiics Biajeer
TEOPETUYCCKUM MAaTEPHAIIOM, JONYyCKas HE3HAYUTEIbHBIC OMMOKA Ha JOMOJTHUTEIIbHBIC
BOIIPOCHI.

PaGoTa BbINONHEHA B IIOJHOM 00BEME, COAECPKUT PE3YIbTAThl U BBIBOJIBI, BCE 3allMCH,
TaOIMIIbl, PUCYHKH, YEPTEXKHU, TPaUKU BBIMOIHEHBI akKypaTHO. OOyyaronmiics Biajaeer
TEOPETUYECKUM MaTEpUaJIOM Ha MUHUMAJIBHO JIOIYCTUMOM YPOBHE, JAOINYyCKas OLIMOKH
Ha JIONOJHUTEIbHBIE BOIPOCHI.

Pabora BeIMOIHEHA HE MOJIHOCTHIO. CTy,Z[CHT IMMPAaKTUYC€CKU HEC BJIAZICCT TCOPCTHUUYCCKUM
MaTCpruaJIOM, JOIMYCKACT O OKH IpH OTBCTC HA JOIMMOJIHUTCIIbHBIC BOITPOCHI.




2. TemaTuyeckoe NIIAHUPOBAHME JIAOOPATOPHBIX PadoT

Koauvecrn
HaumeHnoBaHue Bun v Ha3BaHue padoThI CTyIeHTA 0 4YacoB Ha
TeM BbINOJIHEH
ue padoThl
Pa3nea 1 MexaHuKa 2
JlabopaTtopnas padota Ne 1
14 Mexanuueckue OmnpeneneHue  YCKOPEHHsST  CBOOOIHOTO 2
KoJIeOaHUS Y BOJHBI | MAZCHUSI C TOMOIIBIO MaTeMaTUUYECKOTO
MasiTHUKa
MouekyasipHast
Pa3ne 2 ¢pusuka u 6
TEePMOJAHMHAMMKA
OcCHOBBI JlaGopaTopnasi padora Ne 2 [IpoBepka
MOJIEKYJIIPHO- 3akoHa 'eli-JIroccaka
2.1 KAHETHYECKON 2
Teopun. neanbHbIi
ras.
JlaGopaTopnasi padora Ne 3 I3mepeHue
CaolicTBanapoB, | BIQXKHOCTHU BO3IyXa
2.3 KUJIKOCTEH 1 JladopaTopuasi paGora Ne 4 4
TBEPIbIX TEJ Onpenenenue ko3 (purrenta
MMOBEPXHOCTHOTO HATSHKEHUSI KU IKOCTH
Paznen 3 | DaekrpoamHnaMmuka 16
31 DJIeKTpHUYECKOe JlabopaTopHas padora Ne 5 5
nose HccnenoBanue 37€KTPUUECKOTO OIS
JlaGopaTopnasi pabora Ne 6
OmnpeneneHne BHYTPEHHETO CONIPOTUBIICHUS
1 D J1C uCTOYHMKA HIIEKTPUUECKON dHEPTUHU
JlaGopaTopnasi padora Ne 7 OnpeneneHue
YIEIBHOTO CONPOTHBIIEHUS IPOBOIHUKA
3AKOHEL JladopaTopnasst padora Ne 8 «l3ydyenue
3.2 3akoHa OMa i yJacTka I1enu, 8
IIOCTOSIHHOT'O TOKa
[IOCJIEZIOBATEIbHOTO M MapajuieIbHOrO
COCTMHEHHUS
JlabopaTopHnasn pabora Ne 9
HccnenoBanue 3aBUCUMMOCTH MOIIHOCTHU OT
HaIpsHDKEHUS
JlabopaTopHas padora Ne 10
OmnpeneneHue AIEKTPOXUMUYECKOTO
33 DJEKTPUUYECKUN TOK | SKBUBAJIEHTA MU 4
B pasnuuHbIX cpenax | JlaboparopHas padora Ne 11
DneKTpuYecKue CBOICTBa
IIOJIYIIPOBO/IHUKOB
35 MAMHHTHOE [HOle JlaGopaTopnasi padora J‘fng Nzyuenne 2
SIBJICHUS DJICKTPOMAarHUTHON MHAYKIIUU
Pasten 4 Konebanus u 4
BOJIHBI
41 OnexrpomarHutHbele | JlabopaTtopHasi padora Nel3 Onpenenenue 5
KoJIeOaHUs WHJAYKTUBHOCTH B  KaTylke B  IIeMHU




MNCPEMCHHOI0 TOKa

492 DJIEKTPOMAarHUTHBIE JIaﬁopauTopHaﬂ padora Nel4 cOopka 2
BOJIHBI MPOCTEUIIETO PaJUONPUEMHHUKA
Paznea 5 Onruka 8
JlaGopaTopnasi padora Ne 15 IIpoBepka
3aKOHA OCBEIIEHHOCTH
JlabopaTopHas padora Ne 16
OmpenerneHne TMoOKa3ateiass MPETOMIICHHUS
3aKoHbI CTEKJIa
5.1 reomerpudeckoil u | Jlabopatopuas pa6ora Ne 17 HaGmronenue 8
BOJIHOBO# ONTUKK | MHTephepeHInH, TU(PaKIUKA CBETA
JlabopaTopHnas paborta Ne 18
OmpenenieHne JIMHBI CBETOBOW BOJHBI C
MTOMOIIIBIO
T (DPAKITOHHON PEIIETKA
Paznen 6 3ﬂeM.e,HTbl 4
KBaHTOBOH () U3MKH

JladopaTopuasi padora Ne 19 HaGmonenue

6.2 dusmnka aTomMa CILJIOIIHOTO ¥ JJUHEHYATOro CIIEKTPOB 2
pa3UYHBIX BEIIECTB
JladopaTopnasi padora Ne 20

duzuka sIepHOTO
6.3 W3ydeHue TpekoB 3apsHKEHHBIX YacTHUIl IO 2
Aipa rOTOBBIM (hoTOrpadusiM

Hroro: 40




3. Coaepxanue 1a00paTOPHBIX PadoT

BeinonHenue 51ab0paTOpHBIX pabOT CBA3AHO C H3MEPEHHEM (U3UYECKUX BEIUYMH U
nociuenyromei o0padboTkoil pesynbraTtoB. M3mepenue, npu KOTOPOM JaHHas QU3NYecKasl BeIUUUHA
HEINOCPEICTBEHHO CPAaBHUBACTCS C COOTBETCTBYIOIICH €IMHUIICH U3MEPEHUsI, HA3bIBACTCS NPAMbIM
usmepenuem. V3MepeHue, MpH KOTOPOM HM3MEPSIOTCS KaKue-TMOO CBsI3aHHBIE C JIAHHOM
¢u3nyeckoil BETMYMHON JApyrHe BEIMUYMHBI, a YMCIOBOE 3HAUCHHE €€ HaxoquTcsa mo (opmye,
Ha3bIBAETCS KOCBEHHBIM UBMEPEHUEM.

OumbOku (MOrpelHOCTH), BO3HUKAIOUME IPU H3MEPEHUSX, OOBACHSIOTCS HECOBEPILEHCTBOM
METO/I0B HM3MEpPEHHs, IOTPEIHOCTSIMU H3MEPUTEIbHBIX HpUOOpPOB, YCIOBHSAMU onbiTa. Jls
UCKIIIOYEHM S CITy4aifHbIX OIIMOOK U MOBBILIEHUS CTENEHN TOYHOCTH HEOOXOAMMO MTPOU3BOIUTH KaK
MOYKHO OOJIbIIE OMBITOB IO HAaXOXKICHUIO MCKOMOW BENUYHMHBI. VICTHHHBIM 3HAY€HHEM HCKOMOMU
BEJIMYMHBI SBJISIETCS cpeiHee apu(MeTHUecKoe 3HaueHUe 3TON BENUYMHBI B BalmMX onbiTax. OHO
MOKET OTIMYaThCi OT TAaOJIMYHOIO 3HA4YeHHUs KaK OOBEKTMBHO (HE3aBUCAIME OT HAc), Tak U
CYOBEKTUBHO (3aBUCSIIME OT HAC).

Ioepewnocmuv usmepenus — 3mo OYyeHKa NOLYYEHHOU OWUOKU NPU U3Mep eHUl.

. Cpeonee apugpmemuueckoe BCEX MU3MEPEHU
d = d,+d,+d;+..+d,
cp n
(CITOXXUTD BCE U3MEPEHHBIE BEJTMYMUHBI U PA3/IeIUTh HAa KOTMYECTBO MPOU3BEAEHHBIX H3MEPEHHH );
o AOCONIOTHAS BENIMYMHA PA3HOCTH MEXKIY CPEIHHUM 3HAUYCHHEM H3MEPSIeMO BETUYMHBI U
pe3yabTaToM OTJIEIBHOTO U3MEpEeHUs Ha3bIBaeTCs abconommuol NOCPeUtHOCmvio
4d,=(d,-d|;

UroObl HAWTH CpemHIO aOCONIOTHYIO TIOTPEIHOCTh, HYKHO CJIOXHTHh BCE aOCONIOTHBIC
MOrp€HOCTU OTACIBHBIX H3M€peHPII>i )51 HOJ'Iy‘IGHHl)If/'I PpE3ynbTaT PA3ACIUTL HA YHUCIIO CllaraCMbIX
Ad, +A4d, +4d, + ...+ Ad,,

Ad,, 5 ,
OKOHYATENLHBINA OTBET 3alINCHIBACTCS B BUAC:
d=d,+4d,
L OmuocumenvHoti nocpeulHocmuslo HAa3bIBACTCA YHCIIO, ITOKA3bIBAIOIICC, KaKyrO0 [JOJIFO (B

IOPOLIEHTaX)  OT  M3MepsSeMOM  BEIMYMHBI  COCTaBJseT  aOCONIOTHAs  IOTPEIHOCTh

Ad,,
£= i 100%
o
o Bo MHO2UX Cydasix usmepeHue cuumaemcst ydoeﬂemeopumeﬂbﬂbm, ecnu e2o0
OMHOCUMENIbHASL NOSPEUHOCMb He npesbiiiaem 5%.
T'oBOpst 0 MOTPENHOCTSIX, HENB3sI HE PACCMOTPETH MOTPEIIHOCTH MPUOOPOB, C ITOMOIIBIO KOT OPBIX
MPOU3BOAST U3MEPEHUS BETUYHH.
ADCOJII0THbIE MHCTPYMEHTAJIbHbIE MOIPe HOCTH
CpeCTB U3MepeHus

CpencrBa u3aMepeHus [Ipenen Lena AbcomoTHas
U3MEpEeHUs JIeTIeHU S MHCTpYMEHTAIIbHAs
MOTPEIIHOCTb
Jluneiika yuennueckas | 1o 50 cm 1 Mmm +1 MM
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4epTEKHAA

Becwr yueOHbIC 200 T - +0,01r
CekyHtomMep 0-30 munH 0,2 +1 ¢ 3a 30 MuH
[lITanreHUpKyIb 150 mm 0,1mm 0,05 mm
Muxkpomertp 25 mm 0,01Mm +0,005 MM
Tepmometp s1abopaTopHbIii 0-100°C 1°0C +10C
AMIIEpMETpP MIKOIbHBIN 2A 0,1 A +0,05 A
BonsT™meTp mKOIBHBIN 6B 0,2B +0,15B

Jlis onpenenenust abCOMIOTHON MHCTPYMEHTAJIBHOM MOrPEIHOCTH Mprubopa Hal0 3HATh €ro Kiacce
touHocTH. Kiacc TouHocT g mpubopa mokas3bIBaeT, CKOJIBKO MPOLIEHTOB COCTaBIIsET a0COMIOTHAS
MHCTPYMEHTAJIbHAS MOTPEIIHOCTh OT BCEH MIKaJIbl pudopa.

Krnacc TouyHOCTH yKa3bIBaeTcs Ha IIKaje NMpUOOpa WM B €ro macrnopre (3Hak % IMpH 3TOM He
nuiercs)). CylliecTBYIOT Cleayolpe KIacchl TOUHOCTH 3JIEKTPOM3MEPUTENbHBIX TpuOopoB: 1; 0,2;

0,5; 1; 1,5; 2,5; 4. 3nas xinacc ToyHoctd npubopa (y,,) U BCHO MKaly (Amax), ONPENENSIOT

aOCONIOTHYI0 ~ TOTPEIIHOCTb u3MepeHus (PU3NYEecKO  BETMYMHBI 3TUM  TpubopoM:
Y wp e

A, A= L L
100

JIABOPATOPHAS PABOTA Nel.
OnpenesieHue yCKOpeHUsl CBOOOIHOIO NMA/IeHUS ¢ OMOUIBI0 MATeMATHYe CKOr0 MASITHUKA IS
ropoaa beJaropoaa.

Ilenv padomel: onpenenUTh YCKOpPEHHE CBOOOJHOTO MaJCHUsI C TMOMOIBI0 MaTeMAaTHUYeCKOro
MasiTHUKa Juis Topoja benropona.

Teopusa. Mamemamuueckum MasmMHUKOM Ha3bIBACTCS TOYKA, MOJBEIICHHAS HA HEBECOMOU M
HEPaCTsDKUMOU HHUTH. MOJIENIBI0 MOXKET CIY)KHTh TSDKENIBIM IAPUK, pa3Mepbl KOTOPOTO BechbMa
MaJIbI 110 CPAaBHEHUIO C JUIMHOW HUTH, Ha KOTOPOH OH IOJBEIICH (T.€. HECPABHUMBI C PaCCTOSTHUEM
OT LIEHTPA TSHKECTH 10 TOYKHU MOJIBECA).

VYuensie ['anuneii, HetotoH, beccens u apyriue ycTaHOBUIU CIEAYIONME 3aKOHBI MaTeMaTHYeCKOTO
MasITHUKA.

1. [lepron koneOaHWsI MAaTEeMaTHYECKOTO MAasSTHHKA HE 3aBHCHT OT MAacChl MasSTHHKAa U OT
AMIUTATY/IBI, €CJTH YTOJ pa3Maxa He MPEeBbIIaeT 6°.

2. Tleppon koeOaHWsT MAaTEMAaTHYCCKOTO MasTHHKA MPSIMO IHMPOMOPIMOHAICH KBaJIpPaTHOMY
KOPHIO W3 JUIMHBI MasTHUKA M OOpaTHO MPOIOPIIMOHAICH KBAIPATHOMY KOPHIO W3 YCKOPCHUS
cBOOOIHOTO majneHus. Ha OCHOBaHMHM 3THUX 3aKOHOB MOXHO 3amucaTrh (GopMylny Ui Meprona
koaeOanus T:

T=2rx a,[c]

OT1oil opMynoii MOKHO BOCIOJIB30BATHCS IS ONPEAESICHUs] YCKOPEHUsI CBOOOTHOTO MaeHUS st
KOHKPETHON MECTHOCTH:
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472l M
9=77 |2

Ilpuboper u npunaonery@cnocmu: ITATUB C JIepKaTeleM, IIAPUK, MOABEUICHHBIM Ha TMOYTH
HEpacTsHKUMOM HUTH JUIMHOU OKOJIO 1M, H3MepHUTeNbHas JIEHTa, CEKyHI0MEp.

Ilopaook évinonnenus padbomol:

1. UroObl ompenenuTh yCKOpeHHe CBOOOJHOrO MafeHHs, HEOOXOIUMO OMPENeTUTh MEePUOJ
KOJIeOaHHSI MaTEMAaTUUYECKOrO MasiTHUKA. J{JIs1 3TOro HYXHO:

1.1. TlocTaBuTh ImTATUB HA Kpall CTOJA TaK, 4YTOOBI K HEMY MOXKHO OBUIO TOJBECHTHh MAasTHUK
JUIMHOM O6osee 1 M.

2. Ompenenuth UIMHY HUTH MastHUKAa |. J[Js1 9TOro HYXHO H3MEpHUTh JUIMHY HUTH U PaIuyc
IApHKA W MOJY4CHHBIC BEJTMUNHBI CIIOKHUTD, T.€. | = lunru+ Muapa.

2.1. BeiBecTH MasiTHHK M3 MOJIOKEHUSI paBHOBECUs Ha 5 — 7 cM (aMIIUTY/a KOoJeOaHUN JOJKHA
OBITH HE OOJIBIIION ).

2.2. Orcumtarh 100 MOIHBIX KOJICOAHUH M OJHOBPEMEHHO C TTOMOIIBIO CEKyHI0MEepa 3acedb BpeMs
ITHX KOJICOAHUH.

2.3. Ilpu BbIONHEHUH pabOTHl cleayeT CIEAUTh 3a TeM, 4YTOObl TOYKa TMojaBeca Oblia
HEIIOABUKHOMU.

t
2.4. BolYyMCIUTH BpEMs OJIHOTO TMOJHOTO KosnebaHus no gopmyne: T = 100 rae t - BpeMsi MOJTHBIX

100 xonebanuii.

3. TloBTOpHUTH OMBIT BCEro 3 pa3a, KAK/IbIN pa3 U3MEHsISI JUTMHY HUTH Ha 3-5 CM, UCIIOJIB3Yys TYHKT
paboter 1 — 2.4,

4. BbIYUCIUTH YCKOPEHUSI CBOOOAHOTO MAJACHHS C IOMOIIBI0 (HOPMYIIBI:

47°
= T2
4.1. HaiiTu cpenHee 3HaUYCHUE YCKOPEHUSI CBOOOIHOTO MA/ICHUS 110 (hopMyIIe:
_9,+t09,+30;
gcp. - 3
1. Onpenenuts OTHOCHTENBHYIO HOTPENHOCTL METOAA 110 OpMyIIE:
gcp. - géenz. 0 o 2
= ——-100%, rue goerr. = 9,83 M/c* — yckopeHHe
gﬂenz.

CcBOOOJIHOTO TaJieHus B T. benropose.

2. Pe3ynbTaT U3MEpEeHHil U BHIUMCIICHHH 3aHECTH B Tabmuy 6.1.

Taoauna 6.1.

Ne l, m t,C T, c g, M/c? Oep., M/c2 e, %
/o

1

2

3

1. CZ[CJIEITB BBIBO/JI, OTBCTUTH Ha KOHTPOJIbHBIC BOITPOCHI.
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8. OTBeTUTH HA KOHTPOJIBHBIC BOITPOCHI.

Konmponwvnuie eéonpocwi:

1. Yro Ha3pIBaeTCs MaTEMAaTHYECKUM MasTHUKOM?

2. 3aBUCHUT JM YCKOPEHHUE CBOOOJHOTO MAACHHUS OT IMPOTHl MECTHOCTH, BBICOTHI HaJ
NOBEpPXHOCTHIO 3eMin? Eciu 3aBUCHT, TO Touemy?

3. MO>XHO 111 ITOJIB30BaThCS MasSTHUKOBBIMHU YacaMiU B YCIIOBUAX HEBECOMOCTH?

4. B Kkakux TOJIOKEHUSIX NEHCTBYIOIAS Ha IMIAPUK BO3BpallAioas cuiia OyleT MaKCHMallbHa,
paBHa HYJTIO?

5. HaGmronas 3a IBMI)KEHHEM IIAPHUKA B TEYEHUE OJHOTO MEPUO/a, OTBETHTE HA BOIPOC: OyIeT Ju
OHO PaBHOYCKOPEHHBIM?

6. V3meHUTCS M pe3ynbTaT ONpeAeTeHUs YCKOPEHHI CBOOOAHOTO MaACHUS, €CIIU MPOAeaTh OMBIT
¢ mapukoM Jipyroit maccol? C HUTBIO IpYroil ITUHBI?

JIABOPATOPHASL PABOTA Ne 2.
ITpoBepka 3akona I'eii-JIroccaka.

ILlenv pabomwi: npoBepuTh 3aK0H [ 'eli-JIroccaka ¢ MOMOIIBIO YKCIIEPUMEHTA.

Teopua: Bcskoe W3MEHEHHME COCTOSHMS Ta3a Ha3blBAIOT TEPMOAMHAMUYECKUM MPOLIECCOM.
OOBbeTMHEHHBIN Ta30BBIA 3aKOH (GOPMYITHpPYETCs CIASAYIOIMM 00pa3oM: Ui JaHHOW MacChl rasza
npousBeJeHNEe 00beMa Ha JaBJIEHUE, IE€JIEHHOE HAa TEPMOJUHAMUYECKYIO TEMIIEPATYPY, COXPAHSIET

HEHU3MEHHOE 3HaUYeHME A1 BCEX COCTOSHUM rasa:

p_ll_—vl = p12__\/2 = Const (1)
1 2
[pouecc, mpu KOTOPOM OJMH U3 MMapaMETPOB OCTACTCS MOCTOSHHBIM, a JIBA JPYrUX U3MEHSIOTCH,
Ha3bIBAIOT usonpoyeccom. Ecin mporecc, NpoTekaronmid B rasze, MPOUCXOIUT MPU MOCTOSHHON
temriepatrype T = Const, oH Ha3bpIBAETCS U30TEPMUUCCKUM, U YpaBHEHHE | mpuHUMaeT BUJ (3aKOH
boiinsa-Mapuotra):
P1V1=P2V2 )
[pouecc, mpoTekaronMii B ra3e npu MmocTosHHOM ero oobeme V = COoNnst, Ha3bIBAIOT U30XOPHBIM U
ypaBHeHue | npuHuMaet Buj (3akoH [lapis):
L ©
Tl T2
[lpouecc, mporekaronmii B rase, NpU KOTOPOM JaBJEHHE OcCTaeTcsi moctosHHbIM P = Const,
Ha3bIBAIOT M300apHBIM, U ypaBHEeHUE | mpuHuMaeT Bu (3akoH [ 'eli-JIroccaka):
Lot @
Tl T2
Ilpuéopel u npunaonexcnocmu: crexissHHas Tpyoka nauHoi 300 Mm, 3anasHHAs ¢ OJJHOTO KOHIIA,
COCYJl C ropsi4eil BOJOM; CTaKaH C XOJIOIHOU BOJOW; TEPMOMETP;
JVHEHKa; TUIaCTHIIMH.

Ilopsook évinonnenus padomol:
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1. Hanmuts B cocyn ropstayto Boay (t=50-70°C)

1.1. VI3meputh JUIMHY CTEKISIHHON TpyOku Li v mokaszaHus 3anucaTh B Tadauiy 5.1.

1.2. OnycTUTh CTEKISIHHYIO TPYOKY B COCY[ C TOpsSYel BOJOH, 3aastHHBIM KOHIIOM BHH3.

1.3. UYepe3 3-5 MuMHYT u3MepUTh TemIiieparypy ropsuedl Boabl Ti1i ¢ MOMOLBIO TepMOMETpa,
BBIPA3UTh ee 1o mKane KenbBUHa, 3HaYeHMs 3anucarh B Tabnuiy S.1.

1.4. OTKpbITHIN KOHEI TPYOKH, 3aKJIEUTh MJIACTHJIMHOM, YTOObI HE M3MEHSUIACh Macca ra3a B Tpyoke

(puc 1.1)
’_ﬁ é@nnaerunhn /—*\ L

- -1 === Ly

T T . vbwpaer

_ nAaacTHAln

Pucynok 1.1. PucyHok 2.1.

2. HanuTh B CTakaH XOJIOJHYIO BOJY.
2.1. M3meputh Temriepatypy BOABI C IOMOIIBIO TepMOMETpa (BBIPAa3HUTh ee 1o mkaine KenpBuHa),
3Ha4YeHMe 3aHEeCTH B Talnuiy S.1.

Pucynok 2.2.

2.2. 3anasHHYyO TpYOKYy ObICTPO BBIHYTH U3 COCYZa C ropstdei BOAOI U ONMYCTUTH €€ IIaCTHINHOM
BHH3 B XOJIOJHYIO BOJY.

2.3. Ilox BOO# OTAEIHUTH IUTACTHIIMH C MTOMOIIBIO KapaH/alia, He BEIHUMasi TPYOKU U3 BOJIBL.

2.4. Tlocne Toro, Kak TpyOKa OCTBIHET JI0 KOMHAaTHOM Temieparypbl T2, Haj0 OMyCTUTH TPYOKYy B
XOJIOZIHYIO BOAYy InTyOxe, yToObl YpOBEHb B CTakaHE M YpPOBEHb BObBI, 3alleflieil B TpYOKy,
CpaBHSUTHCh. B 3TOM cilydae naBieHHE B TPYOKe CTAaHET paBHBIM aTMOC(HEpPHOMY JaBIEHHIO (CM.
puc. 2.2.).

2.5. M3MepuTh BBICOTY CTOIOMKA ra3a B TpyOke L2 M 3amucaTh IOKa3aHUS U3MEPEHUHN B TaOIHIly
(cMm. puc. 2.2.).

Tl
3. 3nas remmeparypy Ti1 UM T2 HaXoIuM OTHOIIICHUE —— .
2
vV, s, L .
4. 3pags puuabl L1 U L2 HaxomuM oTHoOIIeHHWE 00beMOB — = —— = — , 3akoH I'eii-JIroccaka,
VvV, sL, L,
. u vV, _ T
KOTOPBII1 Mbl JOJKHBI IPOBEPUTH, UMEET CICAYIOIMH BUJ: — = ——, HO Mbl MOXXEM 3aMEHUTH
V2 TZ
1 L, y
OTHOIIIEHUE 00bEMOB —— OTHOIICHUEM JUTMH —— , U YTOOBI POBEPUTH 3aKkoH [ eii-Jltoccaka, Oynem
2 2
Tl I_l
CpaBHHUBATh OTHOUICHUS JUTMH, T.€. — = —.
TZ L2
5. Cnmenatb HEOOXOIMMBIE PacUeThl, UCIONB3YS MYHKT 4 U pe3yldbTaThl U3MEPEHUH 3aHECTH B
Tabmuiy 5.1.
Tao6auua 5.1.
L1, MM Lo, MM T1, K T2, K

L
L

NN

N

2
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6. Caenath BBIBOJIBI O TIPOJIETaHHOM paboTe (ciipaBeymuB i 3akoH I eii-Jlroccaka).
7. OTBETUTHh MUCEMEHHO HA KOHTPOJIBHBIE BOITPOCHI.

Konmponwsnwie eonpocw:

1. B kakux eAuHUIaX U3MepsieTcs JaBiieHue?

2. Kakoit 13 MakpOCKOITMYECKIX MTapaMEeTPOB ra3a 0CTaeTCs MOCTOSHHBIM IIPH

a) 1300apHOM, 0) M30XOPHOM, B) U30TEPMUUECKOM?

3. B kakoe Bpems cyrok BeTep AyeT C MOps Ha cymlly (MOPCKOW Opu3) U B KaKO€ BpeMs CyTOK-C
cynm Ha Mope (6eperoBoii 6pu3)?

4. T'me Goubllie BEPOSTHOCTh BO3HUKHOBEHHSI YTPEHHHUX 3aMOPO3KOB - HAa BO3BBIIMIEHHOCTH WIU B
HU3UHE?

5. [louemy Gatapen MapoBOToO M BOJSHOTO OTOIJICHUS TOMELAIOT Y 0JIa, a HE Y TOTOoJIKa?

JIABOPATOPHAS PABOTA Ne3.
H3mepenne BJIaKHOCTH BO31yXa.

lleJlb paﬁombt: OIMPpCACIIUTD BJIAXKHOCTb BO31yXa.

Teopu;l: AbconomHuotl 81aNCHOCbIO 6030yxa Ha3bIBACTCA INIOTHOCTH BOJAHOIO Iapa p, IIpH

JaBIICHUH 1apa, Haxoasmerocs B Bosayxe (B 1 M%) mpu mannoi remmeparype.
OmHuocumenvhas 61a#CHOCMb 6030yXa TIOKa3bIBAET, CKOJIBKO MPOLIEHTOB COCTABJISIET aOCOIIOTHAsS

BIQXKHOCTb BO3J1yXa p, OT ILNIOTHOCTH L, BOJSHOIO I1apa, HACBIIAIOIIEIO BO3AYX IPH JaHHOU
temnepatype. IlnotHocTs p, Haxomutca mo Tabnuue. UYroObl HalTH B TOU ke Tabmuue p,,

cleqyeT OXJIaguTh BO3IYX 1O TAKOH TeMIepaTypbl, MPU KOTOPOH HaXOILIMICA B BO3IyXe IMap
CTAHET HAaChIIPAIOIMM, H3MEPUTh COOTBETCTBYIOILYIO Temmeparypy (Touka pocel). Ilo Helt u
HaxXoJuTcA B TAOIULE O, .

IIpuoopwr u npunaonexrcnocmu: NICUXpoMeTp ABrycTa.

Ilopsaooxk nposeoenus pabomot:

1. Tlo3HakoMHuMCsI C TPUHITUIIOM PaOOTHI TICUXpPOMETpa ABrycTa.

1.1. C nomoumto ncuxpomerpa ABrycTa HalTH OTHOCHTENIBHYIO BJIAKHOCTb BO3]1yXa, MCIIOJIb3YS
ICUXpOMETpUUECKyto Tabmuiy 1.1;

Taouuua 1.1. [lcuxpomerpuueckass Tadiuua.
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I:’Iﬂogaaau
...epmyg‘.f,:gg PasHOCTbs NOKa3aHMM CyXOro m BJIa>KHOINo TepMmomMeTpos
pPa
K °C o 1 2 3 a 5 6 7 8 9 10 11
273 o 100 | 82 63 45 28 11
1 100| 83 65 48 32 16
2 100| 84 68 51 35
3 100| 84 69 549 39 249 10
4 |100| 85 70 56 a2 28 14
278 5 100| 86 72 58 45 32 19 6
6 100| 86 73 60 a7 35 23 10
7 100| 87 74 61 49 37 26 14
8 100| 87 75 63 51 40 28 18 7
9 100| 88 76 64 53 a2 31 21 11
283 10 (100| 88 76 65 54 a4 349 249 14 a
11 |100| 88 77 66 56 46 36 26 17 8
12 (100| 89 78 68 57 a8 38 29 20 11
13 (100| 89 79 69 59 49 40 31 23 14 6
14 (100| 90 79 70 60 51 42 33 25 17 9
288 15 (100| 90 80 71 61 52 44 36 27 20 12 5
16 (100| 90 81 71 62 54 45 37 30 22 15 8
17 (100| 90 81 72 64 55 a7 39 32 249 17 10
18 |100| 91 82 73 64 56 48 a1 349 26 20 13
19 (100| 91 82 74 65 58 50 43 35 29 22 15
293 20 (100| 91 83 74 66 59 51 44 37 30 24 18
21 |100| 91 83 75 67 60 52 46 39 32 26 20
22 100 92 83 76 68 61 54 a7 40 34 28 22
23 |[100| 92 84 76 69 61 55 48 42 36 30 249
24 (100 92 84 77 69 62 56 49 43 37 31 26
298 25 100 92 84 77 70 63 57 50 44 38 33 27
26 100 92 85 78 71 64 58 51 a5 40 34 29
27 |100| 92 85 78 71 65 59 52 a7 a1 36 30
28 (100 93 85 78 72 65 59 53 a8 42 37 32
29 (100 93 86 79 72 66 60 54 49 43 38 33
303 30 (100 93 86 79 73 67 61 55 50 449 39 349

1.2. 3anmcarh MoKa3aHUs CyXoro M BIaxHoro repMoMerpoB tc [°CJ; tes [°C] B Tabmumy 1.2.;

Taoauna 1.2.

tc, OC tan, 0C At, O0C ¢, % D ace, m, kr me’c, kr Am, kT

Kr/M3

1.3. Boruncnuthb At =t — tsn [°C];
1.4. HaiiT @ 1a6a[%] , ucnions3ysa Tabmuiy 1.1.;

1.5. TlonyuenHsie qaHHBIE 3aMKcaTh B TaOmuIy 1.2.
2. OnpeenuTh a0COIOTHYIO BJIIAXKHOCTH BO3yXa. J[J1s 9TOro HYXHO:
2.1. HallTu MIOTHOCTh HACHIMIEHHOTO Hapa p, (kr/ M3) Mpu KOMHATHOM TeMmreparype B TaOIHIE

2.1.;

PP,

2.2. B Tabnuiie 3HaueHue p, HATH C MOMOUBIO GOPMYIBl O, = 100% ;
0

2.3. IlonyyeHHbIe JaHHBIE 3aHECTU B TabuIy 1.2.
3. OnpenenuTh Maccy BOISIHBIX IMApoB B KaOnMHeTe (pu3nku. J[J1s 7TOro HY)KHO:
3.1. Onpenenuth 00beM KabuHeTa Ppusnku (pazmep 10 M x 6M x4m);

3.2. Beruncnuts no gopmyne m= p, .. -V , Maccy BOJSHBIX IapOB U pe3yIbTaT 3aHECTH B TAOIUILY
1.2,

Taﬁmma 2.1. 3aBUCHUMOCTH JaBJICHUA P KU INNIOTHOCTH © HACBIIICHHOI'O BOASHOIO IIapa OT

TEMIIEPATypPBhI.
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t°C p, klla 0, t,°C p, klla 0,1t
-5 0,40 32 16 1,81 13,6
0 0,61 48 17 .1,93 145.
1 0,65 52 18 2,07 15,4
2 0,71 56 19 2,20 16,3
3 0,76 6,0 20 2,33 17,3
4 0,81 6,4 21 2,49 18,3
5 0,88 6,8 22 2,64 194
6 0,93 73 23 2,81 20,6
7 1,0 78 24 2,99 21,8
8 1,06 8,3 25 317 23,0
9 1,14 88 26 3,36 244
10 1,23 94 27 3,56 25,8
11 1,33 10,0 28 3,79 27,2
12 14 10,7 29 4,0 28,7
13 1,49 114 30 4,24 30,3
14 1,60 12,1 40 7,37 51,2
15 171 12,8 50 12,3 83,0

4. OmnpenenuTh MacCy BOJSHBIX IapoOB, KOHACHCHUPYIOUMXCS NPHU MOHUKEHUH TEMIEpaTyphl B

kabunere ¢usuku 10 6°C. [l 9TOro HYKHO:
4.1. OnpenennuTh Maccy BOASHBIX IapoB, Hachl@ronmx kadbuuer npu t = 6 9C nmo dopmyne:

Mo = Peo *V , B3B U3 TAOAUIIBI 2.1 MIIOTHOCTH HACKIIEHHOTO Tapa npu t = 6 oC;

4.2. 3aTeM U3 Macchl BOASHBIX MTApOB B KaOMHETE (CM. MYHKT 3.2) BBIYECTH M T.€. ONPEACIIUTh

6°C >
no gopmyne: Am=m-m_;
4.3. 3aHecTH OydeHHBIE pe3yabTaThl B TabmuIy 1.2.
5. Cnenatb BBIBOJ K TabopaTopHOi padoTe.

6. OTBeTUTH HA KOHTPOJIbHBIC BOIIPOCHI.

Konmponwvnuie 6éonpocwi:

1. [louemy mpu mpoayBaHuUU BO3dyXa depe3 3GuUp Ha MOJTUPOBAHHON MOBEPXHOCTH KaMephl
MICUXPOMETpa MOSBIsETCS poca?

2. [Touemy TOKa3aHHS BIAKHOTO TEPMOMETpPA ICUXPOMETpPa MEHBIE IOKa3aHUW CyXoro
tepmomeTpa? Ilpm KakoM yCIOBHMM  pa3HOCTh IOKAa3aHUM  TEPMOMETPOB  HauOOINbIIAS
(HamMeHbIas)?

3. Temmeparypa B MOMEIICHUU MMOHMKAETCS, a aOCOMIOTHAS BIAKHOCTH OCTaeTcs MpexkHen. Kak
M3MEHHUTCS Pa3HOCTh MOKA3aHHUI CYXOr0 M BIQXKHOTO IICUXpomeTpa?

4, Cyxoll W BJIaXHBIA TEPMOMETP MOKa3bIBaE€T OJHY M Ty e Temmeparypy. Kakopa
OTHOCHUTENbHAsSI BIIAYKHOCTb BO3/1yXa?

5. Tlouemy moce xapkoro JTHs poca ObIBaeT Oosiee 0OMIBHON?

JIABOPATOPHASI PABOTA Ne 4.
OnpeneieHne k03¢ G UMEeHTA NOBEPXHOCTHOI0 HATSKE HUS JKUAKOCTH.
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Llenv padomer: onpenenuth KOAGPUIIMEHT MOBEPXHOCTHOTO HATSHKEHU S BOJIBI.

Teopusa. Kak u nro0as MexaHWUYECKass CHUCTEMa, MOBEPXHOCTHBIM CIIOH JKHJKOCTH CTPEMHTCS
YMEHBIIMTH CBOIO MOTEHIIMAIBHYIO SHEPIUI0. 32 CYET YMEHBIICHHS 3TOH YHEPTUH MOJICKYJISPHBIC
CHIIBI - CUNbl NOBEPXHOCMHO20 HAMANCEHUs. - COBEPUIAIOT paboTy A, COKpalas IUION@RIh
cBOOOTHOM MOBEPXHOCTH S Ha BEJIMYUHY A S!

A=04S.

KoadpuuueHT nponopuuoOHAIbHOCTH ¢  HAa3blBACTCS  KOIDduyueHmom no8epxHOCHHO0
Hamsicenus sHcuokocmu. VI3 mpuBeAeHHOHN Bblle (OPMYIIbl BUJIHO, YTO OH YHCJIEHHO PaBeH CUJe
MOBEPXHOCTHOIO HaTsHKeHUs F, neilcTByrolllell Ha €NMHMIYy JUIMHBI JIMHUHM, OrpaHUYMBaroLIeH
KaKylo-J100 4acTh CBOOOIHOM MOBEPXHOCTHU KU AKOCTH

a=$,[H/M1

OnbITHBIM TIyTeM KO(DHUIIMEHT MOBEPXHOCTHOTO HATSHKEHUS JKHIKOCTH MOXKHO OIPEIEIHUTh
MeToioM "ompuiea kanau”. B MOMEHT OTpbIBa KAalIM OT KOHIIA BEPTUKAJIBHO PAaCIHOJIONKEHHON
TpyOku cuna F, Oyner paBHa Becy 3Toil karum: F= mg.

JIuHUs, OrpaHUYMBAIOLIAST CBOOOJHYIO MOBEPXHOCTh JKUJIKOCTH - 3TO AJIMHA OKPY)KHOCTH CaMOM
Y3KOM 4YaCTHU KaIlJId, TaK Ha3bIBA€MOM IICHKU KaIlJIu.

L=7d,.

m
Ortcrona: o= _mg_
ﬂ' dm.x.

JlnameTp el ki Karjik MEHbIle BHYTPEHHEro auameTpa Tpyoku O u paBeH: Juwk.= 0,9 dmp.

Ilpuboper u npunaonexcnocmu: OIOpPETKa C KpaHOM, CTEKIsHHas TpyOka jiuHOM 20-30 MM,
COCMHUTEbHAS pe3UHOBAs TPYOKa, IITaTUB, CTaKaH, 1aOOPaTOPHBIEC BECHI C PA3HOBECOM.

Ilopaooxk eévinonnenus pabomoi:

1. YpaBHOBECUTH BECHI.

2. Pabora c kanenbHUIEH (OIOpETKa C KpaHOM U CTEKIISIHHAS TPYOKa).

2.1. TloctaBUTH IyCTOW COCYHI TOJ KaIlleJIbHHILY C BOJOW M YCTAHOBHTH MEIUICHHOE OTpPBIBAaHHE
Kareib BOJbBI OT OIOPETKH;

2.2. YCTaHOBUTbH Ha COCY/l MO/ KalleJIbHUILY YallKy BECOB;

2.3. Ha yamky BecoB otcuumtarh 50 ummm 100 kamenb (mogymaiTe, CKOJBKO Karellb HYKHO
OTCUUTATh, YTOOBI MOITYYUTh 00JIe€ TOUHBIN pPe3yabTaT OMpPEEICHHS MacChl OJJHOM KaIljM).

3. Onpenenure Maccy Kameinb M IyTeM B3BEIIMBAHUS;

3.1. Berauciuth Maccy onHoi Karmn M o dopmynie M=M/100 ¢ Tounoctsto 110 0,01T.

3.2. OnpenensieM K03(PPUITMEHT TTOBEPXHOCTHOTO HATSHKSHHSI BOABI. J{JIs1 9TOTO JieTiaeM MOSICH EHU S

B MoMeHT oTphIBa Karutk ee Bec P=Mg paBeH cuiie moBepxHocTHOro HaTsokenuss F =ozd ,, (Orp--
JMaMeTp KarelbHUIIBI YKa3aH Ha TPYOOUKe);
Nmest paBenctBo: F =oxd, =mg, BbipasuM KOIPOUIMEHT MOBEPXHOCTHOTO HATSDKEHHUS

o=—9 (41)
zd

w .K.
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3.3. Ucnionb3ys dopmyny (4.1.), onpenenuts K0O3(GOUIMEHT TOBEPXHOCTHOTO HATSHKEHUS BO/IBI.
4. OnpenenuTh OTHOCHUTEIBHYIO MOTPEIHOCTh METOA JUIl KOMHATHOM TeMIlepaTypsl 1o (Gopmyie:

— |o.mq6. —-O

IKC.

£ -100%, rne o, —3HadeHue KO3PUIIMEHTA ONPENEIEHHOIO SKCIIEPUMEHTAIBHO,

o

mao

a o,, = 0,072 H/™ - TabnuuHoe 3HaueHHEe KOd(DUIIMEHTa TOBEPXH OCTHOIO HATSHKEHUS BOJIBI ITPU
t=20°C.

5. IIpoBecTH OMBIT ¢ TOpstueit BOJIOM. /11 3TOr0 HYKHO:

5.1. Miconib30BaTh MOPSAOK BBITOIHEHUS paOOTHI yHKTOB 2.1.-5.

5.2. OTHOCUTEIBHYIO TIOTPEIIHOCTh HE OMpeaessieM, T.K. HeT TaOJUYHOTrOo 3HaUYCHHS Kod(puirneHTa
MOBEPXHOCTHOTO HATSDKEHUS IS TOPSIYESH BOIBI.

6. Pe3ynbrarhel n3MepeHuil 1 BIYUCIIEHUH 3aHecTH B Tabauily 6.1.

Tadauuna 6.1.
Ne Yucino |Macca Macca Huamerp |Koad-1 moepx) OTHOCHTENBHAS
o\ Kamenb  [Bcex OJTHOM Qurk, M. .HaTsK. IIOTPEIHOCTb
Karenp M,|kamam  m, o, Hwm. & ,%.
KT. KT.
1
2

7. Cnenatb BBIBOJ O IIPOJICIIAHHOM TabopaTOpHOIL padoTe.
8. OTBeTHTH Ha KOHTPOJIBHBIC BOITPOCHI.

Konmponwvnuie éonpocowi.

1. 3aBucur nu KO3(PPUIMEHT NOBEPXHOCTHOIO HATSHKEHUsS OT MacChl M JMaMeTpa KarljiH,
YCKOpeHUsl CBOOOIHOTO IMa/IeHNsl, CBOMCTB KUJIKOCTH ?

2. I3MeHuTCA U pe3ynbTar, eclii M3MEepeHus IPOBOAUTH Ha 3KBaTope uiu Ha CeBepHOM MOJIoCe,
IJie yCKOpeHue CBOOOAHOIO MajieH!s OTIMYHO OT ycKopeHus B benropoae?

3. ToueMy KOA(PPUIIMEHTHI TTOBEPXHOCTHOTO HATSHKEHUS TOPSYEH W XOJIIOMHOW BOJBI OTIIMYAOTCS
apyr ot apyra? Kaxk 3aBucut ko3(hpuIimeHT nNOBEpXHOCTHOTO HATSDKEHHS OT TEMITepaTyphl?

4. I'me BBIIIE TOJHUMAETCSA BOJAA B KallMJUIIpax PaBHOIO pajguyca — Yy MOJHOXHUS BBICOKOH TOpbI
WJIA HA €€ BEPIIMHE U IToYeMy?

5. Ilouemy, mpexae 4yeM MOKPBHITh LITYKATYpKy MAciIsIHOW KpacKOW, NMpeABapUTENbHO IPOU3BOJAAT

TPYHTOBKY OJU(}Oi1?

JIABOPATOPHASI PABOTA Ne 5.
N3yueHnne 371e KTpHYECKOTO MOJIS.

Ilens pabompi: ¥3y4uTh SIEKTPHUECKOE TOJIE.

Teopusa. CtanuoHapHOE SJIEKTPUUECKOE MOJIE TaK K€, KaK M 3JEKTPOCTATUUYECKOE IM0JIE B KaXI0i
TOYKE XapaKTEPHU3YETCSI BEKTOPOM HAIIPSHKEHHOCTH IO U IIOTEHII HAJIOM.

AOCONIOTHOE 3HAYCHHWE HANpsHKEHHOCTH E  BeIpakaeTcs dYepe3 TpaaueHT MOTEeHIMana
Ap | AX (M3MeHEeHHe TIOTEeHIMana ¢ Ha eAWHHWILy JUIMHBI B HANpaBJICHHH HOPMaIHd K
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9KBUIOTECHIIMAJIBHOMU HOBerHOCTI/I) TaK:
E=-22 (1)

I'paduueckn »syeKTpuyeckoe IoJe MOXKHO H300pakaTb HE TOJBKO C TOMOUIBIO JTHHUHN
HaMpPsHKEHHOCTH, HO U C TIOMOIIBIO 9KEUNOMEHYUAIbHBIX NOGEPXHOCMeEll - COBOKYITHOCTh TOYEK B
MPOCTPAHCTBE, HMEIOIMX OJWHAKOBBIK moTeHnuan. llepecekasich ¢ MIIOCKOCTHIO YEpTEXka,
HKBUBAJICHTHBIE TOBEPXHOCTH JAIOT 9KEUNOmMeHyuaibhsie 1unuu (puc. 1).

Pucynok. 1

B  KakIoii TOYKe OKBUIOTCHIHMAJIBHOW TIOBEPXHOCTH BEKTOP HANPSDKCHHOCTH  TIOJIS
NEepHEeHANKYISPEH el U HallpaBJIEH B CTOPOHY YObIBaHUS MOTEHIIHAIA.
Onucanue npubopa u cxemol.

L=y S,
“1\ T I
= @
e | /__‘__:\_'_/ s ”
£ — -
(r ,l : e
1
) |- E
A
3
Pucynok. 2

YcerpoiictBo mpubopa, NPUMEHSIEMOro MpU HU3Y4EHUH SJEKTPUUYECKOTO IOJsl, BUAHO HU3 CXEMBI,
npeacTaBieHHONW Ha pucyHke 2. OcHOBHas yacTh nmpubopa - ctaHok C (MJIOCKHUH, MPSIMOYTrOIbHON
dopMbl THUCT U30JsATOpa). CHUMMETPUYHO BOJIM3M KPaeB 3TOT0 JUCTa BMOHTUpOBaHbl Kiemmbl - K. K
3TUM  KJIEMMaM CHHU3y MOJKIIOYAloTCs MoJockl Oatapen E, a cBepXy 3aKMMaroTcs railkamu
MJIOCKUE AJIEKTPOAbI O MpUKuMarolme GuiIbTpOBaHHYIO Oymary.

Ilpuéoper u npunaonexycnocmu: O6ymary (tkanp) @; 1. ['anmpBanomerp; 2. [[Ba MeTaluTHYECKUX
30H7a: 3. CTaHOK JUIsl KPEIJICHHS AJIEKTPOAOoB U Oymaru (TkaHu); 4. ICTOUHHUK MOCTOSSHHOTO TOKa
(JIUIT); 5. CoequuuTeNnbHBIC MPOBOIHUKH; 6. JINHEKA, XUMUYECKUN KapaHJAll | BOJA.

Ilopaook evinonnenus padomol:
1. HauepTuTh B MpOTOKOJIE KOOPIMHATHYIO CETKY, IMTOKa3aHHYIO0 Ha pucyHke 1.1.
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F'LI:IKBFHS
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1D rars

Pucynok 1.1.
2. YkpenuTh (puibTpoBaHHYIO Oymary (TkaHb) Ha craHke C M cMOUUTh Oymary (TKaHb) BOJOH.
3. OnpenenuM pacnpe/esieHue MOTEeHIMAIoB B/10Jb ocu X. [l aToro:
3.1. IlpucoenuHsieM 30HIbI K KJIEMMaM TraJlbBaHOMETpA.
3.2. OauH U3 30H/I0B YCTaHABIIMBAEM B TOUKE A.
3.3. Bropoe octpue 30HIOB YyCTaHaBJIMBaeM B TOYke 1, M MO MOKa3aHUSAM TajJbBaHOMETpa
onpenenseM IOTEHIMal ¢, TOukd 1 (ecam cTpenka TajdbBaHOMETPA OTKIOHAETCS B

IPOTHUBOIOJIOKHYIO CTOPOHY, TO CJIEAYET MOMEHSTh MECTAMU 30H/IbI. ).

3.4. He MeHssI OJIOKEHUE TEPBOTO 30HJA B TOYKE A, aHAJOTMYHO M3MEpsieM MOTEHIHAT TOYEeK
2,34, B.

3.5. Pe3ynbTathl MosydeHHBIX U3MEHEHUH 3aHeceM B Tabiuiy 3.1.

Taoauna 3.1

@ A, [B] ¢1,[B] ¢ 2,[B] ¢ 3, [B] ¢ 4,[B] ¢ s, [B]

4. O6paboTatTh MOTYICHHBIC PE3YJIbTATHI.
4.1. BeuuciuTh 3Ha4eHUE Pa3HOCTU MMOTEHIIUATIOB A , UCIIOJIb3Ys JaHHbIE Tabauibl 3.1.

Q- Q= B
@ -Q) = .. B
O, - Q3= .o, B
Q- @, = .o B
O, - Pp=.oennnn. B

4.2. OnpenenuTh rpaiMeHT MOTEHIMaNa BAONb NUHUU A u B (s touek 1,2,3,4) u pe3ynbTaThl
MOJTYYCHHBIX BHIYMCIICHUH 3aHECTH B TaOiumIy 4.1.

Taoauua 4.1.

E1,[B/M] E2,[B/M] Es,[B/M]] E4,[B/M]

5. OnpeaenuM JIMHUU SKBUIMTOTEHIIMAILHOM MOBEPXHOCTH. [[7151 3TOTO:
5.1. TTomemaeM ocTpHe MEPBOTO 30HA B TOUKY A.
5.2. OcTpue BTOPOro 30H/1a TOMENRAEM B TOUKY 1 M ompesesnseM 3Ha4eHUE @, .
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5.3. He u3MeHsIs moI0KeHUE IICPpBOIo 30HA4, IMepeMeiacM OCTprUC BTOPOIro 30HAA 10 JIMHUN FE u,
HCIIOJIB3Yysd IIOKa3aHWsA TrajJlbBaHOMCETpA, HAXOJUM Ha ITON JIMHUH TOYKY, IIOTCHIHAJ KOTOpOﬁ
YHCJIICHHO PABCH @, .

5.4. TlonydeHHOE MeCTOHaxOXXJIeHHEe Toukd Ha JTuHUU FE oTmMeuaeM Ha KOOpIWHATHOM CETKE B
MPOTOKOJIE.

5.5. He MeHsis mookeHre TIEPBOTO 30H1a B TOUKE A, aHajlornuHo HaxoauM Ha nuHusx NM u SR
TOYKH, IOTEHLUAJIbI KOTOPHIX PABHEI @, .

5.6. IToBTopsiem onwiT st nunuii DC, LK, PO.
5.7. MecTOHax0XIEHHUE MOJyYeHHBIX TOUYEK OTMEYaeM Ha KOOpIMHATHOU cucteme. llosydeHHbIe
TOYKA COCIMHSIEM IUIABHOM KpPUBOHM, KOTOpass M300pakaeT JIMHUIO OSKBUIIOTEHIUMAIbHON

IMMOBCPXHOCTHU, C MOTCHIINAJIOM PaABHBIM (I

5.8. He MeHssI TONOKEHHWE TIEPBOTO 30HJA B TOUYKe A, aHAJIOTHYHO OIpeAeiseM JHHUU
SKBUIIOTEHIIMAIBHOM IIOBEPXHOCTH JJIs 3HAYECHUN @, , @3, @, -

5.9. llonyyaeM kapTHHY JTHHUH SKBUTTOTEHIIMAILHON MMOBEPXHOCTH (pHc. 1.1).
6. Cenars BEIBOJI.
7. OTBETUTb Ha KOHTPOJIbHBIE BOIIPOCHI.

Konmponwvnuie éonpocwi:

1. Yemy paBHa pa3HOCTh MOTEHIHAIOB MEXKIy JIIOOBIMH TOYKAMH Ha 3KBUIIOTEHIMAIbHOMN
MOBEPXHOCTU?

2. Moryr 7 JMHUM HANpPsHKEHHOCTH DSJIEKTPOCTATUYECKOTO MOJI KacaThCs IPYr Opyra WM
nepeceKkaThest?

3. Kak pacrnonoxeHbl JMHUM HaANPsHKEHHOCTH JJIEKTPUYECKOTO TMOJs IO OTHOIIEHHIO K
OKBUITOTCHIIMAJIbHBIM HOBerHOCTflM?

JIABOPATOPHAS PABOTA Ne 6.
OnpeneJieHue 1€ KTPOABMIKYIEH CHIIBI U BHYTPEHHET0 CONPOTUBJICHUA HCTOYHHUKA
3JIEKTPUYeCKOH JHEe prum.

Llenv pabombi: onipeneuTh JIEKTPOJABUKYIIYIO CHIIy U BHYTPEHHEE COMPOTUBIICHHE U CTOYHUKA
AIEKTPUUECKON PHEPTUU.

Teopus. Bo3HUKHOBEHHE PAa3HOCTH MOTEHLMAIOB Ha MOJIOCAX JIF0OOr0 MCTOYHUKA TOKA SIBISETCA
pe3ynbTaTOM pa3JeNeHUs] B HEM IOJIOKUTEIBHBIX M OTPULATENIBHBIX 3apsAA0B. JTO pasJelieHHe
OPOUCXOJUT Onarofapsi paboTe coBepIIaeMOi CTOPOHHUMH cuiiaMu. CmoponHue cuivl - CUIIbI,
JEUCTBYIONIME IPOTUB 3JIEKTPUUYECKOTO MOJsI U BBINOJHAOLME padoTy 3a cyeT Kakoh-1ubo
SHEPIUU, NOABEAEHHON U3BHE.

Bennumnna, n3mepsiemast paboToi, COBEpIIAEMON CTOPOHHUMHM CUJIAMH TIPU NEPEM CIICHUH €IMHUIIBI
IIOJIOKUTENIBHOIO  3apsila BHYTPM MCTOYHMKA TOKA, HAa3bIBACTCA AJIEKTPOABIIKYIIEH CHIION
HMCTOYHHUKA TOKA (3.]1.C).

Ecnu nens pa3omMkHyra, TO paboTa CTOPOHHUX CHJI IPEBpAIACTCS B MOTCHLIHAIBHYIO SHEPTHIO
UCTOYHMKA Toka. [Ipy 3aMKHYTOH 1enu 3Ta MOTEHIMalbHas YHEPIus pacxoJyercss Ha paboTy o
MIEPEMELICHUIO 3apsA70B BO BHEIIHEH LIENU C CONPOTUBIIEHUEM I M BO BHYTPEHHEW YacTH LIEIH C
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COIIPOTUBJICHUECM o, T.C.
Q,Z[C = UBHCI.H + UBHyT, NN SHC =|r+| o
Beauunne E u o MOXXHO OIIPECACTINTHb OIIBITHBIM HyTeM

Ilpuéopel u npunaonexcnocmu: aKKyMmylnaTopHas Oarapes, aMIepMeETp, BOJBTMETp, Mara3uH
COTMPOTUBJICHUM, KITFOY 3aMbIKaHUSI TOKa, TPOBOJA.

Hopsaook evitnonnenus padomot.

1. U3yunTs mKaxmy amrepMmerpa v ONpeAeIuTh IIeHY OJHOTO JCTICHHSI.

2.1. Cobpartb >neKTpriecKkyto 1ersb o cxeme (puc.2.1.). Jlns 3Toro Hy)KHO y4ecTb, 4TO:
2.2. AMriepMeTp B JIEKTPUYECKYIO IENb MOKII0YAeTCs MOCIeJ0BATENBHO.

(A ]
I"*-_/I | I
-, |+
T
Pucynok.2.1.

2.3. [lepexirouarenb 0JKEH HAXOJUTCS B Pa3OMKHYTOM COCTOSHUU.
3. Pabora ¢ anekTprdecKol IEenblo.
3.1. 3aMKHYTb 3JIEKTPUUECKYIO IIeTlh C EPBOHAYAIBHBIM COMPOTHBIIEHHEM R = R1 1 onpenenuTs ¢
MOMOIIBIO0 aMIIepMeTpa CHITy Toka l1.
3.2. 3ameHsieM B 1enu comnpotuBicHHE Ri1 Ha R2 BHOBB ompenensieM crly Toka B memu l2 ¢
MIOMOIIBIO0 aMIIEPMETPA.
4. OrmpenenseM BHYTpEHHEE CONPOTUBIIEHUE UCTOYHHKA, /ISl 3TOTO COMOCTaBUTh:
4.1. ConocTaBUTh MOMYyYCHHBIE JaHHBIE PU IBYX Pa3IMYHBIX COMPOTUBICHUSIX BHEIIHEH 1IeMH:
4.2. VYuaectb, uro D]JIC
e=1LR + 1
HMCTOYHHUKA (4.1.) snexrpuueckoii SHEPrUu — BEITUYUHBI

e=1,R, +1,r, y
IIOCTOSAHHBIC, HC 3aBUCALIIC oT CcoCTaBa BHCIIIHCU qacTu

U BHYTpEHHEE  COIpOTHUBJIEHHE  JAHHOTO

AJIEKTPUYECKON LIETH.

IlRl + Ier = IZRZ + |2r0

Ir,+L,r,=1,R, LR (42)

L(L+1,)=1R, LR
4.3. Ucnonwsysa Qopmyny (4.2.) HaiiTu o 1o opmyne (4.3.):
r, = Iz'Tz: :1R1 (4.3)

1 2
5. Omnpenensem DJIC ucTOUYHHKA TOKA, JIJISI 3TOTO HYKHO:
5.1. B onHo u3 ypaBHeHu# cucteMbl( 4.1.) MOACTaBUTh HAIEHHOE 3HAYEHHE I ;
5.2. CompoTuBieHNE BOJIBTMETPA OYCHBb BEIMKO MO CPABHEHHIO C BHYTPEHH UM COMPOTHBICHUEM
o)
5.3. 3HaueHneM MaJCHUS HANPSDKCHHS BHYTPH HCTOYHMKA DJIEKTpUUECKOW sHepruu | r, MoxHO
npeHedpeyb;
5.4. Otcrona cnenyer, uto € = IR, T.e.& = U.
5.5. [ToakIr0YMB BONBTMETP K 32KMMaM aKKyMYJISITOPHOU OaTapee, HaXOIuM & .
6. PesynapTaThl M3MepeHUI W BHIYUCICHUH 3aHECTH B Tabauiy 6.1.
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Taoauna 6.1.
Ne / Ne R, Om I, A c,B r

1
2

7. Cpaenath BBIBOJ O IPOJENIaHHOMN padoTe.
8. OTBeTUTH HA KOHTPOJIBHBIE BOIPOCHI.

Om c¢~U, B

0°

Konmponwvnwie 6onpocw:

1. OnpenenuTh CONPOTUBIIEHUE BHEIIHETO YYacTKa ILIENH, MOJb3YACh pe3ylibTaTaMH IOJy4E€HHBIX
WU3MEPEHUN.

2. B kakom ciydqae pe3ynpTar paboThl MONXy4HTCs Oojiee TOYHBIM: JUIs OaTapeiiku KapMaHHOTO
(doHapst WM U1 KUCIOTHOTO aKKyMyJsiTopa?

3. B kakoMm ciyd4ae BOJBTMETp, BKIIOUEHHBIM Ha 3aXKHMbl TIeHepaTopa (MCTOYHUKA TOKA),
nokasbiBaeT JJ]C renepaTopa v B KaKOoM cilydae HalpsDKEHUE Ha KOHIIAX BHEIIHEro yJacTka enu?
MOXHO JIM 3TO HampsDKEHUE CUMTATh TAKKE M HANpPSHKEHUEM Ha KOHIIAX BHYTPEHHETO ydJacTKa
nenu?

JIABOPATOPHASI PABOTA Ne7.
OrnpegesieHue yAeJbHOTO CONPOTUBJIECHUS MPOBOIHUKA.

Iens pabomei: onpenenuTh yAEIbHOE COMPOTUBIICHNE TPOBOTHUKA.

Teopus. Bce Metamibl B TBEPAOM U KUJKOM COCTOSIHUM SIBIISIFOTCSI HPOBOOHUKAMU FTEKTPUUYECKOTO
ToKa. OTBITHl MOKAa3bIBAIOT, YTO MPH NMPOXOKAECHUHU HIIEKTPUUYECKOTO TOKA Macca METaITMYEeCKHX
MPOBOJITHUKOB OCTA€TCS MOCTOSIHHOM, HE M3MEHSIETCSl ¥ KX XUMUUYECKHI COCTaB. ITO TOBOPUT O TOM,
YTO B CO3JAaHUU DJIEKTPUYECKOIO TOKA B METaUlax Y4JacTBYIOT TOJIBKO 2nekmponsl. Ilpu
OTCYTCTBHH BHEUIHETO 3JIEKTPUYECKOTO IMOJIsI CBOOOIHBIE AJIEKTPOHBI MEPEMEIIAIOTCS B KpUCTAILIE
MeTajyla XaoTHdecku. IIpym Hamuuum 3JEKTPUYECKOTro MO CBOOOAHBIE AIIEKTPOHBI, KpOMeE
Xa0TUYECKOTO JBUIKEHUS, IPUOOPETAIOT YHOPAIOYEHHOE JBHKEHHE B OJHOM HAlpaBJICHUH, U B
IIPOBOJIHUKE BO3HUKAET JJIEKTPUUYECKUM TOK. TakuM 00pa3oM, 3JIEKTPUUECKHH TOK MOMKET OBbITh
MOJIy4eH TOJIBKO B BEILECTBAX, B KOTOPBIX UMEIOTCS C80000HbLE 3APANCEHHbIE YACMUYbL, U, YTOObI
OHM MPUIILIY B IBMKEHHE, HY)KHO CO3/IaTh B TPOBOJHUKE JIEKTPUUECKOE TOJIE.

OcHOBHas JJIEKTpUYECKasi XapaKTepUCTUKa TMPOBOAHUKA - conpomusnerue. CONPOTUBICHUE
IPOBOJHMKA MPENCTABIAET cO00il Kak Obl Mepy MPOTUBOJCHCTBUS MPOBOJHUKA YCTAHOBJICHUIO B
HEM 3JIEKTPUYECKOTo TOKa. PazHble MeTallIbl UMEIOT pa3HbIe yAeNbHbIE KOMUYECTBA (HAXOISAIHeCs
B eauHUIlE O00BeMa) CBOOOMHBIX 3apsnoB. [l03TOMy CONpPOTHBICHHE MPOBOJHUKA 3aBUCHUT OT
marepuaia, a TaK e ero TeOMETPHYECKHX pa3MepoB. Jlisi CpaBHEHHS DIIEKTPUUYECKUX
XapaKTePUCTUK NMPOBOJHUKOB YI00OHEE MOJIb30BATHCS BEIMUMHOMN UX YIeIbHOTO CONMPOTUBIICHUS.
ConporuBneHre R mpoBomHUKA UIMHHOW | MOCTOSIHHOW TUIOMAIBIO MOIEPEYHOr0 CCUCHUST S
paBHO:

R=p
Pg
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Ilpudoper u npunaonexcrnocmu: VICTOUHUK TOKa, PEOXOpA, PEOCTaT, aMIepMETp Ha 2 A,
BOJIETMETp Ha 6 B, MuUKpoMeTp, KiIt0U, COEAMHUTEIbHBIE IPOBO/IA.

Ilopsaook npoeedenun pabomol:
1. M3mepuTth auameTp mpoBoJIOKH peoxopaa d (Mm).
2. CoOpatb JIeKTpHIECKyIO I1elb 1o cxeme (puc.2.1.). I 3Toro Hy)KHO 3HATH:

" +—
R,
® .
il (—I
Pucynox 2.1.

2.1. AMmiepMeTp B AJIEKTPUUYECKYIO IIETb TTOIKITI0YAETCs TTOCIIeI0BATEIbHO.

2.2. BoIbTMETp B DJEKTPUUECKYIO IIETIh MOAKITIOUACTCS MapalIeIbHO.

2.3. B aroit nenu Rx — peoxop.

2.4. R —peocrat (151 moiepKaHusi TOCTOSIHHOTO 3HAYEHUsSI TOKa | BO BpEMsI OIBITOB).

3. OrmpenenseM yaensHOE COMPOTHBIICHHUE IPOBOTHUKA, TSI TOTO HY)KHO:

3.1. YcranoBuTth JumnHy peoxopaa Ha 30 cm.

3.2. amepuTh BenmuuuHy ToKa | B a3ekTpuyeckoii 1enu u HanpspbkeHue U Ha KOHIIax MpOBOTHUKA.

3.3. o 3akony Oma juis yyactka uenu | = Ri onpenenuth Rx mo gopmyne: R, = UT

X
2
3.4. BeIUMCIUTH IIONRb TONEPEYHOTO CEYeHUS TPOBOIHUKA IO Gopmyine S = R

I
3.5. Ucnoneszys ¢opmyny R = pg, ONPENEIUTh YIAEIbHOE CONPOTUBJIEHUE NPOBOJHHUKA I10

dopmyne: p = Ré.

4. TToBTOpHUTH PabOTY C ANEKTPUUECKON 1ETIbI0, YCTAHOBUB peoxopA cHavana Ha 40 cM, a TOTOM Ha
50cMm, UCTIoB3ysl JiIs 3Toro myHkTel 3.1. — 3.5.

4.1. Haiitn cpennee 3HadeHue p,,, MCIONb3ys KOHEUHBIH PE3ylbTaT TPEX ONBITOB, MO GopMyIe:

_ Pt P, +P; _

pcp. 3

pmaﬁ - paxcn

mao

5.  HaifTu OTHOCHTENBHYIO MOTPEIIHOCTh MO dopmyne. & = -100%, wucnoms3ys

3HaueHUE p,,; W3 TabauLbl 5.1,

Tabmuna 5.1.YaensHoe conpotuBieHue p (mpu 20 °C) m TemmeparypHbiii Kod(hdUITHEHT
COMPOTHUBIICHHUS 0L METAJUIOB U CILJIABOB.

BemecTBo p, o, BemecTBo P, o,
«108 Om*Mm K1 «108 Om*Mm K
Wi WIn 1
«102 OM*MM2/m «102 OmM*MM2/m
ATOMUHUNA 2,8 0,0042 Huxpom 110 0,0001
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Bonbdpam 55 0,0048 CBuHeIl 21 0,0037
JlaTyHp 7,1 0,001 Cepebpo 1,6 0,004
Mens 1,7 0,0043 Craisb 12 0,006
Huxenuu 42 0,0001

6. PesynbraThl U3MepeHU U BRIUMCICHUH 3amucarh B Tabauiy 6.1.

Ta6auma 6.1.
Ne d, (m) l, (M) I, (A) V,B) |[R, (Om) |[S, (M) | p, (Om Py g,
VT M) (Om (%)
M)
1.
2.
3.

7. Caenatb BBIBOJI O TIPOJICTIaHHOM padoTe.
8. OTBGTI/ITI) Ha KOHTpOJII:HI)Ie BOHpOCBI.

Konmponvnuie 6onpocw:

1. Tlouemy MeTayIbl SBJSIOTCS XOPOIIMMH MPOBOJAHUKAMHU 3JIEKTPUUYECKOTO TOKa?

2. Yro HeoOXOaMMO Ul CO3[AaHUSI HJIEKTPUUYECKOTO TOKa B BellecTBe?

3. KakoBa npuposa 3J1eKTpu4ecKoro CornpoTUBIICHUS METAIIOB?

4. Ilouemy pa3Hble METAJUIBI UMEIOT pa3Hble yAEIbHbIE CONPOTUBICHUSA?

5. OIIpeeNnTe CONPOTHBIIEHNE | METpa aTIOMUHUEBOM TIPOBOJIOKH, CEYEHHE KOTOPOH paBHO 1 MM2.

JABOPATOPHASI PABOTA Ne 8.
H3yuenue 3axona OMa 17151 y4acTKa HeMu,
MocJieI0BaTeIbHOT0 M MAPAJIJIeJIbHOTO coeTUHe HUsI

eab padoTbl: DKCIEPUMEHTAIBHO 10Ka3aTh YTBEPAKAECHUS O TOM, UTO:

1) B mocienoBaTeNbHOW IEMM 3HAYCHUE CHIIBI TOKA OJMHAKOBO Ha J0OOM ydactke. OOuiee
HalpspKeHHe, MPUII0KEHHOE K 1[eNU paBHO CyMME HalpsDKEHUM Ha OT/IENbHBIX Y4acTKax;

2) B MapaJuIeNIbHOM LeNU 3HAYCHUE CHJIBI TOKA CyMME 3HAYCHUU CHJIbI TOKA B Ka)XJIOW M3 BETBEH.
Hanpsbxenue Ha KaK0M U3 apaJlJIeNIbHBIX BETBEH LIETIH OJIMHAKOBO.

OO0opyaoBaHUe: HMCTOYHHK ODIICKTPONUTAHUSA (BBIIpsAMUTENs BY-4M), BombTMETp, ammepMmerp,
COEIMHUTEIBHBIE MPOBOAA, IEMEHTHI TUTaHIeTa Nel: ko4, mocTostHHbIE pe3ucTopsl R1 1 Re.
Kpatkue TeopeTHMdyeckne CcBeJeHHMsl. OJIEKTPUYECKUE LIE€MHM, HCIONb3YEMbIE Ha IPAKTHKE,
COJIepKaT, KaK IMpaBUJIO, HECKOJIBKO IMOTpeOUTENeH SJEKTPO’HEpruu. DTH MOTPEOUTENN MOIyT
OBbITh MO-Pa3HOMY COEAMHEHBI APYT C APYTOM, HANPUMED, HOCIE008AMENLHO U NAPATLIENbHO.

IIpu nocnedosamenvhom COEAUHEHUN MOTPEOUTENN BKIIOYAIOT B IIEIb 100YEPEIHO APYT 32
apyroM 0e3 pa3BETBICHMI NpPOBOAOB Mexay HUMHU. [Ipu mocienoBaTenbHOM COEAWHEHUHU
IIPOBOJHUKOB CHJIa TOKa BE3[€ OJWHAKOBA, HANPSHKCHUE B LIENH PAaBHO CyMME HAlpPsDKEHUU Ha
OTJENBHBIX YydJacTKaX, a oOIlee CONpPOTHUBIIEHWE CKIAABIBACTCS W3 CONPOTHBICHHH OTIETBHBIX
nposoaaukoB: | =1, =1,;U=U, +U,; R=R +R,.
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Bce mnpuBeneHHBbIE 3aKOHOMEPHOCTH CHPAaBEMJIUBBI Ui JIIOOOTO YHCIA TOCIEA0BATEIBHO
COCIMHEHHBIX MPOBOAHUKOB. OTIMYUTETHFHON OCOOEHHOCTHIO IOCIEAOBATEIBLHOTO COCAMHEHUS
IMPOBOJHUKOB ABJIACTCA TO, YTO IMPHU OTKA3€C B pa60Te XOTs OBl OAHOT'0 M3 HUX TOK IIPCKpalIacTCA
cpa3y BO BCEH LIEIHU.

Ilpu napannenvnom coeduneHuu BCE MPOBOJHUKH MOAKIIOYAIOTCS K OJHOM M TOM ke mape
TOYCK. HpI/I mapajujiICJIbHOM COCANHCHU U IMPOBOJHUKOB HAITPSXKCHUE HA BCECX YHAaCTKaX HEIIN OAHO U
TOXKe, OOm@s cujga TOKA paBHA CyMME CHJI TOKOB Ha OTAETBHBIX MPOBOJHUKAX, a oOIree
COMPOTHUBIICHUE JIBYX IPOBOJIHUKOB HAXOJUTCS KaK OTHOILICHU € TTPOU3BEACHUS UX COMPOTUBIICHUM

R.R,
R,+R,

C yBenMYeHHEM YHClla TPOBOJHUKOB O0Illee COMPOTUBICHHUE OY/IET CTAHOBUTCS BCE MEHBIIIE

u  MeHbile. OTIUYUTENBHON  OCOOEHHOCTHIO  IMAPAJICNIBHOIO  COEJUHEHHUS]  HECKOJIBbKUX

kuxcymme: | =1 +1,;U=U, =U,; R=

noTpeduTeNel SABJIETCS TO, YTO INPU BBIKIIOYEHMH OJHOIO W3 HUX OCTAJIbHBbIE IPOJOKAIOT
paboTarts.

Iopsinok npoBeeHusi padoOTHI:

1. B xozne mepBOro stama HMCCIEOYIOT 3aKOHOMEPHOCTU paclpeiiefieHus HalpspKeHUW U TOKa B
nocuenoBareabHON 1enu. CoOMparoT cXeMmy 3KCIEePUMEHTAIBHOM YCTAaHOBKHM JJISI 3TOM 4YacTH
paboThI.

(cxema 1)

2. Uamepsitor nanpsbkenue Ui Ha pesuctope Ri, nanpsbkenue Uz Ha pesuctope Rz m obimee
HanpspkeHue U, MpUiIoKeHHOE K IByM PE3UCTOpaM.

3. OTI0YalT BOJBTMETP M HM3MEPSIOT aMIIEpPMETPOM 3HAUYE€HHME CHUJIbl TOKAa Ha TPeX ydacTKax
HEMH: MEXIY PEe3UCTOPOM M OTPHUIIATEIBHBIM TMOJIIOCOM HMCTOYHHUKA dJekrpornuTanus (l1), Mexmay
nBymst pesucropamu (l2), a Taoke MEXIy Pe3sUCTOPOM U MOJIOKUTEIBHBIM MOJIOCOM MCTOYHHKA
(13).

4. TlpuctymnaroT K U3y4eHHIO TTapauienbHol nenu. CoouparoT yCTaHOBKY 1O cxeMe (cxema 2)

5. 3mepuB 3HaueHue oOIuei CHibl TOKa |, aMIepMeTp COeAMHSIOT TOCIIEI0BATENbHO C PE3UCTOPOM
R1 u ompenenstor cuiny Toka |1 B aToii Betku. [loToM eme pa3, H3MEHHUB cxeMy, OIPEEIAIOT CUITY
ToKa |2 B BeTku ¢ pe3uctopom Ra.

6. 3anuceiBaloT mokazaHus BosibTMeTpa (U2) MOIKIIOYMB €ro HEMOCPEJACTBEHHO K BBIBOJAM
pesuctopa Rz, morom k pesucropy Ri (U1) m k rHe3nam, Ha KOTOpbIE MOJAETCS HANPSHKEHUE OT
ucTouynuka snekrpornuTanus (U).

7. 3aBepllMB U3MEPEHHUS], BBIYUCIISAIOT CYMMapHOE 3HAUEHHUE HANPSHKEHUI Ha JBYX ydacTKax LielH,
OTHOUIEHUSI HANPsDKEHUM M CONPOTUBIIEHUM I NIEPBOM CEPUM OMBITOB M CyMMAapHOE 3HAYEHHE
CHJIBI TOKA B IBYX BETBSX LIENH, OTHOLICHUE CUJI TOKA Y COTIPOTUBIIEHU BO BTOPOI CEPUH.

8. Ilo uToram M3MepeHNW M BBIYMCICHHUHN JENIAIOT BBIBOJ O CHPABEIIMBOCTb TEX YTBEPKICHHH,

POBEPKa KOTOPBIX SIBISIIACH LENIBIO JAHHON PabOTHI.
F

JE%J@%)

u

1

Cxema 1



¥

|

:1
+J)7 I:l2 ]
4®7

Cxema2
1. Ilocneooeamenvnoe coedumnenue
N3MEPEHO BBIYUCJIEHO
Ui, |[Uz, |, l, |15, |U, |1, Ri, |Ry, |R U, R
B B A A A B A Ou |Om | Om U, R,

PacueTtnl IIPOBOJMM II0 3TUM d)ODMVJIaMZ

I=1,=1,=1;U=U,+U,; R=R +R,; 2= 1%

U, R,

2. Mapannenvhoe coedunenue

N3MEPEHO BBIYUCJIEHO

Ui, U2, 1, 2, u, (I, R, | Rz, R, 1N R,

B B A A B |4 Om | Om Om l, R,
Pacuetsl mpoBOIUM 110 3TUM hOpMyTIaMm:
I=1+1,;U=U=U,; R=—RlRZ ;L:&

R+R, 1, R

KoHTpoJibHbIE BONPOCHI:

1. Kakue compoTHUBIEHUSI MOXKHO MOJTYYUTh, UMEsI TPU pe3ucropa 1mno 6 kxOm?
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2. CompoTHBIJICHHE OJHOTO W3 TOCIEIOBATEIBHO BKIIOYCHHBIX NMPOBOJHUKOB B 7 Pa3 OOJbINe

COIIPOTUBJICHUS APYIOro. Bo ckonbko pa3 UBMCHHUTCA CUJIa TOKa B ICIIN (HaHpH)KeHI/IC HOCTO?IHHO),

€CJIM 5TU IPOBOAHHU KU BKIHOYHUTH napannenLHo?

3. Kakylo TruApoJIMHAMHUUYECKYI0 AaHAJOTHUI0 MOXXHO HCIIOJb30BaTh JUISI MOJEIMPOBAHUS
MOCJIEI0BATENIbHOIO U MAPaIEIbHOTO COEIUHEHU S IPOBOIHUKOB?

4. Kak 3aBucCHT MOIIIHOCTB, BBIACIAEMAA B IPOBOJAHUKAX C TOKOM, OT THUIIa UX COCI[I/IHeHI/Iﬂ?

5. Kak coeamaeHbl moTpeOuTeNH AIEKTpoIHEpTuU B kBapTupax? [louemy?

6. Kak coegrtHEeHbI TaMITOYKH B €JIOYHOU TUpIsHAC?



28

7. CoeauHeHue Kaxaoro npoBogHuka 1 OM. uyeMy paBHO CONPOTUBIIEHHE JIBYX TaKUX
IIPOBOJHMKOB, COEJMHEHHBIX I10CIIE10BATENbHO? NapaljIeIbHO?

JIABOPATOPHAS PABOTA Ne 9.
HccaenoBanue 3aBUCHMOCTH MOIHOCTH OT HANIPSZKE HUS.

lleJlb paﬁombt: ncciacaoBarb 3aBUCMMOCTh MOIIHOCTH, HOTpe6HﬂeMOﬁ JIaMITIOH HaKaJIMBaHUA, OT
HaIpsODKCHUA Ha €€ 3aKMMax.

Teopua. Mowmnocms moxa - BENTUYMHA, XapaKTEpU3YIOIAs, C KaKOM CKOPOCTBIO COBEpIIAETCS
pabora ToKa.
Tak kak pabota Toka MOkeT ObITh ompeaeneHa mo ¢opmyne A=1-U-t, To monmocTs Toka P
MOKHO BBIYUCIINTD, 3HAAd BCIIMYNHY TOKA I n HaIpsOKCHU A U:

P=U".I[Br]
W3 gopmynbl BUAHO, YTO MOIHOCTH TOKA 3aBHCHT OT HampsbkeHus. MccnenoBanue 3aBUCHUMOCTH
MOIIHOCTH TOKa OT HAINPSDKEHUS U SBIISETCS LEbI0 3TOM pOOOTHI.

Ilpuboper u npunaonescnocmu’. VICTOUHUK SIEKTPUYECKON SHEPIUHU; OCBETUTEND C Jamion 6,3 B;
0,28 A; ammepmeTp; BOJIBTMETP; KIIOY; PEOCTAT MOI3YHKOBBIN; COSAMHUTEIbHBIC POBO/IA.

IHlopaook evitnonnenus pabomor:
1. PaGora ¢ »ieKTpruueckoil CXeMOM.
1.1. CocTaBuTh 11€Mb 10 CXeMe, U300pakeHHOM Ha puc. 1.1, i 3TOro HY)KHO 3HATh, YTO:

—— 1

Pucynox 1.1.
1.2. AMnepmerp MOAKIIOUACTCA B JEKTPUUECKYIO 1IEMb IOCIEI0BATEIbHO U U3MEpPSIET CUITy TOKA B

enu.
1.3. BonbT™MeTp MNOAKIIOYAETCS B JJIEKTPUYECKYIO IENb IS ONPEACICHUs HaNpsHKSHUs Ha
JTaMIIOYKe.

1.4. PeocTar CIy)KUT JUTSI PETYJHMPOBAHUS CXEMBI TOKA B DJIEKTPUYECKON IIETTH.

2. OnpenenuTh MOIHOCTD 3JIEKTPUUYECKON JTaMITbl B COOpaHHOM cXeMe.

2.1. 3aMKHYTPH IeNTh ¥ IPH MIOMOIIM PEOCTaTa, yCTAHOBUTH HAUMEHBIIEe 3HaUeHUE HAPSHKEHUS.
2.2. IlocreneHHO BBIBO/S pEOCTaT, 3aMUCHIBATh 3HAUCHHSI HANIPSDKEHUS CHIIBI TOKa. [locTymaTh Taxk,
NOoKa He OyIeT IOCTUTHYTO TO HaIpsDKEHHE, Ha KOTOPOE pacCYMTaHa JIaMIouyka (HOMHHAIbHOE
HanpspkeHue). JloctaTouHo TpEX MOoKa3aHUU aMIepMETpa U BOJIBTMETPA.

2.3. JIns KaKAOTO 3HAYEHHS HANPSDKCHHS MOIIHOCTB, IMOTPEOISEMYyI0 JIaMITOH, IOACYUTATh I10
dopmyne: P=U-I

3. I[J'ISI Ka’XZI0ro 3HAYCHU S HAIPSAKCHU A BBIYUCIIUTD:
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3.1. ConpoTuBIIeHUE HUTH JaMmITbl 1o Gopmyre: R = UT

3.2. TemnepaTypy HMTHU JIamIibl 1o gopmyne: T = %,
0"
1 .
rne a = 0,004 " TEeMIIepaTypHbli KOI(ULIMEHT CONpOTHUBICHUS Bojdb(pama; Ro —

conpotusienue HuTh nammsl 1pu 0°C (Ro = 1,5 Om).
4. Pe3ynbTaThl BCeX U3MEPEHUM M BBIYUCIICHUH 3anucaTh B Tabiauiy 4.1.:

Taoauua 4.1.

Ne Tun Hanpsoken | Cuna Moumoct | Conporusne | Temmnepary | Temnepary
OMBITA | JIAMITBI ue TOKa b HUE pa pa
U, B I, A P, Br R, Om T, K t,°C
1.
2.
3.

5. Cpaenatb BBIBOJ O IPOBEAEHHOM padoTe.
6. OTBEeTUTH Ha KOHTPOJIGHBIE BOTIPOCHI.

Konmponwsnuie eonpocwi:

1. Tloyemy c MOBBIIIEHNEM HANPSHKEHHS YMEHBIIAIOTCSI TOTEPHU B JIMHHUH 3JIEKTp oriepeaaq?

2. T'me ObITYy M B TEXHUKE PUMEHSIOT TEIIJIOBOE ACHCTBHE IIEKTPHIECKOTO TOJIs?

3. UeM MOXXHO 3aMEHUTh HUTh HaKAJIMBAHMS B JIAMIIaX, YTOOBI YBEIUYUTH CPOK CITYXKOBI JTaMIIbI?
4. Jlyig 9ero MCIOJB3YIOT TIaBKUeE Mpenoxpanutend (“mpooku’)?

JIABOPATOPHASI PABOTA Ne 10.
OrnpegeseHue 3J1e KTPOXUMHYECKOI0 JKBUB AJICHTa ME/IH.

Llenv pabomeir: onpenenuTh IEKTPOXUMUYECKUIT SKBUBAJIEHT ME/IU.

Teopus. Monexynbl COJEi, KACTOT, IIET0YEH, MPU PAaCTBOPEHUHN 3TUX BEUIECTB, HAIIPUMEP B BOJIE,
pacmaialoTcs Ha 3apsDKeHHBIC YacTUIBI - WOHBL. [Ipoliecc Ha3bIBACTCS 31eKMpOIUmMuieckol
ouccoyuayuell.
Ecnu B pactBOp, conepkanmii MOHBI, ONMMYCTUTh IJIACTUHBI, COEIMHEHHBIE C 3a)KUMaMH UCTOYHHUKA
MOCTOSSHHOTO TOKa, TO B 0Opa3oBaBIIEMCS SJEKTPOIUTUUYECKOM TOJIC TOJOKHUTEIBHBIE HOHBI
MeTalllla UJIM BOJOpoJia OyayT JBUTAThCs K OTPULIATENBHOU TIACTUHE (Kamooy) W BBIICIATCS Ha
HEM B BHJIC TBEPJOTO Ocajka (METayul) WU IMY3bIPHKOB Taza (Bomopoxa). OTpuiiareabHble MOHBI
OyIyT BBIJICTATHCS HaA IMOJOXKUTEIBHOM TJACTHHE (aHOoOe). DTOT TPOIECC COMPOBOXKIAIOIIMI
MpOTEKaHUE TOKA Yepe3 pacTBOP, HA3BIBACTCS 21€KMPOIUZOM.
Macca BbIIETUMBIIMXCS HOHOB M MPSIMO MPOINOPIIMOHAIbHA KOJIWYECTBY MEPEHECEHHOIO MOHAMHU
AJICKTPUYECTBA ( WIIU CUJIe TOKa | ¥ BpEeMEHU ero MpOoXoKIcHUs L

m=k |t
Koadpunment nmpornopuroHanbHOCTH K SIBISETCS IS KaXKIOTO BEIIECTBA BEIMIUHON MOCTOSHHOM



30

N Ha3bIBACTCA OJIEKMPOXUMUHUECKUM IKEUBATEHNMOM e6eujecmed. On moka3blBaeT KakoBa Macca
BCHICCTBA, BBIACIIAIOMICTOCSA Ha 3J3JICKTPOAC IIPHU IMPOXOXKACHHHU 4YCpPE3 IBJICKTPOJIUT CAWHUIIBL
KOJIMYECTBA DJICKTPUYCCTBA.

Ilpuébopsr u npunaonexcnocmu: aKKyMyJsATOp, SJIEKTPOJIMTHYECKAs BAHHA C PACTBOPOM MEIHOTO
Ky[iopoca, 2 MEIHBIX 3JIEKTPOJa, aMIepMETp MOCTOSHHOTO TOKA, PEOCTaT, PyOMJIBHUK, ITPOBOJA,
Bechl, pazHoBechl 10 0,01 1, cekynaoMep, 3aeKTpudecKkasl IUIMTKA, COCYA C BOJIOM.

Ilopsaook evinonnenus padomol:
1. PaGora ¢ 31eKTpruUecKoil 1eMblo.
1.1. CoOparts 1emnp, Kak MokazaHo Ha cxeme (pucyHok 1.1);

Pucynox 1.1
1.2.3aMkHyTh LleTIb W C MOMOLBIO peoctata R ycraHoBuTh cuiy Toka okono 0,5A; 1.3
Pa3zoMkHyTh LIETIB;
2. BeIHYTH KaTo1, MPOCYIMTh HaJ AJIEKTPUICCKON TUTUTKOM, OYMCTUTh €T0 HAXIA9HOM O yMaroi.
2.1. IIpoMBITH B BOZIE KATO/ U MOBTOPHO MPOCYIIMTH €T0 Hal JIEKTPUYECKON TIIHTKOM;
3. YpaBHOBECHUTD BECHI.
3.1. B3BecuTh KaTOJ ¥ ONPEAEIUTHL MacCy(M, ) ¢ TOYHOCTHIO 10 10 Mmr;
3.2. TloMecTUTh KaTOJ B AJIEKTPOJUTHUYECKYIO BaHHY, 3aMKHYTh I€lb U OJIHOBPEMEHHO MYCTUTH B
XOJl CEKyHIOMED;
3.3. Bo Bpems ombiTa, KOTOPBIH umuTces 15-20 MUHYT, HEOOXOIMMO CIETUTH 32 TE€M, YTOOBI CHJIa
ToKa ObLTa Hen3dMeHHoM. (0,5 A);
4. Pa30oMKHYTb IIeTIb 1 3ace4b BpeMsi B cekyHaax (t,C).
4.1. V3Bneub Katoj W3 BaHHBI, OCTOPOKHO MPOMBITh B BOJE, MPOCYIIMTHh HAJ SJIEKTPHUUYCCKON
TLIATKOM ;
4.2. TIoBTOpHO B3BECUB, OIPEAEIUTH Maccy (M, );

5. BbIUMCIMTH 3JIEKTPOXMMUYECKUN OSKBUBaNEHT Meau 1o Qopmyne, 3Has I(A), t(c), m, (kr),
m,—m Ke
m, (kr): k=—2—21 | —
It Kn
6. [IoBTOPUTH OMBIT, UCTIOB3YS MYHKTHI 1.2.-5 1abopaTtopHOil paboTHI.

7. Haiitm cpenHee 3Ha4YeHHE DIEKTPOXMMMYECKOTO JKBUBANEHTA K., HCIONB3yd JaHHBIE 2-X

OIIBITOB.

o Ke
8. 3mas, uro TabmuuHoe 3HayeHme K, =3,294-107 X’ OINPENEINUTh OTHOCUTENBHYIO
7

MOTPENHOCTH 10 GopMyIIe:

&= p

k —k
mk—”uﬁ'-loo% e K, =k,

mao

9. Pe3ynbpraTel U3MEpEeHUH U BBIYUCICHUH 3anucaTh B Tabnuy 9.1.:
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Tab6auuna 9.1.
Ne m,, m,, m,—m, I, t, K, K, £,
A [ N (S N (63 @w |© S I S

10. Cnenatb BBIBOJI O MPOJICTAHHOM padoTe.
11. OTBeTUTH HAa KOHTPOJIBHBIE BOIIPOCHI.

Konmponwvnuie eéonpocwi:
3. TloueMy MOJEKY/bl CONH, KUCIOTHI U IENOYH B BOJE PACHANAIOTCA HA HOHBI?
4. TloueMy ¢ MOBBILICHHEM TEMIIEPATYPHI COMPOTUBIICHHE 3JIEKTPOJINTA YMEHBIIAETCS?

5. Tlpu kakux ycIOBUSX KOHIIEHTpALUsl SJIEKTPOIMTA B IPOLECCE DJIEKTPOIM3a OCTAETCs
MMOCTOSIHHOM ? MeHsieTcs?

Kak crnemyer mocTynmuTh, €ciid o OIMMOKe MpY BHITTOJHEHUH OIBITA B3BEIIEHHAs IIACTHHKA Oblia
COeIMHEHA C MOJI0KUTENLHBIM ITOJFOCOM MCTOYHHKA TOKa?

JIABOPATOPHASI PABOTA Ne 11.

JJeKTpUYecKHe CBOMCTBA MOJYNPOBOIHUKOB.
Ilen» padomel: TPOBEPUTD IIEKTPUUECKUE CBOMCTBA ITOIYIIPOBOAHUKOB.
Teopus. DKCIEPUMEHTAIBHO YCTAHOBJIEHO, YTO 3JIEKTPUYECKUH TOK B IMOJYIPOBOJHUKAX HE
CONPOBOXKJIAETCSI MEPEHOCOM BEIECTBA — HHUKAKMX XMMHUYECKUX M3MEHEHUH HE MPOUCXOAMT.
OTtcroma cremyeT, 4TO HOCUTENSIMH TOKa B IOJYIPOBOJHMKAX, KAK U B MeTaulaX, SBJISIOTCS
31eKkTpoHbl. OIHAKO, MEXTy MOJIYMPOBOAHUKAMHU U METaJFIaMU MMEIOTCSA U [NIyOOKHE pa3nuuus. Y
METaJVIOB BaJICHTHBIC JJIEKTPOHBI, HAXOIAIMECS Ha BHEIHUX 3JIEKTPOHHBIX 000J0YKaxX, Ci1abo
CBSI3aHBI C aTOMaMH, JIETKO OTAEJSAIOTCA OT aTOMOB U 00pa3yroT "JIEKTPOHHBIN ra3", KOHLEHTPALUs
KOTOPOTO OY€Hb BEJIMKA.
B nonynpoBoaHuKax BaJ€HTHBIE 3JIEKTPOHbI 3HAUUTENBHO CHJIbBHEE CBS3aHbI ¢ aromamu. [losTomy
KOHIICHTPALMs 3JIEKTPOHOB IPOBOAMMOCTH IIpU KOMHATHOM TEMIIEpaType B IIOJyIPOBOJIHUKAX
HE3HAuMTEelIbHA OHA B MUJUIMAP/bI Pa3 MEHBLIE, YeM Yy METAJUIOB U yAEIbHOE CONPOTUBIICHUE NTPU
HU3KOH TeMIepaType BEIUKO, OHO OJIM3KO K yIAETbHOMY COIPOTUBIIEHUIO AUDJIEKTPUKOB.
[Ipu BHemHEM BO3IEHCTBUM Ha KPUCTAJUIbI MOJIYIPOBOJHHUKA (OCBEIIEHUH €T0 WJIM HarpeBaHUM )
HEKOTOpBbI€ 3JIEKTPOHBI MPHOOPETAIOT SHEPIHI0 JOCTATOYHYIO ISl pa3pblBa KOBAJEHTHBIX CBS3CH.
Takue 37eKTpPOHBI CTAHOBSTCSI CBOOOJHBIMH - TO €CTh AJIEKTPOHAMHU MPOBOJAUMOCTH. Y TOTO aTOMa,
OT KOTOPOTO BHEIIHUM BO3IEHCTBHEM OJIIEKTPOH, OBUI TIEpEeBEACH B CBOOOIHOE COCTOSIHHE,
MOSIBUJIOCh BAKAHTHOE MECTO C HE JOCTAIOIMM 3JeKTpoHOM. Ero HaseiBaror "meipkoit". "[Ipipxa"
BeleT ce0s Kak IOJOXHUTEIbHO 3apshkeHHas dacTuia. Kakoii-nmuOo M3 3JIEKTPOHOB COCETHUX
aTOMOB MOXET 3aHATh BAKAHTHOE MECTO, Torna "meIpka" oOpas3yercsi B COCEIHEM aTOME U TaK
Jlajee, CIeAOoBaTENbHO D3JIEKTPUUYECKMH TOK B IOJYIPOBOAHHMKE CO3JAETCS JJIEKTPOHAMHU H
"mbIpKamMH', TO €CTh MOJYIPOBOJHUKU 00nanaroT IlomyrpoBOJHMKOBBIE KPUCTAIbl B KOTOPBIX
AJIEKTPOHBI  CIIyX)aT  OCOOBIMU 3apsana 9/1EKMPOHHO-0bLPOUHOT

HOCUTCIIIMU Ha3bIBAIOT

IPOBOJIMMOCTBHIO.
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CBolicTBa MOJIYIPOBOJIHUKOB CUIIBHO 3aBUCAT OT cojepxkaHus npumeceid. [Ipumecu nocrasmstonme
SJICKTPOHBI TMPOBOJUMOCTH 0€3 BO3HHMKHOBEHHS PAaBHOTO WM KOJIMYECTBA "IBIPOK' HA3BIBAIOT
OOHOPHBIMU DIECKTPOHHBIMHU TMOJIYIIPOBOJHUKAMH, WJIM TPOBOJHUKAMHU N-muna (OT «HETaTUBY» -
OTPUIIATENbHBIN ).

[IpumecH, 3axBaThIBAIOIME JJICKTPOHBI W CO3JAIOLME TEM CaMbIM TOJBHUXKHBIC "NMBIpKU', HE
YBEJIMYHMBAsI TIPH ATOM YHCJIa AJICKTPOHOB, HA3bIBAIOT AKIEMTOPHBIMU. Takue MOTYyNPOBOAHUKHU, Y
KOTOPBIX KOHLIEHTpanus 'MbIpOK' IPEBBIIIAET KOHLEHTPALMIO 3JIEKTPOHOB IPOBOAUMOCTH,
HAa3bIBAIOT MOJYNPOBOAHUKAMHU p-muna (OT <TIO3UTUBY» - TOJOXKUTENbHBIN), UIH OblPOUYHbIMU
MOJTYIPOBOJTHUKAMU.

OCcHOBHBIM CBOWCTBOM MOJIyIIPOBOJAHUKOB OKa3aJI0Ch CBOMCTBO OJHOCTOPOHHEU
MPOBOJIMMOCTH TaK Ha3bIBa€MOTO p-N-nepexodd, TO €CTh KOHTAKTa JBYX IMOIYMPOBOJHUKOBBIX
KPUCTAJUIOB PA3IMYHOIO TUIIA TPOBOAUMOCTEH.

Ilpuooper u npunaonexcnocmu. ncTouHuk Toka 4B, mumnamnepmertp 0,3 - 750MA, BosnsT™meTp 0-
6 B, muon J1-226, morenmuomerp Ha 100 kOwm, wmrou, Tpauszucrop [1401, coenuHuTtenbHbIE
MpoBOJIA.

Ilopsaook nposedenun pabomol:

1. IlpoBepka 0THOCTOPOHHEHN MTPOBOAMMOCTH JTUOAA M CHATHUE BOJIBTAMIIEPHOUN XapaKTEePUCTHKH.
1.1. CocTaBuTh 111 110 CXeMe, U300paKEHHON Ha CTEH/IC;

1.2. BrItoyuTh 110/ B IPSIMOM HAIPaBJICHUH, 3aMKHYTH I1€Ilb, OTMETUTh BEIUUMHY TOKA. [loMeHsB
HarpaBJIeHUE 1 0/1a, YOeTUThCSI B OTCYTCTBUH TOKA B IIETIH;

1.3. Jluox cHOBa BKITIOYUTH B TIPSIMOM HaIPaBJICHUU U YCTAHOBHUTH ITOTEHIIMOMETPOM HAPsDKEHH €,
PU KOTOPOM TOK OyZIeT paBeH HYIIIO;

1.4. 3atem, mepemenas MOI3YHOK MOTEHIIMOMETPA MOCTENIEHHO YBENIUUNTh HanpsbkeHue Ha 0,2 B u
KXl pa3 OTMEYaTh 3HAYEHUE TOKA B Lenu. [Ipyu 3ToM nuana3oH u3mMepeHnii MuJinaMinepMeTpa
U3MEHSTh 0 Mepe Bo3pacTanus Toka oT 30 MA 110 750 MA;

1.5. PesynbraThl u3MepeHui 3anectu B Tadnuiy 1.1.;

1.6. IMoctpouTh rpaduk 3aBUCUMOCTH MPSIMOTO TOKA OT HAMMPSDKEHHUSI.

Taoauna 1.1.

| — mocTosHHBIN TOK (MA) U- nanpspkenue (B)
0 |02 |04 |06 |0,8 |1
Ne \Ne 1 |2 3 4 5 6 1 |2 3 4 5 6

2. IIpoBepka HamU4Hs p-N MEPEX0A0B B TPAH3UCTOPE.
2.1. YcTaHOBUTH € MOMOLIBIO NTOTeHIIMoMeTpa 2 B.
2.2. IIpoBepuTh MEPBBINA P-N IEpEXoT IMUTTEP-0a3a, M1 Yero:

a) MOJKIIOYUTh B THE3A AMO/AA HA CTEHJE KiemMMmy Tpansucrtopa """ xk "+" a wiemmy "B" x "-",
BKJIIOUUTB 1I€TIb,

0) nomeHsB MmectaMu Ki1eMMbl D" 1 "B", yOenuThCs B OTCYTCTBUHU TOKA.

2.3. IlpoBepuTh HaM4KE BTOPOTO P-N mepexo/ia KoJUIeKTop-0a3a, s 4ero:

nmn

a) kiemMmy "K" noaxmounts k ™", a kiemmy "b"
0) nomensB mectamu kieMMbl "K" u"b", yOenIuThCs B OTCYTCTBUH TOKA.

., BKIIIOYHTh,
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2.4. Tlo pe3yabraTaM MPOBEPKHU MIYHKTA 2 C/IENaTh COOTBETCTBYIOLMI BBIBOI.
3. Cnenatb BBIBOJ O TIPOJICTIAHHON padoTe.
4. OTBETUTH HAa KOHTPOJIbHBIE BOIPOCHI.

Konmponwvnuie eonpocwi:

1. B uéwm paznuume mpoBOIMMOCTH MTPOBOJHUKOB H TIOTYITPOBOTHUKOB?

2. Kak OOBSCHUTH YMEHBIICHHE COMPOTHBICHUS IMOJYIIPOBOAHHUKOB TIPH BO3PACTaHHU
TeMIlepaTyphbl?

3. W3 9ero cocToMT MOTYyIPOBOTHUKOBBIN TMO U TPAH3UCTOP U UX YCIIOBHOE 0003HAYCHHE?

4. Yto moka3pIBaeT BOJbTAMIIEpPHAS XapaKTepPUCTUKA aAnoaa’?

5. CocTaBUTD IEKTPUUYECKYIO CXEMY BKIIOUEHUS TPAH3UCTOPA C OOLUIMM SMHUTTEPOM

JIABOPATOPHASA PABOTA Nel2.
HN3yuyeHnue siBjie HUsI 1€ KTPOMATHUTHOM MHIYKIIUM.

Llenv padomel: N3ydnTh SABIICHUS JIEKTPOMarHUTHON MHIYKIIUH.

Teopua: Aenenue snekmpomacHumHol UHOYKYuy 3aKI0YaeTCs B BOSHUKHOBEHHUH JIEKTPUYECKOTO
TOKa B IPOBOJAIIEM KOHTYpE, KOTOPBIH JIMOO MOKOUTCS B MEPEMEHHOM MAarHUTHOM II0JIe, JI0O
JIBUKETCS B IOCTOSSHHOM MAarHMTHOM IIOJi€ TakMM 00pa3oM, YTO YMCIO JMHUH MarHUTHON
WHTyKIIUW, TPOHU3BIBAIOIMX KOHTYP, MEHSETCSI.

OHo 661110 oTKpBITO 29 aBrycra 1831 roga Maiikiom @apaneem.

MaruutHOe IMOJ€ B KaXIOM TOYKE IIPOCTPAHCTBA XapaKTepU3yeTCs BEKTOPOM MArHUTHOU
uHaykuuu B. [lycTe 3aMKHYTBIM TPOBOAHUK (KOHTYp) MOMENREM B OJIHOPOJHOE MAarHUTHOE MOJIe
(cMm. puc.1.)

n

Pucynok.1.
HopMane N K NJIOCKOCTH MPOBOJHUKA COCTABIIAET YIOJ (X C HAIPaBJIECHUEM BEKTOpPAa MarHUTHOMU

AHIYKOUH B .
Maenumnovim nomoxom @ dYepe3 IMOBEPXHOCTh IUIOMAABI0 S HA3bIBACTCS BEJIMYMHA, paBHAs

MPOM3BEICHUIO MOIYJI BEKTOpa MarHUTHOM MHAYKIIMU B Ha myom@aap S v KOCHHYC yIlla & MEXKIY

BekTopamu B u n.

®=B S cos a Q)
HampaBienre HMHIYKTMBHOTO TOKA, BO3HHMKAIOLIETO B 3aMKHYTOM KOHTYpE MpH H3MEHEHUU
MarHUTHOIO IOTOKa Ye€pe3 HEro OIpenenserca npasuiom Jlenya: BO3ZHUKAIOIMI B 3aMKHYTOM
KOHTYpPE HWHIYKTUBHBIH TOK CBOMM MAarHUTHBIM TIOJIEM HPOTHUBOJCUCTBYET TOMY HW3MEHEHHIO
MarHMTHOTO MTOTOKA, KOTOPHIM OH BBI3BaH.
[Ipumensts npaBuiio Jlenua Hao Tak:
1. YcranoBUTH HampaBJIeHUE JIMHUN MarHUTHOW MHAYKIIUY B BHEIIHEr0O MAarHUTHOTO TOJIS.
2. BbisicHUTH, yBENMYMBAETCS JU MOTOK MarHUTHOW WHAYKUIHHU 3TOTO MOJIA Yepe3 MOBEPXHOCTH,
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orpaHu4YeHHYI0 KOHTYpoM (A @) 0), unmu ymensmaercst (A D ( 0).
3. YcTaHOBUTH HampaBlieHUE JIMHUM MArHUTHON WHIYKIMH B' MarHuTHOTO 10715
MHIyKTUBHOI'O TOKa | | moib3ysack NpaBuiIoM OypaBuuKa.

[Ipu M3MEeHEHNN MAarHUTHOTO MOTOKAa Yepe3 MOBEPXHOCTh, OTPAH MUEHHYIO KOHTYPOM, B I1OCJIEIHEM
MOSIBJISIIOTCS.  CTOPOHHUE CHJIBI, JIEUCTBHE KOTOpPBIX Xapakrepusyerca DJIC, HaszpiBaembie I/[C
UHOYKYUU.

CornacHo 3aKOHY AJIEKTpPOMarHUTHOM MHIAyKIuU, J/1C MHAYKUMH B 3aMKHYTOM KOHTYpE paBHa
II0 MOJYIK CKOPOCTM HW3MEHEHHMS MAarHUTHOTIO IIOTOKAa Yepe3 OBEPXHOCTb, OTPAaHUUYEHHYIO
AD

KOHTYpOM: & At
Ilpuboper u o0060pyooeanue: TaNbBAaHOMETP, HCTOYHUK NUTAHMUS, KATyUIKd C CEPACUYHHKOM,
JyrooOpa3HbIii MarHuT, K04, COEJUHUTENbHbIE IPOBOJIA, pEOCTaT.

Ilopaook évinonnenus padbomoi:

1. TTonmyyeHne WHIYKIIMOHHOTO TOKA. J[JI1 3TOTO HY)KHO:

1.1. Ucnone3ys pucyHok 1.1., cobparb cxemy, COCTOAIIYI0O M3 2X KaTYIIEK, OJHA W3 KOTOPBIX
MOJKIIOYAETCsl K HCTOYHUKY MTOCTOSIHHOTO TOKA Yepe3 peocTaT U K04, a BTOpast pacmoarasich HaJl
IepBOH, MOKIIOUEHA K UyBCTBUTEIBHOMY TrajibBBaHOMETpY. (cM. puc. 1.1.)

Pucynok 1.1.
1.2. 3aMKHYTh ¥ Pa30MKHYTb IIETTb.

1.3. Y6enutbcss B TOM, YTO HMHAYKIIMOHHBIA TOK BO3HHKAeT B OJHOW M3 KATyIIEK B MOMEHT
3aMBIKQHUSI JJICKTPUYCCKON IIeTM KATYIIKW, HEMOJBUXHOW OTHOCHTEIBHO NEPBOH, MPH ITOM
HaOJI01as1 HAMPaBIICHUE OTKIOHEHHS CTPEJIKU TalbBAaHOMETPA.

1.4. TlpuBecTu B ABMIKEHUE KATYIIKY, COCTUHECHHYIO C TaTbBAHOMETPOM, OTHOCUTEIBHO KATYIIKH,
MOAKITIOYCHHOW K MCTOYHHUKY TTOCTOSIHHOTO TOKA.

1.5. Y6enutbcst B TOM, 4TO TaJIbBAHOMETP OOHAPY)KMBAET BOSHUKHOBEHUS JICKTP MUECKOTO TOKA BO
BTOPOM KaTyIIKe TPHU BCSAKOM €€ MEepPEeMEIICHUH, P 3TOM HaIlpaBlIEHUE CTPENIKU TrajJbBOHOMETpa
OyZeT U3MEHSThCS.

1.6. BBITOTHUTH OMBIT € KATYIIKOW COEIMHEHHOH ¢ TalbBAHOMETPOM (cM. puc. 1.2.)

Pucynok 1.2.
1.7.Y6eauThcsi B TOM, YTO MHAYKIIMOHHBIA TOK BO3HHKACT MPH JIBUKEHUH IMOCTOSHHOTO MarHWTa

OTHOCHUTCJIBHO KaTYIIKH.
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1.8. Cnenatpb BbIBOJ O IPUYMHE BO3HUKHOBEHUSI MHIYKIIMOHHOI'O TOKAa B IPOJEIaHHBIX OIbITAX.
2. [IpoBepka BbITIOTHEHHS TpaBuiia JleHma.

2.1. TloBTOpUTH ONBIT U3 yHKTa 1.6.(puc.1.2.)

2.2. [Insg kaxxaoro u3 4x ciydaeB JaHHOTO ONBITA 3apUCOBATh CXEMBI (4 CXeMBbl).

it

i
Pucynok 2.3.

2.3. TlpoBepuTh BBIMOJNIHEHHUS MpaBuiia JIeHIIa B KOKIOM Cllydae M 3allOJIHUTh 110 ITHM JTAHHBIM
tabnuny 2.1.
Tabuauuna 2.1.
N Croco0 monyueHust WHIYKIHOHHOTO| li Bi B AD
OMBITA |TOKa
1 BHecenne B KaTylKy CEBEpHOTO BO3pacTaer

II0JIFOCAa MAarHNTA
2 VYnaneHue W3 KaTylmKd — CEBEPHOTO yOBbIBaeT

ITOTKCA MATHUTA
3 BHeceHre B KaTyllKy FO)KHOTO MOJOCA BO3pacTaer

MATHUTA
4 VYnanenue W3 KaTylmKd  FOKHOTO yObIBaeT

II0JIFOCAa MarHNUTA

3. Cenartb BBIBOJI O MPO/ICTAHHOM JTabopaTOpHOIL padoTe.
4. OTBETUTH HAa KOHTPOJIBbHBIE BOIIPOCHI.

Konmponwvnuie éonpocwi:

1. Kak momxeH ABUTAThCS 3aMKHYTBIM KOHTYP B OJHOPOJHOM MAarHUTHOM IOJ€, IOCTYMaTeIbHO
WJTM BpaIaTebHo, YTOObI B HEM BO3HHUK WHIYKTUBHBINA TOK?

2. O0pscHUTE, TOYEMY MHAYKTUBHBIH TOK B KOHTYpE MMEET TaKO€ HalpaBlIeHHUE, YTOOBI CBOMM
MarHUTHBIM I1OJIEM MPENATCTBOBATH H3MEHEHUIO MAarHUTHOTO IMOTOKA €T0 BBI3BABIIETO?

3. Ilouemy B 3aKOHE AJIEKTPOMArHUTHON WHAYKIIMU CTOUT 3HAK « - »?

4. CKBO3b HAMAarHMYE€HHOE KOJIBIIO BJOJb €T0 OCH MaJIaeT HaMarHMYeHHBIN CTAIbHON OpPYCOK, OCh
KOTOPOTO IMEPIEeHIUKYIISIPHA TIOCKOCTU KoJblia. Kak Oyner u3MeHsAThCs TOK B KOJIbIie?

JIABOPATOPHASI PABOTA Ne 13.
OnpejeneHue HHAYKTUBHOCTH KATYIIKH B LeIH Ie peMeHHOI0 TOKA.

Llenv padomel: onpenenuTh UHIYKTUBHOCTD KATYIIKK B LEMH IEPEMEHHOIO TOKA ONBITHBIM I1YTEM.

Teopua: OnuH u3 crnoco0OB ONpeleNeHUs WHAYKTMBHOCTU KaTyLIIKM OCHOBAaH Ha TOM, YTO
IIPOBOJIOYHAs KaTyIIKa, BKIIOYEHHAS B LIENb [IEPEMEHHOIO TOKA, KPOME aKTUBHOIO COIIPOTUBJICHUS
R, ompenensemoro MmarepuaioM, pasMepaMH M TEMIIepaTypoidl  MPOBOJOKH, CO31AET
JIONOJIHUTENIBHOE CONpPOTUBIIEHHE XL, 00YCIOBJIEHHOE SBJICHUEM CAaMOMHJIYKIIMHU, U Ha3bIBaeMOE
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MHIYKTUBHBIM  CONPOTUBIEHHMEM.  3HAUYeHHe  OTOr0  HMHAYKTMBHOTO  COHNPOTHBIICHHS
TIPOIIOPIHOHATBHO HHAYKTHBHOCTH L 1 wacToTe koneGaHuii v, T.e.
X, =2mi 1)

[Ipu 3TOM MOTHOE COMPOTUBIIEHUE KaTyIKU Z TIEPEMEHHOMY TOKY OIpesesnsieTcs mno gopmyse:

Z=JR?+X?> (2)

N3 >Tux 1ByX ypaBHEHUU MOKHO HAWNTH HHAYKTUBHOCTD:
1
L=2—\/Z2 -R* (3)
A%

CJ'ICI[OBS.TGJ'ILHO, YTOOBI OMMpCAC/INTb HHAYKTHUBHOCTL KaTYIIKU, HCO6XOI[I/IMO 3HATb 4YaCTOTy
MNEPEMEHHOI0 TOKa, IMOJIHOC U aKTUBHOE COIIPOTHUBJICHUC. AxTnBHOE COIMPOTUBJICHUE ONPECACIIAIOT
OMMCTPOM. IlomaoE COIIPOTHUBJICHUEC HAXOIAT, IMOJIB3YACh 3aKOHOM Owma A ey NEpeMCEeHHOTO

U . .
ToKa: Z = n (4). YactoTa V, B m1aHHOU 1abopaTOpHON paboTe, paBHA YaCTOTE CETHU MEPEMEHHOTO

TOKa, T.e. 50 I'm.

Ilpubopel u npunaonexicnocmu: xarynka apoccenbHas (KJI), perymupyemplii MCTOYHUK
3JIEKTPONUTaHUs, TabopaTtopHblii aBTOTpancopmatop (JIATP) u monmxaronmii Tpancgopmarop,
aMIIEpBOJIETMETP, aMIEpMETp TIEPEMEHHOTO TOKAa, BOJBTMETP TIEPEMEHHOTO TOKA, KIOY
3aMBIKaHUSI TOKA, KOMILJICKT IIPOBOJIOB COSANH UTEIIbHBIX.

Ilopaooxk nposedenusn padomot:

1. OnpenenuTs ¢ MOMOIIBIO aMIEPBOJIBTMETPA AKTUBHOE COINPOTUBJICHUE R apoccenbHOU
kaTymwku. 1.1.0mpenenuTs 1ieHy A€JIeHUs aMIIEpMETpa

1.2. OnpenenuTs LIEHY eNEHUs BOJIBTMETpA.

2. CoOpatb >JIEKTPUYECKYIO IIETIb [T0 CXeMe, MPUBENEHHON Ha pucyHKe 2.1.

e

Pucynoxk 2.1.

2.1. 3aMKHYTbH SJIEKTPUYECKYIO 1EMb.
2.2. C momoupto JIATPa ycraHOBUTH 3HAU€HHE HANpsDKEHUs Ha KaTylke apoccenbHoi KJI,
paBHoe 10 B 1 ¢ momotpio amnepmMeTpa onpeaeauTh cuiry Toka | B
2.3. YcraHoBHUTHh 3HaueHWE HampsbkeHus Ha karymke 20B, 30B, 40B, 50B u ompenenuts
COOTBETCTBYIOIME UM TOKH.
2.4. Tlo dopmyne (4) s KaKIO0TO U3MEPEHUS pacCUMTaTh 3HaYCHUS Z.
3. CnenaiiTe BBIBOJ O 3aBHCUMOCTH ITOJTHOTO CONTPOTHUBIICHHUS IIETTH OT HAITPSIK CHUSL.
2 +Z2,+ 2, +72,+Z;

5
3.2. ComocTtaBuTh uU3MepeHHOe 3HauyeHWe R u BeuncieHHoe 3HadueHue Zep. Ecnu Zep, MHOTO
Oonpiie, yeM R, To 3HaueHmem R MOXHO TpeHeOpeub, W 3HAYCHUE WHIYKTUBHOCTH L

3.1. Boruuciuts cpennee snauyenue Z no gopmyne: Z,, =

paccuuThiBaeTcs mmo gopmyie: L= mv
v
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3.3. CpaBHuth L, BbluHCICHHYIO B JaOopaTopHOil paboTe, ¢ HOMHUHAIBHBIM 3HaueHUEM Ly,
HaHecéHHOM Ha Katyuke J[K.

IL-L,

3.4. OnpenenuTh MOTPEIIHOCTh U3MEPEHUs § = -100%.

H

4. PesynbTaT U3MepeHU U BBIYMCICHUH 3aHeCTH B Tabnumy 4.1.

Taoauna 4.1.

U, B 10 20 30 40 50 Zcp, Om LIx %
I, A

Z, OMm

5. Cnenatb BBIBOJI O IIPOJICIaHHON paboTe.
6. OTBETUTH Ha KOHTPOJIbHBIEC BOIPOCHI.

Koumponwvnuie eonpocwi:

1. TloueMy aJisi MOCTOSIHHOTO TOKA KaTYIIKKM MMEIOT MEHBIIIEE CONPOTUBJICHUE, a JIJIsl IEPEMEHHOTO
— Oompiee?

2. lloyemy MHIYKTMBHOE COMPOTUBIICHHE KATYIIKH BO3PACTAET MPU BHECEHUU B HEE JKEIE3HOTO
cepieyHuKa?

3. [louemy mpu pa3MbIKaHWUHU IENU C HHIYKTUBHOCTHIO B MECTE Pa3pbiBa BOSHUKAET ayra?

4, Kak wu3MeHHTCS WHIYKTUBHOE COMPOTUBJICHHUE KATYIIKA, €CIM YBEIUYUTCS YacToTa
MIEPEMEHHOI0 TOKa?

JIABOPATOPHASI PABOTA Nel4.
CoOopka npocreiiero paguonpue MHUKA.

Llenv pabomer: coOpath MPOCTSHIIMI PATUOTTPUEMHIK.

Teopusa: DneKTpOMarHUTHBIC BOJIHBI, W3JydaeMbIe pPaauOIepearoiecii CTaHIMel, HEeoOX0aIuMO
KaKHM-TO 00pa3oM MPHUHSATH U BBIJCIUTh U3 HUX Ty UHGOpMayuo, KOTOPYIO OHU Hecnu. J{s aToi
LEIN CIYXaT paouonpuemMHuxi. Ecnu neperaromas pazuocTaHIus U3IIy4aeT
3JIEKTPOMarHUTHBIE BOJHBI OOJIBILION MOIHOCTH, MOKHO HCIIOJIb30BAaTh JETEKTOPHbINA MPUEMHUK,
cXema KOTOporo u3o0pakeHa Ha pucyHke 1.

Pucynox 1.
K amrtenne A paauonpucMHUuKa OAHOBPEMCHHO MMOCTYIMAOT MOAYJIWPOBAHHBIC CUTHAJbLI OT
MHOKECTBA TIEPEIAIONMX CTaHIIU. UTOOBI BBIAEIUTD U3 HUX HHTEPEC YIOIIYI0 HAaC HH(POPMAIUIO, B
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IPUEMHUKE MCIIONB3YIOT KOJICOATEeNbHBIM KOHTYpP, COCTOSIMN M3 KaTylmku LK u kKoHIeHcaropa
nepeMeHHou eMkoct Cx .

[locne mnpoxoxaeHWs uepe3 JAUOJA BBICOKOYACTOTHBIM MOAYIMpPOBaHHBIM Tok Ik Oymer
nynbcupyronmM. Jlns  BbAETCHHUS HHU3KOYaCTOTHOTO 3BYKOBOTO CHUTHAJa CIYXHUT QUIBTD,
COCTOSAIMM M3 MapajulebHO  COeAUHEHHOro koHueHcaropa C¢ M cOmpOTHBICHHUS (KOTOPHIM
apnsgercs tene@on T). JIns Toka  HHM3KOM  4acTOThl  KOHJEHCATOp  IpEJCTaBisieT OoJiblioe
COIIPOTUBIICHUE, MTOTOMY TakOM TOK uaeT depe3 TenedoH. Takum oOpazom, u3meHsss eMkocTh CK,
MOXXHO M3MEHHTb COOCTBEHHYIO 4acTOTy KOHTypa. Tak HIpOM3BOAMTCS HACTPOMKa IMEpEeMEHHOIro
KOHTypa B PE30HAHC C MPUHUMAEMbIMU 3JIEKTPOMArHUTHBIMHU KojeOaHusiMu. B xonebarenbHOM
KOHTYpE TOSBIIAECTCS MOAYJIUPOBAHHBIN Cia0bIi TOK BBICOKOM 4YacTOThl IK, KOTOpBIM 3aTem
nocrynaer B aerektop D. B nerexrope mpoucxoaMT pasielieHue BBICOKOYACTOTHOM Hecylel u
3BYKOBBIX KOJICOAHWi, T. €. MPOUCXOJUT JeTeKTUpoBaHWe (0T JsaTWHCKoro detectus -
0OHapyXHUBaIOLUMH, packpeiBarolimii). JleTekropoM sBiS€TCS MOJYyNPOBOAHUKOBBIM MO,
TeneoH TPOXOAUT TOK IT Takoir ke opmsl, KaK ¥ TOK, JaBaeMblii MHUKPO(GOHOM
panuonepenaromied cTaHuu. B nerekropHOM MpUEMHMKE KojebaHus MeMOpaHbl —TenedoHa
INPOUCXOAUT 3a CYUET DHEPIUM MPUHATON MPUEMHUKOM DJIEKTPOMArHUTHON BOJHBI, MO3TOMY

TPOMKOCTh 3BYYaHMSI TAKOIO NMPUEMHHUKA OYEHBb MaJIa.

Ilpuboper u npunaonexcnocmu: KpPUCTAUUIMYECKUN JETEKTOpP; KaTyllka WHIYKTUBHOCTH;
KOHJCHCATOp TIEPEMEHHOM €eMKOCTH; TOJIOBHBIC HAYIIHUKH; YCUJIUTENb HHU3KOW YacCTOTHI,
COEIMHUTEIbHBIE TPOBO/IA.

Ilopaook evinonnenusn padbomol:

1. 3HaKOMCTBO C (PU3NYECKON CYIHOCTBIO PaJAMONEpEaadr pauonprUEMH HKa.

1.1. CoOpatp npueMHUK MOJIb3YACh TPUHIIUINATBHOMN cXeMOM pucyHKal.

1.2. TlpucoeMHNUTD aHTEHHY K IPUEMHOMY KOHTYPY.

1.3. MemienHno Bpam@rh pydky KOHJCHCATOpa MEPEMEHHOW €MKOCTH, IOKa B HAayIIHUKaX HE Oyner
YeTKO CIIbIIHA paboTa paguOCTaHLIMH.

1.4, CMeHUTh KOHTYPHYIO KaTyIKy M, Bpal@s pydKy KOHJIEHCAaTOpa, HAaCTPOUTh NPUEMHHUK Ha
CTaHIIMIO, paOOTAOIIYI0 HAa BTOPOM JHMAIIa30HE BOJIH.

1.5. Onucarp pu3nUECKyt0 CYIHOCTb paguoIepeadyn paguornprueMHIKA.

2. OTBeTUTH Ha BOIIPOCHI:

2.1. U3 kakux yacTel COCTOUT KOJeOaTeIbHBIN KOHTYp?

2.2. Kak 3anuceiBaercs popmyna TomcoHa Juist meprosa KoiebaHuil B kojiebaTenbHOM KOHTYype?
2.3. Kak onpenenuTs JUIMHY 3JIEKTPOMAarHUTHOM BOJIHBI IO TEpUOAY KojeOaHU?

2.4. Kak ycTaHOBUTH IIJIACTUHBI KOHJIEHCATOpA MEPEMEHHOM EMKOCTH 11 puéMa OoJiee JUIMHHBIX
BOJH?

2.5. [lna nmpuéma KakuxX BOJIH: JUIMHHBIX WJIM KOPOTKHX TpeOyeTrcs Ooiblias WHIYKTUBHOCTh
KaTYILKA ?

2.6. 1yt 9ero CIy)KHUT JeTeKTop?

2.7. ns yero cayxut C?

2.8. Ilouemy KaTymku TeneoHa He IMPOIYCKAIOT TOKH BBICOKOM 4acTOThI?

3. Crenatb BBIBOJI O MPOJICTIAHHOM JTabOpaTOPHO# padoTe.

4. OTBETUTH HAa KOHTPOJIbHBIE BOIIPOCHI.
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Konumponvnsie gonpocwi:

1. KakoBo Ha3HaueHNE aHTEHHBI U 3a3eMJICHUA?

2. KakoBa (pu3mnyeckast CyIHOCTb 3JIEKTPHYECKOTO pe30HaHca?
3. Beruucnute quuny BosiH "Pycckoro paamo” u "Xutr FM"

JJABOPATOPHASI PABOTA Ne 15.
IIpoBepka 3aKOHOB OCBeEIIE HHOCTH.

Ilenv pabompi: IpOBEPUTH 3aKOHBI OCBEIIEHHOCTH.

Teopusa. OTHOLIEHHE CBETOBOro mortoka @, majaromero Ha MOBEPXHOCThb, K IUIONRAIM 3TOU
MOBEPXHOCTH S HA3BIBAIOT OCBEIIEHHOCTHIO:

£=Slnd @

JTI0KC - OCBEIEHHOCTb, CO3/1aBaeMas CBETOBBIM MOTOKOM 1 JIM ITPU paBHOMEPHOM paclpeieeHHn
ero Ha rromaam 1m2.
Ilepeviii 3axon oceewénnocmuy: OCBEIIEHHOCTh B KaXJIOHW TOYKE MOBEPXHOCTH, HA KOTOPYIO
IEPHEHAUKYISPHO €i MaJaeT CBET, NPONOPLHOHAIbHA CHJIE CBETA MCTOYHUKA M OOpaTHO
IPONOPLUOHATEHA KBAIPaTy PacCTOSHMS OT HCTOYHHMKA CBETA IO OCBEIAEMO MOBEPXHOCTH:
|

E=—; @
KpoMme yka3aHHBIX (JAKTOPOB OCBELIEHHOCTD 3aBUCHT €IIE M OT yIia ¢, HOJ KOTOPHIM CBET MaJacT
Ha OCBELIAEMYIO TTOBEPXHOCTB:

P

4

Pucynok 1.

YcTaHoBIIEHA 3aBUCMMOCTbh OCBELIEHHOCTH IJIOLAIKA OT yIJla (¢ HAKIOHA €€ K MaJalolpM JTydam,
KOTOpasi Ha3bIBAETCSI BTOPHIM 3aKOHOM OCBEIICHH OCTH.
Bmopoii  3akon oceewénnocmu: OCBEUEHHOCTb IIOBEPXHOCTH, CO3/1aBacMasl IapajulelIbHBIMU
JTy4aMH, IpSIMO MPOMOPLHOHAIbHA KOCUHYCY YIUIa aJeHUS JIydel.

E=E,cosa (3)
OcBengHHocts Eo MoxxHO ompenenuts mo dopmyne (2) u moacrasisisi B ¢opmyny (3) MOXKHO
HOJYYHTh BEIpaKCHHUE, 00BEANHSIOIIEE TTEPBbIil M BTOPOI 3aKOHBI OCBEIIEHHOCTH.

E = %-cosa 4)

OCBEIICHHOCTD - BEJIMYMHA CKAJIIPHAs, TO3TOMY B TOM Cllydae, KOT/ia CBET Ha HOBEPXHOCTh MaaeT
OT HECKOJIbKMX HCTOYHHKOB, OCBEIIEHHOCTh B KaXK/I01 TOYKE MOBEPXHOCTH PaBHA apH(PMETHIECKON
CyMME OCBEIIEHHOCTEH, CO37aBaeMBbIX B ATOH TOUYKE KaXIbIM M3 MCTOYHUKOB B OTIIEIHHOCTH.
[IpuGopsl anst cpaBHEHUs CUIIBI CBeTa Has3biBaloTCsA (oromerpamu. CymecTBYIOT (DOTOMETpHI,
HIPUCIIOCOOJIEHHBIE Ul HEMOCPEACTBEHHOIO M3MEpPEHHUs OCBEIEHHOCTU. Takue (OoTOMETpPhI
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Ha3bIBAIOTCA JIIOKCMCTPAMMU.

Ilpuébopsl u npunaonercnocmu: n1adOPaTOPHBINA TPUOOP JJIs U3YUCHUS 3aKOHOB (DOHOMETPHH, C
MUKpOaMIIepPMETp, aKKyMyIsITOpHasi OaTtapesi, COeqUHUTEIbHBIC POBO/IA, PEOCTaT, KITI0Y.

Ilopaook eévinonnenus pabomor:

1. U3yunTs nikamy u OoNpenenuTh LeHY AEJIEHUs MUKpoaMIepMeTpa A.

2. CoOpaTth 11e1b: COeMHUTh KiIeMMbI (oToaneMeHTa @»> ¢ MUKpoammepMeTpoM A, a gamiouky JI ¢
UCTOYHUKOM TOKa b uepes peoctar R, kak moka3aHo Ha cxeMe:

Pucynok 2.1.
Ilposepka 1 3axkona oceewgennocmu.
3. ®OTORIEMEHT YCTAaHOBUTH MEPIICHIUKYISIPHO OCH Tpubopa (CTpenka MOKHA HAaXOAWTHCS Ha
HyJI€ YIIIOMEPHOM IIKAJIBI).
4. Jlammouky ycTaHOBUTh Ha 10-e AeneHUe MIKaNbl, MPUHUMAS 3a IEHTP JAMIIOYKH CEpEeIuHy
CTOWKU. 3aMKHYTh LI€TIb U C MOMOIIBI0 peocTaTa AOOUThCS, YTOOBI BennunHa GoToTOKa Oblia 20
MKA. 3arem gnammnouyky mnepeaBuHyrb Ha 20-¢ u  30-e¢ genenus. CHATh MOKa3aHUSA
MHUKpPOaMIIEPMETPA, COOTBETCTBYIOIIME YKA3aHHBIM IIOJIOKEHUSIM JIaMIIOYKM M 3amucarb UX B
tabmuiy 4.1.

Taoauna 4.1.

Homep Paccrosinue ot | [lokazanus OTHomeHNE OTHomeHNE
OIBITA JIAMITBI 70 | MHKpOAMITIEpPMET | OCBEIIEHHOCTESH | KBaapaToOB
dorosnementa R, m pa paccTosHUI
I, 106 A Ei1E> | EiEs Ri2R2 | Ri%:R3?

5. BbIUMCINTE OCBEIIEHHOCTh C MOMOIIBIO (JOPMYJbl 2 TEOPHUM, OTHOIIEHHE OCBEIIEHHOCTEH,
OTHOILIEHUE KBAIPaTOB PACCTOSHUH, 3aMONMHUTD TabauIly 4.1. u cienars BHIBOJL.

Ilposepka 2 3axkona oceewgennocmu.

6. Jlamnouky yctaHoBHTh Ha 16-¢ neneHue, a muH3y Ha 10-e. C moMompio peocTtaTta yCTaHOBHUTH
Tok 20MKA. Tlpu yrme 0° , mokasaHuss MUKpoamIIiepMeTpa 3amucaTh B TaOMUIly. 3aTeM, Bparas
PYUKY, JJaMITOYKy yCTaHaBJIMBAIOT moj yriaom 30° ,45° 60°. HeoOXoauMo CIeauTh 3a TeM, 9TOOBI
JaMITOYKa U JIMH3a HE CIBUTAJIUCH C IEPBOHAYAIBHO YCTAHOBICHHOrO MecTa. [Ipu 3TOM B Kakaom
U3 CIly4aeB CHUMAIOT IMOKa3aHUs aMIIepMeTpa U 3aHOCT UX B Tabnuiy 6.1.

Taoauna 6.1.

Howmep [Nokazanus [Nokazanus Cosa ) I
OcBenEHHOCTD, E = F -COSa

OIbITa yrnomepa, oo | mukpomerpa |, 10
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6A

1 0° 1
2 300 E

2
3 459 Q

2
4 60° 1

2

7. BBIYHCIUTH OCBEMICHHOCTH C TTOMOIIBIO (OPMYIBI 4 TEOPHUH.
8. Crnenatb BBIBOJ O MIPOJICITAHHON padoTe.
9. OTBeTUTH Ha KOHTPOIILHBIE BOMPOCHI.

Koumponwvnwie éonpocot:

1. Kakumu crioco0amMul MOXKHO ONIPEAETUTh OCBEIIEHHOCTh?

2. IloueMy Ha OKATBIX K COJIHILY KpbIIIAX CHET TaeT ObICTpee, ueM Ha 3emiie?
3. Uto B 3T0i1 1abopaTopHO paboTe SBISETCS OCBEIAEMON TTOBEPXHOCTHIO?
4. J1514 4ero Hy)KHa JIMH3a IPH BBIITOJIHEHUU ITyHKTa Ne 67

JIABOPATOPHASL PABOTA Ne 16.
Onpenesienne noxkasareJis NPeJIOMJIEHHsI CTEKJIA.

Ilen» padomer: onpenenuTh NOKa3aTeIb MPEIOMIIEHUS CTEKIIA.

Teopua. 1lpu mepexone cBeTa U3 OJHOM cpeabl B JPYryl0 NPOUCXOIUT HPEIOMIICHHE JIydeH,
M3MEHSIETCS HaIlpaBJICHUE pAacCHpOCTPAHEHHUSI CBETA. JTO SIBICHHE OOBSACHSETCA TEM, 4YTO B
Pa3IMYHBIX CpeJjaX CKOPOCTh CBETA PA3JIMUHA.
CHemycoM 3KCIIEpUMEHTAIBHO JUIS TPEIOMIIEHHUSI CBETa OBLJIO YCTaHOBJICHO:
1. INamaronmii ¥ TPETOMIICHHBIN JIydd U HOPMaJlb K TPAHUIIE pa3ziesa JexKaT B OJHOU TMIIOCKOCTH;
2. OTHOLIGHHE CHHYCAa yIla MaJeHUss ¢ K CHHYCY yIila IPEJOMIICHHUS ) PaBHO OTHOIICHHUIO
CKOpOCTEH pacipoCTpaHEHUs CBETA B 3TUX Cpeax:

sina V,

—— = (1

siny 'V,
3nece V, 1V, - CKOPOCTb PacpoCTpaHEHHs CBETA B CPe/laX, XapaKTePU3yeMbIX COOTBETCTBEHHO

MOKa3aTCIIsSIMA MPEIOMIICHHUA N1 U N2. DTO COOTHOIICHHE MOKHO nepenucarb B BUJC:

sina n
- =2= Ny s (2)
siny n,
n2 1 %) %)
rae: N,, = —== ——OTHOCHUTEJIbHbII MOKa3aTeb MpPEeIOMJICHUS BTOPOH cpeabl (110 OTHOILEHUIO C
1 2
1epBoit).

CootHomeHue (2) Ha3pIBaeTCAd 3aKOHOM MpenomiieHus cBeTa. OH MOKa3bIBAET: BO CKOJIBKO pa3
CKOPOCTh CBETA B MEPBOM cpesie OOJIbIle UM MEHBIIE CKOPOCTH CBETa BO BTOPOM.
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sinad C C o

—— =—, Ime — =N - aOCOJIIOTHBIN I10Ka3aTelb
siny V \%

npenomieHus. [lokazarens mperoMIeHUs TOKA3bIBAET, BO CKOJIBKO Pa3 CKOPOCTh paCpOCTPaHEHU S
CBeTa B BaKyyMme OoJjbllle, YeM B TaHHOM cperie.

3Has ToKa3aTenu MPETOMIICHUS JIBYX cpel, 1o dopMmyne (2) MOXKHO HAWTH MX OTHOCHTEILHBIN
nokazarenb TmpenomieHus. [Ipy cpaBHeHMM [BYX CpeA, cpedy, OOJiajaronlylo OONbIMM

IMMoKa3aTcjieM IMPCIOMIICHUA, HA3bIBAIOT OITHYCCKU MJIOTHOM. 3aKOHBI IpCIOMIICHHUA CBCTaA

Ecnn mepBoil cpenoil sBIIAETCA BAaKyyM, TO

CIIpaBCAJIMBBI JIA OJHOPOAHBIX U U30TPOITHBIX CPCI.

Ilpuéopsel u npunaonexcnocmu: CTEKIsIHHAsS TJacTUHKA B (opMe mapasienenunena, JUCT
KapTOHA, YHCTBIM JUCT OyMarw, UMbl IIBEHWHBIC YETHIpE IITYKH, JIMHEHKAa W3MEpUTEIbHas,
YIOJbHUK.

Ilopaooxk evinonnenus pabomoi:

1. Tloctpoenue pucynka 1.1. B mpoToKoJe J1abopaTopHOM pabOThI; ISt ITOTO HYXKHO:

1.1. IIonoXKuTh IMCT IPOTOKOJIA HA KAPTOH.

1.2. TIpoBeaute Ha Oymare nipsmyro auHu0 MN.

1.3. Tlonoxute Ha Oymary CTEKISHHYIO IUIACTWHKY IUIAIIMS TaK, 4TOOBI JJIMHHOW TpaHBIO OHA
comnpukacaiach ¢ JuHuer MN.

1.4. BorkHuTe B TOUKe B BepTUKAIBHO PACMONOKEHHYIO UTOJIKY BIUIOTHYIO K TPAHH TJIACTH HKU.

1.5. BoTkauTte nojanpiie OT MJIACTUHKA B TOYKE A BTOPYIO UTOJIKY (cM. puc.l.1.).
A

Li——7 N
Wl B T
Kz La
i3 C My
|
Pucynok 1.1.

1.6. I'msimst CKBO3b MPOTHBOIIOJIOKHYIO TPaHb IJIACTUHKA HA WTOJNKUA B TOYKaX A U B, BoTkHUTE B
MJIOTHYIO K IUIACTUHKE TpeThio urity B Touke C Ha uHuu M1N1, coBnagarolieii ¢ HUKHEH rpaHbio
IJTACTUHBI, TaK, 4YTOOBI OHA 3aKpbLIa cO00I N300pakeHHe UTOJIOK B ToUKkax A u B.
1.7. YeTBépTyro uriay BOTKHYTh B Touke D Tak, 4ToOBI OHa 3aKkpbliia cO00M M300pakeHHEe UTOJIOK B
toukax C, Bu A.
1.8. Y6epure nmnactunky ¢ Oymaru u nposeaute n1yan BA, BC u CD uepe3 urojao4ynbie MpoKoJIbl.
JIya AB Oynet mamatormmm siydom, Jiyd BC - mpenomiieHHBIM JTydoM. Bee mocTpoeHu s BBITTOTHSATE
aKKypaTHO C MTOMOIIBI0 KapaHJala U JIMHEHKH.
1.9. BoccranoBute k nuHuu MN mneprneHaukyasp B Touke B (mpsmas Lil2) .Yronm nmanenus
a = ZABL,, yron npenomnenus y = ZCBL, .
1.10.0tnoxute ot Touku B nHa mydax BA u BC pasuble npousBosibHble oTpe3ku BKi, BKa.
Omnyctute u3 Touek KiK2 na npsimyto Lil2 nepnenauxynspsr Kili, KaLo.
2. OmnpenenuTs oKa3aTeab MPEIOMICHUS cTekIa. [T 3TOro Hy)KHO:

Na

. . Si
2.1. CormacHo 3aKOHY TPEIIOMIICHHSI, KOTOPBIA BBIpaKeH GopMymoi siny =N,
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, YTOOBI OMpENeNUTh MOKA3aTellb MPEJIOMIICHHS, HAaM HY)KHO 3HAaTh CHUHYC YIJIa MaJeHUs U CUHYC
yraa npeaoMIICHUSL.

2.2. Belpa3suM CHHYCBI 3THX yIJIOB U3 IPAMOYrobHEIX Tpeyronbaukos AK, L B, 4K,L,B.

[omyunm: _ K,L,
Sina = —(*
BKl‘ .2)

siny = %@ 3)
2 KlLl

2.3.IloacraBum 3uauenus (2.2) B opmyny (2.3) u momyuum: N = % .
22

BK,

2.4.Tx. BK1 = BK2 no mocTpoeHnio, To OHM COKpAIRIOTCS, U MOIy4uM padouyro (opmymy s

Kl Ll
ONpe/eNeHUs MOKa3aTeNs MPEeIOMICHU: N = PR (2.4).
272

3. TloacraBum 3Hauenus Kili um Kol u3 pucynka npotokona B dopmyny (2.4.) u Hailaém
MIOKa3aTelb MPETOMIICHHS CTEKIIA.

4. TIoBTOpHUTH OMBIT JBA pa3a, KK pa3 U3MEHSS yroll MaJeHUs JTyda, TepeKaIbIBasi UTOJIKY U3
TOYKU A B JIpyrHie TOUKU Ha JIUCTE OyMaru, UCMONb3ys A paboT MyHKTHI 1 — 3.

5. HaiiTi cpenHee 3HaUCHME TOKA3aTENsl MIPEIOMIICHUS CTEKIIA, UCITOJIB3Ys 3HAYCHUS TPEX OIBITOB:

n,+n, +n,

6. OnpenenauTb OTHOCUTEND n= 3 M3MepeHus &: no-n ‘
e=12 " 1.100%

I1€ Mras. — TAOIMYHOE 3HAYEHUE MOKa3aTessl MPeIOMIICHUS] OpraHuY eck Moo ca)

Mrag.=1,50.

7. Pe3ynbTarhl U3MEpEeHUN U BBIYMCICHUH 3anucaTh B Tabnuiy 7.1.

Tabnauna 7.1.

Howmep BKi,Mmm |BKz,Mmm |KiLi,mm |K2lo,MMm [N Nep. e, %

OIIbITa

1

2

3

8. Crenarh BBIBOJI O MPOJICTIAHHOM padoTe.
9. OTBeTHTH Ha KOHTPOJIbHBIE BOIIPOCHI.

Konmponsnwie sonpocot:

1. Yro moka3piBaeT Kod(HUIIHMEHT MPETOMIICHHUS CBETa?

2. B xakux ciydasx CBET Ha IpaHMIIe pa3zena JABYX cpel He mpeaomisieTcs?

3. Kak u3MeHseTcs JUIMHA U Y9acTOTa CBETOBOM BOJHBI IIPH MEPEXO0JIE U3 MEHEE IO THOW Cpeibl B
OoJsee IIOTHYIO cpemy?

4. B uem paznuyrie a0COTIOTHOTO ¥ OTHOCUTENIBHOTO KOA(DDUITUEHTOB MpPEeToMICHUS?

5. Kak u3MeHsieTcs JUIMHA W 4acTOTa CBETOBOW BOJIHBI IIPH MEpexojie U3 OoJiee MIOTHOW Cpeibl B
MEHEE MJIOTHYIO cpeay?
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JIABOPATOPHASI PABOTA Nel7.
Ha6.11oneHne naTepdepeHuun u 1ud pakuum cBeTa.

Llenv padbomer: npoHabIIOAATh NHTEPPEPEHLINIO U TUDPAKIIUIO CBETA.

Teopusa. Humepghepenyuss ceéema. Haumbonee HamIITHO BOJIHOBBIE CBOICTBA  CBeTa
oOHapyKHBalOTCA B SBJICHUsAX UHTeppepeHunn u audpakquu. HWaTepdepenuueit cBera
0OBSCHSAETCS OKpAacKa MBUIBHBIX ITY3bIPed M TOHKUX MACISHBIX TJICHOK Ha BOJE, XOTS MBLIbHBIN
pacTBop U Macio OecuBeTHbIE. CBETOBBIC BOJHBI YACTUYHO OTPAXKAIOTCS OT MOBEPXHOCTH TOHKOM
MJIEHKA, YaCTUYHO NpoXoJsaT B He€. Ha BTOpol rpaHuiie NMJIEHKA BHOBb MPOUCXOAUT YACTHUHOE
oTpaxkeHue BoJH (puc. 1). CBeTOBbIE BOJIHBI, OTPAKEHHbIE ABYMS IOBEPXHOCTSIMUA TOHKOW MIJICHKH,
pactpoCTpaHsIIOTCS B OJHOM HaIpaBJIEHUH, HO POXOJISAT Pa3HbIE MYTH.

VARV
NN

Pucynok 1.
[Ipu pa3HOCTH XO/1a, KPATHOM LIEIOMY YHCITY JJIHH BOJH:
Al = ZK%, (1)

HabIroAaeTCst HTEp(PEepEHIMOHHBII MaKCHMYM.
IIpu paszHoctu A l, KpaTHOIT HEUETHOMY YHCITY OJTYBOJH:

AI=(2k+1)%, @)

HaOmogaeTcsi UHTepGEepEeHIIMOHHBIH MHUHUMYM. Korzma BBITTONHSIETCS YCIOBHUE MaKCHMyMa ISt
OJIHOM JUIMHBI CBETOBOM BOJIHBI, TO OHO HE€ BBINOJHSETCS g APYrux JUIMH BOdH. [losTomy
ocBelaeMasi 0eJbIM CBETOM TOHKasi OecIiBeTHasl Mpo3payHas MJIEHKa KaXeTcs OKpaieHHou. [Ipu
M3MEHEHUH TOJIIMHBI TUICHKH WJIM yIJIa TaJeHUs] CBETOBBIX BOJIH Pa3HOCTh XOJla U3MEHSETCS, U
YCJIOBHME MaKCUMyMa BBITIOJHSIETCS JJI CBETA C JPYrOW JJIMHOMN BOJIHBI.

SBnenue uHTEepPEpeHUNU B TOHKUX IJICHKAX MPUMEHSIETCS Jii KOHTPOJs KauecTBa oOpadoTKu
MOBEPXHOCTEH, MPOCBETICHUS ONITUKY.

Hugparyuss céema. Ilpu TPOXOXKIESHUU CBETa 4Yepe3 Majoe OTBEPCTHE Ha HKpaHE BOKPYT
[[EHTPAILHOTO CBETIIOTO MATHA HAOIOIAI0TCS YepeIyIoMecss TEMHBIE U CBETIIbIE KOJbLa (PUC. 2).

Pucynok .2 . PucyHnok 3.
Ecnu cBeT mpoXoauT uyepes y3Kyto Leib, TO MOIyJaeTcst KapTUHA, MpeCTaBICHHAs Ha PUCYHKE 3.
SIBneHne OTKIOHEHHS CBeTa OT NPSIMOJIMHEHHOTO HANpaBJICHUS pPACIPOCTPAHCHHS IPH
MPOXOXKJICHUHU Y Kpasi Iperpajibl Ha3blBaeTcs audpakiueii ceera.
TlosBrienme gepeaAyronmmxcss CBETJIBIX W TEMHBIX KOJICIT B o0JacTu FeOMeTquGCKOfI TCHHU,
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bpanysckuit ¢pusnk dOpeHens OOBSICHUI TEM, YTO CBETOBBIC BOJHBI, MPUXOMAAIIME B PE3yNbTaTe
U (pakiy U3 pa3HbIX TOUEK OTBEPCTHS B OJIHY TOUKY Ha dKpaHe, HHTEPPEPUPYIOT MEXKITy COOOM.

Ilpuodoper u npunaonesxcnocmu: TIIACTUHBI CTEKISHHBIE - 2 INT., JIOCKYTHl KallpOHOBBIE WJIN
0aTucTOBbIE, 3aCBEUEHHas (DOTOIUIEHKA C MPOPE3bI0, CIENaHHOM JIe3BHMeM OPUTBBI, TPaMILIACTHHKA
(MM OCKOJIOK TpaMIUIACTUHKH), IITAaHTEHIUPKYIb, JamIia ¢ IpsIMOM HHUTHIO Hakana (0JlHa Ha BCIO
Ipynny), BETHbIE KApaH JallH.

Ilopaooxk nposedenusn padomoi:

1. Habnronenne naTepdepeHum:

1.1. CrexnsHHBIE MIACTUHBI TIIATEIHHO MPOTEPETH, CIOKUTH BMECTE U CXKATh MaJlbIIaMH.

1.2. PaccmaTpuBarh MJIaCTHHBI B OTPAKEHHOM CBeTe Ha TeMHOM (oHe (pacronaraTh WX HAJO Tak,
4yTOOBI HAa MOBEPXHOCTH CTEKIa HE 0OPA30BBIBAMCH CIIHIIKOM SIPKHE OMUKHA OT OKOH MJTH OT OeJbIX
CTEH).

1.3. B oTAenpHBIX MecCTaX CONPUKOCHOBEHMS IJIACTUH HaAOMIOIaTh SIPKUE  pagy>KHbIE
KOJIbI[€00pa3Hble MM HENPaBUIIbHOM (POPMBI IIOJIOCHI.

1.4. 3ameruTh M3MeHEHHsS] (QOPMBI U PACIIOJIOKEHUS MOTYyIEHHBIX HHTEPPEPEHIINOHHBIX MOJIOC C
U3MEHEHUEM HaKUMa.

1.5. TlonbiTaThCs yBUAETH UHTEP(HEPEHIIMOHHYIO KAPTUHY B IIPOXOJIAIIEM CBETE U 3apHCOBATh €€ B
IPOTOKO.

1.6. PaccmoTpets nHTEp(QEPEHIIMOHHYIO KAPTUHY MIPH MOMAJaHUU CBETA HAa TOBEP XHOCTh KOMITaKT
JICKa U 3apUCcOBaTh €€ B MPOTOKOJL.

2. Habmonenue nudpakiuu:

2.1. YcTaHOBHUTH MEX/Y TYOKaMH INTAHTEHIIUPKYIIS IIeTb MMpHHOM 0,5 MM.

2.2. [IpuctaBuUTH 1Ieb BILIOTHYIO K IJ1a3y, PACMOJIOKHUB €€ TOPU30HTAIBHO.

2.3. CMOTps CKBO3b IIENh HAa TOPHU3OHTAIBHO PACIOJIOKEHHYIO CBETSIIYIOCS HUTH JIAMITHI,
HaOII0AaTh 110 00€ CTOPOHBI HUTH PAIy’KHBIE TTOJIOCHI (I (PPAKIINOHHBIE CIIEKTPHI).

2.4. M3mensas umpuny menun ot 0,5 go 0,8 MM, 3aMeTuTh, KaKk STO M3MEHEHHE BIIHUSAET Ha
T (ppaKIIMOHHBIE CITEKTPHI.

2.5. lndpakimoHHyI0 KapTUHY 3apHUCOBATH B IPOTOKOJIE.

2.6. Habmonate audpakuvoOHHbBIE CIEKTPhl B MPOXOSIIEM CBETE C MOMOIIBIO JIOCKYTOB KalpoHa
UM Gatucra.

2.7. 3aprcoBaTh HHTEPPEPEHITMOHHYIO M T (DPAKIMOHHYIO HAOII0IaeMble KapTUHBI.

3. Cnenats BBIBOJ O TPOJICIIaHHOM paboTe.

4. OTBETUTb Ha KOHTPOJIbHBIE BOIPOCHI.

Koumponwvnuie éonpocwi:

1. Kak nmomyyaroT KOTepeHTHbIE CBETOBBIE BOJIHBI?

2. C xakoy (pM3M4YecKkoi XapaKTEpPHCTHUKON CBETOBBIX BOJH CBS3aHO pa3lInyuUe B I[BETE?

3. Tlocne ymapa KaMHEM IO MPO3PavyHOMY JIbJY BO3HUKAIOT TPEIMHBI, MMEPETUBAIONIIECS BCEMH
useramu paayru. Ilouemy?

4. Yro BBl yBUIUTE, IOCMOTPEB HA JIEKTPUUECKYIO JIAMIIOYKY CKBO3b IITHYbE I1€pO?

5. YeM oTiiMuaeTcs CIEeKTPhl, ycBauBaeMble MPU3MOM, OT JU(PAKIIMOHHBIX CLIEKTPOB?
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JIABOPATOPHASI PABOTA Ne 18.
OmnpeneJieHue JJIMHBI CBETOBOM BOJIHBI IPH MOMOIM AU} PAKIMOHHOM pe I TKH.

Ilenv pabomer: OnpeneneHue IMHBI CBETOBOW BOJIHBI PU MOMOIM TU(PAKIIHOHHON PELIECTKH.

Teopua: lndpakimonHas pemeTka MPEICTaBIIsieT COO0H COBOKYMHOCTh OOJBINIOTO YHCIA OYEHB
Y3KUX TapajUIeTbHBIX ILIENed, pa3eNeHHBIX HENpo3padyHbIMU IMpoMexyTkamu. OOm@as nmpuHa
eI HEMpPO3payHOro MPOMEKYTKa Ha3bIBaeTCsl MepuoAoM pemeTku. Hampumep, ecnu Ha
mupakunoHHOM pemErke umeercs 100 mrpuxos Ha 1 MM, TO mepuoOJ, UM MOCTOSIHHAS AU (paK-
uoHHoM peretkd d= 0,01 mm.

Pucynoxk 1.
Ha pucynke 1 mpencraBiieHa cxema xona Jyded uepe3 peweTky. Jlydu, mpoxossume uepes
pELIETKy MEepINeHIUKYIAPHO €€ IUIOCKOCTH, IMOMaJaloT B 3padyoK Habmarogarens U oOpa3yloT Ha
ceTuaTke Ia3a 0O0blYHOEe M300pa’keHHe MCTOYHMKA ceTa. Jlyuu, orubaronme Kpas meneid pereTkH,
UMEIOT HEKOTOPYIO Pa3HOCTh XO/a, 3aBUCSINYIO OT yrima & . Eciu 5Ta pa3HOCTh paBHA JJTMHE BOJHBI
A wm AK, rme K - memoe umcino, TO Kakaas Takas Iapa Jiydedl oOpasyeT Ha CeTdaTke
N300pakeHIe UCTOYHUKA, IBET KOTOPOTO ONPENEINSETCS COOTBETCTBYIOIIEH UTMHON BOIHEL A .
CMOTpsi CKBO3b DELIETKy Ha HCTOYHMK CBETa, HAOIIOAATeNlb, KPOME 3TOTO MCTOYHUKA, BUIUT
pacIooXeHHbIE CHMMETPUYHO 1O 00€ CTOPOHBI OT HEro AudpakuroHHBIE CIeKTphl. biarkaiimast
napa crekrpoB (l1-ro TopsiaKa) COOTBETCTBYET pa3HOCTH XOAa Jiydei, paBHOW A A
COOTBETCTBYIOLIETO LBeTa. bonee ynaneHHas napa cHeKTpoB (2-ro IMOpsaKa) COOTBETCTBYET
pa3HOCTH XO/a Jydeid, paBHOW 24 H T.1.
Kak BunHo u3 pucynka 1.

d-sina
A= B
I7€ @ — W3BECTHBIM MEPHOJ PEIIETKH, a K — MOPSIOK CrekTpa. 3HAUYUT 4TOOBI OIMPEIETUTh
AJIMHY BOJIHBIL, COOTBCTCTBYIOHIGﬁ JIMHUU ONIPECACIICHHOIO IBETA 1OCTATOYHO HaWTH:
i b
Sina = —
c
[ToCKONBKY YIUIBI, IO KOTOPBIMH HAOII0JAal0T TPaHHUIbl CIIEKTpOB it pemetkr ¢ d = = 0,01 mm,

HC IMPCBLIIIAIOT 40, BMCCTO CUHYCOB MOKHO HMCITI0JIb30BaTh 3HAYCHUC TaH
. b
TEHCOB, T.€. SINa = tga = —.
a

Jlis onpeseneHys yKa3aHHOTO BBIIE OTHOIIEHUS CIYXUT Ipubop. DTo JNMHEelNKa, pa3/ieneHHas Ha
MUJITUMETPBL. Ha 01HOM ee KOHIle HaXOUTCs YepHBINA YKpaH, KOTOPBI MOKHO ITE€pEMENIATh BJI0JIb
muHeviku. Ilocepenune skpana wumeercs mnpopesb. Ha 1OpyroMm KoHIE JMHEHWKM 3aKkpeluieHa
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T (paKiOHHAs PeleTKa.

CMOTpsi CKBO3b PEIIETKY W MPOpe3b Ha MCTOYHUK CBETa, HAONIONATENh YBUAUT HA YepHOM (oOHE
JKpaHa MO 00€ CTOPOHBI OT TPOpe3u TU(PPAKIUOHHBIC CHEKTPHI |-T0, 2-TO W T.JA. TOPSIKOB.
PaccTrosiHe @ OTCUMTHIBAIOT IO JIMHEWKE OT PELICTKU JI0 dKpaHa, paccTosiHue b — oT mpopesu 10
JMHUY CIIEKTPa OMPECIISICMON JUTHHBI BOJIHBI.

Ilpubopel u npunaonesxchocmu: TPUOOP OIS OMpPENECICHHUS JIUHBI CBETOBOW BOJHBI,
T (paKIMOHHAs PeIleTKa, NICTOYHUK CBETA.

Ilopsaook evinonnenus pabomol:

1. CoOpath ycTaHOBKY, UCIOJB3Yd PUCYHOK 1.1, 11 3TOr0 HE0OXOMMO:
K=1 K=2
[

| / e-MeTouMHMK

| ; cBETa

I ¢

| ¢

!,u"l AMCPPIKUMOHNNIT pEWETHa

Pucynok 1.1.
1.1.YcTaHOBUTD KTy Ha HAHOOJBIIEM PacCTOSHUM | OT quQpaKinOHHON PEIIeTKA U HAIpPaBUTh
YCTaHOBKY Ha MCTOYHUK CBETA, MOJIyYUB U (DPAKIIMOHHBII CIIEKTP.
1.2.0npenenuth paccrosiHue | oT AupakuMOHHOW PEMETKU 10 IIKaJIbl HA HMTKE U CMELICHUE

dyda h oT mwenu 1o cepequHbI GUOTIETOBOM YacTH CIIEKTpA.
1.3. 3Has, 4yTO MakCUMyM, TONy4aeMbIii OT AM(PAKIMOHHON pEIIeTKH, CBSA3aH C MEPUOFOM

. i h
pemetkn d Qopmynoit KA =d sine, u, 3amensis Sina Ha tgo = T (BBuIy Manoctu yrmadl ), rie

h
k — mopsmok criekrpa, noaydum KA =d T OTKyJa:

A= d-h (1.2).
k-1
1.4.BeruucnuTh 3HaYCHHE ATUHBI CBETOBOM BOJIHBI (PHOTETOBBIX Tydei, ucnonbdya opmymy (1.1).
2. TloBTOpUTH OMBIT AJs 3€JIEHOT0, KPaCHOrO IBeTa IU(PAaKIMOHHOIO CHEKTpa U BBIUMCIUTH
JUIMHY CBETOBOM BOJIHBI 3€JIEHBIX U KPACHBIX JIY4EH.

3.CpaBHI/ITL IMMOJIYYCHHBIC 3HAUCHU S C Ta6J'II/ILIHLIMI/II
Aguon = 400 — 440 1,

A . =495 — 580 uMm,

3e16n

A =640 — 760 M.

Kpacn
4. BeraucnsieM OTHOCUTEIBHYIO TIOTPEIIHOCTh U3MEPEHU 1o Gopmynam:

ﬂ - ﬂ ]‘K - j"c K

g:M.lOO% &= -100% 3=M-100%

P cp .3 cp K

3 cp.3

5. Pe3ynbrarhel U3MEpeHU U BHIYMCICHUH 3aHECTH B TAOIUILY:

Taoauna 5.1.
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Ne| Iser d, m [, m h, m k A, M e, %
1 | ®uoneroBsIit

2 | 3enéuprit

3 | Kpacusrii

6. Caenarp BBIBO/IL.
7. OTBETHTH Ha KOHTPOJIBHBIE BOIIPOCHI.

Konmponwvnuie éonpocwi:

1. Yro Ha3pIBaeTCs MEPHUOJOM PEIIETKH ?

2. Kax oOpazyercs qu@ppakiMOHHBIN CIIEKTP U Y€M OH OTJIMYAETCS OT JUCIEPCUOHHOI0?

3. KakoBa mocienoBarenbHOCTh B pPACIOJOXKEHHH KpacHOW W (uomeTroBod yacrteit
T (PPAKIIMOHHOTO CHEKTPa OTHOCUTENIBHO CEPEANHBI?

4. Kak Bausier mnepuon Iu(pakiMOHHOW pPEUETKH Ha pacCTOSHUE MEXAy YydacTKaMu
T (PpaKIIMOHHBIX CIIEKTPOB?

JIABOPATOPHASI PABOTA Ne 19.
Ha0aroneHue CIU10IHOI0 M JIMHEHYaTOro ClIeKTPOB Pa3JIMYHBIX BelleCTB.

lIeJlb paﬁombt: PaCcCMOTPETb, 3apUCOBATh PA3JIMYHBIC BUAbI CIICKTPOB.

Teopusa. OnblT NOKa3bIBa€T, YTO JY4W paA3IM4YHONW LBETHOCTH INIPU IIPOXOKICHUU Uepe3
CTEKSIHHYIO WJIM KBapLEBYIO MPU3MYy HPEIOMIISIOTCS IO-Pa3HOMY: KpacHble JydH ciabee,
(¢uoneToBble - CUiIbHEE. DTO SBJIEHHME HOCUT Ha3BaHMe Aucrepcuu. Eciau Ha myTH mpoIueammx
yepe3 MpHU3My JIydel MOCTaBUTh 3KpaH, TO JIy4d Pa3IMuyHON IBETHOCTH IOMAIyT Ha Pa3IUYyHbIE
Y4aCTKM OJKpaHa M Ha HEM IHOSBUTCS LBETHas IoJoca — JCWCTBUTENbHOE H300paskeHue
JMCIIEPCUOHHOTIO (IPU3MaTUUYECKOro) crekTpa. Ecnu nmpusMy moctaBuTh MEXy HCTOUHUKOM CBETa
U OKYJISIpOM, MOXHO paccMaTpUBaTh 4epe3 OKyJIsIp MHMMOE M300paxkeHHe clieKkTpa. B mocneqnem
cllydae MOJIydMM Tak Ha3blBaeMblii ciekrpockon (puc. 1 u la).

) ALZE 1T

Pucynokl. Pucynok 1a.

OnHolt M3 OCOOCHHOCTEH AMCIIEPCHOHHOTO CIEKTpa SBJISIETCS €r0 HEPaBHOMEPHOCTB: KpacHas
YacTh CIIEKTpa CKaTa, (PMOJIETOBAs — paCTSIHYTA.

Ilpuéopel u npunaonerychocmu: CUEKTPOCKOI, CHEKTpalbHble TPYOKU, MHIYKIIMOHHAS KaTYIIKa,
BeinpsimuTelib  BC  4-12, chnmproBka, acOecToBas IMajiodyka, pacTBOpP IOBAapEHHOW COJIH,
CBeTO(bHHprBI, mraTuB.

Ilopsaooxk nposedenus padomot:
1. HaGnroneHus CIIJIONMHOTO CTEKTPA.
1.1.3axeub CIUPTOBKY, IOCTABUTH €€ HA I1OJICTABKY.
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1.2.PacnionoxuTh CIUPTOBKY TaK, YTOOBI €€ IIaMs IPUXOAUIIOCH IPOTUB IIEJIH KOJUTUMATOpa (pHC.
1, 1a).

1.3.IlpoBeputh, mnapawienbHa U IEJNIb KOJJIMMAToOpa TPEIOMISIIONIEMY peOpy TMpU3MBI
CIIEKTPOCKOIA.

1.4.PaccMOTpeTh MOTy4EHHBIN CIIJIOUHON CIEKTP; HAlTH B HEM OCHOBHBIE CIIEKTPAJIbHBIE [[BETA.
1.5.CpaBHUTH MOTY4EHHBIN CIEKTP CO CIEKTPOM JHEBHOIO CBETA U C M300pa)XEHHEM CIIJIOIIHOTO
CIIEKTpa B TabJHIIE.

2. HabmroeHust JINHEHYaToro CHekTpa MCIyCKaHHUs.

2.1.3axeub CIUPTOBKY, IOCTABUTH €€ Ha IMOJICTaBKY.

2.2.PacnonoXuTh CHUPTOBKY TaK, YTOOBI €€ IiamMsi MPUXOAUIOCH TPOTHUB LIEJIN KOJUTUMATOPA.
2.3.BHectT B miamMs CHUPTOBKM Ha IPOBOJIOYKE KyCOYEK acOecTa, CMOYEHHBIH pacTBOpPOM
MOBApEeHHON cojiu. PaccMOTpeTh MOJIydEHHBIM CIEKTp HCIYCKaHWs HATpPUs U CPAaBHUTH €ro C
n300pakeHNeM B TabIuIIE.

2.4.3aKkpenuTh B JalKe IITaTuBa CIEKTPAIbHYIO TPYOKY.

2.5.PacnionoxuTh TpyOKy Tak, 4TOObI OHA HaXOJWJIAaCh MPOTHUB LIETU KOJUIUMATOpPA, NapajliesIbHO
IIOCJIETHEM.

2.6.IlogcoemuuuTh TPOBOAA OT BBIBOJOB BTOPUYHONW OOMOTKM WHIYKIIMOHHOW KATYIIKH K
9JIEKTpO/IaM TPYOKH, MPUBECTU B JEWCTBHE KATYLIKy M MOJYyYUTh CBEUYEHHUE ra3a B TpyOke (Uiu
HEOHOBOM JIaMIIe).

3. Habmronenue criekrpa moryoneHusI.

3.1. 3axkeub COUPTOBKY, IOCTABUTH €€ Ha [10/ICTABKY.

3.2. [lomecTuTh COUPTOBKY TaK, YTOOBI €€ MIaMs MPUXOJHIIOCh IPOTHUB LIEJIN KOJUIMMATOPA.

3.3. [lomecTuTh MEXTY IIETBIO ¥ CITUPTOBKON CBETOMUITBTP.

3.4. PaccMoTpeTh TONYYEHHBIM CHEKTp IMOINIOIIEHUS IBETHOTO CTeKIa, oOpallas BHUMaHHE Ha
XapakTepHble JTHMHUU U MOJIOCHI OTIIOILEHUS.

4. 3apucoBaTh MOJYYEHHBIE CIIEKTPHI B IPOTOKOJI JJAOOPATOPHON pabOTHI.

5. Cnenatb BBIBOJ O TIPOJICIIAHHON padoTe.

6. OTBETUTb Ha KOHTPOJIbHBIE BOIIPOCHI.

Konmponvnuie eéonpocwi:

1. Kakue 11BeTa U OTTEHKH BbI pa3inyacTe B CrieKTpe?

2. Kak BiuseT IMpYHA ICNIA CIIEKTPOCKOIA Ha BU/I ITOJy4aeMOro BaMU CIieKTpa?
3. [puBeauTe MpUMEPHI MPAKTHIESCKOTO TTPHMEHEHUS CIISKTPOB.

JIABOPATOPHASI PABOTA Ne 20.
N3y4deHue TpeKoB 3apssKeHHbIX YACTHI 110 TOTOBBLIM (poTorpag usim.

Llenv padomel: N3ydnTh TPEKU 3aPSHKEHHBIX YAaCTHUIL 110 TOTOBBIM (hoTOrpadusim.

Teopua: llpu nomonm &kamepsl Buibcona HaOmogaioT u  ¢GoTorpadupyioT Tpekd (Ciiemabl)
JBYDKYIIMXCSL  3apsDKCHHBIX YacTUIl. TpeK 4YacTHIBl TPENCTaBIseT COOOH LEmouKky u3
MHUKPOCKOITHYECKHX KalleJleK BOJBI WM CHUPTa, OOpa30BaBIIMXCS BCJCICTBUE KOHJICHCAIIMH
NEPECHIIICHHBIX MapoB ATHX JKUAKOCTEH Ha HoHaX. VOHBI ke o0pa3yloTcs B pe3ynbTare
B3aUMO/ICHCTBUS 3apsHKEHHOM YacTUIIBI ¢ aTOMaMHU U MOJIEKYIaMH 11apoB U Ta30B, HAXOAAIMXCS B
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Kamepe.

a1

+Ee

Pucynok 1.
[Iycte yacTuna c 3apsaoM Ze JBUXKETCS CO CKOPOCThIO V Ha PacCTOSHHUU I OT 3JIEKTpPOHA aroMa
(puc. 1). BcnencrtBue KyJOHOBCKOTO B3aMMOJICHCTBUSI C JTOM YACTUIICH AJICKTPOH IOJy4aeT
HEKOTOPBbIN UMITYIIbC AP = FAt B HanpaBlIeHUH, IEPIIEHAUKYISIPHOM K JTUHUU JIBUKEHUS YaCTHIbL
BianmopeiictBue yacTHIbl U 3JIEKTpoHa Haubosee A((EKTUBHO BO BPEMs IPOXOXKICHUS €€ I10
OTPE3Ky TpPAaeKTOpHUH, OMkaillieMy K 3JIEKTPOHY U CPaBHUMOMY C PacCTOSHUEM [, HalpuMep
paBHOMy 2r. Torna B gopmynie Ap = FAt, roe At- Bpems 3a KOTOpO€ YacTHIIA IPOXOIUT OTPE30K

2r o
Tpaekropuu 2r,r.e. At = —,a F — cpenHss cuia B3auMOAEHCTBUS YacTULIBI U DJIEKTPOHA 3a 3TO
1))

BpEMSL.
Cuna F mo 3axkony KyrmoHa mpsiMo mponopiioHaibHa 3apsiiaM 4acTuilbl (Z€) u anekrpoHa (€) u
0o0paTHO TMpOMOPLHOHATbHA KBaJpaTy pacCcTOAHUA Mexay HuMH. CrenoBaTenbHO, CHIIA
B3aUMO/ICHCTBUS YACTHIIBI C JJIEKTPOHOM MPUMEPHO pPaBHA:

_ Zee

T Azgr?
(mpuMepHO, TaKk KaK B HaIMX pacyeTax HE YUYUTHIBAIOCH BIMSHUE SApa aTOMa JAPYIUX 3JIEKTPOHOB
Y aTOMOB Cpe/ibl):

Zee2r Zee

CAzgr’v  2mgrv

Wrak, ummynbc, IONY4EHHBIM DJJIEKTPOHOM, HAXOAWUTCA B IPSAMOM 3aBUCUMOCTH OT 3apsjaa
IPOXOJSIIEH OKOJIO HEro 4acTUIbl U B 0OPaTHOM 3aBUCUMOCTH OT €€ CKOPOCTH.

[Ipn HEKOTOPOM JOCTATOYHO OOJIBIIOM HMITYJIbCE AJIEKTPOH OTPHIBAETCS OT aTOMa U MOCIEIHUM
npeBpamaercs B MoH. Ha kaxaoii enmHuIIe TyTH YaCTHIIBI 00pa3yeTcs TeM OOJIbIe HOHOB

(a criemoBaTenbHO, W KaleleK JKUAKOCTH), 4YeM OOJbIlle 3aps] YacTUIIBI M 4YeM MEHBIIE ee
ckopocTh. OTCIOZIa CIIEIYIOT BBIBOJIBI, KOTOPBIE HEOOXOJUMO 3HATh, YTOOBI YMETh <IIPOUYECTH)
dororpaduio TPEKOB YACTUILIBI:

1. Tlpu mpoYMX OJAMHAKOBBIX YCIOBHSX TPEK TOJIIE y TOH YaCTHIIBI, KOTOpas UMEET OOJIBbIIHIA
3apsin. Hampumep, Mpy OJIMHAKOBBIX CKOPOCTSAX TPEK @ - YAaCTHUIIBI TOJIIIE, YeM TPEK IMPOTOHA W
DJIEKTPOHA.

2. Ecnu 9acTuIlhl MMEIOT OJMHAKOBBIE 3apsjibl, TO TPEK TOJIIEC y TOW, KOTOpas MMEET MCHBIIYIO
CKOPOCTh, IBMIKETCS MEJICHHEEe, OTCIOJIa OYEBHJIHO, YTO K KOHITY JBH)KCHHS TPEK YACTHI[bI TOJIIIC,
YeM BHauaje, TaK KaK CKOPOCTh YAaCTHI[bl YMCHBINACTCS BCIEACTBHE MOTEPU DHEPIUHM Ha
HMOHU3ALINIO AaTOMOB CpPE/Ibl.

3. Uccnenys n3nmydeHHe Ha pa3HBIX PACCTOSHUIX OT PaJHOAKTHBHOIO IperapaTa, 0OHapYKHIIU, YTO
WOHUBHPYIONME W JApyrue JACUCTBUS J - H3Iy4deHUS PE3KO OOpBIBAIOTCS Ha HEKOTOPOM

XapaKTePHOM IS Ka)JIOTO PaJMOAKTHBHOIO BEIICCTBA PACCTOSIHMH. DTO PACCTOSHUE HA3bIBAIOT
npobecom dactuilpl. O4YeBUAHO, MPOOEr 3aBUCUT OT SHEPIMHM YACTUIIBI M TUJIOTHOCTU CPEJIbI.
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Hampumep, B Bosayxe npu Temmeparype 15 °C u HOpManbHOM JaBI€HHMH IPOOEr @ - YaCTHUIIB,
uMeroleil HadanpHyro 3Hepruio 4,8 MbB, paBen 3,3 cM, a mpober @ - 4acTUIBl C Ha4yalbHOMI
sHepruer 8,8 MaB — 8,5 cm. B TBepiom ke Tene. HanpuMep B GOTOIMYIBCHH, TPOOET @ - YaCTHI]
C TAaKOW SHEPIUEH PaBEH HECKOJIBKUM JECITKAM MUKpPOMETpA.

Ecnu kamepa BuibcoHa momenieHa B MarHMTHOE T0JIE, TO HA ABUIXKYLIMECS B HEW 3apsHKEHHbIC
yacTullbl JeiictByer cuia JlopeHua, kotopas paBHa (Ui Cilydas, KOTJAa CKOPOCTb YacTHIIBI
MEePICHIUKYIIIPHA TUHUSM T10JIS):

F =ZeuvB, rne Ze — 3apsnm 4acTUIb, ¥ — CKOPOCTh U B — WHIYKIUS MarHUTHOTO TIOJIS.
[IpaBuno 5eBOMl pykd IIO3BOJIAET I[IOKas3aTh, 4To cuia JlopeHna HampaBieHa Bceraa

HNEepPHEHAUKYISPHO CKOPOCTU YaCTHULIBI U, CIIEJOBATENBHO, SABJISETCS [IEHTPOCTPEMUTEIBHON CHIION:
2

mo
ZevB = , THe m — Macca 4YacTHIIpl, I — paauyc KpUBU3HBI €€

mo
tpeka. Orciona r = —— ().
ZeB
Ecnmu d9acTMma wWMeeT CKOPOCTh, MHOTO MEHBIIYI0 CKOPOCTH cBera (T.e. dYacTHIa He

PENATUBUCTCKAs), TO COOTHOMIEHHE MEXIy KHHETHYECKOW DHEPIUed W pajuycoM €€ KPHUBH3HBI
2
mv® _(Brze) ®
2 2m
U3 mosy4eHHBIX (OPMYJI MOXKHO CIENaTh BBIBOJBI, KOTOPBIE TAKKe HEOOXOAUMO U CIIOIBb30BATh IS

UMECT BU:

aHanu3a ¢ororpaduii TPEKOB YACTHUII.

1. Pamuyc kKpuBU3HBI Tpeka 3aBUCHT OT MacChl, CKOPOCTH U 3apsaa 4acTUlbl. Pamuyc TeM MeHblie
(T e. OTKIOHEHHWE 4YacTHUIbl OT MPSIMOJIMHEHHOIo ABUXKEHUS OOJbINE), YeEM MEHbLIE Macca U
CKOPOCTh YacTUIIbI U 4eM OoJiblie ee 3apsja. Hampumep, B 0IHOM U TOM XK€ MarHUTHOM IOJIE TIPH
OJIMHAKOBBIX HAYAIBbHBIX CKOPOCTSIX OTKIOHEHHUE 3JIEKTPOHA Oy/eT OoJbllle OTKIOHEHHUS MPOTOHA, a
Ha Qororpaduu OyaeT BHUAHO, YTO TPEK DJIEKTPOHA — OKPYKHOCTb C MEHBIIMM pPaJnyCcOM, YeEM
paauyc Tpeka MpoToHa. BeICTPBI 3JIEKTPOH OTKIOHUTCS MEHbINE, YeM MEUICHHBIN. ATOM renus, y
KOTOPOTO HEIOCTaeT 3JeKTpoHa (MOH He™), OTKIOHHWTCS cnabee @ - YacTHIIbI, TaK KaK MPH
OJIMHAKOBBIX Maccax 3aps] & - YacTUIbl OOJbIlIe 3apsiia OJHOKPATHO MOHU3WPOBAHHOTO aroma
renus. VI3 cOOTHOIIEHUST MEXly SHEprueil 4yacTUIlbl U PaJuycoOM KPHUBU3HBI €€ Tpeka BHIHO, YTO
OTKJIOHEHHE OT MPSIMOJIMHEHHOIo JABMXKEHHS OOJbllle B TOM Cllydae, KOIZla SHEPrus YacTHIIbI
MEHBIIE.

2. Tak Kak CKOpPOCTh 4YacTHUIBl K KOHIly IpoOera yYMEHBIIAETCS, TO YMEHBIIAeTCd U pajauyc
KpPUBU3HBI TpeKka (YBEIMYMBAETCS OTKIOHEHUE OT MPSAMOJIMHEHHOro nBrxeHus). [lo u3meHeHuo
pannyca KpUBU3HBI MOKHO OIPEAETUTD HAIPABJICHUE IBUK €HUSI YACTHIbl — HAYaJIO €€ JBUKEH U S
TaMm, r7e KpuBU3HA TPEeKa MEHBbIIIE.

3. U3mepuB paanyc KpUBHU3HBI TpeKa U 3HAs HEKOTOpbIE APYrue BEIMUYMHBI, MOYKHO JUIS YaCTHIIbI

Ze
BBIYUCINUTH OTHOHNICHUEC €C 3ap$1)1a K Macce. —
m

OTO OTHOULICHHE CIYKHUT Ba)KHEHIEH XapaKTepUCTHUKOW YacTHI[bl M TO3BOJIIET OMpeENeNUTh, YTO
9TO 3a YaCTHIIA, UJIH, KAK TOBOPST, UICHTU(DUITUPOBATH YACTHUILY, T.€. YCTAHOBUTH €€ UJICHTUIHOCTD
(oTOXHECTBIEHUE, T0100ME) H3BECTHOM YacTHUIIe

Ecnu B kamepe BuibcoHa mpou3zonuia peaxuus pacrnaia sijipa aroMa, TO MO TpeKaM YacTUl] —
MPOJIYKTOB pacmaja MOKHO YCTaHOBHTh, KAaKOE S/IPO pacnanock. JJist 3TOro Hy)KHO BCTIOMHHUTb, YTO
B SJICPHBIX PEAKIUAX BBIMOJHIIOTCS 3aKOHBI COXPAaHEHHsS IOJHOTO SJIEKTPUYECKOro 3apsiaa |
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IOJIHOTO YKCcIIa HyKIOHOB. Hanpumep, B peakuuu: ‘sO+;n —>4,He+;n cymMapHblii 3apsi 4acTuL,

BCTYMAIONMX B peakiiuio, paBeH 8(8+0) u 3apsi 4acTUII—IIPOIYKTOB PEAKIINHU Takke paBeH 8§ (4*
2+0). ITonHoe uucio HYKIOHOB ciieBa paBHO 17 (16+1) u cnpasa tawke paBHO 17 (4 *4+1). Ecnu
He OBIJIO M3BECTHO, SAPO KAKOTO BJEMEHTa pachaioch, TO MOXHO BBIYUCIUTH €ro 3apsa ¢
MOMOIIBI0 MPOCTHIX apU(PMETHUECKUX pacueToB, a 3aTeMm no Tabmuue /.M. MenneneeBa y3HaTh
Ha3BaHUE FJIEMEHTA. 3aKOH COXPAHEHMUsI MOJHOTO YMCIIa HYKJIOHOB ITO3BOJHT YCTAHOBUTH, KAKOMY

M30TOILy 9TOTO JIEMEHTA PUHAIEKHT A1po. Hanpumep, B peakuuu: 5 X+/H =25He

Z=4-1=3uA=8-1=7, cnenoBaTeiabHoO ;X - €CTh U30TOI JIUTHIL.

Ilpuébopvr u npunaonexcnocmu: (ororpaduu TpekoB, Mpo3padHas Oymara, yroJdbHUK, ITUPKYIIb,
KapaH JallL

Ilopaooxk nposedenus pabomot.
Ha dotorpaduu (puc. 2) BUAHBI TpEKH sifiep JETKUX 3JIEMEHTOB (mocienHue 22 cM ux mnpooera).

Slnpa nBuranvch B MarHUTHOM Tosie UHAyKuuen B = 2,17 Tn, HanpaBlieHHOW TEpIEHIUKYISIPHO
dororpaduu. HavanbHBIE CKOPOCTH BCEX S/IEP OJWHAKOBHI U MTEPIICH AU KYIISIPHBI JIMHHSM TTOJIS.

Pucynok 2.
1. VByueHue TpPEKOB 3apsHKEHHBIX YACTHUIL (TEOPETUUECKUM MaTepual).

1.1.0npenenute HampaBlieHHE BEKTOpAa MHAYKIIMM MAarHUTHOTO IOJISL U CAENANTE 1MOSCHUTEIbHBIN
PUCYHOK, YYHUTBIBas TO, YTO HAIpPaBJICHHE CKOPOCTH JBWIKEHHUS YaCTUI] OMPEACISIOTCS 10
W3MEHEHUIO paauyca KPUBHU3HBI TPEKa 3apsDKEHHOM YacTUIbl (HAyalo €€ JBM)KCHHUS TaMm, TIie
KpPUBHU3HA TPEKA MEHBIIIE).

1.2.00bsicHuTe, TOYEMY TPACKTOPUU YACTHUI[ MPEICTABISIOT COOOH OKPY)KHOCTH, HCIIOIB3YS
TEOpHIO K TabopaTopHOit paboTe.

1.3.KakoBa mpuurHa pa3iuyusi B KPUBU3HE TPACKTOPUN PA3HBIX SJIEP U MOYEMY Kp MBH3HA KKIOU
TPACKTOPUH HM3MEHSIETCS OT Hadana K KOHIy mpoOera yacTuilbl? OTBETUTHh HA JaHHBIC BOIMPOCHI,
HCIIOJIB3Ys TEOPHIO K 1abopaTopHoii padoTe.

2. M3yueHue TPeKOB 3apsDKCHHBIX YaCTHUIL IO TOTOBBIM (oTorpadusm (puc. 2.).

2.1.Hanoxute Ha ¢oTtorpaduio IUCT Mpo3payHOil Oymaru (MOXKHO HCIIONB30BaTh KAIbKy) M
OCTOPO’KHO TIepEeBEIUTE HA Hee TpeK | u mpaBblid Kpail (ororpaduu.

2.2. WsmepwTe paguyc KpuBU3HBI R, Tpeka yacTuIibl | IpMMEpPHO B Hadajle U B KOHIIE Ipobera,
JUTSI 9TOTO HY)KHO CJIENIaTh CJIEIYIOIME TTOCTPOSHHUS:

a) U3 HavaJia TpeKa MPOBECTU 2 pa3IMIHbIC XOPIbI;

0) HaliTH cepeluHy XOpAbl 1, a 3aTeM 2 ¢ TOMOIIBIO IIUPKYIIS U YrOJIbHUKA;

B) 3aT€M IPOBECTH JIMHUHU YEpe3 CEPEANHBI OTPE3KOB XOPJ;

I) MpHU TIEpEeCEYCHUU ATHUX JIMHHUH, oOpasyeTcsi TOYKA, SBIISIONMECS IIEHTPOM JAaHHOTO YdJacTkKa
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KPUBU3HBI TPEKA,
J) COCAMHUTHh JAHHYIO TOYKYy C HadaJioM Tpeka 1, 0oOpa3oBaHHBIA OTPE30K OyIeT SBIATHCS

pajycoM KpHBH3HEI B Hauane JBHKEHUS 3apsKeHHoH gacTuIsl (R)).
2.3.13meprbTe paauMyc KpMBH3HBI R, Tpeka yacTuibl 1 B KOHIE mpobera, It 3TOT0 HY)KHO CIAENaTh
NOCTPOCHUE AHAJIOTHYHBIE W3MEPEHHUI0 paadyca KpuBH3HBI R, yuuThiBasg Macmrad Ha

¢ororpadumn.
2.4.Beraucnute u3MeHeHue paauyca kpususeel AR=R, - R, .

1°

2.5.BpIunciiuTe Ha CKOJIBKO M3MEHUJIACh HEPTHUS YaCTHUIIBI 32 Bpemst Iipobera 1o Gopmyie:
B 2
AE = (ZA)AR (2.1.), €CIi  M3BECTHO, YTo yactuma |
m

uIeHTHPUIIIPOBaHa Kak MpoToH (M) = 1,6726- 107" ke, q,=16- 10™°Kn)

2.6.Bprancnute Ha4aJlbHYIO CKOPOCTh MpOTOHA (dactuma |), UConb3ysl MpenbIAyIe pe3yabTaThl,
o gopmyre:
V = R,ZaB (2.2.)
m
2.7. VIamepbTe pamuyc KpuBHU3HBI Tpeka dacTtuilbl |l B Hauanme e€ mpoOera, MCIOIB3ys MOPSIOK
nyHkroB 2.1.a —2.1.1.

q

2.8.Berunciinte s wactunbl |l oTHOmeHWE 3apsiia k Macce — , 3Has, YTO HaYaJIbHas CKOPOCTh
m

ATOH YaCTHUIIBl paBHA HAYAJIBHOM CKOPOCTH TIpoToHa (yactuia l), mo dopmye:
\%
4_-Y 23)
m BR,

2.9. Onpenenure, AAPOM KaKoro djieMeHTa sBisercs gactuia tpeka |1? Jlns sroro Heobxoaumo:

q
a) BBIYUCIIUTD OTHOIICHUEC 3apsiaaa nporoHa K MacC€ TIPpOTOHa —£ , 3Has, 4qTo
m
p

m, =16726-10"%"ke; g, =1,6-10""Kx.

0) 3HaueHwue, mosrydeHHoe 1o Gopmyne 2.3., MOAETUTh Ha OTHOIIICHUE :]—p ;
P
B) TIOJTYYCHHOE YK CIIO OyIET SBJISATHCS IMOPSIKOBBIM HOMEPOM DJIEMEHTA;
I) WCIONB3ysS MEPUOJAUYECKYI0 CHCTEMY XUMHUYECKUX DJIEMEHTOB, ONPEIEIHUTh, SAPOM KAKOTO
3neMmeHTa sBisierca yactuuna lll.
3. Cnenarb BBIBOJI O MPOJICTIAHHON padoTe.

4. OTBETUTH HAa KOHTPOJIbHBIE BOIIPOCHI.

Konmponvnwie éonpocwi:
KakoMy umeHHo sapy — aedtepus uiu Tputus — npusHamiexar tpeku |l u IV(ucnonssys s
oTBeTa Gororpaduu TPEKOB 3aPsLKEHHBIX YaCTHI] M COOTBETCTBEHHO UM OCTPOEHU)?
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4. Uu¢popmanmonHoe odecneyeHue 00y4e HUsA

Ilepeuenbr pexomMeHayeMbIX YuyeOHbIX wu3aaHuidl, HWHTepHeT-pecypcoB, A0NOJHHUTEJIbHOM
JINTEPaTypbl

OcCHOBHBIE HICTOYHUKH:

1. Imutpuea B.®. DiekTpoHHBIH y4eOHO-METOIUYECKUI KOMILJIEKC Uil 00Ie00pa3oBaTenbHOiM
TUCIUTUTNHBL «Du3uka st Tpodeccuid U CIIeUaATBHOCTEH TEXHWY ECKOTO MTPOQUIISH JIJISt CPEITHETO
npodeccuonansHoro obpaszoBanus / B.®. JImutpuesa B.®., bornanosa M. B., Anekceesa I.JI.. ©
OOpa3zoBartebHO-U3IATEIbCKUN LEeHTp «Akamemusi», 2017. — URL: https://elearning.academia-
MOSCOW.IU . - TeKCT: AIEeKTPOHHBIN.

2. Tpodumona, T.U. Kypc ¢usmkum ¢ npumepamu pemieHHs 3aad B 2-X TOMax: Y4eOHHUK /
Tpopumona T.U., PupcoB A.B. — Mocksa : KnoPyc, 2017. — 577 ¢. — (CIIO). — ISBN 978-5-
406-05612-7.— URL: https//book.ru/book/921510 — TekcT: 371€KTPOHHBIH.

3. Tpodumona, T.1. ®usuka. Teopus, pemeHne 3a1ad, JISKCHKOH. : cipaBoYHUK / Tpodumona T..
— Mocksa : KuoPyc, 2019. — 315 c¢. — (CIIO). — URL: https//book.ru/book/931921 (nara
obpamenust: 17.09.2019). — TekcT: 37IEKTPOHHBIMN.

JlonoiHUTeIbHbIE HCTOYHUKH:

1. PeimreBuu A.Il. ®wusuka. 3amaunuk. 10-11 k. [Tekcr] / A. I1. PeiMkeBuu. - 16-¢ u3.,
crepeorur. - M.: [Ipoda, 2012. - 188 c.: u.

2. Jlorsunenko, O.B. ®u3suxka. : yaeonuk / Jlorsunenko O.B. — Mocksa : KnoPyc, 2019. — 341 c.
— (CIIO). — ISBN 978-5-406-06464-1. — URL.: https//book.ru/book/929950. - Tekcr :
3JIEKTPOHHBIM.

3. Tpogumosa, T.M. ®usuka ot A no A: cnpaBounuk/ Tpodumona T.M. — Mocksa : KnoPyc,
2016. — 300 c. — (st ccy3oB). — ISBN 978-5-406-04671-5. — URL:
https://book.ru/book/918094. — TekcT: 3IEKTPOHHBII.

4. Kpatkuii kypc Qu3uku ¢ mpumepaMu peieHus 3agad: yaeOHoe nocodue / T.U. Tpopumosna. -
Mocksa: KuoPyc, 2017. - 280 c. - CIIO. - Pexxum nocryna: http// www.book.ru/book /927680

HurepHeT — pecypesl:
1. https://physics.ru OTtkpsiTas (pu3nKa.

2. http://school-collection.edu.ru EnuHas xosutekmus 1iudpoBbIX 00pa3oBaTeIbHBIX PECYPCOB

3. httpz//school-collection.edu.ru. ®enepanbhblii HEHTp HHPOPMALIHOHHO-00pPa30BaTEIbHBIX
pecypco (OLIMOP)
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