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1. [losicHUTEABbHAA 3AIMUCKA

1.1. Kparkaa xapaktepucruka OVY]/.11 Pusuxa, ee mneaum u 3azaun. Mecto
JadopaTopubix padot B kypce OY /.11 ®dusuka.

Jucnunmuaa OY/[.11 ®dusmka sBisercss 4acTblo pabodeil OCHOBHOW 0Opa3oBaTEIbHOM
nporpammbl B cooTBercTBUU ¢ PI'OC mo cneumansHoctu CIIO 15.02.10 «MexaTpoHuka u
MoOUITBHAs pOOOTOTEXHUKA (TIO OTPACIISIM)

Jucnunnuna usydaercs B | - |l cemectpax. B nenom paboueli mporpaMmMoii mpeaycMOTpEHO
40 vacoB Ha BBINOJHECHHE JaOOPaTOPHBIX paboT, 4To cocraBisieT 28 % oOT 00s3aTeNIbHOMN
ayIUTOPHOW Harpyskd, Koropas cocraBiser 121 wac, mpu 53TOM MakCUMalbHas Harpyska
coctapisteT 145 yac, u3 HuUX 18 yacoB MPUXOAUTCSA HA KOHCYIBTALIUH.

Llenp HAcTOSIMX METOAMYECKHMX PEKOMEHJAIMN: OKa3aHHE IOMOIM OOyJarolmmMmcs B
BBIMTOJIHEHU U J1abopaTopHbIX padoT o auciumianae OY/l.11 ®usnka, kKaueCTBEHHOE BBITIOJHEHHE
KOTOPBIX MOMOXKET 00yJaroUMMCsl OCBOUTH 00s3aTeNbHBI MUHUMYM COJIEp>KaHUS JUCIMUILUINHBI U
MOATOTOBUTHCS K TPOMEKYTOUHON aTTeCTalluy B (popMe IK3aMeHa.

1.2. OpraHuzanusi ¥ NOpsI0K NMpoBe/ie HUS JIA00PaATOPHBIX padoT

JlaboparopHbie pabOTBHl MPOBOAATCS TOCIE M3YyYEHHUS TEOPETHYECKOTO MaTepHaa.
BBenenne nmabopaTopHbIX pabOT B YU€OHBIN MPOIIECC CIY)KUT CBSIBYIOIIMM 3BEHOM MEXKIY TEOpHEH
U mpaktukoii. OHM HEOOXOAMMBI Ui 3aKPEIUICHUS TEOPETUUYECKUX 3HAHWM, a TarKe Ui
MOJIy4eHUs] TTPAKTUUYECKUX HABBIKOB M yMeHUi. [Ipu mpoBeaeHnu 1abopaToOpHBIX padOT 3a1aHUs,
BBITIOJIHSIOTCSL CTYIEHTOM CaMOCTOSITENIbHO, C MPUMEHEHHEM 3HaHUN W yMEHUU, YCBOEHHBIX Ha
NPEIBIIYIMX 3aHATUAX, a TalOKe C MCIOJIb30BAHUEM HEOOXOAMMBIX MOSICHEHHUH, MOJyYeHHBIX OT
npenoaasarend. OOydaronmecs IODKHBI UMETh METOJMYECKHE PEKOMEHJAIMHU 1O BBIOJIHEHHUIO
71a00paTOPHBIX PabOT, KOHCIEKTHI JIEKIUN, N3MEPUTENbHbIE U YePTEKHbIE HHCTPYMEHTHI, CPEACTBO
JIIS BBIYMCIICHUM.

1.3. O0ume yka3zaHusi 0 BBINOJHEHHUIO JJA00PATOPHBIX padoT
Kypc maboparopasix pabor mo gucuuniaune OVY][.11 ®wusuka mnpemgycmarpuBaet
nposenenne 20 paboT, MOCBSIIICHHBIX H3Y4EHUIO:

e 3aKOHOB MEXaHHMKH, B YACTHOCTHU KOJIeOaTEeIbHOIO JBHMKEHU 5I; U30IPOIIECCOB, 3aKOHOB
MOCTOSIHHOTO U IIEPEMEHHOI0 TOKa, FEOMETPUYECKOM 1 BOJIHOBOI ONTHUKHU, 3aKOHOB
OCBEIICHHOCTHU, 3aKOHOB (oTod(PdekTa;

e KanmuisipHBIX SBICHUH B )KHUIKOCTH, CBOWCTB TBEP/BIX, JKUIKUX M Ta3000pa3HBIX Tell,
SIBJICHUIO JIEKTPOMAarHUTHOM MHAYKIUH, SIBICHUIO TU(PAKIUU U HHTEp(PEepEeHLINH;

e  (CBOWCTB 3JICKTPOMarHUTHOTO B3aMMOJICHCTBHSI, TPOXOXKICHUS TOKA B PA3IMYHBIX Cpelax,
CBOWCTB 2JIEKTPOMAarHUTHHIX (Paauo) BOJH, CBOMCTB 3JIEMEHTAPHBIX YACTHII.

[Ipu moaroToBKe K MPOBEACHUIO JTA00PATOPHOU PabOTH HEOOXOIUMO:

* 03HAaKOMHUTBCS C J1a00OPATOPHBIM 000PYIOBaHUEM;

* O3HAKOMHUTBCS C TIOPSJIKOM BBINIOJHEHHS PaOOThI, YCTAHOBUTH JWAaNa30H HM3MEHEHHUS BCEX
M3MEPSEMbIX BEJTUYNH, a TAKKE 3HAYCHUE YCTAHOBOK (I10 3a/IaHHIO).

[ocne BhIMONHEHHS J1aOOPATOPHOM PAOOTHI OOYYAIOIMICS K CIEIYIOIIEMY 3aHITHIO OQOPMIISET
OTYeT, KOTOPBIN JOJKEH COAEPKaTh:

* Ha3BaHMUeE JJAOOPATOPHOU PabOTHI, €€ 11eTIb;

* KpaTkue, oOIme cBeieHus 00 N3ydaeMOM SIBJICHHH, 3aKOHE U T.JI.;



* HeoOXOmuMBIM rpaduueckuii MaTepuasn, yKa3aHHBIM MpenojaBaTeieM TMpPHU BBIIOJIHEHUHU
nabopaTopHOM paboTHI (MPUHIIUTIHATBEHAS CXeMa J1abopaTOPHOI YCTaHOBKU, TPAdUKH );

* TaHHBIE, TOJTyY€HHbIE HEITOCPEICTBEHHO M3 TPOBOINMBIX OITBITOB;

* pe3yabTaThl 00pabOTKH JaHHBIX OMBITOB C HEOOXOJUMBIMHU MOSCHEHUSIMU;

* rpaduueckuil Matepualn, oTOOpakaloUMi MOTYYEHHBIE B XOJI€ ONBITOB 3HAYCHUS H3MEPSIEMbIX
BCITUYWH;

* OLIEHKY PE3y/IbTaTOB MCHBITAHUMN.

[lpu pabore B kaOuHere (GU3UKM HEOOXOAMMO PYKOBOJCTBOBATHCS MHCTPYKIUSAMHU IO TEXHUKE
0€30MacHOCTH, YIYUTHIBAIOIIMMHU BCE CIEIUPUUECKIE OCOOCHHOCTH KaOMHETa, TaKue KaK HAJIN4Yne
BBICOKOTO  HAINPsDKEHUS, JIETKOJOCTYITHBIX  JUIS  TNPUKOCHOBEHHUS  TOKOBEOYIMX  vacTei
AIEKTPOOOOPYIOBAHUSL.

B kabunere (U3MKU HENb3s1 HAXOIUTHCS B OTCYTCTBUE MPENoaBaTesl WM JUIa, OTBETCTBEHHOTO
3a TEXHUKY O€30MacHOCTH.

Bce nuuHble BelM CTYIEHTOB pa3MEUIOTCd B KOHIlE KaOMHETa, MPOXOJbl MEXAY CTOJIaMu
JIOJKHBI OBITH CBOOOIHEI.

3anpemaercs BEIHUMATh JIA0OpaTOpHOE 000pya0oBaHUE 0€3 pa3pelieHUs MPernoaBaTers.
3ampenaercs NepeHOCUTh TPHUOOPHI M 000PYIOBAHHE C OAHHUX CTOJIOB Ha APYTHE.

3aKOHUMB OSKCIEPUMEHTHI, Tpynna HPUBOJUT B MOPSIOK CTOJN C OOOpYIOBaHHMEM M cHaéT
0o0opy0BaHuE MPENOJaBaTellto, IOCIe Yero MPUCTyNnaeT K 0hopMIICHUIO OTYETA U YCTHOM 3allTe.
3ampenaercs OTBIIEKATh JPYIUX CTYICHTOB OT BBITIOJHEHUS PA0OTHI HIIM MEIIATh WM.

[Ipu HapylieHUU TPaBUI TEXHUKH OE30MACHOCTH CTYAEHT OTCTPAHSIETCS OT BBINOTHEHUS PAOOTHI.
Buumanue! Brirouatrs j1a0opaTopHble YCTAHOBKHM M BBINOJHATH Kakue-1u00 JeiicTBUS €
npudopamu gonyckaercs TOJIBKO ¢ paspemenns npenogasarteJisi!

Ilpu oOHapyXeHHH TPU3HAKOB HEHCIPABHOCTH, TaKMX KakK: TIOSBJICHHE WCKPEHHUS, JbIMa,
cnenu@uyeckoro 3amaxa, aHOMANbHBIX TMOKa3aHUN HM3MEpPHUTENbHBIX MPUOOpPOB, ClEayeT
HEMEIUICHHO OTKIIOYUTh BCE HWCTOYHUKU DIIEKTPOSHEPIHH W COOONMTH O CIy9HBIIEMCS
IPETOAaBaTEINIO.

Kabuner ¢u3uku OOMKEH HMMETh CPEACTBAa MOXKAPOTYIICHUS U OKa3aHUS MEPBOM MEIUIIMHCKON
nomouw. Ha mepBom 3aHSITHM U3y4alOTCsl MPaBUIa TEXHUKNA O€30MacHOCTH U MPOBOAUTCS BBOIHBIN
WHCTPYKTaX C MOCIICAYIOLICH MTPOBEPKO €ro YCBOSHHS, O YeM CBUAETEIBCTBYET 3aIIUCh B JKypHaJe
0 TeXHHKe Oe30macHOCTH KaOuHera/mabopaTopuM, TOANMKMCHIBAEMBIA  IpenojgaBaTelieM,
MPOBOJIMBIIEM HHCTPYKTAX, U BCEMU O0YJaIOIMMUCSL.

1.4. Kputepnu oneHKH pe3yJIbTATOB BBINOJHEHUS J1a00paTOPHBIX padoT

Kputepusmu olieHKH pe3yabTaToB pabOThl OOYJAIONMXCS SBIISIOTCS:

® YPOBEHBb YCBOCHUS OOydJaroNMMCs yueOHOTO MaTepuaa;

e yMmMeHHEe OOYydYaloOIeToCs HCIOJB30BaTh TEOPETHYECKHE 3HAHWUSA TPU  BBITOJHEHUHU

MPaKTHYECKUX 3ajay;

e chopMHPOBAHHOCTH OOIICYIEOHBIX U MPOGeCCHOHATBHBIX KOMITCTCHITHMN:
JIP 2 ¢usuyeckn TpamMOTHOE TOBEICHHE B MNPOPECCHOHATBHON IEATCIIBHOCTH W OBITY IpH
oOpalteHu# ¢ mpudopamMu U YCTpOHCTBaMH
JIP 4 ymeHHe HCHOJB30BaTh JIOCTUKEHHMS COBPEMEHHOM (U3MYECKOW HAyKu U (U3MUYECKUX
TEXHOJIOTUH Ui TIOBBIIIEHUS COOCTBEHHOTO WHTEUIEKTYaJIbHOTO pa3BUTHUS B BBIOpaHHOMN
npodeCcCuOHATBFHOMN NeSTEIbHOCTH



JIP 5 ymeHme caMOCTOSITENBbHO NOOBIBATh HOBBIC IS ceOs (DU3MYEeCKue 3HAHWS, WUCIONB3YS IS
3TOTO AOCTYMHbIE UCTOUHUKH MHPopMaLiu
JIP 6 ymenue BBICTpauBaTh KOHCTPYKTUBHBIE B3aMMOOTHOINCHHSI B KOMaHJE MO PEIICHUIO 00X
3a1a4y
JIP 7 ymenue ynpaBisiTh CBOEH MO3HABATEIBHON JEATEIBHOCTHIO, TPOBOAUTH CAMOOIIEHKY YPOBHS
COOCTBEHHOTO MHTEIJICKTYAJIbHOTO Pa3BUTHS;
MP 1 wcnonb3oBaHHE pa3IUYHBIX BUJOB [O3HABATEIILHOW JIEATENBHOCTH JJIsi PEILCHUS
dus3nyueckux 3a1ady, MPUMEHEHHE OCHOBHBIX METOJOB TMO3HAaHUS (HAONIOEHUS, OIMMCaHU,
M3MEPEHMU S, SKCTIEPUMEHTA) [Tl H3yYCHUS PA3IMYHBIX CTOPOH OKPY)KAIOIIEH JACHCTBUTEIBHOCTH,
MP 2 wucnonp3oBaHME OCHOBHBIX HHTEIUICKTYyalIbHBIX OIEpaluii: TMOCTaHOBKU  3aJlauH,
dopMynHpOBaHHUS THUIOTE3, aHalM3a M CHUHTE3a, CpaBHEHWs, OOOOIICHHS, CHCTEMAaTH3allHH,
BBISIBJICHUS IPUUYMHHO-CIIECTBEHHBIX CBS3EH, MMOMCKA aHAIOroB, (GOPMYIUPOBAHUS BBIBOJOB IS
M3YUYCHHSI PA3TUYHBIX CTOPOH (M3WUYECKUX OOBEKTOB, SBJIEHUM M TPOIECCOB, C KOTOPHIMHU
BO3HHKAET HEOOXOIMMOCTh CTAIKUBAThCS B TPOdecCHOHANBHOMI chepe
MP 4 ymeHue MCIONB30BATh Pa3lWYHbIE MCTOUYHUKU JUISl MONMydeHUs (Quinyeckod nHpOpMaIuu,
OLICHUBATH €€ JJOCTOBEPHOCTh
MP 5 ymeHue aHaTM3UpPOBATH M IPEJCTABIATh HH(POPMALIMIO B PA3TMYHBIX BUAAX
[1P 2 BnajeHre OCHOBOMONATAIOIIMMH (PU3NYECKUMHU MOHSTUSIMHU, 3aKOHOMEPHOCTSMH, 3aKOHAMHU U
TEOPHUSIMU; YBEPEHHOE HCIIOIb30BaHNE (PU3NYECKON TEPMUHOIOTUU U CUMBOJIMKH
I[IP 3 BiajgeHWe OCHOBHBIMH METOJaMH HAYYHOTO TIO3HAHUS, HCIIOIB3YeMBIMH B (PU3HKE:
HaO0It0IeHUEeM, OTUCAaHUEM, U3MEPEHUEM, SKCIIEPUMEHTOM
I1P 4 ymenus oOpabaTeIBaTh pe3ynbTaThl H3MEPEHUM, OOHAPYKHUBATH 3aBUCHMOCTD
MEXTy (PH3NYECKUMH BETMYNHAMU, OOBSICHSTH MOYdECHHBIE PE3yTbTaThl U JeTaTh
BBIBOJIbI
[TP 6 chopMUpPOBAaHHOCTH YMEHUS MPUMEHSITH IMOTy4dEeHHbIE 3HAHUS IS OOBSICHEHUS
YCIIOBUM MPOTEKaHUs (PU3UYECKUX SBJICHUN B IPUPOIC, TPOPECCHOHATBHOM cdepe U sk TPUHSITHS
MPAKTUYECKUX PEILICHUI B TOBCEAHEBHOM KU3HHU;

Kputepuu oriennBanus 1a00paTopHOil pabOThHI

Onenka Kpurepuu onennBanus

PaGora BeImONHEHa B TOMHOM 00BEME C  COONIIOJCHHEM  HEOOXOAWMOM
IIOCIIEI0OBATEIBHOCTH TIPOBEICHMS, COAEPKHUT DPE3YIbTaThl M BBIBOJABI, BCE 3aIUCH,
TaOJIMIIbI, PUCYHKH, YEPTEXKH, TPaKu BBHIMOIHEHBI aKKypaTHo. OOyuarommiics Biaaieer
TEOPETUYECKUM  MarepuaiioM,  (GOpMYyIUpyeT COOCTBEHHBIE, CaMOCTOSTEIbHBIC,
00OCHOBaHHBIE, MPEJCTABISIET MOJHBIE W pa3BEpHYTHIE OTBETHI Ha JIOMOJHHUTEIbHBIC
BOIIPOCHI.

Pabora BbIMOJHEHAa B IOJHOM 00BEME ¢  COONIOJEHHEM  HEOOXOAUMOM
MOCIIEOBATEIIBHOCTH TMPOBEICHUS, COIACPIKUT PE3YIbTAThl M BBIBOJBI, BCE 3aIlUCH,
4 TaOJUIIBI, PUCYHKH, YEPTEKH, TpadKi BBITTOIHCHBI akKypaTHO. OOyJaroImiics BiajaeeT
TEOPETUYCCKAM MaTEpPHAIIOM, JONYyCKass HE3HAYUTEIbHBIC OMMOKA Ha JOTOJTHUTEIIBHBIC
BOIPOCHI.

PaGota BbImosHEHa B TTOJTHOM OOBEME, COACPKUT PE3YAbTAThl U BHIBOJIbI, BCE 3aAIUCH,
TaOIULIbl, PUCYHKHU, YEPTEXH, rpaduKd BHITTOJIHEHBI akKypaTHo. OOydarommiics Biajeer
TEOPETUYECKUM MaTepUajIoM Ha MUHUMAIBHO JOMYCTHMOM YPOBHE, JAOMYCKasl OLMOKH
Ha JIOTIOJIHUTEIHHBIE BOMTPOCHI.

) PaboTta BEIMONIHEHA HE MOJHOCTHIO. CTy,HeHT IMPAaKTUYCCKU HC BJIAJICCT TCOPCTUYCCKUM
MaTCpruaJIOM, JOIMYCKACT OIIMOKU IpH OTBCTC HA JOIMOJIHUTCIIbHBIC 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  yCKOPEHHST  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 | DaekrpoamnaMmuka 16
31 DJIeKTpHUYECKOe JlabopaTopHas padora Ne 5 5
nose HccnenoBanue 37I€KTPUYECKOTO 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 Ui yJacTka €My, 8
IIOCTOSIHHOT'O TOKa
[IOCJIEZIOBATEIbHOTO M MapajuieIbHOrO
COCTMHEHHUS
JlabopaTopHnasn pabora Ne 9
HccnenoBanue 3aBUCUMMOCTH MOIIHOCTHU OT
HaIpsHDKEHUS
JlabopaTopHas padora Ne 10
OmnpeneneHue AIEKTPOXUMUYECKOTO
33 DJIEKTPUUYECKU TOK | SKBUBAJIEHTA MEJIU 4
B pa3nuuHbIX 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 OnexrpomariutHbeie | JlaGopaTtopHasi 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 OCBEIEHHOCTHU
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
Ompenenenre JIMHBI CBETOBOW BOJHBI C
MTOMOIIIBIO
T (DPAKITOHHON PEIIETKA
Paznen 6 3ﬂeMSHTM 4
KBaHTOBOU (G U3HKH

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 o0paboTkoll pe3ynpraTtoB. M3mepeHue, mpu KOTOpOM JaHHas (u3uyuecKas BeITUYMHA
HEINOCPEICTBEHHO CPAaBHUBACTCSI C COOTBETCTBYIOIICH €IMHUIICH M3MEPEHHS, Ha3bIBACTCS NPAMbIM
usmepenuem. V3MepeHue, MpH KOTOPOM HM3MEPSIOTCS KaKue-TMOO CBsI3aHHBIE C JIAHHOM
(¢u3nyeckoil BETMYMHON Jpyrue BEIMUYUHBI, a YMCIOBOE 3HAUCHHE €€ HaXOAUTCs Mo ¢opMmyle,
Ha3bIBAETCS KOCBEHHBIM UBMEPEHUEM.

Oumobku (MOrpenHOCTH), BO3HUKAIOIME MPH HM3MEPEHHSX, OOBICHSAIOTCS HECOBEPIICHCTBOM
METO/I0B HM3MEpPEHHs, IOTPEIHOCTSIMU H3MEPUTEIbHBIX HpUOOpPOB, YCIOBHSAMU onbiTa. Jls
UCKIIFOYEHMS CITy4aifHbIX OIIMOOK U TMOBBILICH U CTEIEHN TOYHOCTH HEOOXOAMMO MTPOU3BOIUTH KaK
MOYKHO OOJIBIIE OMBITOB IO HAXOXKICHUIO MCKOMOH BETHMYMHBI. MICTHHHBIM 3HaUY€HUEM MCKOMOMN
BEJIMYMHBI SBJISIETCS cpeiHee apu(MeTHUecKoe 3HaueHUe 3TON BENUYMHBI B BalmMX onbiTax. OHO
MOKET OTIMYaThCi OT TAOIMYHOIO 3HAYEHUs Kak OOBEKTMBHO (HE3aBHUCSIME OT HAac), TaK H
CYOBEKTUBHO (3aBUCSIIME OT HAC).

Ioepewnocmuv uzmepenus — 3mo OYyeHKAa NOLYYEHHOU OWUOKU NPU U3Mep eHUl.

. Cpeonee apugpmemuueckoe BCEX MU3MEPEHU
4 - d,+d,+d;+..+d,
cp
n

(CIOXXUTB BCE U3MEPEHHBIC BETMYUHBI U PA3/ICUTh HAa KOJTUYECTBO MPOU3BEAEHHBIX H3MEPEHHH );

o AOcCOoNIOTHAS BEIMYMHA PA3HOCTH MEXKAY CPEIHUM 3HAUCHUEM H3MEpSEeMON BEIMYHHBI U
pe3yabTaToM OTJIEIBHOTO U3MEpEeHUs Ha3bIBaeTCs abconommuol NOCPeUtHOCmvio
4d,=(d,-d|;

UroObl HAWTH CpeaHIOK aOCOMIOTHYIO TOTPEIHOCTh, HYKHO CJIOXKHTHh BC€ aOCONIOTHBIC
MOrp€HOCTU OTACIBHBIX H3M€peHHfI n HOJ'Iy‘ICHHBIfI PE3YIbTAT Pa3acCTh HAa YUCJIO ClIaraCMbIX
Ad, +A4d, +4d, + ...+ Ad,,

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

INPOLIEHTaX)  OT  M3MEepsSeMOM  BEIMYMHBI  COCTaBJiseT  aOCOJIOTHAas  IOTPEIIHOCTh

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 MOTPEIHOCTH IMPUOOPOB, C IOMOIIBIO KOT OPBIX
MPOU3BOASAT U3MEPEHUS BETUYHH.
ADCOJII0THbIE MHCTPYMEHTAJIbHbIE MOIPe HOCTH
CpeCTB U3MepeHus

CpencrBa u3aMepeHus [Ipenen Lena AbcomoTHas
U3MepeHus JeTIeHUS MHCTpYMEHTAIIbHAs
MOTPEIIHOCTb
Jluneiika yaenundeckas | Jlo 50 cm 1 MM +1 Mm




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 COCTaBIIET adCOMIOTHAS
MHCTPYMEHTAJIbHAS MOTPEIIHOCTh OT BCEH IIKaJIbl puodopa.

Krnacc TouyHOCTH yKa3bIBaeTcs Ha IIKaje NMpUOOpa WM B €ro macrnopre (3Hak % IMpH 3TOM He
nuiercs). CylliecTBYIOT Cleayolpe KiIacchl TOUHOCTH 3JIEKTPOM3MEPUTENbHBIX Tpuoopos: 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 yCKOpeHUsI CBOOOIHOIO NMA/IeHUS ¢ IOMOUIBI0 MATEMATHY€ CKOI0 Masi THUKA J1JIs1
ropoaa beJaropoaa.

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

Teopusa. Mamemamuueckum MasmMHUKOM HA3BIBACTCS TOYKA, IMOJBEIIICHHAS Ha HEBECOMOU U
HEPACTSDKUMOU HHUTH. MOJIENBI0O MOXKET CIY)KUTh TSDKENBIH MAPUK, pa3Mepbl KOTOPOTO BeChMa
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 apyrue ycTaHOBUIIM CIEAYIOIIME 3aKOHBI MAaTeMaTHYeCKOTO
MasITHUKA.

1. Tlepwon koneOaHWUS MaTeMaTHYECKOTO MasTHUKA HE 3aBUCUT OT MacChl MasTHHUKA U OT
AMIUTATY/IBI, €CJTH YTOJ pa3Maxa He MPEeBbIIaeT 6°.

2. Tleppon koeOaHWsT MAaTEMaTHYCCKOTO MasTHHKA MPSIMO IPOMOPIHUOHAICH KBaIPaTHOMY
KOPHIO W3 JUIMHBI MasTHUKA W OOpaTHO MPOIOPIIMOHAICH KBAIPATHOMY KOPHIO M3 YCKOPEHUS
cBOOOIHOTO majneHus. Ha OCHOBaHMHM 3THUX 3aKOHOB MOXHO 3amucaTrh (GopMylny Ui Meprona
koaeOanus T:

T=2rx a,[c]

OT1oil opMysoii MOKHO BOCIOJIB30BATHCS ISl OTIPEACTICHHS YCKOPEHUs CBOOOTHOTO MaaeHUs st
KOHKPETHON MECTHOCTH:
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472l M
9=77 |2

Ilpuboper u npunaonexyxcnocmu: ITATUB C JIep)KaTeleM, IIAPUK, NOABEUICHHBIM Ha IMOYTH
HEpacTsHKUMOW HUTH JUIMHOU OKOJIO 1M, M3MepHUTeNbHas JIEHTa, CeKyHIOMEp.

Ilopaook évinonnenus padbomol:

1. YroObl ompenenuTh YCKOpeHHE CBOOOJHOTO TMaJaeHUs, HEOOXOAMMO OMNPEIeNUTh MEPUo
KOJIeOaHMSI MaTEMAaTUYECKOrO MasiTHUKA. J{JIs1 3TOro HYXHO:

1.1. IlocTaBuTh wWITaTUB Ha Kpall CTOJa TaK, YTOObI K HEMY MOXHO OBLIO MOJABECUTH MAasTHUK
JUIMHOM O6osee 1 M.

2. Ompenenuth UIMHY HUTH MastHUKAa |. J[Js1 9TOro HYXHO H3MEpHUTh JUIMHY HUTH U PaIuyc
IIAPUKA ¥ TIOJTYYCHHBIC BETMYMHBI CIIOKUTH, T.€. | = liurn + Muapa.

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

2.2. Otcuurath 100 MOTHBIX KOJCOAHUH ¥ OJJHOBPEMEHHO C TIOMOIIBIO CEKyHIOMEepa 3acedb BpeMs
3THX KoJIeOaHUH.

2.3. Ilpu BbIONHEHUU pabOTHl CcHEAyeT CIEeOUTh 3a TeM, 4YTOObl TOYKa IMojBeca Oblia
HEIIOABUKHOMU.

t
2.4. BoluMCIUTH BpeMs OJIHOTO TMOJHOTO KosebaHus no gopmyne: T = 100 rae t - BpeMsi MOJTHBIX

100 xonebanuii.

3. TloBTOpUTH OMBIT BCETO 3 pasza, KXABIA pa3 U3MEHsSI JUIMHY HUTH Ha 3-5 CM, UCIOJB3YS TyHKT
paboter 1 — 2.4,

4. BeI9uCIUTh YCKOPEHUS CBOOOJHOTO MAJCHHUS C TTOMOIIBIO (DOPMYJIBI:

47°
4.1. HaliTu cpemHee 3HAaYCHHE YCKOPEHHST CBOOOHOTO MaeHus 1o (opmyIie:
_9,+t09,+30;
gcp. - 3
1. Onpenenuts OTHOCHTENBHYIO HOTPENHOCTL METOAA 110 OpMyIIE:
gcp. - géenz. 0 _ 2
& =———-100%, rae Qoerr. = 9,83 M/c* — yckopeHue
gﬂenz.

CcBOOOJIHOTO TaJieHus B T. benropose.

2. Pe3ynbTaT U3MEpEHHI 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. CI[GJ'IaTL BBIBOJ, OTBCTUTHb Ha KOHTPOJIbHLIC BOITPOCHI.
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8. OTBeTUTH HA KOHTPOJIBHBIC BOITPOCHI.

Konmponwvnuie eéonpocwi:

1. YUro Ha3pIBaeTCs MaTeMaTUYECKUM MasTHUKOM?

2. 3aBUCUT JIM YCKOpEHHE CBOOOAHOTO TMaJE€HHUS OT IMPOTHl MECTHOCTH, BBICOTHI Hal
MOBEPXHOCTHIO 3eMin? Eciu 3aBUCHUT, TO oueMy?

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

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

5. HaGmronast 3a IBMIKEHHEM IIAPUKA B TEYCHHE OJHOTO IEpPHOJa, OTBETHTE HA BOIPOC: OyIeT JH
OHO PaBHOYCKOPEHHBIM?

6. M3mMeHuTCS JIM pe3yabTar onpeeseHnus YCKOPEHHsI CBOOOIHOTO MaieHUsl, €CITU MPOJIENIaTh OMBIT
¢ mapukoM Jipyroit maccol? C HUTBIO IpYroil ITUHBI?

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

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

Teopua: Bcsxkoe W3MEHEHHE COCTOSIHMS Ta3a Ha3blBalOT TEPMOJMHAMUYECKHUM IPOIECCOM.
OOBbeTMHEHHBIN Ta30BBIA 3aKOH (GOPMYITHpPYETCs CIASAYIOIMM 00pa3oM: Ui JaHHOW MacChl rasza
pou3Be/IeHNe 00beMa Ha JIaBJICHHE, JISIEHHOE Ha TEPMOJUHAMHYECKYIO TEeMIIEpaTypy, COXpaHseT
HEM3MEHHOE 3HaYeHHE [T BCEX COCTOSHHI rasa:
p_ll_—vl = p12__\/2 = Const (1)
1 2
[pouecc, mpu KOTOPOM OJMH U3 MMapaMETPOB OCTACTCS MOCTOSHHBIM, a JIBA JPYrUX U3MEHSIOTCH,
Ha3bIBAIOT usonpoyeccom. Ecam mporecc, mMpoTeKaronMil B rase, IPOUCXOAUT MPHU MOCTOSHHOMN
temriepatype T = Const, oH Ha3bpIBaETCS U30TEPMUUECKUM, U YpaBHEHHE | mpuHUMaeT BUJ (3aKOH
boiinsa-Mapuotra):
P1V1=P2V2 )

[pouecc, mpoTekaronmMii B raze MpH MocTossHHOM ero oobeme V = COoNnst, Ha3bIBAIOT U30XOPHbIM U
ypaBHeHue | mpuruMaet Bun (3akoH lap:s):

L ©

Tl T2
[lpouiecc, mporekaronmii B rase, NpuU KOTOPOM JaBJIEHHME OCTaeTcs MOCTOsIHHBIM P = Const,
Ha3bIBAIOT M300apHBIM, U ypaBHEeHUE | mpuHuMaeT Bu (3akoH [ 'eli-JIroccaka):

Lot @

Tl T2
Ilpuéopel u npunaonexcnocmu: ctrexissHHas Tpyoka irHo 300 MM, 3anasiHHAs ¢ OJJHOTO KOHIIA;
COCYJl C ropsi4eil BOJOM; CTaKaH C XOJIOIHOU BOJOW; TEPMOMETP;
JVHEHKa; TUIaCTHIIMH.

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

1.1. VI3mepuTh JUIMHY CTEKISIHHOM TpyOKu L1 M nokazaHus 3anucaTh B Tadauiy 5.1.

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

1.3. UYepe3 3-5 MHMHYT 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

- = - L,

T T . vbwpaer

_ nAaacTHAln

Pucynox 1.1. Pucynoxk 2.1. Pucynok 2.2.

2. Hanutp B CTakaH XOJIOJHYIO BOTY.

2.1. 3meputh Temriepatypy BOJABI C IMOMOIIBIO T€pPMOMETpa (BBIPAa3UTh ee 1o mKaje KenpBuHa),
3Ha4YeHMe 3aHEeCTH B Talnuiy S.1.

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 TIOMOIIBIO KapaH/ala, He BRIHUMasi TPYOKU M3 BOJIBL.

2.4. Tlocne TOro, Kak TpyOKa OCTBIHET JJO KOMHAaTHOW TeMmmneparypsl 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 CTaHET PaBHBIM aTMOC(EPHOMY JAaBJICHHIO (CM.
puc. 2.2.).

2.5. M3MepuTth BBICOTY cTOI0MKA raza B TpyOke L2 M 3amucaTh MOKa3aHUS MU3MEPEHUHN 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,
o o Vl Tl
KOTOPBII1 Mbl JOJKHBI IPOBEPUTH, UMEET CICAYIOIMH BUJ: — = ——, HO Mbl MOXXEM 3aMEHUTH
V2 TZ
1 L, y
OTHOIIIEHUE 00bEMOB —— OTHOIICHUEM JUIMH — , U YTOOBI IPOBEPUTH 3akoH [ eii-Jltoccaka, Oynem
2 2
Tl I_l
CpPaBHHMBATh OTHOUICHUS JUTMH, T.€. — = —.
T2 L2
5. Cnmenatb HEOOXOIMMBIE PacUeThl, UCIONB3YS MYHKT 4 U pe3yldbTaThl U3MEPEHUH 3aHECTH B
Tabmuiy 5.1.
Tao6auua 5.1.

L1, MM L2, 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 eAuHUIAaX U3MepsieTcs JaBiieHue?

2. Kakoit n3 MakpOCKOITMYECKUX TTapaMEeTPOB ra3a 0CTaeTCs MOCTOSHHBIM ITPU

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 BEPOSITHOCTh BOZHUKHOBEHUSI YTPEHHHUX 3aMOPO3KOB - HA BO3BBINICHHOCTH 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: OIMPCACIIUTD BJIAXKHOCTDb BO3yXaA.

Teopu;l: AbconomHuotl 81aNCHOCbIO 6030yxa Ha3bIBACTCA INIOTHOCTH BOASHOIO IIapa 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,,

clleflyeT OXJIaJuTh BO3IYX 10 TaKOM Temrmeparypbl, IpU KOTOPOH HaXOASLIMIICS B BO3AyXe mHap
CTaHET HACBINQ@IOIMM, H3MEPUTh COOTBETCTBYIOIYIO Temieparypy (Touka pocel). Ilo Helh u

HaxXoJuTcA B TAOIULE O, .

IIpuoopwr u npunaonercnocmu: ICUXPOMETP ABrycTa.

Ilopsaooxk nposeoenus pabomot:

1. Tlo3HakoMHUMCSI C TPUHITUIIOM PAOOTHI ICUXpOMETpa ABTYCTA.

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 BaaxHoro repmoMerpos 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. OnpeienuTh a0COIOTHYIO BJIAXKHOCTH BO3yXa. [[Jisl 3TOr0 HY»KHO:
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. [lonydyeHnble naHHbBIC 3aHECTH B TaOHIly 1.2.
3. OnpenenuTh Maccy BOASIHBIX IMApoB B KaOuHeTe Gu3nku. J[Jis 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. 3aBuUCHMOCTH JaBJICHUSA P KU INNIOTHOCTH © HACBIIICHHOI'0O BOJAHOIO 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, Hachlm@ronmx kabuaer nmpu t = 6 9C mo dopmyrne:

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

4.2. 3aTeM U3 Macchl BOASHBIX MApOB 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 mpomyBaHuUM BO3ayxa yepe3 3¢up Ha MOIMPOBAHHON MOBEPXHOCTHU KaMepbl
MICUXPOMETpa MOsBIIsETCS poca?

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

3. Temmeparypa B MOMEIICHUHU 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 MexXaHWUYECKass CHUCTEMa, IOBEPXHOCTHBIH CIOH JKUIKOCTH CTPEMHUTCS
YMEHBIIMTH CBOIO MOTEHIMAIBHYIO SHEPTUI0. 3a CUET YMEHBIICHHUS 3TOW SHEPIUU MOJIEKYISPHBIC
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 HaTsHKeHMsT F, neiicTByrolel Ha €IMHHMIY JJIMHBI JUHUU, OTpaHHUYMBarOIIeH
KaKylo-J100 4acTh CBOOOIHOM MOBEPXHOCTHU KU AKOCTH

a=$,[H/M1

OnbITHBIM TIyTeM KO(DHUIIMEHT MOBEPXHOCTHOTO HATSHKEHUS JKHIKOCTH MOXKHO OIPEIEIHUTh
MeTooM "ompuiea kanau”. B MOMEHT OTpbIBa KalIM OT KOHIIA BEPTUKAJIBHO PaCIOJIOKEHHOU
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 qiuHOM 20-30 MM,
COeMHUTETbHAS pe3NHOBas TpYOKa, IITaTUB, CTaKaH, 1aOOpPaTOpPHBIEC BECHI C PA3HOBECOM.

Ilopaooxk eévinonnenus pabomoi:

1. YpaBHOBECUTH BECHI.

2. Pabora c kanenbpHUIEH (OIOpeTKa C KpaHOM U CTEKIISIHHAS TPYOKa).

2.1. TloctaBUTH IyCTOW COCYHI TOJ KaIlleIbHUILY C BOJOW M YCTAHOBHUTH MEIUICHHOE OTPHIBAaHHE
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 MOTYYUTH 00JIe€ TOUHBIN Pe3yabTaT OMpPEEICHHS MacChl OJJHOM KaIljn).

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(PpPUITMEHT TTOBEPXHOCTHOTO HATSHKCHHSI BOABI. J{JIs1 3TOTO /1emaeM MmOosCHEHUS:

B MoMeHT oTphIBa Karutk ee Bec P=Mg paBeH cuiie moBepxHOCTHOTO 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 KOAPPUIIUEHT MOBEPXHOCTHOTO HATSDKEHUS B OJIbL.
4. OnpenenuTh OTHOCHUTEIBHYIO MOTPEIHOCTh METOA JUIl KOMHATHOM TeMIlepaTypsl 1o (Gopmyie:

— |o.mq6. —-O

IKC.

£ -100%, rne o, —3HadeHue KO>(PUIIMEHTA ONPENEIEHHOIO SKCIIEPUMEHTAIIBHO,

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 MyHKTOB 2.1.-5.

5.2. OTHOCUTEIBHYIO TIOTPEIHOCTh HE OMpeaessieM, T.K. HET TaOIMYHOTO 3HaUYCHHS Kod(puiirneHTa
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 IIPOJICIIAaHHOM J1abopaTOpHOii padoTe.
8. OTBeTHTH Ha KOHTPOJIBHBIC BOITPOCHI.

Konmponwvnwie 6onpochwt.

1. 3aBucutr mu KOI(PPUIMEHT NOBEPXHOCTHOTO HATSHKEHUS OT Macchl M JMaMeTpa Karui,
YCKOpeHUsl CBOOOIHOTO IMa/IeHNsl, CBOMCTB KUJIKOCTH ?

2. VI3MeHuTCA U pe3ynbTar, eclii U3MEepeHus IPOBOAUTH Ha 3KkBaTope uian Ha CeBepHOM MOJIIOCe,
IJie yCKOpeHue CBOOOAHOIO MajJieH!s OTIMYHO OT yckopeHus B benropozae?

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

4. I'ne BBIIIE TOJHUMAETCSA BOJAA B KAallMJUIIpax paBHOIO pajguyca — Yy MOJHOXHUS BBICOKOIH Topbl
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. CtannoHapHOE AJIEKTPUUECKOE MOJIE TaK K€, KaK M 3JEKTPOCTATUUYECKOE IM0JIE B KaXI0i
TOYKE XapaKTEPHU3YETCSI BEKTOPOM HAIIPSHKEHHOCTH IO U IIOTEHII HAJIOM.

AOCONIOTHOE 3HAYCHHWE HaNpsHKeHHOCTH E  BhIpakaeTcss uepe3 TPaAMEHT MOTEHIHAala
Ap | AX (M3MeHEeHHe TIOTEeHIMana ¢ Ha CAWHHILy JUIMHBI B HANpaBJICHHH HOPMaId K
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9KBUIOTECHIIMAJIBHOMU HOBerHOCTI/I) TaK:
E=-22 (1)

I'paduueckn srekTpuyeckoe IoJIe MOXKHO HM300pakaTb HE TOJBKO C TIOMOLIBIO JHUHUN
HaMpPsHKEHHOCTH, HO U C TIOMOIIBIO 9KEUNOMEHYUAIbHBIX NOGEPXHOCMeEll - COBOKYITHOCTh TOYEK B
MPOCTPAHCTBE, HMEIOIMX OJWHAKOBBIK moTeHnuan. llepecekasich ¢ MIIOCKOCTHIO YEpTEXka,
HKBUBAJICHTHBIC TOBEPXHOCTH JAIOT 9KEUNOMeHyuaibhbie 1unuu (puc. 1).

Pucynok. 1

B  Kaxmoii TOYKe OKBUIMOTCHIMAJIBHOW TIOBEPXHOCTH BEKTOP HANPSDKEHHOCTH — MOJIA
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, MPUMEHSIEMOro MPU HU3Y4ECHUH SJEKTPUUECKOTO IOJIS, BUIHO U3 CXEMBI,
npeacTaBieHHONW Ha pucyHke 2. OcHOBHas yacTh nmpubopa - ctaHok C (MJIOCKHUH, MPSIMOYTrOIbHON
dopMbl JTUCT U30JsATOpa). CHUMMETPUYHO BOJIM3M KPaeB 3TOTO JUCTa BMOHTHpPOBaHbI kiieMMbl - K. K
3TUM  KJIEMMaM CHHU3y NOJKIIOYAl0TCs MOJockl Oatapen E, a cBepxXy 3aKHMMAlOTCs raikamu
MJIOCKUE AJIEKTPOAbI O MpUKuMarolme GuiIbTpOBaHHYIO Oymary.

Ilpuéoper u npunaonexycnocmu: O6ymary (tkanp) @; 1. ['anmpBanomerp; 2. [[Ba MeTaluTHYECKUX
30H7a: 3. CTaHOK JJIsl KpeMnJaeHus dJeKTpooB U Oymaru (TkaHu); 4. ICTOUHHK MOCTOSHHOTO TOKa
(JIUIT); 5. CoequuuTeNnbHBIC MPOBOIHUKH; 6. JINHEKA, XUMUYECKUN KapaHJAIll | BOJA.

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

LN

WH g1

& K C _h E M R

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. OquH U3 30H/I0B YCTaHABIIMBAEM B TOUKE A.
3.3. Bropoe octpue 30HIOB YyCTaHaBJIMBaeM B TOYke 1, M MO MOKa3aHUSAM TajJbBaHOMETpa
onpenenseM MNOTEHIMal ¢, Toukd 1 (ecnM CTpenka TraabBaHOMETPAa OTKIOHSETCS B

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

3.4. He MeHssI TIOJIOKEHUE TEPBOTO 30HJA B TOYKE A, aHAJOTMYHO M3MEpsieM MOTEHIIHAT 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] ¢ =, [B]

4. O6paboTatTh MOTYICHHBIC PE3YJIbTATHI.
4.1. BeuuciuTh 3Ha4eHUE PA3HOCTU MOTEHIIUAIOB A , UCTIOJIb3YsI JaHHbIE Tabnuibl 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. OnpenenuM TMHUU SKBUTTOTEHIIHALHOM MOBEpXHOCTH. |11 5TOTO:
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 u3MeHsIsa 0I0KCHHE ICpBOIro 30H14a, mepemMeiacMm OCTprue BTOpPOro 30H4a 110 JIMHUN FE u,
HCIIOJIB3ysd IIOKa3aHHWs TraJlbBaHOMCTpPA, HAXOJIUM Ha 9TON JIMHUH TOYKY, IMOTCHIOHAII KOTOpOfI
YHCJIICHHO PABCH @, .

5.4. TlonydeHHOE MeCTOHAaxOXKJIeHHEe Toukd Ha JIuHUM FE oTMeuaeM Ha KOOpIWHATHON 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. MecTOHaxX0XIEHUE IOJIy4EeHHBIX TOUYEK OTMEYaeM Ha KOOpAuHaTHOW cucteme. llosydeHHbIe
TOYKM COENMHSIEM IUIABHOW KpPHUBOHM, KOTOpass M300pakaeT JIMHUIO OSKBUIOTEHIIUMAIbHON

IIOBEPXHOCTH, C TIOTEHI[HAJIOM PABHBIM @, .
5.8. He MeHsSsI TONOKEHHWE TIEPBOTO 30HJAa B TOYKE A, aHAJIOTUYHO OIpeAesieM JIHHUH
SKBUIIOTEHIIMAIBHOM IIOBEPXHOCTH JJIs 3HAYECHUN @, , @3, @, -

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

Konmponwvnuie éonpocwi:

1. Yemy paBHa pa3HOCTh IOTEHIIMAIOB MEXIy JIOOBIMH TOYKAMH HA SKBUIIOTCHIIMAIBHOM
MOBEPXHOCTU?

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

3. Kak pacrnonoxeHbl JMHUM HaNpPsHKEHHOCTH D3JIEKTPUYECKOTO IMOJIS MO OTHOUICHHIO K
OKBUITOTCHIIMAJIbHBIM HOBerHOCTflM?

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

Ilenv pabombi: onipeneuTh JIEKTPOJABUKYIIYIO CHIIy U BHYTPEHHEE COMPOTHUBIICHUE MCTOYHUKA
AIEKTPUUECKON PHEPTUU.

Teopus. Bo3HUKHOBEHHE PAa3HOCTH MOTEHIMAJIOB Ha MOJIOCAaX JIF0OOr0 MCTOYHUKA TOKA SBJISETCA
pe3ynbTaTOM pa3JeNeHUs] B HEM IOJIOKUTEIBHBIX M OTPULATENIBHBIX 3apsAA0B. JTO pasJelieHHe
OPOUCXOAUT Onarofapsi paboTe coBepIIaeMoi CTOPOHHUMM cuiamu. CmoponHue cuivl - CUIIbI,
JEUCTBYIONIME IPOTUB 3JIEKTPUUYECKOTO MOJsI M BBINOJHAIONME PAa0dOTy 3a CYET KaKOH -nOo
SHEPIUU, NOABEAEHHON U3BHE.

Bennumnna, n3mepsiemast paboToi, COBEpIIAEMON CTOPOHHUMHM CUJIAMH TIPU NEPEM CIICHUH €IMHUIIBI
IIOJIOKUTENIBHOTO  3apsiia BHYTPM HMCTOYHMKA TOKA, HAa3bIBAETCS DJIEKTPOJABMIKYIEH CHUIIOW
HMCTOYHHUKA TOKA (3.]1.C).

Ecau uens pa3oMkHyra, TO paboTa CTOPOHHHMX CHJI MPEBPAILAETCS B MOTEHIUMAIbHYIO 3HEPIUIO
UCTOYHMKA Toka. [Ipy 3aMKHYTOH 1enu 3Ta MOTEHIMalbHas YHEPIus pacxoJyercss Ha paboTy o
MIEPEMELICHUIO 3apsA0B BO BHEIIHEH LIENN C CONMPOTHUBJIEHUEM I 1 BO BHYTPEHHEW 4YacTH LIEIH C
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COIIPOTUBJICHUCM o, T.C.
Q,Z[C = UBHCI.H + UBHyT, NN SHC =|r+| o
Beauunne E u o MOXXHO OIIPECACTINTHb OIIBITHBIM HyTeM

Ilpubopel u npunaonexcrnocmu: aKKymynsTopHas Oarapes, amMIepMeTp, BOJBTMETpP, MarasuH
COTMPOTUBJICHUM, KITFOY 3aMbIKaHUSI TOKa, TPOBOJA.

Hopaook evitnonnenusn pabomol.

1. 3yunTh mIKay amrepMmerpa v ONpeAeiIuTh IIEHY OJHOTO JCTICHHUS.

2.1. Cobpartb >neKTpriecKkyto 1ersb o cxeme (puc.2.1.). Jlns 3Toro Hy)KHO y4ecTb, 4TO:
2.2. AMriepMeTp B JIEKTPUUECKYIO LIETb MOKITI0YaeTCs OCIeI0BaTeIbHO.

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

2.3. [lepexirouarenb 0JKEH HAXOJUTCS B Pa3OMKHYTOM COCTOSHUU.
3. Pabora ¢ asekTpudeckoil 1EeTbo.
3.1. 3aMKHYTb 3JIEKTPUUECKYIO IIeTlh C IEPBOHAYAIBHBIM COMPOTHUBICHUEM R = Ri1 u 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. OnpenensieM BHYTpEHHEE CONPOTUBIIEHUE UCTOYHHKA, JJIs1 3TOTO CONOCTABUTh:
4.1. ConocTtaBUTh MOJTYyYEHHBIE JAHHBIC IPHU JIBYX PA3IHMUYHBIX COMPOTUBICHUSAX BHEIIHEH 1IEeTIH:
4.2. Yaectn, uto D]/IC
e=1LR + 1
MCTOYHHKA (4.1.) snexrpuueckoii SHEPrUu — BEITUYUHBI

e=1,R, +1,r, y
IIOCTOSAHHBIC, HC 3aBUCAIIIEC oT COCTaBa BHCIIHCHU 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. Onpenensem DJIC uCTOYHUKA TOKA, TSI 3TOTO HY)KHO:
5.1. B onHo u3 ypaBHeHui cucremsl( 4.1.) moacTaBUTh HaliIeHHOE 3HaUeHue I ;
5.2. CompoTuBieHNE BOJIBTMETPA OYCHBb BEIMKO MO CPABHEHHIO C BHYTPEHH UM COMPOTHBICHUEM
o)
5.3. 3HaueHneM MaJCHUS HANPSDKCHHS BHYTPH HCTOYHMKA DJIEKTpUUECKOW sHepruu | r, MoxxHo
npeHedpeyb;
5.4. Otcrona cnenyer, uto € = IR, T.e.& = U.
5.5. [ToakIr0YMB BONBTMETP K 32KMMaM aKKyMYJISITOPHOU OaTapee, HaXOIuM & .
6. Pe3ynbraTtel M3MepeHU M BBIYUCICHUM 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 BOITPOCHI.

Om c¢~U, B

0°

Konmponwvnwie 6onpocw:

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

2. B xakom ciydqae pe3ynpTar paboThl MONXy4HTCs Oojiee TOUYHBIM: JUIs Oarapeku KapMaHHOTO
(oHaps WM U1 KUCIIOTHOTO 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 HAIpPsDKEHUWEM Ha KOHIIAX BHYTPEHHETO ydacTKa
nenu?

JIABOPATOPHASI PABOTA Ne 7.
Onpenesienne yae1bHOr0 CONPOTHBIEHUA NIPOBOAHUKA.

Llenv padomel: onpenenuTh yAeIbHOE CONMPOTUBIIEHUE IPOBOIHUKA.

Teopusa. Bce MeTamibl B TBEPAOM H KUIKOM COCTOSIHUM SIBIISIFOTCSI #POBOOHUKAMU DTIEKTPUUECKOTO
TOKa. OIIBITEI IMOKa3bIBAIOT, YTO MPU MPOXOKIACHHUHN ISJICKTPUYCCKOIO TOKa MacCa METAINIMYCCKUX
MPOBOJHUKOB OCTAETCS MOCTOSHHOM, HE U3MEHSIETCA M UX XUMUYECKUM COCTaB. TO TOBOPUT O TOM,
YTO B CO3JAaHUU DJICKTPUUYECKOTO TOKA B METaUIaX Y4acTBYIOT TOJIBKO 3nekmponsl. Ilpu
OTCYTCTBUM BHEILHErO 3JIEKTPUYECKOr0o IMOJsi CBOOOAHBIE 3JIEKTPOHBI IEPEMEIIAIOTCS B KpUCTaslIe
MeTa/lla XaoThueckd. [Ipu HalIWuuM SIEKTPUYECKOTO TMOJisi CBOOOJHBIE SJIEKTPOHBI, KpOME
Xa0TUYECKOTO JBUIKEHUS, IPUOOPETAIOT YHOPAJOYCHHOE JBMKEHHE B OJHOM HAIpaBJICHUH, U B
MPOBOJHUKE BO3HUKACT DJICKTPUUYECKUH TOK. TakuM 00pa3oM, JJICKTPUUYECKHUN TOK MOXKET OBITh
IIOJIy4EH TOJIBKO B BEILECTBAX, B KOTOPBIX UMEIOTCS C80O0OHbIE 3apsdHCEHHble Yacmuybl, U, YTOObI
OHMU ITPUIIUIN B IBUKCHUC, HY’)KHO CO31aTh B IIPOBOJAHUKE SJICKTPUYICCKOC I10JIC.

OcHOBHas ndJIEKTpUYECKas XapaKTepUCTHKAa TMPOBOAHUKA - conpomusierue. CONPOTUBICHUE
MPOBOJIHMKA MPEACTaBIIAET co00i Kak Obl Mepy MPOTHUBOAECHCTBUS MPOBOJHNKA YCTAHOBJIEHHUIO B
HCEM 3JICKTPUYCCKOI'0 TOKaA. Pa3nnie MeTaiibsl UMEIOT Pa3HBIC YACIBHBIC KOJIMYCCTBA (HaXOI[HH_[I/IeCH
B eauHuIle 00beMa) CBOOOAHBIX 3apsmoB. [l03ToOMy cCONMpOTHBICHUE MPOBOAHHMKA 3aBHUCHUT OT
MaTepuanga, a TaK e €ro TIeOMETpUYEecKUX pa3MepoB. [Insi cCpaBHEHUS DIIEKTPUYECKHX
XapPaKTCPHUCTUK ITPOBOJHUKOB YI[O6HGG ITOJIB30BATHCS BEIIMYHNHOMN HUX YACIIBHOTO COIIPOTHBJICHUA.
ConporuBieHre R mpoBojHMKa JUIMHHON | MOCTOSHHOW IUIONIABIO MOMEPEYHOrO CEUCHUs S
paBHO:

|
R=p—
Pg

Ilpuooper u npunaonexcnocmu: VICTOUHUK TOKa, PEOXOpA, PEOCTaT, aMIEepMETp Ha 2 A,
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BOJIBTMETP Ha 6 B, MUKPOMCTpP, KIO4Y, COCAMHHUTCIIbHBIC ITIPOBOAA.

Ilopsaook npoeedenus pabomol:
1. smepuTh quameTp mpoBoJIOKU peoxopaa d (Mm).
2. CobOpaTh 3JIEKTPUYECKYIO 11eTh 1o cxeme (puc.2.1.). JIJis 3TOro HYy)KHO 3HATh:

R,

i 1

Pucynox 2.1.

2.1. AMnepMeTp B 2JIEKTPUUECKYIO 1ETh MOAKIIOYAeTCs MOCIeI0BATENBHO.

2.2. BonbTMETp B JIEKTPUYECKYIO IIETh MOAKII0YASTCS MapajijIeNIbHO.

2.3. B aroit nenm Rx — peoxop.

2.4. R —peocrat (a5 mojaep:kaHusi IOCTOSIHHOTO 3HaU€HUsI TOKa | BO BpeMst OTIBITOB).

3. OmnpenenseM yaenbHOE COMPOTUBIICHHE TPOBOTHUKA, IS 3TOTO HYXKHO:

3.1. YcranoBuTs qmuHy peoxopaa Ha 30 cM.

3.2. IamepuTh BenmuunHy TOKa | B 3ekTpudeckoil memnu u HanpspkeHue U Ha KOHIIax MPOBOJHUKA.

3.3. o 3akony Oma juist ygactka nenu | = Ri ompenenuTsh Rx mo ¢opmyne: R, = UT

X
2
3.4. BoruucnuTh NJI0M@ab NOMEePEeYHOro CeUeHUs MPOBOIHUKA 110 opMyne S = D

I
3.5. Hcnonesys ¢opmyny R = pg, OMpPENIECTUTh YAETbHOE COMNPOTUBJICHHUE MPOBOJHUKA IO

I
dopmyne: p = Rg.

4. TToBTOpPHUTH pabOTy C AIIEKTPUUIECKON IEMbI0, YCTAaHOBUB peoxop/ cHavaia Ha 40 cM, a TOTOM Ha
50cM, ucnoab3yd Ui 3TOro MyHKTHI 3.1. — 3.5.

4.1. Haiitu cpennee 3HayeHHe p,,, UCIONBb3Ys KOHEYHBIA PE3yIbTaT TPEX OMBITOB, MO (opmye:

_Pit Pt P
pcp. - T "
o . _ pmuﬁ _pal(cn 0
5. HaliTh OTHOCHTENBHYIO TOTpemHOCTh Mo (opmyne: & ="—"——"=-100%, wucnoas3ys
pmuﬁ

3Ha4YeHue p,,, U3 Tadbauusl 5.1.

Tadauua S5.1.YgensHoe conpotuBiaeHue p (mpu 20 °C) u TemmeparypHbId KOIPPULHEHT
COIIPOTHUBJICHUA 00 MCTAJUIOB U CIIJIABOB.

BemecTso P, o, Bemectso P, a,
«10°® Om*Mm K1 «10°8 Om*Mm K-
WIH UIH 1
«102 OM*MM2/m «1072 Om*MM2/m
ANIOMUHUN 2,8 0,0042 Huxpom 110 0,0001
Bomsgpam 55 0,0048 CsuHel 21 0,0037
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JlaTynp 7,1 0,001 Cepebpo 1,6 0,004
Menp 1,7 0,0043 Craib 12 0,006
Hukenun 42 0,0001

6. Pe3ynbrarel M3MepeHU 1 BRIYMCICHUH 3amucaTh B Tadbnuiy 6.1.

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

7. Caenatb BBIBOJI O TIPOJICTIaHHOM padoTe.
8. OTBEeTUTH HA KOHTPOJIBHBIE BOMIPOCHI.

Konmponwvnuie éonpocowi.

1. Tlouemy MeTasuIbl SIBJISIOTCS. XOPOIIMMHU ITPOBOAHHUKAMHU JIEKTPUUECKOTO TOKa?

2. Yto HeoOX0IUMO UTS CO3MaHUs JICKTPUUECKOTO TOKA B BEIIECTBE?

3. KakoBa npupopa 371eKTpH4ecKkoro ConpoTUBIICHUS METAIIIOB?

4. IToueMy pa3zHble METAJUIbI UMEIOT Pa3HbIE YCIbHbIE COIIPOTHBICHUS?

5. OnpenenuTe CONPOTUBIIEHNE | METpa aATIOMUHHEBOM ITPOBOJIOKH, CEYEHHE KOTOPOI paBHO 1 MM2,

JIABOPATOPHASLI PABOTA Ne 8.
N3yuyenue 3akoHa Oma U1 yyacTKa LelH,
MOCJIeI0BATEIbHOI0 M NAPAJLJIEJIbHOI0 COeUHEe HUS

Leab padoTbl: DKCIEPUMEHTAIBHO 10Ka3aTh YTBEPKAECHUS O TOM, UTO:

1) B mocnemoBaTeNbHON I[€MM 3HAYCHHWE CHJIbI TOKA OJMHAKOBO Ha JroO00oM ydactke. OOree
HaIpsDKEHUE, IPUIIOKEHHOE K LIENU PaBHO CyMME HAIPSDKEHUN HA OTJACJIBHBIX y4acTKaXx;

2) B MapauIelIbHOM LMY 3HAYCHUE CUJIbI TOKA CyMME 3HAYCHUU CUJIbI TOKA B Ka)XXIIOW M3 BETBEH.
Hanpspkenue Ha Kaxa0W U3 apaJuIeIbHBIX BETBEH LEMTHU OJIMHAKOBO.

O0OopyioBaHMe: MCTOYHUK BIIEKTPONMUTaHUS (BhIIpsAMHUTENb BY-4M), BompTMeTp, ammepMmerp,
COEIMHUTEbHBIE IPOBO/IA, JJIEMEHTSHI I1aHIeTa Nel: kitod, noctosiHHbIE pe3ucTopsl R1 1 Ra.
Kpatkue TeopeTnyeckne cBeJeHMsl. OJIEKTPUYECKUE LIE€MH, HCIONb3YEMbIE Ha IPAKTHKE,
COJIepKaT, KaK IMpaBUJIO, HECKOJIBKO IOTpeOUTENeH 3JIEKTPOIHEPIUU. DTH MOTPEOUTENH MOTYT
OBITh [10-Pa3HOMY COEMHEHBI APYT C IPYrOM, HAIPUMED, NOCAE008AMENbHO U NAPATIENbHO.

IIpu nocneoosamenvrom COETUHEHUU MOTPEOUTENH BKIIOYAIOT B LENb IOOYEPEAHO APYT 32
apyroM 0e€3 pa3BETBICHHII MPOBOJOB MEXAy HHUMH. llIpu mocCIenoBaTeIbHOM COCAMHEHHUH
IIPOBOJIHUKOB CHUJIa TOKa BE3JE€ OAMHAKOBA, HANPSHKCHUE B LIENU PAaBHO CyMME HalpPsDKEHUU Ha
OTJENBHBIX YYacTKaxX, a oOIlee CONPOTHUBIIEHUE CKIAABIBACTCS U3 COINPOTHBIECHHI OTIEIBHBIX
nposoauukoB: | =1, =1,;U=U, +U,; R=R +R,.

Bce mnpuBeneHHbIE 3aKOHOMEPHOCTM CHpPaBEAJUBBI Ul JIFOOOIO 4YHCIIA IOCJIENOBATEIbHO

COCIMHCHHBIX MPOBOIHHKOB. OTIUYNTEIEHONH 0COOCHHOCTBIO MMOoCIaCa0BAaTCIIBHOIO COCAMHCHU A
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MPOBOJIHUKOB SIBJISIETCS TO, YTO MPU OTKa3e B paboTe XOTsI Obl OJHOTO M3 HUX TOK MPEKPAILACTCS
cpa3y BO BCEH LIEMU.

Ilpu napannenvnom coedurnenuu BCe NMPOBOJHMKHM MOAKIIOYAIOTCS K OJHOW M TOM ke mape
touek. [lpu mapannenbHOM cOeIMHEHUHU TPOBOAHUKOB HAPSLDKEHUE HA BCEX y4acTKax LIENU OAHO U
TOKe, OOIlas Ccuja TOKa paBHA CyMME CHUJI TOKOB Ha OTAETbHBIX MPOBOJHUKAX, a oOlree
COIIPOTHUBJICHUEC JIBYX IPOBOAHNKOB HAXOAHUTCA KaK OTHOIICHHUEC ITPOU3BCACHU S UX COHpOTI/IBJ'IeHI/II\/II

R1 RZ
R, +R,’

C yBenn4eHHeM 4Kciia MPOBOJHUKOB O0ILEe COPOTUBIIEHHE OY/IeT CTAHOBUTCS BCE MEHbILE

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

u  MeHblle. OTIMYUTENPHOW  OCOOEHHOCTBIO — MApAJICNBPHOTO  COCAWHEHUSI  HECKOJIBKUX
noTpeOuTesell SABJISETCS TO, YTO NMPHU BBIKIIOUEHUH OJHOTO M3 HUX OCTAJIbHBIE IMPOJODKAIOT
paboTarts.

Hopsinox npoBeaeHus1 padoThI:

1. B Xoxe mepBoro srama MCCIEIyIOT 3aKOHOMEPHOCTH paclpe/ieleHus HalpshKeHUH U TOKa B
nocienoBarenbHol 1menu. CoOMparoT CXeMy JKCIEPUMEHTATBHOW YCTAaHOBKM JJIsi 9TOM YacTh
paboTHI.

(cxema 1)

2. Msmepsitor Hanpspkenue Ui Ha pesucrope Ri, HanpsbkeHue U2 Ha pesucrope Rz m obumee
HanpspkeHne U, MPUIT0KEHHOE K IBYM PE3UCTOPAM.

3. OTKIIOYAIOT BOJBTMETP M H3MEPSAIOT aMIEPMETPOM 3HAUYE€HUE CUJIBI TOKa Ha TPEX ydacTKax
LEMU: MEeXKAY PE3UCTOPOM U OTPULIATETBHBIM IMOJIIOCOM MCTOYHHKA 3ekrponutanus (l1), Mexmy
nByMsi pesucropamu (l2), a Tawke Mexay pe3sHCTOPOM U MOJIOKHUTENBbHBIM MOJIOCOM HCTOYHHKA
(13).

4. IpuctynarT K U3y4eHUIO MapamienbHol nenu. CoOMparoT YCTaHOBKY IO cxeme (cxema 2)

5. M3mepuB 3HaueHUe OOIIeH CUITBI TOKA |, ammepMeTp COeIMHSIOT MOCIEeI0BATENBHO C PE3UCTOPOM
R1 u ompenensiror cuity Toka |1 B aToit BeTku. [loToMm ere pa3, U3MEHUB CXeMY, ONIPEACIISIOT CUITY
TOKa |2 B BeTKH ¢ pe3ucrtopom Ra.

6. 3anuceiBarOT mokazaHus BoibTMeTpa (Uz) MOAKIIOUMB €ro HEMOCPEIACTBEHHO K BBIBOJAM
pesucropa Rz, morom k pesuctopy Ri (U1) U k rHes3gam, Ha KOTOPBIC MOJACTCS HAMPSDKEHUE OT
uctouynuka snekrpornuTanus (U).

7. 3aBepIMB U3MEPEHMs], BEIYUCIAIOT CyMMapHOE 3Haue€HUE HalPsDKEHUH Ha JBYX yJacTKax IelH,
OTHOUICHUSI HANpsHKEHUI W CONPOTUBIICHUH Ui MEpBOM CEPUU ONMBITOB M CyMMapHOE 3HAYeHHE
CHUJIBI TOKA B JIBYX BETBSIX LIETIH, OTHOIICHHE CHJI TOKA U COMIPOTHBIICHUI BO BTOPOU CEPUH.

8. Ilo uroram mM3MepeHUN W BBHIYMCICHHI JI€NaloT BBIBOJ O CIPAaBEAIMBOCTb TEX YTBEP)KICHUM,

ITPOBEPKA KOTOPHIX ABJIAIACH LEIIBIO I[aHHofI pa6OTBI.
F

fE%JE%)

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,
PacyeTsl mpoBOIUM 110 ATUM hopMyTaMm:
I=1+1,;U=U=U,; R=—RlRZ ;L:&

R+R, 1, R

KoHTposibHbIE BONIPOCHI:

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 UBMCHUTCA CHJIa TOKA B IICTIU (HaHp}I)KeHI/IC HOCTOHHHO),

€CJIM 5TU IPOBOAHHU KU BKIHOYHUTH napannenLHo?

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

4. Kak 3aBucCHT MOIIIHOCTB, BBIACTIAEMAA B IIPOBOJHHUKAX C TOKOM, OT THUIIA UX COC,Z[I/IHeHI/Iﬂ?

5. Kak coeauHeHbl moTpeOnTENH AIEKTPpOIHEPTUH B kBapTupax? [louemy?

6. Kak coegrtHEeHbI TaMITOYKH B €JIOYHOU TUpIsHAC?
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7. CoeauHeHue Kaxaoro npoBogHuka 1 OM. uyeMy paBHO CONPOTUBIIEHHE JIBYX TaKUX
IIPOBOJHMKOB, COEJMHEHHBIX [10CJIE0BATENBbHO? TapalieIbHO?

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, XapaKTEpU3YIOL@s, ¢ KAaKOH CKOPOCTBHIO COBEPIIACTCS
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 BUIHO, YTO MOIIHOCTH TOKA 3aBHCHUT OT HampsbkeHus. MccnenoBanue 3aBUCUMOCTH
MOIIHOCTH TOKa OT HAINPSDKEHUS U SBIISETCS LEbI0 3TOM pOOOTHI.

Ilpuooper u npunaonercnocmu’. VICTOUHUK 3JIEKTPUUECKON SHEPTUH; OCBETUTEND C JlaMIion 6,3 B;
0,28 A; ammepmeTp; BOJIBTMETP; KIIFOY; PEOCTAT MOJI3YHKOBBIN; 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 IEKTPUUYECKYIO LIE€Tb 0CIE0BATEIBHO U U3MeEpPsIET CUITy TOKA B

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

1.4. PeocTar CIy)KUT JUTS PETYIIMPOBAHUS CXEMbI TOKA B DJIEKTPHUUYECKOH IEMH.

2. OnpenenuTh MOIHOCTD 3JIEKTPUYECKOM 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,
NoKa He Oy[eT JOCTUTHYTO TO HAamlpspKeHHWEe, Ha KOTOPOE pacCuMTaHa JaMITOYKa (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 3HA4YCHUS HAIPAKCHHU A BBIYHUCIIUTD!
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3.1. ConpoTuBIIeHUE HUTH JaMmITbl 1o Gopmyre: R = UT

3.2. TemnepaTypy HMTHU JIamIibl 1o gopmyne: T = %,
0"
1 .
rmne a = 0,004 " TEeMIIepaTypHbld  KOI(pUIIMEHT compoTUBIEHUs 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. [louemy ¢ MOBBIIIEHNEM HANPSHKEHHS YMEHBIIAIOTCST TOTEPH B JIMHUH 3JIEKTp onepeiad’?

2. I'me ObITY M B TEXHUKE MIPUMEHSIIOT TEIIOBOE ICHCTBUE DIIEKTPUIECKOTO TTOJIS?

3. UeM MOKHO 3aMEHHUTh HUTh HAKAJIMBAHUS B JIaMIIaX, YTOOB! YBEIMUUTh CPOK CITYXKObI JaMITbl?
4. ]JInst 4ero uCnoib3yroT TIaBKue mpeaoxpanutenu (“npodku’)?

JIABOPATOPHASI PABOTA Ne 10.
OmnpegeseHue 3J1e KTPOXHMHY€ECKOI0 YJKBUBAJIECHTA ME/IH.

Llenv pabomel: onpenenuTh IEKTPOXUMUYECKUIT SKBUBAJICHT MEJIU.

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 BOJOpoJa OyayT JBUTAThCs K OTPULIATENBHOU TIIACTUHE (Kamooy) W BBIICIATCS Ha
HEM B BHJIC€ TBEPJOTO Ocajka (METayul) WU IMY3bIPHKOB Taza (Bomopona). OTpuliareabHble MOHBI
OyIyT BBIJICTATHCS HaA IMOJOXKUTEIBHOM TJACTHHE (aHOoOe). DTOT TPOIECC COMPOBOXKIAIOIIMI
MpOTEKaHUE TOKA Yepe3 pacTBOP, HA3BIBACTCS 21€KMPOIUZOM.
Macca BbIIETUMBIIMXCS HOHOB M MPSIMO MPONOPIIMOHAIBHA KOJIMYECTBY MEPEHECEHHOTO MOHAMHU
AJICKTPUYECTBA ( WIIU CUJIe TOKa | ¥ BpEeMEHU ero MpOoXoKIcHUs L

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



29

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

Ilpuéboper u npunaonexcnocmu: aKKyMyJsATOp, SJIEKTPOIMTUYECKAs 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 1ensb, Kak mokazaHo Ha cxeme (pucyHok 1.1);

Pucynox 1.1
1.2. 3amxHyTh LeNnb M C NOMOUBIO peocrata R ycraHoBuTh cminy Toka oxono 0,5A; 1.3
Pa3zoMkHyTh LIETIB;
2. BeIHYTH KaTo1, MPOCYIMTh HaJ AJIEKTPUICCKON TUTUTKOM, OYMCTUTh €T0 HAXIA9HOM O yMaroi.
2.1. IIpoMBITH B BOZI€ KATOJ W MOBTOPHO MPOCYIIMTH €0 Hal JIEKTPUUYECKON TIITHTKOM;
3. YpaBHOBECHUTD BECHI.
3.1. B3BecuTh KaTOJ ¥ ONPEAEIUTHL MacCy(M, ) ¢ TOYHOCTHIO 10 10 Mmr;
3.2. TloMecTUTh KaTOJ B AJIEKTPOJUTHUYECKYIO BaHHY, 3aMKHYTh I€b U OJIHOBPEMEHHO IYCTUTH 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. V3Bnedb Katoj W3 BaHHBI, OCTOPOKHO MPOMBITh B BOJIE, MPOCYIMTH HAJ SJICKTPUYECKON
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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Tao6auma 9.1.
Ne m,, m,, m,—m, l t, K, K, €,
0
A (C N[5 N (13 @ _|© O i %
10. Cnenatb BBIBOJI O MPOJICITAHHOM padoTe.
11. OTBeTUTH HAa KOHTPOJIBHBIE BOIIPOCHI.
Koumponvnwie sonpocoi:
1. Tloyemy MoJIeKysIbI COJIM, KUCJIOTHI U IIETIOYM B BOJE PACIIaIalOTCsl Ha MOHBI?
2. [Touemy ¢ MOBBIIIIEHUEM TEMIIEPATYPhI COMTPOTHUBIICHHE JJIEKTPOIUTA YMEHBIIIAETCS?
3. [Ipr kakWX YCIOBUSX KOHIICHTPAIUS JJIEKTPOJIMTAa B TIPOIECCE DJIEKTPOIU3a OCTa&TCs
MMOCTOSIHHOM ? MeHsieTcs?
4, Kak crnenyer mocTynuth, €Ciu MO OMIMOKE TPH BHITIOJIHEHUH OIBITA B3BEIICHHAS MJIACTHHKA

ObLIa COCAMHECHA C ITOJOKHUTCIBbHBIM ITOJIIOCOM MCTOYHHKA TOKa?

JIABOPATOPHASA PABOTA Ne 11.
JJieKTpUYecKHre CBOMCTBA MOJYNPOBOIHUKOB.

Ilen» padomel: TPOBEPUTD IIEKTPUUECKUE CBOICTBA ITOIYIIPOBOAHHUKOB.

Teopusa. DKCIEPUMEHTAIBHO YCTAHOBJIEHO, YTO AJIEKTPUYECKUH TOK B IMOJYIPOBOJHUKAX HE
COINPOBOXKJIAETCSI NMEPEHOCOM BEIIECTBA — HHUKAKMX XMMHUYECKHX M3MEHEHUW HE MPOUCXOAMT.
OTtcroma cieayeT, YTO HOCUTENIIMH TOKa B TOJYNPOBOJHMKAX, KaK U B MeTaulaX, SBJISIOTCS
31eKkTpoHbl. OIHAKO, MEXTy MOJIYMPOBOAHUKAMHU U METaJFIaMU MMEIOTCSA U [NIyOOKHE pa3nuuus. Y
METAJIIOB BAJCHTHBIE AJICKTPOHBI, HAXOIAINMECS HA BHEIIHUX 3JIEKTPOHHBIX 000JI04KaX, ci1abo
CBSI3aHBI C aTOMaMH, JIETKO OTAEJISIOTCS OT aTOMOB M 00pa3yloT "JIEKTPOHHBIN Ta3", KOHLEHTPALUs
KOTOpPOTO OY€Hb BEJIHKA.

B nonynpoBoaHuKax BaJ€HTHBIE 3JIEKTPOHbI 3HAUUTENBHO CHJIbBHEE CBS3aHbI ¢ aromamu. [losTomy
KOHIICHTPALMUs 3JIEKTPOHOB IMPOBOAMMOCTH IPU KOMHATHOW TEMIIEpaType B IIOJIYIIPOBOJHUKAX
HEe3HAuMTelIbHAa OHA B MUJUIMAPJBI Pa3 MEHBIIE, YUEM y METAJUIOB U Y/EIbHOE COIPOTUBIIEHUE MPH
HU3KOM TeMIepaType BEIMKO, OHO OJIM3KO K YAEIbHOMY COIPOTHBIICHUIO AUIIEKTPUKOB.

[Ipu BHemHEM BO3IEHCTBUM Ha KPUCTAJUIbI MOJIYIPOBOJAHHUKA (OCBEIIEHUH €T0 WJIM HarpeBaHUM )
HEKOTOpBbI€ 3JIEKTPOHBI IPUOOPETAIOT SHEPIUIO JAOCTATOYHYIO JJIS pa3pblBa KOBAJEHTHBIX CBS3CH.
Takue 3J1eKTpPOHBI CTAHOBSATCS CBOOOJHBIMU - TO €CTh 3JIEKTPOHAMH IIPOBOJIUMOCTH. Y TOTO aToMa,
OT KOTOPOTO BHEIIHUM BO3IEHCTBHEM D3JIEKTPOH, OBLI IEpeBEeH B CBOOOIHOE COCTOSHHE,
MOSIBUJIOCh BAKAHTHOE MECTO C HE JIOCTAIOUMM 3JEKTpoHOM. Ero HasbiBaroT "meipkoi". "/Ipipka"
BeJeT ce0s Kak IOJOXHUTEIbHO 3apshkeHHas dactuia. Kakoi-nu0o M3 3JIEKTPOHOB COCETHUX
aTOMOB MOXET 3aHATh BaKaHTHOE MECTO, Torzna "IpIpka' oOpasyeTcsi B COCEJHEM aTOME U Tak
Janee, CIEOBATENIBHO JJIEKTPUYECKUH TOK B IOJYIPOBOJHUKE CO3JACTCSA DIIEKTPOHAMU U
"mbIpKaMH", TO €CTh MOJYMPOBOJHUKU 00nanatroT IlomyrpoBOJHMKOBBIE KPUCTAIBl B KOTOPBIX
JJIEKTPOHBI ~ CIIy)KaT ~ OCOOBIMH  HOCHUTEISIMH  3apsfa  Has3blBAIOT  91€KMPOHHO-ObIPOUHOU
IIPOBOJIMMOCTBHIO.

CBoiicTBa MOIYNIPOBOAHUKOB CUJIBHO 3aBUCAT OT coAepxkanus npumecei. [lpumecu nocrasisronme
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JJIEKTPOHBl MPOBOAUMOCTH 0€3 BO3HMKHOBEHHS PABHOIO MM KOJMYECTBA "MBIPOK' HA3bIBAIOT
OOHOPHBLIMYU DIIEKTPOHHBIMU I1OJIYIPOBOJHUKAMU, WJINM MPOBOJHUKAMH N-muna (OT «HEraTWB» -
OTPULIATENbHBIN ).

[Ipumecn, 3axBaThIBAIOIWE AJIEKTPOHBI M CO3JAIOLIME TEM CaMbIM IOJABM)KHbIE 'NBIPKU', HE
YBEIIMYUBAs IPA 3TOM 4YHCJIAa 3JIEKTPOHOB, HA3bIBAIOT AKLENTOPHBIMU. Takue MOIynpoBOAHUKH, Y
KOTOPBIX KOHLIEHTpanus "MbIpOK" TMPEBBIIMIAET KOHLEHTPALMIO 3JIEKTPOHOB MPOBOAUMOCTH,
HA3bIBAIOT TOJYIPOBOJHUKAMU p-muna (OT IO3UTHBY» - TOJOXHUTEIbHBIN), WU ObIPOUHBIMU
IIOJIYIIPOBOHUKAMH.

OCHOBHBIM CBOICTBOM TMOJYIPOBOJHUKOB OKa3aJlOCh CBOMCTBO OAHOCTOPOHHEH MPOBOJIUMOCTH
TaK Ha3bIBAEMOIO p-N-nepexodd, TO €CTb KOHTaKTa JABYX IOJYIPOBOJHUKOBBIX KPHCTAJIOB
Pa3IMYHOIO TUIIA IPOBOIUMOCTEH.

Ilpuéoper u npunaonesxcnocmu:. uctounuk Toxka 4B, munnmuamnepmetp 0,3 - 750MA, BosnsT™eTp 0-
6 B, muon /I-226, nmoreHumomerp Ha 100 xOwm, wmou, tpansuctop 11401, coeauHuTEnbHbIE
MpoBO/IA.

Ilopsaook npoeedenusn padomel:

1. IIpoBepka OAHOCTOPOHHEH MPOBOAMMOCTHU IMOJA U CHATHE BOJIBTAMIIEPHOM XapaKTepUCTUKU.
1.1. CocTaBuTH I1EMIb 110 CXeMe, U300paKEHHON HAa CTCH/IC;

1.2. BxmrouuTh AUOJ B IPSIMOM HaIpaBJIEHUH, 3aMKHYTh L1€T1b, OTMETUTH BEIMYMHY TOKA. [loMeHsB
HaIpaBJIeHUE AU0Ja, YOSTUTHCS B OTCYTCTBUU TOKA B LIETIH;

1.3. luox cHOBa BKIIIOYUTH B IPSIMOM HAIpPaBJI€HUU U YCTAHOBUTH MIOTEHIIMOMETPOM HaPsDKEHH €,
IIpH KOTOPOM TOK OyAET paBeH HYIIIO;

1.4. 3arem, nepemenas MOI3YHOK MOTEHIIMOMETPA TOCTENEHHO YBEINUNTh HanpspkeHue Ha 0,2 B u
KXl pa3 oTMeuaTh 3HaYeHUE TOKa B 1enu. [Ipu s3Tom nmuana3oH u3Mep eHuil MIJLTHaMIiepMeTpa
MU3MEHSTH IO Mepe Bo3pacTanus Toka oT 30 MA 1o 750 MA;

1.5. PesynbraTsl n3mepenuii 3anectu B Tabmuiy 1.1.;

1.6. IloctpouTts rpaduk 3aBUCHUMOCTH MPSMOTO TOKa OT HAMPSDKEHUS.

Taoauna 1.1.

| — mocTosHHBIN TOK (MA) U- nanpspkenue (B)
0 |02 |04 |06 |08 |1
Ne.\Ne 1 |2 3 4 5 6 1 |2 3 4 5 6

2. [TpoBepka HAMYHUS p-N TIEPEXOJIOB B TPAH3UCTOPE.

2.1. YcTaHOBUTH € TOMOIIBIO TTOTeHITOMeTpa 2 B.

2.2. [IpoBepuTh MEPBBIHA p-N epexo]; SMUTTEP-0a3a, A Yero:

a) MOJKIIOYUTh B THE3A AMOJA HAa CTEHJE KiemMMmy TpaHiuctopa "I" x "+'" a wiemmy "B" x "-",
BKJTIOYUTH IICITh,

6) momensB Mectamu kieMMbl D" n "B", yOenuThCcs B OTCYTCTBUH TOKA.

2.3. [IpoBepuTh HAJIMUKE BTOPOTO P-N Mepexoa KoJUIeKTop-0a3a, /Ui 4ero:

nn

a) kiemmy "K" mogxmounTts k "+, a kiemmy "B" k "-", BKIIOUHTS,
0) nomensiB Mmectamu KiieMMbl "K" u"B", yOemuThCS B OTCYTCTBUH TOKA.

2.4. Tlo pe3ynpTaTaM MPOBEPKU MYHKTA 2 CJeNIaTh COOTBETCTBYIOIIMI BBIBOI.
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3. Cnenatb BBIBOJI O MIPOJICTIAHHOM padoTe.
4. OTBETUTH HA KOHTPOJIBHBIE BOIPOCHI.

Konumponosnuie gonpocwi:

1. B uém paznnume npoBoIUMOCTH IPOBOAHUKOB U MOTYIIPOBOJHUKOB?

2. Kak OOBSICHUTH yMEHBIIEHHWE COMPOTHBIICHHS IOJYPOBOAHUKOB TPH BO3PACTAHHUH
TeMneparypsi?

3. 13 4yero cocTouT MOJIyIPOBOAHUKOBBIHM AUOA U TPAH3UCTOP U UX YCIIOBHOE 0003HaUeHue?

4. Yto moKa3pIBaeT BOJbTAMIICPHAS XapaKTePUCTUKA JHOaa?

5. CocTaBUTD ANEKTPUYECKYI0 CXEMY BKIIOUEHUS TPAH3HCTOPA C OOLIMM SMHUTTEPOM

JIABOPATOPHASI PABOTA Nel2.
H3yyenue sBjIeHUSA D1 KTPOMATHUTHOH MHAYKIHH.

Llenv padomel: N3ydnTH SABIIEHUS JIEKTPOMarHUTHON UHIYKIIUU.

Teopusa: Aenenue 2nekmpomacHumMHOU UHOYKYUY 3aKIF0YAETCS B BOSHUKHOBEHUHU JIEKTPHYECKOTO
TOKa B IIPOBOJAIIEM KOHTYpE, KOTOPBIH JIMOO MOKOUTCS B NEPEMEHHOM MAarHUTHOM I1oJie, 10O
JBUKETCS B IIOCTOSIHHOM MAarHUTHOM II0JIE TakuM oOpa3oM, 4YTO YHUCIO JIMHUM MarHuTHOMN
WHIYKUHUU, IPOHU3BIBAIOIMX KOHTYP, MEHSECTCS.

Ono 661710 OTKpBITO 29 aBrycta 1831 roga Maiikmom dapaneem.

MarauTHOe 1OJ€ B KaXIOM TOYKE IIPOCTPAHCTBA XapaKT€pU3YeTCs BEKTOPOM MArHUTHOU
uHayknun B. IlycTh 3aMKHYTBIN MPOBOAHUK (KOHTYp) NOMENRAEM B OJHOPOJHOE MarHUTHOE MOJIE
(cM. puc.l1.)

n

Pucynoxk.1.
Hopmasip N K mI0CKOCTH NMPOBOJHMKA COCTABJIAET YroJl (X C HAIIPABJIEHUEM BEKTOpa MarHMTHOMN

WHIYKOWH B .
Maenumnvim nomoxom @ uepe3 MOBEPXHOCTh MJOMRABIO S Ha3bIBAe€TCS BEIMYMHA, paBHAs
MPOU3BEACHUIO MOAYJI BEKTOpa MarHUTHOM MHAYKIMU B Ha miom@aas S 1 KOCUHYC YIlla & MEXAy

BEKTOpaMU Bun.

®=B S cos a Q)
HanpaBnenne WHIYKTMBHOTO TOKA, BO3HHUKAIOUIETO B 3aMKHYTOM KOHTYpE IpU H3MEHEHHUH
MarHuTHOTO IIOTOKA Ye€pe3 HEro OIpeaensercs npasuiom Jlewya: BOSHUKAIOIMI B 3aMKHYTOM
KOHTYpEe HWHIYKTUBHBIH TOK CBOMM MAarHUTHBIM I10JIEM NPOTUBOJECHCTBYET TOMY HM3MEHEHHUIO
MarHUTHOT'O MOTOKA, KOTOPHIM OH BBI3BaH.
[Ipumensars npasuito Jlenna Hano Tak:
1. YcranoBuTh HanpaBieHHe JMHUA MAarHUTHON HHIYKUMY B BHeIIHEro MarHMTHOTO MOJISL.
2. BbISCHUTH, YBEIMUYMBACTCA JIM MOTOK MarHUTHOM MHAYKIMU 3TOTO IOJI 4epe3 MOBEPXHOCTb,
OrpaHUYCHHYIO KOHTYpoM (A @) 0), uimu ymensmaercst (A d( 0).
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3. YCcTaHOBHTH HarpaBJICHUC JIMHUM MarHUTHOM HHAYKIIUN B' MarauTHOTO I10MIA
HWHAYKTHUBHOTO TOKa I i IOJIB3YACH IIPABUJIOM 6ypanI/IKa.

[Ipn M3MeHEeHur MarHUTHOTO MOTOKA YepPe3 MOBEPXHOCTh, OTPAH MYEHHYIO KOHTYPOM, B MTOCJIEIHEM
MOSIBJISIIOTCS.  CTOPOHHUE CHJIBI, JIEUCTBHE KOTOpPBIX Xapakrepusyerca DJIC, HaszpiBaembie I/[C
UHOYKYUU.

CornacHo 3aKOHY 3JIEKTpOMarHUTHOM MHAYKuH, DJC HMHAYKIMHU B 3aMKHYTOM KOHTYpE paBHA
0 MOJYIK CKOPOCTH M3MEHEHHS MAarHUTHOIO II0TOKa 4Yepe3 MOBEPXHOCTh, OTPAHUUYEHHYIO
AD

KOHTYpOM: & At
Ilpuboper u ob6opyooseanue: TaTLBAHOMETP, HCTOYHWUK MUTAHUSA, KaTyIIKH C CEPACYHUKOM,
JyrooOpa3HbIii MarHuT, KIF04Y, COeIMHUTEIBHBIE TPOBO/IA, PEOCTAT.

IHlopaook evitnonnenus pabomoi:

1. IlonyyeHne MHAYKIIMOHHOTO TOKa. [[J1s1 3TOT0 HYXHO:

1.1. Ucnons3ys pucyHok 1.1., coOparb cxemy, COCTOAIIYI0 M3 2X KaTYIIEK, OJHA W3 KOTOPBIX
MOAKITIOYAETCS K MCTOYHUKY IMMOCTOSIHHOTO TOKAa Yepe3 peocTar M K04, a BTOpas pacroiarasch Hajl
MepPBOM, MOAKITIOUEHA K YyBCTBUTEIILHOMY TajlbBaHOMETPY. (cM. puc. 1.1.)

Pucynok 1.1.
1.2. 3aMKHYTh ¥ Pa30MKHYTb IIETIb.

1.3. YOenutbcst B TOM, YTO WHIYKIMOHHBIM TOK BO3HUKAeT B OJHOW M3 KaTylleK B MOMEHT
3aMbIKaHUSl SJICKTPUYECKOM ILeNM KATYIIKH, HEMOABID)KHOW OTHOCHTEIBFHO MEPBOW, MPH 3TOM
HaOJI01as1 HAIPaBJICHHE OTKIOHSHHSI CTPEJIKU TAIbBAHOMETPA.

1.4. IlpuBecTy B IBUIKEHUE KATYIIKy, COEAUHEHHYIO C raJbBaHOMETPOM, OTHOCHTEIBHO KATYIIKH,
HOJKIIOYEHHON K HCTOYHUKY OCTOSIHHOTO TOKA.

1.5. YGenutbes B TOM, YTO rajiLBAHOMETP OOHAPYKUBAET BOSHUKHOBEHUS 3JIEKTP UUECKOTO TOKA BO
BTOPOM KaTyIIKe NP BCSAKOM €€ MEePEeMEIICHUH, P 3TOM HallpaBJIEHUE CTPENIKU rajJbBOHOMETpa
OyZeT U3MEHSThCS.

1.6. BBITIOJTHUTE OTBIT ¢ KAaTYIIKOW COSAMHEHHOM ¢ TaJIbBAaHOMETPOM (cM. puc. 1.2.)

Pucynok 1.2.
1.7. y6eI[I/ITI>C$I B TOM, 4TO I/IHI[YKHHOHHI;Iﬁ TOK BOBHUKACT PU ABUKCHUU IMOCTOAHHOIO MarHuTa

OTHOCHUTCJIBHO KaTYIIKH.
1.8. C,I[eHaTL BBIBOJ O TPUYNHC BOSHUKHOBCHU S NHAYKIIMOHHOTO TOKa B IIPOACIIAHHBIX OIIbITAX.
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2. IlpoBepka BhIMONHEHHS MpaBuia JleHia.
2.1. TloBTOpUTH ONBIT U3 MyHKTa 1.6.(prc.1.2.)
2.2. 1nsi xaxxaoro u3 4X cioydaeB JAHHOTO OITbITa 3aPHCOBATH CXEMBI (4 CXEMBI).

il

&
Pucynok 2.3.
2.3. [lpoBeputh BhIONHEHUsT TpaBwia JIeHIIa B KQKIOM CIIy4ae W 3allOJIHUTh MO 3THM JaHHBIM
tabmuiy 2.1.
Tabuauna 2.1.
N Crnoco6 monydeHus HHIYKIHOHHOTO| li Bi B AD
OIIBITA _|TOKA
1 BHecenne B KaTymKy CEBEPHOTO BO3pacTaeT
MOJIFOCa MATHHUTA
2 Vnanenne U3 KaTyIKu CEBEPHOTO yOBIBaeT
[OJIF0CA MATHHUTA
3 BHeceHre B KaTyIIKy FOXHOTO ITOJEOCA BO3pacTaet
MArHuTa
4 VYaaneHne K3 KaTyllKM  FOKHOTO yObIBaeT
MOJIFOCA MAarHUTA

3. Cenarb BBIBOJI O MPOJICTAHHOM JTabopaTOpHOI padoTe.
4. OTBETUTh HA KOHTPOJIbHBIE BOMIPOCHI.

Koumponwvnsie eonpocoi:

1. Kak nomxeH ABUTAaThCsA 3aMKHYTBIM KOHTYpP B OJHOPOJHOM MarHUTHOM II0JI€, I1OCTYATEIbHO
WJIM BpaIiaTeaIbHO, YTOObI B HEM BO3HUK UHIYKTUBHBIN TOK?

2. O0OBsicHHTE, TTOYEMY MHAYKTHBHBIH TOK B KOHTYpE MMEET TaKO€ HalpaBlIEHHUE, YTOOBI CBOMM
MAardmuTHBIM I10JIEM HpeHSITCTBOBaTB N3MCHCHUIO MAarHUTHOT'O ITOTOKAa €10 BBI3BaBLHeI‘O?

3. Tloyemy B 3aKOHE HNEKTPOMATHUTHOM MHAYKIIMH CTOUT 3HAK « - »?

4. CKBO3b HAMAarHMYEHHOE KOJIBIIO BJIOJIH €r0 OCH IMaJaeT HaMarHWYEeHHBIN CTaIbHON OpPYCOK, OCh
KOTOPOI'o MepHeHIUKYIIIpHa MIOCKOCTH Koublia. Kak OyneT u3MeHsTbes TOK B KOJIbIle?

JIABOPATOPHASI PABOTA Ne 13.
OnpeeneHne HHAYKTHBHOCTH KATYIIKH B LeIH IlepeMEeHHOI0 TOKA.

Llenv padomer: onpenenuTh UHIYKTUBHOCTh KaTYIIKU B I[€MU IIEPEMEHHOTO TOKAa OMBITHBIM I1YTEM.

Teopus: OnmuH U3 Ccroco0OB ONMpENC/CHUS WHAYKTHBHOCTH KATYIIKM OCHOBAaH Ha TOM, YTO
MIPOBOJIOYHAsS KATYIIKA, BKIIOYEHHAS B IIETTh IIEPEMEHHOTO TOKA, KPDOME aKTUBHOTO COMTPOTHBIICHHS
R, ompenensemoro MarepuanoM, pa3MepaMH M TEMIIEpPAaTypoil  MPOBOJOKH, CO3MaET
JAOMNOJIHUTCIIBHOC COIIPOTUBJICHHUC XL, 06yCJIOBJI€HHO€ ABJICHUCM CaAMOWHAYKIIMH, U HA3bIBACMOC
WHIYKTUBHBIM  CONPOTHBJICHHEM.  3HAUY€HWE  3TOTO0  WHIYKTUBHOTO  COMPOTHBIICHHUS
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IPOMOPIMOHATBHO HHIYKTHBHOCTH L 1 yacTore konebauuii v, T.c.
X, =2m 1)

HpI/I 9TOM ITOJIHOC COITPOTUBJICHUC KATYIIKA Z MNEPpEMCHHOMY TOKY OIIPCACIISACTCS 110 (bOpMy.]'IeZ

Z=JRZ+X2 (2

W3 »TuX 1BYyX ypaBHEHUU MOXKHO HATH MHAYKTUBHOCTD:
1
L=2—\/Z2 -R?> (3)
2%

CJICIIOB&TGHBHO, YTOOBI ONpCACINTE HHAYKTHBHOCTL KAaTYIIKU, H€O6XOI[I/IMO 3HATb 4YaCTOTy
MNEpEMCHHOI0 TOKa, IMOJHOC U AKTUBHOC COIIPOTHUBJICHUC. AKTUBHOC COIIPOTUBJICHUC ONPCACIIAOT
OMMCETPOM. ITomHOE COIIPOTHUBJICHUE HAXOIAT, IMOJB3YACh 3aKOHOM OmMma A1 ey NE€pEMEHHOT'O

U . .
ToKa: Z = T (4). YacroTa V, B 1aHHOU JTabOopaTOpHON paboTe, paBHA YaCTOTE CETH MIEPEMEHHOTO

TOKa, T.e. 50 I'm.

Ilpuboper u npunaonexcnocmu: xarymka papoccenbHas (KJ[), peryamupyembiii  HCTOYHHK
AJIEKTPONIUTAHUS, JIabopaTopHblii aBTOTpancdopmarop (JIATP) um monmxkaroumii Tpanchopmarop,
aMIEepBOJIBLTMETP, AaMIEpPMETpP TEPEeMEHHOr0 TOKa, BOJBTMETP TEPEMEHHOIO TOKa, KoY
3aMBIKaHUSI TOKA, KOMITJICKT IIPOBOJIOB COSANHUTEITLHBIX.

Ilopsook nposedenun pabomol:

1. OmpenenuTs ¢ MOMOIBIO aMIEepBOJIbTMETPA aKTMBHOE COMpOTUBIEeHHE R apoccenbHOU
katymkd. 1.1.0mpenenuTs LeHy AeJIeHUs aMIIepMeTpa

1.2. OnpenenuTs 1IeHY JEICHHS BOJIBTMETPA.

2. CobOpaTh 3JIEKTPUYECKYIO IIETTh IO CXeMe, TPUBEACHHON Ha pucyHke 2.1.

-

Pucynok 2.1.

2.1. 3aMKHYTH AJIEKTPUYECKYIO LEIIb.
2.2. C nomoumto JIATPa ycTaHOBUTH 3HA4Y€HHE HAIPSDKEHUs Ha Karymke apoccenbHoil K/,
paBHoe 10 B u ¢ momoupio amnepmerpa onpeaeauTh cuiy Toka | B
2.3. YcraHoBuTh 3HaueHUWe HampsbkeHuss Ha kKarymke 20B, 30B, 40B, 50B u omnpemenutsb
COOTBETCTBYIOLIE UM TOKH.
2.4. Tlo dopmyrne (4) amst KKIOTO U3MEpEeHUs pacCUMTaTh 3HauUeHus Z.
3. CnenaiiTe BBIBOJ O 3aBUCUMOCTH IOJIHOTO CONPOTUBIICHU S LIENU OT HAIPSK CHUSL.
2, +Z2,+2,+7Z,+7Z,

5
3.2. ComocTaBuTh HW3MepeHHOE 3HaueHHWe R w BeumcieHHoe 3HadeHwe Zep. Ecmu Zep, MHOTO

3.1. BeruncnuTs cpesaee 3HaueHue Z no gopmyne: Z,, =

Oonpiie, yeM R, To 3HaueHuemM R MoxHO mnpeHeOpeub, W 3HAYCHHE WHIYKTUBHOCTH L

paccunTbIBaercs 1o gopmyne: L = Tmv
v

3.3. CpaBuuth L, BbUMCIEHHYI0O B JabopaTOpHON paboTe, ¢ HOMHUHAJIBHBIM 3HAYeHHEM Lu,
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HaHecéHHOM Ha Katynke (K.

L-L,

3.4. OnpenenuTh MOTPEIHOCTh U3MEPEHHS & = -100%.

H

4. Pe3ynbTaT M3MEpEHUN U BRIYUCICHU 3aHECTH B TabuIy 4.1.

Taoauna 4.1.

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

Z, OMm

5. CaenaTh BBIBOJ O MIPOACTaHHOK paboTe.
6. OTBeTUTH HAa KOHTPOJBHBIE BOMPOCHI.

Koumponwvnwie gonpocwi:

1. Tlouemy st TOCTOSSHHOTO TOKA KATYIIKK MMEIOT MEHBINEEe COMNPOTUBIICHUE, a IS IEPEMEHHOTO
— Oomblee?

2. [loyemy WHJIYKTUBHOE COMPOTHBIICHUE KATYIIKA BO3pAcTaeT NMPU BHECCHHH B HEE JKEIE3HOTO
cepaeyHuKa?

3. [louemy mpu pa3MbIKaHUU LETH C UHAYKTUBHOCTHIO B MECTE pa3phiBa BO3HUKAET aAyra?

4, Kak Wu3MEHUTCSd WHIYKTHBHOE COMPOTHUBJICHUWE KATYIIKH, €CJIHW YBEIWYUTCS YacToTa
IIEPEMEHHOT0 TOKa?

JIABOPATOPHAS PABOTA Nel4.
CoOopka nmpocreiflero paguonpue MHUKA.

Ienv pabompr: cobpaTh MPOCTEHIIMN paTUOTIPUEMHUK.

Teopus: DnexTpOMAarHUTHBIE BOJHBI, M3TydaeMble paJuOINepeNaronieii cTaHuel, Heo0XoauMo
KaKMM-TO 00pa3oM HPHUHAThH U BBIACIUTh U3 HUX Ty UH@OpMayuro, KOTOPYIO OHU Hecnu. J{s sToit
LEIU CIYXaT paouonpuemMHuxi. Ecnu neperarouas panuocTaHIus H3IIy4aeT
AJIEKTPOMArHUTHBIC BOJHBI OOJBIION MOIHOCTH, MOXXHO HCIOJIb30BaTh JETEKTOPHBIN MPUEMHUK,
cxema KOTOporo u3o0pakeHa Ha pucyHke 1.

A
L = k
. Cy T
Lké “HH HHH ! tC EI] t
Pucynox 1.

K anTeHHe A paaMONpUEMHUKAa OZHOBPEMEHHO  IOCTYHNAIOT MOJYJIUPOBAHHBIE CUTHAIBI OT
MHOJKECTBA TEPEAAIONMX CTaHIHI. UYTOOBI BBIACTUTh U3 HUX HHTEPEC YIOIIYI0 HaC MHPOPMALIHIO, B
IpPUEMHUKE MCIIONB3YIOT KOJICOATeNbHBIM KOHTYpP, COCTOSIMN M3 KaTymku LK u koHIeHcaropa
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nepeMeHHoU eMkocTH CK .

[locme mpoXoKAeHUsI Yepe3 Juoj BBICOKOYACTOTHBIM MOIYTHPOBaHHBIM TOK Ik Oymer
nynbcupyonmM. s BBIAENEHHS HH3KOYaCTOTHOTO 3BYKOBOTO CHTHAJa CIYXKHT QUIIBTD,
COCTOSIIMM M3 MapajulelbHO  coequHEeHHoro koHueHcaropa C¢ M conmpoTHBICHUS (KOTOPHIM
asnsgercs teinedon T). JIns Toka HH3KOM  YacTOThl  KOHJEHCATOp MpelCTaBisieT Ooibloe
COTMPOTUBJICHUE, TIOITOMY TaKOH TOK uUjaeT uepe3 TenedoH. Takum oOpa3oM, u3MeHsist eMKocTh CK,
MOKHO HM3MEHUTh COOCTBEHHYIO YacTOTY KOHTypa. Tak MpOM3BOIUTCS HACTPOWKa MEPEMEHHOIO
KOHTypa B PE30HAHC C MPUHUMAEMbIMU 3JIEKTPOMArHUTHBIMH KojeOaHusiMu. B xonmebarenbHOM
KOHTYpPE TOSBIISCTCS MOJYJIMPOBAHHBIN CIa0bIi TOK BBICOKOM 4YacTOTHI IK, KOTOPBIM 3aTeM
nocrynaer B jerekrop D. B nerexkrope mpoucXoguT paziesieHHe BbICOKOYACTOTHOM Hecyled U
3BYKOBBIX KOJICOAaHWU, T. €. TPOUCXOTUT JeTekTupoBaHue (OT JsaTwHCKoro detectus -
0OHapYKHBAIOIIHH, packpbiBaronmii). JleTekTopom SBISETCS TMOJYNPOBOAHUKOBBIA JTHOJI.
TeneoH NpoXoauT TOK IT Takoi ke (opMBl, KaKk M TOK, JaBaeMbli MHUKPOPOHOM
paauonepenaroneii cTaHuu. B neTekropHoOM npuéMHHKE KoieOaHus MeMOpaHbl —TenedoHa
MPOMCXOJUT 3a CYET DHEPruU MPUHATOM NPUEMHUKOM 3JIEKTPOMArHUTHOM BOJHBI, MO3TOMY
TPOMKOCTb 3BY4aHHUsl TaKOro MpUEMHMKA OYEHb MaJa.

Ilpuboper u npunaonexchocmu: KpUCTAUINYECKUN JETEKTOp; KaTylllKa WHIYKTUBHOCTH
KOHJIGHCATOp TIEPEMEHHONl €MKOCTH; TOJIOBHbIE HAYUIHUKW;, YCUJIMTEIb HHU3KOM YacTOTHI;
COEMHUTEIbHBIE IPOBO/IA.

Ilopaooxk evitnonnenus pabomoi:

1. 3HaKOMCTBO C (U3NYECKON CYIMHOCTBIO PaJAMONEpeaadr paauoNpUEMH HKA.

1.1. Cobpatp npueMHUK MOIB3YACh TPUHIIUIUATBHOM CXeMO pucyHkal.

1.2. IlpycoeMHUTD aHTEHHY K IPUEMHOMY KOHTYpY.

1.3. MemienHo Bpam@rh pydKy KOHJEHCATOpa MEPEeMEHHOW €MKOCTH, ITOKa B HAYIHUKaX HEe Oymer
YEeTKO CIIbIIHA paboTa paauoCTaHIINH.

1.4, CMeHUTh KOHTYPHYIO KaTYIIKy M, Bpam@s pydKy KOHIEHCATOpa, HACTPOUTh NPUEMHUK Ha
CTAaHIIMIO, paOOTAOIYI0 Ha BTOPOM JMAIa30HE BOJIH.

1.5. Onmcarh PU3NYECKYI0 CYIHOCTh paJloIepeiadn paaruopueMHHUKA.

2. OTBeTUTH Ha BOIIPOCHI:

2.1. VI3 kakux gacTell COCTOUT KojiebaTeabHbIi KOHTYpP?

2.2. Kak 3anuceiBaercs popmyna ToMcoHa Jutst meproa KoineOanuii B Kojie0aTeTbHOM KOHTYpe?
2.3. Kak onpenenuTs JUIMHY 3JIEKTPOMAarHUTHOM BOJIHBI IO IEpUOAY KojeOaHHit?

2.4. Kak ycTaHOBUTH IJIACTUHBI KOHJIEHCATOPA MEPEMEHHOM EMKOCTH 11 puéMa OoJiee JUIMHHBIX
BOJIH?

2.5. Jlna mpuéma KakuxX BOJIH: JUIMHHBIX WJIM KOPOTKHX TpeOyeTrcs Ooibliasi MHIYKTUBHOCTH
KaTYILKU ?

2.6. JI7st 9ero CIIy’>KUT ACTEKTOP?

2.7. Must gero ciryxut Cd?

2.8. Ilouemy KaTymku TenedoHa He MPOIYCKAIOT TOKH BBICOKOM 4acTOTHI?

3. CnenaTh BBIBOJ O MIPO/IENaHHOM 1a00paTopHOii paboTe.

4. OTBETUTH Ha KOHTPOJIbHBIE BOIIPOCHI.

Konmponwvnuie éonpocwi:
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1. KakoBO Ha3HaueHNE aHTEHHBI U 3a3€MJICHUS?
2. KakoBa (u3nueckasi CymHOCTh JIEKTPUYECKOTO pe3oHaHca?
3. Beruucnure juny BoisiH "Pycckoro paamuo" u "Xut FM"

JIABOPATOPHAS PABOTA Ne 15.
IIpoBepka 3aK0HOB OCBEINEHHOCTH.

Llenv padomer: TPOBEPUTDH 3aKOHBI OCBEUIEHHOCTH.

Teopua. OTHOlIEHUE CBETOBOro motroka @, Majaroero Ha MOBEPXHOCTh, K IUIOLRAIM 3TOM
MOBEPXHOCTU S HA3bIBAIOT OCBEIMIEHHOCTHIO:

E=Cl] @

JItoKC - OCBEIEHHOCTD, CO3/1aBacMasi CBETOBBIM IIOTOKOM | JIM IIpY paBHOMEPHOM pacipeieleHuI
ero Ha oM 12,
Ilepswiii 3axk0H oOcéewéHHOCMU. OCBEUICHHOCTh B Ka)KIOM TOYKE ITOBEPXHOCTH, HA KOTOPYIO
NEpHEHAMKYISIPHO €W NafaeT CBET, NPONOpPLMOHAIbHA CHUJIE CBETa HCTOYHHUKA U OOpaTHO
IIPONIOPIIMOHAJIbHA KBA/IpaTy PacCTOSHUS OT UCTOYHHUKA CBETA 10 OCBEILAEMON IMOBEPXHOCTH:
I

E=r7 @
Kpome ykazaHHBIX (PaKTOpPOB OCBEIIEHHOCTh 3aBUCHUT €UE U OT YIJIa ¢, O/ KOTOPHIM CBET MajacT
Ha OCBEILAEMYIO IIOBEPXHOCTD:

P

[

Pucynox 1.

YcraHoBIIeHa 3aBUCUMOCTh OCBEIIEHHOCTH IUIOIIAJIKA OT yIla ¢ HAKIOHA €€ K MMaJarollM JIydam,
KOTOpasi Ha3bIBAETCSI BTOPHIM 3aKOHOM OCBEILEHH OCTH.
Bmopoii 3axkon oceewénnocmu. OCBEMIEHHOCTh TOBEPXHOCTH, CO3/aBaeMasi IapauieTbHbIMU
Jy4aMH, MpsSMO PONMOPLIHOHATIbHA KOCUHYCY yIJIa MaJeHus JIydei.

E=E,cosa (3)
OcBemEnHOCTE Eo MOXHO ompenenuth mo dopmyie (2) u moxacraisis B Gopmyny (3) MOXHO
MOJIYYUTh BRIpAXKECHUE, O0bETUHSIONICE TTEPBBII H BTOPOI 3aKOHBI OCBEIIEHHOCTH.

E = %-cosa 4)

OCBEILIEHHOCTh - BEJIMYMHA CKaJISIPHAs, [I09TOMY B TOM Cllydae, KOTr/ia CBET Ha [IOBEPXHOCTh MaJaeT
OT HECKOJIBKMX UCTOYHHUKOB, OCBEIIEHHOCTh B KaX/10i TOUKE MOBEPXHOCTU paBHA apu(METUYECKON
CyMME OCBELIEHHOCTEH, CO374aBaeMbIX B ATOM TOYKE KaXJIbIM M3 MCTOUYHUKOB B OTJIEIBHOCTH.
[Tpubopsl a1 cpaBHEHHMSI CHJIBI CBeTa HasbiBatoTcs ¢oromerpamu. CymmecTBYIOT (OTOMETPHI,
IPHUCTIOCOOJIEHHBIE Ul HEMOCPEACTBEHHOTO HM3MEpPEHHUS] OCBEIIEHHOCTH. Takue (OoTOMETpPhI
Ha3bIBAIOTCS JTFOKCMETPaMH.



39

Ilpuébopel u npunaonexcnocmu: 1a00pPaTOPHBIA NMPUOOP A U3yYCHUS 3aKOHOB (DOHOMETpPUH, C
MHUKpOaMIIEPMETP, aKKyMyJIsTOpHasi OaTtapesi, COEqUHUTEIbHBIE IPOBO/IA, PEOCTAT, KITI0Y.

Ilopaook evitnonnenus padbomot:

1. 3y4nTh MIKaTy W ONPENENUTH IEHY JIENICHUsI MUKpOoaMIiepMeTpa A.

2. CoOpaTh 11e1b: COeMHUTH KIeMMbI (oToanemeHTa @» ¢ MUKpoamrepMeTpoM A, a Jamiouky JI ¢
UCTOYHHMKOM TOKa b uepes peocraT R, Kak 110Ka3aHO Ha CXeMe:

Pucynok 2.1.
Ilposepka 1 3akona oceewjennocmu.
3. ®oTO’NEMEHT YCTAaHOBUTH IMEPIEHIUKYIIPHO OCH Ipulopa (CTpenka TODKHA HAaXOAUTHCS Ha
HYJI€ YIIIOMEPHOMU IIKAJIbI).
4. Jlamnouky yctaHOoBUTh Ha 10-e AeneHue WIKanbl, MPUHUMAs 3a LEHTP JIAMIIOYKH CEPEIUHY
CTOMKHU. 3aMKHYTh 1LI€Tlb U C MOMOIIBIO peocTara A0OUTHCs, YTOObI BeanuuHa (oToTOKa Oblia 20
MKA. 3arem Jsamnouyky nepeaBuHytb Ha 20-e u  30-e¢ genenua. CHSATh  MOKa3aHUS
MHUKpPOaMIIEPMETPa, COOTBETCTBYIOIME YKAa3aHHBIM IIOJIOKEHUSAM JIAaMIIOYKM M 3alucaTh HX B
tabnuny 4.1.

Taoauua 4.1.

Howmep Paccrosnue ot | [lokazanus OTHoleHHE OTHoOlIEHHE
OTIbITa JIaMITbI JI0 | MUKpoaMIepMeT | OCBEHIEHHOCTEH | KBaapaToB
doToanemenTa R, m pa paccTosIHUHT
1,10 A E1E2 E1:Es Ri2R2 | R12:R3?

5. BblUMCIUTh OCBEIIEHHOCTh C MOMOUIBIO (OpMynbl 2 TEOpHUH, OTHOIICHHE OCBEIIEHHOCTEH,
OTHOIIICHUE KBA/IPATOB PACCTOSHUH, 3aIIOHUTH TabnuIly 4.1. U caenars BHIBOJL.

Ilposepka 2 3akona oceewjennocmu.

6. Jlammouky yctaHOBUTH Ha 16-¢ nmenenue, a muH3y Ha 10-e. C momoIp0 peocrarta yCTaHOBUTH
Tok 20MKA. Ilpu yrme 0° , mokazaHus MHKpoamIepMeTpa 3amucarbh B TaOiuily. 3aTeM, Bpalas
PYUKY, TaMIIOYKY yCTaHaBIUBaIOT moxa yriaoM 30° ,45°, 60°. HeobGxoammo cieauThb 3a TEM, YTOObI
JaMITOYKa U JIMH3a HE CABUTAJIMCH C EPBOHAYAIBHO YCTAaHOBIEHHOTO MecTa. [Ipu 3TOM B KakaoM
U3 CIIy4aeB CHUMAIOT [10Ka3aHUsI aMIIepMETpa U 3aHOCAT UX B Tabiauny 6.1.

Tadaunna 6.1.

Howmep Iloxazanus Iloxazanus Cosa . I
i OcsemgnnocTs, E = —--CcOSa
OTIBITA yriaomepa, o | mukpomerpa |, 10 R

A
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1 0 1

2 30° 73
2

3 450 2
2

4 60° 1
2

7. BBIUHCINTB OCBEUICHHOCTD C MOMOIIBIO (JOpMYIbl 4 TEOpHH.
8. Cnenarb BBIBOJI O IIPOJICTIAHHOM padoTe.
9. OTBEeTUTH Ha KOHTPOJIBHBIE BOMIPOCHI.

Konmponwvnuie éonpocwi:

1. Kakumu criocob6amu MOKHO ONPEACIIUTh OCBEIIEHHOCTh?

2. IloueMy Ha IOKATBIX K COJIHILY KPBIIIAX CHET TaeT ObICTpee, ueM Ha 3emiie?
3. Uro B 91O TabopaToOpHON paboTe SBIISIETCS OCBEIAEMON MTOBEPXH OCTHIO?
4. J1514 4ero Hy)KHa JIMH3a TP BBIITOJIHEHUU ITyHKTa Ne 67

JIABOPATOPHAS PABOTA Ne 16.
OnpenesieHne noxkasareJis MpeJIOMJICHHS] CTEKJIA.

Leny pabomei: onpenenuTh MOKa3aTeNb IPETOMIIEHUS CTEKIA.

Teopusa. Ilpu mepexone CBeTa W3 ONHOW CpeAbl B JPYIYIO IMPOUCXOAUT MPEIOMIICHUE Jydew,
HU3MCHACTCA HAIIPpABJICHUC PaACIPOCTPAaHCHUA CBCTA. DTO sBIEHUE OOBICHSIETCS TEM, 4YTO B
Pa3InYHBIX CpelaX CKOPOCTh CBETA pa3jIMvHA.
CHCHHI/IyCOM OKCIICPUMCHTAJILHO U IPCIIOMIICHUS CBETA 6]:1.]]0 YCTAHOBJICHO:
1. IMTaparonmii ¥ MpeIOMJICHHBIH JIydd U HOPMaJIb K TPAHUIIE pa3/ielia JIe)KaT B OJJHOM IIOCKOCTH;
2. OTHOIIEHHNE CHHYCa yria mnmaa€Husd <« K CHHYCY yriia OpCIOMIICHHA ) pPaBHO OTHOIICHUIO
CKOpPOCTEM PacIpOCTpaHEHHsI CBETA B OTHX CpeIax:

siner _V, )

siny  V, '
3mecs V, u V, - CKOPOCTh PacIpoOCTPAHEHHS CBETA B CPEIaX, XapaKTePHU3yeMbIX COOTBETCTBEHHO

IIOKa3aTCJIsIMU IPEJIOMIICHHS N1 U N2. TO COOTHOIICHHE MOKHO nepenucarb B BUAC!:

Sliha_ n,
. =—==Ny, (2)
sSiny n,
n, V, . .
rac: n21 =—= V—OTHOCI/ITeJ'IBHBII/I IMMOKa3aTcCiib IPCIIOMJIICHUSA BTOPOU CPCIbL (HO OTHOILICHHUIO C
n
1 2

1(50):10)7 )}
CootHomeHue (2) Ha3pIBaeTCA 3aKOHOM MpenomiieHus: cBeTa. OH TOKa3bIBAaeT: 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. [loka3arens mperoMiIeHus MOKa3bIBAET, BO CKOJBKO Pa3 CKOPOCTh PACIpOCTPAHEHU S
CBeTa B BaKyyMme OoJjbllle, YeM B TaHHOM cperie.

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

IMoKa3aTcjieM IMPCIOMIICHUS, HAaA3bIBAIOT OITHYCCKU IUIOTHOHM. 3aKOHEBI IpCIOMIICHHUA CBCTA

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 IBEHWHBIE YETHIPE IITYKH, JIMHEHKAa W3MEpUTEIbHAs,
YIOJbHUK.

Ilopaooxk evinonnenus pabomoi:

1. Tloctpoenue pucynka 1.1. B mpoToKoie 1abopaTOpHOU pabOTHI; Il 3TOTO HYKHO:

1.1. IIonoXKuTh IMCT IPOTOKOJIA HA KAPTOH.

1.2. TIpoBeaute Ha Oymare nipsmyro auHu0 MN.

1.3. Tlonoxute Ha Oymary CTEKISSHHYIO IUIACTHHKY TUIAIIMS TaK, YTOOBI UIMHHON 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
I B v}
Kz La
i3 C My
|
Pucynox 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 COO0M M300paXKeHHe UTOJIOK B TOUKax 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 manatormmm jiydom, Jiyd BC - mpenomiieHHBIM JTydoM. Bece TocTpoeHM 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 nmydax BA u BC paBuble mpousBonbHble oTpe3ku BKi, BKa.
Omnyctute u3 Touek KiK2 na npsimyto Lil2 nepnenauxynspsr Kili, KaLo.
2. OnpeienTTh TOKa3aTeb MPEIOMIICHUS CTEKIA. J{JIs 3TOT0 HYXKHO:

Na

. . s
2.1. CormacHO 3aKOHY TIPEJIOMIICHHUSI, KOTOPBIN BBIPAXKEH (GOPMyIOn 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. lloncraBum 3HaueHus (2.2) B popmyny (2.3) u moaydum: N = % .
272

BK,

2.4. Tx. BK1 = BK2 no nmocrpoenuto, To OHH COKpAIAIOTCS, U MOIy4UM pabouyro (Gopmyity s

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

3. MoncraBum 3nauenus Kili u Kol2 u3 pucynka mporokona B dopmyny (2.4.) u Hallaém
MIOKa3aTelb MPETOMIICHHS CTEKIIA.

4. TIoBTOpUTH OMBIT JIBa pa3a, KAKABIA pa3 WU3MEHSsI Yol MaJCHHS JTyda, epeKaibiBasi 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. OnpenenuTh OTHOCUTEINbE n= g H3MepeHHus £ no-n ‘
e=12 " 1.100%

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

Mrag.=1,50.

7. Pe3ynbTaThl M3MEpEeHUN U BBIYMCICHUI 3anucarh B Tabnuny 7.1.

Tadnauna 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.

Konmponwsnwie sonpocwi:

1. Yro mokaspiBaeT kod(hHUIIMEHT MpeIOMIICHUS 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 M OTHOCHTENIBHOTO KOA(DDUITMEHTOB MPETOMICHHS?

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.

Llens pabomer: npoHabIOAaTh UHTEPHEPEHIINIO U U (PPAKIIHIO CBETA.

Teopusa. Humepghepenyuss ceéema. Haumbonee HamIITHO BOJIHOBBIE CBOICTBA  CBeTa
oOHapyKHBalOTCA B SBJICHUsAX UHTeppepeHunn u audpakquu. HWaTepdepenuueit cBera
OOBSACHSAETCS OKpacKa MBUIBHBIX ITY3bIPEH M TOHKUX MACJSHBIX IJICHOK Ha BOJE, XOTS MBUIbHBIN
pactBop U Macio OecuBeTHbie. CBETOBBIE BOJIHBI YACTUYHO OTPAKAIOTCS OT MOBEPXHOCTH TOHKOM
MJIEHKA, YaCTUYHO NpoXoJsaT B He€. Ha BTOpol rpaHuiie NMJIEHKA BHOBb MPOUCXOAUT YACTHUHOE
oTpaxkeHue BOJH (puc. 1). CBeTOBbIE BOJIHBI, OTPaKEHHbIE ABYMSI IOBEPXHOCTSIMU TOHKOU IJIEHKH,
pactpoCTpaHSIOTCS B OJHOM HANPaBJICHUH, HO MIPOXOJIAT Pa3HbIE MYTH.

VARV
NN

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

HabrogaeTcst HTep(hepEHIMOHHBII MaKCUMYM.
IIpu pazHoctu A l, KpaTHOIT HEUETHOMY YHCITY OTYBOJH:

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

HaOmogaeTcsi UHTepGEepEeHIIMOHHBIH MHUHUMYM. Korzma BBITTONHSIETCS YCIOBHUE MaKCHMyMa ISt
OJIHOW JUIMHBI CBETOBOM BOJHBI, TO OHO HE€ BBIMOJHAETCSA Uil APYruX JUIMH BoOJH. [lostomy
ocBelaeMasi 0eJbIM CBETOM TOHKasi OecIiBeTHasl Mpo3payHas MJIEHKa KaXeTcs OKpaieHHou. [Ipu
M3MEHEHUH TOJIIMHBI TUICHKH WJIM yIJIa TaJeHUs] CBETOBBIX BOJIH Pa3HOCTh XOJla U3MEHSETCS, U
YCJIOBHME MaKCHMYyMa BBITIOJTHSACTCS JUIsl CBETA C IPYrOM JUTMHOM 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 HAOMIONAI0TCS YepeIyIolecss TEMHbBIE U CBETIIbIE KOJbLIa (PUC. 2).

Pucynok .2 . PucyHnok 3.
Ecnu cBeT mpoXoauT dyepes y3Kyto 1eib, TO MOJIy4aeTcsl KapTUHA, PEACTaBICHHAs 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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bpaniysckuii ¢puznk OpeHens OOBICHUI TEM, YTO CBETOBBIC BOJIHBI, IPUXOMAAIIME B PE3yNbTaTe
U (pakiy U3 pa3HbIX TOUEK OTBEPCTHS B OJIHY TOUKY Ha dKpaHe, HHTEPPEPUPYIOT MEXKITy COOOM.

Ilpuboper u npunaonesxcnocmu: TIACTUHBI CTEKISHHBIE - 2 IUT., JIOCKYTHl KAaIlpOHOBBIE WJIU
0aTucTOBbIE, 3aCBEUEHHas (DOTOIUIEHKA C MPOPE3bI0, CIENaHHOM JIe3BHMeM OPUTBBI, TPaMILIACTHHKA
(MM OCKOJIOK TpaMIUIACTUHKH), IITAaHTEHIUPKYIb, JamIia ¢ IpsIMOM HHUTHIO Hakana (0JlHa Ha BCIO
Ipynny), BETHbIE KApaH JallH.

Ilopaoox nposedenusn padomoi:

1. HaGmronenue nHTepEepeHITUN

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 00PA30BBIBAIKCH CIHUIIKOM SIPKUE OJUKA OT OKOH MJIK OT OeJbIX
CTEH).

1.3. B oTAenpHBIX MecCTaX CONPUKOCHOBEHMS IJIACTUH HaAOMIOIaTh SIPKUE  pagy>KHbIE
KOJIbIIEOOpa3HbIe WITN HENPaBUIBHOH (JOPMBI MTOJIOCHI.

1.4. 3ameruTh M3MeHEHHsS] (QOPMBI U PACIIOJIOKEHUS MOTYyIEHHBIX HHTEPPEPEHIINOHHBIX MOJIOC C
M3MEHEHHEM HaKHUMA.

1.5. TlonbiTaThCcs yBUAECTH UHTEPHEPEHIIMOHHYIO KAPTUHY B IIPOXOJAIIEM CBETE U 3apHCOBaTh €€ B
IPOTOKO.

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

2. Habnronenue mudpakun:

2.1. YcTaHOBHUTH MEXKIY TYOKaMH INTAHTEHIIUPKY/IS IeTb MMpHHOM 0,5 MM.

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

2.3. CMOTps CKBO3b IIENh HAa TOPHU3OHTAIBHO PACIOJIOKEHHYIO CBETSIIYIOCS HUTH JIAMITHI,
HaO0IIt01aTh 110 00€ CTOPOHBI HUTH PAAYKHBIE IMTOJOCH (U (paKITUOHHBIE 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 audpakuroOHHbBIE CIEKTPHl B IMPOXOSIIEM CBETE C MOMOIIBIO JIOCKYTOB KalpoHa
UM Gatucra.

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

3. Cenath BBIBOJI O MPOICTAHHON padoTe.

4. OTBETUTH Ha KOHTPOJIbHBIE BOMTPOCHI.

Koumponwvnuie éonpocwi:

1. Kak nmomyyaroT KOTepeHTHbIE CBETOBBIE BOJIHBI?

2. C kakoy (pM3M4YeCKOr XapaKTEPUCTHUKON CBETOBBIX BOJIH CBS3aHO pa3nyue B IBETE?

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

4. Yto BBl yBUUTE, IOCMOTPEB HA JIEKTPUYECKYIO JIAMIIOUKY CKBO3b IITHYBE I1€pO?

5. UeM oTiiMyaeTcs CIEKTPhI, ycBauBaeMble IPU3MOM, OT 1 (PPaKIIMOHHBIX CIIEKTPOB?
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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: lndpakiimoHHas pemieTka MPEICTaBIsieT COO0H COBOKYMHOCTh OOJBINIOTO YHCA OYEHB
Y3KUX TapajUIeTbHBIX ILIENed, pa3eNeHHBIX HENpo3padyHbIMU IMpoMexyTkamu. OOm@as nmpuHa
eI HEMpPO3payHOro MPOMEKYTKa Ha3bIBaeTCsl MepuoAoM pemeTku. Hampumep, ecnu Ha
mupakunoHHo pemErke umeercs 100 mrpuxoB Ha 1 MM, TO IEepUOA, UM OCTOSHHAs U (pak-
uoHHoM peretkd d= 0,01 mm.

Pucynoxk 1.
Ha pucynke 1 mpencraBiieHa cxema xona Jyded uepe3 peweTky. Jlydu, mpoxossume uepes
peLIeTKy MEepIeHIUKYIIPHO €€ IUIOCKOCTH, IMOMNaJaloT B 3padyok Habmogarens U oOpas3yloT Ha
ceTuaTKke Ia3a 0O0bIYHOEe M300pakeHHe MCTOYHHUKa ceTta. Jlyuu, orubaromnme Kpas menei pereTkH,
UMEIOT HEKOTOPYIO Pa3HOCTh XO/a, 3aBUCSINYIO OT yrima & . Eciu 5Ta pa3HOCTh paBHA JJTMHE BOJHBI
A wm AK, rme K - memoe umcimo, TO Kakdas Takas Imapa Jiydedl oOpasyeT Ha CeTdaTKe
N300pakeHIe UCTOYHUKA, IBET KOTOPOTO ONPENEINSETCS COOTBETCTBYIOIIEH UTMHON BOIHEL A .
CMOTpsi CKBO3b DELIETKy Ha HCTOYHMK CBETa, HAOIOAATeNlb, KPOME ITOr0 MCTOYHMKA, BHUIUT
pacroioXeHHbIE CHMMETPUYHO 10 00€ CTOPOHBI OT HEero Au(pakuroHHBIE CIeKTphl. brkaiimast
napa crekrpoB (l1-ro TopsiaKa) COOTBETCTBYET pa3HOCTH XOAa Jiydei, paBHOW A A
COOTBETCTBYIOLIETO LBeTa. bonee ynaneHHas napa cHeKTpoB (2-ro MOpsaKa) COOTBETCTBYET
Pa3HOCTH XOja Jydeid, paBHOW 24 H T.1.
Kak BunHo u3 pucynka 1.

d-sina
A= B
I7€ @ — W3BECTHBIM MEPHOJ PEIIETKH, a K — MOPSIOK CreKTpa. 3HAYUT YTOOBI ONMPEIETUTh
AJIMHY BOJIHBIL, COOTBCTCTBYIOHIGﬁ JIMHUU ONIPECACIICHHOIO IBETA 1OCTATOYHO HaWTH:
i b
Sina = —
c
[ToCKONBKY YIUIBI, IO KOTOPBIMH HAOJIIOMal0T TPaHMIIBI CIIEKTPOB s pemetkr ¢ d = = 0,01 mm,

HC IMPCBLIIIAIOT 40, BMCCTO CUHYCOB MOKHO HMCITI0JIb30BaTh 3HAYCHUC TaH

reHCcoB, T.€. Sina =~ tga = —.
a

Jlis onpeseneHys yKa3aHHOTO BBIIE OTHOIIEHUS CIYXUT Ipubop. DTo JNMHEelNKa, pa3/ieneHHas Ha
MUJITUMETPBL. Ha 01HOM ee KOHIle HaXOAUTCs YEepPHBIM 3KpaH, KOTOPBIM MOKHO ITEpEMENIATh 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 TPOpe3n AUPPaKIUOHHBIE CHEKTPBl 1-T0, 2-TO W T.JA. TOPSJIKOB.
PaccTrosiHe @ OTCUMTHIBAIOT IO JIMHEWKE OT PELICTKU JI0 dKpaHa, paccTosiHue b — oT mpopesu 10
JMHUY CIIEKTPa OMPECIISICMON JUTHHBI BOJIHBI.

Ilpubopel u npunaonesxchocmu: TPUOOP IS ONpPENEICHHUS JJIMHBI 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 KAy Ha HAWOOJBIIEM PacCTOSIHUU | OT qudpakinOHHON PEIIeTKA W HApPaBUTh
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 cepenquHbl 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 BeruncnuTh 3HaYCHHE JITUHBI CBETOBOM BOJTHBI (MOJIETOBBIX JIydeil, ucnons3ys dopmymy (1.1).
2. TloBTOpUTH OMBIT AJs 3€JIEHOT0, KPaCHOrO IBeTa IU(PAaKIMOHHOIO CHEKTpa U BBIUMCIUTH
JUIMHY CBETOBOM BOJIHBI 3€JIEHBIX U KPACHBIX JIY4EH.

3.CpaBHUTH [TOJIy4EHHbIE 3HAUEHUS C TAOJIMYHBIMHU:
Apuon = 400 — 440 aM,

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. YUro Ha3pIBaeTCs MEPUOIOM PELIETKH ?

2. Kak oOpasyetcst 1u(paKkiuOHHBINA CIIEKTP ¥ Y€M OH OTJIMYAETCS OT AUCIIEPCUOHHOIO?

3. KaxoBa mocienoBarenbHOCTh B pACIONOKEHHH KpacHOW ©  (MOJNIETOBOM  yacTei
T (PPAKIIMOHHOTO CHEKTPa OTHOCUTENIBHO CEPEANHBI?

4. Kak Bauser nepuoJ IU(QPaKUMOHHOM pemETKM Ha PpacCTOSIHME MEeXAy Yy4acTKaMHu
U (PpaKIMOHHBIX CTIEKTPOB?

JIABOPATOPHAS 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 WM KBaplLEBYIO MPU3MYy NPEIOMISIOTCA 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 TOSBHUTCA LBETHas IMoJioca — 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 Ha3blBaeMblil criekrpockon (puc. 1 u la).

) ALZE 1T

Pucynokl. Pucynok 1a.

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

Ilpuéopsl u npunaonerycnocmu: CIEKTPOCKOI, CHEKTpajbHbIE TPYOKU, MHIYKIMOHHAS KaTYIIKA,
BeinpsimuTelib  BC  4-12, chnmproBka, acOecToBas IMajiodyka, pacTBOpP IOBAapEHHOW COJIH,
CBeTO(bHHprBI, mraTuB.

Ilopsaooxk nposedenus padomot:
1. HaGnroieHust CIUTOMHOTO CIEKTpa.
1.1. 3axxeub CIUPTOBKY, IOCTABUTH €€ Ha I1OJCTABKY.
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1.2. PacnonoxuTh COUPTOBKY TakK, 4TOObl €€ IJIams MPUXOAMJIOCh MPOTUB LIETU KOJUIMMAaTopa
(puc. 1, 1a).

1.3. TlpoBeputh, mnapamiensHa JH IHeIb KOJJIMMATOpa MPEIOMISIOIEMY pedpy MpHU3MbI
CIIEKTPOCKOIA.

1.4. PaccMOTpeTh MOJTydEHHBIH CIUIOIHOM CIEKTP; HAMTH B HEM OCHOBHBIE CIIEKTPaJIbHBIE IBETA.
1.5. CpaBHUTD MOJTYYEHHBIH CHEKTP CO CIIEKTPOM JHEBHOIO CBETA U C M300paXKEHUEM CIIJIOIIHOTO
CIIEKTpa B TabJHIIE.

2. HabmroeHust JINHEHYaToro CHekTpa MCIyCKaHHUs.

2.1. 3axxeuyb CIUPTOBKY, TOCTAaBUTH €€ Ha IIOJICTABKY.

2.2. PacmonoxuTh CIHPTOBKY TaK, 4TOOBI €€ MaMsl MPUXOAUIIOCH ITPOTHUB IIETU KOJUIMMATOPA.

2.3. BHectn B muams CHOUPTOBKM Ha IMPOBOJIOYKE KycO4YeK acOecTa, CMOUYEHHBIH pacTBOPOM
MOBApEeHHON cojiu. PaccMOTpeTh MOJIydEHHBIM CIEKTp HCIYCKaHWs HATpPUs U CPAaBHUTH €ro C
n300pakeHNeM B TabIuIIE.

2.4. 3aKkpenuTh B JIANIKE LITATUBA CHEKTPAIBHYIO TPYOKY.

2.5. Pacnonoxuthk TpyOKy Tak, 4ToObl OHA HAXOJWJIACh MPOTHUB ILEIH KOUIMMATOpa, HapaieIbHO
IIOCJIETHEM.

2.6. TlomcoenHUTH TPOBOAA OT BBIBOJOB BTOPUYHOW OOMOTKM WHIYKIMOHHON KATyIIKU K
9JIEKTPO/IaM TPYOKU, MPUBECTU B JEWCTBHE KATYLIKy M IOJY4YUTh CBEUEHHUE rasa B TpyOke (uiiu
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 TONMYYEHHBIH CIEKTp MOIJIOMICHUs I[BETHOTO CTEKIa, oOpalias BHUMaHUE Ha
XapakTepHble JTHMHUU U MOJIOCHI OTIIOILEHUS.

4. 3apucoBaTh MOJYYEHHBIE CIIEKTPHI B IPOTOKOJI JJAOOPATOPHON pabOTHI.

5. Cnenatb BBIBOJ O TIPOJICIIAHHON padoTe.

6. OTBETUTH Ha KOHTPOJIbHBIE BOIIPOCHI.

Konmponvnuie eéonpocoi:

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.
H3y4eHue TpeKoB 3apssKeHHbIX YACTHIL 110 TOTOBBIM ¢ oTorpad usam.

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

Teopua: llpu nomonm &kamepsl Buibcona HaOmogaioT u  ¢GoTorpadupyioT Tpekd (Ciiemabl)
JBYDKYIIMXCSL  3apsDKEHHBIX YacTUI. TpeK 4YacTHIBl IpenCcTaBsieT co0oil  Lemouky w3
MHUKPOCKOITHYECKHX KaIleJIeK BOJbI WM CIUPTA, OOpa30BaBIIMXCS BCIEACTBHE KOHICHCAIIUU
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 wacTuna ¢ 3apsaoM Ze JBUXKETCS CO CKOPOCThIO V Ha PacCTOSHHUM I OT 3JIEKTpPOHA aroMa
(puc. 1). BcnencrtBue KyJOHOBCKOTO B3aMMOJICHCTBUSI C JTOM YACTUIICH AJICKTPOH IOJy4aeT
HEKOTOPBbIN UMITYJIbC AP = FAt B HanpaBlIeHUH, IEPIIEHAUKYISIPHOM K IMHUM ABUKCHUS YaCTULIBL.
B3aumopeiictBue yacTHIbl U 3JIEKTpoHa Haubosee A((EKTUBHO BO BPEMs IPOXOXKICHUS €€ I10
OTPE3Ky TpPAaeKTOpHUH, OMkaillieMy K 3JIEKTPOHY U CPaBHUMOMY C PacCTOSHUEM [, HalpuMep
paBHOMy 2r. Torna B gopmyne Ap = FAt, roe At- Bpems 3a KOTOpO€ YacTHIA 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 TMpONMOPLHOHAIbHA KBaJpaTy paccTOsiHUS Mexay Humu. CliegoBaTenpHO, cuja
B3aUMO/ICHCTBUS YACTHIIBI C JJIEKTPOHOM MPUMEPHO pPaBHA:

_ Zee

T Azgr?
(mpuMepHO, TaKk KaK B HaIMX pacueTax He YUYUTHIBAIOCH BIMSIHHE Spa aToMa Jpyrux 3JIEKTPOHOB
Y aTOMOB Cpe/ibl):

Zee2r Zee

CAzgr’v  2mgrv

Hrax, uMIynbC, IOJY4EHHBIM DJIEKTPOHOM, HAXOAUTCS B IPsAMOM 3aBUCUMOCTH OT 3apsia
IPOXOJSIIEH OKOJIO HEro 4acTUIbl U B 0OpPaTHOM 3aBUCUMOCTH OT €€ CKOPOCTH.

[Ipn HEKOTOPOM JOCTATOYHO OOJIBIIIOM HMITYJbCE 3JEKTPOH OTPHIBAETCS OT aTOMa U MOCIEIHUM
npeBpamaercs B MoH. Ha kaxaoii enmHuIIe TyTH YaCTHIIBI 00pa3yeTcs TeM OOJIbIe HOHOB

(a criemoBaTenbHO, W KAaIeJIeK JKUJIKOCTH), YeM OOJIbIlie 3apsiji YacTHIIBl U 4Ye€M MEHBIIE €€
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, Tpu OJIMHAKOBBIX CKOPOCTSAX TPEK @ - YaCTHUIIBI 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 TOJIIIIC,
YeM BHAuaje, TaK KaK CKOPOCTh YAaCTHI[Bl YMEHBIIAETCS BCIEACTBUE IOTEPU IHEPIrHU HaA
HMOHU3ALINIO AaTOMOB CpPE/Ibl.

3. Uccnenys n3nmydeHHe Ha pa3HBIX PACCTOSHUIX OT PaJHOAKTHBHOIO IperapaTa, 0OHapYKHIIU, YTO
WOHUBHPYIONME W JApyrue JACUCTBUS ¥ - W3IY4deHUS PE3KO OOpPBIBAIOTCS HAa 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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Hanpumep, B Bo3ayxe npu temmneparype 15 °C u HOpManbHOM JaBlIeHMH NMPOOEr ¢ - YaCTHIIBI,
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 TaKOW 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
MePICHAUKYIIIPHA JTUHUSM T10JIA):

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

NepHeHAUKYIPHO CKOPOCTU YaCTULIBI U, CIIEIOBATENLHO, SABIIIETCS LIGHTPOCTPEMHUTENILHO I CUIION
2

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

mo
tpeka. Orciona r = —— ().
ZeB
Ecnmu 4vacTMia WMeEeT CKOPOCTh, MHOTO MEHBIIYI0 CKOPOCTH cBera (T.e. 4YacTHIlAa HeE

PEATUBUCTCKAS), TO COOTHOLIEHUE MEXIY KAHETHUYECKOW JHEPrUel M 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 3aBUCUT OT MaccChl, CKOPOCTH U 3apsja 4acTullbl. Paguyc 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 HAYAJIbHBIX CKOPOCTSX OTKJIOHEHHUE 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 cinabee @ - YacTHIIbI, TaK KaK MpH
OJIMHAKOBBIX Maccax 3aps] & - YacTUIbl OOJbIlIe 3apsiia OJHOKPATHO MOHU3WPOBAHHOTO aroma
renus. V3 cOOTHOIIEHUSI MEXly SHEpPruell 4acTUIlbl U PaJiycoM KPUBHU3HBI €€ TpeKa BUIHO, 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
KPUBHU3HBI TpeKka (YBEIMYMBAETCS OTKIOHEHHE OT MPSAMOJMHENWHOro ABukeHus). [lo nu3MeHeHuo
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
BBIYHCIIUTh OTHOHICHUE €€ 3apiAia 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
(oTOXmEecCTBIEHUE, T0100ME) H3BECTHOM YacTHUIle

Ecnu B kamepe BuibcoHa npou3onuia peakius pacnaja sijpa aToMma, TO MO TPEeKaM YacTHL[ —
MPOJIYKTOB pacmaja MOKHO YCTaHOBHTh, KAaKOE S/IPO pacnanock. JJist 3TOro Hy)KHO BCTIOMHHUTb, YTO
B SJICPHBIX PEAKIUAX BBIMOJHSIIOTCS 3aKOHBI COXPAaHEHUS IOJIHOTO SJIEKTPUYECKOTO 3apsna u
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IOJIHOTO YKCIIa 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 DJIEMEHTa pacmanoch, TO MOXKHO BBIYHCIUTH €ro 3apsi C
MOMOIIBI0 MPOCTHIX apU(PMETHUECKUX pacueToB, a 3aTeMm no Tabmuue /.M. MenneneeBa y3HaTh
Ha3BaHUE FJIEMEHTA. 3aKOH COXPAHEHHUsI MOJHOTO YMCIIa HYKJIOHOB IO3BOJHUT YCTAHOBUTH, KAKOMY

M30TOILy 9TOTO JIEMEHTA IPUHALIEKHT sinpo. Hanpumep, B peakuun: 5 X+/H =25He

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

Ilpuébopvr u npunaonexcnocmu: dororpaduu TpeKoB, Mpo3padHas Oymara, yroJbHHUK, ITUPKYIIb,
KapaH JallL

IHlopaoox 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 SICP OJMHAKOBBI M TIEPIICH TUKYIISIPHBI JIMHHSM TTOJIS.

Pucynok 2.

1. I3yueHue TpeKoB 3apsDKEHHBIX YaCTUIL (TEOPETUYECKUN MaTepuan).

1.1. Onpenenute HanpaBiaeHUE BEKTOpa WHIYKIMA MarHUTHOIO IOJISL ¥ CAETIANTE 11 OSCHUTENbHBIN
PUCYHOK, YYUTBIBasi TO, YTO HAIpaBJIEHUE CKOPOCTU [JBUXKEHMS YacTUL[  OIPEAEJIAIOTCS I10
U3MEHEHHIO paJnyca KPUBHU3HBI TpeKa 3apsHKEHHOW 4YacTHLbI (Hayalo ee JBH)KEHMS TaM, IJe
KpPUBHU3HA TPEKA MEHBIIE).

1.2. O6mscHuTe, MOYEMy TPACKTOPUU YacTUL[ HPEACTABIAIOT COOOM OKPYKHOCTH, HCIIOJIB3YS
TEOpHIO K TabopaTopHOit paboTe.

1.3. KakoBa npuynHa pa3nnuusi B KpUBH3HE TPACKTOPHI pa3HBIX sI€p U MOYEMY KpUBH3HA KK 10U
TPAaeKTOPUM M3MEHSETCs OT Hadaja K KOHIy mpobOera yactuiibl? OTBETUTh Ha JaHHBIE BOIPOCHI,
HCIIOJIB3Ys TEOPHIO K 1abopaTopHoii padoTe.

2. V3yueHne TPEKOB 3apsHDKEHHBIX YAaCTHIL 10 TOTOBBIM (hoTorpadusm (puc. 2.).

2.1. Hanoxwute Ha dororpaduio JUCT Mpo3payHoi Oymarn (MOKHO HCIIOJIB30BaTh KaJbKy) H
OCTOPOYKHO IepeBeIUTe Ha Hee TpeK | u mpaBblii Kpail (oTorpadumu.

2.2. NzmeppTe paguyc KpuBU3HBI R, Tpeka yacTulibl 1 IpuMepHO B Hadane U B KOHIIE Ipobera,
JUISL 3TOTO HY)KHO CZEJaTh CIIeIyoIe TOCTPOECHHUS:

a) U3 HayaJla TpeKa MPOBECTH 2 pazIM4HbIEe XOPAbI;

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

B) 3aT€M IIPOBECTHU JINHU U YEPE3 CEPEANHBI OTPE3KOB XOPJ;

I) IpU MEpeceyeHUM STUX JMHUHM, 00pa3yercsl TOYKa, SBJISIOLMECS ILEHTPOM JaHHOIO ydacTka
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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. M3mepbTe paguyc KpuBU3HBI R, Tpeka yacTuipl 1 B KoHIe npoOera, A 3TOT0 HY)KHO cZeaTh
2 9

NOCTPOCHUE AHAJIOTHYHBIE W3MEPEHHUI0 paadyca KpuBH3HBI R, yuuThiBasg Macmrad Ha

¢ororpadumn.
2.4. BeruncnuTe u3MeHeHHE paguyca kpuBu3Hel AR=R, — R, .

1°

2.5. BeIuuciuTe Ha CKOJIBKO M3MEHHUIIACh YHEPTHUS YaCTHIIBI 32 BpeMs mpoodera 1mo 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. Berunciaure Ha4aJbHYIO CKOPOCTh MPOTOHA (YacTuna |), HCrmonp3ys Npeaplaylme pe3yabTaThl,
o gopmyre:
V = R,ZaB (2.2.)
m
2.7. VI3mepbTe pamuyc KpuBHU3HBI Tpeka dactuilbl |l B Hauame e€ mpoOera, MCTONB3ys MOPSIOK
nyHkroB 2.1.a —2.1.1.

q

2.8. Beruuciure s dactuiel |l oTHOmeHWe 3apsiyia k Macce — , 3Has, YTO HaYaJIbHAsI 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) HCMIONB3yS MEPUOAUYECKYI0 CHUCTEMY XUMHUYECKUX DJIEMEHTOB, OMPEICIUTh, SAPOM KAKOTO
sneMmeHTa saBisierca yactuna 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 GoTorpaduu TPEKOB 3apsDKEHHBIX YACTUIl U COOTBETCTBEHHO UM IIOCTPOCHUS)?
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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 00IeoOpa3oBaTenbHOi
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: 31MeKTPOHHBIA.

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 : AIEKTPOHHBIN.

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 Exunas xosutekius 1iudpoBbix 00pa3oBaTeIbHBIX PECYPCOB

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