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IMPEAUCJIOBHUE

[{enb HacTOALIETO YU€OHO-METOAUYECKOTO MTOCOOMUS — 0Ka3aTh IOMOIb CTYJEHTaM B
U3YyYEHUU Kypca PU3mKu.

JlaGopaTopHbIil TPaKTHKyM MO (HU3UKE MOMOTaeT Ty0)Xe OCO3HATh U YCBOUTH
¢duznueckue 3aKOHOMEPHOCTH, IpUoOpecTH HAaBBIKH CaMOCTOATEJIHON
AKCIIEPUMEHTAIBHON pabOThI, 03HAKOMHUTHCS C U3MEPUTEIBHOM anmapaTypod U METOJaMu
(¢u3nyecKux H3MEpPEHUH, HAy4YUTbCS 3alHUChIBaTh M 00pabaThIBaTh pE3yJIbTATHI

W3MEPEHUM.



JABOPATOPHBIN IPAKTUKYM U MOPSIIOK EI'OBBINIOJTHEHUA

JlabopaTopHbIii  (U3HYECKUN TMPAKTUKYM MPEACTaBIseT COOOW COBOKYITHOCTB
71a00paTOpHBIX PabOT, KOTOPHIE CTYACHT BHITIOTHICT Ha Ja00OPATOPHBIX 3aHATHSIX.
Kaxmoe nabopaTopHoe 3aHATHE JODKHO BKIFOYATh CIIETYIOIINE TAITbI:
1. TlogroroBka K 1abopaTopHOi padoTe:
a) He0OXOAMMO COCTaBUTH OJIaHK OTYETa MO PaboTeE;
0) Hanucath B paboYeil TeTpaan OTBETHI Ha BOIIPOCHI JIJIsi CAMOKOHTPOJISL.
[Tomydyenue momycka K 1abopaTopHoii padoTe.
[TpoBeneHme SKCIIEPUMEHTA.

O6paboTka pe3ynbTaTOB IKCIEPUMEHTA.

o~ WD

Cnaya 3a4yeTa 1o Teopuu U 0POPMIIEHHOTO OTYETA O JIabopaTopHOU padoTe.

Buauane 1abopaTOpHOro 3aHATHS CTYAEHT JIOJDKEH TMOJYYUTh JIONMYCK K
naboparopHoil pabore. /st 3TOr0 CTyAEHTY HEOOXOAUMO 3HATh 1€NIb PabOThI, ONUCAHUE
YCTAaHOBKH, H3MEpSIEMbl€ BEIWYMHBI M NPEICTABUTH IPENOJABATENO0 3arOTOBJICHHBIN
onmank oruéra. [IpernomaBaTenb Ha TUTYJIBHOM JHUCTE OJlaHKAa OTY€TAa CTABUT TMOMAINKCH B
rpade «K paborte gomymien».

[locne mnonmydeHuss MAOMyCKa CTYJEHT BBINOJIHSAECT HEOOXOJUMbIE HU3MEPEHUS.
[IpenonaBarens TpoBepsieT MX M €CIU U3MEPEHHUS BEPHBI, CTaBUT MOMANUCH B Trpade
«PaboTa BBITIOJIHEHAY.

Hanee ctygeHT o0pabaThiBaeT pe3yibTaThl AKCIEPUMEHTA (J1eJlaeT HEOOXOAUMBIE
pacyeTsl, CTPOUT IrpauKu).

3areM mpenojaBaTellb IMPOBepseT B paboueil TeTpaad NMUCBMEHHBIE OTBETHI HA
BOIIPOCHI JUII CaMOKOHTPOJIA, IPOBOJUT TEOPETUYECKUM OIPOC CTYAEHTa M IpH
MOJIOKUTENIbHBIX OTBETaX CTaBUT MOANKCH B rpade
«Teopus 3auTeHay.

[Tocne mpoBepkr MOJHOCTHIO O(OpPMIIEHHOTO OJaHKa OT4eTa O J1abopaTOpHOM
paboTe, Ha TUTYJIBHOM JIUCTE KOTOPOTO JOJHKHO CTOSITh TPHU MOANUCU MPENoJiaBaTeis ¢
pacuMpoBKON M aTON MPOCTaBICHUS MOJANUCH, OJIAHK CHAETC IMPENnoaaBaTellio U OH

MIPOCTABIIAECT B CBOEM KypHAJIe, UYTO JaHHAas JlabopaTopHasi paboTa CTyJACHTOM 3a4TEHA.



Otuet o nabopatopHoi padboTe AOHKEH COAEPIKATD:
1. TuTynbHBIN JUCT.
[lenb paboTHL.
[Tpubopsl ¥ MPUHAAIICHKHOCTH.
(Cxema yCTaHOBKH.

Pacuetnbie popmyibl.

o g > w DN

Pe3ynbTaTsl U3MEpPEHUN.
7. Pacuertsl, rpaduku.

8. BrIBOABI.

OBPABOTKA PE3YJIbTATOB U3MEPEHU ®U3UYEKUX BEJIUYUH

@u3nKa HCCIENYET Pa3JIMYHBIE 3aKOHOMEPHBIE CBA3M B INPUPOAE. 3AKOHOMEPHBIE
CBSA3U MEXAY HaOMIOJAEMBbIMU SIBIICHUAMH (OPMYIIUPYIOTCS B BUE (PU3NUYECKHUX 3aKOHOB,
KOTOpBIE, KakK IIPaBUJIO, 3AIIMCHIBAIOTCS B BHUJIE PABEHCTB, CBA3BIBAIOIIMX pPa3IMYHbIC
(bu3nYecKue BEIUUYHHBI.

®duznyeckasl BeJIMYMHA SBJIAETCS OJHUM U3 OCHOBHBIX MOHATUH B (u3uke. JlaHHOE
MOHATHE BKJIKOYAET B C€0S CBOWCTBO WJIM COBOKYIHOCTH CBOMCTB JaHHOTO OOBEKTA,
SIBJIEHUS, POIIecca, KOTOPbIE MOTYT ObITh U3MEPEHBI SKCIIEPUMEHTAIILHO.

3HaueHne PU3NYECKON BETMUMHBI 33/1a€TCSI KaK ONPEAEICHHOE YUCIIO MPUHATHIX JUJIs
HEE EIMHULl U3MEPEHUS U HAXOAUTCA OIBITHBIM IIYTEM C IIOMOIIBIO CIEUaIbHbIX
TEXHUUYECKUX CPEACTB — U3MEPUTEIbHBIX IPUOOPOB.

Pe3ynbpTaT nu3mepeHus pu3nyeckoi BEIMYMHBI COCTOUT U3 JIBYX YacTeil: YMCIEHHOIO
SHadYeHHUs U eAMHAUI n3Mepenns. Hampumep, 5,2 m; 9,81 m/c%.

[To cnocoOy modydeHHs] YKUCIOBOrO 3HAYEHUS (DHU3MUECKON BEIMUYMHBI Pa3INyaroT
npsiMble UM KOCBEHHbIe H3MepeHus. l[lpu npsMoM H3MepeHuu 3HauyeHue (U3HMUECKOU
BEJIMYMHBI OTCYUTHIBAOT MO MOKA3aHUAM CPEICTBA U3MEPEHUS (M3MEpPEHUE MPOMEKYTKA
BPEMEHH — CEKYHJOMEpPOM, TEeMIepaTypbl — TEPMOMETPOM, JIMHBI — MacluTaOHON
JuHENKor u T.1.). OJIHaKO MpsiMble U3MEPEHUs] HE BCEraa BO3MOXKHBI. [Ipu KOCBEHHOM
U3MEpPEHUH 3HaueHue (PU3NUEeCKON BEIUYMHBI HAXOAST MO HU3BECTHOM 3aBUCHUMOCTHU

MCKOY HEH H HETIOCPCACTBCHHO HM3MCPCHHBLIMU BCJIIMYMHAMU (HaHpI/IMep, HaXO0XICHUC
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MJIOTHOCTH TeJIa 1O €r0 Macce U 00beMYy).

Jrobast pusmyeckass BenwuMHA 00JIaaeT WCTUHHBIM 3HAYCHHUEM, T.C. 3HAUCHHEM,
UJCAbHO  OTPAKAIOIIMM B  KAYeCTBEHHOM M KOJMYCCTBEHHOM  OTHOIICHHUSX
COOTBETCTBYIOIIIME CBOWCTBA OOBEKTA.

Kak mnpaBwimo, mpu JHOOBIX HM3MEPEHUSAX IMOIY4YalOT HE HWCTUHHOE 3HAYCHHE
U3MEpAEMON BEJIMYMHBI, a JIUIb €€ MPUOIMKEHHOE 3HAYCHUE. DTO MPOUCXOIUT B CUITY
psiga 0ObEKTUBHBIX (HECOBEPIIICHCTBO M3MEPUTEIHLHON ammapaTyphl, HEMOJIHOTA 3HAHUH O
HaOIF0JTaeMOM SIBICHUM) U CYOBEKTHUBHBIX TMPUYNH (HECOBEPIICHCTBO OPTaHOB UYBCTB
IKCIIepUMEHTaTopa). TouHbIe H3MEPEHUsT MOYKHO TIPOU3BECTH TOJIBKO B TOM ClIydae, €Cliu
uccleyeMas BeJIMYMHA UMEET JUCKPETHBIN XapaKTep: YHCI0 aTOMOB B MOJIEKYJIE; YUCIIO
AJIEKTPOHOB B aTOME.

OTkoHEeHWE pe3ylibTaTa M3MEPEHUsT OT HWCTUHHOTO 3HAYCHHUS HU3MEpsieMon
BEJTMYMHBI HA3BIBACTCS MOTPEIIHOCThIO m3MepeHus. [lo ¢opme BbIpakeHUs pazidyaroT
a0COJIOTHBIE M OTHOCUTEIHHBIC ITOTPEITHOCTH.

AOCOIOTHAsT TIOTPENTHOCTh HM3MEPEHUS — €CTh PAa3HOCTh MEXAY pe3yIbTaToM

Ha6JIIOIIeHI/ISI N HCTHMHHBIM 3HA4YCHUCM HSMGPHGMOﬁ BEJIUYUHBI: A @ = @j - Qg . Omna

BBIpAKACTCA B CAHMHHIAX (1)H3H‘-I€CKOﬁ BCJINYHHEIL.

OTtHOCHUTENnbHAS NOTrpCIMHOCTE HU3MCPCHUSA — OTO COINOCTABJICHUE BCIIMYMHBI

A2 1 00%.

. . . od
IIOIrPEIHOCTH C CAMOM U3MEPSAEMON BETUYUHOU: ~ ©

3HayeHue (PU3MYECKON BEIMYMHBI, HAWJACHHOE SKCIEPUMEHTAIbHO M HACTOJBKO
npuoOIKaromeecss K UCTUHHOMY 3HAUEHMUIO, 4YTO JJIsl JIaHHOW 1IeJId MOXET OBITh
WCIIOJIB30BaHO BMECTO HETO, HAa3bIBACTCS JICHCTBHUTEIIBHBIM 3HAYCHHEM (PU3HUECCKOMN
BEJIMUYHMHBI.

IIpy  OrpaHM4eHHOM  YHCIIE€ HW3MEPEHHHA B  KadyeCTBE  JIEVCTBUTEJIBHOTO

3HaueHMsI MOXKET MCIOJIb30BATHCS CpeHee apu(MEeTUUecKoe (a),BEIYMCICHHOE W3 CepUU

pe3yJbTaToB HaOII0ICHHS, MOJTYYEHHBIX Cc
N
Z” i
(ay =2
. _ N .
OINHAKOBON TOYHOCTBIO. . HOC—)TOMY B Ka4cCTBC a6COJ'IIOTHOI/I HOFpeHJHOCTI/I
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Aa=a, —{a .
HAOJIIOMICHUST  UCIOJB3YIOT — BEIAYHHY: i ¢ >, a B KA4eCTBE OTHOCHUTEILHOM

e=2% 100%.

MOTPEMTHOCTH (a)

OHCHI/ITL IMOTPCHIHOCTD H3MepHeMOﬁ BCIINYHUHEI, 3HA4YUT YKa3aTb HHTCPBAJI

(<a>-Aa;<a>+Aa) .
BHYTPH KOTOPOTO C 3aJaHHOH BEPOSATHOCTbIO P 3aKiIto4eHo

WCTUHHOE 3HAYEHUE M3MEPSAEMOM  BEJIMYMHBL.  Takoll  HWHTEpPBAl  HA3bIBACTCS

JOBCPUTCIbHBIM. HpI/I MHOT'OKPATHBIX H3MCPCHHAX JOBCPUTCIIBHYIO BCPOATHOCTD

npuHUMaIOT paBHoit P=0,95.

OBPABOTKA PE3YJIBbTATOB IIPSIMbBIX U3MEPEHUI

1. JIuckpeTHbIE BEIMYUHBI.
Ecnu usmepsiemasi BenmuumHa UMEET TUCKPETHBINA XapaKTep, HAlpUMEp, YUCIO aTOMOB
B MOJICKYJIC, YMCIO DJEKTPOHOB B aTOMeE, TO €€ abCONIOTHAs MOTPEIIHOCTh PaBHA
Hymo: Aa =0.

2. TlocTosiHHBIE BETMYUHEI.
Ecnu Benuumna Oepercs w3 TaOMUIl WM ISl JTaHHOM JabopaTtopHOM padoTh
MpUBEJcHA HAa YCTAaHOBKE, KaK M3MEpPEHHas paHbllie, TO a0COJIOTHASI MOTPEUTHOCTD

MIPUHUMACTCS PaBHOM IIOJIOBHMHE E€IWHUIIBI paspsja IMocleaHeld 3Havared mugpsl

B3ATOr0 YUCJIA.
Hampumep: JUISt 3HAUCHUS YCKOPEHHS CBOOOJHOTO  IaJCHUS
g=9,81u/ c2 , B3ATOTO0 W3 TaOJUIBl, a0CONIOTHAS TOTPEITHOCTh
A g =0,005 M/c? s 3HAYECHUS IPaBUTAIMOHHOW IMOCTOSTHHOM
G = 6,67 *10™ M*/(kr-c?) aGCONIOTHAS TTOTPEIIHOCTD
AG =0,005*10"11 \P/xr-c?).

3. H3mepsieMble BETMYUHBI.

AOcCoioTHasT TMOTPENIHOCTh  HM3MEpSeMbIX B JabopaTopHOWl  paboTe BEIUYUH
OTIpEIEIISICTCS TIO PUOOPY.

a) Ilpu ucnonp3oBaHuu rpyObIX MpUOOPOB aOCOMIOTHAS MOTPEUIHOCTh PaBHA MOJIOBUHE



A= iq.().

IIEHBI IETICHUS TIKaJIbI TpHUoOpa:

0) Ilpm ucnonap30BaHUM MPUOOPOB, COJEPIKAIIMX JOMOJTHUTEIBHYIO YTOUYHSIOIIYIO
IIKaJly HOHMYCa, aOCOJIOTHAs MOTPEIIHOCTh OepeTcs paBHOW Ii€HE JEJIEHUS IIKaJlbl

HOHHUYca: A = y.0.

B) HpI/I HUCITIOJIB30BAHNU SJICKTPOU3SMCPUTCIIbHBIX HpI/I60p0B a0COJIIOTHAS
. Y- A
A =
100

MOTPENTHOCTh PACCUUTHIBACTCS 1O (hopmyJe: rJie Y - KJIacC TOYHOCTU Mpuodopa,
A - mpenen u3MepeHusl.

CymectByer 8 kiaccoB TouHoctu mpuoopos: 0,05; 0,1; 0,2; 0,5; 1,0; 1,5, 2,5, 4,0,
MOATOMY y MOKET MPUHUMATh OJHO U3 EPEUUCICHHBIX 3HAUYCHUM.

[Ipenen u3amepenus: A o3Haydaet: AJig NPUOOPOB C OJHOCTOPOHHEHN IIKAJION - BEpXHUM
npenes U3MEpeHusl; JJig MPUOOPOB C JBYXCTOPOHHEH IIKAJIOW — CyMMma MpeJesioB

M3MEPEHUH T10 JIEBOM M IIPABOM YACTSAM IKAJIBI.

4, BGJ’II/ILIHHa, orpcaciricMasd u3 rpa(bHKa.

AOcomroTHas IIOTPCIIHOCTL BCJIIMYMHBI, B3SITOM M3 I’pa(l)I/IKa, TaxKoKC HaAXOIHUTCA H3

rpaduka Kak "3MEHEHUE OpAMHATHI, BEI3BAHHOE U3MEHEHHEM aOCLUCChI Ha Ad :

Af(@)=f(ataa)- f(a).

OBPABOTKA PE3YJIbTATOB KOCBEHHBIX U3MEPEHUM

[Ipu KOCBEHHBIX U3MEPEHUAX UCKOMAs BEIMYMHA s SABIsIeTCA (QYHKIMEH OJHOTO  WJU

U= f(a,b,c,...).

HECKOJIBKUX apryMEHTOB:
Benuuunsl a,b, C,... HAXOIATCS HEMOCPEICTBEHHO M3 SKCIIEPUMEHTA.

Cuauama HaxogAT CpCAHCC 3HA4YCHUC U a6COJ'IIOTHYIO MNOTrpCIIHOCTh KaXXAa0ro

apryMeHTa. 3aTéM  pacCUMTHIBAIOT CpeJAHEe  3HAUYCHHE  HCKOMOW  BEJIUYHUHBI:
(U) = f(a),(b),{c),...).

Bemnunny a0COJIFOTHOM MOTPEIIHOCTH BBIYUCIISFOT o bopmyie:



"‘_4' 2 .-.._;I 2 J:. 2
AU = [EMJ +(‘f i\h) +(r ﬂm) o
da ob de

3anuiiem 3Ty GopMyIly Il HECKOJIbKUX YaCTHBIX CIIy4aeB:

) U=a+b+c+.. AU =+Aa® + Ab? + Ac? + ...

2 2 2
6) U=a"b'c" AU =<U > ( kAa ] +( IAb J +(mﬂc} .

<a> <h> <c>

B naGoparopubix paboTax mnpuBeAeHbl (GOpMYyNbl i pacyeTa aOCOTIOTHBIX

MOTPEIIHOCTEH UCKOMBIX (DYHKITHIA.

3AIIUCh OKOHYATEJIBHOT'O PE3YJIbTATA U3MEPEHUI

OxoHUYaTeNbHBIN Pe3yJabTaT U3MEPEHMSI TOJKEH OBITh MPEACTaBICH BCTaHAAPTHOU Gopme
3anucu. Jist aToro:

1) a0CONIIOTHYIO TIOTPEIIHOCTh U3MEPEHHUST OKPYTIIAIOT JI0 MEepBO3HavaIe mudpsi;

2) pe3yabTaT M3MEPEHUs OKPYIVISIOT N0 TOro paspsna, A0 KOTOPOro OKpyrieHa
a0COJIOTHAS MOTPELIHOCT;

3) pe3ysbTaT W3MEPEHMS JOJHKEH COJAEpKaTh N0 3aIATOM OJIHY3HAYallyro Hu@py.

Hanpumep:

Aa =0,000381~0,0004 u;
<a>=0,06243~0,0624 M;
a=(<a>*Aa)=(624+0,04)-107 M

MHNOCTPOEHHUE I'PA®UKOB

1. I'paduku HYy>KHO CTPOUTH HA MUJJIMMETPOBOM Oymare.

2. Ilpu moctpoennu Tpaduka cieayeT 3apaHee BbHIOpaTh MaciiTad, HAHECTH JEJICHUs
MacmTada 1mo ocsiM KOOpAWHAT. 3HAUYCHHUS HE3aBUCUMOTO apTryMEHTa OTKIIAIbIBAIOTCS
Ha ocH a0CIIKCC, a IO OCU OPJIMHAT OTKJIAIBIBAIOTCS 3HAYCHUS (DYHKIIUH.

3. Ilo KoOpIMHATHBIM OCSM HEOOXOJMMO YKa3aTh HE TOJIBKO OTKJIAJbIBAEMbIC BEJIMUNHBI,
HO M €IMHUIIBI U3MEPEHUSI.

4. Tlpm BBIOOpE MaciiTaba HaJIO CTPEMUTHCS K TOMY, YTOOBI KpUBasi 3aHUMaJia BECh JIUCT.

[lkana It KaXI0W NMEPEMEHHOM MOYKET HAYMHATHCS HE C HYJIS, & C HAMMEHBIIETO
10



OKPYTJIEHHOTO 3HAYEHUSI U KOHYATHCSI HAaMOOJIbILIUM.

[locne 3TOrO0 HaHeCTH Ha rpauK IKCHEPUMEHTANbHBIE TOYKU. DKCIIEPUMEHTAIBHBIC
TOYKH COEOUHSIOT MeXAYy CcO0OM KapaHJalloM IUIABHOM KpUBOHM, 0€3 pe3Kux
VCKPUBJICHUN U YIJIOB.

KpuBas noikHa OXBaThIBaTh BO3MOKHO OOJIBIIE TOYEK WIIM MPOXOJIUTH MEXIY HUMH

Tax, YyTOOBI ITO 00€ CTOPOHBI OT HEC TOYKH paCIIOJIaraliCb paBHOMCPHO.

11



JIABOPATOPHAS PABOTA Ne 1
N3YYEHUME KHUHEMATHUKHU HOCTYITATEJBHOI'O n
BPAIIATEJBHOI'O ABUXKEHUN TBEPJOI'O TEJIA C HOMOIIBIO
MASATHUKA OBEPBEKA

Ilenv pabomer. V3y4uTh MOCTYNATEIBHOE U BpAlllATEIbHOE JABUKEHUE; ONPEACIIUTD
KMHEMaTUYECKUE XapaKTEPUCTUKU Tell, JIBMXKYUIUXCS MOCTYMATEeNbHO U BpalllarolInXcs
OTHOCHUTEIHHO HEMOABUKHOU OCH.

Ilpuboper  u  npunaonexcuocmu:  mastHuk  OOepOeka,  ceKyHAOMED,

HITAaHT€HLIIUPKYIb, HA0OP TPY30B.

l. OIIMCAHUE YCTAHOBKU U METOJA U3MEPEHUI Mastuuk OGepGexa
(puc.1) mpexacraBisieT co0OW MaxXxOBUK € KpecTOOOpPa3HBIMU CTEPKHSIMH 2, TIO
KOTOPBIM  MOTYT  TepeMemiaThCsd M  3aKPeIUIAThCS B HY)KHOM  ITOJIOKEHUHU
MUIMHAPUYECKHE TPpy3bl 1oiMHaKoBOM Macchl. Ha ocu MaxoBHKa HaXOIATCS JiBa IIKUBA 3,

4 paznuuHoro paauyca. Ha oluH M3 MIKMBOB HamaThiBaeTcs HUTH 5. HuTh mepekuHyTa

yepe3 HemoJABMKHBIN Onok 6. K KOHIly HUTH npukperuieHa romaaka 8. [Ipu momomum
I'py30B 7 pa3IMYHOM MAacChl, NIOMELIAEMbIX Ha IUIOLIAJAKY, MasATHUK MPUBOAUTCA BO

BpalaTCJIbHOC ABUKCHHUC.

Puc. 1. Cxema ycraHoBku: | — HWIMHAPUYECKUN TPY3; 2 — CTEpKEHb; 3 — OOJIbIION

IKKUB; 4 — MaJbli MIKUB; 5 — HUTh; 6 — OJIOK; / — rpy3;8 — miomnaaxa.

Eciu rpy3 7, yaepkuBaeMblii Ha BbICOTE h, OTMyCTHUTh, TO OH OyJIeT ABUTATHCS

MOCTYIATEIBHO C HEKOTOPBIM YCKOPEHUEM d.

Bocnonesyemcs dbopmysoil TyTH IIPU PABHOYCKOPEHHOM
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3

ar”
h=Vj+—.
MPSIMOJIMHEHOM JIBWKEHUU: 2
Orcrona, C y4eToM HYJIEBOU

HAa4YaJIbHOM  CKOpPOCTH,  ToJiyuuMm  (opmyny g pacueTa  YCKOpPEHHUs  rpysa:

a=—, (1)

rae t — BpeMs, 3a KOTopoe Tpy3 npoiaer paccrosaue h.
CKopocThb B KOHIIE JBMKEHUS Ipy3a ONpeesseTcs 1o GopMyiie:
V =at. (2)

[Tpu magenuu rpy3a mastTHUk OOepOeka OyAeT BpamaTbCs C HEKOTOPBIM YTJIOBBIM
YCKOPEHHEM €.

Ecnu HUTB, HA KOTOPOM MOJBEIIEH I'Py3 MACCOM M, HEPACTKUMA U
cMaThlBaeTcs co IIKuMBa MasTHuKa OOepOeka 0e3 MNpoCKanb3bIBaHMS, TO KacaTelbHOE
YCKOpPEHUE TOYEK, JISKAIIUX Ha OBEPXHOCTH ILIKUBA, OylIeT

PaBHO YCKOPEHHIO OIYCKAIOIIEToCs Tpy3a: a7 = a.
3Has  CBsI3b  MEXKIy  KacaTelbHBIM  YCKOPEHHEM  TOYEK  BpaIlaroIIerocs

IIKKWBA U €TI0 YITIOBBIM YCKOPCHUCM:

ar =¢eR, MOXHO OIpeaeauTh YIII0oBoe yCcKopeHue MasTHruka Obepoeka:

&= =

(3)

a. a
T T T s
R R
rae R - paguyc mkuBa MasiTHUKA.

Ucnonb3yst (GopMyiny CBsI3M MEXIYy YIJIOBOM CKOPOCTBbIO Tejla M JIMHEHHOU

CKOPOCTBIO TOUEK TE€JIa, PACCUYUTAEM YTIOBYIO CKOPOCTh MassTHHKA O0epOeka:

o="7- (4)

[HOPAIOK PABOTBI

1. Pacnonoxxute UWIMHAPUYECKUE TPYy3bl MACCOM M HA KOHLAX CTEP)KHEN MasTHUKA
O6epbeka CHMMETPUYHO OTHOCUTEIIBHO OCH BpAILlCHHUS.

2. M3mepuTh MITaHTEHIUMPKYJIeM nuamerp d MIKWBa, HA KOTOPBIA OymeT

HaMaThIBATLCS HHUTH. 3aIMcaTh paanycC NIIKUBa: a6COJ'IIOTHYIO IMOTrpCIMHOCTh HM3MCPCHHUA
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panuyca AR mo npubopy

[TonoxxuTe Ha MOHmAAKy Tpy3 Maccoil M. HamoraTe Ha IIKMB HUTH Tak, YTOOBI
TUTOIIA/IKa C TPY30M OKasajach Ha BbICOTe N Han ypoBHeM moina. M3mepuTh BhICOTY
MacmTabHOW TuHEHKOH. OTEHUTh a0COIOTHYIO TIOTPEITHOCTh H3MEPEHHSI BBICOTHI A N
1o npudopy.

W3meputsh BpeMsi majieHus rpy3a ceKkyHaoMepoM. OnbIT TOBTOPUTH 6 pas.

N

>t
=g

Briuncnuth cpenHee Bpems MaJcHUs TIpysa: a0COJIIOTHYIO TIOTPENTHOCTh
U3MEPEHUs BpeMeHU Al 1Mo ceKyHIoMepy.
Bbrunciuth cpefiHee YCKOpEHHE < a > Oommyckaromierocs rpysa mo ¢opmyse (1).

Paccuutats ero a6COJ'IIOTHy}O IMOTpCIIHOCTL:

M 2 2
Aag=<a> (—IJ +[£)
h <>

n OTHOCHUTCJIBHYIO ITOI'PCINHOCTD:

Aa
<>

100%.

3anucarb OKOHYaTEIbHbIN pe3yJibTar:
& 2
a=(<a>*Aa)wm/c.

<V >
BpIuncnuTh CpeHIOI CKOPOCTh rpy3a B KOHIIE JBWXeHHS 10 hopmyne  (2).

AV

-100%.
<V =
Paccuntath ee  aOCOJIOTHYIO MOTPEITHOCTb:
.  V=(<V=2AV) M/c.

3amicaTh OKOHYATEIbHBIN PE3yIbTaT:
B < &>

BIYUCITUTH Cpe/Hee YITIOBOE  YCKOPCHHE IIKKABA o
dopmyie (3). Paccunrarh ero aOCOJIFOTHYIO TOTIPEIIHOCTb:

() (%)
Ac=<g> + | —
<da> R

14



Ag

100%.
¥ OTHOCHTEIbHYIO IIOTPEIIHOCTE: <& =
3amucath  OKOHYATENLHBIM  pE3yIbTAarT:
g=(<&>t+Ag) pa,ufc:z.
9. BeumcnuTh CPEIHIOIO YTIOBYIO CKOPOCTb < > IIKHMBa o

dopmyite (4). Paccuntarh ee  aOCONFOTHYIO TOTPEITHOCTD:

AVTY (ARY
Ao=<w > — | 4| —
<V = R

N OTHOCHUTCJIbHYTIO ITOTI'PCIIHOCTD:

Aw
-100%.
<@w> 3anucarh OKOHYATENbHBIA  PE3YIIBTAT:
Aw
100%.
<=

BOIIPOCHI JIX1 CAMOKOHTPOJIA

1. Yrto Ha3bIBaeTCA MaTepUaIbHOW TOUKOM, TBEPABIM TEIOM?

2. Kakoe JIBWXEHHE HA3bpIBAacTCsA IOCTynareiapHbIM? Kakoe [BM)KEHHE Ha3bIBacTCs
BpaIllaTEJIbHbIM?

3. Jlatb ompeneneHue CKOPOCTH Tena. 3amucatbh (QOpMylly, €IWHULY HW3MEPEHHS.
N300pa3uTth HAa pUCYHKE BEKTOP CKOPOCTH.

4. JlaTh ompeJieneHue yriioBol CKOpOCTH Teja. 3anucath popMysly, €AUHUIY U3MEPEHUSI.
N300pa3uTh Ha PUCYHKE YIIIOBYIO CKOPOCTb.

5. KakoBa CBsI3b MEX]y YIJIOBOM CKOPOCTBIO T€Jla U CKOPOCTSIMU TOUYEK 3TOTO Tena?

6. [lateb ompezneneHue yckopeHus Tena. 3amucaTh (opMyily, €IUHHUILY H3MEpPEHUS.
N306pa3uth Ha pUCYHKE BEKTOP YCKOPEHHUS.

7. KakoB (Qusnueckuif CMBICT KacaTeJbHOrO YycKOpeHus Ttena? 3anucath Gopmyiy,
eauHuIy usmepenus. M3006pa3uth Ha pUCyHKE BEKTOP KacaTeIbHOTO YCKOPEHUS.

8. KakoB ¢u3uueckuii CMbICI HOPMaJIbHOTO YycKopeHusi Tena? 3amucath (Gopmyiy,
eauHuLy usmepenus. M3006pa3uts Ha pUCyHKE BEKTOP HOPMAJIBHOTO YCKOPEHHUSI.

9. Jlath ompeneneHue yriOBOTO YCKOpeHHA. 3amucath (HopMyiy, eIUHUILy WU3MEPECHHUS.

15



N300pa3uth HA pUCYHKE BEKTOP YTIOBOTO YCKOPEHHUS.
10. KakoBa CBsI3b MEXK/ly YIJIOBBIM YCKOPEHHEM Te€Jla U KacaTelIbHbIM YCKOPEHUEM TOUYEK

3TOrO Teja?

. COUEP’)KAHUE OTUHETA

1. TUTYJIBHBIN JIUCT.
2. e paboTHI.
3. IIpuGopsl U MpUHAIEKHOCTH.

4. PacuerHbie pOpMYIIHI:

a) YCKOPEHHE rpy3a: d =
Aa=

0) CKOpOCTh Ipy3a: V =
AV =

B) YIJIOBO€ YCKOPEHHE IIKHUBA! —

T') yIJIoBas CKOPOCTh IIKUBA: =

Aw=
N3mepenus:
Paccrosinue: h= A= ﬁ =
h
AR
Paguyc mikusa: R= AR= —=
R
BpeMsi OMyCKaHUsI rpy3a:
N | 1] 2 3 4 5 6
[, C
<[ >= A= i =
<l >

6. Pacuet yckopenus rpysa:

16



< (] ==
Aa=

Aa

<d>

-100%=

OKOHUATENbHBIN pe3ynbTaT: a =

Pacuer CKOPOCTH I'py3a B KOHIIC ITaACHHA:
<}==
A=

AV

<V =

-100%=

OxoHYaTeNbHBIN pe3ysbTat: V=
8. PacueT yriioBoro yCKOpeHHs IIIKHBA:
< g >=
Ag =
Ag
<Eg>

-100%=

OKOHYATENBHBIN PE3YIBTAT: & =

9. Pacuer yriioBoi CKOpPOCTH IIKUBA:
< (1 ==
Awm=
Aw
<>

-100%=

OKOHYATENbHBIN pe3yJIbTarT:

10}
10. BeiBOIBLI.
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JIABOPATOPHAS PABOTA Ne 2

N3YYEHUE KUHEMATHUKHU HHOCTYIIATEJBHOI'O n

BPAIIATEJLHOT'O JIBUKEHUM TBEPJOI'O TEJA C IOMOIIbIO
MALINHBI ATBYJIA

lleJlb paﬁombl: HN3Y4YUTH ITOCTYIATCIIBHOC U BPAIATCIIbBHOC IBUKCHUC, OIIPCACIUTD
KHHCMATHUYCCKUC XAPAKTCPUCTHUKH TCJI, ABHKXYIIUXCA IMOCTYIIATCIIBHO W BPAallarOIIMUXCA

OTHOCHUTCIIbHO HGHOI[BH)KHOﬁ OoCH.

Ilpuboper u npunaonexcnocmu. wmalmviHa ATBYJA, CEKYHIOMEp, IMEPErpy3bl

paBHH‘{HOﬁ MacCCHI.

I. OIIMCAHUE YCTAHOBKH N METOJIA M3MEPEHUM Mammuna ATBynaa
(puc.1) cocrout u3 BepTukanpHoil nuHelku 10 ¢

CaHTUMETPOBBIMU JECJICHHUSIMH, HA BEPXHEM KOHIIE KOTOPOM HAXOJUTCA
JIETKUM OJIOK 7 M3BECTHOM MAaccChl, BpaIarOIIUiCSI ¢ HEOONbITUM TpeHHeM. Uepes OJoK
MIEPEKNHYTA JIETKasi HUTh S ¢ rpy3amu 4, 9 oguHakoBOM Maccel. HUTH mponyiieHa Mexmay
AKOPEM M CEpACYHUKOM »dyekTpomarauta 6. C wmammHOW ATByJa COEIUHEH
aNeKTpudeckuil cekyraomep 2. OH umeertymOnep 3, KOTOPBIA MOXKET HaXOJIUTHCS
B JIByX IMOJIOXKCHUSIX:

«CEKYHJIOMEp» WJTU «MarHUT», U pblyar copoca rmokasaHuii cekynaomepa 1.

, S\I‘_’I-—E

@ cekynp ‘/MarH i\
/‘cﬁpoc 4@

Puc.1. Cxema ycranoBku: 1 — peiuar copoca; 2 — cekyHaomep; 3 — Tymomiep;4 — rpys;

1

S5 — HUTh, 6 — nayekTpomarHuT; 7 — Onok; 8 — meperpy3; 9 — rpy3; 10 —

CaHTUMETpOBas JinHelKa; 11 — npuemMHbIi cTouk; 12 — KHOTIKA.
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Korga na cekyHmomepe TymOnep 3 HaxoIUTCS B MOJIOKEHUU
«Mar"HuTy, SIKOpb 3JIEKTPOMArHUTa MPUTATUBAECTCS K CEPJCYHUKY, 3aKUMAET HUTh, U
Tpy3bl HAJIEKHO (PUKCUPYIOTCS B TPEOYEMOM MOJIOKEHHUH.

Ecniu Ha rpy3 9 monoxuth meperpy3 8 u mepeBectd TymOnep 3 B IOJOKEHHUE
«CEKYHJIOMEp», TO CHCTEMa CKPEIUIEHHBIX IPY30B HAaYHET JBUTAThCS PABHOYCKOPEHHO.
[Ipu kacanum rpy3oM 9 mpuemHoro croiguka 11 ¢ xHomkoM 12 oTKiIOYaeTcs
AIIEKTpHUUECKas CUCTEMa CEKyHAOMepa 2, U OH MTOKa3bIBAE€T BpeMs JIBHIKEHUS TPYy3a.

Tak kak rpy3 9 HOBWXKETCS TMOCTYNAaTelbHO C IOCTOSIHHBIM YCKOpEHHEM 0e3
HAYaJIbHOW CKOPOCTH, TO €r0 YCKOPEHUE PACCUUTHIBAETCS 10 (hopmyIie:

2h
=

5 3%

rie t — BpeMs, 3a KOTOpoe TPy3 MPOXOAUT paccTosiHue h.
CkopocTbrpy3a B KOHIIE PAaBHOYCKOPEHHOTO JBIDKCHHS  OINpenensercs 10
dbopmyie:
V =at. 2
Ecnu HUTH HepacTsHKMMa M JIBIXKETCS 03 MPOCKalIb3bIBaHUS, TO KacaTelbHOE
YCKOPEHHE TOYEK, JISKAIIUX Ha TIOBEPXHOCTH OJIOKA MAIIMHBI ATBY/Ia, paBHO YCKOPEHHIO
OITyCKAIOMIETOCs TPy3a:
ar=a. (3)
Mexay KacaTelmbHBIM YCKOPEHHEM ¢, TOUYEK BPAIIAIOIICTOCS Tela W YIJIOBBIM
YCKOpPEHHUEM TeJla CYIIECTBYET CBSI3b:
ar =¢R, 4)
rne R — paccrosiHUe 10 OCH BpallleHHsl, YTO COOTBETCTBYET painycy OloKkaMamuHbl ATByAA.
O0wvenuuuB hopmyiel (3) u (4), momyuum ¢GopMyny Ui pacderayrioBOrO YCKOPEHUs

0JI0Ka MalMHBl ATBY/1a:
R (5)

Ucnonb3yst (opmyny CBS3M MEXKIY YIJIOBOW CKOPOCTBIO Tella W JIMHEHWHBIMU

CKOPOCTSIMHM TOYEK T€JIa, PACCUUTAEM YTIIOBYIO CKOPOCTh OJIOKAa MalllMHbI ATBY/1a:
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V
(6)
1. IIOPA1OK PABOTBI

1. 3amucarh 3HayeHWEe paauyca Ojoka R (0OHO yka3aHO Ha YCTAaHOBKE) M OIICHUTH
a0COJIIOTHYIO MOTPEUTHOCTH paguyca AR Kak mMOrpenrHoCTb MOCTOSIHHOM BEJIMYKHBI.

2. YcraHoBUTHh cTONMMK 11 Ha paccrosHum h OT HyneBoro neneHus mkaibl. OLEHUTDH
a0COJIIOTHYIO MTOTPEUTHOCTh U3MEpPEHUs paccTossHust A/ 1o mpudopy.

3. I'py3 9 c meperpy3om 8 yCTaHOBHUTH Y HYJICBOTO JCJICHHSI IIKAIBI ¥ 3a(UKCHPOBATH ATO
MOJIOKEHHE MTyTEM NEPEKIIIoUeHUsT TymMOJiepa 3 B moJioxkeHrue «Maraut. [locpeactsom
ppruara | ycTaHOBUTB CTPENIKY CEKYHIOMEPA Ha HYJIEBOE JIEJIEHUE €T0 IIKAJIbI.

4. M3meputh Bpemsi majeHus rpysa. s 3Toro nmepexyirouuTh TymOsiep 3 B MOJIOKEHUE
«CeKyHIOMep» W Haxarb KHomky 12. Ilpu poctwxenun rpy3zom 9 crommka 11

CCKYHIOMCP OTKIIIOYUTCA. 3anucath ero mnokaszaHue. OmnbIT IIOBTOPHUTH 5 pas.

N

>

i=]

<I>=—.
N

Boerauciauth CPCOAHCC 3HAYCHHNC BPCMCHHU IIAJICHUA TI'pPy3a:

PaccuntaTh a0COMIOTHYIO MOTPELIHOCTh U3MEPEHUS BpEMEHU Al 110 CeKyHI0MEpYy.

5. BeiumciauTh cpeaHee  YCKOpPEHHE OITYCKAIOIIETOCS rpysa 1o
dopmyie (1). Paccuurath ero a0COJIIOTHYIO  TOTPEIIHOCTD:
2 2

Ah 2At

Aa=<a>_ || —| +
h <t>) n OTHOCHTEJIbH ;

VIO  IOIPEIIHOCTb:
Aa
100%.
<d >

,
. s a=(<a=tAa) m/c”.
3amucaTh OKOHYATEIbHBIN pe3yIbTaT

6. BBIYHMCINTH CPEIHIOI CKOPOCTh IPy3a B KOHIIE €ro ABMKEHUS modopmyiae  (2).

Paccuutatp  eé aOCONIIOTHYI0O ~ TOTPEHIHOCTb:

A=< > [ Aa ) +( Al ]
<a> <t>
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N OTHOCHUTCJIIbHYIO IIOI'PCHIHOCTL!:

AV
<V >

-100%.

V=(<V=+AV) m/c.
3anucaTh OKOHYATEIIBHBIA PE3yJIbTAT:

7. Berumcnuth cpegHee yriioBoe yckoperwe Onoka mo ¢opmyne (5). Paccuurarth

ero a0COJIOTHYIO MOTPEIIHOCTb!

() +(3)
Aeg=<g> + | —
<d > R

1 OTHOCUTENBHYIO HOTPEIIHOCTE: < € =

A% 100%.

3amucath  OKOHYATEIBHBIA PE3YJIbTaT:
2
£=(<g>tAg ) pan/c.

8. BBIUHCIHMTH CPEIHIO YIIIOBYIO CKOPOCTH Osoka 1o dopmyie (7).Paccunrars eé

aOCOJIIOTHYIO  TMOTIPEUIHOCTD:
Aw=<w > +|—
<V > R

¥ OTHOCHUTEIIHHYIO MOTPEITHOCTh: < @ =

A
“  100%.

3anucaTtb OKOHYATEJIbHBIA PE3YJIbTaT:

o=(<w>tAm) pan/c.

1. BOITPOCBI JI1 CAMOKOHTPOJIA

Lo

UTo Ha3bpIBaETCS MaTEPUATBHON TOUKOM, TBEPABIM TEIOM?
2. Kakoe  gBwxkeHwe  Ha3biBaeTcs  nocrynarenbHbiM?  [lpuBegute  mpumepsl

MMOCTYNIATCJIbHOT'O JABUKCHMUSI.

w

Kaxkoe JABHKCHHEC HA3bIBACTCs BpaH_IaTCJIBHBIM? HpI/IBe,)II/ITC IMPpHUMCPLI BpaliaTCJIbHOIO
JABUKXCHMUS.

4. Jlath ompenereHUe CKOPOCTH Tena. 3amucath (GOpMyIiy, €IWHUIY HW3MEPEHHS.
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N300pa3uTh Ha pUCYHKE BEKTOP CKOPOCTH.

JlaTb ornpeneneHue yrioBOil CKOPOCTH Telna. 3anucatb GopMyiy, eAUHUILY U3MEPEHUS.
N300pa3uTh Ha pUCYHKE BEKTOP YIIIOBOM CKOPOCTH.

KakoBa cBs13b MKy YITIOBOW CKOPOCTBIO TEJla M CKOPOCTSIMU TOUYEK 3TOTO Tena?

Jlatb ompenencHUe YCKOpeHHs Tena. 3amucarb (GopMyny, €IUHUIYY HW3MEpPEHHS.
N300pa3uTh HAa pUCYHKE BEKTOP YCKOPEHHUSI.

KakoB ¢usnueckuii cMbICI KacaTelbHOTO M HOPMAJIbHOTO YCKOPEHHUH TOUKU?

3anucarb dbopMyHI, €IMHULIbI U3MEPEHUS. N300pa3uth Ha

22



a.da,.
PUCYHKE BEKTOpBI *° "' | maTh ONpEeNeNieHHuEe yriOBOTO YCKOpeHHs. 3amucath GopMydmy,
eAUHUILY u3MepeHus. M1300pa3uTh Ha pUCYHKE BEKTOP YIJIOBOI'O YCKOPEHHS.
9. KakoBa cBSI3b MEXJy YIJIOBBIM YCKOPEHHEM Tejla U KacaTeIbHBIM YCKOPECHUEM TOUEK

3TOrO Teja?

Iv. COAEP’)KAHUE OTHETA

1. TuTynpHBIN JUCT.
2. llenb paboTHI.

3. IIpubopsl M NPUHAIEKHOCTH.

4. PacueTtHbie HOPMYIIBI: _

a) YCKOPEHHUE OITyCKAIOIETocs Tpy3a: Aa=

0) CKOPOCTh Ipy3a B KOHIIE IBHUKEHUS: AV =
£ =

B) YIJIOBOE YCKOpPEHHUE OJI0Ka: Ag =

T) yIJIoBasi CKOpPOCTb OJIOKa: Am=

5. W3mepenus:

IIPOMECHHOE IPY30M PACCTOSIHUE: f= Ah= Ah —
h
AR
R= AR= — =
paauyc 0JioKa: R

6. PacueT ycKOpeHUs OIyCKarOIIErocs rpysa:
<d>==
Aa=
Aa

<d=>

-100%=

OxoHYaTeNbHBIN PE3yJIbTAT: A=

7. Pacuer CKOPOCTH I'Py3da B KOHIIC €T'0 JIBUKCHUI:
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<=

A=
AV

<V >

-100%=

OkoHuaTeNnbHBINA pe3ynbTat: V=

8. Pacuer yrioBoro yckopenus 01oka:

< p ==
Ag=
Ag

<g>

-100% =

OKOHYATENbHBIH pe3ynapTat:& =

9. Pacuer yriioBo#i ckopocTu 0y10Ka:

< () ==
Awm=
Ao

<>

-100%=

10. BEIBOEL.

OKOHYATENbHBIN PE3yJIbTAT:
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JIABOPATOPHAS PABOTA Ne 3

N3YYEHUE /JUHAMHUKHN BPALHIATEJBHOI'O JABUW/XEHHUSA TEJIA C
MOMOHBIO MASAATHUKA OBEPBEKA

Ilenv pabompr: >KCiepUMEHTAIIbHAS MpOBEpKa OCHOBHOTO ypaBHEHUS
JMHAMHUKU BPAIIATEIIbHOTO IBUKEHUS TeEa.
Ilpuboper u npunaonexcnocmu. mastHuk O0epOeka, CEKyHIIOMEp, IITAHTCHIUPKYIIb,

MaciTaOHasl JIMHEeika, Habop TPy30B.

I. OTTMCAHUE YCTAHOBKM 1 METOJIA USMEPEHU Mastauk  OGep6eka
(puc.1) mnpencraBisieT coOOM MaxOBHUK C
KPECTOOOPa3HBIMH CTEPXKHSIMHU 2, MO KOTOPHIM MOTYT TepeMenaThCsl H
3aKpEIJIATHCS B HY)KHOM IOJIOKEHUH LMIUHApPUYECcKUe Ipy3sl 1 onnHakoBoit maccel. Ha
OCH MaxOBHKa HaxoOsATCs JBa INKWBa 3, 4 pas3nuuHoro paamyca. Ha omuH w3 HHX
HaMaTbhIBaeTcs HUTH O. HUTh mepekuHyTa yepe3 HenmoABWXHBIA 0ok 6. K KOHIly HUTH
IpUKpeIuieHa onaaka 8. Ilpu momMonm rpy30B pa3aInyHOM Macchl 7, MOMENIAEMBIX Ha

IUIOIIAAKY, MAasATHHUK IIPUBOAUTCA BO BpalllCHUC.

TTTT T 777777
Puc.1. Cxema ycraHoBku: | - UMIUHAPUYECKHH Tpy3; 2 - KpecTooOpa3HbIN
CTEPKCHB; 3 - OONBIIION MIKKB; 4 - MBI IKKUB; 5 - HUTH; 6 - OJIOK; 7 - Tpy3; 8

- IDIo0ImajgKa.

MasTHuk OOepbeka coBepiIaeT BpalllaTeIbHOE JBHKCHHE.
OCHOBHOE ypaBHEHHE TUHAMUKH BPAIIATEIIbHOTO IBUKEHUS:
Ie =M, 1)
rae | - MOMEHT umHepuuM Tena; - YrjioBoe yckopeHue, M - cyMMapHbIE MOMEHT CHII,

MIPUJIOKEHHBIX K TEITy.
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Ha mastHuk OOepOeka AeiicTByeT cwiia HaTsOKeHUsT HUTH T . JIeHCTBHEM CHIIBI
TpeHus mpeHeOperaeM. MOMEHT CUJIbI HATSXKEHUSI HUTU OTpeienisieTcs 1no Gopmysie:
M =TR, 2
rae R - paguyc mkuBa masitHuka O6epoexa.
Cuily HaTsKEHUS HUTH HalJeM M3 YPaBHEHMS IMOCTYIATEIbHOIO JBHKEHUS TPy3a
Ha HUTU:
ma=mg-T, 3
rae M - macca Ipy3a, & - YCKOPEHHE [BWXKEHUSA Ipy3a Ha HUTH, J - YCKOpPEHUE
cBoOoIHOTO NaaeHus. OTcroa Cuila HaTSHKEHUSI HUTH:
T=m(g-a). 4)
Tak kak rpy3 ABUKETCS MOCTYNATENIbHO C MOCTOSHHBIM YCKOpPEHUEM 0e3 HayalbHOU
CKOPOCTH, TO €r0 YCKOPEHHE PACCUUTBIBAECTCA MO (popmyJie:

2

a=-—,
a (5)
rae h- paccrosHue, mpoxoauMoe Tpy3oM 3a BpeMs t. B ycioBusx 3ampauun
h - mocrosiHHAs BeMYKHA.
Tak Kak HHTb, Ha KOTOPOM TOJBEUIEH TpPy3, CUYUTACTCA HEPACTSHKUMOM H
cMaThIBaeTCs co ImKkuBa MasTHHKa OOepOeka 0Oe3 MpOCKanb3bIBaHHUSA, TO YCKOPEHHE

OITyCKAIOIIETOCs rpysa a OKa3bIBACTCS
paBHBIM KacaTeJIbHOMY YCKOPEHHIO a7 IIKMBa MasTHuka OOepOeka: Touek, Jexalux Ha
noBepxHoctd @ =ar . (6)

CoOTHOIIICHHE, CBSI3BIBAIOIICE KAcATEIIbHOE YCKOPEHHE ar

BPAIIAOIIETOCs TEIa U YIIIOBOE YCKOPEHHE Tena:

Ttouek &y =&R. (7)

Orcrona yIJI0BOE YCKOpEHHE MasiTHUKA ObepOeka:
a 2h
E=—=—0r0.
R Rt”

[Moacrasnsas dopmynsr (2, 4, 5, 8) B ypaBHenue (1) moiay4uMm BeIpaKeHHE IS

MOMEHTA UHEPLIIH MasiTHUKa Ob6epOeka:
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I =mR| 5L -
2

MomeHT uHepLHH Tella — BeJIMYMHa Heu3MeHHas. MeHsisl HauasabHbIe YCI0BuUs (Maccy
rpy3a Ha IUIOIIAJKE, TUAMETP IIKKWBA) MbI JOJDKHBI MOJYYUTh OJMHAKOBBIC 3HAUYCHUS
MOMeHTa wuHepuun wmasitHuka OOepOexa. CrHpaBeAJIMBOCTh O3TOTO  YTBEPKICHUSA,
YCTAaHOBJICHHASI OMBITHBIM MYTEM, MOXET CIYXUTb MPOBEPKON OCHOBHOIO YpPaBHEHHS

BpalaTCJIbHOTO JABUKCHHA.

1. IIOPAIOK PABOTBI

1. Pacmonoxuth HUUIMHApPUYECKHE TPYy3bl HA KOHIAX cTepkHed MasTHuka OOepOeka

CUMMCTPHUYHO OCH BpalllCHU .

2. V3mMeputh  IITaHTEHIWMpPKYyJIeM  auamerp  Oompmioro  mkwBa  O;.  3amwmcath

3Ha4YeHUE pajuyca OOJBIIOTO IMIKKUBA

R ==L.

2 ouenuts a0COIOTHYIO MTOTPEUTHOCTh U3MEPEHHS pajguyca AR1 1o npubdopy.

3. Hamorath HUTH Ha IIKUB OOJIBIIOTO JUAMETPA, PACIIOIOXKHUB CTOJUK C TPY30M Ha
BeicoTe h oT moma. M3MepuTh BBICOTY CaHTUMETPOBOM JHHEHKOW. OICHUTH

a0COJIFOTHYIO TIOTPEITHOCTh M3MEPECHHS BBICOTHI

Ah o npuodopy.

4. Tlonoxutpe Ha IUIOIIAJKY I'PY3 MacChl

m1 3anucarth 3HAYEHUE MacChl

Ml u ee  abOCOJIOTHYIO NOTPEeIHOCTh A M1 Kak MOTPEIIHOCTh

MOCTOSIHHOM BEJIMUUHBI.
5. IlpemoctaBuB BO3MOXXHOCTh TPYy3y najaTh, 0  CEKyHIOMEpy

onpenenuTh BpeMs t] maxeHus rpysa. Bpems nageHus u3mMepuTs S pas.

N
2t

<f>==

Bpriuncnute cpemHee  BpeMs  IAIeHUs  rpysa. N Ornenuts abCOTIOTHYIO

MOTPEIIHOCTh M3MEpEHUS BPEMEHU A1 o CEKyHIOMeEpY.

6. BpramcnuTh 3HaueHHEe MOMEHTa MHepIunu MasTHHKa O0epOeka
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dopmyiie (9). PaccumraTh 10 ymIpoOINEHHOH ¢GopMmylie ero aOCONIOTHYIO MOrPEHIHOCTS:

An 2 IAR 2 2 AL 2 2
Al =<1, > i T B e ) Y Ag +| — +(ﬁ—h)
m, R, g <t, > h

Al
—-100%.

OTHOCHTEIBHYI0  morpemsocts: <1 >

3anucaTh OKOHYATESIIbHBIN pe3ynabTar.

7. V3MepuTh MITaHTEHIMPKYJIEM JUaMeTp majoro mkuBa dp, 3ammcaTh

d,

R, =—
3HAYEHUE paanyca Majoro IIKHBA 2 Ouennts abCOIOTHYIO
MOTPEIIHOCTh M3MEpEHUS paauyca AR?2 o npudopy.

8. IlepeOpocuth  HUTH Ha  Malbld  MmKUB. [loNOXKUTHh  Ha  MUIOMIAAKY  TIpYy3

Maccoit m2 . 3anucaTh  3HAUYEHHE  MAacChl m2 u ee  abCOJIOTHYIO
MOTPEITHOCTD A M2 KaK MOTPEITHOCTD MOCTOSIHHON BEJIWYHHBI.

9. Ilo cekyHmomepy ompeneanTb BpeMs t2 omyckaHus Ipy3a ¢ BbICOTBI N OIBIT MOBTOPUTH 5

N
pN

<t >=1i1=1_
s * N

OreHnTh a0COTIOTHYIO MMOTPEITHOCTh H3MEPEHHUS BPEMEHH. A t2 10 ceKyHIoMepy
10. Beriuncnute  3HaueHWE ~— MOMEHTa  uHepuuu  MaatHuka  OGepbexka 2 1o

dopmynre (9). Paccunmrarth 1o ympoImeHHO#H (GopMmyiie €ro adCONIOTHYIO MOrPEUIHOCTb:

Al, =<1, > am, 1 2AR, +[A‘gJ+ 24, +[ﬁ)

m, 2 g <t, > h
Al
—-100% .
u OTHOCHUTECJIbHYIO  IOTIPEHIHOCTD: <I,> 3anucarb
y I, =(<1,>%Al,) xkr-m’.
OKOHYATCJIIbHBIN pe3yabTar: 2 2 2
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11.

10.

CpaBHUTb MOMEHTHI MHEpUUU MasTHHKa OOepOeka, BBIYMCICHHbIE MPHU Pa3IMYHBIX
HayaJdbHbIX YcHoBUsX. CaenaTh BBIBOJ O CIHPaBENJIUBOCTH OCHOBHOI'O YpaBHEHUS

BpamaTcJIbHOIO IBUKCHUA.

1. BOITPOCBI AJIX1 CAMOKOHTPOJIA

Kaxkoe nBrkeHre Ha3bIBa€TCsl BpallaTeIbHbIM JBUKEHUEM ?
3anucaTh OCHOBHOE YPAaBHEHHE [IMHAMHMKHM BpalaTEJIbHOro ABMXKEHHS. [losCHHUTH
BXOJISIIIUE B HETO BEJIMYUHBI U UX €IUHUIIBI U3MEPEHUSL.
Yrto Ha3bIBaETCSI MOMEHTOM MHEPIUU Tena? 3anucath GopMyiy, eIUHULY U3MEPEHUSL.
Yrto Ha3bpIBAE€TCS MOMEHTOM CHJIbI OTHOCHTEIBHO OCH BpalleHus? 3amucaTh Gopmymy,
eauuuily usmepenus. [loscHuTh Bxozsime B GopMyy BETUUUHBI.

Uto Ha3pIBaeTcs BpamammuM MoMeHTOM Tena? Kakas cuia NpUBOJIWAT TENO K
BpAaILlEHHUIO?
Jlatb ompezneneHue yrioBOM CKOpocTU. 3amucarbh (OpMylly, €AMHMIY H3MEPEHHUS.
[TosicuuTh BXogsme B hopmyny BenuuuHbl. 300pa3uTh Ha pUCYHKE BEKTOP YTIIOBOM
CKOPOCTH TeTa.
Jlatb ompejelieHne YIJIOBOTO YCKOpeHHs. 3anucath (HOpMylly, €IUHUILY U3MEPEHHUS.
[losichute Bxondmme B QopMyiny BeduuMHbL. M300pa3uth Ha pUCYHKE BEKTOP
YTJIOBOT'O YCKOPEHUS Tea.
3anucarh CBS3b YIVIOBOI'O YCKOPEHHS TEJA C KacaTEJIbHbIM YCKOPEHUEM TOUYEK TEJIA.
3anucaTh CBSI3b YIIIOBOW CKOPOCTHU C IMHEMHON CKOPOCTHIO.
3anucaTh 3aKOH MOCTYNATENbHOTO JBHKEHUS Oy CKAIOILErocs rpys3a.

IV COJIEP2KAHUE OTUETA

TUTYIBHBIN JIUCT.
[ens paboTHhL.
[TpuGopsl ¥ MPUHAAJIEKHOCTH.
Pacuérubie popmybr:

MOMEHT UHepLuu MasTHUKa O6epOeka: | =

Al=
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5. W3mepenus:

h= Ah =
BBICOTA:
R = AR,
paauyc 60JbII0r0 MKKBa: R
R, = AR,
paanyc Majoro mKuBa: 2
Macca epBoro rpysa:
p Py m, = Am
Macca BTOpOro rpys3a:
) m, = Am
BpeMsi OImycKaHus rpysa t] : 2
No 1 2 3 4
t; ,C
<t >= At =
BpeMs OllyCKaHus rpysa i :
No 1 2 3 4
t, ,Cc
<t, >= At, =

6. Pacuer MoMeHTOB uHepLmu MasTHIKa O6epOeka:

<[ >=
Al =

Al
. 100%=
<] >

OkoHYaTeNbHBIA pe3ybTarT:

<[, >=
Al =
Al

. 100% =
<[] =

.

OKoOHYaTeNbHBIN pe3yJIbTar:
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7. CpaBuenue |; u 1,.

8. BrIBOILI.
JlabopaTtopnas paGora Ne 4
N3YYEHHUE 3AKOHOB ITOCTOSHHOI'O TOKA
1. Hear pabdorbi: O3HAKOMJIEHHWE CO CBOMCTBaAMHU CTallMOHAPHOTO

QJICKTPHUYCCKOTO IIOJIA, M3YUCHUC 3dKOHA OMa, OKCIICPUMCHTAJIbHAS ITPOBCPKaA

npasus Kupxroda.

2. Onucanue 1a00paTOPHON YCTAHOBKH
R g Rs
Ra
3 + [2 RG
L, RZH —

€2

R4 Ry

2
Puc.228.1

W3ydyaemast pa3BeTBIEHHAs AJIEKTpUYECKas LeNb coOpaHa H3 pe-
3UCTOPOB U JBYX UCTOYHHUKOB TOKA
4 1o cxeme, TIpUBEICHHOW Ha puc. 228.1. Pe3ucTopsl CMOHTHPOBAaHBI Ha
[IAHEJIW, Ha JMIEBOM CTOPOHE KOTOPOM HMEIOTCS KIEMMBI JUIsl IIpH-
COCIMHEHUS MCTOYHHMKOB TOKAa W THE3a TOAKJIIOYEHHsS  IIYyIOB
AJIEKTPOU3MEPU- TEJIBHOTO MPUOOpA.
N3mepenust HapsHKEHUsI MPOU3BOJUTCS BOJIBTMETPOM € OOJIBIIUM BXOJ-
HBIM COIIPOTMBJICHUEM, TaK YTO MOJAKIIOYEHHUE BOJIBTMETPA K y4acTKaM LEIH

IMPAKTHUYCCKHU HC U3MCHACT PACIIPCACICHHUEC TOKOB B IICIIH.

3. MeToauka 3KCriepuMeHTAa

3akon Oma B MHTETrpaibHOU (popMe MO3BONISIET PACCUUTHIBAThH MPAKTHYE-

CKU JIIOOYIO JIEKTpUYECKYI0 Lienb. OQHaKo HENOCPEACTBEHHBIM pacyeT pas-
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BETBJICHHBIX LENEN, COACPKAIINX 3aAMKHYTBIE KOHTYPBI, JOCTATOYHO CIIOXKEH.
Ota 3a/1aya ynpouaeTcs Ipu UCroiab30BaHuu rpasuil Kupxrodga.

JIro0ast Touka pa3BETBICHHON AICKTPUUYECKOM 1IETIH, B KOTOPOM CXOIUTCS
HE MEHEE TPEX NPOBOJHUKOB TOKA, Ha3bIBaeTCs y310M. [Ipu 3TOM TOK, BXOASAIINIMA
B y3€JI, CYATAETCS MOJIOKUTEIbHBIM, a TOK, BBIXOISIINI U3 y3J1a — OTPULIATENb-
HbIM. Y4YacTOK LIENU MEXIY JBYMS y3JIaMH Ha3bIBAETCS 6emebvlo. 3aMKHYTHIN
YYaCTOK LIETH, COCTOSIIIUN U3 PACCMAaTPUBAEMBIX BETBEW, HA3BIBAETCA KOHNLYPOM.
llepsoe npasuno Kupxecogpa siBAsieTCs CIENCTBUEM 3aKOHA COXpaHEHUS
AIIEKTPUYECKUX 3aPSAA0B U CPOPMYITUPOBAHO ISl Y3712 SJCKTPUUECKOM IIeTIH: ai-

eebpauyeckas cymMma CUul MOKO8 8 Y3/le JJIeKMPUYecKol Yenu pasHa HYJIo.

2.1.=0,
k=1

rae N —4Yucio MpOBOJHUKOB, CXOIAIINUXCA B y3II€C.

Bmopoe npasuno Kupxzogha rnacur: 6 1060m 3aMKHYMOM KOHMYpe 31€eK-
mpuyeckou yenu aneeopaudeckas cymma I/]C ucmounukoe pagna anreebpauye-

CKOU CyMMe NAOeHUUl HANPANCeHUNl HA OMOENbHbIX VYACMKA 2M020 KOHMYpA.

n m
Zax - ZIKRK 2
k=1 k=1

r71€ N — KOJIMYECTBO HCTOYHMUKOB TOKA B KOHTYPE; M — YKUCIJIO YYACTKOB B KOHTYPE.
IIpu pacuere CIIOKHBIX LENEN NOCTOSHHOTO TOKA C IPUMEHEHUEM PAaBUII

Kupxroda cnegyer npunepKuBaTbcs CIEAYIOMNX PEKOMEHIAIIMINA:

1. TIpou3BoJLHO BHIOMPAIOT HAIMPABJICHUS TOKOB B BETBSX Ienu. Jlect-
BUTEJIbHBIC HAIIPABJIEHHUS TOKOB B CXEME OIPEHEISIIOTCA MOCJE 3aBEPIICHUS
pacyeToB: €CJIM MCKOMBIN TOK MOJYUWJICS IMOJIOKUTEIBHBIM, TO €ro Halpablie-
HUe ObUIO BBIOpAHO MPABUIIBLHO, €CJIM OTPUIIATEIBHBIM — €70 UCTUHHOE HAIpaB-
JIEHUE TIPOTHUBOIIOJIOKHO BRIOPAHHOMY.

2. BpiOuparoT HampapjieHusi 00xoJa 3aMKHYTBIX KOHTYpPOB Iienu (110 4a-
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COBOM WJIM NMPOTUB 4yacoBou crpenke). [Ipoussenenue IR monoxuTenbHO, eciau
TOK Ha JAHHOM YYacTKE COBIIQJAeT I10 HAIIPaBJICHUIO C HAIpaBIECHUEM 00X0/a;
O/IC, nmelicTByrOmMe MO HAMPABICHUIO 00X0/1a, CYUTAIOTCS TIOJIOKUTEIHHBIMH,

ITPOTUB HAIIPABJICHUA 06x01[a — OTPHULATCIIbHBIMHA

3. CoCTaBIAIOT CTOJIBKO YpaBHEHUH, YTOOBI X YHMCIIO OBLJIO PABHO YHUCIY
HEWU3BECTHBIX TOKOB, T.€. YUCIy BeTBeH B cxeme. [lo mepBomy npasuimy Kupx-
roa coctaBusoT N — 1 ypaBHEHM, TJ€ N — YKUCIIO y3/10B B cxeme. OcTanbHble
YpaBHEHHUS COCTABIIAIOT IO BTOpoMy npaBuity Kupxroda.

4. ]JIns mpOBEpPKU PacdeTOB COCTABIIOT OAlaHC MOWHOCHU B UEIH: A~

2e6paultec7<aﬂ cymma MOZ/L;HOCmelj UCMO4YHUKO6 mMOKa paeHad  CyMme

n m -
Yed, =LK,

Moumocmeﬂ, pacceusaemvlx 6 6emedx cxemovl, T.C.
2 o
, TA€ N— 4YUCJI0O MCTOYHHUKOB TOKa B LIEOH; M — KOJIUYCCTBO BETBCU B

CXCMC.

Bmopoe npasuno Kupxzogha BbITekaeT u3 3akoHa OMa B MHTErpaIbHON
(dopMe U1l pa3BETBICHHBIX LIETIEW U SBJSETCS MPOSBICHUEM 3aKOHA COXpaHe-
HUSI DHEPTUH.

B Hacrosimelt pa®oTe NpOBOIUTCS MNPOBEPKA BBIMOJIHUMOCTH IPABUII
Kupxroda B pa3BeTBineHHoi anekrpuyeckoit nenu (puc. 228.1). Jlns npoBepku
Ha BCEX OJHOPOJHBIX YYACTKaX M3MEPSIOTCS HanpsbkeHus, usmepstores ID/C
HUCTOYHUKOB TOKA, BBIUUCIAIOTCA CUJIbI TOKOB B BETBSIX, OLICHUBAIOTCS MOTPELI-
HOCTHU U3MEPEHUN.

ComnpoTuBiieHHe y4acTKoB 1ienu Ry, R,,...R7 1 BHyTpeHHEro conpoTuBIie-
HUS WCTOYHUKOB I U I, 3a7aHbl. VIX 3HaU€HUsI ONpEIesIeHbl BHICOKOTOYHBIMU
ANEKTPOU3IMEPUTENILHBIMU TPUOOpaMHU.

Hanpsoxkenust Uy, U,,...U; Ha 0QHOPOIHBIX ydacTKax LENH C COMPOTHUBIIE-
HUAMH R1, R,,...R; u3MepsroTcs BoabTMeTpoM. OJTHOBPEMEHHO 0 TOJISIPHOCTH
U3MEPUTEIBHBIX IIYTIOB ONPEEISIOTCA HANPABIECHUS TOKOB B Y4aCTKaX.

OJC uctouHukoB €l U €2 U3MEPAIOTCS KaK HAMPSKEHUS HA 3a)KUMax, KO-
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r/1a K ICTOYHUKY TIOJIKJIFOYECH TOJIBKO BOJIBTMETD.

JlJiss IpOBEpKH BBIMTOJIHUMOCTH TiepBOTo TpaBmwia Kupxroda mo 3navueHu-
sM HanpspkeHnid Uj 1 COOTBETCTBYIOIIMX CONMPOTUBIICHNH R 1o 3akoHy Oma orr-
PENeNSIOTCs CUITBI TOKOB |j B yuacTkax. MI3MepeHHbIe Ha y4acTKaxX, Ha ydacTKax
neru U; (a, cienoBaTebHO, U BBIYKUCICHHBIC CUJIBI TOKOB |j) OyayT coaepkarth
CHUCTEMATHYECKYIO0 OIMUOKY, CBSI3aHHYIO C IOTPEITHOCTHIO H3MEPUTEIHLHOTO
npubopa ¥ oOmpenensseMylo ero kigaccoM To4dHocTd. [lo  Hamboubmiei
MIPUBEICHHON MOTPEITHOCTH BOJBTMETPA HAXOMSTCS MOTPEITHOCTH U3MEPCHUS
HanpsokeHus: AU;. [lo HUM BBIYHCISIOTCS TIOTPEIIHOCTH OMPEASICHUS CHJI
TOKOB Al;.

I[JUI HCCICAYCMOI'0 y3JIa HaXOOUTCA aﬂre6pa1/1q601<a51 CyMMa CHJI TOKOB

2 i | 1 cpaBHMBAs ¢ MaKCHMAJIBHOM OIMIMOKO# CHIbl TOKa B y3ime XA i |. [lms mpo-

BEPKH BBIMIOJIHUMOCTH BTOPOTO TpaBmiia Kupxroda B uccieqyeMoM 3aMKHYTOM
HEPa3BETBICHHOM KOHTYpPE HAXOJHTCS OTKIOHEHUE alreOpandecKod CyMMBEI
2 Ui+ikU I r(comepxut n3aMepeHHbIC HAMPSHKECHUSI OJHOPOIHBIX YYaCTKOB U

BBI-

YHUCIICHHBIC TTAJCHNSI HATIPSDKCHUI HAa BHYTPEHHUX COMPOTUBIICHUSIX HCTOYHUKOB)
OT 3HaueHus AerctByronier B kKoutype I/C g OTKIIOHEHHE CPABHUBAETCS C MAK-

CUMaJbHOU omnOKoi n3mepenuit Hanpsbxenui u 3/[C B KOHTYpe.

4. IHopsinok BbINOJTHEHUS pA0OThI

1. IIpucoenuHUTE KICTOYHUKHU TOKA K DJICKTPUUECKOM IEeTIH.

2. [TogroroBeTe K paboTe BOIBTMETP (YKa3aHUs HA 1a0OPATOPHOM CTOJIE).

3. U3mepbte HanpsokeHus Uy, U,,...U; Ha OTHOPOJHBIX ydacTKax IIEMH C
conpoTuBieHUAMU R, R,,...R7. OnHOBpeMEHHO oOmpeenuTe HalpaBIeHUs TO-
KOB, B y4acTKax — €CJIM HaIlpaBJICHHE TOKa COBIIQJIa€T C MOJISPHOCTHIO BOJIBT-
METpa, TO BOJBTMETP MOKA3bIBAET MOJIOKUTEIHLHOE 3HAUYCHUE HAMPSIKEHUS, €CITN

HE COBMaAaeT — oTpuIaTeiabHoe. OnpeeeHHbIe HapaBiICHUS TOKOB YKKHUTE
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CTpeJIKaMu B MPOTOKOJE paboThl. 3HAUYEHUSI CONMPOTUBICHUM y4acTKoB R; (yka-
3aHbl Ha YCTAHOBKE), pe3y/lbTaThl U3MEPEHUN HamnpsbkeHuil U; Ha ydyacTkax U
BepxHHE mnpenensl Uy HCHoJIb3yeMbIX [HANa30HOB W3MEPEHHs HANPSIKEHUN

BOJILTMETPOM 3amuiuTe B Tabi. 228.1.

4. N3mepwrre DJIC € U €, TOAKIIOUUB BOJIBTMETP K 3aKMMaM HUCTOYHU-
KOB TOKa, OTCOEIMHEHHBIX OT 3JeKTpuueckoil nenu. 3uauenus I/{C u BHyTpeH-
HUX COTPOTHUBIICHUH '] U I'; (YKa3aHbI HA YCTAHOBKE) 3alMIINTE B Ta0d. 228.2.

5. [lonyuuTe y npenoaaBarens 3aJaHue, i1 KaKoro y3jia U Kakoro KOH-

Typa cJeayeT IPOBECTH MPOBEPKY BBHIMOIHUMOCTH MpaBuil Kupxroda.

S. O0paboTKa pe3y1bTATOB U3MEPEHUI

1. Paccumrarite cuisl TokoB | (i =1, 2, ...,7) B y4acTKax IICIH, UCIIOJIb-

3ys 3akoH Oma B opme:

2. Ilo mamOomplieli MPUBEACHHOW MOTPEIIHOCTH BOJbTMETpa y = 2,5%
onpenenuTe MakcuMmaiibuble om0k AU; n3MepeHunii HanpsiKeHUi Ha y4acTKax
no ¢opmyne AU; = yU,/100%, tne U, — KOHeUHOE 3HAYEHUE YCTAaHOBIEHHOTO
npejiesia U3MEPEHU HANTPSKEHU .

3. Berunciaure MakcuMallbHbIE aOCOJIFOTHBIC OIIMOKW OINPEISICHUS CHIT
TOKOB B y4acTkax mo Qopmyie Al; = AU; /R, monaras, uto omubkaMu ompese-
JICHUS CONMPOTHUBIICHUH yY4aCTKOB MOKHO TPeHEOpedhb, OCKOJIBbKY OHU H3Mepe-
HbI BBICOKOTOYHBIM OMMETPOM. Pe3ynbpTaThl pacueToB 3anuimTe B Tabm. 228.1.

4. Beruucnute najenue HanpspkeHus liry (mpowusBenenus lir; u 1,r;) Ha
BHYTPCHHHX COTMPOTUBJICHUSAX HCTOYHUKA TOKA.

5. Beruncnure Makcumainbhbie ommoku usmeperus DJC Ag, (Ag; u Agy)
o hopmyne Agj = yen/100%, 1 MakcUMalIbHBIC OITMOKU OMpeaeNICHUs TTaJCHHUMA
HaNpsHKEHU Ha BHYTPEHHUX COMPOTUBICHUSAX UCTOUYHUKOB Al; Iy (kak mpowusse-
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nenust Alir, u Al,r,). PesyibTarel pacderoB o 1.4 u 5 3anummmre B a0, 228.2.
6. Ilpu npoBepke mepBoro mpapwmia Kupxroda s 3aqaHHOTO Mpernoia-

BaTENIEM y3Jla PACIHIINTE alreOpandeckyr0 CyMMYy CHII TOKOB X lj

7. Tlpu mnpoBepke Broporo mnpaBuia Kupxroda nans 3agaHHOTO
npernojaBaTesieM KOHTypa BbIOepUTe HampaBiieHue o0xoxaa. [lo maHHbIM Talum.
228.1 u 228.2 cocrasbTe anrebpandeckyro cymmy y 2 i+ikUIr

8. HaiinuTe it BEIOpAHHOTO KOHTYpa OTKJIOHEHHME CyMMbI X i+ i KU Ir
ot 3HadeHus aerctByromierd DJIC Y ek Bprumcianre MakCUMalbHYIO OIIHOKY
omnpeznencuus HanpsokeHuit U DJIC kak apudmerndeckyo cymmy > A + A+ Ag i
I k k Ul r,rme YAU; — cymma omuOOK M3MEpeHHs HaNpsHKeHUH Ha BeexX
y4acTKax uccie- JyeMoro KoHtypa; Al; Ij — mpous3BegeHne OMMOKU ONpeeneHus
CHJbl TOKa B Y4YacCTKE€ C MCTOYHMKOM HAa BHYTPEHHEE CONPOTUBIIEHHUE 3TOrO
UCTOYHUKA, T.. OMIMOKA OmpeseseHus MaJcHUsl HANpsDKEHUS Ha BHYTPEHHEM
CONPOTUBJIECHUU MCTOYHUKA (B cllydae KOHTypa C JBYyMsI HMCTOYHUKAMH
apudmeTHyecKas CyMMa yKa3aHHBIX OITHOOK IS KaXKI0ro UCTOYHMKA), Agk —
omunbka uaMepenuss DJIC B KOHType (11 KOHTypa € JIBYMSI HCTOYHUKAMH

CyYMMa TaKHuX OIITNOOK.

. CpaBuute otknoneHus cymmbl 2 i + 1 k U I r ot Yek ¢ makcumanbHO#

omuOkoi onpenenenus Hanpsokenuid 1 JJ[C. Cnenaiite BBIBOI.
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Tabmuna 228.1. Pesynomamwvr uzmepenuti nHanpsxcenuti U; onpedenenus cun
moxos |i na yuacmkax yenu u pacuem ouuOOK ux onpeoenerus
. MakcumasnbHble
Conpotu | BepxHuii
06031 abCoI0T-
B- JICHUS | TIpe- aen | U, Bl I, MA )
- HBIC OIITMOKHU
a y4a-CTKa | HCTOJb-
YCHMSI v
R, Om 3yemoii U3MEpPEHH  |oTIpesieieH
TK
ydac mxanst Uy, | s U CHJIBI
a B HaIpsDKEH  [TOKa
ue Al;, MA
AU;,
B
Ri
Ry

Tabmuma 228.2. Ilapamempol

usMepeHull U pacyemos

UCMOYHUKOB8 MOKA, pe3)lbmambl OaHOKpCln’lelX

BHyTpeHH [Tanenus MakcumasnbHbie
Home | DJIC e Hampsi- KEHUs | aOCOJIFOTHBIC
p T, CONpOTHBIT Ha BHYT- | OIIUMOKH
UCTO B e-HIle pEHHUX U3MEpPEH | OIpeAcIICHUS
- e, CONIPOTHB- uad/1C | ma-
HUKa Om JICHUSX Ally, B JICHUS
i T, HAIPSKEHHU
B HAli r, B
1
2
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Tabmuna 228.3. [Iposepka evinornumocmu nepsozo npasuia Kupxeogha

VpasHenue DKCIEPUMEHTAILHOE MaxcumanbHas
Obosnas nep- BOro | 3Haue- Hle OIIno- Ka
c Hue npaBuia alredpamaeckoil cymmpr | OPCACICHIA - Ha"
y3ma Kupxroga CHI TOKOB B y3ime Y , | TPAXKCHHA H S/C
MA B
y3ne Y lj, MA

Tabnuua 228.4. [Iposepka evinonrnumocmu emopozo npasuia Kupxeoga

MaxkcumanbHas
YpaBHeHHUE OTkn0HEHHE
O6o3Haue . | ommOKka
BTO- poro | ainredpanye- CKOIA
- HUE . . OTIpEeICIICHUS
npaBuiia cymmnl [JUj O ljrg or P
KOHTYpa HampsDKe- HHSL |
Kupxroda 3HAYCHUS
3/1C B KOHTYpE
Ty, B
OOV OOl O
00,

6. KoHTpo1bHBIE BONPOCHI

1. Yto Takoe 3MEeKTPUIECKUMA TOK?
2. KakoBbI yCIIOBHSI BOBHUKHOBEHHS M CYIIIECTBOBAHUS TOKA B IIPOBOAHUKE?

3. UTo 03HaYaeT TEPMHUH «ypaBHCHHUE HEMIPEPHIBHOCTHY?
4. Yto Takoe UCTOYHHUK TOKa?
5. Uro takoe DJIC ucrtouHuka Toka?

6. Ilouemy s Bo3HukHOBeHUsI D/]C B HCTOUHUKE TOKAa HEOOX0AMMA paboTa CTOPOHHUX

HE3JIEKTPUYECKUX CUI?
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7. UTo Takoe CONMPOTUBIICHHE U TIPOBOIUMOCTH ITPOBOIHUKA U KAKOB (PM3UUYECKHUI CMBICIT
STUX BEIUYUH?

8. Chopmymnupyiite 3akoHbl OMa 1151 OTHOPOJIHOTO M HEOTHOPOJHOTO YYACTKOB IICTIH.

9. ChopmynupyiiTe 3aKOHBI TOCIEIOBATEIIBHOTO M  IMapallICIbHOTO COCJIMHEHUS
MIPOBOJAHUKOB.

10. Ot gero 3aBucHT paboOTa ANEKTPHUIECCKOTO TOKA?

11. Cdopmynupyiite npasuna Kupxroda. B uem ux npeanazHaueHue?
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I[MPUJIOXXEHUE
1. lecaTHYHBIE IPUCTABKH K HA3BAHUSIM € THHUII
T - tepa (10%) n - nemn (101 H - mano (107°)
I - rura (10°) ¢ - caurr (10%) 1 - muxo (107%%)
M - mera (10°) M - mumn (107%) ¢ - pemro (10™7°)
K - kito (10°%) MK - Mukpo (10®)a - arro (10™°)
2. HexoTopble BHeCHCTEMHBIE BeJTHYHHBI
1 cyr =86400c 1" = 4,85-10° pan
1 rox = 365,25 cyr=3,16:10" ¢ 1 MM pr.cr. = 133,3 [Ta 1° = 1,75 107 pax
15B = 1,6:10™" JIx
1'=2,91-10" pan
3. OcHoBHbBIE (pU3NYECKHE TOCTOSTHHbIE
CKopoCTh CBETa B BaKyyMe ¢ =3,00-10° m/c
Yckopenue cBOOOTHOTO ITaICHUS g=9,81 M/c?

['paBUTaIIMOHHAS TTOCTOSIHHAS G=6,67-10" v/ (KF'CZ)

[ToctostHHast ABorajipo

MOJI}IpHa}I ra3oBas IIOCTOsIHHAas

IToctosguuas boiapimana
DJIeMEHTapHBIN 3apsT
Macca nokost 351eKTpoHa
Macca nokost npoToHa
Macca 1nokost HeUTpoHa

VY 1enbHbIN 3apsij JIEKTPOHA
boapmana

2,90-10° m K

[TocrostHHas 1nanka
[TocrostHaas Punoepra
[TepBbIit OOpOBCKUI paanyc
Marneron bopa
DIIeKTprUYeCcKasi OCTOSIHHAS

MarsuTtHag N1OCTOSHHAS

Na = 6,02:10% moms™

R = 8,31 JIx/(K-Mo0:15)

k=1,3810% JIx/K

e=1,60-10" Kn

Me=9,11-10% kr

m, = 1,672:10" kr

m, = 1,675-10% kr

e/me = 1,76:10" Ku/kr IMocrosrnas Credana —
6 =5,67-10° Br/(M*K*)Tocrosiumas Buna b~ =

h=6,6310"* ix-c
R=3,29-10"c¢*R'=1,10-10" m™

o= 52810 M

g =9,27-10%* /T

g0 =8,85-10" ®/m 1/(4neg) = 9-10° M/D
Ho=40-10" T'u/m
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AToMHasa eqUHHUIIA MACCEI laewm = 1,6606-10'27 KT

Macca nzoromna 1 H

my = 1,6736-10%
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