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B mocoOuun omnucansl 1a0opaTopHbie padOTHI, BXOAIIME B pabOUYyI0 MPOTpaMMy
JUCHMIUIMHBL (PU3MKHU JJI CTYyZIEeHTOB HampasiieHus noarotoku 10.03.01 «n-
dbopmanrionnas 6e3onacHocTby CK® MTYCHU. Kaxnasa paboTa coaep uT 1Lelib,
UCIIOJIb3yeMOE 000pYyI0BaHKE, KPATKYI0 TEOPETUUYECKYIO YaCTh, ONMMCAHUE JKCIIe-
PUMEHTAILHOW YCTaHOBKH, 3aJaHUs, MpUMEpbl OGOPMIICHHS OTYETOB, U KOH-
TPOJIHHBIC BOTIPOCHI.
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BBEJIEHUE

Iesnp HacTOsIIEro MOCOOMS — TMO3BOJNUTH CTYACHTY CaMOCTOSITEIbHO BOCIIPOU3BECTH
OCHOBHbIE (PU3MUYECKHE SBJIECHUS, IPUYUYUTh €r0 K 0OpallleHUIO ¢ U3MEPHUTEIbHBIMU IpUOOpaMu
U MO3HAKOMUTh C BAXKHEHIIMMU MeToAaMU u3MepeHuil. JlabopaTopHble 3aHATHS NPUBUBAIOT
CTYJEHTaM HaBbIKM OLIEHKHM JOCTOBEPHOCTH IIOJyYEHHBIX pE3yJbTaTOB, UX MHTEPIpETALNH, B
TOM YHCJIe, U rpauyecKon.

Kaxxaplil cTy1€HT BBINOIHAET J1a0OpaTOpHbIE pabOThl B COOTBETCTBUM C MHAUBHUAYAIbHBIM
rpadukoM, cooOLIaeMbIM €My MpernojaBaTeieM Ha MEepBOM 3aHATHU. Bce BbIONHSAEMBIE CTY-
JIEHTOM J1a0opaTopHbIe paboThl 0(OPMIIAIOTCSA Ha JBOMHOM TETPAAHOM JIUCTE WK B TETPAIH IS
1ab0paTOPHBIX padoT.

Omnucanus k paboTam coaeprkar Lesb paboThl, UCIONIb3yeMoe 000pyl0BaHKE, a HAYUHA-
IOTCSl C KPaTKMX TEOPETUYECKUX CcBeAeHUH. OHM COCTABIICHBI TaK, YTOObI ICHOE MIPEICTABICHHUE
O CYUIECTBE M3yYaeMbIX SIBJICHUN U NMPUMEHSEMOM METOJE M3MEPEHUH MOIJIM ce0e COCTaBUTh
KaK T€ CTYJEHTBHI, KOTOpBIE YK€ MPOCIYIIAIN 3TOT MaTrepual Ha JEKUUsAX, TaK U Te€, KOTOpbIE
TOJILKO TPUCTYMAIOT K U3yYEHHIO COOTBETCTBYIOMIETOo paszena ¢pusuku. [loaTomy no npuxona B
71a00paToOpUI0 CTYJEHT JOJDKEH MPEABAPUTENBHO MOATOTOBUTHCS K BBINOJIHEHHUIO PadOThI, MO-
3HAKOMMUBILUCH C €€ ONMCaHMEM, 3allMCcaB B TETPAJU ee Ha3BaHUeE, Liellb, 000py10BaHUE, OCHOB-
HbI€ 3aKOHBI, UCIOJIb3yEeMbl NPH BBIIOJHEHUH KOHKPETHOM paboThl, paboune (Gopmyiibl, 3aro-
TOBKH TaOJINLI.

ITocne TeopeTHUECKUX CBEACHUN IPUBOAUTCS ONUCAHUE IKCIIEPUMEHTAIbHON YCTaHOBKU
U U3MEpUTEIbHOW ammaparypbl. 3aTeM CJIEeAyIT 3aJaHusi, perjJaMeHTHpYIoIlue Ioc-
JIeIOBATEIBHOCTD PaObOTHI CTYJCHTOB MPH NMPOBEIECHIH M3MepeHuid. [lepen TeM Kak K HUM TpH-
CTYIIUTh, CTYACHTY PEKOMEHIYETCSl MPOJENaTh Psiji MPOCThIX ONBITOB, MO3BOJISIIOIIMX IOHATH
OCOOEHHOCTH MCCIIEAYEMOTO ABJICHUS U U3MEPUTENIBHON anmnapaTypsl, yOEAUTHCS B €€ HCIpaB-
HOCTH, OLICHUTH HAJIEKHOCTh Pe3yabTaToB. [I[poBeaeHNEe TaKMX ONBITOB — U UX OIUCAHUE B OT-
YyeTe — CUMTAeTCsl BaKHEHIIeH cOCTaBHOM 4acThio padoThl CTyAEHTA. 3aaHUsl COCTABJIEHbI Ta-
KUM 00pa3oM, YTO Jal0T BO3MOXKHOCTh INPEMNOABATENI0 BapbUpOBaTh HUX MOAOOP B COOTBET-
CTBUU C YCIIEBAEMOCTHIO M JIMYHBIMU HAKJIOHHOCTSMM CTYAEHTOB. 3ananue noj Nel B kaxmoin
pabote ornpeaensieT HeOOXOAUMBI MUHUMYM, 0€3 BBIMOIHEHUsI KOTOpOro jJadoparopHas paboTa
He Oyzer 3aureHa. Ecnu y cTyfeHTa ocTaercs BpeMs, OH MOXET MPOBOJUTH JOMOJIHUTEIbHBIE
3a/laHus, 4TO CIeAYeT BCIUYECKH IPUBETCTBOBATH U MOOUIPATS.

B xoH11e onvcaHuii NpUBOASTCS CHUCKH KOHTPOJBHBIX BOIIPOCOB U PEKOMEHIYEMOM JIH-
TepaTypsbl.

B ocHOBe TOYHBIX €CTECTBEHHBIX HayK, K UHCIIy KOTOPBIX OTHOCHUTCS M (pU3MKa, JeKaT
u3Mepenus. [Ipu usmepeHusx 3HaueHus (PU3NYECKUX BEJIMUYMH BBIPAXKAIOTCS B BUJE YHCEIN, KO-
TOpBIE YKa3bIBAIOT, BO CKOJIBKO pa3 M3MEpPEHHAas BeIMYMHA OOJIbIIE MM MEHBINE IPYroi BeJH-
YHMHBI, 3HAYEHUE KOTOPOM MPHUHATO 3a equHULy. [lonydeHHbIE B pe3ynbTaTe M3MEPEHUHN YHUCIIO-
Bbl€ 3HAYEHUS PA3IMYHbIX BEIMYMH, HAl[PUMEpP, BPEMEHH, MyTH, CKOPOCTH U T. J., MOT'YT 3aBH-
CeTh APYT OT Apyra. Gu3nKa yCcTaHaBIMBAET CBSI3b MEXAY TAKUMU BEJIMYMHAMH U BBIPAXKAET €€
B BUJIe (hOpMYJI, KOTOpPBIE MOKA3bIBAIOT, KAK YMCIIOBBIE 3HAYEHUS OJTHUX BEIMYUH MOTYT OBITh
HalIeHbI M0 YUCIOBBIM 3HAYEHUSIM JIPYTHUX.

[Tonmy4yeHne HaJEKHBIX YMCIOBBIX 3HAYCHUH (PU3MUECKUX BEJIWYMH OTHIO/b HE SIBIISETCS
IpOCTOi 3a7ayeil M3-3a MHOTOYHMCIICHHBIX MOTPELIHOCTEeH, HEM30€KHO BO3HUKAIOUINX MPU H3-
MepeHusax. Hmke paccMaTpuBaroTcss BUJIbI U3MEPEHUN, CONTPOBOXKAAIOIINE UX MOIPEUIHOCTH, a

TaKXC HpOCTCfII.HHC MCTObI, IPUMCHSCMBIC IIPU 06pa60TKe PE3YyJIbTaTOB H3MepeHHI>i.
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MOTPEINTHOCTU ®U3NYECKNX U3MEPEHUI

Heanb padorei: [lo3HaKOMUTBCS ¢ BUAAMU U3MEPEHUM, U3YUUTh METOJIUKY pacdyera MOrpelHo-
cTell (M3NYECKHX M3MEpPEHHM U MpaBmiia 0()hOPMIICHUS PE3yJIbTaTOB KCIIEPH-
MEHTA.

B ocHoBe (u3MKH eXaT HIKCIIEPUMEHTANIbHbBIE UCCIIEJ0BAHUS, COIPOBOXKAAOLINECS U3ME-
pPEHUAMU.

N3MepuTh (pU3NYECKYI0 BETMUUHY — 3HAYUT CPABHUTH €€ C OJHOPOAHON (pU3NUECKOM Be-
JMYUHOM, IPUHATOM 3a eAUHULy u3MepeHus. Vi3MepeHus ObIBaOT MPSIMBIMU U KOCBEHHBIMH.

IIpampie n3mepeHns MPOU3BOIATCS C TIOMOIIBIO IPHOOPOB, U3MEPSIOIINX CaMy UCCIETy-
CMYI0 BCIIMYUHY. TaK, MaccCy TCjia MOXXHO ONPCACINUTL C MOMOIIIBIO BECOB, JJIMHY — U3MCPHUTH
JIMHENKOW, BpeMsI — CEKYHJIOMEPOM.

Koceennvimu Ha3pIBalOTCA W3MEPEHMs, B KOTOPBIX 3HAYCHUE HM3MEPSAEMON BEIMYHHBI
HaXOJUTCs MyTeM BBIYMCICHUS 10 (HopMyIie, coaeprKallell JaHHble U3MEpeHH Ipyrux ¢pusnde-
CKHX BelMMUuH. Tak, INIOTHOCTH BEILECTBA ONPENEIAETCS M0 pe3ysbTaTaM U3MEpPEHU Macchl U
pa3MepoB Tea.

KauecTBO u3MepeHnii onpenensiercsa uX TOYHOCThIO, 3aBUCSILENH OT METOJUKHA U3MEPEHNUH,
COCTOSTHUS TIPUOOPOB | psifia CIyYaiHBIX (PaKTOPOB, COMPOBOKIAIONINX IKCIIEPUMEHT. B 00beme
HACTOSIIET0 MOCOOHs Oy1eM TOBOPUTH JIMIIb 00 OLIEHKE IMOTPEITHOCTEH N3MEPEHUH.

CPEJHEE 3HAYEHUE U3MEPSIEMON BEJIMUNHBI

Cpeonee apugpmemuueckoe 3nauenue uzmepaemoil eUYUHbL ONPENEIAETCS OTHOILICHU-
€M CYMMBI BCEX Xj U3MEPEHUH K UX 4uciy N:

111
X, =— X;
A ®

ITPHMEP 1. Tlycth B X0f€ McClieoBaHus poBeieHo N = 11 usmepenuil mupuHs! | Heko-
TOPOTO MPOTSHKEHHOTO y4acTKa ¢ TouHOCThIo 10 0,1 M. Pe3ynbraThl cBeieHbl B Tabnuiy 1.

Tab6muna 1

No omprta| 1 2 3 4 5 6 7 8 9 10 | 11 |cpenmnee
I, m 80 | 79|78 |82 |85 | 78|84 83|78 82|82 8,1
Albm (0102|0301 (0403|03|02]03]01) 021 0,3

CpeuHee S3HAYCHUC NIUPUHBI Y4aCTKa

:1_11(8,0+7,9+...+8,2)=8,1

L,

M. (2)
NOTI'PEINIHOCTHY NMPAMBIX U3SMEPEHUI

TouHOCTh M3MEPEHHI XapaKTepU3yeTcs MOTPEIIHOCTSIMH, KOTOPBIE MPEICTABISIFOTCS a0-
COJIFOTHOU M OTHOCHUTEJIBHOUN OLIMOKAMU.



Abconromnana nozpeutnocms Axi OTIECIBHOTO U3MEPEHUSI — 3TO MOJYJIb Pa3HOCTH Cpe-
HETO X¢p U OTAEIBHOTO Xi 3HAYEHUN U3MEPSIEMOMN BEIMUUHBI

sy o
B Hamewm ciydae, Hanmpumep IS ATOTO U3MEPEHUS ITUPUHBI, TOJTydaeM
Al =l -1;|=8,1-8,5/=0,4
L | | M. 4
AOCOJIOTHBIE MIOTPEIIHOCTH JJI BCEX U3MEPEHUI MpecTaBiIeHbl B Ta0muIe 1.
Cpennee 3HaUYCHHUE a0COFOTHOM ONMTMOKH (TIOTPEITHOCTH )
1 n
Ax,, =— ZAx,.
= ©)

Jnst paccmarpuBaemoro npumepa Ale, = 0,218 m.

3AMEYAHHE 1. TlorpenHocTd U3MEPEHU BCEr/ia OKPYTJSIOTCS B CTOPOHY OOJBIINX
3HaueHui. [Toaromy npurumaem Ale, = 0,3 M (cM. Tabi. 1, kpaiiHuii mpaBsiii cTo0el).

Omuocumenvnasa nozpewtHocmp 06X — 3TO OTHOLIEHHUE CpeHel aOCONMIOTHON MOTPEIIHO-
CTH K CpEJHEMY 3HAYEHHIO U3MEPSIeMOl BeIHUMHbI, yMHOKEHHOE Ha 100%:

Axc
ox =—2.100%
Yo . (6)

MPEJACTABJIEHUE PE3YJIbTATOB ®U3NUYECKUX N3MEPEHUI

P e3y/ibmamol usmepeumi JOJDKHBI MPEACTABIATHECA B KOHIEC OTUCTA Kaxgoi na6opaT0p-
HOM pa6OTBI C Y4€TOM OOITYHICHHBIX HOFpeHIHOCTeﬁ B BUJC!

X = (xcp T Axcp) 5x = _% ] (7)
Jlyist paccMaTpuBaeMoro mpuMmepa:
I=@1£0.3) 51 =4%. €)

3AMEYAHHE 2. AGCcontoTHbIE OIMOKM U3MEPEHH, BHIOJHEHHBIX B Halel JadopaTo-
pHM, OKPYIJISATH B CTOPOHY OONBIIMX 3HAYEHHWH U TPEACTaBIATH OJHOM 3Hayamed mudpoil.
Cpennee 3HaYCHUN N3MEPSAEMON BEITMUMHBI OKPYTIISATH 10 pa3psiia aOCOIIOTHOMN OMIMOKH.

HOI'PEHITHOCTHU UBMEPUTEJIBHBIX ITPUBOPOB

[TorpenrHocTh 3JIEKTPOU3MEPHUTENBHBIX TIPUOOPOB ONPEAEIIIETCS UX KIACCOM TOYHOCTH K.
Knacc mounocmu paBeH OTHOIICHUIO aOCOIOTHON MOTpeIHOCTH Ax mpubopa K npeaeny u3mMe-
PEHUS Xyp, T.€. K MAKCUMAJIBHOMY 3HAYEHHIO BEIMUYUHBI, KOTOPOE MOXXHO U3MEPUTH 3TUM IIpH-
6opom. Kiacc TouHOCTH yKa3bIBaeTCs Ha LIKajie MPUOOPOB B MPOLIEHTAX:



k=2X.100%. )

X,

Abcontomnan nozpewtnocms npudOpa HaXoAUTCS U3 MPEICTABICHHOTO COOTHOLIEHUS (9):

k-x
AX =—2L, (10)
100%

ITPUMERP 2. IlycTh KJ1acC TOUHOCTH BOJIbTMETPA PaBeH 1, a ero mpeaen u3MepeHus X,y =
30 B. Torma abcomoTHAs MOTPEIIHOCTh BOJIBTMETPA

04 .
U:M:o,gg (11)
100%

Ecnu xnacc tounoctu mpubopa HE yKazaH, TO aOCONIOTHAs MOTPEUIHOCTh MPUHUMAETCS
paBHOI TOJIOBUHE IICHBI JEJIeHU IKalbl. Hanmpumep, npu u3MepeHun IIMHBI TUHEHKOM ¢ MUII-
JUMETPOBBIMHU JIENIEHUSIMU OTPEIIHOCTh U3MepeHHs cocTaBuT 0,5 MM.

3AMEYAHHE 3. TlorpemiHOCTh U3MEPEHHsI HE MOXKET OBITh MEHBIIE MOTPEUIHOCTH U3-
MEPUTETHLHOTO MPUOOpA.

MOTPEIITHOCTU KOCBEHHBIX U3MEPEHUM

[Tycts QyHKIMOHATBHAS 3aBUCUMOCTh KOCBEHHO M3MEPSEMON BEJIMYHHBI Y OT HENOCPE.-
CTBEHHO M3MEPSIEMBIX BEJIMYHMH Xi HMEET BH/I:
3
2
y=ax,—, (12)
X

rae a, b, ¢ — koHcranThl. CpeiHee 3HAUCHUE Vp BBIYUCISICTCS IO CPSIHUM 3HAUCHUSIM X1, X2, X3.
Jns onpeneneHust GopMyJibl OTHOCUTENBHOM MOTPEITHOCTH KOCBEHHO M3MEpsieMOil Belu-
YHHBI y CHayaja Jorapu(MUpyroT MpeCTaBI€HHOE COOTHOIIICHHUE:

Iny=Ina+Inx, +Inb+3Inx, —Inc-2Inx,. (13)

3aremM auddepeHIHPYOT MOJIyUeHHOE PAaBEHCTBO W, 3aMEHssl 3HaKW MHHYC Ha TUTIOC U 3HAKU
middepentmana d Ha 3HAKH KOHEYHOTO MPUPAIIECHHUS A, TIOTYYAIOT BRIPAKEHUE OTHOCUTEIIHHOM
TIOTPEIIHOCTH:

A Ax Ax AX
e A N s B B 1

Yoo M Xy X3

oy (14)

3nech Axi, Ax2, Axs — aOCOIIOTHBIE TIOTPEITHOCTUA U X1, X2, X3 — CPEIHUE 3HAUYCHHS BEITMYHH
MPSIMBIX U3MEPEHUM.

3Hasi OTHOCUTEIBHYIO MOTPEUIHOCTh 0y U CPEAHEE 3HAUECHUE Vep, BBIUYUCISAIOT a0COTIOTHYIO
MOTPEUTHOCTD:

AyZSy.ycp' (15)

OkoHYaTenbHBINA pe3yabTaT 3alUCHIBAIOT B BUJIE:



y=0,*A); dy= A 100%
pr . (16)

HHOPAAOK BBIITOJIHEHUSA PABOTbI

3aoanue 1. Onpedenums nozpewtnocmu RPAMbIX UIMeEPEeHUll

Tabauya 2. Cuna moka Tabnuya 3. Bpems Tabauya 4. Paccmosinue
Ne| LA |Ip, A|ALANL, Al |No| ¢ | &p,c | AL, ¢ |Atep, | |No| L s | Lp, M | AL M [Alp, M
1. 2,1 1.| 6,9 1.| 3,8
2.1 1,8 2.1 7,1 2.1 3,5
3.1 1,9 3.1 7,0 3.1 4,0
4.1 2,0 4. | 7,1 4. | 4,4
5.1 2,3 5.1 7,0 5 | 4,3
1. Ompenenuts o Gopmyse (1) cpennee 3HadeHre PU3NIECKON BEIMYMHBI, yKa3aHHOU (Tadu. 2

ok~ own

—4) nperogaBarenem.

Haiitu abcomroTHBIE IOTPENTHOCTH U3MepeHuid 1o popmyse (3).

Brraucnute cpenee 3HaueHHe aOCOIOTHOM MOTPEIIHOCTH, HCTIONIB3Ys BEIpaxeHue (5).
Paccuntath OTHOCHTEBHYIO TIOTPEITHOCTh U3MEpeHus 1o hopmyiie (6).

[IpencraButh pe3ynabTaT usmepenuii B Buze (7).

3aoanue 2. Onpedenums NOKA3AHUA U NOZPEUIHOCIU U3MEPUMENbHBIX RPUDOPOE

Puc. 1. Boabmmemp Puc. 2. Mezasammmemp Puc. 3. Amnepmemp
Ksaacc moyHocmu 1,0 Kaacc moyHocmu 1,5 Kaacc moyHocmu 2,0

OmnpenenuTh npeaen naMepeHus npuodopa (puc. 1 — 3), ykazaHHOTO MpenoaaBaTeeM.
Boruncnute no ¢gopmyne (10) abcomoTHYI0 NOTPEIIHOCTh YKa3aHHOrO MpuOopa, yUUThIBast
3agaHHbIi (puc.1 — 3) Kacc TOYHOCTH.

Onpenenuth nMokaszaHus npubopa, rosarasi, YTO CTPEIKa OTKIOHMUIIACH MpaBee OoTMeTKU 40
(puc. 1); 1,5 (puc.2); 80 (puc. 3) Ha 1Ba IEICHUSI.

PaccunTaTh OTHOCUTENBHYIO OTPEITHOCTh U3MepeHHs 1o popmyie (6).

[pencTaBuTh pe3ynbraT u3MepeHus B Buse (7).
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3aoanue 3. Onpedenums nOZpeuiHOCHU KOCBEHHBIX U3MEPEHUIL
[Tony4uTh OT penoaBaTess OAHO U3 COOTHOIICHUH (a, 0, B):
bx; bx2 X’
— 2 22 . — 3 2 . — 3203
y=ax; (a); y=ax (0); y=ax; (B).
CX, CX, bx,

[Ton0oXUTh, UTO KOHCTAHTHI 4, 0, ¢, CPEAHUE 3HAYCHUS U3MEPSIEMbIX BEJIMYMH X1, X2, X3 U a0-
COJIFOTHAS MOTPEITHOCTh AX COOTBETCTBEHHO paBHBL: @ = 2; 6 = 3; ¢ = 4; x1 = 1,0; x2 = 2,0; x3
=3,0u Axi =0,1.

Boraucnuts cpeHee 3HaueHUE U3MEPSIEMOI BEIMYMHBI, UCTIOJIb3YsI 3a/1aHHOE COOTHOIICHHUE.
Boraucnuts, cornmacHo anroputMam (13) — (15), oTHOCUTENBHYIO B a0COIIOTHYIO TOTPEIIHO-
CTH KOCBEHHO U3MEPSEMO BETTUYHUHEI.

[MpencraButh pe3ynbTaT u3mMepenus B Buje (16).

KOHTPOJIBHBIE BOITPOCBHI

. Kakue usmepenuns Ha3pIBalOTCS NPSIMbIMH, a Kakue KocBeHHbIMU? [IpruBecTy npumMepsl.

. Kak naiitu cpennee apudmMerndeckoe U3MEPEHUH X1, X2, X3, X4.

. Kak Haxonatcs abconroTHRIE U OTHOCUTEIbHBIE TOTPEIIHOCTH MPSIMBIX U3MEPEHUN?

. Kak 3anuceiBaeTcsi OKOHUATENbHBIN PE3yJIbTaT MPSAMBIX U3MEPEHUI?

. Uto Takoe Ki1acc TOYHOCTH mpudopa?

. Kak onpenensiercst abconoTHas MOTPEeIHOCTh MPUOOPA MO U3BECTHOMY KJIACCy TOYHOCTH.

. Kak ompenensiercst abconmoTHas MOTPEIIHOCT OTHOKPATHBIX U3MEPEHUH, IPU HEU3BECTHOM

KJIacCce TOUHOCTH TIpudopa?

. YKa3aTh M0CJIEeI0BATEIBHOCTD ONEPAlM HAX 0K ICHHUS IIOIPEIIHOCTEN KOCBEHHBIX U3MEPEHUN



JlabopaTtophnast pa6ota Ne 1
ONPEAEJEHUE CKOPOCTH IIYJIN

Hean padorbi: Ha ocHOBE 3aKOHOB COXPaHEHUS! OMPENETUTh CKOPOCTh MYJIH, )KECTKOCTh MpY-
JKUHBI, TOTEPU MEXAHUYECKON SHEPTUH.

Oo6opynoBanmue: MonynbHbIl yueOHBI KoMIuiekc MYK-M1, Brirowaromuii npy>KUHHBIN H-
CTOJIET, HA0OP MyJb, OAITUCTUYECKUI MasITHUK, JIMHEHKY C MUJUIMMETPOBOH IIKAJIOH.

BBEJAEHUE

bamuctuyeckuil MasTHUK — 3TO MAacCHUBHBIM LMJIMHIP Maccoil M, moJBeleHHbI Ha HEBECO-
MBIX HUTSX (puc. 1), CIOCOOHBIN ABUTaThCs TOJIBKO MOCTYMATENbHO. BOIM3M MasiTHHKA 3aKpen-
JIEH IPYKUHHBIN NUCTOJNET P, cTpensomuii myinssmMu macco M. Ilpu nonaganuu nmyiau B TOpel
LWIMH/PA, 3al0JIHEHHOTO IUIACTUIIMHOM, MPOUCXOAUT aOCOJIIOTHO HEYNPYIHi ynap, mocie Ko-
TOpPOTO TeJla ABMXKYTCS Kak equHoe Leioe. IIpu 3TOM BBINOIHAETCS TOJIBKO 3aKOH COXPAaHEHUs
UMITyJIbCa. 3aKOH COXPaHEHMsS] MEXaHMYECKON DHEPIuu HE BBIMOJIHAETCS, IOCKOJIbKY KUHETHYE-
CKasi SQHEprus NyJM YaCTUYHO IIEPEXOJUT BO BHYTPEHHIOK YHEPTHUIO.

i

Puc. 1

Cunras MasATHUK-ITYJIA 3aMKHYTOﬁ CI/ICTCMOI\/’L IMPUMCHUM 3aKOH COXPaHCHUA UMITYJIbCA:
mov=(m+M)u, (1)

TI€ U - CKOPOCTh MYJIX JI0 y1apa, U - CKOPOCTh MAasITHUKA C MYJIEH cpa3y Mocie yaapa.

[Tpu ckopocTy U MasTHUK 00JiaJjaeT MaKCUMalbHOW KHMHETH4YecKoi sHeprueit. [lo mepe oTkio-
HEHUS OT IOJIOKEHHMS PAaBHOBECUS MASTHUK ITOAHUMAETCS OTHOCUTEIBHOIO MEPBOHAYAIBHOIO
MOJIOKEHUS, @ €70 KUHETUYECKasl YHEPTUs MEePEXOJUT B MOTEHIHANBbHYI0. COrlIacHO 3aKOHY CO-
XPaHECHHSI MEXaHUYECKON YHEPTUU

(m+ M)

S = (m+ Mgh, 2)

rae h — HanbGonpIas BeICOTa, Ha KOTOPYIO MOJHUMETCS MAsTHUK, J — YCKOPEHHE CBOOOIHOTO
nageHus. CineBa OT 3HaKa PaBEHCTBA IPEJCTaBICHA KMHETUYECKAs SHEPIUs MOCTYNATEIbHOTO
JBIKEHUS] MAasgTHHUKA Cpa3y IOcie MONaAaHMs IMyJau (B 3TOM TOUKE MOTEHLHAIbHYIO YHEPTHIO
IPUHUMAEM pPaBHOM HYJIO), a CIpaBa — MOTEHIUAIbHAS DHEPIUsl CUCTEMbl B MOMEHT €€ OCTa-
HOBKH Ha MaKCHMaJIbHOH BbICOTE .

Pemras coBmectHO ypaBHeHus (1) u (2), BBIpa3uM CKOPOCTb ITyJIH:
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U=m+M\/@. 3)

Puc. 2

Takum 00pa3oM, CKOPOCTh MOJIETa ITyJIM MOKHO BBIYMCIIHMTB, 3Hast BEICOTY h mobema MasiTHHKA,
KOTOPYIO BBIPA3HM 4Ye€Pe3 COOTBETCTBYIOIIEE TOPU3OHTAILHOE CMEIIeHue (puc. 2) MasTHUKA S.
N3 npamoyroasHoro Tpeyroiasauka OA'B cnenyer

12 =82 + (1-h)2. 4)

3nech rae | — 1mHa HUTH MasTHHKA. PackpeiBas cKoOKH U, IpeHebperas ciaraeMbiM h?, momy-
gaem S? = 2lh. Orcrona ClIeyerT:

82

h=—.
2

(5)
[Toncrasmss (5) B (3), momyuum pabouyro GopMyiy JUIsl ONpeIeIeHHUs] CKOPOCTH MYJIH:

U:m+MS\/§. ©
m [

3mech: M — macca nyiau; M — macca, | — quHa HUTH U S — TOPU30HTAIBHOE CMEIIeHHe OalIu-
CTHYECKOT0 MasiTHUKA; § — YCKOPEHHE CBOOOHOTO MaeHHSI.

MMHOPAAOK BBIIIOJIHEHUS PABOTbI
3aoanue 1. Onpedenums ckopocmu nyip paziudHol Maccol

1. 3anummuTe Maccy M, MJINMHY HUTHU | GayMCcTHYECKOrO MasiTHUKA M MAcChl Mi Mynb, YKa3aHHBIC
Ha MOJACTAaBKC MOIYJIA.

M= xr, I=_ M
Tabmuma 1.
No | 1P| S0P 80 10% 5SS A He | QL Tk | O/ 9%
KT M M 103 m
1.
2.
3.

2. 3apsauTe NPY>KUHHBIM MUCTOJIET MMyJel ¢ HanOoublIel Maccoil.
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3. [ToarotoBesTe ycTpoiicTBO N (CcM. prc.1l) K U3BMEPEHHUIO TOPU3OHTATHHOTO CMEIICHUS S MasT-
HUKa.

4. 3anumute B Tabnuny | 4McIeHHOE 3HAaYeHHWE HAYalbHOW KOOPIUHATHI Syqy MAsTHUKA 1O JIU-
HEWKE OTCYETHOIO ycTpoiicTea N.

5. Ocy1iecTBUTE NEPBBIN BHICTPEN, HaXKaB IIyCKOBOM pblYar MNPY>KUHHOT'O IHCTOJIETA.

6. 3anuIMTe YUCICHHOE 3HaYCHNE KOHEYHON KOOPJAUHATBI Skon, OMPEIEIIUB €ro Mo JIMHEHKE OT-
cyeTHOro ycrpoiictsa N.

7. BplUMCIUTE CMELIEHUE MAsTHUKA IIPH OIBITE:

S= SKOH - SHall- (7)

8. ITo popmye (6) onpeaenuTe CKOPOCTh MU U 3aHECUTE PE3Y/IbTaT B TAOJHUILY.
9. CornacHo myHKTaM 2 — 8 ONpeIeTUTE CKOPOCTh OCTAIBHBIX MYJIb.
10. Jlng mynu ¢ HaMMEHbIIEH MAcCOW BBIYMCIUTE OTHOCUTEIBHYIO MOTPEIIHOCTh CKOPOCTH IO
dbopmyre:
AM Am AS 1 Al

ov +
M m S 21

, (8)

rae: AM, Al, Am — aGcoaroTHBIE MOTPENIHOCTH MAaCChl M JIHHBI HUTH OaJUIMCTHYECKOTO MasiT-
HHKA, MAcChl IMyJIH COOTBETCTBEHHO — B3ATh U3 JaHHBIX Ha cTeHne; AS = 10° M — abcomoTHas
MOTPENTHOCTh CMEIICHHS MasiTHUKA.

11. Beruucnure abCcoNMOTHYIO MOTPEIIHOCTH CKOPOCTH IS BCEX MYJb 10 hopMyIie:

Av=08v-0,,. 9)
12. TlpencraBbTe CKOPOCTH BCEX MYJTb B BHIE:

v =(v,, £ Av) wm/c. (10)

3aoanue 2. Onpedenums KoIguuuenm xncecmkocmu nPYHcUHvL RUCMOJIema

Honaraﬂ, 4TO MOTCHUOMWAJIbHAA SHECPTrH IMPYKUHHOI'O IMUCTOJICTA IMPHU BBICTPCIIC IMOJIHOCTBIO IIC-
pPEXOAUT B KHHCTUYCCKYIO SHCPIUIO ITYJIH, 3alIMIIIEM 3aKOH COXPAaHCHUA MEXaHUYECKOH SHEpPIrUun

kx*  mo®
2 2 (1)

rJie X — CXKaTue MPYXKUHBL, M — Macca U U — CKOpocTh mynu. OTCIOa BBIpa3uM JKECTKOCTh K
IIPY’KAHBI

k=12 (12)

1. PaccunTath eCTKOCTh NPYXHUHBI IO (popmye (12), ucronb3ys JaHHBIE MAacChl M U CKOPOCTH
v nns kaxaou mynu. CxaTtve X NPY>KUHBI IPUHATH PaBHOMY JUIMHE YacTH IYJIH, BXOASIIEH B
cTBON MHcTONETa, X = (25+1)-10° M. Pe3ynbraTsl cBecTH B TabnmMIy 1.

2. BoruucnuTh cpefiHee 3HaU€HUE JKECTKOCTH MPY>KUHBI
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ky ==k (13)

S|

n
i=1

3. HaiiTi aGCOIOTHBIEC MMOTPENTHOCTH JKECTKOCTH MPYKUHBI U UX CPElIHEE 3HAUCHHE:

Ak:izn:k k. (14)

4. IIpencTaBUTh )KECTKOCTh MPYKUHBI B BUjIE, aHaaorudHoMm (10).

3aoanue 3. Onpedenums nomepu MexXaHU4ecKou IHeP2UU npu HEYnPy2om yoape

[Ipu Heynmpyrom B3auMOAECHCTBHM IMyNU C OAJUIMCTUYECKUM MASTHUKOM YacTh KHHETHYECKON
SHEPTUU MYJIH 3a CYET PabOThI CHJI TPEHUS MEPEXOAUT BO BHYTPEHHIOI SHEPTHIO, TEJIa Harpe-
Batotcs. KomuaecTBo TernoTsl Q, BbIEIHBILIEECS TPU a0CONIOTHO HEYIPYTOM YAape ONpees-
€TCsl pa3HOCTHIO0 KUHETUYECKHUX SHEPTHil 10 U MOCIEe B3aUMOICUCTBHUSA:

_mv® (m+ M’
Q= > > (14)

rze M — Macca U U — CKOpOCTb IyJM J0 ynapa; M — macca Oammuctuyeckoro mastHuka. Cko-
pOCTh U MasiTHUKA I1OCJIE yapa HallJIeM U3 3aKOHa coXpaHeHus umiysbea (1)

m

U=———0.
m+M

(15)

Torna

m mo> M mo’

Q m+M 2 m+M 2

(16)
I[OJ'ISI BBIJICITIMBIICTOCSA KOJIMYCCTBA TCIIJIOTHI Q B KHUHETHYCCKOM OHCPIrun Ex IMyJIn COCTAaBJIACT:

g = L -100%. (17)
EK m+M

1. Paccunrare no ¢opmyne (16) morepu MexaHHMUECKOW PHEPTUU MPHU HEYNPYroM yhape JUls
BCEX MYJb, UCMOIb30BABIINXCS B 3KCIIepUMeHTe. Pe3ynbTaTsl cBecTH B Tadbnuiy 1.

2. Paccuutath no opmyine (17) 10510 BBIIEINUBLIET0CS KOJIWYECTBA TEMIOTH Q B KWHETHUECKOM
sHepruu Ex Mynu U 3anucaTh B MPOLEHTaX B Tabmuiy 1.

KOHTPOJIBHBIE BOITPOCHI

1. laTp onpeneneHne uMIyibca Teia.

2. CchopMynupoBaTh 3aKOH COXPAHEHUS UMITYJIbCA.

3. 3anucarb GopMysbl KHHETUYECKON U MOTEHIMAILHON SHEPTUH Tela.
4. ChopmynrupoBaTh 3aKOH COXPAHEHHS MEXAHUYECKOW YHEPTHUH.

5. JlaTb onpezeneHue ynpyroro u abcoiroTHO HEYTIPYToro yAapos.

6. Kakue 13 3aKkOHOB COXpaHEHHMsI BBIIIOJIHAIOTCS MIPH YIPYToM yaape?
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7. Kakue n3 3aKOHOB COXpaHEHUS BBITTOTHSIIOTCS MPU a0COIOTHO HEYNPyTroM yaape?

8. 3anmcath GOpMyIly MOTCHIUAIBHOM SHEPTUHN 1e(hOPMUPOBAHHOMN MPYKUHBI.

9. 3a cuer 4ero MpoOUCXOAST MOTEPU MEXAHUYECKOU SHEPTUH MPU HEYPYroM yaape?

10. Kakoii macce mysiu COOTBETCTBYIOT HAMOOJIbIINE OTEPU MEXAaHUUYECKOM YHEPTrUU U oueMy?

JlaGopaTtopnas pabora Ne 2
MN3YYEHUE 3AKOHOB ITMUHAMUKU HA MASITHUKE OBEPBEKA

Leab padorbi: Ha ocHOBE 3aKOHOB AMHAMUKH ONPEAEIUTh MOMEHT HHEpIUU MasTHUKa O6ep-
Oeka, hcciae10BaTh 3aBUCUMMOCTh MOMEHTA MHEPLHUU «MaTEPHAIbHOM TOYKI» OT PACCTOSIHUS 10
OCH BpAIlICHHUS.

O06opynoBanue: MoxaynbHbIi yueOnbIi komiuieke MYK-M1, Bxmtouatonuii mastHuk OGep6e-
Ka, CeKyHJ0MEp, JIMHEHKY ¢ MIJUIMMETPOBOM IIIKaI0i, HaOop rpy30B.

BBEJIEHUE

Mastauk O6epbeka cocTouT (puc. 1) U3 4eTbIpex CTep)KHEW, BBHHUMBAIOIINXCS B OapabaH 1mox
IPSIMBIM YIJIOM APYT K Apyry. Ha cTep’KHu MOXHO HaJleBaTh IPY3UKH MAacCOM mio U yCTaHABIIM-
BaTh UX Ha Pa3IMYHBIX PAacCTOAHUSX OT ocu BpaiueHus O. bapa-
0aH uUMeeT JBa LIKMBA, HA KOTOpPbIE MOOYEPETHO HAMATBHIBAETCS
HUTb C Tpy30oM (puc. 1) maccoii m Ha koHue. [lox neiictBuem rpy-
32 HUTb pa3MaTbIBaeTCs, MPUBOJA MAsSTHUK B PABHOYCKOPEHHOE
BpalleHHE.

[Ipu 3TOM Ha rpy3 m (puc.l) AEMCTBYIOT JIBE€ CHUJIBL: CUJIA TAKECTU

Mg u cwia HaTsOKeHHUSI HUTH 1 . Pe3ynbTupyromas 3TUX CHII CO-

o0mIaer Tpy3y ycKopeHHue d . B mpoekuusx Ha HampaBieHHE JBH-
JKEHMS BTOpOM 3ak0oH HproToHa F = ma npuHuMaer BUA:

Puc. 1. Cxema MasiTHUKA mg-T,=ma= T,=T=m(g-a). (1)

3neck yureHo, uto 71=7>=T, Tak KaK cuja HaTshHKeHUs 1 mepenaeTcs HUThIO OT rpy3a (puc. 1) K

IKHUBY, U COTJIACHO TPETHEMY 3aKOHY HeroTona T2 = _Tl’ a MOIYJIA 5THUX CUJI paBHBI.

Cuna T,, nefictByromias Ha WKKUB (puc.1), CO3AaeT Bpalatouiii MOMEHT
M=T-r, (2)

rae I — paauyc mkuBa (puc.l). Ilog neiictBuem Bpamiatoniero MomeHTa MasiTHUK ObGepOeka
npuobpetaeT yrioBoe yckopenue . [To ocHOBHOMY 3aKOHY TMHAMUKH BPalIaTeIbHOTO JBHKE-
HUS:

M=1Ip. 3)

3IIGCL | — MoOMeHT HHCPpLIUN MAaATHHKA OTHOCHUTCIIbHO OCH 0 BpaliucHus, HBHHEMHﬁCH Mepoﬁ
HHCPTHOCTHU TECJIa IMPU BpallICHUN (aHanor MaccCe Teja Ipr NOoCTynaTCJIbHOM }IBI/I)KGHI/II/I).
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MoOMEHT HHEPIMH 3aBUCUT HE TOJIBKO OT MACCHI TEJIA, HO U OT €€ PaclpeesIeHUsI OTHOCUTEIIBHO
ocH BpaieHusd. Hampumep, Uit MatepuaabHON TOYKH Maccoi Mo, BpalAOIIEHCs 110 OKPYXKHO-
ctu paguyca R, Moment nneprmu | = mo-R2,

MowmenT nnepuun Mastauka O0epOeka HalieM U3 COBMECTHOTO peleHus ypaBHenui (2) u (3) ¢
yueToM cooTHoweHus (1) 11 HaTsyKeHuss HUTU 1 U CBSI3U YIJIOBOI'O YCKOPEHMSI C TaHT€HI[MAIb-

I=mr2(g— j (4)
a

YckopeHue a BeIpazuM U3 (GOpMyIbl MyTH AJs paBHOYCKOPEHHOIO ABMXKEHHSA 0€3 HayallbHOM
CKOPOCTH

HBIM 3 = a/T:

h=""o a=< (5)

riae h — paccrosiaue, npoiiaeHHoe rpy3om (puc.1) 3a Bpems t.
Toraa pabouas dhopmyna uisi BHIYUCICHUS MOMEHTa MHEpIUMU MasTHHKa OOepOeka mpuHUMaeT
OKOHYATEJIbHBII BU/I:

t
l=mrz| &5 1], 6
on (6)

3necr M — macca (puc.1) rpy3a, I — paanyc mKuBa, § — YCKOpEHUE CBOOOIHOTO MajeHus, t —
BpEMs, 32 KOTOPOE I'Py3 OMYCTUTCS C BBICOTHI N,

MNOPAAOK BBIITIOJIHEHUSA PABOTbI
3aoanue 1. Onpeodenumov momenm unepuyuu maamuuxa Qoepoexa

1. CusTb Tpy3uku (puc.l) Maccoit Mo Co CTepKHEH.
2. amwcath pajnychl Majoro M OOJNBIIOTO IIKMBOB, YKa3aHHbIE Ha TojcTaBke Moaynsi MYK-M1, B

Tabmmry 1.
3. 3armicars, 3a1aHHOE MPEMOIaBaTeNieM 3HaYCHUE MACChl M Ipy3a U BBICOTY h.

m=__ «kr, h=_ M.
Tabmuna 1
Ne | r,10%m f1, C f2, C t3, C tep, € |,-1023 Ic[b.loz3 AI;IOz3 ASICP’.lg
KM KM KM KI*M
1.
2.

4. BKIIIOYHTD JIEKTPOHHBIN CEKYHIOMEP M YCTaHOBHUTH pexuM Nel ¢ paboTaroniM TOpMO3HBIM
YCTPONCTBOM.

5. YcraHoBUTH 33aHHYI0 BBICOTY h rpy3a. s 3TOro oTKIIOYUTH TOPMO3HOE YCTPOHCTBO Oapa-
OaHa, yaep:KuBasi B HA’)KaTOM T0JI0’KEHUU KHONKY Ha nojcraBke MYK. Bpamas pykoit MasTHUK
IIPOTHUB YaCOBOM CTPEJIKH, HAMOTATh HATh HAa MaJbli IKUB. OTIyCTUTH KHOIIKY.

6. OnpenenuTh BpeMst t mpoxoxaeHus rpy30M BeICOThI N, HaxkaB KHONIKY «I1yck» cexyHaomepa.
B MOMeHT nocTrkeHus Tpy30M HUKHEHM TOUKU CEKYHJOMEp OCTaHOBUTCS IO CUTHAIY (oTonar-
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yuka @ (puc. 1) u cpaboraer TopMO3HOE ycTpoicTBO. [lokazaHusi cekyHaoMepa BHECTH B Ta0-
muny 1. OnelT npoaenaTs TpH pasa.

7. PaccunTtath MOMEHT nHepuuH MasTHHKa O6epOeka no hopmyie (6), UCIIONB3Ys CpeiHee 3Ha-
YeHUE BPEMEHHU, M 3aHECTH Pe3yiIbTaT B Ta0uUIy 1.

8. Ilpoxenats m.m. 4 — 6, HAMATHIBask HUTh HAa OOJIBIIION IIIKHB.

9. BeruncnuTh cpeqHee 3HaYeHHE MOMEHTA HHEPIIHH

_L+l

0= ™

10. Beruuciaurb a6COJHOTHYIO MOrpeIrHOCTL MOMCHTA MHCPLIMHU MAsATHUKA IS KAXKIOTO U3MEPC-
HUA:

Al, =

Icp - II‘ (8)
U HalTH cpeliHIo a0CoMOTHYIO norpenrHocTs Al ananorudso (7).

11. BIUCIATHE OTHOCUTENEHYIO TIOTPEITHOCTh MOMEHTA HHEPIIMH MAasITHUKA 110 popMyIIe:

S :|A_I'100%' (9)

p

12. Hpe,I[CTaBI/ITB MOMCHT MHCPIUU MAasATHUKA B BUIC:

I=(1, Al kr-mZ,  8l=__ %. (10)

3aoanue 2. Onpedenumsp 3a6UcCUMOCHb MOMEHMA UHEPYUU 2DY3UKA
om paccmoaHnus 00 0CU 6pauieHu.

1. 3anmcars paanyc I' Majioro MIKMBa, Maccy Mo 3aKPEIIsIEMOro Ha KaX/blil CTEpXKEHb I'Py3UKa,
Maccy M rpysa, HOABEIIEHHOrO K HUTH (puc.l) u BbicoTy h.

r= M, Mo= KI, M= kr, h= M.
Tabmuna 2
103 103 103
No R,'10_3 M RZ’,10—6 M2 t11 C t2, c t3, c tcp, c |, 102 |31<cn, 19 |meop, 120
KI'M KI'M KI'M
1.
2.
3.
4,
5.

2. 3akpenuTh MO OJHOMY IPY3HMKY Maccoil Mo Ha NEPBOH OT OCH BpAILEHUS PHUCKE Ka)I0TO
CTEPKHSL.

3. Paccrosnue R (puc.l) oT ocu BpalieHusi 10 LIEHTpa Ipy3uka Mo ONPENEeNIUTh MpU MOMOIIU
HAHECEHHbIX Ha CTEP)KHHU JIeJICHUM (PUCKH), yKa3aHHOTO Ha nojcTaBke Moayiast MYK-M1 nuamer-
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pa HWIMHIpPA, B KOTOPBIM BKPYYHBAIOTCS CTEPKHHU U TMaMETpa caMoro rpy3uka Mo. 3HadeHue R
BHECTH B Ta0nHIy 2.

4. YCTaHOBHTD 33JJaHHYIO BBICOTY N rpys3a.

5. Onpenenutsb Bpemst t OIycKaHus Tpy3a U 3anucaTh ero B Tadbmuily 2. OnbIT npojaenars TpH pa-
3a.

6. Paccuntath MOMEHT uHEpHH 110 hopmyse (6), UCTIONIB3Yys CpPEeIHEE 3HaUCHUE BPEMEHH, U 3a-
HECTH Pe3yJIbTaT B TaOIUILY 2.

7. llepeMemiasi rpy3uku Mo BAOJb CTEPIKHEH Ha J1BA JCICHHUS, BBITIOIHATH M. 3-6 (BCEro s Iis-
TH 3HaueHHi R).

8. BBIYMCIIUTD 3KCIIEPUMEHTAIBHO OIPEIeIEHHBIII MOMEHT UHEPLIUH OJHOTO TPYy3UKa

:ﬂ (11)

aKen 1

rae li — MOMEHT MHepuMu MasTHUKa C TPy3WKaMu s Kaxnaoro paccrosHus R; | — momeHt
MHEpLUU MasiTHUKA 0€3 Ipy3UKOB U3 3a7aHus 1.

9. IMocTpouTth TpaduK 3aBUCKIMOCTH MOMEHTA WHEPIUH |.xn TPY3HKa OT KBazpaTa paccTossHus R
JI0 OCH BPALICHHUS.

10. Vcnonb3ys 3HaueHus abcomotTHon norpemnoctd Al (8), mokasaTe Ha rpaguke HHTEPBAJIbI, B
KOTOPBIX JIeKAaT UCTUHHBIE 3HAYECHUS loxcn.

3aoanue 3. Paccuumamp Momenm uHepyuu MamepuaibHol mouKku

H3BecTHO, 4YTO MOMEHT UHEPLIUK MaTEPUATBLHOM TOUKH Maccoil Mo, BpalaIoLIeiics IO OKPYHKHO-
cTH paaunyca R, onpenensercs no popmye:
_ 2

Imeop - mOR ' (12)
1. BeIUUCIUTh MOMEHT HHEPIIUU MaTepHanbHOU Touku mo Gopmyne (12) ans tpex 3HaueHuit R,
COM3MEPUMBIX C JUIMHOM CTepXHEH, moaras, 4To Mo — Macca Tpy3uka Ha cTepxHe. J[aHHbIe 3a-
HECTH B Ta0nuiry 2.
2. TlocTpouTh TEOPETUICCKU OKHIAEMYI0 3aBHCHMOCTh MOMEHTA MHEPIIMHU MAasSTHHUKA MaTepH-

aTbHOM TOUKM OT R? Ha TOM ke PHCYHKE, UTO ¥ rpaduK HKCIEPHMEHTATBHO MOMyIeHHON 3aBH-
CUMOCTH JJi 0J1HOTO Trpy3uka. (Cwm. . 9 3ananus 2).

KOHTPOJIBHBIE BOITPOCHI

. Kakue cuiel 1eiicTBYIOT Ha OIyCKaroLuiics rpy3 Maccoid m?

. Jlate popMynupoBKYy U 3anucaTh Gpopmyny BToporo 3akoHa HeroToHa.

. JlaTb onpenieneHne MOMEHTA CUIIBI.

. UTo moHuMaeTcs oA miae4oM CUIIbI?

. YKa3aTb MOMEHT CHJIBbI, 00€CTIeunBarOInii BpameHne MasTHuka Ooepoeka.

. B uem coctout ¢uznueckuil cMpIc MOMeHTa HHepluu Tena? OT KaKuX BeIMYUH OH 3aBUCHUT?

N N L AW~

. UTo moHMMaeTcs o MOMEHTOM MHEPLUU MaTEPUAIIBHOW TOUKHU?

o0

. ChopmynupoBaTh OCHOBHOM 3aKOH TMHAMHKHU BPAIaTeIbHOTO JIBHKCHHUSI.
9. Yka3aTh CBSI3b YIJIIOBOTO U TAHTE€HIIMAIBHOTO YCKOPEHHS 000/1a IIKUBA.

10. BeiBectu pacueTHyio Gpopmyiy (6) MOMEHTa HHEPIIUH.
17



11. 3aBucut 11 MOMEHT mMHepHuu MasTHHKa ObepOeka OT paauyca IIKUBa, HA KOTOPBIM Hama-
ThIBA€TCA HUTHh, U MAaCChI IIOJABCIIICHHOI'O rpysa?

JlaGopaTtopHnast pabora Ne 3
HCCJIEJOBAHME DJIEKTPOCTATUYECKHUX IOJEN

I_Ie.m, paﬁoTbI: H306pa3I/ITB OJICKTPOCTATUYCCKOC II0JIE ITPU ITOMOIIKW CHUJIIOBBIX JIMHUH B SKBU-
INOTCHIMAJIbHBIX HOBCpXHOCTeﬁ. OHpe,Z[CJ'II/ITB HAIIPsXKCHHOCTD I10JIA B 3aJlaH-
HOM TOYKE IOJISI B €ro HaIlpaBJICHUC.

O0OopynoBanue: DIEKTPOIUTHYECKAs BAHHA, BOJILTMETP, HA0OP JIEKTPOIOB.
BBEJIEHUE

Bcesikuii HEMOABHMOKHBIN 3apsif] CO3AAET B OKPYXKAIOLIEM IMPOCTPAHCTBE SJIEKTPUUYECKOE
noJie, MpeJIcTaBisAoNnee cobor ocodyro GopMy cymiecTBoBanus matepuu. OJIHO U3 OCHOBHBIX
CBOMCTB DJIGKTPUYIECKOTO TIOJIS 3aKITI0YACTCS B TOM, YTO Ha 3apsiji, IOMEIICHHBIN B JIIOOYIO TOY-

>
Ky IOJid, ACHUCTBYCT CHJIA F. Cunosoi XAPAKTCPUCTUKON JJICKTPHUYCCKOI'O IIOJIA ABJIACTCA

—

HanpsHKeHHOCTh E.
HamnpsikeHHOCTh 10JI1 B JaHHOM TOYKE — BEKTOpHAs BEIMYMHA, OIpeiessiemMas CUIOH,
JIEMCTBYIOLLEH HA €AMHUYHBIN MTOJOKUTEIbHBIA 3apsi/l, TOMEIICHHBIM B TaHHYIO TOUKY MOJIS:

E=F/,, (10.1)

I'me F- cuna, ¢ KOTOpOH MOJIE€ B JAHHOM TOYKE JEHCTBYET HA TOYEHHBIN 3apsn (.

HanpsikeHHOCTB AJIEKTPUUECKOTo MoJisi, 00pa3yeMoro CUCTEMOH 3apsi0B, 3aBUCHUT OT:
1. BenWuYMHBI 3apsAI0B, CO3AAOIIUX TOJIE;
2. TPOCTPAHCTBEHHOT'O PACIIONIONKCHHUS ITHUX 3aPsJIOB;
3. KOOpPJIWHAT TOYKH HAOIIOJCHUS B JICKTPHUICCKOM TIOJIE;
4. cpenpbl, B KOTOPOU CO3AAHO DIIEKTPUIECKOE TOTIE.
B npocteiiiiem ciiydae mosst TO4€YHOro 3apsja BEKTOP HAIPSHKEHHOCTH ONpeiessieTcs
BBIPAKEHHUEM

E=—11, (10.2)

4TrEEy T2
I'ne: (| — BelMYMHA 3apsAaa , KOTOPBIH CO37aeT MoJie;
7- panyc — BEKTOP, HANPABJICHHEIH M3 TOUYKH HAXOXKICHNS 3aps/ia B TOUKY HAOIOICHNS;
& - DMeKTpuueckas TocTosHHas B cucteme CH, g, = 8,85 * 1012 ®/u;
€ - OTHOCHTENBHAS IUANIEKTPHIECKAs MPOHUIIAEMOCTh CPEIBL.

I'padmyecku AMEKTPUYECKOE TMOJIE MOXKET ObITh M300paKEHO B BHJIE COBOKYITHOCTH CH-
JIOBBIX JTUHHUMN. JIMHUA, B KaXIOW TOUYKE KOTOPOW BEKTOP HAMPSKEHHOCTH HAIIPaBJICH IO Kaca-
TEJIbHOM, IPOBEJAEHHON B 3TOM TOYKE, HA3bIBAETCS CUIIOBOM JMHUEN. HanpaBienrne cuinoBoit au-
HUM B KQXKJON TOUKE AJIEKTPUUYECKOTO IOJS COBIIAJAET C HANPABIECHUEM BEKTOPA HAIPSKEHHO-
CTU B 3TON TouKe. CUIJIOBBIE JIMHUM 3IEKTPUUECKOTO MOJIsl SBISIOTCS HE3aMKHYTHIMU KPUBBIMU,
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IPUYEM T'YCTOTAa UX B OKPECTHOCTH JIHOOOH TOUKHU IOJIA XapaKTepU3yeT 3HAUCHHUE HANPSIKEHHO-
CTH JIEKTPUYECKOIO IOJIS B 3TOM TOUKE.

OHepreTu4ecKord XapakTEepUCTUKON 3JIEKTPUUECKOro Mo sABJsSeTCsl noteHuuan ¢. Ilo-
TEHIIMAJIOM 3JIEKTPUYECKOTO MOJIS B JAHHOW TOYKE Ha3bIBaeTCs (hr3MyecKasi BeIMYMHA, PaBHAs
MOTEHIUAIBHOW SHEPIUH €IMHUYHOIO ITOJI0KUTEILHOIO TOYEYHOI0 3apsi/ia, IOMELICHHOTO B ATy

TOUKY TIOJISL:
o=I1/q, (10.3)

rae. II— IIOTCHIMaJIbHAs SHEPIrus 3apsaa qg.

HOTGHHI/I&]’I QJICKTPHUYCCKOI'O I10JIA B O6H_[CM ClIydac IIpOU3BOJIBHOTO paClpEacICHUA 3a-
pAAOB, CO3AAKOIIMX I10JI€, 3aBHCHUT OT BCIMYHMUHEI 3apsaa, €ro KOH(l)I/IpraI_II/II/I, KOOpAWHAT TOYKH
HaGJ’IIOI[CHI/IH N SJICKTPHUYCCKHUX CBOICTB CpCabl. B wactHOoCTH IMOTCHIHUAJ IIOJIsA TOUCHYHOI'O 3aps-
Ja HaXO0OUTCA U3 BBIPAXKCHUA

q
P = meeer (10.4)

B 11060M 271EKTPOCTATHYECKOM T10JI€ MOYKHO BBIZCITUTH COBOKYITHOCTh TOYEK, B KOTOPBIX
3HA4YCHHUE MOTEHIMalla OJIMHAKOBO, T. €. (=CONSt. ['eoMeTpruyecKoe MECTO TOYEK B KOTOPBIX IO-
TEHITUAT OJIMH U TOT K€, HAa3bIBACTCS IKBUITOTCHIIMAIHHONW MOBEPXHOCTHIO, TaK KaK padoTa 1o
nepemenieHuto 3apsga A = —AIl, To paboTa 1o NepeMeIeHHo 3apsiia BAOIb SKBUITOTCHINAb-
HOU TTOBEPXHOCTHU paBHA HYIIIO.

PaccMmoTpuM B3arMHOE PAcIONIOKEHHE CHIIOBBIX JIMHUHA U SKBUIIOTCHIIMAIBHBIX TTOBEPX-
Hocteil (puc.10.1): PQ — skBumnoTeHmaibHas nmosepxHoctb, KL — cunoBas muauMsa. Pabora mo
NepEMEIIICHHUIO 3apsiia ( BAOJIb SKBUIIOTCHIIMAIBHOM OBepXHOCTH Ha paccrostuue dl paBHa Hy-
JI10, HO

—

dA = Fdl = qEdl cos( (F dl)) =0

< Orcrona yron (E ﬁ) = m/2, T.e.CUJIOBbIC TUHUU MEpP-
MIEHANKYJISIPHBI SKBUTTOTCHIIMATLHBIM TTOBEPXHOCTSIM.
DneKTpuYecKkoe Moje, TakuM 00pa3oM MOXKHO H300paxarhb
HE TOJIbKO KapTUHOMW CUJIOBBIX JIMHUHM, HO B COBOKYITHOCTBIO
Q « ¥ HKBUITOTEHIIMANBHBIX MOBepXHOCTEH. O6a 3TH M300pakeHus
B3aMIMHO CBsI3aHBl. B KaJ0oM moje BBIOMpPAOT U3 Oecko-
HEYHOTO MHOKECTBA JKBUIIOTEHIIMATIBHBIX MOBEPXHOCTEH
Takhe TJIe Pa3HOCTh MOTEHIIMAJIOB MEXIY ABYMsI COCEIHHUMH IMOBEPXHOCTSIMH OJuHaKoBa. Ha

Pac. iO.I

puc. 10.2 npuBoauTCSA B Ka4eCTBE MPHUMEPA IIJIOCKOE cede-

(P.') HHUEC DKBHUITOTCHIIMAJIBHBIX HOBerHOCTeﬁ II0JII TOYCYHOTIO
%, 3apsja

(@1-02% P2 —p3)
Y

Mexnay cUII0BOM U DHEPreTUUECKOU XapaKTEepUCTH-
KaMH 3JIEKTPOCTaTUYECKOTO ITOJISI CYHIECTBYET CBS3b

E= —grad ¢ (10.5)

Puc. I0.2
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I'paguentom morennuana grad ¢ Ha3bIBAeTCS BEKTOpHAS BEJIMYMHA, PaBHAS MPOHM3BOJI-
HOU MOTEHIIMAaJa MO0 HAPABJIEHUIO BJIOJIb HOPMAJIHM K 3KBUIOTEHLIUATLHON MOBEPXHOCTH:

grad ¢ = Z—f n, (10.6)

rae. - 71 €IMHMYHBIA BEKTOP HOPMAJU JKBHIIOTEHIUAILHOM MOBEPXHOCTU. 3HAK MHUHYC B (op-
myne (10.5) yka3piBaeT Ha TO, YTO BEKTOpP HAMpPSDKEHHOCTH HAIpaBJIeH B CTOPOHY Hauboliee
OBICTPOTO YOBIBAHUS ITOTEHITHATIA.

Ilenpro HacTosIIEeH pabOTHI SBISETCS WCCIEAOBAHHUE DJICKTPUUYECKUX IOJICH, CO3/1aBae-
MBIX 3apsaMH, PaclpelelICHHBIMU Ha TEJaX Pa3IMYHBIX KOHQUTYpALMNA MPU PA3TMYHOM HX
pAacIONIOKEHUH JIPYT OTHOCUTeNnbHO npyra. IlomoOHas 3amaya BCTaeT MpU KOHCTPYHMPOBAHHH
AJIEKTPOHHBIX JIAMII, KOHACHCATOPOB, CUCTEM (POKYCHPOBKH IJICKTPOHHBIX MyYKOB H T. [I., KOTJa
HEO0OXOUMO 3HATh 3HAYEHHE OCHOBHBIX XapaKTEPUCTUK AIEKTPUUYECKOTO MOJI B MPOCTPAHCTBE
MEXy SJIEKTPOJaMH CII0KHON (OPMBI.

AHaJOTHYHBIN pacdeT NoJieil yaaeTcs TOJBKO IS CAMBIX IPOCTBIX KOHPUTypauil deK-
TPOJOB U B 00II[EM ClTydae HE BBIITOJIHUM, TTO3TOMY CIIOKHBIE SJICKTPHUUECKUE TOJISl UCCIIECAYIOTCS
JKCIIEPUMEHTANBHO. [IJI X U3ydeHus MPUMEHSIETCS METO/ MOACTUPOBAHUS IIEKTPOCTaTHYE-
CKOT'O TOJISl B 3JIEKTPOJIUTUYECKON BaHHE.

Pacnipenenenue noteHnuana B cpesie, 0 KOTOPOI TEYET TOK, MOYKHO C/I€JIaTh Mo OT-

JMYAIOLIMMCS OT paclpeeseHUs IOTEHIaIa B 2JIEKTPOCTATUYECKOM I10JI€; U3MEPEHUS K€ T10-
TEHIMaJIa B IPOBOJSILEH CPE/Ie - HECIOXKHAsI SKCIIEpUMEHTAIbHAS 33/1a4a.
Kak u3BecTHO, B MPOBOIAIICH cpesie MPU MPOXOKACHUU 110 HEH TOKa HET 00BEMHBIX dIIEKTpUYE-
CKHUX 3apsalI0B, Onaronapsi yemy HaOJIr0aeTcs MOJHAS UACHTUYHOCTh SJIEKTPOCTATHUECKOTO IO~
7S U 3JIEKTPUUYECKOTO MPH HAIMYUU TOKOB B OJHOPOJHOM IPOBOJHUKE. ITO TMO3BOJSET 3aMe-
HUTh U3YyYEHUE FJIEKTPOCTATHUECKOTO MOJIsA, CO3[JaBAEMOr0 CUCTEMOM 3apsKEHHBIX TEl, U3y4de-
HUEM 3JIEKTPOCTATHYECKOTO TOJISl TPU HAIMYKUU TOKA B CIA0OMPOBOISIIMX dIeKTpoiauTax. [lpu
nmojiaue Ha 3JEKTPOAbl TOCTOSHHOTO HAIPSHKEHUS BO3HUKAIOT AJICKTPOJU3HBIC SBJICHUS, KOTO-
pble CIOCOOHBI BHECTH 3HAUUTENbHBIE UCKAKEHUS B KapTUHY TIOJISI, TIOSTOMY MPHU HCIIBITAHUSIX
Ha J1ab0paTOPHBIX YCTAHOBKAX MCIOJIB3YIOT IEPEMEHHOE HAMPSIKEHUE.

MeTtoa MoienmMpOBaHUS OCYIIECTBISIIOT CIEAYIOMUM 00pa3oMm:

a) MPU TIOMOIIIY CUCTEMBI DIIEKTPOJIOB OIpeaeTIeHHON (hOPMBI, KOTOPbIE B HEKOTOPOM MaciiTade
BOCITPOU3BOJAT PACIIOIOKEHUE IEKTPOIOB B PEATBbHOM CIlydae, CO3JA0T JIEKTPUUYECKOE TOJIE;
B) Ha 2JIEKTPOABI MOJAIOT HanpspkeHue. [Ipu 5ToM Mexay 3NeKTpoiaMu 00pa3yeTcs DJIeKTprude-
CKOE€ I10J1€, OTJINYAIOIIeecs OT MOJIs B PEaIbHOM CITy4yae 10 YHCIOBBIM XapaKTEPUCTUKAM, HO C
TOYHOCTBIO JI0 MaciiTaba COBIAIal0T C HUM MO KOH(PUTYpaLIHH;

B) B IIPOCTPAHCTBO MEXAY AJIEKTPOIaMU BBOJST 30H/I — TOHKYIO METAITTUYECKYIO TTPOBOJIOYKY,
CBSI3aHHYIO TTPOBOTHUKOM C MMPUOOPOM, H3MEPSIOIINM IMOTEHIINAT B JAHHOM TOYKE TOJIA.

Onucanue yCTAaHOBKH M METO/ M3MepPeHHUit

B BaHHY, H3roTOBIEHHYIO M3 MaTepuaja ¢ XOPOIIUMH JJICKTPOU3OJSAIIUOHHBIMU CBOM-
CTBaMHM, TIOMEIIAIOT METAJUTMUYECKHE AJICKTPOJIbI, MEXAY KOTOPHIMH HCCIEAYIOT Toyie. BanHa
3al0JIHEHA JKUJKUM 3JIEKTPOIUTOM, MPOBOAUMOCTh KOTOPOTO Maja MO CPAaBHEHUIO C MPOBOJIHU-
MOCThIO MeTauta. Ha anekTpoabl mogaroT HanpsokeHue U C KiieMM MOHIKAIIEro TpaHcdop-
Maropa.

20



[y
iy
N

~220

I B N -
D /};5'935}1‘;{'2'5'45 X

|
!
|
o
ANN
ARV

Pac. 10.3

C noMoIbi0 BHECEHHOIO B IIPOU3BOJIBHYIO TOUKY MCCIIEIYEMOTO 1OJIA 30Ha 3 ompeje-
JISIOT 3HAYEHHE PAa3HOCTHU MOTEHIMAIOB MEXKAY 2 W BeIOpaHHO# Toukoi mons Ai (puc. 10.3),
3aTeM , epeMeliias 30H]1, OTHICKUBAIOT COBOKYITHOCTh TOYEK TMOJISI C OJIMHAKOBBIM IMOTEHIIUATIOM.
CoBokynHocTh Touek A ( 1=1,2,8) 51eXuT Ha OJHOM SKBUITOTCHIIHAILHON MOBEpXHOCTH. CUH-
Tas @5,=0 TOKa3aHMs BOJLTMETPA NMPUHUMAEM 32 3HAYEHHUS MOTEHIMATA MCCIEIYEMOH T10-

BEPXHOCTH.
IMopsaok BHINOJTHEHUS] PA0OTHI.
3ananmue 1.

1. YCTaHOBUTH B ANEKTPOIUTUYECKON BaHHE CUCTEMY JIEKTPOJIOB, UMUTHUPYIOIIUX TOUCUHBIE
3apsIbl TaK, YTOOBI OHU HAXOIHUIUCH APYT OT Apyra Ha pacctosHuu 10...15 cm mo ocu Y , cuM-
METPUYHO ocH X.
2 . BkuouuTh ycTaHoOBKY. [Iporpers BoibT™METp, BEIOpATh Mpe/es M3MEPEHHUs BOJIBTMETPA, YTO-
OBl U3MEpEeHHsI MOTEHIIMANa MOYKHO OBIJIO BECTH BO BTOPOU MOJIOBUHE IITKATIBI.
3. Haiiti reoMeTpruecKoe MECTO TOYCK OJJMHAKOBOTO IMOTSHIIMAJIA JIJIsl 3HAYCHHH MTOTCHIIHA-
ma ¢; =0,1;3;5;7;9;B.
[TocTpouTth ceMeiCTBO HIKBUMOTEHITMAIBHBIX TOBEPXHOCTEH
01=0 ¢,=1B,...... , 06 = 9B.
[To moTy4eHHBIM 3KBUIIOTCHIIATHHBIM TOBEPXHOCTSIM TIOCTPOUTH IPHUMEPHOE pacrpeieiicHue
CHJIOBBIX JIMHUH ITOJIS.
4. IIpoBecTH Hccien0BaHUE KakK B 1. 3 I MOJIEH:
a) IOJIe CUCTEMBI: TOUCTHBIN 3apsi1 - IPOBOJISIIAS TUIOCKOCTD;
0) moJe MIOCKOro KOH/AEHcaTopa.
3aganue 2.
1. VYcraHOBHUTH B 3aKMMax BaHHBI CHCTEMY DJIEKTPOJIOB, UMUTHUPYIOIIUX IMOJE MIIUHAPU-
YeCcKOro KOHJeHCaTopa.
2. CHATH 3aBUCUMOCTD ITOTCHIIAAJIA (P OT PACCTOSHUS I OT OCH JJICKTPOJOB B TOUKAX I'j =
2;3;4:5:6;7;8;9;10 cm
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3. PesynwpraTel m3mepenuii 3anectu B Taba. 10.1
Tabmuma 10.1.

r, cM 2 3 4 5 6 7 8 9 10

In(r)

0, B

4. TloctpouTh rpaduk 3aBHCUMOCTEH

p=¢), ¢=¢(nr)

5. Bwvigecmu meopemuuecKyto 3a8UCUMOCMb NOMEHYUAA OM PACCMOAHUSL OJisl N0 YUTIUH-
Opuuecko20 KoHoeHcamopa. J{isi 61600a 60CNo1b308ambcsi meopemoti I aycca u césa3vio
HANPAACEHHOCMeEll U NOMEHYUATLO8.

6. CpasHums U0 dKCNEePUMEHMANbHBIX U paciemublx 3asucumocmett ¢(r); o( In r). Coe-
J1ams 8b16800.

KOHTPOJIBHBIE BOITPOCHI

1. Maiite onpeaeneHue NOHATUA. «DIEKTPOCTATUIECKOE TOJIE ».
2. YKaXuTe OCHOBHbBIC XapaKTEPUCTUKH JIEKTPOCTATUUECKOTO MOJIS.
3. Hanumure BeipakeHHe IS HAXOXKICHHS HAIIPSHKEHHOCTH U MOTEHIIMANIA TTO0JIsl TOYEYHOTO 3a-
psaa
4. Yro Ha3bIBaeTCs CUIOBOM JIMHUEH 3JIEKTPOCTATUYECKOTO MOJIS.
5. Moryt nu nepecekaTbCsi CUJIOBbIE JIMHUU AJIEKTPOCTaTUYECKOTO 10JIst?
6. Chopmymnupyiite Teopemy ["aycca B a5ieKTpocTaTHKe.
7. Kak ucnons3oBaTh Teopemy ['aycca st pacuera mnoseun:
a) MJIOCKOr0 KOHJeHCcaTopa,
0) LMJIMHAPHYECKOT0 KOHIeHcaTopa?
8. Kakoe nosne Ha3pIBaeTCs OJJHOPOIHBIM MOJIEM?
9. Kak, 3Has 3aBucuMocTh Q(r), Haiitu pyHkmuio E(r)?
10. Kak, 3nas pynakuuto E(r) Haiiti 3aBucuMocts @(r).
11. JTokaxkurte, YTO CHIJIOBBIE IMHUH JIEKTPOCTATUIECKOTO TTOJIS EPIIEHANKYIISIPHBI SKBUITIOTCH-
[IUATBHBIM TIOBEPXHOCTSIM.
12. OOBSICHUTH HEOOXOIUMOCTh MPUMEHEHHSI B CXEME H3MEPEHHI BRICOKOOMHOT'O BOJIBTMETpA.

JINTEPATYPA

1 CagenseB U.B. Kypc o6mieit pusuxu. T. 2. ro. 1.
2 3ucwman I'.A. Tonec O.M. Kypc obme#t ¢puzukm. T.2. 1-3, 5-8.
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JlaGopaTtopHnast pabota Ne 4
W3YUYEHUWE JEKTPUUYECKHUX HENEN TOCTOSTHHOI'O TOKA

Heapr paGorei: OBnafeTb METOJAMH H3MEPEHUS DJIEKTPUUECKUX BEIMYMH C IOMOIIbIO
aMIepMeTpa, BOJIbTMETpa, ocIiuiorpada.

Oo6opynoBanme: VcTouHuk Toka, HAOOP CONMPOTUBICHH, MOCT TOCTOSIHHOIO TOKa, T€HEPaTop
MOCTOSTHHOTO HAaIPsHKEHUs, ocuuiuiorpad.

BBEJAEHUE

I/I3MepeHHe HEU3BECTHOT'0 COMMPOTUBJICHUA
C IIOMOIIBI0O BOJIBTMETPA U aMIIEpMETPa

3KCH€pI/IMeHTaJH)HO YCTAHOBJICHA 3aBUCHUMOCTD CHUIJIbI TOKa | . TCKYLICTO 1o
METAJUINYECKOMY TIPOBOJIHUKY, OT HanpspkeHus: U Ha KOHIIaX MPOBOIHUKA!
U
| = i 3akoH OMa 11 y4acTKa IeIu,
rie R — anekTpudeckoe COnpoTUBICHUE POBOIHUKA.

Ry « : | Hcnone3yss  pabouyo  dopmyry R:UT, MO>KHO

OIpPCAC/INTL BCIWMYHUHY COIIPOTUBJICHHUA R JJI1  HECKOJBKUX

% /’\ U 3Ha4YCHHMH HanpsokeHus U Ha KOHITaX MPOBOHHKA.
N3mepenns U u | mpoBoaaTcs ¢ MOMOIIBIO BOJBTMETpA U

amrepmeTpa mno cxeme puc. 12.1. [dng  gocTtoBepHOro

\J
* @ + OHpe,ZLeJIeHI/IH Rx H606XOI[I/IMO, IﬂITO6I:I COHpOTI/IBJ‘IeHI/Ie

BosibT™METpa Ry >> R,

W3mepenusi R, mpoBoOAsTCS NMPH Pa3TUYHBIX 3HAYECHUSIX
HanpspkeHnss U reHepaTopa HANpsDKEHUS, YTO TO3BOJISIET
orpenenuTh Ry I HECKOTBKUX U3MEPEHUH U PACCUUTATh BETMUNHY TIOTPEIIHOCTH.

I/I3Mepelme HEU3BECTHOI'0 COMMPOTUBJICHUS
NMpH NOMOIIM MOCTAa MOCTOAHHOI'O TOKA

PaccmoTpuM cxemy MocTa OCTOSIHHOTO TOKa, MpeICTaBIeHHYI0 Ha puc. 12.2. 3nech Rx —
HEW3BECTHOE COMpOTHBIIEHUE;, R1 — mepeMeHHoe compotuBieHue; R u Rs — wu3BecTHBIE
conpoTuBiieHus. Bo BXOaHyi0 auaroHanb mocta (@b) BKIIOYAeTCs HMCTOYHUK IMOCTOSHHOTO
Hanpsokenus (I'H), a B Beixomuyro (cd) — uHIUKATOp paBHOBECHS (BOJIBTMETP, OCIHILIOTpad) HITH
MUJTMaMIIEpMETp ¢ OOJIBIIUM BHYTPEHHHUM COINpPOTUBJIEHHEM). Eciau pa3sHOCTh MOTEHIMAIOB
Mexay Toukamu ¢ 1 d ¢, — ¢4 paBHA HYIIO, TO MOCT HAXOAUTCS B paBHOBecuu. ClieI0BaTENBHO,

€CJIM MOCT HaXOUTCA B PaBHOBCCHUU, I/IBMCpI/ITCHBHHﬁ HpI/I60p, MOAKJIIOYEHHBIN K TOUKAM C U
d, 6yz[eT IMOKa3bIBaTh «HOJIbY». Y CTAHOBJICHHE COCTOSHHUS paBHOBECHUA MOCTa obecreunBacTCs
HU3MCHCHUECM IICPEMCHHOI'O COIMPOTUBIICHUSA Ri.

23



>N
f

% () +
@

Puc. 12.2

I[J'ISI TOr0 4YTOOBI MOCT HaxXOoIuJICid B PaBHOBCCHUH, HCO6XOI[I/IMO BBITIOJIHUTL  CJICAYIOIINC
COOTHOLICHHA:

Uac = Uad , (12.1)
Ueb = Udb . (12.2)
[Tpu paBHOBEeCHH MOCTa TOK TEUET TOJBKO Ha ydacTKe MocTa ach (o6o3naumm ero ly ), u

Ha ydactke adb (o6o3nauum ero l1).
BanwuiieM 3akoH OMa JiTst KaX10T0 COMPOTUBIICHHUS:

ac = IxRx; (12.3)

Uss = 11 R1; (12.4)
Ue = IxRs ; (12.5)

Usb= hR;. (12.6)

[Iporiecc u3mMepeHus: COCTOMT B TOM, YTO MPH YCTAaHOBJIEHHOM OTHOIICHUU IIJIeYd MOCTa
R3/R2 mo6GuBarOTCsl paBHOBECHS MOCTa, H3MEHSISI TIEPEMEHHOE CONPOTHBICHUE R1.
dopmyny ans uzMepsieMoro comnpoTuBieHus Ry momyuum u3 (12.3)—(12.6), ucnonb3ys
(12.1), (12.2),
IxRx=11R1, (12.7)
IxkRs=11R>. (12.8)

Paznenus (12.7) na (12.8), mony4um Juist ©U3MEPSIEMOTO COMTPOTUBICHUS

R,
~Sp . 12.9
R21 ( )

R

X
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HN3mepenue napaMeTpoB CHIHAJIA € IOMOIULIO OCHULIOrpada

Ocmworpad MO3BOJSET MPOBOJUTH W3MEPEHHUE MAPAMETPOB KaK MOCTOSIHHBIX, TaK H
W3MEHSIOIINXCS CO BPEMEHEM JJIEKTPUYECKUX CUTHAJOB. [l 3TOr0 HampsbKEHUE ¢ TeHepaTopa
U, moiaercst Ha OJMH U3 KaHAJIOB ocImuiorpada, kak mokasaso Ha puc. 12.3-12.5.

” _@ Kawnai |

—— @KaHaH 11

Puc. 12.3

0 -© Kanan |

— = © Kanaun Il

Puc. 12.4

" ) Kanana |
- © Kanama Il

Puc. 12.5
[TomoOpaB cOOTBETCTBYIOIIEE IMOJIOKEHHE TICPEKITIoUaTelIe, Ha IKpaHe ocIuuIorpada moaydum
OCIIHILIOTPaMMy, YI00HYI0 s HabmoaeHus (cM. [punoxkenue). OnpeaesanB HeHY JCICHHUS jx
MO0 OCH X, BBIUMCIHM JIUTETLHOCTh BPEMEHHBIX WHTEPBAIOB M3Yy4aeMOW OCIMILIOTPaMMBI IO

bopmyne

At :njx,

roe N — 4YWCio JAEISCHHMHM MO0 OCH X Ha 9KpaHC ocummorpa(ba, Ha KOTOPBIC YKJIAAbIBACTCA
n3ydacmMasd 4aCTb CUI'Halia.

Takum xe 06pa30M, ONPCACIIMB LICHY ACJICHUSA jy o ocH Y, Haiiem BCJIIMYNHY HAIIPAKCHUA
moaaBacMoro 3JCKTpUICCKOro CUruaja.

I;H _®KaHan |
¥H ®KaHan "
%

Puc. 12.6
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Hexoropeie mMomenu ociuniorpadoB MO3BOJSIOT HE TOJNBKO HAONIONaTh OXHOBPEMEHHO JIBa
CUTHala Ha DJKpaHe, HO U OCYIIECTBISATh CJOXKEHHE OJTHX CHUTHAJIOB, KaK OJMHAKOBO
HAIllpaBJICHHBIX, TaK W KaK B3aMMHO ICPHCHAUKYJISAPHBIX. I[HSI 9TOr0 HaANpsAKCHUC C OOHOTO
rereparopa U,1 mojaercss Ha BXOJ MEPBOro KaHaja ocuwuiorpada, a HampspkeHHe ¢ Jpyroro
reneparopa U2 — Ha BXOJ] BTOPOTO KaHalla, Kak Moka3zaHo Ha puc. 12.6 (cm. [lpunoxenue).

3ananue K padorte

1. CobepuTte cxemy, nokazaHHyro Ha puc. 12.1.

2. IlpoBeaute M3MepeHHEe HEU3BECTHBIX CONPOTHBIEHUH Rir M R2r ¢ momomibio BoibTMETpa U
aMIepMeTpa, U3MEHs BETMUUHY HAIPSHKEHUsI T€HEpaTopa MOCTOSIHHOTO HanpsbkeHus otr ~1 1o
~15 B. BeinonHuTe mecTs U3MEpEHUH IPU pa3IMyuHbIX HAIPSKEHUAX.

3. PaccunTaiite Hanbosee BEpOSTHOE 3HAUEHUE KaXKJIOTO COMPOTHBIICHUS U €ro CIydYailHyIo
MOTPENIHOCTh M0 (hopMmyre Uis MHOTOKPATHBIX U3MEPEHUH MPH TOBEPUTEITHHONW BEPOSTHOCTU
0,95 [4, Beenenue, B3, B4, BS].

4. Cobepure cxeMy, OKa3aHHYIO Ha puc. 12.2.

Buumanue! B kauecTBe pe3ucTtopa, 0003HauE€HHOrO Kak Rz, pekoMeHIyeTcs HCIOJIb30BaTh
PE3UCTOp C CONMpOoTUBIICHUEM, paBHBIM 680 OM, a B Ka4ecTBE pe3ucTopa, 0003HAYCHHOTO Ha PHC.
12.2 xak R3 — pe3sucrop 820 Om. Hanpskenue renepaTopa yCTaHOBUTE B AMAara3oHe oT 5 10 15
B.

5. C nomo1pl0 MeToJja paBHOBECHSI MOCTAa IOCTOSIHHOTO TOKa OMNPEJEIUTE BEIWYMHBI TEX K€
JIBYX HEU3BECTHBIX CONMPOTUBIEHUI Rix u R2r. CpaBHUTE ¢ pe3ynbTaTaMy, OJYyYEHHBIMU B 1I. 2,
3. Cuenaite BBIBOOEL.

6. [TonkmtounTe reHepaTop MOCTOSHHOTO HAIPsHKEHUA K ociiuiorpady (puc. 12.3).

7. I3mepbTe HanpsbkeHue curHana. Hazosute opmy curnana.

8. TlomxitounTe TreHepaTop NPSAMOYTOJBHBIX MMITYJIbCOB K ocuuiuiorpady (puc. 12.4).
3apucyiTe MOJTy4eHHBIA CUTHAI.

9. V3MepbTe aMIUIMUTYyZHOE HalpsbKeHHE curHana. Ompenenurte Mepuojl M 4acTOTy CHUTHaja.
HazoBure ¢popmy curnana.

10. TloxkmrounTe TreHEpaTop CHHYCOMIAIBHOTO HampspkeHus K ocuwiiorpady (puc. 12.5).
3apucyiTe NOJIy4eHHbI CUTHAJ.

11. M3meppTe aMIUIMTYyIHOE HaIpsDKEHME CUTHaja. PaccuMralite 3Ha4eHHE IEMCTBYIOLIETO
HanpsbkeHus Uy Onpeznenure nepuoa v 4actoTy curiaia. Hazosure ¢popmy curnana.

12. TlopxnrouuTe TEHEPATOp CUHYCOMAAIBHOIO HANpPSDKEHHS Ha BXOJ OJHOIO KaHaja
ocrmuiorpada, a reHepaTop MPsSMOYTOJIBHBIX UMITYJIBCOB Ha BXOJ ApYyroro kaxaia (puc. 12.6).
(Mcnonb3yiiTe BBIXOBI OAHOTO MPHOOPA, YTOOBI 00a curHana Obutn cuHdas3Hbl. B TakoM ciaydae
Ha »OJKpaHe ocwuiorpadga Oyaer HaOmomatbess ycrolumBas KapTuHa.) IlepeximrounTe
YIpaBJISAIONME KHONKU TaK, 4ToObI HAOII0aTh OJIHOBPEMEHHO 00a CUTHalla Ipyr HOJ JpYroM
(cMm. [Tpunoxenue).

13. 3apucyiiTe 3TH CUTHAJIBI.

KonTposabHbIe BONpockI

1. Kakue criocoObl n3MepeHust COPOTHUBIIEHUS BaM U3BECTHBI?
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2. Cohopmynupyiite 3akoH Oma Iy ydacTka IIeNd B HMHTETpaIbHOM M IuddepeHnaibHOn
dopme. OOBACHUTE CMBICIT BETUYHH, BXOIAIINX B 3aKOHBI.

3. Chopmynupyiite 3akoH OMa JuIsi HEOJHOPOTHOTO ydacTKa IeMH, T. €. JJIs1 y4acTKa IIeMH, B
KoTopoM umeercs uctounuk I/1C.

4. B 4eM COCTOUT METO]I U3MEPEHUS COMPOTUBIICHHUS C TOMOIIBIO MOCTa TIOCTOSIHHOTO TOKAa?

5. Kak u3aMepuTh MEepro U ONPESNIUTh YaCTOTY CHTHAJIA C TOMOIIBI0 ocmiutorpada’?

6. Kak u3MepuTh aMIUIMTY Ty CUTHAJIA C IIOMONIBIO OCIruiorpada?

7. Kak IpoMCXOUT yIpaBlieHHE MIEKTPOHHBIM ITyYKOM B AJIEKTPOHHOM OcIruIorpade?

8. KakoBa cBsI3b MEXIYy CMCIICHHMEM CHTHAJIa MO0 OCH X Ha OJKpaHe ocuwuiorpada u
JUTNTENIbHOCTHIO BPEMEHHOTO HHTEpBaja?

9. Kak moaxirounth ocuuiuiorpad mo IByXKaHAIBLHOU cxeme?

JIMTEPATYPA

1. Kanawmnuxoe C.I". dnextpuuectBo. — M.: Hayka, 1977.

2. Casenves H.B. Kypc ob6weil ¢usukn. — M.: Hayka, 1982. — T. 2
(v mocneayroNIre U3JaHus 3TOTO Kypca).

3. Onexmpuueckue w3mepenus: YueOHWK st By3oB / Ilox pen. A.B. ®pe-mmc, E.M.
Hymmna. — JI.: Dueprus, 1980. — C. 39.
4. Mexanuxa u TepMOJMHAMUKA: MeTOJ. yKa3aHHA K BBOAHOMY 3aHATHIO M K JJAOOPaTOPHBIM
paboram Ne 0 — 6 mo ¢usuxe. Ne 2848. — Hoocubupck, 2004. — C. 11-12 (u mocnemyroiue
W3JIAaHKS ATOTO MOCOOMS).

JlaGopartopnast pabota Ne 5

OIPEJEJEHUE 'OPU30OHTAJBHOMN COCTABJISIIOIIEN
HANPSI)KEHHOCTU MATHUTHOT O ITOJIS 3EMJIN

Hean padorei: OmnpenenuTh TOPU3OHTAIBHYIO COCTABISIONIYIO HAIPSKEHHOCTH MarHUTHOTO
OJIs 3eMJTH.

OﬁopyszaHne: prrnasl KaTylika € MarHuTHOM CTpCJ’IKOI\/'I, HCTOYHHUK IMOCTOSAHHOT'O HAIIPAKEC-
HHA (BBIHpHMI/ITeJIB), MUJUTUAMIIEPMETP, IOTCHIHUOMCTP U IICPCKITOYATCIIN.

BBEJEHUE

JBmkytuecs 3apsabl (TOKH) CO3/IAl0T B OKPY/KAIOIIEM ITPOCTPAHCTBE MAarHUTHOE MoJIe. JTO MO-
Jie TIPOSIBIISIETCS B TOM, YTO Ha JIBMIKYILMECS B HEM 3apsi/ibl (TOKHM), HAMarHUYEHHbBIE Tella
(HampuMep, Ha CTPEJIKy KoMmIaca), IeHCTBYIOT cuilbl. biaronaps 3ToMy Ha MIIOCKHHA KOHTYp C

TOKOM | B MarHUTHOM 10JI€ C UHAYKLIHEN B JIEHCTBYET KPYTSIIAA MOMEHT N (puc. 14.1), mpo-

NOpIUOHANBHEIN |, S 1 B ¥ 3aBUCATIMIA OT yrila @ MeXITy n uB
N = ISBsina (14.2)
rjie S- TUIONIaIh KOHTYPA,
7l- €IMHUYHBINA BEKTOP HOPMAJIH K INIOCKOCTH KOHTYPA.
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Takum oOpa3oM npu HEM3MEHHBIX B 1 a  neiicTBue Z
IIOJIsI HA KOHTYp OINpPENENsAeTCs BEIUYMHOU P, = ‘
IS, (14.2) xotopast Ha3bIBACTCS MAarHHT-
HBIM MOMEHTOM KOHTYypa ¢ TokoM. C yuetom (14.2)
BoIpaxkeHue (14.1) umeer Bua

N = B,Bsina (14.3)

—_—

rae - P, BekTOp, HampaBiIeHUE KOTOPOTO COBIA-
JlaeT C HalpaBJIEHUEM €IMHUYHOIO0 BEKTOpa HOp-

Mamn 7 P, =P, 7 (cm. pue. 14.1).
N3 Beipaxkenus (14.3) (mpu a = %; N = Ny, Prc. I4.1
CJICYET, 4TO :
Nmax
p = lmax (14.4)

T. €. MarHuTHass UHAYKIHA B - BCJIMYMHA, YMCJICHHO paBHasA MAaKCUMAJIbHOMY KPYTALICMY MO-

MEHTY, KOTOPbIN JIEHCTBYET Ha KOHTYP C €IMHUYHBIM MarHUTHBIM MOMEHTOM. B- BEKTOp, COB-
HaJalomMi [0 HANPABIEHUIO C BEKTOPOM 71 PaBHOBECHOTO (T. €.CBOOOIHOIO ) KOHTYpa, OpH-
EHTHUPOBAHHOTO MO MOJI0. B - 3aBUCUT OT CBOICTB Cpe/ibl, MOATOMY BBOIUTCS KOOPHUIIUEHT L
(oTHOCUTENbHAS MAarHUTHAS IPOHUILIAEMOCTDb CPEIbl), MOKA3BIBAIOIINM, BO CKOJBKO pa3 MarHuT-
Has MHAYKIMS B B nanHo# cpene Oosblie, yeM UHAYKIMS B, B BakyyMme.

B
U=— (14.2)
By
HanpsxeHHOCTh MarHUTHOTO 1MOJIsE H TOXKE CUII0oBas €ro XapakTepUCTHKA, HO HE 3aBUCSIIIAs OT
CBOWCTB cpeabl. H M B CBA3aHbl COOTHOILICHUEM.
-~ B

H=— (14.3)

By
[ne [ - MarHWTHAs TOCTOSHHAA, U = 4w+ 1077  I'/m.

Jist HanpsHKEeHHOCTH MarHUTHOTO TIOJIS, CO3/1aBaeMOT0 dJIe-
MEHTOM TOKa JUIMHbI df, cnpaBeiiuBa Gopmyna

d—I_I’ _ I| d{’*gf' | ,
antr
WJIY TI0 MOZYJIIO
__Id¢sin(a)
dH = =222 (14.5)

roe {— cumna Toka;

—
df — BeKTOp, COBIAIAIOIINI C SJIEMEHTAPHBIM yJaCTKOM TOKa
U HaIlpaBJICHHBIN B CTOPOHY €ro nporekanus (puc. 14.2);

7= BEKTOP IIPOBEIECHHBIN OT 3JIEMEHTA TOKA B TOUKY, T/I€
Puo. Td:2 omnpezensercs dH.
Cootnomenue (14.5) Hocutr Ha3BaHue 3akoHa buo- CaBapa-
Jlannaca. Hanpasnenue BekTopa dH HOPMAaJIbHO K IJIOCKOCTH, IPOXOASIIEH yepes dfu TOYKY,
B KOTOpPOH omnpeaensercs ﬁ, MPUYEM TaK, YTO BPAILIEHUE BOKPYT dt B HaIpaBJIECHUU dH ces-

3aHO ¢ df mpaBWIOM MpaBoro BUHTA (cM. puc. 14.2); a - yron Mexay Bekropamu df u 7.

28



OnpeaenuM HaNpsHKEHHOCTh MAarHUTHOTO TOJISL B IIEHTpE KpyroBoro Toka (puc. 14.3). Kaxawpii

5JIEMEHT TOKA CO3/IA€T B LIEHTPE HANPSHKEHHOCTh dH, HANPaBJIEHHYIO 110 HOPMAIH 1 K TUIOCKO-

CTH KOHTYpA.

Prc.

14.3

Ha ocnoBanuu 3akona buo-Casapa-Jlannaca

qH = 14

" 47R2

(14.6)

(e =m/2). MaruutHbie mons (Kak U DJICKTPUUYCCKHE)

MIOIYUHSIOTCS MPUHIINITY CYNEPHO3UINH (HE3aBUCUMO-
CTH HAJIOKEHUS), COTJAaCHO KOTOPOMY pPE3YJIbTUPYIOLIAs

HaIIpsHKEHHOCTh PaBHA BEKTOPHOM CyMM€ HaIPsKEHHOCTEU

MOJIEH BCEX JIEMEHTOB C TOKOM. B JTaHHOM Ciydae Takyro

CyMMY HailieM HHTerpupoBaHueM BblpaxkeHus (14.6) mo

BCEH JUIMHE KOHTYpa C TOKOM:

g ! f”% _I2nR I
~ 4mR? ), ~ 4mR% 2R

Ecnu kpyrosoii Tok coctout u3 N BUTKOB, 00Opa3yromux Katymky, To H Oyzner B N pa3 Oosnblue:

IN

H=2 (14.7)

2R

MarunTtHas CTpCJIKa, IOMCUICHHAA BHYTPb KAaTYIIKHW, HAXOAUTCA 110/ BO3I[CI>1CTBI/IGM ABYX I10-

—
JICU: ITOJIAA KaTyIIKHN H v MarHUTHOTO IT0JISI 3EMIIH.

CeBep nauHUSA

[Boinpsmin]

"Puc.

=L _reas [F
~ 2208
I4.8

ropuzonta FOr

Puc. 144

Ha mumpore MOCKBBI pe3yJIbTUPYIOLIUN BEKTOpP HAIps-

AKEHHOCTHU 3eMJIU E) HaIpaBJIeH MO0Jl HEKOTOPBIM yriioM O
K ropu3oHTy ( puc. 14 .4), nosToMy Ha CTpenKy, Bpalia-
IOLYIOCST BOKPYT 3aKpEIUIEHHON BEpTUKAIbHOU ocH, Oy-
JIeT AEeWCTBOBATh JIUIIb €r0 FOPU30HTAIbHAS COCTABIISIO-

—

mas H..
Onucanue yCTAHOBKH M MeTO/1a U3MeEPEHMHS.

B xopmyce kommaca nMeercs Jymna u npu3Ma, 4epe3 KoTo-
PbIC BUIAHBI IACJIICHUA J'II/IM6a, YKPCIUICHHOI'O Ha MAarHuT-
HOM cTpenke. OIHOBPEMEHHO HAOIIOJaTeNh BUIUT BH-
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3UPHYIO HUTb, OT KOTOPOH OCYILECTBIIAETCS OTCUET JCJIEHUI B rpagycax.
Ec/ii BUSUPHYIO HUTh YCTaHOBUTH npoTus Aejierus 90° ( mmu 270° ), To MI0CKOCTh BUTKOB

KaTYILIK{ COBMEIIAETCS ¢ HampaBieHuem, H.  T. e. mpuOIu3uTeNnbHO ¢ HanpaBieHueM Cesep-
IOr (cm. puc 14.4). Teneps npu BKIIFOUEHUH TOKA B KaTYIIIKE HAMPSHKEHHOCTD TMOJIS OKA3bIBACTCSA

e
HOpMaJIbHOU BEKTOPY, H,., W MarHuTHas CTpeiKa pacroiaraercs BJI0JIb Pe3yIbTUPYIOLIEH

—

HanpspKeHHOCTH — H..

W3 nuarpammsl BEKTOpOB Ha puc. 14.5 cnenyer, uro
H

H =2l (14.8)

T tga
IMopsaa0K BHIMOJTHEHUS PadoThI

1. TIoBepHYTH CTEHJ C KATYIIKOI 0 COBIAICHNS BU3UPHOH HUTH ¢ neneruem 90° (2700).

2. Ilepexmouarenem CETD BkirouuTh nuTaHue, NpU 3TOM 3aropaercs MHAMKALMOHHAs JIaM-
HOYKa.

3. C nomomipio nepekiroyaress ¢ HaAnuceio 1, 2, 3, BKJIIOYUTh B CXEMY KaTYyILIKy C HauOoJb-
1M YUCJIOM BUTKOB.

4. IloreHunomeTpoM R yCTaHOBUTH TOK, COOTBETCTBYIOIIMH YIJIy OTKJIOHEHHUS 0L MAarHUTHOM
crpenku ot genenns  90° (270%) pasromy 45° u 3amucaTh BeNTMYMHY 9TOrO TOKA 110 MHJIIHAM-
nepMmerpy.

5. TlotenmmomeTpoM R MocenoBaTeNbHO YCTAHOBUTDH YTOJ O OTKJIOHEHHs B Tpuaenax or 45°
10 0° uepes MATH OAMHAKOBLIX HHTEPBAJIOB, 3AMUCHIBAS COOTBETCTBYIOIME STHM YIJIaM TOKH IO
MWIIHAMIIEPMETDY.

6. IlepexitouaTesieM ¢ HAAMKMCHIO «+, -» U3MEHUTh HAIlpaBJICHHUE TOKA B Karyllke. B mopsnike
BO3pacTaHus, IOCIEA0BATEIbHO YCTAHOBUTD ISATh 3HAYEHUM TOKOB, MOJIYYEHHBIX B II. 5, 3anucaB
COOTBETCTBYIOILIME ITUM TOKaM, ISTh 3HAUEHUH YIJIOB 0.

7. llepekitouaTeneM ¢ HAAMUCHIO 1, 2, 3, BKIIOYUTH B CXEMY KAaTYIIKY C APYTUM YHCIIOM BUTKOB
(o corylacoBaHUIO C MperoaBaTeIeM) U MPoAesiaTh u3MepeHus o 1. 4, 5, u 6.

8. Ilo dopmyine (14.7) paccunrtath fecatb 3HaueHU H, ncnonb3ys 5X2 nosyueHHbIX 3HAUYCHUH
TokoB |, 1 yncna BUTKOB N, yKa3aHHbIe Ha KaXJ10M n3 Karyuiek. ( JluaMeTpsl KaTylek u3MepsTh
IPY TOMOIIY JIUHEWKH. )

9. B3sB cpenHee 3HaUeHUE I KaKIAOM Mapbl YIiIoB o (BJIE€BO U BIIPABO), ONPEIAETUTH MO (op-
myne (14.8) necsats 3Hauenuit H,. paccuutath Hrep.

10. Haiitu AH, u(AH,)?.

11. Paccunrarh cpenHIOI0 KBaJpaTUYHYIO OIIHUOKY

rae N — yucio 3HadeHuii Hr.
12. Pe3ynbpTaThl U3MEPEHUI U pacueToB 3aHECTH B Tabnuiy 14.1

13. OxoHuaTenbHBIN pe3ynabTat A Hr npeactaBuTh B BUE
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Tabanmal4. 1.

Yucio Ne I, BJIEBO | BIPABO | TIpa. H, Hr Hrep | AH, | (AH,)?
BUTKOB | ILII MA rpan rpan A/m AM AM A | (A/m)?
o o Ocp
KOHTPOJIBHBIE BOITPOCBHI

. Yrto Ha3pIBaE€TCSI MArHUTHBIM MOMEHTOM?
UTto Takoe MHIYKIIUS MarHUTHOTO TOJIsI?
KakoB cMBICJI OTHOCUTEIIBHON MAarHUTHOM MPOHUIIAEMOCTH ?

1
2
3
4. Yrto Takoe HaNpsAKCHHOCTb MArHUTHOTI'O I10JIA U B YEM €€ OTJIMYHC OT I/IHIIYKI_H/II/I?
5. 3amummmuTe M MOSICHUTE CMBICI 3aKoHa buo - CaBapa - Jlannaca.

6

UYto Takoe MPHUHIIMII CYTIePIO3UIUU?

JIMTEPATYPA

[HEN

. CaBenwveB U.B. Kypc obuieit puzuku. T. 2, uzn. C1978, ra. VI, § 40,42.

N

. 3ucman I['.A. Togec O.M. Kypc o6mmeii pusuku. T. I1. Jlro6oe nznanue, ri. VII, §30.

JlaGopatopHas pabota Ne6
HUCCJEIOBAHUE TAPMOHUYECKNX KOJIEBAHUM

Heab padorsl: DKcnieprMeHTalbHAs MPOBEpPKa TEOPETUUYECKON 3aBUCUMOCTH MEpUojia rapMo-
HUYECKUX KoJeOaHuN oT Kod(p(UIUEHTa KECTKOCTU MPYKHHBI U MacChl KO-
ne0Ioerocs Tena.

O0opynoBanue: HaGop npyxuH U rpy30B, MUJUIUMETPOBAs JIMHEIKa, MaTeMaTHYECKUH MasT-
HUK, CEKYHJIOMED.

3aganue.

1. U3y4unuTh T€OpHUIO rapMOHUYECKUX KOJIeOaHHiI.

2. PaccuurtaTh CTAaTHYECKUM METOJIOM KO3 (PHUIIMEHT KECTKOCTH MPY>KUHBI.

3. IlocTpouTs rpaduk 3aBUCUMOCTH TIEPHOIa COOCTBEHHBIX KOJIEOAHMI MPY>KHHHOTO MasiTHUKA
OT Macchl rpy3a.

4. TlocTpouTh rpaguK 3aBUCHMOCTH MEPHOJIa COOCTBEHHBIX KOJIEOAHUN MPY>KMHHOT'O MasiTHUKA
0T K03(ppUILIMEHTA KECTKOCTU MPYKUHBI.

5. C noMomibr0 MaTEMAaTUYECKOT0 MAaATHUKA SKCIIEPUMEHTAIILHO MOIYYUTh 3HAUEHUE
YCKOpEHHUsI CBOOOTHOTO Ma/IEHUS U OLIEHUTH €TI0 MOrPEIIHOCTb.
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BBEJIEHUE

OcHOBHbBIE TEOPETHYECCKUEC CBCACHHUSA U COOTHOICHUS.

Bce xonebarenbHbIE IMPpONHECChI, IPAKTHYCCKU BCTPCHAIOIIUECA B (bI/ISI/IKC M TEXHUKE, pas-
ACIIOTCA Ha ABA KjlacCa - INCPUOJUYCCKHUE U HECIICPUOJUYCCKUC. HepI/IOI[I/ILIeCKI/IM Ha3bIBACTCA

TaKO€ ABUKCHHUEC CUCTEMBI, IIPU KOTOPOM, HaUKWHAsA C OIIPECACICHHOIO MOMEHTA BPEMEHHU, BCC €€

IMMOJIOKCHHA IIEPUOJUYCCKHU IIOBTOPSAIOTC.

MareMaTHuecKoe ONpe/IeeHUE MePHOINUSCKON BeIMYMHbBI TakoBO: GyHkiwms f(t) Ha3bI-

BaeTCs Mepuoanveckoii ¢ nepuogom T, eciu f(t+7)=f(t).
[TpuMepoM meproaMYECKOro Iporiecca sBISIOTCS TAPMOHHUYECKUE KOIeOaHH s,

N
N’

+

(@)

Puc 1.

IPU KOTOPBIX U3MEHEHNE HA0JII01aeMOM BETMUMHBI IPOMCXOIUT 0 3aKOHY CHHYCA UM KOCHCa.
Paccmotpum sBe konebaTenbHble CUCTEMBI: MaTeMaTuueckui (1) u npyxuHHbIN (2) Ma-

ATHUKH (puc. 1).

MuddepenunanbHoe ypaBHeHHE COOCTBEHHBIX
(B OTCYTCTBUM 3aTYXaHHUA) KOJIeOaAHUIA.

Mamemamuueckuit MasmHuk

Ilpysrcunnotit maamuux

Ha rpy3 geiictByet cuna Tshxkectu P=mg wu
CWJIa HATSDKCHUS HUTH | . Pa3noxum cuiy Ts-

xKecTu Ha aBe coctasisomue P, u P,. Ecin

YTOJ OTKJIOHEHHS (@ Mall, TO IyT'y TPacKTOPHH
rpy3a MOKHO CUUTaTh MPUOIMKEHHO MPSIMOI
W JUI1 OTKJIOHEHMS Ipy3a OT MOJIOKEHHS paB-
HOBECHS 3aIUIIEM:

x~l-@. (1.1)

Cuna P,.ypaBHOBemIMBaeTCsl HATSHKEHHEM HH-

Ha rpy3 neiictByroT cuibl Tsbkectd P=mg u

CHJIa YIIPYrOCTH IEW. IIpn cmemeHun rpysa

OT TIOJIOKEHMs PaBHOBECHs X, Ha HEro Oyner
JIEIICTBOBATh PE3YJIbTUPYIOIIAs CUIIA

F=mg-F, =mg-k(Al+x) (2.1)

p
rae K — ko3 puIreHT eCTKOCTH MPYKUHbI,

Al — CTaTHCTHYECKOE yUTHHEHHE.

VuuTeBas, 9YTO B MOJOKECHUH DPABHOBECHSI
(x=0), cunma TsOKECTH YpaBHOBEIIMBACTCS CH-
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TH, a cuia P, nmeiicTByromas BIOJb TPaeKTo-

pun, OyJIeT BO3BpallaTh MasTHUK B ITOJIOXKE-

Hue paBHoBecus (x=0). [Ipu manom yrie ¢ oHa

paBHa Mg sin@ wiu ¢ yuaerom (1.1)
mg

P=—"2.x.

| (1.2)

aoi ynpyroctu mg = KAl , u3 (2.1) cnenyer:

F=—kx, (2.2)
Cuna F mnampaBieHa B CTOpPOHY pPaBHOBECHS,
T.e. B CTOPOHY, MPOTHBOIOJIOKHYI CMEIIe-
HHUIO X.

YpaBHEHME IBUKECHUS TPy3a IPUHUMAET BULL:

3HaK «-» YyKa3blBaeT Ha TO ,4T0 cuia P, ..
Y ! mX = —KkXx . (2.3)
HaIpaBJIeHa IPOTHUBOIOJIOKHO IOJIOXKHUTEIb-
HOMY HaIpaBlICHUIO KOOPIUHATEI CMELICHUS X. | [IpeoOpasyem (2.3) cnemayronum o0pa3om:
VYpaBHEHHE NBUKCHUS IPy3a UMEET BUL:
k
o X+—x=0. 2.4
mX=P,. (1.3) m 24)
[IpeoOpasyem 310 ypaBHeHue ¢ yuerom (1.2): IIpoussensi 3aMeHBI:
CJIEAYIOIIUM 00pa3oM: )
- = 032 ,
" m
X+ 9 x=0. (1.4)
ITponsBens 3aMeHBI:
9 o,
|
MOJIyYHM OKOHYATEJIbHO:
X+0’x=0. (5)

VYpaBHenue (5) sABIsAETCS JTMHEWHBIM OJHOPOJIHBIM U depeHINalbHBIM YpaBHEHHEM

BTOPOTO MOopsJaKa € TOCTOSIHHBIMU KOS(I)(l)I/II_II/IeHTaMI/I, o6mee pCHICHUEC KOTOPOTO UMECT BUA!

X = Acos(m,t +¢,) . (6)
31ech: A — aMIUIUTY/AA; ®o — KPYTroBasi 4acToTa; (o — HadaiabHas (aza KoseOaHuid.
[Tepuon coOCTBEHHBIX KOJIEOAHUIA.
MamemamuuecKuii MasmHuK Ipystcunnotit maasmuuk
2 I 2 m
T="=2n |- (L.7) T =—n:2n\/: (2.7)
®, g o, K

Takum o6pazom, KonebaHust 00ENX CHUCTEM IOJ] JEHCTBUEM KBa3HYIPYTUX CHII, T. €. CHJI

HCYIIPYTUX IO CBOCH npupoac, Ho JIMHENHO 3aBUCSIINX OT BEJIUUYMHBI CMEIIEHUS] OTHOCUTEIHHO

33




MOJIOXKEHUs paBHOBecHs (cM. 1.2 1 2.2) B OTCYTCTBHE 3aTyXaHHsI OMMCHIBAIOTCS TAPMOHHYECKUM
3aKOHOM.

Onucanue J1a00paTOPHON YCTAHOBKH.
VYcTaHOBKa COCTOUT U3 LITATHBA, HA KOTOPOM IIOOYEPETHO MOABELIMBAKOTCS HA pa3any-
HBIX NIPY’KMHAX IPY3MKH pa3HOro Beca UM MaTeMaTnyeckuid MasTHUK. [1ITatuB cHaGxeH 1ka-
JIOM C CAaHTUMETPOBBIMU JIETICHUSAMHU.

MeToanka ¥ NOPSAOK BbINOJHEHHSI JIA00PATOPHOIT padoThbI.

1. Onpenenenne K0O3(pPUUHEHTA JKECTKOCTH
NPYKHHBI CTATHYECKHUM METO/10M.

1. [TonBemmMBarOT NPy XKUHY Ha IITATUB U U3MEPSIOT C IOMOUIbIO JIMHEWKU €€ AJIUHY.
2. IlogBemmBaOT Ha KOHEI MPYKUHBI MMOOYEPETHO TPY3UKU PA3IUYHONW MACChl M M3MEPSIOT
yIUTMHEHUE NPYXUHbI A€, Y ITMHEHNE PYXUHBI HE JOJDKHO npeBbimaTh 30-40 MM.

. P
3. Beraucnuth A7 K0 npyxuHbl Koddduiuent xxectkoctu K mo gpopmyne k = 17 V1 Tpex

IPY30B.
4. BeIYUCIIUTD CpeiHee 3HaYeHUe KO3 UIIMEeHTA KECTKOCTH ISl KaXKI0H TPy HUHBI Kep.
5. 3aHeCTH Bce U3MEPEHHbIE U BBIYMCICHHbIE PE3yJIbTaThl B Ta0auIy 1.

Tabmauua 1

Ne rpysa [Tpyxuna Nel [Tpyxuna Ne2 [Tpyxuna Ne3
P|AC | K| ke | K |P AL | K| ke | K |P|AL K| K

!
cp cp k

Pa3sMEpPHOCTh | |
1
2
3

2. OnpenesieHne 3aBHCHMOCTH NEPHOAA COOCTBEHHBIX KOJIe0aHMil
NPYKHHHOT0 MAasiITHMKA OT MAaCChI.

1. OtBoAAT Ipy3, NOABEIIEHHBIN Ha IpykuHE, Ha 20 -30 MM OT NOJIOKEHUS PABHOBECHS U H3Me-
PAIOT CEKYHIOMEPOM BpeMmsl t, B TedeHHe KOTOPOTo MasiTHUK coBepIUT N=20 MOJHBIX KoJyieha-
HUM.

. t
2. BpIuHcasIoT neproaa cOOCTBEHHBIX Konebanuit T = — JUIs TIPYKMHBI Nel mpu Tpex

Pa3INYHBIX TPy3HUKaX.
3. Beruncisror 3Hadenus T2.

4. VI3MepeHust Ha KaXIOM IPy3e IPOBOAT TPH Pasa U BEIYUCISIOT T4,

5. 3aHOCAT BCe U3MEPEHUS U BHIUMCIIEHHBIE Pe3yJIbTaThl B TA0IUILy 2.

6. CtposT rpaduk 3aBUCUMOCTH Tczp = f(m) nans npyxuns! Nel, oTKIaabIBast 10 OCH abcuuce

Maccy rpysa.
Tab6auma Ne2
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Ne/Ne ITpyxuna Nel [IpyxunaNe2 | IIpyxunaNe3

my = mp; = mz = my = my =

t T | T?2 |t T | T? |t T | T2 |t T | T? |t T | T?

pa3MepHOCTh

1

2

3

P T < D P

3.0npenesienne 3aBUCHMOCTH NepHoJa COOCTBEHHBIX
KOJ1e0aH Ul MPYKUHHOTO MAsITHUKA OT
K03 PUIHEHTA KeCTKOCTH NPYKHHBI.

1. IIpoBOAAT M3MEpPEHHUs U BBIYMCIICHUS, aHAJIOTHYHbIE I.11. 5.2 1-3. s npyxus Ne 2 u 3 ¢ rpy-
30M M.

2. 3aHOCST U3MEPEHHBIE ¥ BBIUMUCICHHBIC 3HAYCHUS B TAOJIHILY 2.

3. Ctpost rpaduk 3aBUCUMOCTH Tczp = f(k¢p) AN TPEX NPYXKUH HA OJHOM U TOM JK€ Ipy3e My,
UCMONb3ysl JaHHble TaOnMubl 1 M OTKIabIBasg MO Oocu abcuucc 3Ha4deHUs Kod(pguimeHra
KECTKOCTH K )

4. Ucnons3ys opmyny (2.7) u maHHbIE TaONWIBI 2, BRIYUCISIOT 3HaueHUS Kod(hduumeHToB
YKECTKOCTHU TPEX MPY>KUH IIPU OJHOM U TOM K€ Ipy3e M1 .

5. 3aHOCSAT MOJTy4YeHHbIC qaHHbe B Tabmumy 1 (rpada k') u cpaBHHBArOT ux co 3HaueHUsMHE K,
MOJIyYEHHBIMU CTaTUUYECKUM METOJIOM.

4. Onpenesienne yCKOpeHHsi CBOOOHOr0 najgeHus ¢
MATeMaTH4YeCKOr0 MasiTHUKA.

1. IToaBemMBaOT Ha MITATUB MATEMAaTUYECKUN MASITHUK.

2. V3MepstoT 1o mikaie JUinHy HUTH £, (3HaYeHHe TuaMeTpa mapuka rpy3a d npuBeieHo Ha
YCTaHOBKE).

3. OTBOJAT MasATHHUK OT MOJOKEHHs PaBHOBECHS Ha yroi 5-6° M m3MepsIoT cexyHa0MepOM
BpeMs t, B TeUeHHEe KOTOPOro MasiTHUK coBepiiaeT N= 20 NOJIHBIX KoJeOaHuH.

4. Usmepenus £, ut mnpoBoasT 4 pasa.

t . .
5. Boruucnstor 3Hauenust T = — PE3yNBTATHl H3MEPEHUH M BRIYUCIICHUH 3aHOCAT B Tabnuiy 3.
6. ITo mpaBunam pa3aena 7.1 BBeaenus paccuuThIBatOT MOTPEIIHOCTH ATy, U Al .

[TpomexyTouHble BoruHcieHuss Af; = |{’i - ?| n AT; = |Tl- — ﬂ 3aHOCAT B TaOnuIy 3.

7. 3anUChIBAIOT TPOMEKYTOUYHBIE OTBETHI

T=T FAT,, +=°¢ FAL,.

+I

= — ., d
8.0mnpenensroT BenuyuHy g, nojacrasiss B dopmyny 1.7 3Hauenus T u £ = £, + .
9. Ilonp3yscek npaBuaaMu paszaena 7.3.1 Beenenus, pacCYMTHIBAIOT MOTPEMHOCTH Agcyer Ags
A I H
(c nHagexxnocthio $=0,7), Agponn, OTHOCUTEIBHYIO MTOTPEIIHOCTD £ = % 100%.
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10. 3anuceIBatOT OTBET:

N o

arwbdE

9g=9+AGgum CHamgexuoctsio f=0,7, € = %

Tabmuma Ne3
Ne n/mn ty | AL |1 T AT;
pa3MepHOCTh
1
2
3
4
Cpennee 3HaueHUE | —

Conep:xanue oTyeTa

HaumenoBanue u Homep pabOTHI.

Iens paboThI.

3ananue.

Pucynok 13, ypaBuenue (5), ero pemenue (6), dopmynsi (1,7) u (2.7).

Pe3ynbrarel u3mMepeHuii U BRIYUCICHUN B BUJE TPaHUKOB U TaOJIHUIl IO BCEM paszeniaMm
5.1-4.
Pacuets! morpemHocTel 1 KOHEYHBIN OTBET JUIs g B paseie 5.4.

OcHOBHBbIE BBIBOJIbI IO PE3YJIbTaTaM MCCIEAOBAHUM.

KOHTPOJIBHBIE BOITPOCHI

. HO‘-IGMy BBIBCJICHHBIC U3 IMMOJIOXKCHUSA PABHOBCCHUA U MPEAOCTABICHHBIC CaAMUA cebe MasATHUKHU

COBEPIIAIOT KOJIeOaTeIbHOE IBUKEHHE.

Kakue nporecchl Ha3pIBalOTCS IEPUOIUUECKUME, TPUBETUTE IPUMEPBI.

[Tonyuure nuddepeHnnanbHoe ypaBHEHHE TAPMOHUYECKUX KOJeOaHH, 3alTUILIUTE €ro
peleHue, 00bICHUTE PU3NUYECKHI CMBICI BXOJAIIUX B PEIIEHHE NOCTOSHHBIX.

Kakoii MassTHUK Ha3bIBaeTCS MaTEMAaTUYECKUM, U IPU KaKUX YCIOBUAX €ro KoyiebaHus OynyT
TapMOHUYCCKHUMHU.

[Tonp3ysch hopMysoi st pacueTa MOTrpenrHOCTH Ag, ONpeeNnnuTe IyTH MOBBIIICHUS
TOYHOCTH U3MEPEHUsI YCKOPEHHs CBOOOIHOTO MajieHus, g B pazzaene 5.4.

JINTEPATYPA

CagenneB U. B. Kypc o6mieit pusuku T. 1.

36



JlaGopaTtopnas pabora Ne 7
NCCIEJOBAHUE CTOSSYUX BOJIH

Heab paborbl: VccnenoBaTth 00pa3oBaHUE CTOAYMX BOJH Ha CTPYHE, ONPENENUTH (ha30BYIO
CKOpOCTH OeryIeil BOJHBI Ha CTPYHE U IJIOTHOCTh MaTepuaia CTPYHBI.

OGopynoBanue: Ycranoka ®PI1B-04, Bkimtovaromas B cedst CTpYHY C PeryIUpyeMbIM HaTsDKe-
HHUEM, TeHepaTop CHHYCOMAIFHOTO CUT'HAJIA, OCTOSHHBIM MarHuT, JTMHEHKY ¢
MHIJUTUMETPOBBIMU JICTICHUSMH.

BBEJIEHHUE

Mexanndeckue KonebaHusi, BOSHUKarOMmue B 1r000on Touke x = 0 cpexas! (puc. 1), pacrpo-
CTPaHSIOTCS B HEel OJiaroapst HAJIMYUIO YIIPYTUX CBSI3eH MEXy yacTHIlaMu BemecTBa. [Iporecc

I pacrpocTpaHeHus KojieOaHui Ha3bIBaeTCsl BOJIHOM. Ec-

y ] \ ‘ M Ha myTd Oerymieil BosiHbI (puc. 1, crulomHas Kpu-
\ ! Basi) BCTPEYACTCS MPEIMATCTBHE, TO BOJIHA OTPAKACTCS
| A . ot Hero. OtpaxkeHHas (puc. 1, TyHKTHpHas KpuBas) U
LY\ Na/1aoIas BOJHBI UHTEPPEPUPYIOT, 00pa3ysi CTOSUYIO
0 4 BOJIHY.
e i VYpaBHenue Oeryieii Baosib ocu Ox BOJIHBI HIMEET
N Acr BUJI:

y, = Acos(ot —kx) . 1)

Puc.1. Cxema

I[J'IH OTpa)KeHHOfI BOJIHBI CIIPAaBCIJINBO:
y, = Acos(mt + kx) . (2)

3nech A — aMIUTUTyna KoJieOaHUM YacTUIl CPefbl; ® = 27TV — IUKJIMYecKas 4acToTa; v — 4a-
cToTa Kojiebanuit; K = 2/A — BOJIHOBOE YKCII0; A — JUTMHA BOJIHBI, X — PAacCTOSIHUE, TPOH/ICH-
HOE BOJTHOM 3a Bpems t. CkitapiBasi MpeACcTaBlIeHHBIC COOTHOIICHUS U TIpeodpasys pe3ysIbTar 1Mo
dbopMyIte It CyMMBI KOCHHYCOB, ITOJIy9aeM YPaBHEHUE CTOSTYCH BOJTHBI:

y= 2Acos(% x)cos(mt) . (3)
AMIUIATYAA CTOSTYEH BOTHBI

A, = 2/10()3(2—73-c x)

3aBHCHT OT KOOPIMHATHI X ¥ TpuHUMaeT 3Hauenus ot A =0 no AT =2A (puc. 1).

Toukn, B KOTOpHIX ammuuryna MuauMaibHa (A =0), Ha3bIBAIOTCSA y3JIaMH CTOSYCH

BOJIHBI. KOOp,Z[I/IHaTLI Y3JI0B OIIPCACITIAOTCS YCIIOBUECM:

A

E , (4)

cos(@x)=0:> Ex=i(1+m)n:> x=i(1+m)
A A 2 2

rnrem=0,1,2,3, ...
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Toukn, B KOTOPBIX aMIuIUTyAa MakcuMmanbHa (A) =2A), Ha3bIBAIOTCS MYyYHOCTSIMH H

HMCIOT KOOPAWHATEI, OIIPEACTIACMBIC COOTHOLICHUEM

A A 2

rrem=0,1,2,3, ...
PaccrosiHue Mexay COCeIHUMH y3JIaMU WM IYYHOCTSIMU CTOSYEH BOJIHBI Ha3bIBaeTCs
JUIMHOW CTOSYEH BOJHBI Acn U PABHO (pHC. 1) MONIOBUHE AJTMHBI A OeryIeil BOJHBI:

A =

cm

a3 ©)
2

B nmaGopatopHoii yctaHOBKE (puc. 2) mornepevyHbie KoneOaHusi HaTIHYTOW cTpyHHI (1) BO3-
OyXKIaroTcst CUIION AMIiepa, IeHCTBYIOLICH CO CTOPOHBI MAarHUTHOTO TIOJISI TOCTOSTHHOTO MarHu-
Ta (2) Ha NPOBOJHUK (CTPyHA) C TOKOM, IOJ-
KIIIOYEHHBIN K BBIXOJly CHHYCOMIQTBHOTO CHUT-
Haja renepatopa (3). berymas BonHa, moiias
0O MeCTa KpPEIUICHHS CTPYHBI, OTPa)KaeTcsl.
[Tpu 3TOM mamaromas U OTPAKCHHAS BOJHBI
HaKJIaJIbIBAIOTCS JIPYT HA Jpyra, oopa3ys CTo-
SIYYIO BOJIHY.

Tak Kak TOYKM 3aKpEeIUIeHHOH ¢ 00omX
KOHIIOB CTPYHBI SIBISIOTCA Y3JIaMH CTOSYHX

BOIIH, TO B CTPYHE BO30YXKIAr0TCS JIMIIb KOJIe-
Puc. 2. DKCriepuMeHTalIbHAs YCTAHOBKA Oamus, Mpu KOTOPHIX Ha JmMHE CTPyHBI L
yKJIaJbIBaeTCs 11esoe yucio N =1, 2, 3, ... no-
JTYJUTMH GETYIMX BOJIH, WK LIEJI0€ YUCIIO JUIMH CTOSYUX BOJIH:

A
—Nn_" —

L =N 2 - I’I?\,m’n . (7) m

OTcroza cieyer, 9To Ha CTPYHE CTOs[Yasi BOJIHA BO3HUKAET TOJb- Ay =L, n=1
KO B TOM CiIy4ae, eciii ee JuHa (puc. 3) OyaeT paBHa Jto0oMy /\6), .................. .
3HAYEHUIO U3 AUCKPETHOTO psijia: o S

L }’vml L / 2“ n= 2

x’cm,n = H : (8)
. o A L/3, n=3
Kaxnolt nnuHe Oerymield BOJHBI An COOTBETCTBYET COO- em3
CTBEHHAs 4acToTa KojeOaHU CTPYHBI: Puc. 3

vV, =, (9)

rae v — (a3oBasg CKOPOCTb BOJHBI — CKOPOCTb paclpocTpaHeHus (a3bl KojJeOaHus B CTPyHE,
WK CKOpocCTh 3ByKa. Yacrora vi (N = 1) Ha3biBaeTcsi OCHOBHOM. YacTOThI, OTBEYAIOIINE 3HAYE-
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HUAM N= 2, 3, 4,... Ha3bIBatOTCsI 00epToHaMu. TakuM oOpa3oM, y CTPYHBI UMEETCs LIETIbIii Habop
KoJie0aHui W, COOTBETCTBEHHO, II€TbI HAOOp COOCTBEHHBIX YaCTOT, KPATHBIX OCHOBHOM 4acTo-
TE.

®da30Bast CKOPOCTh, B CBOIO 0YEPE/Ib, 3aBUCUT OT CUJIbI 1 HATSKEHUS CTPYHBI:
v=|—, (10)

rje p — IUIOTHOCTh MaTepualia CTPYHbl U S — IUIOIIa/lb ee momnepeyHoro ceuenus. [loatomy,
MeHsist 7, MOXKHO TOJy4yaTh MHOTOYMCIICHHBIE HaOOphl COOCTBEHHBIX 4acTOT. B mabopaTtopHoit
yCcTaHOBKEe (pHUC.2) HaTsOKeHHE CTPYHBI (1) OCyIIECTBISETCS PYKOSTKON (4) BHHTOBOrO MeXa-
HU3Ma, CBSA3aHHOI'O C IIPYKUHOM, IPUKPEIJICHHOW K OJHOW U3 CTOPOH CTPYHBI. BennunHa cuiibl
T HaTsHKEeHUs CTPYHBI 0TOOpakaercs Ha mkaie (5).

OCOOCHHOCTh CTOSYMX BOJIH COCTOMT B TOM, YTO OHM HE MMEIOT HANPAaBJICHUS pPacIpo-
CTpaHEeHHs, HE TIEPEHOCAT SHEPTHIO KOJIeOaTeIbHOTrO IBMKEHUA. YacTUIlbl KoJeOIromeics cpe-
JIbl, HAXO/IAIIMECS B y3JIaX CTOSYEH BOJIHBI, BCET/Ia MIOKOSITCS, @ KOOPAMHATHI Y3JI0B BO BPEMEHHU
U B IPOCTPAHCTBE HE MEHSIFOTCSI.

HOPAIOK BBIIIOJIHEHUSA PABOTbBI

3aoanue 1. Onpedenums codcmeennvle 4acmomol KOJ1eOAHUIl U OTUHBL CHOAYUX B0JIH
0713 PA3IUYHBIX HAMANCEHUTI CHIPYHbL

1. [ToaktounTh J1abopaTOPHYIO YCTaHOBKY (puc. 2) k cetu 220 B.
2. [ToaroToBUTH YETHIPE TAOIHIIBI, TOJOOHBIE TA0IUIIE 1.
Tab6muna 1
Ii=__H

v,Tu  |[Aem 103, M| o, Mm/c Vep, M/C

gl B~ W[N] S

3. Han kaxxnoii Tabnuie 3anucath OJJHO U3 YETHIPEX 3aJIaHHBIX IpernojaBareseM 3HaueHUu! ch-
ae1 Ti (0,1+ 0,6 H) HaTsDKeHUsT CTPYHBI, HAUMHASL C HAMMEHBIIIETO.

4. Bpamast BUHT (4), BRICTaBUTH Ha IIKaje (5) MUHUMAIbHOE 3HAYCHUE CHITBI 71.

5. Bpamas pykosarky (6) reneparopa (3) u, TeM caMbIM, U3MEHsSI 4acToTy ¢ marom 1 I'm, mo-
OUTHCS BOSHUKHOBEHMS Ha CTPYHE XOPOIIO Pa3IMUYMMON CTOSUYEH BOJHBI OCHOBHOIO TOHa (N
= 1), npencraBieHHON Ha pucyHKe 3, a. OTMETUTh MOKa3aHUE YacTOTHI C LU(POBOro Tabdio
(7) wacToTomepa.
3ameuanue. KparkoBpeMeHHOE HaxkaTue BJOJIb OCH Ha PYKOSATKY (6) MO3BOJIUT U3MEHATH Ya-
croty uepes 0,1 I'm.

6. [ToBTOpHTH MpOITIECC M3MEpPEHHUsI 11.5. 3anucaTh B TAOIUIly CpeIHee 3HAUCHHUE YaCTOTHI.

7. OnpenenuTh AJIMHY CTOSYEe BOJHBI IO MUJUIMMETPOBOM IIKajie, HAHECEHHOM Ha MpO3payuHbIii
KOXYX, 3aKpBIBAIOLIUI CTPYHY, U BHECTHU €€ 3HaueHue B TaOIHILy.
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8. VYBenuumBas 4acTOTy reHepaTopa, MOJYyYHUTh YCTOWYUBBIE KAPTHHBI CTOSYMX BOJMH (pHC. 3)
IUtst 00epTOHOB N =2, 3, 4, 5, BRIMONHSIS L. 5 U 7.
9. Ilponenate n.1. 4 — 8 11 CUII HATSKEHUS CTPYHBI 12, T3, Ta.

3aoanue 2. Hcenedosams 3a6ucumocmsy coOCmMeEeHHOI YaACHONbL O HOMEPA 00epmonHa

1. IToctpouTh 3aBUCUMOCT V = f(11) cOOCTBEHHOM YacTOTHI OT HOMEpa 0OEPTOHA ISl BCEX 3Ha-

YEHUW CHUJIbI HATSHKEHUS CTPYHBI B OJJHUX KOOPJIMHATHBIX OCSX, UCIIONB3Ys JaHHBIC 111 N U V
n3 Tabau 3aganug 1.

2. Onpenenutsb 1o rpadukaM 4acTOTbl 00EPTOHOB, CIASAYIOUINX 32 HAUOOJBIIUM 3a/laHHBIM.

3aoanue 3. Hecneoosams 3asucumocms hpazoeoii ckopocmu
Om CUIbl HAMANCEHUS CIMPYHbL

N3 cooTHomiennii (6) u (9) cnenyer, uro (a3oBasi CKOPOCTh:
U= 2Vn 'kcm,n " (11)

1. Paccuntath ¢azoByr0 CKOPOCTh BOJHBI 110 hopmyste (11) mis kaxkaoro o0epToHa BeeX 3Have-
HUH CHJIBI HATSHKEHUS CTPYHBI, HCIIOJIB3Ys Pe3y/IbTaThl 3a/1aHus 1, U 3amucarh e¢ 3HAaYCHHUE B
Ty e Tadnuiy.

2. Beraucnuth cpenHee 3HaYeHnE (Ha30BON CKOPOCTH JUISA KaXK/I0H CHIIBI HATSHKEHUS CTPYHBI

1 5
r 5 pry ! ( )

" 3a1ucaThb pe3yJjibTaT B Ta6n1/1uy 3aJaHusA 1.

3. Jlns kaxaou cuiibl HaTshkeHus 7 3anmucaTh B TaOIHILy 2 CpeIHIO (Pa3oByIO0 CKOPOCTh

Tabmuma 2
Ne/Ne | T,H | vep, M/c 2, M%/c? p, KI/M3 | pep, kM3 | Ap, KT/M® | Apep, Kr/nm?
1.
2.
3.
4,

5. Bo3BecTu B KBaJipat cpeHIO0 (Ha30BYIO CKOPOCTh, U 3allUcaTh Pe3yNbTaTr B TAOIUILY 2.

6. Ucnonw3yst naHHbIe TaOIUIBI 2, TTIOCTPOUTH TpaduK 3aBUCUMOCTH KBajaparta (a3zoBOil CKOPO-
CTHU OT CHJIbI HATSAXCHUS CTPYHBI.

7. Ilo Buny rpaduka cienaTh 3aKIIOYEHHE O 3aBUCUMOCTHU (Pa30BOM CKOPOCTU OT CHUJIbI HATSKe-
HUA CTPYHBL

3aoanue 4. Onpedenums ni10MHOCHb MAMEPUAIA CIMPYHbI

1. 13 cootnomenus (10) momy4uuts popMyiy A ONpeaeneHus III0THOCTH CTPYHBI p.
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. VUuThIBas, YTO IUIOINAAL IOIEPEYHOro cedeHus CTpyHbl S = md 2/4 nd=13510%m —

AUaMCTP CTPYHBI, BEIYUCIIUTD MJIOTHOCTL JJI KAXKI0Tr0 3HAYCHUA CUJIbI HATSOKCHUA CTPYHBI U
3anucarhb B Tabamiy 2.

. Haiit cpegnee 3HaueHue IIOTHOCTH.

4. BEIYuCINTD a6COJHOTHYIO MOrpCIIHOCTD INIOTHOCTH JIA KaKAO0I'0 3HAUCHUA CUJIbI HATSXKCHUA

W N

0 N N L b

CTPYHBIL:

Api = pcp_pi‘ (13)

U HalTH cpe/iHIO a0CONIIOTHYIO OTPEUIHOCTD Apcp.

. Berauciute OTHOCHUTEIIbHYIO MOIPEITHOCTD IIJIOTHOCTH IO (bOpMYJ'IeI

A
8p = —P%..100% . (14)
pcp

. HpeIlCTaBI/ITB IIOTHOCTb MaTCpualia CTPYHBI B BUAC!

p=(p, tAp,) xriv® dp=__ %. (15)

. BBIUnCIUTE MIIOTHOCTB, ONpesienuB oTHomerue 7/v? u3 rpaduka.

. ITo Tabaumam mtotHoctu (MIHTEpHET) ONpenenuTs MaTepuail CTPyHBI.

KOHTPOJIBHBIE BOITPOCBHI BAJAHUUSA)

. 3ammcarh ypaBHEHHUsS OCTyIeld M OTPaKEHHOW BOJHBI, TIOSICHUTh (DU3HMUYECKUN CMBICT BXOJISI-

X B HUX MMIapaMETPOB.

. YKazarb yCJ10Bu, HCO6XOI[I/IMLIC I O6p830BaHI/I$I CTOAYMX BOJIH.
. 3ammcathb YpaBHCHHC CTOSIYEM BOJIHBI U MOSICHUTH CI)H3HH€CKHﬁ CMBICJI BXOJAIIUX B 9TO ypaB-

HCHHUC MTapaMETPOB.

. YKa3aTb OCHOBHBIE pa3Inyus MKy Oeryiiel u cTosdeil BOJTHOM.
. YKa3aTh CBsI3b aMIUIUTY bl CTOSTYEN U Oeryiieil BOJIH.

. [laTp onpeneneHue y3iy ¥ y4HOCTH CTOSIYEH BOJIHBI.

. YKa3aTb KOOPJAMHATHI Y3JI0B U IIyYHOCTEU CTOSAYEH BOJIHBI.

. 3amucath CBSI3b JUTMHBI OCTYIICH BOJIHBI C IJTMHON CTOSIYEH BOJHBI.

9.

OHpeI[eJ'II/ITB JJINHY CTPYHEI 11O HW3BECTHOM JJIMHE CTOSYEH BOJIHBI JJ1 3aJaHHOTO 06epTOHa.

10. [laTp onpenenenue coOCTBEHHOM YaCTOTHI CTOSIYEH BOJIHBI.
11. 3anucaTts GpopmMyIy CBS3HM YaCTOTHI CTOSTYEH BOJIHBI C AJTMHON CTPYHBI U (pa30BOI CKOPOCTHIO
12. Ot kakux (pU3NYECKUX BEIMYMH 3aBUCHUT (ha30Basi CKOPOCTb CTOSYEH BOJIHBI?

13. OcyiecTBisieTcs JId MEPEHOC SHEPTUH B CTOSTYMX BOJTHAX?
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JlaGopatopHas pabota Ne 8
HUCCJIEJOBAHUE BHEHTHEI'O ®OTO®P®EKTA

Lesas padoThl: M3yueHre OCHOBHBIX 3aKOHOB BHEIIHETO (POTO3(h(eKTa, CHATHE BOIbTaAMICPHON
U CBETOBOM XapaKTEPUCTUK, ONIPEAEICHUE UHTErPAJIbHON U CIIEKTPAJIBHON 4yB-
CTBHUTEIBHOCTH (hoTodNIeMenTa (DPD).

3aganue
. U3yunth sKcriepuMeHTaIbHble 3aKOHOMEPHOCTH BHEITHETO (oTodddekTa.
. I3yunTh KBaHTOBYIO Teoputo Gotodrddexra.
. CHATH BoJIbTaMITEpHYyIO Xapakrepuctuky ®D [ = f(U ).
. CHsATh cBeTOBYIO Xapaktepuctuky O3 Iy = f( D).

g b~ WON PR

. PaccunraTh HHTErpaIbHYIO 4yBCTBUTEIBHOCTH DD JUIS CpeHEr0 y4acTKa CBETOBOM XapaKTe-
PHUCTHKHU.

6. OnpenenuTh CIEKTPAILHYIO YYBCTBUTENLHOCTE DD U CHATH 3aBUCHMMOCTD CHJIBI TOKA OT JJIH-

HBI BOJIHBI cBeTa [y = f(A).

BBEJIEHUE

Bruemnnit ¢poto3dpdekr — 3To ucnyckaHue 31eKTPOHOB BEIIECTBOM MO AEHCTBUEM CBe-
ta. Buemnuit potosddext 6611 oTkphIT B 1887 roay I'. I'epuiem u Bniepsbie uccienoBan B 1888
roxy pycckum yueHbIM A. I'. CTOnEeTOBBIM, yCTaHOBUBLINM 3KCIIEPUMEHTAIbHBIE 3aKOHBI ATOI'O
SABJICHUS:

1. MakcumanbHass KHHETHYECKasi YHEPTUsi (HOTODIIEKTPOHOB OMPEAEISeTCS TOJIBKO Ya-

CTOTOI CBETA U HE 3aBUCUT OT €r0 HUHTEHCHBHOCTH.

2. Ilpu (pUKCHPOBAHHO YaCTOTE MAAIOIIETO CBETa Criia (POTOTOKA HAChIeHUs (MOTHOE
YHCIIO JIEKTPOHOB, NOKUAAIOIINX METalI 32 1 ¢) NpOnopLUOHAaIbHA BEIUYHMHE Ma-
JIAIOLIETO CBETOBOI'O IMOTOKA

Iy~ . (1)

3. [l KakxJ0T0 BEUIeCTBa CYIIECTBYEeT MUHIMAaJIbHAs 9acToTa ( TaK Ha3bIBaeMasi «Kpac-
Has rpanuiay Gotodddexra), Mpu KOTOPOH erie Bo3MOKeH PoTodrhPexT.

C Touku 3peHust KJIacCH4ecKoil BOJHOBOM TEOpHM cBeTa 3aKOHbI GoTod(pdexra He 00b-
scHUMBI. OHU OblIM BIiepBble 00BsICHEHBI B 1905 roay DHHIITEHHOM Ha OCHOBE THMIOTE3bI O
TOM, 4TO CBET MpPEJCTaBIsAET cO00I MOTOK yacTull - GOTOHOB. DHeprus (HOoToHa OmperenseTcs
BBIPAKECHUEM

£=hv (2)
I'me h — nocrosianas [1nanka, V —4acToTa CBeTa.

Buemnuit poroaddext B MeTanmnax sBIsETCS pe3yIbTaTOM B3aUMOJEHCTBUS (POTOHOB C
HaXOJAIIMMHUCS y TOBEPXHOCTH METaJlJIa 3JIEKTPOHAMHU ITPOBOAMMOCTH.

[Ipy CTONKHOBEHMM C OJHHUM U3 TAKUX 3JIEKTPOHOB (POTOH MOIHOCTHIO MEPEAAET eMy
CBOIO DHEPIHI0, U €CJIM OHA JOCTaTOYHO BEJIHMKA, 3JIEKTPOH MOKET MPEOJ0NETh CUJIbI, YIEPKU-
BalOII[ME €r0 B METajlle, ¥ BbUIETETh Hapyxky. Kaxablii GoTOrIeKTpOH BbhIOMBaeTCs OAHUM (o-
TOHOM, [I03TOMY €r0 CKOPOCTh ONpEeNsieTCs JIMIIb SHEprueil (oToHa, T.e. YaCTOTOM Mmajarole-
ro cera (1-i1 3aKoH).
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[Tagaromuii Ha BEMIECTBO CBETOBOM MOTOK OINpPEACNSIETCS YuciIoM (OTOHOB, MOMAIaro-
X Ha HOBerHOCTB B GI[I/IHI/II_Iy BpeMeHI/I. B TO KC BpeMH 1 IIOJIHOC YHUCIIO BBICB060)KII€HHBIX
(OTORIEKTPOHOB JTOJKHO OBITH TPOMOPIIMOHATFHO YUCITY MAIAI0NIUX HA TOBEPXHOCTh (DOTOHOB.
B cooTBeTCTBHY € 3TUM TOK HACBHIIECHHUS OYyJET MPsIMO MPOMOPIHOHAIICH CBETOBOMY MOTOKY(2-i
3aKOH).

[IpuMeHUB K 3JIEKTPOH — (DOTOHHOMY CTOJIKHOBEHHIO 3aKOH COXpaHEHUS YHEpruu, DWH-
IITSHH TOJYYUJT ypaBHECHHE

mvz,

hv = > + A 3)

rJae. M — Macca dJIEKTPOHA, A— pa60Ta €ro BbIX0Ja, V,, - MaKCHMAaJIbHAas1 CKOPOCTh (1)OT03J'I€K-

TpOHa.

OT0 ypaBHEHHE OOBSCHSET CYIIECTBOBAaHHE «KpacHOW rpaHuub» (otodddexra: smek-
TPOH HE MOXKET MOKHUHYTh METalJI, €CJIM SHEprus rnepenanHas eMy (GOTOHOM, MEHbIlEe PaboTh
BbIXO/a A, IOATOMY YacTOTa V, CBETa, IPU KOTOPOil eiie Bo3MoxeH (HoTorddeKT, onpenenser-
cs1 cootHommeHueM hvg = A (3-ii 3akoH).

Buemauit poroaddext HaxoquT OoIbIIOe MPUMEHEHHE Ha MTpakTUKe. Ha 3ToM sSBICHUH
OCHOBAHO JeHicTBUE (DOTOIIEMEHTOB, (POTOYMHOXKHTEICH, SIEKTPOHHOONTHYECKUX MPeodpa3o-
BaTesel, KOTOpbIe IIUPOKO HCHONB3YIOTCS B KHWHO, TEJIEBHJIEHWHU, CXEMaX aBTOMAaTHYECKOTO
KOHTPOJISI, Pa3JIMYHBIX CHCTEMaXx CBSI3U U T.1I.

Onucanue J1a60paTOPHON YCTAHOBKHU
,..\\\ B pabote ucnomnw3yercs aeiictBue ¢ortodiie-

/’/./ 2l X meHTa CLIB-4 ( cyppMsHO-1Ie3UEBBIN BaKyyM-
HBII) C IIEHTPAJIbHBIM AHOJIOM B BUJE CETKH

(puc.1) Karox cocTOMT U3 HambUICHBIX Ha
BHYTPEHHIOIO  TTOBEPXHOCTh  CTEKJISTHHOTO

)

0a/UIOHa IOCIIEAOBATENbHBIX TOHKHUX CJIOEB
P o CYpbMBl U 1I€3USl. DJIEKTPOHBI BBIPHIBAEMBIE

4
o

CBETOM U3 OCBECIIEHHOIO KAaToOAad, JIETAT HAa
"/(:1- aHOJ A, yCKOpsiEMbI€ IEKTPUUYECKUM IIOJIEM,
1 co3naBaemMbiM Oatapeeit b. ®doToTOK, TEKy-
' l 5 MUK B 1enu (OTORNIEMEHTa PErUCTPUPYETCS
L»____‘__’_' | i__________ ranbBaHoMeTpoMm G.

— fl - B ¢otoanementax ucnonb3yercs mnps-

Masi 3aBUCUMOCTb (POTOTOKA OT BEJIMYUHBI I1a-
Puc. I JIAIOILET0 CBETOBOIO IOTOKA, T.€. HOPMajb-
HBIM pexuM paboThl (HOTOAIEMEHTA — PEKUM
HACBILIEHUS], TPU KOTOPOM BEIMYMHA HANPSDKEHUs, MPUJIaraéMoOro MeXa1y aHOJIOM U KaTo/0M,
JIOCTaTOYHA JJIsl TOTO, YTOOBI Bce (POTORIEKTPOHBI, BEIPBAHHBIE U3 KAaTO/a, JOCTUIIIA aHOJA.
OCHOBHBIMHU XapaKTEPUCTUKAMHU BaKyyMHBIX (DOTORJIEMEHTOB SBIISIOTCS:
1. CrekrtpanbHas 4yBCTBUTEIBHOCTH (POTOKATO/1A, KOTOPAst ONpeAessieT 001acTh CIeK-
Tpa, TJI€ MOXKET ObITh UCIOJIb30BaH JaHHBINA (POTOITEMEHT.
2. BomnbrammepHas xapaKTE€pHUCTHKA, OTIPEACIISIONIast 3aBUCIMOCTD BEJTHUUHBI (JOTOTOKA
HaCBILIEHUS |y OT BEMMYMHBI Ia/Ial0IIEr0 CBETOBOIO MOTOKA @ Mpu MOCTOSTHHOM
HaMpPSHKEHUU MEX]Ty KaTOJOM U aHOJIOM.
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Cxema 3KCEepUMEHTAIbHON YCTAaHOBKY MIPUBEJICHA HA PUC 2.

i Y vV R | FL
BT T S
| a-J
K[o
~230 6
Puc. 2

OCHOBHBIMHU YaCTSIMU YCTAHOBKHU SIBISOTCS (GoTorneMeHT (PD), nammna HakanuBaHus JI
(220B, 100BT), moxcmetp (JIK), mpenHasHaueHHbIH a5 u3MepeHus: ocBenieHHocTH E. ®oro-
AIIEMEHT U JATYHK JIFOKCMETPa MOMEIICHBI B CBETO3AIINUTHBIE KOXKYXH, J1amra JI nMeeT BO3MOXK-
HOCTh TIepE/IBUTaThCS IO MaHENM B TOPU30HTAIBLHOM HarmpaBiieHUH. PaccTosHue I' MexXITy jam-
noit u @O (JIK) usmepsercs 1mo CaHTUMETPOBOM IlIKajie, HAHECEHHOM Ha MaHEeb yCTaHOBKHU.
Jlamma momernieHa B KOXYX, MO3BOJISIOMIMN MMOMENIATh [0 X0y CBETOBOIO IydKa pa3linyHbIe
GbunbTpel. B KOMIUIEKT YCTaHOBKM BXOJIUT HAOOP CTEKJISIHHBIX CBETO(MUIBTPOB, MO3BOJISIONINX
BBIICTISITH U3 CIIEKTpa JIaMIIbl HAKAIMBaHUs pa3iuyHble ydacTku. [Ipomyckanue cBeToGuibTpoB
YKa3aHO B MX MAcHopTax MPHUJIaraéMbIX K yCTaHOBKE.

Harauk JIK mpencraBisier co00i BEHTWIBHBIN (oTO3IeMeHT (ero paboTa oCHOBaHA Ha
SIBIICHUW BHYTpPeHHETO (poTodpdekTa).

Bennuuna namatoniero Ha ()OTORIIEMEHT CBETOBOTO MOTOKA MOXKET OBITH pacCUYUTaHa IO
dopmyne ®=ESy, rie E — oceemennocts @D B mokcax; Sk — IIIOMaas KaToAa B M2, 3HaucHHE
Sk yka3aHO Ha yCTaHOBKE.

KoHcTpykTuBHO (hoTOR/1€MEHT NTUTaeTcs oT McTouHuka nuranus YUII-2 , pyuka peocta-
Ta R BbIBEJIeHa Ha MEpeHIO MaHeb 3Toro npudopa. Bonstmerp V, nsMepstomuii Harpsoke-
Hue Ha @D u MukpoammnepMeTp | A, uaMepsooumii Bennunny ¢porotoka H momerieHs! Ha ma-
HEIN SKCTIEPUMEHTAILHON YCTAaHOBKH.

MeTtoauka BbINOJTHEHHUsI 1A00PaTOPHOH PadoThI
1. CHATHe BOJIbTAMIIEPHOI XapPAKTePUCTHKHU

1. Bxmouatot B cetb YUII-2 u natoT eMy nporpeTsbest S MUHYT.

2. Bpamas pyuky norennuomerpa R, nonator Ha @3 200B, npu 3ToM TeMHOBOM TOK (poTOATE-
MEHTa J0JKEH OBbITh paBeH HYJIO. Y OSIMBIINCH B OTCYTCTBUM TEMHOBOTO TOKA, YMEHBIIAEM
HaIpsDKEHUE 10 HYJIA.

3. Bkitouarot tamny B ceTh kKHomkoi K.

B

ITomemaror namny Ha paccrostaue 20-25 cm ot O3.

5. Uzmenss nanpspkenue Ha @D ot 0 10 240 B (no 60B uepes 10 B, nanee yuepes  20B, peru-
CTPUPYIOT BETUYMHY CHJIBI (POTOTOKA IO MUKPOAMIIEpPMETPY.

6. JlaHHbIC 3aHOCAT B TaOJIHILY.

Tabmumal.

UB
I, pA
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7. Crposr rpaduk 3aBucumoctu 1=f(U), oTknaasiBas mo ocu abCIyce 3HAUCHUE HAMPSHKCHUS
u.
2. CHsITHE CBETOBOIl XapaKTePUCTHKHU

1. [Tonarot Ha @3 Hanpsuxenue 240B.

2. YCTaHaBIMBAIOT JIAMITY Ha PACCTOSIHHE , TIPU KOTOPOM CTPEIIKa MUKPOAMITIEPMETPA OTKIJIOHSI-
eTcs Ha 2/3 mIKabl.

3 Ynansaiot namny ot GoTosrseMeHTa Ha pa3HbIe pacCTOSHUA (CHUMAIOT 5 TOYEK),3aluChIBas I0-
Ka3aHus MPUOOPOB (3HAYCHUSI TOKOB U PACCTOSTHUMN).

4, HOBTOprIOT HU3MEPCHH, BO3Bpallasd JIaMIly B IICPBOHAYAIBHOC IMOJIOKCHUE, BRIYUCIIAIOT 3HA-
Inp+106p

—2 .

5. HOCHeI[OBaTeJIBHO YCTaHABJIMBAIOT JIaMITy MEPCA JATUUKOM JIK Ha Tex ke PacCTOSIHUAX I,

yeHus Iy =

(GUKCHUPYIOT MTOKA3aHUS JTFOKCMETpa 10 BEpXHEH IIKare.

6. [IpoBoasIT M3MEpEHUS B IPSIMOM M OOPAaTHOM HAIIPABJICHUSX, PACCYUTHIBAIOT 3HAYCHUS E =
Enp+Eoep
—

7. ITo popmyre (5) onpenensroT 1t KaXI0To I BETUYUHY CBETOBOTO MOTOKA.

oo

. Pe3ynbrarel n3mMepeHuii U BBIYUCIEHNUH 3aHOCST B Taduuiy 2.
9. Ilonarast, uro npu Hanpspkernn 240 B Bce POTOINEKTPOHBI JOCTUTAIOT aHO/IA, CTPOSIT 3aBH-
cumocth In = f(®) orkiagsiBas mo ocu abcuucce 3HaueHus O.

Tabnuma 2.
No/Ne r I p. I o6p. I u E up. E o6p. E @
pa3MepHOCTh
1
2
3
4
5

Onpenesnenue CeKTpajibHOH YyBCTBHTEJIBLHOCTH.

1. ITomematoT Jamiy Ha TakoM paccTossHUU OoT P, paboTarolero B pexXuMe HACBILCHUS, TPU
KOTOPOM cTpenika HA naeT oTOpoc Ha 4/5 mkaisl.

2. IlocnenoBarenbHO TTOMEIIAsl TIEPE] JIAMIION pa3IuyHbIe CBETODMIBTPHI, (PUKCUPYIOT MOKa3a-
HUSL MUKPOAMIIEpMETpa.

3. Ucmnonb3ys 3aBUCUMOCTD MCITYCKaTEIbHON CIIOCOOHOCTH BOJIb(ppaMa OT JUIMHBI BOJIHBI U KpH-
BbI€ MPOITYCKaHUs CBETO(PMIBTPOB, PACCUUTHIBAIOT UCTUHHBIE 3HaYEHUS POTOTOKA lHN

|HI/I = Jan (7)

ATy

['me: ra - ucnyckaTenbHas ciocoOHOCTh BoJib(ppama IpH JJIUHE BOJIHBI, COOTBETCTBYIOLIEH
MaKCUMYMY TPOIYCKaHHUs CBETOPHIBTPA Amax. 1n — MpOIycKaHHWe cBeTopuiabTpa B % mpu
JUINHE BOJHBI Amax. 3HaYeHUS A U Tj HaXOJAT U3 COOTBETCTBYIOIIUX KPUBBIX, IPUBEICHHBIX B
NPUIIOKEHNUHU U NTACIIOPTOB CBETO(PHUIBTPOB.

4 Pe3ynbTaThl U3MEPEHUI U BEIYUCIECHHUH 3aHOCAT B Ta0IHUILy 3.
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Ne ceeto-
¢unbTpa

7Lm ax

M

78

IHI/I

pa3MepHOCTh

1

o0 bW

Tao0mnuma 3.

5. Ctpost rpaduk 3aBUCUMOCTH |uy= f(A) OTKIIaBIBAS 110 OCH a0CIIMCC 3HAYCHUS Amax.

6. OnpenenstoT no rpaduky NpeaeabHyr0 AIUHY BOJIHBI, IIPH KOTOPOH ele Habmroxaercs poro-

CagenbeB U. B. Kypc o6mieit ¢puzuku T. 3. 1.1, 1. 9.

Nk owdE

¢ dexr.

. Beraucnsior «kpacHyro rpanuily Gotodddexrar.

L{enb paboTHLI.
3amanue.

VYpaBHeHue DiHIITEHA.

KOHTPOJIBHBIE BOITPOCBHI

HasBanue u Homep paboTBhI.

4. Conep:xkanue oT4eTa

HpI/IHHI/IHI/IaHBHaH CXEMa YCTaHOBKH.

JINTEPATYPA

OcCHOBHEBIC BBIBOJIBI ITO pE3YyJIbTaTaM HMCCICIOBaHMA.

B uewm 3akmrouaercs sBienne Gororpdexra’?

DKcrnepuMeHTaIbHbBIE 3aKOHBI BHEITHET0 GoTodddexTa.

Kak 00bsicHuTh 3aK0HbI BHEIIHETO (HoTO3((heKTa KBAHTOBOM TeOpHei?

. OOBsicHUTE YCTPOMCTBO U MPUHIUI JEHCTBUS BAKYYMHBIX 2JIEMEHTOB.

. Kak B pabote ocymiecTBisieTcst SKCepMMEHTalIbHas POBEpKa 2-T0 3aKOHA
. YKaxxuTe 00J1aCTU TEXHUKH, T'JI€ UCIIOJIb3YIOTCS TPHUOOPHI, IPUHIIMIT AEHCTBUS KOTOPBIX OC-
HOBAaH Ha SIBJICHMU BHEIIHETo GoTorddexra.

1
2. B 4eM coCTOUT pazauyue MeX1y BHEIIHUM U BHYTPEHHUM QoTodPpeKTom?
3. ChopmynupyiiTe SKCIIEpUMEHTAIbHbIE 3aKOHBI BHENTHETO (hoTodPdeKTa.
4.

5

6

7

Pe3ynbTaThl M3MEpeHHiA U BEIYMCIICHUIA B BH/IE Ta0OHII, TpadUKOB IO BCeM pazzenam S.1-3.

doroddpdexra?
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JIMTEPATYPA

1. Huxepor B.A. ®usuka. CoBpeMeHHbIN Kypc. Y4ueOHUK. [|J1sl CTYACHTOB TEXHUUECKHUX
BY30B. MockBa, «/lamkoB u K%, 2018 r., 452 c.

IMPUJIOXKEHUE

1. HexoTopsie ¢u3nueckre NoCTOsTHHbIC

HAauMMCHOBAaHHEC

O0o3HaYeHHE U YHCI0BOE
3HAYCHHUC

Macca nokos QJICKTPOHA

me=9,1 *10 % Kr

3apsi 37IeKTpoHa

e=1,16 *10 ¥ Kn

SJIGKTpI/ILICCKaSI IIOCTOsIHHAasA

£0=28,85*10 2 d/m

IToctosianas [lmanka

h=6,67*10 3 [in/c

[TocTostnnas 3akona Credana -bonpiimana

6 =567 108 Br/m* K*

ITocTossnHas 3akoHa cMenleHus Buna

b=29 103 wm/c

CkopocTb cBeTa B BaKyyMe

c=2,998 108 m/c

2. Koagpdunuments! CrbronenTa tqp

Hanexxnoctsf3 0,5 0,7 0,9 0,95 0,99
W‘n\

4 0,77 7,32 2,13 2,77 4,63
5 0,74 1,24 2,01 2,57 4,03
6 0,73 1,24 1,94 2,45 3,72
7 0,72 1,14 1,89 2,36 3,54
8 0,71 1,13 1,86 2,31 3,36
9 0,71 1,12 1,83 2,26 3,25
10 0,70 1,10 1,81 2,23 3,17
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3. JImvHBI BOJH CHEKTPaIbHbIX JIMHUN HEOHA, TeJHs, PTYTH,
Hau0OoJee XapaKTepHBIX JJIsl BUAUMON 4acTH CIEKTpa.

Ne
OtHocuTtenbHas
JInnus A, HM
SIPKOCTh
1. Spxo-kpacHas 640,2 10
2. KpacHo-opanxeBas, JieBasi U3 IBYX OJU3KUX JTUHUNA 614,3 10
3. XKenras 585,2 20
4. Caetno-3ereHasi, iepBas 3aMEeTHas BIPaBO OT 4-0i 576,0 4
5. 3enenas , 1eBast U3 ABYX OAMHOKUX JIMHUNA 540,0 6
6. 3eneHas, npaBast U3 IBYX OAMHOKUX JIMHUH 593,0 8
7. CuHe-3eneHas OQUHOKas 4849 8
He
OrtHocuTenbHas
Jlunus A, HM
SIPKOCTh
1. Kpacnas 728,1 3
2. KpacHas 706,5 5
3. KpacHnas 667,8 6
4. Kenras 587,6 10
5. 3enenas 501,6 10
6. 3emenas 4922 4
7. Tomybas 471.3 3
8. Cunsasa 438.8 3
9. ®uonerosas 402,6 5
Hg
OrHocuTenbHAs
JInnus A, HM
SIPKOCTh
1. Xemnras 579,1 10
2. YKenras 576,9 8
3. 3enenas 546,1 10
4. Tonybas 491,6 1
5. ®uoneroBo-cuHgsA 435,8 8
6. ®duonerosas 407,8 1
7. duonerosas 404,6 2
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