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BBoanas saboparopHas padora
O0OpaboTka pe3yJbTaTOB H3MEPEHUI B JIA00OPATOPHOM

(pu3nYecKOM NMpaKTUKyMe
1. BBenenue

N3mepenus SABIAIOTCA OAHUM U3 BAXKHEUIIUX MYTEH MO3HAHUSA 3aKO-
HOB MPUPOJBI, TAIOT KOJWYECTBEHHYIO OLIEHKY OKPYXKAroUIEro Mupa, pac-
KpbIBasg JIEUCTBYIOLIKUE B NPUPOAE 3aKOHOMEPHOCTU. MHOTUE BEJIMKUE
y4€HbIEC BBICOKO LIEHWIN 3HaYeHue usMepenui. /(.M. MeunaeneeB BbIpasuil
3HAYEHWE HM3MEPEHUM cleAyromuM 3aMmedanueM: «Hayka HaumHaercs c
TEX MOp, KaK HAUMHAIOT U3MEPATh. TouHad HayKa HEMBICIUMa 0€3 MEPBI.
Aunrnuiickomy ¢u3uky KenbBUHY NPUHAMJICKUT CIEAYIOIIEE U3PEUCHUE:
«Kaxmas Belb U3BECTHA JIMIIb B TOM CTEIEHU, B KAKOU €€ MOXXHO U3Me-
PUTHY.

Besikuil 3akOH, yCTaHaBIMBAIOUIUN CBSA3b MEXAY (PU3UYECKUMU BE-
JMYMHAMU, TIPOBEPSETCS ONMBITOM, OCHOBOM KOTOPOT'O CIIY’KAT U3MEPECHUSI.
OH MOXET CUMTAThCA BEPHBIM JIMIIb C TOM CTENIEHBKO TOYHOCTH, C KOTO-
POM BBITIOJTHEHBI U3MEPEHMUS, TTOJI0KEHHBIE B €70 OCHOBY.

N3BeCTHO MHOXKECTBO MPUMEPOB, KOIJla CO3JaHue HOBOTO mpudopa
BBI3BIBAJIO 3HAYUTEIIBHBIE U3MEHEHUS B PA3BUTUH U JAXKE COACPIKAHUM 11e-
JbIX oTpacieit 3HaHui. C Apyroi CTOPOHBI, MOSIBJICHHE HOBBIX oOJjacTei
HayKu 00s3aTENbHO BJIEYET 32 COOON MHTEHCUBHYIO pa3pabOTKy HOBBIX
METOJIOB U CPEICTB U3MEpPEHUN. TOYHbIE M3MEPEHUs] HEOJHOKPATHO II0-
3BOJISUIM AefiaTh (yHIaMeHTajbHble OTKpbITHA. Hampumep, ucnosb3oBa-
HUE CO3JIaHHOTO MailkenbCOHOM HHTeppepoMeTpa sl OOHApYXKEHUS
O’KUJJAEMOr0 CMEIIEHUS] MHTEPPEPEHIIMOHHON KAPTUHBI MPU U3MEHEHUU
HaIIpaBJICHUS PACIIPOCTPAHEHNUsI CBETA ITO3BOJIMJIO YCTAHOBUTH OTCYTCTBUE
TaKOT'O CMEILCHUS.

2. O0ume cBeIeHUS U3 TEOPHUHU MOTPELIHOCTEN

W3mepenuss (pu3NUecKUX BEIMYUH MOXHO MOJAPA3IEIUTh Ha Clie-
IYIOILLAE BUJIBL:

1. IlpsimMble - u3MepsiemMasi BEIMYMHA ONPEIEISAETCS HEOCPEACTBEH-
HO C MOMOIIBIO MEPBI WU U3MEpPUTEIbHOro npuodopa. Hanpumep: nmuna
U3MEPSACTCS JIMHEMKOM, IITAHTCHUUPKYJIEM, MUKPOMETPOM; BpEMS - Ce-
KYHJIOMEpPOM; BEJIMYMHA TOKA - aMIIEPMETPOM H T.I.

2. KocBeHHbIe - pu3ndeckas BeIUIrnHA OnpeAeiseTcs u3 GopMyIbl,
B KOTOPYIO BXOJST 3HAYEHUS APYTUX (PU3HUECKUX BEITUYHH, MMOJTYYEHHBIX
IpsSMBIMM U3MEPEHUAMU. Hanpumep: MIOTHOCTh LUIMHIAPUYECKOTO Tena
omnpenensiercs no Gpopmye
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zD%h’
rie BeanurHbl M, D 1 h u3MepeHsl HenoCpPeACTBEHHO ¢ TTOMOIIBIO BECOB U
nvHenKU. 3MepeHne II0THOCTU — 3TO KOCBEHHOE U3MEpPEHUE.

Hu oaHO W3 mM3MepeHMil He JaeT UCTUHHOIO 3HA4YEHUs (PU3NUeCKOu
BeNMYUHBL. [IpUUMHON ATOrO SBASETCA HECOBEPILIEHCTBO METOJIOB HU3ME-
pEHUs, U3MEPUTEIIBHBIX MPUOOPOB M OPraHOB UYBCTB uejioBeka. Kpome
TOro, cama U3MepsieMasi BEJIMYMHA MOXKET U3MEHATHCS B 3aBUCUMOCTH OT
yCIIOBUH 3KcniepuMeHTa. [103ToMy pu BBIOJIHEHUH J1a00paToOpHOM pado-
Thl HEOOXOIUMO HAYUYUTHCS OLICHUBATh MOTPEITHOCTH U3MEPEHUM.

1. CucremMaTu4ecKue MOrPeHIHOCTH — MOTYT OBbITh BBI3BAaHbI He-
NPaBUJILHOM YCTAaHOBKOW MPUOOpa, €ro HaCTPONMKOM (B OTKIIFOUEHHOM CO-
CTOSIHUM CTpeJiKa Mpudopa MOXKET ObITh CMEIIEHAa OTHOCUTEIBHO HYJIS),
HEMOJIHOW pa3pabOTKOW METOoJa M3MEpPEHHH (HEe y4TeHbl Bce (DaKTOpHI,
BJIMSIIOIIME HA TOYHOCTH HU3MEPEHMS). DTH TOTPEIIHOCTH YCTPaHSIOTCS
U3MEHEHUE YCJIOBUM AKCIIEPUMEHTA U BBEJACHHEM mompaBok. CucrteMaTu-
YECKHE MOTPEIIHOCTH JOMYCKAKOTCS €IIE€ U MO TOW MPUYUHE, YTO KaXKIbII
npruOOp MMEET COOCTBEHHYIO MOTPEITHOCTh U3MEPEHUs (MHCTPYMEHTAIIh-
HYI0).

2. Cuay4aiiHble MOTPEIIHOCTH — BO3HUKAIONIME MPU H3MEHEHUU
BHEIIIHUX YCJIOBUM (M3MEHEHUE TeMIIEPaTyphl, aBJICHUS, BIAKHOCTH, CO-
TPSICEHUE 3JaHUA U T.J.), JEUCTBUE KOTOPHIX Ha KaXJ0€ U3MEPEHUE pa3-
JINYHO.

K cinydaiflHBIM MOTPEIIHOCTSIM OTHOCSATCSI U MOTPEIIHOCTH, OOYCIIOB-
JIEHHBIE CBOMCTBAMHU U3MEPSEMOI0 00BEKTa — HUIUHAP MO IUAMETPY UMeE-
€T Pa3JIMYHbIC MMONIEPEYHBIE PA3MEDPBI.

3. IIpomaxm — 3HaYCHUE U3MEPSEMON BEIMYHMHBI PE3KO OTINYAETCS
OT BCEeX OCTabHBIX. [IpuunHON mpomaxa sBIsiETCA HEOPEKHOCTh JKCIIE-
pUMeHTaTopa B paboTe. 3HaUEHHE C IPOMAXOM CIIEYEeT 3aMEHUTD PE3yJib-
TATOM MTOBTOPHOTO U3MEPEHHUS TIPU TE€X KE YCIOBUSIX WIH OTOPOCHUT.

[IpousBenss m3MepeHus, BCErjaa IOIYCKAKT KaK CUCTEMAaTHUYECKUE,
TaK U CIIy4YalHbI€ MOTPEIIHOCTU. ECIM TPy MOBTOPHBIX U3MEPEHUAX KAKOU
— 7100 BEJIIMYUHBI MOTYYaIOTCS OJMHAKOBBIC PE3yJIbTaThl, TO ATO O3HAYa-
€T, UYTO CUCTEMATUYECKUE MOTPEIIHOCTH OKA3bIBAIOT HA TOYHOCTh U3MEPE-
HUM OoJbIlIee BIUSHUE, YeM CiiydaiiHble. Eciu ke pe3ynbTaThl U3MEPEHUIM
OKXKYTCSI Pa3IMYHBIMU. DTO 3HAYMUT, YTO B 3TOM CJIy4ae CIIy4alHbIE MO-
IPEIIHOCTA OO0JIbIIE CUCTEMAaTHUUECKUX. TOYHOCTh M3MEpPEHUN TaKoil Be-
JUYUHB OyAET OMpEeAeNSIThCA CIy4YalHBIMU MOTPEITHOCTSIMHU, KOTOpPHIC
HaXOJATCS C IOMOIIBIO TEOPHUH BEPOATHOCTEH.
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Kaknx-nmmbo yHHBEpCaabHbIX IMPaBUJ y4eTa CHCTEMATUYECKUX IO-
IPELIHOCTEN, CBA3aHHBIX C METOAUKON U3MEPEHUMN, HE CYyLIECTBYeET. B Ka-
XKIOM CJIydae 3TO BOIPOC OTAEIBHOIO aHAJIM3a U KPUTUYECKOIO OTHOIIIE-
HUS K DKCIIEPUMEHTY.

CucremaTuyeckre OIIMOKHU, CBSI3aHHBIE C OrPAaHUYEHHOH TOYHO-
CTBIO ITPUOOPOB, MOJUIEKAT yUETY.

3. XapakTepucTUKU NIPUOOPOB

N3meputenbHbie MPUOOPHI XapaKTEPU3YIOTCS TIPEACIOM U3MEPEHUS
U IICHOM JIeJIeHUs (a CTPEJIOYHBIE U AJIEKTPOHHBIE U3MEPUTEIbHBIC MTPHUOO0-
PBI XapaKTEpU3yIOTCs €lIe U KIaCCOM TOYHOCTH).

Ilpenen u3mepeHnsi — MaKCUMAJIbHOE 3HAUYCHUE U3MEPSEMOU JaH-
HbIM IPUOOPOM BEIMYMHBL. Y OJIHOTO MPUOOpPA MOXKET ObITh HECKOJIBKO
peIeIOB U3MEPEHHUS.

Ilena nejeHusi — 7151 paBHOMEPHOM IIKaJIbl 3TO BEJIWYMHA, PaBHAS
npeaeny u3MepeHus npuodopa, 1eJICHHOMY Ha YUCIIO JISJICHUM IITKaJIbI.

Kaacce TOUHOCTH — YKCII0, PABHOE MAKCUMAJILHOW OTHOCUTEJIbHOU
MOTPEIIHOCTH B MPOIEHTAX, KOTOPYIO BHOCUT IPUOOP MPU M3MEPEHUH Ha
npeJiesie UCIOIb3YEMOM MIKAJIBL. DTO YHCJIO ONPEACNSeT MAaKCUMAIbHYIO
a0COTIOTHYIO TIOTPEITHOCTh U3MEPEHUS TaHHBIM npubdopom. Kiace TouHo-
CTH JICKTPOU3MEPUTEIBLHBIX MPUOOPOB, KaK MPaBUJIO, YKa3aH Ha JIUIEBOM
yacTu npudopa B Buje otaenbHoro yucia: 0.2 uau 0.5 wau 1.0 wium 1.5 u
T.JI.

PaccmoTpuM MuiuimaMnepMeTp, Ipeaeia U3MEPEHHsT KOTOpOro pa-
BeH 150 MA; uncno npenenuit mkansl 30; mena genenus 150:30=5 MA;
KJ1acc TOYHOCTH 2.0.

MakcumaiabHass aOCOJIOTHAST MOTPEITHOCTh (TIPUOOpHAsk TOTpel-
HOCTb):

Ax = IIpeoen usmepenus x knacc moynocmu _ 150x 2

” 100 100

=3 MA

OTKJIOHEHUIO CTPEJKH WIM CBETOBOTO HMHAMKATOpPA HA S5 NEJICHHUI
COOTBETCTBYET TOKa3zaHWe mpubopa 5-5=25MA. PesynbpTaT m3aMepeHus:

(25+3)-10° A. OTHOCHTENBHAS IOTPEITHOCTH U3MEPEHHS:

AX
? = i-100 =12%.
X 25

Teopust BepOATHOCTEH TMOKa3bIBAE€T, YTO HamOoJiee OJIU3KHMHU K HC-
THHHOMY 3HAQYCHUIO HM3MEpPSIEMON BEIWYUHBI X,., SABISACTCA CpEIHEe
apru(pmMeTHIecKoe MHOTHX TTOBTOPHBIX H3MEPEHUN




()= — W

rae N — 4KCIIO0 HE3aBUCUMBIX U3MEPEHUM, a Xj — PE3YIBTAT OTAEIBHOTO U3-
MEpEHHSL.

Bennunna Ax, =|(x)— x|HasbiBaeTcs abcomoTHOH ciydaiinoii mo-
TPEIIHOCTHIO U3MEPCHHUS.

n

D AX,

(AX) ==— 2)

n
rae (Ax) - cpenHss apupMeTHdecKas BeIMuMHa abCOMOTHON cirydaiiHoi

MOrpemHocTH. VICTMHHOE 3HadyeHHe NEXMT B HMHTepBate + (AX), T.e.

X, = (X)£(AX) (IOBEpHTEIBHEII HHTEPBAI).

ucm

JloBepUTEeIbHBIM MHTEPBAJ 3TO YHUCIOBOM MPOMEKYTOK, BHYTPH
KOTOPOTO C 33JaHHOM BEPOATHOCTHIO, HAXOJAUTCS UCTUHHOE 3HAYEHUE UC-
KOMOM BEJINYUHEI.

AX o o
Benmuuuna ¢ = <<_>> .100% HAa3BIBAETCS CPEAHEU OTHOCUTEIIBHOM I10-
X

I'pCIHOCTDBIO.
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4. OneHKa NOrpPelHOCTH M0 CpPeAHEeMY KBAJAPATUYHOMY JIsl
NPAMBIX U3MEPeHUH

JI711 OLIEHKHU BEJIMYMHBI CIYYaWHOM MOTPEUIHOCTU U3MEPEHUsS CYIIEe-
CTBYET HECKOJIbKO CIIOCOOOB.

Hccnenys cnydainbeie norpemnocty, K. ['aycc ycranoBui 3akoH pac-
IPEIENICHUs] CIIyYalHbIX NOIPEMIHOCTEN, UM MPOCTO 3aKOH paclpeaene-
Husa ["aycca. CoriiacHO 3TOMy 3aKOHY, IPU YKCJIE€ HAOIIOJECHUM, CTpEMS-
miemMcsi K OECKOHEUHOCTH, YacTOTa MOABJICHUS CIyYalHbIX MOTPEITHOCTEM
y onpenensiercs: GOpMyIIOu:

(at)?
.e 26°

PM)=— , 3)
G-\V2 T

I G - CPemHAsS KBajpaTH4YHAs MOTPEHIHOCTh M3MEpPEHHs], AX- OIIMOKa
u3Mepenus. ['paduk 3aKoHA HOPMAIBLHOTO PACHpeCICHUs MPEACTaBICH
Ha PUCYHKE JIJIS pa3IMYHbIX 3HAUYCHUH G .

27 pee)

1.8 1 o=10,25

Puc.1 Pactipenenenue I'aycca

3akoH pacnpeneneHust ['aycca oTpa)aeT CIEAYIOIIUE MOJOKEHUS
TEOPUH CIYyYaUHbBIX IMOTPEIIHOCTEN:

1) ciydaitHple OTPENTHOCTH 0OOMX 3HAKOB BCTPEUAIOTCS OJMHAKOBO
4acTo;

2) MEHBIIWE CIy4YallHbIE MOTrPEIIHOCTH BCTPEYAIOTCS Yalle, 4YeM
OOJIBIIIHE;

3) o4eHb OOJBIINE MOTPEITHOCTH MAJIOBEPOSTHHI.

3akoH pacrpenenenus ['aycca sBISIETCS TUIIMYHBIM CTaTHCTUYECKUM
3akoHOM. OH moABeprajics MHOTOKPATHBIM 3KCHEPUMEHTAIbHBIM MIPOBEP-
KaM, KOTOpbIE MOKa3aJid, YTO 3aKOH BBITIOJHAETCS TEM TOYHEEe, 4YeM OO0JIb-
I1€ TPOBEICHO HAOJIOICHUM.
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B peanbHbIX yCIOBUSAX YKUCIIO U3MEPEHUN (PU3NYECKON BEIIMUUHBI KO-
HEYHO. B 3TOM cilyyae OTKIIOHEHUE CPEAHEr0 3HAUYEHUS BEJIUYUHBI OT UC-

TUHHOTI'O XapaKTCPU3YCTCA CPCAHCKBAAPATUYIHBIM OTKJIOHCHUCM <G >

i((x)—xi)z Zn:xi
=T (= @

r7e: N — YuCJIO U3MEPEHUM BEIMUUHBI X. <x> - cpeaHee apupmeTnieckoe
3HAYEHUE U3MEPSIEMOUN BEJINYUHEI.
[Tycth d 03HAYaeT BEPOSITHOCTH TOTO, YTO PE3yjbTaT U3MEPEHUS OT-
JMYAeTCs OT ICTUHHOTO 3HAYCHHS Ha BEIIMYMHY, HE 00JbIIyio d
P((x) — AX;(x) + Ax) =d (5)
IJIe p - BEPOATHOCTh COOBITHSA. BeposiTHOCTh d — J0BepUTENbHAS BEPOSIT-
HOCTb, WM KO3(PUIMEHT HaaekHOCTH. MHTepBanm OT <X> — (Ax) 10

<X> + <AX> Ha3bIBACTCS NTOBCPUTCIIbHBIM MHTCPBAJIOM.

Bripakenue (5) o3Hayaer, 4To ¢ BEPOATHOCTHIO, paBHOU O, pe3ybTaT
U3MEPEHUM HE BBIXOAUT 3a MPEIeIbl JOBEPUTEIbHOTO HHTEPBAJIA.

UYem Oonbliasg HaICKHOCTh U3MEpPEHUs TpeOyeTcs, TeM OOJbIINUMA MO-
Jy4aeTcs JOBEPUTENIbHBIA NHTEPBAJI, U HA00OPOT.

CrnydaiiHast abCoJIIOTHas OIIMOKa ompenensieTcs o popmye:

Bemuunna Oe3paszmepHoro koddduimenta t (kospduuuent Crtbro-
JICHTA) 3aBUCUT OT KOJIMYECTBA BHIMIOJHEHHBIX U3MEPEHUN U OT BEITUYUHBI
O’KHMJIa€MOM HAIC)KHOCTH MOJTYy4aeMbIX PE3YJIbTaTOB.
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Tabmauna 1. Koadgdunnentsr CThioIeHTa

Kon-Bo wu3- 3HaueHUE T0BEPUTEIbHBIX BEPOATHOCTEN

MePeHHI 91 To02 |05 |06 |09 |095 098 |0,99 |0999
1 0,16 | 0,33 | 1 138 |63 |127 | 318 |63,7 | 6366
2 014 | 029 | 0,82 |106 |29 |43 |7 9.9 | 316
3 014 | 028 | 0,77 |098 |24 |32 |45 |58 |129
4 013 | 027 | 0,74 |094 |21 |28 |37 |46 |86

5 013 | 027 | 0,73 |092 |26 |26 |34 |4 |69

6 013 | 027 |072 |09 |19 |24 |31 |37 |6

8 013 | 026 | 071 |09 |19 |24 |3 35 |54

10 013 | 026 |07 |088 |18 |23 |28 |33 |48

15 013 | 0,26 | 0,69 |087 |18 |21 |26 |3 |41

20 013 | 0,26 | 0,69 |086 |17 |21 |25 |29 |39

Hanpumep, mycts ObL10 pou3BeAcHO N=8 HW3MEpPEeHHI BEIIMUYUHBI X,
Ecnm 3amath BepostHOCcTh d=0,9, To K03 dunuent Ctrronenra t=1,9 moa-
cTaBystoT B hopmyity (6) U HaXOAAT UHTEPBaT £AX, B KOTOPOM JICKHUT HC-

THUHHOEC 3HAYCHUC HBMGpHGMOﬁ BCJIIMYMHEI.

ITpumep

[TycTe usmepsierca nuamerp D nuivHIpa ¢ MOMOIIBIO MUKPOMETpA.

OueHuM NorpenrHoCcTh M3MepeHuil. Pe3ynbTaThl CBEEHBI B TAOJIHUILY.

2.D,

~38.00

8

= 4,75 (mm) = 4,75107 m

- =, /@ =0,033 (mm) =3,310* u
Tabnuia 2. Pe3ynbratsl u3mMepeHuit

Ne m3m. D; | <D> - Di| =AD;, um (AD))>, mm®
1 4,75 0,00 0,000
2 4,71 0,04 0,0016
3 4,78 0,03 0,0009
4 4,71 0,04 0,0016
5 4,76 0,01 0,0001
6 4,72 0,03 0,0009
7 4,78 0,03 0,0009
8 4,79 0,04 0,0016
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3agaauMcsi KaKod — TO JOBEPUTEIBHONW BEPOSTHOCTHIO, HAIIPHMEP
d=0,8. s n=8, d=0,8 xospdunment Ctrromenra t=1,4.
N3 (6) monyuum AD = <G> -1=0,033-1,4=0,046 (1m)
Otcro1a HICTUHHOE 3HAYEHUE THaMeTpa
D =<D>iAD = (4,750 0,046) mm

¢ BeposTHocThIO 0=0,8.

DTa BEPOATHOCTh O3HA4YaAET, 4TO Ha § m3mepeHut 80% m3mepseMbIxX
BEJIMYUH OYIyT JIeKaTh B IpoMexyTKe oT 4,70 mm 10 4,79 Mm.

B ciydae KOCBEHHBIX U3MEPEHUN U3MepsieMasl BEJIMUMHA X SBIISIETCS
¢ysk1Mer nHekoropbix BenumanH x=f(A,B,C,...). 3nauenus Benwuun 4, B, C
U T.J., HAXOIST U3 NPSAMbIX U3MEPEHHUIA.

5. O0padoTKa pe3yIbTATOB KOCBEHHbBIX U3MEPEeHUM

JInst HaxoXKJeHHus a0COJIOTHOM W OTHOCHUTENIBHONW  MOTPEIIHOCTH
KOCBEHHBIX U3MEPEHUM MOXKET OBITh MCIIOJIH30BAHO HECKOJIBKO IMOJIX0/I0B
(MeTox ompeaeneHus TOrPEITHOCTH OINpeesaeTcss TpeOOBaHUSIMU B KOH-
KpeTHOU 3aaaue). JJig Hax0XKAeHUS MOTPEITHOCTH KOCBEHHOT'O M3MEPEHUSI
VCTIOJIB3YIOT CIECAYIOIIUNA TPOCTENIINM aJITOPUTM.

Bapuant 1. Ha npumepe onpeneneHus IIOTHOCTH TBEPIOTO UJIMH-
IPUYECKOro Tena. B 3ToM ciiydae MIOTHOCTh ONPEAEISIETCA U3 BBIPAKECHUS

_4m
P zD’h
4m
1. JlorapuMUpPYyIOT BEIpAKEHHE P = ——
zDh.

Inp=Ind+Inm—-Inz—-2InD—Inh.

2. TlonyyenHnoe norapudmuyeckoe BbIpaxkeHue audpdepeHunpyoT
10 BCEM apryMEHTaM.
d_p:O+dm_d7z_2dD_@.
o, m D h
3. 3Haku «d» 3aMeHsIeM Ha «Ay». 3HAKU «—» MEKIY OTACIbHBIMU I10-
I'PEUIHOCTSIMU MEHSIEM Ha «+».
Ap Am Arx AD Ah
= + + 2 + =&
yo, m V4 D h (7)
Ecnu n3Mepenne ofHOKpATHOE, T.€. MPOBEPEHO OAUH pa3, To Am, AD
1 Ah 03HaYaIOT MOTPEIIHOCTH COOTBETCTBYIONIUX H3MEPUTEIBHBIX TIPHOO-
poB. Kak npaBuino, onn He npeBbimatoT 0,5 [EHbl HAUMEHBIIETO JICICHUS
npubopa. Ecaun mpubop cHa®XeH HOHUYCOM, TO €0 MOTPEHIHOCTh paBHA
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TOYHOCTH HOHMyca. HeoOX0oauMo MOMHHUTH, YTO MOTPEIIHOCTh B CIy4yae
HEMOCPEJCTBEHHBIX M3MEPEHUI HE JODKHA ObITh MEHbIIE MOTPEIIHOCTU
u3MepuTenbHoro npudopa. Eciau oHa MeHbIlle MOTpenIHOCTH COOTBETCT-
BYIOIIUX U3MEPUTEIBHBIX TPUOOPOB, TO €€ CINeAYeT NPUHATH PABHBIM MO-
IPEUTHOCTH U3MepuTenbHOro npudopa. [lpoussens Beraucienus mo ¢op-
myiie (7), HaXOOUM OTHOCUTENBHYIO OIIMOKY U3MEPEHUS

e=2P .100%
p
AOcomtoTHas omubka: Ap=¢- p

OKOHIIaTeJIBHBIﬁ pGSyJ'IBTaT 3aIlIMCBIBAKOT B BUJIC
Puem =P EAP (8)

Bazlaqa PIBMepeHI/Iﬁ 3aKJII0YacCTCs HC B OIIPCACIICHUN UCTUHHOI'O 3HA-
YCHUs, 4 B YCTaHOBJ'IeHI/II/I I/IHTepBaJ'Ia, BHYTPHU KOTOPOI'O OHO HAXOOUTCHI.
YeM MEHBIIE DTOT HHTCPBAJI, T.C. YCM MCHBIIIC OIHI/I6Ka, TEM TOYHECC BbI-
ITOJIHCHO U3MCPCHUC. Teopm{ HOPpGHIHOCTGfI YKa3bIBACT HA TO, KaK CJIICY-
€T BCCTU I/ISMepeHI/ISI n ux MaTeMaTI/I‘leCK}I}O 06pa60TKy, IITO6I>I BCIIMUMHA
ATOI'O I/IHTepBaﬂa 6BIJ'Ia MHUHUMAaJILHOM.

OI_IeHKy IMOI'PCINHOCTHU TJIsI KOCBCHHBIX I/IBMepeHI/Iﬁ MOXHO ITPOU3BO-
AUTH TaK K€ I10 CPCAHEMY KBAJAPATHUIHOMY OTKJIIOHCHHIO.

Bapuant 2. OToT MeToa HauOosee MPEANOUYTUTENICH MPU MIPOBEIe-
HUU OTBETCTBEHHBIX U3MEPEHUN (MH)XCHEPHBIX, HAYUYHBIX ).
B ciiyyae KOCBEHHBIX M3MEPEHHM, KOrJla MCKOMas BEIMYMHA
ABJSIeTCA (PYHKUIMEW ApYruX He3aBUCUMBIX BennuuH A4, B, C,..., HailieH-
HBIX HENoCpeacTBeHHO, T.¢. x= f (A, B, C,...) npumMeHsercs 0oJiee CI0XKHas
dbopMmyna cpenHeil KBaApaTUIHON MOTPENIHOCTA (Ha IMpUMepe ompeaee-
HUSI TUIOTHOCTH TBEPJIOTO MIJIMHAPUIECKOTO TEJa):

2 2 2

()= = | (oh)+ o] (o2)+[ | (o) +--
OX OX OX
oA 9B’ oC

©)

ABIIIOTCA YaCTHBIMU IIPOU3BOJHBIMU BCIIMYHUH X I10

rac:
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Ecimu ¢ynakiusa x=f(A, B, C,...) sSBIsSeTCS HECI0KHOM, HAIIPH-

4m
D’h

Mep, TO PEKOMEHIYETCS CICAYIONIMA METOJT HaXOXJAEHUS IO-

IPEIIHOCTA KOCBEHHOTO U3MEPECHMUSL:
1. BeipaxkeHue 1J11 MICKOMOW BEIUYUHBI JJorapumupyem
Inp=Ind+Inm—-Inz—-2InD—Inh.
2. IonydyeHnHnoe norapudmuueckoe BblpaxkeHue audpdepeHiu-

pyem
d_p:O+dm_d7z_2dD_@.
e, m D h
3. 3naku d 3aMEHsIEM Ha O, 3HAKH «-» MEHSEM Ha «+», a Kax-

A0€C CJIaracMocC MOJYYCHHOT'O BbIPAKCHUS BO3BOJAHUM B KBaJpar.
2

2 2 2
< ) (5
e, m D h
(o) ? (o2 ? O ?
= _m _|_2_D _|__h
S GRCIR

0., 0p, 0, Haxomsarcsa mo ¢opmyine (10). JlanHble cBeneM B

3HaYeHUSA

Ta6J'II/II_Iy. I'mnoreTnueckue PE3YJIbTAThI I/I3MepeHI/Iﬁ, HGO6XOI[I/IMBIC JJIs1
onpeacIICHUs IJIOTHOCTH, ITPUBCACHBI B Ta6J'II/II_Ie 3.

Tabnuia 3. Pe3ynbratsl u3mMepeHuit

1 2 3 4 5 6 Cpen. ITorp.
m, e 41,0 41,0 41,2 41,3 41,2 41,0 41,1 0,1
D, mm 30,1 30,0 30,2 30,1 30,0 30,0 30,1 0,1
h, ymm 8,4 8,0 8,0 8,2 8,1 8,3 8,2 0,1
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2 2 2 2 2 2
<Gm>_\/o +0%+0,12+0,22+01%+0,1 012() - 01210

- 5

(o)- \/oz #(01) + (00 + 0+ (O + (01 _ oo

5

()= \/(0,2)2 +(0,2)* + (0,2232 +0%+(0,2)% +(0,)°

4.411 012 01Y (02Y)
o, = - +2— | +| — | =
3,14-(30,)%-8,2\\ 41,1 30,1 82
=0,0002 (2 / mn®) =200 k2 | m°

3amaguMcs JOBEPHUTEIbHON BeposTHOCTRIO 0=0,8. Jlmsa n=6 ko3¢-
bunment CteronenTa t=1,5

Ap=oc,-t Ap=0,0002-1,5=0,0003(z/ mm®) =300 ke [
4-411

(p)= 314-(30.1) 8,2

p=(0,0071+0,0003) 2/ mm®  wnu CH (7,1%0,3)-10° ke / 1°

Bapuant 2
Bocnonsizyemcs hopmysoit (9). B nannoMm ciiydae

4 ? 2 4.3 i 2 4.2 ’ 2
<a>=J(ﬁDzhj (ol o[ 230 ] o)+ 22 ) ()
A
3,14-(30,1)%-8,2

=0,2 (um)=0,210"°n

=0,071(c/ mm®) =7,1-10% k2 | 2

j (0,12)% +

4.3-411
o,= |+ -
g 3,14-(30,1)° -8,2

{ 4-2.41,1 ZJ(O’Z)Z
3,14-(30,)%-(8,2)

2
j (0,1’ + =0,0003 (2 / mn®) =300 ke / m°

Jlanee aHasloruyHO BapuaHTty |
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6. Ilpuiioxxenust

Hpunoxkenue 1. [IpaBuiia npuOINKEHHBIX BbIYUCICHUH

1.1. Ecnu B pacueTHyt0 (pOopMyJy BXOJSAT BEIUYHUHBI C PA3HBIM YHC-
JIOM 3Hauyalux HUQp, TO Mepe] PacyeToOM UX HYKHO OKPYIJIUTh J0O OU-
HAKOBOT'0 YHMCJIa 3HAYalIuX UU@p, paBHOrO YMCITy 3HAYaIMX HUdp y HAU-
MEHEE TOYHOTO YHCIIA.

Snavawumu yugpamu ducna CUUTaAIOT UUPPHI OTIUYHBIE OT HY-
75, U HYJb, €CJIM OH CTOUT MEXIY, WU nocie 3Havyamux nudp. Hanpu-
mep, B uncie 0,01020 —detripe 3Hauamux mudpsi:1020.

CpaBaum npubmmkenssie ynciaa 9 u 9.0. B nepBom onHa 3Havamas
udpa, a Bo BTopoM nBe. [lepBoe uuncio 9 sBisercst pe3yabTaToM OKpyT-

JICHHUSI YWCeN W3 MHTEepBaja (8,5 +9,4), a Bropoe 9.0 sBrsercst mpudu-

KEHHEM 4YHCeJI U3 HHTEepBaja (8,95+9,04). [lepBBIii MHTEpBaAT ILIKUPE

BTOpPOTO B JecaTh pa3. OreHKa NCKOMOHN (DPU3MYECKON BEIMYUHBI YHCIOM
9.0 B mecAath pa3 TouHee, yeM uucioM 9.

Cmanoapmnaa ¢popma 3anvcu 4ucia TPEANoJaracT OJHY 3Hayda-
Iy nu@py 0 3amsToi, HECKOJBKO TOCie U MOpsiAoK crenenu. Hampu-
mep, unciio 0,01020 B ctanmapTHoi hopme ¢ YeThIPbMsI 3HAYAIITUMHU 1TH (-

paMM 3aMKChIBAETCS TaK 1,020-107 .

Ecau uucio uppannoHaibHOE, TO OKPYTIIIEM €ro JI0 HY)KHOT'O YHCIIa
3HAYAIMKX IU@p U 3a MOTPEITHOCTh OKPYTJICHUsI OepeM IOJIOBUHY €IUHH-
IIbI TIOCJICHETrO U3 B3SATHIX pa3psAnoB. Hampumep, 4YHCIO 7 ¢ TOYHOCTHIO
1o Tpex 3Hadammx nuudpp 7 =3,14+0,005= 7 (3,135 N 3,144). HNuorna

OepyT HE MOJIOBUHY, & EUHUILY TTOCJIETHETO U3 B3ATHIX pa3psI0B.

Ecnu pe3ynbTatr usmepeHusi umeeT 0oJiblliee YeM HY>KHO YHMCIIO 3Ha-
qamux qudp, To 32 a0CONIOTHYIO MOrPEIIHOCTh OEpeM MOTPEITHOCTh OK-
pyriaenus. Hanpumep, macca obOpasma m=123,350+50 cumeer miecTh

3Hayvanmx nudp, a HyKHO OKPYrauTh €€ 1m0 Tpex M=123+1 2 u B cran-
naptHoM Buje B cucteme CH m =(1,23+0,05) 103 ke

1.2 Ilpu cj10:KeHUH ¥ BBIYMTAHUM TTPUOIMHKEHHBIX YMCET OKOHYA-
TEIBHBIN PE3YJbTAT OKPYIJISIIOT /IO CTOJBKUX 3HAYalIUX IUP, CKOIBKO UX
y HauMEeHee TOYHOI0 4YHucia, T.e. TaK, YTOObl OH HE MUMEJ 3HaYaIuXx udp
B T€X pa3psaax, KOTOPbIE OTCYTCTBYIOT XOTsI ObI B OJTHOM U3 CJIaraeMbix.

3HaYanmMMM Ha3bIBAIOTCA BCE IUMPHI KpOME HYJISA, a TaKKe HYJb B
JIBYX CIIydasix:

a) KOTJla OH CTOUT MEXIy 3HaYaIUMH [U(paMu;
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0) KOrjja OH CTOMT B KOHIIC YHUCJIA.

Hanpumep, npu crnoxennu uncen 4,462 + 2,38 + 1,17273 + 1,0263
= 9,04693 pe3ynbTaT ciaeayeT OKPYriuTh 10 COTHIX Aojiel gucia - 9,05.

1.3. Ilpu ymHo:keHuu (eJIeHHM) HEOOXOIUMO OKPYIJISITH COMHO-
KUTEM JI0 OMepaIiui YMHOXKEHHS TaK, YTOOBI KaKJIBIH M3 HUX COJEpIKal
CTOJIbKO 3HAyaImx IUQp, CKOJIbKO UX UMEET COMHOXKHTEIb ¢ HAaUMEHbB-
ITUM YKCJIOM 3HaYalux udp.

Hampumep: BMecTo BbIUMCIIeHUs BhIpakeHus 3,723-2,45,1846 cie-
IyeT BBIYUCIIATH BeIpakenue 3,7-2,45,2.

W pe3ynpTaT YMHOXKEHHUs CJIEAYET OKPYIJIATh 10 CTOJBKUX 3Hada-
muX Udp, CKOJIBKO MX B COMHOXKHUTENAX, MOCIE WX OKPYIJICHUS Tepe
ymHOXeHueM 3,7 -2,45,2=46,176=46.

B npoMexyTOUHBIX pe3ysibTaTaXx MOXKHO COXPaHSATh Ha OJHY 3Ha-
qanyro nudpy Oosslie.

1.4. Tlpu Bo3BeJeHUH B CTeNMeHb CIICIYET B PE3yJbTaTe OCTABIATH
CTOJIBKO 3Hayalmx mudp, CKOIbKO MX MUMEETCS B OCHOBAHHH CTCIICHHU.
Hanpuwmep: 1,32° =1,7424=1,74.

1.5. AHAJIOTHYHO, MPH M3BJIeYEeHUU KOPHSI B pe3yjbTaTe HYKHO
OpaTh CTOJIBKO 3HAYALIUX IU(]pP, CKOJIBKO UX UMEETCA B MOJKOPEHHOM BbI-
paxxenun. Hanpumep: /1,17 -10° =1,08-10

1.6. IIpu BBIYMCJIEHUM CJIOKHBIX BBIPAKEHHMH CIIEAyeT MPUMEHSTh
yKa3aHHbIE IPaBUjIa B COOTBETCTBUM C BUIOM MPOU3BOAUMBIX JIEHCTBUH.

Hampuwmep:

(3,2+17,062),/3,7/5,12,007 10°

CoMHOXHTENb 9,1 UMeeT HauMeHbIIIee YUCIIO0 3HAYATUX U -
nBe. [ToaTomMy pe3yabTaThl BCEX MPOMEXKYTOUHBIX BHIYUCICHUN JTOJKHBI
OKPYTJIATHCS 10 TPEX 3HAYAIIUX HUPD:

(32+17,062)4/37 20,3-192 39,0
51-2,007-10°  10,3-10°  10,3-10°
OKOHYATENbHBIH Pe3yIIbTaT OKPYIIISeM 0 ABYX 3Hagammx mudp 3,8-107.
1.7. CranpaprHoii ¢opmMoOi yuClia CUMTAIOT €ro 3alucCh C OJHOU
3HavaIen mudpon 10 3anaTod U HECKOJbKMMH 3HAYalUMH UGpPaMH I10-
CJIE 3amATOM, YMHOKEHHOI'O Ha JIECSITh B COOTBETCTBYIOLIEH cTeneHu. Ha-
puMep:
0,0123=1,23-10" wau 12345=1,2345-10" ~1,23-10"
[Ipy BBINOJHEHUW CJIOKEHUS W BBIYMTAHUS YUCEN B CTaHIAPTHOU
dbopMe HY)KHO BHUMATEIIBHO CIICUTH 3a MOPSAIAKOM CTerneHei uucen. Ha-

~3,79-10°°,
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IpuMep:

1,23-10° +3,45-10" =123 +0,345 =123,345. Oxpyrisis 10 Tpex
3Havyamux nudp, nomnyuum: 123,345~ 123 =1,23- 10?%. O6a uucia UMEIoT
[0 TPH 3HAYAIIMX ITUQPHI, a UX TOPAIOK OTINYACTCS TOKE HA TPU CAUHU-
11l. B 3TOM ciyqae BTOpO€ YMCIIO MEHBIIE TOTPEITHOCTH OKPYTJSHUS, U
UM MOXHO MPEHEOPEYb.
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IIpuJio:kenue 2. YCTPOMCTBO IUTAHTEHUMPKYJIA U MUKPOMeETpA.

[IITaHreHUUPKYJIb U MUKPOMETP HAXOHAT LIMPOKOE NPUMEHECHUE B
IIOBCEHEBHOW MPAKTUKE. B OCHOBE yCTpOMCTBA IITAHTCHIUPKYJISI U MUK-
poMeTpa JEKUT HOHUYC U MUKPOMETPUYECKUN BUHT.

Puc. 1 BHeminuii Bug HOHUYCA

[IpencraBum cebe nBE MMHEHKH, CIIOKEHHBIE BMECTE, KaK yKa3aHOo Ha
puc. 1. IlycTh nieHa neneHus (AJiMHA OJHOTO JIEJICHUS) BEPXHEHW JTMHEHUKU
paBHa |y, a 1icHa neneHus HYDKHEH nuHelkn |, . DT aBe auHEiKH o0pa3y-
10T HOHUYC, €CJIM CYIIICCTBYET TaKOe I1eJ10€ YUCIIO K , pru KOTOpOM

kKl, =(k£1)-1, (1)

VY nuHeek, n300pakeHHBIX Ha pUcyHKe, K = 4. 3Hak “+” B dopmyre
(1) oTHOCHWTCS K ciydaro, KOT/a JCNIEHWsS HWKHEH JIMHEWKH JTMHHEe
BepXHei, T.e. korna |, > |; . B npotuBononoxuom ciygae (I3 > 1) cnengyer

G

BBIOMpaTh “— . Bymem s onpene’eHHOCTH cuuTath, 9to |, > 1; . Ilpe-
obOpa3zyeM BoipaxkeHue (1):

kI, = (k +1)-1,

kI, =Kl +1,

k'(IZ_Il):Il
I

|, - =1L

2 N K

C npyroil CTOpOHBI, €clid paBeHCTBO (1) pa3BepHYTh B MPOIOPILHIO,
MBI TTOTYYHM:

Bripaxenue

5=l -l =n_ b 2)
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onpejeJasieT TOYHOCTh HOHMYca. B yactHocTH, ecnm |y = 1 mm, Kk = 10,
TO TOYHOCTh HOHUYcCa O = (,1 mm. TOUHOCTH HOHMYCA ONpPEIECISIET HaU-
MEHbIIIEEC 3HAUCHUE U3MEPSAEMON BEIMYHMHBI, KOTOPOE MOKHO OMPEAEIIUTD
C MOMOUIBI0 JAHHOrO MHCTpyMeHTa. Kak BUJIHO M3 PUCYHKA, MPU COBIA-
JICHUU HYJIEBBIX JEJICHUN HUKHEU U BEPXHEH IIKaJI COBIAJAIOT, KPOME TO-
ro, k-e nenenve HwkHel u (K+1)-¢ nenenue BepxHer mkansl, 2K-¢ mene-
Hue HwkHEeH n 2(K+1)-e BepxHEi mKaibl U T.1.

HayneM nocteneHHo cABUTraTh BEPXHIOKO JMHENUKY BIIpaBo. Hyrnesbie
JICJICHUS JINHEEK Pa30MayTCsl U CHayaja COBHAAYT MEPBBIE JIEJICHUS JIUHE-
eK. D10 ciyuyutcs npu casure |, — |y, paBHOM TouHOCTH HOHMYCA (J). [Tpn
JBOMHOM CABWTE COBNAAYT BTOPBIC JA€leHUs JUHEEK U T.4. Eciu coBnamu
M - € AeleHus], TO MOXKHO YTBEPXkIaTh, YTO UX HYJIEBbIC JCICHUS CABUHY-
Thl HA MO .

DTO yTBEpXAECHUE CIPABEMJIMBO U B TOM Cllydae, €CJIM CABUT BEpX-
HEW JIMHEWKHW OTHOCUTEILHO HWXKHEW HE NPEBBIIIACT OJHOTO JIeJICHUS
HIDKHEN nuHelku. [lpu ciBure Ha oHO (MM HECKOJIBKO) JICJICHUI HYyJie-
BOE JICJICHUE BEPXHEW LIKAJIbl COBMAJAET YK€ HE C HYJEBBIM, a C MEPBBIM
(W N -M) JejaeHrueM HUKHeH JuHerku. [Ipyu HeOObIIoM NOMOJHUTEb-
HOM CJIBUT€ C JICJICHUEM HHM>KHEW JIMHEWKH COBIIAJIAECT YK€ HE HYJIEBOE, a
NEPBOE JIETICHUE BEPXHEN U T.]I.
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Puc. 2. BuemHuii BUJl TEXHUYECKOTO HOHUYCA

B TexHm4yeckux HOHMYCaX BEPXHIOIO JIMHEWKY JenatoT OObIYHO KO-
POTKOI, TaK 4TO COBIAJATh C HH)KHUMH MOKET JUIIb OJAHO W3 JCJIICHUUN
ATOU JINHEUKHU.

[Ipumenum HOHMyC 1711 u3mepenus tena A (puc. 2). Kak BugHo u3

pucyHka, qyimHa L Tema A paBHa
L=nl,+mo 3)
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(B mamem ciyuae |, > 1; ). 3meck N — 1iemmoe 4ncio aeneHu HIKHEH
IIKAJIBI, JIEXKAIIUX BJIEBO OT Havaja BEPXHEH JIMHEHMKHU, a M- HOMEP JeJie-
HUS BEPXHEU JIMHEHMKH, COBIAJAOMIErO C OAHUM U3 JCIICHUU HUKHEU
IKaibl (B TOM Cllydae, €ClM HU OJHO U3 JCJICHUN BEPXHEU JIMHEWKHU HE
COBITAJAET B TOUHOCTH C JICJICHUSIMU HUKHEH, B Ka4ecTBEe M OepyT HOMEP
JEJICHUs, KOTOpOE OJIMKEe APYTrUuX MOJAXOAUT K OAHOMY U3 JCICHUN HUXK-
Hel mikaiael). B cioydae, korma JiefieHus BEpXHEH IIKalibl 00Jjiee KPYIHBIE,
T.c. koraa l; > |, , TouHOCTh HOHHMYCA

5 Il I2

“kok-1
JlnuHa onpenensieTca Kak OObIYHO:
L=nl,+mo.

AHanoruyHbIM 00pa3oM CTPOSIT HE TOJBKO JIMHEWHBIC, HO U YIJIOBBIE
HOHUYChl. HOoHMycamMu cHA0Xar0TCsl IITAHTEHIUPKYIH, TEOTOIUTHI 1 MHO-
rue Apyrue npuOopsl. Y CTPONUCTBO MITAHTCHIIUPKYJIS TOKA3aHO HA puc. 3.

j.‘.——.fl"j.“"’r‘ __'|-_ 1
‘ n . /-'
| /

o

I -
1 2 3 4 '
| L1 ..|l|||r|r|_||_“|_||r| Ly ~
. ar | s

e

Puc. 3. BHemnuii BUJI IITAHTeHIUPKYJIS

[IITaHreHUUPKYJIb COCTOUT W3 IITAHTU | ¢ OCHOBHOM IIKAJIIOW U JIH-
HEWHOro HOHMYca 2 . HoHnyc caBuraercsi ¢ moMOIIbIO MOJBHKHOM PaMKHU.
N3mepsiemas nerains 3axuMaercs Mmexay ryokamu 4. ['yOku 5 UCHONIb3yIOT
JUIsl BHYTPEHHUX M3MEPEHUN (HANpUMEp, BHYTPEHHUX AUaMeTpoB). Jlu-
HelKa 6 UCTIONB3YyeTCs 111 U3MEpPEHUs ITyOuH.

Ilena nmeneHust OCHOBHOM IKautbl |; 0ObI9HO paBHA [ M.

[Ipesxie yeM BBINOIHATh U3MEPEHUS IITAHTEHIIUPKYJIEM, HE0OX0au-
MO ompenenuth no Gopmyie (2) TouHocTh HOHHYyca. OTCUYET MOKa3aHUM
0 ITAHTECHIIUPKYITIO MTPOM3BOINUTCS B COOTBETCTBUHU ¢ (hopmyioi (3).

Jl1s1 6osiee TOUHBIX U3MEPEHUN PACCTOSHUN MPUMEHSIOT KPYyroBble
HOHMYChI MJI MHUKPOMETPUYECKHEe BUHTHI. TaKkne BUHTBI UCIIOJIb3YIOT
B MUKpoMeTpax (puc. 4).

MukpomeTp g HapyKHBIX U3MEPEHUN COCTOUT U3 LWJIMHAPA, HKE-
CTKO COEAMHEHHOI0 CO CKOOOM 2. B mosocTu NUIMHIpAa BBUHYEH BUHT.
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IIpn n3mepennn npeameT 3aKUMAECTC MEXAY HENOABUKHBIM CTEPKHEM 3
U TMOJABWXHBIM TOPLIOM MHKPOMETPHYECKOr0 BHHTAa 4. MUKpPOBHUHT Bpa-
IAKOT, AEPHKACH 3a TPELIETKY 5, BMECTE C MUKPOBUHTOM BpAIAETCS KOP-
nyc Oapabana 1, mepemeniasich NpU 3TOM IOCTYNATEIbHO OTHOCHUTEIIHHO
crepxkHa. OTCYeT BEIETCs IO TOPU3OHTAIBHOW IIKajle, HAHECEHHOM Ha
NOJIBIA CTEPKEHD U «I0 0apadaHy»- KOTOPBII NPEACTaBISET COOOU KpPYy-
TOBOU HOHUYC.

B 0,01 mv 8

Puc. 4. BHemtHunii BUJI MUKpOMeTpa

OTyeTHOE YCTPOMCTBO MHKPOMETpPA COCTOMT M3 ABYX IMIKal. I'opu-
30HTaJIbHAS ITKAJIa IUJIWHIPA TPEACTABIISIET COO0M TBOMHYIO IIKATY C I1e-
HOM neneHust 0,5 mm, HAHECEHHYIO MO 00€ CTOPOHBI MPOAOJIBHON YePThI
TaKMM 00pa3oM, UTO BEPXHSS IIKaja CABUHYTa OTHOCUTEILHO HMKHEHM Ha
MOJIOBUHY JefieHus. I{eHa neneHus mikanabsl OapabaHa OmpenesieTcs cie-
TYIOITAM 00pa3oMm.

[lycTh uncno neneHuid kpyropou mkainsl 6apadana N=50. IIlar Bun-
ta h = 0,5 mm, T.c. OMHOMY IOJHOMY 000pOTYy OapabaHa COOTBETCTBYET
JUHEWHOEe mepemenieHue kpas Oapadana 0,5 mm. Torma 1iena neneHus
KpYTrOBOM IIKaJibl OapabaHa, SIBISIONIAICS TOUHOCThI0 MUKPOMETpA.

olll =£=E:O,01(MM)
N 50
OT4eT MPOU3BOJAUTCS CIEAYIOUIMM OOpa3oM: MO TOPU3OHTAIBLHOU
IKaJie OTCYUTHIBACTCA pa3Mep U3MEPSIEMOTO U3AENHs ¢ TOUHOCTHIO 10 0,5
MM. CoTble IO MHJIJTUMETPA OTCUMUTHIBAIOT «10 Oapabany». Ilomyden-
HBIC PE3YJbTAThI CKJIAABIBAIOT. YMCIIO COTBIX JOJEH COOTBETCTBYET JIEINIE-
HUIO [IKAJIbI, PACTIOJIIO)KEHHOMY ITPOTUB MPOJOIbHOM YEPTHI HA LIUJIUHJIPE.

MukpoMeTpbl U3rOTaBIMBAIOTCS ¢ TipenenaMu usmepenuit 0-25, 50—
7/5MM, B T.1. 00 1600 MMm.
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Ipunoxkenne 3. ILI0THOCTL HEKOTOPBLIX TBEPABIX TeJ, KUAKO-
cTeii U ra3oB (IpH HOPMAaJLHBIX yejaoBusx: t =273 K, p=1,01-10° /1a)

Tao6mauma 4. [I1I0OTHOCTH BEIECTB

BemecrBo. IL1oTHOCTD, BemecrBo. ILnoTHOCTD,
KI/M° KI/M°
ATIOMHHHI 2.70-10° Mexsb 8.93.10°
Bapwnii 3.50-10° Hukenb 8.90-10°
Bananuii 6.02-10° Caunery 11.3-10°
BucMyT 9.80-10° Cepebpo 10.5-10°
Kenezo 7.88-10° Lle3uit 1.90-10°
Jntnii 0.53-10° Huak 7.15-10°
Boga (mipu 4°C) 1.00-10° Cepoyriepon 1.26-10°
['munepun 1.26-10° Crupr 0.80-10°
PryTth 13.6-10° HepeBo 0,5+ 0,9)-103
Bonopon 0.09 [Nenuit 0.18
Bo3nyx 1.29 Kucnopon 1.43
JlaTyHb 8.55-10° D6oHUT 1,2-10°
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IIpunoxenue 4. IlocTpoeHne IKCNIEPUMEHTAIBHBIX IPa(PUKOB.

IIpu nmoctpoeHun rpaukoB 1EI€CO00pa3HO MPUACPKUBATHCS Clie-
TYIOITUX MPaBUII:

1. I'paduku TOJKHBI BBINOJHITHCS HA MUJUIMMETPOBON Oymare c
UCIIOJIb30BAHUEM YIOOHON CHUCTEMBbI KOOPJAMHAT (HAampuMep AEKapTOBOM
WJIU TIOJISIPHOM ).

2. Eciu mbl cTpouM rpaduk B I1€KapTOBOM CHUCTEME KOOPJIUHAT TO
3HAYEHUE apTyMEHTa OTKJIAJIBIBAIOT MO TOPU3OHTAIBHOW OCH X, 3HAYEHHUE
(yHKIMU — MO BEpTUKAJIbHOM ocu y. Ha ocsix 00s13aTenbHO HY>)KHO YKa3aTh
MaciTad, 0003HaueHHs (PU3UUECKUX BETUYUH U UX PA3MEPHOCTH.

3. B 3TOM ciydyae ocu KOOpJMHAT MOTYT MEPECEKAThCS B HYJIE, HO
€CJIM 3HAYCHUSI KOOPAMHAT AAJEKU OT HYJII M 3aHUMAIOT HEOOJIbIINE WH-
TEpBaJIbl, TO Ha TpauKe MOYKHO YKa3bIBaTh TOJBKO 3TH WHTEPBAJIbI, TTOKa-
3aB pa3pbIB OCEM.

4. Eciiin B X0/i€ SKCIIEPUMEHTA BUIHO, YTO XapakKTep 3aBUCUMOCTH
BEJIMYUH MOHOTOHHBIM, TO apryMEHT M3MEHSIEM PaBHOMEPHO: M3MEPCHUSI
IPOBOJIMM YEpPE3 PaBHbIC MPOMEKYTKH BPEMEHH, UEPE3 OJIMHAKOBOE pac-
CTOSIHUE, Yepe3 OJMHAKOBOE YMCIO KosuieOanuil u T.4.. Eciu xe xapakrtep
3aBUCHUMOCTH PE3KO U3MEHSETCS, TO U3MEPEHUs] HY>KHO MTPOBOAUTH YallIE.
B oOnactu mMakcMMyMOB, MUHUMYMOB M TEpPEruOOB TOUYEK H3MEPEHUH
JOJIKHO OBITH OO0JIbIIIE, YTOOBI TOYHEE BBIIBUTH XOJ KPUBOM.

5. DKcnepuMeHTaabHbIE TOYKU O003HA4YaeM B CUCTEME KOOpIUHAT
MaJIEHbKUMHU KpPYXKaMH, IPSIMOYTOJIbHUKaMH, KBaApaTHUKaAMH, TPEYTrOib-
HUKaMU (X pa3Mep B MaciiTade Mo OCsIM KOOPJIUHAT MOKET OBbITh CBSI3aH
¢ a0COIOTHOM MOTPEIIHOCTHIO).

6. Ha rpaduk HaHOCAT TOYKM MO TMOJTYYEHHBIM M3 SKCIEPUMEHTA
JaHHbIM. HaHeCEeHHbIE TOUKM COCAUHSIOT IUIAaBHOM KpuUBOM. ECiu m3BecT-
Ha (YHKIIMOHAIbHASI 3aBUCUMOCTh (PU3NYECKOUN BEJIMYMHBI OT apryMEHTa,
TO JIMHUIO, OJIM3KYI0 K ATOM (YHKIIMOHAIBHOW 3aBUCHUMOCTH TMPOBOIST
MEXAy TOYKaMU TakK, 4TOOBI miomaias ¢Guryp Haja QyHKIHOHAILHOU TEO-
PETUYECKOM 3aBUCUMOCTBIO MPHUMEPHO PaBHSJIACH IUIOMIAAM (PUTYpP MO
(G YHKIIMOHAIBHOM TEOPETUYECKON 3aBUCUMOCTBIO (CM. puc. 5a).

7. Eciu M3BECTEH XapaKTep 3aBUCHMOCTH MCCJIEAYEMbIX BEJIUYUH,
Wik 3a7aHa Gopmysa UX B3aUMOCBSI3H, & YKCIIEPUMEHT MPOBOJIUTCS IS
MOATBEPKICHUS STON 3aBUCUMOCTH, TO Ha TpaduKe CTpouM 00€ 3T 3aBU-
CUMOCTH.
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Puc 5. Ilpumepsl nocTpoeHus rpadukos

8. lns mocTtpoeHus rpaduKoB MOXKHO HMCIOJIb30BATh KOMIIBIOTED,
IPY HAJIMYUHA COOTBETCTBYIOIIMX 3HAHUW U YMECHUM.
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Hpuiaoxkenue S. CTpykTypa oT4eTa 10 JIA0OPATOPHOI padoTe.
OTt4eT no 1ab0paTopHOIl paboTe AOIKEH COAEPKATH CIEIYIOLIEE:

JlabopartopHas padora Ne

Hazpanue (4epTeKHBIM HIPHUPTOM).

Llens.

O6opy0BaHKE.

Kparkas Tteopus.

PacueTHas yacTs.

° 3amanue.

. Tabnuia pe3yabTaToB U3MEPEHUIN U PACUETOB.

o IIpumep pacyera MCKOMOM BEIMYUHBI C MCIIOJb30-
BaHMEM 4Hcell B cTaHgapTHou popme, B cucteme CU ¢ moapoo-
HBIMU MPOMEKYTOYHBIMU BBIYUCIICHUSIMU U OKPYTJICHUSMH.

o Pacuer norpemHnocren.

. [TocTpoenne rpaduKoB HCCICAYEMBIX 3aBUCHUMO-
CTEH.

7. BeiBOI.

o0k wihE



26

7. JIuteparypa
7.1. OcHoBHAasA

I. boromono, HO.A. OrieHHBaHME TOTPEHIHOCTEN W3MEPEHUMN
[DnexkTpoHHbINA pecypc]: koHcnekT Jekuuit / FO.A. boromonos, H.5. Me-
TOBUKOBAa. — M.: AkajeMusi CTaHIapTU3AIluH, METPOJIOTHH U cepTUduKa-
1, 2013. - 51 c.
Pexxum nocryma:
http://biblioclub.ru/index.php?page=book_view_red&book_id=275580
(mara oopamenus 12.01.2017)

2. Illmakos, I1.C. MaTemaTruueckas o0paboTKa pe3yJbTaTOB U3MEpe-
Hui: yueonoe nocoodue / I1.C. IlInakos, FO.JI. FOnakoB. — KpacHospck:
Cub6. ®enep. Yu-1., 2014. — 410 c.
Pexxum nocryma:
http://biblioclub.ru/index.php?page=book_view_red&book_id=435837

(mara obpamenus 12.01.2017)

3. Cxuptinaaze, A.I'. MeTponoru4eckue U TEXHUYECKUE U3MEPCHUS:
VYueonuk / A.I'. Cxuptnaaze. — Ilenza: [len3I'TY, 2015. - 218 c.
Pexxum nocryma:
http://biblioclub.ru/index.php?page=book_view_red&book id=437168

(mata obpamenus 12.01.2017)

7.2 lonoJHuTEIbHAS

4. CrenanoBa, E.A. OcHOBBI 00pa0OTKH PE3YyJIbTATOB H3MEPCHUIM:
yueOHoe mocodue / H.A. CremanoBa, A.C. Ckymuna, A.C. Bomeros. —
ExatepunOypr: U3a-Bo Ypai. yu-ta, 2014. — 95 c.
Pexxum nocryma:
http://biblioclub.ru/index.php?page=book_view_red&book id=276538
(mata obpamenus 12.01.2017)

5. I'amxa, O.A. OCHOBBI HayUHBIX HCCIICIOBAaHUN: yUeOHOE mocoOue
/ O.A. I'anxa, T.B. ConoBseBa.—Boarorpaa: Bonr['ACY, 2013. — 97 c.
Pexxum mocrtyna:
http://biblioclub.ru/index.php?page=book_view_red&book id=434797
(mata oopamenus 12.01.2017)
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http://biblioclub.ru/index.php?page=book_view_red&book_id=437168
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http://biblioclub.ru/index.php?page=book_view_red&book_id=434797
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JlaboparTopnasi padora Ne 5

OINNPEJAEJIEHUE OCHOBHbBIX TIAPAMETPOB BPAIIIA-
TEJBHOI'O ABUXKXEHUSA HA IIPUMEPE BPAIIIEHUA MAXO-
BOI'O KOJIECA

Ilens padbomwi: ONBITHBIM MyTEM U3YYUTh 3aKOHOMEPHOCTH Bpallla-
TEIBHOTO ABUKEHHSI MaXOBOr'0 KOJeca.

Ilpuboper u npunadnerncnocmu: MaxoBOe KOJECO C TPYy30M, CEKYH-
JOMEp, CAHTUMETPOBAs JICHTA, IIITAHTCHLIUPKYJIb.

Kparkas Teopus.

MoMmeHToM cuIbl F OTHOCHTENEHO HEeKOTOpOi Toukn «O» Ha3bIBa-
eTcs BeKTOpHas BelMMuuHAa M, ompeensemMas BEKTOPHBEIM IPOU3BEICHH-
eM:

M=|FxF | (1)

IZI€ 7 - paanyC-BEKTOP, MPOBEICHHBIA U3 TOUYKU B TOUKY ITPUIIOXKE-
HUS CUJIBL.

_ Ha puc. 1 BEKTOp MOMEHTa CHJIBI
t=rsina | COIIACHO MPAaBMIIy BEKTOPHOIO IPOU3BE-
NeHus OyzeT HalpaBjleH OT Hac 3a JIKCT.
Mozyab MOMEHTa CHJBI ONpEIENseTCs
BBIPAYKECHUEM:

M|=[F|{F|sin & 2)

m-sina=| -IUTMHA ~ TIEPIICHIUKYISIpA,

<

ONYIIEHHOTO W3 LEHTPA BpAIICHUS Ha
JIMHUIO IEMCTBUS CUJIbI, HA3bIBAECTCA ILIE-
4oM cuJibl. «O» - TOUKA MPHUIIOKEHHS CHU-
JIBI.
Puc.1. MoMeHT HHePpUHMH MATEPHAIbHON
TOYKH — CKaJISpHAs BEJIMYMHA, OIpeEJe-
JsemMasi MPOU3BEICHUEM MACCHI 3TOM TOYKHA HA KBAJpPaT PACCTOSIHUS OT
ATOW TOYKH JI0 OCH BPALICHUS:

J=mr? (3)
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MomeHT HHEPUHUHU TBEPAOIO TE/JIa paBCH CYMMC MOMCHTOB MHCP-

n 2
[IUU OTJEIbHBIX MAaTEPUAIIBHBIX TOYEK: J=> mi ri

=1
JI71s1 Tena nmpou3BOIbHOM POPMBI, TPEACTABIEHHOIO B BUJE COBO-
KyITHOCTH 0€CKOHEYHO MaJibix 00beMoB 0V, Macca KOTOphIX paBHa dm,
MOMEHT UHEPIIUM BBIYUCIISCTCS KaK UHTETpall 1o 00beMYy:

J=] rzdmzjrzpdv 4)
\ \%

I7Ie p - TUIOTHOCTh JIEMEHTAPHOTO 00beMa.

MoMEHT MHEepIUH Tela XapaKTepU3yeT MHEPTHOCTh Teia MO OTHO-
IICHUIO K U3MEHEHUIO UM YTJIOBOM CKOpocTH. OH SIBJISETCS aHAJIIOTOM Mac-
ChI KaK MEPbI MTHEPTHOCTH Teja MPH MPSIMOJUHESHHOM JIBH)KCHHUH.

Pacuer MoMeHTa wuHeEpIUH
O Pa3JIMYHBIX TEII SIBJISICTCS 3aauei
: Ha MHTETPUPOBAHUE, B PAJIC CIIy-

9JaeB JJOCTATOYHO CJIOKHOM.
B wacTHOCTH, MOMEHT
WHEPIIUU CILIOITHOTO OJTHOPO/I-
Horo aucka (Puc.2) oTHocHuTEIb-
HO OCH, TPOXO/IAIICH uepes3
IIEHTP AUCKA MEPIICHIUKYIIIPHO
Puc. 2. IIJIOCKOCTH €r0 OCHOBaHMM, pa-

BEH: J :EmR2
2

(5)
rje M — macca aucka, R — ero paauyc.
Ecnu npencraButh maccy gucka Kak M=pV , rae P - IJIOTHOCTh
BEILlECTBA AUCKa, V — ero o0ueM u yuecth, uro V =z - R*h, rue h — ton-
IMHA JUCKA, TOJTyIUM:

J :lpoﬁ-RZh-Rzzlp-ﬁ-Rﬂfh, (6)
2 2
TAaK KaK R = % , IIC D - AUaMCTp JUCKA, UMCCM:
1
J=—p--D'h 7
3P (7)

YriaoBasi CKOPOCTb XapakKTepHU3yeT MHTEHCUBHOCTH BpAILlCHUS Ma-
TEpUAIBHON TOYKU M TBEPJOTO TEla M BBIYUCIAETCS KaK MEpBasl MPOU3-
BOJIHAsI yIjla TOBOPOTA IO BPEMEHHMU:
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d
o=-2 ®)
dt
Yrii0Boe yckopeHue, OINpeaenstonee ObICTPOTY W3MEHEHUs YTiio-
BOW CKOpPOCTH, €CTh:

deo
E=— - 9)
dt
PaCCMOTpeHHBIe BCIIMYMHBI CBA3aHbBI COOTHOIICHHUCM .
>M =J& (10)
i=1

n —
rae .M. - cymma MOMEHTOB BHEIIHUX CWJI, AEUCTBYIOIIMX HA TEJIO.

i=1

Tak kak yrioBoe YCKOpEHHE MOKHO 3aIucaTh Kak MEepBYIO MPOU3BOJIHYIO,

—

@D
= ——, 1o ypaBHenue (10) MoxxHO MTpeoOpa3zoBaTh Kak:

dt
no da noo— d(Ja?)
VR v = 409)
EMo=d5 e M=

OTO COOTHOIIICHUE HAa3bIBAECTCSI OCHOBHBIM YpaBHCHHUCM JIWHAMHKH
BpalIaTCJIbHOTO ABHUKCHUA TBEPAOIO TCIA.

Bekropnas BenmuunHa L = J@ - MOMEHT UMITyJIbCa TBEPAOTO TENA.

Gy

(11)

Onuncanue yCTAHOBKH.

YcraHoBKa, C IIOMOIIBKD KOTOPOHU
MPOBOJIUTCA HMCCJICIOBAHUE, COCTOUT U3
MAaCCUBHOI'O MaxoOBOTO KoOJjeca, paauyc KO-
TOporo «Ry.;» M Haca)kaHHOTO Ha BaJl pa-
JAYCOM «I,» U OTCUETHOW BEPTUKAJIbHOU
HIKaJIbl C JCJICHUSIMHM, YKPEIJICHHON Ha CTe-
He. Ban ycraHOBJIEH Ha IIQPUKOMOIIMII-
Hukax. IkuB pagmyca R, Ha KOTOpBII
HaMaTbIBACTCS HUTh C IPYy30M MAacCOU «My,
HacaxxeH Ha Baji. llom pencTBuem rpysa
HUTh pa3MaThIBACTCS U MPUBOJUT MAaXOBOE
KOJIECO B PABHOYCKOPEHHOE BpaIIATEIbHOE
nBwxkeHue. [lonoxenue rpysa «my orMmeya-
€TCsI T10 MIKAJIE C JICJTICHUSIMM.

MeToanka onpeaejJeHUsi MAPaAMeTPOB BPALIATEJIbHOT0 JIBHKe-
HUSA.

Jl1s onpenenenust napaMeTpoB BPAIIATEIbHOTIO JBUKEHUSI MAXOBOTO

KoJjieca Tpy3y COOOIIArOT 3amac MOTECHIIMaIbHOW 3Heprum (m-g-hy), moj-

Puc. 3. mg



30

HUMas ero 3a c4eT BpalleHus kojeca Ha BbicoTy (hy). OcBoOOaMB KONIECO,
u3MepsitoT Bpems (1) omyckanus Tpy3a 10 HIKHEH TOUKH. BBIKITIOUHB ce-
KyHJIoMep, oTMedaroT BhICOTY (hy), Ha KOTOpyrO0 mojgHuMaercs rpy3 (1o
MHEPIIMK) OT HWKHEHW TOYKH. DKCIEPUMEHTAIbHbIE pacdeTHbIC (HOPMYJIbI
MOJIy4ar0T UCXO/JIsl U3 TOTO, YTO 3arac MOTEHIIMAIbHON SHEPTUH TPy3a, Ie-
PEXOJIUT B KMHETHYECKYIO SHEPTHUI0 €r0 MOCTYMaTeIbHOTO IBWKCHHS, B
KHHETUYECKYIO SHEPTrHIO0 BPAIATEILHOTO JIBIKCHHS MaxoBOTO Kojeca U
paboTy 1O MPEOIOICHUIO CUJIBI TPSHHS B TTOAIIUITHUKAX.

mgh, = m2v + J;’ +A,, (12)

Bocnonb3yeMcsi COOTHOIIEHUSIMU YTJIOBBIX U JINHEMHBIX XaPAKTEPH-

cTUK B (hopme BbipakeHuit (10).
at’ 2h 12 2h,
v=a-t, h=—; v= , O=—,0=
2 t R Rt

(13)
[Toacrasinsast cootHomenus (13) B popmyny (12) monyuum Beipaxe-
HUE JJI pacueTa MOMEHTAa MHEPLIMM MaXOBOr'0 KoJeca.

J =m-ij(g-t2-L—1) (14)

h(h +h,)
rae M — macca rpysa, Ry, — paguyc mKuBa, t — BpeMst OIyCKaHHs
rpy3a.
Koraa rpys moiaer 10 HMXKHEH TOYKH, MaXOBOE KOJIECO, BPAIIasiCh
I10 HHCpHI/II/I, Ha4YMHACT HaMaTbiBaTb HUTH Ha HIIKHB, B pGBYJ'IBTaTe qcro
Ipy3 CHOBA HA4YMHAET MOJHUMAThCI. Ho Tak Kak CylIECTBYIOT CUJIbI Tpe-
HUS B OTIOpax, TO OH MOJHUMAETCs Ha BeICOTY N,<h;. IIpm sToM kuHETHUEC-
CKasi BHCPFI/IH BpaH_IaTeHBHOFO JABHKCHUA KOJIECAa U HOCT}’H&TCHBHOTO
JIBUKECHUS Tpy3a MeperieT B MOTCHIMAIbHYIO SHEPTUIO U padoTy MpPOTUB
CUIl TpCHI/Iﬂ B OHOan BaJjia, TO €CTb
myv’ Jo’
+

Y2 megeh+ A
rae A, — paboTa MPOTUB CUJI TPCHHS, COBEPIIAEMas IIPH JBUKCHUH
2 2
mv- Jo
34 HaBEPX WU mgh-= + —A 15
Ipy p gn, 5 5 2 (15)

VYObUIb MOTEHIIMAIBHOW SHEPTUU TPy3a paBHA pabOTEe MO MpPeoI0Jie-
HUIO CWJIBI TPEHUS B MOITUITHAKAX.
m-g-hl—m-g-hzz + A =F

A |, +1 16
1mp 2mp mp(lJr 2) (16)
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1,1, — myTH, TPOXOAMMEBIC TPYIIMMHUCS Y4aCTKaMH Bajia TIPU JIBHIKE-

HUH I'Py3a BHU3 U BBEPX COOTBETCTBEHHO.
l1=27 r ny; L=2m r ny; (17)

rae Ni, N, — 4ucio o0OpOTOB, KOTOPOE Bajd clenal MpU ABUKEHUU
rpy3a BHU3 U BBEPX COOTBETCTBEHHO, I — paauyc BaJia.

ITpu sToM mikuB Toxke caenan (N1l)u (ny) 060poToOB 3a Te ke mpome-
KYTKA BpeMeHU. J[IMHY CMOTaHHOW M HAMOTaHHOM HUTU (HUTHh MOKHO
CUMTaTh YIPYroil U HEPACTSKHUMOM), PABHYIO COOTBETCTBEHHO BBICOTE
orryckanus hy u mogasTus hy rpy3a, MOKHO ONIPENEIHTh 10 GOopMYJIE:

h=27-R_-n; h=2z-R_-n (18)

17 wK 2

h . h, .
U3 cootnowenus (18) caenyer, uto N, = ———; n,=—>="—; (19
(18) cmeny 7 R i)

WK WK

IToncrapmsia BeipakeHus (19) B (17) nonydaem:

|1:thr_; I2:thL (20)

IToncraBnsis cootHomenus (20) B ¢opmyny (16), momydaem Bbipa-
KEHUE JUIsl CUIIbl TPEHUA B MOIUIUITHAKAX.

(h—=hy) R
F =m-g hl h2 .k (21)
mp + r
(hy+hs)
BpamarenbHblid MOMEHT CO3/IAE€TCSI CUIIOM HATSIKEHUSI HUTH
T =m-(g-a), mieuoM 3TOil CHIIbI ABJISIETCS PAANYC IKUBA R !
Msz(g_a) le(‘ (22)
[IpOTUBOAECUCTBYIOIIUM — TOPMO3SIIIUA MOMEHT CO3JAET CUJIa Tpe-

HUA Frp, @ IIICUOM DTOM CHIIBI ABIACTCS, I — PaluyC Baja, A€ MPOSBIAIOT
NEUCTBUE CUJIBI TPEHUS KaueHUs. [103TOMy MOXKHO 3amucaTh BBIPaKECHUE:

M. =F.pr 1
MmP:m.g(hl_hZ).Rmk
(h,+h,)

Wamepenns croasarces k Haxoxaenuto (R), (r), (t), (hy), (h,). Usmepe-
HUS BCEX BEJIMYMH HEOOXOIMMO MPOBOAUTH 3-5 pa3. Bricoty (hy) meneco-
00pa3HO OCTaBIISITh HEM3MEHHOIA.

3aganus.

(23)

1. 3MepuTh B TpEX-4YEThIPEX MECTax AuaMeTp mkuBa D K =2R,,,.

U auaMmerp Baja O, =2r, I — paguyc Baja, IJ¢ IPOSBISIOT ICHCTBHE CHJIbI
TPEHUS KaUCHUS.
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2. Bpamas pykoil MaxoBoe KoJieCcO, HaMOTaTh Ha IIIKUB HHUTh
(Tpoc), yAEpKUBAIOIIYIO TPY3, TaK, YTOOBI IPy3 MOJHSICS HA HEKOTOPYIO
BbICOTY (h) (mopsimka 70-100 cm.).

3.  JoOuBHIUCH YCIIOKOEHUS Ipy3a, OTHYCTUTh MaXOBOE KOJIECO U
OJTHOBPEMEHHO BKJIIOUUTH CEKyHIOMep. MI3MepuTh BpeMs OMyCKaHUS TPy-
3a (t).

4. He ocranaBinuBas BpalleHUsl KOJeca, AOKIATbCs, KOrJa Ipys,
NOJHUMASACh, OCTAHOBUTCS. YJIEpKHUBasg KOJECO, OINPEIEIUTh BBICOTY
noawsema rpysa (hy).

5. IloBTOpUTH BBHINOJHEHUE MYHKTOB 2, 3 U 4 emé ABa pasa, Mo-
HUMasl TIPU 3TOM T'Py3 Ha Ty K€ CaMylO BBICOTY, UTO U B MEpBHIi pa3. Pac-
CUMTATh CPEIAHME 3HAYCHUs BenuunH <t> u <h,>. Pe3ynbTaThl N3MepeHUl
3aHECTU B TAOJUILY.

6. B3Becurb Ha TOBApHBIX BEcax maccy rpysa «my. Pe3ynbTarbl
IPOBEAEHHBIX U3MEPEHUI 3aHECTH B TAOIUILY.

Tabu.

Ne m, hl, h2, t: RHJK! r, ‘]31 ‘]ma
/11 KT M M C 103m | 10°M | kr*m® | kr¥m?
1
2
3
<cp>
1. PaccuntaTh 3KCIIEpUMEHTAIbHOE 3HAYEHWE MOMEHTA MHEPLMHU
MaxoBOT0 KoJjieca 1o dopmyire (14):
2
1h
J :m.R2 J 2 _

[Tpu 5TOM IOACTABIATH CPSAHKME 3HAUCHHMS BEIMYMH Ny 1 L.

8.  IIpomsBecTu pacyeT TEOPETUUECKOIO0 3HAUYCHUS MOMEHTa HHEP-
MM MaXOBOTO Kojieca Jyo,. s 3TOro, He0OX0AMMO H3MEPUTH JUAMETP
MaxoBoro kojeca D, ero Tonmuny hy,,, ¥ 3Has MIOTHOCTH BEIIECTBA, U3
KOTOPOTO CJIeJTaHO MaXxoBOe€ Kojeco — ctaib (p = 7,8 10° Kr/M3), 1oJicTa-
BUTH 3T 3HaueHus B hopmynay (7).
9. CpaBHUTH MOJYYCHHBIC 3HAYCHNUS MOMEHTOB MHEPIIMM MaXOBOTO KO-
jeca, TO €CTh HAaTH OTHOCHTEIBHYIO MOTPEHNTHOCTh MOJYYECHHBIX PE3yiib-
TaToOB JIabopaTOpHOI paboTHI 10 popmyiie (24).
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J -J
g:‘”39‘-100% (24)

m
CnenaTh BEIBO/I.

10. Omnpenenuth cumy TpeHUS B onopax mo popmyse (21):

—<h,>).

TP
+<h,>) r
(hy+<h,>)
[TIpu 3TOM TTOJICTABISAIOTCS CPEAHUE 3HAUCHUSA <h,>, <R >, <r>.
11. PaccuuTath MOMEHT CWJIbI HATSPKEHUS] HUTH 11O PopmyJie :
Myr=R,,,.- T

C Y4E€TOM TOT0, YTO CHUJIa HATSXKCHUS

2
T=m(g—a)=m(g—t21) (25)

uMeeM M. =R _-m-(g- Zt'zhl) (26)

12.  Paccuutath MOMEHT CHJIBI COMIPOTUBJICHUS IO (hopmyTe :
M.=r F
13. CpaBHUTH MOMEHTBI CUJIbI HATSYKEHUS U CUJIBI CONTPOTUBJICHUS.
CrenaTthb BBIBO/JIBI.
14.  Omnpenenutb pabOTy MO MPEOAOICHUIO CUIJI TPEHUS IO (popMyiie
Amp =m g(h:L h2) (27)

KoHTpoJbHBbIE BONIPOCHI.

KakoB puznueckuii CMbICI MOMEHTa UHEPIUU ?
OT 4ero 3aBUCUT BEJIMYMHA MOMEHTA UHEPLIVU?
B xakux equHUIIAX U3MEPSETCS MOMEHT UHEPLUN?
Kak paccuntaTh MOMEHT MHEPLIMM OJTHOPOIHOTO JIUCKA.?
JIns 4ero ucCmoJib3yercsi 3aKOH COXPAHEHHS MEXaHWYECKOU
SHEPIUM B 3TOU padoTe?

6. CdopMmynupyiiTe U HANUIIUTE MATEMAaTHUYECKOE BBIpaKECHUE
MOMEHTA CHUJIbI,

7.  CdhopMynupyiiTe ¥ HANUIIUTE MATEMAaTHUYECKOE BBIpaKEHUE
OCHOBHOTO YpaBHEHUS JAWHAMHKHA BpallaTeIbHOTO JBUKEHUS TBEPAOTO
Tena.

RO
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JlabopaTopnasi padora Ne 9
OnpeneieHne MOMEHTOB HHEPIIUH TeJl
MeTO0/I0M MassiTHHKa MakcBeJjia

Hesab padoThI: ONpeneIUTh MOMEHTBI HHEPIIMU TEI METOJOM MasiT-
HUKa MakcBeiia; pacCUuTaTh TEOPETUUECKUE 3HAYCHUS MOMEHTOB HHEP-
WU ITUX K€ TeN;, YOSIUThCS B TOM, YTO MOMEHTBHI MHEPIIUU TEJI, pacCCUU-
TaHHbBIC AKCIEPUMEHTAIBLHO U TEOPETUUECKH, COTIACYIOTCS MEXIY COO0M
U PacCUMTaTh OTHOCUTEILHYIO MOTPEIIHOCTh X U3MEPEHUM.

IlpuHa IeKHOCTH: YCTAaHOBKA JISl U3MEPEHUSI MOMEHTOB MHEPIIUU
FPM-03, BeChl, ITAHTCHITUPKYJIb.

BBEJIEHHUE

JIt000i M3 HAc U3 CBOCTO >KM3HEHHOTO OIIbITA 3HACT, YTOOBI COO00-
IUTh TEJy YCKOPEHUE, HAI0 «IPEOJO0JIETh» €ro0 MHEPTHOCTh, 3aCTABUTh
JIBUTATbCSl BOIIPEKA €ro CTPEMJICHUIO COXPAHUTh HEU3MEHHBIM BEKTOP
ckopocTH. [Ipy mocTynarenbsHOM JBUKEHUHU TEJ MHEPTHBIE CBOMCTBA TEa
xapakrepu3yet ero macca. [Ipu BpamareibHOM JBUKEHUU TP PABEHCTBE
Macc JBYX WK 0oJiee TeJl MHEePTHBIC CBOMCTBA UX MOT'YT OBITh COBEPIIICH-
HO pPa3IMYHBIMH, TaK KaK B 3TOM Cllydae BakHa (popMa Teja, ero pasMepsl
Y MOJIOKEHUE OCH BpalleHus. [loaToMy, U1 XapaKTepUCTUKU HHEPTHOCTH
TeJIa MPU BPAIIATEIbHOM JBUKECHUHU BBOJST HOBYKO BEIMYMHY, KOTOpas
HA3bIBAETCA MOMEHTOM MHEPLIUHU.

MoMEeHTOM MHEpPUHM TeJIa OTHOCUTEIBHO JAaHHOW OCH Ha3bIBAETCS
dbu3nyecKkas BEIMYMHA, paBHAsS CyMMeE IPOM3BEJICHHN MacCc MaTepHaiib-
HBIX TOYEK Tema AM; Ha KBAaApaT UX PACCTOSHUK IO paccMaTpUBAEMOM
OCH:

n
|=ZAm| -I’i2.
i

MomeHT HHCPUHUU MOXKCT OBITh BEIYHCIICH IIYTCM UHTCTPUPOBAHUA:

I:fr2~dm:pj'r2-dv,
m Vv

T7I€ p - TNIOTHOCTH TEIa;
V - 00beMm Tena.

Kak BuHO U3 onpeneneHns:, MOMCHT HHEPIINH Tella €CTh BEIMYNHA

aJIMTUBHAS: MOMEHT MHEPITMHU TeJla paBEH CyMME MOMEHTOB MHEPIIUH €TO



35

yacteil. OTHO M TO K€ TeJI0 OTHOCUTEIBLHO Pa3HBIX Oceil 001aaeT pas-
JUYHBIMU MOMEHTaMH WHEPLIMH.

CornacHo Teopeme lllTeliHepa, MOMEHT WHepHuU Tena | OoTHOCH-
TEJILHO MPOU3BOJBHOM OCHM pPaBeH CyMMe MOMEHTa uHepuuu ly oTHOCH-
TEJIbHO BCIIOMOTaTEJIbHOW OCH, NAPAIUICIIbHOU JAHHOW Y MPOXOIAIICH Ye-
pe3 LEHTP UHEPIIUU TeJla, U MPOU3BEJCHHS MAcChl TEIa M Ha KBaJparT pac-
cTOsTHUA d MEXAYy OCSIMHU:

|=lg*+md? . (1)
CyleCTBYIOT Pa3IUYHbIC METOIbI OMPEICIICHUS MOMEHTA UHEPLIUU
Te. B HacTosel padoTe CnoJib3yeTcs METO MassTHUKA MakcBera.

OIIMCAHUE YCTAHOBKU 1 METOJAMKH SKCIIEPUMEHTA

ODKCHEpPUMEHTAIbHAS YCTAaHOBKA JIJII MU3MEPEHUS MOMEHTOB HMHEP-
MU T MPECTaBIsAeT cOO0M MasTHUK MakcBeia, OCHAIEHHBIA PS0M
BJICKTPOHHBIX YCTPOWCTB, MO3BOJIAIOIIMX IPOU3BOJAUTH TOYHBIE H3MEpE-
Hus (puc. 1).

Masitauk MakcBe/uia - 3TO CUMMETpUYHOE Teino BpamieHus (1),
Haxo/sIIeecs] Ha METaJUIM4eCcKOM Bally (2), Ha KOTOPBIM HaMaThIBAE€TCS
HepacTsbkuMasi HUTH (3), 3aKperyieHHass Ha HETMOJBHXKHOM KpOHIITEHHE
(4). HamoTaB HHTh Ha Ball W, MOJHSB MasATHHUK Maccoil My Ha BBICOTY h,
eMy COOOIIal0T HEKOTOPHIH 3amac MOoTeHIManbHOW sHepruu Mgh. Ilpu
OINYCKAaHWMU MAaATHHUKA U3 BEPXHETO IMOJOKEHUS MPOUCXOJUT €r0 PacKpy-
YUBAHUE U OJHOBPEMEHHOE IMOCTYNATEIbHOE IBUXKEHUE BHU3, T. €. CO-

IJIACHO 3aKOHY COXPAHEHUS MEXAHWYECKON SIHEPTUU 3aMKHYTOW CUCTEMBI

mv 2 %

h = + :
o 2 2

mv 2

rac T = KHHCTHUYCCKAs SHCPI'UA IOCTYIATCIIbHOTO IBUKCHUA,

2
lo
—— - KHUHETUYECKas SJHEPT U BPALIATEIbHOTO IBUXKEHUS
M3MepuB Maccy M Bpamaronierocs teia, BeICOTY h ero moasema,
BpEeMs TIPOXOXKJICHUS BBICOTHI N W pamnyc Bana I, MO)KHO HAalTH MOMCHT
BpAIIAOLIEHCS YACTH MAsATHHUKA.
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| 4 ' '
. LI
e 4 7/U -
3
1
_ 2
y 5
[ ] 6
11 12 I 9
o I 10 — |
s L i i

Puc. 1 Magtauk Maxkcsesnuia

J{1s1 5TOrO 3anuineM CUCTEMY YPAaBHEHUN:

2 2
mv lo
mgh = + 1
|mo 2 >~ @D
at
h=— 2
\ 5 (2)
Nwmes B BUIy, uTOV = at = or, nony4yaem u3 (2):
so2h L at v 2
t2 ] t2 ] r t2 ]
mgh = 4rmh . 41h*
2t 2t%r?
mgh _4mh®  4Ih®
2t 2t°r?
I—ﬁ rngh_4mh2 _mhtzrz(g_@j_
2h? 2t° 2h? t*)’

| = mr? 9
2h '

I/ISMepCHHC BPpEMCHHU JABUKCHUA MAaATHHUKA BHU3 N0 ITOJTOXKCHUA paB-
HOBECHSI B HM)KHEH TOYKE IMPpOUCXOAUT aBTOMATHYCCKH 3a CUCT COIJIaco-



37

BaHHOU PabOTHI AJICKTPOHHBIX YCTPOUCTB — (POTOIIEKTPUUECKUX JATUNKOB
BEPXHETO W HWKHETO ITOJOKCHUS MasTHuKa (5 m 6), BIeKTpoMarHmTa
yJIep)KUBaHUs MasSTHUKA B BEPXHEM IOJOKEHHUH (7), DJIEGKTPOHHOTO KBap-
IIEBOr0 CEKyHaoMepa (8).

ITOPAAOK BBIIIOJIHEHUSA PABOTBI

1. IIpoBeputh HanmMuue 3a3eMJICHHS KOpPIyca SKCIEPUMEHTAIbHOU
YCTaHOBKH U HAJISKHOCTh KPEIUICHHSI POBOA 3a3eMJICHUSI.

2. BcraBuTh IIHYp NMHUTAHUS YCTAHOBKU B PO3ETKY M BKIIFOYHUTH yC-
TAHOBKY BKJItOUaTesneM ceTu (9), Mpu 3TOM JIOJDKHBI 3aCBETUTHCS WHINKA-
TOpHbIE JaMIibl cekyHaomepa (10) mamnouku ¢poTonatdyukos (35,6).

3. Haxatuem xHomku (11) «cOpoc» (Zer) npousBecTH OOHYJICHUE
MHMKATOPa CEKYHI0Mepa.

4. Omxath KHOMKY (12) «mmyck» (Start), BKIIOUUB TeM CaMbIM 3JIEK-
TPOMArHUT YJep KaHU.

5. Bpamias MasTHUK, akKypaTHO HaMOTaTh HUTH Ha Baj, CIes 3a
TEM, YTOObI HATSHKEHUE HUTEU OBIJIO OJMHAKOBO, & HAMOTKA MPOU3BOIU-
Jach PaBHOMEPHO BUTOK K BHUTKY. 3a(pMKCUpPOBATh MAsTHUK B BEPXHEM
MOJIOKEHUU TPU momouu 3yektpomaruuta (7). HaTsokeHue Huten mpu
ATOM HE JOJKHO OBITh CIUIIKOM OOJIBIIINM.

6. Ilocne 3axBaTa MasgTHUKA JIEKTPOMAarHUTOM MOBEPHYTh MasSTHUK
B HalpaBlICHUK OYAYLIEro IBKXKEHUS Ha HeOonbmon yron (~ 5°), ybe-
JIUTHCA B TOM, UTO Ha TabJIO CEKYHAOMEpPA CBETSITCS HYJIH, B CIydae HEO0O-
XOJIMMOCTHU MPOU3BECTU 00HYIeHrEe KHOMKOM (11) «cOpocy.

7. Haxxatb kHOTIKY «11yck» (12). IIpu 3TOM HayHEeTCs pacKpydu- Ba-
HUE HUTH, MAATHUK OyJET OMYyCKaThCs, CEKyHJIOMEpP HAYHET OTCUET Bpe-
MEHU JIB>KCHUSI MasSTHHKA.

8. 3amucath BpeMs, MHAYLHPYEMOE Ha TabJI0 CEKyHJoMepa IOcie
JOCTHXKEHUSI MAaSITHUKOM HMXKHETO TIOJIOKEHUS.

9. IIpousBectu cOpOC MOKa3aHUS CEKYHIOMEPA.

10. IToBTOpHTH TIpOLIECC W3MEPEHHSI BPEMEHU ABUKCHUS MAsTHHUKA
BHM3 HE MeHee 3 pa3, KaKIIbIN pa3 3aluChiBasi ’TO BPEMsI.

11. 3akpenuTh Ha MAsITHUKE METALUINYECKOE KOJbI[0O, MOMEHT UHEP-
MU KOTOPOTO HEOOXOJUMO U3MEPUTh.

12. TloBTOpUTH W3MEpPEHHSI B COOTBETCTBUU C IyHKTamu (3-10) Ha-
CTOSILIETO OMUCAHUSI.

13. llITaHreHMpPKYJIEM U3MEPUTH THUAMETP BaJla MASITHUKA, HA KOTO-
pBIN HaMaTHIBAIOTCS HUTH O, .
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14. 3aMepuTh BBICOTY MOJBEMA LIEHTPA TAKECTU MAATHUKA OTHOCH-
TEIBHO MOJIOKEHUSI PABHOBECHUSI BHU3Y.

15. 3anucare Maccy MasiTHHKA 0€3 JOMOTHUTENBHBIX KOJIEI] (JaHO Ha
YCTaHOBKE).

16. Halitn myTem B3BEIIMBAHUS HA BECaX MACCy Ka)KJIOro M3 JOIOJI-
HUTEIBHBIX KOJIEI], MOMEHT UHEPLIMU KOTOPBIX HAJ0 ONPEACIIUTD.

17. I3MepuTh BHEIHUHN Oypery 1 BHYTPEHHHH TUAMETPBI Uy KOTIELL.

18. Pe3ynbTarsl H3MEpeHUM 3aHeCTH B Tadmuiy 1 u 2.

3AJIAHUS

1. s kaxaou cepun M3MEPEHNUN HAWTH CPEAHEE BPEMSI OITyCKaHUS
MasTHHUKA <t>;

2. PaccuuTaTh MOMEHT HMHEpPLMU MaATHUKA O€3 JOMOIHUTEIbHBIX
KOJIeLl

2 2
- md,”[g<t>"
0=
4 2h
3. PaccuutaTth MOMEHT WMHEPHIUHU MAsTHUKA C KaXKIBIM W3 UCIIOJb-
3yeMbIX JOTOJHUTENBHBIX KOJIEII :
2 2
- md°(g<t;, >
4 2h

~11,

rae m-m+my,
M - Macca BpaIllaroIIeics YacTH MasTHHKA,
My - Macca U3MEPSIEMOT0 KOJIbIIa;
<t;> - cpeaHee BpeMsl OITYCKaHUS MasSTHUKA C JOMOJHUTEIbLHBIM
KOJIBIIOM.
4. HaliTh MOMEHT HHEpIHH | I3MEpSeMBIX KOJICII, MCIIOJIB3YS a1~
TUBHOCTH MOMEHTA MHEPIUU:
Ik =1 1- |0
5. PaccumTaTh TEOPETHYECKH MOMEHTHI MHEPIIMU HCIIOJIb30BaHHBIX
KoJiel mo gopmyie:

6. Halitu pacxoxaeHue (B MpOILEHTAX ) U3MEPSAEMBIX B IKCIIEPUMEHTE
U PACCUUTAHHBIX TEOPETUUECKH MOMEHTOB MHEPIIUH KOJIEILL;:

_{=lr) -100%
T
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7. Pe3ynbTathl 3aHeCTH B TaOIULbI 1 1 2

Tabmuna 1
O0BeKT m, d,, h | el beltec <t>, I
HUCCJIEIOBAHUSI 103 kr | 103 m ’ L 2 % c 10 kr-m?
Jnck
JInck+konbio 1
JIMCK+KOIBIIO 2
Tabmnuria 2
OO0BeEKT Ik
m, dBHeH_I ) dBHyTp ) ’-6 IT ) 0
HCCHCAOBAEIT | 10%kr | 10°m | 10°m 10 10t k2| &7
KI''M
Kompmo 1
Komabmo 2
KOHTPOJIBHBIE BOITPOCHI

1. JaTte ompeneneHre MOMEHTa WHEPIMU Tejla U TMOSCHUTH: YTO
XapaKkTEePU3YeT, OT YEro 3aBUCUT U B KAKUX €AMHUIIAX U3MEPSAETCS JaHHas
BEJIMYMHA; KaK OHA ONPEEIACTCS] OTHOCUTENILHO MPOU3BOJILHON OCH.

2. BbiBecTu (QopMyny, MO KOTOPOW pPaCCUUTHIBAIOTCS AKCIEPU-
MEHTaJIbHbIC 3HAUCHUSI MOMEHTOB MHEPLUH (PU3UUECKUX MASTHUKOB.

3. OOBICHUTH IKCTICPUMEHTAIbHBIC TaHHBIE.
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JlabopaTopnasi padora Ne 11

OmnpeaesieHne MOMEHTOB MHEPUUH (PU3MUYECKUX MAITHUKOB
pa3ju4HOi (pOopMbI

Ilens pabomer: onpenenuTb MOMEHTHl MHEPLMHU JMCKa, 00pyda U
LWIMHIAPUYECKOI0 CTPEXKHS; IPpOBepUTh TeopeMy LlITelinepa.

Ilpubopwt u npunaonexcnocmu: nUCK, oOpyd, UIUMHAP, IITAHTCH-
UPKYJb, CEKYHIOMED, BECHI.

BBEJIEHHUE

JIto00#1 U3 HAac U3 CBOEro XU3HEHHOTO OMbITa 3HAET, YTOOBI COO0-
IIUTh TEIIy YCKOPEHHUE, HANO «IIPEOJO0JIETh» €ro MHEPTHOCTh, 3aCTABUTh
JIBUTATbCSl BOIIPEKA €ro CTPEMJICHUIO COXPAHUTh HEU3MEHHBIM BEKTOP
ckopocTH. [Ipu mocTynarenbsHOM JBUKEHUU TEI MHEPTHBIE CBOMCTBA TEJa
XapakTepusyer ero macca. [Ipu BpamarensHOM ABHKEHUN IIPU PABEHCTBE
Macc JBYX WK 0oJiee TeJl THEPTHBIE CBOMCTBA UX MOTYT ObITh COBEPIIEH-
HO Pa3IMYHBIMU, TaK KaK B 3TOM cllydyae BakHa ¢opma Teja, ero pa3Mepsl
U TIOJIO’KEHUE OCH BpaiieHus. [loaTomy, 11 XapakTepUCTUKNA HHEPTHOCTH
TeJaa MPHU BPalIaTEIbHOM JBH)KEHUH BBOJAT HOBYIO BEIMYHMHY, KOTOpPas
HAa3bIBAETCSI MOMEHTOM MHEPLIUHU.

MOMEHTOM HMHEPLUMM TeNa OTHOCUTEIBHO JaHHOM OCU Ha3bIBAETCS
du3nyeckas BeIMUMHA, paBHAs CyMME IMPOU3BEIACHUNA MacC MaTepuailb-
HBIX TOYEK Tenma AM; Ha KBaApaT UX PACCTOSHUU IO paccMaTpUBaAEMOM
OCH:

n
|=ZAm| -I’i2.
[

MomeHT HHCPUIHUU MOXKCT OBITh BEIYHCIICH IIYTCM MHTCTPUPOBAHUA:

I:frz-dm:pj'rz'dv,
m Vv

7l p - IUIOTHOCTH Tena, V - o0beM Tena.

Kak BuHO U3 onpeiesieHnsi, MOMEHT MHEPLIUH TeJla €CTh BEJIMYMHA
aJIUTUBHAS: MOMEHT UHEPIMHU T€JIa PABEH CYMME MOMEHTOB UHEPIIUH €0
yacteit. OTHO U TO e TEJIO OTHOCUTEIBHO Pa3HbIX ocel 001aiaer pas-
JUYHBIMA MOMEHTAMH UHEPIIHH.
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CornacHo Teopeme lllTeitHepa, MOMEHT WHEpUUU | OTHOCUTEITHHO
MPOU3BOJILHOM OCH paBE€H CYMME MOMEHTA UHEPIUU |lg OTHOCUTENIBHO OCH,
IapaJUICIIbHON JaHHOW U MPOXOIAIICH Y€PE3 LIEHTP UHEPILIMU TEJIA, U TPO-
M3BEJICHUS MacChl Tella M Ha KBaJpaT paccTosHusA d MEeXay OCSIMH:

| = lo + md”,
CylleCTBYIOT Pa3INYHbIC METOIbI OMPEICIICHUS MOMEHTA HHEPIIUU
Te. B HacTosimel paboTe UCMob3yeTCs METOT (PU3UYECKOTO MAasITHUKA.

OIIMCAHUE METOJUKHA SKCIIEPUMEHTA

DuU3NYECKUM MAsITHUKOM Ha3bIBAIOT TBEPJI0€ TEJI0, CIOCOOHOE CO-
BEpIIaTh KOJIEOAHUs OKOJIO HEMOABMYKHOW TOPU3OHTAILHON OCH, HE MPO-
XOSAIIEN Yepe3 EHTP €Tr0 TIKECTH.

Ecnu MasgTHUK OTHECTH B CTOPOHY OT MOJIOKEHUS PAaBHOBECUS U OT-
MyCTUTbh, TO OH HAYHET COBEPIIATh KOJIEOAHUS OKOJIO MOJI0KEHHUS PaBHO-
Becus. [Ipy 5 TOM MeX Iy MeproioM KoieOaHuss 1 MOMEHTOM MHEPIIUUA Ma-
SATHUKA MOKET OBITh YCTAHOBJICHA DKCIIEPUMEHTAJIbHAS CBSI3b, UCIIOIb3YS
KOTOPYIO MOYKHO PACcCUMTaTh MOMEHT MHEPIIMU MASITHUKA IO HAMEPEHHBIM
3HAYEHUSIM Teproja KojaeOaHusl.

JI71st mostydeHust pac4eTHOM (popMyJIbl pacCMOTPUM KosieOanust Ghu-
3UYECKOr0 MasiTHUKA, CXEMa KOTOPOIO MPUBEJICHA HA PUCYHKE 1.

Puc.1

[Ipy OTKIOHEHHM MAsITHUKA Ha yroJ ¢ (B HAMpaBJICHUU CTPEJIKH)
BpallaTeJIbHBIM MOMEHT, CO3/IABAEMbIM CHUJIOW TSIKECTH, JCUCTBYET B Ha-
MPaBJICHUM, MMPOTUBOIIOJI0KHOM OTKJIOHEHHIO, BO3Bpalllasi MasTHUK K I10-
JIOKEHHUIO paBHOBecHS. [10ATOMYy MOMEHTY CHJIbI M OTKJIOHCHHUIO PHUIIH-
CBIBAIOT MPOTHUBOIIOJOXKHBIE 3HAKU ( KaK HampuMmep, YNpyrom cuiie u cMe-
mennio F=-kx) :



42

=-mgl = - mg-d-sine, (1)
rae d — paccTosiHKE OT TOYKH MOABECA 10 LEHTPA TSHKECTH TeJa,

| — meyo cuitbl (MepHEHAUKYIISAP, MPOBEACHHBIA U3 IICHTpa Bpalle-
HUS Ha JIMHUIO ACHCTBUSI CUJIbI).

Du3MYeCKUi MasiTHUK COBEPIIAET KOJeOaTeIbHOE JBUKEHHUE, KOTO-
pO€ SABIISIETCS MEPUOJUUYECKMM BPALIATEIIBHBIM JBUKEHUEM OKOJIO IOJIO-
KeHust paBHoBecus. [lodToMy €ro IBHKEHHE OINMCHIBACTCS OCHOBHBIM
YPABHEHUEM JIMHAMUKHU BPAILLIATEIIbHOIO ABUKECHUS:

M=1l-¢, (2)

rie M — MOMEHT CHJIBI TSDKECTH, ONpeAeiiIeMblii BeIpakeHueM (1);

| — MoMeHT uHepiuu (HU3NUECKOTO MasiTHUKA OTHOCUTEIBHO TOPHU-

30HTAJILHOM OCH, MPOXOAIICH YEPE3 TOUKY IOJIBECA;
€ — YIJIOBOE YCKOpPEHHE, OIpeesieMoe KaK BTOpasi MPOU3BOJIHAS TI0 BPEMEHH OT yTJia To-
BOpOTA!

_d%_
dt? |
[IpupaBHuBas npaBbie yacTu ypaBHeHu# (1) u (2), momyunm:
2
9% =-mg-d-sin .
dt?
Ecnu yroa oTKJIOHEHHs HE MpeBbIIAET 3-5°, TO MOKHO BOCIIOJIB30-

BaThCSI MPUOIMKEHHBIM PaBEHCTBOM SINQ = @:

€

lo" +mgd -sin ¢ =0. (3)
Pemenue ypaBuenus (3) Oynetr UMETh BU/L:
¢ = @o’COS (wt + 0p) . (4)

Hudbdepennupyem ypaBHeHue (4) nBaxabl 10 BPEMEHH, 3aMEHSIEM
¢" u ¢ B ypaBHeHHH (3). ITocie mpeoOpa3oBaHMiA TOTYIHM:

o= M (5)
I
Mcnonb3yst U3BECTHOE COOTHOILIEHUE M = 2T_7t , IPUBOJIUM ypaBHEHHE
(5) k BunYy:
_mgd -,
I, = WT : (6)

Mp1 nonyuunu Gopmyy, o KOTOPOW B TaHHOM paboTe mpesiaraeT-
Csl pacCYMTaTh MOMEHTBI HHEPIIMU TPEX PA3IUUHBIX TEIl.
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[TOPSJIOK BBITIOJIHEHU ST PABOTBI

1.  B3sBecuB uccienyeMble MaSTHUKH, ONIPEACIUTh KX Maccy.

2. M3mepuTh MITAaHTCHIUPKYJIEM JIUaMETp AWCKA, BHEIIHUN H
BHYTPEHHUH TUaMeTp 00pyda M JIMHY [IIHHAPA.

3. V3MmepuTh mITaHreHIUPKYJIEM paccTosHUEe d OT ocH BpaIlcHHUs
70 ILIEHTpPa THKECTH TpeX (U3MYECKUX MASTHHKOB, T.€. PACCTOSHHUE OT
pedpa MpU3MBbI 10 UX IIEHTPa TAKECTH.

4.  Onpenenuth cpeaHUN nepuoi KojicOaHui (HU3UYECKOro MasiT-
HUKa. /{711 3TOro OTKJIOHUTH MasTHUK Ha yroji He 0oJiee D° U TP pasza U3-
MepuTh Bpems 1, 3a koTopoe copepiraercs 20 moaHbIX konebanuid. [lepro
OnpeAeuTh 1o popmyre:

_®
N
rae N = 20, <t> - cpennee Bpems 20 konedaHu.

<T>

3AJIAHUS

1. Onpenenuts MOMEHT MHEPLMHU OJAHOPOAHOrO AucKa l, mo skcre-
puMeHTaabHOU Gopmyrie (6) u ero TeopeTrudeckoe 3HaueHue |, mo Teopeme
[ITeitnepa. )

l, = lp + md?, (7) S
MR 2
2

OTHOCHUTENIBHO €ro meHrpa macc, d = R — h, R —
paanyc nucka, h — BbICOTa TPHU3MBI, OTHOCUTEIb-
HO KOTOPO# TeI0 coBepInaeT Kojiebanus (puc. 2). Puc. 2

2. OnpenenuTh MOMEHT MHEpLMHU 00pyda |,
o opmyite (6) u |, mo popmyie (7), yauThIBas, 4ro:

lo, = MR? — MoMeHT MHEpIMKU Oo0pyda OTHOCHUTEIIBHO €ro IEHTpa

rne Iy =

- MOMCHT HWHCPpHOHUHN JHCKaA

Macc, rnpu 3toM: R = %(R 1 +R5), Ry - BHyTpeHHuil paguyc o0pyya, R; -

BHEIIHUM pajuyc o0pyya.

3. OnpenenuTh MOMEHT UHEPIIMUA TOHKOTO HWJIMHAPA OTHOCUTEIHHO
oCH, MPOXOoasAIIer yepe3 Topen mmwmHapa |, mo ¢popmyne (6) u I, mo dop-
myie (/), IpyA 3TOM NMPUHSTH:
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2
ml
lp =—— - MOMEHT MHEpPLUU LUINHIPA OTHOCUTEIBHO €ro LIEHTpPa
macc, | - qiavHa nuIMHapa.
4. JlaHHbIC U3MEPEHUM U BBIYUCIICHUI 3aHECTU B TaOIMIIBI 1 1 2.
5. Paccuntarh OTHOCUTEIBHYIO MOTPEIIHOCTh € U3MEPEHUM MO (op-
MyJI€:

e =17 bl 1000
T
6. CpaBHUTH TOJy4YCHHBbIC 3HAYCHUS MOMEHTOB WHEPIUHU (hr3HYe-
CKUX MAasATHUKOB (IMCKa, 00OpydYa, TOHKOIO HWJIMHJIpPA), UMEIOIIUX OJMHA-
KOBBIE MacCChl, HO pa3nuHyto ¢hopmy. Crenatb BHIBOJIBI.

Tabnuma 1
Jnck R= =
O6pyu R; = h=
R2 -
Humuaap | = h=
Tabauma 2

m; tl! t2, t31 <T>1
Kl | C C C c | M| 108 kr-m? | 107 kr-Mm? %

o
—
-
o

Jnck

O06pyu
Hunuaap

KOHTPOJIBHBIE BOITPOCBI

4. JlaTh onpeAcieHUE MOMEHTAa MHEPLIUU TEJA U MOSCHUTD; YTO Xapak-
TEPU3YET, OT YET0O 3aBUCUT U B KAKHX €IUHUIAX U3MEPSACTCS JaHHas Be-
JIMYVHA; KaK OHA OMPENENSAETCS] OTHOCUTEIBHO MPOU3BOJIBHON OCH.

5. BeiBectu ¢dopmysny, MO KOTOPOM pPacCUUTHIBAIOTCS SKCIIEPUMEH-
TaJbHbIC 3HAYCHUSI MOMEHTOB MHEPIUU (PU3NUECKUX MAsITHUKOB.

6. O0BACHUTD PKCIIEPUMEHTAIbLHBIC JJAHHBIC.



45

JlaboparTopnasi padora Ne 7

N3y4yeHne 3aK0OHOB BPAaIIaTeJbHOI0 IBHKEHHUS
¢ mOMOIIbI0 MassTHUKA O0epOeka.

Ilenv pabomwi. wccienoBaTh OCHOBHBIE 3aKOHOMEPHOCTH Bpallla-
TEIBHOTO JBHKCHHUS.

Oobopyooeanue. masTHuk OO0epOeKa, CEKyHIOMEp, IITAHTCHIUP-
KYJb, TPY3UKH.

Kparkas Teopus.

Mastauk O6epOekanpeacTaBisieT co00M KpeCTOBUHY, BpaIarOITyIO-
Cs OTHOCUTEIHLHO TOPHU3OHTAIBHOM ocH. Ha criniiax KpecTOBUHBI KPEIATCS
paBHBIC TI0 Macce IMUIMHIAPHL. Ha ogHOM OcH ¢ MaXxOBHKOM HaXOJHUTHCS
IIKWB ¢ HAMOTAaHHOM Ha HETO HUTHIO. HUTH mepeknHyTa uyepe3 HEmoABH K-
HbIN 0710K. K KOHIlYy HUTH MpUBS3aHa Yallla JJisg TPY30B.

OcCHOBHOE ypaBHEHHE JTUHAMUKH BpAIllaTEIbHOTO JABWKCHUS HMEET
BUI:

I ——)
dt J
rae M - MOMEHT CHWJIBI Bpamaromieil teno, L=J-@&- MOMEHT UMITyJIbca
ATOro Tena, J- MOMEHT MHepuuu MmasitHuka OOepOeka,w- yrioBas CKO-
POCTh BpaleHu.
M = d_l: — M = a o+ J do
dt dt dt dt
Eciu MOMEHT MHEpIUHU Tejla CO BpEMEHEM HE U3MEHSETCS
3=const, ¥ —o , TO ypaBHEHHUe yrporaercs: M = adk_;99_4;.
dt dt dt
31ech & - yIJIOBOE YCKOPEHHUE.
Bpamaronyiit MOMEHT CO3/1a€T CHia HATSKEHUSI HUTHU T .
M = Fx(j,
e I- paauyc MaxOBHKa IITKUBA.

Cuty HaTsDKEHUSI HUTH HaiieM U3 BTOporo 3akoHa HpioToHa, 3amm-
CaAHHOTO JJIsl CUCTEMBI «Ualllka C TPY30M — HUTh», B MIPOCKIIUH HA OCh CO-
HaIPaBJICHHYIO YCKOPEHHUIO:

ma=mg-—T,
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rje m=m, +m, - Macca Jamku ¢ rpy3om. Otcroma: T = m(g - a).

YcKkopeHre a HaXOAMM U3 BBIPAXKEHUS IS ITyTH, IPOMAIEHHOTO IIPH
PaBHOYCKOPEHHOM JBMKECHHH 0€3 HauabHOW CKOPOCTH:
_at* . 2h
2T

YCKOpeHHe TOCTYMATeIbHOIO JBMKEHHS YalllKh C TPY30M pPaBHO
TaHICHIIMAILHOMY YCKOPEHHIO TOYKH IMOBEPXHOCTH INKHMBA, Ha KOTOPBIi
HaMOTaHa HEpacTsHKMMasi HUTh. A €ro MOAYJIb CBSI3aH ¢ MOJYJIEM YIJIOBO-
r'0 YCKOPCHHUS BPAIIIEHUSI MasiTHUKA COOTHOIICHHEM:

h

a 2h
E=— NN §=—
r rt

IToncraBisis B OCHOBHOE YypaBHEHME JIWHAMUKHU BpallaTeIbHOIO
nekeHuss M = Je, BeIpakeHue JJ1s1 MOYJIsl BPAIIAOIIEr0 MOMEHTA CUJIbI
HATSDKEHUS HUTH T = M(Q - 8)I0IyduM:

j_m r’'(g—a)
v a
rjae J, - MICKOMbIH MOMEHT MHepluu MasiTHuka Ooepoeka.

a
T-r:Jy-g:m(g—a)-r:Jy?:

2h
HOJICTaBI/IB BBIPAKCHUC JI1I YCKOPCHUS a = t—z , OKOHYATCJIbHO ITOJIYUYUM:

2 2
J, = m-r(g-a) :mrz(g—l):mrz(i—l) WIH J, =m£(£—1),
a a 2h 4 " 2h
raed = 2r- quameTp IIKuBa.

Takum oOpa3zom, sl ONpEISIICHUS MOMEHTAa WHEPIIMH MasTHUKA
ObepOeka He0OX0UMO 3HATH MAcCy Yalllkd ¢ Tpy30oM M, myTh N, Tpoii-
JICHHBIN €10, BpeMs JIBIDKCHUSA th TaMeTp IMIKUBa MasTHUKA.

MoMeHT uHepIHH Tejla MPOU3BOIBHON (POPMBI ONIpEeAesaeTCs HHTE-
rpajioMm:

J, = Irzdm

3[IeCh - pacCTOSHME OT 3JIEMEHTa Macchl M 10 OCH BpaIllCHHUSL.
MoOMEHT uHEepLMHU Tela — aJIINTUBHAs CKaJspHasl BEJIMYMHA, €[0O MOMEHT
WHEPIIMA MOKHO HAaXOJIUTh KaK CYMMY MOMEHTOB HMHEPLMHU OTACIbHBIX
yacTel. B yacTHOCTH 1711 MasiTHUKA:
37= Bom + 43, + Jue

raedem, Jy Jux— MOMEHT MHEPLMH, COOTBETCTBEHHO CTEPKHS, LUINHIPA U
mKruBa. MOMEHTOM HHEPIIMM OCH MOXKHO IIpeHeOpeyb H3-3a MaJOCTH €&
IrameTpa.

DT MOMEHTBI MHEPIIUHM TEJ MPaBHIBHON T'€OMETPHUUYECKON (DOpMBI
BBIpaYKaroTCs (hOpMyJIaMH:
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e MoOMEHT MHEPIUU CTEPKHS OTHOCHTEIHHO OCH Hgoxoz[ﬁmeﬁ gepes
ero KOHEI NEPIeHIUKYIIpHO emy J., = mgl7/3, rael- mmuna
CTEPIKHS.

e MOMEHT MHEPIMH JUcKa (IIKKUBA): J,,= m,,.r*/2 = m,,d*8.

r, d- pamuyc U, COOTBETCTBCHHO, JUAMETP IIKHBA.

e MOMEHT MHEPLIUH LUJIHUH/pA ONpeaAeisieM Kak MOMEHT MHEPITUH Ma-
TepuaabHON TOYKU (mMpeHeOperaem ero pasmepamu. Ilpemmaraem
OIICHUTH JOMYCKAeMYIO IPU 3TOM IOTPEITHOCTH):

J, =mx?
X- PacCTOsTHUE OT OCH BpAIllEHUs JI0 IIEHTpa Macc UJIMHIpA.
Maccy m = pV Tena MOKHO ONPEACIINTh, 3Hasl TUIOTHOCTh CTaIH P =
7,8 IOSKF/MSI/I, paccuuTaB 00bEM COOTBETCTBYIOIIETO TEa.

3aganme 1. MccineqoBath 3aBUCUMOCTh MOMEHTA HHEPLIMU MasiTHUKA
OT pacnpenenenus ero mace J = f(x).
Pacuernas Qopmyna sl SKCIEPUMEHTAIBHOTO MOMEHTa HWHEPIUU

4

Ha cTepkHsAX KpeCTOBUHBI 3aKPEILISIEM NUJIWHAPHI U TPUKIIBI ONpe-
aenseM Bpems o omyckaHWs dYamkKW ¢ TPy3oM M C  BBICOTHI N
=...(yka3bIBaeTcs mpenoaaBarTeaeM npu gomycke). [IunuHapel 3akperisieMm
Ha PacCTOSIHUU 3 cM OT OCH BpAILICHUS MASITHUKA U B KaXOM CIEAYIOIIEM
OMBITE MepemMenaeM ux Ha 3 cu. ['py3uk Ha yamke He MeHsieM. Pe3ynbra-
Thl U3MEPEHUN MOJCTABIAEM B pacueTHyr (OpMyly Mg SKCIEPUMEH-

2 2
MasITHHUKA Jy = md—[i— ]

2h

TEOPETUYECKOE 3HAUCHUE MOMEHTA MHEPIIMU MAasTHUKA U BCE PE3yJIbTaThI
HU3MEPEHUM M pacyeTOB 3aHOCUM B TabiwmIy 1.
Tabnua 1.

2 2
t
TAJIbHOI'O MOMCHTA MHCPUHUHN MAATHHKA Jy = m—4 [—g - ] PaccuuteiBaem

J,-10° | Jp10°

2 2
X,CM t1,c tr,C t3,C tep,C KI'M KI'M

~NOoOORWNIEFRZ
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CtpouM rpaduk 3aBUCUMOCTH SKCIEPUMEHTAIBHOIO MOMEHTA UHEP-
MY MasiTHUKA OT TIOJIOKEHUS LIUJIMHAPOB HA CTEPKHAXJ = f(X).

DopMyJIUPYEM BBIBOJ O XapaKTEpe 3aBUCUMOCTH MOMEHT WHEPLUU
MasiTHUKa ¢ nuianHapaMu J=J,+4J u OH cknaapIBaeTcsd U3 MOMEHTOB

MHEPLUUH MAasATHAKA J, M YeThIPEX MOMEHTOB WHEPIUU IHJIHHIPOB
J,=mx*. Torga J=J,+4m, x*. IloATBEpkIaeT M SKCIEPHMEHTaJIbHAs

3aBUCUMOCTb KBaJPAaTUYHYIO 3aBUCMMOCTh MOMEHTA MHEPLMHU MasTHHUKA
OT PACCTOSTHUSI 10 LIEHTPa IIUJIUHIPOB OT OCU BpaIllCHUS ?

3amanue 2. lccnegoBarh 3aBHUCUMOCTB YIJIOBOI'O YCKOPEHHS Bpa-
[ICHUSI MAsITHUKA OT BEJIMYMHBI BPAILAIOIIEr0 MOMEHTA CHJIbI HATSXKECHHUS
HUTH €= T(M).

M
Pacuetnbie popmyibl M =Je=g= =)

2
M =T-r=m(g—a)r=mr(g—2—? a=2—?:>J =mr2(£— ]

t t 2h
[IuHIpEl CHUMaeM cO cTep:kHel. Ha yaleuky MasTHHKA Kiagem
MIOOYEPENHO TPY3UKHM Pa3HOM MAcCBIM, U ¢ Ka)IbIM M3 HUX, TPHKIBI OII-
penensieM BpeMs t ero omyckanus ¢ IpexHei BbICOTHIN. PaccunTeiBaem
BPAIIAIONIMIi MOMEHT CHJIBI HATSKEHUS HUTH, MOMEHT UHEPIIMH MasTHUKA
M YIIIOBOE YCKOpeHHe. Pe3yiabpTaThl M3MEPEHHI M PAcuETOB 3aHOCHM B

TadauIy 2.
Tabnuma 2.

N m,r |t,c [t [t3,Cc [<t>Cc |M,HM J:107° kr'm® g, ¢
1

2

3

4

5

6

7

Ctpoum rpaduk 3aBUCHMOCTH YTIIOBOTO YCKOPEHHUS BpaIleHUs Ma-
SATHUKA OT BPAIAOIIEr0O MOMEHTA CHIbI HATsKEHUS HUTHE= f(M ).
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dopMynupyeM BBIBOJ O XapaKTEpe 3aBUCUMOCTHU YIJIOBOI'O YCKOpe-

HHA BpalllICHUA MAajATHHUKA OT Bpallaromero MOMCHTA CHUJIbI HATAKCHUA HU-

TH.

MoMeHT HHCPIUHN MAassTHHUKA oe3 MUJIMHAPOB BO BPEM: OIIbITA HC U3-

MeHseTcsl J = CONSt MOMEHT CHJIbl HATSIKEHUS HUTH, MPU TOCTOSIHHOU BbI-
COTE ONyCKaHHWs Tpy3a, IPOINOPLMOHAJIEH Macce Ipy3oB Ha yamke. [lo-
ATOMY 3aBUCHMOCTb YIJIOBOTO YCKOPEHMS BpAILICHHS MasTHUKA OT Bpa-
[IAIOLIET0 MOMEHTA CHJIbl HATSDKEHUS HUTU JOJKHA OBITh JIMHEHHOM.
[ToaTBEpAKAAET U SKCIEPUMEHTANIbHAS 3aBUCUMOCTh JIMHEWHYIO 3aBUCH-
MOCTh MOMEHTa MHEPLHMHU MasSTHUKA OT PACCTOSIHUSA A0 LIEHTpa Macc -
JMHJIPOB?

=

No ok

KOHTPOJIbHBIE BOITPOCHBI:

JlaliTe onpeneneHe MOMEHTA MHEPITUH MaTepHUaIbLHON TOUKH.

Jluck 1 oOpyd MMEIOT OJAMHAKOBYIO Maccy W paauyc. Haitu oTHO-
IICHUE MOMEHTA MHEPIIMH JIUCKa K MOMEHTY MHEPIIMH 00pyda OTHO-
CUTEIBLHO OCH TEPICHINKYJSIPHOW IIOCKOCTH Tejla M TPOXOJISIICH
4yepes ero 1EeHTp.

Hanumure ¢opMyIibl 71 pacueTa MOMEHTa MHEPIIMU CTEPXKHS Mac-
coii M u nuHOM | OTHOCUTENBHO OCH, IEPIICHIUKYIISIPHON CTEPIKHIO
U TIPOXOJAIIEH uUepe3 ero cepeauHy; MOMEHTa WHEPIIUU CTEPIKHS
Maccol M u MHOW | OTHOCUTENBHO OCH, NEPICHIUKYIISIPHOM
CTEP>KHIO U MPOXOJIAILIEH Yepe3 ero KOHEl; MOMEHTa MHEPIUH 11apa
Maccoil M u paamycoM R oTHOCHTENBHO OCH, IPOXOMAAIIEH Yepe3 ero
LEHTP.

Cdopmynupyiite Teopemy lltelinepa.

—

Haiite hopMynupoBKy MOMeHTa cuiibl M .

Haiite GopMyIUpOBKY MOMEHTA UMITYJIbCA L.

Jaiite popMyaupoBKy BTOpOro 3akoHa HeloTOHA 1151 BpalateabHO-
r'O JIBUKCHHS.

YesioBEK CTOMT Ha Kparo FOPU30HTAIBHOM MOKOSIIEHCS Mm1aT(opMbl
B BUJI€ AuCKa panuyca 3,14 M, KOTOpBIA MOXET BpallaThCsl BOKPYT
BEPTHKAJILHOM OCH. YesoBek IoIes Mo Kparw miatgpopMbl CO CKOPO-
cThi0 2Mm/c. C KaKkoil CKOPOCTBIO M B KaKyl0 CTOPOHY OyJeT BpalliaTh-
cs mnatdopma? Macchl yenoBeka u miaThopMbl OJUHAKOBHI.
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JlaGopaTtopHas pa6ora Ne 16

HN3yuyeHne ko/1e0aHMI MPYKUHHOTO MASITHUKA.

Llenv _pabomul: ucciaenoBaTh 3aBUCUMOCTb NEPHOJA KOJIEOAHUN U
Ko3(puureHTa 3aTyxaHusi KOJeOaHUW MPYKUHHOTO MasTHUKA OT €ro
MAacCCBl.

IIpubopwr u npunaonesxcrnocmu: 1lpyXMHHBIM MasTHUK, HaOOp Tpy-
30B, CEKYHIOMEP.

Kparkas Teopus.

Konebanust — 370 nepuogN4ECK MOBTOPSIIOIIUICS BO BPEMEHHU TPO-
necc. Ecnu konebarenpbHas cuctema (MHa4Ye MHOT/IA HA3bIBAIOT OCIUJLIS-
TOpPOM) Hj€ajibHa, T. €. B HEW HE MPOUCXOAUT JUCCHUMAIUU DHEPTUH, TO
KOJIeOaHMS HE 3aTyXarT. B peaibHBIX K0yieOATEIbHBIX CUCTEMaX KojeOa-
HUSI HEe OYJyT 3aTyXaTh TOJBKO B TOM Clly4ae, €CJId paccesiHHas B TPOIIeC-
ce KojicOaHUs PHEPIrUsl CUCTEMbI TOMOIHACTCS 3a CUET BHEITHEr0 HMCTOY-
HUKa — aBTOKOJICOaHWs WJIM BBIHYKICHHBIC KojeOaHus. ['apMOHUYECKUMU
HA3bIBAIOT KOJIEOaHUs, KOTOPhIE OMUCHIBAIOTCS MEPUOAUMYECKUMU (DYHK-
[USIMHA CHHYC WJIM KOCHUHYC.

X=XoSIN(@-t+@); (1)

X =Xy CoS(@ -t + ).

KonuuecTBeHHO KojeOaHUsI XapaKTEPHU3YIOTCS CICAYIOMMMHU Mapa-
MEeTpaMHu.

Ilepuoo xonebanuitT - Bpems, 3a KOTOPOECOBEPIIACTCS OJHO IIOJI-
HOE KoJjieOaHHEe, WM, HAMMEHBIITUN TTPOMEKYTOK BPEMEHH, 10 UCTCUCHUHU
KOTOPOTO MOBTOPSIIOTCS 3HAUYCHHUS BEIWYMH, XapaKTEPU3YIOIINX KOjeOa-
TEJIbHOE JBUKCHHUE.

Yacmomoil Konebanuii v Ha3pIBACTCS YHUCIIO TTOTHBIX KOJIEOaHMI 3a
eAUHUIlY BpeMeHH. OUeBUIHO

Ve (2)

Amnaumyoa X - 3T0 HaMOOJbIIIEEe 3HAYCHUE MEPUOTUUYECKH U3ME-
HSIIOIIETOCS MapaMeTpa Kojie0aTeIbHON CUCTEMBI.
Kpyzosaa unu yuknuueckasa wacmoma o - 3TO BEJIMYMHA CBSI3aH-

Has C JUHEHHOU YaCTOTOHU V COOTHOIIIEHHUEM

o0 =27r0=— . 3
TU T (3)



51

Da3oui KoebaHul HA3BIBAIOT APTYMEHT CHHYCA WM KOCHHYCA.
p=0-1+¢@,. (4)
DTO KOMIUICKCHBIM mapaMeTp KojeOaTelbHON CHCTEMBI, KOTOPBIH
ONpeAesIeTCS CBOMCTBAMM CaMOM KoJie0aTEeIbHOM CUCTEMBI - (O, €€ Mpe-
IBICTOPUEN - COCTOSIHUEM B HayaJbHbII MOMEHT BPEMEHU - @y, © MOMEH-

TOM BPEMEHUBKOTOPBINA ONPEAEIAETCA COCTOSHUE CUCTEMBI - .
[Ipy>XKMHHBIN MasTHUK NPEACTABISAET COOOHM Tpy3, MOABEUICHHBINA Ha
npyxuHe. B cocTossHMM paBHOBECUS KOHCEpBAaTUBHAS CHJIA TsDKECTH MQ,

—

ICUCTBYIOLIAs HA I'PY3, YPABHOBEIIMBACTCS CUION YyIIPYrocTH F, pacrsHy-
TOM NPYKUHBI

mg + F, =0. (5)
ITo 3akony I'yka cuna ynpyroctu IEO IIPOIIOPLIMOHAJIbHA YUUTMHEHUIO
F =—kal. (6)

rae K - Koo pHUIMEHT )KeCTKOCTH TPY>KUHBI.

[Ipy OTKJIOHEHUU rpy3a OT MOJIOKEHUSI PABHOBECUS BHU3 Ha BEJU-
YUHY X Ha HEro OyAyT JNEeWCTBOBATh CHJIA YIIPYTOCTU U CUJIa TSKECTH, a
BTOpOIi 3akoHa HbroTOHa 111 Tpy3a Oy/IeT UMETh BU/L:

mX=F +mg, (7)
rje M- macca rpysa, a
F=—k(X+X,). (8)
[lepexonsa K MPOEKUMSM CHJI U CMEUICHUHA HAa BEPTUKAIBHYIO OCb,
MIOJIyYUM YPaBHEHHUE JBUKEHUS BUA:
mX = —kx—Kkx, + mg
mX = —kx . WIn
X+ LS x=0. (9
m
X+wix=0. (10)
Ero pemenne nmeer BUL:

X = Xq COS(\/E-'H-%):XO cos(ay -t+¢p). (11)
m

I'py3 coBepiiaer KojieOaHUs C YaCTOTOM

Wy = \/% (12)

U TIEPUOJIOM
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T= Zﬁ\/g . (13)

Bripaxxenus (11), (12),(13) BeiBeeHbl 0€3 yueTa MaccChl MPY>KUHBI
M. C ydeToM nocJieIHEN perieHrue NpuMeT BU;

(15)

M
m+—
3

VYpaBuenue asmxenus rpysa (10) u ero pemienue (14) onuceiBaroT
He3aTyXarollhe CBOOOIHBIE KOJICOaHUs MPYKUHHOTO MasiTHUKA, MPOUCXO0-
JSIIKAE 1o ASHCTBHEM TOJBKO KOHCEPBATUBHBIX CHJI, T.€. TaKue KoJieOa-
HUSI, KOTOPBIE MOTYT COBEPIIATHCS CKOJIb YTOJHO J0JIr0 0e3 moTepy Mexa-
HUYECKOW SHEPIHUH.

Ecnu Ha KonebaTenbHYI0 CUCTEMY JEHCTBYET NMCCUITIATUBHAs CUja
CONPOTUBJICHUS, TO MEXaHUUYECKasl SHEPIUsl CUCTEMbl YObIBAET, a KoJjieha-
HUS 3aTyXaloT.

CuJibl CONPOTUBJICHUS IOBOJIBHO CJIOKHO 3aBUCST OT CKOPOCTH, HO B
OPOCTEUIINX CIIydasiX MOXKHO CUMTaTh, YTO CHJIa COMPOTHUBJIEHUS TPO-
NOPIMOHAJIbHA CKOPOCTH JABMKEHUS. Torga ypaBHEHUE ABUKEHUS TPy3a,
KOJICOJIIOIIErOcs Ha HEBECOMOM MPYKUHE, B TPOCKIMAX Ha BEPTUKAIBHYIO
oCh OyJIeT:

mx = —kX—rx, (16)
rae F= -IX — cuna conpoTuBieHus, a - Ko3)GUIUEHT CONMPOTHBIECHUS,
MHUHYC YyKa3bIBa€T Ha TO, YTO CHJIAa COMPOTHUBIICHUSI HaIpaBjeHA MPOTUB
HaIpaBJICHUS CKOPOCTH.
Pemienue 3Toro ypaBHeHUsI UMEET BUJ:

-6t
x==x,e "tcos(w-t+¢,), (17)
2

r k r 2 2
rne f=—; o=,]————=\ao; —f°. (18)

2m m 4m? 0

AMiutyaa kojebanuii 4 yObIBaeT CO BPEMEHEM IO IKCIOHEHITH-

aTbHOMY 3aKOHY, MOATOMY KOJIeOAHUSI HA3bIBAIOT 3aTyXaroluMu, a B —
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KOA(P(UITMEHT 3aTyXaHUsl, XapaKTepU3yeT ObICTPOTY YMEHBIICHUS aMILIU-
Tybl KOsieOaHUW. Ero cMbICT SICEH U3 CIEYIOMINX PACCYKICHUM:
[Iyctbt =1, TOrAa aMIIMTYy1a B 3TOT MOMEHT BPEMEHHU paBHa:
_ P4
A = X8 7,
IIpn t=t, =t +1,
_ —p(t+1)
A, = Xpe
HatypanbHblii lorapu(mM OTHOLIEHHS 3TUX aMIUIATYH OyJET paBeH:
Xoe_ﬂtl
B+
Ko Ppuument 3aryxanus B 310 Qusndeckas BEIUINHA, XapaKTe-
pu3ylollas 3aTyxaHue KoysieOaHUil M paBHas HATypajlbHOMY JIOrapupmy
OTHOIIICHUS JABYX aMIUIUTYJ, W3MEPEHHBIX B MOMEHTHI BPEMEHHU OTJIH-

YaIOlKUXCA HAa OJHY CEKyHIy. EciM MOMEHThI BPEMEHU OTJIMYAIOTCS Ha
EPHUOJ, TO

—lhef =5 (20)

—ft
Xo€

a”)=Memﬂ=ﬂ4T=i, 1)

In =In

rjae A - JorapuPMUUYECKUil TEKPEMEHT 3aTyXaHUs.

Bpemenem penakcanuu T 3aTyxaromux KojaeOaHui Ha3bIBaIOT MPO-
MEXYTOK BPEMEHH, 3a KOTOPHIN aMIUTUTY/1a KOJIEOAHUN YMEHBIIAETCA B €
=2,71 pa3.

Xoe ’*
(t+z')

4 =In

y e =he"=p.¢ (22)
2 0

In

A
n“2L=he=1 pr=1 — (23)
A p

2
3a BpeMsIT cUCTEMA YCIEEeT COBEPIIUTh YUCIIO KOJIeOaHU paBHOE

-
N=2 (24
T (24)

L N
TBT 1”7 N

Jlorapudmudeckuii 1eKpEMEHT 3aTyXaHusl BeIMYMHA oOpaTHasi YucC-
oy KoysieOaHW#, 3a KOTOpble aMIUIMTyAa KOJeOaHWUN yMEHBIIAeTCs B
e=2,71pas.

Emie ogHa BenMMYrMHA UCTIONIB3YETCA JIJISl XapaKTEPUCTUKH 3aTyXaHUs
KoJjiebanuiit Q— doopommuocmsb KonebamenvHoU cucmembl

Q = nN(26)
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Onucanue ycmaHoeKuU.

YcraHoBKa Uil U3yUYEHUS! KOJICOaHUN MPYKUHHOTO MasiTHUKA IpeI-
CTaBJIsIET COOOW NPYKUHY C IIAT(GOPMON Il YCTAHOBKM IPY30B U yKaza-
TENEM ISl ONpEAENICHUsl YJUIMHEHUs npykuHbl. [lnargpopma ¢ He3Hauwu-
TEIbHBIM TPEHUEM MEPEMENIACTCA IO BEPTUKAIBHBIM HAMPABIISIOIIUM.
VYkazarenb nepemeniaercsi BAOJAb JIMHEHMKH, YTO MO3BOJISIET U3MEPSTh Y/I-
JIMHEHHUE MPYKUHBI U aMIUTUTY1y KOJIEOaHUN.

Jadanuel. Onpenenutb KO3QOUIMEHT )KECTKOCTHU MPY>KUHBI.

3anucaTh MOKa3aHUE yka3aress miaaTdopMbl 0€3 Tpy3a U, Harpyxas
m1aThopMy pasHbIMHU TPy3aMH U UX KOMOMHAIMsMH (HE MeHee S), ompe-
JENIUTh B KAXKIOM cllydyae yJIMHeHue npyxuHbl. Kosdduuuenrt xectko-
CTU TPYXKMHBI ATO BEJIMYMHA paBHAs OTHOILICHHUIO CUJIbl K YJIMHEHUIO
PYKUHBI

IToctpouth rpaduk 3aBUCUMOCTH YJIMHEHUS MPYKUHBI OT ACHCT-

BYIOIICH HA HEE CUJIbI
x=f(P)

Y 110 TAHT'CHCY yTJjla HaKJIOHA MPSMOMW JIMHUH OIPEACIUTH K.

3adanue 2. VicciaenoBaTh 3aBUCHMOCTh NEpHoja KoJeOaHUM mpy-
KUHHOTO MasTHUKa OT ero macchl. J[jist aToro Ha miatdopMy MasTHUKA
MOJIOKUTH TTooYepeaHO 5-10 rpy30B WM MX KOMOWHAITMNA M OMPEACTUTH
BpeMs (He MeHee Tpex pa3) 5-10 konebanuil. DKCIepUMEHTAIBHBIN TIepH-
OJ1 OTIPEACIINTD, Pa3JCIUB CpeHEE BpeMs Ha YUCIIO KoyieOaHui. Jiist aTux
e TPY30B paccuuTaTh Iepuo mo hopmyie:

M
m+
T =2r 3 ;

acy
d K

rIe m — macca rpysa,M- mMacca npyxuHbI, K- KO3(h(QHUIMEHT >KECTKOCTH
PY>KUHBI.

[octpounts rpadukn 3asucumocredt T, =f(m), T . =f(m) u cnue-

acqy

JIaTh BBIBOJI O COBMAJACHUU WJIM OTIMYUHU XapaKTepa ITUX 3aBUCUMOCTEH.
Jadanue 3. Onpenenutb KodhPuimeHt 3atyxanus . st sToro us-

MepUTh Bpems t,(He MeHee 5 pa3), 3a KOTOpoe aMIUIUTYJa KojebaHui Ma-

ATHUKA yMeHbIaeTcs B 2 paza. KoadduimeHnt 3aryxanus onpeneanuThb Mo
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In 2 .
dopmyne B =——. OnbIT MOBTOPUTH 5-7 pa3 mjisg OAHOM NPYKUHBI, UC-

1
noJib3ys Tpy3bl pa3iuuHol Mmacchl. [locTpouTh rpaduk 3aBUCUMOCTH

B =f(m)u coenath BBIBOJ O €€ XapaKTepe.
Onpit 1:

No M, 107kr. P, 10°H X, 10°um K, H/m

AIWIN

OnpIT 2:

No M, p. | t,c. to,C. t3,c <t>c. | Towes €. | Tpacu

AIWIN

No M, p. tic. trc. tac <t>c. [30'1.

KoHTpoJ/ibHbIC BONIPOCHI:

1./laTh onpeneneHne rapMOHUYECKUX KOJICOAHUN U BEJIMYMH UX XapaKTe-
PHU3YIOIIHX.
2.BeiBecTH ypaBHEHHUE TapMOHUYECKMX HE3aTyXalolUX M 3aTyXalolluX
kosjebanuit. [TokazaTe 4TO PyHKIINU:
_prt
X=Xye  cos(w-t+¢@y)
SBJISIIOTCS] PEIICHUSIMU COOTBETCTBYIOIIUX YPaBHEHUH.

3.0npenenuTh BEIUYMUHBI XapaKTEPHU3YIOIIUE 3aTyXaHWe KOJICOaHMM: KO-
s puimeHT 3aTyxanus, JorapuMUUECKUN TEKPEMEHT 3aTyXaHUsl, BpeMs
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penakcanuy KojiedaHuil 1 JOOpPOTHOCTh KoJie0aTenbHOM cucTeMbl. BhiBec-
TH (DOPMYJIBI B3aUMOCBSI3H MEXKTy HUMHU.

4 VI3y4uTh TPUHITUIT pabOTHI YCTPOMCTB, MPEeIHA3HAYECHHBIX JIJIS TalllCHHS
HEXKeJIaTeIbHBIX KoJeOaHui — qeMndepoB, aMOpTU3aTOPOB.

5.3anucath GopMyJIbl sl ONpeIeTICHUS] KWHETUUYECKOM, MOTCHITUAILHOU U
MOJIHOM SHEPTUM TPY>KMHHOTO MASITHUKA, COBEPIIAIOIIETO KOJeOaHUs B
IIPOU3BOJILHBI MOMEHT BPEMEHHM ?
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Jlaboparopnasi padora Ne 18
Onpenesienne CKOPOCTH 3ByKa B BO3yXe METOJA0M CTOSIYUX BOJIH

Llenv pabomwi: ocBOEHUE MHTEPHEPEHIIMOHHOIO METOJa Ompeaee-
HUSI CKOPOCTH PAaCIpOCTPAaHEHHUs 3BYKa, OMpENIeJICHUE CKOPOCTH pacIpo-
CTpAHEHHUsI 3ByKa B BO3/yXE 3TUM METOJOM M aHAJIMU3 MOTPEIIHOCTEN h3-
MEpPEHHUSI.

IIpubopuvl u npunadnesxcnocmu:. JepeBsiHHasg TpyOa € MOABUKHBIM
NOPILIHEM U U3MEPUTENIbHON JIMHEHKON, 3BYKOBOW IeHepaTop C TeneoH-
HOM MeMOpaHOil.

BBEJIEHUE

3BYK B IIUPOKOM CMBICJIE - KOJIeOaTeIbHOE ABM)KEHUE YaCTHUIl YIIPY-
rOMl Cpebl, paCIPOCTPAHSIONIEECS B BHUJIC BOJIH B Ta30BOM, KUIAKOW WU
TBEPABIX Cpelax. 3BYKOBBIE BOJHBI B Ta3ax W KUAKOCTAX SBJISIOTCS MPO-
JOJIbHBIMU U TPEJICTABIISIIOT COOOM MOCIeA0BaTENbHbIE CTYIICHUS U pa3-
PSDKEHUS 4acTUll cpelbl. PacnpocTpaHeHue 3ByKa B MEPBYIO OYEPENb Xa-
PaKTEPU3YETCS €0 CKOPOCTHIO.

CKOpOCTh 3ByKa - CKOPOCTb IEPEMENICHHS B CPEE YIPYrOMl BOJHBI
pu yCJIoBUH, 4TO (popMa e€ mpoduiist octaHeTcs: Heu3MeHHO. CKOpOCTh
rapMOHMYECKON BOJHBI Ha3bIBae€TCsl Takke (Pa3oBOM CKOPOCTHIO 3BYKA.
OOBIYHO CKOPOCTh 3BYKa - BEJIMYMHA MMOCTOSIHHAS JI1 JJAHHOI'O BEILIECTBA
IIPUA 3aJAHHBIX BHEIIHUX YCJIOBUSX U HE 3aBUCHUT OT YAaCTOT BOJIHBI U €€
aMIuTyabl. B psane cinydaeB HaOmogaeTcs AUCHEPCUS CKOPOCTU 3BYKA,
T.€. 3aBUCUMOCTb CKOPOCTH €TI0 PACIIPOCTPAHEHHUS OT YACTOTBHL.

N3MepeHne CKOPOCTH 3ByKa MCHOJIB3YETCS I OMPENCIICHUS MHO-
TMX CBOWCTB BEIIECTBA, TAKUX KaK C)KMMAEMOCTb Ira30B U KUJIKOCTEU, MO-
IyJIU YIIPYrOCTH TBEPABIX Ten. M3MepeHue mMalblXx U3MEHEHUNU CKOPOCTH
3ByKa SIBJIIETCS UYBCTBUTEIIBHBIM METOIOM OIPEACIEHUS HANUYUA NPHU-
MECEH B ra3ax M KUIKOCTAX. PA KOHTPOIBHO-U3MEPUTEIIBHBIX TPUMEHE-
HUW yJIBTPa3BYKa B TEXHUKE OCHOBAH HA U3MEPEHUIX CKOPOCTH 3BYKA.

B nanHoit paboTe npeaaraeTcsi onpeieIuTh CKOPOCTh 3ByKa B BO3-
IyXE€ METOJIOM CTOSYMX BOJIH.

Crosiuas BoiHa 00pa3yeTcsl MpU HAJOKEHUH JIBYX BCTPEUHBIX ILJIO-
CKMX BOJIH C OJAWHAKOBOM aMIUIATYIOU. [IpakThdecku CTOsTYMEe BOJHBI
BO3HUKAKOT NPU OTPAXKEHUU BOJH OT nperpai. Ilamaromas Ha mperpanay
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BOJIHA W Oeryias el HaBCTpeuy OTpa)K€HHasl, HaJjarasich, JAlOT CTOSYUE
BOJIHBI. DTO YaCTHBIN clly4ail UHTEpHEPEHIINU BOJIH.
[TonoxuMm, YTO CMEILIEHUS YaCTHUILl CPENIbl, BEI3BAaHHBIE MPSMON U 00-
PaTHOM BOJIHOM, 3a1a10TCSI YPABHEHUSAMU:
&1 = & cos(ot —kx) (1)
Eo = &g cos(ot + kx). (2)
rne Eo— aMIUMTy1a KoleOaHui JacTull, (— 4acToTa Kojiebanwmii, K — BoII-
HOBOE YHCJIO.

27
k="" ©

B pesynbrare mHTepdepeHnu npsiMmoil 1 oOpaTHOM BOJH, KoJieOa-
HUE B TOUKE X OYIET MPOUCXOIUTH IO 3aKOHY:

§=C1+E62 (4)

& =2Ep CoSKkX - cosmt. (5)
JlaHHO€ ypaBHEHHUE €CTh YPABHEHUE CTOSIYEN BOJIHBI.
['paduueckoe nzo0OpaxeHre cTossuei BOJIHBI MOKa3aHO Ha puc. 1.

Haaaas
e AT

HNJIN

Puc. 1
JlnuHa cTOsIIEM BOJHBI Ay paBHA IIOJOBHMHE JUIMHBI  Oeryiei
BOJHBIA. AMIITUTY/Ia CTOSTYEH BOJTHBI 3aBUCHUT OT X
A = 2&ycoskx. (6)

Touku, B KOTOpPBIX aMILUIATYJla MaKCHUMallbHa, HA3bIBAIOTCA ITy4YHO-
CTSAMH CTOSTYEH BOJIHBI, TOYKH, B KOTOPHIX aMiuiutyaa A = 0 Ha3pIBaroTCS
y3J1aMH CTOSTYEU BOJIHBI.

[Ipocrenmnii MpUMeEpP CTOAYEN BOJIHBI — IUIOCKAs 3BYKOBas CTOSYAs
BOJIHA BHYTPH HAITOJTHEHHOW BO3AYXOM TPYOBI, HAIPpUMEpP, OPTraHHOU, WU
TaKoO# KaK B JaHHOH 1abopaTopHOU padoTe.

DKCNEPUMEHTAIFHO HAOMI0JaeMBIMH CIICICTBUSIMHU KOJIeOaHMI dac-
THUIl SIBJIAIOTCS TIEPUOIUUECKUE Pa3PEKEHUs U CxKaTus (B 0OIIEM cliydae —
nedopmarun) cpeabl. COOTBETCTBEHHO, SKCIIEPUMEHTAIBHO H3MEPSIEMBbI-
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MU BEIIMYMHAMH, XapaKTEPU3YIOIHUMH PACTIPOCTPAHCHHE JTFOOBIX MEXaHH-
YECKUX BOJIH, B TOM YHCJIC M 3BYKOBBIX, SIBJISIFOTCSI IIEPHUOJIMYCCKH HU3ME-
HSIOITUECS B KKIOW MaJIOi 001acTH Cpebl MIIOTHOCTH BEIIECTBA, JaBie-
Hue. K HUM OTHOCATCS W Takue BEIUYHMHBI, KaK HampspkeHue U aedopma-
M.

CremoBaTeNbHO, MIPU PACIPOCTPAHEHUH BOJH B CPEJie MBI BOCIIPU-
HUMaeM IIeperaibl JaBJICHUS, KOTOPHIC OIMMCHIBAIOTCS (OpMYJIaMH, aHa-
aoruyabsiMHE (1) — (6).

OITMCAHME JIABOPATOPHOM YCTAHOBKH

YcTraHOBKA CXEMAaTHUYECKU

n300paxeHa Ha puc. N
2.OCHOBHBIMHM 3JIEMEHTaMH YC- i’
L L
TAaHOBKM  SIBJIAIOTCA  TpyoOa- TI E
o ]

pPE30HATOpP B BUJIE LMJIMHIpUYEC-
CKOTO JICPEBSHHOI'O BOJIHOBOJIA -

1, BHyTpu KOTOpOH CBOOOIHO pe———y
nepeMeIiaeTcs MOPILIEHb- M N
oTpakaTtellb C H3MEPUTCIHHOM BK
auHelKkorn - 2. Y  OTKpBITOro CEn Bumn e g -
KOHIIAa TPYOBI 3aKpEIyI€H UCTOY- ““‘“‘"‘"-“’L'_'_*:-“_““ per. maxoza
HUK 3BYKOBBIX CHUTHAJIOB — TeJje- -

donnas MemOpana - 3, coBep-
maromas KojaeOaHusi B MEPEMEHHOM MArHUTHOM II0JIE OT IMEPEMEHHOIO
TOKa, KOTOPBIH 3a/1aéTCs TeHEPaTOPOM 3BYKOBBIX cuTHaOB (1'3-34).
3BYKOBBIC CTOSTYME BOJIHBI 00pa3yroTcsa (CM. puc. 3) a) u3 npsMon
BOJIHBI (CIUIOLIHASA JIMHUS), UAYLIEH OT TeJle(OHHOW MeMOpaHbl K MOpIII-
HIO; 0) U3 OTpaXEHHON OT MOPIIHS BOJHBI (IYHKTHUD), daza KOTOPOU H3-
MEHUJIaCh Ha OOpaTHYIO, TaK KaK OTPa)KEHUE MPOUCXOJUT OT CpeAbl aKy-
CTUYECKH OoJiee mIoTHOW. CunTaeM, 4To OTpaKeHHas BOJHA HE BO3/CHCT-
BYeT Ha MCTOYHHUK KkoyieOanuil. [Ipu ompeneneHHBIX yCIOBUSX B TpyOe
BO3HMKAET aKyCTUYECKUM pPE30HAHC.
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Puc. 3

Pe3oHaHC («OTKJIMKAIOCh») — SABJICHUE PE3KOT0 BO3PACTAHMS aMILIU-
TyJIbl BBIHY)KJICHHBIX KOJieOaHUW B KoJeOaTeIbHON CUCTEME TIPU TPHOIIH-
KEHUW YacTOTHl BHEITHEW CHIIbI (BBI3BIBAIOIICH BBIHYKICHHBIC KoJjieOa-
HUS) K 4aCTOTE KaKOM-IMOO0 U3 COOCTBEHHBIX KOJcOaHMI JaHHOM KoJjeOa-
TEJIbHOW CUCTEMBI.

B nanHoii paGoTe HaOmromaeTcs aKyCTHYECKHH PE30HAHC, TO €CTh
SBJICHUE, MPU KOTOPOM KoJjiebaHMsi cToi0a BO3ayxa B TpyOe€ TOCTUTAIOT
MaKCUMAaJIbHON aMIUIUTYAbl. ITO MPOMCXOIUT TOTJIa, KOTJIa 4acToTa 3BY-
KOBBIX KOJieOaHUM Tele(OHHOM MeMOpaHbl (BHEITHSS, BBIHYK/IAI0Iast CH-
Ja) ITpUOIMKaeTCsl K OAHOM M3 COOCTBEHHBIX YaCTOT BO3YIITHOIO CTOJI0a
B TpyOe. DTa 4acToTa Ha3bIBaeTCsl pe30HaHCHOM yacToTou. [Ipu pe3oHaHc-
HOM 4acTOTe 3By4aHHE BO3YIIHOTO CTOI0a B TPyOE MaKCUMAaJIbHO.

Ecau mocTeneHHo OTOABUTATh MOPIIEHBb OT Tele(OHHOI MeMOpaHHI,
TO MOXKHO JIOOMTBHCS pE30HAHCA, TO €CTh MAKCHUMAaJbHOI'O 3BY4YaHUS BO3-
IYIIHOTO CTO0JI0A, 3aKJIIOYEHHOTO B TpyOe, MpHu 3TOM OyAET CHBIIIHO MO-
CJeIOBATENIbHO YCUJIGHHE M ocliabjieHue 3BykKa. B aToM ciydae B TpyOe
00pa3yloTCsi CTOSIYME BOJIHBI, IPUYEM Y MOPIIHS BCerma Oyner y3enl, a y
OTKPBITOrO KOHIIA, T/I€ HaXOAUTCS TenedoHHas MeMOpaHa, - My4YHOCTb.

s HaOnroJieHrs aKyCTMYECKOrOo pPE30HaHCa HEOOXOAUMMO, YTOOBI
mHa L cTonba Bo3gyxa MEXAy OTKPBITHIM KOHIIOM TPYOBI U MOPIIHEM
YIOBJIETBOpPSLJIa YCIOBUIO (CM. puc. 3).

L=(2m —1)7‘—20, 7)

TJIE Ap — JUIMHA CTOSYEH BOJHEL, M =1, 2, 3...

Ha puc. 3 na amuue L cTonba Bo3myxa yKIaabIBaeTCs MATh MOJOBUH
JUTAH CTOSTYEH BOJTHBI Ag (Tipu M=3).

Haxoxnenre KoopAruHAT MyYHOCTEN Ha «CIyX» CBSI3aHO C OIIMOKOIMA,
BO3HUKAIOIIEN 3a CUET HEKOTOPOU «Pa3Ma3aHHOCTW» CaMOU BEPILIMHBI
MyYHOCTH. bosiee TOYHBIM SBIIETCA OINMPENEIICHNE KOOPAUHAT Y3J0B, TaK
Kak TP COBNAJCHUU MOPIIHSA C KOOPAUHATON y3JIa 3BYK IMPAKTUYECKU UC-



61

ye3aeT (aMIUIMTYJa BOJHBI oOpaimiaercs B Hyqb). Pacctosinue AX (puc. 3)
MEXIYy IBYMsI COCETHUMHU y37aMHu OyIeT PaBHO JJIMHE CTOSYCH BOIHBI
AX = 7»0. (8)
JIimiHa 3ByKOBOM BOJIHBI
A =2)Np. 9)
3Has 4yacToTy V KojebaHui, KOTopas BhICTaBJCHA Ha 3BYKOBOM T'€He-
paTope W OIpEAeNuB JUIMHY 3BYKOBOWM BOJHBI A,ONPEAETSIOT CKOPOCTh

pacmipocTpaHeHHs 3ByKa o (hopmyore:
L=AV. (10)

ITOPALOK BBIIIOJIHEHUSA PABOTBI

1. C pazpenieHus nmpenojaBaTeis Uin JadopaHTa BKIOUYUTH 3BY-
KoBoM reHepaTop ['3-34 B ceTs.

2. IloctaButh TymOsiep «CeTh)» HA MaHENIU TeHepaTopa B MOJIOXKe-
Hue «Bkim» (Ipu 3TOM 3aropyTCs CUTHAJIbHAS JIAMIIOUKA).

3.  Cunycrts 2-3 MUHYTHI BpallleHUEM PYYKH HACTPOWKHU MpUOOpa
yCTaHOBUTH yKazarenb yactoT I'l] Ha nmudpy, ykazaHHyio npenojaaBate-
JIEM.

4.  TlocTaBUTH MOPIIEHB BIUIOTHYIO K OTKPBHITOMY KOHILY TPYOBI H,
Bpaliasi py4dky peryjsaropa BbIXOJHOTO HAIPSKEHUs 3ByKOBOI'O T'€HEPATO-
pa, YyCTAaHOBUTH CHIIY 3ByKa TaKOM, YTOOBI CUTHAJ ObLI €1Ba cibliieH. (Oc-
TaJbHbIC PYYKH YIIPABJICHUS T€HEpaTOpa HE TPOraTh).

5.  MejieHHo U paBHOMEPHO OTOJIBUTasi MOPILIEHb OT MEMOpPAaHHBI,
ONPEACINTh KOOPAUHATHI y3J0B CTOSYEH BOJIHBL. 3mMepeHne KOOpAuHaT
HEOOXO0IMMO MPOU3BECTH IJIs 5-6 y3II0B.

6. Ilo pa3HOCTHM KOOpAMHAT Y3JIOB ONPEACIUTh UIMHY CTOsSYEH
BOJIHBI 110 hopmyite (8).

/. U3 monydeHHbIX 6 3HAYEHUMN JJIMHBI CTOSYECH BOJIHBI HAWTH
Cpe/Hee 3HaueHUE JITMHBI Oeryiei BoyiHbl 1o hopmyie (9).

8.  Cpenunee 3HaueHnue A noactaButh B hopmyny (10) u Haiitu da-
30BYIO0 CKOPOCTb pACIpOCTPaHEHHUs 3BYKA.

9.  AHanoruyHoO MPOBECTH U3MEPEHUS JIJTMHBI BOJHBI U PACCUUTATD
(da30BbBIE CKOPOCTU PACIPOCTPAHEHHUS 3BYKA, BHICTABHB Ha 3BYKOBOM Te-
HEpaTope APYryK 4YacTOTy, YKa3aHHYI MpPENoJaBaTelieM, W MpPOJIeIiaB
orepaiyu, ykasaHHbie B 1. 4-8.

10. BeBectu hopmyiy aiis moAcdYeTa OTHOCUTEIHHON U aOCONIOT-
HOM MOTPEeHOCTH U3MepeHus (Ha30BOM CKOPOCTH paCIpOCTPAHEHUS 3ByKa
Y BBIYUCIIATH 3TU TOTPEIIHOCTH.
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11. Pe3ynbTaThl UBMEPEHUN U BEIYMCIICHUN 3aHECTH B TaOJUILY.

Tabnuua
Nen/m | v, Tt | x, 103m Ao M <7“>’M <U>'M/C <AU>’M/C Av %
(KOOpIMHATBI v

y3JI0B)

KOHTPOJIBHBIE BOITPOCHI
1. Kak obOpa3zyercss U KakuM ypaBHCHHEM OITMCHIBACTCS CTOSJast
BOJIHA. BBIBECTU ypaBHEHUE CTOSIYEH BOJIHBI.
2. Kakue BOJHBI Ha3bIBAIOTCS 3BYKOBBIMHM, YTO TAaKOE CKOPOCTH
3BYKa U TJI€ UCIIOJIB3YIOTCS H3MEPEHUS CKOPOCTH 3BYKA.
3. OOOCHOBaTh METOJ OIpPEICICHHUS] CKOPOCTH 3ByKa B JaHHOM
pabore.
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JlabopaTopnasi padora Ne 3

N3y4yeHne 3aKOHOMEPHOCTEH YIIPYroro M HEynpyroro coyaape-
HHS IAPOB

Llenv pabomul. IPOBEPUTH 3aKOH COXPaHEHMs MUMITYJIbCa MPU YIPY-
rOM U HEYIPYTOM yJape MapoB U 3aKOH COXPAaHEHUS MEXaHUYECKON IHEP-
TUH TIPU YIPYTOM yape I1apoB.

Obopydosanue.yCTaHOBKHU JJISIM3YUYEHUS LICHTPAJIILHOTO yAapa Iia-

pOB.

BBEJIEHUE

Coynapenue (ynap) — 3TO CTOJIKHOBEHHE JBYX WM Oojiee Tell, mpu
KOTOPOM B3aMMOJICUCTBHE JUTUTCS OUYeHb KOPOTKOE BpeMs. B 3aBucrMoOCTH
OT yNPYTUX CBOWCTB TEJl COYAAPEHUS MOTYT IIPOTEKATh BEChMa Pa3IMYHO.
[IpuHATO BBIACIATH JIBa KpalHUX Ciaydas: aOCOIIOTHO ynpyrui m abco-
JIIOTHO HEYNPYTUW yAapBhl.

[Tog Heynpyrum yaapoM MOHUMAIOT TaKyl0 BCTPEUy ABYX TEN, B pe-
3yJbTaTe KOTOPOM ATU Tena oObenuustorcs. K Heynpyrum yjnapaMm OTHO-
CATCSI CTOJIKHOBEHME TJIMHSHBIX U MIACTHJIMHOBBIX IIAPOB, MPBIKOK YEJI0-
BEKa Ha JBIKYIIYIOCS BaroHETKYy, CTOJKHOBEHHE JBYX Pa3HOMMEHHBIX
HMOHOB C OOpa3oBaHUEM MOJIEKYJIbI, 3aXBaT JJIEKTPOHA TOJIOKUTEIbHBIM
MOHOM U T. 1. [Ipy abCOMOTHO HEYNIPYTOM yAape BHIMOIHSAETCSA 3aKOH CO-
XpaHEHUsI UMITYJIbCA U HE BBITIOIHSAETCS 3aKOH COXPaHEHUS MEXaHUYECKON
SHEPIUH.

PaccmorpuMm Heynpyruil ymap AByX Ted maccaMu My u My, [o

BCTpEYH Tela JBUIAlHCh cO cKopocTsMH V, u V,, Iocjie BCTpedu Teja
IBUKYTCA co cKopocThio U . 3aK0H COXpaHEHMs MMITYIbCa B 3TOM CIIydae
MMECT BHUI:

m,V, + m,V, =(m; +m,)U.

Ecan uMIynsChl T 10 yaapa ObLIM paBHBI M TeNa JIBWTAIHCh Ha-
BCTpEUy JAPYT APYTY (m1\71 ——m,V, ), To CTOJIKHYBIIHECS Tea OCTAHO-
Batcs (U =0).

[Ipu HEyIpyroM yaape, Kak y)ke ObUTO CKa3aHO, HE BBIMOJIHIETCS 3a-
KOH COXpaHEHWsI MEXaHWUYCCKOW sHepruu. KuHeTwdeckass SHEprHs Tel

MMOJTHOCTBIO WJIM YaCTUYHO IIEPEXOAUT B UX BHYTPEHHIOIO 3HEPTHIO, TO
€CThb IPH 3TOM BBIACISICTCS Tetuio Q.



64

m, V2 N m,VZ  (my+m,)U? 0
2 2 2 '

Paccmotpum Tenepb aOCOMIOTHO YHPYrHME CTOJIKHOBEHHS, TO €CTh
TaKue, MPU KOTOPBIX Te€Ja MOJHOCTHIO BOCCTAHABIMBAIOT CBOKO (hopmy.
DTO 3HAYUT, YTO B COCTOSAHUSX ITUX TEJ HE MPOUCXOAUT KAKUX-IUOO U3-
MeHeHu. VX moTeHunanbHasi ¥ BHYTPEHHSISL SHEPrus A0 U IMOcIe yaapa
HEU3MEHHA M, CIIEJOBATEIbHO, KUHETHYECKAas SHEpPrus JOJKHA COXpa-
HATbCS. [l ABYX Ten, cOymapsroluXcsi TaKUM 00pa3oM, MOXKHO COCTa-
BUTH JIBa YPAaBHEHUS: 3aKOH COXPAHEHHUSI MMITYJIbCA U 3aKOH COXPAHECHUS
KUHETUYECKON DSHEPTUH.

O003HaYMM CKOPOCTH LIAPOB MaccaMu My ¥ My 10 yaapa yepe3 Vi u
V,, u nocine yaapa Vi’ u Vy'. B ciiydae npsMoro neHTpajibHOTO yaapa Bek-
TOpPBI CKOPOCTEH IIApPOB A0 U IMOCJE yaapa JieKaT Ha MPsIMOM JIMHUH, CO-
eAUHSIONIeH UX LEeHTpbl. [IpoeKuru BEKTOPOB CKOPOCTEN HA ATy JIMHUIO
paBHBI MOAYJISIM cKopocTel. X HampaBieHus y4TEM 3HAKaAMH: MOJOKH-
TEIbHOE 3HAYEHUE MPUIMIIEM JBUKEHUIO BIIPaBO, OTPULIATEILHOE — JIBU-
XKEHUIO BieBO. [Ipy yKa3aHHBIX JOMYIIEHUSIX 3aKOHBI COXPAHEHUS] UMEIOT
BU/I:

m,V; +m,V, =m;V, +m,V, 1)
2 2 ' '
m; Vi N m,Vo™ _ m, V2 + m, V5’ @)
2 2 2 2
ITpousBens npeoOpazoBanus B ypaBHeHUsX (1) u (2), moaydum:
ml(Vl_V{):m2<V§ _Vz) 3)
m, (V2 - Vi?)=m, (V3> - V3) (4)
OTKyJ1a

Pemas ypaBuenue (3) u (5), Haxoqum
_ (Mg —my)V; +2m,V,

Vi = (6)
m; +m,

Vv, = (my —my)V, +2mVy (7)
m; +m,

B nanHo# paboTe mpenjaraercsi SKCIIEPUMEHTAIBHO MPOBEPUTH 3a-
KOH COXPaHEHUSI UMITYJIbCA MPU YIIPYTOM U HEYIIPYTOM yIape ABYX IIApOB
U 3aKOH COXPAHECHUS MEXaHUYECKOW SHEPTUM NP yNPYrom yaape Iapos
Ha YCTAHOBKE JIJI1 N3Y4YE€HUS [IEHTPAJIBLHOIO yJapa MapoB.
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VY nap Ha3bIBAIOT LEHTPAIBHBIM, €CJIM LIAPhl HEMOCPEACTBEHHO TTEPE]]
yAapOM JIBUKYTCS BIOJIb IPSIMOM, MPOXOJIAIIECH YEPE3 UX LIEHTPHI.

OIIMCAHUE YCTAHOBKU

YcraHoBKa I U3yYeHUs IEHTPAIBHOTO yapa IIapoB CXeMaTHye-
CKH M300paxkeHa Ha pucyHke. Ha maccuBHoOU TpeHore (1) ykperniéHn Ou-
bunapueiii ogsec (2), Hecymuit mapsl (3). Ilepemenienue noaseca (B
clIy4ae HE0OXOJIUMOCTH) OCYIIECTBIISIIOT BUHTOM (4). BenuunHa otopoca
mapa CJIyXKUT MEpPOi CKOPOCTH M OTCUMTHIBaeTcs 1o mkane (5). ITo Benu-
YUHE TMOJTHOTO YIJia 0TOpOCca o OMPEAETSIOT CKOPOCTH I1APOB.

VYnap ocymecTBIAOT ciaeayomumM o0pa3zoM. [IpaBblii 1map OTKIOHS-
IOT Ha yToJl Og U YIep>KUBatOT MarHuToMm (6). JIeBblit map nokoutcs. Boi-
KJIFOYasi 2JICKTPOMArHUT, OCBOOOXKIAIOT IMPaBBIl IIap, KOTOPBIA OBET IO
aeBoMy. [Ipu 3TOM BBIMOJTHSIOTCS YCIIOBHS IICHTPAIBHOTO yapa.

fro

S

Puc. Cxema ycTaHOBKHU
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METOJIUKA OTIPEJIEJIEHN S CKOPOCTEM IIIAPOB

OTKJIOHSIS ITPaBbIM AP Ha YIroJI Og, €r0 TEM CaMbIM MPUNOAHUMAIOT
Ha BBICOTY N OTHOCHTENHHO MOJIOKEHUS PABHOBECHSI, COOOIIas eMy IO-
TEHIMAIbHYIO dHepruto Mgh. [Ipu mpoxokaeHnr MpaBbIM MIAPOM II0JIO-
YKEHHSI PABHOBECHS, €r0 MOTECHIMAIIbHAS DHEPIUs MEPEXOAUT B KUHETHYC-
CKYIO:

2
mgh = MV ®)

2

rIe M — macca mapa, h - BeicoTa moapémMa 1mapa B KpaifHeM TOJI0KESHHUH,
V1 - MTHOBEHHAas1 CKOPOCTH MPABOT0 11apa Nepel yAapoM.

N3 pucyHka cienyer, 4To

h=1-d;d=Icosa,,
torna h =1(1-coso,)
h = 2lsin 2 % 9)
IToncrapmisia ypaBHeHue (9) B (8), moaydaum:
vlzzJﬁﬂgn%f (10)

ITo dopmyne (10) Takxke MOXKHO paccuuTaTh ckopocTu Vi u V, mnpa-
BOTO U JICBOTO IIApOB IOCJE yAapa, 3aMEHsIs YTOJ 0y Ha CPETHHUE YTIIbI OT-
KJIOHEHHS TIPABOTO <0i1> ¥ JIEBOTO <(0l> IMIAPOB OT IMOJIOKEHHUS PABHOBECHS
nocie yaapa. Taxxe no ¢gopmyne (10) MoxkHO omnpenenuTs ckopocts U
[IapOB IOCJIE HEYNPYroro yaapa, 3aMeHsIsl yrodl 0y Ha CpeIHUI yroi <o;>
OTKJIOHEHUSI IApPOB TOCJIE yaapa.

3AJIAHUE
1. TIpoBepuTh 3aKOH COXPAHEHUS UMITYJIHCA [IPU YIIPYTOM yaape
m,V, = mV, +m,V, (11)
¥ TIPH HEYTIPYTOM yIape
m;Vo = (m; +m;)U (12)

HeobxoauMo yuuThiBaTh BEKTOpPHBINM XapakTep ypaBHeHUU (11) u
(12). Jlna HaxoxaAeHUsT CBSI3M MEXAYy aOCOIIOTHBIMU BEJIMUMHAMHU CKOPO-
cteit mapos nociie yaapa (Vi, V,, U) pasenctsa (11) u (12) cnexyer crpo-
EKTUPOBATh HA HATIPABJICHUE ABUKEHHUS OBIOIIETO I1apa.

Tak kak Macchbl IIAPOB MPAKTUYECKH OJWHAKOBBI, & B YpPABHEHUU
(10), mo KOTOpOMY MOXKHO pPacCUUTaTh CKOPOCTH IIAPOB, HM3MEHSIOTCS
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TOJIBKO CUHYCBI YITIOB, TO 3dKOH COXPAHCHUA HMITYJIbCa B HAIICM CJIy4dac
AJ1 YIIPYTOr'o yapa mapoB CBEACTCA K IIPOBCPKE BLIMMOJIHCHUA paBCHCTBA
L0y . <Oy > . <0, >
sin =2 =sin —X= +sin —2 ", (13)
2 2 2
a 3aKOH COXPaHEHHS MMITYJIbCa I HEYNPYIroro yaapa K MpOBEepPKe PaBeH-
CTBa

<oy >

sin Oﬁ_zo = 2sin (14)

2.  Omnpenenuth KO3(PPHUIIMEHT BOCCTAHOBJICHUS KHHETUISCKOU
SHEPTUU

_Ke
Ky
rae K, - kKuaeTnueckast SJHEPTHsS CUCTEMBI TIEPET YAAPOM,
K, - kuHeTH4ecKast 3Heprus CUCTEMBI ITOCTIE yaapa.
C y4eToM paBeHCTBA MAcC IIAPOB M OCTOSHHOT'O MHOXKHTEIS 2+/gf
B popmyrie (10) ko pueHT BOCCTAaHOBICHUSI KHHETUYECKOM YHEPT U
P YIIPYTOM yAape MOKHO pacCUuTaTh 1Mo hopmyJie:

K (15)

. (04
sin2 — %

K= <oy > : <Oy > (16)
sin2 >%17 | gjp2S%2~

[HOPAJOK BbIIIOJIHEHUA PABOTHI

1.  Vkpenuth mapbl Ha MOABECE, OCYIIECTBUTH CTOJIKHOBEHUS U
HU3MEPUTH BEIMYUHBI OTOpOCA MO MIKaje (JJIs KaKI0ro Iapa mo TpH pasa).

2.  IIpoBepuTh 3aKOH COXpAaHEHUSI UMITyJIbCA JIJIsl YIIPYTOro yaapa,
MOJIB3YACH COOTHOIIeHHEM (13).

3. Tlomp3ysick cooTHomienueM (16), paccuutath KOd)PUIUEHT
BOCCTAHOBJIEHUS] KHHETUYECKON YHEPTHH.

4.  TloBTOpUTH BCE N3MEPEHUS U BBIYUCIICHUS JIJISI YIIPYTOTO yapa
JBYX JIPYyTUX Tap METAJUIMYECKUX IIapOB.

5. OCylleCTBUTh CTOJKHOBEHHE CTAIBHOIO IIapa C IIACTUIIMHO-
BbIM (ONBIT MOBTOPUTH TPU pasza); MOJB3YSICh JAaHHBIMU HM3MEPEHUN U
ypaBHeHUEM (14) npoBepuTh 3aKOH COXpaHEHHSI UMITYJIbCA JIJII HEYHPYTO-
ro yaapa.

6. JlanHble U3MEPEHUN U BHIUMCIICHUM 3aHECTU B TaOMUIIbI 1 1 2.

Tabmura 1
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AOCOIIOTHO YyNIpYruid yJap 1mapoB

No 0o 0l <o> | o <0p> sin g sin oy > +sin <oy >
Ombl |Tpaj. |Tpanm |Tpax |Tpafd | rpaj >
Ta

Tabmura 2
AOCOII0OTHO HEYNIPYTUM yJ1ap 11apOB
Ne Ol o <ol > sin %0 pgin <% >
OIBITA rpaj. rpaia. | rpam. 2
KOHTPOJIBHBIE BOITPOCHI

1. ChopmynupoBaTh 3aKOH COXpPaHCHHsI UMITYJIbCA W MOJTHON Mexa-
HUYECKOW DHEPTHUM, HA3BaTh YCJOBHUS, IMPH KOTOPBIX BBHIMOJHSIOTCS ATH
3aKOHBI. Mepoit 4ero cirykuT K03 UIIMEHT BOCCTAHOBJICHUS KUHETHYC-
CKOM PHEpruu IpH coyaapeHuu mapoB? JlaTh XapaKTEpUCTUKY CUCTEME
IpY COYJAapEeHHUH IIapOB B JaHHOUW paboTe (3aMKHYTOCTh, XapaKTep BHEIII-
HUX CHJI, ICHCTBYIOIINX HA CUCTEMY, XapaKTep CUJI, IEHCTBYIONMINX MEXITY
IrapaMu B MOMEHT UX CTOJIKHOBEHUS).

2. Jlate ompeneneHue aOCOMIOTHO YNPYTroMy U aOCOJIFOTHO HEYIPY-
romy ynapam. Kakue 3aKOHBI COXpaHEHHUS BBINOIHSIOTCS MPU ITUX YIa-
pax? KakoB MexaHU3M SIBJICHUH, MPOUCXOMSIIMX B MOMEHT yNPyroro u
HEYNPYTroro coyJaapeHus mapon?

3. BeiBectu popmyiy, 1Mo KOTOPOM pacCUUTHIBACTCS CKOPOCTH Ila-
pPOB B JaHHOM padoTe.

4. BeiBecTH (POpMyJibl CKOPOCTEH 1IapOB MOCJE a0COIIOTHO YIPYTO-
ro ¥ a0COJIIOTHO HEYNpyroro yaapa mapos. [IpoananuzupoBath Gopmyibl
(6) u (7) (paccmotpeth caydan Vo,=0 u @) M;=mjy; 6) M;>Mm,; B) M<my; T)
my>>m;.)

5. BeiBectu hopmyIibl, IO KOTOPHIM B JJAHHOW pabOTE MPOBEPSETCS
3aKOH COXPaHEHMs UMITYJIbCa JJI YIPYTOoro U HEYIPYroro yaapoB MIapoB.
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JlabopaTopnast padora Nel2

Onpenesienne yCKOpPeHUsi CBOOOIHOI0 NMAJAeHUs NIPU MOMOIIH
000POTHOI0 MAITHUKA

Llenv pabompi. ONPEETUTh YCKOPEHHUE CBOOOIHOTO A ICHHUS.

LIpubopbl u npunadnescuocmuy. MAITHUK, CEKYHIIOMED.

Kparkas Teopus.

[Tone TaroreHus: (rpaBUTALMOHHOE TOJIE) — 3TO 00JACTh MPOCTPaAH-
CTBa, B K&KJOM TOUKE KOTOPOTO ACHCTBYET CUJIa TSATOTCHUSI.

[Tycth T€no Maccoit my co34a€T Moje TArOTEHUs, a IPYroe TeI0m,
MOMEUIEHO B KaKyr0-JIMOO TOYKY 3TOro mojsi. Toraa B COOTBETCTBUHM C 3a-
KOHOM BCEMUPHOTO TATOTEHUS MEXIy MaTepHalbHbIMU TOYKAMU M4
UM, BO3HUKAET B3aUMOJEICTBUE, KOTOPOE YUCIEHHO ONPEAEIIAETCS CUIION
B3aMMHOTO TSTOTEHUS

F=6¢"3 (1)

r
Ota QopMyna cnpaBemiiBa M B TOM Clydae, Korja Tens

mq u MmysBIsAOTCS chepamMu (WM IIapaMu) MPU TOM YCIOBUHU, YTO X
MacChl COCPEIOTOYEHBI B IIEHTPE, a I' — pacCTOSHUE MEXIy IeHTpaMu
chep (mapos).

Cuiy, NSHCTBYIONIYIO Ha Tejla, HaxojsIuecs Ha Bbicore hor mo-
BEPXHOCTH 3€MJIM, TIPUHATO Ha3bIBaTh CHJION TsxkecThbio. COrjlacHO BTO-
pomy 3akoHy HbIOTOHA, cuJia TSKECTH OMpPEACISIETCS KaK MPOU3BEACHUE
MacChl TeJIa Ha YCKOPEHHUE, KOTOPOE COOOIIAET €My CHIIA, MPUIIOKEHHAs CO
CTOPOHBI 3eMJIH

Fm=myg (2)

Tak kak B j1eBOi1 yacTu ypaBHeHul (1) u (2) HAXOAUTCS OJTHA U Ta K€

cuJja, TO TepPBbIC YaCTH TaK>Ke PaBHBI:

G2 =m,g 3)

2
r
CokpaTuB Maccy Teia m, 1 0003HAYMB MacCy M, 4epe3 Maccy 3eM-
U M3, TOTy4YuM BBIPAKEHHE JJIs1 YCKOPEHUSI CBOOOAHOTO MaCHUS:
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B o6uiem ciyuae r— pacctosiHue ot Teja m, 10 UCTOYHUKA CUIIOBOTO
nojs, T.¢ A0 nentpa 3emumr =R, + hrae h — paccrosuue ot Tena a0 1mo-
BEPXHOCTH 3E€MJIH.

Takum 00pa3oM, yCKOpeHHE CBOOOIHOTO MaJI€HUs 3aBUCUT OT BBICO-
ThI T€JA HAJl IOBEPXHOCTHIO 3eMJIIA

M

=G—3_
I=2R+ny (5)

raeR,~ 6370 xu,h<<R3 mo3tomy NB JaHHOM ciIy4ae MOXKHO IIPeHEOpEYb.

ITon duznyeckrumM MasiTHUKOM MOHUMAIOT TBEPJIOE TEIO MPOU3BOJIb-
HOM (hOpMBI, MOJIBEIICHHOE B TOUKE, HE COBMAJAIOIICH C LIEHTPOM Macc.
IIpn OTKIIOHEHMH MasiTHUKA OT MOJIOKEHWSI pPaBHOBECHUSI HA MaJjblil yroj
(PBO3HUKAECT BpALIATEIIbHBI MOMEHT, CO3JaBAEMBbI CUJION TSKECTHIO, KO-
TOPBIM BO3BpAIIAET MAATHUK B MOJIOKEHUE paBHOBecus. [loa mercTBremM
ATOr0 MOMEHTa MasiTHUK COBEpIIAET TapMOHUYECKHE KOJeOaHUs C TIepUO-
JIOM

|
T =27 |—
4 mgd (6)

rae J — MOMEHT MHEpPIMU MasiTHUKa OTHOCUTENIBHO TOUKH noaBeca O, m —
Macca MasiTHUKa,J — CBOOOAHOTO maaeHus,d — pacCTOsIHUE OT TOYKH TIOI-
Beca 0 LEHTpa TsKecTu. |y, Ha3pIBaeTCs [UIMHA MAaTEMaTU4YECKOrO MasiT-
HUKa, UMEIOIIEro TOT ke nepuoj konedanuit T, uto u puznueckuit mMasit-
HUK.

3ameyaTenbHOM OCOOEHHOCTHIO (DHU3MYECKOTO MAasITHUKA SIBIISETCS
00paTUMOCTh TOYKM TMOABECA U IIEHTpa KayaHUs. DTO O3HAYAET, UYTO IMpHU

MOJABEIIMBAHUM MAsATHUKA TO 3a LIEHTP Ka4aHHUs, TO 32 TOYKY 0 epuoa
KoJeOaHuM MasATHUKA HE H3MEHAETCS. MasTHUK, O00JaJaroliui TakuM
CBOMCTBOM, HAa3bIBAIOT 000POTHBIM. MIMEHHO 3TO 0COOEHHOCTH (pu3HUe-
CKOTO MAasiTHUKA HCHOJIB3YETCA I 3KCIEPUMEHTAIBHOIO ONPEIACIICHUS
BenuuuHbl §. Mcnionbs3oBanue hopmyiibl (6) aiis u3MepeHus JOCHOBaHO Ha
BO3MOKHOCTH HUCKITFOUSHUS Ben4uuH J, M, d u3 pacyeTHON (HOpMYyIIBI.

[To onpeneneHuto NpUBEACHHOMN JJIMHBI (PU3NYECKOTO MasTHUKA!

T,,=Tp

ITociie MOACTAaHOBKM NMPUXOAUM K BBIPAXKCHUIO ISl NMPUBEICHHOU
JUTMHBI PU3NUECKOTO MasSTHUKA
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27 I"—p—27z J_
g  \mgd (7)

BosBenem 00e yactu paBeHcTBa (7) B KBaJpaT, MOJYyYUM MPUBEICH-
HYIO JUIMHY, BBIPAXKAEMYIO Uepe3 MapaMeTpbl (PU3NYECKOr0 MASITHUKA.
| - J
"P " md (8)

YCcTaHOBUM B3aMMOCBSI3b MEXKIY MPUBEICHHOW JJIMHOW U MIEPUOIOM

KoJieOaHUi (PU3NUECKOTO MAasITHUKA
[J ﬂ@
T=2x m—gd =27 E (9)

N3 ypaBuenus (9) cnenyet pacuerHas Gopmyiia AJjisi yCKOPEHUS CBO-
OOJHOTO TaJEHUS MO HU3MEPEHHOMY MEpPUOoay KojeOdaHuM (HU3NYECKOoro

MajaATHHUKa
F=627 (10)

r
Memoouxa uzmepernus yckopenus c60600H020 NAOEHUAL.

OnpezeneHre yCKOpPeHUs: CBOOOIHOTO

najeHusl B JAHHOM MECTE BBIMOJHSIOT C TO0- -4
MOIIbI0 000POTHOTO (PU3NUYECKOTO MAsITHUKA, 3
OpUYEeM H3MEPEHUs JAOT JIOBOJIBHO TOYHOE e — 5
3HaueHue §. KoHcTpyKkinmu 000pOTHBIX MasiT- 1

HUKOB pa3Hoo0pa3Hbl. Ha pucynke 1 mpuse-
JeHa cxema JjabopatopHoro MasiTHuka. Ha
CTaJIbHOM CTEPXXHE JKECTKO 3aKPEIUICHBI
onopHsie npu3Msl (1). Mexny npusmamu Ha-
XOJIUTCSI HEMOABUKHBIN Tpy3 (2), UMEIOIINi
dbopmy ueueBuilbl. Jpyras moaBUKHaAsI dyede- #/’ 2
Bura (3) HaXOAWTCSA Ha OJHOM H3 KOHIIOB ]
CTEp>KHS, MOXET IMepeMelaTbCcsl MO IIKaJIe
(4) m 3akperuiAThcs BUHTOM (5) B HYXKHOM
nonokeHny. Eciay moaBrkHas dedeBuna (3) 9 /1
HAXOJIUTCS B MPOU3BOJIBLHOM TOJIOKEHUHU, TO
MasgTHHUK, BOOOIIE TOBOPS, HE SIBJISIETCS 000-
POTHBIM, T.€ TMEPUOJBI KOoJIeOAaHUN Ha MPU3- Puc. 1
Mmax (1) He coBmamaror.
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OcHOBHOM 3ajayeld JaHHOW PaOOThI SBJISETCS HAXOXKIACHHUE TaKOIO
MOJ0KEHUS YE€UEBHUIIbI, IPH KOTOPOM MAaSTHUK CTAHOBUTCS OOOPOTHBIM.
Torma nmepuoasl kKojebaHUl HA OCHOBHBIX IMPHU3Max COBIAJAIOT C TOYHO-
CTBIO JI0 COTBIX JI0JIe CeKyHAbl. IMEHHO B TakoM ciiydae pedpa OMmOpHbIX

npusM (touku O u O)) sBISIOTCS LEHTPOM MOJIBECA UIICHTPOM KauaHud. 1
TOJIBKO B TAKOM CIIy4ae PacCTOSTHUE MEXAY peOpaMH OMOPHBIX MPU3M SIB-
JsieTCA MPUBEACHHOMN JJIMHOW (PU3NYECKOr0 MasiTHHKA.

CnenaB MasiTHUK OOOPOTHBIM (C TTOMOIIBIO TTOABUKHOM YEUEBUIIbI),
MOHO BBIYUCIIUTh YCKOPEHHE CBOOOIHOTO najieHus o ¢hopmyiie (10).

3apanus.

1. Tlpu momornu BUHTA 5 YCTaHOBUTH MOJBMXHYIO YECUEBUILY 3 B HUXK-
HEE MOJIOKEHHE, COOTBETCTBYIOIEE HYJIO IIKalbl. OTKIOHUTh MasTHUK
Ha Majbli yron (4-6rpaaycoB) MU MO CEKYHJIOMEPY OIPEICTUTh BpeMs
t1'20-Tn monHbIX KOJeOaHui Mnq. IIpu 3TOM Bpems cleayeT ¢ TOUHOCTBIO
110 COTBIX JI0JI€M CEKYH/IbI.

2. llepemecTuTh YeueBUIly BBEpX MO IIKaJI€ HAa 5 MaibIX JEICHUN U
OISITh ONpPEeneNuTh BpeMms t, ' 20-Tu MoNHBIX KOJeOaHU Ny .

3. Jlanee, mepemMenias 4eyeBHIly Yepe3 S5 NEICHUN MIKaibl, 3a()UKCUPO-
BaTh BpeM4 t; ' 11 12-Th NOJI0KEHUI YE€UEBUIIBI.

4. Pe3ynbTaThl U3MEPEHUI BHECTH B BEPXHIOIO CTPOKY TaOIULIbI .

Tabmura 1
No All,C Alz, A13, Al4, Al5, Al@, A17, Alg, Alg, Allo,
M CM CM CM CM CM CM cM CM CM
t;
t;"
5. HepeBCpHYTI) MasTHHUK U IIOABCCUTL €TO HA APYI'YIO OIIOPHYIO IIPHU3-
My 1

6. IloaABMIXKHYIO YEUEBHMIYy YCTAHOBUTH Ha HYJb IIKaJbl U MPOU3BECTH
OTYET BPEMEHHM t;" 4Uepe3 5 JeneHuil B KakJOM HOBOM IOJIOKEHUU Yeue-
BUIIBL.

/. Pe3ynbTarhl H3MEPEHUN BHECTH B HUKHIOIO CTPOKY TaOJUIIbI 1.

8. Iloctpouts rpaduku 3aBucumoctu t(1). Touka nepeceyeHuss KPUBBIX
COOTBETCTBYET CITy4ar0, KOT/la MasiTHUK OyeT 0OOPOTHBIM.

9. Ilo 3HaYeHWIO BPEMEHH, OMPEACICHHOMY IO TOYKE IEepeceueHus,
HaXOAAT CpeaHui nepuoa konedanuii mpu N=20:
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n (11)

10. 3arem mo dopmyne (10) ompenensitoT 3HaUYeHHWE CBOOOJHOIO Maje-
HUSL ¥ HAXOJAT OTHOCUTENbHYIO norpemnocts u3mepenuit (l,, = 730 ym —
JUIS TAHHOTO MasiTHUKA).

Oo6patutre BuuManue! 3navyenne Al;, KoTopoe COOTBETCTBYET 000-
POTHOMY MAasiITHUKY, HE BXOJHUT B pPacueTHY0 (OpPMyly M TOJIBKO JIUIIb
ONPEAEISIET TOJIOKEHUE NTOABMKHOM YEUEBULIBI HA IIKAJE, KOTOPOE COOT-
BETCTBYET 0OPATUMOCTH OTOPHBIX MIPU3M.

Koumponvnsie éonpocht.

1. Jlate ompeneneHue (PU3MUECKOro MasiTHHMKA, 0OOPOTHOIO MasT-
HUKa, MPUBEACHHON JJTMHEI.

2. TloueMy yckopeHHe, KOTOpOe CHJjia TSKECTU COOOIaeT TenaMm, He
3aBUCHUT OT UX MacChl?

3. B dem paznmuune MexXay BECOM Tela U CHJIOW TSIKECTH, JCHCT-
BYIONIEH HA TEJ0?

4. V3meHsiercs Jid BMECTE C U3BMEHEHHUE Beca Tella U ero Mmacca?

5. Kak u3MeHsieTcsi BeC JIETYMKA, COBEPIIAIONIETO «MEPTBYIO IET-
mo» (metinto HectepoBa), Korja OH HAXOAUTCA B HUKHEW U BEpXHEU TOUKE
nerau’?

6. 3aBucutr nu nepuon Konedbanuit Puznueckoro (006OPOTHOro) Ma-
ATHUKA OT €r0 MACCHhI?

/. BbiBecTH (opMyiny sl ONpeNesieHUs] YCKOPEHHs CBOOOJIHOIO
naJieHus MpY MOMOIIM (HU3UIECKOr0 MasiITHUKA.



74

JlabopaTopnasi padora Ne 20
OnpejesieHUue OTHOLIEHHSI MOJISIPHBIX Temioemkocteii C,/C,

Henv pabomer: Onpenenuts otHOmenue Cp/C, ONBITHBIM ITyTEM U CPaB-
HUTD MOTYUYEHHBIE PE3YIbTAThI C TEOPETUICCKUMHU.

Ilpubopwt u npunaonexrcnocmu . banioH, MAHOMETP, HACOC, 3a’KHUMBI,
py4YHBIE  YachHl.

KPATKASA TEOPUA
TermoéMKOCTh ra30B 3aBUCUT OT YCJIIOBUW HarpeBaHus. BolsiCHUM
ATy 3aBUCHMOCTB, BOCIIOJIb30BABIIMCH ypaBHEHMEM KitalinepoHa-
MenaeneeBa, kotopoe umeeT Bua: P X V,, = R X T, rae P — naBnenue ra-
3a, V —ero 00bém, T — abcomoTHas Temnepatypa, R— yHuBepcanbHas

m o
ra3oBad IIOCTOSAHHAsA, —— YMHCIJIO KMJIOMOJIEH Tra3a.
u

N3BecTHO, 4TO MEepBOE HAYaJI0 TEPMOAUHAMUKN UMEET BUJL:
6Q =dU + 44, (2)
rnedU— >nemMeHTapHOE€ U3MEHEHHE BHYTPEHHEN SHEPTUU
6 Q— >rieMeHTapHOE KOJTUYECTBO TEIUIOTHI, IEPEAaHHOE razy
6A— »nemenTapHas paboTa, coBepiiaeMas ra3oM HaJl BHEUTHUMH TeJIaMH.
o ornpeneneHunto TemI0eMKOCTH UMEEM:

5Q dUu &4
C=— mwm C=—+—
dT dT T dT (3)
Pabora, coBepiraemasi ra3oM HaJl BHEITHUMU TEIaMHU, BBIYUCIISIETCS KaK:
0A = PdV 4)

N3 ypaBHenus (3) BUAHO, YTO TEIUIOEMKOCTb T'a3a MOXKET UMETh pa3HbIe
3HAYEHUSI TIPH PA3TUIHBIX CIIOCOOaX HarpeBaHUs.
PaccMoTpuM OCHOBHBIE MPOLIECCHI, KOTOPBIE MOT'YT COBEPILIATHCS C ra3a-
MH.

1. M3oxopuueckuii Mporece — Mporece, Mpolecc MporuCXoIsIun
npu Heu3MeHHoOM oO0beMe (V=const)
EcrectBenno, uto dV=0,a 6Q = dU

5Q _du _

Torna u3 ypaBaenuii (3) u (4) cnenyer, uto C = oo ar = Cv
CvV— MosipHas TEMI0EMKOCTh MPU TTOCTOSSHHOM 00BheMe.
2. V306apudeckuii mporecc — mpoiecc, MPOUCXOSIIIUN MPU MOCTOSH-

HoM naBicHun (P = Const).

W13 ypaBHenuii (3) u (4) umeem: Cp = Z_g T %

(6)

Cp— MOJIsIpHad TCINIOCMKOCTD ITPHU ITOCTOAHHOM JaBJICHUH.
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Jlns1 yeraHoBiieHus 3aBucuMoctu Mexxay Cpu Cv
Bocnonb3zyeMcs ypaBaenueM (1), nowieHHo nuddepeHnupyst KoTopoe,
UMEEM:

PdV +VdP = = kdT (7)
7

B ciydae nzobapuueckoro nporiecca (P = Const)
ypaBHeHue (7) NpUMET BU:
m
PdV = —RdT

u
a TI0CJI€ UHTETPUPYS:

PAV = ZRAT (8)
u

OTtcroza BUAHO, YTO YHUBEpPCaIbHAs ra30Basi HOCTOsIHHAsI R uncieH-
HO paBHA paboTe MO pacuIMpeHuro 1 KMoJisd ra3a rpy HarpeBaHUU €ro Ha
AT=1 K rpaxyc B yCIIOBUSIX ITOCTOSSHHOTO JABJICHUSI.

IToncraBuB B ypaBHEeHME (6) 3HaueHMs U3 ypaBHeHui (5) u (8), mo-
nyuun ypaBHenue Maitepa: Cp = Cv + R
9)

3. MBotepmMuuecKkuii mpoiecc — Npoiecc, MPOUCXOSIINN TPU MOCTO-

sHHOU Temnepatype: T=Const , dT=0
B atom ciiyuae ypaBuenue (2) Oyaer umets Bug dQ=dA , T.c. Bce moaBo-
JUMOE TEIUIO PacX0ayeTcs Ha padoTy MO PaCIIMPEHUIO ra3a.

. sQ
MOHHpHaﬂ TCIIJIOCMKOCTD IIPHU TOCTOAHHOUN TCMIICPATYPEC: CT:E — 00,

4. AnmabaTuyeckuil mpoliiecc — MpoIecc, MpoTeKaroluii 0e3 Term1000-
MEHa C OKpykaroiieit cpeaoit: 6Q = 0.
B stom ciyuae ypaBuenue (2) dU + 84 =0; 64 = —dU , 1.e. pabora
coBepIIacMas ra3oM 3a CUeT YObUIN €r0 BHYTPEHHEN YHEPTUH.
Kak n3BecTHO, 3JIeMEHTApHOE U3MEHEHUE BHYTPEHHEN YHEPT UM
dU = - CvdT

u
u3 ypaBHeHus (4) umeeM dA = PdV, cnenoBaTeiabHO

PdV = — % CvdT (10)

Paznenus (7) Ha (10) u yunutsiBasi ypaBHeHue (9), noryuum:
14V P _CpCvap __ dv
P av o 'p Vv

(11)

C
raey = C—s - ko3¢ punment Ilyaccona.

Nurterpupys u noreHuupys Boipaxkenue (11), monyuum ypaBuenue Ilyac-
COHa:
PVY = Const (12)
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3 MOHCK}’HHpHO-KHHCTH‘ICCKOﬁ TCOPHUU U3BCCTHO, YTO MOJIAPHBIC TCIIIIO-

emkoctu Cp u CV moryT ObITh BBIYKCIIEHBI IO (popMynam:
i+2 i

Cp=—R, Cv=-R,

2 2
rie i— 4ucio CTeNeHel cBOOO0 bl MOJIEKYJIbl HEaIbHOTO ra3a.
Jl1st 1ByxaTOMHOTO rasa (a MoJeKyJibl Bo3ayxa Oosee ueM Ha 99% cocTo-
UT U3 JIByX aTOMOB) =5 , IOATOMY T€OPETHICCKOE 3HAUCHHE:
Cp i+2 7 14
y = = - = — =

Cv i 5

B nacrosieit 1adopaTopHoit padoTe, HEOOXOAUMO IKCIIEPUMEHTATILHO
MOJIYYUTh 3HAYCHUS OJIM3KUE K PACCUYMTAHHBIM.

Onucanue YCTAHOBKHA M M€TO/1a BBINIOJTHCHU .

Onpenenuts Y11 BO3ayXa MOXKHO TIpH oMoty npudopa Kiremana-
Hezopma (cM. dhoTo), cocTosiero u3 6amwiona - 1, Hacoca - 2, BOASHOTO
MaHoMeTpa — 3.

B 6annon, KOTOPHIN TIepex HavyajaoM OIbITa CBOOOHO COOOIIANICS C aTMO-
ctepoii, pu 3aKpHITOM KpaHe - 4 HakaunBaeTcs Bo3ayX.[Ipu aToMm 3a cuer
COBEpIIEHUS PadOTHI CKaTHUs ra3 B OaJIoHe HarpeBaeTcs. BolkaaB, moka
ero TeMIiepaTypa He CTaHET PaBHON KOMHATHOM, a JaBJIECHUE MTOCTOSTHHBIM
0 BCeMy 00bEMY COCyIa:

P4_ == PO + h1
rae Py — atmocdepnoe nasienue, hq— n30bITOUHOE JJaBJIEHHE, OBICTPO OT-
KPBIBAIOT KpaH — 4, Korja AaBjcHuE B 0aUIOHEe CPAaBHUBAETCS C aTMO-
chepubiM P, = Py, KpaH HeMeIJIEHHO 3aKpbIBAIOT.

[lycTh mocne HakayuBaHus B OajutoHe ObLIa macca raza m.Ilpu ort-
KPBITUU KpaHa BBIXOJUT 4acTh Bo3ayxa Am.OcraBmiascs yacth (mMl1=m-
Am) 10 pacudpeHus 3aHuMajia He BeCb 00beM OalljloHa, a TOJbKO YacTh
ero V4. T. K. KpaH OTKpBIBAETCS HA KOPOTKOE BpeMsl, TO TEIIOOOMEHa Me-
KOy Ta30M U CTEHKaMU OaJsIoHA MPAKTUYECKH HET, M MPOIECC MOKHO
cuutaTh aguadatnyeckum. CorsacHo ypaBHeHuUIo [lyaccona momydum:

P, XV =P, x V¥ (13)
rae V — o0beM Beero baioHa.

[Tpu agnabaTuyeckoM paclIupeHUH ra3a ero TeMrneparypa rnoHuxa-
€TCsl, HO €CJIM BBDKJIaTh HEKOTOPOE BpPEMSI, TO B pe3yJibTaTe TEIIO0OMEHA
4yepe3 CTEHKHU COCYyJla OHO CTAHOBUTCS PaBHBIM KOMHATHOM.

[Tpu aTOM naBneHue rasa ctaner paBHbiM P3 = Py + h,.
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HavanbHOE 1 KOHEYHOE COCTOSHUE Ta3a HAOII0JaeTCs MPU OJAMHAKOBOU
TEMIIEpaType, HOATOMY IPUMEHUM 3aKOH bounsa-Mapuorra. cnons3ys
€ro, IOJIYYUM:

P,V; = P3V; (14)
YuursiBas, yto V,=V3=V- 00beM OasioHa, U UCKJIIOYasi HEU3BECTHBIM

o0beMm, u3 (13) u (14) nonyyaem:
__logP1—logP;

o logP1_logP3 (15)

Paznoxum InP; ulnP3 B psg Teitnopa

h h
h, (3 ()

logP1=log(H+h1)=1ogH+H_ h2 + h3 —_ .
h, (2 (3

logP3=log(H+h2):logH+E— 5 + 3T

T.K. h<H orpaHm4Yumcs npu pa3ioKeHU! ABYMs MTEPBBIMH WICHAMH, TI0/I-
CTaBJIsAsl MOJyYECHHbIC 3HaUEHUA B ypaBHeHue (15), Haitnem:

i (16)

BbinosiHeHue padoThbl

1. 3akpsIB Kpali, HAKAUMBAIOT HACOCOM HEMHOTO BO3/lyXa. BeikaB
3 MUHYTBI U3MEPSIOT MAHOMETPOM M30BITOYHOE J1aBiieHue hy (B MM Boas-
HOT'0 CT0104).

2. OTKpBIBAIOT KpaH U B TOT MOMEHT, KOT'/Ia YPOBHU >KUJIKOCTH B
000MX KOJIEHaX MaHOMETpPa CPABHUBAIOTCSA, 3aKPhIBAIOT KpaH.BexkaaB 3
MUHYTBI U3MEPAIOT U30bITOUHOE JaByieHue h,.

3. OnbIT NOBTOPSIIOT 5 pas.

4. Tlo dhopmyiie (16) BBIYUCTAIOT 3HAYEHUE Y.

i+2
5. BpaucisioT TeOpeTHYECKOe 3HaUSCHHE Yo GopMyIie.y = — > Tae

[=5 — 9KCNI0 cTeneHel CBOOOBI JIJIs IBYXaTOMHOTIO Ta3a.
6. BoraucisioT aOCOMIOTHYIO M OTHOCUTEIBHYIO MOTPEITHOCTH.
/. Pe3ynbTaThl U3MEPEHUN U BHIYMCIICHUM 3aHOCAT B TaOJIUIY

No
OINBITOB

1

h 1 h 2 )4 ycp Vm eop A)/ Ach
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gl

KoHTpoJibHbIE BONIPOCHI

1. ITpuMeHnuTe TIepBOE HA4YaI0 TEPMOJIUHAMUKHU K

a) U30XOPUYECKOMY;

0) u306apruyecKomy;

B) U30T€PMUUYECKOMY;

') aAnadaTUYEeCKOMY MPOIIECCaM.
2. N306pa3ute rpaduku 3TUX TPOIIECCOB.
3. Uznoxute cyth 3akoHOB boitnsg-Mapuorra, I'eii-Jltoccaka, [apns. [Ipu
KaKUX YCJOBUSIX BBITIOIHSIOTCA 3TH 3aKOHBI? 3anuimuTte GOpMyJIbl ITHUX
3aKOHOB.
4. Yto Takoe TEMI0EMKOCTh? Y IeJibHAs TEIUIOEMKOCTh? MossipHast Terio-
eMKOCTh? Kak OHM CBsI3aHBI MEXTY CO00#?
5. BeiBenute ypaBHeHue Mariepa. @U3NYECKHUN CMBICTT YHUBEPCAIBHOU
ra3oBOM IIOCTOSIHHOM.
6. [ToueMy MoJIsipHast TEIIOEMKOCTh IPU OCTOSTHHOM JIaBJICHUH OOJIbIIIE
MOJISIPHOU TETUIOEMKOCTH MPU MOCTOSHHOM 00BbEME.
7. Uto moapa3zymeBaeTCs MO YUCIIOM CTerneHel cB0001bl MOJIeKybl? Kak
TEMJI0EMKOCTh 3aBUCHUT OT YHUCJa CTeNeHeH CBOOOAbI?
8. BriBenure ypaBHenue [lyaccona.
9. KakoBa MeTo/IMKa BBITIOJIHEHUS JJabopaTtopHoit padoThi? Kakue mpoiiec-
Cbl UMEIIA MECTO MPU 3TOM?
10. BoiBeauTe pacueTHyto GopMyITy JJIsl OBITHOTO ONPEAEICHUs OTHO-
IEHUS MOJISIPHBIX TEINIOEMKOCTEM.
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Jlaboparopnasi padora Ne 21

Onpeneﬂenne BA3BKOCTH KMIKOCTH IO METOAY Crokca

Ienv pabomer: onpeneneHue K03 UIMEHTa BA3KOCTH KUJIKOCTH.

Ilpuooper u npunadaesxcrnocmu’. CTEKISTHHBIA HWIMHIP C UCCIIE-
JyEeMOU JKUJIKOCTBIO, MEJIKUE CTaJIbHBIC IAPUKH, MUKPOMETP, CEKYHO-
Mep.

BBEAEHUE

1. Ilpupooa cun 6a3K020 mpenus

Ha Bcsaxoe Teno, nBuxyIieecs B KUJIKOCTH (Ta3e) AEHUCTBYET cuja
BSI3KOTO TpeHUs (BHyTpeHHEro TpeHus). Cuja BSI3KOTrO TPEHUSI BOZHUKACT
MEXTy COCETHUMU CIIOSIMH KUJIKOCTH WJIW ras3a, JABWKYIIUMHUCS MO KaKOM-
100 MPUUYUHE C Pa3HBIMU CKOPOCTAMHU. [Ipu 3TOM Ci10H, IBUKYIIIHECS OT-
HOCHUTENBHO JIPYT Apyra, 0OMEHUBAIOTCA MOJIEKylIaMu. MoJieKyibl U3 Obl-
CTPOTO CJIOSI IEPEHOCAT B MEJJIEHHBIN CIIOM HEKOTOPBIA UMIYJIbC, U MEJI-
JIEHHBIN CJIOM CTPEMUTCS ABUTAThCA ObIcTpee. B cBOO ouepeh, MOJIEKYJIIbl
U3 MEJICHHOTO CJIOs, IEPECKAKMBasi B OBICTPBIN CJIOM, TOPMO3AT €TO0.

OpHaKo pacCMOTPEHHBIA MEXaHU3M BSI3KOTO TpeHHUs Oojiee CBOMCT-
BEHEH T'a3aM, B KOTOPBIX MOJIEKYJbl MEPECKAKUBAIOT M3 CJIOS B CJIOHM 32
CYET XAOTUUYECKOTO TEIUIOBOTO JIBWXEHUS. B KUIKOCTH BHYTPEHHEE Tpe-
HUE€ B 3HAYUTEIBHON MEpE ONPENENAETCS IEUCTBUEM MEXKMOJIEKYISIPHBIX
cuil. PaccrossHMe Mexay MOJEKYJaMu B JKHAKOCTA HEBEIHMKH, a Cuia
B3aUMOJICICTBUS 3HAYUTENbHBI. MOJIEKYIIbl JKUIKOCTH, MOJOOHO YacTH-
[IaM TBEPJIOTO Tejia, KOJIEOIIOTCS OKOJIO moJjiokeHui paBHoBecus. [1o uc-
T€YEHUHU BPEMEHU "OCEMJION KU3HU'" MOJIEKYJIIbI )KUIKOCTA CKAaYUKOM Iepe-
XOJZISIT B HOBOE MOJIOKEHHE.

[Ipu IBMXEHUU B KUJIKOCTH KaKOro-IMOO Tea CO CKOPOCThIOY, MO-
JIEKYJIbl KUJIKOCTH YaCTUYHO "MPUIMNAIOT' K HEMY — aJcopOHUpyrOTCS.
Crnolt )XMAKOCTH, OJNMKaWIIUKM K TPWIKIILIEMY CJIOI0, YBJIEKAETCS CUJIaMU
MEXMOJICKYJISIPHOTO B3auMOJIeUCTBUS. JKUAKOCTh MPHU ATOM OyIEeT YCKO-
PATBCS HAa TpaHUIE C TBEpAbIM TeioM. Ha Hee OyaeTr neicTBOBAaTh CyM-
MapHas cpeqHss ciia F B HanpaBineHuu aBrbkeHus Tena. [lo TpertbeMy 3a-
KoHYy HbIOTOHA Ha TEI0 CO CTOPOHBI KUJKOCTH OyAeT NeHCTBOBATh TaKas
K€ MO BEJIMYMHE, HO MPOTHUBOMOJIOKHO HAIpaBJICHHAs CUJia. DTO U €CTh
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cuna Bsizkoro TpeHus. [losiBieHHe MaHHOW CUJIBI MIPUBOJIMUT K TOPMOXKE-
HUIO JBIXKYIIETO TeJa.

OnbITHBIM IyTeM ObLIa ompejaesieHa (opMysa CUIbl BHYTPEHHETO
TpPEHUSI:

F=-n_ S, (2)

d9

rz[ed—- rpaiuCHT CKOpPOCTH, HOKaSBIBaIOHII/Iﬁ 6BICTp0Ty HU3MCHECHUA CKO-
X

pOCTH B HAIIPaBJICHUU X, NEPICHAUKYISIPHOM JBUKEHHUIO CIOEB;S - TUIO-
11a/ib, HA KOTOPYIO JIEMCTBYET CUJIA.

3Hak «—» B popmyie (1) nokassiBaeT, 4To cuiia F HampaBiieHa B CTO-
pPOHY yMeHbIlleHUs cKopocTu. KoagduimeHT nponopiimoHaIbHOCTH 1 HO-
CUT Ha3BaHUE KOd(UIMEHTa BHYTPEHHETO TPEHUS WUJIU MPOCTO BSI3KOCTHU
(IMHAMUYECKON BSI3KOCTH).

Ecnu B popmyne (1) monoxutsb 38 -1. 2 , AS=1m", To F Gymer
X C-M

YUCJICHHO PaBHA 1), T.€. KOAQPUIIUEHT JUHAMUYECKOMN BI3KOCTH YMCICHHO
PaBEH CUJIE BHYTPEHHETO TPEHUS, BOSHUKAIONIEH Ha KaXXI0W €AUHULIE TIO-
BEPXHOCTH COINPUKOCHOBEHUSI ABYX CIOEB, JABUKYIIMXCS OTHOCUTEIHHO
IpYT ApyTa ¢ TPaJue€HTOM CKOPOCTH, PABHBIM €AUMHUIIE.

KoappuumeHnt auHaMuyeckoil BS3KOCTH 3aBUCUT OT MPUPOAbI KU /I-
KOCTHU U JIJISl )KUJIKOCTH C TOBBIIICHUEM TEMIIEpaTypbl YMEHbIIaeTCs. Ba3-
KOCTb UTPAET CYIIECTBEHHYIO POJIb ITPU JBHKEHUU KUJIKOCTEN.

2. @opmyna Cmokca

PaccMoTpuM paBHOMEpHOE ABHKEHUE MAJICHBKOTO IIAPUKA pajinyca
I B )kuKocTH (raze). O003HAYUM CKOPOCThH IIAPUKA OTHOCUTEIBHO KU /I-
KocTH uepe3 3. Pacnpenenenue ckopocteid 3 B COCETHUX CIOSIX JKHIKO-
CTH, YBJIEKAEMbIX IIAPUKOM, UMEET BUJI, U300pakeHHbI Ha puc.l. B He-
MOCPEICTBEHHON OJIM30CTH K MOBEPXHOCTH IIapa 3Ta CKOPOCTh paBHa 9y,
a MO0 MEpEe yNAICHUS YMEHBIIAETCA U MNPAKTHYECKH CTAHOBUTHCS PAaBHOU
HYJIIO, HA HEKOTOPOM PAacCTOSIHUM L OT MOBEpXHOCTH 1Iapa.
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v

OuyeBuaAHO, YTO 4YeM OOJbIIE paauyc IIapa, TeM OoJjblias Macca
KUJKOCTU (Ta3a) BOBJIEKAETCS UM B JIBHKEHUE, U L JOIKHO OBITH MpO-
MOPIMOHAJIBHO I

L=a"r.

ITon oo OyzneM moHMMaTh CpeHee 3HaYeHue KodpduiimeHTa mpomnop-
IIMOHAJIBHOCTH. Torja cpeaHee 3HaUYeHHE CKOPOCTH T10 MMOBEPXHOCTH I11apa
PaBHO

A3 B0-0_  So
AX  a-r  o-r

IloBepxHOCTh mapa S = 47r” U CHJIA TPEHHS, WCIIBITHIBAEMAs [IBH-

KYIIUMCS IIapOM, paBHA

AS 90 , 4
F = ._.S: ._.47'c.r —_ — .r.S .
=1 AX L o-r o L 0
CTOKCOM OBUIO MOJYYEHO, YTO IS IIapa o Z%. CrietoBaTenbHoO,

CHUJIa BSI3KOIO TPEHUS, UCIBITHIBAEMAs IIAPOM, ABMXKYIIUMCS B JKHUIKOCTH
(raze):

Fip=3m-m-d- 9, (2)
raed - TuaMerp mapuka.

dopmyna CTokca NpUMEHSETCS JIMIIL B CIydac IMapooOpa3HbIX Tell
MaJIbIX pa3MEPOB U MAJIbIX CKOPOCTEH UX JBHIKCHHSL.

[To ¢popmysne CToKkca MOXKHO, HAIIPUMED, OIMPEACIAThH CKOPOCTH OCE-
JaHUs YaCTUI[ TyMaHa U ObIMa. E0 MOXKHO IOJIB30BAThCSA M ISl PEIICHUS
oOpaTHOM 3amadyd — U3MEPsAs CKOPOCTh MAaJACHUs IapHKa B JKHIKOCTH,
MO>KHO OIIPEACIIUTD €€ BI3KOCTb.

3. Onpeodenenue KoI(hguuyuenma ea3KoCmMu HCUOKOCMU MEMOOOM
Cmokca
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Ha mapuk, nagaromui B )KUAKOCTA BEPTUKAIBHO BHU3, JICHCTBYET
TpHU CWIbI (pUC. 2): cujia TsxecTr mg , cuiia Apxumena F, u cuina Ba3koro
Tpenus Fq,. L
ITo BTOpOMY 3akoHy HbrOTOHA: — F T
ma =mg - F-F,p - TPI
Cunia TsoKeCTH U cuiia ApXyumena NMOCTOSIHHBI 10 | — F—
MOJYJIIO, a CHUJIa BA3KOIO TPEHMsI, COracHO Gopmyle —
(2) yBenuuuBaeTcs ¢ yBEIMYECHUEM CKOPOCTHU IIapuKa, | — | —
U HACTyMmaeT MOMEHT, KOT/ia CuJia TSDKECTH ypaBHOBE- | — —
CUTCSI CyMMOU cuil TpeHust u Apxumena. C 3Toro Mo- | — s
MEHTa YCKOPEHHUE IIapuKa paBHO HYJIO, T. €. €ro JBU- | — 9 —
KEHHUE CTAHOBUTHCS PABHOMEPHBIM.
mg:Fa+ FTp: (3) -
npuyeM — —
3
I:a: Px " G- V= pmn—6(1g ) (4) Puc. 2
raeV - 00beM MIapUKa;py - IIIOTHOCTD KUAKOCTH; Py -
MJIOTHOCTH IIApHKa.
IToncraBmissa ypaBHeHus (2), (4) B ypaBHeHue (3), morydaem

d-
: s Y- (purpi) = 3M 80l
OTtkyza nosyyaem
:(pm'pm)'dz'g
18- 9o '

CKOpOCTh JBHXKEHUS [IAPUKA

9 :ﬁ ,
T
rae/ - pacCTOSIHHUE MEXYy METKaMHU Ha COCYJE C KHUJIKOCTbIO, COOTBETCT-
BYIOII[EE MECTY YPABHOBEIINBAHUSA CUI;T - BPpEMS MPOXOKACHUS LIIAPUKOM
paccTrossHus ¢ .

OKOHYATENBHO MOTYyYaeM
(o —px)-d*-g-1
- : ()
18-1
Ecian ydecTh BIMSHHME CTEHOK COCyJa Ha JABWKEHHUE IIApUKa, TO
dbopmyna (5) npumeT BUA

T‘l:

(pm _pxc)
d
18-1- 1+ 2,4 —
@+247)

n= -d2-g-r, (6)

rae D - nuamerp cocyna.
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BBIITIOJIHEHUE PABOTDI

1. 3mepuTth BHYTPEHHUN OUAMETP CTEKJSHHOTO LUWJIMHIpPA U pac-
CTOSIHUE MEX]y METKaMH, MCHOJIb3Yysl IITAHM€HUUPKYIb U MacIITaOHYIO
JIMHEHKY.

2. I3MepuTh MUKPOMETPOM JUAMETP LIAPHKA.

3. OnycTuTh MAapHK B COCYJ, TAK UTOOBI OH JIBUTAJICS MO OCH LIMJIUMH-
Ipa, U U3MEPUTH CEKYHAOMEPOM BPEMS €ro NMPOXOKACHUA MEKIY METKa-
MU.

4. Beruucauth KO3(Q(PUIIMEHT BSA3KOCTH HCCIETYEMOUN KUIAKOCTH IO
dbopmyiie (6).

5. Takue ke U3MEpPEHUSI W PACUEThl BBINOJHUTH €IIE IS YETBIPEX
[IaPUKOB.

6. Paccuurtath cpenHee 3HaueHHE KO3hPUITMEHTa BSI3KOCTH.

7. Pe3ynbTaThl U3MEPEHUN U PACUETOB 3aHECTH B TAONHILy 1.

Tabmura 1
Ne | D,10°m | ¢,107°m | d,107m T,C n.Ila-c | <n>Ila-c
/1

Ol &l W N -

KOHTPOJIBHBIE BOITPOCBHI

1.  OOBSICHUTHL MEXaHU3M BOSHUKHOBEHUS CHUJI BSI3KOTO TPEHHS.

2.  BoiBectu dpopmyny Ctokca.

3. B yem cocTtouT MeTOJ omnpeneiaeHus BI3KOCTH KHUIKOCTU IO
CTOKCY ¥ /i€ OH IPUMEHSIETCA Ha MPAKTUKE?
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JlabopaTopnasi padora Ne 23

Onpeneﬂenne HU3MECHCHUSA SHTPOITNH ncnapm;meﬁca AKUIKOCTH

Ilens pabomwr: onpenenuTh NU3MEHEHUE SHTPOIIUU B IIPOLIECCE UCTIA-
peHusl.

Ilpubopwvr u npunaonexcuocmu: nemMndepHbe BECHl, CEKYHIOMED,
TEPMOMETD, LIWIMHAPUYECKUN CTAKaHYUK, CITAPT.

Kpartkoe TeopeTnueckoe BBeJAeHHE

[To Mepe pa3BUTHS TEPMOAMHAMUKHU OBLIO YCTAHOBJIEHO, YTO BCE BU-
Il SHEPTUHU TPEBPAILAIOTCS B TEIUIO, KOTOPOE, Mepexo/id Ko Bce Ooiee
XOJIOJHBIM Te€JIaM, B KOHEYHOM HTOT'€ pPacCEMBAETCS B OKPYKAIOLIEH Cpe-
1€, U3Ty4asiCh 3aTEM B MUPOBOE MPOCTPAHCTBO. 3aTEM OOHAPYKUJIIU, UTO Y
SHEPIUM UMEETCS 3HAMEHUTas «TeHb», KoTopyro P.Knaysmyc Ha3zBan sH-
TpoNUel. DHTPOIHUS ONPEIEIIET MEPY paccesHusi s3Hepruu. Yem Oomblie
pacceuBaeTcs, Aerpagupyer HEprusi, TeM OOJblIe pacTeT BEJIMYMHA DH-
TPOTIHH.

N3menenue sHeprum uzoiMpoBaHHoN cucteMbl AE=E;- E, BrIpaxa-
€T MaKCUMaJIbHYIO0 pa00Ty Appax, KOTOPYIO CHCTEMa TEOPETUUYECKH MOIJIA
Obl COBEpPIIUTH, MEPEXOsl U3 COCTOAHUS | B COCTOSIHME 2, a U3MEHEHHE

sHTpomMH AS=S1-S; — Ty 4acth Q,=ToAS3anaca suepruu AE, kotopas B

peabHBIX YCIOBUSX MEpexoa MpU TeMIiepatype [ OKpyKaromiel cpeabl
[IPEeBpAIacTC B TEIUIO, PACCEUBAECTCA, YMEHbIIAS BEIUYUHY JIEWCTBU-
TEIbHOUN pabOThI 10

A, =Anax — ToAS. (1)

M3MeHeHne dHEPTUM CUCTEMBI OIPENEIIAETCA TOJIBKO Pa3HOCTBIO €€
3HAYECHUM B HAYaJbHOM M KOHEYHOM COCTOSIHMM IIE€PEX0Ja, T.€. SHEPTUS
ABJISIETCS (PYHKIIMENH COCTOSTHUS.

DHTpOMUA TOXKE €CTh (PYHKIUS COCTOSHUSI CUCTEMBI, HO KOJIMYECTBO
TerioTel Q=TAS, BeIpakarolee «rmoTepro» SHEPrUuH, 3aBUCUT OT XapaKTe-
pa COBEPIIAKOLIETOCS MPOLIECCA, TIOCKOIBKY OT HETO 3aBUCHUT KOJMYECTBO
TEIUIA, PACCEUBAIOLIEECS BCIEACTBUE MPSIMOW TEIUIOOTIA4YW CHUCTEMBI B
OKPYKAIOIIYIO CPENly U PACCEUBAKOIIEECS BCIEACTBUE TPECHUS.

[TooTomMy U neWicTBuTENbHAs pabOTa TOXKE 3aBHCUT OT XapakTepa
mpoliecca U HUKOTJa He ObIBaeT paBHA MaKCHUMaJbHOM, TO €CThb M3MEHE-
HUIO SHEPTUU CUCTEMBL.
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[TockonbKy BCE peaibHBIE MPOIECCHl COMPOBOXKIAOTCS TPEHUEM U
TEIJI0O0OMEHOM, SHTPOIHUSI CUCTEM BCErjJa BO3PACTAET NPHU YCIOBUU HUX
IIOJIHOM U30JIMPOBAHHOCTH.

OrpaHWyeHHOCTh JACHCTBUSI 3aKOHA BO3pPACTaHUS SHTPONUM Oblia
noKa3zaHa aBcTpuiickuMm (usnkom JI.bombiimanom. KMcxonast u3 Toro, 4To
TEIJIOTAa €CTh AHEPIrUs XaoTUUECKOro (OecrmopsiIOUHOr0) ABMKEHUSI Yac-
THUI] BEIIECTBA, OH MPOJAEMOHCTPHUPOBAJ, YTO 3aKOH BO3pPACTAHUS SHTPO-
AU CHOPaBEJIMB JIIIb JJISI CTATUCTUYECKUX CHCTEM, COCTOSIIUX W3
OOJIBIIIOr0 YKCJIa XA0THUYECKH JIBUKYIIMXCS OOBEKTOB, MOBEJICHUE KOTO-
PBIX, OINpPEACIISIEMOE W3MEHECHUEM IapaMETPOB COCTOSIHUS, MOMYUHSCTCS
3aKOHAM TEOPUHU BEPOSITHOCTEM.

Bo3pactanue SHTpONMM TaKUX CHCTEM YKa3bIBA€T JIMIIL HauboJiee
BEPOSITHOE HaNpaBJICHUE MPOTEKaHUS NponeccoB. M He UCKIoUaeTcs BO3-
MOKHOCTb MaJIOBEPOSTHBIX COOBITHUM, HA3bIBAEMBIX (PITYKTyallUsIMU, KOTIa
SHTPONUS YMEHBIIIAETCS.

OTOT BBIBOJ bonblIMaH cliefial Ha OCHOBE MPSAMOM CBSI3H, KOTOPYIO
OH YCTAHOBHWJI MEXKJIY SHTPONUEU U TEPMOJUHAMUYECKOW BEPOSTHOCTBHIO
COCTOSIHUSI PacCMaTpPUBAEMOM CHUCTEMBI, T.€. YHCJIOM MHKPOCOCTOSIHUM -
pacupeneneHueM YacTUll B IMPOCTPAHCTBE MO CKOPOCTIAM U JHEPIUsAM, C
MOMOIIbIO KOTOPBIX MOXKET ObITh OCYIIECTBICHO JAaHHOE MAaKpPOCOCTOSIHUE,
ONPENEIAEMOE COOTBETCTBYIOIMMU MMAPAMETPAMU COCTOSTHHUS.

Hemenkuii duzux M.IInaHk npuBen oTKpbITYyI0 BojbllMaHOM 3aBH-
CUMOCTb MEXAY IHTPONUEN S U TEPMOJIMHAMHUYECKON BEPOSATHOCTBIO W K
BULY

S=kinW,

TIe k:1,38-10'23I[>1</K - rIocTosiHHaA bonpiiMana.

becniopsiiok Bcerjia BEpOsITHEE, YEM OTHOCUTEIBHBIA MOPSIO0K. ITO
O3HAYaeT, YTO MPHU MEPEX0JI€ CUCTEMBI OT YHOPSIAOUYEHHOT'O COCTOSHUS K
Oecrnopsa104YHOMY, HalpUMEpP, U3 KUJKOTO COCTOSIHUS B Tra3000pasHoe,
U3MEHEHUE SHTPONHUU NoyIoxKuTENbHO (AS>0) , T.k. W,>W n

AS:SZ'S]_:k( In W2' In W1)>0. (2)

C NOHM)XKEHHEM TeMIIepaTyphbl yIOPsAI0YEHHOCTh MaKPOCUCTEM pac-
TET - ra3 MPEeBpaIACTCsS B KUAKOCTh, @ OHA B €Ille 0oJiee yMopsA10YEeHHOE
cocTosiHuE - TBepAoe Ten0. COOTBETCTBEHHO YMEHBIIIACTCS BEJIMYMHA JH-
TPONMHUHU. DTO MO3BOJINIIO W3BeCTHOMY (Gu3uky B.HepHCTYy npenmnonoxurs,
YTO C MPUOTUKEHUEM a0COIIOTHON TEMIIEpaTyphl K HYJIO SHTPOMUS TOXKE
cTpemMuTcs K Hy1t0. OCHOBBIBAsSICh Ha 3TOM 3aKOHE, 32 HYJIEBYIO TOUKY OT-
cyeTa SHTPONUU JHO00N CHUCTEMBI MOXHO NMPUHUMATh €€ MaKCHUMAaJbHO
YIOPSI0YEHHOE COCTOSTHUE.
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Metoauka onpeae/ieHUus] U3MEHEHUS SHTPONIMHU NIPU UCIIAPEHUM KU /I~
KOCTH

[Ipenmnonoxum, 4To KUJAKOCTh (B JAHHOW padOTE 3TUJIOBBIN CIHPT)
HaXOJIUTCSI B PABHOBECHOM COCTOSHMM. [Ipu umcmapeHHn O4YeHb Majoi
HOPLMH KUJIKOCTH AM PaBHOBECHOE COCTOSIHUE >KUAKOCTH, B YACTHOCTH
e€ Temrieparypa, He u3Mensiercs. OgHako 101 Am, nepenreamas u3 xKu/l-
KOr'0 COCTOSHMSI B MapooOpasHoe, npereprieBaeT (a3oBbii nepexon. [lpu
ATOM MOJIEKYJIbl U3 00Jee ynopsAI0YEHHOTO COCTOSIHUSA MEPEXOasT B Oec-
nopsiiouHoe. B coorBercTBUM ¢ (hopmysioit (2) sHTponusl UCIApUBIIEICS
J0JI KUJKOCTH BO3PaCTaET.

N3meHeHre SHTPONMU B MPOLIECCE MCHApPEHUs] SKCHEPUMEHTAIBHO
IPOILE ONPEACIIUTh C TEPMOJUHAMUYECKON TO3UIIUU.

W3menenue sHTponMy dS TipHu UCTIApEHUU dJIeMEHTapHOW Macchl dm
CBSI3aHO C roryoneHuemM reria dQ, koTopoe UAET Ha UCTIapeHue.

_dQ
AS—? (3)

B ¢BOIO 0Yepenp TEIIo, MOMIOMIEHHON IPH UCIapeHuu, (IIpU yCIIo-
BHUH ITOCTOAHCTBA TeMHepaTprI) ONPCACIIACTCS BbIPAKCHHUCM
dQ=rdm, (4)
rac r — yaciibHas TCIUIOTAa UCITAPCHUA (Ta6J'II/ILIHaH BCHI/I“II/IHa).
Torma, uaTErpUpys BeIpaskeHue (3) Mo Macce, MoIyIrM

S2 2 g ( )

rdm (m,-m;
dS= = r, S
j j T T ©)
Sy 1
WJIW JUJI1 U3BMEHEHUS YHTPOIIUU UCIIAPUBLIENCS MacChl AM
o rdm (6)

=

YcraHoBKka JJis onpeaeieHUsl K3MEHEHUS JHTPOIUMN UCIAPUBIIEr0Ccs
CIIUPTA

J{711 TOYHOTO OmpeaeNeHUsl UCTIapUBIIENUCS MAacChl AM HUCTIONB3YHOT-
csi iemMrdepHbIE BEChI, KOTOPHIC MO3BOJISIOT MPOU3BOAUTH B3BEIIMBAHUE C
TOoYHOCThIO 0,1 M.

Ha onny u3 4amek CcTaBAT CTaKaHUYMK CO CIIMPTOM, YPABHOBEIIMBAIOT
BEChl, (PUKCUPYIOT HAYAJIIbHYIO MAcCy CTaKaHYMKa CO CIIUPTOM U 3a OIH-
HAaKOBOE BpPEMs II0 CEKYHAOMEPY ONPEAENSAIOT MATh MOpUUKM AM; HCma-
PHUBLIETOCA CIIUPTA.
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ITo dbopmye (6) onpenenstoT cpeaHee 3HaueHue <AS>, MoJICTaBIss

B YMCJIMTENb CPEIHEE 3HAUCHUE <Am>.

3HaYEHUE YMEIbHON TEIUIOTHl MapooOpa30BaHUsSl CHUPTA HAUTU B

CITIPABOYHHKE.

o &~

KoHTpo/ibHBIE BOIPOCHI

. UTo Ha3pIBaeTCs COCTOSHUEM TEPMOJMHAMHYECKOW cuctembl? Ka-

KHMU [apaMeTpaMHi OHO MOXET onpeAenarbcsa? UTo Takoe Makpo- u
MHUKPOCOCTOSIHUE?

Onpenenure NOHATUE SHTPONUHU KaK (PYHKIUU COCTOSHUSI CUCTEMBI.
KakoB guznueckuii cMbIca 3TON QyHKIUU?

KakoB craTndecknil CMBICIT SHTPOIMH? 3aNUIINATE MATEMATHYECKYIO
CBSI3b MEXK]ly SHTPOIUEN U TEPMOJIUHAMUYECKON BEPOSTHOCTHIO.

. Uto Takoe oOpaTHMbie 1 HEOOpATUMBIE TTPOIECCHI?

[ToueMy u3MEHEHHE PHTPONUU 3aMKHYTOTO TEPMOIMHAMHUYECKOIO
IIUKJIa HE MOXKET ObITh OTPULIATEIHLHBIM ?

[IpuBenuTe mpuMepbl pacu€éTa U3MEHEHUs] SHTPONUU JJISI U30IPO-
I[ECCOB, MPOUCXOIAIINX C UACaTbHBIM Fa30M.

Jaiite popMynrpoBKYy BTOPOro Hayajga TEPMOJUHAMUKHU C UCIOIb-
30BaHUEM TOHATHSI SHTPOITHUHU.
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JlaGopaTopHasi padora Ne 32
HccaenoBanme 3JIEeKTPOCTATHYECKOTO TOJIA

Ienv padomwr. VI3yunth pacnpeniesiecHUe MOTEHIMAaNa B 3JIEKTpUYe-
ckoMm nosie. [TocTpouTh KapTHUHBI CUJIOBBIX JIMHUHN 3JIEKTPUUECKOTO MOJIS.

Ilpuboper u npunaonexrchocmu. BOJIBTMETP, TaJbBAaHOMETP, PEO-
CTaT, BaHHA C METAJUIMYECKUMU 3JIEKTPOIaMHU.

Kparkas Teopus

Kaxnass Touka SJEKTPUYECKOTO TOJs XapaKTepU3yeTcs HaIpsKeH-
HOCTHIO M MOTEHIUAJIOM (CHUJIOBOM M SHEPTETHUYECKOM XapaKTepUCTUKA-
MHU). Mexay HUMM JOJDKHA CYIIECTBOBATh CBSI3b, KOTOPYIO MOXKHO yCTa-
HOBUTH UCXOS U3 CICAYIONIUX COOOpaKEHUH.

DneMeHTapHas paboTa, coBepliaeMas CUjIaMu 3JIEKTPUUECKOro MoJis
0 IePEMEIICHHUIO AJICKTPHUECKOro 3apsiia Ha pacctosaue dl,

0A=F-dl-cosa=F-dlI=qE,-dI.

Pabota coBepiiiaetcst 3a cyeT yObutH (YMEHBIIICHHS ) MOTCHIIUAIbHOM
SHEPIUHU:

0A=-dW=-qdeg.
CiieroBaTebHO, UMEEM
qQE,d{=-qde
Orcrona E= Cil_(lo :

Irac —qlpxapaKTepH:«;yeT 6BICTpOTy U3MCHCHHI IIOTCHIIMAJIAa B JAHHOM Ha-

npaBiieHUU { W Ha3bIBacTCS T'PaJUEHTOM MOTEHIMana; | — mpou3BoIBLHO
BBIOpAHHOE HAMpaBJICHUE.

B BekTopHoii popme E=-grad ¢. 3nak "mMuHYyC" 03Ha4aeT, 4TO BEK-
TOP HAIPSKEHHOCTH 3JIEKTPUUYECKOrO IMOJIsI HAaIpaBJeH B CTOPOHY YObIBa-
HUS MOTEHIIHAIA.

[TpounTerpuposas hopmyiy dep=-E,dl, moryanm

Iglzdgo= —I%E,dl ; 01— 0o-=E, "I=E-l cosa.
Otkyna
E = P =P ’
d

riae d=I-coSa — paccrosiHre Mexay TOUKaMu 1 u 2 mots.
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Puc 1 9KBI/IHOT€HIII/IEUII)HI)IG IMOBCPXHOCTHU

B BekTopHO# (hopme BbipakeHue (40), MOKHO NIPEACTaBUThH TaK:
g-207, %07, o0y
OX oy 0z
3Hasa teopeMy Octporpaackoro-I'aycca u CBSI3b MEXAY HANPSKEH-
HOCTBIO U IMTOTCHIOHAJIOM J3JICKTPHUYCCKOI'O 110JIs1, MOKHO I1O U3BECTHOU Be-
JIMYUHC OIIPCACIINTb HCU3BCCTHYIO.

[Ipu mepemenieHnu 3apsia B JIEKTPUUECKOM I10JI€ B HAIIPABJICHUH,

_>
MEPIIEHANKYIISIPHOM CUJIOBOW JIMHUU BEKTOpa E !
Ei=Ecosa =0,
IJIE O — YTOJl MEXK/ly HaIllPpaBJICHUEM MEPEMEIICHUS] U HAITPABICHUEM BEK-
2 d
Topa E Oro o3Hauaer, qTOd_T) =—Ecosa=0, ¢g=const. O6benunss B

AJIEKTPUUYECKOM IOJIE TOYKH C OJMHAKOBBIMU IOTEHUHMAJIAMH, MOIYYUM
HEKOTOPBIE ITOBEPXHOCTH PABHOIO ITOTEHIMAIIA — 3KBUIIOTCHUIHUAIbHBIC
MMOBEPXHOCTU. Uepes OAHY TOUKY IMOJISI MOKHO MPOBECTH TOJIBKO OAHY JK-

BHUIIOTCHOUAJIIbBHYIO ITOBCPXHOCTb, KOTOpasd 6YI[€T NCPHUCHAUKYJISIpHA CH-

_)
JIOBOW JIMHUM BEKTOPA E . 110 ryCcToTe 3KBUNOTEHIIMAIIBHBIX TTOBEPXHOCTEN

MOHO CYJUTh O HaNps>KEHHOCTH, MOTEHIHANIE (PAa3HOCTH MOTEHIIMAIOB)
AeKTprUYecKoro mojisi. OOBIYHO 3KBUMOTECHIMAIBHBIE MMOBEPXHOCTH MPO-
BOJISIT TaK, YTOOBI MMOTEHIIUAJIBI ABYX COCETHUX MTOBEPXHOCTEHN OTINYATUCH
Ha OJHY MW Ty JKE€ BEIMYMHY. B 3TOM cllydyae HanpsyKEHHOCTD
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AJIEKTPUYECKOr0 MO, B KAKOW-
ambo obrnactu, Oyner oO0paTHO
MPOIMOPIIMOHANIEHA ~ PACCTOSHUIO
MEXITYy IKBUIOTEHIMATbHBIMU TIO-
BepxHOoCcTsMU. Ha pucynke la, Ha-
npuMep, TPHUBEICHO TMPUMEPHOE
pacrpeielicHUE JIMHUM BEKTOPA E
U OSKBUIOTCHIMAIBHBIX ITOBEPX-
HOCTEH AJIIEKTPUUECKOTO OIS TO-
JIO)KUTEIHHOTO TOYEYHOTO 3apsijia
(puc. la), PNEKTPUYECKOro MO
IBYX TOYEYHBIX 3apsgoB (puc.
10), 2JIEKTpUYECKOTO MO ABYX PA3HOMMEHHO PaBHOMEPHO 3apsiKEHHBIX
JIocKocTen (puc. 1B).

Tak kak A=q(@1- ), TO IIpH TIEPEMEILCHUH 3apsiia M0 SKBUIIOTCHIIH-
aJbHOU MOBEPXHOCTH paboTra He coBepinaercsa (4=0). Pabota coBepiaet-
Csl Wb TOT/A, KOT/la MEpeMEIIeHUE 3apsiaa MPOUCXOIUT C OJHON HKBU-
MOTEHIIMAIBLHOM MMOBEPXHOCTH Ha JIpyTyto. B aTom ciydae ¢#@,, a pabota

A=q(¢1-22)#0.

Puc. 2 Bun ycranoBku

Onuncanue yCTAaHOBKH

OOmuit BUJ SKCIIEPUMEHTAIbHOW YCTAaHOBKM IPEJCTABICH Ha PU-
CyHKE 2. YCTaHOBKa COCTOMT U3 cocyda A C FOPU3OHTAIBHBIM IJIOCKHM
JTHOM, TIOKPBITBIM TOHKUM CJIOEM IIOXO MPOBOJIAIICH KUJIKOCTH (B HAIIEM
ClIy4ae 9TOH >KHUJKOCTBIO SIBIISETCS OOBIYHAs
BOJIONIPOBOIHASA Boja). B skujakoctu pacmnona-
raroT OJIMH WM JBAa METAJUIMYECKUX JIEKTPOAA
(1) (paznuunoil kKoHPUTYypalKK), K KOTOPHIM
MMOJIBOJIUTCSl HAIpPSKEHUE OT MCTOYHHKA IIO-
CTOSTHHOTO TOKa (€CiM TMOMEIAeTCsl OJIUH
AJEKTPOJ, TO TOJIKOC HCTOYHHKA 3aMBIKAETCA
Ha KOPIMYC), KOTOPBIH HAXOIAUTCA BHYTPU H3MEPUTEIHLHOro Osioka (2).
Kondurypanus Mmetainueckux 3JIeKTPO0B 3a1a€TCs IPETOo1aBaTEIeM.

DneKkTpuyuecKas cxema U3MEpUTEIbLHOTO OJI0Ka MpeACTaBieHa Ha PH-
cynke 3. Jlyist u3ydyeHus pacupeaesieHus: MOTEHIIMAI0B UCIIOIb3YETCs Iy
J1 (30H7I), COEMMHEHHBIM Yepe3 rajJbBaHOMETP C IMOTEeHIuomMeTpoM. Eciu
30H]I YCTAHOBUTh B TaKyK) TOUYKY B COCYJZI€, YTO Pa3HOCTh MOTEHIIHAJIOB
Mexy ToukamMu M u N paBHa pa3HOCTH MOTEHIIMAIOB MEXKy TOUKaMu [

Puc. 3 Cxema ycTaHOBKH
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u C, TO TOK yepe3 rajibBaHOMETp OyJIET paBeH HYJ0, TaK Kak TOUYKU M u C
HaxOJSTCS MO/ OJUHAKOBBIM MOTEHIIMAIOM.

IHopsiaoK BBINOJIHEHUA J1200PATOPHOH PAdOTHI

1. BkrounThs yCTaHOBKY B ce€Th. BHUMaHue! Y cTaHOBKA BKIIOYAETCS
B CETh NEPEMEHHOT0 Toka ¢ HampsbkeHueMm 220 B. Tymonep «Cetb» mo-
CTaBUTh B paboyee noioxeHue. BeikimouuTs appetup «App.» (puc. 4).

2. Peoctatom R ycTaHOBUTH ONpENENeHHYIO0 Pa3HOCTh MOTEHIIMAIOB
Mexay Toukamu M u N (puc. 4). YcraHoBiieHHasi pa3HOCTh MOTEHIIUAJIOB
(¢ukcupyercst BOIbTMETpOM (puC. 5) U 3anucbiBaercs B Tabiuiy 1. He us-
MEHsSSI Pa3HOCTh MOTEHIMAJIOB, nepemenias 30HA (/) mo moBepxHOCTH
AKUJKOCTHU, HANTU TOUYKU PABHOrO MOTEHIMAaa (ONpeIeTuTh UX KOOpIUHA-
Thl). 3HAUYCHUSI KOOPAMHAT KaXJA0M U3 YCTAHOBJIEHHBIX TOUEK (mopsiaka 7—
8) paBHOTO MOTEHIIMANA (JJI1 JAaHHOM PAa3HOCTH MOTEHIIMAJIOB) 3aHECTH B
Ta0JIuILy.

Puc. 4 Buemnuii Bun appetupa Puc. 5 Boapt™meTp

3. N3MeHMB pa3HOCTh MOTEHIMAJIOB (MOJOKEHUE IBHXKKA ITOTEH-
UOMETPA), U MPOJEIaB BCE B TOM XK€ IMOPAAKE, HAUTU TOYKHU JIPYTOro
PaBHOIO MOTEHIIMANA (OMPEACIUTh UX KOOPAUHATHI). 3HAYEHUS KOOPIUHAT
KaX/I0M M3 YCTAaHOBJICHHBIX TOYEK (JJIs JAaHHOW pa3sHOCTH MOTEHIIMAJIOB)
3aHECTH B TaOJIHITY.

4. 3amenuTs 251ekTpo/ (1) u mpoaenate 3KcnepuMeHT 1o 1. 2, 3. Ko-
OpJIMHATHI COOTBETCTBYIOIIUX TOUYEK 3aHECTH B TAOJIHIIBI.

5. Ha nucte MunmiammeTpoBoil Oymaru oToOpa3uTh KOOPAUHATHI CO-
OTBETCTBYIOIIMX TOYEK paBHOro moreHimana. O0beauHUB H300paKeHUS
TOYEK, MOJTYYUTH CJIEIbl COOTBETCTBYIOIINX YKBUIIOTECHIIMATBHBIX TOBEPX-
HOCTEM.
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6. K mosryyeHHBIM 3KBUNOTEHIHUAIBLHBIM MOBEPXHOCTSIM MTOCTPOUTH,
JUISL UBYYEHHOTO 3JIEKTPUUYECKOrO TMOJIsA, KAPTUHY CUJIOBBIX JINHUWA BEKTOPA
HANPSHKEHHOCTH 3JIEKTPUYECKOTO MOJIS.
7. Tlocyie BBIMOJHEHUS SKCIEPUMEHTA BKJIKOUUTH APPETUP, OTKIIFO-
YUTh YCTAHOBKY U3 CETH.
TabOmuia 1.

Onek | Hamps Koopaunatel
TPOA | KEHHE

KoHTpoJIbHBIE BONTPOCHI

1. Toueunsle 3apsapl. 3aKOH COXpaHEHU 3apsAI0B. 3akoH KyroHa.

2. HampspKeHHOCTh JJIEKTPUYECKOTO TMOJIsA, €AUHUIBI HU3MEPECHUS.
Hanpsxk€HHOCTBh 3JIEKTPUYECKOr0 MOJIsI TOYEHYHOro 3apsana. CuioBble JH-
HUH. OTHOPOHOE 3JEKTPUUECKOE TOJIE.

3. PaboTa 351eKTprU4EeCcCKOro moJisi Mo MePEeMEIICHUIO AIEKTPUIECKOrO
3apsiga. [loHdaTHE MOTEHIMana 3JIEKTPUYECKOrO MO, €IUHUIBI U3Mepe-
Hus. [loTeHuan ToOUku 3IEKTPUYECKOTO OS], CO3JaHHOTO TOYECYHBIM 3a-
PAIOM, CHCTEMOM TOYEUYHBIX 3aPAJIOB.

4. DKBUMOTEHIIMAIIbHBIE IOBEPXHOCTH U UX CBOWCTBA. [IpumMepsI IK-
BUIOTEHIIUAJIBHBIX IOBEPXHOCTEM.

5. CBsi3b HAIPSHKEHHOCTU U MOTEHIMAJA 3JIEKTPOCTATUYECKOTO OIS,
Hanpsix€HHOCTB 3JIEKTPUYECKOrO MOJISI KaK IPaIueHT NOTEHIIHAA.



93

JlabopaTopnasi padora Ne 31a
OnpenesieHne yaeJbHOr0 CONMPOTUBJIEHNSI TPOBOHUKA

Ilens pabomwt. 1) 03HAKOMUTHCS C YCTPOUCTBOM, MPUHLIUIIOM JI€H-
CTBHUSI M CIOCOOAMHU BKJIIOYEHUS CTPEJIOYHBIX 3JIEKTPOU3MEPUTEITbHBIX
pruOOpPOB; 2) ONPENETUTh yACIbHOE COMPOTUBICHNE TPOBOJHUKA U JOBE-
PUTENBHBIA UHTEPBAJl ONIPEACIAEMON BETUYNHBI.

Ilpubopwl u npunaonexcnocmu:
YCTAaHOBKA JJI1 U3MEPEHUSI YAEIbHOIO COMPOTUBJICHUS MPOBOJHU-
Ka.

Bce anexkTpousmeputenbHbie MPUOOPHI KIACCUDUIIUPYIOTCS MO Clie-
JYIOIIAM OCHOBHBIM MPU3HAKAM:
1. Tlo poxy u3MepseMOil BEJIMUMHBI: aMIIEPMETPhI, BOJIbTMETPHI, BATT-
METPBI | TIP.
2. ITo pony ToKa: mpuOOPHI MOCTOSHHOTO TOKA, IEPEMEHHOT0O TOKA.
3. Ilo mpuHIMIY ACHCTBUS: 3JEKTPOMArHUTHBIC, MAarHUTOXJICKTpUYE-
CKHe, DJIEKTPOJMHAMUYECKHUE U TIP.
4. Tlo crenenu Tounoctu: 0,1; 0,2; 0,5; 1,0; 1,5; 2,5; 4,0 xnacca.
Ha mixanmy npubopa HaHOCSTCS CUMBOJIBI, YKa3bIBAKOIIHE:
a) cuctema mpuoopa:

% — OJICKTPOMAIHUTHAA,

( { ‘I ] — MAariuTO3JICKTPHUYCCKAA,
a

0) poa TOKa, Ha KOTOPBIN paccuuTad npuodop:

— — MOCTOSIHHBIH,

~ — IIEPEMEHHBIM.

B) yCTaHOBKa npudopa:

L wini T — BEPTUKAIBHO,

— — TOPU30HTAJIBHO.

I') KJIacC TOYHOCTH, Harpumep, 1,0 u ap. 0603HaYEHUSI.

W3mepuTenbHbIM MEXaHU3M MPHUOOPOB COCTOUT U3 MOABUIKHON U He-
MOJABWXKHOW yacTter. [Ipy m3mepeHusx Bpamaromui MOMEHT MOJABHXKHOM
YaCcTU YPAaBHOBEIIUBAETCS MPOTUBOJCHCTBYIOIIMM MOMEHTOM MPY>KUHBI
WM KaKoro-nmmbo apyroro ycrpoictsa. [Ipu TakoMm paBHOBecHM TOKa3a-
Teb MpUOOopa PUKCUPYET OMPEACICHHBIM YroJl MOBOPOTA. Y CTaHABIMBAs
3aBUCUMOCTb MEXK]Yy YIJIOM MOBOPOTa M 3HAYCHUEM U3MEPSIEMOU BEINYH-



94

HbI, MOKHO ITOCTPOUTH LIKAILY, 10 KOTOPOU MPOU3BOAUTCSA OTCUET U3ME-
PSIEMOH BEJIMYUHBI.

BennuunHa, YMCIEHHO paBHAsi OTHOIIEHUIO ITPUPALLICHUN yTiIa ITOBO-
poTa MOABMXKHOM YacTy IpruOopa K NpUpPAISHUIO U3MEPSIEMON BEJINYHHBI,
Ha3bIBACTCSl YyBCTBUTEIBLHOCTHIO IIprbOpa — S.

A
Hanpuwmep, S:_AI , THe AQ — mpupalleHue yria noBopora, Al —
1 A\
npupaiiesHue Toka. Bennyuna C= g Ha3bIBACTCS LCHOU ACICHUS npudopa

U ONPEACISIET 3HAYCHUE DIIEKTPUUECKON BEJIMYHMHBI, BBI3IBAIOIIECH OTKJIO-
HEHHE HA OJHO JICIICHUE.
Hanpumep, umeem npuOop s u3aMepeHus: HampsikeHus oT 0 1o

50
250B co mikamoi, umeromeid 50 nenenuii. Torma S=ﬁ=0,2 IeN/B, W,
Co 1 250 _ 5 o/
CJIEOBATEIILHO, s~ 50 B/HeI.

[Mxama mpubopa CIyXKUT sl IPOU3BOACTBA OTCYETA U3MEPSIEMOM
BennunHbL [{udper Bo3ne neneHuit 0003HAYAOT JUOO YHMCIO JAETCHUMN
IIKaJIbI, TUO0 — HETIOCPEICTBEHHO 3HAUECHNE U3MEPSIEMON BETUINHBI.

JIJisi yCTIOKOEGHHM S TIOJIBUXKHOM YacTy MprOopa MPUMEHSIOTCS TOPMO-
3sI1IMe yCTpoicTBa (emMidepnl).

[IpuGOpkI JIEKTPOMATHUTHOU CUCTEMBI

[Tpunuun padoTbl NpruOOPOB AAEKTPOMATHUTHON CUCTEMBI OCHOBAH
Ha B3aMMOJICHCTBUM MAarHUTHOTO TOJISI TOKA, MMPOTEKAIOIIEro M0 OOMOTKE
HEMOJABMYKHOM KAaTYIIKH, C MIOJIBUXKHBIM KEJIE3HBIM CepJICUHUKOM (puc. 1).

Tok, mpoTtekaroiieit mo katyiike A, o0pa3yeT BHYTpU HEE MarHUTHOE
MoJIe, MOJ JNEUCTBUEM KOTOPOI'O JKEJIE3HbIM CEPACYHUK BTITMBACTCS B
meb KaTylmku. [Ipy yBenmMueHnn Toka BO3pacTaeT MHAYKIHS OIS B 11e-
JIM KaTyIIKU U YBEJIMYMBAETCS HAMAarHUYEHHOCTD KEJIE3HOI'0 CEPACYHUKA,
a 3HAYUT, CEpACYHUK TIIyOke BTIAruBaeTcs B 1esib. COOTBETCTBEHHO, yBe-
JIMYMBAETCA KAK CMEUICHHUE CBSI3aHHOM C CEpJICUHUKOM CTpPEJKH (MOKa3a-
HUE MpuOopa), TaK U PaCTIKEHUE MPYKUHBI, TPEMATCTBYIOIIEH BTATUBA-
HUIO CEPCYHUKA.
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Mexny yriom OTKJIOHEHUS (CMEIIEHUEM) CTPEIKU U BEJIMYUMHOMN TO-
Ka CYIIECTBYET 3aBUCUMOCTE: o = KI?, rne K — koo uiuenT, 3aBUCsImii
oT ()OpMBI CEpAICUYHUKA U KATYIIIKHU.

[ I B P

| | - - ATATATAYAY

I | I fnu i

I | Il [ R I |

L h L} i L} L "k,_,-f\,:x\}{;‘;.}l

A — KaTy1ika;
B — xkene3nbiit cep-
I€YHUK, C KOTO-
Puc. 1. YcrpoiictBo npudopos PBIM COeIMHEHA
3JIEKTPOMArHUTHOU CUCTEMBI: CTpCiIKa,
D — nemndep;
F — cnupanibHas npy-
KUHA

[TpuGoph!l 3JEKTPOMArHUTHOW CHUCTEMbI MPUMEHSIOTCS JJIA U3MeEpe-
HUSI TIOCTOSTHHOTO M MIEPEMEHHOr0 TOKa. OHU MPOCTHI 10 KOHCTPYKIIUU U
HEJIOPOTU. DIIEKTPOMArHUTHBIE AMIIEPMETPHI U BOJIBTMETPBI HAXOAAT IIHU-
POKOE IPUMEHEHHUE.

[IpuGOopbl MArHUTORJICKTPUIECKON CUCTEMBI
[Tpuniun aeicTBUS MPUOOPOB MArHUTODIEKTPUUECKON CUCTEMBI OC-
HOBaH Ha B3aMMOJICMCTBUHA MArHUTHOIO TOJIA IMTOCTOSIHHOTO MarHuTa € TO-
KOM, MPOTEKAIOIINM 10 OOMOTKE JIETKOW MOJBUKHON PaMKH.
Ha pucynke 2 nmokazaHa cxema yCTpoWCTBa IPUOOPOB 3TOM CUCTEMBI.
Mexnay nonrocaMu M CEpJICUHMKOM HMMEETCS KOJIbLEBOM 3a30p. Ha
OIHOM OCH C CEPACYHUKOM HAXOAUTCA MOABUXKHAS JIETKask MPSIMOYTOJIbHAS
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pamka F, umeronias oOMOTKY U3 TOHKOIO M30JUPOBAHHOTO MPOBOJA. JTa
paMKa MOXKET CBOOOJIHO BpalllaThCsi B BO3AYIIHOM 3a30p€ MEXY CEpley-
HUKOM M MoyirocamMu mMarHuTa. C pamMkou coeauHseTrcs cTpenka. Kpome
pPaMKH CO CTPEJIKOM B MOJBIXKHYIO CXEMY MPUOOpa BXOIAT CHUPAIbHBIC
NPYKUHBI U3 HEMarHuTHOIO Marepuaia, KOTOpbIE CIyXaT JJIs MOJBOJAA
TOKa K paMKe U JIJIsl CKa3aHUs MPOTHUBOJICUCTBUS BPAIICHUIO PAMKHU.

A — 1TOJIKOBOOOpAa3HbIN Mar-

Puc. 2. YcrpoiictBo iprbopos HUT;
MarHUTOJIEKTPUYECKON CUCTE- B — moJToca MArHuTa W3 MST-
MBI KOI'O JK€eJe3a;

C — CIUTOIIHOM CEepIICYHUK;

/1 — mpyxuHa;

F — pamka

B pesynprare B3aMMOJEHCTBUSI MAarHUTHOIO TOJISI M TOKa, MpOTe-
KAIOIIEro 1Mo paMKe, BO3HUKAET BPAIIAOIINH MOMEHT, MO IEUCTBUEM KO-
TOPOTO paMKa CTPEMUTCSI YCTAHOBUTHCS MEPIEHIUKYIAPHO noito. [Iporu-
BOJICVICTBYIOIIMM MOMEHT CO3JA€TCS NMPYKUHAMM.

3aBHCHUMOCTD yTIJIa TTOBOPOTA MOJBIKHOW YaCTH OT BEJIMYMHBI TOKA,
IPOTEKAIOIIETO MO0 OOMOTKE paMKHU, BbIpakaeTcsi cooTHoieHueM: o = Kl
rae K — koaphuuueHT nponopuroHaTIbHOCTH, 3aBUCSIIUN OT KOHCTPYK-
MY TIpuodopa.

[TpubGopbl MAarHUTORIEKTPUUECKON CUCTEMBI HAXOMST MIUPOKOE MPU-
MEHEHHE B KaueCTBE aMIIEPMETPOB U BOJIHLTMETPOB MTOCTOSTHHOTO TOKA.
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AMIIepMeTpaMu Ha3bIBAIOT MPUOOPHI, CIyKAITUE JJIT U3MEPEHUS CH-
abl ToKa. [Ipyn n3MepeHnn aMIepMeTp BKIIFOYAIOT B 1IE€Th MOCIEI0BATEIb-
HO, T.€. TaK, YTO BECh HM3MEPSAEMBII TOK IPOXOIUT HYEpPE3 aMIIEpPMETP
(puc.3).

[ToaTOMy amMmiepMeTpbl JOJKHBI UMETh MaJIO€ COITPOTHUBIICHUE.

BonbTMeTpaMu Ha3bIBaIOT MPHOOPHI, COy)KaIUE JJIs U3MEPCHHS Ha-
npsokeHus. [Ipu u3MepeHusX BOJIBTMETP BKJIIOYACTCS MapalieIbHO TOMY
yYacTKy IIeMH, Ha KOHI[AX KOTOPOTO XOTAT M3MEPUTh HalpspDKeHue (pas-
HOCTb MMOTEHIMAJOB) (puc. 3).

Jl1st Toro, 9To0OBI BKIIOUYECHHE BOJIBT-

—

L METpa HE U3MEHMIIO peKUMa LU, COIPO-

— TUBJICHHE BOJIbTMETPA JOJIKHO OBITh MHO-

R @\) ro OoJibIlle COMPOTUBIICHUS y4acTKa LEIH,

| Ha KOTOPOM IIPOU3BOAUTCS U3MEPEHHUE.

£ | | ['anpBaHOMETpPAMHU HA3bIBAIOT YYBCT-

BUTEJIbHbIE MPUOOPHI, KOTOPBIE CIIyXaT

Puc. 3. Cxema BKIItOYEHHS aM- JUISL M3MEPEHHUS MalbIX TOKOB, HaIpshKe-
LICPMETPA B SJICKTPUICCKYIO HUUM U KOJIMYECTB DJICKTPUYECTBA.

LIEMb.

N3meputenbHble TPUOOPHI, CXEMY KOTOPBIX MOKHO MEPEKII0YaTh
JUISl UBMEHEHUS MHTEPBAJIOB M3MEPSIEMON BEJIIMYMHBI, HA3bIBAIOT MHOIO-
npeaebHbIMU. Takue npuOOpbl MOTYT UMETh OJHY WJIM HECKOJIBKO IIKa!
Hy»XHO MOMHUTB, YTO 1I€HA JICJICHUSI Ha Pa3HbIX Mpejenax u3MepeHus 0y-
JIET pa3HOU.

[TorpenHoCTh JIEKTPUUECKUX U3MEPEHUHN OMpEAENSIETCSl MO KIaccy
TOYHOCTHU NPUMEHAEMBbIX NMpuOopoB. OO6o3HaueHue Kiacca TouHoctu 0,2;
0,5 u T.1. yKa3bpIBaeT, 4TO a0COIMIOTHAS MOTPEIIHOCTh MTOKAa3aHU Tprubdopa
COOTBETCTBYIOIIIETO KiIacca B J0OOM mecTe mKaibl cocTaBisieT 0,2% wu
0,5% ¥ T.11. OT OpeneIbHOTO 3HAYEHUS U3MEPSIEMON BETUYUHBI.

Ecin o00o03HauuTh 4depe3 A MaKCMMajdbHO BO3MOXKHOE ITOKa3aHHE
npubopa, a yepe3 N Kiacc TOYHOCTU MpuOOpa, TO aOCONIOTHAS TMOTrPEIll-

An AA

HOCTb npubopa AA = 100 3HAYMT, KJIACC TOYHOCTH N = Tloo €CTh OTHO-

CUTEJbHAs MOTPEITHOCTh MPUOOpa MPU U3MEPEHUSX 3HAYCHUN BEITUYUHBI
A, 6JIM3KUX K TIPEACTIbHOMY.
Hanpumep, BonbtMmetp 0,2 Kiacca, mkajga KOTOPOro paccuMTaHa Ha

50 BOJIBT, UMEET a0COIIOTHYIO MTOTPEITHOCTH:
AU =10,002 x 508 = +0,1B .
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Tak kak aOCOJIFOTHAsI MOTPEIIHOCTh CUYUTACTCS OJMHAKOBOM MO BCEM

AA

LIKAJE, TO OTHOCHTEIbHAS NOTPEMHOCTh &=~ ~ Oyzetr TeM OoJblle, YeM

MEHBIIIE U3MEpsieMas BETUUNHA.

JI1s1 yBenmMY€eHUsI TOYHOCTH U3MEPEHUs CIEAYET MOJIb30BATHCS TAKHU-
MU Tpubopamu, 4TOObl M3Mepsiemas BennunHa coctaBisia 70-80% ot
MaKCUMaJIbHO BO3MOKHOTI'O MTOKa3aHus mpuodopa.

OOmwmii BUA M NMPUHLUUIHAIBHAS 3JEKTPUUYECKAasi CXE€Ma YCTaHOBKHU
JUTSL U3MEPEHUS YACIBHOTO 3JIEKTPOCONPOTUBIICHUSI METOIOM «aMIIEPMET-
pa-BOJIBTMETPaA» MPUBEACHBI HA PUCYHKAX 4 U 5 COOTBETCTBEHHO.

OnurcaHve yCTaHOBKH ~220B

5 LK
3 | :
R §\¥2
j\ B 5
] ]|
3 TE

| Bl =

I I
K3 Ko  Kq

= 1 =

Puc. 4. O6wulti 8ud skcnepumeHmMa/AbHoOU
YCMAaHOBKU:

JI — ra3ocBeTHas jamra,
Rz — perynstop Toka,

R3 — IIPOBOA U3 CIJIaBa «KHUXPOM».

Puc. 5. Dnekrpuyeckast cxema yCTaHOBKH.

Kopmyc pubopa (cm.puc. 4) ocHaIEH peryaupyeMbIMU HOXKKaMu 1,
KOTOPBbIE MO3BOJISIOT BBICTABUTH MPUOOP MO ropu3oHTa u. Ha kopmyce 3a-
KpemieHa cToMka co mkanou 2. Ha 3Toil ke CToiKe pa3MelieHbl JBa He-
MOJABMIKHBIX 3, 3’ 1 IMOABMKHBIM 4 KOHTAKThl. B HEMOABM)KHBIX KOHTAKTaxX
KPEMUTCS MPOBOJ U3 HUXPOMA, SIIEKTPOCONPOTUBIICHUE YUACTKA KOTOPOTO
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MEXy KoHTakTamu 3, 4 usmepsiercss B padore. [loaBmxHBIN KOHTaKT 4
(dukcupyercs pu MOMOIIHU MaxOBUYKa .
KonrakTel 3, 4 ¢ NOMOIIBIO COCIMHUTEIBHBIX ITPOBOJOB MAJIOrO CO-
MPOTUBJICHMS TTOJKIIOUYEHBI K U3BMEPUTEIIbHOM YacTu nmpudopa (cm.puc. 4).
[lepemenHoe HanpsixeHue U, =4 B co BTOpU4HO OOMOTKH CETEBOTO
TpancopmaTopa (T,) momaercs Ha JBYXIONYIEPUOIHBIM BBITPAMHUTEIb-
HbI1 MocTHK ([]), cOOpaHHBIN Ha MOJIYIPOBOJAHUKOBBIX auoAax. [locTosH-
HBIM TOK uYepe3 COMpOTHBJICHHE Rj, orpaHMYMBAlIOIEe TOK, M MOTEHIHO-
METp MPOTEKaeT 1Mo conpoTusieHuio R,. Tok B conpotuBieHun Ry uzme-
psieTcss MUJUTMAMIIEPMETPOM MA, a HalpsHKEHUE Ha YacTH MPOBOJIA MEXKITY
HEMOJIBM>KHBIM 3 U MOABUKHBIM 4 KOHTaKTaMU — BOJILTMETpPOM V.
N3mepeHue CONpOTUBIIECHUS B METOJAE «aMIepMEeTpa-BOJIbLTMETPA»
BO3MOXXHO JIByMSI CIIOCOOAMU:
1. )mocpeacTBOM TOUHOTO U3MEPEHUS TOKa (puc. 6);
2. )C IOMOUIBI0 TOYHOTO U3MEPEHUS HaNpPsKEeHUs (puc. 7).

la . I
———=+—mA —
3= <
\'
Ir=1a; Ur<URr+ra=Uy Ur=Uy; Ir<la

Puc.6. H3MmepeHue CONpOTHBICHHS B METOJE «amIlepMeTpa-
BOJILTMETPaA»: a- MOCPEJACTBOM TOYHOTO M3MEPEHHS TOKa; O- C MOMOIIbIO
TOYHOTO MU3MEPEHMS HAPSIKEHUS

B mepBoMm ciyuae (M3MepeHHEe TOKa) COMPOTHBIICHHE Ry ciemyer pac-
CUUTBHIBATH 110 (hOpMYyIIE:
U
R X = T - R A, (1)
rae U, | — nanpsiokeHue u cuia Toka B conpotuBiieHud Ry; Ra=0,15 Om —
BHYTPEHHEE COIIPOTUBIICHUE aMIIEpMETpa.
Bo BTOpOoM — o ¢opmyie:

eETUTL U (2)
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rae la — cuna toka, uaymero uyepe3 ammnepmerp; U — HampsbkeHHe Ha
anektpoconpotuBieHur; Ra=2000 OM — BHYyTpeHHEE CONpPOTUBIICHUE
BOJIbTMETPA.

NHorpa, HE3aBUCUMO OT CXEMbl BKIIFOUCHHS, COIMPOTUBIICHUE pac-
CUUTBIBAIOT 10 (popmyIie

R, = (3)

Ho 310 MOXeT nmpuBeCTH K CYIIECTBEHHOM ommoOke, eciu Ry, Ry u
Ra cousmepumsel. B mpotuBoBec 3Tomy, pacuersl 1o ¢popmynam (1, 2) Bce-
I71a IPUBOJST K IPaBUIIbLHOMY PE3yJIbTATY.

ITopsiioK BBEIDOJHEHUS PA0OTEI
3aganue 1. O3HaKOMUTECS C DIEKTPOU3IMEPUTEILHBIMU NPUOOpaMHU.
CocTaBUTh XapaKTEPUCTUKHU AJIECKTPOU3ZMEPUTENIbHBIX MTPpUOOpoB. Pe-
3yJbTaThl CBECTHU B TAOJIUILY.

~
O [ )S (D]
plaw =~ = =
= = 3 T 2 = B o | &
< o s ~| @ o S ol o Q| B
e = o, 5 == P T o 2| @
S = s cc O = 5 5 E| £ B| B
on 2 =t &) Q ~
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3ananue 2. I3MepUTh 3J€KTPOCONPOTHUBICHHUE.

1. YO6eauThcsa B HaJIE)KHOCTU MOAKIIOUYEHHUS 3a3eMJICHUS K PpUOopy.
N3MepuTh MUKPOMETPOM B HECKOJIBKUX CEYEHUSX AUAMETP HUXPOMOBOU
npoBOJIOKH. PaccuuTarh cpenHee 3HaUEHUE THaMETPa.

2. C moMoIIbI0 COEIMHUTEIILHOTO IIIHYpa BKJIIOYUTH MPUOOP B CETh C
NEpEMEHHBIM HamnpsibkeHruem 220 B.

3. KnaBumamu Beikatouateneit Ky u K3 BkimouuTs npudop (ipu 3ToM
JOJKHA 3arOpeThCsl MHAMKATOpHAas JJamrnouka JI).

4. MaxoBH4YKOM 5 (cM.puc. 4) YCTaHOBUTH MOJABUKHBIA KOHTAKT 4 Ha
0,5+0,7 or IMHBI HUXPOMOBOrO MPOBOJAA. 3aHECTH 3HAYEHHUE JJIMHBI B
KypHaJl HaOJII0ICHUI.

5. KnaBuma nepekmouarens K, otxkara, 94To COOTBETCTBYET PEKUMY
TOYHOTO M3MepeHusa Toka. [Ipu momomu noreHiuomMerpa R, yCTaHOBUTH
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TAaKO€ 3HAYEHUE TOKA, YTOOBI OTKJIOHEHHUE CTPEJIOK AJIEKTPOU3MEPUTEIb-
HBIX IPUOOPOB COCTABUIIO MIPUOIUBUTENBHO 2/3 1IKal MpruOOpOB.

6. B cooTBeTcTBUMU C TII. 4, 5 MPOBECTH U3MEPEHUS B PEKUME TOUHO-
ro U3MEPEHUS HANpsHKEHUs (KIJIaBHILA YTOILICHA).

7. C yuerom Beipaxenui (1) u (2) mo popmyie

Ry = pé, (4)
re P - yAelbHOE dJeKTpoconpoTuBieHue; | — mmmHa npoBogHMKa; S —
IUIOILIA/Ib TOMEPEYHOr0 CEUYEHMS, PaCCUMTATh YAECIbHOE 3JIEKTPOCOIPO-
TUBJICHHE HUXPOMOBOM MTPOBOJIOKH (€eHULIbI u3MepeHus p Om M.

8. YoeauTscs, 4To npu BhINOJHEHUH ycioBUsl Ra<<R,<<R\y, pacue-
TbI 110 hopMmynaMm (1), (2) u (3) NpUBOAAT K MPAKTUUECKUA COBIAAIOITUM
pesyabtataM. C nomotsio hopmyi (3), (4) paccuruTaTh OTHOCUTENBHYIO U
a0COJIIOTHYIO MPUOOPHBIE MOTPEIIHOCTH YJETBLHOIO 3JIEKTPOCOIPOMTBIIE-
HUSL.

9. BbicTaBUTh NOJBMXXKHBIM KOHTAKT Ha 0,1 OoT JiuHBI mpoBoAa U
POBECTU U3MEPEHUSI B COOTBETCTBUHU C MM 4-6 B PEKUME TOUYHOT'O U3ME-
peHus Toka (knaBuia K, oTxara).

10. PaccuuTaTh ynenbpHOE 3JEKTPOCONPOTUBICHHUE 110 hopmynam (3),
(4) 1 modMy4YeHHBIN pe3yibTaTa CPaBHUTH C pe3ynbTaToMm mi 7, 8. O0bsic-
HUTb PACXOKICHUS.

KOHTpOABHBIE BOIIPOCHI

1. Pacckaxure 00 yCTpOMCTBE M MPUHUUIE JEHCTBUS NMPUOOPOB
AJIEKTPOMArHUTHOW U MAarHUTOAJIEKTPUUECKON CUCTEM.

2. IIpubopaMu Kakoil CHCTEMBbI MOKHO M3MEPATh KaK MEPEMEHHBIE,
TaK ¥ MOCTOSIHHBIE TOKA; TOJIBKO MOCTOSAHHBIC TOKU? [Touemy?

3. Uto ompenensier Kiacc TOYHOCTH MpUOOpa: aOCOMIOTHYIO U OT-
HOCUTEJIBHYIO MOTPEIIHOCTD Nprubopa? Kak ux paccuurars?

4. Yto Takoe IieHa JCNICHUS U YyBCTBUTEIBHOCTH Mpubdopa? Kakosa
CBSI3b MEXIY HUMU?

5. Kak npaBuiIbHO BKJIFOYATh BOJBTMETP U aMIEPMETP B JIEKTpUYE-
ckyto 1ienb? KakumMu M0JKHBI ObITh BHYTPEHHUE COMPOTUBIICHUS MPUOO-
POB, YTOOBI OHM HE BHECIIU OOJIBIINX UCKAKEHUH B PEXKUM pabOTHI 1enu?

6. MOXHO JM C MOMOIIBID aMIEpPMETPa W3MEPUTh HANPSKEHHE Ha
KaKoM-JIM0O y4JacTKe 1enu?
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7. UeM pasznuyaroTcs IB€ Pa3HOBUIHOCTH OIPEAECICHUS COINPOTUB-
JIEHUSI METOJIOM «aMIIEPMETPA-BOJIBTMETPA»: C MOMOIIBI0 TOYHOIO M3MeE-
PEHHS U TOKa U TOYHOTO U3MEPEHUs conpoTuBieHus? [IpuBectu anexrpu-
YECKHE CXEMBbI, OTBEYAIOIINE 3TUM peXUMaM M3MepeHuil. BriBectu ¢op-
myibl (1, 2).

8. OOBACHUTH, TOUEMY NPU cOM3MEpPUMBIX Ry 1 Ra B cxeme ¢ Tou-
HbIM MU3MEPEHUEM TOKA MBI MOJy4aeM 3aHWKCHHBIC 3HAYCHUS CONPOTHB-
aeHus R,?

9. BeiBectu (popmyny IjIsl pacuera 3JIEKTPOCONPOTUBIIECHUS TIPU T10-
CJIEAOBATEIILHOM M MApaJUIEIbHOM UX COCAUHECHUMU.

10. BriBectn 3akoH OMa U3 KJIIACCUYECKOW TEOPHUHU SJIEKTPOMPOBO/I-
HOCTH METAJIOB.

11. Kakue cuctemsbl 3JIeKTPOU3ZMEPUTEIBHBIX TPUOOPOB UMEIOT paB-
HOMEPHBIE, KBAIPATUYHBIC IIKAJIBI U IOYEMY?
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JlaboparTopnasi padora Ne 37

HccaenoBanue MOIIHOCTH U KO3(b(l)I/IIII/IeHTa MOJIE3HOI'0
JeCTBUA MCTOYHUKA TOKA

Ilenv padomal. >KCTIEPUMEHTAILHO YCTAHOBUTh 3aBUCUMOCThH MOIII-
Hocty U KII/] uctouHnka Toka OT BETMYUHBI MOTPEOISIEMOro TOKA B IICTIH.

Ipubopvr u npunaonexicnocmu. YCTaHOBKA JJIsl SKCIEPUMEHTAIb-
HoTrO uccieaoBanust MmortHocTy U KII/[ ncrounuka Toka.

Kparkas Teopus
|. OcHoBHBIE OHATHS U GOPMYJIbI

MouHOCTD B HensiX NOCTOSTHHOI'0 TOKA:
a) Ha yuacmke uenu, He cooepcauwgem I3/[C:

U2

W1:IU:I2R:?; (1)

0) na yuacmke yenu, cooepycauwiem I3/[C:
W = (E + U)I; (2)

8) 6 3aMKHYymoil yenu — NoJIHAs MOIITHOCTb
W, =IE=1°(R+T); (3)

2) 60 6HeulHell yenu — 110JIe3Hass MOITHOCTh

E2

W =W =IlU=I’'R=—R. 4
1 BH (R + r)Z ( )

Koa¢ppuuueHT moj1e3HOro 1eicTBUA UCTOYHUKA TOKA - OTHOIIICHUE
M0JIE3HOW MOIIHOCTH (MOIIIHOCTH BO BHEIIHEH LIETIH) K MOIIHOCTH, Pa3BHU-
Ba€MOW UCTOYHUKOM TOKa (TIOJIHOM MOIITHOCTH):

W U R
= BH — _ — , 5
W TE R+r )

2
rae R — conpoTuBiieHHe BHENTHETO y4acTKa LETH;
I — CONMPOTHUBJICHUE BHYTPEHHETO y4acTKa Lenu (BHYTpPEHHEE COMpOo-
TUBJICHUE UCTOYHUKA TOKA.
3asucumocms KoIhpuyuenma none3no2o oelcmeus UCMOUHUKA
MOKa OMm mMoKa u COnRPOMUEIeHUs 6HEUIHE20 YUACMKA Uenu:

n=1—é|. (6)

YCJweue, npu Komopom MOui{HoOCmb 60 6HeulHell uenu MaKcumaib-
Ha: COIIPOTHUBJIICHHUC BHCIIHCT'O YUYACTKaA LICIIM paBHO BHYTPCHHEMY COIIPO-
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TUBJICHHIO MCTOYHHKA TOKa (R=).

1. Onucanne 3KcIepUMEHTAILHOH YCTAHOBKU. 32 aHN S

JlabopaTopHasi yCTaHOBKA JUIsl IKCIIEPUMEHTAIBHOTO UCCIICIOBAHUS
3aBUCcUMOCTH MoiHOCTH U KIIJI MCTOYHMKA TOKa OT TOKa BO BHEIIHEH
ey npejcrapiieHa Ha (puc. 1).

BHyTpu ycTaHOBKU
BCE MPUOOPBI CMOHTHUPO-

"@ BaHbl COTJIACHO DJIEKTPHU-
0 y 3% R Peocrar yeckoil cxeme (puc. 2),
pRpaRnE! | ooRaann 5]C, B KoTOpad MO3BOJACT 110~
"""" Mepe- Jy4dTh HAOOp 3HAYEHUU
0™ 34y mA CHJIBI TOKA M DJICKTpHUYe-

qaTeJa
- - CKOrO HalpsDKEHHs Ha
Puc. | BHemnuii BU1 YCTaHOBKH. peocTare, Ha KOTOPOM

BBIIEIAETCS  MOIIHOCTD
(moJie3Hasi MOIITHOCTh) UCCIIETYEMOTr0 UCTOYHHKA TOKA.
3aoanue. YCTaHOBHUTh 3aBHCUMOCTh MOIIMHOCTU (TIOJHOM M IIOJE3-
Hoi) u KII/] uctouHuka ToKa OT TOKa

BO BHEIITHEHN IENN.

Ilopsaook evinonnenus 3aoa- Tlepekiova-
nua: llepexitoyaTenb yCTaHOBUTH B E _.Temb_
HEUTpaJIbHOE MOJIOKEHUE. ’_I | 'Ké\’:_‘

1.  Onpenenutp LEHY AEICHUS - | i,
BOJIbTMETPA U MAJJTMAMIIEPMETPA. r S '

2. YcraHoBurh mepekimoua- | MA
TEJIb B BEPXHEE MOJIOKEHUE. B 3TOM —
Clly4ae BHEUIHS LENb pPAa30MKHYTA. : R
CrnenoBaTeinbHO, BOJIBTMETP U3MEPSET Pric. 2. DiiekTputecKas
9/1C ncroyHmka Toka. CXeMa yCTAHOBKH.

3. IlepexmtouaTenp  yCTaHO-

BUTb B HIJKHEE MOJIOKEHHUE. B 3TOM ciiyyae mpOMCXOAUT MOAKIFOYEHHUE
BHEIIHEU LENU K UCTOYHUKY TOKA.

4.  H3MmeHsis peocTaToM CONPOTUBIICHHE BHEUIHETO y4acTKa IEMU
(Bpamasi pyKosITKy peocTara) yCTAaHOBUTh MHUHUMAJIbHOE 3HAYEHUE TOKA,
paBHOE 15 MA, CHATH nOKa3aHue BoiabTMETpa. [loyueHHOE 3HaUeHnEe Ha-
NPSIKEHWS BO BHEIIHEH 1IENU 3aHECTH B TAOHILY.

5. HM3MeHsia 3HaueHHE TOKA B Lienu Ha 6 MA (yBelIMYWBas TOK B
LEMH) ONPEETUTh 3HAUYCHUE HAINPSHKCHUS HA BHEIIHEM YYacTKE IIEMU.
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[TosryaeHHBIC PE3YJILTATHI 3aHECTH B TAOJIHITY.
6. Ilo dopmynam (1), (3), (5) paccuurtars 3nauenus Wy, Wy, 1.
7.  Tloctpouts rpaduku 3aBucumoctu Wo=f(l), Wo=f(1), n=f(l).
8. IlpoBectu aHanmu3 MOJIYYEHHBIX PE3YIbTATOB.

Ilpumeuanue. B uensix coxpaneHusi pabOTOCIIOCOOHOCTH HUCTOYHHKA TOKA B TEUe-
HUE JUTUTEIHFHOTO BPEMEHH, MOCIE Ka)XJI0T0 yCTAHOBIICHUSI COOTBETCTBYIOIIETO 3HA-
YCHHS TOKA W ONPEACIICHUS HANPsDKCHHsI, PyYKY TEpeKIodaresis Heo0X0IuMOo ycTa-
HABJIMBATh B HEUTPAITBHOE MOJIOKEHUE, TTPH KOTOPOM MCTOYHHK TOKA OTKJIFOYACTCS.

Tabmuna 1.
Ne ni/n "12'3’ U, W1=I];JT-10'3, Wz:gET-lo'?’, =W
1
2
3
4
5
6
7
8
9
10

KoHTpoJsbHbIEC BONPOCHI

1. Hanumute popmynbl 3akona OMa sl 3aMKHYTOM LN U IS
y4acTKa LEIH.

2. Hanumure dhopmyiy A onpeaesieHus MoJe3HOM MOITHOCTH HC-
TOYHHMKA TOKA B 3aMKHYTOM LIECTIH.

3. IIpu xakom ycnoBuu KIIJ| ncTOYHMKA TOKa OKa)KeTCSI MaKCH-
MaJIbHBIM.

4. Hanumure GopMyity At OnpeAesieHUs: TOJHOW MOIITHOCTH B 11e-
I OCTOSIHHOTO TOKA.

5. Hanumurte popmynsl muist onpenenenus KII/ ncrounuka Toka.

6. Kakoe cooTHOIIEHHE CONMPOTHUBJICHUN B I1IEMH COOTBETCTBYET
HSKOHOMUYECKHU BBITOJIHBIM YCJIOBUSM Pa0OThl HCTOYHUKA TOKA.

7. Kak wamenutcsa KIIJI, ecnmi MCTOYHMK TOKA 3aMEHHUThH APYTHUM C
MEHBIIIUM BHYTPEHHUM CONPOTHUBJIEHUEM, HO C ToM ke D/C.
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