YcioBue

agada 1. «OnmboyHasi pa3sMIHKa»

B pesyibrare meiicTBUs CIyUIalHBIX WM HeC/IydailHbIX (HPaKTOPOB IPU IPOBEICHUN W3MEPEHU
BeJIMNYMHBL X, PE3YJIbTAT MOJIYy9IaeTCs HeTOYHBIM, ¢ norperrHoctbio AX. Ciy4aiinbie n3aMeHeHUs
OTHOCHUTEJILHO CPEJIHEr0 3HaUYeHus Ha3bIBaIOT (piykTyarusamu. Jlnanazon 3navenuii, KOTOpble MO-
JKeT IPUHAMAThH CiIydaifHasi BeJimdnHa, 3anuckiBaioT B Buge X = Xg+ AX, a TouHOCTD u3MepeHul
nPU IMOM TAPAKMEPUSYIOM OMHOCUMeAbHol nozpewnocmvro & = AX/Xj.

1.1. «3 nymiku mno...»

Kak m3BecTHO, MakcuMaJibHadA JTAJbHOCTD IOJIETa CHAPSJIOB So HAOIIOAAETCH IPHU CTPEeblde oI
yriaoMm ag = 45° (ecsm MeCTHOCTB, Ijle IPOUCXOAUT CTPEIh0a, MIOCKas U MOXKHO IpeHebpedb co-
IpoTHBIeHnEM BO3/Iyxa). CKOPOCTh BbLIETA CHAPSJIA U3 MIYIIKHA UCIBITHIBAET (DIIyKTyaruu (Hampu-
Mep, TIOTOMY, YTO B HUX PA3HOE KOJUUECTBO IIOPOXA), U MOSTOMY IIPU CTPEIhOe Mo YoM oy = 45°
CHAPSIIBI JIETAT Ha paccrogaue sg + Asg. Hemy Oymer paBHa HETOYHOCTH AS MOMAJAHUA B IEJIb
npu crpesibbe o apyrumu yriuamu «? Vzobpasure npumMepHbiil rpaduk 3apucumoctun As(a).

1.2. «IIpy>XuHHbIE BECHI»

'ZLHH HU3T0TOBJICHU A IIPY2KUHHBIX BECOB B34JIU IIPYZKUHY HeKOTOpOﬁ 2KECTKOCTU 1 MaCChbl 1 OTI'PaJly-
UpOBaJIN IIKaJIy corsiacHo 3akony ['yka F' = —kx. [Ipu usmepenun Beca tesia Mmaccoi My okasanue
PY2KUHHBIX BECOB OKa3a/I0Ch 3aBBINIEHHBIM U paBHbIM P = Myg + AF,. Yemy GyeT paBHa OTHO-
cuTebHas OmMuOKa nu3MepeHus Beca ¢ pu rnomoiu Takux BecoB? Ilocrpoiite mpumepHbiit rpaduk
3aBUCUMOCTH OTHOCUTEJIbHO OH_H/I6KI/I OT MacCCHhI B3BCIIUBaEMOI'O TeJIa.

1.3. «l'anpBaHomMeTp»

B raspBanoMeTpe cTpesika OTKJIOHSIETCS IO MIKAJIe MPOIOPINOHAIBHO CUJIE TOKA, ITPOTEKAIOIIEro
qepe3 Hero. MakcuMaibHOe OTKJIOHEHUE CTPEIKN JOCTUIaeTCsI IPH CUJIe TOKa I... lambBaHoMeTp
nMeeT cOOCTBEHHOE COIPOTHUBJIEHNE, 3HAUYEHIE KOTOPOI'O MOYKET HAXOIUThCs B nuamnasone R+ AR,
npuieM AR < R. U3 raibBaHoMeTpa MOXKHO CJI€JIaTh BOJIBTMETD, IMOJKIIOYNB K HEMY ITOC/IEI0-
BaTE/IbHO JIOCTATOYHO OOJIBIIIOE COMPOTUBJICHUE [y, MK aMIepMeTp, MOJK/IIOYUNB K HEMY ITapaJi-
JlesibHO conporusiienne Ry. Yemy paBubl MakcuMmasbible norpemnocta AU u Al stux mnpubo-
pos? N306pasure npumepHbie TPauKi 3aBUCUMOCTI OTHOCUTEIBHOM ITOIMPEITHOCTU HAIIPSAZKEHUS,
N3MEPEHHOTI'0 BOJIBTMETPOM, OT COIIPOTUBJICHMHA RV 1 OTHOCUTEJIHbHOI IIOrpenIHoOCTr CHUJIBI TOKa,
U3MEPEHHON aMIIEPMETPOM, OT COIPOTUBJICHUS 4.

1.4. «TepmomeTp»
[Ipu momorn TepMoMeTpa, UMEIONIEro TerioeMKocTh Cy U HaXOJAIErocs P KOMHATHON TeM-

neparype 1y, I3MEPSIOT TEMIIEPATypy ropsdeil BOJbI Maccoil m W yAeIbHON TemI0eMKOCTBIO C,
HaXoJIdINelicss B KajopuMmerpe mpu Temieparype 1. Yemy Oyjier paBHAa OTHOCHTEIbHasi OIMHOKA
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U3MEpEeHus TeMIIEPATYPhI §, BHOCUMAas TepmoMerpoMm? 300pasute npumepHbie rpaduKu 3aBUCH-
MOCTHU OTHOCHUTEJILHON TOTPEITHOCTH § OT M3MepsieMoil TeMIepaTypbl Bojibl 1’ M OT MacChl BOJIbI B
KaJIOPUMETPE M.

1.5. «JIazepHblil 3aiiYuK»

Jlazep pacrmosiozkeH Ha OOJIBIIIOM pPACCTOAHUN L OT JIJTUHHOMN

npaMoit crenbl. ToHKUI J1a3epHbBIl JIyY HAIIpABJIEH ITEPIIEH U~ /
KyJIsipHO cTeHe (g = 0). V13-3a BHemHux Bubpanuii Hampas-

<«
JIeHUe JIa3ePHOIO JIyda HCIBITHIBAET MaJible (DIYyKTyaIluu, u I +Ax

JIa3epHBI «3aiunK» Oeraer 1o creHe B npejenax +Axg. B
Kakux npejenax +Ax Oyaer cMemarbes ISITHO OT JIa3epa 10
cTeHe, ec/id JIyd HalpaBjeH 1o yriaoM p? M3obpasute mpu-
MepHbIii rpaduk 3aBucuMocT Az ().

[Ipumeuanue

cos? a

s € < 1 crpaBei/IuBLI CIeayTome popMYIIbL: ﬁ ~1l—¢éntgla+é) ~tga+ —5-¢&.
Pentenne

Banaya 1. «OmmboyHasi pa3MUHKA»

1.1. «/3 mymku mo...» YpaBHeHUs ABUKEHUs Tejia, OPOIIeHHOI0 ¢ HauadbHON CKOPOCTHIO ¥ IO/
YIJIOM K TOPU30HTY (v

T =1vcosa-t, (1)
: L
y:1181na~t—§gt. (2)

JlaabHOCTD 10JI€Ta S MOXKHO OIIPEJIC/IUTh, KaK T'OPU30HTAJIbHOE PACCTOAHHUE, KOTOPOE IIPOJIeTeI
CHapsJ1, 10 MOMEHTa ITaJIeHU

o 2v sinoz7 (3)
g
?sinacosa v?
s=—" """ — _ &in2a. (4)
g g

Ecmu ckopocTh BbLIETa CHapsija NCHBITHIBAET MaJible (bayKkTyannn v = vy = Avg, TO U JaJIbHOCTD
moJjieTa OYJIeT UCHBITHIBATDH MaJible (OJIYKTyalllnn

s+ As = (Uoi—wsin2a: Ug:tQUOAUO+AU§
I g

2 200A
sin 2a & 20 gin 20 4+ “ 2% gin 2a, (5)
g g
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OTKY/1a

N 21)0AUO
9

As sin 2a. (6)

[Ipu cTpenbbe o yryiom oy = 45° HETOUHOCTH CTPEILOBI MAKCUMAJIbHA U PABHA

Orcrona

As = Asgsin 2. (8)

[Tpumepnsriit rpaduk 3aBucumocT As(a) n300pazkeH Ha PUCYHKE.

As

0 10 20 30 40 50 60 70 80 90

o, rpag.
1.2. «IIpy>xkunubie Becbl» (O4YeBHIHO, YTO MOKA3aHUs BECOB OKA3AJMCHh 3aBBIIIEHHBIMEI W3-38
TOTO, YTO caMa IPYKHUHA UMeeT Maccy, a I'PayupoBKa 10 3aKOHY |'yKa mTpou3BoInIach Mpu TOPH-
30HTAJIBLHOM TIOJIOYKEHHUH IIPYKUHBI. DTO 3HAUHUT, UTO Jlaxke 0e3 rpys3a Bechbl OYIET IOKa3bIBATH BEC
AP, - 970 1 ecTh X abCOIIOTHAsT OrPeTHOCTb. OTHOCUTEIbHAST TOI'PEITHOCTD IPYKUHHBIX BECOB
paBHA

B AP,
Mog'

0 (9)

[Tpumepnsriit rpaduk sasucumocti §(My) - rumepboiia - IpeICTaBIeH Ha

pucynok. 1.3. «l'ambBanomerp» llokazanusa BojibTMeTpa OYIyT MPOMOPIUOHAILHBI CHJIE TOKA,
IPOTEKAIOIIEro 1Mo HeMy. [Ipu mogkroueHnn K ero KjaeMMaM Halpsxkenns U cuiia TOKa B HeM OyieT
paBHa
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U U U AR

Ry + RFAR (Ry+R)(1F 52%5) (Bv +R) Ry +R
U
L= — 11
UAR
Aly= ——— . 12
" (Ry + R)? (12)
MaKCI/IMaJ'IbHOG HaHpH}KeHI/Ie, KOTOpoe MOXKHO I/IBMepI/ITb TaKNM BOJ'H;TMeTpOM, paBHO
Umax - (RV + R)]maxa (13>
[I0O3TOMY MaKCHMaJibHas IMOIPENTHOCTh IIPUoopa
U AR
AUy = (Ry + R)ALy = —2—— — T AR. 14
( \% ) 0 (RV + R) ( )
OTHOCI/ITGJIbHaﬂ HOI‘peI_HHOCTb BOJ‘IbTMeTpa paBHa
AU Al AR
Sy = - =0 (15)

Umax Iy Ry + R
[IpumepHblit rpadUK 3aBUCUMOCTHA OTHOCUTETBHO TOTPENTHOCTH HAIIPZKEHU S, U3MEPEHHOT'O BOJIHT-
METPOM, OT CONPOTUBJICHUS [y, M300parkeH HA PUCYHKE.

be)
AR/R]

R

v
[TockoJsibKy JJ1s1 cO3JIaHUs U3 TaJbBAaHOMETpa aMIlepMeTpa Pe3UcTop R4 MOJKJIIOYAeTCAd K HEMY
rapaJiieIbHO, CUJIa TOKa [y, BTEKaoIIas B IpuOOp, OYIET mepepaciupeiesaThCd MeXKIy raJbBaHO-

METPOM IG 1 IIOJAKJIIOYEeHHBIM K HEMY PE3UCTOPOM IR 110 IIpaBuJIaM JIJId ITapaJijieJ;IbHO COeJMHEHHDbIX
IIPOBOJAHHKOB:

Iy = Ig + Ip, (16)

IoRe = IR, (17)
Cuta TOKa, TEKyIero depes raabsanomerp u3 (16) u (17) pasua
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Ra

Io=I]j———.
¢ ORA+RG

(18)

[TockoIbKYy CONpOTHBIIEHNE TajJbBaHOMETPA MMeeT HorperrHocts Rg = R F AR, To u cuta ToKa,
u3MepsieMasi M, Oy/eT olpejiesieHa ¢ IMOrPENTHOCTHIO

A
Ry Ry _ R4 L RAAR

= I .
Ri+RTAR  "Ry+ROF L) "Ra+R ™~ "(Ra+R)

I+ Alg = I (19)

[TorpernocTh n3MepeHus OyIeT MAKCUMAJIbLHA ITPU ITPOITYCKAHUHI Yepe3 raJbBAHOMETP MAKCUMA/Ib-
_ Ra
HOTO TOKa [0 = I max g, 3 B PaBHA

R4AR AR
Algmax = Iomax 555 = Inax 55— 20
¢ 0 (RA + R)2 Ra+ R ( )

OTHOCHUTETbHAS TTOIPENTHOCTh U3MEPeHui OyIeT paBHa

Alg AR

oy = = .
! IG R‘f‘RA

(21)

[Ipumepnblit rpaduK 3aBUCHMOCTU OTHOCUTEIHHON MOTPEINTHOCTH CHJIbI TOKa, N3MEPEHHON aMIiep-
MEeTPOM, OT conpoTuBjeHus R, n3obpakeH Ha PUCYHKE.

be)
AR/R]

1.4. «TepmomeTp»

YpaBHeHue TEIIOBOTO Oajanca

mcl + C()TO = (mc + Co)@, (22)

riae 0 — yCTaHOBUBIIIaACA B paBHOBECUU TeMIIEpaTypa.

_ mcT + CyTy

2
mc + Cy (23)

[TorperHocTh U3MepeHus OyJIeT XapaKTePU30BATbCS PA3HOCTHIO MEXK/Iy TEeMIIePaTypoil BOJbI JI0
U3MEpPEHNS U YCTAHOBUBIIENCS B TEIIJIOBOM PABHOBECUU TEMIIEPATYPHI
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mcl + C()T() . CO(T - To)

AT=T-0=T— = 24
mc + Cy mc + Cy (24)
OTHOCI/ITeﬂbHaH IIOIrpenIHOCTb
AT Co T
5 = = 1—=1. 25

[Ipumepnbie rpadukn 3aBUCUMOCTH OTHOCUTE/IHHON ITOIPEITHOCTH § OT U3MEPsieMOil TeMITepaTyPhI
BOJIbI 1" M OT MAacChl BOJbI B KaJOPUMETPE 1M U300parKeHbl Ha PUCYHKaX.

o )
1—T°.-'T_ 1€, /(C +mc)

1.5. «JlazepHbIii 3aHYHK»

1.5. «JIazepHblit 3aituuk»

Koopmunara jazepnoro 3aifanka paBHa

x=1L-tgp. (26)

[TockosibKy yroJ1 ucnbITbiBaeT GurykTyarun ¢ + Ap, To 3afiYUK CMEIaeTcsi Mo CTeHe.

B ciyuae, KOrjia JIa3epHbIii JIyd [EPIeHUKYJISIPEH CTeHKe
+Azg = L-tg(0+ Ap) ~ LAy, (27)
OTKY/Ia MOYKHO OLPEJEeJUTh (hJIYKTYalun yriia
Ap=—. (28)

B CJlIydae, Korla JIaBeprIfI JIY9 nJeT 1IoJ1 yrjioM ¢, KOOp/JIMHaTa paBHA

A
vt Ar=L-tglpx Ap)~L-tgp+ L Ld

29
cos? p’ (29)
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a IYKTyalmid KOOPANHATHI 3ailInKa

Ap — LAy _ Axg

cos2p  cos?yp

I'pacduk zasucnmoctn Ax(p) n306pazkeH Ha PUCYHKE.

AX

AXU

0 10 20 30 40 50 60 70 80 90
o, rpaa.
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