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3aganue 9.1 <«OcTBIBaHNE BOABI U ILIABJICHHE JbAa»

DKCIIepUMEHTAIbHO yIOOHEW W3MepsITh BPEMEHa, KOIjJa TemIleparypa JOCTUTaeT
OIPEEIIEHHOr0 3HAUEHUs, TaK KaK TOYHOCTh U3MEPEHUS BPEMEH 3HAUMTEILHO BBIIIE TOYHOCTU
u3MepeHus: Temnepatypsl. B Tabmuue 1 mpuBeneHbl pe3ynbTaThl U3MEPEHUST UMEHHO TaKUX
BpEMEH IPH M3MEPEHUsX co JIbJoM M 6e30 npaa. Ha rpaduxe 1 mokasaHbl, HOCTPOCHHBIE IO
3TUM JAHHBIM 3aBUCUMOCTH TEMIIEPATYPhI BOABI B CTAKAHYMKE OT BPEMEHHU.

Tadoauua 1. 3aBUcMMOCTb TeMIIEPaTyPbl BOJbI OT BPEMEHH.

T,C f,OC padhuk 1. 3aBUCMMOCTH TEMNEPATYPbl OT BPEMEHN
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«Ha rma3» el MOJHOCTBIO paCIUIaBUICHA, KOTJa TeMIleparypa BOAbI IOHW3UIIACH
npumepro 1o 35°C . Macca Boxsl B cTakanunke M, =150 , macca npma B ammyne m, =10

PacueT ynenpHO# TEIUIOTHI IUIaBJICHUS JIbIA TIO 3TU JAHHBIM JIa€T CIACAYIOIINN pe3yabTaT

cmAt 42010° O (D15 0O
A= = =630—, (1)
m, 0010
Uro moytu B J1Ba pas3a mpeBbllIaeT TabauuHoe 3HayeHue. OCHOBHBIC MPUYUHBI TAKOW OIIMOKH
3aKIII0YAaeTCs B HEBO3MOXKHOCTH TOYHO YCTAHOBUTH MOMEHT BpPEMEHH, KOT/Ia Hayalloch
IUTaBJICHUE, a TAKXKe MPeHEeOpeKeHNe MOTePSMU B OKpykaroIyto cpeay. [loaTomy HE0OX0auMO
MIPOBECTH PEKOMEHI0BAHHYIO MPOIEAYPY 00pabOTKH pe3yIbTaTOB.
B Tabnune 2 npuBeneHb! pe3yabTaToOB PaCYeTOB 3aBUCUMOCTH TIOTOKA TEILJIOTHI OT BOJBI
B OKpYJKaroIyto cpeay. i pacdera TeIIOThHI UCTIONB30BajIach cieayomas Gopmymna

t., —t t., —t
~ k+1 k-1 — k+1 k-1
qlt, ) = cm =4 =630+ 2)
k+1 Z-k—l Tk+l Tk—l
TJIe UCIIOJIb30BaHbI 0003HAYCHUS (M TOSICHEHHSI) U3 YCIOBUS 3aJaHus. PsmoM npuBeaeH rpaduk
3TOM 3aBUCHUMOCTH.




Tab6auna 2. 3aBUCHMOCTH MOTOKA TEIVIOTHI «B BO3AYX» OT TeMIIepaTyphl.

1‘ dnc I'paduk 2. 3aBECHMOCTE IOTOKA TeIIOTHL "B BO3AYX"

4.~ OT TeMIepATYPEBI
t°C | r,c | <t>°C Y.~
45 0 60
44 | 103 44 5,97
43 | 211 43 6,00
42 | 313 42 5,60 | s,
41 | 436 41 5,14
40 | 558 40 5,00
39 | 688 39 4,65 | 4
38 | 829 38 4,23
37 | 986 37 3,89
36 | 1153 36 368 | .,
35 | 1328 35 3,46 ’
34 | 1517 34 3,02
33 | 1745 33 272 | ,,
32 | 1980 32 2,65 %
31 | 2220 31 2,38

He cmoTpst Ha morpemHoCcTH U3MEpPEeHUH, YETKO BUHA JIMHEWHAsA 3aBUCUMOCTh MEXIY
NIOTOKOM TEIUIOTHl M TEMIIEpaTypOil BOIBI B cTakaHuMKe. Heckolbko HadalbHBIX TOYEK (IpU
BBICOKHMX TEMITEpaTypax) BBIMAIAI0T U3 3TOW 3aBUCUMOCTH. BO3MOXKHO, YTO Ha 3TOM 3Tare ele
HE YCTAaHOBWJICS CTAlIMOHAPHBIN pEeXKUM, Pa30TpeB CTaKaHUYKMKa, TEPMOMETPA U T.J.

Takum 00pa3oM, SKCIIEpUMEHTANIbHbBIE JaHHBIE MOATBEPXKIAIOT THIIOTE3Y, BHICKA3aHHYIO
B yCJ'IOBI/II/I: IMOTOK TCIUIOTHI MPOMOPHUOHAJICH PA3HOCTHU TEMIICpATyp BOABI U OKPYKAKOIICTO
BO3/IyXa.

Ha nuneiiHOM y4yacTke 3aBUCHUMOCTD IIOTOKA OT TEMIIEPATypPbl UMEET BUJT

q, =at*+b=alt-t,), (3)
3ech t, = ~ TIPSNONaTacMas TeMIIEpaTypa BO3NYXA, OKDYKAIOIIETO CTAKAHTIK. 3HaueHus
IapaMeTPOB, PACCUUTAHHBIE 110 JHHEHHOMY YYaCTKY 3aBUCUMOCTH PaBHBI

a=03L—, b=-76—  {=25C, 4)

B Tabnune 3. [lpuBemeHbl pacueTbl CyMMapHOTO TOTOKA TEIUIOTHI OT BOJBI, MPH
U3MEPEHUSIX «CO JIbJoM». B mocneaneM cTonliie 3anicanbl pacCYMTaHHbIE 3aBUCUMOCTH TTOTOKA
TEIUIOTHI <B JIEJ», KaK Pa3HOCTh MEXy OOLIMM ITOTOKOM U ITOTOKOM «B BO3IyX».

JUisi yMEHBIIEHUS MTOTPELIHOCTEN 3HAYEHUs II0TOKOB TEILIOTHI «B BO3AYX» PACCUUTAHBI
1o ycpeaaeHHoi gpopmyie (3).

Tab6auna 3. Pacuer moToKAa TEIJIOTHI «B JIeI»

=alt)+b _
t,°C T,C <t>°C 49— b < > 47 G

45 0

44 23 44 26,81 6,06 20,75
43 47 43 23,33 9,75 17,58
42 77 42 19,69 5,44 14,25
41 111 41 17,03 5,13 11,90
40 151 40 16,58 4,82 11,76
39 187 39 17,03 4,51 12,52




38 225 38| 15,37 4,20 11,17
37 269 37| 12,35 3,89 8,46
36 327 36| 10,00 3,58 6,42
35 395 35 8,51 3,27 5,24
34 475 34 5,25 2,96 2,29
33 635 33 3,43 2,65 0,78
32 842 32 2,83 2,34 0,49
31 1081

Ha  rpaduxe MOKa3aHa Ione

MOJIy4YEHHas1 3aBUCUMOCTH IIOTOKA .

TEIJIOTHI, TTOCTYMAIOIIETO KO JIbY,

or Bpemenu. Ha stom rpaduke

BBIIEJSAETCS <IUIATO» ydgactok 20
I104THU IIOCTOAHHOI'O II0OTOKa
TerioThl. [lpw mmaBmeHWM mbAa  1s
€ro TeMIeparypa ocraercs

MOCTOSTHHOM, IO3TOMY U TOTOK
TETUIOTHI TAKXKE CTAOMIM3UPYETCS.
Ota  obmacth
pucynke. Cyzs no rpaduky Bpems
IUTABJICHUS COCTABIISICT MPHMEPHO
160 ¢, npu cpeaHem 3HaueHuu O

noToka q=12—.

CrenoBaTenbHO, yACIbHAS TEIUIOTA TUTABJICHHS JIbJ1a OIICHUBACTCS

BBIIEIIEHA

Ha

Mpachuk 3. 3aBUCMMOCTE NOTOKA TENNOThI "B Nea” oT BpeMeHn
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Tak kak u3MepeHHs U 00pabOTKa WX PE3yIbTaTOB HOCUT OIICHOYHBIM XapakTep, TO pacyer
HOTPEIIHOCTEN B JTaHHOU paboTe NPOBOAUTE HE UMEET 0COOOr0 CMBICA.



3aganue 9- 2. &KpydeHue»

Bo Bcex SKCIICpUMCHTAX HCIIOJb30BAIIUCh CICAYIOIIUEC 3HAYCHMA MapaMETPOB:

paccTosTHUE OT OCH CTepXKHS 10 TOYKH mojBeca rpy3oB d =50 | paccTOsHHE OT OCH CTEpIKHS
10 u3MeputenbHoi muHeliku L =280 . Yron kpydeHuUs pacCUUTHIBAICA IO popmyIie
Ah
==, (1)
L

rae Ah - u3MeHeHue BBICOTHI MOJbeMa CTPEIIKU TPH HArpy3Ke.
Yactp 1. 3akon I'yka.

B Tabmune 1 mpuBeneHbl u3MepeHHble 3Ha4eHUs AN 1pu MakCHMalbHOW JJTHHE
nedopmupyemoit yactu crepxas | =78

Tadauna 1. 3aBucumocts yriia kpydenus ot Harpy3ku (N - uncia reo3jeii B cTakaHe)

N IIpH HArpy3Ke IIpH pasrpysKe
(260300) Ah, ¢ Ah, @
0 0 0,000 12 0,043
1 9 0,032 23 0,082
2 19 0,068 33 0,118
3 29 0,104 43 0,154
4 39 0,139 54 0,193
5 50| 0,179 62 0,221
6 60| 0,214 71 0,254
7 70 0,250 80 0,286
8 80 0,286 88 0,314
9 90 0,321 95 0,339
10 100 0,357 100 0,357
Ha PUCYHKE TIPCIOCTABJICH rpa(l)pn( Tpaguk 1. 3aBHCHMOCTB YIJIa KPYYEHHSA OT HATPYIKH
HOJTyYCHHOH 3aBUCHMOCTH. A ©. pao

0,40 4-

Kak BugHO, mpu Harpyske 0.3
(pu T0CIIeI0BATENBHOM g 3
YBEIIMYCHUH  HArpy3KH)  yroi
KPYUYEHUSI IPSIMO MPOIIOPLUOHATICH __
IIPUIOKEHHON Harpyske, TO ecTb 020 =
3aKkOH ['yKa BBIITOJIHSIETCS. 0,15 4=

IIpu  mocnenoBareabHOM
YMCHBIICHHU  HArpy3ku  (mpu
pasrpyske) HaOmromaercss %9 o
HCKOTOPOE  «OTCTABaHUE» YINIA 00 4 R : : : : ; ; >

__:N, (2@}0365)

Kpy4eHHMs OT yMEHbIIAIOLIEHCs 0 1 2 3 4 5 6 7 8 $ 10 1
Harpy3Ku, 4TO, OYEBH/IHO CBSI3aHO C HAJIMYHMEM OCTATOYHBIX AeQopMaliiii B CTepKHE.

Jns  onpexeneHus — KodpduuueHTa  MPONOPLUUMOHATBHOCTH  NPEANOYTHTEIbHEE
BOCITOJIb30BaThCSl METOMOM HaumMeHbmux kBaaparoB (MHK), mu6o mpoBectn 00paboTKy
JUHEWHOU 3aBUCUMOCTH I'paUueCcKU.

B nannoM ciyuae ko3 puIueHTs THHEHHON 3aBUCUMOCTH

$=aN+b, (1)

paccuutanubeie o MHK, okazanuce paBHbIMU



a=(360+ 004)102
b=(3+2)

Tak kak ko3¢p¢punmeHT b okazancs 6IM3KUM K HYIIO, @ MOTPEITHOCTh KO PHUIIMEHTa a
okoi0 1%, TO MOXHO CUUTaTh, YTO 3aBUCHMOCTH TPSMO MPOTOPIMOHATBHAS, YTO eIle pa3
HOATBEPIKAAET MPUMEHUMOCTb 3aKOHa ['yKka B TaHHOM cirydae.

st pacuera koddduinmenta npomnopuumoHanbHocTh K B dopmyne 3akona ['yka,
HE0OX0aUMO TPoU3BecTH epecueT (Macca ogHoro reo3as m=10 )

¢ =aN K= 2 _ 3600107
¢ = KNmgd mg 107107 [(B81H0MI0~

AK = K%=8ud(H o)*

=~ 73400°(H O )™

OxoHYaTENHHO, MOIyYaeM 3HaUCHHsI KO PHUIEHTa
K =(734+ 008)0*(HO )™ 2)
Cwmpbica k03¢ GHUIHeHTa — yrol Kpy4IeHHs, IPH €IMHUYHOM [IPHIIOKEHHOM MOMEHTE CHIL.

Yacrtp 2. Ko3gpuuueHT NponopunoHaIbHOCTH.

B Tabnuume 2 mnpuBeAeHb HM3MEpPEHHbIC 3HAUEHHS YIJIOB KpPYUEHHUS CTEpXKHS B
3aBHCHMOCTH OT MPUJIOKEHHON HAarpy3ku ( ) ¥ IS pa3IMYHBIX JUTHH 1ehopMUpyeMOit
gactu crepxas | (B ). B mpenmocienneit cTpoke nmpuBeACHBI 3HaYeHUs KOd(p(UIMEHTa a
(a'=all0® - ansg HPKOHOMHH MecTa), KOTOphle HaMK paccuntansl 1o MHK, X0Ts uX 3HaueHHs
MO’KHO CHSITB TI0 TpaduKy, KOTOPBIN IPUBEICH HIDKE.

Tadauua 2. 3aBUCMMOCTH YIJIa KPy4YeHHsl OT HATPY3KH NMPH Pa3HbIX JAJIHHAX
neopMHUpyeMOi YACTH CTEPKHS.
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W3 rpapuka BHIHO, UYTO HpH BCeX MIUHAX JAePOPMUPYEMOM dYacTH CTEp)KHS
npuOJIMKEHHO HAOIIOAAETCsl MPsIMO TMPOIOPIMOHANbHAS 3aBUCHMOCTh. B mocnenHeit crpoke

TIPUBEJICHBI PE3yIbTATHl pacueToB KodddunuenTa nponoprmonansaoctn K (K' = K [107°%)
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I'paguk 2. 3asucumocmu y2ia KpyueHus
Om HAZPY3IKU

A @, pao (017 PA3HBIX OLUH CINEPHCHA)

, 78 mm
768 mMu

58 mm

48 mm

1 38 mm

28 mm

18 mm

Hakoner, ctpoum rpaduk
3aBUCHUMOCTH KodpunreHTa
POTIOPIIMOHATLHOCTH B
dbopmyne 3akoHa ['yka OT IIHHBI
nehopmMupyemMon 4acTH
crepxkHsa. W3 »sToro rpaguka
BUIHO, 4YTO TIpU HEOOJIBIINX
JUIMHAX ~ 3TOT  Ko3(duumenHt
IPOTIOPIIMOHATICH JUTHHE
CBOOOMHON  YacTH  CTEPKHS,
OTCIOJ]a MOXHO CIeNaTh BBIBOJ,
YTO TIOKa3aTelb CTENEHH B
bopmyie K =CL" paBeH
e/IMHUIIE:

a=1,

8.0 -

AedopMUpyeMOoi HaCcTU CTepPXHSA

Mpacbuk 3. 3aBucumocTe koacpduumeHTa K ot AnNuHel

[ mm
|

-

YTO TAKXKE CIEAYET U3 TEOPUU YIIPYTOCTH.

80
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3aganue 10-1. «ConpoTuBiIeHHEe METANINYECKOT0 MOPOILIKA»

B pabome ucnonvzosan scene3nwlii MmemannuuecKui HOPoOUoK.
Bce u3mepenus ygoOHO TPOBOAMTH MO CXeMe, MOKa3aHHOW Ha
pucynke. Ilepemennbrii  pesuctop  Rmo3Bonsier  peryimpoBaTh
HaIpsDKEHUE, 1101aBaeMOe Ha MCCIIEyeMbli OpowoK. [Ipu BriatoyeHun
KIoua B nonoxkeHue 1 usmepsiercss HampsbkeHue U; Ha M3BECTHOM

pesucrope R, (B Hammx wm3mepenmsx 510 Owm), 4YTO mNO3BOJISET
paccyrTaTh CHIy TOKA Ype3 MOPOIIIOK;

=% (1)

Ro

[lepexiaroueHue Kioua B IOJIOKEHHE 2 JaeT BO3MOXKHOCTb HU3MEPUTh
HanpsbkeHue Ha nopomke U ,.
ITpoBoAMMOCTB OPOLIKA PACCUUTHIBAETCS MO (hopMyIIe

Aol 11U 2
RX U 2 R U 2
Yacrs 1.
Ha rpauxe’ npencraenena 1, mnAl BAX nopouwka (6e3 Harpyskw)
BOJIbTaMITEPHAS XapaKTepUCTHKA L4
nopomika 0e3 Harpysku. Crporo 12 /
TOBOPSI, 3Ta 3aBUCUMOCTh HE JIMHEHHA, //
[OOTOMY B OOLIEM Clly4ae CIexyeT 10 /’
ckazaTb, 4To 3akoH Oma He 08 &
BeINONHAETCA. OnmHAKo, I TOKOB,
menbmux 0,5MA HabmromaeTcs npsMo 0.6 I‘,
MIPOTIOPITMOHATBHAS 3aBHCHMOCTD 04
MEXIy CHUJIOW TOKAa M HaNpsDKEHUEM, .
IIO3TOMY B 3TOM JHala3OHE 3aKOH 0.2
Owma 115t yyacTKa IeMu CIIPaBEeIIHB. 0o U, mB
’ 0 500 1000 1500 2000 2500 3000

DTOT BBIBOJ MOATBEPKIAET W

pacchTaHHaﬂ 3aBHCHMOCTE )\, KO-W_IH 3aBMCHMOCTE NPOBOAMMOCTH MOPOLLKA OT CUMbI TOKA (Ges Harpysku)

MMPOBOAMMOCTHU IOPOIIKAa OT CHJIBI TOKA.

&

B ykazaHHOM nuamazoHe pe3yJabTaThl

u3MepeHuil pasbpoca XaoTHYHO, YTO

CBS3aHO, CKOpee BCETO, C
HNOTPELIHOCTAMU  uU3Mepenuit.  Ilpu
O0bIINX TOKax IIPOBOAMMOCTH

MOHOTOHHO BO3pacTacT, 4YYyTb 60)166,

gyeM Ha 10%.

MoOXHO  HpEeAroNoKUTb,  YTO

yBEJIMYEHUE MIPOBOJAUMOCTH (nm

YMEHBIIICHUE COTIPOTUBIICHHS) CBS3aHO C

YACTUYHBIM CIIEKaHMEM MMKpPOYACTHIL
MOPOILIKA.

! B 5r0if yacTm He NpHBEICHBI NAHHBIC B TAGIMYHOM BHJC, TONBKO JUIS SKOHOMHH MECTa, BCE Pe3y/bTaThl
nmpencTaBieHpl Ha rpadukax. OT ydJacTHHKOB OJUMIHAABI HEe TpeOyeTcss Takoro OOJIBIIOr0 YHClIa TOYEK —

nocratouno 15-20Touek, HO B IPUBEICHHOM 3[1€Ch HHTEPBAJIC HAMPSDKCHHUI.

8



Yacts 2.

B Ttabmuie mnpuBeneHBI pe3yNbTaThl HM3MEPEHHHA TMPOBOAMMOCTH METAIUTHYECKOTO
MOPOIIKA MPU IIONEPEMEHHOM YBEIMYEHUU U CHATUM HArpy3KU MU TPEX LUKIIOB Harpys3ku-
pasrpy3ku. Ilocie kaxaoro u3MeHeHUs Harpy3ku BolaepkuBayicss nHTepBaid Bpemenn 40-50c,
MOKA TIOKa3aHUs BOJBTMETPA HE CTA0MIM3UPOBAIIHCH.

Tabmmpa 1. Pe3yabraThl M3MepeHMii NPOBOAMMOCTH MOPOIIKA NPH HArpy3Ke M
pasrpyske.

HMuxa 1.
A kOm™
™ s
IITYK U,,B U, B R, # N, # B
0 0,90 1,44 318,8 3,14
1 0,70 1,65 216,4 4,62
2 0,41 1,94 107,8 9,28
3 0,22 2,13 52,7 18,98
4 0,133 2,22 30,6 32,73
5 0,105 2,25 23,8 42,02
6 0,093 2,26 21,0 47,65
5 0,091 2,26 20,5 48,70
4 0,101 2,25 22,9 43,68
3 0,127 2,22 29,2 34,28 _
2 0,22 2,13 52,7 18,98 0 1 2 3 4 5 6 7 M
1 0,54 1,81 152,2 6,57
0 1,02 1,33 391,1 2,56
HI/IK.JI 2. “ AA. r{QM !
m I R A D R R
mrye | UoB |ULB | R,# | A # R S
0 1,02 1,33 3911 2,56 1
1 0,83 1,53 276,7 3,61
2 0,48 1,88 130,2 7,68
3 0,26 2,09 63,4 15,76
4 0,17 2,18 39,8 25,14
5 0,14 2,2 32,5 30,81
6 0,123 2,23 28,1 35,55
6 0,12 2,23 27,4 36,44
5 0,121 2,23 27,7 36,14 - ‘ ‘ - - + ‘ e
4] 0,131 2,2 30,4 32,93 L
3 0,165 2,19 38,4 26,02
2 0,273 2,08 66,9 14,94
1 0,65 1,7 195,0 5,13




Huxa 3. AA, xOx™

m,
mTyK U,,B | U,B R.# | A # 7 g0
0 1,18 1,16/ 518,8 1,93 sy
1 0,94 1,41| 333,3 3,00
2 0,59 1,76| 167,6 5,97
3 0,34 2,01 84,6 11,82
4 0,22 2,13 51,6 19,36
5 0,175 2,18 40,1 24,91
6 0,16 2,19 36,5 27,38
6 0,156 2,2 35,5 28,21
5 0,155 2,2 35,2 28,39 - -
4 0,17 2,18 39,0 25,65 o 1 2 3 4 s s 1M
3 0,212 2,14 49,5 20,19
2 0,352 2 88,0 11,36
1 0,81 1,54| 263,0 3,80

st cpaBHEHUs, TPUBEICHBI

1 3aBMCMMOCTL NPOBOOUMOCTI
pu HUKIIa «Harpy31<a: pA, €O NopoLWKa OT BHELWHEro AaBneHns
pasrpyska Ha ONHOM 55
JarpaMMme. 50 -

[TonydeHHble  3aBUCUMOCTHU
00J1a1ar0T psaIoM 45 1
OCOOEHHOCTEH. 40 4
- TIpY YBEIMYCHUH HArpy3Kd 5 |
IPOBOUMOCTb MOPOIIIKa

BO3pACTaeT, YTO CBA3AHO CO 30 1

CXKaTUEM IOpOIIIKa H, KakK 25 4

CIEACTBUE YBEIIHYCHUEM 5 J
IUIOIIAAN KOHTAKTOB MEXIY
MHUKPOYACTULIAMU; 15 ;
- HAOJTIOTAETCS netyns 10 A E
TUCTEpPE3HCa, T.C. IPU CHATHH g J |
Harpy3Ku ocTaercs : . ; . . . i

04 ¥ ¥ ¥ ¥ ¥ ¥ =
HEKOTOpast OCTaTo4YHas m

nedopmarus mopomika (Mim
COXpaHEHHE CTPYKTYPHI YIIAKOBKU YaCTHII);

- OpU TIOBTOPCHUHM IIMKJIOB YMEHBINACTCS «pa3Max» HM3MEHEHHsS MPOBOJAUMOCTH, H3-3a
MIOCTETIIEHHOTO YIUIOTHEHHS (TpaMOOBKH) ITOPOIIIKA;

- B TMOBTOPHBIX NUKJIAX IIHWPHHA TMCTIM TaKXKC YMCHLHIACTCA, YTO TaAKXC CBA3dHO C
«TpaMOOBKOM».

$ , ! ,
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Yacts 3.
I, mA|

BAX nopolka ¢ NONHOW HArpy3Kkoi

Ha pucynke mpuBeneH rpadux
BOJIbTAMIIEPHOI XapaKTePHUCTUKI 8

MOPOILIKAa MpPH €ro  IOJHOU

Harpy3ke. B maHHOM cnydae

3aBUCUMOCTH SABHO HC HHHeﬁHaﬂ. 6
[ToaTomy HE00XO0INMO i

KOHCTaTHUpoBaTh — 3akoH OMa

TSt ydacTka LEH He
BBITIOJTHAETCS. 3

[IpuuuHbl,  yKa3aHHble  TpU

e

obcyxnenun BAX moporka 6e3

-~

Harpy3Ku 37ecb MpPOSBISIOTCA B 1

OOJIBbIIIEN CTEIIEHU:

BO-TIEPBBIX, MOJ  Harpys3koi 0

MMpOBOANMOCTH IOopoIIKa

o
=

100

200

300

3HaunTeNbHO BhIie (0oiece yem B 20 pa3). CrenoBaTebHO, U CHJIa TOKA OOJBIIE, MTO3TOMY
3 PEKTHI CIIEKaHUsI MOTYT MPOSIBIISATHCS CUIIbHEE,

BO-BTOPBIX, TIUIONIAJAM KOHTAaKTOB MEXIy dYacTHI[AMH IIOpOIIKa OOJbIIe,

CIocOOCTBYET OOpa30BAHUIO  JTOTIOJTHHUTEIBHBIX

IIPOTEKAaHUU HJIEKTPUUECKOIO TOKa.

HenuHelHOCTh  3aBUCMMOCTH  MEXAY
CUJION TOKa u HanpsHKEHUEM
NOATBEPXKIACTCI TakkKe M Tpadukom
3aBUCHUMOCTH IPOBOAMMOCTH IOPOILIKA
OT CHUJBl TOKa. 3/€Ch INPOBOJUMOCTH
HECOMHEHHO M3MeHseTcs (moutu Oolee,
gyeM Ha 50%), mpuyeM 3TO H3MEHEHHE
ABJIIETCS. MOHOTOHHBIM. B 3TOM Citydae
HE HaOJII0aeTcsl y4acTKa ¢ MOCTOSHHON
IPOBOJMMOCTBIO  (BO3MOXKHO, IOTOMY,
YTO CHJIBI TOKOB IPEBHIMIAT 1 MA).

[

[
ul

YTO TaKXeE

CBA3EH MEXAYy MHKPOYaCTULAMH IIpU

L A, kO

3aBMCHMOCTE NPOBOAMMOCTH NOPOLIKA OT CUMEI TOKa
(c MonHoW HarpysKom)
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3aganue 10-2. H3yuyeHue NOBEPXHOCTHOIO HATSIKEHMS.

Pacuer k03¢ punmenTa NOBEpXHOCTHOTO HATSKEHHSI TPOBOAUTCS 1O (popmyIie
mg
o= : 1)
271(D - h)cosé
rae M- macca Imecka, KOTOPhIH HEO0OXOJMMO IOCHINATh Ui OTphIBA Koiblla, D - BHeHmIHMi

JIHMaMeTp Kobla, h - ero TonmuHa.
N3mepeHHbIe reOMETpUUYECKHE TAPAMETPBI KOJIbLIA:

Buemmnuii nuamerp D = (32,60, 1)mm
Tonmuua h = (6,0£0,1) MM
JlnvHa JIMHUK OTpBIBA
| =27(D - h)=1634
OIIEHHM TTOTPEIIHOCTh ONPE/ICICHNS UTHHBI THHAN PA3PHIBa°
Al =27(AD+Ah)=13 , & = Al—' =~ 08% . )
[Tpu KoMHaTHOW TeMIepaType MOJyYCHBI CIIAYIOIUE 3HAUCHHSI MacC JIOCHIITaeMOTr0 MecKa:
m=2,4; 2,5; 2,3;2,4;2,5.
Cpennee 3HaYeHHE MacChl JOCHIAEMOro IIeCKa paBHO
m= (242+ 006) . IlpuOoOpHYI0 THOTrPEIIHOCTh MOXXHO TPHHSATH PABHON TOJOBHHE LICHBI

nociensero aenenus Am = 005 . Takum 0Opa3om, MOJHAS MOTPEITHOCTh U3MEPEHUSI MACChI
mecka  paBHa Am= 011 . OrHocuTenpHasT  MOTPENIHOCTh  HM3MEPEHUS  MacChl
_ 011 _

=——= 005=5% . DOra morpemHocts Ooyice, 4UeM Ha MOPSJAOK MPEBBIIIACT MOTPEIIHOCTh

.
U3MEpPEHUsl JUIMHBl JIMHUM OTpPbIBA, II0O3TOMY HMEHHO OHA OIpENeiseT IOrPEelHOCTh
omnpezeneHus: KO3pGUIUEHTA TOBEPXHOCTHOTO HATSKEHUS.

Pacuer 3HavyeHus kod(pUIMEHTAa MOBEPXHOCTHOI'O HATSDKEHUS NPU KOMHATHOM TeMmmepaType
JIaeT CJIEIYIOIee 3HAYCHHE

m

24200°*98

1621073 cos60°
C OTHOCUTEJILHON oInoKoi B 5%.

0
0290—A),

a '”H 3aBucumMocTe NOBEPXHOCTHOMD HATAMXEHWA OT
I/IBMepeHI/IH npu Opyrux ’ M L TemnepaTypbl
TeMIepaTypax MIPOBOISTCS 80
AQHAJIOTUYHO.
I'padux IIOJIy4EHHOU 70
3aBHCHMOCTH MOKa3aH Ha PUCYHKE.
ToyHOCTH  DKCHEPUMEHTAIBHBIX
JTAHHBIX HE XBATaeT, YTOOBI TOYHO 60 1
YCTaHOBUTh BHJ 3aBUCHMOCTH,
MO3TOMY OHa  MOXeT  OBITh 50
ANMpPOKCUMHUPOBAHA  PA3TMYHBIMH
byHKIMSIMH, B TIPOCTEHIIEM 10 ; : i ; i i : -

CJy4dae JIMHEMHOM.

2 «KBa,Z[paTI/I‘-IHaﬂ OIICHKA MOrp€IIHOCTH IMPUBOJIN K €IIC MEHBIIEMY 3HAYCHUIO ITOTPEITHOCTH.
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3aganme 11-1. «A3y4yeHue OaTapeiiku»

N3 3akona Oma 11t TOJTHOM 1LIeTIH CIIeyeT, YTO HanmpsDKeHUE Ha BHeIHeH Harpy3ke U u
CHuJia TOKa B IICIIN | CBs3aHbI COOTHOIICHUCM

U=¢-IR. (1)

JInst SKCTIEPUMEHTAIBHOTO MCCIEOBAaHHUS 3TOW 3aBUCHMOCTH HMPUMEHHMA CIETYIOIIas
TpaJUIIMOHHAs CXeMa, TOoKa3aHHas Ha pucyHke. Kirou o0s3arenbHO HEOOXOAMM, YTOOBI
OTKJIIOYaTh OAaTapeiKy OT LEmH.

PesynpraThl W3MepeHHs 3aBHCHUMOCTH TOKAa OT HANpsDKeHUs, a TakXKe pacueToB
COTIPOTHUBIICHUS 110 hopMmyIie

R=" (2)
¥ MOIIHOCTH BO BHEIIHEH 1enu mo Gopmyse
P=UI 3)

npuBeneHsl B Tabnure 1.

Tadauuna 1. 3aBUCMMOCTH HATIPSIZKEHHWSI HA BHEIHeEH e 0T CWJIbI TOKA B HEH.

K

ITomy4yeHHbIE 3aBUCUMOCTH NpPHUBENEHBI U Ha Tpadukax. 3aBUCUMOCTb HANpSKEHUS OT
CHJIBl TOKa JHMHEHHA, 4TO moaTBepxknaer ¢opmyny (1), a taxke HesaBucumoctb DJIC u
BHYTPCHHETO CONPOTUBIICHHS OT CHibl Toka. M ¢opmynbr (1), cimemyer, YTO YHCICHHBIC
3HayeHnss OJIC W BHYTPEHHErO COINpPOTHBIEHUS MOTYT OBITh JIETKO HaiIeHbl Kak
K02 duIeHThl NuHeHHON 3aBucuMocTH (1). Pacyer mo Meromy HaMMEHBLIMX KBaJpaToB
NPUBOJUT K CIEAYIOIIUM 3HAYEHUSAM 3TUX XaPaKTEPUCTUK OaTapeKu:

£ =(505+ 006) B; r =(207+ 005)# (4)

13
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th th  th

3aBUCHUMOCTb MOIIIHOCTH BO BHEUIHEW LIENH, OT €€ CONPOTUBIIEHUS HE SIBJISETCS MOHOTOHHOM,
OHa MMeeT MakcumyM npu R=21# , 4yro coBmagaer ¢ BHYTPEHHUM COIPOTHBIICHHUEM

Oatapeiiku. DTOT (pakT moaTBepkaaeT 3akoH OMa i BHEmIHEW menu, moctosHctBo DJIC u
BHYTPEHHETO COIPOTHBICHUS Oarapeiiku, a TakKe MaTeMaTUYeCKHUEe NpaBHIa HAXOXKICHUS
KCTPEMYMOB (DYHKITHIA.

\ 3aBHCHMOCTE MOIIHOCTH BO BHeNHeH menH oT
ee CONPOTHB/JIeHHA
P,Bm P

w
-1
-]
=
[x]
=
=
=]
(]
-
-
oo}
-]
=
=
5]
L2
(2]
-]
=
=
=]
-
~
=
=
g
-
=]
el
-]

3.0

2,0

0,0 02 04 06 08 10 12 14 16 18 20 22 24 0,0 1,0 2,0 30 4,0 5,0

Pa3psnky Oatapeiiku cieayeT MpPOBOAUTH Yepe3 aMmIepMeTp, Mpu 3TOM (PUKCHUpPOBATH BpeMs
paspsinku At , Takke npesesibl, B KOTOPBIX U3MEHSETCS TOK (HayaabHbIN TOK |, KOHEYHBIH TOK

paspsaku | ). DTU 3HaueHHWs HYKHBI, YTOOBI BBIYMCIHTH 3apsll, KOTOPBIA MpPOTEK Yepe3

Oarapeliky 3a TaHHBIH POMEKYTOK BPEMEHU

Aq=— 1 at (5)
4=—7 :

3ateM ciexyeT OBICTPO U3MEpUTh 3HaueHus Hanpsokenus U, U, u cunsl Toka |, |, npu aByx
MOJIOKEHUSX JABMXKKA peoctara. [IpuueM HE0OX0IUMO CTPEMHUTHCS K TOMY, YTOOBI 3HAYCHHUS CHIT
TOKOB Pa3JIHYAINCh KaK MOXHO Oosibline (HO ObutM m3MepsieMbl). [10 3TUM 3HAYCHHSIM MOYKHO
BBIUMCIIUTH BHYTpeHHE conpoTtuBieHne u DJ[C 6arapeliku mo ¢popmynam

r:ﬂ, E=U, +Ir. (6)

|1 =1 2
Pe3ynbTaThl TAKMX U3MEPEHUN U PacUYe€TOB MPUBEICHBI B TA0IHIIE 2.

Tadauua 2. Pe3yjJbTaThl H3MepPEeHUI M PpacuyeToB 3aBUCMMOCTH BHYTPEHHET 0
conporuBenus U IJIC 6arapeiiku OT NPOTEKIIEro JTEKTPHUYECKOIr0 3apsaaa.

At,c |l , &1, &|Aq, o} l,, &luB |Il,, &|U B |r# £,
270 15 11 351 351 0,5 2,72 15| 1,04 1,68| 3,56
390 15 1,15 517| 868 0,5 2,36 14| 0,43| 2,14| 3,43
380 1,3 1,05 447| 1314 04| 216 1,1 051 2,36] 3,10
340 11 0,8 323| 1637 0,35 1,95 08| 0,78 2,60| 2,86
420 1,0 0,75 368 | 2005 03| 1,62 08| 0,13 298| 2,51
460 0,8 0,55 311| 2315 0,25 1,22 0,55| 0,13] 3,63] 2,13
390 0,55 0,4 185] 2501 0,2 101 0,4]| 0,048, 4,81| 1,97
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I'paduku 5TUX 3aBUCUMOCTEN MOKA3BIBAIOT, YTO B TIPOIIECCE PA3PSAAKU BHYTPEHHE
CONPOTUBIIEHHE MOHOTOHHO pacTteT, a DJIC MOHOTOHHO MAaJAeT, U TO U IPYroe yXyIaeT

Ka4€CTBO MCTOYHHKA.

34BHCHAMOCTL BHYTPeHHErO CONPOTHEICHHA OT
r,0m npomenmero 3apaia

: K

3agucHEMOcTE D/1C 0T npommeamero 3apsaja

q.Kn
c

0 500 1000 1500 2000 2500 3000

«( » « »

> 0.0
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3aganue 11-2. U3yuyenue porodiemenrta

st m3ydenust GotodeMeHTa, KOTOpbId oOnamaer |
OOJNBIIMM BHYTPEHHUM COIPOTHBIIEHUEM, HEOOXOIMMO l
UCTIONIF30BATh CIICAYIOIIYI0 CXEeMy. 3/eCh PE3HUCTOp C
conpotuBiaeHueM R) =20 # sBisercs cocTaBHOM 4YacTh

Harpy3ku. B monoxenun xiroua 1 BombTMETp MOKa3bIBaeT Ro R
HanpspkeHue Ha  3ToM  pesucrope U,, Kkoropoe — —
UCTONB3YyeTCsl JUIsl  pacueTa CHUJIbl TOKa B IIeNH, B +

MOJIOKEHUHU 2 BOJIBTMETP MOKA3LIBACT ITOJIHOC HAIIPSKCHUC

Ha Harpy3ke U,. Vv
1
@opmMyIel AJIsi pacueTa CUIJIbI TOKa, COMPOTUBIICHUS 5\

Harpy3kd, MW MOUIHOCTH BBIACISIONICHCS Ha  HEH 3 )
IpUBEIEHbl B mpenabiayme 3agade. [lostomy MOXKHO —_—
MPUCTYIATh K U3JI0KCHHUIO TTOJIYICHHBIX PE3YJIbTaTOB.

B Tabnune 1. npuBeneHbl pe3yabTaThl H3MEPEHUNM HANPSHKEHUW U PAacCYeTOB CHJI TOKOB,
COIIPOTHUBIIEHUI ¥ MOITHOCTEH MPH OCBEIIEHUH (POTOIIEMEHTA JIAMIIOUKOH 06e3 CBeTOQHIbTpa U
CO CBETO(PMIBTPOM.

Tabauna 1. ®oT03/1€eMEHT — HCTOYHUK IHEPTHH.

__Bes ceemounvmpa_______| Co csemogunsmpon
Uo.B [UpB || mkd R kOm | P yuxBm _[UoB |UpB || uxd | R xOm | P, uxBm_

I'paguky 3aBUCUMOCTH HANpsDKEHUS HA HAarpy3ke OT CWJIbI TOKa, Ha IEpBBbIA B3IVIAA,
HEoObIuHb! (MJIM HENpaBWIbHBI?) — HET NPUBBIYHOW JHMHEHHO#H 3aBucumoctu! Ho Benpb
UCTOYHUKOM SIBJISIETCS] MOJIYIPOBOJIHUKOBBIN (DOTORJIEMEHT, @ €r0 BHYTPEHHEE CONPOTHUBIICHUE
3aBUCUT OT CHJIBI TOKa, MOITOMY M 3aBHCHMOCTH MOJy4daeTcss HenuHeiiHou. [lpu Oonbiieit
MHTEHCUBHOCTH CBETa M HANpsDKEHUE M CHJIA TOKA, «BblJaBacMble» (POTOIJIEMEHTOM OouiblIe,
COOTBETCTBEHHO Oouibllie U MOMIHOCTH! OTCIOAa CliefyeT <«HEOKUIAHHBIN» BBIBOJ — XOYEIlb
HOJY4YUTh OOJIBLIYI0 MOIIHOCTb, sipye cBeTH! 3aBUCMMOCTH MOLIHOCTH OT CONPOTHUBIICHHS
Harpy3ku MMEIOT MAaKCUMYMBI, HO MX IOJIO)KEHHE HE MOXKET ObITh PAaCCUUTAHO aHAJIMTUYECKH,
TaK KaK HE M3BECTHA aHAJMTHYECKas 3aBUCHMOCTH CHIIBI TOKA OT HANpsDKEHUs (a KpoMme TOro,
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BHyTpeHHee comnpotusienue, DJC u t1.1.). [lo mpencraBieHHbIM TpadukaM MOXHO CHENATh
BBIBOJl, 4YTO YBEJIMYEHUE HWHTEHCUBHOCTH IPUBOAUT K YMEHBUICHUIO BHYTPEHHETO
CONPOTHUBIICHUS (3TO BUIHO MO CMEIICHUIO MAKCHMYyMa MOIITHOCTH).

1 U,MB HanpsaxeHWe Ha Harpy3Ke oT CUNbl TOKa "o / P, uxBm MolHOCTE OT CONPOTUBNEHUA Harpy3ku
2,5
M et 60 ’(/@’&-&@\ o3
20 B ceemoghiytempa / ceemodiuTsmpa
\ 50 N
15 40 fr——y e
gy
. “ /@’
co 20 ﬁ
0 CERMOPUALIMPOM / ceemogi1empom
,5
10
1,4 RixOm
0,0 > M
0 10 20 30 40 50 0 20 40 60 80 100 120 140
* "

Yactb 2. DoTOIJIEMEHT KaK NU3MEPUTEJIb HHTCHCUBHOCTHU CBETA.

OueBuAHO, YTO U3MEPAEMON BEIMUMHON JOJKHA ObITh CHUJIa TOKA, TMOO HaNpsKeHHE Ha
Harpy3ke. [Ipy HenmocpecTBeHHOMY MOJKIIOYEHHIO BOIBTMETPA K (POTORIEMEHTY OKa3bIBaeTCHs,
4TO perucTtpupyemoe HampsbkeHue (mpaktuueckun paBHoe OJIC  ¢orosnemeHTa uM3-3a
3HAYUTEIBHOTO COMPOTUBIICHHUS BOJBTMETPA) OUYCHb CJA00 3aBUCHT OT OCBCIICHHOCTH
¢dorosnementa. OgHAKO 3apaHee HE OUYEBUAHO, NMPH KAKOM CONPOTHBICHHHM BHEIIHEH IIenu
CleyeT TMPOU3BOANTH H3MEpPEHHUsT — CIMIIKOM MHOro (akTOpoB BIUSET Ha 3TOT BHIOOD.
OCHOBHBIM KpPHUTEPHEM BBIOOpA JOKHA OBITh UYBCTBHTEIBHOCTH (DOTONPHEMHHKA, OTHOILICHHE

. AU
€ro U3MCHCHUA €ro IoKasaHuM K HU3MEHCHHIO MHTCHCHUBHOCTH CBeTa3 ﬁ =? . HOBTOMy BCEC
|

U3MEPEHUs CIIEYyeT MPOBECTH, KAK MUHIMYM, TIPY JABYX 3HAYCHUSX CONPOTHUBIICHHUS HATPY3KH.
OcHoBHAas HpO6HeMa BBITIOJIHCHU L I[aHHOﬁ qaCcTu 3aJaHusd 3aKJIH4YacTCa B TOM, YTO

WHTCHCUBHOCTH TTJIAIOIIET0 CBETa MCHSETCS 110 3apaHee HEM3BECTHOMY 3aKOHY.
JleficTBUTENHHO, TYCTh KOA(P(GUIMEHT MPOMYCKaHUS OJHOTO CBETOMUILTPA paBeH ) ,

TOT/1a MHTEHCUBHOCTH CBETa, npouiesmiero uepe3 N cBeTodhuiabTpoB Oyaer paBHa

- N

i =i, . (1)
Ho 6ena B Tom, uT0 KO3 HHUIMEHT MPONyCKaHUs ) HE W3BECTEH, €To €Ile HaI0 HauTu!

JI71s1 3TOr0 MOKHO KMCMOJIb30BATh CJIECAYIONIYIO OCIEA0BATEIbHOCTD ICCTBUIA:
1) mnpenamnosoxuMm, 4YTo (HOTOIJIEMEHT JIMHEHHBIA, TO €CTh H3MEPSIEMOE HAIPSHKCHUC
MPOTMOPITMOHATHPHO HHTEHCUBHOCTH;
2) W3MepUM 3aBHCUMOCTb MOKa3aHMil (POTOMETpa OT YMCIIa CBETO(UILTPOB

u=AQ" )
3) mocTpouMm ee B Torapu(hMUIECKOM Macirade
InU =InA+ Niny. (3)

% MbI 0603HAYMIN HHTCHCHBHOCTB CBETA CHMBOJIOM |, YTOGHI HE IIYTATh C CHIIOM TOKA, XOTS OHA B 9TOI 4aCTH
¢durypuposats He Oyner. Kak 3To 4acTo OBIBa€T B ONTHYECKUX U3MEPEHHUS MHTECUHOCTH CBEeTa OyJIeM H3MEPSTh B
HEKOTOPBIX OTHOCUTEJIbHBIX €ANHHIAX.
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4) wHaiaeM Ko3(pPHUIMEHT HAKIOHA (€CTH MOJTY4UTCS JIMHEHAS 3aBUCUMOCTD), KOTOPBIi
coriacHo ¢opmyiie (3) paBer In y u onpenenum kK03hUIMEHT NPOITYCKaHUS V ;

5) paccunTacM HHTCHCHBHOCTH CBETa, mpoieamiero yepe3 N cBeTohuibTpoB mo hopmyiie
(1);
6) HaKOHEIl, MOCTPOUM 3aBUCHMOCTH U3MEPSIEMOT0 HATIPSKCHUS OT UHTCHCUBHOCTH
raaromniero ceera!
Ecnu momyuaTthcs TMHEWHBIE 3aBUCUMOCTH, TO HAIlle TIEpBOE IPEANoIoKeHne BepHo! A eciu He
noyuutcs? byaem ontumucramu!

Wrak, B Tabauie 2 npuBeneHbI pe3ybTaThl K3MEPEHUN U PAcUeTOB IO MPEIJIOKEHHON cxeme. A
HIDKE TIOKa3aHbl rpauKy 3aBUCMMOCTH HAPsDKEHUS Ha HAarpy3Ke OT Yhciia CBETO(PHIBTPOB.
Tadoauua 2. ®oT031€eMeHT — U3MePUTEIb HHTEHCHBHOCTH CBETA.

R0o=20 kOm R0=48 kOm
Uo,B | In(Uo) | Uy,B | In(Uy)

0,86| -0,151 1,58| 0,457

0,61 -0,494 1,30 0,262

0,48 -0,734 1,03 0,030
0,36| -1,022 0,80| -0,223
0,28| -1,273 0,63| -0,462
0,21] -1,561 0,47 -0,755

A DY’B 3aBMCUMOCTE HANPAXKEHUSA OT YMCNA CEETO(UNLTPOR 38BUCHMOCT HAPSKEHHS OT YHCIA CEETOUNLTPOR
y ln(br) (norapudimmnyekan wkana)
\ 0,5
™. N
0,0 -
\L ]
T Ro+48 kOn
= 0,5 -
Ro=48 xOA \‘\ ST
\ k\‘ -1,0
'\\H t Ro=20 kO ,\
.\4 15 -
Ro=20-x0OMm
N
= 290
0 1 2 3 4 5 6 0 1 2 3 4 S 6
[Toxoxe, HaM 1oBe3n0 — B JorapupmuueckoM U8 sasucuocrs wanpswens or T o caera
v 1,6 T T T T T T T T T T T
MacimTade MOJIYIHINCh MPAKTHUECKH JINHEHHBIC 0 ) [ B I 77
3aBUCUMOCTH. boiee Toro, oOHH I@IOYTH M
Ro=48 RO 1*
HapaiiebHbl, CIEJOBATEIbHO KOIPOUIMEHTHl 124+ +—
UX HAKIOHA MPAaKTHYECKU OIMHAKOBBI. Pacuer |- il
stux ko3¢ purmenros mo MHK naer 3nHauenus - < 4
0.8
- ’ e
0,25 u -0,27. IlooToMy Jajiee HCIOIb3yEM gEEEEE % ko
cpenHee 3HaYCHHE N 0 R 0 S T G R R 0l 5 ot (600 S ESF IR T
: : / H : //C :
Iny=-026 y =exp(- 026)= 077. P ARED= 4
o L~
HaxoHerr 3aBepmaromuii akkop,] — 3aBUCUMOCTh 2 5 o o o s v v e
U3MEPSEMOT0 HAMPSOKEHHUST OT WHTCHCHBHOCTH oo B I O S O

ceera. llomydyeHsl TpakTHYeCKW JWHEHHBIe % % 0 04 05 06 a7 08 0 L0

3aBHCUMOCTH, OCOOEHHO Ui MEHBIIEro compoTuBieHus. [Ipu OosbIIeM CONPOTUBICHUU —
qyBCTBUTEIILHOCTh OOJIBINE, HO YK€ IPOSBISETCA HENMMHEHHOCTh. Tak, 4yTo ocraercs cBoOoma
BbIOOpa Ha CBOM BKYC!
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