TpeTuid aTan pecnyoanKaHCKoW onnMnuagsl no y4ebHomy npeameTy «Pursnkar»
2020-2021 y4ebHbIin rog,

PewueHusd 3aga4d. 11 Knacc

3afjaHne 11.1 KonbLesada Lenb

YacTb 1. [NoagrotoBUTeIbHas.

1.1 laHHas vyacTb paboTbl ABNSAETCS TPaAULMOHHONW. B pe3ynbTaTte NpoBefeHHbIX N3MEPEHWIA 1
nocnegytolert 06paboTKM NOyYeHO 3HaYeHne
R =(2,99 £ 0,05)0Om 1)

1.2 Ans nameperna 3C v BHYTPeHHero ConpoTMBIEHNSA NCTOYHMKA CriedyeT NonyynTb
Harpy304HYH0 XapaKTepuCcTUKY UCTOUHMKA: 3aBUCUMOCTb CW/bl TOKA B LIEMW OT HaNpsXKeHMs Ha
BHELLIHEM pe3uncTope. 15 3TOro He06X04MMO NPOBECTN U3MEPEHWSA 3aBUCUMOCTM HAMPSXKEHUS Ha
BHELLUHeM Pe3nCTOpe OT ero ConpoTMBEHNS, MOC/E Yero NPOBECTM pacyeT CU/bl TOKa. Pe3ynbTaThbl
N3MepPeHNin npeacTaseHbl B Tabnuue 1 1 Ha rpaduke (MOCTPOeHMe rpadvka He 0653aTeNbHO).

Ta6nv|u,a 1. HarpysouHas xapakTepucTnka UCTOYHMKA
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3Ta 3aBUCMMOCTb OMMCbIBAETCS POPMY/IONA
U=e¢-1Ir,
MosToMy MapameTpaM MOMYYeHHOW 3aBUCMMOCTU (KenaTenbHo no MHK) nerko onpegenuTb
XapaKTepUCTUKN UCTOYHUKA. 10 NpnBeAeHHLIM AaHHbLIM NONYYEHbl 3HAUEHUA:
€ =(1460+4)mB

r =(0,39+0,02)0Om
UacTb 2. KonbLeBas cxema.

B faHHO cxeme NOTeHUMa bl TOYEK paccUMTbIBAKOTCA MO opmyne
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Pe3ynibTaTbl M3MepPeHWIA NpeLCcTaB/eHbl B Tabnuue 2 1 Ha rpadmke.

Tabnvua 2.
Z n KO]'IbLl,eBaﬂ cxema
n (teop) | /n: B Z, s
0 0,00 5,0 0,00 : |
1 025 | 3430 | 0725 =Y
2 0,50 | 697,0 | 0,51 2 os 7 >
3 0,75 | 1030,0 | 0,75 = 06 / \\
2 100 [ 13680 | 100 | |:. .| | 7 AN
5 0,83 [ 11400 | 083 : | N
6 0,67 | 9100 | 0,67 z 02
7 0,50 | 679,0 | 0,50 * 00 .
8 0,33 | 4630 | 0,34 0 2 4 6 8 10 12
9 047 | 2300 | 017 rorep e
10 0,00 6,0 0,00

CnnoLuHas NMHWA — Teopus, TOUYKM — 3KCMepUMeHT. KpaliHe He3HauuTeNbHbIE Pa3Muns Mexay
HUMUW OOBACHAKOTCA CONPOTMBIEHMAMMW NPOBOAOB M HEGOMBLUMMI Pa3INYMAMU B COMPOTUBNEHNSX
3BEHbEB NMPOBO/IOYHBIX PE3VICTOPOB.

YacTb 3. KonbLeBas Lenb ¢ NepemMblUKOii.

AHaNornyHble N3MepPeHUs NPOBeeHb! U AN1S LIENW C NePEMbIYKOIA.
Pe3ynbTaTbl M3MEPEHWIA N pacyeTOB MOKa3aHbl B TabnMLe 3 1 Ha CleAytoLeM rpaguke.

Tabnmua 3.
Zn Cxema c nepeMbIYKoi
n (Teop) Jq B Z, 10
0] 000] 5 0,00 S
1 0,21 | 289 0,22 s o
2| 043] 583 044| | Eos /N
3] 071] 958 0,72 = 0 / AN
4] 1,00 1333 100| | %, Y N
5 0,86 | 1140 0,86 g
6 0,71 952 0,71 2027
7 0,57 758 0,57 * 00
8 0,43| 575 0,43 0 2 4 6 8 10 12
9 0,21 285 0,21 HOMEpP K/1EMMbI N
10 0,00 6 0,00
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UacTb 4. MocToBas cxema

Pe3y/bTaTbl M3MepeHWA MokasaHbl B Tabnuue 4. M Ha rpaguke. HopmupoBka npoBefeHa Ha
MaKCUMasIbHYt Pa3HOCTb NOTEHLUMANOB (/ , - /,) MEXAY TOYKaMMn NOAK/IYEHNUA NCTOYHMKA.

Tabnmua 4.
MocToBas cxema
n UZn’ VB ZZn 0,6 J
0 -315 -0,508 05
1 186 | -0,300 S os / AN
2 0] 0,000 g 03 7 N
3 152 0,245 g 02 7 . X
4 305 0,492 e / (&N
5 137 0,221 g 00 7 ! N ] T 1
6 58 0,094 g 0! 7 N
7 0] 0,000 g 2 N
8 -57 | -0,092 : 1/ X
9 -140 | -0,226 = N
10 -307 | -0,495 o }
HOMep NoAKNKYeHnA n

[ns cpaBHEHWS Ha rpaMK HaHeceHa npsiMas PasHOCTW MNOTEeHUWanoB, MpW YCMOBWUW, YUTO
COMPOTMB/IEHNE MEPEeMbIYKM OECKOHEeYHO Benmko (Tabnumua 2). Kak BWAHO, NOMy4YeHHas
3aBMCUMOCTb 6/M3Ka K 3aBMCUMOCTM, MONMydYeHHOlU paHee. OTMETUM, 4TO WU 3aBUCMMOCTb
noTeHUMana Ans CXeMbl C MEPEMbIYKONA. [103TOMy CneaoBasno 0XKuaaTb, YTO U NPOMEXYTOUHbIN
cnyyai Takke 6yaeT nofo6eH, 3TUM Xe 3aBUCUMOCTSM.

K 0co6eHHOCTAM rpagimka MOXHO OTHECTU CRefytoLlee:
- 0YEBMAHOE MOMIOXEHWNE HYNE U MaKCUMyMa FpadvKa;
- CUMMETPUS y4aCTKOB MOHOTOHHOCTM rpadKoB OTHOCUTE/IbHO TOYEK 2 U 7.
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3afaHune 11-2. YcTaHOBNEHWE BMA 3aBUCUMOCTU
YacTb 1. OCHOBHOI Habop napameTpoB.

[nsa BbINOMHEHNA 3afaHusi HEOOXOAMMO NPOBECTM HECKO/IbKO U3MEPEHUI nepuoda KonebaHuin u
NMPOBECTU MX 06pPaboTKy. B pe3ynbTare NPoBeAeHHbIX U3MEPEHNIA MONYYEHO CeaytoLLee 3HaUYeHne
nepuoga

T, = (158 +0,03)c 1)

YacTb 2. 3aBUCUMOCTb Nnepuoga KonebaHui oT Ymcia noaseLleHHbIX rpy3os T (n)

2.1 Mpun KonedaHNsX CTEPXKHSA M3MEHSIETCS MOTeHLMaNbHas 3HEPTUst B NOMe TAXKECTU 3eM/IU, Tak
Kak CcaM CTepXXeHb HEMHOro npunogHumaeTcs. CnegoBaTeslbHO, MpW  NOABELLUMBAHUU
[OMNONIHUTENbHBIX TPY30B OYAET M3MEHSATLCS napameTp K 3TO M3MeHEeHVEe MOXKHO MpeAcTaBUTb B
BUaE

+
K _m;+nm —1+n )
K0 mO mO
CnepoBatenbHo, Nepunof KonebaHuii 6yaeT N3MeHSATLCS N0 3aKOHY
p=t - |1 @®)
TO 1+ nm
mO

1
YToObl NMHeapn30BaTh 3Ty 3aBUCUMOCTb €€ C/ieflyeT NpeLcTaBuTb B BUAE Tz =f(n).

B Tabnuue 1. MpuBeaeHbl pe3ynbTaTbl U3MEPEHUIA 1 pacyeToB, 15 MPOBEPKU 3aBUCUMOCTM (3).

Tabnmua 1.

n tl t2 t3 Tcp z 1/z2

0 7,89 7,93 7,91 1,582 1,000 1,000
1 5,33 5,37 5,34 1,069 0,676 2,189
2 4,31 4,32 4,27 0,860 0,544 3,384
3 3,75 3,81 3,74 0,753 0,476 4,410
4 3,38 3,39 3,34 0,674 | 0,426 5,509
5 3,10 3,07 3,08 0,617 0,390 6,581
6 2,88 2,90 2,87 0,577 0,365 7,526
7 2,72 2,80 2,74 0,551 0,348 8,253
8 2,59 2,61 2,58 0,519 0,328 9,303
9 2,52 2,49 2,51 0,501 0,317 9,958
10 2,45 2,40 2,38 0,482 0,305 | 10,773

B Tabnuue ykasaHbl BpemMeHa 5 KonebaHWid, M3MepeHHble Tpu pasa. ['padk NMHeapr30BaHHOM
3aBMCUMOCTM (MOKa3aHHbIA Ha PUCYHKE) MOCTPOEH MO MEPBOMY W MOCNeAHEMY CTONOLY LaHHOWA
Tabnmupl.
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3aBUCUMOCTb Nepuoaa KonebaHuii oT Yncia NnoABelleHHbIX
rpy3oB (/IMHeapr3oBaHHas 3aBUCUMOCTb)

y =0,9764x + 1,3805

12

10 /u
8 /

1/z2
()]
K

2 4 6 8 10 12

4nCc/o rpy3oB

MonyyeHHas 3aBMCMMOCTb 6/M3Ka K NMHEHOW, YTO NOATBEPXKAAET CAeNaHHbIe NPeanooXKeHUs.
3aMeTHble U CUCTEMATUYECKIE OTKOHEHMS SKCNEPUMEHTaNIbHBIX TOUEK OT /IMHEHO 3aBUCMOCTU
0OBACHAOTCA TeM, YTO MPK KOMebaHUAX CTEPXKHS TPy3bl TakXkKe Crerka NpUBOAAT B [BUXKEHNE.
CnepoBaTenbHO, MX YMCNO TaKXKe He3HauMTeNbHO B/IMSIET M Ha napameTp M B TeOpeTunyecKoii
Moaenu.

YacTb 3. 3aBUCUMOCTb Nepuoja KosiebaHnii MassTHUKa OT NOSI0XKeHUA raek T (r)

MpU M3MEHEHWUWN MOMOXEHMS TaeK MOTeHLMaNbHas KpuBas He M3MeHsieTcs. Ho 3To BAMsieT Ha
KAHETMYECKYID  3HEPruMi0  CUCTEMbl, KOTOPOW  [106aBNsieTC  C/araeMoe,  OMMUChIBAtOLLEE
KWHETMYECKYHO SHEPT IO TaekK:

E, = (A+ mrz)g

CnepoBaTenbHO, B AaHHOM 3KCMEPUMMEHTE M3MeHsieTca napameTp M . [Mo3aTomy, 3aBUCMMOCTb
nepuofa KonebaHuii OT PacCTOAHMS I UMEET BUL:

T _ A+mr?
T, V' A

NS NHeapu3aLmm JaHHOV 3aBUCUMOCTU CieayeT NpeAcTaBuTh ee B Buae Z2 = f (rz)

B Tabnuue 2 npuBeaeHbl pe3ynbTaTbl U3MEPEHWI 1 pacyeToB TpebyembiX NapameTpoB.
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Tabnmua 2.
r, CM t1 t2 t3 Tcp T%cp r’
12 8,43 8,35 8,39 1,678 2,816 144
11 8,21 8,27 8,18 1,644 2,703 121
10 8,05 8,03 8,02 1,607 2,581 100
9 7,86 7,87 7,84 1,571 2,469 81
8 1,72 1,72 7,69 1,542 2,378 64
7 7,60 7,56 7,61 1,518 2,304 49
6 7,48 7,42 1,47 1,491 2,224 36
5 7,28 7,33 7,29 1,460 2,132 25

I"pathnK NMHeap30BaHHON 3aBUCMMOCTY MOKa3aH HUXe.

2020-2021 y4ebHbIin rog,
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MonyyeHHas 3aBUCUMOCTb MOTHOCTLIO MOATBEPXK/AAET Pe3y/bTaTbl TEOPETUYECKOrO aHa/In3a.
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o L
YacTb 4. 3aBUCUMOCTb Nnepuoga KonebaHuii oT OTHOLEHNS /1 =—.

a

MpeanoXeHHas B YC0BMM 3aBUCUMOCTb JONYCKaeT HEOObIYHYH NIHeapu3aLms:

3aBMCMMOCTb NepeMeHHol Y = In(T+/L)

OT nepeMeHHoi X = Inge—ig
élLo

[IO/KHA ObITb NMMHEAHOMN.

B Tabnuue 3 npuBeaeHbl pesynbTaTbl HEOOXOAMMbIX N3MEPEHNIA N PaCcUETOB.

Tabnmua 3.
a, CM L, cm tl t2 t3 Tcp a/lL X Y
S) 30 8,43 8,35 8,39 1,678 0,167 | -1,792 2,218
5) 27,5 7,78 7,75 7,78 1,554 0,182 | -1,705 2,098
5) 24,5 1,47 7,48 7,41 1,491 0,204 | -1,589 1,999
5) 21,3 6,73 6,67 6,70 1,340 0,235 | -1,449 1,822
5) 18,5 6,00 6,42 6,39 1,254 0,270 | -1,308 1,685
4 30 10,48 10,47 10,42 2,091 0,133 | -2,015 2,438
3 30 14,09 13,97 13,99 2,803 0,100 | -2,303 2,731
2 30 19,53 19,50 19,71 3,921 0,102 | -2,708 3,067
JInHeapuzaun Yactn 4
y = -1,0014x + 0,396
3,5
O\\\Q\ 3,0
2,5
> ~
% \
I = 2,0
o R
qz) 1,5
o
[}
c
1,0
0,5
0,0
-3,0 -2,5 -2,0 -1,5 -1,0 -0,5 0,0
nepemeHHasa X

pamk NMHeapu30BaHHOM 3aBUCMMOCTU MOATBEPXKAAET MPEAJ/IOKEHHYO aBTOPOM  3ajayn
3aBMCUMOCTb. KOapthmumeHT HaknoHa rpadumka (T.e. MICKOMbI NoKa3saTte/lb CTeMNeHN) paBeH

g=-1.
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