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Y4eb6Hada npakTHKa

NOoPAAOK BbIMOJIHEHUA PABOTDI

Llenb paboTbl: 0byyeHMe OCHOBHbIM HaBblkaM 06paboTKM 3KC-
NMepVMEHTabHbIX aHHbIX, COCTAB/IEHUIO OTUYETA O BbIMOJIHEHHOW pa-
boTe.

Bbi6op BapuaHTa:

MpeanocnegHas undpa 3aueTkm

0[1[2[3][4a[5[6][7[8]09

0| 1t [t 2123134 [14]5[15

e [1[ 2123134 |14[5[15]6[16
& [2[3 13[4 145 [15]6 [16] 7 |17
Ss |34 145156 [16]7 [17]| 8 |18
sk (4[5 [15]6 16| 7 [17]8 [18] 9 [19
27 [5[6 16| 7 [17]8 [18]9 [19]10] 1
gm 6|7 178 [18]9 [19[10[ 1 [11] 2
9 |7 [8 18919101 [11]2 [12]3
= |89 19101 [11]|2[12]3 13[4
9 (10| 1 [11] 2 123 [13]4[14]5

Mopsaok BbiNosIHEHUS pa6oTbl:

1 3anonHeHne TUTYNILHOMO /IMCTa OTYeTa.

2 Co3paHue cTpykTypupoBaHHoro ¢aiina (data.prn), cogepxa-
Lero MCXoAHble AaHHble 13 Tabnuubl 1.

3 Oumdposka rpacmkos ans R u L B nporpamme GetData Graph
Digitizer. 9kcnopT B COOTBETCTBYIOLLME CTPYKTYPUPOBaHHblE aiinbl
dataR.prn n dataL.prn.

4 YteHne maHHbIX M3 danna data.prn, nocrpoeHve rpadukos
NCXOAHBIX AAHHBLIX B BUAE TOYEK Ha AEKApTOBOM M/IOCKOCTH.

5 YteHune gaHHbIX 13 ainos dataR.prn u datal.prn, nocrpoe-
HMe COOTBETCTBYIOWMX FpadmKkoB B BUAE NMHMI. Ha rpadmku HaHecTu
TOYKM 3KCMEPUMEHTANIbHO MOJTYYEHHbIX AaHHbIX.

6 Moabop BMAa (PyHKLUMOHANBLHOW 3aBMCMMOCTM MO 3KCrepu-
MEHTa/IbHbIM A@HHbLIM C MOMOLLbID pyHKUMIA linfit Ans 3HayeHun R u
genfit ana sHauyeHu L.

B NMHeNHON KOMBWHaUMKM WUCMOMb30BaTh HE MeHee Tpex (yHK-
LU,

Ona dyHkummn genfit akcnepumeHTanbHO nogobpatb Bua yHK-
unm 13 pspa:

4
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Y4eb6Haa npakTHKa

4y
x—a,

( 2 1 (_xj
y=expla, +a,x+a,x ), y=—exp| — |+a,, y= +a,.
a a

0 1
7 MNocTpoeHne CoBMELLEHHbIX rpadUKoB:
- nogobpaHHas (yHKUMOHaNbHas 3aBUCUMOCTb M SKCMEpPUMEH-
TallbHbIE TOYKM;
- nogobpaHHas yHKUMOHANbHas 3aBUCMMOCTb M oumndpoBaH-
HbI1 TEOPETMYECKUIA IpacduK.
8 OdopMneHne oTUYETa MO BbINOSIHEHHOW paboTe.
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Ydye6Has npaKkTHKa

YKA3AHUSA NO BbINMOJIHEHUIO PABOTbI

Co3paHue CTpyKTypMpoBaHHoOro cgaina popmarta *.prn

dopmat *.prn aBAseTcs ogHMM M3 OPMaTOB AaHHbIX, C KOTO-
pbiMn pabotaeT MathCad. W3HyTpu daiin gaHHoro ¢opmaTta npea-
cTaBnsieT coboii TEKCTOBLIN (hain, cogepXkalumii UMdpoBble 3HAYEHUS,
pasaeneHHble B 0AHOW CTpoke Tabynauuen. dopmupoBaTtb daiin pe-
KOMEeHAYEeTCS B pefakTope BoKHOT.

B HOBGbIV TEKCTOBLIA AOKYMEHT HEOBXOAMMO NEPEHECTU AaHHbIE
13 Tabnuubl B BUAE, NPUBEAEHHOM Ha pUCYHKe 1.

MNepsoe 3HaueHue f Mepsoe 3HaueHue R MepBoe 3HaueHue L
BTropoe 3HayeHue f Btopoe 3HayeHue R BTopoe 3HaveHue L
TpeTbe 3HaueHue f TpeTbe 3HayeHue R TpeTbe 3HaueHue L

MocnepgHee 3HaveHue f  MocnegHee 3HaveHne R MocneaHee 3HayeHue L

a)
MNepBoe 3HauYeHne a MNepsoe 3HayeHue R MepBoe 3HaueHue L
BTopoe 3HaveHue a Btopoe 3Ha4yeHue R Btopoe 3HayeHue L
TpeTbe 3HaueHue a TpeTbe 3HayeHue R TpeTbe 3HayeHue L

MocnepgHee 3HayeHne a  lMocnegHee 3HayeHne R ocnenHee 3HayeHue L

6)
PucyHok 1 — CTpykTypa daiina data.prn a) npu 3aBucumoct R n L ot
yactoTbl; 6) npu 3aBucnMMocTn R 1 L oT paccrosiHua mexay
NMPOBOAHUKAMM

Pazpenutens Mexay UenoW M AeCSTUYHOW 4acTblo TOYKa, B
KaXXOOW CTpOYKe 3HAYeHWs OTAENIeHbl ApYyr OT Apyra Tabynsuuven
(knaBuwa Tab).

Mocne Habopa 3HauyeHWii HEOBX0AMMO COXPaHUTL ain B pabo-
yni KaTtanor ¢ umeHem data. B npoBogHuke (Mnu nO6oOM Apyrom
(balnoBoM MeHemXepe) M3MEeHWTb pacluMpeHne daina ¢ *.txt Ha
*.prn.
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Y4eb6Hada npakTHKa

Pa6oTta c maccuBamu B MathCad

[ns NpuUCBOEHMSI NEPEMEHHOM HEKOTOPOrO 3HAYEHMSI WUCMOSIb-
3yeTcsl onepaTop :=, KOTOPbII B NPOrpaMMe BLICTaB/SETCS HaXaTuem
KOM6MHaumm ropsiumx knasuuw Shift+;

MNepeMeHHON MOXET ObiTb MPUCBOEHbI Pa3fMYHbLIE 3HAYEHMS,
HanpuMep, KOHCTaHTa, BEKTOP, MaTpuua, pe3ynbTaT BblUMCIEHUS

dyHKUMM
4
A=35 B = [ ]
6

1 0
C:= D
i -1 1

[ns BCTaBKM MaTpulbl WM BEKTOpa HEO6X0AMMO BbIGpaTh B
MeHI0 BcTaBka->Matpuua. B AManoroBoM okHe ykasaTb HYXHYH pas-
MEPHOCTb.

Ans pocTyna K 3neMeHTaM MaTpuvubl UCMONb3YIOTCS HUDKHUE

UHOEKCHI
4 1 0
B = C:=
[5] - [—1 J

Bp=4 C0=1=0

exp(A)

[ns ykasaHus HUXKHEro nHAaekca HeobxoamMMO HaxaTb ropsivyro
KnasmLy [

MathCad no3sonsiet 3agaBatb (OYHKUMOHANbHYIO 3aBUCMMOCTb
OT HECKOMbKUX apryMeHTOB, Hanpumep:

E(x) = x2 +1

F(1) =2

YreHme gaHHbIX 3 painna B MathCad

[ns KoppekTHoM paboTbl ¢ dainamu, dain MathCad gomkeH
pacrofiaraTtbCsl B TOM XK€ KaTasiore, 4to v ain ¢ JaHHbIMK.
[ns Toro 4yTobbl cuuTaTh U3 charina data.prn Tpu BekTOpa C
AaHHbIMK, HE06X0AMMO BbINOMHMTL CNeaytolmne AeNCTBUS:
® yTeHMWe AaHHbIX U3 CTPYKTypupoBaHHOro ¢aiina B 0606LeH-
HYt0 MaTpuuy
o o¢yHKumMa READPRN(“umna_daitna.prn”) Bo3Bpaliaer

7
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MaTpuuy. Kaxkaas cTpoka B ¢anne cTaHOBUTCA CTPO-
KOW B MaTpuue
e pasbueHune 0b06LEHHOM MaTpULbl Ha BEKTOPA
o ¢yHKumMAa submatrix(A,ir,jr,ic,jc) Bo3BpalwiaeT noamat-
puLy, COCTOALLYIO U3 3/IEMEHTOB, COAEPKALLMXCA B
CTPOKax c ir no jr n ctonbuax c ic o jc maTpuubl A,
O Hymepaums CTpoK u ctonbuos B MathCad no ymon-
YyaHuo ocywectendetca ¢ 0 M cnegoBaTenbHO, WH-
OeKc nocnenHero snemeHTa Bektopa AnvHbl N 6yaer
N-1;
O 4YMUCANO CTPOK B MaTpuLLe Uan BekTope A onpepenset-
€A C NOMOLWbIO PYHKLMM rows(A).
TakuM 0bpa3oM, Ans Toro, Ytobbl CUMTATb BEKTOP 3HA4YeHU R
n3 paina data.prn, HeobxoaMMo 3anncaTb CeAyOLWNIn Koa:
A = READPRN("data.pm")

= rows(A)
= submatrix(A,0,N - 1,1.1)

i 1z

[ns panbHeiwel o6paboTkM AaHHbIX HEOBXOAMMO BbIAENUTH
cnepytowme Bektopa: f (Mim a B 3aBUCMMOCTM OT 3agaHums), R u L.

Ouudposka rpacdukos B nporpamme GetData Graph
Digitizer. CoxpaHeHue B chopMmaT *.prn

Mocne oTKpbITUS dalna ¢ rpadpukoM B NporpaMme HeO6XoaNMO
3apaTb ocu. HaxaTb Ha KHonky Set the Scales (pucyHok 2).

ile  Operations Miew  Settings Help

PucyHok 2 — KHonka 3agaHus ocei

Mocne yero WenYykoM MbIWW Onpeaensercs Toyka C HauMeHb-
UMM 3HaYeHneM no ocm abcumcc (pUCYHOK 3, ) U B AMANIOrOBOM OKHE
3a[aeTC MMHUManbHOE 3HadeHue no ocu abcumcc (pucyHok 3, 6).
Mo3xe 3To 3HayYeHne MOXHO ByAeT NOAKOPPEKTMPOBATb.

8
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Ig’gt{& ] Y4eb6Haa npakTHKa

Xmin value

|3

64—74|—
3

4
]
a) 6)

PucyHok 3 — 3agaHne MMHMManbHOMO 3HaYeHus No ocu abcumce

TOYKa C HanbonblMM 3HaveHneM no ocn abcumcc (noanuck Set

Xmax):
¥max value ——————

ﬂ

-
MM O|Set Xmax

a)

PucyHok 4 — 3apaHne MakcMManbHOro 3HayeHus no ocu abeumnce

AHanornyHbiM 06pa3oM 3afaloTCsl HaMMeHbllee U Hanbonbluee
3Ha4eHnst N0 ocu opamHaT. Nocne 3agaHnsa ToYek NosBASETCS Anano-
rosoe okHO Adjust scale ans KOppeKTMPOBKM 3aAaHHbLIX YMCIEHHbLIX
3HaueHui (pUcyHok 5).

X axis

¥min value: I

¥max value: I 3

I~ Log scale along ¥ axis

Y axis

‘¥min value: I &4

Ymax value: I 72

™ Log scale along Y axis

PycyHOK 5 — OKHO KOpPEKTUPOBKM 3HAYEHWIA
9
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Y4eb6Haa npakTHKa

Mocne 3aaaHns oceit He06X0AMMO HaxaTb KHOMKY Point capture
mode, NMoKasaHHy Ha PUCYHKE 6.

Operations  Miew  Settings  Help

PucyHok 6 — KHonka oundpoBku rpaduka

B py4yHOM pexxume pacCTaBuTb TOYKM Ha rpadmke, Kak nokasa-
HO Ha pucyHke 7. CnegyeT yyecTb, YTO €cm y4acTok rpadmka obpa-
3yeT NpsAMYto, Ha HEM AOCTAaTOYHO OTMETUTL [ABE TOYKKU. Ha yyacTkax
C u3rnbom mnu n3noMomMm HeobxoamMMo oTMe4aTb 6osblle To4ek, npu-
4yeM, yeM cunbHee m3rnb, Tem bonblue Tovek HeobxoaMMO yKasaTb.

6_1_ | |
3 4 5 a, MM 6
PrcyHok 7 — PaccTtaHoBKa Todek rpacduka

Ans Toro 4Tobbl YAOCTOBEPUTLCS, MOMAn I Kypcop B HYXHYHO
TOYKY, MOXHO BOCMOJIb30BaTbCsl OKHOM C yBenMuyeHueM 061acty nog
KypCopoM (PUCyHOK 8), pacrnosfioXXeHHbIM B MPaBOM HUXKHEM YrJly Mpo-
rpammbl.

10



tﬁ”¢ YHpaBﬂeHI/Ie AUCTAHIIHUOHHOT O 06y‘{eHI/IH U NMOBbIIIEHU A KBaJII/ICl)I/IKaLlI/II/I

Y4eb6Haa npakTHKa

:x:
| o
R

PucyHok 8 — OKHO C yBenmuyeHneM o0bnactu nog Kypcopom

HaHocuTb TOukM Ha rpadwmk cnefyeT nocnefoBaTeslbHO B OA-
HOM HanpasfieHun (CnpaBa HaneBo WM CfieBa HanpaBo), He MeHss
ero.

MNocne HaHeceHus BCex TO4YeKk HeobXoAMMO 3KCMOpPTUPOBATb
AaHHble:  File->Export Data unuM HaxaTueM COYETaHUS KHOMOK
Shift+Alt+E. ®ain coxpaHutb B pabouunin katanor. B umenn daiina He
MCNONb30BaTb KUPUSIIMYECKME CUMBOSbI.

®aiin ¢ oumdpoBaHHbLIMU AaHHbIMKU UMeeT dopmaT *.txt u co-
AEPXKUT CnyxebHyto MHdopMaumo, koTopas byger mewaTb Npu cuu-
ThiBaHuKu daiina B MathCad (pucyHok 9). Heobxoaumo ybpaTb Bblae-
NeHHble CMHUM 4 CTPOKM, caenas Tak, uTobbl dain HaumMHancs ¢ umd-
pOBbIX 3HaYeHWI, a Nocne nepecoxpaHuTb dain.

MepBbiii cTonbel, UMdp COOTBETCTBYET 3HAUYEHNUAM abcuucc oT-
MEUYEHHbIX TOYEK, BTOPOV CTONHEL — 3HAYEHNSIM OpAUHAT.

Bug Cnpaeka

enerated by GetData Graph Digitizer 2.22 on December 11 2015, 19:36
rom file ‘C:\¥Y4ebunanm npaktuka\WsaHos\rpagukR.bmp'

®aiin  lMpaska

Popmar

Line #1

PucyHok 9 — PesynbTat oumncpoBKM AaHHbIX

3.00B80860790064e+000 7.1264785882352%9e+001
3.84585563222356e+000@ 7.1029411764785%+001
3.87167588431258e+008 7.88235294117647e+001
3.10765968604451e+080 7.86478588235294e+001
3.15127436685141e+000 7.84411764785882e+001
3.19552139837433e+000 7.82858823529412e+001
3.24863@75728825e+000 6.99117647058823e+001
3.3185085433845089%9e+008 5.96478588235294e+001
3.37241245471796e+000 6.93529411764766e+001
3.42542478868380e+000 6.91478588235294e+001
3.47848477833362e+000 65.89705882352941e+001
3.53141711229947e+080 6.87647085882352%e+0081
3.58439710194928e+000 6.85882352941177e+801

11
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Y4eb6Haa npakTHKa

Mocne 3Toro B NpOBOAHWKE UnK NMO60M ApyroM aiifioBoM Me-
HeKepe U3MEHWUTb paclumMpeHue daiina Ha *.prn.

MocTpoeHune rpachmkoB B A€KAPTOBO CUCTEME
koopauHat B MathCad

Ans noctpoeHuns rpacMKoB B AEKAPTOBOM CUCTEME KOOPAMHAT
HeobxoamMmo BbibpaTb B MeH BcraBka->Ipadmk->Ipadmk X-Y (pu-
CyHoK 10) nnun HaxaTb ropsdyto knasuwy @.

paska Bwa | B:_:raaxal Gopmar  WMucrpymedtsl  Cumsonedbie onepaunn Okno Cops

[ Marpusa.. CibeM @ DonapHelii rpadue Ctrl+7

19 Tyneuwa... Ctrl+E | &8 Mpaguk nopepxroctn  Ctrl+2

EP EawHnua wamepenun...  Ctrl+U MnHian ypoexA Ctrl+5
Pucyrok Ctrl+T ;t.. 3D-rpadwk pazbpoca
QBnacre il Cron6uaran 2D-guarpamma
PaspeIB cTpaHnLE! Ctrl+J I';_ BekTopHoe none

A]‘&N:: Submatr'ug{A Pervon dropryn  Ctrl+Shift+ A MacTep rpadukoe...

PervoH TekcTa " [

PucyHok 10 — BcTaBka rpaduka B AeKapTOBOW CUCTEME KOOPAUHAT

Mocne 3Toro B nNporpamMe NosiBUTCS MycTol rpacduk. B nyctoi
MeCTO3ano/IHUTENb MO LEHTPY OCeN HEOBXOAMMO BCTaBWUTb UMEHa Tex
NnepeMeHHbIX, 3aBUCMMOCTb KOTOPbIX HeobxoauMo oTobpasuTb Ha
rpacmke, Hanpumep, f 1 R (pucyHok 11). MNepemMeHHble A0MKHbI 6bITh
BEKTOP-CTON6LaMV OAMHAKOBOW pa3MepHOCTH.

1 ‘-"'..

... .

LB [} L

PucyHok 11 — 3agaHue ocei

12
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Y4eb6Hada npakTHKa

MecT03anonHUTENN B Hayane U KOHLEe OCY MOXHO OCTaBWUTb My-
cTbiMu, Toraa MathCad aBTOoMaTuuecku noabeper MUHUMANbHOE W
MaKCUMMasbHOEe 3Ha4Y€eHMUsI MO OCAM.

B MathCad rpacdvkyn MOXXHO HaHOCUTb pas3nN4YHbIMK Criocobamu,
HanpuMmep, 0Tpe3KaMu OT TOUKM A0 TOYKM (pUCYHOK 12 @) mnm Touka-
Mu (pucyHok 12 6).

140 T T T 140

.
60 I L I 60 I I L
50 100 150 200 250 50 100 150 200 250

f f
a) 6)
PucyHok 12 — 'pacdmk B MathCad a) nuHuei; 6) Toukamm

Hactpoutb cnoco6 oTobpaxkeHusi rpacdmka MOXHO yepe3 Ava-
JIOrOBOE OKHO, BbI3bIBAaEMOE LLENYKOM MPaBON KHOMKM MbIWMW Ha rpa-
duke n Bbibope dopmaT->TpaccuposBka. B ctonbue «Tun» nosuums
«JIMHUN» COOTBETCTBYET MEPBOMY TUMY OTOOPa)KEHMSI AaHHbIX, «TOY-
KW» - BTOPOMY.

B 3TOM >xe€ AManoroBOM OKHE MOXHO 3afaTb LBET W TOMLIMHY
NVHWIA, BUA CUMBOJSIA BMECTO TOYKM MPU TOYEYHOM OTOBEpPaKEHMU
AaHHbIX, pa3Mep U LUBET TOYKMU MM cMMBOsa. Hanpumep, Ha pucyHke
12 a) nuHus nMeet TonwmHy 1, a Ha pucyHke 12 6) Touka — pasmep
3.

Ha rpaduk MoryT 6biTb HaHECEHBI HECKOMBKO HAabopoB AaHHbIX.
Ans nobaBneHns BTOPOIN MepPEMEHHON, coaepallei BekTop-cTonbel|
C JaHHbIMK, HEOBXO0AMMO MOC/e NEPBOW NEPEMEHHON B LIEHTPAIbHOM
MECTO3arnosiHuTeNle HeobxoAMMON OCM HaXaTb 3ansaTylo, Mocnie Yero
BBECTU MMSI HOBOW NepeMeHHO (pucyHok 14).

MOXHO BBOAWTb OTOOpa)keHWe ABYX M 6onee nepeMeHHbIX Mo
ocn abcumcc, No ocu opAMHAT M OAHOBPEMEHHO Ha ABYX ocax. Ecnu
Mo OAHOM OCu, HampuMep, OCU OpAMHAT, 3anucaHbl ABE NMEPEMEHHBIE,
a no Apyrov — ofiHa, 3TO 03Ha4aeT, 0be YTO MepeMeHHbIE MO OCK Op-
AVHAT 3aBUCAT OT NEPEMEHHOW MO OCM abCLIMCC U UMEIOT OAMHAKOBYIO
C Hel pa3MepHOCTb.

13



tﬁ”¢ YHpaBﬂeHHe AUCTAHIIHUOHHOT O O6y‘{eHI/IH U NMOBBbIIIEHU A KBaJII/I(I)I/IKaL[I/II/I

Y4eb6Haa npakTHKa

i-_DcM X, Y TpacopoBta imq:ma'r 4HCna | Moanod | Mo wonuaw-m|

Yactora | UhapiHa TonwmHa

afeas [MHCE| e Mrma e Uger | Tun |CosY |

1 3 1 .|| Y ~

1 LIEEREE 1 TBAHM

1 1 — il TOMKM

1 i F— 7 ounabias

3 1 ] cronGuma

CTYTIEHA

1 ) 1 pUCOBaHWE

1 Tl 1 OTDESKM C MEDKEDOM
Y cnnowHe cronmm
[] crperme aprymerTel CKPbITE MErEHAY

Ceepxy cnesa Ceepxy tpasa
| CHW3y cnesa | CH13y ipasa
® CHazy

| 0K || OTtmena | MpimeHiTTE Cnpaexa

PucyHok 13 — HacTpoiika cdopmaTa rpacvka

140 T T T T

120r b

ae 1001 b

&)

s0r b

60 1 1 1 1
50 100 150 200 250 300

f
PucyHok 14 — [1ea Habopa AaHHbIX Ha O4HOM rpaduke

HaxoxaeHune Buaa pyHKLMOHAIbHOW 3aBUCUMOCTH
3KCNepUMeHTasIbHbIX AAHHbIX

ANs HaxoXzaeHus NpubansuTeNbHOro BUAa YHKLMOHAIbHOM
3aBMCMMOCTM MeXAy ABYMS MEPEMEHHbIMU MO 3KCMEPUMEHTANbHbIM

14



tiz" ¢ YnpaBJsieHue JJUCTAaHIIMOHHOTI'0 060y4YeHHs Y MOBbIIEHUS KBaJIUPUKALIUU

Y4eb6Hada npakTHKa

fAaHHbIM B MathCad MoxxHO Bocnonb3oBaTbCs @yHKUmMaMM linfit n
genfit.

Ecnvn npepgnonaraetcs, Y4TO AaHHble MOrM 6bl ObITb CMoaenu-
poBaHbl B BWAE JIMHEWHOM KOMBWMHALMM NPOU3BOJIbHBLIX (YHKLMM

fi(x), £i(x),... £,(x), TO €cTb
Yy :a0<f(.)(x)+alﬁ(x)+"'+ai1ﬁt(x)’
TO AN HAXOXKAEHUS HENU3BECTHbIX KO3(PDUUMEHTOB a,, a,, .., a,

ncnonb3yetcs ¢yHkuma linfit. Mpumep npumeHenns dyHkumm linfit
npueeaeH Ha pucyHke 15.

2
X

5 T T M
Ew=| * | §=lnfit(x.y.F)
¥ 1k - i 1
e . 1 3.087
| I 2 =F(D)-S S=|-1475
0 05 1 0.515
X
r:=0,0.025.. 1 2 ]

g(r) 1

PucyHok 15 — MNpumMep npumeHeHns dyHkumm linfit

3[ecb NpeanonaraeTcs, YTo ecTb ABa BEKTOpa X U Y, coaepxa-
LUMX 3KCNEPUMEHTasbHbIE TOYKW. JIMHENHast KOMOUHALMUA COCTOUT U3
Tpex (yHKUMI BUAa
ful)=x ) Alx)=x, file)=——
x+1
1 3apaetcs B MathCad BekTopHOW hyHKUMIA F(X).
®yHkumsa linfit(x, y, F) Bo3BpallaeT BEKTOpP, COAEPXKALLMIN HEN3-
BECTHble KOIPDULUMEHTHI a,, a,, a, TMHENHON KOMBUHaLUMK DYHKLMI

n3 F. OTOT BEKTOpP 3annCbIBAETCS B NEPEMEHHYI0 S. JInHelHas KoMbu-

15



t-izvl m YnpaBJsieHue JJUCTAaHIIMOHHOTI'0 060y4YeHHs Y MOBbIIEHUS KBaJIUPUKALIUU

Y4eb6Hada npakTHKa

Hauusl 3agaeTcs dyHKumen g(t) nyTeM yMHOXEHUsI BekTopa F Ha Bek-
TOp S.

[nsa noctpoeHuns rpadmka dyHKUMM g HeobxoamMMo 3aaaTb Mac-
CYB TOYEK MO OCM abcumcc, mMpuyeM Ans rnagkocTu rpaduka TOUKM
[AO/KHbI pacnofiaraTtbCs AOCTAaTOYMHO MAOTHO. JTO peanusyeTcs C no-
MOLLbIO 3anmcu

r:=0,0.025..1,
KoTOpas nogpa3yMeBaeT co3AaHune maccusa Todek oT 0 Ao 1 ¢ warom
0,025.

Ecnv npepnonaraeTcs, YTO AaHHble MOMyT ObiTb CMOAENMPOBa-
Hbl B BUAE CNOXHON (hYHKLMM, HanpuMep,

y = expla, + a,x +a,x* +...+anx”),

TO ANA HAaXOXAEHUS HEU3BECTHbLIX KOIMPDULIMEHTOB a,, a,, ...,

a, wucnonb3dyetca dyHkuma genfit. Mpumep npuMmeHeHus GyHKUMK

genfit npuBeaeH Ha pucyHke 16.
34ecb Takke npeanonaraeTcs, YTO eCTb ABa BEKTOpa X U Y, Co-
[AepXalmnx 3KCMepuMeHTanbHble TOYKW. [aHHble npubnuxaioTcs
hyHKUMen Buaa
y= exp(a(, +ax+ azxz).
[ns BbizoBa dyHKUMKM genfit HeobxoaMMO 3aaaThb ee n ee npo-
N3BOAHbIE MO KaXAOMY M3 HEU3BECTHbIX KO3IPMOULUNEHTOB a,, a,, a,.

[aHHble pyHKUMKM 3aaatoTcs BekTopoM F(z, a).

Kpome Toro, HeobxoamMmo 3agaTb HayanbHoe NpubnmxeHune Ko-
3¢ PUUMEHTOB. ITO OCYLLECTB/ISIETCS C MOMOLLLIO BEKTOpA Vg.

dyHkuma genfit(x, y, vg, F) Bo3BpallaeT BEKTOP, COAEPXKaLLMM
Hen3BecTHble KO3hPUUMEHTbI a,, a,, a,, KOTOpble obecneunsatoT
Haunydwee npubnmxeHme AaHHbIX X U Y. DTOT BEKTOP 3anuCbiBaeTCs
B NepeMeHHyto S. 3aaaHne (yHKUMM OCYLLECTBASIETC NOACTAHOBKOM
BekTopa S B (PyHKUMIO F 1 BblgeneHneM nNepBOro 3/EMeHTa 3TOro

BEKTOpa
80 = F(t.8)

16



t'I?M C*J YnpaBjieHHe AUCTAaHIIMOHHOTO0 00YYEHHUS U MOBBIIEeHNUS KBaTUDUKALUH

Ydye6Has npaKkTHKa

15— ( 2')
explag + aj-z + ap-z”)
10f : ( 2)
y explag + aj-z + ap-z”)
R sk . . | HZ,E{) = )
. z exp(ag +arz+ ag-z")
O 1 1 | " ,_}'
o 1 2 3 4 z"-exp[ag +apz+ ag-z")
X
1 2.565
vg:=| 0 S5 = genfit(x,y,vg.F) S=| —0.788
-1 0.036
&(t) == F(t,S)g

15 T T T
r:=03,0392..4

g(r)

x,r

PucyHok 16 - — MNpumep npuMeHeHns dyHkummn genfit

OdopmneHune rpacmkoB B oTueTe no pabore

Mpn BCTaBke rpaduKoB AOMKHbI cobnoaaTbCs creayowme
npaeuna, COOTBETCTBYOWMe cTaHgapTy ArTY:

- 10 PUCYHKa OAHa MycTasl CTPOKa OAUHAPHOrO MHTEpBana;

- CTpoka C rpadukoM: oauHapHbIA UHTepBan, 6e3 ab3auHoro
OTCTyNa, BblpaBHUBAHMWE MO LEHTPY;

- MOCne puUcCyHKa nepead MoAMUCbI0 OfHa NycTas CTpPoka 0Aau-
HapHOro UHTepBana;

- CTPOKa MOAPWMCYHOYHOW NOAMNWUCKU: OAMHAPHLIN UHTepBas, 6e3
ab3auHoro OTCTyna, BblpaBHMBAHWE MO LEHTPY, 3anpeT aBToMaTuue-
CKOro nepeHoca csioB (pUCcyHok 17);

17



tRM¢ YHpaBﬂeHI/Ie AUCTAHIIHUOHHOT O O6y‘{eHI/IH U NMOBbIIIEHU A KBaJ’[I/ICl)I/IKaL[I/II/I

Y4eb6Haa npakTHKa

OTETYMol M uHTEPBaNsl | TTONOKERHE Ha CTRGHHLE

Obuwme
Beipashmsarie: ¥
Yposers: Ocvosrofi Teker | |
Oreryn

Cresa: Oon nepeag crpoa: na:

eojzal

Crpasa: O (HeT) v

[[] 3epransHsie oTcTyms!

Wrrepsan

Nepea: ot 13 MEHAYCTPONHLIR:

TMocne: ot B OCanHapHsii v

[[] He RofissnaTs ukTEpsan Mesay SH33UAMA OAHOTD CTUAS

OBpaseu

FHavenme:

OtcrynsinTepsans: | Monosenne Ha cTpaHiLE

Pas6iEKa Ha CTPAHUALE!
3AMPET BMCAUNX CTPOK
[ ve orpsisats ot cneayowero
[ e paspoeats afisan,
[ c oot crpanmws
[ o e S e e
[ sanperuts Hymepawso crpok
3aMpETUTS aBTOMATIHECKIA NEpeHoc cnos!

MapanmeTpe Haaniced
obTeKaHHE Mo KOHTYPY:

Her

Ofpasen,

s e ey sy

it o

[ e ‘

omena |

| Tabynawa...

Mo yromsaHo

=

Orvena |

a)

6)

PucyHok 17 — HacTpoiika ab3aua ans noapucyHOUHOW noanmucu

- nocne noanucu CtaBUTCA OAHa MNyCtasaA CTPOKa OAWMHApPHOro

MHTEpBana.

MoapucyHo4Hast MoaAnMCb COCTOMT M3 HOMepa pucyHKka (CnoBo
«PucyHOK» nulueTcs ¢ 60bluoi 6yKBbl M MOSIHOCTbIO) M HA3BaHMUS
pucyHka. Homep ¥ HasBaHWe pa3gensieT A/IMHHoe Tupe («ropsiyasi
knasuwa»: «Ctrl»+«Shift> + «-»). Toukn B KOHLE HOMepa N B KOHLE

Ha3BaHUSI He CTaBATCS.
wpudtom Times New Roman 12.

Ocu rpachMKoB A0MKHbI 6bITh NOAMNMCAHbI:

- No ocy abcumcc NoANUCH CTaBUTCS cnpaBa CHU3Y OT OCH,

- M0 OCK OpAMHAT — CBEpXY C/ieBa OT OCH.
Moanuch BkOYaeT B cebss 0603HAYEHNE NMEPEMEHHON, 3Haue-
HMS KOTOPOW OTKJIaAbIBAlOTCS MO AaHHOM OCK, U ee eanHULE U3Mepe-

Hus (pucyHok 18).

18
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tRM m yr[paBﬂeHI/Ie JAUCTAHLIUOHHOTO O6y‘{€HI/I${ U NMOBbIIIEHU A KBaJII/ICl)I/IKaL[I/II/I
y,

Y4eb6Haa npakTHKa

200 T T
R, Om/EM

100F B

0 | |
0 200 400 f. kg 610

PucyHok 18 — MpuMep noanucu ocein
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tiz" ¢ YnpaBJsieHue JJUCTAaHIIMOHHOTI'0 060y4YeHHs Y MOBbIIEHUS KBaJIUPUKALIUU

Y4eb6Hada npakTHKa

BAPUAHTbI 3AAAHUIA

Bapuant 1
Monobpath BMA YHKLMOHAIbHOM 3aBUCMMOCTU COMPOTUBIIEHNS!
yyacTka kabenss nepeMeHHOMY TOKY OT 4acToThl y:R(f ) U WHAOYK-
TMBHOCTM y4acTka Kabens OT yacToTbl Toka y=L(f) MO AaHHbIM

HaTYpHOrO 3KCNepuMeHTa. [laHHble HaTypHOro 3KCNepUMEHTa MnpuBe-
JeHbl B Tabnuue 1.

Tabnuua 1 - DKcnepMMeHTanbHblEe AaHHbIE

£, kI, 10 50 90 130 170 210 250 290
R, 46,135 (60,608| 79,803 | 95,91 |107,366|119,243|126,771|136,686
OM/KM

L, 0,859 | 0,85 | 0,838 | 0,827 | 0,819 | 0,813 | 0,808 | 0,804
MIH/KM

£, kI, 330 370 410 450 490 530 570

R, 145,484|155,36(163,211|170,592|175,978|184,175|191,362

OM/KM

L, 0,802 | 0,8 | 0,798 | 0,796 | 0,794 | 0,793 | 0,791
MIH/KM

CpaBHWTb MOsyYeHHble (YHKUMOHAMbHbIE 3aBMCUMOCTU C Teo-
peTnyeckuMmn rpacmkamm:

200 T T

R, Om/kMm

150F .

100f 7

0 200 400 [kl 610
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tRM¢ YHpaBHeHI/Ie AUCTAHIIHUOHHOT O O6y‘{€HI/IH U NMOBbIIIEHU A KBaJII/ICl)I/IKaL[I/II/I

Y4eb6Haa npakTHKa

0.86 : .
L. MTH/EM
0.84f -

0821 7

0.81 B

0.78 ' :

0 200 400 610

Joxn
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t-izvl ¢ YnpaBJsieHue JJUCTAaHIIMOHHOTI'0 060y4YeHHs Y MOBbIIEHUS KBaJIUPUKALIUU

Y4eb6Hada npakTHKa

BapuvaHT 2

Monobpatb BMA PyHKUMOHANBHOW 3aBUCUMOCTU COMPOTMBIIEHMS
yyacTka kabensi nepeMeHHOMY TOKY OT PacCTOSIHUSI MeXAy LEeHTpaMu
nap NPOBOAHMKOB y = R(a) M MHAYKTUBHOCTM y4acTka kabens oT pac-

CTOAHUA MeXAy UeHTpaMu nap npoBOAHUKOB y:L(a) no AadHHbIM

HaTypHOrO 3KCNepuMeHTa. [aHHble HaTypHOro 3KCrepuMeHTa npuee-
JeHbl B Tabnuue 1.

Tabnuua 1 - DKcnepuMeHTasbHble AaHHbIE

a, MM 3 3,2 3,4 3,6 3,8 4 4,2 4.4
R, 71,444 |70,595| 69,437 | 68,498 | 67,513 | 67,237 | 66,788 | 66,627
OM/KM

L, 0,702 |0,735| 0,787 | 0,81 | 0,836 | 0,86 | 0,877 | 0,895
MIH/KM

a, MM 4,6 4,8 5 52 54 5,6 5,8

R, 66,831 |65,679| 66,074 | 65,25 | 65,258 | 64,839 | 64,312

OM/KM

L, 0,923 /0,934 | 0,961 | 0,993 | 0,98 1,01 | 1,044
MIH/KM

CpaBHWTb MOJTyYyeHHble (yHKUMOHA/bHbIE 3aBUCUMOCTM C TEO-
PETUYECKMMU FpacnKaMm:
72 T T

R, Ov/Em

70

68

66

64 ' '
3 4 5 a1, MM 6
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83—

Y4eb6Haa npakTHKa

3 4 5 a. a6
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t-izvl ¢ YnpaBJsieHue JJUCTAaHIIMOHHOTI'0 060y4YeHHs Y MOBbIIEHUS KBaJIUPUKALIUU

Y4eb6Hada npakTHKa

BapuaHT 3

Monobpatb BMA PyHKUMOHANBHOW 3aBUCUMOCTU COMPOTUBIIEHMS
yyacTka kabesnisi nepeMeHHOMy TOKy OT 4acToThl y=R(f) M WHAYK-

TUBHOCTU Y4YaCTKa kabenss OoT 4acToTbl TOKa yZL(f) no AadHHbIM

HaTypHOro 3KCnepuMeHTa. [aHHble HaTypHOro 3KCrepuMeHTa npuee-
JAeHbl B Tabnuue 1.

Tabnuua 1 - DKcnepuMeHTasbHble AaHHbIE

f, kKl'y 60 96 132 168 204 240 276 312

R, 63,605 (77,934 99,105 |108,118(115,542|118,699| 131,11 | 146,94
OM/KM

L, 0,7 0,689 | 0,69 | 0,677 | 0,669 | 0,663 | 0,661 | 0,664
MIH/KM

1AL 348 384 420 456 492 528 564

R, 146,643(151,734162,335|163,431|170,137|187,282|186,203

OM/KM

[, 0,662 | 0,651 | 0,659 | 0,659 | 0,653 | 0,649 | 0,655

MIH/KM

R, Om/EM

CpaBHUTb MoOSy4YeHHble CI)YHKLI,MOHa}'IbeIe 3aBUCUMOCTN C TEO-
PETUHECKMMU Fpad)MKaMVI:

200

150F

100F
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tRM¢ YHpaBﬂeHI/Ie AUCTAHIIHUOHHOT O O6y‘{eHI/IH U NMOBbIIIEHU A KBaJ’[I/ICl)I/IKaL[I/II/I

Y4eb6Haa npakTHKa

0.72 : :
L. MTH/EM
0.7r b

0.68F T

0.66r T

0.64 .

0 200 400 600

S, ¥
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t-izvl ¢ YnpaBJsieHue JJUCTAaHIIMOHHOTI'0 060y4YeHHs Y MOBbIIEHUS KBaJIUPUKALIUU

Y4eb6Hada npakTHKa

BapuaHT 4

Monobpatb BMA PyHKUMOHANBHOW 3aBUCUMOCTU COMPOTUBIIEHMS
yyacTka kabensi nepeMeHHOMY TOKY OT PacCTOSIHUSI MeXAy LEeHTpaMu
nap NPOBOAHUKOB y = R(a) M MHAYKTUBHOCTM y4acTka kabens oT pac-

CTOAHUA MeXAy UeHTpaMu nap npoBOAHUKOB y:L(a) no AadHHbIM

HaTypHOro 3KCnepuMeHTa. [aHHble HaTypHOro 3KCrepuMeHTa npuee-
JeHbl B Tabnuue 1.

Tabnuua 1 - DKcnepuMeHTasbHble AaHHbIE

a, MM 2,2 2,41 2,62 2,83 3,04 3,25 3,46 3,67

R, 159,686(151,698/146,542|141,911|140,521| 134,33 |132,181|130,843
OM/KM

L, 0,539 | 0,587 | 0,585 | 0,66 | 0,714 | 0,701 | 0,755 | 0,774
MITH/KM

a, MM 3,88 | 4,09 4,3 4,51 4,72 4,93 5,14

R, 133,053(127,894/126,242|125,092|122,508|125,175/125,198

Om/kmM

L, 0,805 | 0,853 | 0,809 | 0,872 | 0,896 | 0,917 | 0,938

MIH/KM

CpaBHWTb MOJTyYeHHble (yHKUMOHA/bHbIE 3aBUCUMOCTM C TEO-
PETUYECKMMM rPadUKaMu:

170

R, Onm/Em

160

140

130

(]

26
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tRM¢ YHpaBﬂeHI/Ie AUCTAHIIHUOHHOT O O6y‘{eHI/IH U NMOBbIIIEHU A KBaJ’[I/ICl)I/IKaL[I/II/I

Y4eb6Haa npakTHKa

(=]
L =)
T
1

2 3 4 5 g, M6
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t'IVZM ¢ YnpaBJsieHue JJUCTAaHIIMOHHOTI'0 060y4YeHHs Y MOBbIIEHUS KBaJIUPUKALIUU

Y4eb6Hada npakTHKa

BapuaHT 5

Monobpatb BMA PyHKUMOHANBHOW 3aBUCUMOCTU COMPOTUBIIEHMS
yyacTka kabensi nepeMeHHOMY TOKY OT PacCTOSIHUSI MeXAy LEeHTpaMu
nap NPOBOAHMKOB y = R(a) M MHAYKTUBHOCTM y4acTka kabens oT pac-
CTOSHUS MEXAy LEHTPamu nap MpoBOAHUKOB y =L(a) MO AaHHbIM

HaTypHOro 3KCnepuMeHTa. [aHHble HaTypHOro 3KCrepuMeHTa npuee-
JeHbl B Tabnuue 1.

Tabnuua 1 - DKcnepuMeHTasbHble AaHHbIE

R, Om/Em

Q, MM 2,5 2,7 2,9 3,1 3,3 3,5 3,7 3,9
R, 104,271|101,696| 98,605 | 96,974 | 95,304 | 94,275 | 92,161 | 91,461
OM/KM

L, 0,602 | 0,637 | 0,665 | 0,726 | 0,741 | 0,784 | 0,817 | 0,839
MIH/KM

Q, MM 4,1 4,3 4,5 4,7 49 51 5,3

R, 90,741 190,029 | 88,95 | 89,133 | 88,582 | 88,468 | 87,991

OM/KM

L, 0,841 | 0,895 | 0,889 | 0,93 0,93 0,97 | 0,972
MITH/KM

CpaBHWTb MOJTyYeHHble (yHKUMOHA/bHbIE 3aBUCMMOCTM C TEO-
PETUYECKMMM rpadUKaMu:

105

100F

901

[ ]

28
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2

Y4eb6Haa npakTHKa
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t'IVZM ¢ YnpaBJsieHue JJUCTAaHIIMOHHOTI'0 060y4YeHHs Y MOBbIIEHUS KBaJIUPUKALIUU

Y4eb6Hada npakTHKa

BapuaHT 6

Monobpatb BMA PyHKUMOHANBHOW 3aBUCUMOCTU COMPOTUBIIEHMS
yyacTka kabesnisi nepeMeHHOMy TOKy OT 4acToThl y=R(f) M WHAYK-

TUBHOCTU Y4YaCTKa kabenss OoT 4acToTbl TOKa y:L(f) no AadHHbIM

HaTypHOro 3KCnepuMeHTa. [aHHble HaTypHOro 3KCrepuMeHTa npuee-
JAeHbl B Tabnuue 1.

Tabnuua 1 - DKcnepuMeHTasbHble AaHHbIE

f, Kl 30 68 106 144 182 220 258 296
R, 45,829 (58,561 | 66,636 | 92,338 | 97,865 (106,656|120,364|122,767
OM/KM

L, 0,811 {0,804 | 0,793 | 0,78 | 0,772 | 0,773 | 0,763 | 0,768
MITH/KM

f, k'Y, 334 372 410 448 486 524 562

R, 119,813|140,651|146,754|134,304(153,864|163,331| 167,71

OM/KM

L, 0,77 | 0,757 | 0,755 | 0,762 | 0,754 | 0,752 | 0,759

MIH/KM

CpaBHWTb MOJTyYeHHble (yHKUMOHA/bHbIE 3aBUCUMOCTM C TEO-
PETUYECKMMU FpacnKaMm:

200

R, Om/kMm

150

100F

L
(=]
T
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Y4eb6Haa npakTHKa

0.78r T

0.76r T

0.74 .

0 200 400 600

foxln
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t'IVZM ¢ YnpaBJsieHue JJUCTAaHIIMOHHOTI'0 060y4YeHHs Y MOBbIIEHUS KBaJIUPUKALIUU

Y4eb6Hada npakTHKa

BapuaHT 7

|_|O,Cl,06paTb BUnA CI)YHKLIMOHaJ'IbHOﬁ 3aBUCUMOCTU COMPOTUBNIEHUA

yyacTka kabesnisi nepeMeHHOMy TOKy OT 4acToThl y=R(f) M WHAYK-
TMBHOCTM y4yacTka kabens OT uyacToTbl Toka y=L(f) MO AaHHbIM

HaTypHOrO 3KCnepuMeHTa. [aHHble HaTypHOro 3KCrepuMeHTa npuee-
JAeHbl B Tabnuue 1.

Tabnuua 1 - DKcnepuMeHTasbHble AaHHbIE

f, Kl 10 30 50 70 90 110 130 150
R, 46,462 |56,015| 65,012 | 77,991 | 87,156 | 97,254 |105,235|112,187
OM/KM

L, 0,693 | 0,691 | 0,686 | 0,681 | 0,674 | 0,669 | 0,664 | 0,659
MITH/KM

f, k'Y, 170 190 210 230 250 270 290

R, 118,36 (125,605/131,744(|138,113|140,675(148,541|151,894

OM/KM

L, 0,655 | 0,652 | 0,65 | 0,647 | 0,644 | 0,643 | 0,641

MIH/KM

CpaBHWTb MOJTyYeHHble (yHKUMOHA/bHbIE 3aBUCUMOCTM C TEO-
PETUYECKMMU FpacnKaMm:

R, OM/EM

200

150F

100f

L
=
T

100
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Y4eb6Haa npakTHKa
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t'IVZM ¢ YnpaBJsieHue JJUCTAaHIIMOHHOTI'0 060y4YeHHs Y MOBbIIEHUS KBaJIUPUKALIUU

Y4eb6Hada npakTHKa

BapuaHT 8

Monobpatb BMA PyHKUMOHANBHOW 3aBUCUMOCTU COMPOTUBIIEHMS
yyacTka kabensi nepeMeHHOMY TOKY OT PacCTOSIHUSI MeXAy LEeHTpaMu
nap NPOBOAHMKOB y = R(a) M MHAYKTUBHOCTM y4acTka kabens oT pac-
CTOSHUS MEXAy LEHTPamu nap MpoBOAHUKOB y =L(a) MO AaHHbIM

HaTypHOrO 3KCNepuMeHTa. [aHHble HaTypHOro 3KCrepuMeHTa npuee-
JeHbl B Tabnuue 1.

Tabnuua 1 - DKcnepuMeHTasbHble AaHHbIE

R, Onv/Em

Q, MM 2,7 2,93 3,16 3,39 3,62 3,85 4,08 4,31
R, 79,047 |77,363| 76,357 | 74,78 | 74,625 | 70,956 | 70,688 | 71,303
OM/KM

L, 0,663 | 0,725 | 0,74 | 0,822 | 0,769 | 0,841 | 0,913 | 0,871
MIH/KM

Q, MM 4,54 | 4,77 5 5,23 5,46 5,69 5,92

R, 69,998 | 69,935 70,144 | 68,824 | 69,503 | 69,729 | 66,629

OM/KM

L, 0,912 | 0,948 | 0,941 | 1,002 | 0,999 | 1,016 | 1,039
MITH/KM

CpaBHWTb MOJTyYeHHble (yHKUMOHA/bHbIE 3aBUCUMOCTM C TEO-
PETUYECKMMM rpadUKaMu:

80

[
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Y4eb6Haa npakTHKa
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t'IVZM ¢ YnpaBJsieHue JJUCTAaHIIMOHHOTI'0 060y4YeHHs Y MOBbIIEHUS KBaJIUPUKALIUU

Y4eb6Hada npakTHKa

BapuaHT 9

Monobpatb BMA PyHKUMOHANBHOW 3aBUCUMOCTU COMPOTUBIIEHMS
yyacTka kabensi nepeMeHHOMY TOKY OT PacCTOSIHUSI MeXAy LEeHTpaMu
nap NPOBOAHMKOB y = R(a) M MHAYKTUBHOCTM y4acTka kabens oT pac-
CTOSHUS MEXAy LEHTPamu nap MpoBOAHUKOB y =L(a) MO AaHHbIM

HaTypHOro 3KCnepuMeHTa. [aHHble HaTypHOro 3KCrepuMeHTa npuee-
JeHbl B Tabnuue 1.

Tabnuua 1 - DKcnepuMeHTasbHble AaHHbIE

R, On/EM

Q, MM 2,5 2,7 2,9 3,1 3,3 3,5 3,7 3,9
R, 91,316 | 88,276 | 85,523 | 82,93 |81,223|79,157 | 78,086 | 76,51
OM/KM

L, 0,568 | 0,569 | 0,622 | 0,649 | 0,686 | 0,686 | 0,755 | 0,773
MIH/KM

Q, MM 4,1 4,3 4,5 4,7 49 51 5,3

R, 75,87 |74,972| 75,021 | 73,777 | 72,785 | 73,159 | 73,066
OM/KM

L, 0,789 (0,814 | 0,85 | 0,855 | 0,891 | 0,883 | 0,93
MITH/KM

CpaBHWTb MOJTyYeHHble (yHKUMOHA/bHbIE 3aBUCUMOCTM C TEO-
PETUYECKMMM rpadUKaMu:

95

901
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t'IVZM ¢ YnpaBJsieHue JJUCTAaHIIMOHHOTI'0 060y4YeHHs Y MOBbIIEHUS KBaJIUPUKALIUU

Y4eb6Hada npakTHKa

BapuanT 10

|_|O,Cl,06paTb BUnA CI)YHKLIMOHaJ'IbHOﬁ 3aBUCUMOCTU COMPOTUBNIEHUA

yyacTka kabesnisi nepeMeHHOMy TOKy OT 4acToThl y=R(f) M WHAYK-
TMBHOCTM y4yacTka kabens OT uyacToTbl Toka y=L(f) MO AaHHbIM

HaTypHOrO 3KCnepuMeHTa. [aHHble HaTypHOro 3KCrepuMeHTa npuee-
JAeHbl B Tabnuue 1.

Tabnuua 1 - DKcnepuMeHTasbHble AaHHbIE

f, Kl 12 48 84 120 156 192 228 264

R, 41,361 (47,106 | 60,827 | 97,945 | 79,093 | 99,129 |118,187|109,673
OM/KM

L, 0,892 (0,882 | 087 | 0,858 | 0,854 | 0,842 | 0,847 | 0,842
MITH/KM

f, k'Y, 300 336 372 408 444 480 516

R, 117,135|122,626| 122,56 |134,924(151,235| 144,09 |159,324

OM/KM

L, 0,836 | 0,839 | 0,835 | 0,834 | 0,827 | 0,83 | 0,825

MIH/KM

CpaBHWTb MOJTyYeHHble (yHKUMOHA/bHbIE 3aBUCUMOCTM C TEO-
PETUYECKMMU FpacnKaMm:

200
R, Onm/Em
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Y4eb6Haa npakTHKa
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t'IVZM ¢ YnpaBJsieHue JJUCTAaHIIMOHHOTI'0 060y4YeHHs Y MOBbIIEHUS KBaJIUPUKALIUU

Y4eb6Hada npakTHKa

BapuwaHnT 11
|_|O,Cl06paTb BUA CI)YHKLIMOHaﬂbHOl\;I 3aBUCUMOCTU COMPOTUBIEHUA
yyacTka kabenss nepeMeHHOMy TOKY OT 4acToThl y=R(f ) U WHAOYK-
TUBHOCTM Y4YacCTKa kabensa oT 4YacToTbl TOKa y:L(f) Nno AaHHbIM

HaTypHOro 3KCnepuMeHTa. [aHHble HaTypHOro 3KCrepuMeHTa npuee-
JAeHbl B Tabnuue 1.

Tabnuua 1 - DKCcnepuMeHTabHblE AaHHbIE

f, Kl 10 30 50 70 90 110 130 150
R, 38,744 | 59,355 79,596 | 95,691 (110,213|123,411|137,257(146,442
OM/KM

L, 0,394 | 0,389 | 0,382 | 0,374 | 0,367 | 0,361 | 0,355 | 0,351
MITH/KM

f, k'Y, 170 190 210 230 250 270 290

R, 155,747|165,129/176,229|182,718(191,314|197,641|207,806

OM/KM

L, 0,347 | 0,345 | 0,341 | 0,341 | 0,337 | 0,336 | 0,335

MIH/KM

CpaBHWUTb NOMy4YeHHble (YHKUMOHAsbHbIE 3aBUCMMOCTU C Teo-
peTnyecknMmn rpacmkamm:

250 . T

R, Om/rm

0 100 200 foElm 310
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Y4eb6Haa npakTHKa
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t'IVZM ¢ YnpaBJsieHue JJUCTAaHIIMOHHOTI'0 060y4YeHHs Y MOBbIIEHUS KBaJIUPUKALIUU

Y4eb6Hada npakTHKa

BapuaHT 12

|_|O,Cl,06paTb BUnA CI)YHKLIMOHaJ'IbHOﬁ 3aBUCUMOCTU COMPOTUBNIEHUA

yyacTka Kabensi nepeMeHHOMY TOKY OT PacCTOSIHUSI MeXAy LeHTpaMu
nap NPOBOAHMKOB y = R(a) M MHAYKTUBHOCTM y4acTka kabens oT pac-

CTOAHUA MeXAy UeHTpaMu nap npoBOAHUKOB y:L(a) no AadHHbIM

HaTypHOrO 3KCnepuMeHTa. [aHHble HaTypHOro 3KCrepuMeHTa npuee-
JeHbl B Tabnuue 1.

Tabnuua 1 - DKcnepuMeHTasbHble AaHHbIE

Q, MM 3 3,2 3,4 3,6 3,8 4 4,2 4,4
R, 37,685|37,634| 37,56 | 37,44 | 37,385 | 37,305 | 37,252 | 37,223
OM/KM

L, 0,679 | 0,706 | 0,727 | 0,748 | 0,787 | 0,802 | 0,826 | 0,842
MIH/KM

Q, MM 4,6 4,8 5 5,2 5,4 5,6 5,8

R, 37,22 |37,129| 37,151 | 37,084 | 37,093 | 37,093 | 37,039

OM/KM

L, 0,865 | 0,892 | 0,922 | 0,934 | 0,941 | 0,958 | 0,988
MITH/KM

CpaBHWTb MOJTyYeHHble (yHKUMOHA/bHbIE 3aBUCUMOCTM C TEO-
PETUYECKMMM rpadUKaMu:

R, Onm/Em

37.8
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t'IVZM m YnpaBJsieHue JJUCTAaHIIMOHHOTI'0 060y4YeHHs Y MOBbIIEHUS KBaJIUPUKALIUU

Y4eb6Hada npakTHKa

BapuaHnT 13
|_|O,Cl06paTb BUA CI)YHKLIMOHaﬂbHOl\;I 3aBUCUMOCTU COMpPOTUBIEHUA
yyacTka kabenss nepeMeHHOMy TOKY OT 4acToThl y=R(f ) U WHAOYK-
TUBHOCTM Y4YacCTKa kabensa oT 4YacToTbl TOKa y:L(f) Nno AaHHbIM

HaTypHOro 3KCnepuMeHTa. [aHHble HaTypHOro 3KCrepuMeHTa npuee-
JAeHbl B Tabnuue 1.

Tabnuua 1 - DKcnepuMeHTasbHbIE AaHHbIE

f, Kl 60 72,8 | 85,6 98,4 | 111,2 124 136,8 | 149,6
R, 68,626 |72,198| 78,317 | 78,908 | 86,693 | 87,888 | 97,354 {104,517
OM/KM

L, 0,851 | 0,849 | 0,846 | 0,838 | 0,833 | 0,827 | 0,83 | 0,824
MITH/KM

f, k'Y, 162,4 | 1752 | 188 | 200,8 | 213,6 | 226,4 | 239,2

R, 97,798 |1106,343|115,491|107,357({119,466|114,745|129,511

OM/KM

L, 0,828 | 0,822 | 0,822 | 0,821 | 0,813 | 0,81 | 0,813
MIH/KM

CpaBHWUTb NOsyYeHHble (YHKUMOHANbHbIE 3aBMCUMOCTU C Teo-
peTnyecknmm rpacdmkamu:

140 . . . .

R, Ov/EM
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t'IVZM ¢ YnpaBJsieHue JJUCTAaHIIMOHHOTI'0 060y4YeHHs Y MOBbIIEHUS KBaJIUPUKALIUU

Y4eb6Hada npakTHKa

BapuanT 14

Monobpatb BMA PyHKUMOHANBHOW 3aBUCUMOCTU COMPOTUBIIEHMS
yyacTka kabensi nepeMeHHOMY TOKY OT PacCTOSIHUSI MeXAy LeHTpaMu
nap NPOBOAHUKOB y = R(a) W MHAYKTUBHOCTM y4acTka kabens oT pac-
CTOSHUS MEXAy LEHTPamu nap MpoBOAHUKOB y =L(a) MO AaHHbIM

HaTypHOro 3KCnepuMeHTa. [aHHble HaTypHOro 3KCrepuMeHTa npuee-
JeHbl B Tabnuue 1.

Tabnuua 1 - DKcnepuMeHTasbHble AaHHbIE

Q, MM 4 4,2 4,4 4,6 4,8 5 5,2 5,4
R, 84,325|82,913| 82,658 | 82,32 |81,552|81,101 |80,194 | 79,472
OM/KM

L, 0,766 | 0,835 | 0,816 | 0,837 | 0,836 | 0,871 | 0,897 | 0,901
MIH/KM

Q, MM 5,6 5,8 6 6,2 6,4 6,6 6,8

R, 79,401 79,128 79,655 | 78,467 | 78,636 | 77,807 | 77,924

OM/KM

L, 0,934 {0,988 | 0,965 | 0,984 | 0,96 | 1,012 | 1,016
MITH/KM

CpaBHWTb MOJTyYeHHble (yHKUMOHA/bHbIE 3aBUCUMOCTM C TEO-
PETUYECKMMM rpadUKaMu:

76
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Y4eb6Haa npakTHKa
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t'IVZM ¢ YnpaBJsieHue JJUCTAaHIIMOHHOTI'0 060y4YeHHs Y MOBbIIEHUS KBaJIUPUKALIUU

Y4eb6Hada npakTHKa

BapuwaHT 15

|_|O,Cl,06paTb BUnA CI)YHKLIMOHaJ'IbHOﬁ 3aBUCUMOCTU COMPOTUBNIEHUA

yyacTka kabesnsi nepeMeHHOMy TOKy OT 4acToThl y=R(f) M WHAYK-
TMBHOCTM y4yacTka kabens OT uyacToTbl Toka y=L(f) MO AaHHbIM

HaTypHOro 3KCnepuMeHTa. [aHHble HaTypHOro 3KCrepuMeHTa npuee-
JAeHbl B Tabnuue 1.

Tabnuua 1 - DKcnepuMeHTasbHble AaHHbIE

f, Kl 10 30 50 70 90 110 130 150
R, 38,021 | 48,206 | 55,745 | 62,903 | 73,491 | 76,081 | 87,297 | 92,42
OM/KM

L, 0,82 | 0,815 | 0,808 0,8 0,791 | 0,786 | 0,78 | 0,776
MITH/KM

f, k'Y, 170 190 210 230 250 270 290

R, 96,172 |104,847/105,064(|111,889(116,678|120,823|122,151

OM/KM

L, 0,773 | 0,771 | 0,767 | 0,765 | 0,763 | 0,762 | 0,761
MIH/KM

CpaBHWTb MOJTyYeHHble (yHKUMOHA/bHbIE 3aBUCUMOCTM C TEO-
PETUYECKMMU FpacnKaMm:

140
R, Om/rm
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Y4eb6Haa npakTHKa
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t'IVZM ¢ YnpaBJsieHue JJUCTAaHIIMOHHOTI'0 060y4YeHHs Y MOBbIIEHUS KBaJIUPUKALIUU

Y4eb6Hada npakTHKa

BapuaHT 16

Monobpatb BMA PyHKUMOHANBHOW 3aBUCUMOCTU COMPOTUBIIEHMS
yyacTka kabensi nepeMeHHOMY TOKY OT PacCTOSIHUSI MeXAy LeHTpaMu
nap NPOBOAHMKOB y = R(a) M MHAYKTUBHOCTM y4acTka kabens oT pac-
CTOSHUS MEXAy LEHTPamu nap MpoBOAHUKOB y =L(a) MO AaHHbIM

HaTypHOro 3KCnepuMeHTa. [aHHble HaTypHOro 3KCrepuMeHTa npuee-
JeHbl B Tabnuue 1.

Tabnuua 1 - DKcnepuMeHTaNbHbIE AaHHbIE

R, Onv/EM

Q, MM 2,25 | 243 2,61 2,79 2,97 3,15 3,33 3,51
R, 91,673 86,838 | 84,634 | 82,139 | 79,997 | 80,172 | 79,925 | 77,379
OM/KM

L, 0,58 | 0,642 | 0,663 | 0,689 | 0,709 | 0,702 | 0,803 | 0,804
MIH/KM

Q, MM 3,69 | 3,87 | 4,05 4,23 4,41 4,59 4,77

R, 75,811 | 76,45 | 74,209 | 76,31 | 72,9 | 74,145 | 74,056
OM/KM

L, 0,79 | 0,854 | 0,929 | 0,901 | 0,914 | 0,91 | 0,891
MITH/KM

CpaBHWTb MOJTyYeHHble (yHKUMOHA/bHbIE 3aBUCUMOCTM C TEO-
PETUYECKMMM rpadUKaMu:
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t'IVZM ¢ YnpaBJsieHue JJUCTAaHIIMOHHOTI'0 060y4YeHHs Y MOBbIIEHUS KBaJIUPUKALIUU

Y4eb6Hada npakTHKa

BapwaHnT 17

Monobpatb BMA PyHKUMOHANBHOW 3aBUCUMOCTU COMPOTUBIIEHMS
yyacTka kabensi nepeMeHHOMY TOKY OT PacCTOSIHUSI MeXAy LeHTpaMu
nap NPOBOAHMKOB y = R(a) W MHAYKTUBHOCTM y4acTka kabens oT pac-

CTOAHUA MeXAy UeHTpaMu nap npoBOAHUKOB y:L(a) no AadHHbIM

HaTypHOro 3KCnepuMeHTa. [aHHble HaTypHOro 3KCrepuMeHTa npuee-
JeHbl B Tabnuue 1.

Tabnuua 1 - DKCcnepuMeHTabHbIE AaHHbIE

Q, MM 3,5 3,7 3,9 4,1 4,3 4,5 4,7 4,9
R, 121,827|121,344(119,761|117,851(115,882|116,749|113,717(112,007
OM/KM

L, 0,681 | 0,706 | 0,722 | 0,778 | 0,786 | 0,802 | 0,854 | 0,85
MIH/KM

Q, MM 51 5,3 5,5 5,7 5,9 6,1 6,3

R, 114,113|111,16|109,981|110,959({109,713|108,571|109,331

OM/KM

L, 0,881 (0,889 | 0,912 | 0,953 | 0,936 | 0,979 | 0,976

MITH/KM

CpaBHWTb MOJTyYeHHble (yHKUMOHA/bHbIE 3aBUCUMOCTM C TEO-

pPETUHECKMMU Fpad)MKaMVI .
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Y4eb6Haa npakTHKa
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t'IVZM ¢ YnpaBJsieHue JJUCTAaHIIMOHHOTI'0 060y4YeHHs Y MOBbIIEHUS KBaJIUPUKALIUU

Y4eb6Hada npakTHKa

BapuaHnT 18

Monobpatb BMA PyHKUMOHANBHOW 3aBUCUMOCTU COMPOTUBIIEHMS
yyacTka kabesnisi nepeMeHHOMy TOKy OT 4acToThl y=R(f) M WHAYK-

TUBHOCTU Y4YaCTKa kabenss OoT 4acToTbl TOKa y:L(f) no AadHHbIM

HaTypHOro 3KCnepuMeHTa. [aHHble HaTypHOro 3KCrepuMeHTa npuee-
JAeHbl B Tabnuue 1.

Tabnuua 1 - DKcnepuMeHTasbHble AaHHbIE

f, Kl 252 272 292 312 332 352 372 392
R, 126,485|142,171|140,293|141,063(146,584|158,365|154,756(155,239
OM/KM

L, 0,801 | 0,798 | 0,798 | 0,795 | 0,794 | 0,791 | 0,79 | 0,792
MITH/KM

f, k'Y, 412 432 452 472 492 512 532

R, 163,616|162,177/171,978|172,179|175,386|180,968|184,964

OM/KM

L, 0,789 | 0,788 | 0,787 | 0,787 | 0,786 | 0,784 | 0,784

MIH/KM

CpaBHWTb MOJTyYeHHble (yHKUMOHA/bHbIE 3aBUCUMOCTM C TEO-
PETUYECKMMU FpacnKaMm:
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t'IVZM m YnpaBJsieHue JJUCTAaHIIMOHHOTI'0 060y4YeHHs Y MOBbIIEHUS KBaJIUPUKALIUU

Y4eb6Hada npakTHKa

BapuaHT 19

|_|O,Cl,06paTb BUnA CI)YHKLIMOHaJ'IbHOﬁ 3aBUCUMOCTU COMPOTUBNIEHUA

yyacTka kabesnisi nepeMeHHOMy TOKy OT 4acToThl y=R(f) M WHAYK-
TMBHOCTM y4yacTka kabens OT uyacToTbl Toka y=L(f) MO AaHHbIM

HaTypHOro 3KCnepuMeHTa. [aHHble HaTypHOro 3KCrepuMeHTa npuee-
JAeHbl B Tabnuue 1.

Tabnuua 1 - DKcnepuMeHTasbHble AaHHbIE

f, Kl 10 30 50 70 90 110 130 150
R, 34,038 | 48,885 | 57,205 | 66,797 | 77,054 | 85,361 | 92,868 | 98,465
OM/KM

L, 0,709 | 0,706 | 0,697 | 0,685 | 0,679 | 0,674 | 0,668 | 0,668
MITH/KM

f, k'Y, 170 190 210 230 250 270 290

R, 104,426|112,205/112,753| 123,68 (123,773|129,449(133,339

OM/KM

L, 0,66 | 0,659 | 0,657 | 0,657 | 0,654 | 0,65 0,65

MIH/KM

CpaBHWTb MOJTyYeHHble (yHKUMOHA/bHbIE 3aBUCUMOCTM C TEO-
PETUYECKMMU FpacnKaMm:

R, Om/EM
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Y4eb6Haa npakTHKa
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tRM m YnpaBjieHHe AUCTAaHIIMOHHOTO0 00YYEHHUS U MOBBIIEeHNUS KBaTUDUKALUH

Y4eb6Haa npakTHKa

LWABJIOH OTHETA

1 HMcxoaHble JaHHBIE

R, OM/kM
L, M[H/kM

R, Om/xMm
L, MI'H/kMm

2 Pe3yabTaTt padoTsl

2.1 3aBUCHMOCTB CONIPOTHBIIECHUS OT
OyHKUNH, BXOSLINE B IMHEHHYIO KOMOMHALINIO:

3HaueHusa Ko3(QGUINEHTOB B IMHEHHON KOMOUHALIUY:

By nuHeiiHoi KoMOHHALH

2.2 3aBUCUMOCTb UHAYKTHBHOCTH OT
Buz ¢pyHKIIMOHATBHOM 3aBHCUMOCTH

YacTHbie MPOU3BOAHBIC IO HEU3BECTHBIM KOB(b(bI/IHI/IeHTaMZ
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tRM m YnpaBjieHHe AUCTAaHIIMOHHOTO0 00YYEHHUS U MOBBIIEeHNUS KBaTUDUKALUH

Y4eb6Haa npakTHKa

HauansHoe npubnmxenue koddduimenTos:
ao al a

Haiinennsle 3HaueHus KO3)OUIHEHTOB:
do al a

OxoHuaTeJIbHBINA BUA (DYHKIMOHAIBHON 3aBUCHMOCTH:

3 Fpac]mmll

3.1 3aBHCUMOCTBH COIPOTHBIICHUS OT

U JIJaHHbBIC YKCIICPUMEHTA.

3.2 3aBHCUMOCTB COIPOTHUBIICHHS OT

U TeopeTHdecKas KpuBasi (OLU(PPOBAHHBII rpaduK).
3.3 3aBUCUMOCTh UHIYKTUBHOCTH OT

1 JaHHBIE KCIIEPUMEHTA.

3.2 3aBHCUMOCTb UHIYKTUBHOCTH OT

U TeopeTHdeckas Kpusas (onudpoBaHHbIA TpaduK).

1 o
l"paq)mm TIpUIararoTCsa Ha CICAYIOLIEM JIUCTE. HOMepa l'pa.(l)I/lKOB COBMNAAar0T C MPUBEACHHBIMA Ha 3TOH
CTpaHHIIE.
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