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BBenenne

CoBpeMeHHBII 3Tan Hay4YHbIX UCCIIEIOBAHUM XapaKTepU3yeTcsi TEM, YTO Ha-
pAy C KJIACCMYECKUM HATYPHBIM HKCIIEPUMEHTOM BCE IIMPE MPUMEHSIETCS] BBIYKC-
JIUTENIbHBIA KCIEPUMEHT, MPOBOJIMMBIN HA MaTEMAaTUYECKONH MOJIEIN C TTOMOUIBIO
OBM. TIlpoBeneHue BBIYMCIUTEIBHOTO 3KCIIEPUMEHTA 3HAYUTENBHO JEUIeBIEe U
MOOUIIbHEE, YEM MPOBEACHUE aHATOTMYHOIO0 HATYPHOTO, U B PSAJIE CIy4aeB BbIUKC-
JUTENIbHBIA SKCIEPUMEHT SIBIISICTCS €AMHCTBEHHBIM BO3MOKHBIM HHCTPYMEHTOM
UCCIe10BaTesl.

Martematuyeckuil anmapatr TEOpUU IUIAHUPOBAHUS U 00pabOTKH pe3yibTa-
TOB KCIEPUMEHTOB B MOJHOW Mepe MOXKET ObITh MPUMEHEH KaK K HAaTYPHBIM, TaK
U K BBIUYMCIUTENIbHBIM JKCIIEpUMEHTaM. B 1aHHOW KOHTpOIBHOM paboTe moj mpo-
BOJAMMBIM HKCIIEPUMEHTOM Oy/leM IMOHUMAaTh SKCIEPUMEHT Ha MaTeMaTU4YeCKOU
MO/I€JIU, BBIMIOJIHEHHBIN MpU oMoty DBM.

OcHoBHas 3ajlaya TEOPUM TUIAHUPOBAHUSA U 00paOOTKH pe3yabTaTOB IKCIIE-
PUMEHTOB — 3TO MOCTPOCHHE CTATUCTHUYECKON MOJENM HM3y4yaeMOoro Ipoliecca B
Bune Y = (X, Xy,...Xk), rae X — gakropsl (BXOaHbIE IepeMeHHbIE), Y — PYHKIUSA
OTKJIUKA (BbIXOJHAsI mepeMeHHas ). [lonydyeHHyro QyHKIHIO OTKJIMKA MOKHO HC-
MOJIb30BaTh JJIsl ONTUMM3AIUU U3yYaEMbIX TIPOLECCOB, TO €CTh ONMPEEIATh 3Haue-
HUsl (AaKTOPOB, IPU KOTOPBIX SIBICHHE WIM Ipoliecc OyIeT MpoTekaTh Hambosee
3¢ pexTuBHO.

Heap ¥ 321241 KOHTPOJLHOW PA00OTHI

Lenbio kouTpoabHoil padoTsl (KKP) siBisieTcst yrinyOnenue, 3aKkperieHue u
cUCTeMaTH3allysg 3HAHUW CTYACHTOB IO TMJIAHUPOBAHMIO HKCIIEPUMEHTA U CTaTH-
CTHUUYECKOI 00pabOoTKe MOIYYEHHBIX PE3yJIbTaTOB.

[Tpu 3ToM Bo Bpems BbinoiaHeHUs: KKP oTHOcHTEIpHO MONYy4eHHOTO BapH-
aHTa 3aJ]aHusl PACKPBIBAIOTCS CJIEIYIOUIUE BOIPOCHI:

— pa3paboTka MaaHa IPOBEJICHUS BHIYUCIUTEIBHOIO SKCIIEPUMEHTA;

— TIPOBEJIEHHWE BBIYUCIMTENIBHOIO 3KcnepuMeHTa Ha OBM u HakorieHue

CTaTUCTHYECKOU HH(pOopMauu;

— 00paboTKa MOJTYyYEHHBIX CTATUCTUYECKUX AAHHBIX C MOMOIIBIO perpec-
CHOHHOT'O aHaldu3a U NoJydyeHue (HOPMYJIbHBIX 3aBUCUMOCTEH, CBS3bI-
BaIOIIMX 3HAYCHUE BBIXOJHOW TepeMeHHOW Y (OTKIMKa) OOBEKTa C
BXOJIHBIMU TIepeMeHHbIMH X ((pakTopammu);

— Tpaduueckoe MpeACTaBICHUE U aHAJIW3 MOJYYEHHBIX Pe3yJbTaToB (Mpo-
BEpKa aJIeKBaTHOCTU U PabOTOCTIOCOOHOCTH PErpecCUOHHON MOJENH).

XapakTepuCcTHKA M3YYaeMOoro 00beKTa, MpeIMeTa U 1eJIH MCCIe/I0BAHUS

Obvexm uccned0osanus — OJHOIMIUHIPOBBIN YETHIPEXTAKTHBIA TU3EIbHBIN
neuratens TM3-450/] npousBoactBa OAO AK «TynamamaBoa». TexHuueckue
rapaMeTphl ABUTATENS IPUBEICHBI B Ta0. 1

IIpeomem uccnedosarnus — nponecc PyHKIIMOHUPOBAHUS ABUTATEIS.



3

Llenv uccnedosanus — aHanu3 BIWSHUS OJHOTO W3 MApaMeTPOB JBUTATEIS
(X) Ha moxkazatenb ero paboThl (Y) W MOJIydeHHUE COOTBETCTBYIOIIEH (DYHKIIHO-
HaJIbHOW 3aBUCUMOCTH.

Jlns mpoBeneHUs MCCIEAOBAaHUN HCIOJB3YeTCs MaTeMaThdecKkas MOJEib
npuratenas TM3-450/71.

Tabnuua 1
Texanueckue napametpsl apurarens TM3-450/]
No
/i ITapamerpsl ABUTaTE 51 TM3-450/1
1 | Tun oquzens YETHIPEXTAKTHBIN
2 | Yuciio nuamHapoB |
3 | PacnionokeHue NUIMHIPOB BEPTUKAJIbHOE
4 | IlnaMeTp UUIMHIpA, MM 85
5 | Xox nopuiHs, MM 80
6 | Pabounii 06beM, cM’ 450
7 | Crenensp cxatus 201
8 | HomunanpHass MOITHOCTh, KBT 8,0
9 ;IggT;zlu 1;12)2::1;1;’1{33 }I:_(l)nquaToro BaJla [IPU HOMUHAJIb- 36004100
10 | MakcuManbHBIN KpyTSIHA MOMEHT, H-M 25+1
11 | YaensHbiid 3¢ pexTUBHBIN pacxoa TOIIMBA HA HOMU- 230
HaJIbHOM pexume He 6osee, r/kBT-u
12 | Macca, kr 52

Hopsiaok BpinoaHenuss KKP

1. IloaroroBka mJjiaHa IKCEePUMEHTA

Hcnonws3ys yka3aHHBIN B 3a/IaHUU IJIaH MPOBECHUS IKCIIEPUMEHTA B KOJIO-
BOM BHJIE, a Takxke 00yiacTh TuiaHupoBaHus GakTopa X (Xiin, Xmax) TOJATOTOBUTH
IJIaH MPOBEICHUS JTAaHHOTO OJHO(AKTOPHOIO IKCIepuMeHTa. s 3Toro Heo6Xxo-
JTMMO KOJIUPOBAaHHbBIC 3HaUEHUs (DAKTOPOB X*j, yKa3aHHbIE B Ta0JIMIIEC, IEPEBECTH B
HaTypanbHbld BUg Xj, tae j = 1, 2,..., N; j — Homep onbITa; N — 4UCIIO OIIBITOB.
Pacuetnbie popMyibl:




max min

— wuHTepBai (mar) BappupoBaHus ¢akropa AX = 5 ;

+X

max min

— HaTypajJbHOE 3HAUCHHE OCHOBHOTO ypoBHA (akropa X = #;

. * Xxr
— HaTypaibHOe 3HaueHue (pakrTopa B j-M ombite X; =X, -AX + X

k .
Tac X j — KOAUPOBAHHOC 3HA4YCHHUC (I)aKTopa B J-OM OIIBITC, Xj — HATypaJIbHOC 3HaA-

YyeHue (pakTopa B j-OM OIIbITE.
Pe3ynbpTaThl pacyeToB NMpeCTaBUThH B BUIE Ta0I. 2.

Tabnuua 2
[TonroToBKa IIaHa KCIEPUMEHTA

Ne onbiTa X*,- X
1 X' X,
2 X X,
N X'n Xn

B nanpHedmmx pacyerax HEOOXOAMMO HUCMOJIb30BAaTh TOJIBKO HATypaidbHbIE
3HaueHHsA (PaKTopoB Xi.

2. HpOBE[[EHI/Ie BBIYHCJIUTEJIBHOIO 3KCIIEPUMEHTA

Hcnonp3yss monydeHHBIN IUIAH SKCHEPMMEHTa U BBIJAHHYIO MPEIOJaBaTe-
JeM TporpaMMmy pacuera (MaTeMaTHYeCKyr MOjeib) mpoBectu Ha OBM Bhrumc-
JUTEIBHBIN SKCTIEPUMEHT, COCTOSIIHI 13 onbIToB N (cM. puc. 1).

MowHocTe AeMratens, kBT, ()
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Puc. 1. MaremaTtuueckas moaeiab auzeinss TM3-450]]



[Tomy4yeHHBIC PE3YNIBTATHI IPEICTABUTH B BUIE TAOJIUIIBI 3
Tabmn. 3

PCBYJIBT&TBI BBIYUCIIUTCIIBHOTO 3KCIICPUMCHTA

Ne ombiTa X Y;
1 X Y,

2 X5 Y,

N XN Yn

3. lMonyyenue GopmMyJIbHBIX 3aBHCHUMOCTEH, CBA3BIBAIONIUX 3HAYECHUE
BbIXOIHOW mnepeMeHHON Y (OTKJIHMKA) 00beKTa ¢ BXOAHOIN mnepeMeHHOH X
(paxTopom)

Jlist nonmydyeHus: GyHKUMOHANBHBIX 3aBUcuMocTel Bujga Y = f(X) naubonee
94aCcTO MCIOJIB3YETCS Memoo HaumeHvuiux keaopamos (MHK).

[Ipy BBIMIOJIHEHHHM PAcUYe€TOB B KAayeCTBE AaNIpPOKCUMHUPYIOMUX (DYHKIIUI
(ypaBHEHUI perpeccuu) MCIoNIb30BaTh CIAEAYIOIINE MOJIMHOMHUAIbHBIE 3aBUCUMO-
CTH:

— nunelnyo (Y, = ap + a;X);

— kBagpatnyHyto (Y, = ap +a; X + a,X°);

IZI€ a9, @) U 8, HEU3BECTHBIE KO3(PPUIIMEHTHI ypaBHEHUH.

[lonyyenue annpoKCUMHUPYIOUUX (DYHKIMH SBISETCS OOUIEIPUHITHIM MO~
XO0ZIOM K 00paboTKe cTaThucThuecKo nHpopManuu. DT PYHKIIMU B MaTeMaThye-
CKOM CTaTHCTUKE HAa3bIBAKOT CTATHCTUYECKOW WM PErPECCUMOHHON MOJENBIO MPO-
ecca.

ITocpencteom MHK 3Hauenus ap, a; 1 a, HAXOAATCS U3 YCIOBHSI MUHUMH-
3aI[U¥ CYMMBbI KBaJpaTOB OTKJIIOHEHUH YKCTIEPUMEHTAJIbHBIX 3HAYEHUN OTKIUKA Y
OT IOJY4YaeMbIX Y, C IOMOIIBIO PETPECCUOHHON MOJENH, T. €. IyTEM MUHUMH3A-
LIUA CYMMBI:
N N
f(ay,a,,a,,..)= Z[AYJ.]Z = Z[Yj —Yjp]2 = min .
j=1 =1
MuHuMU3aus CyMMbl KBaApaToOB MPOU3BOJUTCA OOBIYHBIM CIIOCOOOM C
NoMOIIbI0 AU(depeHIuaNbHOIO0 UCUUCIEHUS IMyTeM MpUpaBHUBaHUA K (0 TIEpBBIX
YaCTHBIX MMPOU3BOJHBIX MO &y, 4|, a2,..... B UTOrE MOJy4YaeTCs 3aMKHYTasi CUCTEMA
anredpanyeckux ypaBHEHUH, C HEU3BECTHBIMU 4y, a1, 2,. . ...
Tak, Harpumep, 11 ypaBHEHHUS TPAMON Y, = ap + a1 X

of
da,

of
da,

N
=23 (Y,-2,X,-a,)X, =0;

j=1

N
=23 (Y;-a,X;-2,)=0.

j=1



nim

N
+aOZX =Y YX;;
j=1

Mz TMZ

X;+ay-N= ZY

1 j=1

—.
Il

B utore nns cinydast ypaBHEHUS MpsIMO HEU3BECTHBIE KOI(POUIIMEHTHI OTI-
peAensoTcs 1o caeAyomuM Gopmynam

N N N
NZ}XJ.YJ.—Z;XJ.ZY
__J= j=

j=1

. : 2
Jis KBaJpaTHYHOM 3aBUCUMOCTH Y, = a9 + a;X + aX" cucreMa HOpMaJlb-
HBIX YPABHCHUW UMEET BU:

N N N
aZZ:)(j2 +alZ:Xj +a, N =ZYJ.;
j=1 j=1 j=1
N 3 N ) N N
a,) X +a, ) X +a,) X;=> X;Y;;
j=1 j=1 j=1 j=1

N 4 N 3 N ) N )
a,) X" +a; ) X; +a,) X, =) XY,
j=1 j=1 j=1 j=1

Borauciss u3 N onbITOB HCO6XOI[I/IMBIC CYMMEHI 1 peliad 3Ty CUCTCMY, Ha-

XOJIUM 3HaYeHUs K03PDUITUEHTOB 3, a; U as.
[Ipu BBIUMCIIEHUHM TIPUBEICHHBIX B YPaBHEHHUSX CYMM JaHHBIE 1€J1€C000-

Pa3HO MPEJCTaBIAThH B BUjiE Ta0I. 4.

Tabn. 4
K onpenenenuto 3HaueHnit K03GOUITMEHTOB
Ne onbiTa X Y; X,-2 Xi Y;
1 X, Y, X, X, Y,
2 X Y, X,” X, Y,

N XN YN XN2 XN YN
> > X XY, X X Y;




4. I'padpuuecknii aHAIHU3 Pe3yJIbTATOB

[lony4yeHHble pe3ysbTaThl MPEACTaBUTH B rpaduyeckoM Bujae (pe3ysbTaTbl
OIIBITOB B BUJIE OTACIBHBIX TOUEK, TpaPuku Y, =ag +a; X Yy =ap+ a; X + ,X>).
[Ipumepsl rpadukoB IpUBEACHBI HA PUC. 2.

9,7

9,2 L

8,7 AN
4

8,2 S

7.7
\\’\"\
72 >N =

—

6,7 ~ 3 — —

6,2 1 ~
0,06 0,085 0,11 0,135 0,16

[OnuHa watyHa, M

MouwHocTb agBuraTtens, KBt

| SKCI. TOYKK —<— NMH. MOJenb —A—KBa,D,p. Moaernb

Puc. 2. Tlpumep rpaduyueckoro npeAacTaBieHUs pe3yJbTaToB

5. CraTucTHYecKUil aHAJIN3 Pe3yJIbTATOB
JJist TpOBEpKH aJIEeKBATHOCTU MOJYUYEHHBIX CTATUCTUYECKUX MOJeNei HeoO-

XOOUMO OIpCACIINTDb a0COIIOTHBIE AYJ U OTHOCHUTCIIBHBIC IMOTPCIIHOCTHU Sj B KaxX-

JAOM H3 OIILITOB.
AYj =Y ip ~ Yj;

rae Y j,— pacueTHoe 3HaUYeHHe QyHKIMH (OTKIIMKA) B J-Oi TOUKE.

[IpocmaTpuBasi 3HaUE€HHS ITUX MOTPELTHOCTEMN, UCCIEN0BATEID MOXKET JIETKO
MOHATh, KAKOBA MOrPEIIHOCTh MPEICKa3aHus B TOUYKAX, /1€ MPOBOAWINCH OIBITHI,
yCTPaMBAIOT €r0 WM HET MoJ00HbIe OomMOKU. TakuM 0Opa3oMm, IMyTeM COIMOCTaB-
JeHusl (paKTUYECKUX 3HAYEHUH OTKIIMKAa C MpPEe/ICKa3aHHbIMU 10 YPaBHEHUIO per-
PECCHH MOKHO TOJYYHUTh AOCTATOYHO HAJNEKHOE CBUAETEIBCTBO O TOYHOCTHBIX
XapaKTEPUCTUKAX MOJIEIIH.

[Tony4yeHHble 3HAYEHUS MOTPELUIHOCTEN MPEICTaBUTh B BUE Tabl. 5 U cpaB-
HUTH [T KaXKJI0U U3 PETPECCUOHHBIX MOJIEIIEH.
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Tabma. 5
Onpenenenne abCOMIOTHBIX U OTHOCUTENbHBIX MOIPEITHOCTEH
Yp = Qo + 211X Yp = Qo + 211X + a2X2
Ne onbiTa AY, 3 AY, 3
1 AY & AY &
2 AY, €, AY, &,
N AYyN AN AYN EN

C nomolpio aHanuza pabomocnocobHocmu perpecCUOHHON MOJIENU BhIsC-
HSIOT MPAKTHYECKYI0 BO3MOKHOCTh €€ MCMOJIb30BaHUS JIJISl PEIICHUs KaKOW-1100
3alayd. DTO aHalu3 OyJleM NPOBOAUTH, BHIYUCIAS KOIDPUIIMEHT AeTepMHUHAIIUN
(kBagpaT KOPPEISIIUOHHOTO OTHOIICHHUS ), KOTOPBIH SIBISETCS YAOOHBIM YUCIOBBIM
MOKA3aTEJIEM, HHTETPAJIBHO XapaKTEepU3yIOLIIMM TOYHOCTHBIE CBOMCTBA YpaBHEHUS
perpeccun. Kosdduupent nerepmunamui R U1 MOTyYeHHBIX ypaBHEHHH per-
pEecCcuu BbIUUCTSAETCS 10 hopMyIie

N _
Zl(Yjp Y}
i

RZ = ,
N —
2 (v;-YF
J=1
o N
rae Y =— ZYj — o01ee cpeiHee 3HaueHue (PYHKIIMM OTKIIMKA.

J=1
2
[Ipu Bbruncnenuu ko3ddunuenta R™ HeoOxoauMble s pacuera JaHHbIE
1eJ1ec000pa3HO MPEACTABIATh B BUAE Ta0II. 6.

Tabn. 6
. 2
K onpenenenuto 3nauenuit koagdpunuenta R

Yp =ap+ 211X Yp =ap+ 211X =+ a2X2

(Y 5p-YF (Y3p-YF

No onpITa (Yj - ?)2

! i -YF | (Y,-Y (Y,-Y)
2 (Y2 - 7)2 (Y2p -Y (Y2p _?)2
ST | G|

N N
Z(Yj -Yf Z(Yjp—Y)z Z(Yjp—Y)z
J=1 J=1 J=1
Bemuuuna R2 MOXKET U3MCHATHCS B Mpeaeiax oT 0 no 1. Ecin R2 OoJIbIIIE
1, TO ypaBHEHHE perpeccuu BhIOpaHO HEBEPHO WJIM CliejlaHa OIIMOKa MpU pacyeTe
ero napameTpos. Ecin R’ = 1, perpeccroHHas KpuBasi MPOXOIUT YEpE3 BCE IKCIIE-
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2 o
PUMCHTAJIbHBIC TOYKMH. Manoe 3HaueHue R BCCTAa CBUACTCIILCTBYCT O HU3KOHU

2
TOYHOCTHU ypaBHEHMS perpeccuu. Eciu R“ > 0,75 ypaBHeHue perpeccu, Kak mpa-
BUJIO, CYMTAIOT PAOOTOCIIOCOOHBIM.

2 o
CpaBHI/ITB IOJTYUCHHBIC 3HAYCHUA R IJIA KAKIA0TO U3 YPAaBHCHHUU PETPEeC-
CHHU.

CI[CJIaTB BBIBOJIbI 110 PE3yJIbTaTaM pa6OTBI.

0O6neMm 1 obopmiaenune KKP

KontponbHas paboTa coep>KUT: MOSICHUTEIIBHYIO 3aMMCKy B 00beme 8§ — 12
mucToB popmara A4 ¢ MOTYTOPHBIM UHTEPBANIOM, pazmep 1pudrta 14 nr. [oscuu-
TeJbHAs 3alUCKA JOJDKHA BKIJIFOYATh: TUTYJIbHBIN JINCT, 3a1aHUE, OTJIABICHUE, BBE-
JIEHUE, pa3feibl OCHOBHOW YAaCTH, 3aKIIOUYEHUE U CHUCOK MCIOJIb30BAHHOMW JIUTE-
paTtypsl. B nosicHuTenbHOM 3anuCcKe JOJKHBI ObITh MOJHOCTBbIO PACKPBITHI BOIPO-
chl onpeaeneHHble Boie B nenu KKP.

Jammura KKP

[Tocne BbIMOTHEHUSI, KOHTPOJIbHAs paboTa caaeTcs MpernojaaBaTesto Ha Ipo-
BEPKY M IIPH TOJIOKUTEIBHOM OILIEHKE MPOBOJUTCS €€ 3aluTa (B BUae cobeceso-
BaHUA).
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