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MeTozmqecm/le YKazaHust

JlaGopaTopHble pPalOOTHI BBIMOIHSAIOTCA B pamMKax Kypca «OCHOBBI MaTeMaTHYECKOTO
MOJCIIMPOBAHNS COLHMAIIBHO-O)KOHOMUYECKUX IPOLIECCOBY», MPELyCMATPUBAIOIIETO U3Yy4CHHUE
METOJIOB TPOBEPKH, OOOCHOBAHHS, OIECHUBAHHUS KOJUYECTBEHHBIX 3aKOHOMEPHOCTEH W
Ka4eCTBEHHBIX YTBEP)KICHHM Ha OCHOBE aHAJIM3a CTAaTHMCTUYECKUX HaHHBIX. Kpome sToro
paccMaTpuBarOTCs BO3MOXKHOCTU NpuMmeHeHus Excel nns pemeHue o3HaueHHbIX 3aj1ad. B
paboTax NMpeayCMOTPEHO BBIMOIHEHHUE psiJia MPAKTUUECKUX 3aJaHHil.

PaboTbl peKOMEHTyeTCsl BBIMOIHATH B OPSAJIKE UX CIICOBAHMUS.

[lo  BbINOTHEHHBIM  JA0OpAaTOPHBIM  paboTamM  CTYJEHT  OTUYMTBHIBAETCS  IEpen
npenogaBaTeneM. OTYET CTyAEHTa JOJIKEH ObITh MPEACTaBJIECH BBIOJIHEHHBIMU 3aJaHUSMU U
ITOSICHEHMSIMU 110 X0y MX BBIITOJIHEHUS.
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JlabopaTtopnas padora Nel. IlocTpoeHme W aHaAM3 MOJAeIH JIMHEHHOW mNapHOI
perpeccus.

[les1b: TOCTPOECHUE U UCCIICIOBAHUE YPABHEHUS JIMHEMHON PETPECCUM.

[Ipoctass (mapHasi) perpeccust NOpeACTaBISET COOOM PpErpeccurd MeEXAy JBYMs
NEPEMEHHBIMU — V' U X BUJA:

y=f(x+e, (1.1)
r7ie Y — 3aBUCHMas lepeMeHHas (pe3yJbTaTUBHBIN IPU3HAK);

X — He3aBUCHUMasl, UM 00BACHSIONIAs, IepeMeHHas (Mpu3HaK-paKTop);

& — ciydyailHas BeJMYMHA, XapakTepU3yloulas OTKJIOHEHUS pPEaJbHOTO 3HAYEHUS
pE3yJbTATUBHOIO TPU3HAKA OT TEOPETHYECKOr0, HAMJIEHHOIO 10 YpPaBHEHHMIO PErPeECCUU
y=f(x)+¢. (1.2)

PaznuuaroT nuHEHbIE U HETMHEWHBIE PETPECCUM.
JIuneiinasi perpeccus OMUCHIBACTCS YpaBHEHUEM: V =a+b-x+¢&. (1.3)

Ha mnpaxktuke nocrpoeHue JIMHEWHOW PErpecCcMy CBOJMUTCS K OLICHKE IapaMeTpoB
ypaBHeHust p, =a+b-x. (1.4)

Kitaccnueckuii moaxo K OLICHUBAHMIO ITAPAMETPOB JIMHEMHON PErPECCHM OCHOBAH Ha
MeToje HauMeHbnx kBaaparos (MHK).

PacyeTHbIE€ COOTHOIIEHUSL.

1. BBIYUCJIEHUE KOS9 ®PUIIUMEHTOB YPABHEHUA JUHEMHOM
PET'PECCUH
Koadpduunentsl, onpenensieMmple HA OCHOBE METOJ]a HAMMEHBIIMX KBaAPATOB, SIBISIOTCS
pELICHUEM CUCTEMBI YPABHECHUMN:

a+b-x=y
= (1.5)
a-x+b-x*=x-y
Tac
_ 1 & _ 1 — 1 & > 1
X=X PEX s X Y=E—2xeys =2y (16)
n - n o n = n =

(1)(1) IHEHTI ypaBuenuii (1.3), (1.4) nonyyaem, pemus cuctemy (1.5).
_Xx y Xy _ cov(x, y)

> ) a=y—b-x (1.7),
—(x) Ox
rie Cov(x ¥) — BbIOOpPOYHOE 3HAYCHHUE KOPPEJIAINOHHOTO  MOMEHTa (koBapuanus),
OMpEJIeIEHHOT0 TI0 popmyre: Cov(x, V) =x-y—XxX-y, (1.8)

2 .
O, — BBIOOPOYHOE 3HAYEHUE JAUCIIEPCHU BEJIMYMHBI X , ONIPEENAEMON 110 hopmyJie:

o2 = 32 — (%) (1.9)



2. UCCJEJOBAHHME YPABHEHUS TUHENHOMN PETPECCUHA
2.1. OuneHkKa TECHOTBI CBS3H

Juneiinvtii ko3gppuyuenm koppensayuu. llpu NUHEHHONW pErpeccUM B KayeCTBE
MOKa3aTessl TECHOTHI CBSI3M BBICTYMAET JIMHEHHBINH Kod(ddumuent koppensuuu. Ero 3HaueHue

HaxoauTes B rpannmax — 1 <r. <1.

Xy —
cov(x, y)
W= (1.10)
x 'Oy
— — — n
e o =x° —%°, aizyz—yz, y?z;-Zyiz. (1.11)

i=1
Koygppuyuenm  oemepmunayuu. OH  xapakTepuzyeT  JONI0  JUCIEPCUU
pE3yJNIBTATUBHOTO TPHU3HAKA ), OOBACHIEMYIO perpeccueid, B OOMIeH aucCrepcuu
PE3YJIBTATUBHOTO MTPU3HAKA.

2 2
2 O, O
Py = 061)2}1011 —1- oczm (1.12)
O'y O'y

] & L, 5
rae 0§=; Y-y =y -y

i

LN

1 & R
0-061»1011: Z(yz y) :;'Z(yi_yi)za (1-13)
i=1

Cpeonasn omuﬁka annpokcumayuu. CpenHss ommOKa anmpoOKCHMAlUUd — CpeaHee
OTHOCHTEIBHOE OTKJIIOHEHHE PACUETHBIX 3HAYEHHUH ) OT (aKTHIECKHX ) .
— 1 & _); X;
A=—-) —-100% (1.14)
no=1j Vi
[TocTpoeHHOE ypaBHEHHE PETPECCUU CUUTACTCS yIOBICTBOPUTEILHBIM, €CIIH 3HaUCHUEe A
He npespimaer 10-12 %.
YeM BhIlIe MOKa3aTeNb ACTEPMHUHAIMN WIH YeM HIDKE CPEIHsISI OIIMOKa armpoKCUMAIHH,
TEM JIydllle MOJAEIb OMMCHIBAET UCXOIHBIC JaHHBIE.

2.2. OneHka 3HAYMMOCTH YPABHEHHUsI JIMHEHHOW perpeccMM M CYIIECTBEHHOCTH
apaMeTpoB JIMHEHHOM perpeccuu.

2.2.1. BpluucieHne OLEHOK JUCTepCcHil MAPHOH JTMHEITHOH perpeccuu

OmneHkH UTst TUCTIEPCHI OonpeaernstoTes GopMyiaMu:

n
> (r-7)°
S fm = ’=1—1 — o0mas nucnepcus pe3yiabTaTuBHOTO npu3Haka. (1.15)
n—
n
z (.),> x y )2
S qzbakm = lle — (QaxropHast (0ObsICHEHHas) JHUCIEPCUS PE3YyJIbTATUBHOIO

MIpU3HAKA. (1.16)



n
2 (y=3.)°
S fcm = h ocTaTo4yHasi (HEOOBACHEHHAas) JUCHEPCHUS  pe3yIbTaTUBHOIO
IIpU3HAKa.
(1.17)
371ech n — KOJIMYECTBO HAOMOAeHUM, m = 1 JJid napHOW perpeccum.

2.2.2. OneHka 3HAYMMOCTH YPaBHEHHMS perpeccud B LeJOM Jaercd ¢ nomombro F-
kpurepust Quwepa
BriaBuraerca HyneBas rMnoresa H,:h=0 O TOM, 4TO KO3(DQHUIMEHT pErpeccuy paBeH

HYIIIO U, CJIeI0BaTeIbHO, (DAKTOP X HE OKa3bIBACT BIIUSHUS HA PE3yJIbTAT ).
VYpaBHeHHE MapHOW pErpeccuy 3HAYMMO C YPOBHEM 3HAUMMOCTH , €CJIM BBIMOIHSIETCA
CJIETyIOIllee HEPABEHCTBO:

(1.18)

rae F,.;.,_,— 3HAYEHHA KBaHTWUIS YPOBHS « F-pacmpesieieHusi ¢ YuCIamMu CTENEHEH

cBoGoasl ky =1; ky, =n—2. Jlns BorYMCICHNS KBAaHTHII MOXKHO HCIOJIb30BaTh TAOJIUILy I
bynkuio Excel: Fa;l;n—z = FPACIIOBP( ;1;n-2).

2.2.3. Onenka cymecTBeHHOCTH KO3 GUIIHEeHTA JUHEHHOI perpeccum.

JUis TpOBEpKH CYIIECTBEHHOCTH KO3(Q(dUIIMEHTa perpeccud W JJid pacyera €ero
JOBEPHUTEIHHBIX HHTEPBAJIIOB MPUMEHSIETCS BEITMYMHA CTAHJAPTHOW OMIMOKUA COBMECTHO C f —
pacnpenenenneM CTbIOEHTa NPU 1-2 CTENEHIX CBOOOIBI.

daxrrueckoe 3HaYeHHE ¢ — kKpuTepus CThIOIEHTa BBIYHCISETCS 10 (popmyie:

b
ly =—1. (1.19)
my
CrangaptHas omubka kodddurmenta (b) perpeccuu onpezensiercs mo popmyiie:
Socm
my, = —ocm_ (1.20)
o An’
e
L 2
z (y -y x)
rae S jcm = ’=l—1, — OCTaTOYHas JUCIIEPCHUS Ha OJHY CTEIEHb CBOOOIBI,
n—m-—

2 2 =2
O, =X~ —X~ — aucnepcus MpU3HAKa X.

Boruncnennoe 3HaueHue (f,) cpaBHHMBAETCS ¢ TaOJIMYHBIM 3HAYCHUEM IIPH OIIPECICHHOM
YpPOBHE 3HAYMMOCTH (X W YHUCJE CTerneHei cBoOobl (n—2). 3meck MpoBepsieTcst HyseBast
runore3a H, : b =0, npeanonararomas HeCyECTBEHHOCTb CTATUCTUYCCKOM CBSA3H MEXKIY )

¥ X, HO TOJNBKO YYHTHIBAIOUIAS 3HAYCHHE D, a HE COOTHOIICHHE MEXAy (aKTOPHOH u
OCTAaTOYHOU AWCIIepCHSIMH B 00meM OanaHce AMCIEPCHU PE3yJIbTAaTUBHOTO mpu3Haka. Ho
OOIINI CMBICH TUTIOTE3 OJMH U TOT JK€: MPOBEPKA HATMYHS CTATUCTHUECKOU CBS3H MEXKIY ) U



X WU €€ OTCYTCTBHS.

Ecmu ), >t,,,,(a,n—2), 10 runoresa H,:b=0 pnomkHa ObITb OTKIOHEHA, a

CTaTHCTUYECKAs CBA3b ) M X CUMTACTCA YCTaHOBIEHHOW. B cmywae f, <f, .. (a,n—2)
HyJIeBass THUIIOTE3a HE MOXeET OBIThb OTKJIOHEHa, W BIWSHHE ) HA X [PU3HACTCA

HECYHICCTBCHHLIM.

2.2.4. TlocTpoeHHe HMHTEPBAJBHBIX OLEHOK /AJsi NMapaMeTPOB perpeccuu, (PyHKUHMH
MAPHOi JIMHEeHOH perpeccun

e UnrepBaibHas OLEHKA (JOBCPUTEIBHBIA HMHTEpPBaT) Uit Koddduimenta b ¢
HaJE)KHOCTBIO (JJOBEPUTEIBHON BEPOSITHOCTHIO) PABHOM ¥ ONpEAENseTCs BbIPaXKEHUEM:

AHAJIOTUYHO CTPOMTCS HMHTEpBaJIbHAs OLEHKAa mapamerpa «. lIpm 3TOM HCIONB3YIOTCS
cledyromiasi pacuetHas popMysia BEIYUCICHHS CTaHAAPTHON OMMOKH Kod(puIuenTa a :

m. = ' (1.31)
o,'n

e lHTepBaibHAas OLEHKA (IOBEPHTENIBHBIN MHTEPBAN) U BBIYUCICHHOTO 3HAYCHUS J);
Opy 3aJaHHOM 3HAYEHUM X; C HAJEKHOCTBIO (JOBEPUTEIBHONM BEPOSATHOCTBIO) PaBHOM
y =1—a onpenensercs BhIpaXKCHUEM

Vitt,.6 my, (1.32)

CrangapTHasi omrOKa BEIYMCICHHOTO 3HAYCHHS J); ONPEeNsieTcs o hopmyie:

2
My = Spem 1+1+M (1.33)
' n n-o;

Takum o6pazom, B (1.30) BXOIAT [BE BEIMUYUHBI ms, (3aBucut or x;) m t(y,n—2),

BBIYHCIIsIEMas ¢ momoIisio pynkmmu Excel:

t(y,n—2) = CThIOJPACIIOEP(1—y,n—?2).

3. 3apanus Ha J1a00paToOpHYIO padoTty

(1 — 9 BapuanTtsl). B Tabnuile mpUBENEHBI JAHHBIE O CPEIHEIYIIEBOM MPOKUTOUHOM
MUHUMYyME B JICHb Ha OJHOTO padoraromiero X (B pyOisix) U JaHHBIE O CpenHed 3apaboTHOM
Iiare 3a OJuH padouuii 1eHb y (B pyOisix) B 15-Tu pernonax.

1. ITocTpolite ypaBHEHUE TaPHOU perpeccuu ) OT X .

2. Paccunraiite ko3puureHT napHOW KOppensiuuu, KO3PQPUIUEHT AeTepMUHALIIU
Y CPEJIHIOI0 OUIMOKY armpoKCUMAalUu.

3. OneHuTe CTaTUCTHYECKYI0 3HAYMMOCTh NapaMeTpOB PETPECCHMM M YpPaBHEHUS
perpeccuu ¢ noMoIblo F-kputepus duuiepa u ¢-kputepus CTbIOJIEHTA.

4. Halinute noBepuTenbHblE HUHTEPBAJIBI JUISI KO3(PPUIMEHTOB pPETPECCUU U
ypaBHEeHHUs perpeccud Ha yposHe 3Haunmocti o =0,05. Otpasure Ha rpaduke

5. Haiinure u ynanute u3 BBIOOPKU JBE TOUYKH, HamOojee yAal€HHbIE OT JIMHUU

perpeccun. [locTpoiiTe TuHUIO perpeccuu AJist 3Toi BeIOOpKHU. CpaBHUTE pe3yJIbTaThI.



Bapwuanr 1 BapuanT 2 BapwuanT 3
[Ipoxutoun| 3apabGotHasi| Ilpoxuroun| 3apabotHas| Ilpoxxuroun| 3apaboTHas
bl MUHUMYM 1J1aTa bl MUHUMYM J1aTa bIl MUHUMYM 1J1aTa
234 445 215 486 206 369
246 484 226 531 216 410
261 518 239 569 229 441
237 457 217 500 208 383
267 524 245 574 235 443
318 623 292 682 279 526
201 396 184 433 177 335
264 517 242 566 232 436
219 434 201 476 192 369
261 517 239 567 229 439
228 449 209 492 200 380
345 685 316 752 303 583
207 419 190 460 182 360
252 526 231 579 221 459
276 553 253 607 242 472
BapuanT 4 Bapwuant 5 BapuanT 6
[Ipoxuroun| 3apabortHas| IIpoxutoun| 3apabotnas| Ilpoxuroun| 3apaboTHas
bIl MUHUMYM J1aTa bl MUHUMYM J1aTa bIl MUHUMYM 1j1aTa
223 448 312 628 234 472
233 467 342 685 261 524
246 494 367 735 282 565
225 451 322 644 243 487
252 504 371 742 283 567
296 594 443 887 338 678
194 388 277 555 211 423
249 499 365 732 279 558
209 420 306 612 234 469
246 494 366 733 281 563
217 436 316 633 242 484
320 641 489 979 377 754
199 399 295 591 228 457
238 478 374 749 294 589
259 520 393 786 303 607
Bapwuanr 7 BapuanT 8 BapuanT 9
[Ipoxuroun | 3apabotHass| I[Ipoxwuroun| 3apabortnas| IIpoxkutoun| 3apaborHas
bl MUHUMYM 1J1aTa bl MUHUMYM J1aTa bl MUHUMYM 1J1aTa
287 577 406 816 302 608
299 600 445 890 337 675
317 635 478 957 365 730
289 579 417 836 313 627
324 649 483 967 366 733
384 769 579 1160 440 881
247 495 358 717 270 541




321 642 476 953 360 721
268 537 396 793 301 603
317 635 477 955 363 727
278 558 410 822 311 622
415 832 641 1283 491 983
254 509 382 764 293 586
307 614 488 976 381 763
335 670 512 1025 393 786

(10 — 18 BapuanTsl). B Tabnuue npuBeneHsl 1aHHbIE O Bece I'Py30B X (B KMJorpammax) u
KOJIMYECTBE 3aKa30B COOTBETCTBYIOILEIO I'py3a ) (B ThICSYAX).

1. ITocTpoiiTe ypaBHEHHE TAPHOM perpeccun ) oT X.

2. Paccunraiite ko3puureHT napHOi KOppeasiuuu, Ko3PQPUIUEHT AeTepMUHALIIU
Y CPEJIHIOI0 OUIMOKY arrpoKCUMAalUK.

3. OneHuTe CTaTUCTHYECKYI0 3HAYMMOCTh NApaMeTPOB PETPECCUM M YpPaBHEHUS
perpeccuu ¢ noMoIblo F-kputepus dumiepa u ¢-kputepus CTbIOJIEHTA.

4. Haiinute noBepuTenbHblE HWHTEPBAJIBI IS KO3(PPUIMEHTOB pPETPECCUU U
ypaBHeHHs perpeccun Ha ypoBHe 3Haunmoctu @ =0,05. Otpasure Ha rpaduke.

5. Haiinure u ynanute u3 BbIOOPKU JBE TOYKH, HaumbOojee yAali€HHbIE OT JIMHUU

perpeccun. [loctpoiiTe muHUIO perpeccuu AJist 3Toi BeIOOpKkU. CpaBHUTE pe3yJIbTaThI.

BapuanT 10 Bapwuanr 11 BapuanT 12
Bec 3aKa3bl Bec 3aKa3bl Bec 3aKasbl
540 6.1 554 6.7 547 6.7
708 9.1 719 11.5 713 11.5
593 7.2 608 8.0 600 8.0
508 7.5 526 5.6 517 5.6
648 6.9 666 2.9 657 2.9
935 11.5 955 9.8 945 9.8
855 10.3 865 9.6 860 9.6
753 9.5 767 9.7 760 9.7
913 9.2 931 6.7 922 6.7
960 10.6 971 8.8 966 8.8
1010 12.5 1022 7.6 1016 7.6
1065 12.9 1075 14.5 1070 14.5
1205 14.5 1215 10.4 1210 10.4
1080 13.6 1092 11.9 1086 11.9
1023 12.8 1035 13.9 1029 13.9
1383 16.5 1393 16.2 1388 16.2
1430 17.1 1443 18.8 1436 18.8
1265 15.0 1278 14.9 1272 14.9
1320 16.2 1336 14.3 1328 14.3
1253 15.8 1266 17.1 1259 17.1
1570 19.0 1584 18.0 1577 18.0
1693 19.4 1706 19.8 1699 19.8
1505 19.1 1524 21.4 1515 21.4
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1575 18.0 1590 15.6 1582 15.6
1630 20.2 1644 15.2 1637 15.2
Bapwuant 13 Bapuant 14 Bapwuanr 15
Bec 3aKa3sbl Bec 3aKa3bl Bec 3aKa3bl
554 6.1 561 12.8 1108 6.1
719 9.1 724 20.6 1437 9.1
608 7.2 616 15.2 1217 7.2
526 7.5 536 13.1 1053 7.5
666 6.9 676 9.8 1333 6.9
955 11.5 964 21.3 1909 11.5
865 10.3 870 19.9 1730 10.3
767 9.5 774 19.2 1533 9.5
931 9.2 940 15.9 1862 9.2
971 10.6 977 19.4 1943 10.6
1022 12.5 1029 20.1 2045 12.5
1075 12.9 1081 27.4 2151 12.9
1215 14.5 1220 24.9 2431 14.5
1092 13.6 1097 25.5 2183 13.6
1035 12.8 1041 26.7 2069 12.8
1393 16.5 1398 32.7 2785 16.5
1443 17.1 1449 35.9 2886 17.1
1278 15.0 1285 29.9 2557 15.0
1336 16.2 1343 30.5 2671 16.2
1266 15.8 1273 32.9 2532 15.8
1584 19.0 1591 37.0 3167 19.0
1706 19.4 1713 39.2 3412 19.4
1524 19.1 1534 40.5 3048 19.1
1590 18.0 1597 33.6 3179 18
1644 20.2 1651 354 3289 20.2

JladbopaTtopnas paGora Ne2. IlocTpoeHHe W aHAJW3 MOAeIM HEJUHEHHOW NapHOM
perpeccuu

[leb: MOCTPOEHUE U UCCIIEOBAHUE YPABHEHUS! HEJIMHEWHON PETPECCHH.

[Ipoctass (mapHasi) perpeccus TMPEACTaBIsIET COOOM PpEerpeccuro Mexay AByMs
NEpPEMEHHBIMU — ) U X BUJA:
y=fx+e, (1.1)
rae y — 3aBHCHMasl IepeMeHHas (pe3yJIbTaTUBHBIIN IPU3HAK);
X — He3aBUCHUMas, WIH 00BACHAIOIIAA, IepEMEHHA (IPU3HAK-(PaKTOp);
& — ciydyailHas BeJMYMHA, XapaKTepU3ylollas OTKJIOHEHUS pPEAJbHOTO 3HAYEHUS
pE3yJNbTATUBHOTO TPU3HAKA OT TEOPETHYECKOr0, HAMIEHHOIO IO YpPaBHEHHMIO PETrpecCUU
y=f+e.

[TocTpoenue u aHanu3 HEMUHEHHBIX MOJAEIIEH UMEIOT CBOIO cnenuduky. B pamkax nanHou
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nabopaTopHOi pabOThl paccCMaTPUBAIOTCS HEIUHEIHBIE MOJEIH, AOMYCKAIOIINE CBEIEHUS UX
K JINHEWHOMY THILY.

PacyeTHbIE€ COOTHOIIEHUSL.

1. OIEHKA TAPAMETPOB HEJIMHEMHOW PEIT'PECCUH
1.1. Perpeccun, HEIUHEWHBIE OTHOCUTEIHHO BKIIOUCHHBIX B aHAIN3 OOBICHSIOIMIUX
MIEPEMEHHBIX, HO JIMHENHBIE 110 OLICHUBAEMBIM ITAPAMETPAM.

® PaBHOCTOPOHH:S rumepbona: y =a+—+¢&. (1.2)
x

e nonysnorapudmuyeckas: y=a+b-In(x)+¢. (1.3)

[Ipu ouenke mnapamerpoB perpeccuit (1.1), (1.2) wucnonb3lyercs METOA 3aMEHbI
nepeMeHHbIX. CyTh €ro COCTOUT B 3aMEHE HEIMHEUHBIX OOBSCHSIOIIMX IEPEMEHHBIX, B
pe3ynbpTaTe 4Yero HeIWHEHHBbIe (QYHKIMH PErpeccud CBOAATCA K JuHeHHBIM. K HOBO,
npeoOpa30BaHHON (PYHKINN PETPECCUU MOXKET OBITh IPUMEHEH OOBIYHBIN METOI HAMMEHBIITNX
kBaapaToB (MHK), paccmotpenHslii B 1abopaTopHoii padote Nel.

Taﬁ.lmua 1. Bo3Mo:KkHBIE 3aMeHbI MEPEMEHHBIX

Bun Monenn JInneapusyromue OrpanuycHH OOpartHas 3aMeHa
npeoOpa3oBaHus Pl IepEMEHHBIX
2 R 1 1
Vy=a+b-— X=— x=0 a=a b=>b
X X

1.2. Perpeccun, HenMHEHbIE OTHOCHUTEIBHO OLIEHUBAEMBIX MAPaMETPOB, HO JIMHEWHBIX
OTHOCUTEJIBHO BKJIFOUEHHBIX B aHAJIN3 OOBSACHSIOIINX EPEMEHHBIX.
e JorapuMmuyueckast MOJENb (CTENEHHAs): y=ax +¢& (1.4)

— o KX
e mokazarenpHas: ) & b +‘9;

(1.5)
(1.6).

__ _atbx
® DOKCIIOHEHIIMAJILHAS: y=e té

Ouenka mnapametrpoB perpeccuir (1.3), (1.4), (1,5) BbIMONHSAETCS MO CIEAYIOLIEMY
IrOpPUTMY:

l. ypaBHEHHSI TIPUBOIATCS K JHUHEHHOMY BHUIY C IOMOIIBIO JIOTApU(DMUPOBAHUS U
MOCJIeYIOIIEH 3aMEHbI IEPEMEHHBIX;

2. OLIEHHMBAIOTCS MapaMeTphbl MPEoOpPa30BAHHOTO YPaBHEHUsSI C HCIOJIb30BAaHUEM METOJIa
HAaWMEHBIINX KBAJIPATOB;

3. BBIIIOJHSCTCS 06paTHa$1 3aMCHAa NCPEMCHHBIX U 3aIMMCbIBACTCA UCXOAHOC YPABHCHHUC.

Tabauua 2. Bo3Mo:xkHbIe 3aMeHbI NlepPeMEeHHbIX

JInaeapusyromniue OO0OpaTHas 3aMeHa
PHBYIOII OrpaHudeHus P

Bun mogemu
npeoOpa3oBaHUs TIEPEMEHHbBIX




1 )A/xza-xb Y=Iny, X=Ihux, x>0, y>0, e o bb
A=Ina a>0 B

2 p.=a-b” Y=Iny, B=Inb, b>0, y>0, i b B
A=Ina a>0 B -

3 P, =etthx Y=Iny y>0 a=a b=b

2. UCCJEJOBAHUE YPABHEHUSI HEJJUHEMHOM PETPECCUHA

2.1. OueHka TeCHOTHI CBAI3H
Hnoexc koppenayuu. 1lpy HEITWHEWMHON pETPEeCcCCMM B KAYECTBE IIOKA3ATENs] TECHOTHI

CBSI3H BBICTYIAET MHJIEKC Koppessinuu. Ero 3nauenne Haxomures B rpanuiax () < Pry = l.

(1.7)

rac G :_Z(y_ > O-gcm:%Z(y_);x)z (18)

Hnoekc 0emepmuuauuu. OH xapakrepusyeT MO0 JAMCIEPCUU PE3YJIbTaTUBHOIO
MpU3HAKA Y, O0BICHIEMYIO PErpeccheid, B 00IIel TUCTIepCHy pe3yIbTaTHBHOIO TPU3HAKA.

2 2
,Ozxy — 006‘172ECH —1- Goczm (19)

O-y O-y

1 < 2 2

e o, == > (3 -y =y -3,

n -

1 < 2 1 A N2
06bﬂCH:_ Z Gocm:_'Z(yi_yi) 5 (1-10)

n - n -

CJICZ[yeT O6paTI/ITb BHUMAHUC Ha TO, YTO Pa3HOCTU B COOTBCTCTBYIOIIUX CYyMMaAX

n
Z(y—y)2 , (P, ~9)? u > (y- )A/x)2 OepyTcsi HE B MPe0OPa3OBAHHBIX, @ B UCXOJHBIX
i=1

3HAYEHUSAX PE3YJIbTATUBHOIO NpHU3HaKa. MHaue roBopsi, MpU BBIYMCIEHUU 3TUX CYMM CIEAYET
UCIOJIb30BaTh HE IpeoOpa3oBaHHbIE (JIMHEAPU30BaHHbIE) 3aBUCHMOCTH, A HCXOJHBIE
HEJMHEWHbIE YPAaBHEHUS PErPECCU.

2.2. OuneHka KayecTBa YpaBHEHMS perpeccuu

Cpeonan owuoka annpoxcumayuu. CpenHss omuOKa anmpoKCUMalMd — CpeaHee
OTHOCHTEBHOE OTKJIIOHEHHE PACUETHBIX 3HAUEHHUH ) OT HaKTHIECKHX ) .
— 1 1Y _.); X;
A=— —-100% (1.11)
noi=1| Vi

[TocTpoeHHOE ypaBHEHHE PETPECCUU CUUTACTCS yIOBICTBOPUTEILHBIM, €CIIH 3HaYCHUEe A
He npessimaeT 8—10 %.

YeM BhIlIE MOKa3aTeNb ACTEPMHUHAIMN WIH YeM HIDKE CPEIHsISI OIIMOKa armpoOKCUMAIlHH,
TEM JIy4Ille MOJAEIb OMMCHIBAET UCXOIHBIC JaHHBIE.
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Koapdpuyuenm rnacmuunocmu. Ko>sphuuueHT 31aCTUYHOCTHU. MMOKA3bIBAET, HA CKOJIBKO
MPOLIEHTOB U3MEHUTHCS B CPETHEM PE3yJIbTaT, eciu GakTop u3mMeHuTcs Ha 1%.
dopmyna ais pacdera KodhHUIMEHTA HITACTUIHOCTH UMEET BH/I:

2= f(x)-=.
y

Tak xak st OompmMHCTBA (QYHKIMHA KOI(P(OUIMEHT 5SIAaCTUYHOCTH HE SBISIETCA
HOCTOSIHHON BEJIMUMHOM, a 3aBUCUT OT COOTBETCTBYIOLIEIO 3HAYCHUS (PAKTOpa X, TO OOBIYHO
PacCYUTHIBACTCS CPEeAHUNA KOAPPHUIIMEHT JIaCTHIHOCTH:

_ , X
I=1(x)—=.
- y
Ta6auna3. @opmyssl a5 pacdera D cpeTHUX KOI(HPUIMEHTOB 3J1aCTHYHOCTH.
BI/IH MOJICIIH, y I_Iep}?’aH HPIOHBBOHHaH) CpeHHI/H/I KOE)(b(bHEI/IeHT
Y JIACTHYHOCTH, D
y=a+ é +& _ i b
X x° a-x+b
y=a-b'-¢ a-lnb-b" x-Inb
y=a+b-Inx+¢ é b
X a+b-Inx
y = €a+b-x s b ea+b.x h-x%

2.3. OuneHka 3HAYMMOCTH YPABHEHMSl HeJIMHEIHON perpeccuu.

_ P;%y n—m-—1
l_p)%y m

2 o
rae Py, — UHICKC ACTCPMHUHALMH, 7 — YHMCIO HAONIOACHHUM, M — YHCIO IapaMeTpPOB Ipu

F

b

nepeMeHHONH X . DakTuueckoe 3HAYCHHE [ -KpUTEpHsl CpaBHUBACTCA C TAOIMYHBIM TpU
YPOBHE 3HaYMMOCTH (X M YHUCJE CTeleHel cBoOOxbl k, =n—m—1 (11 ocTaTOYHON CyMMBI

KBagpatoB) U k; =m (mis (akTopHO CymMMBI KBaapaToB). BblumcienHoe 3Hauenue I -

KpUTEPHsI NIPU3HAETCS JOCTOBEPHBIM, €CIM OHO OOJIbIIE TAOJIMYHOIO INPH 3aJaHHOM YPOBHE
3HAaYUMOCTH ¢ . B 3TOM cilyuae nenaercs BbIBOJ O CYIIECTBEHHOCTH YPaBHEHUSI PETPECCUU B
LEJIOM.

3. 3AJAHUE HA JJABOPATOPHYIO PABOTY

1. Ha ocHoBanuu tabnui 3,4 MOCTPOUTH NPEIOKEHHbIE YPABHEHUS PErPECCUI.

2. BplUMCINTh MHAEKCHI NMAPHOW KOPPEIALMM M WHAEKCHl JETEPMUHALMM Uil KaKIO0TrO
YPaBHEHHS.

3. IIpoBepuTh 3HAYMMOCTH YPABHEHUS PETPECCHA B LEIOM ISl KaXJIO0M KPUBOU
BBIPAaBHUBAHUS.

4. OnpenenuTs JTyylllee ypaBHEHUE HA OCHOBE CPEAHEN OIMIMOKH anmpoKCUMAIUK.
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5. OnpenenuTs Jiydillee ypaBHEHUE HA OCHOBE COBMECTHOI'O aHAJIM3a 3HAYEHMM MHJEKca
JETEPMUHALIMU U CPEIHEN OLIMOKU allpOKCUMAIIUH.

6. Berurcnuth cpeHuid KOA(Q(OULIHUEHT IaCTUYHOCTH.

7. C momomipio BcTpoeHHOW ¢yHkumu Excel mocTtpouTs nuHHMM TpeHAa yKa3aHHBIX

. 2

(GyYHKIUI, BBIBEIS COOTBETCTBYIONEE ypaBHeHHE TpeHaa W 3HaueHne R°. CpaBHUTH C

pacueTHBIMU TaHHBIMHU.
8. Cnenatb BBIBOJBI IO MPOAEIAHHON padoTe.

Tabauua 3. BapuaHnTsl 3a1aHuil

Bapua | I'pad Bupl kpuBBIX annpoKcuManuu

o TaI%In. I'umep6omu- | [Momynorapud Crrenennas [TokazaTenpHa | DKCIOHEHIIU-
4 yeckast -MUYecKas s anbHas

1 1,2 * *
2 2,3 *
3 3,4 *
4 56 *
5 7,8 *
6 9,10 *
7 1,3 *
8 1,4
9 1,5 * *
10 1, 6 * *
11 2,4 * *
12 2,6 * *
13 2,7 *
14 3,6 * *
15 3,8 *

Tabauua 4. Haanuue npeaMeToB UINTEIBHOT0 MOJIb30BAHNS B JOMANIHUX X03s1iicTBaX (1IT)

O6nactu u | Tene | Bune | Marn | My3sl | Ilepc | Xono | Ctup | [Isute | LBeit | Jlerko
pecriyONMKH | W30p | OMarH | UTO | KajibH | OHANb | IWJIBH | albH | COCHI | HBIE | BBIC
BI uTo() | OHBI bIC HBIE | WKH bIC MaIllli | aBTOM
OHBI HEHTP | KOMII Maru HBl | OO
BI BIOTE HBI u
pBI
1 2 3 4 5 6 7 8 9 10
bemroponeka |13\ 39 | 65 | 10 | 1 | 103 | 93 | 77 | 58 | 26
s 007acTp
bpanckas | o0 |37 | 47 | s 2 | 99 | 72 | 64 | 50 | 18
o0racTb
Bramamupeic |0 36 | g1 | 10 | 2 | 105 | 90 | 77 | 68 | 24
ast 001acThb
Boponexcka | 122 36 44 13 2 102 96 66 60 25
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s 00JIaCTh

WBanoBckasg

128 | 26 | 47 | 9 1| 106 | 92 | 71 | 71 | 9
00JacTh
Kamywekas | 140 | 43 | 61 | 14 | 6 | 106 | 88 | 81 | 66 | 28
00JacTh
Koctpomexast | 4 31 45 12 1 100 85 58 58 14
00acTh
Kypcxast 113 40 47 15 3 100 78 66 51 28
00JacTh
Jumemsast |y | o4g | ss | 13 | 2 | 13| 95 | 73 | 66 | 34
00J1aCTh
MockoBckast 139 64 57 27 14 106 87 81 62 22
00J1acTh
OpJoBcKast 126 39 69 8 6 11 93 73 72 27
00J1aCcTh
Psa3anckas 120 34 46 8 3 106 80 65 51 21
00nacTh
CmoreHcKast 125 39 55 24 6 115 93 66 49 21
00JacTh
TamGoBCcKas 118 37 59 8 1 108 99 74 65 23
00JacTh
Teepexat | 4y | 35 | 52 | 8 | 4 | 102 | 87 | 64 | 65 | 12
o0macTp
Tymeckast | 433 54| 58 | 15 5 102 | 93 | 79 | 36 16
00J1aCTh
SIpociaBckast 136 36 47 12 4 110 88 71 69 14
o0nacThb
Pecniyomika |46 1 49 | 65 16 9 106 | 87 | 68 | 55 | 32
Kapenus
Peenybmia | 140 | 53 | 59 | 23 5 1| 92 | 78 | 69 | 34
Komu
APXaHTEILCK | o c 35 58 16 8 103 95 74 71 15
ast 00J1acTh
Bonorojckas 138 34 51 10 3 104 95 64 60 19
00acTp
Kanununrpa
JICKast 124 48 53 12 7 105 85 74 38 29
00nacTh
Jlennurpanck | 54 30 65 8 3 102 84 71 52 10
ast 00J1acTh
Mypmanekast | g 59 63 29 8 107 92 87 74 21
o0acTp
Hosroposcka 130 26 63 9 4 96 76 56 45 14
s 00J1aCTh
[TckoBcKas 117 26 44 91 3 99 82 65 60 20
00J1aCTh
Kpacuonapck | 114 44 60 14 4 109 90 74 67 28
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Wi Kpan

CraBporonbc

PO 114 | 40 | 63 12 2 | 104 | 91 | 78 | 49 | 29
KUHU Kpau
AcTpaxaHcka 126 54 55 11 5 116 87 76 66 29
st 00J1aCTh
Bourorpaack 109 41 55 8 1 106 93 74 70 23
ast 00J1aCTh
Pocrosckas | 50 43 57 20 8 109 91 73 60 26
00J1acTh
Pecnybnuka
Bamkoprocra | 115 40 52 16 4 116 94 75 67 29
H
Pecnyomuia | 5, | 5 | g4 | g 1108 | 87 | 712 | 13 | 22
Mapuii On
Pecnybmimica | 430 | 33 | s | 10 | 1 | 109 | 89 | 77 | 58 | 18
Mopnosust
Pecyomixa | 1,4 | 5, 61 19 5 119 | 90 76 | 55 22
Tarapcran
YAMYPICKAT | 153 | 3y | 53 7 4 |11 | 97 | 69 | 74 | 26
pecny0OamKa
dysameras | yoe |31 |60 | 11 | 0 | 105 | 85 | 76 | 78 | 19
pecny0OamKa
Kuposexas | 140 1 27 | 60 | 7 | 2 | 120 | 109 | 74 | 86 | 22
00J1acTh
Hmxeropoac 125 36 52 6 3 114 101 81 75 21
Kasi 00J1acTh
Opendyprexa | 154 | 47 | 57 17 6 119 | 105 | 82 | 66 | 36
st 00J1aCTh
Ilensenckas 121 36 47 7 o) 109 94 70 69 15
00J1acTh
Hepueras 1155 1 40 | 50 15 6 113 | 98 | 73 | 75 | 27
00nacTh
Camapekas | og | 6o | 56 | 24 | 14 | 121 | 100 | 76 | 68 | 35
00J1acTh
CaparoBckas 118 38 51 12 4 124 87 65 62 27
00JacTh
VIIbgHOBCKas 116 37 51 9 4 109 96 77 67 25
o0acTh

JlabGoparopHnas padora Ne3. [locTpoeHue U aHAIM3 MOJEJTH MHOKECTBEHHOU JIMHEHHOH

perpeccuu

[leab: OCTPOEHNE M HCCIENOBAaHUE YPABHEHUS MHOXXECTBEHHOW JIMHEWHOW PErpeCcCHH,

ucnosb3ys pexum Pecpeccusa npozpammut Excel.
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MHoxecTBeHHasI perpeccus MIPEACTABIISIET coboi MOJIEIb BHJIA!
Y=f(x1,X,.0,X%,,) + &,
rae y — 3aBUCUMAs [IepeMEHHas (pe3ynbTar);
X5 XD 5eee5 Xy — HE3aBUCUMBIE MepeMeHHbIe ((haKTOPbI);
g — CiydJaifHasi OIMOKa perpeCCHOHHON 3aBUCUMOCTH;
f — HEKOTOpasi MaTeMaTHdecKast QyHKITHSL.

[Ipoctass (mapnHasi) perpeccuss TMPEACTaBIsIET COO0OM PpPErpeccuro Mexay AByMs
NEPEMECHHBIMU — J U X BUJA:

Jluneitnaa Moaens MHOXECTBEHHOM perpeccry — 3aBUCUMOCTD BUA:

yv=a+b x +by x, +..+b, x, +¢,
rae a,b;,b,,...+b, — napamerps! QpyHKINH.

[Tapamerp @  Ha3piBaeTcs CBOOOJHBIM  WICHOM U OMNpEACNsIeT 3HAauYeHUE
pe3yapTUPYIOMIEH TEpPEeMEHHOW ) B Cllydae, KOTAa BCE OOBACHSIONIME IEePEeMEHHBIC
X|,X9,...,X,, PaBHBI HyI10. Eciu ke (hakTophl 0 CBOEMY YKOHOMHUYECKOMY COJEPKAHHUIO HE
MOTYT TIPUHHAMATh HYJICBBIX 3HAYCHHWI, TO 3HAYEHUE TapaMeTpa d MOXET HE WMETh
HKOHOMHUYECKOTO CMBICIIA.

[TapameTpsl bj Ha3blBalOTCd KO3 duuumenramm «uucroi» perpeccun. OHHU

XapaKTepU3ylT CPEeIAHEE H3MEHEHHME pe3ylabTaTa ) C HM3MEHEHHEM COOTBETCTBYIOLIETO
(hakropa X; Ha €JUHHUIY [PH HCM3MCHHOM 3HAYCHWM IPYIUX (paKTOPOB, 3aKPCIUICHHOM Ha

CPEIHEM YPOBHE.
OCHOBHOM 1I€JBbI0 MHOKECTBEHHON PpErpecCHM SIBJIAETCS IOCTPOEHUE MOJENIH C
OONBIINM YUCIIOM (DAaKTOPOB M OMpPEICICHUE BIUSAHUSA KaXIOTO (akTopa B OTIEIBHOCTH, a

TaKX€ X COBMECTHOTO BO3JICUCTBUSI HA MOACIUPYEMBII MOKa3aTelb (Pe3yabTar).

1. PacyeTHbBIE€ COOTHOIICHUS.

l. YpaBHeHHE  MHOKECTBEHHOM  JIMHEMHOM  perpeccud B  CTaHJAPTU30BAHHBIX
IIEPEMEHHBIX

t, =p ly + 3, 1y, +.. 4B, b, tE,

X

rae ff; =b; -

— CTaHJAapTH30BaHHBIE KOA(PPHUIHMECHTHI
y
_ X

2. Cpennue koddduuments anactuanocta J; =b, -——, (i=1,2,...,m)
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3. HactHbie KO3 HUITUEHTHI KOPPETISAIIHH.
Ecau daxropsl X;, X ;, HAXOAATCS B KOPPEJALMOHHOU CBSI3H, TO C MOMOILBIO YaCTHBIX

KOX(PHUIMEHTOB KOPPEISAIUH Vs X1 XX Xrsg ok, MOMHO OLEHHTB TECHOTY CBSI3H MEXIY

pe3yabTaTOM M COOTBETCTBYIOIIUM (DaKTOPOM TPHU SIIMMUHHPOBAHUH (YCTPAHEHHH BIIASHUS)
Apyrux (pakTOpoB, BKIIOYCHHBIX B ypPaBHEHHE PETPECCUHU.

Koaddunmentsr yacTHON KOPPETSIUN MOKHO PACCUATATh MO GopMyJIe:
r -r .
. yxi‘X1X2...xp71 y.xp‘.XIX2...xp71 rxixp‘xl.X2...xi71xi+l....Xp71

2 2
\/(1 - ryxp'xlx2"'xp—l ) ) (1 - rx,-xp-xlxz...x )

r =
VXXX X,

p-1

Koaddunmentsr yacTHO#M KOppemsuy U1 ABYX (HaKTOPOB:

r — ryxl B ryxz . rxlxz r — ryxz B ryxl ' rxlxz
yxpxp P P yxpx \/ 2 2 i
Ja=r)-(=r2,) (1=rp)-(=rp)
riae — COV(xl ) )
X1X2 . O
X1 X2

4. Kpurepuiit ®umepa.
2
F_S¢a]<m_ R2 n_m_l
sz 1-R* m

2 2
rne  Sgpaem — ($akTopHas CymMMa KBAajpaTOB Ha OJHY CTeNeHb CBOOOABL S,., -

OCTAaTOYHAsi CyMMa KBaJpaTOB Ha OJIHY CTEIEHb CBOOOJIEI; R* — K03 HUIreHT
MHOXKECTBCHHOW JCTEPMUHAIIMU; M — YHCIO IMapaMeTPOB IPHU TEPEMEHHBIX X (B
JUHEHHOW PEerpeccHy COBMAJACT C YMCIOM BKJIIOYCHHBIX B MOJACHIb (AaKTOPOB); 1 —
YUCIJI0 HAOIIOACHU.

Yacmnouie kpumepuu @uuiepa MOTYT OBITh BBIYHCIICHBI TI0 CIEAYIONMIEH Gopmye:

2 2
F = Ryxlxz...xm Ryxl...xl-,lxl-ﬂ...xm ] n—m-—1
X 1_ R2 1
VXX Xy

Jlnst Mmonienu ¢ AByMsi paKTOpaMH YacTHBIE [ -KPUTEPHUH BBIYHCISIOTCS O (opMyIiam:

2 _r2 2 —7‘2
XX X X1 X X

— _ % J’2_(n_3); F = Y X2 J’1_(n_3).
XX © hxx

2 Pe:xxum Perpeccust MoayJst AHAJIN3 TAHHBIX.
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Tabmuunetii mponeccop  Excel comepxut monmynbs Axanu3 OanHbiX. DTOT MOIYINb
MO3BOJISIET ~ BBITIOJHUTH CTATUCTUYECKUN aHAW3 BBIOOPOYHBIX JaHHBIX (MIOCTPOCHHE
TECTOTPaMM, BBIYUCIICHUE YMCIOBBIX XapaKTePUCTHUK | T.1.). Pexxum paboTsl Perpeccust aToro
MOJIYJISI OCYIIECTBIISIET BBIYUCICHHE KOA(D(DHUIIMEHTOB TUHEHHOW MHOKECTBEHHON PETrpeccuu
c K mepeMeHHBIMM, MOCTPOEHHE JOBEPHUTENLHBIE MHTEPBAIbLI M IIPOBEPKY 3HAUYMMOCTH
YpaBHEHUS PETPECCHH.

Jlnist BbI30Ba peskuMa Peepeccus Monynsi Ananu3 0annbix HeOOX0IUMO:

Jlnst BeI30Ba peskuma Peepeccuss MOyisi AHau3 0aGHHBIX HEOOXOIUMO:

o oOpatutbes Kk nyHKTy MeHio Cepsuc (Excel 2000); Tannbie (Excel 2007)
o B MOSIBUBILIEMCS MEHIO BBIOpaTh KOMaH1y AHanu3 OaHHbIX;
o B CIIMCKE PEXUMOB pabOThl MOAYIS AHAIU3 OaHHBIX BHIOPATH peXuM Pecpeccus n

HIEKHYTh Ha KHOTIKE OK.
[Tocne BwI30Ba pexuma Pecpeccus Ha dKpaHE MOSBISETCS TUAIOTOBOE OKHO (CM. pHC.

3.1), B KOTOPOM 3aJal0TCA CIEAYIOLIUE TapaMeTPhl:

1. BxooHoti unmepsan Y — BBOOUTCS AMANa30H aJpecoOB SUEEK, COJEPKAIINX 3HAUCHHS
y; (SUEHKH TOJDKHBI COCTABIISITH OJUH CTOJIOCTT).

2. Bxoowoui unmepsan X — BBOAUTCS IUANA30H a/IPECOB SUYEEK, COACPIKALIUX 3HAUCHUS
HE3aBUCHUMBIX TEPEMEHHBIX. 3HAUCHUSI KaXKJIO0M TEpPEeMEHHON MPEJCTaBIAIOTCS OJHUM
crosiorom. KonmdecTBo nepeMeHHbIX He Oonee 16 (T.€. £ <16).

BxoaHble AaHHEE

BxoaHon mHTepsan ¥: SBs2:5B59
OTMeHa
BxoaHoH MHTEepEan X: SC52:5059

Cnpaeka
|:| MeTkK |:| KOHCTaHTa - HoMb

¥POBEHD HAAEKHOCTI: 95 %

MNapameTpel BoiBoda

(®) BrixoAHOI MHTEpSaRN: sas11]

() HoBlii paBoumi aucT:
() Hosan pafiouan kHUra
OcTatkm

OcTatrm |:| [padwk oCTaTKoE
ClaHAapTWs0BaHHbIe ocTaTkk || Tpadwk nonfopa

HopMansHas BEPOATHOCTE
[ rpadwix HopMansHoit seposTHOCTH

Puc. 3.1. luanoroBoe okHO pexuma Pezpeccus

3. Memxu — BKJIIOYAETCs, €CIIM IIepBas CTPOKAa BO BXOJHOM JHUAMA30HE COIEPIKUT
3arojaoBoK. B 3TOM citydae aBToMaTu4ecku OyIyT CO3/1aHbl CTaHJAPTHBIC HA3BAHUS.

4. Vposenv nadesichocmu — IpU BKIIOYEHUH 3TOrO MapaMmeTpa 3a7aeTcsi HaJeKHOCTh
y TIPH TIOCTPOCHUH JIOBEPUTELHBIX HHTEPBAJIOB.

5. Koncmanma-1one — Ipy BKIFOYECHHH 3TOTO HapamMerpa KOdQQUUUeHT py = 0.
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6. Buixoonou ummepean — TpU BKIIOYEHUH aKTUBHU3UPYETCS II0J€, B KOTOpPOE
HEOOXOAMMO BBECTH aJpec JIEBOM BEpXHEW SUEHKM BBIXOIHOTO JHara3oHa, KOTOPBIA Oyaer
COJIEpKaTh AYEHKHU C pe3yJibTaTaMi BbIYUCIEHUN pexuma Peepeccusi.

7. Hoewvlii pabouuii nucm — TpU BKIIOYCHUU 3TOTO MapaMmeTpa OTKPBIBAETCS HOBBIN
JIUCT, B KOTOPBI HauMHasl ¢ A4eiKU 41 BCTaBJSIFOTCS pe3yJIbTaThl padoThl pexuma Pecpeccusi.

8. Hoeasa pabouas kuuea - TIpU BKIIOYEHHH 3TOTO TMapaMeTpa OTKPBIBAETCS HOBas
KHHMra Ha IIEpBOM JIMCTE€ KOTOPOH HauuHas ¢ sA4edku A1 BCTaBIAIOTCA pe3yJsibTaTbl paOOTHI
pexuma Pezpeccusi.

9. Ocmamkuy — TpU  BKIIOYCHUH BBIYUCIISIETCS CTOJOCI, COJICpKAIIMA HEBS3KU
y,-—}A/,-,l'ZL...,}’l.
10. CmanoapmuzosanHvle ocmamku — TPH BKIIOUYEHUU BBIYHCISETCS CTOJOEII,

COAEPKALIMN CTaHIAPTU30BAHHBIE OCTATKHU.
11. Tpagux ocmamrxoeé — TIpU BKIIOUEHUU BBIBOJSATCS TOYECUHBIC TpPadUKH HEBS3KU
Y; = ¥i,i=1,...,n, B 3aBUCHMOCTHU OT 3HAYECHUN MEPEMEHHBIX x;,j =1,...k . KonnuecTso rpadukos

PaBHO YUCIY k TICPEMEHHBIX X; .

12.  TIpaguk noobopa — ipy BKIFOUCHUH BBIBOISTCS TOUEHHBIE TPAQUKH MPECKAZAHHBIX
IO TIOCTPOCHHOW PErpecChr 3HAYCHUH J; OT 3HAYCHUN MEPEMEHHBIX x;,j =1,....k . KomuaectBo

rpauKOB PaBHO YKCIY k TEPEMEHHBIX X .

3. lIpumep penreHuss TUIOBOW 3a{AYM.

[lo paHHBIM Tabmuubl (cM. puc. 3.2) NOCTPOUTh U OLIEHUTh MOJEIb MHOYKECTBEHHOM

JIMHEWHOU PErpeccum.

A B C D
1 BHewHeTOprosbi OkcnoprT, B | MmnopT,
obopor, B %( y) % (x,) B % (x,)
2 1 17,4 12,6 23,1
3 2 21,3 16,8 26,5
4 3 26,4 20,4 32,7
5 4 39,1 31,5 47,7
6 5 47,3 40,7 54,5
7 6 47 41 54,6
8 7 48,7 44 54,7
9 8 48,4 45,5 51,8

Puc. 3.2 Vcxonublie naHHbIe JUIsl IOCTPOEHUS MOJIEIN

[lepBoHayanbHO 3aMOTHUM TAONHILY, KaK MOKAa3aHO Ha pUCYHKe 3.2.
[Tocne 3TOrO BHI30BEM pEXUM Peepeccus v B AMAIOTOBOM OKHE 33aJalUM HEOOXOIUMBIE

napametpsl (cM. puc 3.1). Pesynbrarsl padboThl npuBoadTcs Ha puc. 3.3 —3.5.
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BbIBO UTOIOB
PezpeccuoHHas cmamucmuKa
MHoxcecmeeH-Hblli R 0,99990
R-kBagpat 0,99979
HopmupoBaH-HbIi R-kBagpat 0,99971
CTaHAapTHasA owmnbKa 0,22622
HabnoaeHus 8
JOuncnepcrMoHHbIn aHanm3
3Ha4u-
df SS MS F mocme F
Perpeccusa 2 1220,084 610,042 11920,166 6,37E-10
OcTtaToK 5 0,256 0,051
Utoro 7 1220,340

Puc. 3.3. Pe3ynbrarel paboThl pexuma Pecpeccust

JlanuM KpaTKyr HWHTEPIPETAIMI0 IOKA3aTelNsIM, 3HAUYEHUS KOTOPBIX BBIYUCISIFOTCS B
pexume Peepeccus. llepBoHa4aIbHO PacCMOTPUM MOKa3aTeld, OObEAUHEHHBIE Ha3BaHUEM
Pecpeccuonnaa cmamucmuxa (cm. puc. 3.3).

MHnoocecmeennulli R - KOPEHb KBaJIpaTHBIN U3 KO3(PPUIIMEHTA IeTEPMUHALINH.

R -x6adpam — Ko3(pOULHUEHT IeTePMUHALUN R” .

Hopmupoeanmwiii R —xeadpam — NPUBEIEHHBI K0(Q(QUIMUEHT AeTepMUHALMU R* .

Cmanoapmuas owubka — OLEHKA s JUIsl CPEIHEKBAIPATUUECKOTO OTKIIOHEHUS o .

Habnooenus — yucno HaOIIONCHUN 7 .

[Tepeitnem k mokazarensiM, 00ObEIMHEHHBIM Ha3BaHUEM Jlucnepcuonnsiii anaius (CM. puc.

3.3).

Cmonbey df — uucno creneHeil cBoOoabl. s ctpoku Peepeccusi moxkasatenb paBeH
KOJIMYECTBY KOO(PQULNCHTOB PErpeccHu k. =m; M1 CTpOKU Ocmamok COOTBETCTBYHOLIMMA
TOKA3aTeNb k, = n —m — 1; s CTPOKU Mmo2o YUCIIo CTereHei cBOOOb! PaBHO n—1.

Cmonbey SS — cyMMa KBaJlpaTOB OTKJIOHEHUU. i cTpoku Pezpeccus mokas3areib paBeH

BeIMUMHE (PAaKTOPHON CYMMBI KBaIpaToOB
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n .
SS, =20 -y
i=1
JU1st cTpoku Ocmamok - paBeH BEIUYMHE OCTATOYHOM CyMMBbI KBaJpaToOB
SSe=2Pi—yi)">
i=1
st ctpoku Mmoeo — S§ =SS .+ SS o oOmias cymMma KBaJpaTOB OTKJIOHEHUU

IIEPEMEHHON Y OT CPE/IHETO 3HAYCHHUS ;.

Cmonbey MS - nucriepcuu, BEIYUCIEHHBIE IO (hopmyie
_ss
daf’

T.€. IUCTIEPCHS HA OJTHY CTEIIEHb CBOOO/IHI.

MS

Cmonbey F—3HaueHue F,, paBHOE F —Kputepuio ®uiiepa, BBIYUCICHHOTO M0 GopMyie:

SS/
Jo—es

©S8s,/
k,

e

Cmonbey 3Hauumocms  F- 3HA4€HUE YPOBHS 3HAYMMOCTH, COOTBETCTBYIOLIEE

BBIUHCIICHHOM BEIIMYHMHE F —KPUTEPHUS W PABHOE BEPOSITHOCTH P(F(k,,k,)>F.), rne F(k,,k,)-

cillydaiiHas BEJIMYMHA, MOAUYMHSAIOWIAsACA pacnpeaeneHuto Pumepa ¢ k,,k, CcTeneHAMU

CBOOOMIBI. DTy BEPOSTHOCTH MOXKHO TaKK€ ONPEOCIUTh C TOMOMIBI0  (YHKIHU

FPACII( F.;k,;k, ). Ecniu 6eposmnocms meHbule yposHs 3Hayumocmu o (006iuHo a =0.05), mo
NOCMPOEHHAs pecpeccusl A6NAemcs 3HA4UMOLL..

IlepeiineM k cieayrolien rpymnmne nokasaresueil, 00beIMHEHHBIX B Ta0JIMLIE, TOKA3aHHON Ha

puc. 3.4.
KoagpgpuyuerHmeor | CmaHdapmHas | t- P- HuxcHue | BepxHue
owubKka cmamucmuka | 3HaveHue | 95% 95%
Y-nepeceyeHnue 0,0092 0,3983 0,0232 0,9824 | -1,0145 1,0330
MNepemeHHaa X
1 0,5179 0,0289 17,9504 0,0000 0,4437 0,5921
NepemeHHaa X

Puc. 3.4. Ilpopomkenne pe3yabTaToB paboThHI pexxuma Peepeccus

Cmonbey Kosgpgpuyuenmor — BBIYMCIECHHBIE 3HAa4eHUs KO3((PUIHMEHTOB

a,bl,b29

PAaCIOJIOKCHHBIX CBCPXY-BHUS.
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Cmonbey Cmanoapmuas owuOKa — 3HAYCHUS my, , (i=0,1,2,...,m), BBIMUCICHHBIC 110
1
bopmyne
2 [ vr vl
my, :\/Socm |_(X - X) J ;

ii

(i=0,12,..,m),

e |_(X LX) J,.l. — snemenr (ii) matpuupt (X'~ X) ™' 3nauenne i = 0 coorBeTcTBYeT
HoMepy d1ementa Matpunsl (X'~ X))~ I8 BBMKCIEHNs CTAHAAPTHOMN OLMOKY TapaMeTpa d .
< 2

2 =1 o
Soom =+ " — HECMEIIECHHas OIIEHKa OCTaTOYHOH aucnepcuu (CcTonden
n—m-—

MS, puc 3.3).

Cmonbey t-cmamucmuka — 3HAYEHUSI CTATUCTHUK Ty, -
Cmonbey P — 3nHauenue — CONEPKUT BEPOSTHOCTH CIIy9alHBIX COOBITUN P(t(n—m) > Ty.) >

rne ((n—m)—CiaydailHas BEIWYHHA, TMOAYUHSIOMAsACA pacmpeneneHuio CThIOACHTA ¢ n—m
CTEIEHSIMH CBOOOIBI.

Ecnu sma eeposimnocme menvue ypoeHa 3HAUUMOCIU o, MO NPUHUMAEMCS 2UNnome3a o
SHAUUMOCU COOMEEMCMEYIOUe20 Kodhduyuenma pespeccuu.

Cmonbyvr  Huowcnue 95% u Bepxnuue 95% - COOTBETCTBEHHO HUKHHE U BEPXHHE

MHTEPBABI /IS OLICHUBAEMBIX KOO(GOHULIUEHTOB (g, bl ,bz.

[lepeiineM k cienyroliieii rpynmne nokasareyiei, 00beIMHEHHBIX B Ta0IuIlEe, TOKa3aHHON Ha

puc. 3.5.
BbIBO/, OCTATKA
HabntodeHue | lNpedckazaHHoe | Ocmamku CmaHdapmHsie
Y ocmameku

1 17,547 -0,147 -0,770
2 21,343 -0,043 -0,226
3 26,163 0,237 1,238
4 39,063 0,037 0,194
5 47,069 0,231 1,207
6 47,272 -0,272 -1,424
7 48,874 -0,174 -0,909
8 48,268 0,132 0,690

Puc. 3.5. [lpopomkenne pe3yabTaToB pabOThl pexuma Peepeccus
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Cmonbey Habniooenue — cogep XUt HoMepa HaOII0ICHUH.
Cmonbey Ilpedckaszannoe Y — 3nauenus 3;, BBIYACICHHBIE 1O TIOCTPOCHHOMY YPaBHEHHIO
perpeccu.

Cmonbey Ocmamru — 3Ha4eHUsi HeBA30K y; — J;

4. UnauBuayajabHoOe 3a1aHUE

[To 20 mpeanpusiTUsIM periOHa U3Y4YaeTCsl 3aBUCUMOCTD BBIPAOOTKH MPOAYKIIMHA HA OJTHOTO
paboTHHKa y (ThIC. py0.) OT BBOJA B JICHCTBHE HOBBIX OCHOBHBIX (POHIOB X, (% OT CTOMMOCTH

(GOHIOB Ha KOHEI] rojla) U OT YAETHHOrO Beca pabovmMx BBICOKOW KBalM(pUKanuu B oOmIen

YUCICHHOCTH pabounx x, (%) (cMOTpH TabuMIly CBOETO BapuaHTA).

Tpedyercs:

1. IlocTtponTs NMHEHHYIO MOJAEIb MHOXECTBEHHOW pPErpeccHd.  BpINOMHWATH aHamus
pE3yJIbTATOB.

2. 3anucarh CTaHAAPTU30BAaHHOE YpaBHEHHME MHOXKECTBEHHOM perpeccun. Ha ocHoBe
CTaHAPTU30BAHHBIX KO3(Q(QUIUEHTOB PErpeccur M CPEAHUX KOI(PPHUIMEHTOB 3IACTUYHOCTH
pamKupoBaTh (HAKTOPHI IO CTENEHHU UX BIUSHUS HA PE3yIIbTaT.

3. C nomompto F— kputepust Ouiepa OLEHUTh CTATUCTUYECKYIO HAJIEKHOCTh YPABHEHUS
perpeccuu 1 Ko3QppuuueHTa 1eTepMUuHaLIU Rylex2 .

4. Haiftu ko3 (uIMeHTsl TMapHOH, YacTHOW M  MHOXXECTBEHHOW  KOPPEJISIIHH.
IIpoananu3upoBath HX.

5. C noMoIbI0 YaCTHBIX F— KpuTepueB Duinepa OLEHUTH LeIeCO00pa3HOCTh BKIIIOUEHHS
B YPaBHCHHE MHOKECTBEHHOM perpeccur (akropa X, mocne X, u pakropa X, nocue X,.

6. CocTaBuTh ypaBHEHUE JIMHEHHON NMapHON pErpeccuu, OCTaBUB JIMILIb OJUH 3HAYalIUil
daxrop.

Bapuanr 1
Howme Howme
npe/:[npnzmﬂ 4 % %2 npe/:[npnimﬂ 4 % %2
1 6 3,6 9 11 9 6,3 21
2 6 3,6 12 12 11 6,4 22
3 6 3,9 14 13 11 7 24
4 7 4,1 17 14 12 7,5 25
5 7 3,9 18 15 12 7,9 28
6 7 4,5 19 16 13 8,2 30
7 8 5,3 19 17 13 8 30
8 8 5,3 19 18 13 8,6 31
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9 9 5,6 20 19 14 9,5 33
10 10 6,8 21 20 14 9 36
Bapuanr 2
Howmep Homep
MPEINPUATHS 4 g %2 MPEINPUATHUS 4 g %2
1 6 3,5 10 11 10 6,3 21
2 6 3,6 12 12 11 6,4 22
3 7 3,9 15 13 11 7 23
4 7 4,1 17 14 12 7,5 25
5 7 4,2 18 15 12 7,9 28
6 8 4,5 19 16 13 8,2 30
7 8 5,3 19 17 13 8,4 31
8 9 5,3 20 18 14 8,6 31
9 9 5,6 20 19 14 9,5 35
10 10 6 21 20 15 10 36
Bapuant 3
Howmep Howmep
y X, X, y X, X,
IPEeaNpPUATHS MPEaNpPUATHUS
1 7 3,7 9 11 11 6,3 22
2 7 3,7 11 12 11 6,4 22
3 7 3,9 11 13 11 7,2 23
4 7 4,1 15 14 12 7,5 25
5 8 4,2 17 15 12 7,9 27
6 8 4,9 19 16 13 8,1 30
7 8 5,3 19 17 13 8,4 31
8 9 5,1 20 18 13 8,6 32
9 10 5,6 20 19 14 9,5 35
10 10 6,1 21 20 15 9,5 36
Bapuanr 4
Homep Howmep
y X, X, y X, X,
MPEINpPUATHUS MPEINPUATHUS
1 3,5 9 11 10 6,3 22
2 3,6 10 12 10 6,5 22
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3 7 3,9 12 13 11 7,2 24

4 7 4,1 17 14 12 7,5 25

5 8 4,2 18 15 12 7,9 27

6 8 4,5 19 16 13 8,2 30

7 9 5,3 19 17 13 8,4 31

8 9 5,5 20 18 14 8,6 33

9 10 5,6 21 19 14 9,5 35
10 10 6,1 21 20 15 9,6 36

Bapmuanr 5
Homep Howmep
y X, X, y X, X,
MpeaNnpUsATUS NpeanpUsATUs

1 7 3,6 9 11 10 6,3 21

2 7 3,6 11 12 11 6,9 23

3 7 3,7 12 13 11 7,2 24

4 8 4,1 16 14 12 7,8 25

5 8 4,3 19 15 13 8,1 27

6 8 4,5 19 16 13 8,2 29

7 9 5,4 20 17 13 8,4 31

8 9 5,5 20 18 14 8,8 33

9 10 5,8 21 19 14 9,5 35
10 10 6,1 21 20 14 9,7 34

Bapuanr 6
Howmep Homep

MpeANpUATUS 4 g %2 NpeANnpUsATUS 4 g %2
1 7 3,5 9 11 10 6,3 21

2 7 3,6 10 12 10 6,8 22

3 7 3.8 14 13 11 7,2 24

4 7 4,2 15 14 12 7,9 25

5 8 4,3 18 15 12 8,1 26

6 8 4,7 19 16 13 8,3 29

7 9 5,4 19 17 13 8,4 31

8 9 5,6 20 18 13 8,8 32

9 10 5,9 20 19 14 9,6 35
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10 10 6,1 21 20 14 9,7 36
Bapuanr 7
Howmep y X ¥, Howmep y X x,
MpeANpUATUS NpeanpUsATUs
1 7 3,8 11 11 10 6,8 21
2 7 3,8 12 12 11 7,4 23
3 7 3,9 16 13 11 7,8 24
4 7 4,1 17 14 12 7,5 26
5 7 4,6 18 15 12 7,9 28
6 8 4,5 18 16 12 8,1 30
7 8 5,3 19 17 13 8,4 31
8 9 5,5 20 18 13 8,7 32
9 9 6,1 20 19 13 9,5 33
10 10 6,8 21 20 14 9,7 35
Bapuanr 8
Howmep y X ¥, Howmep y X ¥,
MpeANpUATUS NpeanpUsATUs
1 7 3.8 9 11 11 7,1 22
2 7 4,1 14 12 11 7,5 23
3 7 4,3 16 13 12 7,8 25
4 7 4,1 17 14 12 7,6 27
5 8 4,6 17 15 12 7,9 29
6 8 4,7 18 16 13 8,1 30
7 9 5,3 20 17 13 8,5 32
8 9 5,5 20 18 14 8,7 32
9 11 6,9 21 19 14 9,6 33
10 10 6,8 21 20 15 9,8 36
Bapuanr 9
Howmep y X x, Howmep y X x,
MpeANpUATUS peanpusATUs
1 3,9 12 11 11 7,1 22
2 4,2 13 12 12 7,5 25
3 4,3 15 13 13 7,8 26
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4 7 4,4 17 14 12 7,9 27
5 8 4,6 18 15 13 8,1 30
6 8 4,8 19 16 13 8,4 31
7 9 5,3 19 17 13 8,6 32
8 9 5,7 20 18 14 8,8 32
9 10 6,9 21 19 14 9,6 34
10 10 6,8 21 20 14 9,9 36
BapuanTt 10
Homep Howmep
y X, X, y X, X,
MpeAIpUITUS peANpUITUS
1 7 3,6 12 11 10 7,2 23
2 7 4,1 14 12 11 7,6 25
3 7 4,3 16 13 12 7,8 26
4 7 4,4 17 14 11 7,9 28
5 7 4,5 18 15 12 8,2 30
6 8 4,8 19 16 12 8,4 31
7 8 5,3 20 17 12 8,6 32
8 8 5,6 20 18 13 8,8 32
9 9 6,7 21 19 13 9,2 33
10 10 6,9 22 20 14 9,6 34
JlabopaTopHas paGora Ned. AHAIN3 CJIy4allHBIX OCTATKOB B MO/I€JIM perpeccun
Ilenv: wWccienoBaHUE  PETPECCUOHHOM  MoJenu Ha  BbiaBieHHE 3ddekra

IreTCPOCKECAACTUIHOCTH.

OcHoBHbIE (POPMYJIBI U TIOHSITHUSA:

1. Tecm Ilapka

2 2
Tect Ilapka ocHOBaH Ha MNPEANOJTONKCHHH, YTO Aucnepcus O; = O (El-)

apysieTcs GYHKIHeH [ -To 3HaueHns oObACHsAIomelH nepeMenHol X . TTapk mpeamoxun

CJICAYIOIIYIO 3aBUCUMOCTD.
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2 = . .. .
lngl- =a+b lnxU +v;,

2oe Xjj ~ [ —e 3HaueHue o0—20 ¢hakmopa  (4.1)
Vi — CAYUAUHBIUL OCMAMOK

BeiaBuraroTcs rumnoresa H 0 . b = 0, 9dTO COOTBCTCTBYCT I'OMOCKCIACTUIHOCTHU

2
OCTaTKOB, U T'UIOTE3a H 1 . b % 0, KOTOpas BBISIBISICT HAJIMYHE CBA3U MEKIY ln gi u

In x ;.. Otciona cnenyer, 4To reTepOCKEACTHIHOCTH OCTATKOB HMEET MECTO.

y

Vcnoue puHATHS THIOTE3BI 1:8p >1 a.n—2

Ecmu JaHHOC YCJIIOBHUC BBIIIOJIHACTCA, TO THII0OTE3a (0) HaIn4nn

reTEPOCKEACTUYHOCTHU OYy/IeT MPUHSITA TPU YPOBHE 3HAUUMOCTU (X .

Tecm panzosoii koppenayuu Cnupmena

HMcnonp30BaHrE JAaHHOTO TECTa OCHOBAHO Ha MNPCAIOJIOKCHUHY, YTO OUCIICPCHA
OTKJIOHCHUM YBCIIMINBAKOTCA 00 YMCHbLIIAKOTCA C POCTOM 3HAYCHUSA KaKoro-Jmoo

¢daxrtopa. Iloatomy mist perpeccun, noctpoeHHot mo MHK, aGcontoTHbie BEIHMUMHBI
OTKJIOHEHHMH &; U 3HAUeHHUs X; OyayT KOPPEIMPOBAHBI.

Jng  npoBeneHusT MPOBEPKU II0 OATOMY TECTY BBINOJHAKTCSA CIEAYIOIINE
JIEVCTBUSL.

1. Panxupyrorcss (ymnopsiAOYMBAIOTCS 1O BEJIMYMHAM) 3HA4eHUsI MOJyJeH
OCTaTKOB &; M 3HAUEHUs BLIOPAHHOTO (haKkTopa X; paHKUPYIOTCs

2. Onpenensetcs ko3P huireHT panroBoi koppemnsiuuu CrupMeHa:

n
6-zldl?
Feo =1——1 : (4.2)
e n-(n*=2)

rie X — OJIHa U3 OOBSCHSAIOIIMNX EPEMEHHBIX,

dl — PAa3HOCTb MCKY PaHI'OM I-TO Ha6J'IIOI[CHI/I5[ X ¥ paHIroM MOJIYJIs OCTaTKa B
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i-M HaGmonernun. [ = 1,2,...,M, N — 4ucno HaGIIOICHHUIL.

3. IlpoBepsieTcsi  3HAUMMOCTh  BBIYUCIEHHOTO  Kod(duiMmeHta  paHTOBOU

KOPPEIISILIUH.

T'unoresa Hy : 7, . = 0 — romockenactnanoCTs OCTATKOB.
2

T'mnoresa ] : 7, . # 0 — rerepockenacTHIHOCT OCTATKOB.
M

Jlns npoBepku runoress ( PaccuuThiBaeTCs (paKTMUECKOE 3HaYeHue [ -

KpUTEpUS:
. Tye NN —1

: /1_,,)62,6 4.3)

Ecnu 3nauenme, paccumtanHoe 1o ¢dopmyne (4.3), mpeBblIaeT TaOJIMYHOE

tma6ﬂ = ta,n—2» rurnoreza H () O TOMOCKETAaCTHYHOCTU OCTATKOB OTKIIOHSETCs. B

MPOTHUBHOM CJTy4ae TUIoTe3a 0 TOMOCKEIACTUYHOCTH MPUHUMAETCS.
Ecnun B monenu perpeccuu Oolibliie, 4eM OJIHA OOBACHSIONIAS] NEPEMEHHAs], TO
NPOBEPKA TMIIOTE3BI MOYKET OCYIIECTBIIATHCS C TOMOIIBIO § -CTATUCTHKH [T KaXKI0H 13

HUX OTACIIBHO.

IIpumep npoBeaeHus TecTa paHroBoi Koppeasuuu Cuupmena (tadu. 4.1).

1. OTcopTrpoBaTh JaHHBIC B TAOIUIIE MO BO3PACTAHUIO 3HAYCHUM X;

2. Ilpunath KaXaoMy HAOJIIOJCHHUIO PaHT, IS 4ero HeoOXoaumo J00aBUTH HOBBIM
cToJi0ell, B KOTOPOM 3a/1aTh uKciia oT 1 10 n;

3. BeI3Barh W3 MakeTa aHAIN3a HAJCTPOWKYy Pezpeccus, yka3zaB B JUallOTOBOM OKHE
onuulw  Ocmamiku. llocne  BBIIOJMHEHHWS  JTAHHOM  HAACTPOMKU  TOSIBUTCS
JOTIOJTHUTENIbHAS Ta0NHIA, B KOTOPOU COJlepKaTca HOMEpa HAOIIOJIEHUM, TPOTHO3bI U
octaTku. ToT crTonber; TaOiauIbl, B KOTOPOM HAXOIATCS OCTAaTKH, HEOOXOAMMO
MEPEHECTH K UCXOJHbIM JaHHBIM. [lociie BBIMOTHEHHS ATUX NEUCTBUN Hama Tabimuia
OyJIeT cojaepKaThb YEThIpE CTOJIOLA: paHr HAONIOJEHUS, YHOPSIOYEHHbIC 3HAUYCHUS

perpeccopa x, 3Ha4€HHs y U 3HAYECHUST OCTaTKOB;
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4. OTcopTHpPOBAThH JAHHBIE MO BO3PACTAHUIO MOAYJEH OCTaTKOB U J0OABUTH HOBBIN

CTOJI6CI_I paHTOB OCTAaTKOB, aHAJIOTUYHBLIM O6p330M 3a4aB 3HA4YCHHUA OT 1 0 n,

5.B JOIMIOJIHUTCIBbHOM CTOJ'I6I_IC BBIYHUCIIUTL 3HAYCHHA PA3HOCTH MCIKAY JABYMS

MOJIYyYEHHBIMH paHramu (3To u 0ynet 3Hauenue D;);

6.Ha ocHoBanum QopMyn nojacuutarh KOIP(UIIMEHT PaHTOBOM KOPPENSIIUU U

CTaTUCTHKY;

7. 1IpoBepuTh rUNOTE3Y.

Tabmuua 4.1. Tect panrooit koppensiuuu CnipMeHa

Panr Llena Cnpoc Ocrtatkn | Panr mo | Pasnocte | D;* D
o X x1(p.) y (TBIC. LIT.) OCTaTKaM | pPaHroOB
D;
8 15,91p. 117,088 -0,34387 1 7 49
5 15,54p. 119,864 -0,39014 2 3 9
15 16,76p. 110,023 -0,84306 3 12 144
2 15,21p. 123,809 1,019821 4 -2 4
3 15,28p. 121,175 -1,11646 5 -2 4
9 15,92p. 116,17 -1,12322 6 3 9
10 15,95p. 118,344 1,257187 7 3 9
14 16,69p. 110,106 -1,31194 8 6 36
1 15,09p. 125,178 1,426776 9 -8 64
6 15,62p. 118,068 -1,5813 10 -4 16
11 16,31p. 116,201 1,847847 11 0 0
12 16,33p. 111,457 -2,67328 12 0 0
13 16,60p. 115,103 3,003645 13 0 0
4 15,49p. 116,914 -3,7319 14 -10 100
7 15,70p. 123,589 4,559903 15 -8 64
Cymma 508

Ha ocHoBanuu JaHHBIX Ta6J'II/II_U)I BBIYHMCICHHOC 3HAUYCHUC paHFOBOf/'I KOppCiIsinunu

CrnupmeHa OyeT paBHO
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i 2

“ 6-508
poo=1——3=L 1 =0,0928
x,e n. n2_1 15'(225_1)

A 3nauenne cratuctuku 6yzger [ = 0,0928-+/15—-1=0.028

BeiOpaB  ypoBeHb 3HauumMoctH 5 %, TojlydaeM  KPHUTHYECKYH  TOYKY
t0.0S,l 3 = 2,16, JlanHOE 3HAYCHUE MOJTYYCHO bopmyoi
CTBIOAPACIIOBP(0,05;13).

[Tockonbky ycnoBue [ > 1 q.n—2 HE BHITONHACTCA, TO THNOTE3a O HATHIHHA

TOMOCKCOAaCTHYHOCTHU 6YI[6T IIpUHATA.

Tecm I'onogpenvoa — Keanma

Tectr  Tonadenna-KBanara  mpuMeHsieTcs — €CiM CIy4YalHbIE  OCTaTKH
MPEAINOJIaraloTCs. HOPMAJbHO PACHpPENCICHHBIMU  CIy4YallHBIMU  BEJIMYMHAMU U
CTaHJapTHOE OTKIIOHCHHE O; = O (6‘1-) TPOTIOPIIUOHAIIBHO 3HAYEHHUIO X; MCPEMCHHOM

2 2.2 .
X Borom Habmonennn, r.e. 0; =0 Xx;,i=12,...,n.

[Mporierypa MpoOBEPKU COCTOUT B CICIYIOIIEM:

1. Bce HaOMIOICHHS YIOPSAI0YHBAIOTCS IO BO3pACcTaHMIO (pakTopa X .

2. VYnopsigoueHHass COBOKYIMHOCTh pa3OMBAETCsl Ha TPU TPYHIIBI pa3MepHOCTEN
k, (n—2-k), k coorBercTBEHHO. [puuyeM K HOWKHO OBITH GOIbBIIE YEM YHCIO
napaMeTpoB MOJEIIH.

3. OleHHBAIOTCS OTHEIbHBIE PErpeccHy Juis IepBoi rpymmsl (K HepBbIX

HAOMIONeHNit) ® A Tpetbell Tpymmbl (K mocnemHux Habmomenumit). Ecmu

MPEANOJIOAKEHNE O MPONOPIMOHATIBHOCTH JUCIIEPCUN OTKIOHEHUN 3HaYeHUSIM (aKTopa

X BepHO, TO aMCHepCHS PErpeccHMH IO TIepBOi TPYNIBI (PacCUMTHIBAEMass Kak
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k
2 .
S 1= Z &; ) OyZIeT CymEeCTBEHHO MEHBIIE TUCIIEPCHH PETPECCHU TI0 TPETHEN TPyIIe
i=1
< 2
(paccunuThIBaEMO Kak S3 = Z&'l- ).

i=n—k+1
4. @opmyJIHpYIOTCA:
OcCHOBHas TruIoOTe3a, MPEAIoiararplas MOCTOSHCTBO IHUCIEPCHN CIIyYalHBIX
OomuOOK  MOJEIM  perpeccud, T. €. TPUCYTCTBUE B  MOJCIH  YCJIOBUSA
romockenactuarocTn: H 0 :Sl = S3.

AlnbTepHaTUBHAsT TUMNOTE3a, MPEAINOJAraromas HEMOCTOSHCTBO  JUCIIEPCUI
CIIy4yalHBIX OIIMOOK B Pa3IUYHBIX HAOIIOJEHUSX, T. €. IPUCYTCTBUE B MOJIEIN YCIOBUS
rerepockenactTuanoctn: H 1 :Sl * S3

5. Jlns cpaBHEHUsS COOTBETCTBYIOLIUX AUCHEPCUN BBIYUCISAETCS (PaKTHUECKOe
sHauenne [ -xpurepus:
_ S3 /(k—m—l) _ S3
paxm =g Jk-m—1) S,

(4.4)

3neck (kK —m —1) — umcio creneneii cBOGOABI COOTBETCTBYIONIMX BHIGOPOUHBIX

nucriepcuid (MM — KOJIMYECTBO OOBSICHSIIONIUX IIEPEMEHHBIX B YPABHEHUH PETPECCUN).

_P3 _
Ecnn Fﬂﬁakm = S_ > Fraon e Frae, =

1

Fa,kl,kZ’ O/ — BbIOpaHHBIM

YPOBCHb 3HaqHMOCTH), TO THUIIOTE3a ]yi 00 OTCYTCTBHU TI'CTCPOCKECAACTUIHOCTU

OTKIIOHACTCA.

OTOT K€ TEeCT MOXET UCIOIb30BaThCA NPU MPEANOJIOKEHUH 00 o0paTHOM
NPONOPIMOHAIBHOCTH MEXIAYy O; M 3HAUCHUAMH OOBACHAIOWIEH nepeMeHHOH. [Ipu
3TOM CTaTUCTUKA PuIllepa UMEET BUL:
Sy
53

JIisi MHOXECTBEHHOM perpeccud JaHHBIA TEeCT OOBIYHO MPOBOJIUTCA MJA TOU

F = (4.5)
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OOBSCHAIONIEN IEPEMEHHOMN, KOTOPas B HAUOOJIBILIEH CTENEHH CBs3aHa ¢ O ;. lpu aTom
k nomxHo 6bITh GoJIbIIE, YEM (m + 1) . Ecniu HeT yBepeHHOCTU OTHOCUTENILHO BBIOOpA
nmepeMeHHOH X j» TO JAHHBIM TECT MOXKET OCYLIECTBISITECS I KAXKIOW U3

O6’[>$ICHHIOI]_[I/IX INCPCMCHHBIX.

3aganue Uil CaMOCTOSITEIbHON pabOThI

1. IlpoBecTn  wuccienoBaHue  TAOMUYHBIX  JAHHBIX  MOPAKTUYECKOM  paboOThI
«MHOKECTBEHHAs] pErpeccusy» Ha HaJIWYUE TEeTEePOCKETACTUYHOCTH, MEXKAY
3HAYEHHUEM Y U KaXKJbIM PErpeccoOpoM OTAECIbHO
a) Tectom Ilapka
b) Tectom panrooii koppesnsiuuu CnupmeHa;

c) Tecrom I'onbadensaa — Kpanra.

2. CruemaTb BBIBOJEL.

JladopaTopHas padora NeS. Moaenu perpeccuu ¢ (PMKTUBHBIMHU IIEPeMEHHBIMH.
L]eny: HaAyYUTHCS MCIOJIB30BaTh B MOJAENU (DUKTHBHBIE MEPEMEHHBIE CIBUIa U HAKIJIOHA, a

TAKKC Pa3JIMYHBbIC KaTCTOpUM.

OcHoBHBIE (POPMYIIBI U TTIOHSTHS:

DukmusHnas nepemenHas HEOOX0AUMa ISl ONMMCAHUS KAUECTBEHHOIO MU3MEHEHHUS U MOXKET
NpUHUMATH J1Ba 3HaueHus 0 u 1.

y=py+ B x+ B, D+u— MoOenb ¢ PUKMUBHOU NepeMeHHOU cO8uUea;

y=Py+ B x+ B, D x+u— MOOEIb C PUKMUBHOU NePEMEHHOL HAKIOHA,

y=py+ B x+p, -D-x+p, D+u— MOOeNb C PUKMUBHOU NEPEMEHHOU HAKIOHA U CO8U2A.

Kameeopuss — coOpITHE, IPO KOTOPOE JJISI KAKAOTO HAOIIOJICHHS MOKHO OIPEEICHHO
CKa3aTbh, MPOU3OILIO OHO B 3TOM HAOJIOJIEHUN WUJIU HET.

Habop xameeopuii — KOHEUYHBI HAOOP B3aMMOWCKIIIOYAIONIUX COOBITHI, TOIHOCTHIO
MCYEPIBIBAIOLINI BCE BOZMOKHOCTH.

Jnist oncaHus KaTeropuii HEOOXOIMMO BBECTH COBOKYITHOCTh (DMKTUBHBIX TIEPEMEHHBIX.

OnektponHas Tabnuna Excel

Jlo cux mop HaMM pacCMAaTPUBAJICS TOJIBKO ClIydaldl KOJIMYECTBEHHBIX PErPECcCOpPOB,
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MOCKOJbKY 3HAY€HUE LIEH M cIpoca SBIAIOTCS uuciaamMud. OJHAKO MOXET BO3HHUKHYTh
CUTyalus, KOTJa HEOOXOAMMO VYYE€CTb HEKOTOPYI crenu(puueckyro HHPOPMAIHUIO.
PaccmarpuBasg mozens crnpoca, MOXKHO MPEANOJOKUTh, YTO HPOAAIOTCS JBa OAUHAKOBBIX
MPOAYKTa MO OAHOM LIEHE, HO MMEKNIIME HEKOTOpble pasnuuus. Hampumep, Hapsay ¢ yxe
JABHO MPOAAIOIIUMCS YUCTAIIUM IMOPOIIKOM, IOCTYNAET B MPOJIAXKY TAKOW KE MOPOLIOK, HO C
HOBBIM apomaToM. M mmeeTcss 3adada HCClIeAOBaTh, HACKOJIBKO OOJBIIUM WM MEHBIIUM
CIIPOCOM TOJIB3YETCS HOBas MpoayKuus. KoHEUHO, MOKHO MOCTPOUTH JBE PA3IUYHBIE MOJACIIH,
U MOCMOTPETh Pa3HUIy MEXJYy HHUMH, OJIHAKO HAc OyJeT MHTepecoBaTh 00Ias mojenb. B
3TOM cllydae B MOJEJb HEOOXOJUMO BHOCUTH KAaYECTBEHHBIA perpeccop, AJisi Yero HyKHO
WCIIO0Ib30BaTh (PUKTUBHYIO MEpeMEeHHYI0. [laHHas epeMeHHas MOXKET MPUHUMATh TOJIBKO J[Ba
3HayeHrne 0 wmnu 1, B 3aBUCMMOCTH OT OTCYTCTBHS WJIM HaJdu4yus HOBOrO KadecTBa. B sTtom
ciiydae MOXHO CTPOUTH MOJeNb ¢ (PUKTUBHOW TIEPEMEHHON HakioHa W ciaBura. Pabora ¢
(DUKTUBHBIMU NMEPEMEHHBIMU HU YE€M HE OTJIUYACTCS OT MOCTPOEHUS PErPECCUOHHON MOJICIH.
[ToaTomy paccmoTpuM 3ajauy. 3HauY€HUE IIEHbl X U CIpoca y Ha JBa Pa3IMYHBIX TOBapa,

KOTOPBIE MbI YCIIOBHO Ha30BEM «OOBIYHBINY» U «HOBBII», IPEICTAaBICHBI B Tabnuie 17.

Tabauna 1
Homep Bun Lena  x'(p.) | Cmpoc y
HaOJI0ICHUS (TBIC. TIIT.)
1 HOBBI 15,09p. 125,1779
2 HOBBII 15,21p. 123,8094
3 CTapblii 15,28p. 121,175
4 CTapblii 15,49p. 116,9143
5 CTapblii 15,54p. 119,8643
6 CTapblii 15,62p. 118,0681
7 HOBBII 15,70p. 123,5887
8 HOBBI 15,91p. 117,0877
9 CTapblid 15,92p. 116,1699
10 HOBBIN 15,95p. 118,3436
11 HOBBII 16,31p. 116,2008
12 CTapblid 16,33p. 111,4565
13 HOBBIHI 16,60p. 115,1026
14 CTapblii 16,69p. 110,1056
15 CTapblid 16,76p. 110,0231

B snexrponnoii tTabnuie Excel nmeroTcss BO3MOXKHOCTH it OBICTPOrO 3a/laHusl 3HAYCHUI
¢uxkTUBHON mnepeMeHou. Jljisi 3TOro HEOOXOAMMO BCTABUTH CTOJOEI] MEXKAYy KOJOHKAMH C

Ha3BaHUSIMU Bud u Ilena. O3arnaBuM 3TOT cToyiOel Kak DPukmueHas nepemeHuas, u s
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onpezeNeHuss 3HaueHud Oyaem wucnosb3oBaTh  Jornyeckyro ¢ynkuuto ECJIW. [lannas
byHKIMS BMeeT Tpu apryMmeHTa. [lepBblii — 3TO JIOTHYECKOE BBIPAXKEHUE, KOTOPOE MOXKET
IPUHUMATh HMCTUHHOE WJIM JIO)KHOE 3HaueHue. BToppIM aprymMeHTOM HIET TO 3HAYEHHE,
KOTOpO€ MOSBISETCS B A4YEHKE NpPU UCTUHHOCTU YCJIOBHS, & COOTBETCTBEHHO B TPETHEM
aprymMeHTe — 3Ha4€HHEe, KOTOPOE MOSABJISETCS B IPOTUBHOM CIIyYae.

BbInosHUB TaHHBIE JEHCTBUS, IOJyYUM MIEPBbIE BE CTPOKH TaObnuibl 18.

Taoauna 2
Homep Bun OuKTUBHAA Hena Cnpoc y
HaOJI0ICHUS IepeMEHHas x' (p.) (TBIC. TIT.)
1 HOBBIU =ECJIN(B2="no 15,09p. 125,1779
BoII";1;0)

B cronbue GpuKTHBHOWM MepeMeHHOW MOSBUTCS 3HAYeHHWE |, eCii B MPEeIbIIyIeM CTooIe
HaxOoJUJIOCh CJIOBO «HOBBI», U 0 B MpOTUBOMOJOXKHOM citydae. [locie 3Toro Heo6xoaumo
3HaueHue (pyHKIMM, Haxojsmiecs B cToiOme €, CKOMUPOBAaTH BO BCE HWKHHE SUYCHKHU, a
MIOCKOJIBKY aJpecalusi OTHOCUTENbHAs, TO aapec Oyaetr MeHsaThcsa. Heo0XxoaMuMo oTMETUTD, YTO
norudeckasi QyHKIUS MOXKET UMETh U IPYTOi BH/I:

ECJIN(B2 = "o0prunbiii";0;1).

Tenepr Hama 3a7aya 3aKiOYaeTCsl B ONPEACIICHHH CTENEHU BIMSHUSA (PUKTUBHOMN
MEPEeMEHHONW. A MMEHHO, BIUSET JIM 3TO 3HAYEHUE HA CBOOOJHBINA 4WICH (B ATOM cliydae MpH
M3MEHEHUHU KaueCTBa MOXKHO TOBOPUTH O TOM, UTO CIIPOC U3MEHUTCS Ha KAKOE-TO KOJIUYECTBO)
WIM Ha HAKJIOH JIMHUU Perpeccuu (Crmpoc HM3MEHHUTCS BO CKOJBKO-TO), WJIU Ha 00a 3TH
3HA4YEHUS Cpasy.

Bnauarne oneHuM perpeccuto, npu yciaoBUU, YTO (GUKTUBHAS MEPEMEHHAs BIUSIET TOJbKO Ha
3Haue€HUE CBOOOTHOTO YieHa. B 3ToM ciyyae wuTOroBasi TaOJMIla IIOCJIEC BBITOJTHCHUS
HajacTpoiiku Perpeccuu, npu ycioBuu, uro Bxoownou unmepean Y 3anan B Bune EI1:E16, a

Bxoonoti uumepsan X B8 Bune C1:D16, umeet Buj, n300pa>keHHbIN B Ta0mune 19.

Taoauna 3
BbBIBOJI UTOI'OB
Peepeccuonnas cmamucmuka
MmuoxectBenHbl R 0,963696
R-kBagpar 0,928711
HopmupoBanHsbiit
R-kBagpar 0,916830
CranpaprtHas
Ommbka 1,363084
Habmronenus 15
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IIpooondicenue maon. 4

JlucniepCcuoHHBIN aHAJIN3

3navuumocms
df SS MS F F
Perpeccus 2 290,4628387 | 145,231419 78,16547142 1,31E-07
Ocrarok 12 22,29599593 | 1,85799966
Hroro 14 312,7588347
Koagppu-|Cmanoapmnuas t- P- Huoicnue  Bepxuue
yueHmuol owmuoKa - cmamucmuka 3HadeHue 95 % 95 %
Y-niepeceueHue 232,0028 10,78827 21,5051052 5,9691E-11 208,49 255,508
duktuBHasg nepemenHasi|3,474500 0,7109700 4,8869856 0,00037407 1,9254 5,02357
Ilena x(p.) -7,30442 0,675558 —10,8124125 1,5303E-07  —8,77634-5,83251

Perpeccuonnast Mmogenb umeet Bua: y = 232 +3,47D — 7,304x

[Tockonpky 3HaueHue (pUKTUBHOW mepemeHHON D paBHO 1 st «HoBoro» Buaa u 0 mns
«OOBIYHOTO0Y», TO JAHHYIO MOJIENTb MOXHO OTJIEIbHO PACIUCATD JUISl KaXKJ0TO ClIydasl.

y =232 —7,304x — OObIUHBIN BU],

y=235,47 —7,304x — HOBBII1 BU]I.

CrnenoBaTenbHO, CIPOC HAa HOBBIM BUJl MPOAYKIHH MPUOIU3UTENHbHO HAa 3,47 ThIC. €.
oonbuie. Koadounuent nerepmunanuu paen 0,928, yTo HaMHOro OOJbINE, YeM JTaHHOE
3HAYEHME JJIS TAPHOTO CIydas.

PaccMoTpuM Temepb BO3MOXHOCTh NOCTPOEHHMS MOJAENM C (DUKTUBHOM IEepeMEHHOU
HaKJIOHA, JUIsi 4Yero B KayecTBE PErpeccopoB 3HAYEHUS HEOOXOJMMO MCIOJIb30BATh
nepemeHHble x U Dx. CrenoBaTellbHO, HEOOXOIUMO J00aBUTh JOMOIHUTENbHBIN CTOIOEI]
MeXay (UKTUBHOM TIEPEMEHHON M 3HAYEHUSMHU X, B KOTOPbI Hago 3amMcaTtbh HUX
IIPOU3BEICHHUS.

Onyctum Ttabnuiy, KoTopas reHepupyercss Hajactpoiikoid Perpeceusi.  OpnHako,
CaMOCTOSITEIbHO BBIIIOJIHUB JAHHBIC ONEPALMH, MOXKHO IOJIYYUTH CICIYIOUIYI0 MOJEIb: ) =
233,52 +0,21Dx — 7,403x.

AHalOru4HbIM 00pa3oM HUHTEPHPETUPYs. 3HAYeHUE (PUKTUBHOM IEPEMEHHOM, MOYKHO
pacmucars JiBa Ciryyas:

y=233,52 — 7,4x — nnst 0OBIYHOTO BUJIA TTPOIYKIINH;

y =233,52 - 7,19x — nns1 HOBOTO BH1a NPOYKIIUH.

BBIBOIIBI M3 NTOJIyYEHHBIX MOJEIEH COBEPIICHHO OYEBH/IHBI, IOCKOJIBKY BHHA Pa3HHLA BO
BJIMSHUU LIEHBI Ha COPOC IS Kaxkaoro Buja npoaykuuu. Kosdduument nerepmunanuum B
sToM ciy4dae paBeH 0,929, 4uro He HAMHOro OOJIbIlIe COOTBETCTBYIOIIETO 3HAYCHUS ISt
(UKTUBHOW TIEPEeMEHHOM CJABUIa, a CIeJAOBAaTEeIbHO, OHU 00€ MNPUTOAHBI I

nporuosupoBanus. OpHAKO pe3yNbTaThl HCHOIB30BaHUS MOJENe OyayT BO MHOTOM
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pa3nuMYHbIMU. B epBoM ciyyae cupoc Ha «HOBBIM» BUJ NpoayKuuu Ha 3,47 TeIc. €. OoJbLIe,
YeM Ha «CTapblil», BO BTOPOM CIIydae LI€HA CUJIbHEE BIMSIET HAa «CTAPBIiD» BUI NPOAYKLIHH.

[Ipy HEOOXOAMMOCTH MOXKHO TOCTPOUTH MOENb, B KOTOPOW (UKTHUBHAS TMEpEMEHHAsS
BJIMSIET KaK Ha HAKJIOH, TAK U HA CIIBUT.

Jlo cux mop HaMu paccMaTpHUBAJICS CiIydail, KOrla UMEIOTCS BCEro JIBa 3HAYEHUS KauecTBa,
TO ecTb JBa BuAa mnpoxykiuu. OJHAKO HEPEAKH Clydad, KOrJa HEO0O0X0AUMO
MPOAHAIN3UPOBATh CHOPOC VISl PA3NMYHBIX MPOAYKTOB. Torga HE0OOXOAMMO BBOJIUTH HAOOD
Kame2opuii — KaK KOHEUHbIH Ha0Op B3aMMOUCKIIOYAIOUIUX COOBITUH, MOJHOCTHIO
OINMCHIBAIOLIUI BCE BO3MOXKHOCTHU. [Ipeanonoxum, 4to ucciaeayercs BIUSHHUE LIEHbI Ha CIIPOC
MIPU HATHYUH «CTapOiD», «OOBIYHONY, KHOBOW» U «CaMOM HOBOID» MPOTyKIIHH.

B sTOoM ciywae 1isi onmucaHMs 3TUX KaTeropuil HEOOXOIMMO BBOAMUTH HAOOp (PUKTHUBHBIX
MIEPEMEHHBIX I10 CJIETYIOIIEMY ITPABUILY.

1. Ywucno (UKTHBHBIX NEPEMEHHBIX JOHKHO OBITh Ha €IUHUILy MEHBbLIE, YeM YHCIIO
Kareropuii. B n1aHHOM ciydae mMeercs 4YeThlpe KaTeropuu, a CJIeJ0BaTEeIbHO, HEOOXOIUMO
BBECTH TPHU (PUMKTHUBHbBIE IEPEMEHHBIE, KOTOPbIE Mbl 0003HaunM D1, D2, D3.

2. BpiOpatrh NpoHU3BOJIbHYIO KATETOPUIO B KAYECTBE 3TAIOHHOU. IMEHHO ¢ 3TOM KaTeropuii
B MOCJIEICTBUM OyAyT CPAaBHUBATHCS BCE OCTalbHbIE. I 3TaJJOHHON KaTeropuu HeoOX0IuMo,
YTOOBI 3HAUEHUS BCEX (PMKTUBHBIX MIEPEMEHHBIX PaBHSIUCH HYJIIO.

3. Jns Bcex OCTaJdbHBIX KaTeropuil HEOOXOAMMO, YTOObl OAHAa U3 (PUKTHUBHBIX
IIEPEMEHHBIX PaBHANACH |, B TO BpeMs KaK 3HaYCHHUE BCEX OCTAIBHBIX paBHO 0.

JloCTaTOYHO JIETKO MOKHO PAacCTaBUTh 3HAYEHUS (PMKTHBHBIX NEPEMEHHBIX, UCIIONb3YS TY

ke ycnoBHyto ¢yHkuuo ECJIM. Ilpu Hanmuuu 4eThIpéX pa3iMYHbIX BHJIOB MPOIYKIIUH
HEOOXOJIMMO BCTaBUTh TPU JOINOJHHUTEIBHBIX CTOJIOIA, B KOTOPBIX OyayT HaXOAUTHCS

(UKTUBHBIE IEPEMEHHBIX. 3a/1aTh JIOTHUECKHE (QYHKIMU MOXKHO TaK, KaK [TOKa3aHO B TaOJuULIE
20.

Tabauuna S
Homep |Bupn| ®PukrusHas @ukTUBHAA PukTUBHAA Ilena Crpoc
Ha0JII0IeHUs nepemennas Dljmepemennas D2| mepemennas D3 | x'(p.)| y (teic.mr.)
1 =ECJIN(B2= | =ECJIU(B2= =ECJIN(B2=  [15,09p 125,1779
«OOBIUHBIN»; 1;0) «HOBOI»;1;0) «camou
HOBBIN; 1 ;0)

[locne xommpoBaHMsA NaHHBIX (QYHKIWNA BHH3 JJIs 3HAUYEHUS CTapoil Bce (DUKTUBHBIC
nepeMeHHble OyIyT paBHBI HYJIO, A OOBIYHON — TOJIBKO 3HAY€HHE MEepBOil (PMKTUBHOM
nepeMeHHOM OyJeT paBHO | U T. 1.

ITocne 3TOro MOKHO BBI3BaThb HAJCTPOWKY Perpeccusi, y KOTOpOil B Ka4ecTBE BXOJHOIO
uHTepBana X, HEOOXOIMMO YyKa3aTb 3HAY€HUs BceX (UKTUBHBIX IEepeMeHHbIX D u
He(DUKTHBHOW epeMeHHou X, TO ecTh 3a1aTh Bxoonou unmepsan X B Bune CI1:F16.

HOHy‘ICHHBIC pe3yJbTaTbl NOAAAKOTCA JOCTATOYHO HpOCTOﬁ HUHTCPHIPCTALINH. 3Ha‘ICHI/Ie,
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HaxXoJsIIeecsl HalpoTuB (PUKTUBHON mepeMeHHON D1, moka3piBaeT, HACKOIBKO H3MEHWICS
CIIPOC IIPU IIEPEXOJE OT ITAIOHHOM K NEPBOM KATETOPHUM, TO €CTh HACKOJIBKO PA3JIMYEH CIIPOC
MEXIy «OOBIYHOW» M «HOBOI» NPOAYKIHMEH. AHAJIOIMYHO HMHTEPHPETUPYIOTCS 3HAYEHHS,

CTOSIIIIME HANIPOTUB JPYTUX (PUKTHBHBIX MEPEMEHHBIX.

3aI[aHl/Iﬂ AJIA CaMOCTOSITEIbHOM paﬁoTbI

3. JAns [aHHBIX CBOEr0 BapHaHTa MOA0OpaTh HAWIydllee BO3JCHCTBHE (UKTUBHOM
NEepEeMEHHON (BIMSIHME Ha HAKJIOH WM cABur). Ilpum 3TOM Kareropum «crapblit» H
«OOBIYHBIN» BOCIPUHUMATH KaK OJIHO 3HAYEHUE, & KATETOPUU «HOBBII» U «CaMblii HOBBIN»
— Kak Jpyroe.

4. Omnpenenutb, HACKOJIBKO U3MEHSETCS CIIPOC MPH MEPEXO0JE OT OJHON KaTErOpuH K APYToH.

JlabopaTopHasi padora Ne6. UnenTuduxanus Moaeau.
IIpumep pemeHnst TUIOBOM 3a1a4u
Paccmorpum npumep. M3ygaercs Mmonens Buaa
C=a+b, Y, +b,-C_ +&,
Iy =a,+by -1, +by -1 +&,,
n=ay+by Y +by, M+,
Y=C+1+G,
rae C, — pacxo/ibl Ha NIOTPEOICHUE B IEPUOL ¢, ¥, — COBOKYIIHBIA A0XOJ| B IEPHOA £,
— MHBECTHIMHU B MEPHUOJ ¢, r, — MPOLEHTHAS CTaBKa B IEPHOJ ¢, M, — JIEHEKHAs Macca B
EpHOA ¢, (G, — TOCYNAPCTBEHHBIE PACXOABI B EPUON ¢, C,, — PACXOJbl Ha MOTPEOICHHUE B

nepuon t—1, 1 ., AHBECTHIINU B MEpHONX £ —1.

[lepBoe ypaBHeHHME — (QYHKUUA TOTPeOJIEHUsI, BTOPOE YpaBHEHHE — (YHKIHA
WHBECTHIINH, TPEThE€ ypaBHEHHWE — (YHKIHS [EHEKHOTO PBHIHKA, YETBEPTOE ypaBHEHHUE —
TOXKJIECTBO AOXO/a.

Monens npeacrasiseT co0oil cucremy
OJIHOBPEMEHHBIX YpaBHeHUM. [IpoBepum kaxnoe ee
ypaBHEHHUE HA WICHTU(UKALIUIO.
Mopnens BKIIOYAET 4YEThIpE SHIOTCHHbIE IIEPEMEHHBIE (C[, 1,Y,r ) U YeThIpe

IPEIONPEIEICHHBIE IEPEMEHHBIE (JIBE K30T€HHBIC NIEPEMEHHbIE — ), U (G, W JIBE JIarOBbIC
nepeMentsie — C_ ¥ [ ).

1. IlpoBepum HeoOX0AUMOE YCJIOBHE HIACHTUPUKAINH JJIs1 KAXKA0T0 U3 YPABHEHU I
MOJIeJIN.
Ilepoe ypaBuenne: C,=q, +b, Y, +b,-C,_ +&. OTO ypaBHEHHE CONCPXKHUT JBE

SHJIOTCHHBIC TIepeMeHHble C, U Y, W OJHY MNPCIONpPEACICHHYIO MepeMeHHyo (. Takum

obpazom, H =2, a D=4-1=3, T.e. Bbmonnsercs ycioBue D+1>H. YpaBHeHUe

CBEPXUACHTUDUIIIPYEMO.
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Bropoe ypasueuue: [ =a,+b, -7 +b,, -1, +&,. OHO BKIIOYAET JBE SHIOTEHHBIE

nepemennble [, W ¥, M O;HY OK30reHHyl mepemenHyro [, ;. Bbinonusercs ycinosue

t
D+1=3+1> H =2. YpaBHeHHUE CBEPXUACHTHPHUITUPYEMO.

TpeTbe YPaBHCHHE: 7, =q, +b31 -Yt +b32 . Mt +&- OHO BKJIIOYAE€T JBE DHIOTCHHBIE

Y wu r, wu omny sksorennywo nepemennyro M,. Bbimonusercs yciosue

HepeMeHHbIE
D+1=3+1> H =2. YpaBHeHue CBepXuACHTUDHUIIPYEMO.

YerBeproe ypaBHenue: Y =C +1 +G.. Ono mpencraBisier co0OM TOXIECTBO,

napaMeTpbl KOTOPOTo W3BeCTHBI. HeoOX0amMoCTH B HICHTH(UKAIINH HET.

2. HpOBepI/IM A KaKA0ro ypaBHEHMHA NOCTATOYHOEC YCJIOBHUE I/I)leHTI/I(l)I/IKaHI/II/I.

Ilﬂﬂ ITOro CoOCTaBUM MaTpuny KO:)(I)(I)HHHCHTOB IpU NEPEMECHHBIX MO EJIH.
Ct ]t I/t K Ct—l ]t—l Mt Gt
! 1 0 0 b, | b, | o 0 0
ypaBHECHHUE
I
- 0 a0 b, | oo 0 b, | o 0
.~ 0 0 1 by | oo 0 b, | o
ypaBHECHHUE
ToxnecTBo 1 1 0 -1 0 0 1

B cooTBeTcTBHM C€ JOCTAaTOYHBIM YCIOBHEM HWIACHTH(HKAIIMKA pPAHT MaTpPHUIIBI
KO3((ULIMEHTOB MPU NEPEMEHHBIX, HE BXOJAIIUX B UCCIEAYEMOE YpaBHEHUE, TOJKEH OBIThH
PaBEH YMCIly 3HJIOT€HHBIX IEPEMEHHBIX MOJIENH 0€3 OAHOTO.

IlepBoe ypaBHeHue. Marpuna Ko3((ULHUEHTOB IMPU NEPEMEHHBIX, HE BXOIALIUX B

YpaBHEHUE, UMEET BU

]t ’/;f ]t—l Mt Gt
11
-1 b, b,, 0 0
ypaBHEHHE
111
0 -1 0 b32 0
ypaBHEHHE
ToxmecTBO 1 0 0 0 1

Panr maHHOM MaTpuLBl paBEH TPEM, TaK KaK ONPEACIUTENb KBAAPATHOW IMOIMATPHULIBI

3 X 3ne paBeH HyIO:

b, 0 0
0 b, O|=b,b,#0.
0 0 1

I[OCT&TO‘IHOG YCJIIOBUC I/II[CHTI/I(bI/IKaL[I/II/I AJId JaHHOT'O YPAaBHCHUW S BBINTOJIHACTCA.

Bropoe ypaBHeHue. Matpuna ko3QQUUUMEHTOB IMpPU NEPEMEHHBIX, HE BXOJALIUX B
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YpPaBHEHUE, UMEET BU

Ct K Cl—l Mt Gt
I ypaBHEeHHE -1 b, b, 0 0
1
ypaBHECHHE
ToxkmecTBO 1 -1 0 0 1

Panr maHHOM MaTpuILBl paBEH TPEM, TaK KaK ONPEAEIUTENb KBAAPATHONW IMOIMATPHULIBI

3 x 3ne paBeH HyIO:

b, 0 0
0 b, 0=b,b,#0.
0 0 1

I[OCT&TO‘IHOG YCJIIOBHUC I/II[GHTI/I(bI/IKaL[I/II/I AJI JaHHOT'O YPAaBHCHUWS BBINTOJIHACTCA.

Tperbe ypaBHeHue. Marpuna Ko3()QUIMEHTOB NpPHU NEPEMEHHBIX, HE BXOMSIIMUX B

YpaBHEHUE, UMEET BU

C I ¢ Ct—l I | Gt
I ypaBHEeHue -1 0 b1 5 0 0
II
0 -1 0 b,, 0
ypaBHEHUE
ToxmecTBO 1 1 0 0 1

Panr maHHOM MaTpuLBl paBeH TPEM, TaK KaK ONPEAEIUTENb KBAAPATHONW MOIMATPHULIBI

3 X 3 He pasen HyIIO:

b, 0 0
0 b, 0=b,b,#0"
0 0 1

I[OCTaTO‘{HOe YCJIIOBHUC I/IZ[CHTI/I(bI/IKaI_[I/II/I AJId JaHHOT'O YPAaBHCHUWS BBITTOJIHACTCA.
Takum o00pa3oM, Bce ypaBHEHHS MoJIeNH cBepxuaeHTuuuupyemsl. [IpuBeneHHas
dbopma mozenu B o011eM Bujie OyIeT BHIMISIACTh CIASAYIOMIUM 00pa3oM:
C=4+0,C_+96,I +6,M, +6,G +u,
1, =4,+06,C +06,I ,+6,,M, +9,G, +u,,
r=A4,+06,C +0,I +0,M, +6,G +u,,
Y=4,+0,C +06, +o,M, +6,G +u,.
BapuanTbl HHANBUAYAJBHBIX 32IaHUI

JIaHbBI CHCTEMBI SKOHOMETPUYECKUX YPABHEHU.

Tpeodyercs
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1. [IpumenuB  HeoOXomMMOEe ¥ JOCTATOYHOE  YCIOBHME  HMIACHTH(HKAIWW,
OTpeneNnTe, HACHTUPUIPYEMO JIN KaXI0€ U3 YPAaBHEHUN MOJIEIN.

2. Onpenenure METOJT OIICHKH MapaMeTPOB MOJIEIH.

3. 3anummte B 001IeM BHJIE TPUBEICHHYIO (POPMY MOJICIIH.

Bapuanr 1

Mopenb npotekuronnsMa CanbBaropa (YnpoIneHHasi BepCusi):
M, =a,+b,N,+b,S,+b,E_ +bM, _ +¢,
N, =a,+b,M,+b,S, +b,Y +¢,,

S, =a,+b,M,+b,N, +b, X, +¢,.

t
rne M — nons umnopra B BBIT; N — obuiee unciio mpomuenuii 06 0cBOGOKIAECHHU OT
TAMOYKEHHBIX TOIIUIMH; O — YHCJIO YAOBIETBOPEHHBLIX IIPOIIEHMII 00 OCBOOOXKIEHHH OT
TaMOYKEHHBIX TIONLTHH; [ — (uKkTHBHAs mepeMeHHas, paBHas 1 [/1s Tex JIET, B KOTOPbIE KypC
J0JUTapa Ha MEXKTyHAPOIHBIX BATFOTHBIX PBIHKAX OBLT HCKYCCTBEHHO 3aBhIIeH, U () — IJIs Bcex
octanbHeix Jer; Y — peansHbiii BBIT; X — peanbHblii o6beM umcToro skcropra; ! —
Texymuii nepuo; ¢ — 1 — npeapiaymmii nepuon.
Bapuanr 2
Maxkpo3koHoMuYeckas Mojelb (yrpolleHHas Bepcus mojenu Kieiina):
C =a +b,Y, +b;T + ¢,
I =a,+b,Y +b,K,  +¢,,
Y=C+1,
rne C — norpebnenue; I — umpectunmu; Y — noxom; T — mamorm; K — 3amac
Kanurana; [ — TeKyImuii nepuo; ¢ —-1- MPEIbITY AN IEPUO,.
Bapmuanr 3
MakposkonoMuueckast mozenb 3koHomuku CIIA (ogHa u3 Bepcuii):
C =a+b,Y+b,C  +¢g,
I, =a,+b,Y +b,r +¢,
n=ay+by Y + by, M, + by, + &,
Y=C +1,+G,
rne C — norpe6nenne; ¥ — BBII; I — unBectunuu; ¥ — npouenrHas crapka; M —
nenexunas macca; (G — rocymapcTBeHHblE pacxonbl; ! — Tekymuii mepumox; [—1 —
MPEABITYIINI IEPUOL.
Bapuanr 4
Mopens Keiinca (ogHa u3 Bepcuii):
C=a+bY, +b,Y  +&,
I =a,+b,Y +¢,,
Y=C+1+G,

rie C — norpe6nenue; ¥ — BBII; I — Banossie unBectuimy; (G — rocyaapcTBeHHbIE
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pacxonpl; [ — Tekyuui nepuon; ¢ —-1- MPEIbIAYIIHN IEPUO,.
Bapmuanr 5
Mogenb IeHEeKHOTO U TOBAPHOT'O PHIHKOB:
R =a,+b,Y +b,M, + ¢,
Y=a,+b,R +b,I, +b,G +¢,,
I, =a,+b,R +¢,
rne R — npouentnsie craBku; Y — peansusiii BBII; M — nenexuas macca; [ —
sHyTpenHue uaBectuiun; G — peanbHbIe FOCYIAPCTBEHHBIE PACXOIbL.
Bapuanr 6
MonuduunpoBannas mozaens Kelinca:
C=a+bY +¢g,
I, =a,+b,Y +b,Y  +¢&,
Y=C+1+G,
rne C — norpebnenne; Y — noxom; I — mmBectuuum; G — rocynapcTBeHHBIE
pacxonpl; [ — Tekyuui nepuon; ¢ —-1- NPEIbIAYIIHN TIEPUO,.
Bapuanr 7
Makpo3KOHOMHYECKAS] MOJETb:
C =a+b,D +¢g,
I, =a, +byY, + b)Y + &,
Y =D +T,
D =C+1+G,
rie C — pacxomsl Ha morpebnenue; Y — uuMCTHIl HalMOHANBHBIA mpomaykt; [ —
YUCTBI HanMOHANBHBIA noxox, [/ — weBectmimu, 1 — kocBenuole Haiorw; G —
TOCY/apCTBEHHBIC PACXOJbI;, [ — TEKYIIU niepuom; [ — 1- MPEIbIAYIIHI IEPUO.
Bapuanr 8
['umoreTnueckas MOEIb SKOHOMHKH:
C=a+bY +b,J, +¢,
J =a,+b,Y  +¢,,
I=a,+b,Y +¢,,
Y=C+J +G,
rne C — coBokymnHoe norpebienue B nepuos f; ¥ — COBOKYIHBIH 10XOJ B TIEpUOS, [ ;
J — unBectunuu B nepuox ¢; I — manoru B nepuox f; G — rocymapcTeeHHbIE TOXOMABI B
niepuon .
BapuanTt 9

Mogaenps IEHEKHOr0 PhIHKA:
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R =a,+b,M,+b,Y ++¢,
Y=a,+b,R +b,1I +¢,,
I, =a,+b,R +¢,,
rne R — nponenrnsie crasku; ¥ — BBII; M — nenexwnas macca; [ — BHyTpeHHue
MHBECTHIIUH.
Bapuanr 10
KOHBIOHKTYpHAs MOJIENb HMEET BUJT:
C =a+b,Y+b,C , +g,
I, =a,+b,r,+b,l  +¢,
r=a,+b,Y +b,M, +¢,,
Y=C+1+G,
rie C — pacxonsl Ha norpe6nenue; Y — BBII; [ — unBecTunum; # — mpoLeHTHas
craska; M — nenexnas macca; G — rocymapcTBeHHbIe pacxofnl;  — TeKymuii nepuon; f — 1

— NPEIbIAYIINI IEPUO,.

JladopaTopHas padora Ne7. OueHuBaHHe NapaMeTPOB CTPYKTYPHOI MOJEJIH.

JIByXI1aroBbIii MHK OCHOBAaH Ha  HMCHOJb30BaHMHU, TaK Ha3bIBA€MBIX,
«MHCTPYMEHTAJIBHBIX» IEPEMEHHBIX U SBJISETCS YHHMBEPCAJIbHBIM MeTojoM. Kak yxe
OTMEYAJIOCh, B CHUCTEME OJHOBPEMEHHBIX YPAaBHCHMM HAPyLIAIOTCS HPEANOCBUIKH O
HE3aBUCUMOCTH  (PAaKTOpPOB  (BBIpOKAEMBIX HHIOTEHHBIMH TEPEMEHHBIMH) H  OIIMOOK
ypaBHEHHU. /[ IpeomoneHuss 3TOM TPYAHOCTH MOKHO HCIIOJIb30BaTh 3aMEHY JHJIOT€HHBIX
NEPEMEHHBIX y; B IPaBbIX 4YacTAX ypPaBHEHHWH MOJEIM HA  BCIOMOIATEJIbHBIE
«MHCTPYMEHTAJIbHBIE)» NEPEMEHHBIE J;, KOTOPbIE ObUTH OBl OJM3KM K MCXOTHBIM 3HIOTCHHBIM
NEpEeMEHHBIM M TPU 3TOM HE 3aBUCENW Obl OT OmHOOK ypaBHeHHH. B KkauecTBe Takmx
NIEPEMEHHBIX IMPEIJIaraeTcsi MHCIOJIb30BaTh IIEPEMEHHBIE, OIPEACIsIEMbIE YpPAaBHEHUSIMU
npuUBeIEHHON (POPMBI MOJIEIN

CornacHo Osyxwiazoeomy MHK, 4ucieHHble 3HAYEHUS CTPYKTYPHBIX HapamMeTpoB
ONPEIEIAIOTCS B CIEAYIOIIEN TIOCIEI0BATEIbHOCTH:

1) Ucxonnas cuctema ypaBHEHUH IpeoOpa3yeTcs B IPUBEACHHYIO pOpMy MOJAENIN U

ONpCACIAIOTCA YUCIICHHBIC 3HAUYCHUS ITapaMCTPOB 5ij AJIA KaKIA0ro €€ ypaBHCHUSA B

OTAEJIBHOCTU € MOMOIBIO TpaauuroHHoro MHK;

2) 1o momy4eHHBIM ypaBHEHHSM MPUBEACHHON (POPMBI HAXOIATCS paCUETHBIC 3HAYCHHS
WHCTPYMEHTAIBHBIX IEPEMEHHBIX J;, COOTBETCTBYIOIIUX SHAOTCHHBIM IEPEMEHHBIM y; IS
Ka)kJ1I0TO HAOJIIOICHHS,

3) C nomompto o6sryHOr0 MHK onpeaenstores napaMeTpsl KakI0ro CTpyKTYpHOTO

YPaBHCHUA B OTACILHOCTH, UCIIOJIB3YS B KAYCCTBC (1)aKTOpOB q)aKTI/I‘ICCKI/Ie 3Ha4YCHUA
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npeAOoNpPCaACIICHHBIX ICPEMCHHBIX U MTOJYYCHHBIC PACHCTHBIC 3HAYCHUA NHCTPYMCHTAJIbHBIX

NEPEMEHHBIX ;.

bonee appexTuBHBIM, HO TPEOYIOIUM CYIIECTBEHHO OOJBIINX BHIYMCIUTEIBHBIX 3aTPaT,

ABJISIETCS TPEXIIAroBbI MeTol HauMeHbuX kBajapaTos (TMHK).
OH 3aKJt0yaeTcsl B TOM, YTO JBYXILIArOBbI METOJ HAMMEHBIINX KBaIPAaTOB IPUMEHSETCS HE K
MCXOJHBIM YPaBHEHMSIM MOJIENH, a K YPABHEHUSM, IPEOOPa30BAHHBIM COTJIACHO
00001eHHOMY METOly HauMEHbINX KBaapatoB. Tpexmarossrit MHK sBasiercs
WUTEPALMOHHOM MTPOLETYPONA:

1) ITapameTpsl MOETH ONPEAENAIOTCA OOBIYHBIM WK AByX1arossiM MHK.

2) BeraucasiroTest ommoOKy MOJENN U ONPEIENIIETCs OIIEHKAa KOPPEISIIIMOHHON MaTpPHUIIBI
OINOOK.

3) YpaBHeHus npeobpasyrorcs corsacHo o6o6mennomy MHK.

4) Ilpumensiercsa ayxumarosbii MHK k npeoOpa3zoBaHHBIM ypaBHEHHSIM M MOJIY4YaeTCs
yJIydlll€eHHas MOJENb (C yIy4lIEeHHbIMU NTapaMeTpaMu).

5) Ilpouecc moBTOpSIETCSA, HAUMHAS CO BTOPOTO II1ara, Moka He OyJeT JOCTUTHYTA 3alaHHas
TOYHOCTH (JINOO MPEBBIIIEHO 3aJaHHOE KOJIMYECTBO uTepauuii). Eciu ciydaiiHble 4ieHsl

CTPYKTYPHOM MOJEIIA HE KOPPEIUPYIOT, TO TPEXIIATOBBIA METO CBOAMUTCS K JIBYXIIArOBOMY.

3ananue
1. HMana mommdunmpoBanHas moaens KeitHca:
C =a+bY +¢,
I,=a,+b,Y, +b,Y, , +¢,,
Y=C+1+G,,
rae
C —notpebnenue; Y — A0Xoa; I — MHBECTUIUU; G — FOCYJIapCTBEHHBIE PACXO/IbI;

[ — TeKymui EPUOL; —1 — OPEABILIYIIUN TIEPHOI.

TUADT

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

20

95,75

98,55 103,55 109 108,25 107,4 112,7 117,75 123,45 126,55 125,85 128,1 125,35 130,25 1383 142,65 146,80 1513 157,4

161,25

60,45

62,45 65,9 63,9 63,45 70 7355 | 7655 79,7 816 81,55 82,55 83,45 8735 | 9155 | 9550 99 101,75 | 1054

107,45

14,3

15,85 17,75 19,7 18,1 14,6 17,35 20 22,15 223 19,8 21 18 20 25,25 24,85 24,5 25 25,8

26,15

a) B mnpeamonoxkeHuu, 4to mnOTpeOJIEHHME 3aBUCHUT JIMHEMHO OT Jjaoxonaa (mepBoe
ypaBHeHue mozenu), onennre no MHK mapametpsr ¢, u b, QyHKIIMN moTpebieHus.
6) Onenure Te xe napametpsl mo JIMHK u mo TMHK

B) CpaBHHTE NOJIy4EHHBIE pe3yabTaThl. CrenaiTe BBIBOBI IO KAYECTBY OLICHOK.
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JlabopaTopHas paGora Ne8. U3yuenne B3auMocBs3eil 10 BpeMEHHBIM psiiaM.

HOCTpOCHI/le aI[HHTHBHOﬁ H MYJIBTHHJIHKaTHBHOﬁ MOJ€JI1 BPEMEHHOT O psia.

OcHogHble nonamus.

BpemenHoii psig (IMHAMUYECKUH psill, WM P IUHAMUKH) [TOCIIE0BATEIbHOCTh
Ha0II0IEHUI HEKOTOPOTO MIPU3HaKa (Cly4ailHOM BeMYuHbI) ¥ B IOC/IE€I0BAaTENIbHbBIC
MOMEHTBI BpEMEHU

v =up+vp +cp+ep (0=123,...,n)
U, — mperno, NIaBHO MEHSIOIASICS KOMIIOHEHTA, OMHUCHIBAIOLIASl YUCTOE BIUSHUE
JOJATOBPEMEHHBIX (PAKTOPOB, TO €CTh UTUTEIBHYIO TEHICHIINIO H3MEHEHUS TTPU3HAKA
V;— Ce30HHAA KOMROHEHma, OTPAXKAIOIIAs] TOBTOPSIEMOCTh SKOHOMUYECKHUX ITPOLIECCOB B
TEYEHHE HE OYEHb JJIUTEIBHOIO NeproJa (roaa, Mecsua, He1eau U T.1.)
Ci— YUKIIUYECKAA KOMNOHEHmMA, OTPAXKAIOLIAsl IOBTOPSEMOCTh 3KOHOMUYECKUX MPOLIECCOB B
TE€YEHUE JJUTENbHBIX IEPUOJIOB
€; — C/IYUaiHAA KOMNOHEeHma, OTPAXKAIOLIAsl BIUSHUE HE MOJAAIOIINXCS YUETy U perucTpaluuu
CIly9ailHBIX (PaKTOPOB.

ABTOKOppeasinus ypPOBHEHN Psiia — KOPPEJSLIMOHHAS 3aBUCUMOCTb MEKTY
NOCJIEZIOBATENIbHBIMU YPOBHSIMU BPEMEHHOTO psifa

Koa¢duureHnt aBTokoppesiuu ypoBHEHN psijia IEPBOro MopsiiKa

Z(yz _3_71)(%71 _;2)

1=2

Ji(% S u-T)

1=2 1=2

n=

Koa¢duunent aBrokoppensiiuu ypoBHEH psijia BTOPOTo NOpsIKa

n

Z(yt _)_/3)()/[72 _)_/4)

t=3

Ji(y, DN E A |

=3 =3

r=

[TocnenoBaTenbHOCTh KOA((HUIIMEHTOB aBTOKOPPEISIIUN YPOBHEH MEPBOrO, BTOPOTO H
T.Jl. IOPSIAKOB HA3bIBAIOT A6MOKOPPENAYUOHHOU PYHKYUell BDEMEHHOTO PAJa.
PacripoctpaneHHBIM c1TOCOOOM MOJIEMPOBAHUS TEHEHIIMU BPEMEHHOTO PsJIa SIBISETCS

MOCTPOCHUE AHATUTUYECKOW (YHKIMH, XapaKTepU3YIOIIeW 3aBHCUMOCTH yYPOBHEHW psia OT
BPEMEHH, WU TPEHIA. DTOT CIOCOO HA3BIBAIOT AHANUMUYECKUM BbIPAGHUBAHUEM BPEMEHHO20
paoa.

[TockoabKy 3aBUCHMOCTH OT BPEMEHHM MOXET MpPUHUMATh pasHble (OpMBI, A ee
(dbopmann3anuyu MOXKHO MCIOJIb30BaTh pa3anuHble BHIBI GyHKIUH. /s mocTpoeHus TpeHa0B
Yaie BCETo MPUMEHSIIOTCS CIeAyIomue (yHKIIH:

JIUHEHHBIA TPCHI ) =g +b-1}

runepbona: 3 =g+ % ;

) . b- -~ .

SKCMIOHCHINANBHBINA TPEH: y =" (W y =q-b');

b

crenennas QyHKuus: y, =a-t ;

TOJIMHOMBI PA3/IMYHBIX CTENCHEH: y =a+b, -t +b, 1" +...+b -1".
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HapaMeTpLI KaXXJ10Tr0 U3 MEPCUYNUCICHHBIX BbIIC TPCHAOB MOKHO OIIPCACINTD OOBIYHBIM

MHK, ncnonb3ys B Ka4eCTBE HE3aBUCUMOM IIEPEMEHHOM BpeMs ¢t =1, 2, ..., n, a B Ka4eCTBe
3aBUCHMOH NEPEMEHHOH — (haKTHYECKHE YPOBHM BPEMEHHOrO psiaa . Jis HenMHEeHHbIX

TPEHI0B IIPEABAPUTEIBHO MPOBOJAT CTAHJAPTHYIO NPOLENYPY X JIMHEAPHU3ALIUN.

Cy1iecTByeT HECKOJIBKO CIIOCOOOB ompeeneHus thna TeHaeHuuu. K uncny Hanboinee
pacIpOCTPaHEHHBIX CIOCOOOB OTHOCATCS KAYECTBEHHBI aHaIM3 H3ydaeMoro Ipouecca,
MIOCTPOEHUE U BU3yaJIbHbII aHaNIM3 rpauka 3aBUCUMOCTH YPOBHEH psiia OT BpeMeHU. B aTnx
KE LENSIX MOXKHO MCIONb30BaTh U KO3PPUIMEHTHl aBTOKOPPEISALMU YpPOBHEW psna. Tun
TEHJEHIIUN MO>KHO OIPENEIUTh IyTEM CpaBHEHUS KO3(PPUIUEHTOB aBTOKOPPEISIUU [IEPBOTO

MOpSIKA, PACCUNTAHHBIX 110 MCXOAHBIM M TIPe0oOpa30BaHHBIM YPOBHAM psiaa. Ecnu BpemeHHON

PAI MMEET JTMHENHYIO TEHIEHIMIO, TO €r0 COCEHUE YPOBHU J, U}, | TECHO KOPPEIUPYIOT.

B stom ciiydae ko3(hGUIIMEHT aBTOKOPPENALNU MEPBOTO MOPSIKA YPOBHEH HMCXOAHOTO psiaa
JOJKEH OBITh BBICOKMM. Ecin BpeMEHHOW psAa COACPKUT HEIMHEHHYIO TEHICHIIHIO,
HampuMmep, B (opMe SKCIOHEHTHI, TO KOA(PHUIMEHT aBTOKOPPEISIUHN TEPBOTO MOPSAIKA IO
norapudmaM yYpOBHEH UCXOIHOTO psiga OyJET BBIIIE, YeM COOTBETCTBYIONIUN KO DUIIUEHT,
pPacCUMTAHHBIM MO YpPOBHAM psiaa. Yem cuibHee BbIpaKEHA HEIUHEWHAs TEHICHIUS B
M3y9aeMOM BPEMEHHOM psife, TeM B OOibIIell cTeneHu OyIyT pa3nIuvarbcs 3HAYCHUS
YKa3aHHbBIX KO3(QPUIUEHTOB.

Breibop Hawmmydiiero ypaBHEHHS B Cllydae, KOTJa psI COACPKUT HEITUHEHHYIO
TEHJCHILMIO, MOXHO OCYIIECTBUTH IyTeM Iepedopa OCHOBHBIX (OpM TpeHIa, pacyera Mo
KaX/JIOMY YypPaBHEHHUIO CKOPPEKTHPOBAHHOTO Kod((duimeHTa neTepMUHALIMA U CpEAHEn
OMMOKK anmpoKCHUMAaluU. JTOT METOJ JIETKO Peau3yeTcs MPH KOMIBIOTEpHOW 00paboTke
JTAHHBIX.

[Ipocreiimmii moaxoa K MOAETUPOBAHUIO CE30HHBIX
KoJIeOaHUM — 3TO pacyeT 3HaYCHUN CE30HHOM KOMITOHEHTHI
METOJIOM CKOJIB3SILIEH CPEIHEN U TOCTPOCHUE AL IUTUBHON
W MYJIbTUIUIMKATUBHOM MOJEIN BPEMEHHOTO PAJA.
OOmuit BUI aJAMTUBHON MOJEIIH CIICTYIOITU:

Y=T+S+E.
OTa MOJeNb TMPENoJiaraeT, 4YTO KaXKIblii ypOBEHb BPEMEHHOTO psga MOXET OBITh
MpeAcTaBiIeH Kak cymma TpeHaoBoi (1), ce3oHHOM (S) U citydaiiHoi (£) KOMIIOHEHT.
OOmuii BUJT MyJIbTUITUKATUBHONW MOJIEITH BBITIISIIUT TaK:
Y=T-§S -F.
OTa MOJeNb TNPENoJiaraeT, 4YTO KaXKIbli ypOBEHb BPEMEHHOTO psga MOXET OBITh
MpeACTaBIeH Kak mpousBenenne TpeH1oBou (7), cezonnoi (S) u ciayuyaiiHoi (£) KOMIIOHEHT.

Bb100p 0/1HOM U3 IBYX MOJIENel OCYyIIECTBIIAETCS HA OCHOBE aHaJIN3a CTPYKTYPhl CE30HHBIX
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konebannii. Ecmm ammuTyna koneGanuii MpUONU3UTENBHO MOCTOSHHA, CTPOSIT aJJUTHBHYIO
MOJIEJIb BPEMEHHOTO DPsifia, B KOTOPOM 3HAYEHUS CE30HHOW KOMIIOHEHTBI IPEIONIAraroTCs
MOCTOSIHHBIMH ISl Pa3JIMYHBIX IUKJIOB. Eciau amMIuMtyaa Ce30HHBIX KOJI€OAaHMH BO3pacTaeT
WIM YMEHBIIAETCS, CTPOAT MYJIbTUIUIMKATUBHYIO MOJIENb BPEMEHHOIO psAJia, KOTOpas CTaBUT
YPOBHHU pPsifia B 3aBUCUMOCTb OT 3HAaYECHUN CE30HHOW KOMIIOHEHTHI.

ITocTpoeHne anIUTUBHON M MYJIbTUIUIMKATUBHON MOJEJIEH CBOAMUTCS K pacueTy 3HAYCHUU
Tpen0Boil (1), ce30HHOI () U cityyaiiHoi (£) KOMIIOHEHT JIJIsl KaXKJI0TO YPOBHS psijia.

[Iporecc mocTpoeHust MOJIEN BKJIIOYAET B ¢e0sl CIEAYIOIINE 1Iary.

1) BrIpaBHMBaHHE HCXOAHOTO Psla METOJOM CKOJIB3SIIEH CPEIHEN.
2) Pacuer 3HaYeHHii CE30HHOI KOMIOHEHTHI .
3) VYcTpaHeHrne ce30HHOM KOMIIOHEHTBI U3 MCXOJHBIX YPOBHEH psila U IOJIy4eHHE

BBIPOBHEHHBIX JIaHHbIX (1 + E') B agautuBHON win (T - E') B MyJbTUILTUKATUBHON MOJIEIIH.

4)  Anamurtmyeckoe BbIpaBHUBaHWEe ypoBHedH (T +FE) wm (7-E) u pacder
3Ha4eHU! T C UCTIOIH30BAHUEM MOTYYECHHOTO YPaBHEHHS TPEH/IA.

5) Pacuet nonyuenHsix o mozenu 3uauenuit (1 + E) wmu (T - E).

6) Pacuer aOCONIOTHBIX W/WIM OTHOCHUTENBHBIX OmUOOK. Ecimm momyueHHBIE
3HAYeHHS OMIMOOK HE COJIEpkKAT aBTOKOPPEISAIHNU, MU MOYKHO 3aMEHHUTH WCXOIHBIC YPOBHH
psifa U B NaJbHEUIIEM HCIOIB30BaTh BPEMEHHOW psia OMMOOK FE A aHAM3a B3aUMOCBS3H
MCXOJ/IHOTO psifia U APYTUX BPEMEHHBIX PSIIOB.

3apanue

UmeroTcst  ycnoBHble JaHHbIE 00 oObemax moOTpeOseHUs DIEeKTpodHEpruu ()
KUTEJIIMU peruoHa 3a 16 kBaprasos.

Tpeoyercs:

1. [TocTpouTh aBTOKOPPENSIUOHHYIO (YHKIMIO U CAENaTh BBIBOJ O HAJIWYHU
CE30HHBIX KOJICOaHHIA.

2. [TocTpouTh aATUTHBHYIO MOJETh BPEMEHHOTO psiaa (A1 HEYETHBIX BApUAHTOB)
WA MYJIbTUIUIMKATUBHYIO MOJIENIb BPEMEHHOTO Psiia (/7151 YeTHBIX BApUAHTOB).

3. CrenaTh NpOTHO3 HA 2 KBapTajia BIEPE.

Bapuanrsl 1, 2

4 Y { Vi
1 5,8 9 7,9
2 4,5 10 5,5
3 5,1 11 6,3
4 9.1 12 10,8
5 7,0 13 9,0
6 5,0 14 6,5
7 6,0 15 7,0
8 10,1 16 11,1




Bapuanrel 3, 4
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4 Y { Vi
1 5,5 9 8,0
2 4,6 10 5,6
3 5,0 11 6,4
4 9,2 12 10,9
5 7,1 13 9,1
6 5,1 14 6,4
7 5,9 15 7,2
8 10,0 16 11,0
Bapuanrsl S, 6
4 Y { Vi
1 5,3 9 8,2
2 4,7 10 5,5
3 5,2 11 6,5
4 9,1 12 11,0
5 7,0 13 8,9
6 5,0 14 6,5
7 6,0 15 7,3
8 10,1 16 11,2
Bapuante 7, 8
4 Y { Vi
1 5,5 9 8,3
2 4,8 10 5.4
3 5,1 11 6,4
4 9,0 12 10,9
5 7,1 13 9,0
6 4,9 14 6,6
7 6,1 15 7,5
8 10,0 16 11,2
Bapuantn 9, 10
4 Y { Vi
1 5,6 9 8,2
2 4,7 10 5,6
3 5,2 11 6,4
4 9,1 12 10,8
5 7,0 13 9,1
6 5,1 14 6,7
7 6,0 15 7,5
8 10,2 16 11,3
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METOJIAYECKHUE YKA3AHUS IO BBINOJHEHUIO CAMOCTOSATEJIBHOMN
PABOTbBI

BBenenue

CamocTosTensHas paboTa mpeaycMoTpeHa yaeOHbIM riaHoM. [lenb camocTosiTennbHON paboTh
CTyI€HTa B paMKax Kypca «OKOHOMETpHKa» — 3aKpEeIUIEHHE M pPaCUIMpEeHUe 3HAHWMH,
MOJTyYEHHBIX BO BPEMsI IPOBEICHUS ayAUTOPHBIX 3aHITHH.

Coaepxkanue caMOCTOSITEILHOMH PadoThI

1. IlpopaboTka JEKIIMOHHOI'O MAaTepuala OCYIIECTBISIETCS CTYJIEHTOM C HCIOJIb30BaHHEM
KOHCTIEKTa JICKIUA U PEKOMEHAYyeMbIX YueOHUKOB. llenb — MmoAroToBKa K BOCHPUSITHIO
OuepeIHON TeMbI, paCCMaTPUBAEMO Ha JICKIIUU.

2. ToaroroBka k abopaTopHBIM paboTaM. B cOOTBETCTBHU ¢ TeMO# J1abopaTopHOil pabOTHI
CTYJEHT JOJDKEH H3YYHMTh TEOPETHMYECKHIl Marepuall, MOATOTOBUTH PELICHUE 3a/JaHus K
peanu3anuyu Ha KOMIBIOTEPE.

Tewmbl 1a00paTOpHBIX (COOTBETCTBEHHO, CAMOCTOSITENbHBIX) padoT:

ITapnas perpeccust
MHOK€eCTBEHHas1 perpeccust

PaznuuHble acniekThl MHOKECTBEHHOM PErPECCUA

CucreMbl 3KOHOMETPUUYECKUX YPAaBHEHUN

nhkh b=

Bpemennslie psaasl

3. B pamkax pazngena «lV3yueHue NONONHUTENBHBIX TEM Kypca» CTYIEHT CaMOCTOSITEIBHO
M3y4aeT JOMOJHUTEIbHBIE BOIPOCHI, CBA3AaHHBIE C IOCTPOCHHEM M AHAIN30M MOJEIEH
MHOXECTBEHHOU PETPECCUN, CUCTEM IKOHOMETPUUYECKUX YPABHEHUN U YKOHOMETPUYECKHUX
Mozeneil 1o BpEeMEHHbIM psnam. Jlus JgocTwkeHus 3TOM 1enu cPopMyMpoBaHbI
CJIEIYIOIINE 3aJaHUA:

e [locTpoeHure u aHAIU3 MHOKECTBEHHOW HEJIMHENHOW MOJICIIH.

e Tpexmarosslii METOJ HAUMEHBIINX KBAJAPATOB.

e ABTrokoppensnus. OOHapyKEHUE U METOJIbl YCTPAHEHHSI aBTOKOPPEISALUU.
e ABTOpPErpeCCHOHHBIE MOJIEIIN.
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