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BBenenune

JlabGopatopHble  pabOThl  BBINOJHAIOTCS B paMKax Kypca  «OKOHOMETpPUKA,
NPeIyCMaTPUBAIONIETO  HM3YYEHHE METOAOB  MPOBEPKH, OOOCHOBAaHUS,  OICHUBAHUS
KOJIMYECTBEHHBIX 3aKOHOMEPHOCTEN M KayeCTBEHHBIX YTBEpPXKACHWH Ha OCHOBE aHaIM3a
CTaTUCTHYECKUX JaHHBIX. KpoMme 3TOro paccMaTpuBaroTCs BO3MOXKHOCTH mpuMeHeHus Excel
JUIs pelleHMs] O3HAueHHbIX 3ajad. B paborax mNOpeaycMOTPEHO BBINOJHEHUE psiaa
MPAKTUYECKUX 3a/IaHUM.

PaboTe! peKOMeHIyeTCs BBIMOJIHATE B TIOPSAKE UX CIIEAOBAHUS.

[To BeIMOMHEHHBIM 1a0OpPAaTOPHBIM pabOTaM CTYACHT OTYMTHIBACTCS TMEpe] MpEero-
naBatesneM. OT4YeT CTyAEHTa JOJKEH ObIThb NPEJICTABJICH BBINOJHEHHBIMHM 3aJaHUSIMU U

MOsAICHCHUAMMU I10 XOA4Y MX BBIITOJTHCHUA.
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Jlaboparopnas padora Nel. IlocTpoenue v aHaju3 Moae/ JUHEHHON MaAPHOM
perpeccuu

[le1b: TIOCTPOCHHUE U UCCIICIOBAHUE YPABHEHUS JIMHEMHON PETPECCUMN.

[Ipocras (mapHasi) perpeccusi NpPEACTaBIAE€T COOOM PETPECCHI0 MEXAY ABYMS
NEpEMEHHBIMU — ) U X BUJA:

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

X — He3aBUCHUMasl, UM 0OBACHSIONIAs, IepeMeHHas (Mpu3HaK-paKTop);

& — ciydyailHas BeJMYMHA, XapaKTepU3ylollas OTKJIOHEHUS pPEAJbHOTO 3HAYEHUS
pE3yJNbTATUBHOTO TPU3HAKA OT TEOPETHYECKOr0, HANIEHHOIO IO YpPaBHEHHMIO PETrpeECCUU
y=f(x)+¢. (1.2)

PaznuuaroT nuHEHbIE U HEJTMHEWHBIE PETPECCUM.
JIunHeiinas perpeccusi OMKUCHIBACTCS ypaBHEHUEM: V =a+b-x+¢&. (1.3)

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

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

PacyeTHbIE€ COOTHOIIEHUSL.

1. BBIYUCJIEHUE KOS9 P®PUIIUMEHTOB YPABHEHUA JUHEMHOM
PET'PECCUH
Koadpduunentsl, onpenensiemple HA OCHOBE METOJa HAMMEHBIINX KBaAPATOB, SIBISIOTCS
pELICHUEM CUCTEMBI YPABHECHUMN:

a+b-x=y
= (1.5)
a-x+b-x*=x-y
rae
_ 1 Z 1 — 1 ¢ - 1 &
X=— 3w =2y Xy=E— 2 Xy X =—2x . (16)
n - n = n - n =

(1)(1)I/IHI/ICHTBI ypaBuenuii (1.3), (1.4) nonyyaem, pemus cuctemy (1.5).
_Xx y Xy _ cov(x, y)

) a=y-b-x (1.7,
—(x) Oy
e COV(x ¥) — BBIOOpPOYHOE 3HAUYCHHE KOPPEJULMOHHOIO  MOMCHTa (KoBapuaris),
OMpeJIeNIeHHOro 10 opmyre: cov(x, V) =x-y—Xx-y, (1.8)

2 .
O, — BEIOOPOYHOE 3HAYEHHE AUCTIIEPCUU BEJTMYHMHBLX , ONIPEAEIIEMON 10 GopmyIie:

o2 = 32 — (%) (1.9)



2. UCCJIEJOBAHUE YPABHEHMUS JINHEMHON PETPECCUA
2.1. OueHka TeCHOTHI CBAI3H

Juneiinviii ko3gppuyuenm koppenayuu. llpu nUHEHHOW perpeccud B KayecTBE
MoKa3aTelsi TECHOTHI CBS3H BBICTYNAeT JUHEHHBIH KO3 UIMEeHT Koppemsauuu. Ero 3naueHue

HaxomuTes B rpannnax — 1 <r. <1.

xy =
cov(x, y)
" oo, (10
x' Oy
_ — — n
e o = x> —%°, aizyz—)_/z, y?z;-Zyiz. (1.11)

i=1
Koagppuuyuenm  oemepmunayuu. OH  XapakTepusyeT  JOJIIO  JUCHEPCHU
pe3yabTaTHBHOTO TPU3HAKa y, OOBSICHAEMYIO perpeccueid, B OOMmIeH IUCIIEPCHH
pe3yIbTaTUBHOTO IPHU3HAKA.

2 2
2 O, O
Py = 06‘bZHCH —1- oczm (1.12)
Gy Gy

] & L, 5
rae 0§=; Y-y =y -y

1 & A2
%mﬁ Z(yz 7, =;-Z(y,~—y,~) : (1.13)
i=1
Cpeonsnsn omuﬁxa annpoxcumayuu. CpernHsis ommMOKa anmpOKCHUMAIMA — CpEIHEe
OTHOCHTEJBHOE OTKJIIOHEHHE PACUETHBIX 3HAUEHHUH ) OT HaKTHIECKHX ) .

ALy Ys Yy 100% (1.14)

no=1} Vi
[TocTpoeHHOE ypaBHEHHE PETPECCUU CUUTACTCS yIOBICTBOPUTEILHBIM, €CIIH 3HaYCHUEe A
He npesbimaer 10-12 %.
YeM Bl MOKa3aTeNb ACTEPMHUHAIUMN WIH YeM HIDKE CPEIHSSI OIIMOKa armpoKCUMAIlHH,
TEM JIy4llle MOJAEIh OMMCHIBAET UCXOIHBIC JaHHBIE.

2.2. OneHka 3HAYMMOCTH YPABHEHHUsl JIMHEHHOW perpeccMM M CYIIECTBEHHOCTH
apaMeTpoB JIMHEHHOU perpeccuu.
2.2.1. BpluucieHne OLEHOK JUCIepCcHil MaPHOI JTMHEITHOH perpeccuu

OmneHku UTst TUCTIEPCHI onpeaernstoTes GopMyiaMu:

S —\2
2.(y=)
S 36u¢ = lle — o0mras nucnepceus pe3yiabTaTuBHOTO npu3Haka. (1.15)

n
A —\2
> (=)
S o = 6
paxm = . — ¢akTtopHas (OOBSICHEHHAs]) JHUCTEPCUS PE3YJbTATUBHOIO

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

j>i itmaﬁ./l 'm);i (132)
CrangapTHasi omrOKa BEIYMCICHHOTO 3HAYCHHS J); ONPEeNsieTcs o hopmyie:
—\2
I (x;—X)
My = Spe |1+ =+ (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. 3aganus Ha J1a00pPaTOPHYIO PadoTy

(1 — 9 BapuanTtsl). B Tabnuiie mpUBENEHBI JAHHBIE O CPEIHEIYIIEBOM MPONKUTOUHOM
MUHUMYyME B JIEHb Ha OJHOTO padoraromiero X (B pyOisix) U JaHHBIE O CpemHed 3apaboTHOM
TIaTe 3a oJuH pabounii AeHp y (B pyomnsx) B 15-tu pernonax.

1. ITocTpolite ypaBHEHHE TAPHOU pErpeccuu ) OT X .

2. Paccuuraiite ko3puureHT napHO KOppeasiuuu, KO3PPUIUEHT AeTepMUHALIIU
Y CPEJIHIOI0 OUIMOKY arrpoKCUMAalUu.

3. OneHuTe CTaTUCTHYECKYI0 3HAYMMOCTh IApaMETPOB PETPECCUM M YpPaBHEHUS
perpeccuu ¢ noMoiblo F-kputepus duuiepa u ¢-kputepus CTbIOJIEHTA.

4. Haiinute noBepuTenbHblE HMHTEPBAJIBI ISl KO3(PPUIMEHTOB pPETPECCUU U
ypaBHeHHs perpeccun Ha ypoBHe 3Haunmoctu & =0,05. Otpasure Ha rpaduke

5. Haiinure u ynanute u3 BbIOOPKU JIB€ TOYKH, HambOojee yAali€HHbIE OT JIMHUU

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



Bapuanr 1 Bapuant 2 Bapuant 3
[Ipoxutoun| 3apabGotHasi| Ilpoxuroun| 3apabotHas| Ilpoxkuroun| 3apaboTHas
bIl MUHUMYM J1aTa bIl MUHUMYM J1aTa bIl MUHUMYM J1aTa
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 Bapwuanr 5 BapuanT 6
[Ipoxuroun| 3apabortHas| IIpoxutoun| 3apabotnas| Ilpoxuroun| 3apaboTHas
bl MUHUMYM riaTa bl MUHUMYM riaTa bl MUHUMYM riaTa
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 BapuanTt 9
[Ipoxuroun | 3apabortHas| I[Ipoxwuroun| 3apabortnas| IIpoxkutoun| 3apaborHas
bl MUHUMYM J1aTa bl MUHUMYM J1aTa bl MUHUMYM J1aTa
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 npuBeneHbl 1aHHbIE O Bece I'Py30B X (B KWjorpammax) u
KOJIMYECTBE 3aKa30B COOTBETCTBYIOILEIO I'py3a ) (B ThICSYAX).

1. [TocTpoiiTe ypaBHEHHE TAPHOM perpeccun ) oT X.

2. Paccuuraiite ko3puureHT napHOl KOppeasiuuu, KO3PQPUIUEHT AeTepMUHALIIU
Y CPEJIHIOI0 OUIMOKY arrpoKCUMAalUH.

3. OneHuTe CTaTUCTHYECKYI0 3HAYMMOCTh NapaMeTPOB PETPECCUM M YpPaBHEHUS
perpeccuu ¢ noMoiblo F-kputepus duuiepa u ¢-kputepus CTbIOJIEHTA.

4. Haiinute noBepuTenbHblE HUHTEPBAJIBI IS KO3(PPUIMEHTOB pPETPECCUU U
ypaBHEHHUs perpeccuu Ha ypoBHe 3Haunmoct & = 0,05. Otpasure Ha rpaduke.

S. Haiinute u ynanure u3 BbIOOpKM JIBE TOUKHM, HauOoisiee yAaNEHHBIE OT JIMHUU

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

BapwuanT 10 Bapwuanr 11 BapuanT 12
Bec 3aKa3bl Bec 3aKa3bl Bec 3aKa3bl
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
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1505 19.1 1524 21.4 1515 21.4
1575 18.0 1590 15.6 1582 15.6
1630 20.2 1644 15.2 1637 15.2
Bapwuant 13 Bapuant 14 Bapuanr 15

Bec 3aKa3bl Bec 3aKa3bl Bec 3aKasbl
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

JlaboparopHas padora Ne2. ITocTpoenune u aHAJIM3 MOJAEJH HeJIMHEHHON MapHOH
perpeccuu

[leab: MOCTPOEHUE U UCCIIEOBAHUE YPAaBHEHUS! HEJIMHEWHON PETPECCUH.

[Ipoctas (mapHasi) perpeccus TMpPEACTaBIsIET COOOM pEerpeccuro Mexay AByMs
NEPEMEHHBIMU — ) U X BUJA:
y=f(x+e, (1.1)
rae y — 3aBHCHMasl IepeMeHHas (pe3yJIbTaTUBHBIN IPU3HAK);
X — He3aBUCHUMas, WIK 00BACHAIOIIAA, IEpEMEHHA (TpU3HAK-(PaKTOp);

& — ciydyailHas BeJMYMHA, XapaKTepU3ylollas OTKJIOHEHUS pPEAJbHOTO 3HAYEHUS
pE3yJIbTATUBHOIO TPU3HAKA OT TEOPETUYECKOr0, HAMJIEHHOIO M0 YpPaBHEHHMIO PETrPECCUU

y=f(x)+e¢.
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[TocTpoenue u aHanu3 HEMUHEHHBIX MOJAEIIEH NMEIOT CBOIO cnenuduky. B pamkax nanHou
nabopaTopHON PabOTHI pacCMAaTPUBAIOTCS HEMWHEHHBIE MOJEINH, JOMYCKAIOINE CBEACHUS UX
K JINHEWHOMY THILY.

PacyeTHbIE€ COOTHOIIEHUSL.

1. OIEHKA TAPAMETPOB HEJIMHEMHOW PEIT'PECCUH
1.1. Perpeccun, HEIUHEWHBIE OTHOCUTEIHHO BKJIIOUECHHBIX B aHAIN3 OOBICHSIOIIUX
MEPEMEHHBIX, HO JIMHEWHBIE 110 OLICHUBAEMBIM ITAPAMETPAM.

® PaBHOCTOPOHHSIS runepOona: y = a + ; +&. (1.2)

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

[Ipu ounenke mnapamerpoB perpeccuit (1.1), (1.2) wucnonb3lyercs METON 3aMEHbI
nepeMeHHbIX. CyThb €ro COCTOUT B 3aMEHE HEIMHEUHBIX OOBSCHSIONIMX INEPEMEHHBIX, B
pe3yiapTaTe 4Yero HeNWHEHHBbIe (QYHKIHMH PErpeccud CBOAATCA K JuHeHHBIM. K HOBO,
npeoOpa3oBaHHON (PYHKIINN PETPECCUU MOXKET OBITh TPUMEHEH OOBIYHBIN METOI HAMMEHBIITNX
kBagparoB (MHK), paccmoTpenHnslii B 1abopatopHoii padote Nel.

Tabauna 1. Bo3MoxkHbIe 3aMeHb] TepeMEeHHbIX

Bun Monenn JInneapusyromue OrpanuycHH OOpartHas 3aMeHa
npeoOpa3oBaHUs Pl IepeMeHHBIX
1 y.=a+b-Inx X=Inx x>0 =g b_b
2 R 1 1
yy=a+b-— X=— xz0 a=a b=>b
X X

1.2. Perpeccun, HenMHEIHBIE OTHOCHUTEIBHO OLIEHUBAEMBIX NAPaMETPOB, HO JIMHEHWHBIX
OTHOCUTEJIBHO BKJIFOUEHHBIX B aHAJIN3 OOBSACHSIOINX EPEMEHHBIX.

e JjorapuMmuyueckast MOJENb (CTENEHHAs): y=ax +¢& (1.4)
— o pX
e mnokasarensHas: 0 ¢ b +‘9; (1.5)
_ ea+b-x +e

® DJOKCIIOHCHIMAJIbHAasA: y

(1.6).

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

1. ypaBHEHHSI TIPUBOJATCS K JWHEHHOMY BHIY C MOMOIIBIO JorapuMUpOBaHUS U
MIOCJIEIYIOIIEH 3aMEHBI IEPEMEHHBIX;

2. OIICHUBAIOTCS TTapaMeTphl NMPeoOPa30BAHHOTO YPAaBHEHHS C HCIOJIBb30BAaHHEM METO/a
HaMMEHBIINX KBaJ[PATOB;

3. BBINOJHSCTCS 06paTHa$I 3aMCHAa NCPECMCHHBIX U 3aIMMChIBACTCA UCXOOAHOC YPABHCHHUC.
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Taﬁ.ﬂnua 2. Bo3MoO:KHbIE 3aMeHbI MMEPEMEHHBIX

B Moze/n Jluneapusyromue OrpannueHis OOparnas 3ameHa
npeoOpa3oBaHus TIEPEMEHHBIX
1 j/xza-xb Y=Iny, X=Ix, x>0, y>0, A beb
A=1Ina a>0
2 P.=a-b* Y=Iny, B=Inb, b>0, y>0, y s
a=e b=e
A=1Ina a>0
3 )’}x:ea+b'x Y:lny y>0 a=a b=>b

2. UCCJEJOBAHUE YPABHEHUSI HEJJUHEMHOM PETPECCUHA

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

CBSI3H BBICTYIAET MHJICKC Koppessinuu. Ero 3nauenne Haxomures B rpanuiax () < Py = l.

(1.7)

1 A
rie o =—Z(y ¥, Gﬁcm=;Z(y—yx)2 (1.8)

Hnoekc 0emepmuuauuu. OH xapakrepusyeT JOJK0 JAMCIEPCUU PE3YJIbTaTUBHOIO
MpU3HAKA Y, O0BICHIEMYIO PErpeccheil, B 00IIel TUCTIepCHH pe3yIbTaTHBHOIO TPU3HAKA.

2 2
,02xy _ 6061;1011 —1- Gozm (1.9)

Gy Gy

1 < 2 2

e oy =— 2 (3, =)’ =y =¥,

n -

1 < 2 _ 1 3 A2
05‘b}16H:_ Z Gocm:_'Z(yi_yi) ) (1.10)

n =1 no-

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

n
Z(y—f)2 , (P, ~9? u > (v- )7x)2 OepyTcsi HE B MPeOOPa3OBAHHBIX, @ B UCXOJHBIX
i=1

3HAYEHUSAX PE3YJIbTATUBHOIO NpHU3HaKa. MHaue roBopsi, MpU BHIYMCIEHUU 3TUX CYMM CIEAYET
UCIOJIb30BaTh HE IMpeoOpa3oBaHHbIE (JIMHEAPU30BaHHbIE) 3aBUCHMOCTH, A HCXOJHBIE

HEJIMHEHHBIE YPABHEHUS PErPECCUM.

2.2. OuneHka Ka4yecTBA YPAaBHEHHS perpeccuu
Cpeonan owuoka annpoxcumayuu. CpenHss omuOKa anmpoKCUMalMu — CpeaHee

OTHOCHTEBHOE OTKJIIOHEHHE PACUETHBIX 3HAYEHHUH ) OT aKTHIECKHX ) .
— 1 2\Vi— .); X;
A=—-) —-100% (1.11)
noi=1 Vi
[TocTpoeHHOE ypaBHEHUE PETPECCUU CUUTACTCS yIOBICTBOPUTEILHBIM, €CIIH 3HaUCHUEe A
He npessimaeT 8—10 %.



13

YeM BbIIIE MMOKA3aTeIIb ACTCPMHUHAINHN WJIN YCM HUKC CPCIHAA omInoKa arrpoKCuMannu,
TEM JIydlI€ MOJACIIb OIMMChIBACT NCXOJHBIC TaHHBIC.

Koagpdpuyuenm rnacmuunocmu. Ko>sphuunueHT 31aCTUYHOCTH. MMOKA3bIBAET, HA CKOJIBKO
MPOLIEHTOB U3MEHUTHCS B CPETHEM PE3yIIbTaT, eciu GakTop u3meHuTcs Ha 1%.

®opmyna aig pacuera Ko3(p(GULMEHTa TaCTUYHOCTH UMEET BU/L:

2= f(x)-=.
y

Tak xak st OompmMHCTBA (GYHKIMHA KOI(P(OUIIMEHT SIAaCTUYHOCTH HE SBISIETCA
HOCTOSIHHON BEJIMUMHOM, a 3aBUCUT OT COOTBETCTBYIOILIETO 3HAYCHUS (PAKTOpa X, TO OOBIYHO
PacCYUTHIBACTCS CPEeAHUN KOAPPHUIIMEHT JIaCTHIHOCTH:

_ , x
O=f(x)—=.
- y
Ta6auna3. @opmysl a5 pacdera O cpeTHUX KOI()PUIMEHTOB 3J1aCTHYHOCTH.
By Mozienu, epBast mpousBoaHas, Cpennuii ko3 duiment
’ Y 3IIACTHYHOCTH,
b b b
y=a+—+¢ _ = R
X X a-x+b
y:a-xb.g y:ab xb—l b
y=a-b'-¢ a-lnb-b" Xx-Inb
y=a+b-Inx+¢ é b
X a+b-Inx
y = ea+b-x t+e b ea+b.x h-x%

2.3. OuneHka 3HAYMMOCTH YPAaBHEHMSl HeJIMHEIHON perpeccuu.

_ Piy n—m-—1
l_piy m

2 o
rae Py, — MHICKC NCTCPMHMHAILMH, 71 — YHCIIO HaONIOJCHUM, M — YUCIIO TapamMeTpoOB MPHU

F

b

nepeMeHHONH X . DakTuueckoe 3HAaYeHHE [ -KpUTepHsl CpaBHUBACTCS C TaOIMYHBIM TpU
YPOBHE 3HaYMMOCTH (X M YHUCJE CTeleHell cBoOoxbl k, =n—m—1 (a1 ocTaTo4HON CyMMBI

KBagpaToB) U k; =m (mis (akTopHOl CymMMBI KBaApaToB). BblumcienHoe 3Hauenue I -

KpUTEPHsI NIPU3HAETCS JOCTOBEPHBIM, €CIM OHO OOJIbIIE TAOJIMYHOrO MPH 3aJaHHOM YPOBHE
3HaYMMOCTH ¢ . B 3TOM cilydae nenaercs BBIBOJ O CYILECTBEHHOCTU YPABHEHHUsS PEIPECCUH B
LEJIOM.

3. 3AJAHUE HA JJABOPATOPHYIO PABOTY

1. Ha ocHoBanum Tabnuil 3,4 moCTpOUTH MPEAJIOKEHHBIE YPABHEHUS PETPECCHUI.
2. BbIYMCIIUTh WHAEKCHI MAapHOM KOPPEJSIUMA UM UHAEKCHl JETEPMHUHALMM I KaKIOTrO
YpaBHEHUS.
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3. IIpoBepuTh 3HAYMMOCTb YPABHEHHUS PErPECCMU B LEJIOM i1 KaXJ0H KpUBOH

BbIpaBHUBAHUS.

4. OnpenenuTs Tydlliee ypaBHEHHE HAa OCHOBE CpeHEN OIMMOKHU allpOKCUMAIIHH.

5. Onpenenuts Jydillee ypaBHEHUE HA OCHOBE COBMECTHOI'O aHAJM3a 3HAYEHUH MHJEKca
JAETePMHUHALMU U CPEIHEN OMTMOKH arpOKCHMAITUH.

6. Berauciute cpeqHuii KO3 UIHMEHT HIaCTUIHOCTH.

7. C momouipio BcTpoeHHOW ¢yHkumu Excel mocTtpouTs nuHHMM TpeHIa yKa3aHHBIX

. 2
(GYHKIUI, BBIBEIsS COOTBETCTBYIONEE ypaBHeHHE TpeHaa W 3HaueHne R°. CpaBHUTH ¢
pacueTHBIMHU TaHHBIMHU.
8. Cnenatb BBIBOJBI IO MPOAEIAHHON padoTe.

Tabauua 3. BapuaHThbl 3a1aHuil

Bapua | I'pad Bupl KpuBBIX annpoKcuManuu

ot TaI%IH. ['unepOonu- | Iomynorapud Crrenennas [TokazaTenpHa | DKCIOHEHIIU-
4 Yyeckast -MUYecKas s anbHas

1 1,2 * *
2 2,3 *
3 3,4 *
4 5,6 *
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 MOJIb30BAHNUS B JOMANIHUX X03s1iicTBaX (1IT)

O6nactu u | Tene | Bune | Marn | My3sl | Ilepc | Xono | Ctup | [Ibute | LBeit | Jlerko

pecriyONMKH | W30p | OMarH | UTO) | KajibH | OHANb | IWJIBH | albH | COCHI | HBIE | BBIC

BI uTo() | OHBI bIC HBIE | WKH bIC MaIlly | aBTOM

OHBI HEHTP | KOMII Maru HBl | 00w

BI BIOTE HBI u

pBI

1 2 3 4 5 6 7 8 9 10

bexroponcka | 131 39 | g5 | 10 | 1 | 103 | 93 | 77 | 58 | 26
s 007acTh

bpanckas |50 |37 | 47 | s 2 | 99 | 72 | 64 | 50 | 18
o0racThb
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Brnagumupck

124 36 61 10 2 105 90 77 68 24
ast 00J1acTh
Boponexcka 122 36 44 13 o) 102 96 66 60 25
st 00J1aCTh
HBaHoBCKast 128 26 47 9 1 106 92 71 71 9
00J1acTh
Kamywekas | 140 | 43 | 61 | 14 | 6 | 106 | 88 | 81 | 66 | 28
00J1aCTh
Koctpomexast | 4 31 45 12 1 100 85 58 58 14
0051acTh
Kypcxas 113 40 47 15 3 100 78 66 51 28
00J1acTh
Jumemsast |-y | o4g | ss | 13 | 2 | 13| 95 | 73 | 66 | 34
0051acTh
MockoBckast 139 64 57 27 14 106 87 81 62 22
00J1acTh
Oprnosckast |, 6 39 69 8 6 11 93 73 72 27
00J1acTh
Psa3anckas 120 34 46 8 3 106 80 65 51 21
00Js1acTh
CMoneHnckas 125 39 55 24 6 115 93 66 49 21
00J1acTh
TamGoBcKas 118 37 59 8 1 108 99 74 65 23
00J1acTh
Teepexat | 4y | 35 | 52 | 8 | 4 | 102 | 87 | 64 | 65 | 12
00acTh
Tymeckas | 433 54| 58| 15 5 102 | 93 | 79 | 36 16
00J1acTh
SIpociaBckast 136 36 47 12 4 110 88 71 69 14
00J1acTh
Pecniyomika |46 1 49 | 65 16 9 106 | 87 | 68 | 55 | 32
Kapenus
Peenybumica |40 | 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
o0acTh
Kanununrpa
JICKast 124 48 53 12 7 105 85 74 38 29
00J1acTh
Jlennurpanck | 54 30 65 8 3 102 84 71 52 10
ast 00J1aCTh
Mypmanekast | g 59 63 29 8 107 92 87 74 21
00acTh
Hosroposcka 130 26 63 9 4 96 76 56 45 14

1 001aCTh
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IIckoBcKkasg

117 | 26 | 44 | 91 3 99 | 82 | 65 | 60 | 20
o01acTb

Kpactomapeic | 1y | gq | 60 | 14 | 4 | 109 | 90 | 74 | 67 | 28
WU Kpan

CTaBPOHOJEBC 114 40 63 12 2 104 91 78 49 29
KUU Kpau

AcTpaxancka 126 54 55 11 5 116 87 76 66 29
s 00J1aCTh

Bourorpaack 109 41 55 8 1 106 93 74 70 23
ast o01acThb

Pocrosckas | 5 43 57 20 8 109 91 73 60 26
o0nacThb

PecniyOnuka

Bamkoprocra | 115 40 52 16 4 116 94 75 67 29

H

PeenyOmika | 43y | 98 | 64 | 8 | 1 | 108 | 87 | 12 | 73 | 22
Mapuii On

Pecnybuiica | 430 1 33 | s | 10 | 1 | 109 | 89 | 77 | 58 | 18
Mopnosust

Pecyomnxa | 1,4 | 5, 61 19 5 119 | 90 76 | 55 22
Tarapcran

YAMYPICKAT | 153 | 3y | 53 7 4 |11 | 97 | 69 | 74 | 26
pecny0mKa

dysamerad | yog |31 | 60 | 11 | 0 | 105 | 85 | 76 | 78 | 19
pecny0OamKa

Kmporekad |44y |\ 27 | 60 | 7 | 2 | 120 | 109 | 74 | 86 | 22
o0JyacTh

Humxeropozc 125 36 52 6 3 114 101 81 75 21
Kas 001acTh

Opendyprexa | 154 | 47 | 57 17 6 119 | 105 | 82 | 66 | 36
s 00J1aCTh

Ilensenckas 121 36 47 7 o) 109 94 70 69 15
o0yacTb

Hepueras 1153 1 40 | 50 15 6 113 | 98 | 73 | 75 | 27
o0JyacTh

Camapckas | jog | 6 | 56 | 24 | 14 | 121 | 100 | 76 | 68 | 35
o0nacThb

CaparoBckas 118 38 51 12 4 124 87 65 62 27
obJsacTb

VY IbgHOBCKas 116 37 51 9 4 109 96 77 67 25

00J1aCTh
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JlaGoparopHass padora Ne3. IlocTpoeHue M aHaJU3 MOJEJIH MHOXKECTBEHHOH

JIMHEHHOM perpeccuu

[leab: OCTPOEHUE M HCCIEAOBAaHUE YPABHEHUS MHOXXECTBEHHOW JIMHEWHOW PErpecCHH,

UCTIONb3Ys pexuM Peepeccus npozpammer Excel.

MHoxecTBeHHasI perpeccust MPEACTABIISET co0oii MOJIEIb BHJIA!
Y=f(x1,X,.,%,) + &,
rae y — 3aBUCUMAs [IepeMEHHas (pe3ynbTar);
X5 XD 5eees Xy — HE3aBUCUMBIC epeMeHHbIC ((haKTOPbI);
g — CiydJaifHasi OIMOKa perpeCCHOHHON 3aBUCUMOCTH;
f — HEKOTOpasi MaTeMaTH4ecKast QyHKITHSL.

[Ipoctass (mapHasi) perpeccuss TMpPEIACTaBIsIET COO0OM PpErpeccuro Mexay AByMs
NEPEMEHHBIMU — V' U X BUJA:

Jluneitnaa Moaens MHOXECTBEHHOM pPEerpeccHy — 3aBUCUMOCTD BUA:

y=a+b -x;+by x, +..+b, -x, +¢,
rae a,b;,b,,...+b, — napamerps! QpyHKIUH.

[Tapamerp @  Ha3piBaeTcs CBOOOJHBIM  WICHOM M ONpEACNsIeT 3HAYCHUE
pe3yNbTUPYIOMIEH TEpPEeMEHHOW ) B Cllydae, KOTJa BCE OOBSACHSIONIME IEePEeMEHHBIC
X|,X9,...,X,, paBHBI HyI10. Eciu ke (hakTophl 0 CBOEMY YKOHOMHUYECKOMY COJEPKAHUIO HE
MOTYT TIPpUHMMATh HYJICBBIX 3HAYCHHWI, TO 3HAYEHUE TapaMeTpa d MOXET HE HMETh
HKOHOMHUYECKOTO CMBICIIA.

[TapameTpsl bj Ha3zbiBalOTCd KO3 duuumenramm «uucroi» perpeccun. OHHU

XapaKTepU3ylT CPEeIHEE H3MEHEHHME pe3ylabTaTa ) C HM3MEHEHHEM COOTBETCTBYIOLIETO
(hakropa X; Ha €JUHHUIY [PH HCM3MCHHOM 3HAYCHWM IPYrdX (pakTOpOB, 3aKPCIUICHHOM Ha

CPEIHEM YPOBHE.
OCHOBHOM 1I€JBbI0O MHOKECTBEHHOM PpErpecCUM SIBJIAETCS IOCTPOEHUE MOJEIH C
OONBIINM YUCIIOM (DaKTOPOB W OMpPEICICHUE BIUSAHUSA KaXIOTO (akTopa B OTIEIBHOCTH, a

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

1. PacyeTHBIE COOTHOICHUS.
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l. YpaBHeHHE  MHOXECTBEHHOM  JIMHEHHOM  perpeccud B  CTAHJAPTU30BAHHBIX
IIEPEMEHHBIX

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

Xi

rae f; =D, - — CTaHJapTU30BaHHBIE KOA(PPUIIHMECHTHI
o
y
_ X, _
2. Cpennue koddduuments anacruaHocta J; =b, - ——, (i=1,2,...,m)
Yx

3. HactHble KO3 HUITUEHTHI KOPPETISAIHH.
Ecau daxropsl X;, X ;, HAXOAATCS B KOPPEJILMOHHOU CBSI3H, TO C IOMOILBIO YaCTHBIX

KOA(PHUIMEHTOB KOPPEIAIUH Vs X1 XX Xisg ok, MOMHO OLEHHTB TECHOTY CBS3H MEXIY

pe3yabTaTOM M COOTBETCTBYIOIIUM (DaKTOPOM NP SIMMUHHPOBAHUH (yCTPAHCHHH BIIASHUS)

Apyrux (pakTopoB, BKIIOYCHHBIX B ypPaBHEHHE PETPECCUH.

Koaddunmentsr yacTHON KOPPENAIUN MOKHO PACCUUTATh MO popMyJIe:
r -r .
. yxi‘xl.X2...xp71 yxp‘XIX2...xp71 rxixp‘xl.X2...xi71xi+l....Xp71

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

r =
VXXX X,

p-1

Koaddunmentsr yacTHOM KOppesIuy U ABYX (HaKTOPOB:

r — ryxl B ryxz 'rxlxz r — ryxz _ryxl 'rxlxz
yxpxp 2 2 Yxpmx \/ 2 2 i
YA (=72 (=5 (=r)
rie . _ SOV, %)
X1X2 . O
X X2

4. Kpurepuiit ®umepa.
2
F_S¢a}<m_ R2 n_m_l
Sgcm 1- Rz m

2 2
rae quaKm — akTopHas cymMMa KBaJpaToB Ha OJHY CTEHEHb cBOOOIBL S, —

OCTaTOYHasi CyMMa KBaJpaTOB Ha OJHY CTENEHb CBOOOIbI; R — KOd(PUITHEHT
MHO)KECTBEHHON NETEepMUHAINM;, /M — YHUCIIO IapaMeTpoB IpH IMEPEeMEHHBIX X (B
JUHEWHON PEerpeccMy COBMAJAET C YMCIOM BKIIOYEHHBIX B MOJAETb (DaKTOpoB); n —
YHCII0 HAOIIOJCHU.

Yacmuwie kpumepuu @uuwiepa MOTYT ObITH BHIUNCIIEHBI 110 clexyouel Gopmyre:

2 2
F o= Ryxlxz...xm o Ryxl
Xi 1_ R2 1

VXX . Xy,

XXXy . n—m _1
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Jlnst Mmosienu ¢ AByMsi (paKTOpaMH YacTHBIE [ -KPUTEPHUH BBIYHCISIOTCS O (opMyJiam:

2 _r2 2 _r2
X1 X X X1 X X
7 B J’2'(n_3); F = YXx2 J’I‘(n_3).
X1 1_R2 X 1_R2
yxixp yxixp

2 Pe:xxum Perpeccust MOayJast AHAJIW3 TAHHBIX.

Tabmuunbetii mponeccop  Excel comepxut monmynb Axanu3 OanHbiX. DTOT MOIYIb
MO3BOJISIET  BHITIOJHUTH CTATUCTUYECKUI aHAW3 BBIOOPOYHBIX JaHHBIX (TIOCTPOCHHE
TECTOTPaMM, BBIYUCIICHUE YMCIOBBIX XapaKTePUCTHUK | T.1.). Pexxum paboTsl Perpeccust aToro
MOJIYJISI OCYIIECTBIISIET BBIUYUCICHHE KOA(D(DHUIIMEHTOB TUHEHHOW MHOKECTBEHHON PETrpeccuu
c K mepeMeHHBIMM, NOCTPOEHHE  JIOBEPHUTENILHBIE MHTEPBAIbLI M IIPOBEPKY 3HAUYMMOCTH
YpaBHEHUS PETPECCHH.

Jlnst BbI30Ba pexkuMa Peepeccus Mmonynst Ananu3 0annbix HeOOX0IUMO:

Jlnst BeI30Ba peskuma Peepeccuss MORyisi AHau3 OaGHHBIX HEOOXOIUMO:

o obparuthcs kK myHkTy MeHio CepBuc (Excel 2000); {annsbie (Excel 2007)

o B MOSIBUBILIEMCS MEHIO BBIOpaTh KOMaH1y AHanu3 OaHHbIX;

o B CIIHCKE PEKXUMOB pabOThl MOyl AHanu3 0annbix BeIOpATh peXuM Pecpeccus n
HIEJIKHYTh Ha KHOmKe OK.

ITocne BbI30Ba pexuMa Pecpeccus Ha DKpaHE MOSABIIETCS JHUAIOrOBOE OKHO (CM. pHC.

3.1), B KOTOPOM 3aJal0TCs CIEAYIOLIME apaMeTPhl:

1. Bxoouoti unmepsan Y — BBOOUTCS AMANa30H aJpecoB SUEEK, COJEPKAIINX 3HAUCHUS
y; (SYEHKH TOJDKHBI COCTABIISITH OJUH CTOJIOCTI).

2. Bxoowuou unmepsan X — BBOAUTCS IUAMA30H aIPECOB SUYEEK, COACPIKALIUX 3HAUCHUS
HE3aBUCHUMBIX TIEPEMEHHBIX. 3HAUCHUSI KaXKJIO0M TEpPEeMEHHON MPECTaBIAIOTCS OJHUM
crosiorom. KonndecTBo nepeMeHHBIX He Oonee 16 (T.€. £ <16).

E)(OJJ,HI:IE AaHHEE
]

BxoaHon mHTepsan ¥: £Bs2:5B59
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 Peepeccus
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3. Memxu — BKJIIOYAETCs, €CJIM IepBas CTPOKAa BO BXOJAHOM JHANA30HE COJEPKUT
3arojioBok. B 3ToM ciiyuae aBTOMaTH4ecKu OyIyT CO3/aHbl CTaHApPTHBIC HA3BAHMUSI.

4. Vposenv naoesxcnocmu — npu BKIIOUEHUU 3TOr0 MapaMeTpa 3aJaeTcsl HaJeKHOCTh
y TIPH TIOCTPOCHUH JIOBEPUTEILHBIX HHTEPBAJIOB.

5. Koncmanma-rnons — IpH BKIKOYECHUH 3TOTO NapameTpa KoapGuUueHt b, = 0.

6. Buixoonoiu ummepean — TpU BKIIOYEHUH aKTUBU3UPYETCS II0JE€, B KOTOpPOE
HEOOXOAMMO BBECTH aJpec JIEBOM BEpXHEW SUEHKM BBIXOIHOTO JHAara3oHa, KOTOPBIA Oyaer
COJZIEpXKaTh SAYEUKH C pe3yJIbTaTAMHU BBIYMCICHUN pexxuMa Pezpeccus.

7. Hoewvlii pabouuii nucm — TpH BKIIOYEHUH 3TOTO MapaMmeTpa OTKPBIBAETCS HOBBIN
JMCT, B KOTOPBIN HaUYMHAs C TYeHKH 41 BCTAaBIAIOTCS pe3ybTaThl paboThl pexuma Peepeccus.

8. Hoeasa pabouas kuuea - TIpU BKIIOYEHHH 3TOTO TMapaMeTpa OTKPBIBAETCS HOBas
KHHWra Ha IEpBOM JIMCTE€ KOTOPOH HauuHas ¢ A4elku A1 BCTaBIAIOTCA pe3ysibTaTbl paOOTHI
pexuma Pezpeccusi.

9. Ocmamkuy — TpU  BKJIIOYCHHH BBIYUCIISICTCS CTOJOCI, COJICpKAIIMA HEBS3KU
y,-—}A/,-,l'ZL...,n.
10. CmanoapmuszoganHvle ocmamku — TPU BKIIOYEHUU BBIUUCISAETCS CTOJIOEI,

COZIepKAIIMMN CTaHJAPTU30BAHHbBIE OCTATKH.
11.  Ipagux ocmamkoeé — TpU BKIIOYCHUH BBIBOISATCS TOYECUYHBIC TpaUKUA HEBA3KU
Y; = ¥i,i=1,...,n, B 3aBUCHMOCTHU OT 3HAYECHUN MEPEMEHHBIX x;,j =1,...k . KonnuecTBo rpaduxos

PaBHO YHCIY k NICPEMEHHBIX X; .

12.  TIpaguk noobopa — nipy BKIFOUCHUH BBIBOISTCS TOUSHHBIE TPAGUKH MPECKAZAHHBIX
IO TIOCTPOCHHOW PErpecChr 3HAYCHUH J; OT 3HAYCHUN NEPEMEHHBIX x;,; =1,....k . KommaecTtBo

rpaUKOB PaBHO YKCIY k TEPEMEHHBIX X .

3. lIpumep penreHus TUIOBOW 3a{aAYM.

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

JIMHEWHOU PErpecChm.

A B C D

1 BHewHeTOprosbi dkcnoprT, B | MmnopT,
obopor, B %( y) %(xl) B%(XZ)

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
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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 333 lUM HEOOXOIUMBIE

napametpsl (cM. puc 3.1). Pesynbrarsl padboThl mpuBoaiTcs Ha puc. 3.3 —3.5.

BbIBO UTOIOB
PezpeccuoHHas cmamucmuKa
MHoxcecmeeH-Hblli R 0,99990
R-kBagpat 0,99979
HopmuposaH-HbIi R-kBagpat 0,99971
CTaHpapTHas owmnbKa 0,22622
HabnoaeHus 8
[OncnepcmoHHbIn 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. Pe3ynbrarsl paboThl pexxuma Peepeccust

JlanuM KpaTKyr HWHTEPIPETAIMI0 IOKA3aTelNsIM, 3HAUYEHUS KOTOPBIX BBIYUCIISIFOTCS B
pexume Peepeccus. llepBoHa4aJIbHO PacCMOTPUM MOKa3aTeld, OObEAUHEHHBIE Ha3BaHUEM
Pecpeccuonnaa cmamucmuxa (cm. puc. 3.3).

Mmuoowcecmeennsiii R - KOpeHb KBaJApaTHBIN U3 KO3 (ULIMEHTA AeTePMUHAIUY.

R -x6adpam — Ko3(pOULHUEHT IeTepMUHALUN R* .

Hopmupoeanuwiii R —keadpam — NPUBEIEHHBI K0d(QQUIHUEHT AeTepMUHALMU R .

Cmanoapmuas owubka — OLEHKA s JUIsl CPEIHEKBAIPATUUECKOTO OTKIIOHEHHUS o .

Habnmooenus — ancino HaOMOIEHUH 7 .

[epetinem k mokaszarensiM, OOBbEIMHEHHBIM Ha3BaHUEM /J{ucnepcuonHuiii anaius (CM. puc.
3.3).

Cmonbey df — uucno creneHeil cBoOoapl. [[ns ctpoku Peepeccusi mokasaTenab paBeH
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KOJIMYECTBY KOO(QQUIHUCHTOB PErPecCur k. =pm; ML CTPOKH Ocmamox COOTBETCTBYIOLIMIL
TNOKA3aTeNb k, = n —m — 15 A CTPOKU Mmo2o YUCIIo CTereHe cBOOObI PaBHO n—1.

Cmonbey SS — cyMMa KBaJlpaTOB OTKJIOHEHUU. i cTpoku Pezpeccus mokas3aTeib paBeH

BeNMYHHE (PAKTOPHON CyMMBI KBaJIpaTOB
n
SS, = X (3 -3
i=1
JUtst cTpoku Ocmamok - paBeH BEIUYMHE OCTATOYHOUM CyMMBbI KBaJpaToOB
n
SS, = (3 =)
i=l
s ctpoku Mmoeo — S§ =SS .t SS o oOmias cymMma KBaJpaTOB OTKJIOHEHUU

IIEPEMCHHON y OT CPSAHETO 3HAYCHUS j; .

Cmonbey MS — nucnepcuu, BEIYUCICHHBIE IO (hopMyJIe
_ss
daf’

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

MS

Cmonbey F—3HaueHue F,, paBHOe F —Kputepuio duinepa, BBIYUCICHHOTO 10 GopMyie:

SS/
F = k, .

< =SS,
k

e

Cmonbey 3Hauumocms  F- 3HA4Y€HUE YPOBHS 3HAYMMOCTH, COOTBETCTBYIOLIEE

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

cillydaiiHas BEJIMYMHA, MOAUYMHSAOWIAsACA pacnpeaeneHuto Pumepa ¢ k,,k, CcTEeneHAMU

CcBOOOIBI. DTy BEPOSTHOCTH MOXKHO TaKK€ ONPEOSNUTh C TOMOMIBI0  (YHKIHU

FPACII( F;k,;k, ). Eciu 6eposmnocms meHbute yposHs 3Hauumocmu o (006iuHo a =0.05), mo
NOCMPOEHHAs pecpeccusl ANAemcs 3HAYUMOLL..

[lepeiineM k cienyrolien rpymnmne nokasaresneil, 00beIMHEHHBIX B Ta0JIMLIE, TOKA3aHHON Ha

puc. 3.4.
KoagpgpuyuerHmeor | CmaHdapmHas | t- P- HuxcHue | BepxHue
owubKka cmamucmuka | 3HayeHue | 95% 95%
Y-nepeceyeHue 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
MNepemeHHaa X

Puc. 3.4. Ilponomkenue pe3ysbTaToB paboThl pexxumMa Pezpeccus
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Cmonbey Kosgpguyuenmvr — BBIYHCIECHHBIC 3HAa4eHUS KOA((OUIIMEHTOB a,bl,bz,

PAaCIIOJIOKCHHBIX CBCPXY-BHUS.

Cmonbey Cmanoapmuas owuOKa — 3HAYCHUS my , (i=0,1,2,...,m), BBIMUCICHHBIC 110
1

bopmyne

b =S [(X’-X)_l]il. (i=012,..m),

-1 . - ,
rie |_(X " X) J,.l. — snemenr (ii) matpuust (X'~ X) ™' 3nauenne i = 0 coorBeTCTBYeT
HOMepy d1ementa Matpunsl (X'~ X))~ 18 BBMKCIEHNs CTAaHAAPTHOMH OLWMOKY TapaMeTpa d .

> (i - 7))
i=1

2 o
Soem = " — HECMEIICHHas OIICHKa 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 BEIWYHMHA, MOAYUHSIOMAsACA pacmpeneneHuio CThIOACHTA ¢ n—m
CTEIEHIMH CBOOOIEI.

Ecnu sma eeposimnocme menvue ypogHa 3HAYUMOCIU o, MO NPUHUMAEMCS 2Unome3a o
3HAUUMOCU COOMEEMCMEYIOUe20 Kodhduyuenma pezpeccuu.

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

UHTEPBAbI /IS OLICHUBAEMBIX KOO(G(OHULIUEHTOB (g, bl ,bz.

[lepeiinem k cienyroliiieii rpynne nokasareiei, 00beIMHEHHBIX B Ta0IuUIIe, TOKA3aHHON Ha

puc. 3.5.
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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
Cmonbey Habnooenue — conepxuT HoMepa HAOJIOICHUN.

Cmonbey Ilpeockasannoe Y — 3nauenus j;, BBIMACICHHBIE 10 IOCTPOCHHOMY YPaBHEHHIO

perpeccuu.

Cmonbey Ocmamku — 3Ha4eHUsl HeBA30K y; — J;

4. UnauBuayajibHoOe 3aJaHUE

ITo 20 npeanpusTHsIM pEruoHa U3y4aeTcsl 3aBUCUMOCTh BbIPaOOTKH MPOAYKIIMU HA OJHOTO

paboTHHKa y (ThIC. py0.) OT BBOJA B ICHCTBHE HOBBIX OCHOBHBIX ()OHIOB X, (% OT CTOMMOCTH

(GOHIOB Ha KOHEI[ TOJ]a) U OT YJEIbHOrO0 Beca pabodmX BBHICOKOW KBaMM(PUKANUUA B OOIICH

YUCICHHOCTH pabounx x, (%) (CMOTpH TabJMIly CBOETO BapuaHTA).

Tpedyercs:

1. ITocTtponTs NMHEHHYIO MOJAEIb MHOXECTBEHHOW pPETrpecCHH.  BBINOMHWATHL aHamus3
pE3yJIbTaTOB.

2. 3anucarh CTaHAAPTU30BAaHHOE YpaBHEHHME MHOXKECTBEHHOW perpeccun. Ha ocHoBe
CTaHAAPTU30BAHHBIX KO3(Q(PUUUEHTOB PErpecCcur M CPEAHHUX KOI(PPHUIMEHTOB 3IACTUYHOCTH
pamKupoBaTh (HAKTOPHI IO CTENIEHU WX BIUSHUS HA PE3yIIbTaT.

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

4. Haittu ko3 (uumeHTsl TMapHOM, YaCTHOW M  MHOXXECTBEHHOW  KOPPEJISIHH.
IIpoananu3upoBath HX.
S. C noMoIbI0 YacTHBIX F— KpuTepues Duinepa OLEeHUTh 1LeIeCO00pa3HOCTh BKIIIOUEHUS

B YpaBHEHUE MHOXKECTBEHHOU perpeccuu dhakropa X, mocie X, u paxkropa X, mocie X,.
1 2 2 1

6. CocTaBuTh ypaBHEHUE JIMHEHHON NMapHON perpeccuu, OCTaBUB JIMILIb OJUH 3HAYalIUil
dbakrop.
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Howmep Howmep
MpeANnpUATUS 4 g %2 MpeanpUsATUS 4 g %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
9 9 5,6 20 19 14 9,5 33
10 10 6,8 21 20 14 9 36
Bapuanr 2
Home Home
npez[nppl:mﬂ 4 g %2 npennpnimﬂ 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
Home Home
npennpnimﬂ 4 g %2 npennpnimﬂ 4 A %2
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
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6 8 4,9 19 16 13 8,1 30

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

8 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

Bapuanur 4
Howmep Howmep

MpeANnpUATUS 4 g %2 MpeANpUsATUS 4 g %2
1 7 3,5 9 11 10 6,3 22

2 7 3,6 10 12 10 6,5 22

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
Howmep Howmep
y X, X, y X, X,
HpeANnpUATUS HpeanpUsATUs

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
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Homep Homep
NpeANpUITUS 4 g %2 pEeANpUITUS 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
10 10 6,1 21 20 14 9,7 36
Bapuant 7
Howme Howme
npennpnimﬂ 4 g %2 npennpnimﬂ 4 g %2
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
Howme Howme
npennpnimﬂ 4 g %2 npennpnimﬁ 4 g %2
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
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7 5,3 20 17 13 8,5 32

8 5,5 20 18 14 8,7 32

11 6,9 21 19 14 9,6 33

10 10 6,8 21 20 15 9,8 36

Bapuaut 9
Howme Howme

npe/:[npnimﬂ 4 % %2 npe/:[npnimﬂ 4 % %2
1 7 3,9 12 11 11 7,1 22

2 7 4,2 13 12 12 7,5 25

3 7 4,3 15 13 13 7,8 26

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
Howme Howme

npennpuimﬂ 4 g %2 npe/:[npnimﬂ 4 g %2
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
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JlaGopaTopHasi pabora Ne4. AHAJIU3 CIAYYANMHBIX OCTATKOB B MO/IeJIM perpeccuu

L]env: HaydUThCS OLIEHUBATH HaNMuUKe 3P (PEeKTa reTepoCKeJaCTUIHOCTH.

OcHoBHbIE (POPMYIIBI U TTIOHSTHS:

Tecm Ilapka
lne’=a+b-lnx.. +v.,
i iy

20e xij — i—e 3HayeHue o—2o akmopa

v, - CAVYAUHBIN OCMAMOK

YcnoBue NpUHATHS THIIOTE3BL: 1, > 1, ,

Ecnm  pmaHHOe  ycnoBue — BBINOJHAETCS, TO  HyJIE€Bas TMIOTE3a O  HAJIUYMH
reTepoCKeAACTUYHOCTH OyA€T PUHATA IIPU YPOBHE 3HAYUMOCTH « .

Tecm panzoeoii Koppenauuu Cnupmeﬂa

6-3d’
i=1

r, = l_ﬂnz_—lj — k03 puueHT panropoi koppensiuun CrnupmeHa,

20e X — oJiHa U3 OOBACHSIOLIUX IEPEMEHHBIX,

d. — Pa3HOCTh MEXIYy PAHTOM i-20 HAOJIOACHUS X M PAHTOM MOJIYJIS OCTAaTKa 6 i-M
HaOJII0IEHUH.
r,,Nn—1
t, = === — CTATHCTHKA.
-7

Ecnmu B Mozmenu perpeccun mmeercsi 0oyiee OHOW OOBSICHSIONMEH MEPEeMEHHON, TO MPOBEpKa

THUITIOTE3bI MOKECT BBITIOJIHATHCA C UCIIOJIb30BAHUECM KEDKZ[OI\/'I U3 HUX.

Ycnosue npunamusa sunomes: t, >t,, ,.

Ecau JaHHOC YCJIIOBHUC BBIITOJIHACTCA, TO HYyJICBasi THUIIOTE3a 00 OTCYTCTBHU
réTCpOCKCAACTUIHOCTH OTKIIOHACTCA IIPU YPOBHC 3HAYNMOCTH & .

Tecm I'onoghenvoa — Keanma
B sTom cnyuae Bce HabmroeHUsT HEOOXOIUMO YIIOPSIIOYHTH 110 MEPe BO3pPACTaHMs 3HAYCHUI

X. 3aTeM NOCTPOUTH PETrPECCHOHHYIO0 MOJEINb JJIA MEPBBIX kK U MOcieAHUX k HaOIIOJCHUN.

CootBeTcTBeHHO 0003HauuM depe3 SSU) u SS©)  HEOOBACHEHHYIO CyMMYy KBaIpaTOB

ocm ocm

OTKJIOHEHHH B Ka)XJI0M perpeccuu. Torga CTaTUCTUKA UMEET BUJT

SS3

j— ocm

o Se

ocm

Ecnu  evinonnsiemes ycnosueF > F,(k—m—1,k—m—1), mo eunomesa 06 omcymcmeuu

eemepocvcedacmuuﬂocmu omeepeaemcs.
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Jlns  mpoBeneHuss TecTa paHroBoil koppensiuun CrnupMeHa HE0O0XOJUMO BBIOJTHUTH
CHEAYIOLINE IEUCTBHUS:

1. OTcopTupoBaTh JaHHbIE B TAOJIHUIIE MO BO3PACTAHUIO 3HAUEHUH X;

2. [Ipuaare kaxxaomMy HAOTIOIECHUIO PAHT, ISl 9eTO HEOOXOAMMO T00aBUTH HOBBIN CTOJIOETI,
B KOTOPOM 3aJaTh 4uncia ot 1 110 n;

3. Br3BaTh U3 nmakeTa aHalu3a HaJCTPOiKy Pezpeccus, yka3zaB B IMAIOTOBOM OKHE OMIIUIO
Ocmamku. 1locie BBINOIHEHUS JAHHOW HAJCTPOMKHU MOSIBUTCA JIONOJHUTENIbHAs Tabauua, B
KOTOPO# cojepikarcs HoMepa HaOII0JEHUI, TPOrHO3bl U OCcTaTKH. ToT cronberr Ta0iuipl, B
KOTOPOM HaxoJAsiTCsl OCTaTKH, HEOOXOJMMO IIEPEHECTH K HCXOIHbIM JaHHbIM. [locie
BBIMIOJHEHUSI JTUX JCHCTBHI Hama Ttabmuna OyAeT coiepXarh dYeTblpe CToyOna: paHr
Ha0JIIO/IEHNs, YIOPSAJOUYEHHBIE 3HAUEHUSI PErpeccopa X, 3HaAYEHUs ) U 3HAUEHUSI OCTATKOB;

4. OrcopTUpOBaTh JaHHBIE 110 BO3PACTAHUIO MOJYJIEH OCTATKOB U 100aBUTh HOBBIN CTOJIOEIL
PaHTOB OCTaTKOB, aHAJIOTUYHBIM 00pa3oM 3aJ1aB 3Ha4eHUs OT 1 10 7;

5.B JomnonHUTENHbHOM CTONOLE BBIYMCIUTH 3HAYEHUS PA3HOCTH MEXKIY JBYMs
MIOJIyYEHHBIMH paHramu (3To u OyAeT 3HaueHue d,);

6. Ha ocHoBanuu ¢opmyin noacuuTarh Ko3(hHUIMEHT PAaHTOBON KOPPEISAILIUN U CTAaTHUCTUKY;

7. IlpoBepuUTh rumnoTesy.

Bua tabnuuel ans npoBeaeHus TecTa paHroBoil koppensiuuu CrnupmeHa

Panr mo x |Llenax1(p.)| Cmpocy (TbIC. Ocratku Paurmo | PasHocts | Dj* Dj
IIT.) OCTaTKaM paHroB
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
15,28p. 121,175 -1,11646 5 -2
9 15,92p. 116,17 -1,12322 6
10 15,95p. 118,344 1,257187 7
14 16,69p. 110,106 -1,31194 8 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
12 16,33p. 111,457 -2,67328 12
13 16,60p. 115,103 3,003645 13
15,49p. 116,914 -3,7319 14 -10 100
15,70p. 123,589 4,559903 15 -8 64
Cymma 508

CrnenoBatelibHO, 3HaUEHHE paHroBoi koppessauuu CriupMeHa OyAeT paBHO
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6-3 D
Z’ l 6-508
Fx e = 1 - ) =]1— =
’ n-n>-1)  15-(225-1)
A 3nauenwue cratuctuku oyaet ¢ = 0.0928-4/15—-1=0.028

Bei0OpaB ypoBeHb 3HAUUMOCTH 5 %, IMOJIy4aeM KPUTHUYECKYIO TOYKY ¢, =2.16. JlagHOE
> Y Lhosa3

3Havyenue noiyyeHo ¢popmynoit CTBIOIPACIIOBP(0,05;13).
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[Tockonbky ycnoBue ¢ <t HE BBINOJHAETCA, TO THUIOTE3a O HaJIUYUU

a,n-2
reTepOCKEaCTUIHOCTH OyAeT MpUHSATA.

Jlis mpoBepku MOAOOHOW THUMOTE3bl Ha ocHOoBaHWM Tecta [ompadenmpaa — Ksanra
HE00X0IMMO MOJOOHBIM 00pa30M OTCOPTUPOBATH HAOIIOACHMS 10 BO3PACTAHUIO 3HAYEHUS X, a
3aT€M OTHEJIBHO OLEHUTHh KaXAYI0 PErpeCCHOHHYIO MOJENIb UIsl NEpBOM TPETH M IS
nocieqHeil Tpetn HaoOmroneHui. [IpocunTaTh COOTBETCTBYIOLIYIO CTATUCTUKY U MPOBEPHUTH
rUnoTe3y 00 OTCYTCTBUU I'€TEPOCKEIACTUUHOCTH.

3ajanue A1 CaMOCTOSTENbHON paboThI

[IpoBecTn mccnenoBanue TaOMWMYHBIX JAHHBIX MPAKTUYECKONW pabOThIl «MHOKECTBEHHAsS
perpeccus’» Ha HAJIWYHE TE€TEPOCKETACTUYHOCTH, MEXKAYy 3HAUCHHEM y M KaKIbIM
pPErpeccopoM OTAEIBHO

a) Tecrom Ilapka

b) Tecrom panrosoii koppensuuu CupMeHa;

c) Tecrom 'onbadensaa — KBanra.

CrenaTth BBIBOEL.

JlaGoparopHasi pabora NeS. MopgeJsiu perpeccru ¢ GUKTUBHBIMHU IePeMEHHBIMHU
Uejlb.' HAay4YUTHBCA HMCIIOJIL30BATH B MOJCIIN (1)I/IKTI/IBHBIC NEpECMCHHBIC C/IBUT'Aa U HAKJIOHA, a

TAKKC Pa3JIMYHBIC KaTCTOpUM.

OcHOBHbIE (POPMYIIBI U TTOHSTHS:

Duxmuenas nepemeHnas HEOOXOINUMA TSI OMUCAHUS KaueCTBEHHOTO U3MEHEHHSI U MOXKET
NpUHUMATh J1Ba 3HaueHus 0 u 1.

y=p,+ B x+f, D+u— MoOenb ¢ PUKMUBHOU NepeMeHHOU cO8uea;

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 KAXKAOTO HAOIIOICHHS MOKHO OIPEEICHHO
CKa3aTh, MPOU3OILIO OHO B 3TOM HAOIIONEHUH WU HET.

Habop kameecopuii — KOHEUHBIH HAOOpP B3aMMOMCKIIOYAIOIIUX COOBITHH, MOTHOCTHIO

I/IC‘-IepHBIBaIOIJ_II/Iﬁ BCC BO3MOXHOCTH.
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Jljig onucaHus KaTeropuii HEOOXOMMO BBECTH COBOKYITHOCTh (DUKTHUBHBIX IIEPEMEHHBIX.

OnektponHas Tabnuna Excel

Jlo cux mop HaMHM paccMaTpPUBAICA TOJBKO Cllydail KOJHWYECTBEHHBIX PErPECCOPOB,
MOCKOJIbKY 3HAYEHUE LIEH M cIpoca SBIAIOTCS uuciaaMud. OJHAKO MOXET BO3HHUKHYTh
CUTyalus, KOTJa HEOOXOAMMO VYYE€CTb HEKOTOPYK crnenupuueckyro HHPOPMAIHUIO.
PaccmatpuBas mojienp crpoca, MOXKHO HPEANONOXHUTh, YTO MPOJAIOTCS JBa OJUHAKOBBIX
MPOJAYKTa MO OJHOM II€HEe, HO MMEIOIINE HEKOTOphie paziuuus. Hampumep, Hapsaxy ¢ yxke
JABHO MPOAAIOUIUMCS YUCTSIIUM MOPOIIKOM, MTOCTYNAaeT B MPOJaxy TaKOU k€ MOPOIIOK, HO C
HOBBIM apomaToM. UM mmeeTcss 3agada ucCCleAOBaTh, HACKOJIBKO OOJBIIUM WM MEHBIIUM
CIIPOCOM MOJIb3yeTCA HOBasi MpoayKiusi. KoHeuHO, MOXHO MOCTPOUTH JIBE Pa3IuYHbIe MOJIENH,
U MOCMOTPETh pa3HUIy MEXJYy HHMH, OJIHAKO HAc OyJeT MHTepecoBaTh 00Ias mojenb. B
TOM CJIy4ae B MOJENIb HEOOXOIMMO BHOCHUTH KAa4ECTBEHHBIM pPErpeccop, IS 4ero HyKHO
WCIIO0b30BaTh (PUKTUBHYIO MEpEeMEeHHYI0. [laHHas epeMeHHas MOXKET MPUHUMATh TOJIBKO J[Ba
3HaueHre 0 wiam 1, B 3aBUCUMOCTH OT OTCYTCTBUSI WJIM HaJIW4YMsl HOBOTO KadecTBa. B stom
Cllyyae€ MOXKHO CTPOHUTH MOJIeJh C (PUKTHUBHON NEpeMEHHOW HakjoHa U ciaBura. Pabota c
(DMKTUBHBIMU NIEPEMEHHBIMA HU YE€M HE OTIUYACTCS OT MOCTPOEHUS PErPECCUOHHON MOJIEIH.

[ToaToMy paccMoTpuM 3ajady. 3HaUEHHUE LIEHBI X U CIIPOCa ¥ Ha JBa pazIM4YHBIX TOBApa,

KOTOpBIE MBI YCIIOBHO Ha30BEM «OOBIYHBIN» U «HOBBII», IPEJICTAaBIEHBI B Tabnuie 17.

Tabauna 1
Homep Bun Ierma  x'(p.) | Cmpoc y
HaOJIFOICHUS (TBIC. TIT.)
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 HOBBI 15,70p. 123,5887
8 HOBBI 15,91p. 117,0877
9 CTapbIit 15,92p. 116,1699
10 HOBBIN 15,95p. 118,3436
11 HOBBII 16,31p. 116,2008
12 CTapblid 16,33p. 111,4565
13 HOBBII 16,60p. 115,1026
14 CTapblid 16,69p. 110,1056
15 CTapblid 16,76p. 110,0231
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B snexrponnoii Tabnuue Excel nmeroTcss BO3MOXKHOCTH it OBICTPOrO 3a/aHMsl 3HAYCHUI
¢ukTUBHON mepeMeHoi. s 3TOro HEOOXOIUMO BCTaBUTH CTOJIOCI] MEXTYy KOJOHKAMH C
Ha3BaHUSAMU Buo u [Jena. O3arnaBuM 3TOT crosOen Kak Duxkmuenas nepemenHas, U IS
olpeneNeHus 3HaueHWi OyaeM wmcmonb3oBaTth — Jormdeckyio (ynkmmio ECJIM. Jlannas
(GyHKIMSA UMeeT TpU apryMmeHTa. [lepBblii — 3TO JIOTMUECKOE BBIPAKEHUE, KOTOPOE MOXKET
IIPUHUMATh WCTUHHOE WM JIOKHOE 3HA4YE€HHE. BTOpbIM apryMeHTOM HIET TO 3HAYECHUE,
KOTOPO€ NOSIBIAETCS B SYEUKE NPU UCTUHHOCTH YCIOBHSA, @ COOTBETCTBEHHO B TPETHEM
apryMeHTe — 3Ha4yeHue, KOTOPOE MOSBIISIETCS B IPOTUBHOM CIIydae.

BrinoaHuB naHHbIe ASHCTBUS, MOTYYUM MEPBBIE IBE CTPOKU TaOIUIIBI 18.

Tabnauma 2
Homep Bun DuKTUBHAS Hena Cnpoc y
HaOJI0ICHUS TepeMeHHast x' (p.) (TBIC. TIT.)
1 HOBBIU =ECJIN(B2="no 15,09p. 125,1779
BoIi";1;0)

B cton6ue ¢GpukTUBHON MEepeMEeHHOW MOSIBUTCS 3HAaY€HUE 1, €Clu B MpeabIAyLIeM CTOOIe
HaxOJUJIOCh CJIOBO «HOBBI», U 0 B MpOTHBOMOJOKHOM ciydae. [locie 3Toro Heo6xoaumo
3HaueHue (pyHKIMM, Haxojsmiecs B cToiOme €, CKOMUPOBAaTH BO BCE HIKHHE SUYCHKHU, a
MOCKOJIBKY aJpecalusi OTHOCUTENbHAs, TO aapec Oyaer MeHsaThesa. Heo0xoauMo oTMETUTD, YTO
norudeckasi QyHKIUS MOKET UMETh U IPYTOi BH/I:

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

Tenepr Hama 3ajaua 3akKiOYaeTCsl B ONPEACIICHUHM CTENEHU BIMSHUS (PUKTUBHOMN
MEPEeMEHHONW. A MMEHHO, BIUSET JIM 3TO 3HAYEHUE HA CBOOOJHBINA 4WiICH (B ATOM cliydae MpH
M3MEHEHUHU KaueCTBa MOXKHO TOBOPUTH O TOM, UTO CIIPOC U3MEHUTCS HA KAKOE-TO KOJIUYECTBO)
WIM Ha HAKJIOH JIMHUU perpeccuu (Crmpoc M3MEHHUTCS BO CKOJBKO-TO), WJIM Ha 00a 3TH
3HAYCHUS Cpasy.

Bnauarne oneHuM perpeccuto, npu yciaoBUU, YTO (UKTUBHAS MEPEMEHHAs BIUSIET TOJIbKO Ha
3HauYe€HUE CBOOOTHOTO ujeHa. B 3Tom cirydae wuToroBas TaONWIla TOCIIC BBITOJHCHHS
HaJcTpoiiku Perpeccuu, npu ycinoBum, 4to Bxoownou uumepsan Y 3anan B Buae EI:E16, a

Bxoonoti uumepsan X B8 Bune C1:D16, umeet Buj, n300pa>keHHbIN B Ta0mue 19.

Taoaumna 3
BBIBOJI UTOI'OB

Peepeccuonnas cmamucmuka
MmuoxectBenHbl R 0,963696
R-kBagpar 0,928711
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HopmupoBanHsbiit
R-kBagpar 0,916830
CranpaprtHas
Ommbka 1,363084
Habmronenus 15

IIpooondicenue maon. 4

JlucniepcuoHHBIN aHAJIN3

3Hnavyumocms
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
yuenmuol owmuoKa - cmamucmuka 3HadeHue 95 % 95 %
Y-niepeceucHue 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

[TockonbKy 3HaueHue (PUKTUBHON mepeMeHHOM D paBHO 1 s «HOBoro» Buzaa u 0 ans

((O6BI‘IHOFO)), TO JaHHYIO MOJICJIb MOKHO OTACJIBbHO PACIIUCATD JJIA KaXX0r0 Ciryvas.

y =232 —7,304x — oObI4HBII BUJ,
y=235,47 —7,304x — HOBBII BU]I.

CrnenoBaTenbHO, CIPOC HAa HOBBIM BUJl MPOAYKIHH MPUOIU3UTENbHO HAa 3,47 ThIC. €.

oonbie. Koaddunuent nerepmunanuu paen 0,928, yTo HaMHOro OOJbIINE, YEM JTaHHOE

SHAYCHUC IJI IIApHOro ciy4as.

PaccMoTpuM Temepb BO3MOXHOCTh IOCTPOEHHMS MOJAENM C (DUKTUBHOM IEepeMEHHOU

HaKJIOHA, Ji1 YCero B KAUCCTBC PETPCCCOPOB 3HAYCHUA HCO6XOZ[I/IMO HUCIIOJIb30BATh

nepemeHHble x U Dx. CrenoBaTelbHO, HEOOXOIUMO J00aBUTH JOMOJIHUTENBHBIN CTOIOEI]

MeX1y (UKTUBHOM TIEPEMEHHONM M 3HAYEHUSMHU X, B KOTOpPbI Hago 3amMcaTth UX

MMPONU3BCACHMUA.

OmyctuM  Tabnuily, KoOTOpasi TreHepupyercs HajacTpoiikoi Perpeccmsi.  OpnHako,

CaMOCTOSITEIbHO BBIIIOJIHUB JAHHBIE ONEPALMH, MOXKHO IIOJIYYUTH CIECIYIOUIYI0 MOJEIb: ) =
233,52 +0,21Dx — 7,403x.

AHanoruyHbIM 00pa3oM HHTEPHPETUPYs. 3HAYEHUE (PUKTUBHOM IEPEMEHHOM, MOYKHO

pacnurcaTts JABa Ciryvas:

y=233,52 — 7,4x — nnst 0OBIYHOTO BUJIA TTPOIYKIIUH;
y=233,52 —7,19x — 1151 HOBOrO BH1a NPOYKIIUU.

BBIBOI[BI N3 TIOJTYYCHHBIX MOI[CJICfI COBCPIICHHO OYCBUIAHBI, ITIOCKOJIBKY BHJHA pa3HHIlA BO
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BIMSHUU LIEHBl HAa COPOC A Kaxaoro Buaa npoaykuuu. Kosdduuuent aerepmuHanuu B
sToM ciy4yae paBeH 0,929, 4ro He HAMHOro OOJibllle COOTBETCTBYIOIIETO 3HAYEHMS JIst
(GUKTUBHOW TIEPEMEHHOW CJABHWTa, a CIeAOBaTeNbHO, OHU O00€ TPUTOAHBI IS
nporuo3upoBanusi. OpHaKoO pe3ylibTaThl HCHOIB30BaHUS MOJeEnel OyayT BO MHOTOM
pa3nuMYHBIME. B 1epBoM ciyuyae cripoc Ha «HOBBIN» B MPOoayKiuu Ha 3,47 ThIC. €11. OOJIbIIIE,
YeM Ha «CTapblit», BO BTOPOM CITydae 1IeHa CHIIbHEE BIUSET HA «CTapbIi» BUJ MPOTYKIIHUH.

[Ipu HEOOXOAMMOCTH MOKHO MOCTPOUTH MOJIeNb, B KOTOpPOW (DUKTUBHAsI TMEpEMEHHas
BIIMSIET KaK Ha HAKJIOH, TaK U Ha CIBUT.

Jlo cux mop HaMH paccMaTpuBaJICs CiIy4yai, KOT/ia UMEIOTCSl BCEro JBa 3HAYEHHUS KauecTBa,
TO ecTh JBa Buaa mnpoaykuuu. OJHAKO HEPEOKH Cllydad, Korja HeoOXoauMo
MIPOAHAIM3UPOBATh CHPOC ISl PA3IMUHBIX MPOAYKTOB. Torga HEOOXOIUMO BBOIUTH HAOOP
Kame2opuii — KaK KOHEUHBbIH Ha0Op B3aMMOUCKIIOUAIONIUX COOBITUH, MOJHOCTHIO
OMUCHIBAIOLIUNA BCE BO3ZMOXKHOCTH. [Ipenonokum, 4To UCClIeayeTCs BIUSHHUE LIEHBI Ha CIIPOC
MIPY HATUIUH «CTapOi», «OOBIYHOIY, «HOBOI» U «CaMOW HOBOI» MPOTYKIIHH.

B sTOoM ciywae 11t omucaHMs 3TUX KaTeropuil He0OOXOIMMO BBOJAMUTH HAOOp (PUKTUBHBIX
MIEPEMEHHBIX I10 CJIEYIOIIEMY ITPABUILY.

1. Yucno (UKTHBHBIX NEPEMEHHBIX JOHKHO OBITh Ha €IUHUILy MEHBbUIE, YeM YHCIIO
Kareropuii. B nmaHHOM ciydae mMeercs 4YeThlpe KaTeropuu, a CIIeJ0BaTEelbHO, HEOOXOIUMO
BBECTH TPU (PUMKTHUBHbBIE IEPEMEHHBIE, KOTOPbIE Mbl 0003HauuM D1, D2, D3.

2. BpIOparh NpoU3BOJIbHYIO KATETOPUIO B KAYECTBE ITATIOHHOW. IMEHHO ¢ 3TOoi KaTeropuii
B MOCJIEICTBUM OyAyT CPaBHUBATHCS BCE OCTalbHbIE. I 3TaJJOHHON KaTeropuu HeoOX0IuMo,
YTOOBI 3HAUEHUS BCEX (PMKTUBHBIX MEPEMEHHBIX PaBHSIUCH HYJIIO.

3. Jlnms Bcex oOCTalmbHBIX KaTeropuil HEOOXOAMMO, 4YTOOBI OAHAa U3 (PUKTHUBHBIX
IIEPEMEHHBIX PaBHANACH |, B TO BpeMs KaK 3HAUYECHHE BCEX OCTAIBHBIX paBHO 0.

JloCTaTOYHO JIETKO MO>KHO PAacCTaBUTh 3HAYEHUS (PUKTHBHBIX NEPEMEHHBIX, UCIONb3YS TY

ke ycnoBHyto ¢yHkuuio ECJIM. Ilpu Hanmuuu 4eThIpéX pPa3iMYHbIX BHUJIOB MPOIYKIIUH
HEOOXOJMMO BCTaBUTh TPU JONOJHUTEIBHBIX CTOJIOIA, B KOTOPbIX OyayT HaXOAUTHCS
(UKTUBHBIE IEPEMEHHBIX.

3anath Jorudeckue QyHKIIMU MOXKHO TaK, Kak okazaHo B Tabnuie 20.

Tabauuna S
Homep |Bupn| ®ukrusHas PukTUBHAA PukTUBHAA [lena Crpoc
HaOII0IeHUS nepemenHast Dljnepemennas D2| nmepemennas D3 x' (p.) | y (TIC.1IT.)
1 =ECJIN(B2= | =ECJIU(B2= =ECJIN(B2=  |15,09p| 125,1779
«OOBIUHBIN»; 1;0) «HOBOI»;1;0) «camou
HOBBIN; 1 ;0)

[Tocne xommpoBaHMsA NaHHBIX (QYHKIMNA BHM3 JJs 3HAUYEHUS CTapoil Bce (DUKTUBHBIC
nepeMeHHble OyIyT paBHBI HYJIO, A OOBIYHONM — TOJIBKO 3HAY€HHE MEepBOil (PMKTUBHOM

nepeMeHHoN OyeT paBHO | U T. 1.
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Ilocne 3TOro MOKHO BBI3BaThb HAJCTPOWKY Perpeccusi, y KOTOpOil B Ka4eCTBE BXOJHOIO
uHTepBana X, HEOOXOIMMO YyKa3aTb 3HAaY€HUs BceX (UKTUBHBIX IepeMeHHbIX D u
He(DUKTHBHOW mepeMeHHou X, TO ecTh 3a1aTh Bxoonou unmepsan X B Bune CI1:F16.

[TosnyyeHHble pe3ysbTaThl MNOAAAKOTCS JOCTATOYHO IMPOCTON HMHTEpIpETAlMU. 3HAaYEHHE,
HaxoJsuieecsl HalpoTUB (PUKTUBHOM mepeMeHHON D1, moka3plBaeT, HACKOJIbKO HW3MEHWIICS
CIIPOC IIPU IIEPEXOJE OT ITAIOHHOM K IEPBOM KATETOPHUM, TO €CTh HACKOJIBKO PA3JIMYEH CIIPOC
MEXIy «OOBIYHON» M «HOBOW» MPOAYKIHEH. AHAIOTWYHO HHTEPIPETHUPYIOTCS 3HAYCHHS,

CTOSIIIME HATIPOTUB JPYTUX (PUKTHUBHBIX MEPEMEHHBIX.

33):[aHI/Iﬂ JJIS1 CAMOCTOSITEJIbHOM paﬁoTLI

2. Jlns [naHHBIX CBOEro BapuaHTa NoA00paTh Hauiyyllee BO3JACHCTBUE (PUKTUBHOMN
NEepeMEHHON (BIMSIHME Ha HAKJIOH WM cABur). Ilpu 3TOM Kareropum «crapblil» H
«OOBIYHBII» BOCIPUHUMATH KaK OJHO 3HAYCHHE, a KATETOPHH «HOBBIN» M «CAMBIA HOBBIW»
— Kak JIpyroe.

3. OmpenenuTh, HACKOJIBKO U3MEHSETCS CIIPOC MPHU MEPEXOAE OT OJIHOM KaTErOpUH K IPYTroi.

JlaGoparopHasi pabora Ne6. UnenTudukanus moaenu
IIpumep pemeHnss TMNOBOM 3a1a4u
Paccmorpum nmpumep. Uzyuaercs moaens Bua
C=a+b, Y, +b,-C_ +s,
I,=a,+by -1, +by, 1 +¢,
n=ay+by Y, +by, M, +é,
Y=C+1+G,
rae C, — pacxo/pl Ha NOTPEOICHUE B IEPUOL ¢, ¥, — COBOKYIIHBIA A0XOJ] B IEPHOA £,
— MHBECTULMU B NEPUOJ ¢, 7, — NPOLEHTHAS CTaBKAa B NEPHOM ¢, M, — JACHEKHAA Macca B
EpHOA ¢, (G, — TOCYNAPCTBEHHBIE PACXOMABI B EPUON ¢, C,, — PACXOJbl Ha MOTPEOICHUE B

nepuon t—1, 1 ., AHBECTHIINU B MEpHOX ¢ —1.

[lepBoe ypaBHeHHME — (QYHKOUA TOTPeOJIEeHUs, BTOPOE YpaBHEHHE — (YHKIHA
WHBECTHIINH, TPEThe ypaBHEHHWE — (YHKIHS JEHEKHOTO PBHIHKA, YETBEPTOE ypaBHEHHUE —
TOXKJIECTBO AOXO/a.

Monens npeacrasisieT co0oil cucremy
OTHOBPEMEHHBIX YpaBHeHUM. [IpoBepum kaxnoe ee
ypaBHEHHE Ha UAECHTUDHKALUIO.
Mogens BKIIOYAET YETBIPE DHJOTEHHBIE IIEPEMEHHBIE (C[, 1,Y,r ) A YEThIPE

IPEIONPEIEICHHBIE IEPEMEHHBIE (JIBE YK30T€HHBIC MIEPEMEHHbIE — )/, U (G, W JBE JIarOBbIC
nepeMennsie — C_ ¥ [ ).

1. IlpoBepum HeoOX0oaUMOE yCIA0BHE HACHTHPUKANMH AJIsl KAKI0I0 U3 yPABHEHM I
MO/1eJIH.
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Ilepoe ypaBuenne: C,=qa, +b, Y, +b,-C,_ +&. OTO ypaBHEHHE COACPXKHUT JBE
SHJIOTEHHbIE TepeMeHHble C, W Y W OJHY HPEAONpEIEICHHYI0 mepeMeHHyo C, . Takum

H=2, a D=4-1=3, T.e.

CBEPXUJACHTUDUIIPYEMO.

oOpazom, BBINIONIHAETCA ycnoBue D+1>H. YpaBHeHue

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

nepemennble [, W ¥, M O;HY OK30reHHyl mepemenHyro [, ;. Bbimonusercs yciosue

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

TpeTbe YPaBHCHHE: 7, =q, +b31 .Yt +b32 . Mt +&- OHO BKJIIOYAET JBE€ DHIOICHHBIEC

nepemMeHHble Y, W 7, W OIHy 9K30reHHyro mnepemenHyo M. Beimonmsercs ycnoBue

D+1=3+1> H =2. YpaBHeHue CBepXuaACHTUDHUIIPYEMO.

YerBeproe ypaBHenue: Y =C +/[ +G,. OHO mpencraBiser cobOil TOXKIECTBO,

napaMeTpbl KOTOPOTo W3BeCTHBI. HeoOX0amMOCTH B HICHTH(PHUKAIIMH HET.

2. HpOBepI/IM A KaKA0ro ypaBHEHMHA NOCTATOYHOEC YCJIOBHE I/II[eHTI/I(l)I/IKaHI/II/I.

I[ﬂﬂ ITOro COCTaBUM MaTpuny KO:)(I)q)HHHeHTOB IpU NEPEMECHHBIX MO EJIH.
Ct ]t I/t K Ct—l ]t—l Mt Gt
! 1 0 0 b, | b, | 0 0 0
ypaBHCHHUE
I
- 0 a0 b, | oo 0 b, | o 0
. 0 0 1 by | oo 0 b, | o
ypaBHEHHUE
ToxnecTBO 1 1 0 -1 0 0 0 1

B cooTtBeTcTBHM C JOCTAaTOYHBIM YCIOBHEM HWIACHTH(HKAIMKA pPAHT MAaTPHUILIBI
KO3((ULIMEHTOB MPU NEPEMEHHBIX, HE BXOJSIIUX B UCCIEAYEMOE YpaBHEHUE, JTOJIKEH OBIThH
PaBEH YMCIly 3HJIOT€HHBIX IEPEMEHHBIX MOJIENH 0€3 OJHOTO.

IlepBoe ypaBHeHue. Matrpuna Ko3((ULUHUEHTOB IMPU NEPEMEHHBIX, HE BXOJSALIUX B

YpPaBHEHHUE, UMEET BU

]t ’/;f ]t—l Mt Gt
II
-1 b, b,, 0 0
YpaBHCHHEC
III
0 -1 0 b,, 0
YpaBHCHHE
ToxnecTBo 1 0 0 0 1

Panr maHHOM MaTpuLBl paBeH TPEM, TaK KaK ONPEACIUTENb KBAAPATHOW IMOIMATPHULIBI

3 X 3ne paBeH HyIO:
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b, 0 0
0 b, O|=b,b,#0.
0 0 1

I[OCT&TO‘IHOG YCIIOBHUC I/II[eHTI/I(bI/IKaL[I/II/I AJId JaHHOT'O YPAaBHCHUW S BBITTOJIHACTCA.

Bropoe ypaBHenue. Matpuua ko3Q@PUUUMEHTOB INPU NEPEMEHHBIX, HE BXOIALIUX B

YpPaBHEHHUE, UMEET BUJ]

Ct )It Ct—l Mt Gt
I ypaBHEeHnE -1 b, b, 0 0
1
ypaBHEHHE
ToxmecTBO 1 -1 0 0 1

Panr maHHOM MaTpuIBl paBeH TPEM, TaK KaK ONPEAEIUTENb KBAAPATHONW IOIMATPHULIBI

3 x 3ne paBeH HyIO:

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

I[OCT&TO‘IHOG YCIIOBHUC I/II[GHTI/I(bI/IKaL[I/II/I AJI JaHHOT'O YPAaBHCHUW S BBINTOJIHACTCA.

Tperbe ypaBHeHue. Marpuna Ko3(pQUIMEHTOB NpPHU NEPEMEHHBIX, HE BXOSIIHUX B

YpaBHEHUE, UMEET BUL

Ct ]t Ct—l ]t—l Gt
I ypaBHeHue -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 KBAaAPATHONW MOIMATPHULIBI

3 X 3 He pasen HyIIO:

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 AJId JaHHOT'O YPAaBHCHUW S BBITTOJIHACTCA.

Takum o0pa3om, Bce ypaBHEHHs Mojenu cBepxuaeHTuuuupyemsl. [IpuBenennas

dbopma mozenu B o01ieM Bujie OyAeT BRIMISACTh CASAYIOIMIMM 00pa3oM:



C =4+0,C_+0,l,  +0 M, +0,G, +u,
1, =4,+06,C,_ +06,1, ,+6,M,+0,G, +u,,
r=A4,+06,C_ +0,I  +0,M, +0,G +u,,
Y,=4,+0,C_,+0,I, ,+6,M,+0,G, +u,.
BapuaHThl HHAUBHIYAJbHBIX 32IaHU I

JIaHbBI CHCTEMBI SKOHOMETPUYECKUX YPABHEHUI.

Tpebdyercs

1. [IpumeHnuB  HeoOXOOUMOE W JOCTATOYHOE  YCJIOBHE
oIpeAenuTe, UACHTU(PUIMPYEMO JIH KaX10€ U3 YPAaBHEHUN MOJEIH.

2. Onpenenvre METO OLIEHKU TAPaMETPOB MOJEIIH.

3. 3anummuTe B 00111eM BUE MPUBEACHHYIO (hOPMY MOJIEITH.

Bapuanr 1

Mogens npotekironn3Ma CanbBatopa (YnpoIiieHHasi BEpCusi):

M,=a,+b,N,+b;S,+b,E_ +bsM,  +&,
N, =a,+b,M,+b,S +b,Y +¢&,,
S, =a,+b,M,+b,N, +b, X, +¢,.

t
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UIEHTU(PUKALUY,

rne M — nons umnopra B BBIT; N — obuiee unciio mpomueHuii 06 0cBOGOKIECHUU OT

TaMOXXCHHBIX IIOIIJIHWH; S — YHCJIO YAOBJCTBOPCHHBIX HpOIHCHI/Iﬁ 00 OCBO60)KI[CHI/II/I oT

TaMOXXCHHBIX ITOIIJINH, E — (1)I/IKTI/IBHa$[ NnepeMCHHas1, paBHasA 1 AJIA TEX JICT, B KOTOPBIC KYypPC

AoJutapa Ha MCKAYHAPOAHBIX BAJIIOTHBIX PBIHKAX OBLI HUCKYCCTBCHHO 3aBbIIIICH, U 0-— JJIs1 BCCX

octanbHeix Jer; Y — peansHbiii BBIT; X — peanbHblii o6beM umcTOro skcmopra; ! —

TeKyui nepuon; [ — 1- MPEIbIAYIIHN TIEPUO,.

Bapuanr 2

Maxkpo3koHoMuYeckas Mojelb (yrpoleHHas Bepcus mojenu Kieiina):

C =a, +b,Y, +b,T +¢,
I,=a,+b,Y, +b,K,  +¢,,
Y, =C +1,

rne C — morpebnenue; | — umpectunmu; Y — noxom; T — mamorm; K — 3amac

Kanurana; [ — TeKyImuii nepuo; ¢ —-1- MPEAbITY AN IEPUOL.

Bapuant 3

MakposkonoMuueckast mozenb 3koHomuku CIIA (ogHa u3 Bepcuii):

C =a+b,Y+b,C  +¢g,

I, =a,+b,Y +b,r +¢,

1, =as+by,Y, +byM, + b1, + &,
Y=C+1+G,

rne C — norpe6nenne; ¥ — BBII; [ — unBectunuu; 7 — nponenrtHas crapka; M —

nenexunas macca; (G — rocymapcTBeHHblE pacXonbl; ! — Tekymuii mepumoxm; [ —1
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MPEABITYIINI IEPUOL.
Bapuanr 4
Mopens Keiinca (ogHa u3 Bepcuii):
C =a+b)Y, +b,Y +¢,
I, =a,+b,Y +s¢,,
Y=C+1,+G,
rne C — norpe6nenne; Y — BBII; I — Banossie unsectunuu; (G — rocynapcTBeHHbIE
pacxonpl; [ — Tekyuui nepuon; ¢ —-1- NPEIbIAYIIHN IEPUO,.
Bapuanr 5
Mopenb 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 rOCYIAPCTBEHHBIE PACXOIbL.
Bapuanr 6
MoauduuupoBannas mozaens Keitnca:
C=a+bY+¢g,
I, =a,+b,Y +b,Y  +¢&,
Y=C+1,+G,
rne C — norpebnenne; Y — noxom; I — mmBectuuuu; G — rocynapcTBeHHBIE
pacxonpl; [ — Tekyuui nepuon; [ —-1- MPEIbIAYIIHN IEPUO,.
Bapuanr 7
Makpo3KOHOMHYECKAS] MOJETb:
C =a+b,D +¢g,
I, =a,+b,Y, +b,Y  +¢,,
Y =D +T,
D =C+1+G,
rne C — pacxomsl Ha morpebnenue; Y — uMCTHI HalMOHANbHBIA mpoaykt; [ —
YUCTBI HanMOHANBHBIA noxox, [/ — weBectmimu, 1 — kocBenuole Haiorm; G —
rocyJapcTBeHHbIE pacXobl; ¢ — Tekymuit nepuox; ¢ — 1 — npensitymuii nepuo.
Bapuanr 8

I'mmorernueckas MOJCJIb S5 KOHOMHUKMU:
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C=a+bY +b,J, +¢,
J =a,+b,Y  +&,,
T =a,+b,Y +¢,
Y=C+J +G,
rne C — coBokymnHoe norpebienue B nepuos f; Y — COBOKYIHBIH 10XO0J B TIEpUOS, [ ;
J — unBectunuu B nepuox ¢; I — manoru B nepuox ¢; G — rocymapcTeeHHbIE JOXOABI B
niepuon .
BapuanTt 9
Mogaenps 1eHEKHOr0 PhIHKA:
R =a,+b,M,+b,Y ++¢,
Y=a,+b,R +b,1I +¢,,
I, =a,+b,R +¢,,
rne R — nponenrusie crasku; ¥ — BBII; M — nenexunas macca; [ — BHyTpenHue
MHBECTHIIHN.
Bapuanr 10
KOHBIOHKTYpHAs MOJIENb IMEET BUJT:
C =a+b,Y+b,C_ +g,
I, =a,+b,r,+b,l  +¢,
r=a,+b,Y +b,M, +¢,,
Y=C+I1 +G,
rne C — pacxonsl Ha notpebnenune; Y — BBII; [ — unBecturuu; 7 — mpoleHTHas
craska; M — nenexnas macca; G — rocymapcTBeHHbIe pacxofnl;  — TeKkymuii nepuox; f — 1

— NPEIbIAYIINI IEPUO,.

JlaGoparopHasi paGora Ne7. OueHuBaHHe NAPaAMETPOB CTPYKTYPHOH Mo/1e/IH

JIByXI1aroBbIii MHK OCHOBAaH Ha  HMCHOJb30BaHMHU, TaK  Ha3bIBA€MBbIX,
«MHCTPYMEHTAJIBHBIX» IMEPEMEHHBIX M SABJSETCS YHUBEPCAIbHBIM MeTogoMm. Kak yxke
OTMEYAJIOCh, B CHCTEME OJHOBPEMEHHBIX YPAaBHEHHUM HAPYIIAKOTCS MPEANOCBUIKH O
HE3aBUCHUMOCTH (AaKTOPOB  (BBIPAKAEMBIX DJHJIOTCHHBIMU TEPEMEHHBIMH) U  OIIMOOK
ypaBHeHUW. J[JI1 mpeoronaeHust 3TOM TPYIHOCTH MOXHO HCIIOJIb30BATh 3aMEHY JHJIOI€HHBIX
MEPEMEHHBIX »; B IPaBbIX YacTIX YPaBHEHUMWA MOJEIA HAa  BCIIOMOTraTelIbHbIE
«MHCTPYMEHTAIILHBIC» TIEPEMEHHBIC J;, KOTOPbIE ObLTH ObI ONM3KH K UCXOTHBIM YHIOTCHHBIM
MEPEeMEHHBIM M TPU 3TOM HE 3aBHCENM Obl OT OMMUOOK ypaBHeHWH. B KkadecTBe Takux
MEPEMEHHBIX MPEIAraeTcsi MCIOJIb30BaTh IEPEMEHHBIC, ONPEACISEMbIE YPABHECHUSMU
MPUBEACHHON (DOPMBI MOJIEITH

CornacHo Osyxuiazoeomy MHK, 4ucieHHble 3HAYEHUS CTPYKTYPHBIX HapamMeTpoB
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OIIPEACIAIOTCS B CIEAYIOIIEH ITOCIEI0BATEIbHOCTH
1) Ucxonnas cucteMa ypaBHEHHH MpeoOpaszyeTcs B MPUBEACHHYIO (OpMy MOJEIH U

ONpCACIAIOTCA YUCIICHHBIC 3HAUYCHUS ITapaMCTPOB 5ij AJIA KaKA0ro €€ ypaBHCHUS B

OTAEJIBHOCTH € MOMOIBIO TpaguiroHHoro MHK;

2) [1o momy4eHHBIM yYpaBHEHUSM MPUBEACHHON (HOPMBI HAXOSATCS pacUETHBIC 3HAUCHUS
WHCTPYMEHTAIbHBIX IEPEMEHHBIX 7;, COOTBETCTBYIOIIMX SHOT€HHBIM [IEPEMEHHBIM y; JJIS
Ka)kJ10TO HAOJIIOICHHS,

3) C nomobto o0bryHOro MHK ompeaesnsitorest mapameTpbl KakI0T0 CTPYKTYPHOTO
ypaBHEHUS B OTACIBHOCTH, CIIOJIB3YS B KauecTBE (PAaKTOPOB (haKTUUECKHE 3HAUCHHUS
MpEeAOIPE/ICTICHHBIX IEPEMEHHBIX U MOJIyYEHHBIE PACUETHBIC 3HAUCHHSI HHCTPYMEHTAIbHBIX
HNEePEMCHHBIX ;.

bonee appexTuBHBIM, HO TPEOYIOLIUM CYIIECTBEHHO OOJBIINX BHIYMCIUTENBHBIX 3aTPaT,
ABJISIETCS TPEXIIArOBbIA MeTol HauMeHbuX kBajapaTos (TMHK).

OH 3aKiIr04yaeTcsi B TOM, YTO JBYXIIArOBBIM METOJ] HAMMEHBIIINX KBApaTOB MPUMEHSETCS HE K
MCXOJHBIM YPaBHEHHSIM MOJIENH, a K YPABHEHUSAM, IPEOOPa30BAHHBIM COTJIACHO
0000IIeHHOMY METO/Ty HauMeHbIHX KBajapaToB. Tpexmarossii MHK siBiisiercst
WUTEPALMOHHOM MTPOLETYPONA:

1) [TapameTpsl MOJEIN OTIPEEISIIOTCS OOBIYHBIM WH JIByXmarosiM MHK.

2) BeIYuCHSroTCS OMUOKH MOJICTH B ONIPEIEIISIETCS OTICHKA KOPPEISIIMOHHON MaTPHUIIBI
OIIUOOK.

3) YpaBHeHus npeodpasyrorcs corsacHo o6oomenromy MHK.

4) Ilpumensiercs asyxuarosbii MHK k npeoOpa3zoBaHHBIM ypaBHEHHSIM M MOJIY4YaeTCs
yIIydllleHHas MOAENb (C YIy4llIEeHHbIMU NTapaMeTpaMu).

5) [Iporecc moBTOpsIETCS, HAUMHASL CO BTOPOTIO 11ara, oka He OyIeT JOCTUTHYTa 3aJaHHast
TOYHOCTH (JINOO MPEBBIIICHO 3aJJaHHOE KOJIMYECTBO uTepauuii). Eciu ciydaiiHble 4iieHsl

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

3ananue
1. Hana mommdunmpoBanHas moaens KeiiHca:
C =a+bY +¢,
I, =a,+b,Y, +b,Y, , +¢,,
Y=C+1+G,,
rae
C —notpebnenue; Y — A0XoA; I — MHBECTUIUU; G — FOCYJIapPCTBEHHBIE PACXO/IbI;

[ — TeKymui EpUOL; —1 — OPEABIIYIIUN IEPUOI.
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TUADT

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 | 76,55 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 JIMHEWMHO OT Jaoxonaa (mepBoe

ypaBHeHue mozenu), onennte no MHK mapametpsr ¢, u b, QyHKIIMN moTpebieHus.

6) Onenure Te xe mapametpsl o JIMHK u mo TMHK

B) CpaBHHTE NOJIy4EHHBIE pe3yibTaThl. ClienaiTe BbIBOBI IO KAYECTBY OLICHOK.

JlaGoparopHasi paGora Ne 8. MU3yueHune B3aUMOCBsI3€eil 10 BpEeMEHHBIM pPsiiaM.

HOCTpOeHI/le aI[HHTHBHOﬁ H MYJIBTHHJIHKaTHBHOﬁ MOJ€JI1 BPEMEHHOI'O psiAa.

OcHogHbie nonamus.

BpemenHoii psig (IMHAMUYECKUH psiZl, WM P IUHAMUKH) [TOCIIE0BATEIbHOCTD
Ha0II0JIEHUI HEKOTOPOTO MIPU3HAaKa (Cly4ailHOM BeWYuHbI) ¥ B IOC/I€I0BAaTENIbHbBIC
MOMEHTBI BpEMEHU

Yy =up+ve +cp+&p (1=123,....n)
U, — mperno, IIIaBHO MEHSIOIIASICS KOMIIOHEHTA, ONMHUCHIBAIOIIASl YUCTOE BIUSHUE
JOJATOBPEMEHHBIX (PAKTOPOB, TO €CTh UTUTEIBHYIO TEHICHIINIO H3MEHEHUS TPU3HAKA
V;— Ce30HHAA KOMROHEHma, OTPAXKAIOIIAs] TOBTOPSIEMOCTh SKOHOMUYECKHUX ITPOLIECCOB B
TEYEHHE HE OYEHb JJIUTENBHOIO NeproJa (roaa, Mecsua, He1eau U T.1.)
Ci— UUKIUYECKAA KOMNOHEHmMA, OTPAXKAIOLIAs TOBTOPSEMOCTh 3KOHOMUYECKUX MPOLIECCOB B
TE€YEHUE JJIUTENbHBIX IEPUOJIOB
€; — C/IYUaiHaA KOMNOHEeHma, OTPAXKAIOLAs BIUSHUE HE MOJAAIOIINXCS YUETy U perucTpauuu
CITy9ailHBIX (PaKTOPOB.

ABTOKOppeasinus ypPOBHEHN Psiia — KOPPEJSILIMOHHAS 3aBUCUMOCTb MEKTY
MIOCJIEZIOBATEIbHBIMU YPOBHSIMU BPEMEHHOTO psifa

Ko duureHnt aBTokoppensiuu ypoBHEH psiia IEPBOro MopsiiKa

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

1=2

Ji(y, S Gu-T)

=2 =2

n=

Koa¢pduuneHnt aBTokoppensiuu ypoBHEHN psiia BTOPOTO MOpsIKa

n

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

t=3

Ji(y, DA |

=3 =3

r=

[TocnenoBaTenbHOCT KOA((HUIIMEHTOB aBTOKOPPEISIUN YPOBHEH MEPBOrO, BTOPOTO H
T.Jl. IOPSIAKOB HA3bIBAIOT A6MOKOPPENAYUOHHOU PYHKYUell BDEMEHHOTO pAa.
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PacnpocTpaneHHBIM c1OCOOOM MOAETHPOBAHUS TEHACHIIMA BPEMEHHOTO PsiJia SIBISIETCS
MOCTPOCHUE AHATUTHYECKOW (YHKIMH, XapaKTepU3YIOIIeW 3aBHCHMOCTH yYPOBHEHW psiga OT
BPEMEHH, WU TPEHIA. DTOT CIOCOO HA3BIBAIOT AHAIUMUYECKUM BbIPABHUBAHUEM BPEMEHHO20
paoa.

[TockosbKy 3aBHCHUMOCTh OT BPEMEHM MOXKET NPUHMMATh pa3Hble (OpMbI, IS €€
(opManu3aluyu MO>KHO MCIOJB30BAaTh pazMyHble BUJbI PYHKIMHA. /{151 mocTpoeHus TpeHI0B
Yalle BCero MpUMEHSI0TCS cleayomue QyHKINNU:

TMHEHHBIN TPEHI: ) =g +b-1;
runepbona: j =g+ % ;

OKCHOHEHIHMANBHBIH TPEHN: y ="' (WM y =q-b');

crenenHas QyHKUUs: y, =a- "

TOJIMHOMBI PA3/IMYHBIX CTENCHEH: y =a+b, -t +b, 1" +...+b -1".

HapaMeprI KaXXJ10T'0 U3 MEPCUYNUCICHHBIX BbIIC TPCHAOB MOKHO OIIPCACINTD OOBIYHBIM

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

TPEHIOB IIPEABAPUTEIBHO MPOBOJAT CTAHJAPTHYIO NPOLENYPY UX JIMHEAPHU3ALIUN.

Cy1iecTByeT HECKOJIBKO CIIOCOOOB ompeeneHns thna TeHaeHuuu. K uncny Haunboiee
pacIpOCTPAaHEHHBIX CIOCOOOB OTHOCATCS KAYECTBEHHBI aHaIM3 HM3yd4aeMoro IpoLecca,
IIOCTPOEHHE U BU3yaJIbHBII aHaIM3 rpauka 3aBUCUMOCTH YPOBHEH psiia OT BpeMeHU. B aTnx
KE LENSIX MOXKHO MCIOJNb30BaTh U KO3PPUIMEHTHl aBTOKOPPENSLMU YpPOBHEW psna. Tun
TEHJEHIIMU MO>KHO OINPENETUTh IyTEM CpPaBHEHUS KO3PPUIUEHTOB aBTOKOPPEISILIUU [IEPBOTO

MOpsiAKA, PACCUNTAHHBIX 110 UCXOAHBIM M TIPe0oOpa30BaHHBIM YPOBHAM psiaa. Ecnu BpemeHHON

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

B stom ciiydae ko3(hGUIMEHT aBTOKOPPENALNN MEPBOTO MOPSIKA YPOBHEH HMCXOAHOTO Psiaa
JOJKEeH OBITh BBICOKMM. Ecin BpeMEHHOW psAa COACPKUT HEIMHEHHYIO TEHICHIIHIO,
HampuMmep, B (popMe SKCHOHEHTHI, TO KOA(P(PHUIMEHT aBTOKOPPEISIUHN TEPBOTO MOPAIKA IO
norapudmaM YpOBHEH UCXOIHOTO psiga OyJET BBIIIC, YeM COOTBETCTBYIONIUN KO3 DHUITUECHT,
pPacCUMTAHHBIM 1O YpPOBHAM psiaa. Yem cuibHee BbIpaKCHA HETUHEWHAs TEHICHIHUS B
M3y9aeMOM BPEMEHHOM psiie, TeM B OOibIIell cTeneHu OyIyT pa3nIudarbcs 3HAYCHUS
YKa3aHHbIX KO3(QPUIUEHTOB.

Breibop Hawmmydiiero ypaBHEHHS B Cllydae, KOTJa psl COACPKUT HEITUHEHHYIO
TEHJCHLIMIO, MOXXHO OCYIIECTBUTH IyTeM Iepedopa OCHOBHBIX (OpM TpeHIa, pacyera Mo
KaX/JIOMY YypPaBHEHHUIO CKOPPEKTHPOBAHHOTO Kod((duimeHTa neTepMUHALMA U CpEeAHEn

OIMOKM aNmpOKCUMAIUU. DTOT METOJ JIETKO PEaTM3yeTcsl MPU KOMIBIOTEPHOW 00paboTke
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JTAHHBIX.

[Ipocreimmii moaxoa K MOAETUPOBAHUIO CE30HHBIX
KoJeOaHU — 3TO pacyueT 3HAYCHUN CE30HHON KOMITOHEHTHI
METOJIOM CKOJIB3SIIIEN CPETHEN U TOCTPOEHUE AL IUTUBHOU
WY MYJIbTUIUIMKATUBHON MOJEIN BPEMEHHOTO PAIA.
OO0muii BUT aATMTUBHON MOJICIH CIICAYFOIIUN

Y=T+S+E.
OTa MOJeNb TNPEINoJiaracT, 4YTO KaXKIblii ypOBEHb BPEMEHHOTO psga MOXET OBITh
MpeAcTaBieH Kak cymma TpeHaoBoi (1), ce3oHHOM (S) U citydaitHo (£) KOMIIOHEHT.
OOmuii BUT MyJIbTUITUKATUBHONW MOJICITH BBITJISIIUT TaK:
Y=7T-§-F.
OTa MOJeNb TPEANoJiaraeT, 4YTO KaXKIblii ypOBEHb BPEMEHHOTO psga MOXET OBITh
MpeACTaBIeH Kak mpousBeenne Tpen1oBou (7), cezonnoi (S) u ciayuyaiiHoi (£) KOMIIOHEHT.
Bri0op oHOM 13 ABYX Mojienel OCYIIECTBISETCS Ha OCHOBE aHalln3a CTPYKTYPhI CE30HHBIX
kosnebanuii. Ecnu amrmuTtyna xoiebaHuii MPUOIM3UTENLHO MOCTOSIHHA, CTPOSIT aJIUTUBHYIO
MOJIeJIb BPEMEHHOTO psifla, B KOTOPOM 3HAYEHUSI CE30HHOW KOMIOHEHTHI MPEJIOoJIararoTcs
MOCTOSTHHBIMU JJIS PA3JIMUHBIX LHUKIOB. EClM aMIUIMTyJa CE30HHBIX KOJIEOAHHWI BO3pacTaeT
WU YMEHBIIAETCS, CTPOAT MYJbTUIUIMKATUBHYIO MOJIETh BPEMEHHOTO Psijia, KOTOpasi CTaBUT
YPOBHHU psifia B 3aBUCUMOCTb OT 3HaYEHUN CE30HHOU KOMIIOHEHTHI.
[TocTpoeHne agIUTUBHON U MYJIbTUILIMKATUBHOM MOJIENICA CBOJIUTCS K pacyeTy 3HAYEHUU
TpeHaoBoi (7), ce30HHOM () U ciayyaiiHOM (£) KOMIIOHEHT AJIs KaKJ0r0 YPOBHS psJa.

[Ipouecc mocTpoeHst MOJIENH BKIIIOYAET B Ce0s CIENYIOIIME MIary.

1) BrIpaBHMBaHHE HCXOAHOTO Psla METOJOM CKOJIB3SIIEH CPEIHEM.
2) Pacuyer 3HaYeHMii CE30HHOI KOMIOHEHTHI O .
3) VYcTpaHeHrne Ce30HHOM KOMITIOHEHTBI U3 MCXOJHBIX YPOBHEH psija U IMOJIy4eHUE

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

4)  Anamutmyeckoe BbIpaBHUBaHWe ypoBHed (T +FE) wm (7-E) u pacuer
3Ha4eHU! T C UCTIOIH30BAHUEM MOTYYEHHOTO YPaBHEHHS TPEH/IA.

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

6) Pacuer aOCONIOTHBIX W/WIM OTHOCHUTENBHBIX OmUOOK. Ecnmm momyueHHBIE
3HA4YeHHs OMIMOOK HE COJIEpk AT aBTOKOPPEISINU, UMU MOXKHO 3aMEHHUTH WCXOIHBIE YPOBHH
psifa U B JaJbHEUIIEM HCIOIB30BaTh BPEMEHHOW psia OMMOOK FE A aHAM3a B3aUMOCBS3H
MCXO/HOTO psifia U APYTUX BPEMEHHBIX PSIOB.

3aganue

UmeroTest  ycnoBHble JaHHbIE 00 oObemax moTpebseHust dIeKTpodHepruu ()

KUTENIIMU peruoHa 3a 16 kBapTasos.

Tpedyercs:



1.

CE30HHBIX KOJICOaHU].

2.

HJIN MYJIbTUIUIMKATUBHYIO MOJICJIb BPEMCHHOT'O ps/ia (I[J'I?I YCTHBIX BapI/IaHTOB).

3.

Cnenatb nporHo3 Ha 2 KBapTaja BIEpe.

Bapuanrsi 1, 2
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HOCTpOI/ITb ABTOKOPPCIIAINOHHY O (1)yHKI_[I/IIO n caciaaTb BBIBOA O HAJIM4YMUH

[TocTpouTh aAIMTUBHYIO MOJENIb BPEMEHHOTO Psiia ([UIsl HEYETHBIX BAPUAHTOB)

4 Y t 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
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
Bapuantei 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
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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

9. METOJIMYECKHUE YKA3AHMS IO BBIITOJTHEHUIO CAMOCTOSTEJBHOM
PABOTbI
BBenenue
CamocTosTensHas paboTa MpeaycMOTpeHa y4eOHbIM TutaHoM. llenb camocTosITeNnbHON
paboTHI CTyJIEHTa B paMKax Kypca « DKOHOMETPUKA» — 3aKpeIUICHUE U paclIupeHue 3HaAHUH,

ITOJIyYEHHBIX BO BPEMS ITPOBEAECHUS ayAUTOPHBIX 3aHATHH.
Conepxxanue caMoCTOSITEIbHOH PadoThI

1. IIpopaboTka  JIEKHIMOHHOIO  MaTepuana  OCYILUECTBISETCA  CTYAEHTOM  C
MCIIOJIb30BAHMEM KOHCIIEKTa JIEKIUI U peKOMEHAyeMBbIX yueOHUKOB. Llenp — moaroroska
K BOCIIPHMSATHIO OYEPEIHON TEMBI, PACCMAaTPUBAEMOM Ha JICKIIWH.

2. TloaroroBka Kk jabopaTopHbIM paboram. B cooTBeTcTBUM € TeMOH J1abopaTOpHOM
paboTBl CTYIOCHT IOJKEH H3Y4YUTh TEOPETUYECKH MaTepuai, MOATOTOBUTH pPEIICHUE
3aJaHNs K pealin3alii Ha KOMITBIOTEPE.

Tembl 1a00paTOpHBIX (COOTBETCTBEHHO, CAMOCTOSITEILHBIX) Pa0OT:

1.  IlapHnas perpeccus
2. MHOXeCTBEHHas perpeccus
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3. PaznuuHble aceKThl MHOXXECTBEHHOM perpeccun
4.  CucreMbl 5KOHOMETPUUYECKUX YPAaBHEHUN

5.  Bpemennsie psasl.

3. B pamxax pasgena «/3ydeHuE ONOJHUTENBHBIX TEM Kypca» CTYIEHT
CaMOCTOSITEIbHO M3y4acT JAOINOJIHUTENbHBIE BOIIPOCHI, CBS3aHHBIC C IIOCTPOCHUEM U
aHAJIM30M MOJEJIE MHOKECTBEHHON PETPECCUU, CUCTEM DKOHOMETPUYECKUX YPAaBHEHHUU U
DKOHOMETPUYECKUX MOJENIEH IO BPEMEHHBIM psaaM. /[[nsg nocTmkeHus HTOW Lenu
cOopMyIHPOBaHBI CIEAYIONINE 3aIaHUS:

e [locTpoeHure u aHAIU3 MHOKECTBEHHOW HEJIMHEMHOW MOJIEIIN.

e TpexuaroBslii METOJ HAUMEHBIINX KBAJAPATOB.

e  ABrokoppensuus. OOHapyKeHUE U METOJIbl YCTPAHEHHSI ABTOKOPPEISALUU.
e  ABTOpPErpeCCHOHHBIE MOJIEIIN.
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