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BBenenue

Brinonnenue nabopatopHbeiXx paboT no aucuuiuinie «Maremaruyeckas CTaTu-
CTUKa» GOPMHPYET Yy 00yHaIONUXCsl HABBIKM MAaTEMAaTUYECKOTO aHaJIN3a CTaTUCTHYe-
CKHX JaHHBIX UCCJICIOBAHUMN, a TAK)KE UHTEPIPETALIUU €r0 PE3yIbTaTOB.

IlepeuyeHb UCMOIB3YyeMOro 00OPYAOBAHMS JUIsl TPOBEJECHUS JTA0OPATOPHBIX
paboT BKJIIOYAET TEPCOHAIBHBIN KOMITBIOTEP C YCTAHOBJICHHBIMH TIPOTpaMMaMu
MS Excel u MS Word.

B kauecTtBe MeTOMMYECKHMX PEKOMEHIAIUN IO HWCIIOJH30BAHUIO BCTPOCHHBIX
¢ynkuuii u uHCTpyMeHToB MS Excel cnenyeT nosib30BaThCs COOTBETCTBYIOIMMU pa3-
nenamu cripaBku MS Excel.

Pe3ynbTaThl BBINOJIHEHUS J1a0OpPaTOPHON pabOTBI JOJKHBI OBITH OTPAXKEHBI
B paboOYMX OKHAX COOTBETCTBYIoOIIEH mporpammel (MS Excel).

Otuer mo sadopaTropHoil padoTe NPEICTABIACTCS B AJIEKTPOHHOM (popme B
Bujie TokyMeHTa MS Word u cogepxurt:

1) TUTYNBHBIN JIUCT C yKa3aHHMEM HAaMMEHOBaHUM YHHUBeEpcUTETa W Kadenapsl,
Ha3BaHUH y4eOHOW NUCIMIUIMHEI U JJA0OPAaTOPHOM pabOThI, TPYMIIbI, (PaMUITUU, UMEHH
¥ 0TYECTBa 00YUaIOIIETOCs, BHIMOJHUBIIIETO J1a00paTOPHYIO paboTy;

2) uenb U 3a7a4M 1abopaTopHOH pabOTHI;

3) mepedeHp MCIOIB30BAHHOTO O0OPYAOBAHUS W MPOTPAMMHOTO OOCCTICUCHHS,
UCXOJIHBIC TAHHBIC;

4) MOpSAOK BBITTOJTHEHHS Pa0OTHI, KOTOPHIA BKIIOYAET M3JI0KCHHUE TOCIICIOBA-
TETHHOCTH BBITTOJTHCHHBIX JICUCTBUH (MMPOBEACHHBIX PACUCTOB);

5) pe3ybTaThl B BUJE TAOJINII, TTOJIYYCHHBIX B XOJI€ BHITIOJHEHUS PabOTHI;

6) BBIBOJIBI IO paboTe (KpaTKOE OMUCAHUE TOJTYYEHHBIX TaOJIHII).

OTuer no 1abopaTopHOI paboTe cocTaBigeTCs KaxabiM o0ydatomumes. OOyya-
IOIIUICS, BBIMOJHUBIIMK paboTy W OQOPMHUBIINKA TIO HEW OTYET, JOMyCKaeTCs
K 3a1uTe 1a00paTopHOM padoTHI.
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1 IlocTpoenue psaaoB U GyHKUMH pacnpeae/ieHUs

Ilenwv pabomur: npuoOpecTU HABBIKU TOCTPOEHUS BAPUAIIMOHHBIX PSAIOB U QyHK-
U pacrpeereHus, pacyeTa CTAaTUCTUYECKUX XapaKTEPUCTUK BapUALIMOHHOTO Psijia.

3aoauu pabomot:

— U3YYUTb METOAMKY IOCTPOCHUS BAapUALlMOHHOIO psiia W pacyera ero
XapaKTePUCTHK;

— U3YYUTb BCTPOEHHBIE BO3MOXXHOCTH MS Excel 110 mocTpoeHu 0 U BHIYUCIECHHUIO
XapaKTePUCTUK BAPUAILIMOHHOTO Psifia;

— U3yuuTh BO3MOkHOCTH MS Excel mo mocTpoeHHIO MOJUTOHOB YacTOT W
TUCTOTPAMM.

Kpamxue meopemuueckue céedeHus

I'eHepanbHOI COBOKYITHOCTBIO Ha3bIBAlOT MHOYKECTBO BCEX 3HAUYECHUU U3MEpsie-
MOU CITy4YalHOW BEJINYUHBI.

Br160po4HO¥ COBOKYITHOCTBIO WJIM TIPOCTO BEIOOPKOM HAa3BIBAIOT HEKOTOPOE MO/~
MHOKECTBO F€HEPAIIBHON COBOKYITHOCTH, ITOJIyYEHHOE B PE3YJIbTATE MPOU3BEIECHHOIO
AKCIIEpUMEHTA (HaOII0ICHUS).

O0beMoM BBIOOPKH HA3bIBAIOT YMCIIO 3JIEMEHTOB B BEIOOPKE.

BapuanToii Ha3pIBalOT HaOII0JaeMOE 3HAYEHUE X; TIpU3HaKa &.

BapuannoHHBIM psiIOM HAa3bIBAIOT MOCIIEI0BATEILHOCTh BAPUAHT, 3aIIUCAHHbBIX B
BO3pACTAIOLIEM MTOPSAIKE.

YacToToil n; Ha3bIBAIOT YUCIO HaONOJeHUN BapuaHThl. CymMma 4acTOT paBHa
M

00beMY BBIOOPKH: Zni =n, rae M — 9ucno BapuaHT.
i=1
OTHOCUTENIBHON YaCTOTOM HA3bIBAIOT OTHOILIEHUE YAaCTOThl K 00bEMY BBIOOPKHU:

M
pi* = n;/ n. OUEBUIHO, YTO Zp,* =1.
i=l1
CraTucTHYECKUM paclpeiesieHueM BBIOOPKM HAa3bIBAIOT IE€pPEYeHb BapPHAHT
¥ COOTBETCTBYIOUIMX UM YacTOT WJIM OTHOCUTENBHBIX YaCTOT.
OMIprYecKkoi PyHKIMEH pacrpeaencHus Ha3biBaloT QyHKIUIO F*(x), onmpene-
JISIFOIIYIO JUTS KKJIOTO 3HAUEHUS X OTHOCUTEIBHYIO YaCTOTY COOBITHS & < X:

F*(x):n—nx, (1.1)

TJIC My — YMCJIO BAPUAHT, MCHBIIIHX X.
[TosMroHoM 4acToT (MJIM OTHOCHTEIBHBIX YaCTOT) HA3bIBAIOT JIOMAHYIO, OTPE3KH
KOTOPOH COEIUHSAIOT TOUKH (X1, A1), (X2, 12), ... (WK TOUKH (X;, pi*)).
['mcTorpaMMoi 4acTOT Ha3bIBAIOT CTYNIEHUATYIO (DUTYPY, COCTOSIIYIO U3 TPAMO-
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YTOJIbHUKOB, OCHOBAHUSIMU KOTOPBIX CIIy>KaT YaCTUYHBIE HHTEPBAJIbI JITUHBI /i, @ BbI-
COTBHI paBHBI OTHOIICHUIO 7k / My (TIOTHOCTH yacToThl). Ilnomane yactuaHoro k-ro
OpSIMOYTOJIbHUKA paBHa /i (nk / hk) = nk — CyMMe 4acTOT BapuaHT, MOMABIINX B k-i
uHTepBa. [lmomane rucrtorpaMMbl 4acTOT paBHA CyMME BCEX YacTOT, T. €. 00beMy
BbIOOpKU. ['McTOrpaMMa OTHOCUTENBHBIX YacCTOT COCTOUT M3 MPSAMOYTOJIbHUKOB
C BbICOTaMH pi*/ hi.

Bb160pOYHBIM CpeTHUM Ha3bIBAIOT BEIUYUHY

_ 1 n 1 M M .
x=;2xi=—2xknk22xkpk. (1.2)
i=1 k=1

n =

Bribopounas nucnepcus BIUUCIIIeTCs o (hopmyJie
1 & N2 1 M N2 M N2 %
De:_Z(xi_x) :_Z(‘xk_x) nk:Z(xk_x) Py - (1.3)
nig N = k=1
Nuorna 6onee yao0OHa npyras ¢popmyiia
2 2 10 1< 2
D, =x"—x :—Zx[. —(—le.) : (1.4)
n o g
HcnpapiieHHOM BEIOOPOYHOM TUCTIEpCUE HA3bIBACTCS BEIMUUHA

2 n 1 < N2
s ’=——D =—— X —Xx) . 1.5
D, = () (15)

KBaspaTHble KOpHU W3 BEJIWYMH BBIOOPOYHOW M UCHPABJICHHOW BBIOOPOYHOM
JUCIEPCUN Ha3bIBAIOTCSI BBIOOPOYHBIM CpPEAHMM KBaJpPaTUUECKUM OTKJIOHEHHEM
U HUCHPABJICHHBIM BBIOOPOYHBIM CpPEIHUM KBaJApPAaTUUYECKUM OTKJIOHEHHEM COOT-
BETCTBEHHO.

3apanusa

1 ITpubGop wusMepser >KUPHOCTH MOJOKa ¢ TO4yHOCTHIO 10 0,2 %. JlanHbie
20 u3MepeHuil pUBEICHBI B IpoueHTax: 3,8; 3.4; 4,2; 3.4; 3,6; 3,6; 4,0; 4,2; 4,0; 3,6;
3,6; 3,8; 4,0; 4,2; 3,8; 3,8; 3,6; 3.8; 3,8; 4,0. [locTtpouTh BapuallMOHHBIN Psifl, CTATU-
CTUYECKUH Psifl, HOJIUTOH OTHOCUTEIBHBIX YaCTOT, SMIIMPUUECKYIO PYHKIIUIO pacipe-
neneHus. Beraucinth BEIOOPOYHOE CpeIHEE, BHIOOPOUHYIO U UCTIPABJICHHYIO JUCIIEP-
CUH, COOTBETCTBYIOIINE CPEAHUE KBAAPATUUECKHUE OTKIOHECHHUS.

2 Ilpu u3MepeHuu [JIUHBI CTEPXkHS ObUIM TOJYUYEHBl CIEAYIOIIHUE JIaHHBIC
(B MUJUTUMETpPAX):

9,68;9,81;9,77; 9,60; 9,61; 9,55; 9,74; 9,48; 9,72; 9,70;

9,52;9,63; 9,68; 9,88; 9,47; 9,44; 9,82; 9,71; 9,84; 9,57;

9,79;9,43; 9,59; 9,50; 9,78; 9,64; 9,72; 9,71, 9,58; 9,61.
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Pa36uB Bce 3HaYeHUS HA MATH WHTEPBAJIOB, MOCTPOUTH THUCTOTPAMMY OTHOCH-
TeIBHBIX YacTOT. HaiiTu BEIOOpOUHOE cpeiHee, BHIOOPOUYHYIO U MCTIPABICHHYIO JTUC-
MIEPCHUU, COOTBETCTBYIOIINE CPETHUE KBAIPATUUECKUE OTKJIOHEHHS. 32 BAPUAHTHI MIPHU-
HATh CEPEIMHBI HHTEPBAJIOB.

Ilopaook evinonnenus padbomot

1 Buectu ucxomusle qanaeie Ha mct MS Excel.

2 Bpruuciauth TpeOyemble XapaKTEPUCTHKH, BOCHOJIB30BABIIMCH PACUETHBIMU
dbopmynamu, a takke BcTpoeHHbIMU GyHKIussMu YACTOTA, CP3HAY, JUCILT,
JUCILB, CTAHIOTKJIOH.I', CTAHJOTKJIOH.B.

3 IMocTtpouts TpeOyembie rpaduueckue 0ObEKThI, BOCIOIb30BABIIUCH ITYHKTOM
meHio BCTABKA/JIMATPAMMBI, a taxxke unctpymentom [MICTOI'PAMMA
naactpoiiku AHAJIN3 JIAHHBIX.

KOHmPOJleble eonpocol

1 [aiite ompeneneHue T'eHEpaJbHON COBOKYMHOCTH, BBIOOPKH, pa3maxa BbI-
00pKkU 1 00bEMa BHIOOPKH.

2 Yrto Ha3bIBaeTCs BapUAILMOHHBIM M CTaTUCTUYECKUM psiiamMH, (QyHKIMEH pac-
IPEJENICHNs U CTAaTUCTUYECKON (pyHKIIMEN pacnipeeneHus?

3 Kakumu cBoiicTBaMu 001a/1aeT cTaTuCTUYecKas: (PyHKIHS pacupeeneHus?

4 [laiiTe onpeneneHye rpynniupoBaHHOIO CTaTUCTUYECKOTO paja. Kak ctpoutcs
rucrorpamma’?

5 Kak paccunuThIBarOTCS CTATHCTHYECKHUE MOKA3aTEIN BapUALMOHHOIO psaa?

2 IMosry4yeHne TOYEYHBIX OLIEHOK
HeJlb paﬁombl: OBJIAJICTb HABBIKAMU IIOJTYUYCHHUA TOYCUHBIX OICHOK.

3aoauu pabomot:

— HM3YYUTh METOAMKY MOJYYSHHUS TOUCUHBIX OLEHOK METOOM MOMEHTOB;

— HM3YYUTh METOJUKY MOJYUYEHHUS TOUYCHHBIX OLEHOK METOJOM MaKCHMAJIbHOTO
paBIOTO00uSI.

Kpamkue meopemuuecKkue ceéedeHUs

Haubonee dacto mpuUMEHsSEMBIMH YHCIOBBIMU XapaKTEPUCTHUKAMHU CIyJaiHON
BEJIMUMHBI & SIBIISIOTCS] HaYaIbHBIC U IEHTPaIbHBIE MOMEHTBI PA3JIMYHOTO MOPSIKA.
JIist UCKPETHOH ciTydaifHOM BEeTUYMHBI MOMEHTBI TTOPSIKA A OTIPEIETISIOTCS CIICTYTO-
MUMHA GOPMYIIaMHU:



o =D XD @.1)
i=1

n

He = Z(xi —m )k P> (2.2)

i=1

JUTSl HEIPEPBIBHOM CITy4YailHON BETMYUHBI &

o, = J-xkf(x)dx; (2.3)

n, = I(x—mi)kf(x)dx. (2.4)

Yame BCero UCIOIb3yeTCs MEPBbIM HayajlbHBIM MOMEHT &, =m,, Ha3bIBa€MBbIN

MAMEMAMUYecKUM O0ACUOAHUEM CIYYAUHOU 6eauyuHbl &, W BTOPOW IEHTPAIbHBIN
MoOMeHT W, =D, HasbiBaeMblil ducnepcueri. MateMaTH4eCKOE OKHJIAHUE — 3TO CPE/I-

HEE 3HAYCHUE CIIy4YalHOM BEIWYMHBI, €0 HA3bIBAIOT €IlI€ LIEHTPOM pacClpeneiIeHus,
JUCHIEPCHST XapaKTepu3yeT pa3dpoc CiyyallHOM BEIMYMHBI OTHOCHTEIBHO LEHTpa
pacrpenenenus. Hacto BMECTO IUCIEPCUM HUCIONB3YIOT CpeAHEe KBaJApPaTHUYHOE

OTKJIOHEHHUE O =, /D& .

Ecnu 3akoH pacrnpenesieHust CilydalHOM BEJIIMYMHBI HEU3BECTEH, TO HE CMOYXKEM
BBIYMCIIUTh YKCIIOBBIE XAPAKTEPUCTUKU. B 3TOM ciydae MX 3aMEHSIIOT OIIEHKaMH,
MOJIYYCHHBIMU KaK (YHKIHUU BBIOOPKHU X = (X1, X2, ..., Xn). BCAKy0 QyHKIHIO #, (X)
OT BBIOOPKH HA3bIBAIOT CTATUCTUKOM. [10X0I4111y 0 CTATUCTUKY UCTOJB3YIOT B Kaye-
CTBE€ OLICHKM YHMCJIOBOM XapakKTepuCTUKU. Yalle BCEro OlEHKaMU HayajJbHbIX U IICH-
TpaJdbHbIX MOMEHTOB CIIy’KaT COOTBETCTBYIOIIUE BBHIOOPOYHBIE HAYaJIbHBIE U IEH-
TpajbHbIE MOMEHTHI:

1 n
a=13s @25)
i=1
m, zizn:(xi —Mx)k . (2.6)
i=1

Takum 00pa3oM, OIEHKOM MaTeMAaTHYECKOI'O OXKUJAHUS CIY>KUT BBIOOPOYHOE
cpeaHee

Mx :lel. , 2.7)
g
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HO B KQYECTBE OLICHKU MOKHO B35Th U, HAIIPUMED, BEITUINHY O,S(xmax +xml.n) U Ipyrue

BEJIMYUHBI.

UTtoObl MMETh NPAKTUUECKYHI0 IIEHHOCTh, OILIEHKAa HEKOTOpPOro ImapameTrpa O
JOJDKHA YJIOBJCTBOPSTD CIICAYIOIIUM TPEOOBAHHSIM.

1 Ounenka ¢, (x) 10oKHA TPUOJIMKATHCS K OLICHUBAEMOMY MapameTpy 0 mo mepe
yBeJIn4eHust 00beMa BbIOOpKHU. Eciiu OlleHKa CTPEMUTCS 110 BEPOSITHOCTH K OlCHHUBAE-
MOMY HapaMeTpy, TO OHA Ha3bIBAETCS COCTOSATEILHOM.

2 OrmeHka He JIOJDKHA CoJIepKaTh CUCTEMATUUYECKON OMMOKU. DTO 03HAYAET, YTO
€e MaTeMaTH4YeCKOe OXKHMIAHKME IOJDKHO COBIAAATh C OLECHMBAEMBIM IapaMeTpoM O,
T.e. M [l‘n(x)] =0. Takas olleHKa HAa3bIBAETCSA HECMEILECHHOI.

3 N3 Bcex COCTOSTENBHBIX U HECMEIIEHHBIX OLIEHOK IPEIIOYTUTEIIbHEE Ta,
KOTOpasi UMeeT HauMEHBIIYIO Aucnepcuto. Takas oneHka Ha3bIBAaeTCs 3PPEKTUBHOIA.
Hamnpumep, cpennee BbIOOpouHOE MXx SIBISETCA COCTOSITENIBHOW OLIEHKOM MaTe-
MAaTHYECKOT0 OXKUJaHMs, a O,5(xmax +xml.n) — HECOCTOSATENbHOU. BTOpOI BBIOOPOUHBIiA

LIEHTPaJIbHbIA MOMEHT
m,=S? :lZ(xl. —M)c)2 (2.8)

i

SIBIISICTCSL COCTOSITCIILHOMN OHGHKOﬁ AUCIICPCHUHU, HO 9Ta OLICHKAa CMCHICHHAA. Hecme-
IICHHBIC CIACAYIONINC OLICHKU:!

$? :;1  (x, — Mx )’ (2.9)

o1 3 (x,—m.) . (2.10)

()%

Ecnu cnyyaiinasi BelM4rHa pacmpeieieHa 0 HOpMaJIbHOMY 3aKOHY, TO OIIEHKA
2 o
S, sBiseTcs U () HEKTUBHOM.

[TycTh 3aK0H pacnpeeneHus: U3BECTEH, HO 3aBUCUT OT OJIHOTO MJIM HECKOJIBKUX
HeU3BeCTHBIX napamerpos. Hanpumep, f(x,0) — usBectHas mnornocTs pacmpenese-

aust, a 0=(0,,0,..,0,) — HemssecTHblii mapamerp. Tpebyercs MO BBIOOPKE

X = (X1, X2, ..., Xn) OLCHUTH mapameTp O .

Cy1iecTByeT HECKOJIBKO METOIOB OLICHKH rapameTpa 0 . PaccMoTpyM Ba U3 HUX —
METO/I MOMEHTOB ¥ METOJI (DYHKIIUH TPABIOIMOI00MS.

MeTos MOMEHTOB 3aKJIFOYaeTCs B TOM, YTO TEOPETHYECKHHA MOMEHT K-ro
nopsika o, =0, (0) mprpaBHUBAIOT K COOTBETCTBYIOILIEMY BEIOOPOYHOMY MOMEHTY O, .

U3 nony4enHoro ypaBuenus o, (0) =0, Haxoast Heu3BecTHbIH napametp 0. Hampu-

Mep, ciiydaiiHas BenuuuHa & (BpeMsi 0e30TKa3HOM paboThl paaroanmnaparypsl) pacmpe-
JIeJI€Ha 10 YKCIOHEHIIMATBbHOMY 3aKOHY



f(t)==e 7,120, 2.11)

rae 7' — HEeUn3BECTHBIM IapaMeTp.
OuenuMm 7' 10 METOIy MOMEHTOB. /{711 TOT0 Hali/IeM MEePBbII HAYaIbHBIA MOMEHT

a, = jzf(r)dz:%jze‘fdt:r (2.12)
0

—00

Tax xak nepBbIi BBIOOPOUYHBIM MOMEHT paBeH Mx, TO U3 paBEHCTBA O, = @, MOJY-
yuM 1 = Mx. Takum oOpa3om, OLIEHKOM HEW3BECTHOro mnapamerpa 1, HaWJeHHOU
10 METOJy MOMEHTOB, SIBJISIETCA CpeaHee BRIOOpOUHOE MX.

IIycts  L(u,0) — mIoTHOCTs pachpeseleHus BHIOOPOYHOIO  BEKTOpa
x = (X1, X2, ..., Xn), 0=(0,,6,...,0,) — Henssectupiii mapamerp. L(u,0) — pyukims nByx
apryMeHTOB, HecaydaiiHoro O wu ciywaitHoro x = (xi, X2, ..., X»), Ha3bIBaeTCs (QyHK-
uueii mpasponogoous. Tak kak L(u,0) — mioTHOCTS pacipenenenus, To OleHKa mapa-

Metpa O, mocraBisrolias MaKCUMyM (PYHKIIUHU MPaBIOIONOOMS, SBISETCS HanOojee
BeposiTHOU. OTcroa

ALx0) (2.13)
00
nIn
i[1n L(x,0)]=0 (2.14)
00 ’ ‘

€CTh HEOOXOIMMBIE YCIOBUS CyIIeCTBOBaHUS Makcumyma. OII€HKA, TOTydYeHHAs
U3 3TUX YCJIOBUM, HA3bIBAETCS OLEHKON HAMOOJIBIIIETO MPaBa0NOA00uS.

[lycth x = (X1, X2, ..., Xn) — CAy4aiiHasi BEIOOPKA U3 T€HEPATbHON COBOKYMHOCTH,
pacrpeeseHHON 0 HOPMAJIbBHOMY 3aKOHY

f(x,@) =

2no

, (2.15)

[\

rae 0 — meussectHeli mapametp, 0=(l,0).

3anuiiem GyHKIUIO paBaonoaoous. Tak Kak x; — He3aBUCHMBIE CTy4JaitHbIC Be-
JIMYWHBI, PaclpeelieHHBIC TI0 TOMY K€ 3aKOHY, a IDIOTHOCTD paclpee/ieHUsT BEKTOpa
paBHA MPOM3BEACHHUIO INIOTHOCTEH COCTABIISAIONIUX BEKTOPa, TO (YHKITUS IPABIOIIO-
no0us OyIeT CIeAYIOIICH:
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L(x.0) = [/ (3:0)=——exp _212 S (x—n) |- (2.16)

i=1 (27[62 )E ) i=1

IIycth & — QUCKpeTHas CiaydaiiHas BEJIMYHMHA, 3aKOH PacIpeleleHHs KOTOPOM
3aBUCUT OT HemsBecTHoro mapamerpa pP(§=x)=p,(0). Bymem paccmarpuBarh

BBIOOPKY X = (X1, X2, ..., Xx) KaK peagu3alyio Toro, 4To ciiydaiHas BeJIMYMHA TPUHSIIA
MOCJIEIOBATENbHO 3HAYEHHS X1, X2, ..., Xs. BEPOSITHOCTh 3TOTO paBHA MPOU3BEIICHUIO
BeposiTHOCTeH. CrienoBaTeNbHO, PYHKIHS MPaBAONoa00us Oyaer

L(x,0) :ll[P(xl.,O). (2.17)

Hanpumep, s 1ucKpeTHOM Cily4allHOM BEJIMYMHBI, PACIIPENEIICHHON 110 3aKOHY
Ilyaccona

k

pk:p(g:k):%e—u; k=0,1,2,3, .., (2.18)

(GyHKUMS PaBIONOI00MS MOKET OBITh 3amMcaHa B BUJIE

n

Z 1

L(x,n)=p" | ﬁxi! e ™. (2.19)
i=1

31eck x; — 1enble HeoTpuiareabHble yncia. OqHako npu OOJIbIINX 71 BBIYMCICHUS
10 3TOH (hOpMyJie MOTYT MPUBOAUTD K MEPETIOTHEHHUSIM Pa3psiAHON CETKH.

3aganus

1 B tabnuue 2.1 npeacraBieHbl JaHHbIE O PACHPENCIICHUHN CIIy4yalHOW BeJ-
yuHbl X, pABHOMEPHO paclpenesieHHON B auarna3oHe 3HadeHui [a, b]. Ilapamerpsl
a U b, OT KOTOPHIX CYyIIECTBEHHO 3aBUCUT (PYHKIMS pPaCHpeeTeHUs, HEU3BECTHBI.
Heo0xoaumMo MeTO10M MOMEHTOB BBITIOJIHUTE OIEHKY JUIS TPAHUI] JUarna3oHa a u b,
Ha KOTOPOM paclipeiesieHa cliydaiiHasi BeJIMYMHA.

Pexomenoayus. IlockonbKy ciydaifHasi BeJIMYMHA paclpesielieHa PaBHOMEPHO B
IUana3oHe 3HaYyeHudM OoT a A0 b, TO GyHKUUS TUIOTHOCTH paclpeiesieHUs
ciyyaitHoi BenuuuHbl umeeT BuA flx) =1/ (b — a). Torna HayanbHBIM MOMEHT TIEp-
BOTO MoOpsiaka onpenensiercs no dopmyne (a + b)/ 2, Broporo nopsiaka — mo ¢op-
myne (a® + ab + b?) / 3.



Ta6muna 2.1 — UcxoaHsle JaHHEBIE
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OmnbIT 3Hayenue
1 0,716
2 0,894
3 0,899
4 0,009
5 0,207
6 0,255
7 0,422
8 0,350
9 0,697
10 0,445

2 Tlo npencraBaeHHOM BBIOOPKE BBIYMCIUTH OLIEHKA MAaKCHMAJIBHOTO IIPABAOIIO-
100Ms U1 MAaTEMATHYECKOTO OKUIAHMS d U JUCIIEPCHU G° M3 YCJIOBHS MaKCUMyMa

(GyHKUIMU TpaBaoNoa0o0us BUIA

F(x)z

—gln(Zn) —nln(c)— Z% (2.20)

npeanoiaras Ipy 3TOM, YTO BBIOOpKA MOPOXKIAEHA CIyYailHOW BEJIMYMHOM, MOAYHUHS-
IOLLENCS HOPMAJIBHOMY PACIIPEEIICHUIO.

20,3
15,3
14,3
19,3
10,1
13,9
19,5
17,8

Pexomenoayusn. Vicnonp3oBaTh OTrpaHUYEHUE G

HE ObLI paBEeH —o0.

IHopaook evinonnenusn padbomal

15,4
16,8
20,1
17,8
21,1
19,8
17,2
13,5

17,2
13,2
16,8
16,2
18,3
18,5
19,6
17,8

19,2
20,4
14,7
15,7
14,7
20,2
17,8
11,8

23,3
16,5
20,8
22,8
14,5
23,8
21,3
18,6

18,1
19,7
19,5
21,9
18,1
16,7
17,5
19,1

1 Bnectu ucxoansie nanubie Ha nuct MS Excel.

2 3anarh SIYEMKHA C UICKOMBIMU MTapaMeTPaMH, PaBHbIMU €UHULIE.

3 CdopmupoBaTh cucTEMY YpaBHEeHUM (11 3aAaHus 1) WK 1eNIeBYI0 (PYHKITUIO
(st 3amanus 2), BHITOJTHAB HEOOXOIMMBIE TIPEIBAPUTEIHHBIC BEIYUCICHUS.

4 Wcnone3ys wHaactporky I[IOMCK PEIIEHNWA,

apameTpsl.

21,9
20,5
15,3
12,5
18,4
20,4
19,4

>0

,0000001, uTo6er In(c)

BBIYHMCIIMTh HMCKOMBIC
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Konmponwvnwie éonpocut

1 HazoBute BEIOOPOYHBIE YUCIOBBIE XapAKTEPUCTHUKH.

2 Yto Takoe CTaTUCTUKHU U JIJISl YETO OHU CIYyKaT?

3 Kakumu cBoicTBaMH TOJKHBI 0071a1aTh OIICHKH?

4 TlpuBenuTte mpUMeEpPHI COCTOSITEILHON, HECMEIIEHHO!N U 2(P(HEKTUBHOM OIICHOK.

5 Yro Takoe QpyHKuuMsA nmpaBaonoaodus? B ueM cylmHocTh METO1a HauOOJIBIIErO
npaBaonoaoous?

3 IlocTpoeHue 10BepUTEIBLHbIX HHTEPBAJIOB
HeJlb paﬁombl: OBJIAJACTb HABBIKAMH ITIOJIYUCHUA HHTCPBAJIBHBIX OIICHOK.

3aoauu pabomot:

— HW3YYUTh METOJIUKY TOJIYYEHUS HHTEPBAIbHBIX OLICHOK;

— W3YYHTh BCTPOCHHBIE BO3MOKHOCTH MS Excel mo moiydeHUI0 MHTEpBalIb-
HBIX OILICHOK.

Kpamxue meopemuueckue ceedeHus

B npeapiaymieit pabore ObLIM paccCMOTPEHBI METOJbI, JAOLIUE OLIEHKY Iapa-
METpa B BUJIE HEKOTOPOT'O YMCJIa UM TOUYKH Ha YUCIIOBOM ocH. Takue OLleHKH Ha3bl-
BalOT TOYEUYHbIMU. ToueyHas OLleHKA 0€3 yKa3aHus CTENEHU TOYHOCTU U HaJIEKHOCTH
HE UMEET MPAaKTHUECKOI0 3HAUCHHUsI, TaK KaK MPeICTaBIseT cCOO0N TOIBKO BO3MOXKHOE
3HaYEHHUE CIIy4alHON BEJIMYMHBI, T. €. caMa TOYEYHasl OLIEHKa SIBJSETCS BEIMYMHON
ciyyaiiHo. MOXHO JT0OKa3aTh, UTO B BEIOOpKE 00beMa 7 U3 reHepabHOW COBOKYITHO-
CTH, PacHpe/eICHHON 110 HOpMalIbHOMY 3aKOHY N (a,o) , CpenHee BbIOOpOUHOE Mx

pacnpesieneH0 TakKe MO0 HOPMaJIbHOMY 3aKOHy N (a,cs/ Jn ) Benuuuna pacnpene-

JIeHa IO 3aKOHY Xz C 1 CTENEHsMU CBOOOJBI, a f, :(Mx—a)\/n -1 / S — 1o 3aKkoHy
Creronenra ¢ 7 — 1 CTEreHp0 CBOOOIBI.

UTOoOBI MOMYYUTh MPECTABICHUE O TOUHOCTH U HAJIEKHOCTH OLIEHKH O 15 ma-
pamerpa 0, Bo3bMeM J0OCTATOYHO GOJIBIIYIO BEPOIATHOCTH [3 1 Haiimem Takoe O >0,

JUTSI KOTOPOTO P(‘é—9‘<8):[3 WM P(—6<6—é<6)=P(é—6<6<8+é):B.
[TocnenHee paBeHCTBO O3HAYAET, YTO TOYHOE, HO HEM3BECTHOE 3HAUCHHUE MapaMeT-

pa O ¢ BepoATHOCTBIO [3 HAaKpBIBAacTCSA MHTEPBAIOM [ = (é -38,0+ 8). DTOT HHTEpBAI

HA3bIBAIOT JIOBEPHUTENBHBIM, & BEPOATHOCTH [3 — JOBEPHUTENBHOM BEPOSTHOCTHIO HIIA

HaJIC)KHOCTBIO OIICHKM. O‘IGBI/I,Z[HO, YeM MEHBIIIE O A 3aJaHHOT'O B , TCM TOYHCC OLICHKA.

B oOmiem ciiyuae untepBai, o0pazoBaHHbIN ctatuctukamu U(x) u V(x), Ha3bIBa-
€TCsI TIOBEPUTEIBHBIM JJIs1 OLIEHHBAEMOT0 rapaMeTpa 0 , eciiv BBIMOIHIETCS PABEHCTBO

P (U (x) <0< V(x)) = . 31€ech x — BLIOOPOYHBI BEKTOP, HAZEKHOCTH [3 BEIOMpaeTcs

OIU3KOM K CAUHUIIC. KOHHI)I HWHTCpBAJIa Ha3bIBAOTCSA JOBCPHUTCIIbHBIMU I'PAHUIIAMU.
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[Topsimok HaxOXKJI€HUS JOBEPUTEIBHOIO MHTEpBaia cieaytomui. [logpickuBaroT
MOZXOISIIILYI0 CTATHCTHUKY ¢, (x,0), 3aBUCsILy0 OT napamerpa 0, HO pacmpeseneHue
KOTOPOM OT ATOTO IapamMeTpa He 3aBUCHUT. 3a7al0T HAJIGKHOCTh 3 M MO 3aKOHY pac-
[PEJEICHNs CTATUCTUKH [, (x,@) HaXOJAT JOBEPUTEIbHBIE TPAHULIBI U3 TTOCIEIHETO
yCIOBHs. 3aTEM IOJIyYeHHOE HEPABEHCTBO PEIIA0T OTHOCHTENBHO O .

Takum 00pa3oM, HHTEPBAJIbHBIC OIICHKW MaTEeMaTHYECKOTO OKHIaHUS HOPMaJlb-

HOI'O pacIpenecIICHHUS:
— IIpM U3BECTHOM reHepaIbHOM qucnepeun D = o7

X —£<a<f +£ (3.1)
8 4 \/;, .

Jn

IJie YUCIIO X, OTpeenseTcs u3 paBeHcTa P(x,) = y/ 2, T. e. mo Tabaume QyHKIHH
Jlamnaca HaXOAT 3HaYCHHE apryMEHTa X,, KOTOPOMY COOTBETCTBYET 3HaUeHUE (PYyHK-
nuu Jlamnaca vy / 2;

— IIPA HEU3BECTHOM T'€HEPaJIbHON NUCIIEPCUU

o 1D, o iy,
X, NP , X, + NP (3.2)

500041

X _(y,m)S X +¢(Ya”)S

6 \/; o 8 \/; ’

TJie 3HaUYeHUe yucia 7(y,n) ONpeesaeTcs 1Mo TabIuIe KpUTHIECKUX TOUEK pacipeerie-

(3.3)

HUst CThIOZIGHTA [IPU YPOBHE BEPOSATHOCTHU 0. = 1 —y U ymcie cTeneHei cBooos! 7 — 1.
MHTepBasibHAsA OLIEHKA IUCIIEPCUU HOPMAIBHOTO PaCIpEeAcIICHUS

D D
P e, D (3.4)
an,y Xﬂee,y
1507051
nz_lSZ, n2_1 S2 , (3.5)
an,y Xr}te@,y

2
nee,y

¥ IPY YUCIIe CTEneHel cBo0oabl 7 — 1 1 ypoBHsx BepostHocTH (1 +7v) /21 (1 —7y) /2
COOTBETCTBEHHO.

2
rAc 3HAYCHUA Y an y HaxoaiaTcCs I10 Ta6HI/IHC KPUTHYICCKUX TOUCK paCIIpPCACICHHA
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HuTepBanbHas OlleHKa BEPOSITHOCTUA COOBITHUS
P(pﬂee,y<p<pnp,y):'}/' (36)
[Tpu 60BIIOM YHCIIE UCTIBITAHUN
pﬂee,y = pl 5 (37)

pnp,y :p29 (38)
prp —x\pA-p)/n; (3.9)
poep +xp'U-p")/n. (3.10)

[Ipu Manom 4yucie UCIBITAHUN — KOPHU YPaBHEHUN

m—1 . . 1+
DD, =P " = Ty; (3.11)
x=0

N X X n—x 1_

Zocnpnp,Y(l_pnp,y) :TY (312)

3aganus

1 Bribopka u3 Oonblod nmaptuu snektpoiami cogepxxkut 100 mamn. Cpegnsis
IPOJIOJDKUTEIHFHOCTh TOPEHUS JIaMIbl BBIOOPKHM Oka3zanach paBHou 1 000 u. Haittu
¢ HanexHOCThIO 0,95 moBepUTENBHBIN MHTEPBAN U1l CPEAHEH MPOJOJKUTEIBHOCTH
TOpPEHUS JIaMIIbI BCEH TApTHH, €CJIM U3BECTHO, YTO CPEIHEE KBAIPATUYECKOE OTKIIOHE-
HUE IIPOJOKUTENBHOCTH TopeHus Takou jmamisl — 40 4. [Ipeanonaraercs, yTo npo-
JOJDKUTENBHOCTD TOPEHHUS JIaMII paclpeieiieHa HOPMaJIbHO.

2 OIHUM U TE€M K€ MPUOOPOM CO CPETHUM KBAJIPATHYECKUM OTKIOHEHHEM CIIy-
YJaiHbIX OMIMOOK u3MepeHnui 40 M IPOU3BEIEHO IATh PABHOTOUHBIX U3MEPEHUN pac-
CTOSIHMSI OT Opyausi A0 uenu. HallTu noBepuTENbHBIM HHTEPBAT AJII OUEHKH HCTHH-
HOT'O PacCTOSIHUA 10 LN ¢ HaaexHOCThio 0,9, 3Hast cpeHee pe3ysbTaToB U3MeEpe-
Huii — 2 000 m.

3 Ilo BeIOOpke 00beMOM 1 = 20 U3 HOPMAIBHO PACIPEAEICHHON TeHEepalbHON
COBOKYITHOCTH BBIYMCIICHO 3HaU€HUE IucIiepcuu BbIOOpkH, paBHOe 1,5. Onpenenutsb
MHTEPBAIBHYIO OLEHKY JUIsl TEHEPAIbHOU TUCIIEPCUH C HaIe)KHOCTBIO 0,96.

4 13 reHepalbHOW COBOKYINHOCTH HOPMAJIBHO pAaCHpEAEIICHHOIO IpHU3HAaKa
u3BJIeYeHa BbIOOpKa 00beMoM 1 = 50:
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2;-8;-4:1;-9;-5;2;7;-15; -4;
-3;-5;-2;-10; -1; -7; 2; 3; -8; -6;
4; -1; 6; -6; -10; -4; -2; -2; 9; -13;
2;-1;8;0; -6; -6; -4; -2; 0; -13;
0;1;-3;2;2;-9; -1;-3; 1; 2.

ITocTpoUTh CTATUCTUYECKUN P U ISl TIOJIyYEHHOTO pacpeacICHUS:

a) HalTH BBIOOPOUYHOE CpeiHEE, BBIOOPOUHYIO U UCIIPABICHHYIO JUCIIEPCUU;

0) HOCTPOUThH JIOBEPUTEIbHBIN HMHTEPBAN JI CPEJHEr0 3HAUEHUS C Halexk-
HocThIO 0,95;

B) IOCTPOMUTH JIOBEPUTENBHBIA HHTEPBAJ JJIs CPEAHETO KBAIPATUYECKOr0 OTKIIO-
HEHHS ¢ Hajae)KHOCTHIO 0,9.

Ilopaooxk evinonnenus padomot

1 BolyncnuTh AOBEPUTENbHBIE MHTEPBAIBI MO COOTBETCTBYIOUINM (POpMYyJiaM.
Jlnis omnpeneneHusl 3HAUEHUN KPUTUYECKUX TOUYEK BOCIOIH30BATHCS BCTPOCHHBIMU
¢ynkuuamu HOPM.CT.OBP, CTBIOJAEHT.OBP.2X unu X12.0BP / XN2.0BP.IIX.

2 BplYHCIUTh JOBEPUTENbHBIE MHTEPBAJIbl C MOMOIIBIO BCTPOSHHBIX (YHKITUH
JOBEPUT.HOPM, JOBEPUT.CTBIOJAEHT.

3 Ilpwu BbINONHEHUH 3aJlaHus 4 UCTIOIB30BaTh 3HAHMS, TIOJYYEHHbIE HA J1abopa-
TOpHOM paboTe Ne 1.

Konmponwvnsie 6onpocut

1 Yto Ha3pIBaeTCs OBEPUTEIBHBIM HHTEPBAIIOM W JIOBEPUTEIBHOU BEPOSIT-
HOCTBIO?

2 JlaiiTe oOLIyt0 CXEMY MTOCTPOEHUS JOBEPUTEIBHOIO HHTEPBAIA.

3 Kak um3MeHsieTcsi AOBEpUTEIbHBI MHTEPBAJ C YBEIMYEHUEM HAJEKHOCTH?
Kak on u3Mensiercs ¢ yBeanueHueM o0bema BhIOOpKU?

4 Kak n3meHsieTcsi J0BEpUTEIbHBIM HHTEPBAI B 3aBUCUMOCTH OT TOTO, U3BECTHBI
JM IpyTHe napamMeTpbl TOYHO WA HET?

4 IIpoBepka rumores 0 CpeIHUX 3HAYCHUAX

lle./lb paﬁombt: OBJIAACTH HABBIKAMH IIPOBCPKHU I'MITIOTE3 O CPCAHUX 3HAUYCHHUAX.
3aoauu pabomut:

— HU3YYUTb MCTOJHUKY IIPOBCPKHU THIIOTC3 O CPCAHUX 3HAUYCHUAX

— M3Y4HTh BCTpOeHHBbIE Bo3MOxHOCTH MS Excel mo npoBepke rumnores o cpen-
HUX 3HAYCHUSX.
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Kpamxue meopemuueckue ceedenus

CraTucTryecKkoi Ha3bIBAIOT FUIIOTE3Y O BUJE HEM3BECTHOIO PACIPEIEICHUS WIH
0 mapameTpax U3BECTHOT'O PACIIPENEIICHMUS.

HyneBoit (0CHOBHOI) Ha3bIBAIOT BBIIBUHYTYIO TUNIOTE3Y Ho.

Konkypupyroueii (anbTepHaTUBHOW) Ha3bIBAIOT TUNIOTE3Y /1, KOTOpask NpOTUBO-
PEUYUT HYJIEBOMU.

[IpocToli Ha3bIBAIOT TUIIOTE3Y, COAEPIKALLYIO TOJIBKO OJHO MPEANOJIOKEHUE.

CnoxHOM Ha3bIBAIOT TUIIOTE3Y, KOTOPAsi COCTOUT M3 KOHEYHOTO WM OECKOHEeY-
HOI'0 YKCJIA IIPOCTBIX TUIIOTES.

B urore npoBepku runoTe3sl MOTyT ObITh TOMYLIEHBI OIIMOKHU JABYX POJIOB.

OmnbKa nepBoro poaa COCTOUT B TOM, 4TO Oy/IeT OTBEPrHYyTa IIpaBUIIbHAS HYJIe-
Bas runore3a. BeposTHOCTh OMIMOKHM NEPBOrO pojia Ha3bIBAIOT YPOBHEM 3HAYUMOCTHU
1 0003HAYAIOT YEepe3 0.

Omunbka BTOPOro pojia COCTOUT B TOM, YTO Oy/IeT IPUHATA HEMPaBHIbHAS HYJIe-
Basi runore3a. BeposTHOCTb OIMOKKU BTOPOro poAa 0o003HavaroT yepes f.

CraTucTUYeCKUM KpUTEpPUEM (WJIM MPOCTO KPUTEPHEM) HA3BIBAIOT CIy4YalHYIO
BENIMYMHY K, KOTOpas CIIyKUT Il POBEPKHU TUIIOTE3bL. J[J11 IPOBEPKU TUIIOTE3BI 11O
JAHHBIM BBIOOPOK BBIYMCIIAIOT YACTHOE HAOJI0/IaeMOe WIIM AMIIMPUYECKOE 3HAUCHHE
kputepus Kiaen.

MHO0ecTBO BCeX BO3MOXHBIX 3HaUEHUN KpUTEPHs pa30UBAIOT Ha JiBa Hemepece-
KAIOLIMXCS [IOJMHOXKECTBA: OJTHO U3 HUX COAEPIKUT 3HAUECHUSI KPUTEPUsL, IIPU KOTOPBIX
HYJIeBasi TUTIOTE3a OTBEPraeTcs, — KpuTudeckas o0JacTh, a APyroe — Mpu KOTOPHIX OHA
OPUHUMAETCS — 00JIaCTh MPUHSITHUS TUIIOTE3bl. TOUYKU, OTEISAIONINE OAHY 00JacTh OT
JpyToH, Ha3bIBAIOT KPUTHUECKUMHU TOUKAMHU kip. | MIIOTE3a IPUHUMAETCS, €CJIM HaOJIIo-
JaeMoe 3Ha4eHHE KPUTEpUs OKa3bIBACTCs B 00JACTH NMPUHATHS runote3bl. [lockonbKy
K — omHOMEpHas ciyuyaiiHasi BEJIMYUHA, TO 3TO yCcIoBHE (POpMyTUpyeTCs B BUJIE Hepa-
BEHCTBA, HaNIpuMep Kuar < kip.

lIposepxa eunomeswl 0 YUCIOBOM 3HAUEHUU MAMEMAMUUECKO20 OHCUOAHUS
npu U38eCmMHOU OUCNEPCUL.

[IpoBepsiemas Tunores3a 3a1acTcs B BUIE

Hoiazao, (41)
4 KOHKYpHUpYyIolad
Hl .'Cl—‘/fao, (42)

B kauectBe KpUTCPHUA UCITIOJIB3YCTCA BEIIMIYHNHA

K:XS_aO

o/\In "’

(4.3)
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3HAYEHHE KOTOPOU SIBISAETCS CIy4YalHOM BEJIIMYMHOM M MOJYMHSETCS HOPMaJIbHOMY
pactpenenenuto N(0,1).

lIposepxa eunomesvl 0 YUCIOBOM 3HAUEHUU MAMEMAMUUECKO20 OHCUOAHUS
npu Heuz8eCmHoU OUCNEPCUl.

B sTOM cityyae 3a OCHOBY NMPOBEPKHU TMIIOTE3HI MMOJIOKEH KPUTEPU

X,—a

K="t—0 4.4
S/ (44
OTOT KpUTEPUI UMEET ¢-pacipeie]ICHUE C YUCIOM CTeNeHel cBoOOabl k=n — 1.
IIposepka eunomesvl o pagencmee mamemamudeckux odxcuoanuii (06 00Ho-

POOHOCMU MAMEMAMUYECKUX OHCUOAHULL) CLYYAUHBIX GEIUYUH, COOMBEMCME) -

IOUUX 08YM 8bLOOPKAM.
[IpoBepsiemMasi TUIIOTE3a 3a1a€TCSI B BHIIC

Hytpy =q,, (4.5)
a KOHKYPHpYIOIIas
Hytpy # 1, (4.6)
B o0mem ciydae runoresa o paBeHCTBE MATEMATHYECKUX OXKHJIaHUH HMEET BUJL
Hyipy=py, =-=H,, (4.7)
MPpH KOHKYPUPYIOIIEeH
Hyp, #y, . (4.8)

Jlnst mpoBepku TUNOTE3bl Ho MOXET MCIOJb30BaThCS LENBIM Psifi KPUTEPHUEB.
YcnoBueM TpUMEHEHUs MapaMeTPUUYECKUX KPUTEPHEB SBISACTCS TPHUHAICKHOCTD
HaOII0IeHNI HOpMalTbHOMY 3akoHy. K HUM, Hampumep, OTHOCSITCS: KPUTEPHA CpaB-
HEHUS IBYX BEIOOPOYHBIX CPETHUX TP U3BECTHBIX AUCTICPCUSIX; CPABHEHUS JIBYX BbI-
OOpOYHBIX CPEIHHMX MPH HEW3BECTHBIX, HO pPaBHBIX Aucmnepcusix (kpurepuid CTbio-
JICHTA); CPaBHEHUs JIBYX BBIOOPOUYHBIX CPEIHUX MPH HEM3BECTHHIX U HEPABHBIX JHC-
nepcusix (mpodiema bepenca — @urepa).

[Ipumenenue KpuTepusi CpaBHEHUS ABYX BHIOOPOYHBIX CPEIHUX MPU HEU3BECT-
HBIX, HO PABHBIX JIUCIIEPCUSX MPETyCMATPUBACT BBIYUCICHUE CTATUCTHKHY f:



t = _ , (4.9)

r1e n; — 00beM I-i BBIOOPKH.

0,=>(x,-xF; (4.10)
j=l1

1

X, =—) X;. (4.11)
N j=i

B ciyuae npuHasie;KHOCTH BBIOOPOK HOPMAJIbHOMY 3aKOHY 3Ta CTaTUCTHKA MO/I-
quHseTcs pacnpeneneHnio CThIOAEHTa C YUCIOM CTeTeHel CBOOOIs V =1, +n, —2.

3ananus

1 W3 HOpManbHOU T'€HEPAIBHOM COBOKYITHOCTH C U3BECTHBIM CPEIHHMM KBaJpa-
TUYECKUM OTKJIOHEHHEM G = 40 u3BlieueHa BbIOOpKa 00BeMOM n = 64 U MO Hel
HaliieHa BBIOOpOYHAs cpedHss X, = 136,5. TpeOyercs mnpu ypoBHE 3HAYH-
Moctu 20 = 0,05 npoBeputs HyneByto runore3y Ho: a = ap = 130 npu KOHKYypHUpYIO-
men rumnorese Hi: a # 130.

2 B 1ByX COBOKYITHOCTSIX MPOBEIEHBI U3MEPEHUS OJJHOM U TOM ke (PU3HUeCcKoi
XapaKTEpUCTHKH. B mepBoil nmosryueHsl cieayromue pesyabTatel: 9,6, 10,0, 9,8, 10,2,
10,6, 10,0; Bo BTOPOI: 10,4, 9,7, 10,0, 10,3, 9,9, 10,0, 10,1, 9,9. MOXHO 11 CUUTATh,
Y10 00€ COBOKYIHOCTH HE OTJIMYAIOTCS MO JTAHHOW XapaKTEPUCTUKE, €CIU MPUHSTH
ypoBeHb 3HaunMmocTH 20 = 0,017 Ilpenmonaraercsi, 4To BBHIOOPKU HE3aBUCHUMBI U
UMEIOT PaBHBIE JUCIIEPCHUU.

IHopaook evinonenus padomaot

1 TIpoBecTn mpoOBEpPKYy TUIIOTE3, PACCUMTAB 3HAYEHUS CTATHCTUYECKHX KpUTE-
pueB 1o ¢popmMyam.

2 TlpoBecTu MPOBEPKY TUIOTE3 C MOMOIIIBIO BcTpoeHHOM Pynkiun Z. TEST (3a-
naHve 1) 1 UHCTPYMEHTOM JIBYXBBIBOPOYHBIN T-TECT C OJJMHAKOBBIMU
JUCIIEPCUAMMU nanctpoiiku AHAJIN3 JJTAHHBIX (3ananue 2).

Konumponwvnwvie éonpocol
1 OcCHOBHBIE TOHATHUSI CTATUCTUYECKOW MPOBEPKHU THUIIOTES.

2 JTanbl CTaTUCTUYECKOM IMPOBCPKHU I'MIIOTC3.
3 HpOBCpKa TUIIOTC3bI O YHUCJIIOBOM 3HAYUCHHUHM MATCMATHYCCKOI'O OXHUIAaHHI
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IIPY U3BECTHOU JTUCIIEPCUH.

4 IlIpoBepka runoTe3bl O YUCIOBOM 3HAYEHWH MAaTEMAaTUYECKOrO OKUIAHUS TTPU
HEHU3BECTHOW IMCIIEPCHU.

5 IIpoBepka runoTe3sl O pAaBEHCTBE MATEMATUUYECKUX 0KUIAHUM CIIy4alHbIX Be-
JIUYUH, COOTBETCTBYIOIINX JIBYM BBIOOpKaM.

5 IIpoBepka rumores 0 JUCHEPCHH/BapUALINH
Ilens pabomer: oBNIaIeTh HABBIKAMU ITPOBEPKU TUIIOTE3 O TUCTIEPCUN/BapUALIIH.

3aoauu pabomot:

— M3YYHUTh METOJUKY MIPOBEPKHU TUIIOTE3 O AUCTIEPCUN/BapHUALIHH;

— W3YYHUTh BCTPOEHHBbIE BO3MOXHOCTH MS Excel mo mpoBepke runore3 o nuc-
nepCcuu/BapuaIuu.

I(pamkue meopemuuecKkue cée0eHUsA

ITonmaraem, 4yto X fABJISIeTCS CIyYalHOW BEJIMYUHOM, UMEKOLIEH HOPMAJIBbHOE
pacrpejieieHye, MPUYEM YKCIOBOE 3HAUYEHUE JUCIIEPCUN G > HEU3BECTHO. BhIGOpOU-

Hast ouenka S° =Y (X,-X,)’/(n—1) naer npuOGIMKEHHOE NPEJCTABICHAE O G °.
i=l

Hcnonb3ys 3Ty OLIEHKY, IIPOBEPSAETCS THUIIOTE3a
L2 2
H,:0" =0y, (5.1)

2
re G, — 3apaHee 3aaHHOE YUCIIO.
B xauecTBe KpuTepus UCNOJIB3yETCs CllydyalHasi BEJIMYUHA!

_(n=Ds’

2
cSO

K (5.2)

2
HpI/I BBITIOJTHCHUU THUIIOTC3bI 3Ta BCIIMYWHA IMOJYUHACTCA 7 -PaCHpPCACIICHUIO

C YUCJIOM CTENEHU cBOOOALI kK =n — 1.
[TpoBepsiemast TUITOTE3a O TIOCTOSTHCTBE IUCIIEPCUU M BEIOOPOK MMEET BHUJT

R S B
H,:c,=0,=-=0,, (5.3)
a KOHKypHpYyIolas ¢ Hell runoresa

H :c #0,, (5.4)

b b
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I7IC HEPABEHCTBO BBINOJHACTCS, 110 KpaHEW Mepe, U1 OAHOU Iapbl UHIEKCOB i1, i2.
JIns MpoBEpKH TaKOro BUIA TMIIOTE3 PUMEHsIETCs Kputepuil baptiierra.
Cratuctuka kputepus bapTierra BbBIYMCHSETCS B COOTBETCTBUH  C

COOTHOIIIEHUEM

-1

=M —| Y ——— |, (5.5)

rae v, — 4YHucio CTeICHEeH CBO60I[BI; V, =n;, €ClIn MaTeMaTUYCCKOC OXUAaHUC

1

M3BECTHO, U V,; = 1, — 1, ecn HEU3BECTHO;
n, — 00bEMBI BBIOOPOK.

N=>v; (5.6)
M =Nln jlvzm:visf —ivi InS?, (5.7)
i=l i=1

2 .
rae S, — OLIEHKU BEIOOPOUYHBIX AUCIIEPCUIL.
[Ipu HEM3BECTHOM MAaTEMATHUYECKOM OKHIAHUM OLICHKHU

st= LY, ) (538)
i Jj=1
o 1 &
Xi=—) X _; .
. ; p (5.9)
v, =n —1. (5.10)

Ecmu runore3a Ho BepHa, Bce v, >3 U BBIOOPKU H3BIEKAIOTCS U3 HOPMAaJlb-
HOM TeHEepalbHOM COBOKYIHOCTH, TO CTaTUCTUKA MPUOJIMKEHHO MOAYUHS-
2
eTcsy ,,_; -PaCIpeEICHUIO.

3aganus

1 13 HOpManbHON TeHepalbHOM COBOKYIHOCTHM M3BJ€Y€HAa BBIOOpKA
00beMoM n = 21 ¥ 110 Hell HalieHa ucnpaBiieHHas BRIOOpoYHas aucnepeus s° = 16,2.
Tpebyercsa npu yposae 3Hauumoctu 20 = 0,01 mpoBeputs HyJeByto runoresy Ho:

G = 6(2) =15, NpuHSB B KaueCTBE KOHKYpHUpYIOeil runotessl Hi: 6° #15.

2 Tlo nByM HE3aBUCUMBIM BBIOOpKaM, 00beMbI KOTOPHIX 7 = 14 u m = 10, u3Bine-
YEHHBIM U3 HOPMAaJbHBIX T€HEPAJbHBIX COBOKYMHOCTEH & WM 1|, HaWIEHBI HCIpaB-
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JICHHBIE BBIOOPOYHBIC THUCTICPCUHU Sé =0,84 u sﬁ =2,52. Ilpu ypoBHE 3HAYUMOC-

™ 20 = 0,1 mpoBeputh HyneByro runoresy Ho: D: = Dy 0 paBEHCTBE I'€HEPATbHBIX
JIUCIIEPCUN IIPU KOHKYpUpYyrouen runorese Hi: De # Dy,

Iopaook evinonenus padomaot

1 IIpoBecTu mpoBepKy TMIIOTE3, PACCUNUTAB 3HAUECHUS CTATUCTUUYECKUX KPHUTE-
pueB 1o popmyam.

2 B 3amanuum 2 mpoBECTH MPOBEPKY TUIIOTE3 C MOMOIIBI0 BCTPOSCHHOU (yHK-
i F.TEST u nnctpymenrom JIBYXBBIBOPOUHBIN F-TECT JIJ1S1 IMCITEPCUN
Hajcrporiku AHAJIN3 JTAHHBIX.

KOHmpo./'leble e8onpocol

1 HpOBCpKa TUIIOTC3 O YUCJIOBOM 3HAYCHUU JUCIICPCHH.
2 HpOBepKa TUIIOTEC3 O IMOCTOAHCTBE JUCIICPCUN HCCKOJIBKUX BI)I60pOK.

6 IlpoBepka rumnore3 0 BePpOSITHOCTH

Ilenv pabomur: 0BNaAeTh HABBIKAMU IPOBEPKH T'MIIOTE3 O BEPOSITHOCTH.
3aoaua padompl: U3y4UTh METOJUKY TPOBEPKHU TUIIOTE3 O BEPOSATHOCTH.
Kpamxue meopemuueckue ceedenus

[Ipeamnonoxum, 4To A — ciiy4aitHOe€ COOBITHE, BEPOSITHOCTD p MOSBICHUS KOTO-
pOro B €AMHUYHOM UCIIBITAHUU HEM3BECTHA. BhIIBUHEM THIIOTE3Y

Hy: p=p 6.1)

0 TOM, YTO BEPOSITHOCTb p paBHA YUCIY Po.
AnbpTepHaTUBHAS TUIIOTE3a UMEET BUJ

Hltp;ﬁpo. (62)

B OCHOBC HpOBepKI/I THUITIOTE3bI JOJIKHO JICKATh CpaBHeHHe quciia Po C HpH6HH—

KCHHbIMU 3HAYCHUSIMHA BepO}ITHOCTI/I J 22 HaﬁﬂeHHBIM I10 OIIBITHBIM AAHHBIM. XOpOHII/IM
HpI/I6JII/I)KeHI/IeM Kp ABIISICTCA OTHOCUTCJIBHAA 4aCTOTa

w=m/n, (6.3)

/1€ 71 — YUCJIO HE3aBUCUMBIX UCIIBITAHUM, MPOBOAMMBIX B OJIMHAKOBBIX YCIOBUSIX;
M — YUCJIO UCTIBITAHUM (U3 1 IPUBENICHHBIX ), B KOTOPBIX MPOU3O0ILIO COOBITHE A.



23

[Tockonmbky A — ciiydaiiHO€ COOBITHE, TO YMCIIO M — CllydaiiHas BeIMYHHA.
[TosTomMy paccMoTpuM JBa Citydas.

Cuay4daii 00J1bIOT0 YK CJIA HAOIIOAeHU .

[Ipu GosbilIOM 1 pactpeielICHUE BETUYUHBI

o"p (6.4)

K=
Jp(l=p)/n

MOKHO annpOKCUMHUPOBATh HOPMAJIbHBIM pactipeesieHueM. Ecnu HyneBas rumnoresa
CIpaBeIMBa, TO pACIpPEIEICHUE KpUTEPUs

- p,
K_= (6.5)
* o Jpy(l=py)/n

MOKHO almpOKCUMHUPOBATH HOPMAJIbHBIM PACIIPEICIICHUEM.

Ciydaid MaJ10r0 YK cJIa HA0JII0eHU .

[Ipn manom uyuciae HaAOMIOACHUN MOIYIIEHHE O HOPMAJIbHOM paclpeelICHUH
KpUTEpHS HECTIPABEIMBO. B 3TOM citydae nmpoBepka TUIIOTE3bI MMPOBOJAUTCS CIEAYIO-
M 00pa3oM.

[lonaras y=1-—owu 3Hasg n, m, ONPEACIAIOTCS TAOJWYHBIC 3HAYCHUA pi1, P2.
Ecimu po <p1 wim po > p2, TO npuHUMaeM Tunoresy H,:p # p,; ecid p, < p, < p,,

TO Tunoresa H,: p=p,.

3aganus

1 IlapTus npuHUMAETCs, €CIM BEPOITHOCTH TOTO, YTO U3ENNe OKaKeTcsl Opako-
BaHHBIM, He npesbimaet po = 0,02. Cpenu ciayyaiiHo otoOpaHHbIX 7 = 1 000 nertaneit
okazanace m = 40 OpakoBaHHBIX. MOXXHO 7u TIpu ypoBHe 3Haummoctu o = 0,01
OPUHATH NapTHIO?

2 B n =5 onbiTax cobwiTHE A Tipon3onuio m = 4 paza. M0>XHO J1u IPUHSTH BEPO-
ATHOCTB p paBHOM 0,2 npu ypoBHE 3HauuMocTu o = (0,025?

Ilopaooxk évinonnenus padbomot

1 IIpoBecTu mpoBepKy TMIIOTE3, PACCUMTAB 3HAUEHUS CTATUCTUUYECKUX KPHUTE-
pueB 10 GopMyIaM.

2 JIyid NOody4YeHUs] KpUTHUECKUX 3HAUEHUN KPUTEPHUEB MCIOJIb30BaTh COOTBET-
CTBYIOILIME BCTpoeHHbIe pyHKIMU MS Excel.

Konmponvnsie sonpocut

1 IIpoBepka rumoTe3 0 BEpOSITHOCTH MPHU OOIBIIOM YKCIIE HAOIIOICHUH.
2 IIpoBepka rumore3 0 BEpOSTHOCTH MPU MAJIOM YHCIIE HAOTIOACHUA.
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7 HenapaMeTpnqecmle CTATUCTHYCCKUE TECThI

ue.flb paﬂombl: OBJIAZICTb HABBIKAMHU IIPOBCACHNA HCTIAPAMCTPHUICCKUX CTATUCTHU-
YCCKHUX TCCTOB.

3adaua padomot: U3y4UTh METOUKY MTPOBEACHUS HENAPAMETPUUECKUX CTATUCTH-
YECKUX TECTOB.

I(pamkue meopemuuecKkue cée0eHUsA

HemapameTtpuueckue KpuTepuu (TECTbl) TMO3BOJSIOT HCCIEI0BATH JIaHHBIC
0e3 Kakux-11M00 JONYIIEHUH O XapaKTepe paclpeneseHus nepeMeHHbiX. [lpu stom
00pabaThIBaIOTCS HE 3HAUCHUS IEPEMEHHBIX, a UX PaHTH WK YacToThl. Hemapamerpu-
YECKHE TECThl MOXHO MPUMEHATD MPU HATMYUU B JAHHBIX «BBIOPOCOB» U HEOJIHOPO/I-
HBIX JaHHBIX.

HenapameTrpuueckue KpUTEpUN UCTIONB3YIOTCA JJIS CIIETYIOUIUX TEPEMEHHBIX:

— 111 KOJMYECTBEHHBIX MEPEMEHHBIX, PACIPENCICHUE KOTOPHIX HE MOTUUHS-
€TCS HOPMaJIbHOMY 3aKOHY paclpe/IesICHHUS;

— 17151 IEPEMEHHBIX, U3BMEPEHHBIX B MOPSAIKOBOM IIKAJE;

— 7151 IEPEMEHHBIX, U3MEPEHHBIX B HOMUHAJILHOU IIKAJIE.

PaccmoTpum oJIMH 13 HEMapaMeTPUYECKUX aHAJIOTOB f-T€CTa, KOTOPBIM SIBIIIETCS
3HAKOBLILL PAH208bLU Mecm YUIKoKcoHa, B KOTOPOM BBIYHCIISICTCS PaHT BCeX a0COIIOT-
HBIX 3HAYEHUU UCXOHBIX JAHHBIX MO0 BO3PACTAHUIO, 3aTE€M PAHT YMHOXKAETCS Ha 3HAK
UCXOJHOr0 3HaueHus. [Ipu paBeHCTBE JIByX aOCOIIOTHBIX 3HAYCHUN WM MpHCBauBa-
€TCsl CPEAHUN PaHT.

B 3HakoBOM paHroBoM TecTe YHIKOKCOHA JeNIaeTCs TOJIbKO OJHO MPEANnoioxKe-
HUE O TOM, YTO pacTpeIeIeHHe JaHHBIX CHMMETPUYHO OTHOCUTENBHO Meuanbl. Eciu
B paMKax HYJIEBOW T'MIIOTE3bl CYUTATh MeIUaHy paBHOU 0, TO MpHU 3TOM MpeAroara-
€TCsl, YTO KOJMYECTBO MOJOKUTEIbHBIX PAHTOB PABHO KOJWYECTBY OTPHUIIATEIIbHBIX
paHros, a ux cymma pasHa 0.

['unoressr:

— HyJneBas Ho: MeuaHa pa3HUI NapHbIX JaHHbIX = (;

— aJbTepHAaTUBHAs H1: MeauaHa pa3HUI] TapHBIX JaHHBIX # (.

J171st BBIYMCIIEHHS] CTATUCTUKK YIOPSAIOYUBAIOT M + 1 3HAUEHUH 00beTMHEHHON
BBIOOPKHU, OTPEIEIISIIOT CYMMY PaHTOB R, COOTBETCTBYIOIIYIO AJIEMEHTaM MepBOM BbI-
OOpKH, U CyMMY PaHTOB BTOpPOUl Ry. BeruucisoTcs

1

R; (7.1)

n(n—-1)

U, =mn+ R,. (7.2)

Crarucruka KPpUTCPpHUA NMCECT BU
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U =min{U,,U, }. (7.3)

Jlnst moctaTo4HO OOJBIIMX BBIOOPOK (m + n > 60), xorma o0bEMbI BHIOOPOK
HE CIIMIIKOM MaJibl (7 = 8, n > 8), UCHOJIb3yEeTCsl CTATUCTUKA

-2
2

Z:\/mn(m+n+1)’

12

mn

(7.4)

KOTOpasi MpUOIMKEHHO pacnpeziesieHa B COOTBETCTBUH CO CTAHIAPTHBIM HOPMaJIbHBIM
3aKOHOM.

Emie onvH HemapaMeTpuiecKkuil TecT — kpumepuii 3Hakos. B HeM BooO11le UTHO-
PUPYIOTCS 3HAYEHUS JIAHHBIX, & YUYUTHIBAETCS TOJBKO KOJIUYECTBO MOJIOKHUTEIbHBIX U
OTpULIATEIbHBIX 3HaUeHUU. [Ipu 3TOM MpoBEpsieTCs] TOUHOCTh PABEHCTBA 3TUX ABYX
KOJIMYECTB.

['unoressr:

— HyseBass Ho: BEpOSATHOCTb OTPHUILATEIBHOIO 3HAYEHUs PABHA BEPOSTHOCTH
HOJIO)KUTEJIBHOTO 3HAYCHHS];

— aJbTEpHATHBHAs TIuNoTe3a /11: BEPOATHOCTb OTPHULATEIBHOIO 3HAYCHUS
HE paBHa BEPOATHOCTH MOJIO)KUTEIBHOIO 3HAYCHHS.

B kadecTBe CTaTUCTUKN KPUTEPHUS UCIOJIb3YETCS CTAHIaPTU30BaHHAS YacTOTa

H-1/2
Z="" =2 [n(H-1/2), 7.5
T, v ) (73)

KOTOpas NpPHU YCJIOBUM WCTUHHOCTH HYJIEBOM THMIOTE3bl MMEET HOPMAJIBHOE pac-
IpEJEICHHUE.

3aganus

1 Nwmeetcs 15 HaOnroaeHM, HA OCHOBAHUU KOTOPBIX HEOOXOIUMO OIMPEICTUTD,
JEMOHCTPUPYET JU JlaHHas BBIOOpPKAa yMeHbleHue mpoiueHTHoi monu: 0,05; 0,01;
-0,025; -0,002; 0,058; 0,0258; -0,23; 0,065; 0,01; 0,09; 0,01; 0,06; 0; -0,06; 0,1.

2 B rpynne paGoTHUKOB (1 = 15) ObLI MPOBEAECH TPEHUHT MO (OPMHUPOBAHUIO
CTPECCOYCTOMYMBOCTH (Tabnuia 7.1).

Tabnuna 7.1 — [Tokazarenu cTpeccoyCTONINBOCTH

Howmep paboTHmKa 1213 |4|5|6 7|89 ]|10]11[12|13|14]15
Jlo Bo3neiicTBus 121136 (13|14 (12|10 (17|14 |15|13|12|16| 14|12
[Tocne Bo3neiicTBUsS 16 | 18|17 (20| 151517 | 17|16 |16 | 14|10 23|20 11

Heo6xoammo o1ieHuTh JOCTOBEPHOCTH CIBUTa MCCIEAYEMOro MapameTpa.
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Iopaook evinonenus padomaot

1 Buectu ucxoansle nannsie Ha quct MS Excel.

2 IlpoBecTu NpPOBEPKY THMIIOTE3, PACCUUTAB 3HAYEHMS] CTATUCTHUYECKHX KpHUTE-
pueB no Gpopmysiam.

3 Jnsg nosydeHuss KpUTUYECKUX 3HAYEHUM KPUTEPUEB MCIIOIB30BaTh COOTBET-
cTBytoluMe BcTpoeHHble pyHkuuu MS Excel.

Konmponwvnwie éonpocut

1 OOGnacTh NpUMEHEHHS HEMapaMETPUUYECKUX TECTOB.
2 PaHroBbIil KpuTepuil Y MLIIKOKCOHA.
3 Kpurepuii 3HaKOB.

8 KoppeasiunoHHO-perpecCHOHHbIN AHAIN3
Ilens pabomewr: OBNAIETh HABBIKAMU KOPPEISIIIUOHHO-PETPECCUOHHOTO aHAIIN3A.

3aoauu pabomeot:

—  HM3YYUTh METOAUKY KOPPEIAIUOHHO-PETPECCUOHHOTO aHAIIN3a;

— H3y4YUTh BCTPOCHHBIE BO3MOXKHOCTH MS Excel mo nmpoBeneHnto Koppemnsiu-
OHHO-PETPECCUOHHOTO aHAJN3A.

Kpamkue meopemuueckue ceéedeHUs

OcHoBHas 3a/1a4a KOppensAYUOHHO20 AHAIU3A COCTOUT B BBISIBJICHUH CBA3U MEXKIY
CIIy4yallHBIMM MEPEMEHHBIMHU MTyTEM TOYEYHON W MHTEPBAJILHON OLEHKHU PA3TMYHBIX
(mapHBIX, MHOKECTBEHHBIX, YACTHBIX ) KOA(PDUITUEHTOB KOPPEIALIUHU.

JJi1 poBEepKU TUTIOTE3bI O HATMYUW JTUHEHMHON KOPPESIIMOHHON CBSI3U HAanOOJIb-
1ee pacnpocTpaHeHue nMeer koddduireHT auHelHon koppemnsaiuu (Ilupcona), rpen-
MOJIAraroii HOPMAJIbHBIN 3aKOH pacnpeaesieHus] HAOII0ICHHIA.

L —xy -0y D E-0@-y)
2y .0, nG.o, \/Z(x _)—C)z (y— ;)2

(8.1)

J{ns nByMEpHON HOPMAJIBHO PACIPENEIEHHOM CIIy4YallHOW BEIMYHUHBI XY IpH OT-
CYTCTBUM JIMHEWMHOW Kopperauuu Mexay X u Y kod3(p(ULHUEeHT KOppesslud paBeH
Hymo. [loaTomy mpoiieaypa npoBEepKH 3aKI0UaeTCs B BLIOOPOUHOM o1ieHKe KOdhPu-
LMEHTAa KOPPEIALUU U OLICHKE 3HAYMMOCTH €0 OTINYUS OT HYJIS.

Koadppunuent xoppensunu — napaMeTp, XapakKTepU3yOLIUM CTENEHb TMHEUHON
B3aUMOCBSI3M MeXAy AByMs BblOOpkamu. KoadduumeHT xoppensaunu u3MeHseTcs
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ot -1 (cTporas oOpatHast IMHEWHAsI 3aBUCUMOCTh) 110 1 (cTporas mpsimasi MponopIro-
HaJlbHas 3aBUCUMOCTb). IIpu 3HaueHum 0 JNUMHENHHON 3aBHCUMOCTH MEXIY JBYMS
BbIOOpKAMH HET.

Ha npaktuke ko3¢ QULIMEHT KOppeTslny NPUHUMAET HEKOTOPbIE MTPOMEKYTOU-
Hble 3HaueHus1 Mexy 1 u -1. J{71s1 OoeHKH CTeneHu B3auMOCBSA3U MOKHO PYKOBOJCTBO-
BaTbCs CIEAYIONIEN KiacCU(pUKAIMEdl KOPPEISUMOHHBIX CBA3€H MO a0CONIOTHOM
BEJIUYMHE KO3(P(PULUEHTA KOPPEIALIUN:

— OYEHb CWJIbHAsA, MPAKTUYECKU JIMHEHHAs 3aBUCUMOCTh MEXIY MapaMeTpaMu
npu r > 0,95;

— cuibHag (TecHas) mpu koddduimente koppensiuuu » > 0,7,

— cpennss nipu 0,50 <r < 0,69;

— ymepenHas nipu 0,30 <r <0,49;

— cnabas mpu 0,20 <r <0,29;

— o4eHb cnabas mpu r < 0,19. B aTux ciaydasx oObIYHO CUYUTAIOT, YTO JTUHEUHYIO
B3aMMOCBS3b MEX/ly IapAMETPAMHU BBISIBUTh HE YJAJIOCh.

BoruricnuB BbIOOPOYHBIH KOI(PPUIUEHT KOPPETSAUU, HEOOXOAUMO OLEHUTh
€ro CTAaTUCTHYECKYI0 3HAYMUMOCTh. [l TOro 4TOOBI MOHSATH, HACKOJIBKO 3HAYUMO
OTJIMYUE BBIOOPOYHOro Ko3(duuuenta koppemsuuu ot 0, CTpOST AOBEPUTEIbHBIN
uHTepBan (r—to,;r+tc,). Cpennss ommnoOka KodpduiueHTa KOppeasiuuu BIUUCIIs-

eTcst mo popmyiie

(8.2)

Ecnu 0 He nmonajgaeT B 10BEpUTEIbHBIN UHTEPBAI, TO KOAGMOUIIMEHT KOPPEISILINU
CTaTUCTUYECKU 3HAUUM.

Peepeccuonnwiii ananuz yctaHaBauBaeT GOpMbl 3aBUCUMOCTH MEXKY CITy4alHON
BEJTMYMHON Y (3aBUCUMOM) ¥ 3HAUCHUSMH OJHOU MJIM HECKOJIbKUX IEPEMEHHBIX BEJH-
YuH (HE3aBUCHUMBIX), IPUYEM 3HAYCHHS MOCIEAHUX CUUTAIOTCA TOYHO 3aJlaHHBIMHU.
Takass 3aBUCHUMOCTb OOBIYHO OIPEACNACTCS HEKOTOPOM MaTeMaTHYECKON MOJIEbIO
(YpaBHEHUEM PETPECCUH), COAEPKAIIEH HECKOJIBKO HEU3BECTHBIX TapaMeTpoB. B xone
PErPEeCCUOHHOTO aHAIN3a HA OCHOBAHUH BHIOOPOUYHBIX JAHHBIX HAXOMAT OIEHKH 3THX
apaMeTpOB, ONPEICISIOTCS CTATHCTHYECKUE OMMOKHA OIEHOK WM TPAHUIIBI IOBEPH-
TEJbHBIX UHTEPBAJIOB U MPOBEPSETCA COOTBETCTBUE (aJIEKBATHOCTh) MIPUHATON MaTe-
MAaTHYECKON MOJEIN IKCIIEPUMEHTAIBHBIM JAHHBIM.

B nuneunom pecpeccuonnom amanuze cBA3b MEXAY CIyYalHBIMH BEJIMYMHAMH
IIPEANOJIAraeTCs JMHEUHOW. B caMoM pocToM cityyae B TapHOM JIMHEWHOW perpeccu-
OHHOM MoJiesIi UMEIOTCA JIBe nepemenHbie: X u Y. U tpebyercs no n napam HaOr0/1e-
Huit (X1, 1), (X2, 12), ..., (Xu, Yn) mocTpouts (110/100path) NpsIMyro JIMHHIO, Ha3bIBae-
MYIO JIMHUEH PEerpeccuu, KoTopas «HawIydlIuM oOpa3omM» MpHUOIuxKaeT HaOmrogae-
MbI€ 3HaUCHUA. Y paBHEHHUE dTOU JIMHUH Y = ax + b ABISIETCS pErpeCCUOHHBIM ypaBHe-
HueM. C TOMOIIBIO0 PErPECCUOHHOTO YPABHEHUSI MOKHO IIPEACKA3aTh 0KUIAEMOE 3Ha-
YEHHE 3aBUCHUMOM BEJIIMYUHBI ), COOTBETCTBYIOLIEE 3aJaHHOMY 3HAYCHUIO HE3ABUCHU-
MOM IIEPEMEHHOU X.
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B ciyuae, korna paccmarpuBaeTcsi 3aBUCUMOCTb MEXKLY OJHOM 3aBUCUMOM IIEepe-
MEHHOU Y ¥ HECKOJIbKUMHU HE3aBUCUMBIMU X1, X2, ..., Xiu, TOBOPAT O MHOMCECMBEHHOU
JIUHEUHOU pecpeccuu.

Torna perpecCuOHHOE YpaBHEHHE UMEET BU/L

y=ao+ aixi +ax t+...+ anxm, (8.3)

r7e ao, i, az, ..., Am — TpeOyIOIMUe onpeneneHus KodOPUITUEHTHI PETPECCUHN.

KoaduimenTsl ypaBHEHUsT perpeccuu ONpeNesstoTcsl NPy MOMOIIM METOoAa
HAaUMEHBIIUX KBAJpaToOB, JOOMBasIChb MHUHMMAJIbHO BO3MOXHOW CyMMBI KBaJpaToOB
PACX0KIEHUN PEANbHBIX 3HAYEHUIN MTEPEMEHHON Y M BBIYMCIIEHHBIX [0 PETPECCUOH-
HOMY YPaBHEHHUIO.

CymHOCTh JAHHOTO METO/Ia 3aKJII0YAeTCsl B HaXO0XKJICHUU MapaMeTpOB MOJENH,
IpU KOTOPBIX CyMMa KBaJpaToOB OTKJIOHEHHHN 3MOUpHUYECKHUX ((haKTUUECKUX) 3HAYE-
HUM pe3yJIbTUPYIOUIEr0 NPHU3HAKA OT TEOPETUUECKUX, MOTYUYEHHBIX 110 BRIOPAHHOMY
YPaBHEHUIO PErPECCUU, TO €CTh

5= (5 =») =207 —a, - ax)? - min, (8.4)
i=1 i

rje y/ — 3Ha4eHUe, BBIYMCICHHOE 110 YPAaBHEHUIO PErPECCUM;
yl 5
( vl - yl.) — OTKJIOHEHHE € (0mMOKa, OCTaTOK);

1 — KOJIMYECTBO TIap MCXOTHBIX TaHHBIX.
Mepoii 3¢ (PEeKTUBHOCTH pErpeCCUOHHON MOJIEH ABJsAEeTCS KO PUIIMEHT nerep-
MUHAIA R

2
R? == . (8.5)
2

Koaddurment nerepmunaniiy MoxeT IpuHUMAaTh 3HaueHust Mmexay 0 u 1 ompene-
JISIET, C KAKOW CTETEHbI0 TOYHOCTH MOJyYEHHOE PETPECCUOHHOE YPABHEHUE OMMUCHIBAET
(anmpokCcUMUPYET) UCXOAHBIE AaHHbIE. MccremyeTcs Takke 3HaYMMOCTb PETPECCUOHHOMN
MOJIENIA ¢ TIOMOIIIbI0 F-kputepus (Puriepa) U JOCTOBEPHOCTh OTIAMYUS KOI(PHImeH-
TOB do, A1, A2, ..., Am OT HYJISI IPOBEPAETCS C MOMOIIBIO KpuTepusi CThIOJICHTA.

3aganue

[To maHHBIM O COBOKYMHOM BBIPYUYKE U 3aTpaTax Ha pekiaamy (tabmuna 8.1):
— rpaduuecku u300pa3uTh CBSI3b B BUJAE TUATPAMMBbl PaCCESIHMUS,

— TOCTPOUTH KOPPEISLMOHHYIO TaOJIHUILy JIJIsl BBISABICHUS HAIUYUS CBSI3U;
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— U3MEPHUTh CTENEeHb TECHOTHI CBSI3M C MOMOIIBIO JIMHEHHOTO Ko3(dUImeHTa
KOppEIALUY;

— MOCTPOUTH YPABHEHUE;

— Tpaduuecku  OTOOpPa3UTh OMIUPUYECKYI0O H TEOPETHUYECKYI0 JIMHUU
perpeccuu;

— OLIEHUTH JOCTOBEPHOCTH MOJTYYEHHOIO YPABHEHUSI KOPPEIAILMOHHO-PErPECCH-
OHHOM 3aBHCHMOCTH.

Taomuua 8.1 — McxonHele naHHbBIE

CoBOKyMHast BbIpYUKa, MJIH J€H. €]I. 3aTpathl Ha peKamy, ThIC. I€H. e1l.
2,88 253
3,34 352
3,47 550
4,21 583
3,94 605
4,49 638
4,50 649
4,62 682
4,60 759
4,66 825

IHopaook evinonnenusn padomel

1 Buectu ucxoansle nannsle Ha quct MS Excel.

2 JIns mOCTpOEHUs IHarpamMMbl PAacCEstHUS BOCIIOJIBb30BAaThCA ITYHKTOM MEHIO
BCTABKA/IUATPAMMBI/TOUEUHA .

3 Bprancauts k03(pPUIHEHT KOPPESIUN U NapaMeTpbl YPaBHEHUS PETPECCHH
no opmymnam.

4 Bpraucauth KO3QPUIMEHT KOPPEIIUUU U NTapaMeTpbl YPaBHEHUS! PErpeccCUuu
¢ ucnosb3oBanueM BcTpoeHHbix pyHkuuii KOPPEJI, OTPE30K, HAKJIOH.

5 IlpoBecTu KOppPEIALMOHHO-PETPECCUOHHBIA  aHalu3, BOCIOJIb30BABIINCH
unctpymentom JIMHU A TPEH/IA mento paboThl ¢ AuarpaMMamH.

6 IIpoBecT KOPPEIALMOHHO-PETPECCUOHHBINA  aHAIU3, BOCIIOJIb30BABILNCH
unctpymentamu KOPPEJISALIUA u PETPECCU A nanctpoiiku AHAJIN3 JIAHHBIX.

Konmponwvnsie éonpocut

1 Meroauka KOppeIsLIHOHHOTO aHAJIN3a.
2 Mertoauka perpecCHOHHOrO aHAIN3a.
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9 AHaJu3 IMHAMHUYECKHUX PSAI0B
ue.flb paﬁombt: OBJIAACTh HABBIKAMU aHAJIN3a JUHAMHWNYCCKUX pSII[OB.

3aoauu pabomot:

— W3YYUTb METOJIUKY aHaIN3a IUHAMUYECKHUX PSAJOB;

— W3YYHTh BCTPOCHHBIE BO3MOXHOCTH MS Excel mo amammzy nuHammuec-
KHUX PSAJIOB.

Kpamkue meopemuueckue cée0eHUsA

Pan nuHamuiky (BpeMEHHOW pAJl, XPOHOJIOTUYECKUN Psll) — 3TO PAJ 3HAUCHHM
U3y4aeMoro rnoka3aressi, i3MEHSIOIINXCS BO BPEMEHHU U PACIONI0KEHHBIX B XPOHOJIO-
TUYECKOM MOPSIKE.

Kaxx b1l psi AMHAMUKHA COCTOUT U3 IBYX AJIEMEHTOB:

1) ypoBeHb psijia TMHAMUKH — 3TO YMCIOBOE 3HAYEHUE CTATUCTUUYECKOTO MOKa3a-
TeJIsl, SABJISIOLIETrOCs KOJIMYECTBEHHON OLIEHKOW M3y4aeMOro SIBJICHHsI BO BpEMEHH;

2) mokaszaTeib BpEeMEHH psifia TMHAMUKH — 3TO ONPECICHHbIE MOMEHTHI (J1aThI)
WIN IEPUOJbI (TOABI, MECSIIBI U T. I1.) BPEMEHH, 711 KOTOPBIX 3a()MKCUPOBaHbI 3HaYe-
HUSI YPOBHEW psiia TUHAMUKHU.

WuTepBanbHblil psig IMHAMUKHA — 3TO Psifl, ypPOBHU KOTOPOTO XapaKTepU3yIOT Be-
JUYUHY U3Y4aeMOoro sSIBJICHUS 3a ONpeAeTiCHHbIC HHTEPBaJbl (IEPUO/Ibl) BpEMEHHU.

MOMEHTHBIN Pl TUHAMHUKHU — 3TO PSi, YPOBHU KOTOPOTO OTPaXarOT COCTOSTHUE
M3y4aeMOTO SIBJICHUSI Ha OTpeIeIEHHbIE MOMEHTHI BPEMEHH.

Bo3MOXHBI IBa BapuaHTa CpaBHEHUS] YPOBHEH PSI0B JUHAMUKHU:

1) ka1l i-i1 ypOBEHB psiia CPABHUBAIOT C OJIHUM U TE€M K€ YPOBHEM, BHIOpaH-
HBIM B KauecTBe 0a3bl cpaBHeHus. [loyueHHbIe ToKa3aTen Ha3bIBalOTCs 0a3UCHBIMU;

2) Kax[blil i-i ypOBEHb psifla CPABHUBAIOT C MPEIIIECTBYIONIMM ypoBHeM. Pac-
CUMTAHHbBIE MTOKA3aTeJI Ha3bIBAIOTCS LEMHBIMHU.

AHanuTHYECKHE TTOKa3aTeNu psja TMHAMUKU:

— a0COIOTHBIN MPUPOCT:

a) 0a3MCHOM MOKa3aTelb

A = yi—y; 9.1)
0) HenmHOM MoKa3aTelb
A = yi—yi; 9.2)
— koa(dunueHt pocra:
a) 0a3MCHOM MOKa3aTelb
ko=, 9.3)
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0) LIemMHOM TOoKa3aTelb

— TEeMII pocTa:
a) 0a3uUCHOM TMOKa3aTelb

Y, :
T, ==L-100=K, -100;
N

0) MemHOM MOKa3aTe/Ib

" =-21.100= K" -100;
Yict

— TEeMI IPUPOCTa:
a) 0a3UCHOM MOKa3aTelb

_ o
77 =2 =N 100=2 100 =77 ~100;
Vi Vi

0) IeMHOM MOKa3aTe/Ib

_ Y
T’:;p:yi yi—l_lo():Ay

-IOOZTZ —100;
iz Yia

— abcomotHoe 3HaueHue 1 % npupocra:

_N

HUJIN

Avo; = yi1 /100.

(9.4)

(9.5)

(9.6)

(9.7)

(9.8)

(9.9)

(9.10)

Jli1st 0000111eHNs XapaKTePUCTUKH TUHAMHUKHU UCCIEAYEMOTO SIBJICHUS 3a PsiI Tie-

PHUOIAOB OIIPCACIIAIOT CPCAHUC ITOKA3ATCIIN psAdd IMHAMUKH.

1 CpenHuii ypoBeHb psijia AMHAMUKHA UCYUCIIIETCS B 3aBUCUMOCTH OT BUJA Psija.

B unTEpBanbHOM psAly AMHAMUKMU:
— B PsAy C paBHBIMU MHTEPBAIIAMU

D

n

y:

b

9.11)
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— B psAy C HEPAaBHBIMU MHTEPBAJIAMHU

5= Zzyl}j i 9.12)

/i€ Y — YPOBHHU psiia TUHAMUKH, COXPAHSIOUIUECS O€3 U3MEHEHUs B TEUEHHE Mepruoja
BPEMEHH £;
¢ — Beca, JUINTENbHOCTh MHTEPBAJIA BPEMEHU MEK/Ly CMEXHBIMU TaTaMH.
B MOMEHTHOM psy TUHAMUKU:
— €CJIM IPUBOJATCS JAHHBIE TOJIBKO HA HAYAJIO M HA KOHEL IIepUoIa:

y=(n+3,)/2; (9.13)

— €CJIM MOMEHTBI BPEMEHH PACTIOJIOAKEHBI YEPE3 PABHBIE TPOMEKYTKHU:

1 1
Eyl +), .+ Y, +Ey"
y= 1 : (9.14)
n_

— €CJIM MOMEHTBI BPEMEHH PACTIOJIOAKEHBI YEPE3 HEPABHBIE TPOMEKYTKHU:

y =—Zzy:’t‘ 3 9.15)

2 Cpenuuii aOCONMIOTHBIN IPUPOCT (A0COTIOTHOE U3MEHEHHE)

- AvY 3
ol A (9.16)
n n

W

Cpennuii k03pdULIUeHT pocTa

K_p:n-lf%:dKf‘-K?-...-K:’ = ¢/ IIK" . 9.17)
1

4 CpenHuii TemMn pocrta

T =K -100 %. (9.18)

(9,

Cpennuii Temn npupocTa

T, =T,-100 %. (9.19)
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OnHa 13 BaKHEWIIMX 3aJla4 CTAaTUCTUKHU 3aKJIIOYAETCsl B ONPEACIICHUU B psiiax
JUHAMHKHU OOIIe TeHAEHIMHN pa3BUTH siBJIeHUS. OCHOBHOM TEHICHIIMEH pa3BUTHS
(TpeHI0M) Ha3bIBAETCS MJIABHOE M YCTOWYMBOE M3MEHEHUE YPOBHS SIBICHUS BO BpE-
MEHH, CBOOOTHOE OT CIy4YailHBIX KOJICOAHUH.

YrtoOb!l BRISIBUTH OOIIYIO0 TEHACHIIMIO B U3MEHEHUHM YPOBHEW psaa, PSAbl AWHA-
MUKH T0/IBEPIatoTcsi 00pabOoTKe CIEAYIOUIMMU METOIAMHU:

1) MeTo1 yKpyTIHEH!sI HHTEPBAJIOB, OCHOBAH HAa YKPYTHEHUH TIEPHUOI0B BpEMEHH,
K KOTOPBIM OTHOCSITCSI YPOBHH Psijia AUHAMUKHY;

2) MeTOA CKOMb3sILeH (ITOIBUKHOMN) CpeHEH, 3aKIF09aeTCsl B TOM, YTO MCUUCIIS-
eTcs CpeHUN YpOBEHb M3 OINPEAEICHHOTO YMCia MEPBBIX MO CUETY YpOBHEH psna,
3aTeM — U3 TAKOTO )K€ YMCJIa YPOBHEW, HO HAUMHAsL CO BTOPOTO 10 CUETY, JAajiee — Hauu-
Hasi C TPETHETO U T. [1.;

3) aHaIUTUYECKOE BBIPAaBHUBAHUE PsiJla TUHAMUKHU — 00111ast TEHACHUUS pa3BUTHS
paccuuThIBaeTCA Kak QyHKIUS BPEMEHHU:

ye = A1), (9.20)

IJI€ ); — YPOBHHU JUHAMUYECKOTO Psijia, BEIYUCICHHBIE TI0 COOTBETCTBYIOIIEMY aHAJIH-
THYECKOMY YPaBHEHHIO HA MOMEHT BPEMEHU .

OcHoBa OOJIBIIMHCTBA METOI0B TIPOTHO3UPOBAHUS — SKCTPAIIOJISAIUS TCHICHIINH,
CBsI3aHHAs C PACIPOCTPAHCHHEM 3aKOHOMEPHOCTEH, ACHCTBYIOIIUX B H3y4aeMOM Iic-
puoJie, 3a ero mpeaeiibl Wid, IPYTHMH CJIOBaMH, 3TO TMOJyYCHHE MTPEICTABICHHM O Oy-
yIIeM Ha OCHOBE MH(POPMAIIMH, OTHOCSIIEHCS K MPOIILUIOMY M HaCTOSIIEMY.

PaznuuaroT crneayromniye MeTo bl SKCTPAIIOJISITUN:

— HaWBHBIC, WM TIpOCTelIue (TI0 cpeHeMy a0COTFOTHOMY IIPUPOCTY HITH CPE/I-
HEMY KO3 (UIIUEHTY POCTa);

— TI0 YPaBHEHUIO TPEH/A.

3ananus
1 HMmerotcst maHHBIE O IPOU3BOACTBE M3EHHS «Ay» 3a 5 net (Tabnuma 9.1).

Ta6muma 9.1 — JlanHbIC 0 MPOU3BOICTBE U3ACIUS «A»

T'on 1 2 3 4 5
O0beM BbITyCKa, ThIC. HIT. 810 822 800 870 915

Paccuurats:

— MOKa3aTeNH JTMHAMUKHU IIEMHBIM U 0a3MCHBIM CIIOCOOaMU: aOCONIOTHBIN MpU-
POCT; TEMII POCTA; TEMII IPUPOCTA;

— CPEOHErOJOBbIE IOKA3aTEeNN: CPEAHETOJOBOM BBINYCK MPOAYKLUHH; CPEIHHUU
a0COIOTHBIN IPUPOCT; CPETHET0I0BOM TEMIT pOCTA; CPEIHETOI0BOM TEMIT IPUPOCTA.

['padrueckn n300pa3uTh TMHAMUKY BBITyCKa MPOAYKIH. CIenaTh BHIBOIBI.

2 Hcnosb3ys B3aMMOCBA3b MOKA3aTeNed TUHAMHUKH, ONPEAEIUTh YPOBHU psiaa
JUHAMHUKU U HEIOCTAOIIME IEMHbIE MTOKAa3aTeNn JUHAMUKY B Tabnuie 9.2.
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[IpousBeneno 1L CPUBMENIIN € 1P o (Y DM 1 10 AO0comoTHOE
lon | mpomykiuw, AOCOIOTHBIN Temm pocra, | Temn npupocra, sHavenue 1 %
MIpPJI Pp. OpUpoOCT, MIPA P. %o % IIpUPOCTa

1

2 4,8

3 104,0

4 5,8

5

G 7.0 1,15

3 Hwmerorca crenyroniye JaHHbIE 00 OTHpPaBKE T'PY30B KEJIEIHOIOPOKHBIM
TPAHCIIOPTOM B peruoHe 3a roj (Tabmuna 9.3).

Tabmuna 9.3 — Jlanubie 00 OTIIpaBKE rpy30B

Mecsint OtnpaBiieHO Mecsint OtnpaBiieHo Mecsin OtnpaBieHo
rpy3a, MIIH T rpy3a, MJIH T rpy3a, MJIH T
SluBapp 92 Maii 90 CenTs0pb 85
deBpatb 85 Hronb 87 OKTs10pb 90
Maprt 93 Wionp 86 Host0pb 86
Arnpenb 92 ABrycr 88 Jexabpp 88

Paccunrath mokazarend HM3MEHEHUSI YPOBHEW psija AUHAMUKHU (MO LIETTHOM
1 0a3MCHOM cxemaM) U CpeIHUE TIOKa3aTeu psijia TMHAMUKH.
[Ipon3BecTH CriaakKUBaHWE Psa AUHAMHKH METOJIOM YKPYIHEHHUS JUHAMHUYE-
CKOT'0 psi/ia U 1O CKOJIB3AIIEH CpeTHeH (110 TPEM TOUKaM).
N3o00pa3uth rpadudeckn paxkTuueckue M CriakeHHble YpoBHM psna. Cruenartb

BBIBO/IbI O XapaKTepe OOIIeH TeHASHIIUH MTOKa3aTeNIeH.

4 VmeroTcsi aHHbIE, XapaKTepU3yHIIHe JUHAMHUKY MPOU3BOICTBA MPOIYKIIMH
IPEeAnpUATUs 1Mo Mecsiam (Tadbnuia 9.4).

Ta6muma 9.4 — JluHamuka Mpou3BOCTBA MTPOTYKIIMH 110 MECSAIIaM

Mecsn

1

2 3

4 5 6

7 8

9

10 | 11 | 12

Beinyck npoaykuuu, mr. | 75

105|114

129 | 138 | 129

152 | 138

142

155 | 157 | 157

HpOBeCTI/I CTJIaKMBAaHUC psaaa JHHAMHUKH. CI[CJ'IaTB BBIBOABI O TCHACHIINH.

Hpe):[nonaraﬂ, 4YTO BBISABJIICHHAA 3aKOHOMCPHOCTH COXPAHHUTCA U B I[EU'IBH@IZH.I@M,
CIIPOTHO3UPOBATH 00BeM IMpOU3BOACTBA Ha CJICIIYIOH_II/II\/'I KBapTall, HCIIOJb3Yys B Ka4dc-
CTBC 3aKOHOMCPHOCTH:

a) CpeIHUM aOCOIOTHBIN MPUPOCT;

0) cpenHuii TeMI pocTa;
B) TPEHJIOBYIO MOJICJIb 110 YPABHEHHIO TIPSIMOIA.
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Iopaook evinonenus padomaot

1 Buectn ucxoansie nanubie Ha muct MS Excel.

2 Boruncnuth Bce TpeOyeMble MOKa3aTeH M0 COOTBETCTBYIOMUM (OPMYJIaM.

3 Jlns crmakuBaHMs AIMHAMUAYECKOTO Psiia BOCIIOJIB30BATHCS TAKKE€ HHCTPYMEH-
toM CI'JTAJKMBAHUE nancrpoiiku AHAJIN3 JTAHHBIX.

4 Jlig mocTpoeHusl MPOTrHO3a BOCMOJb30BaThCs Takke nHCTpymenTom JIMHM A
TPEHJIA meHto paGoThl ¢ TUarpaMMamu.

Konmponvnwie éonpocut

1 C xako# 1enaplo aHATU3UPYIOTCS TAHHBIE PSIIOB TUHAMUKU?

2 Yrto Takoe mpaBwiia NOCTPOCHUS PAJOB JHHAMHKMA M YEM OHM XapakTe-
pusyroTcs?

3 KakoBbl OCHOBHBIE MIOKa3aTenu AMHaMUKH? Kak oHM paccuuThIBaroTCA?

4 HazoBure BubI KojeOaHUN YPOBHEW BPEMEHHOTO psija.

5 Yro Takoe cpenHuil ypoBeHsb psana? Kak on ucuucnsercs?

6 Kaxk MoxeT ObITh BbISIBJIEHA OCHOBHASI TEH/ICHLIUS B U3MEHEHUSAX YPOBHEH psiia
JTUHAMUKH?

7 Ha3zoBuTe mpenMyniecTBa U poJib aHAJTUTUYECKOTO BbIPABHUBAHUSA YpOBHEM
BPEMEHHOTO psJa.

8 Kak MOXHO pacCUnTaTh CKOJIB3ALIYI0 CPEAHIO0 U JUISl KAKUX LEJIE OHA MOKET
OBITh HCIIOJIb30BaHA?
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