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BapuanTsl 3ananus

Ne | Bapwmanr 1 Bapuanr 2 | Bapwuant 3 Bapuanr 4 | Bapuanr 5
nm| VY X v X v X v X 4 X

1 | 491 | 522 |211,2|209,5|210,2| 212|216,3|219,6|216,4|209,5

2 | 479 | 524 |208,5|208,7|207,2|207,8|2153|212,3| 212 |208,7

3 | 514 | 497 |205,2|210,2|210,5|205,9 | 210,7 | 215,2 | 202,7 | 210,2

4 | 507 | 511 204 | 203,3 | 198,2 | 199,9 | 212,5| 211,3 | 210,4 | 203,3

5 | 483 | 534 |209,6 | 203,7 | 210,2 | 209,6 | 208,4 | 212,8 | 214,8 | 203,7

6 | 543 | 525 |208,1|207,9| 211 |206,2|210,3|208,4|210,8|207,9

7 | 521 | 517 |206,2|204,8|198,7 2058 |208,1|212,9| 209 |204,8

8 | 536 | 547 199 |197,7| 202 |213,1|207,5|210,6 | 212,3 | 197,7

9 | 499 | 489 |197,2|210,6 |199,5|215,3|206,9 | 213,6 | 212,2 | 210,6
10 | 552 | 526 |199,1|207,2|209,8|201,2|209,6 | 206,8 | 214,2 | 207,2
11 | 523 | 527 |204,6| 207 |2158|204,6|217,2|207,6 |212,6| 207
12 | 467 | 489 |212,7|207,5|205,8|200,9|211,4|214,4|212,6 | 207,5
13 | 489 | 494 |204,1|196,6 | 214,6 | 199,4 | 209,6 | 206,1 | 207,1 | 196,6
14 | 513 | 501 |200,2|205,5| 208 |202,7|213,5|210,6 |212,3|205,5
15 | 535 | 521 |201,1|209,2|2055| 200 |209,1|209,8|211,4|209,2
16 | 501 | 488 |201,3|203,1|196,3|2055| 208 |205,3|203,6|203,1
17 | 529 | 533 |202,2|204,4|212,1| 206,6 | 210,8 | 209,1 | 207 |204,4
18 | 509 | 520 |197,1| 211|208,4|202,6 2156|2051 209| 211
19 | 530 | 478 |204,8|201,3|208,4|212,3|214,5|212,9 |204,3|201,3
20 | 499 | 492 |201,6|202,3|204,3|201,4|209,1| 212 |204,2|202,3

PaccmarpuBaembie TUIOTE3bI UMEIOT BU/L:
Ho iy =na; Hitm = p,(a=005),
Ho:iw,=p,; Hyip, # u,(a=0,05). (5.1)

Ho 1=y,

H, : 15 # p1,(a =0,05)




TO €CcTh Ha ypoBHe 3HaunMocTu O =0,05 MBI paccMaTpuBaeM TUIOTE3Y O TOM, YTO BpEeMsI
Ha PEryJMpoOBKY 1 omeparopoM rpymnnbl Gl He OTiAMYaeTcs OT BPEMEHH Ha pellleHHe
3amaun ¢ npumeHeHueM OC — pa. [IpoBepka OHOPOJHOCTH JHCIIEPCUI IMOKa3aia, YTo
3HAUEHUs JAHHOTO MpHU3HAKa MPUHAJIEKAT OAHOW COBOKYMHOCTH. [IpunHsTHe AaHHOU
TUIOTE3bI O3BOJISIET IPOBEPUTH HYJIEBYIO THIIOTE3Y PABEHCTBA CpelHUX. Pacuer cratucTuk

MIPOU3BOAMIICA IO (POpMyIaMm:

1
X =—2XX%; =183 )_(4:izx4i:5’o
n, n,
__ 2 - __ 2
812 _ Z(Xli X1) ~982 Sf _ Z(Xm X4) ~20
n -1 n, -1

rme Xi — Cp€aHCC 3HAYCHHC 3aTpaT BPCMCHHU Ha PCIyJIMPOBKY MOJIOTHJIIKH OIICPATOPOM

rpymmsl G1; X4 — cpenHee 3HAUEHHE 3aTpaT BPEMEHHM Ha PETYIHPOBKY MOJOTHIIKU

omepatopom tpu momomn IC; S7, S; — mucmepenu; sis — cpemHee KBaIpaTHUECKOE
oTKJIOHeHue; t — pacueTHoe 3HaueHue Kputepusi CThIOJICHTA.

TabnmmuHOe 3HaUCHHE KPUTEPHS to2:0,05 = 1,76. PacueTHoe 3HaueHwme |t1.4| = 44,43. Tak kak
44,43 > 1,76, To TumnoTte3y o paBeHCTBe cpemHux Ho — oTBepraem. Ilpu 5%-om ypoBHe
3HAYUMOCTH CYIIECTBYET pa3IMyue MEXIAY BPEMEHEM, 3aTPAu€HHBIM Ha PETYIHPOBKY
MOJIOTHJIKY Tipu ntomotnu DC U BpeMeHeM, 3aTpaueHHBIM Ha PEryJIUPOBKY MOJIOTHIIKU 0€3

9C no rpynne oneparopos Gl.
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BBE/JIEHHE

[Tpu HOpMaJTBHOM 3aKOHE pacIpeAesICHUsS] BEPOSTHOCTH U3MEPSEMON BEITMUNHBI
HECMEIICHHOM, COCTOATEIbHON U A(h(HEKTHBHON OICHKOW CPEAHETO 3HAYCHUS SIBJIS-
eTCs cpeOHee apupmemuyeckoe (cpedHee apugpmemureckoe 836eUleHHoe).

Cpennee apudMeTHIECKOE UCTIONB3YETCS B KAUECTBE OLICHKHN CPETHETO 3HAUCHUS
¥ B TOM clTydae, KOT/Ia Ha OCHOBE aHaJIi3a allpuOPHON B allOCTePUOPHON HHPOpMAaIin
HE ynaercs chopMyIupoBaTh IPABAONIOA00HYIO THIIOTE3Y OTHOCHTEILHO 3aKOHA pac-
IpeIeIICHUS BEPOSTHOCTH PE3yJIbTaTa U3MEepEHHs. XO0Ts B TOM CIydae CpeiHee apud-
METHUYECKOE MOXKET OKa3aThCsi Hed(DPEKTUBHON OIEHKOM, €r0 CTAaHJAPTHOE OTKIIOHE-
HHUE BCE PaBHO B /N pa3 MEHbIIE CTAHAAPTHOTO OTKIOHEHHS Pe3ylbTaTa H3MEPEHHs
S.

Ecnu 3akoH pacnpeeneHus He3HAYUTEIbHO OTIMYAETCS OT HOPMAJIBLHOTO, MPH-
YEeM 3TO OTJIMYHE MPOSBIISETCS B MIOBBIIIICHHOW BEPOSITHOCTH OOJIBIIINX OTKIOHEHUH OT
CpEIHeT0 3HAYCHMS, TO UCTIOJIB3YIOT pOOACmHble OYeHKU CPETHETO 3HAUCHU.

Ecnu runoresa o ToM, 4TO pe3ysbTaT U3MEPEHHUSI TOAUUHIETCSI HOPMAJIBHOMY 3a-
KOHY pacIipeiesIeHHus BEPOSTHOCTH, OTBEPraeTCs ¥ MPUHUMAETCS TUIIOTE3a O TOM, UTO
OH TIOJTYUHSETCS IPYTrOMY BIIOJIHE OMpPEAEIEHHOMY 3aKOHY, TO () PeKTUBHAS OIEHKA
CPEIHETO 3HAYCHUSI CUHTE3UPYETCS MEMOOOM MAKCUMAILHO20 NPABOO—N0O00USL.

[Topsimok MPOBEPKH THIOTE3BI O BHUJIE 3aKOHA PACIIPEACIICHUS C TTOMOIIBIO
KPUTEPHUEB COTJIaCHUsS PEKOMEHJIYeTCS Takow: 1 — BBIOMpAIOT Mepy pPaCXOKICHUS
MEXIy TEOPETHICCKUM H SMITUPUICCKUM 3aKOHAMHM pacmpeeacHus U. 3aKoH pacrpe-
nenenust P(U>U) nomkeH ObITh M3BECTEH; 2 — 3a7al0T YPOBCHb 3HAYUMOCTH O]
3 — BBIYUCIISIIOT MEPY PACXOXKICHUS IS UCCICTYEMOTO CTAaTUCTHYECKOTO pacipe/ie-
neHus U,; 4 — HaxosT TaOJIMYHOE 3HaUYeHHE Uy, OTBEUAOIEe 33JTaHHOMY YPOBHIO 3Ha-
gumocTr P(U > Uy) = o} 5 — 1emaroT BbIBO OTHOCHUTEIBHO POBEPSIEMON TMITOTE3BI O
COTJIaCOBAaHHOCTH TEOPETHUECKOTO M AMITMPUICCKOTO PACTIPEICIICHII:

eclIu U, > Ug — THMI0TE3a OTKIOHMCTCS; €ClIU U, < Ug — FHII0TE3a IPUHUMACTCH.



IIpu Gonbiom o6beme BrIGOPKH (N >50) ucnonb3yeTces kputepuii 2 — Iupcona
(3amaua 1).
Jlst n < 50 mienecooOpa3HoO UCTIOIB30BATh, HAIPUMED, COCTABHON KpUTEpHil (3a-

naga 2).

3aoaua 1. TIPOBEPKA T'MITOTE3bI I[IPU BOJIBIIIOM OB BEME BbIBOPKU
Jano. [Ipon3sBeeHbl U3MEPEHUS YCIIOBHOM BEJIMYMHBI. Pe3ynbTaThl U3MEpEHUN
MPEJCTABJICHBl B BUJIC OTKJIOHEHUI OT HOMUHAJIBHOTO 3HAUYCHUS. DKCIIEPUMEHTAIb-
HbIC 3HAUEHUS pachpesieieHbl Mo uHTepBaiaM (1adn. 1). KomnuectBo skcnepumeH-
TaJIbHBIX JaHHBIX, MTONAJAIONINX B 11 HHTEpBaJ, IPUBEICHO B Ta0. 2.
Tabnuma 1

3l<cnepwneumafzbuble 3Ha4enusn pacnpe@eﬂeunble no unmepeéajiam.

Ne [Tpennocnenss mudpa HoMepa 3a4eTHON KHUKKU
UHTEP- 0 1 2 3 4 5 6 7 8 9
Baja HrkHsAs v BEpXHsIsA IPaHULbl HHTEPBAJIOB

1 1;2 | 0;2 0;5 0;10 0;3 0;5 0;20 0;100 0;4 4,6
2 2;3 | 2,4 5;10 10;20 3;6 5;10 20;40 100;200 4;8 6;8
3 34 | 46 | 10;15 | 20;30 6;9 10;15 40;60 200;300 8;12 | 8;10
4 45 | 6,8 15;20 | 30;40 9;12 15;20 60;80 300;400 | 12;16 | 10;12
5 56 | 8;10 | 20;25 | 40;50 | 12;15 | 20;25 | 80;100 400;500 | 16;20 | 12;14
6 6;7 [10;12| 25;30 | 50;60 | 15;18 | 25;30 | 100;120 | 500;600 | 20;24 | 14;16
7 7;8 [12;14| 30;35 | 60;70 | 18;21 | 30;35 | 120;140 | 600;700 | 24;28 | 16;18
8 8;9 [14;16| 3540 | 70;80 | 21;24 | 35;40 | 140;160 | 700;800 | 28;32 | 18;20
9 9;10 |16;18 | 40;45 | 80;90 | 24;25 | 40;45 | 160;180 | 800;900 | 32;36 | 20;22
10 [10;12|18;20| 45;50 |90;100| 27;30 | 45;50 | 180;200 | 900;1000 | 36;40 | 22;24
p* 0,95 | 0,975 0,98 0,99 0,90 0,80 0,995 0,98 0,95 | 0,99

*P — noBepuTenbHas BEPOSITHOCTb.




Tadbnuuma 2

Konuuecmeo IKCnepumernmaibHovlxX OaHHblx, nonadaroumx 6 i-u unmepeai

IToc— Yuclio SKCTIepUMEHTAIBHBIX JAHHBIX, MONAJAI0NINUX B 1-1 HHTEpBAJ
JCeTHSS No unTepBana
uudpa
No 3auér- 1 2 3 4 5 6 7 8 9 10
HOH
KHIDKKH
0 2 25 72 133 120 88 46 10 4
1 0 5 20 60 32 18 8 0
2 1 10 35 120 210 95 42 20 6 2
3 2 6 12 20 25 19 10 8 1
4 5 32 50 92 110 89 47 25 12 3
5 3 10 21 35 48 60 39 23 14 6
6 0 4 9 14 17 15 10 7 3 1
7 2 15 32 50 82 90 75 41 18 5
8 1 10 18 25 36 28 20 16 11 2
9 2 14 30 43 55 40 26 14 4 0
Tpebdyercs:

1. ITocTpouTh TUCTOrpaMMy SMIIUPUUYECKOTO PACTPEIETCHUS.
2. IIpoBepuTh TUIIOTE3Y O COOTBETCTBUU AMIIUPUUECKOTO PACTIPEACICHUS HOPMAJIb—
HOMY 3aKOHY (3akoHy ["aycca).
3. ITocTponuTh AOBEPUTENBHBIN MHTEPBAIL I CPENHETO 3HAYEHUS U3MEPSIEMOMN BEJIH-
YUHBI.
Meroanyeckue peKOMEHIALMH 110 PELICHUI0 3a1a41
1. ITocTpouTk rucTOrpaMmy SMIUPUYECKOTO PACTIPEAETICHNUS.
1.1. Onpenenutb SMIUPUYECKYIO (CTATUCTUYECKYIO) BEPOATHOCTh MOMAJAHUS

CIIy4aitHOM U3MEPSIEMOU BEIMUMHBI B 1—i1 HHTEpBaJI (4acTOCTh):

re M; — YUCiI0 3HAYEHUH, MmomaBmux B i—i uHTepBad; N — oOIee 4ucio IKCIepru—

n

MEHTAIBHBIX JaHHbIx: N = z Mj , rae N — Yucia0 UHTEPBAJIOB.
i=1




1.2. B cucreme xoopauHat X — P noctpouthk ructorpammy. OHa npencTaBiisier
co0o0#t (GuUTrypy, COCTOSIIYIO U3 MPSAMOYTOJIHbHUKOB. OCHOBAaHWEM WX SIBIISIOTCS OT-
pe3KH, M300paxkarolye WHTEpBaJIbl BapUALlMOHHOTO psija (cM. Tadu. 1), a BBICOTHI
pPaBHBI 3HAYEHUSAM SIMIUPUUECKUX YACTOT (CM. Ta0II. 2).

Xi+ X

OmnpenenuTb cepeuHy I-To MHTEpBasa X ; ZTIH' Hamnpumep, nns Bapu-

0+2:L

anTta No 1, yauThiBasi rpaHUIIbl IEPBOTO UHTEPBAJA, Xg =

ITo ycnoBHIO 3aa4u MIMPUHA HHTEPBaIoB N =2,

IIpumeyanue. /[ npoBEpKH TMIOTE3BI O COOTBETCTBUN 3MIIMPUYECKOIO pac-
npeseleHuss HOPMAJIbHOMY 3aKOHY NpU OOJbIIOM 00BbeME BBIOOPKH MCIIONb3YETCs
KpuTepuii y2. s KOPPEKTHOrO NPMMEHEHHS TaHHOTO KPUTEPUS HYKHO, YTOOBI B
KpallHMX MHTEpBajax 4yucio 3HaueHui Obuto M > 5. [ToaToMy HE0OX0MMO IPOBEPUTH
VCXOJIHBIE TAHHBIE U, €CIIN HY’KHO, IEPETrPYNIIUPOBATh UX.

2. IlpoBepuTh rUNOTE3Y O COOTBETCTBUU SMIIMPUYECKOTO paclpeesieHus: HOp-
MaJbHOMY 3aKOHY (3akoHy ["aycca).

2.1. Paccuurarh cpenHee apu(pMETUYECKOE 3HAUEHHE X PE3yJIbTATOB U3MeEpe—

n
ZmiXOi

i=1
N

HU# (cM. Tabm. 2): X

2.2. Paccuutath cpennee kBaapatudHoe oTkiaonenue (CKO):

Zn:(XOi —X)? xm;

g _ izt

N-1
2.3. OnpenenuTh TEOPETUUECKYIO BEPOSATHOCTh MONAJaHUsl 3HAUEHUN U3Mepsie—

MO BEJIMYUHBI B 1—i1 HHTEPBAJI:

Pri =g¢(Ui),

rie ¢U,) — IIOTHOCTH HOPMUPOBAHHOTO HOPMAJILHOTO PacIIpeielIeHusl,



Xpi — X o
Uj = g5 HOPMHPOBaHHAA HOPMAbHAS BEIMYUHA (opauHaTa KpUBOW HOPMHUPO-

2
—-u
BaHHOT'O HOPMAJIEHOTO pacnpenenenus), ¢U )= e 2,

-
N

JUisl HaTTSAHOCTH TPOMEXKYTOUYHBIE Pe3yNIbTaThl HEOOXOAUMO MPEICTaBUTh Tal-
JTULEN, HapuMep, Kak B Ta0JI. 3.
Tabauma 3

Pacuemmnule oannvie 011 nposepKku 2unome3vl 0 HOPMAAbLHOCHU PACHPEOeeHUS

Ne wnTeEp- (m; — NPy )
Baja m; (xoi — X)? U; olUi) Pri NPy
i 1n
1
2
10

2= 2= 2=
2.4. IIpoBecTH anIpoOKCUMUPYIOUIYIO IPIMYIO Y€PE3 TOUKU Pr; .
Ha pucyHOK HaHECTH COOTBETCTBYIOIIUE TOYKH Prj U COEAWHHUTH IJIABHOM IPSI-
MOH.
2.5. IIpoBepka runoTessl 0 HOPMAJIbHOCTH AMIIMPUYECKOTO PACTIPEACIICHUS.

2.5.1. IIpu n > 40...50 nns npOBEPKU TMIOTE3bI MOKHO MOJIB30BATHCS KpUumepuem

Hupcona.

2
Onpenenuts pacyeTHOE 3HaUYCHHE KpuTepus cornacus [lupcona ¥

(m; — NFy;)?
,Zl R

2
2.5.2. OnpenenuTb TEOPETUIECKOE 3HAYEHHE KpUTEPHs IIMPCOHA ¥ pneop -
B 3aBuCcHMOCTH OT TOBEPUTEIHHOM BEPOSATHOCTH M YHCIIA CTETIEHEH CBOOOIBI TIO
2
CTATHCTHYECKUM TabyuuaM (npuil. 1), HaxomuM Ymeop -

P =0,975. Ecnu ucnone3yeM ypOBEHb 3HAYMMOCTH O, TO

a=1-P=1-0975=0,025.



2.5.3. Caenath BBIBOJI O COOTBETCTBUHM SMIMPHUUECKOTO PACHPEICICHHUS HOP-

MaJIbHOMY.
2. 2 2 .2
Ecmu xp > Xr:(, — TUIIOTE3Y OTBEPraroT, €CIU Yp < Yr:y — TMIIOTE3Y IPUHUMIOT.

2.5.4. Pe3ynbTat npeAcTaBUTh B BUJIE PUCYHKA, HAIPUMED:

OCHOBHOM

OCHOBHOI

OCHOBHOI

OCHOBHOM ‘ \

OcHOBHOI / \\
OCHOBHOI ot Is! gy

OcHOBHOEHOBHOKHOBHOKHOBHOK HOBHOW HOBHOK HOBHO HOBHO HOBHOW HOBHOM

FI/ICTOTpaMMa " KpHUBasa HOPMAJIbHOI'O paCIIpCaACICHUA

3. ITocTpouTh NOBEPUTENBHBINA MHTEPBAI ISl CPEAHETO 3HAUECHUS:

X—tpSy <X< )z-l—tpsi,
rae 1, — koo ounment pacnpenencuns CThIOACHTA PH 3aJaHHOMN JOBEPUTEILHOM Be-

OSITHOCTH U YMCJIa CTEIIEHEN CBO6OIH)I IIPUITOKCHHUC 2); Sy — CpCAHECC KBaJApaTHU4C-
’ X

S
CKOC OTKJIOHCHHUEC CPCAHEIO 3HAUCHHU. Sy = —.

Jn

Ipumeuanue. Ecou npu 3amanHom P B TabiuIle OTCYTCTBYET TCOPETHUECCKOE

SHAYCHUC KPUTCPHU t, TO JIAA HAXOXIACHUA KCKOMOI'O 3HAYCHU L t HCO6X0)II/IMO HCIIOJIb-

X —X
30BaTh MHTEPIOIAIMOHHYIO hopmymy Y = Yo + ﬁ()ﬁ ~Yo).



3AJTAYA 2. [TIPOBEPKA I'MITOTE3BI [TP11 MAJIOM OB BEME BbBIEOPKH

Jano. [IponsBeneHbl N3MEpEeHUs yCIOBHON BETUYHUHBI (Ta0II. 4).

3HaueHus yCJl06H0ﬁ 6e/1UUUHDI

Tabauma 4

Howmep Bapuanta

Ne

3amepal 1 (2| 3|4 |5|6|7]18]9]10]11|12[13]14|15(16|17]18]19]20
1 |71(10{20|12|13|15(6,6(6,2| 8 [4,6(50|20 (37|33 |43|150|109|167|100|148
2 |59(11121|18|20|19|2,7|3,8| 8 [3,5| 7 |39 |23|44 |42 (169|148|152|152|225
3 |76(14] 9 | 9 |11|16|6,1|6,4| 7 [53(39|29 (44|27 |43 (127|124| 95 |127|134
4 (7418|817 |18(16|53|41|8 |65|20({69 |30|33 |38 [131(173(133|222| 9
5 |81(7]8|24]|110|23|49|55|6 (6,4|{69|42 38|54 |30 |186|152|146| 87 |258
6 |84(18|15|17|13|15|6,0{50| 7 [7,1{49|68 (48|39 |38 |129|127| 82 |188|166
7 |77(30[17|14110|20|0,6|4,8| 7 [2,4|24|38 [45| 42| 36 [165|156|157|129|225
8 |80(16(12|19|12|20|8,1{4,5| 5 [4,7|50|69 (48|32 |31 |138|100| 65 |140|286
9 |76(14| 9 [13|19|16(55|56| 6 |6,3|62|30|14|25|42 |98 |105(189|122(105
10 | 74|16 |17 |16 |13 |13|48(|39|6 |3,7(49|42|12|36 |22 |160[162(153| 53 | 99
11 | 7120|110 |17 |20 |14|6,2(2,6| 7 |42|34|29|26|42 |36 |137|111{152| 86 |182
12 | 7310|112 (21 |13 |17|45|3,7( 8 |3,0|121|54 (29|29 |50 [144(173|199|204|214
13 | 8412|1414 |14 |13|65(58| 6 |2,8(38|38|48|47 |40 |131|132({165(188|191
14 | 76|15 6 | 5 (11|14|61(3,4{6 |3,8(10|40|34(31|19|161|160({120| 88 101
15 |82(20|115(19(18 |8 |4,7|39| 7 |41|27|38|32|42 |49 |106(111(154|168| 45
16 |85(13|10 (13|13 |15|4,4(45] 9 |25|58|30 (48|39 |55 |142| 74 {148|148|228
17 |60|17|23|25|15|13|49(4,8(5 |4,3|42|40 (33|49 |28 [100({158(104|132|240
18 |82|20|14 17|16 |17|93|50|5 |45|36|48|30(34 |39 |143|162(175| 90 (193
19 | 72|17 8 [19|15|12|25(|55| 6 |52(42|28|27|36 |43 |119|176{131(206|171
20 |86 8|9 (23]12|15(6,0(3,1| 8 |46(32|52|27|52 |48 |150(143{136(103| 65
21 | 721810 (10|14|13(93(50| 6 |46(17|31|23|60 |35 |153|112{163|132|-41
22 |72 |11| 9 |27 |17 |14 |7,7|4,3| 7 |4,6(45|47|28|43|33|117|135({110(201(114
23 |84|8|12(12|14|10(3,7|4,6|6 |6,6(22|63|32|33 |29 |157|171| 72 |186|103
24 19211518 (19|18 |14(39(6,6| 6 |49|34|50|26|38 |26 |114|143| 95 [194|103
25 | 701211329 |14|13(3,7(6,3| 8 (48(50|33|40|43|39|125|64 | 58 [161(135
26 | 682012 (15| 9 |15(6,8(3,5| 6 |4,4|44|60|30|38 |35 |123|186{149(146|299
27 | 7814|2118 |19|22|6,7(50| 8 |7,4|57|33|23|30|31|146|162(123|108| 64
28 | 671417 (15|14 |14(4,7|7,7] 6 |6,0(30|45|30|39 |34 |137|156(194 (159223
29 | 79115/ 6 [24|19|13(39(51|6 |7,9(68|44 38|45 |36 |143|157{204(187|-50
30 |76 (24| 9 | 8 | 6 |16(4,9|4,4|5 (4,2(22|21 (49|39 |44|107|145| 42 |49 | 36
P* 0,95(0,9|0,95|0,95|0,99|0,910,95|0,99|0,9|0,95|0,9|0,95{0,9|0,99|0,95| 0,9 |0,95|0,99| 0,9 |0,95

P* — noBeputenbHasi BEpOSATHOCTb.




TpeOyercs:
1. ITocTpouThk rUCTOTPAMMy SMIIMPUYECKOTO PACTIPEICIICHHUS.
2. IIpoBepuTh TUNOTE3y O COOTBETCTBUU AMIUPUUYECKOTO PACIPENEICHUSI HOPMaJIb-
HOMY 3aKoHY (3akoHy ["aycca).
3. [locTpouTh HOBEPUTENBHBIM UHTEPBA ISl CPETHETO 3HAUCHUS U3MEPSAEMON BEIH-
YUHBI.

[Tpm 10...15 < N < 40...50 MOXHO TOJB30BaTHCA COCTaBHBIM KpuTepuem d.

B 3TOM ciydae paccuuThIBacTCs KpUTEPUi pacy.
19 -
DX
o

1 HEvRY.
né()ﬁ Xn)

U TIPOBEPSCTCS BBHITIOJHEHHUE YCIOBUS

dmin < dpacq Sdmax !
rae dmin ¥ dnax  3aBHCAT OT BEpOATHOCTH P*, ¢ KOTOpOH NMPHHUMAETCS PELICHUE, U
HaXOJISITCS M0 CTATUCTUYECKUM Tabaunam (rpui. 3).

Ecau aT0 ycioBue co0mroaeTces, TO TOMOTHUTEIBLHO MTPOBEPSIOTCS «XBOCTHD) IM-
MAPUYECKOTO 3aKOHA PACTIPEICIICHUS BEPOSTHOCTH.

ITpu 10 < n < 20 cunrtaeTca AOMYCTUMBIM OTKJIOHEHUE OJIHOTO U3 HE3aBHUCUMBIX
3HAYEHUH pe3ysibTaTa U3MEPEHHsI X; OT CpEeIHEro apudMeTndeckoro OoJblile, YeM Ha
2,5S, .

[Tpu 20 < n < 50 — momyckaeTcst OTKJIOHEHUE ABYX 3HAUCHUI, YTO COOTBETCTBYET
JIOBEPHUTEIILHON BeposiTHOCTH P** ~ 0,98.

Hecobmonenne xoTst 661 OTHOTO U3 ABYX YCJIOBHM JTOCTATOYHO JJIS TOTO, YTOOBI
TUIIO0TE3a O HOPMAJIBbHOCTH 3aKOHA paclpe/ie/ieHrs] BEpOSITHOCTH pe3yJibTaTa u3mepe-

HHS ObLIa OTBCpPIHYTA. B IMPOTUBHOM CJIy4dac I'MIoTe3a NpUHUMACTCA C BEPOATHOCTBIO

P> P*+P**—1.



[Tpu n < 10...15 runore3a 0 TOM, YTO pe3yJbTaT U3MEPEHUS MOMUYUHAETCS HOP-
MaJIbBHOMY 3aKOHY PacHpeAciIeHUs] BEPOATHOCTH, HE MpoBepsAeTcs. Pemenne npuHu-

MacCTCiA Ha OCHOBAHHH aHaAJIM3a aHpHOPHOﬁ I/IH(bOpMaHI/II/I.

OT npUHATON TUMOTE3bl OTHOCUTEIBHO 3aKOHA PACHPEICIICHUS] BEPOSITHOCTH pe-

3yJibTaTa U3MCPCHU 3aBUCUT BUJ OLICHKHU CI'0 CPCAHCTO 3HAYCHUA.

MeTO)Il/I‘IeCKI/Ie PEKOMECHIAIUA IO PCIICHUTIO 3a/1a9U

I[JISI y,Z[O6CTBa pPCUICHUA 3ada49U HGO6XOI[I/IMI>I€ HCXOJIHBIC TAHHBIC U ITPOMCIKY-

TOYHBIC PC3YJIbTAThI BBIUMCIICHUM uenecoo6pa3Ho npcaCTaBUThL B TaOJIMIHOM BUAC,

Harpumep, Tadn. 5.
Taonuma 5

Pacuemmnvie oannvie 0nsa nposepku cunomessl
0 HOPpMAILHOCHU PACHPeOeeHUA

No 3amepa
(Xi— X)?

x|

x
|
x|

Xi

i=1n
1
2

>

Pexomenayemas iureparypa

1. I'pombiko I'.JI. O6mas Teopus craructuku: [Ipaktunkym.— M..MMTHOPA-M,

2000.— 139 c.
2. Mapkun H.C. OcHoBbI TeOpuu 00pabOTKH pe3ynbTaToB u3MmepeHuil. M.: M3a—

BO CTaHJ1apToB, 1991.— 268 c.



IMTPUJIOXEHHME 1
3nauenusa yo?, yoosnemeopsaiougue ycnosuio P(y’>y") = a

Yucno crenenen YPOBEHb 3HAYUMOCTH O
cBoboze! K 0,005 0,010 0,025 0,050 0,100 0,200
5 16,70 15,10 12,80 11,10 9,24 7,29
6 18,50 16,80 14,40 12,60 10,60 8,56
7 20,30 18,50 16,00 14,10 12,00 9,80
8 22,00 20,10 17,50 15,50 13,40 11,00
9 23,60 21,70 19,00 16,90 14,70 12,20
10 25,20 23,20 20,50 18,30 16,00 13,40
15 32,80 30,60 27,50 25,00 22,30 19,30
20 40,0 37,6 34,2 31,4 28,4 25,0
[MPUJIOKEHUE 2

3nauenusn koIgpuyuenma pacnpeoenenus Cmorooenma

Yucno [Ipu noBepurenbHON BeposiTHOCTU P
H3MEpeHui N 0,90 0,95 0,98 0,99 0,999
10 1,83 2,26 2,82 3,25 4,78
11 1,81 2,23 2,76 3,17 4,59
12 1,80 2,20 2,72 3,11 4,44
13 1,78 2,18 2,68 3,06 4,32
14 1,77 2,16 2,65 3,01 4,22
15 1,76 2,15 2,62 2,98 4,14
16 1,75 2,13 2,60 2,95 4,07
17 1,75 2,12 2,58 2,92 4,02
18 1,74 2,11 2,57 2,90 3,97
19 1,73 2,10 2,55 2,88 3,92
20 1,73 2,09 2,54 2,86 3,88
o0 1,65 1,96 2,33 2,58 3,29




I'panuunvie 3nauenus d

[MTPMJIOXKEHME 3

N P*=0,90 P*=0,95 P*=0,99
Ormin Omax Ormin Omax Omin | Omax
11| 0,7409 | 0,8899 | 0,8899 0,9073 0,6675 |0,9359
16 | 0,7452 | 0,8733 | 0,8733 0,8884 0,6829 |0,9137
21| 0,7495 | 0,8631 | 0,8631 0,8768 0,6950 |0,9001
26 | 0,7530 | 0,8570 | 0,8570 0,8686 0.7040 |0,8901
31| 0,7559 | 0,8511 | 0,8511 0,8625 0,7110 |0,8827
36 | 0,7583 | 0,8468 | 0,8468 0,8578 0,7167 |0,8769
41| 0,7604 | 0,8436 | 0,8436 0,8540 0,7216 |0,8722
46| 0,7621 | 0,8409 | 0,8409 0,8508 0,7256 |0,8682
51| 0,7636 | 0,8385 | 0,8385 0,8481 0,7291 |0,8648
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33,[[21‘1& 3. BrbiaBieHue KOppGJISIHHOHHOP'I CBA3U, OLCHKa €€ 3HAYHMOCTL IIpU
Pa3IMYHBbIX YPOBHAX I[OBGpPITCJILHOﬁ BCPOATHOCTH.

BapI/IaHTBI 3aJaHusA

[TapameTpsl

3HauyeHus

Y

5,7, 5,7; 8,0; 8,0; 8,0; 12,0; 12,0; 12,0; 12,0; 14,3; 14,3; 15,6; 15,6;
15,6; 15,6; 17,8; 20,0; 20,0; 20,0; 20,0; 20,0; 25,0; 25,0; 25,0; 25,0;
25,0; 25,0; 34,1; 34,1; 34,1; 34,1; 34,1; 34,1; 34,1; 34,1; 38,0; 38,0;
38,0; 40,3; 40,3

83; 85; 66; 73; 70; 62; 61; 59; 57; 51; 49 ; 45; 42; 40; 48; 40; 37; 36
;:32; 28; 24; 23; 26; 20; 21; 20; 24, 15; 18; 17; 16; 17; 15; 10; 13; 10;
9:10;8;7

0,05
0,01

13;13;13;13; 13; 14,7; 14,7; 15,3; 15,3; 15,3; 15,3; 15,3; 15,3; 17,9;
17,9; 17,9; 17,9; 17,9; 17,9; 17,9; 19,1; 19,1; 19,1; 20; 20; 20; 23,4;
23,4; 23,4; 27,8; 27,8; 27,8; 30; 30; 30; 30; 34,5; 34,5; 36; 36

3:;5;7;10;5; 16; 18; 23; 26; 26; 28; 29; 30; 30; 35; 40; 37; 36; 32; 28;
40; 45; 50; 53; 56; 60; 67; 70; 78; 80; 90; 85 100; 100; 92; 110; 130;
120; 140; 150

0,1
0,05

17,5; 17,5; 17,5; 17,5; 17,5; 17,5; 17,5; 17,5; 20,4; 20,4; 20,4; 20,4;
23,7; 23,7, 25,1; 25,1, 25,1, 27,3 ; 27,3, 27,3; 27,3; 29,9; 29,9; 29,9;
29,9; 32; 32; 32; 32; 34,5; 34,5; 34,5; 34,5; 36,4; 36,4; 38; 38; 38; 38;
38

100; 102; 110; 108; 110; 110; 90; 86; 85; 80; 78; 76; 70; 67; 60; 56;
53; 50; 45; 42; 40; 40; 39; 38; 37; 35; 30; 30; 29; 28; 23; 20; 18 ;18;
16; 10; 10;7;9; 5

0,1
0,01

33; 33; 35,1; 35,1; 35,1; 37,3; 37,3; 37,3; 37,3; 37,3; 37,3; 37,3; 38,4;
38,4; 38,4; 38,4; 39,1; 39,1; 39,1; 40,7; 40,7; 40,7; 40,7; 40,7; 40,7;
40,7; 43,5; 43,5; 43,5; 43,5; 43,5; 43,5; 45,6; 45,6; 48,9; 48,9; 48,9;
50,2; 50,2; 50,2

17,5;17,5; 17,5; 17,5; 17,5; 17,5; 17,5; 17,5; 20,4; 20,4; 20,4; 20,4;
23,7; 23,7; 25,1; 25,1; 25,1; 27,3 ; 27,3; 27,3; 27,3; 29,9; 29,9; 29,9;
29,9; 32; 32; 32; 32; 34,5; 34,5; 34,5; 34,5; 36,4; 36,4; 38; 38; 38; 38;
38

0,05
0,01

14,8; 14,8; 16,9; 18,4; 18,4; 18,4; 18,4; 18,4; 19,2; 19,2; 19,2; 19,2;
19,2;21,7;21,7; 21,7; 21,7, 21,7; 21,7; 21,7; 21,7; 21,7; 23,4; 25; 25;
25; 25; 27,5; 27,5; 27,5; 29,2; 29,2; 29,2; 29,2; 31,1; 31,1; 31,1; 31,1;
31,1; 31,1

7:3;13;9; 10; 15; 19; 13; 20; 25; 35; 30:; 30; 34; 35; 37; 40; 35; 45;
45: 60; 55; 60; 65; 56; 65: 67; 80; 65; 90; 95; 78; 85; 85; 100:; 115;
120; 110; 115; 100

0,05
0,1




6 Y 44.1; 46,7, 46,7; 46,7; 46,7; 46,7; 46,7; 46,7; 46,7; 46,7; 46,7; 49; 49; 0,1
52,3; 52,3; 52,3; 52,3; 52,3; 56,4; 56,4; 56,4; 56,4; 56,4; 59,2; 59,2; | 0,01
59,2; 64, 67,8; 67,8; 67,8; 69,5; 69,5; 69,5; 69,5; 69,5; 71,6; 71,6;
71,6;71,6; 71,6

X 120; 110; 115; 110; 115; 100; 95; 90; 100; 85; 95; 80; 90; 70; 75; 80;
71; 80; 56; 55; 50; 50; 60; 50; 40; 45; 35; 34; 30; 25; 25; 20; 19; 15;
13;13;10;9; 7; 3

KonnuecTBeHHAsT OICHKA CHJIBI CBSI3U MEXIY HCCIIEAYeMbIMH (DakTopaMu ompenesiseTcs
MOCPEACTBOM KOdpPUIIMEHTA KOppesuu I' o hopmyoe:

> (X, — X)-(Y, - V)
r=== , 1)

n-oy-oy

rJe N — 4KMclo Hap 3HadeHuil uccaenyeMbix dakropos; X , Y, 6x, Gy — CpeJHUE 3HAYECHUS U
CPCAHCKBAAPATHYCCKHUEC OTKIIOHCHWA COOTBETCTBCHHO BXOAHOI'O U BBIXOJHOT'O (baKTOpOB.
Jlns yno6eTBa pacuera KodGpUIHEHTa KOPPENSAIME MOKHO HCIIONIL30BaTh (GOPMYIY:

i=1 i=1 i=1 ] (2)

[TpoBepka 3HAUUMOCTH KOI(DDUIIMEHTA KOPPEIISALIIH.
O6vem svibopru snauumenvhwiii (N>100).
Koa¢ppunmentr koppensuuu r, ONpeAeTCHHBIH 1O BBIOOPOYHBIM JAaHHBIM, MOXET HE
COBMAJATh C JICHCTBUTEIbHBIM 3HAYEHUEM, COOTBETCTBYIOIIMM I'€HEPAJIbHOH COBOKYITHOCTH (B
CUJIY MaJIOi MpeACTaBUTEIBLHOCTH BEIOOPKH).

OmmOka BEIOOpOYHOTO KO3 (pULIMEeHTa TApPHOM KOPPEISLUY ONpeeseTcs Kak:

Sy = . (3)

[Ipu n > 100 MOXHO MPEANOIOKUTH, YTO KOIDPHUIIMEHT KOPPETSLUU pacrpeaesieH
HopMaJibHO. Toraa crpaBeuInBO BBIPAXKEHUE:
P{r- XSy <r< r+ XSt}
rze P — BeposTHOCTS.
MpuP=09 Xr=1,653; P=0,95 X;=196;, P=0,99 X;=2,576.
Obvem 6vibopku om 30 0o 100. Ilpu ManeIX n TUIOTE3a O HOPMAJIBHOM pacHpeleIeHUN
Kod(puIIMEeHTa KOPpENsUH, KaK MpaBHiIo, HEe MOJATBEpXkaAaeTcs. B 3ToM cimywae Ui OLIEHKU

3HAYUMOCTH I IPUMEHSIOT t-KpuTepuii CThIOJIEHTA.



e =022 4)
1-r?
st yucna creneneid ceoOoasl v =N [1 2 W ypOBHS 3HAYMMOCTH O, [0 CTATUC-TUYECKUM
TaOJUIIAM HAXOJIAT TeopeTHUecKoe 3HaueHue t-kputepust CthrogeHTa (treop.).
Ecnu tpacy. > treop., TO IPEANIONOKEHNE O HYJICBOM 3HAUCHUU KOI(PPUIIMEHTA KOPPENIALUU HE
MOATBEPIKIACTCSI.
Ecnu thace.< treop., TO CUMTAETCS, YTO BEIMYMHA I HE3HAYUMO OTJIMYACTCS OT HYJIS.
JloBepuTENbHBIN WHTEPBAJ ISl OLICHKH MCTUHHOTO 3HAYCHUS KOIPPUITEHTA KOPPEISIUN
B F€HEPAJIbHOM COBOKYITHOCTH (p) OIpeesieTcs Kak
I — treop. Sr< psr+ tTeop.Sr- (5)
Obwvem svibopru N < 30.

Jist OLIEHKH 3HAYMMOCTH [ TIpH MaJIOM 00beMe BBIOOPKH I1€TIeCO00pa3HO UCIIONb30BaTh Z-

npeoOpazoBanue @uimiepa. CtatucTuka Z onpeaensiercs no hopMmyie:

Z—1|n ]Lr (6)
2 \1-r)

Pacnipenenenrie Z acuMOTOTHYECKHM MpUOIMKAaeTCs K HopMaidbHOMYy. Bapuauus 2z

BbIpaxkaeTcst (hOpMyIioil, KOTopasi pacmpesielieHa 10 HOPMalbHOMY 3aKOHY CO CPEIHHUM Lz U

nucnepeneit 67

1, (1+ 2
MZ:_In—p (¢) :—l
2 \1-p £ n-3

OO6nacThb MMPUHATHA TUIIOTE3BI O HYHCBOﬁ KOoppeiisinuu UMECT BU:

n-—3 1+r

-2, < In <z, 7
2 S IN\ T | < 2, ™

e Z — CTaHOapTHasd, HOPMAJIbHO pacCIIpCaACIICHHAA cnyqaﬁHaﬂ BennunHa. Ecim pacuCTHOC
3HAYCHHUC OKAXCTCA BHC 3TOT'O MHTEpBAJIA, TO 3TO 6y,Z[eT MPHU3HAKOM HaJIMYUA CTaTUCTHUYECKOH
KOppEIALNN C YPOBHEM 3HAYHUMOCTH Ol.
Jlnst o =0,05 a2 = 1,96; a0 = 0,02 zap2 = 2,32;

o =0,01242=2,58; aa=0,12zq2=1,64.
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3agaua 4. IlpoBepka rumore3bl 0 JHHEHHOCTH KOPPEJISIHOHHON CBSI3H.
OmnpenesieHne KOPPeISHOHHOTO OTHOLIIEHHS.

B ciiydae nuHerHOM 3aBUCUMOCTH I = 1. ECiiu CBSI3b — HENMHENHAsA, TO I < 1).
DTO MO3BOJISIET WCIIOJB30BaTh 1| B KA4ECTBE MEPHI JMHEWHOCTH CBA3U MEXKIY
nepeMeHHbIMU X U Y. KOppelsiiImOHHOE OTHOLLIEHHE 1| ONPEAEIAETC KaKk
)2 NRY
2 -9 =(y-y,) 3
My = = (8)
2=y

rae > (y —y)2— cyMMa KBaJpaToB OTKJIOHEHUM MHIUBHIyalIbHBIX 3HAYEHHUH Y OT

ob1eii cpeHeit apupmeTHaeckoit y; > (y - y.)? — CyMMa KBaJpaToB OTKJIOHEHHUMH

BAPUAHT OT T[PYNIIOBBIX  CPEAHUX Y, , COOTBETCTBYIOLIUX OIIPEIACICHHBIM,
(UKCHUPOBAHHBIM 3HAYEHUSM HE3aBUCUMOMN NIEPEMEHHOM X.
KoppensiimonHoe 0THOIIIEHHE MOKHO PACCUUTATh U MO TaKou dopmyiie

9)

rae > (y, - y)" — CyMMa KBapaToB OTKIOHCHHIT IPYIIIOBBIX CPEAHMX Y, OT oLeii
CpEIHEH vy .

3nauenus 1 pacnpezaenensl Ha otpeske [0; 1]: 0 <n < 1. Uem Ommxe M k 1,
TE€M TECHEE CBSI3b MEXKY IEPEMEHHBIMU X U Y.

[IpoBepka 3HAYMMOCTU KOPPEISLUHUOHHOTO OTHOUIEHUSI OCYUIECTBISAETCS C

nomoIsio F-kputepust @uiepa. Ero 3HaueHue paccuuThiBaeTcs 1mno Gopmyie:

2
Fppen = —10ZM) 10
T aenhm-y “o

r7ie 7 — 00beM BBIOOPKH; M — YUCIIO TPYIII.



Kputnueckoe 3nauenue F ompegensercs mo TabiauiaMm pacrpeneacHus

®duiiepa (mpuitokeHUue A) 1Mo ypOBHIO 3HAUUMOCTH d U YHACITY CTENEHEH CBOOOIBI:

Freop.(0;V1;V2), THE Vi =M —1; vo=n—m;

PacueTtHOC 3HaueHUE Fpacq_ HGO6XOI[I/IMO CpaBHUTHb C KPUTHYCCKUM FKp.

[To o6miemy npaBuily NPOBEPKU CTATUCTUYECKUX TUIIOTES:

- €CJIN Fpacq' < FKp, HYJICBYIO THIIOTC3Y O TOM, YTO T HE3HAYHM, HCJIb3s OTKIOHHUTD,

- CCJIIN Fpacq' > FKp, HYJICBAsA THUIIOTC3a OTKIIOHACTCA B IIOJIb3Y aHBTepHaTHBHOﬁ.

KoaddumuenT n 3HaunMo OTIMYAETCS OT HYJIS.

[Tpumep pacueTa KOPPEISIUOHHOTO OTHOIIICHUSI PUBENICH B TaOIHIle 2

Tabauya 2 — Memoouka pacuema KoppeaiyuoHH020 OMHOUIEHUS

2 2 2
X|1Y]| Yx Y—? Y -Y) Yy =Y (Yx -Y) Y =Yy (Y_Yx)
3|66/ 66 31,2 975,36 31,2 975,36 | 0,00 0,00
5159 24,2 587,13 35,9 1288,63 |-11,67| 136,11
5166| 70,7 31,2 975,36 35,9 1288,63 | -4,67 | 21,78
5187 52,2 |2728,05 35,9 1288,63 | 16,33 | 266,78
7 (80| 80 45,2 12045,82 45,2 2045,82 | 0,00 0,00

[Tponomxkenue TabaUIIBI 2

9 (31 -3,8 14,21 0,9 0,81 | -4,67| 21,78
9 |31|35,7| -3,8 14,21 0,9 0,81 | -4,67| 21,78
9 |45 10,2 104,67 0,9 0,81 9,33 87,11
11 (24 -10,8 | 115,98 8,2 67,75 |[-19,00( 361,00
11 |31 -3,8 14,21 8,2 67,75 |-12,00| 144,00
11 |31 -3,8 14,21 8,2 67,75 |-12,00| 144,00
11 |31 430 -3,8 14,21 8,2 67,75 |-12,00| 144,00
11 |52 17,2 296,90 8,2 67,75 9,00 81,00
11 |66 31,2 975,36 8,2 67,75 | 23,00 | 529,00
11 |66 31,2 975,36 8,2 67,75 | 23,00 | 529,00
13 |17 -17,8 | 315,75 —4.,4 19,41 |-13,36| 178,59
13 [24]304 _108 | 11598 -44 1941 | -6,36 | 4050
13 |24 -10,8 | 115,98 —4.,4 19,41 | -6,36 | 40,50
13 |31 -3,8 14,21 —4.,4 19,41 0,64 0,40
13 |31 -3,8 14,21 —4,4 19,41 0,64 0,40
13 |31 -3,8 14,21 —4,4 19,41 0,64 0,40




13 |31 3,8 | 14,21 4,4 19,41 | 0,64 | 0,40
13 |31 3,8 | 1421 4,4 19,41 | 0,64 | 0,40
13 |38 3,2 10,44 4,4 19,41 | 7,64 | 5831
13 |38 3,2 10,44 4,4 19,41 | 7,64 | 5831
13 |38 3,2 10,44 4,4 19,41 | 7,64 | 5831
15 |24 ~10,8 | 115,98 ~1,4 206 |-933| 87,11
15 38333 3.2 10,44 1,4 206 | 467 | 21,78
17 |10 248 | 61351 | -154 238,27 | -9,33 | 87,11
17 |17 ~17,8 | 31575 | -154 238,27 | —2,33 | 5,44
17 |17] g 5| 178 | 31575 -154 238,27 | —2,33 | 5,44
17 |17 ~17,8 | 31575 | -154 238,27 | —2,33 | 5,44
17 |24 ~10,8 | 115,98 | -154 238,27 | 4,67 | 21,78
17 |31 3,8 | 1421 15,4 238,27 | 11,67 | 136,11
19 | 3 31,8 100928 -27.1 73455 | 4,67 | 21,78
19 (3| 77| —-31,8 |1009,28| —27.1 73455 | 4,67 | 21,78
19 |17 17,8 | 31575 | -27.1 73455 | 9,33 | 87,11
21 (17| 17 | -17,8 | 31575 | -17.8 315,75 | 0,00 | 0,00
n=39 14978,92 11532,38 3446,55

CpenHee 3HaueHUE Y =348,

[Toacrasmsis B hopmyany (8) 3HaUeHHS U3 TAOJIUIIBI 2 TTOJTyYaeM:

_ 2 2
(y-y) —(y-vyx) -
Ny = Z x) \/14978,92 3446,55 0877

_2 B 14978,92
> -y

[To popmyie (9) umeem (mpoBepka):

2
(Yx =)
o = D (v _ [s3_oo
_2 1497892
D y-y)

JU1s TpOBEPKU TMIIOTE3bI 3HAYNMOCTH CBSI3U OIIPENETNM 3HAUYE€HUE Fpqcu.

20 290 _
E __n (n-m)  0877°(39-10) 10,734,

PACE T ) m—1) (1-0877%)(10-1)

B namem nmpumepe N =39 um=10. Tornavi =10-1=9; v, =39 - 10 = 29.

Mo npuinokenuto A Haxoaum, 4to F, (0,05; 9; 29) = 2,2.



Tax kak Fpacw. = Fip, MOXHO cuMTaTh, 4TO, KOI(QOULUUEHT T 3HAUUMO

OTJIMYACTCA OT HYJIA.

3aaHus I CaMOCTOSITENIbHOU paboThI

Nem/m | X Y
1 7 4
2 7 1
3 7 5
4 7 9
5 7 9
6 7 15
7 7 13
8 7 13
9 13 20
10 13 25
11 17 29
12 17 30
13 17 30
14 17 25
15 17 35
16 21 37
17 21 40
18 21 40
19 21 45
20 21 45
21 25 55
22 27 55
23 27 60
24 27 65
25 27 56
26 27 65
27 29 67
28 29 75
29 32 80
30 32 90
31 32 100
32 32 78
33 32 80




34 32 85
35 35 100
36 35 115
37 35 120
38 35 110
39 38 140
40 38 135
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Kadenpa "Ynpasienue kauecTBoM"

MeTOI[I/I‘-IeCKI/Ie YKa3aHuA 1JIs BBITOJIHCHUS HpaKTquCKOﬁ pa6OTBI 10
JUCHUITIINHEC «MGTOI[BI aHaJIM3a JaHHBIX)

3amava 5. Pacuer ko3¢ puiiueHTOB MHOKECTBEHHOI KOPPeJIAHA

Ta6nuna 1 — 3aganus 1715 BHITIOTHEHUS MPAKTHYECKON paOOThI

Bapuant 1 | Bapuant 2 | Bapuant 3 | Bapuant 4 | Bapuant 5
O6Bem 15 22 18 34 65
BBIOOPKH,
n
o 0,6 0,5 0,65 0,7 0,64
r'13 0,3 0,3 0,41 0,27 0,31
23 -0,2 -0,3 -0,35 -0,33 -0,36

MHo:KecTBEHHAsI KOPPeJIsiius

[Ipy wm3ydeHHM CIIOKHBIX SIBICHUH HEOOXOJAMMO YYHTHIBATH Oo0Jiee JBYX
ciydaitHbix pakTopoB. [IpaBunbHOE IpeIcTaBICHUE O IPUPOJIE CBSI3U MEXKTY STUMHU
dbakTopaMu MOXKHO TMOJYYUTh TOJBKO B TOM cllydyae, €CJIH TOJBEPTHYThH
WCCJIEIOBAHUIO Cpa3y BCE paccMaTpuBaeMble ciiydaiiHbie gaktopbl. CoBMECTHOE
U3ydeHUE Tpex U OoJjiee CIy4aHbIX (HAKTOPOB TMO3BOJUAT HKCCIENOBATEIIO
YCTAHOBUTHL Oo0Jiee WJIM MEHee OOOCHOBAaHHbBIC MPEAMNOJIOKEHUS] O MPUUUHHBIX
3aBUCUMOCTSIX ~ MEXAy  u3ydyaeMbiMd  (¢akrtopamu. [Ipoctoit  ¢popmoit
MHO>XECTBEHHON CBSI3U SIBJSIETCS JIMHEWHAsT 3aBUCUMOCTb MEXKIYy Tpems
npu3Hakamu. CiydaitHble (akTopsl oOo3HauarTcs Kak Xi, Xo u Xz. Ilaphbie
K02 dULIMEHTHI KOppessiiuu Mexay X1 U Xp 0003Ha4aeTcs KakK 12, COOTBETCTBEHHO
MexXIy X1 U X3 — I3, Mexay X2 U X3 — I';3. B kadecTBe Mepbl TECHOTHI JTUHEWHOM
CBSI3M TpeX (PaKTOPOB UCIOJIb3YIOT MHOKECTBEHHBIE KOI(DPHUITMEHTHI KOPPEAIUH,
obo3Hawaemble Rj23, Ri3, R3i2 m yacTtHble KOADPUIIMEHTH KOPPEISIUH,
0003HaYaeMbIe 23, Nao, Na1.

8.3.1 MHoOxeCTBEHHAs! JIMHENHASA KOPPEISALHS

Mmuooicecmeennviii  koagppuyuenm xoppenayuu Rizz Tpex (paxTopoB — 3TO
MOKa3aTeslb TECHOTHI IMHEHHOMN CBSI3M MEXAY OJHUM U3 (aKTOPOB (MHAEKC Mepe.
TOYKOW) U COBOKYIHOCTBIO ABYX APYIUX (HAKTOPOB (MHAEKCHI OCIE TOYKH).

3navenusa koddpdunuenta R Bcerma Haxonarcs B npenenax ot 0 go 1. [pu
npuOmmkeHun R K eAuHuIle CTeNneHb JHWHEHHOW CBSI3U TpeX IPU3HAKOB
YBEIINYMBAETCH.



Mexny ko3(h(UIHEeHTOM MHOXKECTBEHHOH KOppemnsuuu, Hampumep Roiz, u
IBYMsI KO3 PUIIMEHTaMU TAPHOH KOPPEISILIUU 12 ¥ I23 CYILIECTBYET COOTHOIICHHUE:
KOKIBIA M3 NapHbIX KO3(PPHUIMEHTOB HE MOXKET IPEBBIIIATh MO a0COIHOTHOU
BeIMUrMHE Ry13. @OpMysbl 171 BBIYMCIECHUS MHOXKECTBEHHBIX KO3(PUIIMEHTOB
KOPPEJSILIMY MPU U3BECTHBIX 3HAYEHMSIX KOA()(PUIIMEHTOB MApHON KOPPEIALMH [12,
13 ¥ '3 UMEIOT BU:

2 2
Ry, — |M2+H3— 2I1p 303
1.23 — 2 !
1- r23
2 2
Ro.o - |12 133~ 215303
213 — ) 1
1-n3
2 2
Ra. — |M3 T 133~ 21153003
1- r12

Kpazpar xo>(uumeHTa MHOXKECTBEHHOM Koppemsuun R? HaspiBaeTcs
Koaghpuyuenmom muodcecmeennou Oemepmunayuu. OH TIOKA3bIBACT JIOJIO
BapHaIH 3aBUCUMOM TTIEPEMEHHOM 10T BO3JCHCTBUEM M3y4aeMbIX (haKTOPOB.

3HAYMMOCTh MHOKECTBEHHOM KOPPESAIUU OlIEHUBAETCs o F-kpurteputo:

c_ R?2 (n —1}
1-R?\k-1
rae N — o0beM BbIOOpKH; K — drcio daktopos. B Hamrem ciyuae k = 3.

HyneBas rumore3a O paBEHCTBE HYJIO MHOXECTBEHHOTIO KO3(pQuULMEHTa
koppensiiuu (Ho:R=0) mpunumaercst, eciut Fyacq <Fr, 1 0TBepraercs, ecim Fpaeq > Fr

Teopernueckoe 3HaueHue F-kputepus onpenensercs 1 Vi =K-1uvya=n-K
cTerneHeil cBOOObI ¥ MPUHATOTO YPOBHS 3HAUMMOCTH o (TIpuJt. 1).

Ilpumep eviuucnenus kosppuyuenma muodxrcecmeennou koppeaayuu. llpn
U3YYEHUU B3aMMOCBSA3M MEXIy (akTopaMu ObUIM MOJYy4YeHbl KOA(DOUIIMEHTHI
napHoi koppeinsuu (N =15): r1,==0,6; 113 = 0,3; r,3 =-0,2.

Heobxoanmo BBIICHUTH 3aBUCUMOCTb MIpU3HaKa Xp OT mpu3Haka Xi; U Xs, T. €.
paccuuTaTh KO3PPUIUEHT MHOKECTBEHHOU KOPPEIISITUU:



(0,6)% +(0,3)° —2x 0,6 x0,3% (~0,2)

5 =0,74;
1-(0,2)

Roi3 =

2
- (0,74) (15—3) _733
1-(0,74)> \ 2

Tabnuunoe 3HaueHue F-kputepus npu vi =2 u v = 15 — 3 = 12 crenensax
cBo0ow1 ipu o, = 0,05 Foos = 3,89 mwmpu o0 = 0,01 Fo01=6,93.

Taxkum 00pazoM, B3aUMOCBSI3b MEXKIY NMpU3HaKaMu Ry i3 = 0,74 3HaumMma Ha
1%-m ypoBHE 3HAUMMOCTH Fpacq > Foo1.

Cyzns o ko> GHIHMEenTy MHOKECTBEHHOM netepmunanuu R? = (0,74)2 = 0,55,
Bapualus npu3Haka Xz Ha 55% cBs3aHa ¢ eficTBHEM U3ydaeMbIX pakTopos, a 45%
Bapuanui (1-R?) He MOXKeT ObITE OOBACHEHO BIUSHUEM STUX HEPEMEHHBIX.

8.3.2 YacTHas JIMHEWHAsE KOppeIsuus

Yacmuelii kosguyuenm roppenayuu — 3TO TOKa3aTeNb, HU3MEPSIOMIUN
CTENEHb KOPPETUPOBAHHOCTHU ABYX (PAKTOPOB MPHU YUETE OCTAIBHBIX (PAKTOPOB.

MaTteMaTnyeckass CTaTHCTHKA IO3BOJSIET YCTAHOBUTH KOPPEISALHMIO MEXKIY
IByMs (haKTOpaMu MPH MOCTOSTHHOM 3HAYEHUHU TPEThETO, HE CTaBs CHEIHUAIBHOTO
HKCIIEPUMEHTA, a UCTIOJB3Ys MapHbIe KOAPPHUIIUEHTHI KOPPEISAIUH I12, F13, I23.

YacTHbie KOADPUITUEHTHI KOPPEIALMHI PACCYUTHIBAIOT IO (PopMyIiam:

_ ho—Nh3-Ihy | ~ ha—Np- Ty |
MNo.3 = > > » N3.0 = > > ’
\/(1_r13xl_r23) \/(1—&211—@3)
3 — o -3

T \/(1— 5 X1— r123) |

[udper mepen Touko#l yKa3bIBAIOT, MEXAY KakuMu (hakTOpaMu H3ydaeTcs
3aBUCUMOCTh, a IU(dpa Mociae TOYKH — BIUSHUE KAKOro (pakTopa MCKII0YAeTCs
(@mumuHupyercs). OmuOKy W KpUTEpUN 3HAYUMOCTH YACTHOM KOPPEISIUU
OTIPEISIISIIOT TI0 TeM ke (opMysiaM, 4TO U MapHON KOPPETSIIUU:

1-r3. r
s T\ g T (8.12)

Teopernueckoe 3HaueHHE t-KpUTEpUs ONpEAeNsieTcs A CTeeHe cBOOOAbI
V =N —2 1 NPUHITOTO YPOBHS 3HAUUMOCTH QL.

HyneBas rumote3a o paBeHCTBE HYJIO YaCTHOTO KOY(PPHUITMEHTA KOPPEIAIUU
(Ho: r = 0) mpuauMaeTcs, €ciu tyacq < tr, 1 OTBEpraeTcs, €ciu thocy > tr.

Yactabple K03()PUITUEHTH MOTYT IPUHUMATh 3HAYCHHUS, 3aKITFOUCHHBIE MEKITY
—1 u +1. YacTtHble K09hPuyuenmor demepmunayuy HaXOIAT IMIyTEM BO3BEJCHUS B



KBaJIpaT YaCTHBIX KO3()(PHUIIMEHTOB KOPPEIISALIUU:

Di23 = rs; G132 =3 doss = ros.

OmnpeneneHre CTENEHUM YacTHOTO BO3JCHCTBUS OTAEIbHBIX (DAKTOPOB Ha
pE3yNbTATUBHBIN NpPU3HAK IMPU HMCKIIOYEHUU (JIMMHUHMPOBAHHMM) CBSI3U €ro C
JPYTUMHU TNpPU3HAKAMH, WCKAKAIOIMIUMH 3Ty KOPPEISLHI0, YacTO MpPEICTaBIIAET
Oonpmiol  uHTEpec. MHorga ObIBaeT, 4YTO MOpHU TOCTOSHHOM 3HAY€HUU
AIIMMUHUPYEMOTO (haKTOpa HeNb3sl MOJMETUTh €r0 CTAaTUCTUYECKOTO BIUSHUS Ha
U3MEHYMBOCTb JPYTUX (HAKTOPOB.

YToObl YSICHUTh TEXHUKY pacyeTa 4acTHOro Ko3((HIMEHTa KOppPEIsLHH,

pPacCMOTpPUM TPUMED.

Tabnuna 2 — 3aganus 15 BHITTOJIHEHUS MPAKTHYECKON paOOThI

Bapuant 1 | Bapuant 2 | Bapuant 3 | Bapuant 4 | Bapuant 5
O6Bem 15 22 18 34 65
BBIOOPKH,
n
Ry 0,69 0,75 0,65 0,7 0,64
Rxz 0,35 0,39 0,48 0,57 0,51
Ryz 0,29 0,3 0,55 0,33 0,44

Nmerores Tpu mapametpa X, Y u Z. [{ns oobema BoiOopku N = 180 onpeneneHsl
napHbie KO3)PUIMEHTHI KOPPESLNU
Ry = 0,799; ry, = 0,57; ry, = 0,507.
[To popmye (8.12) onpeaenum yacTHbIE KOIPHUITUESHTHI KOPPETSITUU:

gz = 0,799-0,570x0,507 _0,720:

Ji-05702 hi-0,5072)

0,570-0,799x0,507

~0318
Jii-0,799 JL-0,5072

xz.y =

0,507-0,799x0,570
Myz.x = =0,105.

Jii-0,7992 - 0570
YacTHblil K03QGUIUESHT KOpPEeNsaIuu MexXay ¢aktopoM X u Y ¢ MOCTOSSHHBIM
3HaueHueM ¢axropa Z (ry,; = 0,720) moka3pIBaeT, YTO JIHIIb HE3HAYUTEIbHAS YaCTh

B3aMMOCBSA3M 3TUX MPHU3HAKOB B 001ed koppemsiuuu (Fy = 0,799) oOycioBneHa
BIIUSIHUEM TPEThEro akropa (Z). AHAJOTUYHOE 3aKII0YEHUE HEOOXOIMMO ClIeNaTh




U B OTHOILIEHUHM YaCTHOTO KO3(PQPHUIMEHTa KOppeNmsuuu Mexay ¢akropom X u
dakTopom Z ¢ moctossHHbIM 3HadeHueM dakropa Y (ryy = 0,318 u ry, = 0,57).
Hanpotu, yacTHbli KO3(hUIMEHT Koppensiuu Mexay ¢akropamu Y U Z ¢
HNOCTOSIHHBIM 3HaueHueM (axrtopa X Fyx = 0,105 3HauMTENbHO OTIMYAETCA OT
obmero ko3pduuuenta xoppemauuu ry, = 0,507. W3 storo BHAHO, 4TO eciu
nos00parh OOBEKTHl C OJWHAKOBBIM 3HaueHHEM (akTopa X, TO CBSI3b MEKAY
dbaxkTopamu Y u Z y HUX OyJieT oueHb c1aboi, Tak Kak 3HauYMUTEJIbHAs 4acTh B ATOMN
B3aMMOCBS3HM 00YCJIOBIIEHA BapbUpoBaHueM (pakTopa X.

[Ipy HEKOTOPBIX OOCTOSTENHCTBAX YACTHBIN KOA(P(UIMEHT KOppesiuu
MOJKET 0Ka3aThCsl MPOTUBOIIOIOKHBIM IO 3HaKy TapHOMY.

Hanpumep, npu u3ydeHnu B3aMMOCBS3H MEXAy (aktopamu X, ¥V u Z Obuin
HoJTydeHbl napHble K03 dunuenTs! Koppeminun (npu N = 100): ryy, = 0,6; ry,=0,9;
ry, =0,4.

YacTtabie KOAGOUIIMEHTHI KOPPEISAIUU MPU UCKIIOYEHUN BIUSHUSA TPETHETO
dakrtopa:

0,6-09%04
Iyy.; = —F——=——==0,60;
Y Ji-092fi-042]
09-0,6x04
.y =X 0,00;
“ Ji-os?i-0.42)
_ 04-06x08 _ oo

i Ji-062fi-09?)

W3 mpumepa BUIHO, YTO 3HAYEHHUS MApHOTO KOd(PPHUIMEHTA M YACTHOTO
Kod(dpuIeHTa KOPPENSIIINN Pa3HATCS B 3HAKE.

Meton 4YacTHOM KOPPENIALMH JAaeT BO3MOXHOCTb BBIYUCIUTH YacCTHBIN
KOd(PPUIIMEHT KOppENSIIud BTOPOro MOpsiaKa. ITOT KOIPUIIMEHT yKa3bIBaeT Ha
B3aMMOCBSI3b MEX]y TMEPBBIM M BTOPHIM (PAKTOPOM MpU MOCTOSIHHOM 3HAYEHUU
TpeThero u uetrBepToro. OnpeneneHne 4acTHOTo KodhuimeHTa BTOPOro mopsiaka
BEJIyT Ha OCHOBE YaCTHBIX KOA((PUIIMEHTOB MepBOro nopsaka mno dhopmyie:

. _ N2.4—13.4-123.4
12.34 = > > |
\/(1— r13-4x1— r23,4)

1€ I12.4, 134, 234 — YacTHBIE KOA(D(GUIIUESHTHI IEPBOTO MOPSIIKA, 3SHAUCHUE KOTOPHIX
OMpeNeAoT 1Mo (HopMyJsie 4acTHOTO KO3 UIMEHTa, UCTIONb3ysd KO3 (PUITUEHTHI
HapHOﬁ KOppesu I, 13, 14, 123, 24, 3a4.







1. METOA HAUMEHBIINX KBA/IPATOB

MGTOI[I/I‘ICCKI/IC YKa3aHHUA K HpaKTH‘{eCKOﬁ pa60Te 10 ANCHUIIJINHC
«MGTOI[BI aHaJIM3a JaHHBIX»

Jlnst  xapakTepucTHKA (OPMBI  CBS3U TPU HW3YUCHUH KOPPEISAITUOHHOU
3aBUCUMOCTH MEXIY BBIXOJHBIM IapaMETPOM M TEPEMEHHBIM (HaKTOPOM, IPHU
0o0paboTke pe3ysJbTaTOB  OAHO(MAKTOPHBIX AKCIEPUMEHTOB, HCIOJIb3YIOTCS
ypaBHEHUS NpUOJIMKeHHOU perpeccui [1]. 3amaua cTaBUTCS CIIEIYIONIUM 00pa3oM:
1o JaHHOW BBIOOpKE 00bEMA N HAWTH ypaBHEHHE MPHUOIUKEHHOW perpeccuu u
OLICHUTH JIOMYCKaeMyI0 MpHU 3TOM OmMOKy. B kadecTBe Meroja mpuOIMKEHUS
OOBIYHO BBIOMPAIOT METOJ HauMeHbIuX kBaaparoB (MHK).

CyTh MeTOJla 3aKJII04aeTcss B TOM, YTO BHUJI 3aBUCHUMOCTA M 3HAYCHUS
KO3 (PUIIMEHTOB  ONMMCHIBAIOIIETO €€ ypPaBHEHHUS JOJKHBI  O0ECreYnBaTh
MUHUMAJIBHYIO CYMMY KBaJpaToB OTKJIOHEHUH (D) OpAUHAT HKCIIEPUMEHTATBHBIX
TOYEK OT OpJIMHAT ATON 3aBUCUMOCTH [2]:

n
b = z(yi — $)? = min, (1.1)

i=1
I1e Y; — pAacCUMTAHHOE 110 YPaBHEHHMIO PErpeccHd 3HAYEHUE BBIXOHOTO
nmapaMeTpa, a y — OKCIEpPUMEHTAJbHOE 3HAUYeHHWE BBIXOJHOIO IapaMerTpa,

MOJIyYEHHOE MIPU TOM K€ 3HAUYEHUU IEPEMEHHOT0 (paKkTopa X;.
3amaua ompexaeneHus Kod(pduUIHMEHTOB ypaBHeHHs perpeccun no MHK
CBOJAMTCS K ONPEEICHUI0 MUHUMYMa (DYHKIIMM MHOTUX nepeMeHHbIX [1]. Eciu:

y = f(x, by, by, ..., bg), (1.2)
u TpedyeTcst BbIOpaTh KodhpuimenTsr by, by, ..., by Takum 006pa3oM, 4TOObI:
n
= >[5 = f (i, bo, by, byl = min (1.3)
i=1

TO HeoOXoauMbIM ycioBueM MuHumMyma D(bg, by, ...,bg) OyneT SABAATHCS
BBITIOJIHEHHUE PABEHCTB:

00 _ 00 _ 00 .
ob, ~  0b;  0bg (14)

T.e. MUHUMYM TaHHOW (PYHKITUU OYyAET B TOUKE, T1Ie €€ YaCTHBIC IPOU3BOIHBIE
PaBHBI HYJIIO.



VYcnosue (1.4) MOKHO 3anucaTh B BUJIE:

n 6 l

> 205 = £ by, by, e, b)) QZ) =0,

§ 9
Zzwi—f(xi,bo.bl,... be)] gz)—o, (1.5)

9
Zz — £(x1, by by, s bR)] QZ) =0

[Tocne Hpeo6pa3OBaHH51

01 () _ N 8 (x) _
Zyl ob, Zf(xi,bo,bl,...,bR)a—bo_o,

0f () of (v) _
b Zf( Do by, b)) T2 =0, (16)

of (x
7L Zf( bbb L2 <0,

Cucrema ypaBHeHHH (1.6) I/IMeeT CTOJIKO K€ YpPaBHEHUH, CKOJIBKO
HEU3BECTHBIX KOYPPHUIHMEHTOB by, by, ..., b BXOAUT B ypaBHEHHE DPETPEeCcCUH, U
HAa3bIBAETCA CUCTEMON HOPMAJIBHBIX YPABHEHHI.

[Ipu U3ydeHUU 3aBUCUMOCTH BBIXOJIHOTO TTapamMeTpa OT OJHOTO MEPEMEHHOTO
dakTopa HEOOXOIUMO TIOCTPOUTH SMIUPUYECKYIO JIMHUIO PErpeccud Jyis
omnpezeaeHus BUuaa ypaBHeHus perpeccud [1]. [Is 3Toro Bech quana3oH M3MEHEHUS
X Ha ToJIe Koppensdinuu pasouBaeTcss Ha Kk paBHbIX mHTepBasioB Ax. Bce Toukw,
MOMABIIME B JAHHBIM HHTEpPBAI ij, OTHOCAT K €ro CEpeluHe X;. st aToro

‘<_z

NGlNgl:

p_x

IIOJACUUTBIBAOT YAaCTHBIC CpeI[HI/Ie :)_/j JJIA KAXIA0T0 I/IHTCpBaJ'IaI
».
_ L= Jji
n;

TZI€ Yj; — OKCIEPUMEHTAIbHBIE 3HAYCHHS BBIXOJHOIO IIAPAMETPa, MOIABIIKE B
uHTEpBAI AX;, & Nj — KOJMYECTBO 3HAUEHHUH ;.
3aTeM MOCIIENOBATENBHO COEMMHSAIOT TOYKU (Xj; Jj) OTPE3KaMu IPAMOM.

[TomydyeHHas oMaHasi Ha3bIBACTCS SMIMPUUYECKOM JIMHHUEN perpeccuu y no X. [lo
BUJTy SMIIUPHUUECKON JTMHUU PETPECCUU MOXKHO MO00paTh ypaBHEHUE PETPECCUU

y = f(0).

Jlnst nuHenHHoM 3aBUCUMOCTH Yy = ax + b ycnosue (1.4) Oyner UMeTh BU/L:



; " (1.8)
%2 = >~ (ax + bl = 0

da
\ i=1
s onipeneneHus KO3 GUIMEHTOB a ¥ b TMHEWHOTO ypaBHEHUS OyIeM UMETh
CUCTEeMY JMHEWHBIX ypaBHeHul (1.9):

4 (=1 (=1 (1.9)

=1 i=
Pemenue cucremsl ypaBuenuit (1.9) oTHocuTensHO a U b jmaeT ciemyromue
(bopMyIIbI ISl X pacyera:

e

ZZinx? — XX XXV

Y P P (10
_NYYiXi — XX LY
C nXaf - (T x)? (L

AnHajlorngHbIM 00pazoM, ¢ nmomoisio MHK MoxHO monydnts GopMyiisl aiis
pacueTa K03 GHUIMEHTOB HeMMHEHHBIX 3aBucumocteit (1.12) — (1.18) [2]:
Jlorapudmuueckas 3aBucuMOcTb Y = alnx + b, x; > 0, x #0

1
( Lyilnx; — =Xy XInx;
a =
1
X X(Inx;)? = =¥ (Inx;)? (1.12)
Yyiaylnx;
. b=
n

OkcroHeHIMabHas QyHKIUA Yy = be® Bce y; ux; >0,y; # 0

[ Sny)x—+Ix Ty,
a =
) Yxi— %Z(xi)z (1.13)
YIny; —aXx
b = exp [ - ]

b

Crenennas pynkuust y = ax”’, x; # 0,y; # 0,Bce y; ux; >0

rb Zlnxilnyi—%ZlnxiZlnyi
- 1
) 2(Inx;)? = —[XInx;]? (1.14)
[Zlnyi — bZlnxl-]
a = exp "



Hpobuo-nmuueiinas pyukmus y = x/(ax + b), y; # 0,x; # 0

( xt_1 X
T3 -pinly
1
< Xxf ——Xxf (1.15)
x.
Zy_;_ale
b=

\ n

['unepOonuueckast pyukuuss y = a/x + b, x; >0
( 1

Y xty; —Ele-Zx?
b —

. Y x} —%(in)2 (1.16)

_Xxl-bYx
. 2= n
JNpoGHo-parmonanpHas pyaknus y = 1/(ax + b), y; # 0

( x; 1 1
Z—‘,—ginZ;
a = i i

_ Yy
| zx-tewy 117)
Yo-—ayx;

\ n
Kpasnparuunas (napabonudeckas) yHkuus y = ax? + bx + ¢

( cn+b2xi+a2xi2=2yi
<czxi+bzxi2+azxi3=2yixi (1.18)
ch:xi2+bz:xi3+az:x{l =in2yi

ToYHOCTH OMMCaHUsT KOPPEISIIMOHHON CBSI3W MEXKIY MapaMeTpOM BBIXOJA U
NIEPEMEHHBIM (DAKTOPOM HATJISAHEE BCETO XapaKTEPHU3YeT CPEHHSS MOTPEITHOCTh
anmpokcumaruu (8, %), KoTopasi pacCUUTHIBACTCS 10 CIIEAYIONICH hopMyIie:

n ~
Yi —Yi

N

i=1
O4eBHUIHO, YTO JIYYIIEH 3aBUCUMOCTBIO JUIsl OMMCAHUS CBS3U MEXKIY X U Y
Oyner Ta, KoTopas oOecrmeuynBacT MHUHUMAIBHYIO CpPEIHIOI MOTPEUTHOCTh

anmpoKCUMaIuu § — min.

X 100%} (1.19)



2. MOJIEJIBHBIV TTIPUMEP

[IpuBeneHa 3aBUCUMOCTh HAMPSKEHHOCTH 3JIEKTpOocTaTHUeckoro noss (y) B
poliecce TUIPOMOHUTOPHON MPOMBIBKM EMKOCTH TMOCjie HePTEnpoayKTa OT
JTUAJIEKTPUUECKOM  TPOHUIIAEMOCTH  MOMOIIeH  KuAKoCcTH (X). Pesynbrars
HKCIIEPUMEHTA MIPe/ICTaBICHbI B Tabuuiie 2.1.

Tabnuua 2.1 — Pe3ynbTaThl SKCIEpUMEHTA

NQXYNQXYNQXY

/1 /1 /1
1 |50 | 32|11 (55|54 21| 62 | 72
51 | 35 [ 12 |56| 50 |22 | 63 |715
52 | 29 |13 |57 60 | 23 |635| 73
5251315| 14 |58| 52 | 24 | 64 | 75
53 | 30 |15 |59| 65 | 25 (645 74
54 | 35 |16 |60| 69 | 26 | 65 | 77
545| 38 | 17 |61|685| 27 | 66 | 75

[TocTpouM SMIOMPUYECKYIO JIMHUIO PETPECCHH, YTOOBI OINPEACIUTh BHUJI
YpaBHEHHS.

N[OOI wWwiN

Jlns aTOTO pazobbeM paccMaTpUBAaEMbI HUAMa30H 3HAYCHUH X Ha N PaBHBIX
WHTEepBaJIOB. [l ompeneneHus] n 4ucia MHTEPBAJIOB BOCIIOIb3yeMcs (hopMyIion
Crepmxeca:

n=1+3,322IgN =1+ 3,322lg21 = 5,39 (2.1)
OKpyIJIsiEM MTOMYYEHHBIA PE3yJIbTaT 10 S.
[upuna untepsana h 6yner paBHa
Xmax — Xmin 66 —50
= = 3,2
h 5

Taxum 00pa3oM MOTyUNUM CIIEIYIONTHE TPAHUITBI M YACTHBIC CPETHUE 3HAUCHUS
WHTEepBaAIOB (Tabauna 2.2).

(2.2)

Tabnuna 2.2 — I'paHuIlsl ¥ YaCTHBIC CPEAHKE 3HAUCHUSI HTHTEPBAJIOB

HNuTepan I'panuubl YacrHbie
VMHTEpPBAJIa cpenHue
Y oy
S _ Hi=17Jt
Yi = —le
1 [50;53,2] 31,5
2 (53,2;56,4] 44,25
3 (56,4;59,6] 59
4 (59,6;62,8] 69,8
3) (62,8,66] 74,25

CoenrHUM NOJIy4€HHBIE TOUKU OTpe3KamMu NpsiMoi (pucyHoK 2.1).
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Pucynok 2.1 — Dmnupuueckas JMHHS pErpeECCHH

(53,2;56,4] (56,4;59,6] (59,6,62,8] (62,8;66]

Hcxonsg W3 MOIy4yEeHHOTO rpaduka, MOXKHO MPEANOJOXKUTh, YTO JAaHHas
3aBUCUMOCTh HMMEET JIMHEWHbIH, 500 creneHHoW Buja. (COOTBETCTBEHHO,
HEOOXOMMO HaMTHU KO3(PPUIMEHTHI AJi ABYX ypaBHEHUH perpeccuu: y = ax + b
ny = ax’.

Jluneiinoe ypaBHenue y = ax + b.

KoadduureHTs TuHeHOr0 ypaBHEHUS onpeensatoTes no popmynam (1.10) u
(1.11)

[IpomesxyTOouHBIE pacy€Thl MPEACTaBICHBI B Ta0IMIE 2.3

Tabnuua 2.3 — [IpoMeKyTOUHbIE pacyEThI

Bemnunna 3Ha‘-I€HI/Ie
X 1221
YV 1166,5
Y X2 71515
TXY 69589,25
(T X)? 1490841

~1166,5 x 71515 — 1221 X 69589,25

21 x 71515 — 1490841
21 X 69589,25 — 1221 X 1166,5

= 3,38
21 X 71515 — 1490841
CreneHHoe ypaBHeHHe y = ax?

KoadduimenTs! nanHoro ypaBHeHus OyayT onpeaenarbes no popmyse (1.14).
a=22,296; b=0,3954. B
[TpoBepuM cpeaHIOI MOTPEmHOCTh anmnpokcuMaruu (5, %) s KakIoro u3

MOCTPOCHHBIX ypaBHEHMM perpeccun. Pacuét npoBoautes mo popmysie (1.19).
n

S=12{y‘ y‘|x100%}
. . nmt
Omun. = 9,83%; Screnen. = 126,66%
Hcexons u3 3Ha4eHN CpeIHEN OTPEIIHOCTH aIlllPOKCUMALMA MOKHO CIIEJIaTh
BBIBOJI, YTO YPaBHEHHME PErPECCUM JIMHEMHOIO BHJAA TOYHEE OIMCHIBACT

AMIIUPUYECKYIO 3aBUCUMOCTb.

= —140,9

a =




3 3AJAHMS JIJISTI CAMOCTOSTEJIBHOU PABOTHI.

Wcnons3yst naHHble W3 TaOauibl 3.1 MOCTPOUTH ypaBHEHUSI PErpeccuw,
ONHCHIBAIOIINE 3aBUCUMOCTEL Y OT X.

Ta6nuna 3.1 — UuauBuayanbHbIe 3a1aHUS.

I Z 3 i 5
Nomm/mm| X 5 g Y Y &
1 oU 4.3 19U Vo) [,8 1Y
Z 5L | 35 [ID5 | 5Z | 65 | 15
3 52 | 4,7 | Ib7 | 40 (8,00 Z,1
q 55 4 [ 158 44 | [,Z5 ] 1.8
o) 23 4.4 1 100U 30 8,10 Z
0] o4 4.0 103 93 0,3 Z
7 545 5 | 15| 30 Z 1
o lo}e) q 100 ouU .4 1,8
) 50 | 45 | L/U| 47 | 8,Z | 1Y
10 57 [ 49 [1iZ] 5L | 9,1 | Z,1
I1 58 4 [ I/5 ] 40 7,6 | 1,8
1/ oY 4.0 1/38 (o4 3,0 pd
13 bU | 46 | I8l | /Z | 8,8 Z
14 bl 5 (184 (5 | Y5 | 2,2
5 bZ | 5,1 | 187 | (Y 7,8 | 1,8
16 b3 | 45 | 19U | 84 | 8,3 YA
1/ 03,0 o) 19/ o4 J,0 Z,3
138 04 4.7 193 ol o 1Y
19 4,5 4,06 | 194 | bY 9 Z,1
ZU B> | 4,7 | 190 (9 | 9,1 | 2,2
Z1 bo | 5, | 199 | 3U 10 2,3
27 o/,Z| 4,2 | 2ZUZ ] 8Z | 8,1 VA
23 b8 400 200 | YL | Y1 | 24
4 oY 0,1l [ ZUB Yo J,9 2,90
Vo) oY o | 4,2 | ZUY Y3 g.,4 2,4
20 U | 48 [ZIL | 97 | 94 | 2,0




IIOCTPOEHME PEI'PECCUOHHOM MOJIEJIN

Metoauyeckue ykazaHus K MPaKTUUECKUM 3aHSATUSIM
110 qUcUMILIMHE "MeToapl aHaIn3a JaHHbIX

Pocros-Ha-/lony
2021

BBEJIEHUE

K 3amayam perpeccCHOHHOTO aHaIn3a OTHOCSTCS:

1) ycranoBnenue popMbl 3aBUCUMOCTH; 2) ONPEICTICHUE YPAaBHEHUS PErPECCUU
T.€. ONpe/eleHINEe HEU3BECTHBIX KOADPHUIIMEHTOB MOIEINH; 3) OIICHKA HEU3BECTHBIX
3HAYCHUW 3aBUCUMOU TTIEPEMEHHOM.

Paznuuaror JTMHENHYIO0 U HEJTMHEWUHYIO CBSI3U.

JluneiiHasi CBsI3b MUMEET MECTO, KOT/Ia C BO3pacTaHWeM (Wi yOBIBAHHEM)
3HaueHU! X 3Ha4YeHHs Y YBEJIMUYMBAIOTCS (WJIM YMEHBIIAIOTCS) 0oJiee WM MeHee
PaBHOMEPHO.

MaremaTuyecku JUHEWHAs CBSI3b MOXET OBITh BBIPAXKEHA YpaBHEHHEM
MPSAMOM, KOTOPOE HA3BIBACTCS JIUHEUHBIM YPAGHEHUEM PEecPeCCUl.!

YTeop = b0+ bl>< ) (1)

rne X- dakrtopHblii Tpu3HAK; Yieop — PE3YIBTATHBHBIA mpu3HAK; Do D1-
KO2(PUITMEHTHI ypaBHEHUSI.

Ecnu >xe oHa BbIpakaeTcs ypaBHEHHUEM KaKOW-IMOO KPUBOW JIMHUU
(mapaboJibl, TUnepOoJIbl, CTENEHHOMN, MOKa3aTeIbHOM, SKCIIOHEHIIUAJIBHON U T. 1),
TO TAaKyl CBA3b Ha3bIBAIOT HeJUHeWHON. Ha mnpakTuke uvacTto monp3yroTcs
ypasHenuem napaboivl 8mMopo2o NopsoKa:

YTeopz bo+ by- X + by X2 (2)

YpaBHEHUE HETUHEHHOW CBSI3M MOXKET OBITh BBHIPAKEHO U B BUJIC VPABHEHUS
eunepobo.vl:

YTeopz by + bi/X



WM MOKa3aTeIbHON PYHKIUU:

Teop bO bl

[Tocne ompenenenuss Gopmbl CBSI3U, T.€. BUJA YPaBHEHUS PErPecCHH, IO
IMIUPUYECKUM JTAHHBIM OMPEEISIOT KO3(PPHUIIMEHTH HCKOMOTO ypaBHEHHUSI.

1 PACYHET KOO®OOPUIIMEHTOB YPABHEHM A PEI'PECCHUA

Koaddummentst by u by ypasrenus (1) onpeaenstorcs mo popmynam:
in 'Zyi _n'zxi Y
b1 — =1 i=1 i=1
n 2 n
(ZXJ -n->
i=1 i=1

by :%'(iyi_bl'ixija um B, :y_bl')_('

i=1

JI71s1 SKCTIOHEeHITHAIBLHOM (CTENEHHON) 3aBUCUMOCTH

y= bo e
ko3 dunments! by u by onpenensrores mo hopmynam
Zx Zlny, -n- Zx Iny,

T

i=1 i=1

>

b, = exp{ (Zln y, — > xiﬂ (14)

Jlnst mapabonyeckast 3aBUCHMOCTH
y= bot+hix+hox? .

Koaddunumentsr by, b1, b, onpenenstorcs npu pemieHnn cucteMbl U3 Tpex
ypaBHeHM (Hanpumep, metoaoM ["aycca ):



bo-n+b1-zn:xi+b2-zn:xi2 =Zn:yi;
i=1 i=1 i=1
b, -Zn:xi +b, -Zn:xiz +b, -Zn:xi3 =Zn:xi “Yis
i=1 i=1 i=1 i=1
bo-zn:xi2+bl-zn:xi3+b2-zn:xi4 =Zn:xi2-yi
i=1 i=1 i=1 i=1

N o Dx Y Yy Ddx Yx
D=[>x >x* Y X, D= > xy >x¢ Y
ZXZ ZXS lel szy ZX3 ZXA

N Dy Dx N o Yx Dy
D,=>x D>xy >x, D,=[ > x >x* >xy
sz szy ZX4 zxz sz szy

D, =Xy A T - ZyEnf - X +

Zx2x2y2x3+2x22xy2x3—(ZXZ)ZZXZy

D, = NnyZX“—Nsznys—Znyzx“Jr.

PIDRDREDRIRDRSTVRY DI

D, =N XKy - NEX Ty~ (£ Ty +

PRIRDHEEDRINDIT VY DW'

D=N>x*> x*- N(Zx3)2 —(ZX)ZZX4 —(Zx2)3 +2D X X2

D D D
bh. = _1, = _2’ b, =—
° D "D * D
Jns pynkuum y = f(X), uMeroniei Bua:
y= bo+ bi/X

CUCTEMAa ypaBHEHUH My omnpezeneHus Kod((UIMEHTOB YpaBHEHHUS PErpecCHH



HUMECCT BU:

1
nby +b, > ;:Zyi
1 1 X;
bozx_i+blzx_2_zy_i

Jns dyskiuu y = f(X), uMeroreit BU:
y=bo‘b1X
CHCTEeMa ypaBHEHHUH IS onpeesieHus: Ko3PPUITMCHTOB ypaBHEHUS UMEET BHI:

{Zlgy:nlgboﬂgblz)c }
Y xlgy =Igb, > x+1gb > x|

2 [TIPUMEP PACYHETA KOO®OPUIMEHTOB YPABHEHWA PEI' PECCUN

HmeroTcss  CTaTUCTUYECKHE JaHHbIE O 3aBUCUMOCTH PEHTA0EIbHOCTH
npousBoacTBa Mnpoaykuuu (%) 0 pAAy NPEANpUATHNA, HNPOU3BOIAIIUX
OJJHOMMEHHYIO MPOIYKIMIO, OT BbIPA0OTKHU (B CTOMMOCTHBIX IOKa3aTessiX) Ha
OJTHOTO  CPEIHECIHCOYHOr0 pabOTHUKA MPOHU3BOACTBEHHO-IPOMBIILIEHHOTO
nepcoHana. [lomydeHHble HaHHBIC MPEICTABICHBI B TA0JI. 1:

Tabiuua 1 — CratucTHYecKre TaHHbIE IO NPEANPUSITHIM

Howmep X Y

1 907 11,20
2 926 11.05
3 506 6.84
4 741 9.21
3) 789 9.42
6 889 10.08
7 874 9.45
8 510 6.73
9 529 7.24
10 420 6.12
11 679 7,63
12 872 9.43
13 924 9.46
14 607 7.64
15 452 6.92
16 729 8.95
17 794 9.33
18 844 10.23
19 1010 11,77

Hroro 14623 176,11

Jlns mporHo3a pe3yJbTUPYIONMIETO Mpu3Haka Y TPUMEHUM MOJEb MapHOU
perpeccuu, B KOTOPOI UCIOJIB3YETCs TOJIBKO OfHA (hakTOpHas epeMeHHass — X.
AHaM3 TaOIMYHBIX JAHHBIX TOKA3bIBACT HATMYHE MPSIMOM JIMHEHHOMN
3aBUCUMOCTH MEXTYy (GaKTOPHBIM X (BBIPAOOTKH MPOIYKIIUN) U PE3yTbTaTUBHBIM



npu3HaKkoM Y (peHTa0eNIbHOCTHIO MPOM3BOACTBA). TE€CHOTY U HAaNpaBJICHHUE CBSI3U
MeXy (aKTOPHBIM U PE3YyJIbTATUBHBIM IPU3HAKAMU OIPEAEIUM C IIOMOIIBIO
KO3 UIIMEHTOM KOPPEIISLIHH I.

n n
-2 X DY,
=1 i=l =l

ZX —<ZX> n Y - (%)

i=1 i=1

tvj:

=

rne Xi u Y - 3HaueHUs (PAKTOPHOTO U PE3yJbTaTUBHOTO TPU3HAKOB
COOTBETCTBEHHO; N — 00BEM BBIOOPKH (YMCIIO AP UCXOJHBIX TAHHBIX).

Jlnst paccMaTpuBaeMoOro mnpuMepa 3HauyeHue KOd(P(ULIHMEHTa KOppensuuu

COCTaBJIACT.

20x1341279-14623x17611
r= X X = 0,955

V20x11306109-1462F x [20x1602,0971-176,112
3HadeHue KOA(GUIMECHTa KOPPENAIUK TMOKA3bIBACT HA HAIUYUE JOBOJBHHO
CUJIbHOM CBSI3U.
Paccuntaem mapameTpsl ypaBHEHHS perpeccuu: Yqeop = Do+ D1 X
[MoacraBuB naHHbie U3 Tabm. 1 B pacueTHbie (HOPMYIIBI HOJ'IyUII/IM 3HAYCHHS

ko3¢ urmeHToB: by =2,423; b, =0,00873 .

Takum 00pa3om, TUHEHHOE YPAaBHEHHUE PErPECCUU UMEET BU/I:
Y reop = 2,423+ 0,00873-X .

Koaddumuent b; xapakrepusyeT HAKJIOH JUHHHM PErpeccHd. 3HadeHue b =
0,00873 1 3TO 03HAYAET, YTO MPHU yBEIUYEHUN X HA €AUHUILY OKHIA€MOE 3HAYCHUE
Y Bospacrer Ha 0,00873. Otcroma by MOKET OBITH HHTEPIIPETHPOBAH KaK IPUPOCT
HOPMBI PEHTA0ENBbHOCTH, KOTOPBIM BapbUPYETCS B 3aBUCUMOCTH OT CpeaHEl
BeIpyuku. CBOOOIHBIN wieH ypaBHeHHs Dg =2,423 y.e.. Oto 3Hauenue Y mpu X,
paBHOM HyI0. [ToCKOIBKY MajOBEPOSATHO 3HAUYEHHUE BBIPAOOTKH, PAaBHOE HYJIIO, TO
MOKHO HHTEPIPETUPOBATh Do Kak Mepy BJIMSHHS Ha BEIUYMHY PEHTAOCIHLHOCTH
Ipyrux (pakTopoB, HE BKIFOUCHHBIX B JAHHOE YPaBHCHUE PETPECCHH.

PerpeccronHas Mozienb MOKET OBbITh MCIIOJNBb30BaHA JJIsl MPOTHO3a YPOBHS
peHTa0eNbHOCTH, (KOTOpBIM OyneT Ha NpeAnpusTHH, HANpUMEp, TAE CpeaHss
BBIpaOOTKa Ha 0AHOTO paboTHHKaA cocTaBUT 600 pyo.)

Jlist Toro, 94TOOBI OMIPEACIUTh MPOTHO3UPYEMOE 3HaueHue, ciaeayer X = 600
MOJICTaBUTh B YPABHCHHE:

Y =2,423 + 0,00873 « 600 = 7,661.

PacueTsl mokazanm, 4TO TPOTHO3UPYEMBIH YpPOBEHb PEHTAOCTHLHOCTH JIJIS
NpEeAnpUATAS co cpeaHed BoipaboTkon 600 pybnelr Ha omuoro pabouero IITITT
coctaBut 7,661 %.



AI'TY
Kadenpa "Ynpasienue kauecTBoM"

MGTOI[I/I‘ICCKI/IC YKa3aHU:A JJIsI BBIIIOJIHCHUA HpaKTquCKOﬁ pa6OTI>I 110 JUCIHUIIIINHC

«Metonl aHaIN3a JAaHHBIX)

PocroB-na-/lony, 2021

MGTOI[I/ILIGCKI/IC YKazaHuA COACPIKAT BAPHUAHTLI 321,[[&HPII>1 AJIS1 BBIIIOJIHCHUA ITPAKTHYC-

ckux padot no teme [1DD

3anauu. Beipa®oTaTh: yMEHUS UCMONb30BaHUS MOHATUWHOIO arapaTa TEOpUH Iuia-
HUPOBAHUS HKCIEPUMEHTA; IPOBEACHUS HEOOXOAUMBIX ITAlOB MOATOTOBKU IKCIIEPUMEH-
Ta, 00pabOTKHN IKCIIEPUMEHTATBHBIX JIAHHBIX.

[Ipu BBINOJHEHUH 3a/laHUN CTYACHTY HEOOXOAMMO BHIOPATh CBOM BapUaHT UCXOIHBIX

JAHHBIX, KOTOPBIA COOTBETCTBYET MOPSAAKOBOMY HOMED CTYIEHTA B CIUCKE I'PYIIIIHI.

3aganue Ne 1

Cocrasinenue mwiraga I1PD tumna 2"

3agaua 1. [Ipu ontummu3aiuy paboThl MOJIOTUIILHOTO arapaTa Ipu yOOpKe 3epHOBBIX
KYJBTYp C LEJbIO CHHXKEHUS TTIOTEPh 3€pHA B KAUE€CTBE yIpaBJisieMbIX (haKTOPOB BHIOPAHBI:
4acTOTa BpalleHHs MOJOTHILHOIO 0apabaHa — Z1, MUHL; 3a30p Ha BXoje — Zy, MM; 3a30p
Ha BBIXOJC — Z3, MM.

[Ipenenbl n3MeHeHus PakToOpoB CIAEAYIOIINE:

Zimin = 800; Zimax = 1200; Zomin = 16; Zomax = 24; Zzmin = 6; Zzmax = 10.



3amanue.

- IIpomsBectn komupoBanue ¢akropoB. CoCTaBUTh IUIaH dKcrmepumMeHTta. | padudaecku
M300pa3uTh 00J1aCTh UCCIICIOBAHUS MPU Oe3pa3MEepHOM BhIpaKEHUHU (DAKTOPOB.

- [IpousBectn komupoBanue pakTopoB. COCTAaBUTH IJIAH HKCIIEPUMEHTA C YUYETOM TapHBIX

B3aUMO/IECTBUMN.

3agaua 2. [Ipu ucciaenoBaHUU SHEPTOEMKOCTH MPOIIECCa U3MENbUEHUS TUCTOCTEOEIb-
HOM Macchl B IpOOMJIKE arperara TpaBsiHOM MYKH BBISIBIICHBI YEThIpe Han0o0JIee 3HAYUMBbIX
(daxTopa: Z; — 3a30p MEXKIy KOHIIAMH MOJIOTKOB U CTEHKON KaMepbl APOOUIKU, MM; Ly —
OKpYXHasi CKOPOCTb MOJIOTKOB, M/C; Z3 — KOJIMYECTBO MOJIOTKOB Ha pOTOpE; Z4 — Mojaya
Marepuaia B IpoOusiKy, kr/d. LleHTpom skcriepuMeHTa MOTYT ObITh 3HaueHus Zio = 25; Zyo
= 100; Zso = 32; Z4o = 550. MuTepBan BappupoBanus ¢pakTopoB mpuHITh 20 — 25% 0T HY-
JIEBOTO YPOBHS (DaKTOPOB.
3aganue.

[IpousBectn koaupoBanue GpakTopoB. COCTaBUTH TUIAH IKCIIEPUMEHTA C YIETOM MEX-

(aKTOPHBIX B3aUMOJICUCTBUM.

3aganme Ne 2
PangomMu3anus onsIToB
PaninomMu3upoBath OMBITHI:
2.1. s [1®D trna 23 ¢ TpeMs HOBTOPHBIMHU OIILITAME;
2.2 myist [10OD Tumna 22 ¢ nAThIO MOBTOPHBEIMH OIIBITAMY;
2.3 nys I1DD tuna 2* ¢ TpeMs IOBTOPHLIMH OIBITAMMY;
2.4 mst TIDD tuma 22 ¢ maTeo MTOBTOPHBIMM OIIBITAMU;

2.5 s IIDD tuna 2* ¢ qByMst MOBTOPHBIMH OIBITAMH.

3aganue Ne 3
[TpoBepka BOCTIPON3BOIMMOCTH IKCIIEPUMEHTA
3anaua 1. [IpoBepuTh BOCTIPON3BOIUMOCTH KCIIEPUMEHTA, TAHHBIE KOTOPOTO TIPUBe-

neHsl B Tadu. 1.



Tabnuna 1 — DxcnepuMeHTanbHbIE JaHHbIE K 3a7aue |

YUl yul yul YUl Y. Sf
2.4 2.5 2.4 2.6

AOONEF| S

3.3 3.3 33 | 35
2.9 2.8 26 | 28
1.8 2,0 1.9 1,8

Tabnuna 2 — DxcnepuMeHTalbHbIE JaHHbIE K 3a7aue |

Yu1 Yu1l Yu1l Yu1 Y, Su2
4.4 45 4.4 4.6
5.3 5.3 5.3 55
49 4.8 4.6 4.8
3.8 4.0 3.9 18

PONEF| S

Tabmuma 3 — DxcrepuMeHTaIbHBIC JaHHBIC K 3a1ade 1

u Yu Yu1 Yuu | Yu Y, S§
1 71 | 72 | 78 | 73
2 85 | 85 | 73 | 82
3 75 | 79 | 76 | 7.7
4 67 | 72 | 76 | 49

3aganue Ne 4

O6paboTKa pe3yIbTaTOB SKCIIEPUMEHTA

3apaya 1. [IpoBepuTh OJHOPOIHOCTH TUCTIEPCHUI 3aMEPOB MAcCCOBOM KOHIICHTpAIMU
aMmuaka (Mr/m°) B )KHBOTHOBOJYECKOM MOMENIEHHH C LEJBIO BHISABIECHHS CHCTEMaTHYe-
CKHX MOTPEIIHOCTEN YHUBEPCAILHOTO ra3oananuzaropa YI'-2.
DKCIEePUMEHT MPOBOJIUIICA HAa TPEX YPOBHSIX.

Tabnuma 4 — DxcriepuMeHTaIbHbIE JaHHBIC K 3a1ade 1

1-i ypoBeHb 7,5 9,0 8,0 8,0 9,5
2-11 ypoBEHb 28,5 28,0 25,0 30,0 27,0
3-if ypOBEHb 54,0 60,0 95,5 58,0 60,5

Tabnuma 5 — DkcrnepuMeHTaabHbIe JaHHbIE K 3a1ade 1



1-i ypoBeHb 9,5 11,0 10,0 10,0 11,5
2-1i ypOBEHb 25,5 25,0 22,0 27,0 24,0
3-1 ypoBEHb 57,0 63,0 58,5 61,0 63,5

Tabmuia 6 — DxcriepuMeHTaNbHBIC JaHHBIC K 3a1ade |

1-i ypoBeHB 11,2 12,6 12,4 12,8 11,2
2-11 ypoBEHb 30,5 32,0 28,0 33,0 31,0
3-1f ypOBEHb 60,0 57,0 58,5 59,0 62,5

3agaua 2. [locTpouTh SMIUPUYECKYIO 3aBUCUMOCTh CTEHEHU W3MEIbYEHUSI COJIOMBI OT
CKOpPOCTH MOJIOTKOB (u3Menbuntesib MIPT-80) U BIaXHOCTH COJIOMBI. DKCIEPUMEHTAIb-
HbIC JIaHHbBIC MTPUBEIEHBI B Ta0. 7. CKOpoCcTh MOJIOTKOB MeHsieTcst oT 40 1o 70 m/c, Bnax-

HOCTh COJIOMBI OT 8,9 10 36,6%. CTeneHb M3MEIbUYCHUSI COJIOMbI XapaKTEPU3YeTCsl MPo-

LIEHTHBIM COJIEPKAHUEM YaCTUL JUIMHOM 10 SO MM.

Tabnuma 7 - DkcrepuMeHTaIbHbIE JaHHBIC K 3a/1a49¢ 2

u X1u Xau X Xou | Yul Y2 Vi3 — S/? ?
Yy
1 - - + 50 54 48
2 + - - 64 63 65
3 - + - 22 18 21
4 + + + 86 85 86
3amanue:

- IPOBEPUTH TUIIOTE3bI O 3HAYUMOCTH KOA(DPUIIMEHTOB ypaBHEHUS U aJIEKBATHOCTH MOJIe-
.

3agaua 3. PaGoTOCIOCOOHOCTHh PEMEHHO-IIJIAHYATHIX TPAHCIOPTEPOB BAIKOBBIX >KATOK
(’KBH-6; )KPb-4,2) onpenensieTcsi TAroBOM COCOOHOCTHIO, TOJITOBEYHOCTHIO U MOI3y4e-
CThIO (BBITSKKOM) OTHEJBbHBIX JIEHT TpaHcnopTepa. AHalIW3' MCCIEIOBaHUN MO TITOBOU
CHOCOOHOCTH TUIOCKHX TPAHCIOPTHBIX JIEHT W MPHUBOJHBIX PEMHEH MOKa3aj, 4TO OCHOB-
HBIMH (paKTOpaMH, ONIPEACIISIONIMMHU TATOBYIO CIOCOOHOCTb JICHT, SIBJISIOTCS:

* KOHCTPYKTHBHOE OoQopMmieHue JeHThl: "+ 1" — JieHTa ¢ ByJKaHU3HPOBAHHBIMU MPO-
KJIaJIKaMU;



"- 1" — cepuiiHas JeHTA;
* )KECTKOCTHBIE CBOICTBA JICHTBHI:
"+ ' — neHTa npeaBapuTeIbHO OOKaTaHa;
"- 1" — 5eHTa B COCTOSIHUU MTOCTaBKHU (HE 0OKaTaHa);
* Croco0 CIIUBKH JICHT:
"+ I' — cmuBKa "rpedemkoM” ¢ Mpope3nHEeHHON MpokiIaakou; "- 1" — cmmBka ¢ momo-
HIHI0 METAJUTMUECKUX HAKIIAOK;
* yIeIbHOE HAYaJIbHOE HATSKCHHE:
"+1" - 1,2 MIla;
"- 1" - 0,8 MIla.
B xayectBe (pyHKUIMU OTKIIMKA ObUIO BHIOPAHO 3HAUEHUE KPUTUYECKOTO KPYTSILEro
MomeHTa Mk. MaTpulia IuIaHUpOBaHUS YETHIPEX(PAKTOPHOTO FIKCIIEPUMEHTA U PE3YIIbTaThI
OTIBITOB MPUBE/ICHHI B Ta0. 8.

TabOmura 8 - Mcxoauele JaHHBIE K JaHHBIE K 3a7a4e 3

Ne X1 X2 X3 X4 Yu1 Yu2 3_/u S y
obIa
1 + + + | + 2,58 | 2,62
2 - + + | + 2,53 | 2,57
3 + - + | + 2,24 | 2,26
4 - - + + 2,14 | 2,16
5 + + - + 2,50 | 2,50
6 — + - + 2,16 | 2,14
7 + - - + 1,96 | 1,94
K — - - + 2,02 | 2,08
9 + + + - 4,84 | 4,86
0 — + + - 477 | 4,73
I + — + - 3,80 | 3,70
12 — + - 3,90 | 3,50
13 + + — | - 4,00 | 3,60
14 + — | — | 354 ]| 3,56
15 + — | 2,70 | 2,50
U» - - - - 296 | 3,05




BAPUAHTbBI UHJUBUIY AJTIbHBIX 3AJTAHUI TTPU BBITIOJTHEHUN
KOHTPOJILHOM PABOTHI

Howmep BapuanTa 3agaHuii COOTBETCTBYET HOMEPY B CITUCKE T'PYIIIIbI

Howmep 3aganue 1 3amanue 2 3aganue 3 3amanue 4
BapuaHTa
1 3amaua 1 2.1 Tabmn. 1 Tabi. 4. 3amaya 2. 3agaua 3.
2 3amaua 2 2.2 Tabmn. 2 Tabi. 5. 3amaya 2. 3agaqa 3.
3 3agaya 1 2.3 Tab6m. 3 Ta6ma. 6. 3amaua 2. 3amaya 3.
4 3agaya 2 2.4 Ta6m. 1 Ta6. 4. 3amaua 2. 3agada 3.
5 3agaya 1 2.5 Taoi. 2 Ta6:. 5. 3amaua 2. 3amada 3.
6 3amgauda 2 2.1 Tabm. 3 Tabmx. 6. 3amaya 2. 3amaua 3.
7 3amgaua 1 2.2 Taom. 1 Tabx. 4. 3amaya 2. 3amaua 3.
8 3amgauda 2 2.3 Taoi. 2 Tabx. 5. 3amaya 2. 3amaua 3.
9 3amgaua 1 2.4 Tabm. 3 Tabmx. 6. 3amaya 2. 3amaua 3.
10 3agaya 2 2.5 Tabm. 1 Ta6ma. 4. 3amaya 2. 3amada 3.
11 3agaya 1 2.1 Ta0i. 2 Ta6. 5. 3amaua 2. 3amaqa 3.
12 3agaya 2 2.2 Tabm. 3 Ta6ma. 6. 3amaua 2. 3amada 3.
13 3amaua 1 2.3 Taom. 1 Tabx. 4. 3amaya 2. 3amaya 3.
14 3amgauda 2 2.4 Taoi. 2 Tabx. 5. 3amaya 2. 3amaua 3.
15 3amaua 1 2.5 Tabmn. 3 Tabun. 6. 3amaua 2. 3agaua 3.
16 3agaya 2 2.1 Taom. 1 Ta6m. 4. 3amaya 2. 3amaya 3.
17 3agaya 1 2.2 Taoi. 2 Ta6ma. 5. 3amaua 2. 3agaya 3.
18 3agaya 2 2.3 Tabm. 3 Ta6ma. 6. 3amaua 2. 3amaya 3.
19 3amaua 1 2.4 Taom. 1 Ta6x. 4. 3amaya 2. 3amaua 3.
20 3amgaua 2 2.5 Ta0m. 2 Tabx. 5. 3amaya 2. 3amaua 3.
21 3amaua 1 2.1 Tabm. 3 Tabmx. 6. 3amaya 2. 3amaua 3.
22 3agaya 2 2.2 Taom. 1 Ta6ma. 4. 3amaya 2. 3amaya 3.
23 3agaya 1 2.3 Taoi. 2 Ta6a. 5. 3amaua 2. 3amada 3.
24 3agaya 2 2.4 Tabm. 3 Tabmx. 6. 3amaya 2. 3amaya 3.
25 3amgaya 1 2.5 Taomn. 1 TaoOmn. 4. 3amaua 2. 3amgaya 3.
26 3agaya 2 2.1 Tabmn. 2 TaoOmn. 5. 3amaua 2. 3amgaya 3.
27 3amgaya 1 2.2 Tao0mn. 3 TaoOmn. 6. 3amaua 2. 3amgaya 3.
28 3agaya 2 2.3 Taom. 1 Ta6mx. 4. 3amaya 2. 3amaya 3.
29 3agaya 1 2.4 Taoi. 2 Tabmx. 5. 3amaya 2. 3amaya 3.
30 3agaya 2 2.5 Tabm. 3 Tabmx. 6. 3amaua 2. 3amaya 3.




