l\{[}HICTEPCTBO OCBITH I HAYKU YKPATHU ®-20.09-
Kuromupenka | JEPJKABHUM YHIBEPCUTET « KUTOMHUPCBKA MTOJITEXHIKA» 05.02/131.00.1/
nojiTexHika Cucrema ynpapJinHs skictio Binnosinae ICTY ISO 9001:2015 M/ OK4-2024

Exzemnnap Ne 1 Apx 32/1

3aTBepIPKEHO HAYKOBO-METOIUYHOIO
panoro JlepaBHOTO YHIBEPCUTETY
«KuroMupchKa MomiTexXHiKa»
niporoko Bix 15 ceprust 2024 p. Ned

METO/JUYHI PEKOMEHJIA LTI
JUTSL CAMOCTiHHOT pOOOTH CTYICHTIB
3 HaBYAJIBHOI JUCLUILIIHA
«OCHOBH HAYKOBHUX JOCJIIXKXEHb»

JUTS 37100yBaviB BUIIOi OCBITH OCBITHBOTO CTYTICHS «MaricTp»
crneuianbHocTi 131 «[IpuknanHa MexaHika»
ocBiTHBO-TIpo(eciiiHa nporpama «IIpuknaana MexaHika» (aKysibTeT
KOMIT  FOTEPHO-IHTETPOBaHUX TEXHOJIOTIi, MEXaTPOHIKU 1 pOOOTOTEXHIKH
kadeapa MeXaHIYHOT IHXKEHEpiT

3aTBepmKCHO Ha 3aciTaHHI
kadenpu merpoorii Ta
iH(hOpMaIIHHO-BUMIPIOBATBHOL
TEeXHIKH

01 tpaBus 2024 p., npotokomn Ne 5

Po3pobnuk: 1.1.H., mpodecop, 3aBigyBad Kapeapu METPOIIOTii Ta
iHpopmaniliHo-BuMiproBanbHOi TexHikn [IOJUYAITMHCBKUU IOpiii

Kurommp 2024




MIHICTEPCTBO OCBITU I HAYKU YKPATHU ®-20.09-
Kuromupeska | IEPKABHAN YHIBEPCUTET «KUTOMHUPCBHKA MOJITEXHIKA» 05.02/131.00.1/
nojiTexHika Cucrema ynpapJinHs skictio Binnosinae ICTY ISO 9001:2015 M/ OK4-2024
Exzemnnap Ne 1 Apx 32/2

MetoandHi BKa3iBKH IS CaMOCTiHHOI POOOTH CTYACHTIB 3 NUCIMILTIHA
«OCHOBHM HAyKOBHX JOCIIKCHb» Ul CTYICHTIB cremianbHocti 131
«[Ipuknanna mexanika»/ Yrnanau F0.0. [loguammnacekuii. — XKutomup: Y
«Kuromupcpka nomirextika», 2024.— 32 c.

Vxknamau: F0.0. [ToguamuHchbKui

Penenzenru:

J.T.H., IOIIEHT, ipodecop Kadeapu poOOTOTEXHIKH, CICKTPOCHEPTETUKH Ta
aBToMaTm3anii im. mpod. b.b. Camorokina Kupunosuu B.A.

K.T.H., IOIICHT, JOIEHT Kadheapu pOOOTOTEXHIKH, CIIEKTPOCHEPTETHKH Ta
aBTomaTm3anii im. mpod. b.b. Camorokina I'ymeniok A.A




MIHICTEPCTBO OCBITU I HAYKHU YKPATHU

®-20.09-

Kuromupeska | IEPKABHAN YHIBEPCUTET «KUTOMHUPCBHKA MOJITEXHIKA» 05.02/131.00.1/
nojiTexHika Cucrema ynpapJinHs skictio Binnosinae ICTY ISO 9001:2015 M/ OK4-2024
Exzemnnap Ne 1 Apx 32/3

1. Camocmiiina poooma Ne 1
OCHOBHI MOHSATTSI IVIAHYBAHHS TA METO0JIOTisI EKCIIEPUMEHTY

Mema pobomu: BuBYMTH OCHOBHI TOHATTA Yy oOJacti
IUTaHyBaHHS eKcrepuMeHTy. OCBOITH METOAMKY CKJIaJaHHA TUIaHy-
MPOTPaMH eKCIICPUMEHTY.

TEOPETHYHI IIOAICHEHHA

[ImanyBaHHS €KCIIEPUMEHTY B IIMPOKOMY CEHCI I[bOTO CIIOBa—
OCHOBA JKUTTEMISUIBHOCTI mroawHu. Ha mepmriit cramii BHacHimok
pPO3YyMOBOi  MisIIBHOCTI BHHHKAIOTH i1€i, 3aayMu, OyIyIOThCS
TiNoTe3u, 3BaXKYIOThCSI Pi3HI BapiaHTH BTIIEGHHS 3aJyMaHOro (puc.
1).
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Puc. 1. Cxema «HopHOT CKpUHI»

Ha mpyriit ctamii 3miliCHIOETBCSI €KCIIEpUMEHTAllbHA TIEPeBipKa,
BTUICHHS ieWl y Jeskuid mpoxykT. ExcriepmMmeHTanbHa mepeBipka
MOKE TPOBOJMTUCH SK HA KIiHIEBOMY NPOMYKTi, TaKk i Ha HOTO
3MEHIIEeHiH abo 30inbeH i Qi3ndHii MOIE.

ExcnepumenTanbHiii mepeBipii mepenye BiacHE IUIAaHYBaHHS
EKCTIEPUMEHTY, sSIKE BKIIIOYA€ HACTYITHI ITyHKTH:

e  OOTpyHTYBaHHS, PO3YyMiHHS dbaxty HEeoOXiIHOCTI
EKCTICPUMEHTY;

BUOIp GaKTOpiB 1 piBHIB;

BUOIp 3MIHHOT BIITYKY JJIst ONTHMI3allil;

BUOIp IJ1aHy (YKCIIa PEILIIK, CIIOCO0Y paHIoMi3allii);
BJIACHE CKCIIEPHMEHT.
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Ha tperiii cramii BigOyBa€Tbcs  OCMHUCICHHS,  OIlIHKA
BUPOOJICHOTO NMPOAYKTY, a 3 IOMIALY IUIAaHYBAaHHS €KCIIEPHMEHTY,
BimOyBaeThCs  aHami3 JaHWX 1 (OPMyIIIOBaHHA BHUCHOBKIB 1
PEKOMEHIAITiH.

TakuM YMHOM, B HIMPOKOMY CEHCI IUTaHyBaHHS €KCTIEPUMEHTY —
ONIMH 3 HAWCTAapOJaBHIMMX 1 HaWOLIBII (hyHIAMEHTATFHUX BHIIB
HAYKOBO{ JisUTBHOCTI.

OcHOBHa MeTa IUIaHYBaHHS  CKCIIEPUMEHTY —  TIOMIYK
HalKpamoro, ONTUMaIbHOTO.

®dopmaizaiisi METH TIaHYBaHHS BUPAXKAETHCS y BUTIISAL AESIKOT
¢GyHKIi, SIKy Ha3WBaIOTh HIJTLOBOIO (QYHKIII€IO.

[loOymoBa mimpoBOi (YHKIT HAWOLTBII BIATIOBIAATBHUMN 1
HaHOITBII BaKKWII MOMEHT BCHOTO TIPOIIeCy IaHyBaHHs. Komu BoHa
noOyaoBaHa, TO Ji€ CTPOrMH MaTeMaTWYHUU airopuTM TOUIYKY
EKCTpEMYMY.

IIpun moOymoBi >k camoi ¢GyHKIIT MOTpiOHA MUpPOKa HAYKOBO-
TeXHIYHa oO0i3HaHicTh y paHili obOnacti. Tak, Hampukinanm, NpH
MPOCKTYBaHHI SKOi-HEOyab CHOPYAM JJIS CKIAJaHHSA I[UIbOBOL
¢byHKii HeoOXimHO OpaTH 10 yBaru TEXHIYHI, TEXHOJOTIYHi,
TEXHIKO-€KOHOMIYHI, €KOJIOTIYHI, €CTeTHMYHI 1 ©Oarato I1HIIUX
ACTIEKTiB, 3B'SI3aHUX 3 BUKOPUCTAHHSM CIIOPY/IH.

Exkcnepumenm — (Bim naTMHCBKOTO experimentum — mpo0a,
nocuig). Y cnoBHuky [HozemHux CniB Ha€Tbcs Take BU3HAUCHHS:
EKCIICPUMEHT — HAayKOBO IIOCTAaBJICHHH JIOCIiJ, CIIOCTEPEIKEHHS
JOCHI/DKYBAHOTO SIBUIIA B YMOBax, IO TOYHO BpPaxOBYIOThCS,
JO3BOJIAIIOTH CTEXHMTH 32 XOJIOM SBHINA 1 BiATBOpPIOBATH HOTO
KO>KHOTO Pa3y MpH MOBTOPEHHI LIUX YMOB.

Y EnnwmknoneanynomMy CIIOBHUKY €KCIIEPUMEHT BHU3HAYAETHCS,
SK TMpeaMeTHa IisUIbHICTh Yy Hayli. 3riJHO IIbOMY BHM3HA4Y€HHIO,
HamNpHUKIaJ, HaMUCaHHS HAyKOBOi CTarTi abo meperisaaHHs
HAYKOBOTO KypHAITy — BXKE EKCIIEPUMEHT.

Jpyre Bu3HaueHHs mupiie. [lepmie — OUIBII TAXOAUTH 10 CYTi
nucuuiutiny “IlnanyBaHHs ekcriepuMeHTy”.

Came BiITBOPEHHS €KCIIEPUMEHTY JIGKUTHh B OCHOBI allTOPUTMY
TUTaHYBaHHSI.

Texnixa naanyeannsa: Ha KOKHOMY KpOILi CTaBUTBHCSI HEBEJIHKA
cepisi HOCHiAiB, Y KOXHOMY 3 SIKHX BapilOIOThCS 3a MEBHUMU
npaBWwiIaMu Bci ¢akTopu. MarematudHa o0poOKa pe3ylbTartiB
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EKCIEpUMEHTY JI03BOJISIE BUPOOUTH YMOBH HPOBEICHHS Takoi cepii
JOCIIi/1iB, HAIPABJICHUX JI0 IOCATHEHHS ONTHMYMY.

ExcniepumeHT MOxe OyTH @hizuunum i modeabHUM.

Di3uynuit  ekcnepumenm — pealbHUNl EKCIIEPUMEHT Ha
YCTaTKyBaHHI 3 pCUYOBMHHMMH Matepiamamu. lle HaHOUIbII
TPYIOMICTKHMIA, €HEproeMHHA 1 JOpOTWH BUA  OiSTTBHOCTI.
[ImanyBaHHS €KCIIEPUMEHTY 3apOXKYBaIOCs i PO3BUBAJIOCS Y TAKUX
00NacTsIX AISUTBHOCTI SK METaypris, XiMi4YHa IPOMHCIOBICTD,
Xap4yoBa IMPOMHUCIIOBICTh, TPAHCIIOPT.

Mooenvnuii ekcnepumenm Moxe OyTH TPHOX THIIIB:

e  BiH MOxe OyTu Pi3UIHUM. Y IIHOMY BHIAAKY MOJENb MOXKE
BIJIPI3HATHUCS BiJl 00'€KTY MacIiTaboM i, MOKIIMBO, IPUPOJIOI0;

e Mozenb MOXe OyTH aOCTpakTHOK  IICHXOJIOTiYHOIO,
HedhopMaTi30BaHOIO Ha PiBHI JIOTIYHOTO MUCIICHHS;

e  Mozenb MoXxe OyTH (hopMaTi3oBaHOI0 MaTEMAaTHIHOIO.

{06, exciepumeHTyOUH Ha aOCTPaKTHIA MOAEII, OJEP>KyBaTH
MpaBWIbHI  BIJOMOCTI PO  OO0'€KT  JOCHIPKEHHS  MOTPiOHO
noOyayBaTH TOYHY MOJEIb. A OCKUIBKH MPHHIUIIOBO HEMOXIIUBO
TOYHO OIMCATH BCI MOXIIMBI 30BHINIHI BIUMBalOYM (pakTopu Ha
nporiec  QyHKIIOHYBaHHS O0'€KTYy JOCHDKEHHS, TO MOJIENb
OIUCYETHCSI IMOBIPHICHUIA, CTATHCTUYHO.

B ocHOBHOMY IuUlaHyBaHHS EKCIIEPUMEHTY 3aCTOCOBYETHCS B
o0ractax, e 6e3 GpiznyHOro MOJIEIIOBAHH HE O0IMTHCS: y XIMIUHIMH,
XapyoBiil MPOMHCIOBOCTI, METAyprii Ta iH.

Jdus ¢axiBiog y o0macTi BOAO MIATOTOBKH IUIAaHYBaHHS
eKCIIEPUMEHTY MOXKE CIy)KHTH OCHOBOIO JUUISl MOJEITIOBAaHHS
MpOIeCciB, CHUCTEM, TEXHOJOTIYHMX amnapaTiB, NPUPOJHHUX 1
TeXHOT'CHHUX SIBUII 1 CUTYyalliii Ta iH. MOJEIIOBaHHS CYNPOBOJDKYE
MPUPOAOOXOPOHHI crenianbHOCTI moctiHo. Lle 1 migbip no3m
HEOOXIJJTHOTO peareHTy B JIAOOpaTOPHHUX YMOBax IS pealbHUX
BUPOOHMYMX YCTAaHOBOK a00 TEXHOJOTIYHUX JIiHiH, 1 TepeBipka
peXUMY PoOOTH MIJIOTHOI YCTAHOBKM Ha MOJIENBHUX PO3YMHAX BOJIH,
i BUOIp ONTUMATBLHUX CHUCTEM BOJOBIABEACHHS B yMOBax
HEBU3HAYCHOCTI, i MPOrHOCTHYHI pO3paxyHKH cTaHy
HABKOJIMIIIHBOIO cepefaoBuia. Jljis 1bOro HeoOXijJHA HAsBHICTbH
MamemMamuunoz0  onucy  00'ekmy  TPOEKTyBaHHS,  abo
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MaTeMaTHUYHO1 MO)IGJ'Ii, sKa IIOKJIaJ€Ha B OCHOBY KOMH’IOTepHOi

MOJEII.

Taka Momenp moBMHHA BimoOpakaTh (yHKI[IOHAIBHY B3a€MOJIITO
€JIEMEHTIB 1 1X CTOJy4eHb, MPOCTOPOBI 3B'I3KM 1 pO3TAIlyBaHHS.

3acTrocyBaHHS IJIaHYBaHHS CKCIIEPUMEHTY, 1032 CYMHIBOM,
OpraHi3ye i ONTUMI3y€ AiSUTBHICTh eKCIIEPUMEHTATOPA.

OxpiM OCHOBHOI 3a3/1a4i — OTPUMaHHA ONTHUMAJILHOTO PillleHHS,
TUTaHYBaHHS €KCIIEPUMEHTY JI03BOJISIE PO3B’A3aTH TaKi 3a/adi:

MOIIYK ONTUMAaJIbHUX YMOB;

noOyI0Ba IHTEPIONALIHHIX hopMyT;

BUOIp CYTTEBUX (haKTOPIB;

OLIIHKA 1 YTOYHEHHsI TEOPETHYHHUX MOJIENECH;

BUOIp JOIMyCTUMOI TIilIOTE3U PO MEXaHI3M SBUIIA 1 1H.

2. Camocmiuna poooma Ne2

Il1anyBaHHS eKCIIEPMMEHTY 3 METOK ONMCY AOCTIIHOr0 00’ €KTY

MojensHul eKCIIEPUMEHT MOKE OYTH TPHOX THITIB:

BiH MOXke OyTu (piznyHMM. Y 1bOMY BHUIAIKY MOJEIb MOXKE
BIPI3HATUCS BiJi 00'€ekTy MacmraboM i, MOXKIIUBO,
TPUPOJIOIO;

Mojienb MoOXe OyTH aOCTpakTHOK  IICHXOJIOTIYHO¥O,
He(hopMaTi30BaHOIO Ha PIBHI JIOTIYHOT'O MUCIICHHS;

MOJIeTTh MOXKe OYTH (OopMalli30BaHO MaTEMATHIHO.

106, excriepuMeHTYIOUM Ha aOCTpaKTHIH MOJeNi, OJepKyBaTH
MpaBWIbHI  BIJIOMOCTI PO  OO0'€KT  JOCIHI/PKEHHS  MOTPiOHO
noOyayBaTH TOYHY MOJEIb. A OCKUIBKM NMPHHIHUIIOBO HEMOXIIUBO
TOYHO ONKMCAaTH BCi MOXIIMBI 30BHIIIHI BIUIMBalO4YM (PakTOpu Ha

npoiiec

(YHKIIOHYBaHHS O00'€KTY JIOCTIJDKEHHS, TO MOJIEINb

OIIUCYETHCS IMOBIPHICHUM, CTATHCTUYHO.

B ocHOBHOMY mJaHyBaHHSI EKCIIEPUMEHTY 3aCTOCOBYETHCS B
oOacTsx, e 6e3 (hi3MYHOTO MOJICIIOBAHHS HE O0IUTHCS: y XIMIUHIH,
XapyoBiil MPOMHCIOBOCTI, METATYPril Ta iH.

Hns  ¢daxiBug y oOnacti BOAO MiATOTOBKM  IUIAaHYBaHHS
EKCIIEPUMEHTY MOXE CIY)KUTH OCHOBOIO JUISi  MOJICTIOBaHHS
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MpOIEciB, CHUCTEM, TEXHOJOTIYHUX amnapaTiB, NPUPOTHHUX 1
TEXHOTCHHHX SIBUI 1 CUTYyalliil Ta iH. MozemoBaHHS CyIIPOBOKYE
TIPUPOIOOXOPOHHI  CITemiaabHOCTI TMocTiitHo. Ile 1 mimbip mo3m
HEOOXIHOTO peareHTy B JIAOOpaTOPHHX YMOBax MJisl pealbHUX
BUPOOHMYMX YCTaHOBOK a00 TEXHOJOTIYHUX JiHiH, 1 MepeBipka
pEeKUMY POOOTH MITOTHOI YCTAHOBKM HAa MOZAEIBHUX PO3YMHAX BOIH,
i BHUOIp ONTHUMaTbHUX CHUCTEM BOJIOBIIBEJICHHS B YMOBax
HEBU3HAYEHOCTI, i MPOTHOCTUYHI PO3paxyHKH CTaHy
HaBKOJIMIITHBOTO cepenoBumia. s 1poro HeoOXiTHA HASBHICTH
MaTeMaTHYHOTO ONHCY O0'€KTy MPOEKTYyBaHHS, ad0 MaTeMaTHYHOL
MOJIEJIi, sIKa MMOKJIaJ/iIcHa B OCHOBY KOMIT IOTEPHOI MOJIEII.

Taka Momenp mMoBMHHA BimoOpakaTi (yHKIIOHATBHY B3a€MOJIIIO
€JIEMEHTIB 1 X CHOJy4YeHb, IPOCTOPOBI 3B'SI3KHM 1 pO3TaITyBaHHS.

3acTrocyBaHHSl IIaHYBaHHS CKCIIEPUMEHTY, 1032 CYMHIBOM,
OpraHi3ye i ONTUMI3y€ AiSIbHICTh EKCIIEPUMEHTATOPA.

OxpiM OCHOBHOI 3a/1a4i — OTpPUMaHHS ONTHMAIBLHOTO PIIlIeHHS,
TUTaHYBaHHS €KCIIEPUMEHTY JI03BOJISIE PO3B’A3aTH TaKi 3a/1adi:

® [IOMIyK ONTUMAIBHHUX YMOB;
noOy10Ba IHTEPHOIAIHHIX QOopMyT;
BUOIp cyTTEBUX (DaKTOPIB;
OLIIHKA 1 YTOYHEHHSI TEOPETUYHUX MOJIEIICH;
BUOIp JIOITyCTUMOT TiMOTE3H PO MEXaHI3M SBUIIA 1 iH.
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3. Camocmiiina poooma Ne3
IliiaHyBaHHSI eKCTIEPUMEHTY

ExcnepumenT, SKuii CTaBUTbCS AJS  BHUPIIICHHSA  3a/1ad
OTITHMI3allii, HA3UBAETHCSI eKCMPEMATbHUM, OCKIJIBKH
MOB'SI3aHUH 3 MONIYKOM €KCTPEMYMY IEAKO1 (PyHKIIIi.

Ilnanysanna excnepumenmy — lLie mpoueaypa BHOOpy umcna i
YMOB TIPOBEIEHHS JOCIHIiB, HEOOXiTHUX 1 JOCTATHIX JJIST BUPIMICHHS
MOCTaBJICHOI 33134l 3 HEOOX1AHOIO TOYHICTIO.

Oco06IMBOCTI IJTaHyBaHHS €KCIIEPUMEHTY

e MIparHeHHs 10 MiHIMi3allii 3araTbHOTO YKCIa JOCHTiIiB;

® OZIHOYACHE BApiIOBaHHSA BCiMa 3MIHHUMH, III0 BHU3HAYAIOThH
MpoIiec, 3a CreliaJbHUMU MTPABUIaMHU — AITOPUTMAaM;

e BUOip uWiTKOi cCTparerii, MmO [JO3BOJSE  YXBaJIOBaTH
0oOTpyHTOBaHI pillIeHHS IMicIsA KOKHOI cepii eKCIIeprMEeHTIB.
006'exkm oocnioncenns. JIns KOHCTPYKTOpa O0'EKT JOCIIDKSHHS

— IIe CTBOpEHa iM a0CTpaKTHA MOJIENIb CKOHCTPYHOBAHOTO MPUIALYy,
BCi (DYHKITIOHANBHI 3B'SI3KM M)XK €JIeMEHTaMH $KOTrO OmMucaHi. 3
TOYKH 30pY HOIJISAY MPOLENypH IJIaHyBaHHS €KCIIEPUMEHTY, 00'€EKT
JOCITI/DKEHHST 1€ “YopHAa CKPHHs® 3 KIHIICBUM YHCJIOM BXOJIiB
X{ ... X} 1 BUXOMIB Yy ... Y. (puc. 1).

Bxomn “gopHOi CKpuHI® Ha3WBalOTh @hakmopamu (nis Ha
npoliec), BUXOU BiAryKaMu (pe3ysbTatu poOoTH nporecy). Koxen
BiATyK € QpyHKIis k-3MiHHUX — (hakTOpiB

Vi = f(X1,X2,...,Xk).

@yukuis f HasuBaeTbes (yHkmiero Biaryky. lle moxe OyTH
JeTepMiHOBaHa abo  cTaTHCTUYHA  (QYHKIS — 3alIeXKHO  Bij
BJIACTUBOCTEH 00'€KTY TOCIIIKESHHSI.

OO6'exT Moxke Oyt omucaHui abo Oe3mocepenHbO CYKYIHICTIO
GyHKIIN BiATYKy, a00 CHCTEMOIO PIBHSIHB: JIHIHHHX, HENIHIHHUX,
JuQepeHIialbHuX, 1HTETpaNbHHUX, iHTerpo-audepenuiiiaux. Ilpu
pOMy (QYHKLII BIATYKY MOXYTbh B SIBHOMY BHIJISIAL 1 HE iCHYBaTH,
aje y Oyap - SIKOMY BHIAIKy MOjEIb 00'€KTy MOBHHHA MIiCTHUTH
SIBHO a00 HESIBHO fe3/tiu piutensy y BUIISAI QYHKIIH BIATYKY.

KinbkicHa xapakrepuctika (QyHKLii BiATyKy, BHOpaHa sSK MeTa
EKCTPEMaJIbHOIO  €KCIEPUMEHTY, Ha3HBA€ETLCS  HAPAMEmpOM
onmumizauii.
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YMOBHU MpOBeAEHHS EKCIIEPUMEHTY HPHUITYCKaIOTh, 0 3HAUYCHHS
¢akropiB BuOpaHi. | excepuMeHT TojsIrac y BU3HAYCHHI 3HAYEHBb
GYyHKIIH BIATYKY.

daktop Moxe MaTH Oe3nepepBHy abo JUCKPETHY 001acTh 3MiHH.
[Ipote, 3Baxkaoun Ha OOMEXEHY TOYHICTb NPEACTABICHHS
6e3nepepBHOTO (haKTOpy, BiH MOXKe OyTH ONMHMCaHWH 32 TOTIOMOTOIO
ouckpemnozo Habopy piBHiB. lls yroma icTOTHO mMoOJErIIyE
o0y I0BY €KCIIEPUMEHTY 1 CIIPOIIYE OI[IHKY WOT0 CKIIQIHOCTI.

CKIIaHICTh EeKCIIEPUMEHTY BHM3HAYA€THCS YHCIOM BCUISIKHX
craniB “gopnoi ckpuHi”. Hampuknan, sikmo s BCix K-akTopis
icHye p piBHIB, TO 4uclio cTaHiB Oynme p.. Tak cucrema 3 5
¢dakropamu Ha 5 piBHAX Mae 3125 cranis, a 410 = 1049000 — 10
¢akTopiB Ha 4-X piBHIX.

[psamuii mepebip, 3BakalOuM Ha BEJIUYE3HE YHCIO CTaHiB,
HepalioHabHIH, 800 HEMOKIIUBHA, TOMY BIAIOTHCS A0 MPOLEIYpH
IUTAaHyBaHHS €KCTIEPUMEHTY.

Excmpemanvnuii excnepumenm — MeToj BUOOpPY MiHIMaIbHOT
KUIBKOCTI JTOCIiIiB, HEOOXITHUX ISl ITOIIYKY ONTHUMAIBHUX YMOB.
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4. Camocmiiina poooma No4
Omnuc 10caigHoro 00’ ekTy

Ilapamemp onmumizayii € BIATYKOM, peEakli€l0 Ha Jito
(akropis, SIK1 BH3HAYAIOTh MTOBE/IIHKY JIOCTTKYBaHOT,
IPOEKTOBAaHOI CHCTeMHU. Biarykm cucremm mexarb y OaraTbox
ACTeKTax, KiIbKiCHE BUPKEHHS SIKUX € HE 3aBXIU OJHO3HAYHUMHU.

Cepen mapaMeTpiB onTHMi3aimii HEOOXiHO BHOpaTH OJUH
mapaMeTp, IO SIKOMY pO3IIYKAaeTbCsi onTuMyM. Bes pemra
MapaMeTpiB MPHU BOMY CITYKHTb, TK 00MEXESHHSI.

Bumoeu 0o napamempa onmumizayii.

1) Bin noBuHeH OyTH KUTBbKICHHUM, 33/1aBaTUCh YUCIOM. besmiy
3Ha4YeHb, SKI MOXKE MPUIAMATH MapaMeTp ONTUMI3allii, Ha3UBAETHCA
Horo obOmacTio Bu3HauyeHHS. OOnNacTp BU3HAUCHHS MOXE OYTH
JUCKPETHOIO 1 Oe31epepBHOI0, 0OMEKEHO0 1 HEOOMEXKEHOIO;

2) IMapamerp omTuMi3allii mOTpiOHO YMITH BHMipIOBaTH, TOOTO
MaTH B CBOEMY PO3MOPSKECHH] BIAMOBIIHUKA MpHiIa AJsl MPSIMOTO
BUMipIOBaHHS a00 MaTh B CBOEMY PpO3MOPSKEHHI METOIUKY
HENpsSMUX BHMIpIOBaHb. Alle SKIIO TakWid NpwiIag He icHye abo
Jly’Ke IOPOTHUii, TO BAAIOTHCS J0 MPUHOMY, 3BaHOTO PAH)KUPYBAHHIM
abo panroBuMm miaxojgoM. [Ipu mpomy mapameTpam oONTHUMi3aii
NPUBJIACHIOIOTHCS OLIHKH — PaHTH 3a3/1JIeTiIb BUOPAHOIO MIKAJIO0:
JIBOOANIBHOIO, I’ ATHOAIBHOIO 1 Ta iH. Y MPOCTOMY BHIAAKY 001acTbh
MOJK€ MICTHTH JIBa 3HAYCHHS: TaK — Hi, TOJHA MPOIYKIlis — Opak.
PaHr — 11e kiibKicHa, ajie Cy0'€eKTHBHA OIliHKA.

PaHroBHii MijXiJ, BUKOPUCTOBYETHCS TIPU BU3HAYCHHI TBEPAOCTI
Marepialty 3a 3aJJaHOI0 IIKAJIOI0 TBEPJIOCTI, HanpuKIiaa, MoHca;

3) Ilapamerp onrTuMi3amii TMOBHMHEH 3aJ0BOJIBHATH BHMO3i
OJTHO3HAYHOCTI Y CTATUCTUYHOMY CeHCi. 3agaHoMy Habopy 3HaueHb
(hakTOpiB TIOBMHHO BIJIOBIaTH OJHE 3 TOYHICTIO IO ITOMIIKA
eKCIIEpUMEHTy 3HAa4YeHHA TapamMeTpa OnTuMisaiii. 3BOpOTHE,
OueBUIHO, HeBipHO. OmHOMY 1 TOMY >K 3HAYCHHIO IapaMerpa
onTUMi3alii MOXKyTh BIMOBiAATH pi3HI HAOOpH (HaKTOPIB;

4) Tlapametp onTHMI3allii TOBHHEH 3aJOBOJIHATH YMOBI
KOPEKTHOCTI, TOOTO BiH MOBHMHEH AIMCHO OIIIHIOBATH €(EKTHUBHICTD
(GYHKLIOHYBaHHS CHCTEMH Y 3a37aJieriib BUOPAaHOMY CEHCI;

5) Ilapamerp onTtuMizamii OyTH e(QEKTHBHUM 3 MOIISAY
JIOCSTHEHHS KiHIeBOI MeTH. E(EKTHBHICTH CHUCTEMH OI[IHIOETHCS
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3aBXIU B LiJIoMy. YacTo cucTeMa CKIQAAaEThes 3 MiICHCTEM, KOXKHa
3 SIKAX OIIHIOETHCS CBOIM JIOKAJTLHUM MapaMeTPOM OIITHMI3AIlil;

6) Ilapamerp onTumizamii mHoOBHHEH OyTH e(QEKTHBHHHA B
CTaTUCTUYHOMY CEHCi. 3 JEKUIbKOX MapaMeTpiB ONTUMi3alii
HaOMbII e(EeKTUBHUN TOW, SKHH BH3HAYAETHCS 3 MOXKIHBOIO
HAMOIJIBIIOK  TOYHICTIO. JSIKIIO 19 TOYHICTH HEIOCTATHS,
JIOBOJIUTHCSI 3BEPTATHUCS A0 301IbILICHHS YHCA JOCIiiB.

7) Ilapamerp onTuMizanii HOBHHEH 3aJOBOJIBHITH BUMOTY
yHiBepcaigpHOCTI abo moBHOTH. llim yHiBepcambHICTIO Mapamerpa
onTAMizaii PO3yMi€ThCS roro 3MIATHICTH BceOiTHO
XapaKkTepu3yBaTH 00'€KT.

Hampuxitag, TeXHONIOTiIYHI MapaMeTpy B 3aralbHOMY CEHCI He
BpPaxOBYIOTh €KOHOMIKy. lleli Hemomik ycCyBaeThCS MiAPO3ALIOM
obmacTi BU3HAUCHHS TEXHOJOTIUYHUX MapaMeTpiB ONTHMi3amlii Imo
KBaJiTeTaM,  BHU3HAUYyBaHMM 32  PaHTOBHUM  [PHHIHUIIOM
JecaTHOANbHOI CHCTEMH 3 BpaxyBaHHSM piBHS BHpPOOHHUITBA. Y
CBOIO Yepry TEXHOJIOTiYHI JTOMYCKH PO3AUISIOTHCS 1O TPHOX PIBHSX
TOYHOCTI:

® cKOHOMIYHHH piBeHb — 9-10 kBamiTET;
® BUpOOHUUMIT piBeHb — 6-8 KBaIiTET;
® TEXHIYHUI piBeHb — 4-5 KBaIITET.

8) baxxano, mo06 mapamerp onTuMizamii MaB @izuyHuil ceHc, 6)8
NPOCMUM § J1e2KO 0OUUCTIOBAHUM.

Jiisi IpocTOTH JIOUIJIbHO HOPMYBATH IMapaMeTp ONTHMI3allii 3
TUM, 00 BiH pUiiMaB 3HAYEHHS BiJ] HYJISI IO OJWHUIL.

Bubpartu mapamerp onrtumizariii, 110 3a{0BOJIBHIE BCIM BUMOTaM
JOCUTHh CKiamHo. Yacrilie BHUMOTH BHKOPUCTOBYIOTHCS IS
MOPIBHSIHHS  JICKUIBKOX MOXIIMBUX TapaMeTpiB ONTHMi3amii 1
BUOOPY, 1110 HAWOLIBIN BiAMOBIAa€ JAHUM BUMOTaM.
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5. Camocmiiina po6oma Ne 5
Po3pobka niany-nporpamMm excriepuMeHTy

[Inan-nporpama BKIIIO4Ya€e HAalMEHYBaHHS TEMH JOCHIJHKECHHS,
poOoUy TINoTe3y, METOAUKY EKCIIEPHMEHTY, TepeliK HeOOXiTHUX

MaTepialis, TIpUIIAIB, YCTaHOBOK, CIIMCOK BHKOHABIIIB
EKCIICPUMEHTY, KaJCHIaPHUH TUIaH POOIT i KOIITOPUC Ha BUKOHAHHSI
EKCTICPUMCHTY.

Y psni BUMAIKiB BKIFOYAIOTH pOOOTH TO KOHCTPYIOBAHHIO Ta
BUTOTOBJICHHIO TIPWJIA/IiB, alapariB, NPUCTOCYBaHb, iX METOJUYHE
00CTe)XXEHHS, a TaKOXX MPOTPaMH MOCTIAHUX POOIT HA 3aBONAX, B
IHCTUTYTax Ha iH.

OCHOBY TUIaHY-TIPOTpaMH CKJIaJa€ METOIUKA CKCIEPUMCHTY.
Mertoauka 1ie cuctemMa MpuiOMiB ab0 croco0iB It MOCHiJOBHOTO
HaNOUTBIT e(h)eKTUBHOTO EKCIIEPUMEHTAIBHOTO JTOCIIHKCHHSI.

Bona Brirouae: MeTy i 3aJadi eKCIIEPUMEHTY; BUOIp BapirOrOunX
¢dakropiB; OOIpyHTYBaHHSI 3aco0iB 1 TOTPIOHOI  KIIBKOCTI
BUMIPIOBaHb, OIUC TIPOBEJICHHS EKCIEPHMEHTY, OOIPYHTYBaHHS
croco6iB 0OpOOKH 1 aHAITi3y pe3yNIbTaTiB EKCIIEPUMEHTY.

Busnauenns memu i 3adaui excnepumenmy — OIUH 3
HaliBaknuBimux erariB. Ha ocHOBI aHamizy iH(opMarii, TimoTes3u i
TEOPETUYHUX  PO3POOOK  OOIPYHTOBYIOTH MeTy 1  3am;adi
EKCIIEpPUMEHTY.

Bcest HaykoBa iH(opMallist JO3BOJISIE Y TOMY a00 iHIIOMY CTYTIeHI
CYIIUTH TIPO OUiKyBaHi 3aKOHOMIPHOCTI IPOIIECY, III0 BUBYAETHCS, a,
OT)XKe, 1 BHM3HAUUTH 3aJayl eKcnepuMeHTty. YiTKO, KOHKPETHO
OOrpyHTOBaHI 3ajiavi 11¢ BEJMKHM BKJIAN B iX pimeHHs. KiIbKicTh
3aJa4 He MOBHMHHA OyTH ayxe Benukow (3-4 3amadyi), y BEIUKOMY
JociipkeHHi ix moxe OyTu 8-10.

Bubip eapioiouux ¢axmopie 1ie BCTAaHOBJICHHS OCHOBHHUX 1
JPYTOPSTHUX XapaKTePUCTUK, IO BIUTUBAIOTH HA JOCIIKYBaHUHA
nporec. CrioyaTKy aHaNi3ylOTh PO3PaxyHKOBI (TEOPETHYHI) CXeMH
nporecy.

Ha ocHoBI 11b0ro KJIaCHQIKYIOTh BCi (JaKTOPH 1 CKIIAIAIOTh 3 HUX
pan, mo yOyBae 3a BaKIMBICTIO, U JAaHOTO EKCIEPUMEHTY.
[IpaBunbHUil BHOIp OCHOBHHMX 1 ApYropsagHux (akTopiB rpae
BaYXJIMBY POJb B  e()EKTUBHOCTI CGKCHEPUMEHTY, OCKIUIbKH
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EKCIIEPUMEHT 3BOJUTHCS A0 3HAXODKECHHS 3aJIS)KHOCTEH MiXK LHUMH
¢axropamu. B okpemMux BHUNaaKax BaXXKO Bifpa3y BHSBHTH POJb
OCHOBHUX 1 pgpyropsamaux ¢akropi. I[lpm 1mpomy HeoOXimHO
BUKOHATH HEBEJIIMKUH 32 00'€éMOM IMOMEepeHIi MONIYKOBHI TOCIII.

OCHOBHMM TPUHLMIIOM BCTAHOBJICHHS CTYIEHS BaXKJIIMBOCTI
XapaKTePUCTHUKH € ii POJib y AOCTIKYBaHOMY Mporeci. s mporo
BUBYAIOTH MPOLEC 3aJICKHO BiA AKOICH OHI€I 3MiHHOT MPH PeITi
MOCTiHHX.

Takuii TPUHIUIT IPOBEJCHHS €KCIIEPHMEHTY BHIIPABIOBYE cede
TUIBKH Y THX BHITIAJKaX, KOJM 3MIHHHX XapakTepucTuk maio (1-3).
Skmo &k  3MIHHMX BeJMYMH Oarato, JOUUIBHHNA — IPHHIIUI
bacamoghakxmopHo2o ananizy.

Obrpynmyeanns 3acobie eumipiosans 1ie BUOIp HEOOXIMHUX IS
CIIOCTEpEeXKEHb 1 BHUMIpIOBaHb NPWIAMIB, yCTATKyBaHHs, MallWH,
armaparis Ta iH.

Excriepumentatop wmae Oyt nmoOpe  O3HAWOMIICHUM 3
BUMIpPIOBAJIBHOIO ~ amaparyporo, IO BHITyCKAEThCA Yy KpaiHi.
[lopiyHO BUAAOTHCS KATAJIOTH HA 3aCOOM BHMIpPIOBAaHHS, 32 SKUMH
MOKHA  3aMOBUTH  Ti, WO  BHUIYCKAIOTBCS  BITYM3HSHHM
npuiaio0yayBaHHSIM. B mepiry uepry BUKOPHCTOBYIOTh CTaHIApPTHI
MalllMHY 1 TPUIIQAH, IO CEepPiiiHO BHITYCKAIOTHCS, POOOTa Ha SKHX
permamentyerscsi  iHcTpykuisimu, ['OCT-amm Ta  iHIIMMH
oQiiitHIMH JTOKYMEHTaMH.

Jlyxe BIIIOBIIABHOIK) YaCTHHOK € BCTAHOBJIEHHS TOYHOCTI
BUMIpIOBaHb 1 MOXMOOK. MeToau BUMIpIOBaHb MalOTh 0a3yBaTHChH
Ha 3aKOHAaX METPOJIOTii, [0 BUBYAE 3aCO0H 1 METOM BUMipPIOBaHb.

[lpn excrepuMeHTaIbHOMY JOCHI/DKEHHI OJHOTO 1 TOTO XK
nporecy (CHOCTEPeXKSHHST 1 BUMIPIOBaHHs) IMOBTOPHI BIIJIIKM Ha
npuiajgax, K NpaBUIO, HE OJHAKOBi. BixwiieHHS MOSICHIOIOTHCS
PI3HUMHU IPUYMHAMU:

® HEOJTHOPIIHICTIO BJIACTUBOCTEH Tina (marepiadn,
KOHCTPYKIIis T4 iH.), IO BUBYAETHCS;
® HEeIOCKOHAJIICTIO MPUIIAJIB 1 KJIACOM iX TOUHOCTI.

Yum Oisiblile BUIAIKOBUX (aKTOPIB, 110 BILUIMBAIOTH Ha JOCIHIJ,
TUM OlJbIlIe BiIXWJIEHHS OKPEMHX BHMIPIOBaHb BiJI CEPEIHBOTO
3HAYCHHS.
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Lle BuMarae mOBTOPHUX BUMIpIOBaHb, OTKE, HEOOXIAHO 3HATH 1X
MOTPiOHY MiHIMABHY KUTBKICTB.

Ilix ToTpiOHOIO  MIHIMAJIBHOIO  KUIBKICTIO  BHUMipIOBaHb
PO3YMIIOTh TaKy iX KiJIbKICTb, fIKa y JaHOMY JOCHiAi 3abe3medye
CTiliKe cepeiHE 3HAYCHHS BUMIpIOBaHOI BENMYHMHH, MPU 33JaHOMY
CTYTICHIO TOYHOCTI.

BcranoBnenHss moTpiOHOT MiHIManbHOI KUTBKOCTI BHMipIOBaHb
Ma€ BEJHMKE 3HAYCHHS, OCKIIBKH 3a0e3leuy€e OTpUMaHHs HaiOiIbII
00'€eKTUBHUX pe3yJbTaTiB MPH MiHIMATBPHUX BUTpaTax 4dacy i
3aco0iB.

6. Camocmiitna poooma Ne 6
Po3po0ka MeTOAUKHU eKCIIePUMEHTY

Y memoouyi neranbHO TPOEKTYIOTH TPOLEC MPOBEICHHS
eKcriepuMenTy. Ha moyarky ckiiazaroTh MOCIHITOBHICTD POBEICHHS
orepalliii BUMIpIOBaHb 1 criocTepeskeHb. [10TiM peTenbHO OMUCYIOTh
KOXKHY OIepallif0 OKpeMO 3 ypaxyBaHHSM BHUOpaHHMX 3acO0iB JUIS
IPOBE/ICHHS EKCIIEPUMEHTY.

Benmuky yBary nOpuALISIOTE METOJAM  KOHTPOJIO  SIKOCTI
omepanid, MmO 3a0e3neuyloTh NOpuU  MiHIMalbHIH  (paHime
BCTaHOBJIEHIH) KIIBKOCTI BUMIpIOBaHb BUCOKY HQIHHICTH 1 3a/laHy
TOYHICTh. PO3po0MsIOTE (hOpMHU KypHAIIB IS 3alUCy PE3yJIbTATiB
CIIOCTEPEKEHD 1 BUMIPIOBaHb.

BaxJmBUM pO3AUIOM METOIAMKH € BUOIp METOMAIB OOpOOKH 1
aHaJi3y eKCIepUMEHTAIbHUX AaHuX. OOpoOKa JaHWX 3BOIUTHCA 10
cucTeMarun3aiii Beix nudp, Kmacudikarii, aHamizy.

Pesynbraty ekcriepuMeHTIB MOBHHHI OyTH 3BelleHl y JIETKi JUist
yuTaHHs GopMu 3anucy — Tabnui, rpadiku, GopMyIsiu, HOMOTPaMHU,
110 JTO3BOJISIFOTH IIBUAKO CITIBCTABJISATH OJICPKaHi Pe3yJIbTaTH.

OcobnmuBa yBara y MeToAWili Mae OyTH TpHUIiJIcHA
MaTeMaTHYHUM MeToaaM OOpOOKM 1 aHami3y JOCHITHMX JaHUX —
BCTAHOBJICHHIO EMITIPUYHUX 3aJe€KHOCTEH, alpoKCUMallii 3B'S3KiB
MK BapiiOBaHUMH XapaKTepUCTUKAMH, 3HAXO/PKEHHIO KPHUTEPIiB i
JIOBIpYMX IHTEPBAJIIB Ta iH.

Jani Bu3HA4alOTh 00'€M EKCIEPUMEHTAILHUX JOCIHIKEeHb, SKi
3aJiekaTh BiJg TIMOMHM TEOPETUYHUX PO3POOOK, CTYMEHS TOYHOCTI
NPUAHITHX 3aC001B BUMIPIOBaHb.
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UuM Oimpm  4iTKO cHOpPMYNIbOBaHA TEOpPETHYHA YacTHHA
JMOCTIDKEHHS, TUM MeHIe 00'eM eKcrepuMeHTy. MOKIHBI TpH
BUITAIKH TIPOBE/ICHHS €KCIICPHMEHTY:

1. TeoperuuHo oJepaHa aHANITUYHA 3AJEKHICTb, SKa
OTHO3HAYHO BHU3HAYa€ JOCHIKyBaHWU mponec. Hanpukian,
y=3¢ > 'V oMy BHUmagKy 00'€M  eKCIEpHMEHTy  JUIA
MiATBEPHKEHHS AaHOI 3aJIe)KHOCTI MiHIMAJIBHHUM, OCKUTBKU (PyHKIIiS
OJTHO3HAYHO BU3HAYAETHCS CKCIIEPUMEHTAIBHUMU JaHUMU,

2. TeopeTMuHMM OUISIXOM BCTAHOBJICHHH TUIBKH XapakTep
sanexnocti. Hampukmax y=ae ™. VYV 1poMy BHIAAKy 3aJaHO
CIMEHCTBO KPHBHX.

ExcriepuMeHTanbHAM IDISIXOM HE0OXimHO Bu3HauuTH a i b. Ilpu
[IbOMY 00'€M EKCIIEpUMEHTY 3pPOCTaE;

3. TeopernuHno  He  BHAJOCS  OACpKATH  OyIb-SIKHI
3ajexxHocTeld. Po3poOsieHi TiNbKM MPUIYHOICHHS TpO  SKIiCHI
3aKOHOMIPHOCTI IPOIIECY.

VY OaraThOX BHMAAKax JIOLUIBHUA MOUIYKOBHH EKCIIEPHUMEHT.
O0'eM ekcnepUMeHTaTBLHUX pOOIT 3pocTae. TyT JNOpedHHH METOoA
MaTeMaTHYHOTO TUIAHYBaHHS €KCIIEPUMEHTY.
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Camocmiiina poooma Ne 7
3araabHi BiZzoMocTi Mpo MOMHJIKH BUMipIOBaHb

Mema pooomu: Ocpoitu omepauii 3 HaOIMKEHUMH YHCIAMU.
BuBunté crocoOn BHU3HAYEHHS IOMIUIOK BHMIPIOBAHHSI 1 MipH
TOYHOCTI.

Teopemuuni nosacnenns:

Iloxu6ka — KiNbKICHA XapaKTePUCTHKA HEOJIHO3HAYHOCTI
pes3ynbTaTy BHMIDIOBAaHHA. 11 OIIHIOIOTH, BHXOIASYM 3i BCiei
iHpopMallii, HAKONMWYEHOI TMpPH MArOTOBII Ta BHKOHAHHI
BHMIPIOBaHb.

Lo iadopmanito oOpOOISIIOTH AN CYMICHOTO BH3HAYCHHS
OCTaTOYHOrO0  pPe3yJbTaTy BHUMIPIOBaHHA 1 HOro moxuOKa.
OcTaToyHuil pe3ysbTaT HE MOXKHA pO3IIHIOBATH SK "IiHCHE
3HaueHHS" BUMIpIOBaHOI ()i3WMYHOI BETMYMHHU, OCKUIBKH Y I[HOMY
HEMA€E CEHCY 13-32 HAsIBHOCTI TOXUOKH.

[Noxnbka Moxke OyTH BHpaK€eHa B OJUHHINX BUMIPIOBaHOI
BEJIMYUHU X. Y TaKOMy pa3i BOHA IO3HAYAETHCSA AX i HOCUTh Ha3BY
abconroTHOI moxuOku. [IpoTe abconroTHa moxmOKka He BimoOpaxkae
SKOCT1 BUMIpIOBaHB:

Hampuxian, abcomorHa moxuOka 1 MM mpu BHUMIprOBaHHI
PO3MIpiB MPUMIIIEHHS CBITYUTH MPO BUCOKY SKICTh BHUMipIOBaHHS,
Ta JK TMOXWOKa aOCONOTHO HENMPUHHATHA TpPH BUMIpIOBaHHI
JiaMeTpy TOHKOTO JIPOTY.

Kputepiem skocTi BHMiprOBaHHS € BiJHOMIEHHS aOCONIOTHOT
HOXUOKH JI0 OCTATOYHOTO Pe3yJIbTaTy BUMIPIOBaHHS:

Ax
ox = — D,
X
JIe Ox - BIJITHOCHA ITIOXHOKa.

Bimnomennst (1) 0e3po3MipHe Ta BHKOPHCTOBYIOTH SIK B
aocomrotaomy (0.01, 0.1, 0.5, 1), Tak i B BiZICOTKOBOMY BHpaXCHHI
(1%, 10%, 50%, 100%). Bucokiii TOYHOCTI BUMIPIOBaHHS
BIAIIOBia€ Majie 3Ha4YE€HH BiIHOCHOI ITIOXHUOKH.
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8. Camocmiitna poooma Ne 8
OcHOBHI pi3HOBHIM MOXHOOK

* Ilpomaxu abo zpy6i noxubéku — BUHHKAIOTH YHACIIJOK
HECIIPAaBHOCTI  BUMIPIOBAIBHUX TNpwWiafgiB abo IOMHJIOK B
EKCIICPUMEHTI, 3p00JICHUX Yepe3 HeyBary.

*  Ilpunaoosa noxudxa — cucteMaTuyHa MOXHOKA, MPUCYTHS
y pe3yJsibTaTax BUMipIOBaHb, BUKOHAHUX 3a JOTIOMOTOI0 OY/b-SKOTO
BUMIpIOBaJlbHOTO mpuiany. [IpunamoBa MmoxuOKa, SK MPaBUIIO,
HEBiOMa 1 HE MOXe OyTH BpaxoBaHa. Ii MOXHA OLIHUTH TiIBKH
NUISIXOM TOPIBHSHHS TIOKa3aHb NPWIANY 3 TMOKa3aHHSIMHU IHIIOTO,
TOYHIMIOTO Tpwiaxy (eranoHy). [HOMI pe3ymbTaTH ChHerialbHO
MPOBEJICHOTO TMOPIBHAHHS MPUBOMATH y MACHOPTI MPUIIATY, MPOTE
YacTillle BKa3ylOTh MaKCHMAIBHO MOYIIMBY MOXHOKY Uil TIPUIIAIIB
JIAHOTO THUTTY.

*  Mooenvha noxuoka. B OCHOBY Oyab-sIKOTO
EKCIICPUMEHTAIIBHOTO JIOCJIIJDKCHHS, 3B'S3aHOT0 3 BUMIPIOBAaHHSIMU,
3aKiajieHa  Moaenb.  Momenb  MicTUTh — (i3UUHWE  omuc
JIOCITiKyBaHOTO 00'eKTy ab0 mporiecy. BiH 103BoJIs€ cKiacTu HOro
MaTeMaTHYHWi  omuc, a came, Habip  (QyHKIIOHATBHHX
CIIBBiJTHOIIIEHb, IO BKIOUYAIOTh (i3nuHi BenwuuHH. HeipHO
noOymoBaHa MOJeNb, B SKiM He 3HAWIIIM BiOOpaXEHHS SIKiCh
BaXUIMBI mpoiiecd abo (akTopu, IO BIUIMBAIOTH HA PE3yJIbTar
BUMIPIOBaHb, TaKOX TMPU3BOAMTH JO HEBIANOBIIHOCTEH. Sk
HACNIJIOK, BUMIpPIOBaHI B  EKCHEPUMEHTI  BEIWYUHH, IO
O00YHCITIOITHCA 32 OTPUMAHUMU 3 MOjeli podounMu GopMyamH,
MICTATh TOXUOKH, SIKI HOCATh HAa3By MOJCIbHMX MMOXUOKH. J[o
PO3psAIy MOACTHHUX MOXe OyTH BiJlHECEHA MOXUOKA 3BaXKyBaHHS Ha
Barax. 3rilHO 3aKOHy ApxiMmega Bara Tila i TUPb 3MEHIIYEThCS
yepes M0 BUIITOBXYIOYOi cuiiu noBitps. Haragaemo, mio Bara 1 m3
noBiTps pieHa npudau3Ho 10H. [{is Toro, mo6 npaBUIbHO 3HANWTH
Macy 3Ba)KyBaHOTO TiJia, TOTPiIOHO BBECTH MOMPABKY Ha BTPATY Baru
TUPSMH 1 CAMUM TiJIOM.

*  Bunaoxoei noxub6ku — TIpu TIOBTOPHHUX BHUMIPIOBaHHIX
MOXWUOKU IHOTO THUIY TI0OKa3yIOTh CBOIO BUIAAKOBY IPHPOIY.
BuHHKarOTh BOHHM BHACIIOK O€3Jivi MPUYMH, CIIUTbHA i SKUX Ha
KOXKHE OKpeMe BHMIPIOBaHHS HEMOXIIMBO BpaxyBaTH a00 Hamepes
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BCTaHOBUTU. TakMMU MPUYMHAMH MOXKYTh BHSIBUTHCH, HAIPUKJIIA,
HE3HA4YHI KOJIMBAaHHS TEMIeEpaTypu pI3HUX JeTaied 1 BY3IiB
YCTaHOBKH, CKa4K{ HaNpyTH, BiOparii, TypOyJIeHTHI pyXu HOBITpS,
TEpTS B MEXaHi3Max, MOMWIKH 3YMTYBaHHS MOKa3aHb MPUIATiB Ta
iH. €IUHO MOXIUBUH Croci0 00'€KTUBHOrO OONIKY BHITaJKOBUX
MOXMOOK IOJIATAE y BU3HAYEHHI X CTATUCTUYHIX 3aKOHOMIPHOCTEH,
IO BUSBISAIOTBCS B pe3yjbTaTax 0araTOKpaTHUX BUMIpPIOBaHb.
Po3paxoBaHi CTaTUCTHYHI OLIIHKH BHOCSITH B OCTaTOYHHNA PE3yIbTAT
BHMIPIOBaHHSI.

Opnietro 3 TpyOMX TIOMWJIOK € 3HAaXOMHKCHHA MOXUOKHU
BUMIpIOBaHHS SIK

AX = XeKcnepuMEHm - Xmaﬁfluwl )

T€ Xexcnepunenm — HAOYTOTO B TIPOIECI €KCIIEPUMEHTY CEPEIHBOTO
3HAYCHHSI BEJIMYHHU;

Xmaomys — 3HAUCHHS, y34Te 3 JOBiHMKAa ab0 po3paxoBaHe
BUXO/ISTYH 3 TEOPETUIHHX YSIBIICHb.

MeToro eKClepuMEHTY € caMme IepeBipKa ICHYIUMX Teopid i
YTOYHEHHS TaOJIMYHUX 3HAYCHB.

3 iHmoro OOKy, IpH BUKOHAHHI y4OOBUX J1a0OpaTOpPHUX POOIT
KOPHCHO TIOPIBHATH OTpPHMaHi pe3yJbTaTH 3  JOBIAKOBHUMH
TaOMMYHUMU BeJIMYMHAMHU 1, y pa3i 3Ha4HOI iX pPO30iKHOCTI,
MpOaHaNli3yBaTH, fKi EKCHepUMEHTANbHI (QakTOpH 1 MOMAETbHI
NOXWOKH MOTJIM TIPHBECTH JI0 I[HOTO.
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9. Camocmiitna poooma Ne 9
Onepanii 3 HAOTMKEHUMH YU CTAMUA

Maiixke Bci BUMIpPIOBAaHHS 1 MaTeMaTH4HI oOlepaiii JarTh
HAONMKEeHI 3HaYeHHS ITyKaHWX BenwdnH. CKIIamoBi HaOIMKEHOTO
YKciIa MOXYTh OyTH BIpHUMH, CYMHIBHUMH 1 HEBIpHUMU.

Iocmynamu.

1. JSxmo moxuOKa 4YmMciia HE BKa3zaHa, TO HOro aOCOJIOTHA
MoX1OKa piBHA TIOJIOBHHI OJUHUII PO3PATY OCTaHHBOI UG PH.

2. Pospsn crapmoi 1mbpu moxubka TMOKa3zye  po3psn
CYMHIBHOI ITU(QPHU B YACIHI.

3. YV skocrti 3HauymuxX mudp MOXyTh OyTH TiIBKH BipHi i
CYMHiBHI u(pH.

4.  SIkmo moxuOKa 4yKcia He BKa3aHa - BCl HUppy 3HAYYIIT.

5. Ilix 3HagymumMu 1udpaMu 9uciia po3yMitOTh MOCIiAOBHICTh
mudp 0e3 ypaxyBaHHS MiCLsI KOMH, a JUIS YACEN MEHIIE OAMHUII —
0e3 ypaxyBaHHs HyJIs IIepel KOMOIO i moganbimx Hy B (tadm. 9.1).

Taomuus 9.1
Yucno I'panuuni Maxcumanvna
Pesynomam | 3nauywqux | 3nHauenns Ax nomunka
uugp HOMUTIKU (Ax/x;)-100%
3 1 2,5-3,5 0,5 16,7
3,5 2 3,45-3,55 0,05 1,4
3,55 3 3,545- 0,005 0,14
3,555

B imkeHepHUX pO3paxyHKax MpPUITYCKalOThCS HOMIIKH 2-5%,
TOMY HEJOUUIBHO BHJABATH pe3yibTaTH 3 OUIBII HDK JBOMA
3HAYYIIUMU [UPPaMu.

Exzemnnap Ne 1 Apx 32/19
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Tabnumsg 9.2

1 .. .. 0,5 50%

15 0,05 3,3%

1,55 0,005 0,3%

0,1 0,05 50%

0,15 0,005 3,3%

0,155 0,0005 0,3%

Ilpuknao 1.1. Yucno 216.8 + 2.3 cnig 3anucyBaru gk 216 + 2.3,
a mudpy «8» micist KOMU BIAKMHYTH K HEBIpHY, 00 TyT Bxke nudpa
6 € CyMHIBHOIO.

Oxpyenenns ciifi MPOBOAUTH A0 HAaHOMIKYOTO napHoeo 4HCIA,
NpUYOMY TIpU OKPYIJICHHI BiIKMOAlOTh BCi LU(PH, IO CTOSATH
OpaBopydY BiX pO3psLy, IO SKOrO IHPOBOAUTHCA OKPYTJICHHS.
Ocranaro mudpy, 10 3aTUITHIACS, 30UTBITYIOTh HA OQMHHMIIIO, SKIIO
HalOMWK4a BilkuaaHa udpa piBHa 1 Oiibiie 5, a00 HE 3MIHIOKOTh,
SKIIIO BOHA MeHIe 5. SIKIo X BiAKUAAIOTH TIIBKU OAHY LUGpY 5
(abo micns Hel HAYTh HYI), M0 ocmanHio TAPPY, IO 3ATUUAEMbCA,
30UIBIIYIOTh Ha OJIMHUINIO, SIKIIO BOHA HEMapHa, 1 3alWIIaloTh 0e3
3MiHH, SIKII[O BOHA NAPHA.

Ilpuknao 1.2. 1o okpyrnenns:5,825; 5,784; 5,500; 6,500.

[Ticns okpyrmenns:5.8; 5.8; 6.0;  6.0.

6. OkpyrisiTH CliJi TiIbKM KIHIEBUH pe3ynbraT MpH
JIAHLIOKKOBHX PO3PAXyHKaX Ha MiKPOKaIbKYJIATOpaXx.

CkiaganHsa 1 BigHiMaHHS. BBakaeThcs, M0 pO3pPST CYyMHIBHOL
IUQpU CyMH CITIBIAJAE i3 CTApIIMM PO3PAIOM CYMHIBHUX mUDD
JIOJJAHKIB, TOMY CyMa OKPYTJISIETCS 10 IIbOTO PO3PSAY, I OLTBIIOL
YIEBHEHOCTI B JOAAHKAX 3JIMIITE OJUH 3aHBUH PO3PSIIL.

Hpuknao 1.3. Nani uucna: 1,13777-10% 2,7077-10%; -1,1677-10°,

Ocranni nnudpu cymHiBHi. [IoTpiOHO BU3HAYUTH CyMYy.

Pimenns: (113,7 + 2,7 — 11,6)-102 = 104,8-10% = 1,048-10%
TyT «8» — cymHiBHa nudpa.

6. Ilpm ™MHOXEHHI 1 [iNeHHI MOYaTKOBI JaHi JOIIBHO
OKPYIJIATH 10 KIIBKOCTI 3HAUYIIUX LUQP, MO MICTATHCS B YHCIHI 3

HaAWMEHIIOK0 X KUJIBKICTIO.

Ilpuknao 1.4.
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1. Tomuoxwurtu uncna 8831 i 0.024, ocTaHHI IUPpPU CYMHIBHI:

8.831-10°-2.4-102=2.1-10%

OCKibKM TIpH MHOKEHH1 HEBipHOI 1udpu Ha BipHY BUXOIUTH
HEBipHa, a MPH MHOXEHHI CYMHIBHOi Ha BipHY B)K€ CyMHiBHA, TO
JOLITBHO MPOBECTU OKPYTIICHHS 10 Li€l nu(pu.

2. Posminutu 67 ma 0.375. OcranHi 1UppU IUX YHCEI
CYMHIBHI:

6.7 * 101
3.75 %1071

VY upoMy BHUNAIKy CTaplIO0 CyMHIBHOIO IH(POIO pe3yibTaTy
IineHHs € mepma nudpa micias Komu. ToMmy npaBuibHime Oyne
3aIIMC, IO CTOITh B JY’KKaX.

3BUYAKHO, SIKIIO MEPEMHOXKYIOThCS a00 IISAThCS JIBa YHUCIA,
KOXKHE 3 SKHX XapaKTepU3yeThCs T 3HAYYIIMMH ab0 TOYHHUMH
nudpaMu, TO CIiJl BpaxoByBaTd MakcumyM (N — 1) 3Hauymmx nudp
B KiHIICBOMY PE3yJIbTaTi.

= 1.787 * 10% = 1.8 * 102

Ilpuknao 1.5. Po3paxyiite TIIony mpsSsMOKYTHHKA i3 CTOPOHAMHU

28,23112,59 cm.

Pimenns: Bigmosime 28,23 - 12,59 = 355,42 cm? HeBipHHii,
OCKUIBKHM JificHE 3HAYEHHS MOKE 3HAXOIUTHCI MK 28,225 - 12,585
=355,21 cM? i

28,235 - 12,595 = 355,62 cm?.

TakuMm 4MHOM, IIyKaHa IIoma pisHa 355,4 £ 0,2 cm?,

IIpu BUKOpHCTaHHI HAOJMKCHUX YMCEN BEAYTh JIBA MapaieibHi
PO3paxyHKH: OJIMH — 3 TPAHUYHUMH 3HAYCHHSAMH, 1[0 TPUBOJSATH JIO
MiHIMyMY, a iHIIUI — 10 MAKCUMYMY .
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10. Camocmiiina poooma Ne 10
IHoMuaku BUMiproBaHHsI i Mipu ToOYHOCTI

Ilpuxnao 1.6. 1ano nea 3nauenss: 50 £ 3 1 30 = 2. BuszHauurtu
BEJIMYMHY BiHOCHOI TOMWJIKM CKJIaJaHHS, PI3HUI, MHOXEHHS i
IUIEHHS.

1.  Cknaodaumnsn. JliticHe 3Ha4YeHHS JCKHUTh MK 47 + 28 = 75 1
53 + 32 = 85. BignocHa nommika cymu piBHa (85 — 75) / (85 + 75) =
10/ 160 = 0,0625 (6,25%).

2. Bionimanns. JlificHe 3Ha4eHHS JEXUTh Mk 47 — 32 = 151
53 — 28 = 25 ("mepexpecHe" BigHIMaHHS, TOOTO MaKCHMallbHE
3HAYCHHS OJHOTO YHCIIa BITHIMAETHCS 3 MIHIMAJIBLHOTO 3HAYCHHS
IHIIIOrO 1 MiHIMaJbHE 3HAYE€HHS OJHOIO YHCJIA - 3 MaKCHUMAaJIbHOIO
3HAYCHHSI 1HIIIOTO).

BinHOoCcHa moMmiKa pi3HHUII piBHA!

@5-15) _10_ 425 (+25%)
- =—=0U. 0).
25+ 15 40 -
1.469-20 1.469-1.667
50 30 == 1_667' = —0.119(—11,9%);

30
4.  Mnooxcenns. JlilicHe 3Ha4YeHHS JIGKHTh B MEXax BiJ

47%28=1316 mo 53*32 = 1696. BinHocHa mommuika 100yTKy piBHA:
1316 — 50«30 1316—1500 -184
= = = —0.123 (—12,3%);

50 * 30 B 1500 ~ 1500
1696 — 50«30 196
= =0.131 (13,1%).

5030 1500
5. Hinenns. JlivicHe 3Ha4eHHs JEKUTh Mk 47 / 32 = 1,469 1 53
/28 = 1,893 ("nepexpecue" mineHHs). BilHOCHA TOMHJIKA YaCTHOTO:

50
1469 — =5 1.469 — 1.667

= —0.119(—11,9%);

50  1.667
30
50
1893 —35 1.893-1.667 0.136(13.6%)
50 1667 e
30

TakyuM YHHOM, 31 BCIX apuU(METHYHUX Olepaniii HaiOiLIbIry
MOMMJIKY JIa€ BiJIHIMAHHS, a MiHIMAJIbHY — CKJIaJIaHHS.
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Ilpuknao 1. 3HaiiTn HAONKEHY BITHOCHY MTOMIJIKY TOOYTKY:
(40+10%)-(30+5%).

Pimenns: 3rigno dopmymnu (1), 3 [3, Tabn. 5.2] orpumyemo:
(1200 £ 10% = 5%),

abo mykana BennunHa Oyze pisHa 1200 + 15%.

Ilpuknao 1.8. 3naiitu npuOIM3HY BiTHOCHY TIOMHJIKY YaCTHOTO:
[(500 + 20) = (200 * 15)]
(400 — 20)
Pimenns: [{romMy npuBaTHOMY BiATIOBiAAE:
[(500 + 4%) * (200 * 5%)]
(400 — 5%)
3rigHo dopmynam (1) 1 (6) 3 [3, Tabn. 5.2] npubIM3HA BigHOCHA
MTOMMITKA PiBHA
4+75+5=16,5%.

TakuM YMHOM, OCTATOUYHHUM pE3yJIbTAT:

[500  200]
P 16,5% = 250 + 16,5%
200
abo
[500+200] . )1 _ 5504 41
200 — -

T0OTO B Mekax 2091 291.

Ilpuxnao 1.9. [lopxvHa, IIMPUHA 1 BUCOTA IIETJIMHU PIBHI X1, X2,
x3 cM 3 BigHocHuME mommikamu 0,01. 3HaiiTm MakcUMalbHY
a0COIIOTHY TIOMHJIKY 00'eMy.

Pimenns. 3rigno ¢opmyni (2) 3 [3, Tabm. 5.2] MakcumanbHa
noMuika B o0'emi piea 0,01 + 0,01 + 0,01 = 0,03 (3%). Toni
MakcuMajibHa abcomoTHa nommika pieHa 0,03 - X1 - X2 - X3 cM®.

Ilpuxnao 1.10. ®i3uko-xXiMIYHMIA aHaNi3 CKJIaay, HAIpPUKIIAI
BOJM, CYIPOBOJDKYETHCH CHUCTEMATUYHMMU 1  BUIAJKOBUMH
MOMHJIKAMU. TapyBaHHSIM BCTaHOBIEHO, WO CHUCTEMaTH4YHA
MOMHJIKAa JOpiBHIOE 5%. BumagkoBi NOMUJIKH IMiIAKOPSFOTHCS
HOPMAaJIbHOMY 3aKOHY 3 CepeJHIM KBaJPAaTUYHUM BiJIXUJICHHSIM G =
15%.

3HaiTu:

a) IMOBIPHICTh BH3HAYEHHS CKJaay BOIW 3 MOMMIIKOIO, IO HE
NIEPEBUILY€ 32 a0COMIOTHOO BennunHO0 30%;
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0) IMOBIpHICTH TOTO, 110 BU3HAYYBaHWH (Pi3HKO-XIMIYHUH CKIa
BOJIM HE NIEPEBEPIINTH iICTHHHOTO.
Piwenns: 1iTbHICTD IMOBIPHOCTI BUTIAAKOBOI ITOMUJIKH Ma€ BH]T

@ (x—x)
= * —_——

p\X o x '_Zn exp 2*0_2
0 1 (x—-2)
X) =——F——%*€exp|—

P 15 /27 P 450

3rigao hopmyii (5.3.33) 3 [3] Mmaemo
P(|x;] <30) =P(-30<x; <30 =

- [q; (301; 5) — @ (301; 5)] = [®(2.33) — D(—1.67)].

Ockinbku @(-1)=-d(1), P(|x;| < 30) = [@(2.33) + P(1.67)].3
Honatky A suaxomumo @ (2,33) = 0,4901; @ (1,67) = 0,4525.

IMOBipHICTH TOTO, IO BU3HAYYBAHUH (Hi3UKO-XIMIYHUH CKIa
BOJIM HE NIEPEBEPIIUTH iICTHHHOTO

P(—00 < X< 0)= [D(0.5)+D(0)].

3 nopatky A 3naxomumo @ (0,5) = 0.1915, 3Bigku P(—o0 < x;<0)
==0.5+0.1915 = 0.6915.

BucHOBOK: IMOBipHICTh BUKOHAHHS YMOBH () IIbOTO 3aBJaHHS
piBHa =~ 94.3%, a ymoBH (0) - = 69.2%.
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11. Camocmiiina poooma Ne 11
MeToau BUKJIKOYEHHSI TPyOHX MOMUJIOK

I'pyba momuika MoXe MPUBECTH A0 MOSIBH SIK 3HAUCHHS, IO
PI3KO BHIUIAETHCS, TaK 1 3HAUEHHS, Bi3yallbHO HE BIMITHOTO Bij
OCHOBHOiI MacH cmocTepekeHb. Lli MOMMIKM 3BHYAitHO OCOOIMBO
Jo0pe TOMITHI MpH po3TallyBaHHI pe3yibTaTiB PO3paxyHKIB abo
EKCIIEpUMEHTIB y MOpsAAKY yOyBaHHSI 3HaueHb abo mpu moOymoBi
rpadiki ("BiZCKOK Kparmok').

CraTtucTHyHI METONW BHSIBICHHS TpPyOMX TIOMHJIOK —CIIiJ
3aCTOCOBYBATH JIMIIE TOAI, KOJM JOJATKOBA iHPOpMAILIis PO SKICTH
BHAMIPIOBaHb a0 HenosHa, abo HeHaoiliHa.

VY Oynp-sKOMY BHTIAAKY /IO BUKITIOYEHHS "TiI03pinuX" 3HaYeHb 3
BUOIpKHU MOTPIOHO MiAXOJUTH 3 OCOOIUBOIO 00EPEKHICTIO.

Merton sukarouenus npu gidomitl o. Hexait Mu MaeMo BHOIpKY Xi,
X2, ..., Xn, B AKifl € Mmigo3pine 3HA4YEHHS X . AJTOPUTM TIEPEBipPKU
MOKe OyTH HACTYITHUM:

1. IMigpaxyemo cepeane apudMeTHYHE 3HAYCHHS X, 3a
hopmyoro
n
— Xi
Xo= ) — (11.1)
lan
_ i=1
1 cepe/IHIO KBaJpaTH4Hy TIOXUOKY 0 3 BUpas3y
n

o2 = %z(f—xi)z (11.2)
i=1

BUKIJIFOUUBIIIH 3 [IUX PO3PAXyHKIB 3HAYCHHS X .
2. 3HaiieMo BiIHOIIEHHS

|x* — x|
t=—— (11.3)
n+1
CR )
3. BusHaunMo 3a TabmumsMu Biporigaicts 1 — 2 (1)

(monatku A 1 B).
4.  SIK1mo BUKOHYETHCS YMOBa
1-20(t) <q (11.4)
TO BBAXKAECTHCS, IO 3HAYEHHS X IIiusArae BUOpakoByBaHHI. TyT (|
— NpUHAHATHH B pO3paxyHKax pPiBeHb 3HAYYMIOCTi, a N — 00'eM
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BUOIpKU. Y IH)KEHEPHUX pO3paxyHKax 3BHYAWHO MPUHMAETHCS
piBens 3HauymocTi: 0.1;

1.0; 5.0 %.

BBaxaioTh, W10 3HAYEHHS X MIiCTHTh Tpy0y TOMMIKY 3
HafiitHicTIO BuBeneHHs P = 1 — . 3nauenns t = t(P), anst sxoro 1 —
20() = q i, sHaumte, 2@(t) = P, Ha3sUBAETBCI KPUTHYHHM
3HaueHHsM BigHommeHHs (11.3) mpu HaniiiocTi P.

Ilpuknao 1.11. Sxmo q = 0.01 (1% piBens), To P = 99 %,
kputnuHe 3HaueHHs t = t(P)= 2.576 (muB. momatox B). Skmio
BigHomenns (11.3) G6yne Gimbme 2.576, TO 3HAaYeHHS X MOXHA
BiAKuHYTH y 99-u Bunagkax i3 100 (0.99 a6o 99%).

Ilpuknao 1.12. 'Y BuGipui 3 1000 pe3ynbraTiB He3alleKHUX
BAMIPIOBaHb 3 CEPENHBOI0 KBAJAPATHYHOK MOMHIKOIW o = 14.2
BHUSIBJICHE OJHE 3HAYEHHS X , 110 nopisaioe 120.2. CepenHe 3 iHIIUX
1000 -1 =999

pesynbraTiB X = 84.5. Un MoxHa BBaXkatw, mo 3HadeHHs 120.2,
MICTUTH TPYOy HOMUIIKY 1 HOTO MOTPIOHO BHKITFOUUTH 3 TTOIATBIITNX
PO3TIISAIR.

3 BigHomIeHHs (11.3) Maemo

|84.5 — 120.2]

<14-2\/ _10100003 1)

3a momatkom B s t = 2.5 ominroemo BiporigHicts 1 — 2D(t) =

0.01242 < 0.013. Omxe, 3 HaxgikHicTIO BuBeaeHHs P > 0.987

(98.7%) MoXHa paxyBaTH, IO 3HadeHHs x = 1202 cnuix

BUKJIFOUNTH. kim0 x Bac 3a10BoabHS€ TUIBKK BEJIHMKA HAIIMHICTD

(manpuknan, P = 99%), To BUKIIOYATH X 3 MOJAIBIIOTO po3rasany
HE MOJXKHA.

BuxiaroueHHs DOMWIOK 3a HEBIZOMOI ©. SKIO BelIwunHa ©
HEBiJJOMa Hamepes, TO BOHA CIOYATKy OI[IHIOETHCS MPHOIH3HO 3a
HACJIKaMUA BHUMIpIOBaHb. Y TOAIOHOMY BHIIQJKy 3aMiCTb G
BUKOPHCTOBYIOTh EMITIPUYHHUM CTaHAAPT

=

1 n
S = (x; — )2 (11.5)
2

n—1
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[lepeBipky NOYMHAIOTH 3 BU3HAYCHHS BiJIHOIICHHS
. [x* — %]
t(x*) = T (11.6)

Jami MO>XJIHMBi BapiaHTH:
1. SIxmo

t(x™) < i =K (11.7)
3Va

e ( — 3aJaHMil piBeHb 3HAYYIIOCTi, Te CyMHiBHE 3HAYEHHS X
3aITUIIAIOTH y BHOIPIII.

2. Bignomenus (1.6) MOpIBHIOIOTH 3 KPUTHYHUM 3HAUYCHHSIM
tn(P) 3 mogarky B. SIkuio npu gaHomy Yucii N MpUAHATHUX 3HAYCHB
BigHomeHHs (1.1.6) oOmMMHUTBCA MK JBOMa KPUTHYHUMHU
3HAUEHHAMH TpH HaaiidHocTi P1 i P2 (P2 > P1), TO 3 HamilHICTIO
BHUCHOBKY Oijbllle 3a P1 MOXXHAa BBaKaTd, IO 3HAYCHHS, IO
"BHUCKaKye", MICTUTh Ipy0Oy IIOMUJIKY.

3. 3rigHo MeToawmii "BuOpakoByBaHHA" 3a KpuTepieM CMipHOBa-
I'pabb6ca (momarox I), sikiio HEBiOMI a Ta g, TO MOXKHA

CKOpPHUCTATUCA BCIIMYHNHOIO:
—,  lx"—x|

ac

(11.9)

IMotiMm, 3a Hamepe] 3a1aHOMY PiBHIO 3HauyIocTi g, B JJomatky I
3HAXOJAMMO KpuTHUYHe 3HaueHHS Cg, 10 BIAMOBiAE YHCITY
crioctepeskens N. SAkmo 7" > Cq, To CyMHiBHE 3HAUEHHS X * 3HAUYIIO
BIIXWJISIETBCA BiJ] CEPEIHBOIO X 1 MOXE OYyTH BHKIIFOUYEHO SIK
MTOMHMITKOBE.

4. J1. Xummenn0mnay peKOMEH/Iy€e CIIOCTEPEeXKEHHs X BiJIKHIATH,
SKIIO0 BUKOHYETHCSI HEPIBHICTh:

|lx* — x|
——<¢ (11.10)

ne C — KOHCTaHTa, sika 3HaXOJUThCs depe3 t-kputepiit CThrojieHTa
(monmatoxk /1) 3a Bupazom:
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1
2
n*Cz*(k+k0—1) L ktke—1
P PR | B
ne k=1 — 1 — uncio Mip cBo60M OLiHKH mucHepcii S
Ko — Oyap-sike 4HCIIO JAOAATKOBHX Mip cBoOOmM (3BHuaitHo Ko =
0).
Or1iHka MOke TIpoBOoAUTHCS Oarato pasiB. CepeqHe KBaIpaTHIHE
BIIXWJICHHS S pPO3paxoBYETHCS KOXKHOIO pasy Mo BHOIpILi, IO
3aJTUINNIIACK.

(11.11)

12. Camocmiiina poooma Ne 12
[pukiag BUKIKOYEHHS TPYOHX OMUWIOK

Ilpuknao 1.13. € nani BUGIPKOBHX CIIOCTEPEKEHB 3a TPUBATICTIO
HOBHOTO OCaJPKeHHs 3a0pynHeHs B cyaumHax Jlucenko. TpuBamicts
OKPEeMHX JTOCIi B CKJIaja, XB.:

10, 11, 11, 12,12, 13, 13, 13, 14, 20.

CyMHIBHUM 31a€ThCSl OCTaHHIM pe3ynpTar x10 = 20. Ym €
mizcraBu Horo BukiounTn? [lepesipumo.
Bapianm 1.
_ 10+11+24+12%2x13*3 + 14
X = 3 =121

n
1
S = mzl(xi - 121)2 = 1.27;
1=

(20— 12.1)?

1.27
[puiimaemo piBeHp 3Hauymocti q = 0.05. Toxmi 3a Qopmysior

(11.7) maemo

=6.22

2
K=—+—=2098
3v0.05

YmoBa (11.7) He BuKOHYeThcsa. OTe, 3a UM CIOCOOOM
3HaveHHs x = 20 He 3IMIIAETHCS Y BUOIPIIL.
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Bapianm 2. 3a nogatkom B xputnune 3nadenns th(P) gt n = 10
HaBiTh pu P = 0.999 pisastetses 5.01, TobTo t = 6.22 > 1,(0,999) =
5.01, Ta MM MaeMO TPABO BHKIIOYUTH 3HaueHHS X = 20 3 BUOIpKH.
I3 Homatky C, ne 3HaueHHs MOkHa Oyno O HE BUKIIOYATH TiIIBKH
npu N =7 ta P=10,999, ne t7(0.999) = 6.3

Bapianm 3. 3a Tnx e yMOB BHOpakoBKa 3a KpHTEpieEM
CwmipHoBa-I'pab0ca mokasye:

scepellHs BEJMYMHA, 110 PO3paxoBaHa 3a GOpMYIIOr0

10
1
x = 1—0in =129

+ OIiHKa CepelHbOKBAAPATHMYHOIO BiaxwieHHs S 3a
dopmynoro (11.9) piBHsieTsCs 2.62;
+  3a dopmyioro (11.8)
. 200-129 271
262 TV
* 3a goxarkoM I" HaBiTh mpu piBHI 3HauymocTi = 0.025 Ta n
=10 Coos=2414<T =2.71.

TakuMm 4MHOM, TilOTE3a PO OJHOPIMHICTh BUIIYKYBAHOTO PSTY
BiIXWJISETBCS Ta OCTaHHE 3HAueHHS x = 20 MOKHA BBAKATH
HETHUIIOBUM.

Hnst  ocrarouHoi 0OpoOKH WBOTO PALY PO3PAXYEMO HOBI
3HAYEHHS CEePeHbOT BETMUMHU:

9

1

x=62xi =121
1

Ta OIIHKY CepeHbOKBAJIPATUYHOTO BiIXWIICHHS S, aje BKe 3a
hopmyItor0:

n
1
S = 9_—121(361- - 121)2 ~ 1.27
1=

Bapianm 4. 3 po3paxyHky 3a Bapiantom 1 maemo, mo X = 12.1, a
OIIiHKa JcTiepcii 3a JIeB’AThMa 3HAYSHHSIMH, 110 3aJTUIIMINCS, Oyie
piBHa:

S=12

Jnst piBast 3Hauymocti @ = 005, n =9, k=9 -1 =8 3a

Honatkom [ maemo t=2.31. Toxi 3a popmyoro (11.11) maemo:
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1
2

9xC%x(8+0—1)
2
8*[8+0—9*8C ]
Bupaszusmmu C i3 piBHSHHSA BHIIE, oTpuMaeMo, mo C =~ 2.849.
Pimenns piBHsHHA (11.11) MeTOmOM MiJCTAaHOBKH TPYIOMICTKO.
Bigmogiani anreOpaivni neperBopenHs npuBoAsTh (11.11) mo Bumy:

1

~ 2.318+0+1

(k2 + ke % keg) # ¢2 0071 12

" n [k tho—1+ tfl(k”"""”]

a6o npu ko = 0
1
5 L 2(k-1) 2
R L — (11.12)
n [k -1+t ]

Hns namux ymoB 3a popmysoro (11.12) C = 2.846. Toni, 3rimHo

. 20.0-12.1
OIIIHKH (11.10), —Q5 = 4.89 > C =2.846, TOMY
crocTepekeHHsT X10 = 20 MOXHa BHKIIOYATH 3 MOJAIBIIHX

PO3paxyHKiB.
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