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Beryn

TexHiuHa eKcrulyaTalis ABJIsIE COOOI0 MIJICUCTEMY MICBKOIO €JIEKTPUYHOTO
TPAHCIIOPTY, SKa TMOKJIMKaHa 3a0€3MeUYUTH MaKCHMAaJIbHY BIAMOBIAHICT OOCSTIB
TPaHCHOPTHOT POOOTH TMOMUTY Ha TPAHCHOPTI MOCAYTHM IUISAXOM JOTPUMAHHS
HAJEXKHOIO0 TEXHIYHOIO0 CTaHy pPYyXOMOTO CKJIaAy. 3aBAaHHSIMHU MIJICUCTEMH €
MIABULIEHHS EeKCIUTyaTal[liHOT HaAIMHOCTI W 3MEHIICHHS BUTpAT Ha YTPUMaHHS
TpaMBallHUX BaroHiB 1 TPOJEHOyCiB, IO BHUPIIIYIOTHCSA YIOCKOHAJIEHHSIM METOIIB
MOBOJDKEHHSI 3 €JIEMEHTaMH PYXOMOIO CKJaay, HIABUIICHHSM MPOAYKTUBHOCTI
npaili, 3MEHIIEHHSM TPYJOMICTKOCTI POOIT.

[1i meTonmMuHi BKa3iBKM PO3pOOJIEHI BIAMOBIAHO JO MPOrpaMH JAUCHHUILIIHU
«TexHiyHa ekcrulyaTallisi €JEeKTPUYHOTO TpaHCHOPTY». BOHM mNpu3HaueHi aus A
CTYJEHTIB yciX (opM HaBYaHHS 1 clyXauiB JpYroi BUILNOI OCBITH 3a HANPSIMOM
nigrotoku 6.050702 — Enextpomexanika cremiayibHOCTI, 141 — EnexTpoeHepreTuka,
CJIEKTPOTEXHIKA Ta eJIeKTpoMexaHika, (axoBe crpsMmyBaHHS «EnexTpuunuii
TpaHCHOPT» Ta MpPU BUKOHAHHI KYpPCOBUX MPOEKTIB 3 AUCHUILIIHK «TexHiuHa
eKCIUTyaTallisi eJeKTPUYHOTO TPAHCIOPTY», MUILUIOMHUX MPOEKTIB abo iX po3MiiB,
MOB’S3aHUX 3  OpraHi3alli€l0  TEeXHIYHOTO  OOCIyroBYBaHHS,  PO3POOKOIO
TEXHOJIOTTYHUX TPOIIECIB 1 CIEI1aIbHOTO 00IaTHAHHS.

Takoxx pEeKOMEHIYIOThCSA ISl MPOBEACHHS NPAKTUYHUX 3aHATh Yy Mpoleci
BUBUEHHA JAUCHUIUIIHK «TexHiuyHa eKcIulyaTallis eJIEKTPUYHOTO TPaHCHIOPTY»
CTYJIEHTaMHU 1 cyXadamu ycix ¢opM HaBUAHHS.

OcHoBHMMH (opMaMu BHUBYCHHS JHUCIUIUIIHK € CaMOCTiiHa poboTa, JeKii i
MPAKTUYHI 3aHATTS, OOTOBOPEHHSI KOHTPOJIbHUX 3alUTaHb y BUIJISI/II CEMIHAPCHKHUX
3aHATh Ta CKJIAJaHHS NUCHBMOBUX pedepaTiB 3a BIINOBIIHOIW TeMmaTukor. Lle
BIJIMOBIZIA€ CYyYaCHUM IIOTJIAJIaM, 32 SIKUMH CAaMOCTIMHE OBOJIOJIHHS 3HaHHSMU €
HEOJIMIHHOIO YMOBOIO PO3BUTKY IMOIIYKOBOi aKTUBHOCTI CTYAEHTIB, HEOOXIAHOT s
iX MOJaIbIIOl JISTIBHOCTI B KOHKYPEHTHOMY CEPEIOBUIIII.

1 3micT i NOPSIIOK BUKOHAHHS PO3PaxXyHKOBO-rpadiuHoi podoTH

TeopeTnune BHUBUEHHSI JUCHUILTIHM «TeXHIUHA €KCIUTyaTallis eJIeKTPUYHOrO
TPAHCHOPTY» CYNPOBOKYETHCS BHKOHAHHSAM PO3PAaXyHKOBO-IpadiyHOi poOOTH
(PT'P), sixa mae 3a MeTy:

— 3aKpINUTH Ta TOTIUOUTH TEOPETHUYHI 3HAHHS, SIKI OTPUMAaHi MPU BUBUYEHHI
OCHOB T€Opii HaIIMHOCTI;

— TPUBUTH HABUKH KOPUCTYBAaHHS TEXHIYHOIO Ta JIOBIIKOBOIO JIITEPATypOIO;

— HABYUTU BHU3HAYaTH OCHOBHI TIOKa3HUKMU HAAIMHOCTI Ta NpUAMATH
YIPaBIIHCHKI PINIEHHS 3 iX BJOCKOHAJCHHS Ha PI3HUX CTAIAX >KUTTEBOTO LIMKITY
TPAHCIIOPTHUX 3aC001B;



— TIATOTYBAaTH CTYACHTIB O BUKOHAHHS BIAMOBIIHUX PO3AUIIB AUILIOMHOIO
MPOEKTY, MariCTepCchbKoi poOOTH, a y MOAANBIIOMY 110 CAMOCTIHHUX JOCHIIKEHb.

MeTroro  UMX ~ METOJUYHUX  BKa3iBOK €  3HAHOMCTBO  CTY/ACHTIB
¢daxoBoro copsmyBaHHS «EdeKTpuuHHMII TpaHCHOPT», HAOpsMy MiATOTOBKU
6.050702 — «EnexktpomexaHika» 3 00OpoOKOI0 TaHUX MPO HAMIWHICTH TPAHCIIOPTHUX
3aco0i1B, SIK1 OTpUMaH1 IpH iX eKcIuTyaTallli, MeTolaMH MapaMeTpU4HOI CTATUCTUKH.

OO0csr 1 3micT PI'P ckitamarors:

1. Po3paxyHKOBO-NOsICHIOBaJIbHA 3aMKCKa, 1110 MICTUTH:

—  TUTYJbHUU JIUCT;

— 3MICT;

— BCTYI;

— 3aBnaHHi Ha PI'P;

— OIlIHKA XapaKTepUCTUK BUNAAKOBOT BETUUHHH;

— TrpadiuHe npeACTaBICHHS BUMAIKOBOT BEIUYNHH;

— TMIATOHKAa BIAMOBIAHOCTI TEOPETUYHUX PO3MOAUICHh EMIIIPUYHOMY 3a
JOTIOMOT'O0 KPUTEPIiB MOTOJIKEHHS;

— BHCHOBOK.

2. I'padiyna yacTMHa, MO0 MICTUTh TICTOTpaMy, MOJIFOH YacTOT 1 KpHBI
YOTUPHOX TEOPETUYHUX 3aKOHIB PO3IMOAICHHS.

Po3paxyHKOBO-MOSICHIOBaJIbHA ~3aMMCKa TIOBMHHA BIANOBIJATH BUMOTaMm
JACTY 3008-95 HJokymenTarlisi. 3BiTH y cpepi HAYKHU 1 TEXHIKH.

VY BcTyni OOIpyHTOBYEThCS aKTyaldbHICTh BUKOHaHHS PI'P, Bu3HauaeThcs meta
Ta CTaBJISITHCSA 3a7a4l Y BIAMOBIHOCTI TOCTABJICHOT METH.

Y BHCHOBKaxX MPUBOJMUTHCS KOPOTKA XapaKTEPUCTHKA BUKOHAHOT POOOTH Yy
BIJIMOBITHOCTI1 3 BUPILIIYBAaHUMU 3a/1a4aMHu.

I'padiuyna yacthHa pPOOOTH BUKOHYETHCS MPOCTHUM OJIBIEM Ha JIHUCTI
MUTIMETPOBOI namnepy gopmary A4 y BuOpaHoMy maciraoi.

2 3araJjibHi MoJI0KEeHHS

Jist npuiHATTS 00’€KTUBHUX KBali()iKOBAaHUX pIIIEHb, [IOB’A3aHUX 3
MUTAHHSAM TEXHIYHOI eKCIUTyaTallii, 1HKeHepy HEeoOXITHO BUSIBIATA 3aKOHOMIPHOCTI
PO3CIIOBaHHS BEJIWYMH 1 MapaMeTpiB, 0 XapaKTePU3YIOTh TEXHIYHUN CTaH PYXOMOI'O
ckiany (mami — p.c.) 1 (ikcoBaHUM MOMEHT BiJ NeBHOro mpoodiry. OcoOJUBICTIO
3aKOHOMIPDHOCTEl € Te, 110 BOHM OTPUMYIOTBCS UUISIXOM  Yy3arajlbHEHHS
IHAMBIAYaJIbHUX OpraHizailiii BUMAJKOBOI BETUYMHM 1 X OMUCAHHS 3a JOMOMOTOIO
OJIHOTO 3 TEOPETUUYHHUX 3aKOHIB PO3MOJILITY.

3agaui BUOOpPY 3aKOHIB PO3MOJUJICHHS, SKICHOT OI[IHKKM HOro mnapameTpis,
pO3paxXyHOK  3HA4Y€Hb  KPUTEPIiB,  Y3rOJKEHHA  MDK  TEOPETUYHUMHU 1
€KCIIEPUMEHTATbHUMU KPUBUMHU OOPAHOI0 3aKOHY PO3IMOALLY, BIIHOCUTHCA 10 3aAa4



0OpOOKHM CTaTUCTMYHUX AaHUX, METOJOM MaTEMaTUYHOI CTaTHUCTHKU. BumaakoBy
BEJIMUMHY MOXXHA JOCTAaTHBOIO MIPOIO XapaKTepU3yBaTH, BU3ZHAUMBIIM ii HAWO1IBII
HMOBIpHE 3HAYEHHS 1 PO3CIIOBAHHS BITHOCHO HET.

Jist onucaHHA HaWOUIbII KWMOBIPHOTO 3HAYEHHS BUMNAJAKOBOT BEIMYHUHU
BUKOPUCTOBYIOTh MAaTEMAaTUUHE OUYIKYBaHHS, SIKE € MOJIOKEHHSIM LIEHTPY ITpyyBaHHs
3HAY€Hb BUIIAJIKOBOI BEJIMYMHHU.

MartemMaTuyHe OYIKYBaHHS pPO3PaxOBYIOTh, SK CepelHE apuUPpMETHUYHE
3HAYEHHS BUITA/IKOBOI BEJIMUMHHU.

B sKoCT1 XapaKTepUCTUKHN PO3CIIOBAHHS BUKOPUCTOBYIOTH JUCIEPCIIO — CyMY
KBaJIpaTiB BIAXWIECHb 3HAaY€Hb BUMNAJAKOBOI BEJIWYMHU BiA ii MaTeMaTHYHOIO
OYIKYBaHHS.

MartemMaTuyHe OUYIKYBaHHS 1 Jqucmepcis y pasi majoro 06’emy BHUOIpKH ii
BUIIAJIKOBOCTI € BUMAJKOBUMHU BEIMYMHAMH, TOMY Ha IPAKTHUIl BUOIPKOBI YHUCIOBI
XapaKTepUCTUKU  BIUISTAIOTh JESKOMY BHIIPaBJIE€HHIO. BumpasieHi dYHCIOBI
XapaKTepUCTUKHN HA3UBAIOTh OLIIHKAMH.

3 OuiHka XapaKTepUCTUKH BUIIAKOBOI BeJIMUMHHU

CepelHbOCTaTUCTUYHE 3HAUYCHHS JUCKPETHOI BUTIAKOBOI BEJIMYMHU
BHU3HAYa€eThes 3a popmyoro 3.1:

X=1%x, 3.1)
nig

7€ 1 — YUCJIO CIIOCTEPEKEHb, a00 €IEMEHTIB BUOIPKH;
X; — pe3ynbTar 1-ro CIOCTEPEKEHHS.
CraTucTHyHa AUCIIEpCis BU3HAYAETHCS 32 (OPMYIIOLO:

S X, (32)

Yacto BHKOPHUCTOBYETBHCS BCIIMYMHA, IO I[OpiBHIOE KOPCHIO KBaAPATHOMY
menepci'l’, sSgKa BI/IMipIO€TBC$I THUMH XK BCJIMYHMHAMH, IO 1 BHUIIaIKOBa BCIIMYHWHA 1
Ha3HUBA€TbhCA CepeI[HiM KBaJApaTHYHUM BiJIXI/IJICHHSIMl

2
1 & —
S=]—2>(X,-X) (3.3)
n—14
[HKOM 1711 omMCyBaHHS BUIAJKOBOI BETUYMHU HEOOXITHO 3HATU KOEQIIIEHT
Bapiailii, SKUH BHU3HAYAETHCS SK BUIHOMICHHS CEPEIHBOTO  KBAJAPATHUYHOTO

BiIIXI/IJIeHHSI a0 CCPpCAHbOTO apI/I(l)MCTI/I‘IHOI’O.

V= (3.4)

S



Ipuxaan 1

Yac cmpaBHOTO CTaHy pyiaboBoro KepyBaHHa Tpojeitoycy TROLZA
MpeJCTaBisie CO0O0I0 BHUMAAKOBY BEIMUMHY. B pe3ynbTaTi crocTepexeHb Oyinu
oTpuMaHi 15 3Ha4YeHb Yacy CHPABHOIO CTaHy pPYJIHOBOTO KEPYBaHHS y THC.KM.
npoOiry: 13, 27, 19, 23, 58, 32, 39, 51, 38, 47, 33, 55, 57, 59i 44.

Heo0xi1HO 3HANTH XapaKTepUCTUKU BUIIAJIKOBOI BeIMUYMHU. BuxigHi maHi 10
iauBinyansHoro 3ananfs 1 (I3 1) naBegeni y nogatky A.

3HaX0IUMO OIIHKY MaTEMaTUYHOI'0 OUYIKyBaHHSA 3a (popmyoro 3.1:

X =(13+427+..+44)/15=595/15=39,67.

Ouinky gucnepcii MOKHa 3HaWTH 3a ¢opmyioro 3.2, aje Ha NPaKTUI, IS
MOJIETIICHHS PO3PaXyHKiB, BUKOPUCTOBYIOTh HACTYITHE CIIBBIIHOIICHHS:

n - 2 n J—
Y(x-X) =YX -nX". (3.5)
i=1 i=1
Taxkum 4MHOM, OLIHKY AUCIIEPCIi MPOCTIIIE 3HANUTH 32 POPMYJIOIO:
2 1 L, =2
S :—1(2)(1. -nX ] (3.6)
n—=1\i=

S*=(1/(15-1))-((13° +27° +...+44°)-15-39,67%) = 223,52.
CepenHe KBaJpaTHUYHE BIIXWICHHS BU3HAYAEMO SIK KOPIHb KBaJpaTHUW BiJ
JUCTIePCii:
S =4/223,52 =14,95.

Koedirient Bapiairii Bu3Hauaemo 3a ¢popmyiioro (3.4):

S 1495

=2 = =0,38.
X 39,67

Ha npakTuii, as 3py4HOCTI IpEACTaBlIeHHS Ta OOpOOKH JaHUX, IO OyiIu
OTPUMAaHI B PE3yJIbTaTl CIOCTEPEKEHD, TPYIYIOTh O IHTEpPBAJaM.

3rpynoBaHi JlaHi NPEACTaBIsAIOTh Y BUMIISIAI TPaHUIb IHTEPBAIIB 1 KUIBKOCTI
CIIOCTEpEKEHD, AKI MOTPANUIN Y KOXKHUK 1HTEpBaJl. Y 1IbOMY BUNAAKY 3HAYEHHSM,
110 IPEACTABIAIOTh KOXKEH IHTEpBaJl 3 KUIBKICTIO MONAJaHb /7; CIyKUTh CepelluHa
IHTEpBaly, IKy BU3HAYalOTh 32 (OPMYJIOIO:

Z:Xmin+Ax'(j+0’5)9 (37)

ne X, — HallMEeHIle 3HAYEHHS 13 IaHUX CIIOCTEPEKEHb:
Ax — BEJIMUMHA IHTEpBaIY;
j —HoMep iHTepBany (j=0,1,2,..k-1);
k — KUIbKICTh IHTEpBaJIIB 3rPyIyBaHb.



[lin yac BUOOpY BEIMYHMHH IHTEpBANLY 3TPYIYBAHHS BPAaxOBYIOTh HACTYIHI
MPUHIIUIIOB] MOJOXKEHHS:

— BEJIMYMHA Ax BUOUPAETHCS MOCTIMHOIO JIJISl YCIX IHTEPBAIB;

— BUOIp BEIMYMHHM Ax 3aJI€KUTh Bl KUIBKOCTI CIIOCTEPEkKEHb 1 PO3KHUIY iX
3Ha4YeHb. PeKOMEHIyeThCS 3aJaBaTH BEJIUYMHY IHTEPBAIIB Takolo, 100 Oylo He
MeH1Ie 6 1 He Outbiie 20 1HTepBaliB;

— PEKOMEHIY€ThCS BHU3HAYATH KUIBKICTh IHTEPBAIIB k MpU 3aJlaHiil KUIBKOCTI
n 3a popmynor CTeHxepca:

k<1+3,31gn, (3.8)

ne n — 00’eM BUOIPKHU.

OdyeBuAHO, IIO KOJMM JaHl pO3TAllIOBaHI 3a IHTEpBaJlaMu, JesKa YacTHUHA
iHopMmarlii Brpadyaerbes. Tak, cepelHe 3HaUYEHHS Ta JUCHEpPCis, sIKi po3paxoBaHi 3a
3rPYNOBaHUMH JIaHUMH, OYIyTh BIAPI3HATHUCS BiJ 3HAUYEHb, SIKI PO3PAXOBaHI 3a HE
3rpYNOBaHUMM JaHUMHU. Taka pI3HUI MPU PO3PaXyHKY CEpelHbOro 3HAYEHHS Ta
AUcHepcii, K1 3a1eXarb FOJOBHUM YMHOM Bl BETUYMHHM 1HTEpBally, HE3HAUYHE 1 B
OUTBIIOCT] BUNIAAKIB HE CYyTT€BO. KpiM 1IbOTO, 3rpyIlyBaHHS Ma€ CBOI MepeBaru, sSKIO
HEO0OX1THO 00pOOSATH BEIUKY KUTBKICTh JaHuX. Ha mpakTuili 3rpynyBaHHs MOTPIOHO
3aCTOCOBYBATH KOJIM BEJIMKA 1 KUIBKICTh CIIOCTEPEXKEHb, 1 KUIBKICTh PI3HUX 3HAYEHb
cepen HUX. Y BUNAAKY 3rpynoBaHux nanux, popmymu (3.1) 1 (3.2) nHaOyBaroTh
BUTJISITY:

— ko
X:lZijj, (3.9)
n o

§P=——3 (X, -X) m,, (3.10)

ae X; — cepeanHa J - TO IHTEpBANY;

m;, — KUIBKICTDb CITIOCTCPCIKCHD B /-MY 1HTCPBAJIL.

Hpuxaan 2

PozxkuMHI Kylaku MexaHIYHMX raiabM TpoieiOycie [IM3 3amiHioBaniuch
MPOTATrOM €KCIUTyaTallli IpHu MepeBULIEHH] JOMyCTUMOTO 3HOCY pOOOYUX MOBEPXOHb
1 MICLb CHOJYy4Y€Hb 3 BTYJIKaMU KPOHIITEHHIB. Y Mpolieci crnocTepexeHHs OyIio
3adikcoBaHO 45 nepuux 3aMiH pO3KUMHHUX KYJIaKiB.

3HaueHHs HaNpalloBaHb HA BIIMOBY MPEICTABIEHO Y TUC.KM. MPOOIry:

251,7 201,4 192,9 70,0 198,9 133,5 125,0 260,6 173,2
223,1 234,0 255,3 227,3 144,3 238,5 167,6 250,8 217,1
102,1 199,2 246,6 163,6 192,2 205,2 329,9 283,8 177,7
209,6 233,0 165,6 165,1 218,3 231,8 145,6 265,0 197,6
246,0 139,9 190,3 226,5 236,1 223,8 241,8 160,0 118,7



Heo0xi1HO 3HANTH XapaKTepUCTHUKU BUITAJIKOBOI BeIMUYMHU. BuxigHi ma#Hi 10
iHauBinyansHoro 3aBnanns 2 (I3 2) naBeaeni y nogatky 1.
3rpynyemMo J1aHi CIOCTEpEKeHb. BU3HAUMMO NMPpUOIN3HY KUIBKICTH 1HTEpBaJiB
3rpymyBaHHA 3a popmyoro (3.8):
k<1+3,31g45=6,45.
OTpumaHe 3HAYEHHS OKPYIJIIOEMO Yy MEHIINY CTOPOHY, k = 6. YHOpsIKyeMO

S3HAYCHHS HAIIPpAllOBAHBb Y MOPAAKY 3POCTAHHA:

70 102,1, 118,7 125 133,5 1399 144,3 145,6 160,0
163,6 165,1 165,6 167,6 173,2 177,7 190,3 192,2 192,9
197,6 198,9 199,2 201,4 205,2 209,6 217,1 218,3 223,1
223,8 226,5 227,3 2318 233,0 234,0 236,1 238,5 241,8
246,0 246,6 250,8 251,7 255,3 260,6 265,0 283,8 329,9

Po3paxoByeMo BeIMUMHY IHTEPBAILY 3TPYIYBaHHS:

Ax= (X0 — X )/ k=(329,9-70)/6=43,3.

3a pomomororo Tabmumi 3.1 migpaxyemMo dMCIO ToONajaHb pe3yJbTaTiB
CTIOCTEPEKEHB 1 CEpEAMHY KOKHOTO 1HTEpBAIy 3TPYITyBaHHS.

Tabnuus 3.1 — IinpaxyHok Z Ta m,

HOMCp r . . Cepe)lMHa Yucio
IHTEpBaATY DAHHIL THTepBaB iHTepBany, X, T0MaiaHb, m,
1 2 3 4
1 70,0 - 113,3 91,7 1
2 113,3 -156,6 135,0 1
3 156,6 —200,0 178,3 6
4 200,0 —243,3 221,6 13
5 243,3 —286,6 264.,9 15
6 286,6 —329,9 308,2 9

3Hal1eMo OIlIHKY MaTeMaTUYHOTO O4iKyBaHHS 3a ¢hopmyiioro (3.9):
X =(91,7-1+135-1+...+308,2-9) / 45 = 242,8..
3HaieMo oIliHKy aucrnepceii 3a popmynoro (3.10):
S% = (1/(45-1))-((91,7—242,8)* -1+ (135—242,8)* -1+...+ (308,2 — 242,8)* -9) = 62895,5.

Cepenne KBagpaTHMUHE BIIXWICHHS Ta KOE(QIIEHT Bapialii BHU3HAYAEMO
ananoriydo npukiagy 1 (I3 1):
§ =4/62895,5 = 250,8,

250,8
242,8

V= =1,24.



Bucnosox: JlaHl 4ucioOBl XapaKTEPUCTHUKH HA3UBAIOTh TOYEHUMHU TOMY, IO
BOHU XapaKTEepU3YIOTh JOCIII>)KYBaH1 BUMAAKOBI BETUYHMHHU OJJHUM YHCIIOM.
[Ipu HeBenuKill KUIBKOCTI BUMPOOYBaHb BKa3aH1 XapaKTEPUCTUKH, K MPABUIIO
BIIPI3HAIOTHCSA BiJ 1X ICTUHHUX 3HAYCHb.

4 I'pajdiuHe npeacTaBICHHS BUNIAJIKOBOI BEJIUYUHHA

JUiss  BU3HAYeHHs BUAY 3aKOHY  PpO3MOJAULY  BHUIAAKOBOI  BEITUUYMHU
3py4HO TMOJATH JaHi CIOCTEpEekeHb Yy rpadiunoMmy Bursial. [ns rpadidynoro
MPEACTABICHHA JIaHUX CIOCTEPEkKEHb BUKOPUCTOBYETHCS CHEI[lalbHUN rpadik —
2icmozpama (puc. 4.1)

A
f, F - I
- Mk p I
- oo JIx f, -
. m o N f=
t=—""- = S n-JIx
n-JIx
A
- »
Xmin X1 Xa X3 Xmax

Pucynok 4.1 — I'ictorpama 1 moJiron po3nojainy

[Nicrorpama € Ba)KJIMBUM JOMOMDKXHUM 3aCO00M 1] Yac MPUUHSATTS TINOTE3U
npo Bua (GyHKIIT po3noAury. ToMy HEOOXITHO BWIIYYUTH 3 HEi SIK MOXKHaA OuIble
iHpopmarii. CipaBa y ToMy, 110 ¢popMa TiCTOrpaMu 3aJ€KHUTh BiJl YUCIA 1 BEIMYUHU
iHTepBaliB po3OuBanHs. [Ipu HaTO MaTOMy YHMCIi IHTEpBaIiB po30MBaHHs (1HTEpBa
3aBEJIMKHI), TOraHO BUSBISIOTHCS XapaKTepHI OCOOJMBOCTI PO3MOAUTY. 3 POCTOM
Yuclia IHTEPBAIIB XapaKTepHI OCOOIMBOCTI BUSBISIOTHCS BXKE Kpallle, ajie TUIbKU /10
MEBHOI MEXI.

[Ipu BenmukoMy 4uCIi IHTEpBaJiB (IHTEpBaJ 3aHAATO MAJIUiA) TiCTOrpaMa 3HOBY
BTpaya€e XapakTEepHI OCOOJMBOCTI PO3MOALTY, MEPETBOPIOIOUUCH Y MEXY (KOJIU Y
KOXXHOMY 1HTepBaJli He OUIbIIE OJHOrO 3HAYEHHS) y 4YepelyBaHHI MOPOXKHIX
1HTEpBaJIB 1 OJTHAKOBUX 32 BUCOTOIO MPSIMOKYTHHKIB.

HaiiGinpmr  mpocTtuit  cmoci® po30uMBaHHA  BapialiiHOTO psgy — 1€
BUKOPHUCTaHHS PIBHOBEIUKUX 1HTEPBaIiB, KUIbKICTb SKHUX BH3HAYa€ThCS 3a
dbopmymoro (3.8).

3rigHo 1BOrO MpaBwiia MpU 00’eMi BUOIPKM A0 THUCAYI MOBHUX peasizaiii
PEKOMEHIOBaHE YMCIIO 1HTEpBaIiB pO30MBaHHS Ma€ HE MEPEBUILYBATH OJAMHAILISTH.
Jliist 06’emiB Bubipku n < 50, 3 SKUMHU B OCHOBHOMY JIOBOAMTHLCS MATH CIIpaBy MpU
00poO11l pe3ynbTaTiB AOCIIKEHh Ha HAIMHICTh, BUJ TICTOrPaM 3aHAATO YYTIMBUM
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110 crioco0y po30uBaHHsI, TOMY MpaBuiio (3.8) MOXkKHA 3aCTOCOBYBATH SIK OPIEHTOBAHE.
B mmx Bumankax peKOMEHIYeThCcs MOOYAyBaTH NEKUIbKa BapiaHTIB TiCTOrpaMm s
PI3HUX cT0CcO0iB pO30OUBKHM BapialliiHOTO psiay — aist kK = 6,7,8 1 1. 1.

[Ipu noOynoBi ricTorpaMu Mo oci aldcuuc BIIKIAJAIOTh Yy BUOpaHOMY
MacmTabdl IHTEpBaIM 1, B3ABILIHU iX 32 OCHOBY, OyAYyIOTh MPSIMOKYTHUKH, BUCOTA SIKHX
piBHA CTaTUCTUYHIN I'yCTHHI pO3MOJLTY Ha IHTEPBAII.

IToOynoBaHa TakuM YMHOM CTyIiHYaTa QYHKIIA f; HA3MBAETHCA IICTOrPaMOIO
BUOipku. Ll yHKIIS COyXUTh CTaTUCTUYHMM aHAJIOTOM TYCTHUHHU PO3MOJLTY
IMOBIPHOCT1 BUMAKOBOI BEJIMUMHU 1 Ha j-MY 1HTepBaJli BU3HAYaeThes 3a (4.1)

fy=m;/(n-Ax). 4.1)

[Tnoma ricrorpamMu JOpiBHIOE OJTUHUIII.

Skuo 3’€nHATH MPSAMUMU JHHIIMA CEPEUHU BEpXHIX (TOPU30HTAIBHUX)
CTOpIH MPSMOKYTHHUKIB TICTOTpaMHu, TO YTBOPUTHCSA TMOJITOH PO3NOAUTY Y BHII
namManoi JiHii (puc. 4.1)

[Ipu moOynOBI AEKUIBKOX TiCTOTpaM 3 PI3HOIO KUIBKICTIO IHTEPBAJIB, KPAIIO0
NOTPiIOHO BBAXKaTH TiCTOrpaMy, II0 Ma€ MEHIIE YUCIIO IHBEPCIi.

[IpukMeroro  iHBepcii BBaXKa€ThCS 3MiHA 3HAKy MPUPOCTY  BHUCOTH
MPSIMOKYTHHUKA. SIKIO YKCIIO 1HBEPCIN OJJHAKOBE, KPAILIOIO CIIiJl BBAXKATH TY, sIKa Ma€
OUIbIIE YHCIIO THTEPBAIB.

3a JaHUMU CTATUCTUYHOTO Ay MOXKHA BU3HAYUTH 1€ OJJHY XapaKTEPUCTUKY
BUIAJIKOBOI BEJIWYMHU — €MIIPUYHY IHTETpaibHy (YHKIIIIO pO3MOALTY. 3HAYEHHS
EMITIPUYHO]I 1HTErpabHOi QYHKIII pO3MOALTY AJIs j-IO IHTepBally [; BU3HAYAEThCS 32
dbopmyioro (4.2):

Fj:iml./n. (4.2)
i-1

OyHKIIsS po3noainy F(x) Moxe OyTH mpelcTaBieHa y BUMIISLAl rpadika, SKHUil
Oyayerbcst MOAIOHO TICTOrpamH, ajieé BUCOTH MPSMOKYTHUKIB PpiBHI 3HAYEHHSIM
byHKUii po3noAUIeHHS BIANOBIAHUX 1HTepBamiB. [Ipukian rpadika mpuBEIEeHO Ha
pUCyHKY 4.2.

InTerpanbHa QyHKIIS pO3MOALTY € OUIbII YHIBEPCAJIbHOIO XapaKTEPUCTUKOIO
pPO3MOJITY Y MOPIBHSHHI 3 TICTOrpaMolo, sika BU3HA4Ya€ IMOBIPHICTH Ti€i monii, 110
BUITQ/IKOBA BeJIMUMHA X OyJie MeHIa, ab0o JOPIBHIOBATH 3aIaHOMY 3HAYEHHIO X.

Emnipuyna iHTerpajibHa (QYHKIIS PO3MOJALUTY BH3HAYa€ EKCIEPUMEHTAIbHY
HMOBIpHICTB moaii X= X.
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Pucynok 4.2 — I'padik eMnipuyHoi iHTErpaibHOi PYHKIIIT pO3MOALTY
€KCIIEPUMEHTATBHUX JaHUX

Ipuxaan 3

[ToOyayBaTu ricTorpamy 1 rpadik IHTErpajlbHOI QYHKIIT pO3MOALLY IS JaHUX
13 npukiany 2. B axocTi nepiioro npubIuKeHHs NpUHMaeMO YUCIIO 1IHTEPBAJiB, sKe
po3paxoBaHo 3a (opmynow Cremxepca. [lpuitmaemo uwmcio iHTepBaliB k = 6,
mupuHa inTepBany Ax =433,

Hns inpuBigyansHoro 3aBaanHs 3 (I3 3) moOynyBatu ricrorpamy i1 rpadik
IHTerpaibHO1 PyHKIIT po3noauny nis ganux I3 2 mpu k= 7,819.

f(x)
0,010 -
0,008
0,006
0,004
0,002

0,000 !
91,7 1350 1783 2216 2649 3082%

Pucynok 4.3 — I'ictorpama 1 rpadik iHTerpaibHO1 GyHKIII pO3NOALTY
U1 faHux k=6

3a WI€I0 TICTOrpaMoI0 MOXKHA 3pOOMTH BUCHOBOK, 110 HA HIM MPUCYTHS OJHA
IHBEpCist MpU TEepexoAl 3 I'SIToro Ha mocTui iHTepBaji. I[loniron po3moaity
BUIAJKOBOI BEJIMYMHM MAa€ BUIJIAJ I1HTETPAJIbHOTO HOPMAJIBHOTO PO3MOALTY
BUIIaJIKOBOI BETUYMHH.
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JlomaToxk A

BuxinHi qaHi 1y1si BAKOHAHHS PO3PaxXyHKOBO-rpadgiyHoi podoTn

Tabmuns A.1 — Buxinni gauni ais inauBinyansHoro 3asaanss 1 (I3 1)

3HaueHHs Yacy CIPAaBHOT'O CTaHy PyJbOBOT0 KEPYBaHHS, THC. KM IPOOITy

Bapiant 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 11 | 29 | 31 | 43 | 52 | 16 | 24 | 38 | 45 12 | 29 17 | 48 13 | 56
2 21 19 | 38 | 44 | 53 | 17 | 25 | 39 | 46 13 | 30 18 | 82 | 90 | 101
3 31 | 20 | 37 | 45 | 54 | 18 | 26 | 40 | 47 14 | 32 19 | 83 | 91 | 102
4 41 | 21 | 36 | 46 | 55 | 19 | 27 | 42 | 48 15 | 31 | 20 | 84 | 92 | 103
5 12 | 22 | 35 | 47 | 56 | 20 | 28 | 41 | 49 16 | 33 | 21 85 | 93 | 104
6 22 1 23 | 34 | 48 | 57 | 21 | 29 | 43 | 50 17 | 35 | 91 8 | 94 | 105
7 32 | 24 | 33 | 49 | 58 | 22 | 30 | 44 | 51 18 | 34 | 92 | 87 | 95 | 106
8 42 | 25 | 32 | 50 | 59 | 23 | 31 | 45 | 52 19 | 36 | 93 | 88 | 96 | 107
9 13 | 26 | 31 | 51 | 60 | 24 | 32 | 46 | 53 | 20 | 37 | 94 | 89 | 97 | 108

10 23 | 27 | 30 | 32 | 61 | 25 | 33 | 47 | 54 | 21 | 38 | 95 | 90 | 98 | 109

11 33 | 28 | 29 | 53 | 62 | 26 | 34 | 48 | 55 | 22 | 39 | 96 | 91 | 99 | 110

12 43 | 29 | 28 | 54 | 63 | 27 | 35 | 49 | 56 | 23 | 40 | 97 | 92 | 100 | 111

13 14 | 30 | 27 | 55 | 64 | 28 | 36 | 50 | 57 | 24 | 41 98 | 93 | 101 | 112

14 24 | 31 | 26 | 56 | 65 | 29 | 37 | 51 | 58 | 25 | 42 | 99 | 94 | 102 | 113

15 34 | 32 | 25 | 57 | 66 | 30 | 38 | 52 | 59 | 26 | 43 | 100 | 95 | 103 | 114

16 33 | 24 | 58 | 67 | 31 | 39 | 53 | 60 | 27 | 45 | 101 | 96 | 104 | 115 | 44

17 15 | 34 | 23 | 59 | 68 | 32 | 40 | 54 | 61 | 28 | 44 | 102 | 97 | 105 | 116

18 25 | 35 | 22 | 60 | 69 | 33 | 41 | 55 | 62 | 29 | 46 | 103 | 98 | 106 | 117

19 35 | 36 | 21 | 61 | 70 | 34 | 42 | 56 | 63 | 30 | 47 | 104 | 99 | 107 | 118

20 45 | 37 | 20 | 62 | 71 | 35 | 43 | 57 | 64 | 31 | 48 | 105 | 100 | 108 | 119

21 16 | 38 | 19 | 63 | 72 | 36 | 44 | 58 | 65 | 32 | 49 | 106 | 101 | 109 | 120

22 26 | 39 | 18 | 64 | 73 | 37 | 45 | 59 | 66 | 33 | 50 | 107 | 102 | 110 | 121

23 36 | 40 | 17 | 65 | 74 | 38 | 46 | 60 | 67 | 34 | 51 | 108 | 103 | 111 | 122

24 46 | 41 16 | 66 | 75 | 39 | 47 | 61 | 68 | 35 | 52 | 109 | 104 | 112 | 123

25 17 | 42 | 15 | 67 | 76 | 40 | 48 | 62 | 69 | 36 | 53 | 110 | 105 | 113 | 124

26 27 | 43 14 | 68 | 77 | 41 | 49 | 63 | 70 | 37 | 54 | 111 | 106 | 114 | 125

27 37 | 44 | 13 | 69 | 78 | 42 | 50 | 64 | 71 38| 55 | 112 | 107 | 115 | 126

28 47 | 45 12 | 70 | 79 | 43 | 51 | 65 | 72 | 39 | 56 | 113 | 108 | 116 | 127

29 18 | 46 11 71 80 | 44 | 52 | 66 | 73 | 40 | 57 | 114 | 109 | 117 | 128

30 28 | 47 10 | 72 | 81 | 45 | 53 | 67 | 74 | 41 58 | 115 | 110 | 118 | 129
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Tabmuns A.2 — Buxinni gani ais inauBinyansHoro 3asaanss 2 (13 2)

BapianT | 3HaueHHs HampalfoBaHHS Ha BIIMOBY MEXaHIYHMX T'aJibM TpoJsieilyca, THC. KM poOoiry
1 2 3 4 5 6 7 8 9 10
112,5 1324 | 1473 | 2514 | 201,1 116,1 191,3 | 2134 | 1014
1 245,4 190,6 189,2 121,4 127,6 248,1 294,1 304,1 176,7
2337 223,1 139,1 205,2 118,7 299,2 317,6 170,4 99,2
110,5 131,7 2473 250,4 101,2 115,4 190,4 213,7 107,3
) 240,5 189,5 185,4 121,4 172,6 248,1 290,5 309,4 172,1
213,4 221,4 138,2 205,2 181,7 298,3 301,6 178,6 315,7
112,1 1402 | 111,2 1254 | 139,1
120,5 121,6 | 257,1 | 2604 | 1282 1254 | 290,4 113,7 | 2075
3 250,6 179,5 195,4 221,6 172,5 268,2 391,2 209,5 182,4
113,4 241,4 238,2 305,6 182,5 245,4 190,7 109,1 152,4
203,4 2314 128,7 105,1 180,4 198,2 201,6 108,6 308,1
119,1 131,6 287,1 360,4 228,1 225,4 190,4 213,7 382,1
4 150,4 279,1 2954 121,5 182,1 3254 290,7 309,4 307,5
2231 3414 | 3381 105,1 | 2824 1454 | 217,1
117,1 211,4 311,4 216,4 129,1 327,1 291,3 315,2 199,2
s 2172 | 310,5 | 4125 | 4152 | 2152 | 4723 119,2 100,1 | 200,1
317,3 217,4 313,4 380,1 411,3 88,2 172,1 98,2 205,4
292,1 372,5 | 2922 | 2212
118,1 111,4 211,4 182,1 417,3 119,1 415,1 299,1 152,1
6 227,1 | 210,5 | 3125 116,1 | 398,1 182,4 99,2 199,1 162,2
217,2 117,2 213,1 405,2 389,2 102,1 87,4 75,4
117,2 112,5 | 2124 192,1 | 4273 | 219, 3152 | 319,1 | 2521
7 127,1 211,5 322,1 216,1 298,1 281,4 99,5 299,2 262,9
317,2 217,3 313,2
110,1 112,1 141,4 182,1 | 201,1 | 215,01 | 2351 | 292,1 | 3082
8 120,2 117,4 152,1 193,4 203,2 219,2 248,2 299,2 410,1
130,1 125,2 163,2 199,1 210,1 241,3 261,1 301,4 401,2
121,1 91,1 69,2 99,1 115,2 1914 | 210,1 300,1 | 3712
9 124,2 82,4 75,1 101,2 125,1 199,1 215,4 310,2 391,2
117,1 71,3 86,4 121,3 1753 201,3 282,6 315,4 401,3
100,2 65,1 96,1 172,4
72,1 93,2 120,4 142,1 188,1 216,1 291,1 310,2 372,1
10 74,2 101,4 125,2 151,4 192,4 252,1 298,2 315,4 383,4
79,1 108,1 130,1 162,1 195,1 2674 301,4 325,1 392,5
85,6 110,2 132,3 173,1 210,6 281,1
115,6 215,6 73,4 78,1 109,1 100,2 175,6 315,6 451,2
11 125,1 325,1 85,2 91,4 252,6 79,1 291,2 410,1 385,4
1352 | 4162 93,1 101,1 142,1 92,4 1214 | 41,6 | 217,1
110,1 210,7 240,2 256,1 301,7 362,1 401,1 482,1 491,2
12 120,1 | 221,3 | 2513 | 2722 | 310, 3814 | 4102 | 4802 | 485,1
130,1 238,4 281,4 283,4 341,2 392,5 450,1 471,3 415,6
110,1 121,4 141,4 92,4 118,4 291,2 311,2 316,4 401,2
13 120,1 142,1 152,6 97,2 132,6 2843 318,1 415,1 392,6
130,1 132,5 81,9 101,2 171,4 275,6
111,2 92,4 87,4 210,4 260,1 292,1 310,2 341,2 192,4
14 121,2 102,4 97,4 2212 | 2702 | 2822 | 320,1 3454 | 215,1
131,2 112,4 107,4 231,4 280,1 301,4 330,4 3723
15 72,3 102,1 221,3 350,1 372,1 402,1 412,3 425,1 430,1
82,4 202,3 231,4 360,2 381.,3 415,2 443,1 480,2 315,2
92,4 1122 241,4 370,2 391,2
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