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BCTYII

Haoitinicmy mexuiunux cucmem — BUMOTa Cy4acHOT €MIOXH.

Haityacrime mpo HafiitHicTh BUpOOiB MammMHOOYXyBaHHS 3raIyiOTh
KoM HAeTbCs Tpo AKicTh. Ilim skicTI0O BUPOOIB pO3YMIIOTH CYKYITHICTBH
BJIACTUBOCTEM, 1110 BU3HAYAIOTH CTYIIHB X MPUAATHOCTI AJIs1 BAKOPUCTAHHS
3a IPU3HAYCHHSIM.

CrxiagHicTh mpoOJeMH SKOCTI TONsrae B TOMY, IO BOHA €
KOMIIJIEKCHOIO: TEXHIYHOI0, EKOHOMIYHOIO 1 comiaabHoi. CTOCOBHO
TEXHIYHUX CHCTEM, HamlpHKiIaj, aBTOMOOUIIB Ta TpPakTOpiB, SKi Y
3arabHOMY PO3yMiHHI € CO0OI0, HacamIepena, MalliHAMH CIPSIMOBAHOTO
MpU3HAYEHHS, YCl MOKAa3HUKH SKOCTI MOXXHA YMOBHO TOMUIMTH Ha CiM
OCHOBHUX TpPYII: NMPU3HAYCHHS; TEXHOJOTIYHOCTI; HAIIHHOCTI; MaTEHTHO-
MPaBOBi; CTaHAAPTH3AIli{; eHEPrOHOMIYHI; €CTETHYHI.

Jnst Toro mo0 omiHuTH sAKicTh Oynb-saKkoi TexHiuHoi cuctemu (TC)
MOBHICTIO, TpeOa 3HATH HE JIUIIE TTOKA3HUKHU MOTY>KHOCTI, MPOAYKTUBHOCTI,
IIBUAKOCTI Ta 1HIII, a W 3aTHICTh 11 K HaWIOBIIE 30epiraTH i MOKa3HUKH
i 9Yac BUKOPUCTaHHA 32 IPU3HAYCHHSIM.

Sk mpukiagHa rany3b 3HaHb HayKa PO HaAIHHICTE 0a3yeTbes Ha
byHIaMEHTaTbHUX MaTeMaTHYHHX Ta MPUPOJHAYMX HayKax. TyT
BUKOPHCTOBYIOThCS Teopis WMOBIpHOCTEH, (i3mKko-xiMidyHa MeXaHika, B
TOMY YHCIIi TEOpis TePTS Ta 3HOIIYBAaHHS, PO3AUIN AMHAMIKH Ta MIITHOCTI
MallliH, 3aTy4aloThCs 1/1e1 aBTOMaTUYHOTO PETYJIIOBAHHS Ta KiOEpPHETHKH,
PO3BUBAIOTHCS TOJOKESHHS TEOPil TEXHOJOTTYHUX MPOIECIB 1 NIarHOCTHKH.

OcobnuBe 3HAa4YeHHS U1 HAayKH HaOidHOCTI Mae MNUTaHHA IIPO
3aCTOCYBaHHS MAaTEMaTUYHOTO arapata Jiisl 3aJlyueHHs BKe po3poOIeHuX
abo CTBOpPEHUX Ha 3allUTH MPAKTHKH HOBHX METOMIB, IO JAIOTh 3MOTY
OIIHUTH Ta MIPOTHO3YBATH HAJIHHICTh BUPOOIB 1 CKIIATHIX CHCTEM.

MatemaTuyHi METOJIM TEOpii HAAIMHOCTI OTPUMANIM  JIOCHTH
HIMPOKOTO PO3BUTKY 1 HAJAIOTh iH)KEHEPOBI MIMPOKUX MOXKIHBOCTEH IS
PO3B’sI3yBaHHS PI3HOMaHITHUX 3aB/JIaHb HAa MpakKTHIli. Tak, Ha OCHOBI Teopii
HAMOBIPHOCTEH Ta MaTeMaTU4HOI CTaTUCTHUKH, & TAKOX CYMDKHUX 3 HUMH
JUCIIMIUTIH CTBOPEHI ¥ pO3pOOIISIFOTBCS CHelianbHi METOAU PO3PaxyHKY,
SIKi TIOB’s13aHI 3 OCHOBHMMH acCIEKTaMH NPOOJIEMH HaIiHHOCTI BHpPOOIB.
OpnHak, sIK cripaBe[UIMBO 3a3HauyaB akaaeMik b.B. 'Henenko, maremaTnka €
JUIe 3aco00M  JIOCHI/DKCHHST Ta pO3paxyHKy, Ie — 1HCTPYMEHT,
e()eKTUBHICTh BUKOPHCTAHHS SKOI'0 3aJISKHUTh BiJl CTYNEHS BiAMOBIIHOCTI



HOro MOXKJIMBOCTEH IOCTAaBIEHOMY 3aBIAaHHIO, BiH MYCHTh BPaxOBYBaTH
crienQiKy BUHUKHEHHS Ta YCYHEHHS BiJMOB.

B ocHoBi gocnimkeHp mMae OyTH imkeHepHa mnpoOmema, 1 aist il
PO3B’sI3yBaHHS CIiA 3alydyaTH HAyKOBUH amapar, SKUM HaiOinblie
BIJIMIOBi/1a€ IPUPOAL BUPOOY, IO BUBYAETHCSI.

T'omoBHUM € BHWBYCHHS THX IIPOIECIB, SKI MPHU3BOMATH IO 3MIiHH
MOYATKOBUX TOKa3HWKIB sikocti TC Ta ixHix ememenriB. Lli mpomecw,
MiATOPSAAKOBYIOYHCh TEBHUM  (Di3WIHMM  3aKOHOMIPHOCTSIM, MAalOTh
CTOXaCTHYHY HPUPOAY, BCTYIAIOTh y PI3HOMaHITHI B3a€MOJIi 1 BUSBIISIIOTH
CKJIagHUK 3B’SI30K 31 3MIHOIO BUXITHHX MapaMeTpiB BUpoOy. Po3kputts
OUX 3B’S3KIB MOJXJIMBE Ha OCHOBI ()YHKIIOHAJTBHUX 3aJIeKHOCTEH 13
3aydeHHsSIM Teopil HMOBipHOCTEH Ta Teopii BHITAJKOBUX IPOIIECIB,
METO/IB ONTHMIi3alii, Teopii iHpopmallii, MaTeMaTH4YHOI JIOTIKK Ta THIIUX
PO3MLIIB MAaTEMATHKH.

Omxe, s Hayku Tpo HafiiHICTe TC XapakTepHUMH € TIOE€THAHHS
WMOBIpHICHUX METO/IB, OIliHKA IIPOLIECIB 3MIHHM IMapaMmeTpiB SIKOCTI 3
BUSIBIICHHSIM JICTEPMIHOBAaHUX 3aKOHOMIPHOCTEH TPOIECIB CTapiHHS Ta
pyWHYBaHHs, a TaKOX OIliHKa BHPOOHWIITBA MAIMH 1 TaKMX METOIIB
eKCIUTyaTallii, 0 BH3HAYAIOTh IXHIO Mpale3JaTHIiCTh. Ii 3aBaaHHA — MaTH
METOJIU PO3PaxXyHKy MAalllMH Ta IXHiX €JIEMEHTIB, 3yMOBUTH 3a0e3MeUeHHSI
MOTPIOHMX TIOKA3HMKIB HamiiHOCTi. [Ipu mboMy Mae OyTH BpaxoBaHO
HWMOBIpHICHY NPUPOJIY MPOLIECiB PyHHYBaHHS MaTepiaiiB BUPOOY.

TeopeTHUHOI0O OCHOBOIO HAyKH NP0 HAAIWHICTE € pe3yibTaTH
JIOCITI/DKEHb TPUPOAHUYUX HAYK, [0 BUBYAIOThH (hI3UKO-XIMIUHI Mporecu
pyWHYBaHHs, CTapiHHS Ta 3MiHM BJIACTUBOCTEH MarepiamiB, 3 SKHX
BUTOTOBJIEHI MAIlMHW YHM $Ki TOTPiOHI Juis iXHBOTO (DYHKI[IOHYBaHHS
(manuBoO, ONTMBa, MAacTUIIO, poboYa piarHa TOMmO). 3 OTNIALY Ha HamIHHICTh
BUBYCHHS 3MiHH, IO BifOyBarOThbCA B MaTepiajiaXx Ta IXHIX MOBEPXOBHX
rapax, OTpUMaliid Ha3By (Di3WKH BiJIMOB.

®di3uka BiIMOB BHMBYa€ HEOOOPOTHI MPOIECH, IO MPU3BOAATH IO
BTPaTH MaTepialaMi CBOiX MOYATKOBHX BJIACTUBOCTEHW MpPU EKCILTyaTarii
BUpOOiB. YacoBi 3aKkOHOMIPHOCTI (Pi3UKH BiAMOB € 0a3010 7151 pO3B’sI3aHHS
OCHOBHHX 3aBJaHb HaJIMHOCTI.

[Ipu posrnsgaHHi THTaHb 3a0e3MEUeHHS HAAIHHOCTI MAaIlIdH, SK
CKIIQJIHAX TEXHIYHWX CHCTEM, CIiJ BIJNOBICTH, HacaMmIiepell, Ha JBa
OB’ sI3aHUX MiX c000r0 3anmuTanHs [4].



[Mo-neprie, yu € BTpaTa MaIIMHOK 3 YacOM CBOIX IOYATKOBUX
XapaKTEPUCTHK 000B’SI3KOBUM TIpoIiecoM? [HIMMY cl10BaMu, 9H HE Kpalre
CTBOPUTH a0COJIOTHO HaJliliHI MAIIMHU, HiXK BUBYATH IXHIO HAIIHHICTH?

IMo-npyre, sxi  Qimocodchki  KaTeropii Ta  3aKOHOMIPHOCTI
BHM3HAYAIOTh aCIEKT IIPOOJEMH HaIIHHOCTI?

byap-1xka wmammHa, BUKOHYIOYM TIeBHI (yHKII, HampHUKIa,
TEIIOBHI JIBUTYH CTalliOHApPHOI yCTaHOBKHU, NepeOyBae y B3aeMomii i 3
CepeloBHINEM, 1 3 JIIOJUHOI0, IO Kepye Mmi€o mamuHoo. [Ipu mpomy
BHHHUKAIOTH PI3HOMAaHITHI TNPUIMHHO-HACTIAKOBI 3B’S3KH  SK  (dopma
BUSIBIICHHS 3araJlbHOTO YHIBEPCAIBHOTO 3B’SI3KY SBHIL Y HPUPOII.
HakonuueHHsT sSIKOCTI Pi3HOMAHITHOI JAii Ha MallMHY MPHU3BOIUTH [0
MOJJIMBOCTI Tepexoay B IHIIMKA sKicHUA craH. ToMmy 3MiHH, IO
BinOyBalOTbCsS B MallMHI i dYac ii eKclulyaramii, € 3aKOHOMipHHM
MPOSIBOM BaXKIIMBOI HEBiJI'€MHOI BJIACTUBOCTI BCiX MaTepialbHUX 00’ €KTIB
Pyxy B Horo ¢izocopchbKkoMy po3yMiHHI, 60 HIYOT0 HE3MIHHOTO B TIPUPOII
HeMmae [4].

JIroachKka OisUIBHICTE MOJKE CIIOBIIBHUTH HeOa)kaHi JJ1d HAc 3MiHH,
3poOuTH Tak, abW BIAXWIEHHS SKICHMX Toka3HUKIB TC Ttparusocs
NOPOTATOM IOTPIOHOTO 4Yacy B J[OMyCTUMHUX MeXax, ajie YCYHYTH iX
MIOBHICTIO HE MOYKHA.

B TC pirote yci BuAM eHeprii: MexaHiuyHa, TEIUIOBa, XiMidHa,
€JIEKTPOMArHiTHa, 0 3yMOBIIIOIOTh Y HEi HEOOOPOTHI 3MiHH.

TC He MOXHA 130JIFOBaTH BiJl BIUIMBY CEPEIOBHINA, B SIKOMY BOHA
i€, BT BIUTMBY TMPOIIECIB, O BiIOYBalOTHCS B Hill camiil mpu 3mificCHeHH]
pobounx GyHKIIN, Bi [ii 3aJHIIKOBUX HANpyKeHb, SKi € HACIiIKOM
TEXHOJIOTTYHHUX MPOIIECIB, IO 3aCTOCOBYIOTHCS IPU BUTOTOBJICHI MAIIIWH.

VY dinocodcrkoMy po3yMiHHI sikicmb — 1€ HEBIiJ €MHa Bij 00’€KTa
CYKYIIHICTh O3HAK, SKi BHPaXalOTh WOTO CHEnudiKy Ta BIIMIHHICTH BiJ
iHImmMX o6epTiB uM siBuil. [IpoTe, ockinbkn BUkopuctanHs Oyb-sikoi TC 3a
NPU3HAYCHHSIM BiIOYBA€EThCS MPOTITOM IEBHOTO, SIK MPABUIIO, TPUBAIOTO
nepiony 4yacy, TO HiJ Ji€r0 pi3HOMaHITHUX (AaKTOPiB MOKYTh 3MiHIOBATHCS
BIIACTHBOCTI, 1[0 BWU3HAYalOTh Ii AKICTb. TOMy HaiifHICTh, III0 BHBYAE
3MiHy TIIOKa3HHUKIB SKOCTI 3 YacoM, € HEMOBOM JHMHAaMIKOI SIKOCTI,
posroptkoio B uaci. [Ipy mpomy KiJbKiCHE HaKONMUYEHHS HEOOOPOTHHX
OpOILeCiB Yy MAaIIMHI MPOBOAUTH [0 SKICHUX 3MiH [apameTpiB, IO
BiI0OYBalOTbCA B MpPOIIECI EKCIUTyaTallli Ta MiANOPSIKOBYIOTECS 3aKOHY
nepexojay KiIbKOCTI Ta SKOCTi. A Ile € TMiACTaBOK JUIsl PO3POOKH



KOMIUIEKCY 3aXOJiB MIOAO BIOCKOHAJCHHS TEXHIYHOTO PIBHSA MAallldH y
BIITIOBIAHOCTI 3 BAMOTaMH ChOTOJeHHs [4].

Omxe, nucuuiutina «HagliHICTh TEXHIYHUX CUCTEM» € HEB1H €MHOIO
YaCTUHOKO OCBITHBOT'O MPOLIECY MO0 IMiJrOTOBKH MAriCTpiB 32 OCBITHIMHU
nporpamamu «KomicHI Ta TyceHWYHI TpaHCIOPTHI 3aco0m», «/IBuryHu
BHYTPIITHHOTO 3rOPAHHSD.



1 META, 3ABJAHHSA HABYAJIbHOI JIJUCLUIIJIIHH,
KOMIIETEHTHOCTI MATICTPAHTIB

Mema euxnadanusa oucyuniinu — GOpMyBaHHA y 3400yBadiB BUIIOI
OCBITM CHCTEMH HAayKOBHX 1 TpodeciiHMX 3HaHb LIOAO 3aCTOCYBaHHS
OCHOBHUX TIOJIOXCHb TEOPii HaJIHHOCTI BIJIHOCHO BIPOBAKCHHS 3aXOJIiB
13 3a0e3meueHHs Oe3rocepelHb0 HaIIHHOCTI TEXHIYHUX CHCTEM y (opmi
TEIUIOBUX JBUTYHIB OKPEMHX YCTaHOBOK, aBTOMOOLNIB, TPaKTOpiB, ix
CKJIQJIOBUX TpH CTBOPCHHI JOCHTITHUX 3pa3KiB Ta 3JIACHEHHS 3aXOJiB
BUKOPUCTaHHI 32 IPU3HAYCHHSIM.

3ae0anns oucyunninu — GOpMyBaHHS Yy MariCTpaHTIB BiJMIOBIIHUX
KOMIICTCHTHOCTEH 3TiHO 31 CTAHAapTOM BHIIOi OCBITH 3a CHEIIAJILHICTIO
133 — I'amyszeBe MammHOOYTyBaHHS JJISi APYTOTO (MariCTepChKOTO) PiBHA
Bumoi ocBitd (Hakazs MOH VYkpainu Nel1422 Bix 17.11.2020) Ta ocBiTHBO-
npodeciiHOI0 MPOrpamMolo.

VY pe3ynpTaTi BUBYEHHS HaBYAJIBHOI AUCHUIUIIHMA CTYICHT MOBHHEH
OTPUMATH 3arayibHi Ta (PaxoBi KOMIIETEHTHOCTI.

3azanvHi KOMNEMeHmHOCI:

— 3JaTHICTh BUKOPHCTOBYBaTH IHQOpMAIiifHIi Ta KOMYHIKaIliiHi
TEXHOJIOTIT;

— 3JJaTHICTh BYMTHUCS 1 OBOJIOIBATH CyUYaCHUMH 3HAHHSMU,;

— 3JaTHICTh /O TONIyKy, OOpOOJIeHHs Ta aHamily iHpopMmarii 3
PI3HUX JDKEpEI;

— 3/1aTHICTh T€HEPYBATH HOBI i7e1 (KPeaTHBHICTh);

— 37aTHICTb BUSBIISITH, CTABUTH Ta BUPIIIyBaTH MPOOJIEMH;

— 3[IaTHICTh IPUAMATH OOTPYHTOBAHI PillICHHS.

Daxosi KomnemenLmuHocmi:

— 3JIaTHICTh 3aCTOCOBYBAaTH KUIbKICHI MaTeMaTHYHI METOIH Teopii
HaAIMHOCTI 11010 BU3HAYEHHS [TOKA3HUKIB OE3B1AMOBHOCTI 1 JOBIOBIYHOCTI
TEXHIYHUX CHUCTEM Ta iX CKJIQJOBUX, CUCTEMHHMH MIiJXiJl Y BUKOPHUCTAHHI
METOJIiB TIPOTHO3YBAHHS TIOKAa3HHKIB HAJIWHOCTI TEXHIYHUX CHUCTEM JIIS
PO3B’sI3yBaHHS IHKSHEPHUX 33724 Tay3eBOr0 MalIMHOOY IyBaHHS,

— 37aTHICTh BUKOHYBATH MPUKIIAIHI JOCITIKSHHS 3aKOHOMIPHOCTEH
3MIHU [TIOKA3HUKIB HAAIMHOCTI TEXHIYHUX CUCTEM;
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Ouikysaui npoecpamui pe3yrbmamu HA8YaHHs:

— 3IIUCHIOBATH IHXXKEHEpPHI PO3paxyHKH Ui BHUpPIMICHHS 3a7ad i
MPAaKTUYHUX MPOOJIeM Yy Tally3eBOMY MAaIIMHOOYIyBaHHI CTOCOBHO
MMOKAa3HUKIB HAIIMHOCTI;

— aHaITi3yBaTH iHKEHEPHI 00’ €KTH, TIPOIIECH Ta METO/IH,

— BIAIIYKOBYBaTH MOTPIOHY HAayKOBY 1 TexHIUHy iH(popMaIio B
JOCTYITHHUX JKepenax, 30KpeMa, I1HO3eMHOI0 MOBOIO, aHali3yBaTH i
OIIIHFOBATH fii.
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2 TEMATHUKA IPOI'PAMU HABYAJIbHOI JTUCHUITJIITHUA

2.1 Tema 1. Beryn

3micT, o0csir, MeTa 1 3amadi AWCHMIUTIHA, TOPSIOK BHBUYCHHS
TUCIUILTIHU. 3HAYEHHS MHUTaHb 3a0e3nedeHHs] HaliHOCTI 1 JOBIrOBIYHOCTI
TEXHIYHUX CHCTEM: aBTOMOO1Ib, TPAKTOP Ta iX CKJIQJAOBHX NPH NPOBEICHHI
JOCHIDKeHb. 3B’A30K Kypcy 13 CyMDKHUMH JMCUUILTiHamMu. Ponb
CTaHMAPTIB Y MiIBHUIEHHI SKOCTI TEXHIYHUX CHCTEM.

2.2 Tema 2. HapiitHicTb. OCHOBHi MOHSATTSA

OCHOBHI TIOHATTS 1 BU3HAYCHHA, NMPUHHATI B Teopii HamiHHOCTI:
00’€KTH 1 cTaHOBHWINA OO0’ €KTiB, aHANI30BaHUX Yy TeOopii HaIiHHOCTI.
OCHOBHI  BJIaCTHBOCTI  00’€KTIB:  Mpale3laTHICTh, O€3BIAMOBHICTS,
PEMOHTOIIPUAATHOCTI, JOBrOBIYHICTD, 30€pexeHHs 1 HaAiiHICTh. MeTomu
OIIIHKH BJIACTUBOCTEH HaliHOCTI 00’ ekTy. HamiiHICTh cKiTagHIX BUPOOIB 1
iX OAMHWYHI Ta KOMIUICKCHI IOKa3HUKH: HApOOITOK, pecypc, BiaMOBa,
IHTEHCHBHICTb BiIMOB, HApOOITOK 1 BiJIMOBA Ta iH.

Jliteparypa: [1], ¢. 5-15; [2], ¢. 6-23; [3], c. 6-12, 49-56; [4],
c. 164-169; [7].

Kopotki BizomMocTi 11010 po3yMiHHSI HABYAJIbHUX NUTAHb

Haolitinicme — BracTUBICTH 00’ekTa 30epiratu B  d4aci y
BCTAHOBJICHMX Me)XaX 3HAUeHHS BCIiX IapaMeTpiB, sSKi XapaKTepU3yIOTh
HOro 3IaTHICTH BUKOHYBAaTH (YHKIi, 10 BHUMAaralmTbCs, B 33JaHUX
peKMMax Ta yMOBaX BUKOPUCTAaHHS, TEXHIYHOTO OOCITYroBYBaHHS,
PEMOHTIB, 30epiraHHs Ta TPAHCIIOPTYBaHHS.

Po3pi3HsoTh HaTIHHICTh:

— ¢izuuny;

— rapamMeTpuyHy.

be36iomoenicms — BIacTUBICTh O00’€KTiB 30epiraT  HEOOXiIHI
GyHKIIT Ha TPOTA3i JAesKkoro 4dacy abo neskoro HapoOiTky. Takox e
BJIACTHUBICTBH Oe3repepBHO 30epiraTu podOTO 3ATHICTD, SIKa PO3YMIETHCS SIK
BiZICYTHICTh BUMYILICHUX 3YIHHOK Y 3B’SI3KY 3 BiIMOBaMH.

Be3BiAMOBHICTB, SIK OKpeMa BJIACTUBICTh HAIHHOCTI, OB’ SI3Y€ETHCS 3
HACTYITHUMH TOHATTSIMH, SIKi BH3HAYAIOTh TEXHIUYHWHA CTaH — CHpPaBHICTH
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(HecmpaBHICTD), TIparne3aaTHICTh (Hemnpane3aaTHICTD), nedekT,
MMOIIKOIKEHHS, BIJIMOBA.

Cnpasnicme — Takuii crad, mpu sikomy TC, abo i1 cTpykTypHa
CKJagoBa 4YacTUHa (00’€KT, €IEMEHT, KOMIIOHEHT) BiJNOBigae yciMm
BAMOTaM HOPMATHBHO-TEXHIYHOI 1 KOHCTPYKTOPCHKOI JOKYMEHTAIII].

Ilpaye30amuicms — Takuil CcTaH, SKAA XapaKTepU3y€e 3IATHICTh
BUKOHYBaTH BCi HeoOXimHi ¢(yHKuii mpu 30epiraHHi 3Ha4eHb OCHOBHHUX
mapaMeTpiB y =~ MeXaX, BCTAaHOBIEHHX  HOPMAaTHBHO-TEXHIYHOIO
JIOKYMEHTAITI€10.

[ToHATTS «cHpaBHICTH» OINBII IIUpILIE HIK «IIpale3daTHICTHY,
OCKUTBKM 00’€KT MOKe OyTH HECHpaBHHM BiIIHOCHO 3allpONOHOBaHUX
BUMOTO JI0 30BHIIIHBOTO BUTJIISTY.

Towkoooicennsi — OIS, KA TOJATa€ B 3MiHI CIIPAaBHOTO CTaHy, ajie
IpH ILOMY Tpale3JaTHiCTh 30epiraerbes. [IOMIKOPKEHHS HE 3aBXIu
BiZIMOBA, a BIIMOBA — 3B IOIIKOKECHHSI.

Biomosa — mopist, ska monsrae y BTpaTi 3Mi0HOCTI BHUKOHYBaTH
HeoOXiHy QyHKIIIt0, TOOTO 1Ie MOPYIICHHS MPaIE3JaTHOTO CTaHy.

MeToau4Hi BKa3iBKH 10 BUBYEHHSA TEM

Y mepmy uepry MariCTpaHTOBI HEOOXIAHO PO3IVISHYTH |
MPOAHANI3yBaTH CITiBBITHONIEHHS TaKWX TIOHATh fAK. CHUCTeMa, 00 €KT,
€JIeMEHT, KOMIIOHEHT 1 HaBKOJIMIIHE cepeioBuie. HaBunThcs BU3HaYaTu
MiCIle PO3MISHYTHX JIeTajeld, BY3JB, MeEXaHIi3MiB, CHUCTEM BIJIHOCHO
CTPYKTYPHO-JIOT'TYHOT'O PSAAY: CUCTEMa — 00’ €KT — €JIEMEHT —> KOMITOHEHT.

Jlami BUBUMTH MOHSATTA O€3BiAMOBHOCTI SIK BJIACTUBOCTI HAMIMHOCTI
texHiyHoi cucremu (TC), Hanpukmaa, aBTomMoOUIs y oMy, abo JIB3 —
OKPEMO, JIJISl YOr0: BU3HAYMTHUCS 31 3MiCTOM JaHoro Bu3HaueHHs 3a JICTY,
pozibpaTrcs B HOro CyTHOCTI 3aJIe)KHO Bifl TIEpPiOMiB EKCIUTyaTalii; poJi
TIOHATH CIPAaBHOCTI — HECTIPABHOCTI, Mpale3laTHOCTI — HeMpale3aaTHOCTI,
VIIKOJKCHHS, JAedeKTy, BiIMOBHM, TI'DaHHYHOTO CTaHy, y BHU3HAuYCHHI
TEXHIYHOTO CTaHy aHasli30BaHoTo eneMeHTa TC.

IloriM BuBYMTH TOHATTA peMmoHTOompuaatHocti TC, ansg doro:
BU3HAUUTHCS 31 3MicToM JaHoro BusHaueHHs 3a JICTY, posrisHyTH
MUTaHHS PO3MOJLTY OO0’€KTiB HA BIJHOBIIOBaHI U HE BiJHOBIIOBaHI,
PEMOHTONPHUIATHI i HE PEMOHTOIPHAATHI.

[Tpy BUBYEHHI BIACTHUBOCTI HAJIHHOCTI — JIOBTOBIYHOCTI 3BEpHYTH
yBary Ha IposiB TPaHUYHOTO CTaHY PO3TJISIHYTOTO KOMIIOHEHTA, €JIEMEHTa,
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Hampukiaa, ob0’ekrta ABUryHa sk cuctemu JIB3, 3amexHo Bim ioro
TEXHIYHOTO CTaHy. Y 3B’S3Ky 3 THM, IO HApOOITOK i pecypc BH3HAYAIOTh
noBroeiunicTs JIB3 y miomy, To HEOOXiTHO WiTKO BU3HAYUTHUCS 31 3MiCTOM
TaKMX TIOHATh SK HApoOITOK 10 BiIMOBHM ¥ Ha BIIMOBY, pecypc,
MpU3HAYEHUH peCcypc, 3aUIIKOBUAN pecypc, TEPMiH CIyXKOH.

IIpn BuBueHHi BiaacTuBOCTI HafiitHocTi TC — 30epirath 3HAYCHHS
MOKa3HUKIB 0€3BiAMOBHOCTi, MJOBrOBIYHOCTI ¥ PEMOHTONPHIATHOCTI
MIPOTATOM TIepioy 30epiraHHs i MiCiIsl HbOTO, a TAaKOXK TPaHCIOPTYBaHHS,
3BEpHYTH yBary Ha NMHUTaHHS 3IIACHIOBATH OIip KOHCTPYKII, HAIPUKIIA,
B3, BMBY (akTOpiB HABKOJIMIIHBOTO CepeAoBHINA. BuszHauuthcs 3i
3HAYMMICTIO MIiABHIICHHS W 3HIDKEHHS TEMIIEpaTypH, 3MIHH BOJIOTOCTI
TIOBITPS. HAa TPOSB KOPO3il MeTamiB, CTapiHHS IOJIMEPHHUX MaTepiais,
MOTIpIICHHS BIACTHBOCTEH MACTHJIBHUX MaTrepialiB BUKOPHCTOBYBAaHHX Y
KoHcTpyKuii JIB3.

MaricTpaHT HOBHMHEH 3HATH BU3HAYCHHS KOXKHOTO 3 OJUHUYHHX
MOKA3HUKIB, 10 BUKOPHCTAIOTHCSA ISl XapaKTEPUCTUKH O€3BiIMOBHOCTI,
JIOBTOBIYHOCTI, PEMOHTONIPHIATHOCTI 1 30€peKEeHOCTI, a TaK caMO MaTH Ha
yBa3i, IO NpPUd LBOMY MOXYTh BHKOPHUCTATHUCS MapaMETpHUUHI
(#imoBipHicHI) 1 HemapaMeTpu4Hi (CTATHCTHYHI) CIIOCOOM TXHBOI OINHKH.
[lpy BUBYEHHI KOMIUIEKCHMX TOKa3HUKIB: Koe(illieHTa TOTOBHOCTI,
KoeillieHTa  ONEPATUBHOI  T'OTOBHOCTI, Koe(illieHTa  TEXHIYHOTO
BUKOPUCTaHHs, Koe(dilieHTa IJIAHOBAHOTO 3aCTOCYBaHHS, CTYICHT
MOBMHEH YCBIJIOMHUTH 3MICT 1 3HAUUMICTh BEJIMYMH BXITHUX Y HOPMYJIIH JIIS
IXHBOIO BU3HAYEHHS.

KoHTpoabHi 3anuTaHHsA 1J151 caMolepeBipKu

1. o po3yMieThes mmij BiIacTUBICTIO HaaiiHocTi TC?

2. JlaiiTe BH3HAYCHHS MOHSITTIO: OE3BiJIMOBHICTH; IOBIOBIUHICTb,
PEMOHTOINPHUIATHICTh; 30€PEIKEHICTD.

3. SIki po3pi3HAIOTHL METOAM OI[IHKW TOKa3HWKIB HaJIMHOCTI Ta Ha
YOMY BOHHU IPYHTYIOTHCS?

4. YuMm BU3HAUA€THCS TEXHIYHWMHU cTaH, Hanpukian, B3, mpu
pO3rsial HOro 6e3BiIMOBHOCTI?

5. SIki OIMHHMYHI TOKA3HUKH 3aCTOCOBYIOTHCS JUIS XapaKTEPUCTHUKU
0€3B1IMOBHOCTI, IOBrOBIYHOCTi, PEMOHTOIIPUIAATHOCTI, 30€pekeHOCTi?

6. fxi cranu neraneid, By3miB i MexaHi3miB TC po3risialoThCs Mpu
aHaJli31l MUTaHb 11 PEMOHTONPUAATHOCTI?
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7. SIke CIiBBIIHOILICHHS ITOHATh: CIIPABHICTD — AeEKT — BigMoBa?

8. SIki BuIHM pecypciB pO3PI3HAIOTEH IPH PO3rIsai qoBroeiunocti TC?
JaiiTe BUBHAYEHHS KOKHOMY BHIY.

9. YV domy mossrae CyTHICTh 3aCTOCYBaHHsI OJMHUYHHUX TIOKa3HUKIB
HaJIHHOCTI?

10. Y v4oMy TmonArae CyTHICTh 3aCTOCYBAaHHS KOMIUICKCHUX
MOKA3HUKIB HAJIHHOCTI?

2.3 Tema 3. IlonaTrss Teopii WMOBIPHOCTI 1I0J0 BH3HAYEHHSI
MOKA3HMKIB HAXIITHOCTI TEXHIYHMX CHCTEM

[MousTTa Teopii WMOBIpHOCTEW IIOMO BH3HA4eHHS moka3zHHUKIB TC:
nmojii, BENWYHMHH, TPOIECH, CTATHCTUYHI Ta WMOBIPHICHI TOKAa3HUKHU
HaAIMHOCTI. PO3Moais BUMIaIKOBUX BEIMYHUH, X XapaKTEPUCTUKA Ta 3aKOHU
pO3MONiTYy: MaTeMaTHYHE OYiKyBaHHSA, IHCIEPCisi, cepelHbOKBaIpaTHIHE
BiIXWJICHHS, KoeQillieHT Bapiallii, 3aKOH HOPMAJIBHOTO PO3MOJLICHHS,
eKCIIOHEHIIIabHIA 3aKOH, 3aKOH po3mnofineHHs BeiOyna—I HengeHko.
Bu3HaueHHS TIOKa3HUKIB O€3BIAMOBHOCTI: HMOBIPHICTH 0€3BiIMOBHOT
po0oTH, YacToTa BiIMOB, CEpPEIHE HAINPAIIOBAHHSA JI0 BiIMOBH, CEpPEIHE
HaNpaIllOBaHHA Ha BiMOBY, IHTCHCHBHICTh BiIMOB, TapaMeTp IOTOKY
B1JMOB.

Jlireparypa: [1], c. 60-130; [2], c. 58-81; [3], c. 14-45; [4], c. 142—
153.

Kopotki BizomocTi 11010 po3yMiHHsI HABYAJIbHUX IUTAHb

3anexHicte HagiiHOocTi TC Bij pi3HOMaHITHUX BipOriiHUX (DaKTOpIB
NPHU3BOJIUTE JI0 TOTO, IIIO0 MPOSB BiIMOB Ma€ BUIMAAKOBUI xapakTep. OliHka
HamiiHocti TC 3a [ONOMOroOr0 MareMaTWYHMX METOMIB Ha IIiJCTaBl
y3aralbHeHHsI HAKOMMYEHOI CTAaTUCTUYHOT iH(opMarIii mpo 11 GyHKIIOHYBaHHS
B peajbHUX YMOBaX eKCIUIyarallii J1a€ MOXKIMBICTH BHU3HAYUTH BIpOTiIHI
3aKOHOMIPHOCTI Ta CITiBBIJHOIIEHHS! MK BHIAJIKOBUMH (DYHKILISIMH, SIKi I10
Pi3HOMY BIUIMBAIOTh Ha MMOKA3HUKW HaJIHHOCTI.

Tloois — sBuIIe, sike BiOyBaecThesi B pe3ynbrari BUNpoOyBaHb. [lomil
BIIPI3HSIOTBCS MIDK COOOI0 32 CTYNEHI0O MOXJIMBOCTI iX MpOsBY 1
B3a€MO3B’SI3Ky Ta [IUISATBCA HA: BIPOTiIHI; BUMAIKOBI; HEMOXIIHMBI; PIBHO
MO>XKJIMBI; CyMICHI (HECYMICHI); 3aJIeXKHi (HE3aJICHKHI).
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BumaikoBi mofii MOXITMBO OILIHATH KUTBKICHO 3@ JOTIOMOTOO JESKAX
BHUIAIKOBUX BenmmauH (X, V, Z Ta iH.) Ta IX MOYKJIMBUX 3HAYCHb (X, y, Z Ta iH.).

Bunaokoeorw eenuuunoio Ha3UBAIOTh BEIMYMHY, SKa B PE3YJbTATI
BUMPOOYBaH MOke Tpuadat Jrobe 3HaveHHs. Hampukman, 1e
HAIpaIFOBaHHS Ha BiJ]MOBY.

VYci BUITaIKOB] BEIMYWHA IUIATHCS Ha:

— QucKkpemui — Ti, sIKi MalOTh 3aKiHUEHI 3HAYCHHS, HATIPUKIIAJ, KUTbKICTh
BIZIMOB PO3MOAUIHHOTO MPUCTPOIO TiAPABIIYHOTO IMiJACHIIIOBAYa PyJIHOBOTO
KepyBaHHsI Ha TIPOTSI31 BU3HAYEHOTO MIPOMIXKKY 4acy;

— HenepepugHi — Ti, sIKi y BU3HaU€HOMY iHTepBai (3aKiHYCHOMY abo
HE3aKIHYCHOMY) MOXYTh TNpHIOATH JII0O0C 3HAYCHHS, HANpHKIal, 4Yac
0e3BiIMOBHOI POOOTH.

3axonom posnoodinennss unadko6oi eeruduny HA3UBAETHCS OYIb-sKe
CITIBBIJTHOIIICHHS, SIKE BCTAHOBIIIOE 3B’SI30K MK MOMKIMBHMH 3HAYCHHIMH
BUMAJKOBUX BEIWYMH 1 BIATIOBIAHUMH IIMM 3HAYEHHSM MWMOBIPHOCTSIMH.
I'pachiynmil BUTIISIA TOKA3HAUKIB HABEACHO HA PUCYHKY 2. 1.

Hafinenyeanma HiEHeTE PmosipricTs PmosipsicTs [HTEHCHEHICTE
FAKOHY AMOBRHOCTL GesBy] MOBHOL i} MOEH, EimmoE, A
POSIOUIEHHA einmoen, (1) poboTty, P(t) Fi=i-Pt)
Fie) Pli) ) 4 Am
ErxcnoTermi- ‘ B T L taiiontc~—

oy e
ANEHHH

.

A

Hepumaneuni

pA

EBeiibynna
hie=1

PucyHok 2.1 — Tumosi rpadiku KiTbKICHIX XapaKTePUCTHK JIETKIX 3aKOHIB
PO3MOIUICHHS B 3aJISKHOCTI BiJl HAPOOITKY t

XapaKkTepuCTUKH, SIKIi PO3paxoBaHi IO 3HAYECHHSM BHUIIAJKOBOL
BEJIMYMHY, OTPUMAIN Ha3BY CMAMUCMUYHUX XAPAKMEPUcmuk. A Ti, 1O
OTpUMaHi 1O TEOPETHYHHUM 3aKOHaM PO3MOMUICHHS — napavempu
PO3nO0INIeHHS.
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OCHOBHMMHY CTaTUCTHYHUMH XaPAKTEPUCTHKAMH BHIIAJIKOBUX BEIMIHH
€: cepenHs apuMeTHYHA BETMYMHA; MaTeMAaTHYHE OYiKyBaHHS, AWCIIEPCIS
BUIMAJIKOBOI BEJIMUMHH, CEpelHE KBaJIpaTWYHE BiAXWICHHS BHIAIKOBOI
BEJIMYMHM; KOSPILIEHT Bapiarlii.

HopmainbHuii 3aK0H pO3NOJIIICHHST BUMAJKOBOI BETMYMHHE (OPMYETHCS
TOJ, KOJM HA TPOTIKaHHS TPOIIECY, IO IOCIKYEThCS, 1 Oro pesynpTar
BIUIMBA€E MOPIBHUIbHA BENWKA KUIBKICTh He3aISKHUX (a00 cabo 3aiexKHuX)
emeMeHTapHnX (QakTopiB (ckmamoBux). Ilpm 1pOMy KOXHHUHA —(akTop
BIZIOKpEMJICHO OKa3ye JINIIe He3HaYHy IO MOPIBHSHHI 3 CYMapHAM BILTHBOM
yCiX 1HIIHUX.

ExcrioHeHmiaibHUN  3aKOH  JI00pe OIKCYE PO3IOJUT  BUIAIKOBUX
BeIMYMH JoMiHaHTHOrO (bakTopy. lle mocriiiHa cratuka sBHI, HOTO
3aCTOCYBaHHS JOIMYyCTHMO Ta BHUIPABAAHO TIPH PO3PaxyHKy HaAiHHOCTI
CHCTEM, sIKi B3KE MaIOTh BHCOKY O€3BiIMOBHICTb.

3akoH BeliOyma—['HeleHKO TIPOSBISIETBCS B MOJENi TaK 3BaHOTO
«CIabKoro JIAHIIOra», HOTO 3aCTOCOBYIOTH JUIS BU3HAUCHHS XapaKTEPHCTUK
PO3CIFOBaHHS: PECypCiB a00 CTPOKIB CIIy’KOU OKpEeMHUX JETaCH 1 CIIPSKCHB;
HapoOITOK MiX BiIMOBaMH; HApOOITOK Ha BiIMOBY TpH pPyWHYBaHHS BiJ
BTOMI.

Qyuxyis  P(t) — iiMoBipHICTH 0e€3BIIMOBHOI pOOOTH, TIOKa3ye
HWMOBIpHICTH TOTO, 110 HapoOITOK T Bii MOYATKY BiJUTIKY 1O MOSBH BiIMOBH
Oyze Oinmbinie ab6o PiBHOIO 3amaHOMy HapoOiTKy t. Llst dyHKIis mokasye, mo B
iHTepBaii HapoOiTKy Bij 0 10 t BUpiO npompaitoe 6e3BiAMOBHO.

Jugpepenyitina pynxyis f(t) xapakrepuszye sIK OM IIIBHICTB, 3 SKOIO
PO3IOAUISIOTHCS 3HAUYSHHST BUIA/IKOBOI BEIMYMHM B JTAHOT TOYII, 1 Ma€ Ha3BY
winbHicmb po3nodiny eunaokoeoi eenuyuny. 1i Gi3MUHAMIA CEHC CTOCOBHO 110
TeOpii HAIIMHOCTI — HMOBIPHICTh BUHUKHEHHS BIJIMOBH B JIOCTATHBHO MaJIHii
MPOMIXKOK Yacy.

Skmio Bimoma omna 3 ¢yHkiid P(z), R(t) a6o f(t), To moxmmBO
po3paxyBaTd Oynb-SIKMH ITOKa3HHUK JIOBIOBIYHOCTI 1 OE€3BIJIMOBHOCTI,
HAIPUKJIaJ], CepPeHiH HapOOITOK JI0 BiIMOBH (MaTEeMaTUYHE OUIKYBaHHS):

t, = j tf (t)dt: 2.1)
0
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t, = j P(t)dt: 2.2)
0

Ta JTUCTIEPCIIO

D= [(t—t,)* f (t)dt. (2.3)
0

MeToauyHi BKa3iBKH 10 BUBYEHHS TeMH

[Ipy BuBYEHHI JaHOI TEMH MAariCTpaHT MOBHHEH 3TaJIaTH OCHOBH
Teopii HMOBIpHOCTEH 1 MaTeMaTUYHOI CTATUCTUKU BUIIOT MATEMAaTHKH, IO
posrisganacs B Kypci JOUCHUIUTIH, NPUAIISIOYM TOpU IBOMY yBary
HACTYITHUM CHeUU(IYHAM TOHITTAM $K: BHNPOOYBAaHHS (JOCIHIHKEHHS),
MOJIisl, BUTIAIKOBA BEJIMYMHA, HMOBIPHICTb MOJIii, CTATUCTUYHA HMOBIPHICTh
nonii, yactora. HeoOXiHICTh Takuii 00OyMOBIIEHA THUM, IIIO MPOSIB BiIMOBH
B MeXaHI3Max 1 cucTeMax JBHTYHa abo 3MiHa mapaMmerpiB ix 1m0
XapaKTepU3yITh pO3TISAAAETHCA K TIOMAiA: WMOBIpHICHE, BHWIIAJKOBE,
HEMOXKJIMBE, PIBHO MOXIJIMBE, CIJIbHE (HECIUIBHE), 3aJIe)KHE (HEe3aJICKHE).
VY 3B’S3Ky i3 IIIM MaricTpaHT MOBHHEH MPEACTABISATH CTYITIHb OIIHKH Ti€l
a00 1HIIO1 TO/ii, HACHIKY, TPOSIBY SIKOTO CIPUYHHSE 3MiHY TEXHIYHOTO CTaHy.

Posrmsinatoun QyHKIIT po3nojily BUIIAJKOBUX BEIHYHH, KUTBKICHO
OIIHIOIOY] BWIIJKOBI IMOMii, CTYACHT TIOBUHEH 4YITKO 3HATH, IO
pO3YMi€ThCS Tl BUMAAKOBOI BEIMYMHOK TIPU BH3HAYEHHI pIiBHSA
MOKa3HUKA HAJIMHOCTI SIK KOMIIOHEHTa, K ejieMeHTa, Tak 1 TC y 1iiomy.
BiamoBiiHO 70 IOrO CTYACHT IOBHHEH 3PO3YMITH POJIb CTATHCTUYHUX
XapaKTEePUCTUK BHUIAJKOBUX BEIMYHH 1 3HATH X BU3HAYCHHS.

HepiBHO3HaUHICTh 3MiHM TIapaMeTpiB POOOTH BY3IIB, MEXaHI3MIiB,
CUCTEM, HaINpUKIaZ, «ABTOMOOLUIBY» 3aJIGKHO BiJl YMOB 1 XapakTepy
B3a€EMOJIIT CIIPUYMHSETHCS PO3XOKEHHS B CTYNEHI IiINOPSAKYBaHHS
BUIAQJKOBUX BEJIMYMH 3aKOHAM IXHBOTO PO3MOJUTY 3 XapaKTepHUMH iM
napamMeTpaMy po3noiry. Y 3B’S3Ky 3 IIMM CTYJICHT MIOBUHEH BU3HAYUTHCS
i3 CYTHICTIO BUKOPHCTOBYBaHHX 3aKOHIB PO3IOJLITY, MaTH YSBICHHS TPO
rpa¢iyHui BU] 1 aHATITUYHE BUPAXKEHHS: IHTErpaabHO1 GYHKLIT pO3NOALTY
P(t), mimeHOCTI posnopiny f(f) posrasHyTOi BMUMAAKOBOI BENUYMHH
(BiIMOBH, 3MiHM MTApaMeTpa, eKCILTYaTaIiiHOTO BILTUBY).
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Po3rmsHyBIIM ~ TMUTAaHHS ~ CTaTHCTHYHOTO Ta  HMOBIPHICHOTO
BU3HAUEHHSI IOKA3HMKIB HAAIWHOCTI, CTYAEHT IIOBUHEH HaBUUTHCA
3aCTOCYBATH aHAITUYHI PO3paxXyHKH 3aJI€KHO BiJ HasiBHOCTI iHPoOpMaIii.

KoHTpobHi 3anuTaHHA 1J151 caMolepeBipKu

1. Axuii rpadiunuii BUA Mae iHTerpanbHa (YHKLIS PO3MOALTY
Oe3nepepBHOI BUMIAAKOBOI BeIMYUHK? 300pa3itTh rpadik.

2. Sxnii rpadiuamii Bux Mae audepeHmianbaa GYHKIS PO3MOMLTY
Oe3nepepBHOI BUMAAKOBO1 BeTHUUHNA? 300pa3iTh rpadik.

3. IlepeniviTh CTATUCTUYHI XapaKTEPUCTUKH BUMIAIKOBHX BEITMYUH.

4. Harmammite hopmyy audepeHmianbsaol GyHKIIT 1T HOpMaIbHOTO
3aKOHY PO3MOJiTY BHIIQIKOBUX BEJWYMH. J[aliTe MOSCHEHHS BEIWYUH Ta Il
BU3HAYAIBHUX.

5. Hammmite  ¢dopmyny  mudepeHmianbHOi  GYHKINT A
EKCIIOHEHTHOI'O0  3aKOHY pO3MOALLY BHIAAKOBUX BenuuuH. Jlaiite
MOSICHEHHS BEJIMYMH Ta i1 BUBHAYAJIbHUX.

6. Y sxux Bumangkax mis ouinku HaxgiHOcTi TC Oeperbes mo yBasi
HOPMAJbHUHA 3aKOH pO3MOAUTY Ta IO IPH IbOMY PO3YMIEThCS IIif
BHUITQJKOBOIO BEJIMYUHOIO?

7. Komum nnsa ouinku Hagiiaocti TC  Oeperbcs 10  yBasi
eKCIIOHEHTHUH 3aKOH pO3MOJUTY 1 IO TpU I[bOMY PO3YMIETHCS TiJ
BHUITQKOBOIO BEJIMYUHOIO?

8. SkuM YMHOM  BH3HAYAIOTBCA  CTATHCTHYHI  MOKa3HUKU
6e3BigqmoBHOCTI? Haruiite hopmyinu BusHadenss: R(t), P(t), Tm, A(t), w(t).

9. SkiMm dYHMHOM BHU3HAYAIOThCH WMOBIPHICHI  ITOKa3HUKH
6e3BiamoBHOCTI? Harmmite hopmynu BuzHauenus: R(t), P(t), Tm, A(t), w(t).

2.4 Tema 4. Cucrema 300py Ta o0poOku indopmauii BitHOCHO
HaAIHOCTI TEXHIYHUX CHCTEM

Merta Ta 3aBIaHHs, SKi BUPIIIYIOThCS cucTeMoro. Oprasizariis 300py
Ta 00poOKM iHpopmaLii. 3MicT, cnocoOn 300py CTaTUCTUYHOI iH(pOopMAIii.
IIpoBeneHns MATEHTHOTO, iH(pOpMaLiTHO-TEXHIYHOTO MOIIYKY,
BU3HAUEHHS. TEHJCHII SKICHOTO Ta KUIBKICHOTO  BJOCKOHAJICHHS
€JIEMEHTIB KOHCTPYKLii. MeToauka OOpOOKM OTpPUMaHHUX pe3yJbTaTiB
nomyky. [Hpopmamiiina 6a3a Ui TPOrHO3YBaHHS HAIWHOCTI meraned i
arperariB  aBTOMOOLIsI, TPaKTOpa: CHCTEMAaTH3allisl JaHUX IPO YMOBH
eKCILIyaTallil; cucTeMaTH3allisl JaHuX PO 3HOCH Ta TPAHUYHHMX CTaHax
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JleTanell; y3aralbHEeHI HaBaHTaXXyBalbHI pexkumu netaneii. OOpoOka
eKCIIePIMEHTANbHAX JTaHUX BIJTHOCHO HAIIHHOCTI MABHUTYHIB: OOJIK
emmipuunoi  indopmamii  mms  aHamily — HajgidHOCTI,  rpadivyHe
IHTepIpEeTYBaHHA  PO3MOAUICHHS KWMOBIPHOCTEH eKCIIEpUMEHTaIbHUX
JTAHUX BITHOCHO HAJIMHOCTI IBUTYHIB.

Jliteparypa: [1], c. 84-93; [3], c. 166-169; [4], ¢. 316-322.
KoHTpoabHi 3anuTaHHA 1J151 caMonepeBipKku

1. V 4omy nonsirac mMeta 300py iHpopmalii BiTHOCHO HAAiIMHOCTI
TPAHCTIOPTHUX 3aC00IB Ta OKPEMUX iX €JIeMEHTIB?

2. Slxi icHyroTh cmocobu 30o0py iHQopmanii mpo HamidHICTH
€JIEMEHTIB KOHCTPYKIIil MauH?

3. SIki ckiamoBi BXOAATH A0 cKiamy iH(popmamiiHoi 6azn?

4. Y YoMy momnsrae CyTHICTb INPOBEICHHS IATEHTHOTO IIOIIYKY
iH(opMallii Tpo HalIHHICTh €IEMEHTIB KOHCTPYKIIii?

5. Y domy monsrae CcyTHICTb TpoBeneHHs iH(popMamiiHO-
TEXHIYHOTO MOIIYKY iH(QOopMaIlii mpo HaIIHHICTh €eIeMEHTIB KOHCTPYKITii?

2.5 Tema 5. Po3paxyHOK TeXHiYHMX CHCTEM HA HAMIHICTH

UMHHHUKY, 010 BIUIMBAIOTh Ha HAAIHHICTD TEXHIYHHUX CHCTEM.
Knacudikamiss MeTomiB po3paxyHKy CHCTEM Ha HaiHHICTB: pO3paxyHOK
HOPM HaJiHOCTI (PO3MOAIT BHUMOT JO H/IHHOCTI EJEMEHTIB CHCTEM);
OpIEHTOBHHUH PO3paxyHOK, OCTATOYHUH (IIOBHHUI) PO3paxyHOK HAiHHOCTI.
OO6nik pexumiB  poOOTH eJeMEHTIB ckiIagHux cucteM. llopsmok
po3paxyHKy HaziiHocTi. Kitacugikaiiis METOMIB pe3epByBaHHSI CHUCTEM 3a
O3HaKaMU: BHUJ PE3CPBYBAHHS, CIOCIO 3’€JHAHHS; CIOCIO BKJIFOUCHHS;
KPaTHICTb pPE3EpPBYBaHHs]; PEKUM POOOTH pE3epBY; BiIHOBIIOBAHICTH
pesepBy.

Jliteparypa: [1], c. 116-130; [2], c. 83-121; [3], c. 178-193, 248—
252; [4], c. 220-246.
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Kopotki BitomocTi mo/10 po3yMiHHSI HABYAJIbHUX MUTAHb

PospaxyHku neraynieli MalliH Ha HaIHHICTh CKJIAJHI, OCKIJIBKU B
OCHOBI 1H)KEHEPHOTO 3aBIJaHHS 3 BU3HAUCHHSAM IapaMeTpiB MaIIdHHU 3
ypaxyBaHHSM, HAIlPUKIIAJ, 3HOLIYBaHHS, KOPO3il Ta BTOMJICHOCTI JIeKaTh
ckiamHi (Gi3uyHI MporecH, IO MPU3BOMATH JO BTPATH IMparie3mTaTHOCTI
MAaIlIMHA TPOTATOM IIEBHOTO Yacy.

Jo po3paxyHKy pi3HUX KOHCTPYKIIifi, OOOJOHOK, CTaTUIHO
HEBU3HAYCHNX CHUCTEM, IO TMPALIOIOTE Yy PI3HOMAHITHUX pPEXHMax
HaBaHTa)XEHHS, KpiM 3akoHy ['yka, BUKOPMUCTOBYIOTH OUIBILI CKJIaJHHUN
MaTeMaTUYHUH anapar.

IIpu po3paxyHKy MOBTOBIYHOCTI 3a CIIPAIFOBAaHHSIM B OCHOBY Ma€
OyTH TOKIaACHO (I3WYHUN 3aKOH — 3aJCKHICTh CHPAIIOBAHHSA BiJ
napameTpiB, 10 BH3HAYAIOTh JaHuWi mponec. [IpoTe s 3aKOHOMipHICTH
CKIIaJIHA HaBiTh [UIsI HAWNPOCTIMMX BHMAAKIB (HAPHUKIAA, IS
a0pa3uBHOTO 3HOITYBAHHS).

®disuka BIAMOB HACTIILKM CKJIaaHa, IO JOCI 1€ HEMOBHICTIO
3aKiHYEHO HAaBiTh TMEpPIIMHA  eTalm  pO3paxyHKiB —  BiJIIyKaHHS
3aKOHOMIPHOCTEW TpOIeciB pyiHyBaHHS MarepiamiB. Jlume mnms Takmx
MPOIIECIB PyHHYBaHHS, K BTOMJICHICTD, Ta JUIS JEAKUX MPOCTIIIUX BUIIB
3HOIIYBaHHS Ta KOpO3ii, € 3aKOHOMIPHOCTI, IO OMHUCYIOTh MPOXOMKEHHS
IIbOTO MPOLIECY B Yaci.

Y Oulbll CKJIQIHINIMX BHUIAJIKAX JOCIIIHUKH 4acTO IepeOyBaroTh
JUIIe Ha cTajii PO3KPUTTS MeXaHi3My pyHHYBaHHS, Ta IIe HE MaloTh
MaTeMaTHYHOI 3aKOHOMIPHOCTI, IO OMNKCye JaHWd mporec. | dwacto
JOCITITHUKH HE CTaBJATH 3a MeTy 11 BiaurykyBaTH. [IpoTe po3KpUTTS Jnime
MeXaHi3My pyHHYBaHHs JIa€ 3MOTY aHaTi3yBaTH BILTUB 0araTtbox (akTopis,
o0upaTH CTIHKIII MaTepiany Ta BU3Ha4aTH 001acTh iX 3aCTOCYBaHHSI.

Opnak 0e3 3HAHHA 3aKOHIB Mepediry MpoLEciB  HEMOXKIJIHBO
pO3paxoByBaTH INBUAKICTh BTpATW JIaHUM BY3JIOM TIpale3laTHOCTi, a
TaKOK MPOTHO3YBATH HOT0 3aJIMITKOBHIA pecypc.

3aranbHa npoOnema (i3uKH BiIMOB — BiJIIyKaHHS 3aKOHOMIpHOCTEH
NPOXO/DKEHHSI B Haci mporeciB pyiliHyBaHHS. Taki 3akoHM € 0a3010 Uist
IH)KEHEPHUX PO3paXyHKIB MalllMH Ha 0€3B1IMOBHICTb 1 JOBTOBIYHICTb.

Po3pobka meToaiB po3paxyHKy MAallMHM Ha HAAIHHICTH MOTpiOHA
I TOro, 00 aHANITUYHO BCTAHOBUTH MOKA3HUKH, IO XapaKTEPU3YIOTh
3MiHY il Iparne3IaTHOCTI B Yaci.
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AHamiTHYHI ~ pO3paxyHKH MAallMHU Ha  OE3BiAMOBHICTH i
JIOBTOBIYHICT JAIOTh 3MOTY OIIHWUTH JaHWH BapiaHT MaIlIMHM IIie Ha CTafil
NPOCKTYBaHHSA, BUKIIOUUTH (akTop dYacy MNpH OAepKaHi TOKa3HUKIB
HaJIHHOCTI MAIIMHHU, MO PO3POOJSIETHCS, 3HAYHO CKOPOTHUTH OOCST
BUIIPOOYBaHb, HA OCHOBI ITPOTHO3Y BiAIIYKATH ONTHMAIbHI PIIIEHHS 1010
3MiHH ITapaMeTpiB i 9ac eKCIuTyaTarii.

Iloka3HukM HAMIHHOCTI MAIIUHU B IJIOMY OOYUCIIOIOTHCS 3
ypaxyBaHHSM K NOCTYTIOBHX, TaK 1 paliTOBUX BiIMOB.

AHamITHYHUA PO3paxyHOK [1a€ 3MOTy BKa3aTH Halie(eKTHUBHIII
NUISIXW MiABUILEHHA HaIiliHOCTI, 00 B CTpYKTYpi (hopMy: ISl BU3HAYECHHS
MOKa3HUKIB HAJIMHOCTI OyAyTh BiIOMI CKIQJOBi, SIKi H 3yMOBIIOIOTH
OCHOBHHH BIUIMB Ha IIi TOKA3HHUKH.

KouTpoabHi 3anuTaHHs /151 caMmonepeBipku

1. Sk xkmacudikyroThcs Mo obmacti Aii ¢akTopH, sIKi BIUTMBAIOTH HA
HagIHHICTE?

2. HaBeniTh cKJIagoBi KOHCTPYKTHBHOTO (hakTOpy, IO BH3HAYAIOTH
HaJiHHICTb.

3. SIki CKJIa0Bi BXOAATH 10 HOPMH HAIiHHOCTI?

4. 1o po3yMi€eThCs i pe3epBYBaHHIM CHCTEM?

5. HaBenith 03Haku kinacudikaiii METO/[iB pe3epByBaHHS.

6. [MosicHITH CyTh CTPYKTYpHOTO, iHpopmaliiitHoro,
(YHKIIOHATBHOTO, HABAHTAXKYBaJIBHOTO PE3EpPBYBaHHS.

2.6 Tema 6. Meta, oCHOBHi 3a1a4yi MPOrHO3yBaHHS HAAilfHOCTI
TeXHIYHHX CHCTEM

EnemMeHTH  MpOTHO3YBaHHS: PO3pPaxyHKM Ha  MIIHICTH Ta
JIOBTOBIYHICTh; JOCBIJ] CTBOPEHHS TIONEPENHIX KOHCTPYKIIH; aHami3
NepeHaBaHTaKeHb, TPUCTOCYBAaHHA JI0 OOCIYyrOBYBaHHS, PEMOHTY,
JiarHocTyBaHHIO. ETanmy mporHO3yBaHHS: PETPOCIIEKTHBA; iarHOCTHKA,
NporHo3. 3agayi MPOrHO3yBaHHsS Ha €Tanax: JOBTOCTPOKOBE IIaHYBaHHS
BUPOOHUIITBA; TMPOEKTYBaHHS; BUTOTOBJICHHS JOCIiIHUIBKOIO 3pa3Ka;
cepiiiHe BUPOOHHUIITBO.

Jliteparypa: [1], c. 198-201; [3], c. 24-26; [4], c. 187—188; [5], c. 25—
39; [6, 7.
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Kopotki BitoMocTi o0 po3yMiHHSI HABYAJIbHUX MUTAHb

Icnyroua cucrema 3a0e3neueHHs HAAIMHOCTI TPAHCIIOPTHUX 3ac00iB
BKJIIOYA€E €JIEMEHTH MpPOTHO3YyBaHHA. [Ipy KOHCTpYIOBaHHI TPaHCTIOPTHHUX
3ac00iB BUKOHYIOTh PO3PaxyHKH Ha MIIHICTh 1 TOBTOBIYHICTH JETaleH.
Ilpn KOHCTPYIOBaHHI IIMPOKO BHKOPHCTOBYIOTH JIOCBIJ CTBOPEHHS
MOMEPE/IHIX KOHCTPYKIiH, ix BumpoOyBaHb 1 JOCHIDKeHb. Takox
BPaxOBYIOTh MOXKIWBOCTI TEXHOJIOTii BHUTOTOBJICHHS Ha MiANPHUEMCTBAX.
Posrmsmarors 1 aHami3ylOTh MOJIIHMBI BIIXWJICHHS, IEPEBAHTAXECHHS 1
eKCTpeMallbHI CHTyalii B yMOBax €KCIUTyaTalii MallliH, a TaKoXX BUMOTHU
NPUCTOCOBAHOCTI O  eKCIUTyaTamii, OOCIyroByBaHHsS,  TEXHIUHOI
MIarHOCTHKU Ta pPeMOoHTy. Ha pi3HuX eramax po3poOKd i BHPOOHHIITBA
TPaHCIIOPTHHX 3aCO0IB BUPILIYETHCS LM KOMILIEKC 3aBanb (puc. 2.2) [1].

Eramm pospodru T2 3amadi NpoTHOZYEAHHA
EHpOGHIIITEA MAaIlTHI HamifHeCT] MAalmE
JoEroTpHEane
TUIAHYEAHHA BHPOOHIIITEA —
TIpoTHOZYEAHHA TEH SHIT

EHMIpHOEAHHA PEHA HANHHOCTI

MAIDH {2 33CTOCYE AHHAM
HOBID MAaTEpiame

i

4>{ TIpoeKTVEaHHA ‘ TopiEHAMEHA ONHKA HATHHOCTI

MepCIeKTHEHMX 3pa3kis PisHK
Iﬁ_ BapiaHTE 33 JOMOMOTOM e |
AHATTHIHIE MeTOomE abo
bizimo-MaTeMaTHIHOT O

MO eIEORAHHS

Bm’oroanem[? ,uos).nmﬂoro i
3pazka (c p "
P ept TIporHoayEaHHA HaNHHOCTI

MEpPCIeKTHEHIX 3Paskik
MaIIIHH Ha 0CHOEL

PeIVIBTATE JOCIIIHKEHE

L | Cepiiie

EHPOGHILITEO TIporHo3yEBaHHA HamiiHoCTI

MAIIIH HA 337 aHi nepion ||

Hacy 3 EPAXVEAHEAM YMOE
EKCIUTyaTari

TIporHoavEaHHA HANMHOCT
MAIILH E 0CODIERN YMOBAX  [e—
eKCILTyaTami

Pucynok 2.2 — Etanu i 3a71a4i nporHO3yBaHHS HATIHHOCTI MaIlIinH
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KoHTpoabHi 3anuTaHHA 1J151 caMolnepeBipKku

1. ChopmynroiiTe MeTy i OCHOBHI 3a/1a4i.

2. ke wMicue MalOThb €JIEMEHTH MPOTHO3YBAaHHA Yy CHUCTEMI
3a0e3neYeHHS HaMIHHOCTI TPAHCIIOPTHHUX 3aC00iB?

3.V yomy moJsirae CyTHICTh €Tany NpOTHO3YBaHHS — JiarHOCTUKU ?

4. fxi 3agadi MpOrHO3YBaHHS BIipLIYIOThCS Ha €Tali MPOEKTYBaHHS
Ta BUTOTOBJICHHS JOCIIiHOTO 3pa3ka’?

2.7 Tema 7. 3arajipbHa XapaKkTepUCTUKA MeTOiB MPOTrHO3YBAHHS
HaAIHOCTI TEXHIYHUX CHCTEM

3acTocyBaHHS METO[IB MporHo3yBaHHSA. OCHOBHI TPy METOJIB:
EKCIEepTHUX OIIHOK, MOJCIIOBAHHS, CTAaTUCTUYHI MeToau. Buan
NPOTHO31B. AITOPUTM TpPOTHO3YBaHHA HafiiiHOCTi MammH. OO0’€KT
nporaozyBaHHs. Knacudikariiss 06’exTiB mporHo3yBaHHsA. BuxigHi naHHI
JUTST TIPOTHO3YBAaHHA. AHATITHYHI METONM TPOTHO3YBAHHSA HAIIHHOCTI
JIBUTYHIB Ha eTamax iX CTBOPEHHs, BUPOOHMIITBA Ta EKCIUTyaTallii: 3amayi
NPOTHO3YBaHHS; 3arajbHa XapaKTEPUCTHKA METOMAIB HPOTHO3YyBaHHS
HAJIMHOCTI; TOPSAOK TPOTHO3YBAaHHS 3arajibHOl HAAIMHOCTI; BHOIp 1
PO3paxyHOK HOPM HaIiHHOCTi; METOAMKA MPOTHO3YBAaHHA CTPYKTYPHOI
HAJIMHOCTI; TPOTHO3YBaHHS 3arajJlbHOT  HAJIHHOCTI; HamgiHOCTI 3
pesepByBaHHAM. [IporHo3yBaHHS OCTATOUHOTO PECypCy ABUTYHA.

Jliteparypa: [1], ¢. 202-225; [5, 6].
Kopotki BizomocTi 11010 po3yMiHHsI HABYAJIbHUX NUTAHb

Metonn TIPOTHO3YyBaHHS  HAJIMHOCTI  TPAHCIIOPTHUX  3aco0iB
o0WparoTh 3 ypaxyBaHHSIM 3aJa4 IPOTHO3YBAaHHS; KiJIBKOCTI 1 SKOCTI
MoYaTKoBOi iHPOpMaIlil, OTPHMAHOI B pe3yJIbTaTi JOCTiHKEHb HAAIHHOCTI;
XapakTepy pealbHOro TMpolecy 3MiHM IOKa3HUKa HaJildHOCTI abo
IPOTHO30BAaHOT0 napaMerpy (puc. 2.3).
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PesyieTaTi HAOHHOCT MAalmH

Indopmania npo HADHHICTE AHANOTINHIN EMPOOE
PozpaxyHKORO-aHANTHYHA OINHEA HaOfHoCT
IHCTPYMEHTANMEHA OUHKA HATHHOCTI
ExcuyaTaniiHa olHEa HaafiHoCT

|

TToBymoBa Momem 00€KTa IPOTHO3YBaHHA Ta
EHZHAUEHHA HEBITOMIX NapaMeTpE MoTem

%
; i

‘ Bubip MeTooy MporHo3yEaHHA |-F{ MeTa i 3ana4i NpOTHOIVE AHHA ‘

| TIporHozyEaHHA HANIHHOCT] MAIIIH |

|

| OuiHKa TOYHOCTI MPOTHOIVEAHHA ‘

%

| Pozpobka peromennaniil no MIEMIIEHHE) HAMIHOCT MEIJ.LEHI—I‘

Pucynok 2.3 — Cxema ajqropuTMy MporHO3yBaHHS HAIIHOCTI TPAHCTIOPTHUX 3aC00iB
KoHTpoabHi 3anuTaHHs /151 caMonepeBipKku

1. V domy mojnsrae BiIMIHHICTP MaTEeMAaTHYHHX METO[IIB
MPOTHO3YBaHHS BiJl €EBPHCTHYHHX ?

2. HaBeniTh o3Haku kiaacudikaiiii 00’ €KTiB MPOrHO3YBaHHS.

3. llo po3yMmieTbcs MmiJ aJrOpUTMOM MPOTHO3YBaHHS HAJIHHOCTI
MatuH?

4. llo po3ymieTbesi miJ 00’€KTOM TPOTHO3Y TPH IMPOTHO3YBaHHI
HAAIIHOCTI TPaHCIIOPTHUX 3aC00iB?

5. Slki OCHOBHI METOAM BXOAATH JAO TPYNH MaTeMaTHUYHHUX
dopmanizoBanux?

6. l1{o po3yMi€eThCs MMiJ] CreiabHUMKH METOJaMH IPOTrHO3YBaHH?

7. Ha3BiTb HampsAMOK NpPU3HAYEHHS CHEUialbHUX METOMIB
MPOTHO3YBaHHS.
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2.8 Tema 8. HaniitHicTh TeXHIYHMX CHCTeM NMPU BUNPOOYBAHHAX

IIpu3nadenHs i BuAM BHUIPOOYBaHb Ha HAMIWHICTH: KiIacH(iKaiis
ICHYIOYMX METOIiB BHUNPOOYBaHb, OCHOBHI CTpaTern NpPOBEICHHS
BunpoOyBaHb. Bu3HauanpHi  BUNpOOYBaHHS Ha  HaAidHICTB, IX
knacudikarisa. KoatponasHi BUnmpoOyBaHHS Ha HaAIHHICTH: BUMIPOOYBaHHS,
3aCHOBaHI Ha YMCI TOMYCTUMHUX BiIMOB, (paBHOM HYJIIO; Ha TIOCIiTOBHOMY
afamizi. CyTe OaratodakTopHMX BUIpPOOYBaHb Ha HaAiiHICTh. OmiHKa
HaIIfHOCTI 1O  pe3yibTaTaM BHIPOOyBaHb. MeToanKa IPOBEICHHS
BUMPOOYBaHP Ha 3HOCOCTIMKICTH MartepialiB B TpHOO3 €THAHHIX, IO
JMMITYIOTb PECYpC OKPEMHX €JIEMEHTIB KOHCTpPYKUil. BumpoOyBaHHs
MOJICIbHAX, HATypHUX TpHOO3’€qHAHb B YMOBax HAOMWKEHUX IO
eKCIITyaTaIliifHIX.

Jliteparypa: [1], c¢. 133-190; [2], ¢. 32-37; [3], c. 254-258, 262—
306; [4], c. 166-171.

KopoTki BinomMocTi 11010 po3yMiHHs HAaBYAJbHUX NUTAHb

O3Hako0 BU3HAYAJIBHUX BHIPOOYBaHb € Te, IO B Pe3yJbTaTi IHX
BUNIPOOYBaHb BU3HAUYAIOTHCA KUIBKICHI 3HAUCHHS IMMOKAa3HHWKIB HaIilHOCTI
00’€KTIB, 10 3HAXOAAThCSA Ha BUIPOOYBaHHAX. OIHAK, MO METOAaX
MpOBEJIeHHS 1 crmoco0ax OOpPOOKM pe3ynbTaTiB, a TakoXK IO TUIaHAM
opranizaiii i yMoBam, B SKHX BHIIPOOYBaHHS MPOBOJSTHCS, BOHH MOXYTb
OyTu pizHuMu (puc. 2.4).

[To mnaHam mpoBeAEHHS BUIPOOYBAaHHS PO3NOAUISIOTHCS Ha Taki
ocHoBui rpymu: [NUN], [NUT], [NUr], [NU(r,T)], [NRT], [NRr],
[NR(r,T)], [NMT], [NMr] ta in.

BykBu B TO3HAUEHHSIX TUIAHIB BUMPOOYBaHb BKAa3ylOTh HAa HACTYIIHI
0c0o0IMBOCTI 00’ €KTIB:

N — gucno 00’€eKTiB, SIKi OJHOYACHO BHIIPOOYIOTHCS;

U — HeBiIHOBHI 1 He 3aMiHIOBaHI NpH BUNPOOYBaHHSX B pasi
BIIMOBH 00’ €KTH;

R — HeBigHOBHI, ane 3aMiHIOBaHI NIpU BUNPOOYBaHHSIX B pasi
BIZIMOBH 00’ €KTH;

M — BiHOBIIOBaHI IpU BUIIPOOYBAaHHAX B pa3i BiIMOBHU 00’ €KTH;

R — uncino 00’€KTiB, 1110 BIAMOBHIIH.
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Busuauanshi
BUNPOGYBAHHA HA
HAoIiHICMs
Ilo xapaxmepy ITo Il’iﬂﬂa.lf Ilo mflﬂmf 3a euxionuu 3a memooom OMPUMAHHA
oyinox sunpodyeats sunpodyadns OanHUMU pesyremamie
Cepeone [NUNJ B nopmanenux . Excnepumenmansio-
SHAYeHHA yosax Hpavi CIMaMuUCInLU4Hi

Hoeipyuii [NUT]
iHmepean

Pospaxyukogo-
EKCNEPUMEHMATBHY

|
I

IIpuckopennz Henpanui

i
iy Haxonuyenna
— inghopuayir

[NRT]

[NRr]

HHBEE

Pucynok 2.4 — Kitacuixarist BU3Ha4anpHUX BUIIPoOYBaHb HA HA/IIHHICTD

Hampuxman, mnpu BunpoOyBaHHsx mo 1wiany [NUM] Ha
BunpoOyBaHHs1 cTaBisAThcss N 00’ekTiB. BumpoOyBaHHS BemyTbes [0
BIAMOBH BCIiX 00’ €KTIB.

BunpoOyBauns 3a twianoMm [NUM] BuMaraioTh 3HAY4HOTO dYacy i
KUIbKOCTI 00’€KTiB. CKOPOTHTH TPHUBAIICTh BUIPOOYBaHb MOXKHA LUIIXOM
301IBIIEHHS] YUCclia BUIIPOOOBYBaHMX BHPOOIB a00 3HW)KEHHSIM BHUMOT [0
TOYHOCTI pe3yJbTaTiB. B>kMBaHHS BiJHOBJIEHHA 00 €KTiB, IO BiJIMOBHIIH,
JTO3BOJIsIE€ 301LMBIIATH 1H(QOPMATUBHICTH BHUNPOOYBaHbh 0€3 30iUIbIICHHS
yKcia BUMPOOOBYBaHUX 00’ €KTIB.

KonTpoabHi 3anuTaHHsA 1JIs1 caMoIepeBipKu

1. 3a sxumu o3HaKamMHu KIACH(]IKYIOTbCSI BHUNPOOYBaHHS Ha
HAIWHICTE?

2. SIxi 3agadi cTaBiATHCS Mepell BU3HAYaJHLHUMHU BUIPOOYBAHHSIMHU
Ha HaJIWHICTE?

3. o posymieTbcs TMiJi KOHTPOJHHHMH BHUIIPOOYBaHHSIMH Ha
HaJiHHICTE?

4. o € Take «TuTaH BUMPOOYBaHb)»?
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29 Tema 9. Owminka sKoCTi NPOrHO3YBaHHSI HAXIHHOCTI
TeXHIYHUX CHCTEM

[lpuHIMIY OWIHKK 1 TPOTHO3YBaHHS JIOBIOBIYHOCTI CKJIaJIOBUX
YaCTUH TPAHCIIOPTHUX 3aCO0IB: CTOAXOCTIYHOCTh pEcypcy 00’ €KTy;
OoOTpYHTYBaHHS 3HAYEHHS PECypCy 3 YMOB PH3HKY; 30epexeHHs (i3udaHOl
CyTi TIPOIECiB; aJeKBATHOCTI MaTeMaTHYHUX METOMIB; IOE€THAHHSI
JeTepMiHOBaHUX i IMOBIpHICHHUX MiAXO0iB; MIPOrHO3YBaHH
iHauBigyaneHOTO pecypcy. CywacHi MmaXoaw OO TPOTHO3YBAHHS
MMOKa3HUKIB  HAIIHOCTI:  CTATUCTHUYHI,  JeTepMiHOBaHi,  (i3HKO-
CTaTUCTHYHI; eKchepTHi. [loxubka MpOrHo3yBaHHSI, JKepena MOXUOOK:
BUXIJIHI JlaHHi, METOJ TNPOTHO3yBaHHsS; o0co0a, sKa MPOTHO3YE;
o0umcmoBalbHA TEXHiKa. BiHOIIEHHS TPWUBAIOCTI MPOTHO30BAHOTO
nepiogy 10  TIMOWHM  PETPOCHCKTHUBHOro  aHamizy.  IloBHOTa
nporHo3yBaHHA. EkoHOMiuHa  omiHka mnporHodyBaHHs. lloka3Huk
e(eKTUBHOCTI TporHo3yBaHHA. Po3Mipm obmacti, y sKoi 3 3aJaHOIO
BIpPOTiHICTIO 3HAXOUTHCS 3HAYSHHSI TOKA3HUKA HATIHHOCTI.

Jliteparypa: [3], c. 166-253; [4], c. 235-239; [5, 6].
Koportki BitoMocTi 11010 po3yMiHHSI HABYAJIbHUX MUTAHb

[lpobnema  mpPOrHO3yBaHHS  TEXHIYHOTO  CTaHy  IIEMEHTIB
KOHCTPYKIIT CKJIAJIHUX CHCTEM € OJIHIHM 3 aKTyaJIbHUX MPOOJIEM Cy4acHOTO
MalMHOOyAyBaHHs. [IpakTH4He 3HA4YeHHS NPOOJIEMH BEIbMHU BEJIHKE.
OcHOBHMIA iHTEpeC, SIK B TEOPETHYHOMY, TaK 1 B IMPUKIATHOMY ILIaHI
MIPEJICTaBIISIE TPoOJieMa I1HIWBIMYaTbHOTO IPOTHO3Y TMPaIEe3JaTHOCTI 1
pecypcy eJIeMEHTIB KOHCTPYKIIii TPaHCIIOPTHOTO 3aco0y 3a pe3ysbTaTaMu
CIIOCTEepEKEHb 32 HOTO CTAaHOM B MPOIIECi eKCILTyaTarlii.

Hampuknan, € omnHa peamizallisi BUXIZIHOrO IapaMeTrpa OIHOTO 3
€JIEMEHTIB KOHCTpYKIii. [IpHHIMIIOBOI pi3HUII MK 3pocTardyuM abo
CMaJaloyMM B 4aci 3HAYCHHSAM BuUXigHOro mapamerpa Y(t) must Teopii
nporHo3y He icHye. Ha pucynky 2.5 mnokazaHi OCHOBHI THMYacoBi
BEJIMYMHY, 110 XapaKTEepU3yIOTh MPOTHO3YBaHHA CTaHy. ¥ MOMEHT Hacy 11
MMOYMHAETHCS CIIOCTEPESKEHHSI 32 BUX1THUM TapaMeTpoM 00’ ekTy. [HTepBan

qacy (t,1,) ETH HA3UBAETHCS IHTEPBAIOM TiepeaicTopii [2].
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{,

Yoon — TPAaHWYHE JIOMYCTUME 3HaYEHHS BUXIJHOTO mapamerpa; 7, — Jac repemicropii
(gac cmocrepexeHs); Ty — yac monepepkeHHs]; 1y — TPUBANICTh IEPEABIAMOBHOTO CTaHY;
@(y, ti) — WiNBHICTB BIpOTiIHOCTI MapamMeTpa y MOMEHT 4acy
Pucynok 2.5 — /luHamika THMYACOBHX XapaKTEPUCTHK MPOTHO3Y TEXHIYHOTO CTaHy
eJleMeHTa KOHCTPYKIIi1

Ilin 7, po3ymieThcsi MiHIMAIBHWUH TPOMIXKOK 4Yacy, Ha SKOMY
3’SIBIISIIOTBCS. 3aKOHOMIPHOCTI TIPOTHO30BAHOIO MOLECy, M0 3abe3nedye
MOJJIMBICTh EKCTpANOJIAIil Ha 3aJaHOMy IHTEpBali TONEepeKEeHHS T,.
InrepBan nmonepemkenHs 7, — e IPOMIXKOK 4acy, Ha IKOMY PO3pOOIISETHCS
nporHo3. Ockinbku B OyIb-AKi NpakTHYHIA CcHUTyauii i3 3pOCTaHHIM
IHTepBaJly TOMEPE/PKEHHST TOYHOCTI MPOTHO3Y 3MEHUIYETHCS, BUHHKAE
3aBJ]aHHSl BU3HAUCHHS JESIKOrO MIHIMAIBHOTO iHTEpBATY IMOMEPEKEHHS,
JUISL IKOTO Ma€ CEHC 3/[1HCHIOBATH MPOTHO3.

JiticHo, 1m0 MOCTOBIpHICTH iH(pOpMAaIii PO POTHO30BAHUN TPOIIEC
Ha IHTepBaJi mepemicTopii Mae OyTH BHIE MNOTPIOHOI JIOCTOBIPHOCTI
nporHo3yBaHHs. [Ipy oMy, HEOOXITHO BpaXOBYBAaTH, IO CIIOCTEPEIKEHHS
npo Y(t), €, sk mpaBuIIO, CYKYITHICTIO KOPUCHOI iH(OpMaIIii:

Y(t)=n(t a)+e(t), (2.4)
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ne n(t,a) — perynspHa ckiagoBa, IO € TJIAAKOK (YHKIIEI Yacy, II0
OTMCYEThCA KIHIIEBOMIPHMM BEKTOPOM IapaMeTpiB, sIKi 30epiraroTh CBOi
3HAUCHHS B MIEPi0J] MOTIepeKEHHS TIPOTHO3Y;

&(t) — BUNIQJIKOBA CKJIA/IOBA.

Perynspna cknanoBa 77(t,a) Mae psi CHHOHIMIB: TpEH[, PiBEHb,
TEHJCHINISA, IeTepMiHOBaHAa OCHOBa Tporlecy. BumaakoBa ckiamoBa &(%)
3a3BUYail BBAKAEThCS HEKOPEIHOBAHMUM BHIIQJKOBHM IIPOLECOM 3
HYJHOBUM MaTeMaTHMYHUM 4ekaHHAM. OIiHKK ¢&(¢) HeoOximHi s
BU3HAYEHHSI TOYHOCTHUX XapPaKTEPUCTUK TPOTHO3Y.

CxuragHicTh TIPOOJIEMH MPOTHO3Y IOJIATAE HE JIMIE B TOMY, 100
noOyayBaTH MOJEIb aJeKBaTHY MPOTHO30BAHOMY IIPOIlECYy Ha iHTEpBai
nepeaicTopii, ajie i B TOMy, 100 aJeKBaTHICTh 3a0e3nedyBanacs 1 Ha
iHTepBali nonepemkeHb. OUeBUIHO, MO OYAb-IKHI MaTeMaTHIHUHN anapaT
€ Oe3rmy3auM, SKI0 HE BPaxOBYEThCA (i3WYHA CYTh HPOTHO30BAHOTO
nporecy. BusHaueHHs 3aKoHIB 3MiHM (I3UYHUX TPOLECIB 1 SIBHI] B
3aBJJAHHSAX TPOTHO3YBaHHS 3aCHOBAHO Ha OJHOMY 3 IEHTPAIbHUX
dbyHIaMEeHTadbHUX MOCTyJNaTiB (i3uKH, sAKiii O0yB chopMyITbOBaHUU
K. IlleHHOHOM: «OCHOBHI 3aKOHOMIPHOCTi, IO CIIOCTEpIrajucs Yy
MUHYJIOMY, OyAyTh 30epekeHi B MalOyTHbOMY.

OCKITbKM TIPOTHO3 3aBXKIM 3/IMCHIOEThCS Ha OCHOBI JESIKOI
nepeaicropii 3MiHM mporHo3oBaHoro mapamerpa Y(t), TO MOKIHBICTH
NPOTHO3YBAaHHA Ha 33JaHWil 1HTEpPBaJ TMONEPE/HKEHHS BU3HAYAETHCS
TPUBAJIICTIO PO3BUTKY CTaHY MEPEABIIMOBH 7., IKa Ma€ OyTH HE MEHIIE
HeoOXinHo1 JoBkuHM mepexicropii 7, >7,. HeoOxigHa noBXuHA
nepeaicTopii 3aeXuTh BijJ] BXKMBAHUX METOJIB 1 3aCO0IB MPOTHO3YBaHHS,
XapakTepy 1 TeHJICHIIIT Mpolecy BUTPATH MapaMeTpU4HOi HaJMIpHOCTI Ta
pSAy 1HIIUX YMOB.

Sk mpaBuIiio, TOBKWHA TEpeicTopii y JNeKijbKka pa3iB Oiiblie yacy
nonepemkenHs, Tooro 7, > T ) i,orxke 7, >T e Tomy MiHIMaNBHUHN Yac
Thc. 3MIHM TPOTHO30BAaHOTO TapaMeTpa B MeKaxX JIOMyCKy IOBHHEH

NEePEeBUIyBaTH  TEPIOJAMYHICT,  BUAA4l  pe3yJbTaTiB  MPOTHO3Y.
Maxkcumanbauil yac 7y Mae OyTH MEHILE 4acy «KHTTs» 00’€KTy, TOOTO

noeHoro a6o mixkpemontHoro pecypey 1, <7, =T .
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KoHTpoabHi 3anuTaHHA 1J151 caMonepeBipKku

1. V YoMy moinsirae MPUHLMUI CTOXAaCTHYHOCTI pecypcy eleMeHTa
KOHCTPYKIi?

2. Y d4omy momsrae TpuHOWAN 30epiraHHs (i3WdHOI CYTHOCTI
MIPOIIECIB TIPY MPOTHO3YBAHHI PECYPCY eeMeHTa KOHCTPYKIIii?

3. HaBeniTe MeTOIM OLIHKM 1 HMPOTHO3YBaHHS PECYpCy CIEMEHTIB
KOHCTPYKIIiI.

4. Illo po3ymieTbes mia QPYHKITIETO, SIKa TPOTHO3YE?

5. HaBeniTh O3HaKM 3a SKUMHU KIACU(IKYeTbCS (YHKINS, IO
MPOTHO3YE.

6. YV 4oMy moJjsira€ METOAWKa BUOOPY MPOTHO3YIOYHX MapaMeTpiB
€JIEMEHTIB KOHCTPYKIIii?

2.10 Tema 10. 3a0e3neyeHHst HaAiliHOCTI TeXHiYHMX cHCTeM Ha
CcTaaifAX BUPOOHUITBA i eKCIIyaTallii

HInsaxu miaBUIIEHHS HAJIHHOCTI TEXHIYHUX CUCTEM: KOHCTPYKIIHHI,
TEXHOJOTI49HI, eKCIUTyaTaIliiHi. OnTumizaris nmapaMmeTpiB Ta
XapaKTEePUCTHK TEXHIYHUX CHCTEM 3a KPHUTEpiEM HAmIHHOCTI: BUXIigHI
napaMeTpH, perytoBaHHs, XapaKTEPUCTHKH EKCIUTyaTaliiHuX MaTepiatiB.
TexHonoriYHI 3ac00M MiABUIICHHS HaIIHHOCTI: BUOOpH 3ac00y oiep>KaHHS
3arOTOBKH, 3a0€3Me€4YeHHs] TOYHOCTI, SIKOCTi MOBEPXHi, TEPMiYHE i XiMiKO-
TEpMiuHE 3MII[HEHHS pPOOOYMX TMOBEPXOHb. 3aXMCHI 1 3HOCOCTIMKI
nokputts.  [lokputts, ski  QopmyroTbesi:  crocoboM  (iHIIIHOT
anTudpukLiiHoi 6e3abpazuBHOi 00poOku (PABO) pobounx MoBepXOHb
neTtaneil mpuOopiB, MeXaHi3MiB B TOBEPXHEBO-aKTUBHUX CEpEIOBHUIIAX;
Opyd  3aCTOCYBaHHS TPUCAJOK JI0O CKCIUTyaTalliiHUX  MacTHILHUX
MartepianiB. MexaHiuHi 3aco0W 3MilIHEHHsSI POOOYMX MOBEPXOHb JIETAJICH.
[linBumieHHs sKocTi 30WpaHHSA, OOKAaTyBaHHS 1 BUNPOOYBaHHS IPU
BUTOTOBJICHHI €JIEMEHTIB KOHCTPYKIIiT TEXHIYHHX CHUCTEM.

Jliteparypa: [2], c. 122-150; [3], c. 166-253; [4], c. 235-239.
KopoTki BimomMocTi 11010 po3yMiHHS HABYAJBHUX MUTAHb
s po3B’si3aHHS MPOOIJIEMH ITiABHUIICHHS PiBHS HAJIIHHOCTI B LJIOMY

TpeOa 3HATH JPKEPEIIo, MPUYMHU 1 caMe 3MIHCHHS [TOYaTKOBUX MapaMeTpiB,
3aKOHOMIPHOCTI ()OpPMYBaHHS TIOBEPXHEBOIO IIapy, IPUYHUHH HOTO
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HaIpy>KeHOTO CTaHy Ta OyJ0BYy, 3MiHy OYaTKOBHX BIIACTUBOCTEH 1 CTaHy
MaTepiaiiB, B3a€EMOII0 IBOTEPTHOBHX IOBEPXOHb 3 YPaxXyBaHHAM IXHIX
TCOMETPUYHUX 1 (DI3MYHUX BIACTUBOCTCH, 3aKOHOMIPHOCTI Ta XapakTep
pYHHYBaHHsSI OCHOBHHMX JeTalleil MalllMH i, HapemTi, (OpMyBaHHS 3aKOHY
PO 3MiHU BUXIIHUX MMapaMeTpiB i, IK BUCHOBOK, () OPMYBaHHS MOCTYTIOBUX
1 panTOBHX BiJIMOB.

EdextuBHUM METOAOM TiABUILNEHHS HAIIHHOCTI € BiJHOBJICHHS
HecnpaBHUX TC. TyT OCHOBHMM MUTAaHHAM € BHUSBICHHS (aKTy BiIMOBH i
MIOITYK €JIEMEHTIB, M0 BiMMOBIIN. Taka 3ajgada Moke OyTH BHpIIIeHA 3a
JoroMororo  miarHoctyBaHHs TC, Hampukiaa, 0Opd BUKOPUCTaHHI
ABTOMAaTH30BaHHX CHCTEM KOHTPOJIO, A€ SK OCHOBHA IEHTpajbHA JIaHKa
3actocoByerbcst EOM, mo 3abe3medye TepeBipKy BEITHKOTO dYHCIa
KOHTPOJIBHUX TOYOK HPOTSATOM HEBEJIUKOTO MPOMIXKKY dacy.

Benuke 3HaueHHs g 3a0e3ledeHHs HAMIMHOCTI Mae€  SKICTh
BurotosieHHss TC, [0 BU3HAYAETHCA TEXHOJIOTIYHOIO JHCIHILTIHOIO,
OprafizaIficf0 KOHTPOJIO Ha BCiX CTaaisfiX MPOEKTyBaHHSA, BUPOOHHMIITBA,
NpOBEJICHHS BUMPOOYBaHb Ta SKICTIO KOMIUIEKTYIOUMX 1 MaTepianiB. Tyt
TaKO)XK Ma€ BEJMKE 3HAYEHHS SKICTh eKCIUTyaTamii, NMpHHHATA CHCcTeMa
TEXHIYHOTO  OOCIYyTOBYBaHHSA,  IJITOTOBIEHICTH  OOCIYTOBYIOHOTO
MepCOHAIY 1 psi IHIIKUX (PaKTOpiB.

KoHnTpoabHi 3anuTaHHs 1J151 caMonepeBipKku

1. Sxi mpouecw NOTPIOHO BpPaxoBYBAaTH NpU PO3poOIl 3axofiB
miaBuIeHHs Hagiaocti TC?

2. Ha mo mnorpiOHO 3BepraTH yBary Iij dac 3a0e3nedeHHs
HaniiHocTi TC 1pu iX 3acTocyBaHHi 32 MPU3HAYECHHSIM?

3. Ha mo mnotpibHO 3Bepratn yBary mijg dac 3abe3redeHHs
HaxiitHoCcTI TC mpu BUTOTOBIIEHI iX CKIIQJ0BUX YaCTHH?

5. SIky ponb TparoTh 3aXUCHI MOKPUTTS Ha POOOYMX MOBEPXHSIX
enementiB TC? HaBeniTh npukiiaan 3acTOCYyBaHHS B aBTOMOO1TI.

6. flky posnp rpae oOKaTyBaHHS, HaNpHUKIAL, aBTOMOOLIA, Ui
3a0e3meueHHs HOTo HAIHOCTI Y IOJaIbIIii eKcIuTyaTartii?
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3 BKA3IBKHU J0O O®OPMJIEHHS KOHTPOJILHOI
POBOTHU

Kontponbsaa poboTa CKIamaeTbes 3 IUSITH 3aBlOaHb, SKI 3a CBOIM
3MICTOM Ta 00CSATOM HHUTaHb, IO MPAKTUYHO PO3TINAIOTHCS, BBAKAIOTHCS
JOUITBHO AOCTATHIMM AJs HajOaHHS TEPBHHHUX HABUKIB Yy 3I1MCHEHHI
BiJIIOBITHUX PO3PaXyHKiB MOKa3HUKIB HAJIMHOCTI TEXHIYHUX CHCTEM.

PoGoTa BHKOHYEThCA Ha CTaHHApTHUX apkymax dopmaty A4 y
BigmoBigHocti 3 BuMmoramu JCTY 3008-2015. IIpu odopmieHHi
000B’SI3KOBO TIPUBOIATHCS: Ha3Ba 3aBIAaHHS, MeETa 3aBAaHHS; BUXIiTHI
JMaHHi; 3amadi (pOo3paxyHKH), SKi HEOOXiJTHO BUKOHATH; IIOCIHIJOBHICTH
BUKOHAHUX PO3PaxyHKIB Ta iX pe3yiabTaTH; €CKi3W, PUCYHKH, rpadidfi
3aJIeKHOCTI; MOSCHEHHS 10 OTPUMAHUX PE3YJIbTaTiB; BUCHOBKH.

Koxue 3apnanHs 0ohOpMITIOETHCS 3 HOBOT CTOPIHKH.

BignoBigHi  MOSICHEHHs TMHOIYTbCS ~ MariCTpaHTOM — aKypaTHO,
IpPaMOTHO, YiTKUM MOYEpKOM. [IpH 1IbOMY IOMYCKAa€ThCs TiIJIBKH 3arajlbHO
MIPUIHATI CKOPOYEHHS Ta mo3HadeHHs. ['padiku BUKOHYIOTHCS BiIIIOBITHO
BAMOTaM KOHCTPYKTOPCHKO1 mokymeHTamii. [ moOymoBu HEOOXimHHMX
rpadikiB pEKOMEHAYEThCS BUKOPUCTOBYBAaTH MuIiMETpoBHH mamip (1o
¢dopMaTy apkyima 30muTa), KA 0OOB’SI3KOBO BKJICIOETHCSA B 30IIHT. 3a
MOJKJIMBICTIO BUXIJHI TaHHI IS TOOYAyBaHHS TpadikiB, TicTOrpaM MOXYTh
OyTH po3paxoBaHi 3a JOMOMOrol mporpaM oOQicHUX JJOJAaTKiB
KOMIT IOTEPHOI TEXHIKH.

OTpumaHi pe3ylbTaTH MaricTpaHT IIOBHHEH 3axHIaTd Yy uac,
BiJIBEJICHHIA JJIs1 IPOBEACHHS KOHCYJIbTALIIM.

Homep BapianTy 3aBnaHHS MariCTpaHT BH3HA4ae 3a MOPSIKOBHM
HOMEpPOM Yy akaJeMidHOMY JKypHani rpynu. Bapiantu mnpusBeneni y
BIIMTOBIAHUX TAOIUIIX 34 3MICTOM 3aHATTS.

Po3paxyHku HE0OXiTHO BHKOHYBAaTH y HACTYIHOI IOCIiJOBHOCTI.
CriouaTKy NpUBOJUTHCS BiAnoBigHa (opMysa 3 MOACHEHHSAMH ii 3MiCTy, a
Hajani Oe3rmocepeJHbO YHCIIOBI 3HAYEHHS y KOXKHOMY MaTeMaTHYHOMY
BUpAa3i.

IIpu HasiBHOCTI BCIX BHKOHAaHMX 3a IIJJAaHOM 3aBJaHb B KIiHII
CEeMECTPY MaricTpaHT JOMYCKAEThCA 10 3/1a4i AU(EepeHIIHOro 3aiKy.
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4 3ABJAHHS Ne 1.
PO3PAXYHOK OTMHAYHUX ITOKA3HHUKIB
HAJIMHOCTI ABUI'YHIB

Mera 3aBaaHHsl — OTPUMATH NMPAKTUYHI HABUYKHA Y BUKOPUCTAHHI
Teopii WMOBIPHOCTEH Jais  pO3paxyHKy OAWHOYHUX  TIOKAa3HHKIB
6e3BimMoBHOCTI JIB3.

3aBmaHHA € KOMIUIGKCHHUM Ta CKIIQJAa€Thes 3 Tpbox 3amad. [lpu
bOMY HaOyBalOTh HABUYKH Y NPAKTUYHOMY 3aCTOCYBaHHI 3HA4YCHb
HOPMOBAHOI IIEHTPOBaHOI (yHKHIi Ha MiACTaBi pO3PaxyHKIB HOBOI
BUNIAJIKOBOI ~ BENIMYMHHU. 3ajadi  COpsIMOBaHI  Ha  3aCTOCYBaHHS
napaMeTpuyHOro (HMOBIPHOTO) CIIOCOOY OIIIHKY IMOKA3HUKIB HAIITHOCTI.

3agaua 1. 3i cmocrepekeHb 3a mapTiero ABuUTyHiB 3M3-402.10 i
HACTYMHOT 0OpPOOKH pe3yJIbTaTiB OTpUMaHi 3Ha4eHHS Loy, =(*) THC. KM, T =(*)
THC. KM. 3a YMOBH, IO PO3MOILT BiJIMOB MiIKOPSETHCS HOPMAITBLHOMY
3aKOHY, BU3HAYHUTH IMOKAa3HWKH HAJIHHOCTI — WMOBIPHICTH 0O€3BiqMOBHOI
po0OoTH, WMOBIPHICTh BIJIMOBH, IIUIBHICTH HMOBIPHOCTI  BIJIMOB,
IHTEHCHBHICTh BiIMOB JI0 HapoOiTKiB 11, ty, t3, t4 THC. KM, 32 OTpUMaHUMU
pesynbraTamu 1mMoOyAyBaTH Tpadiku 3MiHH TOKa3HHWKIB BiJ 3aJaHOTO
HaIpaIfOBaHHS.

[TpuBecTH MOPSIOK PO3PaXyHKY BiMOBIAHO 10 BUXIIHUX JaHUX, sIKi
HaBezieHO B Tabmuii A.1 nogatky A. 3a pesynbraTaMmu 0OYUCIEHb 3p0OUTH
BUCHOBKH.

3agaua 2. Posnmoxin HapoOitku neuryHa KamA3-740.10 no mepmroi
BIIMOBU  MIJMOPSAIKOBYETHCS HOPMAIbHOMY 3aKOHY PpO3MOITY 3
napameTpamu: te., =(*) Tuc. km, o =(*) THC. KM.

BukopuctoByroun HOpMOBaHy (YHKIIO, BH3HAYUTH HMOBIPHICTH
BiIMOBH JleTaji B iHTepBanax mpoOiry Bix ty mo tp, Bix t3 mo ts, Big ts 10 s,
Bif t7 1o tg THC. KM.

[IpuBecTH MOPSI0K PO3PaxyHKY BIAMOBIAHO A0 BUXIJIHUX JaHUX, sIKi
HaBeJleHO B Tabmmui A.2 nonatky A. 3a pe3yibTaraMi 0OYUCIEHb 3pOOUTH
BHCHOBKH.
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3agaua 3. HapoOitky kommpeciiiHux kinenp apuryHa 3M3-513 no
mepmoi  3aMiHM CTaHOBUTH L., =(*) THC. KM, cepemHe KBaapaTHIHE
BiIXMICHHS 0 =(¥) TUC. KM, KOC(]ILIEHT BITHOBICHHS PECypCy CTaHOBUTH 7 =(*).

BukopucToBytour HOPMAJILHUH 3aKOH PO3MOALUTY, HOPMOBaHY
(YHKIIITO, BU3HAYUTH MOKIIMBE YHCIIO 3aMiH TIPH HapoOiTkKax ty, to, t3, U4 THC. KM.

IIpuBecTr MOpAI0K PO3pPaxyHKY BIAMIOBIAHO A0 BUXITHUX NaHUX, AKi
HaBeZIeHO B Tabmuii A.3 nogatky A. 3a pe3yibraTaMu OOYUCIICHb 3p00OUTH
BHUCHOBKH.

MeToanuHi BKa3iBKH

st BU3HaYeHHS 3HA4YeHb IMOKAa3HHUKIB HAIIMHOCTI MPH 3aCTOCYBaHHI
HOBOT BHUIIaJKOBOI BEJIWYMHU Z, SIKa BBOJAUTHCS MPH PO3paXyHKax 3aMicTb
nepeMiHHOT BedWYMHHA 1, HEOOXiAHO BHKOPHUCTOBYBAaTH TaOyJbOBaHi
3HAYEHHs IICHTPOBAHOI i HOpMOBaHOI GYHKINI posmofineHus Fo(z) Ta ii
HIITBHOCTI po3mnoaineHus ¢(z) (puc. 4.1). Jlanui HaBeaeHo y moaatkax b, B.

oz) FO | Fy(1) fiv
1,0
04}
0.5
0.2
0 0 t

4 3 2 a1 0 1 2 3 4 z
PucyHok 4.1 — I'padixu dyHkuiit Fo(z) i ¢(z) npu HopMaTbHOMY 3aKOHI PO3IOIiICHHS

Jlnsi mpOBEJICHHSI PO3PaxyHKIB PEKOMEHIYEThCSI BUKOPUCTOBYBATH
Bupasu 4.1-4.5, ski B3aTi 3 ;pkeped inpopmariii [2, 4, 6].

Hoga BUIIAJIKOBA BCIIMYUHU Z BU3SHAYAETHCA SIK
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t—t
7=, (4.1)
¢

Je Ut — 3HayeHHS BUMAJKOBOI BEJIWYMHU (HApOOITKy IO BiAMOBH, Ha
BiZIMOBY), TO1. (KM);

tep. — cepemHe 3HaueHHS HapoOITKy (MaTeMaTHYHE OYiKyBaHHSI
HapoOiTKy), rof. (KM);
0 — CepelHE KBaJpaTUYHE BiIXWJICHHS 3HAYCHHS HAPOOITKY SK

BHITAJIKOBOI BEJTHIMHH, TO. (KM).

HIinbHICTh PO3MOIIEHHS EHTPOBAHOT 1 HOpMOBaHOI QYHKIIT ¢(z)
BU3HAYAETHCS SIK

p(2)="f(t)o, (4.2)
ne f(t) — urinpHiCTH HMOBIPHOCTI BiIMOB, 1/T0/1.

[HTEHCHBHICTh BiZIMOB BU3HAYAETHCSA HACTYITHUM YHHOM, 1/TO.:

A(t) = % , (4.3)

ne P(t) — iMOBIpHICTH 0€3BIIMOBHOT pOOOTH.

ﬁMOBipHiCTL 0e3BITIMOBHOT pPOOOTH BH3HAYAETHCS BUXOIIYH 3
Bupasy P(t)=1-Fo(z), sxmo 3HavyeHHs HMOBIPHOCTI BUHHKHEHHS BiIMOBH
R(t)=Fo(z) Bu3HaveHa 3a IONOMOroi0 Ta0yJIbOBaHOI IIEHTPOBAHOT (QYHKIIIi
Fo(z) 3rigHo 3 po3paxoBaHUM 3HAYEHHSM HOBOT BUITAJKOBOI BETHUHHH Z.

[TapameTp MOTOKY BiIMOB JJisi HOPMAJIBHOTO 3aKOHY PO3MOJITY
BU3HAYAETHCS HACTYITHAM YHHOM:

e t—knt
o)=Y F| — - | 4.4
(t) k§=1 " (4.4)

ne k —amcio Bigmos (1, 2, 3, 4...);
7 — Koe(ilLieHT BIIHOBJICHHS PEeCypCy.
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Y mupuBeneHomy BHpasi (4.4) HOBa BHIAgKOBAa BEIWYHHA Z
BU3HAYAETHCS HACTYITHUM YHHOM:

_t—knt

<P (4.5)

ok

[ po3paxyHKy 3HA4YCHHS MapaMeTpy MOTOKY BiAMOB (KiJIBKOCTI
3aMiH, eKCIUTyaTalliiHOro BTPyYaHHs) MpPHU JSSIKUX HapoOiTKax HEoOXiIHO
IPOBECTH PO3PaxXyHKH 3HAUCHb YHCJIA Z, BU3HAYUTH 3HAYECHHS [ICHTPOBAHOT
byukiii Fo(z) 3minto04n mpu 1is0My 9ucio K ta ckimacty i 3uaueHss. [Ipu
BOMY 3HAUCHHS Z PO3PaxyIOThCS A0 TUX Mip, MOKH 3HA4YEHHS (QYHKII
Fo(z) OyayThb 3HauyIIi Ui CyMyBaHHSI.

Hampuknan, nompibno eusnauwumu napamemp HNOMOKY 8iOMO8
(wucno 3amin Oemani) npu Hapobimky ti=246000 km, sKkuo idomi
napamempu HOpMAaibHO20 3aKOHY po3nooineHus ey, =105000 km, p=28000
KM ma Koe@iyienm gionogrenus pecypcy n=0,75.

Hopaook 30iiicnenns po3paxyHkie

Ilo-nepuwe, HeobXiOHO po3paxyeamu 3HAYEHHS GEIUYUHU Z, NPU
yvomy y eupasi (4.5) eci uirenu 6yOoymv mamu NOCMIliHI 3HAYEHHS, A
3MiHI08amucey 6y0yme mineku yucio k. Tooi ompumaemo Hacmynui eupasu
0711 064UCTeND.!

, _t-knt, _246000-1.075-105000 _, ..

oodk 28000- /1 o

, _t—knt, _246000-2-0,75-105000_,,.
ok 28000-+/2

, _—knt, _246000-3-075-105000_ .
ook 28000-/3
t, —knt —4.0,75.

, _ti-knt, _246000-4:0,75:105000 .

‘ ok 28000- /4
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Y nooanvuwiomy moorcaueo npusynuHumu po3spaxyHKu ma eUsHauumu
sHauenns Gyukyii Fo(Z) — Hackineku eona y Mamemamuuynomy 6upasi
3HauuMa.

Fo(z1)=F0(5,97)=0,999;

Fo(z2)=F0(2,24)=0,987;

Fo(z3)=F0(0,20)=0,579;
Fo(za)=Fo(~1,23)=1-F¢(1,23)=1-0,89=0,11.

3 ompumanux po3paxynxie UOHO, WO NOMPIOHO GUHAYUMU uje, SIK
MIHIMYM 0OHe 3Hauenns 1-Is, ockinbku Fo(24=0,11) 3a nopsoxom yugpp
RIC/sL KOMU 3HAYUMO OIS CKIAOAHHS 30 8Upa3om (4.4).

, _ti—knt, _ 246000-5-075-105000
* ovk 28000- /5

Ipu yvomy Fo(z5)=Fo(-2,23)=1-F0(2,23)=1-0,986=0,014. Tarxum
YUHOM PO3DAXYHKU NOMPIOHO HpusynuHumu, ockireku 3Hayenus 0,014
oyoice maio.

Ilo-Opyee, na nidcmagi GUKOHAHUX PO3PAXYHKIE  BUNAOKOBOT
senuuunu z ma Qyuxkyii Fo(z) 3a eupasom (4.4) napamemp nomoxy 6iomos
BUZHAYUMBCS HACTHYNHUM YUHOM.

=-2,23.

o(t) = Z F [ }“P ] 0,999+ 0,987+ 0,579+ 011+ 0,014 = 2,689~ 3.
k=1 (o)

Buxoosuu 3 ompumanux pe3yrbmamié UYUCIO MOICTUBUX 3AMIH
oemani cknaoe 3.
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5 3ABJIAHHS Ne 2.
T'PA®IYHA IHTEPIIPETALIIS PO3IOLTY
MMOBIPHOCTEN EKCIEPUMEHTAJIBHUX JTAHUX
1010 HAJIMHOCTI JBUT' YHIB

MeTa 3aBOaHHI — OTPHUMATH NPAKTHUYHI HABUIKA B 0OpOOII
EKCIICPUMEHTAIIPHUX JIAHWUX BIJIHOCHO HAapOOITOK Ha BiMOBY JIBUTYHIB Ta
3aCTOCYBaHHI ~ CTaTHCTUYHOTO  CHocoOy  BU3HAYCHHS  OJMHOYHUX
MMOKAa3HUKIB HAIIHHOCTI.

3aBnanHs. BUKOpPHCTOBYIOUN CKCIIEPUMEHTAIIBHI JaHi, 1110 HAaBEJCHI
B Tabmmui b.1 momatky b, mo HapoOiTKy Ha BiIMOBY IS ApTii JU3EITBHUX
neuryHiB CM/1-60 HeoOXimHO:

— CKJIaCTH BapialliiHi psAM 3HAUYeHb HApOOITKIB Ha BiAMOBY U
MOMEHTIB BiMOB pi3Hux /IB3;

— moOynyBatu rpadiuHo TicTorpamy po3MOIUTY HapoOITKy Ha
BIIMOBY SIK EMIIIpUYHY (QYHKIIIO MIUIBHOCTI PO3MOALTY HapoOiTKy Ha
BiiMoBYy (uactora BigmoB) f,(t) i ricrorpamy iHTEHCHBHOCTI BiIMOB An(t)
TIPH eKCILTyaTallil TOCIiPKyBaHOI apTii ABUTYHIB;

— Ha miacraei ricrorpamu f,(t) Bu3HauuTH HMOBIPHICTH BIAMOBH ISt
HapoOiTKy B Aiama3oHi t=0...tmax (BUOpaTH CaMOCTIHHO);

— 300pasutH TpadivHO (QYHKIII0 HEHAMIWHOCTI SIK EMITipUIHY
iHTerpaabHy GYHKI0 HapoOiTKy Ha BiaMOBY Q,(t) i dyHKIif0 HamiHOCTI
Ra(t).

[MpuBecTn MOPSJAOK PO3PaxyHKY HEOOXIMHUX NAaHHUX Ui MOOYIOBH
rictorpam i rpadikiB 3aje:KHOCTEH JOCIHIHKYBAaHUX BEITHYUH.

3a pe3ynbTaTraMu BUKOHAHHS poOOTH 3pOOUTH BiJIIIOBIHI BUCHOBKH.

MeToanuHi BKa3iBKH

s TIpoBeJIeHHsT PO3paxyHKIB PEKOMEH/IYETHCS BUKOPUCTOBYBATH
Bupasu 5.1-5.4 [2].

IlinpHiCT po3mOAiTYy HMOBIpHOCTI  HApoOiTKy [0 BiAMOB
BU3HAYAETHCS SIK

_An

f,)=—:,
O=—0

(5.1)
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e An — KUTBKICTh BiAMOB B JBUTYHax B iHTepBaii At, sSKili BU3HAYa€THCS
BUXOJSTYM 3 MiHIMaJIbHOTO T4 MaKCHMaJIbHOTO Yacy HapoOITKY IO BiIMOBHU
KO>KHOTO 3 IBUT'YHA B JOCIIKyBaHOI MapTii, ox.;

N — 3arajgbHa KUIBKICTh BI]MOB B TIAPTii, O/1.;

At — 3HadeHHs iHTepBaldy HapoOITKy, Y SIKOMY BH3HAYAETHCS KUIBKICTh
BiJTMOB 32 4ac BHIPOOYBaHb, TOJ.

[HTEHCHUBHICTE BIIMOB BU3HAYACTLCS SIK

An

:m, (52)

4,(t)

Jie AN — KiTbKiCTh BiIMOB B IBUTYHaX B iHTepBami At, ox.;

No(t) — KUIBKICTh ClIpaBHUX IBUTYHIB B MapTii HA MOMEHT BCTAHOBJICHHS
TEXHIYHOTO CTaHy Ha MPOTs3i BUMPOOYBaHb, O/1.;

At — 3Ha4YeHHS iHTepBaly HApOOITKY, V SKOMY BH3HAYA€THCSA KiJIBKICTh
BiIMOB 3a Yac BUNPOOyBaHb, O BU3HAYAETHCS 3TiAHO CKIAEHOI TaOIUII
BapiallifHUX Ps/IiB MOMEHTIB BiZ]MOB, TOJI.

3HaueHHs QYHKII{ HAAIHHOCTI BU3HAYAETHCS K

An(0—t,)

Kk 1

> An,
i-1

P ()=1-R (t)=1- (5.3)

ne An(0-t) — KiIBKICTh BiIMOB KOXXHOTO 3 JBHTYHIB B MapTii B iHTepBai
HapoOiTky Bix 0 1o t;;

k
ZAni — 3aralibHa KiTBKICTh BiJIMOB YCiX JBUTYHIB B IapTii.
i-1

3Ha4YeHHs BEIMYUHH iHTEpBay HApOOITKY BU3HAYAETHCS SIK

—t.
At = -max__min (5.4)
N

max
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1€ Nmax — MakcUMaJsibHa KUIBKICTh BIIMOB B IBUTYHI HApTii;
tmax, Imin — MakcHManbHe, MiHIMalbHE 3HAYEHHS Yacy J0 BiAMOBU B
napTii IBUTYHIB, TOJ.

3aBmaHHS PEKOMEHAYETHCA BUKOHYBATH y HACTYITHIH ITOCITiTOBHOCTI.

ITo-nepire, HEOOXiTHO BUMHCATH MAacHB JaHUX IIOJ0 HAPOOITKH IO
BiJIMOB Y BiJITIOBITHOCTI 3 BapiaHTOM 3aBJaHHs. Hanpukian, naHi HaBeIeHO
B Ta0umI 5.1.

Tabmurs 5.1 — MacuB 1aHuX 1070 HAPOOITKH JI0 BiIMOBH

Honep

" EKcriepiMeHTaTbHI JaH]
BAPIAHTY

Honepa Eimos HapodiTki JBHI'VHIB, MOTO-T0,. _
Nel Nel2 Ne 3 Ne 4 Ne §
1 11 21 [ 200 ) 90 | 630 | 10 | 370 | 90 | 120 | 50 10 | 530 | 80 | 370 | 320
2 12 22 [ 300 | 110 | 450 | 570 | 160 | 20 50 | 190 | 410 | 310 | 390 | 510 | 170
3 13 23 | 120 | 20 | 140 | 430 | 50 30 | 130 | 160 | 720 | 100 | 330 | 60
4 14 24 | 170 | 70 | 310 | 120 | 200 340 | 400 | 310 | 30 | 710 | 10 | 180
1 5 15 25 | 140 | 830 | 680 | 110 | 450 270 | 410 260 | 190 [ 170 | 410
a 16 26 50 [ 160 | 740 | 240 | 720 810 | 570 280 | 20 [ 860 | 560
7 17 110 | 340 240 | 320 430 | 540 40 | 330 | 210 | 100
3 18 730 | 310 520 | 130 90 | 110 520 | 630 | 50 | 700
9 19 260 | 120 220 | 460 120 | 270 810 | 400 [ 420
10 ] 20 50 ] 320 30 | 820 640 | 70 40 4“0

[lo-npyre, Ha mimcraBi TaONWIlI BUXITHUX JAaHUX CKJIATAETHCS
Ta0JIMIIA II0J0 BapialliiHUX psIiB HAPOOITKA HA BIAMOBY JUIS KOXKHOTO 3
neuryHiBe B maprii. [lpukian nHaBemeno Hinkde. [lpu mpomy motpiOHO
NPOMKCAaTH HAPOOITKY 3 MEHIIIOTO 3HAYEHHS JI0 OIBIIOr0 HE MPOMYCKAIYH
OJTHAKOBUX 4YHCEJ, SKIIO TaKi €, Ta PO3MIIIYIOThCS HE MOCHimoBHO. J{jis
TOTO, 00 HE JOMYCTUTH MOMMUJIOK, MOTPIOHO BUKPECIIOBATH OJIIBIEM B
tabmmi 5.1 Ti mudpu, sgxi Bu ke 3aHecnn B TadOIUIRO 5.2.

Jasi HeoOXiTHO BU3HAYMTHUCH 31 3HAYSHHSIM KiJIbKOCTI iHTepBaiB K y
BiZIMOBIAHOCTI 3 BUpa3oM (5.5) Ta 3HaYeHHSM iHTepBaly At:

k=JN__ . (5.5)

Jns nporo mo Tabauii 5.2 BH3HAYAETHCSA MaKCHMajbHa KIUJIBKICTh
BIIIMOB, siKa BKJIIOYAa€ BCl I1HINI BIIMOBM MEHIIOIO 3HAYEHHS, IO
criocTepiranucs st inmux apuryHiB. Hanpukiaan, Nma—=34, Toai k=5,8~6.
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Takoxx y BiAMOBIAHOCTI 3 Tabnuiero 5.2 BU3HAYAETHCS MiHIMaIbHE
Ta MaKCHMaJibHE 3HAYCHHS HapOOITOK, Hampukiaai, tmin=10 rom., tna=820
ron. Tomi y BignoBimHocTi 3 BHpa3oMm (5.4) 3HAUCHHS IHTEpBaNy OyIe
JOPIBHIOBATH:
—— _ 820-10
N 6

max

At = =135roxn.

Tabmurg 5.2 — Bapiartiiiai psjau HapoOITKH JI0 BiIMOBH

Howmep Hapo0iTku Ha BiIMOBY, TOJI.

BiZIMOBH 1 2 3 4 5
1 20 10 10 40 10
2 50 20 30 40 50
3 50 30 50 80 60
4 70 50 50 100 | 100
5 90 90 70 170
6 110 120
n

Jani noTpiOHO BM3HAYUTH LIUTBHICTH po3noainy f,(t) mis koxHoro 3
IIECTH IHTEpBaIIB y BiAmnosigHocti 3 BupaszoMm (5.1). [lpu upomy st
3pYYHOCTI MiAPaxyHKYy KITBbKOCTI BIIMOB y KOXHOMY iHTepBam At
PEKOMEHYEThCSA B TaOmMIli 5.2 OOMEKHUTH Ii IHTEPBAIM BiJIMOBIIHUMHU
minismu. Tak, Hanpukiman, s mepuoro intepBany fi(t) minbHICTH
BU3HAYNUTHCS HACTYITHUM YHHOM:

1n(t):An: 3+7+6+9+5 _ 30 ~137.10 rox’.
nAt  (31+34+32+33+32)135 162-135

TakyuM e YMHOM pPO3pPaxOBYIOThCS 3HAYCHHS JIU(epeHIliaTIbHuX
¢Gynkuid — mineHOCTI posnoxinenHs f>(t)—fs(t). Ha mixzcraBi oTpumanmnx
pe3ynbTaTiB OoTpiOHO MOOYyayBaTH ricrorpamy. Ll omepaiiisi He MOBHHHA
BUKJIMKATH TpyaHoui. [licns 11 moOymyBaHHS HeoOXimHO oOpaTu JoOwii
OPOMDKOK HapoOITKM Ta IIISIXOM IIOMHOXEHHS WOTr0 3HAa4YeHHS Ha
BIIIOBI/IHYy ~WOMY UIUIBHICTh BU3HAYUTU  E€JIEMEHT MHMOBIpHOCTI.
Hampuknan, mis intepsainy HapoOiTku Big 50 10 75 roj. BiH BU3HAYMTHCS
HACTYITHUM YHUHOM:
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R, = f,(At,)At, =1,37-107° - 25=0,034 ~ 3,4%.

ITo-Tpete, TakoX y BIAMOBIAHOCTI 3 JaHUMH TaOnwHii 5.2 HE0OXiITHO
BU3HAUMTH 3Ha4YeHHS (YHKUIi HagiiHOCTI — HMoOBipHOCTI Oe3BiAMOBHOI
po0OTH Ta HEHAIMHOCTI — WMOBIPHOCTI BUHUKHEHHS BiAMOBU. {15 1IbOTO
noTpiOHO BHKOpHCTAaTH BUpa3 (5.3) Ta migpaxoByBaTH KUTBKICTH BiIMOB
JUISE. KOXKHOTO TIOTOYHOTO IHTEpBANly NUISXOM CYMYyBaHHS 3 IOMEPEIHIMU
3HayeHHsMu. Hanpuknan, as intepBany Big 0 1o 10 rof. KinbKicTh BiIMOB
ckiagae 3, a 3arajgbHa KinbkicTh — 162. Tomi MMOBIpHICTH 0€3BIAMOBHOI
pOOOTH BU3HAYNTHCS SIK

An(0—t.
#:1—i=1—0,0185=0,98z98%-

> An,
i-1

P,(0-10)=1—

Y mactynmHOMy iHTepBaui, Hampukian, Big 0 mo 20 rof. KiIbKiCTH
BimMOB ckjianae 4. Toni WMOBIPHICTE O€3BIAMOBHOI POOOTH BH3HAYUTHCSI
SIK

A”k(o —t) igzl —1-0,0246= 0,97 ~ 97%-

> An,
i-1

P,(0-20)=1-

[Mpu oTpuMaHHI 3HauYeHb JUIA BCiX iHTepBaii OymyeThcs rpadivna
3aJIeKHICTh, TPH IIHOMY HOTPIOHO BUTPUMATH MaclITa0HI BHMOTH Ta
pO3yMiTH Tpo Te, mO TpadidHa 3aleKHICTH OyJe MaTH CTYIIiHYaCTHA
BUTJISIL.

B dgerBepre, s BU3HAYEHHS 3HAYEHb IHTEHCHUBHOCTI BiAMOB An(t)
HEOOXIAHO CKJIACTH TaOIUII0 5.3 MOMEHTIB BigMOB. JIJIsl IOTO HEOOXI1THO
B3ATH JaHi 3 Tabmumi 5.1 Ta OUIIXOM CyMyBaHHS IONEPEAHBOTO 3
HACTYITHUM TOOyIyBaTH BapialliifHi psau MOMEHTIB BiaMoB. [lpuknan
HaBeJieHO B Tabnwmili 5.3. BusHaueHHs 3HA4YeHHS IHTepBaIly Ta IMiJIpaxyHKA
KUIBKOCTEH BiAMOB y KOXXHOMY 3 HHMX MPOBOAMTHCS AHAJIOTIYHO 3
METOJIMKOI0 PO3paxyHKIB IIUTEHOCTI PO3IOJILTY, IO HABEICHO BUIIIE.
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Ta0muirs 5.3 — Bapiariiiidi psau MOMEHTIB BiIMOB

Howmep HapoOiTki 10 MOMEHTIB BiIMOBH
BiIMOBHU JIBUT'YHA, TOI.
1 2 3 4 5

1 200 10 120 | 530 | 370
2 500 | 580 | 170 | 840 | 880
3 420 | 1010 | 200 | 1560 | 1210
4 590 | 1130 | 540

5 730 | 1240

6 780

n

6 3ABJJAHHSA Ne 3.

BUSIBJIEHHS HAIIPSIMKIB BIOCKOHAJIEHHS
TEXHIYHOI'O PIBHSI EJIEMEHTIB KOHCTPYKIIIi
TPAHCIHOPTHOT'O 3ACOBY HA IMIJCTABI HATEHTHOI
THOOPMAIII

Merta 3aBaaHHs — IpUI0aTH NIEPBICHI HABUYKH y TIPOBEICHHI 300py
Ta 00poOIIi iHGOpMAaIiT 1100 HANPSAMIB BIOCKOHAJICHHS TEXHIYHOIO PiBHS
KOHCTPYKI[T OKPEMHX CKJIaJJOBUX YACTHH TPAHCIOPTHHUX 3acO0iB MpH
MIPOBE/ICHHI MTATEHTHOTO MOIIYKY.

MeToanuHi BKa3iBKH

BuximaumMu  aHUMH 1L BUKOHAHHS  3aBJaHHA € 00 €eKT
JIOCITI/DKEHHST Y BIATIOBITHOCTI 3 HANPSIMKOM BHKOHAHHS MariCTepChKOl
pobotu. besmocepeaHp0 1€ MOXYTh OyTH po0Oodi IporecH, sKi
BiZIOYBalOThCS TPH POOOTI MiABICKH, TpaHcopMallii KpyTHOTO MOMEHTY,
HAKOMWYEHHS eHeprii Ta iHmm. TakuM YUHOM, MPEIMETOM IOIIYKY OYayTh,
HaNpHUKIaZ, KOHCTPYKLiS MiABICKM, €JIeMEHTH TpaHcMicii Ta iHmI, 3
BJIACTUBHMH IM MapaMeTpaMy TEXHIYHOTO CTaHy Ta 03HAKAMU MPOSBY.

TTonryk peKOMEHIyeThCsI IPOBOJMTH I10 CAUTY:

— http://www.ukrpatent.jrg.ua. InpopmariiiHo-TIOIIyKOBa CcUCTEMA
IHCTUTYTY 1HTeJIeKTyanbHOI BIacHOcTi YKpainu. ba3u nanux. [lomyk (puc.
6.1-6.3).


http://www.ukrpatent.jrg.ua/
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Jnst 00poOKM BU3HAYEHOTO MATEHTHOTO MaTepialy peKOMEHIYEThCS
BUKOPHCTOBYBATH TOBHUH OMHUC. SIKIIO HAaBOAWTHCA TUTBKH pedepar abdo
dbopMyna, TO B LbOMY pa3H JOUIIbHHM OyJe TiIbKH 3HAHOMJICHHS 3
iHpopMali€ro, IKy MOTPiOHO MaTH Ha yBa3i MPHU BU3HAUCHHI TCHICHIIII.

Ilomryk TIpOBOIWTBECS 1O KIIOYOBHM CJIOBaM, SKi TOTPiOHO
BH3HAYHUTH CAMOCTIHHO, IIOJI0 TEMATHKH MaricTepchbkoro podoTu. Kimrodosi
cioBa a0o JIOTiYHE IX MOEMHAHHS BHOCSITBCS Y BiIMOBiAHE moiie. SIKIno
TeMaTHKa, HAMpsSMOK, 3araJibHii 3MICT MaricTepchbkoi poOoTH e He
BHU3HAYCHO, TO TEMATUKY IMOMYKY JOTOMAara€ BH3HAYHTH 1HAWBITYaILHO
KepiBHUK 3aHATTA. llpM 1IbOMY NOIIYK 3IIMCHIOETBCSA 3a HACTYIMHUMHU
0a30BUMH CKJIAQJAOBUMH: TPHUCTpiid, cmocid, watepian. Hampuknan,
MPHUCTPill I TaciHHSA KOJNHMBaHb, CIOCIO TIEPETBOPEHHS PYXy, CKIIaJ
3HOCOCTIHKOT0 TOKPHUTTS Ta iH. SKIIO MomnepeaHbo 3MiHCHEHO BU3HAUCHHS
Ha3BU MaTeHTy, a00 BiIOMUI aBTOp, TO MOUIYK MOXIHBO HMPOBOAMUTH W 3a
€10 O3HAKOO.

3aBmannsi. [IpoBect 30ip TaTeHTHWX  JaHUX  CTOCOBHO
BJIOCKOHAJICHHS PiBHSI TEXHIYHOTO CTaHy OJHOTO 3 €JIeMEHTIB KOHCTPYKII1
TPAaHCHOPTHOTO 3ac00y MO KII0U0BUM cioBaM. OO’ €KT MOIIYKY BU3HAUYUTH
camocrTiiiHo. [Ipym UpOMy BUSBUTH 3-5 TAaTEHTIB Ha KOPUCHY MOJEIb,
BuHaxia. OTpuMaHi 1aHHI 3aHeCTH B TaOuuIlO 6.1. 31 CKIIaIcHOr0 MepesiKy
BUJUIATA HAWOIMbIl ONM3BKUI 1O CyTi A0 OO0 €KTY JOCIiIKEHHS
Maricrepcbkoi po0OTH. 3 OTPUMAHOIO OIUCY BU3HAYUTH: AaHAJIOTOBI
MPHUCTPOI; MPOTOTHUIHM, IX HEIOJIKM Ta CIOCOOW iX yCYHEHHS; MPHUCYTHI
O3HAaKH, 10 € HOBITHIMM; IPOIIOHOBaHI TexHiuHi pimeHHa. OTpuMmani JgaHi
3aHectd B TaOmmmioo 6.2. B Hemomikax ocoOnmBY yBary 3BepHYTH Ha
MOPIBHSIHHS KUIbKICHUX Ta SKICHUX OIIHOK, B 3aIIPOIMIOHOBAHHUX TEXHIYHUX
PILICHHAX — SIKMH PIBEHb SIKICHOIO Ta KIJBKICHOTO CTaHy IpPH I[bOMY
JocsraeThes. PerenbHO mpoaHalizyBaTH 3aIpONIOHOBaHI €BOJIOIIHI 3MiHN
B 00’ €KTI BIOCKOHAJICHHS.

Ha mincraBi mpoBefeHOro aHamizy JaTd NPOTHO3HY OI[HKY
MOJJIMBOTO TIiABHIIEHHS PIiBHSA HAOIMHOCTI eNeMEeHTa KOHCTPYKii
TPaHCHOPTHOTO 3aco0y, SKiil miuArae AOCTiKEHHIO i Yyac poOOTH Hax
Maricrepcbkow po6ororo. [Ipu 1bOMy MPOrHO3HA OILIHKA MOXKE MaTH SIK
KUTBKICHMH, TaK 1 SIKICHUN BUpa3.

Slkmo MaricTpaHT 3YNUHSETHCS TUTBKA Ha SKICHIM OIHIN, TO
MOTPIOHO OWIBII PO3TOPHYTO OIMKCATH TOM IMOKA3HUK HAMIHHOCTI, SKUH
3aCJIyrOBY€ yBaru Ta mnoJjimmieHi. Hanpukian, GopMymoBaHHS MOXe MaTH
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HACTYITHUM BHUIUSIT — ... € HepedyMo8U  Old  HOMNUIEHHS
KOHMPONIenpuoamuocmi ma OOCMYNHOCMI 3d PAXYHOK 3MiHU ¢hopmu
KOpnycy ma KilbKocmi demainet, wo 00 Hb020 NPUEOHYIOMBCA, WO 8 YLIOMY
BNIIUHE HA NIOBUUICHHS DIBHS PEMOHMONPUOAMHOCIIL ... ».

SIkmo maricTpaHT 3yNUHSETHCS Ha KIIBKICHIN OIiHIN, TO MOTPIOHO
MOKA3aTH DSl YNCENbHUX 3HAYEHb TOKa3HHKA, KU BHPAXXa€ CKIAIOBY
HAJIMHOCTI, Ta 3HAYCHHS, TICPEAYMOBH JIJIsl IKOTO CKIIATAIOTHCS 32 PaXyHOK
BINIPOBAPKCHHS THX YW IHIIMX TEXHIYHUX pimens. Hampukman, «...
BU3HAYEHO, WO HANPAYIBAHHA HA 8i0MO8Y (abo pecypc) 8y3id... ... cKaaoae
170000 xm, 230000 xkm, 280000 km, a 3a paxyHoK 3aCmocCy8aHHs Memooa
00pobKU POOOHOL NOBEPXHI....., MONCIUBO 30inbUumu 1020 00 350000 km,
wo 30ibUms piseHb HAOIUHOCMI NO 3PIGHAHHI 3 3PA3KOM NONEPeOHbOi
Koncmpyxyii y 1,25 pasu...».

Tabmums 6.1 — 3Beneni mgaHi mo pe3ynbrarax MONIYKY MAaTEHTHOI
iHdopMmartii

Ne Ha3zga Ne matenry | MIIK* O6nactb Hata Astopu/ | Ilatenro-
3/ MaTeHTy (BHHAXO.TY) 3aCTOCYBaHHS myOu-1rii CIIiBaBT. BIIACHUK
(BUHAXO0.1Y)
1 2 3 4 5 6 7 8

*[Tpumitka: MITK — MibkHaposHui maTeHTHHH KiacudikaTop.

Tabmums 6.2 — 3BeneHi maHi 1Mo pe3yibTaTax OOpOOKHM MATeHTHOL
iHpopmaii

Ne Hasga Ne matenty | Ananorouii | Hemonik | IIpororun | Hemomik | 3ampomo-
3/m MaTeHTy (BUHAXO[Y) MIPUCTPIN MpoTo- HOBaHi
(BuHAXO1Y) THITY TEeXHIYHI
pileHHs
1 2 3 4 5 6 7 8
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|| Wykatk B aHaiigeHoMy

Kmouosi cnosa B Hasei (uk)

(10) Bug Ta HOMEpP OXOPOHHOTO
nokymenta CPCP

(11) Homep naTeHTy
(21) Homep zauBKK

(22) AaTa nogaHHA 3aABKH

(24) Oara, 3 AKOI € YHHHHMK NpaBa |

(21) Homep nonepeaHbLOI 3aABKH

(32) Nara nogaHHs nonepeqHbol
3AABKH

(33) OeobykeeHnit Kog QepXaBn

(46) Nara nybnikauii sinoMocTei
npo Bngavy NaTeHTy

(46) Homep broneTens
(51) Ingexc MNK

(56) Asanorn BuHaxoqy

(86) Homep 3anBKn PCT
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B/1 KONEeKTHBHOTO KOpHCTYBanHua "Bij i Npo 3a8BKN Ha AKi npwiaTi Ao posraagy”

3xaxu N8 ToBapis i nochyr

B[] "3apeecrposani 8 YKpaiHi 3HaKu [115 ToOBapis i nocayr”

B/ "Bij inpo nobpe sinomi 8 Ykpaini”

i spaskn

" BA " i i B Ypaini™

Monce Kap

Caifr OUNC pecypest + novckosan cucrema

WHdopMaLIMOHHO-NIOUCKOBAA CHCTEMa 8

| e
HoBOCTH Bxop ans nonb3oBaTenel 6a3 AauuLX
(oeme |
i PaboTL N0 NepeBogy MHOPNALIMOHHD -NOUCKOBOM CACTEML! VIMTEPHET NOpTana OWNC (MIUMNC) Ha
NATEHTHO-TEHHIECKAR HOBBI/ NOMCKOBLIA ABKXOK FAST ESP. MCMIONs30BaHME HOBOMO MOMCKOBOTO ABVIKKA NO3BOANT YNIYULIMTb KAYECTBO NOMCKa ¥ NO3BOMNT B
©yaywen peanuz08aTh HoBIe GYHKUMM MWMC. MpUrnawaet Bac NpMHATL y4acTie B MySAHUHOM TECTHPOBAHHK HOBOA Bepck MMMNC no
o ATATA T anpecy http://www1 fips. . [I1 TECTUDOBAHUS OTKPHIT MIOVCK B 6323X A3HHSIX <T1OHEIE TEKCTH POCCIACKMX U20BPETERMi C
T A Lo M e 'DOCGATCKAX MOnesHbix MoAene (3a Texyulere n
06pa3Liti>. Ha BpeMs TCTUPOBIHMA MOACK B YKAZAHHAIX 6333X A3HHLIX — 6 TMpocun Bauwm u
NATEHTHO-WH®OPHALOHHEIE no anpecy iips@fips.ru.
| o | mmwonas
IR s - guest;
napons - guest

TnaTHbIf AOCTYN OTKDHIT K NOHOTEKCTOBHM 1l Mo nzobpeTennan (RUPAT), naTenTHEX
1924-1993 r.r. (RUPAT_OLD), B4 NonesHuix Moaeneit (RUPM), B/} POCCHIACKX TOBAPHBIX 3HIKOE: m 1), B/] HaMMeHOoBaHWA MecT
npoucxoxaenms Tosapos (RUGP), B[] MexayHapoaHkix TOBAPHSIX 3HaKOB C ykazanvem Pocoui (ROMARIN - GecrinatHas) - paboTaer &

TECTOBOM PEXiMe, B/l 061UEM3BECTHEIX B POCCHM TOBADHLIX 3Hakoa (WKTM), B/l NPOMEILAEHHbIX 06pasiion (RUDE). YCIOBHA 3aKMIOUEHHA
[I0TOBOPOB CM. Pazflen caifTa "YCnyriA"; DeKBUaATL QUNC 1A yNnaTel T2pUdboB 33 NATeHTHO-MHDOPMALIMOHHIE U ADYTUe yCnyr
WrcruryTa.

ounc -

Pucynok 6.3 — I'onoBHa ctopinka indpopmauiiino-norrykosoi cuctemu (II1C) caiity OIITB
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7 3ABJJAHHSA Ne 4.
BU3HAYEHHS PECYPCY ATPET'ATY ABTOMOBLIIA
HA MPOI'HO30BAHUMU IIEPIO YACY

Merta 3aBaaHHs — TpuAOaTH TEpPBiCHI HABUYKH y 3aCTOCYBaHHI
AQHATITUYHHUX 3aJISKHOCTEH JUIS BHU3HAYCHHS 3HAYCHHS IMPOTHO30BAHOTO
MOKAa3HWKAa HaNiHHOCTI TPaHCIOPTHOrO 3aco0y METOJOM  MpsAMOi
EKCTPAITOJISIII.

MeTtoanuHi BKa3iBKu

B 3amexHocti Big Tporemypd TOOYMOBH MOIENeH METOAH
MPOTHO3YBaHHS, 3aCHOBaHI Ha EKCTPANOJIALil, MOAUISIOTECS Ha HACTYIHI
Buan [7]: mpsiMa eKCTpamoJslis; aJanTUBHA EKCTPANOJSILis; METO
KPHBUX, III0 OTUHAIOTHCS; TTAPAMETPUIHI METO/IH.

Sk mpaBmilo, HaWdYacTille Ha MPAKTHII BHKOPHCTOBYIOTH METOIU
MIPSIMOT €KCTPAITOJIALLII.

B ocHOBI TporHo3yBaHHS HAIIHOCTI METOAAMH EKCTPAITOJISIIii
JeXaTh 3aKOHOMIPHOCTI 3MiHM TPOTHO30BAaHWX IMapaMeTpiB HaIiitHOCTI
MamuH B 4Yaci. [Ipu mpoMmy, mpoueaypa HpOTHO3YBaHHS CKIAAAETHCA 3
JEKITBKOX eTalliB:

— aHa;i3 TMOYaTKOBMX JaHWX i moOyaoBa rpadika, mo LIoCTpye
3MiHY IPOTHO30BAHOTO MapaMeTpy y vaci;

— BHU3HAYCHHS aHAIITUYHOTO BUpa3zy (MareMaTHYHOI MOJeENi), HI0
OTIHCY€E 3aKOHOMIPHICTh 3MiHHM MPOTHO30BAHOTO ITapaMeTpa y Jaci;

— eKCTPATOJIALisl OTPUMAHOTO PIBHSIHHS 1 IPOTHO3yBaHHS MIOKa3HHUKA
HAAIMHOCTI Ha 3aJJaHuii TIePioj.

[Micns moOymoBu rpadikiB 3a pe3ynbraTaMd BUINPOOYBaHb a0o
JIOCITI/DKEHb B eKCIUTyatallii, o BiJoOpa)xxaroTh 3B’S30K MK 3MiHAMH,
mi0UparoTh  aHaNiTHYHY (QyHKOi0. Bubip KpuBoi  BHU3HAYAETHCS
Cy0’€KTUBHUMH UYWHHHKaMU. TyT BeNUKE 3HAYCHHS Ma€ MpaBHIIbHE
JIOT1YHE MOSCHEHHS 3aJIS)KHOCTI aHAI30BaHUX MapaMeTpiB 3 ypaxyBaHHAM
ix po3BUTKY Yy MUHYJIOMY. HeoOXinHO mparay Ty o MO>KIMBOCTI MiAOHUpaTH
HaAMOLIBII MTPOCTi aHANITHYHI QYHKIIIT 3 MIHIMATbHUM YUCIIOM 3MiHHHX.

B 3aransHoMy BUrIIAnil GyHKIIS 3MiHU TapaMeTpa TEXHIYHOTO CTaHy
(nmokasHuKa HafiitHOCTi) Mae HacTynHul Burisig f (X)=a-x*.
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OcHOBHI aHATITUYHI 3aJI€)KHOCTI, 110 Haliyacriiie
BUKOPHCTOBYIOThCA TIpM TPOTHO3YBAaHHI HAMIHHOCTI MamuH Ta ix
€JIEMEHTIB, a TakoX (OpPMyNH A BU3HAYCHHS MOCTIMHMUX MapaMeTpiB
¢yskuii npeacrasneHi B Tabmui 7.1.

Icaye psing MeToniB BUBHAYEHHS MOCTIHHUX MapaMeTPiB eMITiPHIHUX
thopmym: MeTon BHOpaHHX TOYOK; METOJl CepefHiX; METOJ] HaWMEHIINX
KBaJIpaTiB.

Tabmumst 7.1 — AHQTTHYHI 3aJ€KHOCTI 3a METOIOM TIPSIMOi
EKCTparoJIAilii, MO BUKOPUCTOBYIOTHCSA IMPH MPOrHO3yBaHHI HAMIHHOCTI
MallluH

| Amanituyui GopMynH 10 BH3HATENHS I'padirn
JANEHHOCTI mapaMerpis 3anesHocTei dryrKuii

OIS RN y

ap = ;
- ny (2]
T _ZaTA-TxFay /

[l
S Sy T

a a ¥
GDEI}‘ 'H"LE-’-? P IEAED JE T
y:an;3 +ax+ay Q‘UZ.T?*@EJ? +ﬂzle-=zz‘-_\'[- ; J

@Y 5 A Y K tan=3y,.

Ty ~Eagy =0;

=g, x7
r=t, Syt ng-a e x=0. | |7

Gr0 G -8 X

&0 X

i Z}ﬂ-fﬁ“' H%zelﬁ# =0
¥ = age™ o 2 J
}: Yik€ " — Eaﬂ-‘jﬂ = =0,
gia0

3aBnanHsa. B pesynbrati 300py 1 00poOku iHopmarii mpo
HaIMHICTh arperariB aBTOMOOIISA BiTHOCHO 3MiHU CTATUCTUYHOTO PECypCy
JI0 KaIliTaJlbHOTO PEMOHTY OTpUMaHi HacTymHi AaHHi (Tad:xa. 7.2). IIpoBectu
pO3paxyHKH pecypcy arperary Ha poku nepiomy 2015-2018 pp. 3a



TOBipUOr0 WMOBIpHICTIO (HocToBipHICTIO) 0,7; 0,8; 0,9. BuximHi manxi mist
pO3paxyHKiB HaBeneHO B TaOnwmi 7.2. Po3paxyHKH oOpMUTH B POOOUHX
3ommwmTax. [Ipy bOMy KOXHUH pO3PaxyHOK IOBHUHEH CYHPOBOJKYBaTUCS
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OTIMCOM JIii Ta MPOMIXKHUMH OOYUCIICHHSIMU.

Ha mimcraBi BUKOHAHOTO 3aBJaHHS 3POOWTH BIATOBIIHI BHCHOBKH.
IloToyHMii KOHTPOJH 3HAHb 3 PO3TIISTHYTHX NHUTAaHb 3AIMCHIOETHCS Ha

HACTYITHOMY 3aHATTI Y MUCHMOBOT hopmi.

Tabmuua 7.2 — Buxigdi ganmi

Pik
2019 | 2020 | 2021 | 2022 | 2023 | 2024
Bapiant At (iHTepBai 4acy)
1 | 2 | 3 4 5 | 6
T (pecypc), THC. MOTO-TOJ.
1 4 8 - 13 17 22
2 6 7 11 - 14 16
3 6 12 17 26 - 35
4 5 - 16 19 - 24
5 7 10 - 14 17 22

Ipuxnao piuienns NONSATAE Y HACTYITHOMY.
1. Ha mixcraBi BUXiOHMX JaHUX HEOOXIiJHO MOOyayBaTd rpadik

byuxuii y=f(x), manpuxnan, (puc. 7.1) [7].

Pucynok 7.1 — I'padix 3MiHH IPOrHO30BaHOTO MapaMeTpa B Jaci

Pecypc, moTorog.

¥
15000

1aaaa
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]
L o]
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2. Buxonsum 3 Buay moOynoBaHoro rpadika TOTpiOHO BHOHMpaTH
MOJIeNIb MPOTHO3YBaHHSA. Y JaHOMY BHIAJIKy BOHA OyJe MaTH BUIJISI

y =38, +aXx.

3. Hagani nmo anamitmuHux 3ajexxHOCTsX (Tabm. 7.1) moTpibHO
BU3HAUUTH MapaMeTpd do Ta di. Y JaHOMY BHMAJAKy MapaMeTpu OyayTb
MaTH 3Ha4YeHHS: a, =4,54-10° i a, =2,6-10°.

Tomi, miHIHa MOAENTs MPOTHO3Y 3 YpaxyBaHHIM pPO3PAXOBAHHX ii
napaMeTpiB Habepe HACTYIHOTO BUIIISAY: Y = 4,54-10° +2,6-10°X..

4. Hagam TpoBOAWTHCS OOYHCICHHS TCOPETUYHOTO TUHAMIYHOTO
pany:

;ll =454.10° +2,6-10%-1= 7,14 THC. MOTO-TOL.;

y, =4,54-10° +2,6-10°- 2 = 9,74 Ttuc. moto-rox.;
93 =454-10° +2,6-10*-3=12,34 tic. MOTO-TOL;
y, =1494 TnC. MOTO-TOA;

96 = 20,14 THC. MOTO-TOJ.

5. Tonmi, Ha mijcTaBi OTPUMAHOI 3aJEKHOCTI IMPOTHO3 HA OJIHMH
inTepBan Buepen (Ha 2020 p.):

)_/7 =454.10° +2,6-10°- 7 = 22,74-10° tuc. moto-rox.

[Iporuos Ha nBa inTepBanu Brepex (Ha 2021 p.):

98 =454-10°+2,6-10°-8 = 25,34-10° ruc. MOTO-TO/I.).

[TporHo3 Ha Tpu inTepBanu Briepen (Ha 2022 p.):

§/9 =27,94 tHc. MOTO-TOLI.

6. Ilicnst 1pOro MPOBOAMTHCS OOYHCIICHHS MTOMHIIKM IPOTHO3Y 32
hopmyIoro:

: J(yl—i)z+(y2—92)2+...+(y6_96)2

5

=0,21 muc. momo2oo.

Jiss OIIHKM pPO3paxyHKIB 3a JIOBIpYOI WMOBIPHICTIO TOTPiIOHO
BH3HAYMTH 3HAYCHHS JOBIPUOro iHTepBany i, =0, PF,)=0t, ne o,,0(B;)
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— apryment ¢ynkiii Jlammaca ab6o Creiomenta (mpu n < 10), t —
rapaHTiitHIH KoedinieHT (Tabm. 7.3). 3a monoMororo t BU3HA4al0Th JOBIpUY
AMOBIpHICTE  TOXMOKM  BuUMipy  (po3paxyHky).  Tobro,  mpu:
@(t)=0,68, t=10; ®(t)=0,76, t=12; @(t)=09, t=17, &(t)=095, t=20;
@(t)=0,999, t=30.

Tabmuus 7.3 — 3navenns Gpynkuii Jlamnaca

t D(t) t D) t D)
0,00 0,0000 0,75 0,5467 1,50 0,8664
0,05 0,0399 0,80 0,5763 1,55 0,8789
0,10 0,0797 0,85 0,6047 1,60 0,8904
0,15 0,1192 0,90 0,6319 1,65 0,9011
0,20 0,1585 0,95 0,6579 1,70 0,9109
0,25 0,1974 1,00 0,6827 1,75 0,9199
0,30 0,2357 1,05 0,7063 1,80 0,9281
0,35 0,2737 1,10 0,7287 1,85 0,9357
0,40 0,3108 1,15 0,7419 1,90 0,9426
0,45 0,3473 1,20 0,7699 1,95 0,9488
0,50 0,3829 1,25 0,7887 2,00 0,9545
0,55 0,4177 1,30 0,8064 2,25 0,9856
0,60 0,4515 1,35 0,8230 2,50 0,9876
0,65 0,4843 1,40 0,8385 3,00 0,9973
0,70 0,5161 1,45 0,8529 4,00 0,9999

7. Toni 3 imoBipHicTIO Py=0,68 OyanemMo MaTh HACTYITHI 3HAYEHHS:
y; =Y, tto =2274+0,21 THC. MOTO-TOZL;
Y, = 25,34+0,21 THC. MOTO-TOJI.;

Yo =27,94+0,21 THC. MOTO-TOJI.

8. Hanaui 3 fimosipHicTio 0,95:

y; =Y, £20 =22,74+0,42 THC. MOTO-TO]L.;
Ys =2534+0,42 THC. MOTO-TOL;

Yo =27,94+0,42 THC. MOTO-TOZ.

9. 3 iimoBipsictio 0,997:

y; =Y, +30=22,74+0,63 THC. MOTO-TO1L.;
Yg = 25,34+0,63 THC. MOTO-TOZL.;
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Yo =27,94+0,63 THC. MOTO-TOZ.

TakuM YHHOM, pecypc ABUTyHa MAIIUHU 3 iiMoBipHicTIO 0,95 ckiae:
—y 2020 pori — 71=22,74+0,42 THC. MOTO-TO/.;

—y 2021 pori — 75=25,34+0,42 THC. MOTO-TO/L.;

—y 2022 poui — 75=27,94+0,42 THC. MOTO-TOZ.

8 3ABJIAHHS Ne 5.
ITPOI'HO3YBAHHSA BUTPATH YACY HA
OBCJIYT'OBYBAHHSA TPAHCIIOPTHOI'O 3ACOBY
3 BUBHAYEHOIO ITIOTY’KHICTIO

Merta 3aBaaHHs — TnpuAOaTH TEpPBiCHI HABUYKW y 3aCTOCYBaHHI
aHaIIiTI/ILIHI/IX 3aJICKHOCTEN IJI1 BU3HAYCHHA 3HAYCHHSA ITPOrHO30BaHOTO
yacy Ha TEXHiyHe OOCIyroByBaHHS TpPaHCIIOPTHOTO 3aco0y MeToJ0M
MIPSIMOT €KCTPAITOIIALLI.

3aBnannsa. B pesymprari 300opy Ta 00poOkm  iH(popmarii
BCTAaHOBJICHA BHUTpaTa 4Yacy Ha TEeXHiIYHe OOCIYrOBYBaHHS TPAaKTOPIB 3
JICSIKOF0 HOMIHAJIBHOIO TIOTY>KHICTIO TBUTYHIB (Ta0i. 8.1).

Tabimng 8.1 — Buxigni nandi gaHi

Bapiaut
1 2 3 4 5

o = o o B
: , NN - G IR
Ne Mapxka g s g | g é‘ 3 55 5 g s
3.IL TpakTopa = - | B e - | P = - | Pl eS| B < =
z g =) £ A = z A a | =8 & Z 2 &
e | S |8 |8 |45 |E |88 5 |&8ag]| &g
< B ‘B =] B < ‘B =] ‘B < o ‘B
g2 5 |EF |z |28 | |ER|s |82 <
S| 8 S = | 8 R 2|12 | B e ]
gz | a2l | a2lse|lAalse|l alas]| &
TE B |HOE |F |DE|F|DE|F |De| B
1 | T-25A 19,6 14 204 17 [214 18 | 14.2 13 | 238 20
2 | T-30A-80 24.3 14 241 17 |23.6 18 [18.1 13 | 274 20
3 | JITI3-55 38.8 16 |39.9 19 1378 |20 [314 15 | 414 22
4 | MT3-572 46,3 16 |46.1 19 |45.1 20 403 15 | 495 22
5 | MT3-8211 58,5 18 |56.8 19 |57.9 |20 |53 15 | 63.1 22

6 | MT3-1221 86,0 |22 (872 |22 |90.0 |2 84,0 17 | 902 2
7 | XT3-17221 1206 |26 1234 |25 1242 |26 |117.0 | 21 | 126.8 | 28
8 | K-701M 2220 |32 [224.0 |31 [226.0 [33 [2200 | 27 | 2293 | 34

TlotykmicTs M, KBT | 285 290 270 300 310
JocToBipHIcTE Py 0.8 0.9 0.8 0.9 095
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3HaYM TPUBAIICTH HMIOJEHHOTO TeXHiYHOTo oOcmyroByBaHHsS (TO)
JUTS ICHYtOUMX 0a30BUX KOJICHMX TPAKTOPIB BH3HAYUTH BUTPATH Yacy Ha
TO nmnst TpakTopa notysxHictio Ny KBT 3a 10Bip4Y00 HMOBIpHICTIO 3TiJHO 3
BapiaHTOM 3aBJaHHsA. Po3paxyHku OQOpPMHTH Yy BIiANOBIZHOCTI 3
HaBeJCHNM NpHuKIazoM. [lpm [bOMy KOXHHH pO3paXyHOK IOBHHEH
CYTIPOBOKYBATHUCS OMICOM JIii Ta MPOMIKHUMHU OOYHCICHHSIMHU.

IIpukiao piwienns MONATAE y HACTYITHOMY.

BBenemo mo3HauyeHHSA: X — HOMIHANIbHA MOTY)XHICTH JBUTYHA
TpakTopa; y — TpuBamictb T1TO. ONiHUMO pIBEHh CTATHCTUYHOTO
B3a€MO3B’SI3KY MDK JaHMMH BedMuWHamu. Jlng 1mporo HeobximHO
po3paxyBaTu KOeQilieHT MapHOT KOPEJISILIii:

K
_ Xy
Ny =—"—, (8.1)
0,0,
ne K,, — kopensuiiinuii MomenT;
oy, Oy — BIJIIOBIIHO cepeqHi KBaJpaTW4HI BIAXWICHHS TaHUX
BEJIMYMH.

Busnaunmo cepenni 3HaueHHs X 1 Y 1o popmynax:

_ N
X=%in =%=76,5 KBT;

_ N
y=%2yi =%):20 XB.

[IpoBenemMo po3paxyHKH i 3aHeCeMO iX B TaOIUITIO 8.2.
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Tabnuns 8.2 — Po3paxyHok koedilieHTa napHoi KOpesiii

Nl x| yi-y (Xi - x)(yi - X) (Xi - X)Z (yi - y)z
1 -58,1 —4 232,4 3375,61 16

2 —54,4 —4 217,6 2959,36 16

3 - 39,7 -2 79,4 1576,09 4

4 -32,4 -2 64,8 1049,76 4

5 -19,1 -2 38,2 364,81 4

6 11,5 0 0 132,25 0

7 445 4 178,0 1980,25 16

8 1475 10 1475,0 21756,25 100
> - - 22854 33194,38 160

O06uncMo cepeiHi KBalpaTUYHI BiIXMICHHS:

i 1 /3319438 — 6886 «Br:
N-1 1

o, = 1 ) 160 =4,78 xB.
N —1 8

|_\

BuzHaunMo KopensiiiHul MOMEHT:

Ky =%i(xi —)_()(yi —;/)2 @ =285,67 kBtxs.

ITo popmymi (8.1) 3Hatigemo koedilieHT HapHOi KOPEJIAIIl:

o _ K, __ 28567
Y 5,0, 6886-4,78

3HaueHHsl KoedilleHTa MapHOI Kopelsuii JopiBHIOE [, ~ 0,87. Ha

~0,87.

NPaKTUII 3HAa4YeHHs KoedimienTa Iy, > (0,7...0,8) TOBOPSTH MPO BHCOKHMI

CTYIIHb CTAaTHCTHYHOTO B3a€MO3B’SI3KYy MK JaHWMH BenudnHamu. [Ipn
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LbOMY Ul NPAKTHYHUX DO3PAaXyHKIB [, JOLUIBHO BHKOPHCTOBYBAaTH

MakeTu NpukiIaaHux mporpam Ha [IEOM.

Hani mpukiamy Hanecemo Ha rpadik (pumc. 8.2) i BuOepemMo B
3aJIeKHOCTI TSl OITUCY 33JaH01 3aKOHOMIPHOCTI.

Tto, — U :
- Tpro=14.72+0,063 IV Tporsos -
Ty m (0,87 | ==
30 =
50 __,_;"/ Hopipua 90%
/ﬁ ME¥A
== ‘
10

0 50 100 150 200 250 I, kBr

Pucynoxk 8.2 — 3anexsicTh yacy Ha TO KoicCHUX TPakTOpiB
BiZl HOMiHAJILHUX ITOTYXHOCTI

3 ypaxyBaHHSM pO3TallyBaHHS TOYOK Ha Tpadiky BHOHpPAEMO
JiHIAHY 3aTeKHICTh, II0 OIMKMCYEThCS PIBHSAHHAM BUIILy Y =a-+bX.
HeBimoMuMu B 11bOMY pIiBHSHHI € 3Ha4YeHHs Koe(ilieHTiB a i b, mo
BU3HAYAIOTBCSI 110 CTATUCTUYHIH iH(poOpMallii METoAoM HaWMEHIIUX
kBajapariB. Jis 1bOro HEOOXiJHO pPO3B’s3aTH cUCTEMy piBHsAHD (8.2)
BimHOCHO @ i D :

Na+> xb=>"y; |
D oxa+ ) xh=>"yx.

3HaueHHS KOE(DIIIEHTIB CHUCTEMU PIBHSIHBb PO3PAXOBYEMO IIO
3aIIeKHOCTSX, IPUBEJCHHUX B Ta0uuili 8.3.

3 ypaxyBaHHSIM pe3yJIbTaTiB PO3paxyHKy cHcTeMa piBHSHHS (8.2)
Habepe HaCTYITHOTO BUTIISTY:

8a+6118b =160,
6118a +799818b =145214.

(8.2)
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Tabmuns 8.3 — Po3paxyHOK KOe]illi€eHTIB CHCTEMH pIBHSHB 1
3JIMIITKOBOI AUCTIepCii

Ne X, kBt Y. xs XY Xi2 , KBT? y;»xB (yi _ yi)z 108,
kBT-xB P
XB
1 18,4 16 2944 338,6 15,98 0,4
2 22,1 16 353,6 488,4 16,24 57,6
3 36,8 18 662,4 1354,2 17,26 547.6
4 44,1 18 793,8 19448 17,76 57,6
5 57,4 18 1033,2 3294,8 18,68 4624
6 88,0 20 1760,0 7744,0 20,79 624,1
7 121,0 24 2904,0 14641,0 23,07 864,9
8 224,0 30 6720,0 50176,0 30,18 32,4
> 611,8 160 14521,4 79981,8 - 2647,0

B xoxi po3B’sizanHs cucremu otpumaemo a=14,72 i b=0,069. I'padix
3aJIS)KHOCTI ITOKa3aHUi Ha PUCYHKY 8.2 CYNUIBHOIO JIHIEI, a TPOrHO30BaH1
3Ha4YeHHS — NyHKTHpoM. Tak, mis x;=300 kBT mporxHozoBaHe 3HauCHHS
yi=35,42 XB.

3aNuIIKOBY AMCIEPCilo, 10 XapaKTepU3y€e PO3KH[ AaHUX BiTHOCHO
OTPUMAHOTO PiBHSHHA (PYHKIIIT), BU3HAYAIOTH MO (POPMYIIi:

Sfm. = ZN:G/I -, )2 = 2,647 x8?,

i=1

ac 'y, — pOSan}’HKOBi 3HAYCHHS MMapaMeTpa, 110 BU3HAYAKOTHCA 3 piBHfIHHH

y, =14,72+0,069-x; .
CranzapTHy NOXHOKY BU3HAUYAIOTh 110 HhOPMYIIi:

S :\/ 1 S2 = w=0,664x3.

TYN-27 V-2

CranpaptHy noxuOky nporHody it xi=300 BU3HAuYarOTh TaKUM
YHUHOM:



58

- 2
S =S, ety KX __ 0,664J1+1+M ~1077xe.
y NS (x - xf 8 3319438
Tabmuis 8.4 — 3HaueHHs koedimienTa CThIOICHTA

n 3HaueHHs ty mpu Py

0,8 0,9 0,95 0,99 0,995 0,999
2 3,080 6,31 12,71 63,70 | 127,30 | 637,20
3 1,886 2,92 4,30 9,92 14,10 31,60
4 1,638 2,35 3,18 5,84 7,50 12,94
5 1,533 2,13 2,77 4,60 5,60 8,61
6 1,476 2,02 2,57 4,03 4,77 6,86
7 1,440 1,94 2,45 3,71 4,32 5,96
8 1,415 1,90 2,36 2,50 4,03 5,40
9 1,397 1,86 2,31 3,36 3,83 5,04
10 1,383 1,83 2,26 3,25 3,69 4,78
12 1,363 1,80 2,20 3,11 3,50 4,49
14 1,350 1,77 2,16 3,01 3,37 4,22
16 1,341 1,75 2,13 2,95 3,29 4,07
18 1,333 1,74 2,11 2,90 3,22 3,96
20 1,328 1,73 2,09 2,86 3,17 3,88
30 1,316 1,70 2,04 2,75 3,20 3,65
40 1,306 1,68 2,02 2,70 3,12 3,55
50 1,298 1,68 2,01 2,68 3,09 3,50
60 1,290 1,67 2,00 2,66 3,06 3,46
o0 1,282 1,64 1,96 2,58 2,81 3,29

BiILXI/IJ'ICHHﬂ Bi,[[ CCPECAHLBOI0 3HAYCHHSA 3HAXOUATh 3 YpPAaXyBaHHAM

noBip4oi imoBipHOCcTI T ﬂSy. Hampuxitan, ams oTpuMaHuX JaHWUX 3a]1adi,

sKa PpO3IIIAJAEThCS, MpHU PiBHI JIoBipuoi HMoBipHOCTI Py=0,9 3HaueHHS
iHTEpBaITi

TPUBAJOCTI  HAa

8.4).

TO

IE 3HAXOAUTUMETHCS
T,0 =3542%190-1,077 a6o T,, =3542+2,05x8. ¥ nanomy Bunaixy
ts — koedimienT CtelofenTa, sikuii mpu N=8 ta Py=0,9 cknanmae 1,9 (tabmn.
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Honatoxk b

Buxinni xani as 3aBaanns Ne 2

Tabnuus b.1 — Buxigdi nadi mis 3aBganas Ne 2

Honmep . .
. i ExcreprmeHTaIbHL JaH!
BapiaHTy
Hontepa simmten HapoSiTKH JBHIVELB, MOTOTO I, _
Nel Nel Ne 3 Ne 4 Ne §

1 11 21 [200 | 90 [ 630 | 10 [ 370 | 90 | 120 | 50 10 | 530 | 80 | 370 | 320
2 12 22 [ 300 | 110 | 450 | 570 | 160 | 20 50 [ 190 | 410 | 310 | 390 | 510 | 170
3 13 23 [ 120 | 20 | 140 | 430 | 50 30 | 130 [160 | 720 | 100 | 330 | 60

1 4 14 24 [170 | 70 [ 310 | 120 | 200 340 [ 400 | 310 | 30 | 710 | 10 | 180
5 15 25 [ 140 | 830 [ 680 | 110 | 450 270 [ 410 260 | 190 | 170 | 410
6 16 26 50 | 160 [ 740 | 240 | 720 810 [ 570 280 | 20 | 860 | 560
7 17 110 | 340 240 | 320 430 | 540 40 | 330 | 210 | 100
8 18 730 | 310 520 | 130 90 | 110 520 | 630 | 50 | 700
9 19 260 | 120 220 | 460 120 | 270 810 | 400 | 420
10 20 50 | 320 30 | 820 640 | 70 40 440
Honepa siznon Hapo®iTkH JBHMYHIB, MOTOTO . _

Nel Ne2 MNe 3 Nedq MNe

1 11 21 [ 190 | 80 | 640 | 20 | 370 | 90 | 120 | 60 10 | 530 | 90 | 370 | 320
2 12 22 [ 310 | 140 | 450 | 520 | 160 | 20 50 [ 190 | 410 | 310 | 390 | 510 | 170
3 13 23 [ 130 | 20 | 130 | 460 | 50 | 180 | 30 | 130 | 160 | 720 | 100 [ 330 | 60

2 4 14 24 [ 170 | 70 | 310 | 120 | 190 340 [ 400 | 310 | 30 | 710 ) 10 | 180
5 15 25 [ 120 | 850 | 680 | 150 | 460 270 [ 410 | 240 | 260 | 190 | 170 | 410
6 16 26 | 60 | 150 | 730 | 270 | 760 810 [ 570 280 | 20 | 860 | 560
7 17 27 [ 110 | 440 | 500 | 240 | 320 430 | 540 40 | 330 | 210 | 100
8 18 710 | 370 510 | 130 90 | 110 520 | 630 | 50 | 690
9 19 260 | 120 220 | 430 120 ] 270 10 | 400 | 420
10 20 70 | 320 40 | 810 640 | 70 40 | 170 | 440
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HO_MCP EKcITeprMeHTabH JaHL
BAPiaHTY
Hontepa pizmon Hapo®iTKI JBIIVHIB, MOTOL 0. _
Nel Ne 2 Ne 3 Ne 4 Ne §
1 11 21 200 | 90 | 630 | 10 | 370 | 90 [120 | 50 10 | 530 | 80 | 370 | 320
2 12 22 300 | 110 | 450 | 570 | 160 | 20 50 [ 190 | 410 | 310 | 390 | 510 | 170
3 13 23 | 120 | 20 | 140 | 430 | 50 [ 390 | 30 | 130 | 160 | 720 | 100 | 330 | &0
4 14 24 170 | 70 | 310 [ 120 | 200 [ 270 | 340 | 400 | 310 | 30 | 710 | 10 | 180
3 5 15 25 | 140 | 830 | 680 | 110 | 450 | 610 | 270 | 410 | 170 | 260 | 190 | 170 | 410
5] 16 26 50 | 160 | 740 | 240 | 720 810 | 570 | 620 | 280 | 20 | 860 | 560
7 17 27 110 | 340 | 300 | 240 | 320 430 | 540 | 90 40 | 330 | 210 | 100
8 18 28 730 | 310 | 230 | 520 | 130 90 | 110 [ 180 | 520 | 630 | 50 | 700
9 19 260 | 120 220 | 460 120 | 270 810 | 400 | 420 | 440
10 20 50 [ 320 30 | 820 640 | 70 40 | 150 | 440 | 310
Hontepa pirmton Hapo6iTkH JBHTYHIB, MOTOT 0,
Nzl Nel Ne 3 Ne 4 Ne 5
1 11 21 200 90 | 630 | 40 [ 320 | 70 | 120 | 50 10 | 530 | 80 | 370 | 320
2 12 22 300 | 110 | 450 | 570 [ 160 | 20 50 [ 190 [ 410 | 310 | 390 | 510 | 170
3 13 23 120 | 20 | 140 | 430 | 50 | 390 | 30 | 130 ) 160 | 720 | 100 | 330 | 60
4 14 24 170 | 70 | 310 [ 140 | 210 | 290 | 340 | 400 | 310 [ 30 | 710 | 10 | 180
4 5 15 25 [ 140 | 830 | 680 | 110 | 450 | 610 | 270 | 410 | 170 [ 260 | 190 | 170 | 410
6 16 26 S0 | 160 | 740 | 240 | 720 | 550 | 810 [ 570 | 620 | 280 | 20 | 860 | 560
7 17 27 [ 110 | 340 | 300 | 240 | 320 430 [ 540 | 90 | 40 [ 330 | 210 | 100
8 18 28 730 | 310 | 230 | 520 | 130 90 | 110 [ 180 | 520 | 630 | 50 | 700
9 19 260 | 120 220 | 460 120 | 270 810 | 400 | 420
10 | 20 50 | 320 30 | 820 G640 | 70 40 | 150 | 440
Howmep ExecreprneHTambHI JaH
BaplaHTy
Honepa pimion Hapo0iTkn IBHIVHIB, MOTOT 01 _
Nel Nel Ne 3 Nedq Ne s
1 11 21 140 |80 640 |70 370 | 90 120 |60 10 530 |90 370 | 320
2 12 22 310 | 140 | 450 | 520 |160 |20 50 190 | 410 | 310 | 390 | 510 | 170
3 13 23 130 |20 130 [460 |50 180 | 30 130 [ 160 | 720 |100 | 330 | 60
4 14 24 170 |70 310 (120 [190 [ 330 |340 [400 | 310 [30 710 |10 180
5 5 15 25 120 | 750 [ 680 [150 [460 [200 | 270 [410 | 240 [260 |190 | 170 | 410
06 16 26 30 150 [ 730 [270 [760 [120 |810 [570 | 510 [280 |20 860 | 560
7 17 27 110 [ 440 [ 500 [240 [320 [90 430 [ 540 40 330 | 210 | 100
8 18 26 710 | 370 510 [130 [ 530 |90 110 520 | 630 |50 690
9 19 28 260 | 120 220 1430 | 700 |120 |270 810 | 400 | 420 | 720
10] 20 70 320 40 810 640 |70 40 170 | 440
FHontepa simios HapodiTKI1 JBITYHIB, MOTOT 0.
Ne 1 Ne2 Ne 3 Ned Ne §
1 11 21 190 | 90 630 |10 370 | 90 110 |60 10 430 |80 340 | 390
2 12 22 | 310 |[110 | 450 | 560 |160 [ 20 50 190 | 410 | 380 [390 |510 | 170
3 13 23 120 |20 140 | 430 | 50 330 |30 130 [ 160 | 720 |150 | 310 | 60
4 14 24 |170 |70 310 | 140 200 [ 610 | 340 | 400 | 310 |30 710 | 30 180
6 5 15 25 140 | 860 [ 690 | 110 |450 [ 30 270 |410 | 90 270 {190 | 170 | 410
6 16 26 50 160 240 | 720 [ 50 810 | 570 | 190 | 280 |20 860 | 560
7 17 110 | 340 240 | 320 430 | 540 40 330 | 210 | 100
8 18 720 | 310 520 | 130 20 110 520 [630 |70 700
9 19 260 | 120 220 | 460 120 | 270 810 [ 400 | 420 | 630
10 20 50 320 30 820 640 |70 40 710 | 440
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Homep

’ ExcrepHMeHTANTBEL JAEL
BAPLAHTY
. HapodiTKII JBHTVHIE, MOTOT 01,
Hlabepa simaon el ) 3 e d e 5
1 11 21 180 100 | 660 |10 370 | 90 110 | 60 10 430 |80 340 | 390
2 12 22 [300 [110 [ 450 | 560 |160 | 20 50 190 [ 410 |[380 [390 | 510 | 170
3 13 23 120 |20 140 | 430 |50 330 |30 130 [ 160 | 720 |150 | 310 | 60
4 14 24 (170 |70 310 [ 140 [ 200 | 610 |340 | 400 | 310 [30 710 | 30 180
7 5 15 25 140 | 860 | 690 | 110 |450 ] 30 270 [410 | 90 270 | 190 | 170 [ 410
6 16 26 50 160 [ 430 | 240 | 720 | 50 810 | 570 | 190 | 280 |20 860 | 560
7 17 27 (110 [340 | 120 | 240 |320 | 440 [430 | 540 | 330 |40 330 | 210 | 100
8 18 28 [720 [310 [ 50 520 130 20 110 [ 470 | 520 | 630 |70 700
9 19 20 (260 [120 [ 110 |220 | 460 120 | 270 [ 630 | 810 | 400 | 420 | 630
10 20 50 320 30 820 640 |70 200 |40 710 | 440
. Hapo6iTKH JBITYHIB, MOTOL 01
Homepa BigpoB 1 2 3 Y o
1 11 21 150 |40 680 | 50 370 | 90 120 |70 30 530 | 90 370 | 320
2 12 22 [ 310 |[140 | 450 [520 |160 | 20 50 100 | 410 | 330 | 380 | 510 | 170
3 13 23 130 |20 130 [ 460 |50 180 |30 130 | 160 | 720 | 100 | 330 | 60
4 14 24 170 |70 310 | 120 190 | 330 | 340 | 400 | 310 |30 710 |10 180
8 5 15 25 120 | 750 | 680 |150 |460 | 200 | 270 | 410 | 240 |270 | 190 | 170 | 410
3 16 26 |80 150 | 730 | 270 | 760 | 120 | 810 | 570 | 510 |280 |20 860 | 560
7 17 27 [110 [440 | 500 [240 |320 | 90 430 | 540 | 380 |40 330 | 210 | 100
8 18 26 | 710 [370 | 520 [510 130 | 530 |90 110 | 400 | 520 | 630 | 50 690
9 19 28 260 | 120 220 (430 | 700 |120 | 270 810 | 400 720
10 | 20 70 | 320 10 |810 640 |70 10 170
HD_""p EKcrieprmeHTambHL JaH!
BAPLAHTY
. HapobiTKII JBITYHIB, MOTOT 011,
Honep a BigMOB "l 2 3 Y 3
1 11 21 | 220 |30 430 |70 320 | 70 120 |50 10 630 |80 370 | 320
2 12 22 {300 [110 | 450 | 570 160 | 20 50 190 | 410 | 410 | 390 [510 | 170
3 13 23 120 |20 140 [430 |50 390 |30 130 [ 160 | 720 | 100 [330 | 60
4 14 24 170 |70 310 | 140 | 210 | 2900 [340 [400 | 310 |30 710 |10 180
] 5 15 25 140 | 830 [ 680 [110 |450 | 610 (270 (410 | 170 |260 [190 | 170 | 410
6 16 26 |50 160 | 740 [240 | 720 | 550 |810 [570 | 620 | 280 |20 | 860 | 560
7 17 27 [110 [340 | 300 | 240 |320 | 570 [430 [540 ] 90 40 330 | 210 | 100
8 18 28 [ 730 [310 | 230 | 520 | 130 90 110 [ 180 | 520 | 140 |50 700
9 19 260 | 120 220 | 460 120 | 270 810 | 400 | 420 | 520
10 20 50 320 30 820 640 | 70 40 150 | 440
Houtepa nimios HapodiTKI JBITVHIE, MOTOT 0, _
MNel Ne 2 Ne 3 Ne g Ne s
1 11 21 180 | 100 | 660 |10 370 | 90 110 |60 10 430 |80 340 | 390
2 12 22 |300 |[110 | 450 | 560 |160 [ 20 50 100 | 410 | 380 |390 | 510 | 170
3 13 23 120 |20 140 430 |50 330 |30 130 | 160 | 720 | 150 | 310 | 60
4 14 24 170 |70 310 | 140 | 200 | 610 | 340 [400 | 310 |30 710 | 30 180
10 5 15 25 140 | 860 | 690 | 110 | 450 [ 30 270 | 410 | 90 270 [ 190 | 170 [ 410
6 16 26 50 160 | 430 | 240 | 720 | 50 810 | 570 | 190 | 280 |20 860 | 560
7 17 27 | 110 | 340 [ 120 [ 240 [320 [ 440 |430 | 540 | 330 |40 330 | 210 | 100
8 18 28 | 720 |310 | 50 520 130 920 110 | 470 | 520 | 630 |70 700
9 19 20 |260 120 [ 110 | 220 |460 120 | 270 | 630 | 810 | 400 | 420 | 630
10 20 50 320 30 820 640 | 70 200 | 40 710 | 440
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3HauyeHHst HOPpMoOBaHOi pyHKUii po3noxinenns: Fo(z)

z 0 1 2 3 4 5 6 7 8 9
00| O, 5000 | 5040 | 5080 | 5120 | 5160 | 5199 | 5239 | 5279 | 5319 | 5359
01| O, 5398 | 5438 | 5478 | 5517 | 5557 | 5596 | 5636 | 5675 | 5714 | 5753
02| O, 5793 | 5832 | 5871 | 5910 | 5948 | 5987 | 6026 | 6064 | 6103 | 6141
03] 0O, 6179 | 6217 | 6255 | 6293 | 6331 | 6368 | 6406 | 6443 | 6480 | 6517
041 O, 6554 | 6594 | 6628 | 6664 | 6700 | 6736 | 6772 | 6808 | 6844 | 6879
05| 0, 6915 | 6950 | 6985 | 7019 | 7054 | 7088 | 7123 | 7157 | 7190 | 7224
06| O 7257 | 7291 | 7324 | 7357 | 7389 | 7422 | 7454 | 7486 | 7517 | 7549
071 0, 7580 | 7611 | 7642 | 7673 | 7704 | 7734 | 7764 | 7794 | 7823 | 7852
08| 0, 7881 | 7910 | 7989 | 7967 | 7995 | 8023 | 8051 | 8078 | 8106 | 8133
091 0, 8159 | 8186 | 8238 | 8212 | 8264 | 8389 | 8315 | 8340 | 8365 | 8389
10| O 8413 | 8438 | 8461 | 8485 | 8508 | 8531 | 8554 | 8577 | 8599 | 8621
11] 0 8643 | 8665 | 8686 | 8708 | 8728 | 8749 | 8770 | 8790 | 8810 | 8830
12| 0, 8849 | 8869 | 8888 | 8907 | 8925 | 8944 | 8962 | 8980 | 8997 | 9015
13 ] 09 | 0320 | 0490 | 0658 | 0824 | 0988 | 1149 | 1308 | 1466 | 1621 | 1774
14 | 09 | 1924 | 2073 | 2220 | 2364 | 2507 | 2647 | 2785 | 2922 | 3056 | 3189
15| 09 | 3319 | 3448 | 3574 | 3699 | 3822 | 3943 | 4062 | 4179 | 4295 | 4408
16 | 09 | 4520 | 4630 | 4738 | 4855 | 4950 | 5053 | 5154 | 5254 | 5352 | 5449
1,7 | 09 | 5543 | 5637 | 5738 | 5818 | 5907 | 5994 | 6080 | 6164 | 6246 | 6327
18 | 09 | 6407 | 6485 | 6562 | 6637 | 6712 | 6784 | 6856 | 6926 | 6995 | 7062
19| 09 | 7128 | 7193 | 7257 | 7320 | 7381 | 7441 | 7500 | 7588 | 7615 | 7670
20| 09 | 7725 | 7778 | 7831 | 7882 | 7932 | 7982 | 8030 | 8087 | 8124 | 8169
21| 09 | 8214 | 8257 | 8300 | 8341 | 8382 | 8422 | 8461 | 8500 | 8537 | 8574
22| 09 | 8610 | 8645 | 8679 | 8713 | 8745 | 8778 | 8809 | 8840 | 8870 | 8899
23| 0,9 | 8928 | 8956 | 8983 | 9010 | 9036 | 9061 | 9086 | 9111 | 9143 | 9158
24 1099 | 1802 | 2024 | 2240 | 2451 | 3656 | 2857 | 3053 | 3244 | 3431 | 3613
25 10,99 | 3790 | 3963 | 4132 | 4297 | 4457 | 4614 | 4766 | 4915 | 5060 | 5201
2,6 | 099 | 5339 | 5473 | 5603 | 5731 | 5855 | 5975 | 6093 | 6207 | 6319 | 6427
2,7 10,99 | 6533 | 6636 | 6736 | 6833 | 6928 | 7020 | 7110 | 7197 | 7282 | 7365
28 [ 099 | 7445 | 7523 | 7599 | 7673 | 7744 | 7841 | 7882 | 7948 | 8012 | 8074
29 1099 | 8134 | 8193 | 8250 | 8305 | 8359 | 8411 | 8462 | 8511 | 8559 | 8605
30| 099 | 8650 | 8694 | 8736 | 8777 | 8817 | 8856 | 8893 | 8900 | 8965 | 8999
31| 09° | 0342 | 0646 | 0957 | 1260 | 1553 | 1836 | 2112 | 2378 | 2636 | 2886
32| 09° | 3129 | 3363 | 3590 | 3810 | 4022 | 4230 | 4429 | 4623 | 4810 | 4991
33| 09° | 5166 | 5335 | 5499 | 5658 | 5811 | 5959 | 6103 | 6242 | 6376 | 6505
34 | 09° | 6631 | 6752 | 6869 | 6982 | 7091 | 7191 | 7299 | 7398 | 7493 | 7585
35 | 09° | 7674 | 7760 | 7842 | 7922 | 7999 | 8074 | 8146 | 8215 | 8282 | 8347
36 | 09° | 8409 | 8469 | 8527 | 8583 | 8637 | 8689 | 8739 | 8787 | 8834 | 8879
3,7 | 09° | 8922 | 8964 | 9004 | 9043 | 9080 | 9116 | 9150 | 9184 | 9216 | 9247
38 | 09* | 2765 | 3052 | 3327 | 3593 | 3848 | 4094 | 4331 | 4558 | 4777 | 4988
39 | 09* | 5190 | 5385 | 5573 | 5753 | 5926 | 6092 | 6252 | 6406 | 6554 | 6696
40 | 09* | 6833 | 6964 | 7090 | 7211 | 7327 | 7439 | 7546 | 7649 | 7748 | 7843
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Hdopatoxk I'

3HauyeHHs IUIbHOCTI PO3MOoijieHHs HOPMOBaHOI QyHKIIT ¢(Z)

1 X
3HaueHHs QYHKIIT @ (Z) =——e ?
N2
z 0 1 2 3 4 5 6 7 8 9
00 [0, | 3989 | 3989 | 3988 | 3988 | 3986 | 3984 | 3982 | 3980 | 3977 | 3973
01 [0 3970 | 3965 | 3961 | 3956 | 3951 | 3945 | 3939 | 3932 | 3925 | 3918
02 [0, | 3910 | 3902 | 3894 | 3885 | 3876 | 3867 | 3857 | 3847 | 3836 | 3825
03 [0 3814 | 3802 | 3790 | 3778 | 3765 | 3752 | 3739 | 3725 | 3712 | 3697
04 |0 3683 | 3608 | 3653 | 3637 | 3621 | 3605 | 3589 | 3572 | 3555 | 3538
05 [0 3521 | 3503 | 3485 | 3467 | 3448 | 3429 | 3410 | 3391 | 5372 | 3352
06 |0 3332 | 3312 | 3292 | 3271 | 3251 | 3230 | 3209 | 3187 | 3166 | 3144
0,7 | O 3123 | 3101 | 3079 | 3056 | 3034 | 3011 | 2989 | 2966 | 2943 | 2920
08 |0 2897 | 2874 | 2850 | 2827 | 2803 | 2780 | 2756 | 2732 | 2709 | 2685
09 [0 2661 | 2637 | 2613 | 2589 | 2565 | 2541 | 2516 | 2492 | 2468 | 2444
10 [0, | 2420 | 2396 | 2371 | 2347 | 2323 | 2299 | 2275 | 2251 | 2227 | 2203
11 |0, 2179 | 2155 | 2131 | 2107 | 2083 | 2059 | 2036 | 2012 | 1989 | 1965
1,2 [0, | 1942 | 1919 | 1895 | 1872 | 1849 | 1826 | 1804 | 1781 | 1758 | 1736
13 [0, | 1714 | 1691 | 1669 | 1647 | 1626 | 1604 | 1582 | 1561 | 1539 | 1518
14 [0, | 1497 | 1476 | 1456 | 1435 | 1415 | 1394 | 1374 | 1354 | 1384 | 1315
15 [0 1295 | 1276 | 1257 | 1238 | 1219 | 1200 | 1182 | 1163 | 1145 | 1127

16 |0, 1109 | 1092 | 1074 | 1057 | 1040 | 1023 | 1006 | 0989 | 0973 | 0957

1,7 1 00 9405 | 9246 | 9089 | 8933 | 8780 | 8628 | 8478 | 8329 | 8183 | 8036

1,8 | 0,0 7895 | 7754 | 7614 | 7477 | 7341 | 7206 | 7074 | 6943 | 6814 | 6687

19 [ 00 6562 | 6438 | 6816 | 6195 | 6077 | 5959 | 5844 | 5730 | 5618 | 5508

20 100 5399 | 5292 | 5186 | 5082 | 4980 | 4879 | 4780 | 4682 | 4586 | 4491

21 100 4398 | 4307 | 4217 | 4128 | 4041 | 3955 | 3871 | 3788 | 3706 | 3626

22 100 3547 | 3470 | 3394 | 3319 | 3246 | 3174 | 3103 | 3034 | 2965 | 2898

23 100 2833 | 2768 | 2705 | 2643 | 2582 | 2622 | 2463 | 2406 | 2349 | 2294

24 100 2239 | 2186 | 2134 | 2083 | 2033 | 1984 | 1936 | 1888 | 1842 | 1797

25 100 1753 | 1709 | 1057 | 1625 | 1585 | 1545 | 1506 | 1468 | 1431 | 139%4

26 [ 00 1358 | 1324 | 1289 | 1256 | 1223 | 1191 | 1160 | 1130 | 1100 | 1071

2,7 100 1042 | 1014 | 0387 | 0961 | 0935 | 0908 | 0885 | 0867 | 0837 | 0814

28 | 000 | 7915 | 7696 | 7483 | 7274 | 7071 | 0873 | 6679 | 6491 | 6307 | 6127

29 | 0,00 | 5952 | 5782 | 5616 | 5454 | 5296 | 5143 | 4993 | 4847 | 4305 | 4567

3,0 | 0,00 | 4482 | 4301 | 4173 | 4046 | 3928 | 3810 | 3095 | 3584 | 3475 | 3370

3, 0,00 | 4432 | 3257 | 2384 | 1723 | 1232 | 0873 | 0612 | 0425 | 0292 | 0199

4, 0,00 | 1338 | 0893 | 0589 | 0385 | 0249 | 0160 | 0101 | 0064 | 0040 | 0024

5, 0,00 | 1487 | 0897 | 0536 | 0317 | 0186 | 0108 | 0062 | 0035 | 0020 | 0011
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Joparox |
Ipuxaan opopmiieHHs] TUTYJIBHOTO JHUCTA 10 KOHTPOJIBbHOI po00TH

MIHICTEPCTBO OCBITU I HAVKH YKPATHU
HanionaneHuii yHiBepcuTeT «3amopizbka MOMITEXHIKa

Kadenpa «ABTOMOOITI, TETUIOBI ABUTYHH
Ta TiIOpHUIHI €eHEPTeTUYHI YCTaHOBKI

KonTponbHa poboTa

3 nuenuiutiay «HamiiiHICTh TEXHIYHUX CUCTEMY

Buxkonas:

MaricTpasr Tp. /
(nara) (miammc)

[lepeBipus: /
(naTa) (nignue)

202 p.
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Honpatok K

Ipuxaan opopmieHHs1 3MicTy KOHTPOJIBHOI pO60TH

3mict
Crop.

Po3paxyHOK OTMHUYHUX TOKa3HUKIB HAJ[IHHOCTI

D10:370 0% 500 T 3

I'padiuna iHTEpHIpETaLlis PO3MOALTY HMOBIPHOCTEH

CKCIIEPUMEHTAIBHUX JAHUX 111010 HaIiHHOCTI

D10:370 0% 500 T 5

BusiBIeHHS HANIPSIMKIB BJOCKOHAJICHHS TEXHIYHOTO

PiBHS €IeMEHTIB KOHCTPYKIIii TPAHCIIOPTHOTO 3ac00y

HAa Ti/ICTaBi TATEHTHOI IHPOPMAITIT. ... ovvveeneenennnn.n. 9

BusHaueHHs pecypcy arperaty aBTOMOOINS Ha

MTPOTHO30BAHUH MEPIO GACY .. v veenenneneanenenennen, 11

IIporHo3yBaHHs BUTPATH 4acy Ha 0OCITyrOBYBaHHS

TPAHCIIOPTHOTO 3ac00y 3 BU3HAYEHOIO MOTYXKHICTHO. . ... 13
BHCHOBKH. ...ttt 14

TIEPeITiK TTOCHIIAHD. . .. etueeeteeteeeteeeeeee e e aeeeaenns 15
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Joaparok K
IIpuxian opopMiIeHH BUKOHAHOI'0 3aBJAHHSHA

3aBpannsa Ne 1
Po3paxyHoK oqMHUYHMX NOKA3ZHUKIB HAXIHHOCTI IBUTYHIB

3agaya 1.1 HeoOximHO BuUmMCAaTH 3 METOAWYHUX BKAa31BOK
¢dopMynboBaHe 3aBIaHHS, IPU LFOMY BUXiJHI JaHHI MOTPiIOHO BKa3aTH Y
BiJIIOBITHOCTI 31 CBOIM BapiaHTOM.

3i cnocmepesxcens 3a napmicio osucynie 3M3-402.10 i nacmynuoi
00pobOKu pesyibmamie ompumari 3HaueHHs L, =96000 kv, 0=18000 ku. 3a
YMOBU, WO PO3N00in GIOMO8 NIOKOPAEMbCA HOPMANLHOMY  3AKOHY,
BUBHAYUMU NOKA3HUKU HaOditHocmi 00 Hanpayiosans t1=156000 «nm,
1:=182000 xm, 13=198000 xm, 14=212000 xm:

— umosipuicmo be36iomosnoi pobomu P(t);

— umosipuicmo giomosu R(1);

— winbHicmo umosipnocmi 8iomos f(t);

— inmencusHicms 6iomog A(t).

3a ompumanumu pesyromamamu nobdyoyeamu epagiku  3minu
NOKA3HUKIG 810 3a0aH020 HANPAYIOBAHHSL.

Hanani neoOxigHo mpormcatu Bupas «llopsmok pospaxyHKiBY,
OakaHO MOTO PO3MICTHTH IO LIEHTPY CTOPIHKH.

Tlopsadok pospaxynxie

[MoTpiOHO mpommcaTu Ti Aii, sKi Oe3MocepeHbO BUKOHYIOTHCS 3
000B’I3KOBUM MHUCHMOBUM CYTPOBOKCHHSIM.

1. /Insa napobimxy t1=156000 xm 3nayenHs NOKA3HUKIE BU3HAUAMbCS
HACMYNHUM YUHOM.

Umosipuicms  siomosu  R(ty  eusmauaemvcs na  niocmasi
BUKOPUCTNANHS HOBOI 8UNAOKOBOI GelUYUHU Z MA MAOYIbOSAHUX 3HAUEHD
yenmposanoi gynryii Fo(z) [1].

s yvoeo suxopucmarno mamemamuynuil eupasz (1):

t-t
7= @)
¢
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Tax npu nanpayrosanni 11=156000 km 3HauenHs Z GUHAYUMBCA.

—t _
- t-t, _156000-96000 ..
0 18000

YV gionogionocmi 3 dooamrkom B [1] iimosipuicme eiomosu R(t1)
BUBHAYUMBCS HACHTYNHUM YUHOM:

R(ty= Fo(zy)~Fo(3)=0,9995.

Tooi imogipnicmo  6e38iomoenoi  pobomu Pty eusnauumscs
HACTYNHUM YUHOM.

P(t)=1-R(t1)=1-0,9995=0,0005.

UJinonicmo umosiprnocmi giomos f(ty) eusnauumocs y sionosionocmi
3 eupasom (2) [1]:

f(t):@. 2)

3nauenns Oughepenyianvnoco e6ucnsioy HOPMOBAHOI YEHMPOBAHOL
Gyuryii p(2) susnauumocs 3a 3navennsm 21 ma mabauyi dooamxa I [1].
Tooi:
o(z,) 0,999

= -55.10° kv,
18000

ft)=

Inmencusnicmo  6iomos A(tl) eusnauumvcs y 6i0nogionocmi 3
supazom (3) [1]:
f(t
)=, ©
P(t)

Tooi ons nanpayroeanns t1=156000 km inmencusnicms 6iomog A(t1)
06y0e mamu 3HAYeHHSL:

)= 10 _ 55-10°

P(t) 0,0005

011xn™.
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Takum wuHOM, OMPUMAHI YUCETbHI 3HAYEHHSI WNOKA3HUKIE O
nanpayrodanns 11=156000 km.

Ananociunum uunom 30TUCHIOIOMbCS PO3PAXYHKU O HACYNHUX
HAnpayioeans (HAOAi 34 MEKCMOM HABOOUMbBCSL NOPSOOK PO3PAXYHKIR).

3MIACHIOETBCS  MMOOYAyBaHHS

Ilicns BUKOHAaHHS PO3PaxyHKIB
rpadiunux 3anexHoctel. [Ipyu bOMy pEeKOMEHAYETHCS O BHKOPUCTAHHS

JTBa TIOJTi KOOPIMHAT:
— Ha MepIIoMy BimoOpaxarThes 3HaueHHs P(t) i R(t);
— Ha Ipyromy BinoOpakaroThcst 3HaueHHs f(t) i A(t).
Iepen 1M HEOOX1IHO MPOMUCATH HACTYIIHE.

Ompumani 3Ha4enns NOKA3HUKIE BI00OPANCAI0 HA NOJSX KOOPOUHAM
ma 3’€onaio ainismu Oas ompumanus 2pagpikis (puc .1 a, 6). Ilpu yvomy
PO3PAXYHKOGI OaHHI 3 €OHAIOMbCSL CNOIOWHOIO THIEN, A 00 V3A2albHEHO20

6u2flﬂ()y npoc)oeoicy;ombC}l NYHKMUpPHOIO.
Y o A A(D)
1/Em 1/EM
’

P
1.0 /&‘"‘* -

s
~
-\"’F

o 156000 156000
f b

a
a — timosgipricme bessiomosnoi pobomu P(t) ma timosipricms eiomosu R(Y);
6 — winbnicms tmosiprocmi éiomos f(t) ma inmencuenicmo 6iomoe At) (na noni za
HABYATILHOI) MEMOI0 He HABOeHO MA He NO3HAYEHI YUCeNbHi OAHHI 34 0OpaHum

3a1aul

macumabom)
Pucynox 1 — I'paghiuni 3anesxcHocmi ROKA3HUKIE HAOIIHOCMI 810 HANPAYIOBAHHS
12 Ta
BUKOPHUCTAHHA

Hanani HeoOXximHO mepedTH 110 BUKOHAHHS
32 3alpPOIOHOBAHMM [0

MIPOJIOBXKUTH  PO3PaXyHKHU
MOPSIKOM.



