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AHOTALIA Y pobomi 3anponoHo8aHo 0OuH i3 HANPAMIE GUPIWEHHA 3a0ayi - KOMIIEKCHO20 RNIO8UWeHHs AKOCMI O0oaomd.
Ilpoananizoeano uatlbinbus nowUpeHi NOUWKOONCEHHA, AKI SUKIUKAIOMb NepedyacHull 6uxio 3 1ady NopoOOPYUHIEHO20 OCHAWEeHHS
MPUAPOWKosux Oyposux Oonim npu OypiHHI 0co6au60 MmiyHux cipcvkux nopio. OchosHa ides yiei pobomu nonsieae 6 po3pooyi
cxiouacmo-noiunoi moodeni. Taka moodenb cmeopoemvbcst HA OCHOGI NPUYUH, WO NPU3600sIMb 00 8i0MOGU MPUUAPOUIKOEE OYPOSUX
oonim 3 WApOWKamu, SKi OCHAUjeHi MEepOOCNIABHUMU NOPOOOPYIHIGHUMU 6CMABHUMU 3YOKamu. Bcmanoeneno, wjo eiomosa
NOPOOOPYUHIEHO20 OCHAWEHHS O0AOMA € NPUYUHOIO JO2TYHOI NOCTIO08HOCI UMOBIPHUX ROOIl, 4 KPUMEPIEM BIOMOBU € MIHIMANbHI
nepepisu 8 mooeni iomos. B oawiii cmammi noxazano cmynenego-n02iuHuil aHali3, AKUL 0A€ MONCIUBICMb 8CIAHOBUMU XAPAKMeD
63a€M036'513Ki6 Midic 6azosumu hakmopamu, sKi 6paxo8yiomvcsi npu PULHAMMI piuters. JJoCHioNiceHHss nPOGOOUNUCST HA OCHOBI
MAmMemMamuyHo20 NIaHY8AHHS eKCNEPUMEHMI8 8 YMO8AX PedibHO20 eupobHuymea Oyposux donim. Ilokazanuii oOuw i3 npuxiadie
3aCmMOCy8anHa MOOYII6, WO ONUCYIOMb OOHY 3 MONCIUBUX NPUYUH GUXOOY 3 A0V 6CMIABHO20 NOPOOOPYUHIBHO20 OCHAUEHHS 00JIOMA.
AHanizom 6CmMano8IeHO, WO V 6CIX GUNAOKAX 8 MOOENAX 8i0MO8 eleMeHmie 00I0ma, OA308UMU NOOIAMU GUCTYNAIOMb MPU OCHOGHI
¢axmopu: 6uxioni enacmusocmi mamepiany i napamempu KOHCMpYKYii, sIKi 3a0aromsbcst Ha CMaoii NPOeKmMy8aHHs. | KOHCMPYIOGAHHS,
a makoxc MexXHONOSIMHI (hakmopu, SKi GOpMYIOmbCs HA CMAJIIX NPOEKMY8aHHs 1 peanizayii MexHONOZIYHUX Npoyecie
sucomosnents. Cmynenego-102iuHutl aHauiz Guxoody 3 a0y MpUUAPOWKOBUX OONiM 00360SE€ NOKA3AMU 63AEMO36'I30K MIdIC
NIOKOHMPOTLHUMY PaKmMopamu i 8i0M08aMU 3 NO3UYIT nAPAMempPI6 MEXHIYHO20 CIAHY eleMeHmié 0010ma. 3anponoHosana cxema
BUSHAUEHHSI NAPAMempI6 eNeMeHmie MexXHONIOSIYHOT cucmemu, Ha AKiU MONMCHA BCMAHOBUMU SKICHI NOKA3HUKU 6CMABHO20
NOPOOOPYIUHIBHO20 OCHAWEHH MPUAPOUKOSUX Oyposux Oonim. Bubip onmumanvnoco eapianmy napamempisé 30IUCHIOEMbCA
8I0N0OBIOHO 00 Kpumepiio MAKCUMATbHOT egexmuerocmi. Takum YUHOM, 3ACMOCYBAHHS CMYNEHeBO-T02IYHUX Mooerell 0ae
MOJCTUBICIb He MINbKU GUAGIAMU NPUUUHU 8I0MO8 NOPOOOPYUHIEHO20 OCHAWEHHA OYposux 00nim, a i NpuiumMamu KOPeKmui i
006IpYHMOBaHI piuleHHs Wo0o 3abe3neuenHs AKOCmi npoyecie Ha OCHOBHUX emanax JHCUMmMeEEO20 YUKILY BUCOMOGIEHHS OOiMm.
Knrwuosi crosa: cmynenego-nociunutl ananiz, Kpumepii 6i0Mo8u, 3y00K; Wapowka, @QyHKYIOHATbHO-OPIEHMOBAHA MEXHON02Is,
mpuwapowikoge Oypose 00J10Mmo; HCUMMEBUL YUKIL

ASSESSMENT OF RELIABILITY AND CRITERIA FOR IMPROVING THE
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ABSTRACT One of the options for solving the problem - a comprehensive improvement in the quality of the bit was proposed. The
most widespread damages that are caused by premature failure of the rock cutting equipment of tricone rock drilling bit when we
have been process well-boring by especially hard rocks are analyzed. The main idea is to develop a step-logical model. Such model
is created on the basis of reasons that bring to a failure of tricone drilling bit, which are rock cutting equipment. It is prescribed that
the failure of rock cutting equipment is the reason of the logical sequence of the most probable events, and the criterion of failure is
the minimum cross-section in the failure model. This article presents a stepwise logical analysis, which makes it possible to establish
the nature of the relationship between the basic factors that are taken into account when making decisions. Researches were
conducted on the basis of mathematical planning of experiments in the real production of drill bits. One example is shown of how
modules can be used that describe one of the possible reasons for the failure of a rock cutting equipment's tricone drilling bit. The
three main factors are the basic events. This is determined by the analysis that in all cases, in the failure models of the bit. These
main factors are the initial material properties and design parameters set at the design and construction stage, as well as
technological factors that are formed at the stages of design and implementation of manufacturing processes. A step-by-step analysis
makes it possible to detect the relationship between under control factors and failures. A scheme is proposed for determining the
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parameters of technological system element, with the help of which it is possible to establish quality indicators of insert rock cutting
equipment of tricone drilling bits. The choice of the optimal variant of parameters is carried out in accordance with the criterion of
maximum efficiency. Thus, the application of step-logic models makes it possible not only to find out the reasons for the failure of
rock cutting equipment for tricone drilling bit, but also to make correct and substantiated decisions for quality assurance of
processes at the main stages of the lifecycle for manufacturing tricone drilling bit.

Keywords: step-logic analysis; failure criterion; inset cutter; roller cutter; function-oriented technology; tricone drilling bit;

lifecycle
Beryn

Opniero 3 HAUCKIAHINIMX 3a4a4 CYYacHOTO
J0J0TOOYIyBaHHS € 3abe3nedeHHs HapTOrasoBoi Ta
ripHAYOT MIPOMHCIIOBOCTI BUCOKOSIKICHUMHU
TPUIIAPOIIKOBUMH OypOBUMH JOJOTaMHU JJsl OypiHHS
ocobumBo  MinHMX mopix. Taki OypoBi gomora
BUTOTOBIISIIOTH 3 ITOPOAOPYHWHIBHHM  OCHAIIEHHSIM
[IapOIIOK HAa OCHOBI BCTAaBHHUX TBEPJOCIUIABHUX BCTABOK.
OcobmmBocTi KOHCTPYKIIi{ TOPOIOPYHHIBHOTO
OCHAIIICHHS Ta HAJ3BUYAHO BaXKKi YMOBH EKCILTyaTaIlil
JOJIIT BHCYBAIOTh KOMIUIEKC BHMOT, SIKi JOCHTH Ba)KKO
3aJ0BOJILHUTH B YMOBaX peaJbHOr0 BUPOOHHLTBA. ToMy

po3pobka HamiHHUX KpHUTEpiiB MO0 MIAXOMIB ¥y
BJIOCKOHAJICHH] TEXHOJIOTIT BUTOTOBJICHHS
TPUIIAPOIIKOBUX  OypOBHX  JIOJIT €  aKTyaJbHOIO

npoOJIEeMOI0 Ta Ma€ BaKJIMBE NMPAKTHYHE 3HAUEHHS IS
BITYM3HIHOTO JToJI0TOOy myBaHHs [ 1-3].

OTtpumaHni eKCIIepUMEHTAIIbHI pe3yibTaTu
MiATBEPANIN €PEKTUBHICTH PO3POOIEHOT0 KOMILIEKCHOTO
MiIXOMy Ha OCHOBI CHCTEMHOTO 3a0e3IMeUeHHs SIKOCTI i
eKOHOMIi MaTepiajiB Ha OCHOBHHX €Tarax >XHTTEBOTO
UKy momiT [4-6]. s peamizarii Takoro miaxomxy Oyio
pO3pobIeHO CTPYKTYPY €IWHOI iHpOpPMamiiHOI CHCTEMHU
MATPUMKH TPOIECIB CTBOPEHHS AOMT [7], MmO [gamo
MOJIMBICTE O0’€HATH YCi TPOILECH, MMOYHUHAIOYH Bij
MPOCKTYBAHHS, MIATOTOBKH BUPOOHUIITBA I BUTOTOBJICHHS
JIOJNIT, a TaKOX CHCTEMH KOMILICKCHOTO [i/IBUIIECHHS
SKOCTI JOJNIT Ha JOBUPOOHHYOMY Ta BHPOOHHUOMY
eranax >KMTTEBOTO LMKy TPHUIIAPOUIKOBUX OYypOBUX
jpomr. lle BIIKpHIO MOXIIMBOCTI JUIsi 3aCTOCYBaHHS
(YHKI[IOHAJILHO-OPIEHTOBAHOT TEXHOJIOTI1 Ta
3a0e3nevyBaTy 3aJaHWi piBEHb SKOCTI YCIX IIpOIeciB
BHPOOHHMIITBA JIOJIIT.

Y nmomotoOymyBaHHI IIMPOKO 3aCTOCOBYETHCS
IMITAIlifHE MOJENIOBAHHA Ha OCHOBI MaTeMaTHYHHUX
Mozenel ki 3armponoHosano B [8]. [Ipote, 3acTocyBanHs
Cy4acHMX  MOJOXeHb  (YHKI[IOHAJIbHO-OPIEHTOBAHOT
TEXHOJIOTIT Ta peaii3aimii KOMIT FOTEPHO-IHTErPOBAHUX
cucrem, CALS Tomo, BuUMarae po3poOku Ta
BIIPOBA/DKEHHS Yy3aralbHeHUX Mojened. BoHu Jerko
IHTErpyloThcsl B iHQOpMaliiiHy cHCTeMy YIpaBIiHHS
mporecaMu BUpoOHUIITBA A0uiT [9-11].

OnHUM 3 NEepCrHeKTHBHUX IUISIXIB BHPILICHHS
OKpECJICHOI TPOOJIEMU € PO3pO0Ka CTYNCHEBO-JIOTIYHUX
Mojieneii. BOHM CTBOPIOIOTBCS HAa OCHOBI NPUYMH, SIKi
MIPU3BOIATH /10 BiIMOBHU TPHUIIIAPOIIKOBHX OYPOBHUX TOJIT
3 IDapoIIKaMH, SKi  OCHAIEHI  TBEPAOCIUIABHUM
MMOPOIOPYWHIBHIM BCTaBHUM OCHameHHsM [5,12,13].
BaxnuBuM MOMEHTOM Yy 1bOMY € (HOPMYJIFOBaHHS
KpUTepiiB MiHIMi3amii MiHIMATBHUX MEpepi3iB s
BHOOPY NUIAXIB MiJBUIIEHHS JOBIOBIYHOCTI OYypPOBHX

momit. TyT 3amumiaeTbcs BiOKpPUTE THTAaHHA PO
¢dopmanpHe  TpenCTaBIEHHS ~ KpUTepiiB, a  came
MIHIMAJIFHOTO MUIXYy Ta MIiHIMaJbHOTO IIepepizy, fKe
4acTKOBO po3B’s3aHo B [13]. OnHak, TyT HE BpaXOBYEThCS
eneMeHT pusuky. Lle, K BUABUIIOCS, CIPUYMHIOE HU3KY
mpobjieM y KOPEKTHOCTI MPUHHSITTA OJHO3HAYHUX
pillleHb, SKi CKIAaJar0Th KOPCHEBI MOJIi B JepeBax YU
MaTpHIIX pillleHb HpHU IT00YI0BI MPOLECiB HA OCHOBHUX
eTarax >KUTTEBOTO LUKy OYPOBHX JOJIT.

Merta po6oTu

[IpoanamizyemMo  XapakTepHi MPHYMHH, IO
COPUYMHWIA BiAMOBH IOPOJOPYHHIBHOTO OCHAIICHHS
IIAPOIIKOBHUX JIOJIT. 3aCTOCYEMO CTYNECHEBO-JIOTTUHHNA
aHaji3, IO JacTh MOJKJIMBICTh BCTAaHOBHTH XapakTep
B3a€EMO3B’SI3KIB MK  0a30BUMM  YMHHHMKAMH,  SKi
BPaxOBYIOTHCS IPU MPUUHATTI pilieHb. [Ipy nboMy Takuid
KOMIUIEKC BpaxOBY€ SIKICHI IOKa3HUKW (METaJIO3HAaBYI,
¢bi3uKo-MexaHiuHi, KOHCTPYKTOPCHKO-TEXHOJIOT14HI,
eKCIUTyaTalliifHi Ta eKOHOMIYHi), SKi BH3HAYaIOTh
napamMeTpyd TEXHIYHOTO CTaHy €JIeMEHTIB  JI0JOTa.
O1iHKOIO € BiIMOBa.

OCHOBHA YaCTHHA

JociipkeHHs] TPOBOIMIINCh B yMOBaxX PEalbHOro
BUPOOHHUILITBA OypOBHX JIOJIT, 332 YMOB MaTeMaTHYHOTO
TUIaHYBaHHS €KCIIEPUMEHTIB, KOMIUIEKCHHM
3aCTOCYBaHHSIM €KCIEpHMEHTAIBHUX JIabopaTopHHUX Ta
HaTypHHUX BUIIPOOOBYBAHb.

Ha eranmi mpoekTyBaHHs  OypoBUX  JOJIT
BUKOPHCTOBY€EThCS iH(OpMamis Tpo eKCILTyaTariiHi
nokasHukM. Taka iHpoOpMamiss oTpuMaHa 3 JaHUX

HaTIPAIIOBAaHHS aHAIOTIYHUX KOHCTPYKIIiH B pealbHUX YU
CTeHIOBHX yMoBax Oypimas [14,15]. Takox i3
CTaTHCTHKH BigMOB JeTalieil HONiT, 4depe3 sKi OJIOTO
BTPaTHJIO IMpPale3/1aTHICTh, MOXKHA OLIHUTH HMOBIPHICTh
BUHHUKHEHHSI aHAJOTTYHUX CHUTYyalidl 13 3alpOEeKTOBaHHM
nosotoM [16].

[licns TpPOBENEHOTO aHaNi3y MOXKHA BHIUTATH
JIeKUJIbKa TUIOBUX TOIIKOJUKEHb JojoTa [13] uepes siki
MOPOJIOPYHHIBHE OCHAIICHHS BUXOAWUTH 3 jnany (puc. 1).
XapakTepHi MOMIKOKEHHS JI0JI0Ta, IKE BOHO OTPUMAJIO Y
nepii ToJUHNA poOOTH Ha BUOOT, Be/ie 10 HENIPUITY CTUMHUX
E€KOHOMIYHUX 30UTKIB Ta YCKIQJHEHb OYpPOBHX pPOOIT.
Oco6nmrBo HEOE3NMEYHNMH Cepel MOITKOIKEHb € BTpaTa
(parMeHTiB MIAPOIIKH, T KOYeHHs (puc. 1, a) 9m minoi
cexkuii (puc. 1, 6). Lle Beme no aBapiiHUX poOIT i BUMarae
BUaNIeHHs 3 BUOOIO (hparMeHTiB MeTany. 3aKJIMHIOBAHHS
OTIOp € MPUYMHOIO 3YMTUHKU 00epTaHHs 1apoiok (puc. 1,
B). [Ipu 1ipoMy mpoXiJ 10JI0Ta 3yMUHIAETHCS, a MAPOIIKH
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IHTCHCUBHO  CTHpaOTbcs 00 Bubid. He MeHm
HeOe3neyHnM € pyHHYBaHHS BCTaBHOTO
MOPOAOPYHUHIBHOTO OCHAIICHHs wiapomok (puc. 1, r).
[lpn upoMy mpoxin [0J0Ta pI3KO 3MEHIIYETHCS 1
HIBUAKICTH OypiHHA mamae. Takox HeOE3MeKy CTAaHOBUTH
TBEPIUH CIUIaB, IKUH HAKOIIMYYETHCS Ha BUOOT.

SIkicHa OIliHKA TPUIIAPOIIKOBUX JOJIT, K 1 Oy/Ib-
SIKOTO ~ CKJIQJHOTO 1  BiINOBIJAIEHOTO  BHPOOY,
3MIHCHIOETHCS Yepe3 NPU3My KOMIUIEKCHOT MHOKHHU
TapamMeTpiB SIKOCTI 3 OIIHKK XapaKTEePUCTHK INPOIIECIB HA
yCiX eTamax CTBOpEHHsA I0iiT. OCKUIBKH BCi €JeMEHTH
JIOJIOTa TPAIIOIOTh Y BKpall BAKKUX yMOBAaX, TO SIKICTh
JIOJNIOTa TIOBMHHA TapaHTyBaTH 3aJaHy O€3BIIMOBHICTh
pobotu. Tomy B nomoroOymyBaHHI IPUHHATO, IO SKICTh
OKpEeMHUX EJIEMEHTIB KOHCTPYKIIi Jeranei mosora
BH3HAUa€ SKiCHI MOKa3HHUKY Iiyioro gosora. [Ipu nupomy B
CTPYKTYpi  KOHCTPYKIII  €JIEMCHTIB  ONOpPH  Ta
MOPOPOPYHHIBHOTO OCHAILIEHHS 3aCTOCOBYETHCSI IIPHHIIHIT
pe3epBYyBaHHs], IO JAa€ MOXJIMBICTh PO3BAHTAXKHUTH
HANOLIBII HABAHTAXKEHI Ta BiJIOBITATBHI €JICMEHTH.

3arajoM, aHami3oM IIOIIKOKEHL  €JIEMEHTIB
TPHUIIAPOIIKOBHX OYpPOBUX MOJIT TPHU3HAYEHHUX JUIA
OypiHHS 0COOIMBO MIITHHUX TiPCHKUX MOPIJ BUSBICHO, IO
mpobiiema MiIBUILIEHHS HazaifiHOCTI BCTaBHOTO
MOPOAOPYWHIBHOTO OCHAIICHHS BUMAara€ KOMILIEKCHOTO
PO3B’si3aHHST HU3KH 3334 3 MiJBUIICHHS IOBrOBIYHOCTI
yCiX JeTajed i By3JiB. A came, Tijia IIAPOIIKH Ta JIAIH,
OTIOPHHX BY3JIiB, TBEPAOCIUIABHIX BCTABOK TOIIIO.

Bigomo, 1m0 OIHMM 3 OCHOBHHUX MapaMeTpiB Y
BCTaHOBJICHHI1 JIOBrOBIYHOCTI MOPOAOPYHHIBHOTO
OCHAIIICHHS TPHUIIAPOIIKOBOIO OYypoOBOro J0JIOTa €
MUTaHHs (POPMYITIOBAHHS TIOHATTS BiaMOBH. [Ipu 1mbomy,
CYTTEBHM € BUSBJICHHS THX CJIEMCHTIB 1 BY3JIiB, BiIMOBa
SKMX  CIOPUYMHIOE TIOBHY YU  YacTKOBY  BTPATy
Mpane3aTHOCTI JIOJI0Ta 13 3aJaHOK0 WMOBIPHICTIO YH
pusukoM. JInsi pOro HEOOXIAHO BCTAHOBUTH HPUYUHU
BiIMOB Ta B3a€MO3B’S30K MK HaHOUTBII IMOBIPHOIO
MPUYUHOIO BiAMOBH Ta IMOBIpHHM HACIIAKOM, IO
CIPUYMHUB BHXI] 13 JIaJly eIeMEHTa JI0JI0Ta.

IMOBIpHICTh ~ BHHUKHEHHS  BIIMOBH  i-TOTO
€JIEMEHTa JI0JIOTa MPEJCTaBUMO IMOBIPHICTIO TEXHIYHOTO
CTaHy eJleMeHTa cuctemu [12].

Pi =P[Xi =1]=EXi (1)

ne X; — nBiliKOBa BMIAJKOBa BEJIMYMHA, L0 MpHHAMAE
3gadyeHHsA | 1 0 Ta O3Hayac OJHO3HAYHICTH TEXHIYHOI'O
CTaHy 1-TOro eJeMeHTa JI0JI0Ta.

Tomi nAms CHCTEMH €IIEMEHTIB JI0JI0Ta MOYKHA
BBECTH CTPYKTYPHY QYHKIIIO ¢(x), AKa € JBIHKOBOIO

BHITIJIKOBOIO BEJTMYMHOIO 13 PO3IOJILIOM IMOBIPHOCTI, IO

a — pO3KONIIOSAHHS MINA WAPOUIKU,
6 — gidnamyeanus yangu nanu,
8 — 3AKAUHIOBAHHS ONOP 1 3YNUHEHHS 0DEePMAHHS
WApowoK,
2 — PO3KONIIOBAHHS, 3HOUWY8AHHS, UNAOAHHS BCIMABHO2O
NOPOOOPYIHIEHO20 OCHAWEHHS WUAPOULOK

Puc. 1 — Haubinowr nowupeni nOwKoONCeHHs, KL
CHPUYUHIOIOMb NEPeOHaACHU UXIO 3 1a0Y

BH3HAYACTCS  CYMICHHM  POSHOMLIOM  HMOBIPHOCTEH 0,500 oz ocnauenns mpuwapouxosux Gypoeux
semnH X, X, .., X 0onim, npusnayeHux Oas OYPIHHA 0COONUBO MiYHUX
2IpcbKux nopio
py =Plp(X)=1]=Eg(X) Q) _ _
Ockinpku  0a30Bi  MMOfii, IO CIPHUYUHIOIOTH
KOHKPETHHI CTaH eJleMEHTa CHCTEMH, € HE3aICKHUMH,
CyMICHHH po3moin HMoOBIpHOCTEH BEJINYMH
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X Xy ey X BH3HAYUTHCS 3HAYCHHSIMU

P> Prs -

CHUCTEMH, B sIKili CTAalOThCSA BU3HAuUEHI mojii, Oyxe maru
BUIIISAL

n

_, ToAi (QyHKIisS HaAiHOCTI J0NOTA fAK

Ps = Ds (P) (3)

>

TIpU LILOMY
p:(pl’ pz’ M pn) (4)

dopManbHO JeTani i eIeMEHTH J0JI0Ta MOXYTh
3HAXOJOUTHCh Y JABOX CTaHax: MOXis (BiOMOBa) sKa
BimOyIacs, 9u BiICYTHICTB moii (BimMoBwm) [12]:

ps(0)=15[<p(xjp1 =0, ...p, =0]=(/)(0)=0

>

P)=EpX)p =1, o, =1]=0l)=1 o

Tomi MoOKXHA ONKMCATH aHaJI3 BIOIMOB, SKi
peanizyloThCsl B YMOBaxX €KCIDIyaTamii, 3a JOMOMOTOIO
CTYIICHEBHUX JIOTiKO-iMiTamiiHmX Moxened. IloGymosa
JIepeB BiIMOB 1 iX aHami3 A€ MOXJIUBICTH BHSBUTH
IMOBIpHI IIUISIXH, K1 BEIYTh JI0 BiZIMOBH JIOJIOTA.

Maroun 3a OCHOBY BHKJIAAKH TmomaHi B [17],
NoOy/I0BAHO HHU3KY CTPYKTYPHO-JIOTIYHHUX MOJYJIB SKI
BXO/ISITh B I[ITBHY MOJICIb, 1[0 OIHCYE B3aEMO3B’SI30K MiXkK
0a30BHMH, MMOYATKOBUMH YHHHUKAMH, 110
KOHTPOJTIOIOTHCS Ta BIJIMOBOIO OypPOBHX TPHUIIIAPOIIKOBUX
JOMT 3 TBEPJAOCIUIABHUM BCTaBHUM OCHAIICHHSM,
BimkpuTo0 omnoporo P-K-P ockoBuME mimmmmHUKaMU
KoB3aHH: [12].

BceranoBneno [12,13], mo nand BUHHKHCHHS
MOCTIIOBHOCTI BIZIMOB Yy €OUHIA MOIEN CTPYKTYpH
BIJTMOBH JI0JIOTa KOPEHCBUMH YHHHHUKAMH €:

— 4KICHI TOKa3HMKM Ta BIAMNOBIAHICTE YUHHUM

BUMOTaM (hi3MKO-MEXaHIYHHUX, TEXHOJIOTIYHUX
EKCIUTyaTallifHUX  TOKa3HUKIB  MaTepiayliB  JeTajiei
JIOJIOTA;

— SIKICHI MMOKA3HUKHU Ta BIANOBIIHICTE HEOOXIIHUX
BHMOT ITapaMeTpiB KOHCTPYKIIi] €JIEMEHTIB JOJI0Ta;

— gKICHI IOKa3HHKM Ta BIAIOBIAHICTE YMHHHAM
BAMOTaM  [apaMeTpiB  TEXHOJOTIYHUX  IIPOIIECiB
BUT'OTOBJIEHHS JETAJEN Ta €JIEMEHTIB JOJIOTA.

Binrak, BiAMOBa TOPOOPYHHIBHOTO OCHAIIECHHS
JIOJI0Ta €  TPUYMHOI  JIOTIYHOI  TMOCHiTOBHOCTI
HaWiIMOBIDHINIMX TOAIA, a KpUTEpIEM BIIMOBU €
MiHIMaJIbHI Tepepi3u B Moxeni BiaMmoB. 1li MiHiMasbHI
mepepisd €  MIHIMJIBHOIO  MHOXHWHOIO  BapiaHTIB
MOCTITOBHOCTEH JIOTIYHUX TOJii, 110 BeAyTh [0
KIHIIEBOTO pEe3yJbTaTy — BIJIMOBH IIOPOJOPYIHHIBHOTO
OCHAIIICHHS TPHUIIAPOIIKOBOIO OYPOBOIO JI0JIOTA.

O0po0ka pe3yJbTaTiB A0CTiKEHHSA

Hanpuknaa, po3risiHEMO NpeaCTaBICHUN Ha puC.
2 omuH 3 PO3POOICHHX MOIYJIB, MO OIHCYE OIHY 3

IMOBIpHUX TpPHYMH BHXOAy 3 Jaxy BCTaBHOTO
MOPOJOPYHHIBHOTO  OCHAIIEHHS J0J0Ta. B Komax
BITHCAHO 6a3oBi M KOHTPOJIbHI (baxropu, B

NPSIMOKYTHUKaX — MPOMDKHI JIOTi4HI cTtaHu. B pombax
npeAcTaBieHo 0a30Bi CTaHM, sIKI JUIA 3pYy4YHOCTI Ta
KOMITaKTHOCTI OINHUCYIOTbCS OKPEMHMH MOJIYJSIMH. Y
OKpEeMHX BHINaJKax 0a30Bi CTaHM B pOMOax MOXYTb
BUCTYNaTH OKPEMHUMH IPUYMHAMHU BIIMOBH JI0JIOTa,
HalPHKJIIAJ[: PO3KOJIIOBAHHS Tijla MApOIIKH Ta YTBOPEHHS
HEJIOMYCTHUMHUX JIO(QTIB B OMOPI.

BazoBumu momismu um dakrtopamu € [12, 13]:
BIIACTUBOCTI MaTepiajliB OCHAIICHHS Ta KOHCTPYKIIiiHI
mapaMeTpu, sKi BHOHWpAOTbCA TIPU  MPOEKTYBaHHI,
KOHCTPYIOBaHHI, a TaKoX MHOXXHHAa TEXHOJOTIYHUX
¢dakTopiB, SKi CIyrylOTh ©0a3010 Ui TPOEKTyBaHHS
TEXHOJIOTIYHUX TPOLECIB, MIIrOTOBKM BHUPOOHHMLTBA W
BUTOTOBJICHHSI.

Busnauutu iiMoBipHocTi (P) nux noaiii (A) MmoxHa

3 hopmyiu:

P(4)=lim> (6)

n—© p

Je X — YHCJIO BHNAJKIB BHHHKHEHHS IO A, IO
BiOYJIHCS 3 YMCIIA N, TOBTOPSHUX JOCIIIIB.

Ha puc. 2 npAMOKyTHHKaMH MO3HAYEHO MPOMiKHI
HalliMOBipHiImI moriyHi craHu. [lng 3pydHOCTI Ta
KOMIAKTHOCTI TOOYOOB Mojened, a TakoX Ui
3aCTOCYBaHHS THPAXXyBaHHS JIOTIYHUX CTaHIB poMOamu
oOBeieHO 0a30Bi cTaHW, JUIS SKHX ICHYIOTh OKpeMi
Monym. IHkonum 6a30Bi cTaHWM TmO3HaveHI pombamu
MOXYTh pPaxyBaTuCsl SK OKpeMi NPUYMHHA BIiJIMOBU
MOPOIOPYHHIBHOTO OCHAIIEHHS J0JIOTa, HANpPUKIAM, SK
PO3KOJIIOBAHHS Tijla MIAPOIIKH YH JTIO(TH B OMOPI.

JUIs  KOKHOTO CTaHy J0J0Ta, SK CHCTEMHU
xX= (xl, X, vens xn), MOJKHA BUIUIATH JBI IT1IMHOKHUHH:
A={i:x; =1}
b

(7

SAxmo f(x)=1 i f(y)=0 w1 KOBIIBHOIO y < x,

aJie He TOTOXKHOPiBHOrO ¥, TO A ¢ miniManpHuil X y
JIepeBi BIIMOB TPUIIAPOIIKOBOTO OYPOBOTO JOJOTA.
SIxmo f(x)=0 i f(y)=1 amst KOBiNBHOTO y >y,
ajyie He TOTOKHOPIBHOTO X, TO B € MiHIManbHHHI TIepepi3 y
JIepeBi BiIMOB TPUIIAPOIIKOBOTO OYPOBOTO JOJIOTA.
MiHIMaTbHUH [UIAX € MIHIMQJIbHO MOJXKJIHBA
MHOXKHHA €JIEMCHTIB, sIKI 3a0e3leuyroTh HOpPMalbHE
(bYHKI[IOHYBaHHS TIOPOJIOPYHHIBHOTO OCHAIIIEHHS I0JIOTA.
MiHiMaJIbHHI TIepepi3 — L€ MiHiMajbHa MHOXHHA
€JIEMEHTIB TPHIIAPOIIKOBOr0 OypOBOro J0JI0Ta, BiIMOBA
SIKUX BeJI€ JO0 BIJIMOBH IMOPOJOPYHWHIBHOIO OCHAIICHHS
JI0JI0TA.
Posmip MiHiManbHOTO UUIIXY (MiHIMAJIBHOTO
mepepily) BU3HAYAETBCS  YHCIOM  EIIEMEHTIB,  SIKi
HaJIeXKaTh IIbOMY NUIAXY (Tepepily) y AepeBi BimMmoB. 3
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KO)XKHUM MiHIMaZbHUM LUIAXOM 4; (1€ j=1,2, .., k),

MOJKHA 3B’SI3aTH JBIMKOBY (DYHKIIitO

aj(x): Hxi
iEAj

s ¢yskuis npuiiMae 3HavyeHHs 1, sKIO BCi
HOPMAaJIbHO

€IEMEHTH B  MIHIMaJbHOMY  IUIAXY
¢ynxuionyrots, i 0 xonu HaBmaku. Bimrak ¢ynkmis s,

OMHCY€E CTPYKTYPY CHCTEMH Vy SIKili BCi €JIeMEHTH, SIKi

HalexaTb  j-My MiHIMalbHOMY IIAXY, 3 €JHaHI

MOCHIZIOBHO.  AHAJOIiYHAM  YHMHOM, [UII  KOXKHOT'O
MiHiMaIBHOTO TIEpepisy B, (me €=1, 2, ..., 1), MOXHa
B3STH ABIMKOBY (QYHKIIIIO

6,()=1- T10-x)

ieBg

BHXIT 3 TIATY BCTABHOI'O OCHAIIEHHA

SHOC OCHAIIICHHA

L}

[} ABO ‘c.._‘_‘_\-‘_
Hf:::mczm- AEO EHITaIaH- o CKOMTIOR AH-
HAIiCTh TEX- HA 3yOKiB / -
HOJIOTi1 BHTO- T KO- TFOBAHHA
TOEICHHA A\EO T1/Ia IIapo- ABO \
Gl IIIKH
3YORIB
[} B3aEMHE 3a-
HeIoCTATHA YEIITICHHA
HEJOCKO- MIITHICTB HEeJOCKO- MIAPOIIOK
HATiCTh KOH- 3" e THAHHA HATICTE KOH-
CTPYEIIi1 5 CTPYKIL 3°€I-
3yOKIB ABO

hiz-mex.
EIACTHE. MaTc-
plaTy 3yOKB
He 3a0e3med
3HOCOCTiH-

KiCThb

HeIoCKOo-
HATICTE TEX-
HOJIOTii BHTOTO-
BICHHA 3'e1-
HAHHA

diz-mex.
EJIACTHE. Mare-

EpO3iHH. 3HOC TiTa ma-

TOBJICHHA IIIa-

diz-mex.
EI4CTHE. CTATi

MIAPOIIKH He
3a0€3MeUyIOTh
3HOCOCTiH-
KiCTh

HH3bEA

KOHCTPVK.
MIITHICTE

Haml

POIIEKH HABKOIO 3yOKa . . IHICTE 3yOKIE
piaTy 3yOKiB omopu
1 HE 3a0e3ned. 1
HEJOCKO- TpimmHoCTii- ABO -
HAITCTE KOH- CioTh 3HaYHi Hal- HENOCKO-
CTPYEKII1 ma- HEIOCKO- PYWCHIR B HATICTD Tex-
HEJOCKO- . 3’eTHAHHI HOIIOTii BHTO-
HATICTB TEX- HATICTD TEx- TOBIEHHA
S — HOIOTil BHTO- 1

TOBICHHA

HEDOCKO

CTPYEIL 3" €~

diz-mex.
BJIACTHE. MaTe-
piadie geTazeH
HE 3a0e3meyy-

|

I
modh T
B DIIOpi

3MIIIEHAA MAPOIIIOK
.f.
ABO

HEIOCKO-
HATICTH KOH-

CTPYKIIi1

HEIOCTATHA Mi-

AEO JO0I0Td

3yOKIB

diz-mex.
BJIACTHE. MaTe-
piadie geTazeH
HE J03BOTAITD
VHHKHYTH

HeJOoCKO-
HATICTh TEX-
HOJIOTi1 BHTO-
TOBJIEHHA 3 €1~

CTh KOH-

Puc.2 — Cmyneneso-no2iunuii Mooyib 8Uxo0y 3 1ady 6CMABHO20 MBEPOOCHAABHO20 OCHAWEHHS HA Wapoulyi 6ypo8o2o
oonoma
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Jana ¢ynxmis npuitmae 3HadeHHs 0, SKmo Bci
€JIEMEHTH B MiHIMaJIbHOMY HUISXy HeclpaBHi i 1 komn
Hapnaku. To0To, QyHKIIA €, OmUCYye CTPYKTYpY CHCTEMH

y SIKiif BC1 €JIeMEHTH, SIKi HalleXXaTh &€ -My MiHIMAJILHOMY
nepepizy, 3’€THaHI TapaieIbHO.

MinimaneHi (HeOe3meuHi) mepepisu y JIepeBax
BIIMOB TOPOJOPYHWHIBHOTO OCHANICHHS JOJIT € TIIBKH
Taki, SKi € JaHOIOTaMH IIOCIIJOBHOCTI HaMOLIbII
iMOBipHMX BimMoB. Hampukiam, y po3risgyBaHOMY
BHIIAJIKY, IO LTIOCTPYETHCS Ha PUC. 2, MOXKYTh OyTH Taki
BapiaHTH MOCTiJOBHOCTEH MOMIMN:

1) HEIOCKOHANICTh TEXHOJOTil BHUTOTOBJICHHS
IIApOIIKA — €PO3ifHUI 3HOC Tijla IApOIIKH HABKOJIO
3yOka — BHUINaJaHHs 3yOKiB;

2) HEIOCKOHANICTh TEXHOJOIl BHTOTOBIICHHS
3’€HAHHS «3YOOK-IIApOoIKa» — HEIOCTATHS MIllHICTh
3’€THaHHS «3yOOK-IIapoIIKa» — BHUIaIaHHS 3yOKiB;

3) PO3KOJIIOBaHHS TiJIa MIAPOIIKKA — BUIIAJaHHSI
3yOKiB.

T'enepais TaKuX BapiaHTIiB JIOTIYHUX
MOCTIIOBHOCTEH J]a€ yCEeCTOPOHHIM aHami3 MpUYNH
Bi/IMOB Ta J1a€ MOXKJIMBICTh PO3POOHTH IUIAXH Ta CIIOCOOH
NonepeIKeHH s, YCYHEHHS qn CYTTEBOTO
BiITepMiHYBaHHS B 4aci.

Hebesneunuii mepepi3 aepeBa BiIMOB MOXKE MaTH
JBa KPOKM B JepeBi BiqMoB 1 Oumbire. OgHak aHaii3
MOYMHAETBCS 3 THX TOCTIJIOBHOCTEH, fAKi MaroTh
HalMEeHITY KUIbKICTh KPOKIB.

3ayBaXMMO, 11O CIOYaTKy aHaJi3yloTh Ti
TMOCITIJOBHOCTI TOJiH, /e 3adikcoBaHl HAWBUII 3HAUYCHHS
IMOBIPHOCTI BiJJMOB.

AHaii3oM BCTaHOBIJICHO, II0 y BCIX BHIIAJKax B
MOJIENISIX BIZMOB €JIEMEHTIB JI0J0Ta 0a30BUMHU IOJISIMU
BHUCTYIIAIOTH TPU OCHOBHI 4mHHWKK [12,13]: BuXigHi
BJIACTHBOCTI MaTepialy Ta MapamMeTpH KOHCTPYKIIiI, Mo
3aal0THCS Ha CTaJii MPOEKTYBAaHHS Ta KOHCTPYIOBAHHS, a
TAKOXX TEXHOJOTIUHI (hakTOpH, 5AKi (HOPMYIOTHCS Ha
CTalmifAX MPOCKTYBaHHSI 1 peamizamii TeXHOJOTTYHUX
MIPOIIECIB BUTOTOBIICHHSI.

OTXe, CTYNECHEBO-JIOTIYHUN aHANi3 BUXOAY 3 Jary
LIAPOIIKOBHX  JIONIT  JIa€  MOXJIMBICTH  BHSIBUTH
B3a€MO3B’SI30K MK TiJKOHTPOJbHUMHM UYWHHUKaMH Ta
BiIMOBaMH 3 MO3HWIil MapaMeTpiB TEXHIYHOTO CTaHy
eJIEMEHTIB  7onoTa.  BuKOpHCTOBYrOUM  KpHTepid
MiHiMi3aIi1 MiHIMaITBHIX nepepisis, MOJKHA
(hopMyIFOBaTH BiIMOBiTHI BUMOTH IO AKOCTi BCiX 3aC00iB
1 3aX0fiB Ha BCiX eTamax CTBOPEHHS OYpPOBHX IOJIT, IO
CTIpHSI€ MiABUIICHHIO iX HaIIITHOCTI.

Bubip onrtuManbHOro BapiaHTa — TapaMeTpiB
3IIHCHIOETHCS BIAMOBIIHO /IO KPUTEPII0 MaKCHMabHOI
epexruBHOCTI. [IpH 1BOMY pIlIEHHS IIOJO THUX YH
TUX TapaMeTpiB He Moe OyTH OJHO3HAYHUM,
OCKIJIbKM MaKCUMaJIbHUH pe3yJbTaT MOXE JIO0CATaTHCS
GararokpaTHO 3a pi3HMX oOcrtaBuH. Toxai BHOHMparOTh
OJHE 3 JAEKIJIbKOX NPUOIM3HO OJHAKOBO BUIPAIIHUX
pimens. B iHmoMy BumIanky, 3 aJbTEepHATUBHOIO
BHOMpAEThCS  Te, IO MOXHA  peaui3yBaTh  3a
MiHIMaJIBHUX 3aTpaT. Hampukiman, Koiu ITOBTOBIYHICTH
NOPOIOPYHHIBHOTO OCHAIIICHHS CIIPOTHO3YBaTH

HEMOXXJIMBO, a BIZOMI HaBaHTa)XEHHS Ha  HMOro
enemMeHTH. HeoOxigHO BUpIIMTH, SKI MapamMeTpu
HE0OXiTHO MPU3HAYUTH pu BUpIIIEHH]
KOHCTPYKTOPCHKO-TEXHOJIOTTUHUX 3ama4 3

BUTOTOBJICHHSI 3’€HAHHS «3yOOK-IIapOIIKay.

OnHyMU 3 BapiaHTIB BHPIIIECHHS Takoi mpoOiemMu
MOXKe OyTH:

E, — BuOip po3mipis, mo 3abesneuntn 0
MaKkCHMallbHy  HamidHICTh,  TOOTO  BHUTOTOBIICHHS
3’€HAHHS 3 MIHIMAJIbHUMH 3aTpaTaMd 3a YMOB, IO

MaTepiany 3y0Ka i mapomku OyayTh 3abe3medyBaTi CBO1

¢i3uKo-MexXaHiYHI Ta  eKCIDIyaTamiiHi  TOKa3HUKU
HPOTATOM 33IaHOTO Jacy;
E_— BuUOip po3MipiB 3a yMOB MiHIMAIBEHOL

m
HaIIHHOCTI 3’ €JHAHHS;

E, — IIpPOMIXXHE PilICHHS;

Jis IpuAHATTS pillleHHs HeOOXiTHI YMOBH, SKUX
HEOOXiTHO JOTPUMYBATHCS:

F, — YMOBH, WO 3a0€31e4yl0Th MaKCHMAalbHY
HaIiHHICTE,

F, — yMoBHM, mo 3a0e3MeYyloTh MiHIMAIbHY
HaJIHHICTE,

F; —ipomixHi pimeHHs.

Ilig pe3sympTaToM PpIIEHHS e, MOXKHA BBaXKaTH
TaKy OIIHKY, KA BilNOBiac BapianTy E, i ymoBaM F; Ta
XapakTepusye e(QeKTUBHICTb, HamiHHICTh 3’ €IHAHHA
«3yOok-mapomkay. OTpuMaHi y  Xomi  aHami3y
MaTeMaTH4HI CiMEHCTBa pilleHh CKIANAOTh Yy BUTILAIL
MaTpHIb.

OriHoYM  BapiaHTH, HEOOXimHO  BUOpaTH
pillIeHHs1 3 HAWKpalluM pe3yJbTaToM, aje MpUAMaTh 10
yBaru BCi ONIHKM €;, IO BiJNOBiNAOTH BapiaHTy E,.

Bigrak 3amaua momo Makcumizamii % € 3rigHo

KpHUTEpito

E, e Eney=max el}

i

Eo = {EiO

ne E, — MHOXHHA ONTHMAIbHHMX BapiaHTIB
pileHHs,

E, — BapiaHTH pillleHHs, y SKHX OI[iHKA €
MaKCHMallbHa,

E — MuoxuHa ycix BapiaHTiB pilieHHs,

e,, — MaKCHMaJlbHi OLIHKY BapiaHTiB PillleHb,

e, — OLIIHKH BapiaHTiB pillleHb.

Mae OyTH 3aMiHEHa TaKolo, sika Mae€ sKHalKpalie
BpaxoOBYBaTH BCI HacHiIKW OyAb-sIKOTO 3 BapiaHTIB
pimenns E;. Ilpm npomy cmig opicHTyBaTucs Ha
HaWOIBII CTIPUSTIINBUH BUIIAJIOK 3 qucia
anpTepHATUBHUX BapiaHTiB. Ilicmsa 1poro BHOMpaeThHCS
HaliKpamwii BapiaHT, TOOTO OWYIKYeThCS HAHKpaIIHiA
pe3ynbTaT y HailripioMy BUIAIKY.
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BucHoBxn

JlocmimkeHo xapakTep MOIIKOKEHHS Ta OCHOBHI
OPUYMHMA HU3BKOI JTOBTOBIYHOCTI MOPOJOPYHHIBHOTO
OCHAIIICHHS TPUIIAPOLIKOBUX OypoBHX JIOJIIT
NpU3HAYEHUX Uil pO30ypIOBaHHS OCOOJIMBO MIIIHUX
TipChKUX TOpiA. 3alpOIOHOBAHO CXEMY BHUSIBIICHHS
MapaMeTpiB EJIEMEHTIB TEXHOJIOTIYHOI CHCTEMH, sKi
BH3HAYAIOTh SIKICHI MTOKAa3HUKHU BCTaBHOTO
OPOIOPYHHIBHOTO OCHALICHHS TPHUIIAPOIIKOBUX
OypoBHX MHONIT. 3acCTOCOBYIOUH CTYIICHEBO-JIOTidHHMA
aHANi3 UI1  BUSBICHHS IPUYMH BIAMOB  JIOJIOTa
JOCTIKEHO XapaKTep B3a€MO3B’SI3KIB MK KOPEHEBUMHU
YMHHOKaMHU (K TOHisIMH, IO (OPMYIOTBCS Ha eTamax
MPOEKTYBaHHS  JOMT  Ta  TEXHONOTii  IXHBOTO
BUTOTOBJICHHS) Ta BIIMOBaMHM 3 TMO3MLII IapaMeTpiB
TEXHIYHOTO CTaHy €JEMEHTIB J0JIoTa. 3acTOCYBaHHs
CTYIICHEBO-JIOTIYHUX MOJEJICH Ja€ MOXKJIMBICTh HE TUTBKU
BUSIBIATH ~ TPUYMHMA ~ BiJMOB  HOPOJOPYHHIBHOTO
OCHaIlleHHs1 OypOBHX JONIT, a ¥ mMpuiMaTd KOPEeKTHI i
OOTpYHTOBaHI pIMICHHA OO0 3a0e3MedeHHs SKOCTI
NpoOLEciB Ha OCHOBHHX €Tamax JKUTTEBOTO LHKIY
BHUTOTOBJICHHS JTOTIIT. ®dopwmarizarris KpUTEpiiB
BH3HAYCHHS YMOB MiHIMaJbHUX [UIAXIB Ta MiHIMaIbHUX
mepepi3iB A CTYNEHEBO-JIOTIYHUX MOJeneil BiIMOB
MTOPOIOPYHHIBHOTO OCHAIICHHSA [OJIT Ja€ MOXKIHUBICTDH
3aCTOCOBYBATH IHTErpoBaHi iH(pOpMaIiiiHi TeXHOJIOTI] B
yIpaBJiHHI MpoIiecaMu BUPOOHUITBA.

Hanmani MEPCIIEKTUBHIM € po3poOka
KOMIIIGKCHOTO ~ MiAXOAY Y  OLIHII  TEXHOJOTIYHUX
orepariiii BUrOTOBJICHHS MTOPOAOPYHHIBHOTO OCHAICHHS
TPUIIAPOIIKOBUX  OypoBUX  JOMT s  peamizauii
(YHKITIOHAJIBHO-OPIEHTOBAHUX 1HTETPOBAHUX TEXHOJIOTIH
BHPOOHHMIITBA JIOJIIT.
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AHHOTALIHA [Ipeonojiceno 00HO U3 HANpAGieHull pewienus 3a0ayu - KOMHWIEKCHO2O NOBbIUEHUSl Kauyecmea O000md.
IIpoananuzuposanvl Hauboiee pacnpocmpaHennvle NOBPENCOEHUs, KOMOPble 6bl3bleAIONM NPEelNCOe6PEMEHHbI 6bIX00 U3 CMPOs.
noOpooOpaA3pyMaIowe20 OCHaweHue MpExIapouesHslx 6ypossix 00a1om npu Oypenuu 0cobo npouHbIX 20pHbIX Nopoo. OcHosHas ues
9motl pabomvl 3aKTOYAEMca 8 paspabomKe cmyneHyamo-no2udeckoll mooeau. Taxkas modens cozoaemcs HA OCHO6e NPUHUUH,
npueoOAWUX K OMKA3y MpEéXuapoulednsix 0Oypoeblx O00a0m C  WAPOWKAMY, KOMOpble OCHAWeHbl MEepOOCHAABHBIMU
nopooopaspyUaloWumMy 6CMAGHbIMU 3YOKAMU. YCcmanoeneno, umo omkas nopooopaspyuiaiowe2o ochawjenue 00I0ma A61aemcs
NPUYUHOL 102UHeCKOU NOCIe008aMeNbHOCU 8ePOSMHbIX COObIMULL, A Kpumepuem OmKA3d A6NAemCcs MUHUMATbHbIE CeYeHUs 6
MoOenu omxazos. B oannoui cmamve NOKA3AHO CMYNEHYAMO-102U4eCKUll aHAu3, KOMOPbIl 0dem BO03MOJICHOCMb YCMAHOSUMb
xXapakmep 63aumocessell mexncoy 0a306biMu (axmopamu, Komopvle YYumvleaiomcs npu npumsmuu pewenutl. Hccredosanus
nPOBOOUNUCH HA OCHOBE MAMEMAMUYECKO20 NAAHUPOBAHUS IKCHEPUMEHNOS 8 YCIO0BUAX PedbHO20 NPOU3EOOCHBA OYPOBbIX 00I0M.
Ilokaszan oOun u3 npumepos npumeneHus MoOyiell, ONUCLIBAIOWUX OOHY U3 BOZMOICHLIX NPUUUH 6bIX00A U3 CMPOS 6CMABHO20
nopooopaspyuiaiowe2o ochawenue 0010ma. AHaIU30M yCmaHoe1eHo, Ymo 80 6Cex CYUAsax 6 MOOEIAX OMKA308 dEeMEHMO0E8 00I0Ma
0azo08biMU COOLIMUAMYU BbICIIYNAION MPU OCHOGHLIX PAKMOpa: UCXOOHblE CEOUCMBA MAMepudnd U napamempvbl KOHCMPYKYUU,
Komopule 3a0aromcs HA CmMaouu NpoeKmuposaHus U KOHCMPYUPOBAHUA, a4 MaAKdce MmexHoIo2udeckue Gaxkmopsl, Komopbvie
Gopmupyromes na cmaousax npoeKMuUPoOBaHUs U Pearu3ayuy MexHoI02ULecKUx npoyeccog uzeomosienus. Cmynenuamo-io2uiecku
aManus 6bLIX00a U3 CMPO WAPOUIEYHBIX O0JOM NO360J5em NOKA3AMb 63AUMOCEA3b MedHCOy NOOKOHMPONLHLIMU (AKMopamu u
OmKazaMu € NO3UYUU NAPAMEMPOE MEXHUYECKO20 COCMOAHUA daeMenmos oonoma. IIpednodicennas cxema onpedenenus
napamempog 371eMeHnos MexHOI02UUeCKOU CUCIeMbl, HA KOMOPOU MOJICHO YCIMAHOGUMb KauecmeeHHble NOKA3amenu 6CnidagHo20
nopooopaspywaiowe20 OCHawenue MmpuapowKkosux 6yposwix o0oaom. Beibop onmumanshozo eapuanma napamempos
0CYWjecmensiemcs, 8 COOMEEMCmeul ¢ Kpumepuem MaKCumManbrol s@gexmusnocmu. Taxum o6pasom, npumenenue cnyneHuamo-
Jlo2udeckux mooeneti 0aem 603MOJCHOCIb He MONbKO BbIAGIAMb NPUUUHLL OMKA306 HOPOOopaspywarujezo ocnawenue 0yposvix
00710Mm, HO U NPUHUMAMb KOPpeKmHble U 0ODOCHOBAHHbIE pelueHuss no obecneyeHul0 Kaiecmea npoyecco8 Ha OCHOBHBIX IMANAX
JICUBHEHHO20 YUKIA U320MOBIeHUs OOTIOM.

Knroueevie cnoea: cmynenuamo-nocuyueckuil aHamus, Kpumepui omkasza;, 3y00K, wiapowka, @QYHKYUOHATbHO-OPUEHMUPOBAHHA
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