Abstract

The article represents the effectiveness of the S-codes in the regional-analytical structures of thermal conduct-
ivity problems decision by giving the example of calculation of stationary thermal field of the magnetic conductor
of a transformer.

The finite integral transformation, regional-structural and projection methods are applied for jointly decision.
Decision structures exactly satisfy the thermal conductivity equation in the regions and the junction conditions of
the contact boundaries, and include S-codes, accurately accounting the geometry of the studied area. Regional-
analytical structures are universal regarding the model parameters. Thus, it is possible to use them for multivari-
ate diagnosis and forecasting of thermal conditions in three-dimensional structures. Results of a decision can be
represented in an approximate analytical form, so that a compact database of thermal behavior of structures can

be created.

Regional-analytical decision structures in boundary-value problems have more natural approximation appar-
atus than analytical structures have in a single expression, which makes them a useful tool for modeling of comp-

ound objects
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3anpononosano nioxio 00 OUiHKU ONMUMALLHO-
20 pieHsa saKocmi npoexmmoi npooyxuii 3a 0onomo-

npoexmHUX piulend 3 YpaxyeanHsam npoexmuoi cne-
uianizauii. Buxopucmanns 3anpononoeanozo cne-

cKaacmu maxkui naan po3pooxu npoexmmnoi 0oxy-

Menmauii (3abe3neuenns npoexmuumu pimenms-

MU), wo Mae oNMUMATbHUL PiBeHb AKOCMI
Knouosei caosa: axicmv, npoexmua npooyxuis,

mpancnopmua 3adaua
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YPOBHA Kauecmea npoexmuoil npooyKyuu ¢ nomo-
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1. Beryn

AxicTe mpoekTHOI MPOAYKIil € CKJaJHOI0 KaTero-
pieto. Ilpn mpomy, 3araIbHUMHU BUMOTAMU TIOJ0 SKOCTI
MMPOEKTHOI MPOAYKIIil CJIiji BBasKaTH: BiINIOBIIHICTD MPU-
3HaueHHIO abo cdepi 3acTocyBaHHs; BiANOBIAHICT 06T-
pyHTOBaHUM mOTpebaM i OUiKyBaHHSIM 3aMOBHUKA; Bijl-
noBiguicTe HITA; BigmoBifHicTh BUMOTAM CYCIiJIbCTBA;
BIIMOBIIHICTh BUMOTAM €KOJIOTIYHOI 6e3MeKu i OXOPOHHU
HABKOJIMIITHHOTO CepelloBuIa; e(eKTUBHICTh TEXHOJIOTi]
TTPOEKTYyBaHHS.
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¥ Bignosignoctiiz JICTY b A.2.4-4:2009 [1] mpoexTHa
MPOAYKIIis - Tie po3po0bJieHi i 3aTBep/KeH] ¥ BCTAaHOBJIEHO-
MY HOPS/IKY TeKCTOBI Ta rpadiuni maTepiaiu, SKUMU BU3-
HAYaloThCsI TEXHIUHI, MicTOOYAIBHI, 00’€MHO-IIJIAaHY BaJIb-
Hi, apXiTeKTyPHi, KOHCTPYKTUBHI, TEXHOJOTIUHI pillleHH4,
a TAKOXK KOWTOpKUCU 06'€KTiB OyAi BHUIITBA.

TakuM 4uHOM, IPOEKTHA MPOAYKIisl sABJsIE cOOOI0
ONMNC ITPOEKTHUX PillleHb Y BCTAHOBJIEHUX HOPMAaMU Ta
npaBugaMu hopMax MpoeKTHOI JOKyMeHTaIii. Sk mpa-
BUJIO, AKICTb MPOEKTHOI MPOJAYKIIii 3aJ€KUTDH BiJ[ KO-
CTi Ta ONTUMaJbHOCTI TPOEKTHUX PillleHb, 10 TTpUIiMa-




I0ThCH KOXKHUM YYaCHUKOM IPOEKTYBAHHS CTOCOBHO
KOHKPETHOTO 006’€KTa, BU3HAYEHOCTi i ajanToBaHoOCTi
MaTeMaTUYHOro amapary, mo J0BOJe TaKy ONTUMAJb-
HICTb.

2. ITocranoBka 3aaaui

3 YpaxoBaHHSM TOTO, IO TPOEKTHI PilIEHHS Pi3HATH-
cs BIZITOBIZIHO 10 MTPOEKTHOI crielfiaaizaiii (TeXHoJIoTiu-
Hi, OyniBesibHI, apXiTeKTypHi, €JeKTPOTEXHiuHi, TeHe-
pajbpHUY MJIAaH i TPAHCHOPT i iH.) TOCTAHOBUMO 3ajady.
Hexaii m asbTepHaTUBHUMU ITPOCKTHUMU PillICHHAMU Aj
B KiabkocTi a; (i= 1,m ), mo noTeHuiiino cnpoMoxni Ha-
JIaTU YYACHUKM MPOEKTYBaHHA, HeOOXiIHO 3a6e3MednTn
N PO3[iJNiB IPOEKTHOI JoKyMmeHTanii B; B kimbkocTi bj
(j= 1,n ). Bizomi inTerpoBani MOKAa3HHUKH SKOCTi 1po-
exTHuX pimenb Cjj AKi BpaXoBYIOTh peCyPCHi BUTPATH Ha
po3poOKy 1ux pimenp (4acosi Ta rpomosi). HeobxiaHo
CKJIACTU TAKWIl JIaH PO3POOKHU MPOEKTHOI IOKYMeHTallii
(3a6e3MeIeHHST MPOCKTHUMY PITIEHHIMN), 0 MA€ MaK-
CUMAaJIBHY AKiCTb.

[Tosnaunmo depe3 Xij anpTepHATHBHY 3MIHHY, SKa
MosKe HaOyBaTH 3HAYEHHST:

1, sxuo € norpeba y sabesneyeHHi i-um
Xij= MIPOEKTHUM PIillIeHHSAM j-Wii TiIPO3/Ii

0, y npoTuie;kHOMY BUIIA/IKY

Dopmarizyemo 3aauy y BUTIISII MAaTPUILi iHTErpoBa-
HUX II0Ka3HUKIB AKOCTI NPOEKTHUX PillleHb 110 KOXHOMY
PO3ALIY NPOEKTHOI JoKyMeHTalil (TabJ. 1).

Ta6bnuus 1
Matpuus iHTerpoBaHWX NOKa3HWKIB AKOCTi MPOEKTHUX PilleHb
Aubreprarisii Poszinu mpoekTHoi 1oKyMenTarii Turmosi
. MTPOEKTHI
MPOEKTH eI
pitreHns By By B By | P
(3amacn)
c c Cyj c
A 1 12 1 in a
X1 | X2 X4 Xin
C C Coj c
A2 21 22 2j 2n ay
X921 X99 Xj Xon
A Cit Ci2 Cjj Cin aj
Xit | Xio Xij Xin
Cmt Cm2 Cpj C,
A[n m m. » mj . mn a|n
Xmi | Xm2 Xmj Xmn
3aranbHi
norpe6u y by by b; b,
piTIeHHsIX

PesysbraTi A0CHiIZKEHHS

Ile TpancrmopTHa 3agada [2-5], sika 1O CYTHOCTI siB-
JIEEThCA 3ajadelo JIHiHOro HpOrpaMyBaHHA. 1i MOX-
Ha BUPIMWUTHA Pi3HUMHW MeTOJaMU, HATIPUKJA/I, METOIOM
MiBHIYHO-3aXiTHOTO KYTa, CUMILJIECKC-METO/IOM, METOJOM
TTOTEHT[iaJIiB TOTIIO.

3arajJbHy MareMaTH4YHY MoJesb 3ajadi JiHifiHOrO
[porpaMyBaHHsl TPAHCIOPTHOIO TUILY CPOPMYIIIOEMO Ta-
KUM YU HOM:

cijXjj = max, 1)
1

M3
M=

1j
IIpU yMOBax:

ZXH <ap...i=1m.
.i: (2)
2. X;2byj= 10

i=t

x..20,i=1m,j=1Ln, 3)

O6MexkenHs (2) mokasye, 1O MiJCYMKOBa KiJIbKiCTh
I-UX NPOEKTHUX PillleHb He MOXKe IepeBUIYBaTH KiJb-
KICTh POEKTHUX PillleHb, SAKI MOTEHI[IHHO MOXe HalaTh
YYaCHUK ITPOEKTYBAaHHS y Me)kaX cBo€i KomieTen1tii. Ta-
KOXK, oOMeskeHHst (2) mokasye, 1o niJcyMKOBa KiJbKiCTbh
[HPOEKTHUX PillleHb 17151 3a0€31eUeHHS j-0r0 PO3IILY 11PO-
€KTHOI JJOKyMeHTallil IOBUHHA MOBHICTIO 3a/[0BOJIBHITHU
iioro nonut. O6mexeHHst (3) BUKIOYA€ 3BOPOTHE 3a6e3-
e4YeHH I HpO‘(‘?KTHI/I&/H/I pimienHsMu. 3 HaBeIEeHOI MOjeJi

6aunmo, mo Y,a;= 2. b;.

i=1 =

m n
Sxmro ZaFij, TO MOJIeJb Oyzie 36a7TaHCOBAHOIO
TpchnopTﬁ_(l)Io M&:temno. B 36anancoBaniii Mmojesi oOme-
sKeHH$ (2)-(3) MaloTh BUJ piBHAHDL. B peaslbHUX yMoBax,
AK TpaBuyio, obcar 3abesnedeHHs NPOEKTHUMU pPillleH-
HSIMU He 3aBKIU [IOPIBHIOE IIOIUTY, ajle TPAHCIOPTHY
MOJI€eJIb 3aB3K /11 MOKHA 30aJIaHCyBaTH.

Y Bunajiky nepeBUIIeHHS HasABHOI KiJIbKOCTI IIPOEK-
m n

THEX pimens Hag noTPiGHOI, TO6TO AKMO I,ai> D b;,
i=1 j=1
BBOAUTHCS (PikTuBHUN (n+1)-i TyHKT TOCTavyaHHS 3
m n

IIOIIUTOM bn+1=2ai—2bj, a BIAMOBIHI iHTeTpOBaHi
i=1 =1
MOKA3HUKH SKOCTI NPUUHATTSA MPOEKTHUX PillleHb 3a

MapIIPyTaMu pyxy Cinn (i = 1,m ) gopiBHIOIOTHCS HyIO.

m n
AHajnoriuHo, pn Zai<2bj, BBOAUTHCS (DIKTUBHUN
i=1 =1
(m+1)-if MYHKT CHOXMBAHHS 13 3allacOM IIPOEKTHUX
n m

pimenp am+1=2bj—231, a BiAMOBiAHI iHTerpoBaHi
MMOKAa3HUKU HKd]C1Tin1141I>'IH$[TTH TMPOEKTHUX PINIEHD Cyi,j

(j = Ln ) nopismiooTs nymo. Ig 3a71aua 3BOAUTLCS 10
36amaHCcoOBanoOl TPAaHCHIOPTHOI 3a/a4i, 3 ONTUMAJIbHOTO
MJIaHy SKOI OTPUMYETHCS ONTHUMAJbHBIN TJIaH BUXi/l-
HOi 3amaui. ONTUMaJbHUM PIlIeHHSAM 3ajadi SBIS-

€Thcsa MaTpuIsa X =(xij)mxn, 1110 3a/[0BIJIBHSIE CUCTEMI

onr

obMmeskenb (2)-(3) Ta 3abesneyye MAaKCUMYM I1iJbOBOI
dyuxmii [3].

J171s1 Moy Ky BUXi/THOTO OTIOPHOTO PillIeHHsT HaBeIeHO1
3amaui ckopucraemocst metonom Doresns [5] 3a HacTyn-
HUM aJITOPUTMOM.



1. ¥ KOXHOMY pPSAIKY # KOKHOMY CTOBIIII MaTpuiii
(1ab.1.) HeOOXiAHO OGUMCANTH PIBHUIIO MiK BCiMa mapaMu
esemenTis (Cy) Ta 06paTy MiHiMaIbHY.

2. Cepen Bcix obpanux MiHiManbHuUX pisHuis Cjj He-
06xigHo BUOpaTH MaKCUMaJjbHEe 3HAYeHHsI W BUIIIUTH
BIIMOBITHUH CTOBIEIH ( PSIOK).

3. B o6panomy croBnii (psiaky) 3HaiiTH MiHiMajbHe
snavenns Cy i npusHaynTH HEOOXi[HE 3a0e3TeyeH ST MTPO-
eKTHUM pIillleHHIM, OPIEHTYIOUNCHh Ha HASIBHICTD 3aI1aciB
(a;) nanoro npoekTHOro pinmenns (Aj) i morped (b)) nawno-
TO PO3/1TYy IPOEKTHOI JoKkyMenTaii (Bj).

4. BUKpecaUBINM BiAOBIAHUH PsALOK (CTOBIIEI), TOO-
TO BUJAJWBIIN 3 TOAAJBIINX PO3PAXYHKIB MOCTAYAJb-
Huka (crnoskmpaua), 3anacu skoro (morpebu) Budepnati,
HEOOXIIHO TIOBTOPUTH 3aHOBO ajaroputm (1-3) 10 moBHOTO
CKJIAQJIAHHS TIJIAHY PO3TOiJIEeHHSI.

[Tpotec posmoniny NpopOBKYIOTH JOTH, TOKU YCi IIPO-
eKTHI pillleHHS Bijl OCTauaJbHUKIB He OyAyThb IIOCTABJIC-
Hi, a CIIOKMBayi He OYAYTh 3a0BOJIEHI.

[Ipn posmojisi NpOeKTHUX PillleHb MOXKe BUSBUTUCH,
1110 KiJIBKICTh 3aMHSATUX KJIITOK MeHIIIe, Hisk m+n-1. ¥ 11p0-
MY BUIIQ/IKY MaTPUILF BBAKAETHCA BUPOJKEHOIO. Y 1IbOMY
BUIIQ/IKY BiJICY THE UMCJIO 3aHATUX KJTITOK 3alI0BHIOETLCS
HYJDbOBUMHU IOCTABKaMM, gKi Ha3MBaIOTLCS YMOBHO 3a-
UHATUMU.

Jlani BOauaeThcd AOLIJBHUM IEPEBIPUTH BU3HA-
yeHUN OTpUMaHMUl ONOPHUHN IJaH HAa ONTUMAJbHICTD.
3HalifileHe BUXiJlHE OTOpPHE PillleHHS MepeBipI€ThCs Ha
ONTUMAJbHICTh METOJOM IIOTEHIIiaJiB 32 HACTYIHUM
KPHUTEpIieEM: SIKIIO OTOPHE PillleHHS TPAHCIOPTHOTO 3a-
BJIAHHS € ONTHUMAJbHUM, TO HOMY BiZIIOBiJla€ cucTemMa
m+n AiACHUX YMCeN Uj i vj, 110 3a10BOJIbHAIOTH YMOBAM
u; + vj = ¢jj ANg 3afHATUX KJIITOK i uj + vj - ¢j < 0 1
BiJIbHMX KJAITMHOK MaTpuui. Yucaa u; ii vj Ha3uBaoTh
TMOTeHI[iaJaMu.

Y matpumio (1abs. 1) 101a10Th PANOK Vj i CTOBIEIb
u;. IoTennianm u; it vj 3HAXOAATD i3 PIBHAHHA U; + Vj

Cij, AKE CNPaBEJJMBOrO 4 3alHATUX KJIITHHOK.
OnHoMy 3 TOTeHIliaJiB MAa€TbCs MOBiJibHE 3HAYEHHS,
Hanpukaag uy = 0, Toxi iHIIUHI TOTEHIiaJ  BUBHAYAETh-
cs oxHo3HauHo. Tak, AKIO BiJJOMUI IOTEHIiaJ Uj, TO
Vj = Cjj - Uj; AKIIO BiJOMUI MOTEHIia Vj, TO Uj = Cjj - Vj.
[Tosmaunmo Aj; = uj + vj - ¢jj. Taky oliHKy HasuBalOTh
OLIHKOI0 BiAbHUX KJIiTuHOK. fAkmo Aj < 0, To omopue
pillIEHHS € ONTUMAJbHUM.

ko xoua 6 oxHa 3 OI[IHOK Ay > 0, To omopue pi-
MIEHHS He SBJSETHCS ONTUMAJbHUM Ta HOr0 MOKHA
MOJIINIIUTH, HIJISAXOM IePexo/y Bijl OJHOTO OHOPHOTO
pillleHH s 710 iHIIOTO.

3 ypaxyBaHHSM BHIIEBUKJAJIEHOTO 3aj1a4a (Hopmy-
JIIOETHCS HACTYITHUM YHHOM: JIJIS1 YCiX 3HAUYEHb ITapaMeTpa
3<k<o ne & Ta ¢ — J0BiJbHI fAilicHi yncsa, 3HAlTH Taxi
sHaveHHst x;(i=1,m;j=1n) saxi 06epTaloTh B MAKCUMYM
bynKIiT0:

FGO= X 3+ ke, @

= i=t

npu OOMEKEHHSX:

m
i=1

N 4)
in.i =b,
<

xijZO, i=im, j=14n

Cropucrapmuch MetonoMm mnoteniianis (Dorems)
BUPIMUMO 3asauy npu k=8 10 OTpUMaHHS ONTUMAJb-
HOTO PillleHH .

O3HAKO0I0 OITHMAJIbHOCTI SBJISETHCS YMOBA:

u v, — (¢ + kci’j’) <0 st He3aWHATUX KJIITUHOK Ta
u v, = ci’j + kci’j’ N4 3alHATUX KJIITUHOK,

e ui,vj - HOTGHHiaJII/I CTPOK, CTOBIIIIOB paBHOI[i]Ib-

4oi Tabauii.
YMoBa cyMicHOCTI TPaHCIIOPTHOI 3a/1a4i Ma€ BU/T

aij+kBUSO.

3HauyeHH ajj Ta Bjj BUSHAYaI0TLCSA 32 yMOBH:

’

. ()

ij?

.7 ’
U‘ij_ui+vj_c

o ”_
Bj=ul+vi=c

me uf, v}, ufivy BUSHAYAI0ThCs i3 CUCTEM PiBHSAHD:

ui’+vi’+ci’j
)

u§’+ vi+cy.

3nauvennd k naxoaurbed B Mexkax ki<k<ks:

max(—o; /By), .
= PO ko icnye xoua 6 ogno By > 0;

—o0,
)

Aakmo see B 20

min(_a‘ij / Bij )v

oo,

k,= AKIO icHye xoua 6 ozxHO By > 0;
akmo see By < 0.

AnropuTMm pillleHHS 3a/1a4i HACTY THUIA.

1. 3amauy BUpinTyeMO PN KOHKPETHOMY 3HAYEHHI Ta-
pamerpa k=0 110 OTpUMaHHS O TUMAJIBHOTO PillIEHHSI.

2. Busnauaemo ajj Ta Bj;.

3. O6uncaI0EMO 3HaYeHH apaMeTpa K.

4. dxuo k > §, po3noaiiuMo mocTaBKu MPOEKTHOTO Pi-
HICHHS Ta OTPUMAEMO HOBE ONTUMaJIbHE pilenus. Ao
k = 8, To pimenns 3aKkinueHe.

4. BucHoBku

Takwuit migxig 10 OMIHKU SKOCTI MPOEKTHOI MPOAYK-
1ii 3 ypaxyBaHHSAM IHTETPOBAHMX OKAa3HUKIB AKOCTI
HPUNHSITTS IPOEKTHUX pillleHb 3a0e3leuye peasiisaiiio
rosioBHoi BumMoru ctanaapty JJCTY ISO 9001:2009 moxo
MOCTINHOTO TOJIMIIEeHHs SIKOCTi MPOEKTHOI MPOAYKITii
Ta J103BOJISIE BpaxoByBaTHu cuenudiky W BiAMIHHOCTI
KO’KHOTO MPOEKTHOTO PillICHHS 32 PO3/iJaMu IIPOEKTHOI
NIOKYMEHTaIlii.

BigminHOIO XapakTepncTHKOIO 3alPONOHOBAHOTO
MiXO0My MO OIIHKKU SIKOCTi MPOEKTHOI MPOAYKIi sB-
JISIETHCS BUKOPUCTAHHS CIEIiaJbHOTO MaTeMaTH4YHOTO
amapary, 10 J03BOJISIE MPUHMATH PillleHHs, TOB'SI3aHi
i3 BU3HAYEHHSAM ONTUMAJbHOCTI SKOCTI MPOEKTHOI J10-
KyMeHTaIii.
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Abstract

Obviously, the quality standard of designed product depends on quality and optimality standard of designing
decisions, made by the participant of designing process concerning the specific object, specificity and adjustment
of mathematical apparatus, which helps to evaluate such optimality. The article suggests an approach to the estim-
ation of quality optimum level of designed product by means of integrated quality indices of the taken designing
decisions, taking into account designing specialization. The application of the suggested mathematical apparatus
helps to form the development plan of design documentation (design decisions plan). Its application allows ach-
ieving the optimum quality level of designed product. Such approach to the estimation of the quality of designed
product, with a glance of integrated quality indices of designed decisions making, provides the realization of the
main requirement of the State Standard ISO 9001:2009 concerning the permanent improvement of the quality of
designed product. It also helps to take into consideration the specificity and differences of each designing decision
according to the sections of design documentation

Keywords: quality, designed product, traffic problem
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B 06po6ui memanie muckom mae micue ouna-
Miuni 3a0a4i meopii npyincHocmi ma NAACMUUHOCHI.

3naiideno anaaimuume piwleHHs X6UNEB020 PIBHAHHA A H A n IT M LI H E

meopii npyxcnocmi. Iloxazano, wo nomixc apeymen-

mamu mpuzonomempuunux Qynxuiii € cnieeionomenns PI I.I.I E H H ﬂ X B M n E BO ro

6 ougpepenuiiiniic popmi. Ile poswuproe mozxcausocmi

pluenns, ne oomescytouu apeymenm Qynxuii ainiiinoro PI B H ﬂ H HH T EO P I.I.
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1. Beryn BIIJINBAIOTh Ha IlapaMeTPH Ipollecy Ta SKiCTh TOTOBOI

mpoAyKiii. JIo HUX MOsKHa BiHECTH BUCaAKy OOJTIB Ha

B nporecax 06po6Ku MeTasiB TUCKOM JIOCUTH YaCTO  TOPU3OHTAJbHO-KYBaJbHUX MalllMHAX, KOJU IJACTHYHA
JOBOAUTHCS CTUKATHCSA 3 AMHAMIUHUMHU 3ajadaMu, sKi  gedopMallis MOMUPIOETHCS Y3/I0BK CTEPKHS He MUTTEBO,






