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Anomayisi. 32i0HO 3 3AKOHOM ONMUMYMY 8 €KONO02LL, KOJCHUU (hakmop Mae 6ionosionull 0ianason (30Ha ONMUMYMY), V AKOMY
JHOOUHA NOYYBAEMbC KOMPOpMHO. HKWO 3HaAYeHHs Gakmopy uxo0simb NO3d MedCi Yb020 Oiandazony, mo Op2aHizm
npuenivyemuca. Ipu popmysanni cepedosuwya 6 6y0iensax 8axciugo, wob 3Ha4yeHHs QaKmopie MaKCUMAibHO HAOIUNCATUCA OO
30nu onmumymy. Tomy memoro danoi pobomu € po3pooKa KOMNIEKCHOT OYIHKU PI3HOMAHIMHUX (DAKMOPIE, AKI GNIUBAIOMNb HA
aroouny. Kpumepiem oyinku 6 0aniti pobomi nputinamo npodykmueHicms npayi. Kpusi sminu npooyxmuerocmi npayi 6i0 mozo
Yy [HWO020 (HAKMopy ONUCY8ANUC MOYKOGUMU DIGHAHHAMU. [[ns npakmuunol peanizayii npuimanucsi mpu Gaxmopu:
memnepamypa, 6i0HOCHA B0N02ICIb NOGIMPsL 6 NPUMIWEHHT, d MAKONC KYMO6a 8UCOMA c8imnoeoeo eekmopy. Kpusi sminu
NPOOYKMUSHOCMI npayi 810 yux paxmopie HaAHOCUNUCA Ha 00UH epagik. B3oosoic oci abcyuc 8iokradanucs 3naveHHs pakmopie
¥y uacmkax 6i0 KoM@popmHux 3Havens. Lle 0ano 3moey eusnayumu Koegiyicumu eniugy ¢axmopis 00un 6i0HOCHO 00Hoz20. /A
KOMNAEKCHOL OYiHKU (popMYyBanacs mouko8a MHOMCUHA NOBEPXOHb PO3PAXYHKOBUX AO0 GUMIDAHUX 3HAYEHb. 3 BUKOPUCIIAHHAM
Gopmynu Koegiyienma eapiayii 6u3HAUANOCA CEPEOHE BIOXUNEHHS 8i0 KOMPOPMHO2O 3HAUEHHS 3a KOMXCHUM paxmopom. Ha
3a6epuieHHtsl, BUZHAYANIOCS CEPEOHbO36ANCCHE 3HAYCHHS GIOXUNIEHHS 3a 6CIMA OYIHIOBAHUMU DAKMOPAMU 3 YPAXYBAHHAM
Koegiyicumie enauegy. Hatikpawim piwennam cepedosuwja 6 6yoieni 6yoe me, y KoMy CepeOHbO368aANCeHUL Kpumepitl oyiHKu

Habysae MiHIMAILHO20 3HAYEHHS.

Kniouosi cnosa: 3akon onmumymy, KOMNAEKCHA OYIHKA, NPOOYKMUGBHICMb NPAayi, MOUKO8e YUCIeHH S,
Koeghiyienmu 6n1U8Y, KOMPOPMHI 3HAUEHHS.

IlocranoBka mpoGieMu i Tl akTyaJabHiCTBb. CTOCOBHO KOHKPETHOTO (pakTopy cepenopuia. Pea-
JronnHa TOCTIHHO 3HAXOAMTHCS IIiJ| BIUIMBOM Pi3- KIIisl JIFOJICBKOTO OPTaHi3My € aHAJIOTI9HOK PO3IJIsi-
HOMaHITHUX (aKTOpPiB: TeMIIEpaTypa, CBITIO, pai- HYTiH. SIKI10 3HAYEHHS TOTO YH 1HIIOTO MapaMeTpy
arfisi, 3ByK Ta iH. Jlis nux (axkTopiB € pi3HOILIaHO- 3HAXOMATHCA B 30HI ONTHMYMY, TO IO MEPIIIe, Y JIF0-
BOIO Ta HEOHAKOBOIO. J[11s1 3a0e3neueHHs MaKCHMa- JMHUA TapHE CaMOIOYYTTs, MO JPYre, MPOIyKTHB-
JILHOT MPaIe3IaTHOCTI JIIOMUHHU Ta SKOCTI 11 BiAIO- HICTh Tpalli 3HaXOAUThCS HAa BUCOKOMY piBHI. lle
YUHKY HEOOXIJIHO BM3HAYUTH KOMOIHAIT 3a3Have- HiATBEPIKYETHCS HU3KOIO JTOCHIDKEeHD [2-6]. | Ha-
HUX TapaMmeTpiB A JOCATHEHHS KOM(OpPTHOTO BITaKW, TIPH BUXOJli i3 I[BOTO [iara3oHy MOTipIIy-
CTaHy JIIoMUHHU. TOMY aKTyaabHHUM € 3aBJaHHS CTBO- €TBCS CAMOTIOUYTTS, 3HUKYETHCS MPOMYKTHBHICTh
PEHHSI METO/IIB BU3HAYCHHS ONTHMAIBHOT KOMOiHa- nparri, HBHIIIE 3’ IBISETHCS BTOMA TOLIO.
1ii mapaMeTpiB cepeOBHINA MPUMIIIEHb 32171 3a- Onnak, Ha JIOJUHY MOXYTh JISITH BiApazy
OesnedeHHs: KOM(OPTHOTO CTaHy JIFOIMHU 3 ypaxy- JeKibKa PI3HOPIAHUX 3a CBOEH (HI3MUHOIO
BaHHAM 1i pisionoriunmx norped. CYTTIO (DaKTOpiB, 5IKI B TOMY a00 1HIIOMY CTy-

OcranHi gocaizKeHHs Ta myosikamii. 3rigHo
3 3aKOHOM OIITUMYMY B eKkoJorii [1], koxxeH (akrop
Mae BiANOBIAHUH Jiama3oH, Y SIKOMY OpraHi3M Io-
yyBae cede komdpoptHo (puc.l). Lle#t mianazoH Ha-
3MBAETHCS 30HOIO ONTHUMYMY. 3MiHa BETMUUHH (ak-
TOpY SIK B OJIUH, TaK i B iHIIUI OiK MPU3BOIUTH J0

MPUTHIYEHHS opraHi3my. | uum OinbIe BigXUICHHS HATTS 1HIIOTO, 1 HAaBMaKU. Tomy nocrae nuTaHHs
BiJl 30HU ONITHMYMY, TUM OLIbIIIE OpraHi3M MpPHUTHi- NpH IPOSKTYBAHHI CEPE/IOBHINA, SIK HPAaBHIBHO
qyeTbcsl. MakcuMalbHI Ta MiHIMajbHI 3HAYEHHS 3pOOUTH KOMILICKCHY OLIHKY BIUIMBOBHX (pakTopiB.
(daxTopy, SIKi IEPEHOCATHCSI OPraHi3MOM — 1€ KpH- Ile BupinIyBaoCs B OCHOBHOMY 3a JIOIIOMOTOKO iH-
THUYHI TOYKH, 32 MEXKaMH SKAX ICHYBaHHS BXXE He- Tyiuil paxiBiuis. ¥ po6orti [5] Oyxa cripoda ouiHuTH
MOYTHBE. HU3KY (DaKTOPIB, aJie 11e BUPIIIEHO 3 HEBEIUKOIO TO-
Me3Ki BUTPHUBAIOCTI MK KpUTHYHUMH TOYKAMHU YHICTIO 1 JIMIIIE JUIS CBITIIOBUX (aKTOPIB, SIKI BILIH-
HA3UBAIOTh EKOJIOTIYHOIO BAJICHTHICTIO )KUBUX iCTOT BAlOTh Ha NPOYKTHBHICTH 30POBOI IpaLl.

IeHl MalOTh BIUIUB HA MPOAYKTHBHICTH MIpalli:
TEeMIEpaTypa, OCBITJIEHICTb, 3BYKOBE I10JI€, B1JI-
HOCHa BOJIOTICTh MOBITps Ta iH. Lli dakropu
BIUIMBAIOTh HE OJHAKOBO. BijbIl TOro, 3MiHa
OJHOTO (pakTOpy MOXKe BIUIMBATH Ha CIIPHIA-
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30Ha €KOJIOrIYHOT TONePAaHTHOCTI

Cy6onTrManbHa 30Ha

Peakuist opraHizmy
ITecumym

Huxus KpUTHYHA TOYKa

Ontumym

Cy0GonTumalbHa 30Ha

Iecumym
BepxHs KpHTHYHA TOUKA

)

Puc. 1. Cxema nii ¢akTopiB cepeOBHINA HA )KUBI OpraHi3MU

@opmyaOBaHHs 1ijieil craTTi. Metoro naHoi
poboTH € po3podka METOy KOMIUICKCHOI OIlIHKU
PI3HOPITHUX 32 CBOEIO (PI3UIHOIO CYTTIO €KOJIOTIU-
HUX (PaKTOPiB, IO BIDIMBAIOTH HA JIOAUHY, AJIS TIO-
KpalleHHs 11 30pOB’s 1 30epeKeHHs TPOAYKTUBHO-
CTi TIpalll Ha BUCOKOMY piBHi mpu opMyBaHHI KO-
M(}OPTHOTO CepeTOBHIIA B TPUMIIICHHSX 3 BUKOPH-
CTaHHSIM TOYKOBOTO YHCIICHHSI.

OcHoBHa YacThHA. SIKIIO NPUMHATH MPOIYK-
TUBHICTh Tpalli OCHOBHHUM KpPHUTEPI€EM OIIHKA
BITMBY Ha CTaH JIFOJWHU TOTO YH iHIIOTO (aKTopy,
TO HayKOBI JIOCIIPKEHHS HAJaJId JOCTATHINA 00CsT
pe3yNbTaTiB BUBUEHHS BILTMBY Pi3HOMaHITHHX (a-
KTOPIB Ha Ie¥ KpUTEPIi.

Tak K. [Janienc [2] nociimKyBaB BIUIMB TEMIIC-
parypu Ha TPOAYKTHUBHICTH pO3YMOBOi Tmparii
(puc. 2 a). B [3] mpencrasnieHi gaHi Mpo BIUIMB Bijl-
HOCHOT BOJIOTOCTI TOBITpPsI MpuMitieHHs (puc. 2 0),
a B [5] mocnipKyBaBcs BIUIMB XapaKTEPUCTUK OCBI-
TieHHs (puc. 2 B).

Jist OLIHKM BUKOPHUCTAEMO TEMIIEparypy, Bia-
HOCHY BOJIOTICTb i, HAIIPUKJIaJl, KyTOBY BUCOTY CBi-
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TJIOBOTO BEKTOpPY (KpuBa 3, puc. 2B), sika Mae Hail-
OUIBIINK BIUIMB CEPEe]l CBITJIOTEXHIYHUX (haKTOPIB.
i dbakropu, six BUAHO 3 TpadikiB, MarOTh pizHY (i-
3WYHY OCHOBY, Pi3Hi OJMHUIII BUMIPIOBaHHS 1 pi3-
HUW BIUIMB HAa JIOJIUHY.

{06 3aificHUTH KOMIUIEKCHY OLIHKY, Tpeba
3HaWTH ciibHI pucH. 1o mepmre, Bei 1i pakTopw mi-
JIKOPSIIOThCS 3aKOHY ontuMyMmy. [1o npyre, Bci BoHU
MaroTh MAaKCUMYMH B TOYIIl HAHOLIBII TPUEMHOTO
(KOoM(OPTHOTO) CIIPUIAHATTS JIFOAUHOO TaHOTO (ha-
ktopy. Lli pucu i Oyzemo BpaxoByBaTH IpH PO3PO-
011l METOy OIlIHKH.

SIKII0 CyMICTUTH BCi KpUBI Ha OJIHY ITO3HAYKY
oci abcmwc, sKka BiANOBiae KOM(DOPTHOMY CTaHY
JIFOJIMHM, a MacInTad I11i€l 0ci BUOpaTH He B a0COITIO-
THHUX OJJUHHIISX, @ BIIHOCHO /IO KOM(QOPTHOIO 3Ha-
4yeHHsI (BEpXHIN IHIEKC «K»), TO OTPUMAEMO Kap-
TUHY, 32 JOIIOMOTO0 SIKOT MOXKHA TTOPIBHIOBATH 11i
nokasHuku (puc.3). Sk Oauumo, nepma i TpeTs
KpuBi (puc. 2 a, B) MaroTh GopMy ellirca, a Apyra
kpuBa (puc. 2 0) mae ¢popmy napabou.

Y TOYKOBOMY YHUCIIeHHI [7] 1l KpUBI MalOTh Ha-
CTYITHI PiBHSIHHSA:

/

n5

35 55

45

Puc.2. I'padiku BrimBy pi3HUX GakToOpiB HA MPOAYKTHBHICTH Tpali 1, %:
a — TeMIepaTypH ts, °C; 6 — BITHOCHOT BOJIOTOCTI @, %; B — KyTOBa BHCOTA CBITJIOBOTO BeKTOpY 0, °
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Puc. 3. I'padiku BBy pi3HUX (akTOpiB HA
MIPOIYKTHBHICTb Mpalli y BiJHOCHUX OJUHULISX:
CYILJIbHA JiHIS — TeMIepaTypu;
ITyHKTUP — BiTHOCHOI BOJIOTOCTI;
IITPHX-TTyHKTUP — KyTOBOI BUCOTH CBITJIOBOI'O BEKTOPY

(1—u)(1—2u)
T =2u) + 2u(l-u)

+B u(2u—l) .
(1-2u)* +2u(l—u)
2u(l—u) ]
020y +2u(=w)’ 1
My,=A1(1—u)(1 -2u)+
+4Ciu(l-u)+Biuu-1) (2)
B (l—u)(1—2u)
T 1-2u)? + 2u(l—u)
N u(2u—1)
> (1-2u) + 2u(1—u)
2u(l—u)
" > (1=2u)* +2u(l—u) G)

ne M, M,, My — MOTOYHI TOYKH Ha BIATIOBIIHHUX
KPUBHX; U — IApaMeTp PiBHSAHb, IKHI BU3HAYAE TPU
KpHBI Ta 3MIHIOETHCS BiJl HYJISI IO OJMHUIIL:

u==kll 4)
k — TopsaKkoBHH HOMEp TOYKHM CKaHyBaHHS,
k=0,1,2,...,1; [ — KUIbKICTh NPUHAHATHX TOYOK
CKaHyBaHHS, 3QJIC)KHUTH BiJl IPUHHATOI TOYHOCTI.
PiBusinns (1-3) BKa3yroTh Ha 3aJIEKHICTH MPO-
JNYKTUBHOCTI Tpaiii Biji Temneparypi ¢, °C, BitHOC-
Hoi BoJstorocTi ¢, %, 1 KyTOBOT BUCOTH CBITIIOBOTO

BekTopy 6. [lepie piBusHHA B cumrekci ABC (xa-
paKTepHI TOYKH, SKi 33Jal0ThCS 13 eKCTIIepUMEHTa-
TpHUX 200 pO3PaxyHKOBUX JTAHWX), HACTYITHE PiB-
HsHHA (2) B cumiuiekci 41B1C1, 1 ocTaHHE PiBHSHHS
(3) B cumrmnexci A2B8:C.

I3 puc. 3 BUIHO HE OJHO3HAYHICTH BIUIUBY (hak-
TOpiB Ta pi3Hy ixHIO 3Ha4ymIicTb. HaitOinbimii
BIUIMB i3 TPHOX HaBeJCHHUX (PAKTOPIB Mae TeMIiepa-
Typa, HAaMEHIIHA — KyTOBa BUCOTa CBITIIOBOTO Be-
kropy. KoedimieHTn BIIMBY BiIHOCHO TeMIiepa-
TYPH TOBITPSI B IPUMIILICHHI:

KSD: =

B q(AKW (1 )(1—26) +-4Ck eta(1—-10) +- B guuRu— ))
A —u)(1—2u) 4 Bu(2u—1)+2Cu(l—u)

Kg = =
- Axg(l-u(1—2u+-Breg uRu—1)+2Crp au(l—1)
A —u)(1-2u) 4+ Bu(2u— 1)+ 2Cu(1—u)

®)

g= - + -

JIe Ky — KOSQIIIEHT BIUIMBY BIJIHOCHOI BOJIOTOCTI
MOBITPSI CTOCOBHO HOTO TEMMEpaTypu; Ko — T€ K
came, KyTOBOT BUCOTH CBITJIOBOT'O BEKTOPY; Kpa, Ky,
Kpes Koas Koe TA Koo — KOSQIIIEHTH BIUIMBY B XapaKTe-
PHHX TOYKaX BiJIOBIIHUX KPUBHX:

Kpa=A1/A, ..., kec=Ci/C. (6)

Pesynbraru peanizanii orpumaHux piBHsHB (1-6)
y cepenosuine MathCAD HaBenena Ha puc. 4.

Y OUTBIIOCTI TOYOK MPUMIILIEHHS 3HAYSHHS TOTO
YH IHIIOTO MapameTrpa Oyle BiIpi3HATHCS BiJ] KOM-
(doprtHOrO. 3a/1a4a CHELIATICTIB IOJIATaE B TOMY,
o0 TpU MPOEKTYyBaHHI OymiBIIi B KOXHIA TOYII
MIPUMIIIEHHS 111 BiIXWICHHS OyJTd MiHIMAJIEHUMHU.

Take 3aBgaHHS MOXe BHPIIIyBaTHCS J[BOMA
nuisxamu. [lepimii — B abcomtoTHOMY TutaHi. [lin-
PaxoBYETbCS CyMa BiIXWIEHb B KOM(OPTHOrO
3HauUeHHS y BCiX ToukaX. J[pyruit muisx — BigHOC-
Huii. CriouaTKy 3HAXOAMTHCS HAWKpAIlliid BapiaHT
abo mepmuM [UIAXOM, ab0 eKCIepUMEHTAIbHUM
IUIAXOM (€TaJOHHUI BapiaHT), a MOTIM 3MiHCHIO-
€THCsI TOPIBHSIHHS BCIX BapiaHTIB BiJIHOCHO €TAJIOH-
HOTO.

s BU3HAUEHHS OLIHHOTO MOKa3HHKA 32 KOX-
HUM TapaMeTpoM MOXKHa BUKOpUCTaTH (opmymy
koedimieHTa Bapiallii, sika BAKOPHUCTOBYETHCS B Ma-
TEMaTHYHOI CTaTUCTHULII.
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Puc.4. Kpusi koedinieHTiB BINTUBY Ha TPOIYKTUBHICTH Mparli

[epmmit msax. GopmyeTbcss MHOXKHHA pO3pa-
XYHKOBUX TOYOK METOJOM TOYKOBOT'O UHCIIEHHS [§]

=

[(Dlij - Dx) / D)( ]2

i,j=1 .
’ x/mn ’

m,n

2Dy -D)/ DY

C — .

2” Jm-n ’

m,
5]

S'[(Dy, D)/ DT

i,j=1

i’ \/m‘}’l

(7

ne Dyij — TOUKOBa MHOKMHA TIOBEPXHI pO3paxyHKO-
BUX/BUMIPSIHAX 3HAU€Hb OLIHIOBAHOTO Iapamerpa
nanoro (akropy (puc.5); D« — kompopTHE (HOPMO-
BaHE) 3HAYEHHsI OI[IHFOBAHOTO MapaMmeTpa JaHOTO
¢baxTopy; i, j, m, n — NOPSIKOBUI HOMEP Ta KiJib-
KICTh pO3paxyHKOBHX TOUOK B 000X HaIpsIMKax;

N — KUTBKICTb OLIIHIOBaHUX (aKTOPiB. Y LIbOMY BH-
naaKy KoMpopTHUM Oyzie OJJHE 3HAUCHHS, CBOE JUIS
KO)KHOTO TMapamMeTpa B MeXax AaHOTO MPUMIIIEHHS
Y BUIVISIIII TOPU30HTAIBHO PO3TAIIOBAHOI IUIOIMHH
3 TOYKaMH CKaHyBaHHS, sIKi MalOTh OIHAKOBY KOOp-
JHATY Z.

Hpyruii musx. [Ipumyctumo, mo € mnpumi-
[IEHHSI, BapiaHTH CePeIOBUIIA SIKOTO TpeDa OIiHATH
BIJTHOCHO IHIIOTO €TaJOHHOTO TPHUMIIICHHS, Y
SIKOTO THIIMI XapakTep 3MiH OI[IHIOBaHUX (haKTOPiB
(puc.6). [ligpaxoBy€eTbCsT KpUTEPiil OLIHKH 32 KOXK-
HuM (paktopom Cyp 32 HACTYTHUMHU (HOPMYIaMu:

n

G :\/mZ:((Dlif _Dw'j)/Doii)z/m;

=1

Czp N Z [(Dzy B D(’ij) / D{)ij ]2 '\/ﬂ,

i.j=1

Cyy :\/g[(DNij -D,;)/ DT /qm~n, (8)

i,j=1
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3Ha4YCHb

[Mnowmna kompopruoro

3Ha4YCHHsA MapaMeTpa

Puc.5. Tlpukinazn moBepxHi po3paxyHKOBHX 3HaYeHb

T T Tt ) S
D, 5 ﬂoaep'xHi 3HA4CHb MapamMeTpa D
OLIHIOBAHHX BapiaHTiB

Dm\ Dy

D7
ﬁ

Ds;

v\ Yy Y & i \__mn

\/Hone PO3paxyHKOBHX IToBepxHa 3Ha4EHD napameTpa\

TOUOK if (1m=n)

€TAIOHHOI0 BapiaHTa

Puc.6. [loBepxHi TOUKOBHX MHOKHH 3HAYECHB ITApaMeTpiB (B po3pisi OyxiBii),
SIKi OL[IHIOIOTBCS (PO3PaxyHKOBUX Dyjj) 31 3HAYSHHSIMH €TAIOHHOTO BapiaHTy Doi.

ne D,;j — ToukoBa MHOXKHMHA TIOBEPXHI PO3PaxyHKO-
BUX/BUMIPSIHUX 3HAa4Y€Hb Mapamerpa AaHoro (ak-
TOpY €TaJIOHHOTO BapiaHTY.

SIKIIo oIiHKa 3M1HCHIOETLCS 3a NEKUIBKOMa Ba-
pianTamu pimeHb OymiBIi, cepes AKX € 1 eTaloH-
HUH, TOOTO HAHOIIBII TOCKOHAIHI 32 paHille mpo-
BEJICHUMH JOCHIDKEHHSIMU a00 po3paxyHKaMu, TO
KOOpZIMHATH TOYOK CKaHYBaHHSA (pO3paxyHKOBHX
TOYOK) BCiX BapiaHTIB MOBHHHI 30iraTucs.

PosrnsiHemMo  kBazpar pi3HMLI, HampHKIam,
(Dnij— Doi)*. Y TOYKOBOMY YHCIIEHH] 3 BAKOPUCTaH-
HSM METPHYHOro oreparopa [9] us pizauns Oyme
BU3HAYATHCS HACTYITHUM YHHOM:

ZZ?D, ZZ(DI _Do)2 = |D|Do|2;

ZZ(Dz _Do)2 :|D2Do|2;

>
DZDZ

2
>

3 o0 =Dy =D,)" =|DyD,

©)
a00 B KOOPAMHATHOMY BHIJISII:
2
|DD0| =(x, —Xp, )2 +(p — Vb, )2 +
+(z, —zDo)z. (10)

Tyt Dn, D, — IOTOYHI TOYKH CKaHYyBaHHs po3pa-
XYHKOBHX 1 €TaJIOHHHX IIOBEpXOHb, SIKi OIUCY-
IOTBCS HACTYHNHHMH pPIiBHSHHAMH B CHMILIEKCI
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ABCFQ B 4YOTHpPHBHMIpHOMY MpOCTOpi (Hampu-
KJaJ, TPH KOOPIMHATH IMPOCTOPY 1 OJIHA KOOPIH-
HaTa Jacy):

D, = Ap(u,v, w,t) +Bq(u,v, w,t) +
+Cr(u,v,w,t)+ Fs (u,v,w,t)+

+Qf(u,v, w,t) (11)

3a OTpUMaHUMH 3JICKHOCTIMH MOXKHA TTOPiB-
HATH oOuzaBa Bapiantu (tadin. 1). IlimcraBnsiemo
oTpuMaHi koopauHatu 1o piBHstHHS (10) 1 pe3yasTar
1o piBHAHHA (8). OTpUMyEMO 3HaYEHHS OIIHHOTO
MOKa3HMKA 32 KOYKHUM BITMBOBUM (PaKTOPOM cepe-
JIOBUIIIA.

Hampukinmi BH3HAYa€ThCA CepeaHHO3BAKEHUI
KpUTEpil OLIHKH, SKAWA MiAPaXxOBYETHCS IS BCiX
BapiaHTIB pillleHb OyJiBeNb, IO PO3TIISIAIOTHCS
MIPU IPOCKTYBaHHI:

4
ikp-ap > k,-C2,
Cl, == ; C2, =1 ;
ka Zkﬂ
p=1 p=l

: (12)

ne N, — HoOMep BapiaHTa pileHHS OyaiBii;
CN, — 3HaYeHHS OIIHHOTO MOKAa3HUKA 32 KOKHUM
IapaMeTpoM CepeloBHIa; k, — KoedimieHTH, sKi
BpaxoBYIOTh CTYIiHb BIUIUBY KOXKHOTO MapaMeTpa;
& — KUTBKICTh TTapaMeTpiB, 3a AKUMH 3TIHCHIOETHCS
OLIIHKA.

VY pesynbTati mpuiiMaeThCs TOH BapiaHT OyAiBii,
y SIKOTO CepeAHbO3BaKEHUN KpuTepiit ominku CN,
Ha0yBa€e MiHIMaJIbHOTO 3HAYEHHS, OCKIIBKU Cepe-
JTHE BiIXWJICHHS Bil KOM(POPTHOTO (HOPMATHBHOT'O)
a00 eTaJIOHHOTO 3HAYEHHSI MiHIMaJIbHE.

BucnoBku. Po3po0ieHMit MeToa KOMIUIEKCHOT
OIIIHKK BHYTPIIIHBOTO CepeAoBUINa B OYIiBIAX
o0 JMii PI3HOMAHITHUX EKOJOTIYHUX (aKTOpiB
n03BoJsie GopMyBaTH epEeKTHBHE CEPEAOBHILE TPH
MiHIMaJIbHHUX BUTpATax €Heprii i KOIITiB, IO iABH-
HIUTh PiBEHb eHeproeeKTHBHOCTI OyniBens. Pe-
3yJIBTATH JIOCIIIPKEHb 11i€1 poOOTH TOBEACHO 0 PO-
3pOOKH aITrOpUTMY.

IlepcneKTHBH NOAANBIINX JOCTITZKEHb. Y TIO-
JAIBIINX JIOCTIKEHHSAX OyIyTh pO3pOOIATHUCS
nporpaMu (GopMyBaHHS €PEKTUBHUX CEPEIOBHIIL
Y pe3ynpTari IXHROTO BHKOPHUCTOBYBaHHs Oyje
3HMKCHO PIBEHb CHEPrOCIIOKUBAHHS Oy/1iBEb.

Tabnuys 1

PiBHsAIHHSA 17151 IOPiBHSIHHS BapiaHTiB

BapianT, kUit OIIHIOETHCS

ETanonnwuii Bapiant

Xpig = X0 P1 + Xpiqy + XeiTi + XpyS) +xQ1f1;
Yoy =YaPr tYpdi T Yah T VSt + lefl;

Zpip = ZaP T Zpdh T 2o T 2SS ZQlfl;

Xpoij =X Py + XpaGy + Xeoby + XSy + xQ2f2;
Vp2ij = Va2 P2 T Vga2do + Veols T VoS, +yQ2f2;

Zpoj S ZaoPr Y 2oy t 200l + 258, + Zngz;

Xpnig =Xan Py + Xpngn T Xyt + XpySy + xQNfN;
Yonig =YVanPn T Vendn T Yentnv T VenSy + yQNfN;

Zpnig = ZanPn T Zendn t Zenty T ZpnySy Tt ZQNfN;

xDuij = anpa + xBuqo + xC{)F(J + xFuso + 'xQof();
yDoij = yA()p() + yBoqa + yC{)r() + yFaS() + yQoJ((};

ZDoij = ZAopo +ZBaqo +ZCoro +ZF'0S0 +ZQof;2‘

ITpumiTKa. XA1, XB1, XCl, XFI... XAo, XBo, XCo... - KOOPJUHATH OMOPHUX BEPIINH CUMIUICKCIB BiAMOBIIHIX MTOBEPXOHD, AKi 3a1at0ThCS,
BUXOJSTYH 3 PO3PaxyHKiB a00 BUMIPIOBAHb; P1, §1, I'1, S1, f1 Po, o, Fo, So, fo — QYHKIIT MapaMeTpiB MpU BIANOBITHUX KOOPJIHHATAX, SKi

3aJIC)KaThb Bill THUITY IIOBEPXOHbD.
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OueHka adphpeKTUBHOCTU cpeabl 34aHUN NO BIIUSIHUIO HA YenoBeKa HeCKOJSb-
KMX NnapamMeTpoOB Ha OCHOBE TO4Y€4YHOIro UCHYUCTIEHUA

B. A EropLIeHKOB1

K. T.H., no11., KueBckuii HAIMOHABHBIN YHUBEPCUTET CTPOUTENLCTBA U ApXUTEKTYPHI, I. Kues, Ykpauna, egval@ukr.net,
ORCID:000-0003-2910-0331

Annomayus. Coenacho 3aKony onmumyma 8 9K0I02UU, Kaxicovlil (paxmop umeem onpeoeiénublii Ouanazon (30Ha onmu-
MyMa), 8 KOMOPOM Yenogek uyscmeyen cebs komgpopmuo. Eciu snauenus ghakmopa 6bixo0sam u3 3moco Ouana3ona, OpeaHu3m
yenemaemcsi. [lpu ¢popmuposanuu cpeovi 6 30aHUAX 8AHCHO, UMOObl 3HAYEHUS PAKMOPOE 8 MAKCUMALLHOU CHieneHu npuoiu-
Jrcanuch K 30ne onmumyma. Iosmomy yenvro oannoti pabomel sA6asemcs pazpabomra KOMIAEKCHOU OYeHKY 0elicmeylowux Ha
yenoeexa pasHopooHsix hakmopos. B kauecmee kpumepusi oyeHKu 6 OaHHOU pabome NPUHAMA NPOU3E00UMENbHOCb MPYOd.
Kpusvie uzmenenust npousgo0umeibHocmu mpyoda om moz2o i U020 aKmopa Onucbl8aIUCy MOYeYHbIMU ypagHeHusimu. Jis
NPAKMUYECKoll peaiu3ayuu NPUHUMALOC, Mpu aKmopa: memnepamypa u 61axiCHOCMb 6030YXd 8 NOMEWEeHUU, d MaKdice ye-
J108a51 8bICOMA C8eM0B8020 6ekmopa. Kpuevie uzmenenust npou3eoo0umeibHoCmy mpyoa onm 3mux yakmopos coeMeuanicy Ha
00un epagux. Ilo ocu abcyucc omrnadbléaIUCy 3HAYEHUsL PAKMOPO8 6 Q0IAX eOUHUY OM KOM@OPMHBIX 3HAUeHUl. Dmo 0ano
603MOJICHOCb ONPedenumsb KO3p@uyuenmol 61UAHUSL PAKMOPO8 Opye OMHOCUMENbHO Opyea. [ KOMNIEKCHOU OYeHKU (hop-
MUPOBANIOCH MOYEYHOE MHOICECNBO NOBEPXHOCIEN PACHEMHBIX UAU U3MEPEeHHbIX 3HaueHull. Mcnonw3ysa gopmyny kosg@uyu-
enma eapuayuu, onpeoeisiocb cpeoHee OMKIOHEHUe Om KOMMOPMHO20 3HaAYeHUs. No Kadicoomy ¢akmopy. B s3asepuienuu
ONpeoesoch CPeOHeE36eUleHHOe 3HAUeHUe OMKIOHEHUsl NO CeM OYEHUBAEMbIM (aKkmopam ¢ y4émom Kod3pduyuenmos euu-
anus. Haunyuwee pewenue cpedvl 6 30anuu 6yoem mo, 8 KOmopom cCpeoHe838euleH bl Kpumepuill NpUHUMaem MUHUMAIbHOe
3HAueHue.

Knioueswie cnosa: 3axon onmumyma, KOMnjieKCHasl oyerKda, ﬂpOMS’GO()Mﬂ’l@]leOCmb mpy()a, moyvey-
Hoe ucduciienue, K03qb¢ul4u€HWZbl GIIUAHUA, KOM¢Opmel€ SHAYeHU:s

UDC 504.064.2:004.925.8

Estimation of the Efficiency of Building Environment Using Influence of Sev-
eral Parameters on People, Based on the Point Calculus

V. O. Yehorchenkov'
'Ph. D., Assistants professor, Kyiv National University of Construction and Architecture, Kyiv, Ukraine, egval@ukr.net,
ORCID:000-0003-2910-0331

Abstract. According to the law of optimum in ecology, each factor has a certain range (the optimum zone), in which a person
feels comfort. If the factor values come out of this range, the body is depressed. When designing environment in buildings, it is
important that the values of the factors should be as closer as possible to the optimum zone. Therefore, the goal of this paper
is developing a comprehensive estimation of the various factors acting on humans. Labour productivity is accepted in this
paper as the estimation criterion. The curves of changes in labour productivity from one or another factor were described by
point equations. For practical implementation, three factors were taken: temperature and relative humidity of the air in the
room, as well as angular height of the light vector. The curves of changes in labour productivity from these factors were com-
bined into one graph. The values of factors in fractions of units from comfort values were plotted along the abscissa axis. This
made it possible to determine coefficient of influence of factors relative to each other. For complex estimation, a point set of
surfaces of calculated or measured values was formed. Using the formula for coefficient of variation, the average deviation
from the comfortable value for each factor was determined. Finally, the average weighted deviation was determined for all the
factors being evaluated, taking into account the coefficients of influence. The best solution of the environment in the building
corresponds to the minimum of the weighted average criterion.

Keywords: law of optimum, comprehensive estimation, labour productivity, point calculation, coefficient
of influence, comfortable value
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