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VJIK 519.6
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Anoraniss. Mema. JIns NpoeKTyBaHHSA Ta KOHCTPYIOBaHHs TpyOdUacTHX Ta30BHX HArpiBadiB y OyiBeIbHHX KOHCTPYKIISX,
HEeOoOXiZTHO BUPIIIUTH 3aadi aHaJi3y Ta CHHTE3y TaKol CUCTEeMH ONajJeHHs . MaTreMaTHYHa MOJENb NaHOI CHCTEMH CKIAIa€ThCs 3:
MaTeMaTHYHOI MOJENi CaMoro TPyO4acToro ra3oBOro HarpiBaya, sIK TipaBIIYHOTO JIAHIFOTA, MAaTeMaTUYHOI MOJEIN pO3MOIiTy
Tewia y OyaAiBedbHI KOHCTPYKIIi Ta BiAMOBIZHUX TPaHUYHHUX YMOB, SIKi iX MOB’sA3yr0Th. [l pilleHHA 3agad aHaNi3y Ta CHHTE3y
HEOOXi/THO 3aCTOCOBYBAaTH OaraTokpuTepiaiisHui Bindip. MeToro gaHoi poOoTH € po3poOKa 3aralbHOTO aIrOPUTMY MOLIYKY pillleHb
y 3aJadax aHami3y Ta CHHTE3y 3 TpyO4acTHMHU Ta30BUMH HarpiBadaMu y OyHiBEIbHHX KOHCTPYKLISAX 13 3aCTOCYBaHHIM
0araToKpuTepiaTbHOTO BinOOpy. Memooduka. 3anpOIOHOBaHUH 3arabHAN alrOPUTM NONUIYKY PIllIeHb y 3aJadax aHali3y Ta CHHTE3y
3 TpyO4acTUMH Ta30BUMH HarpiBadyaMy y OyIiBeJIbHUX KOHCTPYKIISX, SIKUH 3aCTOCOBY€E OaraToKkpuTepianbHui Binoip. st momyky
pillIEHb BUKOPHCTOBYETHCS AITOPUTM E€BOJIOLIHHOIO MOIIYKY HaHO1IbII MpuBabiuBHX pinieHs. PesyasTaTn. [lo6ynoBana 3aranpHa
cXeMa pillleHHs 334 aHali3y Ta CHHTE3y 3 TPYO4acTHMHM Ta30BUMH HarpiBauamy y OymiBeNbHUX KOHCTpYKUisX. [l pimieHHs 3ama4q
aHaNi3y Ta CHHTE3y 3 TPYOYaCTHMHM Ta30BUMH HarpiBayaMu y OyAiBeIbHUX KOHCTPYKIISIX 3aCTOCOBAHO OaraToKpUTepialbHUH BifOip,
BUKOPHUCTOBYIOUHU €BOJIIOIIIIHUI aJTOPUTM BHIIAJIKOBOTO MOINYKY HalO1IbII MpuBadIuBHX pimicHb. Haykoea noeusna. J1ns pimeHHs
3aJa4d aHaNi3y Ta CHHTE3y TPyOUacTUX Tra30BHUX HarpiBadiB y OyAiBEeNbHHUX KOHCTPYKIISX, SIK CKIAJHUX 3a4ad, 3allPOIOHOBAHO
3aCTOCOBYBATH 0OaraTOKpUTEpiadbHUI BifOIp y alrOpuTMi EBONIOLINHHOTO TOIIyKy. HeBimomi mapamMeTpd OIYKAaHOTO pilICHHS
MOXYTh BXOIUTH HemNiHiiHO. IIpakmuuna 3nauumicms. KOHCTPYKIis TpyO4yacTHX Ta30BHX HarpiBadiB pO3TALIOBAHUX Y
OyniBENbHUX KOHCTPYKILSIX JJO3BOJISE 3 HEBEIUKMMH KalliTAIbHUMH BHTpaTaMy 3a0€3M1E€UUTH ONaleHHs MPUMilleHb. [l SKiCHOTo
MIPOEKTYBAaHHS TaKUX CHUCTEM HEOOXiIHO BHUpIIIyBaTH 3afadi aHalizy (po3paxyHKy) Ta CHUHTe3y (IPOEKTYBAaHHS Ta KepyBaHHS
pexxumamu). Po3pobnenuid minxiy OO BHPIIIEHHS 3aJad aHAli3y Ta CHHTE3Y JO3BOJMTH MiIBHIIMTH SKICTh MPOEKTHUX POOIT.
3anpoIroHOBAHO MPH PIllIeHH] 3a/ja4y aHali3y Ta CHHTE3Y JaHOI CHCTEMH ONaJIeHHS BUKOPHCTOBYBAaTH OaraTOKpHUTepianbHHI Binoip,
110 J]a€ 3MOTY BUKOPHUCTOBYBATH €BOJIIOLIIHHUI alNrOPUTM JUIsl TOUIYKY PillleHb.

Knrouoei crosa: TpyOUacTi ra3oBi HarpiBadi; OyAiBenbHI KOHCTPYKI{,; OaraTokpurepialbHUK BifOip; aNrOpUTM €BONIOLIHHOTO
HOIIYKY

IMPUMEHEHME MHOT'OKPUTEPUAJIBHOT'O OTBOPA IIPU IIONCKE
PEIIEHU B 3AJAYAX AHAJIN3A U CUHTE3A C TPYBUATBIMHA
I'A3OBbBIMHU HATPEBATEJISIMU B CTPOUTEJIBHBIX
KOHCTPYKIUAX
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Annotauus. I{ens. s npoeKTHPOBaHUS ¥ KOHCTPYHPOBAHUS TPYOUaTHIX Ta30BEIX HArpeBaTeIed B CTPOUTENHHEIX KOHCTPYKINSIX,
HE0OXOMMO PEIINTh 3aJa4i aHAJIM3a U CHHTEe3a TAKOW CHCTEMbI OTOIUIeHUs. MaTeMaTnueckast MOJIeNb JaHHOM CHCTEMBI COCTOUT U3:
MaTeMaTHYeCKOH MOJIENM CaMoro TpyOdaToro ra3oBOrO HarpeBaTens, Kak TMAPABIMYECKOH IenM, MaTeMaTHYecKoH MOJenu
pacrpesiefieHust Telia B CTPOUTENBHOM KOHCTPYKIIMM M COOTBETCTBYIOMIMX T'PAHUYHBIX YCIOBHH, KOTOpbIE MX CBsA3bIBaroT. Jlms
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pelleHus 3a7ad aHanu3a M CHHTe3a HeoOXOAUMO MPHMEHSITh MHOTOKpUTEpHanbHbI oTOOp. Llenpio maHHOW paboThI sBISIETCS
pa3paboTka oOIero aaropuTMa IOMCKa pEHIeHHMH B 3aJadax aHalk3a U CHHTE3a C TPyOJYaTbIMH Ta30BbIMH HarpeBaTellsIMH B
CTPOUTENIbHbIE KOHCTPYKLUH C IPUMEHEHUEM MHOTOKPUTEpUaIbHOTO 0TO0pa. Memoouka IlpennosxeHHbIH 00U alrOpUTM MOUCKA
pelIeHui B 3aja4ax aHaIn3a U CHHTe3a C TPyOYaThIMH I'a30BHIMU HArpeBaTeIsIMU B CTPOHUTENbHBIE KOHCTPYKIIMH, KOTOPBI IPUMEHSIET
MHOTOKpPHTEpUATIBHBIA 0TOO0p. [J11 moncka pemeHnit NCIob3yeTcsl arOPHTM IBOJIFOIIMOHHOTO MOUCKa HanOoJiee MpeIOYTHTEIbHBIX
pemrenuid. Pesyasmamet. TloctpoeHa oOmias cxema pelieHns 3a7ad aHali3a W CHHTEe3a ¢ TPyOUaThIMH Ta30BBIMH HarpeBaTesIMU B
CTPOUTENBHBIX KOHCTPYKIWSIX. [ pelieHus 3ajad aHaM3a W CHHTE3a C TPyO4YaTHIMHM Ta30BBHIMH HarpeBaTesIMH B CTPOMTEIHHBIX
KOHCTPYKIMSIX ~TNPUMEHEH MHOTOKPUTEpHAIbHBI  OTOOp, HCHONb3ys  SBOJIOLHMOHHBIA  alTOPUTM  CIy4aiHOro  MOHCKa
NPEANOYTHTENbHBIX pelneHuil. Hayunas noeusna. JInsl pelneHus 3afad aHaiM3a M CHHTe3a TPYOUaThIX ra3oBBIX HarpeBareiiell B
CTPOUTENBHBIX KOHCTPYKIMSX, KaK CIOXHBIX 3aad, MpPEeJNIOKEHO MPHMEHITh MHOTOKPHTEPHANbHBI OTOOp B  anropuTMe
3BOJIIOLOHHOTO TOoKCKa. Hen3BecTHbIE MapaMeTphl HCKOMOTO PEIIEHHsS MOTYT BXOAUTH HENUHEWHO. IIpakmuueckas 3nauumocmb.
KoHcTpykimst TpyOdUaTBIX Ta30BBIX HarpeBaTeleld pacIoJOKEHHBIX B CTPOHMTENBHBIX KOHCTPYKIMSX MO3BOISIET C HEOOJIBIINMHI
KalMTAIGHBIMU 3aTpaTaMH OOECTICYUTh OTOIUICHHE MOMEIICHHH. [ KaueCTBEHHOTO MPOEKTHPOBAHMS TaKUX CHUCTEM HEOOXOINMO
pelaTts 3a1a4n aHau3a (pacdera) M CHHTe3a (IPOSKTHPOBAHKE M yIpaBJIeHNE pekiuMamMy). Pa3paboTaHHbIN TOIX0A K PEIIeHHIO 3a1ad
aHAJIM3a ¥ CHHTE3a MO3BOJIMT IOBBICHTH KadeCTBO IPOEKTHBIX paboT. IIpemroixkeHo Mpy peleHny 3a1a4 aHal3a ¥ CHHTEe3a JaHHOI
CHCTEMBI OTOIUICHHUSI UCIIOJIb30BAaTh MHOTOKPHUTEPHAIBHEIH 0TOOP, YTO MO3BOJISIET HCIIONB30BATh ABOJIFOIOHHEIN alrOPHTM JUTS TTOMCKa
peLeHui.

Kniouesvie cnosa: TpyOuaTble Ta30BBIE HArpeBaTeNH; CTPOUTEIbHBIE KOHCTPYKIMH; MHOTOKPHUTEPHAIBHBIH OTOOD; alrOpUTM
9BOJIIOIIMOHHOTO TIOMCKA
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Abstract. Purpose. The heating system with tube gas heater located in building structures is promising alternative to central
heating network. Gas - channels can be placed in the floor, ceiling or walls. It is necessary to solve the problem of analysis and
synthesis of tube gas heaters in building structures for the design and construction of such heating system. Mathematical model of
this system consists of: a mathematical model of the tube gas heater, mathematical model of heat distribution in building structures
and relevant boundary conditions. To solve the problem of analysis and synthesis is necessary to use multi-objective selection. The
aim of this work is to develop a general algorithm for finding solutions to the problems of analysis and synthesis gas tube heaters in
building structures using multi-objective optimization. Methodology. It was proposed general algorithm for finding solutions to the
problems of analysis and synthesis gas tube heaters in building structures. Was used multi-objective selection by this algorithm. Was
applied evolutionary algorithm for finding the most attractive solutions. Findings. Was constructed general scheme of solving
problem analysis and synthesis of tube gas heaters in building structures. Was used multi-objective optimization with the help
evolutionary algorithm random search of the most attractive solutions to solve these tasks. Originality. Was proposed to use multi-
objective selection in evolutionary algorithm random search for solve the problems of analysis and synthesis gas tube heaters in
building structures like complex challenges. The unknown parameters of the desired solution may include nonlinear. Practical value.
The use of surfaces of structures as heating surfaces for heating by means of use of forced relocation of gas source is an alternative
and long-term way. Was developed the construction of the tube gas heaters located in building structures which allows with small
capital costs to provide space heating. It is necessary to solve the problem analysis (calculation) and synthesis (design and
management modes) for quality design of such systems . Was invented the approach to solving problems of analysis and synthesis
will improve the quality of project work. Was prompted in solving problems of analysis and synthesis of heating systems to use
multi-objective selection, which allows to exploit an evolutionary algorithm to find solutions.

Keywords: tube gas heaters; building structures; multi-objective selection; evolutionary search algorithm
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BBenennsi
Cucrema onajgeHHs 3 TpyO4YacTUMU Ta30BUMH
HarpiBagaMu PO3TaIIOBaHUMH y OymiBeTbHIX
KOHCTPYKLIX — 1€ NEpCHeKTHBHA albTEePHATHBA
LEHTPAITBHIM TEIIOBUM Mepexam. Kanann

ra30IMOoBITPSAHOI CYMIIIi MOXXYTH PO3TAlIOBYBATUCH Y
103, cTeil, abo CTiHaX.

Jiis  TiOBUIIEHHS SIKOCTI TPOCKTYBaHHSA CHCTEM
ONaJIeHHs HEOOXiMHO pO3B’s3aTH 3ajadi aHaizy Ta
CHHTE3Y.

Mera

Meroto naHoi poOOTH € MOIIYK pillleHb y 3ajadax
aHaJily Ta CHHTe3y 3 TpyOyacTUMH TIa30BHMHU
HarpiBayamu y Oy/iBeJIbHUX KOHCTPYKIISX.

Metoauka

VYIOCKOHAICHHS KOHCTPYKLIl 1 MaTeMaTHYHOrO
MOJICITIOBaHHSI TPyOYacTHUX Ta30BHX HArpiBadiB BUTBHO
pO3TAIIOBaHMX B  ONAIIOBAJIGHOMY  NPUMIIICHHI
mpencraBieHo 'y poborax [1,4]. Ha ix migcraBi s
IOCTIDKCHHS TpyO4acTWX Ta30BHX HArpiBadiB y
OyniBeNIbHUX KOHCTPYKIIAX Y TeXHIYHOMY pimenHi [10]
HaBeJeHa MaTeMaTH4YHa MOJIeJb TAKMX HarpiBadiB, siKa
CKJIAJTAETHCS 3 MOJICII TPYOUACTOro ra30BOro Harpisava i
PIBHSIHHSI TEIUIONPOBIHOCTI B KOHCTPYKIIi, MOB'S3aHUX
MDK c000I0 TpaHMYHMMHU yMoBaMu. Y poborti [7] nus

TpyOUacCTHX Ta30BHX HarpiBadiB 3 PpO3MIIICHHIM
ra3oloBITPSHUX KaHATIB y OYIiBENFHUX KOHCTPYKIIISX
NMpUBEJCHUH  BHOIp  palioHaNbHUX  [apaMeTpiB
NPOCKTYBaHHSI.

3a J0NOMOTroI0 AITOPUTMY €BOJIOIIHHOTO TOLIYKY
HaOUTPII TPUBAOMUBHUX pimeHp [2,6], po3poOieHHi
PO3paxyHOK  TEIIOOOMIHY  MDK  Ta30MOBITPSHOO
cymimmio B KaHaiui  OyAiBelbHOI  KOHCTPYKIT
TpyOUYacTOro HarpiBaya i ONAJIOBAILHHUM IIPOCTOPOM.
Po3paxyHok HaBeneHuit y [8].

Jlji1 KOHCTPYIOBaHHS MOAIOHUX cUCTEM y poOoTi [9]
nepeBipeHo TeIuIonepeaauy Bif OyniBenbHOT
KOHCTpPYKLii KaHary. Po3risHyTo KaHala mepeTHHOM
150%150 MM posramoBanuii y OyaiBeIbHIA KOHCTPYKIIT
3 XapaKTEepUCTUKaMH Marepiaily: BaXKHH OETOH MapKu
M-150 (B 12,5).

AJte 1151 po3poOKH TpyOUYacTHX Ta30BUX HAarpiBadiB y
OyIiBeIbHMX  KOHCTPYKINSIX  3aJMINAEThCS  Oarato
HEpO3B’sI3aHUX 3a]1ad.

PosrnsmaeTscs TpyOUacTHii HarpiBad poO3TalIOBAHUI
BCEpEeIuHI OyxiBensHOT KOHCTPYKIIii TJI0TH.
Po3mimenHs kaHaJliB Ta30TIOBITPSHOI CyMilln y TIaHi Ta
po3pi3 kKaHarmy y OyaiBelbHIH KOHCTPYKIl HaBeAeHI Ha
puc. 1.

Hagenenuit mpuctpiii npairoe HacTynHuM 4nHOM. J{o
ra3oBOro NajbHUKA IIOJAETHCS TOBITPS Ta ra3 3a
JIOTIOMOT0I0 TIaTpyOKiB Topadi moBiTps Ta raszy. [ami
MIPOJYKTH 3TOPSHHSA HAAXOAATH 10 MOYATKOBOI IUISHKH
JiHIHHOTO HarpiBaya, a IMOTIM YCi IPOIYKTH 3TOPSIHHS
HaJXOJITh 10 KaHaIiB TpyOdacToro HarpiBada. Kanamm
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nepenaroTh TeIulo 31 CBOEi NOBepXxHI B OyIiBedbHY
KOHCTPYKIIIIO, a 3BIITH B OITAJIIOBaHE CEPEIOBUIIIE.

MoBtmpA
e
o

6

Puc. 1. Tpybuacmuii eazosuil Haepisay, po3miwjeHuil y
nionosi |
Tube gas heater located in the floor:

1 - eazosuii narvHuk; 2 - nampy6box nooayi nogimpsi;
3 - nampy6ox nodaui 2azy; 4 - nouamrosa OUIsIHKA
JIHIUH020 Hagpieaua 8 mennoizonayii; 5 - GUMsIICHUU
GEHMUNIAMOp, 6 - KAHANU 2A30N08IMPSAHOL CyMiwi,
7 - nampy6ox 6i0600y 2a30no8iMpsaHOL Cymiuti;
8 - bemon; 9 - bemonna nracmuna.

MaremaTuuHa MOJENb JAHOI CHCTEMHU ONAJIEHHS
BUTJISAJA€ CKIIAJHO0, KA CKJIAJA€ThCs 3. MaTeMaTHYHOT
MOJIeNTi CaMOro TpyO4YacToro Ta30BOTO HarpiBada, sK

TiAPaBIIYHOTO  JIAHITIOTA, MaTeMaTU4YHOi  MOJENi
po3moxminy Terua |y OymiBeNbHIM KOHCTPYKIii Ta
BiJIMIOBITHUX TPaHUYHUX YMOB, fKi iX ITOB’S3YIOTb.
PiBHsiHHS ~ posnoxminy Temima y  OyaiBenbHIHM
KOHCTPYKIii MPE/ICTABIICHO PIBHSIHHAIM
TEIUTOTIPOBITHOCTI Y BUTJISIL:
L(u)=0

ne: L — me piBHSHHS TeIUIOmpoBigHOCTI B obnacti D
(Xy); U — ¢yHKOiA, mO 3aJ€XKHTH Bix X, Y, OpHU
TPaHUIHUX YMOBaX:

S(u)=0

Ha JiHii 0D, 1m0 € mexero oomacTi D.
MareMaTHyHa MOZEIh CaMOTO TPyOYacTOro ra30BOro
HarpiBaua IpejicTaBIeHa OJHOMIPHO 1O JIOBXHHI Z Ta 3
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napamerpamn  (V;,V,,...,V,,), IO XapaKTepH3YIOTh
TEIUIOBI Ta TiApaBIiuHI pe)XUMH HarpiBaya:

f,(v,V,,...,V,,,2) =0,

(v, VsV, 2) =0,

fo(V,Vp,..,V

1 Vmo

2)=0

ne: f,f,f. 3BHYaliHi  IudepeHItianbHi
pIBHSHHS, $Ki TIOB’SI3YIOTh IapamMeTpu Tedil y
KaHam TpyO4acToro Ta30BOrO HarpiBaya 1o
noBxuHi Z mpu z=0; v,(0),v,(0),...,v,,(0)
Bimomi jutst 3amadi Korri.

MaroTb Miclie TpaHUYHI YMOBH:

y/[vj , Z(X, y), u(x, y)J =0 mo moBxwuHi Z.

Crnoyatky poO3IITHEMO 3ajmady aHawi3y, KOJH
HEOOXITHO  BHM3HAYUTH TEIUIOBI Ta  TiApaBIivHi
rnapaMeTpd ITpH BIIOMHUX IIOYaTKOBHX YMOBax Ta
30BHILIHIX yMOBax (Oy1iBebHOT KOHCTPYKIIIi).

Jnst moumyKy HEBiOMHUX MapaMeTpiB TEIJIOBOIO Ta
TiIPaBIiYHOTO  PEXUMIB  HEOOXiJHE  3aCTOCYBaHHS
6ararokpurepianpHoro Binbopy (Ry, Ry, Rs, Rs) [11,12],
100 3aI0BOJIEHUTH PIBHAHHAM MaTeMaTHYHOI MOJET Ta
TPaHMYHUM YMOBaM.

Heo0OxinHO BUKOHATH:

R(L)—0 Q)
R,(S) >0 2
Ry(f.f5,....f) >0 3)
Ry() >0 @)

ne: Rj(L) — HeB’s3Ka piBHAHHS TEMIOMPOBIAHOCTI Y
OyaisenbHiit konetpykuii; R,(S) — HeB’s3Kka rpanndHmx
ymoB y Oyaisensniit koucrpykuii; Rg(fy,f,,....f,)

HeB’si3Ka PIBHSHB, SIKi MOB’SI3yIOTh Mapamerpu Teuil y
KaHaJli TPyOYacTOro ra3oBOr0 HarpiBava ro JOBXKHHI Z;

R,(v)

TpyO4acToro ra3oBoro Harpiaya.
3amicts yMOB (1) — (4) MOXHA IEPEUTH TO KPUTEPiiB
obmesxenns (5) — (8):

— HeB’s3Ka TIpaHMYHUX YMOB Yy KaHalli

E,=R(L)-6,<0 ®)
E, =R,(S)-5,<0 6)
E, = R(fufpnf.) =3, <0 (7)
E, =R,(y) -0, <0 ®)

ne: 0,,0,,0;,0, — NOXUOKN BUKOHAHHS PiBHSIHb

Ta TpaHUYHUX YMOB.
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CyKynHiCTb  YMOB ~ OOMEXEHb MOXYTb  OYyTH
(opManbsHO 3rOpHYTI B OJIHY YMOBY 32 JOIIOMOTOIO
JIOTIYHOT 3B'SI3KU «i» Y BHTIIAI:

{E, <0JA{E, <OJA{E, <0JA{E, <0}

Ymoga (13) moxe Oyt 3anmcana 3a jonomororo R —
¢yukuii PBavosa [5] y Burmszi:

E = E;,A,E,A EsAE, <0 (9)

me: A, — Qynkuia PauoBa [5], kotpa
BHU3HAYA€THCA y BI/IFJ'IHHi:
XA Y =X+Yy—+/x*+y?  (10)

TakuM YMHOM, 3aj7aya 3 ACKUIbKOMa HEPiBHOCTAMHU
(5) — (8) 3BemenHa 10 3a1a4i 3 oHIEIO HEPIBHICTIO (9).

Bukopucranns R — ¢ynkuiit (10) mae cBoi HeomiKu.
OauH 3 HUX — JOJaBaHHSA HENIHIAHUX CQEKTiB, M0
BunHO 3 (10). Ilpu pimeHHi 3amadi CHUHTE3y KpiMm
HEOOXITHOCTI BHKOHAHHA MaTematuuHoi Mmoxem (9)
HEOOXiTHO MiHIMI3yBaTH Ilie SIKUHCH 3arajbHUIl KpUTEpii

onTHMizanii F(X) [3].
PimieHHs 1o 3a10BOJICHHIO BCIX YMOB IMMO3HAYKMO:

31 2 n
Xg = {xo, XGyeer Xo }
Heo6xinHo 3HaliTH pimeHHs X 3a;aui;

min{F(x)/ E(x)< 0} (11)

Jns Bumanky Oe3yMOBHOI MiHIMi3arii min F(X),
OUEBMJIHO, BIJHOIIEHHS BHOOpY R Mae HacTynHuit
IIPOCTUM BUTIIAA;

xR,y < F(x)< F(y) (12)

BpaxoByroun (12) i crmigyrodn 3araJbHOMY IIPaBHITY
moOyJOBH  BITHOCHHM  BHOOpPY [JJs  BpaxyBaHHS
00OMe)KeHHS THITy HEePiBHOCTI, U BHPIIICHHS 3aBIaHHS
(11) BigHOMIEHHS BUOOPY Ry pHiiMae BUTIIS:

xR,y < [E(x)<0AE(y)> 0]V
VIE(x)>0AE(y)>0AE(X)<E(Y)]V (13)
VIE(x)< 0AE(y)< 0]JAF(x)< F(y)]

Bupimenns 3amaui (13) Moxe OyTn YCKJIQJHEHO
ckmanHoo  Qopmoto  gomyctumoi  obmacti.  Tomy
JIOLITPHO BHKOPHCTOBYBAaTH CHEHIANBHUN MiOXiJ 0

TeHepalii pilleHb 3 ypaxyBaHHSIM KOpPCIIOBAHHS
3MIiHHUX, SIKUH BKa3yeThCs Jalli:
N, N
i 1 6. a1 P —_—
X = ZZx,j,lzl,n
NsNﬂ = 1=
I=12,....N, ,
=12, N,
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ae i HOPSAKOBUIT HOMEp 3MiHHOL; | HOMeEp
BifiOpaHOro PIllICHHS, ] — HOMep rajiy3i eBOJIOLitHOro
mporecy; Ny KUTBKICTh ~ KpamIuX pimieHb, IIo
BiIOMpArOTECA Ha KOXKHOMY KpOIIi  €BONIOLIHHOTO
momyky B ognHiei Timku; Np KUTBKICTh  TUIOK
PO3paxyHKY €BOJIOLIIHOTO aITOPUTMY.

OO6uncnmo BHOIpKOBI JHCTIEPCii:

ZZ(XIJ ~x)2i=1n

j=1 1=l

1

ol =——
N,N, -1

O0uncnMo eMITipudHi KOPeJAIiifHi MOMEHTH:

ZZ (Xu Xo)(xu Xp)

J—l 1=1

X5, X

Obuncnumo emmipudHni (BHOIpKOBHIH) KoeimieHT
KOPEJISALii:

N,
i=1

(Zz(x., LYY -

j=1 1=1 j=1 1=l

N - -
Z(Xﬁ - Xcl))(xllj = Xp)
=

i=2,n.
Bynemo iHTeprperyBaTH BHOIPKY {Xi

I=1N,,

J=LN,

SIK CKCHCpI/IMeHTaHBHi Touku. B

SIKOCTI PO3PaxXyHKOBHUX TOYOK BU3HAYUMO 3HAYCHHS X:J ,

, AKi OyIOyTh OOYHCIIOBATHUCS IO PIBHSIHHSIX
JHIHHOT perpecii:
~ - oo -
=Xi+r, ; —(X —Xxt)
I Tt X 1j [
* o
OO0YNCITNMO eMITipHYHI TUCTIepCii:
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