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NOKTOPaHT Kadenpbl HaYepTaTeJbHOIM TeOMeTPUN 1 MHKeHEePHOI rpaduky,
KueBckuil HAlMOHATBHBIN YHUBEPCUTET CTPOUTETHCTBA U apXUTEKTYPHI, T. Kues

MOJAEJIMPOBAHUE ®U3NYECKOTIO I10JIA
ITPN U3BECTHbBIX OKCIIEPUMEHTAJIbBHO ITOJYYEHHDBIX 3HAYEHUAX

INIOTEHIINAJIOB OTAEJIbHBIX ETO TOYEK

Anomauin. Ha cmadii apximexmypnozo npoexmysanns 6yodieein, cnopyd, a maxoic npocmopis
cepeduni ma 306Hi 00 €Kmis, WO NPOEKMYIOMbCSL, 00HIEN 3 BANCTUBUX 3adau € 3adaua enepzosbe-
pedcenis. 3 2comempuunoi mouku 30py NPUKIAOAMU MAKUX 3a0ad MOXHCYmMb Oymu MoOenoeanis
(Qisuunozo nons 6i0 dicepe enepeii Piznozo 6UOY, BUSHAUEHHS NOMEHUIANLY enepzii 8 KOHKPemHiil
3adaniit mouyi Qisuunozo nois npu 3adanux oxrcepenax enepeii i m. d. Ocobausy uixasicmv 0ns
NPAKMUKYU CIMAHOBUMb HUSKA 360POMHUX 3A0aY, 6 SKUX, HANPUKLAO, 34 3A0AHUMU NAPAMEMPAMU
OKPEMUX MOYOK (Di3UUH020 NOLS BUSHAUAIOMBCS NAPAMEMPU ONCEPel eHepzii.

Y uiit cmammi 3anpononosano zeomempuunuii anapam, wo 0ae 3mozy 3a 6I00MUMU eKCNePUMeN-
MaiwhHo OMPUMAHUMU SHAUEHHAMU OKPEMUX MOUOK (Di3UuHO020 NOJs, SIKE YMEOPEHO 8 MPUBL-
MIPHOMY MPOCMOPi 00HUM MOUKOBUM OXCePeNoM eHepeii, GusHauamu nomenyian 006ibHOT MOuKU
U020 NOJSL, 4 MAKONIC NOMYICHICMb MOUKOBO20 OJCEPela enepeii, napamempi NoLONCeHHs K020
3a0ani.

Kntouosei crosa: eecomempuune modeniosanns, Qizuune noje, nomenyian enepeii, mouxoge

Ovcepeio enepeii, giocmansv, Qynkuyis, mouxa, zinepéoaa, napadoa.

ITocraHoska npoGiembl. Ha cragnu apxu-
TEKTYPHOTO TPOEKTUPOBAHUS 3[[aHUI1, COOPYIKe-
HUl, a Tak)ke NMPOCTPAHCTB BHYTPU U CHAPYKU
IPOEKTUPYEMBIX OOBEKTOB OJIHON M3 Ba’KHBIX
3ajlau  SIBJISIETCST 3ajavya 9HEProcOepesKeHusl.
C reomeTpuyecKkoil TOYKU 3PEHUS MTPUMEPaMu
TaKMX 3a7ad MOTYT OBITH MOJETUpPOBaHue (G-
3MYECKOTO TOJIT OT MCTOYHWKOB 3HEPTUU Pas-
HOTO BW/IA; OMNpe/ieJieHne TMOTEHINaMa dHEPTun
B KOHKPETHOU 3a/laHHOil TOYKe (PU3NYECKOTO
10JISI TIPU 33JIaHHBIX MCTOYHUKAX HHEPTUU U T.
1. OcoObIil HHTEpeC ISt TIPAKTUKHU TIPEACTABIIsI-
eT psi 0OpaTHBIX 33/1a4, B KOTOPBIX, HATIPUMED,
10 33/IaHHBIM TIapaMeTpaM OTAEJbHBIX TOUEeK
(bU3MUECKOTO TOJS OTPENeNIIOTCsT TTapaMeTPhl
MCTOYHUKOB 9HEPTH.

Anaim3 nocieaHux uccjaeaoBaHui. ABTO-
pamu pabor [3; 4] pemranuch MogoOHBIE 3amaun
ompejie/ieHrs TIOTEHIUATIOB TOUEK MEeTOJaMU He-
NPEPbIBHOM  MJIM  IUCKPETHOW  MHTEPIIOJISIIIUN.
Ho aBropamu atix paboT He YYUTHIBAIOCH BJIHSI-
HIe PACCTOSHUI OT TOUEK (PU3MUYECKOTO TIOJIST /10
MCTOYHUKOB 9HEPTUH Ha OTeHIHaJ moJisi. B pabo-
Te [5] aBTOpamMu MPeJIOKEH METOJ[ OIPe/IeeHusT
MOTEHIMAa SHEPTUK B BUJE KOJIMYECTBA TeIia
OT MCTOYHMKA, HAITOMUHAIONIETo (hakes, KOTOPbIi
TIPEJICTABJIEH B BUJIE 3JUTUTICOM/IA BPAIEHUSI.
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Ileap cratbu — cosjaHue TeOMETPUYECKOTO
amTapaTta, o3BOJISIONIETO 10 U3BECTHBIM IKCIIe-
PUMEHTATTBHO TTOJTYIeHHBIM 3HAYEHUSIM OT/IENTh-
HBIX TOYEK (PU3MYECKOro IOJIs, KOTopoe obpa-
30BaHO B TPEXMEPHOM IPOCTPAHCTBE OIHUM
TOYEYHBIM HCTOYHUKOM DHEPTUH, OIPeessaTh
MOTEHIIMAJ TTPOU3BOJIBHON TOYKHM ITOTO TMOJIS, a
TaKKe MOIIHOCTb TOUEYHOTO HMCTOYHUKA IHEP-
TH, TapaMeTPhI TIOJIOKEHMST KOTOPOTO 3a/IaHblI.

Pesyabrarel uccaenosanuii. [lycts B Tpex-
MEPHOM TPOCTPAHCTBE 3aJaHbl IKCIIEPUMEH-
TaJlbHO MOJy4YeHHbIe 3HaYeHus oTeHnuanos U,
U, Ug,..., U, Touek (pu3HYECKOro I10J1s1, KOTOPbIe
HaxojATCA Ha paccrostnusax [, [, L., [ ot To-
YeYyHOTO WMCTOYHMKA HEPTUM COOTBETCTBEHHO.
Heobxo1M0 OIpeeuTh MOIHOCTh TOYEYHO-
rO MCTOYHUKA 9HEPTUU, KOTOPHII MMeeT Orpa-
HUYEHHYIO 30HY JIEHCTBUS, U BBIBECTH 3aBUCH-
MOCTb, TIO3BOJISIONIYIO OMPEIENSITh MOTEHITHA
MPOMBBOJILHON TOUKH ATOTO TIOJIS.

Ha morennuan mpomsBOJIbHOW TOYKHU ITPO-
CTPAHCTBEHHOTO (PU3NYECKOTO 110151, 00pa3oBaH-
HOTO TOYEYHBIM MCTOYHMKOM DHHEPTUU, BIHUSET
paccTogHue OT ATOW TOYKHU JI0 3aJ[aHHOTO UCTOY-
Huka sHepruu. C yBeJndeHWEM YKa3aHHOTO
paccTosSHUS MOTEHITNAT B TOUKe MOJIS YMeHbIIa-
eTcs, a C YMEHBIIEHUEM €T0 — YBeJINYMBAETCS.
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Takoe BausAHME PacCTOSHUA MEXIY TOUKON
MOJIST ¥ TOYEYHBIM MCTOYHUKOM HEPTUU Ha T10-
TEHIIHAJ HTOTO IMOJISI MOXKET OBITh OIMKMCAHO He-
KOTOPBIM MapameTpom ¢ [1].

[l pelieHns MOCTaBJIEHHON 3a7lauidl MOKHO
MCII0JIb30BaTh TIPUHITUI OTpe/ieIeHns Trapame-
Tpa t mo obobieHHoN cxeme (puc. 1), 3amMeHUB
JIMHUU M WU ¢ HEKOTOPOU KPUBOU, KOTOpas
MPOXOJIUT Y€pe3 TOYKHU, COOTBETCTBYIOIINE IKC-
HepUMeHTaTIbHBIM JaHHbIM [6]. AbGcumccnl 3a-
NAHHBIX TOYEK 9TOU KPUBOW COOTBETCTBEHHO
paBHbl X, =/,a OpAMHATBI Y, — HEM3BECTHBL
OpI[I/IHaTbI THX TOUEK HEOLXOAMMO BBIPA3UThH
gyepe3 9KCIePUMEHTAIbHO TIOTydYeHHbIEe TTapamMe-
ot U, U, Us’“" U.

[Torennman nPOU3BOIBHOM
otpenessieTcs mo dhopmye [1]:

[Torennnan Mpou3BOJLHON TOYKU IOJS OII-
penensietcs o (opmye [1]:

TOYKM  IIOJIA

u =U"-t, €))
rae U® — TOTEHIMAJ] TOYEYHOTO MCTOYHWKA
9HEPIUN.
B cootBercTBuuM co cxemoit (puc. 1):

t,=1-y,.

Torma MoKHO 3amucaTh CUCTEMY YPaBHEHUI:

U =U1-y);
U,=U(1-y,); ()
U =U'(1-y)
vkt
T q
m
=0 1 1)
1 P X
L, M,
L. —
)
Puc. 1

HeunsBectHbiMM B 3TOil cucTeMe ypaBHEHUI
apsiores U™ u Yy, Y, ..., Y,. ducino Henspecr-
HBIX Ha €JIMHUILY IPEBbIIIACT YUCTIO YPAaBHEHUI.

Casxem KOOpAMHATBI 3aJaHHbBIX TOYEK Ilapa-
OOJINYECKON 3aBUCUMOCTDIO:

y=al+al’+al’ +..+al", (3)

rjie  4WCJO TapaMeTpoB ai Ha  eIUHUILY
MEeHbIIIe YNCaa dKCIePUMEHTATbHO MOTYYeHHBIX
TOUEK.

Jlist onpesiesienus apamMeTpoB @, HeoOX0/m-
MO B ypaBHeHMe (3) MOJICTaBUTb IMOOYEPETHO
KOOP/IMHATBI U3BECTHBIX TOuek. Torja K cucre-
Me ypaBHeHHH (2) mobaBUTCS Apyras CHCTEMa
YPaBHEHUIL:

y=al +all +al’ +.+al;
2 3 .
»=al+al; +al; +..+al]; (4)
l I +al + I
=al +all+al +..+al,

IJle 9MCI0 HEM3BECTHBIX IAapaMeTPOB d, Ha
eTMHIITY MEHBITe YUCTa YPABHEHWIA.

[Tpu nmoncranoBke yi u3 cucrembl (4) B cu-
creMy (2) Tosy4aeM HOBYIO CHUCTEMY YypaBHe-
HUH, TJe 4YKMCJI0 HEM3BECTHBIX COOTBETCTBYET
YHUCJy ypaBHEHUI:

U, - U*(l—a,l —al — .. —al");

U =U"11- —al; all);
2 ( 2%2 n2) (5)
m = U*(l _allm _a2lrfl - _anlr:lz)

B pesyuibrare perenust cuctembt (5) omnpee-
JiToTCs TapameTpbl U™ 1 a,.

[Tpu moncTtaHOBKe y:Ke M3BECTHBIX Mapame-
TPOB ai MmoJyyaeM ypaBHeH¥e mapaboJibl NTo 1o-
ps/iKa, KOTOpas MO3BOJISIET ONPEAETUTb OP/IH-
HATy y TIPU IIPOM3BOJIBHO 33/IaHHON BenvnHe

Besmynna [ TOJIYYAETCS TIPH TEPECEUeHIH
napa6oast (3) ¢ npsiMoii y=1.

[Tpumep.

[IycTh  9KCIEPUMEHTAILHO — MOJIYyYEHHBIMU

JIAHHBIMU  SIBJISIIOTCST  TIApAMETPhl  TPeX TOUYeK
¢usnueckoro nons: [=2 man. exn; [,=5 mm. exn;
L=7 mm. en; U, 75 YCIL. €L U =5 yCaI. e
U =2,5 yCII. €]l

CI/ICTeMbI ypaBuenwuii (4) u (5) npu 3a1aH-
HBIX UCXO/HBIX JAHHBIX TPUHIMAIOT BUJI
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y, =2a, +4a,;
¥, =5a, +25a,;
y; =Ta, +49a,;

75=U"(1-2qa, -4a,);
5=U"(1-5a, - 25a,);
25=U(1-7a, —49a,).

(6)

Pesynsrarom pemennst cuctemsr (6) SBASIOT-
csl OPJIMHATBI TOYEK, Yepe3 KOTOpble MPOXOIUT
napabona (3): y,=0.1; y,=0.4; y,=0.7; mapame-
tpbl a,=0.03; a2=0.01 1 MOIIHOCTb TOYEUHOTO
uctoyHuka sHeprun U~ =8.3333.

[Tapa6oua (3) umeer BUL:

y=0.03/+0.0172. 7

OTKyna MOXHO ONpenesuTh Beamynny [
npu y=1:

X

[ =8.612

max

U BeJIMYMHY Tapametpa 1>¢ >0 B mpesesnax
8.612>1>0 sna mob0il TOYKM (PU3UUECKOTO
TOJIS.

N30moBepXHOCTIMU 9TOTO TOJIS SBISIOTCS
KOHIIeHTpuYeckre chepbl € IEHTPOM, COBIA-
MAIONMM C TOYEYHBIM HCTOYHWUKOM JHEPTHUH.
B cepuueckoii cucteme KOOpAUHAT € IEHTPOM,
COBIAJIAIONIMM € TOYEYHBIM MCTOUHUKOM 3HEp-

Puc. 2

run (puc. 2), 115 KaKJIOTO U3 TPeX 3alaHHBbIX
paccTosIHU li, 3a/laHHBIM ABJISETCS TOJIBKO Pa-
muyc-BekTop p =/. OcTanbHble mapaMeTpbl o
1 B OCTAOTCST CBOOOTHBIMU U MOTYT MIPUHUMATh
pasynyHble 3HAYEHUS.

BoiBozpl. B nanHoii ctaThe co3an reoMeTpu-
YeCKUl ammapar, MO3BOJISAIONIUI 110 U3BECTHBIM
HKCTIEPIMEHTAILHO ~ TIOJTYUYEHHBIM ~ 3HAYEHUSIM
OT/IEJTBHBIX TOYeK (PU3NIECKOTO MOJIsI, KOTOPOe
00pa30BaHO B TPEXMEPHOM HPOCTPAHCTBE OIHIM
TOYEYHBIM HCTOYHUKOM 9DHEPTUH, OIPEIEsTh
MOTEHITNA TIPOM3BOJIBHON TOYKM 3TOTO TOJIS, a
TaKke MOIIHOCTh TOYEYHOTO HCTOUYHWKA HHEP-
T'U, TapaMeTPhl TOJI0KEHUST KOTOPOTO 3a/IaHbl.
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DETERMINATION OF THE POTENTIAL OF AN ARBITRARY POINT OF PHYSICAL FIELD
AT KNOWN VALUES OF POTENTIALS OF INDIVIDUAL POINTS OF PHYSICAL FIELD

Abstract. At the stage of architectural design of buildings, structures, as well as spaces inside
and outside the designed objects, one of the important tasks is the task of energy conservation.
From a geometric point of view, examples of such tasks can be: modeling a physical field from
various types of energy sources; determination of the energy potential at a specific given point
of a physical field for given energy sources, etc. Of particular interest for practice is a number
of inverse problems in which, for example, the parameters of energy sources are determined from
the given parameters of individual points of the physical field.

The potential of an arbitrary point of a physical field formed in three-dimensional space is af-
fected by the distance of this point from the energy source. This effect decreases with increasing
distance from the field point to the energy source and increases with decreasing the specified dis-
tance. Formally, this influence is described by some parametert [1].

Also, a special influence on the propagation of a physical field in three-dimensional space,
and therefore on the potentials of its points, has the form of radiated energy and the medium in
which this field arises. It should be noted that the energy sources that create the physical field can
be point, extended (linear) [2], as well as in the form of surfaces (planes).

This article proposes a geometric apparatus that allows one to determine the potential of an arbi-
trary point of this field, as well as the power of a point source of energy, the position parameters
of which are set from known experimentally obtained values of individual points of a physical field
that is formed in three-dimensional space by a single point source of energy.

Key words: geometric modeling, physical field, energy potential, point source of energy,
distance, function, point, hyperbola, parabola.
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