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MOPIBHSIJIbHU AHAJII3 TPA®IKIB IOTEHIIAJIIB EHEPTTI
ITPU PI3BHUX ®YHKUIAX BI/{ BIICTAHI

AHOTaIls: Ha PI3HUX eTamax IMPOEKTYBaHHS B PI3HHMX cdepax BUPOOHUIITBA
3yCTPIYAarOThCS MPAKTUYHI 3ajadi, SKi MOB'S3aHO 3 TEOMETPUYHUM MOJCITFOBAHHSIM
PI3HOMAHITHUX (I3UYHUX TIOJMIB TpU 3aJaHUX TOYKOBUX JDKEpenax eHeprii.
Hanpuxman, reoMeTrpwyHe MOMACIIOBAHHS PO3MOIUTY TEMIEpaTypu B MPOCTOPi
OPUMIIIEHHS TIPU TOYKOBHMX JKEpeJiax HarpiBy; BHU3HAYEHHS OCBITJIEHOCTI B
KOHKPETHIH TOYLll MPUMIILIEHHS IPU JEKIJIbKOX TOYKOBUX JKEpeaax CBITJa Ta iH.

Ha 3akoH mommpeHHs eHeprii B TPUBHUMIPHOMY MPOCTOpl BiJ TOYKOBOTO
JpKepena BIUIMBAE HE TUIBKH BIJICTaHb BiJ TOUKH MPOCTOPY JI0 JKepera eHeprii, a i
napaMeTpH BHIYy €HEpTii i mapaMeTpu CepeOBHIIA, [0 3aTIOBHIOE MTPOCTIP.

Xoua, 31 30UIBIICHHSIM BiJICTaHI MDK JPKEPEJIOM €HEpPTii 1 TOYKOI MPOCTOpY,
MOTY>KHICTh BIUIMBY JKEpesia 3MEHIIYEThCS, ajle 3aJIeKHICTh MDK IMOTEHIIaIOM
eHeprii 1 BIICTAHHIO MOXEe OyTH JIOCUTh CKJIAHOIO.

VY nmaHili CTaTTi PO3IJISTHYTO TE€OMETPUYHY MOJENb Takoi 3alleHOCTI MpHU
OJIMHUYHOMY MOTEHIiall 33JaHOr0 Ha IMOYaTKy MPSMOKYTHOI CHUCTEMH KOOPAMHAT
TOYKOBOTO JDKepena eHeprii. Tomi MoTeHIian eHeprii B HOBUIbHIA TOYIN MPOCTOPY
YHCENLHO JOPiBHIOE TIapaMeTpy f, AKUH € apaMeTpoM BIUIMBY BiJICTaHi BiJx 3aJaHOi
TOYKH (TOYKOBOIO JKEpesa €HEprii) 70 MOTOYHOT TOUKH (h13UMYHOTO MoJis Ha popMy
MOBEpPXHi, MO OTpuUMyeThcs. llpuyomy, 1eil BB mae OyTH TUM Oulble, YUM
ONMMKYe TOUKOBE JDKEPENo eHeprii (3alaHa TOuYKa) 3HAXOAWUTHUCS A0 moToyHoi. Ha
TOYKY, HECKIHYCHHO OJIM3BKY JIO0 3aJIaHOTO TOYKOBOTO JDKEpena €HEeprii 1e JHKepero
NOBUHHO BIUIMBAaTH MAaKCHUMAaJbHO, a MPU HECKIHYEHHO BEJIMKIA BIJICTaHI MIXK
TOYKOBHM J[KEPEJIOM 1 ITOTOYHOIO TOYKOIO IIeH BILUTUB Ma€ TOPiBHIOBATH HYIIIO.

Buxoasuu 3 11i€i JTOTiKK, BIUIMB 3aJIaHOTO TOYKOBOTO JDKEpETa Ha MOTEHINAI
MOTOYHOI TOYKM TOBHMHEH OyTH OOEpPHEHO NPOMOPILIHHUM BIACTaHI MK HHMHU.
OpHak, mapaMeTp BIUIMBY BiJICTaHi JJIs1 TOYKH, HECKIHUEHHO OJIM3bKO PO3TANIOBAHOI
710 3aJJaHOTO JKepesa, Oy/1e BU3HAYATUCS AUICHHSIM TOTEHIliaTy 3aJaHOTO TOYKOBOTO
JpKepesa Ha HEeCKIHUEHHO Mally BEJIMYUHY, 110 PIBHOCHIJIBHO AUIEHHIO HA HYNb. ToMy
BIUIMB MOTEHIIAy 3aJaHOT0 TOYKOBOTO JKEpesia eHeprii Ha HEeCKIHYEHHO OJHM3bKY
MOTOYHY TOYKYy MpPUIMEMO SK KIHLEBY BEJIWYUHY, SKy OylneMo BBaXaTu
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MaKCHMaJbHOK, a BIUIMB HECKIHUEHHO BIJUIaJIeHOI TOYKH HA TIOTOYHY MPUHMEMO
PIBHUM HYJIIO.

Taky 3a/eXHICTh MOKHA T€OMETPUYHO peali3yBaTH Ha OCHOBI IIEHTPAJIBHOTO
MPOEKIIIFOBAHHSI.

Y naHOMy MOCHTIKEHHI 3allpOIOHOBAHO T€OMETPUYHY MOJENb 3aJIeKHOCTI
MDK IOTEHIIlaJOM €Heprii B JaHId TOYIll MPOCTOPY 1 PI3HUMU (PYHKIISIMUA BiJ
BIJICTaHI MIX TOYKOIO (DI3UYHOTO TIOJII 1 TOYKOBHM JpKepesiom eneprii. [IposeaeHo
MOPIBHJIBHUI aHalli3 OTPUMaHUX IpadikiB NOTEHUIATIB y TOBUIbHIHN TOYI IPOCTOPY
pH pi3HUX (PYHKITISIX Bij BIJCTaHI.

Kiro4oBi cioBa: BijcTaHb, (DYHKIIIS BiJ BiJICTaHl, MOTEHIlA]d €HEPTii, TOUKOBE
JUKEpeIio eHeprii, Gi3uyHe 1ose, rineprnoBepXHs.

[TocranoBka mpobGaemu. Ha pi3HuX eramax mpoekTyBaHHS B pi3HHX cdepax
BUPOOHUIITBA 3yCTPIYAIOTHCS TMPAKTUYHI 3ajadl, SKi MOB'S3aHO 3 T€OMETPUYHUM
MOJICTFOBAHHSM PI3HOMAHITHUX (D13MYHUX IOJIIB MPH 3aJaHUX TOUYKOBHUX JDKEpesax
e”Heprii. Hampukman, reoMeTpuuHe MOCIIOBAaHHS PO3MOAULY TEMIEparypu B
MPOCTOPl TMPUMIMIEHHS TPU TOYKOBUX JpKepenax HarpiBy [1]; Bu3HAYeHHS
OCBITJICHOCTI B KOHKPETHIN TOYIll MPUMIIICHHS MPHU JEKUIBKOX TOYKOBUX JHKepenax
cBiTia [2] Ta iH.

@opMyIrOBaHHA i€ CTaTTi. 3ampolOHYBaTH T'€OMETPHYHY MOJACIb
BU3HAYEHHS MOTEHIIIAIIB eHeprii (PiI3MUHOro MoJisk IpH pi3HUX (YHKINAX BiJ BIJACTaHI
MDK TOYKOK (PI3MYHOrO TOJISI 1 TOYKOBUM jpkepenoMm eHeprii. [IpoBectu
MOPIBHSJIBHUHN aHaJIi3 OTPUMAaHUX T1IEPIOBEPXOHb.

AHanii3 OCTaHHIX JOCH/DKEHb. BigoMi poOOTH BH3HAUYEHHS MOTEHLIATY
OCBITJICHOCTI, 3ByKOBOI 1 TeTIOBO1 eHeprii. Y poboTtax [1] 1 [2] BuBuUanacs nmpobiema
BU3HAYEHHS MOTEHIlaly €Heprii B TOUKax JBOBHMIPHOTO 1 TPUBUMIPHOTO MPOCTOPY
NpY 33J]aHUX JDKEepenax eHeprii.

VY npoananizoBaHiii JiTepaTypl BiICYTHI POOOTH, SIKI MOB'SI3aHO 3 BITUBOM
BiJICTaHI BiJI TOUYKH (hI3UIHOTO TOJISI 10 JKEPEN SHeprii.

OcHoBHa yactuHa. Ha 3ak0oH MoOmMpeHHsI €Heprii B TPUBUMIPHOMY TPOCTOPi
BiJl TOYKOBOTO JDKEpesia BIIMBAE HE TUIBKU BIJCTaHb BiJl TOYKH TPOCTOPY MO
JpKepena eHeprii, a W mapaMeTpW BHIYy €HEeprii 1 mapamMeTpu CepeAoBHUINA, IO
3aMOBHIOE TIPOCTIP.

Xoua, 31 30UTBIICHHSM BIJCTaHI MIDX JDKEPEIOM €HEprii 1 TOUKOI MPOCTOpY,
MOTY>KHICTh BIUIMBY JKEpesia 3MEHIINYEThCS, ajle 3aJIeKHICTh MDK IMOTEHIIaIOM
eHeprii 1 BIICTAHHIO MOXKEe OyTH JIOCUTh CKJIAHOIO.

PosrnsineMo reomMeTpuyHy MOJAENb Takol 3aJeKHOCTI MPH OJUHUYHOMY
MOTEHLIaJl 33JaHOT0 Ha MOYaTKy MNPSAMOKYTHOI CHUCTEMH KOOPAMHAT TOYKOBOI'O
mxepena eHeprii. Toxal mMOTeHIaN eHeprii B AOBUIBHINA TOYIl MPOCTOPY YHMCEIHHO
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JOPIBHIOE TIApaMeTpy £, 3a JOIMOMOTOI0 SIKOTO BPaXOBYEThCS BIUIMB 3aJaHOTO
mxepena [3]:

U=—"rm,
s+ f(0)
e s - OCTIliHA BEeJIMYMHA JJIsl JTAaHOTO BUAY €HEprii;
[ - BiicTaHb Bl TOYKH TPUBUMIPHOTO MIPOCTOPY 10 TOUKOBOIO JXKEpeEsa eHeprii.
O6Mexxumocst mapabomiyHoi 3anexHicTio f(I). Y 3arampHOoMy BUMAnKy f(l)
MIPUNMEMO:

(D

f()=ag+al+ayl®. )

OxpeMruMU BHUITAIKAMHU IIi€i 3aI€KHOCTI €:
f()=ay+ayl (ninitna 3anesxcricmo); (3)
f)=al (ninitina sanexcnicmo); 4)
f)=a,+a)l ¢ ( K6aOpamuuHa 3a1eHCHICMD ), (5)
f()=al+a)l ? (Keaopamuuna 3a1edcHicms),; (0)
fh=al ’ ( K6AOPAMUYHA 3ANEHCHICND), (7)

Ha ¢ynkuii (2) - (7) noBuHHI OyTH HaKJIa1eHI OOMEXKCHHS :
a. KpuBa f(/) MOBUHHA TIPOXOJIUTH Yepe3 MOYaTOK KOOPAMHATHOI CUCTEMU. T1IBKU
B I[bOMY BUTIQJIKy TTapaMeTp / MOXKE 3MIHIOBATHUCS B MeXax 1>7>0;
0. dyukiis f(1) noBuHHAa OYTH MOHOTOHHO 3pOCTarOUOI0 TpHu />(0. TiabKH y ILOMY
BUIQJIKY TapameTp ¢ Oy/ie 3MEHITYBaTHUCS 10 HYJIS 31 30UIbIIICHHSM /.

Toni piBasiHHS (1) siBsIE COOOIO TIMEPTOBEPXHIO:

8

= ;
s+ f( x? +y2 +32) ®)

1€ X, , Z - KOOPJIMHATHU JAOBUIBHOI TOUKH TPUBUMIPHOTO MPOCTOPY.

Posrnssaemo Bunaaku (2) - (7) Ha KOHKPETHUX MPUKIIAIAX, /1€ 1JIs TTOPIBHIHHS
MPUIHATO OJHAKOBI 3HA4YeHHS Koe(imieHTiB a;: ap=0; a;=1; a,=1 1 s=1. ToukoBe
JDKEpENo eHeprii po3MIIIEHO Ha IMOYaTKy MPSMOKYTHOI JEKapTOBOI CHCTEMHU
KOOpJIMHAT.

Jlns HaouyHOCTI TinmeproBepxHiO (8) Ha puc.l mNpeacTaBlIeHO AUCKPETHO
nepepizamu Z=0; 1; 2; 3; 4.

[Tpuknan 1.

[Tpu 3amanux xoedirieHTax a; piBHIHHS (2) HAOyBa€ BUTIISIAY:

f=1+12, 9)

a piBHsHHSA (1):
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a QyHKIIs

(1) nHaOGyBae BUTTISITY:

(1)

OTpuMaHy rineprnoBepXHIO MPEACTABICHO HA pUC. 2 mepepizamMu: Z

)

2

2,

Wy

1+

0,1, 2; 3,

[Tpu 3amanux 3HadeHHsIX a; GyHKIIl (5) 1 (7) cTalOTh TOTOXXHUMH, a (QYHKIIISA

[Tpuxnan 3.
(1) nHaOyBae BUTTISTY:
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1
r:l+x2+y2+zzg (12)

AKa € TINEPIOBEPXHEI0 TPETHOTO MOPAAKY. LI1o rimeprnoBepxHIo MOKa3aHo Ha puc. 3 y
BUTJISII TIepepisiB Z=0; I; 2; 3; 4.

JlJ11 HA0YHOTO MOPIBHSIHHS PE3YJbTATIB, SIKI OTPUMAHO B TPHOX IIPUKIAIAX, HA
puc. 4 HpencTaBiIeHO Mepepi3u IUIOUMHOW Z=( BCIX TPbOX TIiNEPHOBEPXOHb. 3
pPUCYHKAa OYEBHIHO, 110 BUMAAOK, KU Moaemoerbesa (ynkuieo (11), momentoe
HAalMEHIIMN OIip CepeloBHUIlla MOIIMPEHHIO €HEprii TOYKOBOrO JKepeia 3 TPboX
PO3TJISIHYTHUX BUMA/IKIB.

J)=1+r )=l

Puc.4
BucHoBKH. 3ampormoHOBaHO T€OMETPUYHY MOJC/Ih BU3HAYCHHS IMOTCHITIATIB
eHeprii (13UYHOTO MOJIS MPHU Pi3HUX QYHKINAX BiJ BIACTaHI MK TOYKaMHU (PI3UUHOTO

M0JIs 1 TOUKOBUM JIKE€PENIOM €HEpTii.

[TopiBHsUTBEHUM aHaN13 TpadikiB MOTEHIIIAMIB B JOBIIBHIN TOYIll POCTOPY MPU
pi3HUX (DYHKIIISIX BiJl BIJICTAaHI MOKa3aB, 110 HAWMEHIIE MEPENIKOKA€E MOITUPEHHIO
MOTY>KHOCTI TOYKOBUX JIXKEpPEeJ €HEpTii B TaHOMY CEPeIOBHILI 3 TPHOX PO3TIIAHYTHUX
BunajakiB pyukuis f(1)=I.
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AHHOTAaIWMs

MoctoBenko A.B. JloueHT kadeapsl HauyepTaTeNbHOM TE€OMETpUH U
uHXeHepHoW Tpadukn KueBckoro HalMOHAIbHOTO YHHBEPCHUTETAa CTPOUTEIHCTBA U
ApPXUTEKTYPBHI.

CpaBHHUTeNbHBIH aHAIW3 TIPadUKOB MNOTEHUHMAJIOB JHEPruM MpPH
Pa3JIHYHBIX (PYHKIMAX OT PACCTOSHMSA.

Ha pa3npix sTanmax mpoOeKTUPOBAHMSI B PA3IMYHBIX Ccdepax MPOU3BOJACTBA
BCTPEYAIOTCA MPAKTHUYECKHE 3aJauyd, KOTOPbIE CBSI3aHBl C T'€OMETPUUYECKHUM
MOJIETUPOBAHUEM PA3NUYHBIX (U3UYECKUX TMOJeH MNpu 3aJaHHBIX TOYEUHBIX
MCTOYHMKAX 3Hepruu. Hanprumep, reoMeTpuueckoe MOJAEIMPOBAHUE PACIIPENCIICHUS
TEMIIEpaTypbl B MPOCTPAHCTBE IMOMELIEHUSI MPU TOYEYHBIX HMCTOYHHMKAX HAarpeBa;
ONPENEIEHUS] OCBEUIEHHOCTH B KOHKPETHOW TOYKE IOMELIEHUS IMPU HECKOJIbKHX
TOYEUYHBIX NICTOYHHKAX CBETA U .

Ha 3akoH pacnpocTpaHeHHs SHEPrMM B TPEXMEPHOM IPOCTPAHCTBE OT
TOYEYHOTI'O HWCTOYHHMKA BIIMSET HE TOJBKO PACCTOSHUE OT TOYKH MPOCTPAHCTBA O
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MCTOYHUKA DSHEPTruHM, HO W TMapaMeTpbl BUJA HHEPTUUM U MapaMmeTpbl Cpemsbl,
3aIOJIHSIOIIEH TPOCTPAHCTBO.

X0T4, ¢ YBEIMYECHHEM PACCTOSHUS MEXIy MCTOYHHKOM SHEPIHMH M TOYKOM
IPOCTPAHCTBA, MOIHOCTh BO3JCHCTBHUA MCTOYHMKA YMEHbBILIACTCSA, HO 3aBUCHUMOCTh
MEKy TOTEHIIAJIOM SHEPTUHU U PACCTOSTHUEM MOXKET ObITh JOCTATOYHO CJIOKHOM.

B nanHO# cTatbe paccMOTpeHa reoMeTphuYecKas MOJeiIb TaKOW 3aBUCHUMOCTH
Opyd EIUHUYHOM MOTEHLMAle 33JaHHOTO B Hayalle MPsIMOYTOJbHOW CHUCTEMBI
KOOpPIMHAT TOYEYHOTO0 MCTOYHMKA OJHEpPruu. Torma TOTEHIMad »SHEprud B
HNPOU3BOJBHONM TOUYKE MPOCTPAHCTBA YHUCIEHHO paBeH MapamMeTpy ¢, KOTOPBIN
SBIISICTCS TIApAaMETPOM BIIMSHUS PACCTOSIHMM OT 3aJaHHOM TOYKU (TOYEUHOTO
MCTOYHUKA SHEPruM) A0 TEeKyIIeH TOUKH (PU3MYECKOro Moist Ha GpopMy MmosrydyaeMon
noBepxHocTu. llpuyeM, 3TO BiMsSHUE JOKHO OBITH TeM Oousblie, 4yeMm OJrKe
TOUYEYHBIM MCTOYHUK SHEPTHM (3a/laHHasi TOYKa) HaXOIUTca K Tekymed. Ha Touky,
O0eckoHeuHO OJHM3KYI0 K 33/laHHOMY TOYEYHOMY MCTOYHHKY SHEPIHMU 3TO HCTOUHUK
JOJDKEH BIUSATh MaKCHMAJbHO, a MPU OECKOHEYHO OOJIBIIOM PACCTOSHUHM MEXITY
TOYEYHBIM UCTOYHUKOM M TEKYILEH TOUKOM 3TO BIUSHHUE JOKHO OBITH PAaBHO HYJIIO.

Hcxons w3 3TOM JIOTMKH, BIMSHUE JaHHOTO TOYEYHOTO KMCTOYHUKA Ha
NOTEHIMAJd TEeKylmle TOYKM JOJDKeH OBITh 00paTHO MPOHNOPIHMOHAIBEHBIM
paccrostHAi0 Mexny HuMu. OJHaAKo, mapaMeTp BIMSHUS PACCTOSHUS IS TOYKH,
0eCKOHEYHO OJIM3KO PacHoO0KEHHON K 3aJaHHOMY UCTOYHHKY, OYAET ONpeaesiThCs
JeJIeHUeM MNOTEHIMajga 3aJlaHHOTO0 TOYEYHOr0 MCTOYHMKA HAa OECKOHEYHO MAJYIo
BEJIMYMHY, YTO PaBHOCWUJIBHO JEJIEHHIO Ha HOJb. [losTomMy BiIusHME MOTEHIMAasa
3aJJaHHOTO TOYEYHOTO MCTOUYHHKA SHEPTUU HA OECKOHEYHO ONM3KYIO TEKYIIYIO TOUKY
OpUMEM KaK KOHEYHYIO BEJIMYMHY, KOTOPYIO OyJaeM cuuTaTh MaKCHUMAaJbHOH, a
BIMSIHUE OECKOHEYHO YJAJICHHOM TOUKH Ha TEKYIIYI0 IPUMEM PaBHBIM HYIIIO.

Takyio 3aBUCMMOCTD MOXHO TE€OMETPUYECKH peaiu30BaTh HAa OCHOBE
HEHTPAJIHLHOTO MPOELUPOBAHNUS.

B nanHOM mcciiejoBaHMM TpeNsiokKeHa reOMeTprUIecKasi MOIETIb 3aBUCUMOCTH
MEXIy TMOTEHLHAJIOM SHEPIMd B JAaHHOW TOYKE MPOCTPAHCTBA U Pa3IHMUYHBIMH
GYHKIUSAMU  OT PACCTOSIHUSL MEXAY TOYKOM (PU3MUECKOrO TMOJsl U TOUYCYHBIM
UCTOYHUKOM dHepruu. [IpoBeneH CpaBHUTENBHBIN aHadM3 IMOJIYYEHHBIX TI'padUKOB
MOTEHILMAJIOB B MPOU3BOJIBHON TOUKE MPOCTPAHCTBA MPHU PA3TUYHBIX (QYHKIHUSIX OT
pacCTOsIHUS.

KitoueBple cnoBa: paccTosHue, (YHKIHUS OT PACCTOSHUS, CTENECHb BIMSHUA,
NOTEHLMAT SHEPruu, TOYEYHBIM HUCTOYHUK DJHEpPruu, (U3NYECKOEe II0Je,
TUIIEPIIOBEPXHOCTB.
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Annotation

A. Mostovenko: Candidate of Technical Sciences of the department of descriptive geometry,
engineering graphics in Kyiv National University of Construction and Architecture.

Comparative analysis of graphics of energy potentials with different functions from
distance.

At various stages of designing in different fields of production, there are practical problems
that are associated with the geometric modeling of various physical fields with given point sources
of energy. For example, geometrical modeling of temperature distribution in room space at point
sources of heating; definition of illumination at a concrete point of the room at several point light
sources, etc.

The law of propagation of energy in a three-dimensional space from a point source is
influenced not only by the distance from the point of space to the energy source but also by the
parameters of the type of energy and the parameters of the medium that fills the space.

Although, with the increase in the distance between the energy source and the space point,
the power of the source's influence decreases, the relationship between the energy potential and the
distance can be quite complicated.

In this paper, the geometric model of this dependence at a unit potential of a point source
energy given at the beginning of a rectangular coordinate system is considered. Then the energy
potential at an arbitrary point of space is numerically equal to the parameter t, which is the
parameter of the influence of the distance from the given point (a point source of energy) to the
current point of the physical field on the form of the resulting surface. Moreover, this effect should
be the greater, the closer the point source of energy (given point) is to the current. To a point
infinitely close to a given point source of energy, this source must affect the maximum, and at an
infinitely large distance between the point source and the current point, this effect must be zero.

Proceeding from this logic, the influence of a given point source on the potential of the
current point should be inversely proportional to the distance between them. However, the distance
influence parameter for a point infinitely close to a given source will be determined by dividing the
potential of a given point source into an infinitesimal value, which is equivalent to dividing by zero.
Therefore, the effect of the potential of a given point source of energy on an infinitely close current
point will be taken as a finite value which we shall assume to be maximal, and the influence of the
infinitely remote point on the current one will be equal to zero.

This dependence can be geometrically implemented on the basis of central projection.

In this study, we propose a geometric model of the relationship between the energy potential
at a given point of space and various functions from the distance between the point of the physical
field and the point source of energy. A comparative analysis of the obtained potential potentials
graphs at an arbitrary point of space under various functions from a distance is carried out.

Keywords: distance, the function of distance, the degree of influence, energy potential, point
source of energy, physical field, hypersurface.



