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KOMROHEHMA npu (hOPMUPOSAHUL KOHMPOTbHO-USMEPUMETILHBIX MAMEPUANO8 3HAHUIL CIMYOeHmo8 No (huslKe
npeoonpeoesient 0CO3HAHUE TUYHOCIMHO20 U NPOGHECCUOHATBHO2O 3HAYEHUS. YCBOCHHOU UHMOpMAayULU U yMeHue
UCNOTBL306aNb (DUSUMECKUE 3HAHUSL 8 OWIbHEUUIEN NPODECCUOHATLHOU NHOO2OMOBKE.

KitoueBble cji0Ba: obpaszosanue, pusuka, npo@uibHblll KOMROHEHN, KOHMPOIbHO-USMEPUMETbHbIE
Mamepuanivl, 3HaHUs1, CNYOeHMbl, NPOPECCUOHATLHASL HANPAGTEHHOCHTD.
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3ACTOCYBAHHA METOAY MOAEJIIOBAHHA 10 PO3B’SA3AHHSA
ACTPOPIBUYHHUX 3ATAY

Y cmammi na npuxnadi acmpogizuunoi 3adaui npo epasimayivnuil énaue Ha 3emnio Conys i
Micays npooeMoHcmposana eghexmugHicmy 3aCOCYBAHHSA Memody MOOeTO8AHHA W00 ii po36 s13anHsA
mMa aHanizy 00ePHCAHUX Pe3yIbmamis.

Bracniook cntocnymocmi 3emni na nomocax Counye i Micayv y pezyiemami epagimayitino2o
6NIUBY HA Hei cmeoploiomv heeHi Mmexaniuni obepmogi momenmu cuin. Cmeopusuwiu ysaeHy mooeis
PO327150Y8AH020 AGUWA 3 BUSHAUEHHS 2PABIMAYIIHOZ0 8NAUBY MiNa MaAcot M Ha 08a HCOPCMKO 38 A3AHUX
Mide co0010 T PIZHOBIO0ANEHUX 8I0 HbO2O MIAA 3 OOHAKOBUMU MACAMU M, 8UBCOEHO GOPMYTY 00ePmO8020
MomeHmy. 3acmocysasuiu Yy Gopmyry 00 080X MOYOK HA NOGepXHI 3emni HA BIOCMAHIX
eKeamopianbHo2o i NoaApHo2o i padiycis, U3HAUEHO GIOHOUIeHHS MOMEHMI8 CUl, SKI CMBOPIIOMb HA
3emmro Conye i Micayw (6ono cmanosumo~0,47).

3a 3pobrenux npunyugens, wjo 3emist CKIA0AEmMbCsi 3 00HOPIOHOT I HECMUCIUBOT PeLOBUHU MA 3d
YMOBU CMALOCMI amMOChepHOo20 MUCKY HA i NOBEPXHI, 8USHAYEHO GeIUYUH) CHIHCHYMOCmI 3emii,
suKuKany it ocoosum obepmanuam. Cmeopena moodenv 0ae seaudury cnuochymocmi pieny ~1/580 (3a
CYYACHUMU OAHUMU 80HA CMAHO8UMYb ~1/232).

Knrouosi cnoea: 3emns, Conye, Micayb, memoo mMo0ento8ants, CHIOCHYmicmo 3emi, MOMEHm
obepmanus.

IToctanoBka mpoOJjemMu. 3araqbHOBIIOMHUH e(eKT BiJ 3aCTOCYBaHHS METOAY
MO/ICJIIOBAHHS B Haylll 1 30KpeMa y (i3Mlli, a TAaKOXK BiJ 3aCTOCYBaHHS MaTEeMAaTUYHUX METOJIB
OMKCY MOJEIbOBAHUX (PI3MYHMX SABMIL 1 HpoleciB. BUKOpUCTaHHS IMX METONIB € 0COOIMBO
OPOAYKTUBHUM TIpM BUBYEHHI acTpO(I3MYHMUX SBUI, $Ki, BpPaXOBYIOYM MacmTaOu ix
MPOTIKAHHS, HEMOXJIMBO BIATBOPUTHU B JAOOPATOPHHMX YMOBAaX MUISIXOM MPSMOro (hi3M4HOTO
ekcepuMenTy [1, C.103-104].

IHocunanns Ha HasBHI myOaikanii. Pi3HUM 3acTOoCyBaHHSM METOTY MOJEIIOBaHHS Y
Gi3um mpucBsYeHO OaraTo MyOJIKaIid 1 JUCEPTAIifHUX JOCTIKeHb. MU K TpH MiATOTOBII
IIPOMIOHOBAHOTO MaTepialy CKOPUCTAIMCS B OCHOBHOMY BHJAHHSAMM TaKUX aBTOPIB fK
J.B.CuByxin [2, C.323-325], P.®eitnman [3, C.53-54], [.O.SxoBneB ta iH. [4, C.92-104], a
TaK0X aBTOPChbKUMU 30ipHUKamu 3a1ad [5, C.106-107; 6, C.116-117].
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Meta crarri. Ha mnpukmami po3B’si3aHHS KOHKPETHOI 3a/adi  MPOJEMOHCTPYBATH
€(EeKTUBHICTh METOJY MOJICTIOBaHHS acTpo(i3WYHUX SBWIN, IOB’SI3aHUX 3 TpaBiTalllHHUM
BIuBoM Ha 3emurro CoHrg 1 Micsnd.

3aBaaHHsI: HAa OCHOBI MPUIYIICHb YMOBH 3aJadi, TOKJIAJEHUX B OCHOBY MOJIENI
PO3TIISAYBAHOTO SIBHINA, BU3HAYUTHU BiTHOIICHHS O0OCPTOBMX MOMEHTIB, sSIKi YHHSITH Ha 3€MITIO
Conue i Micsp; BUXOAAYH 13 CTBOPEHOI YSIBHOI MOJIENi, BU3SHAYUTH BEJIWYMHY CILTIOCHYTOCTI
3emMJIi, BUKJIMKAHY 1i OCBOBHM OOEpPTAHHSM; MOPIBHATH OTPUMAaHi pe3ylbTaTH 3 Pe3y/IbTaTaMH,
OTPUMaHUMH IHIIMMHU METO/IaMH Ta 3’SICyBaTH MPHUYUHH iX pO30IKHOCTEH.

Bukiaag ocHoBHOro martepiajay. OnuH 3 BapiaHTIB ONMCYBaHOi 3aaayi Moxe OyTH
chopMyITLOBaHUN HACTYITHUM YHMHOM: BiZIOMO, IO 3eMJIS SIBJISIE COOOO JICUIO CIUTFOCHYTE TiJIO.
Tomy 1 CoHnme, i Micsmp y pe3ynbTaTi IpaBiTalliiHOTO BIUIMBY Ha HEl CTBOPIOIOTH IEBHI
MeXaHIYHl 00epTOBI MOMEHTH CWI. Bu3HauuWTH, SIKe 3 IUX HEOSCHUX TIJ CTBOPIOE OUIBIINI
00epTOBUI MOMEHT 1 MPUOIHM3HO y CKUIBKH pa3iB. BU3HAYMTH TaKOX BEIMYHHY CILTIOCHYTOCTI
3eMiTi, BBaXKAKOUH, 110 BOHA CKJIAIAETHCS 3 OJTHOPIIHOT 1| HECTHCIMBOT PEYOBHUHH.

{06 nmaTu BiAMOBiAs HA MUTAHHS 3a/1a4i, PO3TIITHEMO CIIOYATKY MOJIEIh ONHCYBAaHOTO B
Hil SIBUINA: HEXAM J[Ba Tijla 3 OJIHAKOBUMH MacaMH M1 , IKi 3’€JHaH1 )KOPCTKUM CTEp)KHEM (1110 He
Ma€ MacH) Ha BiJICTaHl 2r OJHE BiJ OJIHOTO, IPUTATYIOTHCS TLIOM 3 Macorw A , po3TalioBaHUM
Ha BiJICTaHI R >>r Big neHrpa crepxkus O (quB. Mai.). CTepKeHb CKiagae KyT 6 3 HanpsMOM
R . BuszHauuTu (MpuOIU3HO) BEIHMUYUHY 00EPTOBOTO MOMEHTY, SIKUH CTBOPIOE TUIO M BiAHOCHO
LEHTPa CTEPHKHSL.

3pobumMo po3paxyHok omucaHoi mojem. CuiM TNpUTSATaHHS T MacaMu m JI0 Tiia
Macorw M BH3HAYAIOTHCS 32 3aKOHOM BCECBITHBOTO TsDKiHHA. J{7s1 0OpaHoi Mozeni BiH MaTuMe
BUTJISI:

GmM GmM GmM GmM r
F = e :R2 R ez ~ e 1+2—coséd |;
! o —akreos RZ(I—ZrCOSHJ
R
M M M
FzzG’"2 = sz szz 1-2L cos 6
R; R°+r"+2Rrcosf R R

V nporieci OTpUMaHHA 1UX HAOIMKEHMX BHpPa3iB MU 3HEXTyBalM 7’ TOpiBHAHO 3 R’ Ta,
CKOpPHUCTABIINCH CHiBBiAHOMIEHHAM 1/(1+£x)~1F x mpu x <<lBpaxyBaiu, 110 (r/ R)COS¢9<<1.

OGepToBHil MOMEHT 7 JOPIBHIOE Pi3HUII MOMEHTIB cui F, 1 F, BigHOocHO Todyku O, TOOTO
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7=Frsin@—F,rsin@ (maeui 060x cui npubausHo piBHI rsin @). [lincraBuBmy 3amicts F| 1

GmMr?

= 2 .
F, iXH1 3Ha4€HHS, OTPUMYEMO 7 = ————sin26.
R3

3BepraemMo yBary, 0 MOMEHT JOPIBHIOE HYJIIO MMPHU JIBOX MOJOXKEHHIX Mac: koimu 6 =0
(a, oTKe, # MOMEHT CHJIHM MIPUTATAHHSA KOKHOT Macu m JIOpPiBHIOE HYMO) 1 Ko @ = 7/2, To6TO

KOJIM MOyl cul F, 1 F, TOpIBHIOIOTH OJMH OJHOMY 1 IX MOMEHTHU B3a€EMHO KOMIIEHCYIOTBCSL.

Tenep Biacue mo0 camoi 3agaui. CIUTFOCHYTICTh 3eMITi PU 00YHCIICHH] JIF0Y0T0 Ha Hel
MOMEHTY CHJI MOYKHA MPHUOIU3HO BUPaxXyBaTH, 3aMIHUBIIN 3€MITIO0 JIBOMA TOYKOBUMHU MacaMH,
SKi 3HaXOJAThCS Ha JEsAKiM BiACTaHI ofHa Bix omHOi. Jlami, CKOpHMCTAaBIINCH pPe3ylIbTaTaMu
pPO3paxyHKIB Ha MOJENi, 3HAUTH BiJHOUICHHS OOEPTOBMX MOMEHTIB, cTBOproBaHMX COHIEM 1

3
M. (R,

Micsuem. Bono pisne Te _Me | Bu | 0,47,
Ty My Re

ne T 1 Ty — 00epToBi MOMeHTH, Aki unHATH Ha 3emmto Conne i Micsus; M,, 1 M. — macu
Micsaus 1 Conust; R,, 1 R. — Biacrasi Big 3emii g0 Micsus 1 CoHIS BIANOBIAHO.

Jnst  po3B’si3aHHS  JPYroro 3aBIaHHSA 3a7adi 3po0MMO 1€ OJHE MPUITYIIECHHS:
BBaXaTUMEMO, 1o (irypa 3emini mano Biapi3HseTbes Bix Kymscroi. Toxi, 32 yMOBH, 10 BOHA
OJTHOpi/IHA 1 HECTUCIIMBA, MOKHA BBAYKATH NPUCKOPEHHS BIIHHOTO MAJiHHS BCEpPEIWHI 3€MHOI
Kylli CHpPSMOBAaHMUM JIO IIEHTpa 3eMJyi 1 mpomopuiiiHuM BifcTaHi a0 ii neHTpa. Po3mictimo
[OYaTOK KOOpAMHAT Yy LEHTpi 3eMii, a Bich < CHPAMYEMO Y3I0BXK oci 1i obepraHHs. 3a
3po0eHnX HAONMKEHb Ta 3 BpaxXyBaHHSIM BiIIEHTPOBOI CWJIM DPIBHSHHSA TiJPOCTaTUKU Yy
MPOEKI[iSX Ha OC1 KOOPAMHAT HA0YBAIOTh BUTJIISILY

oP y

P g Xsporn; Lo pg L i pary: Lot
Ox R, " Oy gRO "oz gRO’

ne R, —panaiyc 3emii, @ — KyToBa IIBUIKICTb i1 00EpTaHHSL.

IaTerpyroun 1i piBHSAHHS, OTpUMyeMO P zg -5 (x2 + ))2)—'0—gz2 +C,
0 0
ne C — crana iHTErpyBaHHs, sfKa BH3HAuya€ 3HAuY€HHS THCKY P Ha 3eMHil moBepxHi (#oro
MOKHa BBaXaTW PpIBHUM HYJIO, OCKUIBKM aTMOC(EepHUN THUCK HE3PIBHAHHO MAaJHi).
CrmrocHyTiCTh 3eMill BU3HAUUTBCSA 3 YMOBH CTajJOCTI TUCKY Ha 3eMHiM moBepxHi. OOpaBiu

CIOYaTKy TOYKY Ha €KBaTOpi, a MOTIM Ha moutoci, 3amumemo: P(R,,0,0)=P(0,0,R ), ne R, i

R — exBaropianbHMH 1 NOJApHMHA pajailycu 3emil. 3 ypaXyBaHHSIM $BHOTO BHJY THUCKY

2 R2R 2R2
orpyenio: | @ —-5- |R? =8 &2 abo R, R, =% KeRo @R |

RO RO g Re +Rn B 2g

Ormxe, U1 CIUTIOCHYTOCTI & 3€MHOI KyJIi OTPUMY€MO 3HaYE€HHS
2
_R -R, 'R, N 1
R, 2¢g 580

Hacnpapni, crumrocHyTICTh 3emuri Maike yaBiui Outbima, a came 1/297. Po30ikHICT

&

MOSICHIOETBCS, HAlleBHE, HEKOPEKTHICTIO 3po0JIeHMX HaMM B YMOBI 3ajadl HpPUIYLIEHb 1
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MIpKYBaHb, IMOKJIAJEHUX B OCHOBY MOJEII, 1[0 ¥ BUABWIOCS B 1i HEMOBHIN BIAMOBITHOCTI 100
nepediry po3risiIyBaHOTO SBHINA B IPHUPOJl, a TAKOXK HEJOCKOHAIICTIO METOy PO3PaxyHKY. 3a
YMOBHU TOYHIIIO! MMOCTAHOBKH 3a7adi HEOOXIIHO BPaxOBYBAaTH, IO IMOJE TSHKIHHS CIUTFOCHYTOI
Kyll HE € IUeHTpalbHUM (3 YypaxyBaHHSIM IIi€i OOCTaBHHHM pPO3PaXyHOK Ja€ 3HAYCHHS
=5/ 4a)2R0 /g=~1/232). Tum camuMm 3amada HAATO YCKJIQJHIOETHCSA, OCKIIBKH CaMe

rpaBiTalliiHe T0JIe 3aBYaCHO HEBIOME, a 3aJIe)KUTh BiJ HEBiZOMOi (OPMH IMOBEpXHI 3eMIi.
JletanbHI JIOCII/DKEHHS TMOKa3yloTh, MO 337ada, CPOpPMYIbOBAaHA TaKUM YHHOM, HE Mae
OJIHO3HAYHOT'O BUPIIICHHSA. MOKIIMBI BapiaHTH JACKIIBKOX PI3HUX (OPM PIBHOBaKHOI IMOBEPXHI,
y TOMY YHCIIi i ecoiny oOepTaHHs 3 IEBHUM CTYIICHEM CTUCHECHHSI.

BHCHOBOK. Y pe3ynbTaTi 3alpONOHOBAHOTO IMIIXOAY J0 PO3B’SA3aHHSA acTPOQi3UIHUX
3a/lad € MOXKIIUBICTh MPOJEMOHCTPYBAaTH CTYJAEHTaM IMPOJYKTUBHICTh 3aCTOCYBAHHS METOIY
MOJIeTIIOBaHHs (HOro mepeBaru i HEJOJIKH), 3aKPIMUTH 1 TOTIMONTH 3HAHHS OCHOBHHX 3aKOHIB
JUHAMIKK Ta THIIMX PO3AUTIB (Di3WKH, BIAMOBIIHUX TEM MATEMATHYHOTO aHAli3y Ta (Gopmyin
HaOJIMKEHUX 00YHCIICHb, PO3BUBATH YSIBY Ta a0CTpaKTHE MHUCICHHS CTYACHTIB.

IlepcieKTUBHMM 1 KOPUCHUM Yy IIbOMY HampsiMi Oynma © po3poOka cucteMu 3ajad,
PO3B’s3aHHS SKUX BUMarajao O CTBOPSHHS BIJIITOBIJIHMX MOJEJICH HAa OCHOBI IHTerparlii 3HaHb 3
PI3HUX Taiy3ei.
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IInitskaya E., Krasnoboky Y.
Pavlo Tychyna Uman State Pedagogical University
APPLICATION OF MODELING TO SOLVING ASTROPHYSICAL TASK

In the article on the example of astrophysical task of the gravitational influence of the Earth
Moon and the Sun. Demonstrated the effectiveness of a method of modeling to its solution and analyze the
results.

Due to the flattening of the Earth at the poles of the Sun and the Moon as a result of the
gravitational influence it creates certain mechanical rotational torques. By creating an imaginary model
of the phenomenon to determine the gravitational influence of the body mass M in the two bodies with the
same mass m, which are rigidly connected to each other and removed from the body M on different
distances, a formula torque. Applying this formula to the two points on the Earth's surface at distances of
the equatorial and polar radii of it, determined the ratio of moments of forces that create the Earth and
the Sun Moon (it is equal to ~ 0.47). Under these assumptions, that the Earth consists of a homogeneous
and incompressible substance, and subject to the constancy of atmospheric pressure on the surface,
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determined by the amount of flattening of the Earth caused by its axial rotation. The created model gives
a value of flattening is ~ 1/580.

In fact, almost flattening the Earth twice, namely 1/297. The discrepancy is due probably
impropriety made by us in the problem assumptions and considerations on the basis of the model, which
was in compliance with its incomplete on the proposed course of phenomena in nature and imperfect
method of calculation. With the more precise formulation of the problem, be aware that the gravitational
field oblate balls is not the central (in view of the circumstances giving value calculation

=5/ 4a)2R0/ g =1/232 ). Thus, the problem is too complicated, because the gravitational field is

unknown beforehand, but depends on an unknown form Earth's surface. Detailed studies show that the
problem is formulated thus no clear solution. The options are several different forms of equilibrium
surface, including the ellipsoid of revolution with a certain degree of compression.

Key words: Earth, Sun, Moon, modeling method, flattened Earth, moment of rotation.

K.C. Unbuuukuii, FO. KpacHo6okmuii
Ymanckuii cocyoapcmeennolil nedazocuueckuti ynusepcumem umenu Ilasna Toruunot
NPUMEHEHUE METOJ10B MOJAEJIUPOBAHUS K PEIHHEHUIO ACTPO®U3UYECKHUX
3AJIAY

B cmamve na npumepe acmpogusuyeckoii 3adauu 0 2pasUMayUOHHOM GIUAHUU HA 3eMo
Connya u Jlynol npooemoHcmpuposana 3¢ghekmusHocms npuMeHeHUus Memood MOOeIUpo8aHus K ee
peutenuIo u ananusd noay4eHHbIX pe3yibmamos.

Bcneocmeue  cnmowennocmu  3emau  una nomocax Conmye u  Jlyna 6 pesyarbmame
2PABUMAYUOHHO20 BIUAHUA HA Hee CO30aiom OnpedeileHHble MeXaHuuyecKue epawjamenbhbie MOMeHmbl
cun. Co30ae 6000padicaemylo Mooenb paccCMampugaemozo s8AeHus N0 ONPedeseHur0 epasumayuoHHO20
enuAnus mena maccou M na 06a mena ¢ 0OUHAKOBLIMU MACCAMU M, KOMOPbLE HCECMKO CEA3AHbL MEHCOY
coboti u yoaienol om mena M Ha pasHvle paccmosnus, 8vigedeHd hopmyia 8pauamenrbHO20 MOMeHMA.
Tpumenug smy gopmyny xk 08ym mouKam Ha NOGEPXHOCMU 3eMau HA PACCMOSHUAX IKGAMOPUATLHOSO U
NOJAPHO20 ee paduycos, onpedesieH0 OMHOUleHUe MOMEHMOo8 cui, komopvlie cozoarom Ha 3emnto CoaHye
u Jlyna (ono pasno~0,47). Ilpu coeranuvix npeononodxcenusix, umo 3emisi cocmoum u3 00HOPOOHO20 U
HeCIHCUMAEMO20 eujecmad u npu yCao8uu NOCMOSHCMEA ammocheproco 0asnenus Ha ee N0BepPXHOCHIU,
ONpeoeleHo BelUdUHY CHIWEHHOCIU 3eMiu, 8bl36aHHYI0 ee ocegbim epaugeruem. Co30aHHas MOOeb
Ooaem genuuumy cniuowennocmu pasuyro ~1/580 (coenacho cospemennvim Oannvim ona pasua ~1/232).

Knioueevie cnosa: 3emns, Connye, Jlyna, memod mooenuposanus, CHIOWEHHOCMb 3emiu,
MOMEHM CUTL 8PAUYEHUSL.
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Kono nayrxosux inmepecis: npo0ieMyd METOJAMKH HaBYaHHs (Di3UKH.

Kpacnoookuii HOpiii MuxkoaaiioBuy — KaHauaaT (i3UKO-MaTeMaTHYHUX HAyK, HOIEHT
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Kono nayxosux inmepecie: npo6ieMu METOAMKH HaBYaHHS (i3UKU.
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