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Annomauusn. Ilakem npocpamm ‘InsPlnt2P° npeouwasnauen Ons pacuema u3mMeHeHus
UHCONAYUU NAAHembl NO wupome 6 3asucumocmu om epemenu T. Hnconayus, m.e. KOIU4ecmeo
CONHEYHO20 menaa, NOCMynanujeco Ha MNOBEPXHOCMb NIAAHEmbl, PACCUUMbIBAEMCS
8 3aBUCUMOCIU OM IKCYEHMPUCUMEMA opoOumvl e, yeia NOLONCEHUs ee nepucenus p u yeua
HAKIOHA NJIOCKOCMU OpOUmbl K NI0CKOCmuU dkéamopa nianemul . Eciu napamempul e, p u
3a0aromcs 60 6X00HOM ¢haiine 6 3asucumocmu om epemenu Ti4, mo pacuemvl 8bINOIHAOMCS
0J15 3a0aHHbIX MOMEHMO8 8pemenu. Buauane, 6 3aoannvie momenm Ti4, paccuumviéaromces
cymoynvle unconayuu W ons eécex owneu 2ooa. Ilo num onpedensemcs unconsayus 3a 200 QT,
3a acmponomuveckue nonyeoous: nemuee QAs u 3umnee QAw. 3amem paccuumvigaromcs
UHCONAYUU 3a OOUHAKOBblE NO ONIUHe KalopudecKkue noayeoous: iemuee Qs u sumuee Qw.
B konye gvinonnsemcs pacuem uHconAYUll 8 IKEUSANEHMHbIX wupomax: 3a temuee I u summnee
Iw nonyzoous u 3a 2ooa 6 yenom IT. Ilpoepamma InsPlnt2P.mcd ocywecmensem pacuem
ons 6cex momenmos epemenu Ti4 ona oouou wupomul ?, a npoepamma InsPlnt2Pfi.mcd -
0714 3a0anHo20 yucia wupom ?il u 00noeo momenma spemenu T. [lo paccuumannvim OaHHbIM
cmpoames epapuky, a OaHmvle 3anucvléalomcs 6 aiunvl. Pesynemamuor mocym Ovimo
NPOAHATUZUPOBAHBL NO aneopummy noavzoeamens. Ilakem npeonaznauer O1s uU3yueHUs:
U3MeHeHUll Kl

Abstract. The software package ‘InsPlnt2P’ is designed to calculate the change in solar
radiation of the planet in latitude depending on time T. Insolation, i.e. the amount of solar
heat entering the planet’s surface, is calculated depending on the eccentricity of the orbit e,
the angle of its perihelion p and the angle of inclination of the orbital plane to the plane of
the planet’s equator. If the parameters e, p and are set in the input file depending on the time
of Ti4, then calculations are performed for the specified time points. First, at the specified
moment Ti4, the daily insolations W are calculated for all days of the year. They are used to
determine the insolation for the QT year, for astronomical half-years: summer QAs and winter
OAw. Then the insolations are calculated for the same caloric half-year length: summer Qs
and winter Qw. At the end, the insolation is calculated in equivalent latitudes: for the summer
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1 and winter Iw half-year and for the year as a whole IT. The InsPInt2P.mcd program performs
calculations for all Ti4 time points for one latitude, and the InsPInt2Pfi.mcd program performs
calculations for a given number of latitudes? il and one point in time T. Graphs are built
based on the calculated data, and the d

Kniroueeswie cnosa: TEJIECEPBHCHAA CUCTEMA, CJIOBO1, CJIOBO?2

Key words: [I/IAHETA, OPEUTA, OCb BPALIEHUA, HHCOJIALIHUA, DBOJIFOLIHA

1. ®yHKUMOHAJBLHOE HA3HAYEHHE TIPOAYKTA, 00J1aCTh €ro NPUMEeHeHusl,

ero Ha3HAYeHHue

1.1. Ha3nauenue

[Taket “InsPInt2P” npennazHaueH ais U3y4eHHUsl ©3MEHEHUH KJIIMMaTa MIaHeThl.
PesynbraThl MOTYT OBITH MCIOJIB30BaHBI B COJIHEYHOUN SHEPIrEeTHKE, CTPOUTEIILCTBE,
CEJILCKOM XO3SIMCTBE U B IPYTUX 001aCTsX.

JI1st KIIMMaTUYECKUX MCCIIEIOBAaHUM CYIIECTBYET JIBA MATEMAaTUYECKUX METO/a
pacueta uHcosiauu: M. MunankoBuya [1] u Ham [2] - [3]. Meton M. MunankoBuya
co3flaBaJicsl ISl PYYHBIX BblYMcieHud. Ham wMeTtom ocHOBaH Ha JIpyrom
MaTEMaTUYECKOM  TPEJICTABICHUH  OPOUTATHHOTO  JIBIDKCHHUSI  IUIAHETHI |
MPUCTIOCOOJICH Il KOMITBIOTEPHBIX BBIUMCICHHUM. Pe3yiabTaThl 3THX JBYX METOJ/OB
UJICHTUYHBI.

1.1. Ocnoenvie pynkyuu u nepemennwle

B nakere mporpamm “InsPInt2P” wu3MmeHeHuWe WMHCONSAIMU  TIJIAHETHI
pacCUuThIBACTCS MO MIMPOTE (@ B 3aBUCUMOCTH OT BpemeHu 7. Wucomsmus,
T.€. KOJMYECTBO COJHEUHOI'O TEIUIa, MOCTYIMAIOUIEro Ha MOBEPXHOCTh IIJIAHETHI,
OmpenesieTcsl B 3aBUCHUMOCTH OT JKCUEHTPUCHUTETa OpOUTHI e, yIyia MOJIOKEHHS

€€ MEePUTENHSl ¢y U YTJIa HAKJIOHA TNIOCKOCTH OPOUTHI K TNIOCKOCTH 9KBATOPA TIIAHETHI

& Ecnu mapameTpsl e, ¢, 1 £3a7a10TCS BO BXOJTHOM (paiisie B 3aBUCUMOCTH OT BPEMEHU
T2i4, TO pacyeTbl BBINOJHSIOTCA JJI1 3aJaHHBIX MOMEHTOB BpeMeHU. BHauaie,
B 3aJJaHHbIE MOMEHT 124, PACCUUTHIBAIOTCS CYTOYHBIE MHCONALMU W NI BCeX AHEU
rozaa. [lo HuM onpenenseTcs uHCOAUM 3a Toa Or, 32 ACTPOHOMUYECKUE MOJTYTOAMS:
netHee Qus ¥ 3uMHee (4w. 3aT€M PACCUUTHIBAIOTCS WHCOJISIIIMUA 32 OJWHAKOBBIC

[0 JJIMHE KaJlopruueckue nojayroausi: netHee Qs u 3umHee Q,. B KoHIIE BbIOIHAETCS
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pacueT MHCOJISIUUKM B SKBUBAJICHTHBIX LIMPOTAX: 3a JieTHeE [ U 3uMHee [, MOIyTrOIns
Y 3a TOJa B LIEJIOM /7.

[Taker pabotaer B cpene MathCad7 u Beille Ha IEPCOHAIIBHOM KOMIIBIOTEPE.
ITporpamma InsPInt2P.mcd ocyriecTBiseT pacuet i BCEX MOMEHTOB BpeMeHU 12y
JUISL OTHOM IIMPOTHI @, a mporpamma InsPInt2Pfi.mcd — ans 3aganHoro uncia mmpoT
@i ¥ OTHOTO MOMeHTa BpeMenu 72;s5. [1o paccuuTaHHBIM JaHHBIM CTPOSATCS rpaduKH,
a JJaHHBIC 3amHuChIBAIOTCA B (ailnbl. Pe3ynbratbl MOTYT OBITH MpOaHATH3UPOBAHBI
10 AJITOPUTMY MOJIb30BATEIIS.

1.3. @u3uueckan ocrnosa

duznyeckass OCHOBAa METO/Aa, JETald alropuTMa, €ero peanu3aius,
JI0KA3aTeNbCTBA JOCTOBEPHOCTH METOJAa W TPHUMEPHl HCIIOIh30BAHUS IPUBEICHBI
HaIux paboTrax Ha PyccKoM [2] u aHrauiickoMm [3] s3bIKax.

1.4. Onucanue npozpammot InsPlnt2P.mcd

[Iporpamma InsPInt2P.mcd npencrasnena B [Ipunoxxenun. OHa coctout u3 11
yHKTOB.

1. The constants.

2. Reading of the parameters of orbital and rotational motions of the planets from

the files.

3. The trajectory parameter, the perihelion radius, the velocity at the perihelion

and the movement time to the aphelion.

4. The polar angle and motion time of the Sun in the plane of its orbit according

to the two-body problem.

5. The computation of longitudes with terms in regular spaced in time.

6. The daily insolation in kJ/(sq. m).

7. Insolation for year and astronomical half-years.

8. The insolation for caloric half-years.

9. The summer insolation in equivalent latitudes.

10. The annual insolation in equivalent latitudes.

11. The winter insolation in equivalent latitudes.
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B m. 1 3amaroTcsi HEOOXOAUMBbIE KOHCTAHTHI M TMOCTOSHHBIE BEIWYUHBI JISI
IUIaHeThl. B kauecTBe mprUMeEpOB 3aaHbl MOCTOSIHHbIE 3HAUCHM AJ1s 3eMin 1 Mapca.
3ateM 7-u mapaMmeTpaMm MPUCBAWBAIOTCS 3HAYEHUS [JIl TOW IUIAHEThI, WHCOISIUS
KOTOpOU B AalibHEHIIeM Oy1eT ONpeesiThCA.

B n. 2 u3 BxomHoro d¢aiina, Hampumep, OrAllc 8.prn, OrAlMa Ilcyr.prn
win LAMRS04 .prn cuuThIBalOTCS M3MEHEHHUS IO BpeMEHH T2 3KCIEHTpHCUTETA
opOuTHl ec, yria nepurenus fpy, U yriia HakJoHa € MJIOCKOCTH 3KBaTOpa IJIAHETHI
K IUIOCKOCTH €€ OpOUTHI. B KauecTBe mpruMepoB MPUBEAEHBI EPBBI (ailn 11t 3emiu,
a nBa npyrux — st Mapca. [Ipu aTom, nepBbie Ba (haiina MOTydeHbl B PE3yJIbTaTe
HAIIMX PElIeHUN 3aja4i 00 SBOIOIUU OPOUTAIBHOTO U BPAIATEIBHOTO JIBUKEHUMH,
a TpEeTUi — M0 pelIeHUusIM aBTopcKoro kojuiektupa Laskar et al. [4].

KonuuectBo nmaHHBIX B (haiiyie Mo BpeMeHHU ompenesseTcss nmapamerpom N41.
JIns  nmanpHeWIIero pacyera MOTYT HCIOJIB30BAaThCSl  Pa3peKEHHBIE JaHHBIE,
T.. ¢ auckpeTHocThio di. KommuecTBO paccuMThIBAEMBIX MaHHBIX OIPEACIIACTCS
napameTpom N4,

B n. 3 ocymiectBisieTcst pacyeT U3MEHEHHUsI 4-X MapaMeTpoB OPOUTHI.

B n. 4 npuBenena pacmm@poBKa OCHOBHBIX IapaMETPOB M TMPUCBOCHBI
HavyaJbHbIC 3HAUYCHUS YTJIOBBIM BEJIMYHNHAM.

B 0. 5 BEIUMCHAOTCS TOATOTHI IO AHAM roaa. Pacuer ocymecTBisieTcss METOA0M
MOCJIEIOBATENbHBIX MpuOImKeHuit [2] - [3]. B HacTosmel mporpaMMe 3TOT pacyer
BBINIOJIHEH B MTEPALlMOHHOM LHMKJIE, KOJIMYECTBO HUTEPALMA KOTOPOIro 3aJaercs
napamerpom Itr. IIpu nmepBoM 3armycke mporpamMMbl M 3aJlaHHOM 3HA4Y€HUH ltr 3TOT
IUKJT UCTIOJIHAETCS U ONPEICIISIOTCS I0JATOThl A 1 MOMEHTBI BpEMEHHU tp KaXKI0ro JTHS
rojia JJis BCeX 3aJJaHHbIX MOMEHTOB BpeMeHH T2. Pe3ynbTaThl 3anucbiBatOTCS B (aii,
Hanpumep, LiamTpMalcr.prn. Ilpu nocnenyrommx 3amyckax HOpOrpamMMBbl,
ecnu mapameTp Itr He 3a7aH, 3TOT LMK HE BBIMOJIHSAETCS, a J0JTOTa A U Bpems tp
CUHMTBIBACTCS U3 ITOTO (paiina.

B n. 5 Takke paccUMTHIBAIOTCA MOTPEIIHOCTH ONMPEACIICHUS BPEMEHU JHSA tp
U OTHOCHUTENIbHOE paccrosiHue p maHeTsl oT Connua. Kak Bupno, mis Mapca

npu 8 urepanusx cpeaHss norpemnocts aus  dtpmi4 = 1.73-10° aus. Ha rpaduxe
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dtp(j1) mokazaHo WM3MEHEHHE ATOM MOTPEIIHOCTH MO JHAM roga. BeawuwmHa 3TOM
NOTPEIIHOCTY MaJla ¥ HE OKA3bIBAET BIMSHUSA HA PE3YJIbTATHI.

B nm. 6 paccuuThIBalOTCA CyTOYHBIE HHCOJSILIMM IUIAHETBI 32 BCE CYTKH
paccMaTtpuBaeMsbIxX 310X T2.

B n. 7 onpenensrorcs nHCosIuu 3a roa J7 U 3a ACTPOHOMUYECKHUE TIOJIYTOIHSL:
Qs — netHee U Q4 — 3UMHEE.

B . 8 paccunThIBaroTCs KaJOpUUECKUE MOIYTOIUs U UHCOJSIUSA 32 eTHee Qs
¥ 3uMHee O, TOTYTOIHS.

B n. 9 omnpenensiercs uHconsAuus / B SKBUBAJICHTHBIX IIMPOTAaX 3a JIETHEE
noxyroaue. Pacyer mpou3BOIWTCS Ha OCHOBE 3aBUCHMOCTH CTaHAAPTHOW JIETHEM
WHCOJAIIMK OT IUPOTBI B coBpeMeHHYK 13mnoxy: InsCvSNJ.prn mug 3emim
u InsSNJMa.prn nnst Mapca.

B n. 10 paccuutbiBaeTcsi ToA0Bass MHCOJAIMUA [7 B SKBUBAJICHTHBIX MIAPOTAX.
31ech HCMOJB3YETCS W3MEHEHWE CTaHJapTHOW TOJOBOM HWHCOJSALMHM IO IIUPOTE
B coBpeMeHHY10 3moxy: InsCvTNJ.prn i 3emnu u InsTNJMa.prn nst Mapca.

B n. 11 onpenensiercss unconsauust /,, B SKBUBAJIECHTHBIX IIMPOTAX 32 3UMHEE
MOJIyroAne. 371eCh HCIIONb3YETCSI M3MEHEHUE CTaHAApPTHOW 3MMHEN WHCOJSLHNU
no mupote B coBpeMeHHYyI0 »moxy: InsCvWNIJ.prn mnga 3emnu u InsWNJMa.prn
1 Mapca.

B n. 6 — . 11 cTpositcst rpaduku Jisl paCCUNTAHHBIX BEJIMYWH, a U3MECHECHUS
UX MO BPEMEHU MOTYT OBITh 3amucaHbl B (painbl. MHCONSIUM B SKBUBAJICHTHBIX
IIMPOTAX TMPEJICTABICHBl OTPUILIATEIIBHBIMU YHUCIAMU. JTO TMO3BOJIAET BEPXHUMHU
3HAYCHUSIMH Ha Tpadukax TMpeJCTaBUTh WHCONSINIO, BBIPAKCHHYI) MEHbBIINM
3HQYEHUEM IIHPOTHI, T.€. BEPXHUE 3HAYEHUS COOTBETCTBYIOT TEIUIBIM IIEPUOAAM,
a HUKHUE — XOJIOHBIM.

NHconsiuun B SKBUBAJIEHTHBIX IIMPOTaX MO3BOJSIOT MNPEACTABISITH KIWMAaT
OTIAJICHHOW JIIOXHU B BUJE KJIMMATa COBPEMEHHOM 3MOXM HA ONPENEIICHHOW UPOTE
[5]. C ux momomipi0 MOXHO 3(PGEKTHBHO aHAIM3UPOBATH H3MEHEHHE KiIMMaTa

B IPYTHE SIOXHU U OCYILIECTBIISITh Er0 PEKOHCTPYKLMIO [6].
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Bxonnoii daiin B m. 2 co3maeTcss B pe3ybTaTe pelieHus 3aaad 00 dBOJOIHH
OpOUTAJILBHOTO M BpAIIATEIBHOTO JBWXEHUN IJIaHEThl. JTU (aiipl 1o Mepe
nyOJIMKAlUM HAIIUX pabOT BBICTABJISAIOTCS Ha Hammx cahTax. Kak mokasaHo Bblliie
Ha mpumepe paboThl [4], MOTYT MCHOJB30BATHCS BXOJHBIC (Dailyibl, MOJyYEHHBIC
JIPYTUMH aBTOPaMHU.

Jlsist pacdeTra WHCONSAIMHM B KAaKyO-THOO 3MOXY MOTYT OBITh HMCIIOJIb30BaHbI
napaMmeTpel ec, fpy U € IIaHeThl B ATy dMO0XY, T.e. 0€3 pelleHus 3TUX 3aaad
00 3BOJIIOIUY OPOUTATIBHOTO U BpaIaTeIbHOTO JBUKEHUM TIAHETHI.

1.5. Onucanue npozpammot InsPIlnt2 Pfi.mcd

[Iporpamma InsPInt2Pfi.mcd wumeer anamoruyHoe CTpOeHHE MPOTrpaMme
InsPInt2P.mcd. [loTomy 8 myHKTOB ee 31ech noBTopsitorca. OIHAKO B M. 5 1oirora A
U BpeMs tp CUMTHIBAOTCA U3 daiijia, MoaIydeHHoro B 1. 5 mporpaMmsl InsPInt2P.mcd.
Jlanee oOTHOCHUTENbHBIE paccTOSHUA p IUIaHeThl OT CoJIHIIA PACCUUTHIBAIOTCS
IUISL OTHOU PoXu 12;s.

B 1. 6 cyrouHas MHCOJISIUS paCCUUTBIBAETCS IS psiia IIUPOT @;; C UHIEKCOM
il ISt KaKI0To JHSA rofa B 310Xy 12;s.

B mnyHktax 7 w8 oOnpenenstorcss MHCOJSIUMU 32 aCTPOHOMHUYECKHUE
U KQJIOPUYECKUE MOTYTOUS B 3MOXY 72;5 NI BCEX MIUPOT.

Jlanee cienyroT TpU HOBBIX MTyHKTA.

9. Determination of standard insolation for the summer half-year.
10. Determination of standard insolation for the year.
11. Determination of standard insolation for the winter half-year.

B HUX paccuuThIBalOTCS CTaHAAPTHBIC WHCOJISIIIUU JIJII COBPEMEHHOM SIOXHU
U TMapaMeTpbl HX MapabOIUYECKOW amnmpokcuManuu. Pe3ynbTaThl pacyeToB
3anuchiBalOTCsA B (painel. CTaHgapTHbIE HWHCOJNANUU U (aiiibl  HE0OXOIUMBI
JUISL pacyeTa HWHCOJSAIMM B DSKBHUBAJEHTHBIX IIUPOTAaX. AJITOPUTMBI PACUYETOB
npeacTaBieHsl B [2] - [3] u [S].

B n. 9 »Ttu pacuerbl BBINOJHSIOTCS Il JIETHEH  MHCOJIALIMM.
Tak kak B COBPEMEHHYIO DSIIOXYy JIETHSS WHCOJSIIUSA g Mapca CyliecTBEHHO

OTJIMYACTCA OT TUIIMIHOI'O U3MCHCHUS 110 INUPOTEC JICTHEM HWHCOJISIIIHUHN 3GMJII/I, a TaKXKC
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M3MEHEHHUsI MHCOJIAIMU Mapca [t IpyTrux 310X, TO S IPUHSI PEIIEHUE HEKOTOPhIE
ee OCOOEHHOCTH CIVIaIuTh. B 3TOM MyHKTE CTPOUTCS CriaXeHHash COBpPEMEHHas
uHconsauua Mapca. Jlanee B m. 11 crpouTes crnakeHHas WHCOJSLMS IS 3UMHETO
nonywmapusi Mapca. J[s 3eMiu 3TH CTIaKMBaHUsI HE HY’KHO UCIIOJIb30BAaTh.

B n. 10 u n. 11 onpenenstorcsi CTaHIAPTHBIE UHCOJSIUAM JJI TOJA B LIEJIOM
U JJIsl 3MMHETO MOIYTOAusl, COOTBETCTBEHHO.

1.6. Cocmae naxema

Takum oOpa3zoMm, B maker mporpamm “InsPInt2P” Bxonmdar aBe mnporpaMmsl
InsPInt2P.mcd u InsPInt2Pfi.mcd;

daiinel ctangapTHeix uHCOMAIMM ana 3emuu: InsCvSNJ.prn, InsCvTNJ.prn
u InsCvWNIJ.prn;

daiinbl crangapTHBIX uHCoNsAnmi ans Mapca: InsSNJMa.prn, InsTNJMa.prn
u InsWNJMa.prn;

BXOJIHbIE (DAMIIBI M3MEHEHHS TapaMeTpOB OPOUTAIBLHOTO U BPAIIATEIHHOTO
IBUWXKEHUs, B KadectBe mnpumepa 3a 100 ner: OrAllc 8.prn — mna 3emin,
OrAlMa_lcyr.prn — nnsa Mapca.

Jist 3emun (haiinsl u3BMEHEHHs mapaMeTpoB 3a 20 MITH. JIET JOCTYITHBI Ha HAIIIUX
cailiTax, U 3a 3TOT K€ MHTEpBaJ BPEMEHU MO Mepe MyOJMKAIMU Pe3yJIbTaToB OyayT
JIOCTYNHBI 1711 Mapca.

2. Ucnosib3yemble TeXHMYECKHE CPEACTBA

[Taketr “InsPInt2P” paGoraer B cpene MathCad7 u Bbllle Ha MEPCOHATBLHOM
KOMITBIOTEPE.

OneparuBnHas namsats: 50 Mb.
O6neM paszpadotku: 500 MBb.

3. CnenuaJjbHble YCJIOBUS U TPeOOBAHUA OPTraHU3AIUOHHOIO,

TEXHNYECKOIr0 U TEXHOJIOTHYeCKOro XapaKkrepa

CrenuanbHbIe YCIOBUS U TpeOOBaHUS HE HYKHBI.

4. YcioBus nepeaadu J0KyMEHTAIMU UJIH €€ MPOIAXKH

Hacrosmee PeknaMHO-TEXHMYECKOE ONMCAHUE U YIHOMSHYTBIE B HEM

porpaMmsl U (hailsiel nepesaroTcs 0ecIaTHO.
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Hpunoxenue. [lporpamma InsPInt2P.mcd

InsPInt2P.med 26.03.2026
Developed by Joseph J. Smulsky
The program for insolation computation
on the basis of the results of the two-body problem.
1. Smulsky J.J. and Krotov O.1. New Computing Algorithm of the Earth's Insolation // Applied
Physics Research, 2014, Vol. 6, No. 4, p. 56-82. http://dx.doi.org/10.5539/apr.véndp56.
Tt is completed 23.02.2012. Tt is modified 26.03.2026.
Previous version InsPlant2Malcr.med 30.09.2024.

1. The constants
o 36525636042

pi =3141302653389793  p2i=2.pi  pid3 = 05pi pil3 = 1.3pi g
36325

ID 5 :=2451545 rd = 5729577951308232  AUT = 1.49597870691-10"

We take the Space Absolute Radiometric Reference (SARR) for insolation of the Earth by the Sun: J SARR =
1366.22 Wisq.m [13]. (Crommelynck D et al, 1995),

The solar constant according to M. Milankovitch C = 2 (cal/(sq. cm™*min))}=83 736 kJ/(sq m*min)=1395 6 W/sqgm

TSARR §w =136622  Tgapp 17 =TsaRr w60 JgaRR g =8197320000000001  JTygy gy o= 13956

Data for Earth. Data for Mars .
PsdE = 365.25636042 Ps'dIm_E =365 edm = B8TT5 22215 Apfa :=227940336-10

i
. . . R
Pirp '=3.6524219879-10°  ag = AUT Toma =7 SARR KW= ) T gna = 0-388476355918473
ed g = 24-3600 Ma
Psdm'BdE 02
ToE =T n ew Psdpg =LSSOSLSTE Py Psdygy =—————  Psdyg, - 6687353812651
Ma
o P=d
Bir o ‘= floor(Prg) Dy pfa MaPre =~ 473146772830103 A1 0=D¥ pg MaPre——
- - Psd 3600
36‘)+ﬂ?‘0
Prnga TPy —— Pty 6.685664811543338+10%

Pod gy “Hloor{Psd g} Psd g, =668-10°

Ptr vy Soor(Prryg)  Prrp g, = 6684107

Inputing data for a specific planet
ed ‘=edpy Psd :=Psd g Psdp,, =Psd g Piri=Pirpg. Plrpg, =Prpar ap Eang To=ToMa
Psds =Psd-ed  Adir =Ptr—Ptrp,,  Psdy =floor{0.5Psd el Psdy g :=Psdp-1 Psdy g5 =floor{025Psd )

Adtrh =Ptr- Psd 2 Adtr =0.566481134333815 Adtrh = 0.566481154333813

The parameters of the Earth's orbit and the plane of the eguator in epoch 2000 for
insolation computation without taking into account orbital and rotational motions of the Earth

ecl := 1.67086342-10°° 2 := 0.409002629689404 fpr0 = 1.796395647267463 Tp0 :=0.500143001
JD49 = 24332805 TDpO111 :=JD49 + Tpl-100-Psd JDpl =

2. Reading of the parameters of orbital and
rotational motions of the planets from the files

The file of Laskar J. etc. [14]. The time T2 is in thousand years.
El :=RmEADPEN( "INSO_LA2004 txt" ) N4L =200 di=1

T3, =10RL, ;5 ey =RL 50 2y =Rl 4, o, =Rl g5

The author's files for Earth: OrAllc_8 pra N41=2500; OrAl-Skyrprn N41=5000; OrAl-200ky prn
N41=5000. The time T2 is in sidereal centuries since 31.12.49.

Bl :=READPRN("OrAlMa lcyrpm") N4l:=199  di:=1 N4 :=ﬂoor[N_4_1) i =0.N4 i5=99
2500 5001 199 di
"OrAlle_%pm" "OrAMa IMyrpm”  "OrAlMa leyrpm”
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HMpuanoxenus

T =Rl o o0 =R 4, 1 =Rl 40 g =Rl 5 D, =Rl ., Tj:fm =k g T2,100

Ni= l.‘J’E’-l'IZl2 T2, = 1.000000001 T2, = 0500000001

0.0938

L oo [AVIN S T VAY SRy

0.0932
L]

10 0 £l 40 50 &0 70 B0 o0 100
i¥

1.26

i =
.ii; ® 1125 d*—-_- —

1.23

0 10 20 30 40 50 &0 70 50 0 100
¥
0.44
s
S i
PR 2 ———
0.4306
] 10 20 30 40 50 0 70 50 o0 100
Tiy
The time in Julian years.
3. The trajectory parameter, the perihelion radius, the velocity at the
perihelion and the movement time to the aphelion
e -] — 1_(2-311{4+ 1} _ -plall, Rp, " ( Rp, | wally
i E O Erra— T, 1= is 7T -
L+eey, al, Psds-{-2alt,, - 1) VPied] [2an, - 1)t

4. The polar angle and motion time of the Sun in the plane of its
orbit according to the two-body problem
J is the number of parts in a year or points of the the Sun's longitude.
A0 is a series of the Sun's longitudes with members, regular spaced by the value di0.
A is a series of the longitudes with members, regular spaced in time.
------ fi is the polar angle (anomaly) and the radius ra0 of the Sun's motion.
v is the longitude of the Sun's perigee from the vernal equinox point.
tp0 is the time of the Sun's movement from the perigee to the point with the polar angle fi
tpY is the time of the Sun's movement from the perigee to the vernal equinox point.

T:=Psdpy, d}.ozzzT’“ 10,:=0 j0:=0.7 jli=1.7 j3:=1.T41 j03:=0.T+1

Setting a uniform series of longitudes of the Sun

:-'Ojl = ;"{'jl it ikl },0]_'_1 = :',0] + did ;',{lo =0 ‘-"0] =6283185307179627
v, = VT, =1l it =v0,, - vOT,, p2 fi0, . =i
s TP T ig T Heer =) Vig TV T VP 19,503 = “joa T Vis
ﬁlm:jm = E{ﬁﬂm:jm{o'ﬁﬂm:jm + pz’ﬁom:jﬁa} ﬁzm:jc-a ::E(ﬁlm:jm}pz’ﬁlm:jﬁa - pz’ﬁlm:jﬂi}
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5. The computation of longitudes with terms in regular spaced in time.

To determine the longitudes of the Sun at uniformly subsequent moments of time, with an
interval of one solar day of the planet, the equation (4) (see [1]) for the time of movement of
the Sun along the planetocentric orbit is solved by the method of successive approximations. At
first, a uniformly series of longitudes is specified. The Rez2 internal program is being solved.
The refined series of parameters X and tp are written, for example at di = 1, to the file
LiamTpMadil.prn. After writening, the name of the WRITE operator must be changed, for
example, to WwwwRITE. When re-running the entire program, the calculated parameters are
read from the LiamTpMadil.prn file, and the Rez2 program does not work. To do this, the Itr
iteration count parameter must be changed, for example, to Itr111.

In one iteration, the error decreases by more than 20 times. Therefore, eight iterations are

enough.

Itrlll =8

Rezl = |for = (0. N4
for j030..7
‘_"ii4:j-:|3‘_0

ﬁj'm:jos'_ 0

for ite 1_Tir

for =0 N4 if 1=l
for j03=0.7

},li 5o ,'-,{Ilj 03

ﬁi4 g3 ﬁz{ﬁr .jo3

for 4= 0. N4 otherwise

for j03=0.7

My 03 Mig o3

ﬁi4:jo3'_ﬁj'i4:jo3
for e 0. N4
}114:0“0
‘-"it4:J+1‘_IIJI

,-,1i4:1+1._0

t1°<;4:.T+1‘_‘JI

for j03=(0.T)

Terml— {alli4+ l} | sm{ﬁi:t:jas}
{2.8“‘4+ l} [ {alli4+ 1) 'cos{ﬁu:jcﬁ} - 31114]
all. . -| asm alli4+ - allH-cnsc:ﬁH:jm} _ q}_j'w]
Term2— : {311{44. 1) 'ms{ﬁm:jos} - al,
{_ 21“{4 _ l} 1.5
0y 03— P A Terml + Term2)
: vp,,ed

tpli{jcﬁ‘_zmﬁ‘ tpﬁi{jas i ﬂi—'LjCG}W
tpli:t:jos’_tpﬂi:t:jc-s otherwise

—dta 4 tply, g oF AL, >V

Py j03
1Py, joz+ WPl jo5 Otherwise

for j03=0.7

" i "lm:jas +17 "114: j03
Mg 1™ M et T

tPm:jc:ns+1 - tpi-';:jos
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B2 o3 Miajos— Vis
037 iy jo3 + P2 A £i2, 000
5314:1-{:-;*—&14,1{:.; otherwise
B, joa— g o3~ P2 of 3, o >p2
E4{4:jcns'_ﬁ—3{4:jcns otherwise
tp
I
tp :=Rezd, & :=Rezl
APy s T s APy vcagtgos T P o
WwwwRITEPEN( "LiamTpMalerpm" ) :=h_tp "LiamTpMadil pm" "LiamTpMadil0pm" "LiamTphadi20 pm"
"LiamTpMalerpm"

R1, '=READPRN("LiamTpMalcr.pm"” )

Ao, =Rl oo =R1
4,503 24 403 Pis jo3 Ly g1
Mean error for one day in T2(i%) year.
wp, < PenPuncd ol e s d dpm =P
tPiy 1 = 1 tpSiy 0 = tpSyq 1 = 9P i4:j1—1+| tpi4:j1| tpm = 7

5 8

dips,. = 1.150442683720139-10 dtpm = 1.735692640313083-10° T2, = 0500000001

Mean error for all years
dtpSidy, | |
JN4

/\
25 41 ) g \ /
[N N v

120 240 360 480 GO0 T20
jl

- : S - . o8
dtpSid, =0 dtpSi4, | = dipSid, + dtpS, | dtpmid = . dtpmid = 1.734159722325176+10 ©  _______| )

1

1110

tprd,, = tp,, tp'fdﬁ=l_32633011034939-102 fp’fd.r{4=l_glﬂ.36419102934'102

i
kS

dlpSi44+51 g= 632303054323?534‘10_4
o = Ep, o = s 11 '
4,41 S - 231 S
[(alli4+l} cos(r.m:jl— \{4} - allm] 2pl N4=1_gng.102
. -3
6. The daily insolation in kJ/(sq. m) AUpSitygy 1,y = 230923202081303-10

If is the number of points on geographical latitndes.

111 is the index of a concrete value of the latitude.

4 is the geographical latitude of place.

§ is the Sun's inclination.

w0 is the hour angle of sunrises and sunsets. It should be noted that the day is divided into 24 arc hours. For a planet
other than Earth, the Earth's time hours is different from planet's angular hours.

n

. o n . .
jd=0 j2:=3d. T If:=36 d¢:=lf % ::5+d+ il =1 If+1 +ﬂ :=¢11_1_d¢ ¢gﬂ :=+ﬂﬂi ill ;=6

sind,, ., ::sﬁl(am)-sﬁl(},ﬂ:jl) Bm:jlizasﬁl(sﬁlﬁﬂ:jl) cosﬁm:jlizcos{ﬁm:jl) tand,, ) ::m{am:jl) T2, = 0500000001
I

SR . ., =il lez - R L - = 65 000000000000
Zy 4y = tandy, o {*111‘;' T g1 :E( lez, y<lizy, 4. 1} aly, 4 ac°5{214:11} 92y, =63 3
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I -ed
_Jo . . .
Wrly 5 "72'{"“"{'i4:j1'5“15i4:j1's’n(ﬂu} + °°55i4:j1*:°5{¢'{11} 'sm{“ﬂm:ﬂ}}
={Pus )
W2, =Wl (<00 Wel, ) W, s Wa, T, =it Wg =Wy Wao =Wg Wg =Wg
Daily insolation throughout the year T2, =0.500000001 $g,,, =65.00000000000003
11-‘10‘1
Way 20*
"o T
-,.—l" ‘\-\\ "
0 ——!l"'"-‘
0 &0 120 180 240 300 360 420 480 540 600 660 T20
T
%1
M{Wﬁ}=l.]’08?5015684|659'104 min{W go} =0

7. Insolation for vear and astronomical half-vears
Adtr =0.566481154333815

"WEM:n::'D"'Ws W

41T oo Y

is is the number of day of astronomical summer

Ind,, :=i:E(I-.m:J.1 - Ho,jl,o}

is .= for des 0. N4

max— 0
for jlel.]
isaw—l.ndm:jl if maxﬂndm:jl
max-—lndm:jl if maxEI.ﬂdm:jl
isa 1'51._1 =3_'fl°l(l2 T21._1 = (0500000001

P1- L s

AW 4 =W, o Lo ad =Ws, . +dW =Qp -
as, T Wi 41— — Qaso, 4 in, As, Qawo, =Qt, - Qaso,
i4ds 41 i4 iz,
i4 i4
. . ]
Qas 3=f(¢5m<0-QAwo -QAso) Qaw 3=ff(*5m<"-QAso -Q awo ) Q o5, =4.98236683243535710
i4 i 4 i i i is
8. The insolation for caloric half-vears
The definition of the caloric half-vear
= bz =12 Loo=W W L=Wo ill = -+, = 63.0000000000000.
fgm |*5111| 12:=217 Vi1 Wi V14:Pad1,,t+11 Wit il1=6 98, =63 3
Emax = for 4 =0.N4
max— 0
for j6=0.1 The maximum ones are selected

Kmarl —j6 if maxsV, from a single array V.

4.i6
m‘_vm:jﬁ if max‘_"v’m:js
Kmanl
Kstp0,, :=Kmax,, - floor(Psdy, 0p5-1.8) Kstp,, =if{Kstp0,,<0,Kstp0,, + Psd . Kstp0, }
Rezl = | for i 0. N4
jc:h.s.—Kstpri
while Vi:jmi\-’{:jdmrpadh The msfolahoni.'or the .
summer and winter caloric
jchs—jchs + 1 half-year

Ipo;‘_j':hs

+W., . T QTi4 :=W5i4:ph_1m+ L ¢ -
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VSp,—0

for j4e 0. Psdy 4

Vo= ViR + Vi:IPﬂi+J'4
Q= VSPpg, 1+ 05 AR, 15 g
Qg
Ip0
QS::REZZD Ip{l::RezZl 'Q-W_‘1 :QT.4_QS
1 1
The insolation dynamics 9g,,, =63.00000000000003
5.657+10°
QT —
ss e 5.656‘11)6 e
—_— .,—---l"'"
5.654-10°
0.1 02 03 04 0.3 0.6 07 08 0.9 1
T2
4.6875+10°
Qg
see . apsa0d ‘f\#‘ Nﬁo - " -"...H
: W AR VIR
4.686°10°
0.1 02 03 0.4 0.5 0.5 07 0.8 09 1
T2
27100
oy J’\U‘ - J
ees g # Iy d"‘\__
Quw f{\b ‘J\ " ,3 !N R
0.67+10°
0.1 02 03 0.4 0.5 06 0.7 0.8 09 1
T2
9. The summer insolation in equivalent latitudes
For Earth 35- 10 25
ilmn :=36- 0 130 :=0.. i0mn i0mn = 36
2 :=READPEN{ "InsSNIMapm" ) "InsCvENIpm" "InsENIMa pm"”
QSN0 =R25 ¢ fENO =R25 AVl =R, Byl =R, o COvlg, =R,
(] ]

MavV0 := min{ QSNO)

M=xV0 := max({ QSNO)

MnV0 = 4.71669517247683-10

MzV0 = 5.97500400821672-10

QSN1, =#{Qg >MnV0.Qg .MnV0)

QSN = ff{Qsmi 4<Mx\-’0,QSNli4,I\-[xV0)

]ﬂjau:m ::E{QSNOG{)EQSNWBO-'D} tvimax :=max( In3) ivlmax = 36 MnV00111(T1) := MaV0
ivl = for e 0_N4
max— 0
for 6= 0. i0mn
ivlm.— hﬁ{s:m if mﬂ’ﬁm:m ilmn =36 RE{DM:CI = 4.?166951?24?633*106
max—In3, ., if max<In3, .

vl
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wl, = i:E'{iv'DM=i0mn,1'0mn— l,ivﬂm) ivmax :=max(ivl)  ivimin =min(ivl) ivmax =33 ivimin = 33

v, :=i:E'{1'vli4=0,iv1i4+ l,ivlm) ivmin = min({iv) ivmin =33

i
Fi
L= . - . . ) . . . = 63.0000000000000 =10
LysAvl, {QsN) +Bvl, QSN+ OVl ¢g,), =63 3 T2, =0.500000001
-B0o
-I
.-I.. -o0
-80.1
] 0.2 0.4 0.6 0.8 1

The summer insolation in equivalent latitudes

10. The annual insolation in equivalent latitudes

i0mnt =360 130t := 0__ ilmnt ilmnt = 36
R3 := READPRN( "InsTNIMapm" ) "InsCvTNI pm" "InsTNIMa pm"
QINOp, =Ry o T8Nt =B3., Avtg, =B34 Byt =Rp 5 vt =B, 4
MnVt = min{ QTND) MxVi =max{QTNO)  MnVt = 475304168027765-10° MiVt = 1.06421184924636+10°
QTN == i:E'{Q T, >MaVt.Q TM,MM} QTN,, = if{QTN1, <MsVt, QTN1,, MV}
It :=E{Qmomzqmm,ao:,o} ivitmax :=max(In3t)  iv0tmax =26
w0t == for id = 0. N4
max— 0
for i6t = 0. idmnt
. . o _ 106
ivlt,—Indt, . i maxshdt, mat=36 B3, =47530416802776510

i <
max— I.t13tm:i4 if rl:l,ax_lnjtiﬁ:M

ivit
it = E{i\-{lti“:iflmnt,iflmnt - l,i\-{ltm) tvltmax ;= man(ivit)  ivltmin =min{ivit) ivitmax=26 ivltmin =23

ivt, = ff{ivuM:o,iw.rlti4 + l,ivltm) ivtmin 1= min(ivt) ivtmin =23

z
= . . ; ' . : .o = 63.0000000000000: =10
I, =Avt, {QTN_ )"+ Bty - QTN +Cvty 1 dgy, =65 3 T2, =0500000001
-64.98
e
-k R
*8e -ga00s —
-kt
—_— Ul
s ——————
[ 025 0.5 0.75 1
T2
The anmual insolation in equivalent latitndes It = 65: 50974247
11. The winter insolation in equivalent latitudes
For Earth 36-1
ilmnw :=36- 0 130w 1= 0. idmnw idmnw = 36

B4 :=READPEN{"InsWNIMapm") "InsWNIMapm" "InsCvWNIpm"
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QWNO5p, =Ry, o TENOW, =R

MnVsw = min{ QWN0)

A\"WG o

MaVw := max( QWNO0)

E4

ia0w.2 Bvw

130w

=R

rl

MnVw =3.63801193679301-10

QWNIL,, = fE{Q W, >MaVw.Q WM,MVW} QWN,, :=if{QWNI, <MxVw,QWNI, , MsVw)

3,30 14 =

vlw = for i =0_N4

max— 0

for ibw = 0. idlmnw

ivlw, , — Iniw,
i4

max— [niw

iviw

iviw, = i:E'{iv'DwM=i0mnw,1'0mnw -1 ,iv'l}wm} iviwmax ;= max(ivlw)

ivw,, = ﬁ'{ivlwi4=0,

i

Iw , = Avw
i4 4

-61.18

w62

L]
-Iw

-61.22

-61.24

v, — 1"
i

ifw, i4

ifw,i4 o max

wlw, + Livlw, 4)

:':E(QWNOG o ZQWN, 4,530“-,0}

if max=Iniw

6w, i4

{ -
—hﬁ“isw:m

fvwmin ‘= minivw)

2 . .
{QWN, "+ Bvw o, - 1 QW+ Cvw

W, — 1

viwmas = man{In3w) rviwmax =24

ilmnw = 36

iviwmin = min(iviw)

IVwmin =

24

vaﬂm

$2,;, = 65.00000000000003

=R

MxVw = 4.66711439424683+

A

R4, 0= 3.63801193679301-10

ivliwmax =24 iviwmin =24

feNOw,___ =60

T2, = 0500000001

JVJ

\--.A""

W\ﬁf‘q’c

r&g\_ﬁ

02

04

T2

0.6

(%3

The winter insolation in equivalent latitudes
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