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AHHOTanusa. AKmyasasHOCMb: HeOOXOAUMOCTb BHEJPEHUS] a/lbTEPHATUBHBIX MCTOYHHUKOB 3HEPTUU U 3J1eKTpUPUKALUU
TPAHCIOPTHBIX CPEJCTB, UCIOJIb3YEMbIX JJisi 06eCledyeHus TPAHCIOPTHOW JOCTYMHOCTH MECTOHAXOXAEeHHUs] MPUPOJHbBIX
pecypcoB. [laHHBIN MOJX0J 06EeCleyruT TPAaHCIOPTHYIO AOCTYNHOCTb K 3aKPbIThIM NMPUPOAOOXPAHHBIM 30HAaM, B KOTOPBIX
3ampeleHo JBMKeHHEe TPAHCIOPTa C JABUTATeJNsIMU BHYTpeHHero cropaHus. Kpome otcytcrBus Bbi6opoB CO2, pemaroTcs
Takue Mpo6JieMbl, KaK BbICOKHH ypPOBEHb IIyMa, a TaKXKe MPOo6JIeMbl MaJol CaMOZOCTAaTOYHOCTH 3a CYET 3aBUCUMOCTH OT
3ampaBOYHBIX CTAaHIMH. LJeas: pacuéT reHepupyeMoil GoTo3/IeMEeHTaMH 3/JIEKTPOIHEPTHUU UCXO/Isl U3 MOKa3aTesell HHCOJIs-
ouu aJid Bbl6paHHOI>'I IIUPOTBI MECTHOCTHU U oNpenesieHrWe HellPepbIBHOIO BPpEMEHHU ABUXEHHA JIOAKU Ha 3JIEKTPOTAre C
HCII0JIb30BAHUEM COJIHEYHBIX ITaHe el JJ/Is MPUMeHEeHHs B UCCIe[J0BaTeNbCKUX paboTax. 06seKm: 3JIeKTPOMOTOPHAs JIOJ-
Ka, IOCTPOEeHHasl CTy/leHYeCKOM KOMaH/I0M B paMKax JUCUUIINHBI «[IpoekTHas JesTesbHOCTb» MOCKOBCKOIO MOJIUTEXHU-
YEeCKOr'o YHUBEPCHUTETA, UCII0JIb3yeMasd B Ka4yeCTBe CIOPTUHBEHTAPA AJid Y4ACTHA B COPEBHOBAHUAX, 4 TAKXe JJId IpoBeage-
HUS UCNBITAHUH B PA3IMYHBIX 00J/1aCTSAX HayKu. MemoduKa: pacyéTt 3JIeKTPO3HEPTHH, TOyIaeMON OT COJTHEYHOU GaTapeu
JIOJKH, UCXO/isl U3 OTKPBITBIX CTATUCTUYECKUX JAHHBIX HHCOJISILIMU U NMOCAeyIollas anlpoKCMMalus pe3yJbTaTOB OTHOCH-
TEeJIbHO YCJOBHOTO yTJa, 3aBUCAILET0 OT BpeMEHU CBETOBOIO JHS pacCMaTPUBAEeMOM IIHUPOTHI; COCTaBJeHHE YpaBHEHUs
3HepreTHYECKOro 6ajaHca BCeX UCTOUHUKOB U NOTpebUTe el 3/1eKTpOIHEepPruu Ha GOPTY JIOAKU; pellleHHe YpaBHeHUs rpa-
do-aHaNUTUYECKUM MeTOJI0M. Pe3ysibmamul. [lpefjioxkeH MeTo/, paciéTa BpeMeHU JIBUXKEHUS 3JIeKTPOMOTOPHOM JIOAKHU C
COJIHEYHBIMU MaHeJsIMU Ha 60PTY B Ka4eCTBE JOMNOJHUTEIbHOI0 UCTOYHUKA 3JIEKTPO3Heprui. [losydeH annpoKcuMalnuoH-
HbIY rpaduK reHepUpyeMOi COTHEYHBIMU MaHEJISIMU 3JIEKTPO3HEePTUU A1 upoThl ToMcka. [Io uToram pa6oTsl 661710 pac-
CYUTAHO BpeMs JBUKEHUS JIOJAKU B JIETHUH JIeHb CO CKOPOCTbIO 7 KM/4. Pe3ysbTaThl UCCIe,0BaHUSI MOTYT ObITh IPUMeEHe-
HBI JIJIs1 PAacYETOB 3HeprobasjaHca Cy/I0B, a TAKXKe MJIaByYMX aBTOHOMHBIX IJ1aTGOPM, 06/1aJa0IUX CAMO/JOCTaTOYHOCTBIO U
HeOoOX0JUMBIX JIJIsT UCCJIeJOBAHUM, JOOBIYM U TPAHCIIOPTUPOBKHU re0pecypCcoB U3 3aKPBITHIX IPHUPOLOXPAHAEMBIX 30H.

KiroueBble cj10Ba: coJIHEYHAs JHEepPreTukKa, 3eJIéHas 3HEepPreTUKa, aJibTepHATUBHbIE HCTOYHUKH 3HEPIHH, BO300HOBJISIEMbIE
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Abstract. Relevance. The need to shift the focus to renewable energy sources and increase the usage of the electric vehicles. This
gives us the access to the areas where conventional combustion engines are forbidden. The goal is not only reducing CO2 emis-
sions, but it is necessary as well to increase the autonomy of vehicles and their independence from infrastructure. Aim. To calcu-
late the power generated by photovoltaic panels based on the insolation of the area of Tomsk, Russia, to define the efficiency of
electrically driven research boat powered by the solar energy. Subject. An electrically driven motorboat, built by a student team
according to the "Project Activity" training program at Moscow Polytechnical University. Methodology. Calculation using empiri-
cally and experimental data and the data from the open source. Results. We have defined the method for calculating the running
time of the electrically driven solar powered boat. We obtained as well an approximate amount of the electrical power generated
by the solar panels for the area of Tomsk in summer. As a result, we calculated the boat running time for a summer day at a
speed of 7 km/h. This method can be used for the calculation of the energy balance of infrastructure-independent vessels, as well
as floating autonomous platforms for research, mining, and transportation at restricted areas.

Keywords: solar energy, green energy, alternative energy sources, renewable energy sources, sustainable development, elec-
tric transport, water transport, insolation, ecology
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BBeaeHue
HenpepriBHOoe 00HapyXeHHE HOBBIX MECTOIOJNO-
JKCHUH TIOJNIE3HBIX HMCKOIIAEMBIX MPHBOIUT K HEOOXO-
JUMOCTH OOecle4yrnBaTh TPAHCHOPTHYIO JOCTYIHOCTb
Ha BcéM nukie pabot [1]. BBuay Gonbmioro pasnoo0-
pasmsl TeOpecypcoB CEBEPHBIX PErHoHOB Poccum Mo-
JKET BO3HUKHYTHh HEOOXOAMMOCTb TPAHCIOPTHOIO CO-
OOIIEHHS B 3aKPBITHIX MPUPOIHBIX 30HAX MPH MTOMOIIH
YIPaBISIEMOTO WM aBTOHOMHOTO cyaHa [2—-5].
[IpoOnembl SKCITyaTalldd BOJIHBIX TPAHCIIOPTHBIX
cpexncts ¢ JIBC 3akimrouarorcst B OTCYTCTBUU 3aIpaBoy-
HBIX CTAHIMH M MPOYNX OCPETrOBBIX JIOKAIN, HEOOXOIH-
MBIX IS TTOTNOJHCHHS 3amacoB TorumBa [6]. Bo3mox-
HOCTb TMPUMEHEHUS JAHHOTO THUIA TPAHCIOPTa TaKKe
MIOTHOCTRIO HCKITIOUCHA B CIIy9ae HCCIET0BATEIBCKUX
paboT Ha OXpaHACMBIX NPUPOIHBIX TEPPUTOPHUSX, IS
KOTOPBIX JIEHCTBYIOT OCOObIE OrpaHMYEHHs] KacaeMo BbI-
OpOCOB OTPaOOTABIIMX Ta30B U YPOBHS Lryma [7-9].
ANBTEpHATUBHBIC WCTOYHWKH OSHEPTHH HAOMpAroT
MOIYJISIPHOCTD B MOCJIEHUE JECATUIIETHS 3a CUET CBOE-
IO TJIABHOTO KayecTBa — OTCYTCTBUS BHIOPOCOB MapHH-
KOBBIX Ta30B B aTMoc(depy, KOTOpoe IPUBOIUT K TOBHI-
[ICHHUIO CPEITHETO TOKa3aTelsl TeMIIepaTyphl 10 TIaHe-
Te. Bo u3bexxanue gajibHEHIIEro NOBBIIICHUS TEMIIEpa-
Typsl B 2015 1. 66u10 MOoATIMcano [aprskckoe cornamie-
Hue [10], cyTh KOTOPOTO COCTOHMT B CHHXKCHHUHU BBIOPO-
COB B OKPYKAaIOUIYIO CpEIy, Pa3BUTHU TEHICHIUHA K
HHU3KOYTJIEPOAHOMY MHPY U OCYILIECTBICHUH CKOOPIH-
HUPOBAHHBIX JIEHCTBUI BCEX CTpaH, MOANMUCABLIUX CO-
TJIalIeHue, JUIsI COKPAIICHUSI YPOBHS TOBBIIICHHS TEM-
mepaTypel B 3TOM CTONICTHH 10 2 TpamxycoB Llembenst.
Vcnonb3oBaHue 3JIEKTPUUECKOTO BOJHOTO TPAHC-
MopTa C MPUMEHEHHEM albTEPHATHBHBIX HCTOYHHUKOB
SHEPruM 00eCIeYNBaeT AaBTOHOMHOCTh H HE3aBHUCH-
MOCTb OT O€peroBOil JMHHM U 3allPaBOYHBIX CTAHIIUH,
YTO MO3BOJISICT MPUMEHSTD €TO C IETbI0 Pa3BEAKH, J10-
OBIYU U TPAHCIIOPTHPOBKHU T€OPECYPCOB, B TOM UHUCIIC B
MIPUPOJOOXPaHHbIX 30Hax [11-13].

06BEKT UCC/IeJ0BAaHUS

OOBEKTOM HCCIICZIOBAHUS SBISIETCS DIICKTPOMOTOP-
Has Jojka «Valentina Queen» (puc. 1, 2), mocTpoeH-
Hasg CTyJeHTaMH MOCKOBCKOIO MOJUTEXHUYECKOTO
YHHMBEpPCUTETAa B paMKax AucuuIuiMHbl «IIpoexTHas
nestenbHOCTEY B 2018 1. Jlomka wmmeer QaHepHBII
KOpITyC, JIAMAHHPOBAaHHBIA YTIIETKaHbIO. B KayecTBe
CWJIOBOW YCTaHOBKM HCIIOJIB3YETCSl DIEKTPUUYECKHMA
MOTOp MOIIMHOCTBIO 5 KBT, 8 comHeunsix manenein
cymmapHoit momHocTthio 800 Bt, akkymymsiTopHas
Oarapest sHEproéMKocThio 1920 BT-4 1 HOMUHAIBHBIM
HanpspkeHneM 48 B. B cocTtaB 10MOMHUTENBHOTO 3J€K-
TPOOOOPYIOBAHUS BXOAT: KOHTPOIJIEP 3JICKTPOMOTO-
pa; MPPT (Maximum Power Point Tracker)-
KOHTPOJUIEp COJHEYHOrO 3apsja CO CJIECKEHHEM 3a
TOYKOW MaKCUMaJIbHOH MOIIHOCTH; KOHTAKTOP; IIyHT;
Bluetooth-moyns; npeoOpazoBarens 48—12 B; Tprom-
Has TIOMIIa; Hacoc; OaTapeitHbIil MOHUTOD, TYMOJIEPHI U
nepexmoyarenu. [Inuna noaku 4,0 m; mmmpuna 1,68 wm;
CYMMapHBIH Bec KOHCTPYKIIHH BMECTE C ITHJIOTOM CO-
crasisieT 200 kr.

JlaHHBII IPOTOTUI UCIIOJIB3YETCSl B KAUECTBE CIIOP-
THHBEHTAPs U1 YYacTHs B COPEBHOBAHUIX, a TAKKe
SIBIISICTCS TUIAT(OPMOM TS OIBITOB U HCCIICIOBAHUH B
00J1acTH SHEPreTUKH, (POTOBOJIIBTAUKH, THAPOAUHAMHU-
KH U MaTepPUaJIOBEICHHS.

OHepro-npoIyIbCUBHAST COCTABIIIOIIAS JIOJKH FMe-
eT IOCJIeHOBATEeNbHBIA MpUHIUI paboThl. ['eHepupye-
Masl COJTHEUHOU Oartapeeil 3JIeKTPOIHEPTrHs OCTYIACT B
AKKyMYJISITOPHYIO 0OaTapero, Toclie 4Yero mnepeaaéres
anekTpoMoTopy. OIHOBpEMEHHAs 3apsaKa U paspsiika
MPENOIaraloT HaJIuYhe aKKyMYyJIsTOpPOB, oOecrieunBa-
IOIKUX BBICOKYIO IMPOU3BOAUTCIIBHOCTDH, AOJIOBCUYHOCTDH
1 0e30macHOCTh MpH OOJBIIOM KOJHMYECTBE ITUKIIOB 3a-
psana—paspsana [14-18]. CoenuHeHHe HIIEKTPUYECKUX
KOMITOHEHTOB JIOJIKH ITOKa3aHO Ha puc. 3.
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Puc. 1. 3Saexkmpuueckas n100ka «Valentina Queen», 8ud c60ky
Fig. 1.  Electric boat "Valentina Queen", side view

Puc. 2. 3Jaexkmpuueckas s00ka «Valentina Queen», 8ud ceepxy
Fig. 2.  Electric boat "Valentina Queen", top view
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Puc. 3. Isaexkmpuueckas cxema n100ku «Valentina Queen»
Fig. 3.  Electrical diagram of the "Valentina Queen" boat

ConHeuHble TMAHETW COCAMHSIOTCS MapajlIelbHO-
MOCIIEIOBATEILHBIM METOJIOM — JIBa KOMIUIEKTa M3 de-
THIPEX MOCIIE0BATEIbHO COSAMHEHHBIX MaHeIe moa-
KIIIOYEHBI TapaiiensHo. Takol mojaxon obecriedunBaeT
HEOOXOJMMBIE JIII KOPPEKTHOW pabOTBl CHUCTEMBI
HarnpspkeHne U cuiny Toka 72 B m 11,1 A, cootet-
CTBEHHO. B cilyyae BbIX0Ja U3 CTpOsl OJHOM U3 HaHe-
Jei coxpansieTcs padoTocrmocoOHOCTh BTOPOTO KOHTY-
pa. Just oGecriedueHus HENPEPHIBHOTO MOHHUTOPWHTA
COCTOSIHMSI COJIHEYHOM Oarapen mcrnoib3dyercs MPPT-
KOHTpOJJIep 3apsiia. lcmomb3oBaHWE TaHHOTO THIIA
KOHTPOJIJICPOB TIO3BOJISIET OTCIICKUBATH MAaKCHMAaJlb-
HYI0O MOIIHOCTh, TCHEPUPYEMYIO CONHCYHBIMH IaHEe-
JISIMH, U TIOACTPaMBaTh HANpPsHKEHUE W TOK 3apsiia AJist
obecrieueHnss MakCUMalbHON 3¢ dexkTuBHOCTH U IIpO-
HM3BOIUTEILHOCTH CUCTEMEI [19, 20].

Pe3yJibTaThl HCCJIeJOBaHUA
Bpewmst qBIDKEHMS JOAKH OTpenenseTcs ypaBHCHU-
eM OajlaHca HCTOYHUKOB M ToTpebuTeneit suepruu (1):

SW,+EW, ~ZW, =0, (1)

rae W, — cymMMa SHEpruil Bcex HaKOIUTeNed 3JeK-
TpudecKo# sHepruu, Br-u; W, — cymMma momydaemoin
JNEKTPUUECKOM 3HEPruu 3a BpeMs JABMKEHUsSI OT BCEX
COJIHEUHBIX MaHeneu, Br-u; LW, — cymma notpebiisie-
MOW 3JIEKTPUYECKOW SHEPTUH BCEMH ITOTPEOMTEIIIMH
Joaku, Br-u.

7

B nanHO# n071KE ycTaHOBJIEHA OJlHA JIMTUHA-MOHHAS
AKKyMyJIATOpHasl Oarapest SHeproéMkocTeto 1920 Br-u.
s coxpaHeHus dKCIuTyaTtalnoHHOro pecypca Ab Heo0-
XOAMMO Hu30eraTth €ro IMOJHOTO pa3psia W OTPaHUYHUTH
€ro JI0 ypOBHS, PEKOMEHJIOBAHHOTO MPOM3BOJUTENIEM U
YKa3aHHOIO B Macnopre npoaykra. g JTUTUA-HOHHBIX
Ab nomyctumast rimyOuHa paspsiga cocrasisier DOD
(Depth of Discharge)=80 %. Takum o0pa3oM mome3Has
9HEPro€éMKOCTb, JOCTYIIHAS [Vl UCIIOIb30BAHUS TaHHBIM
TPAHCTIOPTOM CPEJICTBOM, cocTaBisieT 1536 Br-u.

Ji nosyueHus JaHHBIX O IOCTYHAIOIIEH YHEPrun
OT COJIHEUHBIX IaHeJIel BOCIOJb3yeMCsS OTKPBITBIMU
0a3amMM JaHHBIX MO MHcOJWH [21]. 3HaueHus cpen-
HUX [MOYACOBBIX MOKAa3aTeseil WHCOISLMUA ObUIH B3SITHI
Jutst UpoThl ropoaa Tomcka 3a urosb 2023 r. JlanHble
MpUBEJICHBI B Ta0I. 1

Paccunraem KoinM4yecTBO SHEpPIruM, BblpabaThiBae-
MOH conmHeuHOi Oarapeed JTOIKM 3a KaXKIbId 4Yac, 1o

dbopmyne (2):

— __MHC cn ( 2)

e Fyy. — 3HAUCHUE WHCOJISIIAK 32 BHIOPAHHBIA TIEPHOT
JUTS 3aJAHHOM IIIUPOTHI, BT~q/M2; P, — cyMMapHas MoIlI-
HOCTb BCEX COJIHCUHBIX maHenei, BT; P, — MaKCUMalb-
HOE€ 3Ha4YCHUE COJTHEYHOW pajuanvu Ha | M’ 3eMHOI TI0-
BEPXHOCTH, ITpuHUMaeTcs paBHbM 1000 Briv’.
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Ta6auya 1. [louacosvie nokasameau UHCOASYUU

Table 1. Hourly solar insolation data

Yacel/Hours 0:00 1:00 2:00 3:00 4:00 5:00 6:00 7:00
U3nyyenue Bcero He6a (BTu/M?2)
All sky surface shortwave downward irradiance (Wh/m?) 0,00 0,00 0,00 0,00 23,04 1 89,98 | 183,90 | 287,22
Yacel/Hours 8:00 9:00 | 10:00 | 11:00 | 12:00 | 13:00 | 14:00 | 15:00
U3nyyenue Bcero He6a (BTu/m2)
All sky surface shortwave downward irradiance (Wh/m?) 387,87 [ 471,99 | 529,66 | 564,68 | 596,61 | 575,90 | 525,82 | 455,17
Yacol/Hours 16:00 | 17:00 | 18:00 | 19:00 | 20:00 | 21:00 | 22:00 | 23:00
U3nyyeHue Bcero He6a (BTu/m2)
All sky surface shortwave downward irradiance (Wh/m?) 364,21 | 26149 | 162,54 | 7342 | 17,29 0,00 0,00 0,00
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d e 3
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Fig.4. Data approximation on electricity generation by  Fig, 5. Data approximation on electricity generation by

local time

st ynpoineHys nanbHEeNIe HHTeTrpauy JaHHBIX
OblTa BEITTOJTHEHA aNIPOKCUMAIHS (PYHKIHEH KOCHHY-
ca. Hmxe mpencraBnens! rpauku anmpoKCUMHUPYIO-
e QyHKIMU B CPABHEHWU C BBIYMCICHHBIMHU 3HA4Ye-
HUSMH JJII MECTHOTO (pHUC. 4) M UCTUHHOTO BpEMEHU
(puc. 5). Ans Tomcka pa3HMLIa BpEMEHHU B HIOJE CO-
cTaBsieT 86 MHMHYT. J[aHHYIO BEITHYHHY HEOOXOIMMO
YUUTBIBATh IIPU ONPEAEICHUN BPEMEHHU BOCXOJa U 3a-
X0Jla COJHIA MpH pacuérax MO0 UCTUHHOMY BPEMEHHU
JUI KOHKPETHOTO JHS.

W13 rpaduka 1 MECTHOTO BPEMEHH BHIHO, YTO B
niepuoa ¢ 3:00 mo 21:00 BeipabaThiBaeMasi COJTHEYHOMN
Oarapeeld DIEKTPOIHEPTUs MPAKTUUYECKH HJICAITBHO
COBIIAJIa€T C OMHUCHIBAIOMICH €€ (yHKIUEH KOCHHY-
ca (3):

Ta6auya 2. 3HayeHus yca08HO20 y2aa &

apparent time

W :(l—cosa)WT‘m‘",

G3)

rae Wpax — MaKCHUMaJbHOE 3HAUYEHHE MOJIy4aeMOM
2JIEKTpOdHEpruy, Br.

Jlis moctpoeHus rpaduka GpyHKIUH KOCHHYCA HC-
MOJIb30BAJIaCh BEJMYMHA YCJIOBHOTO YIJla HaKJIOHA
COJIHIIA OTHOCHTEJIBHO JIMHUH TOPH30HTA o (4):

a=2rx

t—t

B

t, —t

3 B

4)

rie ¢ — (paKTH4ecKoe BpeMs, JUIl KOTOPOTO PacCUHThI-
BAaCTCs yroJl 0 f; — BPEMsI BOCXOJa COJHIIA; #; — BpEeMs
3aX0J1a COJIHIIA.

3HaueHUs YCIOBHOTO yrjla o A KaXJOro yaca
MIpUBE/CHBI B Ta0MI. 2.

Table 2. Values of the conditional angle a
Yacel/Hours 0:00 1:00 2:00 3:00 4:00 5:00 6:00 7:00
o, paj - - - 0,00 0,35 0,70 1,047 1,396
Yacel/Hours 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00
o, pajg 1,745 2,094 2,443 2,793 3,142 3,491 3,840 4,189
Yacsr/Hours 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00
o, paj 4,538 4,887 5,236 5,585 5,934 6,283 - -
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[ns ompeneneHns mokasareneld pacxona 3IEKTpHU-
YEeCKOH YHEPIUU BCEMH CHCTEMaMU JIOAKH OBUTH IIPO-
BeJieHbl UcnbITaHusA. CKOPOCTh BUIKEHHUS 3aMepsiach
npu nomomu GPS-tpekepa Garmin eTrex 32x. [lan-
HBIC O PacxoJic AIICKTPOIHEPTUN OBLIIM CHATHI C Oara-
peitHoro monutopa Victron Energy BMV-702.

[lomydyennsle naHHBIE OBUIM aNIIPOKCHUMHUPOBAHBI
JUHEHHOU (DyHKIMEH 1 TTOKa3aHbl Ha puc. 6.
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0
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V, km/4

Puc. 6. 3asucumocmbv  pacxoda
ckopocmu 08uCeHUs
Dependency of electricity consumption on speed

3/IeKMpo3Hepauu om

Fig. 6.

s ucriosib30BaHus rpaduka B NANTbHEHIIAX pac-
gérax IOKa3aTeNlb PacXoia AICKTPUUICCKOW SHEPTUHU
BBIOMpAETCs UCXOS U3 MOCTOSIHHON CKOPOCTH JBHKE-
HUS JIOAKH.

CocTaBUM ypaBHCHHE IBW)KCHUS JIOIKH, YIUTHIBA-
Iollee BCE HAKOIMUTENN U MOTpeduTeNn sHepruu (5):

%y
[wda+w,n-Mi=o0, )

c

rae W, — anmpokcumupyromas GyHKIHs MMoKa3aTenei
BbIpa0aThIBa€MOl COJIHEUHBIMU MaHESIMH DJIEKTPO-
9HEPrHH OTHOCUTEIHHO YCIOBHOTO YyIJIa 0 O — YCIOB-
HBIN YroJl 0., COOTBETCTBYIOIIMH BPEMEHH CTapTa JIOJ-
KH; O — YCJIOBHBIN YIOJI 0, COOTBETCTBYIOLIHMH BpEMe-
HU uHuma noaku; W, — dHEPro€MKOCTh aKKyMyJisi-
TopHO# OaTtapen; 1 — cymmapusiii KITJ Ab u 3apsano-
ro yCTpOMCTBA, KOTOPHIM B JaHHOM Cilydae SIBJIIETCS
KOHTpoJutep 3apsina; Bt 4; M — MOUIHOCTb, 3aTpadynBa-
emasi Ha BbIOpaHHOH ckopocTH, BT; ¢ — Bpems aBrKe-
HUSA JIOJAKH, Y.

[IpuBeném ypaBHEHHE dHEPTeTHUECKOTO OayaHca K
OJIHOM HEW3BECTHOH, BbIpazuB ¢ uepe3 o. KoHeuHoe
ypaBHeHHe OyJeT uMeTh BUJ (6):

%
% I(l—cosa)da+M'n—M(t¢ —-t)=0, (6)

©

[TpounTerpupyeM ypaBHEHHE, TOMHOXHB MOIBIH-
TErpajbHOE 3HAUYEHHWE Ha MacITabupyromui kodddu-
nuent (7):

(t3 _tB) max . .
2Bl mx (o —sina, —a, +sina. )+
27 2 (@, o e )
+W,n—-M(t, —t,) =0, (7)

[IpuBeném nonyyeHHOE ypaBHEHHE K f, MOACTABUB
BMECTO 0. BbIpakeHHe (4) ¢ COOTBETCTBYIOIIUMH 3Ha-
yeHHusIMH ¢ s o. [lomyamm (8):

(ty—t, (. t,—t) )

27 ts—tB —SinLZﬂ'RJ -

(tx _ZB ) . Wmax

2 2 t —t _
t,—t, t,—t,
+W,n-M(t,—1,)=0. (8)

rze fg — BpeMs (pUHHILA JIOJKY; f, — BPEMs CTApTa JOAKH.

i pelieHyst JaHHOTO YpaBHEHUSI PEKOMEHYeTCs
MPUMEHATh Tpa(GHUUSCKUI METOJ] MM METOJ moadopa
spayenuii B I1O Excel.

IIpumeM HauanbHbIE JaHHBIE BPEMEHH cTapTa B
11:00 u ckopoctu nBWxeHUs noaku 7 km/4. Iloxcra-
BHB 3HA4YCHHs BPEMCHH CTapTa M 3HAYCHHE Pacxojye-
MOW MOITHOCTH TPU 33J]aHHOW CKOPOCTH JIBHIKCHUSI,
MmoslydyuM JiBa rpaduka, oroOpakaronme TMOCTYIa-
IIYI0 3HEPrui0 OT (HOTOAIECKTPUYECKUX 3JICMEHTOB M
3aTpavynuBaEMYy0 JIEKTPOMOTOPOM dHEpruto. PazHunien
rpauKoOB 0 TOUKU MEPECEUCHUS SBISCTCS 3HAUCHUE
3apsana Ab B KOHKpeTHOE BpeMs ABW)KCHHS JIOIKH.
Touka mepeceyeHHus TpadUKOB IMOKA3bIBAET MOMEHT
OCTAHOBKH JIOJKH.

5000
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3000

2000

W, Br-u

1000

11:00 12:00 13:00

Puc. 7. T'paguueckuii memod peweHus ypasHeHUsl
Fig. 7. Graphical method for solving the equation

14:00

W3 puc. 7 BuAMM, 4TO TNpU Hayale JBUKEHUS B
11:00 mo MecTHOMY BpEMEHU C IOCTOSIHHOH CKOpO-
CThIO 7 KM/Y 3amac xoja JIOJKH JJIsl IUPOThl ToMcKa
coctaBut | wac 40 MUHYT.
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3akioyeHue

Jlonku Ha CONHEUHOM SHEPruH, a TAKKE aHAJIOTUYHbIC
UM OECTIMIIOTHBIE TUIABCPEACTBA MOTYT CTaTh PAIlOHAb-
HOW aJbTepPHATUBON IMPHBBHIYHBIM BHIAM BOIHOTO TpAHC-
TIOpTa MpH paboTax Mo W3BICKAHUIO, JOOBIYE M TPAHCIIOPTH-
POBKE TEOPECYpCOB B OTPAHMYCHHBIX YCIIOBUSIX OCOOBIX
TIPUPOJIHBIX TeppUTOpHi. B manHOM padoTe ObLTa paccMoT-
peHa 0000MIEHHAs METOAMKA pacuyéra BPeMEHH JIBIDKEHUS
MEKTPOMOTOPHON JIOAKH C WCITONB30BAHUEM COTHEYHBIX
niaHeneil. CTOMT OTMETHTB, YTO PacyETHBIC TTOKA3aTeNd CO-

CITUCOK JIMTEPATYPBI

TOCTABUMBI C PEATbHBIMU JUTS IAHHOW JIOJKW B OIMCAHHOM
KOMILIEKTALMH, YTO TOBOPUT O KOPPEKTHOCTH BBIOPAHHOTO
metona. [IpemnoxeHHas MeTOMKa MOKET ObITh MCIIONB30-
BaHa ISl TIPEIBAPUTENBHBIX PACUETOB IJIABYYMX CPE/CTB:
KaK TAaCCOKUPCKUX, TaK W OCCIIIUIOTHBIX HCCIICIOBATEIb-
ckux mardopM. s nanbHeWIero coBepiIeHCTBOBAHUS
Pacy€TOB METO/IMKA MOYKET OBITh JIOTMOJHEHA YYETOM 3aBH-
CHMOCTH BBIPaOOTKM COJTHEYHOH HEPIHH OT OpHUCHTAINN
TaHeseH, a TakkKe OT TeMIepaTypbl.
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