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BBenenue

AKTYaJIbHOCTH Pa00ThHI

dusnueckas Monelb mnojieta camonenbHou pakersl Ha PIHTT mo3Bomser
IIPOBECTH TECThl HA MAKETE€ PAKETBl B PEAJbHBIX YCIOBUSIX, aHAIU3UPOBATH
MOBeCHUE pakeTbl B mosete. Duznyeckas MOAEIb MO3BOJAECT MOJIYYUTH

pCaJIbHBIC JJAHHBIC U IPOBECPUTH UX COOTBECTCTBHUC U3HAYAJIbHBIM OXHWIAHWAM.

Maremarnueckass MOZENb IoJIeTa caMonaelbHOoM  paketsl Ha  PITT,
OCHOBBIBAETCSl HA MAaT€MaTUYECKUX YPABHEHUSX U BBIYMCIMUTEIBHBIX METOHAX.
MaremaTnueckasi MOJEJIb MOXET YUUTBIBATh PA3INYHbIE (PAKTOPBI, TAKHE KaK
Macca pPakeTbl, CUJIbl CONPOTUBICHHS BO3dyXa W Apyrue mnapamerpsl. OHa
II03BOJISICT MPOBECTU TEOPETUUYECKUE PACUEThl U ONTUMHU3UPOBATH I1APAMETPBI

PAKETHI AJId AOCTHXKCHHA HAWMITYUIONX PC3YJILTATOB.

CpaBHeHne (U3MUECKOM M MaTeMaTH4YeCKOM MOJEJeil mojera caMoJelnbHON
paketsl Ha PIITT sBnsercsa akTyabHbIM, IIOCKOJIBKY OHO MO3BOJISET:

1. ITpoBEepUTH TOYHOCTH U JOCTOBEPHOCTh MAaTEMAaTUUECKOM MOJEIIN, CPABHUBAS
€€ pe3yNbTaThl C U3BMEPEHHBIMU (PU3UUYECKUMU JaHHBIMH.

2. YTOYHUTH U CKOPPEKTHPOBATh MMapaMeTpPbl MOAEIN AJIA TOCTHXKEHUS Oojee
TOYHBIX ITPOTHO30B U PE3YJIBTATOB.

Takum oOpa3om, cpaBHEHHE (HU3UUECKOW M MaTeMaTHYECKOM MOJENeH MmoJiera
camozaenbHOM paketsl Ha PITT sBisiercss HEOTHEMJIIEMOW 4YacThIO IIpolecca
pa3pabOTKM U HCIBITaHMN, oOecrneuuBas Oojee TO4YHbIE U Oe30macHbIE

pE3YIbTaTHI.



Pe3yabrarsl

Pa3zpaborannas maremarnueckas MOJenb (cm. npunodcenue «lIpomomun
npocpamMmbuly). MOKET ObITh UCIIOJIb30BAaHA JIJISl pacyeTa 3aIycka Mojiesiei
paket. Co3iaHa MOJIeIIb PaKeThl (cm. npunoxcerue «Mooenv pakemvl») 1
OCYIIIECTBIIEH 3aITyCK. B paMkax mpoekTa mpejyiaraeTcs WHCTPYKITUS 110
CO3/IaHUIO MOJIEIH PAKEThI , MOJICIIN IS TIeYaTH Ha 3/ IPUHTEpE U
YHUBEpCaIbHas IporpaMma Jijisi pacueToB. Pe3ynsTrarsl mpoekTa MOTYT OBITH

HCIIOJIB30BAHBI PAKCTOMOACIMCTAMU IIPU CO3aHUH UX IIPOTOTUIIOB.

IIpoaykrel npoexkra: 1) Monens pakersl 2) Maremarnyeckass Mozienp 3)
WucTtpykuus no coopke 4) Ilporpamma juist pacyera pacyera npeanoigaraéMbix

pE3yabTaToOB

MareMaTuueckKkass MoJaeb.

MaremaTtnueckasi MOZIETb IPOEKTA MpeCTaBlieHa B popMare MporpaMMsl B
Excel. Ona yuuthiBaer:
e (Culy COIIpOTUBIICHHS BO3yXa.

e lI3MeHeHne MacChl PAKETHI ITPHU PCAKTUBHOM JIBHMKCHUU.

MaremaTudeckas MOJCJIb ITOJIYHaCTCA C IIOMOIIbIO YHCIICHHOT'O

BV

Max

uHTerpupoBanus. [{nsa naxoxnenus At < , TIIe Vk = Vmax— CKOPOCTh

min

PAKETHI ITOCJIC OTpa6OTKI/I JABUTI'aTCIIA oe3 yue€Ta USMCHCHH MACChI PAKCTHI.



BepTukajJbHBINA CTAPT HA HEOOJIBIIYIO BHICOTY € YYE6TOM

a3POAMHAMHUYECKOIr0 CONPOTHBJICHUS.
AHaIUTUYECKOE HAXOXKJCHHUS CKOPOCTHU PAKEThI NOCIE OTPaOOTKH JBUTATENS.
O003HaYUM NepeMeHHbIe:

MO = 370r = 0.37kr

M = 54r = 0.054kr

M
F = [— = 23H
p t
tk= 1. 2c

c = 0.2 (,Z[JIH yIJla aTakKu a = O)

S=mr’=3.14 x (0.02M) > = 1.256 x 10 M

dv

’ma=Fp—M0g—Faap m——=Fp
2
F_=c2-5=gV
asp x
a _ 2 2
mG-=F —Mg - BV =A-BV

O6o3nauum: A = Fp — Mg
A=F —Mg=23H - (0.37}(1" X 9.812) = 19.374H
C

O6o3HauumM: B = cx-Pzi

1.2880x1.256x10 M’
M

S — 0.2

B=c% a = 1.617728 x 10 &
X M

mdV = (A — BV))dt
dt =

mdV
: A =— (Mg — F
s (Mg p)
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IIpounTerpupyem noJjiyuyeHHoe COOTHOLLIEHHUE.
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V|- A (1)

3meck v - CKOPOCTD B MPEALITYINNIi MOMEHT BpeMeHH,

v ., - CKOPOCThb B NMoCJIe YN MOMEHT BpeMEHH.

[IpoBogum MOCJIeIOBATEIIbHbBIE BBIYHCIICHUS npu 3aJIaHHOM
vaax

At = —7— = 0.02c (em. npunoowenue «IIlpomomun npoepammvly) RO TeX

min

mop, ToKa ABurarenb padoraet F # 0:
p

Vo=V |-z g L V.
70 M, 9 M, 0)
Vo=V 4| g B -VZ\-At
2 1 M, 9 M, 1)
V.=V 4|2 g B ~V2\~At
3 2 M, g M, 2)

IToka paﬁoTaeT ABUIaTeJIb MacCa paKeTbl H3MCHHACTCH:

M
M =M — (t—)At )

k



HpOBO,Hl/IM nmocjaeaoBarcJibHbIC BbIYUCJICHHUA npu 3aJaHHOM

BV

—_— Max ~
At = —— = 0.02c (cm. npunoowenue «IIlpomomun npoepammvly) RO TexX

min

op, MOKa MT = 0 :

IIpoBeaem pacyer BbICOTHI NOAbEMA MOKa F ) #= 0.

h o =h +V At (3

n+1

h1 = h0 + VlAt
h2 = h1 + VzAt
h3 = h2 + V3At

I
o

Yuc/IeHHO HAXOAMM MAaKCUMAJIbHYIO BBICOTY mogbeMa. F = 0; M

I
o

B 2 At
o



hk+1 - hk TVt

B 2
Vo |At|ae

n

hn+1:hn+ Vn— g +

Iloka Vk+1 * 0

PaCCMOTpl/IM nmaaeHue BHHU3 H3 TOYKH MAaKCHMaJIbHOI'0 IToabeMa 10

hmax — Ah, tne Ah = 10m . (OTH naHHBIE OYIYT HCHOJIb30BATHLCHA NMPH

HalmCaHMU IporpaMMbl 3aMaCHOM CHCTEMbI cnaceHml)

B
M

n

Vn+1:Vn+ U

vl At
n

Tak ke YHCJIeHHO HAXOAUM BBICOTY CIIYCKA /10 hmax — Ah,rae Ah = 10Mm:

V _ (dh) _ hn_hn—l
n dt n At

h =h +V At
n+1 n n+1

Korma BeIicoTa hn+1 = hmax — Ah . CpabarbIBaeT cucTeMa CIaCeHUS M paKeTa

HauMHAET CIYCK Ha Mapainore. A>poArMHAMUYECKas CUjla CONPOTHBIICHHS

2
| A 2
BO3/lyXa TeNEpPb paBHa F wopl — 2 S ) B1V

[TockonbKy pakera OINYCKaeTcs C YCTAaHOBHUBLIEHCS CKOPOCTBbIO, CHJa

conpoTusiieHus F I Mg paBHa cuie TAKECTH.

pl



= const ,nmokah # 0.

crycka

IIpexBapuTebHbIe pacyeTHbIC JAHHBIE.

Craguun Ckopoctb | BricoTa Macca Bpewms

nojera noJbeMa

Crapr oL Om 370 T Oc
C

JBurarenn 67 L 39Mm 316 1.2¢
C

oTpaboTan

Amnoren oL 246 m 316 7.6c
C

Bri6poc 14 % 236 m 316 9¢
C

napamoTa

[Ipuzemiien 450 OwMm 315r 61.2¢
C

ue

(cm. npunoorcenue «I paghux npedsapumenbHulX pe3Viibmanos noiemay)




duznueckas Moaelib

O,Z[Ha n3 ueﬂeﬁ IMPOCKTA - CO3AAHNEC U 3aIlyCK MOICJIIN PAKCTLI.

KoncTpykuus pakersl.

Pakersl cocTOMT M3 TpeX OCHOBHBIX 4vacTed: JlBurarenmp, OoOpTOBas

AIIEKTPOHUKA, “CucreMa craceHus .

(cm. npunoscenue 3D Moodenb paxkemvl U 4epmedxc pakenivl )

MogaenbHblid pakeTHbIH ABUrareab PI1-30-5

Juametp Hapyxnbii 20 mm, mmmHa 130 MM, macca 54-55 rp, UMITYJIBC TATH
cymMmapubiii 30 Hec, tara makcumanbHasg 37 H, Tsara cpennsia 23 H. 3anepikka

BBIIITMOHOTO 3apsijia — 5 CeK.
boproBasi 3jieKTpOHHKA.
JIEKTPOHHbIE KOMIIOHEHTBI

(cm. npunoscenue Cxema nooOKIQYEHUs)

Kontposuiiep Arduino Nano:
Mukpoxkontpoiuiep ATmega328P-AU, Hanpsixkenue nutanus 4-6 BOIbT
Haruuk nasaenus BMP280 :

e Jluamazon nanenus: 300-100 hPa
e Jluanazon temneparyp: -40 - +85 °C
e Tounocts usmepenus: Jlapnenue - 0.01 hPa ( < 10 cm), Temneparypa -

0.01°C
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e Unurepdeiic nogxmouenus: munbl [°C u SPI

e Paszmep: 15%12 mm.

AKKYMYJIAATOPBI:

e [luranne MUKpOKOHTpoOIUIEPA: JINTHEBBIN OJIMMEPHBIM AKKYMYIISITOP
Robiton, Hanpsixenue 3.7 BoabT, eMKkoCcTh 110 MAY
e AKTHUBalUs BBIIIMOHOTO 3apsija: JIMTHEBBI MOJTUMEPHBIN aKKyMYJISITOP

Robiton, manpsoxenue 3.7 BoabT, eMkocTh 2000MA Y
Peseitnbiii MOIYJIb:

° Pabouee nanpspkenue moayins SB. MakcumanbHOE HanpsiKeHUE

Harpy3ku 30 B, 250 B, MakcumanbHbii TOK Ha kKaHai 10A.
IIporpammHoe obecnieyenmne
JI1st HanMcaHus TporpaMMbl yA0OHO pa3OUTh MOJIET HA CTAUU.

IlepBas craaus: Pakera Ha 3emie. 3aBoautcst SD kapra, eciik HET, TO

CUTHAJIU3UPYEM CUHUM CBETOIMOIOM. 3aBonutcs 6apomerp BMP280, ecnu Her,

TO CUTHAJU3UPYEM CUHHMM CBeTOANOAOM. OTKpbIBaeTcs (haid Ha 3a1uCh, €CIU

HCT, TO CUTHAJIM3UPYCTCA MUI'aHUCM CHHCTO CBCTOANOIA.

Bropas cranus: Pakera nonHsnack Ha S METPOB, B 3TOT MOMEHT HAYMHAETCA
CTaJiisl aKTUBHOTO T0JIETA, JIOTUPOBaHUE TaHHBIX ( 3anmuch HA SD kaprty
3HaYeHUH noiydaeMbix ¢ qarunka BMP280 ), Hayano orcuera Taiimepa Jiora.

Omna MMpOAOJIKACTCA 40 TOI'O KAK PAKECTAa HC JOCTUTHET aIrlore:.

11



T[ZCTB}I cTajaui: Pakera HaunMHAaeT CHUKATHCS.

Yerseprad craaus: Paketa cHU3WiIach Ha S MeTpoB win npouwio 9000 Mc ¢
Hayayia orcyeTa TaimMepa jora. [logaeM HanpskeHHe Ha pesie B TeUeHn! 4
cekyHJ. Hauano orcuera taimepa napamirora.

IIaTas ctagus: Pakera Ha 3emiie. Daiin 3daKPbIBACTC:A, KOI'la IMCPCIIOIIHACTCA

CUYCTYHK JIOra.

(CM. npuiodicernue Ilpoepamma « Cucmema CI/ZCZCGHMQ»)

CucreMa cnaceHust

OauH W3 KpUTEpHUEB YCICUIHOTO MyCKa SIBISETCS PACKpbITHE Mapanitora. B
MOEH pakeTe s MCHOIb3yH MUPOTEXHUYECKH croco0 peanu3alii CUCTEMBI
cnacenusi. C orceke «CucremMa CHaceHHE» HAXOAUTCS MNpo3apsis, KOTOPbIN
cpalaThIBaeT, KOrja pakeTa HaXoAUTCs Ha BeIcoTe Ha 10 MeTpoB Huke anoresi. B
pe3ysbrare B3pbIBa IOPOXOBOTO 3apsija MPOUCXOAUT CKAuOK JaBICHUA U

TOJIOBHOM 00TEKaTelNb U MapalitoT BbIIETAIOT.
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IHyck
HyCK CUUTACTCA YCIICIIHBIM:

1. Ecnu Obu1 BepTUKAIBHBIN CTAPT C HATPABISIOIICH.

2. Paxera nogHsIack Ha BBICOTY MPUOIM3UTENBHO PABHYIO 3HAYCHHIO
MOJIyYEHHOMY C TTIOMOIIbI0 MAaTEMaTUYECKON MOJICIIH.

3. Tlocne npoxoXaeHus TOUKH, T7ie BhicoTa Ha 10 M MeHbIIIe
MaKCUMaJIbHOM, pakeTa Hayaja CIyCK Ha IMapalloTe.

4. Pakery ynanoch HaWTH LEION NOCIE MPU3EMIICHUS.

5. Tlonmyumiioch 3amucarh U3BJIE€UYb JaHHBIE 00 U3MEHEHHH BBICOTHI ¢ SD

KapTHI.

Pesyabrarnl mycka:

Pakera yCIICIHO conuia € H&Hp&BJIiIIOHIGfI. K COXaJICHUIO, 13-3a BO3HHKIINX

TPYAHOCTEW MYCK MPOUCXOUI YK€ B TEMHOTE U 3a()MKCUPOBATH YTO-TO, KPOME

(dakra camoro mojeTa He ynanochk. beuia mpeanpuHsTa MONBITKA HAUTH PAKETY,

HO OHA HE YBEHYAJIACh YCIEXOM. (CM. npuodiceHue ()omo ¢ nycka)

BriBoabI:

1. Bparb Heckoabk0 HOYTOYKOB M MMETh TFOTOBYIO KOMMIO MPOrpaMMbl Ha

HECKOJIBKUX YCTPOMCTBAX.

2. BpaTB 3allaCHBIC 4YaCTHU JJICKTPOHUKH, TIC HauoOoee BCPOATHO MOKCT

OTOWTH KOHTAKT.

3. llpu cOopke OIEKTPOHWUKH YYHUTHIBATH TIOTOJHBIC YCIIOBHSL.
MHHYCOBBIX TEMIIEPATypax BEPOATHEE pa3pylLICHUE TPOBOAA.

4. Jlns 3armmycka JTydIie BRIOMpaTh TEIUIOE BPEeMs TO/la U BAAIH OT Jieca.

5. IlpenycmarpuBarh cUCTEMY, KOTOpast YIPOIIAET OUCKU PAKETHI



[IepCrieKTUBBI U PE3YIBTATHI

IlepcnieKTUBDI:
e JlopaGoTka  MareMaTHyeckod  Mojaenu s Oosiee  ymoOHOTo
HCIIOIb30BAHUS
® 3amyCcK pakeTbl C YCTPOMCTBOM, KOTOpO€ OBl ONTUMHU3HPOBAJIO
IAJILHEHUIIINY [TOUCK.
o [loBTOpHBIN 3amycK pakeTbl W TMOJy4eHHE JaHHBIX 00 HW3MEHEHHH

BBICOTHI.

PesyabTarnbi:
e PazpalOoraHHas MaTeMaTU4eCKasi MOAEIb MOXET ObITh UCIIOJIb30BaHa JIs
pacuera npeABapUTEIbHbIX PE3YIbTATOB 3aIlyCKa MOJIETIEH paKeThl.
e (Co3nana AEUCTBYIOLIAS MOAENb PAKETHI.
e [IpuBeneHa HHCTPYKUUS 1O COOPKE MOJEIHN PAKETHI.

e OCyIlIeCTBIIEH YaCTUYHO YCIIECIIHBIN 3aITyCK.
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punoxenue

I'paduk npeaBapurebHbIX Pe3yJbTAaTOB M0JIETA

[pacuk npeaBapuTenbHbLIX PE3ynNbTATOB NoneTa

250,000000
240,000000
230,000000
220,000000
210,000000
200,000000
190,000000
180,000000
170,000000
160,000000
150,000000
140,000000
130,000000
120,000000
110,000000
100,000000
90,000000
80,000000
70,000000
60,000000
50,000000
40,000000
30,000000
20,000000
10,000000
0,000000

BEICOTA NOOBEME; M

spems nonera; t

IIporoTun nporpammsli

[IpotoTumn. Maremarnyeckas Mozaenb (1)

3D Moae b paKeTbl

https://drive.google.com/file/d/10781kL.Z20qpbOewIDZmMPR7UetrsHrxw/vie

w?usp=sharing
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https://docs.google.com/spreadsheets/d/1PQecbGUy2RKHi4fqLXof4KSJQ9IiHmrs360umfPs8P4/edit?usp=sharing
https://drive.google.com/file/d/1o78IkLZ2oqpbOewIDZmMPR7UetrsHrxw/view?usp=sharing
https://drive.google.com/file/d/1o78IkLZ2oqpbOewIDZmMPR7UetrsHrxw/view?usp=sharing

Yepre:x pakeTsl

B yepTex .jpg

IIporpamma «Cucrtema cnaceHue

https://drive.google.com/file/d/1VvXoq279HPI9Ikp311a5-1fIlvWDnD&8XbQ/vie

w?usp=sharing
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https://drive.google.com/file/d/10bVqgF5TN0ejnXQEkvzg-8U65k0B0qP0/view?usp=sharing
https://drive.google.com/file/d/1VvXoq279HP9Ikp311a5-IfJvWDnD8XbQ/view?usp=sharing
https://drive.google.com/file/d/1VvXoq279HP9Ikp311a5-IfJvWDnD8XbQ/view?usp=sharing

CxeMa NOAKJIIOYCHUA

f
|

BMP280

BHF3AC |.|

+ E585460-4121
E4104-L58-1
+ 2000mAh 3.7V

6SP 061225
110mAh 3.7V

Arduino Nano

fritzing
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DoTo0 ¢ mycka
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A

Jluteparypa

. ABunoB M.H. - Mogaenu paker. [IpoexktupoBanue u noset. 1968

Bceonog Kanaes - Kitou Ha ctapt 1972

https://alexgyver.ru/

https://arduino.ru/

https://forums.airbase.ru/2023/07/t21253--dlya-tekh-kto-vpervye-na-foru
me-pravila-fag-poleznye-ssylki-.8128.html
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https://alexgyver.ru/
https://arduino.ru/
https://forums.airbase.ru/2023/07/t21253--dlya-tekh-kto-vpervye-na-forume-pravila-faq-poleznye-ssylki-.8128.html
https://forums.airbase.ru/2023/07/t21253--dlya-tekh-kto-vpervye-na-forume-pravila-faq-poleznye-ssylki-.8128.html

