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AHHOTAIMSA

OOBeKTOM HCCIeAOBaHUSA SBJSCTCS paclpe/iesieHHas CeTh MOHUTOPUHTA TO/I-
BOJIHOM 00cTaHOBKH. [IpenMeT uccieaoBaHus — CETh MOABOIHBIX THAPOPUZUICCKUX

30HJI0B KaK CpeJICTBO ornepatuBHOil okeanoioruu (O0O).

HCHL IMPOCKTAa — HCCIICAOBAHUC H pa3pa60TI<a ABTOHOMHOI'O FHI[pO(I)I/IBI/ILIC-

CKOI'O 30H/Ja KaK IICPCIICKTUBHOI'O CPpEACTBA OHepaTI/IBHOI;'I OKCaHOJIOTHH.

HN3meHnenue KiImMarta, IOCTCIICHHOC ITOBBLIIIICHUC YPOBHS OK€aHa U YBCIMUCHUC
PHUCKAa BOBHUKHOBCHHUA OKCTPCMAJIBHBIX ITOTI'OJHBIX SIBJICHUM U KaTaCTPO(b IIPUBCJIIA K
H606XOI[I/IMOCTI/I pPa3BUTHA OIICPATHBHBIX CUCTCM MOHUTOPHUHIA 34 AKBATOPUAMHU U

YIIYUIICHUA TEXHOJOTUH 1 MCTOOOB IIPOTHO3HUPOBAHUA].

B xoxe uccrnenoBarenbckoi 4acTu paOOThl ObLT MPOBEACH CPaBHUTEIbHBIN
AHAJIN3 YCTPOWCTB, MPUMEHSIEMBIX JIJI1 MOHUTOPHUHTA aKBATOPHUIL, B PE3yJbTATE KOTO-
pOTOo OBLIIO BBISBIICHO, UTO OJTHOM M3 Hanbosee nepcnekTuBHbIX cucteM OO sBrseTcs

ceThb apeidyromux npouIMpyomux 30H10B.

AHanu3 0T€YeCTBEHHBIX CHCTEM MOHUTOPUHTA TTOKA3aJl, YTO POCCUICKHE pa3-
pabOTKM 3HAYUTENHHO YCTYMAIOT 3apyOeKHBIM, TAKUM 00pa3oM, Ha OCHOBE JIaHHBIX
00 rcnosib30BaHUuU JperDyrommx npohuIMpyomux 0yeB Kak IepCreKTUBHOTO Cpe/l-
ctBa OO 1 HE0OXOAUMOCTH pa3pabOTKH OTEUESCTBEHHON CUCTEMBl MOHUTOPHUHTA OBLIIO
MIPUHSATO PEIICHUE O CO3JaHUU CETH TOJIBOJHBIX aBTOHOMHBIX APCH(PYIOMMX 30HI0B

it cOopa ruApoU3NIECKUX TaHHBIX O CpeJie.

B pesynbraTe mpaktudeckoit yactu Obuia pazpadorana 3D-Mozaenb ycTporcTBa
B mporpamme Autodesk Inventor Professional, Ha ocHOBe KOTOpO¥ OB TTPOBEACHBI
TUAPOAMHAMUYECKUH 1 TpouyHOCTHOU pacueTsl B makete CAIIP Solidworks mist mope-

JMPOBAHUS TApPAMETPOB 30H/IA.



B pesynbrarte npoBelieHHs] CTEHAOBBIX UCIBITAHUNA B OacceiiHe ObUIM MpOBe-
PEHBI FTEPMETUYHOCTh U OCTOMYMBOCTH pa3padaThIBAEMOT0 ycTpoiicTBa. s TecTupo-
BaHUS KOPPEKTHOCTU padOThI MPOrPaMMHOI0 KOJa TaK:Ke ObLIIM MTPOBEICHBI HATYPHBIC
WCIIBITaHUSI HA OTKPBITOW aKBATOPHUH, B PE3YIbTATE KOTOPBIX MPOTOTUI YCIEIIHO OT-
pabotan 20 HUKIOB: OrepaTop OTHPABIISLT CUTHAM JJIs 3aIlycKa 4epe3 CEpBep, 3a CUET
paboThl O6ATACTHON CUCTEMBI YCTPOMCTBO MOTPYKAIOCH, MapaylIebHO MOJIydast UH-
(opMaIuio o0 CBOMCTBaX CPebl C JATIYMKOB, @ MTOCIIE BCIUTBITHSA MaKeT COOPaHHBIX TaH-

HBIX OTIIPABJIAJICA HAa KOMIIBIOTCP OIICPATOpAa.

B pesynbTare npoekTa ObuT pa3paboTaH U coOpaH aBTOHOMHBIN TUpodu3nye-

CKUU 30H]I.
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CIIMCOK OBO3HAYEHUI 1 COKPAIIIEHUI
ABC — aBTOHOMHAas OyHKOBasi CTaHIIUS
AKDB — akkymynsTopHas 6aTapes
AHITA — aBTOHOMHBII HEOOUTAaEMBbIN TOJABOAHBIN anmapaT
bC — GannactHas cucrema

JABHUI'MHU — J1anbHEBOCTOYHBIA HAYYHO-UCCIEI0BATEILCKUN THIPOMETEO-

pOJIOFI/I‘IeCKI/IfI HHCTUTYT

NOPAH — Uncturyt okeanonoruu um. ILI1. Hlupmosa Poccuiickoii akaje-

MHH HAYK

OKbBb OT PAH — OnbITHO-KOHCTPYKTOPCKOE OIOPO OKEAHOJIOTUYECKON TeX-

HUKM Poccniickon akazemMuun Hayk
OO — onepatuBHasi OKEAHOJIOTUS

[TATUC — mno3unmoHHasi aBTOHOMHAas THUIPOPU3NYECKasT W3MEPUTEIbHAS

CTaHLIMA
CHII — cucremMa n3MEHEHHs TUIaBy4eCTH

CY — cucrema ynpaBieHus



BBEJEHHUE

B nocnennue roasl 4enoBe4ECTBO BCe 0OJIbIIE 0OECTIOKOEHO II100aIbHBIM U3-
MEHEHHEM KIIMMATA U €r0 PErMOHAIIBHBIMU NOCIECICTBUAMU. Y POBEHb MOPSI IOBBIIIA-
€TCs CO CKOPOCTHIO 3,7 MM B TOJI, IEASHON TOKPOB APKTHUKH COKPAIAETCs, & PAaHOHBI
BBICOKHX IIMPOT OBICTPO HArPEBAIOTCS. DKCTPEMANIbHBIE IOTOIHBIE SIBIECHUS IPUBOJIAT
k rubenu Jgroaei. Kpome Toro, 9 u3 10 cambix Temnsix jietT ¢ 1880 roga mpuxoasarcs Ha

21 Bek [1].

Ot 3(1)¢)GKTBI BbI3BAHbI COYCTAHHUCM JOJIOCPOYHOIO M3MCHCHHS KIIMMATa U
€CTECTBECHHOM M3MEHYMBOCTU. MX BO3I[€I>1CTBH€ MOTI'YT UMCTb KaK ITIO3UTUBHBIC (yBC—
JIMYCHHUC BCTCTAIMOHHOTO IICPHOJda, OTKPBITHC apPKTHYCCKUX CYTOXOIHBIX HYTCﬁ), Tak
N HCTATHUBHBIC IIOCJICACTBUSI (HpI/I6p€}KHLI€ HaBOOAHCHUs, CHJIBHBIC 3aCyXH, 3KCTpPC-

MaJIBHBIC 1 4YAaCTBIC TCIIJIOBBIC BOJIHBI U ITIOI'OJHBIC SIBJ'IGHI/ISI).

bonee 90% n36BITOUHOrO TEILIA, IToraomnaemMoro 3emiei ¢ 1970-x ronos, co-
XpaHseTCs B OKeaHax. JDTO CBA3AHO C BHICOKOU TEIJIOEMKOCTHIO BOJIbI MO CPABHEHUIO
C BO3IIyXOM, OOJILIIUM OOBEMOM OKE€aHa M €ro CIIOCOOHOCTBIO MEPEHOCUTH TEIUIO C
MOBEPXHOCTH B €ro riayOuHbl. B pe3ynbTare okeaH, 0COOEHHO ero BHYTPEHHSIS YacTh,
r7ie KpaTKOCPOUHbIEC KOJICOAHUS TEMIIEPATypPhbl OT CYTOYHOM /10 MECSAYHON HEBEJIUKH,
UJ€ATBHO MOJXOINUT JUIsl BBISIBIICHUSI JOJITOCPOUYHBIX TEHICHIINI MOTEIICHHS B HAILICH
KIuMaTtrudeckou cucreme. Ha pucynke | moka3zaHsl JaHHBIE O TEMIIEPATYPE, YCPETHEH-
HbIE IO MUPOBOMY OkeaHy Ha riyoune 1o 1900 metpoB ¢ 2004 roga. B To Bpems kak
TEMIIepaTypa B BEPXHUX CIIOSIX KOJIEOJETCS B CBSI3U C KPATKOCPOYHBIMU KIIUMaTHYE-
CKUMHU SIBJICHUSIMH, B 00Jiee TJIyOOKUX BOJIaX HAOJIOMAEeTCs MMOCTOSIHHAS TEHICHIIUS K
MOTETUICHUI0. TakuM 0o0pa3oM, ITH JJaHHBIE YKa3bIBAIOT Ha OOIee MOTeIJIeHnEe KITu-

mara 3eMJIH.
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Pucynok 1 — Cpennsiga Temrneparypa okeana

Kpome Toro, moBepXHOCTh OK€aHa SBJISIETCS] XOPOIIUM MECTOM JIsl HabJro 1e-
HUS 32 TUAPOJOTHUYECKUM IMUKIOM (TIPOLIECC ITUKIMYECKOTO TMEePEMEIICHHUSI BOJbI B
3eMHOM Ouocdepe, KOTOPBI BKIIIOYAET B ce0s1 MCTIapeHUe BObI, IEPEHOC MapOB BO3-
JTYITHBIMU TEUEHUSIMU, UX KOHACHCAIIUIO, BHIMA/ICHUE B BUJIE OCAJKOB U MEPEHOC BOBI
peKaMu U IPyTUMHU BOJHBIMU 00BEKTAMU ), TOCKOJIBKY COJIEHOCTh MTOBEPXHOCTH MOPS
OTpaXkaeT JIOKAJIbHBIN 0ajaHC UCTapeHUs], KOTOPOE €€ YBEJIIMYUBACT, U 0CAIKOB, KOTO-
phle ee yMeHbIaroT. Ha pucyHke 2 mokasaHbl JaHHBIE O COJICHOCTH IMTOBEPXHOCTU MOPS
Ha anpenb 2015 roga u maii 2022 roaa [2], KOTOpbIE MOKA3bIBAIOT OTUYETIUBOE YMEHbB-
LICHUE COAEPKAHUSI COJIEU B BOJIE B IPECHBIX PalilOHAaX U €r0 YBEINYECHUE B PalOHAX C

BBICOKMMHU TTOKa3aTEIsIMU IMapaMeTpa.
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Pucynok 2 — ConeHocTb MoBEpXHOCTU MOps Ha arnpenb 2015 roga u mait

2022 rona

B 10 e BpeMs B COBpeMEHHOM MUpE riao0anu3aius AesiTeIbHOCTA NPUBOAUT
K YBEJIMUEHUIO 3aBUCUMOCTH SKOHOMUKHU OT PAa3JIMYHBIX IPUPOIHBIX BICHUNA. AHTPO-

MIOTEHHOE BO3/ICHCTBUE HA OKPYXKAIOIIYIO CPEy CTAaHOBUTCS BCe 0OJee 3HAYUTEIhb-



HBIM, BbI3bIBasl HAPYHICHHUC CCTCCTBCHHOI'O PABHOBECHUS ITPHUPOJHBIX IIPOLECCOB U I10-
BBIIICHHUC HCTaTUBHBIX HOCJ'IGI[CTBI/Iﬁ T 9CJIOBCKA. Bnusiaue yenoBeueckou ACATCIIb-

HOCTHU TAaKXKC IIPUBOAUT K CYIICCTBCHHBIM U3MCHCHHUAM MOPCKHUX 9KOCHCTCM [3]

Pe3ynbraThl yenoBeuecKoi eI TEPHOCTH MPUBOIAT K YMEHBIIICHUIO PA3HO00-
pasusi MOPCKOM (payHbI U yJI0Ba pbIObl. DKCIUTyaTanus 1menbda ajig 10064u HehTH U
ra3a yBeJIMYMBACT BEPOSTHOCTh BOSHUKHOBEHHUS KPYITHBIX KaTacTpo@, KOTOpHIE Hera-
TUBHO BIIMSAIOT HA MOPCKHE OMOJIOTHUECKHE M PEKpEearlMoOHHbIC pecypchl. B cBsi3m C
ATUM MHTEHCHUBHOE HCIIOJIb30BAaHUE OKEaHa JOJIKHO COMPOBOXKAATHCS YIIyUIIICHUEM
CHUCTEMBbI MOHUTOPHHTA MOPCKOM cpenbl. Hamexnas napopManiys momMoraeT n3dexarhb
KaTtacTpod 1 ONTUMHU3UPOBATH MPOU3BOJICTBEHHBIE U3IEPKKH, & YMEHHE ITPOTHO3UPO-
BaTh COCTOSIHE MOPCKOM CpeIbl TO3BOJISIET YBEIUUUTD 3()(PEKTUBHOCTD OMEepalnii Ha

MOPC 1 IIPCAOTBPATUTL OTPULATCIIbHBIC ITOCIICACTBUA XO3SIMCTBECHHOM ACATCIIBHOCTH.

B oTBer Ha 3anpockl moTpeduTene, CBsI3aHHbIE ¢ UCIOJIb30BAHUEM MOPCKHUX
pecypcoB, HaOIIOJAeTCA TCHICHIIUS Pa3BUTHS CUCTEM OMEPATHUBHBIX HAOIIOACHUN U
porHo30B. VccienoBanus B 3TOi 00JIACTH COCTABJISIIOT OCHOBY OIEPaTUBHOM OKea-

HOJIOTHH.

Hauunas ¢ 1980-x romgoB, B Hallell cTpaHe Hadajlach paboTa MO CO3JIaHUIO
Hay4HOU 0a3bl JIsi MPAKTHUYECKOW pean3aliii METOJ0B OTIEPAaTUBHONW OKEaHOJIOTHH,
onHako cutyanus 1990-x Ha AecATUIIETHS OTOJBUHYJIA PELIEHUE MPOOIEMbI CO3/IaHUS
noao0HBIX cucteM. /o cux mop 3ta mpoOjema He peuieHa Ha rocyJapCTBEHHOM
YPOBHE, YTO MPUBOJUT K TOMY, YTO PA3BUTHE POCCUUCKUX CUCTEM MOHUTOPHHIA 3HA-
YUTENBHO yCTynaeT 3apy0oexkHbiM. Kpome Toro, MHOTHE HapaOOTKHU CBSI3aHbI C UCTIOJb-
30BaHHMEM UMIIOPTHON TEXHUKH, a MIONBITKH pa3pabOTKH COOCTBEHHBIX CUCTEM OIlepa-
TUBHOW OKEaHOJIOTHH, NPEIIPUHATHIE B TIOCIEIHUE TOAbI, CTAIKUBAIOTCS C TPYIHO-

CTAMHU HAYyYHO-TEXHUYECKOTO U METOHO0JIOTHYECKOTO Xapakrepa [4].
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Taxum 06pazom, ObLTa BRISIBIIEHA HEOOXOIMMOCTD Pa3padOTKH OTEYECTBEHHBIX
cucteM OO, KOTOpBIE ITO3BOJIAT IIPEOI0JIETh UMIIOPTO3aBUCUMOCTh Poccnn B taHHOM
o0racTty, a Takke OyyT ciocoOCTBOBATh 3alllUTE HAIMOHAJIBHBIX HHTEpeCOB PO, n3y-
YEHHUIO OOIIMPHBIX MOPCKUX aKBATOPUN CTPAHBI U Pa3BUTHIO (yHIaMEHTAIBHOMN OKe-

AHOJIOTMYECKOU HAaYKH.

Lenbto mpoeKTa SBJISIETCS UCCIIE0BAHUE U pa3pabOTKa aBTOHOMHOT'O THIPOQU-

3UYCCKOI'0O 30HAa KaK ICPCIICKTUBHOI'O CPCACTBA OHepaTHBHOﬁ OKCaHOJIOTHH.
IlocTaBneHHas B IIPOCKTC LCJIb JOCTUT'ACTC: BBIIIOJIHCHHUCM CICAYIOIINX 3a1a4:

— TIPOBECTU aHAJIN3 COBPEMEHHOT'O YPOBHSI Pa3BUTHUSI OTEUECTBEHHBIX U 3apy-
0exubpIxX cuctem OO0;

— 000CHOBAaTh LENECO00PA3HOCTh U MPUMEHUMOCTH MPEAJIAraeMOro TEXHUYE-
CKOTO pelICHMUS;

— pa3paboTaTh KOHLENT YCTPONUCTBA;

— crpoektupoBars cuctemy OO;

— pa3paboTaTh U CO37aTh MPOTOTHUII;

— IPOBECTHU CTCHAOBBIC U HATYPHBIC UCIIBITAHUA.

11



1. TEOPETUYECKASA YACTb

1.1 O0mue cBeneHusIx 00 onepaTUBHON OKEAHOJIOTUN

N3meneHnne knuMara, yBEIUYEHUE PUCKA BO3SHUKHOBEHUS dKCTPEMANIBHBIX I10-
TOJTHBIX SIBJICHUN 1 KaTacTpod), a TAK)KE IMOBHIIIICHUE YPOBHS OKEaHa IIPUBEIH K HEOO-
XOJIMMOCTH Pa3pabOTKH OMEPATUBHBIX CUCTEM HAOMIOJCHUS 3a aKBATOPUSIMU U YIyd-
IIECHUSI TEXHOJIOTHM U METOJIOB MPOTHO3UPOBAHUS. B CBSI3U € 3TUM B MOCIEAHUE JBA
necATuiieTus HaOJIoJaeTCsl TEHICHIUS MOCTEINEHHOTO Mepexoja OT IpeuMyle-
CTBEHHO IKCIIEUITMOHHBIX METO/IOB U3yueHruss MUpPOBOTo okeaHa U OOLIUPHBIX aKBa-
TOPUI ¢ MOMOIIBIO HAYUYHO-UCCIEOBATEILCKUX CYJ0B U CIIyTHUKOBBIX HAOJIIOACHUMN

K co3nanuro cucteM OO.

1.2 AHanmn3 NpUMEHSEMBIX CHCTEM ONEPATUBHON OKEAHOJIOTHH

Poccus u npyrue mupoBble rocyaapctsa odnaaatot cuctemamu OO, B COBOKYII-
HOCTH BBITIOJHSIOMUX (DYHKITMHU TI0 HAOJIIOICHUIO 32 COCTOSIHMEM MHpPOBOTO OKeaHa.

K TakuMm cucremMaM MOYKHO OTHECTH:

— JIOHHBIE CTAHIINH;
— AaBTOHOMHBIE HeoOUTaeMble oIBoAHbIE anmnapaTtel (AHITA);

— aBTOHOMHBIE OyiikoBbie cTaniuu (ABC);
— Oyu-npudrepsi;
— mnpodunupyromue oyu.

PaccmoTpum noipoOHee KKyt U3 MepEeYUCIeHHBIX CUCTEM

1.2.1 JlonHBI€ CTaHIIUHA

JlonHble reopu3znueckrue 00CepBaTOPUM MO3BOJSIOT HENPEPHIBHO U3MEPATH U

PErUCTPUPOBATH PA3IMYHbBIE TAPAMETPHI, XaPAKTEPUIYIOIIUE COCTOSIHUE MTPUIOHHOTO

12



CJIOA BOJBI M JOHHBIX OCAaAKOB, CKOPOCTb W HAIIPABJICHUC TC‘-IGHPIﬁ, YPOBCHb BOHHOﬁ
IMOBCPXHOCTH, a4 TAKIKC PCTUCTPUPOBATE CUT'HAJIBI OT YAAJICHHBIX UCTOYHUKOB, TAKHX
KakK CCI‘/’ICMI/I‘-ICCKI/IC, dKYCTHYCCKHUC, JICKTPOMAIrHUTHBIC [5] I[J'ISI CBs3H1 JOHHBIC CTaH-

U1 MOTYT UCIOJIb30BATh KaK MOJABOIHBINA KaOesb, TAK U PETPAHCIISIIUOHHBIN OYH.

[Ipumep noHHOM 0OCEepBaTOPUU MIPEACTABICH HA PUCYHKE 3.

Pucynok 3 — ®yHKIMOHAJIbHASI cCXeMa JOHHOW 00CcepBaTOpuu

1 — npubOpHBIN JOHHBIN KOMIUIEKC; 2 — TPEHOIA0CHOBAHUE; 3 — IpH-
TOIUIEHHBIN OYii; 4 — KOpb; 5, 7 — Kabenb-Tpoc;6 — BCILIBIBAIOLIUN pauo-
pETpAHCIALMOHHBIN Oyii; 8 — BBIOLIKA-MPOTUBOBEC; 9 — Oyii-pemn; 10 — aBapuii-

HBII TPOC

JloHHbIe oOcepBaToOpus AJisl U3yUYCHUS! TUAPOPU3NYECKUX JAHHBIX O cpele 00-

JagarT CJICAYIOIMUMU IIPCUMYIICCTBAMMU

— IIMPOKUHN CHEKTP HANPABICHUM MCCIIENOBAHUM: JTOHHAsSI CEHWCMOJIOTHS,
reOMarHeTusMm, reojie3usi, puznueckas okeaHorpadusi.

— BO3MOXHOCTb YCTAHOBKH OOJIBILIOTO KOJIMYECTBA IPUOOPOB AJIsl U3MeEpe-
HUS TUAPODU3NUECKUX TapaMETPOB;

— OTHOCHTEJIBHO BBICOKAsi aBBTOHOMHOCTD ITPY UCITOJIb30BAHUU OIBOIHOTO

kabens (okojo 10 jer);
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— BO3MOXXHOCTb ONEPATUBHOM CBS3HM C TOMOIIBIO PETPAHCIISIIIMOHHOTO OYysi

WK TIOABOJIHOIrO Kales.

O,Z[HaKO JOHHBIC O6CCpBaTOpHPI IJIOXO MPUI'OAHBI AJIA CO3AaHUA CHUCTEMEI OIIC-

paTUBHOU pa3BEAKU M HAOIIOACHUSA IO PSAAY TPUUYUH:

— OTHOCHUTENBHAS CIIOXKHOCTh YCTAHOBKH U IEMOHTAXa,

— OTCYTCTBHE BO3MOXXHOCTH CHMMAaTh MPOGMIM TUAPODU3HMUECKUX TMapa-
METPOB;

— HaJU4ue JIMHUU CBSI3U KaK OTPAaHUYMBAIOUIETO (PaKTOpa MO JAIBbHOCTH
pasMernieHust (Ipu OTCYTCTBUU PETPAHCISAIIMOHHOTO Oys);

— CTaTHU4YHOCTH;

— OTHOCHUTEJIBHO HU3Kasi aBTOHOMHOCTb IIPY UCTIOJIB30BAHUH PETPAHCIISALN-

OHHOTO Oy# (4—6 MecsIIEeB).

1.2.2 ABTOHOMHBIC HEOOHTaEeMbIC ITOIBOTHBIC aIlllapaThl

B Hacrosimiee Bpemsi Bce yalle sl MOHMTOPUHIA aKBAaTOPUWA MPUMEHSIOT
AHIIA BBICOKOI aBTOHOMHOCTH — 1A I€PBI, KOTOPBIE NEPEMEILIAFOTCS O CIIENATIb-
HOW «IHII000pa3HO») TPACKTOPHUH B 33JaHHOM JHAra30He TIyOuH 3a CYeT M3MEHEHUS

maaByuyectu (cM. puc. 4) [6].

Pucynok 4 — TpaekTopust ABMKEHUS TIIaliI€POB
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B Hacrosimiee Bpems B mupe npumensierca oosiee uem 400 riiaiigepoB s UcC-
cienoBarenbckux Muccuid. Pacnpenenenne AHITA B ceTu 1o cocTtosiHuio Ha Jiekadpb
2023 r. mokazaHo Ha puc. 5 [7]. Ha cxeme MOXKHO 3aMETUTh, YTO B MEKIYHAPOIHOM
IIPaKTHKE rJaiiiepbl B OCHOBHOM MCHOJIB3YIOTCSI B TPUOpEkKHBIX akBaTopusix. [Ipnuu-
HOM 3TOMY MOXET ObITh OTHOCUTEIbHASI HU3Kasi aBTOHOMHOCTb YCTPOMCTB (4—8 mecs-

HGB) " CJIOKHAsA CUCTCMa aBTOMATUYCCKOI'0 YIIPAaBJICHUA.

Pucynox 5 — PacnonoskeHue riaiiepoB B I100aIbHOM CETH MO COCTOSTHUIO Ha

nexkaops 2023 r.

Takum o0pazom, ucnons3oBanue AHITA oGnamaeT cieayronmm psjaoM mpe-

UMYUIECTB:

— HCTOJB30BaHME B IMUPOKOM Kopuaope riyous (10 6000 m);

— cOop u nepeaada HGOPMAIMHU B IICHTP 00pabOTKH B MaciiTabe BpEeMECHH
OJIU3KOM K peaTbHOMY;

— BO3MOXXHOCTHb OINEPATHBHON KOPPEKTHPOBKH TMPOTPAMMHOTO 3adaHUS
MHUCCHH TIPH CEAHCE CBSI3H,

— OTHOCHUTEJIBPHO HHM3Kas CTOMMOCTH MPOW3BOJICTBA M AKCILTyaTalliM — HE
TpeOyeT cyaHa obecrnedeHusi, mpocTas TPaHCIIOPTHPOBKA, JIETKOCTh pa3-

BCPTHIBaAHUSA CUCTCMEIL.

Opnako Tiaiepsl, npuMeHseMble 11l co3aanus cuctembl OO 1 HaOIIOACHUS,

O6J'IaI[aIOT CJICAYHOOIMMHU HCJOCTAaTKaMMU:

15



— HE00XOJIMMOCTh CO3JaHMs CJI0’KHBIX CUCTEM aBTOMAaTUYECKOTO yIpaBJie-
HUS ¥ CHCTEM TOYHOU I (HEepeHTOBKH U U3MEHEHUS yTria KpeHa;
— CJIOKHOCTb IOKPBITHSI 3HAYUTEIIBHBIE 110 TUIOMIAIAM aKBaTOPHH;

— OTHOCHUTEJIPHO HU3Kasi aBTOHOMHOCTb (4—8 MecsIIeB).

1.2.3 ABTOHOMHBIE CTaHIIMH C IOBEPXHOCTHBIM OyeM

ABTOoHOMHBIE OylikoBbie cTaHlMK (ABC) 1 MOBEpXHOCTHBIE OYU, HA KOTOPBIX
pacnoJiararoTcs pa3jaIMdyHble METEOPOJIOTHUECKUE U OKEAHOJIOTHYECKHUE TPUOOPBI, CIIy-
&KaT JUIsl UCCIEAOBaHUS THAPODU3UUECKUX MapaMEeTPOB B MPUIIOBEPXHOCTHOM CIIOE
oKkeaHa. Takue CTaHIMU XapaKTePU3YITCA IPOCTON KOHCTPYKIMEN U HEBBICOKOM CTO-

UMOCTBIO0. [IpuMepbl aBBTOHOMHBIX OYWKOBBIX CTaHIIMI MPEICTABIECHBI HA PUCYHKE 6.

S S S

Pucynok 6 — IIpumepbl aBTOHOMHBIX OYHKOBBIX CTAHILIMM C MOBEPXHOCTHBIM
OyeM (cneBa) U ¢ HECYIIUM NPUTOIIEHHBIM U MApPKHUPOBOUYHBIM ITOBEPXHOCTHBIM

OyewM (crpaBa)
Ucnonb3oBanne ABC o0nagaeT caeayronuM psaoM IpeuMyIecTB:

— cOop u nepeaada nHGoOpMaIMH B IIEHTP 00pabOTKH B MaciiTabe BpeMEeHH
OJIN3KOM K peasbHOMY;

— OTHOCHUTEJBHO HU3Kasl CTOMMOCTb M IPOCTOTA KOHCTPYKLUU;

— OTHOCHUTEJBHO BbICOKAss aBTOHOMHOCTH (2 roj1a);

— BO3MOXXHOCTb YCTAaHOBKH IIMPOKOTO CIIEKTPA U3MEPUTEIBHBIX IPUOOPOB;

16



— BO3MOXHOCTbh CHUMATh MPOGUIIN TUAPOPUINYECKUX TTAPAMETPOB.

Onnako ABC 006namaroT clie Iy onmMy He0CTaTKaMu:

— OTHOCHTCIIbHAA CJIIOKHOCTb YCTAHOBKH U ICMOHTAXKaA,

— CTaTHU4YHOCTBD,

— CHJIbHOE BIUSHUE BHEIIHUX (PAKTOPOB HA pabOTy yCTPOUCTBA.
1.2.4 byu-apudrepsr

HpudTepbl — MaBaronIie Ha MOBEPXHOCTU MOpPS YCTPOMCTBA, KOTOPHIE
MPEOCTABIISIOT BaXKHBIE JAHHBIE O TEMIIEPAType, COJICHOCTH IMTOBEPXHOCTH MOPSI, OKe-
AQHCKMX TEYEHUSX, BBICOTE€ BOJH, aTMOC(HEPHOM JaBJIICHUU, a TaKXKE CKOPOCTU U
HaIpaBJICHUU MPUIIOBEPXHOCTHOIO BETPA, UCTIOIB3yEMbI€ B KIMMATUHYECKUX MOJICIISIX.

Crpykrypa npudTrepa npeacraBieHa Ha pucyHKe 7.

~BapomeTp

“.. aT4MK OCBELWEHHOCTH
“TeMnepatypbl NOBEPXHOCTH
MOpA

_.[aT4nK conéHocTh M
" Temnepatypbl

.. MonsoaHeli napyc ¢
OTEBEPCTHAMMK

Pucynok 7 — CTpyKTypa MOBEpXHOCTHOTO Jipeiidyromiero 0ys

Pacnipenenennie OyeB B ceTu (peryiupyercsl cieliaibHbIM paboyuM OpraHoM
(DBCP — Komuccust Corpyaauuectsa 1o bysm Coopa J[aHHBIX)) 110 COCTOSIHUIO Ha 8

ssaBapst 2024 1. moka3aHo Ha puc. 8 [8].
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Pucynok 8 — PacnonoxxeHue apeidyromux 0yeB B ri100aJbHON CETH IO CO-

CTOSIHUIO Ha 8 sHBaps 2024 r.

Ucnonb3oBanue npeidyromux 0yeB 00sajaeT CISAYIONIUM PSIAOM IIPEUMY-

IIECTB:

— cOop u nepeaada nHPOpMAINH B IIEHTP 00pabOTKHU B MaciiTabe BpeMEeHH
OJIU3KOM K peaibHOMY;

— OTHOCHTEJIbHAs MPOCTOTA KOHCTPYKIIUH;

— OTHOCHUTEJIBHO HU3Kasi CTOMMOCTH MPOU3BOJACTBA M AKCIUTyaTallUu — HE
TpeOyeT cyaHa obecrneueHusi, mpocTas TPaHCIIOPTHUPOBKA, JIETKOCTh pa3-
BEPTHIBAHUS CUCTEMBI,

— BO3MOXXHOCTb MacCIITAOMPOBAHUS CETH;

— OTHOCHTEJIPHO BBICOKast aBTOHOMHOCTH (1824 mecsia);

— CIIOCOOHOCTBH MOKPHIBATH 3HAYMTEIBHBIC 110 IIOMIAISIM aKBAaTOPHH.
Onnako Oyu-apudTepbl 00IaAa0T CIETYIONUMA HEJOCTATKAMMU:

— OTCYTCTBHE BO3MOXHOCTU CHUMATh MPOUIN TUAPOPU3NYECKUX Tapa-

METPOB.
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1.2.5 Ipodunupyromiue oyu

OTOT THI TEXHUYECKUX CPEICTB MOHHUTOPUHIA UMEET BO3MOYKHOCTh IepeMe-
IIEHUs N0 IIyOMHE, YTO MO3BOJSET MPOU3BOJAUTH BEPTUKAIBHOE NMPOPUINPOBAHUE
BOJHOM TOJILIY C U3MEPEHHEM KOHTPOJIMPYEMBbIX MOKa3aTeneil. K HuM MoryT ObITh OT-

HeceHblI Jipeidyroiue 0yu Argo, 3asiKOpeHHbIE CTAallMOHAPHbBIE OYH.

Ha cerogusiinuii IeHb caMoil pa3BUTONM aBTOHOMHOM CHCTEMOM cOopa rupo-
(bU3UYECKUX TaHHBIX SABISECTCS MEXIYHAPOIHAs CETh POOOTU3UPOBAHHBIX JIper]yro-

X npodunupyromux oyes Argo [1].

Kaxnpiit Oyt Argo 3amyckaeTrcs ¢ KopalJis U MOTpyKaeTcsl Ha ONpeACTICHHYIO
riIyOuHYy 3a cu€T cBoeit Macchl. Uepes necarb queit 6amnactHas cuctema (bC) nepeka-
YUBaeT MacJio U3 pe3epByapa BHYTPH Oys BO BHEUTHIOI 0aNIaCTHYIO €MKOCTh, 3aCTaB-
751 Oy cCHayasa morpy,athcsi Ha 2 KM, a 3aTeM aHaJOTUYHBIM 00pa30M BO3BpaIlaThCs
Ha MOBEPXHOCTh, U3MEPSI CBOMCTBA OKEaHa 110 Mepe ero noabema. JlaHHble U 110J10-
YKEHHUE YCTPOMCTBA NEPEAAIOTCS HA CITyTHUKH, & 3aT€M Ha TPUHUMAIOIIME CTAaHIIUM Ha

oepery. Anroput™m padoThl Oyst Argo mpeacTaBieH Ha pUCyHKe 9.

Orifting depth

Pucynok 9 — Anroputm pabotsl 6ys Argo

ITo cocTosinuto Ha 3 mapTa 2024 1., cyMMapHOE KOJIMUeCTBO OyeB, pa3MeleH-

HBIX B MupoBoM okeane, coctaBiser 3908 ycrpotictsa (cM. puc. 10).
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Pucynok 10 — KonuuecTBo u pacripesenenue 0yeB CUCTEMbI Argo o CO-

cTosiHUIO Ha 9 sHBaps 2024 1.

Ucnonb3oBanue npodunupyoomux OyeB o0jagaeT CIeAyIOMUM PsIoM Mpe-

UMYIIECTB:

— cOop u nepeaada HHGOpPMAIMHU B IIEHTP 00pabOTKH B MaciiTabe BpeMEHH

OJIU3KOM K peabHOMY;

— BO3MOXXHOCTb CHUMAaTh MPOQWIM TUAPOPUIUYECKHUX MMapaMeTpoB (110
6000 meTpoB);

— OTHOCHUTEJIBHO HM3Kasi CTOMMOCTh IPOM3BOJICTBA M IKCILTyaTalluM — HE
TpeOyeT cyqHa oOecredeHusl, MpocTas TPaHCIOPTUPOBKA, JIETKOCTh pa3-
BEPTHIBAHUS CUCTEMBI;

— BO3MOXHOCTb MacCIITaOUPOBaHUS CETH;

— OTHOCHTEJILHO BBICOKAasi aBTOHOMHOCTH (4-5 JieT);

— CMOCOOHOCTH MOKPBHIBATh 3HAYNUTEIHHBIC IO TUIOIIAISIM aKBaTOPHH.
Onnako npodunupyromue Oyu 00J1a1at0T CISAYIOIMMU HEIOCTaTKaMU:

- HCO6XOI[I/IMOCTB CO3aaHuA CJIOKHOM CUCTEMbI U3MCHCHUS IJI1aBy4CCTH.
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1.2.6 BeiBojsI 10 pazaeny

B pe3ynbrarte npoBeeHNs CPAaBHUTEILHOTO aHaIN3a ObUIO BBISIBICHO, YTO OJI-
HOU M3 HamnOosee nepcnekTuBHBIX cucteM OO sBiseTCs ceTh Aperdyrommx mpodu-
JUPYIOIIMX 30HAO0B. byn 111 MOHUTOPUHTA OKPY’KAIOIIEH Cpeabl NPeIaratoT Mojb-
30BaTeNIIM MHOXXECTBO IpermyiecTB. OHU 00J1aJal0T BHICOKOM CTENEHbIO aBTOHOM-
HOCTH Y OTJIMYAOTCS MPOCTOTOM 3KCIUTyaTalluy, YTO 3HAYUTEJIHO YIIPOIIAET MPOLIECC
pa3BepThIBaHUs cUCTEMbl. OJTHUM U3 CaMbIX OOJIBIINX JOCTOMHCTB OyEB ABIISETCS UX
YHUBEPCAIBHOCTD JIJI1 MOHUTOPUHTIA PA3JIMYHBIX KOMIIOHEHTOB OKPY>KAarOLIEN Cpeibl,

BKJTIOYas MPOoUIIA TUAPOPUZUUECKUX TapaMETPOB U OKEAHUYECKUE TCUCHHUS.

Poccus o npaBy HOCUT 3BaHME MOPCKOU JIEPKABBI, OJHAKO IIPU aHAJIN3E OTe-
yecTBEeHHBIX cucTeM OO ObLIO BBISBICHO, UTO PA3BUTHE POCCUMCKUX CPEJICTB MOHH-
TOPUHTA 3HAUYUTEIIBHO yCTyMaeT 3apyOekHbIM. JlanHbIi dakT otMedeH B «CTpaTeruu
pa3BUTHs MOpcKoit nearenbHocTH Poccuiickoit @enepannu 1o 2030 roga» (Pacnops-
xenue [IpasutensctBa PO Ne 1930-3 ot 30 aBrycta 2019 roga»), rae npsiMo yKa3aHo
Ha «HEJOCTATOYHOE Pa3BUTHUE POCCHUICKUX OKEAHOTPAPUUYECKUX aBTOMATUYECKUX U

ABTOHOMHBIX CPCACTB HSMGPCHHﬁ)).

Takum 00pazoM, Ha OCHOBE JAHHBIX 00 UCMOJIB30BAHUH ApEeHPyromux npodu-
JUPYIOMUX OyeB Kak mepcrneKTUBHOro cpeacra OO u HEOOXOIUMOCTH pa3paboTKH
OTEUECTBEHHOW CHCTEMbl MOHHTOPHWHTA OBLIO MPUHATO PEIICHHWE O CO3JaHUH CETH
MTOIBOTHBIX aBTOHOMHBIX Aper(Pyromux 30H10B U1l cOopa TUuAPOGU3NICCKUX TAaHHBIX

o cpefe.

1.3 [Ipennaraemoe pelieHue

B xone npoekra OyaeT pa3paboTaH aBTOHOMHBIN JApeiidyrommii mpopuIupyro-
IUA 30H7 IS W3Y4YeHUs TUAPODU3UIECKUX CBOMCTB cpeabl. PaspabaTeiBaeMoe

YCTPOUCTBO OYJIET COCTOSITh U3 CIAEAYIOMUX COOPOYHBIX y3JI0B: 0aIaCTHON CUCTEMBI
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(BC) nns m3meHeHus riyOMHBI IOTPYXKEHU, OJIOKa MUTAHUs, OJIOKA AJIEKTPOHUKH U
BHEIIIHEro kopryca. 30H] OyJleT OCHAIIeH pajruoMOAYJIeM JUIsl TIepeiadyu U MpruemMa
uHpopmaimy, a Takke GPS st onpeneneHust cBoero Mectomnonoxenus. OqHum u3
OCHOBHBIX KOHIIETITOB yCTPOMCTBa OyJ€T MOIYJIBHOCTh, TO €CTh amnmapaT UMEeT BO3-
MO>KHOCTb MEHSITh KOMIIOHOBKY B 3aBUCUMOCTHU OT TpeOOBaHMIA MOsIb30BaTeNs. Takxke
OyneT pa3paboTaH CalT IS IPEIOCTaBICHUS MOIB30BATEIIO MOJTHON HHpOpMaru 00
YCTPOICTBE, BU3yAIU3allM COOPAHHBIX JAHHBIX U YIPAaBJICHUSA 30HIOM. 32 OCHOBY
pu IpoeKTUpoBaHuu Oys OyaeT npuHsT npoduiorpad kommnanuu MRV SYSTEMS
— S2-A (cwm. puc. 11).

Pucynox 11 — I[Ipodunorpad S2-A xomnanuu MRV SYSTEMS
YcerpolicTBO OyieT UMETh CIeAYOINA MPUHIUIT PAOOTHI:

1. YcTpo#cTBO cycKaroT Ha BOJY, M OHO OTIPABIISIET CBOE MECTOIOJIONKE-
HUE Ha CepBep.

2. Omepatop 3aJaeT LUeeBYIO0 rITyOruHy MOrpyKeHUs! yCTPOUCTBA, BPEMS €T0
npeiida u 3amycKaeT IUKIL.

3. 3ona norpy:xaeTcs Ha 3afaHHyto TiyOouny. [lapannenbHo uaeT cuuThIBa-
HUE€ JJaHHBIX C JATYMKOB C COXpaHeHHEeM Ha SD-kapTy ¢ HEKOTOpOH Iie-

PUOANYHOCTBIO.
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4. YCcTpoiCTBO MPOBOAMT Ha IITyOHHE 3aJaHHOE KOJIMYECTBO BPEMEHU, CUU-
ThIBAaHHME JAHHBIX C JATYUKOB MIPOJOHKAETCS.

5. 30H] BCIUIBIBAET HA MOBEPXHOCTh, CHUMas MOKa3aTelsd CPe/bl, OTIIPAB-
JISI€T CBOE MECTOIOJIOXKEHUE Ha cepBep. JlaHHble ¢ SD-KapThl IOCTYyNAOT
Ha KOMIIBIOTEp omeparopa JUls Mocieayomei Buzyanu3auuu. Lukn no-

BTOPSIETCSI.

LleneBas aynuropus pa3zpadaTbiBAEMOro yCTPOMCTBO MPECTABIEHA HA PUCYHKE

12.

LleneBasn
ayautopusa

A4 l

AR
OpraHnsaunmn
6GesonacHocTK

BogooxpaHHble
opraHusayuu
Cnyx6bl No
npegoTepaweHno 4C

Kommepueckne
opraHmsayumn

HedTe-
razofo6biBalole
KomnaHuu

PekpeayunonHas
vHAYCTPUA
PuiGonoeeuykune
KOMRaHWN

Pucynox 12 — IleneBas ayautopus

HayuHble opraHusauum ]

HayuHo-uccnegoBaTensckmne
MHCTUTYTBI

TMApPOMEeTeoponoruyeckne
cny®6bl

1.4 MoaenupoBaHue napaMeTpoB U3AEIHS

B nanHoM paszzgene Oynetr pacCMOTPEHO MOJIETUPOBAHKUE POYHOCTHBIX, THAPO-

JTUHAMUYECKUX TTapaMeTPOB pa3pabaThiBaeMOro apeQyromiero 3041a.

Byner npousBeneH YMCIEHHBINM pacyeT TONIIMHBI CTEHOK M3JENUs, a 3aTEM
MIPOM3BEICHO MOJEIUPOBAHUE €r0 MPOYHOro KOpIyca Ha 3aJaHHON TIIyOHHE IS

OIIPCACIICHUA 3allaCOB I10 IIPOYHOCTH U YCTOﬁqHBOCTH.
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Taxxe Oymer mpoBeAECHO MOAECTUPOBAHUE TUAPOIMHAMHUYECKOTO KOIPPUIIH-
€HTa COMPOTUBIICHUS [T PA3TIMUHBIX KOHPUTYpaIUii yCTPOKWCTBA U PEKUMOB €T0 I1j1a-

BaHUSI.
1.4.1 'uppoHaMHYECKHI pacyeT

B nannom paznesne OyaeT paccCMOTpPEH pacueT rupOJMHAMUYECKUX XapaKTepu-

CTHK CIPOEKTUPOBAHHOTO JIPeH(PyIOIIero 30H1a.

Llenp pacyeTa: MOIYYUTh THIPOJIUHAMUYECKUI KO3(DPUIUEHT COMPOTUBIICHHUS
YCTPOMCTBA, a TaKXXE€ CPABHUTH MOJYUYCHHBIC YMCIICHHBIE PE3YyJbTaThl C TEOpPETUYE-
ckumu oueHkamu [9,10]. BeiOpaTh Hanbosee MoAXOASAILYI0 T€OMETPUI0 00TEKaTeNeH

(chepuueckue, MIOCKUE UM KOHYCOOOpa3HbIE KPBIIIKH).

Pacuer Oyaer npousBoauthes B makete CAIIP Solidworks B mononmnenuu Flow

Simulation (FS).
HauanbHbple qanHbIe 118 pacdeTa MpUBEASHBI B Ta0muIel2,

Ta6nuna 1 - HauanbHble qaHHbIE )11 TUIPOAMHAMUYECKOTO pacueTa

ITapamerp 3HaueHue Enunuubl n3amMepenus

Yucno Peitnonsaca (Re) 1,5-10°
XapakTepHbI pa3Mep 90 MM
(dmid)
XapakrepHas jymHa (L) 670 MM
XapakTepHas IIomaiab
(Sxap 0,00318 M2

2
JlnHamuyeckas Bs3-
KOCTb BoJbI Iipu 0 rpa- 1,79 - 1073 Ma-c
JLYCOB ({4)
[InoTHOCTE BOAKI (p) 1025 Kr/m>

[M'uapoauHamMudeckuii KO3(PGUIIMEHT CONMPOTUBICHUS 30H/Ia MOXKET OBITH BHI-

YUCJIEH 10 ClIeayolieit hopmyiie:

24



€= —5— (1)

rue:
q« — ckopoctHoii Harnop (I1a), Beruncisiemslit o popmyie:

VZ
4w = - 2)

rae:
V' — ckOpOCTh HEBO3MYIIIEHHOTO HAa0eraroIero noToka (m/c):

Re - u
= b o )
p mid

HpOI/IBBeI[eM pacdcT CKOPOCTH HCBO3MYIICHHOI'O Ha6era}omer0 IIOTOKa U CKO-

POCTHOTO Haropa, corjacHo hopmynam (2) u (3):

_ 15-105-1,79-107°

1025 -0,09
1025 - 2,9112
CIoo = 2

M
= 2911 - (4)

= 43429Tla (5)

Taxkum 00pa3oM, AJis BBIYHCICHUS THAPOAMHAMUYECKOTO KO3 (UIIMEHTA CO-
MPOTUBJICHHUSI, corylacHo (1) HeoOxoauMo 3HaTh cuity F,, Kotopas OyAeT BhlYMCIEHA
MyTeM MOJICIHpPOBaHUs. 3HaUEHUSI OyayT MOJYyYEHBI Ui HECKOJIBKUX CUTYaIUil: Mo-
rpy’K€HHE U BCIIBITHE YCTPOHUCTBA C TUIOCKUMHU, KOHYCOOOPa3HBIMU H C(HEepHUUeCKUMU

KPBILIKaMH.

PesynbpraTel MOEIMpOBaHUs TUAPOAUHAMUYECKUX ITAPAMETPOB JJIsI TPEX KOH-

durypanuii mpeacraBiieHbl Ha pucyHkax 13-15.
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CropocTs (Y) [m/s]
FnoBanbHas cucTema KoopaMHaT

KapTiHa g ceqeHni 1: 3anneka
KapTuHa Ha nosepxHocTy 1: 3anvexa

Pucynok 13 — OOtekaHnue Tena co chepruueckuM JHOM IMPU MOTPY>KEHUU U

BCIIJIBITHH

3797
0.954 3327
0.507 2856
0.060 2.386
0.387 1915
0.835 1444
1.282 0974
1.729 0503
2177 0.033
2624 0438
3.071 -0.909
2819 Cropocts (¥) [mis]
‘CropocTb (Y) [m/s]

noBantHan CHCTeMa KoOpAWHAT

noBanbHan cucTema koopauHar KapTuxa Ha nosepxHOCTH 1: 3anuexa

KapTuHa B ceuennn 1: 3annska

Pucynok 14 — OOGTekanue Tena ¢ MI0CKUM THOM MPU TOTPYKEHUH U BCIUTHI-

THHU

26



Cropoctb (Y) [m/s]
TnoBanbHan cucTemMa KoopANHaT
KapTuHa B ceyeHu 1. 3anueka

CropocTs (Y) [m/s]
nofankbHas cAcTeMa KOOPAUHAT

KapTHa B ceyeHmy 1: 3anmeKa
KapTuHa Ha noBepxHOCTH 1: 3anueka

Pucynoxk 15 — OOtekanue Tena ¢ KOHyCOOOpa3HbIM THOM MPU MOTPYKEHUH U

BCIIJIBITUN

B pesynbpTaTte MomennpoBaHus OBLIN MOMyYeHbI 3HaYCHUS CUIIBI F,, IpencTaB-

JIEHHBIE B TA0IULIE 2.

Tabnua 2 — Pe3ynbTaThl MOAETUPOBAHUE TUAPOAMHAMUYECKUX ITAPaMETPOB

HUccaenoBanue 3nauenue, H
H(zzl;pyxce}me co c(heprIeCcKHM JTHOM 3738
()

Benmbitre co cdepuueckum aHoM (FCP) 2,757
I[Torpyxenue ¢ miockum oM (EM) 6,496
BcruisiTHE € IUIOCKAM THOM (FZHB) 3,686
[Torpy>keHue ¢ KOHyCOOOpa3HBIM THOM
M 3,836
(F")
](3;1_[HHJI)BITI/IG C KOHYCOOOpa3HBIM JTHOM 2555
VA

Brruuciaum ruapoamHamudeckue K03 UIUEHTHI COMPOTUBIICHUS C YYETOM I0-

JyYeHHBIX 3HaueHuil F, (cM. Tabmuma 3).

Tabnuna 3 — 'mapoanHaMuyeckue K03(PPUIHEHTH CONPOTUBICHUS



HUccaenoBanue 3navyenne, —
Mm=-Ila

[TorpyxeHue co chepuIecKuM JTHOM

Cn 0,27
(€z9)
Bensitne co chepudeckum aHoM (CLP) 0,20
T[Torpyxenne ¢ miockuM oM (C1M) 0,47
Bensitue ¢ nnockuM aaoM (CP) 0,27
[TorpyxeHue ¢ KOHYycOOOpa3HBIM JHOM

[l 0,28
(€21
BcemibiTie ¢ koHycooOpa3HbIM JTHOM
(cmy 0,19

Z

BEIBOIBI 110 T7aBe: 3HAUYEHHE IMHIPOIMHAMUYECKOTo KodddunuenTta CS" ¢ Tou-
HOCTBIO JIO COTBIX COBIAJAET ¢ TAOJUYHBIM 3HAUEHHUEM I YHPOIIEHHOrO Teja IH-
JMHAPUYECKOi GOPMBI CO CKPYTTIeHHBIMI KOHLIAMU. 3HaueHus koddduimenta CLBoT-
nUYaroTes oT TabmuuHoro Ha 29%. 3HaueHus kodpduruenta CI® u CI™ ornuuarorcs
0T TaOJUYHOTO (ISl YHIPOILIEHHOTO Tejla LMIMHIPUUECKONH (POPMBI C MIIOCKUMU I'pa-
asamu [9]) B cpenneM Ha 58%. 3Hauenus koddduimenta CX® u CX" ornmuarorcs ot
TaOJIMYHOTO (U1l YIPOIIEHHOTO TeJa [MWIMHIPUYECKO (hOPMBI C KOHYCOOOpa3HBIMU
KOHIIaMM) B cpeaHeM Ha 67%. PacxoxaeHre TeOpEeTUUECKUX 3HAYECHUM M 3HAYCHUH,
MOJIyYeHHBIX TP MOJCIUPOBAHUHU, OOYCIOBIIEHO CJIOKHOM TeoMeTpuel BepXHeu
KPBIIIKY 30H]1a, KOTOPasi OTIMYAETCS OT NPUMHUTUBHBIX (OpPM, paccCMaTpUBAEMBbIX B
coopuuke. Cpenanue 3Ha4eHHs] KOADPUITUEHTOB 715 Tena co ChEepUIeCKUMU U KOHY-
CcO00pa3HbIMU KOHLIAMH PABHBI, a CPEJIHUE 3HAUEHUE THIPOAMHAMUYECKOT0 KO3 Pu-
LUEHTA JUIsl TeJA C IUIOCKUMU IPAHSMH IIPEBBIIIAET 3HAYEHUE JJIS TeJla CO CKPYIJIEH-
HBIMH (MM KOHYCOO0Opa3HBIMH) KOHI[aMHU Ha 36%. 3Hauenne kodddumnenta CX" mpe-
BeImaeT CS", 3HaueHne Kodddurmenta CS® npepsimaer CXP m0ITOMY 715 MOZIETUPO-
BaHUS KOPITyCa YCTPOKUCTBA OBLIIO MPUHATO PEIICHUE BEIOPATh CHEPUUECKYIO HUKHIOKO
KpbIIKY (TIpU BEPTUKAIBHOM TOTPYKEHUU COMPOTHUBICHUE OKA3bIBAECT HUKHSIS
KPBIIIKa) M1 KOHYCOOOPa3HYIO BEPXHIOW (IIPU BEPTUKAIBLHOM BCILIBITHUH COMPOTHUBIIE-

HUE OKAa3bIBAECT BEPXHSISI KPBIIIKA).

28



1.4.2 IIpoyHOCTHOM pacyeT

[lenp pacyeTa: BBIYUCIUTH TOJIIMHY OOTEeKaTeseil pa3pabaThiBA€MOro 30H/IA,
BBIYKCIIUTD NPEEIbHYIO0 IIyOuHY pabOThl yCTPOMCTBA, TPOBECTH MOICTUPOBAHUE TTO-

JIYYCHHBIX PC3YJIbTATOB AJIA OIIPCACIICHNA 3aIllaCOB I10 ITPOYHOCTHU U YCTOﬁqHBOCTH.
HauvanpHbie JAaHHBIC JJIA IIPOYHOCTHOI'O pacucTa IIPHUBCACHEI B Ta6J'II/IH€ 4,

Tabnuna 4 - HauanbHble JaHHBIE )11 TUIPOAMHAMUYECKOTO pacyeTa

IMapamerp 3HaveHune E st
H3MepeHus

Koaddunment Ilyaccona (oprcrekiio) 0,15
Monysas HOpMaJIbHOM YIIPYTOCTH (OPICTEKIIO) 3 I'Tla
[Ipenen TekydecTu (OpreTeKio) 110 MIla
Koaddumment Ilyaccona (PLA-macTuk) 0,4
Monynb HopManbHOU ynpyrocty (PLA-miactuk) 3 ['Tla
IIpenen texyuectn (PLA-mmacTuk) 50 MIIa
Hapy>xHbIil pagunyc 000JI0UKH 45 MM
TonmumHa IMMIMHIPUIECKON 000JI0UKH 3 MM

Y CTpoiiCcTBO 3aMOTHEHO BO3AYXOM C HOPMAJIbHBIM aTMOC(HEPHBIM JIaBJICHUEM.

N36bITOUHOE NaBieHNE HA MPENIeIbHON TTyOrHE:

p = pgh (6)
MakcuManbHOe (KpUTHUYECKOE) JaBJICHUE, TOMyCTUMOE JIJIsi HEMOAKPEIICHHON

UIMHAPUYECKON 000JI0YKH U3 YCIOBUN YCTOMYUBOCTH, MOKET OBITh OIIPEIEIICHO TI0

dbopmyne [11]:

_ t3E1mim, (7)
Peo = 4R3(1 — 1,2

N3 gopmyn (1) u (2) mosryqgaem, 4yTo npeenbHas riiyOonHa paboThl 30Ha:
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_ t1>Exman,
4R3(1 — 1 *)pg

h (8)

rIe:

w1 — ko3 dumment Ilyaccona (oprerexino), E; — Moayms HOpMaIBHOU YIIPYTO-
ctu (oprerekio), N1 = 1,0 — monpaBouHbIil KOA((UIIUEHT, yUUTHIBAIOIINIA OTKIIOHEHHE
OT T€OMETPUUYECKON (OPMBI U BIUSHUE TEXHOJOTUU M3rOTOBJIECHUS OOOJIOYKHU MpHU
OOJBIIMX TIIyOMHAX W TONIIHWHAX, M2 — HOMPAaBOYHBIA KOA()(PHUIIMEHT, yUUTHIBAIOIINNA
BJIMSIHUE HANpPSKEHUH Ha YCTOWYMBOCTD 000JOUYKHU (IJIs1 IPEABAPUTENBHBIX PACUETOB

npuHATH paBHbIM 0,7), R — HapyXHBII pagnyc 000J0UKH.

Torna makcumalibHast TTyOMHA TOTPYKEHUS

.3.10%-1.
N = 33.3.10°-1-0,7 - 17m (9)

4-453(1-0,152%)-1025-9,81

OnpenenuM TOJIIMHY HEMOJIKPEIIEHHON chepruyecKoi 000I0UKH U3 YCIOBHMA
YCTOMYMBOCTHU. [[OMyCTUMOE KPUTHYECKOE NABJICHHUE JISI HEMOAKPETIIIEHHON LIMJINH-

JTPUIECKON 000JIOYKH MOXKET OBITH ONpeIesIeHO TI0 hopMyJie:

_ tZZEZkCQJ
o T RO )

(10)

Tac:

K.y — morpaBouHBIN KOA((GUIMEHT, YYUTHIBAIONINIA MPAaBUIEHOCTh POPMBI U

TE€XHOJIOTHIO U3rOTOBJICHUS (AJIs MPEIBAPUTENBHBIX PACYETOB MPUHATH paBHBIM (0,5).
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Torma Tonumna chepudeckoin 0001049Ku OyAET BEIUUCTATHCS MO HOopMyIIe:

3 h(1l — u?
6, = R ng(k 13) (11)
2Mco
t, = 453 1025-9,81-17-(1-0,42) =2.1 MM (12)

3-10°-0,5

Takum 00pa3zoM, pacueTHbIE 3HAYEHUS MPEAEIbHBINA ITTyOUHBI padOThI yCTPOM-

CTBA U TOJIITWUHBI C(l)GpH‘IGCKOfI qacTHu YCTpOﬁCTBaZ

— h=39,7 MM tipu t; = 3 MM (TOJIIIIMHA HWJIMHAPUYECKON YaCTH 30HA)

— t,=2,1 MM — TonmmHa chepruuecKoi YacTu 30H1a

JInsi poOBEpKU BBIYMCIEHHBIX MapaMETPOB IMPOYHOTO KOpIyca HEO0OXOIUMO
IPOBECTH YHUCICHHOE MOJIEIMPOBAHUE BCECTOPOHHET0 00KATHsI €r0 BHEIIHUM JaBJie-

HHCM, a4 TAKIKC ITPOBCCTU paCUCT HA IIOTCPIO YCTOﬁqHBOCTH.

Pe3ynpTaTtoM BBINOJHEHHS aHaIU3a SIBJIACTCS IOJYyYEHUE CMEIICHUW WA Je-
dbopmanmii 1eTaau moj ACHMCTBUEM BHEIIHUX HArpy30K, HA OCHOBE KOTOPBIX MOKHO

MIPOTHO3MPOBATh BO3HUKHOBCHHE M3JIOMOB MJIM KPUTHYCCKUX JehOpMaIinii.
Pacuet 6ynet npoBoauthcs B makere CAIIP Solidworks.

[IpoBenem pacueT Ha CTaTUYECKYIO NMPOYHOCTh Kopnyca. /laBineHue paspyiie-
HUsl oOevailku (IUIMHIPUYECKOW YacTH MPOYHOTO KOpIyca) MPUHUMAEM PaBHBIM
MIPUWIOKEHHOMY K KOPITyCY JABJICHHIO, TIPU KOTOPOM BHYTPEHHEE HAIPSKEHUE B MO-
Jenu (3KBUBAJIGHTHOE HampsbkeHue o Musecy) AJ0CTUraeT BeJIMYUHBI Ipejiesia TeKy-
yectu Marepuaina: 110 MIla unu KOHTaKTHOE JaBJIEHUE B MOJIENU JocTUraeT 1,5 mpe-
nena tekydectu Mmatepuana: 110-1,5=165 Mlla (s oprerekia). AHAIOTHYHO J1s Ma-
TepHasia KpbIIKU uMeeM: npenen Tekydectd 50 Mlla uim KoHTakTHOE JaBieHHE /5

Mia.
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[IpumeM crenyromue TONYIIEHUS U KOPPEKTHPOBKH ISl 0O0ECIEUECHHUSI
COOTBETCTBMS MOJIEIU IIOCTABICHHOM 3a/ja4ye, a TAaKXKe Ul ONTUMU3ALMU [1apaMmeTpa

BPCMCHH pPaACUCTA:

— BHENIHUE MPHUOOPHI U YCTPOMCTBA (AaHTEHHBI, NATYUKU U Tp.) B pacyere He
Y4acTBYIOT;
— pacueTHOI npuHUMaeTcs 1/4 yacte cOOPKU MPOYHOTO KOPIyca BIOJIb OCH Bpa-

IICHUA B CUITy €TO0 CUMMCTPHU.

Crenyetr OTMETUTD, YTO PacyEeT MPOU3BOAUTCS B IMHEUHON MOCTAHOBKE. Takum
o0pa3oM, JaBjeHUE pa3pyIlIeHUE MOJECIH BO3MOKHO HAUTH 110 MAaKCUMaJIbHBIM BHYT-

PCHHUM HAIIPAKCHUAM.

Ha pucynke 16 npencraBieHbl HauOoJiee HarpyKEHHbIE YYaCTKU OO0€HalKu U

KPBIIICK I10 PE3yJjibTaTaM MOACIUPOBAHUA.

Pucynok 16 — Haubosee HarpyXeHHbIE YIaCTKH 3aJHEH, IEpeTHEN KPBIIIKU

1 00eYailKku

Kak BunHO u3 prcyHkal6, MakcumanbHble HANPSKEHUs B 00eUaliKe U KpBIIIKE

COCTAaBJISIOT:
pggg[{ggxn = 146 Mlla (13)
Prgomen = 239 MIla (14)

Kak rosopusocs, panee, JaBjieHUE pa3pylieHNs MOJEIIN IO BHYTPEHHUM Harpsi-

KEHUSIM MO>KHO HAWTH U3 MPOMOPLINHU:
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110MIla - 10MIla (15)
a- a (16)
P =~ oaomma 21 Ma
MaKCI/IMaHLHBIC KOHTAKTHBIC JaBJICHUA B MOACIINU COCTABJIAIOT:
Padesnicn = 34 MIla (17)
Prgbnes = 62 MIla (18)

Pacuet mpousBoautcs B TuHEWHOM noctaHoBKe. KoHTakTHOE gaBiieHue B 00e-
yalike nocruraer 1,5 npenena rexkydyectu marepuana:110-1,5=165 Mlla, B kpbImke —
75 Mmna. Torga naBiaeHHE pa3pyLICHUsT MOJEIM MO KOHTAKTHOMY JIaBJICHUIO MOKHO

HaWTH U3 IPONIOPLINHU:

o 165MIla - 10MIla (19)
Dotaa X = 75M3n 4MI}8MH — 48,5 MIla

HT T a ) a (20)
pllccgbm?llccuMax = 62MIla = 12,1 MIla

Pacuet Ha moTtepto ycroitunBocTu o0evaiiku npousBoauM B SolidWorks mpwu mo-

MOIIY JIMHENHOTO aHAJIN3a TOTEPU YCTOMYMUBOCTH.

Uccnenosanue OyaeT mpoU3BOIUTHCS ISl IUIUHIPUYECKOTO MPOYHOTO KOP-

myca ¢ 3aKperuieHHsIMU 0€3 pa3pe30B MO OCSIM CUMMETPHHU.

CoznaeM ceTKy AJisi pacueToB C YYETOM Pa3MepOB JIEMEHTOB U MPUEMIIEMOTO

BpeMeHH pacueta (cM. puc. 17).
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Pucynok 17 — Pe3ynbratr MoAenupoBaHusi MPOYHOTO KOPIyca HA yCTOWYH-

BOCTbB

CoryiacHO MPOBEJIEHHOMY MCCJIEI0BAHMIO, 3HAUEHHE KO3(PPUIMeHTa Harpy3Kku
coctasiset 0,0385. KoadduimeHT Harpy3ku nokasbiBaeT, BO CKOJIBKO pa3 MOXKHO yBe-
JIUYUTH IPUIIOKEHHOE K KOPITYCY JABJIICHHUE MIPEXKIIE, YEM OH NOTEPSET yCTOMYUBOCTD.

Torna kpuTHYECKOE JABJICHUE MOTEPU YCTOMYUBOCTU KOPITyCa COCTABIISIET:

pycTof/'I‘{Max = 10 MIla - 0,0385 = 385 kIlIa (21)

Koprmyca

B npenpinynmx myHkTax ObLIN MOJYYEHBI KPUTUYECKUE JIABJICHUS B 0OeHaiike,

MpeICTaBIICHHBIC B TA0IUIIE 5.

Tabmuma 5 — Kputnueckue naBiieHus B oOeuaiike

ITapametp 3Havenne En. U3m.
ITo SKBMBANIEHTHBIM HAIPSKEHUAM (Pl . 7,5 MIla
ITo KOHTAKTHOMY JIABIEHUIO (ploiraxtiiax 48,5 MIla
o ycTonuMax
Io ycToiuuBoCTH (Pyopnyca ) 385 klla
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ycTonuMax
Pacuer pa60qero JaBJICHUA IPOU3BOJUTCA 110 MCHBIICMY M3 HHUX (pKopr[yca )

HcnpiTaTenbHOE AaBiI€HUE MpeBbIIIAET padouee Ha 25%, W IpU HCIBITAHUU 3aIac
IPOYHOCTH (YCTOMYMBOCTH) NOJDKEH OBITh HE MeHee 25%. Torga pabouee naBieHne

paBHAETCS:

ycTonuMax

pacowee _ Pxopmyca 385 kla 246 KIla (22)

Posesaiis = 7 25.125 ~ 1,25-1,25
HaBnenue Ha rmyoune 17 meTpos, cormacHo hopmyie (12), cocraBmuser:

p = 1025-10- 17 = 174,25 kII1A (23)

pabouee

Py geuaiiny NPEBBILIAET BBIYUCIEHHOE 3HAYECHHE, TAKUM 00Pa30M yCTPONCTBO BbI-

JIEP>KUT TIpeObIBaHNE HA TIyOuHE 17 METpOB.

BeIBozIBI IO pa3zeny: B pe3yJsIbTaTe MPOYHOCTHOIO pacyeTa ObLIM ONPEAEICHBI
npejeibHas r1yOuHa paboThl yCTPOMCTBA U TOJIIMHA cPepUUecKOr 4acTH KopIryca,

TAaKHC KaK:

— Ilpu TonmmMHE MWIMHIPUYECKOW YacTh Kopiyca ti;=3 MM TpeleiabHas
rryOrHa paboTel 30HAa h = 17 Mm;

— TOJIIMHA cpepuyuecKor yacTu kopiyca to= 2,1 mm.

bbu10 1IpOBENEHO MOAEIUPOBAHME HA IPOYHOCTh U YCTOMYMBOCTD KOPITyCa, 10
pe3yiabTaTaM KOTOPBIX ObLIO MOATBEPKIECHO, YTO KOHCTPYKIIMS BBIAEPKUT NpeObIBa-

HUe Ha riyouHe 17 MeTpoB.
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2. MPAKTUYECKASA YACTbD

2.1 Onpenenenue 001IEro BUAA U KOMIIOHOBKH H3EIIHS

2.1.1 DCcKu3HBIN TPOEKT

K paspabaTeiBaeMOMy H3JEIHIO IPEABABIIIOTCS CIIEIYIOIINE OCHOBHBIE TPe0O-

BaHusA (cM. puc. 18).

( A
FepMeTUUYHOCTL KOHCTPYKUMW
\ J
7~
) s ~
Hanunuwne gatunkoe gns
oTcNeXXUBaHUA NapamMeTpoB CHATWe Nnpoduneid OnepaTMBHOCTL Nepegaun
cpeab! AaHHbIX
. J L
's A <
u (" )
MNepemeweHne no rnyéuHe BsaumogeiicTBue ¢
L ) nonb3oBaTenem Hanuuwe nonL30BATENLCKAro
MHTepdelica
\. J
s =\ - -,

Peannsauywsa pacnpeaeneHHom

ceTH Busyanunsaumnsa gaHHbIxX
o S . J
N\
MoaynbHOCTE KOHCTPYKLMWA BoamoxHocTe ] ~ ~\
MmacwTabupoeaHna
. o IKONOrMUHOCTL MaTepwvanoe
s )
O6ecneyeHne BbICOKOW { ]<‘ ~
Mpouwe Tpe6opaHnA
s R

3\

aBTOHOMHOCTW

Ncnons20BaHWe NaccUBHBbIX
AaTyHMKOB

Pucynox 18 — Texnuueckoe 3agaHue

PazpabaTeiBaeMblil 30H1 KOHCTPYKTUBHO COCTOUT U3 CIEAYIONIUX COOPOUYHBIX

y3JI0B:

— CHUII;
— akkymynaropHas 6arapes (AKB);
— OJIOK DJICKTPOHUKH,

— BHEIIHUM KOPITYC.
3D-monens yerpoiicTBa mpeacTaBieHa Ha pucyHke 19.
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Cucrema nsmeHeHus Bnok
nnasy4yecTtun 3NEeKTPOHUKUN

i3

LL

q
e

AKKyMynsiTopHas
6atapes

Pucynok 19 — KomrionoBka 30H71a

2.1.2 PazpaboTka kopmyca

BepxHsis yacTh Kopiyca mpencTaBiiieT cOOOM KOHYCOOOpPa3HYIO KPBIIIKY C
IJIOCKUM (pITaHIIeM Il pa3MEIIEeHUs CPEJCTB CBSI3U M MaT4UKOB. [IpodHBIN KOpIyC
BBITIOJIHEH U3 aKPUJIOBOM TPYObI BHEITHUM JTHaMeTpoM 90 MM, TOJIITUHOM CTEHOK 3 MM
u nnuHoM 690 MmMm. HubkHsst 9acTh KopITyca BBIIIOJHEHA B BUJI€ CHEPUIECKOM KPBIIIKH.
['epmeTn3arus TpyObI OCYIIECTBIISCTCS MTOCPEACTBOM YCTAHOBKHU B KPBIIIKH PaTAalIh-
HOTO YIUTOTHEHHS, COCTOSIIIETO U3 ABYX pe3nHoBbIX koJjer mo ['OCT 9833-73 pazmepa

078-084-36. O0TeKkaTenu KpemnsaTcsi K KOPIyCy BUHTAMHU.

2.1.3 Pa3zpaboTka CUCTEMBI U3MEHEHUS TUIaBY4YECTH

OaHMM 13 OCHOBHBIX y3710B 30H1a sBisiercs CUIT (em. puc. 20).

Pucynox 20— 3D-monens CUIIT
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B pa3pabaTpiBaeMOM yCTpONCTBE B Ka4eCTBE 0aNTACTHON €MKOCTH BBICTYIIAIOT
MIMPUIBI cyMMapHOM 00beMoM 200 M1, KOTOpbIE 3a(UKCHPOBAHbBI B HUKHEH KPBIIIIKE
IIPY MTOMOIIIM SMOKCUIHOTO Kiiesi. Pemenre o0beAMHNUTE AJIEMEHT KOpITyca U Kperwie-
HUE JUI MIPHUIIOB B OJIHY A€Tajab 00yCIOBICHO HEOOXOAUMOCThIO 00eCTIeUeHHs Tep-
METHYHOCTH M3/ETHs, TaK KaK IMpu Takoi KOHPUrypauu 3a00pTHasi BoJa MOCTyIaeT
B 0aJNIACTHYIO €eMKOCTh HAIIPSIMYIO Yepe3 OTBEPCTHUS B HWIKHEU KpbIlike. J[ist mepeme-
IICHUS] TIOPIITHEW BIOJIh BEPTHKAIBHOW OCH OblLIa peayin3oBaHa Iepenavya «BHHT-

raiikay.

Jlst orparrdeHust paboThI CEPBONPUBOAA OBLIO MPHHATO PEIICHUE HCIIOIB30-
BaTh MEXaHUYECKUX KOHIIEBBIX TATYMKOB (CM. puc. 21). DTOT criocob 1mo3BoJisieT oodec-
MEYUTh HAJIEKHOCTh CpabaThIBaHUS CUCTEMBI. J[aTUMKKU pacrojiararoTcs Ha MPHKUM-

HOM MJIaCTHHE JJI TITPpUHOB U KPCIICHUW 1JIsI CCPBOITPHUBO/IA.

H-‘

Pucynok 21— Pacnono)keHre MeXaHU4eCKUX KOHIIEBBIX JTATYNKOB

Jns ukcarnus npoaonasHoro radapura bC u obecrieueHrss COOCHOCTH MOYJIst
B KOHCTPYKITUIO OBLIN 100AaBJICHBI HAIPABIISIOIINE Bkl (cM. puc. 22). [lo3unnonu-

poBaHHsA DJICMCHTOB OCYIICCTBIIACTCS IMIPH ITIOMOIIM BUHTOB M JIBICOK Ha BaJlax.
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Pucynok 22— Harmpasisrorniue Bajibl

2.1.4 Pa3paboTka aKKyMyJIATOPHOU OaTapew

B xone paboTel Haj JaHHBIM Y3JI0M OBLT MPOU3BENIEH pacyeT IHEpronoTpediie-
HUS, B pe3yJIbTaTe KOTOPOro ObUIO BBISIBIEHO, UTO JUJIsl OTpaboTKu ycTpoicTtBoM 100
IUKJIOB HE0OXoauMo 24 nmuTUii-uoHHBIX Oatapeit 18650. OgHUM M3 OCHOBHBIX KOH-
IIETITOB YCTPOMCTBA SABJISAETCS MOIYIHHOCTD, TO3TOMY OBIJIO IPUHSATO PEIICHHE pa3pa-
6otatpk 0110k AKD (cm. puc. 23) 2S6P (6ykBa S yka3bIBaeT Ha KOJIMYECTBO MOCIIEO-
BaTENbHO COCIWHEHHBIX Oarapei, a P — mapannenbHO COEIUHEHHBIX), KOTOPHIC
MOHO OyACT MOJIKIIOYATh MapajlIebHO IS yBEeIUYeHHS eMKOCcTH. C IeNbl0 KOH-
Tpoiis nportecca 3apsigaa AKb, uHIuBHIyanbHOTO KOHTPOJIS 3apsiAHOTO TIpoiiecca 1 Oa-

JTAHCUPOBKH OyJIeT MojkIoueHa riata BMS.
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Pucynox 23 — 3D-monens AKb

2.1.5 Pa3zpaboTtka 0J10Ka 3JIEKTPOHUKHU

B xone pabotel Hag mpoekToM OblLTa pa3dpaboTaHa OCHOBHAs IeyaTHas IUIaTa
(cM. puc. 24) st MUKPOKOHTPOJIIEPa, paiBEPOB TATUUKOB U JPYTUX DJIEKTPOHHBIX

KOMIIOHCHTOB.

Pucynok 24 — OcHoBHas rnieyaTHas IjiaTa

JInst KperuieHusl miathl ObUT CIIPOEKTUPOBAH KPOHILUTENWH, K KOTOPOMY OHa MpH-

coeUHsIeTCsl BUHTaMU. MoJienb ipeicTaBlieHa Ha PUCYHKe 25.

Pucynox 25— 3D-mopens 6510Kka SIEKTPOHUKA
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JIJ1st pacTosoKeHUs TaTYUKOB U CPEICTB CBSI3U HCIIONB3YETCS BEPXHSS 4aCTh
Koprmyca (cM. puc. 26). Kaxaplit 371eMEHT KPEenuTCs B KOHYCOOOPa3HYIO KPBIIIKY TIPH

ITOMOIIH SIIOKCHUIHOTI'O KJICA.

AaTtumk
KNCNOTHOCTM AaTumk
\ AaBneHus

AaTtumk
TemnepaTtypbl

= AaTtunk
AaTumk coneHocTn
MyTHOCTU [/

e

Pucynok 26— PacnonokeHue 1aT4ukoB B BEpXHEM 00TeKaTeNe

2.1.6 Pa3paboTKy yHUBEPCATBHBIX CTHIKOBOYHBIX 3JIEMEHTOB

OnHUM K3 OCHOBHBIX KOHIIENTOB YCTPOMCTBA SIBISIETCS MOJYJIBHOCTh, TO €CTh
M0JIb30BaTeNIb B 3aBUCUMOCTH OT CBOMX TPEeOOBAHUI HMMEET BO3MOXKHOCTh MEHSTH
KOMITOHOBKY, HAIIPUMED, JIJIs1 YBEITUYEHUS MPOIOKUTEIILHOCTH pabOThl 30H1a MOXKET
ObITH 100aBIieH qonoJHUTENbHBIN 0510k AKB. B cBsi3u ¢ 3TUM ObLIM pa3zpaboTaHbl Je-
TajJu YHHUBEPCAIbHON CTBIKOBKM OTCEKOB. Kperienue ocymecTBiIseTcs: Ipu MOMOIIU

3 BuHTOB (cM. puc. 27).
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Pucynok 27— BuHTOBOE coelMHEHNE

Jlyis coeqMHEeHHsI DIEKTPOHHBIX KOMIIOHEHTOB U MPOBOAKHK Kabemneil ObLn pas-
paboTaHa nevaTHbIe IUIaThl, HA KOTOPBIX pacnoJiaratoTcsi HH(QOPMalMOHHbBIE U CHIIO-

BbIC pa3beMsl (CM. puc. 28).

PI/ICYHOK 28— MakeTHbIe TIJIaThI C pa3dbCMaMH Ha IIPUMEPC BUHTOBOI'O COCAH-

HCHMU:

a — pa3beMBbl Namna; O — pa3zbeMbl MamMa
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2.2 KoHCTpyKTOpCKasi JOKYMEHTALUS

[1o pe3ynbTaTam BBITOJIHEHHS] KOHCTPYKTOPCKOW YacTH Obljla COCTaBJIeHAa KOH-
CTPYKTOPCKasi JOKyMEHTAIUs, KOTOpasi COCTOUT U3 COOPOUYHBIX UepPTEKEH yCTponcTBa

u ero y370B (cMm. [Ipunoxenue b), cnenudukaruit u gepTexeit neranei.

Ha pucynkax 29 u 30 npencrapiieH cOOpouHbIi yepTex rnpoduiiorpada u cre-
uUKaIs.

A-Al1:1)

popurozpas (5

Pucynok 29 — CO6opounblit ueptex npoduiiorpada
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Pucynok 30 — Cneuunduxarms

2.3 IIporoTunupoBanue

B pesynbrare BbIoHEHHS pabOThI CO3/1aH MEPBBINA MPOTOTHUIT ApeiiyIONIero

30112 (cM. puc. 31).

Pucynox 31— IlepBblii TPOTOTHUI aBTOHOMHOT'O 30H/1a
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Bonpiias 4acTh CIPOEKTUPOBAHHBIX J€TAJIEH OblJIa U3rOTOBJIEHA MPH TOMOILIN
aJIMTUBHBIX TexHoJoruil 3D-nevaru. [leTanu, K KOTOPBIM MIPEIbABISIINCH TOBBILIEH-
Hble TpeOOBaHUS K '€PMETUYHOCTH, OBLIIM HareyaTaHbl ¢ IPUMEHEHUEM (POTOIMOIH-
MepHBIX SLA TexHonoruii. OnopHsle 1eTaiy ObLIM HarleyaTaHbl ¢ npumeHeHueM FDM

TEXHOJIOTUH.

2.4 TIpoBeneHue MOJUTOHHBIX UCITBITAHUM

C 1enpio TECTUPOBAHUS MPOTPAMMHOTO KOJ1a YCTPOMCTBA JJIsl MOJTHOTO LUK
(MK BKIIIOYAET B ce0si morpykeHue, coop nHbopmaiuu ¢ JaTIYUKOB, BCIUIBITHE, T1€-
penaya IaHHBIX Ha KOMIIBIOTEP ONEpaTopa) B peaibHBIX YCIOBUSIX ObUIM MPOBEICHbI
HATYpHBIE UCTIBITAHUS HA OTKPBITON akBaTOpuu. JJis JOCTHIKEHUS JaHHOU 1EIH ObLIN

IMTOCTABJICHBI CJICAYIOIIHC 3ada9n:

d. TOATBEPAUTH PE3yJbTaThl CTCHJIOBBIX HCIIBITAHUU (repMe-
TUYHOCTb MTPOTOTHUIA U MACCY HABECKH);

b. mpoeputh padoTocnocodnocts CUII,

C. mpotectupoBath padbotry MQTT-cepBepa Ha Boje, mpoBe-
puth crabuibHOCTh WI-FI coennnenus;

d. mpoBepuUTh KOPPEKTHOCTH pabOTHI HAITMCAHHOTO KOJIa B pe-
AJbHBIX YCIIOBUSX;

€. coOpaTh AaHHBIE O Cpelie W paclpenesieHu Tuapodusnye-
CKHX TTapaMeTpoB, coxpaHuTh ux B Buze Tadauiibl Ha GOOGLE SHEETS

u B popmate CSV.

Wcnbrtanust mpoBoAUiuCh B puToke peku Kisizbma no aapecy Habepexnas,

12, Honronpyausiid, [TaBenabieBo M-H (cM. puc. 32).
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Pucynox 32— MecTo npoBeieHUs UCTIBITAHUM

B coctaB pabouyeil rpyniibl BOIUIA KOHCTPYKTOP, SJIEKTPOHIIMK U HPOrpam-
MUCT KOMaH/Ipl, pa3pabaThIBaIOIIEN yCTPONWCTBO, NMPENOIaBaTENbCKUII COCTaB U3 Ye-

THIPEX YETIOBEK, ONEPATOPHI U POAUTENH.

JIs mpoBeieHUs UCHBITAaHUN OBLIO MCIOJIB30BAHO ClIEIyIoliee 00opyaoBa-
HUe: pa3paboTaHHBIM MPOTOTHUT, TpU HaayBHbIE [IBX noaku (C BO3MOXKHOCTBIO SKO-
pEeHUsl), CrlacaTesibHbIC XKUJIEThl, HHCTPYMEHTHI JJisl pabOThl ¢ YCTPOUCTBOM, HAOOp

CBUHLIOBBIX I'PY30B.

B Xxonme moAroToBKM K MCHBITAHUSAM OBLT COCTABIIEH IJIaH B COOTBETCTBHUH C
MOCTaBIEHHBIMU 3a7ayaMu (cM. puc. 33). B pamkax mepBoro srana mpoBeACHHUS UC-
NBITAHUH OBLIIO HEOOXOAMMO MPOMEPUTH TIIyOHHY BOJIOEMA B MECTE, BRIOPAHHOM JIJIS
3aIycKa yCTpOMCTBa, 1 COOTHECTH MOJIy4YCHHbIE JaHHBIE ¢ TabapuTamMu 30H/a, B CITy-
yae He0OXOJIMMOCTH BbIOpaTh 00Jee MOAXOAAIIYIO JIOKALKIO; TOATBEPIUTh PE3YIIb-
TaThl CTEH/IOBBIX UCHbITaHUI. B pamkax BTOporo sTama ObLIM MOCTaBJICHbI CIEAYIO-

M€ 3a1a4u:

— MpOBepUTh U 0TIaAUThL paboty MQTT-cepBepa;
— MPOBEPUTH padOTOCTIOCOOHOCTH CUCTEMBI H3MEHEHHUSI TJIABYYECTH;

— MpoBepuUTh pabOTy JATYMKOB, OJYUUTh C HUX 3alMCAHHbIE TAHHBIE;
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[To pesynbpTaTam 3TOTO 3Tana yCTPOMCTBO JOHKHO 0TpaboTaTh 20 MUKIOB —

KOJIMYCCTBO TUKIIOB, HAa KOTOPOC paCCUUTAHA AKKYMYJIAATOPHAA 63’1’3[)651.

MpuGeiTHe Ha MecTo MoaroToeka
NpoBEeHus oBopynoBaHus K

WCTILITaHUA VCTILITaHAID

o
Maccw Hagecn € FEPMETHYHOCTH GyR €—— TMpomepka myBuH

1 3Tan neneTanmin

Nposepka n
3 posepka paboTsl 3 Mposepka paBoTel
'\:gu].'.‘rr_'g'pe:::a moayna CAN AATHMKOB

Orpabotka
YCTpoicTBOM 20
uHKnos

2 sran ncneTanui

KoHel| MCnbiTaini

Pucynok 33 — Roadmap ucnbitanus

KapTa MCCTHOCTHU C OTMCYCHHBIMH MCCTAaMH IIPOBCACHUS 3aIIYCKOB IIPCACTAaB-

JieHa Ha pucyHKke 34.

Pucynok 34— Mecra 3amycka ycTpoiicTBa

[IpoToTun 6B TOCTaBJICH HA MECTO UCTIHITAHUS B pa300paHHOM BHUJIE, YTOOBI

MMpCAOTBPATUTDL €TI0 ITOJIOMKY H3-3a PC3KHUX IICPCIIAIOB TCMIICPATYP, IIO3TOMY IICPCA
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MIEPBBIM ATANIOM UCIBITAHUN HEOOXO0AMMO OBLIO TEPMETHYHO COOpaTh 30H (CM. PHC.

35).

2

Pucynok 35— Cb6opka ycTpoiicTBa

[epBsiii 3amyck ycTpoicTBa (CM. puc. 36) ObUT IPOU3BEIEH B MECTE, OTMEYECH-

HOM Ha KapTcC 110 HOMCPOM 1.
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Pucynok 36— IlepBblii crTyCK yCTpOICTBA HA BOAY

B cooTBeTcTBUM ¢ COCTaBICHHBIM IIJIJAHOM B HayaJle ObUIa MpoOMepeHa riyornHa
PEKU C HMCMOJIb30BAaHUEM PYUYHOTO JIOTa (Ipy3 U BEpPEBKA C METPOBBIMH METKAMH).
Cpennee 3HaueHHE MIyOMHBI B MECTE MPOBEAEHUS UCIIBITAHUNA cocTaBuiIo 4.54 M. [pu
CpPaBHEHUH MPOJIOJIBHOTO rabapuTa yCTpocTBa, YUCIeHHO paBHOro 0.8 M, ¢ riryOuHoH
B MECTE IPOBEJICHUS UCIIBITAaHUI, KOTOpasi B 5.6 pa3 mpeBhIILIAET pa3MePbl IPOTOTHIIA,
OBLJI C/IeJIaH BBIBOJ, YTO JIaHHBIN y4aCTOK BOJOEMa MOIXOIUT AJIA MPOBEACHUS UCIIbI-

TaHUU.

ITo pe3synbpraram CTEHIOBBIX UCNIBITAHUM ITpU Macce HaBecku 2100 r. ycTpoii-
CTBO 00J1a/1a€T OKOJIO HENTPaJIbHOU IIaBy4ecThbio. Macca 3a00pTHOM BOJIbI TP BEPX-
HeM nosoxkenuu nopirHeit B CUIle — 200 r. CooTBETCTBEHHO 17151 KOPPEKTHOM pabOThI

YCTpOHCTBA HEOOXOAMMBI TOTIOJHUTEIBHBIE CBUHIIOBBIE IPy3bl Maccoil 0onee 1900 r.

BI)IBOI[BI I10 pE3yJjbTaTaM IICPBOI'0 UCIIBITAHUA:

— CcpeaHee 3HaueHue TIIyOHHBI B MECTE 3amycka ycTpoictBa — 4.5 m;
— 1pu Macce rpy30oB 2100 r. ycTpoicTBO 00J1alaeT HEUTPAIBHOM TUIaByde-
CTBIO;

— OIpeleNeHa Macca rpy30B sl OTPa0OTKH YCTPONHCTBOM IOJHOTO IIUKIA —

oosee 1900 r.

B xozie moaAroTOBKM KO BTOPOMY 3Taly UCHBITAHUN MOTPEOOBATIOCH YACTUYHO
pazo0paTh yCTPOWCTBO, YTOOBI 3arpy3WTh HAa MHUKPOKOHTPOJUIEP KO IS TOJHOTO
nukia. B mpoiecce paGoThl ObLIO YCTaHOBJIEHO, YTO JATYMK JABJIEeHUs paboTai He-
KOPPEKTHO, TAKUM 00pa3oM, ObIJIO IPUHSITO PEIICHUE PETYIMPOBATH BPEMS TIOTHOTO
IIMKJIa TIPOTOTHIA MEepe]l HadajioM ero padotsl mpu nomoiu MQTT-ceprepa, a A1BU-

KCHUC HOpHJHCfI B OalnacTHOM cHCTEME OIrpaHUYMBATh KOHLCBBIMHU JaTYHKaMHU.
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Taxxe ObLTH MpOBeNEHBI MPOBEepKU MoakItodeHus nporotuna kK MQTT-cepepy u

cOopa JaHHBIX C MOCJEAYIONIEM OTIPABICHHEM UHGOPMAIIUU B TAOTUILY.

BTOpOﬁ 3allyCK OBILI IMPOBCACH B MCCTC, OTMCUCHHOM Ha KapTC 110 HOMCPOM

Curnan o 3ammycke nMKJia rnepeaaBaics ycrpouctBy yepe3s MQTT-cepBep ¢ Te-
nedona (cm. puc. 37). Kaxaprif 1iuks 3aHuMan 2 MUHYTHI (BpeMsi, KOTOpoe ObLIO 3a-
naHo orneparopom). Cucrema U3MEHEHUS TUIaBY4YECTH, KOTOpasi OTBEYAET 3a MOTpyxKe-
HUE ¥ BCIUIBITUE 30HJ1a, OTpadoTalia IUKIIBI B ITaTHOM pexkume. ClienyeT OTMETHUTD,
YTO MPH BCIUIBITUHM YCTPOUCTBO €1IE HEKOTOPOE BPEMSI COBEPIIAET 3aTyXAIOIIHNE KOJIe-
OaHus BIOJb BEPTUKAJIBHOU OocH, BO BpeMs KoTopbix WIFI-coenuHenne ero ¢ Komib-
IOTEPOM HECTAOMIIBHO U3—3a MEPUOJUICCKOTO IMMOTPYKEHHS 30Ha 01 BOY, TIO3TOMY
noakintouenne MQTT-cepBepa miist nepegaum JaHHBIX 10 TOACYETAM MPOUCXOIUT Ye-

pe3 30 CCKYHI C MOMCHTA IICPBOT'O BbIXOJ4d U3ACJIHA HA IIOBCPXHOCTD.

servo H
KHonka Up ° KHonka

nepesanycka 3anycka uvkna

diveTime

H swimT H
60000 ° 30000 °
Bpems Bpems
o oumMa float T 3 1Depth H HaxoXxaeHusa
st 5000 ° 1000 ° Ha rny6une
NG

log
Start Diving Down!
Bpems Starting
BCMLITUA

data o IR

-127.00;1013.90;6.13;0.01;-5.41;0.13,0.13;0.07:0.0
2.842;

127.00,1013.50,6.12,0.01;-2.08;0.13,0.13,0.07:0.0

2:847; Aanmusie ¢
AaTuMKoB

-127.00;1013.90;6.07;0.01;-5.41,0.13;0.13,0.07,0.0

3,842;

-127.00;1013.60;6.06;0.01;-2.91;0.13;0.13,0.07,0.0
3,840;

-127.00;1013.40;6.03;0.00;-1.25;0.13;0.13,0.07,0.0
2.841;

Pucynox 37— Ymnpasnenue ycrpoiictBom uepe3 MQTT-cepsep

B xoxe ucneiTaHuil gaHHBIE O THAPODU3NYECKUX CBOMCTBAX Cpeabl ObLIN

CHATBI TOJIBKO C KOMIINICKCHOTO JJTaTYHUKaA JIABJICHUA U TCMIICPATYPHI. I[pyme JaTYNKH
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(Temriepatypbl, MyTHOCTH, KHCJIOTHOCTH, TPOBOJMMOCTH) B paMKaX HUCIIBITAHUS HE

OBLIU ITOAKJIFOYEHBI.

ITocne oTpabOTKH yCTPOUCTBOM 4 HUKIIOB OBUIO MPUHSATO PEIIeHUE MPOI0JI-
KUTh UCTIBITAHKS B MECTE, OTMEUYCHHOM Ha KapTe MO HOMEPOM 3, TaK Kak BO BTOPOM
JIOKAIMH TTPOTOTHI CIUIITKOM CHJIBHO CHOCHJIO TEYEHHUEM, YTO OCIJIOXKHSIIO HaOJI0 1e-
HUs 3a ero paboToii. Ha HOBOM MecTe Obliia ToCcTaBIeHa 3a/1a4a MPOBEPKU pabOTOCIIO-
COOHOCTH CHUCTEMBI HA MAJICHBKUX MHTEPBAJIAX: BPEMs, OTBEACHHOE HA MTOJTHOW ITHKII,
ObLJI0 YMEHBIIIEHO 10 1 MuHyTHI. [locie Kaxa0ro BCIUIBITHSI YCTPOMCTBO OTIPABIISIIO
MaKeT JaHHBIX Yepe3 CEpPBEP Ha KOMITBIOTEP OIMepaTopa, KOTOPHIN IMepeHaIpaBisiil UX
B GOOGLE SHEETS. B paMkax ucnbITaHUi Ha TPEThEH JIOKAIIMU 30H]1 YCIIECIIHO OT-

pabotan 12 1ukioB. DTamnsl UKIA MPEJCTaBIeHbI Ha pucyHkax 38—40.

Pucynok 38— Cmyck ycTpoiicTBa Ha BOIY




Pucynok 39— BcembiTre ycTpoiicTBa

Pucynok 40 — [IpoToTum oTnpaBiisieT JaHHbIE HA CEPBEP

Tekymiero Ha MOMEHT HayaJla UCTIBITAHUN YPOBHS 3apsija akKyMyJsiTOpa XBa-
TUJIO JUIsl IPpOBeICHUs 12 TeCTOB, TOT/Ia KakK, COTJIACHO pacyeTam, 30H JOJKEH ObLI
otrpabotaTth 20 1uKiIOB. TakuM 00pa3oM, MOXKHO CJieNaTh BBIBOJ O HEOOXOIUMOCTHU
YYUTHIBaTh CHIIBHOE BIMSIHUE BHEIIHUX (PaKTOPOB Ha akkymyssatop. [1o pesynpraTam
WCIIBITAaHUI TaK)Ke BBISIBUIIACH HEOOXOJUMOCTh B CUCTEME KOHTPOJIS 3apsia aKKyMy-
JSTOpPHOW OaTapeu: MPOTOTHI YCIMeN 3aKOHUYUTh 12 1uKI (YCTPOMCTBO YCIEIIHO
BCIUTBUIO U MEpeAasio COOpaHHbIN MAaKeT JaHHBIX OMEepaTopy), OJHAKO OCTABIIETOCS
3apsana AKb He xBaTuio, 4To0bl HauaTh HOBBIN. B clieyronmx npoToTUIiax, ¢ meibio
n30eXaTh pa3psAIKd aKKyMyJIsITopa Ha TiyOuHe, OyAeT mpeaycMOTpeHa CUCTeMa dKC-

TPEHHOTO BCIUIBITHS YCTPOMCTBA.
BrIiBozBI 110 pe3ynbTaTaM BTOPOTO UCIIBITAHMUS:

— CHII paboTtaet KOPPEKTHO;
— MQTT-cepBep paboTaeT KOPPEKTHO;

— YCTPOMCTBO YCHEUIHO OTHpaBisgeT aAaHHble ¢ gatdyukoB B GOOGLE

SHEETS;
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— HEo0XO0IUMO pa3paboTaTh CUCTEMY KOHTPOJIS 3apsijia aKKyMyJIATOpHOU Oa-

Tapenu U CUCTCMY 3KCTPCHHOI'O BCIJIBITHA.

[Tpu aHanmu3e pe3ynbTaToB, HOJYYCHHBIX C JATYNKOB, OBLIHM BBISIBICHBI CIIETY-
folue mpoOIeMbl: B XOJ€ UCIBITAaHUNA WH(POpMALUs O THAPOPUINIECKUX CBOMCTBAX
Cpelbl ObUTa CHATA ¢ KOMILJIEKCHOTO JaT4YMKa JAAaBJICHUS U TEMIEpPaTyphl, Y KOTOPOTO
KaHaJI TeMIIEpaTyphl paboTal KOPPEKTHO (TIOKAa3aHUS COTJIACYIOTCS C PEaIbHBIMH), a
KaHaJl ONpEe/eICHNs JaBICHUS HEKOPPEKTHO, MPEANOI0KUTENBHO 10 MEXaHUIECKOM
npuuuHe. Takke Ha JaHHBI MOMEHT He ObLIa MpOoBe/ieHa KaJuOpOBKa JaTYUKOB, IO-
ATOMY JaHHBIE elle TPEOYIOT NOMOJIHUTENbHON 00paboTku. CiaeayeT 3aMeTUThb, YTO
cboii B paboTe maTyrka HUKAK HE CKa3aJICs Ha BHITIOJHEHUH YCTPONCTBOM IIMKIIA, TaK
KaK €ro rnapameTpsbl 3aJaBajich OlepaTopoM BpyuHYyH0. J[aHHbIE O TemmepaType, co-

OpaHHbIE C MPOTOTHIIA MPEACTABICHBI HA pUCYHKE 41.

Temperature from Time
- Temperature
28 1 Pressure_temperature
26 1
ATV ,
24 4 - \r\-}\—ﬁu p

18

16 4

14

0 2000 4000 6000 8000 10000 12000
Time

Pucynok 41— JlanHsie 0 TeMrneparype, CoOpaHHbI€ ¢ MPOTOTHUNA

IIo pe3ysibTaTaM MPOBCIACHHBIX VCHBITAHUN OBLIN YCIICHIHO BBINTOJIHCHBI CJIC-

TYIOIIWE 3a1a4H:

— yCHeurHasi repMeTu3anus yCTpOouCTBa;
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— ompeesieHrne He0OX0IMMOM MacChl HABECKH B COOTBETCTBUM C IOCTABJICH-
HBIMH 32]Ja4aMH;

— nposepka padotel MQTT-cepsepa;

— ycnenrHasi otnpaBka gaHHbIX ¢ jaTyukoB B GOOGLE SHEETS;

— mnpoBepka koppekTHocTH padotsl CUIIa.
Taxoke ObLITH BBISIBJICHBI CIEAYIOIIHE TPOOIEMBI:

— npobiieMbl ¢ pabOTON JaT4uMKa AaBieHUs (12¢);
— Hexsarka 3apsaa AKb nns npoaomKuTenbHONU pabOThl, CHIIBHOE BIIMSHHE
BHEIIHUX (paKTOpPOB. BhIsiBIIEHA HEOOXOIUMOCTh pa3paboTaTh CUCTEMY KOH-

TPOJIs 3apsijia akKyMyJISTOPHOM OaTaper U CUCTEMY SKCTPEHHOTO BCILIBITHSI.

[ToaBons utoru, ObUTM TPOBE/ICHBI HATYPHBIE UCIIBITAHUS JJI TECTUPOBAHUS
KOHCTPYKIIMM U TIPOTPAMMHOTO KOJla pa3padaThiBA€MOI0 YCTPOMCTBA, B pe3ysibTaTe
KOTOPBIX OBLITN BBISIBIICHBI CHJIbHBIE U CJ1a0ble CTOPOHBI MEPBOT0 MPOTOTHNA. OCHOBBI-
BasCh HA MOJYYCHHOM OMBITE, OyAyT OMpe/eIeHbI MyTH JAIbHEUIIIETO pa3BUTHUS MPO-
ekta. Tak mpu pa3paboTKe BTOPOro MpOTOTHIA, HApABHE ¢ OOIIEH MOAEpHU3ALMECH
YCTPOKNCTBA, 0C000€ BHUMaHUE Oy/ET yAeNeHO MpobiieMaM, KOTOPbIE BO3HUKIIN TIPH

IIEPBOM 3allyCKE 30H/1a.

BTopbie HaTypHBIE HCIIBITAaHUS TIPOIILIN B 0acceitHe Ha 0aze yueOHO-METOIH-

yeckoro otaena ['KY IO «YMI[ T'O u UC» (cm. puc. 42).
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Pucynok 42— Vcnsitanus 8 MUC

B xozxe oTpaboTky UKIIa yCTPOWCTBO CHUMAJIO IMTOKA3aTeNu C TaTIYHKOB, TIPE/I-
CTaBJeHHBbIE Ha pucyHke 43. Ha MOMEHT mpoBe/eHusl TaHHBIX HCTIBITAHUNA U3MEPH-

TeIbHBIC MPUOOPHI TaK)KE HE OBLTH OTKATMOPOBAHBI.

Tempearture from Time

—— Temperature
—— Pressure_temperature

28.5 1

28.0 4
o
£ 27.51
]

27.0 1

26.5 1

0 200 400 600 800
Time

Pucynok 43— JlanHblie 0 TeMiiepaType, CoOOpaHHBIEC C JaTYHNKOB

Pe3ynbrarom nmpoBeneHHs] UCIBITAHUN CTalo MPEAOCTaBICHUE Y4eOHO-METO-

IMYECKUM OT/IETIOM PEIICH3UH Ha pa3pabOoTaHHOE YCTPOHCTBO.
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3AK/IIOYEHUE
B xojze paboThl HaJ IPOEKTOM OBLIN BBIIOJIHEHBI CAEAYIOLIUE 3a1a4u:

— MPOBEJEH aHAIM3 COBPEMEHHOTO YPOBHS Pa3BUTHS OTEYECTBEHHBIX U 3apy-
OEKHBIX CUCTEM ONEPATUBHOIN OKEaHOJIOTHH;

— Ha OCHOBE TEXHHYECKOTO 3aJaHus pazpaboTaH KOHIENT YCTPOMCTBA;

— MPOBEICHO MOJAEIUPOBAHUE MPOYHOCTHBIX U THAPOJMHAMUYECKUX NTapamMeT-
POB U3JEINS;

— pa3paboTaH u coOpaH NPOTOTHI aIapara;

— IIPOBCACHLI ITIOJIYHATYPHBIC M1 HATYPHBIC UCIIBITAHUA.

Takum oOpa3oM, 1elb MPOEKTHON pabOThl — HCCEA0BaHUE U pa3padoOTKa aB-
TOHOMHOTO TUAPO(U3UYECKOT0 30H]1a KaK MEPCHEKTUBHOTO CPEJICTBA ONEPATUBHOM

OKCaHOJIOTUH OBIIa AOCTUTHYTA.

B pesynbrare paboThl ObLT TIPOBENIEH 0030p COBPEMEHHOTO YPOBHS Pa3BUTHUS
3apyOCIKHBIX U OTEYECTBEHHBIX CHCTEM MOHHMTOPHHIA aKBATOPHH, PACCMOTPEHBI MX
cocTaB, (DYHKIIMH, TPOAHATU3UPOBAHBI UX JOCTOMHCTBA U HEIOCTATKU MPU PEIICHUN

3aJa4d OHepaTHBHOfI OKCaHOJIOI'nH.

[Ipu npoBeneHNN THAPOAMHAMUYECKOTO M MPOYHOCTHOI'O PacyeToB ObLIU MO-

JIYYCHBI CIICAYIOIINUC JAHHBIC!

— mpenenbHas TIyouHa paboThl 30HAa h = 17 Mm;
— ToJImMHA chepuuecKkor yacT kopiyca tp= 2,1 mwm;
— HAWIYYIIUM THIPOJMHAMHYECKUM XapaKTEPUCTHKAM COOTBETCTBYIOT ce-

pUYecKas HWXKHSS U KOHYCOOOpa3Hasi BEpXHSS KPBIIIKH.
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B pesynbpraTe paboThl HaJ MPOEKTOM OBbLIT CIIPOSKTUPOBAH aBTOHOMHBIH Mpodu-
JMPYIOIIUI 30H, BBITOTHAIOMNN QYHKIUU cOOpa U nepeaadyn nHGOpMaIuu o THIPO-

(I)I/IBI/I‘IGCKOM COCTOAHUH aKBaTOpHﬁ.

beun IMPOBCACHBI CTCHAOBLIC U IIOJIMT'OHHBIC UCIIBITAHUSA, PE3YJIbTATBI KOTOPBIX

IMOATBCPANIN COOTBCTCTBUC YCTpOﬁCTBa TCXHUYCCKOMY 3d4J1aHUIO.

Martepuainsl o npoekty(poro- u BuaeoMarepuansl, 3D-monenu u tak nanee)

npencrasieHsl B [Ipunoxennn B.
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IMPUJIOKEHUE A

Pacuer cebecToumocTu ycTpoicTBa

Ha3BaHnue KOMIIOHEHTA Kosun4yecTBo, mt Lena, pyo.
Cucrema n3menenus miasyudectu (CHUII)
Hanpasmisiromue Bassl 4 600
TpanenengaibHbIA BUHT U Taiika 1 370
[mpuiibl MEAUITUHCKHE 4 30
Juck s ceporpuBona 25T 1 50
MexaHn4yeckne KOHIIEBBIE TaTYUKH 2 140
JIMHeHHbIEe TTOAIIUITHUKHA 4 410
CepBorpuBoj 1 480
AKB
Croiikn 3 295
Tepmoycaka (Tuamerp oKpyKHOCTH — 80MM) 1 250
BMS-nnara 1 68
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JIuTuii-noHHBIE aKKYMYJITOpHI 18650 12 250
Kommiekt pazbemoB XT30 (Mama-mana) 2 150
Cucrema ynpasJieHusI
ESP-32 Wroom 30 PINS 1 300
[IpeobpazoBarenu Hanpskenus LM2596 2 60
Pesuctopsr 4.7 kOm 3 4
Crabunuzaropsl HanpspkeHus 3.3B AMS1117 | 2 350
Cucrema 1aTYMKOB
Haruuk PH 1 3800
JlaT4uK MyTHOCTH 1 1600
JlaT4uk TeMmepaTypsl 1 330
JlaTank gaBiaeHUs 1 4100
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TDS/EC-metp 1 1500
CTBIKOBKA O0TCEKOB
Tpy0a akpunopas 1 1800
Konpa pesunoBsie ymnoTHutenbHbie 078- | 4 130
084-36
BunThl, raiiku u BTYJKH
Bunte M3 100 10
laitku M3 14 15
Brynku BraBnsiembie M3 o4 10
HUTOrIO: 26375
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Yeprexu neraneu

JI71s1 03HAKOMUJIEHUSI C YepTEeKaAMHU JIeTajel MOKHO nepeitu no QR-koxy.
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MMPUJIOKXEHUE B
Matepuaiibl npoekTa

]_IJ'ISI O3HAKOMIJICHU:A C (1)OT0- U BUACOMATCpUAIaMHU, IIPOTPaMMHBIM KOIOM, 3D-MOI[€-

JSIMU YCTPOMCTBA U ANEKTPUUYECKUMHU CXEMaMHU MOKHO nepeitu o QR-kony.
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