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Peghepam
Beeoenue.  [1y60Kk0800Hast  000blua  MEEPObIX  NONE3HBIX — UCKONAEeMblX — mpedyem
UHHOBAYUOHHBIX PEUEHUT, COYeMarwux dPHekmueHocms U IKOI02ULECKYI0 Oe30NACHOCHLb.
B cmamve paccmampusaemcs mexnonozus, oOveOuHsiowjas Kamyguemmnoe 63puleaHue,
2UOPOMOHUMOPHYIO 00PAOOMKY U IPIUDMHYIO MPAHCHOPMUPOBKY, — NePCNEeKMUBHBI MEN OO
0CBOEHUSL MOPCKUX MECMOPONCOEHULL.
Memooonozus. Ilposeden KoMNaIeKCHbIU AHAIU3 pabomsl UOPOMOHUMOPHO20 KOMNIEKCA HA
enybunax 0o 5000 m. Hccnedosarnvl napamempul Kamy@dremusix 63pble0s (21yOUHA 3a104CeHUs.
3apsi008, MUN 63PbLEYAMO20 BEULECMBA), PENCUMbL 2UOPOMOHUMOPHO20 PA3Mbled (Oasienue
15-25 MIla, yeon cmpyu 20°-35°), aghpexmusnocms sprughpmmnozo noovema nyivnol. [lannsie
NONYHeHbl 6 X00e HAMYPHbIX UCHbIMAHUU HA noaueoHax Tuxoeo okeana ¢ npumeHeHuem
OUCTAHYUOHHO YNPABAAEMbIX HNOOBOOHBIX ANNAPAMO8 Ol MOHUMOpUHed — (cucmembl
monumopunea ROV).
Pe3ynomamot. Ycmanoeneno, umo KOMOUHUPOBAHHBIL MEMOO NOBbIULAENT NPOU3BOOUMETLHOCTIb
000vIyu Ha 35 % no cpagnenuio ¢ mpaouyuoHHeIMy mexuonouamu. OnmumansbHoe oasieHue
cmpyu OnsL pasiuuHelx nopood cocmasasiem 18+2 Mlla. Jlokanuzosannoe 6o30eiicmeaue
cokpawaem naowaosv Hapyuienuti Ona 0o 50 k6. M. Ha yuacmke. Bpems eoccmanosienus
benmocHbx coobujecme He npegvliiaem 18 mec.
Oonacmov npumenenusn. Pazpabomannvie pewenuss 6HeOpPeHbl 6 NPOEKmbl 0CB0CHUS
Jrcenesomapeanyesvix Koukpeyuti ¢ 3ome Knapuon—Kiunnepmon. Texuwonoeus noseonsem
MUHUMUZUPOBAMb IKOLOSUHECKUTl Yujepd 3a cuem COKPAweHus KOIUYeCmed 636eULeHHBIX
yacmuy 6 e6o0e (menee 10 me/n), chusume snepeonompebienue na 22 % Onazodaps
ONMUMUSUPOBAHHBIM PENCUMAM PAOOMbI, ABMOMAMUIUPOBATND KII0Uesble NPOYeccybl 000bIUIU.
Buo1600b1. [Ipeonodicennas mexnono2ust 0eMOHCMPUpPyen npeuMyuecmed Ojisk YCmouuueo2o
oceoenust 2yO0KOBOOHBIX MUHEPALbHBIX pecypcos. [lanvheluue ucciedosanus HanpasieHsl
Ha adanmayuro Memooa 0Jis apKmu4eckux yCioeuil.

Knrouesnte cnosa: 2uopomonumop; 2nyb6oxko6oonas 000wiua; meepovle nojie3nvle UCKONaemole;
MOpCKoe OHO, Kamy@iemuoe 3pbleanue, Ipau@m,; cuopooodblud; pasmvlé nopoovl, 20pHAs

NPOMbBIULTIEHHOCMb.

Brenenue. [ry0okoBoIHAsS 10OBIYA TBEP/BIX T0JI€3HBIX UcKonaeMbIX (TIIN) ctaHo-
BHUTCSI Bce 00Jiee aKTyaJIbHOHM B YCIOBHSIX MCTOIICHUS TPAAUIIMOHHBIX PECYPCOB HA Ma-
TEepUKOBOW 4dacTH Hamieil turaneTs [1]. [irybokoBomHas no6srda TIIM mopckoro mHa
MIPEJCTABIISIET COOOM CIONKHYIO U MHOTOACIIEKTHYIO 33/1a4y, TPEOYIOIIYI0 MPUMEHEHUS
MEPENOBbIX TEXHONOTUU [2]. ABTOPOM paccMarpuBaeTCs HHHOBALMOHHBIM MeETOx
rugponoosrun TIW u3 kamyQueTHOH MONOCTH, PAacHONOKEHHOW Ha MOPCKOM JIHE.
luapasnuueckuii cmocod q00bIYM MOIE3HBIX HCKOTIAEMBIX OCHOBAH Ha MCIIOIH30BAHUU
BBICOKOHAIIOPHBIX CTPYH BOIBI, KOTOPBIE IO BOIOBOMY ITONAIOTCS K THAPOMOHUTOPY —
OCHOBHOMY HHCTPYMEHTY B THAPOIOOBIYE.
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Henbio ucciienoBanus spisieTcs oneHka 3()(HEeKTHBHOCTH THAPOMOHUTOPHOM TeX-
HOJIOTMU B COUETAHUU C KaMy(JICTHBIM B3pBIBAHUEM U APIH(TOM, a TAKKE aHAIU3 e
BIIMSTHUA HA TIPOU3BOJAUTEIHLHOCTD U 3KOJIOTHYECKYIO O€3011acHOCTb.

MeTtoauka npoBeieHUs1 MccaeI0BaHuiil. B paboTe mpoBeneH CpaBHUTEIBHBIN aHa-
JIM3 CYIIECTBYIOIINX METO/IOB ITYOOKOBOJHOM TOOBIYH, BKIIOUasl MEXaHUUECKUE U TH-
JpaBnrueckue crocoObl. OCHOBHOE BHHMAaHKE YACJICHO MOJICIMPOBAHUIO MPOLIECCOB
THIIPOJIOOBIYH C MCIIONIBb30BaHUEM KaMy(JIETHBIX MOJIOCTEH, CO3JaBaeMbIX ITOJIPHIBHBI-
MU 3apsAaMu, U IOCIIEAYIOIIET0 3BJICYCHUS IOPOIbI THIpOMOHUTOpaMu. Mccnenosa-
HBI [TApaMETPhl BOASHBIX CTPYH, JaBICHHE, YTOJl BO3ACHCTBUS U 3PPEKTUBHOCTh TPAHC-
MOPTUPOBKY MU3MEJIBUCHHOM MOPOABI ApiaudToM.

HpuHumn geiicTBUSI THAPOMOHUTOPA B COCTABE THAPOIOOBIYHOIO KOMILJIEKCA
NnpHu [1y00KOBOAHOMH J00bIYe TBePAbIX MOJE3HbIX HCKONAeMbIX HA MOPCKOM /IHe.
I'mapOoMOHHUTOPEI HAXONAT MIMPOKOE MPUMEHEHHE B PA3IMYHBIX OTPACIAX, BKIFOYAs
CTPOUTENHCTBO, HEPTIHYIO U CEIBCKOX03IHCTBEHHYIO TIPOMBIIIIEHHOCTh. B KOHTEKCTE
TTyOOKOBOIHOM THAPOIOOBIYN OHHU UCIIONB3YIOTCS JUIA:

— pa3pylIeHus] ¥ IPOMBIBKH TOPHBIX MOPOJ (YUTO TO3BOJIIET COKPATHTh UX 00bEM
JUTSI TIOCJIEYIOIIETO N3BIICUEHUSI MHHEPAJIOB);

— TPAHCTIIOPTUPOBKH (pa3MbITas HOPOAA TPAHCIOPTUPYETCS CAaMOTEKOM HITH C TIOMO-
b0 3PIUPTHBIX YCTAHOBOK, YTO 00JIErdaeT Mpouece J00bIYH).

I'uppomMoHUTOPEl PabOTAIOT MO TPUHIMITY pa3MbIBa MOPOJBI C HCIOJIB30BAHUEM
MOIIHBIX CTPYH BOABI M 00ECHEYMBAIOT BBICOKYIO 3(h()EeKTHBHOCTH M3BIeYeHUs [3].
OpHako mepen HadyaloM DyOOKOBOIHOW THAPOAOOBIYM, B MpeAjaracMoil aBTOPOM
KOHIETILUH, TPOBOIUTCS ATal KaMy(IeTHOTO B3pBIBAaHHSA, KOTOPBIH HEOOXOIUM IS
NEPBOHAYAIBEHOTO JIPOOICHUS TOPOABI

Dmanst npoyecca 2udpoooobIuU MEePObIX NONIE3HBIX UCKonaemblx. Kamvypremrnoe
e3pvieanue. 1lepen TuAPOPa3MBIBOM MIPOBOAUTCSI KOHTPOIMPYEMBIH TOJBOAHBINA B3PHIB
C HCIIOJIb30BAHUEM BOJOYCTOMYUBBIX B3pBIBUATHIX BEHIECTB [4—6], pa3MellacMbIX B
3a0ypeHHbIX CKBaXHHaX. CTpyKTypa MOpPOIBI pa3pylIaeTcs, CO3MAOTCS TPEIIUHBI
¥ KaMmyQIeTHBIE ITOJIOCTH, YTO 3HAYUTENFHO OOJIerdaeT IMOCIEAYIOUIYI0 00padoTKy
THUIPOMOHHUTOPOM, O€3 HapyIIeHWH TTOBEPXHOCTH MOPCKOTO JIHA.

Iloosoonas ycmanoska euopomonumopa. Ilocie 3aBepiieHns dTana KaMyQpJIeTHOTO
B3pPBIBaHMSA C MAaTEPHUHCKOTO KOpalist B HEApa MOPCKOTO JHA OITyCKaeTCsl THIAPOMOHH-
TOp, OCHAIIIEHHBIN COTUIOBOM crucTeMoil. OH MOAroTaBIMBaeTCs K padoTe U pa3MeniaeT-
csl B KaMy(hJIeTHOM TOJIOCTH AJISl Pa3MbIBa MTOPOJIBI.

Ilooaua 600vt no0 vicoxum dasnenuem. HacocHas cuctemMa Ha MaTepPHHCKOM Kopa-
One mofaeT BOAY MOJ BBICOKMM JaBIIEHHEM K COIUIOBOM CHUCTEME THAPOMOHHUTOPA.
Korna Boa mpoxoauT uepes coruia, oHa YCKOPSETCsl ¥ BHIXOJUT B BUJI€ MOLTHON CTPYH.

Pazmwié nopoodsi. BeicokoHanopHbIe CTPyH dPPEKTUBHO pa3pylIaoT U MOAHUMAIOT
(bparMeHTHI MOPOABI, MPEABAPUTEILHO OATOTOBICHHBIE KaMY(JICTHBIM B3PHIBAHHEM.

Monumopune u ynpasnenue. CuctemMa AHUCTAHIIMOHHOTO YIPAaBIEHHUS IO3BOJISIET
OIepaTopy KOHTPOJIMPOBATh MPOIECC B pEaJlbHOM BPEMEHH, HACTpauBas MapaMeTphl
MOTOKA BOJIBI 1 MAHEBPHUPYS COINIOBOM CUCTEMOM B 3aBUCUMOCTH OT TEKYILMX YCJIOBHI
pabotsl. [llapHupHas cuctema comen oOecreyuBaeT ONEpaTHBHOE W3MEHEHHE yIvia U
HaIpaBJICHUS TIOTOKA, TO3BOJISS aaTHPOBATH IPOIIECC Pa3MbIBa K CIIOKHOMY pebedy
MOPCKOTO JTHA.

Toovem u mpancnopmuposxa. Pa3mbiB co3maeT BOAHBIN MTOTOK C B3BEHIEHHBIMA YacTH-
1amu (TTyJIBITY ), KOTOpast HaIpaBJIseTesT 9epe3 TPyOoIrrpoBo Spmi(THOH YCTaHOBKH Ha Ma-
TepUHCKHU Kopabib. Ha 6opTy ocymiectsisiercs nepBryHas repepadorka 100brterx TITH.
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Yempoiicmeo cudpomonumopa. T'uipoMOHUTOP HCTIOIB3YET BHICOKOHATIOPHBII T10-
TOK BOJBI IS pa3pylIeHUs W yBIIEUEHUS TBepIbIX dacTuil. OCHOBa MaHEBPEHHOCTH
THIPOMOHHUTOPHON YCTAaHOBKH B KaMy(JIeTHOH Toi0cTH i OoJiee TIIaTebHOTO pa3-
MBIBa B30pBaHHOM Mopossl B3sATa u3 nareHta RU2196062C2 [7].

YerpoiictBo coctouT u3 (puc. 1): Hacoca BHICOKOTO JaBieHus [ (eHTPOOSKHBIH/
MOPITHEBOM HACOC CO3JIaeT BHICOKOHATIOPHYIO CTPYIO C CUCTEMOW (DMIIbTpaIuy IS 3a-
IUTBEI 000pyAOBaHU); TpydompoBoma 2 (obecTeunBaeT Mmoaaqy BOABI K THAPOMOHU-
TOPY); CHCTEMBI YIIpaBlieHHs 3 (IMCTAaHIIMOHHOE PETyIUPOBaHME JaBICHHUS U pacxoa
BOJIBI B PeaTbHOM BPEMEHH ); COTIOBOM CHCTEMBI 4 (CMEHHBIC HAaCaIKH JJIsl PEryIHPOB-
KM MOIIHOCTH U IIMPUHBI CTPYH 10]] KOHKPETHBIE YCIOBHsI pa0OThI); MIAPHUPHBIX Me-
XaHU3MOB J (00CCIICUYMBAIOT TOUHOE U3MCHECHHUE YIJIa U HAIIPABICHUS CTPYH JIJIs A hek-
TUBHOTO Pa3MbIBa B CJIIOXKHBIX YCIIOBHSIX, YTO JIENaeT THAPOMOHUTOP 3(PdeKTHBHBIM
WHCTPYMEHTOM IS TITYOOKOBOJHOM TOOBIYH ITOJIE3HBIX NCKOITAEMBIX ).
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Pucynok 1. YcrpoiicTBo riry0OKOBOAHOTO THAPOAOOBIYHOIO KOMILIEKCA
Figure 1. A scheme of a deep-sea hydraulic mining system

I¢pdeKTHBHOCTH THAPOMOHUTOPA NPU 100bI4Ye rrydokoBoaHbIX TIIN. Dddek-
TUBHOCTB THIIPOMOHHTOPOB 3aBUCHT OT MHOXKECTBA (PaKTOPOB, KOTOPhIE MOKHO YCIIOB-
HO pasJC/INTh Ha TUAPABINYCCKUC, MEXAaHUYCCKHUE, TCXHOJOTUYCCKUE, DKOJIOTMYCCKHUE
1 3KOHOMHUYECKHE.

T'uopasnuueckue napamempul (1aBICHUE U PACXOA KUAKOCTH) KPUTHUECKH BIIHS-
10T Ha 9 PEKTUBHOCTH THAPOMOHUTOPOB. ONTUMAIbHOE JaBICHUE MOBBILIACT Pa3py-
MIAOIIYI0 CIIOCOOHOCTh CTPYH, YCKOPsis T0ObIYY, U30BITOYHOE — YBEJIUYUBACT U3HOC
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obopynoBanusl U dHepronorpednenne. bamaHc gaBneHWs W pacxoma BakeH s
3 PeKTHBHON ¥ IKOHOMUYHOH PaOOTEHI.

Koncmpyxyusi conna u yeon amaxu cmpyu HanpsMYEO BIUSIOT Ha d3QPPEKTHBHOCTh
rupoMonnuTopa. Paznuunbie Gopmbl comen co3aarT onTUMajibHbIE MPOQHUIN CTPYH,
CHIDKasl oHepro3arparhl. [IpaBriibHO TOM0OpaHHBIN YTroJl aTaky MOBBIIIAET pa3pyllaro-
1iee BO3JICHCTBIE Ha TIOPOTY, UTO MOATBEPKAaeTCs UccienoBanusami |8, 9]. Onrummsa-
U DTUX TTapaMEeTPOB MO3BOJISET TOOUTHCS MAKCHMAIBHOHN MPOU3BOAUTEIHHOCTH.

Qu3suko-mexaHuyeckue ceolicmea pa3MbIBaeMBIX MOpoJ (MPOYHOCTD, MIIOTHOCTB,
a0pa3MBHOCTH) CYIIECTBEHHO BIUSIOT Ha dPPEKTUBHOCTh THPOMOHUTOPA, TPEOYsI WH-
JUBHyaTbHOW HACTPOMKH 000PYI0BaHUS — OT CTAHIAPTHBIX PEKUMOB JUIS MSTKUX T10-
POl 0 IOBBIIICHHOTO AaBleHus 11 TBepAbIxX [10].

Texnuueckue xapaxmepucmuxu o060pyoosanus. KOMIIOHEHTHI THAPOMOHHUTOPA,
TaKhe KaK HaCOCHI, TPyOOIIPOBOIBI M CHCTEMBI YITPABIICHNS, OTIPEACIAIOT YPOBEHD MOTEPh
THIPABINYECKOTO HATIOPa, CBSI3aHHBIX C TPEHUEM U IpyTruMu (pakTopamu. TexHnyeckoe
COCTOSIHME U ypOBEHb aBTOMAaTH3alMyi 00OPYIOBaHMs TaKKe BIHSIOT Ha €ro paboTo-
CHocoOHOCTH U 3P PEeKTUBHOCTD. [[puMeHeHre COBPEMEHHBIX TEXHOIOTUH MOHUTOPHH-
ra W yrnpapJeHHUs TIO3BOJISICT CYIIECTBEHHO YIYyUIIUTh KOOPIUHALIUIO CHCTEM U YMEHb-
IIUTH BPeMsI IPOCTOS 33 CUET CBOEBPEMEHHOTO BBISIBJICHHS HenctpaBHocTel [11].

IlpenmyiecTBa U HeTOCTATKH T'MIPOMOHUTOPA. B pe3ynsraTe MHTErpaIiuyl OIu-
CaHHBIX TEXHOJIOTHH CO3/IaeTCs CUCTEMA, 00JIaIatoIasi PsiZIOM CYIIIECTBEHHBIX ITPEHMY-
mectB. Mcmonbp3oBaHne KaMy(UIETHOTO B3pPHIBAHUS B COUETAHUHU C MEPCIECKTUBHBIMU
TEXHOJIOTUSIMH TUAPOAOOBIUN MpPEBpaIIaeT MPOLECcC B BHICOKOA(P(EKTUBHBIN U 0e30-
nacHbIi MeToJ1 Ti1yOokoBOHOU 100bIuK TIIN. [Ipenmyrectsa:

— 9((eKTHBHOCTH (WCIONB30BaHNE ATANOB KaMy(JIETHOTO B3pPHIBAHWSA, pa3MbIBa
B30PBAHHON MacChl THAPOMOHUTOPOM W TOIbeMa IYJAbIBI MPH IOMOIIH SpiaudTa
MO3BOJISIET 3HAYUTEIHHO CHU3UTH TPYA03aTpaThl Ha Pa3MbIB M YBEIHYUTH CKOPOCTh
n00b14n TiryookoBonHbIX TIIN);

— 0e30macHOCTh (IMCTaHIIMOHHOE YIIPABICHUE BCEMHU dTallaMH [TyOOKOBOAHOMN JI0-
OBIYM MUHUMU3HUPYET PUCKHU JIJIsl THYHOTO COCTAaBA);

— THOKOCTP (KOHCTPYKITHH JOOBIYHONW YCTAaHOBKU 00ECIICINBAIOT BO3MO)KHOCTH MAHEB-
PHPOBAHUS B CIIOKHBIX YCIIOBHSIX, YTO YAyHIIIaeT KauecTBO TOOBIIH TTy00KoBOIHBIX TI1H).

HecMmotps Ha odeBHIHBIC TPEUMYIIECTBA IPUMEHEHHS THAPOMOHUTOPOB U Kamyd-
JIETHOTO B3PBIBaHMS B ITyOOKOBOAHOW T'MIPOAOOBIYE, CYIIECTBYET HECKOJIBKO 3HAUU-
TEJILHBIX HEIOCTATKOB, KOTOPHIE CIIEAYET YUYUTHIBATh:

— CJIOKHOCTh TexHOoruu (00opynoBaHue TPeOyeT BBICOKOW CTEIIEHH TOYHOCTH B
HACTPOMKaxX M yIpaBJIeHUN; HEOOXOINMOCTh BRICOKOTO YPOBHSI KOHTPOJIS 3a Ipoliecca-
MU MOXKET TPUBECTH K YBEJIMYCHHIO 3aTpar Ha oOydeHHe NepcoHalia U MOIepiKaHue
CJIOKHOTO 000pYZIOBaHUS);

— KamuTaJbHbIC BIOXKEHUS (pa3paboTKa W BHEAPCHUE HTOM TEXHOIOTHH TPeOyIoT
3HAYUTEJBHBIX HAaYaJIbHBIX KallUTAJIOBIOKEHNH; BBICOKAsk CTOMMOCTh 00OPYIOBaHHS U
ero o0CITy)KUBaHHUSI MOJKET CTATh MPEMSTCTBHEM JIJIsl MAIBIX M CPEJHUX KOMITAHUH );

— OOBOJTHEHHOCTH (B YCJIOBHAX 3aTOILIEHHOHN cpeibl A(h(eKTUBHOCTh YHEPTHH TIOTO-
Ka HarlOpHOW BOJIBI YMEHBIIIAETCS B HECKOJIBKO Pa3 MO CPAaBHEHHIO C Pa3MbIBOM B 0e3-
BOJIHOM ITPOCTPAHCTBE).

JK0JI0THYecKHe ACMeKThbl IPUMeHeHHsI THAPOMOHUTOPOB npu 1o0b1ye TIIU Ha
MOPCKOM JHe. [ HJpOMOHUTOPHI IPE/ICTABISIOT COOOH MHHOBAIIMOHHOE PEIICHHE IS
JIOOBIYH, COYETAIONIEeE BHICOKYIO d(D(PEKTUBHOCTH ¢ MUHUMATLHBIM BO3JACHCTBHEM Ha
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MOPCKYI0 dKocuctemy [12]. X mpuMeHeHHe CIOCOOCTBYET YCTOMYMBOMY Pa3BHTHIO
TOPHOAOOBIBAIOICH OTPACIIN, CHIXKEHHIO DHEPro3aTpar U COXpaHeHUI0 OHopa3Hoo0pa-
3ust. KiroueBoe npenmyIecTBo — KoMOMHaNusl KaMy(JIETHOTO B3pbIBaHUS U dpiuQTa,
KOTOpass MUHMMHU3UPYET 00bEM pa3MbIBA€MOI0 MaTepuaa U CHIKAeT 3arpsi3HEHHE
BOJIbI B3BEIIEHHBIMU YaCTUIIAMU IO CPABHEHHUIO C TPAJUIIMOHHBIMU MeTOaMH. TexHO-
JIOTHS MO3BOJIIET COXPAHSITh MECTa OOMTaHMS MOPCKUX BHIOB, NOJAEPKUBAS IKOCH-
cTeMHblil Oananc. COBpeMEHHbIE CHCTEMbl MOHUTOPHHTA C IaTYUKaMU U aBTOMaTHh3a-
el 00eCIeunBaOT TOYHBIA KOHTPOJIb Mpoliecca JOObIYH, ONEPaTHBHO pearupys Ha
M3MEHEHUSI OKPY’KaroIlell cpebl U CHUXKasi PUCKU AJIs1 MOPCKOI OMOTBHI.

CpaBHUTeJILHBIN aHAJIN3 MeTOI0B 100bIuM. B Tabn. 1 npencrasnensl Hanbosee
NEPCIEKTUBHBIC Ha B3IV aBTOPAa METO/bI, IPUMEHIEMbIE Ul JOOBIYN MOJIE3HbIX HC-
KOTIaeMbIX Ha TIIyOMHE, a TaKKe UX MPEUMYILECTBa U HETOCTATKH.

Pe3yabTaThl. YCTaHOBIEHO, YTO THAPOMOHUTOPHAS TEXHOIOTHS 00SCIIEUNBACT BBI-
COKYIO ITPOU3BOIUTENBHOCTD PH MUHUMAJIbHOM MEXaHHUYECKOM BO3/IEHCTBUH Ha JOH-
Hble oTIOKeHHs. KoMmOuHaIms ¢ xamyQiaeTHbIM B3pbIBaHHEM MOBbIMaeT 3(dekTus-
HOCTb pa3pylleHUs IVIOTHBIX OO, a 3pAu(THAs TPAaHCIIOPTUPOBKA CHUKAET SHEPIo-
3arpaTbl. OJJHAKO BBISIBICHBI PUCKU YBEIHUUEHHUS MyTHOCTH BOJBI, TPEOYIOIIHUE JIOTIOI-
HUTEIBHBIX MEP TI0 IKOJIOTUYECKOMY MOHUTOPHUHTY.

BoiBoabl u 00sacTh NpUMeHeHHs! pe3yJbTaToB. PaspaboraHHas TEXHOIOTHS
JEMOHCTPHPYET 3HAYMTENBHOE TPEHMYILECTBO IMepel] TPaIUIHMOHHBIMU CHOcO0aMH
JOOBIYHM KaK TI0 MPOU3BOIUTEIBHOCTH, TAK U 110 3KOJIOrnueckoi oe3onacHoctu. Ilomyden-
HBIE pe3yJbTaThl IOKa3bIBAIOT, YTO METO/] MO3BOJISET CYIIECTBEHHO CHU3UTH aHTPOIIO-
TEeHHOE BO3AECHCTBHE HA MOPCKHE DKOCHCTEMBI IIPH COXPAHEHUH BBICOKOH DKOHOMHUYE-
ckoit a¢pexTrBHOCTH. PaspaboranHblil MeTOA THAPOAOOBIYN C IPUMEHEHUEM THIPO-
MOHHMTOPOB TEPCIEKTUBEH ISl OCBOCHMSA TIIyOOKOBOAHBIX Mectopoxaennit TIIN.
Pesynbrarel uccieoBaHyst MOTYT ObITH HCIOJBb30BAHbI IIPU IPOSKTUPOBAHNH MTOIBOIHBIX
TOPHOJO0OBIBAIOIIIX KOMIUIEKCOB, a TaK)Ke AJIS pa3paboTKu HOpMAaTUBOB, MUHUMHU3HPY-
IOLINX DKOJIOTHUYECKUi ymiep6. [lanpHeliye uccneaoBanus 10KHBI ObITh HalpasJie-
Hbl Ha ONTUMM3ALMIO TEXHOJIOIMUYECKHUX MapaMeTpoOB M CHU)KEHHE BO3/AEHCTBUS Ha
MopcKkure 3KocucTeMbl. Ocoboe 3HaYeHNEe UMEET BO3ZMOKHOCTD a/IalTallli TEXHOJIOTHI
K pa3JIUYHBIM I€0JOTMYECKUM YCIOBUSM U THIIAM MecTopoxkaeHuil. [IpoBenennas pa-
0oTa co3maeT Hay4YHO-TEXHWYECKYIO OCHOBY JUIS JalIbHEHINIEro COBEPIIECHCTBOBAHUS
METOJO0B INTyOOKOBOAHOM JOOBIYM MOJIE3HBIX UCKOIIAEMBIX U Pa3pabOTKH COOTBETCTBY-
IOLIUX IPHUPOAOOXPAHHBIX CTAHIAPTOB.
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Applying a hydromonitor for deep-sea hydraulic mining of solid seabed minerals
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Abstract
Introduction. Deep-sea mining of solid minerals requires innovative efficient and environmentally
safe. The article discusses a promising method for developing offshore deposits, a technology
combining camouflet blasting, hydro jetting and airlift.
Methods of research. An integral analysis of the hydro jetting complex operation at depths of up to
5000 m was carried out. The parameters of camouflet blasts (charge depth and explosive type)
were studies together with the hydro jet wash-away modes (pressure 15-25 MPa and jet angle
20°-35°) and the efficiency of pulp airlift. The data were obtained in course of full-scale tests at
Pacific Ocean sites using remotely operated underwater vehicles for monitoring (ROV monitoring
systems).
Results. It was found that the integrated method improves performance by 35% compared to
conventional technologies. The optimum jet pressure for various rocks is 18+2 MPa. Localized
action reduces seabed disturbance area to 50 m? per site. Benthic communities recovery does not
exceed 18 months.
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Application of research results. The developed solutions have been implemented in the manganese
nodules mining projects in the Clarion-Clipperton Zone. The technology allows minimizing
environmental damage by reducing the amount of suspended particles in water (less than 10 mg/l)
as well as reducing energy consumption by 22% due to optimized operating modes and automating
key production operations.

Conclusions. The proposed technology enhances the sustainable development of deep-sea mineral
resources. Further research is aimed at adapting the method to Arctic conditions.

Keywords: hydromonitor,; deep-sea mining, solid minerals; seabed; camouflet blasting; airlifi;
hydraulic mining; rock wash-away,; mining industry.
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