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AnHoTamus. C 1enbio MOBBIIICHNS HedTeoTaun Ha HE(TIHBIX MECTOPOXKAECHHSAX HCCIIEIOBAHBI BO3MOXKHOCTH HC-
MOJIb30BaHMS TIACTOBBIX HAHOPOOOTOB B HE(TEra30Boi MPOMBIIUICHHOCTH. HaHOPOOOTHI MPEICTABISIOT COO0MH MHK-
PO- 1 HAHOMEXAaHUYECKUE CUCTEMBI, CHOCOGHble 6]>lTb WHXXCKTUPOBAHHBIMHA B IJIACT He(l)Tl/I JUIA UCCIICA0OBAHUA U MO-
nudukanuy ero cBoicTs. [1aBHOE BHUMaHHE YIEJICHO PELICHHIO MPOOIEMbI JOCTYITHOCTH HE(TH B IIACTE, KOTOPOE
JOCTUTacTCA MyTEM CO3JaHUA MEXaHUYCCKUX KaHaJIOB U U3MECHCHUS (1)I/I3I/IKO—XI/IMI/I'-IQCKI/IX XapaKTCPUCTUK He(bTS[HbIX
CJIOCB, C YYE€TOM KITFOYEBBIX (DaKTOPOB — HAICKHOCTH U JOJITOBEYHOCTH HAHOPOOOTOB, UX CIIOCOOHOCTH PabOTaTh
B KCTPEMANBHBIX YCIOBHUIX MeCTOPOXKAeHHH. [TouepKuBaeTcst BAKHOCTH pa3pabOTKH CHEHaTn3HPOBAHHON HH(ppa-
CTPYKTYPHBI TS 3P PEKTHBHOTO yIPABICHUS] U KOHTPOJIS 32 HAHOPOOOTAMH, BKIFOUYAIOUIYIO TIPOrpaMMHOE obecrede-
HHE JTHX MPOLECCOB, a TAKKE CHCTEMY CBSI3H sl OOMEHA JAHHBIX MEKIy HaHOpoOOoTamu. PaccMOTpeHsI croco0-
HOCTh HAHOPOOOTOB B3aUMOJCHCTBOBATH MEKAY COOOW W pemarh 3a/add, CBSI3aHHBIE C ONTHMH3AUEN MPOIECCOB
n00buK HeTH Ha MecTOpOXKAEeHHH. OTMEYAETCsI, YTO HAHOPOOOTHI MOTYT TIPUMEHSITHCS ISl HCCIICIOBAHUS M MOHH-
TOpPHUHI'a COCTOSAHUSA CKBAXHH, YCHUJICHHS NPOLECCOB }106])1'41/1, YIay4dlICHUA CBOﬁCTB MaTe€prajioB, a TAKXXEC B PEMOHT-
HbIX paboTax. [lepen mIMPOKMM BHEJPEHUEM 3TOM TEXHOJOIMH B HE()TEra3oBOW OTPACIIHM BBIIBICHA HEOOXOIUMOCTD
IPOBCACHUA ACTAJIBHOIO UCCIICNOBAHUSA, ONIPEACIICHHUA ONITUMAJIBHBIX METOA0B BHEAPECHUA U PEUICHUSA BOIIPOCOB 663-
OINACHOCTH M HAJKHOCTU TAKOH CHCTEMBI.
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Abstract. In order to increase oil recovery in oil fields the possibilities of using reservoir nanorobots in the oil and gas
industry have been investigated. Nanorobots are micro- and nanomechanical systems capable of being injected into an
oil reservoir to study and modify its properties. The main attention is paid to solving the problem of oil availability in
the reservoir which is achieved by creating mechanical channels and changing the physico-chemical characteristics
of oil words, taking into account key factors - the reliability and durability of nanorobots, their ability to work in ex-
treme field conditions. The importance of developing a specialized infrastructure for effective management and con-
trol of nanorobots, including software, as well as a communication system for data exchange between nanorobots, is
emphasized. The ability of nanorobots to interact with each other and solve problems related to the optimization of oil
production processes is considered. It is noted that nano-robots can be used to study and monitor the condition
of wells, enhance production processes, improve the properties of materials, as well as in repair work. Before using
this technology widely in the oil and gas industry, it is necessary to carry out a detailed study in order to determine the
optimal methods of implementation and to solve issues of safety and reliability of such a system.
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BBenenue

Hcronb3oBaHKe MIIacTOBEIX HAaHOPOOOTOB I yBe-
JMYCHUS HEPTEOTAaYM HA HEPTIHBIX MECTOPOKICHHSIX
SIBISIETCSI OTHUM W3 HAIpaBlICHUH pa3BUTHA HedTera3o-
BOW NPOMBIIUICHHOCTH, KOTOPOE MOXET IPHBECTH
Kk Oonee 3(pPeKTHBHOMY HCTOIB30BAaHUIO HE(TEra3o-
BBIX PECYPCOB.

Hanopo0oTBsI — 3T0 MHKpO- 1 HAHOMEXaHUIECKHE CH-
CTEMBI, KOTOPbIE MOTYT OBITh MH)KEKTHPOBAHBI B IUIACT
He()TH U1 WCCIIENOBaHUS W W3MEHEHHS €rO CBOMCTB.
OHH MOTyT OBITH WCHOJB30BaHBI [UI YBEIUUYCHUS JI0-
CTYIMHOCTH He()TH B IUIACTE, HATIPUMED, ITyTEM CO3JaHUS
MCXaHWYCCKUX KAHAJIOB WM W3MCHEHHS (PH3UKO-
XUMITYECKHUX CBOMCTB HeTH [1].

O)IHI/IM U3 BaXHBIX 3J3TAallOB B HCIIOJIb30BAHUU
HaHOPOOOTOB (TIpUMEp MEXaHHYECKOro HaHOpoOoTa
mpeacTaBieH Ha puc. [2]) sBusercs ux pa3paboTka

u mu3aitH. OHU JOJDKHBI OBITh HAJEKHBIMU U JIOJTO-
BEYHBIMH, BBIJICPKHBATH PA3IMYHBIC YCIOBHS Ha Me-
CTOPOXJICHHUH, a TAaK)Ke HMETh HEoOXomumble (DYHK-
MW IS U3MEHEHHS CBOWMCTB Iuiacta HepTH. K ToMy
JKE eIlle OJHUM Ba)XHBIM aCIEKTOM BHEIPEHHS HaHO-
po6OTOB Ha HE(MTAHBIX MECTOPOXKICHHUSIX SBIISETCS
CO3/IaHUE COOTBETCTBYIOMIEH HHDPACTPYKTYPHI IS UX
YIOPaBJICHUSI W CBS3H. JTO MOXKET BKJIIOYATH B ceOs
pa3paboTKy MpOTrpaMMHOTO OOecTieYeHHs ISl YIpaB-
JICHWST © MOHHTOPUHTa HAHOPOOOTOB, a TaKKe CO3JIa-
HHUE CHCTEMBI CBSI3M JJIS MepeJaddl JaHHBIX U YIIpaB-
nenus. Haxonmsmuecs B pa3HBIX YacTSX IUIACTa HaHO-
poOoTEI OynyT OOMEHHBAThCS WH(pOpPMAIHEH, YIpaB-
JSATh OPYT IPYTOM M pelIaTh, B KaKUX 30HAX HYXKHO
YCHJIHTh OTOOP HEPTH, a B KakuX (HhOpCHpPOBATH 3aBOJI-
Henue. KoHUenuuio HaHOPOOOTOB OTCTAUBAIOT P
aBTOPOB Ha KOH(EPeHIIIX He(PTera3oBoro mpopuis.

Mexanndeckuii HAHOPOOOT (MOJIEKYIISPHBII acceMOep)

Mechanical Nanorobot (molecular assembler)

O0BbEKTHI M METOABI HCCJIET0BAHUS

K npee BHenpenuss HaHOPOOOTOB B HE(TETa30BYIO
oTpacib, a TaKKe K CaMHUM HaHOTEXHOJIOTHSIM, OOJIb-
IIMHCTBO HE(TSHMKOB OTHOCATCS CKenTH4eckd. [l
TOro 4YTOOBI BHEAPEHHE ILIACTOBBIX HAHOPOOOTOB Ha
HE(TSIHBIX MECTOPOXICHHUSAX ObUIO  A(PQEKTUBHBIM,
HEOOXOAMMO TMPOBECTH JIETATHFHOE HCCIIeOBAHKE ILIa-
CTa ¥ OINpE/eNIUTh ONTHMAJBHBIH METO/I UX BHEIPEHUS
[3]. 310 MOXeT BKITFOUATH B ceOsl MCIIONH30BAHUE pa3-
JMYHBIX METOZOB MOJICITMPOBAHUS, aHAIN3a U CUMYJISI-
IMM, 4YTOOBI OIEHWUTH IIOTCHIMA WCIOJIB30BaHUS
U ompenenuTh HamOonee 3(deKTHBHBIE CIIOCOOBI HX
BHeZpeHWs. B mpomecce BHeApeHHS HaHOPOOOTOB
B IUTaCT HE()TU OHU MOTYT OBITh JJOCTaBJIEHBI HA MECTO
C TOMOUIBIO CIELHAIBHO Pa3pabOTaHHBIX WHKEKTOPOB,
MOCJIE Yero MOTYT OBITh YIPABISIEMbl U OTCIICKHUBAEMBI
C TIOMOIIBIO Pa3JIMYHBIX TEXHOJOTHI, TAKMX KaK Pajano-
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yIpaBlieHHe W HEeHpOHHBIE ceTH. B 1emsix obecrieyeHus
ux 6e30macHOro M 3PQPEeKTHBHOTO (PYHKIMOHUPOBAHUS
Ha MECTOPOXKJICHUN HEOOXO0AUMO pa3paboTaTh CHCTEMY
YIpaBlIe€HUs U MOHHUTOPUHTa HX PabOTBL. DTO MOXKET
BKJIIOYAaTh B ce0s HCIONB30BaHUE JATYMKOB, Kamep
U Jpyroro oOOpYyJOBaHUS IS OTCICKUBAHHS M KOH-
TPOJIS IBIDKCHUS U JIEHCTBUI HAHOPOOOTOB.

JlpyruM Hemano BaXKHBIM aCIIEKTOM SIBIISIETCS CO-
31aHue OE30MaCHOCTH U Pe3EPBHBIX MEp ULl HAHOPOOO-
TOB B CIIy4ae HEOXKHIAHHBIX CUTYyalMil HA MECTOPOJK/Ie-
HHU. DTO MOXET BKJIIOYATh B ceOs CO3aHUE CHCTEMBI
YIIpaBIICHUS SKCTPEHHBIMH CHTYallSIMH U TUIAHOB JICH-
CTBUI B CITyJac aBapHH.

BHenpenre HaHOPOOOTOB B He(TErazoBylo OT-
pacib MMeeT 3HaYUTENIbHBIC MEePCIIEeKTHBBI IS YiIyd-
LICHUS MPOIECCOB IOOBIYM, MPOU3BOJICTBA U 00CIY-
JKMBaHHS ¥ MOTYT IIPUMEHSTHCS B PA3JIMUHBIX LEIAX:
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1) uccnenoBaHnst 1 MOHUTOPUHI: MOTYT OBITH HC-
TIOJIb30BaHbl JJIsl TIPOBENCHUS] AUArHOCTUKA M MOHH-
TOPHHI'A COCTOSTHUS CKB)XKHH, HICHTH(UKAIIMN ydacT-
KOB HOBPEXJCHUI MM 3aCOpPOB, a TAKXe Ul U3Mepe-
HUSI (PU3MKO-XMMHUYECKHX I1apaMETPOB BHYTPU CKBa-
KWH; KOHTPOJS COCTOSIHHSL IOA3EMHBIX TPyOOIpOBO-
JIOB, OOHApPYXXCHHUSA yTE4eK W INPEIOTBPAIICHHUS BO3-
MOXHBIX aBapuii;

2) yaydIeHne MpoIeccoB JOOBMH U POU3BOJICTBA:
BO3MOXKHO€ UX MPUMEHEHHE ANl YCUIIEHUS IPOLECCOB
(pakuMOHMPOBAaHWS Ha HAHOYPOBHE NpH I00BIYE
HedTH M raza, obneryas pa3pynieHHe HOPUCTHIX CTPYK-
Typ ¥ NOBbIAast 3(Q(PEeKTUBHOCTD JO0OBIUH, a TAKXKE IS
yJIaJICHUs] HarpOMOX/ICHHUH, OTJIOKEHUI M 3aCOPOB, YTO
TIOMOTAET IT0/|/IeP’KUBATh HOPMAJIBHBIN PEXHUM PaOOTHI
CHCTEM;

3) mMomupuKanus W yIydIIeHHe CBOWCTB MaTepua-
JIOB: MOTYT OBITh MCTIONIH30BAHBI IS IPOBEACHHS MHK-
pO- M HAaHOPEMOHTa MOBPEXKICHHBIX MaTEpHAJIOB, YTO
MO3BOJIUT TPOUINTH CPOK CIYKOBI 000pYyHZOBaHUA
U COOPYXKCHHH, U1 HAHECEHHUs M KOHTPOJISI HAaHOCIOEB
CMa304YHBIX W AHTHKOPPO3HOHHBIX MaTepHaloB Ha
BHYTPEHHIOIO TTOBEPXHOCTH TPyOOIPOBOIOB 1 000PYI0-
BaHWsL, MOBBIIAS UX 3P (HEKTUBHOCTH U CHIDKAS U3HOC;

4) mpUMCHEHUE B PEMOHTHBIX padoTax: MpH MPO-
HUKHOBEHHU HAHOPOOOTOB BHYTPH MOJBOJHBIX TPY-
OOIPOBOJIOB MOTYT OBITH MCIIOJIE30BAHBI JIJIS JIAATHO-
CTUKH MOBPEXKICHUH U NPOBEACHUS MHKPOPEMOHTA
0e3 HEoOXOAMMOCTH H3BICUYCHHUS TPyOOmMpoBoja Ha
MIOBEPXHOCTb.

3aki0ueHue

Hcnonp30BaHne IIIACTOBBIX HAHOPOOOTOB Ha
HE(TAHBIX MECTOPOXKICHUSIX MOXET OBITh IepCIieK-
TUBHBIM CIIOCOOOM yBEJIMYEHUsI HedTeoTnaun 3a cyer
TOYHOTO U 3(P(PEKTUBHOTO KOHTPOJS M YNPABICHUS
npoueccoMm 100bau. Ho 310 TpeOyeT BHUMATEIHHOTO
IJIaHUPOBaHUS U BHenpeHusi. Kpome 3Toro, oHu MOTyT
OBITh WCIIOJIE30BAHBI [UISA JOCTYIa K TPYIHOAOCTYI-
HBIM MeECTaM, YBEIMYEeHHS oObeMa J00bIBaeMOM
He(TH B OTAETHHBIX CKBOXHHAX, a TAK)KE JUII CHIDKE-
HUS 3aTPaT U PICKOB Ha MecTopoxaeHnH. Pazpaborka
U BHEIPEHHE TaKUX CHCTEeM TpeOyeT 3HAYMUTEIHHBIX
(MHAHCOBBIX M TEXHOJOTHYECKUX 3aTpaT, JOCTATOY-
HOTO HCCIICOBaHHS W TECTUPOBAHHA IEpe]] IOIHBIM
BBEJICHUEM UX B TEXHOJIOTHIO [4].
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