much as the United States. The accumulative installed capacity is 934 GW, up 17.5 % year on year. In 2020, China will
add 138 gigawatts of renewable energy capacity, more than the rest of the world combined.

The impact of wind power generation on the power grid. Although wind and solar energy are promising, one
big problem remains. That is, these two kinds of power generation energy fluctuations are relatively large. Photovoltaic
technology is the effect of the photoelectric effect on a semiconductor material, such as silicon, where light energy is con-
verted into electricity. Well, you can generate electricity during the day, but not at night, and the electricity generated on
sunny days is not the same as that generated on cloudy days. And electrical appliances need a steady source of power to
work. At present, I am working in thermal power, which can balance the fluctuation of photoelectric power. But industry
experts point out that China’s grid currently suffers up to 15 percent of erratic generation. Any more will affect social
production and people’s lives.

By September 2021, photovoltaic installed machine scale is 278 million kilowatts, and according to the national
plan, by 2030, wind installed capacity to reach more than 1.2 billion kilowatts. Therefore, the problem of power supply
stability urgently needs to be solved. The solution is to add energy storage. It is used to store the electricity generated by
photovoltaic power stations and then release it steadily.

The existing technology means, that is, electrochemical storage. It has inherent problems, such as a short storage
time and a quick release of power in extreme cold. Raw material resources are limited. According to world Bank estimates
in 2020, production of battery raw materials, such as lithium, will have to increase by 500 % by 2050 to meet demand. But
given the world’s proven reserves of recoverable lithium, that amount is simply not there.

Will be in sight in 2021. Such as electromagnetic energy storage, flywheel energy storage, compressed air energy
storage, supercapacitor technology, and discussion of the hottest hydrogen storage and so on. Electromagnetic energy
storage and ultracapacitors are at the very beginning of the laboratory stage; Flywheel energy storage, compressed air, and
liquid flow batteries are progressing slightly faster, but only in the actual testing stage. Hydrogen storage is high on the
list, but it’s not at the commercial stage, somewhere between actual testing and commercialization.

From the discussion in 2021, the most likely to become the main energy storage is pumped storage. Pumped storage
energy is a high conversion rate, with 1 degree of electricity pumped up the water, can release about 0.8 degrees of electricity;
Second, if large-scale application, the construction cost can be diluted and eventually allocated to the energy storage cost per
KWH, about only a little over 20 cents, which is !/, or even !/, of the cost of energy storage with lithium batteries.

According to the 2030 Carbon Peak Action Plan released by The State Council of China, the country aims to more
than triple the installed capacity of pumped storage power stations to about 120 million kilowatts by 2030.

Summary. China is under a lot of pressure to cut carbon emissions. At the same time, through technological and
industrial accumulation, China has a certain strength in hydropower, wind power and solar power generation. In the fu-
ture, it will focus on wind power and solar power generation. But the construction of wind and solar power still faces big
technical problems that need to be solved quickly.
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HpeZ[CTaBJ'IeHLI OCHOBHBIC IMOHATHA U TCPMHUHBI JOBOJIBHO aKTyaJ'II;HOﬁ Ha CEerOAHAIIHUM JICHb C(i)epI)I — Ha-

HOTEXHOJIOruu. Bo BceM MUpEe HAHOTEXHOJOTUU SIBJISIOTCS OQHOU M3 OCHOBHBIX TE€M Ul U3YUYCHUsI U Pa3BUTHUs
Hayku XXI Bexka.
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HanoTexHOMOTHS — 3TO KOMIUTIEKC HAy4YHBIX TUCHUIUINH, CBA3aHHBIX C MAHUIYJIUPOBAHHUEM HAJl BEIICCTBAMHU
Ha aTOMHOM H MOJICKYJISIPHOM YPOBHSX, IENIBI0 KOTOPBIX B MEPBYIO OYEpeb SBISETCS CO3MAaHUE HAHOCTPYKTYP,
YCTPOMCTB U MarepuajioB CO CIIELMaIbHBIMU CBOMCTBAMHU.

Jannas cdepa obmamgaeT Takoil 3aMHTEPECOBAHHOCTHIO MMEHHO TIOTOMY, YTO UMEET BOSMOXKHOCTH Pa3HOCTO-
POHHETO TPUMEHEHHSI U HECET B ceOe TOCTATOYHO OOJBIION MoTeHITna pocta. K coxalleHuto, Ha TaHHBIH MOMEHT
JTAJIEKO HE BCE CBOWCTBA HAHOMUKPOAJIEMEHTOB M3Y4CHBI B ITOJTHOI Mepe.

The basic concepts and terms of a rather relevant sphere today — nanotechnology - are presented. All over the
world, nanotechnology is one of the main topics for the study and development of science of the XXI century.

Nanotechnology is a complex of scientific disciplines related to the manipulation of substances at the atomic
and molecular levels, the purpose of which is primarily to create nanostructures, devices and materials with special
properties.

This sphere has such an interest precisely because it has the possibility of versatile application and carries
a fairly large growth potential. Unfortunately, at the moment, not all the properties of nanomicroelements have been
fully studied.

Kniouesvie cnosa: HaHOTEXHONOTHSA, HAHOYACTHUIIBI, HAHOMATEPHAIIBI, CBOICTBAa HAHOYACTHI], IPUMEHEHNE HaHOYA-
CTHII.

Keywords: nanotechnology, nanoparticles, nanomaterials, properties of nanoparticles, application of nanoparticles.
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Ha cerogusimnmii 1eHb U3ydeHNe HAHOTEXHOJIOTHI 3aHIMMAET KIIFOYEBOE MECTO B COBPEMEHHOI Hayke. FIHTEeHCHBHO
TIPOBO/ISITCST MCCIIEIOBAHMSI, HANIPABJICHHBIC HA MOJyYCHUE W MCIIOIb30BaHUE MAIOpa3MEpHBIX 00BEKTOB — HAHOMUKPO-
anemenmos. Ha nx 0CHOBE M3roTaBIUBAIOTCS Pa3IMuHble MaTepuaibl. 3ydaroTcss BOSMOKHOCTH UX Pa3HOCTOPOHHETO
NPUMEHEHUsI B MEIMIIMHE, (papMaKoJIOTruu, OMOTEXHOJIOTHH, XUMHH H JIp.

Hanomuxpoanemenmul — 3T0 4aCTHUIIBI, KOTOpBIE UMEIOT pazmeps! oT 1 10 100 um (1 5M = 10 M). OHM IPUBIEKIH
OIpPOMHOE BHUMaHHE Oaroziapsi CBOMM yHHKaJIbHBIM CBOHCTBAM, TAKMM KaK BBICOKasi MEXaHHYIECKas! IPOYHOCTb, YCTOU-
YMBOCTh K XUMHYECKUM BO3JCHCTBHUSIM, IOBEPXHOCTHASI aKTUBHOCTH, 00YCIIOBICHHAs OCOOCHHOCTSIMH MX CTPYKTYPHI.
Bcé nepeunciennoe roBopuT o 00JIbII0H 3PPEKTUBHOCTH UX JEHCTBUS. MOXKHO CMEIO CKas3aTh, YTO 3TO «HCKYCCTBEH-
HbIE 00BEKTHI», 0€3 KOTOPBIX y’KE HEBO3MOKHO IPEJICTABUTh Pa3BUTHE COBPEMEHHOW HAyKH.

HesaBucumo ot criocoba nosry4eHusi, HAHOMHUKPOJIEMEHTHI TIPOSIBIISIIOT YHUKaJIbHbIE (PU3NUECKHE U XUMHYECKHE
CBOMCTBA, KOTOPBIC OMPEACIISIOTCS B OOJBIICH CTENeHN CBOMCTBAMU HHANBUAYATBHBIX MOJICKYJI, YeM MAaCCHBHOTO BEIIle-
CTBa TOTO e cocTaBa[2].

AKTyanbHOCTB YIITyOJICHHOTO M3yUYEHUsI JAHHOW TEMBbI 3aKJII0YaeTCsl IMEHHO B TOM, YTO, HECMOTPSI Ha JIOJITHH OIIBIT
TIPUMEHEHUS] HAHOYACTHI], K COXKaJICHUIO, OHM HE OBUTH MCCIIEI0BaHbI B TOJIHOM 00bEME, 0COOCHHO B IIaHe GE301acHo-
CTU IIPUMEHEHUS TSI 3110POBbsS U )KU3HU YEI0BEKa, ’KUBOTHBIX 1 MUKPOOPraHu3MoB. C OHON CTOPOHBI, HAHOTEXHOJIO-
MU y’Ke HalllT 00J1aCTH IIPUMEHEHHMS, C JIPYTOi — OHM JIO CHX IOP OCTAFOTCS ISl OOJIBIIMHCTBA YeJIOBEeYECTBA HAYYHON
(anTactikoil. B Oyayiiem 3HaueHHe HAHOTEXHOJIOTHIA Oy/IeT TONBKO PacTH.

B nHacrosee Bpemst ObUTO TIOKAa3aHO, YTO BELIECTBO, €CIIN B3Th HUYTOKHO MAJIEHBKYIO €r0 YaCTHILY, MOKET HUMETh
COBEPILCHHO HOBBIE CBOMCTBA. YacTHIIbI BEIIECTBA, pa3Mephbl KOTOPBIX HAaXOAATCs B 1uanasone ot 1 1o 100 HaHoMeTpoB,
0OBIYHO HA3BIBAIOT «HAHOMHKpOdIeMeHTaMm»| 1].

CornacHo MexayHapoaHoil konBeHIMH IUPAC, HaHOMMKPO3JIEMEHTBI IPUHSTO MOAPA3/IeNIATh Ha J1Ba TUIIA:

» Hanokmacteps! (HAaHOKPUCTAJLIBI);

* HaHOMMKDPOBIIEMEHTBI.

B niepByto rpyIimy BXOAAT YaCTHUIIBL, TPEACTABIIAIONIE COO0H aMOp(hHYIO MITH MONMUKPUCTAILINYECKYIO HAHOCTPYKTYY.
[Hannas crpykrypa conepkut 10 1000 aToMOB U HMEET yHOPSAOUEHHOE CTPOEHHE, €€ pasMep cOCTaBIsIeT nopsaka 1—5 Hm.

Bropyto rpyniry cocTaBisitoT coOOCTBEHHO HAaHOMHUKPOAJIEMEHTHI. JINHEHHbIe 1 IIIaCTUHYATHIC YaCTHIIBI MOTYT CO-
CTOSITb U3 OFPOMHOIO YHCJIa aTOMOB U UMETh OJIMH WM JjaKe /1Ba JMHEHHBIX pa3Mepa, KOTOpble MepexoisiT NOPOroBoe
3HAYEHUE, HO MX CBOMCTBA OCTAIOTCS XapaKTEPHBIMHU JUIS BELIECTBA B HAHOKPHCTAIUTMUECKOM cocTosiHum. Eciu Oparsb 3a
OCHOBY pa3lINuusl B JIMHEHHBIX pazMepax HAHOMHKPOAJIEMEHTOB, TO 11€1eCO00pa3HbIM Oy/IeT X pa3zeieHue Ha:

0-D nanomukpoidnemenmpt —y JaHHBIX 4acTUI] BCE 3 MPOCTPAHCTBEHHBIX pa3Mepa JIe)kaT B HAHOMETPOBOM [IHa-
Ma3oHe, TO ecTh Bce 3 pasMepa <100HM. B MHKPOCKOIIYECKOM CMBICIIE TAaHHBIH 00BEM CUATACTCS HYIBMEPHBIM U TI0-
9TOMY TaKue OOBEKTHI HA3BIBAIOTCSI KBAHTOBBIMH TOUYKAaMH. TaK ke K 9TOW TpyIe OTHOCATCS (yiIepeHsl, CBOOOIHBIC
1 cTaOWIIM3UPOBAHHBIE KIIACTEPBI.

Ksanmoswvie mouxu - cBepxMaible YacTHIbI, COCTOSIINE U3 COTEH MM THICSY aTOMOB. DTH MOIYNPOBOAHUKOBBIC
KpHCTaJLTBI 001aJaf0T YHUKAIBHBIMU (PU3NYECKUMH U XMMHUYECKUMH CBOWCTBAMH, HE XapaKTEPHBIMH JJIsI T€X YK€ BEIIECTB
B MakpomaciTade. KBaHTOBBIE TOUKH HCHOB3YIOT B JIA3EPOCTPOCHUH, ONITOAIEKTPOHHKE, (JOTOHUKE, CEHCOPHUKE H JIp.

@Dynnepenvt - 9acTULBL, cepudeckue, monsle BHyTpH. OHM 00pa30BaHHBI MHOTOIPAaHHUKAMH aTOMOB yIJIEpO/a,
KOTOpBIC CBSI3aHHBI MEXIy cCOOOW KOBaJeHTHOH cBsA3blo. Ymcio atomoB yriepoga n =30-120. B coorBercTBuu ¢ Teo-
pemoii JI. Ditnepa, aromsbl yriepoaa o0pasyroT 12 mpaBUIbHBIX MATHYTOJIBHUKOB U 20 MPaBUIIBHBIX IIECTUYTOIBHUKOB.
Oynepens! moapa3esisitoTes Ha J1Ba THIIA: Ooliee CTadWIbHbIE U MEeHee cTaOWIIbHbIe. [ paHHIly MeX/ly HUMH MO3BOJISIET
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MIPOBECTH MTPABUIIO H30IMPOBAHHBIX MATHYTOIEHUKOB. Hanboee cTabMIbHBIMHE SBISIOTCA T€ (DYIIIEPEHBI, B KOTOPHIX TSI~
THYTOJILHUKH HE KACAIOTCS IPYT pyTa, U KaXKIbIH W3 HIX OKPY’KEH ISITHIO MecTHyronsHuKaMu. Ecii pacmonarars ¢yi-
JICpEHBI B ITOPS/IKE YBEIMUSHHS YUCIIa aTOMOB yrireporna n, To C60 oTHOcHTCs K 60mee crabmwibHBIM, a C70 — Kk MeHee [2].

1-D HaHOMHKPOAJIEMEHTBI — O0BEKTHI, OTHOCSIINECS K 3TOH IpyIIe NMEIOT HAHOMETPOBBIE Pa3Mephl B JABYX H3-
MEpEHUSIX, a B TPETheM — MaKpOCKOIIMYecKuii pazmep. K HUM oTHOCST ropasio 6osbliee pasHooOpa3ue: HaHOTIPOBOJIOKH,
HAHOJICHTbI, HAHOBOJIOKHA, HAHOTPYOKH, OpraHMYecKrue MakKpOMOJIEKYJIbl, B T.4. BOitHbIe cripanu JJHK.

Yenepoonwvie nanompy6ku - 310 10JIBIC, HUIMHAPUIECKOI POPMBI CTPYKTYPBI, IIPEACTABISAIONINE COO0H TPYOKY 1na-
METPOM OKOJIO HAHOMETPa M JUIMHON B HECKOJIBKO JECATKOB MUKPOH. COCTOAT M3 MOPs/IKa OJHOTO MIJUTHOHA aTOMOB
yriiepona. YIiaepoaHble HAaHOTPYOKH XapaKTepH3yIOTCs OONMBIINM pa3HooOpasueM ¢popM. OHU MOTYT OBITH OTHOCTCHHBI-
MU MM MHOTOCTEHHBIMH, IIPSIMBIMU HJTH CHMPAJIbHBIMHE, JJTMHHBIMU WIIX KOPOTKHMHU | T. 1. Pasinuaror Takke mpoBOIHHU-
KOBBIC M TIOJTYITPOBOTHUKOBBIE HAHOTPYOKH. [ €OMeTpHsi ’TUX HAHOKOHCTPYKILIUH ONMPEAENseT X OTIIMYUTENIbHbIC (PH3H-
YeCKHe U XMMHUYECKHE CBOMCTBA H, CJICA0BATCIbHO, BOBMOXHOCTE CyHICCTBOBAHUA IMTPUHIUIINAIBHO HOBBIX MaT€praioB
1 TEXHOJIOTHH WX MPOn3BOACTBA. HaHOTPYOKM HEOOBIKHOBEHHO MPOYHBI Ha pacTshkeHune W Ha m3rud. Ilon meficTBuem
OONBIMX MEXaHWMYECKIX HANPSHKEHUH HAHOTPYOKH HE PBYTCS, HE JIOMAIOTCS, a TIPOCTO TIEPECTPANBACTCS UX CTPYKTYpA.

2-D HAaHOMHKPO3J1eMeHTbI — OOBEKTHI, UMEIOIINEe HAaHOMETPOBBIH pa3Mep TONBKO B OJHOM W3MEPEHUH, a B JIBYX
OCTaJIBHBIX 3TOT pa3Mep Oy/IET SBIISTHCS MaKpOCKOITMYeCKHM. K TakiM 00beKTaM OTHOCST: TOHKHE ITPUITOBEPXHOCTHBIE CIION
OJIHOPOJTHOTO MaTepHaa: IIEHKH, HOKPBITHSI, MEMOPaHbI, MHOT'OCJIOWHBIE T€TePOCTPYKTYPBI, HaHOILIACTHHBL. MiMenHo 2-D
HAHOOMHKPOAJIEMEHTBI O3BOJISIIOT CO31aBaTh OCHOBY JUISl pa3pabOTKH HOBOM AJIEMEHTHOM 0a3bl panolIeKTPOHUKH.

3-D HaHOMHKPO03J1eMeHTbI — K KJTaCCy TPEXMEPHBIX HAHOCTPYKTYP OTHOCSATCS KaK CaMH HAHOYACTHUITHI M HAHOYACTHIIBI
B 000JIOUKE, TAK ¥ HAHOKOMITO3UTHI M TPEXMEPHBIE CaMOOPTaHI30BaHHBIE MACCHBBI HAHOOOBEKTOB. [IpH 3TOM caMit KOMIIO3H-
TBI MOTYT BKITFOYATh HYJIb-, OHO- ¥ IByMEPHBIC OOBEKTHI, TO €CTh MPEICTABITE COOOH MACCHBHI KBAHTOBBIX TOYCK, HUTEH,
MHOT'OCJIOWHBIE TICHKH MM CJIOMCTBIC COSIIMHEHNS, @ TaK)Ke Pa3INuHble KOMOMHAIIMK STUX THIIOB HAHOCTPYKTYP.

Janee OyayT paccMOTpEHBI CBOHCTBA HAHOMUKPOAJIeMEHTOB. OOBIYHO ONpe/ielIeHue HAHOMUKPOJIEMEHTOB CBSI3bI-
BalOT HE C UX pa3sME€paMi, a C IOABJICHUEM Y HUX HOBBIX CBOfICTB, KOTOPBIC OTIIMYAIOTCA OT CBOMWCTB BCLUICCTBA B CTaHAAPT-
HoM MacmTabe. Korga BemecTBo mepexoauT OT Makpopa3MepoB K pa3MepaM Ha Iapy MOPSIKOB OOIBIIEe MOIEKYISIPHBIX,
TO TIPOMCXOIUT pe3Koe M3MECHEHHE ero CBOMCTB. IIpm yBenWYeHNWN MOBEPXHOCTHOW SHEPTHUHU TPOUCXOAUT M3MCHCHHE
MTOBEPXHOCTHOTO HATSHKEHISI, TeMIIeparypa IUTaBICHUS W TeMIICpaTyphl CTPYKTYPHBIX IepexonoB. [Ipm 3ToM MOXKeT
N3MEHHUTBCS caMa CTPYKTypa, JIEKTPOHHbBIE XapaKTepUCTUKH. To ecTh Bce (PU3MKO-XMMHYECKHE CBOMCTBA CTAHOBSITCS
WHBIMH, YE€M y BEILIECTB B UCXOJHOM COCTOSTHUH. VIMEHHO I0ATOMY KpHUTEpUEM IPHHAUIC)KHOCTH YaCTHUIIBI KAaKOT0-1T100
BEILlECTBA K KJIacCy HAHOMUKPOIJIEMEHTOB MpaBUIIbHEE OYy/IET CUNTATh COMOCTABJICHUE €€ pa3Mepa ¢ KOPPENSIHOHHBIM
pannycoM TOTO WIJIM HHOTO (u3mdecKkoro sBieHus [ 1]. [Ipumepamu Takux SBICHUNA CYUTAIOTCS: [UIMHA CBOOOAHOTO TIPO-
Oera ANEKTPOHOB WIIH ke (POHOHOB, UTHHA KOTEPEHTHOCTH B CBEPXIIPOBOIHUKE, Pa3Mepbl MAarHUTHOTO TIoMeHa [2].

Bce gacTuipl UMErOT B CBOEM COCTaBE OTPOMHOE KOJHYECTBO MENKUX ONOKOB. /laHHBIE OJOKH HENB3s YBHUICTH
HEBOOPYXXEHHBIM IJIa30M. DTO WX HEPBBIA M HanOoliee BaXKHBIA IUIIOC — MUHHMATIOpu3anus. Ha onHO# enuHnie ux
MOBEPXHOCTH MOYKHO Pa3MECTHUTh OOJIbIIE KOJINYECTBO (PyHKIIMOHAIBHBIX HAHOYCTPOHCTB. [ToMUMO 3TOTO, MaNbIi pas-
MEp )IaéT HaHOYacCTUllaM JOCTYII K J'[IO6BIM TKaHsAM M OpraHaM 4€JIOBCYECKOT'O TE€Jia UJIN KE€ B yCTpOﬁCTBa KOMITbIOTCPOB
1 MaIlWH, B KOTOPbIE HE CIOCOOHO MPUHUKHYTH HAYTO IPYyTOe.

Maubie pa3Mepsl HAHOMHKPOAJIEMEHTOB IPUBOAT K MHOTOYNCIICHHOMY YBEIIMICHHUIO YCIFHON TIOBEPXHOCTH Ma-
TEpHajoB, KOTOpask yCKOPSET UX B3aUMOJICHCTBHE MEXKy CAMIMH HAaHOYACTHIIAMH, a TAKXKE CO CPEOH B KOTOPOU OHU
HaXOJSITCS B IAHHBIH MOMEHT BpEeMeHH. TakKe 3TO CIIOCOOCTBYET IMEPEHOCY CaMbIX Pa3HbIX BEIIECTB 3a CUET TOTO, YTO
MIPOMCXO/IUT YBEJIIMYEHHE aJcOPOLMOHHOM eMKkocTH. Hapsiay ¢ aTuM pacTér Xumuveckasi peakiMoHHasi CHOCOOHOCTb.
Ha »T1 nmapaMeTpsl NpsiMO BIHSIOT Takxke (HU3MKO-XUMHYECKHE CBOMCTBA, BKIIOYAs (OpMY, TOBEPXHOCTHYIO CTPYK-
TypY, NONSAPHOCTH [4]. IMEHHO MO3TOMY PacTET BEpOATHOCTH MOSBICHHS PA3IUYHBIX MPOIECCOB BHYTPH OTACITHHBIX
KJICTOYHBIX CTPYKTYp: OpraHesll, OMOIOTHYeCKIX MeMOpaH T.1. [IpoNCcCXOAnuT MPOHNKHOBEHHUE, KOHTAKT C KJICTOYHBIM
simpom U JIHK. Bo MHOTOM ITUTOTOKCHYECKHE CBOMCTBA HAHOMHUKPOAJIEMEHTOB MOKHO OOBSICHUTH UX CIIOCOOHOCTBIO
K arperamyy BHYTPH KIIETOK.

W3-3a yBenmMueHUs TUIOMIAAN MOBEPXHOCTH, HAHOYACTHUIIBI 00JIaal0T CBOMCTBAMH aJCOPOLMOHHON aKTHMBHOCTH.
OHH BBINOJHSIOT CBOWCTBA a/ICOPOCHTOB, KOTOPBIE CIIOCOOHBI MOINIONIATH JI0OCTATOYHO OOJIBIIOE KOJIUYECTBO aJIcCOpOU-
pyeMBIX BemecTB. JlaHHas CIOCOOHOCTH JIeNaeT 3TH YaCTUIIB TOTCHIMAIBHO MOJIE3HBIMH TS YAAJICHUS BPEAHBIX IPO-
IykToB. MHOTHE HAHOYACTHITHI 00TaJaf0T THAPOGOOHBIMI CBOMCTBAMH FUTH 7K€ SBJISTFOTCS DIIEKTPUICCKA 3apSHKEHHBIMH,
YTO B CBOIO OUEpE/Ib YCIIUBACT MPOIIeCChl a0COPOINH Ha HIX Pa3IMIHBIX XHMUYECKUAX areHTOB. Takke YCHIMBASTCS UX
MIPOHHKAIOIIAST CIIOCOOHOCTH [4].

Taxoke 13 NOJIOKUTEITBHBIX CTOPOH UMEETCs BHICOKAsl CIIOCOOHOCTH K akKyMyJisitiuu. M3-3a cBoero maioro pasmepa
HaHOYaCTUIIBI HE paCIIO3HAIOTCA 3allIUTHBIMA CUCTEMAaMU OpraHn3Ma U HE BBIBOJATCA U3 HETO. Bcé ato Be):[éT K HaKoIlJIe-
HUIO HAHOYACTHII B OPTaHU3ME, TEM CAMBIM YBEIHYHBAS MX MOCTyIUICHHE [2].

HanodacTHITI HEKOTOPBIX BEIISCTB MUMEIOT JOBOJBHO-TAKH XOPOIIHE KaTaJUuTHIECKHe CBOWCTBa. Jpyrue ke Ma-
TEPUANBI TPOSBISIOT OTIIMYHBIC ONTHYECKHE CBOIicTBA. [IprIMepoM 3TOTO MOTYT SIBISTHCS CBEPXTOHKHE IUIEHKH, CIC-
JIaHHBIE U3 OPraHWYECKUX MarepuanoB. CBOE MpHMEHEHHE OHU HAIUIM B IPOM3BOJICTBE COJIHEUHBIX Oarapeid. XOTb 3Tn
Oarapeu U 00JIaIAI0T HU3KOHM KBAHTOBOW 3(h(h)EKTHBHOCTEIO, 3aTO OHU 00JIeC SKOHOMHYHBI U MOTYT OBITh MEXaHHUYCCKU
ruOkumiu [3]. Tak ke yaaércs J0OUTHCS B3aMMOJICHCTBHS HCKYCCTBEHHBIX HAHOMHKPOAJIEMEHTOB C HAaTypaJIbHBIMU Ha-
HOpa3MepHBIMU 00BEKTaMH (OeTIKaMy, HyKJIEHHOBBIX KHCIOTaMH ! T. 11.).
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XOopo1I10 OYHIIIEHHBIE HAHOYACTUIIBI IMEIOT CTIOCOOHOCTH CAMOBBICTPAUBATELCS B OMPEACIEHHBIC CTPYKTYpHI. Takue
CTPYKTYpPBI COZIEPKAT CTPOIO YHOPSIOUEHHBIH HAHOYACTUYHBIN Sl U IIPU 3TOM YaCTO MPOSBISIOT YHUKAJIbHbIE CBOM-
ctBa. KommaecTBO HOBBIX MaTepHajoB JOCTATOYHO Oonbiroe. OHU pa3sHOOOpa3HBI M 00TAJAl0T CIICTYIOIIUMH CBOWCTBA-
MH: BBICOKOH IPOYHOCTEIO, CBEPXIIPOBOAMMOCTH, TCILIOU30IUPYIOMICH CIIOCOOHOCTHIO, IIPOTHBOMHKPOOHBIM JICHCTBH-
€M, 3aJ]aHHOH POHHUIIAEMOCTBIO.

[To nrdOpMaLKHU, IMEIOIIEHCS B MEXKIyHAPOIHON 0a3e JaHHbBIX, KOJHMUYCCTBO 3apPErHCTPUPOBAHHBIX HAMMEHOBAHHN
HAHOMAaTEepPHAJIOB B HACTOSIIEE BPEMsI CTPEMHUTEIBHO PACTET, B MX YHCIIO BXOIAT YIIICPOIHBIC HAHOTPYOKH, HAHOYACTH-
BT cepedpa, uIen pa3paboTKa JIeKapCTBEeHHBIX MPEMapaToB Ha OCHOBE JaHHBIX YaCTHII. MeXXTyHapOIHbIC OpTaHU3aInN
Y TIPAaBUTENBCTBA PA3BUTHIX CTPAH MPOSBIIIOT OTPOMHBIN MHTEpEC K cpepe pa3BUTHS HAHOTEXHOIOTHIA.

CyIecTByeT I0CTaTOUYHO OOJBIIOEC KOJUYECTBO METOIOB MOTYYCHHS HAHOYACTHUI, KOTOPBIC TTO3BOJISIFOT KOHTPOIIH-
poBaTh uX Gopmy, pazMep U CTPYKTypy. Ha ceromusinrauii IeHb Bce METOBI MOJIPA3/ICISIOT Ha B OOIIUPHBIC TPYIIIbL:

* TUCTICPralliOHHBIC (M3MEIIBICHUE WK PACTIBUICHHE MaKPOCKOINYECKOH (a3bl);

* KOHJICHCAITMOHHBIC (XUMHUYeCKast Wi (pr3rueckas KOHJCHCAIINS).

Tak >xe JaHHBIE METOIBI MOYKHO PA3ICINTh Ha TPH TPYIIIBL: (husuyecKkue, Xumuieckue u MexaHoXumMuieckue memoovl.

Jst usuueckux METOIOB XapaKTepHO IMONyYCHHE YaCTHUI] TUCIICPTUPOBAHUEM, WM KaK IO IPYroMy emié Ha-
3BIBAIOT 3TO METOJ - 100X00 «ceepxy». K xumuueckomy e METORLY OTHOCHUTCS TOITYYCHHE YACTHI] YKPYITHEHUEM OT-
JINTbHBIX aTOMOB, UMEETCS TaK XKe APYroe Ha3BaHUE - 100X00 «CHU3Y». BaXXHBIM SIBISIETCS TO, YTO CTPYKTYpa YaCTHIL
OJIMHAKOBOTO pa3Mepa, MoJydaeMbIX JaHHBIM METOJIOM, MOXKET OTiInYarhes. [Ipu qucneprupoBaHuu 10 HAHOUYACTHIL
COXpaHseTcs CTPYKTypa MCXOAHOIO Marepuaja, IpH arperaluu - 4acTULbl MOTYT UMETh MHOE NPOCTPAHCTBEHHOE
pacnonoxenwne [1].

Hakoner xouercst ckazarb 0 IPUMEHEHUH STUX 4ya0 yacTull. [IpuMeHeHre HaHOMUKPO3JIEMEHTOB BOLIIIO BO MHOTHE
cepsl esITeNFHOCTH YelioBeka. Ha ix oCHOBe pa3pabaThIBalOTCS pa3InYHbIC HAHOMATEPHAIIBI, KOTOPEIC, KAK TOBOPHIIOCH
BBIIIIC, UIMCIOT YHUKAJIbHBIC XapaKTePUCTHKH. K TAKOBBIM OTHOCSITCS YINICPOIHBIC HAHOTPYOKH, (PYJUICPCHBI, Tpad)eH U T. 1.

B cenbcko-X03siCTBEHHOM MPOMBIIIJICHHOCTH aKTUBHO MPUMEHSIOTCS TIpenaparbl Ha OCHOBE HAHOYACTHUIL Pa3Iny-
HBIX METaJUIOB. /[aHHBIE mpenaparsl MOBHIIAIOT YCTOWYMBOCTh PACTCHUH K HEOMArompUATHBIM ITOTOIHBIM YCIOBHSIM,
CHIDKAIOT 3200JIeBa€MOCTh PACTCHHH, YCKOPSIOT (POTOCHHTE3, 3HAYUTEIHHO MOBHIIIAIOT YPOKaHHOCTh KaK IPOIOBOIIb-
CTBEHHBIX, TaK U TEXHUICCKHUX KYIBTYp. [l0I0XKUTEIbHOE BIUSHIE O0BSICHICTCS TEM, YTO HAHOUACTHUIIHI, 32 CUET CBOETO
MAJIOTO pa3Mepa, UMCEOT CIIOCOOHOCTh aKTHBHOTO IIPOHUKHOBCHHSI B KIICTKU PACTCHHI M UMCIOT HEUTPAJIbHBIN CTATYC.

[Ipemnaparbl, OCHOBY KOTOPBIX COCTABJISIOT HAHOYACTHIII MCTAILIOB, SIBJISIFOTCS aHAJIOT'aMU HCIIOIb30BaHUS aHTHOHO-
TUKOB. B BeTeprHapHH UCTIONB3YIOT CIEIUAbHBIE KOPMOBBIE 100aBKH, B KOTOPBIE BXOJSAT HAHOCTPYKTYPHI, )KU3HEHHO
HEOOXOIMMBIE [T OpraHu3Ma KUBOTHBIX. J|aHHBIE TpernapaTsl CIIOCOOCTBYIOT YTHETCHHIO OaKTEPHaIbHOTO Pa3MHOXKE-
Hus. OHU TIO3BOJISIOT TOBOJIBHO d(QEKTUBHO U ¢ HANMEHBITNMH 3aTPaTaMH JICINTh MHOTHE 3a00JICBaHUS Y KIUBOTHBIX
1 TIOJTy4YaTh OOJbIIee KOTHISCTBO MPOTYKIIUH.

[TomuMoO 3TOrO, HAaHOYACTHUIIBI HALUIM CBOE MPUMEHEHUE B MEIUIIMHE M B XUMHUUYECKOW NpombliuieHHOCcTH. Ha-
HOpa3MEPHBIC JICKAPCTBEHHBIC CPEIICTBA OTIIMYAIOTCS 0COOBIMU (PU3UKO-XUMHUICCKIMU, OMOJIOIMYCCKIMU, (hapMaKOKH-
HETUYECKUMH TTapaMeTpaMu. DTH CBOHCTBA MOT'YT MCIIOJIb30BAaTHCS JIJIsl 00CCIICUCHHUS alpeCHON JOCTABKH IPEIapaToB,
yBennueHus ux 3 pexra u CHIKeHUs T000YHOTo JIeHCcTBUs. B cocTaBe co3naBaeMbIx JICKapCTBEHHBIX CPEACTB HAaHOYA-
CTHIIBI MOTYT BBIITOTHATH (PYHKIINH aKTHBHBIX (PAPMAKOIOTHIECKAX MHTPEANCHTOB, BCIIOMOTATEIFHBIX BEIIECTB U Ma-
TEPUAJIOB JUIS YIAKOBKU. Tak ke OHM O0JaJaroT CIIOCOOHOCTHIO MPOHHUKATh BIIyOh TKAaHEH, KIIETKH U siupa. MIMeHHO
[03TOMY HAaHOYACTULI U MaTepUaJIbl HA UX OCHOBE MOTYT HIMPOKO MPUMEHATHCS B MeauuuHe [5]. CyiecTBeHHO pac-
[IMPHUBIIUECS BOBMOKHOCTH MOJICKYJISIDHOHN JIMATHOCTUKHU M MICHTU(DHUKAIUN OHOMAPKEPOB, UCKITFOYUTEIILHO YHUKAb-
HBIX JUTSI KaXKI0TO TAIIMEeHTa, CO3/Iat0T MPEANOCHIIKH JIJIsl COBEPIIIEHCTBOBAHUS TEPATMH U MIPHUIIETHLHON TOCTaBKH JIeKap-
CTBEHHBIX MpenapaTtoB. IIpu 7ToM OCHOBHBIMH IPOOIEMaMH, C KOTOPBIMU MIPUXOAUTCS CTAKUBATHCS UCCIEIOBATEIM,
SIBIISIIOTCS OTIPEJIEIIEHNE KOHIIEHTPpalM HAaHOYACTHLl, UX pa3Mepa, CTPYKTYpbl M paBHOMEPHOE pactnpeneieHue. [lpu pasz-
paboTKe ¥ CO3MaHUU TaHHBIX MPEnaparoB, BOIPOC TOKCHYHOCTH U OTIPENICIICHIE 30H X OMOIIOTHYECKOTO NCHCTBHS MIPH
BBEJICHUH B OPraHMU3M SIBJISICTCS] BAXKHOW U aKTyaJIbHOM 3aauei.

HaHOTeXHOIOT MY TaKKe UCTIONB3YFOTCS B KOMITBIOTEPAX, MUKPOICKTPOHUKH U POOOTOTEXHUKE. [10SBIISIIOTCSI 1IeH-
TpaJIbHbIE TIPOIIECCOPHI, )KECTKUE TUCKH, TUIa3MOHBI. Ha OCHOBaHUM ATUX W300pETEHUM, TTOSBUIICS TOTUOK K Pa3BUTHUIO
HOBOI1 0011aCTH HAYKH — HAHOTIJIA3MOHHKE.

Taxum 06pa3om, MOKHO CHIENaTh CIIEIYIONINE BEIBOJBI O TOM, UTO YIIPABIIAA pazMepamMu U (opMaMi HAaHOCTPYKTYP,
MOYKHO TIPH/IaBaTh BEIIECTBAM COBEPIIICHHO MHBIC (PM3MUCCKUE I XUMHUICCKIE Ka9eCTBa, KOTOPBIC OYIyT Pe3KO OTIHIATh-
Csl OT XapaKTEPUCTHUK IOJHOPA3MEPHBIX MaTepuasioB. MHOIMe UCCIIEOBAaHMUS MOKA3aId BaXKHYIO POJIb HAHOCTPYKTYP
B PA3IIMUYHBIX 00JIACTAX HAYKH. B CBsA3U C MPUMCHEHHUEM HAHOTEXHOJIOTUI CTAHOBUTCS aKTyaJbHBIM U3yUYCHUE BOIIPOCOB
0€30I1aCHOCTH ITPUMCHEHHUS HAHOYACTHI] U OLICHKU UX TOKCHYECKOTO BIIUSHUS KaK Ha OKPYKAOIIYIO CPE/Ly, TaK U Ha 3710-
poBbe yenoBeka. [IpumaBas marepranamM HOBBIE Ka4eCTBA, HAHOTEXHOJIOTHS MOTIIa ObI 00eCTIeUnTh BEIUKUI IPOTrpecc BO
BCEX CYIICCTBYIOIINX Ha JAHHBIN IeHb O0IACTAX HAyKH U TEXHUKH.
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B nannoi1 paboTte paccMOTpeHBI CUTYaIlUH IPIMEHEHHUS JTy4eBOH Tepanuu B 00pr0e Co 3710KaueCTBEHHBIMHU HO-
BoOOpazoBaHusiMH. Bee Gosbliiee MpOHUKHOBEHHME IIM(POBBIX TEXHOJIOTHIA B 00JIACTH MEAMIMHBI [TO3BOJISIET PelliaTh
CIOKHEHIIHE 3a/1a91 32 KOPOTKHIA TPOMEKYTOK BPEMEHH. ABTOMATH3AIIHS TIPOIIECCOB B TAKOH 007TaCTH MEAUIINHBI
KakK JTydeBasi TEeparusi, CBSI3aHHAS C CO3MAaHMEM aTJIaCOB AHATOMHUYCCKUX CTPYKTYp M HIAOJOHOB IIAHOB JIy9EBOi
TCparuu, 3HAYUTECIbHO COKpAaTWIM BPEMA Ha4daJla MPOBEACHHUA KypcCa queBoﬁ TEparnu ¢ MOMCHTA NMOCTaHOBKU
Jardo3a u OJHOBPEMEHHO YJIIYYHINIIN Ka4C€CTBO HonyqaeMoﬁ MeI[HHHHCKOﬁ IIOMOIIIH. Crour OTMCTHUTB, YTO OaH-
HBIN 3Tan pa3BUTUA I/IH(i)OpMaI_[I/IOHHbIX TEXHOJIOTHH B MEUIINHE ABIACTCA MPOMEKYTOUHBIM ITPU IEPEXOIE K TEXHO-
JOTUsIM OYITyIIero, Iie OBCEMECTHO OyIyT UCIIOIb30BaHbI BO3MOXKHOCTH big data M MCKYCCTBEHHOTO MHTEIUIEKTA.

In this work, the situations of the use of radiation therapy in the fight against malignant neoplasms are considered.
The increasing infiltration of digital technologies in the field of medicine makes it possible to solve the most complex
tasks in a short period. Automatization of processes in such a field of medicine as radiation therapy, associated
with the creation of atlases of anatomical structures and templates of radiation therapy plans, significantly reduced
the start time of the course of radiation therapy from the moment of diagnosis and at the same time improved the
quality of medical care received. It is worth noting that this stage of the development of information technologies
in medicine is intermediate in the transition to future technologies, where the capabilities of big data and artificial
intelligence will be used everywhere.

Kniouesvie crosa: tydeBas Tepanus, AedopMupyeMas perucTpaiys, aalTUBHAS JTy4deBas Teparius.
Keywords: radiation therapy, deformable registration, adaptive radiation therapy.
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JlydeBas Tepamus — OAMH U3 CaMBIX 3(PPEKTUBHBIX CIIOCOO0B OOPHOBI ¢ OHKOJOTHYECKUMHU 3a00IeBaHUSIMA HACE-
JeHus He ToibKo B PecniyOnuke Benapych, HO 1 Bo BceM Mupe. OCHOBHBIM NPHHIMIIOM IIPUMEHEHHS JIy4EBOH Tepanuu
SBJIAETCS OOJydeHHEe MOPAKEHHOTO YJYacTKa Tejla MAlMeHTa ¢ MAKCHMaJIbHO PaBHOMEPHBIM JIO30BBIM paclpe/elIecHUEM
BHYTPH JaHHOTO 00beMa, PU OJTHOBPEMEHHOM BBITIOJIHEHUH YCJIOBUSI O HATMYMH MAKCHMaJIbHO BO3MO)KHOTO TPaJNeHTa
CHIDKEHU JI030BOTO PACIpesieNieHus 3a IpeenaMyu o0beMa oOIydeHuUs , TeM CaMbIM 3allUINas OKPY’KAIOIUe OpraHbl
1 TKaHH OT Ype3MEpHON J030BOI HArpy3KH. MHOTOYNCIICHHBIE HCCIIEIOBAHUS B 00JIaCTH MPUMEHEHHS MEIUIIMHCKOTO pa-
JHAIMOHHOTO 00JyYeHUs ITOKa3aJId OTIIMYHbIE PE3YIbTAThI B BEI3IOPOBICHHH ITAIIMEHTOB. Pa3BUTHE HAYKH M TEXHOJIOT U
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