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Coaep:xanue

Heo6xomMmMocTh HOBBIX MCTOYHUKOB SHEPIUU

OrpaHr4YeHHOCTbh TPAJULIMOHHBIX UICTOYHUKOB SHEPTUU

DKoJIOruuecKue mpodieMbl ¥ U3MEHEHHe KIIMMaTa

BaxHOCTB pa3pabOTKK HOBBIX HCTOUHUKOB SHEPTrUM
TepmosnekTpuuecKkre MaTepraibl Ha OCHOBE HAHOTEXHOJIOTUi
[Nonyuyenue sHEpruM U3 BO3OOHOBISIEMBIX HICTOUHUKOB C UCIIOJIb30BAHHEM
orocunresa

DHEepreTMUecKre YCTAHOBKY Ha OCHOBE TUIA3Mbl

Hcnonb3oBaHue rpaBUTallMIOHHON SHEPTUU

Konen o3HakoMUTENBHOTO (PparMeHTa.
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Co3zaHo B MHTEJUIEKTYaIbHOU U3/1aTesibckor cucteme Ridero

M paabl MIPpUBETCTBOBATL BAC B 3TON KHUTE, HOCBHHICHHOfI HOBBIM " 3aXBaTbhIBAIOIIITUM q)Op-
MaM SHEPrurv — HEPIrur rpaBUTAMOHHOIO IMOTCHIHATIA U SHCPIrMhd KHUHETUYCCKOI'O0 ABUKCHUA.
B namem 6bICTpO MCHAIOIEMCA MUPE, B IIOUCKE yCTOﬁ‘{HBLIX M 3KOJIOTUYECKU YUCThIX UICTOYHUKOB
SHepruu, 3T ABe (hOPMBbI SHEPIUU 00JIAIAI0T OTPOMHBIM TIOTEHITHATIOM.

Hama nyianera nepexxuBaeT nepuoj 3HAYUTEIbHBIX U3MEHEHUH B KJIUMATe, U BHI3OBBI, CBSI3aH-
HbI€ C UCKOMAaeMbIMU TOTUIMBAMHU U MX HETaTMBHBIM BO3JEHCTBUEM HA OKPYXKAIOIIYIO CPey, CTaHO-
BSITCSI Bce Oosiee ocTpbiMu. HOBBIE MICTOYHUKH SHEPTUM CTAHOBATCS HEOOXOOUMOCTHIO, & HE TIPOCTO
BapUaHTOM. B 3T0i1 KHUTE MBI XOTUM IPEJICTABUTH BaM MEPCIIEKTUBY UCTIOIb30BAHUSI SHEPIUU I'PaBU-
TAIMOHHOT'O MOTEHIIMAIa U SHEPTUM KMHETUYECKOTO IBUKEHUsI B HaIllell SHEPreTUYeCKON CUCTeMe.

3pech Mbl OyieM paccMaTpUBaTh MPUHIMIB paOOTHl U MPUMEHEHHe 3TUX IBYX (hopM SHEp-
T'UH, & TAK)KE MPOOJIEMBI, CBSI3aHHBIE C UX MMPAKTUYECKUM HCTIOb30BAHUEM U TEXHUYECKUMHU CIIOKHO-
CTIMU, KOTOPbIE BO3HUKAIOT Ha MyTH K UX 3(eKTUBHON peanu3aunu. Mbl Takke pacCMOTPUM Iep-
CTIEKTHBBI U MPEUMYIIIECTBA UCTIONB30BAHUSI 3THX (DOPM SHEPruH, a TakkKe MOTEHIUAI, KOTOPbI OHU
HECYT ISl CO3aHus OoJiee YCTOMIMBON MCKYCCTBEHHOM CUCTEMBI, KOTOpasi YAOBJIETBOPSIET TIOTpeo-
HOCTH 4YeJIOBEYECTBA, He HAHOCS Bpe/a Hallle IIaHeTe.

Mpl npUmIaimaeM Bac ¢ HAMH OTIIPABUTHCS Ha YBJIEKATEIbHOE Iy TEILECTBUE, TI€ Mbl BIVITHEM
B DJIyOMHBI TPAaBUTAIIMOHHOIO MOTEHIMAIA U OCO3HAEM MOIIb KMHETUYECKON SHepruu. Mul Oynem
paccMaTprBaTh pa3IWYHbIe IPUMEPHl U TEXHOJIOTUH, KOTOPBIE yKe MCHOJIB3YIOTCS WM MOTYT OBITh
UCTIONB30BaHbl B OyayiieM. Mbl MOOpOOHO M3yYMM BO3MOKHOCTH, BBI3OBBI U OTPAaHUYEHUS KaXKIOH
13 3THX (DOPM SHEPIHH, a TAKKE Pa3INUHbIE CIOCOOBI UX MHTETPALlMK B HAIITY TIOBCEHEBHYIO )KU3Hb.

Harra 1iesib — mO3HaKOMHTB BAac € BO3MOKHOCTSIMM SHEPrHM I'DaBUTAIIMOHHOTO TOTEHIIMAIA
W SHCPIMU KUHETUYECKOI'o ABUKCHNM A, BIOXHOBHUTHL BAaC HAa HOBBIC UJICU, U PA3BHUTH BAllIC IOHUMAHUE
TOI'0, KaK 3TU NNOTEHIUAJIBbHO 6CCKOH€‘IHI)IG HNCTOYHUKH HEPIrur MOryT IOMOYb HaM CTPOUTH 60JICC
YCTOMUYUBOE U OJIarornoayvqHoe Oyayiiee.

[IpuroToBbTECh K 3aXBaThIBAIOLIEMY U MOYUYUTEIbHOMY IyTEIIECTBUIO B MUP SHEPTUU T'PaBU-
TalIMOHHOT'O MOTEHLIMAIA U KUHETUYECKOro JBMKeHUs. OTHU U3 CaMbIX 3aXBATHIBAIOIIMX U NIEPCIEK-
TUBHBIX OTKPBITUI KIYyT Hac Brepenu. bynem uccrnenoBats 1 BMeCTe HaXOAUTh MyTH, KAK KCIIOJb-
30BaTh TU (POPMBI SHEPIUH, YTOOBI CO3/1aTh YCTOMYUBYIO, I(P(PEKTUBHYIO M SKOJIOTUYECKH YUCTYIO
SHEPreTUUYECKYI0 CUCTEMY.
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Crniacnu60, 4TO IPUCOEMHIIMCH K HAM B 3TOM ITyTellleCTBIH !

C HauTyYIIMMU NTOKETaHUSIMH,
BB
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Heo0x0auMoCTh HOBBIX HCTOYHUKOB YHEPrUn

Bo3spacranue noTpeGHOCTH B SHEPrUuU

B coBpeMeHHOM MUpe MBI CTAJIKUBAEMCS C IOCTOSIHHBIM BO3PACTAaHHUEM MOTPEOHOCTH B SHEP-
run. [IpOMBIIIUIEHHOCTb, TPAHCIIOPT, OBITOBBIE HYXJbl — BCE OHU TPEOYIOT SHEPTHIO [Tl CBOETO (DyHK-
MOHUPOBaHUs1. PacTymias rinodanbHast MOMY/IANKMs, YBeIMYEHHE YPOBHS XKU3HH U Pa3BUBAIOIINECS
CTPaHbI TOJIBKO YCHJIMBAIOT 3Ty NOTPEOHOCTb.

Ilepen HaMu BO3HMKAIOT HOBBIE BBI30OBBI, KOTOPBIE CBSI3aHbI C YAOBJIETBOPEHUEM SHEpreTuye-
ckoii noTpe6HocTH. CeroHs SHEprusl CTajia HEOThEMJIEMOM YacThIO Halllel JKU3HU, ¥ Oe3 Hee MHOTHE
cepsl 1eATeNbHOCTH He cMOTyT (byHKLIIMOHMpOBaTh. PacTyias norpedHocTh TpedyeT MOCTOSHHOTO
MCTOYHUKA SHEPTrUM U ero 3(pheKTUBHOIO UCTIOIb30BaHUS.

OpHako, TpaJUIIMOHHBIE UCTOYHUKY SHEPTUH, TAKME KaK MCKOMaeMble TOILTUBA, OTPAaHUYEHbI B
CBOEM 0ObeMe. YHOCHMbIE BHIOpOCaMU TAPHUKOBBIX Ta30B, UCIIOb30BAHME ITUX UCTOYHUKOB TaKkKe
MIPUBOIUT K CEPhE3HBIM IKOJIOrMUECKUM npodnemMaM. [1oaToMy HaM HYKHO OOpaTUTLCS K ajbTep-
HATUBHBIM UCTOYHHUKAM, KOTOPbIE MOTYT 00ECIIeUNTh HAJIeKHOE U JIOCTYITHOE SHEpreThdecKoe Oyay-
1Iee.

HCO6XO)_II/IMOCTB HOBBIX UICTOYHUKOB HEPI'M OKAa3bIBACT JABJICHUE HA HAYYHOE UCCIIEIOBAHUC,
TEXHOJIOTUYECKHUI porpecc 1 "HHOBAIUU. M1 JOJTKHBI HAWTH CIIOCOOBI Sq)(beKTI/IBHOFO HCIIOJIb30-
BaHUs BO30OHOBJIIEMBIX UICTOUHUKOB 9HEPIvU, TAKUX KaK COJIHEYHAA U BETPOBaAs, a TAKIKE UCCIICN0-
BaTb HOBBIC TEXHOJIOI'UH, YTOOBI CeJIaTh X JOCTYITHBIMU U SKOHOMUYCCKU 9(1)(1)CKTI/IBHBIMI/I. Tonbko
TaK MbI CMOKEM YIOBJIETBOPUTD YBCIIMYNBAIONIYIOCA HOTpC6HOCTL B 9HEPIrun 1 CO31aTb YCTOfI‘II/IBYIO,
YUCTYIO U SKOJIOTUYECKU 6C3OHaCHy10 YHEPIreTUYECCKYI0 CUCTEMY U1 6y,Hy1_HI/IX TIOKOJICHUH.
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OrpanM4eHHOCTh TPAANIUOHHLIX HCTOYHUKOB SHEPTUHA

TpaauiuoHHbIe UCTOYHUKY SHEPT YU, TAKUE KaK He(PTh, Yok ¥ IIPUPOIHBIN Ia3, JOJIT0e BpeMst
SIBJISUTMCH TJIABHBIMM TIOCTaBIMKAMU SHEPrud, oOecrieunBasi MoTpeOHOCTH YenoBeuecTBa. OmHAKO,
9TU UICTOYHHMKH SHEPIMU HE TOJIBKO SIBJISIOTCS OrPaHMUYSHHBIME, HO U COIIPOBOXKIAIOTCS PSIOM ITPO-
oneM.

Bo-1miepBbIX, OrpaHMYEHHOCTh 3THX PECYPCOB MPEICTABISIET Cephe3HyI0 podiemy. Onu oOpa-
30BAJIMCh B TEYEHHE MUJUTMOHOB JIET ¥ OYAyT MCUYepIIaHbl B OM>KalIIIie HECKOIBKO AECSTUIICTHIA NN
BEKOB, B 3aBUCHMOCTH OT 0OBbEMOB HCIIONIB30BaHUs. DTO O3HAYAET, YTO TpeOyeTcs: pa3paboTKa ajb-
TEPHATHBHBIX UCTOYHUKOB SHEPIUH, CIIOCOOHBIX PEIIUTh MPOOIeMy HEXBATKH SHEPTUU B OyIyIIEM.

Bo-BTOpBIX, UCIIONIB30BAHUE TPAJULIMOHHBIX MCTOUHUKOB SHEPIMU HEPEIKO COMPOBOXKIAETCS
HEraTMBHBIMM SKOJIOTMYECKUMHU MocieJCTBUAMU. CKHUraHMe MCKONAeMOro TOIUIMBA MPUBOAUT K
BBIOPOCY IAPHUKOBBIX I'a30B, TAKMX KAK JMOKCH] YIJIEpPOAA, YTO BEAET K M3MEHEHMIO KjuMara U
17100aJIbHOMY TIOTEIUIEHUIO. DTO UMEET Cepbe3HbIE MOCEACTBUS AJI1 OKPYKAIOLIEH Cpe/ibl, 310POBbSI
Joziel 1 GMOOTMYECKOro pa3HOOOpasusl.

Tax:xe cTout VIIOMAHYTB O COLIMAJIbHBIX ACIICKTAaX. 3aBHUCUMOCTh OT OIr'paHNUYCHHBIX UCTOYHU-
KOB 3HEPrumn pacripeacibdeT MUPOBYIO SHEPIETUUCCKYI0O MOIITHOCTh HEPABHOMEPHO U CO3JA€T COLU-
AJIbHOC 1 9KOHOMHUYCCKOC HEPABCHCTBO MEKYy CTPaHAMU, 0COOEHHO C Y4€TOM PA3BUBAIOIINXCSA PETU-
OHOB.

Bce atn (paKTOpr NOAYCPKUBAIOT BA)KHOCTb pa3pa60TKI/I M UCIIOJIb30BAHU A HOBBIX UICTOYHHUKOB
OHCPIUu. AJ'IbTepHaTI/IBHHC PECYPCHI, TAKUE KAK COJIHEYHAA, BETPOBaAAd, TMAPOIHCPIECTUKA U APYIUC
BO300HOBJISIEMbIE UCTOYHHUKHU 9HCPI'Uuy, 06J'Ia)IaIOT NOTCHUUAJIOM JI YCTPAHEHUS OI'PAaHUYCHHOCTU
TPAAULIMOHHBIX UCTOYHUKOB U CHUKCHU A HETATUBHBIX BO3,I[CIZCTBPII>1 Ha OKPYKAIIYIO Cpeay.
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IKOJOrHuecKue HpOﬁJIeMI)I N NIBMECHCHHEC KJINMAaTa

O)IHOfI 13 HauOosiee OCTPBIX HpO6J'ICM, CBA3aHHBIX C TPAAUIITMOHHbIMU UCTOYHUKAMU SHEPIUn,
ABJIAIOTCA UX HETaTUBHBIC 9KOJIOTUYCECKUE TTOCIIEACTBUA U BIIMAHUE HAa UBMCHCHUEC KJIMMATA.

[Tpu cixuraHuy KCKOMAEMbIX TOILIMB, TAKMX Kak He(Tb, YTOJIb U MPUPOAHBIN ra3, BHIAESIOTCS
MIAPHUKOBBIE Ta3bl, BKI0Yas auokcua yriaepora (CO2) u MetaH. DTH BHIOPOCH! SABJISIIOTCS OCHOB-
HOW MPUYMHOM MI00ATILHOTO MOTETJIEHUsI M U3MEHEHUsI KJIIMMATa, KOTOPbIe COMPOBOXKIAAIOTCS PSIOM
ONACHOCTEN U HETaTUBHBIX IOCJIENCTBHM.

V3meHeHue kiMMaTa MpUBOAUT K POCTY CpeHEN TeMieparypbl Ha 3emile, YBEIMUEHUIO JKC-
TPEMaJIbHBIX MOTOAHBIX SABJIEHUH, U3MEHEHUIO OCA/IKOB, IMOABEMY YPOBHS MODPS U psjly SKOJOTH-
YeCKUX HapylIeHHH. DTO OKa3bIBaeT Cepbe3HOe BO3IEHCTBHE HAa KOCHCTEMbl 1 OMOpa3sHOOOpasue,
yrpoxast ’KU3HHU U BKMBAHUIO MHOTMX BUJIOB.

,HJ'IH PEUICHUS SKOJIOTUYICCKUX HpO6J’ICM, CBA3aHHbIX C UBMCHCHUEM KJIMMATa, Tpe6y€TCH rnepe-
XO4 K YUCTBIM UCTOYHUKAM SHEPIrur U YyMCEHBIIICHUEC BLI6POCOB IMMapHUKOBBIX I'a30B. Bo3ob6HoBIIs€E-
MbI€ UICTOYHUKH SHEPIrUK, TAKHUC KaK COJIHCYHAA U BETPOBAA SHCPIUA, TUIPOIHEPIETUKA U 6I/IOMaCC3,
npegjiaraior 0oJiee PKOJOTMUECKU YHCTHIE AJIBTEPHATUBBI, KOTOPbIE MOT'YT CHHU3WUTH 3dBUCUMOCTDH
OT TpPpaAUIHUOHHBIX MCTOYHUKOB W YMCHBIIUTL HETAaTUBHOC BOSﬂCﬁCTBHC Ha OKpYyXalollyro cpeay
" KJIIMMATUYCCKUEC YCIIOBUA.

Oco3HaBast SKOJIOrMYecKHe HpO6JICMbI " U3MCHCHUE KJIMMATa, Mbl IIPU3bIBAEM K dKTHBHBIM
yCUJIMAM MO UCCIICAOBAHUIO U BHEAPCHUIO HOBBIX, YCTOfI‘{HBLIX HNCTOYHUKOB 9HEPIruu 1Jisd CO3AaHUA
oosee YCTOI‘/)I‘{I/IBOFO U SKOJIOTMUYECKH 0e30MacHOro 6y)1yLuero.
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BakHOCTH pa3pad0TKH HOBBIX HCTOYHHKOB YHEPruu

Pa3pa60TI<a HOBBIX UCTOYHUKOB 2HEPIUn SABJIACTCA HEOTHhEMJIEMOM YaCThI0 HAIIEro CTpEM-
JIEHUA K YCTOI;,ILII/IBOMy Pa3BUTHUIO U 00eCITeYeHNIO 9HepFCTHQCCKOﬁ 0e3011acHOCTH. BOT HECKOJIBKO
ACIICKTOB, KOTOPbLIC ITOAYECPKUBAIOT BA’KHOCTDH TaKoMn pa3pa6OTKI/IZ

1. IuBepcudukanus sHepreTuueckoi cucteMsl: OJJMH U3 OCHOBHBIX apT'YMEHTOB B IOJIb3Y pa3-
PabOTKM HOBBIX UCTOYHHMKOB SHEPTUM — TO JUBEPCU(UKAIS SHEPreTHUECKON cucTeMbl. Pa3Ho00-
pa3ue UCTOYHMKOB SHEPIUH MO3BOJISIET CHU3UTh 3aBUCUMOCTb OT KOHKPETHBIX PHIHKOB U TUIIOB TOII-
JMBa, obecrnieunBas Oosee rTMOKYIO M yCTOMYMBYIO SHEPTeTHUECKYI0 cUcTeMy. MHOKECTBO pa3IMUYHbIX
MCTOYHMKOB SHEPI'UH, BKJII0YAsi BO3OOHOBIISIEMbIE PECYPCHI, TAKME KaK COJTHEUHAsI, BETPOBasi, THAPO-
SHEpPreTUKa U Apyrue, MoryT oOeciedrTh OoJiee YCTOMUYMBYIO U Ha/IE)KHYIO SHEPTETHUYECKYIO CHCTEMY.

2. CokpallieHre BbBIOPOCOB NMApHHUKOBBIX Ta3oB W OopbOa ¢ M3MeHeHHeM Kimmara: Paspa-
OOTKa HOBbIX MICTOYHUKOB SHEPTUH, B YACTHOCTH, BO3OOHOBIISIEMBIX PECYPCOB, UTPAET BAXKHYIO POJIb
B OopbOe ¢ M3MeHeHueM Kiumara. TpaaulOHHBIE MCTOUHMKHM SHEPIUH, TaKWe KaK MCKOIaeMble
TOIUIMBA, SIBJISIIOTCSI OAHUM M3 IJIaBHBIX MCTOYHMKOB BHIOPOCA MAPHHMKOBBIX Ta30B, MPHUBOISIINX
K [J100aJIBHOMY MOTerIeHuio. Mcronp30BaHe HOBBIX MICTOUHMKOB SHEPTMH, KOTOPbIE UMEIOT HU3KHUE
WM HyJIEBbIe BHIOPOCHI MAPHUKOBBIX Ta30B, MOKET 3HAUYUTENIBHO CHU3UTh HEraTUBHOE BO3JCHCTBHE
Ha KJIMMaT ¥ OKPYXKAIOIIyl0 cpeay. DTO MO3BOJIMT HAM IMEPeTH K 0oJiee SKOJOTHUECKH YUCTOMY
Y YCTOMYMBOMY 00pa3y IMPOM3BOJICTBA SHEPTUHU.

3. DKOHOMMYECKHMI POCT U pa3BuUTHe: Pa3BUTHE HOBBIX MCTOUHMKOB SHEPIUM CIIOCOOCTBYET
SKOHOMHYECKOMY pOCTY U pa3BuTHI0. Co3JjaHIe HOBBIX TEXHOJIOTHI U pabounx MecT B cepe Bo300-
HOBJISIEMOM SHEPreTHKH CIIOCOOCTBYET CTUMYJIMPOBAHUIO SKOHOMHUKH U CO3[JaHUI0 HOBBIX BO3MOK-
HOCTEH 1J11 ’HHOBAlMiA M MTPeAIPUHUMATENbCTBA.

I/ICHOJ'IIBYH HOBBLIC UICTOYHHUKHU SHCPIUH, Mbl MOKEM pPa3BUBATHCA B YCTOfI‘{HBOM M 3KOJIOrn4e-

CKM OTBETCTBEHHOM HallpaBJIeHUH, 0OeCTIeUnBasi IOCTOSIHHOE U JIOCTYITHOE SHepreTUIecKoe CHabxe-
HUe i OyayIIUX [MOKOJIECHUH.

10
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TepMo3JieKTpHYECKHE MaTePUAJIbI
HA OCHOBE€ HAHOTEXHOJOTUil

B nepBoii r11aBe Mbl paCCMOTPUM OJHY M3 HOBEHIIHX MEH B 00JIACTH IIPOU3BOJICTBA SHEPTHU —
UCIIO/Ib30BAHUE TEPMOJIEKTPUYECKMX MaTepHajioB, CO3JaHHBIX C UCTIOb30BaHUEM HAHOTEXHOJIOTUl.
OcHoOBHas1 uiesl 3aKJTI0YaeTcsl B TOM, YTOOBI pa3padoTaTh MaTepualibl, KOTOpPble MOTYT IPEBpaIlaTh
TETUIOBYIO SHEPIUIO B JIEKTPUUYECTBO O3 HEOOXOIMMOCTH B UCTIOIb30BaHUM ABUTATEIEN UM JPYTHUX
MEXaHU3MOB.

COBpCMeHHbIC TEXHOJIOI'MH ITO3BOJIAIOT CO31aBaThb HaHOMACIITAOHBIE CTPYKTYDBI, 06)’[8.,[[8.IOH.[I/IC
YHUKAJIbHBIMUA CBOWCTBaMHU. HaanMep, HaHOYAaCTULbI MOT'YT UMETH INOBBIILICHHOC TEPMOJICKTpHUYC-
CKO€ HeﬁCTBHC, YTO IMO3BOJIACT UM SCP(I)CI(TI/IBHO Hp606p3.30BbIBaTb TEIJIOBYIO SHCPI'UIO B JICKTpHUYC-
CTBO. Bnaroaapﬂ 9TOMY, MOKHO CO31daBaTb KOMIIAKTHBIC 1 BLICOKOS(I)(I)CKTI/IBHHC YCTPOﬁCTBa, KOTO-
|9 (& CIIOCOOHBI U3BJIEKATD 9HCPIUIo 13 OKPY)KaIOH_[eﬁ Cpelbl.

OnmHrMM W3 TPUMEPOB TaKOro Marepuana siBisiercss oucmyrt-teunypun (Bi2Te3), kortopsiid
MMEET XOpPOLIME TEPMONIEKTpUYEecKHe cBorcTBa. OnHaKo, ero 3(ppeKTUBHOCTh MOXKHO YIy4IIUTh
C MOMOMUIBI0 HAHOTEXHOJIOTMI. HaHOCTPYKTYpBI, TaKMe Kak HAHOYACTULBI UM HAHOIIPOBO/A, UMEIOT
OOJIBILYI0 TIOBEPXHOCTh MO CPaBHEHHMIO C 0OBEMOM, YTO TMO3BOJSAET UM 3(DPEKTUBHO MEPEHOCHUTD
TEIUIO U JIEKTPOHBL, YTO B CBOIO OYEpe/ib yBEINUMBACT 3((PEKTHBHOCTH MPE0OPa30BaHMSI TETIOBON
SHEPIUu.

O,I[HaKO, pa3pa60TKa TaKUX MaTepraioB Ha OCHOBE HAHOTEXHOJIOTUH SIBJISETCS CIIOKHBIM
HCCJICAOBATCJIbCKUM HAIIPABJICHUEM. Tpe6yeTC}1 FJ'IY6OKOC IIOHMMAaHHE (I)I/I3I/I‘ICCKI/IX MMPpUHIOHAIIOB
" MpoHECCOB, a TAKIKE pa3pa60TKa HOBBLIX MCETOAOB CHUHTE3d W U3IOTOBJICHUSA HAHOMATEPUAJIOB.
KpOMC TOrO, HCO6XO,I[I/IMO YUYUTBIBATb PA3JIMYHBIC (paKTopr, TaKHUC KaK TEMIIEpAaTypa, BJIAXKHOCTb
" JJIUTECJIIBHOCTDb IKCILTyaTalluu, 4TOOBI 00ECIIEUUTh CTAOMIIBHOE U HaJCXHOE (I)YHKI_II/IOHI/IPOBaHI/Ie
TaKHUX MAaTEpUAJIOB.

OpnHako, HECMOTPs1 Ha TPYIHOCTH, TPUMEHEHHE TEPMONIIEKTPUUECKUX MAaTEpPUAIOB Ha OCHOBE
HAHOTEXHOJIOTHIA OOeIaeT 3HAYMTe bHbIE MTPEMMYIIEeCTBA B 00J1aCTH MPOM3BOACTBA SHeprun. OHu
MOTYT CTaTh OCHOBOH [UIsI pa3pabOTKU HOBBIX, 3(P(HEKTUBHBIX U IKOJIOTMIECKH YUCTHIX HCTOYHUKOB
SHEPruH, YTO NPUBEJET K AaJbHENIIEMY COKPAIIEHUIO UCTIOIb30BaHU sl UCKOMAEMbIX TOIUIMB U CHU-
JKEHHUIO 3arpSA3HEHUS OKPYKAIOLLIEH cpefibl.
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. IBB. «2Heprus 1 HOBbIE TEXHOJIOTUN: BO3MOKHOCTH U TIpenMyiecTBa. OTKpHITHE HOBBIX (DOPM SHEPIUn»

IlosyueHHue SHepPrum U3 Bo300HOBJIsSIEMbIX
HCTOYHUKOB C MCIOJb30BaHueM (POTOCHHTE3A

POoTOCHHTE3 — 3TO mpouecce, IMpu KOTOPOM PACTEHHA, a4 TAKKE OIIPEACJICHHBIC BUIbI 6aKTCpHﬁ,
HCTIOJIB3YIOT HEPIUI0 COJIHEYHOI'O CBETA IJIA NPEBPAICHHUA YITICKUCIIOIO ra3da U BOAbl B OpraHn4e-
CKHC COCAMHCHUA U KUCIIOPOL. T10 mnmpounecc, KOTOprfI HEMOCPEACTBEHHO CBA3aH C IIPOU3BOACTBOM
IUImy aJ1d paCTCHI/Iﬁ ", B KOHCYHOM CYETE, MMUTAHUA JIA APYTI'UX OPIraHU3MOB Ha 3emie.

O,I[HaKO, CBET MOKET OBITh UCIIOJIB30BaH HE TOJIBKO JJIA q)OTOCI/IHTC3a, HO U IJId IIPOU3BOACTBA
IJICKTPUICCTBA. Unesa MOJIYYEHUSA SHEPIrur U3 COJIHEYHOI'O CBETA C UCIOJIb30BAHUCM (pOTOCI/IHTEBa
ABJIACTCA OIIHOfI N3 CaMbIX MOITYJIAPHBIX U IIEPCIICKTUBHLIX B 0071acTH BO30OHOBJIAEMBIX HCTOYHUKOB
OHCPI'Uu.

Cy1iecTByeT HECKOJIBKO MOAXOJ0B K UCIONb30BaHUI0 (POTOCUHTE3A ISl TPOM3BOJICTBA SHEP-
ruu. OfuH U3 HUX — (POTOEKTPOXMMUYECKHE CUCTEMBI, KOTOPBIE UCIIONB3YIOT ClIELMAIbHbIE MaTe-
puasiel, Ha3biBaeMble (POTOKATOIAMU U (POTOAHOJAMHU, 1J1s1 PEOOPA30BaHUS CBETA B IEKTPUYECTBO.
D11 MaTepuasbl 00Ja1AI0T YHUKATBHBIMH JIEKTPOXMMHYECKUMH CBOMCTBAMH, KOTOPbIE TTO3BOJISIOT
UM 3(p(PEKTUBHO Pa3AeNUTh BOLY Ha BOJOPOA M KHCJIOPOJ, YTO MPUBOAUT K 0OPa30BAHUIO NIEKTPHU-
YECKOro NMOTeHINANIA.

KpOMC TOrO, I/ICKYCCTBCHHHﬁ (i)OTOCI/IHTC?) —3T0 00J1aCTh AKTUBHOI'O HUCCIIEOJOBAaHUA, B KOTOpOfI
YUCHBIC CTPEMATCA CO30aTh UCKYCCTBEHHbLIC CUCTEMBI, CIIOCOOHBIE KOIMMpoOBaTh Ipouecc (bOTOCI/IH—
TE3A. HaanMep, CO3JaHUE UCKYCCTBEHHbIX (I)OTOCI/ICTCM, HCTIOJIB3YIOIUX COJIHEYHBI CBET JJIA TIpe-
06p8.30BaHI/IH YIVIEKUCIIOTO I'a3a B YITIEBOOOPOAbI, MOKET OBITH LIpE!?)BbI‘IaIL/,IHO MOJIE3HbIM IJIA ITPOU3-
BOACTBA TOIJIMBA WUJIA JICKTpUYECTBA.

Onnako, pa3padoTka 3(PGEeKTUBHBIX M YCTOMYMBBIX (POTOCUHTETHUYECKUX CHCTEM SIBIISIETCS
cioxHOM 3anaveil. TpeOyercst ydecTs pasniuHble (PakTOphl, TAKHE KaK BHIOOP MaTepuasioB, OITH-
MU3ALMs TPOCTPAHCTBEHHOW OpraHU3alliM, UCCIIE0BAHUE Pa3IMYHBIX UCTOYHUKOB CBETA, A TaKKe
pa3zpaboTka 3(p(PEeKTUBHBIX KaTanu3aTopoB. [J1y0oKoe moHnMaHue (pU3NYecKuX MPUHIMIOB (POTO-
CHHTE3a U UCIIOIb30BAHUE COBPEMEHHBIX METOJOB U aIllapaTrypbl TAKKE SABJISIOTCS HEOOXOIUMbBIMU
YCJTIOBUSIMH U151 IOCTMKEHHSI yCTIeXa B 3TO 00JIacTH.

O,I[HaKO, HECMOTPA Ha CIIOKHOCTHU, UCIIOJIb30BAHUE (bOTOCI/IHTCZia JJIsT IPOU3BOACTBA SHEPIUn
C UCIIOJIb30BAHUEM BO30OHOBIISIEMBIX HCTOYHHKOB, TAKHNX KaK COJTHEYHBIA CB€T, O6CH_IaCT SHAYUTEIIb-
HBIC ITPEUMYIICCTBA. DTO ITO3BOJUT HAM CHU3WTH 3aBUCHUMOCTb OT MCKOITAEMBIX TOIUIMB COKpa-
THUTDb BbIépOCbI MapHUKOBBIX T'da30B, YTO B CBOIO OUCPEAb IIOMOKET B PCHICHUN J100aJIbHOI HpO6JICMbI
HU3MEHCHUA KJIMMaTa.
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. IBB. «2Heprus 1 HOBbIE TEXHOJIOTUN: BO3MOKHOCTH U TIpenMyiecTBa. OTKpHITHE HOBBIX (DOPM SHEPIUn»

9HepreaneCKne YCTAHOBKH HA OCHOBC€ IINIAa3Mbl

IIna3zma — 3TO cocTosiHUE BEHICCTBA, KOTOPOE€ BO3HUKACT IIPpU MOAAYE NOCTATOYHOI'O KOJINYC-
CTBA 9HCPIvU Ha ras. Mb1 3HaeM 0 HAJIMYUM T1JIa3Mbl B MpUupoae, HAIIPUMEDP, B 3BE314dX, a TAKKE BOC-
MMpoU3BOIUM €€ B J'Ia60paTOprIX YCIIOBUAX. ITnasma 06J1aaaeT YHUKAJIbHBIMU CBOfICTBaMPI, TaKUMH
KaK ITPOBOAUMOCTD IJICKTPUICCTBA U MAIrHUTHOCE I10JIC. T10 ACJIACT IJIa3My INOTCHIUAJIIBHO IMOJIE3HbIM
HCCIEA0BATEIIbCKUM 00BEKTOM IJIA CO3JaHUA SHEPIETUYCCKUX YCTAHOBOK.

OpHol Y3 MepCreKTUBHBIX 00acTell SKCIUTyaTalluy T1a3Mbl B SHEPreTHUECKUX YCTAHOBKAX
SIBJISIETCS] TEPMOsiZiepHast SHeprusl. TepMOsiIepHBII CHHTE3 — 9TO MPOIecC 0O beJMHEHHU S JIETKUX sIAep,
TaKMX KaK JUTepUid M TPUUTHUH, B OoJiee TsKesIble siapa, COMPOBOX/IAIOIINIACS BHICBOOOXKICHUEM
OIPOMHOTO KOJIMYECTBA SHEPTUU. DTOT MPOLIECC MTPOUCXOAUT MPU BBICOKOW TEMIIepaType U BHICOKOM
JaBJIEHUH, KOTOPbIE CO3JAI0TCSI BHYTPU TUIA3MBI.

JI1s1 AJIMTENIBHOTO M YCTOMYMBOIO CIAMSHMS sJep B IUIa3Me HEOOXOIMMO CO3JaHue OCOOBIX
ycaoBuiA. OTHUM U3 YCTPOCTB, KOTOPBIE YCIIEIIHO UCTIONB3YIOTCS 151 9TOM LIeJH, ABJISETCS TOKAMaK.
Tokamak — 3T0 yCTPOHCTBO, COCTOSIIIIEE U3 KOJIBLIEBOM KaMepbl, B KOTOPOW TeHEPUPYETCS U yIePKU-
BAaeTCs IJ1a3Ma C MOMOUIBIO CUJIBHOTO MarHUTHOT'O NOJIst. MarHUTHOE NOJIe UTPaeT PELAoIIYIO0 POib,
(bopMUpysl ICTOUHUK TerJIa U COXpaHsis MJ1a3My B OIPEAEIeHHON 00acTu.

PazBuTHe TepMOsiIepHBIX PEaKTOPOB Ha 0a3e TOKAMaKOB B HACTOSIIIIEE BpeMsi aKTUBHO HCCIIe-
ayercst B paMKax Mpoektos, Takux Kak ITER u DEMO. ITER — mexIyHapogHblii TEPMOSAAECPHBIN
9KCIIEPUMEHTAJIBHBI PEAKTOP — CTPOUTCS B PpaHUMM U ABIAETCA KPYNHEUIIMM TEPMOSIEPHBIM
1poekToM B Mupe. DEMO — 1eMOHCTpalMOHHBIN TEPMOSIIEPHBIN PEAKTOP — SABJISAETCA CIEAYIOIINAM
marom rnocie ITER u Oyaer co3gaH Ui mpoieMOHCTPUPOBAHMSI SKOHOMUYECKON M TEXHUUECKON
’KU3HECTIOCOOHOCTU TEPMOSIIEPHOM SHEPIUU.

OpnHako, pa3pa0OTKa SHEPreTMYeCKUX YCTAHOBOK Ha OCHOBE IUIa3Mbl IPEJACTaBIIsET COOOM
CJIOKHYIO MCCIIEI0BATENbCKYIO 3a1auy. OHa TpeOyeT pa3BUTHUS HOBBIX MaTepHaoB, CyNepIpPOBOIHU-
KOB M MarHUTHBIX CHUCTEM, CIIOCOOHBIX BBIAEPXKMBATh SKCTPEMAJIbHBIE YCJIOBUSI BHYTPH TOKaMaka.
Takske HeOOXOAMMO HAyUMThCS YIIPABJIATH, YIEPKUBATh U CTAOWIIM3UPOBATH TUIA3MY Ha JJIUTEIIbHbIE
nieprozisl BpemeHH. [1pu 3ToM BakHO 0OecriednTh Oe30MacHOCTh M YCTOMYMBOCTh PAaOOTHI YCTAHOBOK,
a TaKXe PelMTh MpodiIeMy YTUIN3ALMU PAAUOAKTUBHBIX OTXO/IOB.

He CMOTPA Ha CJIIOKHOCTU, SHEPIECTUICCKUE YCTAHOBKU HAd OCHOBE IJIa3Mbl 06HaHaIOT OrpomM-
HBIMU ITPENMYIIIECTBAMMU. Onu He IMpOU3BOIAT BbI6p0CLI IapHUKOBBIX I'a30B U paAUOAKTUBHbBIX MATC-
pyaJioB, a TaKKE HE Tpe6y10T OI'POMHOI'O KOJIMYECTBA PACXOAYEMBIX TOILIUB. HOSTOMY OHU MOT'yT
CTaTb OYCHDb NEPCIICKTUBHBIM UCTOYHUKOM SHEPIrun I 6y,IIy1_HI/IX TTOKOJICHHH.

IToka 4TO MccnenoBaHus B 00JIACTH TUIa3MBI U TepMOHﬂepHOﬁ HEPIUU NMpoOAOJLKAIOTCA, U MbL
OXXHNJA€M BHEAPECHU A HOBBIX TEXHOJIOTUI ¥ HOBBIX NOAXOO0B, KOTOPBIC IIPUBEAYT K pEaIn3alilu SHEP-
FETUYCCKUX YCTAHOBOK HAa OCHOBE IIJIa3MbI B 6yaymeM. Takue YCTaHOBKHW HCCOMHEHHO IMOMOTI'YT HaM
MMpEOAOJIETh BbI3OBbI UBMEHCHU A KJIMMATa U 00€eceYnTh YUCTYIO 1 YCTOﬁQHBym 9HCPI'UI0 JJId HAIICTO
Ppa3BUTHA.
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. IBB. «2Heprus 1 HOBbIE TEXHOJIOTUN: BO3MOKHOCTH U TIpenMyiecTBa. OTKpHITHE HOBBIX (DOPM SHEPIUn»

HUcnoab3oBaHue rpaBUTAMOHHON YHEPTrUA

BremHss cuna, KOTOpast IPUTATUBAET BCe OOBEKTHI C MACCOM APYT K APYTy, HA3bIBAETCS rpa-
BUTalMel. I'paBUTallMOHHAS SHEPrUs — 9TO (pOpPMa SHEPruM, CBA3aHHAS C IepeMeleHMeM 0OBEKTOB
10]1 BO3IEMCTBHMEM I'paBUTaLUK. Mes Ncnob30BaHU s TPABUTALIMOHHOM SHEPIUU 1151 IPOU3BOACTBA
SHEPruu SIBJISIETCS OJHOW U3 CaMbIX YBJIEKaTEIbHbIX B 00JaCTH BO3OOHOBIISIEMBIX HICTOUHUKOB SHEp-
TUN.

O,I[HI/IM MMpUMEPOM HUCIIOJIb30BAHUSA FpaBHTaI_IHOHHOﬁ SHEPIruu ABJIACTCA THMAPO3HCPIETUKA.
FI/I,I[pO9HepF6TI/IKa OCHOBaHAa Ha MHCIIOJIb30BaHUM FpaBI/ITaI_II/IOHHOfI 9HCPI'ny, HaKOIIJIEHHOM BO,I[OfI
B IIOTOKax MJIM BOAOEMaAx. ,HJIH 9TOI0 CO34AI0TCA CIICHUAIIBHBIC TUAPOIJICKTPOCTAHINU, KOTOPBIC
HCTIOJIB3YIOT ITIOTOKU BOIBI AJIA ITPUBEACHWUA B IBUKCHHUC Typ6I/IH U IeHEepaluu JICKTpUICCTBA. I'un-
PO2HEPIECTHUKA ABJIACTCA OJHUM U3 HauoosIee Pa3BUTLIX U PACIIPOCTPAHEHHBIX CII0COOOB UCIIONB30-
BaHUA FpaBHTaHHOHHOfI 9HCPIrUu.

Taxk:xe, B mocaegHee BpEMs, HIMPOKOE BHUMAHUEC YACIACTCA pa3pa60TKe HOBBIX TCXHOHOFHﬁ,
OCHOBAHHBIX Ha HCIIOJIB30BAHUU I'PABUTAIIMOHHBIX BOJIH. FpaBI/ITaL[I/IOHHbIC BOJIHBI — 3TO KoyeOa-
HUA ITPOCTPAHCTBA-BPEMCHU, KOTOPLIE BOSHUKAIOT ITPU IBUKEHUN MAaCCUBHBIX OOBEKTOB. ITU BOJIHbI
MOT'YT paClIpOCTPaHATHCA Ha OT'POMHBIC PACCTOAHUA U TPENCTABIIAIOT coOoH HOTCHI.IPI&JILHLIIZ HUCTOY-
HUK SHCPIrUuu.

W3Bnedenue OHEPIrMvu U3 T'PABUTAIIMOHHBLIX BOJIH — CJIOXKHAA HCCIENOBATCIIbCKAA 3ajava.
OHH&KO, C Pa3BUTHUEM HOBBIX TCXHOHOFHﬁ, TaKHX KaK BOJIHOBBIC SHEPIECTUYCCKUC Hp606pa30BaTCJII/I,
HCCJICAOBATEIAM IPEAOCTABIAIOTCA HOBbIE BO3MOXHOCTU IJIA Hp606pa3OBaHI/I}I 9HCPIvU rpaBUTaAlN-
OHHBIX BOJIH B 2JICKTPUYECKYIO HEPIUl0. BonHoBbIe HECPIreTUYCCKUC npeo6pa30BaTeJm CITOCOOHBI
Hp606p8.30BbIBaTb KosleOaHus B BOZEC, BbI3BAHHBIC I'PABUTALIMOHHBIMU BOJIHAMU, B MEXAHUYECKYIO
9HEPI'HIO, a 3aTEM B JICKTPUICCKYIO SHEPIUI0 C ITIOMOUIBIO I'€HEPATOPOB.
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasieH OO0 «JIutPec».

[IpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB IIOJHYIO JIEraJbHYIO Bepcuio Ha JlutPec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
COOOM.
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