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Ha ocHOBe (h)yHIaMEHTAILHOTO 3aKOHA B3aUMOCBSI3H MPUYMHBI U cienctus, [IpuHuuna ITopsaka U UCMONB30BAHHS
runote3bl basueBa J[.X. u3 «OCHOB €IHMHONW TeOpHH (H3UKH» MPEMLIOKEHO AECATh HOBBIX HCTOYHHKOB IPHPOIHON
sHepruu. HoBast TeXHOIOr M aJIXMMHYECKOTO TOJIKA MO3BOJIIET MCIIONB30BATh SHEPTUIO BEIECTBA Onarofaps peausannu
(hazoBoro nepexojia BbICIIETO PoJia, KOTOPask COIPOBOXKIAETCS BIACICHHEM SHEPIHHU U JaXKe TPAaHCMYTALUEH 3JIEMEHTOB ¢
BBIJIC/ICHUEM SHEPIUH.

[Ipupona B sHepreTHyeckux mporeccax 00XoauTcsi 0e3 MCHOIb30BaHUsI OPIraHUYECKOTO M SAEPHOTO TOILTHBA.
[NoamuTka 3Hepruel mpoieccoB 00pa3oBaHUs HOBOTO BEIECTBA, MOJJEPXKAHHE €ro (DyHKIMOHMPOBAHMS, B TOM
YyciIe, HalpuMep, KoieOaHWH aTOMOB KPHUCTAIMYECKOW PEIIETKH M JII00O0W CTPYKTYphl BOOOIIE, MPOUCXOIWT
MyTeEM JSHEProoOMeHa C OKpy)Karomed cpenoil. Bynem B aHaim3e NpOIECCOB HCXOAUTh U3 TUIOTE3BI, YTO B
OKpYXKaIOLIEeH Cpeie HaXOOUTCS 2IeKMpUHHbIL 2a3 (3¢)up), COCTOSIIUNA U3 OYE€Hb MEJIKHMX 3apsDKEHHBIX YaCTHIl —
anekmpuno [1]. DHeprooOMeH obecrednBaeTCsl MyTEM IIEPEeTOKa ITHX HOCHUTENeH 3apsna, KOTOpble, B CBOIO
ouepeib, MOAMUTHIBAIOTCSA OT CKOPOCTHBIX MOTOKOB HelTpuHOo CoxHua u Kocmoca.

B 3emHBIX YCJIOBUAX €CTb JBa OCHOBHBIX HCTOYHHMKA OHEPIruH, CYIIECTBECHHO OTIUYAIOUWIMUXCIA 110 CBOUM
nposBiieHusAM. IIepBbIil — 3TO BelecTBO, B KOTOpoi IIpuponoil akkyMyJupOBaHa 3HEPIUs CBA3U 2JIEMEHTAPHBIX
YacTHI, KOTOpas BBICBOOOXKIAETCS NPH pacUICIUIEHUH-PAcIiajie BEIIECTBa HA JJIEMEHTApHbIE 4acTHIbL. Bropoit
MCTOYHHMK SHEPTrHM — 3TO 3JEKTPUHHBIA Ta3, 3Qup, 3HEprus KOTOPOTo IOIMOJHSETCS, KaK ObIJIO CKa3aHO BBIIIE,
MOTOKaMM HEUTPHUHO. DTU J[BA OCHOBHBIX MCTOUHHKA YHEPTUU CBSA3aHBI JPYr C APYIOM, TaK KaK BEIIECTBO CaMO
obpa3zyercs n3 a¢upa u coctout u3 Hero: 99,83 % Bemectsa — 310 AnekTpuHO. OcransHbie 0,17% Maccsl BemecTBa
NPUXOJIUTCS HA JJIEKTPOHBI — «CKJICHIIMKI) BEMIECTBA. JHEPTHIO BEIIECTBA HA3BIBAIOT AKKYMYJIHPOBAHHOMN
SHepruei, sHepruro d¢upa — cBoOomHOW PHEprueil. becTOIUMBHYIO SHEPreTHKY, HCMOIB3YIONIYI0 STH JBa BHIA
9HEpPIruH, Ha3bIBAIOT €CTECTBEHHON YHEPTETUKOM.

MOXHO BBIIEIUTh YacCTHBIE CIIydad HPOSBICHHS IBYX OCHOBHBIX MCTOYHHKOB, KOTOPBIE M COCTABAT JECATH
HOBBIX HCTOYHHKOB IIPUPOIHON 3HEPTHU.

HOBBIE UICTOYHHKU ITPUPOJHOI SHEPT M

AKKYMVYJIMPOBAHHAS SHEPT'UA CBOBOIHAS DHEPTUA
BEIMECTBO D20UP

1. ®IIBP 6. BPT

2. KaBuranus 7. Komebanus atoMoB

3. Pasron 3ByKOBOi1 BOJNHEI 8. D¢ eKT MoIOCTHBIX CTPYKTYP
4. MarHuThbl 9. KopuonucoBo camoBpalieHue
5. DneKTpeTs 10. 'eomarauTHOE MOJIE.

OIIBP — da3oBelii mepexo] BBICHIETO pojia — 3TO MPOIECC SHEPTOBBIACICHUS NPH paclajie BelecTBa Ha
3JIeMEHTAPHBIE YACTHUIIBI. Y CTAHOBJICHO, YTO OOBIYHOE TOPEHHE BEIIECTBA SABJIIETCS (Pa30BBIM IEPEXOOM BBICIIETO
poxa (PIIBP). [Ipu DIIBP cBoOoaHbIH 27eKTpOH B Iuia3Me (IUIaMEHH) BBICTpauBaeT BOKpYr cebst cdepy H3
IMOJIOKUTCIIBHBIX MOHOB KHCJIOPOJa U MOCJIONHO 0T61/1paeT C KaXXJ0ro U3 HUX MEJIKUE YaCTUILIbI — DJICKTPHUHO. Ot
peanu3anyy 3MEeKTPOJUHAMUYECKOr0 B3aUMOICHCTBUS 3JIEKTPOHA C IEKTPUHO MPOUCXOAUT OTPBIB MIEKTPUHO OT
MOHA W BBUIET 3TOM YaCTHUIIBI C BHICOKOW CKOPOCTBIO. JJIEKTPUHO MedeTcs B cepe M3 MOHOB KUCIOPOJa, OTAABas
KMHETHYECKYI0 SHEPrHI0 M HarpeBas Ma3sMy, a 3aTeM C IUIAMEHEM YJaldeTcss B COCTaBe OTXOIAIIMX Tra3oB.
TommmBo SIBISIETCS ITOCTABIIMKOM CBOOOJHBIX DJJEKTPOHOB — TEHEpaTOpoB »JHepruu. IIpomyKTel TOpeHUs
CBSI3BIBAIOTCA B OKHCIIBI, TO €CTh OKHCIICHHUE SBIISICTCS CIIEACTBUEM, a HE MPUUNHOMN ropeHus. [loTepsB 4acTh CBOUX
AJIEKTPUHO, KUCIOPOJ HWCIBITHIBACT IMOHATHBIA NeQuUuUT (Ie(eKT) Macchl MOpsAAKa OTHON MIUUIMOHHOW TOIH
npoteHTa. Takol HUYTOXHBIN Ne(EKT MacChl MO3BOJISIET KHCIOPOLY COXPAHATh CBOM XUMUYECKHUE CBOWCTBA, a B
MPHUPOIHBIX YCIOBUAX BOCCTAaHABIUBATD.

CBOOOIHBIE D3JEKTPOHBI, IOJlydaeMble W3 TOIUIMBA, MOXKHO 3aMEHHTH JJIEKTPOHAMH CBSI3M M3 TOTO K€
KHCJIOpO/a WIIM a30Ta Bo3Ayxa. M Torga TOMIMBO MOXHO COBCEM HCKIIOYMTh M3 MpoIlecca TOPEHHs, U OHO
CTaHOBUTCSA AaBTOTCPMUYCCKUM 0€ECTOIIMBHBIM Ipo1eccom. HMcrounnkom OHCPIruu MO-IPEKHEMY OCTACTCsA
KHCJIOPOJ, HO MOYKHO HCIIOJIb30BaTh M a30T, HO €ro TpyJIHee pa30uTh Ha aTOMBI, TaK KaK SHEPIHs CBSI3U €0 aTOMOB



B MOJIEKYJIy B ZBa pa3za Ooublie, 4eM y Kuciopona. Takas aBTOTEpMHYECKas PEakiys OSCTOIIMBHOTO TOPEHHS
OCYILIECTBIICHA TPAKTHYECKH B KapOIOPATOPHBIX aBTOMOOMIBHBIX ABUTATEISIX BHYTPEHHETO CTOPaHUsI.

KOHe6aHI/lﬂ aTOMOB, MOJICKYJ U HUX arpe€raroB B Ta3axX, XHUJAKOCTAX M TBEPAbIX TE€JIaX — 3TO HEUCCIKaeMbIH
MCTOYHHMK DHEPIHH, HENPEPHIBHO BOCCTAHABIMBAEMBIH 3a CUET SHEPIUU OKpy»xKarouiel cpenpl. Mcnosiab3oBanue
9TOIr0 HMCTOYHHKA, HaOpUMEp, B THUAPABINYCCKOM TapaHEC, BEUHOM JIaMIIOYKe KyLueneBa SABJIACTCA BbICIHIUM
JOCTHKEHHEM, MO3BOJISIIOIINM 3aCTaBUTh «paboTaTh» aTtoM Oe3 BpeqHo# paauauuu. IIpu 3ToM, Kak BHUIIHO, MOXET
BBIPa0aThIBATHCSl HE TOJBKO THAPABIMYECKasi M CBETOBAsi SHEPTHUsl, HO TaK)Ke HEMOCPEACTBEHHO DIIEKTPHYECKas, KaKk
910 caenano P.M.CoJOMSIHHBIM C IOMOLIBIO [Tb€30KPUCTAILIA.

KopuonmcoBo caMoBpaIieHne SBISIETCS TaKKe HICTOYHUKOM «IapoBOiD» SHEPTHH. B )XUAKOCTH OHO HaUWHAETCS
cpa3y B BHIE BHXpeH u3-3a 000 HEOTHOPOIHOCTH BO3JACHCTBHSA. B Bs3KOH cpele — mmocie IepBOHAYATBHOMN
PacKpyTKH A0 000pOTOB, ypaBHOBEMIMBAONMMX cHibl Koprmonnca n TpeHns. B TexHUKe M3BECTHBI KOPHOIHCOBHI
JIBUTATENIN BHYTPEHHero cropanus YepHsimeBa, MoTop Kiema ¢ caMmoBpameHHeM >XHAKOCTH (MOUTHOCTH 250
KHWJIOBATT) U IPyTHe SHEPTrOYCTaHOBKH.

Pasron 3ByKOBBIX BOJIH B Ta3ax, KMJKOCTSIX, TBEPIBIX Tellax M B a(upe (3JIEKTPUHHOM ras3e) ecTh CrylieHHE,
YBEJIMYCHHUE TIOTHOCTHU CPeJibl Ha ()POHTE BOJIHBI, pPA3rOH KOTOPOU U PHEPTHUs MOICPKUBAIOTCS 32 CYET KOJICOaHU I
ATOMOB M JIPYTUX OCHMWJLISTOPOB. [IpUMEpOM MOXKET CITy)KUTh TUAPABIMYCCKUN yIap B TPyOOIPOBOAAX, BO3AYIIITHOS
JyXOBOE PYy’Kb€, OECTOIUTMBHBINA ra30TypOMHHbINA nBurarens Kynpsmosa u T.11. MmynscHOe Bo3/ieiicTBIE yiapHOH
3BYKOBOM BOJIHBI Bcerja 3¢ ¢eKTHBHee MO 3aTparaM SHEPTMM MMEHHO B CBSI3M C HCIIOJIBb30BAaHHWEM IPHPOIHOTO
MCTOYHHKA «IapOBON» SHEPIHH.

Pe3oHaHc CcOOCTBEHHBIX W BBIHYXKACHHBIX KOJICOAHWH pPA3IMYHBIX OOBEKTOB-OCHWILISTOPOB, B TOM YHCIIE
aTOMOB M MOJEKYJ, IO3BOJISIET YBEIHYUTh aMIUIUTYAy JHEProoOMeHa ¢ OKpyxatomiei cpemoir. [lpm 3Tom
BO3PacTacT BO3MOKHOCTh MOJYYCHUS HAMOOJNBIIETO KOJIMYECTBA SHEPTHH NPH MHUHUMAILHBIX DHEpro3arparax Ha
3aMal0IIMi TeHepaToOp 4acToThl Kosiebanuil. Tak B BHOpOpPE30HAHCHOM TIeHepaTope boromosoBa cooTHOIIEHHE
3aTpadyeHHON M NOJy4eHHOW sHepruil coctaBmwio 1:100. M30bITOUHAs SHEPTHs Ha OCHOBE PEe30HAHCA IONTydeHa B
3JIEKTpOreHepaTopax u Tpancopmaropax Tecna, aMeKTpoABATATEIIX MEeITbHUYEHKO U JPYTUX HEProyCTaHOBKAX.
Hcnonp3yrores u apyrue Bubpope3oHancHbie TexHonoruu (BPT).

KaBuTanust kak pe3oHaHC 4acTOThI KOJIeOaHUI MOJIEKYJT KHJIKOCTH C 4aCTOTOH KoJieDaHHUH ITy3bIPHKOB Tapa, UX
00pa3oBaHNEM U CXJIOIBIBAHUEM COIPOBOXKIIAETCSI Pa3rOHOM 3BYKOBBIX M YAApHBIX BOJIH, BRICOKMMH I1apaMeTpaMu
Ha ()pOHTE BOJHBI U HU3KUMH 32 (PPOHTOM BOJIHBI. DTO MPUBOIMT K pacnany BeuiectBa (PIIBP) Ha anementapHbie
YaCTHIBI C BBIJEICHUEM OOJIBIIOTO KOJIMYECTBA Teruia. MI3BeCTHO MHOTO THITOB peajbHO pabOTarOLINX TeHEPATOPOB
C M30BITOYHOM BHEpruel, B HECKOJNBKO pa3 MpeBOCcXoasliel 3arpadyeHHyro. Hambombiei sddexTuBHOCTRIO U3
W3BECTHBIX HAa CETOAHALIHHUN JI€HB 00JIaaeT 3JICKTPOTHApaBINIecKuii Teruiorenepatop Kanapesa (1:28).

MarHuTHBI TTOTOK B METaDIaX C KOPHAOPHOW KPUCTAUTMUECKOW PEIIeTKOW, CO3JaBacMbI KoJeOaHWSIMU
aTOMOB M BHUXPEH D3JEKTPMHO BOKPYI HHUX, TAKXKe SBISETCS «BEYHBIM» HCTOYHHKOM IIPUPOJHON SHEPTUH.
OnexTpomarauTHbele reHepaTopsl Cepma, Pomwmua m l'ommHa W apyrme BeIpaOaTBHIBAIOT 3JEKTPOIHEPTHIO, HE
NOTpeOJIsist TOIUTUBA WIIK MHOM Cpelibl, KpoMe d(upa (AMEKTPUHO) U3 OKPYKAIOIIETr0 MNPOCTPAHCTRA.

DJeKTpeThl KaK 3JIEKTPUYECKHE aHAJIOTH MarHWTOB MCIIOJB30BaHbI B 3JIEKTporeHeparopax JlynplieBa Takke
JUTSL BEIPAOOTKH «H30BITOUHOMN) SHEPTHH.

Addexr monoctheix cTpykTyp (DIIC) I'peOcHHUKOBA 3aKIIOYAETCS B CO3JaHMU IMOJBEMHOM CHJIBI 3a CUET
pa3HOCTH AaBJeHUi 3¢Hpa 101 U HaJl BHITYKJIOH OBEepXHOCTHI0. OH 00yCOBJIeH crieluduKoi KonebaHuii aTOMOB
B CTPYKType BemecTBa M ()OPMOH NOJNOCTHBIX CTPYKTYyp. ['pebennHukoB wucroib3oBan OIIC anst mosieroB B
Bo3ymHOM mpocTpaHcTBe. OIIC MokeT OBITH HCIIONB30BAH TAKXKE JUISI BBIPAOOTKM MEXaHMYECKOH |
3JIEKTPUUYECKOIN SHEPTUH.

l'eomarauTHOE TOJIE B HACTOAIIEE BPEMs HE HCIONB3YETCS JKUTEISAMH 3eMIIH IS TONYYCHHS SHEPTHUH.
[Ipenpraymire MUBIIIA3AINE HCIIOIB30BAN TE€OMAarHUTHOE TI0JIe B KadeCTBE MCTOUYHUKA dHeprun. CBHICTEIHCTBAMHU
ITOMY SIBIISIIOTCS ApPEBHUE JAOMPHUHTHI, MUpaMuIbl, coopykennsi CTOyHXeHIDKa.. B HUX Kak B CTPYKTypax ¢
HEpaBHOMEPHBIM 3JIEKTPUYECKAM MTOTEHIIHAJIOM IT0J1 JEHCTBHEM T€OMAarHUTHOTO TIOJIS IIAHETHI ¢ €r0 COOCTBEHHOM
yactotoi 7,5 I'll co3at0TCsi MOTOKM HOHU3UPOBAHHOTO BO3yXa U 3(hupa, B TOM YHCIIE H BRICOKOYACTOTHBIE.

COXpaHl/IBHJl/IeCSI METraJIuThl «pa60Ta}0T» U B HaCTodAlIEC BPEMs, HO APCBHUC DHEPICTUYCCKHUE TEXHOJIOTUHU
npakTHYecku yTpadeHbl. CaMoOM BBICOKOW «IHMpaMuioi» sBisercs xpam IlapdeHoH, MMEromHid BUPTYaIbHYIO
BCPUIMHY Ha BBICOTC, TaK KaK OCH HAKJIOHHBIX KOJIOHH CXOISATCH, NMEPECEKAACh B OJIHOI‘/II TOYKE Ha BBICOTEC 2, 5 KM.
BosHukaromye BIONb KOJOHH JJIEKTPUYECKHE TOKH OOBEIUHSIOTCS IOJ JIeHCTBHEM OOIIero BUXps HOCHUTEIEH
3apsaa Kak B MPOBOJHHUKAX C IOIMYTHBIM TOKOM CMEIICHHS, 00pa3ys KOHIEHTPUPOBAHHBIA MOIIHBIN BBICOTHBIN
CT0JI0 MOHM3MPOBAHHOTO BO3QyXa KOCMHYECKOTO MacmTaba. DHEpreTHka MErajiTOB MOTJA HCIIONB30BATHCS IS
KOCMHYECKON CBSI3M M HABUTALMH, PUTYaJIbHBIX OOPSIOB M XOXKIEHHS B ITapajUIeIbHBIC MUPEI, JIEKTPOCHAOKEHHS
00BEKTOB M TPAaHCHOPTHEIX cpeacTs Tuma HJIO 3a cyet sHEPTUH reOMarHUTHOTO TIOJIS TUIAHETHI 3eMIIS.

[lepeuricneHHBIMM MpPUMEpPaMU HE HCYEPHBIBAETCS BECh MEPEUEHb MNPUPOIHBIX HCTOUYHHKOB 3KOJIOTUYECKU
YHCTON M TIOBCEMECTHO JAOCTYITHOM 3Hepruu. UToOb N30aBUTH YEIOBEYECTBO OT SHEPreTHYECKUX M IKOJIOTHIECKUX
kaTacTpod, He0OXOAMMO MHTCHCUBHO paboTaTh Ha/l HOBBIMHU 3HEPTeTHUECKUMH YCTAaHOBKAMH YK€ ceifdac, IoKa He
MI03/IHO, TeM OoJIee, 4TO €CTh U TEOPHS U EAMHUYHBIC IPUMEPHI 3THX YHEPTrOyCTaHOBOK.



dakT peanuzanyy aTXUMUYECKUX MPOLECCOB B SBICHMAX PA3HOM HMPHPOABI MOATBEP)KAAECT IPABOMEPHOCTD
(yHIIaMEHTaIbHOTO 3aKOHA B3aUMOCBS3U IPUYUHBI U CIIEACTBHUS B JIEMEHTAPHBIX aKTaX U3MEHEHHs COCTOSHHMA [3].
OTOT 3aKOH JKBHBAJICHTEH 3aKOHY JEWCTBMs pbluara ApXumela, OIpeAesss TBOPUECKOe Hayalo B Halled
HeﬁCTBHTeHLHOCTH. 9TO 3aKOH TBOPCHUA HOBOI'O Ka4€CTBa SHCPIUU, U3MCHCHUA €€ KOHLCHTpAIlUU U NOTCHIHAJIA,
TBOPEHUSI MUMITyJibca. MIMEHHO 3TO OOCTOSITENILCTBO M IUKTYyeT Habmtojaemoe B [Ipupospe pasButhe cucreM U
JJIEMEHTOB CHCTEM.

JelicTBue, KpeaToH W SBISIETCS NPUYMHOW pa3BUTHS, NPUYMHOW HW3MEHEHHS COCTOSIHUH CHCTEMBI U3
B3aUMO/ICHCTBYIOIINX JIeMEeHTOB. CyIIECTBEHHO, YTO MUMEHHO KpPEaTOH OMNpEAEIIeT OpraHU3aluio CTPYKTYpHI B
pEATBHBIX CHCTEMaX B COOTBETCTBHH CO CIEHU(HKONW B3aMMOJICHCTBHS OSJIEMEHTOB CHCTEMBI, YCTaHOBIJICHHIO
HOpsi/IKa B CHUCTEME, KOTOPBIA IS Ka)XZOro MHTEpBala YacTOTHOIO CIEKTpa Oyner ompeneisatbcs [IpuHIMIOM
Mopsinka [3]. IMeHHO KpeaTOH W ABISETCS KBAHTOM JCWCTBHS B peallbHBIX IpoIeccax, oToOpaxkas coOoi Ty poib,
KOTOpasi BO3JIOKE€HAa Ha JJekTpuHO B eamHod Teopum ¢usuku JI.X.basueBa [2]. Kpearon Hecer B cebe
SHEPreTHYeCKyl0 Mepy JAeHCTBHS, NpeoOpa3OBaHHBI HSHEPreTHYEeCKHH IOTEHIMAJ, B COOTBETCTBHH C
(l)yH)IaMeHTaH])HI)IM 3aKOHOM B3aWMOCBSA3U IMPUYUHBI U CIICICTBUA.

MexaHu3Mm ACUCTBHs pblyara ApxuMena B pas3iHUYHBIX SIBICHHSIX MOJO0CH NCHCTBUIO TpaHChopMmaropa B
JNIEKTPOTEXHHUKE, SIBISSICH IPeoOpa3oBaTelieM HHEPreTUUECKOro IMOTEeHIMada. 3aKOH COXpPaHEHHs KpeaToHa
OTpaXkaeT He TOJBKO 3aKOH COXPAHEHHsI SHEPreTHYECKOM Mepbl BO3IAECHCTBUS B IIPOLECCaX IIEpPeXo/a NPUYUHBI B
CJIC/ICTBHE, HO M KayeCTBEHHOE W3MEHEHHME DJHEpPIUH, XapakTep HM3MEHEHHs ee¢ KOHLEHTPAld HE TOJBKO B
MPOCTPAHCTBE, HO U BO BpeMEHH. bilaromapsi 3ToMy 3aKOHY M CTajlo BO3MOKHBIM Pa3BUTHE HOBBIX TEXHOJOTHI
AIXUMHYECKOTO TOJIKA.
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