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Cywecmsyem moavko 00UH UCMUHHbLIL 3AKOH —

mom, KomOprfL nomozaem cmamos C80600HbIM.
Puuapo Bax

«Hatikxa no umeru /xonamar AusuH2CmMoH»

[IpenucaoBue

JIBUKeHHEe — 3TO U3MEHEHHEe MecTa IIOAOKEHHT OOBEeKTa, IIPOIIECC, IIPOUCXOMAIIIHH
KaK B IIPOCTPAHCTBE, TaK U BO BpeMeHH. MEI CyIllecTByeM B ABHKEHUH, Oaaromaps ToMmy,
YTO HAXOAHWMCH Ha IIOBEPXHOCTH IIAQHETHI, ACTAIIEH B KocMoce BOKPYT CoaHIIa, 1 BMECTE
¢ HuUM B lanakTure. C Opyrod cTOpoOHBI, Karkaas dYacTHIla BeIlIeCTBa MaTepPHaABHBIX
00BEKTOB sBASeTCS 3(PUPOAUHAMHUYECKHUM IIPOIIECCOM, TO €CTh, 0oaee HAM MeHee
YCTOUYMBBIM BHUXPEBBIM IIOTOKOM [ABHXKYyIleWca 3¢HUPHOM cpedpl, U KpPOMe TOro, B
OKpPY2KAaIIlIeM HaCc MHIPOCTPAHCTBE IIOCTOGHHO IIPOHUCXOAUT IIPOLECC H3MEHEHUd
IIAOTHOCTH 3(PUPHOH cpeanl (IIAOTHOCTH dHepruH). TakuM ob6pa3oM, B peasbHOM MHPE HET
HUYEro HENOMABHIKHOTO, BCe OOBEKThl HAXOASTCd B [ABHXKEHHH, a TaKxXKe B IIpollecce
M3MEHEeHUd [TAOTHOCTH HEPTUH IIPOCTPaHCTBA.

MpbI 3ameyaeM [OBHXKEHHE, KaK M3MEHEHHE MeECTa IIOAOXKEHHS OOBEKTa, HAHU
H3MEHEHHE IIapaMeTpoB IIpoliecca CyIIEeCTBOBaHHA MaTepuu. [Ipomecc nBuxkeHHda U
Pa3BUTHAI HE MOXKET OCTaHABAUBATBCS IO TE€X IIOP, II0OKA MaTepud CyLIeCTByeT. TO U €CThb
npouecc cyuiecmgogarust mamepuu 80 epemerHu. C HaHHOH TOYKHU 3pEHUs, MBI OyaeM
paccMaTpuBaTh CIIOCOOBI CO3IaHUsA ABUXKYIIEH CHABI, AeHCTBYyIOIIEl Ha TeAo, He 3a0bIBas
O TOM, YTO BCE MAaTEpPHAAbHBbIE OOBEKTBHI COCTOSAT K3 MHKPOYACTHUIL, U3 SPUPHBIX
rporieccoB. ['OBopsi 0 mepeMelIeHUuH TeA, HEOOXOAHUMO IIOHHUMATD, YTO IIPH 3TOM ITPUXOIUT
B ABUXKEHHE KOMIIACKC YaCTHUILL MaTePHUH, CYILIECTBYIOIIUMN IIPU OIIPEAEACHHBIX YCAOBHSIX B
00AaCTH ITPOCTPAHCTBA, KOTOPOE OHU 3aHUMAIOT.

[IpakTHyecKoe IIPUMEHEHHE IIpoIecca MOBHXKEHHS COCTOUT B TOM, YTOOBI
rnepeMeraTe o0bEKT, HAIPUMEDP, IIaCCaKHUPOB U I'Py3, U3 OJHOM TOYKHU IIPOCTPAHCTBA B
OPYTYIO, II0 BO3MOZXKHOCTH, C MUHHUMAaABHBIMU 3aTpaTaMH BpeMeHHU. lIpoliecc nBUKEHUS,
O0OBIYHO, IIPOUCXOAUT C HEKOTOPOM CKOPOCTHIO, HO, KaK AI00Oe Apyroe siBA€HHE, UMEeT Ba
«(IIPEOEABHBIX CAy4Yad». B OMHOM M3 HHX, TEAO MTHOBEHHO MEHHAET MECTOIIOAOXKEHHE B
IIPOCTPAHCTBE, & BO BTOPOM, TEAO MTHOBEHHO MEHSET CBOE ITOAOXKEHHE Ha OCH BPEMEHH.
IlepBBIN cAydal OTHOCHUTCH K TEACIIOPTAINH, & BTOPOM — K IIEPEMEIIECHUAM BO BPEMEHH,
0e3 m3MeHEeHUS IIOAOKEHHsS B IIPOCTPAHCTBE. MBI pacCMOTPHUM pPa3AWYHBbIE HAIIPABACHUS
pPa3BUTHA TEXHOAOTHH IIEPEMEIIEHHA B IIPOCTPAHCTBE M BPEMEHH, BKAIOYAS U 3TH ABa
IIPEeNEABHBIX CAyYad.

OOBIYHBIE CITOCOOBI IIEpPEMEINIEHUS HaM XOPOIIO H3BECTHBI, OCHOBHOM W3 HUX —
peakTuBHBIH. [lenexom OTTAaAKHMBAETCS OT OMOPBI HOTaAMH, aBTOMOOUAB OTTAAKUBAETCS OT
OTIOPHI IIPH BpPAIIEHHH KOAECa, U IIPU 3TOM, OIopa OTTAaAKHBAaETCs Ha3ad, a TPAHCIIOPT
TIOAyYaeT PEeaKTUBHBLIA HMIIYABC, W MABUIKETCH BHepen. AoaKa MOXKET IIPUBOIUTHBCSI B
OBUXKEHHE BecAaMH, BOJOMETOM HAW BHHTOM, OTTAAKWBas Has3ala BOLy, co3aaBas
peakTuBHbIH 2dderT. IIpu TakoM crmocobe, CTPOTO BBIIOAHSETCS 3aKOH COXPaHEeHHUS
UMITyAbCA, KOTOPBIH BCEM HaM XOPOIIO 3HAKOM: B pPe3yAbTATe PEaKTUBHOTO
B3aUMOJICHCTBHS, KazKIoe U3 TeA IIOAyJaeT OAWHAKOBBIH HMIIYABC, PAaBHBIU
POU3BEICHHUIO MacCChl U CKOPOCTH, IOAS Ka’KAOTO W3 ABYX B3aUMOAECHUCTBYIOIIMX TEA.
PakeTHble OBUXKUTEAVW, BHUHTOBBIE U pPEaKTHBHBIE CAMOAETBHI, BCS [Apyrad TeXHUKa
paboTaeT B TOUHOM COOTBETCTBHH C JAaHHBIM 3aKOHOM COXPaHEHHUS UMIIyAbCA.

YcKOpeHHE AETATEABHOI'O allapara, HallpUMEp, PakKeTbl, 3aBHUCHT OT TOTO, Kak
MHOIO, U C KaKOH CKOpPOCTBIO, TOIIAMBO BBIOpAChIBAETCS YEPE3 COIAO PAaKEeThl BO
BHEIITHIOI cpexy. OTMETHM, 4YTO, A CO3JAaHUS OBUIKYIIEH CHABI, AIFOOOH peaKTUBHBIH
amnmnapart TPaTHUT SHEPTrHio, YTOObI IPUAATh YCKOPEHHOE ABUKEHHE PEaKTHBHOM Macce.
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[Ipu oaTOoM, BbIOpackIBaeMoO€ BO BHEIIHIOIO Cpeay TOIAHMBO YBEAHMYHBaeET
KHUHETUYECKYIO0 OSHEPTHUI0 MOAEKYA CpeAbl, YTO B KOHEYHOM MUTOT€ YBEAHUYHUBAET
TeMIIEpaTypy OKpPYyzKalollled cpenbl, Harpesas ee. B TakoM cay4dae, MOXKHO CKasaThb, 4TO
YBEAWYEHUE TEIIAOBOU 3HEPTHUU, KMHETHUYECKON SHEPIrUM MOAEKYA OKpPYXKalollIeW Ccpenbl,
5KBHBAACHTHO YBEANYECHHIO KMHETHYECKON SHEPIHUH ACTATEABHOIO almapara, HAH APYyToro
ABHZKYIIIETOCH Te€AA, UCIIOAB3YIOIIETO PEaKTHUBHBIN HPHUHLMII. B 2TOM npogBasgeTca 3aKOH
COXpaHEHUd UMIIyAbCa U QHEPTUHU.

CylIecTByIOT [Opyryue, OaBHO H3BECTHbIE METOAbI, IIOXOXKHE Ha PEeaKTHUBHBIN
IIPUHIIUII. OTHU MeTOAbl TaK3Ke paboTaloT B CTPOIOM COOTBETCTBHH C 3aKOHOM COXpPAaHEHHS
HMIIyAbCA, HO B 00pamHoM HANpaeieHuu, a UMEeHHO, 3a Cuem YMmeHbULeHUSl Mensosoli
sHepauu okpyskarowieli cpedsl. Hampumep, HapyCHUK TOPMO3HUT ABHKYIIMHCA IIOTOK
cpenpl (Bo3ayxa) CBOMM IIapycoM, YTO H3MeEHsIeT (YMEHbIIaeT) KUHETHYECKYI0 SHEPTHIo
IIOTOKAa YaCTHUI] OKpyKamolle# cpeapl, [OAS TOro, UYTOObI YBEAHWYHUTH CKOPOCTh
(KMHETHYEeCKYIO 9HEPTHIO) ITapyCHUKA.

[TOCKOABKY T€pPMHUH «pEaKTHUBHBIN» 03HAYAET «IPOTHUBOAEHUCTBYIONIN», TO IPUHITHII,
IIPOTUBOIIOAOXKHBIM  PEAKTUBHOMY, MOXKHO  Ha3bIBaTh  «aKTUBHBIM», TO  €CTb
«IEeUCTBYIOIINM». B peakTHBHBIX IBUXKHUTEASX, CHAQ, OEUCTBYyIOIIAS Ha TPAHCIOPTHOE
CPEeOCTBO, CO3[aeTCsl, KaK peakKIUsd Ha yBEAHMYEeHHE OSHEPTHH OKpyzKarolledl Ccpemapl.
PeakTuBHBIE ABUKUTEAU TPEOYIOT MCTOYHHUK SHEPTHH, OASI CBOoeil paboThl. B akTHBHBIX
ABHZKUTEASX, NeHCTBYIOIIAsd CHAA CO3aeTCs 3a CUEeT ITOTAOIIECHUS SHEPTHH OKpyzKarollee
cpenpl. Baarogapsi 3ToMy CBO#CTBY, aKTHUBHbBIE JABUKUTEANU MOTYT CAYKUTH UCTOYHHUKAMH
9HEPTHH, IIPU CBoeil paboTe.

B raaBe 0 HaAHOTEXHOAOTHSX, MBI PACCMOTPHUM METO[, II03BOALGIOIINN CO30aTh
OBUXKYLIYI0O CHAY 0Oe3 3aTpaT TOIIAMBA, 3a CYeT CIIEIIHAaABHOTO peAbeda IOBEPXHOCTH
HaHOMaTepHuaaa, 00eClIeYHNBAIOIIEr0 OTOOP KMHETHIECKOH SHEPIrUH MOAEKYA BO34yXa, AU
Opyrof okpyxKarolnert cpenpl. [JaHuHbii MaTepuaan HaszBaH CAM - «CHAOBOM aKTUBHBIN
Mmarteprasr. Haamune BeTpa, B [JaHHOM CcAydae, He HMeeT 3Ha4YeHHUd, TaK KaK IIpU
MacirrTabax okoro 100 HaHOMETPOB, MOKHO CKa3aTh, YTO «BETEP €CTh Bcernar. MOAEKYABI
razoB, IPU OOBIYHOM aTMOC(EPHOM MOABAEHHH M KOMHATHOH TeMIlepaType, XaoTHU4YeCKHU
OBUTraloTCcad €O CcKopocThio 500 MeTpoB B CEKyHAy, HO KaxKaad W3 HUX [IBUXKETCS
IIPSIMOAMHEHHO, 0€3 CTOAKHOBEHHH, TOABKO Ha HEOOABIINX y4acTKaxX CBOEH TPaeKTOPHH,
oanHOY mpuMmepHo 100 HaHOMeTpPOB. OTO AOBUKEHHE MOXKHO HCIIOAB30BaTh, CO3aB
CIIeIIMAaABHBIA yIIOPSA0YEeHHBIN HaHOpPeAbed MOBEPXHOCTU. Mcmoab30BaHHEe T€PMETHYHOTO
KOpIIyca M CHAOBOTO aKTHBHOTO MaTepHasa II03BOASET IIPUMEHATH MAaHHBIN 3(deKkT B
KocMoce. Pacxoma TomamBa 371eCh HET, HO HY3K€H HCTOYHHK TElAa U TEIIAOOOMEHHUK C
OKpyzKarolle cpenoii. Bce m3BecTHBIEe HaM IIPUHIUIIBI CO34AaHUSI ABUIKYIINEH CHABI OAS
YCKOpPEHHsI TpPaHCIIOpTa paboTaroT 3a CYeT B3aMMOAEHCTBHUA C OKpyzKarolled cpenoi, B
COOTBETCTBHHU C 3aKOHaAMH COXPAaHECHHUA UMIIYAbBCA U QHEPTHUH, U APYI'OTO HE AAHO.

PaccmarpuBas ABUKEHHE B BO3/AyXe, B BOJE UAW Ha IIOBEPXHOCTU OIIOPHI (IOPOTH),
MBI MOZKEM OIIHCATh IIOYTH BCE U3BECTHBIE HAM KOHCTPYKIINH ABUXKUTEACH TPaHCIIOPTHBIX
CpPEOCTB. Bce onu aBasioTcsa PEAKTHUBHBIMU HANU aKTHBHBIMHU ABHUXKHUTCAAMH. He aBasiorcsa
HCKAIOUYEHHEM M TaK Ha3bIBAEMblEe HHEPIMOUABI — YCTPONCTBA, HCIOAB3VIOIIHE AL
CO3/IaHUS ABUKYIIEH CHUABI CBOHCTBO T€A, KOTOPOE MbI OOBIYHO Ha3bIBaeM «MHEPIIMAABHOMH
Maccoi». B raaBe mpo wuHEpPHIMOWUAbI, MBI pPACCMOTPUM (PUIHUYECKHUH MeXaHHU3M
BO3HUKHOBEHHUA HHEPIMM, IIPH YCKOPEHHOM [IBHXKEHHUH TE€A, MW BapHaHTBI €T0
IIPAaKTUYECKOTO HCIIOAB30BaHHUHA, C TOYKU 3peHud 3¢pupHOMl Teopuu. WHeprms — 310
CBOMCTBO OKpYyKalolled cpeapl, a HE caMoro Teaa. B raaBe MIpo AeBUTAIINIO, OyaeT
II0OKa3aHbI CIIOCOOBI CO3/IaHusI 0e3MHEPIINAABHOIO JBUKEHHUS.

OTmeApHO, HWMEEeT CMBICA II0Ka3aTh TaKHe CIOCOObI CO3JaHUA OBUXKYIIEH
(moapeMHOM) CHABI, KOTOpPble OOYCAOBAEHBI T'PaaUEHTOM OaBAeHUS cpenbl. [lepeman
[JaBAE€HHUS 3aCTaBASEeT BO3AYLIHBIH IIap IIOOAHUMATBLCS BBEpPX. TeopHd BO3MAyXOIlAaBaHUS
HECAOXKHas: OKpyzKalolllasd Ccpea UMEeT I'PaIHUeHT ITAOTHOCTHU I10 BEPTHKAAH, & ITIOCKOABKY
IIAOTHOCTb Cpenbl BHYTPH LIapa MeEHbIIe, YeEM CHapy>KH, TO OdaBA€HHE OKpyzKarolleh
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cpenpl BBITECHSIET IIap BBepPX. AHAAOTHMYHO, CHAA ApXHMea 3aCTaBASET BCIIABIBATDH TEAQ
MeHbIIeH# IIAOTHOCTH, 4YeM Boaa. [paaneHT naBA€HHs, B [JaHHBIX CAy4YasdxX, CO3IaeT
IpaBUTAIIMOHHOE IIOA€ ITAaHEeThI. [10 3TOM IIpUuYnHe, 3TH CHUABI AeHCTBYIOT B BEPTUKAABHOM
HallpaBAGHUH. Pa3BuTHe 3TOH HIOEeH IMPUXOAUT C I[IOHHMAaHHEM TOro, YTO TI'PaaHuEHT
JaBAEHHUS MOXKHO CO3aTh B T€PMETHYHOM KOPILyce, KaK I'PaJUeHT BHYTPEHHETO JaBACHUS
Ha CTEHKH KopIyca. Hampumep, pasHOCT, MOaBA€HHS Cpenbl BO3HHUKAaeT IIPU
OTHOCHUTEABHOM [IBUKEHUHM KpblAa, UMelonlero npoguab 2KykKoBCcKoro — YamabITMHa, U
OKpyzKamlle cpenpl. ['pagyveHT gaBaeHUS cpenbl paboTaeT IIOXOXKHM o00pa3oM B
n3BecTHOM «3ppekTe Maruycar, KOTOPbIH OyZeT pacCMOTPEeH B OTHAEABHOM raaBe. CHABI
TAKOM IPUPOABI MOTYT OBITH CO3/AaHbl B F'€pMETHYHOM KOPILyCe€ M HaIlpaBA€HBI B AIOOYIO
CTOPOHY, YTO BBITOIHO OTAWYAET AJAaHHBIM METO OT METOL0B BO3AyXOIIAABaHHU.

du3rKa, Kak U BCE €CTeCTBO3HAHHE, €CTh IIOIIbITKAa IIOHATh KakKUM obOpasom
YCTPOEH, TO €CTh, CO3/aH, Hall MHpP. B TeoAOTMH MHOTO CKa3aHO O TPOHCTBEHHOH
IIpUpPOZE Bcero cymero. Mcroab3ys MeTod aHaAOTHH MeXKAy SBACHUSIMH B TpPeX
PU3NYUECKUX Cpellax, IIepPexoad OT F’HAPOAUHAMUKHN U adpOAWHaMUKHU K 3(pUpOaUHAMUKE,
MBI MOIKEM COXPaHATH TEPMHHOAOTHIO, M TOBOPUTHL 00 3dupe pas3HOH TeMIlepaTypshl,
pa3HoOM MAOTHOCTH, KOTOopass 00ycAaBAUBAET OIIPeNeAeHHOE CTaTHYEeCKoe NaBAeHMe 3pUpa.
Kak m B rasonmHaMuKe, B 3(PHUPOAWHAMUKE YIOOHO TaK¥Ke HCIIOAB30BATH IIOHATHE O
«IUHAMHYECKOM OaBA€HUH», KOTOPOE TaKiKe 3aBHCHUT OT CKOPOCTH 3(PHUPHOIO IIOTOKA.
[Toaarasi, 4To B 3(pupoaAHaAMUKE BBIIIOAHSETCS 3aKOH BepHyAAM O MOAHOM JaBA€HUU, MBI
MMeeM BO3MOXKHOCTh KOHCTPYHPOBATb TEeXHUYECKHE YyCTPOHCTBA - [ABHUIKUTEAH,
paboraromyie He B BO3AyXe HAW BoAe, a B BakyyMe (B acdupHoil cpene). [Ipu Takom
II0AXO0/E, OT BO3AYXOIIAABAHHS MBI MOXKEM MEePEeHTH K 3(pHporaaBaTeAbHBIM allllapaTaM.
YuuTeIBas IIOHUMAaHUe rpaBUTALINH, Kak acpupHOTO SKpaHUPOBaHU,
«3puporiraBaTeABHBIMHU anapaTaMi» MOKHO Ha3BaTh aHTUTPABUTAIIMOHHbBIE IBUKUTEAU

KoHcTpyKImu 3pHUPOOOMEHHBIX ABUKUTEAEH MOTYT HCIOAB30BATh JACKTPUYECKHE
CHABI, MAaTHUTHBIE {BACHHdA, a TaKXKe TOT (PaKT, YTO CKOPOCTH PaCIIPOCTPaHEHUS
9AEKTPOMAarHUTHBIX BOAH He SIBASE€TCH OECKOHEYHO OOABIION. OTO MO3BOAIET IIOAYIUTH
OBUXKYIIYIO CHAY 3a CYET OAEKTPHUYECKHMX U JACKTPOMATrHUTHBIX B3aUMOJAECHCTBHUH,
IIOCKOABKY OHH IIPOMCXOAST HE B IIyCTOM MecTe, a B 3(QUPHOH cpene, uMeloniei
U3BECTHhIE (PU3NYIECKHE CBOMCTBA.

B 3akAro9MTEABHBIX TAaBax [JaHHOW KHUTH, MBI PacCMOTPUM  OCHOBBI
XPOHOOAUHAMUKH. OTO HOBas o00AacTh (PU3HKH, H3y4dalolllasd SIBACHUS, CBdA3aHHBIE C
M3MEHEHHEM XPOHAABHBIX (T€MIIOPaABHBIX) [IapaMeTPoOB OOBEKTOB, TO €CTh, TaKHUX
IIapaMeTpoB, KaK CKOPOCTH CYIIIECTBOBAHHUSA 00BEKTA. DTO CKOPOCTE 3(PHUPOIUHAMUYIECKUX
IIPOIIECCOB, B pe3yAbTaTe KOTOPBIX CO3AIOTCH aTOMBbI U BCE APYTrHe YacTHUIIbl BEIIeCTBAa.
[lanHas CKOPOCTH BOCIIPHHUMAaeTCd HaMH, KaK CKOPOCTb Xona BpeMeHU. OHa saBAdgeTCS
OTHOCHUTEABHBIM ITOHSTHEM: YCKOPEHHE HAU 3aMeIA€HUEe TeMIla CyIIeCTBOBAHUSA OTAEABHO
B3SITOTO MAaTEPHAABHOTO OOBEKTAa HMEEeT CMBICA paccMaTpPUBaTh OTHOCHTEABLHO
€CTECTBEHHOTO TEMIIa CYIIIeCTBOBAHHS OOBEKTOB B OKOAO3EMHOM ITPOCTPAHCTBE —
BpEMEHH.

B oTmeabHOH raaBe, IIOCBSAIIIEHHON YeThIPEXMEPHBIM pe30HaHCcaM, OyZeT ITOKa3aHo,
KakuM oOpa3oM (pHU3HYECKHE I1apaMeTpbl YacTHUI[ MHKPOMHpPA U 3AEMEHTOB IKHBOU
IIPUPOAbI, B YaCTHOCTH, MoAeKyAabl [THK, 3anaroTcsa mapameTpaMu (pasMepaMi) IAQHETHI.
OTO BaXKHO [AS Pa3BUTHs IIOHHMAaHUS IIPOILIECCOB CYILIECTBOBAHUS YACTHUI[ MaTepUU Ha
OPYTHX TIAQHETaX, a TaK¥XKe, OAS ITPUKAQIHBIX aCIeKTOB, HAIIPUMEP, CO3AaHUS YCAOBHUS
CTabUAM3AIINH PAIUOAKTUBHBIX H30TOIOB ITIyTeM M3MEHEHHs IIAOTHOCTH dpupa.

YBeandyeHHE HWAWM YMEHBIIIEHHE CKOPOCTHU CYIIEeCTBOBAHUA MaTe€pPHU, TO €CThb
«CKOPOCTH ABUKEHHS BO BPEMEHH», MOXKET PaCCMaTPUBATHCS 110 aHAAOTHH C JABUKEHHEM
TeA B TIpocTpaHcTBe. [Ipm TakoM 1mogxoze, YAOOHO HCIOAB30BATH IIOHSATHE O
«XPOHOABHIKYIIIEH CcHA€», KOTOpas UTPAET TaKylo K€ POAb, KaK U 9AEKTPOABUXKYIIAas CHAA
B 2AekTponuHaMuke. COOTBETCTBYIOIIEE II0A€ [AEHCTBUA MOAaHHOM CHABI, HMeIOIlee
HEKOTOPYIO HAaIPSKEHHOCTH (TPaaueHT XPOHAABHOI'O IIOTEHIIHMAaAd), MBI MOXKEM Ha3BaThb
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«XPOHAABHBIM IIOA€M», B KOTOPOM [IBHIKETCS «XPOHAABHO 3apaKEHHOE Teao». B obIewm,
TEPMHHOAOTHS 3HAKOMasl, IIOCKOABKY OHa BBITEKAET M3 aHAAOTHH C 5A€KTPOAMHAMUKOH.
YBeaAndeHHE HANPSKEHHOCTH II0Ad CO34aeT [OBHIKYIIYI0 CHAY, JEHCTBYyIOILlCE Ha
3apsKEHHOE TEAO, B 3a/IaHHOM HAallpaBAE€HUHU, U TakK Jaasee... [AaBHBIN BBIBOA U3 JAaHHOH
aHaAAOTHMH C JA€KTPOAWHAMHKOM COCTOMT B TOM, 4YTO MBI MOXKEM IIAAHHPOBATH
SKCIIEPUMEHTEHI I10 «XPOHAABPHOH MHAYKIINMMN»: IBUXKEHHUE «(XPOHAABHOI'O 3apsaa» IIOPOXKIAET
II0A€, 8 U3MEHEHHEe ITAOTHOCTU TOKa «XPOHAABHOIO 3apsfia» B «I€HEPATOPHOM XPOHAABHOM
KOHTYp€» IOOAXKHO HHAYIIUPOBATh «XpPOHAABHBIE TOKH» B «IIPHUEMHBIX KOHTypax». [ag
KOHCTPYKTUBHOI'O PAa3MBIIIACHHS O MPHPOAE «XPOHAABHOIO 3apsna» Mbl PacCMOTPHM
paboter Hukoaasa KosvipeBa, AKkageMuka BelfHUK 1 APYTHX MU3BECTHBIX aBTOPOB.

B mHacrogiiee BpeMs, MOXKHO IIPEIAOKHUTH HECKOABKO TEXHHUYECKU pPearn3yeMbIX
9KCIIEPUMEHTAABHBIX METOHNOB CO3MaHUS XPOHOABUMIKYIIEM CHABI, XPOHOIIOAS U
yIIPaBASIEMOTO U3MEHEHUS XPOHAABHBIX I1apaMeTPOB OTAEABHO B3dATHIX 0OBEKTOB. [laHHbBIE
MeToAbl, II0 AaHAAOTHHU C PEaKTHBHBIMH METONaMH, a TaKXKe C BO3IyXOIIAaBaHHUEM,
HCIIOAB3YIOT IIOHATHE 00 3(pUPHOU cpene, UMEIOIIel peasbHble (PU3MYECKHe CBOMCTBA,
KOTOpble MBI MOXKEM IIEAE€HAIIPABAEHHO MEHATh, AT YCKOPEHUS HAU 3aMeIAeHUS
OBUXKEHUS O0BeKTa BO BpeMeHU. TakuM o06pa3oM, mepexons K BOIIPOCY O «MalllliHe
BpeMeHH», HaM IIPEACTONUT IMOHATH HE TOABKO BO3MOIKHBIE ITPHHIIHIIBI OCYIIIECTBACHUS
JAHHOM MeYThbl YeAOBeYeCTBa, HO U €€ TEXHHUYECKHEe XapaKTEePUCTHUKH, KakK
IIEePCIEeKTUBHOIO TPAHCIOPTHOIO CpeacTBa. DBrpouyeM, IIpakKTHYeCKU II€HHBIM, B
COBPEMEHHOM MHUpE, MOKEeT OKas3aTbCsd TaKOH IIPUKAQIHON acCIeKT XPOHAABHBIX
TEeXHOAOTHH, KaK BO3MOXKHOCTH CTaOMAM3AIIMN PAfHUOaKTHUBHBIX YaCTHIl, C HEOOABIIINMU
3aTpaTaMH SHEPryuH, U Ha OOABIIOH TEPPUTOPHUU. B oTneAbHOI raaBe KHUTH, MBI OOCYAHM
SKCIIEPUMEHTHI 10 MU3MEHEHHIO CKOPOCTH XOZla BPEMEHH, KOTOpble aBTOP IIPOBOAHA B
2003 roxy coBMmecTHO ¢ B. A. YepHOOpOB.

PaccmarprBasa CEeKTp YIOMSHYTBIX BBIIIE€ TEXHOAOTUM, MOXKHO CAEAATh BBIBOJ, O
TOM, YTO CErogHS HMEEeT CMBICA KOHIIEHTPHUPOBATb YCHAULA Pa3pabOTIHKOB B 00AACTH
[IPOEKTHPOBAHUA TPAHCIOPTHBIX CPEACTB HOBOIO THIIA, HCIIOAB3YIOIINX aKTHUBHBIE
OBUXKUTEAHW, KOTOpble He TpeOyIOT TOIAMBA [IAS CO3JAaHUSA [ABUIKYIIEH cuabl. Bce
COBpEMEHHbIE KOCMHUYECKHUE IIPOTPaMMbl UMEIOT XKECTKHE OT'paHHUYeHHs, IIOCKOABKY OHU
HCIIOAB3YIOT [JAaBHO YCTAPEBUIYIO KOHIEIIIHMIO PEAKTHBHOIO TOIIAMBHOIO [IBUXKHUTEAS.
HoBble TEXHOAOTHH MOAIOT HEOCIIOPHUMBIE TEXHOAOTHYECKHE ITPEHUMYyIIeCTBA B 00AaCTH
KOCMHYECKUX, BO3AYIIIHBIX, HA3€MHbBIX U MOPCKUX IIEPEBO30K, CHUXKAsS CEe0ECTOMMOCTh U
HEOTPAaHUYEHHO yBEAWYUBas [JAABHOCTb IIEPEBO30K. OTO OTPOMHBIE PBIHKU COBITA,
KOTOpBIE PACTYT, VYHUTBIBAs IAAQHBI a9POKOCMUYECKHUX KOMITAHUM 10 OCBOEHUIO OAMIKHETO
kocMmoca B 2020 - 2030. IIpuMeHEHHE HOBBIX TEXHOAOTHM IIO3BOAMT B OECATKH pPa3
CHHU3UTH CTOMMOCTH BBIBOJA IPy30B Ha opbuty. OTMETHM TaKXKe, YTO [AS TEXHOAOTHH
«rpaayieHTa BHYTPEHHETO0 MOaBA€HHs», CTAHOBHUTCS BO3MOXKHBIM KOHCTPYHPOBATH
KOCMHUYECKUH TpPaHCIOPT I'Py30HOABEMHOCTBIO B COTHU ThICIY TOHH. OJTO CHHMAaeET
OTpaHHYEHUS Ha TOAIIMHY CTE€HOK KOpPIIyca, ¥ 3TUM pellaeT IPodAeMy 3aIlUThl SKHUIIazKa
1 060pyA0OBaHUSA OT KOCMUYECKOH pagHuallii.

PeaxTuBHBIN IIPUHIIUII B 3aMKHYTOﬁ CHUCTEME

3aganyMcd IIPOCTBIM BOIIPOCOM: Ha HaIIeM HAaQHETe IIOCTOSHHO B [OBHIKEHHU
HaxoAgaTCd MHAAWAPABI AOAel, MamluH U T.II. Bce OHM [OBUraroTCsad pPeaKTHBHBIM
METOAOM, OTTAAKHBAACh OT IIOBEPXHOCTH IAaHeThI. KaxKnplii U3 Hac ABUIKETCS I10 JOpOre
B HYXKHOM HallpaBA€HHH, COOOIIAad IIAQHETE COOTBETCTBYIOIIHMH HMIIyABC B
IIPOTUBOIIOAOXKHOM HAaIlpaBACHUH. BaugeT AW CyMMapHBIM peakKTHBHBIA HMIIyABC Ha
CKOPOCTB BpallleHHd ITAaHeThI? OTBET OYEBHAEH: HET, HE BAHUSET. BeKTopa CHA peakIliu
TIAQHEThl Ha JAEUCTBUS OTAEABHBIX AIOZIEM, MAIllUH U T.II. He YNopsi0oueHsl, I103TOMY, B
CHCTEME OTCYeTa IIAAHETBHI, CyMMAapHBIH pPEeaKTUBHBIH HMIIyABC B OTBET Ha MHOIKECTBO
XaOTUYECKU HaIllpaBACHHBIX UMIIyALCOB PaBE€H HYAIO.
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JlaHHYI0 CHTyallMI0 MOXKHO BOCIHPOM3BECTH B TEXHHYECKOM YCTPOMCTBE, KOTOPOE
II03BOASIET CO3[aBaTh PEaKTHBHBIE TPAHCIIOPTHBIE CPEACTBa HOBOTO THIIA, TpPebylolue
HCTOYHHK OHEPrUu (Ternaa), HO He pacxoaymolinue pabodylo peakTHBHYIO Maccy.
PaccmotpumMm cxemy, rmokaszaHHyio Ha Puc.1.

BO3BPAT OXAAXK/IEHHOM MACCBI

JIBUKVYIIIASA
CHAA
PEAKTOP I

PEAKTUBHbBINA
[TOTOK j/ \l_

HWCTOYHHUK TEIIAA

TEIMMAOOBMEHHHWK

TAYIIUTEAD

Puc.1. [IBUKUTEAB C 3aMKHYTBIM KOHTYPOM PEAaKTHUBHON MacCChI

B manHHOM KOHCTPYKILIMU OOAXKEH OBITH peakTop (KaMepa CropaHus), B KOTOPOM
paboyas Macca HarpeBaeTCsd HCTOYHUKOM TeIlAd, PACIIHPSeTCs, OaBUT Ha CTEHKU
peakTopa, U BBIAETAET 4Yepe3 COIIA0. ABTOMATHYECKAsd CHUCTeMa VIIPABACHUS MJOAIKHA
obecriednuTh PErYAUPOBKY BEAWYHHBI [OAaBA€HHUS BHYTPH peakTopa, IloJaBas B HETO
OXAQKIEHHOE pabodee BEIIeCTBO, B HY?KHOM KOAHYECTBE, U PETYAUPYs II0Aady TEIIAOBOM
SHEPTHU OT UCTOYHHKA TEIIAA.

OueBHIHO, YTO PEAKTHUBHBIN IIOTOK MacChl BellleCcTBa, BbIOpAChIBAsSICh U3 peaKkTopa
4yepe3 COIAO Haszand, OyaeT coollIaTh BCEMY KOPIIYCY ABHIKUTEAS UMIIYABC BIEpen, YUTO
obecriedyuT YCKOPEeHHOe [BHKEHHE BCEro TPAaHCIIOPTHOIO CpEACTBa, B HYKHOM
HallpaBAGHUH. B oTAndne oT OOBIYHBIX PEaKTHUBHBIX [OBHXKHUTEAEH, IIpenaaraeTcs
HaIllpaBAdATh PEaKTHUBHBIM II0OTOK HE B OKPYXKAIOIIyI0 Cpeay, a B CIelHaAbHBIN
(TAYIIIUTEAB», B KOTOPOM YaCTHIBI paboyell Macchl TePSIOT CBOI0O KMHETHYECKYIO S9HEPTrUlo,
oTHaBasl TEIAO Yepe3 TEeNAOOOMEHHHMK B OKpyKamllylo cpeay. [lasee, ¢ IIOMOIIBIO
CHUCTEMBbl TPUHYAUTEABHON IIHUPKYAAIINHM, OXAaXKIEHHas paboyas Macca [JOAXKHa
BO3BpallaThCs B PEAKTOP.

BemrectBo, mpuMeHgeMoe B POAM pPEaKTHBHOH paboyeldl Macchl, He [OAIKHO
U3MEHSITh CBOMX XUMHUYECKUX CBOUCTB, IIPU MHOTOKPATHOM HarpeBe U OXAaKIOEHUH. ITO
BEIIIECTBO HE 4BASETCSI CrOpaeMbIM TOIIAMBOM, KOTOPOE€ IIPHUMEHHEeTCd OMHOKPATHO,
MEHSET CBOM XHMHYECKHE XapPaKTEPUCTUKH, U BBIOPACBIBAETCS B OKPYXKAIOIIYIO CPEmy.
OT pabouero BeIECTBA peaKkmu8H020 3aAMKHYMO20 yukaia TpedyeTcs, 4TOObl OHO, IPHU
MUHHUMAABHBIX 3aTpaTaxX TEeNAOBOH JSHepruu, OBICTPO U 3HAYUTEABHO PAaCLINPSIAOCH B
o0BeEME TIpU HarpeBe, YTO MMO3BOAWUT CO3[AaTh MOIIHBIM PEaKTHUBHBIN IIOTOK, WMEIOIITHH
OOABIIIYI0 KHHETHYECKYI0 OSHEpPrHio. KeAaTeAbHO TaKiKe, YTOObI dYacTHIbI pabodero
BEIIlECTBA HMMEAU OOABIIYI0O MAacCy, TaK KaK HMIIYyAbC YaCTHIBI €CThb IIPOU3BEICHHE ee
MAacChI U CKOPOCTH.

[peBHUEe apuHCKHEe PYKOIINCH VIIOMHHAIOT O A€TaTEABHBIX allaparax,
HCIIOAB3YIOIIUX PTYTh B 3aMKHYTOM IIMKA€: OHM Ha3blBaAW HUX «BUMaHbD». COBpeMeHHbIE
TEeXHOAOTH CMOTYT II0A00paThk U APYTHE BEIleCTBa, KPOME PTYTH, KOTOPBIE IIeA€CO00Pa3HO
HCIIOAB30BaTh B IIOAOOHBIX IIMKAAX HarpeBa — OXAAXKAEHUd, OpHUYeM, C OOABIINM
K03(p(PUITUEHTOM OOBEMHOTO PACHIMPEHUS IIPU HarpeBe, U OOABIION aTOMHON Maccoi
4yacTull. Bo3MOKHO, 3T0 OYAyT CIIAGBBI METAAAOB.

[anHoe ycrpoiicTBo, Puc.1, BnepBrie o6cykaasrock B 1996 roay [1] B MmoeM mokaaze
Ha MexxayHaponHod KoHdepeHIuu «HoBwle nzneu B EcrecTBo3Hanum», Caukt-IleTepOypr.
YCTpoHCTBO OBIAO HA3BAHO «IHTPOIHHHBIA AOBUXKHUTEAB», ITOCKOABKY B HEM CO31a€TCs
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IPaAUEeHT 3HTPOIHUHU IIPU PEAKTHUBHOM B3aUMOAEHCTBHHU: OAG YaCTH HUMIIyAbCA, KOTOPBIH
repegaeTcd KOPILyCYy ABUKHUTEAS, HeoOXOoAMMO o0ecnedyuTh MHUHHUMYM OSHTPOIHU, €ro
UMIIyABC (pOpMHpPYyeTCd B OJHOM 33aJaHHOM HampaBA€HUU. [lAg peakTHUBHOIO IIOTOKA
paboueif Maccel, 3a CYET CIIEIIHAABHOM KOHCTPYKIIMH «TAYIIHTEAs», CTaBUTCH 3aaada
IIOAYYUTb MAaKCHMyM OHTPOIIMM, HAaIpaBAdd MMIIYABCHI YacTHI] pabodeill Macchl
XaOTUYECKH B Pa3HBIX HallpaBA€HUAX. Hazerocs, ynTaTeab IOHUMAaET aHAAOTHIO C paHee
PacCMOTPEHHBIM IIPUMEPOM O Ilepeaade IIAaHETe PEeaKTUBHBIX HMIIYABCOB OT MHOTHX
00BEKTOB, KOTOPhIE XAOTHYECKU MBUIKYTCS 10 IOBEPXHOCTU IAQHETHI, OTTAAKUBAACH OT
Hee. B 11eaoM, BEKTOpHad CyMMa 3TUX XaO0THYECKHX HUMIIYABCOB IIPHMEPHO pPaBHAa HYAIO.

HemocraTkoMm mpenaaraeMoii KOHCTPYKIIUU ABUXKHUTEAS SIBASIETCS HEOOXOIHUMOCTD B
OTIEABHOM HCTOYHUKE TeIlAd, HArpeBaloIleM padodyio mMaccy. B OOBIYHBIX peakKTHBHBIX
CHCTeMax, TOIIAUBO CaMO FOpPUT, 00bennHsIsa B cebe PyHKITUU pabodeii peaKTUBHON MacChI
U HcTOYHUKa Ternaa. OmHAKO, HECOMHEHHBIM IIPEUMYIIIECTBOM pPEaKTUBHBIX CHCTEM
3aMKHYTOIO IIMKAa pabodeill MacChl SIBASETCS BO3MOXKHOCTH [AUTEABHOH paboThI,
IIPAaKTUYECKH HEOTPAHWYEHHOM, TPHU YCAOBHHU IIOAHOTO BO3BparTa pabodeill Macchl B
peakTop (Kkamepy CropaHusi) U JAUTEABHOH paboTOCIIOCOOHOCTH UCTOYHUKA TeIlAd.

[as KocMHYeCKOH TeXHUKH, 3T (PYHKIIUHU OYEHb CYLIECTBEHHBI, 1 €CAU HUCTOYHHUK
TerAa MOIKeT IIOAyYaThb IIoA3apsi, OT COAHEYHBIX OaTapeil, TO IOAUTEABHOCTH IIOAETa
CTAHOBUTCH HEOTPAHUYEHHOH. [IAd MOIIHBIX ABUIKUTEACH, HMCTOYHHKOM TEIlAa MOXKET
OBITH SIAEPHBIN peakTop, C 3allacoOM PECYPCOB Ha JECATKU AET.

O4eBUIHO, YTO TAKHE ABHIKUTEAH MOTYT HAWTH HNPUMEHEHHE B IMOABOIHOM (QAOTE,
TIOCKOABKY OHU He CO3Jal0T LIYMOB, XOTs OCTABASIOT 3a COOO0M TeAOBOH caen.

MebI 00CyzKOaAM OAHHYIO TeMy, B 4aCTHOM IIOpsiAKe, ¢ AKameMUKOM Baamgumupom
HUBanoBuuyeM 3y6oBbIM B 1994-1999 romax. OH BBICOKO OIEHHA caMy HOEI0, He
COMHEBAACS B €€ TEOpPEeTHYECKOM OOOCHOBAHUHU, W BBIpaXKaa HHTEPEC K MPUKAATHBIM
nccaenoBanuaM. OnHakKo, TOorZa MBI HE CMOTAM co3naTh pabouyio rpymiy B PAH.
Bo3MoO3kHO, Takue IPOEKThHI UAYT B Aa0OpaTOPUSX PA3HBIX CTPaH, U XOTEAOCH ObI BHOBB
OMHATH HaHHYIO TeMy B Poccumu.

PaccmoTpuMm emie oguH IIpUMEP PEAKTUBHOTO MOBUXKHUTEAs, padoTarolIero Io
3aMKHYTOMYy IIMKAy, 0e3 BbIOpoca peakTHBHOM Macchl pabodero BellecTBa B
OKpyzKamliyio cpenay. Heobxomumo yrouHutb, uro Buktop llayGeprep, eme B 1930 romy
CKOHCTPYHpPOBaA CBOM H3BECTHBIM aBTOHOMHBIM caMoBpallaromnuiica reseparop. [pyroe
€ro H300peTeHHE OTHOCHUTCH K YCTPOHCTBY, KOTOPOE CO3IaeT IIOABEMHYIO CHAY MOAS
AETaTEeAbHOI0 ammnapara. OTH HAeH B3alMOCBsI3aHbl, TaK KaK B pOTOp IeHeparopa
JKUIKOCTb BXOOUT BIOABb OCH, a BBIXOOMT TaHreHIMaabHO. Co3paeTcss oceBasl peakllvd U
KPYTHIIUHE MOMEHT. OTOT IPHUMEP XOPOIIO IOATBEPKIAAET ITPABHAO: «CUJbL BO3HUKAIOM
napamw. Ha Puc. 2 mnokaszaH TeHepaTop OSAEKTPOIHEPTHH M €ro Hu300peraTeAb
(poTorpadusa nmydbaukyercsa ¢ paspernienusa ceMbu lllayGeprepa).

Puc. 2. BukTop Illay6eprep u ero reHepaTop 3HEPTHH.
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JlaHHBIH reHepaTop OOecleYHMBaA DAEKTPOIHEPrHed [oM u300peTraresss HECKOABKO
aet. Ha Puc. 3 nmokasaHo BHyTpeHHeEe YCTPOHCTBO reHeparopa, 3To (poTorpadus MOIAEAH,
KoTopas xpaHutrca B My3ee lllaybeprepa, B ABctpuu. B BepxHe#ll yacTu poTopa, BUIAHBI
BXOIHBbIE OTBEPCTUS CIIHPAABHBIX TPYOOK, depe3 KOTOphble B POTOP IIOJAETCS CMECH
BO31yxa U BoAbl. BpalieHue poropa, depe3 IIKHUB, IIepefaeTcd Ha o0OpaTHUMBIM MOTOD —
reHepaTop. [Ipu pasroHe poropa, MOTOP IIUTAETCS OT aKKyYMYASTOPHBIX OaTapei, a 3areM,
OH CTAHOBUTCS T€HEPATOPOM, U O0ECIIEYHBaET IACKTPOIHEPTHEH ITOAE3HYIO HAarpy3Ky.

Puc. 3. 'erepatop [llaybeprepa B OTKPBLITOM BHIIE.

B 2010 - 2011 romax, B Hamreit kommanuu OOO «Papaneir», r. Tyaa, Obiaa
pazpaboTaHa aHaAAOTHMYHAs KOHCTPYKIIHS IIPHUBOAA, HMMEIOIIETO PAaCYETHYIO MOIITHOCTD
20kBt, Puc. 4. Pacuetsr odopmaensl B Buae Otuera 1o HUP [2]. Paszpaboran Takke
IIOAHBIH KOMIIAEKT KOHCTPYKTOPCKOM mokymeHTanuu B ECK/I, IOCKOABKY IIAQHHUPOBAAOCH
H3rOTOBAEHHE [JaHHOIO caMoBpalllalollerocd IIpUBoAa Ha OAZHOM M3 ypPaabCKHUX
MAaIIMHOCTPOUTEABHBIX HpeanpusTuii. Ha Puc. 4 mokasaHa cxema 3KCHEPUMEHTAABHOU
YCTaHOBKH, UMEKOIIeH TOPU30HTAABHOE PACIIOAOKEHHE OCH POTOpA.
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Puc. 4. TerepaTop ®@porosa 1o cxeme [llaybeprepa.
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OTMeTHM, 4YTO Ha CXeMe IT0Ka3aHbl TOABKO [IBE CIIMpaAbHBbIE TPYOKH poTOpa, XOTd B
pPeaAbHOM KOHCTPYKIIMHU HUX OOABIIIee KOAUYECTBO. DAEKTPOreHEPAaTOpP MOACOEAHHSETCS B
A€BOM YacCTH Basa poTopa.

B manHOM mpoeKkTe, IIPEIAOKEHO BasKHOE TEOpeTHYecKoe OOOCHOBaHHE: ITOKa3aH
criocob mpeoObpa3oBaHUs HU3KOIIOTEHIINAABHON TEIAOBOH 9HEPTHU CPEIbl, UCIIOAB3YIOITNH
ynpyzoe pabouee meso (CMeCh BOABI M BO3AyXa, B AaHHOM caydae). OpHoM M3 3amad
IIpoeKkTa OBbIAO CO3JaHHE METOOUKH pacdyeTa 9SAeMEHTOB KOHCTPYKIIMU, ITOCKOABKY
CaMOIIOAAECPKUBAIOIINICA IIPOIIECC BpAIlEeHUd pPOTOpPa, KaK M BHUXPEBbIE NPHPOIAHBIE
IIPOLIECCHI, MOTYT OBITH TEOPETHYECKH CMOIAEANPOBaHBI, a 3aTe€M BOCIPOU3BENEHBI B
TEXHUYECKOM yCTpoMcTBe. ['AaBHad 3ajada - IIOAYYUTH aBTOHOMHBIN MCTOYHUK SHEPIHH,
TO €CTh, POTOP MOAXKEH IMepeH’TH B PEXKUM CcaMOBpalleHUs, U O00eCIedYnuTb BpallleHUue
3AeKTporeHeparopa. Kpome s3Toro, B mOaHHOH KOHCTPYKIIHMHU MCIIOAB3YETCH TaKoe
TEXHUYECKHE PEIIEHHd, KOTOPOE IIO3BOASET CO34aBaTh HE TOABKO BpalllcHHE, HO H
08UKYWYIO CUNY, HANPABIEHHYIO 800lb OCU 8PAULEHUSL pOMOPQA.

OOparuTe BHHUMaHHE Ha Bxon paboueit cmecu B 1eHTpudyry, Puc.4. 3a cuer
paspskeHuss B 00AaCTH LEHTPHU(MYTH, B HeEe IIOCTOSHHO BTEKAaeT IIOTOK BeIeCTBa
(pabouas macca). [IBrzKeHHe pabodeil MacChl IIPOUCXOAUT AMHEHHO BIIOAB OCH BpallleHUs.
[ToTok paboueii MacChl UMEET HEKOTOPBIH UMIIYABC, PABHBIH ITPOU3BENEHHUIO €€ MacChl Ha
CKOpOCTh ABUXKeHHd. KopIyc, B maHHOM cay4dae, IIOAy4YaeT TaKOM e pPeakKTUBHBIN
HMIIYABC, HO B HaIlpaBA€HHU, 0OpaTHOM [ABUKEHHIO pabouell Macchl.

AnansorngHo, B reHepatope llayGeprepa, Puc.3, Bxom cMmecH BoAbI U BO3OoyXa
IIPOHUCXOOUT CBEPXYy BHH3, BIOAb OCH, a KOPIIyC B II€AOM, IIOAyYaeT UMIIYABC,
HaIllpaBA€HHBIH CHHU3Y BBEPX.

[ansee, obpaTtuTe BHUMaHHE Ha TO, UTO 8blx00 pabouezo geuwiecmea uepes connia
mpybox pomopa npoucxooum 8 NA0CKOCMU 8paujeHust pomopa, mo ecmb,
nepneHouKyasipHO ocu epaweHus. BekTopa HMIIyABCOB dYacCTHI[ II0TOKa pabodero
BeIIleCTBa, 00pa3yIOIIUX PEeaKTHUBHBIE ITOTOKU KaxKI0# M3 TPYOOK poTOpa, HAIIPABAEHBI B
IIAOCKOCTH BpAllleHUsd, TAHTEHIIHAaABHO, YTO II03BOAST PACKPYYHBATh pPOTOP, a UX
ITPOEKIINS Ha OCh BpAIlleHHS paBHA HYAIO, B HE CO3[aeT PeaKIMH Ha KOPIIyC BIOAb OCH
BpallleHUs poTopa.

3akoH COXpaHE€HHUA HMIIYAbBCa, B }.'[aHHOfI KOHCTPYKIINH, BBIIIOAHAETCA CACAYIOIINM
06pa3oM: MUMIIyABC, KOTOPBIH IIOAYyYAEeT KOPILyC YCTPOHMCTBa B IIEAOM, II0 MOIYAIO, PaBEH
CYMMapHOMY HMIIYyABCY PEaKTHUBHBIX IIOTOKOB pabodYero BeINIeCTBa, BBITEKAIOIIEMY H3
TpyOOK poTopa. M3MeHeHHe TpPAaeKTOPHUU MOBUXKEHHsS MacChl pabodyero BeIllecTBa
IIPOUCXOOUT 3a CHET BHHTOBOU (POPMBI TPyOOK poTOpa, MO3TOMY KPYTHIIHME MOMEHT Ha
BaAy 3AEKTPOI€HepaTropa U ABUXKYIIAS CHAQ, IIPHUAOXKEHHAd K KOPILYCY TeHepaTopa BIOOAB
OCH BpallleHUs POTOp, Bcerma OyayT 9SKBHBAA€HTHBI, B COOTBETCTBHH C 3aKOHOM
COXpaHEHHs HMIIyAbca. Pasymeercss, 4acTb SHepruu OyneT IoTepsgHa Ha TpPEeHHe, U
reperieT B OKPYZKAaIOIyI0 cpeny B popMe Temaa. ['eHepaTOpbl SHEPTHH, HUCIIOAB3YIOIIIHE
cxeMmy lllayGeprepa, paboTOCIIOCOOHEI TOABKO B TOM CAy4Yae, ECAH OHH CO3/IAI0T 08UXKYUYHO
cuny 8001 OCU 8PAULEHUSL, 8 NAPE C FIKBUBANEHMHBIM KPYMSAUUM MOMEHMOM POMOPA.

B nmpyroi#t cxeme reHeparopa lllaybeprepa HCIIOAB3yeTCS aHAAOTHMYHBIM METOM:
MOTOP PacCKpy4YHBaeT POTOP, 3aTEM CO3AETCH PEXKUM CaMOBpAIlleHHUsd, IIPU KOTOPOM BoJa
BCaChIBAaE€TCs CHH3Y BIOAb OCH pPOTOpPa B 00AACTb pa3psizKeHUs, 3aTeM IIOCTYIIaeT B
BUHTOBbIE TpPYyOKM, COIIAA KOTOPBIX PACIIOAOKEHBI TAaHTEHIIMaABHO, B IIAOCKOCTHU
BpaleHus poropa, Puc. 5. [Ipu moCTHKEHHH HEOOXOAMMOM CKOPOCTH BpallleHHs,
IIUTaHHUE SACKTPOMOTOPA MOXKHO OTKAIYHUTH, [IOCKOABKY JAaHHAas IIEHTPOOEKHAas MalllnHa
CTAQHOBUTCS aBTOHOMHBLIM TI€HEPATOPOM 3SAEKTPOIHEPTHH. OCOOEHHOCTH KOHCTPYKIIUH,
rmoka3zaHHOW Ha Puc.5, cocTrosaT B TOM, 4YTO paauasbHble TPYOKH pPOTOpa UMEIT PopMy
BUHTOBBIX criupaaei. Baaromapsa cnenmasbHOM dopme, Boga ABUraeTcCs paguasbHO U
BpalllaeTcsd BOKPYT OCH TPyOKH. [laHHBIM MeTon 3armaTeHToBaH Bukropom Illaybeprepom
[3], KaK cr10CcO6 yMeHBIIIeHHUS THAPABANYECKUX I10TEPb.
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TEHEPATOP

Puc.5 Bapuaur reseparopa [llay6eprepa.

JleiCTBUTEABHO, IPU BHUHTOBOM [BUXKEHHUH YacCTHUI[ BOABI II0 TPyOKe, OHU He
CKOAB34T, a KaTdaTCs II0 BHYTPEHHEU ITOBEPXHOCTH TPyOKU. TpeHHe KadeHHs HaMHOTO
MEHBIIIE TPEHUS CKOABXKEHHS, 3TOT H3BECTHBIM METOJ yMEHBIIIEHUS [IOTeph Ha TPEHHE
TaK¥Ke XOPOIIo paboTaeT B IIOAITUITHUKAX.

HNrak, B reHeparope lllaybeprepa, Ha KOpHyC Bcell KOHCTPYKIHH OeHCTBYyeT
pPe€akTUBHad [OBUXKYyIllas CHAAQ, HAIpaBACHHAS BIOAb OCH BpAalllcHHUd, a €€ BeAWYHHa
COOTBETCTBYET CHAE, KOoTopasl obecriednBaeT KpyTdIIUii MOMEHT poropa. B KoHCcTpyKIuu
Ha Puc. 5, 4T0OOBI reHepaTop SHEPTrHH «HE B3A€TaA», BXOJ BOJABI B POTOP OPTaHHU30BaH
CHH3Y, [IO3TOMY CHAAQ, CO34aBaeMad BAOAb OCH BpalllcHUd, IIPUXKHUMAET arnapaT K 3€MAE.

BriBompr: mpuHmmun IllayGeprepa mMHO3BOAFET IIOAyYATb MapPy CHA: KPYTSIIHH
MOMEHT, U OBUKYIIYIO CHAY, OEHUCTBYIOIIYIO Ha KOPIIyC YCTPOMCTBa B lieaoM. [Ipu Takoit
cxeMe, pabodee BeIIECTBO He BbIOpAChIBAETCA BO BHEIIHIOIO CpPEOy, & HCIIOAB3YEeTCS B
3aMKHyTOM IukKae. [Ipu cpaBHUTEABHOM aHaAu3e WHAeH, [IOKazaHHOM Ha Puc.l u
npuHnuna [llaybeprepa, MOKHO cAeAaTh BBIBOA O OOABIINX IIEPCHEKTHBAX BTOPOTO
peureHuda. BwMecTo HOTAOIIEHUST SHEPrHHU  AWHEMHOrO  pPEeakKTHBHOTO  HMIIyAbCa
CIIEIIMAABHBIM («TAyIITUTEAeM», B MainuHax lllaybeprepa HCHIoAb3yeTcss mpeobpa3oBaHUE
SHEPTUU UMIIyAbCa B KPYTAIIMH MOMEHT. B ToM caydae, ecAM 3TOT KPYyTHIINI MOMEHT HE
TpedyeTcsl, ero MOXKHO yCTPaHUTh, Pa3MEeCTUB Ha OOHOH maaTdopMe aABe HUAM HECKOABKO
CHAOBBIX YCTAHOBOK, HMEIOIIUX ITOIIAPHO BCTPEYHOE BpAaIllEHUE POTOPOB.

Hanee, Ha Puc. 6 1oKazaHa cXeMa, KOTOPYIO MHEe MPEIOCTaBUAH HEMEIIKUE
paspaboTyuKu, B MPOIEecCe YacTHOM Oecenbl TTOCAE€ OMHOM M3 KOH(epeHIHi. ITo cxema
OBUKUTEAS] OAS AETATEABHOIO ammnaparta, KOTOPbIH Has3bIBaloT «penyAbcuH [IlayGeprepan.
BruemHu#l KopIlyc TyT He IIOKa3aH. Pabodee BellleCTBO B JaHHOHM CXeMe HE PacXOAyeTcs,
OHO BBIXOAHUT W3 OBHUXKHUTEAS pPaIUaAbHO, a IIOTOM BO3BpAIllA€TCsl BIOAb OCH CHH3Y.
PaccMmoTpum 3Ty Haero moapoOHee.

nasnexve P1
war 3 Mmm

war 5 MM ‘ nanexue P2
BXO[ BO3/yXa

Puc. 6
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Ha pucynke Puc. 6 mokasaHbl aBa AUCKa (BUI COOKY), Ha KOTOPBIX HaHECEHBI
CIIpaAsbHblE KaHaBKH, KaK Ha TIpaMIIAacTHHKe. Pa3Mmepbl KaHaBOK M Iar CIHpaAeh
HEMHOTI'0 OTAMYaloTCs, HanpuMmep 3 MM U S MM. [Ipu BpallleHuHU BEpXHEro JUCKA, BO3AYX B
3a30pe MeXKAy AVMCKaMH TaKxKe BpallaeTcs, Ha Hero AeHCTByeT LIeHTpoOeXHad Cuaa, U
BO3AyX BBIXOOUT Ha mnepudepuio. BaxkHO OTMETUTH, YTO BpallleHHE BO3AyXa IIPOUCXOOUT
10 BUHTOBOH CIIMpaAW BOKPYT paauyca ANUCKA, a IIPU CAOKEHHU PaguaAbHOIO ABHUKEHUS
U CIINPaAbHOI'O JABUKEHUd, Bo3HUKaeT 3¢ddekT Marnyca. B pesyabrare, B 3a30pe MeKIy
OUCKaMU, CO3JaeTcCs BHYTPEHHHUH I'paJUeHT AaBA€HHd BO3Ayxa, M MOIIHAd IIoAbeMHas
cuAa BJIOAb OCH BpallleHHs. AHaAOTHYHO, pabouell cpemoidl MozxKeT OBITH BOOA, €CAU
OBUKUTEAb IIOMECTHTbL B 3aMKHYTBIH KOpIIyC, dYTOObI BOJa HE pPacxoa0BaAach.
Pa3paboTyuKu OTMETHAH, YTO OHH TAKKe MCIIOAB3YIOT CIIEIIMAABHBIM I'€Ab BMECTO BOJBI,
4TOOBbl YMEHBIIATh IIOTEPU Ha TpeHue. 3aMeTHM, 3TO OJAWH U3 IIPHUMEPOB UCIIOAB30BaHUA
rpaflieHTa BHYTPEHHETO AAaBACHUL.

TaxkuMm 06pa3oM, C yd4eToM IIpocTOThI cxeMbl [llaybGeprepa, 1 UCTOPHH ee Pa3BUTHUI
c 1930 roma, MOXKHO IIPEOIIOAOXKHUTH, UYTO MCIOAB30BaHHE pPAKETHON TEXHUKH B
COBPEMEHHOM MHUPE JAS PA3BUTHUS KOCMOHABTHKHU €CTh UACMb MACCO80U 0e3uHpopmayuu
yesogeuecmea O HAUWUX PeanbHblX 803moxHocmsix. PakTuyecku, Hac oOMaHBIBAIOT,
3acTaBAgd BEPUTH B TO, YTO HET aAbTEPHATHUBBI PAKETHOH TexXHHKe. Pasymeercs, ObIcTpoe
M BBICOKOTOYHOE PAKETHOE OpYXKHE CEerogHs HMeeT CMBICA, HO [AS KOCMHYECKHX
IIPOrPaMM pPaKeTHBIE TEXHOAOTHH ycTapeAd. [IpuunHa caepzKUBaHHUS HOBBIX TEXHOAOTHH
O4YEeBHHA: 3TO CAHUIIKOM IIPOCTO, TO €CTh, ODOIIEAOCTYIIHO OASl MAcCOBOTO IIPHUMEHEHMHS.
OTO0 HEBBITOJHO KOCMUYECKHUM MOHOIIOAHCTAM.

Kpb1a0 B 3aMKHYTOM IIOTOKE

PaccmoTpuM 1mpocToe Kpbiao, uMerolee IIpoduab 2KyKoBckKoro — YamawIruHa,
KOTOPBIH BHepBble ObIA IIpemaokeH B 1910 romy. o sToro wu300peTeHUS, KPBIAbS
CaMOAETOB [€AaAU ITAOCKHUMH, a IIOAbEMHAasa CHAQ BO3HHKAAA 34 CUET yraa HaKAOHA KPbhIAQ,
TO €CTb, 34 CYET PEaKTHBHOIO OTPAazKeHUs Haberarllero noToka Bo3ayxa. IlogbeMHas
cHAa KpblAa, UMeIIero npoduab 2KyKoOBCKOTO — HarlAbITHHA, O00yCAOBAE€HA PA3HOCMbLIO
dasneHust cpedbl HA KpbLlO C8epXYy U CHU3Y, IIOCKOABKY [OdaBA€HHE 3aBUCHUT OT
OTHOCUTEABHOU CKOPOCTH ABUXKEHUd Kpblaa U cpenbl. Ha Puc. 7 mokazaHo, 4TO BEpXHIOIO
IIOBEPXHOCTH KPhIAa ITIOTOK Cpebl OOTEKaeT I10 OOABIIIEMY ITyTH, YeM HHZKHIOIO.

NOABEMHASA CUNA KPbIJIA CWNA IENCTBYET HA KOPMNYC

=

_

TPYBA A3POIMHAMUYECKAS
Puc. 7. OddeKT noaseMHON CHABI KPBIAQ.

IToToK BO3ayXa CTPEMHTCS COXPaHSITH CBOIO IIEAOCTHOCTB, IIO3TOMY, €T0 CKOPOCTH
OTHOCUTEABHO BEPXHEM BBIIYKAOM IIOBEPXHOCTH KpblAd CTAHOBHUTCA BBIIIE, YeM
OTHOCHUTEABHAs CKOPOCTh [OBUIKEHHI BIOAb IIAOCKOM HHXKHEH IIOBEPXHOCTH KphbIlAa.
CKOpOCThb IIOTOKA U JaBA€HHE OKPY>Kalollled cpeApbl B3aMOCBsI3aHbl. Pa3HOCTE maBAeHUS
Ccpelbl Ha KPBIAO (FPaaueHT JaBAE€HHS) IIOOHUMAaeT KPhIAO BBEPX.

B Takoii cuTyanuu, He BaxKHO, ABUXKETCHA AU KPBIAO B Cpele, UAM IIOTOK Cpenbl
(Bo3myxa, Bombpl M T.II.) oOTeKaeT KpbIAO. MOXKHO cCKas3aTh, 4YTO 3IeChb «paboTaeT
FEOMETPHSI»: IIyTh OTHOCHTEABHOI'O ABUXKEHHSI CpPeAbl 10 BEPXHEH ITOBEPXHOCTH KphblAa
Ooapllle, yeM 10 HUKHe#H. [laHHas CHCTeMa He dBAGEeTCs PEeaKTUBHOM, II03TOMY ee
IIPUMEHEHUNE B ABUXKUTEAIX 3aMKHYTOIO IIHNKAA IIPEACTABALIETCS BECbMa IIEPCIEKTHUBHBIM.
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Ha Puc. 7 (cmpaBa) mokasaHO, YTO KPBIAO, YCTAHOBAEHHOE BHYTPHU a’3pPOANHAMUYECKOH
TPyOBbl Ha YIPYTHX aMOpPTH3aTOpPaX, AEMOHCTPHUPYET HAAWYHE IMIOMABEMHOH CHABI IIPU
mpoayBaHuUU TPyObI. IIpu 3TOM, Ha 8ecb Kopnyc aspoouHamuueckoili mpybvl Oeticmeyem
HECKOMNEHCUPOBAHHASL B8EPMUKANILHASL CUNA. JOTO TaKKe IIPUMEpP HCIIOAB30BaHUI
rpafueHTa BHyTPEHHETO JaBACHUS.

[IpenmoAozkuM, YTO MBI CO30aAW LIMPKYAHUPYIOIIUM IIOTOK cCpenbl (ras HAHU
KUIKOCTh) B 3aMKHyTOM KopIryce. [loctraBUM BHYTpPH IIOTOKA HECKOABKO KpPBIALEB,
panmasbHO, Kak IIokaszaHo Ha Puc.8.

NMOOABEMHAA CUNA

’ 1 LUMPKYNIMPYIOLLM

-~ - v -+~ - -TIOTOK CPE[bI

Puc. 8. KpBIAO B 3aMKHYTOM IIOTOKE CPEABI.

MBI IOAYYUM IPOCTOE TEXHUYUECKOE PEeIIeHHe, KOTOPOe MOKET UMETh II€PCIIEKTHUBBI
BHEIPEHHS B a3POKOCMHYECKOH TeXHHKe. HeKoTophle ITpobAeMbI €CTh, HO OHH PEIIaIoTCs.
Hanpumep, mpoxona B obaacTu Kpblaa, B IIOTOKE BO3HHKAIOT TYpOyAeHTHOCTH. [lasa
BbIpAaBHUBAaHUS I[IO0TOKA, II03a4M KpblAd HEOOXOQUMO YCTAaHABAWBATH IIAOCKHE HAU
TpyO4YaThle 3A€MEHTBHI (AaMHUHapPHU3aTOpPbl). BeAnuymHa NOOMXBEMHOM CHABI 3aBHCHT OT
CKOPOCTH [BUIKEHHUS I[OTOKA OTHOCHUTEABHO KpBbIAQ, XOTs €€ HalpaBA€HHE, B JaHHOM
cay4dae, OyzeT HEM3MEHHBIM. PaccMOTpHUM aHaAOTHYHYIO, HO 6oAee IIEPCIIEKTUBHYIO CXEMY.

OddekT Maruyca u cuasa AopeHiia

AHarormgHO KphbIAy 2KYKOBCKOTO - HarabIrmHa, cuaa MarHyca BO3HHKAaeT 3a CYET
Pa3HOCTH [aBAEHUS IIOTOKA CPeabl Ha MOBEPXHOCTH BPAIAIOIET0oCs IIHAMHAPA. [JaHHBIN
3¢ ekt ObIA OTKPEIT HeMeKUM ydeHBIM ['. I'. Maruycom (H. G. Magnus) B 1852 roxgy. Ha
Puc.9 nokazaHa cxeMa CAOKEHHsS BEKTOPOB CKOPOCTell ITIOTOKA Cpenbl U IIOBEPXHOCTH
Bpalllalollerocs TUAUHIPA.

Puc. 9. O¢dextT Maruyca mag Bpalllaronerocs [UANHIPA.

B BepxHell yacTu HUAMHApPA (BUA C TOplia), HAallpaBA€HUE ABUXKEHUS IIOTOKA CPebl
U [IOBEPXHOCTH Bpalllaiollerocd IUANHApPA COBIIANAIOT, & B HUKHEN Y4acTH LIUAUHAPA, €TI0
IIOBEPXHOCTh ABHIKETCH HaBCTPEUy IIOTOKY cpenbl. IIOCKOABKY IOTOK B HHIKHEM 4YacCTH
BpalllaloIlEerocd ILHUAMHAPA TOPMO3UTCH €ro IIOBEPXHOCTBIO, ABHIKYIIEHCA HaBCTPEYy
IIOTOKY, TO AWHAMH4YECKOE [AaBACHHE IIOTOKa Ha POTOP YMEHBIIAETCd, a CTaTHU4YEeCKOeE
OaBA€HUE Cpelbl Ha ITOBEPXHOCTh YBEANYHBAETCS, B COOTBETCTBHH C 3aKOHOM BepHyaAaU o
IIOAHOM [JaBA€HHH IIOTOKa. B pesyabTaTe, OaBACHHE Cpeabl Ha BEPXHIOIO YacTb
Bpalllalollerocd ILHAMHApPA CTAHOBUTCS MEHBIIIE, Y€M Ha HHUKHIOIO YacTh HMUAWHApA.
BosHukaer mnoameMHasa cHuaa, Kak H Opu 3ddeKTe Kpblaa, HMEIOLIEro IMIpoduab
2KykoBckoro — Hamnasirusa.
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Odderr Marmyca xopomio mu3BecTeH (QyTOOAMCTaM M TEHHHUCHUCTAM, KOTOPBIH
HCIIOAB3YIOT €ro IOAS CO3[IaHHUSI KPUBOAHMHEWHOHN TPAaEKTOPHUH IIOAETA 3aKPYUEHHOIo MTda.
[Ipu «kpydeHOM ymaper, MId AETUT HPSIMOAHMHEMHO, HO BpallaeTcs BOKPYTr CBoeil ocu. B
1oAeTe, Ha Hero HaberaeTr IIOTOK BO34yXa, YTO co3maeT 3dpdekT MarHyca, ¥ TpaeKTopHUs
II0A€Ta HUCKPUBAsIeTCS. B peayabTaTe TAKOro yaapa, M4 ACTHT II0 KPHUBOM, U IIOIIaaeT
Tynaa, TAe ero He XKAYT...

[IpeamoAozkuM, YTO MBI CKOHCTPYHUPOBAAH 3aMKHYTBHIHM IIOTOK ABMKYyIIEHCSa Cpeabl
(Bo3myxa, BOABI M T.II.), B KOTOPOM IIOCTaBA€HBI HECKOABKO BpPAIlAIONIUXCH ITUAHMHAPOB,
Kak nokasaHo Ha Puc. 10. [JomycTum, 4TO BpallleHHEe KasKIOTo IIMAMHApPA obecriedyuBaeT
HEe3aBUCHUMBIN 3A€KTPOIIPUBOI.

Puc.10. [IBuxkuTeab Ha ocHOBe 3ddekTa MarHyca.

B oTam4me OoT KOHCTPYKLIMHM C KPBIAOM, YCTAQHOBAECHHBIM B IIOTOKE IABHIKYIIEHCH
cCpenpl, JaHHAd CXEMa HMMeeT BaKHOE IIPEHMYVIIIEeCTBO: BEAUYHHY M HaIIpaBA€HUHE OCEBOM
OABEMHOM CHABI, MOXKHO MEHAThb 3a CYeT M3MEHEHHUM BEeAWYHHBI CKOPOCTH U
HallpaBA€HUsSI BpalleHusa IUAMHAPOB. CKOPOCTh U HapaBA€HHE IIUPKYAUPYIOIIETO
II0OTOKAa MOXKHO HE MEHATH, UYTO [aeT 3HAYUTEAbHBbIE ITPEHMYIIeCTBa I10 OBICTPOAEHCTBHIO
M MaHEBPEHHOCTH AAHHOI'O TPAHCIOPTHOTO CpeAcTBa. [IBHXKUTEAb HAHHOI'O THUIIA MOXKET
OBITH YCTAHOBAEH BEPTUKAABHO AW MOPHU30HTAABHO, CO3[aBasi CHAY TSATH HAU IIOIHBEMHYIO
CHAY OAS A€TaTE€ABHOIO amaparta.

HNutepecHas aHaaorus c 3dpderkrom MarHyca BO3HHKaeT IIPHU PaCCMOTPEHHH
5A€KTPOMAarHUTHOIO SIBA€HHS, M3BECTHOIO, Kak cHaa AopeHia. Mbl 3HaeMmM, 49TOo Ha
IIPOBOOHUK C TOKOM, HAXOAAIIUNCA B MAarHUTHOM IIOA€, AEHCTBYET CHAQ, B HAIlIpABACHUH,
rnmokazaHHoM Ha Puc.11. O mnpuynHe OABACHHS [JAHHOM CHABI, paHee He ObIAO
OMHO3HAYHOrO oOBsicHeHUd. IIpemmnosarasg aHasoruu c 3ddekToM MarHyca, MOKHO
TPaKTOBaThb CHAY AOpeHIla, KaK pPe3yAbTaT I'paleHTa AaBA€HUS d(pupHOH cpenbl. B MoeMm
nokaane Ha KoHpepeHuu «HoBele mmen B EcrecrBo3HanHum» [1] 3TO OBIAO BIIEPBEBIE
II0OKa3aHO Hay4HOU obIriecTBeHHOCTH, 1996 rox.

B

MarHuTHoe
none

Puc.11. Cuna AopeHIlla, Kak pe3yAbTaT IpagueHTa JaBA€HUS 3pupa.
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3ameTuM, uyTO Ha cxeme Puc. 11, MBI moAydyaeM KapTHHY, OOPaTHYIO CYIIePIIO3UIIHU
BEKTOPOB, KOoTopad Oblaa IokaszaHa Ha Puc. 9. Cuaa Marnyca nedicTByeT Ha ITMAMHID,
Bpaliaroiumiica B IIOTOKE CpeAbl, B HAIIPaBACHHH COTAACOBAHHOI'O [IBUXEHUH
IIOBEPXHOCTH INUAMHApaA U cpenbl. Ha Puc. 11 nokasaHo, 4To cruaa AopeHIila OAEHUCTBYET B
HaIIpaBA€HUH BCTPEYHOM CyIIepIIo3uIINU BeKTOPOB. [louemy?

eao B ToM, 4TO BeKTOopa Ha Puc. 11 mokasaHbl YCAOBHO, COTAQCHO IIPHUHSITHIM
0003HAYEHUAM BEKTOPOB HSAEKTPUYECKOTO TOKA (IOTOKA IIOAOKHTEABHO 3apsasKeHHBIX
YacTHIl) 1 MarHUTHOTO IIoAs. HammpaBaeHUe ABUXKEHUS PeaAbHBIX IIOTOKOB 9A€KTPOHOB U
3(PUPHBIX YaCTHUIl (BEKTOpPa MAarHUTHBIX MOA€H) OTAMYAIOTCS OT YCAOBHBIX 0003HAYEHHH.
[TpHHIIUITHAABPHO Ba3KHO IIOHHATH, YTO MAAHHBIH 3P(EKT B IAEKTPOAUHAMHKE CO30aETCS
aHasrorugHo sdderty Marnyca. IOdpderT co3maeTcd 3a cUeT TIpagueHTa MaBACHHS
OKpYy=Karolled cpeapl Ha ABUXKYIIEECH TEAO, OH TaK>Ke 00YCAOBAEH Pa3HOM OTHOCUTEABHOMH
CKOPOCTBIO OBUIKEHUS Te€Aa U OKPYzKaolled Ccpeapbl, HO 3ACKTPOMATHUTHBIE CHUCTEMBI
HUCIIOAB3YIOT 3(PUPHYIO CPEY, a He BO3AyX UAHU BOLY.

OTMeTHM, YTO 3A€KTPOH HAM [pyras 3apsiXK€HHad dYacTHlla, KoTopas IIpH
OBUKEHUH CO3/4AaeT MAarHHUTHOE II0A€, SIBASIETCH BpAIIAoONIUMCH OOBEKTOM. BbIAO OBl
TOYHEE CYHUTaATh €€ AWHEHHOE IIepEeMEIeHHE BHWHTOBOM AWHHEN, IIpaBOd HAHW A€BOU
CIIMPaAblO, B 3aBHUCHUMOCTH OT 3HaKa SACKTPHYECKOI0 3apdaa JaHHOM YacTULbI MaTEpUHU.

O CTPYyKType 3AEKTpPOHA HAIIMCAHO HEMAaAO, HO MHE XOTEAOCH ObI PEKOMEHI0BATh
quTaTeAlo paboTy oTia U chiHa [loAdKOBBIX [4]. [laHHBIE aBTOPhI pacCMaTPUBaAU B CBOEH
KHHUTe «DKCIIepUMEHTaAbHas I'PaBHTOHHKa» CTPOEHHE OAEKTPOHA, U IIOKa3aAW, 4YTO OH
MOKeT OBIThb IIpeACTaBA€H, KaK 3aMKHYTbIH Ha cebs (POTOH KPYyroBOH IIOASpPHU3AIIUH, TO
€CTb, KaK [OUHAMHUYEeCKUU IIpOllecC MOBHKEHHSI SA€KTPOMArHUTHOM BOAHBI KpPYyTroBOM
IIOAIPU3AIIUH B 3aMKHYTOM TOPOHIAABHOM ITpocTpaHcTBe. [lo3ke, MBI pacKpoeM AaHHBIH
BOIIpOC TIoxpobHee. 3MeCh TOABKO KOPOTKO OTMETHM, YTO, IIPH TAKOM PAaCCMOTPEHHH,
IIOSIBA€EHHE MAaTHUTHOI'O IIOAS, IIPH ABHUKEHUU 3apsKEHHOM dacTHIbl B adupe, UMeeT
SBHYIO aHAAOTHUIO C BO3MYIIleHUEe (PHU3HUUYECKON cpeabl, KOTOPOoe BO3HHUKAET IIPU ABUKEHUH
B JAHHOHU Cpelie Bpalllarollerocd HUAUHApPA HAHU LIapa.

MoOKHO CKazaTh, YTO B3aUMOEMCTBHE BHEIIIHETO MATHHTHOTO IIOASI, IIOIIEPEK
KOTOPOI'0O ABUXKETCA SACKTPHUYECKHU 3apdaKE€HHad 4aCTHulia, C €€ CO6CTB€HHBIM MariHuTHBIM
IIOA€EM, OTKAOHYAET ‘-IaCTI/ILW TaKHM K€ o6pa30M, KakK MW IIOTOK BO3}:LYXa OTKAOHLIET
3aKpy4YeHHBIH Mda4, a HUMEHHO, Osnazodapsi co30aHuro 2padueHma oaesieHusi cpedbl Ha
08UIKYLLYIOCSL 8 Hell uacmuyy mMamepuu.

B TakoMm cay4dae, cuabl AOpeHIla U CHUABI AMIIepa IBASIOTCA BHEIIHHMU CHAAMH, 10
OTHOILIEHUIO K MPOBOAHHUKAM C TOKOM, Ha KOTOpPbIE OHH OEHCTBYIOT, TO €CTb, MOLYT
obecrieynTh MX [ABHUXKEHHE B IIPOCTPAHCTBE. OTH HWHTEPECHbIE AaHAAOTHH MEXKIY
adpOAMHAMHUKOH U  2(PUPOAMHAMHKON  OAlOT BO3MOXKHOCTb Pa3BUTHSA  MHOTHX
KOHCTPYKTHUBHBIX UICH.

SACKTpOKI/IHCTI/I‘-ICCKI/Ie ABHU>KHUTEAN

Hcxonsas M3 KOHLENIUU «TpafiieHTa 3(PHUPHOI0 JAaBAEHUS», PACCMOTPHUM 3PPEKT
AmMriepa, TO €CTb, SBACHHE IMIPUTAXKEHUA HAM OTTAAKHUBAHUA IIPOBOOHUKOB C TOKOM,
Puc.12. H3BecTHO, YTO, IIPU COTAACOBAHHOM [BUXKEHHU TOKOB B IIapasA€ABHBIX
IIPOBOAHUKAX, OHH IIPUTATHBAIOTCS, a IIPH BCTPEYHBIX TOKaX — OTTAAKHBAIOTCH.
OueBHAHO, YTO BEKTOPHOE CAOKEHHE M BBIYHTAHNE MArHUTHBIX IIOTOKOB HMEET CMBICA,
KaK yBEAWYE€HHE HAW YMEHBIIEHHE OTHOCHUTEABHOH CKOPOCTH [BHIKEHHS 3S(PUPHBIX
YacTUIL], YTO W CO3[daeT TPaaueHT AaBACHUS 3(PUPHOU cpenbl. MOKHO AM MOCTPOUTH
OBUXKHUTEAB AL TPAHCIIOPTA, UCIIOAB3YIOIIUH MAaHHBIM IPAAUEHT MAaBACHHS OKPYKAIOIIEH
apupHOU cpenbI?
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MPUTAXKXEHUE OTTAJTIKUBAHNE

Puc. 12. Oddekr Amiepa i IPOBOAHHUKOB C TOKOM.

M3BecTHO, 4YTO, IIPU COTAACOBAaHHOM [BHXKEHHH TOKOB B IIapasA€ABHBIX
IIPOBOOHUKAX, OHHU IIPUTATHUBAIOTCS, a IIPU BCTPEYHBIX TOKAX — OTTAAKHBAIOTCS.
O4eBHOHO, YTO BEKTOPHOE CAOXKEHHE M BBIYHTAHHE MAarHHTHBIX IIOTOKOB HMEET CMBICA,
KaK yBEAHWYEHHE HAH YMEHBIIEHHE OTHOCHUTEABHOH CKOPOCTH [ABUXKEHHA 3(UPHBIX
YacCTHUILL, YTO U CO3JaeT I'PaAHEeHT AaBA€HUL 9(PUPHOU cpenbl.

CoraacHOo AMIepy, pPe3yAbBTHPYIOIIAd CHAQ, OAd IIAaPAaAA€ABHBIX IIPOBOOAHHKOB,
paBHa HyAl. OTOT (paKT, OOCTATOYHO [OATOE€ BpeMd, ObIA IIPUYUHON HEBHHUMAaHUS
n3obperaresei M KOHCTPYKTOPOB K TEXHOAOTHM CO3JaHUA 3AEKTPOKHWHETHYECKHUX
ABHXKUTEAEH. AHAAU3 CHA, BO3HHKAIOIINX B HEIIAPAAACABHBIX IIPOBOAHHKAX, HAIIPUMED, B
Y — oOpa3HOM IPOBOAHUKE, ObIA BIlEpBbIE IIpoBeleH B 1844 romay M3BECTHBIM (PU3HKOM -
mateMatTukoM I'epmanoMm I'. T'paccmanoM. OH 10Kasaa, 4YTO CcCAydal IIapasA€AbHBIX
IIPOBOAHUKOB, PACCMOTPEHHBIHI AMIIEpOM, €CTh TOABKO YaCTHBIH cay4daii, a B oOIIeM
cAy4dae, pe3yAbTHPYIOILINE CHABI JAS IIPOBOAHHUKOB C TOKOM MOTLYT OBITH HE PaBHBI HYAIO.
Ha Puc. 13 nokasaHbl BEeKTOpa CHA, AEHCTBYIOIIMX Ha y4acTKH TOKa B obaactu Y —
obpasHOH «BHAKH», DOPMYAY OAS pacdeTa KOTOPBIX aHaau3upoBaa ['paccmaH. B manaHOM
cAydae, cyMMapHasd CHAa, AeHCTByIoIas Ha Y- 00pa3HbId yIacTOK IPOBOAHUKOB C TOKOM,
He paBHAa HYAIO, TO €CTh, IIPOBOHUKH 00pa3yioT Y — 06pa3HbIil ABUKUTEAD.

Pric.13. Cuabl B Y — 06pa3HOM IIPOBOJAHUKE DAEKTPHUIECKOTO TOKA.

OTO ellle OHO ITPOSABACHHE CHAOBBIX 3(PpEKTOB, BO3HHUKAIOIINX 34 CUYET Pa3HOCTH
MaBAEHUS CPebl, TO €CTh TPaJUeHTa JaBACHUSI dupa.

Hcrnioab3yd aHaAOTHH MEXAY H9BACHUAMU TUAPOAVHAMUKI, adpOAWHAMHKH U
3(PUPOAMHAMHKH, MOXKHO KOHCTPYUPOBATh pas3AWYHBbIE OBUXKUTEAH. AHasoramMu Y -—
00pa3HOTO IIPUBOJAA SBAMAIOTCH TaK Ha3bIBaeMble «IAEKTPOKUHETHYECKHE [IBUKUTEAN
CurasoBa» [5], KOTOpBIEe HpencTaBageT cobod V — obpasubrii uau U - 06pa3HbIi y4acTOK
IIPOBOJHHKA dAEKTPUYECKOTO TOKa, Puc.14.

ﬁ DEVCTBYIOLLASA CUNA ﬁ

Tok B U - npoBoaHuKe TOK B V - NnpoBoaHMKe

Puc.14. Oddexr CurasoBa B IPOBOTHHUKAX CAOXKHOH (POPMEI.
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JlaHHbIE SBA€HUS, OOBIYHO, OOBSICHAIOT, KaK B3aUMOAEHCTBHE TOKOB B IIPOBOJHUKE
CAOKHOM (POPMBI C COOCTBEHHBIM MAarHUTHBIM IIOAE€M, TO €CThb, CHAOM AopeHna. [IpuyuHy
BO3HUKHOBEHUS CHABI /AOpPEHIIa MbI y3Ke pacCMaTpUBaAl paHee, KaK pe3yAbTaT rpagueHTa
oaBaeHUsS 3¢upa, cxeMa IokazaHa Ha Puc.11. CaemoBaTeAbHO, 3/leKmpoKuHemuuecKue
JswKkumenu npeocmaensitom coboli 00uUH U3 8apuAHMO8 3duponiasamenbHblx
dsurkumeiell, UCIOAB3YIOIINX TPagUeHT OaBACHHS OKpyzKaromie¥ 3pupHOU cpenbl OAsd
CO3aHUs aKTUBHOH ABHIKYIIlEH CHABI B 33JaHHOM HallpaBA€HUU.

B paborax CurasoBa [5] pacCMOTPEHBI U APYyTHUe ITPOBOAHUKH CAOXKHOM popmbl: [T —
obpasueii, ' — oOpasHbIii U Tak gasee. [Ipemaararo paccMOTpPETH eIle OOHMH MHTEPECHBIH
BapHaHT: IIPOBOAHUK C JAEKTPHUUYECKUM TOKOM B dopMe Kapamouanl, Puc.15. [laHHbIH
KOHTYP C TOKOM IIOXOXK Ha V — oOpasHbIi BapHaHT, IIPUYEM, CHUABI OTTAAKHBaHUS JBYX
COCEIHUX Y4YaCTKOB IIPOBOOHMKA Ha BXOHE TOKa B KOHTYP CO3Jal0T CHAY, KOTopas
COHampaBA€HAa C Pe3yAbTHPYIOIIEH CHAOH, oOpa3yemMoil B o0AaCTH BHYTPEHHETO H3THOa
Kapauouapl. BecbMa HepcleKTHUBHad CXeMa, Ha MOM B3ragn. OKCIEPHUMEHTBI B MoeH
noMarnrHei aaboparopuu 1991 — 1996 roma rmokasasu JOCTATOYHO XOPOIINE PEe3yAbTATHI.

Puc.15. Cuabl B KOHTYpe TOKa, UMEIOIero (popMy KapaIuOoUIbI.

[IpoBOAHUKK NHUTaHWHA, B OAaHHOH CXeMe, MOTYT OBITH CKPY4YE€HbI B BHUTYIO IIapy.
[IpOoBOAHUK MOZKET OBITH OWH, UAU KOHTYP MOKET OBITH H3rOTOBAEH KaK MHOTOBUTKOBAs
karymka. [Ipu HabAromeHUSx nedicTByommx cUA Fio u Fai, 11eAecoo0pa3Ho He 3aKperAsSTh
IIPOBOOHUKH Ha KapKace, HO IPU U3MEPEHUIX ABUXKYIIEH CHABI IIPOBOAHUKN HEOOXOIUMO
3aKpEenuTh, HAaIIpUMeEDP, Ha JKECTKOU IIAaCTHHE.

OKCHepUMEHThl C TaKUMU [OBHXKHUTEAIMH IIPOCThble, HO OHH [JaioT pasHble
PE3yABTATHI IIPU PA3ANYHOHN ITOCTAHOBKE JKCIIEPHMEHTA, TO €CTh, HA BEANYHHY ABUKYIIEHU
CHUABI BAMSET HECKOABKO (PaKTOpPOB, HAIIpUMEpP HMMIIYyAbCHOE IMTaHHe. MexaHudeckue
AHAAOTHH 3ACKTPOKHHETHYECKHUX IOBHUXKHUTEAEH IIOMOTraloT IIOHSTH, IIOYEMY PE3yABTATHI
5KCIIEPHUMEHTOB C SA€KTPOKHMHETHYECKHMM OBHXKHUTEAIMH 3aBHUCAT HE TOABKO OT CHABI
TOKa, HO ¥ OT UMITYABCHOTO peKuMa paboThI.

KpuBoAMHENHOE ABUXKEHUE TEAQ

BceMm XOpowlio 3HaAKOMBI CHABI HHEPIIMHY, BO3HUKAIOIIIHME IIPU YCKOPEHUU HAU
TOPMOZKEHUH OBUXKYIIETOCHd TeAada. B TepMuHax 3(pHUpPOOAUHAMUKH, MOXKHO CKa3aTb, YTO
«3pup nmpogaBageT celsi» IIPH YCKOPEHUH TeA. BripoueM, cylecTBoBaHUe 3(OUPHOM yIIPyTroHi
cpenpl MOXKHO OOHAPYKUTH U [OA HEIOABUIKHBIX TEA, B IIPOIlECCAaX HX YIIPYroH
nedpopManiu (pacTszKeHUT HAU CXKaTHs MEKaTOMHBIX CBsI3€l), HO MBI PaCCMOTPUM 3TU
3(ppeKTHI TO3Ke.

YckopeHHEe KpPUBOAMHEHMHOIO [BUXKEHHUA 3aBHUCHUT OT KpPUBHU3HBI TPACKTOPHHU
(pammyca), a co3maBaemMas IIpPH H3MEHEHHUH TPAEeKTOPHU IIeHTpoOexkHad cuaa F
OIIpeneAsieTCsI 10 ITPOCTOH (popMyae, BTOpoii 3akKoH HeroToOHA:
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F = ma F.1

rone F — CHhAa, m — Macca AOBHXYIIErocd TE€Aa, a — YCKOPEHHE KpHBOAHHCﬁHOI‘O
ABHU2KEHUA.

Cuaa F 3aBUCHT OT yCKOpPEeHHd, a OHO sBAgeTcd (PyHKIIMeH CKOPOCTH U paauyca
KPUBHU3HBI TPaeKTOPUM [IBUXKEHHd TeAa, HMEIOLIEero MHeplHasbHylo wMaccy. Ilpu
OBUKEHUH TeAd 10 OKPYKHOCTH, CO3/[AaeTCs OQWHAKOoBas cuaa F Bo Bcex paguasbHBIX
HalpaBAeHUaX. [Ipy ABHKEHHH TeAa II0 KPUBONUHEUHOU mpaeKkmopuu nepemeHHozo
paduyca, BeAWYNHA YCKOPEHWS UM CHABI OyZeT MEeHATbCd Ha pas3HbIX ydacTKax
TpaekTopuu. B cymme, pe3yAbTHpPyIOIAad CHAA MOXKET ObITh HEHyAeBasd, 4YTO CO3IaeT
OBUXKYILIYIO CUAY B OHOM IIPEUMYIIIECTBEHHOM HaIlpaBAEHUU.

HUcnioap30BaTh MOAHHYIO HOEI0 MOXKHO pPa3HBIMH KOHCTPYKTHBHBIMH METOOAaMU,
HarpuMep, Ha Puc.16 mpenaaraercs cxema ABUXKUTeAss AKageMuka BeHWHHK, B KOTOpPOM
II0 KPHUBOAMHEHHOM TpPaAeKTOPHUH IIEPEMEHHOIO paauyca KaTalTcd METaAAudYecKUe
mapuku [6]. B omHOM M3 SKCIIEpUMEHTOB, B KOHCTpPyKIMH BM-28, 1o kpuBoanHeWHOH
TPAeKTOPHUH, MpPUMEPHO 45 MM AUAMETPOM, ABUTAAOCH 8 METAAANYECKHX IIAapPUKOB
OUaMEeTPOM 8 MM.

Puc.16. [IBmkuTEAb AKaIeMUKa BedHUK.

Bpamenue obecriednBaa 3A€KTPOIPHUBOJ, Ha €r0 OCH OBIAO YCTAHOBAEHO «BOIHAOY,
3TO OAUCKOBBIM POTOP, B KOTOPOM CAEAAHO 8 paaraAsbHBIX KAHAAOB JAd IIapuKoOB. lllapuku
MOTAH CBOOOZIHO MEHSATH CBOM paJuyC BpallleHus BHYTpPU KaHasa poropa. IIpu BpaleHuwu,
IIeHTpoOeKHAas CHAA IIPHUKHUMAaeT HIaApUKH K BHEITHEMY KOABILy, KOTOPOE YCTAHOBAEHO C
HEOOABIIIUM OSKCIIEHTPHUCHUTETOM: OCh BHEIIHETrO KOABIA, OTPAHHYHBAIOLIETO PaITUYC
BpallleHUs IIIapUKOB, HE COBIIaJaeT C OCbI0 MOTOpa. OKCIEHTPHUCHUTET TPaEKTOPHUU
OBUKEHUS IIapUKOB, B MaHHOH KOHCTPYyKIMH, Obla paBeH 0,7 mm. Ilpu ckopoctu
BpaieHus nopgaaka 21000 o60poToB B MHHYTY, YCTPOMCTBO CO3aBaA0 ABUIKYIILYIO CHAY
okoro 1,410 (H), HampaBA€HHYIO IIEPHEHOHUKYASIPHO OCH BpallleHUsS MOTopa, B
HaIIPaBACHHH SKCIIEHTPUCUTETA OPOUTHI IIAPUKOB.

Ha dotro (cmpaBa Ha Puc. 16) nokazaHa napHas KOHCTPYKIIUS [OBUXKHUTEAS.
CoueraHue ABYyX NPHUBOAOB BCTPEYHOTO BPAIIIEHHS ITO3BOASET KOMIIEHCHPOBATH PEAKITHIO
KPYTSIIEr0 MOMEHTa, COXPaHss OAWHAKOBOE HaIlpaBAeHHe ABHXKyIell cuabl F B obomx
OBUKUTEASIX. OKCHEHTPHUCHUTET OpPOUT IIIapUKOB OOOMX IIPUBOJOB MOOAXKEH OBITH
OPHUEHTHPOBAH B OAHOM HalIIpaBA€CHHH.

JaHHBIH SKCIIEPUMEHT ObIA BOCIIPOU3BeAeH B Moeil aaboparopuu, komnauus OO0
«\aboparopusi HoBbix Texmoaoruit dapaneir», B 2002 romy. Ormerum, uTo pabora
OBUKUTEASI, pa3paboTaHHOTO B Hallefl aabopaTOpHH, COIIPOBOXKIAAACH 3HAYHUTEABHOH
BHOpalei, mo3ToOMy, yBEAHMYEHHE OJKCIIEHTPHUCHTETA HAM CKOPOCTH BpAIIeHHsS ObIAO
3aTpyaHUTEeAbHO. CHABI, AEHCTBYyIONIME B AAHHON KOHCTPYKIIMH, OBIAM HE3HAYUTEABHBI.
TeopeTuyecky, paccMaTpuBaACd OAWH H3 BapHaHTOB MOJEPHHU3AIIMM MOAaHHOM CXEMBI:
IIpeJAarasoCh 00aBUTH B KOHCTPYKIIUIO Ynpyzoe coeOuHeHue IapuKa C OCblo. B Takoi
cxeMme, IIapHUK HE TOABKO OAaBUT Ha KOPILyC, HO U TIHET ero 3a OChb BpallleHUd, IIPUYUYEM
CHAa TSTH Ha Pa3HBbIX ydacTKax TPAEKTOPUHU OyaeT pa3AndHas, TaK KaK OHa 3aBHCHUT OT
paauyca BpallleHHUSs.
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[pyro#i BapHaHT yCOBEPIIEHCTBOBAHUS — VIIPYTHH KOHTAKT IIapHKa C KOPILyCOM
(HarrpuMep, pe3uHOBasl IIPOKAAAKa Ha KOPIIyCE HAM PE3UHOBOE IIOKPBLITHE IIapHKa).
H3yyuB BOHIPOC HAAEKHOCTH KOHCTPYKIIMHU H II€PCIEKTHUBBI OAaHHOTO MeTona, OBbIAO
pelieHo HaWTH HOBOE TEXHHYECKOE pellleHHe KOHIENINH IBUKUTEAS, HCIIOAB3YIOIIETO
KPUBOAMHEWHOE YCKOPEHHOE [ABHXKEHHEe pabdodyero BEILIeCTBa, TO €CTb, HHEPIIMAAbHOM
MAacCBI.

Cxema C @OpHUMEHEHHEM KHUIKOTO pabodero BeIIeCTBa, MABUIKYIIErocs II0
KPHUBOAMHEHHON 3aMKHYTOH TPAECKTOPHUU NepemeHH020 paduyca, Obiaa pacCMOTpPeHa MHOMH
erme B 1996 romy, [1]. 2Kugkoe pabodee BeIIeCTBO, B OTAUYHE OT METAAAUYECKHX
IIapUKOB, 0Ooaee ymoOHO OAd NIpHUMeHeHUs B gaHHOM cxeMe. Pasymeercd, B maHHOM
cAydae, CA€AyeT ONTHMH3HPOBATh TPH (aKTopa: YBEAHWYHUTb IIAOTHOCTb XKUIKOCTHU
(pabouyro maccy Ipu ToM ke 06beMe), YBEAUYUTh CKOPOCTb ABUXKEeHUs pabodeit Macchl, U
obecieduTh YIPYyrocTh B3auMoAeHCTBHLA. [IpeArionoKuM, YTO Ha IIOBOPOTHOM ydYacTKe
TpybompoBoaa (Kopryca), 1o U — 06pa3HoO#l TPaeKTOPHUH, C YCKOPEHUEM ABUKETCS KUIKOE
pabodee BeIECTBO, TO €CThb, HEKOTOPAad UHEPIIMaAbHad macca, Puc.17.

CUNA F = ma

S

HACOC

Puc. 17. llenTpobeskHasa cuaa, BOSHUKAIOIIAT
IPU KPUBOAWHEHHOM ABUXKEHUHU KUIKOCTH 110 TpyOe.

OueBHUOHO, YTO Ha YACTHUIIBI KUIKOCTU OefCTByeT cuaa F=ma, coraacHO BTOpPOTO
3akoHa HrloToHa. [laHHasg cuAa npuwkumaem pabouyr Kuokocme K 6HYmMpeHHel
nosepxHocmu mpybuL Ha paguyce II0BOPOTA.

BepHeMca K S5A€KTPOKHMHETHYECKUM KOHCTPYKIUAM. OdpderkTs: CurasoBa - 3TO
BapHaHThl IIPOSIBACHUSI 3aKOHOB ['paccMaHa [Oas TIOCTOSIHHBIX TOKOB B ITPOBOIHUKE
caoxkHOU dopmbl. OgHAKO, €CTh W YaCTHBIN CAydall [OaHHOTO SBAE€HHL: MOIIHAS
OBUIKYIAs CHAA 803HUKAEem npu umnynibce moka 8 V — obpazHom uau U — obpasHom
npogooHurxe. Ha MOU B3ragm, 3TOT cAydall oTHOCUTCS He K 3¢erTy Ammepa — [‘paccmana,
a SIBASIETCS PEe3yAbTATOM BO3HUKHOBEHUS IIEHTPOOEZKHOH CHABI B 3A€KTPOKUHETHYECKHUX
OBUXKUTEASIX, TI0 aHAAOTHMH C KOHIIETIIIUeH [IBUXXKUTEAd, MoKazaHHOM Ha Puc.17. Ilpu
TAaKOM PACCMOTPEHHH, UMNYJAbCHBLU 91eKMpoKUHemuuecKuil sggexm MOKeT HaUTH
HaAMHOTO OOABIllee MNPaKTUYECKOE MPUMEHEHHE, YeM IACKTPOKUHETUYECKUE IBHKHUTEAU
IIOCTOAHHOTO ToKa. [leao B TOM, YTO (PPOHT HMIIyABCA, TO €CTb, BOAHA CMEIICHHS
3ACKTPOHOB B IIPOBOJHUKE IIPH BKAIOYEHHUM TOKA, [IE€PEMENIAeTCS 10 IIPOBOAHHUKY CO
CKOPOCTBIO 0OA€€ COTEH KHAOMETPOB B CEKyHAy. TakoH cABUI BelllecTBa HeOOABIIOH
MaccChl, HO UMEIONIEH OOABIIIYI0O CKOPOCTh, CO3/4aeT MOIIHBIH KPATKOBPEMEHHBIH HMITYABC
OBUXKYIIEH CHABI, OAaromapsd KPHUBOAMHEHMHOCTHU TpPaEKTOPHH. [IpU HMCIIOAB30BAHUH
TIOCTOSTHHOTO TOKa B SAEKTPOKUHETUYECKHX MIBUXKUTEASIX, IIEHTPOOEXKHbIE CHABI OYEHbD
MaAbl, TaK KaK peasbHasl CKOPOCTH ABUKEHUS 3AEKTPOHOB B IIPOBOAHUKE COCTABASIET
Bcero okoao 0,1 MM B CeKyHOy.

B cBa3u ¢ aTUM, peasusanus HAEU C HACOCOM H JKHUIAKUM IHUPKYAUPYIOLIUM
paboummM BemecTBOM, Puc.17, He mpeacraBaseT OOABIIOTO ITPAKTHYECKOI'O HHTEpeca.
BoicokouacmomHulil  UMNYAbCHBLI —oieKkmpokuHemuueckuil sggexm, TpH HaAAUIUH
MOIITHOTO MCTOYHUKA 3AEKTPUYECKOH 3HEPTUH, MOXKET ObITh HaMHOTO 3(p(eKTUBHEE, YeM
ATOOBIE MeXaHHYeCKHe YCTPOMCTBA, 3a CUET OOABIIION CKOPOCTH PACIIPOCTPAaHEHUs (PpoHTA
HMIIyABCA 9AEKTPHUYECKOTO TOKA B IIPOBOJHUKE.
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Macca w4actury pabodero BeIlecTBa — 93TO BTOPOH (PakKTOp YBEAHMYEHUS
LIEeHTPOOEeKHO#M cUAbI, coraacHO ¢opmyae F.1. OAEKTPOHBI HMEIOT OYEHb MAACHBKYIO
HHepIHaAbHYyI0 Maccy. HTepecHO 6bIA0 OB OpPraHM30BaTh SKCIEPUMEHTHI 10 U3YIEHHIO
HMIIYABCHOTO 3A€KTPOKHHeTH4YecKoro 3ddekra B U — 06pa3sHOM KOHType OAS IIPOTOHOB
(MOHU3UPOBAHHOTO BOAOPOAA), IIOCKOABKY OHM B 1836 pa3 Taxesee SAEKTPOHOB.
Bropouem, 0oaee yIOOOHBIM [AS IIPAKTHYECKOIO IIPUMEHEHHS MOIKET OKas3aThCsd
KOHCTPYKTUBHBIH BapuaHT U — 00pa3HOTO HMIIYABCHOTO 3A€KTPOKHHETHUYECKOIO
OBUXKUTEASI, pabOYMM BEIIIECTBOM KOTOPOTO SIBASETCS OSAEKTPOAUT. B Takom cayuae,
OBUKUTEAb OyZeT IIOXO0XK Ha 3AEKTPOAMUTHYECKHH KOHIEHCATOpP HeOObIYHOH (OpMEI, C
UMIIyABCHBIM HMCTOYHHKOM IHUTaHHUd. lloaaraio, 4To YuTaTeAsd 3aWHTEPECYIOT OdaHHBIE
BapHaHTbl HECAOXKHBIX 9KCIIEPUMEHTOB.

T'upocKom rmepeMeHHOTro paauyca

PaccMoTpuM  OTHEABHO KOHCTPYKIIMU [OBUXKHUTEAEH, HCIOAB3YIOIINUX ITPHUHIIUII
TUPOCKOIIa MEePEMEHHOTO paauyca. [JaHHBIM HPHUHIMN OBIA IIOAPOOHO OIKWCAaH B KHUTE
«QKCIIeprMeHTaAbHad  rpaBUTOHUKa»  [4]. IlepBBI  9Tan  3KCHEPUMEHTAABHBIX
uccaenoBanuii, Criaprak MuxatinoBud [loagkoB IpoBOOHA C IIOMOIIBI0 MEXaHHUYIECKOI'O
YCTPOHCTBa, B KOTOPOM CO30aBaAOCh OPOHUTAABHOE M[OBHXKEHHE  BPAIAIOIIUXCSI TeA
(TMPOCKOIIOB), B COYETAaHHUH C H3MEHEHHeM HX paauyca opbuTel (mpeneccus). Ha
¢dororpachum Puc.18 mnokazaHa 3KCHepHMEHTaAbHasd ycTaHOBKa «EARa», ¢ 4YeTBIpbMA
TUPOCKOIIaMH, KOTOpas HCIOAb30Basach B 1984 — 1986 rompl Oad H3y4eHUI CHAOBBIX
acdekToB B raboparTopuu [loagkosa.

B paHHOW KOHCTPYKIMH, Bpalasach cama oboiiMa THPOCKOIOB (OopOHTasbHOE
BpallleHUe), ¥ KasKAbIH M3 HUX MOT ObITh BBIKAIOYEH HAM BKAIOYEH OTIEABHO, IIPUYEM, B
pa3HOM HaIlpaBA€HHHM cOOCTBEHHOTrO BpallleHHsda. O0lag Macca KOHCTPYKIIMH COCTaBASIAQ
32 kr, Macca 4eTbIpeX THPOCKONOB 6,4 KI, HUCTOYHHUK IIUTAHHS MOTOPOB — BHENIHUH,
peryaupyeMblii. [lepen TeM, KakK IIPOBEPATH CHAOBBIE 3PEKTHI, BOSHUKAIOIIME 3a CYET
IIPEILIECCUH BpAIAIIIMXCsl TUpocKornoB, Criaprak MuxatinoBud [loagkoB KaambpoBaa
cucreMy usMepeHuidi. Ha Puc. 19 mokasaHbl pe3yabTaTbl U3MEPEHHUM, KOTOpPbIE ObIAU
cAeAaHbl IIPH OTCYTCTBHH OPOUTAABHOTO BpallleHHUd. B maHHOM caydae, U3MepUTeAbHas
CHCTEMAa IIOKa3bIBAET HAAWYHE PEAKTUBHOM CHABI, KOTOpad BO3HUKAET TOABKO 3a CYET
«Ka4aHUs» THPOCKOIIOB BBEPX U BHU3, [IPU OTCYTCTBHUU OPOHUTAABHOIO BPAIIEHUS.

Puc. 18. Tupockons! aBuxKuTEAd «EAKay.

PesyabTaTh! skcriepuMeHTOB [loagkoBa nmokaszaHbl Ha rpadukax Puc.19 u Puc.20.
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BpalweHunsa HeT
e

+ 960 rpamm

- 1325 rpamm

Prc.19. KaaubpoBka ycrpoiicTBa B 9KcriepuMeHTe [ToagkoBa.

[Ipu aTOM, LIEHTP MacC CHCTEMBI CMeEIaeTCsd, TaK KaK H3MEHSETCs IIOAOXKEHME
TUPOCKONIOB. TakuM o00pa3oM, aBTOp OIpeneAseT «IUHaMUYEeCKHUH HOAB» cuUcTeMbl. He
MMeeT 3Ha4YeHHs, BKAIOUEHbI MAM BBIKAIOYEHBI THPOCKOIIBI, €CAH HET OCEBOI'0 BpPAIIEHUS.
CymMmapHas cuaa, OEUCTBYIOIIAass BIOOAbL OCH «EAKM», MHTErprpoBaHHAs 3a HECKOABKO
«IIUKAOB Ka4aHU» TUPOCKOIIOB, OyAeT paBHAa HYAIO.

[Ipr HaAWYHMH OCEBOTO BpalleHHd BKAIOYEHHBIX THPOCKOIIOB, CO3IAI0TCS
HECHUMMeTpPHYHbIE CHAOBBIE 3(p(PEKThHI UMIIyABCHOIO Xapakrepa, Puc. 20.

oceBoe BpalleHue + 775 rpamm

- 182 rpamma

——
Tl npeuyeccusi rupockonos

Puc.20. Cuasnl, BO3HHKAIOIIME IPH IIPEIECCHH THPOCKOIIOB B 3KcIiepuMeHTe [loasgkoBa.

[Ipm Tako¥  TPAEeKTOPHUH  [BHXKEHHS THPOCKOIIOB, Ha BeCh KOPIIyC
SKCIIEPUMEHTAABHOTO YCTPOMCTBA Oelicms8yrom UMnyJibCobl, 803HUKAOWUE Npu nepesooe
opoUMANBLHO 8PAULAIOULE20CST 2UPOCKONA HA MeHbWUll paduyc epaweHust. H3mepeHwus
II0Ka3aAH, 4YTO CYMMAapHBIA HMIYABC THATH, OeHCTBYIOIIME Ha KOPIIyC YyCTpoicTBa, C
Yy4eTOM KaAMOPOBKH OTHOCHUTEABHO «IUHAMHUYECKOTO HYAsl», HaIpaBA€H BIOAb OCH
BpallleHHsI BBEPX, U JOCTUraA 573 rpaMMma.

Hrtak, B COOTBETCTBHUH ¢ MeToaoM [loasgskoBa, pabouyro Maccy (THpPOCKOII) IPUBOAAT
BO BpalllaTeAbHOE ABUXKEHHE, a 3aTEM UIMEHSIIOmM paduyc spaujeHust 2upockona, KOTOPbIH
ABASIETCH YIIPaBASEMBIM IIapaMeTpPoOM BpallleHHud pabodeii macchl. Bo BpeMsa yMeHBbIIEHUS
paguyca BpallleHHs pabdodero TeAa BO3HHKAET KPATKOBPEMEHHBIH UMIIYABC TSTH,
HaIllpaBA€HHBIM BIOAb OCH BpaleHHs. O4ueBHUAHO, UTO H3MEHEHHE paauyca BpalleHUs
pabodelf Macchl B JaHHOM CAy4Yae MOXKET HOCHTH TOABKO IIEPHOAMYECKHI XapakTep,
CA€IOBaTEABHO, co3[aBaeMas CHAa TATM HMeeT HMIIyABCHBIM XapakTep. B mporecce
Bo3BpaTa pabodell Macchbl B HaYaAbHOE IIOAOKEHHE, XapaKTepH3yeMoe MaKCHMaAbHbIM
panuycoM BpallleHUd, UMIIyABC TSATH OTCYTCTBYET.

[Tomo6GHBIE TEXHOAOTHH HEe MOTYT 3(P(PEKTUBHO HCIOAB30BATHCS B KOHCTPYKIIHSIX
OBUKUTEAEH, TpPeOyIIIMX HeNpepbIBHOH paboThl, HampuMmep, B TPAHCIOPTHBIX
cpencrBax. Bmpouem, OHHM MOryT HaAWTH NOpPHUMEHEHHE B CHCTeMaxX MMIIYAbCHOH
KOPPEKTHPOBKHU OPOUTHI KOCMHUYECKHX aIlllapaToB.

22



B ampeae 1998 roma, Cmaprak MuxarinoBud IloASKOB [OEeMOHCTpHUpPOBaA MHeE
SKCIEPUMEHT C APYTHM ABUXKHUTEAEM, B KOTOPOM OBbIA OPraHM30BaH MPOLECC IIPEEeCCUU
TUPOCKOIIa, a B PoAH paboueil MacChbl HCIIOAB30BaAach PTYyTh. [laHHBIA ABUXKHUTEAb HA
doTo, U pe3yabTaThl U3MEPEHUH Ha rpaduke, IokasaHel Ha Puc. 21.

Cuna
TArU (Kr)

25

0,5

O6oporel B
MUHYTY

1000 2000 3000 4000

Puc.21. BuxpeBoii nBuzxuTeAb IloagkoBa Ha doTorpadgpun U rpaduK 3aBUCHUMOCTH CHABI TATH OT
060pOTOB IIPHUBOAA.

OcCHOBHBIE [OeTaAu KOHCTPYKIHMU [OAaHHOTO JKCIIEpPUMEHTAABHOI'O YCTpoicTBa
CAedyIOIMe: TIAACTUKOBBIM KOPIIYC M[HNCKOBOH (POPMBI, POTOP, OSAEKTPOMOTOP H
OUHaMOMETpP. YCTPOMCTBO MOTAO CKOAB3UTH BBEPX — BHH3 1[I0 (TOPONAACTOBBIM
HaIllpaBAdIOIIMM, OIIMpasCh Ha HECKOABKO B3aUMHO OTTAAKHBAIOIINUXCS MAarHUTOB.
[lBurasgck BBEPX-BHU3, POTOP OKa3blBaa CHAOBOE BO3AEHCTBHE Ha TEH30METPHYECKHUH
OaT4UK, KOTOPBIM H3MEpSA BEANYUHY CO30aBaeMOM CHABI TITH. B maHHOM BapHaHTeE
KoHCcTpyK1nK, Cnaprak MuxatinoBua [loadkoB moaydaa A0 2,5 KI' CHABI THATH, IIPHU
IOTPeOACHUH 3AEKTPOIHEPTHUH Ha BpalleHue rmpuBoga ot 100 Bart mo 1 KBT.

Oco6o oTMeTHM, 4TO rpaduK, ITOKa3aHHbIH B ITpaBoi yactu Puc. 21, yka3piBaeT HaA
HEeAWHEWHBIH XapakTep (PYHKIIUYU 3aBUCUMOCTHU CHABI TATH OT CKOPOCTH BpAallleHUd.

OOuuii BeC ABUXKHUTEAS, B JAaHHOM JKcIepuMeHTe, cocTaBasa 30 Kuaorpamm. Bec
PTYTH, BBIIIOAHSIOIIEH POAB THPOCKOIIA, COCTABASIA OKOAO 15 KT.

B cBoeMm nuceme 20 mapta 1998 roga, Conaprak MuxatiaoBud [loagkoB moKasbpIiBaa
MHE NEepPCIIEKTUBHOCTE MaHHO# cxeMbl: «[Ipu Tex ke rabapuTax MABUKUTEAS, YBEAUYECHHE
MOIITHOCTH dAeKTponpuBona mo 10 kBt u ckopoctu BpamieHus a0 10 Tbicssd 0O0OpPOTOB B
MUHYTY, JaCT YBEAUYEHHE CUABI TSTU OO 2 TOHH».

B pasBuTHe mnpemaaraeMoil KOHIIEHIIUH, pacCcMaTpuUBasl YacTHUIIBl MaTEpPHU, KaK
MUKPOTHPOCKOITEI, Cnaprak MuxafinoBHY IToKa3as, YTO B (PEPPOMATHHUTHBIX BEIIECTBaX
MOZKHO CO3/aTh ITPEILIECCHOHHbIE ABHUXKEHUS MATHUTHOI'O MOMEHTAa YaCTHIl, U IOAYYHUTH
cuAOBBIe 3(p(peKThI, 3a CUeT peaklnu 3PUPHOU cpenpl. [pyroe IIpuMeHEHUHE ITaHHOHU
TEXHOAOTHH -  9TO H3AYYEHHE HAaIPaBACHHOI'O IIOTOKAa («IPAaBUTAIIMOHHBIX BOAH», B
dopmyaupoBke [loagkoBa. B moarBepxaeHHe cBoeld Teopuu rpaBuTanuu, [loagkoB
YCIIEIIIHO IIPOBEA Psl JSKCIEPUMEHTOB II0 OTKAOHEHUIO Ayda CBeTa, HCIOAB3YSd
MarHUTOCTPUKIIMOHHBIE MaTtepuasbl. OH [goKa3aa CBsS3b MarHeTH3Ma U T'paBUTAILlUH,
HWCXOS U3 IIPEJAOKEHHOH UM MOZIEAN SAEKTPOHA.

[ToA9KOB TaK¥Ke ITPEeNAOKHA HECKOABKO KOHCTPYKTHBHBIX PEHIEHHUH HE TOABKO [IAS
CO3[aHUS MOIIHBIX H3AyYaTeA€H TpaBUTAIIMOHHBIX BOAH, a TaKXKe H I[IPHEMHHUKA
rPaBUTAIIMOHHBIX BOAH. OTMETHM, YTO «TPaBUTAIIMOHHBIE BOAHBD», C APYrod CTOPOHEI,
ABASFIOTCS IIPOIOABHBIMU BOAHAMHU B 3(HUPHON cpene, YTO BIIOAHE COTAACyeTCd C
MeXaHH3MOM HX CO3[IaHHs METOIAOM BBIHYKJIEHHOH ITPEILIECCHUU THMPOCKOIIOB - MarHUTHBIX
MOMEHTOB 4YacTUll (peppOMarHUTHOIO MaTepHaia.
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Pabote! IloaskoBa mpepBasM OTCYTCTBHE (PHMHAHCHPOBaHUS U Ooae3Hb. Ha doto
Puc. 22, Cnaprak Muxatiaosud IloagkoB.

Puc. 22. Cnaprak MuxaiinoBud [loaskoB, 1998 roa.

[lanHoe HaIpaBA€HHE HCCA€JOBaAHUM SKCIEpUMEHTaAbHO u3ydeHo B HUU
Kocvuueckux CucreM umeHu A.A. MaxkcumonBar, ®uanan PI'YIT «CKHIII] umennm M.B.
XpyHHUueBa», TIPYIIION pa3paboTYMKOB II0[ pyKoBoAcTBoM MensmiukoBa B.A. [7]. O
pesyAabTaTax MCHOBITAHUHM [OBUXHUTEAS, CO3JAaHHOIO Trpynmnod MeHBIINKOBa, MOIXKHO
IIPOYUTATh B OTKPBITBIX wHcTOYHUKax [8]. I[Ipum pabore OaHHOTO [ABUKHUTEAd,
SAEKTPOIIPUBOJ, CO3[IAaeT BpallleHHEe poTopa, Ha KOTOPOM YKpelaeHa Tpyba B ¢opme
KOHYCHOH cnupaau. HaynHasa BpallleHHE, POTOP «yYBA€KaeT 3a coboil pTyTh», KOTOpas
JABUKETCS BHYTPH pOTOpa OT BEPUIIMHBI K OCHOBaHMIO KOHyca. Hacoc obecrieuymBaer
BO3BpaT PTYTH, BAOAb OCH YCTPOMCTBA, OT OCHOBAHHA KOHYCHOM CIIMpaAHU B CTOPOHY €€
BepIINHBI. TakuM 00pa3oM, PTYThb HEIIPEPBHIBHO IepeMellaeTcs II0 Tpyde, HMerorei
dopMy KOHYCHOM CIIMpasH, OT BEPIIMHBI K €€ OCHOBAHHIO, U HarHeTaeTCs HacOoCOM IIO
BO3BpaTHOH oceBO# TpyOe K BepllMHe KOHyca poropa. Coraacurech, 4YTO MOaHHad CXeMa
HalloMuHaeT reHeparopel Illaybeprepa, XoTs HMeeT IPHHIMIINAABHBIE HEIOCTATKH
KOHCTPYKLIMH. B cTathe [8] aBTOPBI OTMEYaAH, YTO UMIIYABC TATH CYILIECTBYET HEJOATO, OT
HECKOABKHUX CEKyHI A0 OmHOoM MuHYThl. Kpome Toro, reHepartops!l lllaybGeprepa mMorau
paboraTe B peXHWME CaMOBpAIlleHUS, [IPH O5TOM CO3[AaBas [IBUKYIIYIO CHAY. ITo
KOHCTPYKIIMHU MeHBIINKOBA, IOKa3aHHOH B [8], TaKUX O(HUIINAABHBIX JAHHBIX HET.

OKcIeprMeHTaAbHbIE HCCAEOOBaHUS CIIOCOOOB CO3/IaHHUS AaKTUBHON [IBUIKYIIEH
cuabpl, 1o Metonuke I[loagkoBa, NTPOBOAUAUCH Takike B Hammeld kKommnanuu OOO
«\aboparopust HoBrix TexHnoaoruit dapaneii», B mepuon ¢ 2002 o 2005 rox. MHoi# 6b1aa
rnomaHa 3agBKa Ha mareHT PP Ne 2002128658/ 06(030307) ot 25.10.2002 roma. B
IIpefAaraeMoM TEXHUYECKOM peIleHUM, OBbIAM yCTpaHEHBbl HEIOCTATKH aHaAOIOB,
IIOCKOABKY B HHUX UMIIYABC ITOA€3HOM OMHOHAIIPABAEHHOM TATH HCYe3aeT, KOorJa CKOPOCTH
BpallleHus KUAKOro pabodero Teaa (PTyTH) CTAHOBHUTCH paBHA CKOPOCTH BpallleHUs
poTopa. OTOMy AacHeKTy OBIAO YAEAE€HO OCHOBHOE BHHUMAaHHE IIPHU KOHCTPYHPOBAHUH,
KpOMeE BBIIIOAHEHUS OOIIMX IPUHIIUIIOB CO3OaHUs «THPOCKOIIA IIEPEMEHHOTO paguycar, B
cooTBeTCTBHU C Teopuedt [loagkoBa. Ha Puc. 23 mokazaHbl cXeMa U OCHOBHBIE DAEMEHTBI
KOHCTPYKIIMH 3KCIEPHMEHTAABPHOIO MOBHXKHTeAd PpoaoBa, ONHCAHHOTO B IIATEHTHOH
3agBke No2002128658/ 06(030307), 25.10.2002 r. CyIIHOCTH MAHHOTO H300peTEeHU
COCTOUT B CAEOYIOILEM: 3AEKTPOIPHBOL 6 BpallaeT KOHYCHBIH poTop 3, Ha KOTOPOM
BBIIIOAHEHA CIHpaAbHad KaHaBKa (CIIMpaAbHBIF ITHEK). Porop 3 Bpalaercss, 3acmaesisis
pabouee gewecmeo cMewamsCst HA MeHbUWUN paduyc epauieHusl, U BBIXOOUTL dYepes
paarasbHbIe OTBEPCTHSI 5 BO BHYTPEHHIOIO [IOAOCTH KOpIIyca (B KapTep). ITo ABUKEHHUE
MHEPIIMAABHOM MacChl pabodero BeIlecTBa CBEPXy BHHU3, OT LIMPOKOM K Y3KOH 4YacTH
poTopa, SBASIETCS OCHOBHOM INPHUYUHOM IIOBAEHHS OCEBOM pPEaKTUBHOM CHABI TSTH,
nocmosiHHo oeticmgyrowieti Ha KOPILyC ABUKUTEAS, BIOAb OCH BpallleHUsd poTopa.
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Puc. 23. Cxema BuxpeBoro ABuxuteasa dpoaona.

[TosicHIO HAer: ecAM BpallleHHe pabodero BeIllecTBa B KOHYCHOM Kopliyce 2
IIPOMCXOAUT 0€3 KOHYCHOI'O NIHEKOBOTO pPOTOpa, TO OHO IIPUBOAMUT K IIOCTOSIHHOMY
YBEAWYEHHUIO pajuyca BpallleHHs KHUIKOCTH, MIPUYEM, KHUIKOCTb IIOAHHMAaEeTCs CHH3Y
BBEPX. OTOT IpOllecC OOyCAOBAEH HaAWYHEM IIEHTPOOEXKHOM CHABI, II03TOMY, MOKHO
CKas3aTh, YTO OHA COBepIIaeT paboTy II0 CMEIIEHHUIO Bpalllalolleiicsa B KOHyCHOM KOpPIIyce
KUJKOCTH C MEHBIIIETO paauyca Ha OOAbIINM paauyc. B oObrdHOM caydae, IIpHU BpallleHUH
Teaa B IIAOCKOCTH, LIEHTpobOeKHas cuaa paauasbHasd, U paboTy BIOAb OCH BpallleHHd OHa
He MOXKeT coBepuiaTh. [ToaToMy, IIpu BpallleHHH KHUAKOCTH B LIMAMHAPUYECKOM KOpIIyCe,
spdekra He OGyner. IIpu BpallleHHH KUAKOCTH B KOHYCHOM KOPILyCe, CYIIECTBYET OCEBOM
TPaAUEHT CHABI, KOTOPBIM CMEIIaeT KUAKOCTb Ha O0ABIINE paauyc BpallleHHd.

B 1npemaaraemMol KOHCTPYKILHH, CIHpasbHas KaHaBKa poTopa (IIHEKOBBIH
MeXaHH3M), IIpU BpallleHHWH B COOTBETCTBYIOLIEM HAIIPaBACHUH, CMewaem uacmuuybl
Kuokocmu c¢ bosbwezo paouyca 8pauieHuss HA MeHbWUll paduyc epauieHus. ITo
IIPOUCXOAUT IIPOTHUB PabOThl, KOTOPYIO COBEpPLIAET IIEHTPOOEXKHAas CHAa II0 CMEILEHHIO
KUJKOCTH, Bpalllaloleiicds B KOHYCHOM KOpIIyce. 3aKOH COXpaHEHHs HMIIyAbCa 3/1eCh
CTPOTO BBIIIOAHSETCHA: OCEBOH MMIIYABC, HaIlIPABACHHBIM CBEPXy BHHU3, KOTOPBIHA
IPHOOPETAIOT YACTHIBI KUIAKOCTH IIPU B3aUMOJAEHCTBHH C POTOPOM, PaBEH HMIIYABLCY,
KOTOPBIH IIpHOOpEeTaeT KOPIIyC YCTPOHCTBA B MPOTHBOIIOAOKHOM HAIIPABAEHUH (CHHU3Y
BBEPX).

[as mipoBeneHusa skcrepuMeHTOB B 2002 romy, ObIAO H3TOTOBAEHO YCTPOMCTBO,
nokasaHHoe Ha Puc. 24. KopIiyc ¥ OCHOBHBIE AETAAH U3TOTOBAECHBI U3 aAIOMHHUA, IIPUBOJ,
3AEKTPUYECKUH.

Puc. 24. ®oro geraseit sKCIIEPUMEHTAABHOI'O BUXPEBOro ABHKUTEAs, 2002 ro.

25



OcHOBHBIE ITapaMeTpPpbl JaHHOM MOAEAU ABHXKHUTEAS: JUAMETP poTOpa Y OCHOBaHUS
KoHyca coctraBasgeT 80 MM, a B 00AaCTH BBIXOZA KUIAKOCTU M3 IIOAOCTH KOHYCHOTO
KopIlyca B KapTep auaMeTp okKoao 20 MM. [ag co3maHUs BpallleHHUd [IPUMEHSACH
9AEKTPOABUTATEADb, MHOTpebAageMasda MoOIIHOCTH He 0Ooaee 50 Barr. CKOpPOCTH BpallleHUs
peryaupoBasack oT 30 mo 300 o0opoTOB B MHHYTY, 3a CYET H3MEHEHUS HaMPIKEHU
IIHTAHUSA SAEKTPOIIPUBOAA.

B kadecTBe pabouero BellecTBa (MHEPIIMAABHOH MAaccChl) IPHUMEHSAACh BOZA, MACAO
U ApYyTHE KUAKOCTHU. «PTYyTHBIM TMPOCKOII» HE UCCAEIOBAACS.

HN3mepeHne co3maBaeMoOd ABUKYIEN cuAbI, Puc.25, Ipou3BOANAOCE SA€KTPOHHBIMHU
BecaMu, ¢ ToyHOCThIO 0,1 r. OOHapyKeHa MOCTOsIHHAsI aKTUBHAas CHAA, BEAUYHUHOU OT 5
oo 15 rpamM, co3gaBaeMasi B BEPTHKAaABHOM (OCEBOM) HAIIPaBAEHUH.

Puc. 25. ®oro u3 apxusa OO0 «AHT®», 2002 rox, BUXpeBOH ABUKUTEAD Ha Becax.

3asgBKa Ha gaHHOe n3obpereHue Oblra rTogaHa MHOH 25 okTabpsa 2002 roxa. Ilocae
OAUTEABHOM mepenucku, B aBrycre 2004 roma, MBI IIOAYYHAM OTKa3 3KCIIEPTOB
PocriaTenTa, KOTOPBIY OHU MOTHBHPOBAAHU TEM, UTO, 08UrKeHue ycmpolicmea 6e3 ombpoca
peaxmugHoil maccel 3a npedensl Kopnyca ycmpoiucmea NPUHYUNUANLILHO HE803MOIKHO.
Takum ob6pa3om, OHU IOHUMAIOT TpeTuil 3akoH HrioToHa. Haimu moBoakI O TOM, YTO 3aKOH
COXpaHEHUs HMIIyAbCa U JHEPrUU, pas3yMeeTCsl, BBIIIOAHSETCH, U pPeakIus C OHopol, B
IIpeaaraeMoM HaMM CIIoco0e, 00s13aTeABHO CYIIECTBYET, OKa3aAUCh HeyOeUTEeABHBIMU.
II0AQTalo0, YTO 37IeCh UMEAO MECTO AOOOMPOBaHUE HHTEPECOB APYTUX pa3paboTINKOB, boaee
BBICOKOTO YPOBHS, 4YEM Hallla MasreHbKad dacTHad KoMmnaHud. M3BecTHO, uyTo 23 masg 2008
roga, ¢ kocMompoMma Ilaecenk crapTroBasa pakeTa C YeTbIPbMS CIIyTHHKAMU Ha OOpTY.
OauH w3 HUX, cOyTHUK "FOOmAeHHBIH", BBINYIIEHHBIH aKIMOHEPHBIM OOIIECTBOM
"NrdopMalioHHbIe CIIyTHHUKOBBIE CUCTEMBI", IPUMeYaTeAeH TEM, YTO Ha HEM yCTAHOBAEH
HOBBIH [IBUIKHUTEAb, UCIIOAB3YEMBIH OASd KOPPEKIIUH OpPOUTBHI. OTO HEepBBbIH POCCHUHCKUH
KOCMHYECKHUI ammapar, B KOTOPOM CHAA THATH CHCTEMBI KOPPEKTUPOBKU OPOUTHI
co3gaeTcd 3a CYeT BHYTPEHHETO «IBHXKEHHUS KHUIKOTO pabodero Teaa II0 OIIpeaeA€HHOH
TPAeKTOPHUH, HAIIOMHHAIOIIEH TOPHAAO», KaK ITHCaAu 00 O3TOM TEXHOAOTHH TIa3eThl.
JlocToMHCTBA TAKOT0 METOAa OYE€BUIHBI: ITIOAYYasl SJHEPTHIO OT COAHEYHBIX OaTapeii, Tako#
COyTHUK HE HMeEeT OTpPaHHWYEeHUI II0 pacxody TOIIAMBA, HEOOXOOUMOTO OAS JAUTEABHOMH
pabotel Ha opbute. OTMETHM, YTO OAS KOPPEKTHUPOBKU OPOUTHI CIIyTHHUKA, MOCTATOYHO
KPaTKOBPEMEHHOI'0 UMIIyAbCA ABUKYIIEH CHABI.

Teoperrnueckoe 000OCHOBaHHE TaKHUX H300peTEeHUU — OTAEABHBIM Bompoc. PaboTel
[ToaskoBa B 00AACTH «9KCIEPUMEHTAABHOH T'PaBUTOHHUKH» UMEAW CBOHW IIPEAIIOCBIAKH, U
y4eHbIe Pa3HbIX CTPaH AAaBHO MOAXOAUAU K U3YYEHUIO JAaHHOH ITPOOAEMEI.
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Hukosaiti AaekcaHmpoBud Ko3bIpeB, TEOPHI0 B HSKCIEPUMEHTHI KOTOPOTO MBI
paccMoTpuM IIOAPOOHO B OTAEABHOI raaBe, eine B 1963 roay oIyOAMKOBaA CTaTBIO
JIprynHHasg MeXaHHKa U BO3MOXKHOCTb OKCIIEPHUMEHTAABHOI'O MCCAEIOBAHHSA CBOMCTB
BpemeH» [9]. B maunHoii pabore, Ko3bipeB BriepBhle IoKasaa 3peKThl YMEHBIIIEHHUS Beca
B 9KCIIEPUMEHTAaX C BPAIlaIOIIMMUCS THPOCKOIIaMH Ha BHOPHUPYIOLIEM IIOoABeCe, IIPUYEM,
yKazaa, 4To 3p(eKT 3aBHUCHT OT HaIlpaBA€HHUS BpalleHud. 3 3apy0esKHBIX aHaAOTOB
OBUXKUTEAEH,  HCIIOAB3YIOIIMX  IIPELIECCUPYIONIHEe TUPOCKOIbI, U3BECT€H IMaTeHT
ITpodpeccopa AstirBatita, United States Patent 5,860,317 January 19, 1999, Propulsion
System, Eric Laithwaite, William Dawson. Bmnepsrle, 3¢ deKkT yMeHbIIeHHe Beca
Bpalarmxcs TeA, [Ipodeccop AdUTBIHUT oOHapykua B 1975 roxy.

MHorue Ha3bIBAIOT MaHHbIE TUIIBI OBUXKUTeAeH «0e30MOPHBIMU», XOTS 3TO
IIpUHIUIINAABHAsS omubka. Oropa ABHXKUTEAsS, TOYHee, «peakllid C OIIopoi», Bcerma
CYLIECTBYEeT. OTO CaMblii TAABHBIA BOIIPOC, KOTOPBIH aBTOPBI MOAXKHBI OOECIIEYHTH
KOHCTPYKTUBHO. COMHEHHS HCY€3al0T, & BCE TEOPETHYECKHE BOIIPOCHI PEMIAIOTCH, €CAU
paccMaTpuBaTh HHEPIHIO, KaK CBOWCTBO OKPYZKAIOIIETO TEAO IIPOCTPAHCTBA, TO €CThb
acdupa, OKpPYKAaIoIIero KaKAyl0 H3 4YacTUl] MaTepHH, B OTAEAbHOCTH. [Ipu TaroMm
PacCMOTpPEHHU, ILIEHTPOOEXKHBIE CHABlI dBAGIOTCH BHEIIHHMM, II0 OTHOIIEHUIO K
OBUXKYIIMMHCS TeAaM. OTO TaKHe K€ BHEIITHHE CHAbI, KaK PEaKIHsd OIOPhI, UAH I'PaAUEHT
JaBAeHUSA B aspomuHamuke. CaenoBaTeAbHO, HHepPIMAAbHBIE 3(P(EeKTbI MOTyT OBITH
HCIIOAB30BaHbl TaKHM o00pa3oM, YTOOBI O0ecredyuBaTh «OIIOPY» H ABHUIKYIILYIO CHAY,
BO3HUKAIOIIYIO 3a cuem 2padueHma oasieHust 3¢pupHotli cpeobl.

[TprumHA IIOABAEHUS IIEHTPOOEIKHOM CHABI, IIPH YCKOPEHHOM [OBHIKEHUH YaCTHI
MaTepUH, AEKUT B UX BHYTPEHHEHN cTpyKType. PopMHUpOBaHNe YacTUL] MaTepHUH U3 adhupa
— 3TO IIPOLIECC, U3YyYE€HHE KOTOPOTO AAET OTBETBHI Ha BOIIPOCHI O IPHUPOLAE MHEPIHAABHOMN
MacChl ¥ 9A€KTPOMAarHUTHBIX CBOHCTBaxX YacTHIl MaTepuu. O4eBH/IHO, YTO 11€AECO00pa3HO
IIPOZIOAZKATH PabOTHI II0 PA3BUTHIO, IATEHTOBAHUIO U BHEIPEHUIO PACCMOTPEHHOU 3eCh
TEXHOAOTHH [OBUXKUTEAd 3aMKHYTOIO PEaKTHBHOIO LIUKAA. OTO HMEET NPaKTHYECKHU
KOMMEPYECKHUU CMBICA.

PaCCMOTpI/IM €III€ HECKOABKO MHTEPECHBIX TEXHHUYIECCKHUX pCIIICHI/IfI.

KomMmmiencaliug Beca Teaa

KoucTpynpoBaHue nOBUKUTEAeH HOBOro THIIA TpeOyeT VTOYHEHHUS IIOHATUS
«OTKPBITOH M 3aKpbITOH (PHU3HMYECKOM CHCTEMBI» CHCTEMBI oTcyeTa. I[loBox mada
pPa3MBIIIA€HUN maeT TOT PpakKT, YTO BEC Te€Ad, HAXOMAIIIEroCs Ha ITOBEPXHOCTHU IIAQHETHI,
3aBHCHUT OT MecTa B3BelIMBaHHUSA. [IOCKOABKY IIAaHeTa BpallaeTcd, TO Ha BCE TeAa
noercTByeT ILieHTpobexkHasd cHAaa, U €€ MaKCHMaAbHOE 3Hade€HHE COOTBETCTBYET
IIOAOXKEHHIO Teaa Ha 3KBarope. [lo maHHON HOpHUYUHE, KOCMOAPOMBI OAd PEAKTUBHBIX
pakeT reaecoo0pa3Ho pa3MelaTh OANKE K 9KBATOPY.

MOXHO AM TIOAYYUTH «OTPHULIATEABHBIH Bec» Teaa, 3a CUeT IIPHUAOKEHUS
HEHTPOOEKHOH CHABI? OTBET MOAOKUTEABHBIN: CHAA Beca MOXKET ObITh KOMIIEHCHPOBaHA,
U TIPEOZIOACHA AIOOOM Mpyroif CHAOI, B TOM YHCAE, IIEHTPOOEKHOM CHAOM, co3maBaeMoit
IpU BpallleHUHU Teaa. Hampumep, BpallleHUE TeAaa B BEPTUKAABHON ITAOCKOCTH MOIKET JaTh
IIOAHYIO KOMIIEHCAIIUI0 Beca B BEPXHEN ITOAOBUHE TPAEeKTOPUM, U yYBEAWYEHHE Beca Ha
BEAHYHHY IIEHTPOOEKHOH CHUABI, B HHUXKHEH JacTu TpaekTopuu, Puc. 26. MHorre yurateAu
HCHOBITAAW 3THU OLIyLIeHUS IIPU IIOCEIIEHUH AaTTPAaKIMOHOB B IIapKaxX pa3BACYEHUM.
dakTHUUEeCKH, BpallleHHe TIpy3a B BEPTHUKAABHOM IIAOCKOCTH, TIIPH [OOCTUXKEHUU
OIIpeIeACHHOM CKOPOCTH BPAIIlEHUS, CIIOCOOHO TTOMHUMATE BECh ABUXKUTEAL, OTPBIBAd €ro
OT 3€MAH, BO BpeMd «BepxHeU IMOAOBUHBD IMKAa. CAeqoBaTEABHO, MTPUHIUITHAABHBIX
IpoOAeM HeT.
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TexHudeckas 3agada COCTOUT B TOM, YTOObI KOHCTPYKTUBHO 00ECIIeYUTh ABUKEHUE
paboue#t uHepIMaABHOH Macchbl II0 TakKOM TpaeKTOpHUH, KoTopas mnaeT 3PPeKT
YMEHBIIIEHHsI Beca TeAaa Ha OOABIIEH YacTH ITMKAA ABUIKEHUS, YeM B YaCTH YBEAHYECHUS
Beca TeAa.

Fu6

f —

Puc. 26. llameHeHue Beca IpH BpallleHHH TeAa B BEPTHKAABHOH IIAOCKOCTH.

Hanpumep, koaebaHusa rpys3a OOBIYHOI'O MasTHHKA IIPOUCXONST B HUKHEH YacTu
IIMKAQ, KaK II0Ka3aHO B AeBOM dyactu pucyHka Puc.27. Ilporecc xoaebaHu
IIepeBEPHYTOr0 MadTHHUKaA II0OKa3aH B IpaBoi dacTtu Ha Puc.27. MexaHusm neilcTBugd
«IIEPEBEPHYTOT0 MAadATHHKAa» HECAOKHBIM, HO €T0 COTHH AET HU3yIaAn KaK YAUBHUTEABHOE
aBaeHUe!

Puc.27. OGBIYHBIN MAasgTHHK U IIePEBEPHYTHIH MadTHUK.

B 1873 roxay, uaesa UCIIOAB30BaHUA MEPEBEPHYTOr0 MadgTHUKA OAS CTPOHUTEABCTBA
AETAIOILIEro amrapara paccMarpuBasach L{HOAKOBCKMM, eMy Torzma Oblao Bcero 16 aer.
[M1oAKOBCKHUH IIpemaaraa HCIIOAB30BaTh [Ad CO3JAaHUS OBUKUTEAS [ABa IIE€PEeBEPHYTBHIX
MagTHHKA, MalIyIIINX CUHXPOHHO, BO BCTPEYHBIX HAllpaBA€HUSX. [laHHBIN 5KCIHEPUMEHT C
Iapoil IIEpPEBEPHYTBHIX MAATHHUKOB AE€TKO OpPraHH30BaTh, W OH IIOKa3blBAeT HaAWU4HE
UMITyABCHBIX CHA. DTO pabotaeT!

[uHaMuyecKass cTabHAM3alUs IIEPEeBEPHYTOI0 MadTHUKA IIOAPOOHO H3ydasach
AxamemuroMm II. A. Kammnmett B 1951 romy [10]. OrcmepuMeHTaAABHOE YCTPOUCTBO C
KPHUBOIIUIIHBIM IIPHUBOZOM, IIOCTPOEHHOE A NJAaHHBIX SKCIIEPUMEHTOB, Puc. 28, moay4duao
Ha3BaHue «MasgTHUK Karmuim».

Puc. 28. Magruuk Kamnuiie.
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OCO0eHHOCTBIO MasgTHHKA KaIlHIlbl IBASETCH TO, YTO IIepeBEPHYTOE (BEPTHKAABHOE)
IIOAOZKEHHE MasTHHUKA MOKET OBbITb YCTOWYMBBIM, B CAydae ObBICTPBIX BHOpalluil moaseca.
Hcropuss OTKPBITHS YXOOUT B IIPOIIIAOE: HEepBble HAOAIONEHUS MAaHHOTO SIBACHUS OBbIAU
ormyoankoBaHbel emre B 1908 r. A. Credenconom [11]. CoBpeMeHHBIE HCCAEIOBAHUS
aHaAAOTUYHBIX IIpolleccoB mrpoBoaua [Ipodeccop EBrenutt AmurpueBud CoOpoKoayM, aBTOP
MHOTHX HAY4YHBIX CTaTe€¥ M MHTEPECHBIX SKCIIEPHMEHTOB II0 BUXPEBBIM H KOAEOATEABHBIM
npoueccaMm [12]. He OymeM yraybAaTbCs B TEOPHUIO MAHHOIO IIPOILIEcca, IloAaras, d4To
OCHOBHYIO POAb B KoOAeOaTEABHBIX IIpOlleccaxXx IIEPEBEPHYTOTO MadTHHKA UTParoT
IIEHTPOOEKHbIE CHABI, KOTOpPBble YAaCTHYHO KOMIIEHCHUPYIOT BecC ycrpoiictBa. MbI
paccMaTpUBaAld aHAAOTHYHBIE IBA€HMS, [TIOKa3aHHbIe Ha cxemax Puc. 26 u Puc. 17.

CrpanHo, HO g He Hamlea B paborax II. A. Kanunper uaen o TOM, YTO, ITOBBIIIAS
4acTOTy KOAeOaHUM MepeBEepHYTOro MasiTHUKA, TO €CTb, CKOPOCTb MOBUXKEHUS pabodeit
MAaccChbl, MOXKHO OXKUJAATh IIOAHOM KOMIIEHCAI[MM Beca yCTPOHCTBa, W [OaXKe CO34aHUe
3HAYUTEABHON CHABI TATH, AeHCTBYIOIIEY B 3alaHHOM HallpaBaeHUU. TeM He MeHee, Hes
npocTasg H paboTocriocoOHad. BeawdyuwHa CHABI TATH, B COOTBETCTBHUH C 3aKOHOM
HrroTrona, dopmyaa F.1, 3aBHCUT HE CTOABKO OT MAacCChl, CKOABKO OT CKOPOCTHU, TaK KakK
YCKopeHue NnponopyuoHanibHo Keadpamy JAuHelHoll ckopocmu. Ilo a2Tol mnpu4dHHe,
eAecoobpa3Ho paboTaTh C Maaoil Maccod, HO Ha OOABLION CKOPOCTH, TO €CTh, CO3aBas
KoAebaTeAbHBIE IPOIIECCHI BBICOKOM 4acTOThI (BUOpaIny).

PaccMmoTtpuMm cxemy IrpocToro skcrnepuMeHnta, Prc.29.

ManTHUK Kanuubl ABuxuTens Gponosa

Puc.29

3mech MOKa3aHbI IBA 3A€KTPOMATrHUTA, KOTOPhIe paboTaioT B UMIIYABCHOM PEXKHME.
OHH co3marT KoaebaTeAbHOE OBUXKEHHWE METAAAMYECKOTO TPY3HKa M0 KPUBOAWHEHHOH
TpaeKTopuu. Bo3HuKaeT cuaa, OeHUCTByOIad Ha BCIO KOHCTPYKIIHMIO B pPagUaAbHOM
HallpaBA€HUU (B [OaHHOM CAy4dae, CHAa HallpaBaeHa BBepx). CyllecTByeT II0X0KUe
yCTpPOHMCTBa, KOTOPble HAa3bIBAIOT «BHOpPAIlMOHHBIE T'UPOCKOIBD. OOBIYHO, OHH
OPUMEHSAIOTCA [OASd H3MEPEHUsS YrAOBOM CKOPOCTH IIOBOPOTA, IIPU KPHUBOAWMHEHHOM
OBUKEHUHU. [[pyroe ImpuMeHEHUE, TO €CThb, CO3MaHHe ABHXKYIIEH HWAW TIO/BEMHOMW CHABI
AETATEABHBIX alllapaToB, MaA0 HU3y4eHO, XOTHd IIPUMEPOB BUOPAITMOHHBIX ABUIKUTEAEH B
JKUBOUW TIPUPOJAE MOCTATOYHO, UTOOBI OoOpaTHUTh Ha HUX BHUMaHHWE. MHOTHE AeTalOIIHe
HACEKOMbIE€ HCIIOAB3YIOT BHOpaluy, ¥ 5TO MOXKET OOBSICHHUTb HUX HEOOBIYHYIO
AdPOUHAMHUKY U TPAEKTOPHH MoAeTa. TeXHHYECKH, BBICOKOYACTOTHBIE BUOpPAIIMOHHBIE
IIPOIIECCHI MOTYT OBITH CO3OAaHBI 3a CUYET ITbe302ACKTPUYECKUX U [IPYTUX ITPHUBOIOB.
[Tbe309AeKTPUIECKHE CHUCTEMBI HHTEPECHBI TEM, YTO OHU IIOTPEDASIOT MaAO SHEPTHH, U
MOTyT paboTaTh Ha OY€Hb BBICOKHX YaCTOTaX.

[lepeiimeMm K OpyroMy BapHaHTyY  HCIIOAB30BaHUS  IIEHTPOOEIKHBIX  CHA,
KOMIIEHCHUPYIOIIUX BecC Teaa. [IpeacraBuM IPOCTOM SKCIIEPUMEHT: MBICAEHHO ITIOMECTHUTE B
cchepy Bpalarommica MeTaAAHdYecKUd Mmiapuk. J[lomycTuM, YTO OH [IPUBOOUTCS B
[ABUXKEHHE He€ BHYTPEHHUMH CHAAQMH, a BHELIHHMH IIOASIMH, HaIIPHMEpP, BpallaloIHMCI
MarHUTHBIM IIOAE€M TpeX(a3HOH CHCTEMBI KaTyIIeK, PaCIOAOKEHHOW BOKPYT C(EpHI.
[IpuBecTH BO BpallleHHE HMIAPUK MOIKHO U KPYTOBBIMU KOA€OATEABHBIMH ABUXKEHHS CaMOM
ceprl. Brl MoxkeTe caMH IIPOBECTH MAHHBIM SKCIEPUMEHT, IIOMECTHB TOPOLINHY B
ITIOAYC(PEPUUECKYIO (KOHYCHYIO) YalIlIKYy.
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[Ipr co3maHMM KOAEOATEABHBIX KPYTOBBIX [OBHXKEHHM dYalllKW, TOPOIIHHA
YCKOpdeTCd, BpalllaeTcd 10 BHYTPEHHEH CTOPOHE 4YalllK{, IIOAHHMAadCh BCE BBIIIE U
Boille. OHa cmpemumcsi nepetimu Ha opbumy 6osbwiezo0 paduyca, YTO BbI3BAHO
OeficTBUEM IIEHTPOOEXKHOW cuabl. [Ipu mocTaTodyHO OOABIIIOH CKOPOCTH BpallleHUd,
FOPOIINHA BBIACTAET U3 YalllKH.

BamaguMca 1IeAbI0 UCIIOAB30BaTh AaHHBIN 3ddekT. HamoMmHIO cTapblif ITUPKOBOH
TPIOK: «MOTOLIMKAUCT B IIape». Ha Puc. 30 mokazaHbl TpHU TPaeKTOPHUU MOTOLIMKAUCTA,
KaTalolllerocs 110 BHYTPEHHEH IIOBEpPXHOCTH cdeppl. B mepBoM caydae, MOTOLMKA
OBUXKETCS I10 TTIOBEPXHOCTH HHXKHEN NoAyc(epbl, C IIOCTENIEHHBIM YBEAMYEHHEM paauyca,
a Ha 0oaAbIIMX 000poTax — BpalaeTcd II0 3KBaTOpPy, TPaAeKTOPUU MaKCHUMaAbLHOI'O
panuyca.

Puc. 30. [IBuzkeHMe «pabodero Teaa» 0 BHYTPEHHEN ITOBEPXHOCTH CEPEHI.

Ha pucynke B nentpe Puc. 30, nokaszaHa TpaeKTOpHus ABUXKEHUS MOTOIMKAA IIO
9KBaTopy cdepnl. B Iupke, mpH BBIXOAE MOTOIIMKAHWCTA Ha TPAEeKTOPHUIO 3KBaTOpPAa,
IIOAOBUHKH C(epbl pazbeauHIAH, a HHUXKHIOIO II0AyCc(epy OIIyCKaAH, YTO BBI3BIBAAO
HCKpeHHU# BocTopr mybauku! Boaee Bcero, Hac MHTepecyeT TUIIOTETHYEeCKas CHUTyallus,
nokasaHHas B IIpaBold dactu Puc. 30. [Ipu ganHOHI TpaeKTOPHUH ABUKEHUS «BHYTPEHHETO
pabodyero Teaa», Ha MOaHHOE TEAO MOOAXKHAa MAeHCTBOBATh BEPTHUKaABHAsS COCTaBALIONIAS
HEKOU CHABI, KOMIIEHCUPYIOIIEH ero Bec. Ha kopmyc ycTpoiicTBa (moaycdepy), B JaHHOM
caydae, OymeT OeHCTBOBaTh pPEaKTHBHAsI CHAA, HallpaBA€HHas BBepX. [IpeacraBasercd
BO3MOXKHBIM  CO30aTh  OBUKUTEAb, HCIOAB3YIOIIWUH  mgaHHBIY  npuHnun. llpu
KOHCTPYUPOBAHUM, HEOOXOOUMO V4YeCTh CHAY TpPEHHd B TOYKE COIIPUKOCHOBEHUS
BHYTpPEHHEH ITOBEPXHOCTH cepbl M ABUKYyIeHca pabodell MHepIHasbHOM Macchl. [lo-
MoOeMy, JaHHas cxeMa paboTaeT, eCAH «MOTOIIMKAUCT» IBUKETCS B BepxXHel rnoaycdepe He
10 OKPY2KHOCTH, a 10 CHHYyCOHJE.

PaccMmoTpuM elre HECKOABKO TeopeTHuecKux Mogeaeti. Ha Puc. 31 nokazana cxema
MMITIyABCHOTO ABUIKUTEAS, B KOTOPOM HCIIOAB3YETCd BA AU OOA€E BPAIIAIOIINXCS TPY30B.
Brmoar ocu BpallleHHs PAaCIOAOXKEH SAEKTPOMAarHUT, IIEPHUOANYECKH BTATHBAIOIINHI
cepaedHUK. [TOCKOABKY BpallamoIuecs TPy3bl U CEPACYHHK CBA3aHBI THOKOM THATOH, TO
ABHUXKEHHE CEpACYHHKA BHH3 IIPOHUCXOOAUT C YCHAHMEM, TaK KaK O3JACKTPOMAarHuty
HEeOoOXOMMO IIEPEBECTH BpAalllaloluecs: I'py3bl C OpOUTHI OOABIIETO paguyca Ha OpOUTYy
MEHBIIIETO paguyca.

CEPOEYHUK

()

QNEKTPOMAIHUT

Puc. 31. IMOyabCHBIN ABUXKHUTEAB PporOBa.
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BzaumogneiictBHe cepAedYHHMKA W KATYIIKH OAEKTPOMAarHUTa IIPOUCXOAUT B
COOTBETCTBHH C 3aKOHOM COXPaHEHHS HMIIyAbCA, II03TOMY YCHAME Ha IIepeMelleHNe
CepIeyHHNKa 3JAEKTPOMarHuTa II€epPefaeTcs KOPIIYCY, KOTOPBIM IIoAydaeT peaKTUBHBIN
HMIIyABC TSTH BBepX. Bo3BparT Bpalllaronuxcsd TPy3HUKOB Ha OpOUTY OOABIIEro pamguyca
ITPOUCXOOUT Oe3 yCHAUH, B TOH YaCTH IepHoa, ITOKA DAEKTPOMATHHUT BbIKAIOYEH. TakKuM
obpas3oM, IaHHOE YCTPOMCTBO CIIOCOOHO «PBIBKAMH» ITOATIATHBATBECS BBepX. [loaararo, 4To
9KCIIEpUMEHTaAbHAasd IMIpoBepKa [JAaHHOM KOHIIEIIIINN II0KaXKeT XOPOIINe IIePCIeKTUBBI
BHeJPEHUs NaHHOU TeXHOAOTUU B a9 POKOCMUYECKOH TEeXHUKE.

Emre omHa maesda HCIIOAB30BaHUSA HEHTPOOEIKHOM CHABI, CKUMAIOIIEH NPYKHUHY,
rmoxkasana Ha Puc. 32.

MONOXEHWUE BE3 BPALLEHMSA NPU BPALLEHUN
Puc. 32. [Tapa Bpamammmxcda rpy3UKOB Ha IMAOCKHUX LIEMIX.

3mech rpy3bl COEAUHEHBI C OCBIO BpallleHUs ITAOCKHUMH IIEMISIMU, He IepenaroiMu
oceBoe ycuare. Be3 BpaleHus, rpy3bl AeKaT Ha [AHE KOpIIyca, a IIpy:KHHa paccaabaeHa.
[Ipu BpalleHUH OCH, HAIPUMEP, SAEKTPOIPUBOIAOM, TI'Py3bl IIPUXOAAT B [ABUKEHUE,
IIOCKOABKY IIAOCKHE II€IIH IIepeNaloT KpyTdamuii MoMeHT. [Ipu ompeneAeHHOH CKOPOCTH
BpallleHHs, TPy3bl BBIXOAST Ha OpOUTY HAUOOABIIEr0 pasuyca, HATATHBAs IAOCKYIO IIEITh,
KoTOopas HX coenuHseT. HaTsgikeHue IlenIM IIPHUBOAUT K CXKATUIO IMIPYXKUHBI, KOTOpas
ynupaeTcd B KOpIyc. TeopeTHdyecKu, IIPearoAaraeTcs, 4To KOPIIyC IOAYYHUT HUMIIYABC, B
IIpollecce cCxKaTUs TIPyKUHBI. [locae ee ckaTudg, Ha KOPIYC OKAa3bIBAETCS TOABKO
IIOCTOSTHHOE [JaBAE€HHE. YIPyroe CiKaTHe IIPYKHUHBI 00ecIiednBaeTcs IEeHTPOOEeKHBIMHU
cuAaMH. AHAAOTHYHO IIPEABIAYIIEMY BapHaHTy KOHCTPYKIIMM, MOXKHO OPraHHU30BaTh
UMITYABCHBIH PexKHM paboThl, HAIIPUMED, 32 CYEeT IIePHOAUYECKOTO U3MEHEHUS CKOPOCTH
BpallleHUs TI'py30B, UAU APYTrUM crocoboMm. I'py3oB B cxeme, IokaszaHHOM Ha Puc. 32,
MOZKeT OBITh HECKOABKO.

MOXKHO IIPENAOKHUTEL €Ille MHOIO TEOPETHYECKHX MoaeAel, OCHOBAHHBIX Ha
IIOXOKUX IMIPUHIIMIAX, HO Teopus 0e3 IPaKTUKU HE HMeeT KOMMEPYECKOI'O0 CMBICAA.
[IpenaaraeMble KOHCTPYKIIMH HECAOXKHBIE, [eIlIeBble II0 CE0ECTOMMOCTH [AS AIOOOH
MOIIHOCTH IIPUBOAA, HHTEPECHO OBIAO OBl HX IPOBEPUTH KCIIE PUMEHTAABHO.

IlepeiimeM K IpHUMepaM H3BECTHBIX PEAAbBHBIX ABHXKHUTEAEH, y>Ke€ IIPOBEPEHHBIX Ha
IIPaKTHUKE, B KOTOPBIX UCIOAB3YIOTCH UHEPIIHAABHBIE 9(P(PEKTHI.

HNueprimonapl

Mpb1 yxKe HadJaAl paccMaTpuBaTh KOHCTPYKIIMM MEXaHHUYECKHUX YCTPOHCTB, B
KOTOPBIX ABUXKYIIAA CHAA O0yCAOBA€HA IIPUMEHEHHEM CBOMCTBA MHEPIIMAABHOCTH YaCTHIL
MaTepHuH, TO eCThb, UX CBA3HU C OKPYzKaIIIeH 3(pupHO# cpenoi. [JaHHBIN THI ABUKUTEAEH
Ha3bIBaeTCs «MHEPILIMOUABDy, TEPMUH Ipuaymaa uaHxkeHep B.H. Toayun, B 1936 rony [13].
Ha dororpadpuu Puc. 33 mokazaH onuH U3 HHEPIMOUAOB ToaumHa. [IpuHIMI nedcTBUSA
O4YEHb IIPOCTOM: ABa TPy3HKa BpalllaloTCd CHHXPOHHO, B pPa3HBIX HalIPaBACHHAX, YTO
KOMIIEHCUDYET KpyTdiuid MoMeHT. Kaxnplii M3 HHX, Ha II0OAOBHHE TpPaEeKTOPUH,
pasroHdgeTcsa IIPUBOAOM, a4 Ha BTOPOH IIOAOBUHE TPAEKTOPHHM IIPHUBOL BBEIKAIOYAETCH, a
BKAIOYAETCH TOPMO3Hasl KOAOAKA (IIPY?KUHHBIN TOpPMO3), BpallleHHuEe TOPMO3UTCH.
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Puc. 33. Uuepumonn ToaunHa.

Taxkolt pexXUM «MOTOP — TOPMO3» IIO3BOASET IIepPelaBaTh PEAKIINUI0 KOPILYCY
YCTpOMCTBa BO BPEMSI BCETO IIUKAA, KaK IIPH YCKOPEHUU HHEPIHAABHBIX MacC, Tak U IpU
ux TopMoxkeHuu. Ha cxeme Puc.34 mokaszaHb!l aBe ¢pasbl paboThI ITOA0OHOTO ABUKUTEAS:
CHadyasa MPOUCXOOHUT PAa3rOH SKCIEHTPUKOB MPUBOIAOM, a 3aTeM, HAeT HUX CBOOOIHOE
OBUIKEHNE, KOTOPOE TOPMO3UTCH.

chaza yCKOpEHUS SKCLIEHTPUKOB c¢haza TOPMOXKEHUS IKCLIEHTPUKOB
M1 M2
a+ a+
npUBOJA BKITHOYEH npuBoj BbIKIOYeH

Puc. 34. [IBe dase! paboTsl nHepHuonaa ToadnHa.

[Ipn pasroHe, oT TOYKU A OO0 TOYKU B, yCKOpeHHE IIOAOKHUTEABHOE, W IIpU
CBOOOZIHOM ABHUIKEHHH, OT TOYKH B 10 TOYKU A, YCKOPEHHE OTPHUIIATEABHOE (TOPMOKEHUE).
Peakmusa kopryca Ha 00€e HOAOBHHBI IIMKAA HaIpaBA€HA B OJHY CTOPOHY, XOTd €€
BEAWYHHA MEHSETCs, B CBA3U C YeM, YCTPOUCTBO ABUraeTCs PbIBKAMMH.

OtMmeTHM, 4YTO B HMHepLuouzae ToAdmHa yrAbl BKAIOYEHHS MOTOpa M TOpMo3a ObIAn
paBHbI 30 rpaaycoB: ot 330 mo O rpamycoB paboraa moTop, a ot 150 mo 180 rpamycos
IIPOUCXOMUAO TOpPMOKeHHe. B obieM caydae, ¢a3bl YyCKOPEHHS M TOPMOKEHUS MOTLYT
COCTaBASITH IIOYTH IIO0 IIOAOBHHE IIMKAA. 3azep:KKa oIpefesseTcd ObIcTponeHCcTBHEM
CXEMBI YIIPpaBAE€HUS PA3TOHOM M TOPMOXKEHUEM.

B cBoux paborax, A.E. AkumoB u ['.U. IIunoB, pacKphIBalOT TEOPHUIO PabOTHI
WHEPIHUOUIOB C IIO3UIINY «TOPCHOHHON MexaHuKw». I.H. [IInnoB mpHUAOKHUA MHOTO YCUAUN
OAST TIPAaKTUYECKOro pa3BUTHd OaHHOM TeMbl, eme B 1981 romy H3roToBuUA [OBa
uHepHuonaa 1o cxeMe ToaunHa B pupme TymoaeBa, a 3aTeM YCIIELTHO UCTBITAaA X B MI'Y,
ycTaHaBAMBas UHEPIIMOUL OAS UCIIBITAHUH Ha «I1AaTOPMY Ha BO3AYIIHOM moayIike» [14].

HNuTepecHo, yro npu nonbITKe lllumoBa momaThk 3adgBKy Ha u3obpereHue B 1991
roAy, OH IIOAYYHA OTKa3, OOOCHOBAHHBIM TeM, YTO CYLIECTByeT HeKoe [locraHoBAeHUe,
3arpelaliee POCCHHCKOMY HNaTE€HTHOMY OIOPO IIPUHHMATH K PACCMOTPEHHUIO 3asIBKH IO
naHHOH TeMe. POpMyANPOBKA «IBHKEHHE CUCTEMBI 3a CYeT BHYTPEHHHX CHA» MOXKET OBITH
u3MeHeHa TOABKO B TOM CcAyd4Yae, ecam AkazmeMud Hayk odHUIIMaAbHO TIPHU3HAET
cyliecTBoBaHUE 3(Upa, KaK PeasbHOH Cpenbl, HMEIOIIeH oIlpeneAeHHbIe (PHU3UIECKHe
CBOMCTBA.
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Tem He MeHee, 3KCHepUMEHTAABHO, 3PdeKT ToaunmHa B pPabOTOCIIOCOOHOCTH €ro
nHepLyonga ObIAM MOATBEPXKAEHbBI HEOMHOKpPATHO, elle B Te BpeMeHa, koraa lllumos
paboraa ¢ Pakerno-Kocmuueckoit Kopriopanuet «9Heprus», a TakKe, B X0/1e COBMECTHBIX
SKCIIEPUMEHTOB C aMepHKaHCKHMH ydeHbIMH. B 2000 romy, IIumosB wusydaa TeMy
MHEPIIMOUI0B B Aa00OpPaTOpPHUH, KOTOPYIO CIIEIIMAaAbHO co3fmaan B Tamaanpme. Hakownerl, B
2002 romy, HUM KocMu4yecKHX CHCTEM HMEHH XpyHHYeBa Ha4daa CEPBE3HO 3aHHMAaTbhbCH
TEeMOH HHepPIHaAbHBIX ABUXKUTEAEH, 0 YeM TOBOPUT (PaKT ITPUMEHEHHd HOBOU CHCTEMBI
KOPPEKTHUPOBKH OpOUTHI CriyTHHKA «HOOHAEHHBIH).

Hcropusa HMHEPLUHOWOOB, CyAs IO CTapbIM MNATEHTHBIM AOKYMEHTAaM, IIOKa3blBaeT
HaAu4dre OOABIIOrO MHTepeca u3obOperaresed K maHHOM TeMe. OUeBUIHO, YTO €CTh CIIPOC
Ha II0HO0OHYI0 TexXHUKy. OTyacTH, 3TO OOBICHAETCS TeM, YTO [aHHbIe YCTpoHcTBa
JIOBOABHO ITPUMUTHUBHBI, He TPeOYIOT 3AEKTPOHUKHU, U MOTAU OBITH YCIIEIITHO PEeaAn30BaHbI
MHOTO A€T Ha3ajl. B cratbe «CBoOoOmHas sHeprusi», 1996 rom, g HpPHUBEA CCBIAKHM Ha
IIaTEeHTHI 10 TeMe «uHepruouash [15]. B 2003 roxy, B xKypHase «<HoBas sHepreTuka» ObIA
na"H o0030p [OecATKOB KOHCTPYKTHBHBIX peIlIeHHM HWHEePHIMOUZOB, II0 CXeMaM
aMepUKaHCKUX TI1aTeHTOB [16|. Boaee cTa cxeM HWHEPIHOUIOB pPaCCMOTPEHO Ha
IIOIyASPHOM HMHTEpPHET caiTe www.rexresearch.com/inertial/inertial.htm

[Tupoko# IyOAMKEe MaA0 H3BECTHO O MacliTabax paboT IpaBUTEABCTBEHHBIX
AabopaTopuil B JAaHHOM HAaIlpaBA€HUH, TaK KaK HX JaHHBbIE 3aCeKpedeHbl. B OTKpPBITHIX
cpencTBax MacCOBOM HMHGOpPMAIIMU MOXKHO HaAWTHU IIyOAMKAIIMU O IMIPOEKTaX YaCTHBIX
HCCAEIOBATEABCKUX (PUPM H HM300perateseti. OMHUM U3 SPKUX HCTOPUYECKHUX [IPUMEPOB B
JAaHHOM obaacTH saBAseTcsd «uHeplonn [AuHar. PaccMoTpuM 3TOT IpuMep noapoOHee.

CrpaxoBoil areHT u3 Bammurrona, Hopman A. Jun (Norman L. Dean) moaydua
aMmepukaHcKuit nateHT Ne 2,886,976 13 wuroaa 1956 roma. YCTpPOHCTBO Ha3bIBaeTCsd
"System For Converting Rotary Motion Into Unidirectional Motion", To ecTh, «cucrema
IIpeo0pa3oBaHUs BPaIlaTeABHOTIO ABUXKEHHS B OJHOHAIIpaBAeHHOe». Bropoii narent JuHa
ObiA B3aT mo3xke, US Patent Ne 3,182,517 or 11 maa 1965 roma «Variable Oscillator
System», HazBaHUe o3HauaeT «CHcTeMa C U3MEHAEeMbIM ocluargTopoM». Kputnku pabot
Hopwmana [IuHa BBIpaskaroT CBOM COMHEHHs II0 IIOBOLY €r0 Pe3yAbTaTOB, TaK KakK coOpaB
aHAAOT ero M300pEeTEeHHsI CTPOTO II0 OIMCAHUIO, B3ITOMY W3 IIATEHTA, OHU HE IIOAYYAIOT
paborocriocobHOro AaBHKUTeAs. [IpedrioaaraeTcsd, 4TO aBTOP OIIHMCAA B TEKCTE IIaTeHTa
IIPUHIUII B COKpAIEHHOM BHAE, HE pacKpblBasg HEKOTOpPble BazKHbIE [IETaAH
KOHCTPYKIIHH.

Ha Puc. 35 nokasan aBTOp maHHOrO n3obperenud Hopmau [IvH, U €ro ABUKUTEAD.
OTO HEe OAVH WHEPIIUOU], & HECKOABKO MapHBIX MHEPIIMOUIOB, KaXKABIH U3 HUX UMEET I10
OBa BCTPEYHBIX BpPAIIAIOIINXCS 3KCIEHTPHUKA, YTO II03BOASIET YCTPOMCTBY B LIE€AOM
XOPOIII0 KOMIIEHCHUPOBAaTh BUOPAIIUH.

Puc. 35. Hopmas [IUH U €r0 ABUXKUTEAD.
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Ha Puc. 36 nokaszaH pucyHOK u3 mateHTta Ne 2,886,976, kK KOTOpoMy a00aBAEHBI
Ha3BaHUSI OCHOBHBIX JeTarel KOHCTPYKIINH «IBHXKUTeAd [IuHar.

KyJlauykoBbIMn
MeXaHU3M
ynpaBrneHus

3KCLIeHTPUKM
\

—

O T
88

TOPMO3Has
’ __ Meperopoaka

- IPY>XUHbI

NpYXWUHbI

KOHTaKTbl CXeMbl
ynpaeneHus

Puc. 36. Cxema aBuxureasa Hopmana [duHa.

OCOOEHHOCTb MJAHHOM KOHCTPYKIIMHM B TOM, YTO OSKCIEHTPHKHU IIOABEIIeHbI B
KOpIIyCe YIpyro, Ha MpyKuHaxXx. I[lepBoHadaabHO, [IMH IIPOCTO SKCIEPUMEHTHPOBAA C
mapoil SKCIIEHTPUKOB, 3aKPEIIA€HHBIX Ha IepeMbIYKe, KOoTopasi, C IIOMOIILIO IIPYKHH,
KpPENUTCH K KOPILyCy ammnapara, Kak I1okasaHo Ha Puc. 37.

A A

BB,

Puc. 37. KomrneHcanusa G0KOBBIX KOA€OAHHUH ABYyMs SKCLIEHTPHKAMH.

IlepemMbIdKa ¥ S3KCLEHTPHUKH — 93TO IIapa B3aUMOJAECHCTBYyMOIINX Tea. Mx
B3aUMOJEHUCTBHE IIPOHUCXOOUT B COOTBETCTBHH C 3aKOHOM COXPaHEHHUsS HMIIyabca. Lmra
ABUKEHHS SKCLIEHTPHUKOB NEAHUTCH Ha [ABa IIOAYLIMKAA, CO3JaBad KOMIIEHCAIIMIO CHABI
TSAXKECTU Ha IIOAOBHHE IIMKAa. PaccMoTpuM HHKA BpalleHus, Puc. 37: aBHUzKeHHe
SKCLIEHTPUKOB BHH3 BBI3bIBACT PEAKIHUIO OIOPbI, HAYUHAETCH [ABUXKEHHE II€PEMBIYKU
BBepxX. [lasee, OBHIKEHHE JSKCILEHTPHKOB BBEPX BBIZBIBACT PEAKIIHIO OIIOPBI, KOoTopasd
IpOoSBAFIETCHd KaK MOBHUXKEHHE II€pEeMBIYKH BHH3. [IOCKOABKY BpalllcHHE [OBYX
S5KCIIEHTPUKOB (Iapbl) BCTpeYHOe, TO [JJUHY y1ar0Ch KOMIIEHCUPOBATh OOKOBbIE KOA€OAHUSA
KOpIlyca, a IIepeMbIYKa C BpalllaloIIMMUCH SKCIEHTPHUKaMU KoAaebasach II0 BEPTHUKAAH.
Kak u caemoBano oxXuaaTh, CYMMapHBIM HMIIYABC CHABI, OEUCTBYIOIIHUH Ha KOPIIyC
JAHHOTO YCTPOMCTBA 3a JIAUTEABHBIH HHTEpPBaA BpeMeHH, Obla paBeH Hyaro. [lasee, [IuH
CcO3/1aA «aCUMMETPHIO ITHKAQ», KOTOPYI0 MBI 0OCyKmaau B cxeme ToaumHa. B HyKHBIH
MOMEHT, B KOHCTPYKIIMH BKAIOYAETCd «TopMo3», Puc. 38.

e
AR A ]
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Puc. 38. Unea nBuxkuread Hopmana [dunHa.
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B MOMEHT IPOXOXKAEHUS IIEPEMBIYKH YEPE3 CPEAHEE TOAOXKEHHE, OHA YIIUPAETCd B
BBIABUXKHOH IIOIIEPEYHBIA TOPMO3, VIIpaBASIEMBIM 3A€KTpoMarHuToM. B pesyabrare,
IIOAyYaIOTCH pPasHble 10 BEAWYHHE CHABI B3aUMOAEHCTBUS Koaebarollleficss BBepX-BHHU3
IIEPEMBIYKH C KOPIycOoM. BrIOpaB ITpaBHABHBI MOMEHT TOPMOZKEHHS, MOXKHO ITIOAYYHUTH
ONHOHAIIPABAEHHYIO CYMMAapHYIO CHAY, B HY?KHOM HallpaBA€HHUU. J[IBUXKHUTEAb C OOQHOH
IIapoy 9KCIEHTPUKOB paboTaeT phIBKAMH, I103TOMY [IMH COEOMHHA IHIECTh ABHUKUTEAEH
BMECTE, HO PACIIOAOXKEHHE 3KCIIEHTPHCHUTETa Ha KaKIOM H3 HUX CABHHYyA Ha yroa 60
rpaaycoB. TakuM obOpasoM, OH IOAYYHA MOAHBIM IMKA 360 rpamycoB, u 6Goaee-meHee
PaBHOMEPHYIO ONHOHAIIPABAEHHYIO CHAY TATH.

AHaAu3Upys HOpOLleCC 3HeprooOMeHa B ABMKUTeAe [[nHa, HEoOXOOAHMMO OTMETHUTH
BaXXKHYIO POAb YNnpyz020 83aumooelicmausl, XOTs ITOT acIleKT Maao obcyxKaaeTrcd B
ImyOAMKAaIMax [0 OaHHOM TeMe. B ycrpoiictBe [IuHa, HNPOUCXOOUT Ynpyeast Iepenada
HMIIyABCA OT IIEPEMBIYKH KOPIIyCYy B OIHY CTOPOHY (BBEpPX), U Heynpyzoe TOPMOKEHHE
IIEPEMBIYKH O IIOIIE€PEYHBIH TOPMO3, IIPHU ABHUXKEHHHU B APYIYIO CTOPOHY. TeopeTHduecKwH,
[JaHHad 3aflada Xopollo IIpopaboTaHa, U OTHOCUTCH K (PHU3UKe B3auMoaelicTBuda Tea. Unes
SKCIIEpUMEHTa [0 3ToH TeMe Oblaa paHee oIyOAMKOBaHa aBTopoM Harry W. Bull B
XKypHaae Popular Science, eme B 1935 romy [17]. Bo3MoxkHO, 3TO HOpHOpUTETHAL
myOAMKaIs, TaK Kak 6oAee paHHUX IyOAMKAIIHE Ha 3Ty TEMY s HE HallleA.

noasv»KHbIE rpy3bl
™ A

TBepaas

Npy»MHa NPon3BoanUT NOBEPXHOCTb =
UMMYyNbC npon3soauT yaap

NpYyXNHa TONKaEeT rpy3bl
"h\_‘_\_‘-

—
Bonbliasa cuna ot cnabas cuna ot
nMnynbca yaapa

)'CTpOﬁCTBO ABWAKETCA B 3TOM HanpaBleHUN
~—

Prc.39. OxkcrepuMeHT 110 yIIPYyroMy U HEYIIPYTOMY B3auMOAeHCTBHIO.

ABTOp TOMICHHUA Ha PpPHUCYHKEe Purc.39, 49Yro ¢ OZHON CTOPOHBI IIOAyYaeM
3HAQYUTEABHYIO CHAY OT HMIIYABCHOT'O B3amMozeMcTBHs (impulse), a ¢ apyro#i CTOpOHBI
IIoAy4daeM caalyro CHAy OT yaapa (impact). BeIBoa: CTOAKHOBEHME Te€A MOXKET IPUBOOUTD K
PasHBIM pes3yAbTaTaM, a HUMEHHO, IIpPH YIPYyIrOM CTOAKHOBEHHH TeAaa U KOpIyca
yCTpOHCTBa, B OCHOBHOM, KOPIIYCY I€peaaeTCsd UMIIYABC, a IIPHU HEYIIPYTOM CTOAKHOBEHUHU
(yzapHO# nedpopmanum) 6oAbIIas 4acTh UMIIyAbCA IIpeo0pas3yeTcs B TEIAO.

Cxema 3KCIIEpUMEHTa, KOTOPBIH ObIA MHOM IIOKa3aH ayguTOPHUH KOH(EpPEeHIINH
«HoBrle neu B EcrecTBo3HaHum», B 1996 roxy, nzobpaxkena Ha Pucynke 40. Mos cxema
OaHHOTO JKCIepuMeHTa 1996 roza od4YeHBP IIpocTad: Ha HAIIPaBAGIOIIEM CTEpPXKHE
YCTAaHOBAEHBI [Ba CBUHIIOBBIX IIMAUMHIAPHUYECKUX I'py3a AuaMmeTpoM 15 MM u BbeicoTol 30
MM. ['py3bl MOTyT CKOAB3UTH BA€BO U BIpaBo. Mexkay HUMH pacIlioAoXKeHa IMIpyKHHA,
KOTOpas B Ha4YaAbHBIM MOMEHT ciKaTa, U yAEP3KUBaeTCs B JAaHHOM IIOAOXKEHUU HUTHIO. B
IIPaBOM YaCTH OCH, ObIA YCTAHOBAEH PE3WHOBBIH aMOPTHU3ATOP TOAIIIMHON 5 MM.

Ha Puc. 40 mokazaHbl TpHU [IOCAEOOBATEABHBIX KaZpa W3 BHIACO3AIINUCH OAHHOIO
SKCIIEpUMEHTa, KOTOPBIM IIPOBOAVACA Ha IIOAMPOBAHHOM CTOA€ B ayAUTOPHHU
KoH(pepeHuH «HoBBIE Hzen B eCTeCTBO3HAHUM», 1996 roa. CyTb SKCIIEpHMEHTA COCTOUT
B CACAYIOLIEM: HUTBh, KOTOpad YAEPKHUBAET IIPYKUHY B CXKATOM COCTOAHHH, pa3pyllaroT
KakKUM-AH00 00pa3oM, HAIIpUMED, IEePEKUTAIOT.
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Teaa, OTTOAKHYBIIHCH APYT OT APyTa B LIEHTPAABHOM TOYKE KOPIIyCa, CKOAB3AT B
Pa3HBbIE CTOPOHEBI, U KaXO0€ M3 HUX, IIO-Pa3sHOMY, B3aHMOI[eﬁCTByeT C OHOpOfI B KOHIIE
CBOETO IIyTH.

Puc. 40. OxcnepumenT PpoaoBa 10 aCUMMETPHH B3auMoaeicTBus, poro 1996 r.

C To# CTOPOHEBI, IZie B3aUMOAEeHCTBHE YIIPyroe (CIIpaBa YCTAHOBAEH aMOPTHU3aTOp),
oriope mepemaeTcss OOABIIIHI HMIIYABC, B pPe3yAbTaTe 4Yero, OHa CABUTAETCS B JAAHHYIO
cropoHy. C npyroii CTOpPOHBI (CA€Ba) TeAO yaapsieTcs o0 OIopy KeCTKO, bosibuiast uacme
e20 KuHemuueckoll sHepauu npeobpasyemcsi 8 mennogvle Oegopmayuu. IlorokeHre
YCTPOMCTBa Ha CTOAE, OO U IIOCA€ B3aUMOOEUCTBHUA TE€A C KOPIIYCOM, OTAMYAETCH: IIOCAE
B3aUMOAENCTBUSI, YCTPOUCTBO CABUTAETCS B Ty CTOPOHY, I'IE YCTAHOBAEH aMOPTHU3aTOP.
JaHHBIN OIBIT AETKO IIOBTOPHUM, B TOM YHCAE, Ha IOABECE, Ha IAaBarolleil raatdopme U
T.0O. B KaxknoM cay4dae, CyMMapHBIH HMIIYABC, II€peaaBacMblii KOPIIyCy MOaHHOIO
YCTpPONCTBa B pPE3yAbTaTe B3aHMOJAEHCTBHUSL, HE paBeH HYAIO, CA€I0BAaTEABHO, B
AQHAAOTUYHOM KOHCTPYKIIUU [OBUKUTEAd, MBI MOXKEM IIOAyYaTh OLHOHAIIPaBA€HHBIN
HMIIYABC IEPUOANYECKH, IIpUYeM, 03 BUAUMOTO B3aUMOIAEHCTBHUS C BHEIIHEH cpemoii, To
€CThb, C KaKOH AMDOO OIIOPOH.

Tem He MeHee, B3aUMOAEHCTBHE C OKPYKAaIOIIEH Cpenoll 3[ech TaKKe €ecCTh,
IIOCKOABKY [JAaHHBIA 3KCHEPHUMEHT dBASIETCS OAHHM H3 BapHaHTOB aCHMMETPUYHOTO
«QHTPOIIUMHOTO [ABUXKUTEAd», OIHCAHHOTO paHee, M IIoKaszaHHoro Ha Puc.l. C oxmHolM
CTOPOHBI, B JAaHHOM 3KCIIEPUMEHTAABHOM YCTPOMCTBE 3HTPOIIUS MHHHMAaAbHas, 3/1€Chb
co3zaeTcsd OOHOHAIIPaBAEHHBIM MaKpOUMIIYALC, IepelaBaeMbI KOPILyCY OBUKUTEAS
yepe3 aMOpPTHU3aTOPhl, Kak U B ABMKUTeAe [luHa. C apyrod CTOPOHBI, 3HTPONUMA IIpollecca
B3aUMOJEHCTBHUS HaMHOIO OOABIle, TaK KaK YaCTHUIlbl BEIIeCTBa IIOAYYAIOT IIPU
B3aUMO/IEHACTBHH HEYHOPSA0YEHHbIE MUKPOHUMIIYABCHI, a B pesyabrate aedopMariui,
BBIAECASETCH TEIIAOBasd SHEPTHS, KOTopad IepeaaeTcd OKpyzKarolllel cpeze.

HUrak, OBUKEHHE MOXKeT OBITh CO34aHO B pe3yAbTaTe acCHMMETPHYHOIO (B
IIPOCTPAHCTBE) HSHeproobMeHa C OKpyxKarmmed cpenoii. Ilo3ke, B rAaBEe O
HAHOTEXHOAOTHSX, MBI BEPHEMCS K 3TOMY BOIIPOCY, ITOKAa3aB €Ille OOUH METO/ PeaAru3aIus
pganHoro mpuHnuna. Cedyac BepHEMCS K MEXaHUYECKUM CHCTEMAaM, HCIIOAB3YIOIIUM
UHEPIIMaAbHBIE CBOMCTBa TeAd, ABUIKYIIETOCS II0 TPAEKTOPHUU IIEPEMEHHOIO paauyca
KPUBU3HBI.

OPPEeKTUBHOCTh TAKHUX HUHEPIIMOUIOB MOKET ObITH O4YE€Hb BBICOKAsd, HAIIPpUMEpP, B
1980-e ronpr B Kanazge u CIIA ucnbITBIBaAM MHEPIIMOHHBIN IpUBoJ 110 cxeme TopHcoHa
(Brandson R. Thornson), B KOTOPOM 3KCIEHTPHUKHU [ABUTAIOTCSI II0 TPaAEKTOPUU
Kapauouasl. JJaHHBIE npuBoA ObIA JOCTATOYHO MOITHBIH [IAS TOTO, YTOOBI obOecreynBaTh
OBUKEHHUE AOJIKU C accaxkupamu. [lo sHeproszarparam, JaHHBIE IIPUBOJ 9KOHOMHEE, YeM
OeH3WHOBBIH AOJOYHBIH BHHTOBOM MoTop IpuMepHo B 20 pas. M3o06pereHme moapoOHO
orrcano B nateHTe US 4631971, ot 30 nekabpa 1986 roxa.

Paccmorpum cxemy mHepnuouna TopHcoHa, Puc. 41. CeppIMU KpyzKKaMH Ha CXeMe
IIOKa3aHO IIOAOXKEHHE 3KCIEHTPHKA IIPH €ro ABUXKEHUH, KOTOPOE CO3JaeTcd IIyTeM
CYMMHPOBAHHS ABYX ABUXKEHHH: OpOHUTAABHOI'O M COOCTBEHHOI'O BpallleHUd. [IpuMeHeHne
1apbl 9KCIEHTPUKOB ITI03BOASET YCTPAHUTh OOKOBOH MMIIYABC, IIepeaaBaeMblii KOPILyCy.
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OpOuTaABbHBIH BaAMK «OOKaThIBaeT» IIEHTPAABHYIO IIECTEPEHKY, KOoTopas
yCTaHOBA€HA Ha BaAy MoTopa. MOTOpPOB MOXKeT ObITH ABa, HO OHU MOAXKHBI paboTarthb
CHHXPOHHO. OOBIYHO, OAS KaK[IOTO SKCIIEHTPHKA CO3IAI0T CBOIO IIECTEPEHKY IIPUBOAA,
KOTOPYIO «OOKaThIBaeT» OPOUTAABHBIM BaAMK, HO of0a MIpPUBOAA CHHXPOHU3UPOBAHEI,
IIOCKOABKY UMEIOT OIUH OOIIHH MOTOP.

3KCLIeHTPUK 0p5VITaIIbeIVI BalukK

liectepeHka BpaljaeTca Ha Bany MoTtopa
OCb HenoaBWXXHaA

Puc. 41. Cxema unepruonaa TopHcoHA.

OKCIleprMeHTaAbHbIE [aHHbIE, IIOATBEPKAAIOIIME IIEPCIIEKTUBHOCTh CXEMBbI
TopHCcoHa, ObIAM mOAydeHBI MouM OpaToM PporoBbiM ArekceeM BaagumupoBuuem. I[Ipu
HAAWYUM HHTepeca 3aKa3dMKOB K [JaHHOM TeMe, MBI T'OTOBBI pa3paboTaTh KOMIIAEKT
KOHCTPYKTOPCKOH MOKYMEHTAIlllH, UAH U3TOTOBUTH MOJEAD ITpUBOAA 110 cxeMe TopHCOHA.

B Hacrogmee BpeMms, pa3paboTaHbl KOMIBIOTEPHBIE  [IPOTPAMMBI AL
MOJEAUPOBAHUA KapAUOUIbl U KOHCTPYHUPOBaHUd HMHepIuouaoB TopHcoHa, Puc.42.

LeHTpanbHas WecTepeHKa (hukcupoBaHa

rnaBHas wecrtepeHka
paLL‘aeTCﬂ

lecTepeHKIC3KLIEHTPUKaMM BpaLLatoTcs no
opbute u BOKpyr cBoen ocu

Puc. 42. KoMnisloTepHOE MOAeAUpPOBaHUe HHepHonaa TopHCOHA.

3mech MokasaH OAWH M3 BAapHAaHTOB KOHCTPYKTOPCKOTO PEIIeHHd, B KOTOPOM IBeE
IIOABUIKHBIX IIECTEPEHKH OOKATHIBAIOT HEIIOABHIKHYIO I€HTPAABHYIO IIIECTEPEHKY.
[TogBUzKHBIE IIIECTEPEHKH HMEIOT 3KCIEHTPUKU. TpaeKTopus SKCLEHTPUKOB HMEET
aCUMMETPHIO, 3TO HE€ OKpPYXKHOCThH IIOCTOSSHHOTO paauyca. HTak, ecan TpaeKTopud
OBUXKEHUS LEHTPa MacC OTAMYAETCH OT OKPYXKHOCTH, TO IIEHTPOOEXKHad CHAQ, U CHAA
peakius Ha KOPIyC YCTPOHMCTBA, HMEEeT pPa3Hyl0 BEAHWYHHY B pPas3HbIX paarlasbHBIX
HallpaBA€HUAX. [IBUKyIIas craa OOyCAOBAEHA 3[eCh, KaK U B APYIUX IIOXOXKHUX CXEMaX,
IPaAUEeHTOM IIEHTPOOEIKHOMN CHABIL.

B HacrogdIee Bpemsi, aBTOPOB H300pPETEHUH II0 TEME «HMHEPIIMOUAbI» OY€Hb MHOTO.
Xoreaoch OBI pacckazaThb IIPO Te€X, KOro s 3HAA AWYHO. [IpuMepoM MHOroaeTHeiH
OECKOPBICTHOM HCCAEOBATEABCKON paboThl B JAHHOM HAIIPABACHUH SIBASIOTCH ITPOEKTHI
Koncrantuna [MmurpueBuda lllykasoBa, ropoxn VBanoBo. B 1996 romy, oH mpHeskaa B
Caukr-IleTepOypr Ha KOH(EPEHITUIO, ¥ JEMOHCTPUPOBAA CBOH MozeAu B pabore, Puc.43.
Opnna u3 mozmeaett lllykaaoBa nmokazaHa Ha Puc. 44. B manHOM KOHCTPYKLIMU, ITUTAHHUE Ha
3ACKTPOMArHUT IIOOAETCS 10 IIPOBOLY.
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[IBa OSKCIIEHTPHKA [OBUKYTCH II0 TPAEKTOPHUH IIOCTOSHHOIO paauyca, HO HX
B3aHUMOMEHCTBHE HMMeeT OCOOEHHOCTBH: B OJHOM KpaMHEM IIOAOKEHUH, OHH VAAPSIOTCH
OPYyT O Apyra, IIO3TOMY HX HMIIYABC «TacuTcs». B apyrom KpalHEM IIOAOKEHUH, OHH
yAApsSIOTCS O IIPYKHHBI, IlepefaBasl KOPIIyCy [ABa COHAIIPABAEHHBIX HMIIyAbCa, depes
YIIPyroe CTOAKHOBEHHE.

.

Puc. 43. Korcrantus JImutrpueBud lllykasoB 1 OAMH U3 €0 HHEPLUUOUAOB, 1996 rox.

[To moBomy 3aKOHA COXpPaHEHUS HMIIYAbCA, MIAS paccMaTpUBaeMol KOHCTPYKIIMU,
HEoOXOQUMO OTMETHUTb, YTO IPH COyHApPEHHH TIPYy30B, HUX HMIIYABC IIpeoOpasyeTcd B
TETIAOBYIO 3HEPTUIO AeopMalli BEIEeCTBa, U3 KOTOPOIO CAEAAHBI ABUIKYIIHECS TPY3bI.
[Ipu cxkaTnu NIPy=KUH, B Apyroi dasze pabodero uKAa, SJHEPTHUS YACTUIHO IIpeobpasyeTcd
B TEIAO, HO OoAbIlIad YacTb KUHETUYECKON SHEPruu MABUKYIIUXCHA TI'PY30B IlepeaaeTcs
Koprnycy aBuxkuTeAsd. [JanHas cxeMa lllykasoBa mpenacraBageTcsd BecbMa II€pPCHEeKTHBHOMN
JAS IPAKTUYIECKOTO BHEIPEHHS.

Puc. 44. Onun u3 urepuuonaoB lllykaasoBa.

Henocratkom koHcTpyKimu IllykasoBa $BAseTCS Maaasd dYacToTa IIOAYYAEMBIX
UMIIYABCOB TATU. [Ipenaaraemoe MHOM pereHue, Puc. 45, 1103BoAsIET IIOBBICUTH YaCTOTY
UMIIyABCOB. 37eCh [Ba OAEKTpoMarHuTa paboTaroT B pPeXUME  HUMIIYABCHOTO
OTTAAKHBaHHS, IlepefaBasl HMIYABC 4Yepe3 IIPYKHUHBI Ha omopy. 4acToTy HMIIyABCOB

MO2KHO ITOBBICHUTB.
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Puc. 45. Bapuaut aBuzxuteas Ppoaosa o cxeme lllykasoBa
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[TpakTHuecKoe IpUMEHEHHEe TAKUX IIPUBOAOB BO3MOXKHO HE TOABKO B aBHAIUH, Ha
CyZaxX HWAM B KOCMOCE, HO U B POAU IIPHUBOJA AKOOOH KOAECHOM TEXHHUKH, MIpPHUYEM
TEXHOAOTHYECKH VCTpPaHSeTCd CHCTeMa IlepeJadd KpYTHIero MOMEHTa Ha KoAeca
(TpaHCMHCCHS), 4YeM CO3/[aeTCsl KadeCTBEHHO HOBBIM YypOBEHb TEeXHUKHU. Bce, UTO
TpebyeTca OAsd BHeIPEHUS MOAaHHOU IIEPCHEKTHUBHOM TEXHOAOTHU Ha TPAHCIOPTE, 3TO
HHTepeC 3aKa34YUKOB U HHBECTOPOB.

[Iperieccusa rupockora

OTneAbHO MOXKHO BBIIEAUTH THII HHEPIIMAABHBIX OBHIKHUTEAEH, KOTOpBIE
HCIIOAB3YIOT 3(EKTHI, BO3HUKAIOIIHE IIPU BBIHYXKAEHHOH IIPEeCCHH THPOCKOIIA.
Hamomuro, uto Meton IloAskoBa eCTh YaCTHBIHM cAydaill HPaKTHYECKOTO HCIIOAB30BaHUSI
naHHoro sBaeHUs. CyTb maHHOrTO 3ddeKkTa, B KAACCUYECKOM MOHHMAHWH: THPOCKOII
CTPEMHTCS COXPaHATH MOMEHT BpallleHHus, K AOOOH I[IOBOPOT OCH €ro BpallleHHUs
(BBIHYZKIOEHHAs IIPELIeCCHd) CO34aeT napy Cujl, TO €CTb, NOIIOAHUTEABHBIN KPYTSIITHHI
MOMEHT, KOMIIEHCUPYIOIIUHY MOaHHBIM IIOBOPOT. 3aMeThTe, 4TO [AaKe B KAACCHYECKHX
yueOHHMKax (PU3UKEe, CETOAHs YK€ BCTpedaeTcs IIOHHMAaHHE TOro, YTO CHABI BCEraa
BO3HUKAIOT ITapaMu. [1oae3HO ObIAO GBI aKIIEHTHPOBATE 3TO IPABUAO B IITKOAAX.

Ha Punc. 46 mnokazaHa BeKTOpHas CYHIEpPIIO3UIINS CHA, BO3HHUKAaloIasd IIpU
BBIHY2KI€HHOM IIPEIeCCHH OCH I'MPOCKOIIA.

Puc. 46. Cuabl, BO3HHKAIOIIHME ITPU BBIHYXKIEHHOH ITPElleCCHH OCH T'MpPOCKoIIa.

Bosnukaromnias cusa F HacToABKO MoOIIHAsI, YTO CIIOCOOHA ITOBOPAYUBATH YEAOBEKA,
CHIAINET0 Ha BpamarmneMcd Tadypere - «cKaMeidike 2KyKOBCKOIO», €CAH y HETO B PyKax
HeOOABIIION, HO OBICTPO BpallaloIIMHCcSI THPOCKON. Basknasa ocobeHHOCTH: cuaa F
HeAWHeMHasi, OHa CO3ZaeT IIOBOPOT OCHU BpallleHUs THpockomna B nmaockoctu XOY, ecau Ha
OCh IEUCTByeT BHEIIIHSAS CHAA, IoBOpaduBarolas ee B ranockocTu ZOY.

OddekT yBeAHdYHUBaAETCsI, €CAH THPOCKOII BpalllaeTcsl ObICTpee, W IIOBOPOT OCH B
rmaockoctu ZOY mpoucxomuT ObicTpee. CoraacUTech, YTO MOaHHAA CUTYaIlHUsS YEM-TO
HAIIOMUHAeT BO3HUKHOBEHHE CHABI AOpeHIa, MAW cuAbl MarHyca. [lompobyem Ha¥iTh
aHaAOTHU W IIPHUYUHBLI BO3HUKHOBEHHS MAaHHOM CHABI, B paMKax 3QHupoauHaMUKu. Ha
Puc. 47 nmokasaH THPOCKOII, KOTOPBIY BpalaeTcss BOKPYT OCH Y, U IIOBOpPadYUBaEeTCs B
rmaockocTtu YOZ.

NnoBOpPOT OCH

z

Puc. 47. BeKTOpHOE CAOXKEHHE CKOPOCTEH B BEpXHEH M HHUXKHEH 4acTU I'MpOCKOIIa.
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Bo3HukaeT napa TUpOCKONHNYEeCKUX cHA: Fi HampaBaeHa BBepxX, U Fo - BHHU3, B
rmaockoctu XOY, ¢ TOYKU 3peHHd HabalofaTeAd, KOTOPbIY BHAUT BpallleHHe THUpPOCKoIla
BOKpPYT ocu Y II0 4acoBOH cTpeaKe (IIpaBoe BpamleHue). Kakne MoOryT OBITH IIPUYHHBI
IIOSIBA€HUS NJAaHHOH Iapbl CHA?

OrmeruM caeayroonmi QakT: pasHble YacTH IIPElleCCHPYIOLIEro T'HPOCKoIIa
OBUXKYTCHA C Pa3AMYHOM CKOPOCTBIO OTHOCHUTEABHO BHellHel acupHoO#l cpenpl. CKOPOCTH
OBUXKEHUS 4YacTUL] BEpPXHEW HacTU THPOCKOIIa, OTHOCUTEABHO BHeENIHel cpenbl, 3a CUET
CAOKEHHs COHAIIpaBAEHHBIX BEKTOPOB cKopocre#i Vi u V,, 06oabIlle, 4eM CKOPOCTh
[OBUKEHUS YaCTHUIl HUKHEN 4acTH TMPOCKOIIa, OTHOCHTEABHO cpenbl. B pe3yabTare, Kak u
B ra3oWHaMHUKe, B COOTBETCTBHU C 3aKOHOM bBepHyAaHm, maBaeHHE BHeEIIHeH 3(UPHOH
cpenpl Ha YacCTUIBI MaTepUM B pPas3HbIX 4YacCTIX THPOCKOIIA HEOAUHAKOBOE, TO €CTh,
BO3HHUKAET TpPaAVeHT MOaBA€HUS Cpenbl Ha IIPElLeCCHUPYIOIME THPOCKOIl. OdPdeKT
IIPOSIBASETCS KaK B BO3AyXe, TaK M B BaKyyMe, II09TOMYy y HAaC €CThb II0BOJ I'OBOPHUTH O
3¢pupoduUHaAMUUECKOM 0a8IeHUU 8HEeUHEel cpedbl HO WACMUYUbL MAMEPUU 2UPOCKOoNA.

TakuM o00pa3oM, Hapy TUPOCKOIMYECKUX CHA MOXKHO OOOCHOBATH TI'PaIUEHTOM
[JaBAeHHd 3(HUpa Ha Bpalllaloliyecs YacTHIlbl MaTepuu rupockorna. CaeqoBaTeAbHO, 3TO
BHEIIIHAS CHAQ, U MBI MOXKEM HCIIOAB30BaTh €€ B KOHCTPYKIHMAX ABUXKHUTEAeH aKTHUBHOTIO
Tuna. I[Ipy KOHCTPYHPOBaHUHU CAEAYET Yy4eCTh, YTO OTO CHAA HE CABUTAET T'HPOCKOII
AWHENHO, a HOoBOpadYUBaeT €ro oChb B IAOCKOCTH XOY, yBeanuyuBas KpPYyTAIIUU MOMEHT
THPOCKOIIA.

JOTIOAHUTEABPHO, PACCMOTPUM JAaHHBIM BOIIPOC C Apyrod croponHsl. Ha Puc. 48
IIoKa3aHa TPaeKTOPUH ABUKEHUS TOYKH Ha Iepu(epuH Bpallalollerocs THpoCcKoIa, IIpu
€r0 IIPEIECCHH (IOBOPOTE OCHU BPAILEHHUS).

Puc. 48. TpaekTopusl TOYKH Ha IIPEILECCUPYIOIIEM THPOCKOIIE.

PaccrosiHue oT maHHOM TOYKH [0 LIeHTpa BpallleHHd THPOCKOIIa IIOCTOSHHOE, HO C
y4eToM TOTO, UTO caM ILEHTpP BpalleHHd TUPOCKOIla (IPHU BBIHYKAEHHON IIpEelecCUu)
OBHIKETCHd, TO TakKasd TPaAeKTOPHd ABHXKEHHA TOYKH B IIPOCTPAHCTBE YK€ HE HABAGETCS
OKPYKHOCTBIO. O4YeBHAHO, YTO KPHUBH3HA pPAa3HBIX yYacTKOB MOAaHHOM TpPaeKTOpPUU HeE
SIBASIETCS IIOCTOSTHHOM, IIO3TOMY CKOPOCThH IOBUKEHUS M YCKOPEHMHE KPHUBOAMHEWHOIO
OBHIKEHUS TaKxXKe He SIBASETCHd IIOCTOSHHBIM. OTOT INPUHIMI MBI paccMaTpHUBaAU paHee,
HaIIpUMep, B 3KcHepuMeHTax AkazeMuka BeiHuk. lleHTpobOexxHasa cuaa, AedCTBYyoIIas
Ha TEAO, IIPH €ro YCKOPEHHOM KpPHBOAMHEMHOM [OBHIKEHHH, 3aBUCHUT OT BEANYHHBI
YCKOPEHHd, K, B OJaHHOM CAy4ae, OHA TaKXKe He SBAIETCd OOMHAKOBOM Ha pa3HbIX
ydacTKax TpaeKTopuu. Takum o0pa3oM, BOSHHUKAET I'PaAUEHT CHABI, IPEUMYIIECTBEHHO B
OHOM HalpaBAeHUHU. [IpuMep mpaKTHYeCKOT'0 IPHUMEHEHUsI JaHHOIO MeToa IIoKa3aH Ha
Puc.49, nmarenr CIIA 3,653,269 ot 15 maa 1970 roma, aBTop Puuapa docrep (Richard
Foster). B omucanum mnareHTa, IIOKa3aHa KOHCTPYKIMSE B BHIE TEAEXKKH, Ha KOTOPOH
BpalaeTcd OUCK, U Ha AUCKE YCTAaHOBAEHBI ABa THPOCKOIlA, B OKHax (oTBepcTHsax). B
KOHCTPYKIIUH €CTh AEKTPOMOTOPHI TPEeX IPYIIII, PA3ANYHBIX 10 HA3HAYEHUIO: ABa MOTOpa
32 BpamarmT caMHu T'MPOCKOIIBI, IIpUYeM, IUTaHUEe Ha HUX IIOJAIOTCS dYepe3 IIEeTKU U ABa
KOHTAKTHBIX OUCKA.

40



OKHO

TMPOCKOMNbI

'| AKKkymynsiTOP

Puc. 49. [IBuzxuTeAb ¢ THPOCKOIIaMH, aBTop Pruuapa Pocrep.

MoToper 32 caMH TOXKE€ BpallaloTCd NpHUBoAaMH 38, CO3AAIOMIMMH IIPELIECCHIO
TUPOCKOIIOB. ['MpoCKOIBI 3aKpemAeHbl Ha OCH BpallleHHs, KOTopasli pacIlOAOXKEeHa
JUaMeTpaAbHO B OKHe AucKa. Morop 23 moBopaduBaeT BECh AUCK, YTO M CO34a4eT
peakiuio Ha Bech Kopmyc. [Ipu oOaHOI IIOAOBHHE IIMKAA CHAY TSATH CO3[aeT OAWH
THPOCKOII, IIOTOM OH BBIKAIOYAETCH, & CHAY TATH CO34aeT BTOPOM rupockon. Kaxkabiii us
TUPOCKOIIOB «paboTaeT» IIOAOBHHY ITHKAA.

CyiecTByeT MHOI'O aHAAOTHYHBIX CXE€M, B TOM YHCAE, 3allaTeHTOBAaHHBIX.
[IpakTHYeCcKHe MCCAEIOBAHHS MOXKHO I[IPOBOAUTH MOaike B HEOOABIION moMairHeiH
AabopaTopuH, OOHAKO, CA€AyeT 3HaTb BaKHBIH AaCHeKT IIPUMEHEHHUd [IOMO00HBIX
TexXHOAOTHH. [Ipu paboTe MHEPIIMAABHOTO ABHIKHUTEAS, PeaKIus B 3(PUPHOH cpeae MOKET
OTPHULIATEABHO BAHWSTH Ha 300pPOBbE YEAOBEKa, HaXOMLIIETOCSI PaOoM C TaKUMHU
OBrkuTeAsaMu. [lo cBoeMy OIBITY, MOT'Y OTMETUTDH, HAIIpUMep, U3MeHEHNE apTepHaAbHOIO
naBaeHUsd. M3 oOIeHHs ¢ APYTMMH aBTOpaMH — pa3paboTdnKaMi, KOTOPbIE PHUCKHYAH
3aHUMAaTbCd 0Ooaee MOIIHBIMH BO3MYIIEHUSIMH JS(QUPHOH cpenbl, MOy IIPUBECTH
caenyroni  ¢pakr. B 1980 - 1990-e rompi, B Caukt-IlerepOypre, IpOBOOHUAUCH
9KCIIEPUMEHTBI C METAAAMYECKUM THUPOCKOIIOM B (QOpMe IMAWHAPA, HMEIOIIETo
COOTHOIIIEHWE OAWHBI U guaMerpa 2 K 1, Maccy B HECKOABKO KHAOT'PaMM, OOOPOTHI
IIOPSIIKA THICIYHM 000POTOB B MHHYTY. PaCKpyTHB Tako#l THPOCKOII, HCCAEIOBATEAHN PE3KO
II0OBOpaYUBaAH (HAKAOHSIAH) OCh €TI0 BpallleHUsl, C IIOMOIIBI0 MOIIIHOrO phryara. [Ipu Takoi
«BBIHY2KIEHHOM IIpereccHi», BO3HHKasa HE TOABKO IIapa THUPOCKOIHYECKUX CHA. Bblao
OTMEYEHO «HMIIyABCHOE€ M3AYy4YEHHE HEH3BECTHOM MPHUPOAbI», KOTOPOE, B OJHOM U3
3KCIIEPUMEHTOB, IIPUBEAO B HEHUCIPaBHOE COCTOSIHUE BCE MeXaHH4YeCKHe U
9AEKTPOMEXaHUYEeCKHEe 4achl B 3[JaHUU, IZI€ IPOBOAMACH MAHHBIM 5KcriepuMeHT. Kpowme
TOr0, OTMEYAaAOCh HETaTHBHOE BAHWSHHE MAHHOIO BHA H3AYYEHHS Ha 30pPOBbE AIOAEH,
HaXOAAINUXCST BOAN3H 9KCIIEPUMEHTAABHOH yCTAHOBKH.

Jaq Hac 3TH 3a9BA€HHSI HHTEPECHBI TEM, 4TO IOATBEPXKAAIOT IIPEAIIOAOKEHHE O
IIPUPOZE THPOCKOIIMYECKHX CHA, KaK peakyuu 5¢upHoil cpedbl. HA ee 803MYyUuleHUe.
CoraacHo paccMaTpuBaeMol B JaHHOM KHUTe 3(PHUPOAMHAMUYECKON KOHIIEIIINH, TaKoe
BO3MYVIIIEHHE MOAYKHO COIIPOBOXKAATBHCH MOIIHOM BOAHOM IIAOTHOCTH 3(HUPHOM Cpensbl,
BAMSIOIIEY HE TOABKO Ha TEXHHUYECKHE YCTPOMUCTBA, HO U Ha OHMOAOTHYECKHE OOBEKTHI.

B mepcnekTuBe, IIpenCTaBASETCS BO3MOXKHBIM CO3[aBaTh, IIPHU  ITOMOIIH
WHEPIINONI0B, UMIIYyABCHbIE BO3MYIIEHUS dO(UPHON cpeapl, MOIpHUYeM, CTPOTO B
OIIpEIEACHHOM HAaIlpaBACHUH, W KOHCTPYHPOBATH TaK Ha3bIBaeMble «3(pUPOOOMEHHEBIE
OBUXKUTEAN». [loaararo, 4To B POAU ABUIKUTEAEH, TAKUE MEXaHHYECKHUEe MaIlIUHbI HE OY€Hb
MIEePCIEeKTUBHBI, HO MOTYT HMETh IIaHC BHEIPEHUS, KaK CHCTEMBbI CBS3H H BOOPYKEHUS
HOBOTI'O THIIA. BBICTPOAEHCTBYIONINE MOIIHBbIE ABHKUTEAH [JAHHOTO THIIA MOTYT OBITH
peaAn30BaHbl HEe MOJIbKO MEXAHUUeCKUM nymem, a Ha OCHOBE THMPOCKOIIMYECKHUX CBOMCTB
4acTUll MaTepuH, Kak nokaszaa C.M. IloagkoB Ha nipuMmepe peppOMarHeTHKOB.
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I'MBUII

[TepeitimeM K HCTOPHUYECKOMY IIPUMEPY B o0AacCTH co3maHusa 3(PHUPOOOMEHHBIX
anmapaTtoB. OTOT IpPUMEpP HMeeT BasKHOe 3HA4YeHHe, NAS IIOHHMAaHUs IIyTed pa3BUTHUSI
HOBBIX TEXHOAOTHH [BUXKEHHs B IPOCTPAHCTBE.

B 1991 romy, rpynma astopoB I'MBUII (I'pynna HM3ydenus BeslHeplnOHHBIX
[TporueccoB), pazBuBas Teopuio A.B. MypablkmHa, OpoBepssa TeXHUYECKUE pPeIleHUs,
KOTOpPBbIE MOTYT IIPUMEHSTHCH OAT CO3MaHUS PabOTOCIIOCOOHBIX YCTPOHMCTB, IT03BOASIOIINX
IIOAyYaTh ABUXKYIIYIO CHAY 3a CHeT peakluu ¢ 3pUpPHOH cpemoii. B ocHoBe Teopuu
MypABIKMHa A€XUT IIOHHMaHHe pasAuduil [OByX CIIOCOOOB CO3MaHUs MOBUXKEHUS B
IIPOCTPAHCTBE: AaKTUBHOTO H IIacCUBHOro. B omHOM caydae, okpyzKarolias cpena
paccMarpuBaeTcsd KaK I[IaCCHUBHasd, a MABUXKHTEAb [OAKEH ObITh aKTHUBHBIM, TO €CTb,
co3gaBaTh CHAY TATH, IPEOZIOAEBAsI COIIPOTHBACHHE (MHEPIIHIO) cpeabl. B gpyroMm caydae,
KaKk U [Ad IIPOCTOrO IIapyCHHKA, MHUIHMATHUBA IIEPEMELIEHHUT IIPOMCXOOUT OT
OKpyzamlei cpeapl. OKpyzKalolllasg cpefa CTAaHOBUTCS aKTUBHOH, Ilepemeliasgs OOBEKT,
HaIIpUMep, AeTaTeABHBIH armapar, 6e3 3aTpaT TOIIAUBA.

[To TepmuHoAroTHMH paszpaborumnkoB ['MBUII, adup gaBageTcsa «aHTUBEIIECTBOM»,
IIOCKOABKY M3 HETO H CO3/1aeTCs BEIIECTBO. S ObI TaK He TOBOPHA, HO 3TO HJEHU aBTOPOB U3
rpynnel MBUII. B atoboM caydae, coraaceH C HMX BBIBOJAaMH O TOM, YTO IIPOILIECC
CYLIECTBOBAHUS YacCTHIL[ MAaTEpPHM, HMEWOIINX HHEePLIHaAbHbIE CBOHMCTBA, MW €CThb
3(pUPOOOMEHHBIH ITPOIIECC.

Cxema paboTbl 2(PpHUPOOOMEHHOTO MOBUIKUTEAS OIIMCaHa aBTOPaMH CAELYIOIIIUM
ob6pa3oM: HeOOXOAMMO OOEeCIeYuTh «BBIAECACHHE U3 HGApa XHMHYECKOTO0 JSAEeMeHTa
AHTUBEUIECTBEHHON 3(PUPHOU COCTaBALIOIIEH, HAKOIIACHHE U YBEAHUYEHHE €€ IIAOTHOCTH,
a 3areM, IlepenaTh ee B pabouylo 30HYy amnmnaparta. Haawdme BOKPYT A€TaTEABLHOTO
armapara «QHTUBELIECTBEHHOM 3(QUpPHOHI 000AOYKH» BBICOKON IIAOTHOCTH Oyzer
MIEPEBOAUTL OKpPYyKaWUIylo 3(HUPHYIO Cpeay B aKTHBHOE COCTOdHHE, B OHa Oymer
CTPEMUTBLCH «BBITECHUTBH» TaKOM OOBEKT Kyla YroAHO, B HAMPABAECHUU YMEHBIIICHUS
TIAOTHOCTH B JAaHHOM CEKTOpPe 0OOAOYKM».

KpaTtko oTMeTHT, YTO MOaHHAs TeMa AaKTHBHO OOCYXKOAeTCsd B AaHTAOS3BIYHOM
AUTEpaType, Kak Bapn-aABuxkuTeAb (Warp drive).

[pyrumMu caoBaMH, ABUKUTEAEM [AaHHOTO 3(HUPOOOMEHHOro amnmapara,
CAYyKUT 23(UpHadg o000A0OYKaA BOKPYT AETATEABHOIO arrapara, HUMemolias TIpagueHT
IIAOTHOCTH 3(gHUpa B HYKHOM HamnpaBaeHHH. OKpyzKarmmias cpena OyaeT BBITECHATH
o0aacTh IIPOCTPAHCTBA, OKPYXKEHHYI0 TakKodl d2(UPHOH 000AOYKOH B CTOPOHY
YMEHBIIIEHHOH MAOTHOCTH 3(PUPHOHU 060AOUKH.

Ha Puc. 50 nokaszaHa Komous A0OKyMEHTa, KOTOPbIYM MHE IIPeJOoCTaBUA OOUH U3
yaeHoB rpynmnel T'MBUIL. [JauHbI# HOKyMeHT (AdduneBUT — 3asgBA€HHE IIOA IIPUCATOH
affidavit), 6p1a panHee omybaukoBaH B kKypHase «HoBasa Oueprerukar, Nel (4) SduBapp —
®eBpaab 2002 roma. B sTom nmoxymeHtTe, MuxaseB Cepreit AAeKCaHAPOBHY, 3a9BASIET, YTO
B 1991 roay, c Tepputopuu Poccuu, ObIA YCIIENITHO MPOU3BEAEH 3aIlyCK aBTOMAaTHYECKOTO
6ecriuAOTHOTO 3(PUPOOOMEHHOTO aIapara Co CKOPOCTBIO, IIpeBBIMIAOIIEH CKOPOCTH
cBeTa, W He HMEIOIHMH Ha O0opTy 3amaca TomauBa. BrepBbie 006 3ToM dakTe ObIAO
3adBA€HO B XypHaase «AHoMaaus» HoMep 2 3a 1994 rox. TakuM HEOOBIYHBIM CIIOCOOOM,
aBTOPBI YCTAHOBUAU POCCHHCKHE ITPUOPUTETHI B JAHHOM 00AACTH UCCAEIOBAHUM.

«OcpupHOE BelecTBO», IO caoBaMm paszpaboruyunkoB 'MBUII, «orbupaercda oT saep
aTomoB». IIpedrioaararo, YTO OCHOBOM HX KOHIEIIIIUU ABASETCS 3(PUPOIUHaAMHYECKAS
MOZEAb dOep, CYLIECTBYIOIIMX 34 CYET I[IOCTOSIHHOTO IIPUTOKA «3(PHUPHOTO BEIIECTBAy.
Boaee 1togpo6HO, TEXHOAOTHS HE PACKPHIBAETCH.
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R, MNMHXANIEB CEBPIrER ANEKCABOPOBHI, 24 sAHBaps 1962 rona

xnedlis, POANBOHACH B pepenye Hpanopcxog Hapo-OOMHHCKOI'O pafoHa 2 4

L Bgcxoacxoa obnacTis, nacnopr IX-HK N 651948, BunaunsfR "30" uoun 0w
) '-" 1978 rona TPOHUKHM IOPONCKHEN OTAENeHHeM MHnMuWe OBX lMomonscxoro "F"‘"‘

& roppafincnionkosons Hockoscxof obnacT, NPOXHBAKWHA N0 anpecy: !

4 Mocxopcxas obnacTs, Topon TpoHuK, ymua OKONBRAA, ROM ' @ ',
TN xpapThpa 44, 0O XBaNAPHKAUHH HHXEHEeP-NeXaNHK, [0 CNeusanbHOCTH K4
W, S XpHOT'eHHaR TexHuxa, coobmaxy onenyomRe PaxTi, 3a ROCTOREPHOCTS | '-\_

N | XOTOpMX N . .

- | B 198! rony C TEPPHTOPHH rocynapcTsa Poccuf B Kocumuackoe .r \
Nl lpocTpaxcrso  Gun gcnem«o NpOH3BeNieR Sanyck ABTOMATHYECKOI'O o
(T GecnnnoTHoro SOHPOOBMEHHOI'O ANMAPATA CO CKOpPOCTB®, nNpesnmapmen s AT

cxopocTs “"cBera', n He Huexmero 6OpPTOBOro Janaca TONINBA. d
23 OdanHas pabora cTana BO3XOXHROA nocne 3aBepwaHns Teopuu =N

BHTacHSomux Noneft(aprop A.B. MypnuxHH). X,
\(:J B pa3puTHe ero ‘TecpHit MHO® paspaborana “OOpNYna IHEpruu L.-_\'oV
[vtw NHOT'OMEPHOT'O NPOCTPAHCTBA", CHOACTBEEN XQTOpOR sApnreTcs TAB 55

3~ AHCKPeTHNX BENAYHR  3aBHCHMOcTe#  2QupoolNeHHOrO  npouecca e
I?~ N nonyyesHas  u3 "OOPKYZIN WHEPINE MHNOIOMODHNOXO NpoCTpPARCTRA” B
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Puc. 50. AdbduneBut Muxasesa.

[Ipu obimennn ¢ yaeHoM maHHOM rpynnb!l [llepbak I1.B., MBI 00CyKmasu Takyio
CAOXKHOCTb BHEIPEHHsS [AaHHOM TEeXHOAOTHH, KaK MEeIUKO-OMOAOTHYECKHM acCHeKT.
JlaHHBIH pa3paboTyuK UMeeT psn Iyoaukarmii [18].

43



OduponaaBaTeAbHbIH anmapaTt KopoBuHa

OTMeTHM, YTO CO3/IaHHE AETaTEAbHBIX allllapaToB, ABUKUMBIX caMo¥ 3HUpHOM
cpenoii, a He peaKTHUBHBLIMH TOIIAMBHBIMH CHCTE€MaMM, 3aHHMAaAHUChH elle no 1917 ropa.
HNuTepecHBI IpuMep U3 apXHUBOB IIPOIIAOTO BeKa — 3(puporiraBaTeAbHbBIN anmnapat MBana
denopoBuua KopoBuna. PazymeeTcs, s momyckar BO3MOXKHOCTE (PpasbCH(PUKAIINN
apXUBHBIX CBEAEHUM, HO caMa TEXHOAOTHS HACTOABKO HHTEpPECHas, YTO 3aCAyKHUBaeT
[€TaAbHOT'O OOCYXKIEeHUSI.

VBan ®enopoBrud KOpoBHH OBIA CBIHOM COCTOSITEABHOTO KYIIIA, IIOAYYHA BBICIIIEE
obpazoBanve B IloanTexHHYecKOM HHCTUTyTe @PpaHIUK, [0 CIEHAABHOCTHU
«matepuasoBeneHue». B 1889 romy oH BepHyAcss B Poccuro, u pabotaa, B OCHOBHOM, Ha
0OOpPOHHYIO TIPOMBIIIAEHHOCTb. [locae cmepTu otTiia, KOPOBHH YBOAMACS CO CAY3KOBI,
IIpoZlaA CeMeHHOoe IIpeAlnpHUaTHe, M IEAMKOM IIOCBATHA KH3Hb CO3/AaHHIO arapara,
CIIOCOGHOTO «COBEPIIUTE IOAET K AyHe».

KopoBuH OBbIA IPOTUBHHUKOM PEAKTHBHOIO MABUKUTEAd, U IHcaa [{moAKOBCKOMY
eme B 1903 romy: «Bamm pacderhl ybekmaroT, UTO 3TO HE ABHUTaATeAb, a MOT, 003Kopa,
camoen! [IeBaTh OeCcATBIX Beca CHapaaa OTAABaTh TOIIAUBY? A Belb ellle JKeAaTeAbBHO ObIAO
Obl u BepHyTbcs C¢ AyHbl! Her, Bamr meTasanmdecKuil aspocTaT IIpUBAEKAET MeEHd Kyaa
OoabIre!»

Ceromua ero uzesd 3BY4YHT (PaHTACTHUKOMH: KOpoBHH 3amgymMas MIOCTPOHUTH aHAAOT
oupukabAsi, HO OAS TOTO, YTOOBI JaHHBIM ammapaT MOT AeTaTh He TOABKO B BO3QyXe, HO U
B KocMoce, KOpoBUH mAaHHUpPOBAaA 3aIIOAHUTH €0 «TOpPSYUM 3(PHUPOM», TO €CTh, TaKOU
cpenoi, KoTopad MMeeT ITAOTHOCTH MEHbIIe, YeM IIAOTHOCTH «MUPOBOTO 3pupar. 3arewm,
OH YBAEKCH HIeel Hu3ydyeHUd IIPUPOALl MATrHUTHBIX CHA, U PELIHUA HCIOAB30BAaTH [Ad
OBUKUTEAS] CBOETO KOCMHYECKOTO annapaTa «MHOTOIIOAIOCHBIE MAarHUThD».

B cBssu ¢ atuM, KopoBuH nucaa lluoakoBckomy B Mapte 1907 roma: «bena ToABKO,
YTO MBI OUEHb [IAOXO 3HAKOMBI C MarHUTHOU sHeprueti. CuuTaTh, YTO CYIIECTBYET TOABKO
[Ba TIOAIOCA, - BCE PaBHO YTO CUHTATh, OyATO B MHPE BCETO [ABa IIBeTa: YePHBIHA M OeAbIH.
Huyero yaiuBUTEABHOTO - MbI AWIIIL HA IIOPOTE€ BEAUKUX OTKPBITHH...»

MHoOTOII0AIOCHEIE MarHHUThI - PEBOAIOITMOHHAA naed, JANA TOTIO BPEMEHH.
HpI/IMeHeHI/Ie TaKHUX MarHuToB Tpe6yeT IIOHMMAaHHE CyTH MAarHUTHBIX HOACfI, KaK «IIOTOKOB
acupHoro Berpar. C Apyroil CTOPOHBI, COBpeMeHHasl (prU3uKa paccMaTpUBaeT MarHUTHEBIE
IIOASI TIOCTOSIHHBIX MAarHUTOB, KaK pPE3yAbTAT COTAACOBAHHOUW OpPHEHTAIIMHM MAaTHHUTHBIX
MOMEHTOB 3A€MEHTapPHBIX YaCTHI], HE AETAAHU3HUPYysS TOT (PAKT, YTO MATHUTHBIH MOMEHT
YaCTHUIIbI €CThb IIPOCTO cbopMa OIIMCaHHuAd €€ HMHEPIIHMAABHBIX THPOCKOIITMYECKHUX CBOﬁCTB,
KOTOpble OOYCAOBAEHBI ee 3(pupoaAUHAMUYECKHMH IpolileccamMu. OTCloa, MBI MOXKEM
INIPEOAOKUTE IIYTHU CO3AAaHHUA HOBBIX CIICIITMAABHBIX MAarHUTHBIX MaTCpPHAAOB. HOB}KC, MBI
paccmorpuM TexHoaorum [IxkoHa Cepaa (Searl), m mpuaeM K HOHHMAaHUIO BajKHBIX
aHaAOTH# ¢ uaeaMu KopoBuHa.

HTak, Kak CcOOOIIAI0T HEAOCTOBEPHBIE aAPXUBHBIE HCTOYHHKH, MBan PeqopoBuU
OCHOBaA CBOIO Aa00paTOPHIO, a TaK¥Ke OIBITHOE IMPOU3BOACTBO, KyITUB XyTop CTerHo# B
Boponexkckoii obaacTu. [Ias 3KCIIEPUMEHTAABHON paboTbl OH MMEA MaTepHaAbl CO BCETO
CBeTa, BKAIOYAS METEOPHUTHOE JKEAe30 U PeaKo3eMeAbHBIe MeTaarbl ¢ Kamyatku. B ero
HOBOM HMEHHH OblAa IIOCTpPOEHA SAEKTPOCTAHIIHS, a TaK¥Ke, SAEKTPHUUECKas II€Yb A
IIAQBKH MeTaAAOB. Paboume Obiau mpuraaleHsl ¢ Ypasa u Caukr-IleTepOypra.

B aBrycre 1917 roma, KopoBuH paszocaaa IIpHUTAQIlleHUs CBOUM [ApPY3bsaM U
KypHaAUCTaM Ha OEMOHCTPAIIHIO €r0 A€TaTeAbHOIO amrmaparta. Cpeau IIPHUTAAIEHHBIX
ObIAM BOEHHBIE, IKYPHaAAUCTBI, Opy3bss KopoBuHa, B Tom uucae, [pacd Aaekceii
HukonaeBuu ToacTot u KoHcranTHH SayapnoBud L{HOAKOBCKUM.
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[IpouynTaTh 00 3TOM HCTOPHYECKOM COOBITHMHM MBI CETrOOHS MOXKeM Oaaromaps
BOPOHEXKCKOMY KypHaaucty [paryHoBy [19]. On nunier B «[IpoBHUHIIMAABHBIX
Benomoctax»: «T'ocrioguH KopoBHH 00BSICHSET yCTPOMCTBO CBoero ammnaparta. [loxoxkui
Ha HeOOABIIION AUPHKAOAb, OH BBIIIOAHEH, OTHAKO, IIEAMKOM H3 METaAAa, CEKPET KOTOPOTo
rocrioqvH KopoBHH cobupaeTcsa BCKOpe IlepenaTh HOBOMY POCCHHCKOMY I'OCYZapCTBY Ha
6e3BO3ME3MHBIX YCAOBHAX. MeTasa 3TOT IBASETCS MAarHUTHBIM, HO OTTAAKHUBAETCS U
IIPUTSATUBAETCSI K CaMbIM pa3HOOOpPa3HBIM IIpeaMeTaM M [aXKe K IIyCcToTe, KoTopas, IO
caroBaM rocnoavHa KopoBuHa, cama gBagercsa 0coboro poaa MarHHUTOM. YIIpaBAssS
MAarHUTHBIMH DPYyASMH H IIapyCcaMM, MOZXKHO 3aCTaBHUTh almnapar ABUTaTbCd B HYXKHOM
HaIlpaBA€HHH - BBEPX, BHU3, B AIOOYIO U3 CTOPOH CBETAa, IIPU 3TOM He TpelOyeTcs HU YTAs,
HU [poB, HU OeH3mHa! Anmapar momobeH NapyCHHKY, A KOTOPOTO BCerJa ecTb
IIOIIyTHBIN BETEP».

VIHTepecHO OTMETUTDb, UTO METAAAMYECKHH KOPIIyC ammapata, 10 CBUAETEALCTBY
O4YEBHUMIIEB, 3aMETHO CBETHACS IIPHM HACTYIACHUH BEYEepPHHUX CyMepeK, 0e3 BCIKOIo
BHEIITHETO HMCTOYHHKA CBeTa. B3aer ammaparta, Kak mumieT /[IparyHoB, IPOLIEA YCIIENTHO,
3aTeM, amnmapar ¢ u3obperareaeM Ha OOPTY CKPBIACHA B BBICOTE... U He IIPU3EMAHACS. Ero
HCKaAW HECKOABKO [OHeM, W COeAaAH BBIBOABI O Kartactpode. [Ipyrue IIpearioAOKeHUs
KaCaAUCh YMBIIIAEHHOTO OEercTBa aBTOpa OT PEBOAIOIIMOHHBIX COOBITHM 3a TPaHUILY,
IIOCKOABKY OH MMeA GOABIIIOEe COCTOSHHE B MHOCTPAHHBIX OaHKax... Ero anmapar, B TaKOM
cAydae, MOT OBITH ITPOCTBIM AHUPHIKAOAEM.

[as Hac, wuccaenmoBanus KopoBHHa IIPEACTABASIIOT HHTEPEC, KaK IIPUMED
IIOCTAHOBKH TEXHUYECKOM 3a[a4yd IIOAYYEHUS MHOTOIIOAIOCHOTO MAarHHUTa, CII0OCOOHOTO
(IIPUTSATUBATHECS U OTTAAKHUBATBCS» K AIOOBIM IIpeaMeTaM, B TOM YHCAE, «K mmyctore». C
MOEM TOYKH 3pPEeHHs, 9TO MOXKHO HA3BaTh ITOAYYEHHEM MOBUXKYIIlEH CHABI B 3aIaHHOM
HAIIPpAaBA€HUH, NYmem CO30aHUS UACMUYUAMU MAMEPUU CNEYUATbHBIX ACUMMEMPUUHBIX
nomokxo8 3¢hupHoli cpeosLt.

PaccmoTpum maHHyO uaeio nompobHee. Ha Puc. 51 mokasaubl gBa OOBIYHBIX
MAaTHUTAa, HAXOASIIUXCSI B TIOAOKEHHH B3aUMHOTO OTTAAKHUBAHUS.

Puc. 51. OTTasnKMBaHUE ABYXIIOAIOCHBIX MArHUTOB.

[TpuunHOM IOSBA€HUS IIapbl CHA OTTAAKMBAHUS, BO3HUKAIOIIUX MEXIY
MarHuTaMH, B [OaHHOM CAydae, KaK U B [APYTUX S(PUPOAMHAMHUYECKUX CUTYAIUSIX,
ABAFETCH 2padueHm O0asseHuUst 3¢upa Ha MarHUTBI: B 00AACTH MeXAy MarHUTaMH
BO3HHKAeT 00aacTb 0Ooaee T1AOTHOTO 3dHUpa, KOTOpas M[AAaBHUT HA HHX, 3aCTaBAssS
OTTaAKHBaThbCd. [Ipum apyro#f cutryammu, KOTJa MAarHUTBI OOpallleHbl ApPYyr K OPYTY
Pa3HBIMHU IIOAIOCAMHU, MEXKy HUMH BO3HUKAaET HNPUTIKEHHEe, KaK PEe3yAbTaT YMEHBIIIeH I
IIAOTHOCTH 3(upa B 00AaCTH MeXKAy MarHuTaMu. Pasymeercd, IIpHU TaKoOH CXeMe
B3aMMOJIEHCTBUsA, 0O0€ CHABI IIPUTSIXKEHUS HAHM OTTAAKUBAHUS pPaBHbI, U [IOAYYIHUTH
OBUXKEHUE 3a CYET KOMOMHAIIUH CHA IPOCTBIX ABYXITOAIOCHBIX MArHUTOB HEBO3MOKHO.

[IpeamnoaoxkuM, 4YTo KOpoBuUH Hallea criocod co3maHus HEKOMIIEHCHPOBAHHOMN
CHABI, IEHUCTBYIOIIEN CO CTOPOHBI OKPYZKAIOIeH Cpeabl Ha €r0 «MHOTOIIOAIOCHBIM MarHUT».
OTu CBOMCTBA OOAXKHBI OBITH 00€eCIieYeHbl (PU3UYECKHUMH CBOMCTBAMH CAMOI0O MaTepHaAa,
crleU(pPHUYECKUMH [IapaMeTpaMH 4YacTUI] MaTepHH, O KOTOPBIX Mbl IIPEAIIOAAraeM, 4YTO
OHU CYILIECTBYIOT B 9(pUPHOH Cpelie, KaK IIPOIEeCChl MUPKYASIIIMH JaHHOM Cpenbl.
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B oObrgyHOM 3K€ae3e, MarHUTHBIE MOMEHTBI YaCTHUI] OPHUEHTUPOBAHbI COHAIIPABAEHO,
TAaKUM 00pasoM, YTO IIPOHUCXOOUT MpPOCTasl MUPKYASIUS Cpeabl BOKPYT 4dacTunbl. [Ipu
TaKOH CHUTyallu{, IIOTOK MCTEKAaloIllero 3gupa paBeH IIOTOKY BTEKAIOIIETO0 B YaCTUILY
acupa. B marantTHOM Marteprase KopoBrHA, 0O4eBHIHO, CTOK U HCTOK 3pHpa HE TOAIKHBI
OBITH paBHBI APYr APYry. KOCBEHHO, 3TO IOATBEPKAAIOT CBUAETEABCTBA OYEBUIIIEB O
CBEYEHHH NAHHOTO MaTepHasa B TeMHoTe. McryckaHme adupa dacTHUIled MaTepHuH, UAU
€TO IIOTAOIIIEHHE, MOXKET ITPOUCXOIUTH TOABKO IIPU B3aHMMOJEHCTBUU C BHEIIHEH Cpenoi,
II09TOMY YBEAWYEHHE IIAOTHOCTH Cpenbl, C OLHOM CTOPOHBI, MOAKHO KOMIIEHCHPOBATbLCS
YMEHBIIIEHHEM IIAOTHOCTH Cpedbl B APyroM Mecrte. Takum obpas3oM, «oTKadyuBas dup»
W3HYTPHU KOpIyca «aupuxkadag KopoBuHa», M «BBIEASs» €ro BO BHEIIHIOIO Cpeny,
TEOPETHYECKH, BO3MOXKHO CO30aTh TAKOH 3(pHUpoIIAaBaTEAbHBIH armapar.

HWTak, Mbl HOAXKHBI HaWTHU Takue (POPMBI CAOXKHOIO ABUXKEHHUS 4YaCTHUI] MaTepHH,
IIpollecca HWX CYIIEeCTBOBAHHS, KOTOPbIE II03BOASIOT IIOAYYHTDH IEACHAIIPABACHHYIO
ACHMMETPHUIO MCTEKAIOIleTO U BTEKAIIEero B YacTHUIly IIoToKa J3dwupa. J[laHHad
aCHMMETpPHUS CO31acT Iepenan 3(HUPHOINO MOaBAEHHUS M [ABHUXKYIIYIO CHAY. [IOCKOABKY
4acTULBI C  OOBIYHBIM MarHUTHBIM MOMEHTOM MOKHO paccMaTpuBaThb, Kak
MUKPOTHPOCKOIIBI, TO HaM CTOUT O0OpaTHUTb BHHMAaHHE Ha paHee pacCMOTPEHHbIE
3¢ eKThI, BO3HHUKAIOIME IIPH 8blHYMOEHHOU Npeyeccul 2UpoCcKond.

[IpenrorokuM, 4To KOPOBUHY yIAAOCH IMOAYYHUTH TAKOH MAarHUTHBIM MaTepHas, y
KOTOPOTO YaCTHIIBI CO3JaI0T HE TOABKO COHAIIPaBAEHO OPUEHTUPOBAHHBIH MATHUTHBIH
MOMEHT, HO ellle U IIpelieccupyoT, Puc. 52.

Puc. 52. OGBIYHBIN MArHUTHBIH MaTepHaA (CAeBa) U MaTepHaA C IIPElleCCHPYIONMME YacTHIIaMH (CIIpaBa).

CoOCTBEHHO, caMO SIBAGHHE IIPELeCCHH MarHUTHOIO MOMEHTAa YacCTHUI] BEIeCTBa,
IIOMEIIIEHHOIO0 BO BHEIIHEEe MAarHUTHOE IIoAe, CcTaa0 Hu3BecTHO B 1895 rogy, Kak
AapMmopoBckad mperieccusi. I[Ipodeccop Kembpumkckoro YHuBepcureTa /Ixko3ed Aapmop
OBbIA U3BECTEH HE TOABKO KaK (PH3UK, HO U KaK MaTeMaTHUK, B OYeHb MHTEPECHOH obaacTH
3HaHUU: 8 cpepe usyueHus npouyecca osuxxerust! B craree Aapmopa «O AHHAMHUYIECKOU
TEOPHUH OAEKTPHYECKOH U CBETOHOCHOH cpenpl» [20] Oplaa OIlyOAMKOBaHa TEOPHS
npeobpa3zoBaHUl IPOCTPAHCTBEHHO-BPEMEHHBIX KOOPAWHAT, OIUCHIBAIONIAs IIEPEXO OT
ONHOM HWHEPLHMAaABHOM CHCTeMBI oOTcueTa K aApyrod. CeromHs, 3TH MaTeMaTUYe€CKHE
IIpeo0pa3oBaHus KOOpPAMHAT 4-MEpHOTO BEKTOpa M3BECTHBI, KakK IIpeoOpa3oBaHUsd
AopeHr1ia, xoTss AapMop OIyOAMKOBaA CBOHW paboThI paHbllle AOpeHIla U JWHIITeHHa, erle
B 1897 ronay.

Kakoe OoTHOIIEHME MOTAM MMETh 3TH OTKPBITHS K paboTaM PyCCKOro u3obperaTeAs
Ha xytope CrenHoii, B Boponexkckoii rybepHuu? O 1mmpore 3HaHuii KopoBmHa, ero
MEeXIYHAPOIHBIX IEAOBBIX CBA3SIX U (PMHAHCOBBIX BO3MOXKHOCTSX, TOBOPUT TOT PAKT, YTO
OH OBIA OOHUM HX HWHBECTOPOB 3Kcremunuu CKOTTa B AHTApPKTHAY, IIOCKOABKY I3Ta
SKCIIEOUIINS MOTAa OATh HOBBIE HAHHBIE O CTPOEHUHM 3€MHOI'O MarHHUTHOIO Ioad. MBan
PenopoBrd KOpoBHUH BIIOAHE MOT OBITH 3HAKOM C II€PEeJOBBIMU paboTaMH APYTUX YIEHBIX,
B HHTEpPECyIoIlell ero obAacTH, MOCKOABKY OH 3aHHMAACs HWMEHHO CO3[JaHHEeM HOBBIX
CIIOCOOOB IIepeMelIeHHsT B IPOCTPAHCTBE U BPEMEHH, OOBEINHSIS TOHATUS I'PABUTAIINU U
MarHeTu3Ma. B TakoMm caydae, €ero HOeH MOTAW HMETH OTHOIIEHHE K AapMOPOBCKOM
IIPelleCCuU MarHUTHOI'O MOMEHTAa, OTKpPhIToH B 1895 roay.
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B Hacrosmee Bpems, VK€ TIIOSBHUACS OTAEABHBIH paszmear (PU3HUKH -
«I'paBUMAarHeTU3M», U3ydaroIllui ocoboe MOBEAEHHE YaCTHIl, MU C8513b sI8/IeHUll npeyeccuu
SNIeMEeHMAPHBLLX Uacmuy, ¢ sieneHuem spasumayuu. Teopus MarHeTU3Ma, B YIIPOIIEHHOM
BHU/Zle, TOBOPUT O TOM, YTO OpOHTaAbHOE BpallleHHE SA€KTPOHa €CTh aHAAOT KOABIIEBOTO
SAEKTPHUYECKOTO TOKa, U €CAHU 3THU A€MEHTapHbIE TOKH OPUEHTHPOBAHBI COTAACOBaHHO, TO
MaTepuaa IIpHUOOpeTaeT CyMMapHbIH MAarHUTHBIE MOMEHT — MarHuTHoe Itoae. KopoTko
OTMETHM, YTO COBpPEMEHHAad TeopUs He yraybasgeTcs B CyTb IIPOIlECCa, IIOCKOABKY IIO
cocrogHuio Hayku 2026 roma, CTpoeHHE 3A€KTPOHa O(UIMAaAbHO He H3BeCTHO. TeM He
MeHee, IIpeleccrud ero MarHuTHOI0O MOMeHTa u3ydeHa IIoApoOHO.

CerongHsa U3BECTHO, YTO A CO3IAaHHSA COCTOSHHA ITPEIIECCHH MAarHUTHOIO MOMEHTA
4acTHUL], B TOM YHCAE, IAEKTPOHOB, BEIIIECTBO HEOOXOAUMO 00AyYaTh CAAOBIM IIepeMEeHHBIM
MarHUTHBIM IIOA€M, Ha COOTBETCTBYIOIlEH pe3oHaHCHOM dyacToTe, AMOO cCO31aTh
IIPELECCUI0 MATHUTHBIX MOMEHTOB KOPOTKHM I[IOAPHU3YIOIIMM  HMIIyABCOM. B
aHAAOTUYHOM HAaIIpaBAEHHM MCCAENOBAHHM, KaK MBI yxKe oTMedaau, paboraa Criaprak
MuxaiinoBud [loadkoB, TeOpHUd KOTOPOTO PACCMATPHUBAET SAEKTPOH, KaK 3aMKHYTBIM Ha
cebs poTOH KpPyroBoM moagpusanuu (PoTOHHBIH r'mpockor). Ha sToM ypoBHe 3HaHUH O
CTPOEHUH MaTePUH, MBI y2K€ MOKEM IIpeasaraTb HEKOTOPbIE TEXHOAOTUYECKUE PEIIEHU.

HNTak, MOM IHIpPEAIIOAOKEHHd II0 CTPYKType (aHTaCTHYECKOr0 MAarHUTHOIO
Matepuasa, wusooOpereHHoro HMBanom @PemopoBudem KOpoBHHBIM, ONHPAIOTCSI Ha
IIOHUMAaHUE TOro, YTO YaCTUIIbl TAaKOI0 MaTepHasa MOOAXKHBI H3AyYaTh M IIOTAOLIATH
IIOTOKU 3(Hpa HECHUMMETPUYHO, TO €CTh, IIPEUMYIIECTBEHHO, B OJHOM 33JaHHOM
HalIpaBAeHUM. MBI [OOAXKHBI y4ecTh, 4YTOo KOpoBHMH HCKaa penleHue B obaactu
MHOTOIIOAIOCHBIX B3aHMMOAEHCTBHH, KOTOPhIE CO34AI0T aCHUMMETPHIO IIOTOKOB 3dupa. Yrto
2Ke TaKO€ «MHOT'OIIOAIOCHBIM MarHut»?

CoBpeMeHHas 3A€KTPOTEXHHKA MUCIIOAB3YeT MOAaHHBIM TEPMHH [IAs O0O3HaA4YeHUSd
[IOCTOSHHBIX MAarHUTOB, IIPHMEHAEMBIX B pOTOpax H cTaTopax 3A€KTpoABUTraTeAeH.
PasymeeTcss, KOABIIEBOI ITOCTOSTHHBIM MarHUT MOXKHO HAMarHUTHUTb TaKUM 00pa3oM, 4To B
HeM OyzmeT He aBa moaioca SN , a 6oarwire, Hanpumep, SNSN cekropamu 1o 90 rpamycos.
OnmHako, CyTh MArHUTHOTO IIOAS OT 3TOT0 HE MEHSIETCS, OHO OCTAaeTCsI CUMMETPUYHBIM
IIOTOKOM 3pHpa, KOTOPBIH BO30yKAaeTCd OpOUTAABHBIM BpallleHHUEM SAEKTPOHOB.

B ob6praHOM AByxmoArocHoOM MmarHutTe NS, mokazanHHoM Ha Puc. 53, mOTOK YacTHIL
acdupa ob6paszyer OOBEMHYIO CTPYKTYPYy TOPOHIA, OCh KOTOPOrO 00pasyeT MaBa IIOAIOCA
waeMeHTapHoro Margutar N 1 S. CyMMapHBI# BEKTOpP MarHUTHOIO IIoAs B, ympolneHHO,
M300pazkaroT AMHEHHBIM, HAaIIPaBAEHHBIM BIOAL OCH BpallleHUS 3apsS>KeHHOH JyacTulpl. Ha
caMoM aeAe, BO3MYILIeHHe 3(pUPHOH cpeapl BOKPYT 3apaK€HHOM 4aCTHUIIbI, ABUTAOIEeHCS
1o opbuTe, umeeT BuA Topouaa. CHAOBBIE AMHHUH MATHHUTHOTO ITOASI BCETZIa 3aMKHYTHI.
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Puc. 53. MarHauTHOE I10A€ KOABIIEBOT'O TOKA.

Boaee Toro, yaurhiBasg THIIOTETUYECKYIO BHYTPEHHIOIO CTPYKTYPY JAEKTPOHA, Kak
3aMKHYTOro Ha ceba (pOTOHA KPYroBOH MOAAPH3AIlNH, €ro ABUXKEHUE (AMHEHHOEe HAU
KOABILIEBOE) CO3aeT HE TOABKO «pacTaAKHMBaHME» Cpedbl, a TakK¥kKe U ee 3axpyuusaHue. Ilo
9TOM NpHUYMHE, AMHUHM MAarHHUTHOIO II0As, H300pazkeHHble Ha Puc. 53, uMmeror Bufg
BHUHTOBOH cIHpaaH, CBEpPHyTOM B Topoun. Mogmeab saekTpoHa I[loagkoBa, KOTOPBIH
co3naeTcd u3 (poTOHA IIPH €T0 «CaMO3aMbIKaHUMN» B TOPOU, Mbl pACCMOTPHM I1033KE.
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[Toaaras, ¥ro IOTOK 3Hpa, KaK U AOOOH APYrod cpeapl, MMeeT MaccCy, €ro
OBUKEHHUE XapaKTepHU3yeTCsl HEKOTOPOM KHWHETHYeCKOM sHeprued. OObIYHOE MATrHUTHOE
II0A€ BO3HHKAET BOKPYT IIOTOKA 3apsi?KEHHBIX YaCTHUI[, KaK pPeaKIHsd OKPYyzKarolei
acpupHO# cpenpl. OgHAKO, 9Ta PEaKIUSa CPEeabl BBITASAUT KaK CUMMEempUUHAas BUXpeBasd
cTpykTypa N-S, 1 MBI He MOAyYaeM PEeaKTHBHYIO ABUIKYIILYIO CHAY, AM0OO HCIIyCKaHHE
II0TOKa 3pupa B KAKOM — AMOO IIPENMYIIECTBEHHOM HallpaBA€HHH. BBIBOA: HE0OXOIHMO
co37aTh KOHCTPYKTHUBHO ACUMMEMPUUHYIO TPAEKTOPHUIO 3(PUPOANHAMHYECKOTrO IIpoliecca
CYLLIECTBOBAHUS YaCTHUIl MATePUH, UX KoAeOaHUH, BUOpaIUil U T.II.

HTak, noaaradg, 94To CyThb MarHUTHOTO IIOAS €CTh ABUXKEHHE 3(PUPHBIX YaCTHII, TO
ITpOLIeCC, HEOOXOMUMBIH OAd peaan3anuu uaen KopoBHHA, HOAKEH OBITH OPraHU30BaH Ha
YPOBHE CTPOEHHUSI SA€MEHTApHBIX dacTHIl. CxeMy TpexXlioAlocHoro MarHuta NSS MoxKHO
IIpeACTaBUThL B pa3pese (B IIAOCKOCTH), KaK II0Ka3aHO B aAeBoM udactu Puc. 54. Ilpumem
YCAOBHO, YTO BTeKaHHe 3(PUPHOM cpenbl IIPOUCXOIUT B IIOAIOCA S, a UCTeKaHUe — U3
10AI0COB N.

S

S

Puc. 54. HpeﬂHOAO}KeHI/Iﬂ O CTPYKTYPE€ MHOI'OITIOAIOCHBIX MarHuTOB.

B Tako#l TUIIOTETHUYECKOH YaCTHUIlE, HUCTEKAHHE IIOTOKA 3(Hpa IIPOUCXOIUT U3
noaroca N, B 0ITHOM HaIIpaBA€HUWH, a BTE€KaHHE — C ABYX CTOPOH, IEPIIEHAUKYASIPHO OCH
ncTeKaHus nmotoka. Oba 1moArca S MOAKHBI HAXOOUTHCH AHaMeTpPasbHO Ha «3KBaToper. B
TaKOM CAydYae, peakillH Cpeabl Ha BTEKaHHe [TOTOKAa B IOAIOCA SS HeT, 00e CHABI B3aHMHO
KOMIIEHCHpYIOTcd. B maHHON cxeMe, MOXHO OXHOATH IIOSBA€HHE OBUIKYINEH CHABI, KaK
peakiiii cpeapl Ha IIPEeNMYIIECTBEHHBIN IIOTOK BAOAB OCH IToAtoca N.

B obwpemMHOM BapuaHTe, MBI MOXKEM  IIPEOIIOAOKHUTH  CYIIECTBOBAaHHE
TETPadAPUIECKON CTPYKTYPhl MarHUTHOTO Ioass NSSS. BrekaHue IMOTOKOB MOXKET OBITH
OPTraHM30BaHO C TPEX Pa3HBIX CTOPOH, B IIOAIOCA S, PACIIOAOKEHHBIE Ha «3KBaATOPE»
TUIIOTETUYECKON dYacTHUIlbl. TaKoe paclioAOKeHHE IIOAIOCOB S JIOAKHO KOMIIEHCHPOBATH
PEaKTHUBHBIH HMIIYyABC Cpenbl Ha BTeKaHHe 3(upa B OJaHHYIO (PU3UYECKYIO CHCTEMY.
Hcrekanue sdupa B OOJHOM IIPEHMYIIECTBEHHOM HampaBA€HHM N MOAXKHO NPHUBOAUTH K
peakIuu cpenbl, co3gaBas ABHUIKYIIYIO CHAY.

JlnHaMH4YeCKHM aHaAOrOM CTPYKTypbl NSS, mokaszaHHoit Ha Puc. 54, aBaarorcda
KoaebaTeAbHblEe NBUKEHUS IIPOCTOTO ABYXIIOAIOCHOTO MarHuTa, TO €CTh, 3A€MEHTapPHOIO
KOABILIEBOTO TOKa, CO34aBa€MOr0 3A€KTPOHOM. IIpu 3TOM, OOMH K3 IIOAIOCOB, HAIIPHMED,
IIOAIOC S, MOAXKEH COBepIIaTh He BpallleHHe, a KoaeOaHus B IIAOCKOCTH, Puc. 55.

Puc. 55. KoaebaTeabHbIE JABHUZKE€HHMS MAarHUTHOI'O MOMEHTA B ITAOCKOCTH.

[TomoOHBbIE MeXaHUYECKHE IIPOIECChl OBIAM IIOKa3aHbl paHee, Ha MOPUMEpPE
«IIepeBEPHYTOT0 MadTHUKa». OHHU BBIZBIBAIOT HM3BECTHYIO PeakIlHio 3(PUPHOU cpeanpl Ha
YKOpeHHOe KpUBOANMHEHHOe ABUKEHUE TeAa.
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[Tpu KPpUBOAMHEHHON TPAEKTOPHUH ABUKEHHUSA AEKTPOHA II0 OPOUTE C ITepeMeHHbBIM
panuycoMm, TaKKe IOSBASETCS BO3MOXKHOCTD UCIIOAB30BaTh I'PaAUEHT AaBA€HUS dcupa Ha
3A€KTpPOH, Puc. 56.

Puc. 56. Opbura saeKTpoHa, UMeoIas 9KCIIEHTPUCUTET.

[anHoe 1penaoxkeHHe ObBIAO MHOM paccMOTpeHO B mokaaze 1996 roma [1].
MexaHHUYEeCKHUH aHAAOT [AS AAaHHOTO MPHUHIMIA ObIA MOKa3aH HA HPHUMEpPE ABUKUTEAS
Akamemuka BeMHuK. TexHH4YecKH, 3Ty HAEI0 yOOOHEe peasn3oBaTh B [IHUIAEKTPHUKAX,
IIPUAOKHUB TIOTIEPEK AUIAEKTPHUUECKOH IMAACTHUHBI SAEKTPHUUECKOE ITOAE, KOTOPOE HCKA3UT
TPaeKTOPHIO ABHUKEHUS SAEKTPOHOB. [1033ke MBI paCCMOTPHUM 3Ty TE€XHOAOTHIO, B TAABE O
paborax Tomaca T. Bpayna. Bmpouem, B03MO:KHO, 4TO KOpPOBHH HAaIlleA TEXHOAOTHUIO
CO3/IaHUS TAKOTO YAUBUTEABHOTO MATHUTHOTO MaTepHasa, B KOTOPOM OPOUTHI SIAEKTPOHOB
HCKaXKaAUCh, TO €CTh, IIPUOOPETAAN IKCIIEHTPUCHUTET, 3a CUeT HaMarHuduBauus. OTcioaa,
TIOSIBASIFOTCSI YCAOBHS [IASI CO3/IAHUS TPAAUEHTAa IIEHTPOOEKHOMN CHUABI.

[asee, pasBuUBas O9TU IIPEOAOKEHUS O CTPOEHHUHM TUIIOTETHYECKUX YaCTHUILI,
BCIIOMHUM O AUHAMHWYECKOM BapHaHTE, TO €CThb, O IIPEelleCCHU MarHuTHOIro MoMeHTa. Ha
Puc. 57 mokaszaHo, 4TO ILIUPKYAdIUsS ITIOTOKOB 3(Hpa, BO3HUKAIOIIAA HPU BpalleHUHU
MHororoArocHoro MmaruuTa NSSS Bokpyr ocu ON, mMmeeT MHOroO OOIIIETO C ITPOIleCCaAMU
[OBUXKEHUS 9A€KTPOHA, Y KOTOPOTO CO3/JaHa IIpelecCus MariHuTHOTO MOMEHTaA.

Puc. 57. AHaaoruss MHOT'OIIOAIOCHOTO U ITPEIIECCHPYIOIEer0 MarHUTHOIO MOMEHTA.

I/ITaK, oT paSMbIH_[AeHI/Iﬁ O THUIIOTETHYECKHX 4YacCTHUIlaX, HMCIOIIHUX IIPHU3HAKH
MHOTOIIOAFOCHOTO MarHuTa, MbI MPHIIAM K HU3BECTHOH CXeMe IIPEEeCCHU MATHUTHOTO
MOMEHTa OAEKTPOHA, BBIMTOAHSIONIEH aHaAOTUYHBbIE QYHKIIMH. Bce 3TH CXEMBI He
HaApyLIaIOT 3aKOHBI COXpaHEHUS KOoAMYecTBa J(PUPHOTO «paboyero BeIEeCTBay,
UPKYAUPYIOLIETO B «IBHUIKUTEAE». 3aKOH COXpPaHEHHS UMIIyAbca CODAIOAEeTCs, TaK Kak
CYMMapHBIﬁ HUMIIYABC BTEKAIOIIIHUX MW BBITEKAIOIIHUX IIOTOKOB pPaB€H HYAIO. Tem He MEHEeE,
BEKTOPHAasd CyMMa CHA PEaKIIMH 3(pUPHOI Cpearl, B HEKOTOPBLIX CXeMaxX, He paBHAa HYAIO,
YTO TIO3BOASIET HAaAedAThCAd Ha paboTOCIIOCOOHOCTL AaHHOM uaeu. YuTaTeAb MOIKET
BCIIOMHUTB IIPHUHIIMUIIBI ABUXKHUTEAA H_IayGepI‘epa H TIOHATH AaHAAOTHIO:. IIOTOK BXOOUT
BOOAB OCH BpalllCHHA, a BBIXOAUT padriaAbHO.

JduHaMHu4YecKHUH Ioaxod K MarHuTHOMY IIOAIO, KaK K IIOTOKaM ]_IPIpKYApr}OHICﬁ
G)CbI/IpHOﬁ Cp€OrI, OTKPEIBAET BO3MOXKHOCTH OAAd CO3aHHLd HOBBIX MaTCpPHAAOB, CIIOCOOHBIX
co3gaBaTth ITIOTOKH 3q)p1pa 1 HaAIIPaBACHHYIO ABHXKYIIYIO CHAY, KaK PEAKIIUIO CPEABI Ha
ACHUMMETPHUIO CTPOECHHUA YaCTHUIL] MAaTCpPHH, AHU0O0 HX KOACG&TCABHBIC, IIPEINECCHUOHHBIE U
APYTrHUue€ CAOXKHBIE [ABH2KCHHUA. HpI/IMeHeHI/Ie TaKHUX MaTE€pHaAOB BO3MOZKHO KaK B POAHU
ABUXKHUTEAA, TaK U [OAd PEHICHHA 3aJa49l aKTHBHOI'O «3KPaHHUPOBaHUA» (KOMHCHCS.LII/II/I)
IIOTOKOB 3cp1/1pa IIYyTEM CO3JaHHd BCTPEYHOIO ITIOTOKA.
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HanomHio, uTo M3Ha4YaabHO, KOpOBHH cobupascss co3maTh aHAAOT AHUPHKAOAL,
CIIOCOOHOTO ABUTAThHCSI B KOCMOCE, B OKOAO3EMHOM ITPOCTPAHCTBE, IO BOLOHM U [AaXKe II0J
3eMAeH, Be3ze, Ie OCHOBHOM OKpyzKarollell cpenoit sBaseTcs «<MUpoBoH acpupr. Pa3zBuBaga
HOEI0 O TOM, YTO «3(PUPHBIA OUPHKAOAR» HEOOXOAUMO 3allOAHHUTBH «TOPIYUM 3(PHUPOM»
IIOHUKEHHOH ITAOTHOCTH, KOpOBHH MOT' HpHUHUTH K BBIBOAY O HEOOXOOWMOCTH CO3JaHUS
CIIEIIMAaABHOTO MaTepHasa, CIIOCOOHOTO CAYKUTH «IIEPETOPOAKOH» MEXKIy O00AacCTIMHU
acupa pa3AMYHOH IIAOTHOCTH. Bompoc sKpaHHpoBaHUA I[IOTOKOB 3dHpa, Kak U
TEXHOAOTHM SKPaHUPOBAaHUS TpaBUTAIINM, CAELyeT CTaBUTb, KaK BOIIPOC KOMIIEHCAIUU
notoka acdupa (rpaBuTaniyi). [JApyruMy cAOBaMH, IIPOCThIE CTEHKH KOpILyca amnmapara He
CMOTYT OBITH IIEPETOPONKON MeXKAy BHYTPEHHEH 00AaCTBIO «ropsduero» 3oupa U BHEITHUM
apupoMm. CTeHKH anmnapara OOAXKHBI IIOCTOSHHO «OTKa4YUBaTh» 3UpP HapyxKy. OueBUIHO,
Takol MaTepraA OyZeT CBETUTHCH B TEMHOTE.

[Tpenmnoaoxkum, uTo paspaboraHHbIl KOpoBHHBIM (aHTACTUYECKHUI MaTepHas
KOpIlyca HM€A TaKHe CBOMCTBA, KOTOPBIE II03BOAGAM HAIIPABACHHO CO3[4aBaTh IIOTOK
aupa Hapyxy. Takoil MareprHas MOOAKEH HMETb CBOMCTBa, aHAAOTHYHBIE ITPOCTOMY
MarHuTy: BCe€ YacCTHUIbl €ro MaTepuH, OyAydM SAeMEeHTapHBIMH H3AydaTeAdMH 3dupa,
JOOAXKHBI OBITH YIIOPSOYEHbI, TO €CTh, OPHEHTHPOBAHbI B HYKHOM HaIlpaBAEHUH.
JIOTIOAHUTEABHO, 3TH YacCTHULBl [JOAKHBI HMETh XapaKTEPUCTUKH MHOTOIIOAIOCHBIX
MaTHUTOB, HaIIpuUMep, IPELECCUPYIOIINY MarHUTHBIM MoMeHT. I[Ipm coraacoBaHHOI
OPHEHTAIlUM TaKHX YacCTUIl, IIOTOKHU 3dHpa, UCIIyCKaeMble KaKIOW JacTUllel MaTepuu,
OynyT coHampaBAeHBbI. [Ipy HaAMYUM TAKOTO MaTepHasa, IIPEeCTaBASIETCS BO3MOXKHBIM
Cco37aTh BHYTPEHHIOIO 00AacCThb «IUPHKAOAS», B KOTOPOH MAOTHOCTH 3(PUPHOH Cpenanl
OymeT MeHbIle, YeM CHapyzKu. [lommep:kaHue HAHHOTO COCTOSHHUS He IToTpebyeT 3arpar
SHEpPruH, KakK He TpedyeT 3aTpaT SHEPTHH OMNHAKAbl HaMarHUYEHHBIH ITOCTOSHHBIH
Mar"HuT. B TakoMm caydae, 00AacThb IPOCTPaAHCTBA BHYTPHU «aUpHUKabaa KopoBuna» Oymer
BBITECHATBECS BBEPX 0oaee TAKEAOH OKpyzKaIlleH cpenod, TakKuM ke obpa3oMm, Kak
IIy3bIpb BO3AyXa B BOJE.

K Bompocy 06 ynpaBA€HHH OBHKEHHEM allliaparta, MOXKHO ITPEAIIOAOXKHUTD, YTO 3THU
PYHKIIHHN 0OeCIIeYruBaAH «PyAHU U Hapycar, U3TOTOBACHHBIE M3 MaTepHasad, OTPAZKAIOIETO
oTOK 3cupa. Mcroab3yss HEKOTOpPblE 3A€MEHTHI KOHCTPYKIIMH, YCAOBHO IIOKa3aHHbIE B
aeBo#t yactu Puc. 58, mpezncraBasgeTcss BO3MOIKHBIM CO30aTh PEAKTUBHOE OTPasKEeHHE
IIaJAI0IIEeTo ITIOTOKA BAEBO, JAL TOTO, YTOOBI anmapaT ABUTAACsS BIIPABO.

HcroyHnukoM uHGOpPMAIIMHK II0 pacCMaTpUBaeMoOM TeMme, OAd Hac CAyKaT IIHChMa
UBana denopoBruua KopoBuHa KoHcranTuHy SayapnoBudy LlHMOAKOBCKOMY, B II€PHOL
1903 - 1917 ropma, u 3HaMeHUTHIH [epnTckuii apxuB, B YHUBepcuTeTe roposa [lepmnr,
KOTOPBIH ObIA TIepenMeHoOBaH B IOpweB, a 3atem B Tapty. B apxuB cobupasnuck cBeqeHUT
co Bceit Poccuiickoit Vwmmepun, 0 TIPOHUCIIECTBHSIX HEOOBIYHBIX, HEIIOAMAIOIIIHXCS
0OBSICHEHHIO HAYKU».
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Puc. 58. Hpgesa no ynpaBaeHHe 3(hUpoIIAaBaTeABHBIM annapaToM KopoBuHa.

B mocaeayroommx mnpuMepax pas3paboTok ABHXKHTEAeH HOBOTO THIA, OymoyT
II0OKa3aHbl TEXHUYECKHE pELIeHUs, BKAIOYAIOIME ITPUHIIUIILI IIPEIECCUM MAarHUTHOTO
MOMEHTa 4YaCTHUI[ BellecTBA. B HEKOTOPBIX CAydYasdx, 9TO OOBACHSAET IIPUYHHEBI
YMEHBIIIeHHsd Beca OECTONAMBHBIX T€HEPATOPOB CBOOOMHOM 3HEPrUH, XOTd HX
pa3paboTYMKN HEe CTaBHAH 33a4y ITOAYYEHUS OBUXKYIIEH CHABI.
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AHTHUTrpaBUTAIIUS B reHepaTopax CBOOOMHON SHEPTUU

HMHTEpEeCHO OTMETHUTD, UTO PS YYEHBIX, U3Y4aloIlUX METOAbl U3BACUEHHUN SHEPTUU
3a cueTr IIpeobpas3oBaHUdA CBOHCTB MPOCTPAHCTBA — BPEMEHU OTMEYaloT OJAWHAKOBBIE
0COOEHHOCTH PabOThI CO3MaHHBIX MMM 3KCIIEPHMEHTAABHBIX KOHCTPYKIIHM, B TOM YHCAE,
ITPU UCIIOAB30BAHHM MarHUTOB. B MX paboTax oTMedYeHbl HHTEPECYIOIIHe Hac «II000YHbIe
adpdeKkTh», a HUMEHHO, TaKHe CAydaW, HPHU KOTOPBIX H3BACUEHHE SHEPruu Hu3 adupa
co3maeT 5(PQeKT yMeHbIIIEHHEe Beca YCTPOHCTBa, a TakxXe, [APYyrux IIPeIMeTOB,
HaXOMAIIUXCH PAOOM C 00AaCTBIO ITPOBEAEHUS 9KCIIEPUMEHTA I10 U3BA€YEHHIO CBOOOIHOM
SHEPruH BaKyyMa. OTO MOXKHO OOBSICHHUTH TOABKO IIPH IIOHHMAaHHUH CBH3H IIAOTHOCTH
apupHOE cpenbl U rpaBUTAIUH. VMEHHO NIAOTHOCTH 3dHUpa oOIIpeneAdeT CBOHCTBa
IIPOCTPAHCTBa-BPEMEHH.

B gacTHOCTH, maHHBIN 3¢pdeKT nposBasgacsa Ha ypoBHe 90% yMmeHbIIeHUd Beca, B
paborax Paotina Cura (Floyd Sweet) n3 CIIA [21, 22]. [Io cxeMe KOHCTPYKIINH JAHHOTO
reHepaTtopa SHEPruH, II0OA€3HO OTMETHTh, 4YTO B HEM HCIIOAB30BAAHWCH IIOCTOSHHBIE
MarHUTBI, CHIEIIMAaAbHO IIOATOTOBA€HHBIE [Ad pPaboTbl B TPUITEPHOM peXUME: UX
HaMarHU4YeHHOCTb NS Moraa MeHSITbCSI CKa4KOM Ha IIPOTHBOIIOAOXKHYI0 SN, IIpu BHEITHEM
BO3/IEHCTBUH, B CAAOOM IIOIIEPEYHOM MAarHUTOM IToAe. Takum oO6pa3oM, 3A€KTPOMATHUTHI
CHUCTEMBI VIIPaBACHHH 3aTpPaddBaAd HEOOABIIYIO SHEPrHi0 Ha TO, YTOOBI HM3MEHHUTH
HallpaBA€HHE HaMarHHYeHHOCTH B IIOCTOSHHBIX MarHuTaxX. [Ipum TakoM CKavyKOOOpa3HOM
M3MEHEHNN HaMarHUYEeHHOCTH IIOCTOSIHHBIX MAarHUTOB, B TIe€HEPaATOPHBIX KaTyIIKax
co3/1aBasach 3A€KTPOABUIKYIIIAsI CHAA, oOecliednBas 3HAYUTEABHYIO MOIIIHOCTE B IIOA€3HOH
JAEKTPHUYECKOM Harpys3ke. llpu 3arpayuBaeMOl MOIIHOCTH B HECKOABKO BaTT B CXEMeE
ynpaBaeHUs, ycTpoicTBo daoiima CBuUTa MOrao o0eCIIeYuTb B IIOA€3HOM Harpys3Ke
KHAOBATTBHI MOIITHOCTH. ABTOpP HpPOBEpPsiA CBoe H300peTeHHE B paboTe HEOEeASIMHU, IIOf
Harpy3kKoH B BHU/E AaMII OCBEIICHUL.

Cxema ycrpoiicTBa Paotina CBura nokaszana Ha Puc. 59. HammomHIo, 9TO OCHOBHOE
Ha3HadyeHHEe [JaHHOTO YCTPOMCTBa — Te€HepaTop OSHEPTHUH. TeXHOAOTHS IIOATOTOBKH
IIOCTOSSTHHOTO MarHuTa [OAd paboTbl B TaKOM pexXuMme TpeboBasa €ro MHOTOKPATHOTO
nepeMarHuuymnBaHug. Kak otmedaa @aoiinm CBUT, XOpOIHE pPe3yAbTaThl [IaBaAo
IIPOIIyCKaHUEe IIePEeMEHHOTO TOKa depe3 MarHuT. B pesyaprare, BMecTo obObryHoro 50/50
mar"uta S-N, moaygaauck cBoeobpasubie 70/30 moaroca.

KEPAMUYECKUE
BAPUEBbLIE MATHUTbI
KATYLUKA
YNPABJIEHUA

Puc. 59. Cxema ycrpoiictBa ®aoiina CBura.

[Ipu Tako¥ HaMarHW4YeHHOCTH, C KaxKJo0M CcTOpoHBI MarHuta, opumepHo 70%
IIOBEPXHOCTH 3aHUMaA OOWH IIOAIOC, a B IeHTpe OpuMepHo Ha 30% HIOBEPXHOCTH,
co3maBaAcd Apyrodl moaroc. Ilpu caaboM BHeHIHEM BO3OEHCTBHH, CO3/1aBaeMOM
MAarHUTHBIM IIOAE€M VIIPaBASIOIIEH KaTyIIKH, CUTyallkds Ha pa3HbIX CTOpPOHAX MarHUTa
MeHsianachk. Mory IIpeAlloAOXKHUTH, YTO MarHHUTHbBIE MOMEHTBI YacTUIl BellecTBa B TAKOM
«IIOATOTOBAEHHOM» MAarHUTHOM MaTepHuase HaXOAWAUCHL B COCTOSHUU Npeueccupyrouiux
2UpPOCKONO08, 20MOBbLLX CKAUKOM (NepesepHyMbCsy NPU 8HeUHeMm 8030eticmsul.
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OTMeTHM, YTO TPUITEPHBIH PEKUM ITePEKAIOYEHHS HaIIPaBA€HHUS MArHUTHOTO IIOASI
IIOCTOSSHHOTO MarHHUTa IIPOMCXOOMA 3a CHET HMIIYABCHOI'O «yIapHOI'Oo» BO3AEHCTBUA Ha
MarHUTHBIM MOMEHT 4YacTUIl] BellecTBa. B TakoM caydae, [OOCTHraeTCs MOIIHOE
BO3MyIIeHHe 3¢upa, TaKoe Ke, KaK MU IIPU HMIIyABCHOM IIOBOPOTE€ OCH BpallleHHsd
MeXaHHYeCKOI'0 THPOCKOIIa, O YeM MBI paHee TOBOPHAU. B pesyabTaTe TaKoro BO3MYIIIEHUST
achupa, TMOABASIOTCH UMIIYABCHI [IBHUKEHUS O3(PUPHBIX YacTHIl, KOTOpble U CO34al0T
HHAYKIIMOHHBIA 3pdeKT B 00AaCTH INeHEepaTOPHBIX KaTylleK. [loMMMO 3TOro, BO3HHUKAaET
peakius 3(pupHOH cpenbl, KaK MMIYABC ABUIKYIIEH CHABI, YACTUYHO KOMIIE€HCUPYIOLIHH
Bec ycTpoiicTBa. [Ioka He o4eHb SCHO, IBASETCH AU U3MEHEHHEe Beca Pe3yAbTaTOM HEKOEero
«3(PUPHOTO peaKTHUBHOTO» 3(p(peKTa, UAU PE3yABTATOM AOKAABHOTO YMEHBIIIEHUH AaBACHUS
3(pupHOH cpeapl, KOTOPYIO IIPUBEAN B JIBHUKEHUE.

Pazymeercd, nanHad cpefia Hepa3pbIBHA, [IO3TOMY Ha MECTO BBITEKAIOIIIET0 IIOTOKA
acdupa Oymetr mocTynaTh 3PUP U3 OKPYyKAWIIEH cpenbl. B TakoMm caydae, Ipu aHaAH3e
dakTOB yMeHbIIeHUS Beca ycTpoiicrBa daoiima CBUTa, pedb CKOpee MOKET HATH HE O
peakTuBHOM 3(QdeKTe, a 00 yMEHBIIIEHHH CTaTHYEeCKOTo maaBAecHHS 3dupa B obaacTu
OKOAO [OAaHHOTO TeHepaTopa HSHEPTHH, KOTOPOE MPOUCXOAUT TPU YBEAHUYECHHH
OUHaAMUYEeCKOTO MaBAE€HHUS IIOTOKA 3(pUpa, B COOTBETCTBUU C 3aKOHOM BepHyaan.

HHaTepecHas ocobeHHOCTE paboTel reHepaTropa CBUTa yKasbIBaeT Ha TO, YTO TaKHe
YCTPOHCTBA SBAFIOTCH UMEHHO 3(bUPOAUHAMHYECKUMHU chucTeMaMu. Paoiin CBUT coobirtaa
0 HecTaOMABHOM XapaKTepe paboTbl INeHepaTopa, U CIIOHTAHHBIX HN3MEHEHHUSX YPOBHH
BBIXOMHOM MOIIHOCTH. CeromHs HaM H3BECTHBI IIPHUYHMHBI 3THX «CTPAHHOCTEH», TaK KakK
IIAOTHOCTBL 3(upa, B KOHKPETHOM MECTE€ Ha IIAaHETe, He SBAdEeTCS IIOCTOAHHOH
BeAHMYHHOH. MHoroaeTHue HabarofeHUd (PU3HYECKUX CBOHCTB 2(OUPHOH Cpenapl, B TOM
4HCA€, €€ CE30HHBIX U CyTOYHBIX M3MEHEeHUH, Bea AaekcaHap MuxatiroBuy Mumus [23]. B
rAaBe O TEOPHHM M 3KCIepuMeHTax KoswblpeBa, OyayT MOKa3aHBI IIPUYHUHBI [JAaHHBIX
KoAeOaHMH IIAOTHOCTH 3(OUPHOM CpepbI.

[pyro#t mpumep 3(HUPOOOMEHHBIX ABHXKHUTEAEH - 5TO «AETAIOIIHe TeHepPaTOPhI
9HEepPTrUm», KoTopble crpoua [IxkoHa Cepa (John Roy Robert Searl). PaGoraroT manHBIE
reHepaTopbl Ha OAEKTPOMATHUTHBIX IIPUHIIHIIAX, TAaKXKe HWCIOAB3ys CIIel[HaAbHBIE
MarHuTHBIE MAaTE€pPHAADBI.

Hctopuga pasButud reHeparopa Cepaa Hadasach B IIOCAEBOEHHOH AHTAWH. [I3KOH B
Bo3pacTte 14 aAeT IOCTYyIHA YVYEHHKOM JAEKTPOMOHTEpPA Ha 3aBOJ B aHTAHMHCKOM ropone
Bupmunreme. Paborasg ¢ IIOCTOSHHBIMU MAarHUTaMH [AS SAEKTPOCUYETYUKOB, OH B 1946
oy OTKPBIA HOBBIHM 3hEKT 3IA€KTPOMEXaHHUKH, O KOTOPOM B IIIKOAE HE paccKasbIBaloT. B
OBICTPO BpAaIIAIOIIEMCH 3JKEAE3HOM MOUCKE IIOSIBASAACH pPagUaAbHasl 3AEKTPOABUIKYIIAS
CHAa, C BEPTUKAABHBIM BEKTOPOM CHABI TATH. [lag yBeanmdeHHd 3ddeKrra, [I:KOH cHadasa
HaMarHU4YuBaA OHUCKH, a 3aTEM CTaA HCIIOAB30BaTh CIEIMAAbHbIE IIOCTOSHHBIE MAarHHUTHI,
HMeloIIe ocobble CBOHCTBA.

OpmHaxKpl, €r0 MOIEAb, COCTOSIIYI0O U3 HECKOABKHUX COE€OUHEHHBIX BMECTE KOAEIl,
WCHOBITBIBaA BO naBope. [lpm MaabIx 000poTax, B KOABIIAX IIOSIBUAACh OOABIIIaS
panuasbHadg pPas3HOCTh IIOTEHIIMAAOB, YTO IIPOSBHAOCH II0 XapaKTEepPHOMY TPECKY
SAEKTPUYECKUX Pa3psioB M 3araxy 030HAa. 3aTeM IIPOU30IIIA0 HEYTO HeOoOBIYHOe: OAOK
KOA€ILl OTOpPBaACs OT PaACKpPy4YHUBAIOLIETO MX MOTOpa, M 3aBUC Ha BbIcOoTe 1,5 MeTpa,
IIOCTOSTHHO YBEAWYHBasi 0OOPOTHI BpallleHHsd. BOKPyT Bpalllaiollerocss 00beKTa IMOsIBUAOCH
PO30BOE CBEYEHUE - IT0Ka3aTeAb aKTHBU3AIIMH BO3AyXa NPU HNaaeHuu aaBaeHUsS. OOBEKT
Ha4aA IIoOAHUMAaThCH. HakoHer, BpallleHHe JOCTHUTAO TaKOH CKOPOCTH, YTO OOBEKT OBICTPO
Hc4ye3 U3 BUAY B BBIIIIUHE.

BIoXHOBAEHHBIH CBOUMHU pe3yabTaraMu, [I3koH, B mepuon ¢ 1950 mo 1952 rof
co3maa b6oAaee IECATH MOMEAEH «A€BHUTHUPYIOIINX AUCKOB». YBEPEHHBIH B TOM, YTO Hay4YHOE
coolmrecTBOo OyzmeT ¢ 6AaromapHOCTBIO MPHUHHUMATHL €r0 OTKpPbITHS, B 1963 roxy [IKoH
pasocaaa IIpUTAAIIIEHHUS Ha I[IPE3E€HTALlMI0 CBOEH MOOEAW «A€TAIOIIEH TapeaKu» B
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KopoaeBckuit JloM M BBICIINM MHHUCTEPCKHM 4YHHaM. HHUKTO M3 BaacTeli Ha €ro
IIpUTAAIIIEHUS [axkKe He OTKAUKHyAcd. B 1967 romy, [I:KOH emie pa3 o0paTHAacsa K
AHTAUHCKUM Y4€HBIM, HO T€ AHUIID BBICMESIAU «HEYIA-3ACKTPUKAY.

Kak oObI4HO ObIBaeT, MpHU3HAHUE K U300peTaTeAo IMPHUIIIAO U3-3a pybexka. CHadgasa
OT AIIOHIIEB, a II03XKe, M OT YYE€HbIX APYTuxX crTpaH. llpoexkts! [IxkoHa Cepaa craau
H3BECTHBI BO BCEM MHpPE, HO HX KOMMeEpIIHaAAW3allus 3afepxkuBasacbk. B 1968 rony
IIPOMU30IIIAO COOBITHE, KOTOPOE, 3alep:KaA0 pa3BUTHE MAHHBIX HccaenoBaHUM. 30 wHioad
1968 roma [IxoH ucneITbiBas annapat «P-11» Becom noutu S00 kr. [Ipu mnemoHCTpalywy,
anrapar IIepecTaA yIpaBAAThECS, a 3aTeM B3AETEA U CKPBIACS U3 BUAY Ha OOABIIIOH BbICOTE
B HebOe. Baactu omepaTHBHO «OTpearupoBasn» Ha 3TO0 cOObITHE. MecTHBIE SAEKTPUKHU
IIpeIbIBHAN U300pETATEAI0 CUET 3a HCIIOAB30BaHUE DAEKTPOIHEPIUH B TE€UYEHUHU ITPOIIIABIX
30 aer, xoTa [I:KOH HMeEA COOCTBEHHYIO 3A€KTPOCTAHIIUIO, M HE MOOAKEH OBbIA HHUYETO
naaTuThb. OH HE MMEA BO3MOKHOCTH YIIAQTHUTH OI'POMHYIO CyMMy HITpada, IO3TOMY €ro
apecToBaAM, CyOHAU, U IIOCAOUAM B TIOPbMY Ha 15 MmecsneB. 3a BpeMs €ro OTCYTCTBHSH,
Bce 000opyZoBaHUe U IIPUOOPHI YHUYTOXKUAHU, & JJOM COZXKTAH.

[Tozxxke, B 1980-e rogpr o Cepae ObIAO MHOIO IIIymMa B IIpecce, KakK 00 «OTIIe
AETAIOUIUX TapeAok». [loTom Bce pasroBopbl 00 3TOM TaAaHTAUBOM H300peTraTrese
IIPEeKPaTHAUCh, KaK OyAaTO KTO-TO [OaA TaKylo KOMaHAay. B Hacrosimee BpeMms, O €ro
IIPOEKTaxX CHUMAIOT (PUABMBI M IUIIYT KHUTH. [[3koH Cepa AEHCTBHTEABHO 3aCAyKHUBAaeT
TOTO, YTOOBI U3YYUTH €TO TEOPHIO U TEXHOAOTHIO M3TOTOBACHHUS «CIIEITUAABHBIX MAarHUTOB.
Ha d¢oto Puc.60 mokazana cororpacdpusd HeOOABIIOH 5KCIIEPUMEHTAABHOH YCTAHOBKH B
coBpeMeHHOMU aabopatopuu [IxkoHa Cepaa (mybaukyercd c paspeuieHus [xkoHa Cepaa).

Puc. 60. OquH 13 COBpeMEHHBIX reHepaTopoB Cepaa.

CaeBa Ha @OTO pPOAHMKH HE BpalllaloTCd, a cIopaBa Ha (OTO II0Ka3aHbI
Bpamarmlnyecd poAuku. [IpuagaB poaAkaM HadaAbHOE BpAIllCHHE PYKOM, MOXKHO IIOAYYUTH
PEXUM CaMOYCKOPEHHs HUX OpPOUTAABHOTO [BUXKEHHUsd. J[laHHBIM TeHepaTop He
IpeaHasHa4YeH [IAS TIOAETOB, HO €ro BeC yMEHbIIaeTcs Hmpu pabore. Bo3Hukaer Bormpoc:
[ToueMy POAMKH CITOCOOHBI CaMOYCKOPSIThCSI, & BEC CHCTEMBI B IIEAOM YMEHBIIIAETCS?
Heo6xomuMo OTMeETUTh, YTO 3IeCh MOeA0 He B MexaHuke. J[Ixkon Cepa caeaaa
dyHIaMEHTAaABHOE OTKPBITHE B 00AAQCTH MarHeTH3Ma, KOTOPOE 3aKAIYAeTCd B TOM, UTO
nobaBAeHHE HEOOABIIION COCTABASIOIIEH cAaboro mepeMeHHOro Toka (rmpuMmepHo 100
MHAAUAMIIEP) BBICOKOM 4acTOThI (0KOAO 10 MI'1) B Impoliecce M3rOTOBAEHUS MTOCTOSHHBIX
MarHUTOB MpHAAeT UM HOBble W HEOXHIAHHBIE CBoiicTBa. Ha OCHOBe 3THX MATHHUTOB
JI3KOH cOo3/1aA CBOU T€HEPATOPHI.

Mpl yKe BCIIOMHHAAW [OAaHHBIM MeETOZ, KaK Ccnocob co30aHuUsl JapmOpo8CcKoli
npeyeccuu MazHUMHO20 MOMeHMA SAEKTPOHA. BBIAO caeaaHO MTPEAIIOAOKEHHE O POAU
IIPpEIECCUN HaMarHu4€HHOCTHU MATrHHUTHBIX MaTECPHAAOB OAA CO3OdaHHUA I'PaBHUMArHHUTHBIX
3¢ eKTOB.
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AHaroTMYHAasg  KOHLENIHWYA IIPELIECCHPYIOIINX THUPOCKOIIOB, POAb KOTOPBIX
BBITIOAHSIFOT YaCTHIbI MaTepuasa (eppoMarHeTHka, Oblaa TakxKe paccMmorpenHa C. M.
[MoasgkoBeIM. HammoMHIO, 9TO TIPOIECC TIOATOTOBKH MAarHuTa OAd PaboThl B TPUTTEPHOM
pexume, Kak orMedas daotig CBUT, TaKKe BKAIOYAET €T0 00paboTKy IepeMeHHBIM TOKOM,
Cc mobaBAEHHEM BBICOKOYACTOTHOM cocTaBadromleii. MrTak, [HaHHBIA aCIeKT SBAAETCHd
KAIOYEBBIM [JAd TpPaBUMAarHUTHBIX SBACHHH, IIOCKOABKY B €TO OCHOBE AeXaT
2pUPOAVHAMUYECKHE HWHEPIIMAABHBIE CBOMCTBA MNPEIECCUPYIONIUX THPOCKOIIOB, B POAU
KOTOPBIX BBICTYIAIOT YACTHUIILI MaTePUH (PePPOMATrHETHKORB.

[Ipumenenue TexHosornu Cepaa BO3MOXKHO HE TOABKO B 3HepreTuke. Ha Puc. 61
II0OKa3aHbl A€MEHTHI KOHCTPYKIIMM AeTalollUX amnnaparoB, KoTopble [IxkoH Cepa u ero
KOMaH/Ia CTPOHAH IAL IIOAETOB. [lmaMeTp AHUCKa COCTABASET OKOAO 7 METPOB.

Puc. 61. Onun u3 annaparos [IxxoHa Cepaa B IIPOIECCE U3TOTOBACHHS.

[IOTIOAHUTEABHO, paccMaTpuBasg OaHHYI TEMy, MOXKHO obOpaTuTbcd K
skcnepuMeHTaM Pommwmua u T'oguna, Koropele B 1992 roany B HMHcTuTyre BbICOKHX
Temnepatyp, MockBa, IIOCTPOHMAHN aHAAOTHYHBIY reHepatTop. IIpoekT HaspIiBaacs «AcTpav.
CxemMa yCcTaHOBKHU IIOKa3zaHa Ha Puc. 62. B pgaHHOM KOHCTPYKLUH, HepUdepUiHbIe
MarHUTBI (POAMKH C OCEBOM HaMarHHYe€HHOCTBIO) BpallaloTCd BOKPYT IEHTPAABHOTO
MarHura, HMemolero ¢GopMy KOAbIla, TaKXKXE OCEBOM HaMarHH4YeHHOCTH. Bpamienue
Co31aBaA 3A€KTPOABUraTEAb C BHEIITHUM IIUTAHUEM.

Puc.62. YcranoBka «AcTtpar, aBTopbl l'onguH u Poux, 1992 rox.

B oramune ot mpoekToB Cepaa, MarHUTHBIE POAWKH YCTAHOBAEHBI Ha o0OIIEeM
OUCKOBOM poTope. PoAMKH Tak:Ke MMeAW CBOOOAY BpallleHHUs BOKPYT CBOed OCH, YTO
obecmeynBaAu paguaAbHbIE BCTABKH B POAMKH U B cTaTop. B IleaoM, Takad HpHUBA3Ka
HAIIOMHHAEeT BpallleHHEe MAaAbIX IIeCTEePEHOK BOKPYT OJHOM OOABIIION IIECTEPEHKH: POAHK
BpalaeTcsd BOKPYT CBOeH OCH U 10 opbOuTe.
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Cutyanus sBASETCS aHAAOTOM IIPOIIECCA, ITPOHCXOMASIIETO0 B MUPE SA€MEHTAPHBIX
YacTHI[ MAaTEepPUuH, HUMEIOIHUX KakK cobcmeeHHoe (cnuHogoe), mak u opbumasbHoe
spawerue.

[unameTp MarHUTHOM cucTeMbl KOHBepTOopa ['onuua u PoimHa (B nipoekTe «AcTpanr)
ObIA OKOAO 1 MeTpa. ABTOPBI MOKAQMBIBAAHM, YTO IIPU oboporax Ooaece 500 obGopoToB B
MHHYTY, HQUMHAAOCh CAMOBpAIllEHHUE, 1 MallllHAa [IePEKAI0YaAach OT IIEPBUYHOIO IIPUBOAA
Ha IeHepaTop C Harpy3kKod mo 7 KHAOBaTT. B mpoliecce paboThkl OTMEYaAOCh HaAW4YHeE
0CeBOM BEPTHUKAABHON MOABEMHOM CHABI, TO €CTb, yMEHbIIIeHHe Beca Ha 35%, a BOKPYT
YCTAHOBKHM OTMEYAAUCh CTpPaHHBblEe KOHIIEHTPHUYECKHE «MarHUTHBbIE CTEHBD» - obaacTu
M3MEHEHHUT BEAMYNHBI MArHUTHOTO II0AS U TEMIIEPATYPhl CPEABI.

PaccTrogHue MeXay AaHHBIMH «MarHUTHBIMH CTeHaMu» ObIAO OKoa0o SO - 60 cwm,
TOAIIIMHA «CTeH» IHIpuMepHo S5 — 8 cMm. Temneparypa BHYTPU «CT€H» Oblaa HUXKe
OKpyzKarolle¥ mnmpuMepHO Ha 6-8 rpanycoB. KoHIeHTpHUYeCKHE «MarHUTHBIE CTEHBD» U
COIIyTCTBYIOILIE TEIIAOBBIE 3(P(PEeKTbI HaAYMHAAU IIPOSBASITHCS, 3aMETHBIM 00pasoM,
npuMepHo ¢ 200 060pOTOB B MUHYTY, U AMHEHHO HapacTaAl 10 Mepe YBEAWYEeHUsS YHCAA
obopotoB. ITompoOHee, yuTaiiTe 0 maHHOM IIpoekTe B ctrathe B. 'ogmHa u C. PommmHa
«DKCIIEpUMEHTAaAbHOE  UCCAEIOBAaHHE HEAMHEHHBbIX d(Q@eKTOoB B AUHAMHUYECKOH
MAarHuTHOH cucteme», [24]. JauHHbI MeTon 3amaTeHToBaH B Poccum: «YCTpPOHCTBO Oad
BBIPAOOTKHM MEXaHHYECKOM HSHEPTHH M CIocob BBIPAOOTKHM MEXaHHYECKOH HSHEPTHH),
Pomua B.B., 'oguua C.M., matenT P® Ne 2155435 o1 27.10.1999 1.

HecMmoTpss Ha 5TH MHTEPECHbIE PE3yAbTATHI, II03BOAIO cebe BBICKa3aTh CEepPbe3HbIE
KPUTHYECKHE 3aMe4YaHMs, a TaKXKe COMHEHHs B KOPPEKTHOCTU OILIEHKH pPe3yAbTaTOB
JAaHHOTO JKCIEepPUMEHTa, KaK BapHaHTa TPaBUMarHUTHOIO ABHXKHUTeAS. B oTaumyme oT
pabor [IxoHa Cepaa, B myOauKamusx 1o paboram Pommmua u loguHa s He Hallea
HUKAKHX YIIOMUHAHUH O HEOOXOAMMOCTH CIIEIIMAaABHOTO HaMarHW4YMBaHHUS MaTepuasa
POAMKOB, KOTOPOE, B AIPYTUX CAyYasX, II03BOAIET OOBSICHUTD IIOIBACHHUE I'PaBUMAarHHUTHBIX
acpdekToB. [Ipu obiennu ¢ C.M. I'oguueiM B 2001 — 2003 roxax, Mbl 00CyKOaAu OeTaAl
KOHCTPYKIIMM HMX TI'eHepaTopa, BKAIOYAd BTOPYIO BEPCHIO. YYHTBHIBAS TO, YTO 3PEPeKT
IIOTEPH Beca YCTAHOBKH 3aBHCEA OT «IIOAIPHU3AIIMOHHOTO HAaNpPaKEHUT», KOTOPOe
IIPUKAQOLIBAETCS B PaAMaAbHOM HAIIPABACHHH, IIOSIBACHHE ITOMBEMHOHN CHABI B JIaHHOM
CAy4dae MOIKHO OOBSICHUTH ITPU IIOMOIIM HM3BECTHOM KOHIIEIIIMHU «ITIOHAEMOTOPHBIX CHA». B
TaKOM CAy4dae, reHepaTop «AcTpa» He sBASEeTCS aHaaorom ycrTpoicTB [IxouHa Cepaa. 1o
BapHUaHT IIOHAEMOTOPHBIX 3(pPeKToB. PacCMOTpPUM 3TOT BOIIPOC B HOBOM r'AaBe.

[TounemoTopHbIE 3P (PEKTHI

Tak Ha3bIBa€MOE «IIOAIPU3AIMOHHOE HAIIPsSXKEHHWEe», B KOHCTPYKIHH «AcTpav,
nocturasno 20 KMA0BOABT, U cO34aBaAOCh B pagUaAbHOM HaIlpaBA€HUU, MEXAY CTaTOpPOM
U 9A€KTPOJaMHU, YCTAHOBAEHHBIMHU IO Iepudepuu, Ha paccrogHur 10 MM oT BHemIHeH
IIOBEPXHOCTH BPAIIAIINXCS POAUKOB. CTaTop, 0 BCEH BUAUMOCTH, ObIA 3a3€MAEH.

B Takoii cxeme, (aKTUYECKH, POAWKH, HMEIOIINE OCEBYI0 BEPTHKAABHYIO
HaMarHUYE€HHOCTh, BPAIIaANCh 10 OPOHTE BOKPYT KOABIIEBOTO CTATOPAa, IIPOXOMA ITOIEepPeK
pPagruasbHOTO BAEKTPHUYECKOTO Ioas. Cxema TaKoOro IIpoliecca IloKaszaHa Ha Puc. 63. B
pe3yAbpTaTe TAaKOM CyHEepIIO3UIIMU BEKTOPOB, BO3HHUKAIOT HW3BECTHBIE NOHOEMOMOPHbLE
Ccuslbl, IeHACTBYIOIINE HA ABUXKYIIHUHCSI 0OOBEKT CO CTOPOHBI OKPYKAaIOIIeH 3(pUPHO Cpepbl.
Pamnee, momoOHble 3pPEKTHI, B YACTHOCTHU, CHUAY AOpeHIla, OBIAO MPEIAOKEHO CUYHUTATH
CAEICTBHEM  CO3OaHUS TIpamgueHTa ISPUPHOrO JaBAeHHsS. B TakoMm  caydae,
apUpoAMHaAMHYECKHE SIBACHUS B IIPOeKTe «AcTpar, HaIpuMep, HU3MEHEHHe Beca U
KOHIIEHTPHYECKOE CTEHBI (CTOSTYUE BOAHBI THAOTHOCTH 3(PUPHOH Cpenbl), BOZHUKAIOIIIHE
BOKPYT POTOpPa YCTAaHOBKHU «ACTpa», BIIOAHE OOBSICHUMEI.
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Puc. 63. CxeMa CKpELIEHHbBIX S9ACKTPUYIECKUX U MArHUTHBIX ITOAEH.

HammpaBaeHue [AeUCTBUS OOHOM M3 COCTABALIOIUX MTOHAEMOTOPHOU CHABI,
TIoKa3aHHoW Ha Puc. 63, aBAsgeTcs opOUTaAbHBIM. [IpH KOPPEKTHOM ydeTe HaIlpaBACHUS
9AEKTpHUYeCcKoro 1oasd E m BekTopa B (HaMarHMYeHHOCTH pPOAHKA), 3Ta CHAa Oymer
YCKOPSITH OBHUIKEHHE POAMKA 10 opbute. TakuM oOpa3om, obecriednBaeTcss caMOBpallleHHe
POAUKOB, TO €CTh, IIOCTOSIHHBIN KPYTSMIIHUH MOMEHT, U CTAHOBHUTCHA BO3MOXKHA aBTOHOMHAs
paboTa saeKTporeHepaTopa o1 Harpy3KOH.

[laHHOe TEXHUYECKOEe pPeIlleHHEe MOXKHO IIPUMEHUTH B POAHM ABUIKUTEAS, TaK KaK
BpallleHHWe MAaTHHUTHBIX POAWKOB H3MEHSIET IIAOTHOCTH (HaBAeHHE) 3upa B o00aacTH
paboTel maHHOro ycrpoiicrBa. IIpm 5TOM, BO3HHKaeT oceBas (BepTHKaAbHas) CHAAQ,
KOoTopas NeTeKTUPOBaAach 110 H3MEHEHHUIO Beca YCTAHOBKH «AcCTpav.

KOHCTPYKTHUBHBIX pEIIEHHUM, PEeaAusyIOIIMX MOaHHBIM IIPUHIINI, MOKeT OBITh
HECKOABKO. B 3amayu NOPOEKTHUPOBIIMKA BXOAUT IOBBIIIEHHE HAAEKHOCTH, 3a CYeT
YMEHBIIIeHUd y3A0B U feTasel, a TakxXKe, CHHKeHHe dHepro3arpar. B 1995 mHOH Obla
IIPOBELEH IIPOCTOH 3KCIIEPUMEHT II0 faHHOH Teme, Puc. 64.

NnoABEC o

~ ANEKTPOMOTOP \

NPOTUBOBEC

NbE30O3NEKTPUYECKUN OUCK

Puc. 64. OxcniepuMeHT PporoBa C IHE303AEKTPUUECKUM JUCKOM.

Ha ocu saekTpomMoTopa OBbIA 3aKpPENA€H OOBIYHBIH KOMITHIOTEPHBIH KOMIAKT-IHUCK
mguamerpoM 120 mMm. [Ipu BpameHuH, MaTepuas OHUCKa HCOBITBIBAET pPaguaAbHbIE
nedpopmanmu. Mateprasa OOABIIMHCTBA KOMIIAKT-AUCKOB SIBASETCS IHE303A€KTPHUKOM,
II09TOMY, IIpH AedopMallyigx, B HEM BO3HHKAaEeT paalasbHOE SAEKTpUUYECKoe Ioae. B
pe3yAbTaTre, OpU OOABIIHX OOOpOTax MAHCKA, B BO3AyXE OKOAO BpAIAIOIIErocs MIHCKa
IIOSIBASIETC 3allaxX 030HA, U Kpas AUCKa Ha4YHHAIOT CBETUTHCS B TEMHOTE.

Ucnerranus 1aHHOTO YCTPOMCTBA Ha IIOABECKE, II0 cxeMe, [TIoKa3aHHoM Ha Puc. 64,
II0Ka3aAH, 4TO B JAaHHOM YCTPOMCTBE CO34a€TCd HEKOTOpas CHAa TArW, HallpaBA€HHAS
BIOAb OCH BpailleHus. Cuaa OeTeKTHpoBasach HeOOAbIIas, HO OHa IIOBOpadYHlBasa
YCTPOUCTBO, U 3aKpydHBasa IIOABEC, HA KOTOPOM OBIAM TaK¥Ke 3aKpPeIlAeHbI IPOBOAA OT
uctouHuka ruradHusa 12 VDC gag aaekTpomoTopa. IlpH cMeHe HanpaBACHHUS BpallleHUs
OHCKa, CHAa, KOTOpad IIOBOpadYuBaeT AAaHHBINM ABUXKUTEAb, MEHsIAQ CBOE HAIlpaBAEHHE HAa
IIPOTUBOIIOAOXKHOE.
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Oaa  mnoaydeHud  adderra, HeobXoauMo  o0ecreuuTb  83aumoolelicmaue

/IeKMPUUECKU 3apsSIKEeHH020 Mamepuana KoMnakm-oucka ¢ MAZHUMHbLM noJsem
NOCMOSIHHbIX ~ MaeHUMo8.  MuHuUMaAsbHBIe  3¢¢eKTbl  HabAlOaAuCh  nOaxe  0e3
JOTIOAHUTEABHBIX MATHHUTOB, TaK KaK BHYTPH 3ACKTPOMOTOPA yKe €CTb MarHUThl. OPdeKT
3HAQYUTEABHO YCHAMBAACH B TOM CcAy4Yae, Korja OBIAM yCTAHOBAEHBI [IOTIOAHUTEAbLHBIE
[IOCTOSIHHBbIE MarHuThbl, Puc. 65.

TeopeTHYECKH, IPOCTOE BpallleHHE 3aPs’KEHHOTO OUAACKTPHUYIECKOTO AHUCKA BOKPYT
CBOEH OCH, TaK¥XKe [OAXKHO O0eCIledMBaTh II0XOXKHE CHAOBBIe 3(P(eKThl, TaK Kak
3apsaKEeHHbIE YAaCTHIBI, HAXOAAIIMECT Ha MOBEPXHOCTH BPAIAOIIETOCH AUCKA, CO3MAI0T
COOCTBEHHOE MATHHUTHOE IIOA€, KOTOpPOE€ B3aUMOJEHCTBYET C HHMH. AHAAOTUYHBIM
obpa3oM, TO ecTb, B3aUMOAEHCTBHEM TOKOB C COOCTBEHHBIM MATHUTHBIM IIOAEM,
00BACHAIOTCS Hu3BeCTHBIe A(Q(EeKThl YMEHBIIeHHS Beca OBICTPO BPAIAIONIETOCS
SAEKTPUYECKHU 3aPSKEHHOIO II1apa.

JIOCTOMHCTBOM MOaHHOU CXEMbl IBAGETCH IMIPOCTOH MEeTO[ IIOAYYEHUsI BBICOKOIO
9AEKTPUYECKOr0 ITOTEHIIMaAa Ha ITOBEPXHOCTH BPAIIAIOIIErocs AHUCKa, He TpebOyromii
BHEIITHET0 MCTOYHHKA. HeoOXoauMO OTMETHTb, YUTO B [JAHHOM 3KCIEPUMEHTE, IHUCK
paboTaa HeEmOATO, TaK KaK €ro BHOpaIluM IIPH BPAIIEHHUH IPUBOAUAM K IIOSBAECHHUIO
MHKPOTPEIIHUH, U TIOCA€ HECKOABKHX HCIBITAHUM, BBICOKOE HAIIpPSKEHHE MIPoriamaso. B
CBSI3U C 3THUM, IPUXOIHUAOCH MEHSTH MUCK. TeM He MeHee, SKCIIEPUMEHT BOCIIPOU3BOIUM,
U €r0 Pa3BHTHE U YCOBEPIIEHCTBOBAHUE CXEMBI MOXKET CTATh HOBOM MNEPCHEKTUBHOH
TEXHOAOTHEH CO3JaHUS ABUKUTEAECH, IIPUMEHUMBIX JAT KOCMUYECKON TEXHHUKHU.

AHaAOTHYHBIF ODPUHIIUI, HO B APYrOM BapHaHTe TEXHUYECKOH peasn3alivuy, ObIA
npensoxkeH AxraneMukoMm lenHaguem dPemopoBudyeM MUWrHaTeeBbBIM. PaccmorpuMm ero
«TIOHZIEPOAET» B OTAEABHOH TAaBe.

[Tlongepoaetr Akanemuka UrHateeBa

Ob1Iee mpeacTaBA€HHE O IIOTOKE SHEPTHU B IPOCTPAHCTBE, & UMEHHO, B VIIPYTHX
Teaax, O0b1rA0 BBeneHo [Ipodeccopom H. A. YmoBeiM B 1874 ronay. ITo3xke, B 1884 romy, ato
TIOHATHE [IASI SACKTPOMATHUTHOM HEPTHH pa3BUA OpuTaHCKUY (pusuK [[3koH [loHTHHT.

[Toaararo, 4TO AT PACCMOTPEHUS 3THUX IIOHSATHI, OyAeT IIOA€3HO IIPUHATH POAb
achupa, Kak yIPyrod cpenabl PacIpoCTPaHEHHUs MPOJAOABHBIX BOAH, TO €CTh, obaacteiht
CKATHUdg U Pa3psaKeHHUs JaHHOU cpenbl, ABUTAIOIINXCS CO CKOPOCThIO cBeTa. MIMEHHO nas
TaKUX IIOTOKOB 2Hepruu IIpocpeccop YMOB BBeA HOHATHE O BeKTope IoToka. CyTh
JAaHHOTO BEKTOpa S B TOM, UTO OH yKasbIBaeT HalpaBAEHHE PaCIIPOCTPAHEHHS ITOTOKa
sHepruu. Ha Puc. 66 1mnokaszaHa cxeMa B3aUMOAEHCTBHUA CKPEUIEHHBIX BEKTOPOB
9AEKTPUYECKOT0 U MAarHUTHOIO II0A€M, NpH KOTOPOH BO3HHKAET «IIOTOK JHEPTHUH
9AEKTPOMAarHUTHOTO TTOAS».
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Puc. 66. Bekrop YmoBa — IlofiTunra

BekTop YmoBa — IloHiTuHra S ompeneadeTcsd dYepe3 BEKTOPHOE IIPOU3BENEHUE
BeKTOpoB E u H, u ero Mmoayas paBeH KOAMYECTBY SHEPTUHU, IEPEHOCHMOMN dYepes3 eqUHHUILY
[IAOIIIAIN IIOBEPXHOCTH, IIEPIIEHANKYATIPHON BEKTOPY S.

XOopoI1l10 MOHSTHA peaklyd TaKOM OKpyzKalolllel yIpyrol cpeapl, Kak BO3AyX, Ha
BO3HHKHOBEHHE B HEH HaIIpaBA€HHOIO II0TOKa OJOHepruu. Peakmusa cpenbl Oyzner
COOTBETCTBOBATh ITAOTHOCTH H CKOPOCTH CO34aBae€MOI'0 B Hel IIOTOKa, W HallpaBA€HA B
IIPOTUBOIIOAOXKHYIO CTOPOHY. AHaAAOTHUYHO, IIPH CO3MAaHUM HAIIPABACHHOTO IIOTOKA
9HEPruu B 3(dHUpe, HaA IAEMEHTHl KOHCTPYKIIUH, CO3[alolllue MNaHHBIM IIOTOK, Oyaer
OeHCTBOBATh peaKkmugHast 08UXKYULAst CUNA.

[laHHBIE CHABI HAa3bIBAIOT IIOHAEMOTOPHBIMHM, M OHH [OEHCTBYIOT B AIO0OH
u3Aydaronieli aHTeHHe panuonepenatrdyuka. CyMMapHbIe CHABI 3a ITMKA KoAeOaHUH,
00OBIYHO, PaBHBI HYAIO, TaK KaK IIOYTH BCEe aHTEHHbIE CUCTE€MbI CHMMETPHUYHEI, a IIUTaHue
MMeeT BHJ CHHYCOHMJAABHOT'O ToKa. [Ipu TakoM NHUTaHUH aHTEHHOM 3A€KTPOMAarHUTHOH
CHUCTEMBI, BEKTOP IIOTOKa OSHEPTHM MMeEEeT XapakKTep AWHEUHBIX CHHYCOHJAABHBIX
IIepeMEeHHBIX KoAeOaHWH, «BIepen — Hasal», He co3/aaBas OJHOHAIIPABACHHBIM II€PEeHOC
9HEPTUH B IIPOCTPaHCTBe. [IBHXKyIllasd CHAA Ha OOBIYHYIO AHTEHHY IllepeJaTdyuka He
nericrByert. [Ipyryue BapHuaHThl «<aHTEHH» II03BOALIOT IIOAYYATh UHTEepPeCHBbIe 3(PPEKTHI.

Axkanemuk l'emnanuii demopoBuuy UWrHatheB, TrAaBHBIA KOHCTpykTOop LIKB
«JTeodpnsukar, aaypeat I'ocynapcTBeHHON mpeMuHu 3a pas3paboTKu 0OOPOHHOIO 3HAYEHHS,
IIOCA€IHIME TOAbI KU3HU IpenonaBas pu3nKy B KpacHospckoMm YHuBepcurere. OnHo# U3
€ro AIOOMMBIX TeM HCCA€IOBaHUM, KaK B TEOPUHU, TaK U B IPaKTUKE, ObIA KOCMHYECKUH
OBUXXUTEAL HOBOIO THUIIA, pabOTaloNMii Ha OCHOBE H3BecTHOro 3dgderkra YmoBa -—
[Motitmara. AkameMuk UWrHaTbeB IIpEIAOKHA CXeMy, IIoOKa3zaHHylo Ha Puc. 67,
roHpepeHus «Hosreie Uneu B EcrecTBo3Hanumn», 1996 rox, Caukr-IleTepOypr.

B cxeme MrHartweBa OBIAO IIPEIAOKEHO CO3ATh BpallleHHE KOMIIO3HUIIMU BEKTOPOB
9AEKTPHUYECKOTr0 U MAarHUTHOTO IoAed. Kaskmoe moae co3gaeTcd HE3aBHCHUMO, HO OHHU
pacmoaoxkeHbl o yraoMm 90 rpaaycoB IO OTHOLIEHHIO APYT K APYTY, W IIPU BpalleHUH,
CcKpelleHHbIe BeKTopa E u H coxpangaroT nanHbI# yroa.

BpalwleHune KOMMNo3nLunm BeKTopoB
Puc. 67. Bektop YMmoBa — [lo#fiTHra B KOHCTPYKIUHU OABUXKHUTeAd UrHaTheBa.
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OAEKTpHYECKOe Bpalllaiolleecd II0A€ CO30aeTCd YeThIPbMS YeIWHEHHBIMU
KOHJIEHCATOpaMH (3TO MOTYyT OBITH C(hepbl MAH TOPOHBI), a BpAIAIOIeecss MarHHUTHOE
IIOA€ CO3[AeTCs YeTBhIPbMS KAaTyIIKaMH. OTO HEe MeXaHH4YeCKOe BpallleHHEe CHCTEMBI
KaTyIlIeK U KOHAEHCATOPOB, a BpalleHue BeKTopoB E u H, co3maBaemoe 3a cyeT caBura
¢da3 mmraHumsa. [loxoxkum ob6pas3oMm, co3maeTcd BpallleHHe MAarHUTHOTO IIOAS BHYTPH
Tpexdra3HOTO IAEKTPOABUTATEAS.

Ha dororpaduu Puc. 68, nokaszana skclepUMeHTaAbHAd YCTAHOBKA, [IOCTPOEHHAsS
AxkaneMHUKOM MWrHaTeeBBIM, HOPHUHLMWII OEHCTBHA KOTOPOM OCHOBAH Ha CO3JaHHUH
HaITpaBAEHHOTO 3(PHUPHOIO [IOTOKA B OCEBOM HaIllpaBA€HHUHU. B Takoil cxeme, BeKTOp YMoBa
- IloWTuHra HE IIepeMeHHbIH, KaK B OOBIYHON aHTEHHE paauolepemaTdrKa, a HMeEeT
IIOCTOSHHOE HallpaBACHHE BIOAb OCH BpalllcHUd CYIIEPIO3UIIMU 3SACKTPHUYECKOIO U
MarHuTHoro mnoaeti. COOTBETCTBYIOLIMH €My HMIIYABC peaKIIUU OKpyzKarolled adupHoOH
Cpenpl CO34aeT ABUXKYIIYIO CHAY, 1 MEHIET BEC YCTPOHCTBA.

Pacuer co3maBaeMoll ABUKYIIEH CHABI MOXKHO ITPOM3BECTH I10 3aKOHY COXPaHEHUST
UMIIyAbCa, IIPHUHUMAasl CKOPOCTBH IIOTOKA SHEPTHU B 3(pHpe paBHOMl CKOPOCTH CBeTa: IO
dopMyAe TIOHAEMOTOPHOM CHABI, HAIO0 Pa3EAUTh MOAYAb BeKTOpa YMoBa — [loiiTuHra Ha
BEAHMYHHY CKOPOCTH CBeETa.

Puc. 68. ®ororpacus nouneposera Urnarwena.

[oraan Arkanmemuka WrHatbeBa mo OJaHHON Teme ObIA OIyOAMKOBaH B 1996 romy
[25]. OKcnlepUMeHTaABHBIM ABUKUTEAB, IIOKAa3aHHBIM Ha Puc. 68, nMeA MaKCHMaAbHBIN
pasMmep okoao 4 wMetrpa, pabouyro uactory 80 kHz, u npu norpebaenmum 10 kW
9AEKTPOIHEPTHH Ha CO3[JaHUE TOKa B KaTYIIIKaX, CO3/laBaA Bpallalolleecs SIAeKTPHIECKOoe
oae HanpsaxKeHHOcTbI0 10 kV/m, 1 Hanps:KeHHOCTh MarHUTHOTO oad okoao 200 kA /m.
OTU mapaMeTpbl IO3BOASIAM IIOAYYUTBH ITAOTHOCTH IIOTOKa SHeprum S = 1010 (J/m2c) u
OBUXKYIYIO cuAy nopdaka 60 HeroToH. /[laHHas ycTaHOBKA HE BAE€TaAa, ITIOCKOABKY MOTAA
MOHSTH TOABKO 6 KT, TIpHu o01eM Bece 30 Kr.

Prc.69. Akanemuk 'ernaguit PegopoBud UrHaTheB.
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B cBoem goraaze 1996 roma, AkanemMuk rHaTheB IPEIAOKUA ayAUTOPHUH PACUYETHI
IOA9d KOHCTPYKIIMHM AeTaTeAbHOro amnmnapara guamerpom 40 MeTpoB, CIOCOOHOTO
IIOAHUMATL CBOH Bec, HMemolled mnoabeMHyl0 cuay Ooaee 300 kr. Teoperuyeckw,
OBUKUTEAb IrHaTheBa MOT pa3BHBaTh CKOPOCTH CBETA.

I[Ipy paccMmoTpeHHH IpenasaraeMod HMrHaTbeBBIM  CXEMBI, OYEBHUIHBI €€
IIpeuMyIlIecTBa M HeAoCTaTKU. [lad MaHHOM CcXeMbl HEOOXOOUM MOUIHBIH HCTOYHUK
3AEKTPUYECKOTO TOKAa, CO3JAIOIIEr0o Bpalllaiollleecd MAarHUTHOe IoAe. [Jlag IIHTaHUdI
KOHZIEHCAaTOpOB B cxeMe MrHarbeBa, HEOOXOAMM MCTOYHHUK BBICOKOTO HAaIIPAKEHUS.
[Tompobyem Ha#iTu agpyrue permeHus. Ha Puc. 70 nokazaH BapuaHT KOHCTPYKIIMHU
BpamjarlIeiica I1naaTdopMbl, Ha KOTOPOH 3AEKTPHUYECKOE II0A€ CO3JaeTcd napoi
3apsKEeHHBbIX TE€A, a MarHUTHOe — IIapod IIOCTOSHHBIX MAarHuToB. [lAgd IIOAy4YeHHd
3AEKTPUYECKOTO 3apsfa HyKE€H HCTOYHHK BBICOKOTO HAIIPSIXKEHUs, HO S30eCh 3apdn
IIOCTOSIHHBIM, IT03TOMY HEOOXOOWMO TOABKO BOCIOAHSATBH €ro yTedKy. MarHuThl pacxona
9HEPTHH He TPEOYIOT.

Puc. 70. Bpamenue naatdopmsbl, cKpelieHHble EXH moas

HenmocraTkoM  AaHHOM  KOHCTPYKLIMH  gIBAFETCHA  OlpPaHHUYEHHE  CKOPOCTHU
MEXaHHYEeCKOTro BpalleHus. B 1noHzmepoaere WrHaTbeBa, BpallleHHE BEKTOPHOU
cyneprno3urinn  ExXH co3maercs 3a  cdyer MHOroas3HOTO IIHMTAHUS KaTylleK |
KOHZICHCATOPOB, M IIPAKTUYECKH, HE HMeeT OTPAaHHYEHHH II0 CKOPOCTH (Jacrore)
BpalleHuss. OTo mnaeT cxeMe HMrHaTbeBa CyILIeCTBEHHOE IIPEHUMYIIIECTBO, TaK Kak
IIAOTHOCTBH IIOTOKA 3HEPTUU (MOAYAb BeKTopa YMmoBa — [lofiTuHra) 3aBHUCHUT OT YTAOBOH
CKOPOCTH BpallleHUsa BeKTopoB ExH.

PaccmarpuBasg [OaHHYI0O TeMy, MOXKHO CAEAaTb BBIBOJ O TOM, 4YTO IIOHATHE
HAIIPS?KEHHOCTH SAEKTPHYECKOTO MAM MAarHUTHOTO ITOAS €CTh YCAOBHOCTH, KOTOPBIE MBI
IIPUMEHIEM A8 OIIMCAHUS pPeaAbHBIX (PU3NYECKHUX IIPOIlecCOB B 3¢upHOMl cpene. B
HEKOTOPOM CMBICAE, DAEKTPUYECKOE II0A€ €CTh AMHeHHas medopMalud yrpyroi 3oupHoHi
cpenpl, B pe3yAbTaTe KOTOPOH, B cpele 3arnacaeTcd HeKOoTopas MOTEeHIIMaAbHAasl dHEPTHUs.
MarHuTHOE IIOA€ €CTb aHAAOl BHXPEBOTO II0OTOKAa O(MUPHON cpenpl, 00AaIaroNIIETOo
KHUHETHUYECKON SHeprueii. DAeKTPOMarHuTHBIE IIPOIIECCHI, B TAKOM CAydYae, €CTh «II0BOPOT
U AMHEHHBIH IlepeHoC», Kak nucaa ['epman Be#ab, TO ectb, suHmossle degpopmauuu u
nepemewieHust 3¢pupHoli cpeodsl. IIpu CyHEepIIO3UIINH 3AEKTPUYECKOTO IIOAS, HAIIpUMeED,
mon yraom 90 rpamaycoB, K AMHUSM HaNPSKEHHOCTH MAaTHUTHOTO IIOAS, MBI ITOAyYaeM
Takyr OeOpMalHio Cpenbl, YTO e8paujeHue OaHHOU O0edopMuposaHHoOl obracmu
npocmpaHcmea cozdaem nomok SHepeuu, B U3BECTHOM HaIllpaBA€HHH BEKTOpa YMoBa -
[TotitmHra. C MEXaHHUCTHYECKOH TOYKH 3PEHHs, MOXKHO CKa3aTb CAeAyIollee: 3a cYeT
OaHHOU cymnepriosuiinu ExH moaeii, B cpeme co3maeTcss aHaAOT BHUHTOBOTO MeXaHU3MA,
KOTOPBIH, IpPU BpalleHHH, paboTaeT IO aHAAOTHUHM C BHHTOM IIpoIlearepa (BHHTOM
ApxuMmena) 1 OTTaAKUBaeT cpedy OT cebsi. PakKTUIeCKH, 9TO IAEKTPOMATHUTHBIHA BUHT!

[pyroe wu300peTeHHE, KOTOPOE XOPOIIO [OIIOAHSIET TEMY O [IBHXKHUTEASTX,
HCIIOAB3YIOIIINX ITOHAEMOTOPHBIE 3pdekThl, 3anareHToBaHo B 2001 roxy aBtopammu I.IT.
HBanoBeiM u HO.I'. MBanoBbIM. (Crioco6 moaydeHuss Taru. IlareHT Ne 2172865). CyTh
n300peTeHuss VIBaHOBBIX II0OKa3aHa Ha Puc.71.
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KATYLLUKA

NEPEMATHUYMBAHMS
BHYTPEHHUN CEPAIEYHUKA
aNEKTPOA
| V
BHELLHWIA
aNEKTPOA

CEPAEYHUK N3 MATHUTO-ANINEKTPUKA

Puc. 71. Cxema nBuxkurtead MiBanona.

Ha 1muAuMHAPHYECKOM HE3AEKTPONPOBOAAIeM (epPOMarHUTHOM CepAedYHUKE,
IIOMEIIEHb] ABa METAAAMYECKHX SA€KTPOoJa (BHYTPH U CHapyXH). B cepneunuke cospaercs
IIEPEMEHHOE MAarHUTHOE IIOA€, KOTOPOE€ IIPH B3aMMOJAEHCTBHUH C SAEKTPUYECKHUM IIOAEM,
obecrieunBaeT ABUKYIIYIO CUAY. B maHHOM caydae, BekKTopa E u H ckpemtenrl. Bekrop H
HaIlpaBA€H II0 OKPYKHOCTH (PEepPpPOMarHUTHOTO CepAedYHHKa, a BeKTop E HampaBaeH
paarasbHO, OT OJHOTO 3A€KTpoAa K Apyromy. [IBHKylllas cHAa HallpaBA€Ha BIOOAbL OCH
OUAUHOAPUYECKOTO CepAedYHUKa, TO €CThb, II0 BEKTOPYy IlepeHoca OJHEPrHH YMoBa —
[TotiTuHrAa.

[IpeumMmyIiecTBO OAaHHOM CXe€MBI B TOM, YTO (PEPPUTOBBIH CEPAEYHHUK yCHAWBAET
MarHUTHOE II0A€ B JECSTKH THICHY pa3, YTO II03BOASET CO34aBaTh KOMIIAKTHBIE M MOIIHbIE
ycrpodictBa. PasBuTHe OaHHOM  TEXHOAOTHMHM  TpedyeT CO3MaHUs  CHEIMaAbHBIX
MarHUTOAUIAEKTPHUKOB, TO €CTh, TAKHUX MaATEPHAAOB, B KOTOPBIX CO30AI0TCH ONTHMAaAbHbIE
ycaoBUg OPMHPOBAHUS KaK MOIIHBIX MATrHUTHBIX, TaK U CHUABHBIX 9A€KTPHUYECKUX ITOAEH.
dopma cepaeyHHKa MOXKET OBITH HE TOABKO KOABIIeBasl (TOpouzaasbHas), HO W Aro0asa
apyras, €cAn oOHa obOecneyHBaeT YCAOBHS [IASI CO3/[aHHsS OJHOHAIIPABAEHHOIO IIOTOKA
acupHOU cpenbl. [lepcrieKTUBHOE TEXHUYECKOe pelrleHue!

Pa3BuBas BOIIPOC O BO3MOXKHOCTH CO3AAHUs ABUKYIIEH CUABI 3a cUeT aedpopMaliiu
3(pUpPHOH Cpenpl, PACCMOTPHUM BHYTPEHHIOID CTPYKTYPY JAEKTPHUYECKOIO IIOAS, Kak
006AacTH IPOCTPAHCTBA, B KOTOPOM 3(UpHAd cpeda IIOABEPTraeTcs YIPYyrod HEKOTOpPOH
nedpopMali. ITO BaxKHasl TEOPETHUYECKAs YacCThb IM03BOASET IIEPEUTH K HHTEPECHBIM
IIPAKTUYECKUM PEIIEHUSIM.

BHyTpeHHAS CTPYKTypa 3AEKTPUYECKOIO ITIOTEHIITUAABHOTO I10AS

O¢up, Kak U aAobaga pusmyeckasa cpena, CyLIECTBOBAaHHE KOTOPOH MBI MOXKEM
IIPUHATH, BMecTe C MeHaeaeeBBIM, HMEET OIpeleAeHHble (U3NYEeCKue CBOMCTBA.
MenpneaeeB mmcaa o0 YIPYyrocTH MOaHHOM cpenpl B crarbe «[lombITKa XUMHYECKOTO
IIOHUMAaHUug MHUPOBOro 3cupar [26]. Odup, no MeHneseeBy, TaKKe UMEET MacCy, XOTd OH
IIUIIIET O TOM, YTO «JOAKHO TOBOPUTH He 00 HeBecoMOoM 3QHUpe, a TOABKO O
HEBO3MOZKHOCTH €TI0 B3BEIIINBAHUSI.

M3 mHOrux paboT COBpPEMEHHBIX MCCAEOBATEAEH CBOMCTB 3dupa, PEKOMEHIYIO
YHUTATEAI0 H3Y4YUTh TEOPHUI0 U PEe3yAbTaThl OKCIIEPUMEHTOB AaeKcaHAp MuxaiiaoBuda
Mumuna [23]. Ero KHuUra BKAIOYaeT aBTOPCKHE pPabOThI, comepsKallliie OpPUTHHaABHBIE
MaTepHuasbl HCCAEOBAHUN MHOTOMEPHBIX U (PpaKTaAbHBIX CBOHCTB IMPOCTPAHCTBA -
BpeMeHH MupoBoro 3dmupa. HayunHbiii mnouck MwuinmHa OCHOBaH Ha pe3yAbTaTax
AabOpaTOPHBIX JKCIIEPUMEHTOB M HATYPHBIX HalArogeHUil. AaekcaHap MwuxairnoBug
MumuH paszpaboTasr HOBYIO SMITMPHUYECKYIO KOHIIEIIIHIO 3(Hpa, U IIOATBEPAUA €€, C
IIOMOIIBIO  «IIPUOOPOB C HCKYCCTBEHHBIM OnomoaeM». OH OTKpPbIA HaM HEU3BECTHBIE
3aKOHBI 3(OUPOIUHAMHUKH.
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[AaBHBIN BBIBOM, KOTOPBIH f CIAeAaA B3 TeOPHUH MHUIIIHMHA, COCTOUT B IOHUMAaHUH
TOTO, YTO 3(PHUP pearupyeT Ha BO3AEHCTBHE II0-Pa3HOMY, B 3aBHCHMOCTHU OT IIapaMeTpPOB
Bo3zelicTBUs Ha Hero. OH MOKeT pearupoBaTh KakK ra3, HAH KaK JKUIKOCTb, HO IIPU
OBICTPOM BO3IEWCTBHH Ha HErO (KPyToil (DPOHT HMIIyAbCa), OH BeleT cebsi KakK abCOAIOTHO
TBEpPAOE HECIKUMAaEMOE TEAO.

Hrak, sAeKTpHYECKOe IIOA€, BHeEIIHe HabAlogaeMoe HaMHM, KaK CcTaThdecKas
CHUTyallUsl, MOXKET PacCCMaTPUBATHCH KaK «CTPECCY, TO €CTh AehopMallus CTPOeHUs 3pupa,
€ro TIOASpH3alls, CXKATHe HAU pa3psKeHHe, IPHUBOASAIIee K H3MEHEHHIO IIAOTHOCTH.
OnHako, eCTh U APYToi MOoAXOA K CTPOEHUIO SAEKTPHUYECKOTO IIOAS, IIPeAIloAaraloUIii ero
OUHAMUYECKYI0 CTPYKTYPY, CTATHKA KOTOPOH OOBICHAETCS 0asaHCOM OABYX HAU Ooaee
IIPOLIECCOB. BHYTpEHHHAS CTPYKTypa SACKTPHUECKOTO IIOAd AAeT IIOHHUMaHHE CTPYKTYpPHI
IIPOCTPAHCTBA — BPEMEHHU.

Hampumep, konHnemiusa Yurrakepa (Whittaker) paccmarpuBaer saeKTpHUUecKU
IIOTEHIIaA, KaK AByHAIIpaBA€HHBIM IIOTOK 3Hepruu [27]|. Ero maremaTudecKud HNoAXOa K
BOIIpOCaM O CBSI3M OAEKTpOMarHeTw3Ma H TIpaBuTanuu, B 1991 romy, nonpobGHO
IIpoaHaAu3upoBas aMepukaHckuil yuennlit Tomac Bepaen (T.E. Bearden). Bepnen nrcaa B
KHure «I'paBuTOOHOAOTHS» [28] O (PHU3UYECKOM CMBICAE MAaTEMATHYECKHX IIOCTPOEHHU
Yurakkepa: «IIpocTpaHCTBO-BpeMSsI, B OIIPEAEAECHHOM CMBICAE, MOXKET pacCMaTpHUBaThCH,
KaK KOHTAOMEpAaT IIOTEHIIMAAOB, BKAIOYAsl CKaAdpPHBIE 3ACKTPOMArHUTHBIE ITOTEHIIHMAABI.
CaenmoBaTeAbHO, IIPOCTEHIIE CTPYKTYPOH SAEKTPOMATHUTHBIX CKAASPHBIX ITOTEHIINAAOB
(3axBaueHHOM OAEKTPOMATHUTHOM OHEPTHM) HIBAGEeTCS KOMIIO3HIUS M3  CIHUH-2
TPaBHUTOHOB).

CTpPyKTypa OSAEKTPUYECKOTO HAM TPABUTAIIMOHHOIO IIOTEHIIMAABHOTO IIOAS, IIO
Bepneny, cocTrouT U3 CHApeHHBIX (POTOHOB U aHTHU(OTOHOB (IPaBUTOHOB U
AQHTUTPABUTOHOB). AHTH(OTOH SBASETCI TaKHUM K€ OAEKTPOMArHUTHBIM IIPOIIECCOM
KoAebaHMs TIAOTHOCTH d(upa, KakKk U (POTOH, HO B PEBEPCHPOBAHHOM BpPEMEHH.
CaemoBaTeAbHO, JAEKTPHUYECKOE IIOTEHIIMAABHOE II0A€ MOXKET pacCMaTpPUBATBCH, Kak
OBYHaAIIPaBA€HHBIH SAEKTPOMATHUTHBIM mpollecc - aHTumpolecc. OTcioma,  caemyeT
HpCZ[HOAO}KeHI/Ie O TOM, 9YTO MOIITHOCTB, HOAy‘-IaeMaH KaKUM-TO TEXHHUYECKUM yCTpOfICTBOM
3a CYeT AIOOOT0 IIOTEHIIMAABHOIO IIOAS, MOIKET OBIThH IIOAYYE€HA TOABKO Oaaromaps
CO30aHUIO U3MEHEHU, nucbaraHCy BHYTPEHHEN CTPYKTYPhI IOTEHIIHAABHOTO ITOASI.

HHTepecHBI BBIBOA: (POTOH W aHTH(OTOH €CTh BOAHBI TAOTHOCTU JHEPTHU B
acupHOH cpene. OnHakKo, POTOH PaACIPOCTPaAHAETCd B OyayIlee M3 IIPOIIAOTO, YAAASSICH
OT HUCTOYHHKA U3Ay4YeHUs. AHTU(OTOH, B TaKOM CAy4Yae, MOOAKEH IIPUXOAUTH B
«IIPUEMHHUK» aHTU(POTOHOB U3 GECKOHEYHOCTH. ITa HIES O IIOTOKE SHEPTHH, BTEKAIOIIIEM B
MaTEPHIO U3 ITPOCTOPOB BeceaeHHoit, Gbiaa IIpeacTaBA€HA MHOTUMH aBTOPaAMH, KaK OCHOBA
[AST MOIEAN TPABUTAIIMOHHOTO B3aUMOAeHCTBUsA. [I0TOK «aHTU(OTOHOB» JOAKEH 00AaIATH
3HepI‘Heﬁ, U MBI MOZXKEM €€ HCIIOAB30BaTh B IIPAKTHYECKHX IIEAAX. TeCAa, HaIIpuMeEp,
CUHTAA, YTO JAS U3BAECUYEHHUS OTOTO BHA YHEPTUH, JOCTATOYHO IIPOCTO CO3OATH «YCAOBUS
CTOKa SHeprum». B TakoMm mpeobGpasoBaTese SHEPTHH, OYAYT ITOTAOIIATHCS BTEKAIOIIHE B
«pabouee Tea0» aHTHU(OTOHBI, U 6GasaHC (POTOHOB M aHTHU(OTOHOB U3MEHHUTCS.

Kakue mpu 3ToM OyayT MOCAEACTBUS IPU U3MEHEHUU CTPYKTYPbI 9AEKTPUYECKOTO
WAM TPaABUTAIIMOHHOTO IIOTEHIIMAABHOTO moAd? O4YeBHAHO, B OKPECTHOCTHAX MIAaHHOTO
IIpeo0pa3oBaTeAs SHEPTUH JOAXKHA U3MEHATHCH CKOPOCTH IIPOLIECCOB, BKAIOYAS U IIPOIIECC
CYLIECTBOBAHUS YaCTHUI[ MAaTEPHH, YTO, IIPH MaAbIX OTKAOHEHHUAX OT OasaHca Oyxer
IIPOSIBASIETCSI KaK H3MEHEHUd B (PU3UKO-XUMHYECKHX CBOMCTBAxX BEILECTBA, a OOABIIIHE
n3MeHeHHd B OasaHce POTOHOB U aHTU(OTOHOB JOAXKHBI IPUBOAUTH K IIEPEX0OAY MaTEPHUH
Ha «OIPYTOH YPOBEHH CYIIIECTBOBAHUS», TO €CTh, TEAETIOPTAIINH. K BOIIPOCY O TEXHUYECKOH
peaan3aliiy JaHHbBIX UEW Mbl IPUAEM B KOHIIE KHUTH.

PaszBuBaga JaHHYIO KOHLEIIIIWUIO, MO2KHO ITIOAYYHUTHE MHTEPECHEBIE BBIBOAEI.
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Ecam Bpems mag mpollecca A paccMaTpuBaThb, KakK IIpsgMoe BpeMs t., H BpeMms
mpolecca B paccmaTpuBaTh Kak peBEPCHPOBaHHOE BpeMs t-, TO MbI IIOAYYHM HOBOE
BbIpaK€HHE 3aKOHa COXPAHEHHs YHEPTrUU [AS TAKHUX IapHBIX IpoileccoB. Popmyaa F.2.
VIUTBIBAET TO IIPEAIIOAOKEHHE, YTO IIPOIEeCCHl B AIOOOM IIOTEHIIMAABHOM IIOA€ BCErna
HOyT Cpa3y B IPSIMOM U PEBEPCUPOBAHHOM BPEMEHU:

AA/dt+ = AB/dt- F.2

BriBoa: IIpocTpaHCTBO-BpeMd SBASIETCS HCTOYHHKOM 5SHEPIHH HEOTPAHWYEHHOH
MOIITHOCTH. HeT npeneAoB N3BA€YEHHIO MOIIHOCTH, €CAM U3MEHEHHNS BEAMYNHBI MOIITHOCTH
B IIpoliecce A COOTBETCTBYIOT U3MEHEHUSIM BEANYUHBI MOIIHOCTU B IIpoliecce B.

B HOBOH (QopMyAHUpPOBKE, 3aKOH COXpPaHEHUd OHEPTHH IMIpHOOpeTaeT CMBbICA
CcoxXpaHeHHus 0aaaHca CTPYKTYPBI IIPOIIECCOB. OHEPrHUs IMIPOIECCOB B IIPSIMOM BpeMEHH
[OOAKHA OBITH paBHA JHEPTHM IIPOIIECCOB B PEBEPCHPOBAHHOM BpeMeHH. J[laHHas
dopMyarpoBKa o0000HIIaeT 3aKOHBI MEXaHUKH (HeHCTBHE-IIPOTHBOAEHCTBHE) M 3aKOH
coxpaHeHus dHepruu. B obiieM Buae, MOXKHO FOBOPUTH O 3aKOHe DaaaHca.

3aMeTHM, HyA€BO€ COCTOSHHE HE €CTb «HHYTO». ITO «HEe4YTO» - cOasaHCHpOBaHHAasS
CTPYKTYypa, HU3BECTHAd KakK «BHYTPEHHAd CTPYKTypa HyAd» B [OPEBHEH HWHAUNCKON
MatemMaTuke. B of0mem caydae, MbI [OAKHBI paccMaTpuBaTh cbasaHCHPOBAHHOE
MHOTOIIOASIpHOE cocTosiHue, F.3

0=A+B+C+..+N F.3

CTpoeHUue IIOTOKA BPEMEHH MOIKEeT OBbITh 0oAee CAOXKHBIM, YeM [ABYHAIIpPaBAEHHOE
codyeTaHUE IIOTOKOB «BpeMs M PEBEPCUPOBAHHOE BpPEMs», U €ro BHYTPEHHHAS CTPYKTypa
MOZKEeT paccMaTpUBaThCId B MHOTOMEPHOH hopMe.

[ob6aBAO 3mech KpPaTKO IIOICHEHHS O «MHOTOMEPHOM BpeMeHH». OOBIYHO MBI
BOCIIDUHHUMAaEM BpEMSsI, KaK IIOCA€JOBATEABHOCTb COOBITHH. AWHeHHOe BpeMa — 3TO
IIOCA€IOBATEABHOCTb COOBITUH. OOHAKO, pa3BUTHE COOBITHH B MHPE HUMEET MHOXKECTBO
BapHaHTOB, TaKHM 00pa3oM CVIIECTBYeT MHOTOBapHaHTHasd BceaeHHas M MHOXKECTBO
AVHUM BpeMeHH. [IAOCKOCTH BpeMEHH — 3TO ABYMeEpHas CTPYKTypa (AHCT), B KOTOpPOH
PacIiOAOKEHBI AMHHHM BPEMEHH I[IapaAA€AbHBIX IIPOCTPAHCTB. Bce AMHHUM BpeMEHH 3THX
IIPOCTPAHCTB MMEIOT KaKOM-TO OAWH HEW3MEHHBIN IIapaMeTp, 3a0arollUi IIOAOXKEHUM
AVHHM BPEMEHH B IIAOCKOCTH, II€¢ OHH UMEIOT Pa3HOe HallpaBAE€HHE, HO HE IIEPECEKAIOTCA.
Pasnble ImAOCKOCTH (AMCTBI) 00pasyloT «IepeBO COObITHH», TO €CTh, MHOXKECTBO
IIapasA€AbHBIX IIPOCTPAHCTB.

TeopeTHYecKH, COTAACHO PaCCMOTPEHHOH BBIIIE KOHIIEIIIIUH, AI00O€ KOAWYECTBO
9HEPTHH, U Al0Oasd ABUXKYyIIas CHAA, MOTYT OBITH CO3[aHBbI IIYTEM CTPYKTYPUPOBAHUS
acpupHOH cpenbl. OrpaHHYeHHEM [OAd KOHCTPYUPOBAHHsS SBASETCH 3aKOH 0OaaaHca,
KOTOpBbIHi  TpelOyeT co3maBaTh AOOOH  OSHEPreTHYecKWil IIpollecc & nape ¢
npomuegoHanpasieHHbiM npoyeccom. BzarMHas KoMIeHcalus AByX UAHU OoAee ITPOIIecCoB
MO3KeT OBITH OPraHM30BaHAa KaK B IIPOCTPAHCTBE (IPOCTPAHCTBEHHOE pPa3/IeA€HHE), TaK U
BO BpPEMEHHU (XpoHaAbHOe pasaeseHme). OTcCloma, MBI IIOAyYaeM [Ba TEXHUYECKHX
pernreHusd:

Acummempust npocmpaHCmeeHHO - 8CMpeUHblLX ITaPHBIX 9HEPIETHYECKUX ITPOIIECCOB
[aeT TEXHOAOTHIO CO3JaHUsI aKTUBHOH ABHIKYIIIEH CHABI, IEeUCTBYIOIIEH B IIPOCTPAHCTBE.

Acummempust napHsblX HepP2emuuUecKux Npoueccos, 8CMpeUHblX No 8pemeHu, AaeT
TEXHOAOTHIO CO3MaHUd ABUXKYIIEN CHUABI, JEUCTBYIOILIEH 110 OCH BPEMEHH.

O0e TeXHOAOTHU MOTYT OBITH 00BEOUHEHBI B OHOM yCTPOHCTBE, 00€CIIeYNBAOIIIIX
yIIpaBAsieMoOe IIepeMelIeHUe TPAHCIIOPTHOIO CPELACTBA KaK B IIPOCTPAHCTBE-BPEMEHHU.
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HHTEpECHO OTMETUTh, YTO ATH Haes ObIAM MHOM BbICKazaHbl B 1996 romy, Ha
KoH(pepenuu «HoBele wumem B ecrecTBo3HaHUM», Cankr-IlerepOypr. Ilo3sxke, 4
ro3HakoMuacs ¢ paboramu Axkanemuka ['ycraBa MoranoBuua HaaH, KoTopbiii paboTas B
OcroHckoit Akagemuu Hayk. PaccmoTpuM ero paboTsl mogpobHee.

Teopuss CTpoeHHS MIPOCTPAHCTBA K BPEMEHH dBAIETCd OAHOHM M3 CaMbIX
yBA€KaTeAbHBIX obOaacTedl COBpeMeHHOM HayKu. PaccyxKmeHud O IapasreAbHBIX MHpax
CTAHOBATCSH OCHOBOH HE TOABKO [IAS TBOpYecTBa IucaTeAel-¢paHTACTOB, HO U TeMoH
CephEe3HBIX HAyYHBIX IMybAnKanuii. [IoHITHE «9HEPIUH» U PA3AMYHBIX CIIOCOO0B M3MEHEHH
dOpPMBI 3HEPTHUH, TECHO CBA3aHO C IIOHHMAaHHEM CTPOEHUSI IIPOCTPAHCTBa-BPEMEHH.
KaaccryeckuM npuMepoM KOHIIENIIMM, KOTOopad HMEET IPSAMO€E OTHOIIEHHE K BOIIpocaMm
KOHCTPYHUPOBaHHS TI€HEPATOPOB CBOOOMHOM 53HEPrUH, HIBASETCHd U3BECTHas Teopud
Axkanemuka I'ycraBa Haan, npenaoxkenHHass UM B 1964 roay. OH BBIOABUHYA THIIOTE3Y
CUMMeTpPUYHOM BceaeHHO!, coraacHO KOTOpPOHM CyILIECTBYyeT AaHTUMHP, HIPHUYEM €TO
IOHATHE OTAMYAETCH OT KAACCHYECKOr0 aHTHUMHPA, KOTOPBIH onucaa Iloas [Jupaxk.

Axkanemuk Haau nucaa B cBoe#t cratbe «CuMMerpuuHasd BceaenHas» [29] o Towm,
yTo «Bcgkad pasdyMHasg TEOpHUS II0Ad, YAOBAECTBOPAIONIAd IIPHHIMUIIAM CIEIMaAbHOU
TEOPHUH OTHOCHUTEABHOCTH, OKAa3blBA€TCS BEPHOH TaKIKe IIOCA€ 3aMEHbl dYacTHI[ Ha
aHTUYACTHUIBl IIPH OOHOBPEMEHHOM OTPaXEHHH BCEX IIPOCTPAHCTBEHHO-BPEMEHHBIX
KOOpPAWHATY.

Ora wupesa 6au3ka K Teopun J[lupaka, HO y J[upaka He paccMaTpHUBaETCs
peBepCHpOBaHUE ITPOCTPAHCTBA, TaM OOCYyKIOaeTCd TOABKO IIapa «MHpP U aHTHUMHUp». B
Teopuu AkanemMuka HaaH paccmarpuBaeTcss HECKOABKO ITapPaAAEABHBIX MUPOB.

YTOYHHUM, 4TO AT aHTHUMHUpPA Bce (PU3HUECKHEe 3aKOHBI TaKHe JKe, KaK U B HallleM
mupe. C Hamed TOYKH 3peHHs, TaM BpeMs TedeT B OOpaTHOM HaIpaBACHUH, a
IIPOCTPAHCTBO IIpeTepIeBaeT 3€pKaAbHOe oOTpaxkeHHe. Paszymeercs, «obpaTHOe
HaIpaBA€HHE» U «3€PKAAbHOE OTpaKeHHe» HaZl0 IIOHUMAaTh, KaK OTHOCUTEABHbIE ITOHATHUS.
[To aHaarOTHH C TEOpHEH OTHOCHUTEABHOCTH, AKaneMHUK HaaH Has3bIBaa 3Ty CHUTYaIHIO
«IIPHUHITUIIOM OTHOCHUTEABHOCTH MHPA».

3nmecr BO3HHMKaeT HamboAee HHTEPECHBIH OAsd HAC BOIPOC O IIOAHOM JHEPTHH
cucrembl. AkagemMuk Haan nmcaa: «Macca BceaenHol (cucremMa MUpP + aHTHUMUD)
TOXK/IECTBEHHO paBHAa HYAIO, [IOCKOABKY BCE€ MacChl MHpa YPaBHOBEIUINBAIOTCH TaKHMH K€
MaccaMH aHTUMUpPa, UMEIOIIMMU 00paTHBIHM 3HaK. Takxe oOCTOUT AeAo ¢ 3apdaamMu. B
CpelHEM, CyMMapHO CHUMMeTpH4YHad DBceaeHHass cocTouUT K3 OOHOM AWINL IIyCTOTHI.
[ToaToMy OHa MOZKET BO3HHUKATL M3 IIyCTOTHI IIPH CTPOrOoM COOAIOAEHHWH BCEX 3aKOHOB
COXpaHEHUsd. YTBEPKIAEHHE O BO3MOXKHOCTH BO3HHMKHOBEHHMS U3 HHUYEro (IIyCTOTHI,
BaKyyMa) IIPU CTPOrOM COOAIONEHHH 3aKOHOB COXPAHEHHs MJOAYKHO Kas3aTbhbCHd ITPEIEABHO
HnapagoKcaAbHBIM. Benb CMBICA 3aKOHOB COXpPaHEHHd B TOM-TO M COCTOHUT, UTO U3 HHUYETO
HUYEro He BO3HUKAEeT, HUYTO HE MOXKET IIOPOAUTH HeuTo. PazBuBaemad 37ecCh T'HIIOTE3a
HH B KOE€M Mepe He OCIIapuBaeT 3TOTO IOAOKEHHs. HUuTo He MoXKeT HOpoAUThH (OLHO
AVIIIB) HEYTO, HO OHO IIOPOKAAEeT YTO-TO OoAbIIIee — HEYTO M aHTUHEYTO OJHOBPEMEHHO!»

HWrak, BBIBOA M3 3THUX PACCYKIECHHUH CACAYIOIIMMI: CHUMMeTpud BceaeHHOM Bcerma
IIPOSABASETCS B CAydae MOAYYEeHHS CBOOOMHOM SHEPIrUU HWAW aKTUBHOM OBUIKYIIEH CHUABI,
KaK aHTUTPaBUTALIMOHHBIE U XPOHAABHBIE ABACHUS. Pa3dBUTHE 5THUX UAEU JAS peasnu3aliiu
B TeHepaTopaxX JSHEPruu, He TPeOYIoIIUMX TOIIAMBa, MOKAa3aHOo B Moed KHure «HoBble
HCTOYHUKU SHEPTUU».

[aBaiiTe mnepeiieM K pPacCMOTPEHHIO TEXHHUYECKON peaans3allld AJaHHBIX UIAeH B
YCTPOUCTBaX, KOTOPbIE MOI'YT IIPUMEHATHCH OAS CO3MAHUS ABUXKYIIEH CHABI.
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OddekT Bpayna

B nHacrogiiee BpeMms, acpdekrom Budearna — BpayHa yacTo omrmO0OYHO HA3LIBAIOT
pPeaKTUBHBIN 3(P(eKT MOHHOTIO BeTpa. YCTPOUCTBA, KOTOPBIE AETAIOT 3a CYET HOHH3AIIUU
BO3/yXa, MBI paccMaTpuBaTh He OyneM. B mpemaaraemMbIX 37ech CXeMax, HOHU3AIUS
MOJKET HUMETb MECTO, HO OHAa He SIBASETCS IIPUYMHON BO3ZHHUKHOBEHUS [IBUIKYIIEH CHABIL.
Odderr Budearna — BpayHa OTHOCHUTCH K 9A€KTPOKHHETHYECKUM 3pdeKTaM, U OH He
ABASETCH PEaKTHUBHBIM. OTO OSAEKTPHUYECKHE [OBHXKHTEAHM aKTUBHOTO TuIa. [laHHasa
TEeXHOAOTHs, KaK U MeXaHWYeCKHe IIPHUBOALI aKTUBHOIO THIIA (MHEPIIMOWIBI), CIIOCOOHA
obecrieunTh ABUXKEHUE TPAHCIOPTHOI'O CPEACTBa B AIOOOM 33aJaHHOM HallpaBA€HUH, 0e3
HOHU3aIlMM U 0e3 peakTHBHOITO BbIOpoca MacChl. B  OCHOBe TEXHOAOTHH AeXKaT
KAQCCHYECKHE JSAEKTPHUYECKHE B3aUMOIEHCTBUSI, OpraHU30BaHHbIE TAKMM 00pa3oM, YTO
BO3HHUKAET I'PAAUEHT AaBACHUS 3(pHpa U ABHKYyIIAsd CHAA.

HpI/IMCHCHI/Ie JaHHOHU TEXHOAOTHHU LICACCOO6P8.3HO Ha A€TaATCEABHBIX aIllllaparax, a
TaK>Ke B AIOOOMH TEXHHUKE, BKAIOYAd ITPUBOABI SAECKTPOTCHEPATOPOB.

3amMeyaHNe 10 UCTOPHH BOIIPOCa: aBTOPOM OTKpPbITHS OblA Tomac TayHcenn Bpayn
(Thomas Townsend Brown), a IOCKOABKYy OH paboTaa B aabopatopuu IIpodeccopa
Budearna (Dr. Paul Alfred Biefeld), YauBepcurera [eHncoH, ropon [paHBHAB, HITAT
Oratiio, To appekT HazBaH uMmeHamu [Ipodeccopa Budeabna u Tomaca Bpayna.

Cytp 3ddekra Bpayna, orkpeiToro B 1921 romy, COCTOUT B CAEOYIOLIEM:
ITPOTHUBOIIOAOKHBIE CHABI KyAOHOBCKOTO ITPUTSAKEHUS [ABYX UAHW Ooaee TeA MOIyT ObITH He
paBHBI ApyT Apyry. B pesyabTaTe, B cHCTeME 3A€KTPUUYECKH 3apsKEHHBIX TEA (IHUIIOAE)
MOXKET CyIIEeCTBOBaTh CyMMapHas HEHyAeBasd AEHCTBYyIOLlad CHAQ, HANpaesieHHas om
ompuyuamesnbHo20 31eKmpooa K NOA0IKUMENbHOMY 31eKmpooy.

OTMeTHM BaXKHYI0 OCOOEHHOCTH MOaHHOTO MeToma: bDpayH paboraa ¢
9AEKTPUYECKUMU KOHJEHCATOpPaMU, MMEIOIIVMMH TBEPAbIH AUIAEKTPUK OCO00H (POPMEI.
[ag Toro, 4ToOBl omucaTh 3TH (PU3UYECKHE IIPOLECChI, aBTOP YIIOTPEOATIA TEPMHH
«CO3MIa€M CTPECC B MOHUAAEKTPHKE», TO €CTb, UMEN0 Mecmo cxamue u oegdopmayus
gewiecmea nood Oelicmeuem sieKkmpuueckozo nosas. Hawmboabimne 3PPeKThI ObIAU
OTMEYEeHBbl aBTOPOM I[IPH TaKHUX HANPSIKEHUIX BBICOKOBOABTHOTO HCTOYHHKA ITHUTAHUS,
KOTOpBbIe ObIAM OAM3KU K HaNPSKEHUIO ITPO00s U pas3pylLIeHHs OUIAeKTpuKa. [loaararo,
4YTO B JAaHHOM CAydYae, OOABIIYIO POAb B CO3JaHUU ABUIKYIIEH CHABI UT'PaeT Yynpyzocmo
Mmamepuana ousnekmpura, Xotd bpayH He orMmedaa 3ToT PaKkTOp.

[To3xke, MBI PACCMOTPHUM TEOPHIO BEAOCTOILIKOrOo, U poab ynpyaux HaAnpsiKeHuil 8
mamepuane 0Nt popmuposarust cobcmeeHHo20 2pasumayuoHHo20 noas. Kpatko ormeuy,
4YTO IOCTOSHHAs yIpyrad aedopManus U IIOCTOSHHOE YIIPYyToe HAaIpsKeHHE B TeAe
Cco37aeT IIOCTOSHHOE «COOCTBEHHOE TIpaBHTAIIMOHHOE IIOA€», a IIepeMeHHas yrIpyras
nedpopMalniys Cco3JaeT «TPaBUTALIMOHHYIO BOAHY». [IA9 MarHUTHBIX MaTepPHaA0B, Kak
rokasaa [ToasgkoB, aHaroruyHbIe 3(P(PEKTHI BO3HUKAIOT ITPU MarHUTOCTPUKIUU. B ob1rem,
3TO0 BIOAHE OO0BSICHHUMO, KaK OOUH U3 METO0B CO3JaHUs ITPOMOABHBIX BOAH B 3dupe.

C apyro# CTOpPOHEBI, II0 MOUM IIpeAcTaBAeHUaM, 3pdeKT BpayHa nag KoHaeHcaTopa
C IUSAEKTPHUKOM MOIKHO TPaAKTOBaTh U KaK PE3yAbTAT UCKPUBIEHUSL Opbum s1eKmpoHos8 B
MaTepHaAe IUIAEKTPHUKA. B TakoM caydae, IPH HECHMMETPHUYHOH KpPYyroBod opOute
S5AEKTPOHA, BO3HHKAIOT UHEpyualbHble sgupoouHamuueckue sggerxmel. KpuBusHa
OPOUTBI SAEKTPOHA, B CHABHOM JAEKTPHUYECKOM IIOA€, JOAYKHA IPHUOOpPEeTaTh aCUMMETPHIO,
U 3TO [OAXKHO IIPUBOAUTH K IIOSBACHUIO HEKOMIIEHCHUPOBAHHOHN II€HTPOOEIKHOM CHABI,
neHCTBYyIOIIEH B CTOPOHY ITOAOXKHUTEABHOTO 9A€KTPOAA.

[anHy!0 HUae 9 HOKAaAbIBaA Ha KoHQepeHIINH «HoBbIe Naen B €CTECTBO3HAHUMY,
1996 rox. Cy1iecTByeT MHOIO TEXHHYECKHUX CIIOCOO0OB peasn30BaTh JAHHBIN 3(PPEKT.
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B cBoem mareHTe «YCTPOMCTBO OAd ITPOU3BOACTBA CHABI HAM [ABUXKEHHA IIPHU
IIOMOIIM SAEKTPOJIOB», ITaTE€HTHAad 3asdBKa oT 15 anpead 1927 rona, [30] Tomac T. Bpayu
OITHCaA KOHCTPYKIIMIO SA€MEHTApHOI0 YCTpoHcTBa - «IpaBUTaATOpa», IIOKa3aB €ro
IIPUMEHEHHE HE TOABKO B POAHW [OBHIKHUTEAd OAG A€TATEABHBIX aIllapaToB, HO U B
SHEPTEeTHKE, [AS BpallleHHUd pPOoTopa 3AeKTporeHeparopa, Puc. 72. Ilo addeKTUBHOCTH
JAHHOTO METO/1a, MOXKHO CKa3aTb, YTO OHA «0ECKOHEYHO OOABIIIasg», IIOCKOABKY ABUIKYIIIAS
CHAa CO3[aeTcs IIPHU OTKAIOUEHHOM BHEIITHEM HCTOYHUKE NUTAHUL, U AeHCTBYeT OO TeX
10D, IOKa KOHAEHCATOP 3apsXKEH.
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Puc. 72. Cxema sadpdekra BEpayHa u ero npuMeHeHHEe B POTOPE dAEKTpOoreHepaTopa.

Pucynku u3 narenra 1927 rona.

PeaabHble TOKHM yT€YKU B KOHZIEHCATOPE OTPAHUYUBAIOT 3PPEKTUBHOCTD, II09TOMY
OHA COCTaBASIET BCETO «ThICAYU IIPOLIEHTOB», 110 MHeHUI0 BpayHa. Mory Aummb no6aBUTH,
4YTO COBPEMEHHbIE OUIACKTPHYECKHE MAaTEpPHaAbl II03BOASIOT CO34aBaTh MaKCHMAaABHO
apdeKTHBHBbIE KOHCTPYKIIUH TAKUX ABUKUTEAEH, C MUHUMAABHOM yTedKoH 3apsaa. Boaee
TOTO, BO3MOXKHO HCIIOAB30BaTh OAEKTPEThI, B KOTOPBIX 3apdl CO34aeTcd IIpH
H3rOTOBAEHUHN 3a CUeT [HOAIpPH3allMM HMAW HHKEKTUPOBAHUHU 3A€KTPOHOB. JAEKTPETHI
BOOOIIle He TPeOyIoT HCTOYHUKA IHUTAHUS OAd IIOAJAEP3KaHUS CBOero 3apsna. B cBoux
9KCIIepUMeHTaX, g Habamomaa a¢dpdekT BpayHa moad 2AeKTpPeTOB, M 3TO AaeT OoAbIINe
KOMMeEPYECKHE EPCIIEKTUBbI PA3BUTHS JAHHON TEXHOAOTHH.

N3yuenne addexkra DBpayna B CIIA 0Obla0 OpPraHM30BaHO B CEPbE3HBIX
raboparopuax. Hampumep, B mokaaae BoeHHBIX crerpasuctoB CIHIA [31] mumiyT o ToM,
4TO B IIaTeHTax BpayHa paccmaTpuBaeTcd KaK MOHHBIM 3A€KTPOKUHETHYECKUH 3(peKT,
Tak W Apyro# addeKT, CO3JANMH O08UKYWYo CUuly Heu38ecmHol npupoobst.
OTMedaeTcCsl, YTO HMOHHBIH 3(P(EKT CAHIIIKOM Maa, YTOOBI OOBSICHHUTDL CO3/1aBAEMYIO CHAY
Taru. HccaenoBaHus, OpraHU30BaHHBIE B pdle OPYTHUX AabopaTopuii, MHOATBEPIUAU
Haanuue 3pderra bpayHa B BakyyMme, riie HOHU3AIUsI UCKAIOYAETCS.

Anaaun3 nHpOpPMaIHH, 110 6osee mo3nHemy nateHTy Bpayna Ne 3187206, 1965 roga
[32], mo3BoageT cAesaTh BBIBOZ O TOM, YTO TAABHBIM YCAOBUEM ITPOSIBA€HHS CHAOBBIX
9(pPEKTOB SBASIETCS ACHMMETPHUA CHAOBOTO B3aHUMOAEUCTBUS CHCTEMBI SAEKTPUYECKU
3apsaKEHHBIX TeA. [laHHasg acHUMMeTpHs MOXKeT OBbIThb CcO3/74aHa B  BO3AYIIIHOM
KOHIEHcaTope, 3a c4yeT (QOPMbI SAEKTPOAOB, HAW B KOHIEHCATOPE C TIPafHueHTHBIM
nuasekTpukoM. Ha Puc. 73 mnokaszaHbl pasanydHble (QOPMBI AHUIAEKTPHKA, KOTOPBIE
II03BOALIOT co31aTh 3ppeKT BpayHa 3a cueT rpanreHTa dAeKTpUdecKoro 1moas (grad E).

ABUXYLLAA CUNA ABUXYLLAA CUNA E i

Puc. 73. Pucyuku u3 narenra Bpayna.
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B aeBoii yacTH pHCyHKa, IIOKa3aHbl TOYEYHBIHM 5SACKTPOL MAaAOM IIAOIAAN U
IIAOCKUH 3AeKTpon Ooablued maomianu. IIpu 5ToM, 3A€KTPOA OOABIIION IIOBEPXHOCTH
IIOAKAIOUYEH K IIOAOKHUTEABHOMY BBIBOAY HCTOYHHKA PA3HOCTH IOTEHIIMAAOB, a MAaAbIH
3AEKTPOJ — K OTPHULIATEABHOMY BBIBOAY. B maHHOM caydae, ABHXKyIIad CHAA HallpaBACHA B
CTOPOHY OAEKTpoAa OOABIIEH IMTOBEPXHOCTH. AKIIEHTHPYS aCHMMETPHUIO IIAOLIAIU
9AE€KTpOoA0B, bDBpayH mnpensaraer co3zmaTh MOUSAEKTPHUK CHELMaAbHOM OpPMBI, C
mpaneyuesuoHblmM ceueHuem, PACIOAOKEHHBIM MEXKAY II0AOCAMH 3AE€KTpoJa MaAoH
IAOLIAN (OTPHULIATEABHBIN) U 3A€KTpoAa OOABIIEH MAOMIAAN (ITOAOKUTEABHBIH). B aToM
IIPOCTOM TEXHHUYECKOM PELIEHHH CKPBIBAIOTCS 3aMedaTeAbHble BO3MOxKHOCTU! CyThb 3TOTO
pelIeHud B TOM, YTO Npu YyoanieHuu Om 31eKkmpooa HA WUPOKOU CMOpPOHbL mpaneyuu,
HanNpsoKeHHOCMb aslekmpuueckozo nosst pacmem. Cusa OEUCTByeT B HAIIPABACHHUH Y3KOH
CTOPOHBI Tpallelly, B CTOPOHY MAaKCHMAaAbHOM HAIIPAXKEHHOCTH JACKTPHUYECKOIO II0A4.
MuHuaTiOpH3aligd U MakKeTUPOBaHHE TaKUX IIap 9A€KTPOJOB B MHOI'OCAOHWHBIE OaTapeu
KOH/IEHCATOPOB, II0Ka3aHbI B IIpaBoy yacTu Ha Puc. 73.

Hawuboaee pacrnpocTpaHeHHass MOAEAb TPEYTOABHOM CXEMBbI, BBIIIOAHEHHAs 10 CXeMe
BpayHa, KOTOPYIO 4acTo OITHCHIBAIOT KaK «A€TAIOIINH KoHAeHcaTop» «lifter» («roabeMHUK»
B aHTAUHCKOM), BKAIOYAET B ce0s OOUH SAEKTPO/, BBIIIOAHEHHBIH M3 TOHKOIO IIpOBOJA, U
BTOPOM IIAOCKHH 3AEKTPOJ (IIAACTHHA, UAM IIoAOCKa mu3 ¢oabru). Ha Puc. 74 mokaszana
CTPYKTypa 9JAEKTPHYECKOTO IIOASI, CO31aBa€MOT0 B TaKOM CHCTEME OAEKTPHUYECKHU
3apsSIPKEHHBIX TEA.

H30AATOPBI

NIPOBOX

F\ /F
NAOCKHH 3A€KTPOA

Puc. 74. Tloae Mexkay AByMS aCUMMETPHUYHBIMH 3A€KTPOJAaMU KOHAEHcAaTopa.

FeoMmeTpusi 3AEKTPUUECKOTO II0OASI, B OJAaHHOM CAydae, TakKoBa, 4YTO Ha IIPOBOL
OEUCTBYIOT TIIPUMEPHO OOWMHAKOBBIE II0 MOOYAI0O KYAOHOBCKHE CHABI BO BCeX
HaItpaBA€HUAX. BekTopHad cyMMa MOaHHBIX CHA HMEET HEHYAEBYIO BEAMYUHY, HO OHAa
HaMHOTO MEHBIIIE, Y€M BEKTOPHASI CyMMa CHA, OJEUCTBYIOIINX Ha MAOCKHUH 3A€KTpoA. [laa
IIAOCKHUX 3AEKTPOA0B, Ha HHUX [OeHCTBYIOT KYAOHOBCKHE CHABl HallpaBAE€HHBIE,
IIPEUMYIIIECTBEHHO, BepX. Pa3symeercs, MOHH3allMOHHBIE 3(P(EKThI UMEIOT 30eCh MECTO,
Tak KaK TOHKUU IIPOBOM CO3AaeT MOIMHYI0 HWOHHU3AIHIO, U I3TOT (QaKT SIBAIETCH
TEXHUYECKUM ITPENSATCTBHUEM JAS PA3BUTHSI JAHHOTO HAIIpaBA€HUS KOHCTPYHPOBAHUS.

BoApIINX 3KCHEPUMEHTAABHBIX YCIIEXOB B KOHCTPYUPOBAHHHA ACHMMETPUYHBIX
KOHAEHCATOPOB Takoro tumna maobuacd 2Kan Ayuc Homa (Jean Louis Naudin), ®panius.
Ero pabotsl moapobHo mokasaHsl Ha caire http://jnaudin.free.fr

Mou pa3paboTKM B MOaHHOM o00AaCTHM HHOTAA CYUTAIOT AHAAOTOM, HAH OaxKe
pasButueM pabotr XKaua - Ayuca Homa. OxHako, ucropus Hairero obiieHus c 2KaHom
Hadaaach rnocae moert nmybaukaimm B CIIIA, B xxypHase New Energy News, mait 1994 r.
Barem, B 1996 roay, g BbIcTynuAa Ha KoHdepeHunu HoBwle Uneu B EcrecrBo3nHanuu, u
OIyOAMKOBaA BHZIEO MOHUX 9KCIIEPUMEHTOB, KOoTOpble 2KaH BOCIPOM3BEA II0-CBOEMY, U
Ha3BaA OOHY M3 Bepcuil KOHCTpyKuuu «Frolov’s hat» - muanHapryecKuii KOHAEHCATOP B
dopme 1miagnel. Heo6XoquMo OTMETHTDH, YTO OH HEBEPHO IIOHSA CXeMy KOHCTPYKIIMH, U
pa3BUA HAEI0 B MEpPy CBOEro IIOHMMaHHd. B Moel KOHIENIMH, CHAOBbIE 3(P(PEKTHI
IIOAy4JaloTCsl 0e3 MOHU3AIlNH, II03TOMY KOHOeHcamopsl. Pposioga MOXKHO U320mo8uUmb U3
HemMemaniuuecKux 91eKmpuuecki 3apSoKeHHbIX 9/IeMeHmos8, U oaxkKe U3 3/1eKmpemos,
coxpaHsirouux ceotl 3apsio b6e3 8HeulHe20 UCMOUHUKA NUMAHUSL.
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B wmomx KOHCTPYKIUAX, IIOABEMHAaA CHAA COXpaHAdEeTCd IIPHU BBIKAIOYEHHOM
HCTOYHHUKE ITUTAaHHA, TaK KaK IIPHUYHHA II0AyIaeMOoro 3(p(beKTa HE€ B MOHH3AIlHUH.

Puc. 75. Cxema aAeraroriero kouzaeHcatopa 2Kana A. Hopa.

XKan Aynuc Homa Hadaa CBOM 3KCHEPUMEHTEI OT IIPOCTOTO «TPEYTOABHOTO arraparan
Lifter, cobupasg mux B cekmuu, Puc. 75. B 2003 romy, oH OeMOHCTPHUPOBAA YCTPOHCTBO
obmMm Becom 250 rpaMM, KOTOpPO€ MOTAO HOAHUMATH 60 rpaMm Imoae3HOM Harpy3ku. OH
TaKXKe HCCAEI0BAA 3aBHCHMOCTBH IIOAYYaeMOI'0 CHAOBOro 3ddeKTa OT 3aTpaT MOIIHOCTU
HCTOYHUKA ITUTAHUSI, TO €CTh, OT HCIIOAB3YEMOM CHUABI ToKa. O4eBUIHO, 3[0E€Ch NOHU3AIIUSI
BO3/AyXa UI'PaeT 3HAUUTEABHYIO POAb B CO3/IaHUU IIOBEMHON CHABI.

K coxaseHmnio, OOABILIOTO HMHTEpeca AAaHHBIM TUII ABUXKUTEAEH y HWHBECTOPOB He
BbI3BaA. Y1 BeA IIEPENUCKYy C BO3MOXKHBIMH HMHBeCTOpaMu, paboTaronmMu B cdepe
a’POKOCMHUYECKUX TEXHOAOTHMM, U IIBbITAACH 3aWHTEPECOBaTh HX [JAaHHOW TEeMaTHUKOMU.
BoABIIMHCTBO M3 HHUX pPearupoBaA0 CKEINTHYECKH, IIoAarasi, HYTO J3TO IIPOCThIE
MOHHU3AIINOHHBIE 3(PeKThI. DTO ITOHATHO, ITIOCKOABKY T€Ma HE HOBasl, U aHAAOTHYHBIMHU
«MOHOAETaAMM» 3aHUMAANCEL aKTUBHO ellle B 1970-e roapl. Ceroguda HEOOXOAMMO II0KA3aTh,
YTO HOHH3AIIUg BO3QyXa MOXKET OBbITh IIOAHOCTBIO YCTpaHEHa, W 3TO MOATBEPKIAIOT
3KCIIEPUMEHTBI C HEKOTOPBIMH BapHaHTaMM KOHCTPYKILIHM B BaKyyMHOH KaMepe.
PaccMmoTpuM OTOAEABHO IIPOEKTHI, CBA3aHHBIE C MOUMH HCCAEQOBAHUSMH II0 TEME
aCUMMETPHUYHBIX KOHAEHCAaTOPOB.

KonpgeHcarop ®poaoBa

[TlepBBlEe SKCIIEPHMEHTHI, B [AOMAalllHed aabopaTopuu, ObIAM IIPOBENEHBI MHOU B
1991-1992 romax, emle [0 3HaAKOMCTBa ¢ paborammu BpayHa. B To Bpems, s mocTaBHA
3a7a4y IIOAYYEHHd ABUIKYIIEH CHABI IIyTEM CO3JaHHS ACHMMETPHH KYAOHOBCKHUX CHA.
OnybAMKOBaB pe3yAbTaThbl SKCIEpHUMEHTOB B 1994 romy [33], & ©oAy4YHA MHOTIO
nHpOpMaIlMy¥ II0 aHaaoraM, B TOM 4Hcae, IIo paboram Tomaca T. Bpaysna.
[TepBoHayaabHO, MHOM OblAa IIpefAOKEHA CXeMa, IoKazaHHad Ha Puc. 76.

AH3ACKTPHK

Puc. 76. Kougeucarop ®poroBa, 1994 rox. AcuMmmeTpHs B3aUMOAeHCTBUSA 3aPAKEHHBIX TEA.
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B nmanHOM BapuaHTe, 5SAE€MEHTBI KOHCTPYKIIUH ([IAQCTHUHBI) 3apAKEHBI
pasHoMMeHHO. MeXa1y HUMH BO3HUKAIOT aCUMMETPHUYHBIE CHABI 3/1eKmMpocmamuueckozo
npumsiokeHust. Cymma cua Fio, 1eiCTBYIONINX Ha BEPTUKAABHBIM 3A€MEHT, IIPU BEKTOPHOM
CyMMUpOBaHHUHN, paBHa Hyato. Cymma cua Fii, mgeHcTByIOIIMX Ha TOPU30HTAABHBIE
SAEKTPObI, a Yepe3 HUX, Ha KOPIIyC ABHUKUTEAS, He paBHa HYAIO, B 9TO obeclriedyuBaeT
OBUIKYIIyI0O CHAy. BaskHO y4ecTb, UYTO CHABI [JOeHWCTBYIOT MEXKAY IAOCKUMH
9AEKTPOCTATUYECKU 3apsS:KeHHBIMU 9AeMeHTaMH. B saeKTpocTaTUKe, KYAOHOBCKHE CHABI
BCer/ia HallpaBAE€HBI IIEPIIEHANUKYASIPHO ITAOCKOM ITOBEPXHOCTH.

[To3xke, Obiaa omybOAmKoBaHa [34] mpyras cxemMa aCHMMETPHUYHOTO KOHAEeHCATOpa
®ponoBa, Puc. 77. B nnaockoM KoHAeHcaTope (caeBa Ha Puc. 77), maaThl pacIioAOZKEHBI
IIapasA€AbHO, OHHM ITPUTATHBAIOTCA APYT K APYTY C PaBHBIMU U IIPOTHBOHAIIPABA€HHBIMU
cusamu. Cymma cua, OeHCTBYyIOIIasd Ha CHCTEMY B IIEAOM, paBHAa HyAlo. B «konpeHcaTope
®poaroBar ¢ T-00pa3HBIM OUAAEKTPHUKOM, IIoKa3aHHOM Ha Puc. 77 cnpaBa, nBa
Pa3HOMMEHHO 3apsKEHHBIX B3aUMOAEHCTBYIOIIMX TeAa (IIAOCKHE, cepHudecKue HAU
HUAUHAPHUYIECKHE) PACIIOAOKEHBI B OOHOM IIAOCKOCTH, U Pa3dE€A€HBI «IUIAECKTPHUYECKOM
CTE€HOM», YTOOBI MCKAIOYHUTBH SAEKTPHUUYECKUN NIpPoOOH BIOAL MHHUMAABHOI'O PACCTOSHUS
MeXy A€KTPOAaMU.

OUINEKTPUK OUIANEKTPUK

F1

Puc. 77. OObI4HBIH KOHAEHCATOP (CA€Ba) U KoHAeHcaTop PpoaoBa (cpasa)

Baaromapsa aTomy, QopMHpPYyeTcad HEHYAEBOH CYMMapHBIH BEKTOP  CHABI
B3aMMOJEUCTBUA  3apsaKEHHBIX TeA. Xopoiume  2o¢ddekTsl gaeT  MIpHUMEHEHUe
MUAMHAPUYECKHUX 3A€KTPOIOB, C 3aKPYTA€HHBIMHM TopllaMH. BripoueMm, Topubl u Kpad
ATOOBIX DAEKTPOIOB MOXKHO H30AHUPOBATD, IAS YMEHBIIEHUS YTEYKH.

Habaromate a¢dekT B3auMHOTO MPUTIKEHUd B «KOHAeHcaTrope PporoBar
WHTEpPECHEeEe, €CAW [OBa B3aUMOAEHCTBYIOIIMX 3apAKEHHBIX TeAa 3aKPEIAeHBI Ha
OUSAEKTPUYECKOM OCHOBAaHHH C  IIOMOLIBIO  YIIPYTHX  OAE€MEHTOB,  CIIOCOOHBIX
pactaruBaTbCcd. B Tako#l KOHCTPYKIIMH, IIPHU BKAIOYEHHH MCTOYHHKA Pa3HOCTHU
IIOTEHIINAAOB, 3aps?KeHHbIE TeAa CABUTAIOTCH I10 HAIIPABAEHUIO K II€PETOPOAKE U 3aMETHO
IIOOAHUMAIOTCS, YTO AeAaeT 3PPEKT (HaANIHe MOABEMHON CHABI) OYE€BUIHBIM.

TakuMm 00pa3oM, TreoMeTpHUs OUAAEKTPHKA, HAH ocobas TreoMeTpus U
pPacroAOKeHNe 3apsSKEHHBIX SAEMEHTOB KOHCTPYKIIUH, 00ECIIeYNBAIOT YCAOBHUS CO3IaHUSI
AKTHUBHOH [OBUKYIINEH CHABL. [IpH KOHCTPYHPOBAHHHM TaKHUX YCTPOMCTB, HEOOXOIMMO
YYECTB, YTO 3TH CHABI 3AEKTPOCTATHYECKOIO B3aUMOLAECHCTBUS BCETa IEPIEHANKYAIPHBI
3apAKEHHOU IIOBEPXHOCTH.

B Hacrogiee Bpems, «koHAeHcaTop PporoBar Goaee U3BECTEH, KaK COYETaHUE ABYX
IIAOCKHUX KOABIIEBBIX METAAAUYECKHX OAEKTPOAOB, PAa3OEACHHBIX IHUAUHAPUYECKON
OUSAECKTPUYECKOM neperoponkoii, Puc. 78. B aHraumiickom s3bIKe, 3TOT BapHaHT
KOHCTPYKIIMH HasblBaloT «Frolov’s Hat» - ananka dpoasosav.
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OTMETHM, 4YTO AUIACKTPHUYECKHH OYICK W LHAHMHAPHUYECKAad IIEPEropoakKa AOAKHBI
ObITH BBIIIOAHEHBI U3 IIEABHOI'O KyCKa [MQUAAEKTPUYECKOIO MaTepHasa, HHade, MEXIY
SAEKTPOJAMH MOXKET MIPOH30UTH MHpoboil yepes Iieab. PazMmepnl ycTpoiicTBa 3aBUCHAT OT
HCIIOAB3YEMOTI0 HAIIPSKEHUS MEXKAY dAeKTpomaMu. [loBbIllleHHe HamnpsskeHus O6oasee 10
KB HexeaaTeABHO, TaK KaK 3TO YBEAHMYHBAET IIOTEPH Ha HOHH3AIHMIO, pacTeT TOK
IOTPeOACHUS.

Puc. 78. BapuanTt KoHaeHcaTopa PporoBa ¢ MUAMHAPHUIECKON II€PETOPOIKOH.

B paszBuTHe naHHOM TEMBI, IpefAaraeTCd BapHAHT KOHCTPYKIIMH, KOTOPYIO MOTYT
BBIIIOAHHUTH COBPEMEHHBIE IIPOU3BOAUTEAH  MHUKPOIAEKTPOHHKH, C  HeOOABIIHMH
pasMepamMu 3AeMEeHTOB, HAIlpUMep, MeHee OMHOTO MUAAUMeETpa, Puc. 79.

+|

Puc. 79. MI/IHI/IaTIOpI/IEBaLII/IH U ITaKETHUPOBAHHUE SAEMECHTOB.

[To-mMoeMy, ONTHUMAaABHBIM peLIeHHeM OyaeT MIPUMEHUTh IUAUHIAPUYECKHE
aAeKTpodbl, Ha Puc.79 cmpaBa. MOXKXHO H3roTaBAUBATH TaKHE «AHUCTBD HEOOABIIIOHN
TOAIIIMHBI U CKAQIBIBATh UX B MaKeThl. VI3BECTHO, YTO 3A€KTPHUYECKUl ITpoboi HacTymaer
B BO3AYIIHOM 3a30pe HOpu HampsizkeHUU okoao 1000 BoarT Ha MuHaauMeTp. Maarwie
pa3Mepbl 3AEKTPOAOB IO3BOAST paboTaTh HPU MAaAbIX HAIIPSIXKEHUSX, 0e3 HOHU3AIUU
Bo3ayxXa. KpoMe TOro, KYyAOHOBCKHE CHABI OBICTPO PACTyT IPH YMEHBIIEHUU PaCCTOSHUSI
MEXIy TeAaMH, 0 KBaapaTU4yHoH pyHKIMU. [Ipu makeTHupoBaHUU TaKUX KOHCTPYKIIUH B
6A0OKH, HEOOXOOUMO OCTaBAATH BO3AYIIHBIH 3a30p MEXKAY AUCTAMH, AHOO ITPOKAAILIBATH
AVICTBI C 9AE€KTPOJAMHU AUCTaMH AUIAEKTPHKA.

Omnb0YHO ToAaraTh, YTO 3apPsSsKEHHbIE SA€MEHThI KOHCTPYKIIMH MOTYT OBITH TOABKO
METAAAMYECKHUMH JAEKTpPOAaMu, KakK y BpayHa. B OGoAbIIMHCTBE IIpeasaraeMbIX MHOM
KOHCTPYKIIUH 3A€KTPOKHHETHYECKUX [OBUKUTEAEH, MOTYT IIPUMEHHATHCS 3apsiKeHHBIE
OUSAEKTPUKHU UAU IAEKTPEThI. MeTaaAndecKHe 9AeMEHTBI TOXKe [al0T HEKOTOPhIe CHAOBBIE
3pPeKThI, HO 3apdabl C HUX OBICTPO «CTEKAIOT B BO3AyX». [JaHHBIH MOOOYHBIN ITpOIECC
PEaKTHUBHBIHA, U HMEHHO OH HCKasKaeT OCHOBHYIO HIEI0 IMOAYYEHUS AaKTHBHON CHABI.
HoHn3zarmss MozKeT OBITH CHABHee OCHOBHOIO 3ddekra. Heobxommmo wmuzberath 3TOro
IT0OOYHOTIO IIPOoIlecca KOHCTPYKTUBHBIMU METOJaMH, IpUAaBasd SAeKTpogaM chepUIeCKYIo
WAH IIUAUHAPHUYECKYIO (hopMy, obecriednBasi IIOAUPOBKY [TOBEPXHOCTH U T.II.

Ha Puc. 80 nokazaH BapuaHT KOHCTPYKIIHUH, IIPeNAOKEHHON MHOH B 1994 r. [33]
JAsi IpOCTOrO 35KCIIEPHMEHTA II0 OAHHOM CXEeMe, MOCTATO4YHO IIOMECTHTH MEXIY ABYyMS
IIAOCKUMHU IIAACTHHAMU BBICOKOBOALTHOTO KOHAEeHcaTopa KyCOdeK MeXa HAM BOPCHUCTOM
TKaHu, Ha Puc.80 cmnpaBa. IIpu BKAIOUEHHH HaIPsSXKEHHsS, BOAOCKU [IHIAEKTPHUKA
OPHUEHTUPYIOTCSI BEPTHUKAABHO, a Ha MAACTUHY OeHCTBYeT HeHyAeBasd Ppe3yAbTHpYIoIIast
cuaa. BopcucTslii MaTepras HEOOXOAMMO IPUKPEITUTH TAOCKOH CTOPOHOM K SAEKTPOIY.
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Puc. 80. [IBuxxuteab ®poroBa C OLHOMMEHHO 3apAKEHHBIMU 3A€MEHTaMH.

B manHOM cay4ae, Mbl pacCMaTpPHUBaeM KYAOHOBCKHE CHABI MEKIAY HECKOABKHMU
ousieKmpuuecKumMu 3apsiokKeHHblMU  3/1eMeHmMAaMu: IIAOCKOCTBIO (ocHOBaHHEM) U
MHOXKECTBOM IIMAUHIPHUYECKUX DAEMEHTOB (TPYOOK HMAM BOAOCKOB). Baaromapsa Tomy, 4To
CHABI, Odelicmeyroujue Ha NOBEPXHOCMb S/IeKMPUUECKU 3aPSIIKEHH020 OUIIeKMpPUKa, ecezoa
nepneHouKyasapHol. nogepxHocmu, CUabl Fzi1, meHcTBylolyie Ha IAAQCTHHY — OCHOBAaHHUE,
COHAaIlpaBA€HbI U CyMMHpYyIOTcs. B To ke Bpemd, cuabl Fiz , meHicTByrolye Ha KaxKObIH
BEPTHKAABHBIH SA€MEHT, C PA3HBIX CTOPOH, B3aUMHO KOMIIEHCHPYIOTCH. OTH 0COOEHHOCTH
IIpeJAaraeTcsl HCIIOAB30BaTh A KOHCTPYHPOBAHUS SAEKTPUUYECKHX [IBUXKUTEAEH,
CO3AIOINX aKTHBHYIO CHAY 3a CUeT HEHYAEBOH BEKTOPHOM CyMMBI KYAOHOBCKHX CHA.
CoBpeMeHHbIE HAHOTEXHOAOTHHU II03BOASIIOT PEAAM30BATh KOHIIEIIIHIO, [IOKA3aHHYIO0 Ha
Puc. 80, ¢ IOMOIIBI0O AUSAEKTPUIECKHUX S9AEMEHTOB Maaoro pasmepa, 100-200 maHomeTpa.
[Ipr Takux pasMmepax, KyAOHOBCKHE CHABI OymayT 3¢p(eKTHBHO AefCTBOBATb Ha MAaAbIX
PacCTOSHUAX, IPHU HEOOABIIUX HAIPSKEHUAX. ITO UCKAIOYHUT MOHU3AIIMOHHBIE [TOTEPH.

B npuMHUTHBHBIX 3KCIIEpUMEHTaX, KOTOpble ObIAM ITPOBEAEHBI B Moel aabopaTopud,
Obina obOHapyskeHa Heboablllag cuaa, Ha ypoBHe 10-5 (N). B 1996 - 1998 romax s«
[OKAQIBIBAA 00 MOUX pe3yAbTaTax Ha KOH(PEePEeHIINIX, OTIIPABASIA JOKYMEHTHI 110 JaHHOMY
npoekty B LIHUU umenu XpyHHu4yeBa, HO He HallleA HHTEPECa POCCUHCKUX OpraHu3aliui K
nanHot Teme. B 1998 ronmy, B Cankr-IlerepOypr mnpueskaaul IIpPenCTaBUTEAN
aBHAIIMOHHOTO [AenapTaMeHTa Kopmoparuu To#oTra, KOTOpble OBIAM O3HAKOMAEHBI C
IpensaraeMbIM IIPUHITMIIOM M 3SKcoepuMmeHtamMu. Ilo3xke, mocae 2002 roma, Moo
araboparopuio OO0 «(AHTP» B CaukTt-IlerepOypre mocemniaam npeacTaBUTEAN POCCHECKOTO
BOEHHOI'O UCCAEI0BATEABCKOTO WHCTUTYTa, HO MOH IIPUMHUTHBHBIE OSKCIEPHMEHTBHI C
«3apAKEHHBIMHU HIapUKaMH» He YOeOuAM UX B MEePCIIEKTHBHOCTH IIPEeIAaraeMoro MeToza.
Byny paa pa3BUTHIO OaHHOH TeMbI C 3aWHTEPECOBAHHBIM 3aKa3dUKOM, HMEIOIINM
COOCTBEHHYIO HAyYHO-TEXHUYECKYIO 0a3y.

Hauboaee mHTEpEeceH TOT (paKT, YTO NOAbEMHAs (ABHUKYIAs) CHAA COXpaHSeTCs
IIPH BBIKAIOYEHHOM HCTOYHHKE IIHTaHMs, IIOCTEIIEHHO cIlazas, II0 Mepe camMopaspsna
KOHAEHcaTopa. MHHHMU3UPYS TOKH YTE€YKH dYepe3 MIUIAEKTPHUK, a TaKKe, CHHXKad
pabodee HaIpsKEHHE 3a CYeT MHHHATIOPHU3AIIUH 9AE€MEHTOB KOHCTPYKIIMH, MbI MOKEM
yCTpaHUTh 3(p(PeKThl HOHU3AINN U TToTeph 3apsaa. CoxpaHeHHe Pa3HOCTU IOTEHIIHAAOB
obecrmeynBaeT HaaW4dMe ABHXKYyIIeH cuabl. [loBTOpIO, YTO  3AEKTPETHI  MOLYT
HCIIOAB30BATbCSl B TaKMX KOHCTPYKIIHAX, YTOOBI IIOAyYaTh aKTHBHYIO cHAy 6e3 3arpar
MOILHOCTH OT IIEPBUYHOIO UCTOYHHUKA. COBPEMEHHBIE AEKTPETHI MOTYT COXPAHATH 3apsaf
rogaMu. [IepCcrieKTHUBEI 31€Ch OY€HBb HHTEPECHBIE!

Kcrartu, B Ilpupoze, BCcTpedaeTcsa COYETAHHE CTATHYECKOIO JSAEKTPHUYECTBA H
VAUBUTEABHBIX ad3pOJUHAMHYECKHX KadeCTB, HAIIpUMep, Vv 6abodek, Imyea, mMeae U T.I0.
Matepuas, H3 KOTOPOrO CIAEAaHA UX «KOHCTPYKIHS», HE HMEET METaAANYECKHUX
9A€MEHTOB, a SIBASIETCS JUIACKTPUKOM, U TaK¥Ke OH 00Aa1aeT 3AeKTPETHBIMU CBOMCTBaMH.
Boaee Toro, Ha BHEIIHEH CTOPOHE Te€Aa HACEKOMBIX €CTh MHOXKECTBO BOAOCKOB.
OAEKTpUYECKUH 3apsi Ha IIOBEPXHOCTH GKHUBOTO MOUIAEKTPUKA», B MOAaHHOM CcAy4ae,
00yCAOBAEH TPEHHEM ABHUKYIIHUXCS YacTeH, U ABUKEHUEM BO3yXa.
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Bepremca K uneaMm Bpayna. 3amada co3maHud ABUXKYINEH CHABI peIllaeTcd UM He
TOABKO 32 CUET I€OMETPHUYECKON aCUMMETPHUU 3AEMEHTOB KOHCTPYKIHHU. CHaa, KakK IIHCcaA
BpayH, neficTByeT «B CTOPOHY OOABIIIEl MHTEHCHUBHOCTH CHAOBBIX AMHHUH 3A€KTPHUYECKOTO
roasi». Takzke, B Ooaee ro3gHeM nareHTe Bpayna Ne 3187206, ecTs ymoMHHAHHE O TOM,
4TO ABUIKYIIYIO CHAY MOZKHO IIOAYYUTBH HE TOABKO 3a CYET aCHMMETPHHU DAEKTPOAOB, HO U
(3a cuem npopeccusHO USMEHSIIOWULCS OUINeKMPUUECKOU NPOHUUAEeMOCMU Mamepuana,
Haxoosiuezocst Mexk0y  anekmpooamur. BpayH TakXKe  OTMETHA  BO3MOXKHOCTh
HCIIOAB30BaHHUSI TpPaAUeHTa 3JACKTPHUYECKOM IIPOBOAMMOCTH H IIOAYIIPOBOAHUKOBBIX
MaTepHuaAOB, HO 3TH METOAbl CO3/IaHUS ABUIKYIIEH CHABI 0oaee 3HEpProsaTpaTHbIe, YeM
«'paAyi€eHTHAd JAEKTpOCTaTHKa». MeTon, OCHOBaHHBIH Ha TIpagUeHTe CBOMCTB
OUSAEKTPUKA, IIPENCTaBAdeTCsI MHe 00Aee TEXHOAOTHUYHBIM M IIEPCIIEKTUBHBIM, dYeM
reoMeTpHUYecKas aCUMMETpPUs AUIAEKTPHKA. PaccMoTpuM naHHBIH BOIIpoc oaApoOHEe.

B y4yeOHHKe II0 TEOPHH MOUDAEKTPHKOB, €CTh HHTEPECHOE 3aMedYaHHe O CHAE,
OeUCTByIOIleHl Ha 4YacTHIbI BeIIeCTBa, HAXOAAINMXCS Ha TpaHUIle pasaesa  OABYX
OUSAEKTPUKOB, HMEIOIIHNX PAa3AHYHYIO0 [OUIAEKTPUYECKYI0 IIpPOHHIlaeMocTb, Puc. 81.
Paszauunble cBoHMCTBa OUIAEKTPHUYECKOM cpeapl 3a4aloT pas3Hoe II0 BEAUYHHE
asekTpuudeckoe rose E; u Eo, B obaacTu Mexxay AByMs ITAaCTHHaMU KOHAeHcaTopa.

E1 F
KOHAEeHcaTop

Puc.81. 'panuna paszaesa ABYX Cpel C Pa3HOM AUIAEKTPHUUECKOH ITPOHHUIIAEMOCTBIO.

Ota cuaa F melicTByeT B CTOPOHY MAKCHUMAABLHOM HAIIPSIXKEHHOCTH 3A€KTPHUYIECKOTO
noad Ei, u «<HammpaBAeHa 110 HOPMaAH K IOBEPXHOCTH pa3AeAa JUIAEKTPHUKOB», KaK ITHIIIET
B.M. TapeeB B yuebHuke [35].

YuuThIBas 3TO BaXKHOE 3aMedaHMe 10 ITOBOLY HOPMANbHO20 HANPABIEHUSL 8eKmopa
cunvl (nepneHOUKYaAsIPHO No8epxXHOCmMu), MOIKHO KOHCTPYHPOBAaTh CHAOBBIE YCTaHOBKH
OBUKUTEAEH aKTHUBHOIO (HEPEaKTHBHOTO) THIA, B KOTOPBIX CO34AeTCs HEHYAEeBOH
CYMMAapHBIH BEKTOP AEHCTBYIOIINX SAEKTPUIECKHUX CHA.

Hampa:KeHHOCThP  DAEKTPHUYECKOI'O IIOAS, KaK H3BECTHO, €CThb TIpPaaueHT
SAEKTPHUYECKOTO ITOTEHINAAA, YOBIBAIOIIIETO C YBEAWYEHUEM PACCTOSHHUSA OT IIOBEPXHOCTH
3apAKEHHOTO TeAad. ECTeCTBEHHBIN I'PaAUEHT SAEKTPHUYECKOr0 IIOTEHIINAaAa, B YaCTHOCTH,
co3maBaeMbIii BOKPYT 3apsKEeHHOro IIapukKa, HmokazaH Ha Puc. 82. Yacruima Oymarw,
HaIIpUMep, MNPUTITUBAEeTCs B IIOBEPXHOCTH 3apssKEHHOIO MIapuKa, UMEHHO Oaaromaps
5TOMY TPaAUEHTy OSAEKTPHYECKOrO IIOTEHIIHAAa: OHAa [ABUXKETCI B CTOPOHY OOABIIEH
HMHTEHCHUBHOCTH CHAOBBIX AUHHH.

MaKCUMyM e
noteHuuana — noTteHuuan

YMEeHbLlaeTcsd

T

Puc. 82. IIputakeHHe 4acTUIIbI K 3apAKE€HHOMY IAPUKY B €CTECTBEHHOM SAEKTPHYECKOM IIOAE.

Co3maBasgd HCKYyCCTBEHHBIH TIpafueHT I[IOTeHI[Hasa, 3a CYeT CBOMCTB Cpensl,
OKpPYZKaIoIllel 3apsi>KEHHOE TEAO, ITPENCTaBASIETCS BO3MOKHBIM IIOAYYHUTH HHTEPECHBbIE

3P PEeKTHI.
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Ha Puc. 83 mokasaH BapHaHT IIpeasaraeMoy KOHCTPYKIIMH, B KOTOPOM BBIIyKAAs
IIOBEPXHOCTh BBICOKOBOABTHOI'O 3AEKTPOAA IIOKpPbITA TIPAAHUEHTHBIM [OUIAEKTPUKOM, B
KOTOPOM IIOCAOMHO MEHHEeTCd BEAWYHMHA [IUIACKTPUYECKOM I[IPOHHUIIAEMOCTH, IIpH
YOAA€HUHU OT HOBEPXHOCTH dAeKTpoaa. Hapy>KHBIN CAOM HUSAEKTPHUKA, OAS HAIIUX IEAEH,
OOAKEH HMETb MHHHMAaAbHOE 3HAQYEHHUE [OUIACKTPHUYECKOH IIPOHHUIIAEMOCTH, a
BHYTPEHHHUU CAOH — MAKCUMAaABHOE 3HA4YECHUE.

Smin
—  Emax

Smax —t E min

Puc. 83. DaeMeHT aKTUBHOI'O ABUXKHUTEAS C IPAANEHTHBIM AUSAEKTPUKOM.

B TakoMm caydae, OKOAO 3A€KTPOJa BEeAHMYHHA IIOTEeHIMasa OyneT MUHUMAaAbHasl, a
IIPU yOAA€HHH OT TIIOBEPXHOCTH JA€KTpoJa, 3HadyeHHe [IOTeHIMasaa OyaeT He
YMEHBIIAThCS, & YBEAUUYHUBATLCH. OTO co3aeT 3(P(PeKT «00paTHOrO IAEKTPHUIECKOTO ITOAS».

HamomHIO, YTO YeM MeHbIlle [OUIAEKTpPUYecKasl IIPOHUIIAeMOCTh Cpeabl, TeM
CHUABHEe B MaHHOH 00AaCTH IIPOCTPAHCTBA HANPAKEHHOCTH 3AEKTPHUYECKOTO IToad. [Ipm
OIIPENEACHHBIX YCAOBHAX, Ha YacTUIy, HaXOOdIIylocd B 00AaCTH TI'PaIUEHTHOTO
OUAAEKTPHUKA, OEHCTBYeT CHAQ, HAaIlpaBA€HHAsT B CTOPOHY MOHUAAEKTPHKA C MEHbIIeH
BEANYNHOH MUAAEKTPHUIECKOH ITPOHUIIAEMOCTH. B 0OBIYHOM 3AEKTPHYECKOM II0A€, KAK MBI
paccMmoTpean Ha Puc. 82, yacTHIIbI IPUTATUBAIOTCH K 9A€KTPOLAY, CTPEMSCH HepedTu B
00AacTh MaKCHMaABHOM HAMPAKEHHOCTH IToAs. B «0OpaTHOM aAE€KTpUYECKOM Ioae», Puc.
83, yacTulbl BelIeCTBa ANUIAEKTPUKA OYOyT CTPEMHUTHCH IPOYb OT JAEKTPOaa, TaK Kak
HCKYCCTBEHHO CO3JAHHBIH TPAOUEHT JSAEKTPHUYECKOro IIOTEHIIHMAAa 3acCTaBAdeT UX
CMEIIAaThCS B CTOPOHY OOABIIIEH NMHTEHCHBHOCTH CHAOBBIX AUHHUN. YMEHBIIIEHHE BEANYHUHEI
OUSAEKTPUYECKON MPOHUIIAEMOCTH, MOAIKHO OBITH CO3IaHO ITAABHO HAM CAOSIMH, B TOALIE
OUSAEKTPUKA, C YBEAUYEHHEM PaCCTOSHUS OT IIOBEPXHOCTU 3AeKTpona. Ocobble ycAOBUS
COCTOAT B TOM, 4YTO MbI [JOAKHBI HE TOABKO YMEHBIIHTb HWAH KOMIIEHCHPOBATH
€CTECTBEHHOE YMEHBIIIEHHE BEAWYHHBI DACKTPHYECKOIO IMIOTEHIIHMaAa, a OOOHUTBCS TOrO,
4TOOBI C PACCTOSTHHEM OT 3apsiKE€HHOU MOBEPXHOCTH H3MEHEHHE HAIIPSZKEHHOCTH II0AS
IIPOUCXOOUA OBICTpPEE, YeM IIPOHCXOAUT EeCTECTBEHHOE yMEHbIIIEHHEe IIOTeHIIHaAa, MIpPHU
yaaseHUH OT 3aeKTpoaa. Kak mmcaa Tomac BpayH, Heobxodumo co3zdame «npo2peccusHo
UBMEHSIIOWYIOCS OUSNIEKMPUUECKYI0 NPOHUUAEMOCMb.

Kak m3BectHO, 3akKOoH KyaoHa mMmeer KBampaTudHylo ¢yHKIHO. CaemoBaTeAbHO,
PyHKIUS U3MEHEHHH MOTEHINaAa C PACCTOSSHHEM OT JAEKTPOAa, KOTOPYIO MBI 3a7laeM C
IIOMOIIBI0 KOHCTPYKTUBHOIO H3MEHEHUS OUAAEKTPUYECKOH ITPOHUIIA€MOCTH BeIllecTBa
OUSAEKTPUKA, 00/LKHA umems KpymusHy bosnee, uem keadpamuuHas ¢pyHkyus. B Takom
cAydae, IIAS YaCTHUIl JUIAEKTPHUKA, HaAXOMANIMXCH B TOAILE AUIAEKTPHKA, HallpaBA€HUE
YBEAHMYEHHSI SAEKTPHUYECKOIO IIOTEHIIMara OyaeT oOpallleHO B CTOPOHY OT 3apsKeHHOH
rnmoBepxHOCTU. [Ipu Tako¥ curyanmu, Ha HUX OydeT OeliCTBOBAThH CHAA, HAIlpaBACHHAas B
CTOPOHY MaKCHUMAaAbHOM BEAWYUHBI IIOTEHIIHAAA, TO €CTb, HAPYIKY Om 31eKmpooa.

TexHOAOTHYECKAS 3afada CO3MaHUS MHOTOCAOHMHOIO MHUAACKTPHUKA, UAM MaTepHasa
C IIPOTPECCUBHBIM TPATUEHTOM JTUAAEKTPUIECKON MPOHUIIAEMOCTH, JOCTATOYHO CAOXKHAS,
HO TepCHeKTUBHAasg. [IpuMeHeHHe MaHHON TEXHOAOTHH B SHEPreTHKE U OOOPOHHOMH
IIPOMBIIIIAEHHOCTH UMeEET OOABIIIHE TIEPCIIEKTUBLI. TakKue MaTepHuaabl, 10 MOUM pacueTam,
MOTYT OOECIIeYUTb AaKTHBHBIE [OEUCTBYIOIIHME CHABI BEAWYUHON OKoAo 100 TOHH Ha
KBapaTHBIH METP IIOBEPXHOCTH CIIEIIHAABHOTO KOHAEHCATOPA, MPHU HAIIPSIKEHHOCTHU
9AEKTPHUIECKOTO TOAT OKOAO 10 KHMAOBOABT.
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Takue wmolIHBIE CHAOBBIE 3(p¢eKThI, 6e3 ydeTa ITOOOYHOM HOHU3AIIMH BO3AyXa,
[OAYKHBI OOBSICHATECS HEKOTOPO# paboTOCIIOCOOHO TeopHreti.

KopoTtko o Teopun nportecca. CyIecTByeT HECKOABKO TEOPETHIECKUX IT0/IX0ZI0B, U
BCE OHU OIIMPAIOTCH Ha IIPEAIIOAOKEHHE 0 HaAMYHH d(PUPHOH Cpeapl B BaKyyMe, KoTopas,
IIPU BO3OEHCTBHU Ha Hee, MOXKET IIpHOOpeTaTh HEKOTOPYIO CTPYKTYPY, IMOCKOABKY OHAa
HMeeT OIlpeeAeHHbIe (PU3UYEeCKHEe CBOMCTBA, B TOM YHCAE, IAOTHOCTH SHEPIHH.

3akoH KyaoHa B KBAaHTOBOH 2A€KTPOAHMHAMHUKE OITHMCHIBAETCH, KaK OOMeH 3Hepruei
BUPTYaABHBIX (DOTOHOB, ITPOUCXOASIINH MEXKAY 3apsaAKEeHHBIMH YacTHUIlaMU. AHAAOTUYHEBIE
unen paccMmarpuBaa Tomac BepmeH, o xoropoM MbI paHee ynoMuHaau. Ha Puc. 84
II0Ka3aHa CxeMa B3aHMOJECHCTBUA ABYX DACKTPUYECKU 3apPAKEHHBIX TE€A, C TOYKU 3PEHUI
3PUPOAVHAMUKH.

OTTAAKHBAHHUE IIPUTAXEHHUE

Puc. 84. Cxema B3auMoOeHCTBUSA SAEKTPHUYIECKH 3aPSIKEHHBIX TEA.

M3 aHaau3a BEKTOPHBIX CYMM [JaHHBIX B3aUMOAEHCTBYIOIIUX TEA, Mbl IIOAyYaEM
IIPOCTOH, HO BaxKHBIM BBIBOJ: 3apsi’KeHHOe meJsio 8 NPUCYymcmeuu 0pyz2020 3apsirKeHHO020
mena OKpPYIKeHO 2PAOUEHMHBbIM SNeKMPUUECKUM NOJeM, UmOo U S8Jslemcsi NPuuuUHoll
B03HUKHOBEHUSL CUJL OMMAKUBAHUSL UU NPUMSAIKEHUSL.

BaskHO IIOHSTDH, YTO CHAOBOE B3aMMOIEHCTBHE IIPOUCXOAUT HE MEXKAY TEeAaMH, a
MENKOY KAKObIM MesnoM 8 OmOesbHOCMU U OKPYKAUWUM €20 UacCmuyamu 3¢pupHoOl
cpedbl, Komopble nepedarom meay 80l UMNYaAbC, YTO BOCIPHUHHUMAETCS HAMH, Kak
SAEKTPHUUECKOE TIOAE.

B KBaHTOBOM OAEKTPOAMHAMHUKE, TOBOPAT HECKOABKO [OPYTHMMH CAOBaMHU:
«I0AIpU3alMsg BaKyyMa» H «00pa30oBaHHE BUPTYAABHBIX SACKTPOH-IIO3UTPOHHBIX IMIap».
CyTpb nmeaa 3TO He MEHHET: 3¢pupHoe O0assieHue, mo ecmb, CYMMAPHBLI UMNYJbC uacmuy
sgpupa, delicmeyrowuil HA SNeKMPUUECKU 3aPSIIKEHHOE Mesl0 C PA3HbLX CMOPOH, MOXKem
6blMb CUMMEMPUUHDBLU (UB0MPONHDBLUI) UAU HECUMMEMPUUHDBLUI (aHUzomponHulii). OOBIYHO,
CYMMAapHBIH HMIIyABC CHUMMETPHYEH, II03TOMY ABMKYIIEH CHABI HET. OTO HE IBAGETCH
06sg3aTeAbHBIM yCAOBHEM. AKTHBHAas CHAQ, AEHCTBYIOIIAs Ha 3apsi>KEHHOE TEAO, MOKET
OBITE co3daHa [AS YeOUHEeHHO020 3apsiKeHHO020 TeAa 3a CUEeT ero oco0o¥ (PopMbI, MAHU 3a
CcueT aHM30TPOIIUU CBOMCTB AMUIAEKTpPUKA BOKpPYT Hero, Puc. 85.

AvanekTpuk Ne2

Puc. 85. YenuHeHHOe 3apssKEeHHOE TE€AO, OKPYKEHHOE Pa3HBIMHU JUIAEKTPHUKAaAMHU.

B nmaHHOM caAy4ae, KOHCTPYKTHUBHO CO3[aIOTCHd YCAOBHS [Ad IIapbl IIPOIIECCOB:
Oaaromapsg aCUMMETPHU CTPYKTYPbI CPeabl BO3HUKAET ABUIKYIAS CHAA B IIPOCTPAHCTBE,
U COOTBETCTBYIOIIHI €l XpOHaABbHBIH 9(PPEeKT, KaK MABUKYIIAd CHAA II0 BPEMEHH.
[IposBaeHHE XpoHAABHOTO 3ddeKTa, MOPU MaAAOH MOIIHOCTH IIPOIIECCa, MOAIKHO
JNETEKTUPOBATBLCH, KakK TEMIIEPATYPHBIN I'paUueHT.
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[Tpenaaraemasa 3mech KOHIIEIIIHS OblAa PACCMOTPEHa paHee B MOEM MOOKAAE
«AKTUBHOE [OBUXKEHHE» U OIIyOAMKOBAHO B COOpHHKe mnokAaanoB [36]. Maremarudueckoe
obocHoBaHue Obin0 HpenaokeHo I[Ipodeccopom Adanacuycom Haccukac, YHuUBepcuTeT
ropona Aapucca, I'penua [37].

JIAT KPUTHKOB, YTBEPKIAIOIINX, YTO «CTATHUKA HE MOXKET CO3/1aTh [IBUIKEHUE»,
YTOYHIO BayKHBIM HIOAHC: He 3a0bIBaiiTe 0 3(pUPOAUHAMUKE U CHAAX YIPYTOCTH, a TAKXKE O
BO3MOXKHOCTH UMNYSIbCHO20 pexxuma pabomut. Co3maBasg UMIIYABChI SIAEKTPUYECKOTO ITOAS
B 00AQCTH YIIPYTOrO TPAIUEHTHOI'O AMUSAEKTPHKA, MBI CO3laeM KHHETHYECKHH HMIIYABC
(MexaHWYecKOoe [OBUXKEHME dYacTUll VIPYyroro amasekTpuka). Ha pucynke Puc. 86
IIoKa3aHa CcxXeMa 3KCIllepuMeHTa. BaxkHo oTMeTuTh Haauuue nedopmariu dX. MomHocTs
co3maBaeMoro addekTa 3aBUCHUT OT YacCTOTbl ITMKAOB pAecopmarinu. lLleaecoobpasHo
IIPUMEHUTh  MHOXKECTBO  KOHIEHCATOPOB  MAaAOM  €MKOCTH, [HOAd  paboTel C
BBICOKOYACTOTHBIMH HUMITyAbcaMu. OOuH OOABIION KOHIAEHCATOp OyAeT MMeTh OOABIIIYIO
SAEKTPHUYECKYI0O €MKOCTBb, a4 3TO CHHIKAaET YaCTOTY HMIIYABCOB. VIMITyABCHBIH HCTOYHHK
ITUTAHUS II03BOASIET PETYAUPOBATH CO31aBaeMyI0 CHAY, MEHSAS CKBaYKHOCTDb UMITYABCOB.

BbICOKOE
BbIKITIOYEHO BbICOKOE HanpsixeHune uMmnynsc
HanpsXxeHue p=mv

dx r ; BKMKOYEHO

ynpyruii AnanekTpuk 4edopmMmposaH
AU3NEKTPUK He AecopMUpoBaH

Puc.86

Aoboe BemlecTBO, Kak Bbl moHMMaeTte, «COeAWHEHO C 3(UpPOM», U Yynpyzocme
gewecmaa ABAIETCS 9AEKTPOMAarHUTHBIM apUpoANHAMUYECKUM SIBACHUEM:
9A€MeHTapHbIEe YaCTHUIIbI BEIleCTBA ITPUTATHBAIOTCS HAW OTTAAKHUBAIOTCS APYTr OT Apyra,
IIPU YIIPYTOM B3aUMOAEUCTBUU HUX AEKTPHUYECKHX M MarHUTHBIX IToAeH. B cBoio ouepens,
9AEKTPUYECKHE U MarHUTHBIE IIOAS €CTh OIIPEIEA€HHBIE IIPOIIECCHI B YIIPYyroi adupHOM
cpene. Yupyrue nedopMaliii, TO €CTh, BOAHBI CKaTHd U pa3psaKeHUd yIpyrod agupHoOH
cpenpl MBI Ha3bIBaeM ITIOASIMH. B KOHCTPYKIIMAX aCHMMETPHUYHBIX KOHAEHCATOPOB, B TOM
4ucAe, HeoOXOAMMO OOeCIIeYuTh YIIpyroe B3auUMOMAEUCTBHE CO Cpemod, Kak U B
MeXaHHW4eCKHUX YCTPOHCTBaxX, pACCMOTPEHHBIX HAMH pPaHEe.

Uraxk, epadueHmHulii ynpyauii OuseKmpuKr — 3TO CIIOCO0 CO31aHNd aKTHUBHOM CHABI,
OedcTByIOIe 3a cYeT TpaareHTa aaBAeHUS 3¢upa, IIpUYeM, CHABI, He Tpebyromiei
3aTpaT SHEPTHH Ha ee MoAnep:KaHue. PeryAupoBKa BEAWYHUHBI CyMMAapHOM IBUIKYIIEH
CHUABI, B MOAaHHOM METOJE, AETrKO MOOCTHTaeTCd HW3MEHEHUSMH B XapaKTepPUCTHUKAaX
UMITYABCHOTO PeXHMa PabOThI.

PeryaupoBka CyMMapHOM  ABHUKYIIEM  CHABI, KOTOpad BO3HHUKAaEeT IIpH
HCIIOAB30BAaHUN ACHMMETPHUYHBIX 3AEKTPETHBIX MaTE€PHAAOB, MOXKET O0eCIleYHuBaThCHd 3a
CYeT MEXaHHYECKOI'0 IIOBOPOTA YaCTH 3AEMEHTOB ABHXKUTead. Hampumep, moaHasa Tara
co3patorca npu 100% coraacoBaHHOM HaIlpaBA€HHHM BCEX OAEMEHTOB, a HampaBubB S50%
9AEMEHTOB IIPOTUB APYTIo¥ IIOAOBHUHBI 9AEMEHTOB, IIOAYYUM IIOAHYIO KOMIIEHCAIIUIO CHABI
TATH, AEHCTBYIOIIEN Ha anmnapar.

B Poccuu, no naHHoi# TeMe, Oblaa IToflaHa 3agBKa Ha JaHHOe n3obpereHue: «Criocob
U yCTPOMCTBO OAd CO3JaHUS ABHKYLIEH cHAbD, 3agBKa Ne 2004105178 ot 20.02.2004,
aBTop PponroB AsekcaHap BaamummpoBudu. K cozxkaseHHio, ObIA IOAyYE€H OTKa3 IIO
U3BECTHOH IIpUYMHE: «IBHXKEHHE TE€A 3a CYeT BHYTPEHHHUX CHA HEBO3MOXKHO».
[IpenaaraeTcda MOBTOPHO 3allaT€HTOBATH IIpEAAAaraeMble KAIOUEBbIE TEXHUYECKHUE PEIICHUS
Ha MeXIYHapOAHOM YPOBHE, IAS UX KOMMEPIIHAAU3AIIUH.
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IToBTOpPIO, YTO, B JAHHOH KOHCTPYKIIMH, HET TOKOB IIPOBOAUMOCTH HAU HMOHH3ALINU
cpenpl. OTO akTUBHad (HepeaKTHBHad) AeiicTByromiasa cuaa. C TaKHUMU OBUXKUTEAIMHU
MOXHO HE TOABKO A€TaTh B KOCMOC, HO M BpallaTb 3SA€KTPOI€HEPATOPBI, C
3(PPEKTUBHOCTHIO «THICSYH ITPOLIEHTOB», KaK Ipeasaraa Tomac BpayH B 1927 roay.

BaxkHOCTh MaHHOTO HaIpaBAEHUS JIAST KOCMOHaBTHKHU OYEeBHIHA: BBIBOJ I'PYy30B Ha
AFOOYIO OpOuTy OyAeT UMETh Ce0ECTOMMOCTD B MIECATKH Pa3 HUXKE, YEM CETO/THA.

[IpuMeHeHHe B TPaHCIIOPTE, BEPOATHO, HaYHETCH C aBHanuu. lIperncraBpTe cebe
IIaCCasKUPCKUH caMOAeT, He TpeOyIoIIHi TOIIAMBA, C IEPBUYHBIM UCTOYHUKOM SHEPrUU B
BU/e OOBIYHOTO aKKyMyasaTopa. [pyrod BapuaHT: 00€eBOH HCTpeOUTEAb HAU
aBTOMAaTHUYECKUH OPOH, He TPeOyIomMi TOIIAMBaA, CIIOCOOHBIN BBIIIOAHATH AIOOBIE 3a/1a4H,
IIpaKTU4YeCKH, 0e3 OorpaHHYeHUH II0 JaABHOCTH IloaeTa. OYeBHAHO, YTO CYIIECTBEHHBIH
IIpOTrpecc, IIPH BHEAPEHWH TaKUX TEXHOAOTHI, OXHIOAETCs BO BcCeil O0OpPOHHOH
IIPOMBIIIIAEHHOCTH, B CBd3U C HOBBIMH BO3MOXKHOCTIMHU KOHCTPYHpPOBaHUSA O0oeBOH
TEXHUKU H CPEACTB MOOCTaBKH, KQUYECTBEHHO IIPEBOCXOAAINNX PAaKETBhl II0 MAABHOCTHU U
9HeproadPEeKTUBHOCTH.

Haperoch, 4To yuTaTeAb HE O4YE€Hb YTOMAEH PACCYKAEHHUIMH O TPYAHO OCA3ae€MBbIX
3(PUPOAVHAMHYECKUX SIBACHUSX, MIPOUCXOASANIMX B ACHMMETPHUYHBIX KOHIEHCATOpax.
[Ipenaararo mepediTM K HOBOH TIaaBe, B KOTOpoH OyaeT IIOKa3zaH METO CO30aHUsS
OBUIKYIIEH CHABI 3a CUeT 0TOOpa SHEPTHH Y MOAEKYA BO34yXa, ra3a HWAW APYTOH Cpeabl.
OTO TIOMOXKET IIOHATH KOHIIEIIIUI0O AaCHMMETPHYHBIX KOHIEHCATOPOB, CO3IAIOIIMX
QHAAOTHYHBIE CHAOBBIE 9(PPEKTHI, HO 3a CcUeT 0TOopa SHEePruHn y 3(PHUPHOI cpeasbl.

AKTUBHBIA CHAOBOUM HaHOMAaTEpHaA

IlepeiineM K pacCMOTPEHHIO METOMAOB CO3JaHUA aKTUBHON ABUXKYIIEH CHABI, AL
KOTOPBIX B POAHM OKpyzKalolllell cpenbl paccMaTpUBaeTcsl OOBIYHBIM BO3AyX, Tak
Has3bIBaeMbIl, «aTrMocdepHbIH OKeaH». HECKOABKO CAOB O TEPMHHOAOTHH, KOTOpas
epemaa K HaM M3 aHTAMMNCKOIO d3bIKa. MBI Ha3bIBaeM «aKTHUBHBIMH [IBHKHUTEASIMI»
yCcTpoHcTBa, paboTarolye 3a CYeT «aKTHUBHBIX CHA» B3aMMOJEHCTBHUS C BHEIIHEH cpenoi
(BozmyxoM, Bomo# nau acpupom). CaoBo «reaction» o3Ha4YaeT «IIPOTUBOAEHCTBHE, «action» —
nercrBue. PeakTHBHBIE CHUABI, BO3HUKAIOT IIPHU IIPOTHUBOAECUCTBUHU OBHKHUTEAS U OIIOPEI,
OT KOTOPOM OH OTTaanKHUBaeTcd. B pesyabraTe peaklH, TeIAOBas 5SHEPTUd Cpeabl
YBEAUYHUBAETCHd, COOTBETCTBEHHO YBEAWYEHHUIO KHHETHYECKOH 5HEPruH OBHXKUTeAd. B
IIPOTHUBOIIOAOKHOCTE 3TOMY, aKTHUBHBIE CHABI AEHCTBYIOT Ha ABHUXHTEAbL TPAHCIOPTHOTO
CpeAcTBa 3a CYET IIOTAOILECHHA KHHETHYECKOM 3HEPrHH Cpeapl. DTOT IMPOLIECC AOAKEH
IIPUBOAUTDE K OXAAZKIEHUIO OKPYZKAIOIIEN CPEIBI.

OOBIYHBIH TTapyc, KakK MBI OTMEYaAH paHee, paboTaeT MMEHHO KaK aKTHBHBIN
OBHKUTEAb, UCIIOAB3YSI 3HEPTHIO IIOTOKa BeTpa. UTo Takoe BeTep? OTO yIOPsSOOUYEeHHBIN
IIOTOK 4YacCTHI[ BO3[AyxXa, ABUTAIOIIUMNCA B OJHOM HAaIIPABACHHH. I[Tapyc TopmoO3uT
HaIllpaBA€HHBIM IIOTOK [OBUIKYINEHCS Cpenbl, TeM CaMbIM, COOOIllasd YCKOpPEHUE
TpaHcrnopty. crioab3yd  coeluasbHBIE HAaHOMATEpPHAABbI, CTAHOBUTCA BO3MOXKHBIM
paboTaTh C KaXKIOW MOAEKyAOl Bo3myxa, oTOUpas y Hee KHHETHUYECKYI0 SHEPTHIO, U
nepenaBad CyMMapHBIM HMIIyABC ABUKUTEAI0O TPAHCIIOPTHOIO CpPeACTBa. B pesyabTate
TAKOTO0 B3aUMOJAECHUCTBUSA C OKpPYyXKalollley Ccpenoi, HaIpuMep, C BO3AYXOM, MOXKHO
obecrieunTh pasHoe JaBACHHE BO3AyxXa Ha IIAACTHHY MaTepHasa, OHa CTOPOHA KOTOPOH
UMeeT MUKpopeabed CrielTuaAbHOM DOPMHEL.

Pa3zmepnl MuKpopeabeda, KOTOPble HEOOXOAUMBI [IAS peasu3allduy IIpeasaraeMom
KOHIEIIINY, HaxodsaTcd B Hpenesax 1 - 500 HaHOMeTpoB. OTH pa3Mephbl 3aBUCIAT OT
XapaKTEePUCTUK Cpeapl, KOoTopas Ha3bIBAETCH «IAWMHA CBOOOMHOrO mpodOera» MOAEKYA.
[aHHasa XapaKTepUCTHUKa MEHAETCH, [IPY U3MEHEHUIX AAaBACHUL U TEMIIepaTypbl ra30BoOH
cpensl.
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[Tpenaaraemas 34eCh KOHIENIUA paHee paccMaTpuBasacb B MOCKOBCKOM
ABuarmmonHoM HHctutyTe aBTOpoM A. THTapeHKO, KaK «JaCTUYHOE SKPAHHUPOBAHHE CHA
[JaBA€HUs», NeHCTBYIONUX Ha IpeaMeT. B 6oaee TouHOM (pOpMyANPOBKE, «3IKPAaHUPOBAHUE
CHABI JABA€HHS CpeAbl» O3HA4YaeT 3a/ady «IIOTAOLIEHHS» YaCTH KHHETHYECKOH SHEepruu
MOAEKYA Cpenpl (Bo3ayxa), ¢ KakKOM-AMOO OFHOM CTOPOHBI TeAd, YTO CO3IAcCT Pa3HOCTh
[EeHCTBYIOIIETO Ha HETO JaBA€HHS, U ONHOHAIIPABACHHYIO ABUXKYIIYIO CHAY.

B Heckoabko mHOU opMme, uaesa Obira BbICKazaHa MuxauaoMm IlpodupreBrYemM
Bemniok, Caukr-IlerepOypr, onmybAanKoBaHa B kypHase «HoBaa OHeprerukar [38]. Ha Puc.
87moKazaHa KOHLEIIIYS, IIpeJAOKeHHas MOaHHBIM aBTopoM. Muxaua I[IpodupreBud
Benrok mosicHsAeT MAHHBIA NPHUHIUII CAEOYIONIMM oOpaszoM: «EcAM pasmep SAeMEHTOB
peabedpa d Goaee IAMHBI CBOOOMHOrO IIpofera, To KaxKaas M3 MOAEKYA IIOCAE yaapa o
IIAACTHHY Cpas3y BO3BpalllaeTcsd B COOCTBEHHYIO CPEY.

Puc. 87. Unea Muxauaa [IpodupbeBrya Belllok 11o HCoAb30BaHUIO 9HEPIHH BO3oyXa.

Ecau pasmep saseMeHTOB peabedpa d MeHee OIAMHBI CBOOOAHOrO Ipobera, TO 4acThb
MOAEKYA VAApPUTCA O MAACTHHY B 00AaCTH MUKpopeabecpa Goaee UeM OOHH pas, MIpekRae
4yeM BEPHYTBHCH B COOCTBEHHYIO cpenay. TakuMm oOpa3oM, BOZHHKAET JOIMOAHUTEAbHAs CHAA
C TOH CTOPOHEBI, TZle IIAACTHHA UMeeT peabed C daeMeHTaMH pasMepoM d, U OasaHC CHA
Hapymaetrcs». B peayaprate, Muxaua IIpodupreBrnu Beimnok moaaraeTr, 4To BO3HUKHET
OBUIKYyIlad CHAQ, AEUCTBYIOIIAS Ha [TAACTHUHY.

PaccmoTpuMm maHHyo uaero nonpobHee. M3BECTHO, YTO MOAEKYABI BO3AyXa BCEraa
OBUTAIOTCH, IIPUYEM, XaOTHYECKH, CTAaAKUBasiCh U MeEHss HamnpaBaeHue. Ha maunHe
CcBOOODHOTO ITpoOera, TPaeKTOPHUA KazKIOH MOAEKYABbI SIBASETCS IIPSIMOAWHEHHO#, Kak
mokaszaHo Ha Puc. 88.

e d

Touka Byaywero
\ cTonKHOBEHMA

AnuHa ceoBoavoro npobera "\
Monexynst ~

L ! I R

Puc. 88. [JauHa cBobogHOTO ITpobera MOAEKyA rasa.

CKOPOCTBb ABUZKEHHUSI MOAEKYABI BO3/AyXa, IPH OOBIYHOM aTMOCHEPHOM AaBACHUH U
KOMHATHOHM Temmeparype, npuMepHo paBHa 500 m/cek. [JamHa cBoOomHOrO Ipodera
ompeneAsdeTcsd, KaK pPACCTOsHHE, KOTOPOE MOAEKyAd ras3a IIPOAETaeT OT MeCcTa OJHOTO
CTOAKHOBEHHUS 10 Apyroro. Hampumep, Moaekyabl 1 ¥ 2 CTOAKHYAUCH, U IIOMEHSAU CBOU
TPaeKTOpPHUH. AHAAOTHYHO, IIapa MOAEKYA 3 B 4 y3Ke CTOAKHYAUCH, U TeIlePhb ABUTAIOTCS
HEKOTOpPOe BpeMsl IIPSIMOAHHEHHO, II0 CBOUM TpaeKTOpUaM. PaccrosHue, KOTOpoe
IIPOAETAET MOAEKyAA 1 OT TOYKH CTOAKHOBEHHS C MOAEKYAOM 2 10 TOYKH CTOAKHOBEHHS C
MOAEKYAOH 3, Ha3bIBaeTCs «JAMHOM CBOOOLHOTO IIpoderan.
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[Tpu OOBIYHBIX pa3Mepax HEPOBHOCTEH pesbeda IMOBEPXHOCTH, KOTOPbIE HAMHOTO
foAbIlle OAWHBI CBOOOMHOIO ITpoOera, ITPOIIECC ABUIKEHUS MOAEKYA M CTOAKHOBEHUH C
IIOBEPXHOCTBIO SBASETCS XaoTH4YeCKHM. He wmMeeT 3HadeHHsI, IOAMPOBaHA AU OXHA
IIOBEPXHOCTh IIAACTHHBI, HMAM OHa HMeeT KpYyIIHble HEPOBHOCTH, TaK KaK BeKTopa
HMITYABCHBIX yJAapOB MOAEKYA BO3AyxXa II0 IIOBEPXHOCTH HMEIOT cmamucmuueckKoe
pacnpedeneHue  BEPOATHOCTEH  HaIlpaBA€HHs  HMIyAbca. B Takoi  curyauuu
«CTATUCTUYECKOTO PaABHOBECHs», JaBA€HHE Cpelbl Ha o0e ITOBEPXHOCTH MAACTUHBI Oyner
OOMHAKOBOE, U CYMMAapHBII HMMIIYABC paBeH HyAIO. B Apyrom caydae, ecAHM OfHA CTOPOHA
IIAAQCTUHBI HUMeeT IIOBEPXHOCTb C PETYASPHBIMHU 3A€MEHTaMHU peAbeda, pazmep Komopwulx
MeHee OnuHbL €c80600H020 npobeza MOAEKYABI, TO MBI MOXKEM MCIIOAB30BaTh
IIpeackKasyeMoe IIPSIMOAMHEHHOe ABUKEHHE MOAEKYA Ha KOPOTKHX y4acTKax TPAeKTOPHU
[ASI CO3MIaHUA IPayeHTa JaBACHHS I'a3a Ha IIAACTHHY.

Heobxomumo mobaBuTh K wuaeam Mwuxauaa IlopdpupbeBruua Beniok yeTkoe
IIOHHUMAaHUe IIpollecca OTPasKeHUs MOAEKYA Ta3a OT SAeMEHTOB MHUKpopeabeda. M3BecTHO,
YTO TaKHe OTPakKeHHs He MIPOUCXOAST II0 IIPHUHIUILY «YyIOoA MHaJeHUS paBeH VTAYy
orpaxkeHus». OTpaxkeHUs MOAEKyA ra3a OT A0OOTo peabeda IMIPOUCXOMUT BO BCEX
HapaBAEHUSX, CAyYalHbIM ob6pa3oM. [IpuyuHa 3TOTO B TOM, YTO IIOBEPXHOCTH BEILECTBA
TIIAACTHHBI COCTOHUT M3 aTOMOB BEIECTBA, TO €CTh, IIOBEPXHOCTH HE SIBAAETCSH AWHEHHOMH,
[azke eCAU OHAa TIHATEABHO OTIIOAMPOBAaHA.

[Ipenaaraercs mNOpenBapUTEABHO MOIEAHMPOBATb peAbed Ha KOMIIBIOTEpPE, C
IIOMOIIIBIO0 COOTBETCTBYIOIMX IIporpaMM. Ha pucynke Puc. 89 mnokaszaH aaropuTMm Oad
ONHOTO U3 BapHaHTOB peabeda, II0 KOTOPOMY MOXKHO IIOAYYHTH BBIBOABI O
PEe3YABTHUDPYIOIIEH  cHAe, M[OEHUCTByIOIIEH Ha IaacTuHy ¢  peabecpom. Kcrarn,
Pe3yABTHUPYIOIIasd HEHyA€Bas CHAA MOXKeT OBIThH CO3[jaHa He TOABKO ITOIIePeK ITAACTHHBI, HO
U BIIOAD €€ IIOBEPXHOCTU (BA€BO HAU BIIPaBO).

. F sum vertical = ?

F up

F down

F left F right

F sum horizontal = ?

Puc.89 BapuaHT aCHMMETPHUYHOTIO MHKPOPEAbeda U aATOPHUTM pacydeT Pe3yAbBTHPYIOIIEr0 BEKTOPa CHA

BapuaHTbI IPOCTHIX aCHMMETPUYHBIX peabedpoB MokaszaH Ha Puc. 90. Oxwunpaercsa
IpOgBACHHE HEKOMIIEHCUPOBAHHOM CHABI, HO HE€ IIOIIEpeK TIIAACTHUHBI, B BIOAb
IOBEPXHOCTH ITAACTHUHEI.

P1c.90 BapuaHThI H3TOTOBAEHHS aCHMMETPHUYHOTO MHKpPOpeAbedha
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Hrak, paccMOTpHUM BapHaHTBI, IPH KOTOPOM CTATHCTHYECKOE pPAaBHOBECHE
B3aUMOJIEHUCTBHS CPEAbl U CTOPOH IAACTHUHBI HApyllaeTCd. ¥ HaCc €CTh HECKOABKO IIyTeH
peuieHuda naHHOM 3ada4u. llepBoe HampaBA€HHE HCCAEIOBAHUN 3aKAIOYAETCd B IIOUCKE
peIIeHti, MO3BOALIOIINX OCYIIECTBHUTb YAaCTHYHBIM OTOOP KUHETUYECKOH JHEPruu y
MOAEKyA Bo3dayxa. OOMH BapuaHT peasus3alld OaHHOTO pelIeHud - 3TO0 YIpPyTHe
HAHO’AEMEHTBI, IIPHM B3aMMOICHCTBHUH C KOTOPBIMH MOAEKYABl BO3[AyXa TEPHIOT YacTbhb
cBoeM KuHeTH4decKoM sHepruu OUYeBUIHO, UYTO YACTHUYHBIH OTOOpP 3HEPTrUH YV MOAEKYA
cpeapl [JOAXKEH IIPUBECTHM K HarpeBy BeIIeCTBa, UW3 KOTOPOTO  H3TOTOBAECHBI
HaHOYACMEHTEI..

I[Tpu gpyroM BapuaHTE peIlleHUs 3aaadd, HAHO3AEMEHTHI MOTIYT CO3aBaTh
IpPEeUuMyIIIeCTBEHHOE HallpaBA€HUE IBUXKEHUS MOAEKYA Tas3a, 3a CUET CBOEH TOIIOAOTHH.
Hampumep, Takoe mnepepacrnpeeAeHUEe BEKTOPOB ABUXKEHHUS MOAEKYA Ta3a IPOUCXOIUT
Ipu 60K08bLX Heynpyaux coyoapeHusix Co CTeHKaMHu HaHOTPYOOK. B pe3yapTaTe, MoAeKyaa
raza InepemacT HAHOTPYOKaM dYacTb CBOEr0 HMIIYAbCA, YTO YMEHBIIaeT KOMIIOHEHTY
UMIIYABCA MOAEKYA, KOTOpasl HallpaBA€HA MNEPHEeHAUKYASIPHO ITOBEPXHOCTHU IIAACTUHEI,
Puc. 91.

Puc. 91. MoaekyAbI Bo3ayxa U HAHOTPYOKH.

B pesyaprare BBIpaBHUBAHUA TPAECKTOPHUH [OBHXKEHHS MOAEKYA BO3ayxa
(AaMuUHaApU3aIIMK) BAOABL OCH TPYOKH, YBEAWYHUTCS KOMIIOHEHTA CKOPOCTH MOAEKYA,
KOTOopasl IIePHEeHANUKYATIPHA ITOBEPXHOCTHU MAACTHHBI. OTOT 3(P(PEKT YBEAWYIUT JaBACHHE
Ha MAAQCTHUHY C TOH CTOPOHBI, I'ie CChOPMUPOBAHBI HAHOTPYOKHU.

OT6Op KHHETHYECKOH 9SHEPTHH MOAEKYA, HAM YaCTUYHOE VIIOPSAOYEHHE HX
XaOTHYECKOTO MBHXKEHHs, TaK HAM HHade, IIPUBOAAT K QOPMUPOSAHUIO pPA3ZHOCMU
dasneHust cpedbl HaA nNAACMUHY C 08YxX CMOPOH. ITO CO3AACT [ABHUXKYIIYIO CHAY,
JAEeHCTBYIOIIYIO Ha IIAACTHHY CO CTOPOHBI CPEe/bI.

OamH U3 BapHaHTOB O0TOOpPa YACTH KHHETHYECKOM SHEPIHH Y MOAEKYA BO3IayXa —
5TO CTOAKHOBEHHSI C VIPYTMMH HAHOZAEMEHTaMH, KOTOphle OyayT medopMHUpOBaThHCH,
IIpUHUMas Ha cebs dYacTb HMIIyAbCa MOAEKyA, Puc. 92. VYmopyrue pecdopmaiiu
HAHOSAEMEHTOB II03BOASIT IIPeobpa3oBaTh KUHETHUYECKYIO SHEPTUI0 MOAEKYA B TEIIAOBYIO
SHEPruio, KOTOpasd AaKKyMyAHPYeTCs BEIIeCTBOM IIAACTHUHBI. [IpUHIUII IIPOCTOH, HO
CAOZKHOCTD TEXHHUYECKOTO PEIIeHHs 3aKAIYAaeTCs B TOM, YTO Macca MOAEKYA ra3a OYeHb
Maaa, a CKOPOCTb OY€Hb OOABITIas.

Puc.92. [ledpopmarniuy HAHOIAEMEHTOB IIPH B3aUMOAEHCTBHH C MOAEKYAAMH Ta3a
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MOKHO TIPEAIIOAOKHUTH, UYTO HAHOCTPYKTYPhI B BHIAE€ TOHKHUX U [IAWHHBIX
HAHOAEMEHTOB (HAHOBOAOCHI), OPHEHTHUPOBAHHBLIX BEPTHKAABHO, H PACIIOAOKEHHBIX Ha
IIOBEPXHOCTHU IAACTHHBI C TpeOyeMBIM 3a30pOM, CMOLYT YIIPYrO B3aUMOAEHCTBOBATH C
OTIEABPHBIMH MOAEKYAQMH BO34yXa, TO €CTh, IIOTAOIIATh UX KHUHETHYECKYIO SHEPTHIO IIPH
necpopmanuax, ¥ IIpeoOpa3oBhEIBATh €€ B TEIIAOBBIE KoAe0aHHS aTOMOB BeIleCTBa, H3
KOTOPOI'0O OHU HM3TOTOBAEHBI.

3aMeTUM, UYTO YrA€pOJAHble HAHOTPYOKU CAUIIIKOM 3IKECTKHE, A BBIIIOAHEHUS
OaHHOM 3amayu. HHTEepecHO ObIAO OBbI IIOIIPOOOBATH HCIOAB30BATH B POAU YIIPYTHX
5A€MEHTOB 4YelIyHKHU rpadeHa. Takue 5AeMeHTbI UMEIOT TOALIMHY B OOUH aTOM YTA€POAa,
U MOTYT OBITH JOCTATOYHO yIIPYTUMHU OAd 3PPEKTUBHOIO B3aUMOAEHCTBUS C MOAEKyAAMU
raza. [lag HCIIOAB30BaHUA YellyeK rpadeHa, HeoOXOOUMO pPeIIUTh TEXHOAOTHYECKYIO
3a/1ayy UX HAHECEHUs Ha KaKylo-TO TBEPAYIO IIOBEPXHOCTb, IIPHUYEM HaA0 0OecIieuuThb
OOCTATOYHO CHABHYIO aAre3HI0 C IIOBEPXHOCTBIO. AHAAOTHM TaKHUX 3alad pelarT
TEXHOAOTHM M3TOTOBAEHHS BOPCHUCTBIX TEKCTHUABHBIX MaTepHaAOB. TKaHEBYIO OCHOBY
IIOKPBLIBAIOT KAEEM, a 3aTeM IIPOTATHBAIOT Yepe3 o00AACTb OSAEKTPUYECKOTO IIOAsI, B
KOTOPOM pAacCHIbIASIOT YacTHYKH Bopca. YacTHYKH OpPHUEHTUPYIOTCI BEPTHUKAABHO
IIOBEPXHOCTU TKaHU 3a CUYeT dAeKTpocTaTuku. Hapeioch, uTo aabopaTopuu, KOTOpPbIE
paboTaroT ¢ rpadeHOM, 3aHHTEPECYIOTCH TOH TeMOH U HAaWAYT CIIocOb6 CO MHOM CBSI3aThCs
oA OOCyKImeHHs coTpyaHHdYecTBa. KoMMepdecKwe NEepCHeKTHBBI 30eCh O4YeHb
[IPUBAEKATEABHBIE.

OTMeTHM, 4YTO HAes UCIIOAB30BaHHA Pa3HBbIX CBONCTB yIIPYIOCTH y Pas3HBIX CTOPOH
[IAACTHUHBI, TaKXKe IIpensarasach U ApyruMu aBTopamu. Hampuwmep, BepeBkun Cepreit
HukonaeBuu u3 KemepoBckodl obaacTu, ImomaBaa 3asgBKy Ha mnarteHt "Crocob
OCYILIECTBA€HHSA YIIPYTOTO M HEYIPYroro B3aUMOAECHCTBHA MOAEKyA BO3ayxa C
IIOBEPXHOCTBIO MeTaAAW4YecKod maacTuHbeD 2002115522/06, ot 10.06.2002. Own
IIpeaaraa [ABUTATEAb, OTAMYAIOIIUHICS TeM, 4YTO IIpeAcTaBAsdeT cobOl IIAaCTHUHY,
HMEIOLIYI0 IIOBEPXHOCTU: VIPYTYI0O M HEYIPYTLyIo, C KOTOPBIMHU MOAEKYABI BO3ayxa
COBEpPLIAIOT COOTBETCTBEHHO YIIPyTHe M HEYIpyrue coyaapeHHd. Mbl o0lllaaANCh C HHUM,
obcyknmaau BapHaHTbl peaausanuu oTod wuaeu. IIpemaarasocb pasMeCTHTh TaKHe
IIAQCTHHBI Ha POTOpPE, YTOOBI ITOAYYATh IIOCTOSITHHBIN KPyTdIIHii MoMeHT. B auBape 2018
roga BepeBKuH mpricaaa MHE IHUCHMO, B KOTOPOM COOOIIIA€T O TOM, YTO OH ITOAYYHA OTBET
Ha oOpamrenre B OrcoeptHblii coBeTr HAMM mno npoekty "OHeprus u3 Boamyxa'.
3arkaloueHHe SKCIEepPTOB 3BYYUT OAHO3HAYHO: "HHUYero HoBoro". OHH IIpeaaararoT
BepeBkuHy nouyutaTh MO0 KHUTY "HOBBIE KOCMHUYECKHE TEXHOAOTHH".

[as ucTOpUM, HAM BasKHO HAWTH IIEPBOMCTOYHUK. B raaBe mpo MHEPIIMOWUABI, MBI
y2Ke paccMaTpUBaAu IKcIiepuMeHT aBTopa Harry W. Bull, onncanne 66140 0IyOAMKOBAHO
emte B 1935 rogy [17]. 910 Tak:Ke OOUH K3 BapHaHTOB HCIIOAB30BaHUS Pa3HBIX CBONCTB
YHOPYroCTH MaTepuasa, [OAd T[IOAYYEHHS HEKOMIIEHCHUPOBAHHOM [OBUIKYIIEH CHABI.
CaemoBaTeAbHO, HaHHAs HAes He HoBas, HO MBI MOXKeM paspabaTbIBaTh U IIaT€HTOBATH
pa3AWdHBIE TEXHHUYECKHE PEIlIeHHs, NCKATh OIITUMAABHBIH BapHaHT KOHCTPYKIMH, B TOM
4HCA€, C UCIIOAB30BAaHUEM HAHOTEXHOAOTHH.

[pyroe HampaBA€HHE IIOMCKa TEXHUYECKOTO pPEIIeHUsS MOAS ITOH TEeMBbI - 3TO
AaMHUHapu3alyg MoTokKa. MBI MOXKEM CcHeAaTh XaoTHYeCKOe MOBHXKEHHE YaCTHUIl CPebl
Oboaee yHOPSAOYEHHBIM, «(POPMHPYsT MHUKPOBETEP» 3a CYET OCOOBIX MHUKPOCTPYKTYP.
[TocKOABKY Takoil «BeTep» B 00AACTH OKOAO IIOBEPXHOCTH IIAACTHHBI MOKET OBITH
OPHMEHTHPOBAH  IIapasA€AbHO  HAW  [EPHEHAUKYAIPHO  IMAAQCTUHE  JBHUXKHUTEAS,
COOTBETCTBEHHO, IIOAyYaeM [ABa BapUaHTa BTOPOTO PEIIeHUd: CHUKEHUA JaBACHUS CPEIbI
Ha TIIOBEPXHOCTBH IIAQCTHUHBI, HMAM YBEAWYEHHE [aBA€HHS Cpeabl Ha I[IAACTHHY, B
OIIPEeIEAEHHOM MECTE.

Ha Puc. 93 nokazaH BapuaHT, IPHU KOTOPOM XaOTHYECKOE IOBUKEHHE MOAEKYA
BO3/IyXa IIpeol0pasyeTcss B YaCTUYHO YIOPSOOYEHHOE, TO €CThb, B «IIOTOK BETpa», IIOCAE
IIPOXOXKAECHUS UMH «HAHOCHUTA», UMEIOIIETO BEPTUKAABHBIE KaHaABI (HAHOTPYOKH).
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AHaAOTHMYHO, C dYacCTHUIIaMH Tra30BOH cpenbl OymeT paboTaTb nakem nNJOCKUX
naacmuH, pPacrioAOKEHHBIX € 3a30poM. IIpocToli BapuaHT peabeda — KAaHABKH B TOAIIMHE
rnaacTuHbl, TAyomHo# 500 — 1000 HM u mupuHo#t 50 — 100 HM.

XAOTUYECKOE ABWKEHME MONEKYN

YACTUYHO YNOPANOYEHHOE [BWKEHUE MONEKYN
L4 ! [ ]
| L4 ’

XAOTUYECKOE ABWXKEHWUE MONEKYN

Pric.93. [ToTok yacTull HalIpaBA€H BOOAL IIOBEPXHOCTH ITAACTHUHEIL.

Takum ob6pazom, dopMHpyeTcss IIOTOK 4YaCTHIl, CYMMapHBIH BEKTOP CKOPOCTHU
KOTOPBIX HMeeT OOABIIYI0O KOMIIOHEHTY CKOPOCTH, HAIIPaBACHHYIO IIEPIEHIUKYASIPHO
IIOBEPXHOCTHU IIAACTHHBI, Y€M IIPH XaOTHYECKOM ABHIKEHHU. MOXKHO 0XHAATh, YTO ITOT
3(PPEKT YBEAHUYHUT CTATUUECKOE [JaBA€HHE Ha IIOBEPXHOCTb IIAACTUHBI KOpIIyca Co
CTOpPOHBI «HaHOcUTA. IloMCK ONTHUMAaABHBIX pPeLIeHUH KOHCTPYKLIHU «HAaHOCUTAY,
CIIOCOOHOTO YaCTUYHO YIIOPSAOYUTH XaOTHYECKOe ABHKEHHE YaCTHIl Cpelbl (Bo3ayXa HAU
BOJEBI), ABASIEeTCS HHTepecHo# 3amadedi. Ha Puc. 94 mokazaHo apyroe penieHue, KOTOpoe
MOZKET ITPUMEHATHCS [IASI YIIOPSAOUYNBAHUS ABUKEHHUI MOAEKYA Fa30BOM Cpepl.

YACTUYHO VFIOPFU:IOQIEHHOE OBWKEHWE MONEKYI
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Puc. 94. Co3ganue ynopgao4eHHOr0 II0TOKA YaCTHIL Fa30BOH cpenbl.

KonycHoe oTBepcTHE C OOHOM CTOPOHBI IIAACTHHBI, TaK CKasaTh, «Ha BXOJe»,
CIIOCOOHO yAQBAWBATBL OOABIIIEE KOAMYECTBO MOAEKYA, U «BBIPABHUBATL» UX TPAECKTOPUIO
nBrxkeHusi. C Apyrol CTOpPOHBI IAACTHUHBI, OTBEPCTHUS UMEIOT MEHBIITUY AUuaMeTp.

OThoeAbHO OTMETHM, YTO IIPH MaAbIX pasMepax TPyOOK (KaHaaoB) mopgaka 1-2 HM,
OOABIIIYI0O POAb HIPAIOT MONEKYJASPHblE CUlbl npumsikeHusl. MoaeKyaa rasa, Ionanas
BHYTPb TakKOM y3KOH TpPyOKH, IIepecTaeT coBepIIaTh OOKOBbIE KoAeOaHUSA, W 3aHHUMAaeT
IIOAOKEHHE Ha OCH TPYOKHU, Oaaromapsi CHAAM MOAEKYASIPHOTO HPHUTIKEHUS K CTEHKaM
TpyOKkHu. OHA IPOZOAZKAET KOAeOAThbCS U ABUTATHCS, HO TOABKO BIOAb OCH TPYOKH.

B03MOKHBI 1 TaKWe BapHAHTBI, IIPHU KOTOPBIX HAHOCUTO C HAKAOHHBIMHU KaHaAaAMH
dopMHPYET HPEUMYIIIECTBEHHBIM MOTOK YaCTHUI] CPeabl BAOAb ITOBEPXHOCTH IAACTUHBI. B
TAKOM CAydYae, yBeAWYHBas AUHaAMHYECKOE MOaBA€HHE M YMEHbIIIad CTaTUYECKOe, MbI
MIOAyYUM 3(eKT, aHaroTHYHBIH wu3BecTHOMYy 3ddekTy 2KyKoBcKoro - YamawbIruza,
KOTOPBIH obOecriedmnBaeT IOABbEMHYIO CHAY Kpblaa. B Takoi#l cxemMe BO3HHKAaET I'PaIUEHT
JaBAE€HHUsS Cpeabl CHU3Y U CBEPXYy, 3a CYeT pPa3HOH CKOPOCTU OOTEeKaHUd Cpenou
IIOBEPXHOCTHU TIIAQCTUHBI. Takoe HENOABUIKHOE «HAHOKPHIAO» CIIOCOOHO CO31aBaTh
IIOABEMHYIO CHAYy B CMAmMucCmMuuyecku Henoos8u>KHOlU cpede, TOCKOABKY OTOEABLHBIE
SAEMEHTBHI Cpeabl BCEerga HaxXOOSITCsS B [IBHKEHHH, KOTOPOE MOXKHO YaCTUYHO
YIOPSAIOYUTE, UCIIOAB3YS CIIEIIHAABHBIH HaHOPEeAbEed.
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[IpuMmeHeHHe HAHOTPYOOK, OPHUEHTHPOBAHHBIX B HYXKHOM HaIIPaBA€HHUH, [OAS
pa3BUTHUS [JAHHOM KOHIEIIIMH, [IPEACTABAIETCS HauboAee NEePCHEeKTHBHBIM, XOTS U
Opyryue  CIoCcOOBbI  IIOAYYEHHsSI MHUKpopeabeda, BKAIOYAs COBPEMEHHBIE  METObI
HAHOAEKTPOHUKH, IIPUMEHSeMble IIPH U3TOTOBAEHHHM 3A€MEHTOB MHKPOCXEM, MOTYT
Ha¥TH IIpakTUYecKoe IIpuMeHeHHe. [Ipu cepuiHOM NIPOU3BOACTBE, MeETOOaMH
doTorieyaTH W TPaBAECHHS, AaHHAas TEXHOAOTHS OyaeT HMMeTh HH3KYI0 CcebOecTOMMOCTS.
OTMeTHM, 4TO BBIpAIIMBAHHE TAKUX HAHOCTPYKTYP, KaK «HAHOBOAOCHI», BO3MOXKHO HeE
TOABKO U3 HEOPTaHUKH, HO U IIyTeM OHMOAOTHYECKUX HAHOTEXHOAOTHH. Takue mamepuasnvl
Mo2yn bbLn boniee ynpysumu, uem Heop2aHuKa.

Hannas texHosorus HaszBaHa CAM — cuaoBoM akTHUBHBIA Matepuaa, nau CAHM -
CHAOBOM aKTHUBHBIM HaHoMaTtepuaa. McIioab3oBaHHE IIAACTHH CHAOBOIO aKTHUBHOTO
MaTepHasa B OSHEpPreTHKE He OrpaHHMYHBaeTCd poTopaMH MamuH. Bo  Beex
PacCMOTPEHHBIX BapuaHTax KOHCTpykKmuu CMA, npu orbope 3HEPruM OKpyzKaroiei
cpenpl, cozdaemcst pasHocme memnepamyp. OTO IyTh KOHCTPYHPOBAHUA HCTOYHHUKOB
9HEPTHH, cocToanmx u3 rmaactud CAM HaHoOMaTepHuasa M OOBIYHBIX T€PMOIAECKTPUIECKUX
nnpeobpazoBareaeli. Takme reHepaTopbl JHEPTUHU OTHOCATCH K YCTpoHCTBaM IIPIMOTO
mpeobpa3oBaHUs TelAaa OKPYKAILIEH cpenbl B SAEKTPOSHEPTrHI0. B cBa3u ¢ 3THM,
HalloMHIO wuAelo MakcBeana O BO3MOXKHOCTH CO3JaHHUA HEKOEro MEXaHH3Ma,
Pa3meAsiIoIeT0 MOAEKYABI Cpedbl Ha ropsyue (ObICTpPbIE) W XOAOAHBIE (MeIOAEHHBIE).
JlaHHBIM MEXaHHU3MOM, He TPeOyIonINM 3aTpaT, U SBAFETCS CIIEITHAABHBIH MHKpOpeAbed.

CoBpeMEHHBIE TEXHOAOTHYECKHE PEILIEHHSsI, KOTOPhlE MOXKHO ITPEIAOKHUTH CErOIHS
oaa  peasmsanmu  unen CAM, oOTHocaTca K CIlocobaM TIOAYYEHUS BEPTUKAABHO
OPHUEHTHPOBAHHBLIX HAHOTPYOOK, Puc. 95. [IuaMmeTp IoAydaeMbIX HAHOTPYOOK, OOBIYHO,
cocraBageT 50-100 HM. TexHOAOTHMS IIOAYYEHHS TaKHX HAHOTPYOOK aHOAHMPOBaAHHEM
THTaHa HeJoporad, €€ IIAaHUPYIOT HIMPOKO IIPHMEHATH [AS (PUABTPOB Pa3AHMYHOTIO
Ha3Ha4YeHHUd.

Puc. 95. ®oro: HAHOTPYOKH B BUE TAKETOB.

CyiiecTBylOT ¥ [OpyTHe BapHUaHThl IIOAYYE€HHSI AaHAAOTHUYHBIX HAHOCTPYKTYD,
HarrpuMep, METO aHOAUPOBAHUY CBEPXYUCTOI0 KPUCTAAANYECKOTO aAIOMUHUA.

VHTepecHbIEe perieHns, KaK MbI YK€ OTMEYaAH, MOTYT ObITh ITOAYYE€HbI U METOIaMH
HaAHORAEKTPOHHUKH, KOTOPasd II03BOALET CO34aBaTh COBPEMEHHBIE TPAH3HUCTOPHI Pa3MeEpPOM
S50 vHM. [Ipu pasBuruun TexHosornu CAM, H3roTOBUTEANM MUKPOCXEM MOTYT OTKPBITH IIAS
cebg HOBBIM CEKTOp pBIHKa. PasymeeTcss, MccaeqoBaHUSA U OTpPabOTKa OITHUMAABHOTO
peabedpa maactTuHbl CAM mOTpebyIOT 3HAYUTEABHBIX CPEACTB, HO B JaAbHEHIIIEM, ITOCAE
H3TOTOBACHUS IIabAOHa, IIPOMBIIIAEHHOE IIPOU3BOACTBO M cbopkra maactuH CAM, mopn
KOHKPETHYIO KOHCTPYKIIHIO IBUKUTEAS, OYyT UMETh HEOOABIIYIO CE6ECTONMOCTb.

Jaaee, camoe MEPCIEKTUBHOE HaIlpaBACHHE BHEAPEHUS NAHHOU TEXHOAOTHH — 3TO
KOCMHYECKHE IIPOEKThI, IIOCKOABKY AAHHBIM 3(P(PEKT MOKHO CO34aBaTb B MepMETHYHOM
Kopryce. IToaaraio, 9To CHAOBOM aKTHBHBIM HaHOMaTepHaa OyzeT co3zmaBaTh INOABEMHYIO
(IBUKYIIYyIO CHAY) B AIOOOM 3aMKHYTOM OOBeMe ra3oBOM cpeibl, OXAazKiasl ee B IIPOIlecce
pabotel, Puc. 96. OroT BapuaHT (3aMKHYTBIH KOPIIyC CHAOBOIO 0OAOKa) IIpemAOKEH
BII€PBbl€ aBTOPOM AAaHHOM KHHUTH, U pPaHee APYTUMH aBTOpPaMH HE PaCCMaTPHUBAACS.
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oTBoOA Tenna KpensieHue ninactuHbl K
A /CAHM Kopnycy

NPUTOK Tenna

Puc. 96. CAHM B repMeTHYHOM KOPILyCE, 3alIOAHEHHOM Ta30M.

yETMHHbIVI Kopnyc

HenmocraTKoM maHHOM TEXHOAOTHH SIBAFETCS HEOOXOAMMOCTBH OpPraHH3allMH OTBOAA
Temaa OT KopIyca C OOHOHM CTOpPOHBI, MW TIIOABOAA Telaa K TIa3oBOH cpene C
ITPOTHBOIIOAOKHOH CTOPOHBI KopIyca. YacTb TeIAOBOH 3HEpPTruH, Heu30exKHOo, Oyner
pacceuBaThCd B OKpYyKalIIeH cpele, U €€ HalO0 BOCIOAHATH BHEIIHHUM HCTOYHHKOM
sHepruu. [IperuMyIIecCTBO 3aMKHYTBIX CHCTEM C T€PMETHYHBIM KOPILyCOM B TOM, YTO
MO3KHO CO34aTh Al0O0Oe BHYTpPEHHEe NaBA€HHE I'a30BOM cpenbl, a TaKxXKe, U3MEHSATH €ro
BEAWYHHY, TEM CaMbIM yBEAWYHBas HAW yMEHbIIas OBHXKYIIYI0 CHAY. B poam caosa
aKTHBHOTO MaTepuaaa, MOTYT IIPHUMEHSATHCH He TOABKO HaHOpPeAbe(HbIE CTPYKTYPhI, HO U
Me30IIOpUCThIEe BelllecTBa. J[IBHUXKHTEAHW, CKOHCTPYHPOBaHHBIE [OAS Tas3a BBICOKOIO
naBAeHUd, OyayT 6osee KOMIAKTHBIMU M MOIIHBIMH. BaiXHO TakKe OTMETHTh, 4YTO B
HEKOTOPBIX CAyYasax, TpeldyeTcs IIOHHKEHHOe maBaeHHe, MeHee 1 AtTmocdepsnl, oad
OIITUMAaAbHOTO 3ddeKTa TrpaareHTa BHYTPEHHEro [AaBA€HHsS. [IpH MOHHKEHHOM
OaBAEHUH, [AMHA CBOOOMHOTO IIpo0era MOAEKYA ra3a YBEAHYHBAETCH, CA€IOBATEABHO,
pa3Mepbl IPUMEHSIEMbBIX HAHOSAEMEHTOB MOTYT OBITh 00A€€ KPYITHBIMH.

OTneApbHO OTMETHUM TaKOE IIPOCTOE TEXHUYECKOE pellleHHe, KaK IIPHUMEHEHUe [1apoB
BOJBI U BOIOOTTAAKHBAIOIIIETO CAOL, HA OOHOM M3 CTOPOH BHYTPH NepPMETHUYHOr0 KopIlyca,
Puc. 97. HarpeB KopIiyca MOKHO OCYIIECTBAATH CHAPYKH.

ruapodobHoe nokpbITe
ITIap BoaBI

piliy

Harpes BOJBbI

Puc.97. [IBUKUTEADb B 3aMKHYTOM KOpPIIyca C ITapaMH BOAbI U M'UAPOGMOGHBIM IIOKPBITHEM

CoBpeMeHHbIE MaTepHaAbl, KOTOPbIE MOTYT IIPUMEHATHCS B NAHHOH TEXHOAOTUH,
9TO BBICOKOTEMIEpPATypHbIE TUAPOPOOHBIE IOKPBITUS. OOBIYHO, TaKHe MaTepPHaABI
IIPUMEHSIOT B aBTOMOOHMABHOH TEeXHUKE, OAS HAaIbIAEHUS Ha [OeTaAu aBToMoOuad. B
SKCIIEPUMEHTaxX HYKHO OBITH OCTOPOIKHBIM, IIPHUMEHSS MHUHUMAABHOE KOAMYECTBO BOMBI
BHYTPH Te€pPMETHYHOro KopIiyca. [IpeaBapHTEAbPHO, HMEEeT CMBICA CHOEAATh pPacyeThl
IIOAY4aeMOTO BHYTPEHHErO MAaBACHHS I[apa, HUCXOAs N3 O0beMa U KOAWYECTBa BOJBIL.
2KeaaTeAbHO ITIOCTABUTH HAa KOPILYC KAAIlaH U30BITOYHOTO JaBACHUS.

B nmanHOifi cxemMe MOryT paboTtaTh U IApbl PTYTH, €CAH IIPHUMEHSETCS
COOTBETCTBYIOIINI HaHOMAaTeEpHaA, OTTaAKUBaONMi pTyThb. OAHAKO, 3TO HE3KOAOTUYHO.
PaGoraTs ¢ Bogoii HaMHOro 6e30racHee.

OpHEHTHUPOBOYHbBIE PACYEThI II0KA3bIBAIOT MHTEPECHBIE II€PCIEKTUBBI IIPUMEHEHUS
TexHoaorun CAM: mpu cosmaHum 10% pasHOCTH aTMOCHEPHOTO MABAEHHUL, CO30AeTCH
nombeMHas cuaa okoao 100 rpamm Ha 1 kBagpaTHbIY caHTuMeTp. CHAOBOH 0AOK B
dopme AucTa TOAITMHON 1 cM U padMepoM 1 KBagpaTHBIH METP CMOXKET MOAHATE 1 TOHHY.
AucroBrle 6A0KM CAM MOKHO ITaKeTHPOBaTh. AErkKo MPEeACTaBUTL cebe CHAOBYIO
YCTaHOBKY (OBHXKHTEAB) C rabapuramMu npuMmepHo 1 kybomerp, cocrogdmryro u3 100
IIAOCKHUX OAOKOB, CIIOCOOHYI0 MOAHATE rpy3 BecoM 100 ToHH, Prc.98.
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NOABEMHASA CUNA NPU 10% PA3HOCTW OABNEHUA BO3AYXA

F =100 ToHH
F =1 ToHHa

JNINCT 1 KB.METP
TOLLWHA 10 MM MAKET 100 TMCTOB, OAMH KYBEOMETP

Puc. 98. IlaketrupoBanue naactud CAHM.

JlaHHbIE TEXHUYECKHE XapaKTEPHCTUKH I[IPUHIIUIINAABHO MEHSIOT KOHIIEIIIHIO
KOHCTPYHPOBaHUA aBHUAIIMOHHOTO, MOPCKOI'O M KOCMHYECKOIO TpaHCIoOpTa, a TaKXKe,
OTKpPBIBAIOT (paHTACTHYECKHE BO3MOKHOCTH CO3JaHHs HOBBIX THIIOB AETAIOIINX OOBEKTOB,
IPY30IOABEMHOCTBIO B MHAAMOHBI TOHH. Hampumep, mnaardopma — OBUXKHUTEAb, C
rabapuramu npuMepHo SO0x100 mMeTpoB, U TOAUTMHOM 2 MeTpa, cocrosiias u3 200 caoeB
10 mm maactuH CAM, Bcero npu 10% mnepernaze aTMoC(epHOTO NaBAEHHUS, MOXKET OBITh
aKTHUBHBIM OBUXKUTEAEM IAS TPaHCIOPTa I'Py30HO0ABEMHOCTEIO 1 MHAANOH TOHH, Prc.99.

rpy3onoagbeMHOCTb 1 MUMNIMOH TOHH

A)os
{

100 meTpoB

2 meTpa

Puc. 99. Kounenmus CAM B 6oABLIETPY3HOM TPAHCIIOPTE.

BaskHoe ImpenMyIIecTBO JAaHHOTO METOa CO3/IaHUd ITOLABEMHOM CHABI A€TATEABHBIX
amnraparoB 3aKAIOYaeTCs B HAAEXKHOCTU CHAOBBIX YCTAHOBOK. HeWcnpaBHOCTH HAU
IIOBPEXKIEHUE HECKOABKHX CHAOBBIX OAOKOB H€ KPHUTHYHO, €CAM KX COTHH HAH 0oaee.
OueBUOHO W APYroe IIPEHUMYIIIECTBO — BEPTHKAABHBIH B3AET, HET HEOOXOIHMMOCTH CTOUTH
B3AE€THO-II0Ca/I0YHbIE IIOAOCHI a3POIIOPTOB.

OTOT TPAHCIIOPT MOIKET COCTABHUTH CEPBE3HYI0 KOHKYPEHIIMI0O BCEH OTpacAu
CYOOCTPOEHHUS, aBHAOHUM ¢ KOCMOHaBTHUKH. OYeBHUOHO, BO3HUKAIOT II€PCIEKTHUBHI
M3MEHEHHUS KOHIIEMIIUH BCET0 aBTOMOOUABHOTO U JKEAE3HOMOPOKHOTO TPaHCIIoOpTa. 3adeM
CTPOUTH 3KEAE€3HbIe [OPOTH, €CAHM IOSBHUTCS BO3MOXKHOCTH CO30aBaTh A€TaIOIIMM
TPaHCIOPT AIOOOH Tpy30IOoaBEeMHOCTH? BO0O3MOXKHBI M ApPyTrHe NPUMEHEHHsS TEXHOAOTUU
CAHM, HampuMmep, I[IOCTOSSHHO A€TAIOIIME Ha HyKHOHM BBICOTE PETPAHCASITOPHI
TEA€BU3UOHHOIO CHUTHAaAad, CUCTEM CBH3U U T.II. YMEHBIIAETCS HEOOXOAUMOCTb B BBIBOIE
CIIyTHHKOB CBSI3M Ha TI€OCTAllMOHAPHYI0 OPOUTY, €CAU IIOIBASAETCS BO3MOKHOCTD
pasMelieHusd PETPAHCAATOPOB CBS3U Ha AIOOOH BBICOTE, U IIOAAEPZKAHUS 3aMaHHOM
TIO3UIINHN B IIPOCTPAHCTBE HEOTPAaHUYEHHOE BpeMsd, 0e3 pacxoaa TOIIAUBA.

[IpuMmeHeHHe MOaHHOH TEXHOAOTHH IIO3BOAMT KOHCTPYHUPOBATH MOBHIKUTEAU [IAS
AIOOOTO TpAHCIIOPTa, a TaKKe Cco3[JaBaThb KPYTAIIUH MOMEHT MAIllMH, HCIIOAB3YIOIIUX
KakKoOH-AN60 pOTOp, BKAIOYAS 3AEKTPOTeHepaTophl AI000H MoIITHOCTH. B TakoM caydae, He
OyzeT HeoOXOAMMOCTH CTPOUTH BETPSKH U THAPOIAEKTPOCTAHIIHH.

[IpoekT 10 maHHOU TeMe He TpedyeT OoAbIINX (PMHAHCOBBIX 3aTpart. [lepBrIit aTan
HCCAENOBAHUHN 3aKAIOYAETCHd B IMIPOBEPKE IIPEAIIOAOKEHHH O TOM, YTO pPEryAspHBIE
HAHOCTPYKTYpPbI ONpeNeA€HHOH (OPMBI MOTYT «OTOMpPATh» KHUHETHYECKYIO0 JSHEPTHIO Y
MOAEKYA BO3[yXa, AU0O YIOPSAOYMBATH UX ABUKEHHE. YIIPOIIIEHHO, 3TH CXEMbI ITOKa3aHbI
B JaHHOM KHHre. B mpollecce pa3BUTHHA TEXHOAOTHYECKHUX METOMOB, BOSHUKHYT U ApPyrye
WHXKEHEPHbIE PEIIeHUs CO3MaHUd 2padueHma 6HYmpeHHez20 0aesleHusl. OKCIIepPUMEHTHI
11eAecoob6pa3HO OPraHu30BaTh B CYILIECTBYIOIIEH HAHOTEXHOAOTHYECKOH AabopaTopuu.
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Prc.100. [TpuMeHeHNe CHAOBOTO aKTHBHOTO MaTepHaaia.

OTIoeAbHO OTMETHM, YTO YIIOPSIIOYEHHBIH HAHOpPEAbed B BHE ITakKeTa TPyOOK HAU
COTOBBIE CTPYKTYpPBhI OyayT co3maBaTh «3(PEEKT IIOAOCTHBIX CTPYKTYP», KOTOPBIM MBI
paccMoOTpUM II033Ke, B TAaBe O BOAHAX Matepuu nae Bporag. B obmmx yeprax, MOKHO
OpPeACTaBUTL JAHHBIN 3(PdeKT, KaK UHTePEPEHITHIO MPOIOABHBIX BOAH 3(OHUPHOH Cpebl,
U3AYYAEMBIX COTAACOBAaHHO BHUOPUPYIONIMMH YaCTHIIAMHU MAaTEpPHUH, KOTopas o0pasyeT
CTeHKU TpyOOK. H3zaydyeHue BOAH pAe DBpoiiagd HampaBA€eHO BOOAbL OCH TpPYOOK, U
UHTEeP(EePEHIIS BOAH OT MHOXKECTBa TPYOOK - HCTOYHHKOB OAaeT B IPOCTPAHCTBE HAI
COTOBBIMH (IIOAOCTHBIMH) CTPYKTYPaMHU YIOPAZOUYEeHHBIE 0OAACTH CXKATHS U Pa3PAKEHUS
acupHOY cpenpl. [IpakThyeckKoe MOpPHUMEHEHHE TaKHUX YCTPOHCTB BBIXOAUT 34 pPaMKHU
BoIIpoca 00 MCIIOAB30BaHUU KMHETHYECKOH HEPTHH MOAEKYA ra3a, IIOCKOABKY OTHOCHUTCS
K 3QHUpPOAUHAMUKE, TO €CTh, K aHTHUTPABUTAIIUU. OTO OTPAHHYHUBAET €€ HPUMEHEHUE.
Baxxkuo ormeTuth, 4To TexHoaorusd CAM - a3T0 He aHTUTrpaBUTalud. V3MeHeHU CBONUCTB
IPOCTPAHCTBA MPU HCIIOAB30BAHUU T'paJHeHTa BHYTPEHHETO MABACHUS HE IIPOUCXOIUT.
JlanHadg TEXHOAOTHS 2KOAOTHMYECKHU Oe3oIacHa.

BriBogbr: OcBoeHHE KOCMOCa U pPa3BUTHE aBHAIIUM OaBHO TPeOYIOT KadyecTBEHHO
HOBBIX IIOAXOMIOB K CO3JAHUIO IMOABEMHOM CHABI ACTATEABHBIX aIlIapaToB. XOTEAOCH ObI
o6paTUTh BHUMaHHUE UHBECTOPOB Ha MPEIAOKEHHBIM MHOM CIoco0 CO3maHUS ABUIKYIEH
CHABL 3a CYeT TpaAHueHTa BHYTPEHHEIO [OaBACHHS, TO €CTh, IIPHMEHEHHE aKTHUBHOI'O
CHAOBOIO MaTepHasa B 3aKpbITOM KopIyce. IlepcrieKTUBBI TakKoro criocoba o4YeHb
I/IHTepeCHBIe. BYIBIU_[I/IC AE€TAaTEABHBIE annapaTbl MOI'yT 6BITI: IIOXO2KHM Ha COBpeMeHHBIe
MOPCKME TaHKEPHI, C TPY30II0bEMHOCTBIO COTHH THICSY TOHH. TOMAWBA TaKHe TEeXHOAOTUH
He TpeOyIOT, TaK KaK HET PeaKTHBHOIo BhIOpoca macc. Ha Gopty moTpebyeTrcsa UCTOYHUK
TETIAOBOM SHEPTUU HAH SAEKTpodHepruu. OddeKT paboTaeT Kak B BO3AyXe, TaK U B
KOCMOCE.

91 pa3BHUBalO 3Ty TEMY MHOIO AET, €CTb HEKOTOPbIE SKCIIEPHMEHTAAbHbIE JaHHbIEe. B
2011-2015 a npoBepHa 3pEKT C TAaKUMH MaTepHasaMM, KaK CHUAHNKOHOBBIH a’poreab U
HaHOTPYOKH Ha Ti20s3. B 2025 ymasoch 3aumHTEpecoBaTh TPYIIy HAHOTEXHOAOTOB B
MockBe, HO IIOAYyYHMB MHHHMAaABHBIE PE3YABTATBHI, OHU IOTEPSIAN HHTEPEeC K Pa3BUTUIO
rnpoekTa. MuHNMaAbHbIE 3PPEKTHI MOXKHO HAUTH [asKe IMPU IIPOCTOM B3BEIINBaHUU, KakK
nokasaHo Ha ¢oto Puc.101.

Puc. 101. B3BemnBaHue IIAACTHHBI C OTHOCTOPOHHUM HaHOPEABE(hOM
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3mech HCIIOAB30BaAOCh OJHOCTOPOHHEE IIOKPBITHE IIAACTHHBI  YTA€POAHBIMU
HaHOTpyOKaMu. [IpM pacmoAOKEHHH IIAACTHHBI Ha BecaxX HAHOTPyOKaMU BBeEpX U
HAHOTPYOKaMU BHHU3, IIOAyYaeM pa3HbIM Bec mAacTHHBI. Oxwumaercd, 4To 3(P(eKTh B
TepPMETHYHOM KOPIIyce, IIPHU IIOBBIIIIEHHOM M[OaBA€HUH Ta3a BHYTPH, AaAyT OOABIINH
CHUAOBOH 3(peKT.

Cetiyac, nAd pa3BUTHS [JAHHOTO HAIIPABACHUS HCCAEIOBAHHM, MHE HEOOXOIHUMO
COTPYOHUYECTBO C pa3paboTyMKaMMu HaHOMATEPHAAOB U ME30IMOPHUCTBIX MAaTEPHUAAOB,
KOTOpBbIE II03BOALIOT co3faBaTh d(P@EKT IpafueHTa BHYTPEHHEro maBaeHud. [lumiure,
OymeM oOCyKOaTh IAAHBI SKCIIEPHMEHTOB M KOMMEPUYECKHE aCIIeKTBhl JAaHHOTO ITPOEKTa.
[Ipy HaAWYNK TNOAXOAAINMX HAHOMATEPHAAOB, MBI CMOXKEM dYepe3 HECKOABKO MeCSIEB
CO3/1aTh 9KCIIEPHUMEHTAABHYIO MOAEAB AETAIOIIETO TPAHCIIOPTHOTO CPEACTBA.

PaccmoTpuMm emie omHO HaIIpaBACHHE Pa3BUTHA KOCMHYECKOH TEXHHKH, KOTOpPOE
CTOUT OTHAEABHO OT OCTAABHBIX, HO H3y4E€HHE MOAHHOI'O METOAA IIOA€3HO IIPH aHaAHu3e
LOPYTUX TEXHOAOTHH.

Meron I'eopruga YCrieHCKOro

B 1996 rony, Ha koHdepeHnu B CaHkT-IleTepbypre, 1 IO3HAKOMHUACH C JOKAQIOM
OOKTOpa TexHu4YecKuxX HayK [eoprma PomaHoBHM4Ya YCIEHCKOTO O HOBOM METOAE
OAYYEHHd MOBHXKyLIeH cuabl. Ero kKHHUra HaspIBaeTcd «AHOMaabHas TIpaBHTALIUS U
KOCMOHAaBTUKa», 1992 rom. Otmerum, uyto [.P. YcneHckuit gapasgercd AKaaeMHKOM
Poccuiickoit akageMynu KOCMOHaBTHUKU HMeHH K.O. L[HOAKOBCKOIO, PYKOBOOUTEAEM
orneaeHUus LleHTpaAbHOIO HAYYHO-UCCAEAOBATEABCKOTO MHCTUTyTa MAaIIUHOCTPOEHUS.
Kpatko, cyTs maeun YCIIEHCKOTO COCTOHUT B CAeOyIOIeM: 3akKOoH HBIOTOHa OIIMCHIBAET
B3aUMHOE IIPUTSZKEHHE [ByX TEeA TaKUM 00pa3oM, YTO HE YYUTHIBAETCS IIAOTHOCTH
BEIleCTBa KaKAOro M3 Tea. B 9acTHOM caydae, €CAM IAOTHOCTBH BEIIECTBA OLHOTO H3
IPaBUTHPYIOIIUX T€A HAMHOIO OOABIIIE, YeM ITAOTHOCTBH BeIleCTBa BTOPOIO T€Ad, TO CHABI
UX B3aMMHOTO IPUTSXKEHUSI He paBHbl. CucTeMa TaKUX TEA, COEOUHEHHBIX B OIHOM
KopIIyce, 6ydem 08uzambCsi 8 CMOpoHY 6osiee niomHoz20 meaa, Kak rmokasano Ha Puc. 102.

cuna F

—H BOJIEE NIOTHOE TENO

®

MEHEE NJIOTHOE TE/1IO

Puc. 102. CucreMa AByX TPaBUTHPYIONIUX T€A PA3HOH IIAOTHOCTH.

OKcrieprMeHTaAbHad IIpOBEpKa Haed AkazneMuka [eoprud YCIEHCKOTO IIpoIlAa
YCIIEIIIHO, €CTb IIOAOXKHUTEAbHbIE pe3yAbTaThbl H3MepeHUM. Byner aum maHHBIH MeTon
BOCTpeOOBaH Ha M[pakKTUKe, II0Ka TPYAHO CKa3aTh, TaK KakK [OeUCTBYIOIIHNE B
9KCIIEPUMEHTAABHBIX MOJEASX CHABI O4YeHb Maabl. Hac 0Ooabllle HHTEpPECcyeT IIpHYHMHA
naHHoro 3(deKkTa, B paMKax KOHIENITUN 3(PUPOANHAMUKH.

[aBatiTe UCIIOAB3YEM TEOPHIO rpaBuTaini Hukoael ®aTro, B KOTOPOU CHABI ITPUTIKEHUS
TPaBUTHPYIOIINX TeA OOBACHAIOTCA 3(PPEKTOM B3aWMHOIO JSKPAHHPOBAHUS IIOTOKOB
acdupa, BTEKAIOIINX B KaXKJ0€ U3 TPaBUTHUPYIOIINX TE€A CO BceX cTOpoH, Prc.103.
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[laHHas KOHIIENIIUS BIEpBbIe Oblaa paccMoTpeHa B mmcbMe Hwukoabr dartno
lotirercy B 1690 romy [56]. CyTer wumeu mpocrtas: B pe3yAbTaTe B3aHMHOIO
9KpaHHUPOBaHUA IIOTOKOB 3(dupa, B 00AaCTH IIPOCTPAHCTBA MEXKAY [ABYMS TeAaMHU
co3zmaeTcd «o0AACTh TEHH», B KOTOPOH IIAOTHOCTb 3(HUPHOH cpenbl MEHbIle, YeM B
OCTaABHOM 4acCTH IIPOCTPAHCTBA, OKPYKAIOIIETo TeAd. [JaHHbIM 3pPeKT co34aeT IPagueHT
OaBaeHUS 3(pUPHOH cpenbl HAa KaXKI0€ TEeAO, AEeHCTBYIOIIUY B HAIIpaBAEHUU APYTOTO TeAa.

Puc. 103. Unea Patno o CyLUIHOCTHU I'paBUTAIINH.

[TodBoAlO cebe caeaaTh CAEOYIOIIEe IIPEAIIOAOXKEHME, OOBbsacHsaomee 3PPEKT
YCIeHCKOro: CyMMa CHA B3aUMHOIO IPUTAXKEHUS B CHUCTEME ABYX TPABUTHUPYIOIIUX TEA
Pa3HOH MAOTHOCTH HE paBHA HYAIO, TaK KaK 6o/siee NomHoe mesio sKpaHupyem nomok
agpupa e bosblell cmeneHu, uem meHee NJ0MmHoe meJio.

[anree, pacCMOTPUM HEKOTOPBIE IIPOCThIE TEXHUYECKHE PEIleHHs, KOTOPBIH MOKHO
OTHECTH K TEMAaTHKE «IBHUXKEHHE 3a CYeT BHYTPEHHUX CHA CHCTEMBI Tea». HamomHio,
IIATEeHTHI 110 JAHHOU TeMe 3alpelleHO BblaaBaTh. [loyemy? IIpuMephl TAaKHUX yCTPOMCTB
CYLLECTBYIOT, IIPUYEM OHH HACTOABKO IIPOCTHIE, YTO BO3MOXKHO UX MACCOBOE IPUMEHEHHE.

[IBU>KEeHUE 3a CYET «BHYTPEHHUX CHA»

Poccuiickoe maTeHTHOE BEIOMCTBO, KaK H3BECTHO, He MNPUHUMAET 3adBKH Ha
IIaTEHT, €ECAHM B HEM OIIHMCAHO «IBHXKEHHE TeAd 3a CYeT BHYTPEHHHX CHA». DTO IPaABHABHO,
HO HeAB3d 3a0bIBaTh O TOM, YTO BCE Te€AA HAXOMASTCS B IIOCTOSSHHOM B3aMMOOEHCTBHHU U
sHeprooomene c 3cgupom. CaemoBaTeAbHO, ITATEHTOBEIBI MOAXKHBI IIOHHMATb, YTO TYT
OefCTBYIOT BHENIHHE CHABI. HaBepHOe, OHU MOAKHEBI ObI IIOHUMATh, HO HE XOTST...

B pgamHOM rAaBe, MBI PACCMOTPHUM HECKOABKO IIPOCTBIX PEIIEHUM, KOTOpPbIE
IO3BOASIOT TIOAYYATh MABUXKEHHE 3a CYeT B3aUMOAEUCTBUHA C OKPYyKaloIled 3(UpHOH
cpenou.

B xypaase Cassier’s Magazine Tom 29, B 1906 roay ObIAM IIOKa3aHbI HECKOABKO
CXeM, B KOTOPBIX IIPEAIIOAATaeTCs HCIIOAB30BaTh OCOOYI0 TEOMETPHIO poTopa OAdd
CO3aHHSg AaCHMMETPHUYHOTO BHYTPEHHEIO MOAaBACHUA ra3za HAM APYyrod ynpyrod cpensbl,
BO3HUKaroIeH rpu ero Bpamenuu. OrmeruM, 4ro Ayu Kaccuep (Louis Cassier) B mepuon
1891 - 1913 rogpl, 6oaee gBagUATH A€T IIOAPAMN, IIyOAMKOBaA HHTEPECHEHIINEe CTaTbU O
Pa3BUTHUH TEXHUKU, Oaarogapd 4YeMy, MHOTHE HeH H300peTaTeseii TOro BpeMeHU HaM
cefiyac M3BECTHBI. APXUBBI JKypHasa Ha AHTAUHCKOM B CBOOOJHOM pPaCIIPOCTPaHEHUHU
MOZKHO HalTH B IHTEpHET.

Cxewma, npeacraBaeHHas Ha Puc. 104, cyna o uHdopMmanuu U3 xKypHaasa Cassier’s
Magazine, mnpemaoxkeHa Iyoauke B 1902 romy. ABTOp H300peTeHHs HaM IIOKa He
U3BeCTeH. Bbpin0 ObI MHTEPECHO HAWTH €ro, IIOCKOABKY CXeMa O4YeHb IIePCIIeKTHBHAs, U He
HMeeT aHAAOTOB II0 ITPOCTOTE KOHCTPYKTUBHOIO UCIIOAHEHUS.

HWTak, KaxKaplii M3 4YeTbIpeX BAEMEHTOB KOpIIyca YCTPOMCTBa, IIOKA3aHHOTO Ha
Puc.104, cHabxKeH KaallaHOM A HAaKadKH BHYTPh HETO BO3AyXa HMAU KAKOTOo-AHOO rasa.
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YCcTpoHCTBO He Ha4YMHAET BPAIlaThCsd CaMOCTOATEABHO. [IAd 3allycka, ero HeobXOIuMOo
IIPUBECTHU BO BpalllcHUE PYyKoHU. [lasee, IIpearosaraeTcd ero caMoyckopeHue. Paccmorpum
YCAOBHS CO3OAHHS KpyTdllero MoMmeHTa. Moe [oHMMaHHE [OAaHHOM TEXHOAOTHH
npencraBacHo Ha Puc. 104, B mpaBoili 4acTH pPHUCYHKA. [IpearioAokuM, 4YTO BHYTPHU
4eThIpeX «Ayded» KopIlyca HaXOOUTCH ras, AU ApPyroe ynpyzoe pabouee mesio, UMEIOIee
MHEPIIHAaABHYIO Maccy. CyLIeCTBEHHBIM 3/1eCh IBAsIeTCH (PaKToOp YIIPYrocTH pabodero Teaa,
KoTopoe Oy/IeT HepaBHOMEPHO CXKUMAaThCS IO/ e iCTBHEM LEHTPOOEKHOM CHABI.

Puc. 104. PoTop 3all0AHEH ra30M HAU APYTOM yIpyroi cpemoii.

Hecxxumaemass KHUOKOCTb, B OJaHHOU cHTyallny, He OyaeT aaBaTh OXKHUOaeMbIM
a¢pdekT, TaKk Kak oHa OyAeT OaBUTHb BO BCE CTOPOHBI C OOWHAKOBOH CHAOH. YIpyroe
cxKuMaeMmoe pabouee TeAO JaBHUT Ha KOPILyC HEPABHOMEPHO, B OCHOBHOM, BIOABb paamyca
BpamleHusi. BekTopHas cxeMma rnokasaHa Ha Puc. 104 u Puc. 105, roe oTMedeHO HaAu4dHe
TaHIMeHITMAABHON KOMIIOHEHTBI CHABI, BO3HHUKAIOIEH IIPU OTPaKEHUU MOAEKYABI rasa OT
BHYTPEHHEN CTEHKU poTOpA.

Puc. 105. CxeMa ¢ pacIoAOKEHHEM BEKTOPOB CHA.

HaHOMHIO, 9TO B TIal3€¢ BcCerga €CThb XaOTHU4YHOE [OBUXXEHUE MOAEKYA. HpI/I
BO3IEHCTBHH Ha MOAEKYABI rasza IIEHTPOOEKHOH CHABI, 3TO XaOTHYECKOE IBHKECHUE
YIOPSAOYNBAETCSI, B HEKOTOPOH CTeneHU. BO3HHUKAIOT IIPEHUMYyIIEeCTBEHHbIE IBHUXKEHUS
MOAEKYA B pPagUasbHOM HAIIPABAGHHH. OITO M [JaeT HEKOMIIEHCHPOBAHHYIO CHAY,
OeUcTBYyIOIyI0 Ha poTop. U3 paccMoTpeHUda BEKTOPOB, IIOKa3aHHBIX Ha Puc. 105, MoxkHO
IIPEeAIIOAOKUTE, YTO Ta3, TO €CTh, CKUMaeMasl yIpyras «pabodas maccar, OyaeT qaBUTh Ha
TaHTEeHIIMaAbHBIE CTOPOHBI KOpPIIyca C OOoABIIEH CHAOM, YeM Ha paguasbHbIE, YTO CO34AaCT
KPYTSIIUH MOMEHT U IIOCTOSIHHOE YCKOPEHHE poTopa.

[TozBoalo cebe HECKOABKO H3MEHUTb CXEMy, IoKasaHHy0 Ha Puc. 104, wu
MIPEIAOKUTE OOABIIIEE YHCAO «Aydeii», Puc. 106. ODT0 He IIPUHIIUIIMAABHO, HO «ITOA€3HAas
IIOBEPXHOCTh KOPIIyCa, CO34arollasd TaHT€HIIMAAbHYIO COCTABASIONIYIH0 CHABI, B TaKOM
KOHCTPYKIINH yYBEAWYEHA.

Pruc. 106. Porop c 8 aygamu.
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Upnes ycrpoiicTBa, mokazaHHass Ha Puc.107, mpemaaraercda Oad HPaKTHIECKOTO
IIpUMEHEHUS B 00AACTH KOHCTPYHUPOBAHUS OABHKUTEACH a3POKOCMHUYECKUX CUCTEM.

Focenaﬂ

|
ETHH!‘CHI“"MB)IM

Puc. 107. OaemenT poropa ®porona. [TokazaHbl oceBad U TAHTEHIIMAABLHAS COCTABASIONINE CHUABL.

B TakoM BapuaHTe, MOXKHO OXKMJATb IIPOBA€HHE HE TOABKO TaHT€HIIMAABHOM
COCTaBALIOIIEH CHABI, HO U €€ OCEBOH KOMIIOHEHTBI, 0cegoll dsuxyuweil (noobemHyro)
cunwl. TaHreHIIMaAbHasd KOMIIOHEHTa OOECIEYHUT caMOBpAallleHHE, a oceéBasd KOMIIOHEHTa
CO37acCT IOABEMHYIO CHAY.

Ha Puc. 108 mokasaH BapHaHT BBIIIOAHEHUSI POTOPA, U3rOTOBAEHHE KOTOPOIo U3
IIEABHOTO AUCcKa TpebyeT (hpe3epoBKU TPEYTrOABHBIX (B IIPOCTOM CAyYae) IIOAOCTEY [As
YOPyrod u cxkKuMmMaemol «pabodeit maccwl». Pasymeercss, Hy:KHBI ellle ABE I'epMeTHYHbIE
KPBIIIKHA. BO3MOXKHO BBITOAHEHHE (PE3EePOBKH C HAKAOHOM II0 OTHOIIEHHIO K OCH
BpallleHUs (COTAACHO HAeu, IokKaszaHHOM Ha Puc. 107), YTOOBI MHOAYYHTH HE TOABKO
TaHTMeHIIUAAbHYI0, HO M OCEBYIO (HOMBEMHYIO) KOMIIOHEHTY ABHIKYIIEH cuabl. Bo3MOKHO
TaK3Ke HU3TOTOBUTH TaKOU poTop MeTomoM 3D meyaTu Ha COOTBETCTBYIOIIEM IIPUHTEPE.

Fué

/

Puc. 108. Potop c ¢pe3epoBKOii rtoaoCTEH.

jlBageTca Au maHHad uaes paHTA3UIMU Ha TEMY «IBHUKEHHE 3a CYeT BHYTPEHHHUX
CHA» UAH ITO IIPAKTHUYECKH II0A€3Had TexHoaorus? Bompoc o paborocrmocobHOCTH HaeH,
nokasaHHbIX Ha Puc. 104 — Puc. 108, MOXHO IpPOBEPUTH ITPAKTUUYECKHUM IIyTEM, TaK KaK
9TH KOHCTPYKIIMH HECAOXKHBIE, a BapHaHTOB BbIOOpa ymnpyroil pabodeil MHepPIIMAABLHOMH
Macchbl [A0CTATOYHO MHoro. I[Ipemaaraercss IIPOBECTHM COBMECTHBIE SKCIIEPHMEHTEHI,
oPOPMHUTHL NATEHT ¥ Ha4YaTh IIPOU3BOJACTBO IIPOAYKIIUH, HCIOAB3YIOIEH OaHHYIO
TE€XHOAOTHIO. [IybamKysa  maHHBIE  HAEH, 9  I[OPEeAroAararo HUX  YCHEIIHYIO
KOMMEPIIMAAU3AIUIO, U, JKeAATEeAbHO, C MOUM y4yacTHeM. [lasbHelIliee pa3BUTHE IIPOEKTa
3aBHCHUT OT Bammmx mpom3BOACTBEHHBIX BO3MOXKHOCTeH. [l Hadasa, HaM HEOOXOAHMO
HeOOABITIOE  ONBITHOE  IIPOM3BOJACTBO, YTOOBI HCCAENOBATH B  XOOE  ONIBITHO-
KOHCTPYKTOPCKHUX paboT (aKTOphl YAyYIIEHUS JAHHON TEXHOAOTHU, H CIIOCOOBI ee
OIITUMAaABHOHN OpraHu3alluy CEPUNHOIO IIPOU3BOACTBA.

PaccmoTpuM enmie omgHy HOE0, OTHOCSIIYIOCA K METOaM CO30aHHUd «IBHKEHUS 3a
cyeT BHYTPEHHHUX CHA», KOTOpPblE HE pacCMaTpPHUBaIOTCs INAT€HTHLIM BEJOMCTBOM IIOTOMY,
4TO «3TO HEBO3MOXKHO». B mgaHHOM crocobe mpemaaraeTcs OOECIIEYHTH pPA3/UUHOE
8HYmMpeHHee das/ieHue cpeldvl Ha pa3Hble (BEPXHIOI0 U HUIKHIOIO CT€HKH) KOpILyca, 3a CUeT
CO3aHHd I'paJueHTa TeMIlepaTyphl Cpeabl, HaxXoodIleca BHyTpHU KOpIlyca, KaK II0Ka3aHo
Ha Puc. 109. IlpemaaraeTcsa caeaaThb «BepX» KOPIyca TOPHAYUM JAS TOTO, YTOOBI C 3TOH
CTOPOHBI MOAEKYABI BHYTPEHHEN Cpelbl (ra3a MAH IIapoB KHIKOCTH) IBUTAAHUCH aKTHBHEE,
CA€IOBaTEAbHO, JaBA€HHE BHYTPEHHEH cpenbl Ha 9Ty CTEHKY KopIlyca OyaeT OoAblile, yem
C Apyro#i cropoHbl. PabodyuMm TeaoM MOTYT OBITH Haphl PTYTH. BCIOMHHUTE H3BECTHHBIE
HUIEU 110 KOHCTPYKIINHU TaK Ha3bIBaeMOH «BHMaHBI».
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Unea wuHTepecHad, HO KPUTHKH II0AQTAIOT, YTO IIOCTEIIEHHOE IIepeMeIlInBaHUE
paboueii cpenbl BHYTPH KOPITyca MPUBEAET K YPABHUBAHUIO TEMIEPATYPhl U JaBACHUS B
TaKOM CHCTEME.

HATPEBATE/IbHbIA 3/IEMEHT
.,

\O Cé obnactb nosb%:euuo%gmnepa?pbl uﬁasnzﬂn %
P 9
Q 40 0671aCTb NOHVKEHHOVH Temﬁgarypbl@ﬂ,qasneuﬁo ?
OXNAXKAEHUE

Puc. 109. Cxema ABUKUTEAS, UCIIOAB3YIOIIETO I'PAAUEHT TEMIIepaTypbl BHYTPEHHEH cpenbl.

C Moell TOYKU 3pEeHHd, 9TO He I[I0BOJ OTKa3bIBAThCAd OT HMEU, U OHA BIIOAHE
paborocriocobHa. Hazmo mpoBepaThk SKcIepuMeHTaAbHO. Baaromapss BHeEUIHEMY IIOABOLY
TenAa W MIPUHYAUTEABHOMY OXA&IKIAEHHIO, BHYTPHU CHCTEMBI MOIKHO CO3JaTh HE TOABKO
HaIIPaBAEHHBIH IEPEHOC TEIIAA OT «TOPHYEro ITOAIOCa» K «XOAOLHOMY», HO M 3HAYUTEABHBIH
rpafueHT BHYTPEHHEIr0o MOaBAEHHHA Tra3a Ha KOPIyC YCTPOHCTBA. OT0 obecrieynT
IIOCTOSTHHYIO OBUXKYIIYIO CHAY, IIpHUYeM, IIPHUMEHEHHEe [JaHHOTO [ABHXKHUTEAS BO3MOXKHO
Jaxke B KOCMHUYECKOM ITPOCTPAHCTBE.

Bripouem, ectb 6oaee IIEPCIIEKTUBHBIE METOABI, HCIIOAB3YIOIIHME SAEKTPUYECKHUE,
MarHUTHBIE U 9A€KTPOMAarHUTHBIE IBACHHUS. PACCMOTPUM TEXHOAOTHH, KOTOPbI€ OTHOCSTCS
K IIOTPaHUYHOH 00AaCTH COBPEMEHHOM HayKH, HO yKe ITOAYYHAU O(PHUIINAAbHOE Ha3BaHUe
«rpaBUMarHeTHu3M». [IpruMeHeHMe MaHHBIX TEXHOAOTHH BBIXOOUT 3a PaMKH [ABHIKUTEAEH,
IIOCKOABKY OHH pPaboTaloT 3a CYeT H3MEHEHHs CBOMCTB IIPOCTPaHCTBa-BPEMEHH. OJTO
OTPaHHYMBAET WX MINPOKOE IIPpHMEHEHHe, HO OOHHUM H3 Hauboasee BOCTPeOOBaHHBIX
aCIleKTOB TIpaBUMarHeTH3Ma MOIKEeT CTaTh €ero MUCIIOAb30BaHHE [OAd II0JaBA€HUS
PAOMOaKTHUBHOCTH, [OAd oO0e33apaskuBaHUs OOABIIINX TEPPUTOPUH, TpPyHTA, BOABI U
00BEKTOB Ha MECTHOCTU. Pa3zymeeTcd, y rpaBUMarHeTH3Ma €CTh M PAL MEIUIIMHCKHUX
IIPUKAQIHBIX aCIIEKTOB.

['paBUMAarHuTHOE I10AE

B nByx mpenpioynmx raaBax ObIAM PacCMOTPEHBI METOAbI ITOAYYEHHS ABUKYIIEH
CHABI, UMEIOIIHe OOIIMe YepPThl: aKTHBHAA CHAA B CIIEIHAABHBIX HAHOMAaTepHasax MOXKET
co31aBaThCs IIyTeM 0TOOpa SHEPTHUH y OKPYy3KAIOIIEeH cpeabl, YTO IIPUBOIUT K ITOSBACHUIO
B HEM COOTBETCTBYIOILETO TEMIIEPATYPHOIO rpaueHTa. B mocaenyroiyx raaBax KHHTH
OymeT paccMOTpeHa TEeOpHs XPOHAABHOH MABHIKYIIEH CHABI, OIIHPAIOIIAsCS Ha II0XOXKee
IIOHATHE O TIAOTHOCTH, NAaBA€HUM U TeMIlepaTrype adupa.

[TepetimeM K pacCMOTPEHUIO 3AEKTPOMATHUTHBIX SBAEHUH, KaK K OIHOMY H3
BapUaHTOB 2(PUPOANHAMHUKH.

Matika Papameil MIpoBeA IIEPBBIE OIBITBI II0 JACKTPOMArHUTHOW HWHAYKIIUH,
OIMpasiCh Ha BaXHOe IIOHUMaHHe Hepa3phIBHOM CBA3U 3¢upa u Marepuu. B nuceMe Capy
Puyapny Tetinopy, [39] oH mucaa: «Pa3dHHIly B CTENEHH HAM OaK€ B IPHUPOAE CHABI,
COBMECTHOM C 3aKOHOM HENPEPBIBHOCTH, £ MOy [OOIyCTHUTb, HO PAa3HUIy MEXKIY
pearnosaraeMoy MaA€HBKOH TBEPAOH YacTUlleH M CHAAMH, OKPYKAaloIIUMH €€, 4 HE MOTY
IpeACcTaBUTE. Sl yKaXKy Ha HECKOABKO BasKHBIX pasanduii.... Ilo mocaemHeMy BO33pPEHUIO
Macca MaTe€pHH COCTOHUT M3 aTOMOB H IIPOMEXKYTOYHOIO IPOCTPAHCTBA MEXKAY HHUMH, II0
IEPBOMYy — MaTepud IIPHUCYTCTBYET BE3[€ KM HET IIPOMEXKYTOYHOI'O IIPOCTPAHCTBA, HE
3aHaTOoro €. C 3ToH TOYKH 3pEHUS, Mamepus Cnaoulb HenpepouleHa, U paccMaTpuBad
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Maccy ee, Mbl HE JOAXKHBI IIPEAIIoAaraTh Pa3andusa MeXKIy €€ aToOMaMU U IIPOMEXKYTOYHBIM
IpocTpaHCcTBOM. CHABI BOKPYT LIEHTPOB COOOIIAIOT MM CBOMCTBA aTOMOB MAaTEPHH...
MoKHO IpeacTaBUTH cebe aTOMBI B BBICHIEH CTEIEHH 3AaCTUYHBIMU BMECTO TOTO, YTOOBI
CYHUTATh UX YPEe3BbIYaHO TBEPABIMU U HEU3MEHHBIMH I10 DOPME...»

B mannoi kounnennuu ®apanesd, IIEHTPHI aTOMOB €CTh LIEHTPhI BUXPEBBIX 9(PHUPHBIX
IIPOLIECCOB, II033KE OITMCAHHBIX B aTOMHOM TeopuH [eabmroariia, KearBuHa u TomcoHa.
OTcroma MBI IIOAy4YaeM IIOHHMMaHHE CBSI3H SACKTPOMAarHUTHBIX M T'PABUTAIIMOHHBIX
a¢pdekTOoB, UX 001IIeH d3pupoarHaAMUYEeCKOH pupoasl. Maccy uacmuysbl maomepuu, 8 mom
yucsne, ee UHepUuUAIbHble ceolicmaa, credyem paccemampueams, KAK XApaKkmepucmurku
agpupoouHamuueckozo npouecca, obpasyrouiezo uacmuyy mamepuu. ITo He CBOHCTBa
IIEHTPOB YacCTHUIl, a HOapaMeTpbl 3(QUPOAHHAMHUYECKOTO IIPOIlecCa B OKpPYKAKIIEM
IIpoCTpaHCTBe-BpeMeHU. OTCIOna HAYMHAETCH aHaAU3 BO3MOIKHOCTH CO3IaHUS CIIOCOOOB
OBUKEHUS, TIIPU KOTOPBIX HE BO3HHKAET CHAA HHEPIIUH IIPH YCKOPEHHOM H
KPUBOAMHEWHOM [BHXKE€HHH, a BO3MOXKHO MIHOBEHHOE VCKOpPEHHE U II0BOPOTHI
[BUIKYIIETOCS TeAad II0J AIOOBIM yrAoM, 0e3 IIPHUBBIYHBIM HaM «3aKPYTAEHHH» TPAeKTOPHH.
JlaHHasg KOHIENIUA MaTepHH, KAK COBOKYITHOCTH B3aHMMOCBSI3aHHBIX IIEHTPOB BUXPEBBIX
IIPOLIECCOB, II03BOASET pPacCMaTPUBATh BO3MOXKHOCTH TEAEIIOPTAIlMM, K KOTOPOH MBI
IIpUAEM B KOHIe KHUTH.

Hrak, B CcOBpeMeHHOH (pH3HKe, MPHUHAT TEPMHUH «TPaBUMAarHeTU3M»,
obo3HaYarOMUH SIBAE€HUS, KOTOPhble BO3HUKAIOT IIPHU AIOOOM [IBUKEHUH HAWU BpallleHUHU
TeAa, HMEIOIETO0 HHEPIMAABHYI0O Maccy. PacyeT BO3HHKAIOIIUX CHA, HUAM BEAWYHHBI
HAMPAKEHHOCTU T'PaBHUMarHUTHOTO II0AS, IIPOU3BOAAT II0 (popMyAaM, aHAAOTHYHBIM
SAEKTPOAVHaMUKe. [IBHKEHHE AIOOOH dYacTHUIBI BENIeCTBA CO3/IaeT B OKPYXKAIOIIEM
IIPOCTPAHCTBE AaHAAOT MArHHUTHOIO IIOAS, HE3aBHCHMO OT TOIO, 3apdKe€Ha AW OHa
3AEKTpUUYECKHU HAU HeT. CTPYKTypa JAHHOIO IIOAd TaKad XKe, KaK U y MarHUTHOTO IIOAS,
BO3HUKAIOIIETO IIPH [OBHUXKEHHUH 23ACKTPUYECKU 3apd:K€HHOM yacTulpl. [laHHOE II0Ae
crabee, dYeM OAEKTPOMArHUTHOE, HO B3aUMOAEHCTBYeT C AIOOOM OAEKTPUYECKU
HeHUTpasbHOH MaTepued, a TakxKe, ¢ oroHaMU. [Ipy ABUKEHHUHN 3apssKEHHBIX YaCTHIIL,
obpasyercsa 0Ooaee MOIIHOE IIOA€ (MArHUTHOE), TAaK KaK C 3apsKEeHHBIMH YaCTHIIaMHU
CB3aHO 0oAblllee KOAMYECTBO ddupa. BaxkHO MNOHATH, 4YTO B3aUMOAEHCTBUE
IPaBUMAarHUTHOIO IIOAS C (POTOHaMM O3HA4YaeT HCKPUBAEHHE TPAEKTOPUU Ayda CBeTa, a
9TO BO3MOIKHO TOABKO IIPHU AeopMalIigx CaMoTo IIPOCTPAHCTBA-BPEMEHH.

OdupHOEe NOHHUMAHWE MIPHUPOABLI SAEKTPHYECTBA OBIAO OYEHBH TOYHO BBIPAIKEHO
Huxkoaoit Tecaa B [40]. On nucaa: «Mbl HOAXKHBI IIOMHHUTB O TOM, YTO Y Hac BOOOIle HET
HUKaKUX [JOKa3aTEABCTB CYIIECTBOBAHHUSA 3SA€KTPHYECTBA, M MBI HE MOXKEM HaIesTbCS
IIOAYYHUTb HX, €CAM B PACCMOTPEHHH HeT «rpybo#i wMarepum». Takum obOpasowm,
SAEKTPUYECTBO HE MOKET OBITh Ha3BaHO 3(PUPOM B IIUPOKOM CMBICAE€ ITOTO ITOHATHS,
OOHAKO, HHUYTO HE MOXKET BOCIIPEINSaTCTBOBATHL TOMY, YTOOBI HA38AMb 3/1eKMPUUECMB0
9puUpPoM, cOeOUHEHHbIM ¢ mamepuell, UNU C83aAHHbIM d¢pupom. ToBOpS APYTUMH CAOBaMH,
makK Hasbleaemblii cmamuueckuil 3apsi0 MONeKYJbl - 5mo 3¢pup, onpedeneHHoim 006pa3om
COeOUHEeHHbL ¢ MoneKynoll... BpalleHue MOAEKYA U UX doupa BbIZBIBAET HANPSIKEHUS
agpupa unu sneKkmpocmamuueckue oegopmayuu, ypaBHUBaAHHE HaIPaKEeHUH adupa
BbI3bIBAET [BMIKEHUS O(Upa HAU DAEKTPUYECKHE TOKH, a OpOUTaAbHbIE [IBUIKEHUS
MOAEKYA IIPOU3BOAAT AEUCTBUSA SAEKTPO- U IIOCTOSSHHOT'O MarHeTH3May.

[lanee B KHHUTE, MBI OyZeM pacCMaTpPUBATh JAEKTPHUYECTBO, COTAACHO [JAaHHOH
KoHIenuu Tecaa, TO €CTh, KaK 0CO00O€ COCTOSHHE 3(pHpa, COEAUHEHHOTO C MaTepHeH.
Onexkmpuueckoe nose, 8 maKom cayuae, ecmb cmamuuHas oegpopmayust ynpyzoi cpeodst,
ee cxamue unu paspsikerHue. MazHumHoe nosie ecmos YupKyaupyrowue suxpessle NOmoxKu
agpupHoli cpedvl. PaHee, MBI y3Ke OTMEYaAH, YTO MHEPIIMAABbHBIE 3(PPEKTHI TAKKE MOXKHO
paccMaTpuBaTh KaK IIPOSIBA€HUS d(Upa, COeOAWHEHHOro ¢ wmatepueii. B gaHHOMU
KOHIENIUN, JACKTPUYECKH 3apsi>KeHHble U He3apsKeHHBbIe YaCTHIBI MaTepuu
OTAWMYAIOTCSI TOABKO KOAWYECTBOM U CTPYKTYpPOH CBSI3aHHOrO C HHMHU 3dupa,
Y4acCTBYIOLIETO B IIPOLIECCE CYIIIECTBOBAHHS MHAHHOM YACTHUIBI. OTOT IIOAXOJ OTKPBLIBAET
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BO3MOXKHOCTbD yIIpaBAE€HUS IIporeccamMu CYILIECTBOBAHUS MaTepHH, Jepes
9AEKTPOAVHAMHYECKHE IIPOIIECChl, Omupasdch Ha QyHIaMeHTaAbHble uAen Maiikaa
dapanes, Hukoar! Tecaa 1 ApyrUX KAACCUKOB 3(ODUPOAUHAMUKH.

HWrak, A00€ BHXpeBoe BO3MyllleHHEe 3(PUPHOH cpeapl MOXKHO HasBaTh
rpaBUMarHUTHBIM IIoA€M. BoO3HHKaeT HHTEpPECHBIH BOIIPOC: YeM OTAMYAETCs OObIYHOE
MAarHUTHOE II0AE€, KOTOPOE CO3JAETCS IIOTOKOM JACKTPOHOB OT I'PABHMArHUTHOIO IIOASI?
[Ipexkae Bcero, rpaBHMAarHUTHOE IIOA€ AEHCTBYET Ha BCE YACTHILBI MATE€PHH, & HE TOABKO
Ha  5AEKTPUYECKH  3apsaxkeHHble dacTuipl. C  Opyrod  CTOpPOHBI, METOAAMH
rpaBHUMarHeTH3Ma, C IIOMOLIbI0 OOBIYHBIX MATHUTHBIX IIOA€H, co3MaBaeMbIX TOKaMH
3ACKTPOHOB, CTAHOBUTCA BO3MOIKHBIM CO371aBaTh CHAOBOE BO3IEHUCTBUE HA IACKTPHUYECKHU
HeUTpaAbHblE YaCTUIIbI. [IpUBBIYHBIN HaM 3A€KTPUYECKHIN TOK U MATrHUTHOE IIOAE€ — 3TO
3pUpoANHAMHUYECKHUE ITPOILIECCHI.

[IpuMmepoM cAyzKaT U3BeCTHbIe sKcrepuMeHTHl Buaamama Kymepa [41]. OH mucaa,
YTO €ro MeTo[ «00BeUHSET SAeKTPUIECTBO, MArHETU3M U I'PaBUTAIIUIO», ToAydas 3PeKT
HM3MEHEHHd Beca, TO €CTh, CHAOBOTO BAHUSHHS JSACKTPOMArHUTHOI'O YCTPOMCTBaA Ha
9AEKTPUYECKH HeUTpaabHble 00BekThl. Ha cxeme Puc. 110 mnokazaHa MeToguKa
skcriepuMeHTOB Kymnepa. ®Paktudecku, ycrporcrBa Kymepa - 2To0 KoOHTypa U3
OM(pUAIpPHBIX KaTyIIeK, TO €CTb, IapaAA€AbHO YAOXKEHHBIX IIPOBOZIOB, B KOTOPBIX TEKYT
BCTpedHbIe TOKHU. [lomerias Takvue KOHTypa Hal (MAW II0[) B3BEIINBAE€MBIMH OOBEKTaMH,
Kynep meTrekTHpoBas H3MeHeHUe Beca 0OHEKTOB.

NUHENHBIE BUPUNAPHBIE  BUPUNAPHASA KATYLLKA

g N NPOBOAHUKU

TOKA
DC

naonauua

NPOTUBOBEC

Puc. 110. Cxema skcniepumenTa Kymepa.

B manHOM cAydae, BCTpe4HbIe TOKU B OHM(PUAAPHBIX ITPOBOAX CO3AI0T BCTPEYHBIE
IIOTOKH 3(pHupa, YTO YCTPAHAET HUX COCTABASIOIIYIO, KOTOPYIO MBI BOCIIpHHHMAaeM, Kak
MarHUTHOE IIoAe. MarHuToOMeTp He 3aMedaeT TaKoe II0Ae, U OHO He BO3IEHCTByeT Ha
mpo6HBIe MarHuThl. OQHAKO, IOTOKH 3(pupa IPH TAKOH «KOMIIEHCAIIUH» HE YCTPAHSIIOTCS.
OHH [POAOAKAIOT CYLIECTBOBATb, M MEHAIOT COCTOSgHHE d(dupa B MIPOCTPAHCTBE,
OKpyzKamwleM OuuagpHple KaTYIIKKM. IOTH HU3MEHEHUd [AeTeKTHupoBaa Kymep, mnpu
B3BEIIIMBAHUU IPOOHBIX TeA. 37IeCh HEOOXOOMMO CHAEAATh BasKHBIH BBIBO: IIPOOHOE TEAO
MeHsIeT BeC B 00AaCTH IIPOCTPAHCTBA PAOOM C Karymkod Kymepa moroMmy, 4To B JAaHHOH
obAacTH M3MEHEeHa eCTeCTBEHHAasl ITAOTHOCTH HAW CTATHYECKOe JaBAeHHe 3(PUPHOH cpenbl
Ha 4YaCTHUILl MaTepuH. 3aMedy, YTO [PH IIPOBEAEHUH II0AO0OHBIX 3KCIEPUMEHTOB,
BO3HHKAIOT CHUABHBIE MeauKoOHosorudeckue 3pdekrThl. MccaeqoBaTeAb MOXKET OTMEdaTh
TOAOBHYIO 0OAB, IOBBIIIIEHHE apTEePUAABHOTO JaBACHUS U T.II.

H3MmeHeHMHe TaKoro mapamerpa, Kak CHAa SAeKTPHUYECKOro ToKa B KaTyiike Kymepa
(koAM4YecTBO 3aps0B B €AUHUILy BPEMEHH), yBEAUYHBAET, HAM yMEHBIAeT [JaHHBIN
acpderr. [pyrue akTopbl, C IIOMOIIBIO KOTOPBIX MOXKHO VCHAHUTH T'pPaBUMAarHUTHbIE
3(pPeKThI — 3TO Macca ABHUKYIIUXCS YaCTHIL U UX CKOPOCTb. B TOM caydae, eCAM BMECTO
9AEKTPOHOB [IBUIKYTCSI 0oaee TaXKeAble 3apsiKeHHBbIEe YacTHIBI MaTepHH, TO
XapaKTEePUCTHKU BO3MYIIEHHUS Cpeabl OYAyT OTAHYATHCHA OT OOBIYHOI'O MATHUTHOTO ITOASI.
Hampumep, HM3BECTHO, YTO HIPOTOHBI B 1836 pa3 TaxKeA€e SAEKTPOHOB. OTO [OaeT
BO3MOXKHOCTB CO3IaHHS MOIIHOIO TI'PaBUMAarHUTHOTO IIOAd 3a CYET YIIOPIOO4YEHHOTO
OBH>KEHUS II0TOKAa ITPOTOHOB.
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I[lo paHHON wHAEe MOXKHO IIPEOAOXKHTH HECKOABPKO BapHaHTOB peaAu3allH.
Hanpumep, B 1994 romy g omyOAMKOBaA CBOM IIPEAAOKEHUS [42] II0 YHUIIOASIPHOMY
FeHEPATOPY JAEKTPOIHEPTHU, B KOTOPOM, B POAM HOCHUTEAEH 3AEKTPUYECKOTO 3apsaa,
Ipeasarasucb IMIPOTOHBI. B TO Bpemd, IIAM CEPBE3HBIE MOHUCKYCCHH O IEPCIEKTHBAX
XOAOTHOTO CHHTE3a, OOCYXKIAAUCH SKCIEPHUMEHTHI, A KOTOPBIX TPeOOBAANCH METAAABI,
obaamarolie CpoACTBOM K Bogopony. OAHUM M3 TAKUX METAAAOB, CIIOCOOHBIM IIOTAOILIATH
aToMbl BOZOpPOJAAa (IIPOTOHBI) M3 BOAbBI, SBASIETCH IIaAAaQMi, HO TaKXXe BIIOAHE
paborocriocobeH HUKeAb U THUTaH. lleaecoobpas3HO NPUMEHATH IIOPHCThbIE MaTepUaAbl B
pPOAM HAaKOIINTEeAd IIPOTOHOB. B craTtbe [42] B poAH 8pawarouiezocss HAKONUMEes
npomoHo8,  OBIAO  TIPEIAOKEHO  HCIIOAB30BAThb  [AUCKOBBIH  IIOPHUCTBIH  KaTon
9AEKTPOAUTHYECKOH g4ueiiku. [Ipu 3TOM, OBIAO OTMEYEHO, YTO TaKOH 8pauiarouiuiics
HaKonumeJslb NPOMOHO8 MOXKeT ObITh OOHUM H3 METOIO0B CO3[JaHHS I'PaBHUMarHUTHOTO
I10AsI, BO30Y2K/1a€MOTr0 B Cpelle BOKPYT KOHTYpPa, B KOTOPOM T€4YeT IIPOTOHHBIHN TOK.

[pyroii BapuaHT CO3[aHUSA IPaBUMarHHUTHOI'O IIOAS — 3TO IIOTOK IIAa3Mbl, OBICTPO
Bpamawmnmiica no opbure. OgHaKO, 3TOT METOJ HAaMHOIO CAOXKHEE PEaAu30BaTh IAd
IPpaKTHUYECKHUX IleAeld, dYeM Ipeaplayluii. ParkTHUeCKH, NIUPKYAUPYIOIIHUH IIOTOK
IIPOTOHOB €CTh IIOTOK HMOHOB BOZOPOAa, KOTOPBIH MOXKHO pas3orHaTh B BaKyyMe, IIO
KPyTOBOM TpPAeKTOPHH, OO O4YEeHb OOABIIION CKOPOCTH. TeXHOAOTHSI CAOXKHas, HO
nepcrnexktuBHas. CxeMa nmokaszaHa Ha Puc.111.

£t 3& 4‘_ <:>

Puc. 111. 'paBUMar#auTHOE II0A€ BPAIIAIOLIET0Cs II0TOKA IIPOTOHOB (MOHOB BOLOPOAA).

Co3pmanue rpaBUMarHUTHOTO IT0AS BO3MOIKHO HE TOABKO B IIPOIIECCE ABUIKEHUS AU
BpallleHUs 4YacTUI] MaTepUH, HO U IIyTEM BpAaIlleHHs KOHTYpa C SAEKTPUYECKUM TOKOM.
[anHbIil MeTOn, B YacTHOCTH, ortucaH I[Ipodgeccopom ByrycoBbim K.II. B cTratwbe [43].

B 2002-2003 romax, moxm pykoBoacTtBoM IIpodeccopa Kuprnasa IlaBroBuua
ByTycoBa, MBI IIpOBeAH psi 9KCIIEpUMeHTOB B Hamreil aaboparopuu OOO «AHTP» 1o
M3Y4YEHUIO BAHSHHUSA BO3MYIIEHHH 3¢upa, o0pa3yeMbIX IIpU BpalIeHHH COACHOHUOA, B
KOTOPOM CO3[aH 3A€KTPHUYECKHH TOK, Ha CTEIIEHb PaAHOaKTHBHOCTH MaTepHasa, Pruc.112.
B3BemmnBaHue OPOOHBIX TE€A W APYTHE HCCA€IOBAHHUS AHTUTPABHUTAIIMOHHBIX ACIIEKTOB
JaHHOUW TEXHOAOTHH He MPOBOAMAUCE. Bca pabora ¢ pagvoaKTUBHBIMH MaTepHasaMU
IIPOBOAUAACE B ITPOoPUABHOM aabopaTopuu YHuBepcurera Cankr-IlerepOypra.

KOHTaKTHble LIeTKN
O noflayM Toka B

KaTyLUKy
KaTyluKa C TOKOM
MOTOp ')
()]

Puc. 112. CxeMma 3KCIIepuMeEHTa C BpalllaloIIMMCs KOHTYPOM TOKa.

B manHOM 3KCcrnepuMeHTe, M30TOIHBIA PagUOaKTUBHBIA MaTepHaA IIOMEIIAACS Ha
PacCTOSHHUM OKOAO OHOTO MeTpa OT Bpalllalollerocs KOHTypa ¢ TOKOM. MccaemoBaauch
[Ba OCHOBHBIX HaIlpaBA€HHs (0OCEBOE W paguaAbHOE), 10 OTHOLIEHWIO K POTOPY. Bbiam
oOHapy>KeHbl HE3HAYHUTEABHBbIE, HO H3MepPHUMble 3(P(EKThI, ITOATBEPIKAAIONINE BAUSIHIE
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IPaBHMarHUTHOTO II0ASI Ha CTEIEeHb PAAUOAaKTUBHOCTH U30TOITHBIX MaTepHrasoB. OTOEeABHO
MOXKHO OTMETUTh, 4YTO CTeIeHb MaHHBIX 23(P@EKTOB 3aBHUCUT OT HaIlpaBA€HUS
MeXaHW4YeCKOro BpallleHHd, TO4YHee CKas3aTb, OT COTAACOBaHHOIO WAW BCTPEYHOTO
HaIIpaBAEHHS  JAEKTPUYECKOI0 TOKa B  KaTyIIKe OTHOCHUTEABHO HaIlpaBAEHHUS
MEeXaHHYeCKOI'o BpallleHHd KaTyIIKH. B omgHOM caydae, CKOPOCTb MEXaHHUYIECKOIO
BpallleHUs KaTYIIKHU N00aBAFeTCS K CKOPOCTH ABHKEHHS TOKa 3AEKTPOHOB B IIPOBOJE, B
OPYTOM cAydae — BbluMTaeTcd. HemocTaTKOM HAaHHOTO TEXHUYECKOI'O PEIleHUSd SIBAFIOTCS
OTpaHHYEHUS II0 CKOPOCTHM MEXaHHUYEeCKOTO BpallleHWsl, U OrpPaHUYEeHHUd II0 CHAE
SAEKTPHUYECKOTO TOKa, I10[aBaeMOro BO BpallaloIUiicsa KOHTYP depe3 OObIYHbIE YTOABHBIE
KOHTAKTHbIE IIETKHU.

HN3BeCTHO, HYTO MOIIHBIE 3ACKTPHUYECKHE TOKH MOXKHO A€TKO CO34aTh B
CBEPXIIPOBOAHUKOBOM Matrepuase. COOTBETCTBEHHO, BO30yIHMB TOK BO BpallaloIIeMCs
[UCKE U3 CBEPXIIPOBOASIIET0 MaTeprasa, Mbl MOXKEM OXKUIATH ITOAYYEeHHE 00A€e MOITHBIX
rpaBUMarHUTHBIX 3(@eKToB. [JaHHBIH MeTOZ aHaAOTH4YEeH ITPUHITUILY, ITIOKa3aHHOMY Ha
Puc. 112, HO TOK B CBEPXIIPOBOJAHUKE MOXKET ObITH HAMHOI'O CHABHEE, YeM TOK, KOTOPBIH
BO3MOXKHO CO3[aTh B KaTyIIKe OOBIYHOro mpoBoga. [Ipy 3ToM MOXKHO OTKa3aTbCs OT
IIETOK U TOKOCBEMHHUKOB, IIOCKOABKY LIHUPKYAUPYIOIIHUN SAEKTPUYECKHUH TOK, KOTOPBIH
CO3/JaH B CBEPXIIPOBOAHHUKE, MOXKET CYIIIECTBOBATH HEOTPAHUYEHHO JOATO.

das pasButuga pagHod Tembl, B 2007 romy, B Hame#t xkommanuu OO0O
«Naboparopua HoBrix Texnoasoruit dapaneii»r (OO0 «Papaneitr) ObIAM OpPraHU30BaAHbBI
9KCIIEPUMEHThI II0 H3Y4YEHUIO TIpPaBUMarHUTHBIX 3(P@PEKTOB, BO3HHUKAIOIIMX IIPU
BpAallleHHHU TOKa, CO3JAaHHOIO B [OHCKE H3 BBICOKOTEMIIEPATYPHOTO CBEPXIIPOBOIALIIIETO
Marepuaasa. [laHHble 5(Q@eKThl, KaK MbI II0AATaeM, [JOAKHBI OBITH CBS3aHBI C
dbAYKTyallUSIMH = TIAOTHOCTH KOHIAeHcaTa bose. OKCIepUMEHTHI IIPOBOAUAUCEH [OAS
IIOATBEPXKAEHUS TeopeTHdyecKux BbIBOOB Kpucrodgepa Bpemuepa (Dr. Christopher
Bremner) o 4aCTOTHOM CIIEKTPe I'PaBUTAIIIOHHOTO IT0AS [44].

B 1eaom, 3KcnepuMeHTasbHasi paboTa Oblaa oOpraHu30BaHa A IPOBEPKU
IPeAIIoAOKEHNT O TOM, 4To B auamnazoHe 10-100 MHz, ipu omnpeneA€HHBIX YCAOBUS B
CBEPXIIPOBOAMIEH cpene, MOTYT OBITH OOHApPy:KEHBI aHOMAAWH MaccChl (Beca) IPOOHBIX
TeA, IIOMENIaeMbI¥ OKOAO CBEPXIIPOBOAHUKOBOIO MaTepHasa, Ha KOTOPBIH OKa3bIBAAOCH
cnernaabHOe Bo3zaedicTBHe. B xome paboT, ObIAM caeaaHBI BasKHbIE BBIBOABI O IIPHUPOLAE
rPaBUTAIIMOHHBIX UMITYABCOB M CIIOCO0O€ MX CO3MaHUS.

[TpuMeHeHHEe CBEPXIIPOBOMSIIIETO MaTepHaAa IIEAeCOO0pa3HO HE TOABKO IIOTOMY,
4TO B HEM MOZKHO CO3JaTh MOIIHBIH 3AEKTPHUYECKHH TOK, U OH OyZeT IIUPKYyAHUpPOBaTh 0e3
IIOTEPh JAUTEABHOE BpeMs. [pyro#i BasKHBIH acCIleKT COCTOUT B HCIIOAB30BaHHU 0OCOOOTO
COCTOSIHUS BEIECTBAa, KOTOPOEe Ha3bIBAIOT «KoHAeHcaT Bo3ser. Kornnencat Bo3se - 310 Takoe
arperaTHOe COCTOSIHHE BEIIECTBAa, B KOTOPOM OOABIIIOE YHCAO aTOMOB HAaXOIUTCS B
KBaHTOBOM COCTOSHHH MUHHMAaABHOMN OHEPTHUH. B Takom COCTOAHHH, KBAaAHTOBEIC
9(pPeKThl B BEIIECTBE HAYWHAIOT IIPOSIBASITHCS Ha MaKpPOYPOBHE, TaK KaK BCE aTOMBI
BellecTBa BeLyT cebs KorepeHTHO. KOrepeHTHOCTBIO HAa3bIBAIOT COTAACOBAHHOCTD
HECKOABKHUX KOA€0ATEABPHBIX HWAW BOAHOBBIX IIPOIlECCOB. VIMEHHO CHHXPOHHOCTH
KoAe0aHUH 4aCTHI] MaTepHH, U3AyYaoIIuX (POTOHBI CTPOr0 KOTE€PEeHTHO, B OmHOH dase,
obecreunBaeT KQ4YeCTBEHHOE OTAUYHE AA3€POB OT OOBIYHBIX UCTOYHUKOB CBeTa. AHAAOTUHU
C AA3€EPHBIMH TEXHOAOTHUAMHU IIO3BOAAIOT IIPEAIIOAOZKHUTH, YTO B OJKCIIEPHMEHTE C
BEIIIECTBOM, HAXOSAIIUMCS B COCTOSIHUM KOHAeHcaTa Bose, OyzmeT co3maHo Goaee MOIITHOE
rPaBHMAarHUTHOE II0A€, YeM B OOBIYHOM IIPOBOJHHKE, Oaaromapss COTAACOBaHHOMY
IIOBEICHUIO YaCTHUI] MATE€PHUH, BOZMYILIAIONINX 3(PUPHYIO CPELy.

OKCIepUMeHTaABHBIHN ITOIXO B MAHHOM 00AaCTH HMCCA€OBAHUM ObIA paHee OIHCaH
EBrenmem IlogkaeTHOBBIM B ero cratbe [45]. M Obia HaiineH 3PPeKT yMEeHBIIeHUs
Mmaccel (Beca) Ha ypoBHe 0.05% - 0.07% [gag HeBpallalolllerocs  OUCKa
U3 BBICOKOTeMIlepaTypHoit cBepxnpoBogdamiedi (BTCII) kepaMuky, HaxOASIETrocss B
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COCTOSHHMM A€BHTAIlMHM B IIEPEMEHHOM MAarHHUTHOM IIoae. BpamleHue namucka, B
skcriepuMeHTe [longkaeTHOBa, yBeaAndyuBaeT 3PPEKT.

BaxkHo oTMeTuTh caeayronmit pakt: apdekT [logkaeTHOBa ObIA MAKCUMAABHBIH (OT
2% 1o 4% u3MeHEHHsI Beca) IIPU U3MEeHeHUU CKopocmu BpallleHUs AHCKa. OTO OaeT IIOBOL
[AS pasMbIIIAeHUH 00 3¢upHON NOpHUpose TpaBHMarHUTHOTO 3(deKTa, ero CBA3U C
OOBIYHBIMU SBACHUSMH HHEPIIUH, BO3HUKAIOIIMMH IIPH yCKOPEHHOM [ABHUXKEHUH TEA, U
CBA3U C SHBACHHUSIMH 5SAEKTPOMArHUTHOH MHAYKIWH, KOTOphle, B O0OLIeEM BHJIE,
TPaKTYIOTCH, KaK peakuust 3¢upHOl cpedbl. HA U3SMEHEHUsl NJI0OMHOCMmU 3SHepauu B
HEKOTOPOH obaacTH IpocTpaHCTBa. BaskHO HMMEHHO H3MEHEHHE IAOTHOCTU 3(UpPHOH
cpenpi!

H3BecTeH npyro# skcriepuMeHT [TlonkaeTHOBa, ONIMCAHHBIN B cTaThe [46]|. B nanHom
caygae, BTCII muck Obla co3maH, Kak [AByxdasHbI MaTephas: B pabodeM peskuMe
BEPXHUH CAOHM [OHCKa HaXOOUTCAd B CBEPXIIPOBOLALIIEM COCTOSHHWM, a HHXHUU — B
oO6bryHOM. MOXKHO cKa3aTh, 4YTO O9TO KOHCTPYKTHUBHOE pellleHue obecreyuBaeT
TIOTPAaHUYHYIO 00AaCTb (PA30BOI0 ITepexoaa MEXKIAY ABYMs CAOSIMU.

Eme oamH BakHBIH mar B IIOHHMAaHUHM gaHHOro J3ddeKTa ObIA caeaaH
nccaenoBareseM Mopanese (G. Modanese) [47], KOTOpPBIH BHEpBbIE ITPEOIIOAOXKHA, YTO
MeXaHW4YeCKOe BpallleHHue BBICOKOTEMIIEPATYPHOTO CBEPXITPOBOASIIETO [JUCKA €CTh
[OBUXKEeHHe KOHAeHcaTa Bo3e, aHaAOTHYHOE SAEKTPUYECKOMY TOKY B CBEPXIIPOBOIHUKE.
Peaknua osdupHOH cpeapl Ha Takoe [ABUXKEHHE KW €CTh TI'PAaBUMArHUTHOE IIOAE.
[Ipenmoaokenne MomaHe3e coraacyeTrcs C HAIIUMU I[IPENCTaBACHUSIMH, IIOCKOABKY
MMEHHO KOT€PEHTHOE IT0BeIeHHE BCEX 3AEKTPOHOB B CBEPXIIPOBOMASIIEM BpalllaiolleMcs
[UCKE OTAMYAET UX IIOTOK OT OOBIYHOI'O SAEKTPHUYECKOTO TOKa B IIPOBOALIIEM OUCKE, U OT
BpallleHUS 9AeKTPHUYECKH 3apsAKEeHHOI0 JUIAEKTPHUYECKOrO JUCKA.

Caenyrommii srcnepuMeHT I[lonkaeTHoBa M MopgaHe3e ObIA Has3BaH aBTOPAMH
CUMIIyABCHBIF  TPaBHUTAMOHHBIM reHeparop» [48]. OToT OSKCIEpUMEHT HMEET
HEIIOCPEACTBEHHOE OTHOIIEHHE K OOOPOHHOM TeMaTHUKe, IIOCKOABKY OH MOXKET OBITH
HCIIOAB30BaH [JASI CO3MIaHUS OPYKHSI OOABIION HAABHOCTH M ITOPAZKAIOMIEH CHABI. ABTOPHI
co3maBaAu SACKTPUYECKUH pasp4an, TOK JOOCTUTaA 50000 Amriep B
HUMIIyABCE, HamnpsgxeHueM 1 wmuaanoH BoabT. Paspgan nomamaa Ha  «IeAb» U3
BBICOKOTEMIIEPATYpPHOro cBepxmpoBonHukoBoro (BTCII) marepnasa masg TOro, 4YTOOBI
Co3IaTh «HEOHUCCHIIATUBHBIM CHAOBOM AyY» HAW, OPYTHMH CAOBaMH, HaIIPaBACHHYIO
(«CPABUTAIIMOHHYIO BOAHY», PacCHpPOCTPAHSIONIYIOCS BIOOAb AWHHH pa3pdaga Ha
HeorpaHUYeHHOEe PacCTOsSHUE.

JlaHHbI} SKCIIEPUMEHT HE HMEET aHaAOrOB, OCOOEHHO II0 3HAYHUMOCTH €ro
peBYABTaTOB. ABTOpBI 3adBHAH O TOM, YTO yaaaoChb HOAY‘-II/ITB CHAOBOE BOSI[efICTBI/Ie
Ha paccmosiHuu 00 yenu bosee Kunomempa, npuuem, smo Obln yoap makoii cunbl, umo
«0bLT CNOCObEH paspyuums KUPRUUHYIO CMEHYM.

B psapme crpaH wuHAOYyT HCCAENOBATEAbCKHE pPabOThl B [JAHHOM HAallpaBA€HHH,
HarpuMep KomnaHus Boeing mnoBTopraa a¢dp@eKT M [0A0KHAA, YTO IIpU paspsaae 2
MeraBoabTa, MUIIEHb MOAyYaeT yaap ¢ cuaoidt nopsanka 1 kr. IlonpobHee, uyuraiiTe B
xkKypHaae Rocket Science [49]. PaboTel Ham reHepaTOpoM TPaBUTAIIHMOHHBIX HMIIYABCOB
npoBoguT KomrmaHus Phantom Works, mpemnpuarme kopmopaimu Boeing B CuaTae.
F'aaBa Phantom Works /Ixxopmk MioaHep (George Muellner) moaTrBepaua MHTEpPEC CBoeH
KoMnaHUu K pabore [logkaeTHOBa, W 3asdBHA TaKxKe, YTO, 10 UX MHEHHIO, 3Ta pabota
HMeeT COAMIHOE HaydHOe 0OOCHOBaHUE.

CraTUdecKre SKCIIEPHUMEHTHI 110 TeMe «TPaBHMarHeTH3M», TAABHBIM 00pa3oM, ObIAK
HEepe3yABTATHBHBI, HO HaM BaKHO OTMeTUTh maHHbIe [[>xoHa IIHypepa (John Schnurer)
[50]. OddekT rpaBUMarHUTHOTO BO3AEUCTBHUS HA AETEKTOP (MAadgTHHK) ObIA OOHAPYKEH UM
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nas HeBpamarorierocss BTCII gucka, A€BUTHPYIOLIETO HAaA I[IOCTOSHHBIM MAaTrHUTOM,
IIPUYEM, MOJAbLKO 80 8pems usmeHeHust ¢gasvt BTCII mamepuana, TO €CTb, IIPU €ro
IIepexoe M3 COCTOSHHS CBEPXIIPOBOAHMMOCTH B OOBIYHOE COCTOSHHE (HarpeB BbIie Ti).
[TockoABKY (ha30BBIH Iepexos MaTeprasa, oObIYHO, 3aHUMAaeT HECKOABKO CEKYH/I, TO B 3TO
BpeMs MoOxXKeT ObITb oOHapykeH adderr IIuypepa. IIpemaaraercsa caemytoliee
obbsicHeHHe maHHOTO 3¢deKTa: IPH A€BHTAIIMHM Ha IIOCTOSHHBIM MAarHUTOM, KakK
H3BECTHO, B CBEPXIPOBOOMAIIEM [OUCKE YK€ CYLIECTBYIOT LIHPKYAUDPYIOIIHE TOKHU
kKoHaeHcata bBoze. Cam 1poliecC A€BUTAIIMH CBEPXIIPOBOAAINNX MAaTEpPHaAOB Hal
HOCTOGHHBIMH  MAarHHUTaMH, HAM A€BUTALlMM MAarHUTOB  HAJ  OXAAXKACHHBIMH
CBEPXIIPOBOAAINNMH MaTe€pHaAaMH, €CTh IIPOCTOE OTTAAKHBAHHE ABYX MAarHUTHBIX IIOACH.
B aeButupymomem cocrogHuu, HenoaBuxKHBIN BTCII nuck mpencraBaseT coboil KOHTYP C
TOKOM, IIpU4eM, TOKOM KoHaeHcaTa bose. [laHHBIM IIOTOK COTAACOBAHHBIX 3AEKTPOHOB
BOBA€KaeT 2(Up B [ABHKEHHE OTHOCHUTEABHO KPUCTAAAMYECKOH peIleTKU BellecTBa
OUCKa, IPUYEM, B HAMHOTO OOABIIIEH CTEIEeHH, YeM SACKTPUYECKHIl TOK TaKOH K€ CHABI,
IIUPKYAHUPYIOIIMY B OOBIYHOM IIpoBoAHUKe. [Ipn wmn3MeHeHHH (a30BOIO COCTOSHUS
BelllecTBa, KoHAeHcaT bose mpeBpalaeTcs B OOBIYHBIH [TOTOK 3A€KTPOHOB, U TOK OBICTPO
3aryxaeT. CKOpPOCTb OTHOCHUTEABHOI'O ABHXKEHHS d(pHpa pe3Ko MEHSeTCd, U B 9TO BpeMd
co3zlaeTcsd OOHOKpamHoe U3MeHeHue NA0mHOCmu 3@upa, YTO U Te€HEPUPYET HMIIYAbC
rPaBUMarHUTHOI'O IIOASI, [JAHUTEABHOCTH KOTOPOTO paBHAa [JAHUTEABHOCTH (0a30BOTO
nepexona BTCII maTeprasa U3 CBEpPXIIPOBOASIIETO B OOBIYHOE COCTOSTHHE.

Mexanudeckoe BpamneHue BTCII gmcka, B KOTOpPOM CO3OaHBI TOKHM KOHIEHcaTa
Bo3se, mpon3BoaAUT aHAAOTHYHBIE MOIIHBIE 23p¢eKThI. MBI y3Ke oTMedaAu, 4TO U3MeHeHUe
CKOPOCTH BpallleHHd [AuUcKa (B YacTHOCTH €ro 3aMelA€HHEe) B JKCIIEpUMeHTax
[TomkAeTHOBa MPOU3BOAUT MaKCHUMAABHBIH TpaBUMArHUTHBIHA 3¢deKT. DTo 0O0BICHHUMO,
TakK KaK B JaHHOM CAydae, IIPOSBASIOTCH pal3Hble MHEpPIIMaAbHbIE CBOMCTBa KOHIAEHcaTa
Bose m BelecTBa (KPHUCTAAAMYECKOM pPELIETKH MaTepHasa AHUCKA), YTO W IIPUBOOUT K
MOIIIHOMY BO3MYIIEHUIO 3(PUPHOU Cpeanl.

OrmeruM, yTO paccMorTpeHHBbIH [lomkaeTHOBBEIM crienmasbHbIE BTCII marepuaa c
OByX(a3HBIMH CAOSIMH IIOKa3bIBaeT Ooaee cTabuabHBIE 3(P(EKThI, YeM OJHOKPATHBIH
da30BBI¥ mepexon, TaK KaK UMEHHO B IIOTPAHHYHOM CAO€ BHEIIIHEE 3AECKTPOMATrHUTHOE
II0A€ CIIOCOOHO CO031aTh BBICOKOYACTOTHBIE (pa30BBbIe IIEPEXOAbI, IIPHU KOTOPBIX
TeHEPUPYIOTCHd He OOHOKpPATHOE BO3MYyILIeHHE 3(UPHOH cpeapl, a BBICOKOYACTOTHHIE
KoAebaHUs IIAOTHOCTH 3upa.

OkcnepumeHTH! ¢ BpamiatoruMcsa BTCII nuckoM, onrcaHHble B [S1], aBasitoTcs elle
OOWH TIPUMEPOM IIOAYYEHHsI TPaBHMArHUTHOIO IIOAS, CO3aBaeMOTO BPAIAIOIIHUMCS
CBEPXIIPOBOAHHUKOM B ¢Qopme KoabIa. JlaHHBIH pe3yAbTaT OBIA IIpEACTaBA€H HAa
koH(pepeHuu ESA's European Space and Technology Research Centre (ESTEC),
KoTopas cocrosiaack B Hwupepaanmax, 21 wmapra 2006 roza. Pesyavrratet ESTEC
MIOATBEPKAAIOT BBICKA3aHHOE 3[eCh IIPEAIIOAOKEHHEe O TOM, YTO TIpPaBUMarHUTHBIN
3¢ deKT 06yCAOBAEH ITPOJOABHBIMH BOAHAMH B 3(PUPHOU cpene.

OTMeTuM emle OAWH BazXHBIM aCIIeKT, BO3HHUKAIOIMEH B 3KcrmepuMmeHTax ¢ BTCII
MaTepHasaMH: B CBEPXIIPOBOALIIEM COCTOSHHUH OHH HMEIOT HH3KYI0 TeMIepaTypy
OTHOCHUTEABHO OKpYKAalolleH cpeapl, II0O3TOMY IIPOHCXOOUT HHTEHCHUBHBIHM IIEPEHOC TEIlAa
mexay BTCII wmatepuasaoM u okpyzKaroiieit cpenoii. [Ipu opraHmzaniyiy TOYHBIX
U3MEPEHHH, MOTOKU BO3AyXa, IPOU3BOAHMBIE TEMIIEPATYPHBIM TPaIUEHTOM, MOTYT OBITH
SKPAaHUPOBAHBI, HO HEAB3s 3a0BIBATE O MEPMOZPA8UMAYUUU, KOMOPAsL NPOsI8Aslemcst npu
n106oM ynopsiooueHHom nepeHoce menaa uau xonooa. Hanpumep, Jorro (Gianni A. Dotto)
OIlHCaA JaHHOe IBAE€HHS B narteHTe [52]. B skcnepumentax [loTTO, OBIAO ITOKA33HO, YTO
UHTEHCUBHAasI HanpasleHHass nepedaua mennaa, HaIpUMep, I[I0  KOABILy, OT
HarpeBaTeABHOI'0 3AEMEHTa K OXAaXKIAIOIIEMY 3AEMEHTY, COo37aeT TIpaBUMarHUTHBIHN
adpdexkT. PaKTUIYECKH, B METAAHUYECKOM KOABIlE JIOTTO ABUKETCS 80/IHA NJIOMHOCMU
agpupa, co3gaBaeMasi He SA€KTPOMAarHUTHBIM METOOM, a 3a CUeT Iepelafa TeMIeparyp
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MeXKAY TEIABIM UCTOYHHKOM 3HEPTHH M XOAOOHBIM CTOKOM 3Hepruu. OCHOBHOM 00AACTBHIO
IIPUMEHEHHUS CO3/1aBAE€MOI'0 NOCMOSIHHO20 2PABUMARHUMHO20 NnoJsl, [JOTTO CcYuTaA MEAUKO-
OHoAorHYecKHe acleKThbl, HAIIpUMepP, OMOAOXKEHHE, A€UYeHHe pakKa U APYrux 3aboseBaHUM
IIyTeM BO3A€HCTBHA BOAHBI IIAOTHOCTH 3(PHUPHOH Cpeabl Ha IPOLIECCHI KU3HEAEATEABHOCTH
B KAeTKax opraHudMa. O4eBHIHO, YTO U3MEHEHHE IIAOTHOCTH 3Hpa BAHUGET Ha AIOOBIE
KAETOYHbIE IIpollecChl. [lad 3amad KOHCTPYUPOBAHHA OBUXKUTEAEHM, NaHHBIA MeTOnd He
IIpefiCTaBAdEeTCs IIePCIEeKTUBHBIM, TaK Kak Tpebyercsa 6oablofl pacxon sHepruu. Kpowme
TOro, MeTonoM [lOoTTO co3[aeTcsl IIOCTOSHHOE I'PaBHUMAarHUTHOE IIOA€, a MbI HIIEM IIyTHU
IIPOBEPKH IIPEAIIOAOKEHHSA O HAAMYHM PE30HAHCHBIX YacTOT TIPaBHUTAIIMOHHOTO
B3auMoeHcTBUS. Boaee moapo6GHO, TepMOTPaBUTAIIMIO MBI PACCMOTPHUM B OTIOEABHOH
rAaBe KHUTH.

HTak, aHaan3 NpealIeCTBYIOIIUX SKCIIEPHUMEHTOB U TEOPETHYECKHUX IIPEATIOCBIAOK
II03BOASIET  IIPEANIOAOKUTH, YTO TI'paBHTAIlMOHHBIE d(deKThl, HabAogaemMble B
9KCIIEPUMEHTAX pas3HbIX aBTOPOB, OOYCAOBAEHBI HM3MEHEHUSMHU IIAOTHOCTH KOHAEHcaTa
Bose, kKoTopoe co3zmaeT Bo3MyllleHHe 3(UPHON cpenpl B BHOAE IIPOIAOABHBIX BOAH.
OpHOKpaTHOE H3MEHEHHE IIPOHCXOAWT IIPU OOHOKpPATHOM (pa30BOM IIepexone U3
CBEPXIIPOBOAMLINETO COCTOSHHUA B OOBIYHOE, HampuMmep, B skKcnepuMeHTe IlIHypepa.
[TocKOABKY, B 93TOM cAy4Yae, H3MeHeHHe (as3pl Bcero obbeMa BelecTBa [AHCKa U3
CBEPXITPOBOASIIEH B OOBIYHYIO IBASIETCS IIOCTEIIEHHBIM U 3aHHMAaeT HEKOTOpOoe BpeMs, TO
[OaHHBbIA 3(p(eKT M0CTATOYHO CAAOBIM U AETEKTHPYETCs B TE€YEHUU HECKOABKUX CEKYH/I.
OKCIIEPUMEHT II0 CO3AaHHUIO «TPABUTALIMOHHOIO UMIIyAbCA», OITMCAHHBIN [10AKAETHOBBIM U
Mopmanesze B [48], saBAsSeTCS ODHUM H3 METOOOB CO3AaHHUA MTHOBEHHOIO (OBICTPOTrO)
u3MeHeHusa a3bl KoHaeHcaTa Boze, mpudeMm, Bo Bcem obbema BTCII marepmasa, 4To
I103BOASET CO34aBaTh KOPOTKHHM II0 BPeMEHU, HO O4YeHb MOIIHBIHA 3peKT UMITYAbCHOTO
xapakTepa. Pa3pyleHue cBepXIpoBOAHUKA, IIPHU BO3AEHCTBUU HA HEr0 BHICOKOBOABTHBIM
HMIIyABCOM, He 0083aTeAbHO, TaK KaK M[OOCTaTOYHO BBIBECTH €r0 W3 COCTOSHUS
CBEPXIPOBOAMMOCTH, YTOOBI CO34aTh I'PABUTAIIMOHHBIE HMIIYABC (IIPOAOABHYIO BOAHY B
acupHO# cpene). [asd IpakKTHUYECKHX 33134, HMEET CMBICA paboTaTb B HMIIYABCHOM
pexume, He pa3pyllias CBEPXIIPOBOIHUK.

OTMeTHM, YTO CYILIECTByeT 0Ooaee paHHAS aHaAOTHsS MOaHHOTO 3JKCIIEPHUMEHTA,
n3BecTHassT Kak «Ay4d MoproHar. Yapap3d Mopror (Charles R. Morton) 3aHmMascs
nomoOHBIMHM SKcrepuMeHTaMu B 1960-x romax [53]. Ha Puc. 113 mnokasanHa cxema
skcriepuMeHTa MopTtoHa. Paspsa BbBICOKOBOABTHOTO reHepatopa Bau ne I'paada, B
JAHHOM OKCIEPHMEHTEe, ITPOM3BOIUACS HAIPAaBAEHHO, Yepe3 CTEKASHHYI0 TPYOKYy -—
H30AATOP, Ha METAAAMYECKOe KOABIIO, YCTAaHOBAEHHOE Ha Toplle TPyOKu. BeawumHa
HaIpsiXKeHUd, KOTOPOe MOTAM co37aBaTh TakKue reHepaTophbl emie B 1930-e rogpl,
nocturano 10 MHAAMOHOB BoabT.

CTeKNsAHHasA Tpybka
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(oTkNnoHeHue)

Puc. 113. Cxema skcnepumenTa MopToHa.

[Tpu BuCrIoAB30BaHUM CBEPXITPOBOALIIET0 MaTepuasa B dKcrepuMeHTe [logkaeTHOBA
u Mopganese, BMECTO IIPOCTOTO MeTaara B 3KcrepuMeHTe MopToHa, MOITHOCTL 3ddeKTa
3HAYUTEABHO YBEAHUYHUBAETCsI, Oaaromapsd KOT€pPeHTHOMY MOBEAEHUIO 3AeKTPoHOB B BTCII
MaTepHaae.
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Tem He MeHee, KakK mokaszaa MopToH, Bo3MyIlleHHEe 3(PHUPHOH Ccpenbl, BO3HHUKAOIIIEE
IIPU PE3KUX OAEKTPOKHMHETHUYECKUX 3(PdeKTaxX B IIPOCTOM MeTaaAe, TaKKe CIIOCOOHO
co3aBaTh HAIIPaBAEHHYIO BOAHY IIAOTHOCTH 3dupa. OuYeBHOHO, 4YTO BEIIECTBO B
COCTOSIHUM KOHeHcaTa Bo3e (B CBEPXIIPOBOAHUKAX) CBSI3aHO C 3(PHUPOM B MHOU CTEIEHH,
4yeM OOBIYHOE BeIeCTBO. B cBaA3M c 3THUM, (pa30oBble IepPeXOoabl BEIIECTBA M3 COCTOSTHUSI
CBEPXIIPOBOAMMOCTH B OOBIYHOE COCTOSHHE U OOpaTHO 8blLc80602KOArOmM UNU C8S3bl8arom
bosbuloe Koauuecmaeo sgpupa.

H3yyaqg mIpeanosokKeHHEe O BOAHOBOM IIpUpPOAE TPaBUTAIIMOHHOTO II0Ad B
IIPOCTPAHCTBE OKOAO IIOBEPXHOCTH HaIlle¥ IIAaHETBhI, Mbl MOXKEM IIOCTaBUTH 3aaady
KOMIIEHCAIIUHU [aHHOTO HaTypPaAbHOI'O KOAE0ATEABHOIO ITpollecca HEKHMM HCKYCCTBEHHBIM
rnporeccoM. MakcuMaabHBIN 3QEKT OXKHAAETCH B CAydae CO3[aHHA BHEIIHETO IIOAS C
4acTOTOM, COOTBETCTBYIOILIEH HATypaabHBIM (DAYKTyallMsIM IIAOTHOCTH KOHAeHcaTa Bose B
BTCII marepuase. B caydae coBHageHHMd  YacTOT, MBI MOXKEM OXHAATbL IIOAHOH
KOMIIEHCaIlUHU HaTypaAbHOI'O TpaBUTAIIOHHOTO [I0A4. ®daz0BbIE II€PEXOIbI,
IIPOU3BOAUMBIE C  BBICOKOM  4YacToTod, MOryT OBITH CIIOCOOOM  TeHepalllu
BBICOKOYACTOTHBIX KOTE€PEHTHBIX IIPOJOABHBIX BOAH IIAOTHOCTH 3dupa. I[louck
PE30HAHCHBIX YCAOBHM IleAecoo0pa3HO BecTH B pauanaszoHe dvactor 10 - 100 Mru,
npeackaszanHeiM aBropaMu David Noever u Christopher Bremner B cratbe [44]. Tloaaras,
4YTO HaTypaAbHOE TpPaBUTAIIMOHHOE IIOA€ TIIAAHETHI HE HIBASIETCS MOHOXPOMHBIM
(omHOYACTOTHBIM), a MpeAcTaBAdeT CO0OM CIIEKTp YacToT, TpedyeTcd OoIpeneAuTb
HECKOABKO TAaBHBIX PE30HAHCHBIX YaCTOT, ITO3BOASIIOIINX TOAYYNUTb MAKCUMAaABHO IIOAHYIO
KOMIIEHCAIIHIO I'PaBUTAIIMOHHOTO II0ASI JAHHOM IIAAQHETHI.

Pan skcniepumeHTOB ObIA opraHu3oBaH B OO0 «Aaboparopusa HoBwrix TexHOAOTHI
Papaneti», Caukr-Ilerepbypr, B 2007 roxy. BpicokoTeMIlepaTypHBIH CBEPXIIPOBOASIIIHN
ouck Obia mpuobpereH y kommanuu CAN [54], marepuaa YBa2Cu307-x ¢ mobaBkamu
Y2BaCuOS. Kpuruueckas temueparypa 90K. duamerp mucka 56 MM, BbIicoTa 16 MM.
OxaaxkneHne MIPOU3BOAMAOCH KHAKHUM a30ToM. [lad meTeKTHpOBaHHUSI HU3MEHEHHUd Beca
IpUMeHIAUCH g poBble Becbl HL-100, umeromnme TouHocTh 0.01 r. B crabuabHOHR YacTu
IIOMEIIIeHHUsI AaDOPaTOPHH, IZie BHEITHHE BUOPAIIMHU ObIAM MHHHUMAABHBI, OBIAW ITOCTPOEHEI
6asaHCHBIE BeChl C Ipy3aMM Ha KoHIlax BecoMm S50 r. [To3zke rpy3bl ObIAM yBEAWYEHBI 110
500 r KaxKapI¥, U BeChbl ObIAM COaAaHCHPOBAHBI TaK, YTOObI Ha CTOPOHE O000OPYIOBaAHUSA
HL-100 6w1a mepeBec okoao 20 r. I'py3bl ObIAM HM3rOTOBAEHBI M3 IIAACTHKA. BpalneHue
BTCII gucka 006ecrnedrBaA0OCh 3AEKTPOIIPUBOAOM cO CKopocThio mo 3000 obGopoToB B
MUHYTY.

OTMeTHM, YTO AaHHAad 3KCIepHUMeHTaAbHasl yCTaHOBKa BeCbMa IIPUMUTHUBHA, U He
IIO3BOASET IIPOBOAUTH OAUTEABHBIE H3MepeHus Bpamtatomerocd BTCII mMmarepmasa B
COCTOSIHUM CBepXIlpoBoauMocTU. B nanuo# ycranoBke, BTCII guck nmomeliaeTcss B poTop,
U 3aTE€M OXAAXKIAETCs XKHUAKUM a30TOM, IIPH 3TOM, IIOCAE€ HUCIIapeHUs a30Ta, ero MOXKHO
IIPUBECTH BO BpallleHHE, HO CBEPXIIPOBOAMIIEE COCTOSHUE COXpaHsAoCch He Ooaee 20-30
cekyHA. llo aTolf mpuUYMHE MHOTHE TeCThbl C BpAaIlleHHEM HE MOTAM OaTh HaAeKHBIE
Pe3yABTATHI.

B urone 2007 rompl, ObIAM CAEAAHBI IIONBITKY IIOBTOPUTH dKcrepuMeHTa [lHYypepa,
HO 3aMeTHBIX 3(p(eKTOB Ha IHM(MPOBBIX Becax, OAd caydas ¢azoBoro mnepexoma BTCII
MaTepuasa AUCKa M3 CBEPXIIPOBOALIIETO B OOBIYHOE COCTOsIHHE, He obOHapyzKeHo. [las
YTOYHEHUd PE3yAbTATOB, IIOCTPOEHBI KPyTHABHBIE BeCbl. CxeMa IokasaHa Ha Puc. 114.

KpyTuabHbIE Becbl ObIAM M3TOTOBAEHBI M3 [IepeBa, IPy3bl — IMAACTHKOBBIE. Kycouek
CTE€KAA B ILIEHTPAABHOM YaCTH TOPH30HTAABHOIO OpyCcKa OTpaskaeT Ayd Aa3epa Ha CTeHY
(paccTrosHUE 2 MeTpa), YTO IO3BOASIET AETEKTHPOBATHb IIOBOPOT KPYTHABHBIX BECOB C
BBICOKOH YyBCTBHTEABHOCTBHIO. HUTH IlOofBeca BBIIIOAHEHA M3 BOAB(PAMOBOH ITPOBOAOKU
ouamerpoM 0.05 MM. Bcgd KOHCTPYKIMSI IIOMeEIlleHa II0[ CTEKATGHHBIA KOAIaK, [OAL
yCTpaHeHUd BAUSTHUS BO3AYIIHBIX IIOTOKOB.
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CTEeKNAHHDbIU KONNaK

BTCI auck

3epKasio

(9 nasep

Puc. 114. OxkcnepuMeHT C KPYyTHABHBIMH BECaMHU

Ham skcnepuMeHT 110 mnpoBepke addekra IlHypepa cocroga B TOM, 4YTO
npeaBapuTeAbHo oxaakaeHHBIM BTCII guck momeniaeTcd OKOAO KPYTHABHBIX BECOB.
Yepe3z 30-40 cexkyHzm, Korza MQUCK HarpeBaeTcd, TO IIPOUCXOAUT (Pa30BBIH IIepexomd, U
HabAIOaeTCd MIPUTSKEHHEe OOHOTO0 U3 TPy30B KpPYyTHABHBIX BecoB K BTCII aucky
(kpyTHABHBIE Bechbl IIOBOpaduBaloTcs). Yepe3d 3-5 MHHYT, BeChbl BO3BpalllaloTcs
(moBopayMBalTCs) B Ha4YaABHOE COCTOSHHE. MaKCUMaAbHBIN 3PQeKT HabAIomaeTcs IIpU
pasmemienun BTCII gmcka IIAOCKOCTBIO K KPYTHABHBIM BecaM. OKCIIEPUMEHT ObIA
noBTopeH 4 pasa. KoamdecTBeHHblE XapaKTE€pPUCTHUKU [OaTh 3aTPYAHUTEABHO, IAS 3TOTO
TpebyeTcs yCOBEPILIEHCTBOBATh U3MEPUTEABHOE 060PyJ0OBaHME.

WHuTepecHO OTMETHTH, YTO HadaAO0 CHAOBOTIO BO3AEHCTBUS Ha KPYTHABHBIE BECHI
COOTBETCTBYET OXKHAaeMOMy MOMEHTY pasoBoro mnepexoma BTCII marepuasa aucka B
HECBEPXIIPOBOAAIIEE COCTOSHHE, HO OKOHYAHHE CHAOBOTO BO3IEHCTBHS PaCTSIHYTO BO
BpEMEHU Ha HECKOABKO MHHYT. BO3MOXKHbIE OIITHOKH B MOHHUMaHUH 3(deKTa MOIyT ObITh
CBsI3aHbI C HaAU4YHeM BOKpPYyT oxaaxkaeHHoro BTCII gyicka MOIIHBIX TEMIAOBBIX (XOAOIHBIX)
IIOTOKOB, TO €CThb C SBA€HUAMH TepMorpaBuTanui. CTeKAGHHBIA KOANAK yCTpPaHSET
TOABKO BO3AyIIHbIE KOHBEKIIUOHHEBIE IIOTOKH, HO HEe [IPEendaTCTByeT
TEePMOTPAaBUTAIITMOHHBIM CHAAM. YTOOBI IMPOBEPHUTH OTO MPENIIOAOKEHHE, OBIAM CIeAaHBI
[OIIOAHUTEABHBIE 3KCIIEPUMEHTBHI C HECBEPXIIPOBOASIIMM MaTepruasoM. MerasamdeckKuit
[VICK, UMEIOIIHI IPUMEPHO TaKylo ke maccy, Kak U BTCII auck, ObIA OXAaKIEH KUAKUM
a30ToM, U IIOMELIEH PSAOM C KPYTHABHBIMH BecaMu. [Ipu 3ToM 3(p(eKT NPUTIKEHUST
rpy3a KPYTHUABHBIX BECOB K XOAOQHOMY TEAy TaKxKe ObIA OOHApPyzKeH, HO B 3HAYHUTEABHO
MeHbIIeH cTerneHu, deM Ipu ucnoab3oBaHuu BTCII martepuasa. MHTEepecHO ObIAO ObI
OpPTraHMu30BaTh JaAbHEHUIIINE 9KCIIEPUMEHTHI B JaHHOM HaIllpaBA€HHUH.

[pyro#i skcriepuMeHT ObIA opranm3oBaH 23 uioHa 2007 roma, Oad UCCAEOOBAHUS
rPaBUMAarHUTHBEIX 3(P(QEKTOB, BO3HHKAIOIINX MPHU CO3aHUU BBICOKOBOABTHOTO paspsna
Ha oxaaxkneHHbIH BTCII quck. Cxema JaHHOTO 3KCIIepUMeHTa IToKa3zaHa Ha Puc.115.

Becnl

50 kB
MCTOYHUK

J BTCI guck

Purc.115. Cxema skrcriepuMeHTa PporoBa 110 BAUSHHUIO 9AEKTPHUIECKOI'0 pa3psaa

Ha (pazoBoe cocrogHue oxraxkaeHHoro BTCII maTepuaaa.
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MMnoyabc BBICOKOTO HampsikeHUd (pa3psa) mnomaBaaca Ha BTCII  aguck,
HaxXOASMMIUNCS B OXA&XKIEHHOM COCTOSIHMM, Cpa3y IIOCA€ TOTO, KaK MCIIapsSACHd KUIKHWHU
a30T. Beian oOHapyKeHbI 3HAYUTEeAbHBIe U3MeHeHHts Beca (qo 0.3 rpamMm, 4To cocTaBASeT
0,5% Beca rpy3a). OTpHIATEeABHBIH SAEKTPO OBIA COEJUHEH YePe3 CTOA U KOPITYC EMKOCTH
c xunkuMm azorom c¢ BTCII wmarepmasomM. O KOAHYECTBEHHBIX XapaKTePHUCTHUKAX
obHapykeHHOro 3¢@eKTa CAOKHO TOBOPUTHb KOPPEKTHO, TaK KakK B [aHHOH cxeme
sKcIiepuMeHTa, npoBonumoro 0e3 BTCII wmarepnasa, ObIAM OTMEYE€HBI HEKOTOpPBIE
M3MEHEHHUd II0Ka3aHUM BECOB, KOTOPbIE BbI3bIBAaA HCKPOBOH pas3psn. MckAOUuTE BANUSIHUE
BBICOKOBOABTHOI'O 000pyLOoBaHUsa Ha ITU(PPOBBIE BEChI ITOAHOCTBHIO He yaaaock. Meromuka
9KCIIEpUMeHTa TpedyeT mopaboTKH, XOoTd 3PPeKT H3MEHEHHS Beca IIPOOHOTO Teaa MIPHU
Bo3aetictBuu Ha BTIIC auck MCKPOBOro pa3psana YBEPEHHO AETEKTUPOBAACH.

B wuroae 2007 roma ObIAM IIPOBEAEHBI SKCIIEPHUMEHTHI C IIOCTOSHHBIM MAarHHTOM,
YCTaHOBAEHHBIM O0KoAO Bpamaroieroca BTCII aucka. B manHOM 3KcrepUMeHTE, MbI
OBITAAUCH IIPOBEPUTHL BO3MOIKHOCTE CO3QaHUS I'paJueHTa MAOTHOCTHU KOHAeHcaTa Bose u
reHepaluy TpPaBUTAIMOHHON BOAHBI IIPU IIOMOIIMM CHABI AopeHIla. MarHHUTHOE IIOA€
CO31aBaA0Ch KaK B pagHuaAbHOM HaIIpaBA€HHUH, TaK U KOAKCHAABHO, II0 OTHOLIEHHWIO K
Bpamtaromemycd BTCII mucky. Cxkopocts Bpamtenus BTCII mucka mocrturasa 2000
000pOTOB B MUHYTY. McIioAb30BaACd MOCTOSTHHBIA MarHuT cuaod mopganka 1T , matepuaa
NdFeB, nmuaunap auamerpoM 25 MM U BbeIcoTod 24 MM. PaccrosHue oT marHuTa A0 Kpas
BTCII nucka cocTaBASIAO OKOAO 7 MM.

B skcnepuMeHTax ¢ KOAKCHaABHBIM PAaCIIOAOKEHHEeM MarHurta OblAM OOHapyzKeHbI
HeOoablIHe M3MeHeHUus Beca 0,02r, yTro coctaBasgeT okoao 0,04% macce! rpy3a. [loaarato,
4YTO OaHHOE H3MEHEHHEe Beca MHPOOHOI0 TeAaa CAHUIIIKOM MAaAO, YTOOBI pacCMaTpHUBATHCH,
KaK HaJe>KHbIU pe3yAbTarT.

Hauboaee wHTEpEcHas dYacTh MOAHHOTO IMKAA OSKCIIEPUMEHTOB OTHOCUTCH K
W3Yy4YEHUIO BAHSIHHS OACKTPOMATHHUTHOIO II0Ad Ha BpalllaloUIUHCSa HAW HEIIOABUKHBIN
BTCII nuck. CuHycOHOaAbHBIH CHUTHaA IIOJABaACs Ha TPaAH3UCTOPHBIM YCHAUTEAL TOKA,
Harpy3kKol KOTOpPOTro CAyXKHAA KaTylIKa. [lad pa3HbIX 4acTOT UCIIOAB30BAANCH Pa3ANYHBbIE
RaTyIOKU: Jad HU3KUX dactoT 10Hz - 100Hz karymka mmeaa 500 BUTKOB ITPOBOAA
nuamerpoM 1 MM, HamoTaHHoro Ha U-oOpa3HOM CepAaedHHKE H3 TPaHC(POPMATOPHOIO
xeae3a. [aa yacror or 100Hz mo 10KHz O6piaa ucmoab3oBaHa apyrad KaTyIIKa,
HaMOTaHHad Ha (peppPUTOBOM CEPAECYHUKE.

[ToAOKUTEABHBIH pe3yabTaT OblA oOHapykeH Ipu BpameHun BTCII aucka B
[I€EPEMEHHOM MAarHHUTHOM IoAe JacToTbl 1KHz. BrpodeMm, IpOIEeHTHOE M3MEHEHHE MAacCChl
coctaBuao Bcero 0,04%.

OkcniepuMeHThl Ha dyactorax oT 10KHz mo 3MHz Oplam opraHm3oBaHBI C
HCIIOAB30BaHMEM BBIXOIHOH KaTYIIIKU Ha KapkKace 0e3 cepaeyHUKa, ITOMEILIeHHON BbIIIe
BTCII nucka. 3mepeHusi, B JaHHOM CAyd4ae, ObIAM HEPE3YABTATHBHBIMHU, TO €CTh HE OBIAO
0o0HapPYKEHO KaKoe-AN00 MOATBEPXKACHUE TOr0, YTO B3aUMOMAEHCTBHE IAEKTPOMATHHUTHOTO
IoAs C Bpamamoummcsa uau HeroaBUKHBIM BTCII muckoM, Ha [JaHHBIX 4YacToTax, B
JaHHOU KOHCTPYKIIMH MOXKET IPOU3BOAUTDL 3HAYUTEABHBIE TPABUTAIIMOHHbBIE 3(P(EeKTHI.

B 0Ooaee BwIcOKOYacToTHOM mauariaszone, or 3MHz mo 40MHz, saeKTpomMarHuTHOE
IIOA€ CO3aBaA0OCh YCUAUTEAEM MOIIHOCTHU reHepaTopa BY curHasoB, BbIXOAHAS MOIITHOCTb
B Katymke gocturasa 30 Bart. BeicokodacToTHBIH reHepaTop Ob1a ycTaHoBaeH Han BTCII
OUCKOM, TIOTPY?KEHHBIM B TMaphbl KHIKOTO a3oTa. BbIAM oOHapy>KeHbl 3HAYHUTEALHBIE
U3MeHeHUd Beca, oocmuzarwue 0,06 ezpamma, Ha uacmome okono 30MHz, oas
HenoosuxkHozo BTCII oucka. HNamenenure Beca cocTtaBuAO OKoaO 0,01%. J[laHHBIH
pe3yabpTaT HomnajaeT B IIpeAcKazaHHBIH auanaszoH yacror 10 — 100 MHz, u moxer
paccMaTpuBaThCsI, KaK OCHOBHOU pe3yslemam UYuklia SKCNepumeHmog no 6blsieleHUN)
80J1HOB0TL NPUPOObL 2PABUMAYUUOHHOZ0 NOJISL.
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B mpyrom BapuaHTe OaHHOTO 3KcrepuMeHTa, Bparmaronmiica BTCII guck Obia
moMemnieH B BbIcokodacToTHoe Toae 3MHz — 40MHz. Mpl He IIOAYYHAU OXXKHOAEMOTO
a¢pdpekra. Bo3aMOKHO, 4TO B 3TOM CAydae, BasKHbIE JAHHBIE OBIAU IIOTEPSHBI 110 IIPUYHHE
HeboabIoN (20 ceKyHH) OAUTEABHOCTH CBEPXIIPOBOALAIIEH (ha3bl BpAIAIONIETr0OCs THCKA.
[ pyrasg Bo3MOXKHas NIPHUYNHA IIOAYYEHHUS OTPHULIATEABHOI'O PE3yAbTATa COCTOUT B TOM, 4TO
B JAHHOM KOHCTPYKILIMHM BBICOKOYACTOTHOE IIOA€ MOTAO PAaCCEHBATBHCA Ha METAAANYECKHX
4acTgx poTopa U KOHCTPYKIUU IIPUBOAA.

HWrak, oOHapyKeHHble MHHHUMaAbHble 23Q@eKTbl, B I€A0OM, HE MOIyT
paccMaTpuBaThCs, KaK yoequTeabHble NaHHble. HeKoTOophle ITOAOKHUTEABHBIE PE3YALTATHI,
HallpuMep, B cAydae BpaleHus oxaaxkaeHHoro BTCII gucka B IIOCTOSHHOM MarHHUTHOM
II0A€, OPHEHTHUPOBAHHOM IIOIIEPEK IIAOCKOCTH BpAallleHHd, MOTYT OBITH OOYCAOBAEHBI
OENCTBUEM CHABI AOpEHIa, CO3OAIOIIEM AOKaABHBIM TpagHEHT IIAOTHOCTH KOHAEHcaTa
Bosze. Koaebanusa nanHoM MAOTHOCTH, Ipoucxonsamnye npu Bpamenun BTCIT nqucka, moryT
reHEpHUPOBaTh TPaBUTAIIMOHHYI0O BOAHY B OCEBOM (BEPTHKAABHOM) HAIIPaBAECHUU B
06AacTH BBIIIE U HUXKE ITIOCTOSSHHOTO MarHuTa.

[ToBTOpPIO, UYTO OCHOBHOY 3a7adell JAaHHOTO IIPOEKTa Oblaa IIPOBEPKA PE30HAHCHBIX
ycaoBul Ha yacrotrax 10-100MHz. Brian o0HapyzKeHbI He3HAUYUTEAbHBbIE U3MEHEHUS Beca
TECTOBOTO Tpy3a Oas Hoaeil ¢ yacroraMu okoao 1KHz m okoao 30MHz. [Iag moaydeHUs
f6oaee HAOEKHBIX JaHHBIX, IIEA€CO00PA3HO YBEAHYHUTH MOIIHOCTD UCIIOAB3YEMOTO B JaHHOM
9KCIIEPHUMEHTE ACKTPOMATHUTHOTO IIOAS.

OKCIIEPpUMEHT C BBICOKOBOABTHBIM HMIIYABCOM, KOTOPBIM Maa BIIOAHE HAIEXKHbIE
PE3yABTATHI, IIO3BOASIET CAEAATHh BBIBOL O TOM, UYTO pPa3pylIeHHE CBEPXIPOBOIHHKOBOTO
MaTepuasa IIPU CO3JAHHUHU TPABHUTALMOHHOTO HMIIYyAbCA HE SBAAETCS 00s3aTeABHBIM
YCAOBHEM TE€HEPUPOBAHUS IIPOAOABHOM BOAHBI. OQdeKThl HabalogaoTca u 06e3
paspyllleHHsT MaTepuasa, TaK KakK KoHOoeHcam bBose KoeepeHmHo cmeuiaemcst 8
npocmpaHcmee nod oOelicmeuem 9eKMpuUecKkoz0 UMNYabca, co30a8ast MOULHYIO
NpPoOONILHYIO BONHY 8 3¢pUpPHOTL cpele.

OTH BBIBOIBI COTAACYIOTCH C 9KcIiepuMeHTOoM [TonkaeTHoBa [48], KOTOPBIH aBAdETCS
BapuaHTOM OSKclepuMeHTa Yapab3a MoptoHa [53]. B mnpemaaraemMoMm BapuaHTe
SKCIIEpUMEHTa He IIPOHUCXOMUT paspylleHHe «pabodero Teaa», BO30YXKAAIOIIETO BOAHY
IIAOTHOCTU dcpupa. CaemoBaTeABHO, [AS IIPAKTHYECKHX IIeAeH, MOTYT OBITH CO3/IaHBI
BbICOKOYaCTOTHBIE reHepaTopPhbI KOT€PEHTHOTO rpaBHTAIlIOHHOTO U3AYYEHUSH,
HUCIIOAB3YIOIIYE TaHHBIH 3(PeKT.

OnHO U3 TEXHUYECKHUX ITPEIAOKEHHM II0 JAaHHOH TEME COCTOUT B HCIIOAB30BaHUH
MHOXKEeCTBa MaA€HBbKHUX 3A€MEHTOB, U3roToBaeHHBIX 13 BTCII marepuasa, BMECTO OIHOTO
BTCII gucka. [laHHOe HallpaBA€HHE KOHCTPYHUPOBaHUL IIO3BOAWUT CHHU3UTH HAIIpSKEHUE
paspgma, a TakKKe IIOBBICUTH YaCTOTy HMIIYyABCOB B TIe€HepaTope, padoTarolleMy IIo
mpuHIUIy MoptoHa. TeXHOAOTHST MMeeT OOABIIIHE IMEePCIEKTHBBI, TAK KAaK COBPEMEHHbIE
CBEPXIIPOBOJAHUKOBBIE MaTEpPHaAbl HMEIOT HEBBICOKYIO Ce0EeCTOMMOCTb, U TEXHOAOTH
paboTaroT HaJ CHUKEHUEM KPUTHYECKOH TeMIepaTyphl.

[Tpuraamiaro 3aUHTEPECOBAHHBIX IapTepoB JIAST pa3BUTHUA JAHHOTO
HCCAEIOBATEABCKOTO  IIPOEKTa, IIOCKOABKY pacCMaTpPpUBaeMbIH  METO[  SBASETCS
9(PPEKTUBHBIM HHCTPYMEHTOM [OAd PeEIIeHUs 3amad II0 OYHUCTKE (Ze3aKTHBAIINH)
PAOHMOaKTHUBHON MECTHOCTH, CO3IaHUIO T'PABUTAIIMOHHOTO [ABHXKHUTEAS HMIIYABCHOTO
[EHCTBUSI, CHCTEM CBSI3U U BOOPYKEHHSI HOBOT'O THIIA, a TAaK¥Ke, A HOBBIX MEIUIITMHCKUX
TeXHOAOTHH. OCOOEHHO HHTEPECHBIMH SIBASIOTCS IIPUKAQIHBIE ACIIEKTHI B OOOPOHHOM
obaacTH, y4UTBIBas IMEPCIIEKTHBBI PACCMOTPEHHOro 3(ekTa B NPOTHBOPAKETHOH U
IIPOTUBOIPOHOBOM 000pOHE OOBEKTOB.
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Hcnoab3oBaHuE (hakTOpa «BpEMS»

ITpomoA>KHMIM pacCMOTPEHHUE HOBBIX METOMOB CO3MaHUA ABUXKYIIEH CHAbI, KOTOPBIE
OTHOCHATCS K HWHEPLHAABHBIM ABUKHUTeAdM. CymlecTByeT psana  paboToCrocoOHBIX,
3KCIIEPUMEHTAABHO IIPOBEPEHHBIX KOHCTPYKIMHM [OBUXKUTEAEH, B KOTOPBIM IIPHUHITNIL
«paBeHCTBa OEHUCTBUS U IIPOTUBOAEUCTBUS» yOaeTcs OOOMTH, 3a CYET HCIIOAb30BaHUSA
Takoro pakTopa, Kak BpeMsl.

B m3BeCTHOM TEXHUYECKOM peIleHHH, KOTOpOoe IMPHUMEHSIIOT MHOTHE H300peTaTeAn
WHEPIIMONI0OB, HMIIYyABCHOE BO3[eHCTBHE BHOPHPYIOLIEIO dAEMEHTa U KOopIlyca
IIPOUCXOOUT IIPU aCHMMETPHH HMIIyAbCa B3aUMOAEMCTBUA OBYX TeA. HMIyabc, Kak
HM3BECTHO, PaBEH ITPOHU3BEAEHHIO MacChl U CKOPOCTH. Macca BUOPHUPYIOIIETO SAEMEHTA -
BEAMYMHA IIOCTOsIHHAsl, HO CKOPOCTb €ro ABUKEHHd B OOHY CTOPOHY (BIpaBO) MOIKET
OTAWYAaeTCs OT CKOPOCTH OBUXKEHUS B APYILYyIO CTOPOHY (BaeBo). Ha Puc. 116 mokasana
cXeMa TaKOro HHeplHouaa. TexXHHu4YecKasd peasus3alds HAEH BBITASAUT [A0CTATOYHO
IIPOCTO: IIOCTOAHHBIA MarHUT IIOMeNlaeTcd Ha IIpyXKHWHaAxX BHYTPH COA€HOHIA
asekTpoMarHuTa. CKOpOCTh ABUKEHHS BUOPUPYIOLIETO 3A€MEHTa BAE€BO Vi MOAXKHA OBITH
OoABIllE CKOPOCTH €ro [ABUXKeHHsS BIpaBo V.. COOTBETCTBEHHO, UMIIYABC D1,
repegaBaeMblii KOPILYCY YCTPOUCTBA, JOAXKEH ObITH OOABIIIE UMITYABCA P2.

pi=mV: <(T3=> Po=mV: obmoTka
aNeKTpoMarHuTa

[—— ]

A\ NV

Puc. 116. UuHeprinons ¢ acCUMMETPHEN UMIIyABCA.

Hrak, cekpeT 3akalodyaeTcsa B ¢OpMe HMIIyAbca IIHUTAHUS OAEKTPOMAarHUTA,
obecIieunBaloOlIero ABHXKEHHE CEpAeYHHKa C Pa3HOM CKOPOCTBIO B pa3HbIE CTOPOHEI.
3aKOH COXpaHEHUS HMIIyAbCA 31€Ch CTPOTO BBIIIOAHAETCHd, KAK PABEHCTBO BEAWYHUHBI, Ha
KOTOPYIO YMEHBIIIAeTCS HMIIyABC BHOPHUPYIOIIETO JAEMEHTAa MU BEAHYMHBI HMIIYAbCA,
IIPHOOpPETaEMOr0 KOPIIyCOM, B Pe3yAbTaTe UX B3auMoAeHcTBUd. TeM He MeHee, 3a ITOAHBIHN
IIMKA, KOPIIyC YCTPOMCTBA IIOAYYAET HEHYAEBOM CYMMAapHBIM HMIIyABC IIOTOMY, YTO
[OBUKEHHE BHOPHUPYIOIIET0 3A€MEHTa B pPa3HOM HaIlpaBAEHHHM (BAEBO M BIIPaBo)
IIPOMCXOOUT C PA3HOM CKOPOCTEIO.

B I[Ipupoae naHHyI0 aCHMMETPHIO MOXKHO OOHAPYKUTH B ABUXKEHUSX IITHUIL, PbIO U
HACEKOMBIX. B omHOH u3 Teaemepenad ObIA ITIOKa3aH TPIOK Ha MaHHYIO TeMYy: Ha CIEHY
BBIKATHAN aBTOOyC ¢ KOMaHIOM I'peblloB, U OHH YCIIEITHO IPHUBEAH aBTOOYC B ABUIKEHUE,
HCIIOAB3ySI TOABKO «BHyTpeHHHe cuAabD! [lo KomaHzae TpeHepa, CHHXPOHHO, I'pelIbl B
Kpecaax aBToOyca MeIA€HHO CTHOAAUCH, U PE3KO PACHPSIMASIAUCH, YITUPAsSICh HOTAMH B IIOA
aBToOyca. B pe3syabrare, aBTOOyC IIpHUIlIEA B OMHOHAIIPABAEHHOE YCKOPEHHOE NBUXKEHUE.

PaccmoTpuMm apyroit BapHaHT MCIIOAB30BaHHA (PakTopa BpPEMSA B ABHUIKUTEAAX,
KOTOPBIH OBIA IIPENAOKEH paHee MHOTHMH aBTOPaMH, HO OO CHX IIOp KOET CBOEro
HOPaKTHUYECKOIO BHEAPEHUd. M3BECTHO, 4TO ABa 3ACKTPOMArHUTAa, 3aKPEIIACHHBIE Ha
obmieM Kopiyce, AMO0 B3aWMMHO IMIPUTATHUBAIOTCS, AHMOO OTTAAKHBAIOTCS C PaBHBIMHU
cuaamu. CyMMapHBIH HMIIyABC, AEHCTBYIONIMH Ha KopIiyc, OyzaeT HyaeBo#. Permrenwue,
KOTOPOE II03BOAMET CO34aBaTh HEHYAEBON CYMMAapHBIM HMIIYABC, IIPH B3aUMOAEHCTBUHU
IOBYX OAEKTPOMATHUTOB, 3aKAIOYAeTCd B TOM, YTO JSAEKTPOMATHHTBEI DPA3HOCAT Ha
paccTossHHEe, KOTOPOE€ IIPOXOAMT OSAEKTPOMArHUTHAas BOAHA 3a BpPEMS, CpPaBHHMOE C
JOAUTEABHOCTBIO HMIIyAbCca. CKOPOCTB PAaCHPOCTPAHEHHS 3SACKTPOMArHUTHON BOAHBI B
BaKyyMeé HaM H3BECTHa, OHa He OECKOHEYHO O0oablllad, I[I03TOMY BBICOKOYACTOTHAs
SAEKTPOHHKAa MOXKeT obecrneduTh TpebyeMble YCAOBHS MOAS [BYX OAEKTPOMArHHUTOB,
Pa3sHEeCEHHBIX Ha JO0CTATOYHO OOABIIIOE PACCTOSIHHE APYT OT ApyTa.
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[TonpoOHee: MPEAIIOAOKHM, YTO ABa KOABIIEBBIX KOHTYpPa C TOKOM PAaCIIOAOZKEHBI
pPSAOM, M IIOBEPHYTBHI IIAOCKOCTBIO APYT K Apyry. OIIyCTHM, 4YTO PaCCTOSHHE MEXIY
IIpOBOJaMU (KOHTypaMH) OKoAO 1 MeTpa, a ObICTPONEHCTBHE CXEMBI YIIPABAECHUS MOXKET
nocturath 333 MI'1. [IamHA BOAHBI U3AYYE€HUd, HA TAKOM 4acTOTe, COCTAaBAIET IIPHUMEPHO
1 meTp. B TakoM cay4ae, CKOPOCTb PaCIpPOCTPAHEHUS OSAEKTPOMArHHTHOM BOAHBI B
IIPOCTPAHCTBE MeXKAy KOHTYPaMU HUrpaeT OOABIIYIO POAB, a 3a/ep:KKa PeakIMU Ha OIHY
COTYIO [OAI0 MHKPOCEKYHOBI IIPHUHIUIINAABHO MEHSIET CHUTyallulo. B coBpeMeHHBIX
KOMITbIOTEpPAX, IIPOILIECCOPhl paboTal0T HAMHOIO ObICTpee, U AaHHAasd KOHIIEIIINd BIIOAHE
peaauctryHa. [IpuMep 0HOIO U3 BO3MOXKHBIX PEKHUMOB Pa0OThI TAKOM CHUCTEMBI ITOKa3aH
Ha Puc.117.

cuna

HEeT CU/1bl OTTAaZIKUBaHUA

Puc.117. [IBa B3auMOAEeUCTBYIOIIUX UMIIYABCHBIX 9A€KTPOMAarHUTA.

JomycTrM, 4YTO B HHXKHEM KOHTYpe, BO30yKOaeTCsd KOPOTKUIl HMMIIYABC TOKAa,
IIpUYeM, B MOMEHT BO30yKIEHHsS 5TOIO0 TOKA, B BEPXHEM KOHType ToKa HeT. [loae oT
HUZKHETO KOHTypa ((PPOHT IPOJOABHOM BOAHBI) PACIIPOCTPAHSETCH CO CKOPOCTBIO CBETA BO
BCE CTOpPOHBI. Korzma MarHuUTHOE IIOA€ HMIIyAbCA TOKAa HHIKHET0 KOHTYpa [IOCTHUTHET
IIAOCKOCTH BEpPXHEro KOHTypa, B HEM MOXKHO CO30aTh KOPOTKHM HMIIYABC TOKA.
CoOTBETCTBEHHO, BO3HHUKHET MarHUTHOE IIOA€ TOKa BEPXHEro KOHTypa, KoTopoe Oymer
B3aUMO/EHCTBOBATL C IIOAEM HUIKHEro KOHTypa, co3maBasl CHAOBOM 3(pdeKT, HallpuMep,
TOAKAd BEPXHHH KOHTYP BBEPX, U IlepeiaBasi UMIIyABC BCEMY KOPILYCY ABUKUTEAS.

BazxHO moHMMAaTh, 4TO II0A€ BEPXHETO KOHTYpPa OTTAAKHBAETCHd OT MAarHUTHOIO I10AL
HIKHEro KOHTypa, TO €CTb, OT IIPONOABHOM BOAHBI 3(pHUpPHOH cpenpl, a HE OT CaMoro
HUXKHEro KOHTypa. [locae BBIKAIOYEHHY TOKA B HUXKHEM KOHTYpPE, MarHUTHOE IIOA€ €IIle
CYLIECTBYET, W €ro (PPOHT pacIpoCTpaHdeTCcd C H3BECTHOM CKOpocThbio. B wuHTEepBaa
BpPEMEHH, IIOKA «PEAKIIHA» BEPXHETO KOHTYpPA €II€ HE AOCTUTrAA HHUZXKHETO KOHTYpaA, 3aKOH
«paBEHCTBA JAECHUCTBUA U IIPOTUBOAECHUCTBUL» HE IIPUMEHUM.

3amada KOHCTPYKTOpPa COCTOUT B TOM, YTOOBI O0ECHedYUTH BBIKAIOYEHHE TOKa B
HIKHEM KOHTYype, IIOKa €ro He [JOCTUT (PPOHT BOAHBI, BO30yxKIAaeMOHl TOKOM BEPXHETO
KOHTypa, U He BKAIOYATH TOK B HMIKHEM KOHTYpE [0 TeX 0P, IIOKa B €ro 00AaCTU elre
CYLIECTBYET IIOA€ BTOPOrO KOHTypa. BbIKmaB HEOOXOAUMYIO Iay3y, MOXKHO IIOBTOPUTH
IIUKA, BO30yKIasd KOPOTKHH HMIIyABC B I€PBOM KOHTYpPE, M Tak masee. B atom caydae,
B3aUMOJENMCTBHUE [BYX MWMIIYyABCHBIX 3AEKTPOMArHUTHBIX IIOAEM MOaeT IIEPHOAUYECKH
IIOBTOPHIOIIUNCA HEHYAEBOHM UMIIYABC OJHOHAIIPABACHHOMN ABUXKYIIIEN CHABI.

JlanHble ITpUMeEPHI PACCMOTPEHBI OAT ITIOHUMaHHUS POAM TAKOTo hakTopa «BpeMs», U
€T0 ITPUMEHEHHd B KOHCTPYKTUBHBIX PENIEHUIX ABUKUTEAEH HOBOrO THIIA. ACUMMETPHUS
UMIIyAbCA B3aHUMOJEHCTBHUA — KAIOYEBas TEXHOAOTHS [IAS ABUIKUTEAEH MaHHOIO THIIA.
[To3xke, MBI PACCMOTPHUM 3TOT METOL IAS CO3IaHHUs 00AACTH ITPOCTPAHCTBA C YBEAUYEHHOH
WA YMEHBIIEHHOH ITAOTHOCTBIO 9(pUPHOH Cpensbl.

OTMeTHM TakKe, YTO MTHOBEHHOE pPaCIpOCTPaHEHHE BOAH BO3MOXKHO TOABKO
TEOPETUYECKHU, OAd abCOAIOTHO TBepAO# Cpenpl paclIpoCTPaHEHHUd BOAHBI. TepMHH
«pacrpocTpaHeHue» caM I10 cebe mpearioAaraeT HaAndhe HEKOTOPOH CKOPOCTH ITpoliecca.
MrHOBeHHOE HU3MEHEHHE MECTOIIOAOXKEHHS OOBEKTa MOXKHO pacCMaTpUBaTh, KaK CAydau
TEACTIOPTAIlNY, HO 3TOT HHTEPECHBIH BOIIPOC OydeT paacCMOTPEH B KOHIIE KHUTH. B
PEeaABHOM CHUTyallVH, OAS AIOOOTO ITpoliecca B HAIllEM PeaAbHOM IIPOCTPAHCTBE U BPEMEHH,
BCerga ecTh OIIpedeAeHHad IKECTKOCTh IIPUYHUHHO-CAEACTBEHHON CBd3H, KOTOpasd
OIIpeNeAseTCsI TaKUM IIapaMeTpoM, KaK ckopocmb xooa epemeHu. IlepeiimeM K aHaAu3y
Teopuu Ko3pIpeBa, 1 ero S5KCIIepUMEHTOB 110 H3yYEeHHUIO «aKTHBHBIX CBOHMCTB BPEMEHH).
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Boanrb!l naoTHOCTH BpeMeHU KoaplpeBa

C paboramu H.A. Ko3wIipeBa g 3HakKoM ¢ 1991 roma, B OCHOBHOM, IIO ITyOAHUKAITUSM
B cOopHuKe ero TpynoB [55]. dororpacdus Ha Puc. 118 nybamKyeTcs ¢ paspelieHUsd
POACTBEHHUKOB, U IpenocraBaeHa AaBpeHTueM CemeHoBHudeM IIuxo6as0BbIM.

Hukoaa#t AaekcanapoBud Ko3spipeB poamaca 2 ceHtdbps 1908 roma, B CaHKT-
[TerepOypre. Ero orery ObIA TOpPHBIH HHXKEHEpP, BBIXOMAEI M3 KPECTbsIH, MO0OPOCOBECTHO
3aCAYKHUA YHUH AeHCTBUTEABPHOI'O CTATCKOIO COBETHHKA, UTO JAaBaA0 €EMY U €ro IIOTOMKAaM
IIPpUBUAETHH OBOpgHCKoro 3BaHud. Mate H.A. KosplpeBa mnpoumcxogmaa W3 CeMbH
camapckoro Kymiia [lluxobasoBa.

Hukosai AaekcauapoBud KoO3BIpeB 3aKOHYHA aCTPOHOMHYECKOE OTHAECACHHE
pU3UKO-MaTeMaTHIeCKOro (pakyAbTeTa /AeHHUHTPaACKOr0 YHUBEpPCUTETa, U ObIA IPUHAT
acnupaHToM B [IyAKOBCKyI0 06cepBaTOpHIO.

B 1931 romy, H.A. KoswvipeB u ero gapyr B.A. AwmOapiyymMsaH, 3aKOHYHAHU
acCIIMpaHTypy, U Oblau 3auncaeHbl B mirat OOcepBatopuu. Oba mpernomaBasu, a TaKiKe,
BMECTE y4acTBOBaAW B CO3JaHHH TEOPETUYECKOH acTpodU3UKHM — HOBOM HaAyKH O
IIpolieccax IIepeHoca OJSHEePruu B MacliTabax 3Be3[ M IIAaHeT, KoTopad TpeboBasa
MaTEMaTHU4YECKOTO aHaAHu3a BOIIPOCOB 2pasuUmupyrowux U usayuarowux mIpoleccos. B
1939 rony, BukTop AmaszacrioBud AMOapIilyMsH COCTaBHA HepBbIH B Poccum y4yeOHUK
«Kypc Teopermueckod acrpocdpusukmr», u B 1947 romy oH craa IlpesummenTom AKameMHUU
Hayk ApmeHuu.

Puc. 118. Hukoaat ArekcanapoBud Koseipes.

Kaprepa Hukosasgs AasekcangpoBuda KospipeBa, H €ro OTHOILIEHUd C
anMuHHCTpanuei ITyakoBckoit O6cepBaTOPHUM CKAQIBIBAAUCH CAOKHO. B aciupaHType, OH
4acTO KPUTHUKOBaA PYKOBOJCTBO, YTO HE OCTAAOChH Oe3 mocaeactBuii. B 1936 roxy, ero
yBoAmMAM u3 mrrara OOGcepBaTopHM, 3a TO, YTO OH CaMOBOABHO IIOAYYHA CpEACTBa HAa
KOMaHOUPOBKY B Tamkurucran oT TamKuKcKoro otaeaeHuss Axazemuu Hayk.
dakTuyecku, Ko3pIpeB mpoBea psa BasKHBIX HMCCACLOBAHUM COAHEYHOM aKTHUBHOCTH, HO
BHe ImaaHa pabor IlyakoBckoi#t O6cepBaropumr. Ero mnoesgka Oblaa coraacoBaHa C
damaupekTopa  IlyakoBcko#i ~ OGcepBaTopuM,  IIOCKOABKY  OUPEKTOP  ObIA B
3arpaHkomMaHaupoBke. Buua KosplpeBa cocTrosiaa B TOM, YTO OH MCIIOAB30Baa Ha
KOMaHIUPOBKY CpPEZCTBa IIOCTOPOHHEM OpraHu3alluy, XOTd 3TO Oblaa of0Ias CTPyKTypa
Axanemunu Hayk CCCP. [asee, Hagasachk O0ps0a B cyae 3a BoccTaHOBAeHUEe Ko3bIpeBa Ha
pabore B IlyakoBckoit Ob6cepBatopun. Komwmccusa Ilpesmmmyma Axkagemmum Hayk
paszobpasack C KOH(AHMKTOM, U BbICKaszaaa Cepbe3Hblii yropek KosbipeBy 3a
«MHAWBUAYAAHU3M, HECOBMECTHUMBIH C I[IAAHOMEPHO OpPTraHU30BaHHOM paboroilr, a
PYKOBO/ICTBY — 3aMe4YaHHe 3a «<HETEPIIMMOCTb K KPUTUKE».
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PykoBoncTBo ObGCepBaTOpHHU, €ECTECTBEHHO, BCEMH CHAAMHU OTCTAWMBaAO CBOM IIpecTHXK. B
XO/1, TIOIIAW BCE€ BO3MOXKHBIE CIIOCOOBI 60PBOBI, KOTOpasi IIPOouCXoarAa Ha PoHe perpeccuit
U apecToB Toro BpeMeHH. B oktabpe 1936, Ko3pipeB OblA apecToBaH, BMECT€ C
HECKOABKHUMH OPYyTUMHU COTPYAHUKaAMHU OO6cepBaTopuH, o cTaThbe «3a
KOHTPPEBOAIOIIMOHHYIO OedTeABHOCTH». [lo3xke, B 1937 romy, ObIAO TaKKe apecTOBaHBI
pykoBoauTeAu [lyakoBcKoit OOcepBaTOpPHH.

B mocaenyromipyie HECKOABKO A€T, IIO BCel CTpaHe IIIAM apecThbl «BparoB TPYLOBOIO
Hapogar. Celyac MBI IIOHHMAaeM, YTO 3TO Oblra YACTh AUBEPCHOHHOH BOMHBI, KOTOPYIO
npoBoavau Bparu Poccuu niepen Bropoit MupoBoii BoriHoii. B xozme 3ToM CKpPBITOM BOMHBI
HCIIOAB30BAaAMChH TaKHE€ METOAbl, KaK pa3KUraHHe KAACCOBOM HEHaBUCTH, [Ad
VHUYTOXKEHUS  KBaAU(UIIMPOBAHHBIX  BOEHHBIX  CIIEI[UAAHCTOB, TaAaHTAUBBIX
PYKOBOOUTEAEH IIPOU3BOACTBEHHBIX IIPEAIIPUATHH U T.II. B TOM 4ncae, YHUYTOXKAAUCH
ydeHble, TaK KaK UX OedTeABHOCTb MOTAA YKPEIIUTh 000POHOCIIOCOOHOCTE CTpaHbl. MHOTHE
corpynHUKHU IlyakoBckoii Ob6cepBaTOpPHUH OBIAM PACCTPEASHBI II0 OEAY O «A€HHHIPAICKOH
TeppopUucTudeckoit opranuzamnum». [losxke, B goraane H.C. XpyieBa «O KyAbTe€ AMYHOCTH
U €ro IIOCA€ACTBULX», TOBOPHAOCH O IIPHYMHAX TaKHUX TIpoMKuxX nea. Ux cueHapum
pazpabaTbiBaANCh B IIEAIX «OYHUIIEHUS MapTHUHHBIX pPAO0B OT KAACCOBO-YYKIbIX
SAEMEHTOB» M [Ad «HATHETAHHs CTpaxa HHTEAAUTEHIIUH» Ilepell pabodue-KpeCThbIHCKOM
BAACTBIO. [IBOPSAHCKOE ITPOMCXOXKIECHHE HEKOTOPBIX YYEHBIX, a TAaKXKe HX «IIIIHOHCKHE
CBS3M», O KOTOPBIX «HEOIIPOBEPKUMO» TIOBOpHAA UX IIEPENUNCKa C 3arpaHUYHBIMU
V4eHbIMH, OaBaAU CAEICTBEHHBIM OpraHaM BCe «OCHOBaHUs» (pabpHKOBaAThb yrOAOBHBIE
neaa [S5, crp.21].

Hukoaait AnekcanapoBud KosbIpeB ObIA IIPUTOBOPEH K AECATH IogaM TIOPEMHOTO
3akaroueHuda. Hekoropble ero BocIOMHHaHUA Bolnam B KHUTY AWM. CoaXXeHUIIBIHA
«Apxunieaar I'VAAI». Bce roapl 3aKAlO4YeHHd M Aarepei, eMy TIpo3HA paccrpea. Ero
OJHOKYypPCHHKA .. EponkuHa, yKe apecToOBaHHOTIO, paccTpeasiau 3a
«KOHTPPEBOAIOITMOHHYIO ITPOIIaraHAy» CPeaH 3aKAIOUEHHBIX, KOTOpad COCTOsIAA B TOM, UTO
OH paccKasaa UM O TeopUuH pacimpdroiieiicsa BeceaeHHoOH, U cuuTaa nHocTpaHiia HeroToHa
BEAMKUM y4YE€HBIM, a COBETCKOIo [IyHaeBCKOI0O Ha3bIBaA [TAOXHUM KOMIIO3UTOPOM.

XomaTaliCTBO O MOCPOYHOM OCBOOOXKAeHUH KosbipeBa mocTyrmuao B 1944 romy,
IIOCKOABKY CTpaHe HeoOXoguMo OBIAO BOCCTAHABAWBATEH pa3pylleHHble BOHHOH
obcepBaTopuu B [lyakoBo, XaprkoBe, Onecce. B utone 1945, Ko3bipeB ObIA 3TAllMpPOBaH B
MocKkBy, rZe BBISCHHAOCH, YTO OH SIBASETCS TAaAQHTAWBBIM Hay4YHBIM pPabOTHUKOM,
KOTOpBIN emie B 1934 roay mpemAOKHA HOBYIO TE€OPHUIO CTPOEHUSI 3BE€3M, MPHU3HAHHYIO
yaeHbiMH B CCCP u 3a rpanuneii. B 1946 roay, Hukoaait AaekcaunapoBud Ko3wsipeB ObIA
ocBoboXKmeH, U B 1958 roay ObIA TTOAHOCTBIO peabUAUTHPOBAH.

B maprtre 1947 roma, Ko3blpeB 3allluTHA OOKTOPCKYIO AHCCEPTAIIUIO, OCHOBHYIO
4acTh KOTOPOM OH IIOATOTOBHA €Ille B Aarepdx. [uccepraiyd HasblBasach «McmouHuku
38e30HOU 9Hep2ulu U meopusi 8HYmMpeHHe20 cmpoeHusi 38e30». BrIBoAbl M3 3TOH pPabOThI
caedyloIllMe: 3Be3/la HE dBAGETCS TEPMOSAEepHBIM pPeakTOpOM, €€ TeMIepaTyphl
HEIOCTATOYHO JAd TEPMOLAAEPHBIX IIPOILECCOB. Bpem4a cyliecTBOBaHUA 3BE3[ IIPEBBIIIAECT
BCE€ BO3MOXKHBIE CPOKH, KOTOPBbIE MOTYT OBITH PACCYHTAHBI IPH OOBIYHOH METOOUKE
«CKWUTaHUs» TOIAMBA, TO €CTh pacxXoJa 3BE3JHOTO BelllecTBa. 3Be3/bl, 10 MHEHHIO
KosbIpeBa, 3TO He TOIKH U PEaKTOpPhI, a «MAallIUHbD, Ipeobpasyionie HeKUM BU SHEPTHU
B 3A€KTPOMAarHUTHOE H3Ay4Y€HHE TeIIAOBOI'O auaria3oHa. BelecTBo 3Be3bl, IIPU 3TOM, He
pacxonyercs. KoazpipeB mnmcaa: «OTCyTCTBHE HCTOYHHKOB OJHEPTHHM IIOKa3bIBaeT, YTO
3Be3/a KHBET He CBOMMH 3aracaMH, a 3a CYeT IIpUXOo[a JHEpPruu usBHe». [lasee, IO
IIOBOZly OTOTO0 MCTOYHHUKA SHEPTHUM, YUUTHIBAd €ro IIOBCEMECTHOCTb B IIPOCTPAHCTBE,
Ko3pIpeB mpemaaraetT paccmampusams 8pemsl, KaKk HeKyr gusuueckyro cpedy, Komopas
cnocobHa okasvleamb HA 8eujecmeo egosdelicmaue, COOOIIATH €My JHEPTHI0 U «OBbITH
HCTOYHUKOM, IIOAAEP>KUBAIOIINM KU3Hb 3Be3» [55, cTp. 198].

PaboTe! KOSBIpeBa HMEIOT GoAbIIIOE 3HAQ4YEHHE paviNss IIOHHMaHHuA CyTu
SCPI/IPOILI/IHaMI/I‘IeCKI/IX SCbQ)eKTOB, CB43aHHBIX C UBMEHECHHUAMHK IIAOTHOCTH HAH CKOPOCTH
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acupHO# cpenpl. V3ydasa ero crarbu, g He cpasy IIOHSA, [IOYEeMy OH HE MOT' HAIIHCaTh
TEPMUH «BOAHA ITAOTHOCTU 3(pUpa», a UCIIOAB30BaA TEPMHH «BOAHA ITAOTHOCTH BPEMEHM.
[Tosxke craso scHO, 4yTo Ko3bIpeB He MOI TaK CTaBUTh BOIIPOC, IIOCKOABKY B COBETCKOM
Hay4YHOH IIIKoAe 3cpupa BooOIIe He cymlecTBoBaso! Brpouewm, u cefiyac Ha 3Ty TeMy He
BCE COTPYAHHUKU AKazeMuu Hayk MOryT CBOOOIZHO pacCyzKOaTh.

Hrak, npusBeny 3aech TO4YHYO nuTary KoswsipeBa: «loaydaerca caemyroiii, BeCbMa
OTBETCTBEHHBINM BBIBOJ: TEMAOIIPOU3BOAUTEABHOCTE 3BE€34bl OIPEAEAIETCI TOABKO
Tennaootaadert. TakuM o0pa3oM, MeXaHH3M BBIAEACHHUS OSHEPTHUU 3Be3[JaMH He THIa
peakiuii, a THUIIa BBIAEACHHS SHEPIrUH IIPH OCTBIBAHHH HAHM OCBOOOXKIEHUS
rpaBUTAIIMOHHON OHepruu npu cxkatuw [55, crp. 134]. Hasee, KosbIpeB mnuIeT:
«Marepusi 3Be3bl MOXKET IIPOU3BOAUTHL CTOABKO OHEPIHH, CKOABKO TpebyeTrcss Ha
IIOKpPBITHE pacxona. HMHBIMH caoBamMM, 3Be3Obl — 3TO MAalllMHBI, BbIpabaTbIBaroIye
9HEPIUIO; TEIIAOOTAAYA K€ SIBASETCS PETYAITOPOM MOIITHOCTU ITHUX MaIluH» [5S5, cTp. 139].

B nmaabHetinieM, moHHUMasi KO3BIPEBCKHME TEPMHUH «BOAHA MAOTHOCTU BPEMEHH» KaK
«IIPOOOABHBIE BOAHBI B 3(QHUpe», YAAAOCH IIOAYYHTH pPAa3BUTHE MHOTHX IITPUKAAIHBIX
TEXHOAOTHH. [0CTAaTOYHO CBS3aTh IIOHATHUS «IIAOTHOCTH BPEMEHM» H «IIAOTHOCTBH 3Hpar,
4yTOOBI CHeAaTh BBIBOALI O IIPUPOAE 3BE3MHOM SHEPTHH: 38e30a hnpeobpasyem
NOMEHUUANbHYIO FHEPeUI0 YnpYa020 caxamust 3¢pupHol cpedbl, U Usyuaem ceem, mo ecmo,
NpooosibHble 8ONHbL d¢hupa, obradarouiue menniogoil KuHemuueckoii sHepauel.

O mpomoABHBIX BOAHAX B 3(PUPHOH cpene yzKe OBIAM CAEAAHBbI ITPEIIIOAOKEHHUS B
rAaBe O BHYTPEHHEH CTPYKType SAeKTpudUecKoro Imoad. [Ipeamoaaraercs, 9To Aroboe
IIOTEHIIUAABHOE IIOA€, B TOM YHCA€ TPABUTAIIMOHHOE, 00pPa30BaHO BCTPEYHBLIMHU ITOTOKAMU
doToHOB U aHTUPOTOHOB. POTOHBEI U AaHTHU(POTOHHI OAHMHAKOBEI II0 CBOEH IIPHUPOAE, 3TO
BOAHBI IIAOTHOCTH B 3¢pupHOH cpene. OnHako, POTOH pacIpocTpaHseTcs «B Oyayliee U3
ITPOIIIAOTO», YAAASSCH OT HCTOYHHKA H3AYYEHHS. AHTU(OTOH IIPUXOAUT B «IIPHEMHHK»
AHTHU(POTOHOB M3 0ECKOHEYHOCTH «Oyayiiero». IIoTOK «aHTH(OTOHOB» MOAXKEH 00AaIaTh
SHepruey, U IpPH CO3AAaHHU «YCAOBHUIH CTOKA SHEPTHH», aHTHU(OTOHBI OyAyT MOCTOSTHHO
BTE€KaTb B «IIPUEMHHK», 4YTO co37aeT 3(p¢eKT HaKOoIAeHUS OSHepruu B obsacTu
«IIPUEMHUKA.

BosHukaer oueBHaHaa aHasorud ¢ umaeaMu KoseipeBa. B 3Be3gHBIX
npeobpazoBaTeAdX MOTEHIIMAABHON 3HEPrUU YIIPYroro cCxkKaTusg ddHupa B KHHETHYECKYIO
9Hepruo (POTOHOB, BTEKAIOIIHE B «pabodee TeAO» aHTU(MOTOHBI MOAXKHBI ITOTAOIIATHECS, a
U3AyYaTBhCS JOAKHBI (POTOHBI, B H3BECTHOM HaM [AUarna3oHe dYacToT. V3MmeHuB
TEPMUHOAOTHIO, ¥ YYUTBIBAad, YTO aHTU(OTOHBI UMEIOT BCE IIPHU3HAKHU I'PABUTOHOB, MOXKHO
CKa3aThb, YTO 3Be€3[a «IIOTAOIIAET BPEMsI», & BBIAECASIET TEIIAOBOE U3AyUEHHE.

[Toaararo, 4To pasanyuve (POTOHOB U AHTHU(POTOHOB COCTOUT HE B UX BHYTPEHHEM
CTPOEHUH, a 3a[aeTcs ITapaMeTpaMHu IIpolecca U3MeHeHHsT 00beMHON MAOTHOCTU 3HEPTHUH
acupHO# cpenpl. B omHOM caydae, 3TO IIpoIlecC HM3AYYEHHS, a B APYIOM CAydae, 3TO
ITPOLIECC IOTAOIIIEeHHS 3Heprur. COOTBETCTBEHHO, 3aaeTCsl HAIIPABACHHS X018 BPEMEHH.

[Tepexoass oT acTpodU3HMUYECKHUX MACIITAa00B K OOIIMM BOIIPOCAM MEXaHUKH,
Ko3pipeB mgomoaHsieT: «XapakKTep YCAOBHUM... IIOKa3bIBaeT, YTO OSHEPrud B 3Be3aax
TIOAyYaeTCs B Pe3yAbTAT€ HEKOTOPBIX JA€KTPOAMHAMHUYECKHX IIporeccoB. OnHaxo,
IIPUHIIUII, COTAACHO KOTOPOMY 3aMKHyTas CHCTeMa MOIKET IIPOHU3BOAUTHL OHEPTHUIO,
JOAKEH OBITH HACTOABKO TAyOOKHM, YTOOBI 3aKAIOUYATHCH U B IIPOCTHIX 3aKOHAX MEXaHUKHU.
[ToaToMy, B IIEPBYIO O4Yepenb, MOAIKHBI OBITH ITOCTABAEHBI CAEAYIOIIME BOIIPOCHI: KAKHUM
o0pa3oM 3aMKHyTas MeXaHH4YeCKas CHUCTeMa MOXKeT MIPOMU3BOAUTHL YHEPTHIO U OTKyda
OymeT moAydaThcs 3Ta U30bITOYHAd Hepruga?™ |55, crp. 237]. Haaee, Ko3vipeB mmpegaaraer
TaKOe peIlleHUe: €CAU ABe (PU3NYECKHE CHUCTEMbI HE MOTYT OBITH COBMEIIEHBI IIOBOPOTOM
KOOPAWHATHBIX oceil, 0e3 3epKaAbHOTO OTPaXKEeHHsS UM H3MEHEHHsS OCH BpPEMEHHU
(HampaBA€HUS BpallleHUs), TO MexaHUueckue cgolicmea smux cucmem, 8 ACUMMempuuHoil
MexaHuKe, 00KHbL Oblmb pasziuuHsbl. PadymeeTcsd, UX KHHETHYECKAsI S9HEPTHs HE 3aBUCHUT
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OT HaIIPaBAEHUS BpAallleHUs, HO Pa3AHMYHBIMH MOTYT OBbITH 3HAYEHHUHd IIOTEHIIMAABHOH
9HEPTHH B 3THUX ABYX CUCTEMAaX.

3ameuy, YTO OTAMYHE ABYX (PU3UYECKHUX CHCTEM B IIOTEHIIMAABLHON SHEPTUH MOXKET
OBITH OOHApPYXKEHO II0 CTENEeHH HSHTPOIHUH IIPOIECCOB B MJAHHBIX CHCTeMax: (POTOHBI
HarpeBaloT Te€Ad, TO €CTh, YBEAMYHBAIOT SHTPOIIHIO BEIIECTBAa, a aHTHU(OTOHBI CHUKAIOT
SHTPOIIHIO BEIECTBA, IOAYKEH OBbITH 9(P(PEKT OXAAKIEHUS.

KosbipeB mnurer: «HecHMMeTPHUYHOCTH 3aKOHOB MEXaHHUKH II0 OTHOLIEHHUIO K
3epKaABHBIM OTOOpaskKeHUSAM MOXKET HUMeTb acTpoU3NYECKyI0 IIPOBEPKY... Bpewms
obaataeT HEKOTOPHIM HECUMMETPUYHBIM CBOHCTBOM. OTO CBOHCTBO BPEMEHU MOKET OBITH
Ha3BaHO HAINPaBAEHHOCTBIO HAM XOOOM. B cuay 5ToM HanpaBA€HHOCTH BpPEMSI MOIKET
coBepHIaTh paboThI U IIPOMU3BOAUTH dHepruio. MTak, 3Be3a sBASETCS TOABKO KasKyIIIHUMCS
perpetuum mobile: 3Be3na yepnaeT 3HEPrHUIO U3 Xo4a BpeMeHM» [S5, cTp. 238|.

V3MeHHB TepPMHHOAOTHIO, IIPEACTaBAssS cebe CBA3b IIOHATHUH «BpeMs» U «CKOPOCTH
IIPOTEKaHUS 2(PUPOAUHAMUYECKHUX ITPOLIECCOB», MBI MOXKEM IIOBTOPHUTBH 3a KO3bIpeBbIM
BBIBOL O TOM, dYTO IIPOIECC CYLIECTBOBAaHHUHA YaCTHIl MaTepuu obaamaer
«HECUMMETPHUYHBIM CBOHCTBOM», OH HaIIPaBAEH H3 IIPOIIIAOTO COCTOSHHUS B Oymymree. OTo
HallpaBA€HHE U €CTh BEKTOp BpeMeHHU. lIpemmoaarasi, 94To BpeMs HMeeT (PU3HUYECKHE
CBO¥CTBa, KaK IIOTOK BEIECTBA HWAU SHEPTHH, MBI MOXKEM (POPMYAHPOBATH CAEAYIOIIYIO
3a/1a4y: Heobxo0umo CKOHCMpYyuposams mexHuueckoe ycmpoilicmeo, cnocobHoe noayuamo
08LWKYWYIO CUNY UAU MOWHOCMbL 8 NOJIe3HOU Hazpyske nymem «ombopa Yy nomoka
8pemeHUu» HeKomopoil uacmu €20 SHepauU.

CobcTBeHHO, paHee 00 5TOM yzKe IlA@ pedb, HO B POAM TaKOI'O ITIOTOKA JHEPTHUH
paccmarpuBaacg 3¢duUp, BTEKAOIMHA M3 KocMoca B IIeHTP naaHeTsl, CoaHIA, APYTHX
MaKpOCKOIIMYECKHX TE€A, UYTO CO3daeT IIPUTAKEHHe BCeX TeA MOpPpyr K JApyTy
(rpaBuTHpYIOUIHME 2(eKT) n3-3a 3pdeKTa B3aUMHOH 3KPAaHUPOBKH TEA OT BHELIHETO
IoTokKa 3dupa, coraacHo Teopun Huroasl ®Patno [56]. C apyrofl CTOPOHBI, HE TOABKO
CoaHIlE U 3Be3bl IOTAOMIAIOT aHTHU(OTOHBI U HU3AYYAIOT (POTOHBI, 3TO obuwiee ceolicmeo
gcex uacmuy seujecmea, umerouiux maccy nokosi.. IIoTok adupa BTEKaeT B KaXKAYIO
YaCTHUIly MaTe€pPHUH, YTO ITO03BOASET €M CyIIeCTBOBATH HA OIPEIEACHHOM SHEPTETHYECKOM
ypoBHe. [laHHas KOHIENIHS IT03BOASET CO3/1aBaTh HOBBIE CIEIIHAABHBIE MATEPHAABI [IAS
FPaBUTAIIMOHHBIX [IBUKUTEAEH, HaIpUMep, HCIOAB3yd U3MeHeHue obanaHca mexxoy
sgpupom, emerKarowum 8 sI0Po aAmMmoMa, U 3PUPOM, USAYUAEMbIM AMOMOM 8 npouyecce
€80€20 Ccyu,ecmao8aHusl.

Hrak, mepexonsd OoT MakpoTeAa K HacTHUIAaM MaTepPHH, OYEBHIHO, YTO KaKaas U3
YacTHUL] IPEACTaBAdeT COOOH «MaIlluHYy», IPeoOpa3yIollyl0o OOUH BH SHEPTHU B APYTOH.
Anpo KaxKIoro aromMa SBAGETCS aHAAOTOM 3Be3abl. YacTHUIlbl MATEpPHUHU CYIIIEeCTBYIOT, KakK
IIPOLIECC, IIoTAoLIasd U IIpeobpasysa 3pup. Bpems 0as HUX umeem CMblLCA CKOpocmu
cyuwecmao8aHusl, KOmopask 3a8UCUmM om napamempos oKpyxxarouieil 3¢pupHoil cpeost.

Ilo noBoagy HECHMMETPHYHOCTH 3aKOHOB IIPUYMHHOM MexaHUKH Ko3eIpeBa,
HEOOXOAUMO YTOYHHUTH CAEAyIOIlee: MEeXaHH4YeCKOe [IBUKEHHE TeA B IIPOCTPAHCTBE,
HallpyMep, BHWHTOBOE [IBHXKEHHE U BpallleHUEe, AEHCTBUTEABHO, HMEET [IBa pPa3HbIX
«3€pKaAbHBIX» BapHaHTa, KOTOPbIE HECOBMECTHMbI I'€OMETPUYECKUM METOLOM IIEpEHOCA.
Meb1 Ha3pIBa€M HX «BpallleHHEM II0 YaCOBOH CTpPEAKE» U «BpallleHHEM IIPOTUB 4YacCOBOU
cTpeskm». TeM He MeHee, 3TO YCAOBHOCTH... Oba mpoliecca UAyT U3 IIPOIIAOTO B Oyayliee.
CyiiecTByIOT Opyrue BapHaHTbl OpraHu3allvM  ABYX (PU3HYECKHUX IIPOIIECCOB,
HECOBMECTHMBIX METONOM TI'€OMETPHYECKOro IlepeHoca. Hampumep, 3T0 MOXKeT OBITH
IIPOILIECC YBEAWYEHHU IIAOTHOCTH 3pHpa U IIPOIIECC YMEHBIIEHHUd IIAOTHOCTH 3dupa, B
JaHHOM obaacTH IpocTpaHcTBa. [Ipyu TaKo# IIOCTaHOBKE BOIIPOCA, X0 BPEMEHHU 330aeTCs
HE€ T€OMETPHUYECKHM IIapaMETPOM, a HaAIIpaBA€CHHEM H3MECHCHHA BEAHUYHHBI IIAOTHOCTH
SHEPruM B I[IPOCTPAHCTBE. B TakoMm 1poliecce, Oyaylnee COCTOSHHE OTAWYAETCS OT
IIPOIIIAOTO H3BECTHBIM 00pa3oM: BEAHYHHA IIAOTHOCTH OJHEPTHU YBEAWYHUBAETCS HAU
YMEHBIIAETCH.
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M3yyeHne «aKTUBHBIX (PU3NYECKUX CBOMCTB BPEMEHM», AAeT IIOHUMaHHE TaKOTro
(pHU3UIECKOTO CBOMCTBA HAIIIETO PEaAbHOI'O0 MHpa, KaK «IPUYHHHOCTH». OCHOBHadg pabora
H.A. Ko3plpeBa 10 naHHOHM TeMme HaablBaeTcd «lJIpHYvHHad HAM HeCUMMeETpU4YHad
MeXaHHUKa B AWHEWHOM IIpHOAMKeHUM» [57]. M3ydeHHe OCHOB «IIPHYHMHHON MEXaHUKU»
HEOoOXOAUMO [AS Pa3BHUTHUS IPHUKAAIHBIX ACIIEKTOB 3(PHUPOAMHAMHKH, TaK KaK, C TOYKHU
3peHus 3(PUPOAUHAMUKHU, u3uueckue cgolicmea epemeHu — 3mo cgoilicmea sgupa. Ux
H3MEHEHHE O3HAYaeT H3MEHEHHE CaMHX YCAOBHUHU CyIIECTBOBaHHUA YaCTHUI] MaTEpPHUH, UTO
BOCIIpUHHUMAaeTCs HaMH KaK 3aMEIA€HHE HAW YCKOPEHHE IIPOllecca CYILIeCTBOBaHUS
MaTepHaABHBIX O0BEKTOB. [IpHYMHHOCTD BCEX IIPOIIECCOB, B TOM YHCAE, U CTAOHMABHOCTH
CYILIECTBOBAHUS YaCTHIl MaTe€pPHH, IIPU TAaKOM PACCMOTPEHHH, 3aBHUCHUT OT IIapaMeTpOB
3(pUpPHOU cpenbl, HAIIPUMEDP, €€ TAOTHOCTH, JaBACHUS U TEMIIEPATYPHI.

PaccMOTpHMM HECKOABKO H3BECTHBIX JKCIepUMeHTOB Ko3pIipeBa U €ro TEOpHIO
JIPUYVHHOM MEXaHHWKW», [OIyCKad 3aMeHy TEPMHUHOB «BOAH IIAOTHOCTH BpPEMEHH» Ha
IIOHATHE O BOAHAX ITAOTHOCTH 3dupa. KosbipeB chopMyAHpOBas HECKOABKO IIOCTYAQTOB
IIPUYUHHON MEXaHUKH, U3 KOTOPBIX CAEAYIOT BBIBOABI O (PU3HYECKUX CBOMCTBAX BPEMEHU:

1. B ODpHUYMHHBIX CBA349X BCEra CYIIECTBYET NPHHIIUIIHNAABHOE OTAWYMHE IPUYHUH OT
CAEICTBHUH. OTO OTAMYHE SBASETCS aOCOAIOTHBIM, HE3aBHUCSIIMM OT CHCTEMBI
KOOPAWHAT.

2. IlpuumHBI U CA€OCTBUS BCera pa3AudaroTCs IIPOCTPAHCTBOM, IIO3TOMY MEXKIY
HUMU CYILIECTBYET CKOAb YTOJHO MaAoe, HO He paBHOE HYAI IIPOCTPAHCTBEHHOE
pasanuyne Ox. IIpHYMHBI M CA€ACTBHS, BO3HHUKAIOIIME B OAHOM M TOH K€ TOYKe
IIPOCTPAHCTBA (B OOBIYHON MEXaHUKE) pasAudaTbCs HE MOTYT, U IIPEeNCTaBASIOT
co0OH TOXKIEeCTBEHHbIE MOHATHHA. TOABKO M3 TOTO OOCTOSITEABCTBA, YTO CAEICTBUE
HaXOAUTCd B OyAyIlleM OTHOCUTEABHO ITPUYHHBI, MBI MOXKEM HaWTH UX pasAndHle.

3. IlpuyuuHBI B CAE€ACTBHUS BCErJa pasAnMdaloTcs BpeMeHeM. lloaToMy Mexaoy Hux
IIPOSIBAEHHEM CYIIECTBYET CKOAb yIOAHO MaAaoe€, HO H€ paBHOE HYAIO BPEMEHHOE
pasamune Ot ompemeaeHHoro 3Haka. OTCIOa, €CTECTBEHHOE HaIllpaBA€HHE Xo4a
BPEMEHU — OT IIPHUYUUHBI K CAEICTBUIO.

HUrak, BpeMs o0aamgaeT OCOOBIM CBOHCTBOM, CO3NAIOIIMM pa3AndHe IPHUYUH U
CA€ICTBUM, KOTOpPOE€ MOXKeT OBbITh Ha3BaHO HAIPaBA€HHOCTBIO HAW XOAOM. OTHUM
CBOMCTBOM OIIPEAEATIETCH OTAHMYME IIPOIIAOTO OT Oyayiiero. Xon BpPeMEHH Cz (B TEOpPHUHU
KosbipeBa) s1BASETCH IICEBAOCKAASIPOM, IIOAOXKHTEABHBIM B A€BOM CHCTeEME KOOpAUHAT.
[IceBoockangpHBIM XapakTep Cz O3HA4aeT, 4YTO XOI BPEMEHH HMEET CMBICA AWHEHHOM
CKOPOCTH IIOBOPOTA, U B HAIlIEM IIPOCTPAHCTBE-BPEMEHHU OH 33aH OJHO3HAYHO.

Hurara Ko3plpeBa: «CyiecTBylomii B Mupe xXoa BpeMeHH yCTaHaBAUBaeT B
IIPOCTPAHCTBE OOBEKTHUBHOE OTAMYHE IIPABOTO OT AeBOro» [55, cTp.248|. [Ipumeps! u3
Oroaoruu, a TakyKe CTPOEHHE PACTEHHH, Kak mokasaa Ko3pIpeB, MOKa3bIBAIOT TOT (PAKT,
4YTO BCE XKHBOE Ha 3€MA€ HMEET aCHUMMETPHIO, BUHTOBYIO CTPYKTYpPY, UTO IIO3BOALET
JKUBBIM OpraHH3MaM HCIOAB30BaTh «aKTHUBHBbIE CBOMCTBa BpeMEHM», TaK CKa3aThb, IIOTOKA
acupa, OTHOCUTEABHO KOTOPOTO [ABUIKETCS HAllla [AQHEeTa II0 CAOXKHOM, CIIHPaAbHOH
BHHTOBOM TpaeKTopuu. JlaHHBIE MIOCTYAATbl €CTECTBEHHO BOCHPHUHHMAIOTCH C TOYKH
3peHus acTpodH3HKa, TOHUMAIOIIEr0 (PakKT TOro, YTO Mbl HAaXOAHWMCS Ha IIOBEPXHOCTHU
TIAQHETHI, [ABUTAIOIIEHCS C OTPOMHOM CKOPOCTBIO B KocMoce, BMecTe ¢ HamuM CoAHIIEM,
BCEM COAHEYHOH CHUCTEMOM U MaAaKTHKOM...

[IprumHHAg MeXaHHWKa, B OTAWYHE OT OOBIYHONM MEXaHWKH, Ha3bIBaeTCd TaK
HMMEHHO IIOTOMY, YTO B HeH y4UTBhIBaeTCsd peaabHBbIH Xoxa BpeMeHU. B Teopun KospipeBa
BBE/ICHO HOBOE (pH3HYECKOEe MOHATHE O YHUCACHHOM 3HA4YEHUHU «CKOPOCTH XOOa BPEMEHH),
KOTOpOoe 0003HaYaeTCd «C2», © UMEEeT CMBICA «IIepexoaa IIPUYHHBI B CAEICTBHUE», (hopMyaa 4

c2=0x/6t F.4

B kaaccuueckolli MmexaHUKe Ot paBHO HyAI0, IIO3TOMY CKOPOCTH XO[a BPEMEHHU
cunTaeTrcss OECKOHEYHO OOABIIION. B KBaHTOBOI (bHM3MKe, HAIIPOTUB, 0X PaBHO HyAl. B
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TAKOM CAydae, XO/1a BPEMEHH HET, €T0 CKOPOCTh PaBHA HYyAl0. KO3bIpeB ITHIIET 10 3TOMY
moBoay: «MOKHO cKaszaThb, 4YTO MeXaHUKa HpIoTOHA mpencraBageT co00dl MHUpP C
OECKOHEYHO MPOYHBIMHU NPHUYUHHBIMU CBS39MH. ATOMHAas K€ MeXaHHKa IIPeACTaBASEeT
OpPyrofl IIpemeAbHBIN caydaili MHpa C OeCKOHEYHO CAaOBIMH ITPUYUHHBIMH CBS3MH.
MexaHHUKYy, OTBEYAIOIIy0 IIPUHIUIIAM IPUYUHHOCTH €CTEeCTBO3HAHUS, MOXKHO pa3BHUBATh
IIyTeM yTOYHEHHd MeXaHUKU HpioToHa» [S5, cTp. 297]

3aMeTuM, 4YTO IIpU OX PaBHBIM HYAIO, B MaKpOMHpE [OAKHBI HabAIOdaThCI
3P PEKTHI TEAETIOPTALINH, aHAAOTH TYHHEABHBIX IIEPEXO0B B MUKPOMHUPE.

[To BeaAMunHe KO3BIPEBCKOM CKOPOCTH XO[la BPEMEHM, MOXKHO CAeAaTh HEKOTOpPbIE
BBIBOIBI O IIPUPO/E AAaHHOTO MOHATHUS. B panHHNxX paborax KospIpeBa, aTa CKOPOCTH ObIra
qrcAeHHO paBHa 700 kMm/c [S5, cTp. 246].

Pacuetrr KospipeBa mnpuBeneHbl B dopMmyae S. 31eCh CHMBOAOM «o» O0O3HA4YEH
HEKHH Oe3pa3MepHbIH MHOXKHTEAb, IIocTOsSHHad [laaHKa o0o3HadYeHa CHUMBOAOM «h», U
3apgan 9AeKTPoHAa 0003HAYEH CHMBOAOM «€».

c2=al(e2/h) = a 350 (km/c) F.5

3auem KosbipeB BBOAUT KO3(PPUIIMEHT «o»? MOIKHO MPEAIIOAOKUTH, YTO OH XOTEA
II0Ka3aTh BO3MOXKHOCTH H3MEHEHHs JaHHOH CKOPOCTH, IPU PA3AUYHBIX YCAOBHAX. [As
OOBIYHBIX YCAOBHU OKOAO3EMHOIO IIPOCTPAHCTBa, KO3bIpeB yKasbIBaeT, YTO KO3(p(pUIIeHT
«o» IIPUMEPHO paBeH AByM. OTcioma, CKOpPOoCTh C2 ImpuMmepHOo paBHa 700 KM/cexk. Hawm
M3BECTHBI €CTeCTBEHHBIE ITPOLECChI, UAYIINX C TaKOH CKOPOCTbIO. DTO CKOPOCTH pOCTa
nporybepaniieB CoaHIla, TaK CKas3aTb, «KpyTH3Ha (PpOHTA HUMIIyAbCa», KOTOPBIA co37aeT
[OBUXKEHHEe 4YacTull 3upa, INPOMAOABHYIO BOAHY 3adupa, ussydaemyio CoaHnem. [pyrue
acTpoU3nIeCcKUe ITPOIIECChI, KOTOPhIEe MMEI0T CKOPOCTh mopsaka 700 km/c, cBsg3aHBI C
BpamieHue Bceli CoaHedHON cucteMbl B [arakTHKe, a TaksKe [OBUXKEHHEM CaMOU
FasakTuku Bo BceaenHo#l. PaccmarpuBasg gaHHBIE aHAAOTHH, MOXKHO CHAEAATb BBIBOJ, O
TOM, YTO HMH3KEHEPHBIH IMOAXOJ K BOIIpPOCaM VIIPaBAEHHS CKOPOCTBIO XOZa BpPEMEHH, TO
€CTBh, TEMIIOM CYILLIECTBOBaHUA MaTepuu, JOAKEH OBLITEH OCHOBaAH Ha 3aKOHaxX
3PUPOAVHAMUKH.

HNuTtepecHoe coBmageHue: Ko3bipeB 0003HAYMA AaHHBIA KOAI(PPUIIMEHT CHUMBOAOM
«o», KOTOPBIM OOO3HaYaeT TaKXKe U 3HAMEHHUTYIO «IIOCTOSHHYIO TOHKOM CTPYKTyphD». B
Ooaee mo3mHMX paboTax, OH MPHAET K APYrod ¢opmyae pacuera «CKOPOCTH Xoda
BpeMeHH», BRAIOYAOIIEeH B ce0sl ITOCTOSHHYIO TOHKOH CTPYKTYPHI.

KospipeB mpoBea pdan SKCIEPUMEHTOB, M3y4dasl NOIOAHUTEABHBIE CHABI, KOTOpPbIE
IIPOSABASIIOTCS BOAb OCH BpalllaloIllerocss THPOCKOIla, MIPHUYEM, IIOABEIIIEHHOTO Ha
subpupyrowem ynpyzom IonBece. B 3aBHCHMOCTH OT A€BOrO M IIPaBOIO BpallleHUd,
[NEeTEeKTUPOBAAUCH pa3Hble BEAMYHHBI CHA, 100aBASEMBIX B MEXaHHYECKYI0 CHCTEMY, Kak
noaaraa KoswIpeB, «3a cueT BKAa[a 3HEPTHUH IIOTOKa BpeMeHM». OH IIoAaraa, 4To IIpHU
CKOPOCTH BpallleHUud (OBHKeHUsI) TeA 0KoA0 100 MeTpoB B CEeKyHAY, 9THU AOIOAHUTEALHBIE
CHABI MOTYT OaTh H3MeHeHHs Beca no 104, To ecth, Ha ypoBHe 0,01%. D10 BHIOAHE
H3MepHUMble BEAHYHHBI, U OHH OblAM HaligeHb! KO3BIPEBBIM HE TOABKO B 3KCIEPHUMEHTAX
AabopaToOpHOro MacirTada C THPOCKOIIaMH, HO M Ha IIPUMeEpPe TINATEABHBIX H3MEPeHUH
napametrpoB IOnurepa u CarypHa [S5, cTp.299].

OKCIepUMeHTbI C THPOCKOIaMH TaKKe OBbIAHM IIPOBEAEHBI B SIIIOHHH, aBTOpPaMH
Xasicaka u Takeyuu [S58]. B 3TuxX 3KCIIepuMeHTaxX, BpalllalolHecs THPOCKOIIbI COpachIBaAr
C BBICOTBI HECKOABKO METPOB, U BpPEMS HX ABUKEHHS B CBOOOJHOM ITa[J€HHH TOYHO
PUKCUPOBAaAH C IIOMOIIBIO AA3€PHBIX MAATYHMKOB. [lepBoHadaabHBIE OAHHBIE SITIOHCKUX
V4EeHBbIX IIOATBEPKOAAHU TeopHio Ko3bIpeBa, TaK KaK CKOPOCTb IaZleHHS THPOCKOIIOB
OTAMYaAach, B 3aBUCHMOCTH OT HaIIpaBA€HHd UX BpallleHHd. OTO0 03Hadaao, 4YTO
aCUMMETpPHUSI A€BOTO M IIPaBOTO BpAallleHHd OOBEKTHUBHO CYIIIECTBYET, M «XOJ BPEMEHI»
MOXKeT MEHSTH IIOAHYIO SHEpPrui0 MeXaHH4YecKoM cucreMmbl. [lo3xke, B [AOHNOAHUTEABHBIX
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HCCAEIOBAHUSAX Ha Pas3HbIX IIHPOTAX MECTHOCTH, OBIAO IIOKA3aHO, YTO OOHAapyKEeHHbIE
3(peKThl aCHMMETPHUH MOIyT OBITH OOBSICHEHBI BAWSHHEM BpallleHHUS I[IAAaHETbl Ha
YCAOBHUS OKCIEepHUMeHTa. TeM He MeHee, [OaHHBIE OKCIEPHMEHTBHI I[IPHUBEAH K
CYLIIECTBEHHOMY Pa3BUTHUIO YPOBHS 3HAHUH.

BaxkHO OTMETUTH CAEAYIOIIMY BBIBOJ, KOTOPBIN caeaas Ko3bIpeB U3 CBOUX OMBITOB:
«QHEPruss CUCTEMBI TE€A, HEe HaXOAAIIUXCHd B PaBHOBECHUU, MOXKET OBITbH HE TOABKO
yBeAHWUYEeHa, HO U YMEHbIIIeHa U3MEHEHHUEM X0o[1a BpeMeHHU. [103ToMy BO3MOKEH oOpaTHBIHN
IIPOILIECC IIEpEXOofa SHEPTHH CHCTEMBI B XOoJ BpeMeHm» [55, crp. 259]. OTo o3Hauaer
BO3MOXKHOCTh KOHCTPYHUPOBaHHE TEXHUYECKHUX YVCTPOHCTB, KOTOPBIE MOTYyT, OOpa3HO
FOBOPsi, YCKOPSATH HAU 3aMEJIAATH XOJ BpeMeHH, N00aBAdd HAU 3a0upas y HETro 4acThb
sHepruu. Takue TEeXHUYECKHE YCTPOHCTBa MOryT paboTaTh U KaK ABUKHTEAH, U KakK
reHepaTopPhbl SHEPTUU.

Hrak, B 3KCIlepuMeHTaxXx C rupockornaMiu, Ko3pIpeB mpuiea K HOBOMY BBIBOAY O
TOM, 4YTO «CKOPOCTBH XOZa BpeMeHH» cocTaBasieT okoao 2200 kM/cek [S5, ctp. 367] u ee
pacyeT MOKHO CAEAATH II0 IIPOCTOH (hopmyae:

cz/m="700 (km/c) F.6

KosbipeB numret: «Takum oOpa3oM, OTHOIIEHHE C2 K CKOPOCTH CBeTa C; 0Ka3aA0Ch
rpy6o paBHO 1/137 — DOCTOSSHHOM TOHKOH CTPYKTYpbI 3oMMmepdeasbaa. [loaToMy, MOXKHO
rmoaaraTb, 4YTO XOJ BpPEMEHU CBs3aH C OPYTMMH YHHUBEPCAABHBIMU IIOCTOSHHBIMH
CAEYIOIIUM 06pa3oM...»

c2 =c¢1/137 = 2200 (kMm/ceg) F.7

3paeck c1 — 3TO CKOPOCTE PaCIIPOCTPAHEHHUA BACKTpOMaFHHTHOﬁ BOAHBI B BaKyyMe,
CKOPOCTHB CBETa.

JaHHbI BBIBOA IIOKA3bIBA€T COOTHOIIEHHE MEXKAY SAEKTPOMAarHUTHOH ¢opMoi
9Hepruu, wusaydaemoit CoaHIlEM, HaIpuUMep, KU Apyrod QopMoH SHEPruu, KOTOPYIO
Ko3pipeB Has3pIBaa «BOAHAMU IIAOTHOCTH BpPEMEHH», BTEKAIOIMMU B 3BE€3Obl U
CO3AIOIUMU I'PaBUTAIIMOHHBIE 3(EKTHI.

B nmanHOM wMecte, OydgeT MOA€3HO HAIIOMHHTHL 4YHUTATEeAl0 O Teopuu Criapraka
MuxatiroBuya [loagKoBa, U pacCMOTPETH €r0o MOAEeAM (POTOHA U dAeKTpoHa [4]. Haumnasa
pa3BUTHE CBOEM TEOPHUU C IIPEAIIOAOKEHUS O TOM, YTO (POTOH HBAGETCH YacTHULIEH,
HMeIollel KaK 3A€KTPOMAarHUTHYIO, TaK U I'PaBUTAIlMOHHYIO MacCy, CKPBITYIO OT Hac 3a
CBEPXCBETOBBIM O0apbepoM, [TOATKOB mepexoauT K KOHIIEIIIUH CO3AaHHUs YaCTHUI] MaTepUU
13 (POTOHOB, ABUXKYIIUXCS II0 3aMKHYTOM TPaeKTOPUU. 3a OCHOBY CBOHUX PACCYKIECHHH,
[ToagskoB mipuHHUMAaeT (aKT TOro, YTO AHHUTHASIUS OAEKTPOH-IIO3UTPOHHOM Iaphbl
poxknaetr aBa goroHa ¢ 3Heprued 0,511 MasB raxkapIii, 5KBHBaA€HTHAsI Macca KOTOPBIX B
TOYHOCTHU paBHa MacCe€ HUCXOMHBIX YacCTHUI] (3IA€KTPOHA U IT03UTpPoHAa). CaeioBaTEABHO, MBI
MOXKEM ITPEOIIOAOKUTE, YTO 31eKmpoH, nosumpoH u 0,511 M3B ¢omoH ecmbv mpu
PA3IUUHBIX COCMOSIHUSL 00HO20 U MO020 JKe ¢usuueckozo obvexma. C TOYKH 3pEeHUS
3(PUPOAMHAMHKH, 3TO TPHU Pa3HBIX (POPMBI OLHOTO U TOTO K€ BOAHOBOTO IIpOIlecca B
aupHOH cpefe.

Hansee, [ToagkoB obpalliaeT BHUMAaHHE Ha TO, YTO KAACCHYECKHH PaaNyC SAEKTPOHA
2,8:10-13 cm HaMHOro MeHbIIe OAWHBI BOAHBI 0,511 MsB c¢orona, kotopas paBHa
2,426-10-10 cm. OH BBIYHCAGET OAWHY OKPYXKHOCTH, COOTBETCTBYIOLILYI0O KAACCHYECKOMY
pamuycy osaekTpoHa L = 1,75510-12 cm, u pgesaeT BBIBOA: «/lasd TOro, 4ToOBI Ha
OKPY3KHOCTH KAQCCHYECKOTO pajnyca dAEKTPOHA YMECTHAACH XOTs Obl OHA JAMHA BOAHBI
doroHa c sHeprueit 0,511 M3B, ero Hazno cxkate B 137 pas» [4, cTp.34].

OTO COOTHOIIEHUE, paBHOE IIOCTOSHHON TOHKOH CTPYKTYpPbl, U eCmb COOMHOWeHUe
MENOY SNeKMPOMAZHUMHOU U 2pABUMAYUUOHHOU (POPMAMU FHEPSUU INIeKMPOHA.
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Hrak, popmyaa INoasgkoBa F.8 oTpaskaeT CoOOTHOLIEHHE MEKIY SACKTPOMATHUTHOM
«E» 1 rpaBuTaniuoHHON «Wer popMoM sHepruu saekTpoHa. OHU CBd3aHBI MeXOy cobol
IIOCTOSTHHOH TOHKOM CTPYKTYpHh! [4, cTp.35]

W/E = 1/a =137 F.8

B Takoii popme BrIpakeHHud F.8, MBI IIOAYYHAN OYE€BUIHYIO aHAAOTHIO C (POPMYyAOH
Ko3elpeBa, U MOXKEM CKa3aThb, YTO NOCMOSHHASL MOHKOU CMpyKkmypsL. coomeemcmayem
OMHOWEHUI0 SHepauu NnomokKo8 U3NYUEeHUsT ISHepauu (pomoHo8) U ee no2aouweHust
(epasumoHos), 8 npouecce Cyuecmeo8aHuUsl Yacmuy, Mmamepuu.

[TapameTps! IIpollecca CyILIeCTBOBAHMHA YaCTUI[ MaTe€pHUH IIPU OAaHHOU CKOPOCTHU
X0Zla Bpe€MEHH, XapaKTEPU3YIOTCAd UMEHHO IIOCTOSHHOM TOHKOHM CTPYKTYpPhI, Kak IIOKa3aa
H.A. KosbeIpeB.

KakuMm o6pa3oM MBI MOKEM BAHUSTH Ha 3TU ITapaMeTPhbl C IIOMOIILI0 TEXHUYECKHX
cpencTtB? IlocaemoBaTeabHBbIE (has3bl IIpeBpalleHusd (POTOHA B SAEKTPOH, UAH B IIO3UTPOH,
B 3aBHCHMOCTH OT HaIIPpaBACHHsS CBOPAYMBAaHMUSI, CXEMaTHYECKU ITOKa3aHbI [I0ASKOBBIM
Ha Puc. 119.

Puc. 119. Cxatue potoHa 1 06pa3oBaHUE IAEKTPOHA, B MoneAl IloagkoBa.

Hdas doroHa, B Momaeau I[loasdKoBa, €CThb OMHO3HAYHOE HAMpPaBAEHUE MHPOBOH
AWHHWH, OCh €70 PacCIpOCTpPaHEeHUsI, OTHOCUTEABHO KOTOPOM OH BpalllaeTcd IIPU ABUXKEHUU.
Hast Tagoro poTOHA CYHIECTBYET MPUHIHUIHAABHOE Pa3AUYHE MEXKAY HPaBBIM U A€BBIM
BapHUaHTOM CBOpPAYUBAaHHUSA B TOPOHIAABHYIO (POPMY, KOTOPYIO MBI BOCOPHHHUMAEM, KakK
4acTUIly MaTepuu. B 3aBUCHMOCTH OT 3TOro, IpH €ro CBOPAYMBAHUH Ha 3aMKHYTYIO
TPAEKTOPHIO, ITIOAYIAETCH SAEKTPOH HAU ITO3UTPOH.

Ha Puc. 119 mokazaHo, 4TO IIOCA€ CBOpadYMBaHUA (POTOHA B YACTHILy, HA €T0
BHEIITHEY opOuTe ocTaeTcd TPU «yHHKBAaHTa», U Ha BHYTPEHHEH - TPHU «aHTU-YHUKBaHTAa»,
obo3HaueHHble Ha Puc. 119 cumBoaom U. 1o mpearnosoxkeHre IloaskoBa 0 BHyTpeHHeH
CTPYKTYPE SAEKTPOHA MOKET HAWTH CBO€ MOATBEPKIAEHHE B OyAyIlleM, €CAW yOacTCs
[o0Ka3aTh APOOHOCTE JAEKTPHYECKOoro 3apgna 1/3. [laHHasg TeopHUd COraacyercd C
THUIIOTE30H O CyIIeCTBOBAaHUU KBapKOB.

Hcxonsa u3 9THX MHPEAIIOCHIAOK, KO3bIPEBCKasd CKOPOCTH CYIIIECTBOBAHHS MaTEpPUH,
KakK «IIepexofa MNPUYHHBI B CAEICTBHE», UMEET CMBICA COOTHOIIEHHS I'PaBHTAIIMOHHOU U
9AEKTPOMAarHUTHOM (popM SHEPTHH YacTUlbl MaTepuu. HM3MeHeHHe BEAHMYHHBI
IIOCTOSTHHOM TOHKOM CTPYKTYpBbI OyZeT o3HadaTb H3MEHEHHE CKOPOCTHU CYyILIEeCTBOBAHUSA
MmarepuHu. Iloaararo, 4To 3Ta 3aada peasusdyeTcd IIyTeM YMEHBIIIEHUs HAW yBEeAWYEeHUS
IIAOTHOCTH 3pupa B 00AaCTH CYIIECTBOBAHHUS YaCTUIIBI MaTepHUH. TeXHUYECKH 5TH 3a1a4HU
OTHOCSTCS K 9(pUpPOANHAMHUKE, U PEHIAIOTCH SAEKTPOMArHUTHBIMHU U APYTUMH METOIaMHU.

[Ipu cpaBHeHuu uaeit KospipeBa u I[loaskoBa, BO3HHKAET €lIe OLHO HHTEPECHOE
IIPEAIIOAOKEHHE: XOM BPEMEHM [IAS YaCTHUI[ MaTePHH PAa3HOr0 3HAKa SAEKTPHUYECKOTO
3apsaa, IPOTHBOIIOAOXKEH. OTUM U OOBSACHSETCH aHHUTHASIIHS YacTHUI] Pa3HOTO 3HaKa
3apsa, IpU KOTOPOH BCS UX 9HEPTUsS IIEPEXoaUT B popMy (POTOHOB.
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BriBoapl, KoTOpble mesaeT I[IOAIKOB O CyTH TPaBUTAIIMOHHOIO IIOAS OY€Hb
uHTepecHble. Oum nuiret: «Iloaydgaercss, 4To He caMa CKOPOCTH (POTOHA 3aBHUCHUT OT
IPABUTAIIMOHHOIO IIOASI, & BEAMYHHA «CBEPXCBETOBOro Oapbepar, IIPUYEM C POCTOM IIOAS
OapbepHOE 3HaYeHHE CKOPOCTH yMeHbInaetrcsa. Cam (OTOH — OCOOBIH OOBEKT, a €ro
CKOPOCTBH B CBOOOZIHOM IPOCTPAHCTBE ABAFIETCA MUPOBOH KOHCTAHTOM». [4, cTp.37].

BepHemMmca K «3HepreTHke 3Be3» U snep aroMoB. B konnenmnuu Ko3wipeBa, 3Be3/bI,
KaK MalllMHbI, IIpeo0pas3yloT OOUH BUJ SHEPTrUH B APYyrod, XOTd U TOT W APYyrod BUA
SHEPrUH €CTh IIPOMOABHBIE BOAHBI 3(PpHpa, UAH ODAACTH CXKATUS U Pa3PsKEeHHUs yIIPYTOH
cpenpl. B TakoM caydae, BO3HHKAaeT BOIIPOC: UeM OTAMYAIOTCH I'paBHTAIIMOHHAA opMa
9HEPTHH OT FAEKTPOMATHUTHON?

OtBet ecth y [loagkoBa: rpaBUTAIlMOHHAs (popMa HEPTUH CKPBITA OT HAC BHYTPHU
4aCTHIbI MaTepPHUH, Ha MAaAOM paauyce BpalleHHd (POTOHA, IIOCKOABKY Ha TaKOM PaIuyce
KPUBU3HBI OH [BUXKETCH CO CBEPXCBETOBOIl CKOPOCTHIO. I'paBHTAIlMOHHAs YacTb OOIIeH
SHEPruM YacTHULbl HpuMepHO B 137 pa3 Goabllle, 4YeM AOCTYIHAs HaM [AS HU3MEPEHUS
dopMa SHEpPruM CHaAPYKH YACTHUIBI MaTEpHUH, TI[e BOAHA [IBUXKETCS C [JOCBETOBOH
CKOPOCTBIO, Ha OOABIIIOM paauyce BpalleHus ¢oroHa. [Ipu TakoM paccMoTpeHHUH, obe
dopMBI SHEPruH OeHCTBUTEABHO HMMEIOT OAWHAKOBYIO IIPHUPOAY, U  SIBAFIOTCS
IIPONOABPHBIMU BOAHaAMHU 3dupa. YacTulla MaTepuu He epecraeT ObITb (POTOHOM,
CBOpaYUBasiCh B TOPOHJ, HO OHA IIpHoOpeTaeT rpaBUTALIMOHHYIO (pOPMY SHEPTHH, B TOM
4HCAe, MHEPIIMAaAbHBIE CBOMCTBA M MacCy IIOKOsI, 6aarogaps TOMY, YTO 4acTh €€ BOAHOBOM
CTPYKTYPBI ABUKETCS 110 MAAOMY PaIUyCy CO CBEPXCBETOBOH CKOPOCTHIO.

BreiBoasr: CootHortienusa KosbipeBa F.7 u IToagkoBa F.8 Goaee TTOAHO pacKphIBAIOT
CYIIIHOCTb IIOCTOSIHHOM TOHKOM CTPYKTYpbI, KaK COOTHOIIEHUs BHyTpeHHel SHepPruu
4acCTHULBI, HE UMEIOIIEH OTHOIIEHHd K €€ IIEPEMEIICHHUIO B IIPOCTPAHCTBE, KaK LIEAOTO, K
ee BHeIITHeHd sHeprun. PU3uKH OOBIYHO OIIPENEASIOT €€, KaK OTHOIIIEHHE CIIMHA YacCTHIIbI K
ee opbuTasbHOMY MOMEHTY. C ITO3UIINIT KO3BIPEBCKOH ITPUYNHHON MEXaHWUKU, BHYTPEHHSIS
3Heprus MaTepUU COOTBETCTBYET SHEPIUU IIOTOKA BPEMEHH, a €€ BHEIHSsa JHEPryud
COOTBETCTBYET HEPTHUH SAEKTPOMArHUTHOIO u3aydeHus. Y IloagkoBa, BHyTpeHHdsS opMa
SHEPTHUU COOTBETCTBYIOT I'PaBUTAIIMOHHOHN hopMe, a BHEUIHAd (popMa 3HEPTHH MaTepHHU
COOTBETCTBYET 3AEKTPOMATHUTHOU popme sHepruu. B Goaee obiieM caydae, BHYTPEHHSIS
dopmMa 3HEPrur MOKET OBITH IIPEACTAaBACHA, KaK IIOTEHIIMAAbHAsS SHEPTHs, a BHENTHSIS —
KUHETUYECKOM OHHEprue, o dYeM Mbl paHee TOBOpPUAU. M3MeHeHHEe IapaMeTpoB
IIPOCTPAHCTBA, B YACTHOCTU, CKOPOCTHU CYILIECTBOBAHUS MaTEPHUH, JOAKHO IIPOSIBAITHCS B
BHUle U3MEHEHUH napaMeTpoB (POTOHOB, & UMEHHO, BEAHYHHBI CBEPXCBETOBOIO Oapbepa.
[Tpu aTOM, IOCTOGHHAS TOHKON CTPYKTYPBI JOAYKHA UMETh APYyTroe 3HaYEeHHUE.

Kounenmiinga IloasikoBa OIMCBIBaeT IIPOLIECCHI CO3AaHUSI YaCTUIl BellecTBa U3
POTOHOB, TO €CTh, IPUBOAUT HAC K «T€XHOAOTHSM MaTepHasu3allum». [loaaradg, 4To HET
pasanuug Mexnay d(UpHOH cpenod M dacTHIlaMH MaTepuH, Kak nucaa Papanett [39] u
Tecaa [40], TO YacTHUIBI MaTEepPHUU HE HABASIIOTCS HEKHMH TBEPABIMH OOBEKTaMH, a
CYLIECTBYIOT, KaK IIPOIIECCHI OTHOCHUTEABHOI'O ABUXKEHUS 3(PUPHOH cpenpl. ['oBops o
IIPOAOABHBIX BOAHAX, TO €CTh, 00AACTAX CXKATHUS U pa3psaKeHUs 3(PUPHON cpeapbl, MOXKHO
IEePEATH K BOIPOCY O CO3MAaHHH YaCTHUI] MaTe€epPUU M3 BOAHOBBIX IIPOIIECCOB B 3HpE.
[TapameTphl 4YacTUI] 3aal0TCS YCAOBHUSMU HX CBOpadyMBaHUS U OSHEpPrHued (POTOHOB.
OOBIYHO, B MPaKTHUYECKHUX IEASX, PACCMATPHUBAIOT IPOIECC pacHazia MAW CHHTEe3a sAep
4acTUL] MaTepUH, KOTOPBIHA AaeT HaM OyTh K IIOAYYEHUIO SAePHOM SHEPTHH, HO 3TO HeE
O3HAYaeT, YTO [OAS CO3OaHUsS 4YacCTHUI[ MaTepHUH MOTpebyeTcs 3aTpaTHUTb TaKoe Ke
KOoAHYecTBO OdHepruu. OOpaTHBIM IIpolleCC MOXKET HATH 0e3 pacxoma OJSHEpPruu, B
PE30HAHCHBIX YCAOBHAX W TIIPU COOTBETCTBYIOIINX KOHCTPYKTHBHBIX PEIIEHUIX,
HEOOXOQUMBIX [OAS «3aKpPYYHBaHUS» IIOTOKOB 23(Hpa B YaCTHUIBl MaTepuu. PacueTsl
PE30HaHCHBIX yCAOBHUU OyAayT TIIOKa3aHblI B OTIOEABHOH TAaBE O YeThIPEXMEpPHBIX
pe30oHaHCcax.

Co3manue 0060COOAEHHBIX OOBEKTOB B Ta30BOH HAM JKHUOIKOH Cpele, HMEIOIIUX
WMIIyABC U CIIOCOOHBIX ABUTATBHCH, IBASETCSH U3BECTHOH 00AACTBI0O KAACCHYECKOU (PU3UKU.
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Kak u B rasoBo#l cpene, B 3dHUpe 3TH KOHCTPYKIIMH [OOAXKHBI HMETHb OIIpeleAeHHbIE
rapaMeTpbl, KOTOPbIE IIO3BOASIOT UM OBITH YCTOHYMBBIMHU. Harpumep, XOpOILIO U3BECTEH
JNEMOHCTPAIIMOHHbBIN 3KCIIEPUMEHT 110 (POPMUPOBAHUIO TOPOUIAABHOIO BHUXPsSl B BO3MyXE.
[Ipumep u3 yuebHuka Puuapna Peiitnmana [59], B KOTOPOM MOKa3aHO, UTO IIPU yaape II0
3anHell cTeHKe KOPOOKH C OTBEPCTHEM 3aIllOAHEHHOM ABIMOM, ABIMOBOE KOABIIO BBIAETAET
Jyepe3 OTBEPCTHE B CTEHKE KOpoOKH, Puc. 120.

0] 0~

Puc. 120. ToporgasbHBI¥ BUXPE U €TI0 ABHUKEHHE.

B o6mem caygae, 0e3 HCIOAB30BAaHHS [ObIMa, TaKOe «IKCIIEPUMEHTAAbHOE
YCTPOHUCTBO» CO3[AeT MABUKYIIHECS IIPSIMOAMHENHO HEBHAWMBIE B BO3IyXe BHXPEBbBIE
TOPOUAAABHBIE CTPYKTYPBI, CIIOCOOHBIE «IyIECHBIM 00pa3oM» 3araCcUTh CBedy Ha OOABIIIOM
PacCTOSHUH, WAU IIPOU3BOAUTH Apyrue ¢okKycel. OOpaTuTe BHHUMAaHHE Ha BpallleHHe
gacTull Bo3ayxa B Topouae, Puc.120. OHU BpalllaroTcd He TOABKO II0 opbuTe «OyOAMKay,
HO TAA@BHBIM 00pa3oM, BOKPYT CpeaHEM OKPYKHOCTH TOPOHAA. DTOT UMIIyABC UM IPHAAET
B3aUMOJEHCTBHE C KpPasMH OTBEPCTHUH KOPOOKH, B HAYAABHBIH IepHos (POPMHUPOBAHUSI
Toponaa. I'mpockomnyeckre CBOHMCTBA TAKOTO OOBEKTa 33[4al0T €r0 «MHUPOBYIO AWHHIO» —
IIPSIMOAMHEMHOCTh €ro ABUKeHUd. I[logoOGHBIM 00pa3oM, THPOCKONIHYECKHH 3PdeKT
obecrmeunBaeT U IIPAMOAWHEHHOCTb ABUKEHUS (POTOHOB. OHU CYILIECTBYIOT U
pacupocTpaHdaIoTCs, UMEHHO KaK ObICTPO Bpallarmnmecs o0beKThI. [JOCKOABKY JIASI TAKOTO
a¢pekTa HEOOXOOAMMO HaAWYHE y TeAd HWHEPIHMAABbHOM Macchl, TO IIPEIIOAOKEHHE
[ToasskoBa o gBo#HOI Macce (poTOHA (IPaBUTAITMOHHOM U 3ACKTPOMATHUTHOH) IT03BOASET
3TOT PaKT 000CHOBATE.

BepHeMcsg K pacCMOTPEHHIO OSKCIIEpUMEHTaAbHOH dYacTu pabor Hwukoasas
AaekcanapoBuda KospipeBa. OLHO U3 «aKTUBHBIX CBOMCTB BPEMEHH» - €TI0 CKOPOCTh X014,
MBI yXK€ PACCMOTPEAM, IIOKa3aB €ro CBA3b C IIOCTOSHHOM TOHKOM CTPYKTYpPBI, H
COOTHOILIEHHEM MeXKAy BHYTPEHHeH (COOCTBEHHOMN) rpaBHUTAIlMOHHON (popMO#l SHEPTrHUH
4acTUL] MaTEePUH U BHEIIHEN (9AeKTpOMarHuTHOM) dopmoi sHepruu. [pyroi#i mapamertp,
XapakTEepU3YIOLM BpeMd B KO3BIPEBCKOM «IIPUYMHOM MEXaHUKE», Ha3blBaeTCHd
«IIAOTHOCTB» BpeMeHH. C TOYKM 3peHUs d(PHUPOAMHAMUKH, BCE dKCIIepUMeHThI Ko3bipeBa
II0 TeHEePAIUH «BOAH IIAOTHOCTH BPEMEHH» IIOAHOCTHIO OOBSICHUMEBI, KaK Ccnocobbl co30aHust
NPOOONbHBLLX B8OJIH NJAOMHOCMU Ynpyzol 9¢gupHoil cpedsbl. [aHHBIE BOAHBI MOTYT
pPacupoCTpaHAThCA B IPOCTPAHCTBE, HO TaK¥Ke OHH MOTYT OBITh CTOSSYMMH BOAHAMH, TO
€CTh, YePEenyIOIIMMHUCH 00AaCTSIMHU CXKATHUS U pas3psizKeHHus 3PpUPHOH cpenbl. B crosueit
BOAHE II€PEMEHHON aMIIAUTYAbI, MaKCHMaAbHble H3MEHEHHs CXKaTUs (YIIAOTHEHUS) HAU
YMEHBIIIEHHUsT IIAOTHOCTH J(UPHOH Cpeapl MPOUCXOAUT B HEKOTOpoidl obaactu
IIPOCTPAHCTBA, KOTOPYIO Ha3bIBAIOT IIYYHOCTHIO BOAHBI. B raase o MmallimHe BpeMEHH, MbI
paccMOTpPHUM BOIPOCHI (POKYCHUPOBKH TAKHUX BOAH OT HECKOABKHX MUCTOYHUKOB.

Cytp oaKcnepuMeHTOB Ko3blpeBa II0 OaHHOH TeMme IIoKaszaHa B pabore «O
BO3EHCTBUN BpeMeHH Ha BellecTBO» [60]. Ko3pIpeB Ha3bIBa€T «IIAOTHOCTBIO» CmMeneHb
akmusHocmu epemeHu. B asdupomnHaMuKe, 3TO O3HA4aeT, 4YTO B 3aBUCHMOCTH OT
IIAOTHOCTH 3(pUpa, yBEAUYHUBAETCS UAHU YMEHBIIIAETCS CKOPOCTh CYIIECTBOBAHUS MaTepPHUH,
TEMII BCEX IIPOIIECCOB, aKTUBHOCThL U 3HEPreTHKa YacTHIl MaTepuu. Ko3pIpeB 00HaApPYKHUA
B CBOMX OJKCIEPHMEHTaX, 4YTO «BOAHA IIAOTHOCTH BPEMEHH» CO3HAETCd IIPHU BCEX
HeoOpaTHMBIX IIpolleccax, HO B OJHOM CAydYae, «IIPOLIECCHI 0CAAOASIIOT ITAOTHOCTb BpeMEHU
M «IIOTAOIIAIOT BpeMsh». [Ipyrue e, HaoOOpPOT — YBEAHYHBAIOT €ro IAOTHOCTb, H,
CA€IOBATEABHO, «M3Ay4YaIOT BpeMs». HarmpuMep, ocTbIBaHHE TeAa U KPUCTAAAWU3AIINS BObI
«IIOTAOIIAIOT BPEMS», U B OKPECTHOCTSX MAHHOTO IIpOllecca «yMEHBIIAeTCs ITAOTHOCTH
BPEMEHM.
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Ko3bIpeB 3KCIIEpUMEHTAABHO IIOKa3aas, YTO [AeHCTBHE IIOBBIIIIEHHOM IIAOTHOCTH
BpEMEHU OCAalOASeTCs M0 3aKOHY OOpaTHBIX KBAApaTOB PACCTOSHUS, SKPaHUPYETCs
TBEPAbIM BEIIECTBOM IIPH TOAIIMHE IIOpPSfKa CAaHTHUMETPOB, U OTPazKaeTCd 3€pPKaAOM,
COTAACHO OOBIYHOMY 3aKOHY OIITUKH. YMEHBIIIEHHE IIAOTHOCTH BPEMEHH OKOAO
COOTBETCTBYIOIIIETO IIPOIlecca BBI3BIBAET «BTATMBAHHE» Tyda BPEMEHH M3 OKpyKarolleh
obcTaHOBKU. [leficTBHE 9TOro SIBA€HHUS Ha OETEKTOP SKPaHUPYEeTCs, HO He OTpakaeTcs
3epkasoM. OTBITHI ITOKa3aAHM, YTO IIPOLIECCHI, BhI3BIBAIOIINE POCT SHTPOIIUU (HArpeB TeAa,
HCIIapeHue KUAKOCTU M T.I1.), Kak cuuTaa Ko3pIpeB «H3Ay4daroT BpeMs». [Ipu atoMm, y
HaxoAdIerocd BOAM3HM [JAHHOIO IIPOIlecCa BeIeCTBA YIIOPSMOYUBAETCH €T0 CTPYKTYypa
[S5, cTp. 386].

3amMmeuyaHte 110 TEPMHUHOAOTHH: TOBOPUTEH 00 «M3AYUYEHHUH BOAH ITAOTHOCTU BPEMEHM),
Ha MOM B3ras/, HE COBCEM KOPPEKTHO. [Ad TOro, 4YTOObI «M3Ay4YaTh» HAHM «HMCILyCKaTb»
KaKoe-TO BEIIECTBO, HUCTOYHHK AAHHOIO H3AYYEHHS OOAKEH HMETh 3aliac H3Ay4aeMOoro
BellecTBa. Hampumep, KaTod 3ACKTPOHHO-BAKYYMHOM AaMIIBI HCIIyCKaeT SACKTPOHBI B
pe3yAbTaTe TEINAOBOM sMHCCHH. B HeoOpaTHMBIX IIpolieccax, UAET IIpoliecc 3cpupoobMeHa
MeXIy 00AaCThIO IIPOCTPAHCTBA, B KOTOPOH IIPOHCXOAUT KaKOU-TO HeoOpaTHMbIH
IIpOlleCC B MaTEpPHM, U OKpyxKalolled 3cdHupHOH cpemoit. OPpHUPooOMEH CO3MaeT BOAHY
IIAOTHOCTH 3(Hpa, TO €CTb, IIPOAOABHYIO BOAHY B 3(PHUPHOU cpene, ee YIIAOTHEHHE HAU
paspsaxeHue. BemecrBo, B OaHHOM CHTyallMHM HE «HCIIyCKAeTCd» U HE «HU3Ay4aeTCHr.
KoppekTHee ObIAO ObI TOBOPHUTH O CO3JAaHUM H3MEHEHUM MAOTHOCTH B 3(PHUPHOU cpene
HEKOTOPBIM ITPOILIECCOM, ITPOUCXOSIINM B BelllecTBe. TakuM ke o6pa3oM, MBI IIOHUMaeM
CO3JaHHE CBETOBBIX JA€KTPOMATHHUTHBIX BOAH KOA€O0AQHUAMH aTOMOB HarpeTod HUTHU
HakKaAWBaHU4 AaMIIbl. Pacxona BellecTBa HHTH HaKaAMBaHUA HE ITPOMCXOAWT, HO OHA
co3zaeT BOAHBI B OKPYy’KaloIlle 3(pupHOH cpene.

[leTeKTOpaMH «BOAH IIAOTHOCTH BPEMEHH», TO €CTb, IIPOJOABHBIX BOAH 3(OUPHOH
cpenpl, B ortbITax Ko3pipeBa ObIAM IIPOCTHIE SA€KTPOHHBIH YCTPOHCTBA, HAIIPUMEDP, MOCTHK
YurcroHa. Tako#f meTeKTOp cHocobeH pearupoBaTh Ha H3MEHEHHE BEAWYHUHEBI
9AEKTPUUYECKOI0 COIIPOTHBAEHHS OOHOI'O U3 SA€MEHTOB CXEMBbI, YTO U ITPOUCXOIUAO IIPHU
M3MEHEHHUIX IAOTHOCTU 3dupa B obaacTu AaTyuka. B 0Goaee MO3OHUX 3KCIEPUMEHTAX,
HCCAEOBATEAN TIPUMEHSAUW KBaplleBble JATYUKH, IIOCKOABKY PE30HAHCHas dYacToTa
KBapIEeBOTO pe3oHaTopa O4YeHb CTAa0HABHA, a €€ HW3MEHEHHE TOBOPUT 00 H3MEHEHHIX
dpu3mUecKuxX CBOMCTB BellecTBa KBapla. KBapreBble pe30HATOPBI, BXOAAIIHUE B CXEMY
4aCTOTOMEPOB, AEKTPOHHBIX YACOB UAM TaliMepPOB, OY€Hb YZIOOHBI JIASI CHSTHS ITOKa3aHUU
B QopMe «3aMEIA€HHS HAW YCKOPEHHS BPEMEHH», B IMIPOLIEHTHOM COOTHOIIEHHUH K
OOBIYHOMY COCTOSIHHIO, IIPHM KOTOPOM OHH KaAHUOPOBAAHCH Ha 3aBOAE — IIPOU3BOAUTEAE.
[las sKCcIleprMeHTa HeoOXOaUMO UMeTh, KaK MHHHUMYM [Ba OOWHAKOBBIX TaiiMepa (Jackl).
[lepen sKCIepUMEHTOM, TaMephbl CHHXPOHHU3UPYIOTCH, a 3aTeM, Ha OAWH W3 TaiMepoB
okasblBaeTcsa Bo3zneiicTBue. [locae sKcmepuMeHTa, M3MEPHAeTCs Pas3sHHIA B ITOKA3aHUSIX
4acoB, YTO TOBOPUT OO0 H3MEHEHHAX (PU3HYECKUX CBOHCTB OIHOIO H3 KBapIlIEBbIX
PEe30HaTOpPOB, B pe3yAbTaTe BO3AEHCTBUA Ha Hero. [laHHble HU3MEHEHHs B BeIECTBE
JaTIUKa HeOOpaTHUMBI, U [AS KasKIOTO U3MepPeHUs IToTpebyeTcss HoBad I1apa TaliMepoB.

OmnbiTel KO3bIpeBa IIPOM3BOAUAUCH C TAKUMHU SHTPOIUHAHBIMHU IIPOIlECCaMU, KakK
TasHHE Ab/Ia, PACTBOPEHHE caxapa, UCIapeHHe KUIKOCTHU (alleTOH), yBdJaHUue pPacTeHUuH
U np. B xome Takux MPOIIECCOB, «IIAOTHOCTb BPEMEHM», TO €CTh, IIAOTHOCTH 3dupa B
OKpYZKaIollle cpeze, IOBBIIIAETCS, YTO IIPUBOAUT K YHIOPSOOYMBAHHIO CTPYKTYPBI
OKPY?KaIOIMUX OOBEKTOB. B HIPOTHBOIOAOKHOM CAyYae, [OAS AHTHUIHTPOIHUHHBIX
IIPOIIECCOB, TAKUX KaK OXAAKIEHHE TOpPdYero TeAd, KPUCTaAAH3allus W T.II. IAOTHOCTH
acupa B OKpyzKamIlled cpeae IMIOHUKAETCSI, a Yy BCEX MaTepPHaAbHBIX OOBEKTOB,
HaXOMAIIIUXCH B OKPECTHOCTSX MAHHOIO IIPOIleCca YBEAUYNBAETCS SHTPOIIH.

M3 3TOrO0 MOKHO CHOEAATb CAEAYIOIIME BBIBOABI: IIAOTHOCTEH 3(upa SBASIETCS
HapaMeTpoM, OT KOTOPOrO 3aBHCHUT 3KECTKOCThH CBSI3€¥ MeXKAy dYacTUllaMH BHYTpPH
BEIIECTBA, U 3THU CBSI3H €CTh HE YTO MHOE, KaK MOTOKHU 3upa.
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YBeandyeHHEe SHTPOIIHMU B CTPOEHHH HEKOTOPOTO OOBEKTa, HAIIPUMED, PACTBOPEHHE
KyCKa caxapa HAM HCIIapeHHe BOJbI, O3Ha4daeT BBICBOOOXKIEHHE COOTBETCTBYIOIIETO
KoAMYecTBa 3¢upa B OKPYKAIOIIYI0 CPedy, YTO INPHUBOAUT K €ro IIOTAOUIEHUIO APYTUMU
TEeAAMH [AS YMEHBIIEHUs WX OJHTPOIIMH. YMEHBIIEHHEe JHTPOIHU 00BbeKTa, HaIpuMep,
KpHUCTaAAM3alid BelIeCcTBa, 3aTBepAeBaHUe pacliaaBa MeTasAd HAM 3aMep3aHHe BOAbI B
A€, TIOTAOIIIAeT 3(pUP M3 OKPYKAIOLIEH Cpeabl, a 3TO IPUBOAUT K YBEAHYEHHIO SHTPOIIUU
Yy TeA, KOTOpble HaXOAATCS PSIOM C IIPOIIECCOM KPUCTAAAU3AITUH.

TakuM 006pa3oM, MBI MOXKEM C(OPMYAHPOBATH 30KOH COXPAHEHUsl Koauuecmsea
agpupa 8 OaHHOM obbeme npocmpaHcmeaq: YMeHbUleHue UNU Ye8eauueHue NIomHocmu
sgpupa, B08/IeUEeHH020 8 MEeKAMOMHble C8A3U MAMEePUdIbHO20 0b0bexkma, npusooum,
COOMBEemcmeeHHO, K Y8e/UUCHUIO UNU YMEeHbULeHUID NJIOMHOCMU 9¢pUpa 8 OKpYysKarouiem
npocmpaHcmege. 9TO O4YEBHIAHBIE BBIBOABI, OCHOBAHHBIE Ha ITPEAIIOAOXKEHHU O TOM, UTO
aup gBAsSETCS Hepa3pbIBHOU ympyroil cpenoii. CxkuMmaa AaHHYIO Cpely B OJHOM MecCTe,
MBI CO34a€M KBHBAACHTHOE PACTAXKEHHE Cpeabl B OKPECTHOCTH IIpoliecca CXKaTHud.

Baragapr KosplpeBa Ha HOpHUPOAY «BOAH IIAOTHOCTH BPEMEHM» COTAACYIOTCH C
skcnepuMmeHTaMu [lograeTHoBa, Mopanese, lllHypepa M APYyTHX, B KOTOPBIX (pa3oBbIe
IIepexoabl BEIIeCTBA M3 CBEPXIIPOBOALAIIEIO COCTOSTHHE B OOBIYHOE COCTOSHHE CO3AOT
rpaBHUTAIIMOHHYI0O BOAHY. C mJaHHOM TOYKU 3pEHUs, IpaBHTAIlMOHHAs BOAHA TaKXE €CThb
IIPOAOABHAS BOAHA ITAOTHOCTHU 3pHUpA.

KopoTko oTMeTHM, YTO CyLIECTBYeT O4YeBHAHAs CBA3b MEXIy BEAWYHHOM
IPaBHUTAIIMOHHOIO II0OAT M TEMIIOM BpeMeHH. HamoMmHIO, YTO eANHUIYy U3MEPEHUd JAUHBI
«1 MeTp» BBeAU, KaK JAWHY MasdTHUKA, KOTOpPble COBepIlIaeT IOoAyIepuon KoaebaHug 3a 1
CeKyHOy, Ha 45 mmpore. [lea0 30eCh HE B TOABKO MeXaHHKe... [JaHHOe IIOHATHE OYEHb
TOYHO OTpazkaeT B3aUMOCBHA3b IIOHATHH IIPOCTPAHCTBA 1 BPEMEHHU.

H3BecTeH TakxKe IIPOCTOM OIBIT, KOTZA CPaBHEHHE IIOKA3aHWUH TOYHBIX aTOMHBIX
4acoB, CTOAIIMX Ha Kpbllle HeOockpeba M TaKHMX K€ 4YacoB B €ro IloaBase MOaeT
3HAQUUTEABHYI0O PAa3HHUIy B CKOPOCTH OTcHeTa HHTepBaAaoB BpeMeHH. C 1o3uiui
KOHIIETIUH, KOTOPYIO MBI 3/IECh PacCCMaTPUBAaEM, 3TH PE3YABTATHI OOBSICHHUMBI PA3AUIHEM
B TIAOTHOCTH 3(UPHOM cCpenbl, KOTOpasd 3aBHCHT OT BBICOTBHI HaZ YPOBHEM MOpd, U
CO3aeT TpaBHTAIMOHHBIE aHOMAaAWN B HEKOTOPBIX MecTax MaaHeThl. Ha moBepxHOCTH
IIAQHETHI €CTh HECKOABKO TaKHUX «aHOMAABHBIX 30H», B KOTOPBIX TEMII ITPOIIECCOB, a TaKIKe
BEC TE€A, OTAMYAIOTCS OT OOBIYHBIX BeAMYHH. B Takux mMecrax HaOAIOAIOTCSH CTPAaHHBIE
SBAEHUsI, CBSI3aHHBbIE C HAPYIIEHUIMH NPUYUHHOCTH U U3MEHEHUSIMH OOBIYHOM CKOPOCTH
CYLIIECTBOBAHUS MaTEPHAABHBIX OOBEKTOB. OTO IIPUPOAHBIE aHOMAAWH. AHaAAOTHUYHBIE
3¢ eKThI, MOTYT OBITH CO3ZIaHBI YNPABAIEMbIM UCKYCCMBEHHBIM USMEHEeHUEeM NJLOMHOCMU
a¢gpupHOli cpedsbl, TO €CTb, C TIOMOIIBI0 TEXHUYECKHX CPeACcTB. MBI pacCMOTPUM BapHaHThHI
HECKOABKHUX KOHCTPYKIIUMN TaKHUX YCTPOUCTB B APYTOM YaCTHU JAHHOM KHUTH.

Bapmamuy mAOTHOCTH 3(PHUPHOH Cpenpl MOTYT OBITH HE TOABKO AOKAABLHBIMH, B
OTIEABHBIX 00AACTAX MIPOCTPAHCTBA, HO U CO34aBaThCd Ha BCeH IIAaHETe, B pe3yAbTaTe
rAODAABHBIX MPUPOAHBIX U AaCTPOPU3INYECKUX MpolleccoB. PaboTasd C TeAecKomoMm, B
dokyce 3epKasa KOTOPOTO OBbIA YCTAHOBAEH YYBCTBUTEABHBIH SA€MEHT MOCTHUKA YHUTCTOHA,
Ko3bIpeB 3aMeTHA HaAMYHe IIPUPOAHBIX KOAeOAHUM MAOTHOCTH 3pupa, KaK CyTOYHBIX, TaK
M CE30HHBIX. AHAAOTHYHBIE I[IPOIECChl ObiAM oTMeudeHbl Ko3pipeBbIM B paborax A.
[ITamoBaaoBa, 6uoaora m3 [JHemporierpoBcka [55, cTp.393]. Llurara: «<HaunHad c KoHIIA
Mass U [0 OCEHH, TEMHOBOH TOK (POTOYMHOXKHTEAS BO3pacTaa Ha [ABa MHOPAAKaA, 4UTO
YKa3bIBaeT Ha OCAabA€HUE MPENSTCTBHH AT BbIAETA 3AEKTPOHOB, U, CA€OOBATEABHO, Ha
ocaabAaeHVEe OPraHU30BAHHOCTH BeIllecTBa (POTOKATOAAY.

[pyrue mOpuMepbl CE30HHBIX H3MEHEHHs IIAOTHOCTH 23dupa: peakius
IIOAMMEPHU3AIMN BECHOM HAeT TpyAHeEe, dYeM OCEHBI0O HAHW 3uMONH. CoOBpEMEHHBIE
9KCIIEPUMEHTBI B 00AaCTH H3y4eHHs CYTOYHBIX KM CE30HHBIX H3MEHEHUH CBONCTB
OKOAO3EMHOUM 3(PUPHON Cpenbl, MHOTO AET, HPOBOAUA AaekcaHap MuxatinoBud MwuniuH,
Caukr - [lerepOypr [23].
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Mor1mHbIe Ce30HHbBIE B CYyTOYHBIE KOAEOAHUS ITAOTHOCTH 3(pupa MOTYT OBITH OCHOBOH
[AS CO3MaHUS T€HEPATOPOB TEIAOBOM U SAEKTPUYECKON SHEPTHUH, €CAU Mbl HAYIUMCS
HCIIOAB30BaTh HX TaKUM Ke o0pa3oM, KaK CeroAHs HCIIOAB3yeM BeTep, HW3MEeHEHUs
aTMOC(EPHOTO JaBACHHS U IPUAUBHBIE IIPOIIECCHI B 9HEPreTHKE.

OKCIIeprMEeHTBhI [0 M3yYEeHUIO «BAMSIHHS HEOOpaTHUMBbIX IIPOLIECCOB» Ha
Orosorunyeckre OoOBEKThI OUYEHb MHTEPECHBI, HO OIIAaCHBI IAs 340poBbsa. B 1990-e roarl, y
MeHd OBIAO MHOIO IIE€PeIMCKH II0 MOaHHOW TeMaTUKe C [APYTUMHU MCCAENOBATEASIMHU.
Hanpumep, rpymnma aBTOPOB cooOIIMAa MHE O pe3yAbTaTax HMX JKCIIEPHMEHTOB, HO
ITPOCHAM He PacKphIBaTh MX uMeHa. OHU ObIAM 3aMHTEPECOBAHBI B U3YYEHHH «3(P(PeKTOB
YMEHBIIeHUS SHTPOIINH», B TOM YHCAE, B OMOAOTHYECKHX opraHusMax. PakTHUUeCKH, OHU
HCKaAM CIOCOObI OMOAOXKEHHd opraHusMma. I[locTaHOBKa HX JKCIepuUMeHTa Oblaa
caeytoliad: B ObITOBOM 3A€KTPOKOTEA LIMAMHAPHUYECKON (POPMBI, EMKOCTBIO D0A€€ OHOTO
KyboMeTpa, MEXKIy €ero CTEHOK, 3aKAa[bIBaeTCs CyXOM Aen. 3aTeM, BKAIOYAETCH
SAEKTPOHArpeB, U A€l OBICTPO HUCIIApPSeTCH.

[Ippy TakoM OKCIEpHUMEHTe, KaK  IIOHHMMarw, BHYTPU [OBYX CTEHOK
IIUAWHIPUYIECKOTO0 KOTAA ITPOUCXOMUT MOIITHBIH HEOOPATUMBIH IIPOLIECC UCIIAPEHUS CyXOT0
ABZIa, TIPH KOTOPOM co3gaercs 3pUpHas BOAHA, U d(pHUpPHAs cpefia CXKUMaeTcs K I[EeHTPY,
TOYHee, K OCH LMAUHApa. [IaoTHOCTE acupa B I[EHTPAABHOH YacTH YCTPOHCTBa
yBeAUYHBaeTCd, Ha HeKoTopoe BpeMmda. [IoCKOABKY B IHAHMHApe 3QUpP HE MOXKET
HaXOOUTHCS B CTATHUYECKOM COCTOSHHUH CKaTHL, TO IPHU TAKOM CKaATHUU YIIPYrod cpebl,
BBEPX U BHU3 (BOOAB OCH LHMAWHAPA B BEPTUKAABHOM HAIMPaBACHHUH), (POPMHUPYETCS
HaIIpaBAEHHBIH ITOTOK 3¢upa. CHapyKU KOoTAa, POPMUPYETCS PAIHaABHO PaCXOAAIIASICS
OT Hero BOAHa 3dwupa. [IBuKeHHe 3(PUPHON Cpenabl BHYTPH U CHapPYKU JaHHOIO
«x3bHUPOOOMEHHOI'0 annapaTtar IIPOoOAXKAETCS 10 TeX 0P, IToKa HUAEeT IIPOILeCC UCTIapeHUsd
«paboyero Teaa», TO €CTh, H3MEHEHHE (Ha30BOTO COCTOSHUS BellecTBa. ABTOPHI
SKCIIEPUMEHTa pPHUCKHYAHM I[IOMECTHUTH HCHOBITYEMOTO YeAOBeKa BHYTPH JaHHOM
9KCIIePUMEHTaABHOH yCTAHOBKH, HO 3aMETHAHW Pe3KHe H3MEHEHHs €ro CaMO4yBCTBHS.
PesyapTaTbl JaHHOTO 9KCIIEPUMEHTA MOXKHO Ha3BaTh CyOBEKTUBHBIMH, ITIOCKOABKY TOYHBIX
IPUOOPHBIX U3MEPEHUH aBTOpaMHU He ITPOBOANAOCE.

JlanHasgs MeTOAMKa BIIOAHE IIOAXOAUT MOASd MEAUIIMHCKUX JKCIEPUMEHTOB,
HaIIpUMep, II0 TeMe «bopbba co crapeHHeM». PazymeeTcs, yCTAHOBKY MOIKHO ITPEIAOKUTH
HE TOABKO B ITMAMHIPUYECKOH, HO U B chpepUdecKoil (popMe, OAd MOAYIEHUS U30TPOITHOTO
JaBAE€HHUd II0OTOKa 3pupa, AeHCTBYIOIIETO CO BCEX CTOPOH II0 HAIIPABAECHHUIO K ILEHTPY
YCTaHOBKHM, KakK IToKa3aHo Ha Puc. 121.

OTBEPCTUE AN BbIXOOA FA3A

CMNUPANb
HATPEBATENA

Puc. 121. IIpensaraemasa cxeMa 3KCIIEPUMEHTA.

IToaararo, YTO HENAOXHE pe3yAbTaTbl MOTYT MOaTh IIPOLECCHI YCKOPEHHOIO
UCTIapEeHUsT AIOOBIX AETKOKUIIAIIMX XKUAKOCTEM, BKAIOYAs JKUAKUH a30T UAH KUIKWUH
BO3IyX. YCTAaHOBKA [MUAUHIAPHUYIECKOH (POPMBI MOXKET OBITH TOPHU30HTAARHOM, ITOXOXKEH Ha
COBPEMEHHBIM MAarHUTHBIH Tomorpad. Bce 5To HWHTepecHO, OAHAKO, MEIUITUHCKUE
ACIIEKTHI HE ABASIOTCS OCHOBHOM TeMOM JaHHOW KHUTHU.

BepHeMca K BOIIPOCY O [ABHXKHUTEAIX HOBOrO THHa. [lOIyCTHUM, YTO MOIIHBIHA
HEeoOpaTHUMBIA MPOIIECC CO34ACT TaKOH «IOIMOAHHUTEABHBIH XOI BpEeMEHH», KOTOPBLIH B
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3HAQYUTEABPHOM CTEIEHM KOMIIEHCHUPYyeT €eCTECTBEHHBINM IIOTOK BpeMeHH. IIpu Takoiu
CUTyalllU IIpearioraraeTcd ocaabAeHUe IPUYNHHOCTH B OKPECTHOCTSX JaHHOTO ITpoliecca,
TaK KakK I[IPOUCXOOUT AOKAABHOE YyMEHBIIIEHHE CKOPOCTH Xona BpeMeHH. CoraacHo
OPUHIIUILYy JKBHUBAaACHTHOCTH OHWHINTEMHA, [OAd KOMIIEHCALlMH TI'PaBUTALMIOHHOTO
B3aUMOJENUCTBUA, TO  €CTh, CO3aHHsSI  HEBECOMOCTH, HeoOXoquMO  co31aTh
COOTBETCTBYIOIIIEE YCKOPEHHUE ABHZKEHIS CUCTEMBI OTCYETA B IIPOCTPAHCTBE. AHAAOTHYHO,
MBI MOXeM C(POPMYAHPOBATh MPUHIIUI 3KBHBAA€HTHOCTH OAG [ABUXKEHHS BO BPEMEHH:
co30aHUEe COCMOSIHUSL (XPOHANBHOU Hesecomocmu» B03HUKHem npu OpaaHu3ayuu
coomgemcmeyruiez0 UCKYCCMBEHH020 NpPouecca, KOMNEeHCUpYrulezo ecmecmeeHHblil
npouecc xoo0a epemeHu.

Tpetuii BaxKHBIH (pakT, HalzieHHBIH KO3bIpeBBIM — 3TO BO3MOXKHOCTH MTHOBEHHOM
CBSI3U, dYepe3 «CBOMCTBa BpeMeHW». BrIBogbl 10 maHHOM TeMe OBIAM HAaCTOABKO
PEBOAIOLIMOHHBIMH, YTO AK€ HPEAIIOAOKEHHE O TaKOH BO3MOXKHOCTH CTaAO ITPUYUHOM
OTCTPaHEHUS YIEHOTO OT JOAXKHOCTH, B 1979 roxay.

HabGaronenuss mpoBoauAucCh KO3BIPpEBBIM C MIOMOIIBIO TEAECKOIIa, U CIEIIHAABHO
pa3paboTaHHBIX JATYUKOB, KOTOpPBbIE [AETEKTHUPOBAAM «BOAHBI IIAOTHOCTH BPEMEHN».
KospipeB Habaromaa 3Be3n1bl, TAAAKTHKH H [ApyrHe acTpodU3UdecKHe OOBeKThI. [lad
KaxKJ0T0 U3 OOBEKTOB, OH PETHCTPHUPOBAA CUTHAABI, UAYIIHE U3 TPeX MecT Ha HebecHOM

cepe:

1) Ot Toro Mecra, rfie HaxXOOUTCS BHUIUMOE IIOAOXKEHHE O0BEKTa, TO €CTh, OT IIPOIIIAOTO
IIOAOKEHUS OOBeKTa, U3 KOTOPOIO OH y3Ke VIIleA, HO MBI BHAHM €ro Ha 3TOM MeECTe,
II0OTOMY 4YTO (POTOHBI PACHPOCTPAHSIOTCS OT 3TOTO MeCTa B HAIly CTOPOHY HEKOTOpPOe
BpeMS;

2) Ot Toro mMecra, rae o0beKT HaXOAUTCA B JaHHBI MOMEHT HaOAIOICHUS;

3) Or mecra, roe OymeT oOBEeKT, Koraa K HEMY IIPHAET CBETOBOM CHUTHAA OT 3eMAH,
HCIIYIIIEHHBIH B MOMEHT HaOAIOEHUS.

OTu HabAOEHUS Ype3BbIYAfHO MHTEPECHbI, U Ha 3TOH OCHOBE MOXKHO CO3/71aBaThb
He TOABKO HOBBIE CHUCTEMBI CBsi3HM. PakThI 2 U 3 3acCTaBALIOT 3aayMaTbcsi. MrHOBEHHOE
pacnpocTpaHeHHe CUTHaAa, B IIPHUHIIUIIE HEBO3MOXKHO. CaM TEPMHH «pacIpoCTpaHEHUEe»,
KaK MBI y2K€ TOBOPHAH, IIpeAyCMaTpPUBaEeT HEKOTOPYIO KOHEYHYIO CKOPOCTh. TOT pakT, 4To
natdyuku KosbplpeBa pErHCTPHUPOBaAH UCTUHHOE pacdeTHOE ITOAOKEHHE 3BE3/bl, KPOME €€
IIPOIIIAOTO IIOAOXKEHHS, TOBOPHUT O TOM, YTO BC€ 8 MUpPEe YxKe B83AUMOCBSI3aHO, HA
HeKomopom YposHe MHO20MepHOo20 cmpoeHusi BcenernHoii. CKOpPOCTh cBeTa — 3TO Halll
«MECTHBIH» ITapaMeTp, OH MOKET MEHSITHCSI, IOCKOABKY 3aBHUCHUT OT IIapaMeTpoB 3(PUPHOH
cpenpl. MrHoBeHHasd CBS3b BCEX OOBEKTOB BceaeHHOM MOKeT 03HA4YaTh TOABKO TO, YUTO
OHU 8Ce HAX00sMeCsi 8 OOHOU mouke, eclu pacemampusams ux u3 npocmpaxHcmsa bosee
8blCOKOUL pasmepHocmu. OTOT UHTEPECHBIH BBIBOA TpebyeT 0Ooaee IOApPOOHOTrO
PacCMOTpPEHUA, U BECbMA IIOAC3€H IIPU KOHCTPYHMPOBAHHUHU CHUCTEM TECACIIOPTAIINH, YTO U
OymeT ceaaHo II033Ke.

Cayuaii 3, TO ecThb, IIOAYYEHHE CHUTHaAa OT TOTO MecTa, riae HabArogaeMbli OOBEKT
(3Be3ma) OyzmeT HaXOAUTHCH Yepe3 BpeMs, HEOOXOAMMOe [AS TOTro, YTOOBI TyAa AOIIEA CBET
OT MecTa HabAIO[EHUs, TOBOPUT O CUMMeTpHUH BceaeHHo#. Bo3HHKaeT MPEearIOAOKEHUE O
TOM, YTO MaTEpPHaABHBIM MHpP CO3/1aH KakK cOasaHCHUpOBaHHAas CTPYKTypa H3 OBYX
3€pPKaAbHBIX [IBOMHHUKOB, [OBUTAIOIIMXCHA II0 OCH BPEMEHH B pasHble CTOPOHEI,
OTHOCHUTEABHO [Pyl Apyra, HO KaxKAbIH M3 HUX [ABUXKETCS B cBoe Bynymee. [lanHada
KOHIIEMIIUS UMeeT aHAAOTUU CO cTpoeHreM MoaeKyabl /[JHK, koTopasa OymeT paccMoTpeHa
Jaaee.

HUrak, mpu 3HaKOMCTBe Cc paboramu Ko3sbipeBa, BO3HUKAET HOBOE ITOHUMAaHUE
peaabHOoro Mupa. CoraacHo ero IIPefCTaBAEHUSM, aKTHUBHBIE CBOMCTBa X0da BpeMEHH
MOTYT BHOCHUTBH B HAlll MUP OPraHU3yIOIllee HA4YaAO, TO €CTh, IPOTHBOCTOATH DHTPOIIHH.
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[ToHnMass BOAHBI IIAOTHOCTH BpeMeHHU Ko3sbIpeBa, Kak 3(pHpoaMHaAMHUYECKHE ITPOIECCHI,
MOXKHO CKas3aTb, YTO KOHIIEHTpallud U I[Ipeo0pa3oBaHUE «BOAH IIAOTHOCTH BpEMEHI»
OCYIILIECTBASETCSI BCEMH KUBBIMHM OpraHH3MaMH, 3Be30aMH U aTOMaMHU B IIPOLIECCE CBOETO
CylIlecTBOBaHUsI. «BpeMs U eCTh KHU3HBb, €CAH OCTaBUTH B CTOPOHE €€ COAEpKaHHE», KaK
ckazaa HeMmelrRuil ¢duasocod leopr 3ummesp. «[IoTOK BpeMeHH» CIIOCOOEH IT€PEHOCHTH
SHEPrui0 U HHQOPMAIIHUIO M3 IIPOIIAOTO COCTOSHHUA B Oyayinee. OdHUpoauHaAMHYECKHE
IIPOIleCChl HEeOoOXOOUMO H3ydaTb, TaK KaK OTO HE TOABKO HOBBIE [IBUIKUTEAU [OAS
KOCMUYECKOI'0o TpaHcIropra. Odup HaAO0 IIOHMMAaTh, KaK MHOTOMEPHYIO CTPYKTYpy, a
MHOTOMEPHBIE IIPOIIECChHI CIIOCOOHBI IIE€PEHOCHTH HH(OPMAIIMI0 O COCTOSHHUHU U
HaIllpaBACHHUH pPas3BUTHUS SAEMEHTOB MaTepuu. Ko3pIpeB mHcaa M0 OAaHHOMY IIOBOAY:
«icioap30BaHMEe XO[a BPEMEHH [AS IIOAYYEHHsS PabOThl SBASETCH HHTEPECHBIM, HO He
TA@BHBIM CAE€ACTBHUEM IIPUYMHHOM MEXaHHKU. DBo03MOXHOCTH BMENIMBATHCSI B
CYILIECTBYIOIIME PHUYNHHO-CAEACTBEHHbIE OTHOIIIEHUS O3HAYAET, UTO MOXKHO OBAAIETH
T€YeHHEM BpPEMEHH C TeM, 4YTOObl YCHAWBATBH IIPOIIECCHI, [AEHCTBYIOIIHE IIPOTHUB
BO3paCTaHUs SHTPOIIHNH, TO €CTb, ITPOLIECCHI KHU3HU... OOHAPYKUTh U HU3YYUTH [PHUIYHHY
KU3HU BceaeHHOM.

3akaHuYMBadgd JAaHHYIO TAaBY, MOXKHO TaK¥Ke OTMETUTH, UTo B 1958 roay, BliepBLIE B
mupe, Ko3pIipeB OOHapyKHUA «BYAKAQHHYECKYIO [OeSTEeAbHOCTR» Ha AyHe. B omHOM wu3
KpaTepoB, OH 3a(PHUKCHPOBAA Ta30BBIH BBIOPOC, M CHSA €ro CIeKTporpaMmy. J[laHHoe
OTKpPBITHE IIPU3HAAM He cpasy, HO B 1969 romy Komurer mo nmeaam oTkpwiTuii CCCP
npucyqua Ko3pipeBy «/IUIIAOM 00 OTKPBITUHM TEKTOHHYECKOM aKTUBHOCTU AYHEBD.
CoBpeMEeHHbBIE HCCAENOBATEAN AKTUBHOCTH AyHBI [OOIIYCKAIOT BO3MOXKHOCTH TOTO, YTO
dakTel, oOHapy:KeHHbIe KO3BIpeBBIM, OTHOCATCH HE K TEKTOHHYECKOH, a TEXHOINeHHOH
akTUBHOCTH Ha AyHe. 3agBaeHuda Ko3pIpeBa 0 «ByAKAHHYECKOM aKTHUBHOCTH» Ha /AyHe
OBIAM IIPEIBECTHHKOM KOHIEIIIUH UCKYCCMBEHHO CO30aHHOU «IOAOH AyHBI», KOTOpas
BIIepBbIe OblAa O3By4Y€HA POCCHHCKHUMHU ydueHbIMH Muxawmaom BacuabIM U AsekcaHgpom
[IMepbakoBbIM B 1968 roxay.

[anee, m3ydas pasAHdHbIE MaTepHaAbl, KOTOPbIE HAHWAYYIINM 00pa3oM MOTYT
OoTpazkaThb UAU 3KPaHUPOBATh [IOTOKH «BOAH IIAOTHOCTH BpeMeHN», Ko3bIpeB caesan BBIBOL
0 TOM, YTO IIOAMPOBAHHBIY aAIOMUHUU (3€epKasa C aAIOMUHUEBBIM IIOKPBITHEM) SIBASETCS
OIITHMAaABHBIM  MaTepuasoM. CoBpeMEHHBIE  HCCAEOOBATEAH  Ha3bIBAlOT  TaKHE
KOHCTPYKIIMH «3epKasaaMu KosplpeBar. WHTEpeCHO OTMETHUTh, YTO AAHHBIM MeTaan He
€IUHCTBEHHBIH MaTepHas, KOTOPBIH HMeeT CMBICA I[IPHUMEHSTb OAd pPaboThl  C
HATYpPaAbBHBIMH 3(UPHBIMH POAOABHBIMH BOAHAMHU. [leA0 B TOM, YTO BOAHBI Pa3HOH
OAVHBI UMEIOT pas3AWYHbIe CBOHCTBA, W KO3(P@PUIIMEHT OTPaKeHHUs (MAU IIOTAOIIIEHUS)
3aBHUCHT OT OAWHBI BOAHBI. [1032Ke, MBI paCCMOTPHM TEOPHIO M SKCIEPUMEHTBI AKaAeMHUKa
BelHUK, B KOTOPBIX MOKa3aHbl Pa3AHMYHSd XPOHAABHBIX CBONCTB Pa3HBIX BEIIECTB, YTO
MOKET OBITH HCIIOAB30BAHO B IIPHUKAAIHBIX IIEASIX.

FeHeprpoBaHUEe MOIIHBIX BOAH ITAOTHOCTH 3(pUpPa, B LEASX CO3OaHUS IBUKHUTEAT
AT KOCMHYECKOI'0 TPAaHCIIOpTa, TPeOyeT IIOHMMAaHUS CYTH «HEOOPATHMBIX IIPOIIECCOB»,
IIPOUCXOAANINX B MaTepuu. B cratbe «O BO3MOZKHOCTH YMEHBIIIEHUS MacChl U Beca TeA
IIOA BO3AEHCTBHEM aKTHBHBIX CBOMCTB BpeMeHH» [61], Ko3bIpeB mokasaa, 4TO BEC TeEA
YMEHBIIIaeTCs II0CAe€ HeoOpaTUMBIX aecopmalnii o6bekToB. Hampumep, B €ro omnbpITax,
B3BEIIMBaraCh KOpPOOKa CO CTaAbHBIMHU IIIAPUKAMH, [0 UM IIOCA€ MHOTOKPaTHBIX
cotpsiceHUil. Bec KOpoOKM MEHSACH, XOTH 3TO HEBO3MOXKHO, ECAH PaCCMAaTPUBATH KOPOOKY
C IIapuKaMM, KaK 3aMKHYTyI0 (U3UYECKYI0 CHCTEMY, B paMKax HbIOTOHOBCKOH
MeXaHUKU. B [apyroMm OIbITe, BEC MEIHOTO AWCTA 3HAYHUTEABHO MEHSACS IIOCAE €ro
nedpopmanuii. Y1 Tak:Ke HMPOBOAUA OHIBITHI C AecopMalliedl AUCTOB Pa3ANYHOIO METAaAAQ,
IIPOBOAOKH, a TaKXKe AWCTOB OOBIYHOM Oymaru. Bec 00BeKTOB 1ocae AecopMalivu
MEH{eTCs, 4YTO MOXKHO HU3MEPUTH C IIOMOIIBI0 TOYHBIX JAEKTPOHHBIX BecoB. Caenmyer
OTMETHUTH, 4YTO BEAMYMHA H3MEHEHMUs Beca, B MNaHHBIX SKCIIEPUMEHTAaX, HE SBASIETCH
IIOCTOSSHHOM. l3MeHeHHe Beca MaKCHMAaABHO, cpaldy IHocAae maedopmaruii, 3aTeMm, BecC
IIOCTEIIEHHO BO3BpalllaeTcs K HadaAbHOM BeAWYHMHE, HO HEKOoTopas pas3HHIla Beca
oCTaeTcs.
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B yemM npu4YMHBI AAHHBIX gBA€HUU? [lasg OoTBeTa Ha 3TOT BOIIPOC, IIpenAararo
paccmoTpeTs Teopuio FO.I'. BeaocToKoro o cB43U I'paBUTAIIUU U YIIPYTOCTH.

paBuTanua u ynpyrue HanpsisKeHUs

Hauboaee mompobHO, maHHas TeMma packpbiTa B paborax HO.I'. Beaocrtoikoro,
CaukT — IlerepOypr. Mbl ObIAM C HUM 3HAKOMBI 110 KOH(DEPEHIIUSIM, U S IPOBOAUA PLAL
3KCIIEPUMEHTOB I10 eTo MeToauKe B 1996 — 1998 romax. BeaocTonikuii mucaa B KHUre «4ro
Takoe BpeMda?» [62] caenmyromiee: «[Ipupoma mocTpoeHa Tak, YTO H3MEHEHHe KaKoH-Anbo
BEAHMYHHBI IIOPOXKAAET HOBYIO (U3NYECKYI0 BEAHYHUHY. Tak, HN3MEHEHHE CKOPOCTH
IIOPOXKOAeT YCKOPEHHE, M3MEHEHHE HAIIPSIXKEHHOCTH  OSAEKTPHUYECKOIO II0Ad  —
9AEKTpPOMAarHuTHoe 1moae u T.II. [Ipupoma kKak Obl KOMIIEHCHUPYET H3MEHEHHE OIHOTIO
rnapaMeTpa IIOIBAEHHEM [IpPyroro... 3Jra OCOOEHHOCTH IIOBe/lEeHHE B3aWMMOCBA3aHHBIX
pPeaAbHBIX IIPOLIECCOB Ha3BaHa «IIPHUHIIUIIOM KOMIIEHCAIIUH).

Hcxona w3 MaHHOTO «IIPUHIIHIIA KOMITEHCAIUH», BeaoCTOKHY neaaeT BBIBOOLI O
TOM, 4TO «['‘paBUTaIUs Bceraa MPUBOAUT K YIIPYTUM AedopManusaM, U, CAeJOBATEABHO, K
VOPYTHM HaOpsSKEeHUIM... YIPyrHue HaIpsKeHUS B TeAe 00s3aTeAbHO IIPUBOAAT K
IIOBA€HHIO BOKPYT HETO OOIIOAHHUTEABHOTO TPaBHUIOAs». [IPYTHMH CAOBaMHU, «I'DABHIIOAE —
3TO YIIPYTO UCKaxKeHHBbIH acup» [62, cTp.47].

3ameuyaTeabHbIH BbIBOZ! OCOOEHHO, YYHTBHIBAsd YIPYTHe CBOMCTBA 3(PUPHOU Cpenbl
U TakKoe IIpeArionaraeMoe KadecTBO, KakK €€ HepaspelBHOCTB. OTcroga, coszasad
yBEAWYEHHE ITOTEHIMAaAbHON 3HEPTHH B YIIPYTOM MaTE€PHAABHOM TeA€, IIyTEM €TO CKaTUS
HAU PACTSKEHHH, MBI CO3[Ja€M COOTBETCTBYIOIIEE YBEAMYEHHUE IIOTEHIIHAABHON SHEPTHUU
OKpyzKarollei cpenpl. IIpu sToM He MMeeT 3Ha4YeHHe TUIl AepopMallluH, TaK KakK cpena
6e3 medpopmanuu odAagaeT MEHBIIINM KOAWYECTBOM MOTEHIIMAABHON SHEPTHH, YeM cpena
B CXKaTOM HAMU PaCTSIHYTOM cocTogHHU. O4eBHIHO, YTO IIepeMeHHble AecopMallii Teaa
Cco34aayT BOAHBI B cpeae. MexaHu3M rpaBUTalliM, 110 BeAaocTOllKOMy, OYe€Hb IIPOCTOM:
rpaBHUTAIIMOHHOE II0A€ TIAQHETHI [aedOPMHPYET TEAO, coO3/aBasg B HEM yIIpyrue
HAIIPS3KEHUSI. OTO IIPUBOOUT K IIOSBACHHIO MOIIOAHUTEABHOTO COOCTBEHHOIO TI'DABHIIOAS,
KOTOPOE HAaIIpaBAEHO B CTOPOHY OT IAaHeThl. Iloas IaaHeThI U Teaa CyMMHUPYIOTCS, U
Ooaee mAOTHasl cpela BBITAAKHMBAET TEAO B CTOPOHY IIAQHETHI, Tyaa, TIe Cpena MeHee
IIAOTHAad, KakK IIoKa3aHo Ha Puc. 122. B naHHOM cay4dae, co3naeTcd NPUTIKEHHUE K LIEHTPY
IIAQHETBI.

/_\ COBCTBEHHOE rPABUMOJIE TENA

Puc. 122. O6bpsicHeHHEe TpaBUTAIIUHN B TEOPHUH BeaocToikoro.

B konnenmum BeaocTonkoro, ABUXKEHHE B IIPOCTPAHCTBE, IZ€ HET BHEIIHETO
I'PaABHIIOASI, MOKeT ObIThb CO3[4aHO IIyTeM (POPMHUPOBAHUA BOKPYT JIBHKHUTEAS
COOCTBEHHOTO T'pPaAHMEHTHOTO TIpaBumoas, Puc. 123, myreM ero BHYTPEHHHUX YIIPYTHUX
nedopMaItiii.

Puc. 123. [IBUKHUTEADb, UMEIOIIHNHE COOCTBEHHOE I'PAJUEHTHOE I'PABHUIIOAE.
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B cBa3m ¢ aTHM, HAIIOMHIO, 4YTO IPH paccMmorTpeHun 3dpderra Buddesbrmza —
BpayHa, 6b61A0 cieAQHO IIPEAIIOAOKEHHE O TOM, YTO HAHHBIN 3(PPEeKT CBA3aH C YIPYTHMU
necpopManusaMy, CO30aBaeMBbIMU B QUAAEKTPUKE KOHAEHCATOPa SAEKTPOCTATHUYECKUMH
cua. [edopMaiiiy OUIAEKTPHUKA €CTh B AIOOOM KOHAEHCATOpe, HO [ABHIKYIIAs CHAA
co3zaeTcd NPH HAAWYHHM TPagUeHTa YIPYTUX HAIPSKEeHUH, TO €CTh, IPU 2padueHmHoll
degpopmayuu mamepuaia OUINeKmpuKda.

[To Teopum Beaocroukoro, 1mo3Boalo cebe crmeaaTb  HeOOABIIOE 3aMeYaHHE:!
rpaBHUTAllUg AEHCTBYET Ha BCE Te€Aa, HO HE BCE TeAa MOXKHO CHHTATh YIPYyrUMH. [laHHadg
KOHIIENIIHUS [0AYKHA pacCMaTpUBaTbCS Ha aTOMHOM YpPOBHE, Tl€ YIIPYIOCTh aTOMHBIX
CBdA3eMd dBAseTCS OOIIMM SIBAEHHEM [OAS BCEX THUIIOB MaTepuu. TakuMm ob6pasoMm, pedb
[OOAXKHA UATH He o0 yIpyrux naedopmanusax Teaa B II€AOM, HO O AedpopMalluy YIIPYTUX
cBs3ell aTOMOB B BEILIECTBE TeAd, KOTOPOE HaXOAUTCH B 00AaCTH MOeHCTBUS BHEILIHETO
rpaBUIlOAs. HammoMHIO, 4TO BCE aTOMHBIE CBS3M HMEIOT SA€KTPOMArHUTHYIO, TO €CTbh,

3(PUPHYIO IPUPOLAY.

HNuTepecHo oTMeTHUTb, 4TO paboThl Hukoaas KospipeBa 110 aKTHUBHBIM CBOMCTBaMm
BpeMEHH HMEIOT MHOTO OoOIIero c KOHIleniued BeAaocTOIKOoro HMMEHHO B acleKTe
H3y4EeHUd YIIPYrOCTH BEIIeCTBa. B OomoaHEeHHE K JaHHOM aHaAOTHHM, MOXKHO IIPHBECTH
HIEN AIOHCKHX aBTOPOB O «MalllMHE BPEMEHH», B KOTOPOM IIPHUMEHSETCH «PE3MHOBBIH
MOTOpP». OTO YCTPOMCTBO HCIOAB3yeT yIpyroe pabodee Tea0, KOTOPOE INIePHOAUIECKHU
necdopmupyeTcs, cosmaBad [EepPHOAUYECKHE H3MEHEHHS CBOHCTB OKPYXKAaIOIIEro
IIPOCTPaHCTBa-BpeMeHH. [lepruoauyeckre U3MeHEHNd, KaK U AI000H OCIIMAASITOD, CO31aI0T
BOAHY B OKPY2KAalOILIEM IIPOCTPAHCTBE-BpeMEHH. K CoXKaaeHHIO, HE MOTIy OaTh CCBIAKY Ha
ATIOHCKUWH ITIEPBOUCTOYHHUK, TaK KaK 3T0 OblAa YacTHAH IIepPeIIrncKa.

HWrak, mpuHMMasg BO BHHUMAaHHE KOHIIENIIUIO BeAOCTOIIKOTO, MOXKHO OOBSICHUTH
U3MEHEeHHd Beca KOPOOKU C naedOpMHUPYyEMBIMH IIIapUKaMH HWAU [OPYTroM yIpyroi
necpopmanmuy TeAa, a TakKKe CKOHCTPYUPOBATh MABHXKHUTEAH TI'PABHTAIIMOHHOIO THIIA.
JBUKUTEAN HAHHOTO THUIIA MOTYT HCIIOAB30BaThb Yynpyzue HanpskeHus 8 pabouem mene,
KOTOpPBIE CO3AI0TCS IIyTeM IIPHAOXKEHHS NEHTPOOEKHBIX CHA K POTOPY CIIEIIHMAABHOM
dopMBI, wWAM ApyruM croocoboMm. I3 Hauboaee  pacHpoOCTpPaHEHHBIX METOOOB
BBICOKOYAaCTOTHOH medopManuu MaTepHUH, MOXKHO OTMETHTb 3AEKTPOCTPHUKIIUIO U
MarHUTOCTPUKIIHIO.

Ha Puc. 124 nokaszaHa cxeMa 3KCIEPHMEHTa BeAoCTOIIKOro IO NeHEepHPOBAaHHIO
LEHTPOCTPEMHUTEABHOTO TPAaBUIOAL, (POPMUPYEMOTO dYeThkIppMs [° — oOpa3HbIMHU
H3AyYaTEeASIMU, KOTOPbIE YIIPYTO AePOPMHUPYIOTCH B IIPOIIECCE BPAIlleHUs.

(0)
\P Ynpyrue anemeHTbl

Puc. 124. dopmMupoBaHH€e I'paBUIIOAS B IEHTPAABHOH YaCTH.

B nenTpe pgaHHOM KOHCTPYKLMH, bBeAoCTOKHMM IoMelllaa TpaBUMETPHUYECKUMN
OATYUK, HU3Mepsisd TIOAydYaeMbI¥ IIpH BpalleHuH 3dQdekT. 3amedeHo, UTO Hauboaee
HMHTEHCHUBHO JOIIOAHUTEABHOE I'PAaBUIIOAE CO3JaeTCd B IIEPHO/ pa3roHa poropa. B pexume
IIOCTOSHHOM CKOPOCTH BpallleHusI, 3pPeKT eCcTh, HO HAMHOTO cAaabee. IToT PpaKT TOBOPUT
o Haanyuu dddeKTa HWHAYKIHYU, aHAAOTHYHOIO SAEKTPOMArHUTHON  WHAYKIIUU:
HU3MeHeHHe COCTOSIHUS acdpupa BHYTpPH BelllecTBa co3maer 3KBUBaAEHTHOE
KOMITIEHCAIIMOHHOE U3MEHEeHHe 3pupa BOKPYT 00AaCTH YyIPYyToi aecphopMaliuy BelleCTBa.
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AHaAOTHYHO, BO BpeMsl H3MeHeHHs (Pa30BOTO COCTOSIHHS BEIIECTBA, CO34aeTcs
acpdekr IlIHypepa, «<BoaAHA IIAOTHOCTH BpeMeHH» Ko3bIpeBa U T.II. IIPOIIECCHl U3MEHEHUS
cocrossHUd 3¢UupHOU cpenpl. CaeloBaTEABHO, UMITYABCHBIH pPEeXXUM OoAee ITepPCIIeKTHBEH
A paboThbl T'PaBUTAIIMOHHBIX [OBHUXKHTEAeHl M TeHEepaToOpoOB IIPOAOABHBIX BOAHBI B
apupHOHU cpese.

B skcnepumente  Pruc. 124, [0mOAHUTEABHOE TpPaBUIIOAE CUMMETPUYHO
OTHOCHUTEABHO OCH. 'pamreHTa moAd BOAB OCH BpAallleHUd HET, II03TOMY OBUIKYILEH CHABI
BIOAb OCH BpallleHUd, B AaHHOH KOHCTPYKLMU HeT. [Iasd popMHpoOBaHUS OCEBOM CHABI
TATH, HOpemasarar odopabomamsb cxemy BeAoCTOIIKOTO U craeaaTh HaAKAOHHBIE YIIPyTHE
3A€MEHTBI, KaK IToKa3aHo Ha Puc. 125.

OE®OPMALMA NMPU BPALLEHUM POTOPA

Puc. 125. [IBUKUTEAD C YIPYTHMH 9AEMEHTAaMH, B COCTOSTHUH BPAIIEHHS.

[Ipu BpaleHuH, OAaHHBIE YIPYTHE 3AEMEHTBHI OyayT AedOpMHUPOBATBHCS TaKHUM
ob6pa3oM, YTO MOOAIKHO CO3aBaThCd I'PaAHEHTHOE COOCTBEHHOE TPAaBHUIIOAE, HMEIOIIee
rpafyeHT BOOAb OCH potopa. [asg TakKoM CXeMbl, CYIIeCTByeT oOceBas KOMIIOHEHTa
rpaflieHTa TpPaBUIIOAS, U BO3MOXKHO IIOAyYEHHE OCeBOH mABHxKylled cuabl. Kcraru,
HECAOXKHAasl CxeMma, IIoOKa3aHHasd Ha Puc. 126, mnpexacraBaseT coOoM HM3BECTHYIO
KOHIIEIIIUIO CaMOPacCKpy4YHBaloIllerocss IeHepaTopa SHepruu. CoraacHo OgaHHOHU
KOHIENIUH, KPYTAIIUH MOMEHT MOKET OBITh YBEAHMYEH 3a CUeT CO3[JaHHs COOCTBEHHOTIO
IPABUIIOASI, KOTOpPO€ BO3HHKAET IIPHU Ynpyaoi O0epopmayuu 351emeHmo8 pomopa.
Heob6xoquMo nmpaBUABHO BRIOpAThH HallpaBA€HUE BpallleHU.

Puc. 126. CxeMma poropa ¢ yIPYyTUMH 3A€MEHTaMH.

Panee, MBI paccMOTpeAl TI'paBUMAarHUTHOE II0AE€, SHEPTHUI KOTOPOrO HMeEeT BHUL
KHHETHUYECKON SHEPTHH, IIUPKYAUPYIOLIEH B IIPOCTPaHCTBE B hopMe IoToKa acdupa. [Ipu
OBUXKEHUH II0TOKa OS(UpHOH cpenpl, KakK U B a’poAUHaAMHUKE, BO3MOXKHO CO3/IaHHE
rpagueHTa OaBA€HHUS Cpenbl, IIOCKOABKY IIPH YBEAWYEHHH MIHHAMHYECKOI'O [IaBACHUS
[IOTOKA YMEHBIIIAeTCsI CTAaTUUEeCKOe AaBAE€HHE cpelbl Ha TeAo. MOXKHO ckKazaTb, YTO 3TO
KOCBEHHBIH MeTOo/, [IOAYYEeHHUS I'paJUueHTa JaBAeHUSI OKpYyzKalole! cpeabl Ha TEAO.

HNnen BeAoCTOIKOrO OTHOCSTCS K IHPSMBIM CIIOCOOaM H3MEHEHHsS CTaTHYECKOTO
OaBAeHUS cpenbl. [loTeHIIMAAbHAass SHEPTHS TPABHUIIOAS, U [JABA€HHE CPEeabl Ha TEAO,
MEHSIOTCSI, IPHU CO3MaHUH VIIPYTHX MEXaHUYECKUX HAaIpPsSKEHUH B TeAe, TaK KaK OHU
KOMIIEHCUPYIOTCS MU3MEHEHHUSIMU HAIIPSIKEHUH B yIIPYro¥ OKpyzKarolled 3pUpHOM cpeme.
[Ipu aTOM co3maeTcsd, TakK CKas3aTb, AOINOAHHUTEABLHOE IIOTEHIIMAABHOE I'PaBHTAIIMOHHOE
IIOA€, aHAAOT IAEKTPHUYECKOI'O IIOAS BOKPYT JAEKTPHYECKH HelTpasbHOro teaa. OTcroga
BO3HUKAET BBIBOJ O IIPHUPOAE SAEKTPUUECKOTO IIOAS, KaK OMHON U3 (popM yIIpyroii
necopmanuu 3¢upHO cpenbl. He caygaiito, Tecaa u ApyrHe KAACCHUKH, pacCMaTpUBaAU
9AEKTPHYECKOE II0A€, KaK «stress» «crpecc» apUpHOH cpenbl, a (OPMYABI [As
SAEKTPOCTATUYECKUX U I'PABHUTAIIMOHHBIX CHA OY€Hb ITOXOKH.
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Bpamenune (eHTpoOexKHaAd CHAA) HE SIBAETCS €IHHCTBEHHBIM METOAOM CO3IaHUS
yopyrux paedopmanvii. [asg HMIIYyABCHOTO peXXHMa, B TaKHUX yCTpoHcTBax yraoOHee
IIPUMEHATh JA€KTPUYECKHME U MarHUTHble B3aUMOAEUCTBUA (IAEKTPOCTPUKIINIO U
MAarHUTOCTPUKIIHIO).

Ianee, B TeOopUH HSHEPTETUKU 3Be3n, beaocTonkmii coraaceH ¢ Ko3bIpeBbIM, U
noaaraetr, 4To CoaHIle He IBASETCH TEPMOSIAEPHBIM peakTopoM. Teopua BeaocToikoro
3BY4UT OUYEHb II0OX03KEe Ha KO3BIPEBCKYIO TEOPHIO, U OIIHPAETCH Ha IIPENIIOAOKEHHE O TOM,
4TO B CHCTEMeE 3Be3[bl U €€ IIAaHET CYILIECTBYeT ABa cOaAaHCHPOBAHHBIX IIOTOKA YHEPTHUH:
LHEHTPOCTPEMHUTEABHOE TPABUTALIMOHHOE H3AYYEHHE HAIIpaBA€HO OT IIAQHET K LIEHTPY
coaHeyHoOM cucrembl, a oT CoaHIla BO BCE€ CTOPOHBI HAET IIOTOK TEIAOBOIO
3A€KTPOMAarHUTHOIO U3Ay4YeHUd. [pyrumMu CAOBaMH, TPaBUTOHEI, dopMupyeMBbIe
OBUXKEeHHeM InaHeT, ABUXKyTcad K CoaHily, a CoaHIle H3Ay4YaeT TeNAOBble (POTOHEI.
BropoyeMm, Kak Mbl yxKe OOCyKIOaAH, OTAHWYHE TI'PABHTOHOB OT (DOTOHOB 3aKAIOYAETCS
TOABKO B IapaMeTpax 3(UPOAUHAMHUYECKOTO IIpOllecca, II09TOMY BO3MOXKHBI HX
B3aMMHbIE ITpeoOpa30BaHUs.

BeaocTolkuil moHUMAaeET «BpeMsI», KaK «IIPOIIECC IIpeBpallleHHs BeIlleCTBA B II0A€», U
OTMeYaeT, YTO pa3Hble IIAAHETHI [OAXKHBI HMETb pPAa3HyI0 CKOPOCTH XOJa BpPEMEHH,
IIOCKOABKY OHa 3aBHCHUT OT MacChl HAaHeTbl. Hampumep, Ha BeHepe TeMm TedeHHs
BpEMEHU MOOAXKEH ObITh MeHbIlle, a Ha Mapce - 0oabie, yem Ha 3eMmae. ITH
IIPEIIOAOKEHUS y3Ke HaIllAU CBO€ MIOATBEPKIACHHE, TaK KaK MCCA€JOBATEAbCKHE
KOCMHYECKHEe ammnaparbl Ha BeHepe BbIJaBaAH TEAEMETPHYECKYI0 HHQOPMAIIHMIO B
3aMeAeHHOM TeMIle, a Ha Mapce oOHapy:KeH YCKOPEHHBLIM TeMI [IPOTEeKaHUS
XUMHYECKUX peakiiuii. [1o3ke MBI pacCMOTPUM 3(PPEKTHI «IeTHIPEXMEPHOTO Pe30HAaHCay,
¥ pacyeThl, IIOATBEPKAAIONINE 3aBUCUMOCTD ITapaMeTPOB CYIIIECTBOBAHUS 9A€MEHTAPHbBIX
YaCTHI] BELIECTBA OT IapaMeTPOB IIAQHETHI.

[To moBomy oOpaTHMOCTH BpeMeHH, BeAOCTOIKHH OIpemeArA «eCTEeCTBEHHBIM»
HaIllpaBA€HHEM XOJa BPEMEHHU IIPOLIECC «IIPEBPAILEHHS BEIIECTBA B IIOA€», UAM, APYTHMH
caroBaMHu, OoHTponuiiHble mpollecchl. Ilo KosplpeBy, B TakKux IIpolieccax «BpeMs
nzaydaercs». COOTBETCTBEHHO, IIPOLIECC ITPEBPAIIEHUS «II0AS B BEILIECTBO» €CTh 00paTHOE
HaIllpaBA€HHE Te4YeHHd BPEMEHH, TO €CTb, aHTHIHTPOIIMHHBLIHA mpoiiecc. B obitem, 3TOT
II0AX0/, IIOAHOCTBIO COOTBETCTBYET OBITOBOMY IIOHHMMAHHIO IIPOIECCOB: CTApPEHHE — 3TO
OOBIYHBIM XOZ BPEMEHH, SHTPOIIUHHBIH IIPOIIECC, 4 OMOAOXKEHHE U aHTHIHTPOIIUHHBIE
IIPOILIECCHI — 3TO «IIOBOPOT BPEMEHM BCIATBH». 3aMeEThbTE, BCE 3TH PACCYXKIECHHUS KacaroTcCs
IIPOIIECCOB B MaTepUH, a He abCTPaKTHOIO MPOCTPaHCTBA M BpeMeHH. HeT cmbIicaa
paccMaTpuBaTh IIapaMeTpbl IIPOCTPAHCTBa-BPEMEHH, €CAM HeT B PacCMOTPEHUU
MaTepuaAbHOTO oOBeKTa. Ko3bpIpeB TroBOpPHA IIO AAaHHOMY IIOBOAY caenayroilee: «Bpems
HeAb3d paccMaTpHBaTh OTOPBaAHO OT Marepum» [55, crp. 290]. [Toatomy, paccmaTpHuBaTh
rnapaMeTpbl BPEMEHH HMEET CMBICA TOABKO B CBSI3M C KOHKPETHBIM IIPOIIECCOM
CYLIECTBOBAaHUS YaCTHIIBI MaTepHH. [JaHHBIH IMIPOIIECC CYIIECTBOBAHUSA MaTEPHUH HMeEeT
OIIPEeNEeA€HHYIO CKOPOCTb, KOTOPad, KaK IIPeAIIOAaraeTcs, 3aBUCUT OT IIAOTHOCTH 3HEPrHUHU
okpyxKaromieii a¢upHOH cpenpl. [ad Hac, TAO0aABHBIM IIPOIIECCOM CYIIECTBOBAHUSI
BeEIlleCTBa SBAsSETCd Halla crnupasbHad [asakTuka, ee marepus. OTcrona, BO3HHKAaET
BaxKHOE€ IIPEAIIOAOKEHHE O TOM, UTO eCmecmeeHHbulll npouecc YymeHbuleHusi NaomHocmu
9¢pupHOll cpeldbl, KOTOPBIM IIPOUCXOAUT IPH PaACKPYYUBAHUU CHOUPaAu [asakTUKu
Maeunsiii [IyTe M ecTh Hallle OObBIYHOE HAIIpaBA€HHE XOoJa BpeMeHH «B Oymyimeer. Ilo
AHAAOTHH C adPOAMHAMHKON U THAPOAUHAMHKON, MBI MOXKeM C(OOPMYAUPOBATH BOIIPOC O
IIAOTHOCTU OSHEpruu AJQPUPHOH Cpenpl, U PAaCKPBITH €ro B MNOAPOOHOCTAX: HAUTHU
TeMIIEPATypy 3dHpa B OKOAO3EMHOM IIPOCTPAHCTBE, IIOAHOE MOaBAE€HHE (CTaTHUYECKHE U
OUHaAMU4YecKoe) 93(pUPHOT0 II0TOKA, MOTEHIITHAABHYIO SHEPTUs CIKATOTO HAU Pa3PSI’KEeHHOTO
acupa, €ro IAOTHOCTR M TakK pgasee. Bo3HHKaeT MHOXKECTBO HAeH O TeXHHYECKUX
peIIeHNsaX, OCHOBAHHBIX Ha IIPHUHIUIIAX SACKTPOAMHAMHKH, [TO3BOALGIOIINX CO3/1aBaTh
3(pUPHYIO Cpeny C 3aJaHHBIMU XapaKTepPUCTUKAMH.
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PaccMmoTpuM HeKOTOpble OCOOEHHOCTH (QOPMUPOBAHUS IIPOJAOABHBIX BOAH B
YIOpPYyTro# cpene, KOTOpble MOTYT OTKPBITH HaM IIEPCIIEKTHUBBI UX IMPAKTUYECKH IT0A€3HOTO
IIPUMEHEHUS B TEXHUKE IT€PEMENIEHUS B IIPOCTPAHCTBE-BPEMEHH.

CTpyKTypa NpPOaOABHBIX BOAH

Cob6CTBEHHO, IPONOABHBIE BOAHEBI B 3(pUpe co3/1aeT AI000H KoaebaTeAbHBIH IIpoliect
MaTepHUH: TEIAOBble BHOpanu aTOMOB, HU3MEHEHHE ITAOTHOCTU JAEKTPHUYECKOTO TOKa B
IIPOBOMHUKE, U mOaxke AIOOH IIpolecc H3MEHEHHd IIAOTHOCTH BeIlleCTBa (IIAOTHOCTH
sHepruu). Hanpumep, neproandeckoe u3MeHeHHE 00beMa eMKOCTH, HAallOAHEHHOH ras3oM,
Co3aeT H3MEHEHME IIAOTHOCTHU Ia30BOH Cpenpl BHYTPH [AAHHOM E€MKOCTH, IIOCKOABKY
4acTULBl MaTepPUM CBA3aHbI C 3(PHUPOM, TO B COOTBETCTBYIOUIYIO ITPOJOABHYIO BOAHY
IIAOTHOCTH 3cpupa.

OToeAbHO OTMETHM, 4YTO HEKOTOpble OHMOAOTHMYECKHE IMIPOIECChl TaKKe CO31aioT
IIPOOABHBIE BOAHBI, IIPUYEM TaKHe BOAHBI MOTYT OBITH HalpaBAeHHEIE. [IpencraBere cebe
Oycbl Ha HOBoromHeil eake. MOXKHO BCIIOMHUTH HMHTEPECHYIO aHaAOTHIO C (POpMOit
OMOAOTHYECKOTO H3AYUEHHUsI, KOTOpoe Oblaa OOHapyzKeHa MHPH HCCAEIOBAaHUU (PeHOMEHa
Hunear Kyaarumnoii. Ilpu HabAOmeHUM 3a SKCIIEPUMEHTAMH II0 TEAEKHHe3y, B
pacLUIMpeHHOM CIIEKTPE, ObIAM OOHapYyKeHbI U3AydYeHUd B popme OyC, KOTOphbIe UCXOIUAU
U3 mnaablleB pyK KyaarumHoit. Oty QopMy H3AyYEHHS MOXKHO OOBICHUTH, KakK
HallpaBA€HHbIE IIPOJOABHBIE BOAHBI B 3(pHUPHOM cpexme. B obmiem, 3To 3HaAKOMas HaM
dopMa CHHYCOHIAABHOTO CHTHAAa, HO He Ha IIAOCKOM TrpadHKe, a B TPEXMEPHOM
BapHaHTe: y3Abl M IIyYHOCTH IIPOJOABHOM BOAHBI HMEIOT (POPMY IIOCAEIOBATEABHOCTH
IIaPUKOB, KakK OyCHI.

Kakyum 06pa3oM MBI MOKEM MOAYYHUTH ABUIKYIIYIO CHAY HAM CHAOBOE BO3IeiiCTBHE,
3a CYEeT UCIIOAB30BaHU4 IIPOJOABHBIX BOAH B 3(DHPHOM cpene?

OueBUIHO, YTO OOBIYHBIE CHHYCOUOAABHBIE KOAeOATEABHBIE IIPOLIECCHI HE CO3AI0T
CYMMapHOTO CMeENIeHHus 3(PUPHOH Cpenbl, TaK KaK HMIIYALCHI (IIPOU3BEOEHHE MacChl U
CKOPOCTH), ITepegaBaeMble BOAHOM Cpeie BIIEPEN U Ha3al OJHHAKOBbBIE, TO HHTETPAABHBIH
UMITyABC pPaBeEH HyAlo. IIpemaaraeTcss CAEMOyIOIEe PEIeHHe: [0 aHaAOTHU C METOI0M
CO3/IaHUS ACHUMMETPHUH HMIIyAbCA OAS HHEPIIMOUIOB, KPYMu3HA (PpoHma npooosbHOU
B0JIHBL 9PUPHOTUL cpedbl OONIIKHA OMAUUAMBLCSL OM KPYMu3HbL cnada 0aHHOU 80/IHbL.

Hanpumep, poHT BOAHBI MOXKeT OBITH KpPyTOi, a criad — IAaBHBIE. B Takom
cAydae, MMIIYAbC, IIEpeaBaeMblil OKpyzKalolleHd cpene IpU ABHUKEHHH BOAHBI BIIEPE[,
OymeT OoAbIlle, YeM HMIIYABC, IIepeiaBaeMbIii BOAHOM cpene MHpH ee OABUXKEHUU Hazan. B
pe3yabTaTe, BOAHA TOAKAET CPpeay B CTOPOHY OT UCTOYHHKA BOAHBI.

Bo3moxkHa 1 oO0paTHas cuTyallus, Koraa (PpOHT IIPOJOABHOM BOAHBI ITAABHBIHM, TO
€CTh HapacTaeT MEIAEHHO, a CIaj BOAHBI KpyToi. Takas BoAHaA «TSHET» Cpeny Hazal, K
HCTOYHUKY BOAHBI.

BapuaHTbl IIPOMOABHBIX BOAH, KaK YEPEAYIOIIUXCS o0aacTedl cxKaTug U
pas3psizkeHUd Cpeabl, YCAOBHO IIOKa3aHbl Ha Puc. 127.

11 I A
INNIIIII T CuHYcounA

‘ | KPYTOW ®POHT

bl ronem
Puc. 127. CuHyconnasbHas BOAHA (CA€Ba), «TOAKAIOLIAs» U «TAHyIlas» BOAHA (CIIpaBa).
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VHTepec [Oas OKCIEPHUMEHTOB C IIPOJAOABHBIMH BOAHAMH B 3QHUpPHOH cpene
IIPEeLCTaBALIOT chepUudecKre KoHneHcaTopsl, Puc. 128.

di A
N\ MAOCKMIA KOHAGHCATOP

LIMAMHAPUYECKMIt KOHAEHCATOP

‘ Chepuyeckuit KoHAEHCaTOP

Puc. 128. TTaocku#i, TUAMHAPHUYECKUH U cheprudecKUH KOHXKEHCAaTOPhI

Teopusa nas cdhepHYeCKUX KOHAEHCATOPOB paspaboTaHa AeTasbHO, HO IIpaKTHKa
IIpUMeHeHUs Masou3BecTHa. HaM OHM MHTEpPEeCHbI TeM, YTO MOTYT CO3aBaTh IIPOJOABHEBIE
BOAHBI B 2upe, 3a CYeT M3MEHEHUN OOBEMHOM MAOTHOCTHU SHEPTHU. OTO peasusyercs
IIPH TIIOMOIIM pas3HbIX MaTE€pHaAOB, HaIpPHUMeEpP, MOXKET [IPHUMEHATbCS YyIIPYyTrUH
JAEKTPOCTPUKIMOHHBIA MaTepyuaa B POAU [OUIACKTPUYECKOM IIPOCAOMKU MEXIY
SAEKTPOJaMH cchepuyeckoro KOHJIeHcaTopa. Pasymeercs, MUAHUHIPUYECKUE
KOHIEHCATOPbl TaKKe MOTYT IIPUMEHSTBCS B TaKOM pOAM, HO HX H3Ay4YeHHe Oyaer
dopMHPOBATHCS B pafaAbHOM ITAOCKOCTH, IIEPIEHIUKYASIPHO OCHU ITUAMHIPA.

Panee, mbr paccmorpean BrIBoabl C.M. IToagkoBa 0 BO3MOKHOCTH I'eHEepPUPOBaHUS
IPaBUTAIIMOHHBIX BOAH C IIOMOIIbGI0 MArHUTOCTPUKIIMOHHBIX MaTepPHAAOB. OTO aHAAOTHUS C
asekTpocTpukimeii. CyTh 3M€eCh TaKXKe B M3MEHEHUU MNAOTHOCTH MarHUTOCTPUKIIMOHHOIO
BEIIIECTBA, TO €CTb, IIAOTHOCTH SHEPTHH B IIPOCTPAHCTBE. OTH U3MEHEHHs 00eCIIeYHBaIOT
HU3Ay4YE€HHE ITPOLOABHOM BOAHBEI.

[lpyroe mmpenMyLIecTBO CrepHUIECKUX SAEKTPUIECKUX KOHIEHCATOPOB B TOM, YTO Y
HHX OYE€Hb MaAble TOKHU YTE€YKH, IIPHU BBICOKOM HAaIPSKEHHH. B HEKOTOPBIX yCTpoHcTBax
CBOOOMHOM  SHEPTUH, Harpumep B reHepatope TECTATHKA, IPUMEHIIOT
IIUAWHIPUYECKHE KOHAeHcaTophl (AeiinmeHckue O6aukwy). Cdepudueckre KOHAEHCATOPHI, B
JaHHOM KOHCTPYKIIMH, MOTLyT paborath 0oaee 3PpdpeKTHBHO. B obireM, DpHUHIIUI
IOAIpU3aUU  CPEePUYECKUX KOHAEHCATOPOB OCTaeTcsd TaKOM e, Kak U B
IMUAMHAPUYECKHUX KOHJEHCaTopax: Ha IEHTPaAbHbIM 3A€KTPOJ IIOAAeTCd BBICOKHM
IIOTEHIaA, a C BHENIIHETO0 3JA€KTpoJa CHHUMaeTcs 3apdan. [Ipu 3ToM, BAMGHHA Ha
IIEPBUYHBIM HCTOYHHUK HEPTHU He OKa3bIBaeTcs. TaKue reHepaTopbl MOTYT paboTarh 6e3
rnoTpedaeHus TomauBa. [logpoOHee, mpo TakHe TeHepaTopbl MOXKHO IIOYHUTATh B MOeH
KHUTe «HOBBIE HCTOYHUKU SHEPTHH.

PaccMoTpeHHBIH 3[4eCh METO/, II03BOASIET CO3aTh B AIOOOH cpene, B TOM YHCAE, B
a(pUpPHOU cpene, NOMOK O00H020 NPEUMYULECMEEHHO020 HANPABAEHUS, OmMm UCMOUHUKA 8
oOKpyxXarnwyr cpedy uiu u3 okpyskarowel cpedbl K ucmouHuky. [Jad pas3paboTKu
OBUIKUTEAEH, KOTOPBIE HCIOAB3YIOT 3(PUPOOOMEHHBIE ITPOIECCHhI, TAKOM MEeTOH MOIKET
OKas3aThCd IIOAE3HBIM. B [IpyroM IIPHUAOKEHUH, KaK Memo0 KOHUEHMPAyuu uau
paccpedomoueHust 3¢pupa, e20 tHaAKAUKW UAU «pa3psiskeHUs», JaHHBIH CIT0CO0 aCHMMETPHUH
CKOPOCTH TIPOIlECCA IIO3BOAHUT CO3aBaTh O00AACTH YBEAHYEHHONH HWAW YMEHBIIEHHOHN
IIAOTHOCTH 3(pHpa B 3aJaHHOH 00AaCTH IIPOCTPAHCTBA-BPEMEHH.

HUrak, OPUHIUII aCHMMETPHYHOTO IIMKAA OOBEMHOIO CXKaTHUd — PAaCIIMpPEHUs
pabouero Teaa «3(PHUPHOrO0 HACOCA» AHAAOTHYEH paboTe MHEPIIMOHA, KOTOPBIM MBI paHee
paccmarpuBaau. CyTh [gaHHOTO IIPHUHIUIA B TOM, UYTO UMIIYALC, IIleperaBaeMbIM
cheprueCcKOl BOAHOH OKpPYIKaIOLIeH cpeae MPU pacIIUpeHHuHr pabodero Teaa, MOKET OBITH
HE paBeH UMIIYAbCY, IIepeJaBaeMO BOAHOHM cpele MpH CKaTUU pabodero Teaa, HAU
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HaobopoT. [JaHHBIM METOX IIpemAaraeTcs OAd Pa3BUTHA TEXHOAOTHH 3(pHUpPooOMEHHBIX
OBUKUTEAEH HOBOro TuIla. MBI yKe OTMe4YaAW, B HadaAe JAHHOW KHUTH, YTO KpPOMe
PEaKTUBHBIX TEXHOAOTHH, €CTh TaKHe MEeTOAbl CO3[JaHUs MABUXKYIIEH CHABI, KOTOpPBIE
paboraroT 3a cueT Iepemnana AaBACHUS Cpeabl Ha ABHUKUTEAb. VIMEHHO 3TOT 3PQEeKT U
co3zaeTrcsd, B CAydae opmuposaHusi obnacmu sgpupa nos8blULEeHHO20 UAU NOHUIKEHHO20
OJaeneHusi. IlpuMmeHeHMe TaKHX [ABHKUTEAEH HMeEeT aHaAOTHH C  OOBIYHBIM
BO3/IyXOIIAQBaHUEM, HO CO37aeT ITOOOYHBIM XpOHAaABHBIH 3(P(PEKT, TO €CTh, BBIXOAUT 3a
PaMKH [OPOCTPAHCTBEHHBIX U3MEPEHHH, 4dYTo OyJdeT pacCMOTPEeHO B TAaBe O
KOHCTPYUPOBAHUU «MAaIlTH BPEMEHM).

Eme oguH KOMMeHTapuil IO MHOBOLY KO3BIPEBCKOTO IIOHATHS O CKOPOCTH XOonaa
BpEMEHHU, KaK «IICEBIOCKaAdpa», UMEIOIIETO CMBICA AUHEHHOH CKOPOCTH IIOBOPOTA. JTOT
rmapaMeTp BaikeH, IMOCKOABKY OH OTpakaeT PEeaAbHYI0 CHUTYyallUI0 B MHpPE, a HMEHHO,
[OBUKEHHUe Halllell IaaHeThl B ITOTOKe 3dupa. Tem He MeHee, MHe IIpeAcTaBAdeTCs Ooaee
KOPPEKTHBIM BBOJUTH IIOHATHE O CKOPOCTH XOoJa BpEMEHH, KaK memna npouecca
cywecmeosaHust mamepuu, oIupasdch Ha TAKOe CBOMCTBO IIPOCTPAHCTBA, KaK IIAOTHOCTH
SHEPrUuM B MPOCTPAHCTBE. YBEAHMYEHHE HAM YMEHBIIIEHHE IIAOTHOCTH 3(pHUpa, CKOPOCTH
9TUX U3MEHEHU#l U [apyrue (PU3UUECKHe XapaKTEePUCTUKH 3(pupa, B UYACTHOCTH,
TeMIepaTypa W [OaBAE€HHE, CO3[Aal0T HOBBIE YCAOBHS CYIIIECTBOBAHHS BHUXPEBBIX
ITPOLIECCOB, (POPMHUPYIOIINX YACTHUIIEI MaTePHUH.

Kpome ToOro, mpearionaraeTcsd, UYTO CKOPOCTb XOJa BpeMeHH B KaKOM-TO
KOHKPETHOM IIPOIleCCe CYIIECTBOBAHUS YaCTHI[ MaTepHUH, MOXKET HMeTh TOABKO
OUCKpEeTHbIE 3HAYEeHHS, W MaTepusd MOKET CyIIeCTBOBATH TOABKO Ha OIIPEAEACHHBIX
VPOBHSAX OSHEPreTHKHU. VMeHHO 3TO n3ydaeT KBaHTOBas (HU3HKaA, paccMarTpuBas
paspeuieHsble [Ipuponodl ypoBHM SHEPTHUU aToMa, OpOUTHI 3A€KTPOHOB U T.II. Ilepexon
4acTUl] BellecTBa C OOHOI'O YPOBHS CYIIECTBOBAHUA Ha APYrod ypOBEHb IIPOUCXOAUT
MTHOBEHHO, CKA4KOM, H COIIPOBOXKIAETCS M3AYYEHHEM HAW IIOTAOIIIEHHMEM KBaHTa
sHepruu cpenbl. Ilpearonaraercd, 4YTO M B MaKpPOMHpE, IIEPEXOAbl MEXKAY Pa3HBIMHU
YPOBHSIMH CYIIECTBOBAHUS MaTE€PHAABHBIX OOBEKTOB, OAS KOTOPBIX U3MEHEeHbl YC/l08Us
cywecmeosaHusl, HWMEIOT aHAaAOTHYHYI0 KBaHTOBYIO Ipupoay. Ilpm moctukeHWUH
OIIpeNeA€HHOH cTeneH! nedopMallii IIPOCTPAHCTBA-BPEMEHH, OHHU ITPOUCXOAAT CKAYKOM,
a He maaBHO. OcCHOBaHUE [OAS TaKUX BBIBOJOB OyZeT IMOKA3aHO B TAaBe O pacyere
BEAWYHHBI CKOPOCTH CBETA.

[Tepetimem K aHaamu3y pabotr Akazemuka A.M. BeHHHK, y4eHOro, KOTOPBIH BBeA
IIOHATHE O XPOHAABHBIX CBOMCTBaxX BEIIECTBA.

XpoHOAUHAMUKA. DKCIIEPUMEHTHI.

OCHOBBI TEOPHH, a TaKXKe OKCIlepuMeHTbl AanbOepTa HMosedoBruya BelHUK,
Beaopyccusi, omucanbl B ero KHHTe «TepMoauHaMHKa peaAbHBIX IIpolieccoB» [63] u
«KommaeKkcHOe oIlpefeAeHHe XPOHO(MHU3UYECKUX CBOMCTB MaTepHasoB» [64]. Bcero um
HanmcaHo 23 KHuru, 6oaee 150 crateil u moaydeHO 29 aBTOPCKHUX CBHUAETEABCTB Ha
n3obpereHusa (mareHToB). A.M. Beiinuk poamacsa 3 oktabpsa 1919 roma, B 1944 rony
OKOHYHMA MockoBckuil ABuauyoHHbIH HWaHcTHTYT. B 1947 romy, OH 3allluTHA
KaHAUIATCKYI0 quccepTaliiio 1o reMe «HarpeB 1 oxaaskaeHNe TBEpPABIX Tear, B 1953 craa
NOKTOPOM TEXHHYECKHX HayK, B 1956 moayuua 3BaHue YaeH-KOppecHoHAeHTa AKaaeMHUU
Hayxk Beaopyccko#t CCP. Ocdunnaabnbiii cait http:/ /veinik.ru

MsI y2Ke IPUBOOUAU CXeMy ABUXKUTeAd BelHHKa, Kak IpUMeEpP pa3BUTHS TEOPHUU U
MIPaKTUKH MHEPIIUAABHBIX ABUKUTeAel. CxeMa 3amMedaTeAbHas 110 IPOCTOTE PEaAH3allnH,
HO HaM HaMHOTO 0OoAee HHTEPECHBI €T0 SKCIIEPUMEHTHI B 00AaCTH H3yUEHUS Tak
HA3bIBAEMBIX XPOHaABHBIX d(dekToB. B ToMt wactu >PUPOAUHAMHKH, KOTOpas
paccMmarpuBaeT 3(P@eKTbl H3MEHEHHs CKOPOCTH IIPOIIECCOB, YAO0OHO HCIOAB30BATH
TEPMHHBI «<XPOHOAUHaAMHUKHN», II0 aHAAOTHHU C TEPMHHAMH IACKTPOAUHAMHUKH.
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Puc. 129. Aasb6ept Betinuk, 1960 rog.

Haynem c Toro, uro BeHHHK BBeA IIOHATHE O XPOHANLHOM Ssl8/leHUU, KOTOpoe
ompeneAseT TEeMII BCeX IIpolleccoB. TepMHH «XpoHaa», o BelHUKY, eCTh BasKHeHIIas
XapaKTEepPUCTHKA AIOOOTO O0BEKTa, OpraHu3Ma HAU IIpeaMeTa, KoTopad II0J00HO
JABACHUIO, TEMIIEpPAType HAU OSACKTPUYECKOMY IIOTEHI[MAAY MOXKeT OBITh H3MeHeHa
BHEIIIHUM BO3AEUCTBHEM. YIpaBAssS XpPOHAAOM OOBEKTa, €ro «HHTEHCHUBHOCTBIO
CYIIIECTBOBAHHUsI», 110 BeHHHKY, MOXKHO VIIPABASTH XOJIOM PEaAbHOTO BPEMEHH JAHHOTO
o6pekTa. CTenneHb aKTUBHOCTU BEIECTBA XapaKTePHU3YeTCs «MHTEHCHAAaMM», HAIIpUMeED,
KOAWUYECTBOM [IBHUXKEHUS, TEMIIEPATYPOM, SAEKTPUYECKHUM 3apsSO0M HAU MATHUTHBIM
MOMEHTOM.

Pa3symeercs, Heab3s 3a0bIBAaThb O TOM, YTO YaACTHUIILI BeIlECTBa CYLIECTBYIOT B
apUpHOH cpelie, KaK ee HEOTOeAuMas 4acThb. [l03ToMy, U3MEHEHHE X ITapaMeTpPOB BCETaa
IIPOMCXOOUT 34 CYET COOTBETCTBYIOIIHMX H3MEHEHUI ITAOTHOCTH JSHEPTHU OKpPYKAaroIIei
acpupHO cpenpl. IMEHHO 3TOT «<MHAYKITMOHHBIN» 3PPEeKT JaeT HaM BO3MOXKHOCTb MEHSITH
CBO¥ICTBa IPOCTPAHCTBA — BPEMEHHU II0 CBOEMY YCMOTPEHHIO. MBI MOKeEM paboTaThb C HUM
OIIOCPEIOBAHHO, TO €CTh, YEPE3 BEIIIECTBO.

[aaee, xpoHanbHoOe seujecms8o, Kak rnoaaraeT BeHHUK, HageAdeT TEeAO CBOHMCTBaAMU
OAUTEABHOCTH IIPOIIECCOB U IIOPsSiAKa IIOCAEJOBATEABHOCTH. Teaa, B KOTOPBIX HET
XPOHaABHOTO BEIIECTBa, CYIIECTBYIOT BHE BPEMEHH, KaK Obl «pa3mMasaHo» 110 BpeMeHU. B
dH3mKe, 9TO HA3BIBAIOT «HEOIIPEAEeACHHOCThIO». [IpocTpaHcTBO, v BeliHnKa, npeacraBageT
coboit mempuueckoe gewgecmso. Tero, KOTOpoe HE COOEPIKUT METPHUUECKOE BEIIECTBO, He
HMeeT Pa3MepoB U MAaCChI, «pa3Ma3aHo» 110 BCEMY IPOCTPAHCTRY...

CO6CTBCHHO, OTHU CTPaHHBIE IIPEACTABAC€HHA BBI3bIBAAM HEIIPUATHE TCEOPHHU
Betinuka Y MHOTIHX Yy4Y€HBIX OO0 TE€X IIOpP, IIOKa HE CTaAO 4dCHO, YTO KOPPEKTHUPOBKA
TEPMHHOAOTHHM B pPaMKax SCt)HpO,Z[I/IHaMI/IKI/I Aa€T HaM IIOA€3HBIE KOHCTPYKTHUBHBIC
TEXHHUYECCKHE HUECH.

Pasneasass ypoBHH MUPO3IaHUS HA Pa3AHWYHBIE 10 «TOHKOCTH MaTepHi», BeHHHK
HCIIOAB3YET OAS OJHOTO U3 COCTOSTHUM 3pHupa TepMHUH «I1apeH». OH nmumieT: «YCAOBHMCS 00
0CcO0OOM HaWMMEHOBAHUM [IAS IIpocTedIrero MakposaBaeHUs. OHO ObIAO HA3BaHO MHapPEHOM.
ITo aAaTUHCKH, paren — poxKAAIOINi, IPOU3BOASIINN Ha CBET, co3aaroluii...» [63, cTp.71]
BelHUK cynuTaeT, 4TO, II0 CBOel CyTH, IapeH — 3TO «BELIEeCTBO O6e3 IOBeqeHUsI», €r0 TaK¥XKe
Ha3bIBAIOT «a0COAIOTHBIM BakKyyMoM». Baaromapsi 5ToMy CBOMCTBY, €r0 HEAB3sI U3MEPUTH,
TaK KakK OH He maelicTtByeT Ha npubopel. OOHapy:KeHHe IIapeHa IIPOUCXOOUT IIPHU
COOOLIEHHWH €My KAaKOro-TO «IIOBEOEeHHs», TOTAa BEIIeCTBO IIPOSBASIETCS U3
HeHabAIOMaeMoTo COCTOsSHUS B Habaomaemoe. llurara: «IlapeH — HeucdepriaembIi
HCTOYHHK BeILECTBa», «a0COAIOTHO TBEPAOE TEAO», «HIeaAbHas TeKydas KUIKOCTH 0e3
TpeHus», «dHepruedl He 00AaIaeT, HO ABASIETCH HEHCUYEPIIaeMbIM HCTOYHHUKOM BEIIECTBa»
[63, cTp. 322 -323]. PaccmarpuBaeT BefiHHUK M 00paTHBIH HpolecC IIepexoqa BellecTBa
M3 aKTUBHOTO COCTOSIHHSI B HEHAOAIOMAEMBIi «[IapeH», C PACIIaoM BCEX CBA3EM MaTepUHU
U pacraoM ee YacCTHILI.
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B obmieM, koHIlemius 3HaKoMmasg. JacTo 3TO IIPOIleCC HA3BIBAIOT «IIOAdpH3aIveit
BaKyyMa» U IIPOSIBAEHHEM BUPTYAABHBIX YAaCTHIl B HallleM peasbHoM Mmupe. [lo moBomy
(HEHUCUYEPIIAEMOCTH» BaKyyMa, KaK HCTOYHHKA IIPUBBIYHOM HaM MaTepPUU, MOKHO
IIOCIIOPUTE.

Ucxops n3 3Ha4YeHUd OAWHBI BOAHBI llaaHKa, KoTopad 3aJaeT HaM OPHUEHTUP IIO
MaKCHUMaAbHOM yacToTe KoaeOaHU, MBI MOXKEM OLIEHUTH ITAOTHOCTb 3HEPTUHU B «IIyCTOM
IIpocTpaHcTBe» Ha ypoBHe 10127 [Ixoyae#i Ha OAWH KyOWYEeCKUH CaHTHUMETpP. OHEpruu
MHOIo, HO He OeCKOHeYHO MHOTro. B BeamymHax Macchl, 310 109 rpamMm Ha OOUH
KyOndyeckuii canTuMeTp. OTMETHM, YTO CaMbIM ITAOTHBIM BEILIECTBOM Ha 3eMAe SIBASETCH
OCMHH, KyOMYeCKUH CaHTHUMETP KOTOPOTO BECHUT OKOAO 22 rpamm. [Ipm cpaBHEHUU ITHX
BEAMYMH, MBbl BHANM, HACKOABKO OTHOCHTEABHO MaAO OHEpPruu MOXKeT OBITb
«MaTepHuaAnu30BaHO» B HallleM BeIIeCTBEHHOM MHpe, IIOCKOABKY OOABIlIas €e 4YacTb
ocTaeTcs CBOOOTHOM AT MCIIOAB30BaHUS.

[Toaarasick Ha 9TU pacyeTbl, TPYAHO OXHUAATHL 3HAYUTEABHBIE H3MepsaeMble
XpOHaABHBIE 3PPEKTHI B OKPECTHOCTAX paboTarolux 3(UPOOOMEHHBIX ABUKUTEACH HUAU
reHepaToOpPoOB SHEPTUU, IPU I'eHEPUPYEMBbIX MOIITHOCTSIX B MeraBarThel (106) m 'mraBaTThI
(109), koTOpPBIE MOCTHKHUMBI HAa COBPEMEHHOM YPOBHE TEXHHUYECKOH peaamnzanuu. TeMm He
MeHee, TEOPEeTHYEeCKU, BaKyyM AeHCTBUTEABHO HEHCUYepIIaeM, €CAM U3 «IIapeHa» MOXKHO
IIOAYYUTH HE TOABKO ITPUBBIYHBIE HaM BHAbI MaTEpPHUH, HO U Ooaee BBICOKOYACTOTHBIE
IIpoleccrhl, 0Ooaee «TOHKYIO MaTepuio». Kpome TOro, IIpU HCIIOAB30BaHUU MIPUHIIHIIA
«3€pKaAbHBIX OBOWHHKOB», TO €CThb, IIPHU CO3MaHUU H3 «IIapeHa» Hapbl MaTepHaAbHBIX
00BEKTOB, OBHKYIIMXCS II0 OCH BPEMEHH B pa3HbIe CTOPOHBI OT MOMEHTAa CO3OaHUs
rapbl, OH CTAaHOBUTCHA AeHCTBUTEARHO HeucuepliaeMbIM. PaHee, mMaHHBIH IPUHIUIT ObIA
II0Ka3aH Ha [IPUMepPe CTPOEHUS SAEKTPUUECKOTO ITOTEHIINAABHOTO I1oAsl, hopmyaa F.2.

Uraxk, pa3ButHe npeacraBacHUN BeliHUKa 0 IpUpoAe pPa3ANYHBIX SBA€HUM, BIIOAHE
coraacyerca cC Teopuedl adupoanmHamMuku. Hamnpumep, ero paccyxkaeHus 00
«(OAEKTPHUUECKOM» BEIECTBE, IIOAHOCTBIO COBIIQJAlOT C HOoHATHUAMH Tecaa o ToM, YTO
«AEKTPUYECTBO €CTb 3(pUP, CBA3aHHBIH C BEIIECTBOM>.

BazkHbIil BbIBoA Be#iHHMKA 110 SHEpPreTHKe: CyYMMapHOe H3MEHEHHE SHEPrUH Cpeabl U
MaTepHaABHOfI CHUCTEMBI BCE€raa paBHO HYAIO, TO €CTh, HACKOABKO YBCANYHUBACTCA HAHU
YMEHBIIAECTCA OSHEPrud CHCTEMBI, POBHO HACTOABKO YMEHBIIIAECTCAd HANU YBECAHUYIHUBACTCA
9Heprud cpeapl. OTOT 3aKOH COXpPaHEHUd OHepruu o0oOIaeTcss [Oad IIPOLIECCOB
TIOTAOIIIEHUS UAU U3AYUYEHUs 3(pHpa, B XOA€ PA3AUIHBIX IIPOIIECCOB.

HNuTepecHoe 3amedaHme BeHHHMKa 0 TOM, dYTO TeEAO (BEILECTBO) CIIOCOOHO
oOMeHHBAaTBCS CO CPENOH He TOABKO 3HEPTHeH, HO M CTPYKTypHpoBaTh ee [63, cTp. 187],
TaK CKas3aTb «3apsxXKaTbh» CBOEH CTPYKTYpPOH, OUY€HBb ITOA€3HO IIPHU PACCMOTPEHHUM MHOTHX
ABA€HUH, HaIIpUMep, aKTUBaIlUU BoAbl, HAU «3ddekTa popMbl». [IpocTpaHCTBO BOKPYT
BeIlleCTBa HEKOTOPOr0 OOBEKTA, CIIOCOOHO «3apasKaTbCs XPOHaAAOM», KaK HUIleT BeHHUK.
Yto 310 03Hadaer? «IlapeH» — 3TO abCOAIOTHBIF HOABL BEAWYHHBI XPOHAABHOTO 3apdaa
BEIIleCTBa, TaM HET IIPOIIECCOB H XOJ BPEMEHH PaBEH HYyAIO. Y AIOOOTO BEIIECTBa €CTb
HEKOTOPOE «IIOBEEHHE», 3TO HEKHH IIPOIIECC U €TI0 TEeMII CYIIECTBOBAHHUS OIIPENEASIETCS B
BEAMYMHAX XPOHAABHOTO 3apsja «XpoH». BeWHHMK BBOOUT €AWHUIYy KOAWYECTBa
«XPOHAABHOI'O BeIlleCTBa» - XPoHOpP. Ilo ero ompeneaeHHIO, 00UH XPOHOP ecmb makoe
KOIUUeCm80 XpOHANbHO20 8ewecmaa, Komopoe 3apsikaem 1 K2 600bL HA eOUHUUY XPOHANA,
mo ecmb 00 MAKO20 COCMOSIHUSL, NPU KOMOPOM X00 PeanbH020 8pemeHU 8 5moil 8ooe
omauuaemest om 0b6bluHo20 x00a epemeHu Ha 1 cekyHoy [63, cTp.239].

JlaHHBIN TEpPMHH IIOIBUACH BIIEPBbIE, II0 KpaWHEH Mepe, B PYCCKOA3BIYHOH
AUTepaType. IOTo HOBad eAWHHUIlIA HU3MEPEHHs IlapaMeTpOB IIPOCTpPaHCTBa-BpeMEHHU U
MaTEpPHUU, OIIPENEAdIONiasd HE MAUTEABHOCTb HHTEPBAAOB BPEMEHUH MEXAY KaKHUMH-TO
COOBITHSIMH, a CTEIIEHb U3MEHEHHsI CKOPOCTH CYILIECTBOBAHUSA MAaTE€PHUH B IIPOCTPAHCTBE -
BPEMEHM, II0 CPaBHEHHUIO C E€CTECTBEHHOM CKOPOCTBIO CYIIECTBOBAHHS B OKOAO3EMHOM
IIPOCTPAHCTBE.
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[To3BoAlO caeaaTh 3aMedaHHE II0 IIOBOAY OaHHOro TepMuHa. IIpenamoaaras, 4To
KakKOM-TO OOBEKT CYIIeCTBYeT ObICTpee MAU MeJAACHHee, YeM B OOBIYHOM IIPOCTPAHCTBE -
BpPEMEHH, €ro XpPOHAaAbHBbIE XapPaKTEPUCTHUKH [JOAXKHBI H3MEPATHCA B TaKOH equHUIIE
U3MepeHHus, KakK «CeKyHaa/cekyHnaa». Hampumep, 10% ycKopeHHOe CylIecTBOBaHUE
o0BEeKTa 03HAYaeT, YTO ero «CeKyHaa» Ha 10% ObicTpee OOBIYHOM «CTaHAAPTHONH» CEKYHIBI.
OTo MOXKHO 3amnucarh, Kak + 0,1 cekyHnapl B cekKyHay, uau 0,1 (c/c). CooTBeTCTBEHHO,
3aMelA€HHe IIpolleccoB cylnectrBoBaHuda Ha 10% 3anuceiBaetca Kak — 0,1 (c/c).
YBeandeHHE CKOPOCTHU XOoJa BPEMEHUH B [Ba pasa 3alucbiBaeTcd Kak +1 CceKyHOa B
CEeKyHAy, a IIOAHas OCTaHOBKa XOJa BPEMEHH COOTBETCTBYET BEAHYHHE -1 CEKyHaa B
cekyHAy. IlocKOABKYy maHHad CHCTeEMa XPOHAABHBIX H3MEPEHHUH OTHOCHTEABHAasd, TO €€
HeoOXoAMMO TIPUBA3aTh K KOHKPETHOM TOYKe Ha IIOBEPXHOCTH IIAQHETBI, K
PUKCUPOBAHHOH TOYKE IIO0 BBICOTE HAJ YPOBHEM MOpPs, IIHPOTE U IOATOTE€ MECTHOCTHU.
CKopoCTb X0/1a BPEMEHHU, B JAHHOH TOYKE OKOAO3EMHOI'O IIPOCTPAHCTBA, OyZET CYUTATHCS
3Tar0OHOM. Brpouewm, ce30HHBIE H3MEHEHUSI ITAOTHOCTH 3dHupa 3HAYUTEABHO YCAOXKHLIOT
9TOT Bompoc. [laga 0Ooaee-MeHee CTAOHMABHOTO STaAOHA «CTAHAAPTHOM CEKYHIBI»,
HeoOXoaMMO BBIOpATh TOYKY B IIPOCTPAHCTBE, B KOTOPOH TaKHe CE30HHbIe H3MEHEHHUd
MUHUMAaABHBI. [IOAHOCTBIO HCKAIOUHTHL €CTECTBEHHble KoAe0aHUs IIAOTHOCTH 3dupa B
OKOAO3EMHOM IIPOCTPAHCTBE HEBO3MOXKHO, TaK KaK OHH BbI3BaHbl TI'AOOAABHBIMH
acTpoPU3NIECKIMH IBACHUSIMH, BKAIOYAsd BEIOPOCHI COAHEYHOU ITAA3MBI.

HUrak, cyrb Teopuu BeHHHKa B TOM, YTO MBI MOXKEM «yIIPaBAATH XPOHAAOM, a
CA€IOBATEAbHO, M XOJIOM PEaAbHOIO BPEMEHH TaKUM 3Ke o0pa3oM, KaK Mbl yIIpaBAseM
OPYTUMU HHTEHCHaAaMH: OaBA€HHEM, TeMIepaTypoH, 3A€KTPHUYECKHM IIOTEHIIMAAOM U
T.I. OTO 3HAYUT, YTO IIOBBICHB XPOHAA, MBI MOXKEM B HINPOKHX IIPEAeAaX YCKOPHUTH B
KUBBIX U HEXKUBBIX T€AAX BCE IIPOILECCHI: (PU3NUECKHe, XUMHUYECKHe, aTOMHEIEe, SiepHbIe
u 1.0 [62, ctp. 235]. Hanpumep, B IIPaKTHYECKHX IIEAIX MOKHO YCKOPHUTBH IIPOIIECC
rOopeHUd B [BUraTeA€ BHYTPEHHEIO CropaHUs, HAU POCT IIPOAYKTUBHBIX pPacTeHUH U
JKUBOTHBIX. YMEHbIIIasd XPOHAA, MBI MOXKEM 3aMeJIAUTh BCe IIPOIIeCChl B MaTepuu. Takum
obpa3oM, KaK moaaraeT BeHHUK, MBI HIM€eM IIAHC MHOTOKPATHO YBEAUYHUTH JAHUTEABHOCTH
IIpoliecca >XKH3HHU dYeAOBeKa. Psaa [Apyrux aBTOpPOB, KOTOpPblEe 3aHHMAAWUCH OaHHBIM
BOIIPOCOM, pacCMaTpHUBaAU TaKHe MeTonbl OOPHOBI CO CTapeHueM, KaK KOHTPOAUpPYyeMoe
3aMeA€HHEe  IIPOLIECCOB IKU3HENESTEABHOCTH B opraHui3Me dYeaoBeka. OHH CTaBHAU
BOIIPOC O HEOOABIIIOM MOHMIKEHHU TEMIIEPATYpPhl TeAd, BO3MOXKHO, He I0TaAbIBasICh O TOM,
4TO B TepMHUHAX BefHUK 3TO 03HA4YaeT «CHUKEHHE MHTEHCHaAa MaTepPUH».

BaxkuHeUmmi HOpUKAQOHOM AaCHEKT XPOHAABHBIX TEXHOAOTHM, KOTOPBIH OTMETHA
Beiitnuk B cBoed kHuUre [63, crp. 239] oTHocHUTCA K MeToAaM KOHTPOAS CTEIEHBIO
PanMOaKTUBHOCTH H30TOIOB: «Hackl, MeXaHUYECKHE, OAECKTPOHHBIE, PaAHOaKTHUBHBIE U
T.H. — IIOMENIEHHbIE B 30HY C ITOBBIIIEHHOH AW IMOHHUXKEHHOM XPOHaABHOM aKTHBHOCTHIO,
oBeqyT cebs TakK, KakK U AI0Oble OOBEKTHI IPUPOALI: B HHUX YCKOPHUTCH HUAU 3aMEIAUTCS
CKOPOCTH BCEX IIPOIIECCOB, TO €CTb, Yachl CTAHYT AHOO CIIEIIUTh, AUOO OTCTaBaTb.
Hamnpumep, B HepBoM cAydae B MEXaHWYECKHUX dacaxX IIEeCTEPEeHKU HadHyT BpallaTbCs
ObIcTpee, B OSAEKTPOHHBIX KBapleBas IIAAQCTUHKA YCKOPHUT CBOM KoaebaHUsd, &
paduoaKkmugHblx yckopumcst pacnad usomonos. Bo BTOpoM caydae, IIpU ITOHUKEHHOM
XPOHaABHOH aKTHBHOCTH, HA000OPOT, BCE 9TU IPOIECCHI 3aMEIASITCS».

PackpbiBasgs maHHBIM BOOPOC, HAAO Y4YECTh CBS3b XPOHAABHBIX IIapaMeTpPOB
IIpollecca CyIIeCTBOBAaHUA MaTepHH C MapaMeTpaMHu 3(HUPOAUHAMHYECKHUX ITPOIIECCOB,
KOTOpBIE CO3JAI0T SA€MEHTapHBbIE YACTHUIILI BellecTBa. BeWHUK IloaaraeT, 4YTO «XpPOHaA
3eMAHU IIOCTEIIEHHO yMeHbIaeTcs» (63, crp. 240]. [loAHOCTBIO C HUM COTAAceH, TaK Kak
IIAOTHOCTB 9(PUPHOM Cpenbl B HaIleM IIPOCTPAHCTBE-BPEMEHH YMEHBIIAETCH B PE3yAbTATe
pacmiupenuda cnupasn lasaktukm Maeunsiii IlyTe. KcraTH, B3 3TOro CA€AyeT, YTO
HE00XOMMO KOPPEKTUPOBATH U30TOITHBIH METO AaTUPOBKH COOBITHII IIPOIIIAOTO, TaK KaK
B IIPOLIAOM H30TOIIBI PAaCIaJaAuCh HaMHOTO ObIicTpee. Iloaararo, 4TO KOPPEKTUPOBKA
JOAKHA YYUTBIBATh OUCKPETHOCTH YPOBHEH CYIIIECTBOBAHHS MaTEepPHH, U KOI(PPHUIIHMEHTHI
IIOITPaBKH MOTYT OBITH TOABKO II€ABIMHU YHCAAMHU: 2, 4, 8 U T.A.
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[To moBomy reHEpaTOPOB 3JHEPTHUH, HCIOAB3YIOIIUMX IIOTOK BPEMEHH, U caMoH
«MaIllIuHbI BpeMeHW» BeHHUK nuineT caexnyroiiee: «MbI MOXeM HCIIOAB30BaTh BPEMsI B
XPOHAABHOM [BHUTaTeAe, IIPeo0pa3symIlleM XpPOHAA B [JdaBA€HHE, a TaK¥XKe, CO034aBaThb
«MalllMHBI BpeMeHW»... Hampumep, MBI MOXKeM HaIlpaBUTh PEAABHYIO CHCTEMY B €€
IIpOIIIAOE HAHM Oyaylliee, NCKYCCTBEHHO ITOBBICHB HAHM IIOHHU3HUB ee XpoHaa» [63, cTp. 242].
OTO0 3amMedyaTeAbHOE BbICKa3bIBAHHUE OTHOCHUTCH U K T€ME€ KOHCTPYUPOBAHHA ABHKHUTEACH,
B KOTOPBIX UCIIOAB3YETCH aBA€HHE 3(DUPHOMN Cpebl.

TexHonorm4yecku, KakK IIonaraeT BeWHHK, He wHMeeT 3Ha4deHHd, KaKOH U3
SHEPreTHYeCKUX ITapaMeTpPoB YaCTHUIIbl BeIllecTBa MbI OyIeM H3MEHSTb [AS yIIPaBA€HUS
XPOHAAOM: CKOPOCTb [BUKEHUS, BpallleHUs, 4YacToTy KoaebaHUM, TeMIlepaTypy,
9AEKTPHUYECKHUH HAW MAarHUTHBIM IOTeHIHaabl... OH muineT: «Baugs Ha Ar000M UX 3THUX
HHTEHCHAAOB, MOXKHO H3MEHUTBH XpPOHaA CHCTeMBI. B pesyabrare, MexXay HEH U
OKpYyzKarolle¥ cpenod, BOZHUKHET PA3HOCTb XpPOHaAOB. llon meilicTBUEM 3TOM Pa3HOCTH,
OymeT IIpOUCXOAUTH OOMEH XPOHaABHBIM BEIIECTBOM, H CHCTEMa IIPEBPATHTCS B
reHepaTop XPOHAABHOI'O IIOoAs. YTOOBI Takold reHepaTop padoTaa OAWUTEABHO, HAaIo
H3MEHEHHE XPOHAABHOI'O IIOAS ITOBTOPATH MHOIOKPATHO B COOTBETCTBYIOIIEM KPYIOBOM
rporecce» [63, cTp.328].

B skcnepuMeHTaAbHOM YacTU HCCA€OOBaHUM BeMHUK, MOXKXHO HaWTHU aHaAAOTHU C
paboramu KosvipeBa. Hampumep, BeHHHK 00BbaCHAET HEOOXOIUMOCTh BBEACHUS
BUOpaIiuii BAOAL OCH BpalllaioIerocd THpocKora: «Bubpaliuu HHTEPECHBI B TOM CMBICAE,
4YTO OHHU HE TOABKO ITOPOKIOAIOT II0OA€, HO M COpachIBalOT C TeAad XPOHAABHBIH 3apsim
IOZ00HO TOMY, KaK yIapOM MOAOTKa MOXKHO Pa3MarHUTUTB TeAo» [63, cTtp.330].

C ToukM 3peHUS SPUPOAUHAMUKHU, BpAaIllleHHEe THPOCKOIa BoOBAeKaeT 3QHUpP B
OBUXKEHHWE, a €r0 BHOpAIlMM BOOAb OCH BpAIIeHHsS HEOOXOOWMMBI OAS TI€PHUOMHNIECKOTO
paspylieHusd 93TOW CBd3W, YTO IIPHBOAUT K HOBOMY IIMKAY BOBA€YEHHS 3dupa B
OBUXKEHUE, C €ro ITOCAEAYIOIIMM BBICBOOOXIEHHEM. B TakoM caydae, IIpu BHOpAIIUAX,
acpuponrHamudeckue 3PPeKThl YMEHBIIEHUsS Beca TUPOCKOIIa IIPOIBAGIOTCS HaAMHOTO
CHABHEe, YeM IIPH IIPOCTOM BpalleHUH. Bubpupyrommii rupockor, Kak M T'HPOCKOIl B
COCTOSTHUM BBIHYZKIEHHOM MPEIIECCHH, CTAHOBUTCS MOIIHBIM TIeHEepaToOpPoM 3PUPHOTO
IOTOKA, HAIIPABAEHHOTO BIOABL €T0 OCH.

BelHUK mnOumieT, 4TO CaMbIM IIPOCTBIM TI€HEPATOPOM XPOHAABHOIO H3AYYEHUL
ABAFETCH AIOOOM «CBETOBOH IIOTOK, KOTOPBIM CONPOBOKIAETCS IOTOKOM YBAEYEHHBIX
XPOHOHOB». AHAAOTHUYHO, A0€PHBIE PEaKIINH, IIOTOK 3ACKTPOHOB, MarHUTHOE IIOA€ M T.II.
ABAFIOTCS XPOHAABHBIMH TIeHepaTopaMu. TeaeBH30p, IO MHeHUIO BeHHHKa, gBAdeTCH
reHepaToOpPoOM «BPEOHOTO XPOHAABHOTO H3Ay4YE€HHd». BO3MOXKHO, pedb HOAET O TOM, YTO
CTapble TEAEBU30Pbl UMEAU KHUHECKOIIBI, KOTOPBIE U3AYYaAH ITIOTOK 3AEKTPOHOB, OT KaToaa
B CTOpPOHY 3puteasi. CaMU 3A€KTPOHBI 3a€PKUBAANCE HA CBETOU3AYUAIOIIEM CAO€, TEPSsis
CBOI0 KHMHETHYECKYIO JHEPTHIO, U COo3/aBad CBETHIIYIOCHd TOYKY Ha 3KpaHe, HO IIOTOK
adrpa, KOTOPBIH HX COIIPOBOXKIAA, IIPOMIOAIKAA PACHPOCTPAHATHCHI B CTOPOHY 3PHUTEAS.
AHaAOTHYHBIE H3AYyYATEAW «PaAHUaHTHON SHEpPruM» HCIIOAb30BaAa Tecaa, OHUM Ha3bIBaANCH
«Tpybku Kpykcar, U3BeCTHbIE B PEHTT€HOTEXHHUKE.

[aHHble paccyXOE€HHS MOTYT IIOKa3aTbCd OAA€KHMH OT IIPaAKTHYECKOTO
HCIIOAB30BaHUs, IIO3TOMY CTOUT 0OoAee HOAPOOHO PaCCMOTPETh HECKOABKO ITPHUKAQIHBIX
aCIIeKTOB TaK Ha3bIBaeMBbIX «XPOHAABHBIX TexXHoAOTHil». Cpenm paboT MHOTHUX
nccaenoBareseit, BeHUK oTMeTHA B cBoeil kHure nateHT 2K. PaBatuma [65] Ha «[Ipubop
[OAS YCHUA€HUS OSMUCCHUH, BbI3BaHHBIX Gopmamm», Puc. 130. YcrpoiictBo PaBartnma,
COOCTBEHHO, MpencTaBAseT CcOOOH [AepeBSHHYIO PaMKy, pa3MepoM OKOAO 3 METPOB B
OuaMeTpe, U 4eThIPbMd BbBICOKOBOABTHBIMU SA€KTpomaMu. Ha pucyHKe mmokaszaH OOUH U3
YEeTBIPEX IAEKTPOAOB, C BBICOKOBOABTHBIMHU H3oadTOopaMu. Ha 3aexTpoas! mnomaeTcd
BBICOKOE ITocTogHHOe HampskeHre oT 60 mo 300 KuaoBoAbT. Kak U caegoBaAO OXHAATH,
co3maBad BHYTPHU PaMKU H3MEHEHHE IIAOTHOCTH 3(HUPHOU cpenpl, JaHHOE YCTPOHCTBO,
WHAYKTHBHBIM 00pa3oM, MEHSeT IapaMeTphl Cpeabl BOKPYT cels.
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Puc. 130. Cxema pacrion0K€HHS 3A€KTPOLOB B yCcTpoHcTBe PaBaTtuma.

OKCIIEPpUMEHTBI IIOKa3aAM HE TOABKO HaAW4YHe IIOABEMHOM (QHTUIPaBHUTALIMOHHOM
CHABI), HO U MOIIHOE€ BAUSHHE Ha XUMHUYECKHE peaKIlH, YBEAHWYEHHE CKOPOCTH pocTa
pacreHuit B 10 pa3 u T.m. XpoHaabHble 3(PPeKTh. BpeMsa «akTUBanuu OKpyzKarolei
Cpenpl» COCTaBASIAO B AaHHOM caydae, 30 MHHYT paboThI IIOCA€ BKAIOYEHHs, U 3aT€M, B
paguyce [OEecITKOB METPOB BOKPYTI VCTPOMCTBa, HAYHMHAAM OTMEYaThbCS HEOOBIYHBIE
3pdeKThI: BAWSHHE Ha MaTrHUTHOE IIOA€, CTEHeHb TpaBHUTANNH, KOIPPUIHEHT
IIPEAOMAEHUS BO34yxXa, CKOPOCTb POCTa PacTeHUH U T.II.

OrmeTuM, uTo wumeu PaBatuma 1973 roga «Io aKTUBAIUM IIPOCTPaHCTBa»
OIIMpPaAUCh Ha 0oaee paHHHE aHaAOTH: KaHancKuil nmateHT Ne 580548 (HemMeLKHII HOMeEp
DE 868592 u aurauiickuit GB 685522) c Ha3BarnueM «MeTon U anmaparypa OAs OKa3aHUs
BAUSHHA Ha pPeakIMd U U3MEHEHHd COCTOSHHH Mmarepun», 8 ampeas 1954 ropa [60)].
ABTopnpl - m3o06perarean u3 Poccum, Aeon CnpuHkK u Mapua CHpHUHK, IIpemsarasu
IIPOCTYI0 KBaApaTHYIO pPaMKy, II0 yraaM KOTOpPoH  yCTaHaBAMBAAM  YeThbIpe
BBICOKOBOABTHBIX dA€KTpona. Mcropus maHHOro u3obpeTeHHd O4YeHb HHTepecHad. AeoH
CripuHK paboTaa Ha IIEMEHTHOM 3aBoJe BO PpaHIIMU, U IPEOAOKHA JAaHHBIA METOI MAS
VAY4YIIIEHHs KadecTBa M YCKOPEHHsS IIPUTOTOBAEHHS IieMeHTa. OCHOBHBIE ITapaMeTpbl
«YyCTPOMCTBA aKTHUBAlUM»: HAIIPSIXKEHHOCTDb II0AS MEXKIAY DAEKTPOAAaMM cocTaBasiaa OT 1
KHAOBOABTA [0 O KHAOBOABT Ha MeTp. Bpemsa axkTuBanuu 60-MeTpoBOM 30HBI
IIPOCTPAHCTBA BOKPYT AAHHOM yCTAHOBKHU COCTaBASAO OKOAO 2 Heneab. B pesyabrare,
BpeMsd IIPOTEKaHHd peakIUU B KOHTeHHepax C OyAayIMM IeMEHTOM, pa3MeIlIeHHBIX
BOKPYT YCTAHOBKH «IIPaBHABHBIM 00pa3oM, C TOYHOU opueHTalmeil cropoH Ha CeBep U
Or», cokpammasocs ¢ 24 gacoB o 3 4acoB. OTMETHM, YTO 3AEKTPOCTATHKA 3I0EeCh HE
UTpaeT POAH, TaK KaK METaAANYeCKHe KOHTEHHEpPhI C IIEMEHTOM OBIAM 323€MAEHBI.
BaKHOCTP OpHEHTaIlMH KOHTEHHEPOB II0 HAIIPAaBAEHHUAM MAaTHUTHBIX CHAOBBIX AWMHUHN
TIAQHETHI TOBOPUT O TOM, YTO B JAHHOM CAydYae, FAaBHYIO POAb UT'PAIOT HaTypaAbHBIE
IIOTOKH 3(Hupa B OKOAO3€MHOM IIpocTpaHCcTBe. COOCTBEHHO, CaM BBICOKOBOABTHBIH
«aKTHUBaTOP», 32 HECKOABKO MAHeill paboThl (0OKOAO 2 HEmeAb) CO3MaBaA U3 HATypPaAbHBIX
IIOTOKOB 3upa 0oaee YIOPSOOYEHHBIH MOTOK 3upa, B 00AACTH IPOCTPAHCTBA OKOAO
cebs. TakuMm ob6paszoM, 3pdeKT 00yCAOBAEH HE CAMUM I'€eHEepaToOpOM, a ero BAUSHHUEM Ha
€CTEeCTBEHHBIH ITOTOK OKOAO3EMHOTI0 3upa.

Ipyroe BazkHO€ CBOMCTBO «XPOHAABHBIX M3AYYEHHM», KOTOpPO€ OTMETHA BeWHUK,
OTHOCHUTCSH K nepedaue uHgopmayuu, 8 mom uucnte, ceHemuueckoii. OH numet: «He
MeHBbIIIee BIIEYaTACHUE ITPOU3BOAST IIOAYUUBIIINE B I[IOCAETHEE BpEMS IIHPOKYIO TAACHOCTD
paboter 10.B. 1l3gHa 1o BBIBEIEHUIO HOBBIX COPTOB M BHIOB PACTEHUIl W KUBOTHBIX.
3mech ToxKe CyTh HabAIOmaeMbIX U3MEHEHUH B OM000BEKTaxX OOBSICHAETCHA BO3AEHCTBHUEM
HE OSOAEKTPOMATHUTHBIX, & XPOHAABHBIX HW3AYYEHHUI, MCIIyCKaeMbIX CO3JAaHHBIM UM
reHepaTopoM. FIMeHHO XpOHaABHOE IIOA€ IPHOOpPETaET U IIEPEHOCUT OT OHOI'O OOBEKTa K
OpyroMy coaepskalllylocs B HeM uHdopMmalmio» [63, ctp. 331].
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KopoTko HammoMHIO CyTh OIBITOB aBTopa llzgHa KaHpuxkeHa, XOTS OHH HE HMEIOT
IIPSIMOTO OTHOIIIEHHUS K BOIIpOocaM CO30aHUs [OBUXKHUTEAEH HOBOro Ttuma. J[laHHbIe
9KCIIEPUMEHTBI IIOKa3bIBAIOT IMPAKTUYECKYI0 IIEHHOCTH 3(PUPOAMHAMHKH, IIOCKOABKY
IIPOAOABHBIE BOAHBI 3(PUPHOM Cpeabl CIIOCOOHBI HE TOABKO CO34aBaTh CHUAOBBIE 9(PPEKTHI,
HO HECTH M IepeaaBaTh OT OJHOIO OpraHu3Ma ApPYyroMy TI€HETHYEeCKyI0 H OPYIyIo
6HMOAOTHYECKH aKTUBHYIO HH(POPMAIIHIO.

B 1957 rony, moktop lI3sgH mpencraBua HaydHOMY cooOiiecTBy B Kurarickom
MenunuHCKOM YHUBEPCHUTETE CBOIO «Teopuio yrpaBaeHUS IoaaMi» [67]. OH moaaraa, 4To
nH(popMaIusa MeKAy OHOAOTHYECKHMH OOBEKTaMM, B TOM YHCAE AIOABMH, II€pefaeTcCHd
BOAHaAMH 35A€KTPOMAarHUTHOM HpHUpoAbl, oIpeAeseHHOH dacToThl. [lo3ke, OH yexaa B
XabapoBcK, rme co3mas «OHOTPOH» - YCTAHOBKY II0 oMoaoxkeHHIo. CyThb Ipoliecca
OMOAOXKEHHS COCTOosAa B Iepenade HHEOPMAIIUM OT AaKTHUBHO PaCTYIIMX MOAOBIX
0OBEKTOB cTaperolieMy opraHusMmy. [lobouyHbIM 93(dQ@eKToM FBAFIAOCE TO, YTO
OMOAOZKEHHBIH OPraHU3M CTaHOBHACH ITOXOZK Ha MOAOAOIO AOoHOpa. [loMHMO OMOAOKEHUd,
OIBITHI 1[3s1Ha IMOKa3aal BO3MOKHOCTD Ilepefadyy OMOAOTHYECKH aKTUBHOU HMHQOpPMAaINHU,
OT OJTHOTO BHA KUBBIX OPraHU3MOB ApyruM. Harmpumep, ecAu UCTOYHUKOM HHQOPMAIIUU
CAY3KHAA YTKAa, a IIPUEMHHUKOB HH(OPMAIIMU — KypUHbIE SHlla, TO B pe3yAbTaTe TaKOTO
9HEepPronH(MOPMAIIMOHHOTO O0MeHa IIOAYYAAWCh IIBITIASTA C IIAOCKMM KAIOBOM U
IIepPEOHKAMHU Ha Aallax.

CeronHs O4Ye€Hb IIOIYASPHBI METOAUKH OMOAOXKEHHS, CBSI3aHHBIE CO CTBOAOBBIMU
KaeTkamMu. OpHako, Kak mnokasaa l[3sgH, MOKHO paboraTh U 6€3 MHBEKIIHH, JOCTATOYHO
OPraHHu30BaThb NPOYUECC NepeHOCa UHGPOPMAYUU OM NPOUECCO8 POCMaA MOJ00bLX OP2AHUIMO8
Ha cmaperwull Op2aHuU3M, ITOOBI MOAYIHUTE 3P(EKT OMOAOKEHUs. BIrpodeM, ero MeTosn
HCIIOAB30BaHUd HHKyOaTopa C dillaMM HEMHOTUM OTAHMYAEeTCs OT H3BECTHOH METOOHKU
aereHmapHo#t KaeomarTpbl, KoTOopasd MNEePUOAUYECKU I[IPHUMEHSIAA OMOAAKHBAIOIIME
ITPOLIEAYPEI, IIPOBOAS MHOT'O BPEMEHHU C MOAOJABIMH MaTePSIMHU U UX MAAZIEHIIAMH.

Joktop lLI3gH cTpoma 0oABIlIME M MaA€HBKHE «PE30HAHCHBIE KaMEpPhbI»,
OIIPEIEACHHON reoMeTpHYeCKOH (popMbl (1moAycdepbl MAM IIpaBHUABHBIE MHOT'OTPAHHUKH),
M COeQUWHSA UX BOAHOBOZAMHU (MeAHBIMHU TpyOkammu). Ha Puc. 131 nmokaszaHo ¢oTo omHOH
U3 YyCTAaHOBKH AOKTopa l3gHa, KoTopas NPUMEHAAACh JAT ACYEHUS AIOAEH.

Puc. 131. ®ororpadus omgHoM U3 yCTaHOBOK l[3aHa.
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[Ipu paccmorpeHuu ¢otorpacduu, ImokaszaHHoOHM Ha Puc. 131, craHoBuUTCHA
IIOHATHO, YTO B [JAaHHOM VCTPOMCTBE, HMEIOIIEM HaTypPaAbHYIO IIPaBUABHYIO
reOMEeTPUYECKYI0 (POpMy, HECKOABKO KOHYCHBIX H3AydaTeAel HaIllpaBA€HBI B IIEHTP
Kamepbl. Ha KOHyCcHBIE u3Ay4aTeAHw, II0 TpPyOKaM - BOAHOBOJAAM, IIOAETCH
SHEPronH(OPMAIIOHHOE M3AY4YE€HHE OT KAaKOIo-TO HCTOYHHKA. BO3MOXKHO, TaKuM
HCTOYHHUKOM CAY3KHA UHKYOaTOpP, 3aIIOAHEHHBIH OIIAOJOTBOPEHHBIMH KypPHUHBIMH SHIIAMH,
B KOTOPOM IIPOMCXOJVAO PpPas3BUTHE 3aponbllllell KWBBIX OpraHu3MmoB. Heobxomumo
OTMETUTH, YTO KPUTUKU TaKON METOAUKH aKTHBHO HCKaAU II0OBOJ, 3aIIPETHUTH LOKTOPY
[I3au paboraTk B XabapoBCKe, OgHAKO, HUKTO UX 160 mammeHTOB HEe HMEA K JOKTOPY
IIpeTeH3UH. Y BCeX IIPOSBASIACS IIOAOXKHUTEABHBIN 3((eKT, M yAy4IllEeHHE COCTOSHHA
HPOOOAZKAAOCH B TEHYEHHUH 2 AET IIOCAE IIPOXOXKACHHS Kypca IPOLEayp.

KoucTpykTuBHO, 06MeH mHGOpMAaIlell MOXKHO oOecreduTh U 0e3 BOAHOBOIOB. B
o0I1IeM caydae, cXeMa 3KCIIePUMEHTAa MOTAA Obl BBITASIETH TAKUM 00pa3oM, Kak II0Ka3aHo
Ha Puc. 132 (cripaBa). HyzkeH nByxX(pOKyCHBII pe3oHaTOp.

00 BLEKT BO3aeACTBUA

UCTOYHUK U3ny4yeHus

(e @

06BbEeKT BO3AeNCTBUA UCTOYHUK U3ny4yeHus

ABYX®OKYCHbIA PE3OHATOP

Puc. 132. Pe3oHaTop NPOJOABHBIX BOAH C ABYMH (POKYyCaMHU.

B omHOM (oOKyce TakKoro OSAAMITHYECKOTO pe30HaTopa IIPOAOABHBIX BOAH
yCTaHaBAMBAETCd M3AydaTeAb (pacTymuii opraHu3M), a B [OPYyrOM - IIPHEMHHK
(craperomuii opraHu3M). OAAHUIIC MOXKET OBITH IIOCTPOEH M3 AWCTOBOIO MeTasAa, HO
HaAMHOTO Ay4YIIlE MOAXKHA paboTaTh KOHCTPYKIUS BBITAHYTOH cdepudyeckoit ¢popMbl, B
BH/IE CUMMETPHUYHOTO giIia (0ObIYHOE SHIT0 UMEeT TYIIOH U OCTPBIH KOHELI).

Kcratu, B o00LIEM cAy4Yae, MHOIOyTOAbHasg TeoMmeTpusd (OPMBI pe3oHaTopa
IIO3BOAAET «CMEIIIMBAaATh» CHTIHaAAbl OT HECKOABKHX I/ICTO‘-IHI/IKOB, %1 HaHpaBAHTB HUX Ha
O0BLEKT BO3IENUCTBUS.

B pa3BuTHE TEXHOAOTHH OHOAOTHYECKH AKTHBHOTO 3HEProobMeHa, IIperAaraeTcs
HCIIOAB30BaTh «HAKOIIUTEAN MHGPOPMAIIUHN», B POAU KOTOPBIX MOTYT HCIIOAB30BaThCS BOAA,
caxap ¥ T.I. [Ipy Takoi cxeme, HU3Ay4YEHHE OT IIpOllecca Pa3BHUTUSA 3apOAbIIIEH MOKHO
YCHUAUTD 3a CYeT (POKYCUPOBKH B HEOOABIIIOM OOBEME, TaM, IJie IIOMEIIAeTCd «HAKOIIUTEAD
nHpopMmarmrr. OTMETHM BaKHBIH acCHeKT: aKTHBHPOBAHHYIO TaKUM o00pa3oM BOLYy
HeoOXoauMo pa3baBAdTh. [leA0 B TOM, YTO BCE JKHUBBIE OPraHHU3MbI HMEIOT CBOEOOpPa3HYIO
3alIUTy: ¥ KAETOK €CThb IIOPOT BOCIIPUATHSI, ¥ OHU HE pearupyloT Ha CUTHaAbI, aMIIAUTYAA
KOTOPBIX BBIIlE, 4YeM MAaHHBIM mopor. [lo aTol mpuyYmHe, BOAa, aKTUBHUPOBaHHAs B
IUpaMHuIax, OKa3bIBaeT MOAE3HBIH 3(PPEeKT Ha pPacTeHUS TOABKO B TOM CAyYae, €CAU ee
pasbaBuaun, npuMepHo 1 kK 100.

Jpyrofi BasKHBIM AaCIEKT MOAHHOHW TEXHOAOTHH: €MKOCTH [OAd aKTHBAIlUM BOJBI
JOOAXKHBI OBITH H3TOTOBAEHBI M3 KBapIIEBOTO CTEKAA, IIPOIYCKAIOIIETO OIIPeaeAeHHBIN
BBICOKOYACTOTHBIN CIIEKTP BOAH. B 3TOM BoIIpoce, IPHUOPUTET OTKPBITHA IIPHUHAIACKUT
Anekcaunpy T'aBpuaoBuuy I'ypBud, KoTopbiii B 1912 romy BBeA HOHATHE «OHOIIOAE» U
TEPMHH «MUTOI€HETHYECKHUE AY4YH». VICTOYHHKOM MaHHOTO HM3AYYEHHsS MOTAH OBITH Jt00ble
npoueccobl bblcmpoz2o0 pocma pacTeHui, HaIpuMep, KopHe# Ayka. [lepBble 9KCIIepUMEHTbI
Obian  BbIIIOAHEHBI emne B 1923 roxmy, B KpbiMckoM YHuBepcurere. IM3aydeHue,
co3gaBaeMoe OTAEABHBIM KOPEIIKOM AyKa, Oyaydu HarpaBA€HHOE Ha APYyroe pacTeHHe,
BBI3BIBAAO B ITAHHOM MECTE YCHUAEHHBIM POCT KAETOK. ['ypBHY HallleA AUAIla30H BOAH, B
KOTOPOM CO3J1aeTcCd JaHHOE U3AYYEHHE.
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OHO OKa3aA0Ch B CaMOM «KOPOTKOBOAHOBOM» yYaCTKe€ CIIEKTPa, 3aHHUMaeMOTO
YABTPaPHUOAETOBBIMHU Ay4YaMH, IIOYTH Ha I'PaHUIlE C PEHTIeHOM. DTO OAWHBI BOAH OT 190 —
330 HaHOMeETpPOB [67], KOTOPbIE COOTBETCTBYIOT H3BECTHBHIM OMOXHMHUYECKHM PEaKIIUSM,
COIIPOBOXK/JAIOIIMM IIPOLIECCHI pOCTa H Pas3sBUTHUS KAETOK XKHUBOro opraHusMa. OHHU
9KPAHUPYIOTCH OOBIYHBIM CTEKAOM, HO IIPOIIYCKAIOTCH KBapleM. [IOCKOABKY MOAEKYABI
JHK Bcex KHUBBIX OpPraHH3MOB Ha IIAAHETE HMEIOT IIOXOXKHE IIapaMeTphbl, TO He
00513aTEABHO HCIIOAB30BaTh OAG 3THUX IleAeH ITPOIlecChl pa3BUTHUS 3apoblillel deaoBeKa.
HamioMHIO, 4TO B pOAM MOIIHBIX AHTUSHTPOIIMMUHBIX IIPOIIECCOB, IIPHUMEHIEMBIX IAS
AedeHHus Aloged, mokTop LI3gH mHcrmoab3oBaa pa3BUTHE ILBINIAAT B gHIlax HHKyOaTopa.
JAUHBI BOAH Ha JaHHOHM YacToTe cocTaBAdIOT okoao 200 HM, To ecTh 2-107 (M). YunThIBag
9T0, paboTaTb C [OAaHHBIM THIIOB BOAH CA€OyeT B 30HE IIPIMOH BHOMMOCTH B
OBYX(POKYCHOM pe3oHaTope, ANO0 ¢ BOAHOBOJAMHU, AUOO HCIIOAB3Ys KBaplleBOe CTEKAO.

OTMeTHM ellle pa3, YTO JaHHOE HU3AYYEHHE UMeeT OUYeHb MaAyI0 MHTEHCHUBHOCTS. [lo
COBPEMEHHBIM [aHHBIM, OHA COCTAaBAdET IIOpSAKa MOEeCATKOB (POTOHOB B CEKyHOYy Ha
KBa/IpaTHBIA CaHTHUMETP U3Aydalollled IOBepXHOCTHU. bBoaee MoIllHOoe H3AydeHHE He
BOCIIPUHUMAETCHd, TaK KaK Yy KAETOK paboTaeT «IIOPOTOBBIH OIPaHHUYUTEAb» BXOSIINX
CUTHAaAOB.

B Hamm gHu, B JaHHOM HampaBAeHHU paboraer rpymnna [I. FapseBa u apyrue
nccaenoBaTesu [69].

3aMeTuM, YTO BO3MOIKHO H IIPSIMOE (OIITHYECKOe) HabOAIOAEeHHE MHTOTE€HETHUYECKUX
AyYel, HCIyCKaeMbIX BCEMH JXUBBIMH OPraHHU3MaMH, BKAIOYAsS PaCTEHUs, a TaKKe, UX
dororpadusa. [Jag 3Toro HeoOXOAWMO IIPHUCYTCTBHE HCKPOBOTO paspsna, TO €cCTh,
CMeILINBaHUEe BOAH MHUTOTN€HETHYECKHX Ay4Yeld C BBICOKOYACTOTHBIMH BOAHAMHU paspsdna.
BaxkHO OTMETUTBH TO, YTO HCKPOBOH pa3psn MHPOU3BOAUT BOAHBI IIAOTHOCTU 3(PUPHOH
Cpeapl MINPOKOTO Auaria3oHa. ITo OTKpheITHe caeaaa CemeH [laBumoBud Kupamaun B 1939
roxy. Iloaararo, 9TO CyThb HAHHOIO SIBAEHHUS COCTOUT B TOM, YTO HPHU CMEIINBaHUU
BUOpaiuii acpupa paszHoOd 4acTOThbl (MHUTOTE€HETHYECKUX U IIHUPOKOIIOAOCHOTO H3AYYEHUS
9AEKTPUUYECKOI0 paspsifia) IOIBAFIOTCS FAPMOHHKH TaKHX 4YacCTOT, KOTOPhIE IIONIaIaloT B
BUIUMBIH CIIEKTP, XU MOTYT OBITH cdoTorpadupoBaHbl HAM CHSTHI Ha BHAEOKaAMEPY.
AHaAOTHUYHBIM METOZIOM, B PAAUOTEXHUKE OCYIIIECTBASETCS MOAYUYEHHE BOAH HEOOXOaUMOH
YacCTOTHI B YCTPOHCTBE, KOTOPOE HA3BIBAETCH «CMECHTEAD.

Urak, yro npeacraBageT coboil 3HEPronH(OPMAIITMOHHBIH 00MEH, C TOYKU 3PEHUT
Teopuii KospipeBa u Beiinuka? PabotTbl ['ypBuYa HOKazasH, IIOYEMY KAETKHU H3AYyYaIOT
OCOOEHHO CHABHO BO BpEMS MHTO3a (HEACHHS U Pa3MHOXKEHHs): B OTHX I[IPOIleccax
IIPOUCXOOUT pPacIiafl CAOKHBIX BHYTPHUKAETOUYHBIX CTPYKTYpP, HaIlpuMmep, anapa kKaeTok. C
y4eToM HaIIuxX 3HaHUU 0 Ipoleccax popMHPOBaHUS B 9(PUPHOU Cpene BOAH IAOTHOCTH,
MbI MOXKeM IOHSIThH CyTh JaHHBIX IIPOLIECCOB, ¥ IIPOBECTH BaKHbIe aHAAOTHH.

OueBHIHO, YTO MPOIIECCHI AEA€HHS U POCTa KAETOK, KOTOPbIE COIIPOBOXKIAIOT
IIPOIIECChl Pa3BUTUS 3aPOABINIEH pacTeHUH HAW KUBOTHBIX, 3TO MOIIHBbIE HEOOpaTHMbIe
IIPOIIECChI, KOTOPBbIE COIIPOBOXKOAIOTCH «BOAHOH IIAOTHOCTH BpPEMEHH», B TEPMHHAaX
KosbeipeBa. Ko3pipeB moayuaa mnomobHble 3(@EeKThl IIPU H3YUYEHHH «BOAH IIAOTHOCTH
BpPEMEHH», CO3[1aBae€MbIX HE TOABKO IIpollecCaMU H3MEHEHUs (Ha30BOT0 COCTOSHUS
BEIlIeCTBa, HO TaKKe POCTa U Pa3BUTUS PACTEHHUI, HAW ITPOIIECCOM YBSAAHUSA PACTEHHH.
3Haku a¢dekra, Oad pocTa HAW YBAAAHULA, PaA3AWYHBI, KaK U [OAS IIPOLIECCOB
KPHUCTAaAAM3aIlUH HAU pacTBopeHus. CoOOTBETCTBEHHO, B TaKHUX IIpolleccax, B
OKpY3KaIoIlled cpe/e MOTAOLIAETCH AW H3AYy4aeTCd HEKOTOPOE KOAMYECTBO 3hHUpa, U €ro
IIAOTHOCTb MeHseTcs. BeHHMK mmcaa o0 92ToM, KakK O COXPaHEHHH KOAWYECTBA
«XpOHAaABHOTO BeliecTBa». C  OPYrodl CTOPOHBI, BCE€ BHUALI HEOOPATHMBIX ITPOIIECCOB,
a30BBIX IIEPEXOMIOB, IMIPOUCXOAAIMX B MaTepPHUU, HaAIOpPUMEpP, TadHUE AbJa HAU
KPHUCTaAAH3AIHS BOAbI, MOKHO pacCMaTpPUBATh KakK II0 aHAAOTHUH C IIPOILeCCaMHU B KHUBOH
MaTepuu. B oTamume OoT MUTOreHEeTHYeCKUX Aydeil ['ypBuya, 3TH Hponecchl OyayT MMeETb
[OPYTOM 4aCTOTHBIY CIIEKTP BOAH IIAOTHOCTH 3(PUPHOU Cpenbl.
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OTa KOHILENIHNI MOXKET O0BSICHHUTDL CAydYaH, KOIa yBEeAUYEHHE IIAOTHOCTH 3(Hpa B
o6AaCTH IPOCTPAHCTBA, HAXOALAIIEHCT PSIOM C HEKUM HEOOPaTHUMBIM IIPOIIECCOM, BAHUSIET
Ha (PU3HUKO-XUMHUYECKHE XapaKTEePUCTHUKH [OETEKTOpa, YMEHbIIasd HAM YBeAHUYUBad
SHTPOIIHIO B CTPYKTypPE €ro BelllecTBa. 3HaK 3(ddekra 3amaeTcd U3MEHEHUEM ITAOTHOCTHU
acdupa, co3maBasl SHTPOIUMHBIE HAM aHTHIHTpPONHNHHBIE 3P¢eKThl B HIPOCTPAHCTBE,
OKpYyzKalolleM HeoOpaTUMBIH IIporiecc (pa3oBeIH epexon BellecTBa U3 OQHOTO COCTOSHUS
B papyroe). OmgHako, 3TOo o0llee IpeAcTaBAEHHE O COXPaHEHHHM KoAWdecTBa adupa, He
pPacKphIBaeT NIPUHIIUIIOB IIepeHoca UHPOPMAIIUK TaKUMU BOAHAMHU, U OCTAETCs HESICHBIM,
KakKUM 00pa3oM IIpoAoAbHAsi BOAHA IIEPEHOCHUT HH(OPMAIIHMIO O TOM, YTO B HCTOYHHKE
MHUTOT'€HETHYECKOH BOAHBI [ypBHYa (HAIpUMep, OT IMIPOPACTAIONINX pPacTeHUH) HaeT
ITPOLIECC POCTa M Pa3BUTHs, a He IIpoliecCc yBanaHud. KakuMm ob6pas3oM, B ombITax Ll3gHa,
BOAHOH IlepenaeTcs reHeTHdecKas MHQoOpMaIus OoT YTKU K d9MOpHoHaM IbIIAIT? OTBETHI
MOZKHO HaWTU IIPU aHaAH3€ IPUPOALI IPOJOABHBIX BOAH B 3(DUPHOH cpee.

[TpeAIIoAOKUM, YTO 80/IHA NJAOMHOCMU 3pUpPa — 3MO NPOUECC, 8blXO0SWUL 3a
pamrKu O0OCMYNnHbLIX HAWEMY BOCNPUSMUI0 U3MEPEHUll npocmpaHcmed, U OH umeem
XPOHANBbHYIO 20s0epajdpuueckyto cmpykmypy. B TakoMm caydae, mepeHOC HHQOpPMAIIUU
TAKOM BOAHOM BIIOAHE OOBICHUM. OTO acCHeKT MbI PACCMOTPHM II033XKE, B TAaBE O
JeTbIPeXMepPHBIX TOAOTPAMMAX.

[TonnmaHHMe MexaHH3Ma IepeHoca HH(OPMAIIMH C HOMOIIBIO ITPOJOABHBIX BOAH
3(pupPHON cpenbl HEOOXOAUMO HE TOABKO A Pa3BUTHS KOCMHYECKOH TeXHUKH. OmHa u3
rAODaABHBIX 3a/1a4, CTOSIIIUX IIepel YeAoBedeCTBOM — Ooprba ¢ Bupycamu. [Ipensaraercs
HOBBIl METOJI, OCHOBaHHBIN Ha CO3AAHUU BHUPOQATOB, CIIEIIHAAHU3UPYIOIIUXCI HA TeX UAU
WHBIX BHUpycaxX, HAHOCSIIMX BpeZ dUYeAoBeKy. l3BecTHble HaM BHpodaru, KOTOpbIe
CYLIECTBYIOT B IIPUPOZE, ¥ IIAPa3sUTHPYIOT Ha BHpPyCaxX CBOETO THIIA, MOTYT OBITh
«MOZEPHHU3HUPOBAHLD C IIOMOIIBI0O BOAHOBOIO IIEpEeHOCA TIeHEeTHYEeCKOH HHQOopMaIVH,
TaKUM 00pa3oM, UTO UX «IIHIIeH» CTaHyT BUPYCHI TPUIINA, Teplieca U APyTrux 3aboAeBaHUid.
910 HampaBaeHHe paboT Ype3BBIYAWHO HHTEPECHO, HO pacCMaTpPUBAThH €ro MoapobHO B
JAaHHOM KHUTe HelleAecoo0pa3Ho. 3anHTepeCOBaHHbBIE OPTaHU3aIIMH MOTYT 00palaTbCsa KO
MHE 33 KOHCYABTAIIUSMH.

[IpomoaKMM pacCMOTPEHHE pPEe3yAbTAaTOB MCCA€NOBaHHUM, KOTOpbIE IIPOBOAHA
Axkanemuk Beiinuk. Ecan Ko3pIpeB HccaezmoBaa IIPOLIECCHI HCIIAPEHHA KHUAKOCTEH HAHU
KPHUCTaAAM3alIUN BOMABI, TO OAS CO3aHUS BOAHBI ITAOTHOCTH 3(pUpPHOM cpenbl, BelHHK
HCIIOAB30BaA TaKHe MOIIHbIE (pa30Bble IEPEXOAbl, KaK ITAaBA€HUE U 3aCThIBAHHE MeTaAAad
(Bucmyta) [64, cTp. 27]. [JaT4yuKH, KOTOpble INPHMEHSA BeMHHK, aHaAOTHYHBI
KO3BIPEBCKUM INpubopam. BefiHuK nucaa: «[laaBaeHHE BHCMyTa COIIPOBOXKIAETCS POCTOM
XPOHaABHOH aKTHBHOCTH, IIOBBIIIEHHE 4YacTOTBL... 3aTBepAeBaHHE BHUCMyTa —
YMEHBIICHHUEM XpPOHAaAAQ...»

OTMeTHM 3[IeCh aHAAOTHH C TeopHed W sKcmepuMeHTaMu Beaocrorikoro. BeilHUK
IIMcaA:  «M3MEHEHHEe  HAIIPSKEeHHOIO0  COCTOSHHS  MaTepuasa  COIIPOBOKIAETCS
XPOHAABHBIMU H3AYYEHUSIMH, ITPUYEM, WHTEHCHBHOCTb ITHX H3AYYEHHH BO3pacTaeT Co
CKOPOCTBIO M3MEHEHHUd Harpy3Ku. VHTEHCHBHOCTbL CO CTOPOHBI CKATBIX BOAOKOH 0Ooaee
4yeM Ha IIOPSZIOK IIPEBBINIAET TAKOBYIO CO CTOPOHBI pacTdHyThIX» [64, cTp. 30-31].

XPpOHaABHOE II0A€ MEHSET SAEKTPUUYECKUE XapaKTEPHCTHKU MaTepuaasa, [I03TOMY B
poAM maTyMKa B JKCIEepUMeEHTaxX BeWHUK, BbICTyIIasra oOOBIYHAS AaMIIOYKa C
BOAB(PPAMOBOM CIIUPAABIO, COEOAHMHEHHas C OMMETPOM. Boaee 4yBCTBUTEABHBI MATYUKH,
HCIIOAB3yIOIME 3(PPEKT H3MEHEHHS IIapaMeTpPOB MHKPOCXEMbI, BXOAAIIeH# B cocTaB
reHepaTopa HMIIyABCOB. B KauecTBe [aTyuKoB, BeWHHK TakXKe MCIIOAB30BaA
6ruoasornyeckue o0BeKTbI. OH ccblrnaeTcss Ha onbIThl C.I CMHUpHOBA, KOTOPBIM B POAU
U3MEPUTEABHOTO IIpHbOpa MNPUMEHHA KaKTyC C ABYMS 9AeKTpomamMu [63, crp. 343].
OTMeTUM, YTO AHAAOTHYHBIM METOI, HCIIOAB3YIOIIUH «MCKYCCTBEHHOE OHOIIOAE», TaKIKe
paspaboTraa u mpuMeHUA AaekcaHap MuxatinoBua MumuH [70].
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Hawuboaee H3BECTHBIM OKCIIEPHMEHTAABHBIM HOPHUOOPOM, KOTOPBIH ITOAYYHA
Ha3zBaHue «Exxmuk BelHuMKa», MOXKHO CO0O34aTh yCTOHYMBOe J3(QHUpPHOE BUXPEBOE
o6pazoBanue. Ha Puc. 133 nmokazaHa cxemMa JaHHOTO ITpubopa ¥ rpadduKu U3MEepeHUi U3
kHUru Betinuk [63].

4 6 tmec

Puc. 133. Cxema «KacaTeABHOTO eKa» U rpadUKyu U3MepPeHUH.

Bokpyr  maHHOIO YCTpPOHCTBa, 3a HECKOABKO 4YacoB, (opMmupyeTcss o0AacTb
IIPOCTPAHCTBA C H3MEHEHHBIMH XPOHAABHBIMU XapaKTepHCTHKaMH. B 1eHTpe «exar
co3maeTcd Hauboaee MOLIHBIH 3PPEKT «3aKPyIUBaAHUS MPOCTpPaHCTBa». M3 rpadukoB
MOIKHO CHEAaTh BBIBOJBI: ITI0CAE€ 4 CYTOK PaboThI YCTPOMCTBA, OHO CO34aeT MaKCHMaABHOE
H3MEHEHHUd [IapaMeTPOB IIPOCTPAHCTBA — BpeMeHH Ha ypoBHe 0,2 CeKyHObl B CYTKH. OTO
BAUSIHHE COXPAaHSAOCH IIpUMepHO 6 MecdleB. [loscHio rpadHKH: Ha IIEPBOM IIOKa3aHbI
cOOM 53AEKTPOHHBIX YacoB, Ha BTOPOM — 3aBHCHMOCTb HM3MEHEHHS XOJa dYacoB OT
paccrogHug 0o ycrpoiictBa. Ha TperbeM rpaduke, mokazaHo Ha CKOABKO CEKYHI B CYTKH
MEHHIOTCS IIOKa3aHHd 4YacoB, Ha IIPOTSXKEHHN HECKOABKHX MECHIlEB J3KCIepUMEHTA.
[lanHasg KOHCTPYKIMA Oblaa H3TOTOBA€HA H3 KapToOHA, W CMOHTHpPOBaHa Ha
TEKCTOAUTOBOM aucke anuaMmeTpoM 735 MM. Koablo 3 umeer nuamerp 70 MM, BeIcoTa 14
MM U ToAlMHa 7 MM. Hute 3 umeer mamHy 266 cM. CxeMma ymIpollleHHad, TakK KakK BCETO
Ob1a0 ycTaHoBAeHO 70 maacTHH H3 KapToHa, pasMepoMm 350x70x21 mwm. [IpuHIumn
nefcTBUSI, KakK ITHIIIET aBTOpP, OCHOBaH Ha «IPHEME H3 OKpPYXKAaloIllero IIPOCTPaHCTBA,
aKKyMYAUPOBaHHM (KOHIIEHTPAIINH) U ITOCAEAYIOIIEM U3AYYEHUH XPOHAABHOI'O BELIECTBAY.

3ameTuM, 4YTO AKageMHUK BeHWHHK HCIOAB3yeT A OLleHKH J3ddeKTa U
KOAWYECTBEHHOIO0 H3MepeHus 3(ddeKkra TepMHUH «CEKyHI B CyTKH». B HOpMHpoOBaHHOM
BHU/I€, OTHOCHTEABHO €CTECTBEHHOM CKOPOCTH CyllecTBOBaHUs MaTepuu, 0,2 CeKyHABLI B
cyTku o3HadaeT 2,3148 MHKpPOCEKyHI B CeKyHAy. Takue HeOoablne 3(P@eKTBhI yKe
OKa3bIBaAU CHABHOE BAUSHHE Ha 3/J0POBbE U CAMOYyBCTBHE 3KCIIEpUMEHTATOpA.

[TomoGHBIE KOHCTPYKIIMH CO3MAI0T HAIIpaBAEHHBIE ITOTOKU 3Upa, IIpUaaBas eMy
BpallleHHe, dYTO IIPUBOAUT K 0Opa30BaHUIO CaMO3aMKHYTBIX BHUXPEBBIX 3(UPHBIX
CTPYKTYP. ITO 0OBSICHAET U TOT (PAKT, YTO IIOCA€ HEKOTOPOTO BPEMEHH, MOXKHO yOpaThb
caMy KOHCTPYKIIHMIO, U HabAogaTb 3PPEeKThl H3MEHEHHBIX XPOHAABHBIX IIapaMeTpOB
IIPOCTPAHCTBA, B TOM Ke caMoM Mecte. CaenyeT elle pa3 NpeaynpeauTh HEOCTOPOKHBIX
9KCIIEPUMEHTATOPOB, 4TO pabora ¢ MOAOOHBIMU ITPUOOPAMHU OYEHBb ONACHA O0Jisl 300P08bsi.
BellHUK oTMedaa, YTO B €TO CAydae, YXyALIeHHE 300POBbsl COCTOSAO B IIOBBINIEHUU
JaBACHUs, U JaKe Ha PACCTOAHHH 7 METPOB, B CcocenHel KOMHATe, y AIOAeH OTMedascsd
OOIIIMI yIIamoK CHA, TOAOBHBIE OOAM U TafeHHe HMMyHUTeTa. [layke I1ocae pas3bopKu
npubopa, HOopMaAu3aIusa 0OCTAHOBKH 3aHSIAA HECKOABKO MECSIIEB.
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He cayuatiHo, Tak HasblBaeMble, «T€OIATOTE€HHbIE 30HBI» CBA3BIBAIOT C
BO3HHUKHOBEHHEM CaMO3aMKHYTBIX IOTOKOB 3(HUpa, KOTOpPbIe MOTYT OBITh OOBSICHEHBI
0COOEHHOCTSIMH peabedpa MECTHOCTH, TE€YEHHEM PEK, MOA3E€MHBIX TE€YEHHH, AU HEKHMU
IIPUPOAHBIMH HAW KPATKOBPEMEHHBIMH TEXHOT€HHBIMHU IIPOLIECCAMH, KOTOPBIE HAIOATO
OCTaBALIOT CBO#l caen B 3UPHOHE cpene. B aToM caydae, pa3HOOOpasHBIE «OTPasKaATEAM»
WAV «aKTHBATOPB» MOTYT BOCCTAHOBHUTH HOPMAABHYIO Cpeay, IIpH KOPPEKTHOM
IIPUMEHEHUH.

OddpekT BO3AEHUCTBUS «IIUPKYAHUPYIOLIETO 23upar, KOTOPBIK co3xaeTcd B
LIEHTPAaABHOM obaacTu IomgobHoro ycrpoiicrBa, B 2006 romy, moarBepava Ilerp AykuH,
nHxkeHep u3 Burebcka. CoOpaHHBIEM MM cTaTop (aHaasor «exkuKa» BelHHKa) cocTosA U3
330 craabHBIX IIAACTHUH, KaxXKaad U3 KOTOPBIX uMeaa pasMmepbl 1200x800x1,2 mm. Cratop
BECHA OKOAO 3 TOHH. POTOpoM CAyKHAO pa3pe3Hoe KOABILO (BO u30exkaHHe HaBeOeHUs
9AEKTPHUYECKHUX TOKOB) muamerpoM 40 cM, H3rOTOBAEHHOE H3 MeOHOH TPyOKH, 3aAUTOH
cBUHIIOM, BecoM 4 KI. KoAbIlo OBIAO TTOABEIIEHO HA HUTHU OAWHOH 7,2 M, B cepemuHe
cratropa. B pesyabrare Bo3meHCTBUS ILIUPKYAUPYIOIIErO IIOTOKa 3dHpa cTaropa Ha
KOABIIO, pOMOp 8pauiancs 8 OOHY CmopoHy. [aHHBIA IpUMep — OAWH U3 (PaKTOB,
MIOATBEPKAAIOIINH BO3MOKHOCTD CO3MaHUs 3aMKHYTOIO TOPOHUIAABHOIO ITOTOKA 3(OUPHOH
cpensl.

AHarornyHBIH ITpUGOpP ObIA pa3paboraH u 3anateHToBaH B 1991 roay loo0HOBBIM
Bopucom IlerpoBuyem, mnareHT Ne 2005505 Ha «YCTPOHCTBO 1A AKKyMYAdIIUH
OMOAOTHYECKOH U KOCMUYECKOH SHEPTHH.

HNHTEpecHO, YTO ONTHMAaAbBHBIM MaTe€pPHaAOM [AS H3TOTOBAEHUS OHMOAOTHYECKH
aKTUBHBIX yCTPOHCTB [logoHOBA, OOBIYHO, CAyKHAA ApeBecHHa (Cpe3 AepeBa TOALIMHOHN
HECKOABKO CaHTHMeTpOoB). dopma pas3AHYHBIX «KOPPEKTOPOB Owmoroas» [loqoHOBA,
IIPUMEHIEeMbIX Ha IIPaKTHUKe, mokazaHa Ha Puc. 134. Cytb ero paboThl omricaHa aBTOPOM
B TIIaTEHTE CAEAyIOIed mnpocToil ¢paszoit: «IDddeKToM B3aMMHOTO 3KPAaHUPOBAHHUS
rpaBUTAIIMOHHBIX MacC B OTBEPCTHH CIlelIMaAbHOH (POpPMBI CO3AaeTcss BHUXPEBOE
SHEPIreTHYECKOE IIOAEY.

Puc. 134. YcrpotictBo «kopbuo» [JomoHoBa.

C ToOukKM 3peHHd OPUPOAHHAMHKH, MOAaHHOM  YCTPOHCTBO  (POPMHUPYET
caMOTIIOAe P>KUBAIOIINHCH BUXPEBOH 2(pUpHBIH mmporecc. C IIOMOIIBI0 TAKOT0 YCTPOHCTBA,
B YaCTHOCTH, yAaBaAOCh A€YHTHb KaMHHU B IIOYKaxX M Apyrue 3aboseBaHuda. B HaydHBIX
LEASIX, 9TO HHTEPECHOE U300pETEHHE TO3BOASET U3YIUTh Pa3Hble OMOAOTUYECKU aKTHBHBIE
CBOMCTBa pa3AWYHBIX MOPOMA AepeBa. BOABIIIMHCTBO HCCAEAOBATEAEM MAaHHOM METOIUKHU
PEKOMEH/IyEeT HCIIOAB30BaTh Oepely. MMeeT 3HaYeHUe, A Pa3HBIX IlEA€M, KAKOe MIeAaTh
HallpaBA€HUE BpallleHUd IIPOIIMAOB B [OpeBecuHe (mIpaBoe HWAU AeBoe). [looOHOB
H3roTaBAUBaA YCTPOMCTBA pasMepoM A0 6 METPOB, U3 AepeBa U MeTasrd. DKCIIePUMEHTHI
II0Ka3aAW, dYTO B ILIEHTPE YCTPOMCTBa CO30Al0TCSI AaKTHUBHOE CHAOBOE BO3IECHCTBHE
apupHOM cpempl Ha OOBEKTHI, OayKe CIIOCOOHOE BpallaTh POTOp. ABTOpP ITHCAA, YTO
BUXPEBOE TI0OA€ OKA3bIBAET MEXaHUUYECKOE NEUCTBUE Ha IIPEAMETHI, IIOMaIAI0IINE B II0OAE,
HaIlpuMep, BAUSIET Ha XOJ 4acoB, TaKiKe OHO PETUCTPUPYETCH IAEKTPOMY3bIKAABHBIM
uHcTpyMeHTOM "TepmeHBocKc". OmHaKo, Oas IleAeYd co3maHud ABHKYyLIeH CcHABI, Kak U
«eXKUK BeliHuKa», JaHHOE N300peTeHe He IPUMEHHUMO.
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HWuTepecHoe 3aMedyaHMUe O CBOMCTBaxX «XpPOHOHOB», II03BOAAT IIPOBECTH aHAAOTUU C
paboramu Tecaa. BelHuUK mnucaa: «baaromaps 683aumHOMY NPUMSIIKEHUN) OOHOUMEHHBLX
XPOHOHO8, XPOHAABHBIM AyY HE TOABKO HE PAaCCEUBaETCs B IIPOCTPAHCTBE, HO HaoOOpPOT,
CTSTUBAETCs BIIAOTHYIO B KIYT («x000T»), U ellle oboralaercs 3a cH4eT XpoHochephl. ITO
KapAWHAABHO VIIPOLIAeT Ilepenady SHepruu U mHQOpMallUu 0e3 IIPOBOZOB Ha OOABIIIME
paccrossHUd...» [63, cTp. 358]. JdpyruMu caAoBaMH, MOXKHO CKa3aTh, YTO B OTAUYME OT Ayda
Aazepa, co3maBaeMbIH MOTOK ddupa IoKasbIBaeT 3(P(eKT KOHBEPreHIINH. DTOo ellle oHa
000pOHHASI TEXHOAOTHS «AYIEBOTO OPYKHUSI».

[eticrBuTeabHO, Tecaa mMOKAaAbIBaa O CO3MAaHUU UM IIOAOOHBIX «IIyYKOB 3(PHUPHBIX
yactullp. B 3amerke «Tecaa m3obpea Ayuu Mupar, pernoprep numietr: «Tecaa Ipemaaraet
HOBBIY B BOOPYZKEHUNH, HACTOABKO MOIIHBIMN, 4YTO HUKAKON arpeccop He IIOCMeeT Ha4daThb
BoiiHy. OT0 opyxkue Tecaa omucbIiBas, Kak TOHKHE IIyYKH 4acCTHUL], KOHILIEHTPHUPYIOIIHE B
Ayd€ TOHBIIE BOAOCA MOIIHOCTH B COTHH TBICAY KHAOBATT... PACIPOCTPAHAIOIINECd C
OIPOMHOM CKOpPOCTBIO Ha paccrogHue 6oaee 200 muab. [Ipu ycaoBHH, 4TO BCE CTPaHbI
o0AaaloT TaKUM OpYKHEM, Alobasi, Jaske caMas MaA€HbKas CcTpaHa, CMOXKeT AaTh OTIIOP
arpeccopy. 9To opyKue, 110 MHEHHIO Tecaa, MOrao ObI cTaTh rapaHTOM MHpa Ha IIAQHETe»
[71]. Ilo-moemy, B3aWMHOE IIPUTIKEHHE «XPOHOHOB» MOJKHO TIIEPEHECTH Ha
B3auMOAEHCTBHE 3(UPHBIX YacTUIl], KOTOpPble HE OTTAaAKHBAIOTCA APyl OT Apyra, a
B3aUMHO IputrsaruBarmTcd. Co3maBad IIydKH TaKUX YacTHIl, HaIIpUMEpP, IIPU IIOMOIIHU
BBICOKOBOABTHOH TECAOBCKOM armapartypbl, TPyOoK Kpykca u T.II., MOKHO OXKHAATH HX
«caMO(POKYCHUPOBKH», YTO [A€T HECOMHEHHBbIE IIPEHMYVIIECTBA II€Pel Aa3€PHBIMH U
OPYTHMH IIyYKOBBIMH TEXHOAOTHSIMH.

H3yyag BOIIPOCHI HM30AGIIMH IIOTOKOB «XPOHOHOB», BEMHUK OTMETHA IIOAMSTHAEH U
napaduH, KakK OIITUMaAbHbIE MaTepHaAbl, U3 JOCTYITHBIX eMy OAs paboTel. Ilpu aToM, OH
PEKOMEHIOBAaA, Pa3deAdTh CAOU ITIOAMITHAeHA Oymaroii. CAol ITOAHMSTHAEHA, IO JAHHBIM
€ro HU3MepeHHH, yMeHbIIaeT HOTOK «XpoHOHOB» B 20-100 pa3, HO ero H3oAupyioliasa U
oTpazKkarolias CIIOCOOHOCTH IIOCTEIIEHHO CHHXKAeTCs, U €ro HaJ0 MEHSTH pa3 B IIOATOA.
[ToanpoBaHHBIE AUCTBHI ME€TaAAd U 3€pKasa, [0 JaHHBIM AkaaeMuka BelHUK, CHMXKAIOT
BAUSIHHE IIOTOKA «XpOHOHOB» Ha 20-50%. [laHHBIE CIIOCOOBI PACKPBIBAIOT (PHU3HUYECKHE
CBOHMCTBa BOAH IIAOTHOCTH 3dwupa. [Ipoxoma depe3 IIOAUITHAEH, OCOOEHHO €CAH OH
«TSTHYTBIH», TO €CTb, Ae(POPMHPOBAH (PaACTSIHYT), BOAHA TPATUT YaCTh KOAHMYECTBa 3dupa
Ha BOCCTAHOBAEHHE Ie(POPMHPOBAHHBIX CBS3€d MOAEKyA HoaudTHAeHA. OIITHMaAbHBIH
9KpaH U3 I[IOAHDTHAEHA MOXKHO cobpaTh M3 dYepeAyIOIINXCS CAOEB «PACTIHYTOTO»
MaTepHasa, yKAaAblBas HX I[IOOYEPENHO, BIOAbL U IIONEpPeK, KaK B AHUCTax (aHEephI.
KcraTty, OTAWYHBIM IIOTAOTUTEAEM BOAH TIIAOTHOCTH 3dHpa CAyKHUT daHepa. Ilpu
OTpPasKeHUH OT IIOAMPOBAHHOTO MeTaAAa, HAU 3€pKaaa, BOAHA IIAOTHOCTH 3dupa He
9KpaHUpPyeTCcd, a BefeT cebs o 3aKOHaM OIITHKH.

[pyro#i MeTon KpaHUPOBAHHUL, a TOYHEe, KOMIIEHCAIlUH BOAH ITAOTHOCTU 3(upa,
3aKAIOYaeTCs B YEPENOBaHHUU CAOEB pa3HOro Marepuasa. KaxKablif M3 CAOEB MMEET CBOH
rmapaMeTpbl, U KOMIIEHCHUPYET BOAHBI CBOEro Auaria3oHa. Hampumep, M3BECTHO Takoe
CodYeTaHHUEe CAOEB, KaK YTOABHAS ITbIAb, U3BECTb, CAOM MEAKOIO IIPOCESTHHOTO KapbhepPHOTO
IIecKa, CAOM APEBECHBIX OITMAOK, CAOM Kepama3uta U T.I1. CAOM 3acCBITHOTO MaTepHuaaa,
IIPUMEHAEMOI'0O B IIEAAX KOMIIEHCAIIlUH BOAH IIAOTHOCTH 3(:1)1/1pa, JOAKHBI COCTO4ATH H3
MHOXKEeCTBa 3AEMEHTOB HeynopsiooueHHou (XxaoTudecKol) cTpykKTypbl. Caoli, cocTosmui u3
ONWHAKOBBIX 3A€MEHTOB, HAIIPOTUB, CO3A€T KOIE€PEHTHOE MOIIHOE IIEPENu3AydYEeHUE
IIaJaIIUX Ha HEro BOAH IAOTHOCTHU 3(PUPHOH cpenpbl. TaKUMH 3A€MEHTaMU MOTYT OBITh
ONMHAKOBBIE TIECYMHKU M3 HEKOTOPBIX PAHOHOB IAaHeTHI. [lecok ObIBaeT pas3HbIH...

Mb1 yze paccMaTpUBaAu «MHeEpLHOHA DBelHHMKa», TO €CTb, YCTPOHUCTBO C
9KCLEHTPUCUTETOM OPOUTHI IIIAPUKOB, HO IPH 3TOM, MBI HE TOBOPHAH O TOM, YTO MMEHHO
Pa3HOCTh XPOHAABHBIX IIOTEHIIMAAOB CO3[4A€T MOBUXKYIIYIO CHAYy. B 2ToH mnpocrtoi
MEeXaHUYeCKOH KOHCTPYKIIUH, TPaAUEHT ILEeHTPOOEKHOM CHABI €CThb pPe3yAbTaT pasHoH
CKOPOCTH [BHIKEHMS IIApHUKOB, Ha pa3HBbIX ydacTKax TpaeKTopuu. Tenepb, omepupysd
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TEPMHUHaMHU XPOHOAHMHaAMMWKH, MO2KHO CKa3aThb, 4TO HpH‘-IHHOﬁ I[BI/I}KYLL[eﬁ CHABI ABALAETCHA
Pa3HOCTb «HHTCHCHAAOB», TO €CTh, pa3Had HWHTEHCHBHOCTBL IIpOLECCa MAOBHXKECHHA Ha
PAa3HBIX Yy9aCTKaX TPACKTOPHHU ABHXKCHHA IIIAPHUKOB.

BosBpaiiagce K OCHOBHOHM TeéM€ KHUTH, IIpUBeAy LiUTaTy BeliHuka: «MHe u3BeCTHO,
YTO MHOTHE 3HTY3HAaCThI, IIbITAdICh CO34aTh 0€30II0PHBIH ABUKUTEAb, CIIOCOOHBIN A€TaTh,
BpallaloT BCEBO3MOXKHBIE Te€Ad, M3OLIPAIOTCS B IIPUAAHHUH CBOMM XHUTPOYMHBIM
YCTPOMCTBaAM CaMbIX 3aMbICAOBATBIX [IBHKEHHH U T.O., C IEABIO OOOUTH 3aKOHBI
MexaHUKU HploToHa. OTUM 3aHUMAIOTCA IIeAble MHCTUTYTBhI. OHAKO, g BBIHYXKIEH Cpasy
Ke OTOPYHTH BCEX ITHUX OHTY3HACTOB: OOMaHyTh MeXaHUKy HbIoOTOHa B HIpHUHIINIIE
HEBO3MOXHO. ECTb TOABKO OAUVH IIyTh AOCTHUYbL 3KEAAEMOI'0O — 3TO BO3AEHUCTBOBATBH Ha XOI
BpeMeHH, Apyroro IIyTH Bor He npexycMmoTpea» [64, cTp. 4435].

M3 3TOro caemyeT HHTEpPECHBIHM BBIBOA: BCe 3(PpUPOOOMEHHBIE YCTPOMCTBA, maxe
npocmoele mexaHuuecKkue uHepyuouodsl, co30aiom O08WKYWY Cuty 8 npocmpaHcmee
mosbKo 8 nape ¢ 0suwkywiell cunoti no ocu epemeHu! A1ob60# MHEPIIHONI MOKET CO31aBaTh
XPOHaABHBIH 3(P(EKT, €CAU OH CIIOCOOEH ABUTATHCH TOABKO cHAaMH nHepruu. OOBIYHO,
9T 3PPEKTHI MAAO3AMETHBI, Ja¥Ke €CAH MHEPIIHMOU/ CO3JaeT 3HAUYUTEABHYIO CHAY TATH. B
CBA3U C 3THM BBIBOJOM, IIpeaAaraio IlepedTu K 0Ooaee OeTaAbHOMY PacCMOTPEHUIO
BoIrpoca 00 yIpaBAdeMOM «IBHKE€HUH MaTE€pPHH BO BpPEMEHH», TO €CTb, K TEOpHUHU
M3MEHEHUs [1apaMeTPOB CYIIIECTBOBAHUS MaTePHUH B IIPOCTPAHCTBE-BPEMEHH. JTO BasKHO,
TaK KakK HEIIOCPEACTBEHHO OTHOCHUTCH K 3(dekTaM, BOZHHKAIOIIUM IIpH paboTe MHOTHX
OBUKUTEAEH aKTHBHOIO THIIA.

XpoHaabHad ABUXKYIAd CUAA

Pa3BuBaga unero BeliHnka o TOM, 4TO AIOOOH «MHTEHCHaA» BellecTBa OOBeKTa (TeAa)
MOZKeT OBbITh UCIIOAB30BaH [AS M'eHEPUPOBAHUSA XPOHAABHOI'O ITOAS U M3MEHEHUSI CKOPOCTHU
X0o/la BPEMEHH, [AS OAHHOTO MAaTepPHAABHOTO OOBEKTa, PACCMOTPHUM IIPOCTOH IIpUMep
CO3/IaHUSI XPOHAABHOTO [IBHIKUTEAS, PabOTAaIoOmIEro Ha OCHOBE OJHOIPOBOJAHBIX AWHUH
IIepeiav SAEKTPHYIECKOH SHepruu. BopoueM, Ha3BaHWe HE COBCEM KOPPEKTHOE, TaK Kak,
B JIaHHOHM cAyYae, OT HCTOYHUKA KOAeOAHUH SHEPTHH K IIOTPEOUTEAI0 3AEKTPOIHEPIHUHU
HUYETO He IepenaeTcs. 3ech CO31al0TCI TOABKO TOKH CMEIIeHUS B OTHOM ITPOBOJHUKE.

HTak, pacCMOTPHUM IIPOCTOH METOM IOAyYE€HHS MOUTHOCTH B ITIOA€3HON Harpyske, 3a
CYeT C030aHusli 8 OOHOU mouKke NPOCMPAHCMBA USMEHSIIOULE20Cs. 80 BpPEeMeHU
aslekmpuueckoz2o0 nomeHyuana. VIcmoab3oBaHHE PAa3HOCTH XPOHAABHBIX IIOTEHIIMAAOB B
TaKUX YCTPOHCTBaxX, 00€CHEeYUBAIOIINX SAEKTPHUYECKYIO MOIIHOCTH B Harpys3Ke, IOAIKHO
IIPUBOAUTE K IIPOSIBACHHIO XPOHOABHIKYIIEH CHABI, CMeIIamlleii oOBeKT (reHepaTop
SHEPT'HH) OTHOCHUTEABHO HAIIIET0 HATypPaAbHOIO XOJa BPEMEHH B COCTOSHHE YCKOPEHHOTO
HAU 3aMEJIACHHOTO CYIIIeCTBOBAHMUS.

OAEKTPHUYECKUN MOTEHIMAaA, KaK H3BECTHO, MMeeT MAaKCHMyM Ha [TOBEPXHOCTH
3apsaKEHHOTO Teaa M, W paBeH HyAI0 Ha OECKOHEYHOM pPacCTOSHUU OT Teaa M. Oto
O3HaAYaeT HaAWMYHe HEKOTOPOro TIpagueHTa IIOTEHIHaaa, TO €CTh, OIPENEACHHYIO
HAMIPAKEHHOCTh JAEKTPHYECKoro moad E. [laHHagd HaIpsSKEeHHOCTb COOTBETCTBYET
U3MEHEHHIO BEAHYHHBI ITOTEHIIMaAa B IIPOIlecce ABUIKEHHsS OT Teaa M Ha OGeCKOHeYHoe
paccrogHre. 3aMeTHM eIlle pa3, YTO TEPMUH «HAIIPSIKEHHOCTb» A IAEKTPHUYECKOTO IIOAS
U A9 00AACTH YyIIPYTro mecphopMaliiy 3(pUPHOME Ccpeabl COBIAOAIOT II0 CMBICAY.

OaeKkTpHudecKoe HanpskeHue U, Kak N3BECTHO, €CTh PA3HOCTDH ITOTEHIIMAAOB MEXKIY
OByMd TOYKaMH, pPaCIOAOXKEHHBIMH Ha HEKOTOPOM pAaCCTOSHHH [OpPyr OT [Apyra B
npoctpaHcTBe. Hampsokenmne U mMexkay TodkamMu A u B, coorBercTByeT pabore IO
IIEPEMEILICHUIO 3apsia, U ABASIETCH IIPOU3BOMHOM 110 BEAUYUHE IIOTEHIIHAAA.
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PaboTra u MOIITHOCTE 3aBUCAT OT HaAIpszkeHUsS U, IOCKOABKY I'PaIHUEHT IIOTEeHIIHaAa
O3HAYaeT M3MEHEHUEe BEAUYHHbBI 9HEPruu (Ipeobpa3oBaHUe SHEPTUH), IIPOUCXOASINEE IPU
OBUKEHUU HabAojaTeAd OT TOYKM A K Touke B. B obmiem, 3T0 ympyroe HalpsiKeHUeE
cpenbl MeXKAy ABYMSI TOYKaMHU B IIPOCTPAHCTBE, OOBIYHOE ITOTEHIIMAABHOE 3AEKTPHUYECKOe
TIOAE.

B caydae 3KBUIIOTEHIIMAABLHOM ITOBEPXHOCTH, B AIOOOM €€ TOYKe, IIOTEHIIHaA UMeeT
IIOCTOSTHHYIO BEAHYHHY, U HET HW3MEHEHHs YHEPTrHHU IIPU IIepeXo/e OT OJHOM TOYKH A K
apyro#i Touke B. IIpeamoaokuMm, dUTO pasMep SKBHUIIOTEHIIMAABHOM ITOBEPXHOCTHU
CTPEMHUTCS K HYAIO, TO €CTb MBI paccMaTpHUBaeM ee Ilepexol, B HeKoTopyio Touky C. B
TAKOM cAydae, B JaHHOH Touke C, €CThb TOABKO OIMH CIIOCOO ABHKEHUs, TO €CTh, CIIOCOD
M3MEHEHUS BEAWYHUHbBI S9HEPTUHU: 3T0 08UIKEHUEe 80 8peMeHU.

JlaBatiTe paccMaTpuBaTh HEKOTOPOE ABHXKEHHE II0 BpeMeHH oT MoMeHTa Ca K
moMeHTy Cp. Ecanm moTeHIIMaa B MOMEHT A He paBe€H HOTEHIIMaAy B MOMEHT B, To MbI
MOXKEM TOBOPHTBH O TIpagHeHTe IoTeHIMasa B Touke C. OpHako, Takoil TI'pagHeHT
pacroAoKeH He B IIPOCTPAHCTBE, a BO BPEMEHH, 9MO XPOHANbHLLU 2padueHm
nomeHyuana. JlaHnHoe 1oae TakxKe SIBAGETCS IIOTE€HIIMAABHBIM, U CBA3aHO C IIEPEMEHHBIMU
II0 BpPEMEHH VIPYTUMHU OepopMallUsMH Cpenbl, MIPOUCXONAINIMMU B [OaHHOH TOYKe
npocrpaHcTBa. Pasdymeercs, necdopmaliyio cpeapl ogHa TOYKa HE MOXKET BOCIIPHHHMATH
HHaJe, KaK U3MEHEHHE ITAOTHOCTH HEPryuu 3(pUpHOH Ccpensbl.

Hrak, xpoHaabHAs Pa3HOCTh IIOTEHIIMAAOB MOXKET OBITH Ha3BaHA «XPOHAABHBIM
HaIpsKeHHeM». XpPOHAaABHOMY T'PaAHEHTyY COOTBETCTBYET OIIpeldeACHHAasd HAIIPSIKEHHOCTH
XPOHAABHOTO IIOASI, KOTOpas CO3MAaeTCsl B TOM CAyYae, €CAU SAEKTPUYECKUIH IMTOTEHITHAaA
aBaseTcd PyHKIHeH BpeMeHH. B TakoM caydae, H3MeHEHHE ITAOTHOCTH SHEPrUH B OTHOH
TOYKEe IIPOCTPAHCTBA, MABHIKYyIIeHicd BO BpeMEHH, TOXKe co3gaeT pabory, II03ToMy
XPOHAABHOE IIOAE, Haxoosiuyeecss 6 OO0HOUL mouke npocmpaHcmea, MOXKeT OBITh
HCIIOAB30BAaHO KaK UCTOYHHUK MOIITHOCTHU [JAS IIOA€3HOM HArpy3KH, U KakK CII0C00 Co3maHUsd
OBUKyIeH cuabl. Pabora, coBepIiraeMas B IIOAE3HOH HarpysKe, 3aBHCHT OT XPOHAABHOTO
HaAIIPSPKEHUsI, U OIIpeAeAdeTCs, KaK [POH3BOAHAs II0 BpPeMeHH, IIpudeM, 3TO pabora
MMeEeT CMBICA IIEPEMEIEHUS MaTepUaAbHOM YaCTHUIIBI BOOAb OCH BPEMEHH.

TexHUYECKHE CHUCTEMbI II0 HM3BAECYEHUIO MOIITHOCTH, B OJAHHOM CAy4Ya€, OOAZKHBI
BKAIOYATBh «3AEMEHT [aMSITH» OA TOTO, YTOOBI [eAaTh CPaBHEHHE MEKAY IIPOIIABIM
3HAYEHHEM IIOTEeHIIHAaAa U OyayIuM 3HadYeHHeM. [IppMepoM Takoro «yCTpoHcTBa MaMsSTH»
ABASETCH  OOBIYHBIM  ODAEKTPHYECKHUH  KOHZEHCATOP, HCIOAB3YeMBIE B  CXEMe
OHOIIPOBOAHON AMHMNM, IToKa3zaHHOM Ha Puc.135. PaccMoTpuM gaHHYIO cxXeMy.

reHepaTop /

T L

MaKCUMymM nOTeHuuana/ N
1

Prc.135. OgHompoBooHAA AMHUSA 3A€KTpoIlepenad.

HcToyHUK HM3MEHSIOIIETOCd IIOTEHIIMaAa COE€AWHEH C TIIPOBOAOM, HMEIOIIUM
pe3oHaHCHyI0 OaAWHY. [Ipy 4YeTBEpPTHBOAHOBOM pe30HAHCE, M3MEHEHHE IIoTeHIasa B
TOYKE BKAIOYEHUS ABYX OHOO0B sIBAGETCS MakKCUMaAbHBIM. OTMeTuMm, 4To Hukoaa Tecaa
HUCIIOAB30BAA B AQHAAOTHYHOM CXEME CHEI[UAABHYIO IIOCTPOEYHYIO KATYIIKY, YTOOBI
TIOAYYHUTL TpebyeMoe pPe30HaHCHOE COCTOSHHE IeNM B €ro OHOIPOBOIHON AHMHUHU
3AEKTpoIIepenay.
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MeTton moAy4eHHsI aCHUMMETPHH IIpollecca II0 BPeMEHH, B JAaHHOM CXeMe, OCHOBaH
Ha I[IPUMEHEHHHM IIapbl [OUOMOB, COE€AWHEHHBIX BBIBOAAMH PAa3HOM IIOAIPHOCTHU, U
IIOAKAIOUEHHbIE OOmIel TOYKOM K OIHOIIPOBOOHOM AWHHHM, B MECT€ MaKCHUMaAbHOI'O
U3MEHEHHd IIOTeHIlHaAa. JlaHHOE€ TEeXHHYECKOE peEIlIeHHEe Ha3bIBAeTCd «BHUAKOM
ABpamenko»r. [logpobHee, yuTatiTe B Moell KHuUre «HOBbIE HCTOYHHUKU YHEPTHH).

[asee, mpenmaararo YIIPOLIEHHOE I[IOHUMaHHe paboTbl MaHHOW cxXeMbl. [Iuonbl
CO3aI0T ONHOHAIIPABAEHHOE CMEIIIEHHE 3A€KTPOHOB B IIPOBOJE, IIPHU KaKAOM HU3MEHEHHU
3HaKa MOTE€HIIMasa Ha KOHIlE AMHHU. B TOM moaymepuoze, Koraa IIOTEHIIMAaA B TOYKeE
IIOAKAIOYEHHS [QUOMAOB IIOAOXKMUTEABHBIH, OH IIOAIPU3YET KOHAEHCATOP dYepe3 MQHOM,
BKAIOYEHHBIH COOTBETCTBYIOIIIMM BBIBOJIOM K OOIIEH TOYKe (IOAOKHUTEABHBIM). Bo Bpemsa
CAEYIOIIETO IIOAYIIEpHOJA (OTPHUIIATEABHOIO), IIOAdpPH3alldsl KOHAeHcAaTopa IIPOHCXOIUT
4epe3 ApyroH auon. Peyp maeT MMEHHO O TOKaX CMEILIEHUI U IIOAIpPH3allul, TaK KaK 3/ech
HeT 3aMKHyTOH Ilenu TreHeparopa. KoHaeHcaTop B [OaHHOH CXeMe 3apsiKaeTcsd
IIOCPEACTBOM H3MEHEHHM IIOTE€HIIMaAsa, YTO HHKAK HE OTpaXKaeTcd Ha COCTOSHHUU
IIEPBUYHOIO HCTOYHHKA. MOXKHO CKasaTh, YTO IEPBHYHBIHA TI'e€HEpaTOp 3[EeCh IBAGETCH
TOABKO MCTOYHHKOM HH(OPMAIINH, MOLUIHOCTb OT HEero He norpebasercd. 3aMKHyTas Lelb
obpasyercs Iocae KOHAEHcaTopa, obeclieduBasl 3AEKTPOABMIKYIIYIO CHAY, TOKH
IIPOBOAUMOCTH M MOIIHOCTb B IIOA€3HOM 3A€KTPHYECKOM Harpyske, HaIIpUMep B
ravriouke. C MexaHMYECKOM TOYKH 3peHHs, cxema Puc. 135 moxoxka Ha paboty
MeXaHHW4YeCKOI0 XpalloBHKa: C KaXKIbIM «IIIaroM», CO34A€TCHd OQUH HMIIyABC TOKa B IIE€IIH
KOHZIeHCcaTopa, HO TOK BCceraa MUPKYAHPYET B OTHOM HaIlpaBA€HUU.

HWrak, 3mech HeT 3aMKHYTOH IeNIM Ha BBIXOJE HCTOYHHKA, U HET TIpaaueHTa
(pa3HOCTH HOTEHIIMAAOB) MEXKAY ABYMd TOYKaMH B IIPOCTPAHCTBE. 34€Ch MBI MOXKEM
paccMaTpuBaTh TOABKO TpPaAueHT IIOTE€HIasa II0 BPEMEHH, TaK Ha3bIBaeMyIO
«XPOHAABHYIO Pa3HOCTBH OAEKTPUYECKUX IIOTEHIIMAAOB», CO3/1aBaeMyl0 B OJHOM TOYKe
9AEKTPUYECKOH cxXeMbl, B 0O0IIlell TO4YKe BKAIOYEHHsS AUOANOB. YacToTa U aMIIAUTyAA
H3MEHEHHUH MOoTEeHIara B JaHHOM TOYKe 33al0T BEAMYHHY MOIIHOCTHU Ha BbIXoze. Kpome
TOTO, CYIIECTBEHHBIM (aKTOPOM yBEAWYEHHS MOIIHOCTH B Harpy3Ke SBAGETCHI YHUCAO
CBOOOZHBIX OAEKTPOHOB B IIPOBOJZE, IIOCKOABKY HMEHHO OHH CO3al0T CHAY TOKa
IIPOBOAUMOCTH B LIETH HATrPYy3KH.

[To aHaAOTHH C OOBIYHOM SAEKTpPOABUKYIEeH cuaoit IIC, KoTopass obecrieduBaeTcs
ATOOBIM HCTOYHHKOM pPa3HOCTH IIOTEHIIMAAOB B IIPOCTPAHCTBE, BBEAEM IIOHATHE
xporoosuwxywieti cunvt (X/AC). Tloae pedcTBHUSA MOAHHOM CHABI PACIIOAOXKEHO HE B
IIPOCTPAHCTBE, a BO BpeMeHH. B Takom caydae, MOXKHO IIPEAIIOAOXKHUTE, YTO
3AEKTpUUYECKass MOIIHOCTh B IIOA€3HOM HarpyskKe, co3gaBaeMasl I[I0Ka3aHHBIM BBIIIE
metonoMm, Puc. 135, moaxkHa COOTBETCTBOBATH OIIPENEA€HHBIM H3MEHEHUHSIM XPOHAABHBIX
IIapaMeTpoB, KOTOPBIE MOAXKHBI HaOAIOATHCI B OKPECTHOCTSX MOAHHOTO pPabOTAarolIero
mpeoOpasoBaTeAs Heprur. M3BeCTHBIX SKCIEPUMEHTAABHBIX JAHHBIX O TaKUX 3ddeKTax
He ObIAO OIlyOAMKOBaHO. Bo3MozkHO, 3pPeKT He3aMeTeH [0 NPUYNHE MaAOM MOIIHOCTH
TaKHUX YCTPOMCTB.

[Ipumep C «OMOAHOM BUAKONM ABpPaMEHKO» IIOKa3aH [AS IIOHHMMAaHUS BO3MOXKHOCTHU
U3BAEKATh OHHEPTUI0 HN3 PAa3HOCTH XPOHAABHBIX IIOTEHIIMAAOB, KOTOPBIE MBI MOIXKEM
IIoAy4YaTh B OOHOM TOYKE IIPOCTPAHCTBA, HO B pas3Hble MOMEHTHI BpPEMEHU. [lpyrumu
CAOBaMH, 5TO IIPUMEP HU3BACYEHHS SHEPrHH M3 XoOa BpeMeHH. PazymeeTcd, 3TO TOABKO
npumep. [Ipu KOHCTPYHPOBAHHU MOIIHBIX HCTOYHHKOB J3HEPTUH, HEOOXOAMMBI APYTUE
TEXHUYECKUE PEIICHUMI.

PesyapTaTomM getictBusa X/AC Ha YacTHUIBI MaTepHM, KaK M Ha BCE IIPOLECCHI,
HaxXOOdAIecss BOAM3H [JAaHHOTO IeHepaTopa SAEKTPOIHEPTHH, SIBASIETCS WX XPOHaAABLHOE
YCKOPEHHE HAU 3aMEIACHUE, ITPOUCXOASIIEe OTHOCUTEABHO HATYPAABHOTO XOOa BPEMEHU
OKOAO3EMHOIo IpocTpaHcTBa. I[Ipupoma BelecTBa, €ro IpPOLECC CYIIECTBOBAHHS,
OEMOHCTPUPYET HaM OJHOHAIIPABAEHHOE €CTECTBEHHOE [OBHIKEHHE M3 IIPOIIAOTO B
Oymy1iee.
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Mo3KHO cKa3aTb, YTO Ha BCe HADAIOAEMOEe HAaMH BEIIIECTBO AEHCTBYET IIOCTOSTHHAS
X[OC, koropag B AOOH  TOYKE IIPOCTPAHCTBA €CTh PE3yAbTAT OJHOHAIIPABAECHHOTO
M3MEHEHUS BEANYUHBI XPOHAABHOTO IIOTEHIIMAaAa I10 BPEMEHU. DTO U3MEHEHUHE SBAGETCS
FAODaABHBIM, ITOCKOABKY 3((eKT (Tak Ha3bIBaeMblil €CTECTBEHHBIH IIOTOK BpPEMEHH)
obHapyXuBaeTCd BO BCEX TOYKAaxX HAIIlETOo IIPOCTpaHCTBa - BpeMeHH. OTCloAa cAenyeTr
BbIBO/I: y BCEX YACTHIl MAT€PUU B HAIllEM MHpPE, C IIOCTOSHHOH CKOPOCTBIO H3MEHSIETCH
KaKOH-TO «MHTEHCHaA», BEAMUYNHA, XapaKTepU3ylolllasd aKTUBHOCThL IIOBENEHUS MaTepHH.
Takum oOUIMM OAd BCcel MaTepuM «<MHTEHCHAAOM», MOXKET OBITH TOABKO IIAOTHOCTBH 3pHpAa.
Mel yKe OTMe4YaAH, 4YTO TAODAABHBIM IIPOIIECCOM H3MEHEHHs IIAOTHOCTH 3dupa B
OKOAO3EMHOM ITPOCTPAHCTBE ABAFETCH IIPOLIECC ABUXKEHHUA ITAQHETHI B PaCIIHPAIONIEMCS
pykaBe Taanaktuku Maeunsi#i [IyTe. IlaoTHOCTE acdbupHOE cpenpl B IieHTpe [asakTHUKU
MaKCHMaAbHa, U OHa YMEHbIIIaeTcs, [IPU yAaA€HUU OT IleHTpa Ha Iepudepurio [aaakTHKH.
CaenmoBaTeAbHO, YHUBEPCAABHBIM METOZOM co3naHusa yrpaBageMoit X/IC MOTYT CAYKUTH
MexXHOI02UU UBMEHEeHUSL 06 beMHOT NIOMHOCMU SHEepauU 8 npocmpaHcmaee.

[IprMepBl TaKHX TEXHOAOTHH MBI y2K€ pacCMaTpHUBaAH, U IIPOAOAKHM HX aHAAHU3 B
caenylonlefi raaBe O TepMOrpaBUTAIlUMM, T.K. H3MEHEHUsS TeMIlepaTyphbl BelllecTBa
dBAdeTCd Hanboaee MOHSTHBIM CIIOCOOOM H3MEHEHHUS ero «MHTeHCHaAa», ero BHyTpPeHHeH
SHEPTHH.

TepmorpaBuTanud

Hrak, TeMIiepaTtypa BeLIECTBa XapaKTepHU3yeT SHEPreTHUECKOEe COCTOSHHE YaCTHIL
BEIIlECTBA, HUX «HMHTEHCHaA», TO €CTh, UX XPOHAABHYIO aKTHBHOCTb MOBeAeHUs. [Ipu
OOCTHUXKEHUH OIPEIEACHHOTO 3HadeHUs TEMIIEPATyphbl, BEIIECTBO MeHseT ¢a30Boe
COCTOSIHME, HaIpUMeEp, HUCHapPIeTCs HAH KPUCTaAAU3yeTcs. [Ipu 3TOM, Kak IIOKa3aAu
skcrepuMeHTbl Ko3bipeBa, BeilfHmKa ¥ [Opyrux HCCAegoBaTeAeil, co3maeTcd BOAHA
IIAOTHOCTHU SCpra, KakK 4 Imoaararo, B pe3YABTaTe BBICBO60}KILCHI/IH AU IIOTAOIILICHUYA YaCTH
acpupa, KoTopasi COOTBETCTBYET MEXKMOAEKYASIPHBIM CBSI3SIM B BEIIIECTBE.

B skcrmepuMeHTax C BBICOKOTEMIIEPATYPHBIMU CBEPXIIPOBOAHHUKAMU, KOTOPBIE MBI
paHee pacCMOTpeAH, ObIAO ITOKA3aHO, YTO MOKHO CO374aTh HE TOABKO OOHOKpATHBIE, HO U
BBICOKOYAaCTOTHBIE (pa30BbI€ IEPEXOAbI, T€HEPUPYIOIIHE BOAHBI 3pupa AIOO0H YacCTOTHI.
Kpome TOro, B CBEpXIpPOBOAHHKAX YaCTUIBI MaTepHU BeayT cebs KOrepeHTHO, YTO
ycuauBaeT gaHHBIE aodderr. [lasee, MBI OyzeM paccMaTpuUBaThb IIOHATHE O
TepPMOrpaBUTAIINH, KOTOPOE HE CBSI3aHO C (Ppa30BBIMH IIEpPEX0laMH B BeIlleCTBE. 31eCh, B
POAM HCTOYHHKA BUOpanuii 3pUPHOH cpenpl, BBICTYIIAIOT aTOMbI U MOAEKYABI, BHE
3aBHCHUMOCTH OT (ha30BOr0 COCTOSIHHS BellecTBa. [IpH paccMOTpeHHH OaHHOrO BOIIpOcCa,
MBI OymeM moaaraTh, dYTO (Pa30BO€ COCTOSHHE BEIIeCTBa, IIPU H3MEHEHHH €ro
TeMIepaTrypbl, He MeHdeTcs. Hampumep, ecan pabodee Teao BBIOpAHO TBEpHAOE, TO IIPH
HarpeBe, OHO TaKUM U OCTaeTCs.

HUrak, KoaeOaHHS aTOMOB KPHCTAAAMYECKOM pEIIeTKH BeIllecTBa CO34aloT
BUOpanuu 3pupHOH cpenbl. [Ipu HarpeBe Teaa, TEHAOBble KOA€OAHHS YCHAWBAIOTCH H,
COOTBETCTBEHHO, YBEAMYHBAIOTCS BUOpaAIlUM 3(PUPHON Cpeapl BOKPYT TOPSUEro TeAa.
Fopguyne Teaa, Kak U3BECTHO, U3AYYAIOT (POTOHBI B MH(PPAKPACHOM AHAMA30HE CIEKTpPa
YaCcTOT OAEKTPOMATHUTHOIO H3AYYEHHs. OHEPrusd BOAH, Ha MOAaHHOM dYacToTe, O4YeHb
OoabIIasi, HO OHHM HE OKa3bIBAIOT 3aMETHOIO CHAOBOTO BO3IEHCTBHS Ha OKPYKAIOIIHeE
0OBEKTBI, TIOCKOABKY He SI8/SII0MCsl KO2epeHMHbIMU. DTO O3HAYaeT, YTO KaKaas JacTHIla
BeIlleCTBa BUOPHPYET BHE 3aBUCHMOCTH OT BHOpaluil APyrux 4acTuil. Pe3yapTaT Takux
KoAe0aHMH CTATUCTUYECKU YCPEOHAETCs, CO3[JaBad TeNAOBOH IIOTOK, HaIpUMep,
nuHppakpacHble (OTOHBI. HampaBaeHHe OOBIYHOIO IIOTOKA TeIlAa, HAIIpUMep, IIapa,
HaeT OT IIEHTpa TeAa U30MPONHO 80 8ce CMOpPOHbL. XOAOAHBIE TeAd, HAIIPOTUB,
IIPUTATHUBAIOT YaCTHUIIBI 3(pUpa OKPYKAIOIeH cpeapl, co3naBasd oopaTHbIH 3(PQeKT.
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B oboux caydasx, UCIIOAB3yd OOBIYHBIE MCTOYHHKH TEIlAQ HAW XOAOA, CTAHOBHUTCS
BO3MOXKHBIM €030a8amb HANPABIEHHble NOMOKU 9PUPHOU cpedbl U Jsuxywyro cuny. B
psfe IIPOEKTOB, TaKHe [IBHUXKHUTEAH HAa3bIBAIOT (POTOHHBIMH, XOTS 0oaee KOPPEKTHO
TOBOPUTE O CO3IaHUH HAIIPAaBAEHHOTO IIOTOKA IIPOJOABHBIX BOAH 3(UPHON cpensl,
KOTOPBIH BBIIIOAHSIET TY K€ POAb, KAKYyI0 UTPaeT II0OTOK PEaKTHBHOM MacChl paKeThl.

B unrtepecnoit kuure A.[l. IleroaeBa «Crimpaab no3HaHUS» [72], ObIA IIpeaAOKeH
MBICA€HHBIH 5KCIIEPUMEHT II0 CO3JaHUI0 TEPMOTIpaBUTAIlMOHHOTO ABMKHUTead. CyTb
SKCIIEPHMEHTA COCTOHUT B CACAYIOMIEM: IIap, U3TOTOBACHHBIN H3 BBICOKOTEMIIEPATYPHOIO
MaTepraasa, pa3orpeBaeTcd BHEIIHHMM HCTOYHHKOM OO0 TAKOH CTEIIEHH, YTO €ro TEIIAOBOE
H3AY4EHHE II03BOASET €My IIPEOJOAETh CBOH BeCc, W MapuTh B Bo3ayxe. Ha Taxkom
IIPUHIUIIE, BIIOAHE BO3MOXKHO CO3IaTh KOCMHYECKHe amnnapatbl. PeaabHbIe
sKkcriepuMeHThl llleroneBa MNoOATBEPXKAAIOT €r0 KOHIIEIIHIO, TaK KaK OH YyBEPEHHO
OETEeKTUPYyeT H3MEHEHHe Beca AIOOBIX HarpeTbIX TeA, [akKe IIPpOCTOoro yTiora. Bhe
3aBHCHMOCTH OT (POPMEBI TeAa, TEIIAOBOE H3AYYEHHE CIIOCOOHO YaCTHUYHO KOMIIEHCHPOBATH
IIOTOKU 3(pUpa, KOTOpble O0yCAQBAMBAIOT CHABlI MPUTSIKEHHUS NAaHHOIO TeAaa K IEHTPY
raaHeTbl. OHAKO, HEAB3sl Ha3BaThb 3TOT IIOAXOJ ONTHMAaAbHBIM MeTozoM. Lleaecoobpas3Ho
co3gaBaTh QHU3OMPONHLLUL mMeniogoll nomok, KW OPHEHTHPOBATb €ro B HYyXKHOM
HaIllpaBAGHHUH. B CBA3M C 3THM, HEOOXOAWMO CHEAATh HEKOTOpPhbIE 3aMedYaHHd II0
nocraHoBKe skcrnepumeHTa llleroaeBa. Ha Puc. 136 mokasaHo cedeHue miapa, B KOTOPOM
coeaaHa KOHyCHas BbleMKa. HarpeB Takoro Teaa, Kak IOKa3aAd SKCIIEPHMEHTHI
[IleroaeBa, naeT ABHBIH 3(p(PeKT YMEHBIIIEHHs ero Beca.

NyY NA3SEPA

CYMMAPHbIW TENJI0BOW NOTOK

Puc. 136. lllap ¢ KOHyCHOM BBIEMKOH.

[Manuasa gopMma Teaa npenaoxkeHa llleroneBbIM, Kak OH ITHIIIET, TOABKO [IASI TOTO,
4TOOBI «<MMETh BO3MOIKHOCTH AYYOM Aa3epa HarpeBaTh LEHTPAABHYIO TOYKY Hiapar. [lpu
TaKoOM crocobe HarpeBa, TEIAOBOE H3AyYEHHE PAaCIIPOCTPaHSEeTCHd OT ILEeHTpa IIapa B
CTOPOHEI.

9 obcyxkmaa ¢ HUM 3TOT Bomnpoc B 2008 roay, U IBITAACS PACIINPUTH ITIOHMMAaHUE
9TOM KOHCTPYKTHUBHOH OCOOEHHOCTU «TepMorpaBuraropar. OmgHAKO, Mbl HE IIPUIIAM K
equHOMYy MHeHUIo. [To-MmoeMy, UMEHHO BbIEMKA co3aaeT 3(P(eKT aCUMMETPHUH TEIAOBOTO
II0TOKA, HUAYIIEro OT TeAd TaKoU «a0A04HOM» popMbl. OTCyTCTBHE BEINIECTBa B BepxXHeEH
4aCcTH IIapa (KOHyCHasl BbleMKa) 00yCcAaBAMBAET aHHU30TPOIIHIO TEIIAOBOTO U3AYYEHHUS, TO
€CThb, HEHYA€BOM CyMMAapHBIH IIOTOK TeIlAd, KOTOPBIH (popMHUpPyeTCd OT LEeHTPaAbHOH
Toukr BHU3. OOBLIKHOBEHHBIH IIap, OYEBUOHO, MMEET H3OTPOIHBIM TEMAOBOH IIOTOK,
pacrpocTpaHdIoMiicd BO BCE CTOPOHBI.

B pasBuTHe mOaHHOM TEXHOAOTHH, IIpedAaraeTcss MHHUATIOpHU3alus W cOopKa
«TEPMOTPABUTATOPOB» B KOMITAEKTBI, pa3MelllaeMble Ha IIAOCKOH ITAACTHHE, KaK ITOKa3aHO
Ha Puc. 137.

3aMeTHM, YTO TaKOe MHOIKECTBO AEMEHTOB, TeHEPUPYET B OOKOBBIX HAIIPABACHHSIX
BCTpEeYHbIe OPYr APYTY BOAHBI IIAOTHOCTH 3(HUpa, YTO HOPUBOAUT K HUX B3aUMHOH
KOMIIEHCAIlY, B IIAOCKOCTH IHIAaCTUHBI. [Ipu 3TOM, BOAHBI MHOXKECTBa H3AydaTeAeH
CKAQIBIBAIOTCH B HAIIPABACHUH, IEPIEHAUKYAIPHOM ITAACTHHE.
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Puc. 137. C60pka MHKPO-TEPMOTPABUTATOPOB.

[Tpu 3TOM, B HAIIPABAEHHUHU «KOHYCHOM BBIEMKH», CYMMapHasi BOAHA MEHbIIIE, YeM B
IIPOTHBOIIOAOKHOM HAaNpPaBACHHUU. YMEHBIIasd pas3Mepbl «TepMOTPaBUTATOPOB», MbI
IIpUAEM K BO3MOXKHOCTH HCIOAB30BAHHS HAHOTEXHOAOTHM, a masee, K BO3MOXKHOCTHU
CO3MaHMs CIIEIIMAaABHOIO BEIIECTBA, MOAEKYABI KOTOPOIO HMEIOT HeoOXOOUMYyIO0 HaMm
acummMetpuio. CAOM TAKOTO BEIIeCTBa, MOAEKYABI KOTOPOTO OyAyT yIIOPSOO4YEeHbI, CMOTYT
T€eHEPHUPOBATh BOAHBI TAOTHOCTH 3(dHpa, OPEUMYLIECTBEHHO, B OJHOM 33JIaHHOM
HaAIIpaBA€HHH, YTO JOAYKHO CO3/1aBaTh MOIIHBIN TEPMOTPAaBUTAIIMOHHBIN 3(peKT.

Hrak, TernaoBoe H3AYYEHHE €CThb BBICOKOYACTOTHBIE IIPOJOABHBIE BOAHBI,
co3zaBaeMble KoaebaHUIMH aTOMOB B 3¢upHO# cpene. OOBIYHO, OHHM HEKOT€PEHTHBIE, HO
azKe B 9TOM CAy4Yae, OHH MOTYT HCIIOAB30BAaThCA AT YaCTUYHOM KOMIIEHCAIINH Beca TeAa.
Co3naHue KozepeHmMHbIX mensossblx eubpayull uacmuy eeujecmea II03BOAHUT IIOAydaThb
HAIIPaBAEHHBIH TEIAOBOM IMOTOK, KOTOPBIM maeT OoAee CHABHBIE TEPMOTPABHTAIIMOHHBIE
3 PeKTHI, IIPU TOU XKe TeMIepaType Teaa. [aa co3gaHHsa KOT€PEHTHOTO I'PaBUTAIlIOHHOTO
M3AYyYEeHHUS aTOMaMH TeAa, OHU JIOAXKHBI COBEPIIATh CHHXPOHHBIE KoaebaHus. B Takom
CAy4dae, KOHIIEHTPHUPYd U HalpaBAdd UX B 3aJaHHOM HaIllpaBACHHH, MOXKHO CO3/1aBaThb He
TOABKO OBUXKYIIYI0O CHAY, HO B CHAOBBIe 3(pdeKTbl Ha OoabIIOM paccTodHUU. [laHHada
3a/1a49a OTHOCHTCS K OOOPOHHOM TEeMaTHKE.

anree, B 1leAdxX co3maHUS [OBUXKHUTEAEH, IIpefaaraeTcss pacCMOTpPeTh BOIIPOC
UHAYLIUPOBAHUSA TEPMOTPABHUTAIIMOHHOTO MOAd. OP@eKTbl HMHAYKIMU BO3HUKAIOT MIPU
YCKOPEHHOM [ABUXKEHHH II0 3aMKHYTOMY KOHTYPY IIOTOKA IOpsSYeld MANW XOAOJHOM MaccChl
BelllecTBa. AHaAOTHMS C  OAEKTPOMArHUTHBIMH  HWHAYKIIMOHHBIMH  3(dekTamu,
obHapyxeHHbIMH Matikaom dPapameeM, OPHUBOAUT K BBIBOAY O TOM, 4YTO JOAKHBI
CYILIECTBOBATh U SIBAE€HHS T€PMOMATrHUTHOH MHAYKIINH.

OueBHUIOHO, YTO AIOOOH MaTepHAABHBIH OOBEKT, UMEIOIIHY TeMIepaTypy HaMHOTO
BBIIIIe MAW HUIKE OKpYKamIleHd cpenpl, IIPU CBOEM ABHKEHHUU CO30aeT I'PaBUMAarHUTHOE
Bo3MylleHUe 3pUpHOU cpeapl. COOCTBEHHO, HUAes TEPMOMATHUTHON HHAYKIIUU SBASETCS
YJaCTHBIM CAy4Ya€M TI'PaBHMAarHeTu3Ma, TaK KakK ArODOE YIIOPAA09IE€HHOE (AI/IHefIHOC HAN
KpPYyroBoe) ABUKEHHE YaCTHUIl MaTePHH BbI3bIBAET PEaKIIHIO OKPYzKaroIlel cpens! (3cupa),
KOTOpasi CTPEMHUTCSI KOMIIEHCHPOBATH H3MEHEHHE COCTOSIHHS PAaBHOBECHSI Cpenpl, ee
ITOKOSI.

ﬂAH QACKTPHUYIECKHUX HBAeHHfI, MBI pacCcMaTpuBacM YCAOBHO IIOAOXKHUTEABHBIE U
YCAOBHO OTPHIIATEABHBIE 3apsAbl, CO3MAIOIINE IIPU CBOEM [ABHUXKEHHUU MATHUTHBIE ITOAS.
[To aHaroTHH, [AS SBACHUM TEPMOTPABUTAILIMH, MBI MOXKEM OXKHUIATBH, UTO XOAOJHBIE U
ropsiuvie TeAa, IIPU ABUKEHUU OyAyT BBI3BIBATH ITPOTUBOIIOAOXKHYIO PEAKIIUIO CPEObl, TO
€CTh, TOKH «TE€pMO3apdaa» PpasAuIHOI'0 3HaKa AOAXKHBI CO3AaBaTh I'PaBHUMAarHHUTHBIE ITOAA
pa3Horo HaIIpaBAEHUS.

[anHble (haHTACTUYECKUE IIPEATIOAOKEHHS MOTYT OOBSICHUTE HEKOTOPBIE CTPAHHbIE
SIBA€HUSI, HAIIpUMepP, HEOObIYHOE ITOBEEHUS KalleAb BObI, KOTOPhIE, CTeKasd I10 BHEITHEH
IIOBEPXHOCTH BEPTHKAABHOH TpPyOBbI TOpSYEro BOAOCHAOXKEHHS, TEKyT He CTPOro
BEPTUKAABHO BHH3, a 3aKPYYHBAIOTCH I10 CIIMPAAM BOKPYT TPYyObl. BripoueMm, Aro00# ITOTOK
BOZIbI, HAIIPUMEP pPEKa, CO3JaeT I'PaBHMATCHUTHOE II0A€. OTHUM OOBSICHIIOTCH HEKOTOPBIE
aHOMaAbHBIE 30HBI OKOAO PEK.

143



HUtak, AI000H ynopsidoueHHbll (HanpaesieHHblil) nomoK mensa cozoaem 8oKkpye cebs
mepmoezpasumayuoHHoe nosie. Pa3HuIla ¢ MarHUTHBIM IIOAEM COCTOUT B TOM, 4YTO
TEePMOTPaBUTAIIMOHHOE IIOA€ CIIOCOOHO OKa3bIBaThb CHAOBOM BO3[eHCTBHE Ha BCE YACTHUIIBI
BEIIIECTBAa, a HE TOABKO Ha 3AEKTPHUYECKU 3apsKeHHble YacTHUIlbl. B TakoMm caydae, II0
aHAAOTHHM C OJAEKTPOMArHUTAMHM, MOXKHO KOHCTPYHPOBAThH KOABIIEBbIE KOHTypa HAHU
COA€HOUIBI U3 TPYDOOK, II0 KOTOPBIM TE€KYT ITIOTOKHU I'OPSYETO HAM XOAOTHOTO BEIIleCTBA.

Meb1 pacrioaaraem TpeMs dakTopaMu YBEAUYEHUST WHTEHCHUBHOCTHU
TEPMOTPABUTAIIMOHHOTO IIOASI: TeMIlepaTypa ABHUKYIIErocs OTOKA, er0 CKOPOCTh U €ro
Macca. KOHCTPYKTUBHO, KaK MBI y3Ke 00CYzKIOaAH, MOXKHO 00€CeYUTh OOABIIIYI0O CKOPOCTH
BpallleHHUs Topgyei mAa3Mbl 10 OpOUTe, B IIOAOM TOPOHUE, YTO ITO3BOAUT CO3/IATH MOIIHOE
TEePMOTPaBUTALMOHHOE TIOAE.

BosBpamasace K Teopun A.M. BeHWHHK, MOXKHO OTMETUTBH, YTO AOOad pa3HHUIIA
TeMIepaTyp ABYX T€A, H3TOTOBACHHBIX M3 OJHOI'O H TOTIO K€ BEIIECTBA, Y2KE€ €CTh pa3HHULla
B CKOPOCTH IIPOILIECCOB HX CYIIECTBOBAHMS, pas3AMdHe B CKOPOCTH XO0Ja BPEMEHH.
YacTuipl BellecTBa pasHON TeMIlEpaTypbl UMEIOT pa3HyI0 IIAOTHOCTh SHEPTHUH, IIPOYHOCTh
MEKATOMHBIX CBsI3ei, B CBSI3H C 4YeM, UX SHEPTrooOMeH C OKpyzKaroleil 3(pupHOi cpemoi
IIPOTEKAET C pPa3HOM HMHTEHCHUBHOCTHIO. BO3HHKaeT BOIIPOC: IIOYEMY MBI HE 3aMedacM
Pa3HHUIBI X04a BPEMEHH OTHOCHUTEABHO MOPSYHX U XOAOOHBIX 00BeKTOB? OHHU CYIIECTBYIOT
B HAIlleM MHpe C OAMHAKOBOM CKOPOCTBIO XOJa BpPEMEHH, HHade, AIO0OOM HarpeB HAHU
oxAazKileHue o0beKTa BbI3BIBAAO OBl HCUE3HOBEHME 3TOTO TeAd U3 HAIIIEro «HACTOSIIIErO.

[ass oOBSICHEHHS 3TOro, HEOOXOAMMO BHOBB IIPUBAEYH TEOPHIO IHUCKPETHBIX
9HEPTeTUYECKHX yPOBHEH CYIIECTBOBaHUS MaTEPHAABHBIX OOBEKTOB, KOTOpPas XOPOIIO
n3BecTHa B (PU3UKE OAEMEHTapPHBIX YaCTHUIl. OAEKTPOH, HalIpHUMep, HE MOXKeT
IIPOU3BOABHO 3aHUMATD AIOOOM SHEepPreTU4YeCcKHUH YPOBEHb, U €ro IIepexol C OMHOI0 YPOBHS
Ha APYTro¥ TOYHO COOTBETCTBYET IOTAOIIEHHIO UAH HU3AYIEHHIO (POTOHA (KBAaHTA 3HEPTHH)
OIIPENEACHHON MAWHBI BOAHBI. AHAAOTHMYHO, IIPEAIIOAATaeTCd, 4YTO IIEPEXOM YaCTHIL
MaTepHyu Ha [Opyroll ypoBEHL CKOPOCTH CYIIECTBOBAHHSI BO3MOXKEH TOABKO IIpHU
IIOTAOIIIEHUN HAU IIOTEPE OIIPEAEAEHHOIO KOAMYECTBa (KBaHTa) BHYTPEHHEM 5Hepruu,
KOAMYecTBa 3(pUPHOH cpeanl, KOTopas CBd3aHa C JaHHOM YacTUIeH MaTepHH.

KocBeHHBIM NOATBEPKAEHUEM NAaHHOM KOHIIEIIIIMM MOXKET CAYXKHUTH HH(OpMAIIUg
[73], o mpoBenennbix B CCCP skcnepuMeHTax II0 CO3JAHUIO «MallIMHBI BpeMeHW». B HUX
HCIIOAB30BAaACd MeTO[, HarpeBa CQPEpPUYECKOTO OOBEKTa, C IIOMOIIBI0 HECKOABKHX
n3AydaTesel BbICOKOYACTOTHBIX BOAH, TO €CTh, METAAAMYECKUH IIIapUK HarpeBaACd TaKUM
ke obpa3oM, Kak HarpeBaeTcs AIOOOIH mpeamer B coBpeMeHHoM CBY meuke. IIporrecc
HarpeBa CHHUMaAcd 3KCIEepHUMEHTaTopaMHU Ha KHUHOKaMepy, KoTopas (UKcHpoBasa (PakT
KpamKo8pemeHHO20 UCUEe3HO8EHUSl WapuKa, €ro OTCYTCTBHS B HaIlleM MHUpE, U 3aTeM,
BHE3aITHOTO IIOSBA€HHMS Ha TOM K€ MeCTe, IIPUYEM, 8 OUeHb XOJ00HOM COCMOSTHUU
(TTOKpBITHIF MHeeM). PaccMoTpyuM NPHUYHMHEI JAHHOTO SIBA€HH. B AI0OOOM caydae, naske Kak
BBIMBICEA, 3TaA HUES AAeT IIOBOJ JAS ITOAE3HBIX Pa3MBIINIACHHH O KBAHTOBBIX 3deKTax B
MaKpOMHUpE.

HUrak, HarpeB OOBEKTA YBEAHYHBAET CKOPOCTb TEMAOBBIX KOAEOAHUI aTOMOB
BEIIlECTBa, €ro «MHTEHCHaA», KaK TOBOpHA BelWHHK. YBeAWdeHHEe CKOPOCTH KoaeOaHUM
aTOMOB IIPHUBOAUT K YCHACHUIO 3(PUPHOTO OOMeHa C OKpyxKaromied cpemoi. [IaoTHOCTH
OKpyzKarollero 3gpupa, IIpU 3TOM, YMEHbIIaeTcsa. [Ipu ompeneAeHHOM CTEIleHH HarpeBa
TeAa, NIOMHOCMb 3¢hupa 806U3U WAPUKA YMEHbULAEeMEs. HACTOABKO, YTO 3TO IIPUBOIUT K
CKa4yKoOOpa3HOMy IIepeXOofLy [OaHHOM o00AacTH IIPOCTPAHCTBA-BPEMEHH, U  BCeEX
MaTepPHaABHBIX OOBEKTOB, HAXOMAIINXCS B HeEH, Ha «IPYyrod SHEPreTHYeCKUH ypOBEHb
CcylLIecTBOBaHUs». Ha gaHHOM ypoBHe, BHAVUMO, 3(HP HMEEeT MEHBIIYI0 IIAOTHOCTh
sHepruu. [loka OOBEKT HaAXOAUTCH Ha 3TOM HOBOM ypPOBHE, MBI €ro He HabAomaeM B
HaIlleM MHPE, HO TOABKO [0 T€X IIOpP, ITOKa OH TaM He «OCTbIHeT». OCTBIBIIIEE BEIIECTBO
o0BEeKTa IepecTaeT IIOTAOIIATh 3(PUP U3 OKpPyzKaAWIIeH cpenpl, U 0oaee TOro, ero
AKTHUBHOCTH (VMHTEHCHAA») IIEPECTAET COOTBETCTBOBATH IapaMeTpaM OKPYKAIOIIET0 €ro
IIPOCTPAHCTBa-BpeMeHU. BemecTBo mapa HaynHaeT paboTaTh, KaK HCTOYHUK 3(Upa,
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OTaBasi ero B OKPYZKAIOIIYI0 CPeay, UMEIOIIYI0 CPaBHUTEABHO HHU3KYIO IIAOTHOCTD 3dupa.
Ha ompeneaeHHOM ypoBHE, 3(pUP B OKPECTHOCTSIX OOBEKTA, HCIIYCKAIOIIETO ¢AHIITHHM»
3(pup, YIAOTHSETCS HACTOABKO, YTO OOBEKT BBITECHSETCS OKpy’KamIled cpemod Ha
COOTBETCTBYIOIIHH €My YpPOBEHb ITAOTHOCTH JHEPrHH. B 5TOT MOMEHT, OOBEKT CKa4YKOM
IIEPEXOIUT Ha IIPEKHUH YPOBEHb CYILIECTBOBaHHUS, U IIOIBASETCH B HAIlleM ITPOCTPAHCTBe-
BpPEMEHH, [IPUYEM, B CHABHO OXAQ3KIEHHOM COCTOSTHHH.

OCOOEeHHOCTH OAHHOTO IIpollecca TOBOPAT O TOM, UTO CTENEHb OXAAKIEHHUSA TeAa,
IIOCA€ OJAHHOTO «IBOMHOIO Iepexodar» U BO3BpaTa Ha Ha4YaAbHBIH YpPOBEHB, [JOAXKHA
COOTBETCTBOBAaTh CTEIIEHH €ro HarpeBa. [IpyrMMH CAOBaMH, KBaHT 3HEPIHH, KOTOPBIH
HeoOXoAMMO IlepefaTb HAW OTOOpaTh, [OAd IlepeBoJa OOBeKTa Ha Apyrod ypoBeHb
CYILIECTBOBaHUSd, PaBEH KBaHTY 3HEPTHM, KOTOPBIH, COOTBETCTBEHHO, BBIJEASETCS HAU
IIOTAOIIIAETCH, IIPU €ro BO3BpaTe Ha IMPEeXHUU ypOBEHBb CYIIECTBOBAHHSI. OTO IIOAHAd
aHAAOTHS C MEXaHHUKOM: SHEpPrus, 3aTpadeHHas Ha Pas3roH TeAd MOIKET OBITh ITOAyUeHa
IIPU €ro TOpMOXKeHHH. OTMETHM €Ille pa3, YTO CYTh SABA€HHS COCTOUT HE B HarpeBe HAU
OXAQXKIEHUU TeAa, a B H3MEHEHUSX SHeproobMeHa C oOKpyzKaroiled a(pupHOH cpenoi.
MMeHHO HpH OOCTATOYHO CHABHOU CTENeHH H3MEHEHUs IIAOTHOCTH SHEPTHU 3(UPHOH
000A0YKHY, OKPYZKAIOIIEH TeAo, JaHHas oOAACTh IIPOCTPAHCTBA U BCE YaCTHIIbI MaTepPHUH,
KOTOpbIe B HEY HaXOAATCH, «COABUTAETCs» B IIPOIIIAOE HAU B OymyIree.

Paszymeercsa, Bce 3TH IIPEAIIOAOXKEHHS MMEIOT XapakKTep YMO3PUTEABHBIX
3aKAIOUEHUH, IIOCTPOEHHBIX HAa aHAAOTHSX MEXKAY MUKPOMUPOM 3A€MEHTAPHBIX YaCTHIL U
MaKpPOMHPOM BeILIECTBEHHBIX OOBEKTOB, M OHH IIOKa HE IOATBEPXKAECHBI JOCTOBEPHBIMHU
3KCIIEpUMEHTaMU. EQUHCTBEHHBIN BBIBO, KOTOPBIM COrAacCyeTCs C JaHHOW KOHIIENITHEH,
MOXKHO CIeAaTb U3 TEOpUH pacluupgdroleiica BceaeHHOH, paccMarpuBad IPOLECC
OBUXKEHHA 3Be3[ B pyKaBe 'anakTuku Maeunsbiii [lyTs. [laHHOE ABUKEHUE PEAABHO, U OHO
IIPOUCXOIUT OT COCTOSHHUS OOoA€e MMAOTHOro 3upa B COCTOSTHHE MeHee MAOTHOTro 3dupa.
MakCcUMaABHYIO ITAOTHOCTB UMeeT 3(PUpP B LIEHTPAABHOH 00AaCTH CIIMpasbHOM ['araKTHKH,
COOTBETCTBEHHO, TaM HaxXoadTcs Ooaee Moaomble 3Be3npl. [Io Mepe ymaseHHs OT LEeHTPA,
BO3pacT 3Be3[l YBEAUYUBAETCs, a IIAOTHOCTHL 3c¢upa ymeHbliaercsa. C APyrodl CTOPOHEI,
€CThb M3BECTHOe o0lIllee IIPaBUAO: B AIOOOM IIpollecce, HAYIIEM M3 IIPOIIAOTO B Oyayllee,
dusuyecKas cucTeMa CTPEMHUTCS 3aHATH COCTOSHUE MUHUMAABHOM SHEPTrHH.

Ha ocHoBaHNM 5THUX NPEAIIOAOKEHHH, IIPHU PACCMOTPEHUN TEXHHUYECKUX BOIIPOCOB
U aHaAW3a HaAIIPaBAEHHUd «CTPEAbl BpeMEHH» B HallleM pPeaAbHOM MUpPe, IIpeaAaraeTcs
CUUTATh 00bIUHBLIM (NONIOIKUMESNIbHBIMY HANPAasaeHUeM X00 8pemeHuU, coomeemcemayrouuil
ecmecmeeHHOMY YMEeHbUIEHUID NJA0OMHOCMU 3SHepauu okpyxxaroujell 3¢pupHoll cpeobt,
KOTOpPOE IIPOMCXOOUT B pe3yAbTaTe paciuupeHus Bceaennod, u ynaseHuss CoaHedHOH
Cucrembr ot llertTpa lasaktmru. OOpaTHOE HAaIpPaBAEHHUE «CTPEABI BPEMEHH» MOXKHO
Ha3BaTh «OTPHUIIATEABHBIM» M €My [JOAXKEH COOTBETCTBOBATb  IIPOLECC YBEAWYEHHS
IIAOTHOCTH SHEPruu 3(pUpPHOU Cpensbl.

AKyCcTHU4YeCKad ACBUTALUS

Paccmorpum wucroputo [IxxoHa Kwam (John Ernst Worrell Keely), ocHoBarTeas
«pU3UKH CHUMIIATHYECKUX BUOpamui» (Sympathetic Vibratory Physics www.svpvril.com).
Ou xwua B dunraneapdpun, CIIA, ¢ 1827 mo 1898 roapr. Co3zmanHasa UM B HL}O—P'IopKe
koMmrianuda «Keely Motors» B 1874 rony neMoHCTpHpOBasa Tak HasbIBaeMbIH «MoTOp Kuam,
KOTOPBIA ITPOU3BOAMA IIOA€3HYIO PabOTy, UCIOAB3YS «BOAY M BO3AyX», CO3MaBas HAaBACHUE
B CAOXHOHN ruapaBandeckor cucteMe. OH Ha3BaA MOTOP «THAPO-ITHEBMATUYECKOM
IIyABCHPYIOIIEH BaKyyMHOM MalIuHOM». ITo3xke Kuau mocrpoua yauBHUTEABHOE yCTPOUCTBO
«yIIPABA€HHS CHAAMH TpaBHUTAllUW», KOTOPOE BBITAANEAO, KaK MenHbld map 30 cm B
ouaMeTpe, OKPYKEHHBIH TpyOKaMM H CTEepKHAMH (KaMEPTOHAMH) Pa3AHMYHON [IAWHEI.
Kacasice maasliaMyu KaMepTOHOB, KMAM BBI3BIBAA 8UOpaAyuUU pa3AUUHBLX MOHO8, COYETaHHE
KOTOPBIX IIPOU3BOIHAO Ha ITpeaMeThI 3(P(PeKThI AEBHUTALIHNH.
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Boaee Toro, ero cCOBpeMEHHUKH YTBEPKAAaAH, YTO KHAM MOr 3acTaBHUTH A€TaTh B
BO3IyXe TSIXKEABIH CTaABHOM IIIap, IPOCTO Urpasi Ha HEOOABIIIOM OpPraHe.

OTMETHM aHaAOTHIO C UAESIMHU 110 KOMIIEHCAIIUH €CTECTBEHHOI'O I'PaBUTAILIOHHOIO
IIOAd, IPH CO3MaHUU IPOJOABHBIX BOAH B TrAaBe IIPO SKcIepuMeHThI [logkaeTHOBa,
Mopanese u IlInypepa. HykHO HaliTH He TOABKO PE€30HAHCHYIO YacTOTy I'PaBHUTAIIMOHHOI'O
II0ASl TIAQHETBHI, HO COYeTaHHe HEeCKOABKUX YacToT BUOpanuit acupa. Msayuareasa omgHol
4acTOThI HEIOCTATOYHO, IAS CO3IaHUs JAaHHOIOo 3pdeKTa.

xou Kwam, cumTaa, 4dYTO A00OOEe BelleCTBEHHOe o0pa3oBaHHe, TO €CThb
«MOAEKYASIPHBIM arperat», Kak OH TNOBOPHA, CKOAbL OBI MaAO OHO HHU OBIAO, IIpeOLIBAET B
COCTOSTHUM HEIIPEPHhIBHBIX BHYTPEHHUX BUOpaliuii, © Bo30yKaAaeT B OKPYKAIOIIEM €TO
IIPOCTPAHCTBE HEYTO, IIOXOXKee Ha 3BYKOBBIE KoaeOaHusa. O4YeBHUOAHO, OH TOBOPHA O
IIPOAOABHBIX BOAHax B 3cdupe. Kpome Toro, kaxkmoe Takoe o0pa3oBaHHE CIIOCOOHO
OTKAWKATBLCS Ha IIPUXOMASAIINE H3BHE KOAeDaHHsA, IIpHUYEM pPa3AudHBIM o0pa3oM, B
3aBUCHUMOCTU OT TOIO, CO3BYYHO HAMW HET, 3TO BHEIIHee KoaebaHMWE cpenbl COOCTBEHHOM
gactoTe. Ecau KoaebaHUS ABYX TE€A CO3BYYHBI JIPYT APYTY, TO TE€AA HMPUTATUBAIOTCS, €CAU
JKe B UX 3ByYaHHUU HUMeEeTCH AUCCOHAHC, TO OHH H30eraroT APYT Apyra (OTTaAKHBAIOTCH).
Bce dusndeckre cuUAbl BO3HHKAIOT BCAEACTBHE OIPENEACHHOTO COTAACOBAaHUS (HMAHU
paccoraacoBaHHOCTH) BOAHOBBIX XapaKTEPUCTHK BHOpPAIIMOHHBIX IIoAed. Bubpariuu
IIEPEHOCAT He SHEPTUI0, HO TOABKO CTUMYA K €€ ITOTAOIIEHHIO UAM BBIIEACHUIO, TO €CTh K
IpeoOpa30BaHUIO €€ M3 CKPBITBIX (popMm B aBHBIE popMbl. Co3maBas ocoOble BHUOpaIluu
acpupa, Kwmaum Mor pmeaaThr BeIIM HE TOABKO A€rde, HO H TsXKeAee, OT ITOT0 OHHU
BIABAWBAANCH B TPYHT IIOA AEHCTBUEM YCHAEHHOI TI'paBHUTAIMU. ITO He OBIAO CHAOBBIM
BO3/IEHCTBHEM YABTPa3ByKa Ha IPeaMeThl, a peaAbHbIM IIPUMEPOM BO30yKOEeHUS 3pHpa
IIyTeM 3BYKOBBIX BUOpallMil Bo3ayxa (MOAEKYABI BO3AyXa TaKiKe CBA3aHBbI ¢ 3(pUPOM, KaK
U Bce ocTaabHas Matepusd). Cefiyac 3ToO pe30HaHCHOE SIBA€HUE Ha3bIBAETCS aKyCTHUYeCKOH
AeBUTANHEN, U aKTUBHO U3y4aeTCd B IPUKAQTHBIX IEATIX.

[xxon Kwam moaaraa, 4ToO 3HEpPryus HMeeTcCs IIOBCIOAY B OKpYzKallleM Hac, Hu
IIPOHU3BIBAIOIIEM HaC IIPOCTPAHCTBE, IPUYeM, B HEOTPAHUYEHHBIX KOAMYECTBaX. 3arachkl
SHEPruu B IIpUpoae Oe3rpaHUYHbI. DHEPTHIO 3Ty MBI HE CO34aeM, M He TPaTHUM, HO MBI
MOJKEM, II03HAB €€ 3aKOHbI, IPpeobpa30BLIBATE €€ B yA0OHBIE nasd HAC POPMEI. [IAs 3TOro
HY>KHO COTAAQCcOBaTh HNEHUCTBHSA OTHAEABHBIX «MOAEKYASIPHBIX arperaroB», U IOCTHYb ITOIO
MOZKHO, MOOUBIIIHCH UX CO3BYYHS.

[xon Kwam roBopma, YTO 3BYK — O9TO «HapyIIeHHE AaTOMHOTO pPaBHOBECHS],
paspylarlnee CyLIECTBYIOIIME CBA3HM aTOMHBIX YacCTHIl, & OCBOOOXKIEHHAd MIPH 3TOM
cyOcTaHIIMsI, HECOMHEHHO, MOOAXKHA OBITh 3(PUPHBIM TEeYEHHEM HEKOTOPOro IIOPSaKan.
3necyr Hamo OBl yTOYHUTH, YTO PEYh HAET HE O pa3pyLIeHHWH aTOMHBIX CBsi3el, HHade
00BEKT ObI pacChIlascd Ha aTOMbI. Peyb HIEeT 0 CBdA3axX aTOMOB OOBEKTA C OKpYyIKarolleH
3(pUPHOU CpeIoH.

B JOIIOAHEHHE K 3TOoH TEME, HMEET CMBICA IIPUBECTH aHAAOTHIO C UAECAMH ITHCATEAA
Aaexkcangpa [I'puna, aBtTopa pomanHa «Baucrarommuii mupr. OH pacckasplBaa o
KOHCTPYKIIMU «4yZIECHOM A€TalOIEl AOAKH», II0 KpadM KOTOPOH BHCEAH KOAOKOABYHUKH
pasHoro pasmepa. [Ipukacascb K KOAOKOABYHKAM, U BBI3bIBAs 3BYK, MOXKHO OBIAO
IIOAHATH AOAKY B BO3AyX HW IIPUBECTH €€ B [IBHXKXCHHE... Bazkno OTMETHUTDH, YTO
KOAOKOABYUKH OBIAHM Pa3HOrO pasMepa, TO €CTb, OHU IPOU3BOAHAN BHOpanuu pasHOHU
gyacToThl. Tak:ke MHTEpeCcHa Apyrasd aHaAOTUs C SKcIlepuMeHTaMH [[3koHa Kuau: Tsaxeanle
HIapbl U «A€TaloIlad AOJKa» ACBUTHPOBAAHM HEKOTOPOE BPEMd IIOCAE TOrO, KakK «My3bIKa
cruxarar. OOBSICHUTE 9TO IIOCAEAEHCTBHE MOXKHO TAaKUM BO3AeHCTBHEM BHOpaluii Ha
MaTepUaAbHBI OOBEKT, [IPHU KOTOPOM CBA3M AaTOMOB MaTepuu MeXKAy coboi
COXPAaHSIOTCS, HO CB3b C OKPYXKAIOUIUM 3(pUPOM paspyllaeTcs, Ha HEKOTopoe BpeMms. B
TaKOM CAydae, OOBEeKT IIpHoOpeTaeT CBOMCTBA OE€3MHEPIIMAABHOCTH U MOKET ABHUTATHCS C
PE3KHUM YCKOPEHHEM, a TaKiKe II0OBOpaYyuBaTh II0[ AIOObBIM yraom. HecoMmHeHHO, 3TO
3HAYUTEABHO YAYYIIHAO ObI XapaKTEePHUCTHKH COBPEMEHHBIX AETATEABHBIX alllapaToB.
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BoaHbl MaTepuu ne bpoiiag

[aaee, pacCMOTPHUM IIOHATHE O «BOAHaxX marepuu nae Bpoiiasy». 9To Takke HMeEeT
OTHOIIIEHHE K TeMe «TepMorpaBUTalllg» W BUOpaAllUgM 4YacTHUI[ MaTepuu, HO 3/1ecCh
paccMmatpuBatoTcd 3PPEeKThl IPU OOBIYHOH TeMmIeparype, TaK KaK dacTUIbl MaTepHUHu
BCErga B ABHUKEHUHU.

B 1924 rony Ayu ne Bpotiab, B cBoel guccepTallii, IIPEAIIOAOKHA, UTO BCE TeAa U
YacTULIBl MaTepPUU CIIOCOOHBI M3AYYaTh «BOAHBI MaTE€pPHUM», KOTOPBIY BIIOCAEACTBUU OBIAU
Ha3BaHbI «BOAHBI ne DBpoiiag». C Hame¥ TOYKM 3peHHsI, 3TH BOAHBI MAaTEpPHUU €CTb
IIPOAOABHBIE BOAHBI IIAOTHOCTH 3(OUPHOM cpenbl. O4eBHAHO, YTO OHH yCHAUBAIOTCH IIPHU
HarpeBse BEILIECTBA, [I03TOMY T€PMOTPaBHUTALMS TaKXKe HCIIOAB3YET BOAHEI Ae bpokag.

JBUXKUTEAN HOBOT'O THUIIA, B KOTOPBIX HCIIOAB3YIOTCS IIPONOABHBIE BOAHBI B 3pUpE,
MOTYT OBITH IIOCTPOEHBI HA OCHOBE MHTEP(MEPEHIINH TaKHUX «BOAH MaTEPHH», CO3aBaEMbIX
IIOAOCTHBIMH (SYE€HUCTBIMH) CTpyKTypamMu. CeHCallMOHHBIE AAHHBIE O TOM, YTO yYEHBIN-
suToMoaor B.C. 'peOEHHHUKOB IIOCTPOHA H YCIIELITHO HCIBITAA A€TATEAbLHBIH arapar,
paboTaronmuii Ha JAHHBIX IIPUHIUIIAX, A0 CHUX IIOP KAYT CBOoeHd oUIIMaAbHOM IIPOBEPKH.
Pa6oter B.C. I'pebeHHHMKOBa ITOAPOOHO PaCCMOTPEHBI B Pa3HBIX OTKPBITHIX HCTOYHHUKAX,
HarpumMmep Ha opyme https://vk.com/gravitoplan

B xuaure B.C. I'peberHuKoBa «Moi#i Mup» [74] 1mokasaHbI IIPOCTbIE SKCIIEPUMEHTHI,
KOTOpbIEe MOCTYIIHBI AIOOOMY MCCAENOBATEAI0 UM He TPeOyIOT CHEeIlMaAbHOHM ammnapaTryphbl.
PekomeHayo Ha¥iTH 5Ty KHUTY B HUHTEpPHET U CKadaTh €€ IIOAHOCTBIO. PuCYHKH u
dororpadr ux 5TOH KHHUTHM ObIAM IIpenocTaBaeHbl MHe erre B 2001 romy HOpuem
YepegHUYEHKO, U OHU OBIAM OIIyOAMKOBaHBI B HalleM KypHase «HoBaga OHepreTukanr,
HoMep 1 3a 2001 rop.

Ha Puc. 138, I'pebeHHUKOB moKazaa 3PPeKThl OTTAAKUBAHUS [ABYX HCTOYHHUKOB
«BOAH MaTepHH», HAIIpUMep, IIYYKOB CBeXKeCpe3aHHBIX cTebaeil TpaBbl. B ToMmM cayuae,
KOT/ZIa OHH PACIIOAOZKEHBI Ha IIOBEPXHOCTH METaAAMYeCKOM KOchI (caeBa Ha Puc.138), onn
OTTAAKHBAIOTCS, IIPUYEM, OTO IIPOHUCXOAUT HA BAAIKHOH IOBEPXHOCTH METAAAQ, ITOITOMY
TYyT U pedu OBITh HE MOKET O KaKHUX-AHU0O CHAAX SAEKTPOCTATUYECKOTO OTTaAKUBAHUS.
CuaoBoe B3aMMOEHCTBHE, B JaHHOM IIPHUMEpe, MOKHO «IIOTPOTaTh PyKaMH», CAEAaB aBa
«IIYYKOBBIX H3Ay4YaTeAs», ¥ [OBEPHYB HX TOpLaMH APYyr K Apyry (cupaBa Ha Puc.138).
VMeHHO 93TH MpPOCTble HSKCIEPHUMEHTHI [JAIOT IIOHHMAHHE TEXHOAOTHH «AETarOLIeH
rmaatdgopmel 'pebeHHUKOBA.

Puc. 138. OrrasnkuBanue ABYyX cTeOAEH HUAU IIyYKOB TPABHIL.

Ha Puc. 139 mpenaaraercsa Moe OOBsICHEHHE IIPUYHMHBI BO3HHUKHOBEHHS IAaHHOTO
acderTa, B YIPOLIEHHOM BHAE. B03MOXKHO, 3TO HETOYHOe MHOHUMaHue 3PdeKTa, HO
BIIOAHE ITOHSITHOE.
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BUBEPALIUM ATOMOB

| } OCEBbIE

| <e> PALUANBHBLIE

Puc. 139. Bubpaiuu aTOMOB B 9A€MEHTE COTOBBIX CTPYKTYP.

OAEMEHTBI COTOBBIX CTPYKTYP IIPEACTABASIIOT COOOH TOHKOCTEHHBIE TPYOKH,
Oararomapsa dYeMmy, BHOpamMM aTOMOB CO3AIOT IIPOLOABHBIE BOAHBI B  3dupe,
ITPEUMYIIIECTBEHHO B OCEBOM HarpaBAeHHH. O4eBHIHO, YTO B pPaAHaAbHOM HaIlpaBACHHH,
cyMMa BHOpamuii aToMOB 3HAYUTEABLHO MeHbIle. [Tydok mapasseAbHBIX TPYyOOK co3maeTr
CorAacoBaHHbIEe BHOpallnu 3(PUPHOIN Cpenbl, IPEUMYILIECTBEHHO, B HAIIPaBACHUHU TOpIia
TpyOOoK. TpyOKu MOryT OBITH CAeAaHBI K3 AIOOONO MaTepHasa, MeTasra HAM Oymarwd.
duameTp TPyOOK 3alaeT pPacCTOsSHHE OT Topla TPYOKH A0 00AacTH «POKYCHPOBKH» BOAH,
co3JaBaeMbIX OTOEABHBIMU aToMaMu. PacueT Oymet mokasaH masee, B popmyae F.11.

[ToaoCTHBIE CTPYKTYpPhI, KaK HX HA3BIBAIOT, MOTYT OBITH CO3[4AaHBI HE TOABKO
TpyOKaMu. Y ImdeA COThbl UMEIOT BHU/ IIIECTUIPAHHUKOB. B o01mx dyeprax, JaHHBIN 3 PeKT
IIpe/ICTaBAsIEeT CO0O0il MHTepP(EepPEHIINIO IPOLOABHBIX BOAH 3(OHUPHOM Cpenbl, M3AyIaeMbIX
COTAQCOBAHHO BUOPHPYIOIIMMHU YacCTHIIAMH MaTEepPHH, KoTopad o0pa3yeT CTEHKH TPyOOK
WAU [OPYTHUX TIIOAOCTeH. l3AydyeHHe BOAH YaCTHUIIAMH MATEPUU CKAQObIBAETCS TaKUM
o6pas3oM, 4TO UX OCHOBHAS KOMIIOHEHTA HallpaBA€HA BIOAb OCH TPYOOK.

HMuaTepdepeHIINS IIPOOOABHBIX BOAH, 00pa3yeMbIX MHOXKECTBOM TpPyOOK -
HCTOYHHUKOB [aeT B IIPOCTPAHCTBE HAZ COTOBBIMH (IIOAOCTHBIMH) CTPYKTYpaMH
ynopsi0oueHHble obnacmu cokamust U paspsiKeHust 3¢pupHoli cpedsbl. ITO CTOSUYNE BOAHBI
IAOTHOCTU 3pupa. CTaHOBUTCH IIOHSITHBIM BajKHAS POAb BBIPABHUBAHHS TOPILIOB BCEX
TPYyOOK, coOOpaHHBIX B makeT. POBHBIH cpe3 KaxKAo¥ TPyOKH M makeTa TPyOOK, B IIEAOM,
obecrieynBaeT CAOXKEHHE IIyJHOCTeHl BOAH B OJHOM 00AaCTH MIPOCTPAHCTBA, CYMMHUPYS
adeKT CKATUI VAU Pa3pssKeHUsd 3(OUPHOU cpeabl.

Texuuueckasa peaansanvd dpdeKra, OTKphITOro 'peOeHHUKOBBIM U 30A0TapPEBBIM,
BO3MOXKHa pa3AMYHBIMH MeTonaMu. M3BecTHa craTes «PacdeT adpdhekTa MHOTOIIOAOCTHBIX
CTPYKTYp» [75], KoTopasa 6viaa mepemana mHe [Ipodeccopom 3oasorapeBriM B.d. B 1992
rogay, BMeCTe C APYTUMH HeOIyOAMKOBAHHBIMH MaTepHaAaMU [AS U3Y4YEHUs U Pa3BUTHUS
[JaHHOTO HalrpaBAeHUd. B manHo# cratwe, unet pedyb o6 oTkpbeiTuH B.C. 'pebeHHUKOBA U
B.®. 3oaorapeBa «fIBA€HHE B3aMMOAEHCTBHA MHOTOIIOAOCTHBIX CTPYKTYP C ZKHUBBIMH
cHUcTeMaMM», IIPUOpUTETHAd clipaBKa Ha oTKpbITHe Noe 32-OT-11170 ot 3.9.1985 r.

PaCCMOTpI/IM HEKOTOpPEBIE BbIBO/JBI Hus3 3TOoH CTaThH, IIOAE3HBIE IIpu
KOHCTPYHUPOBaHUU OBUKUTEAEH HOBOI'O THIIA.

[To muenuto IIpodeccopa 3oaoTapeBa, coz2nacosaHHoe O08UXKEHUE 31eKMPOHO8 8
meepoom mese noporkoaem 60/HbL mamepuu Oe Bpolins, a IoAOCTH TPYOOK HAHM COT,
HaIllpUMeEp, OKa3bIBAIOTCS PE30HATOPaMH — MOIIHBIMHU HCTOYHUKAMU CMOSIUUX B0JH
mamepuu pne bBpoiias, KoTopble CO3MAIOTCSI B HAIPaBACHHU OCH TPyOOK HAH COT.
MarepuasbHasg CTPYKTypa, IIOCTPOEHHAas W3 PUTMUYHO PACIOAOXKEHHBIX IIOAOCTEH B
IIPOCTPAHCTBE (COTHI MAU IIyYOK TPYOOK) MHOTOKPATHO yCHAUBAET IPPEKT.
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Bamedy, dYTO pedb HAET O CMOSIUUX B0NHAX TIIAOTHOCTH dupa, KOTOPbIE
IIPUHIIUIIHAABHO OTAMYAIOTCH OT ABUXKYIIHMXCS «T€PMOTPABUTAIIMOHHBIX» BOAH IAOTHOCTHU
acupa, KOTOpblE HCIIyCKaeT ropsiyee Teao. CTosuyre BOAHBI IIAOTHOCTH ddupa He
IIEPEHOCAT SHEPrUi0 B IIPOCTPAHCTBE, HO MOTYT OKa3bIBaTh CHAOBOE BO3/EHCTBHE Ha
00BEKTHI, HaXoAdIpecd B 00AACTH IIyYHOCTH BOAH HAHM B y3Aax BOAH. [aaBHoe TO, 4TO
aBe 006AaCTH IIyYHOCTEH CTOSYHX BOAH 3(pHpa B3aUMHO oTTasKuBaroTcs! Crosdne BOAHBI
IIAOTHOCTH 3(UPHOH Ccpenbl MOIYT B3auMoAedcTBoBaTb Mexkay coboit. [lo atoit ke
IIPUYUHE, KOPPEKTHO TIOBOPHUTHL O TOM, YTO CTOSYHE BOAHBI MaTepuu ne bBpoiiaa
«CO3MAaI0TCS» B IIPOCTPAHCTBE HEKUM HCTOYHHUKOM, a He «HU3AyYJaIOTCH» HEKHUM
reHepaTopoM. VMCTOYHHK, B HAHHOM cCAydae, ITUTAHUSA U 9HEpProcHabOKeHUd He Tpeldyer,
«paboTaeT TreoOMeTpUs» MaTepPHAABHOI'O O0BEKTa, HAIpUMEp, YIOpPsaAodYeHHAas COTOBasd

CTPYKTypAa.

[Ipodeccop 3oaoTapeB HmuuieT B cTaThbe [75], YTO OAMHA TaKO¥ cTosidell BOAHEI
OymeT BABoOe OOABIIIE pa3Mepa «IIOTEHIIMaABHOH SMbBI», TO €CTh, pa3Mepa IIOAOCTH. B cBoux
pacueTrax, 30A0TapeB CChIAAETCS Ha (POPMYABI «aBTOKOA€OATEABHOH KBAHTOBOH MEXaHUKH»
PomumoBa [76]. Hutata: «CTEHKHM MHOTOIIOAOCTHBIX CTPYKTYP... IPUHSATO paccMaTpUBaTh,
KakK TpaHUIbl IIOTEHIIMAABHOIO HINHUKA 2JAEKTPOHOB. OTO CHpaBeOAMBO, KakK [IAd
OUSAEKTPUKOB, TakK W OAd MeTasroB. OO0OIIeCTBAEHHOE [OBHUXKEHHE OSAEKTPOHOB
COIIPOBOXKIAETCS CHCTEMOM CTOAYMX BOAH ne bBpoiiad B DOTEHIIMaABHOM SIIHKE,
MMEIOIINX KAQCCUYECKHE YaCTOThI

fenaccuieckne = N h / 4 m L2 F.9
1 KBAHTOBBIEC 9aCTOTHhI

fKBaHTOBLIe =1n fKAaCCI/I‘{eCKI/Ie F- 10

TZe N - HaTypaAbHOE YHCAO, L - pasMep IOTeHIIMAABHOM MBI, m - 3¢ peKTUBHAs Macca
SAEKTPOHAY.

IIpumep pacdera 4YacTtoThl: Oad n=1 m L=1 caHTUMETpP, YacToTa COCTaBASET
npumepHo 2 I, To ecTb, oHa HaxXoAUTCHd B 00AACTH YACTOT CA€JOBAHUS HUMIIYABCOB
IIEHTPAABHOM HEPBHOM cHCTeMBbI. [loaToMy, AAS KOHCTPYHUPOBAHUA IIOAOCTHBIX CTPYKTYP
CHUAOBOTIO Ha3HaA4Ye€HUsS (OBUXKHUTeAeH), CO3JaloIMX B3aMMHOE OTTaAKUBaHHE IIyYHOCTEH
BOAH, HEO0OXOAWMO BBIOHpATH TaKHe IapaMeTphbl MCTOYHHKA BOAH, KOTOpPble HE BAULIOT
Ha OpraHu3M 4EAOBEKA.

ABTOp «aBTOKOAeOATEABHOI KBaHTOBOH MexaHHKH» PomumoB Bopuc HukoaaeBudy,
JIOKTOP dpHU3HUKO-MaTEMaTHIECKHUX HayK, paboraa ITpodeccopom Tomckoro
[ToanTexHUYeCKOro YHHBepcuTeTa. Ero ocHoBHaa HaydHaa pabora B HUU sapepHoi
du3uKN Oblra CBdA3aHa C HHAYKIIMOHHBIMH YCKOPHUTEASIMH 3A€KTPOHOB-OeTaTpoHOB. B
IIOCA€THUE TOAbI, OH YAEAdA MHOTO BpPEeMEHH pa3paboTKe HOBOIO acIeKTa KBaHTOBOH
MexaHUKU. B 1976 romy, Oblaa u3maHa ero KHHra «ABTOKoAeOaTeAabHass KBaHTOBasl
MexaHHKa», IIOCBsIIeHHass HOBOMY HaIllpaBA€HHUIO B Hayke. B kHure PonnMoBa M3A0KeHBI
OCHOBBI aBTOKOA€0ATEeAbHOH KBaHTOBOM MEXaHUKH, KOTOpad JaeT BO3MOXKHOCTBH pPelIaTh
HOBBIE 3aa4Yd. OTO OTHOCHUTCH K TPAKTOBKE CIIMHOBBIX CHA, CHA CAA0OTO UM CHABHOTO
B3aUMOJEUCTBHUS, CTPYKTYPhl OAEMEHTapHBIX YacTHUIl. [laHHas TEOopHsd HMEeT BaKHbIE
IIPUKAQIHBbIE acCIleKThl, Harrpumep, B 1981 roay, PonuMmoB opopMHUA COOTBETCTBYIOIILYIO
3agBKy B ['ockomurer 1mo geaam nuzobpereHuit u oTkKpbITuii CCCP Ha «<MeToxa moAydeHUH
AOEPHON SHEPTUH aAbTEPHATUBHBIM METOZAOM», U MAHHBIN HaTeHT ObIA moAydeH B 1982

romy.

HUrak, I[Ipodeccop 3BoaorapeB B cBoeil cratwke |[75] mpuBogutr ¢opmyay F.11,
KoTopass OymeT BecbMa II0OA€3HA KOHCTPYKTOpPaM, [AS pacdeTa MeCTOIIOAOKEHUS
IIy4YHOCTEH BOAH MaTepuu ne bpoias.
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OH nwuietr: «3aKOHOMEPHOCTH MECTOIIOAOXKEHHSI IIydHOCTeH BOAH pOe Dpoiiag Ha
paccrogHuu D oT TpyO4uaToil CTPYKTYPhI PACCUUTHIBAETCS 10 (POPMyAe

D=2L (N+1)2k, tme NuK =0, 1, 2... F.11

L - manHa OKpPyKHOCTHU TpPyOKH, N — HOMep TapMOHHUKH CTOSYUX BOAH MaTepHUu e
Bpotiaa, K — HoMep mydHOCTH» [74].

MaxkcuMaabHbIe CHAOBBIE 3(P(PEeKThI, B TAKUX YCTpPOUCTBaxX, HabAIONAIOTCS UMEHHO
B obaacTu my4dHOCTeH BOAH. MBI MOXeM TpaKTOBaTh AaHHbIE IIyYHOCTH, KaK obaacTu
cxKaTud yIpyrodt acdpupHoM cpenbl. Hampumep, nag TpyOKu paguycoM 1 MHAAUMETD,
JAWHA ee OKPYKHOCTH OyzeT paBHa npumepHo 6,28 mM. [Iag mepBod rapMoHUKU N=1 u
nepBoi nmygyHoctu K=1, moaydaeMm paccTosHHE OT TOplia A0 IIYYHOCTHU BOAHBI MaTepuu D =
2-6,28(1+1)21 = 50 mM. B TakoMm cay4dae, caeyeT OXKUIATH CUAOBOE B3aUMOIEHCTBUE OABYX
IIy4KOB TpPYyOOK pamuycoM 1 MM, OpH COBHAAEHUU II0AOKEHUH HX Iy4dyHOcTel, Ha
paccroguuu 10 caHTUMETPOB MEXKIY TOPllaMU IIyYKOB TPYOOK.

OTMeTHM, 4YTO U3 IPAKTHUKH PAIHOTEXHUKH, HanboAee MOIIHBIMU SIBASIOTCSH TPEThSI
U cenpMas apMOHHKHU OCHOBHOM 4acCTOThI. BrpodeM, Aad HPOAOABHBIX BOAH MaTEpHH,
MOTYT UTrpaTh OOABIIIYI0 POAb COBCEM MAPYTHE 3aKOHbI, B YaCTHOCTH, 3aKOH «30A0TOIO
ceyeHus»». IIpodeccop 3oaoTapeB mnmcas IO 3TOMYy IoBoAy: «Pe3oHaHCHBIM XapakKTep
B3aUMOJAEUCTBHSA IIPEAIIoAaraeT KPaTHOCTh JAHMH BOAH M 4aCTOT, KOTOPBIE OIIPEACATIOTCH
FEOMETPHYECKUMH pPa3MepaMH B3aUMOAEHCTBYIOIIUX CTPYKTyp. OTCIoga — BaXXHOCTb
FeOMETPHYECKHX IIPOIOPIIHI, B TOM 4YHCAE «30A0TOTO cedeHHud». lloaTomMy mnposaBaeHUE
«30A0TOI'0 CE€YE€HUsd» B IPUPOJAE HE ABASETCH CAy4YaMHBIM, TaK KakK B €r0o OCHOBE Ae€XKaT
BOAHBI f1e Bpoiias».

[IpakTryecku, 3TO0 BaxkHoe 3amedaHue IIpodeccopa 3BoaorapeBa HaAIO
paccmaTrpuBaTh, KakK  peKOMEHJAIlMM  KOHCTPYKTOpaM  TEXHHYECKHX  CHCTEM,
ncnoab3yrommx IIIC (3ppeKT IIOAOCTHBIX CTPYKTYDP).

[Tpumenenne 53ddeKTa I[TOAOCTHBIX CTPYKTYpP ILIEAECO0Opa3sHO HE TOABKO B
OBUKUTEASX HOBOTO THIIA, HO U B 00AAQCTH CHCTEM CBSI3H, IIOCKOABKY CTOSYHE BOAHBI
MaTepuU He JKpaHUpPYIOTcda. 3oA0TapeB IHLIET 10 3ToMy noBoay: «IIoCKOABKY
BO3IeHCTBHE... IOAOCTHBIX CTPYKTYP IIPOHUCXOAUT IIaCCHBHBIM 00pa3oM udepe3 KBAaHTOBbIE
IIOASI B COIPSI2KEHHOM MHUpe (BakKyyMme), TO He [IOAXKHO HabArofaTbCs 3KpaHHUpPOBaHUE
adpderTa 1MOAOCTHBEIX CTPYKTYyp (JIIC). B srcnepumMmenTe 3osoTapeBa, 3KPaHUPOBAHHE
IIPOBEPSIAOCH KEA€3HBIMH AHCTaMH, TKAaHBIO, IIAACTMacCod, KapTOHOM, M[OE€PEBOM,
KUPIIMYHBIMH CT€HaMH. B  COOTBETCTBHUH C €ro TEOPETHYECKHMH BBIBOJAMH,
9KpaHUpPOBaHME BOAH MaTepuu ne Bpoiag oOHapyKUTE He yaasoCh» [735].

HNHTEepecHbIle BBIBOABI IIOAYYAIOTCS, €CAH MPEACTABUTL cebe paboTy TaKHUX CHUCTEM
CBH3H: B 00AaCTH HCTOYHHKA HWH(MOPMAIIMM HEOOXOAHMMO CO3[ATh CTOSYYI0 BOAHY
TIAOTHOCTH SHEPTUH, PACCUYHUTAB MECTOIIOAOKEHHE €€ IIyYHOCTeH M y3A0B TaKUM 00pas3oM,
4TOOBI IIYYHOCTH (00AACTh MaKCHMAaAbHOTO H3MEHEHUS IAOTHOCTH 3(PUPHOH Cpenwpl, ee
MaKCHMaAbHOH gmedopmalniyy) mnornasa B o0AacTh HOpuUeMHHKa uHpopmarmu. [lasee,
HAAOXKHB Ha CTOSYYI0O BOAHY HEKOTOPBIH MOOYAHPYIOIIMM CHUTHAA, MOXKHO OOECIIeYUTh
repegady MHQPOPMAaIUU B TOYKY npueMa. O6AaCTh «ITPUEMHHKA» MOXKET OBITH yasreHa Ha
Aroboe paccrosgHMe. [JlaHHasg TeXHOAOTHS OYE€Hb HAIIOMHUHAeT HAeH Tecaa 0 IpakKTUIEeCKOM
HCIIOAB30BAHUH CTOSYHX BOAH 3AEKTPHUYECKOH ITPHUPOABI, OAHAKO, BOAHBI MaTEpPHUH €CTh
Ooaee oOmIUi cAydail MpUMeHeHUs 3(PUPOAUHAMUYECKUX SBACHHUH.

B 1990-e rompl, MBI IIBITAAMCHL OpraHusoBaThb c IIpodeccopom 3oaoTapeBbIM
IIPOEKT, B KOTOPOM IIAAHUPOBAAOCH IIOAYYUTH «MCKPUBAEHHE TPAEKTOPHUHU Ayda CBeTa»
crierfiaAnbHbBIM  MeTomoM. K coxkaseHuio, HaM He yAaA0Ch HaWTH [TOAXOILIIYIO
TEXHHUYECKyI0 0a3y B KaKOM-AH0OO YHHBEPCUTETE, U MAHHBIH OSKCIEPUMEHT He ObIA
OpraHHU30BaH.
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HaTepecHrli ¢akT: B 2000 romy BbIIAa B CBET COBMECTHAsd KHHIa aBTOPOB
3oaotapeBa B.®., Pommna B.B. u Togmna C.M. [77], B KOTOpo¥ paccMaTpHUBaAUCH
BOIIPOCHI M3MEHEHUM CBOHCTB IIPOCTPAHCTBA, BO3HUKAIOIIMX IIPU paboTe YCTPOUCTB
cBobomHOM sHepruu. Hapmeiochk, 4TO YHTATEAb IIOMHHUT, KaK aBTOpPbl ['ommH u PorrunH
II0Ka3aAu HaAWYHe «(II000YHBIX 9(p(PeKTOB» B BHAE «KOHIIEHTPUYECKHUX CTE€H» ITOHHKEHHOH
TeMIepaTypbl, (POPMUPYEMBIX BOKPYT HX paboTaroliel SKCIepHMEHTaABHOH YCTaHOBKH.
OTO gBA€HHE HMeeT MHOro ob6Iero ¢ 3¢g@eKTaMU IIOAOCTHBIX CTPYKTYP, TaK KakK OHO
TaKiKe IIPEICTaBASIOT COOOM OOUH M3 BapUaAHTOB CO3[AHUA CMOSUUX B0JIH NJIOMHOCMU
agupa, aHano2o8 8onH mamepuu oe Bpotins, 80Kpyz HeKomopoz0 ycmpoiicmaa.

Hayunbie uaTepeck! [Ipodeccopa 3oroTapeBa OTHOCHUAUCH HE TOABKO K 3dpdeKTam
IIOAOCTHBIX CTPYKTYp. B 1996 roxy, Ha kKoH(epeHniuu B Cankr-IlerepOypre, ITpodeccop
3o0A0TapeB JIEMOHCTPUPOBAA YIaCTHUKAM KOH(EPEHIIMH WHTEPECHBIH ombIT, Puc. 140. B
CTEKASHHOH 0OaHKe, eMKOCThIO 3 AHTpa, Ha IIOABECE ITOMEIAaeTcs KaTyIIIKa, COCTOSIIAs
U3 HECKOABKHX OECATKOB BHTKOB OIITOBOAOKHA. lIpH BBIKAIOUEHHOM HMCTOYHHKE CBETA,
JAaHHBIH NpubOp He pearupyeT Ha BHEIIHHEe Bo3nedcTBHs. [IpM BKAIOYEHHOM HCTOYHHKE
CBeTa, paMKa OIITOBOAOKHA IIOBOPAYMBAETCS, IIPH BO3AEHCTBUM Ha HEE IIOCTOSHHBIM
MarHUTOM, AM0O SYE€HUCTBHIMHU (COTOBBIMH) CTPYKTYpPaMH, CAEAAHHBIMH U3 OyMard.

CBETOBOJIOKHO

i KPbILLKA

UCTOYHUK CBETA

‘ NOABEC  CTEKNAHHAA
BAHKA

KATYLUKA

Puc. 140. OrcunepumMeHT 30A0TapeBa C KaTYIIKOU M3 CBETOBOAA.

Boaee Toro, ata pamMkKa «4yBCTBYeT OHOIIOAE», KaK YTBEPKAAA aBTOP. YYACTHUKH
KOH(EpEeHINH, KOTOpble IIOAXOAWAW K [JAaHHOMY IIpHOOpPY, C OOABIIIMM HHTEPECOM
IIPOBEPSIAM CBOHM CIIOCOOHOCTH, HUX «CHAY OHOIIOASI», IIO CTEIIEHH [IOBOPOTA PaMKHU IIPU
BO3/IEHCTBHUM Ha Hee PYKOH yeaoBeka, ¢ paccrosHus 10 — 50 cantumeTpoB. OOBIACHEHUS
naHHoro 3ddeKkra, HAM KaKUX-TO MOyOAWKaIui II0 AAaHHOHM TeMe He OBIAO, II09TOMY
IIpefiaaraio 3/1eCb CBOIO BEPCHIO.

[TpearnoAokuM, 4TO ABUKEHHE (POTOHOB II0 KOABILy B MAHHOM KaTyIKe CO31aeT
a"Haaor 3¢ddeKTa AEKTPOMATHUTHON WHAYKIIMH, BO3HHUKAIOIIEMY IIPH [OBUXKXEHUU
9AEKTPOHOB B mpoBome. POTOHBI B KaTyIIKe 30A0TapeBa, B TAaKOM CAydae, CO3OAl0T
rpaBUMarHUTHOE BHXPEBOE BO3MYIIEHHE 23(dupa, aHAAOTHYHOE MATHUTHOMY IIOAIO.
[Ipupoma maHHOTO BHXPEBOTO TIIOAd, KakK HW B [OAPYTHUX AHAAOTHYHBIX CAy4YasdX,
acpuponrHamudeckas. [loaToMy, Takoe MOA€ CIIOCOOHO B3aMMOAEHCTBOBATH C AIOOBIMH
3CbI/IpOILI/IHaMI/I‘-IeCKI/IMI/I IIporneccamMu, U HE€ TOABKO C IIOCTOAHHBIMKH MarHuTaMM, HO U C
AIOOBIMH BOAHAMH MaTE€PHU (CTOSYMMH BOAHAMH IAOTHOCTH 3(Hpa), Co31aBaeMbIMU
TIOAOCTHBIMH (COTOBBIMH) CTpyKTypamu. C OaHHOM TOYKH 3pEHHs, OHOIIOAE TaKIKe
SIBASIETCSH CBO€OOpPAa3HBIM KOMITAEKCOM BOAH ITAOTHOCTH 3(pHpa, U KaTylllka 30A0TapeBa Ha
Hero pearupyeT. Hamerock, YTO JAaHHBIH METOM IIOAYYHT CBO€ Pa3BUTHUE U IIPAKTHUECKOE
IIPUMEHEHHUEe B TEXHHUKE, U HE TOABKO B POAU AETEKTOPOB 3(PUPHBIX BOZMYIIIEHUH.

[ag TIOAyYeHHs MOIIHOIO cHAOBoro  3ddekTa, TO €CTb, YMEHBIIIEHHS Beca
KaTyIKH, U [aKe, CO3MaHHs IIPAKTHYECKH IIEHHON CHABI TITH B TaKOM [IBHXHTEAE,
HEOOXOAMMO YBEAHMYHUTH KOAWYECTBO BHUTKOB KATYIIKH, W OSHEPrUI0 (POTOHOB,
MUPKYAUPYIOITUX B HEeH. JHeprus (POTOHOB, KAK U3BECTHO, 3aBHCHT OT HUX JAWHBI BOAHBI
(auacToThl). CxeMa TaKoro ABUXKUTEAS ITOKa3aHa Ha Puc. 141.
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KaTylwka cBeToBOAHAaA |

UCTOYHUK (pOTOHOB

Puc. 141. [IBUKUTEAb Ha OCHOBE ITUPKYAHPYIOIINX (DOTOHOB.

[Toaararo, YTO BHUXpeBOe BO3MylleHHe 3(UPHOH cpenbl OyneT HUMeThH BUL,
AHAAOTHYHBIY MarHUTHOMY IIOAI0 KAaTYIIIKH C 9A€KTPHUYECKHM TOKOM. B TakoMm cayuae,
paMKa HAU COA€HOH[, COAEPIKAIIHUH IOCTATOYHO OOABIIIOE YHCAO BUTKOB OIITOBOAOKHA,
IIpU HAAWYHWH MOIIHOTO MCTOYHHUKA (OTOHOB BBICOKOH YacTOTBI, MOXKET CO31aTh
HPaKTUYECKHU IIOA€3HbBIH CHAOBOHM IpaBUMAaTrHUTHBIN 3(peKT.

Ha Puc. 141 mnokazaHbl aBe ((OpMBI KaTYIIKH OIITOBOAOKHA: IIAOCKad
MHOTOBUTKOBAad U KaTylIKa B OPMe COACHOHIA.

X 5SAeKTPOAWMHAMHKH, HaM HM3BECTHO, YTO TOABKO U3MEHEeHUe CUlbl moKa
(nromHocmu sHepeuu) co3naeT UHAYKIIMOHHBIE 3(P(eKThbl B OKPYZKAIOIIEM IIPOCTPAHCTBE.
[ToaToMy, HEOOXOAMMO HU3YyYUTH BO3MOXKHBIE IpaBUMarHUTHBbIE 3(p(eKThl IpensaraeMoit
CXeMBbl [BUIKUTEAd, IIPU  HCIOAB30BAHUU HMIIYABCHOTO HCTOYHHUKA  (POTOHOB.
CoBpeMeHHasd 3AEKTPOHHKA II03BOAAET CO3IaTh HEOOXOAHWMble H3MEHEHHUS IIAOTHOCTH
9HEPTHH CBETOBOTO IIOTOKA B KATYIIKE OIITOBOAOKHA, C BBICOKOM 4YacTOTOH. 3Iech,
4acToTa HMIOYABCOB TaKiKe HMeEeT 3HadeHHEe, €CAH IIpelloAaraeMblii HHAYKIIMOHHBIH
acpderT OymeT co3maBaTb UMIIYABC OBUXKYIIEH CHABI IIPU KaXXIOM HMIIyAbCa CBeTa.
[aHHbIH METO TaK:Ke yI0o0eH TeM, UTO II03BoASeT padoTaTh ¢ AI0060# POpPMOH UMITyABCOB,
B TOM YHCAE, C KPYTbIM (PPOHTOM H MAABHBIM CIIa[I0M, UAH HA0OOPOT. OTH BO3MOXKHOCTH
TEXHOAOTHH OOAETYAIOT KOHCTPYHUPOBaHHE «3(PUPHBIX HACOCOB» BBICOKOM YacCTOTBI U
OOABIIION MOIITHOCTH.

BepuemMmcss K ocHoBaM Teopuu 3oAoTapeBa, KOTOpble HM3AOXKEHBI B KHHUTe «Pu3uKa
KBaHTOBAHHOIO IpocTpaHCcTBa-BpeMeHm» [78]. ABtoprl 3osotTapeB B.®. u lllammes B.B.
OITHCBHIBAIOT OCHOBHBIE CBOMCTBA ITPOCTPAHCTBA, TO €CTh, (PU3UUECKOI'0 BaKyyMa, Imoaarasd,
4YTO OHO KBAHTOBaHO. B Taxkol MoOeAH, CTPOEHHE IIPOCTPAHCTBA IIOXOXKE Ha CTPOEHHE
KHUBOTO MHOTI'OKAETOYHOTO OopraHusma. Kaxodasi «K1emoukar markozo0 Op2aHUSMA MOXKem
6bimb 3aHAMA MOABLKO 00HOU uacmuuell mamepuu, uau ggomorHom. OTMETHM, YTO TaKOH
IIOAXOZ O4YEHb KOHCTPYKTHUBEH, OCOOEHHO [AS PAa3MBIIIAEHUH O HOBBIX TEXHOAOTHSIX
IIepeMeleHNs B IIPOCTPAHCTBE M BPEMEHH, W HEBHAHUMOCTH MaTEpPHaABHBIX OOBEKTOB,
mpu «0bXoze» AyJOM CBeTa O0AACTH IPOCTPAHCTBA, B KOTOPOH HM3MEHEHBI CBOMCTBAa €ro
KBaHTOB. K naee «3AeMeHTOB IIPOCTPaAHCTBa-BPEMEHN» MBI BEPHEMCS B I'AaBe O pacyeTe
TOYHOM BEAUYHHBI CKOPOCTH CBETA.

Mel yxKe 3amaBaAlCh BOIIPOCOM O Me€XaHH3M€ HEBHUIAMMOCTU: AyY CBeTa JOAXKEH
OBITH HE TOABKO OTKAOHEH, HO M BEPHYTHCS HA CBOIO IIPEKHIOI TPAEKTOPHIO, IIOCAE TOTO,
Kak OH obo#aeT 00AacTb M3MEHEHHOI'0 COCTOSIHHs ITpocTpaHcTBa. Ha Puc. 142 kBaHTHI
IIPOCTPpaHCTBa YCAOBHO IIOKa3aHBbI, KaK IIAOCKHE IIIECTHUYTI'OABHUKH. B PE€aAnbHOCTHU, OAdA
TPEeX U3MEePEeHUH, OHU JOAKHBI UMETb (POPMY OOBEMHBIX SAEMEHTOB.

Puc. 142. Orubanue poToHOM 00AaCTH PaA3pPAKEHHON 3(PUPHOM Cpebl.
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Ora cuTyamus BIIOAHE OO0bdcCHHMA. [lapaMeTpbl KBAHTOB  H30TPOITHOTO
IIPOCTPAHCTBA, IIPU OAMHAKOBOM CKOPOCTH XO/la BPEMEHH BO BCEX €ro 00AaCTSIX, MJOAXKHBI
OBITH OMMHAKOBBIMH. /A\y4d CBeTa PaCIIPOCTPAHAETCH CTPOTO II0 IpsaMod amHuu. OmHako,
MOKHO IIPEAIIOAOXKHTb, YTO pa3Mepbl KBAHTOB IIPOCTPAHCTBA 3aBHCAT OT OOBEMHOMI
IIAOTHOCTH OJHEPTHUH IIpoCTpaHcTBa. B TakoM caAydae, CKOPOCTH XOJa BpeMeHH, KakK
CKOPOCTB II€PEeX0J0B MEXIy KBaHTAMHU IIPOCTPAHCTBA, HOAKHA MEHATHCH B TeX 00AACTSIX
POCTPAHCTBA, I/e OHO AepopMHUpPOBaHO. Ayd cBeTa OyZeT orubaTh TakKue ob0AaCTH I10 UX
rpaHulle, rae pAecdopmaliusg HMeeT oOpaTHBIM 3HaK, HaIpuUMep, BOKPYr obaacTu
pacuiupeHuss KBAaHTOB IIPOCTPAHCTBA-BPEMEHH CO3MaeTcs 00AacTh ckaTod A(HUpHOMH
cpenpl. B pesyabrare, mpoxons He II0 HNPAMOM, a Ho OOABIIIEMYy IIyTH, Y€M OOBIYHO OT
TOYKU A 10 TOYKHU B, Ayd cBeTa ormubaer 06AacTh paspskeHUd 3(pUPHOIH cpenbl. POTOHBI
Ha T'paHUIlEe «IIy3bIpsS», PACIIPOCTPAHSIOTCH B C3KATOM IIPOCTPAHCTBE, U IIONAAI0T B TOUKY
B 3a TO ke camoe BpeMsl, KakK €CAHU Obl B JaHHOM MecCcTe OBbIAO OOBIYHOE H30TPOITHOE
IIPOCTPAHCTBO. JTO BO3MOXKHO TOABKO IIPH BBIIIOAHEHHUH IIPUHIMIA KOMIIEHCAIIUN
YOPYTHUX AepopMalliy Cpeabl: BOKPYT O0AACTH HPOCTPAHCTBA «IIy3bIpd», B KOTOPOH
CO3aHbI YMEHBIIIEHHE ITAOTHOCTH 3(pHpa, co3maeTcs 000A0UYKa U3 KBAHTOB IIPOCTPAHCTBA
YBEAUYEHHONW IIAOTHOCTH 3¢upa. Paszmepbl 00BEKTOB U CKOPOCTH IIPOIIECCOB BHYTPH
«ILy3bIPS» MEHSIOTCH, OTHOCUTEABHO BHEIITHETO IIPOCTPAHCTBAa-BPEMEHH.

OTMeTHM, YTO CYIIECTBYIOT YPAAbCKHE IIPEAaHUs (CKa3KH) O CTPAHHBIX MECTax, IIe
pa3Mepbl OOBEKTOB YMEHBIIAIOTCH HAW YBEAMYHBAIOTCH, & BpPeMs TaM «CXKHMAaETCS» HAHU
«pacmupgercs». IlpoBeas TaM HECKOABKO YacOB, U BEPHYBIIHCh H3 TaKHX MeCT,
IIyTEIIECTBEHHUK YOUBASIETCS TOMY, YTO €ro MCKAAM HECKOABKO mHed. KHTepecHoe
HabaroneHue! OTHOCHUTEABHBIE Pa3MepPhbl OOBEKTOB U CKOPOCTH X044 BPEMEHU CBA3aHBI.

OCHOBHBIH BBIBOJl TEOPHHU KBAHTOBAHHOI'O IIPOCTPAHCTBA-BPEMEHH COCTOUT B TOM,
4YTO MAaTe€pPUAABHBIH MHpP He HBAIEeTCHd HEIIPEePhIBHBIM, OH [OHCKpPETEH, KakK B
IIPOCTPAHCTBE, TaK U BO BpeMeHH. [[MCKPETHOCTh IO BPEMEHH O3Ha4yaeT, YTO Halll
MaTepHaAbHBIM MHpP, TaK CKazaTh, «MeplaeT», M TaKUM o00pa3oM, COCYIIECTBYET C
OPYTHMH MaTE€PHaAABHBIMH MHPaMH, HAXOAAIIMMHCH B 3TOM K€ IIPOCTPAHCTBE, HO C
OTHOCHTEABHBIM CABHUIOM MepHaIleil MaTepHUH Pa3HbIX MUPOB IO (a3e UMIIyAbCA CBOEH
«MaTepuasu3aluii». Bo3MOXKHO, YTO TaKHUX HAPAAAEABHBIX MHPOB HECKOABKO, TOTZA HX
KOAWYECTBO JOAYKHO COOTBETCTBOBATH CTPYKTYPE MHOTOMEPHOTO OOBEKTA.

PaccmoTpuM BapwaHT Takoil CTPyKTyphl. B paborax TEopeTHKOB, HAIIpUMeEp, B
kuure W.M. Teandanma [79] mnpemmosaraercs, YTO 4YEThIPEXMEPHBIH KyO wumeer 8
TPEXMEPHBIX SAEMEHTOB, TO €CTh, BOCEMb OOBIYHBIX KyOOB, Pa3€A€HHBIX 110 OCH BPEMEHH.
B TakoM cay4dae, pUTM «MEPIIAHUS» MaTEPUHU BO BPEMEHH JOAXKEH HUMETb BOCEMb TaKTOB, a
COOTHOIIIEHHE «UMIIYABC — I1ay3a» PaBHO OOHUH K CEMH. ITH IPEOIIOAOKEHUS UMEET CMBICA
VYUTBHIBATb IIPH KOHCTPYHPOBAHHH TPAHCIIOPTHBIX CHCTEM MHOTOMEPHOTO ABUKEHUS H
TeaeriopTanuu. [laHHAd KOHIIEHINS II03BOASET IIOHATH IIPUPOAY HE TOABKO ITPOCTOTO
repeMeIleHNs B IPOCTPAHCTBE, HO U IIPEAIIOAOKHUTHE BO3MOKHBIE CIIOCOOBI IepeMeIeHUs
ME3KIY ITapasreAbHBIMU MUPaMHU.

HUrak, mo Teopuu 3oa0TapeBa, YACTHIBI MaTEPHUU €CTh MPOLECCHl ITUKAMIHOTO
IIpeBpalleHus «MaTepus — (POTOH — aHTHUMaTepHs», U JaAee CHoOBa «MmaTepus». Aroboe
OBUXKEHHE YaCTHI[ MaTepUH B KBAHTOBAHHOM IIPOCTPAHCTBE, OCYIIECTBASETCS dYepe3
«HYA€BYIO TOYKY», B KOTOPOM YacTHIla MATEPHUH CyILIECTBYyeT 0e3 MHepPIHaAbHbIX CBOHCTB,
TOABKO KaK (poToH. MIMEHHO B 3TOM COCTOSHHHM, Kak (QOTOH, MaTepHasbHad dYacTHIlA
MOXKET IepedTH OT OMHOTO KBaHTa MOPOCTPAHCTBA K [APYyroMy, YTOOBI 3aTeM BHOBBb
peasnu3oBaThECA B BHUIE YACTUIBI MATEPUU B APYIrOM KBaHTE IIPOCTPaHCTBa. Bce Takme
IIePEeX0oabl OCYIIIECTBASIOTCH CO CKOPOCTBIO CBeTa. OTO CO30aeT YCAOBHS TEAETIOPTAIINH
MaTepPHUaAbLHBIX 00BEKTOB.

[Tpu sToM, HeoOXOOWMO YYUTHIBATH BBIBOABLI [loagkoBa m KospipeBa, o TOM, 4TO
COOTHOIIIEHWE BHYTPEHHEH SHEPrUH 4YacTUI[ MaTepPHUH U HX BHEIIHeH SHEPruu paBHO
npuMmepHo 137.
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HO3}KC, B TrAaBE€ O pacdere BEAMYHHBI CKOPOCTH CB€Ta, MBI pPacCCMOTPHUM
IIOATBEPXKACHHUE TEOPHUH KBAHTOB IIPOCTPAHCTBA, DACMEHTAPHBIX IIPOCTPAHCTB.

[To3Boaro cebe caeaaTh HEKOTOPBIE 3aMeYaHUs O JKHU3HU 3HAMEHHTOTO ydeHoro B.d.
3oaotapeBa. B 1990-e rompi, B Caukt-Ilerepbypre, a mnpuinea K HeMy B TOCTH 3a
KHUTaMHu. K MoeMy yAVWBAE€HHIO, ¥ HEro Ha OaAKOHE KBapTHpPbl B MHOTO3TaXKHOM JIOMe
KHUAU KypPHIIbI, KOTOPBIX [Ipodeccop 3oaoTapeB «pa3Boaua Ha mpolnTaHuer. B To Bpemd,
HECMOTpPSI Ha MHUPOBYIO H3BECTHOCTb, OH IIPAKTHYEeCKH, HE HMEA CpPeACTB K
cyllecTBoBaHHUIO. PaboTel 3oa0TapeBa, B TOM YHCA€ II0 U3Yy4YEHHIO 3(PdeKTa ITOAOCTHBIX
CTPYKTYP, IBAGIOTCS Ba*KHBIMH OTKPBITHSMH MHPOBOI'O yPOBHH, KOTOPbIE OH CHEAAA
COBMECTHO C ['peOeHHUKOBBIM.

PaccMmoTpuM HM3BECTHBIE CBEINEHUS O IIPOEKTE, KOTOPBIH BOIIEA B HCTOPHUIO, KaK
«aeTarorasa rniatrdopma 'pebeHHUKOBA», HUCIIOAB3YIOIAasI 3(P(EKT ITOAOCTHBIX CTPYKTYP.

'paBuTonaaH I'pebeHHUKOBA

[lepeiimeM K yauBUTeAbHOH wuctopuu Bukrropa CremaHoBudya [peGeHHHKOBA,
sHTOMOAOra M3 HoBocuOHpcKa, KOTOPBIM CMOT' IIOCTPOUTH «I'PaBUTOIIAAH», paboTarolmi
Ha 3(peKkTe IOAOCTHBIX CTPYKTYp. MHOrHe [IoAararoT, 4YTO [JAHHYIO HCTOPUIO HEAb3d
BOCIIPUHUMATE Bcepbel. [Ipyrue ke, oTOpacklBasgs COMHEHHSI, U3y4aloT BCe TOHKOCTH 3TOH
TEXHOAOTHH «TPABUTOIIAQHA», OOCYKIAIOT €r0 aHAAOTH U IIPOBOAST SKCIIEPUMEHTHI.

BukTop CremaHoBHUY OIHMCAA CBOe OTKpbITHE B KHure «Moi#t mup» [74]. Lurara
3nech naerca B opdorpadpun aBtTopa: «Aetom 1988 roma, pasraganiBag B MHKPOCKOIT
XUTHWHOBBIE IIOKPOBBI HACEKOMBIX, IIEPUCTBIE HNX YCHKH, TOHYAMIIHNE II0 CTPYKTYpPE
YelTyHKH 0a00YKHHBIX KPBIABEB, a’KyPHBIE C PaIyKHBIM IIEPEAUBOM KPBIABS 3AaTOTAA30K
u npoune Ilarents! Ilpupoapl, s 3aWHTEpPeECcOBaACHd HEOOBIKHOBEHHO PUTMHYHOH
MUKPOCTPYKTYPOH OIHOH U3 MJOBOABHO KpPYIIHBIX HACEKOMBHUX maeTaseii. 1o Oblra
4Ype3BbIYaHHO yopaaodeHHas, OyATo BbIIITAMIIOBAHHAA Ha KAKOM-TO CAOKHOM aBTOMAaTe
[I0 CIIEIHaAbHBIM depTexXkaM M pacdéraMm, Komnosunud. Ha MoH B3ragn, aTa HH C 4eM
HeCpaBHUMAad SYEHCTOCTb IBHO He TpeboBasachk HU AL IIPOYHOCTH ITOH AETAAW, HU IAL
eé ykpamreHud. Hudyero Takoro, gake OTAAA€HHO HAIIOMHHAIOIIETO 3TOT HEIIPUBBIYHBIN
YAUBUTEABHBI MHKPOY30p, 1 He HalbAO[aA HU Y APYTHX HACEKOMBIX, HU B OCTaAbHOH
IIPUPOLE, HU B TEXHUKE HUAM UCKYCCTBE; OTTOrO, YTO OH 00BEMHO MHOTOMEPEH, TOBTOPUTH
€T0 Ha IIAOCKOM pPHCYHKe HAHW (POTO MHE [0 CHUX IIOp HE yAaA0oCh. 3adeM HaCeKOMOMY
Takoe? Tem Ooaee CTPYKTypa 3Ta «HHU3 HAAKPBIAWI» IIOYTH BCErga y HEro CIIpsSTaHa oOT
OPYTHX T'Aa3, KPOME KaK B IIOAETE, KOTJa €€ HUKTO U He PasrAguT. 9 3ar1ogo3puA: HUKaK
9TO BOAHOBOHM MadgK, 00AafarolIUil «MOHUM» 3(PPEKTOM MHOTOIOAOCTHBIX CTPYKTYP?
[ToAOKHA Ha MHKPOCKOIIHBIHA CTOAUK 3Ty HEOOABIIYI0O BOTHYTYIO XUTHHOBYIO IIAAQCTHUHKY,
4TOOBI €Ille pa3 pacCMOTPETh €€ CTPaHHO-3Be3a4YaThble STYEHKH IPU CHABHOM YBEAMYEHHU.
[Toaro6oBaacsg odepemHbIM IeneBpoM I[lpupoabl oBeAWpa, M IIOYTH 0e30 BCIKOH IIeAU
IIOAOKHA OBIAO Ha Hee IMHWHIIETOM [APYIyI0 TOYHO TaKyI0 K€ IIAACTHHKY C 3THMH
HEOOBIKHOBEHHBIMU dYeiiKaMH Ha OAHOM u3 ee cTOpoH. Ho, He TyT-TO OBIAO: meTasbKa
BbIpBasach M3 IHHIETA, [IOBHCEAA IIapy CEKyH[ B BO34yXe HaJ TOM, YTO Ha CTOAHKE
MUKPOCKOIIa, HEMHOTO II0BEPHYyAaCh I10 YaCOBOM CTpPEAKe, chexaaa (10 Bo3ayxy!) BIpaso,
IIOBEPHYAACh IIPOTHUB YaCOBOM CTPEAKH, KAYHYAACh, U AHIIb TOTAA OBICTPO U PE3KO yrasa
Ha CTOA. YTO & MEePEeKUA B TOT MUT, UHUTATEAb MOKET AUIID IIPEACTaBUTE... [Ipuasa B cebs,
4 CBsI3aA HECKOABKO ITaHEAeH ITPOBOAOYKOM; 3TO JaBaAoCh He 0e3 Tpyda, U TO AHIIE KOrJa
4 B39A UX BEPTHKAABHO. [ToAyYHACS TaKOH MHOTOCAOHHBIN «XUTHHOOAOK». IToa0OKHA ero Ha
ctoA. Ha Hero He MOT ynacTh [1aske TaKOU CPaBHUTEABHO TSIZKEABIH IIpeMeT, KaK OOAbIas
KaHIIeASpCKasl KHOIIKA: 4YTO-TO KakK Obl OTOMBAAO ee BBEpX, a 3aTeM B CTOpPOHy. Y
IIPUKPEITHA KHOIIKY CBEPXY K «OAOKY» M TYT Ha4aAHCH CTOAb HECOOOpa3HbIe, HEBEPOATHBIE
BElIU (B YaCTHOCTH, Ha KaKHe-TO MTHOBEHHd KHOIIKa HA4YHCTO HcUYe3Aa U3 BUAA, YTO S
IIOHAA: HUKAKOH 3TO He MadK, a COBCEM, coBceM [lpyroe.
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M onaTe y MEeHA 3aXBaTHAO AyX, U OISTH OT BOAHEHHH BCE ITPeAMETbI BOKPYT MEHS
IIOTIABIAM KaK B TyMaHe; HO f, XOThb C TPYAOM, BCE-TaKH B3dA ce0s B PyKH, U 4aca depes
[Ba CMOT IIPOJOAKHUTE paborty... BoT ¢ 3Toro cay4dasi, COGCTBEHHO, BCE H HAYaAOChH» [74].

[To3dBoAbBTE B 3TOM MECTE€ CHeAaTh HEKOTOpble KOMMEHTApHH... OPQPEKTHI
OTTAAKMBaHUS, KOTOpPbIE OIHCHIBaeT [peOEeHHUKOB, [OAS IIOCTOSHHBIX MAarHUTOB He
BBITASEAU ObI YIUBUTEABHBIMH: JBa MAarHUTA OTTAAKHUBAIOTCS OJMHAKOBBIMHU ITOAIOCAMH,
IIOCKOABKY 3(pHpHBIE ITOTOKH KaXKOTO M3 HUX VIAOTHSAIOT 3(UPHYIO cpeny B obaacTu
IIPOCTPAHCTBA MeXAy HUMH. [IposBAeHUS OaHHBIX 3(P(PEKTOB OAd MHapbl HUCTOYHHKOB
BOAH MaTepuu ne bBpoiiag, KakuMH, BHAUMO U HIBAFGIOTCS XWUTHHOBBIE ITAQCTHHKH,
UMeIoIye MOPUCTBIM VIOPSOOYeHHBIM MUKPOY30p, COTAACylOTCs C TeopHeit addekrta
IIOAOCTHBIX CTPYKTYpP: 08e NyuHOCmu CmMosiuUX 60JH, MO ecmb obaacmu CcoKamozo
ynnomHeHHO20 a¢pupa, 83aumooeiicmayst opyz ¢ Opyaom, ommanKuearomesl.

[ass Hac Ooaee wmHTEpecHO omnucaHue [pebeHHUKOBBIM «3pdeKTa IIPOoIIagaHus
KHOIIKH», KoTopas Oblra IIpHUBsS3aHa K «XUTHHOOAOKY». OYeBHIHO, YTO CKHMAaHHE IBYX
B3aMMHO OTTAAKHBAIOIIMXCS MCTOYHHKOB CTOSYUX BOAH MAaTEpPHH IIPUBOAUT K
BbITAaAKHBaHHIO 3(upa HapyxXKy, I[e Cco3daeTcsa o00/1acmb NO8bIUEHHOU NA0mHOCMU
agpupa. CoOTBETCTBEHHO, AIOOOM OOBEKT, IIOMEIIEHHBIH B MaHHYIO 00AaCTb «3(PHUPHOTO
Iy3bIpsi», BemeT cebd «CTpaHHO», Ipomnaaas W3 BHAUMOCTH. HeBHAWMOCTE, B TaKOH
CHUTyallu{, O3HA4YaeT OTKAOHEHHE Aydel cBeTa, IIoIIagalollnux Ha o06AaCTb IPOCTPAHCTBA
MIOBBIIIIEHHOM HAW IIOHUKEHHOM IIAOTHOCTH 3¢upHOl cpenbl. B omnrTuke, mpu Tarkoi
CUTyalluH, TOBOPSAT, YTO H3MeHgeTcd KO3(P(PUIUMEHT IIpeaoMAeHUs. [lad KBaHTOBOIO
IIPOCTPAHCTBa-BPEMEHH, OBTO O3HaA4YaeT HU3MEHEHHEe CBONMCTB KBaHTa IIPOCTpPaHCTBAa-
BPEMEHH.

B 1991 rony 'peGeHHUKOB cOo31aA CBOM I'PaBUTOIIAAH, U CTAA COBEPILIATH ITOAETHI
Ha «0ecLIyMHOM AeTaTeAbHOM ammapater. Ho ¢oro Puc. 143, mokazaH aBTOp Ha CBOeM
amnrnapare, HaIlOMHHAIOUIEM MOABOEpPT. OTH (oTo OBIAM CcAeAaHBl CaMHM aBTOPOM, C
IIOMOIIIBIO  aBTOCIIycKa doToamnmnaparoM Ha IITaTuBe. MecTo  HCHBITAaHUH -
OeToHHpPOBaHHAas AOPOKKAa B Haykorpaae KpacHoobOcke, paaoM ¢ MHCTUTYTOM XUMH3AITUH
CEeABCKOIO X03dHCTBa, rie 'pebeHHUKOB paboTaa cTapiiuM 3HTOMoAoroMm. Ha aTom MecrTe,
Ha OETOHHOM MOKPBITHH, OCTaACs OHOIIOAEBOHM cCA€ll B BUE MSTHA AUAMETPOM OKOAO 3
MEeTPOB. AHAAOTMYHO, BO3MYIIEHUS 3(Hupa OCTaBAIA «€XKHK BeWHHKa», IIOCA€ €ro
yAaA€HHS C MecTa 9KCIIEpHUMEHTA.

Puc. 143. I'peGeHHUKOB Ha CBOEM «I'PaABUTOIIAAHE).

JaHHbIfi  AeTaTeAbHBIH  amnmnapar, Kak IIUIIeT HU300peTaTeAb, oKa3z3aacd
Oe3bIHEPITMOHHBIM ¥ HEBUAUMBIM. MBI YK€ YTOYHSIAHM, YTO HEBUAUMOCTDH B IAHHOM CAydae
O3HAYaeT UCKPUBAEHUE TPAEKTOPHUH Ayda cBeTa. POTOH OOXOOUT IO KPHUBOH HEKOTOPYIO
00AaCTh IPOCTPAHCTBA, HO 3aTE€M BHOBb BO3BPAIIAETCs HA CBOIO IIPAMYIO AHHUIO.
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Ha Puc. 144 noka3zaupl mnpeznrosaraemMble 3(p(eKTbl OTHOaHHs CBETOM 00AacCTH
IIPOCTPAHCTBA, KOTOpasi co3aaeTcs anmnaparoMm 'pebeHHHMKoBa. Aoy, HaOAIOJABIIHE €To
C 3eMAH, BHIIEAH «CBETABIM HIap» (H PUCYHKE CA€Ba), UAH «IHUCK» (BApHUAHT CIpaBa) HAU
«00AQYKO C PEe3KO OYEepYEeHHBIMH KpasMM». 3/IeChb YMECTHO HAIIOMHHUTH YHTATEAIO TEOPHIO
KBAaHTOBAaHHOTO IIPOCTPAHCTBA U IIPUHIIUII KOMIIEHCAIIHUU aedopMaliii 3pupHOH Ccpebl
IIPU CO3AAHHUU A(PUPHOTO «IIy3bIps» YMEHBIIEHHOH IAOTHOCTH: BHYTPH «IIy3bIps» 3PUP
MMeeT MEHBIIYIO IAOTHOCTD, a M0 KpasiM «IIy3bIpsi», 3pUp O0oAee TAOTHBIHN.

Puc. 144. ITpuyunb! 3pdpekTa HEBUANMOCTH rpaBuTOonAaHa 'pebeHHUKOBA.

YupaBaeHue annapatom ['pebeHHUKOBa, KaK ITHIIIET aBTOP, IIPOUCXOIHUAO IPOCTHIM
MEXaHUYECKUM CMEIIEHHEM «BEEPOB» - SAEMEHTOB B HIXKHEH dYacTH alrapara,
HokasaHHBIX Ha Puc. 145. KoHCTpyKIIUsa HaHHBIX «<BEEPOB» HE PACKPBIBAETCH.

Puc. 145. CucreMa ynpaBaeHHUd anmapatoM ['peOGeHHUKOBA, BUI Ha yroa IMAaT(OPMEBI CHU3Y.

CwMmellleHHE TaK Ha3bIBAEMBIX «BEEPOB» OTHOCHTEABHO APYT APYra, KakK OIHCHIBAET
aBTOpP, MPOU3BOAHAOCH C IIOMOIIBIO MEXAHHUYECKON PYKOATKU C TATaMH, H3MEHSIAO
BEAMYUHY MOBUXKYIIEH CHABI B TOM, WAM HHOM HaIlIpaBAeHHHU. [logpobHOe ormcaHue
KOHCTPYKIIMH TPaBUTONAAHA, ['peGEHHUKOBY HE Pa3pelIMAM CHEAATHh LEH30pPbI, U €ro
KHUTa BBIIIAA B «CHABHO COKPAIIlEHHOM BHAe». MHe 3allOMHHAACh OfHA (hpasza aBTopa,
KOTOpasi MOKET OKa3aThbCs BayKHOM [AS KOHCTPYHPOBAHUS: «...MOM aIllmapar CIeAaH
IIOYTH IIEANKOM U3 Oymaru.

B ampeae 2001 roma, Buktop CrenaHoBud ['peOEHHHUKOB CKOHYAACH OT OOIIHMPHOTO
WHCyABbTa. MHOTHE oAararoT, YTO YXyAIIeHHE 300POBbs ObIAO BBI3BAHO €r0 «IIOAETAMM» Ha
rpaBuTONnAaHe. B Hacroslee BpeMda, MHOTO 3HTY3HACTOB MBITAETCS IIOBTOPUTH JAaHHYIO
TEeXHOAOTHIO, YTOOBI CO3/1aTh COOCTBEHHBIH «'paBUTOIIAAH». [loaararo, YTO AeTaTh Ha TAKOM
«IBUIKUTEAE» IPEKAEBPEMEHHO, 10 TeX IOp, IToKa 3¢deKT He OyaeT u3ydeH [I0CTATOYHO
roapobHo. HeobxomuMo ompeneAuTb TPaHUIBI 00AACTH IIPOCTPAHCTBA OKOAO CHAOBOHM
YCTAaHOBKH, B KOTOPOH KHMBOH OPTaHH3M MOKET HAXOQUTHCH 0e3 OMacCHOCTU HapyIIeHUS
KU3HENEeSITeABHOCTH. BO3MOXKHO, YTO CHAOBBIE YCTAHOBKH CAEAYET pas3MelIaTh OTHAEABHO,
PacCIIOAOKHUB UX YIAA€HHO, BOKPYT LIEHTPAABHOIO «3KHMAOTO OTCEKAY.
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B 2017 romy, B HHTEPHET IOABHANCH BHAEO3AIIMCH SKCIEPHMEHTOB PpPa3HBIX
aBTOPOB II0 OAHHOM TeMe. ABTOPBI HMCCAENOBAaAM CBOMCTBa HAIKPBIABEB KYKOB, B TOM
4ynucae U «OpOH30BKH», O KOTOpO#l mnucaa ['pebeHHMKOB. B omHOM M3 BHOEO, aBTOP
HCIIOAB3YET HCTOYHHUK BBICOKOTO HAIIPSKEHHd B NOECATKH KHAOBOABT. B BHIaeopoanke
II0OKa3aHO, KaK B HCKPOBOH 3a30p IIOMEIAeTcd HaaKpblAbe XKyKa. O4eBHOHO, 3Ta
«0OpaboTKa MUIAEKTPHUKA» CO3IAa€T IAEKTPET, TaK KaK XHUTHH SBASETCS 3A€KTPETHBIM
MatepuasoM. Jlasee, IOKa3aHO KaKUM o0O0pa3oM OTTAaAKHBAIOTCH [ABa HaIKPBIAbS,
co3naercd 3pdeKT AeBUTAIMU. [Ipr 5TOM, Ha CTOA€ MHPHUCYTCTBYET UCTOYHUK BBICOKOTO
HaIlpsaKEeHUd U [IAACTHHA MeTasAa, KOTopasd C HHUM cOoeqUHEeHa. ITH 3PPEKThl KaKyTcCs
OOBIYHON OSAEKTPOCTATHKOM, HO KOIZJa aBTOPbl (HABMA [IOKA3bIBAIOT  MOIIHBIE
OTTAAKHBAIOIIIE€ CHABI, [AEHCTBYIOIIME Ha KEPaMHYECKyI0 YalllKy HAH CBHHIIOBYIO
aKKyMYASITOPHYIO 6aTapero, TO 3TO 3aCTaBASET 3aQyMaThCd O TOM, UTO CHAOBBIE 3(P(PEKTHI
B IAHHOM KOHCTPYKIIMH CO3AI0TCS HE TOABKO SA€KTPOCTaTUKOH.

OPPEKT MOAOCTHBIX CTPYKTYpP, HHOTZAA, 3aHOBO OTKPBIBAIOT pa3ANYHbIE aBTOPHI.
Hamnpumep, BormanoB n3 Bamkupun [80], yBaedeHHBIH Huiiee OMOAOXKEHUsI, YBUIAEA BO
CHE, U CO3aA MakKeT yCTPOMCTBa, KOTOPOE II03BOASIET H3MEHATH CBOMCTBa BEILECTBA,
IIOMEIIIEHHOTro B Hero, Puc.146.

Puc. 146. Kancyaa omonroxxkenus BormanoBa (B paspese).

YerpoitictBo BormanoBa cocTouT H3  cPepUUECKOr0 KOMIIA€KCA KOHYCHBIX
U3AydaTeAe, pacIlioAOKEHHBIX BOKPYT LIEHTPaAbHOU cdepbl. PaKTUIYECKH, 3TO KOHYCHbLE
noslocmHble cmpyKkmypsl, OPUEHTUPOBaHHBIE TAKUM 00pa3oM, YTO B LIEHTPAABHOH YacTHU
cozmaercd 3¢dpdeKT (PoKycHpoBKH. MakeT ObIA HM3TOTOBAEH BormaHOBBEIM W3 KapTOHA,
CKAGEH OIIOKCHAHBIM KaeeM. [lumameTp MakeTa cocraBageT okoao 50 cMm. PeaawnHoe
YCTPOUCTBO, 110 MHEHMIO BormanoBa, IOAKHO UMeTh AuaMeTp BHeltHeH cdeprl 30 MeTpoB
U AuaMeTp BHYTPEHHeH (rycToi) cepbl 8 MEeTPOB, BHYTPU KOTOPOH MOIKET HAXOAUTHCS
yeaoBeK. [IpoBepka «3dderra ¢opMbI» KOHCTPYKIIMM bBormaHoBa, Ha OJHOM U3
MOCKOBCKHX OOOPOHHBIX HPENIIPUSTHH, II0OKAa3aAa, YTO BHYTPH MakKeTa, B IIEHTPAABHOM
yacTH, HabAlofaeTcs  CTPYKTYPHPOBAaHHE  pacTBOPa  MAapraHIOBKH  (KPHUCTAAABI
coenuHAaOTCa B mapukK). C Touyku 3peHuda Teopur KospIipeBa, 3TO 03HA4YaeT yMEHBIIIEHHE
BEAUYUHBl SHTPOIHMU B IIEHTPAABHOM dYacTU yCTpPoOHCTBa, B pe3yAbTaTe HN3MEHEHUS
«IIAOTHOCTH BPEMEHM).

C mpyro#l CTOPOHBI, OYEBHIHO, YTO AaHHAS KOHCTPYKIHS OTHOCHUTCH K 00AacTH
pPe30HaTOPOB 3(PUPHBIX BOAH (BOAH MaTepuu ne Bpolias), ¥ mo3BoaseT HAMHOI'O yCHUAUTH
3(pPEKT MOAOCTHBIX CTPYKTYP 3a CcUeT (POKYCHPOBKH — CYIIEPIIO3HUIIHMU CTOSYHUX BOAH B
LIEHTPaAABHOM YacTu ycTporicTBa. O4YeBHUOHO, YTO CAOXKEHHE IIyYHOCTEH BOAH B IIEHTPE
MHOTOKPATHO YCUAUBAaET 3(P(PeKT N3MEHEHUS ITIAOTHOCTH 3hupa.

Mory nmobaButh K uaee BormanHoBa caemytomiee: KOAWYECTBO SAEMEHTOB TAaKOM
KOHCTPYKIIMH MOKeT OBITh AIOOBIM, HO B IIPUPO/IE €CTh OIPEelEeACHHbIE IIPAaBHAA CTPOCHUS
00BEKTOB. MUHUMAABHBIHM €CTECTBEHHBIH MPAaBUABHBIH 00BLEMHBIH 0OBEKT — 3TO TETPAIP.
CTpyKTypa, UMeroliass MaKCUMyM pPaBHOIIPaBHBIX BEPIINH Ha3bIBAETCS HKOCAdAp, U OHA
crpoutrcd 3 20 OOMMHAKOBBIX TPEYrOABHHKOB, nMmeeT 30 pebep m 12 BeprumH. [loaararo,
9YTO CHUMMETPHUS KOHCTPYKIIMHU HWMeEeT 3HadeHWe, W M0 ITOM HPUYIHHE, PACIOAOKEHHE
aAeMeHTOB «cepbl BormanoBa, a TakxKe UX KOAUYECTBO MOXKET OBITH Ba>KHBIM.
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AHaAOTHYHYIO CTPYKTYpPy IlocTpoua aBTop u3 Puru dnmnc Kaanwmsbimn. Ha d¢oto
Puc.147 nmokasana ero KOHCTPYKIHUG. OPdeKThl U3MEHEHUS IIapaMeTpPoB IIPOCTPaHCTBA-
BPEMEHHU CO3OAIOTCH KaK B LIEHTPE YCTAHOBKH, TaK U CHapyxXu. [IpuMeHeHNe yCTPOHCTB
BormanoBa u KaaHuHbBINIA OA9 CO34AaHHS HOBBIX THUIIOB [ABHIKUTEAEH KOCMHYECKHX
annapaToB COCTOUT B TOM, YTO 3TH IIaCCHBHBbIE KOHCTPYKIIMH, KaK U IIPOCThIE ITMPaMUbI,
CO3al0T AOKaAbHBbIE N3MEHEHUS ITapaMeTpPoB 3(ODUPHOM Cpeabl.

2

Puc. 147. Ciepa KaaruHabIIIa

[aBatiTe pacCMOTPHUM OTAEABHO CIOCOObI (QOKYCHPOBKU IIOTOKOB 3Upa, UTO
MOKET O0Ka3aThCd IIOA€3HBIM [Ad KOHCTPYUPOBAHHULA A€TATEABHBIX 3(PUPOOOMEHHBIX
araparosB.

OddekT dopmbl

Bo3Bpamasice K HUCTOPHUH Pa3BUTHS I(PHUPHOH TEOPHH, HEOOXOAMMO OTMETb, YTO
TepMUH «3PPEKT POopMbI» OBIA BBeIeH PPaHIy3CKUMHU HccaenoBaTeasMu AeoHom lllompu
u Aunpe ne Beamsasem B 30-x romax mpormnsoro Beka [80]. Hauboaee usBecTeH 3pdeKT
POPMEI AL TTUPAMHUL, CYTh KOTOPOTO XOPOIIIO UAAIOCTPHUPYET PUCYHOK Puc. 148.

Puc. 148. Bo3HHKHOBEHHE IOTOKOB 3(Hpa BOAU3N ITHpPaAMUILI.

B mpoctrpaHCTBE, OKOAO TaKOH MaTepUaABHOM CTPYKTYpPbI, BO3HHKAIOT [OBE
HHTEpPECHbIE O0AACTH U3SMEHEeHH020 COCMOSIHUSL 3¢upa: YIAOTHEHHE 3(dupa B IIEHTPE
nupaMuabpl, a TakxXKe, IMOTOK 3dupa HaL €e BEPIIMHOH. [leTeKTOphl, IIOMellaeMble B
naHHbIe obaacTth, OymyT oTMmedaTh 3(PPEeKThl YCKOPEHUS HAM 3aMEIACHUS IIPOIIECCOB,
U3MEHEHHS SHTPOIIMHHOIO COCTOSHHS  BELIeCTBa, HAIIpUMep, H3MEHEHHE €ro
9AEKTPUYECKOTO COITPOTHUBAEHHUSI U T.II. [lad U3BECTHOH nmupaMuabl Xeorica, IpoIIopuu ee
CTOPOH TAaKOBBI, YTO MaKCHUMaabHas AedopMmanus cpeapl (PoKycCHpoBKa SPUPHBIX
IIOTOKOB) IIPOHUCXOAWUT B TOYKE, Pas3MeEIIeHHOW BHYTPH MIHUPAMHIAbLI, HAa YPOBHE OIHOHI
TpeTu BbICOThI. OpueHTaIng cropoH nupamuasl Ha CeBep u IOr cyliecTBeHHBI, TaK Kak
9TO CBg3aHO C HaIpaBAEHHEM €CTEeCTBEHHBIX IIOTOKOB 3dHpa, CO3JaHHBIX Ha
IIOBEPXHOCTHU HAaIlled Bpallarmleiics maaHeThl.
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H3BecTHO, YTO OOABIIME NHPaAMUALI O0OPa3yIOT HAaA CBOEH BEPIINHON CTOAD
HOHHU3UPOBAHHOTO BO3AyXa, YXOAAIIWH B BBICOTY Ha KHAOMeTpPHI [81]. Bo3MoOkHO, YTO 3TO
U ObIAO ONHOM M3 337a4 APEeBHUX ITHpaMHu[. B TakoM cAydae, OHH HUTPaAd HE CTOABKO
KYABTOBYIO, CKOABKO (PYHKIITHOHAABHYIO POAB B KAKOM-TO T€XHOAOTHYECKOM IIPOLIECCE.

[To aaTUSHTpONUUHBIM 3ddeKTaM MIUpPaMUl, [JOCTOBEPHO YCTAHOBAEH (akKT
3a0CTPEHUSI A€3BHU OPUTB, IIOMENIEHHBIX B IIMPAMHUAYy B 00AaCTh YIAOTHEHUs 3dupa, Ha
YpOBHE OIHOM TpeTH BBICOTHI, M [OaxKe ObIA BBIZAH IIATEHT Ha TaKOH CIiocoo.
Joka3aTeAbCTBOM CyIIeCTBOBaHUA 23(deKTa CAyKUAM (POTOCHUMKH A€3BHU IIOL
SAEKTPOHHBIM MHKPOCKOIIOM, Ha KOTOPBIX OTYETAMBO OBIAO BHOHO H3MEHEHHE UX
FeOMETPHH, [0 H IIOCAE€ SKCIIO3UIIMM B IHUpamuzae. M3BeCTHbI pe3yAbTaTbl OIBITA,
npoBeneHHoro B HUM Ipadura 1o BoO3AeHCTBUIO MOAEAW ITHpPaMUALI Ha I'padUTOBYIO
IAQCTUHKY pa3Mepamm 25x10x1 MM, [IOMEUIEHHYIO BHyTpH HOupaMunpl. llocae 24-
4acOBOM 53KCIIO3HUIIUH, SAEKTPHUYECKOE COIIPOTHBAEHHE obOpaslia BO3pOCAO B [Ba pasa.
YcTaHOBAGHO M BAWUAHHE MojeAedl IHpaMuz Ha YacToTy KoaebaHHM KBapleBOTO
pe3oHaTtopa [82].

OddekT GopMbI H3BECTEH TBICIYHU AET, KaK II0Ka3blBaeT AOPEBHAS HCTOPHUS.
CywiecTByIOT  A€T€HABI O [OHpaMuAax ITPycKoB. Mx  nuBmamidamug  Oblaa
HEMHOTOYHCACHHOM, U O4€HBb BbICOKOPA3BUTOH, HA HUX CChIAAAUCH AIPEBHUE I'PEKH, KaK Ha
cBoux IpenkoB. Pucynok Puc. 149 Bocmpou3BeneH MHOM IO paccKaszaM OOHOTO U3
3HATOKOB [JpeBHeH ucTopuU. BrIragauT npaHHad cxemMa (paHTaCTHYEeCKH, pasMephbl
NUupaMuabl BIIeYaTAdIOT: BblcoTa 149 merpoB! BrpoueMm, nupamuga Xeorca Tak>Ke UMeEET
HEMAaAYIO BBICOTY — OKOAO 137 MeTpoB.

NMMPAMUIOA 3TPYCKOB

35

BOCBMHYronbHUK

150

30

88

Prc.149. Cxema nupaMuabl 3TPyCKOB

[Ipenmoaaraercs, 4YTO IIHPaAMHABI ITPYCKOB OBIAM TIOCTPOEHBI M3 KaMHS, a
IIAOIIIAIKU MEXKAYy «3TakKaMH» OBIAM IIOKPBITHI METAAAMYECKHMHU AucCTaMu. Kcratw,
9TPYCKH YMEAHW I[IOAyYaThb AUCTOBOH MeTaAA, TIPU PaCKoIlaX WX APEBHUX TOPOAOB,
apXeoAOTH HaXOASIT B OCTaTKaxX 30aHUU ITPYCKOB IIOABI, IIOKPBITBIE AWCTAMU MEIH.
[omyckasi, 4TO OTpPOMHBbIE KaMEHHbIe [ETAaAH ITUPaMHZ MOTAH OBITb HM3TOTOBAEHBI
IIPUMUTHUBHBIMHU HHCTPYMEHTaMH, OCTAeTCSd 3aragkoid HX cIocobd MOHTaxkKa B €IUHYIO
KOHCTpyKIMio. OcTraeTcs MOONMYyCTUTh HaAW4YHE Yy [OPEBHUX IIMBHAM3AIIMH HEKOTOPBIX
TEeXHOAOTHH, KOTOpPble HaM II0Ka HEAOCTYIHBbI. MHTEpPEecHO OTMETUTh Ha3HAYEHHE STUX
IUPaMU/I: THPAMUALI TAKOTO THUIIA 00ECIIeYMBaAH «3aIUTY» TOPOLOB 3TPYCKOB, CO3aaBas
crierrpUYecKoe «CHAOBOe IoAe». OHH «paboTasn» B KOMIIAEKCE C KOHIIEHTPUYECKUMH
METaAAMYECKUMH CTE€HaMHM, IIOCTPOEHHBIMH BOKPYT OPOAOB 3TPYCKOB. CTEHBbI MOAyYaAU
OT IMUPaMUIbI BEICOKHUHM 3A€KTPHUYECKHH ITOTEHIIHAA.
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HamomHIO ymTaTearo 3(pQeKThbl «CTE€H XOAOOa», KOTOpble OBIAM OOHapPYyKEHBI B
9KCIIEpUMEHTaxX IPOoeKTa «AcCTpar» aBTopoB l'oauHa u PoinpHa. Bo3MOXKHO, 4TO BOKPYT
NUpaMUIbl 3TPYCKOB TaKiKe CO34AaBAAUCH KOHIIEHTPHUYECKHE CTOSYHE BOAHBI IIAOTHOCTH
apupHOH cpeapl. ITHM MOKHO OOBSICHUTH IIOSBACHHE Ha METAAAE CTE€H 3AEKTPHUYIECKOTO
3apdana.

HNuTepecHo O6bIAO0 OBl IIOCTPOUTH HEOOABIIYI0O MOAEAbL TAKOH IHMpaMUIbl 3TPYCKOB U
IIPOBEPUTH JaHHbIEe 3(P(PEKTHI.

PaccmarpuBas cTpoeHHe IIMpaMH[, HWAM [IPYyTHX [OAPEBHUX KOHCTPYKIIHUH,
coznaroux «3PdeKT PopMbI», MOKHO CHAEAATH BaXKHBIHA BBIBOJ O POAU «IIyCTOT» B TEA€
KOHCTPYKIMH. IVMeHHO «IycToTa» gBAGeTCd «pabodyuM TeAOM» IIPOCTPAHCTBEHHOI'O
pe3oHaTopa IIpU BBIIOAHEHUM 337a4dl (POKYCHPOBKH HAM IIpeobpa3oBaHUs 3PHUPHOTO
IIOTOKa, a KaMeHHble MaCCHUBHbBIE 3A€MEHTHI KOHCTPYKIIMHM CAyZKaT OTpazKaTeAIMH U
POKYCHUPYIOIIIMMH SAEMEHTAaMH. OJTa TO4YKa 3PEeHHsS COoraacyercs C KOHIeIIIHEeH o
CO3/IaHUU YacCTHIl MaTepuu U3 3dupHOH cpenbl. IIpu TakoM paccMOTpPEeHHH, 3pHUpHAas
cpena, B KOTOPOH HET MaTepUH, dBAdeTCd Oosiee sHepzemuuecku nAOmMHOU, YEM Ta
obaacTh IPOCTpPaHCTBa, KOTOpas 3alloAHEHa MaTepHel.

Hanpumep, 3aeMeHTapHBIN «DOKYCHUPYIOINE 3A€MEHT» BBITAIOUT, KaK ycedeHHas
IUpamMuaa, B BHAE NIIMPOKO PacCHpOCTPaHEHHBIX o0eAanckoB, Puc. 150. Bepiumaa
obeancKa, CIEAAHHOTO M3 KaMHS HAM [APYToro BellecTBa «paboTaeT ¢ 3UPOM, Kak U
Arobasi mupamMua, cosmaBas yIIpyrue aedopMaliii B 00AaCTH «aKTHUBHOHM IIyCcTOThD». B
pe3yapTare ITtux gedopmaiiuii, [OOAKHBI BO3HUKATh 23(P@EKThl OTpaxkeHUud U
KOHIEHTPAIIUH IIOTOKOB 3QHpa, IIPOXOAAINHX dYepe3 MJaHHYI0 «pabodylo IIyCTOTY»
nedopMUPOBaHHON yHopyro#i 3cgupHON cpenpl. POKYCHPOBKA IIOTOKOB OIIPEHEASIETCS
dopmoit mupaMuabl MAu obeaucka. OnpeneseHHbIE (POPMBI MOTYT He KOHIIEHTPUPOBATH
IIOTOK, & U3AyYaThb €ro BBEPX BIOABL OCH.

| 30UPHASA
CPEOA

AKTUBHAA NYCTOTA

OBENIUCK U PEAKLUUSA 3OUPA HA EFO ®OPMY

Puc. 150. YceueHHBIH 00EANCK U €TO «aKTHBHAL YacTh» B 3oHpe.

[TomobHBIM  0Opasowm, paboraror  Bce  3QPUPOOOMEHHBIE  KOHCTPYKIIHH,
H3rOTOBA€HHBIE U3 BemlectBa. OHH MOTYyT HAIIPaBASITH, KOHIIEHTPHUPOBATH HAU
3aKpy4YUBaTh OS(UPHBIE MOTOKKM B HYXKHOM HaAIIpaBACHUH.  YIOpyrue aedopMaliuu

a(pUpPHOU cpenpl, co3maBaeMble IIOAOCTHBIMH CTPYKTYPaMU B pe3yAbTaTe UHTeP(epeHIINH
BOAH MaTepumu ne Bpoiiag, MMeloT Takylo Ke MIPHUPOAY, KaK M «aKTHBHas IIyCTOTa» B
obracTy TIMpaMud U APYTHUX MaTEPHaAABHBIX 00BEKTOB. Mcroab3oBaTh 3TH IIOTOKH 3pHpa
MOZKHO HE€ TOABKO JAS CO3aHHI CHAOBBIX 3(p(PEKTOB U ABUXKHUTEAEH HOBOTO THUIIA, HO U B
MeOUIUHE.

Hanpumep, 6oaee 100 aer Haszaxm, mokrtop Orro KopmeavtT obHapykua 3PdeKT
IIOAOKUTEABHOTO BO3AEHWCTBHUA Ha MAIIUEHTOB IIPOCTBIX ITPHOOPOB, KOTOPBHIE CO3IaBaAU
«3aBUXPEHUS IIOTOKOB 3dupar, uayumx oT CoaHIla K LeHTpy naaHetTwl [83]. [lo atoH
IIpUYNHe, «3(OUPOUCIIyCKaTeAbHbIE amnmnapatbl» gokTopa KopireabTa pacmosarasu TaKUM
ob6pasom, 4TOOBI AMHHS Bo3AedicTBUA IIpoxonrsa oT COAHIIA depe3 mamueHTa K 3eMAE,
Puc. 151. VYmopomenHo, annapar Kopmreabra mipenctaBasa cobol pPyAOH HEKOTO
MaTepuasa, CBEPHYTBHIH cripasbio. MeTon 3aBUXpeHHs 3(UPHBIX ITOTOKOB IIOXOXK Ha
meTon Bopuca IlerpoBrya JonoHoBa, KOTOPBIH MBI paHee paCCMOTPEAH.
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Puc. 151. ITpubop Kopiieabra U nauueHt. HampaBaenue ocu npubopa — Ha CoaHIIE.

OTmeTHuM, YTO B SKCIEPHMEHTAaxX [APYTHX aBTOPOB MO 3(HPOAHMHAMHKE, TaKKe
PEKOMEHI0BAaAOCh HCIIOAB30BaTh HOTOK adupa (apupHbIii Berep), uayumwmi ot CoaHIA.
CoBpeMEeHHbIE HCCAEIOBATEAM MOTYT  HCIIOAB30BaTh IIOTOKH 3¢wupa, KOTOpbIE
yCTaHaBAMBAIOTCH B IIOMELIEHUU, C T€YEHHEM HEKOTOPOI'0 BpPEeMEHH, HaIIpHUMEp, MEXIY
HCTOYHUKOM TeIlAa M XOAOAVABHUKOM. YIOOHBI [AS HCCA€NOBaHUN mapaboAudecKue
TEIIAOHArPEeBaTEAN CTApOro THUIIA, C METaAAWYECKHM pPe(AEKTOPOM U HarpeBaTeAbHOH
conupasblo B (oKyce mapaboabl. OHH CO34AIOT TENAOBOM IIOTOK, II€PEHOCHIIUH
MH(POPMAITHIO OT UCTOYHHUKA IIPONOABHBIX BOAH K IIPUEMHUKY.

B cxeme, nokazanHoM Ha Puc. 152, ocymiecTBageTcss HarOKeHHE UH(POPMaTHBHOMN
COCTaBASIOIIEH CUTHAAA Ha MOCTOAHHBIN MOTOK 3(pHpa, COIPOBOXKAAIOIIMN HAIIPaBACHHOE
TETIAOBOE U3AydeHHe. McTouHUK nHbOpMaIuy, HalIpuMep, IIPOLIECChl Pa3BUTUS PaCTeHUN
WAM 3apOMbIIlIel, HAU AIOOOH APYyrod aHTHAIHTPOIIHHHBIA MPOIECC, MOXKHO ITOMECTHTH
OKOAO pedpaeKTOopa, OAS HaIlpaBAEHHOU mepenadyyd HHQPOPMAIIMH B CTOPOHY NIPHEMHHKA
HHQpOPMAIINH.

OTPAXATE/Ib

CNUPANb

MOAYIMPOBAHHbI NOTOK
‘ 7 | 7 .
MCTOYHUK MHOOPMALIUM NONYYATEIb

UCTOYHUK HAMPABJIEHHOIO TEN/IOBOrO NOTOKA

Puc. 152. Moayad1iius IOCTOSSHHOTO ITOTOKa 3(upa HH(POPMAIITHOHHBIM CUTHAAOM.

B pesyabTare BO3AEUCTBHUA «MOAYAHMPOBAHHOIO IOTOKa 3HUpa» Ha MaTepuaAsbHbIE
00BEKTHI MOXKHO OXHUIATh U3MEHEHHE SHTPOIIUH, YTO OCOOEHHO MHTEPECHO [IAS aCIeKTOB
repoHTOAOTHH. [Ipu BO3AEHCTBUH Ha pas3AnYHbIe (PU3UKO-XHMHYECKHE IIPOIIECChI, CAEIYET
OXXKUJAaTh HE TOABKO HM3MEHEHHE CKOPOCTH IIPOIIECCOB, HO U PE3YABTATOB XUMHUYECKUX
peakiuii. Pe3yabTaT 3aBHCHUT OT TOrO, KaKyl HH(OPMAIIUIO MbI 3aKA3bIBAEM B IIOTOK
acupa. IlompoOHBIFE 0630p 1O OaHHOM  TeMmaTuke caesaa B.A.  2Kurasos
(zhigalovi@gmail.com) B kuHuUre «XapakTepHble 53P@PEeKTEl HEIACKTPOMATHUTHOTO
ns3aydenus» [Ipoekt «Bropasa dmusukar» http://www.second-physics.ru. Jannaa pabora
XKwurasoBa coaep:KUT 0030p HSKCIIEPUMEHTOB IIO IIEACHAIIPABAEHHOMY IIOAYYEHUIO U
OETEKTUPOBAHUIO HEIAEKTPOMArHUTHOIO (TOPCHOHHOTO) u3AydeHUd. B wacTHocTH, OH
paccMarpuBaeT TOPCHOHHBIE TeHepaTopbl AKuMoBa, BobpoBa, lllnnabmana, Kaznaueesa,
Monraure, lllaxmaponoBa, AyHeBa, KpacHoOprizkeBa, [lanoBa u Kypamnona, [TapxomoBa,
MearsHuKa, [ITHOAG U APYTHX aBTOPOB.

HNuTepecHo paccmoTperh pabotTekl MBana MwuxaiiaoBuya lllaxmapoHoBa, XOTS €ro
TEXHOAOTHYI HE OTHOCHUTCA K TEMATHUKE HOBBIX THUIIOB [ABHUXKUTEACH A9 KOCMHYECKOM
TexHUKH. OOHAKO, €ro H300peTeHHe MO3BOASET CO34aBaTh COBEPIIEHHO HOBBIE THIIBI
MaTepHuas0B, B TOM YHCAE, U OAS KOCMHUYECKUX alllapaTosB.
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B 2001 romy a mnosHakomuaca ¢ HMBanom MuxarinoBudem IllaxnapoHOBBIM,
Oaaromapsa gaupekropy 1o Hayke HUU «Peppur [Homen» HOpuio PadannroBuuy
TuapHuKOBY. Pabote! lllaxmmapoHoBa 04eHb Maa0o 0OCYzKIAIOT, BO3MOIKHO, 10 IPHUYHHE UX
HOTPACAIOIINX IIEPCIEKTHUB IIpuMeHeHHs. CyTh €ro HCCACIOBAHHI COCTOUT B CO3IaHHUHU
VHHUKaABHOTO CIIoco0a M3MEHEHHsI CBOMCTB IIPOCTPAHCTBA-BPEMEHH, IIyTeM BO30yKIECHUS
3AEKTPHUYECKHUX TOKOB B METAAAMYECKHUX ITAOCKHX ITPOBOOHHKAX, KOTOPbIE CBEPHYTHI B
dopme aucra Mebuyca. [Tocmorpure Ha Prc.153 (caeBa), Kak B IIAOCKOM METaAANYECKOM
AUCTE€ KOMIIEHCHUPYIOTCH JA€KTPOMATHUTHBIE KOMIIOHEHTBHI 3A€KTPHUYECKOTO TOKa Ha
IMoBepXHOCTH. OYeBHUOHO, YTO B AHCTaxX MeOuyca, IpH KOMIIEHCAIIMHU 3AEKTPHUYIECKOIO U
MaTHUTHOTO IIOASI, SHEPTHUS JAEKTPOMATHUTHOIO IIOAS HE HCYe3aeT, a IIpeoOpasyeTcd B
Opyryo ¢opmy sHeprum notroka 3dgpupa. B 1998 roxy, Ha koH(epeHnmu B CaHKT-
[TerepOypre, VBan MuxaiaoBU4Y paccKas3blBaA O KOHCTPYKIIMHU TeHepaTopa, KOTOPBIH
co3JaeT Tak HasbplBacMmoe «u3aydeHue KoabipeBa — [dupakar. [lo MHEHNIO aBTOpa, HaHHOE
H3Ay4eHHE «POKyCHUPYET MarHUTHBIE MOHOIOAM». CxemMa ycCTpoHcTBa IoKa3zaHa Ha Puc.
153 (cupasa).

NUCTUKM
] Me6uyca

cepaeyHuK

Modire

Puc. 153 Cxema Bo36yzxknenud acpupa B reHeparope [llaxmapoHoBa

BHyTpu coaeHOMOa, CO3AIOIIETO MATHUTHOE IIOA€ BO30YKIAEHUS, HaXOASTCS
TBICIYM MEAKUX SA€MEHTOB, H3TOTOBAEHHBIX BpPYyYHYI0. KaKnpiii saeMeHT IIpeacTaBAgeT
coboit amcTuK MebOuyca, KOTOPBIH H3TOTOBAEH M3 METAAANYECKOH IIAOCKOH AeHTHI. [as
IAEKTPUYUECKON H30AdIIMH OPYT OT APyra, BCE METAAANYECKHE 3A€MEHTHI IIOKpAaIlleHbI
AaKOM. Bo30ykreHue SAEKTPUYECKHUX TOKOB B IIAOCKOM METAAAMYECKOM ITPOBOJHUKE
IIPOU3BOAAT UMIIYABCOM MATHUTHOTO IIOAd COA€HOHIA, BHYTPHU KOTOPOTO IIOMEIIEHBI
«aucTbl Mebuycar. MMITyAbChl BO30OYKIEHHUS B COACHOUIE KOPOTKHUE, OKOAO HAHOCEKYH/IbI,
HO MoiHble. OO6paTuTe BHUMaHHE Ha KOHYCHYIO (pOopMy cepaedyHHKa. [loaararo, 4To 3TO
BasKHO, JIAF CO30aHHUsSI OCEBOTO IpaJgueHTa U CO3JaHHs HAallpaBA€HHOTO U3AYIEHUL.

[laxmrapoHOB TOBOPHUA O TOM, YTO TaKHUM 00pa3oM CO3[aeTcCs «KOPOTKOe
3aMbIKaHHE MIPOCTPaHCTBa». JOPAEKT IIPOSIBASIETCS, KaK aHTUTPaBHUTAIUA U IIOTOK
«OTPHUIIATEABHOTO BpeMeHM». B NoHNM, TOXO0KUMH UCCAENOBAHUAMHN 3aHUMAACH YIE€HBIH
o pamuanu Seiko.

[TpakTHyecKoe MPUMEHEHHEe NaHHOTO H3AYYEeHHs ObIA0 m3ydeHO lllaxmapoHOBBIM B
MEeQUITMHCKOM acIleKTe, UM ObIA0 OOHapPyKEeHO BAHUSHIE Ha OHKOAOTHIO. FIHTepecHo Takke
OTMETHUTBH, YTO C IIOMOIIBIO0 JAHHOTO H3AYYEHHS MOXKHO M3MEHSTHb CBOMCTBA MaTepPHUAAOB.
Hanpumep, rpaduT CTaHOBUTCH MarHUTHBIM MaTEPHUAAOM, II0CAE€ OOAYYEHUS TeHEPaTOPOM
[TaxmapoHoBa. Bo03MOXKHO, C IIOMOLIBI0O TaKHX H3AydYaTeAeHd, MOXKHO OyneT IIoAydaThb
YVHUKaABHBIE MaTepHaAbl A KOCMHUYECKHUX allliapaToB.

OKCIIEpUMEHTAABHBIE [AaHHBIE II0 BO3AECHCTBHUIO Ha MAaTEPHUI0 U IIEPEHOCY
HHpOpMAIIMY METOAaMU CTPYKTYPHUpPOBaHUA 3dHUpa, II0OAyYE€HHbIE OT Pa3AHUYHBIX
HCTOYHUKOB HH(OpMaIUH, IOKAa3bIBAIOT, YTO CTPOEHHE MaTE€pPHU, TO €CTh €€ (PHU3HUKO-
XUMHUYECKHE CBOHCTBa CAE€AyeT paccMaTpHUBaTh C y4YeTOM HaaWdus 3(QUPHOH cpenwl,
OKpYyzKalolle¥ dYacTHIBl MAaTepuM U I[IpPHUHUMAIIIEH ydacTHe B IIPOIECCe UX
cyulecTBoBaHUs. [loHMMaHMe MaTepuH, KakK Ipollecca B 3(HUPHOH cpene, AaeT HaM
BO3MOXKHOCTBH BO3IeHCTBH4A Ha €€ CBOMCTBA.
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YTO4YHUM, 4YTO 4Yepe3 3(PUPHYIO CPedy, Mbl MOXKEM MEHSTh HE TOABKO H3BECTHBIE
HaM (pU3HKO-XUMHYECKHEe CBOMCTBa BEIECTBA, HWAH IapaMeTrpbl paboTbl KAETOK
OHMOAOTHMYECKHX OpPraHu3MoB. boaee BaKHBIM $BAGETCS TO, YTO caMa CKOpoCMmb
Cyuw,ecmeosaHus. mamepul. U YnopsioOUeHHOCMb ee CMpOoeHUsl (cmeneHb 3SHMponuu)
3a8ucum om nsomHocmu 3¢gupa. ITO BIIOAHE OOBSICHHMO, IIOCKOABKY CaMH YaCTHIIbI
MaTepUH He HIBASIOTCA YeM-TO O000COOAeHHBIM OT d(QUPHOH Ccpenbl, a MOTYT
paccMaTpuBaThCd, KaK BUXPEBbIE 3(PDUPOAUHAMUYECKHE ITPOIECCHI.

[asee, pacCMOTPHUM OCHOBBI TEOPHUH CTPOEHHSI IIPOCTPAHCTBA — BPEMEHH, BKAIOYAs
HEKOTOpPBIE IIPHUMEPHI PACUYETOB PE30HAHCHBIX ITapaMeTPOB 3A€MEHTOB MaTepuu. PazBurue
JAHHOM KOHIIEIIIIUH [T03BOAUT KOHCTPYHPOBATh COBEPIIEHHO HOBBIE THIIBI TPAHCIOPTHBIX
CPEACTB U pa3BUBATH IIEPEIOBbIE TEXHOAOTHH II€PEMEIIEHUS B IPOCTPAHCTBE U BPEMEHHU.

Crpoenue IIpocTpancrBa — BpemeHu

«/leticmeue ecmo Kpususra Mupa»
ITagen Imumpuesuu YcneHckuii, 1911 200.

MEI yzKe HIpearoAarasl aHaAOTHIO MeXAy KBaHTOBBIMH 3ddeKTaMi MHUKpoMHpa U
MakpoMHpa, TIIPU OIIPEAEACHHBIX yCAOBHAX. J[laaee, Oyner M[OKa3aHbl 3aKOHEBI
PE30HaHCHOTO CTPOEHHS HAIIlero MHpa, Ha KOHKPETHBIX IIpuMepax. llpemaaraemele
pacdeThl U BBIBOABI BIIEpBble ObIAM HaWAeHbI aBTOPOM AaHHOM KHUTHU B 1991 roay, u
JIOAOKEHBl Hay4YHOMY COOOIIlECTBY Ha MeXAyHapoaHOH KoH(pepeHnuu «HoBble uaen B
EcrecTBo3Hauum», uioHb, 1996 rox, Caukr - [leTepOypr.

JUCcKpeTHOEe CTpoeHHEe MaTepPHH OOIIENPHU3HAHO CErogHsI, Mbl HM3y4aeM B IIKOAE
IIOHATHE O MOAEKyAaX, aToMax U OPYyrUx «dacTHllax MaTepuu». BoaHOBBIE cBoiicTBa
«9JaCTHI] MaTepHUM» IIOHATHBI CIeIlMaAucTaM B obaacTH KBaHTOBOH ¢pusmku. Pacuertsl,
KOTOpBblE MBI PAaCCMOTPHUM J[Jas€e€ B 5TOM KHHUTE, OAIOT IIOHMMAaHHE MIPHUPOABbI HaCTHIL
MaTepuH, KaK BOAHOBBIX (BHXPEBBIX) HporeccoB B 3QUPHOH cpene, CIOCOOHBIX
CaMOIIOANEPKUBATHCS TOABKO IIPH OIIPEAEeA€HHBIX PE30HAHCHBIX ycaoBuax. Cozmarorcs
TaKHe€ YCAOBUS IIPH OIIPEACACHHOM KOHCTPYKIIMH (T€OMETPHM) IIPOCTpaHCTBA.
CaemoBaTeAbHO, BO3HHKHOBEHHE U CTa0HMABHOE CYLIECTBOBAHHE YaCTHI[ MaTepHuH
00yCAOBAEHO OIPENEeA€HHBIMHU [apaMeTPaMH IIPOCTPAHCTBA-BPEMEHH, 3aIlOAHEHHOTO
aupHON cpenol. YnpaBadd IIapaMeTpaMM IIPOCTPaHCTBA-BPEMEHH, MBI MOXKEM MEHATH
YCAOBUS CYIIIECTBOBaHUS MaTepPUH.

OnurpadoM K MAHHOW raaBe BbIOpaHa gpasa HM3BECTHOIO PYCCKOTo raocoda
[TaBaa [IMuTpueBUYa YCIEHCKOIO, U3 €ro u3BecTHOM KHUTH «HoBaga momear BceaeHHOIMy,
oryoankoBaHHOH B 1911 romy [84]. Cmbica oTOoM ppasbl 3aKAIYAETCs B TOM, YTO
«aeficTBUE», TO €CTb AI0DOO IIpollecCc BO BPEMEHH, XapaKTEPH3yeTCs IeOMeTPUYeCKUM
HCKPUBAEHHEM HAaIlleT0 MHpa TPEXMEPHBIX 00BEeKTOB. Aloboe «aeficTBHE», HAIIPUMED,
IIPOIIECC IIEPEMEIIEHHS TeAa HAU XUMHUYecKasd peakllvsd, npoucxooum no ocu 8pemeHu, no
mpaeKkmopuu  onpedeneHHoOU KpueusHbl. KpuBH3Ha, B HOaHHOM CAyYae, Ve
YeThIPEXMEPHBIM TIeOMETPUYECKUN MapaMeTp, XapaKTEPHUCTHKa CKOPOCTH [aHHOTO
IIporecca, TeMIa U3MEHEHUH U T.4. 34eCh Mbl TOBOPHUM O MHOTOMEPHOH I€OMETPHH.

YcrieHCKUM creaaa ellle OJHO BasKHOE 3aMedyaHHe O CTPOEHUU IIPOCTPaHCTBa U
BpemMeHH. Hair pasyMm mnbITaeTcd IIOHATH OKPYZKAIOIIYI0 PEAAbHOCTH B IIpeAeAax CBOUX
BO3MOKHOCTEH, IT03TOMY pasaeAdeT BCe OOBEKTHI U COOBITHUH IO IIPOCTPAHCTBY HAU IIO
BpemeHu. OOHAKO, PeasbHOCTh HE TakKas, KaK KaKeTcsd HaM. MbI BUAHUM AHIIb €€
npoekyur0 Ha OaHHBIH MOMEHT HAIIEeTO CYLIECTBOBAaHHUS, U HabAlogaeM H3MEHEHUS
00BeKTa, KaK II0CAEOBATEABHOCTE ITPOEKITHH.
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OOBIYHO MBI CHYHTAEM BpPEMS YETBEPTHBIM H3MEPEHHEM, U YIIOTPebAsdeM TepMHH
«JeTBIPEXMEPHBIH OOBEKT» MAS ONHCAHUA IIpoleccoB. OMHAKO, HMEEeT CMBICA KpPaTKO
[OIIOAHHUTD «OOIIEITPUHATHIE» B3TAAALI HA CTPYKTYPY OKPYZKAaIOLIEro HAac IIPOCTPaHCTBA U
BpeMeHHU. [Ipexae Bcero, HAIlOMHIO, YTO HE MMEET CMBICAA paccMaTpUBaTh abCTpakTHOE
IIPOCTPAHCTBO — BpeMsd, TaK KakK €ero IapaMeTpbl BCerJa CBS3aHbl C MaTepHeH.
AOCTpPakTHO, MBI MOXKEM MOIEAUPOBATEH AIOOOE IIPOCTPAHCTBO, HO B pPEaAbHOM MHUDE,
MO3KHO TOBOPHUTH TOABKO O IIPOCTPAHCTBE — BpEMEHU HEKOTOPOIro OOBEKTA.

Mo3kHO CcKa3aTh, YTO IIapaMeTpbl MaTepHAaALHOIO OOBbEKTa, KOTOPBIH IIpeACTaBAIET
co0oi1 orpeeAeHHbIH 3(PUPOAUHAMUYECKUN IIPOIEeCC, 334ai0T ITapaMeTphbl IPOCTPAHCTBA
CYLIECTBOBAaHUS MOAHHOTO oOOBekTa. OTCcIoma, MaTepHasbHble OOBEKTHI MOTYT HMETH
PasHYIO Ppa3MepPHOCTE.

J1o 3TOro MOMEHTAa, Mbl pacCMaTPUBaAH IIPUBBIYHBIE AT HAC ITIOHATHUS O «BPEMEHMY,
KaK O 4YeTBEPTOH KoopAauHaTe MIpocTpaHCTBa — BpeMeHH. OOBIYHO, ellle B IIKOAE, HaM
IIPEerofaoT CUCTEMY MAEKapTOBBIX KOOPAUWHAT, KaK YAOOHBIM CIIocob® IpOeKTHPOBaHUS
00BEKTOB U OIpPENEACHHS KOOPAUHAT TOYEK B IIPOCTPAHCTBE. YHAOOCTBO OeKapTOBOH
CHUCTEMBI IMIPAMOYTOABHBIX KOOPAWHAT 3aKAIOYaeTCs B TOM, YTO B HEMW HCIIOAB3yeTCS
IIOHATHE «BBICOTBD IIPEAMeTa, KaK pa3Mep o0beKTa BIOAb BEPTHKAABHOU AMHUU AEHCTBUSA
CHABI Ts3KeCTU. [laHHad cucTeMa OCHOBaHa Ha OPTOTOHAABHOU I'pyIIle BEKTOPOB, U OHA
BKAIOYAET TPHU IMOAOKHUTEABHBIX OCH U TPH OTPHUIIATEABHBIX, HTOTO IIECTh OCeHl KOOPAMHAT.
Ham roBopgr, 4To HUX BCEro TpH, IIO3TOMY BpeMs, KaK IlapaMeTp HM3MeHEeHHs KaKOU-TO
PYHKIIHH, 3a0al0T, KaK YeTBEPTYI0 KOOPAWHATY. ITO yKe AOTHYecKad OIInbOKa, IIO0
MIOPAOKY OcCel, BpeMs eCTh CenbMas OCh B JaHHOW CHUCTEME. YUHUTBIBAsS «IIAIOC» U «MHUHYC»
BpeMs, BCEro MOAYYHM BOCEMBb OCE¥ KOOpAMHAT, KOTOpPblE UCXOAAT W3 HYAEBOH TOYKHU
(1IecTh B IPOCTPAHCTBE U ABE I10 BPEMEHH).

Bompoc o cucreme KOOpAWHAT, MAM O CTPOEHHH BOOOpazkaeMOro ITPOCTPaHCTBA,
MOJKHO pa3BHBaTh B 3aBHCHMOCTH OT (paHTa3WH aBTOpa, HAIPUMEp, B TI'€OMETPHUHU
AobadeBCKOro, MapasseAbHBIe IIpIMble MOTyT IepecekKaTbcd. Hac ceiiyac mHTEpecyer
cHCcTeMa B3rASI0OB Ha CTPOEHHE IIPOCTPAHCTBA-BPEMEHH, KOTOpas OTpPakaeT PEeasbHYIO
reOMETPHIO HAIIIETO MHPa MaTepPHAaABHBIX Bellleil U IIpolieccoB. [Jag oTBeTa Ha 3TO BOIIPOC,
obpaTuMcs K HaTypaAbHBIM MAaTe€pPHAABHBIM CHCTEMaM, HaIlIpUMep, K CTPOEHHUIO
KPUCTAAAOB.

[TaoCKH#T MHP XOpOIIO H3y4eH B OOBIYHOH TeOMeTpPHH, B HEM 3AEMEHTApPHOH
dbUrypoif aBadgeTCs TPEYTrOABHHUK, a IIOAOKE€HHE TOYKH Ha IIAOCKOCTH OJHO3HA4YHO
3a/1aeTcd TpeMd KOOpAYHaTaMHU, KaK PACCTOAHHUA «Ha IIAOCKOM MECTHOCTH» 10 TPEX «TOYEK
oTcyeTar. [laHHBINM METOJ MPAaKTHUYECKH IIPUMEHIETCd B METOAaX PagUOlleA€HTAIluH, TO
€CTh, IAS TIOMCKa HCTOYHUKA pPaauou3AydeHUd. [asd oOBEMHOTO IIPOCTPAHCTBA, METOL
AHAAOTHYEH, HO HCIIOAB3YET 4YETBhIPE TOYKH OTcYeTa. bakMuHCTEep DPyasep rmokasaa, 4To
€CTECTBEHHON CHCTEMOM KOOPAMHAT B IIPOCTPAHCTBE HBAMAETCHd TeTpadApHYecKad
cucreMa. Pa3BuTHeM MOaHHOM KOHIEIIIMHM, B HAacCTodlllee BpeMd, 3aHuMaeTcsa [Ixko3sed
Xaccabeprep, carit www.hasslberger.com

PeaabHOE CTpOEHHE ITPOCTPAHCTBA OTPaXKEeHO, HAIPUMEP, B CTPOEHUU KPHCTAAAA
aaMasza, IO CBd3dM dYeThIPpEX AaTOMOB yraepoza. B mpocTpaHCTBe, 3SAeMeHTapHOMH
TEOMETPUYECKON (PUTYPOM SBAFETCS TeTpasAp, a IMIOAOKEHHE TOYKH BHYTPU OOAACTH
JAHHOTO TeTpasipa OAHO3HAYHO 3a/1aeTCs YEeTbIPbMS KOOPAMHATAMH, KaK ITOKA3aHO Ha
Puc.154.

Puc. 154. Terpasapuyeckas cucTeMa KOOPOUHAT.
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3nech KOOpAuWHATHEI B IIPOCTPAHCTBE - 9TO PACCTOAHHUA A0 YETBIPEX TOYEK OTCHETA.
KCTaTI/I, IIpakTHU4YECKad II0OAb3a YHCTBIX aAMa30B MOXKET COCTOATbP HMEHHO B HX
IIPUMEHEHHUHN OAA KOCMUYECKOH HaBHUTI'allUH, B TCTpaS,ILpHLICCKOfI CHUCTEME KOOpAUHAT.

Bpemsa — 3T0 mapaMeTp, OIMUCHIBAIOIIHY CKOPOCTh U3MEHEHHs] KaKOM-TO BEAMYHHEI.
B reomerpuu, ommparoleiics Ha TeTPadApPHYECKyIO CHCTeMy KOOPAHWHAT, MblL MOXKeM
cuumams 8pemst nNimoulM udmMepeHuem. ITo KOOpAHHAaTa H3MepdeTcd, KaK WHTepBaa OT
KaKOIro-TO COOBITHSI (MHHYC-BpPEMSs), MAW HHTEpPBaA BPEMEHH OO KaKOIO-TO COOBITHS B
Oymy1eM (raroc-BpeMs).

YuutbiBag, 4TO KOOpAUHATa BPEMEHU UMEET OTHOCUTEABHOE HallpaBAECHUE «BIIEPEI»
U «Hazamd», Mbl MOXKXeM CQOPMYAHPOBATH IMIOHATHE O UWECMUMEPHOM npocmpaHcmaee-
8pemeHuU, B KOTOPOM YeThIpe KOOPANUHATHI TETPaA3APHUIECKON CUCTEMBI 3aal0T II0AOKEHHUE
00BbEKTa B IIPOCTPAHCTBE, U €Ille [Be KOOPANHATHI OITHCHIBAIOT ABUKEHNE O0BEKTa I10 OCH
BpPEMEHH, B CTOPOHY YBEAWYEHUSI IIAOTHOCTH 3(PHUPHOM 3HEPrHH, HAHM B CTOPOHY €€
YMEHBIIEHHSI. 3a [IOAOKUTEABHOE HAaIIPaBAEHHE OCH BPEMEHU, KaK MbI yK€ OTMEYaAH,
1eaecoobpa3HO IMPUHATH HallpaBA€HHE YMEHbIIIEHHEe IIAOTHOCTH 3(HUpPHOM Cpensl,
IIOCKOABKY 3TO HallpaBA€HHE Pa3BUTHUHA COOBITHI COOTBETCTBYET HATYPAABHOMY ITPOLIECCY
pacmmipenud BceaenHoit u paBuxkeHHd CoAHEYHOH CHCTeMBblI B pyKaBe [aaakKTUKU
Maeusnslit [TyTe OoT eHTpa K Hepudepuu.

OAeMeHTapHOU IIeCTHMEPHOH (PUTYypOH, HpPU IIUKAWYECKOH (PYHKIIMH BpeMeHH,
MOJKHO CYHTATh TeTpasAp MNepeMeHHOro o0BeMa, IUKAUYHO CKUMAIOIIUHCA B
HEHTPAABHYIO TOYKY, U BO3BpAallAIOUININCA K MPEXHUM pasMepaM. O4eBHOHO, YTO TaKasd
Mo0enb omparkaem peasibHble NPOUEecCbl UBMEeHEeHUs. 00beMHOU NIOMHOCMU SHEep2uU 8
npocmpaHcmaee, u moxem 6blmb CMOONAUPOBAHA MEXHUUECKUMU MEeMOOaMU.

leomeTpuss wmMeeT CBOM 3aKOHBI, YTO MOaeT HaM BO3MOXHOCTb CHAEAATh
IIPEAIIOAOKEHHUSI O CTPOECHHUU OOBEKTOB BBICIIMX H3MepeHH#. Hampumep, mpocTelIinmii
ONHOMEPHBIH OOBEKT «OTPE30K» MMEET [BE BEpPIIUHBLI, PACCTOSHHE MEeXKAy HUMHU 33a71aeT
TAABHBIM IIapaMeTp O9TOro o0BeKTa, ero AauHy. [IpocTeHmuii AOBYyMepHBIH OOBEKT
«TPEYTOAPHHUK» HMEET TPHU CTOPOHBI, KaXOad H3 KOTOPBIX HABAGETCS «OTPE3KOMb.
[Ipocrefimuii TpeXMEpPHBIH OOBEKT «TeTpadsAp» 33[AeTCs B IIPOCTPAHCTBE YEThIPHMS
TPEYrOABHHUKAMH - IIPOCTEHIITNMH ABYMEPHBIMH OO0BEKTaMH Ooaee HHU3KOM pPas3MEepHOCTH.
Ilo amasoruu, BEIXOAA 34 PaMKH IIPUBBIYHOIO CTATHYECKOI'O TPEXMEPHOIO IIPOCTPaAHCTBA
U IBITAdCh IIPEAIIOAOXKHUTH CTPOECHHE SAEMEHTAPHOIO YETBHIPEXMEPHOIO MAWHAMHYHOTIO
00BEeKTa, MOXKHO MPEACTABUTDL €r0 I'PAHUIIbI, KaK II9Th TPEXMEPHBIX 00BEKTOB. YUHUTHIBAs
[Ba HaIIpaBACHHUA OBHUKEHHUS BO BPEMEHH, HAIIPHMEP YMEHBIIECHHE ITAOTHOCTHU 5SHEPTHUU
Cpenpl HWAHW YBEAMYEHHE IIAOTHOCTH 3HEPTHM, MOXKHO IIpearoAaraTb MHOTOMEPHYIO
KOHCTPYKIIHIO, O0pa3oBaHHYI0O U3 [OECATH TPEXMEPHBIX O0O0BEeKTOB. Takum obpasowm,
[OECATUYHOE MCYHCAEHUE [IOAKHO KaKUM-TO O0pa3oM IIPOSIBASITHL cels MHpU pacderax
mapaMeTpoOB PEAABHBIX MaTepPHUAABHBIX CUCTEM, KaK HaTypaAbHas CHCTEMA.

B 1991 roay, B X0z1e TEOPETUYECKUX HMCCAEJOBAaHUN, aBTOPOM MAHHOM KHUTH OblAa
HalifjeHa CB$3b IIapaMeTpPOB 3AE€MEHTApHBIX YacTUIl U pPasMepoOB IAaHEThbI, U CHeAaH
BBIBOJ O HaAWYUM [IapaMETPUYECKOrO0 pe30HaHCa B  IIPOCTPAHCTBE-BPEMEHH,
obycaaBAMBAIOIIEr0 MOaHHYIO CBs3b. Ha OCHOBe pacyeTa 4YeThIPEXMEPHOH KpPHUBHU3HBI
IIPOCTPAHCTBA JAEMEHTAPHBIX YaCTHUIl MaTepHH, a TakKXKe TaKHX 3AEMEHTOB XKHUBOU
Matepuu, Kak MoAaekyabl [IHK, Ob1a0 goKa3aHo, YTO HPUPOAHBbIE (HATypaAsbHbIE) OOBEKTHI,
opu pacderax B cucreMe CU, xapaKTepH3yI0TCs IIEAOUHNCACHHON BEAMYNHON KPUBU3HBI UX
pe3oHaTopa, TaK KaK YHCAO BOAH MaTEPHUH B IIPOCTPAHCTBEHHOM PEe30HATOPE MOKET OBITH
TOABKO IIEABIM YHCAOM. PacdeTbl BeoyTcda B AECATUYHOM HCYUCACHHUH.

HTak, OpeamoAoKUM, YTO YaCTHIIA, UMEIIasd MacCy, MOIKeT ObITh ITpeACTaBACHA,
KakK CTabHWABHAS AUHAMHYECKas CYIEepPHO3UIlNd BOAHOBBIX IIAKETOB, CYwecmeyrouwas 6
0Cc0obblX pe30HAHCHbIX Ycnosusx. [laHHas KOHIIEIIIMS MOXKET OBITh HCIIOAB30BaHa Kak
IIPUKAQOHON HHCTPYMEHT OAd pacdeTa IIpeobpasoBaHUIl «Macca-3HEPTHsS» U «dHEPrUd-
Macca», KOTOPBIH HalAeT CBoe IIPUMEHEHHsI B SHEPreTHKe OyayIlero, W IPU CO3/IaHUU

165



HOBBIX CIIOCOOOB IlepeMeIeHHs] B IIPOCTPAHCTBE M BpeMeHH. Ha ocHOBaHMM HaHHOMI
KOHIENIUHY U HUAeH O KBAHTOBAHHOCTH IIPOCTPAHCTBA — BpPeMeHH, ObIA CIeAaH pacder
TOYHOTO 3HA4YEeHHsI CKOPOCTH CBeTa B BaKyyMe.

Yurareseil, He MHTEPECYIOIIUXCH pacdeTaM{, He 3aTPYAHUT II€PEAHNCTATh
HECKOABKO CTPaHHIl, U Cpa3y MNepe’TH K PacCMOTPEHUIO 3KCIIEPUMEHTAABHOH YacTH.
AroOuteseii MaTeMaTHKH MOILY VBEpPUTh B TOM, 4YTO (OPMYyABI 34eCh OymayT
SAEMEHTAPHBIMHU, a BBIBOBI U3 PACUETOB BECbMa ITOA€3HBI IASI PA3MbBIIIACHHUH.

[aq Havana, OIpeeArMCcs C IIOHATHEM «BpeMs». PaccMOTpUM ABUKEHHE TOYKHU II0
3aMKHYTOH TPaeKTOpPUU. ITO [ABHUXKEHHE IIPOUCXOAUT B OUHAMUUECKOM OOHOMEPHOM
npocmpaHcmee-gpemeHu AuHUU. EcAu AMHUg 3aMKHYTa, TO MOXKHO F'OBOPUTH 0 HEKOTOPOM
PE30HAaHCHOM €BA€HHH, IIapaMeTpPoOM KOTOpPOro sBAsgeTcs paauyc R. OTo mpolecc,
UMEIOIIUH HEeKOTOPbIH nepuon. KpuBusHa 3aech onpeneasercs Kak 1/R u obo3Hadaercs
CHUMBOAOM p:

p=1/R [1/m] F.12
rae R ecthb paguyc, p; - KAaCCHU4IECKad AVUHelHadg KPHBH3HA.

[laBea [IMuTpueBUY YCIEHCKHU OIPEAEASIA «BPEMS», KaK TaKOe HanpasieHue
08UWKeHUsl TUHUU, nJlockocmu uaiu obbvexkma, Komopoe 8 obvexme He codepxumest [84].
Hampumep, mnpoliecc NpsSIMOAMHEHHOTO [ABUXKEHHA BCEM AWHHM B IIPOCTPAHCTBE, B
HaIllpaBA€HHH, KOTOpoe€ B HEM He COAEPKUTCS, CMEIIaeT €€ BIOAb IIOBEPXHOCTHU
JuHaMuUUecKkozo0 08YyMepHo20 npocmpaHcmea, HaIpHUMeED, naockoctu. Ecam oaTa
IIOBEPXHOCTH HE SIBASETCHd ITAOCKOH, a UMeeT KPUBHU3HY U OHA 3aMKHYyTa, TO OHa ob6pa3syeT
chepy, U ee LMUKAWYHBIM PE30HAHCHBIM IIapaMeTpPOM SBASETCS ABYMepHas KpUBU3HA:

p.=2/R [1/m] F.13

3mech p2 — O5TO KAACCHYECKOEe TIIOHSTHE KPHUBHU3HBI C(epbl, OPUMEHSIeMOe B
COBPEMEHHOM TeOMEeTPHM [AS IIIKOABHOIO y4ieOHHKa. B HamleM NDOHUMaHWH, 3TOT
rmapamMeTp XapaKTepu3yeT CKOPOCThb IIpoIlecca CyIIeCTBOBAaHUA OUHAMHYECKOTO
OBYMEPHOIO TIPOCTPAHCTBA, M NOPHU IUKAUYHOCTH [JAHHOTO IIpOIlecca, KpPUBH3HA
COOTBETCTBYET IIEPUOAY IIOBTOPEHHUS IIOAOKEHHS TOYKH, IIPH €€ [ABHXKEHHUH IIO
TOBEPXHOCTH C(EPHI.

[Tomo6GHBEIM 06pa3oM ompeneAseTcss U KPUBH3HA TPEXMEPHOTO ITPOCTPAHCTBA, XOTS
3TOrO IIOHSATHSA HET B yieOHHUKaX TeOMETPHH:

p3=3/R [1/m] F.14

TpexmepHass KpHBH3HaA - 3TO IIapaMeTp IIpollecca AUHAMHUYECKOI0 H3MEHEHHST
OBYMEPHBIX OOBEKTOB, MOBHUXKEHHs, IIPOUCXOSIIEI0 B TPEXMEPHOM IIPOCTpaHCTBe. B
pe3yabTaTe TaKHX IIPOLIECCOB, HAIIPUMED, ITUKAWNYHO CXKUMAaIOMIAsSCd M pacHIupPIIoNIascs
IIOBEPXHOCTH chepbl DOPMUPYET IIAp — OUHAMUUECKUL mpexmepHblil 06'beKkm, UMEIoNTNH
HEKOTOPYIO MAOTHOCTb. OYeBHIHO, UYTO 4YeM OOABIlIE TpeXMepHasd KPHUBHU3HA, TE€M BBIIIE
4acToTa U CKOPOCTBH IIpollecca CKaTHd — paclIupeHus cdepbl. [Ipu 3ToM, B IAOCKOH
IIPOEKIINH (IKBATOPHAABHOE CEYeHHE IIapa), Mbl IIOAYYHM AUHAMUYECKHI IBYyMEpPHBIH
00BEKT Ha IMAOCKOCTH — 3TO KpPYT, KaK IIUKAMYECKHU IIPOIIECC CXKATHUA OKPY?KHOCTH B
TOYKY U €€ pacCIINpeHUs.

Bce 3T mpoliieccbl MBI MOXKEM MOIAEAHMPOBATH B OOBIYHOM TreoMeTpuH, a 0Ooaee
HMHTEPECHBIM [OAS HaC gBAGETCS aHaAW3 IIOHATHUS 4-MepHOM KpHBH3HBI. Eine pas
HAaIIOMHIO, YTO BPEMs, KaK paguyC OOHOMEPHOIO IIPOCTPAHCTBA, 3TO TaKOE€ HallpaBAEHUE,
KOTOPOE HaxXOAUTCS BHe MAaHHOTO IIpocTpaHcTBa AMHUU. OOHAKO, IPOEKIHs BCeraa eCTh.
Panunyc okpyzKHOCTH, IPU HPOEKIIUU Ha AMHHIO OKPY?KHOCTHU JaeT ToukKy. HoBoe BrIciIee
U3MEpPEHHE [OAS TPeXMEpHOr0 MHUpa, HOBOE HaIllpaBAE€HHE, MMEeT IMIPOEeKIIHMI0 B HallleM
MUpE, KaK OQHHbLU MOMEHM B8pemeHuU, COOTBETCTBYIOIIMU OIIpeNeA€HHON IIAOTHOCTHU
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sHepruu. HECKOABKO CAOB O «IWHAMHYECKHX MHOTOMEPHBIX ob0BekTax». Cdepa
H3MEHdIEeMOIo paauyca (opMUpyeT «OIMHaAMHUYECKHH mIap», KakK OA€MEeHTapHbIH
TpeXMepHBIH 00BbeKT. Ero mpoekius Ha IIAOCKOCTH SBASETCS «IUHAMHYECKHUM KPyTrOM»:
TIAOIIIAIh €€ IIAOCKOH IPOEKIIMH H3MEHSEeTCH OT HyAs (TOYKH) A0 HEKOTOPOH BEAHWYHHBI.
Hcxomga WX 3TOr0 IMIpencTaBAEHHS, MBI MOXKEM CKa3aTb, 4YTO 4-KpPHUBH3HA OOBEKTOB
co3zmaeTcd KakK H3MeHEeHHe 3-MepHOH CTPYKTYphI (IIapa) B CAEAYIOIIEM H3MEpPEHHH,
KOTOPOE B TPEXMEPHOM MHUPE HE COAEPIKUTCS.

TakuMm o06pa3oM, MBI TOTOBBI IIEPEHTH K PACCyKOEHUAM O OUHAMHYECKOM
YeTBIPEXMEPHOM OOBEKTE, XOTd HAPHCOBATH YETBIPEXMEPHBIM paauyC KPHUBHU3HBI ILIapa
(HammpaBA€HUE HCKPUBAEHUS HIapa) Mbl HE MOXKeM, TaK KaK OH AEXHT BHE TPEXMEPHOTO
npocTpaHcTBa. HeCOMHEHHOM XapaKTEPUCTUKON 4-MepHOTO O0BeKTa, C Halleld TOYKH
3peHUd, SBAFETCH HM30TPOITHOE CHHXPOHHOE ABUIKEHUE BCEX TOYEK 3-MEPHOTO OO0BEKTA.
OTO He ABUIKEHHE B IIPOCTPAHCTBE, 3TO U3MEHEHHE ITOAOXKEHHI BCEX TOYEK HIapa II0 OCH
BPEMEHH. OTO M €CTh €ro IIPOEKIlHsS Ha Hallle IIPUBBIYHOE TPEXMEPHOE IIPOCTPAHCTBO,
KoTOpad OyZeT BBITAG/IETH B BHUE «IHHAMHUYECKOIO IIapar, BCE TOYKH Illapa OCTAIOTCda Ha
CBOMX MeCTaxX, HO oOBbeMHas IIAOTHOCTH JHEPTUU gBAdeTCH (PYHKIHEH BpeMeHH, OHAa
MEHHETCd OT HyAd A0 HEKOTOPOH BEANUYHHBI.

[TepeiimeM K BOIIPOCY O COXpaHEHUH SHEPTHHU, B JAHHOM KOHTEKCTe. [[OIyCTHM, 4YTO
pasMepbl OOBEKTOB CBdA3aHBI C BEAMYHHOM ux 3Hepruu. CedeHme Irapa B obaactu
9KBaTOpa HMeEeT MaKCHMaAbHyI0 maomaab. CedeHHe B APYIOM MECTE€ HMEET MEHBIIIHe
pasMmepel. M3yuaga cBoiicTBa miapa (TpexXMepHOro IPOCTPaHCTBA), HO, HAXOASACh B paMKax
IIAOCKOTO MHpPa, MOXKHO CAEAATh BHIBOL O TOM, UTO MAOIIAAEL CEYEHUS MOXKET MEHSTHCS OT
HyAd OO MakKCHUMyMa. OTO BEPHO, HO 3TO HE O3HA4YaeT, YTO caM LIap H3MEHsIeT CBOH
paguyc, Beapb IIap MOXKET UMETh ITOCTOSHHBIE ITapaMeTpbl, HO OH MOIKET JABUTATHCS dYepe3
IIAOCKOCTh ABYXMEPHOTO MHUpa, co3JaBas «IMHAMHYECKHH Kpyr» B Ipoekimu. Korma ero
pasMepslI (B o6AacTH HabAIOOATEAS TAOCKOTO IIPOCTPAHCTBA) CTPEMSTCH K HYAIO, TO 9TO He
O03HaYaeT YMEHbIIIEHHEe pa3MepoB CaMOro I1apa U ero SHEPTHH.

AHaAOTMYHO, OOIIyCTHM, YTO Mbl HabAoaeM OOBbeMHble U3MEHEHHSd IIAOTHOCTHU
9HEPTHUH, KaK [JUHAMHYECKYIO0 IIPOEKIIUI0 YeTBIPEXMEPHOTO OOBeKTa Ha Hallle
IIPOCTPAHCTBO. LIMKA YeThIpEXMEPHOTO ABUKEHUS C Halllell TOYKHM 3pEeHUs BBITAGOUT, KakK
IIOBA€HHE B IIyCTOM MECTE€ MAaTEPHAABHOIO TPEXMEPHOI'0 00BeKTa (IIapa) C MOCTEIEeHHO
YBEAUYHUBAIOUINIMCS 00bEMOM, TO €CTh, IIOSBACHUE MaTepHUU U 3Hepruu us mycroTsl! [Tocae
JOOCTUKEHUd MaKCHUMaAbHOTO pa3Mepa, OOBEeKT HadyWHaeT YMEHBIIATh CBOM o0BbeM MO0
HYASI, TIDU 9TOM €r0 MaTepHs U dHeprus ucdesaer! ITO IPOTHBOPEUUT HAIIEMYy 34PaBOMY
CMBICAY, TaK KakK MaTepHaAsbHble OOBEKTBI HE MOTYT IIPOU3BOABHO MEHHATH CBOH
du3nUecKre MNapaMeTpbl, a «3HEPrud HE IIOSIBASIETCS U3 HHOTKyJa U He HCYe3aeT B
HUKyZa». MbI, OOBIYHO, He HabAIOJaeM TaKHe IIPOLIeCChl B IIPHUBBIYHOM MaKpOMUpPE, HO
9TO BO3MOKHO, €CAV Yepe3 Hallle IIPOCTPAHCTBO IIPOXOAUT YEThIPEXMEPHBIH 00BEKT, a MBI
BH/IUM €r0, KaK M3MEHSIOIIeeCs TPeXMEePHOe CeYeHHUe.

[aga Mupa SA€MEHTapHBIX YacCTHIl, IIPEACTABACHHBIX B KBaHTOBOM (pH3HKe, KakK
BOAHBI Matepuu ne Bpolias, mpensaraeMasi KOHIIEHIUS MOXKET OBITH O4YEeHb ITOAE€3HA.
BoaHoBag Teopus MaTepuu paspaboTaHa B [AeTaAdX, HO OHA He OTBeYaeT Ha BOIIPOC O
COXPaAHEHHU OHEPTHH dYaCTHUILI B HYAEBOM TOYKE BOAHOBOTO IIpPOIleCCa H3MEHEHUS
PYHKIIMU TIAOTHOCTU BEPOSTHOCTH. MOXKHO cKaszaTbhb, YTO 4YeTbIpexXMepHasd AUHaMHKa
(XpoHOAMHAMUKA) [TO3BOASIET IIPHUAATH KBAHTOBOM TEOPHUU OOABIIIE (PU3UIECKOTO CMBICAA.

HWrak, mapamMeTpoM, XapaKTEePHUIYIOIIMM CKOPOCTH IIPOIIECCOB B 3-MEPHBIX
00BEeKTax ABAFETCH BpeMd, TO €CTh, UX 4-MepHasd KpUBH3HA:

pa=4/R [1/m] F.15

[TpoireccoM, KOTOPBIH pPa3BHUBaETCSI B TPEXMEPHBIX OOBEKTaX OMHOBPEMEHHO II0
BCEM H3MEPEHHSIM, MOXKHO CUHUTATh U3MEHEHHE OOBEMHOM MAOTHOCTH SHepruu. [laHHoe
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IIOHUMaHHEe IIPUPOAbl BPEMEHH I103BOASIET ITPENAOKUTH HEKOTOPOE METOObl CO3JaHUS
AOKaABHOI'O TeMIIa Xo[a BpeMeHH. TeXHHYeCKHe CpeCcTBa MOTryT ObITh Pa3ANMYHBIMH, HO B
ATOO0M cAydae, HeOOXOAUMO U3MEHSTh IIAOTHOCTD 3(OUPHOM SHEPruu B IPOoCTpaHCTBe. [as
OOHOMEPHOTO IIPOCTPAHCTBA, HN3MEHEHHE AWHEHHOM IIAOTHOCTH SHEPrUH MOXKET ObITh
peaan30BaHO, KaK MU3MEHEHHS IIAOTHOCTH SAEKTPHUYECKOIO TOKa. AHAAOTHYHO, U3MEHHAT
00BEMHYIO ITAOTHOCTH SHEPrHH, MBI MOXKEM CO3/1aBaTh U3MEHEHHUS BEANYHUHBI 4-MepPHOH
KPUBHU3HBI [IPOCTPAHCTBA.

BriBogpr: Aroboe neficTBHE (IIPOIIECC) OIHMCHIBAaeTCA B HAIlleM MHpPe HEKOTOPOH
KPUBU3HOM, UMeEIOIIeH HEKOTOPOe YHCAEHHOE 3Ha4deHHe, U XapaKTepH3yIolleid ckopocmob
UsMeHeHust ntomHocmu sHepauu. Jasee OymeT IIOKa3aHO, YTO 3TO YHCAO MOAXKHO OBITH
IleAoe, IIPH PE30HAHCHBIX ycAOBHAX. OTCloga BO3HUKAIOT BBIBOABI O KBAaHTOBaHHOCTU
IIpocTpaHcTBa U BpeMeHU. ['epman Beliab chopMyarnpoBas HJaHHBIA BOIIPOC CAEAYIOLTUM
obpasom: «At any conditions the action is just the number» - npu sr0bbix ycnosusix,
deticmesue ecmob npocmo uucsao [83].

HeckoAbKO C€AOB O TeOpUU MHOIOIOAIPHOCTH, KOTOpad IIOMOraeT IIOHATH
MHOIOMepHOCTb Muposnanusa. B  noBcegHEeBHOH  HOpakKTHUKe, MBI paccyxKaaeM
[OBYXIIOAIOCHBIMH CTaHOAPTHBIMU KaTeropuaMu. OOBIYHO, MBI HCIIOAB3YEM ITOHSTHE «HOAB»
u «pazar, «IAIOC» U «MHUHyC» u T.4. lloagpuzanuio Bakyyma (3HpPHOU cpensbl),
OOABIIIMHCTBO YY€HBIX, IOHHMAIOT KaK pa3deAeHHe HEHUTPAaABHOIO COCTOSHHE BaKyyMa Ha
«IIO3UTPOHBD U «IAEKTPOHBD», U T.II.

OTO TOABKO 4acCTHBIM caydai, TO €CThb ABYXIIOAIPHOCTh. T€opHs MHOTOIIOASPHOCTH
Orina mmpemaoxkeHa aBTopamMu B.B. Aenckuii u A.I'. KouneB [86]. Hampumep, co3maB Tpu
MAN 0oAee B3aWMOIOIOAHSIOIIMX IIPOIecca, MBI MOXKEM IIOAYYHUTH MHOTOIIOASIPHOE
cObaraHncupoBaHHOe coctogHue A+B+C+...+F=0. [Iloagpusanua 34ech BBITASIUT Kak
nporecc 0=A+B+C+...+F. TpexmnoaspHasa sHepreTuka, Kak IIokKazaa /AeHCKUU, HuMeeT
cuABHBIE Onosormydeckre 3QP@PeKThI. YeThIPexXIIoASpHbIE B3aWUMOAEHCTBHUA ITPOSABASIOT
rpaBUTallioHHble 3¢dekThl. [IpencraBaeHHS O YETBIPEXIIOASPHBIX B3aUMOAEUCTBUAX
MOZKHO IIOAYYUTH IIPH H3Y4YEHHH IIPOCTPAHCTBEHHBIX CTPYKTYp B ¢opMe TeTpasapa.
HHTI/IHOAﬂpHBIe OTHOIIIEHHUA OTHOCATCS K 00AACTH TEMIIOPAABHBIX TeXHOAOFHﬁ, IIOCKOABKY
«IIITOE U3MEpPEeHHEe» U eCTh OCh BPEMEHHU, B TETPadAPHUIECKON CHUCTEeMe KOOPAMHAT.

O mgaToMm U3MEepPEeHUH MUIILYT Maso, XoTsd Muxama AdaHackeBUY ByaArakoB mmokazaa
HaM Yy[OeCHblE BO3MOXKHOCTH ISITHMEPHBIX TEXHOAOTHH B 3aMedyaTeAbHOM poMaHe
«Macrep u Maprapurar. Hurara: «TeM, KTO XOpOIIIO 3HAKOM C IIITHIM MH3MEPEHHEM,
HUYEro He CTOUT Pa3ABUHYTH IOMEIIEHUE [0 XKEAATEABHbBIX ITPEAEAOB.»

L[aAee, Hepeﬁ,aeM K HECAOXKHOM MaTeéMaTHKE, KOTOpad HMEET OTHOIIEHHE K
BOIIpOoCaM IIEPEMEILICHHUA II0O OCH BPEMCEHH. HpHpo,ua IIUIIET CBOHM 3aKOHBI KpPAaCHBBIM
A3BIKOM MaT€MaTHUKH.

XpoHaAbHad IIOCTOSTHHA

PaccmoTpuM HeKoTOpble (POPMYABI, HMEIOIME OTHOIIIeHHe K BbIBogaM 00
SNNEKMPOMAZHUMHOU Nnpupode uacmuy mamepuu, Umo no380Jsem pPaccmampueams Uux,
Kax sgpupoouHamuuecKue npoyeccol.

B 1923 rony Ayn ne BpoHab IpPearionoXkKua, YTO YaCTHUIBI MaTEPHH, HMEIOIIHE
Maccy, AOAKHBI UMeTh BOAHOBBIE cBolicTBa. OH ucrioab3oBaa opmyasl E=hf u E=pc rne p
€CTh UMIIYABC, h ecTb mocrossHHad [1aaHka, f ecTh yacToTa KoaebaHUI, m €eCTh Macca U C
€CTh CKOPOCTBb CBeTa. 3aTeM OH O0beaUHHUA 0Oe JacTH B OAHO ypaBHeHHe hf=pc. Tak Kak
OAWHA BOAHBI A=c/f , TO (popMyAsa IMpPUHUMAET U3BECTHBLIHA BUI AT BBIPaKEHUS IAUHBI
BOAHBI MaTepuu ne bpoiiag
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A =h/p F.16

PaccmoTpuM [OpPYyryr0 AOTHMYECKYIO BETBB OAHHOM HAEH, YTO IMIPHUBEAET HaC OT
JAHHOTO YacTHOTO cAy4dasg K Ooaee oO0lieMy BapHaHTy BOAHOBOM KOHIIENIIHMH MaTEpPHH,
umMmerlet maccy. Bmecro E=pc mo ae Bpoiaro, MBI HCIIOAB3yE€M BbIpaK€HHE SHEPIHHU
MacChI II0KO04:

E=mc?2 F.17
OHeprus SAeKTPOMATHUTHOM BOAHBI OITPENEACHHOM YaCTOThI OITMCAaHAa BhIPAsKEHHUEM:
E=hf F.18

B cuAy BOAHOBOrO Ayasn3Ma MaTEpPHU MBI MOXKEM 3alHCaThb CAEAYIOIee BbIPasKEeHUE
SHEPTHU:

mc2=hf F.19

Orcroma Macca MOXKeT ObITh ITPEACTaBACHA KaK 9ACKTPOMAarHUTHBIE KoAebaHus
m=(h/c2)f F.20

rae h/c? ecmb HOBASL NOCMOSIHHASL C83U MeNKOY MACCOU U uacmomoil KosnebaHuii.

HazoBewm ee «)CpOHQJleOl:Z nOCTTLOﬂHHOl:Z», IIOCKOABKY OHa ITIOKa3bIBAE€T CBA3b TIOHATUM
«MacCChbI» 1 «<BPEMEHHN:

m= (h/c?)(1/T) F.21
roe T=1/f ectb nepuon KoaebaHU.

[pyruMu cAOBaMH, npousgedeHue MACCbl Uacmuubl mamepul U nepuooa
KonebaHUll IHepeUl ecmb 8eIUUUHA NOCMOSTHHASL:

X =mT = (h/c2)=const F.22

XpoHaabHas IOCTOSHHad X, KOTOpad 30eChb BBOAUTCA B PacCMOTpPEHHE, €CTb
OTHOIIIEHHE 2A€MEHTAPHOr0 KBaHTa AeHCTBUA h K KBaIpaTy CKOPOCTH CBeTa €2 U JAd BCEX
YacTHUIl MaTepHH, CYLIECTBYIOIIUX B HAIIlEM IIPOCTPAHCTBE-BPEMEHH OHa OAHWHAKOBAas, U
paBHa BEAUYHHE

X =0,73725 10-5 [[Ix c2/M?] F.23

Baaromapsa 3ToMy, MBI He 3aMedaeM ABHXKEHHUS BO BPEMEHH, TaK KakK BCe OOBEKTHI
BOKPYT HaC ABUTalOTCd C OJAMHAKOBOM CKOPOCTBIO, U OTHOCHUTEABHAA CKOPOCTH ABHUXKEHUH
BO BPEMEHHU paBHa HyAl. M3MeHEHHs yCAOBHH CyIIECTBOBaHHSA KaKOro-Au0O oOBeKTa B
IIPOCTPAHCTBE-BPEMEHN O3Ha4aeT HM3MEHEHHE €ro XpPOHAAbHOM IIOCTOSIHHOHM, 4uTO Oyner
OTMEe4YaTbCs IIOCTOPOHHUM HabalofaTeseM, KaK OTHOCHUTEABHOE YCKOPEHHE HAU
3aMeZlAeHHE IIpollecca CyIIIeCTBOBAHUS AaHHOro obbeKkTa. J[IpyrMMH CAOBaMH, COTAACHO
F.21, paccmarpuBaTh HOHATHE «BPEMdA» HE HMEET CMBICAA OTAEABHO OT KOHKPETHOTO
obBeKTa, MMelolero Maccy. Eime pa3 oTMeTHM, YTO TA@BHBIMH OOBEKTaMH, UMEIOIINMHU
MacCy B Hallled IIPOCTPAHCTBEHHO-BPEMEHHOM CHCTEME HBAAIOTCA Hallla IIAQHETA,
cocenHue naaHeTbl, CoaHIlE U O0BEKTHI ["TanakTuKU Maeunbiit [TyTh.

[aaee, mnpuHuMaga B paccmotpeHue popmyay letizenGepra
h=ApAx F.24
BeIpazkeHue F.22 MozKeT ObITH IPeACTaBACHO B HOBOM BHE:
mT=(ApAx)/c?2 F.25
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[TpoBepyUM KOPPEKTHOCTb JAHHOTO BBIPaIKEHUSI:
[kr][c]=([xr][m][m][c?])/ ([c][m?])=[kr][c]  F.26

Hrak, dopmyaa F.22 aBasgercs cripaBeIAUBBIM BbIPa>KE€HHUEM COOTHOIIEHUS MEXIY
Maccoll  HEKOTOPOro  oOBbeKTa U COOTBETCTBYIOIIMM  IIEPUOAOM  KoaebaHUM
9AEKTPOMAarHUTHOH SHEPTUU, IIO3TOMY MAOIIYCTHMO IIPENAIOAOXKEHHE O TOM, 4YTO 3(PPeKT
MHEPIIMAABHOM MacChl YaCTHIL MAaTePHUH SIBAETCS PE3yABTATOM KOAE€0ATEABHBIX IIPOIIECCOB
SAEKTPOMAarHUTHOM opmbl 3Hepruu. Haita caemyroiad Ieab — HAWTH NOATBEPKIACHUS
JAHHOTI'O IIOAOXKEHUd, YYHUTBhIBAas HEOOXOAUMOCTb HAAWYUsS PE30HAHCHBIX YCAOBUH [Oad
HaTypaAbHBIX KOAEOATEABHBIX IIPOIIECCOB.

[asg Hayasa, paCCMOTPUM AOTHYECKOE IIPOTHBOpPEYHe, U IIOKAXKeM er0 pelIeHHe.

CoraacHo F.22, yBeandyeHHEe BEAWYHUHBI MacChl COOTBETCTBYET YMEHBIIEHUIO
nepuona koaebauuii. OqHaKo, B MaKpoMHpe MbI HabAlomaeM obpaTHOe sIBAEHHE, TaK Kak
FPaBHTALIMOHHOE IIOA€ MACCHBHOIO Te€Ad, HaIpUMEP 3Be30bl, SBASIETCS IMIPHUYHHOMN
YBEAHMYEHHS IIeproaa KOAeOaHUH IPOXOAMAIEr0 B OKPECTHOCTSX MAHHOIO TeAa (POTOHA
(Trak Ha3pIBaeMoe «KpacCHOe CMeENIeHHe» MOAWHHBI BOAHBI). OTOT BOIIPOC SBASETCH
IIPEIIOCBIAKOH [IASI CAEMYIOIIETO IIPEATIOAOXKEHMS: IIPOCTPAHCTBO KaXKJIOTo OOBEKTA,
HMEIOIIIETO Maccy, co3laeTcs Kak cOaaaHCHPOBaHHAas CTPYKTypa, [I000HO ITapHBIM CHAAM
B Teopuu HrioToHA.

O0AacThb BBICOKOYACTOTHBIX JAEKTPOMATHUTHBIX KOoAeOaHUM, KOTOpPbhlE IIPOU3BOIAAT
B IIpocTpaHcTBe 3PdPeKT Maccbl M, M0AXKHBEI OBITH KOMIEHCHPOBAHBI HEKOTOPHIM
U3MEHEHHEM CTPOEHHUS MIPOCTPAHCTBA (IIAOTHOCTH 3(Hpa) BOKPYT MACCHUBHOrO Teaa M.
[Ipu oTOM, KaK M B APYTHUX IBACHHAX WHAYKIIHUH, OJOAYKHO CO30aBaThbCHd HEKOTOPOE IIOAE
(obaacTep meHCTBHUS HEKOTOPOM CHABI) BOKPYT IIpollecca, cosaarouniero 3pdekT Macchl
paccMaTpUBaeMoro Teaa.

JlaHHbiM uudyuupoeauubm KoMneHcayuoHHbIM noJsiem u sesisemest
epasumayuoHHoOe noJie 0aHHO20 06'be;cma, umerouiezo maccy.

HUTak, NpearioAnoKuM, 4YTO Macca M TPaBHTAIIMOHHOE IIOA€ YaCTHUIBI, HMEIOIIEH
Maccy, SBAFIOTCS ABYMsI B3aMMOKOMIIEHCHUPYIOIIUMICS IIPOIIECCaMM, HO OHH pPa3/EACHBI B
IIPOCTPAHCTBE M BPEMEHM: Macca YacTHIbl AOKAAH30BaHa B HEKOTOPOH TpEXMEpHOU
00AaCTH HIPOCTPAHCTBA, W TPABUTAILIMOHHOE IIOA€ JAHHOM YaCTHUIbI AOKAAM30BaHO Ha
HEKOTOPOM IIEPHOLAE BPEMEHU.

'paBUTAIIMOHHOE IIOA€ HAHHOM YaCTHIIbl XapaKTePU3YEeTCs ITEPHOIOM KOoAeOaHUH,
OAMHHOM BOAHBI M dYacToTOWM. B cuHAy maHHOM CHMMETPHH, Macca 4dYacCTHIBI He
AOKaAM30BaHa BO BPEMEHH (OHA ABUIKETCS M3 IIPOIIAOTO B Oymylllee), a rpaBUTAILIMOHHOE
IIOA€ HE AOKAAHW30BaHO B IIPOCTPAHCTBE, OHO pacIpeneAeHO 1o Bcel BceaeHHOIT oT
HCTOYHUKA IIOAsI Ha OECKOHEYHOoe paccTosHue. [laHHasa CUTyallud omucaHa (POpMyAOH
letizenbepra F.24.

OTMeTUM aHaAOTHUHU C Teopueill BeAoCTOIKOTo, B KOTOPOH I'paBUTAIIUsS OOBICHSIETCH
apderkramu yrapyrod pedopmanuu dpupHOH cpeapl. «[IpuHIUII KOMIIEHCAITUH»
BeaocToiikoro o3Ha4aer, YTO yIOpyrue pAedopMamuy BHYTPH OOBEKTA  IOAXKHEI
COOTBETCTBOBATE YIIPYTUM aedopMaliaM 3(PUPHOH cpeabl BOKPYT 00BEKTA.

[asg Toro, 94TOOBI PEHINTH BOIIPOC O «KPACHOM CMENIEHHH» OAWH BOAH (POTOHOB,
OBUIKYIIIUXCSI B TPaBUTAIIMOHHOM IIOA€ HEKOTOPOTO O0beKTa, HAIpUMeEp, IIAaHETEHI,
IIPEATIOAOKHM, YTO CYILIECTBYET ABa ydacTkKa (PYHKIIMU BPEMEHU: ITOAOXKUTEABHBIH t+ > O
BHYTPHU Macchl U oTpunaresbHbili t < 0 BOKpyr Maccekl. HeuTo moxozkee IIpemAOKUA
[ToAsIKOB, ONIMCHIBAsd MOJEAb AEKTPOHA B KHUTe «JKCIEpUMEHTaAbHAas I'paBUTOHUKA» [4].
JpyruMu caoBaMH, 3TO XpOHaAsbHasl BepcHUs HBIOTOHOBCKOrO 3akKoHa AeficTBUA U
mpotuBoaedicTBudA. AoOoe  Teao  (3AeMeHTapHasl ~dYacTHlla, HMemlasd  Maccy)
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paccMmaTpuBaeTcs, KaK COBOKYIIHOCTB IIapHBIX IIPOIIECCOB: t* IIPOIlECC OAS caMoOTro cebs U
t- Impoilecc (rpaBUTAIIMOHHOE ITIOAE€) BOKPYT cebs.

UTak, CrieKTp (DIAMHA BOAHBI) (POTOHOB, ITPOXOMAIINX B 00AACTH OTPHULATEABHOIO
BpeMeHH t < 0 OKOAO Teaa MacCOM m, JOAYKHA MEHATBCA B CTOPOHY YBEAHWYEHHA OAWHBI
BOAHBI («KpacHoe cMellleHre»). Ao0oM OOBEKT, IIOMEIEeHHBIH B TPaBUTAIIMOHHOE II0A€
pyroro o0beKTa, UMeeT COOCTBEHHOE ITAIOC-BpeMs t* > 0, HO BO BHEIITHEM OTPHIIATEABHOM
t- < 0 HeoOXOAVMMO BBIYUCAATL CyMMAapHbBIH TeMI BpeMeHH Xt, KaK pa3HOCTb IIAIOC-
BpEMEHH U MHUHyC-BpeMeHH, F.27

t=tr+t- F.27
WAU B apyroi popme:
Xt=tm—tg F.28

rae tm €CTb IOAOXKHTEAbHOE «BHYTpEeHHee BpeMs» o0BbeKTa, MMEIOIIEro mMaccy, a ts ecTb
OTpULIATEABHOE «BHEIIHEee» BPEMsI APYroro ob6beKTa, UMEIOIero mMaccy. 3aMeTHM, 4To
YacTHBIHA CAydall HyAeBoH pas3HuIbl Xt=0 o3HayaeT HyAeBO€ COCTOSHHE KoAeOaHUM
SHEPruH, TO €CTh Hepuos Ipoilecca T cTpeMHUTcss K OECKOHEYHOCTH, a dacrora f paBHa
HYAIO.

CdopmyaupyeM oOTBeT Ha BOIPOC, IIOCTABACHHBIH paHee: mad (OTOHA,
[OBUTAIOIIETOCSI B T'PABUTAIIMOHHOM IIOA€ HEKOTOPOIO TeAda, a TakKXKe [OAd TeAa,
IIOMEIIIEHHOTO B 00AACTh TPAaBUTAIIMOHHOTO IIOASI, IPOU3BOAMMOIO APYTMM MAaCCHBHBIM
TEAOM, 3pheKm 8pemeHU ABALEemCcs. CYMMOU cOOCMBEHHO20 NOJIOIKUMENbHO20 8peMEHU U
ompuyamenbHo20  8pemMeHU  B8HeuwHe20  2PABUMAYUOHHO020  Nnossl.  YMEHBIIEHHE
COOCTBEHHOTO TeMIla BPEMEHH, B pPEe3yAbTaTe 3TOr'0 CYMMHPOBAHHS, MPOSIBASIETCH Kak
YMEHBIIIEHHE HEPTHUU M YacTOThl KoaebaHuM, TO €CTh, KaK «KPACHOE CMEIeHUEe» OAHUHBI
BOAHBI (POoTOHA. OTO TaKKe COOTBETCTBYET YMEHBIIIEHHUIO 3SA€KTPOMATHUTHOM MAacChl
dorona. Macca Ar060ro Teaa, KOTOPOE IIOMEIIEHO B I'paBUTAIIHOHHOE IIOA€ APYTOro TeAad,
Tak>Ke yMeHblaeTcd. [IpeacraBasgeTca BO3MOKHBIM IIOAYYUTH B PE3YABTATE «BEKTOPHOTO
CYMMHPOBAHHS X018 BPEMEHH» HYAEBYIO HAH OTPUIIATEABHYI0 CyMMy xt. CHTyalusd TaKoro
poa U3BeCTHA KaK «depHas AbIpar.

HWTak, MBI IIoAaraeM, 4YTO BHYTPH YacCTHIbI, 00AafaroIedl HEKOTOPOH MaccoH,
CYLIECTBYeT OOBIYHBIH OSAEKTPOMArHUTHBIM IIpOIEeCcC, HUAYINUA B IIPSIMOM BpPEMEHH,
OTHOCHUTEABHO Hac (t>0), HO OH KOMIIEHCHPOBaH (ypaBHOBEIIIEH) BHEIIIHHUM IIPOIIECCOM B
IIPOCTPAHCTBE BOKPYT' OAaHHOM YaCTUIIBI. Takoro poga mnomxon IIO3BOASET CUHUTATh
rpaBUTAIIMOHHOE ITI0A€ BOKPYT YaCTUIBI MaTePUH 00AaCTHIO0 BBICOKOYACTOTHBIX KOA€OaHMH
IIAOTHOCTH DAEKTPOMArHUTHON sHepruu. Jacrora KoaeOaHUN MOXKeT OBITHh BBIYHCAEHA II0
dopmyae F.8 mas aro00¥ M3BECTHOH BEAWYHHBI MACCHI YaCTHUIIBI, HAIIPUMED, OAS IIPOTOHA
OaHHas dYacrora paBHa npumepHo 8,1-1026 [Hz]. OrMmeTHM, YTO 3TO HOPOIAOABHBIE
KoAeOaHMs IIAOTHOCTH SHEPTHUH OKPYIKaIIIed cpeabl, TO €CTb, 3TO IIPOJOABHBIE BOAHEI B

adupe.

HHTEepecHbIe BBIBOALI MOTYT OBITH ITOAYYEHBI IIPHU paccMOTpeHuu ¢opmyabl F.25
[AS CAyYaeB Pa3sANYHOH CKOPOCTH ABHUKEHUSI:

mT=(Ap Ax)/c2=(m Av Ax)/c2 F.29

CokpaTuM «m» U IIOAYYHM CAEAYIOIIee BhIPasKeHHeE:
T=(Av Ax)/c2 F.30

PaccmoTpumMm KpaliHUH caydail (CKOPOCTB L = C) U HaWAeM JAWHY BOAHBI A
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A=cT=(cc Ax)/c2=Ax F.31

B manHOM caAy4dae, MbI IIOAy4aeM OObEKm 8 COCMOSIHUU (POMOHA: ONUHA B0JIHbL
obvexma onpedensiem pasmep (hpocmpaHcmeo HabrooeHus) obvexma.

[pyro#i cay4daii, peasbHbI MHP: OOBEKTHI HMEIOT CKOPOCTb, BEAWYHWHA KOTOPOH
HaxXoOUTCd B Ipefeaax OT HyAd [0 CKOPOCTH cBeTa 0<v<c. B maHHOM wuHHTEpBase
CKOPOCTEH, MBI ITOAYyYaeM BBIBOJ, O TOM, UTO OJUHA 80/HbL 06 beKkma gcez0a MeHbule, Uem
B803MOXKHOCMb ONpeodeseHusl NoA0XKeHUs 0aHH020 obbexma AxX

A=(v/c)Ax F.32

OTo o03HaYaeT, UTO 006bEeKm umeem HeKOmopoe NPOCMPAHCMEO NONOXKeHUll, U
MmoKem 08U2amMbCSL MeXKOY PANUUHBIMU NOSNOIKEHUSIMU, NOCKONbKY 6csi obiacme e2o
nososkeHuitl. demepmuHuposara. TakoBa IIpHUpoAa IIPOCTPAHCTBA OAS MaTepPHAABHBIX
00BEKTOB, IBUTAIOIINXCS CO CKOPOCTBIO MEHee CKOPOCTH CBeETa.

BTopoii mpemeAbHBIH CAyYal, OAd CKOPOCTH [ABHXKEHHSA OOBEKTOB BBIIIE, YeM
CKOpPOCTB cBeTa L. >c. Popmyaa F.30 mozkeT OBITH IIpeACTaBA€HA B CAEAYIOLIEM BHE

T=(Av, Ax) / c2=((c+v)AX)/c2 F.33
WAHW B IPYTrOM BHIE
Tc =c/f=L=((ctv)Ax)/c F.34

B panaHOM caydae, pasmep makozo obbexkma (0nUHA e20 60aHbY) bosnbule, uem
803MO2KHOCMb onpedesieHuUst No3ULUU obbekma

A = (1+v/c)Ax F.35

[TposiBAeHUE OOBEKTOB TaAKOrO poZa B HAaIleM pPeaAbHOM I[IPOCTPAHCTBE HMEET
HEKOTOPYIO AHAAOTHIO C IIOTCHIIMAABHBIMH IIOAAAMM, IIOCKOABKY H3MEHCHHE IIAOTHOCTHU
QHEPTHU TAKOI'O obBeKTa IIPOHUCXOOIHUT MI'HOBEHHO BO BCEM Ha6AIO]laeMOM HaMH 3—MepHOM
IIPOCTPAHCTBE.

[lanee, pacCMOTPHM OTAEABHO CBS3b MOHATHH HEPTHH» U «BpeMsh. [IpuHIHN
HeoIlpeaeAeHHOCTH ['efizeHOepra orpeneAsdeT IIOCTOSHHYIO0 [IaaHKa caeayronM odopa3om

h =AEAT F.36

YIIPOIIEeHHO TOBOPS, ECAU TIEPUO HabAto/ieHUda T JOCTATOYHO OOABIION, TO SHEPTUST
CHCTEMBbI TOYHO H3BECTHA, HO €CAHM BeAWdYHHa T OYeHb Maaa, TO BHEPTrHUs CHUCTEMBI
XapaKTepU3yeTCsd CIIEKTPOM pPa3AHMYHBIX ypoBHeH. Takoro poga CBOHMCTBA (PU3HUECKUX
CHCTEM [AEMOHCTPHUPYIOT dA€MEHTapHbIe YaCTUILI B KBAHTOBOM pu3uke. B panuoTexHuKe,
9Ta KOHLEIIIHA ITPOABAAETCA IIPHU CIIEKTPAABHOM aHaAM3€ HMITYABCOB: KOPOTKHE IIO
JOAUTEABHOCTH HMIIYABCHI MMEIOT OoAee IIHUPOKUM CIIEKTP 4acToT. [IpeneabHO KOPOTKHM
«IEABTa-UMITyABC» HUMeeT OECKOHEYHO IIUPOKHH CHEKTP YacTOT, W, KaK HH CTpPaHHO,
OECKOHEYHYIO BEAUYHNHY SHEPTHH.

[asee, 3 (popMyAbl SHEPTUH SAECKTPOMATHUTHBIX Koaebauuii, rme T — mepuon
Koaebauuii, F.37

E=hf=h/T F.37
IIOACTaHOBKOM 3HadeHus h u3 F.36, moaydyaem caenyroliee BbIpaskeHUe

E=(AEAT)/T F.38

172



[lanee MBI MOZKEM IIEPEHUTH K cAeayIoIei (popMe BBIPAsKEHHUsSI COOTHOIIIEHMS
HeoIlpeaeAeHHOCTel ['etizeHbepra

(AE/E)=(T/AT) F.39
3meck Mbl BUAUM aCHMMETPHIO IOHSATHH 9HEPTUHU U BPEMEHHU.

Bpemss u sHepausi He OOHO U mMOXKe, HO OHU SIBASIIOMCSL 83AUMOCBSI3AHHbIMU
omnocumenvHowmu noHamusmu. CoraacHo F.39, yBeanueHHe OTHOCHTEABHOIO IiepHoa
HabAogeHusT oO0bekTa (cooTHomeHue T/AT pacrteT), COOTBETCTBYET YMEHBIIEHHIO €TO
OTHOCUTEABRHOU sHepruu (cootHolleHue AE/E Takske pactet). MoXHO cka3aTb, 4YTO 4YeM
Ooabllle BpeMsd HabAIONeHUd (BpeMs KU3HU OOBEKTa), TEM MeHbIlle ero sHeprus. C apyroi
CTOPOHBI, MAHHBIY BBIBOJZ COTAACYeTCS C paHee CIAEAAHHBIM IIPEIAOKEHHEM CUYHUTaTh
IIPOLIECC YMEHBIIEHHUS IIAOTHOCTH SHEPrHH B HAIlleM OKOAO3EMHOM IIPOCTPAHCTBE
€CTEeCTBEHHBIM HalIpaBAEHHEM X0/a BPEMEHH.

HarmoMHIO, YTO €CTECTBEHHBIM IIPOIIECCOM YyMEHBIIIEHUS IAOTHOCTH 3(PUPHOU
cpenpl, B OKpYyzKaloLIeM HacC IIPOCTPAHCTBE, SBASETCHA IIPOLIECC PpacCIIUpeHHd pyKaBa
cuiupasbHO# ['asakTuku Maeunsbrii [Iyte. OOBIYHO, TOBOPSAT O PaCIIMpPEeHUU BceAeHHOH,
4TO HE COBCEM KOpPpPeKTHO. [IaoTHOCTE 3dupa B pasHBIX ob0aacTax BceaeHHOH MoOKeT
YMEHBIIATBCA HAHM YBEAHWYHBATBLCS, HO S IIoAaraip, YTO B CYMME O3TH IIPOILIECCHI
ypaBHOBELIEHEI, 10 IpUYHHe cUMMeTpun BeceaenHol. [loxoxue naen paHee BbICKa3bIBaA
Axanemuk I'ycraB Moranosud HaaH, crates 1964 rona [29].

YeTbIpexMepHbIA PE30HAHC

[TepetimeM K pacCMOTPEHHIO OOHaApPYy:KEHHBIX MHOH B 1992 romy MarteMaTH4YeCKHUX
¢dakTOB, MOKA3BIBAIOIIUX HAAWYHE PE30HAHCHBIX YCAOBHH CYIIECTBOBAHUS HATYPAABHBIX
MaTepHaAbHBIX 00BEKTOB, U BBIBOJIAM O (PPaKTAABHOCTH MHPO3IAHUS.

[Tepen TeM, Kak mepeHTH K pacdyeTaMm, IPEAIIOAOKHUM, YTO TEeOpHus I0mo0us
MHUKPOKOCMOCa U MaKpPOKOCMOCa SIBAGETCH CIPaBEIAWBOM, U [IAS IIAAQHET, B HEKOTOPOM
CMBICAE, MOTYT HIPHUMEHATHCH (POPMYABI pacdeTa MIapaMeTPOB OSAEMEHTapHBIX YaCTHII.
AHaAOTHYHBIM MeTOH, B APYIUX IeAdax, ucrnoab3oBaa [Ipodeccop Kupuaa IlaBaoBuya
ByrtycoB, nas pacderoB opOUT maaHeT CoaHedHOM cucreMmbl. OH ITOKasaa, YTO IAAQHETHI
pacroaararoTcs Ha OIPEeAeA€HHBIX MECTaX, COOTBETCTBYIOIIMX «KOABIIEBBIM OpPOUTaABHBIM
pe3oHaHcam». [43]. [aHHasg cHUTyallus aHaAOTHYHA [AHUCKPETHBIM OHEPreTHYEeCKHUM
YPOBHSIM 3A€MEHTaPHBIX YaCTUL] MaTePUH.

Hrak, noacraBuUM B (POPMYAY OAWHBEI BOAHBI MatTepuu, F.40, mapameTpsl HalleH
IIAQHETHI:

A =h/(mv) F.40

3,ZICCB h ectb mocrosHHas HAaHKa, m €CTh MaccCa IIAAaHETBI U U - CKOPOCTHh ABUXKECHHUA
ITIAQHETHI. HpI/I pac4deTrax, MBI IIOAYYHUM CACAYIOIIIEEC 3HAYECHUEC OANHBI BOAHBI ITAQHETEI

A=3,725.1063 [m] F.41

[aaee, moaarad, 4To AAd 4-MEPHOTO IIPOCTPAHCTBA, KOIPPHUIIMEHT CYMMUPOBAHMS
10 U3MEPEHUAM PaBeH 4, II0OAyYaeM CAeQyIOIHe BhIPasKEeHUS

Es=m3; c2=9m3 F.42
E4=m4 c2=1 61’1’14 F.43

A€ m3 €CTh Macca B 3—MepHOM OITMCaHHH, a M4 €CTh Macca B 4—MepHOM OIIMCaHHH.
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[Ton «koadppHUIIEHTOM CYMMHPOBaHHs» B (popmyase F.42 moHmMaeTcs He IIPOCTO
OKpYTA€HHAas 10 3 CKOPOCTh PaACIIPOCTPAHEHUS 3AEKTPOMATrHUTHBIX BOAH B IIPOCTPAHCTBE.
Jauubifi KO3((PUIIMEHT OTpazKaeT CTPOEHHE IIPOCTPAHCTBA, OIPENEASIOIIEe ITPOIIECC
pacrpoctTpaHeHUd (POTOHOB M €ro CKOPOCTh, IIoaToMy B dopmyase F.43 pmag derwipex
H3MEPEHUN MBI IPHHHUMAaEM €I0 PaBHBIM 4.

BaxkHO OTMETHUTH, YTO MBI IIOAATaeM OOIIyI0 3HEPTHUI0 CHUCTEMBI ITOCTOSTHHOM,
HE3aBHCHUMO OT ONHCAaHHM pa3sAHYHOH pPa3MEPHOCTH. JTO O3HAYaeT, YTO TO K€ caMoe
KOAMYECTBO SHEPTrUH, HO B APYyToi hopMe, JOAKHO paccMaTpUBaThCd IIPU 3-MEPHOM U 4-
MEPHOM OIIMCAHUH OJHOW U TOU Ke (PU3UYECKOM cucTeMbl. [IpyruMu caOBaMHU, ob6wias
sHepaust 06bexma 00/KHA Oblmb 00HA U Ma JKe, He3a8UCUMO OM PA3MEPHOCMU ONUCAHUSL,
ucnosbyemoti Habrooamesem.

[ToaToMy, MBI JOAXKHBI yIUTHIBATH

E=E>=E3z=E4=... F.44

B namiem cay4dae

9m3z=16m4 F.45
N3 F.40, MOKHO ITOAYYUTH BBIPAKEHHUE IAT MACChI

m=h/(Av) F.46
OTcroza MbI IIOAY4Ya€eM COOTHOIIEHUE

(16h)/(Aqv) =(9h)/ (A3v) F.47

rae A4 €CTh JAWHA BOAHBI B 4-MEepPHOM OITMCAHHUU IIPOCTPAHCTBA, & A3 €CThb JAMHA BOAHEI B
3-MepHOM OIIHCAaHHUU IIPOCTPAHCTBA. Tak KaK paccMaTpUBaeTcs OJHAa U Ta XKe
dusuyeckasa cucTeMa, TO BEAHYHHA ee CKOPOCTH MOBHUIKEHHUsS OAHHaKoBad. [loAydaem
IIPOCTOE COOTHOIIIEHHE:

A=(16/9) A3 F.48
[ToncraBagsa BeAMYHUHY A3 U3 hopMmyabl F.41 B F.48, moaydyaeM caenyrolliee 3HaUYeHHE
14=66,22-10-64 [m] F.49
YTO COOTBETCTBYET 4-MEPHON KPHUBU3HE
pa=1/A,=151,00-1060 [1/m] F.50

3aMeTI/IM, 9TO O9TO IIEAOE YHCAO, C OOABIIIOH TOYHOCTBIO. DTO IIEAOE KOAHNYIECTBO
BOAH, HAaXOOAIIIUXCd B PE30OHATOPE ITPOCTPaHCTBA JTaHHOM IIAQHETHI.

C pgpyroifi CTOPOHEBI, pacdeT [OAs IAaHeThl BO3MOXKEH II0 e€e XapaKTepHUCTHUKaM
OBUXKeHUs. V3BecTHBIH Ilepuon BpalleHus IaaHeTbl BOKpyr CoaHna paseH 31557600
CEKyH[I, YTO COOTBETCTBYET HEKOTOPOH BEANYHUHE YaCTOThl KOAeOaHUH

F=1/T=3,168861-10-8 [1/s] F.51
HaﬁILCM JAUHY BOAHBI COOTBETCTBYIOIIIHUX SACKTPOMAarHUTHBIX KOAC6aHHfI
hem=c/f=9,46... 1016 [m] F.52

U 0o0paTHyI0O BEAWYHHY, TO €CTb, KPHUBH3HY IIPOCTPAHCTBA pe30oHaTOpa, KOoTopas €eCTh
TaK¥XKe I[EAO€ YUCAO:

pen=1/ hen=1057,00-1020 [1/m] F.53
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OTMeTHM TaKKe CBA3b ABYX PE3yABTATOB, II0Ay4YeHHbBIX B F.50 u F.53
Pem/pPa=7-10-80 F.54

MareMaTn4eckKada CBd3b PE3yABTATOB ABYX PA3ANMYHBIX ONMCAHUN OIHOTO U TOTO XKe
HaTYpaAbHOT'O OOBEKTAa (Hallled ITAaHeThbl) ITIOATBEPKAAET ITPEAIIOAOKEHUS O PE30HAHCHBIX
YCAOBHSX CYILIECTBOBAaHHS MNAaHHOIO MaTepHasbHOro obbekTa. KpususHa npocmpaHcmea
niaHemsl pasHa ueaomy uucny 6oaH, Ipu usMepeHusx B cucteMe CHU. Ilozke MbI
IIOKasKeM, II0 KaKOW HpUYWHE 3TU BBIYHCAEHUS HUMEIOT CMBICA B cucteMe CU. [JaHHBIN
3aKOH CIIPaBEIAUB IAT AIOOBIX ITPUPOAHBIX OOBEKTOB, YTO MBI JaAee ITOKaXKeM Ha APYTUX
npuMepax. BaxkHO OHMMAaTh, YTO IIEAOE YHCAO BOAH (LIEAOUMCAEHHAas KPUBH3HA) U €CThb
YCAOBHE pe30HaHCA CUCTEMBI.

Hasee, pusmKam U3BECTEH TaK HasbIBaeMblii BopoBckuii paguyc R=0,52917 A, nasa
KOTOPOTO MBI MOKEM HAMTH JAWHY OKPYKHOCTH L ¥ COOTBETCTBYIOIIYIO € KPUBUZHY

L=27R=3,32318... F.55
OOpaTHasd BeAM4YUHA

p=1/L=3,0075-10° [1/m] F.56

[ToCKOABKY OOBEKT TPEeXMEPHBIH, pa3geAuM OaHHOe 3HadeHue Ha 3, U HadgeM AMHEHHYIO
KpuBU3HY BopoBckoro aroma, KoTropad paBHa 1, ¢ 60ABIIOH TOYHOCTHIO

p1=p3/3=1,0025 10° [1/m] F.57

OTO KaXeTCcd BEPHBIM pPE3yAbTaTOM, IIOCKOABKY 3/[eCh paccMaTpHUBaeTcs
IIPOCTEUINNI aToM, JAEMEHT MaTepUH eOUHUYHON KpuUBH3HBI. HekoTopoe OTKAOHEHUE
1,0025... noka3pIBaeT HEUJEAAbHOE PE30HAHCHOE COCTOSIHHE B PEAAbHBIX MaTe€pHaAbHBIX
06BeKTax, ANOO HETOYHOCTb U3MEPEHUS IAWH U UHTEPBAAOB BpeMeHH, B cucreMe CU.

[pyroii mpuMmep: HPOCTPAHCTBO-BpeMsd IPOTOHA. J[lag TOro, 4TOOBI BBIYHCAUTH
JOAWHY BOAHBI ITPOTOHA, UCIIOAB3yeM opmyAay F.58

m = (h/c?)f=(h/c?)(c/A)=h/(c)) F.58
WAHU B IPyrOM U3BECTHOM BH/E
A=h/(mc) F.59

3Hag maccy nporoHa m=1,6726231... 1027 (kg), mpuHuMasa nocrosgHHyI0 [IaaHka
paBHO# h = 6,6260755-10-34 ([Ik-C) moAy4JaeM OAHHY BOAHBI (6€3 ydeTa MaTeMaTH4eCKOH
CTEIICHH)

A=132141 F.60

OTO TakXKe IIEAOE€ YHCAO, C OOABIION TOYHOCTBIO, YTO XapaKTepPHU3yeT MPOTOH, KaK
PE30HaHCHBIN IPOIECC CYIIECTBOBAHUSA BOAH MAaTepPHUHU (BOAH MAOTHOCTHU 3pupa). JaHHOE
BOAHOBOE YHCAO U3BECTHOE, OHO COOTBETCTBYET «KOMIITOHOBCKOM» IAHE BOAHBI.

YauBUTEABHO, YTO Ha 9TOT QakKT o0palraroT Mas0 BHHMaHUS, a Benb
LIEAOYHCAEHHOE 3HaYeHHE OAWHBI BOAHBI MATEPHUH SAEMEHTAPHOM YaCTHIIbI, IIPU pacyeTe B
cucreMe CH, o3HadaeT CBHUOETEABCTBO (PPAKTAABHOCTH MUPO3JaHUS U PE30HAHCHBIX
IIapaMeTpoOB CUCTEMEI.
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Jpyr¥M BazKHBIM IIPHMEPOM pacdeTa pPE30HAHCHBIX YCAOBHH CYLIIECTBOBAaHUA
3AEMEHTOB MaTepuu gaBadeTcd Moaekyasa [JHK. PazBepHyTbIM IepHO €€ CIHUpasd paBeH
71,4417 (A), 9TO COOTBETCTBYET BEANYNHE KPHUBHU3HbBI

pamc=1/A = 13999... 107 = 14-107 [1/m] F.61

MoOXHO cKas3aTb, 4TO JTO OYEeHb XOPOIIHM pPe30HATOpP, IIOCKOABKY KPHBH3HA
IpocTpaHcTBa MoAeKyAbl JIHK siBASIETCST ITEABIM YHCAOM, C TOYHOCTBIO /10 3-T0 3HaKa. OT1a
TOYHOCTH  SIBASIETCH  OCHOBO#  IIPEAIIOAOKEHHS O  PE30HAHCHOM  MEXaHH3Me
mpeobpa3zoBaHuii 3HEPTUH, U Ilepemade HWHPOPMAIIUHM Ha MOAEKYASIPHOM YpPOBHE B
OHMOAOTHYECKHUX CHUCTEMAX.

3aMmeTuM, 4YTO, B [JAHHOM CAy4Yae, Mbl paccMaTpuBaeM OOBEMHBbIE IIyAbCAIIUU
SHEPruU B IIPOCTPAHCTBE, IIPU 3TOM BCe 3-MEPHOE IIPOCTPAHCTBO U3MEHSIETCS B MOMEHT
€T0 CXKaTHud UAU PACHINPEHHH, COOTBETCTBYIOIIETO U3MEHEHUAM IIAOTHOCTH €r0 SHEPTHH.
[ToaToMy IIpocTpaHcTBEHHAad opueHTanus cunupaau [JHK, kak «ompueMHHUKa MUHQOPMAaLIIH»
He uMmeeT 3HadeHud. Moaekyanl [JHK, Kak M3BECTHO, B OOBIYHOM COCTOSHHH «CBEPHYTHI B
KAyOOK». UH(pOpMAIITMOHHBEIM CHUTHAAOM, B TAKOM CAyYae, IBASeTCHd U3MeHeHUe oOBbeMHOoe
IIAOTHOCTH SHEPTUU B IIPOCTPAHCTBE.

[anee, coeaaeM HEKOTOPBIE pPAaCUEThl [OAd aHaAW3a BEAWYHUHBI OTHOCUTEABHOTO
CMelIeHus BeTBek cnupaau JHK.

H3BectHO, 4TO ABe BeTBU uMeloT nepuon 34 A u cmemieHue 23,8 A. [dpyrumu
cAOBaMH, «OOpaTHasd BOAHa» CMEINIEHa OTHOCHTEABHO «IIpsiMOil BoAHBD Ha 0,7 mepuoma
BOAHBI, UT0 paBHO 50 A U COOTBETCTBYET BEANYNHE KPUBU3HBI

p=2-108 [1/m] F.62
[IpuHMMasa Bo BHUMaHHE ABYMEPHOE CTpOeHUe ciupasn MoAaeKyabl JIHK, moaydyaem
p1=1-108 [1/m] F.63

HUrak, MOXKHO cKazaTb, 4TO gemau mosekysnol [JHK cosuHymsbl. HA eOUHUUHYHO
ge/lUUUHY OmM HY/le8020 COCMOSIHUS, 8 KOmopom obe eemsu coemewaromecsi 8
npocmpaHcmee. Ilpu 3TOM, KOomoBad CTPYKTypa KaXKIOM M3 BETBEM IIPOTHUBOIIOAOXKHO
HaIllpaBA€HAa I10 OTHOLIEHUIO APYT K APYTY.

OTO HHTEepecHasi aHAaAOTHd C MHPOM 3AEMEHTApPHBIX YaCTUIl IIOJUEPKHUBAET POAb
moaekyAabl [IHK, kak 3aeMeHTa 1 IepPBOOCHOBBI OMOAOTHYECKUX cucTeM. Ee pa3mepsl, npu
pacuere B cucreMe CU, mokKasbpIBAlOT CBS3b KOHCTPYKIIMUM MOAEKYABI C pasMepaMu
IIAaHeThI. 3adymaiimecs, moxem Au amom gpaxm bbims cayuatiHom?

Ckopee Bcero, 3/eCh Mbl HMEEM MHOEAO C PE30HAHCHBIMH IIPOIlECCaMH, KOTOpBIE
obecrieynBalOT dAEMEHTAM IKHUBOH MaTepPHM OITHMAaAbHBIE YCAOBHS CYIIIECTBOBAaHHUS B
IIPOCTPAHCTBE-BpEMEHH Halllefl IaaHeTbl. B03MOXKHO, 4YTO 3TO HE pE30HaHC M He
caydaiiHoe coBIaaeHHe... [aHHBIM (QaKT MOXKeT OBITh CBHAETEABCTBOM TOTO, YTO
Moaekyabl JIHK Bcex KHBBIX CYIIECTB OBIAM CKOHCMPYUPOBAHbLL, QA NPU  UX
npoexmuposaHuu b6blLiu 835iMblL 30 OCHO8Y PA3Mepbl NiaHembl U 0eCsimepudHas cucmema
ucuucnenuil. Keratu, B omHOM BUTKe crupasu Moaekyabl [IHK copepzkuTcs pgecsTb
HYKA€OTHIOB. MHe ObIAO OBI HHTEPECHO OOCYAMTBH C TEOAOTaMH MNaHHBIM BOIIPOC, KaK
J0Ka3aTeAbCTBO CO3/aHMs, a HE CAy4aliHOTO MOSBACHHUS KU3HHU Ha Halllell IIAnaHeTe.

HUtak, pmaad QyHZAMEHTAABHBIX 9JA€MEHTOB MHUPO3OaHUsS (YacCTHI[ MaTepHH,
moaekyabl JIHK u camo#l maaHeThl) UX pas3Mepbl, IpU BbluHcaeHUU B cucreme CH, kak
BOAHOBBIE YHCAA, IBASIOTCS IIEABIMH YHCAAMH. OTO BOAHOBOE YHCAO, KOTOPOE IIOKa3bIBAET
KOAWYECTBO BOAH B pPE30HATOPE, W OHO BCETAa dBASeTCd ILleaAbIM. B panmoTexHUKe,
BOAHOBOE YHCAO U3MepsieTCs B «0OpaTHBIX MeTpax», KaK KPHUBH3HA Pe30HATOPA, TO €CTh,
BEeANYHHAa o0paTHas paguycy pe3oHaropa.
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OTO ¥ ecTh yCAOBHE pPEe30HAaHCa, IIPU KOTOPOM CYIIECTBYIOT YaCTHILI MaTepUU H
OpyTHe 9AeMEHTHI IPHUPOIbI, KAK BOAHOBBIE IIPOIIECCHI B 3(PUPHOI cpene.

[Toucku pakToB, MNOATBEPKIAAIOUINX CIIPABEIAUBOCTE [JAHHOHM KOHIIEHIIHH,
IIPUBEAN K YCTAHOBAEHUIO CBS3M KPHUBHU3HBI IIPOCTPAHCTBA HATYPAABHBIX OOBEKTOB,
HallpuMep, IIPOTOHA HAW APYTHUX 3AE€MEHTApPHBIX YacTUIl, C KPHUBU3HOH IIPOCTpPaHCTBa
rnaaHeTbl. OOHapy:KeHO, YTO KpPUBHU3HA [AaHHBIX OOBEKTOB (C OOABHIION TOYHOCTBIO)
ABASIETCSH IIEABIM YHCAOM, €CAH II0AB30BaThcsa cucTeMoi CU U mecaTHYHBIM UCYUCAEHUEM.
Ot (pakThl OOBICHAIOTCS TEM, YTO HaHHAd CHCTEMa HU3MEPEHHM HCIIOAB3YeT ITOHATHE
«MeTp», KOTOPBIH ObIA BBeoeH B NpakTuky Ppaniry3ckoit Akanemueii Hayk B 1795 romy,
KaK OfHa NOECITHUMHUAAMOHHAA OOAS ydacTKa 3€eMHOro MepuauaHa oT CeBEpHOI0O IIOAIOCA
no skBatopa. CaemoBaTeAbHO, MaHHAd METOAUKAa pacueTa paboToCIoCOOHAa TOABKO IIPU
HUCIIOAB30BAaHUH METPHUYECKOM CHCTEMBI, TaK KaK OHa He dgBAsSeTCS MaTeMaTH4eCKOH
abcrpakiuedt, a cBA3bIBaeT pacdeTbl B cucreMe CH c peasbHBIMH pasMepaMH IIAQHETHI.
[IaaneTa, B CBOIO O4Yepeab, IBAIETCS TAOOAABHBIM PE30HATOPOM 3(PUPHBIX ITPOIIECCOB, U €€
dusnyeckre rapamMeTpbl He CAydaiiHbl. Bce HaTypaabHbIE YacCTUIBI MaTePUU CYIIIECTBYIOT
B yCTOHW4YNBOH hopMe, KaK pe30HaHCHbBIE ITPOIIeCChl B aoUpe.

HUtak, cyTh KOHIIENIINN YeThIPEXMEPHBIX PE30HAHCOB COCTOUT B TOM, YTO YaCTHUIIBI
MaTEPUM KaXKAOM KOHKPETHOM IIAAHEThl HBAFIOTCH PE30HAHCHBIMH BUXPEBBIMU
npolieccaMu 3pUupa, U XapaKTEePUCTUKH MJAHHBIX IIPOIIECCOB 3aBHUCAT OT IIAapaMeTpPOB
IIPOCTPAHCTBa-BPEMEHU OAHHOM IaaHeThl. Mesa He HOBad, HO 34€Ch BIIEPBBbIE ITOKa3aH
pacYeTHBIA METOA.

[TpakTHyeckasd IEHHOCTh HOBOIO IIO/IXO[a 3aKAIOYaeTCs B BO3MOXKHOCTH pacydeTra
PE30HaHCHBIX YCAOBHH CYIIIECTBOBAHUS SA€MEHTOB KUBOHM M HEOPTaHHUYECKOH MaTepUuu Ha
KOHKPETHOH IAaHeTe, YTO IPHoOpeTaeT 0COOYI0 Ba*KHOCTH AT KOCMHUYECKHUX IIPOEKTOB U
9KCIIEPUMEHTOB 110 H3MEHEHHIO IIAOTHOCTH 3(Hpa, CKOPOCTH XOoJa BpPEMEHU U
yIpaBAeHHUS rpaBuTalyeii. Pa3zBuTHe IIOHATHS YETHIPEXMEPHOM KPHUBU3HBI II03BOASIET
MIOHATH (PUIUYECKHH CMBICA BpPEMEHH, U pa3padoTaTh TEOPHIO0 YeThIpeXMepPHBIX
PEe30HaTOPOB, KaK 0COOBIX YCAOBHH, B KOTOPBIX BUXpPEBbIE ITPOIIECCHI B 3(pUpe MIPUBOIAAT K
BO3HHUKHOBEHHIO CTAOHABHBIX dYacTHUIl MaTepuu. l3ydeHme TeOpHH YeTbIPEXMEPHBIX
PE30HATOPOB OTKPBIBAET IIyTh K CO3JAHHI0 YIPABASEMOH TEAEIIOpTallNH, a TaK¥Ke
IIpeo0pa30BaHUIO (TPAaHCMYyTAaIlUMH) SAEMEHTOB MaTePUH.

PaccMoTpyM OTHEABHO AacCHeKTbl TEeXHOAOTHHM IIlepenadyu HWH(OpMauu IIpH
CO3IaHHNH MHOTOMEPHBIX BOAH, U BasKHOE IIOHATHE «JE€ThIPEXMEPHOH rOAOTPaAMMBI».

YeTbIpexMepHasi roAoOrpaMma

Pa6ors! I1. T'apsieBa o obaygeHmio Moaekya JJHK mpogoAbHBEIMU BOAHAMH 3OUPHOHN
cpenpl (He-TEPLIEBCKHUMM 3A€KTPOMAarHUTHBIMU BOAHaMH) [69], mnokaspIBaloT, YTO
CYLIECTBYET aHAAOTHA MEXIy METOAaMH CO3JaHUsS U BOCIIPOU3BEAECHUS IroAOrpaUIecKoHn
HHpOPMAaIIMU U METOAAaMHU CO3MaHHs U BOCIPOU3BENECHHS TN€HETHYECKOH HWH(OpPMAaIIHU.
KopoTko paccMOTpuUM 3TOT BOIPOC, U BBEIAEM IIOHSITHE «UETBIPEXMEPHOMN TOAOTPaMMEI».
JlaHHOE ITOHSATHE IBAIETCH OPUTHHAABHBIM aBTOPCKHM TEPMHUHOM.

B o06OpruHoif rosorpacdpum HHGOpPMAIlUS 3alHCcaHa B TOAIIMHE (POTOIMYABCHUH
IIAQCTHHBI, & HMEHHO, B BH/E HHTEPQPEPEHIIMOHHBIX CAOEB, CO3JaBaeMbIX BOAHaAMH,
IIPUXOASIIUMU OT PA3AUYHBIX TOYEK OOBEKTa, IIPU €ro CKAaHHPOBAHHH AY4YOM Aa3epa B
IIPOIIECCE 3allMCH TOAOTPaMMbl. TOAIIMHA SMYABCHUH [OAKHA HMETh HEKOTOPYIO
MHUHUMAABHYI0O BEAUYHUHY, A KadeCTBEHHOM 3amucy WHTeP(PEPEeHIIMOHHOW KapTUHBIL.
AnasornyHO, B 4-MepHO# roaorpadpui, “H(poOpMAIUd MOXKeT OBITh 3alucaHa B d(PUPHOU
cpene Ha UWHTEpPBaA€ BPEMEHH, KOTOPBIM He MOXKeT OBITh MEHBIle OIIPeIeACHHOMH
BEAMYHMHBbI. OTa MHHUMaAbHas BEAMYHHA MHTEpPBasa BPEMEHH HUMEET CBA3b C IIOCTOSTHHOM
ITaraHKa.
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[anee, Ipu BOCHPOU3BEAEHUU 0Opa3a C TPEXMEPHOM INOAOTPAMMBI, KasKaas TO4YKa
caos (POTOOMYABCHH, OAeT IOAHBIH oO6pa3 o0BeKTa, TaK KaK Ayd CBeTa IIPOHHKAET B
TOALIIMHY OSMYABCHHM, U IIPEAOMASETCS IO pPa3HbBIM YLAOM, B pPasHBIX TOYKax
MHTep(EPEHIIMOHHON KapTHHBI. [laacTWHA, Ha KOTOPOM 3ammcaHa TpexXMepHas
ronorpaMma, MOXKeT ObITh pas30uTa Ha KyCKH, HO KaXKObIH M3 HHUX OAaCT IIOAHBIH obOpas
00BEKTa, €CAH SMYABCHSI COXpaHeHa Ha BCI0O 'AyOHHY, M pa3Mep ydacTKa II0BEPXHOCTH
«OCKOAKa» He MeHee, 4eM HEeOOXOOUMO [IASI IIPOXOKIAECHUS Ayda CBETa B €TO TOAIIMHY, IO
OIIpEIEACHHBIM YTAOM.

AHaAOTHYHO, [IAS 3aIlIMCH U BOCIPOU3BOACTBA 4-MEpPHOH ToAOTpaMMBbl JOCTATOYHO
paboTaThk ¢ OAHOHM TOYKOM TPEXMEPHOTO IIPOCTPaHCTBa (3PUPHOU cpenoii), HO HeoOXoaUM
MUHHMAaABHBI HHTEPBAaA BPEMEHU €€ CYIIEeCTBOBAHMS, Ha KOTOPOM, KaK B TOAIIMHE
SMYABCHH, 3alICaHa KapTHHA COOBITHH, IIPOUCXOAAINNX B JaHHOH TOYKE.

Pazymeercd, TeXHWYECKHE METOMAbl BOCHPOU3BE/CHHUS HWH@QOpPMAIUU C 4-MepPHOH
TOAOTPAMMBI OTAMYAIOTCS OT METOZI0OB paboThI ¢ 3-MEpPHOI roaorpaMMoii, a BMecTo obpasa
opeaMeTa, Kak IIPEACTAaBAEHHUS €ro TpexXMepHOH (popMbl B HPOCTPAHCTBE, MBI IIOAYINUM
o06pa3 COOBITHH HAU IIPOILIECCOB, KaK OTpPa’keHHE H3MEHEHUU IMAOTHOCTH JSHEPTrHuU BO
BpeMeHHU (4eTbIpeXMepHbIH o0pas). B mnpemsaraeMoll KOHIENIIMU TaKXKe IOILYCTHMO
IIOAyYeHHe HWH(OpPMAaIU HEe TOABKO O IIPOIIIAOM, HO U O OyAyLIIUX HeoOpaTUMBIX
IIpolleccax MaTepHaAbHBIX 00BeKTOB. [IoHHMaHKWe TOro, YTO MPOIIECCHl B 3(OHUPE CO3AI0T
HE TOABKO CHAOBBIE 3(P(EKTHI, HO SBASIOTCS MHOTOMEPHBIMH SHEPrOMH(OPMAIIMOHHBIMHA
IIpoIleccaMi, OaeT BO3MOXKHOCTL Pa3BUBATh OHMOMEIUIIMHCKHE TEXHOAOTHH, KOTOPBIE MBI
paHee paccMOTpeAH Ha IIpuMepax padbot ['ypBuua, l[3gHa u Apyrux.

Onmpasick Ha  IIpefaaraeMyro  KOHILENIIHMIO, MbI  MOXXeM  00OCHOBaTh
KBaHTOBaHHOCTb nedicTBua 1o IlaaHky. BuauMmo, B mpupoge OOBEKTUBHO CYIIECTBYET
MHHHMAaABHBIH HHTEpPBaA BPEMEHU (II€pHOon), KOTOPBIH OIIpeneAdeTcs SHEPreTHYeCKHUMU
napaMeTpaMHu KasKJ0ro KOHKPETHOI'O IIPOIlecca, CO3AAIOIIEro HEKOTOPOE IIPOCTPAaHCTBO,
HaIIpuMep, IIPOCTPAHCTBO ITAAHETHI, aToMa MAU MOAeKyAbI JIHK.

OTmeabHO TpemaaraeTcs I[IOKasaTh pacdeT TOYHOH BEAWYHHBI CKOPOCTH CBETa,
KOTOpasl ABASIETCH, [I0 MHEHHIO aBTOpa, [EeABIM YHCAOM. [IpH4YmHA, IT0 KOTOPOH CKOPOCTH
CBeTa B BaKyyMe JIOAKHA OBbITH IIEABIM YHCAOM, COCTOHUT B IIPEAIIOAOKEHHHU O MEXaHHU3Me
pacmpocTpaHeHUsd 3A€KTPOMATHHUTHOTO BO3MYVIIEHUS B KBAHTOBAHHOM IIPOCTPAHCTBE -
BpeMeHHU. Ckopocmb ceema, 8 makoil MoOO0enu, umeem CMblCA KoAUuuecmsa eouHuy
npocmpaHcmea (mempog UAU KPAMHbIX BEAUUUH), NPOXOOUMbLX (PPOHMOM BOSHbLL 8
e0uUHUUY 8pemeHU. ImOo 00IXKHO bblmb yesioe UUCO.

PacueT ckopocTu cBeta

CBeT, TO €CTb BOAHBI BO3MYIIEHUS 3(PHUPHOU cpenbl, TaK Ha3bIBaeMble «(POTOHBI,
pacupocTpaHdaeTcss B Cpele CO CKOPOCTbIO, KOTOpas 3aBHCUT OT 3AEKTPOMATHUTHBIX
CBOMCTB JAaHHOHU Ccpeabl. AHAAOTOM SABASIETCS CKOPOCTH PACIPOCTPAHEHHS 3BYKOBBIX BOAH
B BO3/yXe UAU B APYTOM BelllecTBe. B maHHOM caydae, MBI paccMaTpHUBaeM IPOCTPAHCTBO
6e3 MaTepHaAbHBIX OOBEKTOB, TO €CTh YHCTBHIH 3(Up, UAH (pU3HYIEeCKHN BakyyM. Odup
paHee Ha3bIBAaAW «CBETOHOCHOM Cpeioi», U ero (pU3UYeCKHe CBOMCTBA MBI IToAaraem boaee
HAU MeEHee IIOCTOSHHBIMU B HallleM OKOAO3EMHOM IIPOCTPAHCTBE, XOTH MHOTHE aBTOPBI
H3y4aAl Ce30HHbIE U3MEHEHHd CBOMCTB 3upa.

[IpearroAoKuM, 4TO HATypaAbHOE CTPOEHHE IIPOCTPAHCTBA-BPEMEHU AUCKPETHOE,
TO €CTh, IIPOCTPAHCTBO-BPEMsI 00pa30BaHO OTIAEABHBIMH 3A€MEeHTaMH. B TakoMm caydae,
MBI IIOAYYaeM ITPEAIIOAOKEHHE O TOM, YTO CKOPOCTBH CBETa MOAXKHA BBIPAKATHCS IEABIM
qrcAoM. [lokaxkeM 9TO pacdyeTaMHU.
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BepueMmcsa K popMyae pacdeTa KOMIITOHOBCKOM OAWMHBI BOAHBI MaTepnu ae Bpoiiasa
[Ag IpoToHAa, popmyaa F.64

A=h/mc F.64.

[loncraBags 3Ha4YeHHE MacChbl IIPOTOHA M IIOCTOAHHOM I[laaHKa, mHoAydaeM
U3BecTHOoe 3HadeHre A =132141 equHHUIT IPOCTPAHCTBA (C OOABIION TOYHOCTHIO).

[IpenmoaozkuM, YTO B KOHIIEHNIIMM AHUCKPETHOIO IIPOCTPAHCTBA U BPEMEHM, MBI
HMMeeM BCE OCHOBAaHHA OKPYTAUTH 3HA4YEHHE A [0 IIEAOT0, TO €CThb HCIIOAB30BaTh B
pacdetax BeanunHy A=132141 eguHUI] IPOCTPAHCTBA.

3aMeTuM, 4TO 3TO YHUCAO AEAHUTCS Ha 3
A=132141/3 = 44047 F.65

Kcratn, srTor MaremaTtndecKuil (PakT [AaeT OCHOBAHUS IIPEIIOAATaTb HaAWYHe
BHYTPEHHEU CTPYKTYPhI IPOTOHA (TPHU 3AEMEHTA).

3HayeHre IIOCTOAHHOM IlaaHKa, MEHMCTBUTEABHO HMEET CMBICA CYHUTATH IIEABIM
qyucaoM. CyTh OAaHHOH IOCTOSTHHOM 3aKAIOYAETCHd B COOTHOIIIEHUH BEAMYHHBI SHEPTHU U
4acTOThl KoAebaHUM, M OHa HE MOXKET HMETh JAPOOHOE YHCAO KOAeDAHWH, €CAHM MbI
paccMaTpuBaeM pe30HaHCHbIE YCAOBUS.

Ilo 3TOll mpuYMHE, INPHUHUMAEM BEAHYHHY IIOCTOAHHOM I[laaHKa paBHOM TOYHO
6,6260755-10-3 ([x-c). Maccy npoToHa npuHUMaeM paBHOU 1,6726231:10-27 (kr). [daaee,
JOITycKas IPEeAIIOAOKEHHNE O ToM, 4To opMmyasa F.64. aBagercsa coomHoweHuem mexoy
yenbimMu Yyuciamu, IIoAy4aeM BBIBOJ 3HA4YEHHUI CKOPOCTH CBETa, KOTOpad TaKiKe dBASIETCH
EeABIM YHCAOM. B pesyabratTe BbIYHCAeHHU 10 (popmyae F.66, MBI moaydaeM TOYHOE
3HaYeHUEe CKOPOCTH PacCIIpoCTpaHeHUs (PoTOHA B AUCKPETHOM IIPOCTPAHCTBE-BPEMEHH.

c=h/mA\ F.66.

HUrak, pacuyeT [OKa3bIBaeT, YTO CKOPOCTbH CBETA COCTABASIET  POBHO
299792456413177104388 emuHUIll IPOCTPAHCTBA 3a €QUHUIYy BpeMeHH. OTa BEeAHWYNHAa
TIOAy4YaeTCsl C OOABIIION TOYHOCTBIO U3 COOTHOIIEHHUH TPEX APYTUX IIEABIX BEAWYUH, YTO
MaAOBEPOSITHO, €CAH HE SIBASIETCSI OTPAKEHHUEM PEaAbHOU CHUTYaIlHH.

OTMeTHM, YTO OAaHHOE YHCAO MOXKHO COKpPaATHUTh Ha 4, WU IIOAYYHUTH BEAUYUHY
CKOPOCTH, paBHYI0 74948114103294276097 enuHUIl IPOCTPAHCTBA B €AUHUIYY BPEMEHHU.
Bo3Mo03kHO, 3TO CBS3aHO C TeM, 4TO 1 MeTp ObIA BBeAeH Kak 10-7 paccTogHUS OT SKBaTOpa
[0 TIoAloca. B TakoMm caydae, efuHHIEH IPOCTPaHCTBA YAOOHO CHUTATH OTPE30K JAWHOH 4
MeTpa, Kak 107 1oAHOM OKpPYKHOCTH IIAQHETBI, TO €CTb, PE30HAHCHON [OAWHBI BOAHBI
HAallleX I[IAQHETHI.

B HacTosIIee BpeMs, CKOPOCTb CBeTa I10AATaI0T paBHOM To4HO 299792458 (M/c) u
3TO CB{3aHO C TeM, YTO €AWHUIly H3MEPEeHUd [OJAWHBI 1 MeTp [IPUHUMAaIOT, Kak
paccrosiHUe, KOTOpOe IIPOXOAUT Ay4Y CBeTa B BakyyMe 3a 1/299792458 noaro CEKyHIBI.
OTOT MeTOoH NPHUHIIUIINAABHO OTAMYAETCS OT HATYPaAbHOI'O, U OH JaA€K OT (PHU3UYECKOTO
cMbIcAa caMoit cucreMbl u3MepeHuit CH, KoTopast Obiaa KECTKO ITpUBA3aHA K PEaAbHBIM
napaMeTrpam naaHetsl. HamomHIO, 4TO eie ['aamaeili BBea moHATHE «1 MeTp», KaK OAUHY
MasTHUKA, UMEIOIIETO MOAYIIepHoa KadaHud 1 cekyHay. [JaHHBIE 3TaroH ObIA HE O4YEeHb
TOYHBIM, IIOCKOABKY 3aBHCEA OT IIHMPOTHI MECTHOCTH Ha IIAQHETE, HO OH HMEA SIBHBIN
du3nUecKUil CMBbICA, CB43bIBas E€OUHUILI HN3MEPEHHd IIPOCTPAHCTBA M €OWUHUIIBI
U3MepPEHUsl BpeMeHH.
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Tor dakT, uTO Bpemda (mepuon KoAeOaHHS MasaTHHUKA) 3aBHCHUT OT IIIHPOTHI
MECTHOCTH, [aeT II0BOJ 3aayMaTbCs O HEBO3MOXKHOCTH (MPHUKCHPOBAHUSA OTAAOHOB
IIPOCTPAHCTBA M BPEMEHH, UX AOKAABHOM XapaKTepe M 3aBHUCHUMOCTU OT I1apaMeTpoB
acpupHO cpenpl. [IpukaamHOE 3HAUYEHME IIpefaaraeMoy MOIIPaBKH K BEAMYHHE CKOPOCTHU
CBeTa 3aKAI0YaeTcsd B TOM, YTO CTAHOBHUTCS BO3MOKHBIM TOYHBIM pacdyeT MHOTHX
IIapaMeTpoB, IIPUMEHSEMBIX IIPH H3YYEHHM IIPOIIECCOB MHKPOMHpA, a TaKkKe
acTpodHU3UIECKUX IIPOIIECCOB.

HTak, I1eAOYUCAEHHOE 3HA4YeHHE CKOPOCTH PaCIIPOCTPAHEHUS 3A€KTPOMATrHUTHOH
BOAHBI B BaKyyMe TOBOPHUT O TOM, YTO IIPOCTPAHCTBO-BpeMs HMeeT KBaHTOBAHHYIO
CTPYKTYPY, COCTOSILITYIO U3 MHOZKECTBaA 3A€MEHTOB. PHUA0OCO(BI JaBHO ITPUXOAUAN K MBICAU
0 TIoo0uK B MHPO3JAaHUU. Bce KHMBOe MMeeT KAETOYHYIO CTPYKTYpPY. Bo3MmozkHO, mMmeeT
CMBICA [OIyCTHTB MBICAB O TOM, YTO K CaMO IIPOCTPAHCTBO-BpeMs HMeEeT HEKYIO
KAETOYHYIO CTPYKTYPY, aHAAOTHYHO KUBBLIM OPTaHU3MAaM.

OTMeTHM TakKiKe, YTO KaKObIH 5AEMEHT IIPOCTPAHCTBA BHOCHUT CBOIO 33/I€PKKYy B
IIPOIIECC PACHPOCTPAHEHHsT BOAHBI, II03TOMY MTHOBEHHOIO IlepeMelleHUs (poHTa
9AEKTPOMAarHUTHOH BOAHBI He ITPOUCXOAUT. [lasbHeiIllee pasBUTHE MJAHHON KOHIIEIIIINH
TpebyeT U3ydeHUd XapaKTePUCTUK SA€MEHTapHOIO IIPOCTPAHCTBA-BPEMEHH.

Ha 3TOoM mpemaarar0 3aKOHYUTH C PACUETHOM YacTbiO, U IIEPEUTH K OIIHCAHHUIO
SKCIIEPUMEHTOB I10 YIIPABACHUIO CKOPOCTBHIO CYIIIECTBOBAHUS MaTEPUH.

Mamuua Bpemenu

B paHHOM raaBe HCIIOAB30BaHBI MaTepHaAbl MOEro MOOKAada Ha KOH(epeHINH
«Mammna Bpemenm» 12 ampeaa 2003 r. MockBa, kKoHdepeHII-3aa roctuHUbl KOCMOC.
KoudepeHniua 6b1aa opranu3oBana OO0 «Papamgeiiy.

Panee OBbIAM pPaCCMOTPEHBI CAydYau IIPUMEHEHHUS IIACCHBHBIX OTpazkaTeAeH,
KOHIIEHTPATOPOB, 3aBUXPUTEAEH, ITOAOCTHBIX CTPYKTYP U APYTHUX YCTPOMUCTB, CO3MAIOIIUX
U3MEHEHUS COCTOSHUS Od(pupHOH cpenbl. OTH METOObl HIBAGIOTCS TaKHMH Ke
IIPUMHUTHUBHBIMH CIlocoOaMU yIpaBA€HHUd I1apaMeTpaMu 3(OUPHOH cpenbl, Kak IIapyCHbBIE
TEXHOAOTHH, B CPaBHEHHU C CHAOBBIMH YCTAHOBKAMH COBPEMEHHBIX OKEAHCKHUX CYIO0B.
DAEKTPOMATHHUTHBIE SIBAEHHUSI, KOTOPhIE XOPOIIIO M3YUEHBI, U IIIHPOKO MPUMEHSIOTCS Ha
IIPAaKTUKE, MOTYT OBITH 32aHOBO OCMBICAEHBI C ITO3UIUH 2(PUPOAUHAMHUKH, ECAU MBI OyIeM
HCKaTh CNocobblL aKmueHozo 8o30elicmaust Ha napamempol 5¢pupHoil cpeobL.

Takue MONBITKM ObIAM B CBOe BpeMs HOpeamnpuHaTel B.A. YepHoOpoB, Mockga.
Teopus Bamuma AaekcaHapoBuda YepHOOPOB W €ro 3KCHEPHMEHTHI PAaCCMOTPEHBI B
craree  «[lepBble  wmTOrM  paboT O  CO3OAHUIO  YCTPOMUCTB,  VIIPABASIOIIIMX
XapakKTepUCTHKaMH (u3ndeckux mnpoueccoB (Bpemenn) [87]. C 1meapro IIpOBeAEHHUHA
SKCIIEPUMEHTOB II0 BO3AEHCTBHIO Ha (PHU3HWUECKoe Bpems, OCHOBHBIM CIIOCOOOM TaKOTO
BO3/IEHCTBUA UM ObIAM BBIOpPaHBI YCTPOMCTBA, CIIOCOOHBIE CO3IaBATh CXOO0SAULUECS. BOJIHDbL,
CIIOCOOHBIE IPUBECTH K BO3HHKHOBEHHIO KBA3UMOHOIIOASI BHYTPHU OTPAHHYEHHOI'0 0ObeMa
mpoctpaHcTBa. [log KBazuMoHoIIoAeM, YepHOOPOB MoApasyMeBaeT 4acTh IPOCTPAHCTBA,
o6AaaloIyI0 HEKOTOPBIMH XapaKTEePUCTHKAMH I'MIIOTETHYECKOr0 €IMHUYHOTO MOHOIIOAS,
AM0O CTycTKa TaKHUX 4YacTHIl. B yacTHocTH, nmpuOOphI, HaXOASIMECs CHapPY:KHU OaHHOH
06AaCTH, MOAXKHBI OIPENEAUTb TOABKO OIOWH MAarHUTHBIM IIOAIOC, CO BCEX CTOPOH, Ha
HEKOTOPOM PAaCCTOAHHH OT HETO.

OTMeTHUM, YTO B KOHIIEIIIINHN YepHOOPOB, HE KOHKPETHU3IUPYETCS THIT «CXOAAIIHUXCH
BOAH», M CTaBHUTCd 3aja4da CO3JaHUd [JUHAMHWYECKOM CTPYKTypbl MAarHHUTHOTO
«KBa3UMOHOIIOAS». YepHOOPOB nuInetT: «Kak mokaszasu npeaBapUTEAbHbIE 9KCIIEPUMEHTEHI,
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C TIOMOIIIBI0 ITOCTOSTHHBIX MAarHUTOB, HAHM C IIOMOIILI0 paboTarolux Ha [MOCTOSHHBIX TOKaX
SAEKTPOMAarHUTOB, O4YE€Hb TPYAHO (€CAM He HEBO3MOXKHO) CO34aTh [IOATOXKHUBYIIHH
KBa3UMOHOIIOAb (06beMm ¢ 0OHUM 8HEULHUM U OOHUM 8HYMPEHHUM MAZHUMHBIM NOJIHOCOM).
910 OOBsICHSETCS TeM (PAaKTOM, YTO CHAOBBIE AMHHU «BHYTPEHHETO IIOAIOCa» HEU3MEHHO
HaxXoOsT cAaboe MeCTO B HEOHOPOIHOM MOBEPXHOCTH MArHUTOB, H BBIPLIBAIOTCH HAPYKY;
B pe3yAbTaTe Ha YCTAHOBKE ITIOMHMO OHOTO «BHEIITHErO» MarHUTHOTO IIOAIOCA IIOSBASIETCS
AOKAABHBIY BBIXOJ MATHUTHBIX AMHUN «(BHYTPEHHETO» IIOAIOCAY.

B cBa3m ¢ 2THM, TeXHHYECKOM 3agaded CcTaA0 CO3JaHHe KBa3HMOHOIIOABHOM
CUTyallUd BHYTPU OTPAHHUYEHHOIO O0BbEeMa MPOCTPAHCTBA, IIPHYEM, HE IIOCTOSHHO, a
KpPaTKOBPEMEHHO, METOAOM ITyAbcaluii. HacTora paboThl SAEKTPOMATHUTHBIX H3AydaTeAeH
(BuOpaTopoB) TomOHpasack B TIIEPBYIO OYeEpPedb HCXOAS W3 AWHEHHBIX pPa3MepoB
ycTaHOBOK. Ilombop dYacTOTBI OCYIIIECTBASIACA TaKHUM o00pa3oM, YTOOBI OIWH IIE€PHO
IIyAbCAIITUU He IIPEBBIIIAA BpPEMEHH, KOTOpPoe OBIA0 HEeOOXOAUMO 3AEKTPOMATHUTHBIM
BOAHAM [JAS JOCTHUIKEHUS IIEHTPA U IIPOTHUBOIIOAOKHBIX CTEHOK YCTAHOBKH.

[Toaararo, 4TO BBICOKOYACTOTHBIM HMIIYABCHBIH pPEXKHUM, B 3KCIIEPUMEHTaX II0
MetTonuke B.A. YepHOOpoOB, HEOOXOOUM [AS TOTO, YTOOBI HM3AyYATEAW HE MEIIAaAW APYT
OPYTy CO3aBaTh B ILEHTPE «IIyYHOCTH HMAHU Y3€A BOAH», TO €CTb O0AACTb CIKATHUS HAU
paspsaKeHHusl MMAOTHOCTHU SHepruu. C TOYKH 3pEeHHs MATHUTHOM KOMIIOHEHTBI, KOTOpas
u3MepuMa OOBIYHBIMH HOpubopaMu, B TaKOH KOHCTPYKIIMHM, MbI OydZeT BHAETH
OIHOTIOAIOCHBIH MArHUT (MOHOIIOAB), B UMIIyABCHOM PEXKUME.

YepHoOpoB moraanpiBaa B 2003 romy: «Hamboaee HOpPoOCTBIMH B HCIIOAHEHUH
OKa3aAHCh YCTAHOBKH, UCNONb3YWUE 3/1eKMpOoMaZHUMHblEe (CoOleHOUOHble) subpamopbl,
coeqUHEHHbIe MeXay coboil mocaemoBaTeABHO UM mapasseabHo  ([Ipumeuanue:
pacrioroXeHHble Ha cepHYeCcKOH ITOBEPXHOCTH KOpIlyca). B pa3aHMYHBIX 5KCII€pHUMEHTaxX
HCIIOAB30BAaAOCh OT 3 A0 S TaKHUX IIOBEPXHOCTEH, HAa3BAHHBIX 3IACKTPOMArHUTHBIMU
pabouumu noBepxHocTaMu (OPII). Bce caou OPIT pa3zanyHBIX AHAMETPOB MOHTHPOBAAMNCH
IIOCA€JOBATEABHO APYT B ApyTe (1Tomob0HO Marperike). BHemrHuil caolt AmMO0 Kpemnmuacd Ha
CHAOBYIO O0OAOYKY, AHMOO OZHOBPEMEHHO CaM SBASIACA TaKOW 000A04YKO#. Pasmep
MakcuManbHOM OPII B mepBoii ycTaHOBKE coCTaBASIA 0KoAO 0,9 M, quaMeTp MHHUMAaABHOMU
(BryTpenHeit) OPII paBHaaca 115 MM, 4TO OKa3aaOCh OOCTATOYHBIM [OAd IIOMEILECHHLA
BHYTPb [OaTUYUKOB KOHTPOAS IIOAOIBITHBIX JKMBOTHBIX, Ha KOTOPBIX IIPOBEPSIANCH
IIOCA€ICTBUS BO3AEHCTBUH CXO00SUUXCSL CPEePUUECKUX INeKMPOMAZHUMHBLX 801H... O0BbeM
OTCEKa IIOA€3HOM Harpys3KH, Haxogdmledcda B ILeHTpe cuMMeTpuu MB, Bo Bcex HepBBIX
MamuHax (kpoMe 7-¥ MoOeAHw) IOKa He IIpeBBIIIaA obbeMa QyTOOABHOIO Mdda.
MaxkcuMaabHBIE pa3Mep HUMEET YCTAaHOBKAa C BHEIIHUM AUaMeTpoM 2,1 M U BHYTPEHHHUM
OTCEKOM TIIOA€3HOM Harpy3ku 1 M, UYTO TIIO3BOASIET IPOBOAUTH JKCIIEPHUMEHTHI
HEIIOCPEACTBEHHO C y4aCTHEM YEAOBEKA.

H3mepuTeAbHBIMU HPHUOOPaMU, B HUCCAENOBAHUAX UepHOOPOB, CAYKHAU «BCE€ BUIBI
OACKTPOHHEBIX, KBapLEBBIX, MEXaHHYECKHX, a TaK>Xe HECKOABKO CIIEHHUAABHO
M3TOTOBAEHHBIX AyOAMPOBAHHBIX KBapIEBbIX Te€HEPaATOPOB (B KOTOPBIX CPaBHUBAAHCH
IIOKa3aHHd 4YacTOT H3MEPHIOIIEN0 U 3TAAOHHOTO DPA3HECEHHBIX TEINAOU30AHPOBAHHBIX
reHepaTopoB). B 4acTu 3KCHEPUMEHTOB NPUMEHSAUCH CBETOBOAHBIE AUOABI (B KOTOPBIX
(PHUKCHPOBAAOCH H3MEHEHHE B CKOPOCTH IIPOXOXKJEHHS CBETOBOIO IIydyKa 3a/1aHHOIO
ydacTKa CBETOBO/A), a TaKxKe HHbIe CIIocoObI. [lo M mocae oIbITa (pexke U B XOe OIbITa)
IIOKa3aHHUuA U3MEPHUTEABHBIX 9aCOB IIEPHUOAUYIECCKHU CPABHUBAANUCH C 9TAAOHHBIMH YaCaMU U
CUTHaAaMH TOYHOI'O BPEMEHHU II0 PALHOY.

O4eBHOHO, YTO B TaKOM CXEME€, SAEKTPOMATHUTHBIE H3Ay4YaTEAH OKa3bIBaAHU
noboyHoe melicTBHE Ha HEKOTOpPhle BHUAbI H3MEPUTEABHBIX NPHOOPOB, HAIpHUMEpP, Ha
KBaplleBble 4Yachl, OMHAKO AyOAMPOBAHHE METOAO0B H3MEPEHUs MO3BOASAO CYILIECTBEHHO
YMEHBIIUTDH HOTPENIHOCTD U3MEPEHUH.
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Pe3yAbTaThl 9KCIIEPUMEHTOB, KOTOPhIE HJOKAAAbIBaA B.A. YepHOOpPOB, OIIEHMBAAHCH
UM CAeayroImM obpasom: «CKOPOCTh U3MEHEHHS CKOPOCTH TedeHusd BpemeHu (mpodpeccop
H.A. KosbIpeB Ha3sblBaa 3TO IIAOTHOCTBIO BpemeHu t/t,) cocraBasgaa mnopsanka mgosei
CeKyHJ, B 9TaAOHHBIY 3eMHOH 4yac. Ecam npuHATH Hallle oOObIYHOE 3€MHOE «3TaAOHHOE»
Bpema kak to=+1, TO CTaHET NMOHATHBIM, YTO B JAHHBIX 3KCIEPHMEHTAX U3ydaeTcd II0Ka
auaras3oH ckopoctu Bpemenu +0,99<t/t,<+1,01».

JpyrumMu cAOBaMH, 3TO M3MEHEHHUsI €CTECTBEHHOI'O0 XO/a BpeMeHH Ha ypoBHe 1%.
OTO He 03HaA4YaeT, YTO KaKHe-TO OOBEKTHI OBbIAM OTIIPAaBAE€HBI B OyAyllle€ HMAM IIPOIIIAOE...
YepHOOpoB yTouHdAeT: «CA€MOBATEABHO, IIPEAMETHI U KHUBOTHBIE, ITIOMEIIeHHBbIE BHYTPH
YCTAaHOBKH, IIPU AIOOOM peRXuMe ee paboThl (3aMeIA€HUH HAU YCKOPEHHH), B AIOOOM
cAydae OBUTaAUCh B Byayiiee (C «[IAIOCOBOM» CKOPOCTBIO) - MeIA€HHee HAM ObICcTpee
OKPYZKAIOITHX».

MeI yke o0cyzKmasu «3(pPeKT KOMIEHCAIIUHN», IIPHU KOTOPOM yIIpyTrue aedopMaiiuu
Ccpenpbl BHYTPH «MAalllMHBI BPEMEHH» JOAXKHBI [IPOHU3BOAUTE O0OpaTHbIe AehOopMallli Cpeabl
CHapyKU «MalIuHbl BpeMeHM». O TakoMm 3ddekTe Takxke nuiner YepHobpos: «[lepemasn
BpemeHnu (rpagueHT CKOpocTH BpeMmeHH, HWAM TIIOIPOCTY UCKPUBAEHHE  IIOAS
[IpocTpaHcTBa-Bpemenn), HabAomascss He TOABKO BHyTpu MB, =xotd, 6e3ycAOBHO,
MaKCHUMaAbHOE 3HadeHHEe H3MEHEHHOro BpeMeHH ycTaHaBAMBaAOCh BHYTPH caMoH
MaA€HBKOM «MaTpelIKu». Bo Bpemsa 5KCIIepUMEHTOB (DUKCHPOBAAOCH, KaK U OXKHIAAOCH,
n3MeHeHe BpemeHu M BHe ycTaHOBKU MB, ToABKO mHomoOHoe H3MeHeHHe C oOpaTHBIM
3HAKOM OBIAO IIPUMEPHO Ha IIOPSAOK HUKE BHYTPEHHEro (BIIOAHE B COOTBETCTBHU C
reOMEeTPUYECKUMH 3aKOHAMH — OOpaTHO IIPOIIOPIIMOHAABHO KyOy paccrosHus). MHBIMHU
caroBamu, MB Bo3meHcTByeT He TOABKO Ha CBOIO BHYTPEHHIOIO YacTh, HE TOABKO Ha
IIOAE€3HYIO Harpy3Ky, HO M Ha OKpyzKalllyio cpeny. OdyeHb HallOMHHAEeT pPEeaKTUBHBIH
criocob ABUXKEHUS, TOABKO y:Ke He B IIpocTpaHcTBe, a Bo BpeMeHH: moaeT mocpeacTBoM
oTOpoca Hasaj He MaccChel, a BpemeHn».

HNutepecHas ¢yHKIMs yObiBaHus 3¢dekTa cHapyKH, HaligeHHas YepHOOPOB,
«©bpamHo nponopyuoHanvHas KYyby paccmosiHusy, MOATBEPKAAET MBICAB O TOM, UTO MBI
HMEEM JIEAO C UBMEHEHHUAMHU 00beMHOU NI0OMHOCMU SHEep2UU.

IlenHoe 3aMedyaHHe, KOTOpoe mesaeT UYepHOOPOB II0 OTAWYHIO IIPOIIECCOB
«YCKOPEHHS BPEMEHM» OT ITPOILIECCOB «TOPMOKEHHS BPEMEHM», 3aBUCUMOCTH 3PPeKTa OT
BpPEMEHU CYyTOK M BHOpaIHii, ITO3BOASIOT IIPOBECTH aHAAOTHIO C BbIBogaMu Ko3eIpeBa,
BeittHuk u MuninHa. OTH aHaAOTHH ITOKa3bIBAIOT 3(PHUPOAMHAMHUYECKYIO IIPUPOAY AAHHBIX
IpolieccoB. YepHoOpoB muiet: «B ombITax OBIAO YCTAHOBAEHO, YTO IIPOIIECCH] 3aMeIACHUS
U YCKOpeHHd BpeMeHH pe3KO OTAMYAalOTCd II0 CBOEMY XapaKTepy M MHOCAEACTBHAM. Tak,
3aMeA€HHE IIPOHCXOAUAO 3HAYUTEABHO 0OoA€e MAaBHO M YCTOWYMBO;, IIPHU YCKOPEHHH
HabAIODaANCh pe3KHe CKadKh B [OKAa3aHUAX, I[IPOTEKaHHE OTOTO  pPeXRXuMa
XapaKTePHU30BaAOCh 00Ilell HEYCTOMYHMBOCTBIO M 3aBHCHMOCTBIO OT AIOOBIX (MAM MHOTHX)
BHEIIHHUX (PaKTOpPOB. B yacTHOCTH, HEYCTOHYHMBOCTE YCKOPEHHS 3aKAIOYaAachb U B TOM,
4TO IIPH (PUKCHPOBAHHOM MOIIHOCTH BEAHYHMHA CKOPOCTH BpeMeHU 3aBHCeAa OT BPEMEHU
CYTOK U pacCIIOAOXKEHHd AyHBI, BO3MOXKHO, M OT APYTHX IOPUYHH, B TOM YHCAE€ — OT
IIPUCYTCTBUS PSIOM OIepaTopa HAU IIOCTOPOHHHUX Aofed. [laske HeOOABIIIOe BHEIHee
BO3IECUCTBHE, HAIIPUMEP MEXaHHYeCKad TPSACKa, INPHUBOAHAHM K H3MEHEHHIO BEANYHHBI
CKOPOCTH, KOTOpPO€ HHOIZa OKas3blBAAOCh 3HAYUTEABHBIM. BHyTpu aAabopaTOpHBIX
YCTAaHOBOK TaKiKe OBbIAO 3a(PHUKCHPOBAHO, YTO BpeMs MoxKeT HU3MEHSTBhCS C HEKOTOPOH
WHEPIIMOHHOCTHIO. [Tocae Bo3meHcTBHA H3MEHEHHOH CKOPOCTH BpeMeHH Ha KakoOM-AHOO0
dusnyeckuil IpeaMeT (IIOYBY, HAIIpUMeEpP) Ha HEM HEKOTOPOe BpPEMS OTMedaroTcCs
OCTaTOYHBIE SBAEHHS, KOTOpPble MOTIYT OBITH CHSITBI TOABKO BO3[eHCTBHEM Opyroi
ckopocTtu BpemeHun».

[lanHoe 3amMedyaHHE€ II0AHOCTBIO CoraacyeTrcd C IIPEAIIOAOKEHHAMH O TOM, YTO
ecmecmeeHHbLil x00 epemeHu coomeemcemeyem 2./lO66UleOMy YMEeHbWEHUIO TJIOMHOCMU
SHepauu.
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OTO mpenroAoKEeHHEe OBIAO CAEAAHO paHee, Ha OCHOBe (aKTa paclUINpeHUs
MEZK3BE3HOTO IPOCTPaHCTBAa B HallleM pykKaBe ['anakTuku Maeunbii [Iyte. OTcroga, gag
TOTO, 4TOOBI YCKOPHUTBH IIPOIIECC CYIIECTBOBAHUS MAaTepPHUH, HEOOXOOUMO IOIOAHUTEABLHO
YMEHBIIUTbL I[AOTHOCTb 93dupa. IDTO0 [OBa COTAACOBAHHBIX Ipollecca, 3PdeKT
CKAQ[BIBAECTCHd, a B PE3yAbTATE BHEIIHHUX CAY4YaMHBIX BO3ACHUCTBUN MOIYT IIPOU3OUTHU
JOIIOAHHUTEABHBIE II€pexXoAbl MEXKAy MOHUCKPETHBIMH YpPOBHAMH 5SHeprun. C agpyroi
CTOPOHBI, IPU IOIBITKE 3aMEIAHTH IIPOLIECC CYILIECTBOBAHUSA MAaTEPHUH, HEOOXOIHMO
UCKYCCTBEHHO «YIIAOTHSTHL» 3(PUP, CO31aBaTh 00AaCTb CKaTHUG YIPYrod 3(pUpHOH Cpeabl.
Tako#i mpoliecc HaIIpaBA€H IIPOTHB €CTECTBEHHOI'O YMEHBIIEHHS IIAOTHOCTH 3(HUPHOU
SHEPTHUM Cpeabl, 4YTO MPHBOAUT K BblUUTAHHIO 3ddekToB. [lpu Takoid curyanuu,
CAy4YaMHBbIE BO3AECUCTBUA MEHEE CYIIECCTBEHHEI.

PaccMmoTpuM SKcIepUMEHTBI, KOTOpble OBIAM OpPraHU30BaHbl II0 MOAaHHOH TeMe
komnanueii OOO «Aaboparopuss HoBwix Texuoaoruit Papaneii» B 2003 roxmy. B
COBMECTHOM IIpoeKTe ¢ YepHoOpoB, HaMH OBIAO IIOCTPOEHO U  HCIIBITAHO
9KCIIEPHMEHTAABHOE YCTPOMCTBO, CAEAaHBl M3MEPEHHd, MofaHa 3adBKa Ha IIaTEHT, U
IIPEeIAOKEHBI HOBBIE METONbl TEXHUYECKOM peasnsanuu naHHoM wuaeu. l3ob6pereHue,
KOTOPOE MBI IIPEIAOKHAH, OTHOCHUTCH K CIIocO0aM U YCTpOHCTBaM [AsS YyIIpaBAE€HUS
TEMIIOM Pa3AWYHBIX (PHU3UYECKHX IIPOIIECCOB, BKAIOUAad CaM IIPOILIECC CYIIECTBOBAHUS
MaTepuu B I[POCTPAHCTBE-BpeMEHH. Pasymeercs, mgaHHoe H300peTeHHE HUMeeT
IIPaKTUYECKHU II0A€3HOE IIPHUMEHEHNE, KOTOPOE MBI PACCMOTPHUM II032KeE.

Hamu O6bina  mnomanHa 3agBkKa Ha  «Cmmoco® M yCTPOHCTBO — yIIpaBAEHUS
TEMIIOPAABHBIMH  XapaKTEPHUCTHKaMHU (PU3HMYECKUX [IPOLIECCOB IIyTeM H3MEHEHUd
IIAOTHOCTH 3Hepruu npocrpancrBar, Noe 2003110067 ot 09 ampeas 2003 roga. Co-aBTOPHI
®ponroB A.B. u Hepro6poB B.A. PaccMOTpHUM HUCTOPHIO JAHHOTO U300PETEHUS.

Puc. 155. YepHo6poB B.A. u ®poaoB A.B. Ha KoH(pepeHITUH
«Mamuna Bpemenn» 2003.

Panee nmpemaarasrch pa3aHdHbIE CIIOCOOBI M YCTPOMCTBA [IAS OKA3aHUSA BAHSHHS Ha
CKOPOCTBH (PU3UYECKUX U XUMHYECKUX PEaKIIHM, OMOAOTHYECKUX ITPOIIECCOB AU IIEPHOAA
KoAaebaHU# cucreMbl. B paborax H.A. KosbipeBa ommcaHbl 5KCIIEPUMEHTHI 110 BAHSHUIO
OJHOIroO IIpollecca, HaIllpuMep, HUCIApPEeHHUS HAHM KPHUCTaAAM3allud BeEIECTBa, Ha IIEPHUOL
OPYyroro IIpoliecca, KOTOPBIM HgBAdETCS MOATYUKOM H CpPaBHUBAETCd C 3TAAOHHBIM
KoaebaTeAbHBIM IIpolleccoM. B omHOM caydae, B o00aacTH IIPOCTpPaAHCTBA PSIOM C
IIPOLIECCOM HCIIApEeHHsI BEIEeCTBa, TeMII KoAeOaHHM naTduKa yMeHbIaeTcd. B apyrom
cAy4dae, psIOM C MPOIECCOM KPHUCTAAAU3AIIMM BeELIECTBa, TEMII KoAeOaHUH aaTduka
YBEAUYHBAETCH.
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Hcroap3yd TEPMHH «QHTPOIIHMS» MOXKHO CKasaTb, 4YTO IIPOIECChI, HAYIIHE C
YBEAHYEHHEM OHTPOINHM, HAIpHUMep IIepexo[ BeIIeCTBa H3 TBEPIAOTO COCTOSHUS B
KHUJIKOE, CO3/al0T BOKPYT cebd Takoe BAHSHHE Ha MaTEepPHIO (OKPYKAalOIHe MIPOILEeCCHI),
YTO DHTPOIIHS CHCTEM yMEHBIIaeTCHd. B IIPOTHBOIIOAOXKHOM CAydae, HAIIPUMEpP, PSIOM C
ITPOLIECCOM KPHCTAAAU3AIINH, SHTPOIIUS CUCTEM B 00AACTH IIPOCTPAHCTBA OKOAO JAHHOTO
IIpoliecca YBEAUYHNBAETCS.

Ko3bIipeB BBeEA TEPMHH «BOAHA ITAOTHOCTU BpPEMEHH», U CIEAAA BBIBOI O TOM, YTO,
KpOMe TaKOM XapaKTEePUCTUKU KaK «HaIIPaBA€HHOCTB», BpeMs NMeeT aKTUBHbIE CBOHCTBA,
HaIIpUMep, [IAOTHOCTb. Pa3BHTHe [AHHOIO IMOAXOAa B IIPUKAQIHBIX IIEAdX Tpedyer
raAybokoro aHaanza (PU3NYECKOIO0 CMbBICAA IIOHATHUS <«IIAOTHOCTH BpeMeHH». CBHA3b
HAIIPaBAEHHOCTH BpPEMEHH U SHTPOIIMM CHUCTeMBbl Oblaa IOKazaHa B paborax Habu
[IpuroxkuHa «BBenmeHre B TepMOAMHAMHKY HeOOpaTHMBIX IIpolleccoB», 1964 roxa [88]. B
pabore CaxapoBa «KBaHTOBBIE (PAYKTyallMH BaKyyMa B HUCKPHUBAEHHOM IIPOCTPAHCTBE U
Teopusd rpaBUTanuN» [89] mpenaokeHa KOHIIEIIIHS CTPYKTYPhI BaKyyMa.

B CIIIA mmpoko u3BectHa pabora Xapoapna Ilyrxoda «MokeT Au BakKyyM OBITH
CKOHCTPYUPOBAH [IAS TMIPUKAAQAHBIX 3a1a4d KOocMOHaBTUKU?» [90], B KoTopoi#l OH
paccMoTpeA IPUKAAAHBIE ACHEeKTbl HU3Yy4YeHUS CTPYKTYPhl BaKyyMa, B OIIHCAA CIIOCOD U
YCTPOMUCTBO OAL IOAYYEHUS ABUXKYIIEU CHABI 38 CYET U3MEHEHUd CBONCTB BaKyyMa.

CyOcTaHIIMOHAABHAS KOHIIEIIIIHS BPEMEHH U METOMbI CO3/aHHS BOAH IIAOTHOCTU
9HEPTHH, TaKXKe OBbIAM pacCMOTpeHbl B pabore «Bpemsa — ¢usudeckas cybCTaHIIHA»
[Ipodeccopa Byrycoma K.II., 1991 rox [91]. B kuHure Beaoctoikoro FO.I'. «Hto Takoe
Bpema?» [62] mokazaHa CBA3b IIOHSITHH BpeMeHH U 3(pupa, KoTopas pacCMaTpHUBaAach B
JAHHOM KHHUIe B acTPO(HU3UYECKOM CMbICA€. MOXKHO CKasaTb, 4YTO COBpPEMEHHas
KOHIenus 3upa yCIIENTHO pa3BuBaeTcd B paboTax AmokoBckoro B.A. [92].

B mpyrux crarpax, B 4acTHOCTH, PporoB A.B. «Pusmyeckue IPHUHIUNBLI MalllHHbI
BpeMeHM» [93] OBIAO ITOKA3aHO, YTO OAS IPAKTHYECKOI'O0 Pa3BUTHHA IKCIIEPHUMEHTAABHBIX
pabotr B maHHON 00AacTH, IleA€COOOpPAa3HO YTOYHHUTH TEPMHUHOAOTHIO, U pPacCMaTpUBaTh
«BOAHBI IIAOTHOCTH BPEMEHMH», KaK nNpoooJibHble B80JIHbL NJAOMHOCMU 3SHepauu 8
npocmpaHcmee. IIpu 3TOM HOHATHE «IIAOTHOCTH BPEMEHH» HMeeT (PU3HUYECKUH CMBICA
IIAOTHOCTH SHEPTUHU (IIAOTHOCTU 3(PUPHOU Cpelbl).

[aHHpIE  HoAXOn  IPaKTUYECKH  PEaAU3yeTCsS  JACKTPOTEXHUYECKUMH U
PAOHOTEXHUYECKUMHU METOAaMH U SIBASIETCS Pa3sBUTHEM d(PHUPOAMHAMUYECKON KOHIIEIITHH
dapamea o NpUpPoOAE SAEKTpPUUECTBA M MarHetusma (cMmorpure ToM 3 TpynoB Papanes
«OKCepUMeHTaAbHBIE UCCAEOBAHUS II0 AAEKTpUYIecTBY» [93].

PaccmarpyuBasg  OOBIYHBIH  ABYXIIOAIOCHBIH ~ MarHUT C  TOYKH  3PEHHS
3(pUpPOANHAMHUKH, MOXKHO CKa3aThb, YTO OH IIPEACTaBAsSIeT cOOOM HMCTOK M CTOK 3dupa, TO
€CTh COaAaHCHPOBAHHYIO 3HEPreTUYECKYI0 CHCTEMY, KOTOpas HE H3MEHSEeT IIAOTHOCTH
SHEPrUM B IIPOCTPaHCTBEe. B TakoM caydae, O4YEBHIHO, YTO CO3MaHHE MAZHUMHOZ0
MOHONO/Sl, WUAW MOOEAUPOBAHNE KBA3WMOHOIIOAS JSAEKTPOAMHAMHYECKUMHU METOIaMH,
ABASIETCS TEXHUYECKOH OCHOBOM MOAYYEHUS AOKAABHOTO M3MEHEHHS IIAOTHOCTH SHEPIHUH B
IIPOCTPAHCTBE.

Kpome MarHWUTHBIX ABA€HHI, MOXKHO HCIIOAB30BaTh JAEKTPHUYECKHE IIPOLIECCHI.
Hampumep, BOIpoc O CO3aHHM IIPOAOABHOH BOAHBI OBIA paccCMOTpeH B paborte
[Ipodpeccopa ByrycoBa «CummeTrpusamus ypaBHeHHE MakcBeasa — AopeHna» [43], B
KOTOPOH OH TIIOKaszaa, 4YTO 9eKmpuuecku 3apsiokeHHas cgepa MmoxKem U3Ayuamo
NPOOONIbHYIO BONIHY, NPU USMEHeHUU paduyca cgepsl, TO €CTb €€ IOBEPXHOCTH, IIpH
COXPaHEHUH BEAHMYHMHBI 9AEKTPHUYECKOIO 3apsia, HaXOAdIerocd Ha JaHHOM IIOBEPXHOCTH.
[aHHBIN METOHN — 3TO OAMH M3 BapPHAHTOB pPEaAH3allMd TEXHOAOTHH, CYymb KOMOpou
cocmoum 8 UsMeHeHUU NIOMHOCMU SHep2UU.
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V3aMeHeHHe BEAWYHHBI IIOBEPXHOCTH 3apsK€HHOM cdepbl, NIPH COXpaHEHUH
KOAMYECTBa 3apsfa, COo3/aeT M3MEHEHMHEe IAOTHOCTU 3apsa Ha €OUHUILy ITOBEPXHOCTH.
Oxkpyzxaroiiaa aupHas cpefa BbIHYXK/AeHa KOMIIEHCHPOBaTh JaHHOEe U3MEHEHUe, U B Hel
co3zmaeTcd IHIpoaoAbHas BoAHA. Bmpouem, kKak mnokaszaa [Ipogeccop ByrycoB, MOKHO
co3aBaTh IIPOJOABHBIE BOAHBI 0€3 3A€KTPOMArHUTHBIX METOMOB, IIyTeM H3MEHEHUs
O00BEMHOM IIAOTHOCTH BEIIECTBA. OTHM BEIIECTBOM MOXKET OBbITH AIODOOE BeEIECTBO,
HaIIpUMep, ras, 3 KUJIKOCTh, VIIPYTroe TEAO HAU IIAa3Ma.

B cBg3u ¢ 9TUM, UMEET CMBICA HAIIOMHHUTBL METO, KOTOPBIH omrcaH [1oASKOBBIM B
KHHUre «OKCIepUMeHTaAbHasd TrpaBUTOHUKa» [4]. ITloagkoB paccMaTpuBaeT BOIIPOC
reHepallid TpPaBUTAIIMOHHBIX BOAH IIPH  BBICOKOYACTOTHOM II€peMarHHYHBaHUU
deppoMarHeTKa, To eCTb IIpU 06 beMHOU MmMazHUMOCMpuUKyUU geujecmaa. [IoCKOABKY, TIpH
9TOM SBA€HHH, H3MEHHAETCS IIAOTHOCTH BeIleCTBA, TO €CTh IIAOTHOCTb OJHEPTHH B
IIPOCTPAHCTBE, 3aHHMAaeMOM BELIECTBOM, TO OOBEMHAas MAarHUTOCTPHUKINS SBASIETCS
YACTHBIM CAyYaeM H3MEHEHHsI IIAOTHOCTHU OHepruu. I[lomoOGHBIM 006pa3oM, MOIKHO
Cco3/1aBaTh MPOAOABHBIE BOAHBI IIPHU MOYASIIIMH [IAOTHOCTH AIOOOTO BeIlleCcTBa.

PaccmoTpyuM CyTh M TEXHHUYECKHE BO3MOXKHOCTH CXEMbI, KOTOPYIO ITPEIAOKHA
Banum AaekcanapoBud YepHoOpoB B KHure [95]. OH ommcaa criocod M YCTPOUCTBO OAd
YIpaBA€HUS TEMIIOPAABHBIMH  XapaKTepUCTUKaMH (U3NYECKHX U XUMHYECKUX
IIPOLIECCOB, IIyTEM CO3aHHUI MOAEAH MarHUTHOT'O MOHOIIOASI (KBA3MMOHOIIOASI), B KOTOPOM
obpa3yeTcs CXOAdIAascs BOAHA OT HECKOABKHX HCTOYHUKOB, PACIIOAOKEHHBIX Ha
cpepryeckoM KopIiyce. B COOTBETCTBHH C MOaHHBIM CIIOCOOOM, B MHOTOCAOMHOM
chepryecKoi KOHCTPYKIIMHU, Ile KaxKIbIH U3 CAOEB (Tak Ha3blBaeMasl «3A€KTPOMarHUTHas
pabodyag  IIOBEpPXHOCTE»)  IBAIETCH  COBOKYIIHOCTBIO  3A€KTPOMArHUTOB,  IIyTEM
IIOCA€IOBATEABHOTO BKAIOYEHHSI CAO€B CO3A€TCd BOAHA, CXoAdlascd K LEHTPY
ycTpodicTBa. YCTpoHcTBO, IIo cxeMe YepHOOpoBa, HMeEeT OAWH MAarHUTHBIH IIOAIOC
CHapyXU M [Apyrod MarHUTHBIM IIOAIOC BHYTPH, TaKUM o00pasoM, MOIEAHPYeTCs
MaKpPOCKOIINYECKUH MarHUTHBIH MOHOIIOAD.

Mbl moaaraeMm, YTO MPHU YCAOBHH CHH(A3HOM paboThl BCEX HCTOYHUKOB BOAH,
WHTEeP(EPEHIINS TPOAOABHBIX BOAH OO0€CIIeYMBaeT HEKOTOpOoe H3MEHEHHE BEeAWYHHBI
IIAOTHOCTH SHEPTUHU IIPOCTPAHCTBA B POKYCE CUCTEMEI.

OKcriepuMeHTaAbHble (QAKThl COCTOST B TOM, YTO PAaCIOAOXKEHHBIE B IIEHTPE
yCTpOHCTBa OATYUKH, HAIIPUMEDP, MEXaHUYECKHUE HAM SACKTPOMATHHUTHBIE OCILIUAASTOPEI,
II0OKa3bIBAIOT H3MEHEHHEe IIEpHoZla COOCTBEHHBIX KoAebaHuii. Mpbl obecrniedmnBasu
3KpaHUpOBaHUE AATYUKOB OT TEIIAOBOIO U APYIOro 3AEKTPOMArHUTHOTO BAUGHUS. Takum
o06pa3oM, MOXKHO yTBEPKAATH, YTO OATUYHUKU 3aMEIASIOT HAW YCKOPSIOT CBOM IIEPHOL
KoAeOaHUS B 3aBHCHMOCTH OT CO3[1aBaeMO IIAOTHOCTH SHEPTHHU B IIEHTPE YCTPOUCTBA.

OnHaKO S5KCIEPUMEHTHI, IPOBEOEHHBIE C HCIIOAB30BAaHHEM TAaKOI'0 YCTPOMCTBA,
TPeOyIOT TIIATEABHOH HACTPOMKH BCEX UCTOYHHKOB BOAH [IASI OOeCIIedYeHHsT UX CHH(A3HOHU
pabotel. [Ipu 3TOM CTabHMABHOCTH PabOTBI BCEH CHCTEMBI 3aBHUCHT OT CTAaOMABHOCTH
paboThl KaxKAOTO W3 HCTOYHHUKOB BOAH. [IOBBIIIIEHHE YaCTOTbI HMIIYABCOB IIPUBOOIUT K
yBeAHdeHHI0 A3QdeKTa, HO OHO OrpPaHHYEHO IIapaMeTpPaMH JAEKTPOMATHUTOB H
reHepaTopa HUMIyAbBCOB. Kpome Toro, mas yBeawmdeHud 3¢dpdekTa HeoOXoauMbl Ooaee
MOIIIHbIE  HCTOYHHUKH  OAEKTPOIIUTAHHS, IIOCKOABKY CHAA TOKa B  OOMOTKax
5AEKTPOMAarHuTOB oIpeaeAseT BEAUYUHY MaTHUTHOTO TIOAST C03/1aBae€MOTO
KBa3HUMOHOIIOAS.

[TockoABKY 3((PEeKTUBHOCTE IIOIOOHBIX CHCTEM HENOCPEACTBEHHO 3aBUCHUT OT
4acTOThl M BEAWYHHBI H3MEHEHHH IIAOTHOCTH OSHEPTUM B IIPOCTPAHCTBE, TO MBI
opegsaraeM B caefyrolledl BepcHM peaAn3allMy JaHHOIO ycTpolicTBa IIPUMEHUTH
IIAa3MeHHbIe O00AOYKH BMECTO 3AEKTPOMATHHUTHBIX PabOYHNX ITOBEPXHOCTEH, YTO ITO3BOAUT
3HAYUTEABHO IIOBBICUTH V/IEABHBIE XapaKTEPUCTHUKH yCTPOHCTBA.
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PaccMoTpMM OCHOBHBIE TEXHHYECKHE I[IPHHIUIBI paboTbl, M HAMETHM IIyTH
pasBuTHg pnaHHoro wmetona. llepedimem K pucyHKam. Ha Puc.156 nokazana cxema
OCHOBHOI'O 3AEMEHTAa - TPEXCAOMHOIO 3ACKTPOMATHHUTHOIO H3AyYaTEAd, IIPEIAOKEHHOIO
YepHOOpOBEIM B.A.

Puc. 156. TpexBUTKOBBIY u3AydaTesb YepHoOpOBa.

KoppekTHee ObIn0O OBI CKasaTh, YTO 3TO «BHOpaTOp», IIOCKOABKY ero pabora
IIPOU3BOAUT TaKWe BUOpallMu 3(PUPHOM cpenbl, IIPU KOTOPBIX CO3MAETCs HaIlpaBAEHHOE
U3AYYEHUS BOAHBI ITAOTHOCTHU SHEPTUU BIOAbL €ro OCH. [JaHHBIH 5A€MEHT KOHCTPYKIIUHU
paszpaboran mo uaee YepHoOpoB Bammma AaekcanapoBuda. OH He paccMaTpUBaA 3Ty
TEXHOAOTHIO, KaK «yIIAOTHEHHE» HAM «pa3pskeHUe» d(pupHoH cpenpl. [lo ero mMHeHHIO,
JaHHBIA 9AEMEHT IBAGETCH «MarHUTHBIM KBa3H-MOHOIIOAEM).

C mpyro#l TOYKHU 3peHHsd, TPEXBUTKOBBIN «BHOpaTOp» IIpeaHa3Ha4YeH AT CO3OaHUS
HaIIPaBA€HHOM BOAHBI IIAOTHOCTH 3HEPTrUH, KoTopasd popMupyeTcs B 2(pUPHOU cpene 3a
CYeT HCIIOAB30BaHUA (Pa30BOr0 CABHUra B pPaCIPOCTpPaHEHHUM (PPOHTA HMIIyAbCA TOKA,
IIOCA€IOBATEABHO IIPOXOASIIEr0 TPeX ydacTKa ToKa ii, i, i3, KOTOPbIE CMEILIEHBI BA0OAb OCH
9AEKTPOMAarHuTa Ha HEKoTopoe paccroguue d.

YcrpoiictBo paboTaer caenyrommMm  obpaszoMm. IIpm  BKAIOYEHHH TeHepaTopa
HMIIyABCOB Ha BbIBoAe 4 mogBageTcd (PPOHT HMIIyAbca ToKa io. 3a cuer
IIPOCTPAHCTBEHHOT'O CMEIIEHHS y4acTKOB TOKa 1, 2 U 3 OTHOCHUTEABHO APYT Apyra BIOOABb
OCH dAEKTpOMarHuTa Ha paccrosgHue d, ppoHT UMIIyAbca Ha ydyacTKe 1 orepezkaeT OpPOHT
HMIIyAbCa Ha y4acTKe 2, a TOT B CBOIO o4yepeab orepekaeT (PpOHT UMITyAbca Ha ydacTKe 3
Ha HeKoTopoe BpeMs T. BTopoil BEIBOJ 3A€KTPOMAarHUTa S PaCIIOAOKEH TaKHUM 00pas3oM,
4T0 (PPOHT HUMIIyAbCa Ha ydacTke 1 OyaeT oTcraBaTh OT (PpOHTA HUMIIyAbCA HA ydacTKe 2,
KOTOPBIH TakyKe OTCTAaeT OT (PpPOHTA HMMIIyAbCa Ha ydacTke 3 Ha To e camoe BpeMmsd T,
II0O9TOMY Ha y4acTKe S5 BHOBB (POPMUPYETCHd €IUHBIH (PPOHT UMIIyAbCA.

BpeMms 3azmepKKHU pacrpocTpaHeHus (ppoHTa UMIIyAbca T 3aBHCHT OT PacCCTOSTHUS
d. Tlpum KaxkagoOM HMMIIyAbCE TOKa, BeAMYMHa T (OTHOCHUTEABHOH 3alepXKKH (poHTa
HMIIyAbCa) OCTaeTcd Heu3dMeHHoH. TakuMm oOpas3oMm, IIPH KaXKIOM HMIIYABCE CO30a€TCs
II0CA€JOBATEABHOE BO30YKIEHHE CAOEB SAEKTPOMATHHUTA C OUYEHBb BBICOKOM 4aCTOTOH.

[IpuMep pacyeTa 4acTOTBHI: OAS BEAUYHHBI CMEIIEeHHU BUTKOB KATYIIIKH U3AYYaTEAS
(Puc. 156) paBHoit d=7MM yacToTa Oyznet paBHa npumepHo 4,28-1010 (Fepir).

JlaHHad KOHCTPYKIIUS TPEXCAOMHOIO 3A€KTPOMATHUTHOIO H3AyYaTEAS II03BOALET
co3maBaTh IIPOJOABHBIE BOAHBI CBEPXBBICOKOYACTOTHOIO, HAIIPHUMEDP, MHUAAMMETPOBOIO
auaria3oHa, 0e3 MOPHUMEHEHUS [IOAYIIPOBOAHUKOBBIX M APYTHX PaIUOTEXHHUYECKHX
9AeMeHTOB. BaxkHO cobaAogaTh CHH(PA3HOCTh BCEX H3AyYATEACH, YTO ABAFETCH IIOYTH
HEBBIIIOAHUMOM HWHIXKEHEPHOM 3azadeii. IIpoBoma muTaHWs, KOTOPBIM MOABOAST TOK K
KasK[IOMYy H3AY4YATEAI0, AOAXKHBI UMETh OAWHAKOBYIO JAWHY OT TOYKH IIOAKAIOYEHUd K
reHepaTopy HMMIIyAbBCOB. [IpM  HM3roTOBAEHUH  3KCIIEPUMEHTAABHOM  KOHCTPYKIIHH,
cocrosiy u3 12 «BubOpaTopoB 3pUpPHOH Cpenbl», HAM HE YAAAOCH IIOAHOCTBIO PELIUTH
mpobdaeMy CHH(PA3HOCTH, U ObIAM HAa¥IeHbI HECKOABKO APYTHUX METOAOB, HE UCITOAB3YIOIIHX
MHOZKECTBO OTIAEABHBIX U3AYYATEACH.
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Bripouem, 3amada CHHXPOHH3AIlMM HECKOABKHX H3AydaTeAel H3BecTHa B
paguoTexHUKe. [IAs ee pellleHUs, IIPU KOHCTPYHUpPoBaHUH (pa3dupoBaHHBIX CBY aHTEeHHBIX
pPELIeTOK IIPUMEHSIOT yIpaBAadeMble asoBpamareAn. Kakapii W3 BOAHOBOJOB
IIOACTPaMBaeTCd C IIOMOIIbI0 (pazoBpalaTeas TaKuM obpa3oM, YTOObI (pa3bl BCEX BOAH,
UOYyINUX OT OTHOEABHBIX H3AydaTeAed, coBHamaAu B TodkKe (OKYyCHPOBKHU. OmHAaKO,
IpuMeHeHHe Qas3oBpalaTesei 3HAYHUTEABHO YBEAWYHBAET CAOXKHOCTb U CTOHMOCTH
KOHCTPYKIIHH.

Hanee, Ha Puc. 157 nokazaHo cdeprudecKkoe pa3MelleHue U3AydaTeAel Ha BepxHeH
U HUXKHeH noaycgepax KopIiryca, KOTOPbIF MOXKET OTKPbhIBAThCH, JA Pa3MEILIeHUs BHYTPHU
HETro MNaTYMKOB, U Pa3AWYHBIX 00BEKTOB. HaMM HCIIOAB30BaACs ITAACTHKOBBIM KOPILYC,
KOTOPBIH JOIIOAHUTEABFHO 3KPAaHHUPOBAACS HECKOABKUMU CAOSIMU aAIOMUHHEBOH doabru. B
IOCAEAYIOIIEeM, ObIA ITPUMEHEH ITPUHIIUII «MaTPELIK», U Jo0aBA€Ha BTOpad chepudeckas
IIOBEPXHOCTD, yCUAUBAIOIasl KBa3u-MOHOIIOAB, Pric.158.

[IBa cepHyUecKHUX CAOSI, IIPHU CHHXPOHHOH paboTe BCEX H3AydaTeAeH, MOAIKHBI
co3naBaThk O0oaee MOIIHBIN 3(PPEKT «CXOAAIIEHCT IAeKTPOMATHUTHOM BOAHBI», KaK IIHCAA
YepHoOpoB. [pyruMH cAOBaMu, 3TOT MeTon obecredynBaeT 0Ooaee CHABHOE AOKaABHOE
U3MEHEHHE MAOTHOCTH 3(pupa B LIEHTPAABLHOM ob6AacTu cheprIeCcKUx 060A0UEK.

OTMeTUM, YTO IIyThb YBEAWYEHHS MOIIHOCTH 3¢deKTa, KOTOPbIM OCHOBaH Ha
YBEAUYEHHUH YHCAA H3AyYaTEA€H M yBEAMYEHHH 4YHCAA CAOEB «MATPEIIKH» 3HAYUTEABHO
YCAOXKHAET 3a1a4y (POKYCHUPOBKH BCEX BOAH B LIEHTPAABHOM TOYKE.

Q0 O
DO o0Q
OO0 QO

O ©¢

Be nonycdepsl
o yepep 6e3 akpaHa C 3KpaHOM

Puc. 157. Cdeprueckunii KOpIIyC U H3AydaTeAn B aabopaTopuu Pporosa, 2003 rop.

OTMeTUM, YTO OO0 Hallled coBMecTHOI paboTkl, HepHOoOpoB B.A. He paccMmaTpuBas
3(UPOAMHAMHUKY, KakK IIPHYHUHBI HabAomaeMbix 3¢pdeKkToB. [loHMMaHue 3QupHOH
IPUPOABI XPOHAABHBIX 3(P(EeKTOB maeT OOABIIINE MEePCIEKTUBBHI PaA3BUTHUA TEXHOAOTHHU
yIpaBA€HUSI CBOMCTBaAMHU IMIPOCTPAHCTBA — BPEMEHH, KaK B IIEAIX CO3JaHUS ABUXKYIIEH
CHABI, TaK U B JPYTUX aCleKTax.

Puc. 158. [IByxcaoiiHag KoHCTpyKIus. Poto ¢ KoHMDepeHnun «MammuHa Bpemenn» 2003 rog.
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OtMmeTuM, uTO B IIpoekTe B.A. YepHOOPOB aKTHBHO YYaCTBOBAAH YAEHBI €TO
rpynnbel  «KKOCMOIIOMCK». Bpl Moxkere HaiiTu 5Ty rpyniy BKonTtakTe. Ha Puc.159
rokaszaHa 6oAbIllasgs KOHCTPYKIIMS, pas3Mepbl KOTOPOH II03BOASIIOT PACIIOAOKHUTH BHYTPH
Hee JYeAOBEKa.

Puc. 159. Ogna u3 KoHCTpyKiuit B.A. YepHOOGPOB HA MIOAEBBIX UCIBITAHUSIX.

PsagoM C BSKCIEPUMEHTAABHOM yCTAaHOBKOM Ha ¢oTorpaduu CTOHUT YEAOBEK B
3aIUTHOM cKadaHape.

ABtopurer Bamuma  AsekcanapoBuya YepHOOpoB, B  OaHHOM  obaactu
UCCAEIOBAHUM, He IOIAEXKUT COMHEHUI0. MBI IT03HAKOMUAUCE B 1996, Ha KOoH(pepeHIUH B
CaukT — [letepbOypre, U 3TO IIPUBEAO K HAYaAy IIPOrpPaMMbl MHOTOAETHHX HCCA€IOBaHUY,
KOHCTPYHPOBaHMUA U HCHbITaHUU. O pe3yapTaTax 5THUX 3KCIEPHMEHTOB YHUTATEAb MOXKET
npountaTh B KHHrax B.A. YepnoOpoB. K coxkaseHuro, puHaHCHpPOBaHHE II0 AAHHOH
nporpaMMe OBIAO OTPAHUYEHO, M MBI €€ pPeaAn30BaAM MHUHHMaAbHO. lmeeT cwmbIca
IPEeNAOKUTE IIyTH Pa3BUTHS JAaHHOM TEXHOAOTHU, U HOBBIE KOHCTPYKTHBHBIE PEIIEHUSI.
Bo3MozkHO, 3Ta HHGOpPMAaIUsa 3auHTEePeCyeT HHBECTOPOB.

[IpakTHUdecKoe IIpUMEHEHHE MOaHHOM TEXHOAOTHH, KaK MeToda BAHSHUS Ha
CBOMCTBa Pa3AMYHBIX MATEPHUAAOB, CKOPOCTH IIPOTEKAHUST (PUIUYECKUX U OHMOAOTHUYECKHUX
IIPOIIECCOB, a TaKXKe XUMUYECKUX peaklUii, BKAIOYaeT B cebd BO3MOXKHOCTD
[e3aKTUBAllUN PAAUOAKTHBHO 3apa’k€eHHOM MECTHOCTH U OOBeKTOB. HamowmHio, 4To
3(ppeKT H3MEHEHUS CBOMCTB IIPOCTPAHCTBA-BPEMEHU CO3[AETCS HE TOABKO BHYTPHU
YCTPO#CTBA, HO U CHAPYKH.

MbI Tak:Ke OXHIAAU IIOAYYHUTH OKCIIEpHUMEHTAAbHBIE [OKA3aTEAbCTBA TEOPHH
XPOHOAWHAMHKH, TO €CTb, HEKOTOpble AaHTUIPABHTAIIMOHHBIE d3(P@EKThl, HO, B
skcnepuMeHTax 2003 roma, 3HAYUTEABHOTO HM3MEHEHHs Beca IIPOOHBIX TeA, IIpU pabore
YCTpPOHCTBa, HE OBIAO OOHAPYZKEHO.

PaccMoTpuM IyTH pa3BUTHS IIpegaaraeMoyd KOHCTPYKIIUH yCTPOMCTBA, CIIOCOOHOTO
II0AYYaTh yIIpaBAsgeMble U3MEHEHUsI CBOMCTB a(puUpHOH Ccpenbl (IPOCTpaHCTBA — BPEMEHH).
B mpyrom BapuaHTe peasusanuu ycrpoicra, Puc.160, mokazaH BapuaHT BOIIAOIIEHUS
pegaaraeMoro criocoba B BHIE C(PEepHUUECKOro SAEKTPHUYECKOTO KOHIEHcaTopa C TpeMs
obkaamKaMHM, KaxKaas U3 KOTOPBIX IIOJKAIOYAeTCH K BBIXOAY Tpexdas3HOro reHeparopa
UMIIYABCOB. OTa Hies IIpefaarasach B Hallled nareHTHoOH 3asgBke No 2003110067 ot 09
amnpeas 2003 roxa.
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TPU COEPUYECKUX KOH/IEHCATOPA
TPEX®A3HBINA | \/ | PA3JIENEHHBIX AU3/IEKTPUKOM
UCTOMHUK
{ Bbicokoro
HANPAXEHUA

Puc. 160. Tpexdasznblii chepudecKHuY KOHAEHCATOP.

CoOcTBeHHO, HE TaK JAaBHO, Hallla IIUBUAW3AIIHS CTaAd HUCIIOAB30BaTh TpeX(asHble
TOKH, KOTOpbIe OYeHb VIOOHBI OAS CO3[AHHS BpAIEHHS pPOTOPa SAEKTPOMArHUTHBIX
MoTopoB. [Ipemaaraemass KOHCTPYKIIMA Tpex(a3HOTo (MHOrogasHOro) KOHAeHcATopa
co3/1aeT He BpallleHHe, a CXOOSIIYIOCS AW PACXOASIIYIOCS BOAHY ITAOTHOCTH SHEPIUHU B
OKpyzKarlle cpene, IpHUYeM, KakK BHYTPH, TaK K CHapyzKH TaKOro Tpexdas3HOoro
0o0BbEeMHOTO KOHAeHcaTopa. B maHHOM caydae, 3peKT H3MEHEHUs IIAOTHOCTH 3dupa
co3naeTcd 0€3 OTOEABHBIX OACKTPOMATHHUTHBIX H3AydaTeAei. [laHHBIM MOPUHIUI He
OTHOCHUTCH K 00AaCTH MOJEAWPOBAHHS MAarHHUTHOTO KBA3WMOHOIIOAS II0 METOIHKeE
YepHobOpoB. IIpu Takom meTome, He TpebyeTcd HACTPOHKA OTAEABHBIX HCTOYHHKOB BOAH
A paboThl B CHH(pA3HOM pPERHME, YTO Oo0ecedyrBaeT HaMEeXKHOCTh PabOoThl yCTPOHCTBA
II0 CPABHEHUIO C KBA3UMOHOIIOAEM.

Kpome Toro, mpormecchl 3apsiia U paspsaa MHOTOCAOMHOTO cepHuuecKOro
SAEKTPUYECKOTO KOHIeHcaTopa TpeOyIoT HaAMHOIO MEHbBIIE 3SHEPrHUH, YeM CO3JaHHe
MOIIIHOTO MarHUTHOTO IIOAS TOKAMH IIPOBOAUMOCTHU, B KOHCTPYKIIUU «KBA3UMOHOIIOASIY.

[TockoABKY 3PEeKTUBHOCTb IIOJOOHBIX CHCTEM HEIIOCPEACTBEHHO 3aBHUCUT OT
4acTOThl W BEAWYHMHBI HN3MEHEHUM IIAOTHOCTH OJSHEPTHH B I[IPOCTPAHCTBE, TO MBI
opegsaraeM B CAEOyIOLIEH BEPCHH peaAu3allMd [OaHHOIO YCTPOHCTBa IIPHUMEHHUTH
IIAa3MeHHbIE 000AOYKH BMECTO AEKTPOMATHUTHBIX PA00YUX [TOBEPXHOCTEH, YTO TO3BOAUT
3HAQYUTEABHO IIOBBICHTH VIAEABHBIE XapaKTEPHCTHUKH ycTpoHcTBa. [as 3TOro MOCTATOYHO,
9yTo0Bl cdepudecKrue OOKAaJAKHM MHOTOCAOMHOTO KOHAeHCAaTopa OBIAM IIOMENIEHBI B
ra3oBYIO Cpeay, U BBIIIOAHEHBI B BHUJIE CETOYHBIX 3A€KTPO/AOB, KaK IIoKa3aHo Ha Puc.161.

TPU CETOYHbIX

COEPUYECKUU 3NEKTPOJA

KOPNycC

WOHU3SUPYEMAA
FA30BAA CPEAA

TPEX®A3HbIA UCTOYHUK
MUTAHUA SNIEKTPO4OB

Puc. 161. CxeMa pacIiOAOKEHHUS TPEX CETOYHBIX IAEKTPOJIOB B IIPOCTPAHCTBE MEKAY BHEIIHUM U BHYTPEHHUM
KOPIIyCcOM CpepudecKoii (pOpMEI.

[Ipu 3TOM, BOAHA MAOTHOCTHU 3HEPTHUHU CO3AETCs B ra30Bo# maasMe, Bo30OyzKaaeMoH
TIOCAOMHO HECKOABKHMH CETOYHBLIMU CCpepI/I‘—IeCKI/IMI/I QAEKTPOAaMH, PACIIOAOZKEHHBIMU B
IIPOCTPAHCTBE MEXKAy BHYTPEHHHUM M BHEIIHHUM KopmycoM. Takum oOpasoM, HJaHHBIH
BapHaHT peaAu3allld YCTPOHCTBA MOXKHO OTHECTH K CIocobaM MaHHUIIyAUPOBAHUS
rmaa3Moii. M3roroBaeHHE 3KCIIEPUMEHTAABHBIX YCTPOMCTB MAHHOTO THIA IIEAECO00pasHOo
OpPTaHM30BaTh Ha 3aBOJE, KOTOPBIH IMPOU3BOAUT 3SAEKTPOHHO-BAKYyMHBIE IIPHOOPHI.
OcoOGeHHOCTE TIIpegsaraeMod KOHCTPYKIUU — cdepudeckad QopMa KopIiyca U
9AEKTPOAHBIX CETOK. [‘a30Boe HAaIlOAHEHHE TaKOH KOHCTPYKIIHH, B 00AACTH MEXIY
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chepUIECKUMH KOPIIyCaMH, MOAXKHO OOECIIEYHTBh CO3JaHHEe HOHH3AIlUHM I'a30BOHM Cpensl,
IIPU MHHUMAABHBIX 3aTparTaxX SHEpPrHu Ha ee Bo30yxKaeHue. TpexcasHbId HCTOYHHK
IIUTAHUS [JIOAKEH CO3JaTh IIOCA€IOBATEAbHOE BO30yXKIEHHE CAO€B IIAa3MbI, H 3TO
obecriedUT BOAHY IIAOTHOCTH OSHEPTHH, KOTOpas MOXKET pacCIIpOCTPaHAThLCH KaK IIo
HaIIpaBAEHHIO BHYTPb K IIEHTPY YCTPOHCTBA (CXOMAIIYIOCH), TAK MU II0 HAaIPaBAEHUIO
Hapy’Ky OT LIEHTPa YCTPOHCTBA (PacXoOsIIyIoCs).

3amerumM, 4TO cpepuueckue TpexdasHble KOHCTPYKIIMHU MOTYT OKa3aThCs CAHUIIIKOM
CAOKHBIMH [IASI peaAsu3alliy, 10 CPaBHEHHIO C TEeTPa’ApHUYeCKHUMM KOHIIEHTpaToOpaMu
acupa. Terpasap gBAgeTCd MNPOCTEUININM SAEMEHTOM TPEXMEPHOTO IIPOCTPAHCTBA, KaK
MBI paccMaTpHUBaAH paHee. KOHCTPYKIIMS TaKOro KOHIIEHTPATOPa BBITASIAUT Kak
COBOKYIIHOCTBH YeTbIpeX H3AydaTeAeM IIPOMOABHBIX BOAH, PACIIOAOKEHHBIX B BEPIIMHAX
TeTpasgpa W HaIlpaBAEHHBIX K €ro IeHTPy. BmecTo MHOXKecTBa Katyillek YepHOOpoBa,
[OCTaTOYHO WCIIOAB30BATh UYeThIpE U3AydaTeAsl IIPOMNOABHBIX BOAH. Pasymeercs, Bce
4eThIpe U3AyYaTeAs] JOAKHBI CO30aBaTh UMIIYABChI CHHXPOHHO, HY3KHbBI (Da30BpAaIllaTeAH.

dopMma TeTpasapa MOKET TaKXKE MHCIIOAB30BaThCS U A peasu3alluyd  HOeH
TpexdaszHoro KoHAeHcaTopa U TpexdasHol maazMeHHOM cucrembl, Puc. 160 u Puc. 161.
[ag aTOor0, KaXKaas M3 4eTbIpeX CTOPOH KOpIlyca TeTpasapa, MAOAXKHBI ObITh JIBYXCAOHHOH.
Mexay BHEMIHHMM M BHYTPEHHHUM KOPIIyCOM HA0 PAaCIOAOKUTH TPHU 3AEKTpoaa
Tpexda3HOro KOHZEHCAaTOpa, AU TPU BBICOKOBOABTHBIX CETKH Tpex(asHOH IAa3MeHHOU
CHCTEMBI, aHAAOTHYHO C(pePHUIECKUM KOHCTPYKIIUIM.

HeckoABKO CAOB HEOOXOOMMO CKas3aTh O CaMOM HOee HCIIOAB30BAHUS ITPOIOABHBIX
BOAH A M3MEHEHHS CBOMCTB MPOCTPaAHCTBa-BpeMeHH. ['epbepT YaaAac mucaa B CBOEM
pomane «MallimHa BpEMEHH» O HEKOM MEXaHHYECKON KOHCTPYKIIMH, HO 4 IIpearoaarato,
4TO MIOAHOE NMOHHMAaHHE €ro HJAEH HaO0 HUCKATh ITyTeM OOOOIIEeHHs TEXHUYECKUX HeTasei
OPYTHUX (PaHTACTUYECKHUX KOHCTPYKIUM, KOTOpPhbIe OH OIIFMCAA B CBOUX IIYOAHMKAIIUSAX.
Hampumep, ycTpo#icTBO, co3paroliee HEBUAUMOCTE OOBEKTOB, OIIUCAHO Y3AACOM B pPOMaHe
«JeaoBek — HeBuAMMKar. OH IIHINET O «ABYX H3AYYAIOLINX IIEHTPax», MEXOAY KOTOPBIMH
IOMeIaeTcs 00bEKT. BasxkHO OTMETHUTD, YTO 3TO HE-TePIIEBCKHUE BOAHBI, KAK ITHIIIET YIAAC.
B ero BpemeHa, Tak Ha3bIBAAH IIPOJOABHBIE BOAHBI B 3(QUpHON cpene. IToi
TEPMHUHOAOTHEH «HE-TePILIEBCKHE BOAHBD» TaKXKe MoAb3oBaacsa Tecaa. Ucxoms wmx 3THUX
MIPEAITOAOKEHUM, MOXKHO CKa3aTh, 4TO elle [epbepT Y3AAC TPEIAOKHA HCIIOAB30BATH
HECKOABKO H3quaTeAefI IIPOAOABHBIX BOAH OAd CO3JaHHAd HEBHUANUMOCTH O6’BeKTa.
HarmomHIO yMTaTEeAI0 CyTh TEXHOAOTHH ['peOEHHUKOBA: COBMEIIIEHHE B IIPOCTPAHCTBE ABYX
IIyYHOCTEW CTOSYHX BOAH MAaTE€pPHUH CO3[AE€T «Iy3bIph B IIPOCTPAHCTBE-BPEMEHM,
HEBUAUMOCTb U aHTUrpaButTanmio. I[lo-moemy, I'epbepT VYasaac camy HOe0 MaIllHHBI
BPEMEHU IOMECTHUA B OJHY KHHUTY, a CEKPET €€ KOHCTPYKIINU PaCKpPbIA B APYTOl KHUTE.

[anee, GOABIIYI0O POAb B KOHCTPYKIIMSX, ITOKa3aHHBIX Ha Puc.158 u Puc. 159,
urpaet popmMa UMITyAbCca BO30YKAEHUs, KPyTH3HA ero (ppoHTa U criaga. CHMMeTpUYHbIE
BOAHBI, HAIIpUMeEP, CUHYCOUIAABHBIE, CO3MAIOT IIepeMeHHble BHUOparuu 3(pUPHON cpenbl
«BIlepea-Ha3ad», HO He NepenaroT OMHOHAIIPABAEHHBIH HMIIyABC OKpYyzKarolled aupHOH
cpene. JtoT acmekT ObIA paHee PACCMOTPEH B TAaBe IIPO HHEPIIHOUIBLI, B KOTOPBIX
[OBUXKEHHE B IIPOCTPAHCTBE CO3/JAETCH 32 CUET aCHMMETPUU UMIIyAbCA.

[IpuHIIUIT aCHMMETPUYHOTO IIMKAA CKATHUsS — paclUIupeHus pabodero Teaa
«3(UPHOTO HACOCa» AaHAAOTHYEH IIPHHIUIY pPabOThl TAKOTO HHEPIIMOHAA: HMIIYABC,
riepegaBaeMblii BOAHOHM OKpyzKalolllei cpene B pa3e pacHIuPEeHUs CPeabl, JOAKEH ObITH He
paBeH HMIIyALCY, IIepeJaBaeMOd BOAHOM cpezae IIpU €e CKaTUM, HAHM HaobopoT. B
pe3yabraTre, ympyrad 3QUpHad cpela B ILEHTPEe YCTpoHcTBa OyaerT AMOO CKUMATHCH
(YIAOTHSATBCS) MAM PACIIUPSATHCS (IIOHUKATH IIAOTHOCTB). [lass obaacTH HOpPOCTpPaHCTBA
CHapyKU «3(PUPHOTO HAacCoCa», MOAXKEH IIPOIBAITHCH 3(P(EeKT KOMIIEHCAIIUU: CXKaTue
Ccpeapl BHYTPU YCTPOMCTBA CO34Aa€T 3KBHUBAA€HTHOE pPAaCTAXKEHHE CpPenbl CHApPYyXKH, U
Hao0oPoT.
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Panee, B raaBe O CTPYKType IIOTEHIIMAABHOTO IIOASI, JAEKTPHUYECKOTO HAHU
IPAaBUTAIIMOHHOTO, MBI IIPEANOAOKUAH, YTO IIOTEHIIMAABHBIE ITIOASI IIPEACTABASIIOT COOOMH
OBa B3aUMOKOMIIEHCHUPYIOIIMXCS IIpoliecca: (POTOH ©  aHTU(OTOH. AHTHU(QOTOH
IIpeAcTaBAdgeTcd KakK (POTOH, CYIIECTBYIOIIHN B APYroM HaIlpaBAEHHH OCH BPEMEHH, U3
Oymymero B mporraoe. «PeBepcupoBaHHe BpeMeHH» A (POTOHA He O3HaA4YaeT YTO-TO
HEOOBIYHOE, 9TO TaKad Ke IIPOJOAbHAas BOAHA ITAOTHOCTH 3(PUPHOH Cpenpl, XOTs CBOHCTBa
doTOHA MEHSIOTCS Ha IIPOTHBOMIOAOXKHBIE. B dem ke pasHuia? C TEeXHUYECKOH TOYKHU
3peHUs, B «3(pUPHOM Hacoce» IIPOLIeCC U3AYUEHHUS IIPONOABHON BOAHBI MOXKET OBITH CO30aH
IIPU TaKUX OOBEMHBIX IIyABCAIIUAX ITAOTHOCTH SHEPIUH, KOTOPbhIE «OTTAAKUBAIOT 3(PUPHYIO
cpeny» OT HMCTOYHHKA. OTOT IIPOLECC H3AY4YEeHHd MbI Has3blBaeM «(POTOHAMH», OH
COOTBETCTBYET BOAHAM C KPYTbIM (PPOHTOM M IIAABHBIM criagoM. OOpaTHBIH IIpoliecc, TO
€CThb, MeIAEHHOe OOBEMHOE «pacHIMpeHue» U ObICTpoe «cxKaTue» OyaeT CTAruBaTh
OKPY3KaIoIIyIo cpeay B obaacTh myabcariuii. [Toaararo, 4To 3TO U €CTb «aHTHU(OTOHED».

[ToMrMO OOBEMHBIX IIyABCAIIUM IIAOTHOCTH 3(PUPHOU Cpenpl, CYIIECTBYET MHOTO
METOZIOB CO3aHMs 00AacTell 3¢oupa MOBBIMIEHHOH UAYU ITOHUKEHHOM IIAOTHOCTH, BKAIOYAS
HCIIOAB30BaHHE 3aKoHa BepHyaan o moaHoOM naBaeHUM IoTokKa. Co3maBad yBeAWUYeHHE
CKOPOCTH IIOTOKA B BHXPEBOM IIPOIECCE, HU3MEHAS €ro AUHAMHUYECKOE [JaBACHUHE, MbI
YMEHBIIAEM CTATHYECKOE [OaBA€HHE cpenbl. PaccMoTpuMm eIie oOAHy HMHTEPECHYIO
SAEKTPOMAarHUTHYIO KOHCTPYKIIHIO, CO3AIOIIyI0 BUXPEBOM ITpoliecc B acupHOl cpene. B
Moei#t momarnHeit aaboparopuu, B CaHkr-IleTrepOypre, eme B 1991-1995 romax, Oblau
IIPOBEIEHbl UCCAENOBAHUA 10 AAaHHOH TeMe. l3MeHeHHe NapaMeTpoB 3(PUPHOU cpemnbl
IIPOU3BOAUAOCH C IIOMOIIBIO KOHCTPYKIIMM, KOTOpasg HAa3blBAe€TCd «MHOIOCAOMHBIN
COA€HOH». ABTOP JAHHOM HMAEH IIPOCHA HE YIIOMHHATB €T0.

CoaeHOHZI HE COBCEM OOBIYHBIH, TPEOyeTCs BHIMOAHHUTHL HECKOABKO CAOEB HAaMOTKH
IpoBoAa II0 cxeMe, IIOKaszaHHOM Ha Puc.162, u 3aTreM, MOXHO OXHUIAThH IIOAyUEHHE
HHTepeCHeHINNX 9p(PeKTOB, ITPU ITIOCTOSTHHOM HMAU UMITYABCHOM ITHUTAHUU KaTYIIIKU.

B Moel KOHCTPYKIIMH, HCHOAB30BaACd KapTOHHBIM KapKac KaTYIIKH, OHaMETPOM
HECKOABKO CaHTHUMETPOB. [IpuMeHsAcd MeOHBIM  MHOTOXKHUABHBIM  IIPOBOZ, BO
droporiaacToBoft mzoagruu. Kaxkabriii cAoffi HAMOTKHM HA4YHMHAETCHd C TOYKH Ha TOpLEe
COA€HOMIA, IIPHUYEM, TOYKH Hadasa CAOEB CMEIIEHBl OTHOCHUTEABHO [OpPYyr [Apyra.
Hanpumep, mas mecTH cA0eB, CMEIeHHe Hadaaa KasK/I0TO CAOSL OOMOTKH HAO AEAaTh Ha
30 rpangycos.

Prc.162. MHOTOCAOHMHBIH COAEHOUT.

Hauyunnag HaMOTKYy cAOd B TO4YKe A, HA[0 €€ 3aKaH4YWBaTh B TO4kKe B, cMmemeHHON
Ha 30 rpaaycoB OTHOCHUTEABHO TOYKU Hadasa. 3aTeM, HAJ0 BEPHYTHCA II0 IPsSMOI, HO B
TouKy C, CMEIIeHHYI0 OTHOCUTEeABHO TO4YKU A Ha 30 rpaxgycosB. [lasee, HaMOTaTb BTOPOM
CAOH M 3aKOHYMHTH €ro B TOo4dKe D, BepHyThCcd IO HNpaMOM B To4YKy E, u Tak maaee...
BkaroueHre TOKa (MMIIYABC) BBI3BIBaeT 3PQPEKT «BpallleHUd d(pupar, MOCKOABKY (PPOHT
UMITyAbCA TOKa IIOCAEIOBATEABHO «IIpoberaer» CAOM OOMOTKH, OBUTasiCh BIIOAb OCH
coaeHouma. Kaskaplil CAOM HAaYWHAETCd C APYrOHM «TOYKH BXOOar», YTO M co3maeT «3pdeKrT
BparieHus» 3pupHoii cpeapl. CAOM UMEIOT TAKiKe Pa3HbIi AUaMETP, YTO CO3MAET TAKIKeE
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w@dekT cxkaTus» HAH «3PEPEKT paclIupeHus» SPUPHOH Cpeapl, B 3aBHUCHMOCTH OT
HaIlpaBA€HHs TOKa B IIpoBome. B cymme, 3(¢eKThl cO3maroT BUXPEBOM IIPOIleCC B
3(pupHOH cpede, BHYTPH U CHAPYKU TAKOTO MHOTOCAOMHOTO COAECHOU/IA.

B maHHBIX 3KCIEpHUMEHTax, ObIAM OTMEYEHBI MOIIHBbIE XpOHaAbHBIE 3(PQEKTHI, B
TOM dYHCAE€, YCKOpPEHHE U 3aMeIA€HHE TEMIIOB KOA€0ATEABHBIX IIPOIIECCOB BHYTPHU
COAEHOUIA U CHAPYKU, BOAHU3HU COAEHOUA.

Mory oTMeTuTb HMHTepecHbIH (akT. Korma 3TOT «MHOTOCAOMHBINA COACHOUI» ObIA
BKAIOYEH B IIEPBBIA pa3, pAOOM B 3TOH KOMHaTe paboTaa PamuOIIPUEMHHUK, U I CABIIIAA,
Kak [OUKTOP Ha paguo BeA Iepenady M YTO-TO TOBOpPHA. [IpH BKAIOYEHHH TOKa B
MHOT'OCAOMHOM COACHOHE, 4 3aMETHA KpPaTKOBPEMEHHOE H3MEHEHHE TIoAoca JUKTOpa
panuocraHuu. H3meHunaca He TeMOp roaoca, a IIOCAEIOBATEABHOCTH 3BYKOB CAOB.
HekoTtopoe BpeMda g He MOT HOHATH CAOBA AUKTOPA, MHE Ka3aA0Ch, YTO OH TOBOPHUT Ha
HEIIOHATHOM 43bIKe. 51 MOT pasandaTh I1ay3bl MEXKOAYy CAOBaMH, HO HE MOT ITOHATB CMBICA
TOrO, 4TO OH T'OBOPHUT. 3aTeM, 4epe3 HECKOABKO CEKYHI, I'OAOC AHWKTOpa PaaHuOCTaHIIUH
BEPHYACS B HOPMY, U s CHOBa MOT IIOHHMMAaTb, O YeM OH TrOBOPHUT. [JaHHBIY 3PdeKT
OJHOKpPATHBIN, OH HE IIOBTOPSACS IIPHU APYTHX BKAIOYEHHIX JAHHOI'O YCTPOMCTBA B 3TOM
Ke MecTe.

Panee, g umtaan o momobHOM 3(deKTe, B CTaThe O BCTpPEUe ITHAOTA CaMOAETa C
HEOIIO3HAHHBIMH A€TAIIUMH O0BeKTaMHU. [IHAOT 3aMeTHA, YTO I'OAOC AHCIIeTYepa B €To
paguoIpUEMHHUKE H3MEHHACH, W HEKOTOPOE€ BpeMs OH HE MOr' IIOHHMaTh CAOBa
aucnerdepa. IIpeamnosokum, 4To IpH paboTe MHOTOCAOHHOIO COAEHOMAA, B HEOOABIIOH
obracTH TpPOCTpaAHCTBA BOKPYI' HEro, KaKHM-TO 00pa3oM MEHSIOTCHI CBOHCTBa
OKpyzKamolle a¢gupHON cpenpl, IIO3TOMYy MEHSIeTCd IIpollecC Ilepefada U IIpUueMa
panuoBoAH. Cpema 1mepectaeT OBITH M30TPOIIHOM, TaK KakK co3faeTcsd 00AacThb
IIOBBIIIIEHHOH HAM IIOHMXKEHHOH NAOTHOCTHU 3upa. Bo3MOKHO, YTO Ha I'paHUIle paszesa
Cpel pa3HOM IIAOTHOCTH, BO3HHKAaeT OTpPazKEHHE HAHM IIPEAOMAEHHE  BOAHBI.
COOTBETCTBEHHO, MEHSeTCd CTPYKTypa CHTHasa paguoliepefaTdnka B obaactu
panuonpueMHUKa. [JaHHbIN 3hdeKT KpaTKOBPEMEHHBIH, TaK KaK OKpyzKarollad 3oupHad
cpenia 6BICTPO BOCCTAHABAMBAET CBOE U30TPOITHOE COCTOSIHUE.

Wrak, MOXKHO CKasaTh, dYTO  3KCIEPHUMEHTAAbHBIE  MCCAENOBAHUS  IIO
KOHCTPYHPOBAHHIO «MAalllUH BPEMEHM» HaxOOWUTCS B caMoM Hadase. MbI $CHO
pencraBasgeM cebe (U3MYEecKHe NPUHIUIEI paboThl yCTPOHCTB, KOTOPBIE MOTYT
3HAQYUTEABHO H3MEHUTH IIAOTHOCTH 3pupa B 3aaHHON 00AACTU IIPOCTPAHCTBA, U TaKUM
o0pa3oM BAHATH Ha TeMIIOpaAbHBIE XapPaKTEPUCTUKH (PU3UYECKUX ITPOILIECCOB.
[ToaydyeHHBIE CETOOHA MHHHMAABHBIE PE3yABTATBHI II03BOASIIOT CHAEAATH IIOAOKHUTEABHBIMN
BBIBOJ, O PabOTOCIIOCOOHOCTH IIPEAATaeMOTO CIIocob6a U BO3MOKHOCTH €T0 IIPaKTHIECKOTO
IPHMEHEHUS.

[ToMUMO 5AEKTPOMAarHUTHBIX SBA€HUIM, B KadeCTBe MexXaHU3Ma YVIIPaBACHUS
IIAOTHOCTBIO 3pupa MOTyT IIPUMEHATHCH AIOOble HeoOpaTHMbIE€ IIPOIIECCHI, HAYIIHME C
U3MEHEHHEeM SHTponuu. B KayecTBe HEOOPATUMOTO IIPOIECCa, MOTYT OBITH MCIIOAB30BAaHbBI
da3oBbIe IEPEXOAbl AFDOOTO BEIIEeCTBA, HAIIPUMEDP, U3 TBEPAOTO B XKHUIKOE COCTOSHUE, HAU
obpaTHbIE HPOLECCHl KPHUCTAAAM3AIIMH. B oTAMYHE OT 3A€KTPOMATHUTHBIX METOIOB, B
TaKHUX YCTPOMCTBaxX HCKAIOUAETCS BAMSHHE OAECKTPOMATHUTHBIX IIOA€H Ha OaTYUKU U
OOBEKTHI, HAXOOAIIIHMECH B 00AACTH U3MEHEHHOTO COCTOSHUA 3PUPHOH Cpebl.

KpaTko, BBICKaXKyChb O IIEPCHEKTHBaX Pa3BUTHA TEXHOAOTHH «3(PUPHOTO Hacocavr.
Metonpbl paboThkl ¢ 3PUPHON Cpenoi, KOTOpble HAM [OCTYIHBI, MOTYT HCIIOAB30BaThb
dBA€HUE WHAYKIUU. YIBA€HHE OAEKTPOMATrHUTHOM WHAYKIIMH, OTKpbITOoe Maiikaom
dapageeM, TII03BOASET HaM CETOAHA ONHUPATbCA Ha  MOIIb JAEKTPOMOTOPOB,
TpaHCcOpPMaTOPOB U APYro¥ COBPEMEHHOH TEXHUKH. Pa3BHTHE aHAAOTHYHBIX CIIOCOOOB B
XPOHOOUHAMHUKE OTKPBhIBAET HOBbIE IIEPCIEKTHUBbBI PA3BUTHA Halllel IITMBUAN3AIINH.
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MbI MOK€M AQHHUPOBATh 9KCIEPUMEHTHI 110 «XPOHAABHOHM MHAYKIHUH» II0 aHAAOTHH
C 2A€KTPOOUHAMHUKOM, HAIIpUMep, NBUXKEHHE «XPOHAABHOIO 3apsiia» IIOPOXKIAET IIOAE, a
H3MEHEHHE IIAOTHOCTH TOKa «XPOHAABHOTO 3apsja» B «I'€HEPaTOPHOM XPOHAABHOM
KOHTYpP€» IOAYKHO UHAYIIUPOBATh «XPOHAABHBIE TOKW» B «IIPHEMHBIX KOHTYpax».

Tok — 3TO ABUXKEHUE 3apSKEHHOTO TeAd. JAEKTPHUYECKHH TOK MbI IIOHHMaeM Kak
OBUXKEHHE 3ACKTPHUYECKH 3apsK€HHOH YacTUIBl MaTepHuH. XPOHAABHBIM TOK MOXKHO
IIpeCcTaBUTh cebe Kak [OBHXKEHHE XPOHAABHOTO 3apsaa, HO 3TO He [IBHUXKEHHE B
rnpocrtpaHcTBe! OT0 mM3MeHeHHe IO BpeMeHH. OZHOMEPHBIM IIPOIECC U3MEHEHUS CHABI
TOKa B OOBIYHOM SAEKTPOAMHAMUKE IIOPOXKIAET SAEKTPOMArHUTHOE IIoA€. AHAAOTHYHO,
TPEXMEPHBIH IpollecC OOBEMHBIX H3MEHEHHH MAOTHOCTHU JHEPIHUH [IOAKEH CO34aBaTh
XPOHAABHOE TIOAE.

Ilon «XpOHAABHBIM 3apANOM» IIOHHUMAaeTCd AOKAABHOE M3MEHEHHE IIAOTHOCTH
SHEPruH, TO €CTh, MAOTHOCTH JdUPHOH cpenbl. BapumaHTbl mpolecca, KOTOpBIE
OIIPENEAAIOT €r0 XapaKTEPHUCTHUKH, B TOM YHCAE€ H HaAIIPaBA€HHE [IBHXKEHHA II0 OCH
BPEMEHH, MbI yxKe paccMoTpesd. OHO MOXKET HMMeTb CIlellMaAbHble (DOPMBI HMIIYABLCA,
HaIllpUMep, C KpPYTbIM (OPOHTOM HAH KpPYTBIM CIQAoM. OTO BaXXHO 1A CO30aHUSA
onHoHamnpaBAaeHHOH X/IC (XpOHaABHO-ABUIKYILUEH CHABI). [lanee, B KOHCTPYKLIMHU MAaIllHUHBI
BpPEeMeHH, HEOOX0MMO 00eCIIeYnTh ABUKEHHE «(XPOHAABHOI'O 3apsAfa» B IIPOCTPAHCTBE, UTO
CO37acT «XpOHaABHOE II0A€», B KOTOPOM Ha MaTrepuio 0yaer aeticrBoBaTh X/C (XpoHaABHO
ABUIKyIlasl CHAQ), IIepeMellaroliad MaTepHasbHble OOBEKTHI BO BpeMeHH. CyMmMMmapHoe
nericrBue ecrecTBeHHON X/1C U BAMAHUNA TEXHUYECKOI'O yCTPOMCTBA, MOXKET YCKOPATh UAU
3aMeIASITh CKOPOCTh CYILIECTBOBaHHUA 0OBEKTOB B 00AaCTH AeHCTBHA JaHHOTO YCTPOMUCTBA.

OueBUIHO, YTO METOAbl M3MEHEHUsl IIAOTHOCTU 3upa MOTYT HMETh aHAAOTHU C
aspoaArHaMHUKONH. 3akoH DBepHyaAn [OOAKEH BBIIIOAHATBCH [OAd 3POUPOAUHAMHUYECKUX
CHCTEM: IIOAHO€ MaBA€HHE d(upa paBHO CyYyMME CTATHYECKOIr0 H AUHaAMHUYECKOIO
naBaeHud. CozzmaBas MCKYCCTBEHHBIH IIOTOK O(UPHOH cpenpl, Mbl YBEAMYHBAEM
OUHaAMHUYECKYIO COCTaBALIOIIYI0O €r0 JSHEPrHM, a CTATHYECKOE [OaBACHHE M IIAOTHOCTb
acpupHON cpenbl yMeHbIIaeTcd. JlaHHBIA IIPHHIMUII MOXKHO HCIIOAB30BaThb [AS
KOHCTPYUPOBaHUA  2(PUPOOOMEHHBIX KOCMHUYECKHX [IBHUKHUTEACH  HOBOIO  THIIA,
paboTaronmmx ¢ 3pUPHOU OKpYyKaIoIIeH cpemaoii.

HNHTEpeCcHBIH BOIIPOC: MOKHO AM «OCTAHOBHUTH BpeMs»? HacTHIIbI MaATEpPUU BCETaa
CYLIECTBYIOT, KakK 3(QUPOAUHAMHUYECKHI IIPOIIECC, OCTAHOBUTH €r0 HeAb3sd. IIporecc
JABUXKEHHA BO BPEMEHH, KaK IIPEAIIOAATAETCA B I[&HHOfI KOHIICIIITUH, CB4d3aH C
rAOOaABHBIM IIPOILIECCOM YMEHBIIEHHUS ITAOTHOCTHU SHEPTHU 3(PUPHOU Cpeapl, MMEIOITNM
HEKOTOPYI0O CKOpPOCTb yMmeHblIeHuda dp/dt. [JaHHOe wH3MeHEHHE €eCTh OTHOCHTEALHBIH
rmapamMeTp.

,ZLOHYCTI/IM, 9YTO MBI MOXKEM KOMIIEHCHPOBATH eCTeCTBEeHHBIN IIponeCcC yMEHBIIIEHUA
IIAOTHOCTH 3HEPrUH Cpeabl, CO374aB BHYTpPH «pabodeil o00AacTH MAaIlMHBI BpPEMEHI»
JOTIOAHUTEABHBIM IIPOIIECC YBEAWYEHHsI IIAOTHOCTH OJHEPTHH. B TOM caydae, ecan
HCKYCCTBEHHOE VBEAWYEHHE IIAOTHOCTH OJHEPrHH pPaBHO II0 MOAYAIO €CTECTBEHHOMY
YMEHBIIIEHHUIO ITIAOTHOCTH JHEPTHH, TO MOXKHO CKa3aTb, YTO <OTHOCHUTEABHOE BpeMs
OCTAHOBA€HO». MBI TIOAYyYHM TaK Ha3bIBAEMYIO «XPOHAABHYIO HEBECOMOCTL». bBoaee
6BICTpOC YBEAUYEHHUE IIAOTHOCTH OHEPITHUU CPEAbI, HA€T OTHOCUTECABHOEC «ABH2KCHUE B
mporsoer. [aga co3manus 3ddeKkTa YCKOPEHHOro ABHXKEHHsS B Oyaylee, HAOO «IIOMOYb»
OKpyzKarollei cpeae yMEHBIIATh IIAOTHOCTh SHEPruu. B maHHOM KOHIIEHIINH, HEKOTOpPAas
o6AacCTb TIPOCTPAHCTBA, BKAKYAamWINad B cebsd MaTepuasbHble OOBEKTBI, MOIKET
CYILIECTBOBATh OBICTPEE UAU MEAECHHEE, OTHOCUTEABHO OKOAO3EMHOTO IPOCTPAHCTBA.

B wacTHOM caAy4dae, IpU paBEHCTBE BCTPEYHBIX CKOPOCTEM HM3MEHEHUsI AOTHOCTH
9HEepPruu 3PUPHOU cpeanl, HaOAIOOATEAHW, HaXOAdIHecd BHYTPHU «MaIIUHBI BPEeMEHM»
CMOTYT BHOETH CHapPy2KHU «OCTAHOBAEHHOE BpPEMd», KaK «3aCTBIBIIIME» B OLHOM TOYKE Ha
OCH BpPE€MEHHU ITPOIIECCHI, IPOUCXOAAIINE B OKPYKAIOIIEM HX MHUPE.
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OueBHAHO, YTO MBI HE MOXKEM CO3aBaTh TEXHUYECKHMH METOHaMH TAOOaAsbHBIE
opomeccbl B KOCMHYECKHX Macmirabax, HO MBI MOXKEM €030amb UMNYAbCHOE
nosmopsirouieecs: UMeHeHue NJIOMHOCMU SHepaul cpedsbl, 8 HEeKOmopol 02PAHUUEHHOU
obnacmu npocmparHcmea. Mbl TOBOpUM 34eCh «00AACTb IIPOCTPAHCTBA», AU «pabodas
o06AacTh MalllMHbI BPEMEHH», VIUTBIBAS, YTO YaCTHIIbI MAaTEPHH, AIOOble OOBEKTHI BHYTPH
OAHHOM 00AaCTH IIPOCTPAHCTBA, HE €CThb HEYTO OTAeAbHoe OT A3(UPHOU cpenwl, a
pe3oHaHCHbIE 9(pUPOAUHAMHUYECKHE IIPOIECCHI, CYIIIECTBYIOIIHE B Cpee.

HNuorna coBpeMeHHBIE (paHTACTHYECKHE (PHABMBI O4YE€Hb HHTEPECHO OIIUCHIBAIOT
KOHCTPYKIIMIO «MAaIllMHbl BPEMEHM». Hampumep, poccutickuit ¢duasm «CTpeaery
HEIIPUKagHHbBIH» IT0Ka3bIBaeT pabOoTy TaK Ha3bIBA€MOI'O «KOPHAOPA BPEMEHM», KOTOPBIH
ObIA co3maH pa3paboOTYMKOM B OIPENEeACHHYIO [OaTy B IIPOIIAOM, U IIOCTOSIHHO
HOAIeP>KUBAEeT BO3MOKHOCTE BOMTU B IIPOLIAOE B3 Oymyiiero, uau obpatHo. [Ipu aTom,
MOMEHTBI BXO/la B IIPOIIAOM M MOMEHT B OyayIIeM IIPOJOANKAIOT CBOE €CTEeCTBEHHOE
IOBUXKEHHE II0 OCH BpeMeHH. «Kopumop» MMeeT IIOCTOSHHBIM HMHTEpPBaA BPEMEHH MEXKIY
MOMEHTaMH B IIPOIIAOM U OyayineM. THTepecHOe KOHCTPYKTHBHOE pPEeIlleHHE.

[IpuBeny ermre omuH mpuMep U3 obaacTu paHTacCTUKU. B coobmiectBe BKonTakre
https://vk.com/club169355788 obcyzxkmaeTca pasaAndyHasl TeXHUYECKasd WH(OPMAIIUS 10
TEeMe «MallliHa BpEMEHMW». TaM dYuTaTeAb MOXKET HaWTH ONHCAHHE «IIyTEIIeCTBUS BO
BPEMEHH», KOTOPOE IIPEACTaBAEHO B (popMe KOMHKCOB. KpaTKo, B pacckase oIHcaHa
IIPOTyAKa aBTOpa II0 AECY, B KOMIIAHUU CHUMIIaTHUYHOH AeByIIKYU. OHa IIpuBesa aBToOpa K
HeOOABIIIOMY KPYTAOMY 3[IaHHUIO, II0 BHEIITHEMY BH/Y, IIOCTPOeHHOMY K3 OeToHa. Boiina B
OBepb, aBTOP OOHAPYKHA HEYTO HHTEPECHOE. ..

Ha Puc.163 mnokaszaHo BHYTpPEHHee IIOMEIIeHHe O3TOoro 34aHud. B cepepune
KOMHATBhl CTOSA KPYTABIH CTOA C Ipubopamu, 3a KOTOPBIM CHIAEA AEKYPHBIH HHXKEHep.
OueBUOHO, OH KOHTPOAUPOBaA paboTy 000pyaoBaHUs, KOTOPOe OBIAO TaM YCTaHOBAEHO.

Puc. 163.

B cepemuHe 3maHud, IIPOXOAVA BEPTHUKAABHBIA IIOTOK JSHEPrUM, KOTOPBIH ObIA
IIOXOXK Ha 3€pKaAbHBIH Bogomnazn. HampoTrwB Bxoma, ObIA ABEPHOM IIpoeM, B KOTOPOM
TaKIKe CTPYHACH IIOTOK 2Hepruu. lIpoiaga Ha BBIXOZ 4Yepe3 3TOT IIPOEM, aBTOP IIOIAA B
IIPOIIIAOE BPEMS, U OKa3aaCd Ha YAUIlE CTapHHHOrO roposa. HMHTepecHada ucropud, C
KOHCTPYKTUBHBIMHU [eTarsMHU. Hampumep, 3epKasabHBIE CBOMCTBa IIOTOKaA B Qopme
IIEHTPAABHOH KOAOHHBI, a TaKiKe II0TOKa B M[OBEPHOM IIpO€Me, MOXKHO OOBICHHUTH
a(pPeEKTOM OTpazKEHUS CBETA OT I'PAHUIILI CPELl C Pa3HOM MAOTHOCTBHIO. B maHHoOM caydae,
MBI TOBOPHM Ipo 3PUPHYIO cpedy. B BOCTOYHBIX HpemaHUSX €CTh IIOXOXKUM obpas, 3To
«IBEPH — BOAOIIA», 32 KOTOPON HaXoOUTCd APYIOM MUP.

BapuaHTbl KOHCTPYKIIMH «MallMHbI BPEMEHMN» MOTYT ObITH pas3Hble, HO ¥ HUX €CTb

HeuyTo oOmiee. Bce OHH [OAXKHBI, KAKHM-TO TEXHHYECKHUM METOZIOM, VIIPaBASTH
cocTossHHEM 3(pHUPHOU cpenpl, B 3aIaHHOM 0ObeMe ITPOCTPaHCTBA.
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BapuaHTbI BO3MOXKHOTO 3AMKHYMO20 06bema npocmpaHcmaea U3BECTHBI: OHH MOTYT
uMeThb cdepudeckyo dopmy, aubo gopmy Topouzma. O TOPOHOAABHOM IIPOCTPAHCTBE
HeoOXOAUMO 3aayMaTbCsd B CBSI3M C TeM, 4YTO OJTa (QopMa €eCTh 3AeMeHTapHOe
4eThIPEXMEPHOE IIPOCTPAHCTBO, 00pa3yeMoe TPeXMEPHBIM IIAPOM B ABHKEHHUU. VIMeHHO B
TOPOHE MOXKHO CO3JaTh «COOCTBEHHOE BpEMsl», TO €CTb, COOCTBEHHYIO IIPSIMYIO AWHHUIO,
BJIOAB KOTOPOH OyZeT pacIIpoCTPaHSIThCH AyY CBETA.

CyliecTByeT HHTEPECHOE SBAEHHE, KOTOpPO€ HAa3hIBAIOT «KOAbIla OMHINTelHa»r. K
COXKaA€HHIO, HE MOy OaTh YHTATEAI0 CCBIAKM Ha [OOKYMEHTAABHOE IIOATBEPXKICHHE
naHHoro aggperra. MHpopMmanmusa moAydeHa B XOo[e OOHOM M3 HAYYHBIX KOH(EpPEeHIINH.
CyTp OSKCIIEpUMEHTa IIpocTad: II0 KacaTeAbHOH AMHUH, HaIpaBACHHOM K OOKOBOH
IIOBEPXHOCTHU OBICTPO Bpallarolllerocss CBUHIIOBOIO KOHyCa, HAIIPaBASIOT AyY cBeTa. [locae
HEKOTOPOI'0 BPEMEHU, UCTOUYHHUK CBETa BBIKAIOYAIOT, KOHYC OCTAaHAaBAUBAIOT, U YOUPAIOT C
3Toro Mecra. IIpy 3TOM, B HIPOCTPAHCTBE OCTAETCA KOABIIO CBETa, KOTOPOE MOZKHO
dpUKCcHpOBATh B IIOAHOH TEMHOTE OOCTATOYHO YyBCTBUTEABHBIMH HpuOOpaMmu. [laHHOe
«KOABIIO» MOIKET CYIIECTBOBATb MOAMUTEABHOE BpPEMS, HO OHO MOIKET OBITH pa3pyLIeHO
BHEIITHUMHU BO3IeUCTBUSIMH, HAIIpUMEP, MArHUTHBIM IToAeM. OObsCHEHUE IIPOUCXOASIIETO
OYEeBU/IHO: BOKPYT BpAaIIAOIIErocsd MacCUBHOTO TeAa (POPMUPYETCsS 3aMKHYTBIH 3(pUPHBIH
IIOTOK, B KOTOPOM LIMPKYAUPYIOT 3axXBade€HHble H3BHE (POTOHBI. PaKTUUECKH, NaHHAad
0o6AaCTh MIPOCTPAHCTBA HMEET CBOIO «MHPOBYIO IIPSIMYIO AHMHHUIO» BIIOAB OKPYZKHOCTH
TOpPOHAA, IIOCKOABKY AydY CBeTa BCera pacIpocTpaHsdeTcsa II0 HOpdaMoi. 3T1o
CaMOCTOATEARHOE 3aMKHYTOe Ha cedsl IIPOCTPaHCTBO-BpeMs, NapaMeTpbl KOTOPOI'O MbI
MOKEM MOJIEeANPOBaThb. AHAAOTUYHBIE 3(P(PEeKTH! «3aKPYIYMBaAHULA I(PHUpPa» B TOPOULAABHOE
CaMOCTOSITEABHOE IIPOCTPAHCTBO-BpeMs co3faeT 3a cueT «3ddekra ¢opMbl Arobad
IIacCHUBHas 3(PHUPo-oTpazKaTeAbHAsT KOHCTPYKIIHS, IPUMEPLI KOTOPBIX OBIAM PaCCMOTPEHBI
B rAaBe o paborax KoswipeBa, Beiinuka, [JomoHOBa U APYTUX aBTOPOB.

HenmaBHo, 9 cMOTpeA Ha TeA€BU3HMOHHOM KaHaA€ UHTEPBBIO CO IIIKOABHBIM YUUTEAEM
dusuku. OH O0TBeYaa Ha BOIPOC "YTO TAKOE BPEMsI, C TOYKHU 3peHus pu3uku". B 6prroBOM
IIAQHE, €My BCE€ IIOHATHO. MBI HCIIOAB3yeM IIPHUBBIYHYIO CHCTEMY H3MEPEHHd HHTEPBAAOB
BpPEMEHU MEXKAy ABYMS COOBITHSIMH, HAIIpUMep, CYTKH - 3T0 24 yaca. B ¢dusmke, Kak
CKazaA 3TOT Yy4YUTeAb, 'BPEMsI CBH3aHO C TpaBUTalllell” M OHO MEH{eTCsd, II0 TEOpPHUHU
OWHIITEeHHA, IPU ABUKEHHH TeAa C OOABIIION CKOpPOCThIO. BhIAO OBI IOA€3HO, maBaTh
OEeTIM IIPOCTO€ IIOHMMAaHHe CBSI3U IIOHATHH BpeMeHH M IIpocTpaHcTBa. PU3IUKU
HCIIOAB3YIOT TEPMHH IIPOCTPAHCTBO-BpeMd. OJITO €OWHOE IIOHATHE, HET CMBbICAA
paccMarpuBaTh OHATHE O BpeMeHH 0e3 MPUBS3KH K IIPOCTPAHCTBY. [lasee, Hamo oath
IIOHUMAaHHE TOro, YTO IIPOCTPAHCTBO (BaKyyM) Bcerga HMeeT HEKOTOPYIO0 IIAOTHOCTD
sHepruu. CKOPOCTh BCEX MPOIECCOB, KOAOAHUNE MasSTHUKA, BUOpPAIMH aTOMOB MaTepPUH,
OBHUXKEHHE 3A€KTPOHOB B BEIIECTBE U BCE OCTAaAbHBIE ITPOILIECCHI, B MAaHHOM obaacTu
IIPOCTPAHCTBA, 3aBHUCAT OT IIAOTHOCTH 3dupa, OT IMAOTHOCTH OSHepruu. Bpema — 3To
HapaMeTp 3HEPreTHKH IIPOCTPAHCTBAa, KOTOPBIM ONHUCHIBAET CKOPOCTH CYIIIECTBOBAHHUS
MaTepHH B JaHHOM IIPOCTPAHCTBE. DTO IIOHSATHO AaXKe JETSIM.

,[LaAee, IIpeagAararo pacCMOTPETh KOHIEIIIIHMIO TEACIIOPTAIIHNHN, KaK IIEPCIIEKTHUBHOIO
METoda CO34aHHd MTHOBEHHOIO IIEPEMEIICHHUA MaTCPHAABHBIX 00LEKTOB B IIPOCTpPAaHCTBE-
BPEMEHU.

KoHiuenmua Teaenopraiiyu

B akamemMudeckoidl HayKe, IIOHATHE TEAETIOPTAIIMM pas3feAdeTcs Ha OBa
IPUHIIUIINAABHO PAa3AHYHBIX HAIIPABACHHS: KBAHTOBYIO TEAEIOPTAIIHMIO COCTOSHHUH U
POCTPAHCTBEHHO-BPEMEHHYIO TEAETIOPTALIHUIO MAaKPOCKOIIUYIECKUX 00BEKTOB.
Teaenopraliiysga COCTOSHHH (POTOHOB, HE OYEHbL WHTepecHas Tema. OHa uUMeeT 3HAYEHHE
TOABKO [IASI TIOHMUMAaHHUS TOTO, YTO KBAHTOBBIE ABACHHS MOTYT HNPOUCXOOUTH B MHpPE, TIe
OOBEKTHI HMMEIOT BOAHOBBIE CBOMCTBA, HO HE MaeT OTBET Ha BOIIPOC O MeXaHHU3Me
TEAETIOPTAIIMY MaTepPUU. PacCMOTPUM TEPMUH «TEAEIOPTAITHSA» TOABKO B CMBICAE
TEeAETIOPTAIIMH MaTePHUaAAbHBIX 0OBEKTOB.
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Teaemopraiiusa He TpebyeT HaAMYWUA ABHXKHUTEAS, OTO HIPUHIIMIIMAABHO [IPYTOM
Memo0 pabombl ¢ COMUMU NPOCMPAHCMBOM - 8pemeHem, ¢ IPUPHON Cpenoi, B KOTOPOH
TeXHUYECKUMH CpPEeACTBaMU OpPTaHU3yeTCd MTI'HOBEHHOE H3MEHEHHE MeCTa ITOAOXKEHHS
MaTepHUaABHBIX OOBEKTOB B IMPOCTPAHCTBE-BpeMEHH. BajkKHO OTMETHTH pas3Audue: He
TOABKO B IIPOCTPAHCTBE, a B IIPOCTPAHCTBE-BpeMeHH. PaszymeeTcs, IIpocToe ABHKEHUE
o0BeKTa U3 MyHKTA A B IOYHKT B TakKe IPOHUCXOAUT B IIPOCTPAHCTBE-BPEMEHH, TaK KakK
00BEKT IIepeMellaeTcs C HEKOTOPOM CKOPOCTHIO, & He MTHOBEHHO. [Ipu Teaemopraiiuu, 3To
H3MEHEHHE MEeCTOIIOAOKEHUS TPOUCXOIUT MTHOBEHHO.

TepMmuH «reseriopTalivisa» BBea nucateab Yapap3 @opt B 1931 roay. C ToUKHU 3peHUs
HabAromaTeAs], TEACTIOPTUPYEMBIH OOBEKT CYIIIECTBYET Ha OJHOM PACCTOSHHUH OT HEro, HO
MOKET MTHOBEHHO OKa3aTbCs Ha [APYIOM pPacCTOSSHUU OT HabAlomaTeas, IpudeM, 0e3
3aTpar SHepruu. C TOYKHM 3peHHUd S34paBOTO CMbICAA TaKO€ HEBO3MOXKHO, TaK Kak
MaTepHaAbHBIN 00BEKT UMEeT MaccCy, 3HA4YUT ero ABUKEHHE B [IPOCTPAHCTBE, a TeM Ooaee,
ObICcTpOE [BHXKEHHE K3 ONHOH TOYKH B APYIYIO, MOAYKHO IIPOUCXOOUTH C OOABIIHMH
3aTpaTaMM 3HEPTUH Ha YCKOPEHUE, U BBIAEACHUEM 9HEPIUU IIPHU €TI0 TOPMOKEHUU.

OcraeTcs [MOOIyCTHUTH IIPEAIIOAOKEHHE O TOM, YTO [ABUXKEHUd MaTepHUaABHOTO
00BbEeKTa B IIPOCTPAHCTBE IIPHU TEAEIIOPTAIIMU BOOOIIE HET, a OOBEKT MOKET OBITh HAU B
OHOM MeECTe IIPOCTPAHCTBA, HAH B APYTOM MeECTe IIPOCTPAHCTBA IIOTOMY, YTO OH MO Kem
6bimb 8 08YX Mecmax 00HO8PeMEHHO, Hed0.s120, xomsi OblL 8 MOMEHM «MesenopPmMayUoOHHO20
nepexooa». MOMEHT TeAEIOPTAIIMOHHOTO IIepexofia, WHOIZA, Ha3bIBaIOT HYA€BOM TOYKOH
IPOCTPAHCTBA-BPEMEHH.

Hamomurio yurareato Teopuio [Ipodeccopa 3oroTapeBa 0 TOM, UTO MaTepHUAABLHBIE
YaCTHUIIBI CYIIECTBYIOT HE IIOCTOSIHHO, a «MEPLAIOT» C HEKOTOPBIM HHTEPBAAOM, M YaCThb
CBOEro CyIeCTBOBaHHSA OHU Haxomdrcs B ¢opme doToHoB [78]. B TakoMm cayuae,
CTpaHHAs MBICAb O TOM, YTO OAWH MAaTe€pPUAABHBIH OOBEKT MOIKET OBITh Cpa3y B ABYX
MecTax, UMeeT CBoe o0ocHoBaHUe. [3BecTeH IpuMep B3 KBAaHTOBO# (DU3UKH: BOAHOBBIE
CBOMCTBa 9AEKTPOHA H3y4aloT B JKCIIEPHMEHTE C IIPOXOXKIEHHEM OJAEKTPOHA dYepes
IIperpaay, B KOTOPOM cheAaHbl aBe IeAH. [udpakiivs SA€KTPOHA XOPOIIOo H3ydeHa U
IOATBEPKAAET KOHIIEIIIMIO BOAHOBBIX CBOMCTB MAaTEpPUM B II€AOM. OJAEKTPOH, Kak
YacTUIla MaTEPUU HEe MOIKET ITPOXOUTH Yepe3 ABeE IIeAU B TBePAoH Iperpamae. DAEKTPOH,
KaK BOAHAQ, MOXKET 3TO CIAeAaTh. AHaAOT 3Toro 3deKra, JAd MATEPHUAABLHOTO O0BEKTA,
KOTOPBIH HaxoOgUTCs B 000COOAEHHOM 00AACTU IIPOCTPAHCTBA-BPEMEHH C U3MEHEHHBIMU
CBOMCTBaMU, U €CTb TEACTIOPTAIIHSI.

C drakTamMmu TeAeTropTallM CBA3aHBI TaKue HaOAIOAEHUs, KOTOPble OTHOCHATCS K
XPOHAABHBIM SBACHUSM, 8 UMEHHO, 3aMeIACHHE HAH YCKOPEHHE TeMIIa X0/1a BpeMeHHU IIpPHU
Teaeriopranu. [loaaras, 4TO 5TO peasbHble [OaHHBIE, W MTHOBEHHBIE H3MEHEHUS
IIOAOKEHHUS OOBEKTOB MOLYT COIIPOBOXKIATHCH 3(P(PEeKTOM H3MEHEHHd TeMIla Xoaa
BpE€MEHH, MOXKHO COeAaTb BBIBOL O TOM, 4YTO TEAEIOpTallksd BCerJga CBs3aHa C
yIpaBASe€MbIMU UAU CIIOHTAHHBIMH M3MEHEHUSIMHU CBOHCTB 3(PUPHOH Ccpenbl, IIO3TOMY 00a
addeKrTa MPoIBASIIOTCS B ITape. XpoHaAbHbIE 3(p(eKThI MOTYT OBITH MaAbl, U HE3aMETHEI,
WAW OBITH [JOCTATOYHO 3aMETHBbI, IPH CPaBHEHHU II0KA3aHUH XPOHOMETPOB IIOCAE
TEAETIOPTAallH, HO CYThb IBA€HUS 9TO HE MEHSET.

Bompoc mepexoma OT MHpa 23AEMEHTAPHBIX YaCTHI K COOBITUAM B MHpE
MaKpOOOBEKTOB TPeOyeT MOTTOAHUTEABHOTO U3YUEHHUSsI, HO y2Ke cefiyac MOXKHO CKa3aTh, YTO
9Ta TeMa OTHOCHTCS K 00AaCTH «IPUYUHHON MexaHUKH Ko3bIpeBa», U TEXHUYECKU
peasusyeTcsa IPU U3MEHEHWH CKOPOCTH XOJa BPEMEHH, IyTEeM VIIPABACHUS CBOMCTBaAMHU
acpupHOH cpenpl. C OAaHHOM TOYKU 3PEHUHd, CHUXKEHUEe NPOUHOCMU NPUUUHHO-
cnedcmeeHHblX cgesi3ell, npoucxoosiujee Nnpu YmeHbUeHUU CKOpocmu xo00a 8pemeHuU 8
HeKxomopoli obriacmu npocmpaHcmaa, 00JKHO NPU8ecmuU K NOSIBACHUID Y MAMEPUATLHBLX
06beKkmoe KeaHmMosblX U 80/H08blx ceolicmg. CoOOCTBEHHO, B 3TOM UM COCTOUT
rIpemAaraeMas KOHIIEMIIHS TEAETIOPTAIllMH, KaK BapHuaHTa IIPUMEHEHUS TEeXHOAOTHH
YIpaBACHUSIMH ITapaMeTpaMHU CYyIIeCTBOBaHUS YaCTUI] MaTepUU B 3(pUpHOH cpene.
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PaKThI TEAETIOPTAIIUH AIOEH OCIIAPUBAIOTCS MAHM 3aMaAdHBAaIOTCs, XOTd IIPHUMEPOB
OOCTATOYHO MHOIro, U (peHOMEeH TpelOyeT cepbe3HOro Hu3ydeHHs. Ha mepBoM ypoBHe
HCCAENOBAHUM, CA€NyeT BBIIEAUTb CAy4YaH CNOHMAHHOU mesenopmayuu, KOTopble
IIPOUCXOOAT C AIOABMH, IIONABIIMMH B KaKHe-TO 93KCTPEMaAbHbIE  YCAOBHS,
ITPOBOLIUPYIONIHE HEOOBIYHYI0 aKTHUBHOCTh HX IICUXHUKH. [Ipyrye caydau, OTHOCHIIMECT K
ynpaensiemoli mesenopmayuu, 3aMedeHbl Yy Aofel, KOTopble 3aHHUMAIOTCH AyXOBHOH
IIPAKTUKON M BOCTOYHBIMU eAUHOOOpCTBaMH. TpeTull BapHaHT: AIOAU MOTYT CAy4aiHO
oKa3aThCd B 00AACTU IIPOCTPAHCTBA, B KOTOPOH yxKe M3MEHEHBbl YCAOBHSA CYILIECTBOBaHUS
MaTepUuH, a CKOPOCThH BCEX IIPOLIECCOB 3aMelA€Ha HAM YCKOopeHa. Boaee MOCTYITHBI Oad
HCCAEIOBAHUY (PAKTBI TEAETIOPTAIIMH B MUpPE JKUBBIX CYIIIECTB, HAIIPUMEpP, B COOOIIIeCTBaxX
MypaBbeB «aTTa». MHOrOKpaTHO IIOBTOPEHHBIE SKCIIEPUMEHTHI HE OCTaBASIOT COMHEHHUH B
TOM, YTO 3TOT BUJl KHUBBIX CYILIECTB CO3JaA OCOOYIO0 «CHUCTEMY CIIaCeHHs», MI'HOBEHHO
repeMelliasd MypaBbHUHYIO MaTKy Ha ECATKH METPOB, B CAy4Yae OIIaCHOCTH €€ XKH3HHU.

3aMeTHM, UYTO B OTHUX CAydasx, OAd co3maHud d@deKTa TeAeropTallli, He
TpebyeTcs 3HAUYUTEABHBIH PAaCXOl S9HEPTHUH.

HTak, Kakue CBOHCTBa peasbHOI'0O IIPOCTPAHCTBA — BPEMEHU MOTYT IIO3BOAUTH HaM
co3nmaBaTh Takue 3PPEKTHI, U II0YeMy MaTepPHAABHBIH OOBEKT, TO €CTh IPYIIIa CBA3aHHBIX
4acTULl MaTepHUH, MOXKET MTHOBEHHO «JIeMaTepHaAu30BaTbCsI» B OAHOM  MECTe
IIPOCTPAHCTBA, OCTaBUB IIOCA€ ce0sl «IIyCTO€ MECTO», U BOCCO3JaTh CBOIO CTPYKTYPY B
OPYTrOM IIyCTOM MecTe, 0e3 yJacTus KaKUX-AH0O TeXHHYECKHUX CPEeICTB U HCTOYHHKOB
SHEPTUU?

OCHOBHOE IIPEAIIOAOXKEHHE II0 JAaHHOMY BOIIPOCY COCTOHUT B TOM, YTO «IIyCTO€
MEeCTO» €CThb HCTOYHHUK AIOOOH MaTepuu, «IapeH» HAU «oKeaH /[lupaka», B KOTOPOM MBI
HU4Yero He HabAloaeM [0 TexX IIoOp, Nnoka 68 Hem He c030aHA UH@POPMAUUOHHAS
cmpyxkmypa. PakThl CIOHTAHHOU HAU YIIPABASIEMON TeAEIOPTAIlUHU AIOAEY TOBOPST O TOM,
4yT0o MHQPOPMAIMOHHAA CTPYKTypa, HeoOXomuMas A OpPraHHU3alluH JAHHOTO IIPOIlecca,
MOIKET CO37aBaThCsd 0e3 TEeXHHUYECKHX CpPeACTB, IIPH AaKTHBH3AIUH CHeIu(UIEeCKOH
IICUXUYECKOH OeATEABPHOCTH. OTO €Ille OAHAa IIpHUYMHA 33AyMaTbCd O TEOPHH «XKHBOTO
IIPOCTPAHCTBa», C KOTOPBIM MBICASIIIEE CYIIIECTBO MOXKET B3aHMOAEeHCTBOBATE.

BnpoueM, Bce IpOIIECChI XKU3HEAECATEABHOCTH, B TOM YHCAE€ U AE€ATEABHOCTH MO3ra,
COITPOBOXKIAIOTCA SQDHpOI[I/IHaMI/I‘—IeCKI/IMI/I aBaeHUIMU. B cBa3u ¢ 9THUM, YMECTHO
BCIIOMHHUTb OKCIIEPHMEHTBI II0 3HEProMH(OpPMAaIIOHHOMY OOMEHY, KOTOpPbIE MBI
paccMoTpear B JAHHOM KHHUTE paHee, U TEOPHIO «4eThIpeXMEPHOH roaorpamMmel». [loaarag,
4TO AIO0O0H S(UPOAMHAMHUYECKHH IIPOIIECC BCEra MHOTOMEPHBIH, AIOOYI0 YacCTHILY
MaTepUHd MOXKHO paccMaTpuBaTh, KaK NpPoeKyuro MHO20MEepHo20 obbekma Ha
mpexmepHolii. mup, 8 OAHHbLIL MOMEeHm epemeHu. Y HYeTbIPEXMEpPHOro oOBEeKTa €CThb
CBOMCTBO «IBHUXKE€HHS BO BPEMEHM», B IIATUMEPHBIH OOBEKT y2Ke CYILIECTBYET, IPUYEM OH
CYILIECTBYET BO BCEM TPEXMEPHOM IHIpocTpaHCTBe. TOABKO B TaKOM CAydae, [Ad
IIITHUMEPHOTO OOBEKTa, €ro IIOAOKEHHE B TPEXMEPHOM MHPE MOXKET MIHOBEHHO
HU3MEHHUTBLCH C OJHOTO ITIOAOXKEHHS Ha APYroe, Kak U3MEHEHMNE €0 IIPOEKIIUH.

YueHble, KOTOpble paboTaloT B MOAaHHOM HaOpPaBAEHUH, II0AAraioT, YTO AL
peaan3aii TeXHOAOTHH TEACIIOPTAIlNY, HEeOOXOOUMO «pa3o0paTh OOBEKT» HA aTOMBI B
OOHOM MeCTe, U «BOCCO3JaTh OOBEKT» B ApyroM MecTe. [IAd 3TOro, OHH MJOAXKHBI
IepechlaaTh B «MECTO Ha3Ha4dYeHUs» HH(QOpMAIUI0 O KOHQUIypalluy TIPyNIbl aTOMOB
JaHHOTO MaTepPHUaAbHOIO OOBEKTA, II0 IIPOBOAAM, II0 PAAHO UAHM APYTUM CHUCTEMaM CBH3H.
[ITupoko U3BECTHHI B 3TOH o00AaCTH HCCAeOOBaHUM IyOAamMKamuu Yapap3a Bennera,
koMmrianudg IBM [96]. [To-moeMy, 9TO He IEPCIIEKTUBHOE HaIIpaBAEHHE HCCAELOBaHUU.

Paccykmass o mnOpupoAe dYacTHIL MaTE€pHM, HUX IIPOLIECC CYIIECTBOBAaHUS B
ITPOCTPAHCTBE MOXKHO IIPEIACTaBUTh, KAK MHOTOMEPHBIH 3(DUPOANHAMHYECKHH IIPOIECC.
Co3maHue peasbHBIX YACTHIL M3 BHUPTYAAbHBIX, IIyTEM IIOASPH3allMM BaKyyMa, Tpedyer
3aTpaT SHEPrUH, HAIPUMEpP, AT CO3/IaHHUS [apbl «3AEKTPOH — IIO3UTPOH» Tpebyercs
doToH. B nmpenasaraeMoil KOHIIEIIIIHNH, TEACTIOPTALIUS MaTepPHUaAbLHBIX OOBEKTOB He TpedyeT
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3arpat sHepruu. CaemoBaTeAbHO, ObIAO ObI pa3dyMHeEe pacCMaTPHUBATh TEACIIOPTAIHUIO, HE
KakK I[poIlecC «pa3bopKu M COOPKU OOBEKTOB», a KakK CIIOcOO HM3MEHEHUIl ITapaMeTpoB
3(puUpHON cpenbl BOKPYT OOBEKTa, B HEKOTOPOM OTpaHUYEHHOH 00AACTH HMPOCTPaHCTBA-
BpEMEHH.

Buieoo: mexHoJl102usl mesienopmayust omHocumesi He K OmdeﬂbHOMy
mamepuaslioHomy O6’b€7€my, a K 3a0aHHol obracmu npocmpaHcmsa.

[Tpenpioymye paccyKAeHUsS O MHOTOMEPHOM CTPOEHHH IIPOCTPAHCTBA-BPEMEHHU, U
IIPOEKIINSAX MHOTOMEPHBIX OOBEKTOB Ha HAIlle IIPOCTPAHCTBO-BpeMs, OAeT TOHHMAaHHUE
IIPOIIECCOB HCYE3HOBEHHS O0BEKTa U €ero II0SIBA€HHS Ha HOBOM MeCTe, IIOCAe
TeAelOpTallOHHOI0 Ilepexona. IlpearionaraeTcd, 4TO OKpyzKarollad yrpyrad adupHag
cpena 3alloOAHUT IIyCTOTY B MECTE€ HCUYE3HOBEHHS «IIy3bIps» TEACTIOPTUPYEMOH obAacTH
IIPOCTPAHCTBA, M PACCTYIIUTCA B 00AaCTH BO3HHUKHOBEHHUS «IIy3bIps». lcue3HOBeHHe
IIPOMCXOOUT IIyTEM CBOpPAYUBaHUA B TOYKY, a IIOSIBACHHE — IIyTeM pa3BOpadYUBaHUA U3
Touku. [Ipu atom, ympyrue nedopMallli OKpyzKarolleil 3(pUpHON cpeapl BOKPYT TOYEK
HCYEe3HOBEHUS U MOSIBACHUS MOAXKHEBI OyayT paspyliaTh MaTepHUasbHble 00BEKThI, KOTOPbIE
HAaXOIWUAWUCH PSIOM C 9TUMH TOYKAMH.

[Toaararo, 4TO «BOAHOBAsT Me€XaHHKa» I[O3BOAUT pPaboTaTb C MaKpOOOBEKTaAMH,
repeMenias 3aJaHHYI 00AaCTb IIPOCTPAHCTBA, CO BCEMH MaTEepPHAABHBIMU OOBEKTAMHU B
HeM, M3 OJHOTO MecTa B [Apyroe, TaKUM Ke o0pa3oM, KaKUM MbI MOXKEM MTHOBEHHO
M3MEHHUTDH ITOAOKEHHE IIyYHOCTH CTOSYeH BOAHBI B IIPOCTPAHCTBE, U3MEHSIS HACTPOUKHU
HCTOYHHKA CTOSTYed BOAHBI. BO3MOXKHO, OyZeT IIOA€3HO HCIIOAB30BATh TETPAadAPHUIECKYIO
cHUCcTeMy KOOpPAMHAT, IAd 33a4aHHUd «MecTa Ha3HadeHHs» B IIpocTpaHCTBe. [laHHOe
IIPEIIOAOKEHHNE HMeeT HEKOTOpoe OOOCHOBAHHE, €CAM Y4YeCTb CAydau HaOAIAeHUs
CIIOHTAHHOH TEeAEIOPTAIIUH I'PYIII AIOfei, CAMOAETOB U APYTHUX OOBEKTOB. B CBA3M € aTUM
BBIBOZIOM, flaaee MBI OyZieM pacCMaTpHUBATh TEAECIOPTAIHNIO, KaK SBACHHE, [IPOUCXOLIIEe
C HEKOH 00AaCTbhIO IIPOCTPAHCTBA, B KOTOPOH HAXOAUTCS TEACIOPTHUPYEMBIH OOBEKT.

[Toae3no HanOMHUTBL «3PPEKT HHAYKIUN», KOTOPBIA MBI OTMEYaAU [IAS PaA3HBIX
3(hupoaMHAMHUYECKUX SBACHHM: IIOTAOIAd HAM HCIycKas 3(QHup, HaAIIpUMEpP, B XOAE
da30BBIX NEPEXOA0B, BEIIECTBO MOXKET CO3aBaThb BOAHY IIAOTHOCTH SHEPrHUH, U
nepopMUPOBATh OKPYKAWIIYI0 3(PUPHYIO Cpeay. OTUM MOXKeT OBITb 00yCAOBAEH
MT'HOBEHHBIH Ilepexosl o0BbeKTa Ha APYrod «3HEepreTHYeCKUH YpPOBEHBL CYIIECTBOBaHHUS»,
€ro IIepeMeIleHNe B AOPYyroe MECTO, aHaAOTMYHO TOMY, KakK O3TO IIPOUCXOOUT C
3AEMEHTAPHBIMH YacTHIIAMH B MHKPOMHMPE. B TakoM caAy4ae, KBaHTOBaHHOCTH
IIPOCTPAHCTBA-BPEMEHU M «MEPILIAHHME MaTEePHMH» SBAAETCA OCHOBHBIM YCAOBHEM,
obecrieynBaIONIUM TEXHHUYECKYI0 BO3MOXKHOCTBH TEACIIOPTAIIMH Yepe3 «HYAEBYIO TOYKY»
CBOETO CYILIECTBOBAHU.

[To Teopuu maHHOIO BOIIPOCA, IIOAE3HO BEPHYTHCS K dKcIepuMeHTaM KospipeBa u
€T0 BBIBOJIaM O BO3MOXKHOCTH «MTHOBEHHOM CBHA3U» Yepe3 «aKTHBHBIE CBOMCTBA BPEMEHM».
OTO CTAHOBUTCH IIOHATHBIM, €CAW pacCMaTpPUBaTb BeChb TPEXMEPHBIH MHpP U3
MHOTOMEpPHOTO IpocTpaHcTBa. C 3TOH CTOPOHBI, BECh MATEPHUAABHBIN MUP 8bl2si0um, KaK
00HA MouKa, KOMoOpPYro Mbl BOCNPUHUMAECM KAK «OAHHBLU MOMeHm 8pemeHuwr. Bece o6bexmol
Hawell BcenernHoil mozym 6bime cnpoeyuposarsvl Ha 00HY MOUKY — MOMEHM MHO20MEPHO20
npocmpaHcmea. B amom cmwulene, mul 8ce ecezoa HAxXooumcst 8 0OHOU mouke, U 3TO AAET
BO3MOKHOCTE HE TOABKO ITOAyYaTh HH(OpPMAaIHo 000 Bcex Imporeccax Bo BceaeHHoi, HO u
MTHOBEHHO MEHHATH IIOAOXKEHHE OOBEKTOB B IIpocTpaHcTBe. [Ipu aToM, mHGOpPMAIIULA O
CTPYKTYpe KOMIIAEKCA aTOMOB TEAECIIOPTUPYEMOIo OOBEKTa He HyXKIAeTCs B Iepeaade U3
OZTHOTO MEeCTa B APYTOe.

B kayecTBe mpuMepa, HAIIOMHIO H3BECTHBIH «PHUAAIEABPUUCKUN SKCIIEPHUMEHTY,
XOT OH HW He uMeeT O(QUIHNAABHOTO MOOKYMEHTAABHOIO IIOATBEPXKAECHHUS. B
«prraneabPUBcKoM sKcIiepuMeHTe» 22 wuioag 1943 roma, amMepHKaHCKHUE Y4YeHBbIE
IIOCTAaBUAW 337134y CO3/AaHHUs HEBUAUMOCTH BOEHHOIO Kopabas. TeXHUYECKH, 3Ty 3amady
pelllasl C IIOMOIIBIO MOIIHBIX HMIIYABCOB JACKTPOMATHUTHOIO IIOASI, YTO OTHOCUTCS K
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MEeTOLy CO3[aHHs [OTIOAHHTEABHOI'O TPaBHUIIOAS. VI3BECTHO, YTO STH MOIIHBIE IIOAST
CO3/IaBaAUCh Te€HepaToOpaMH pa3MarHU4YWBaHUsS KopIyca Kopabas. Bo3moxkHO, 3TH
ycTpoiicTBa OBIAM MOAEPHU3UPOBAHBEI. HeBHAMMOCTH Oblaa IIOAydYE€HA, YTO O3HaA4YaeT
OTKAOHEHHE AydeHd CBeTa, ITPOXOASIINX B 00AACTHU IIPOCTPAHCTBA IIPOLEecca, CO3JaHHOTO
HEKMMH 5JA€KTPOMArHUTHBIMH MeTomaMu. bBoaee Toro, Kopabab wHcYe3 H3 TOYKHU
9KCIIePUMEHTA, U IIOIBHUACS B IPYTOM MECTE.

JlaHHBIN U3BECTHBIN JKCIIEPHMEHT OIIMCaH CBHUIAETEAIMH NOCTATOYHO AOCTOBEPHO,
M MOXKHO CHeAaTh BBIBOJ O TOM, 4TO 00AacTh 3(PHUPHOM cpenbl, B KOTOPOH HaXOMUACS
KopabAb, MT'HOBEHHO H3MEHHAA CBOE IIOAOKEHHE Ha ITOBEPXHOCTH IIAAHETHI, B PE3yAbTATE
HEKOTOPOI'0 OAEKTPOMArHUTHOIO BO3AEeHCTBHUA Ha KOpPIyC Kopabas, I[IOTOMYy, YTO
mpousoniaa gedopmanus 3PUPHOH cpenbl BOKPYr Kopabas. AHasoruu ¢ 3dpdeKToM
pebeHHHUKOBa OYEBHAHBI: B  «PUAAAEAB(PUICKOM  SKCIIEPUMEHTE»  ITPOHU30IIAO
«K(PUPOANHAMHYECKOE BBITECHEHHE» HEKOTOPOH 00AaCTH IPOCTPAHCTBA M3 OJHOTO MecTa
B Ipyroe IIPOCTPaHCTBO-BpeMs.

[Toaararo, 4YTO TmepexXomnbl «00AACTH HM3MEHEHHOTO COCTOSHHs» IIPOCTPAHCTBA-
BPEMEHH OT OJHOTO IOAOXKEHHS B APYTOe, MJOAIKHBI IIPOUCXOOUTH He IIAABHO, 4 CKadYKOM,
KaK 3TO IIPOHCXOOUT B MUKPOMHUPE, UTO AETAABHO OITMCAHO B KBAHTOBOH (PU3HKeE. YPOBHU
CYLLIECTBOBAHHUSA SAEMEHTAPHOTO IIPOCTPAHCTBA-BPEMEHH UMEIOT HEKOTOPhIE PE30HAHCHBIE
YCAOBHSI, KOTOPhIE MOXKHO PaCCYHTAThb OAS KaXKIOT0 KOHKPETHOIO CAydas yIIpaBASeMO
TEACTIOPTAIIUH.

Hrak, momyckasi, 4To 00AaCTh IIPOCTPAHCTBA MOIKET HU3MEHHUTH CBOU (PU3HUYECKHE
XapaKTEePUCTUKH, B pe3yAbTaTe HEKOTOPOH 3A(PUPOAHHAMHUYECKOH  aKTHUBHOCTH
MaTepPHUaABHOTO O0BEKTa, HAXOAAIIETOCsd B JAaHHOW 00AACTH, MBI IIOAYYaeM BO3MOXKHOCTH
CO3aHUs TEXHUYIECKUX CPEACTB A OCYILIECTBACHHUS TEACTIOPTAIIUH.

Haunboaee wWHTEpeCHBIM BOIIPOCOM SBAMAETCS CO3JaHHE METOOUKH pacueTra
3a/1aHHOIO «MeCTa Ha3Ha4dYeHHsS» U pa3MepoB 00AACTH IIEPEMEINIAEMOI0 IIPOCTPAHCTBA.
[Toae3noe 3ameuanue nas pacdetroB 3dpderra: B.A. YepHoOpoB oOHapyKHA (PYHKITHIO
3aBHCHMOCTH BEAWYHHBI H3MEHEHHS TeMIIa XOJa BpPEMEHH OT paccTosHud. [laHHasa
dYHKIIHS gBAFETCS KyOWYeCKOH 3aBHCHMOCTBIO, TO €CTh, H3MEHEHHE [1apaMeTpOB
IIPOCTPAHCTBA-BPEMEHN OOpPAaTHO IPOIOPIHOHAABHO KyOy PaCCTOSHUS OT LEHTPAABHOH
TOYKHU edpopMallii IIPOCTPAHCTBA — BPEMEHH.

JIAsT TIOHUMaHUS METOMAUKU pacdeTa, HeOOXOAUMO YUYUTHIBATH IIpe[AaraeMble B
JAHHOM KHHUTE HUIEHU O AUCKPETHOM CTPOEHHUHU IIPOCTPAHCTBA-BPEMEHHU, KOTOPBIE CAEAAHBI
Ha OCHOBE pacyeTa TOYHOIO 3HAYEHUS CKOPOCTH cBeTa. IlIpeamoaaraercss, dUTO
IIPOCTPAHCTBO-BPEMSI HMEET HEKOTOPYI0 KBAHTOBAHHYIO «KAETOYHYIO CTPYKTYPY»,
COCTOSIIIYIO U3 OTIEABHBIX 9AEMEHTAPHBIX MIPOCTPAHCTB. B 3TOM MOKHO HaWTH aHaAAOTHIO
C JXUBBIMH OpraHU3MaMH, KOTOpbIE TaKXKe HMEIOT KAETOYHYIO CTPyKTypy. OTcioma
IIOABALAETCA BBIBOJA O TOM, 4YTO KaxXaad TOYKa-MOMEHT JOAEMEHTAPHOI'O IIPOCTpaHCTBa-
BPEMEHH HMEET CBOH TOYHBIC KOOPAHMHATEI. 910 JAae€T BO3MOXKHOCTH OEAATh PacCdYEThbI
ynpaBAﬂeMoﬁ TEACIIOPTAIIUH. MoskHO OXKHUaaThb, YTO COBPEMEHHad KOMIIBIOTEPpHAA
TEXHHUKA CMOXKET O0eCIeYuTh HeoOXOAUMOe YITpaBA€HHE IIPOIIECCOM IIEPEMEIEHUS B
3aJaHHYI0 00AaCTb, €CAHM MPOTPAMMHUCTBHI CO3OaAyT COOTBETCTBYIOIEE ITPOTPaMMHOE
obecrieueHre. Ckopee Bcero, Qopma IepeMelriaeMoii ob6AacTH MOPOCTpaHCTBa OyaeT
CCbepI/I‘-IeCKaSI, XO0Td BO3MOZKHBI U APYTUE BApUaAHTEI.

Peimnmenne maHHOU TEXHUYECKOM 3a1a49Hu OTKpPBIBAET HaM 3aMevdaTEeAbHEBIE
IIEPCIIEKTUBEI, IIPEXKAEC BCETO B obaactH TpaHCIIOpTAa. IlocTaBKa TOBApPOB II€EPECTAECT UMETH
OoABIIIOE 3HAYEHUE AN UX CC6€CTOI/IMOCTI/I, B 3TO B KOPHE MEHAET MHUPOBYIO OKOHOMHKY.
HpeI/IMYH.[eCTBa IIPUMEHEHHUA CHUCTEM TEACIIOPTAIIUU B BOEHHOM obAacTu O4YE€BHAHBI.
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IlocaecaoBUE

MBI pacCMOTpPEeAN pas3AHMYHBIE CIIOCOOBI IIEpEMEIIEeHHs B IIPOCTPAHCTBE, HMEIOIINUX
OTAWYHS OT OOBIYHBIX PEAaKTUBHBIX IIPUHIMIOB. UWHTEepecHBIM 3addeKkToM aad
IIPaKTUYECKOTO IPUMEHEHUsI, MOKeT ObITh 3pdekT 6e3mnHeprmasbHOCTU. OH 00yCcAOBAEH
TE€M, YTO MBI II€peMeIaeM He TOABKO YaCTHUIIbI MaTepPHH, HO obaacTb 3PUpPHOI Cpensl,
CB3aHHOU C HaCTHUIIaMHU MaTepuH AaHHOTo Teaa. Camu mo cebe, 4acTHIIBI MaTepUH He
HMEIOT MHEPIIMAABHON MacChl, 3TO «IIEHTPHI CHA», KaK roBopua Matika Papanei, LIeHTPHI
3(pUPOANHAMUYECKHX IIPOIIECCOB. TEeXHOAOTHH «BBITECHEHHUS» OIPENEeAeHHON obaacTu
3(pUpPHOH cpedpl, IIPU HAAUYUHU B Hell IpaflleHTa IAOTHOCTH CPE/bl, II03BOALIOT CO34aBaTh
HOBBIE TPAHCIIOPTHBIE CPEACTBa, He HMerImux 3(Qd@eKTa HHEPIHU MaTepHuH, IpPU HX
YCKOPEHHOM [ABHKEHHH. YacTHUllbl MaTepuH, B [TAaHHOM CAy4Yae, OCMaromest
HEeNnoo0BUXKHbIMU OMHOCUMESIbHO OKPYIKAOULE20 UX 3¢hupa, COXpaHsds CBI3H MeXKay CO0oH,
KaK eIUHBbIH MaTepHaAbHBIN 00BEKT, XOTd caMa 00AaCTh IIPOCTPAHCTBA MOXKET OBUTaThCS,
TOYHEE CKa3aTb, MEHATH MECTOIIOAOKEHHE TAKUM Ke 00pa3oM, KaK MEHSIETCS TIOAOKEHUE
IIyYHOCTHU CTOsTYed BOAHBI IIAOTHOCTH JHEPTHHM B IIPOCTPAHCTBe. B maHHOM caydae,
CKOPOCTb IIE€PEMEIIEHHT, TO €CThb, H3MEHEHHS MECTOIIOAOKEHHUS 33JaHHOH 00AacCTH
IIPOCTPAHCTBA, U €€ «TPACKTOPHS» MOIKET OBITH AI00O#, ITOCKOABKY MOaHHBIH CIIOCOO
OTHOCHTCH K BOAHOBOH KBaHTOBOH MeXaHHMKe, a He K MexaHuke HproToHa. 9Omo
ceepxceemossble MmexHO02UU NepemeuleHusl.

MblI paccMOTpeAr HAeH KBaHTOBAHHOTO IIPOCTPAHCTBA, B KOTOPOM OOBIYHOE
OBUXKEHHE 4YacCTHI[ MaTepHH IIPOHUCXOAUT «IlaraMU M3 pPEaAbHOIO COCTOSHUS B
BUPTYaAbHOE U CHOBa B peaabHOE», KaK 3TO onuchkiBaa PefHMaH B U3BECTHOMN AuarpaMmme
CYILIECTBOBAHUA IIapbl YaCTHUI] «3AEKTPOH — T1o3uTpoH». HO.I. Beaocrouxu#i Takzke
IIOAMETHA, YTO II0 XOAYy [ABUKEHHS AIOOOTO MaTEPHUAABHOTO TeAd, €ro YacTUIIbI
[IpeBpallaloTcsd M3 BHUPTYaABHBIX B peasbHble, a I[I03aAM TeAa OHH IIpeBpallaloTCd U3
pPeaspHBIX B BUPTYaAbHBIE. IOTH K€ HAeU 3BydaT B Teopuu [Ipodeccopa 3oasoTapena.
CKOpPOCTBH CyILIECTBOBAHMHS YacCTUI] MaTe€pPHH, TO €CTh, CKOPOCTb XOJa BPEMEHH OAd HUX,
IIPH TakKOM PacCMOTPEHHH BOIIPOCa, €CTh dYacTOoTa IIMKAOB peaAHu3allll BUPTYaAbHBIX
YaCTHILl, POXKACHHUA B aHHHUTHALIIUN I1ap «dJaCTHUIla — aHTHU4YaCTHUIa». Hpe]lHOAaI‘aeTCH, 9To
OaHHBIM IapaMeTp (JacToTa IIMKAOB) MOIKET OBITH H3MEHEH, OIpeaeACHHLIMHU
TEXHUYECKHUMH MeTodaMU. B TakoM cxeMe CyIIeCTBOBaHHS MAaTE€PHUU, €CThb «MOMEHTBI
OCTaHOBKH», HyA€Bbl€ TOYKH Ha OCH BPEMEHHU, KOT/Ja MEHSETCS HallpaBAE€HHE €€ IIpoliecca
CyLLIECTBOBaHUAI. HaanMep, B TOT MOMEHT, KOorga IIpPOILIECC CYILIECTBOBAHHUA JACKTPOHA
3aKOHYHUACA, HAYHUHAETCA IIPOIIECC CYIIECTBOBAHHUA IIO3UTPOHA. HOAal"aH, 9TO OHH
CYLIECTBYIOT B Pa3HbIX HaAIIPaBAEHUSIX BPEMEHHU (QAEKTPOH — B Oymaylliee, B IO3UTPOH — B
IIPOIIIAOE), CaM IIPOLIECC CYLIECTBOBAHHSA 4YacCTUI] MaTepUHU [OaeT HaM BO3MOXKHOCTH
pa3BUBaATh TEXHOAOTHH YIIPABASIEMOIO II€PEMEIIEHUS T€A B IIPOCTPAHCTBE U BO BPEMEHU.

Bompochkl co3maHus HCKYCCTBEHHOIO TPaBUTAILIMOHHOIO II0Ad, KaK II0Ka3aAH
SKCII€PUMEHTbl MHOTHMX aBTOPOB, PELIAIOTCH IIyTeM CO3MaHUd Oegopmayuil ynpyaoii
a¢pupHOll cpedbl, U CBS3aHHOTO C OTHM, HU3MEHEHHH ee IIAOTHOCTH. B03MOXKHOCTH
yIpaBA€HUS IapaMeTpaMH IIPOCTPAHCTBa-BPEMEHU CYILIECTBYET, IIPUYEM HE TOABKO
SAEKTPOMAarHUTHBIMU MeTomaMu. PaboraTb ¢ 3(pHUPHOH Cpemod MOKHO ONOCPEIOBAHHO,
«gepe3 BEIIEeCTBO», IIyTeM H3MEHEHHs COCTOSHHUSA «pabodero Teaa», IMOCKOABKY dUpHas
cpena KOMIIEHCUPYET JaHHbIe U3MEHEHUS MaTepPHUU, COOTBETCTBYIOIINM 00pa3oM.

[Ipuraaiaro MHBECTOPOB AT PA3BUTHS IIPOEKTOB, IIOKA3aHHBIX B JAHHOM KHUTE.
Haunboaee OAM3KHUM K peasH3alluy, IIPaKTUYHBIM U OTHOCHUTEABHO IPOCTBHIM, CUYHUTAIO
IIPOEKT II0 CO34aHuio ABUXKUTeaer o metonuke CAM (cuaoBolf aKTUBHBIH MaTepHaa).
[lepcnekTHUBBI CO3JAaHUA MOPCKOTO U KOCMHYECKOIO TPAaHCHIOPTa IPy30NOLBEMHOCTBIO
COTHU TBICIY TOHH, KOTOPBIM HE HCIIOAB3YET TOIAHBO, [OAXKHBI OBITH TIOHSTHBI
uHBecTopaM. CoBpeMeHHbIE HAHOTEXHOAOTHH II03BOASIIOT PEUIUTH 3Ty 3a/1ady.
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