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Cywecmsyem moavko 00UH UCMUHHbLIL 3AKOH —

mom, KomOprfL nomozaem cmamos C80600HbIM.
Puuapo Bax

«Hatikxa no umeru /xonamar AusuH2CmMoH»

[IpenucaoBue

JIBUKeHHEe — 9TO U3MEHEHHEe MecTa IIOAOKEHHd 0OBEeKTa, IIPOIIECC, IIPOUCXOMAIIIHH
KaK B IIPOCTPAHCTBE, TaK U BO BpeMeHHU. MbI CyIlecTByeM B ABUKEHUM, Oaaromapss ToMy,
YTO HaXOAMMCS Ha IIOBEPXHOCTHU ITAQHETHI, AeTdlllel B KocMoce BOKpyr CoAHIIa, 1 BMECTe
c HuM B lasaktmre. C napyro#fi CTOPOHBI, KaKaas 4YacTHUIla BeIeCTBa MaTepHaAbHBIX
00BEKTOB dBAseTCH 3(PUPOAMHAMHYECKHUM IIPOIleCCOM, 0oAee HAM MeHee yCTOHYHBBIM
BUXPEBBIM IIOTOKOM ABUIKYyIeMca 3(pUPHOM cpeapl, 1 KPOME TOIO, IPOHCXOAUT ITPOIIECC
U3MEHEHUd IIAOTHOCTH 3(PUPHOH Cpenbl B IPOCTPAHCTBE (IAOTHOCTU 3Hepruu). Takum
ob6pa3oM, B peasbHOM MHpPEe HeT HHUYEro HEeIOABUIKHOIO, BCE OOBEKTbl HAXOASTCS B
OBUXKEHUH, a TaKXKe B IIPollecce U3MEHEHHs ITAOTHOCTH SHEPTrUU IPOCTPaAHCTBA 00BEKTA.

Mb1 3amedaeM [OBHIKEHHE, KaK HN3MEHEHHE MeCcTa II0OAOKEHHd, HAU [Ogpyroe
H3MEHEHHE IIapaMeTpoOB IIpoliecca CyIIEeCTBOBaHHS MaTepuu. [Ipomecc nBuxkeHHda U
Pa3BUTHAI HE MOXKET OCTaHaABAUBATLCS OO TE€X IIOpP, [I0Ka MaTepHusd CyLIeCTByeT. TO U €CThb
npouecc cyuiecmgogaHusi mamepuu 6o gpemerHu. C HaHHOH TOYKU 3PEHUs, MBI OyaeMm
paccMaTpuBaTh CIIOCOOBI CO3IaHUA ABUXKYIIEH CHABI, AeHCTBYIOIIEl Ha TeAo, He 3a0bIBas
O TOM, YTO BCE MAaTEpPHAAbHBbIE OOBEKTBHI COCTOST K3 MHKPOYACTHUI, H3 ISPUPHBIX
poiieccoB. ['OBOps O MepeMEIIEHHH TeA, HEOOXOMUMO TOHUMATh, YTO HPHU 3TOM, TaK HAU
HHa4e, HpI/IXOI[I/IT B [OBHXEHHE KOMIIAEKC YaCTHUILL MaTepI/II/I, CYIJ_[eCTBy'IOH_[I/Iﬁ HpH
OIIPEeNEeACHHBIX YCAOBHUSIX B 00AACTH IPOCTPAHCTBA, KOTOPOE OHU 3aHUMAOT.

[I[pakTUyeckoe MIPHUMEHEHHE IIpollecca [ABHUIKEHHsS COCTOUT B TOM, YTOOBI
rnepeMeraTe o0bEKT, HAIPHUMEDP, IIaCCaKUPOB U I'Py3, U3 OJHOM TOYKHU ITPOCTPAHCTBA B
OPYTYIO, II0 BO3MOZXKHOCTH, C MUHHUMAaABHBIMU 3aTpaTaMH BpeMeHHU. lIpoliecc aBUKEHUS,
0OBIYHO, IIPOUCXOAUT C HEKOTOPOM CKOPOCTHIO, HO, KaK AI00Oe Apyroe ssBAEHHE, UMEeT ABa
«(IIPEOEABHBIX CAy4Yad». B OOHOM M3 HHX, TEAO MTHOBEHHO MEHHAET MECTOIIOAOXKEHHE B
IIPOCTPAHCTBE, a BO BTOPOM, TEAO MTHOBEHHO MEHHET CBOE IIOAOXKEHME Ha OCH BPEMEHHU.
IlepBBIN cAydal OTHOCHUTCH K TEACIIOPTAIMH, & BTOPOM — K IIEPEMEIIECHUIM BO BPEMEHH,
0e3 M3MeHeHUS IIOAOKEHHsS B IIPOCTPAHCTBE. MBI pacCCMOTPUM pPa3AUYHBbIE HAIIPABACHUS
pPa3BUTHA TEXHOAOTHH IIEPEMEIIEHUA B IIPOCTPAHCTBE M BPEMEHH, BKAIOYAd U 3TH ABa
IIPEeNEABHBIX CAyYad.

OOBIYHBIE CITOCOOBI IIEpPEMEIIEHUsST HaM XOPOIIO HM3BECTHBI, OCHOBHOM U3 HUX —
peakTUBHBIHA. [lemexoq OTTaAKHUBAETCS OT OIIOPBI HOTaMH, aBTOMOOUAB OTTAAKUBAETCS OT
OIIOPHI ITPU BPAIIEHUH KOAECA, W MPHU ITOM, OIIOPa OTTAAKHBAETCS Ha3all, a TPaHCIOPT
IOAYYaET PEAaKTHUBHBIM HUMIIYyABC, U [OBUKETCHA BIepen. AogKa MOXKET HPUBOIUTHCH B
OBUXKEHHE BecAaMH, BOJOMETOM HAU BHHTOM, OTTAAKHWBas Has3ald BOAy, co3aaBas
peakTuBHbIH 2derT. IIpu TakoM crmocobe, CTPOTO BBIIOAHAETCS 3AKOH COXPaHEeHUS
UMIOyAbCA, KOTOPBIM BCEM HaM XOPONIO 3HAKOM: B pPe3yAbTaTe PEeaKTHBHOTO
B3aUMOJICHCTBHS, KaXKI0€ U3 TEA II0AyYaeT OAWHAKOBBIH HMITYABC, KOTOPBIA paBeH
HPOU3BEICHHUIO MacCChl U CKOPOCTH, IOAS Ka’KAOTO W3 ABYX B3aHMOACHUCTBYIOIIHMX TEA.
PakeTHble OBUXKUTEAW, BUHTOBBIE HAW TYpPOOpPEAKTUBHBIE CAMOAETBI, U Apyras TeXHUKa
paboTaeT B TOUHOM COOTBETCTBHH C JAaHHBIM 3aKOHOM COXPaHEHHUS UMIIyAbCA.

YckopeHHe A€TaTEeABHOI'O alllapara, HallpUMEp, PakKeTbl, 3aBHCHT OT TOro, Kak
MHOTO, M C KAaKOH CKOPOCTBIO, TOIIAMBO BBbIOpACBIBAETCS dYepe3 COIAO PAKEThl BO
BHEIITHIOI cpexy. OTMETHM, YTO, A CO30aHUS OBUIKYIIEH CHABI, AIFOOOH peaKTUBHBIH
arrapart TPaTUT SHEPTHIo, YTOObI IIPHAATh YCKOPEHHOE ABHUKEHNE PeaKTUBHOH Macce.
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[Ipu oaTOoM, BbIOpackIBaeMoe€ BO BHEIIHIOIO Cpeay TOIAHMBO YBEAHUYHUBaET
KHUHETUYECKYIO DHEPTHUI0 MOAEKYA CPEAbl, B KOHEYHOM HTOIC, YBEAUYHBAad TEMIIEpaTypy
OKpYzKalollle¥ cpenpl, HarpeBad ee. B TakoM caydae, MOXKHO CKa3aTbhb, YTO YBEAWYEHUE
TEIIAOBOH SHEPIUU, KHHETHUYIECKOU SHEPTHUU MOAEKYA OKPYZKAIOLIEH Cpelbl, SKBHUBAACHTHO
YBEAHMYEHHUIO KHHETHYECKOH DHEPTHUH A€TATEABHOIO ammnapara, HAU APYToro ABUZKYIIETroCd
TeAd, HCIIOAB3YIOIIETO0 PEaKTHUBHBIN NPHUHIUI. B 3TOM IIpodgBAgeTCda 3aKOH COXPaHEHHULA
HMIIyAbCA U SHEPIHH.

CyulecTByIOT ApyrHe, OaBHO M3BECTHBIE METOAbI, IIOXOXKHE Ha pPEaKTHUBHBIMN
IIPUHIIUII. OTHU MeTOAbl TaK3Ke paboTaloT B CTPOIOM COOTBETCTBHH C 3aKOHOM COXpPAaHEHHS
HMIIyAbCa, HO B 00pamHom HanpaeneHuu, a UMEHHO, 3a CYeT YMEHBIIeHUS TeIAOBOH
9HEPTUM OKpyzKarolleid cpenwrl. Hampumep, mapyCHUK IIPUBOAUTCH B [IBHUXKEHHE He Tak,
KaK AOJKa HMAU KaTep: OH TOPMO3UT ABUKYILIHUHCS IIOTOK Cpenbl (BO3AyX) CBOUM I1apyCcoM,
4TO U3MEHSET (YMEHBIIIAET) KHHETHYECKYIO 9HEPTHUIO IIOTOKA YaCTHI] OKPY2KAalollle¥ cpensbl,
[ASI TOTO, YTOOBI YBEANYHUTH CKOPOCTD (KMHETHYECKYIO SHEPTHIO) [TapyCHUKA.

ITOoCKOABKY TEPMHUH «PEAKTHUBHBIN» 03HAYAET «I[IPOTUBOACHCTBYIOIIMMY, TO IIPUHIIHII,
IIPOTHUBOIIOAOXKHBIM  pPEaKTHBHOMY, MOXKHO  HAasbIBaThb  «aKTUBHBIM», TO  €CTb
«IEUCTBYIOIINM». B peakTHUBHBIX OBHXKHUTEAdX, CHAQ, ACHUCTByIOIIAd Ha TPAaHCIOPTHOE
CPEeNCTBO, CO3JaeTcd, KaK peakllud Ha yBEAWYEHHE OSHEPrHH OKPYKAaloIlleW Cpenbl.
PeakTuBHBIE OBUKHUTEAU TPEOYIOT HMCTOYHHK SHEPTUM, IS cBoel paboTbl. B akTHBHBIX
OBUKUTEAAX, AEHCTBYIOIAd CHAA CO3AETCH 3a CYUET IIOTAOLIEHMS 3HEPIHH OKpyzKarolllee
cpenpl. Baaromapsa 3ToMy CBONCTBY, aKTHUBHBIE ABUXKHUTEAHU MOTYT CAYKHUTBH HCTOYHHUKAMH
9HEPTHH, IIPU CBoeil paboTe.

B raaBe 0 HAHOTEXHOAOTHMIX MBI PACCMOTPUM METO[, IIO03BOALIOIIHUN CO30aTh
OBUIKYIIyI0O CHAY 0Oe3 3aTpaT TOIIAMBA, 3a CYeT CIEIHAaABHOIO peAbeda II0BEPXHOCTH
HaHOMaTepHuaaa, 00eClIeYHNBAIOIIEr0 OTOOP KMHETHIECKOH SHEPIrUH MOAEKYA BO34yXa, AU
OpyTroM oKpyzKarolleit cpenpl. [laHHBIN MaTepHaA Ha3BaH «CUAOBOM aKTUBHBIN MaTepHaA»r.
Haanuyme BeTpa, B JaHHOM CAyYae, He UMeeT 3HA4YeHHUd, TaK KakK IIpU Macurrabax oKOAO
100 HaHOMETPOB, MOXKHO CKa3aThb, 4YTO «BETE€P €CTh Bcergar. MoOAEKyAbl BO3Ayxa, IIPHU
0OBIYHOM aTMOC(EPHOM JABAEHHH W KOMHATHOM TeMIIepaType, XaOTHYECKH [IBUTAIOTCS
co ckopocTtbio 500 METPOB B CEKyHIy, HO KaxKaasd U3 HUX ABUKETCS IIPSIMOAWHEHHO, 0e3
CTOAKHOBEHHH, TOABKO Ha HEOOABIINX y4acTKaxX CBOEH TPaeKTOPHUH, JAWNHOU npuMepHO SO
- 100 wHaHOMETPOB. OJOTO [ABUXKEHHME MOXKHO MUCIOAB30BaThb, CO3/IaB, C IIOMOIIILIO
COBPEMEHHBIX HAHOTEXHOAOTHH, CIIeITHaABHBIH YIIOPSA0YEeHHBIH peAbe) ITOBEPXHOCTH.

HUrak, m3BeCTHbIE HaM IIPUHIIUIBI CO3JaHUA ABUXKYINEH CHABI OAS YCKOPEHUS
TPaHCIOPTHOI'O CPeACTBa paboTaloT 3a CYeT B3aMMOAEHCTBHUA C OKpyKarolled cpenoii, B
COOTBETCTBHHM C 3aKOHAMH COXPaAHEHUd HMIIyABCA M 3HEPrUM, U APYyroro He [aHO.
OTneAbHO MOIKHO OTMETUTH, YTO BBIIIOAHEHHE [JaHHBIX 3aKOHOB He TpebyeT BbIOpoca
PE€aKTUBHOM MAacCChl 3a IpPEacAbl KOpIlyca TPAHCIOPTHOIO CPEACTBA, B TOM 4YHCAE, U B
PakKeTHONM M KOCMH4YECKOM TexHuKe. CyIlecTBYIOT H3BECTHBIE TEXHHUYECKHUE pPEIIEHUS,
IIO3BOASIOIINE IIOAYYUTBH PEAKTUBHBIM MaKpPOHUMIIYABC, [AEUCTBYIOIIMHM Ha KOPILYC
TPAHCIOPTHOTO CPEACTBa, IIPHU BBIOPOCE CropaeMoro TOIIAMBA W3 [OBUXKHUTEAS B
CBOEOOpPA3HBIHA «TAYIIHTEALY, HAXOOAIIUNCA BHYTPU KOpPIIyca TPAHCIOPTHOIO CpeacTBa. B
JAHHOM (TAYIIHUTEAE», MUKPOHUMIIYABChI YaCTHI] PEAKTUBHOM CTPYH TOIIAUBA TEPHAIOT CBOIO
KHUHETUYECKYIO JHEPIHIO, U OHAa IIEPEXONUT B OKPYXKAIIIYI0 Cpely B BHIAE TEIAOBOIO
n3aydenud. [Ipu Takom criocobe co3maHUSA ABUKYIIEH CHABI, OXAaXKAEHHad pabodad
peakTHBHaAsg Macca BeIlecTBa MOXKeT OBITh BO3BpallleHa B KaMepy CropaHHs, Ie OHa
OyZeT MCIIOAB30BaThCS B HOBBIX ITUKAAX «HarpeBa — BbIOpOCA — OXAQKIECHHS — BO3BpaTar.

PaccmarprBas ABUKeHHE B BO3/AyXe, B BOJE UAW Ha IIOBEPXHOCTU OIIOPHI (IOPOTH),
MBI MO3K€M OITHCATh IIOYTH BCE U3BECTHBIE HAM KOHCTPYKIINN ABUXKUTEAEH TPaHCIIOPTHBIX
cpencTB. Bece oHU 9BAGIOTCS PeaKTUBHBIMH HMAH aKTHBHBIMH ABUXKHTeAdMU. He aBaaroTca
HCKAIOYEHHEM H TaK Has3blBaeMble HHEPIIMOUALl — YCTPOHCTBA, HCIOAB3YIOIINE [IAS
CO3/IaHUSI ABUKYIIEH CUABI CBOHCTBO T€A, KOTOPOE MbI OOBIYHO HA3bIBaE€M «MHEPIIMAABHOMH
Macco».



B raaBe T1po HHEPLHMOWABI, MBI PACCMOTPUM (UIUYECKHH MeXaHH3M
BO3HUKHOBEHUSI HWHEPIUH, I[IPH YCKOPEHHOM [BMKEHHH Te€A, U BapHaHTBhl €ro
IIPaKTUYECKOTO HUCIIOAB30BaHUsI, C TOYKHU 3peHUs 3(PUPHOH Teopuu

OTOoeAbHO OT aKTHUBHBIX M PEAKTHBHBIX METOZIOB, MMEET CMBICA II0Ka3aThb TaKHe
CIIocoOBI CO3MaHUA ABUKYIIEH (IIOABEMHOM) CHABI, KOTOpPble O0yCAOBAEHBI I'PAIUEHTOM
naBAeHUd cpenbl. [lepeman naBaeHUsI 3acTaBAsSIET BO3AYIIHBIN IIap IMOAHUMATHECS BBEPX.
Teopus Bo3ayxoraaBaHHS HECAOXKHAas: OKpPYyKalolllad Cpe/la UMeeT I'PafueHT IAOTHOCTH,
a TIOCKOABKY IIAOTHOCTBH Cpedbl BHYTPHM IIapa MeHbIlle, 4YeM CHapyzKH, TO [JaBACHHE
OKpyzKarolle cpenbl BBITECHSET IIap BBepPX. AHAAOTHYHO, CHAA ApXHUMena 3acTaBAgeT
BCIIABIBATb T€AA MEHBIIIEH ITAOTHOCTH, YeM Boaa. ['paaueHT naBAeHUS B Cpele, B JaHHBIX
cAydasiX, CO3[aeT TpaBUTALIMOHHOE II0A€ TIiaaHeTbl. [lo 2TOM mpUYMHE, 3THU CHABI
NefCTBYIOT B BEpTHKAABHOM HaIllpaBA€HUH.

Pa3zHocTh maBaeHUS cpenbl BO3HUKAET TaKXKe IIPH OTHOCUTEABHOM [IBUKEHUU
Kpblaa, uMeromiero Ipodgpuab 2KykKoBckoro — YamabIrMHA, M OKpy»Karlolled cpenbl, YTO
co3aeT MOMBEMHYIO CHAY, MOEeHCTBYIOIIYI0 Ha KPBIAO CO CTOPOHBI cpenbl. ['pamueHT
[OaBA€HUS cpeabl paboTaeT MOX0XKHM 00pa3oM B U3BeCTHOM «3pdekTe MarHycar», KOTOPbIH
OyzeT pacCMOTPEH B OTHAEABHOM raaBe. CHABI TAKOU IIPUPOABI MOTYT OBITH HAIIPABAEHBI B
AIOOYIO CTOPOHY, YTO BBITOJHO OTAMYAET JAAaHHBIM METO/ OT METO/IOB BO3AyXOIIAABaHUSI.

du3mKa, KaKk U BCE €CTECTBO3HAHMHE, €CTh IIONbITKA HU3YyYUTh U MOHATH KaKHUM
obpas3oM yCcTpoeH, TO eCThb, CO3/IaH, HAIll MUP. B TeoAroTHH MHOTO CKa3aHO O TPOHCTBEHHOH
npupone Bcero cymiero. Mcroab3yd MeTON aHaAOTHH MeXAy $IBACHUSIMH B Tpex
PU3NYECKUX CpellaxX, IIepexoad OT FT'MAPOAUHAMUKHN U adPOAMHAMUKHU K 3(pHUpoaAuHaMUKe,
MBI MOKEM COXPaHATH TEPMHHOAOTHIO, M TOBOPHUTb 00 3dupe pas3HOH TeMIlepaTyphl,
Pa3HOM IMAOTHOCTH, KOTOpPast 00yCAaBAUBAET OIIPEeNeA€HHOE CTaTUYecKoe aaBaeHHe. Kak u
B Ta30AWHaMUKe, B O(HUPOAWHAMUKE VIOOOHO TakKKe HCIIOAB30BATh IIOHATHE O
«IUHaAMHUYECKOM JaBA€CHHI», KOTOPOE TaK¥Ke 3aBHCUT OT CKOPOCTH IToTOoKa. [loaaras, 4To B
a(pUpPOAMHAMHKE BBIIIOAHSETCH 3aKOH bBepHyAAm O IIOAHOM [aBA€HUH, MblI HMeeM
BO3MOXKHOCTh KOHCTPYHPOBATh TEXHUYECKHE YCTPOHUCTBA - ABUXKUTEAN, padoTaroIlye He B
BO3/AyXe HAW BojAe, a B BakyyMe (B adupHoi cpezne). [Ipum Takom mnomaxone, OT
BO3IyXOIIAQBaHUS MbI MOXKEM IepetTH K 3(pHUpOoIIAaBaTEABHBIM amliapaTaM.

KoHcTpykiumu 3pHpPOOOMEHHBIX ABUKUTEAEH MOTYT HCIOAB30BAThb JAEKTPUYECKHE
CHUABI, MATHUTHBIE SBAEHHSA, a TaK¥XKe TOT (aKT, YTO CKOPOCTH PaCIPOCTPaHEHUS
9AEKTPOMAarHUTHBIX BOAH HeE SIBASETCH OECKOHEYHO OOABINO. OTO MO3BOASET MOAYYIHUTH
OBUXKYIIYIO CHAY 3a CUYET OHOAEKTPHUYECKHUX U JIACKTPOMATHUTHBIX B3auMOAeHCTBUH,
IIOCKOABKY OHH IIPOMCXOAST HE B IIyCTOM MecTe, a B 3(QUPHOH cpene, uMeloniei
U3BeCTHbIE (pHU3HYecKUe CBOHCTBA.

Anasoru 3dpdexkra MarHyca, gas caydasd 3PUPHOH Cpenbl, OTHOCSITCS K obAacTH
9AEKTpOANHAMUKU. MBI pacCMOTPUM HECKOABKO METO0B CO3IaHUSd ABHKYIIEH CHABI, 3a
CYeT H3MEHEHHUS IIAOTHOCTHU 3(pHUpa B HEKOTOPOM OOBEME MPOCTPAHCTBA, U CO3AAHUS,
TaKUM 00pa3oM, rpaaueHTa JaBACHHS CPeabl Ha ABUKUTEAD.

B 3akArouuTEABHBIX TAaBax [JaHHOM KHUTH, MBI pPAacCMOTPHUM  OCHOBBI
XPOHOAUHAMUKH. OTO HOBas 00AacTh (PU3HKH, H3y4alolllasd SBACHHsS, CBI3aHHBIE C
U3MEHEHHEM XPOHAABHBIX (T€MIIOPAABHBIX) IapaMeTPOB OOBEKTOB, TO €CTh, TaKHX
rIapaMeTpoB, KaK CKOPOCTB CyIIIECTBOBaHHSA O0BEKTA. ITO CKOPOCTDH 3(PUPOIUHAMHUYECKUX
IIPOIIECCOB, B pe3yAbTaTe KOTOPBIX CO3AIOTCHA aTOMBbI U BCE APYTHE YaCTUIIbl BEILIECTBA.
[anHas CKOpPOCTH BOCIIPUHHUMAaeTCd HaMH, KaK CKOPOCTb Xona BpeMeHU. OHa gaBageTcs
OTHOCHUTEABHBIM IOHSTHEM: YCKOPEHHE HAU 3aMeIOA€HUE TeMIla CyLIeCTBOBAHUSA OTAEABHO
B34TON0 MaTepHaABHOTO OOBEKTa HMMEEeT CMBICA pacCMaTpUBaTh OTHOCHUTEABHO
€CTECTBEHHOTO TeMIIa CYIIeCTBOBAHHS OOBEKTOB B OKOAO3EMHOM IIPOCTPAHCTBE —
BpEMEHHU.



B oTmeAbHOH raaBe, IIOCBSAIIIEHHOH YeThIPEXMEPHBIM pe30HaHCcaM, OyZeT ITOKa3aHo,
KakuM o0pasoM (pHU3HUECKHE IIapaMeTpbl YacTHI[ MHUKPOMHPA H 3IAEMEHTOB XKHUBOH
OpUpPOAbI, B YacTHOCTU, MoAeKyARl [IHK, 3amarorca mapaMmerpaMu (pasmepaMy) HAQHETHI.
OTO BaXXHO [Ad Pa3BUTH4A IIOHUMAaHUS IIPOIECCOB CYILECTBOBAHHS YacCTHI[ MaTe€pPHUH Ha
OPYTUX IIAaHETaX, a TaKXKe, OAS IPUKAQOHBIX ACIIEKTOB, HaIIpUMeEpP, CO3IaHUS YCAOBHULA
CTabHAM3AIINH PAAHUOAKTHBHBIX H30TOIIOB, YTO JAOCTHUTAETCS IIyTeM H3MEHEHUS ITAOTHOCTH
2UPHON OKPYKAIOIIEH Cpe/Ibl.

YBeanueHHE HAW YMEHBIIIEHHE CKOPOCTH CYILIECTBOBaHHUS MaTEpPHUH, TO €CTh
«CKOPOCTH [BHUXKEHHS BO BPEMEHH», MOXKET pPacCMaTPHUBATHECS 10 aHAAOTHU C ABHKEHHUEM
TeA B TIIpocTpaHcTBe. [Ipu TakoM 1mogxone, YAOOHO HCIOAB30BAThH IIOHATHE O
«XPOHOABUKYIIEH cHAe», KOTOpas UTPAET TaKylo K€ POAb, KaK U 3AEKTPOABUKYIIAs CHAA
B OAEKTPOAMHAMHKE, HO [AS BCEX TEA, & HE TOABKO [AS DAEKTPUYECKU 3apsisKeHHBIX
yactull. COOTBETCTBYIOILlee IIoA€ MeHCTBHS MAHHOM CHABI, HMeEIoIlee HEKOTOPYIO
HaIIPSKEHHOCTD (TPaIHeHT XPOHAABHOIO ITIOTEHIHAAA), Mbl MOXKeM Ha3BaTh «XPOHAABHBIM
II0A€M», B KOTOPOM IBHUIKETCH «XPOHAABHO 3apsKeHHOe Teao». B o0lem, TepMHHOAOTHS
3HaKOMasl, IIOCKOABKY OHa BBITEKAeT N3 aHAAOTHH C JAEKTPOAMHAMUKOHN. YBeAndeHUe
HAIIPSAKEHHOCTHU IIOASI CO3/JaeT ABUXKYIIYIO CHAY, OeHCTByoIllee Ha 3apsaKeHHOE TeAO, B
3a/IaHHOM HaIIPpaBA€HHH, U TaK JaA€e...

I'naBHBIN BBIBOJ, U3 JAHHOM aHAAOTHUU COCTOHUT B TOM, YTO MbI MOXKEM ITAQHUPOBATh
SKCIIEPUMEHTEHI 10 «XPOHAABHOM MHAYKIIUM»: ABUXKEHUE «XPOHAABHOIO 3apdaa» IOPOKIAET
IIOA€, & U3MEHEHNE ITAOTHOCTH TOKa «XPOHAABHOIO 3apdia» B «P€HEPaATOPHOM XPOHAABHOM
KOHTYp€» MOOAKHO HHAYLHUPOBATh «XPOHAABHBIE TOKH» B «IIPHUEMHBIX KOHTypax». [ad
KOHCTPYKTHUBHOI'O DPa3MBIIIACHUA O IIPUPOAE «XPOHAABHOIO 3apdia» Mbl PACCMOTPHUM
pabote! Ko3vipeBa, BetHUK 1 APYyTHX N3BECTHBIX aBTOPOB.

B Hacrodiee BpeMs, MOXKHO ITPEAIIOAOXKHUTh HECKOABKO TEXHUYECKHU PEaAUu3yeMBIX
9KCIIEPHUMEHTAABHBIX METONOB CO3MaHUS XPOHOABMIKYIIEM CHABI, XPOHOIIOAS U
yIIpaBASIE€MOr0 U3MEHEHH XPOHAABHBIX [TIapaMeTPOB OTAEABHO B34ThIX 00BEKTOB. [laHHBIE
MEeTOObI, [I0 aHAAOTHH C pPEeaKTHUBHBIMH METOLAaMH, a TakKXKe C BO3QyXOlAaBaHUEM,
HCIIOAB3YIOT TOHATHE 00 3pUpHOH cpede, MMeEIOUIEH peasbHblEe (PU3HUYECKHE CBOMCTBA,
KOTOpPBbIE MbI MOXKEM IIEACHAIIPABAEHHO MEHATb, A9 YCKOPEHUS HAH 3aMeIACHUS
OBUKEHHUS O0BeKTa BO BpeMeHH. TakuM obOpa3oM, Iepexonss K BOIIPOCY O «MAalllHHe
BpPEMEHN», HaM I[IPEINCTONUT IIOHSTH HE TOABKO BO3MOXKHBbIE IPHUHIIUIILI OCYILECTBAEHUS
OaHHOHM MeuThbl YeAOBedYecTBa, HO U €€ TeXHUYeCKHe XapaKTepPUCTHUKH, Kak
IIEPCIEKTUBHOIO TPAHCIOPTHOIO CpeAcTBa. BropoueM, mpakTHYeCKU II€EHHBIM, B
COBPEMEHHOM MHUpPE, MOKET OKasaTbCsd TaKOH IIPUKAQIHOM acCIeKT XPOHAABHBIX
TEeXHOAOTHH, KaK BO3MOIKHOCTH CTaOHMAW3AIINH PAIHMOAKTHUBHBIX YaCTHI], C HEOOABIIINMU
3aTpaTaMH HEPTHH, U Ha OOABIIONH TepPUTOPHH. B oTneAbHO raaBe KHUTH, MBI O0CYIUM
3KCIIEPUMEHTBHI II0 H3MEHEHHIO CKOPOCTH XOJa BPEMEHM, KOTOPbIE aBTOP IIPOBOLUA B
2003 rogy coBmecTHO ¢ B.A. YepHOOpOB.

PaCCManI/IBaH CIIEKTD YIIOMAHYTBIX BBIIIIEC TeXHOAOPI/II;'I, OT JaBHO HM3BECTHBIX, O0
daHTACTUYECKHX, MOKHO CAEAATh BBIBOJ O TOM, YTO, HA JAaHHOM J3Talle Pa3sBUTUS Hallel
muBHUAKM3aAIlY, HMEET CMBICA KOHIEHTPHUPOBATL YCHUAULA pa3pa6OT‘-II/IKOB B obaactu
IIPOEKTHPOBAHUSA TPAHCIOPTHBIX CPEACTB HOBOI'O TUIIA, HCHOAB3VIOIINX TaKUE aKTHUBHBbIE
OBUKUTEAH, KOTOpble He TpeOYyIOT TOIAMBA [AS CO3[AaHUs [OBUIKYIEH cuabl. Bce
COBPEMEHHBIE KOCMHUYECKHE IIPOrpaMMbl HMEIOT 2KECTKHE OIrpaHHUYC€HUd, IIOCKOABKY OHH
HCIIOAB3YIOT O6]llerI/IHHTYIO , HO AaBHO yCTapEBILIYIO KOHIIEIIITHM IO PEAKTHUBHOTIO
TOIIAMUBHOI'O [OBHXKHTEAA. HoBple TEeXHOAOTHUH AalT HEOCIIOPHMBIE TEXHOAOTHUYECKHE
IIPEUMYIIIeCTBA B 00AACTH KOCMHUYECKUX, BO3AYIIIHBIX, HA3€MHBIX U MOPCKHUX IE€PEBO30K,
CHUKasl Ce0EeCTOMMOCTh U HEOTPAaHHYEHHO YBEAHMYHUBAasl [JAABHOCTH IIEPEBO30K. OTO
OTPOMHBIE PBIHKH COBITA, KOTOPbIE pPACTYT, YYUTBIBAd IIAQHBI Aad3POKOCMHUYECKHUX
KOMIIaHHUH II0 OCBOEHHIO OamzkHero kocmoca B 2020 - 2030. I[IpumeHeHHe HOBBIX
TEXHOAOTHH ITO3BOAHUT B IECATKH pa3 CHHU3UTH CTOMMOCTH BbIBOJA I'PY30B Ha OpOUTY.



PeakTUBHBIN NIPUHIUII B 3aMKHYTOH CHUCTEME

BamaguMca OPOCTBIM BOIIPOCOM: Ha Hallel IIAaHETe IIOCTOSHHO B [ABUXKEHHU
HaxoAgaTCSd MHUAAWAPABl Alofel, MamluH U T.II. Bce OHHM [OBUraroTcsad peaKTHBHBIM
METOIOM, OTTAAKHBASACh OT IIOBEPXHOCTH IAaHeThI. KaxKnplit 13 Hac OABUIKETCS II0 JOpore
B HYXKHOM HallpaBA€HHUH, CO0O00OIlad IIAQHETE COOTBETCTBYIOIIMH  HMIIyABC B
IIPOTUBOIIOAOKHOM HaIllpaBA€HHUH. BaudgeT AWM CyMMapHBIM peakTHBHBIM HMIIyABC Ha
CKOPOCTh BpallleHUs HAaHeThI? OTBET OYEeBUAEH: HET, HE BAHIeT. BekTopa cHA peakiiyu
TIAQHEThl Ha JAeUCTBUS OTAEABHBIX AIOZIeM, MaIllUH U T.II. He YNnopsi0oueHsl, II03TOMY, B
CHCTEME OTcCYeTa IIAAHETBhI, CyMMAapHbIH peakTUBHBIH HMIIyABC B OTBET Ha MHOIKECTBO
XaOTHUYECKHU HAITPaBAECHHBIX UMIIYABCOB pPaBEH HYAIO.

JlaHHYI0 CHTyallMI0 MOXKHO BOCIPOH3BECTH B TEXHHYECKOM YyCTPOHCTBE, KOTOPOE
II03BOASET CO3[aBaTh PEaKTHBHbIE TPAHCIIOPTHBIE CPEACTBa HOBOTO THIIA, Tpebylolue
HCTOYHUK OSHEPruu (Temaa), HO He pacxomylolqye pabodyio peakTHBHYIO Maccy.
PaccmotpumMm cxemy, mokazanHyio Ha Puc.1.

BO3BPAT OXAAXK/IEHHOU MACCBI

]

TEIMAOOBMEHHHWK

IIBUXYIIIAA
CHUAA
TAVIIHTEAD PEAKTOP T
< [——
PEAKTUBHbBIN

ITOTOK ﬁ I\_

HWCTOYHHUK TEIIAA

Puc.1. [IBUXUTEAB C 3aMKHYTBIM KOHTYPOM PEAKTHBHOM MacChI

B maHHO# KOHCTPYKIIMH [OAXKEH OBITH peakTop (KaMepa CropaHusd), B KOTOPOM
pabouyag macca HarpeBaeTCd HCTOYHHKOM TEIAa, PaCIINpsSeTCs, OaBUT Ha CTEHKH
peakTopa, U BBIAETAET 4Yepe3 COIlA0. ABTOMaTH4YECKas CHCTEMa YIIPaBACHUS MOOAXKHA
obecrieyuTh PETYAUPOBKY BEAWYHHBI [OaBA€HHUS BHYTPH peakTopa, IlofaBas B HEro
OXAaXKIIEHHOE paboyee BEIeCTBO, B HY?KHOM KOAHYECTBE, U PETyAUPYs Iofady TEIAOBOH
SHEPTHUU OT UCTOYHHKA TEIIAA.

OueBUOHO, YTO PEAKTUBHBIN IIOTOK MAaCChI BEIIECTBA, BhIOPACKhIBAsICh U3 peakTopa
4yepe3 COIAO Haszand, OyaeT cooOIIaTh BCEMY KOPIIYCY ABUIKUTEAS UMIIYABC BIEpPen, YUTO
obecrieduT YCKOPEHHOE [BUIKEHHE BCEro TPAHCIOPTHOTO CPEACTBA, B HYXKHOM
HaIllpaBAGHHUH. B oTAnyne oOT OOBIYHBIX PEaKTHUBHBIX [OBHXKHUTEAEH, IIpenaaraeTcs
HAIIPaBAATb PEAKTHUBHBIH IIOTOK HE B OKPYXKAIOIYI0 Cpeay, a B CIEHAABHBIH
(TAYIIIUTEAB», B KOTOPOM YaCTHIIbI pabodyeil MacChl TEPSIOT CBOI0 KUHETHYECKYIO SHEPTHIO,
oTHaBas TEIAO dYepe3 TeIAOOOMEHHHK B OKpYyXKamwIlyio cpeay. [lasee, C IIOMOIIIBIO
CHUCTEMBbl NPUHYAUTEABHOH IHPKYAdIINH, OXAaKJAeHHas pabodas Macca MOOAXKHAa
BO3BpAlllaThCd B PEAKTOP.

BemrecTBo, mpuMeHsdeMoe B POAM PEaKTHBHOH pabodeld Macchl, HE [IOAIKHO
HN3MEHATHh CBOHUX XMMHYECKHX CBOP'ICTB, IIPU MHOTOKPAQTHOM Harp€BE€ B OXAAKIACHUH. 2T0
BEIIIECTBO HE HBAGETCH CrOPaAEMBIM TOIIAMBOM, KOTOPOE IIPHUMEHSETCH OMHOKPATHO,
MEHSIET CBOM XHMHYECKHE XapaKTEPHUCTHUKH, U BBIOPACHIBAETCS B OKPYXKAIOILIYIO CpPemdy.
Ot pabodero BelIeCTBA PeaKmueH020 3aMKHYmMOz20 yukna Tpebyercss, 4ToObI OHO, IIPU
MUHHMAaABHBIX 3aTpaTax TeIAOBOM SHEPryuH, OBICTPO M 3HAYHUTEABHO pPAaCIIHPSAOCH B
obbeMe IIpU HarpeBe, YTO ITO3BOAHUT CO34ATh MOIIHBIH PEaKTUBHBIA ITOTOK, UMEIONIHUH
OOABIIIYI0 KHWHETHYECKYIO 9HEPTHIO.



ZKeaaTeAbHO TaK¥Ke, YTOOBI YaCTHIBI pabodero BeIecTBa HMEAU OOABIIYIO Maccy,
TaK KaK UMIIyABC YaCTHIIBI €CTh IIPOU3BEIEHIE €€ MaCcChl 1 CKOPOCTH.

[lpeBHHE apHICKHEe pPYKOINWCH YIOMHHAIOT O A€TATEeAbHBIX alnaparax,
HCIIOAB3YIOIIIMX PTYTh B 3aMKHYTOM ITMKA€: OHHM Ha3bIBaAW HX «BUMaHBD. COBpeMeHHbIE
TE€XHOAOTH CMOTYT IIogo06paTh U ApyrHe BellecTBa, KpOMe PTYTH, KOTOPhIE 11eAeCO00pa3Ho
HCIIOAB30BaTh B IIOAOOHBIX IIMKAAX HarpeBa — OXAQXKAEHUd, MOpHUYeM, C OOABIINM
K03(P(PUITHEHTOM OOBEMHOIO pPACHIMPEHUS IIPU HarpeBe, U OOABIIION aTOMHOM Maccol
JacTHIl. Bo3MOKHO, 9T0 OyAyT CIIA@BBI METAAAOB.

[annoe ycrpoiictsBo, Puc.1, BnepBble ob6cyknasock B 1996 rony [1] B MmoeM nokaaze
Ha MexxayHaponHod KoHdepeHIuu «<HoBwle uneu B EcrecTBo3Hanum», Caukt-IleTepOypr.
YCTpoHUCTBO OBIAO Ha3BAHO «IHTPOIIHMHHBIA OBUXKHUTEAB», ITOCKOABKY B HEM CO34a€eTCs
rpafyeHT SHTPOIHUH HPH PEAKTHUBHOM B3aHUMOJAEHCTBHH: OAS 9ACTH HMIIyAbCA, KOTOPBIH
repegaeTcd KOPILyCYy MABUKUTEAd, HeoOXOoAMMO o0ecrnedyuTh MHUHHUMYM OSHTPOIUU, €ro
UMIIyABC (pOpMHpPyeTCd B OJHOM 33JaHHOM HampaBA€HUU. [lAg peakTHUBHOIO IIOTOKA
paboueii Macchl, 3a CYeT CIIEIITHAaABHOM KOHCTPYKIIUHM (TAYIIUTEAs», CTaBHUTCH 3aJada
IIOAYYUTb MAaKCHMyM OHTPOIIMH, HAIIpaBAdd MMIIyABCHI YacTHI] pabodeill Macchl
XAaOTHYECKH B Pa3HBIX HAIIPpAaBACHUIX. Hamerocs, 9uTaTeAb IIOHHUMAaET aHAAOTHIO C paHee
PacCMOTpPEHHBIM IIPUMEPOM O IIepefade IIAQHETE€ PEaKTUBHBIX HMIIYABCOB OT MHOTHX
00BEKTOB, KOTOPhIE XAOTHYECKU MABUIKYTCS 10 IOBEPXHOCTU IMIAQHETHI, OTTAAKUBASACH OT
Hee. B 11eaoM, BeKTOpHas cyMMa 3THX XaOTUUECKUX UMIIyAbBCOB IIPUMEPHO paBHAa HYAIO.

HenocraTkoMm npenaaraeMo¥ KOHCTPYKIIUH ABHIKUTEAS IBASETCH HEOOXOAMMOCTDH B
OTIEABHOM HCTOYHUKE TeIllAd, HarpeBarwlleM pabouyio Maccy. B OOBIYHBIX peaKTUBHBIX
cucTeMax, TOIIAMBO CaMO FOpUT, 00benuHsIs B cebe pyHKIINN pabodyeill peaKTUBHOM MacChl
M HUCTOYHHKA Ternaa. OmHAKO, HECOMHEHHBIM IIPEUMYILIECTBOM pPEaKTHUBHBIX CHCTEM
3aMKHYTOTO ITMKAA pabodeidl Macchbl SBAFETCS BO3MOXKHOCTb [JAUTEABHOM paboThl,
IIPAaKTUYECKH HEOTPAHUYEHHOI, IIPH YCAOBHH IIOAHOTO BO3BpaTa pabodeill MacChl B
peakTop (KaMepy cropaHus) U paboTOCIIOCOOHOCTH HUCTOYHHUKA TeIlAd.

Jlag9 KOCMUYECKOH TEXHUKH, 3TU (PYHKIIMH OYE€HBb CYIIIECTBEHHBI, U €CAHM HCTOYHHK
TerAa MOIKET IIOAyYaTh IIOA3apsii OT COAHEYHBIX OaTapeil, TO OAUTEABHOCTH IIOAETA
CTaHOBHTCHA HeOPpaHquHHOﬁ. ﬂAH MOIITHBIX ,Z[BI/I)KI/ITCACFI, HNCTOYHHKOM TE€IIAA MOZKET
OBITH SIAEPHBIN MAU TEPMOSAEPHBIH PEaKTOp, C 3aII1acOM PeCypCOB Ha JECSATKHU AET.

O4ueBHUAHO, YTO TaKHE ABUXKHUTEAH MOTYT HAWTH IIPHUMEHEHHE B IIOABOAHOM (DAOTE,
IIOCKOABKY OHH HE CO3[Al0T IIIyMOB, XOTSI OCTaBASIIOT 3a COOOM TEIAOBOH CAef.

MebI 00CyzKOaau OAHHYIO TeMy, B YaCTHOM IIOpsiAKe, ¢ AKameMUKOM Baamumupom
HUBanoBuuyeM 3y6oBbIM B 1994-1999 romax. OH BBICOKO OIEHHA caMy HAEI0, He
COMHEBaACS B €€ TEOPETHYECKOM OOOCHOBaHHH, W BbIpaXKaA HHTEPEC K MPUKAQIHBIM
nccaenoBaHuaM. OpHaKo, Tora MBI HE CMOTAM co3faTh pabodyio rpymnmay B PAH.
Bo3MO3KHO, Takue IMPOEKThI UAYT B Aa0OPaATOPHUAX PA3HBIX CTPaH, U XOTEAOCH ObI BHOBbD
IOOHATH JaHHYIO TeMy B Poccun.

PaccmoTpuMm elre oAWH IIpUMEP PEAaKTUBHOTO MOBUXKHUTEAsS, pPaboTaroIlIero Io
3aMKHyTOMy LHKAy. Bukrtop IlayGeprep, eme B 1930 romy CKOHCTPyHpOBaa CBOH
M3BECTHBIH aBTOHOMHBIH caMOBpalllalolIuiica TeHepaTop, TaKUM 00pa3oM, YTO OH
co3aBaa [ABa IIpoliecca: BpallleHUuEe PoTopa, KOTOPOE IIEPEeaaBaArOCh SAEKTPOreHeEPaTopy, U
OCEBYIO IBUXKYIIYIO (MOABbEMHYI0) cuAy. OHH B3aMMOCBA3aHBI, COTAAQCHO H3BECTHOTO
IIpaBHAQ, «CHABI BOBHUKAIOT ITapamu». OOBIYHO, JaHHYI0 KOHCTPYKIIMIO pacCMaTpUBAaIOT B
KadyecTBe reHepaTopa SHEPTHH, HO HaC HHTEPEeCyeT APYTOH acleKT JaHHOH pa3paboTKH.

Ha Puc. 2 mokasaH reHepaTop SA€KTPOIHEPTHU U €ro nu3zodperartesb (dpororpadus
mybAuKyeTcd ¢ paspelieHus: cembu [llaybeprepa).



Puc. 2. Bukrop Illay6eprep u ero reHepaTop SHEPTHH.

[anHbléi reHepaTop obecriedyruBaA 3AEKTPOIHEpPTrHed noM H3obpeTraTeAs HECKOABKO
aet. Ha Puc. 3 nokasaHo BHyTpeHHEE YCTPOHCTBO reHeparopa, 3To poTorpadus MOIEAH,
KoTopas xpaHuTcd B My3ee lllaybeprepa, B ABctpuu. B BepxHe#l yacTu poTopa, BHIHBI
BXOZHBIE OTBEPCTHUS CIIMPAABHBIX TPYOOK, Yepe3 KOTOpble B POTOP MOOAETCS CMECh
BO3/yxXa U BoAbl. BpallleHre poropa, depe3 IIIKUB, IIEepefaeTcd Ha OOpaTHUMBIH MOTOP —
reHepaTop. [Ipu pasroHe poropa, MOTOP IIHUTAETCS OT aKKyMYyASTOPHBIX OaTapei, a 3aTeM,
OH CTAHOBUTCS T'€HEPATOPOM, U ODECIIEYUBAET IAEKTPOIHEPTHEH ITOAE3HYIO HAarpy3Ky.

Puc. 3. T'erepatop [llaybeprepa B OTKPHITOM BUIE.
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B 2010 - 2011 romax, B Mmoe#t kommanuu OOO «Papanmeiir, r. Tyaa, Obiaa
pazpaboraHa aHaaOTMYHAas KOHCTPYKIIMS IIPUBOJA, HWMEIOLIETO pPaCYeTHYIO MOIITHOCTD
20kBT, Puc. 4. Pacuetsl odopmaenrl B Buae Otuyera mo HUP [2]. Paszpaboran Takke
IIOAHBIH KOMIIAEKT KOHCTPYKTOPCKOM [JOKYMEHTAIlMH, IIOCKOABKY IIAQHHPOBAAOCH
H3TOTOBA€HHE [OAHHOI'O CaMOBpAlllaIOIIEToCd IIPHUBOAA Ha OJHOM H3 YPaAbCKHX
MAaUIHHOCTPOUTEABHBIX Ipeanpuaruii. Ha Puc. 4 mokaszaHa cxeMa 5KCIEpPUMEHTAABHOMU
YCTaHOBKHM, UMEIOIIIeH TOPHU30HTAABHOE PACIIOAOXKEHUE OCH pPOTOpA.

&..conno i OBUXYLLIAS CUNA
NOAWMMHWKOBBIE Y3/l
[ = ==
T (B | = 5.
=) \ ER
LEHTPUOYTA | BXOA
el I s
BbIXOA, | !
KAPTEP HACOC
]
N\
2
- POPMA TPYBOK

+,  POTOPA

Puc. 4. T'erepaTop ®porosa 1o cxeme [Ilaybeprepa.

OTMeTHUM, YTO Ha CXeMe II0Ka3aHbl TOABKO [B€ CIIHMpPaAbHbIE TPYOKH POTOPA, XOTS B
PEeaAbPHOH KOHCTPYKIIMHU HUX OOABIIIee KOAWYECTBO. DAEKTPOreHEPaTOpP IOIACOEAHHSETCS B
A€BOM 4acTH Baaa poTopa.

B manHOM mpoekTe, ObIAM HAMAEHBI IIyTH IIPeoOpa3oBaHUs HU3KOIIOTEHIINAABHOMN
TETIAOBOM OHEPrUU Cpenabl, HCIOAB3YIOIME ynpyzoe pabouee meno (CMeCch BOABI U
Bo3ayxa). OmHOM M3 3amad HIpoekTa OBIAO CO3/IaHHE METOOUKH pacdeTa SAEMEHTOB
KOHCTPYKIINH, IIOCKOABKY CaMOIOAAEePKUBAIOIIHNNCA IIPOLIECC BpallleHHUsI poTopa, Kak U
BHUXPEBBIE TMPUPOAHBIE IIPOIIECCHI, MOTYT OBITH TEOPETUYECKH  CMOJEAWPOBAHBI U
BOCIIpOU3BeAeHbl. ['AaBHasa 3azada - IIOAYYNUTH aBTOHOMHBIH MCTOYHUK SHEPTHUH, TO €CTh,
pPOTOpP [OAXKEH TIepedTH B pPEXUM caMOBpalleHHs, W O00ecreduThb BpalleHHe
asekTporeHeparopa. Kpome aToro, B maHHOM KOHCTPYKIIUH HCIIOAB3YETCH TaKoe
TEXHUYECKHE PEIIEHUS, KOTOPOE II03BOASIET CO3IaBaTh HE TOABKO BpalllcHHE, HO U
08LIKYWYIO CUNY, HANPABAEHHYIO 800/lb OCU 8pAULEHUSL POMOPA.

O6patuTe BHHMaHHE Ha Bxon pabodeili cmecu B neHTpudyry, Puc.4. 3a cuer
paspsikeHHusT B 00AaCTH LEHTPU(QYTH, B Hee IIOCTOSHHO BTEKAaeT IIOTOK BeIeCTBa
(pabouasa macca). [BuzKeHHE pabodeil MacChl IPOUCXOAUT AUHEHHO BIOABL OCH BpPAIIEHHUS.
[ToTok paboueii MacChl UM€EET HEKOTOPBIH UMIIYABC, PABHBIHM ITPOU3BENEHUIO €€ MAaCChl Ha
CKOpPOCTBh ABHXKEHHd. KopIyc, B OaHHOM cCAy4dae, IIOoAy4YaeT TaKOHM K€ pPEeaKTHBHBIH
HMIIyABC, HO B HAaIpaBA€HHU, OOpaATHOM [IBUKEHUIO pabodeidl Macchl. AHAAOTUYHO, B
reHeparope lllaybeprepa, Puc.3, Bxon cmecu Boabl U BO3ayxXa IIPOUCXOAUT CBEPXY BHU3,
BIOAB OCH, a KOPIIYC B LIEAOM, IIOAYYaET UMIIYABC, HAIIPABACHHBIN CHU3Y BBEPX.
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[asee, obpaTuTe BHHUMaHHE Ha TO, YTO 8blXx00 pabouezo seuwecmea uepes conuia
mpybok pomopa npoucxooum 8 NJA0CKOCMmuU 8pawjeHust pomopa, mo ecmb,
nepneHouKyasapHo ocu epawieHus.. BekTopa MMIIYyABCOB dYacTHI[ IIOTOKa pabodero
BeIlleCTBa, 00pa3yIolux peaKTHUBHBbIE IIOTOKU KaKaA0H U3 TPYOOK poTopa, HallpaBA€HBI B
IIAOCKOCTH BpAllleHHd, TAaHTE€HIIMaAbBHO, YTO II03BOAST pPACKPy4YHBaTh pPOTOP, a HX
ITPOEKIINS Ha OCh BpAallleHHs paBHAa HYAIO, M HE CO3/IaeT PeaKIMH Ha KOPIIyC BIOAB OCH
BpallleHUs poTopa.

3aKOH COXpaHEHHUs HUMIIyAbCA, B JAaHHOM KOHCTPYKIIUH, BBIITOAHSETCH CAEIYIOIINM
ob6pa3oM: HMIIyABC, KOTOPBIH IIOAy4aeT KOPIIyC ycTpoiicTBa B IieaoM, (Ha Puc.3. oH
HallpaBA€H BBepX, a Ha Puc. 4 HMIOyAbC HaIIpaBA€H BIIPaBO), 10 MOMAYAIO, pPaBeH
CYMMapHOMY HMIIyABCY PEAaKTHBHBIX IIOTOKOB pPabodyero BeIeCTBa, BBLITEKAIOIIEMY U3
TpyOOK poTopa. M3MeHeHHe TpaeKTOPHUU MOBUXKEHHsS Macchl paboyero BellecTBa
ITPOMCXOOUT 3a CHYET BHHTOBOH (POPMBI TPYyOOK poTOpa, IIO3TOMY KPYTAIIMH MOMEHT Ha
BaAy 9AEKTpPOTeHepaTopa M ABUIKYIas CHAA, IIPHUAOXKEHHAas K KOPIIyCy TeHepaTopa BIOAb
OCH BpallleHHUs pPOTOp, Bcerma OyayT  OSKBHUBAA€HTHBI, B COOTBETCTBHHU C 3aKOHOM
COXpaHEeHHsI HMIIyAbca. Pasymeercs, 4acTb SHeEpPruu OyaeT IoTepsSHa Ha TpPEHHe, U
IepeiiieT B OKPYKaIOIIyI0 cpeay B dopMme Ternaa. [‘eHepaTophbl SHEPrHUH, HCIIOAB3YIOIIHE
cxemy lllayGeprepa, paboTOCIIOCOOHBI TOABKO B TOM CAyYae, €CAH OHH CO3[IAI0T 08UXKYULYHO
cuny 8001 OCU 8PAULEHUSL, 8 NAPE C IKBUBANLEHMHBIM KPYMSAULUM MOMEHMOM POMOPA.

B nmpyro#t cxeme reHeparopa lllaybeprepa HCIIOAB3yeTCS aHAAOTHYHBIM METOM:
MOTOP PAaCKpy4HBaeT POTOP, 3aTEM CO3JAeTCd PEeXHM CaMOBpPAIlleHHd, IIPU KOTOPOM BoJa
BCACBIBAETCS CHH3Y BIOAb OCH pPOTOpa B 00AACTh pa3psiKeHHs, 3aT€M IIOCTyIaeT B
BHHTOBbIE TpPYyOKHM, COIIAA KOTOPBIX PACIIOAOKEHBI TAaHTE€HIIMaABHO, B IIAOCKOCTH
BpallleHus poropa, Puc. S.

FEHEPATOP

Puc.5 Bapuant resepartopa lllaybeprepa.

[Tpu mocTUKEHUH HEOOXOOMMOHM CKOPOCTH BpallleHHs, IHTAHHE 3A€KTPOMOTOpa
MOZKHO OTKAIOYHTB, [IOCKOABKY JaHHasd IEeHTPOOeKHas MallliHa CTAHOBUTCS aBTOHOMHBIM
TreHEePaTOPOM 9SAEKTPOdHepruu. OCOOEHHOCTh KOHCTPYKIIMHM, IIOKa3aHHOM Ha Pwuc.5,
COCTOAIT B TOM, YTO paaHaAbHble TPYOKH pOTOpa HMEIOT (POPMYy BHHTOBBIX CIIHpasei.
Baarogapsa cnenuasbHoi dopMme, Boma ABUTAETCS PaAUaAbHO M BpalllaeTCsd BOKPYT OCH
TpyOKH. [laHHBIM MeTon 3anaTeHToBaH [3], KaK CIIOCO0 YMEHBIIIEHUS TUAPaBAMYECKHX
roTepb. [leCTBUTEABHO, IIPU BHUHTOBOM [ABHKEHHHM YacTHIl BOAbI II0 TPyOKe, OHMU He
CKOAB34T, a KaTdTCd [0 BHYTPEHHEH IIOBEPXHOCTH TPYOKH. TpeHHe KadeHHs HaMHOTO
MEHBIIIE TPEHHS CKOABXKEHUS, 9TO U3BECTHBIH MeTo paboTaeT B IOAIIUIIHHUKAX.

HUrak, B reHeparope Illaybeprepa, Ha KOpPIyC BCEH MAaIIHMHBI OeHCTBYET
peakTHBHas [OBHXKYyIAas CHAQ, HallpaBA€HHAasd BJOAb OCH BpallleHUS, a €€ BEAWYHHAa
COOTBETCTBYET CHA€, KOTOpasi o0eciedyuBaeT KPyTAIIIMY MOMEHT poTopa.
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B oramume oT reHeparopa, IokKaszaHHOro Ha Puc. 3, mag Toro, 4ToOBI reHepaTop
SHEPruu «HE B3A€TaA», BXOJ BOALI B POTOP OPraHU30BaH CHH3y, II03TOMY CHAAQ,
co3zmaBaeMad BIOAb OCH BpallleHUs, IIPUKUMAaET amlapaT K 3€eMAE.

V3BecTHBI W [OpyrHe IIOXOXKHE peIleHUd: BXOJ pPeaKTHBHOM paboueidl Maccel
OpPTaHM30BaH BIOAb OCH BpallleHHUs POTOPAa, & €€ BbIXOM — B IIAOCKOCTH BpallleHUd poTopa,
TO €CTb, IePIEeHAUKYAIPHO OCH BpallleHUs poTopa.

Wrak, npunnun lllaybeprepa mo3BoAgeT MOAyYaTh APy CHA: KPYTAIIHME MOMEHT, U
OBUXKYIIYIO CHAY, AEHCTBYIOIIYI0O Ha KOPIyC ycTpouicrBa B IieaoM. [Ipu Takod cxewme,
pabodee BeleCTBO He BhIOpAChIBAETCH BO BHENIHIOIO CPEY, & UCIIOAB3YETCS B 3aMKHYTOM
nukae. llpu cpaBHUTEABHOM aHaAW3€ HAEH, OOKa3zaHHOM Ha Puc.l u npuHIUDa
[ITayGeprepa, MOKHO CHeAaTh BBIBOA O OOABIIHNX IEPCIEKTHUBAX BTOPOIO pPEIIeHUS.
BMmecTo TIOTAOIEHUST SHEPTUN AHWHEWHOTO PEAKTHUBHOIO MMIIYABCA («TAYIIIUTEAEM», B
mammuHax [[laybeprepa HCIoab3yeTcs ee mpeobpalzoBaHUeE B KPYTAIHil MOMeHT. B Tom
CAydae, eCAH 3TOT KPYyTAIlUi MOMEHT He TpebyeTcd, ero MOXKHO YCTPaHUTh, PA3MECTHB Ha
OHOM mAaT(OpMe HECKOABKO CHAOBBIX YCTAHOBOK, IIOIIAPHO BCTPEYHOIO BpAIlleHUS.

TakuMm 06pa3oM, ¢ ydeToM IpocToThl cxeMsbl lllaybeprepa, 1 UCTOPHH ee Pa3BUTHUSI
c 1930 roma, MOXKHO IIPEAIIOAOXKUTH, UYTO MCIOAB30BaHME pPAKETHOM TEeXHUKH B
COBPEMEHHOM MHPE €CTh UACMb MACCOB0U O0E3UHPOPMAYUU Uesiogeuecmsd O HAULUX
peanvHblx 803moxKHocmsx. [asee MbI IlepediieM K PaCCMOTPEHHIO APYTHX IIPOCTBIX
paboToCIIOCOOHBIX KOHCTPYKIWH OBHXKHUTEAEH HOBOIO THIIA, YTO [JACT YHTATEAIM
[OIIOAHUTEABHBIE (PAKTHI M IIO3BOAHT CHAEAATh BbIBOAbI. dakTHUeCcKH, Hac 0OMaHBIBAIOT,
3acTaBAdd BEPUTH B TO, YTO HET aAbTE€PHATHUBBI PAKETHON TEeXHUKE.

KpBIAO B 3aMKHYTOM IIOTOKE

PaccmorpuM mpocToe KphIAO, UMelolnee Npoduab 2KYKOBCKOTO — YamAbpITHHA,
KOTOpPBIH BHepBble Obia IpemaoxkeH B 1910 romy. o aToro wu3o0peTeHUS, KPBIAbS
CaMOAETOB [IEAAAU IIAOCKHMH, a MOABEMHAS CHAA BO3HHUKAAA 34 CYET yraa HAKAOHA KPbIAQ,
TO €CTb, 32 CUET PEaKTHBHOTO OTPaykeHHd HaberaroIlero IoToKa Bo3mayxa.

[TonpemMHasa cuaa Kpblaa, uMewpllero Imnpodguab 2KykoBckoro - YamawbIruHa,
obycaoBA€HA pa3HOCMbIO 0asleHUsl cpedbl Ha KPbllo ceepxy U CHU3Y, IIOCKOABKY JaBACHUE
3aBUCHT OT OTHOCHUTEABHOM CKOPOCTH ABUXKEHUd Kpblaa U cpenbl. Ha Puc. 6 nokazaHo,
YTO BEPXHIOIO IIOBEPXHOCTH KpbIAA IIOTOK Cpenbl OOTEKAaeT II0 OOABIIEMY ITyTH, 4eM
HUKHIOIO.

NOABEMHAA CUNA KPbINA CWUNA OEUCTBYET HA KOPMNYC

e s

A

TPYBA A3POAUHAMUYECKAA
Puc. 6. O deKT noabEeMHOMN CHUABI KPhIAA.

[ToToK CTpPEMHUTCS COXPaHSTb CBOKIO IIEAOCTHOCTBH, IIO9TOMY, €ro CKOPOCTh
OTHOCHTEABHO BEPXHEH BBIIIYKAOHM IIOBEPXHOCTH KpblAa BBIIIE, YEM OTHOCHUTEABHAS
CKOPOCTBb B/IOAb ITAOCKOH HUKHeH IOBEPXHOCTH Kpblaa. CKOPOCTH U JaBA€HHE CBS3aHBI.
PazHoCTb maBAeHUS Ccpeabl Ha KPhIAO (IPagueHT) IOAHUMAaET KPhIAO BBEPX (BBITECHSIET €T0
B CTOPOHY MEHBIIIETO JaBA€HHUS CPEbI).
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He urpaet poau, ABHKETCA AU KPBIAO B CpeZe, UAU IIOTOK Cpebl (BO3ayXa, BOABI U
T.11.) oOTeKaeT KpbIAO. MOIKHO cKasaTb, YTO 3[eCh «paboTaeT TIeOMEeTpHs». IIyTh
OTHOCHUTEABHOTO [IBUKEHHUS CpeAbl 10 BepXHEH MOBEPXHOCTH Kpblaa 00AblIIE, YeM II0
HIDKHel. [laHHas CHCTeEMa He $BASETCHd PEaKTHBHOH, II03TOMy €€ IIpHUMEHEHHE B
OBUXKUTEAIX 3aMKHYTOTO I[MKAA IIpencTaBAdeTCd BecbMa IepcleKTuBHBIM. Ha Puc. 6
(cmpaBa) mOKa3aHO, YTO KPBIAO, YCTAHOBA€HHOE BHYTPH adpOAWHaMUYECKOH TpPyObI Ha
YIPYyTUX aMopTHU3aTopax, OEMOHCTPUPYET HaAWYMHE IIOABEMHOM CHABI IIPHU IIPOAYBaHUU
TpyOB!. IIpHu 3TOM, HA 8ecb Kopnyc mpybul delicmeyem 8epmuKalbHASL CUNA.

[IpearnorokuM, YTO MBI CO3JaAM IUPKYAHPYIOIIHM IIOTOK Cpenbl (ra3 HAHM
KHUIKOCTh) B 3aMKHYTOM KOpIIyce, IIOXOXKeM Ha 0y0AuK (Topoun). [locraBuM BHYyTpPHU
IIOTOKAa HECKOABKO KPBIABEB, PaguasbHO, KaK IIoKa3aHo Ha Puc.7.

NMOABEMHAA CUNA

—‘ LIVPKY IVPYIOLLM

- o o= TOTOK CPE[bI

Puc. 7. Kp]':IAO B 3aMKHYTOM IIOTOKE CPEABI.

MpI HOAYYHMM  IIPOCTO€  peIlleHHe, KOTOpoe  MOXKeT OBITb IIPOBEPEHO
9KCIIEPHUMEHTAABHO, U HMETh IIEPCIEKTHBBI BHEAPEHHS B ad3POKOCMHUYECKOH TEXHUKE.
HekoToprle TexHUYECKHe IIPOOAEMBI €CTb, HO OHHU pelnaroTcd. Hampumep, mpoxoas B
00AacTH KpblAa, AMHEHHBIN ITIOTOK Cpeabl MEHAEeTCd, U B HEM BO3HHKAIOT TYPOYA€HTHOCTH.
[ag BbIpaBHUBaHUS [IOTOKA, IT03aAH KpbhblAa HEOOXOQMMO yCTaHABAWBATBL ITAOCKHUE HAU
TpyO4YaThle 3A€MEHTBHI (AaMHUHapHU3aToOpbl). BeanuymHa HOOMXBEMHOM CHABI 3aBHCHT OT
CKOPOCTH [IBUKEHHS IIOTOKA OTHOCHUTEABHO KpbIAd, XOTd €€ HalpaBA€HHE, B IaHHOM
caydae, OyneT HEM3MEHHBIM. BeAWdYHHY CHABI MOIKHO peryAupoBaTth. Pasymeercd,
3aMeIA€HUE UAM YCKOPEHHE IIUPKYAHUPYIOIIETo ITI0TOKA Cpeabl IToTpedyeT pacxona SHEPTUH
Hacoca, BEHTUAATOPA HAU JAPYroro IIPUBOA ABUKEHHUSI IIOTOKA CPEIbI.

Jlasee, MBI PACCMOTPHM aHAAOTUYHYIO IEPCIIEKTUBHYIO CXeMy, 00Aee 3KOHOMHYIO, C
TOYKM 3PEHUSA SHEPreTHKH, YEM KPBIAO, HaXOosIlleecsd B 3aMKHYTOM ITIOTOKE CPEbI.

OdderT Marnyca u cusa AopeHuia

AHaAOTHYHO KpbIAy 2KYKOBCKOro - HamaeirmHa, cuaa MarHyca BO3HHKAaeET 3a CYET
Pa3HOCTH [aBAEHUS IIOTOKA Cpebl Ha IIOBEPXHOCTH BpalllalolIerocs IHUAMHApPA. [JaHHBIN
3¢ ekt ObIA OTKPEIT HeMelKUM yueHBIM ['. I'. Maruycom (H. G. Magnus) B 1852 roxgy. Ha
Puc.8 mokasana cxeMa CAOXKEHHSI BEKTOPOB CKOPOCTEM IMOTOKa CpeAbl U IMOBEPXHOCTHU
Bpalllarolerocs IUANHApA.

Puc. 8. O¢dpexkt Maruyca mag Bpalllaroerocs [UANHIPA.
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B BepxHell yacTu HUAUHApPA (BUI C TOPIA), HAIIpaBA€HHUE ABUKEHUS IIOTOKA CPEbI
U IIOBEPXHOCTH Bpallarollerocs ITUAWH/APAa COBIIQNAIOT, a B HUXKHEHN YacTu LIHAUHIpA, €TO
IIOBEPXHOCTh [ABUKETCS HaBCTpPedy IOTOKY cpeabl. [IoCKOABKY IIOTOK B HHXKHEMW yacTu
BpalllaloIlerocs IHAMHApPA TOPMO3HUTCHI €ro IIOBEPXHOCTBIO, ABHUXKYIIEHCS HaBCTPEUY
IIOTOKY, TO [AWHAMH4YECKOE€ [OaBA€HHE IIOTOKa YMEHBIIIAETCd, a yBEAUYHBAETCH
CTaTHYECKOE NAaBAECHHE Cpeabl Ha ITOBEPXHOCTBH, B COOTBETCTBHM C 3aKOHOM BepHyaam o
IIOAHOM [aBA€HHH II0TOKa. B pe3yapraTe, naBA€HUE Cpeabl Ha BEPXHIOI YacTb
BpalllaloIllerocss IIMAWHApPA CTAHOBUTCH MEHbIIle, YeM Ha HHXKHIOI YacThb IIHAWHIpA.
BosHuKkaeT nompeMHas cHAd, KakKk H IIpH 23¢d@eKTe Kpblaa, HUMEIOIIEro MIpodHAb
XKykoBckoro — HanasIrrHa.

OddekT MarHyca xopomio usBecTeH (QyTOOAUCTAM U TEHHHUCHCTAM, KOTOPBIH
HUCIIOAB3YIOT €T0 JIA CO3/IaHUS KPUBOAMHEHWHOH TPAaeKTOPHH IIOAETA 3aKPYIEHHOrO MdAdYa.
[Ipu «KpydeHOM yaape», M9 AETHUT IIPSIMOAWHEHHO, HO BpallaeTcd BOKPYT cBoeil ocu. B
II0A€Te, HAa HEero HaberaeT MOTOK BO3ayxa, 4To co3maeT 3¢derkT MarHyca, U TPaeKTOPHS
II0A€Ta UCKPHUBAsSIETCsS. B pesyabTaTe Takoro yaapa, Md4 A€THT I10 KPUBOH, U IIoIlafaeT
He Ty[a, TZIe ero XKAyT...

[IpeArnoAoKuM, YTO Mbl CKOHCTPYHPOBAAM 3aMKHYTBIM IIOTOK ABHKYLIEHCHA Cpenbl
(Bo3myxa, BOABI U T.II.), B KOTOPOM IIOCTaBA€HBI HECKOABKO BPAILAIONIUXCH ITUAHUHIPOB,
KakK NokasaHo Ha Puc. 9. [lommycTuM, 4TO BpallleHHE KasK[oro IIHAWHApa obecriedyuBaeT
HEe3aBUCUMBIH SAEKTPOIIPUBO/, C PETYAUPYEMOM CKOPOCTBIO U HallpaBA€HHUEM BpAallleHUd.

B oTanyne OT KOHCTPYKLHH C KpPBIAOM, YCTAHOBAEHHBIM B IIOTOKE ABHXKYyIIleHcs
cpenpl, JaHHas CXeMa HMeeT BasKHOe IIPEHMYIIECTBO: BEAMUYHHY W HallpaBA€HUE OCEBOH
IIOABEMHON CHABI, MOKHO MEHSTb 3a CYeT M3MEHEHUH BEeAMYHHBl CKOPOCTH U
HaIllpaBA€HHd BpallleHHd IUAMHAPOB. CKOPOCTh U HAIpPaBAEHHE ITHUPKYAHUPYIOLIETO
IIOTOKAa MOXKHO HE MEHHATH, YTO [AaeT 3HAYHUTEAbHBbIE IIPEUMYIIEeCTBA 10 OBICTPOAEHCTBHUIO
1 MaHEBPEHHOCTHU OAHHOIO TPAHCIOPTHOIO CpeAcTBa. [IBUKUTEAb JAHHOI'O THIIA MOIKET
OBITH yCTAHOBAEH BEPTHUKAABHO MAU FOPHU30HTAABHO, CO31aBasi CUAY TSTH.
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Puc.9. [IBuUTEAb Ha OCHOBe 3¢pderTa MarHyca.

HuTepecHas aHaaorusg c 3dpdekTroM MarHyca BO3HHKAeT IIPU PaCCMOTPEHHH
S5AEKTPOMAarHUTHOTO {BA€HHSI, H3BECTHOTO, KaK cHaa AopeHla. Mbl 3HaeM, YTO Ha
IIPOBOAHUK C TOKOM, HAXOAAIIUNCAI B MAarHUTHOM II0A€, AE€HCTBYET CHAQ, B HAIIPaABA€HHUH,
rokazaHHoM Ha Puc.10. O mnOpuyuHE IIOIBACHHS [JAHHOH CHABI, paHee He OBIAO
OMHO3HAYHOro oOBbsicHeHHUd. IIpenrnosarag aHasoruu c 3ddekToM MarHyca, MOXKHO
TpaKTOBaTbh CHAY AOpEHIIa, KaK pe3yAbTaT I'paaueHTa JaBA€HUS 3(pUpHOI cpeabl. B MoeM
nokaane Ha KoHdepeHnuu «Hosele mpen B EcrecrBo3dHanum» [1] 3TO ObIAO BIEPBBIE
II0Ka3aHO HAYYHOU 00I1lecCTBEeHHOCTH, 1996 roz.
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Puc.10. Cuaa AopeHIia, Kak pe3yAbTaT I'paaueHTa qaBA€HUST 3upa.

3ameTuM, uyTo Ha cxeme Puc. 10, MBI HoAydaeM KapTHHY, OOPaTHYIO CyIIePIIO3UIINH
BEKTOPOB, KoTopad Oblaa NnokasaHa Ha Puc. 8. Cuaa MarHyca melcTByeT Ha LHUAWHID,
Bpamiaroluiics B IIOTOKE Cpeabl, B HAIIPaBACHUM COTAACOBAHHOTO [ABUXKEHUS
IIOBEPXHOCTHU LIMAMHApPA U cpenpl. Ha Puc. 10 mokasaHo, uTo craa AopeHIla OeHCTBYET B
HaIIpaBA€HUH BCTPEYHOM CyIIeprIo3ullu BeKTOpoB. [louemy?

Hdeao B TOM, 4TO BeKTOpa Ha Puc. 10 mokaszaHBI YCAOBHO, COTAAQCHO IIPHUHSTHIM
0003HaYEHUSAM BEKTOPOB JAEKTPHYECKOIO TOKAa (IIOTOKA IIOAOKHUTEABHO 3apsSsKEHHBIX
4aCTHII) ¥ MAarHUTHOTIO IToAd. HamrpaBaeHMe ABUIKEHUS PEaAbHBIX IIOTOKOB SAEKTPOHOB H
3(PUPHBIX YaCTHUIl (BEKTOpPa MAarHUTHBIX MOA€i) OTAMYAIOTCS OT YCAOBHBIX 0003HAYEHHH.
[IpUHIUIIHAABHO BasKHO MOHHATH, YTO NAHHBIH 3(P(PEKT B SAEKTPOAWHAMUKE CO30aeTCH
a"HasormyHo 3ddektTy Marnyca! OddekT co3maeTrcs 3a cueT TpaareHTa OaBAEHUd
OKpY3KaIIIeH cpenpl Ha [ABUXKYIIEECHd TeAO, OH OO0yCAOBAEH pa3HOM OTHOCHUTEABHOH
CKOPOCTBIO T€AA U CPENbl, HO SAEKTPOMAarHUTHBIE CHUCTEMBI HCIIOAB3YIOT 3(PUPHYIO Cpendy,
a He BO3OyX UAU BOLY.

OTMeTHM, YTO 3AEKTPOH HAM [pyras 3apsiXKeHHasd dYacTHulla, KoTopas IIpH
OBUXKEHUU CO3aeT MAarHUTHOE IIOAE, SBASETCHd BpPAIlalOIIUMCS OOBEKTOM. BbIAO ObI
TOYHEE, CYUTATh €€ AMHEHWHOE IIepEMEIeHHEe BHHTOBOM AWHHEHN, IIpaBOW HAU A€BOU
CIIMpPaAbIO, B 3aBUCHMOCTH OT 3HaKa 3ACKTPHUUECKOT0 3apsaaa JaHHOM YacTUIlbl MaTEpUH.

O CTPYKType SAEeKTpOHA HaIHCAHO HEMaAO, HO MHE XOTeAOCh ObI PEKOMEHOO0BaTh
4YUTaATEAI0 paboTy oTna U cbiHa [loagkoBbIX [4]. [JlaHHBIE aBTOPBI pacCMaTPHUBAaAU B CBOeH
KHUTre «OKCIEPHMEHTaAbHAsI TPaBUTOHHKA» CTPOEHHE JAEKTPOHA, W IIOKa3aAW, 4TO OH
MOKeT OBIThb IpPEeACTaBA€H, KaK 3aMKHYTbIH Ha cebs (POTOH KPYroBOH IIOASPHU3AIINH, TO
€CTh, KaK [AWHaAMHUYECKHH IIPOIECC MABUXKEHUA OSAEKTPOMATCHUTHOM BOAHBI KpPYrOBOM
IIOASPHU3allUH B 3aMKHYTOM TOPOHUIAABHOM IIPOCTpaHCTBe. I103ke, MBI pacKpoeM OaHHBIN
BOIIpOC TIoapobHee. 34eCh TOABKO KOPOTKO OTMETHM, YTO, IIPH TAKOM pPAaCCMOTPEHUH,
IIOSSBA€HHE MAaTHUTHOI'O IIOAS, IIPHU ABHUKEHUU 3apsiKEHHOH dacTulbl B adupe, HUMeeT
SBHYIO aHAAOTHUIO C BO3MYIIEHHE (PHU3UUECKON Ccpeapl, KOTOPOe BO3HHKAET IPU ABUKEHUH
B JaHHOH Ccpe/ie Bpalllalolllerocd [IUAUHAPA UAU 11apa.

Mo3XHO CKa3aTh, YTO B3aMMOAECUCTBHE BHEIIHETO MATHHUTHOTO TIIOAS, IIOIIEPEK
KOTOPOTO ABUIKETCS IACKTPHUUECKH 3apsaKeHHAas 4acTHIlA, C €€ COOCTBEHHBIM MAarHUTHBIM
IIOA€M, OTKAOHSET YacCTHUIly TaKHM ke o0pa3oM, KaK U IIOTOK BO3AyXa OTKAOHSET
3aKpy4eHHBIH Mda4, a HMEHHO, Osnazo0apsi co30aHuro 2padueHma oaesieHust cpedvbl Ha
08WKYWYIOCS 8 Hell uacmuyy mamepuul.

B TakoMm cay4dae, cuabl AOpeHIla U CHUABI AMIIepa SBASIOTCHA BHEIIHHMU CHAAMH, 10
OTHOILIEHUIO K IIPOBOAHHKAM C TOKOM, Ha KOTOpPbIE OHH HOEHCTBYIOT, TO €CTb, MOTLYT
00eCcIIeuYnTh UX ABUKEHHE B IIPOCTPAHCTBE.

OTH UHTEpPECHblE aHAAOTHH MEXAYy a’pPoAWHaMHUKON U 3(PUPOAUMHAMHUKOM OaroT
BO3MOXKHOCTB Pa3BUTHI MHOTUX KOHCTPYKTUBHBIX UIEH.
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SACKTpOKI/IHGTI/I‘-ICCKI/IC ABH2KHUTEAN

Hcxomss M3 KOHLENIHU «TpagreHTa 3(PUPHOTO AABACHHUS», PACCMOTPUM IPPEKT
AMmmnepa, TO €CTh, SIBA€HHE IIPUTAXKEHUS HAU OTTAAKHBAHUS IIPOBOAHUKOB C TOKOM,
Puc.11.

MPUTAXEHUE OTTAJIKMBAHNE

Puc. 11. 3dderT Amuepa gasd IPOBOAHUKOB C TOKOM.

M3BecTHO, 4YTO, IIPU COTAACOBAaHHOM [BHXKEHHHU TOKOB B IIapaAsA€ABHBIX
IIPOBOOHUKAX, OHH IIPUTATHUBAIOTCS, a IIPH BCTPEYHBIX TOKaX — OTTAAKHBAIOTCH.
O4eBHOHO, YTO BEKTOPHOE CAOXKEHHE U BbIYUTAHHE MAarHUTHBIX IIOTOKOB HMEET CMBICA,
KaK yBEAWYE€HHE HAHW YMEHBIIEHHE OTHOCHUTEABHOH CKOPOCTH [BHIKEHHS S(PHUPHBIX
YacTUl], YTO U CO3[aeT TPafueHT AaBAeHUS 3PUPHOU cpenbl. MOKHO AM IMOCTPOUTH
[OBUXKUTEAb, UCIIOAB3YIOUTUH MAaHHBIY IpafueHT JaBACHUS OKpYyzKalolllel cpenbl?

CoraacHo AwMmepy, pPe3yABTUPYIOIIAS CHAA, A IIAPAAAEABHBIX ITPOBOIHUKOB,
paBHa HyAl. IJTOT (akT, OOCTATOYHO [OATO€ BpeMs, OblA IIPUYUHON HEBHUMAaHUMI
nzobperareseii U KOHCTPYKTOPOB K TEXHOAOTHMH CO3[AaHUS 9SAEKTPOKUHETHYECKHUX
JIBUKUTEAEH.

AHaau3 CHA, BO3HHKAIOIIUX B HEIAapasA€ABHBIX IIPOBOOHHUKAX, HAIIpUMEpP, B Y —
o0pa3HOM ITPOBOAHUKE, ObIA BIEpBbIE ITpoBeneH B 1844 romy HU3BECTHBIM (PU3UKOM -
mareMaTukoM [epmanom I'. I'paccmanoMm. OH 1@OKasaa, YTO caAydad apasA€ABHBIX
IIPOBOHUKOB, PACCMOTPEHHBIH AMIIEPOM, €CTh TOABKO YaCTHBIM cAydail, a B o0IIeM
CAy4dae, Pe3yABTHPYIOIIHE CUABI JAS ITPOBOAHUKOB C TOKOM MOTYT OBITH HE PaBHBI HYAIO.

Ha Puc. 12 nokasaHbl BEKTOpa CHA, AEUCTBYIONINX Ha y4acTKHU ToKa B obracTu Y —
obpa3Hol «BHAKH», (DOPMYAY [AS pacdeTa KOTOPBIX aHaau3upoBaa 'paccmaH. B manaOM
cAydae, CyMMapHas cHAa, AeHcTByiomiad Ha Y- o0pas3HbIH y4acTOK IIPOBOIHUKOB C TOKOM,
He paBHa HYAIO, TO €CTb, IIPOBOTHUKH 00pasyioT Y — o0pas3HbIf ABUKUTEAD.

Puc.12. Cuarl B Y — 00pa3HOM IIPOBOAHUKE SAEKTPHUIECKOrO TOKA.
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OTO eIe 0HO MPOIBACHUE CHAOBBIX 3(PPEKTOB, BO3HUKAIOIINX 3a CUHET Pa3HOCTH
OaBAEHUS CPebl, TO ECTh TPaJUEHTa JaBAEHU dupa.

HcrioAb3ysd aHaAOTUM MEXKAYy SBACHUSIMU THAPOAUHAMHKH, adPOAMHAMHKU U
3(PUPOAMHAMHKH, MOXKHO KOHCTPYHPOBATh pas3AWYHBbIE OBUXKHUTEAW. AHasoramu Y -—
00pas’HOro MHPUBOJA HABASIOTCS TaK Ha3bIBa€Mble «IAEKTPOKHHETHYECKHUE [IBUXKUTEAU
CurasoBa» [5], KoTOphle IpencTaBAaseT coboit V — obpasubiit nau U - 06pa3HBId y4acToOK
IPOBOHUKA SAEKTPHUYUECKOTO ToKa, Puc.13.

ﬁ OENCTBYIOLLASA CUNA ﬁ

Tok B U - npoBOAHUKe Tok B V - NpoBoAHUKe

Puc.13. Od ekt CurasoBa B IpOBOIHUKAX CAOKHOM (DOPMEI.

[anHble gBA€HUS, OOBIYHO, OOBSICHIIOT, KaK B3aUMOJEHCTBUE TOKOB B IIPOBOIHUKE
CAOKHOM (POPMEBI C COOCTBEHHBIM MArHUTHBIM IIOA€M, TO €CTb, CHAOH AopeHIa. [TpuauHy
BO3HUKHOBEHHUS CHABI /AOpPEHIIAa MbI YK€ pacCMaTpUBaAH paHee, KaK pe3yAbTaT rpagueHTa
naBaeHHUA 3¢wupa, cxeMa IokazadHa Ha Puc.10. CaemoBaTeABHO, 3/1leKMpoKuHemuuecKue
Jdswkumenu npeocmagasitom coboli O00uH U3 8APUAHMO8  3PuponiasamesbHblxX
dsuwxkumesneti, UCIIOAB3YIOIINX TI'PaJHuEeHT AaBACHHUS OKpyzKarollleH 3HpHOH cpenbl Oas
co30aHud aKTUBHOM I[BH)KyU.ICﬁ CHABI B 3aJaHHOM HalIpaBACHNH.

B paborax CurasoBa [4] pacCMOTpPEHBI U APYTHe IPOBOAHUKH CAOKHOM popMseI: IT —
obpasublil, I' — 06pas3HbIil 1 Tak masee. Ilpemaarairo pacCMOTpPETH €Ille OOUH HUHTEPECHbBIH
BapHUaHT: IPOBOAHUK C TOKOM B popMe Kapauouasl, Puc.14.

JaHHBI KOHTYpP C TOKOM IIOXOX Ha V — o0pas3Hblii BapHaHT, OPUYEM, CHABI
OTTAaAKUBaHUA IBYX COCEOHHUX YIACTKOB IMPOBOAHHKA HA BXOAE TOKA B KOHTYP CO30AIOT
CHAy, KOTOpas COHamIpaBA€Ha C pPe3yAbTHpPYIOIleH cHuao#, obpasyemMoili B obaactu
BHYTpPEHHero Hu3ruba Kapauouabl. Becbma mnepclieKTHBHad cxeMa, Ha MOH B3TAs.
OKCIIepuMeHTBI B Moel goMarirHe aaboparopuu 1991 — 1996 roma mokazasu JOCTATOYHO
XOPOIIIHE PE3YABTATHI.

Puc.14. Cuabl B KOHTYpe TOKa, UMEIOIIeTro (popMy KapaIUuOUIbI.
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[TpoBOAHWKHK MHUTaHUHA, B JAaHHOH CXeMe, MOTYT OBITH CKPy4Y€HbI B BHUTYIO IIapy.
[IpoBOAHUK MOZXKET OBITH OWH, UAU KOHTYP MOKeT OBbITh M3rOTOBAEH KaK MHOT'OBUTKOBAas
Katymka. [Ipu HabAomeHUax neficTByoImX cua Fio u Fai, 11eaecoobpasHo He 3aKpernadTh
ITPOBOHUKHY Ha KapKace, HO IIPU U3MEPEHUIX ABUXKYIIEH CHABI IPOBOIHUKH HEOOXOIHMO
3aKpEennTh, HAIIPUMeED, Ha KECTKOM IIAaCTHHE.

OKCIIEpUMEHTBI C TaKUMH [OBHXKHUTEASMH IIPOCTble, HO OHU [JAalOT pas3Hble
pe3yAbTaThl IPH PA3AMYHOM ITIOCTAHOBKE 9KCIIEPHUMEHTA, TO €CTh, HA BEAUYHNHY OBUXKYIIEH
CHABI BAHSIET HECKOABKO (PaKTOPOB. MexaHHYeCKHEe aHaAOTHH 3A€KTPOKHHETHYECKHUX
OBUXKUTEAEH, KOTOpble TakKXKe MOILYT HMeTh IIPaKTHYEeCKOe€ IIPUMEHEHHE B
AdPOKOCMUYECKOH TEeXHUKE, IIOMOTAIOT IIOHATH, II0OYeMY pPe3yAbTaThbl SKCIIEPUMEHTOB C
9AEKTPOKNHETHYECKHUMU [IBUXKUTEASIMH 3aBHCAT HE TOABKO OT CHABI TOKa, HO U OT
HMITyABCHOTO pexkuMa paboThl (TOKa B IIPOBOJHUKAX).

KpuBoanHeliHOEe ABUKEHUE TeEAA

BceMm xopoIlllo 3HaAaKOMBI CHABI HHEPIIMH, BO3HUKAIOIME I[IPH YCKOPEHHU UAU
TOPMOIKEHHUH ABUIKYIIErocs TeAaa. B TepMHHaX 3(pHUPOAMHAMHKH, MOXKHO CKas3aTb, 4TO
«Up IpogBAseT cebsi» IPU YCKOPEHUH TeA. BnpodeM, cymiecTBoBaHue 3(UPHOH yIIpyroi
cpenbl MOKHO OOHAPYXKHUTb U [JIAS HENOABUXKHBIX TeA, B IIpolleccax HX yIIpyroi
nedpopManuu (pacTszKeHUS HAU CXKaTHs MEXKaTOMHBIX CBsi3eli), HO Mbl PacCMOTPHUM 3THU
a(ppeKThI To3Ke.

YckopeHue KpPUBOAMHEHHOTO [OBUXKEHHA 3aBHUCHUT OT KPHUBH3HBI TPAEKTOPHU
(pamuyca), a co3maBaeMass IIPU H3MEPEHUU TpPaeKTOpUU IeHTpobexkHasa cuaa F
oIIpeneAsieTCsl 10 IIPOCTOH popMyae, BTopoii 3akoH HrroToHA:

F = ma F.1

rne F — cmaa, m — Macca ABUIKYIIEroCs TeAa, a — YCKOPEHHE KPHUBOAWHEWHOTO
JBUKEHUS.

Cuna F 3aBUCHT OT yCKOpPEeHHSd, a OHO sgBAdeTCd (PyHKIIHMeH CKOPOCTH U paauyca
KPHUBU3HBI TPAEeKTOPHUH [ABUXKEHUS TeAa, HMEIOIEro HWHepILHaAbHyI0o Maccy. Ilpu
OBHZKEHHH TeAa II0 OKPYXKHOCTH, CO3JaeTcd OAMHAaKoBad cuaa F Bo Bcex paguaabHBIX
HamnpaBA€HHUSX. lIpH OBUXKEHHUH TeAaa II0 KPUBOAUHEUHOU mpaexkmopuu nepemeHHo20
paduyca, BeAWYWHA YCKOPEHWS UM CHABI OyZeT MEHAaTbCd Ha pa3HbIX ydYacTKax
TpaeKTopuu. B cymme, pe3yAbTHpPYIOIIAS CHAA MOXKET ObITh HEHyAeBasd, 4YTO CO31aeT
OBHKYIITYIO CHAY B OOHOM IIPEUMYIIIECTBEHHOM HaIlpaBACHUH.

Hcnoap30BaTk OAaHHYIO HOEK MOXKHO pPa3HBIMH KOHCTPYKTHBHBIMH METOOaMH,
HanpuMmep, Ha Puc.15 mnpemaaraercsas cxema ABUXKHUTeAss BeliHHKa, B KOTOpPOM IIO
KPHUBOAMHEHWHON TPaAeKTOPHUH INEPEMEHHOIO paguyca KaTaloTCd METAAANYECKUE IIapuKH
[6]. B omHOM 13 skcnepuMeHTOB BeliHuka, B KoHcTpyKunu BM-28, o KpuBoAMHeMHOM
TPaeKTOpPHUH, IIpPUMEPHO 45 MM OAUAMETPOM, ABUTAAOCH 8 METAAAHYECKHX IIapHKOB
OuaMeTpPOM 8 MM. Bpamenre obecriedmBaAn 3A€KTPOIIPUBOML, HAa €ro OCH ObIAO
YCTaHOBAEHO «BOAHAO» - JUCK, B KOTOPOM CAEAAHO 8 paAHasbHBIX KaHAAOB [IAS IIIAPHUKOB.
[ITapuku MOTAM CBOOOZHO MEHATH CBOH pPaauyC BpallleHUd BHYTPH KaHasa. O4eBHUOHO,
4YTO, IPU BpAaIlleHUH, EeHTPOOEeXKHAas CHAA MNPUKHUMAET IIAaPUKU K BHEIIHEMY KOABILY,
KOTOPOE YCTAHOBAEHO C 3KCILEHTPHCHUTETOM: OCh BHEIITHETO KOABIIA, OTPaHHUYHBAIOIIETO
paaryc BpallleHHd IIapHUKOB, HE COBIIAAAET C OChI0O MOTOpPa. DKCIEHTPUCHTET TPAEKTOPHHU
OBUIKEHUS IIapUKOB, B JAaHHOW KOHCTpyKuuu A.U. Beiinuk, 6pia paBeH 0,7 mMm. Ilpu
CKopocTH BpameHud Inopsaka 21000 o60poToB B MHHYTY, YCTPOHMCTBO CO3IaBaA0
OBHKYIYIO CHAY OKoao 1,4 -104 (H), HammpaBA€HHYIO HNEPHEHAUKYASIPHO OCH BpallleHUS
MOTOpAa, B HAIIPABACHHHU SKCIEHTPUCHUTETA OPOUTHI IIIAPUKOB.
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Puc.15. [IBuxxutear Betinuka.

Ha d¢oto (cmpaBa Ha Puc. 15) nokazaHa mapHas KOHCTPYKILIUSA OBUXKUTEAS
Beiiruka. CodyeTaHue ABYX NPHUBOJAOB BCTPEYHOI'O BPAIEHUS ITO3BOASIET KOMIIEHCHPOBATD
PEaKIUIo KPYTSIIIEr0 MOMEHTA, COXPaHasd OJUHAKOBOE HAIIpaBA€HHE ABUXKYIIEH CHABI F B
000MX MOBUIKUTEASIX. JKCIEHTPUCHUTET OPOUT IIIapHUKOB O0OOMX MHPUBOMAOB MOAYKEH OBITH
OPHUEHTHPOBAH B OTHOM HAITPaBAEHHH.

[annblii 9kcriepuMeHT BeiiHuka 6b1a BocnpousBeaeH B OO0 «AabopaTopus HoBrix
Texnoaoruit Papaneii» B 2002 rogy. OrMmeTnm, 4To pabora ABUKUTEASd, pa3pabOTaHHOTO B
Hale AabopaTopUH, COIIPOBOKAAAACH 3HAYUTEABHON BHOpamued, mo3ToMy, YBeAUYeHUe
9KCLIEHTPHUCUTETA AU CKOPOCTH BpallleHUd ObIAO 3aTpyAHUTeAbHO. CHABI, neficTByIOIIME
B JaHHOP KOHCTPYKIINM, ObIAM He3HAYUTEAbHBI. TeOpeTUYecKH, pacCMaTpUBaACs OIUH U3
BapHaHTOB MOIAEPHU3AIIMHU MOAHHOH CXEMBbI: IIPEIAATaA0Ch A00aBUTHh B KOHCTPYKIIHIO
ynpyzoe coeduHeHue IIapUKa C OCbIO. B Takoi cxeme, IIAPHK HE TOABKO OaBUT Ha
KOpIIyC, HO U TAHET €ro 3a OCh BpAaAlllICHHUdd, IIPHUYEM CHAA TAT¥M Ha PA3HBIX y4dJacCTKaxX
TpaeKToOpHUu OyneT pasandHas, TaK KaK OHa 3aBHCHT OT paauyca BpalleHud. [Ipyroi
BapUaHT YCOBEPIIEHCTBOBAHMUA ABUraTead BeMHHMKa — yIpyrMd KOHTAaKT IllapHKa C
KOPIIyCOM (HaIlpuMep, pe3’HOBas IIPOKAaZKa Ha KOPIyCeé HAW PE3UHOBOE IIOKPBITHE
mapuka). M3y4uB BOIpOC HAAEXKHOCTH KOHCTPYKIIMH M IE€PCIEKTUBbI JaHHOTO METOa,
ObIAO peIlleHO HaWuTH [Apyroe TEXHUYECKOe pelIeHHe KOHIIEHIIUHU [IBHXKHUTEAS,
HCIIOAB3YIOIIIETO KPHUBOAWHEHHOE YCKOPEHHOE MABHXKEHHEe pabodero BeEIeCTBa, TO €CTb,
HHEPIUAABHOM MAaCCHI.

CxemMa C MOpHUMEHEHHEM IKHUAKOTO pabdodero BeIIECTBa, MABUIKYIIETOCS II0
KPUBOAMHEHHOH 3aMKHYTOH TPAEKTOPHUU nepemeHH020 paduyca, Oblaa pacCMOTPeHa MHOH
B 1996 romy, [1]. XKuakoe pabodee BemIeCTBO, B OTAHYHE OT METAAAMYECKUX IIIAPUKOB,
boaee ymoOHO OAs IPUMEHEHUS B JAaHHOUW cxeMe. Pasymeercsi, B JaHHOM CAydYae, CAEIyeT
OIITUMH3HPOBATh TPU (paKTOpa: YBEAHUYUTH IMAOTHOCTH JKHIKOCTH (pabodyio Maccy IpHu
TOM K€ O00OBeMe), YBEAUYHTb CKOPOCTb M[OBUIKEHHsS pabodeidi Maccbl, U OO0EeCIeYyuTh
YOPYTrocTh B3auMozmedcTBus. [IpearnoAoKumM, 4TO Ha IOBOPOTHOM ydYacTKe TPyOOIIpoBoaa
(koprmryca), mo U — oOpa3HOM TpPaeKTOPHUH, C YCKOPEHHEM [ABHKETCS JKUAKoe pabodee
BEIIIECTBO, TO €CTh, HEKOTOpas MHepIaabHasI Macca, Puc.16.

CUNAF =ma

| |

HACOC

Puc. 16. llerTpobexxHasa cuaa, BOHUKAIOIIAS
IpU KPUBOAMHEMHOM ABUXKEHUH KUIKOCTHU 10 Tpyde.
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OueBHUOHO, YTO Ha YACTHUIIBI KUAKOCTHU HeHcTByeT cumaa F=ma, coraacHO BTOPOTO
3akoHa HrroToHa. [JaHHasg cuaa npuxumaem pabouyro sKuoKocmb K 6HYympeHHel
nogepxHocmu mpybul Ha paguyce II0BOpoOTa.

BepHeMcs K 3A€KTPOKHHETHYECKHM KOHCTPYKIUsM. OddekTsl CurasoBa - 3TO
BapUaHThl IIPOSBACHUS 3aKOHOB ['paccMaHa [Ad IIOCTOSHHBIX TOKOB B IIPOBOLHUKE
CcAOKHOM popmbl. OmHakKO, €CTb M YaCTHBIM  cAydyall [JaHHOTO SIBAEHHUS: MOULHAS
JswKywast cuna 8osHukaem npu umnyasce moka 8 V — obpasHom unu U — obpasHom
NposooHUKe.

Ha mo#t B3rasa, aToT caydail He oTHocuTcs K d¢pderty Amnepa — I'paccmana, To
€CTh, K B3aHMOIEUCTBHIO TOKa U MAarHHTHOTO II0Ad, a dIBASIETCI Pe3yAbTaTOM
BO3HUKHOBEHUS IIEHTPOOEKHOH CHUABI B 9AEKTPOKUHETHYECKUX OBUXKUTEASX, 10 aHAAOTHHU
C KOHIIENIMeH OBUXKUTEAd, IIoKalzaHHoHd Ha Pwuc.16. I[Ipu TakoM paccMOTpeHUH,
UMNYNbCHLLI 271eKmpoKuHemuueckuli agpgpekm MoOKeT HaUTH OoAblllee MIPAKTUIECKOE
IIPHMEHEHUE, YEM SAEKTPOKHWHETHYECKHE ABHXKUTEAU IIOCTOSSHHOIO TOKa. [leao B TOM, 4TO
PPOHT HUMIIyABCA, TO €CTh, BOAHA CMEIIEHUS A€KTPOHOB B IIPOBOJAHHKE IIPH BKAIOYEHUU
TOKa, IepeMelIaeTcsd 10 IPOBOAHUKY CO CKOPOCTHIO O0A€e COTeH KHAOMETPOB B CEKYHIY.
Takoi#f caBur BellecTBa HEOOABIION MAacCChl, HO HMEIOIIEH OOABIIYI0 CKOPOCTBH, CO3IAeT
MOIIHBIM KPaTKOBPEMEHHBIN UMIIYABC ABUXKYIIEH CHABI. [IpH yCTaHOBACHUH IIOCTOIHHOIO
TOKa, LEeHTPOOEXKHbIE CHABI O4YeHb MaAbl, TaK KaK peaAbHas CKOPOCTb [OBUXKEHUI
3A€KTPOHOB B IIPOBOJHUKE COCTaBAsIeT Bcero 0Koao 0,1 MM B CeKyHAY.

B cBa3u ¢ aTUM, peasus3anus HAEU C HACOCOM H JKHUAKUM IHUPKYAUPYIOLINM
pabounM BemiecTBoM, Puc.16, He mpeacraBageT OOABIIIONO ITPAKTUYECKOTO HHTEpeca.
BoicokouacmomHslil  UMNYAbCHBLI —oeKkmpokuHemuueckuil sggexm, TpH HaAUYUH
MOIITHOTO HMCTOYHHKA 3AEKTPHUYECKOH 3HEPrUuH, MOXKeT ObITh HaMHOTO 3(p(eKTHUBHEE, YeM
ATOOBIE MeXaHHYeCKHe yCTPOHMCTBA, 3a CUYET OOABIIION CKOPOCTH PACIIPOCTPAHEHUS (PpoHTA
HMIIyAbCA 9A€KTPHUYECKOr0 TOKa B ITPOBOJHUKE.

Macca w4yactull paboyero BeIllecCTBA — OTO0 BTOPOH (PaKTOp yBEAUYEHUS
LHEHTPOOEKHONM CHABI, coraacHo opmyase F.1. ODAEKTPOHBI HMEIOT OYE€Hb MAaAEHBKYIO
WHEPIIHAABHYIO Maccy.

HuaTepecHo ObIAO OBI OPraHMU30BaTh JSKCIEPUMEHTBHI II0 H3YYEHUI0 HUMITYABCHOTO
9AEKTPOKHNHeTH4YecKoro a3ddekra B U - o00pa3HOM KOHType [IAS IIPOTOHOB
(MOHU3UPOBAHHOTO BOAOPOAA), IOCKOABKY OHM B 1836 pa3 Taxkesee HSAEKTPOHOB.
Bropouem, 0Ooaee yOOOHBIM [AS IHIPAKTHYECKOIO IIPUMEHEHHS MOIKET OKas3aThCsd
KOHCTPYKTUBHBIH BapuanT U — 00pa3HOr0O HWMIYABCHOTO 3AEKTPOKUHETHYIECKOTO
OBUIKUTEASI, pabOYMM BEIIECTBOM KOTOPOTO SIBASETCS OSAEKTPOAUT. B Takom cayuae,
OBUXKUTEAb Oy[eT IIOXOXK Ha SAEKTPOAUTHYECKHM KOHIEHCAaTOpP HEOObIYHOM (popMbl, C
HMITYABCHBIM HCTOYHHKOM ITUTaHUS.

FI/IpOCKOH IIEPEMCEHHOTI'O paguyca

PaccMoTpyrM OTAEABHO BapUaHTBl KOHCTPYKIIMH [IBUIKUTEAECH, HCIIOAB3YIOIIHX
«IIPUHIIHII THPOCKOIIA IIEPEMEHHOro panuycar. [JaHHBIH HPUHIUII OBIA MIPEJAOKEH U
IIOAPOOHO ONIHCAH B KHHUTE «JKCIIEPUMEHTAAbHAsI TPaBUTOHUKa» [4].

IlepBBI¥ 3TAll 5KCIEPUMEHTAABHBIX UCCAenoBaHUuM, CriapTak MuxaiinoBud [loasgkoB
IIPOBOZIHA C IIOMOIIBI0 MEXaHHUYECKOTO YCTPOMCTBA, B KOTOPOM CO3/1aBAaAOChH OPOHUTaABHOE
[OBUXKEHHE BpAalllaloOINXCs TE€A (TMPOCKOIIOB), B COYETAHHM C H3MEHEHHEM HX paauyca
opbuTth! (npeueccus). Ha ¢dororpacguu Puc.17 moka3zaHa SKCIIEpPUMEHTAAbHAs YCTAHOBKA
«Eaka», ¢ 94eThIpbMS THPOCKOIIAMH, KOTOpad HCIIOAb30oBasach B 1984 — 1986 rompl magd
U3y4YEeHHsI CHAOBBIX 3(peKTOB B Aabopartopuu [ToasgkoBsa.
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B paHHOM KOHCTPYKIMH, Bpallaaach cama oboiiMa T'HPOCKOIOB (OopOHTasbHOE
BpallleHHe), U KaKIbIH U3 HUX MOT OBITh BBIKAIOYEH AW BKAIOYEH OTJEABHO, IIPHYEM, B
pa3HOM HaIpaBACHHUHM COOCTBEHHOTO BpalleHus. O0asa Macca KOHCTPYKIIUH COCTaBASIAA
32 Kr, macca 4eTbIpex THUPOCKONIOB 6,4 KI, HCTOYHHUK ITUTAHUS MOTOPOB — BHEIIHHH,
PEryAUPYEMBIHN.

Puc. 17. Tupockons! aBuKuTEeAd «EaKar.

PesyarTaTh! 5KcriepuMeHTOB [loAsskoBa mokasaHbl Ha rpadukax Puc.18 u Puc.19.
BpaLleHus HeT
e

+ 960 rpamm

- 1325 rpamm

Puc.18. KaanbpoBka ycrpoiicTBa B 9KcriepuMeHTe [ToagkoBa.

[Tepen TeM, Kak IIPOBEPATH CHAOBBIE 3(P(PEKTHI, BOZHUKAIOIIHE 3a CUYET ITPEIeCCHU
BpaILIaIIUXCs THPOCKOIIOB, I[loadkoB kKaambpoBaa cuctemy. Ha Puc. 18 mokaszasbl
pe3yAbTaThl HW3MEPEHUI, KOTOpble OBIAM CAEAaHBI I[PH OTCYTCTBHH OpPOHUTAABHOTO
BpaleHuda. B maHHOM cay4dae, HU3MepUTEAbBHAad CHCTeEMa IIOKa3bIBaeT HaAW4dHe
PEaKTHUBHON CHABI, KOTOpasd BO3HHKAET TOABKO 3a CYET «KadaHWs» TMPOCKOIIOB BBEPX U
BHU3, [IPH OTCYTCTBHUHU OPOUTAABHOI'O BpAIllEHUS].

[Ipr 3TOM, IIEHTP MacC CHCTEMBbI CMEIIAEeTCs, TaK KaK H3MEHHEeTCs II0AOXKEHHE
TUPOCKONOB. TakuM 006pa3oM, aBTOp OIpeneAseT «IUHAMHUYECKHH HOAB» cHUCTeMbl. He
UMeeT 3HA4YEeHHd BKAIOYEHBI MAM BBIKAIOYEHBI THPOCKOIIBI, €CAHM HET OCEBOI0O BpAallleHHUS.
CymmapHasa cHaa, OEHCTBYIOIAd BAOAb OCH «EAKH», MHTETPUpPOBAHHAd 3a HECKOABKO
«IIUKAOB Ka4aHU» THPOCKOIIOB, OyAeT paBHA HYAIO.

[Ipy HaAM4YHM OCEBOIO BpAaIleHHd BKAIOYEHHBIX T'HPOCKOIIOB, CO34al0TCS
HECHMMETPHUYHbIE CHAOBBIE 3(pPEKTHI UMITyABCHOTO Xapakrepa, Puc. 19.
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oceBoe BpaujeHne + 775 rpamm

- 182 rpamma

Tl npeueccus rmpockonos

Pric.19. Cuabl, Bo3HHKAONIME ITPU IIPELECCUU TUPOCKOIIOB B 3KcIlepuMeHTe [loasKoBa.

IIpp TakoM  TPaAEKTOPHUH  [OBUKEHUA  THPOCKOIIOB, Ha BECb  KOPILYC
5KCIIEPUMEHTAABHOTO YCTPOHCTBa Oelicmseyrom UMnyJibCol, 803HUKAOWUE Npu nepesooe
opoUMANBHO 8PAUAOULE20CS 2UPOCKONA HA MeHbWUl paouyc epauwieHusl. M3mepeHus
II0OKa3aAHd, 4YTO CYMMAapHBIM HMIIYABC THLTH, AEUCTBYIOIIUN Ha KOPIIyC yCTPOMCTBA, C
y4eTOM KaAUOPOBKH OTHOCHUTEABHO «IWHAMHYECKOIO HYAS», HaIpPaBAE€H BIOAb OCH
BpallleHUs BBEPX, U JOCTHraA 573 rpaMMa.

Hrak, B COOTBETCTBHUH ¢ MeToaoM [loasgkoBa, pabodyro Maccy (TMPOCKOII) IPUBOAAT
BO BpalllaTeAbHOE ABHXKEHHE, a 3aTe€M HU3MEHSIOT PaaUyC BpallleHHUs THPOCKOIIa, KOTOPbIH
SBASIETCS YIIPaBASIEMbIM IIapaMeTpPOM BpallleHusa pabodeii maccbl. Bo BpeMsa yMeHbIIIeHUS
paguyca BpalleHuUs pabodero TeAa BO3HHKAET KPATKOBPEMEHHBIH UMIIYABC TSTH,
HaIIpaBAEHHBIH BIOAB OCH BpaleHus. O4eBHIHO, YTO HM3MEHEHHE paaryca BpalleHUs
paboueif Macchl B OaHHOM CAydYae MOXKET HOCHUTH TOABKO II€PHOAHMYECKUIl XapakTep,
CA€IOBaTeAbHO, CO3MaBaeMasl CHAA TSITd HMeeT HMIIYyABCHBIM XapakTep. B mporecce
BOo3BpaTta paboueif Macchl B HAYaAABHOE IIOAOXKEHHE, XapaKTepHU3yeMoe MaKCHMAABHBIM
paguycoM BpalleHUs, UMITYABC TSITH OTCYTCTBYET.

[TomoOHBIE TEXHOAOTHMH HE MOTYT 3(P(PEeKTUBHO HCIIOAB30BATHCHA B KOHCTPYKIIHSIX
OBUKUTEAEH, TpeOyIoIIMX HeNpepbIBHOH paboThl, HampuMmep, B TPAHCIOPTHBIX
cpeacrBax. BmpodeMm, OHM MOryT HaWTH IIpUMEHEHHE B CHCTEMaxX HMIIYABCHOH
KOPPEKTHUPOBKH OPOUTHI KOCMHUYECKUX aIlllapaToB.

B ampeae 1998 roma, Cmaprak MuxarinoBud IloAsSKOB nAeMOHCTpHUpOBaA MHeE
SKCIEPUMEHT C APYTHUM ABUXKHUTEAEM, B KOTOPOM OBbIA OPraHM30BaH IIPOIECC IIPEEeCCHU
TUPOCKOIIa, a B PoAH pabodeill MacChbl HCIIOAB30BaAach PTYTh. [JaHHBIA OBUKUTEAb U
pe3yAbTaThl n3MepeHu nmokasaHsl Ha Puc. 20.

Cuna
TArN (Kr)
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Puc.20. BuxpeBoii nBuxkutTeab [loasgkoBa U rpadUK 3aBHUCHMOCTH CHABI TATH 0T 000POTOB.
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OcHOBHBIE [eTaAM KOHCTPYKLMH M[OAaHHOI'O SKCIIEPHMEHTAABHOIO YyCTPOHCTBa
CAedyIOIIMe: IIAACTUKOBBIM KOPIIYC MOHUCKOBOHM (OPMBI, POTOP, OSAEKTPOMOTOP H
OUHaAMOMETpP. YCTPOMCTBO MOTAO CKOAB3UTH BBEPX — BHH3 0 (TOPOIIAACTOBBIM
HaIllpaBAdIOIMM, OIIMpasCh Ha HECKOABKO B3aMMHO OTTAAKHBAIOIIUXCSI MAarHUTOB.
[IBuradgck BBEPX-BHU3, POTOP OKa3blBaa CHAOBOE BO3AEHCTBHE Ha TEH30METPHYECKHUM
JaT4UK, KOTOPBIM H3MepsSA BEAHWYHHY CO3aBaeMOHM CHAbI TATHM. B gaHHOM BapHaHTe
KOHCTpyKlIMH, Cnaprak Muxa#iaoBuu [loagkoB moaydaa 0 2,5 KI' CHABI TSTH, [IPU
OTpeOAEHUN 3A€KTPOIHEPTHUH Ha BpalleHue rpuBoga ot 100 BarT no 1 kBT.

Oco0o0 orMeTHuM, 4YTO rpaduK, IOKAa3aHHbBIA B IpaBoit yactu Puc. 20, yka3siBaeT Ha
HEeAWMHEWHBIH XapakTep (PYHKIIUYU 3aBHCUMOCTHU CHABI TATH OT CKOPOCTH BpallleHUd.

OOuuii BeC ABUKHUTEAd, B JAaHHOM JKcnepuMeHTe, cocTaBasgA 30 Kuaorpamm. Bec
PTYTH, BBIIIOAHSIOIIEH POAB THPOCKOIIA, COCTABASIA OKOAO 15 KT.

B cBoem nuceme 20 mapta 1998 roma, Cnaprak MuxatiaoBud [loagKoB goKa3bIBaA
MHE IIepPCIIEKTUBHOCTb OaHHOH cxeMbl: «[Ipu Tex ke rabapurax OBUXKHUTEAsS, yBEeAUYEHUE
MOIITHOCTH dAeKTponpuBona mo 10 kBt u ckopoctu BpauieHus a0 10 Tbicssd 0O0OpPOTOB B
MUHYTY, JaCT YBEAUYEHHE CHUABI TATH OO 2 TOHH».

B pasBuTHe npenmasaraemMoil KOHLENIIHMM, paccMaTpUBas YacTHUIBI MaTepHH, Kak
MUKporupockonsl, Cnaprak MuxaiiaoBH4Y IoKasaas, 4TO B (DEPPOMATHUTHBIX BENIECTBaX
MOZKHO CO34aTh ITPELIECCHOHHBbIE NBUKEHHA MAarHUTHOIO MOMEHTa YacCTHIl, U IOAYYHUTH
cuAoBble 2(ppeKThI, 3a CHeT peaklnn 3PUPHOU cpenpl. [pyroe IIpuMeHEHUHE IaHHOHU
TEXHOAOTHH -  3TO H3AY4YEHHE HaIpaBAECHHOI'O IIOTOKAa «I'PaBUTAIMOHHBIX BOAH», B
dopmyanpoBkre I[loagkoBa. B moarBepxkaeHHe cBoeld Teopuu TrpaBuUTaAnUU, [loAgKOB
YCIIEIIIHO IIPOBEA P JIKCIEPUMEHTOB II0 OTKAOHEHHIO Ayda CBeTa, HCIOAB3Yd
MarHUTOCTPUKIIMOHHBIE MaTepHasbl. OH [goKa3aa CBsS3b MarHeTH3Ma M TI'paBUTALlUH,
HCXOS U3 IIPEJAOKEHHONH UM MOIEAH 3AEKTPOHA.

I[ToasskOB Takzke IIPEOAOZKHUA HECKOABKO KOHCTPYKTHBHBIX peH_IeHI/Iﬁ HE TOABKO OASA
CO3aHHud MOIITHBIX I/ISAYLIaTCACfI rpaBUTAllMOHHEBEIX BOAH, a TakKkxX€ MU IIPHUEMHHKA
rpPaBUTAIITHOHHBIX BOAH.

OTMeTHM, 4dYTO «TPaBUTAIIMOHHBIE BOAHBIY, C [OPYTOH CTOPOHBI, SIBASIFOTCS
IIPOZIOABHBIMH BOAHAMHU B 3(PHUPHOH cpene, 4TO BIIOAHE COTAACYETCS C MEXaHH3MOM HX
CO3/IaHUS METOZOM BBIHYXKAEHHOH IIPEIeCCHU TUPOCKOIIOB - MAarHUTHBIX MOMEHTOB
qacTull (peppoOMarHUTHOTO MaTepHasa.

Pabotre!r IloasgskoBa mpepBasu OTCyTCTBHE (DMHaHCHpPOBaHHUS U Ooae3Hb. Ha doto
Puc. 21, Cnaprak Muxarisosud IloagkoB.

Puc. 21. Cnaprak MuxaiiaoBud [loagkos, 1998 roz.
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[laHHOE€ HaIpaBA€HHE HCCAEAOBAHUM SKCIEpUMEHTaAbHO u3ydeHo B HUU
Kocvuueckux Cucrem wnmenu A.A. MaxkcumoBar, dumaman DPIYID «KHIILL wmMeHHn
M.B.XpyHuueBar, Tpynmnoi pa3zpaboTyuKOB II0o4 pykKoBoacTBoM MensbminkoBa B.A. [7]. O
pe3yabTaTax HCIBITAHUN [OBUXKUTEAS, CO30aHHOIO TIpynmnoil MeHBIIHKOBa, MOXKHO
IIPOYUTATh B OTKPBITBIX HcTOYHUKax [8]. I[Ipu pabore OaHHOTO [ABHUKHUTEAd,
SAEKTPOIIPHUBOJ, CO3[IaeT BpallleHHe poTopa, Ha KOTOPOM YKpelaeHa Tpyba B ¢opme
KOHYCHOHM crnupaau. HaumHasa BpallleHHEe, pPOTOp «yBA€KaeT 3a COo0OH pPTyTh», KOTOpad
OBUXKETCS BHYTPHU pPOTOpa OT BEPILIMHBI K OCHOBaHMUIO KOHyca. Hacoc obecrieunBaet
BO3BpaT PTYTH, BAOAb OCH YCTPOMCTBa, OT OCHOBAHHSA KOHYCHOH CIIHpPaAH B CTOPOHY €€
BepIIUHbI. TakuM 006pa3oM, PTYTh HEIPEPBIBHO IIepeMellaeTcs II0 TpyOe, HMerolei
dopMy KOHYCHOM CIIMpasH, OT BEPIIMHBI K €€ OCHOBAHHIO, U HarHeTaeTCs HacOCOM IIO
BO3BpaTHOH oceBo#l Tpybe K BeplInHe KOHyca poropa. Coraacurech, 4TO [AaHHAd cXeMma
HarloMUHaeT TreHeparopbl Ilaybeprepa, XOoTd HMeeT NPHUHIIMIIHAABHbIE HEIOCTATKU
KOHCTPYKLIMH. B cTathe [8] aBTOPBI 0OTMEYaAH, YTO UMIIYABC TSTHU CYLIECTBYET HEIOATO, OT
HECKOABKUX CEKyHI A0 OnmHoM MHHYThl. Kpome Toro, reHepartops!l lllaybGeprepa morau
paboraTe B peXHWME CaMOBpAIlleHHUS, I[IPH OSTOM CO3[aBas [IBUKYIIYIO CHAY. ITo
KOHCTPYKIIMH, ITOKa3aHHOU B IpoekTax MeHbIINKOBA [8], TaKUX O(PUIINAABHBIX MAaHHbBIX
HeT.

OKcneprMeHTaABHbIE HCCAEOOBAaHUSA CIIOCOOOB CO3/IaHHUS AaKTUBHON ABUIKYIIEH
cuabl, 10 Metromuke I[loagKoBa, KOTOPYIO MbI Ha3bIBA€M «T'HPOCKOIl IIEPEeMEeHHOTI0
panuycar», mpoBoauauck Takxke B OOO «Aaboparopus HoBrix Texuoasoruit ®apaneii», B
nepuon ¢ 2002 o 2005 roxn. MHoH 6blaa rogaHa 3agBKa Ha rateHT PO Ne 2002128658/
06(030307) or 25.10.2002 roma. B mnpemparaeMoM TEXHHYECKOM PEIIEHUH, OBIAU
yCTpaHEeHbl  HEAOCTAaTKH  aHAaAOTOB, IIOCKOABKY B  HHUX  HMIIYABC  IIOA€3HOH
OHOHAIIPaBAEHHOH! TATW HCYe3aeT, KOTZla CKOPOCThH BpallleHUs XKUIKOTO pabodyero Teaa
(pTyTH) CTAaHOBUTCS pPaBHA CKOPOCTU BpAIIEHUS POTOpa. DTOMY acIleKTy ObIAO YAEAE€HO
OCHOBHOE BHUMAaHUE IIPU KOHCTPYHPOBAHHU, KPOME BBIIIOAHEHHS OOIIMX MIPHUHIIUIIOB
CO3/IaHUS «THPOCKOIIA IIEPEMEHHOI0 Paguycar, B COOTBETCTBHUHU C Teopuei [Toasgkona.

Ha Puc. 22 r1nokazaHbl CcXeMa U OCHOBHBIE 3AEMEHTBHI KOHCTPYKIIUU
9KCIIEPUMEHTAABHOTO ABHXKUTeAss PpoaoBa, ODHCAHHONO B M[ATEHTHOH  3asBKe
No2002128658/ 06(030307), 25.10.2002 r. CyLIHOCTb HAHHOTO HM300PETEHHSI COCTOUT B
CAEYIOIIEM: 3SA€KTPOIPHUBOL O BpalllaeT KOHYCHBIM poTop 3, HA KOTOPOM BBIIIOAHEHA
crimpaasbHasl KaHaBKa (CIHPaABHBIHA IITHEK). Porop 3 Bpalaercs, 3acmasass pabouee
gewecmeao Cmeuamscsi Ha MeHbWUll paduyc epauieHusl, U BbIXOAUTH dYepe3 paauasbHbIe
OTBEPCTHUSI S5 BO BHYTPEHHIOI IIOAOCTH KOpIIyca (B KapTep). 9To ABUKEHUE NHEPIIHMAABHOMU
Macchl pabodyero BeIllecTBa CBEPXYy BHU3, OT IIHPOKOH K Y3KOH YaCcTH POTOPA, ABASIETCH
OCHOBHOM TIIPUYMHONM TIIOIBAE€HHS OCEBOM pEakKTUBHOHM CHABI TATH, NOCMOSIHHO
Oelicmeyrowell Ha KOPIIYC ABUIKUTEAS, BOOAb OCH BpallleHUs poTopa.

13

14

Puc. 22. Cxema BuxpeBoro aBmxkutreas dpoaona.
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[Tosicaro wupmero... Ecam BpaileHme pabodero BelllecTBa B KOHYCHOM KopIiyce 2
npoucxonuT 6e3 KOHYCHOTO ILIHEKOBOIO pOTOpa, TO OHO IIPUBOAUT K IIOCTOSSHHOMY
YBEAHYEHHUIO paauyca BpalleHUs IKUIKOCTH, IIPpHUYEM, KUIKOCTb MMOAHUMAETCS CHU3Y
BBEPX. OTOT IIPOILECC OOyCAOBAEH HAAWMYHEM IIEHTPOOEXKHOH CHABI, II03TOMY, MOIKHO
CKa3aTh, YTO OHA COBepIIaeT paboTy II0 CMEIIeHUI0 Bpallarlieficd B KOHYCHOM KOpILyce
KHUJIKOCTH C MEHBIIIETO paauyca Ha Ooablnnii. B oOprdHOM caydae, IIpH BpallleHUH TeAa B
IIAOCKOCTH, IIEHTPOOEKHAasI CHAA paauaAsbHas, U paboTy BOOAb OCH BpAIlleHUS HE MOKET
coBepuiath. [ToaToMy, IIpu BpallleHHUU KHUAKOCTH B [IUAMHAPHUYECKOM Kopiyce, adpdekTa
He Oynet. [Ipu BpallleHHMH KUIKOCTH B KOHYCHOM KOPIIyCe, CYIIECTBYEeT OCEBOM I'paIHeHT
CHABI, TaK KaK BEANYHHA IIEHTPOOEKHOM CHABI pa3AndHasI.

B mnpenmaaraeModl KOHCTPYKIIMHM, CIIHpasbHas KaHaBKa poTopa 3 (UIHEKOBbIH
ME€XaHH3M), IIPHU BpallleHUU B COOTBETCTBYIOIIEM HAaIIPaBACHHH, CMewaem uacmuuybl
Kuokocmu c¢ bosbwezo paouyca 8pawjeHuss HA MeHbWUl paduyc epauieHust. ITo
IIPOUCXOAUT IIPOTHUB PabOTHI, KOTOPYIO COBEpIIAEeT IIEHTPOOEXKHAas CHAA II0 CMEIEHHIO
KHUJKOCTH, Bpalllalolieiics B KOHYCHOM KOpIIyCce. 3aKOH COXpaHEHHs HMIIyAbCa 3/1eCh
CTPOTO BBIIIOAHSETCS: OCEBOM UMIIYABC, HaIpaBA€HHBIH CBepXy BHH3, KOTOPbIH
IpHUoOpeTaroT YacTHULbI KUAKOCTHU IIPU B3aUMOJAEUCTBUU C POTOPOM, pPaBE€H HMIIYABCY,
KOTOPBIH IIpHOOpeTaeT KOPIyC YCTPOMCTBA B IIPOTUBOIOAOXKHOM HAaIIPpaBA€HHU (CHU3Y
BBEPX).

Has mpoBenennn s3rcnepuMeHTOB B OO0 «AHT®P», 2002 rom, OBIAO H3TOTOBAEHO
ycTpoHcTBO, Hoka3zaHHoe Ha Puc.23. KoplIyc ¥ OCHOBHBbIE OeTaAW H3TOTOBAEHBI U3
AAIOMUHUS, IPUBO/ SACKTPHUIYECKUH.

Puc. 23. ®oro geraseit 9KCIIEPUMEHTAABHOI'O BUXPEBOro ABHKUTEAs, 2002 rof.

OcHOBHBIE ITapaMeTpbl JaHHOH MOJEAHN ABHXKHUTEAS: JUAMETP PoTopa y OCHOBAHUS
KoHyca cocraBasgeT 80 MM, a B 00AAQCTH BBIXOAA JKHUAKOCTH H3 IIOAOCTH KOHYCHOTO
KopImyca B Kaprep - oOroao 20 wMM. [Jlag co3maHUg BpallleHUsS IIPUMEHSACS
9AEKTPOABUTATEAb, HOTpebaseMass MoIIHOCThL He Ooaee SO Barr. CKOpoOCTh BpalleHUS
peryaupoBasack oT 30 mo 300 o0opoTOB B MHHYTYy, 3a CUYET H3MEHEHUS HaIPIKEeHU
IIUTaHUSI SAeKTPOIIPHUBOIA.

B kayectBe pabodero BelllecTBa (MHEPIIMAABHONM MacChl) IPUMEHSIAACh BOAA, MACAO
U ApyTHUE KUAKOCTHU. «PTYyTHBIN I'MPOCKOII» HE HCCAEIOBAACH.

HN3mepeHne co3maBaeMoON OABUKYIEN cuabl, Puc.24, mpon3BOAUAOCH SAEKTPOHHBIMHU
Becamu, ¢ TogHocThI0 0,1 r. OGHapyKeHa aKTUBHAS CHAQ, BEAHYHHOH OT 5 m0 15 rpamum,
co3gaBaeMasl B BEpTHKAABHOM (0CEBOM) HaAIIpaBAEHUH.
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Puc. 24. ®oro u3 apxupa OO0 «AHT®», 2002 rox, BUXpeBOH ABUKUTEAb Ha Becax.

3agBka Ha u3obpeTeHHe, B KOTOPOIH ITOAPOOHO omHcaH CIoco0 M YCTPOMCTBO,
IIpUMeHsSeMble AT CO3MaHUS ABUXKYIIEH CHAbI, 0e3 peakKTHBHOTO oTOpoca MaccChl 3a
IIpeeAbl KOpPIIyca MABUIKUTEAS, IIyTeM IIpeoOpa3oBaHHs BpAIllaTEABHOTO [IBUKEHUS B
IIoCTyIlaTeAbHOE, OblAa ITogaHa MHoM 25 okTabpsa 2002 roxa.

Ilocae pauTeabHON ImepenyicKHh, B aBrycte 2004 roma, MBI IHOAYYHAM OTKAa3
SKcIepToB PocmareHTa, KOTOPhIM OHM MOTHUBHPOBaAM Te€M, UTO, O8UXKeHue ycmpolicmsa
6e3 ombpoca peaxkmugHOU MacCCblL 30 npedesibl Kopnyca ycmpoiucmsea NPUHUUNUAILHO
Hego3MmosKHo. TakuM ob6pa3oM, OHU MOHUMAIOT TpeTud 3akoH HrioToHa. Hamru moBoaw! o
TOM, YTO 3aKOH COXPaHEHHUd UMIIyAbCA U SHEPIHUH, PAa3yMeeTCs, BBIIIOAHIETCH, U peaKIlus
C omopoi, B IIpegaaraeMoOM HaMH CIOco0e, o00s3aTeABHO CYIIECTBYET, OKa3aAUCH
HeyOeIUTEABHBIMH. 91 moaararo, 9YTo 34eCh UMEAO MECTO AOOOHMpPOBaAHUE UHTEPECOB APYTHX
pa3paboTymKoB, Ooaee BBICOKOTO YPOBHS, YEM HAallla MaA€HbKasd 4YacTHAd KOMIIaHUS.
NzBectHo, uto 23 Maa 2008 roma, ¢ KocMmoapoma I[laecenrk crapToBasa pakeTa C
4eTBhIPbMS CIIyTHHKaMH Ha OopTy. OAMH W3 HUX, CIOyTHUK 'HOOMAeHHBIN", BBIIYyIIEeHHBIH
aKIIMOHEPHBIM 0011IecTBOM "MHGOPMAIIMOHHBIE CITyTHUKOBBIE CHUCTEMBI', IpUMeYaTeAeH
T€M, YTO Ha HEM YCTAHOBAEH HOBBIH ABUXKHUTEAb, HCIIOAB3YEMBIN A KOPPEKIIUH OPOUTHI.
OTo mepBbIM pPOCCHHCKUN KOCMHUYECKHH armmapar, B KOTOPOM CHAA TATH CHCTEMBI
KOPPEKTHPOBKU OPOUTHI CO3IAETCS 3a CYET BHYTPEHHETO «IBHIKEHHS JKHIKOIO pabdodero
TeAa II0 OIpPENEACHHON TpaeKTOPHHM, HAIlOMHUHAIOIIEH TOpHAMO», KakK ITHCaAu 00 aToH
TEXHOAOTHMM TIa3eThbl. [JOCTOMHCTBA TaKOTO METOoJa OYEBHUAHBI: IIOAydasl J3HEPTHUI0 OT
COAHEYHBIX Oarapei, TAaKOM CIIyTHHK He€ HMeeT OrPaHHYEeHUH II0 pPacxXody TOIAHBA,
HEOOXOIMMOI0 A JAUTEABHOM paboThkl Ha opbute. OTMETHM, YTO OAS KOPPEKTHPOBKHU
OpPOUTHI CIIyTHUKA, JOCTATOYHO KPATKOBPEMEHHOIO UMIIyABCA ABUIKYIIEH CHABI.

Teopermnueckoe 000OCHOBaHHE TaKHUX H300peTeHUH — OTAEABHBIM Bompoc. PaboTel
[ToasgkoBa B 00AACTH «9KCIIEPUMEHTAABHON TPABUTOHUKHW» UMEAW CBOHW IIPEAIIOCBIAKH, U
y4eHble pPas3HbIX CTPaH MAAaBHO IMOAXOAWAM K H3YYEHUIO MaHHOH mpobaembl. Hukoaait
AnrekcanapoBud Ko3pIpeB, TEOPHIO U SKCIEPUMEHTHI KOTOPOTO MBI PACCMOTPHUM ITOAPOOHO
B OTHEABHOH raaBe, emie B 1963 romy omybamkoBaa cratbio «[IppamvHHAs MexXaHUKA U
BO3MOXKHOCTh 3KCII€PUMEHTAABHOI'O HCCAENOBaHUS CBOMCTB BpeMmeHH» [9]. B mannHol
pabore, Ko3vipeB BHepBble ITOKazaa 3PQPEKThl YMEHBIIIEHHs Beca B 9KCIIEPHUMEHTaxX C
BpAalIAIOIMMHUCH THPOCKOIIAMHU Ha BHOPHUPYIOILIEM IIOABECE, IPUYEM, yKa3aa, 4To d3PdeKT
3aBHCHUT OT HaIpaBA€HUS BpallleHud. V3 3apy0esKHBIX aHaAOrOB [OBUXKHUTEAEH,
HCIIOAB3YIOIINX IIPEEeCCUPYIOIE I'MPOCKOIIbI, U3BECTEH ITaTeHT [Ipodeccopa AsiiTBaiiTa,
United States Patent 5,860,317 January 19, 1999, Propulsion System, Eric Laithwaite,
William Dawson. Bnepsrie, apeKT yMeHBIIIEHHE Beca Bpalllarommxcs Tea, IIpodeccop
NA3UTBOUT 00Hapy=xRuA B 1975 rony.

MHorve Ha3bIBAIOT [JAHHBIE THUIIBI OBHXKHUTEAEH «OE€30MOPHBIMH», XOTS 3TO
IIpUHIININAAbHAa ommubka. Ornopa OBUXKHTEAs, TOYHEE, «peakIlds C OIIOpOi», Bceraa
CYIIIECTBYET.
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OTO caMbIi TAAQBHBIH BOIPOC, KOTOPBIA aBTOPBI OOAXKHBI OOECIIEYHTH
KOHCTPYKTUBHO. COMHEHHS HCYE3aI0T, & BCE TEOPETUYECKHE BOIIPOCHI PEIIAIOTCS, €CAU
paccMarpuBaTh HHEPIIMIO, KaK CBOMCTBO OKPYZKAalOIIETO TEAO IIPOCTPAHCTBA, TO €CTh
adupa, OKpPYKAaIOIIEro KaxKAyl0 H3 4YacTHUIl MaTEepHH, B OTAEABHOCTH. IIpu TakoMm
paccMOTpPeHHUH, LEeHTPOOEXKHBbIE CHABI SBASIOTCHS BHENIHHMHM, II0 OTHOIIEHHIO K
ABHZKYILIMMHUCH TeAaM. DTO TaKHe XK€ BHEIIHHE CHABI, KAK PeaKIud OIIOPbI, HAHU I'PAgHUEHT
naBAeHUd B a’spoauHaMuke. CaenoBaTeAbHO, HHepIHaAbHble 3(P(EKTbl MOIyT OBITh
HCIIOAB30BaHbl TaKHM o00pa3oM, YTOOBI O0ecredyuBaTh «OIOPY» H ABUIKYIIYIO CHAY,
BO3HHUKAIOIIYIO 3a CYET I'paJHeHTa JaBACHUS 9PUPHOU cpeodbL.

[IprynHa IOIBA€HUS LEHTPOOEXKHOM CHABI, IIPU YCKOPEHHOM [ABHUKEHHUU YaCTHI]
MaTepUuH, AeKUT B UX BHYTPEHHEH CcTpyKType. PopMUpOBaHNe YaCTUL] MaTepUH U3 aoupa
— 3TO IIPOIIECC, U3y4YeHHEe KOTOPOTO JAeT OTBETHI Ha BOIIPOCHI O IIPUPOJAE HHEPIHAABHOH
MacChl U SAEKTPOMATHUTHBIX CBOHCTBaxX 4YacTHl] MaTepuu. lleaecoobpa3HO IpomoAKaThb
paboThI IO Pa3BUTHIO, TATEHTOBAHUIO U BHEIPEHUIO PACCMOTPEHHOH 371eCh TEXHOAOTHH
OBUXKUTEAS] 3aMKHYTOTO pPeaKTHUBHOTO ITMKAa. CoBpeMeHHas o0AaCTh NIPUMEHEHHs TaKOH
MIPOAYKIIMY BKAIOYAeT HE TOABKO KOCMHUYECKHE CHCTE€MbI, HO U CHAOBBbIE YCTAHOBKU
AIO0OOTO TpaHCIIOpTa. OTO HalpaBA€HHE OTKPBbIBAeT HOBBIE PBIHKU COBITA IlepemsoBOH
BBICOKOTEXHOAOTHYHOH ITPOIYKITHH.

PaCCMOTpI/IM €II1€ HECKOABKO TEXHHYECKHX pemeHHﬁ.

KoMmmieHcalusa Beca Teaa

KoHcTpyupoBaHue OBUKUTEAeH HOBOro THIIA TpeOyeT YTOYHEHHS IIOHATHUS
COTKPBITOH ™ 3aKpbhITOH (HU3UYECKOM CHCTEMBI», CHCTEMBI oOTcdeTa. IlloBom [ada
Pa3MBINIACHUH OaeT TOT (PaKT, YTO BEC TeAa, HAXOMASIIETOCH HA MOBEPXHOCTH ITAAHETHI,
3aBHUCHUT OT MecTa B3BemIMBaHUs. [IOCKOABKYy IIaaHeTa BpalllaeTcs, TO Ha BCe TeAa
nedicTByeT IeHTpobOeXkHass CcHAa, U €€ MaKCHUMaAbHOE 3HA4Ye€HHE COOTBETCTBYET
IIOAOXKEHUIO Teaa Ha 3KBatope. [lo gaHHONW HIpUYMHE, KOCMOAPOMBI OASI PEAaKTHUBHBIX
pakeTt 1eaecoobpa3HO pas3MelaTh OAHXKE K 9KBATOPY.

MOXKHO AM TIOAYYHTH «OTPHIIATEABHBIM BEC» Teaad, 3a CYET IIPHAOKEHUH
HEeHTPOOEKHO#H cHUABI? OTBET ITOAOKHUTEABHBIH: CHAA Beca MOXKeT ObITh KOMIIEHCHPOBAaHA,
U IIPEeoZIoA€HA AIOOOM Apyrod CHAO, B TOM YHCAe, IIEHTPOOEKHOM CHAOU, co3maBaeMo
IIPH BpallleHUH TeAa.

Hampumep, BpallleHHWe Teaa B  BEPTUKAABHOM IIAOCKOCTH MOaeT IIOAHYIO
KOMIIEHCAIIMIO Beca B BEpPXHEU ITOAOBHHE TPAEKTOPHU, U YBEAHUYEHHE Beca Ha BEAUYUHY
IEHTPOOEXKHOH CHUABI, B HUXKHEH YacTu TpaeKTopuu, Puc. 25.

Fuﬁ

Puc. 25. I3ameHeHHe Beca IIPU BPAIleHUH TeAd B BEPTHKAABHOM IIAOCKOCTH.

28



®aKTHUYECKH, BpAlICHHE TIpPy3a B BEPTHKAABHOM IIAOCKOCTH, HpPH MOOCTHUKECHHUHU
OIIpeIEACHHOM CKOPOCTH BpAIlleHUs], CIIOCOOHO MOAHUMATH BECh ABUIKUTEAL, OTPLIBAS €Tr0
OT 3€MAH, BO BpeMd «BepxHel HOAOBHUHBD» IMKAA. CAemoBaTE€ABHO, ITPHUHIIUIIMAABHBIX
npobaeM Hetr. TexHu4deckas 3amada COCTOUT B TOM, YTOOBI KOHCTPYKTHUBHO OOECIIEYHTH
OBUXKeHHe paboduell MHePIIMAaAbHOM MacCChI 110 TaKOH TPaAeKTOPHUHU, KoTopas maeT 3¢ddeKT
KOMIIEHCAIIUH Beca TeAa Ha OOAbIIeH JacTH IIUKAA JBUKEHUS.

Hamnpumep, koaebaHus rpys3a OOBIYHOI'O MasTHHKA IIPOUCXONST B HUKHEH YyacTu
IIMKAQ, KaK II0OKa3aHo B AeBoM dyactu Puc.26. IIporecc KoaebGaHHIE IepeBEPHYTOIO
MadTHHKa IIOKa3aH B IIpaBo¥ dYactu Puc.26. MexaHu3M OEHCTBHUA «II€EPEBEPHYTOIO
MagTHHKAa» HECAOKHBIN, HO €0 COTHH AE€T M3y4aAl KaK yAUBUTEABHOE IBAEHUE!

Pric.26. OGBIYHBIN MAagTHHUK U I€PEBEPHYTHIH MasSTHUK.

B 1873 roay, uaesa MCIOAB30BaHUA MEPEBEPHYTOrO0 MasgTHUKA OAS CTPOHUTEABCTBA
AETAIOIIEro amrapara paccMarTpuBasach LIMOAKOBCKHMM, eMy Torma ObIAO Bcero 16 aer.
[MroAkOoBCKHUH IIpemaaraAa HCIIOAB30BaTh [Ad CO3JAaHUA OBHUKUTEAS [ABa II€PEBEPHYTBHIX
MagTHHKA, MalIyLIINX CHUHXPOHHO, BO BCTPEYHBIX HallpaBA€HUSIX. [JaHHBIN 5KCIIEPUMEHT C
Iapoil IIEpEBEPHYTBHIX MAATHHUKOB AE€TKO OpPraHH30BaTh, W OH IIOKa3blBAeT HaAW4YHE
HMITYABCHBIX CHA.

JuHamMuyeckasa cTabuAu3allus IIEPEeBEPHYTOr0 MasdTHHKA IIOAPOOHO H3ydasach
AkagemuroMm II. A. Kammne#r B 1951 roay [10]. OkcnepuMeHTaabHOE YCTPOHCTBO C
KPHUBOIIMIIHBIM IIPUBOAOM, IIOCTPOEHHOE A4 JAHHBIX SKCIEPHUMEHTOB, Puc. 27, moay4anao
Ha3BaHHe «MadTHHK KamuneD. OcoOGeHHOCTBIO MadTHHKa Kamnuipl gBageTcd TO, YTO
IIepeBEPHYTOE (BEPTHKAABHOE) ITOAOKEHNE MAadATHUKA MOXKET OBbITh YCTOMYHUBBIM, B CAydae
ObICTPBIX BHOpaluil moaseca.

Puc. 27. Magruuk Kamnuiie.

Hcropus OTKPBITHS yXOAWUT B IIPOLIAOE: IIepPBble HAOAIOOEHUS AAHHOTO SIBACHUS
O6b1an omybankoBaHEI emle B 1908 r. A. CredpercoroMm [11]. CoBpeMeHHbBIE HCCAEIOBAHUS
aHaAAOTHYHBIX IIpolleccoB BeneT [Ipodeccop Enrenmit [AmurpueBud COpPOKOAYM, aBTOP
MHOTHX HAYYHBIX CTaTell M MHTEPECHBIX KCIIEPUMEHTOB II0 BUXPEBBIM U KOA€OATEABHBIM
mporeccaMm [12]. He OymeM yray0AaTbCS B TEOPHIO MAaHHOTO IIPOIlecca, Ioaarasi, 9TO
OCHOBHYIO pOAb B KOA€0ATEABHBIX IIPOIlECCaX [IE€PEBEPHYTOr0 MAasTHHUKA HIPAOT
LIEHTPOOEKHbIE CHABI, KOTOpPBbIe YAaCTHYHO KOMIIEHCUDPYIOT BeC ycrpoiictBa. MbI
paccMaTpuBaAl aHAAOTHYHBIE SIBACHUS, [TIOKa3aHHbIe Ha cxeMax Puc. 25 u Puc. 16.
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CrpaHHO, HO g He HameA B paborax II. A. Kanuip! nagen o ToM, 4TO, IOBBILIAS
4acTOTy KoAeOaHHU NepeBepHYTOro MasTHUKA, TO €CTh, CKOPOCThH ABUXKEHHUs paboueit
MaccChl, MOKHO OXKHIATh IIOAHOM KOMIIEHCAIIMM Beca yCTPOMCTBa, U OaKE€ CO3[0aHUE
3HAYUTEABHOM CHABI TATH, AeHCTBYIONIEY B 3alaHHOM HallpaBaeHUU. TeM He MeHee, Hies
Impocrass M paboTocmocobHasdg. BeawmunHa CHABI TATH, B COOTBETCTBHUHU C 3aKOHOM
HrioroHa, popmyaa F.1, 3aBHCHUT HE CTOABKO OT MAacChl, CKOABKO OT CKOPOCTH, TaK KakK
YCKOPEHHE IIPOIIOPILIMOHAABHO KBaapaTy AWHeHHOM ckopocTu. Ilo aToM mpu4nHe,
1eaecoobpasHo paboTaTh ¢ MaAaod Maccod, HO Ha OOABLION CKOPOCTHU, TO €CTh, CO3/1aBad
KoAaebaTeAbHbIE IIPOIIECChl BEICOKOH YaCTOTHI.

CymiecTByeT IIOXOXKHE YCTPOMCTBA, KOTOpPBble HA3bIBAIOT «BHOpAIIMOHHBIE
rUpocKonbl. OOBIYHO, OHH HPUMEHSIIOTCS AT U3MEPEHHs YTAOBOM CKOPOCTH IIOBOPOTA,
IIPU KPUBOAMHEHHOM ABUXKEHHH. [[pyroe IpHMeHEHHe — CO3[JaHHe ABUIKYIIEH CHUABI, B
HaCTOSIlee BpeMsl MaAO U3ydYeHO, XOTd IIPUMePOB BUOPAIIMOHHBIX ABUKUTEACH B IIPUPOIE
OOCTaTO4YHO, YTOOBI OOpaTHUTh HA HHUX BHHUMaHHWE. BBICOKOYACTOTHBIE BUOpPAIlIOHHBIE
IIPOLIECCHI MOTYT OBITH CO3MaHBI 3a CYET MBE30JACKTPHYECKHUX U APYTHUX IIPUBOIOB.
[Ipe302A€KTPUYECKHE CHUCTEMbl MHTEPECHBI TEM, YTO OHH IIOTPEOASIOT MaAO SHEPTHUH, U
MOTyT paboTaTh HAa OYE€Hb BBICOKHX YaCTOTAaX.

[TepetimeM K aOpyroMy BapHaHTy  HCIOAB30BAaHUA  IIEHTPOOEXKHBIX  CHA,
KOMIIEHCHPYIOIIUX Bec Teaa. [IpeacTaBUM IPOCTOH SKCIIEPUMEHT: MBICAEHHO IIOMECTHUTE B
cchepy Bpalrarommiica MeTasAMdecKui Mmiapuk. JlomycThM, YTO OH I[IPUBOAUTCS B
OBUXKEHHE He BHYTPEHHUMH CHAAQMH, a BHEUIHHMH IIOASIMH, HaIIpHMEpP, BpallaloIlUMCI
MarHUTHBIM IIOA€M TpeX(pa3HON CHCTEMBI KaTyIIeK, PacCIOAOKEHHOM BOKPYT C(eEpHI.
[IpuBecTH BO BpallleHHE IIIapUK MOXKHO U KPYTOBBIMU KOA€OATEABHBIMH JBUKEHHUsS caMoH
cpeprl. Bpl MoOzKeTe caMH ITPOBECTH MAHHBIH SKCIIEPUMEHT, IIOMECTUB TOPOLINHY B
rmoAycpepudecKyro (KOHyCHy0) 4damiKy. IIpm co3gaHuu KoaebaTEeABHBIX KPYTOBBIX
OBUXKEHUH 4YalllKM, TOPOIINHA YCKOPSIETCS, BpalllaeTcs II0 BHYTPEHHEH CTOPOHE YalllKH,
IIOAHUMAasICh Bce BbIlle U Bblmle. OHA cmpemumcsi nepelimu Ha opbumy 6onbuiezo
paduyca, YTO BBIZBAHO MAeHWCTBHEM LEHTPOOEKHON cuaAbl. [Ipm mocTaTodHO OOABIIOH
CKOPOCTH BpallleHUs], TOPOILINHA BhIAETAET U3 YAIIIKH.

BamaguMcsa 1IeAbI0 UCIIOAB30BaTh AaHHBIN 3ddekT. HamoMmHIO cTapblf IIMPKOBOM
TPIOK: «MOTOLIMKAHUCT B Inaper». Ha Puc. 28 mokaszaHbl TpU TPaeKTOPHUHU MOTOLIMKAUCTA,
KaTaloIlllerocsi [0 BHYTPEHHEH II0BEPXHOCTU cdepbl. B-miepBoM caydae, MOTOIIMKA
JOBUIKETCS T10 TIOBEPXHOCTH HHUXKHEU MOoAyc(ephbl, C IIOCTEIIEHHBIM YBEAHUYEHHUEM paauyca,
a Ha 0oABIIMX 000poTax — BpallaeTcd II0 2KBaTOpPy, TPAEKTOPUU MaKCHMAaABHOIO
panuyca.

Puc. 28. [IBuzkeHMe «pabodero Teaa» 10 BHYTPEHHEN ITOBEPXHOCTH CEPBHI.

Ha pucynke B nentpe Puc. 28, nokazaHa TpaeKTOpHs OBHUKEHHS MOTOIHKAA IIO
9KBaToOpy cdepnl. B IupKe, mpu BBIXOAE MOTOIMKAWCTA Ha TPAEKTOPUIO 3KBaTOPA,
IIOAOBUHKHU C(pepbl pazbeauHsIAN, a HHUXKHIOIO II0AyC(hepy OIIyCKaAHM, YTO BBI3BIBAAO
HCKpeHHU# BocTopr mybauku! Boaee Bcero, Hac MHTEpECyeT TUIIOTETHYECKas CUTyallUs,
HoKas3aHHad B IIpaBod dactu Puc. 28. [Ipu ganHOI TpaeKTOPHUH ABUKEHHUL «BHYTPEHHETO
pabouero Teaa», Ha OAHHOE TEAO [OAXKHA [AeHCTBOBATb BEPTUKAABHAS COCTAaBALIOIIAS
HEKOM CHABI, KOMIIEHCUPYIOILEH ero Bec. Ha kKopmyc ycrpoiicTBa (moaycdepy), B JaHHOM
cay4dae, OyzeT AelicTBOBaTh peaKTHUBHAs CHAA, HAllpaBA€HHAsI BBEPX.
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IIpeacraBageTcss BO3MOXKHBIM CO34AaTh OBUXKUTEABb, HCIOAB3VIOIMUY JaHHBIN
OpuHIUI. [Ip¥ KOHCTPYHPOBAHUH, HEOOXOAHMMO VIECTh CHABI TPEHHS B TOYKE
COIIPUKOCHOBEHUSI BHYTPEHHEH TOBEPXHOCTH cdepbl U JABHXKyIeHcda padodeit
HHEPLIUAABHOM MAacCCHI.

PaccMmoTpuM elre HECKOABKO TeopeTHdecKux Moaeaeii. Ha Puc. 29 nokazana cxema
HMITYABCHOTO IBHZKHUTEASI, B KOTOPOM HCIIOAB3YEeTCS /IBa MAU 0oAee BpalllaIoIUXCs I'PYy30B.
Bmoap ocu BpallleHHUd pacloOAOKEH SAEKTPOMArHUT, I[I€PHUOIUYECKH BTATHBAIOIIMHI
cepaeyHUK. [TOCKOABKY BpalarmoIlyecs Ipy3bl U CEPAECYHHUK CBA3aHbI TMOKOM THATOH, TO
OBUKEHHE CEepAeYHHKa BHH3 IIPOUCXOOUT C yCHAMEM, TaK KaK HEeOOXOOUMO IIepeBECTH
Bpalaropecs Irpy3bl ¢ OpOUTHI OOABIIIET0 paauyca Ha opOHUTy MEHBIIEeTro paguyca.

i)

. /| _CEPOEYHUK \ /
/ "

o

\ QNEKTPOMATHUT

Puc. 29. IMnyascHBIN ABHXKUTEAR PpoaoBa.

BzaumogeiictBre cepAedYHHKA U KATYIIKH OACKTPOMArHUTA I[IPOUCXOAUT B
COOTBETCTBHUH C 3aKOHOM COXPaHEHHUs HMIIyAbCA, [IOATOMY YCHAHE Ha IepeMelleHUe
CepoeYHUKA SAEKTPOMATHHUTA IepPeNaeTcs KOPILYCY, KOTOPBIM IIOAyYaeT peaKTHUBHBIN
UMITyABC TATH BBepX. Bo3BpaT rpy3oB Ha OpOUTy OOABIIEro pamuyca IIPOHCXOAUT 6e3
YCHAHWH, €CAU SACKTPOMATHUT BBIKAIOYEH. TakuM o06pa3oM, JaHHOE yCTPOMCTBO CIIOCOGHO
«PBIBKaMHK» IIOATATHUBATHECA BBEPX. HOAaFaIO, YTO 3KCIIEPHMEHTAABHAad IIPOBEPKA ,Z[aHHOfI
KOHIIETIIIMY TIOKAXKEeT XOPOIIME IIePCHEKTHUBBI BHEAPEHUS [HAHHON TEXHOAOTHUH B
A’POKOCMUYECKOH TEXHUKE.

Emte omHa uaed HCIIOAB30BaHUA HEHTPOOEIKHOM CHABI, CKUMAIOIIEH NPYXKUHY,
nmokazana Ha Puc. 30.

NONOXEHWE BE3 BPALUEHUS NP BPALEHUM
Puc. 30. [Tapa rpy30B Ha IAOCKUX IIETISX.

'py3bl coeUHEHBI C OCBIO BPAIllEeHHUs MAOCKHMH IIETISIMH, HE ITepeqaroniiMU 0CeBOe
ycuare. Bes BpaleHus, rpy3bl AeKaT Ha [OHE KOpIIyca, a HIpy:KuHa paccaabaeHa. I[lpu
BpallleHUH OCH, HaIIPUMEDP, SAEKTPOIIPHUBOAOM, I'PYy3bl IIPUXOAAT B ABUKEHUE, [TIOCKOABKY
TIAOCKME LIETIN IIepefaloT KpyTdammi momeHT. [Ipu omnpeneaeHHOM CKOPOCTH BpallleHHS,
IPy3bI BBIXOAAT Ha OPOUTY HAMOOABIIETO paguyca, HaTATHBAas IIAOCKYIO IIeIb, KOTOpasd UX
coenuHseT. HaTaxkeHre Iienu IPUBOAUT K CXKATHIO NPYKHUHBI, KOTOpasd YIHUPAETCd B
Kopryc. TeopeTHyecKu, IIpPEeAIioraraeTcCs, YTO KOPIIyC IIOAYYUT HMIIYABC, B IIpOIlecce
cxaTud TNpyKUHBI. [locae ee cxkKaTus, Ha KOPIyC OKAa3bIBAETCS TOABKO IIOCTOSIHHOE
JaBA€HHE. YIIpyroe cxKaThe IIPYKHUHBI 00ecrmeynBaeTcCsl IIEHTPOOEKHBIMH CHAAMU.
AHaAOTHYHO MpPeAbIAyILIEMY BapHaHTy KOHCTPYKIIMHM, MOXKHO OPraHU30BaTh UMITYABCHBIN
pexkuM paboThl, HAIIPUMEpP, 3a CYeT IIEPHOAMYECKOr0 M3MEHEHHS CKOPOCTH BpAIlleHUS
Ipy30B, HAU ApyTruM criocoboM. [py3oB B cxeme, nokasanHod Ha Puc. 30, moxkeT OBITH
HECKOABKO.
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MOXHO TIIPEJAOKUTBH €Ile MHOTO TEOpPeTHYEeCKUX MOoJeAel, OCHOBaHHBIX Ha
IOXOXXUX TIPUHIIHUIIAaX, HO TeopHus 0e3 MPaKTUKU HE HMEEeT KOMMEPYECKOTO CMBICAA.
[IpenaaraeMple KOHCTPYKIIMHM HECAOXKHBIE, [eIllIeBble II0 CeOEeCTOMMOCTH [OAS AIOOOM
MOIITHOCTH ITPHUBOA, UHTEPECHO ObIAO ObI UX IIPOBEPHUTDH IKCIIEPUMEHTAABHO.

Hepeﬁ,aeM K IIpUMEpaM H3BECTHBIX PECAABHBIX ,Z[BI/I}KHTeAefI, YK€ IIPOBEPEHHBIX Ha
IIPAKTHUKE, B KOTOPBIX UCIIOAB3YIOTCA MHEPIIUAABHBIC aq)(beKTBI.

HNueprimonapl

Mpl yKe HadYaAu paccMaTpUBaTh KOHCTPYKIIMM MEXaHUYECKHX YCTPOUCTB,
OBUIKyIlasl CHAQ B KOTOPBIX O0yCAOBA€HA IIPUMEHEHHEM CBOMCTBa HWHEPIIMAABHOCTH
4acTUl] MaTepHUH, TO €CTh, UX CBA3U C 3pUpoM. [laHHBIH TUII ABUKUTEAeH Ha3bIBAETCH
«MHEepLUOuAbD», TepMUH Ipunymas wuHxkeHep B.H. Toauyumn, B 1936 romy [13]. Ha
¢dororpachunm Puc. 31 mokazaH omuH u3 HHEpPIMOUAOB ToauwmHa. [IpuHIIUII OedicTBUA
OYeHb IIPOCTOH: ABa Tpy3HWKa BPAIIAIOTCHd CHHXPOHHO, B PA3HBIX HAIPABACHHUSX, YTO
KOMIIEHCUPYET KPYTAIINH MOMEHT.

Kasknpiit u3 HUX, Ha [IOAOBHUHE TPAEKTOPHUH, pasroHseTCs IPHUBOJOM, a Ha BTOPOH
IIOAOBHHE TPAEKTOPHUU IIPUBOJ BBIKAIOYAETCS, a BKAIOYAETCHd TOPMO3HAsd KOAOIKA
(IPY=RUHHBIFA TOPMO3), BpallleHHIE TOPMO3HUTCH.

Puc. 31. Uuepumonn ToaumHa.

Takoit pexuUM «MOTOP — TOPMO3» IIO3BOASIET IIepelaBaTh PEaKIUI0 KOPILYyCY
ycTpoHcTBa BO BpeMsI BCErO IIMKAA, KaK IIPU YCKOPEHUU MHEPIIMAaABHBIX Macc, TakK U IIpU
ux TopMoxkeHuu. Ha cxeme Puc.32 mokasanbl aBe ¢asbl paboThl ITOAOOHOTO ABUXKUTEAST:
pPas3roH OSKCIIEHTPUKOB MPUBOIAOM, a 3aTeM, HX CBOOOJHOE [BUKEHHE, KOTOpOoe
TOPMO3UTCH.

t¢haza yCKOpeHUA 3KCLEeHTPUKOB c¢haza TOpMOXKEHUSA SKCLIEHTPUKOB
M1 M2
a+ a+
npuBoA BKIHOYEH npueoA BbIKITHOYEH

Puc. 32. [IBe da3zbr paboThl MHEPIIOWA.
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IIpu pasroHe, OT TOYKHM A [0 TOYKH B, yCKOopeHHe IMOAOKUTEABHOE, W IIpHU
CBOOOHOM JABUIKEHHWH, OT TOYKH B 110 TOUKU A, yCKOpPEHHUE OTPHUIIATEABHOE (TOPMOKEHUE).
Peakiina kopryca Ha o0e IOAOBUHBI IIMKAA HalpaBA€Ha B OJHY CTOPOHY, XOTS €€
BEAMYHHA MEHSETCS, B CBA3H C Y€M, YCTPOHCTBO ABUraeTCd PHIBKAMH.

OTMmeTHM, 4YTO B HHeprumouse ToaAurHa yrAbl BKAIOUEHHS MOTOPa UAM TOPMO3a ObIAU
paBubI 30 rpaaycoB: ot 330 mo O rpaxgycoB pabotaa moTop, a or 150 mo 180 rpamycos
IIPOUCXOMUAO TOpMoOzKeHUe. B olbmiem caydae, a3bl YCKOPEHUS U TOPMOKEHUS MOTYT
COCTaBAYTH I10 IIOAOBHHE ITHKAA.

B cBoux paborax, A.E. AkumoB u ['.U. IIunoB, pacKpblBalOT TEOPHIO PabOTHI
HHEPIIUOUIOB C IMO3ULIUH «TOPCHOHHON MexaHUKH». [\U. IIIUI10B IPUAOKHA MHOTO YCHUAUH
OAS IIPaAKTUYECKOrO pa3BUTHS [OJaHHOM TeMbl, emnie B 1981 romy wH3roroBuA ABa
uHepLrronaa 1o cxeme ToaunHa B pupMe TyIioaeBa, a 3aTeM YCIEIIHO UCIIbITaA uxX B MI'Y,
ycTaHaBAMBasg UHEPIIUOUL OAT UCIIBITAHUHN Ha «I1AaTOPMY Ha BO3AYIIIHOM moayIike» [14].

HNuTepecHo, yto mpu monbITKe llIlmmoBa momaThk 3agBKYy Ha u3obpereHue B 1991
rofy, OH IIOAYYHA OTKa3, OOOCHOBaHHBIM TeM, YTO CYIIEeCTBYyeT HeKoe [locraHoBAeHUE,
3arpelaliee POCCHHCKOMY IaT€HTHOMY OIOPO IIPUHHMATh K PACCMOTPEHHUIO 3asIBKH II0
JaHHOU TeMe. POpMyAUPOBKA «IBUKEHHE CUCTEMBI 3a CUeT BHYTPEHHUX CHA» MOXKET OBITH
HU3MEeHeHa TOABKO B TOM cAydae, ecAan Axkanemusa Hayk oduIlMasbHO IIpHU3HAaET
cyllecTBoBaHUEe 3Hpa, KaK pPeasbHOM cCpenbl, HUMEIOIIEH oIlpeneAeHHble (PHU3NIECKUe
CBOMCTBA.

Tem He MeHee, 3KcIepUMeHTaABHO, 3deKT ToaunmHa U pPabOTOCIIOCOOHOCTHL €ro
HHeplLonga ObIAM IOATBEP3KIAEHBI HEOAHOKPATHO, ellle B TeM BpeMeHa, koraa lllumosn
pabotaa ¢ PakerHo-Kocmuueckoii Koprioparueii «9Heprus», a Tak:Ke, B X04€e COBMECTHBIX
5KCIIEPHUMEHTOB C aMepHKaHCKHMH ydeHbIMH. B 2000 romy, IlumoB wu3y4aa TeMy
WHEPIINONI0B B Aa0OpaTOpUH, KOTOPYIO CHeIlMaAbHO co3gasau B Tamaanne. Hakoner, B
2002 romy, HUM KocmMuuyeckmx CHUCTEM HMEHH XpyHHUYeBa HadaA CEPLE3HO 3aHUMAaThCS
TEeMOH WHEpPIHAABHBIX ABUXKHUTEAEH, O YeM TOBOPHUT (PAKT IIPUMEHEHHUd HOBOM CHCTEMBI
KOPPEKTHUPOBKH OpOUTEI CIlyTHHKA «FOOHAeHHBIH).

Hcropusa HHEPIMOWAOB, CyAs IO CTapbIM MNaTE€HTHBIM JOKYMEHTaM, IIOKa3bIBaeT
HaAM4He OOABIIIOr0 MHTEpeca u3ol0peraTesed K maHHOH TeMe. O4YeBHUIHO, YTO €CTh CIIPOC
Ha NOMOOHYIO0 TeXHHKY. OT4YacTH, 3TO OOBSICHAETCS TeM, YTO [JaHHBIE YCTpoHcTBa
JOBOABHO ITPUMHUTHBHEI, HEe TPeOYIOT SA€KTPOHUKH, U MOTAH OBITBH YCIIEIITHO PEaAHN30BaHbBI
MHOI'O A€T Ha3zamn. B cratbe «CBoOonmHas sHeprus», 1996 rom, s HIpPUBEA CCBIAKHM Ha
JOECATKH IIaTeHTOB 0 TeMe «uHepnuouasDh [15]. B 2003 roay, B xypHase «HoBaa
9HEpPreTHKa» ObIA OJaH 0030p KOHCTPYKTHUBHBIX pENIeHHWH WHEPIMOUZOB, II0 CXeMaM
aMepHUKaHCKHUX TI1aTeHTOB [16|. Boaee cTa cxeM HWHEPIHOUIOB pPAaCCMOTPEHO Ha
IIOIyASIPHOM HMHTEpPHET caiiTe www.rexresearch.com/inertial/inertial.htm

[TybamKe Maa0o M3BECTHO O MaciTabax paboT IIpaBUTEABCTBEHHBIX AabOpaToOpHil B
[JAaHHOM HaIlpaBAE€HHH, II0AQralo, YTO HUX JaHHBIE 3aCEKpedYeHbl. B OTKPBITHIX CpencTBax
MaccoBoél MH(pOpMaIMKU MOKHO HAWTH MOyOAMKAIIMM O IPOEKTaxX  YaCTHBIX
HCCAENOBaTEABCKHX (PUPM U m300peTaTeseti. OMHUM U3 SPKUX HUCTOPUUECKUX IIPHMEPOB B
OaHHOUM obaacTu gBadercd «uHepruoupn [luHar. CTpaxoBod areHT u3 BaimmHrrona,
Hopman A. Jun (Norman L. Dean) noayuua amepukaHckuii nateHT Ne 2,886,976 13 uroas
1956 roma. VYcrpoiictBo HaswpiBaeTca 'System For Converting Rotary Motion Into
Unidirectional Motion", To ecTh, «cucTeMa IIpeoOpa30BaHUs BPAIlaTEABHOTO [IBUKEHUS B
OHOHAIIpaBAeHHOE». BTopod mateHT B3dT mmo3xke, US Patent Ne 3,182,517 or 11 maga
1965 roma «Variable Oscillator System», HasBanue o3HadaeT «CHucTeMa C H3MEHIEMbBIM
ocrmaasgTopom». Kputuku pabor Hopmana [InHa BBIpaXKarOT CBOM COMHEHHUS M0 ITOBOLY
€r0 pe3yAbTaTOB, TaK KakK coOpaB aHAAOT €r0 M300peTeHHs CTPOrO 10 OIMUCAHUIO, B3ITOMY
M3 IIaTEeHTa, OHU HE IIOAyYaloT paboTocrocoOHOro ABUXKHUTeAd. llpeamnosaraercss, YTO
aBTOp ONHCaA B TEKCTE€ IaTeHTa IIPUHIUII B COKpalleHHOM BHIE, HE pacKpblBas
HEKOTOPBbI€ BaKHBIE AETAAN KOHCTPYKIIHH.
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Ha Puc. 31 noka3aH aBTOp maHHOro uzobperenud Hopmau [IvH, ¥ €ro ABUKUTEAD.
OTO HE OOWH HMHEPILIMONI, & HECKOABKO IIapHBIX MHEPIIMOUIOB, KaXKAbIH 13 HUX UMEET II0
IBa BCTPEYHBIX BpPAIIAIOIINUXCHd 3KCIEHTPHKA, YTO II03BOASIET YCTPOMCTBY B ILIEAOM
XOPOIIO KOMIIEHCHPOBATh BUOPAITUH.

Puc. 33. Hopmas [IuH U €ro ABUXKUTEAD.

Ha Puc. 34 nmokaszaH pucyHoK u3 mateHta Ne 2,886,976, K KOTOpoMy I00aBAEHBI
Ha3BaHU4 OCHOBHBIX JeTaA€¥ KOHCTPYKIIUU «ABUXKUTeEAS [HUHa».
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Puc. 34. Cxema nBuzkuteasas Hopmana [duHa.
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OCO0EeHHOCTb KOHCTPYKIIUH «MAaIlIUHbBI /[MHa» B TOM, YTO 3KCIEHTPHUKHU I1OABEIIIEHbI
B KOpIIyce YIIpyro, Ha IpyKHHaX. llepBoHa4daabHO, [IMH IIPOCTO 3KCIIEPUMEHTHPOBAA C
Hapoi SKCIEHTPHUKOB, 3aKPEIAEHHBIX Ha IIEpPEMBIYKE, KOTOpasl, C IIOMOIIbIO IIPYKHH,
KPEenuTcd K KOPILyCy anmnapara, Kak nokasaHo Ha Puc. 35.

oA

N

Puc. 35. KomneHcanusa 60KOBBIX KOA€OAHUM AByMS SKCIIEHTPUKAMHU.

IlepeMbldka ¥ S3KCHEHTPUKH — O3TO IIapa B3aHMOAEUCTBYyIOIIMX Tea. Ux
B3aUMOJAENCTBHUE IIPOHUCXOOUT B COOTBETCTBHH C 3aKOHOM COXpaHEHUs HMIIyAbca. LIura
OBMIKEHHSI SKCIEHTPUKOB [IEANUTCS Ha [Ba IIOAYIIHKAA, CO34aBasd KOMIIEHCAIIMIO CHABI
TSIKECTU Ha IIOAOBHHE IHKAA. PaccMoTpuM LIHMKA BpamleHud, Puc. 35: aBuXKeHHe
SKCIEHTPUKOB BHH3 BBI3bIBACT PEAKIHIO OIOPHbI, HAYWUHAECTCH [ABHXKEHHE II€PEMBIYKH
BBepx. [lasee, OBHKEHHE JKCLEHTPHKOB BBEPX BBIZBIBACT PEAKIIHIO OIIOPBI, KOoTOopad
[IPOSIBASETCH KaK [OBHUXKEHHEe IIepeMbIdKM BHH3. [IOCKOABKY BpallleHuEe [OBYX
9KCLIEHTPHUKOB (IIapbl) BCTPEYHOE, TO [JUHY yIaA0Ch KOMIIEHCUPOBATh OOKOBBIE KoAeOaHMs
KOpIIyca, a IIepeMbIYKa C BPAIAIOIIMMHUCH JKCIEHTPUKaMU KoAebaaach II0 BEPTHKAAH.
Kak u caemoBano oxuagaThb, CYMMAapHBIM HMIIYABC CHABI, OEUCTBYIOIINM Ha KOPIIyC
JAHHOTO YCTPOHCTBA 3a JIAUTEABHBIH HHTEpPBaA BpeMeHH, Obla paBeH Hyalo. [lasee, [IuH
Cco3[aA «aCUMMETPHIO IIMKAQ», KOTOPYIO MBI obOcykmaau B cxeMe ToaunHa. B Hy>KHBIH
MOMEHT, B KOHCTPYKLHMM BKAIOYaeTcs «TopMmo3», Puc. 36. B MOMEHT HOpOxX0OKIEHUI
IIEPEMBIYKHU Y€pe3 CPEeAHEE IIOAOXKEHHE, OHa YIHPAaeTCd B BBIABHXKHOH IIOIIEPEYHBIH
TOPMO3, VIIpaBASEMBIH 5SA€KTPOMarHuToM. B pesyabraTe, moaydaroTcd pas3Hble II0
BEANYMHE CHABI B3aUMOAEHCTBHS KOAEOAIOIIEHCS BBEPX-BHU3 IEPEMBIYKU C KOPILYCOM.

{> &
A XY AS (27 \/]
JENNEANIE N ENI) Y1

Puc. 36. Nnea nBuxkureadg Hopmana [dunHa.

BriOpaB npaBUABHBIF MOMEHT TOPMOZKEHUSI, MOXKHO ITOAYYUTE OJHOHAIIPABACHHYIO
CYMMAapHYIO CHAY, B HY?KHOM HaIlpaBA€HHH. [IBUXKUTEAL C OLHOM Iapoil 3KCIIEHTPUKOB
paboraer pbIBKamM#, 0O3TOMY JIMH COeOWHHA IIIECTb [IBUKUTEAECH BMeECTe, HO
PacIIOAOKEHME SKCLEHTPUCHTETA Ha KaxKJOM H3 HHX CABHHyA Ha yroa 60 rpamaycos.
TakuMm 00pa3oM, OH IOAYYHA HOAHBIM ITMKA 360 rpamycoB, u 6osee-MeHee paBHOMEPHYIO
ONHOHAIIPABAEHHYIO CHAY TATH. AHAaAU3UPyd IPoIllecC 3HeproobMeHa B ABUzKUTeAe [IuHa,
HEOoOXOAMMO OTMETHUTBH BaKHYIO POAb YNnpyz020 83aUMO0ElCmB8Usl, XOTS ITOT acleKT MaAo
obcyknaeTcs B I[yOAHMKAIIUSX 10 JaHHOH TeMe. B ycrpoiictBe [IvHa, IPOUCXOOUT Yynpyaas
repegada HMIIyAbCa OT IIE€PEMBIYKH KOPIIyCy B OOHY CTOPOHY (BBEPX), U Heynpyzoe
TOPMOXKEHHE IIEPEMBIYKH O IIOIIEPEYHBIM TOPMO3, IIPH ABUXKEHHUU B APYIYIO CTOPOHY.
TeopeTudecky, pmaHHas 3agada Xopowio ImpopaboTaHa, MW OTHOCHUTCS K (PU3UKeE
B3aUMOJIEHCTBUS TeA. M3BEeCTHO, YTO CTOAKHOBEHMHE TeA MOIKeT IIPUBOAUTH K Pa3HbIM
pe3yabTaraM: HpHU Ynpyzom CTOAKHOBEHHUH TeAa U Kopllyca ycTpolicTBa, B OCHOBHOM,
KOPIIyCy IIEpemaeTcs UMIIYABC, a IIPU Heynpyzom CTOAKHOBEHUH (yaapHoH medopMaliyn)
foabIlIast 4YacTb UMIIyAbCca IIpeobOpasyeTcd B Terao. Cxema 3KCIIEPHUMEHTa, KOTOPBIH ObIA
MHOU mokasaH ayauropuu kKoHdepeHuu «HoBbie Unen B EcrecTBo3Hauum», B 1996 roxay,
n3obpazkeHa Ha Pucynke 37.
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Puc.37. OxcrnepuMeHT 10 yIIpyroMy U HEYIIPyroMy B3aHMOAEHCTBHUIO.

Wpes skcriepuMmeHTa Obira onmybAnKoBaHa aBTopoM Harry W. Bull, emre B 1935 roay
[17]. ABTOp NIOSICHHA Ha PHCYHKE: C OJHOM CTOPOHBI IIOAy4YaeM 3HAYUTEABHYIO CHAY OT
UMIIYABCHOT'O B3aMMOIEHCTBUS, a C APYTOH CTOPOHEBI ITIoAyYaeM CAalyI0 CHAY OT yaapa.

Moga cxema skcrnepuMeHTa 1996 roma odeHb IpocTad: Ha HAIIPaABALIOIIEM CTEPXKHE
YCTaHOBAEHBI ABa CBUHIIOBBIX ITMAMHAPUYECKUX I'py3a guaMeTpoMm 15 MM u BbicoTO# 30
MM. ['py3sl MOTYT CKOAB3HUTH BAE€BO M BIpPaBO MexXOy HHMH pPacllOAOXKE€Ha IIPYKHHA,
KOTOopas B Ha4YaAbHBIM MOMEHT ciKaTa, U yAEPKUBAETCS B JAaHHOM IIOAOXKEHUU HUTHIO. B
IpaBO¥ YaCTU OCH, ObIA YCTAHOBAEH PE3MHOBBIH aMOpTHU3aTOp ToAlmHOM S mMMm. Ha Puc.
38 mokazaHbBI TPHU MOCAENOBATEABHBIX KaJpa M3 BHIACO3AIINCH JAHHOIO 3KCIEPHMEHTA,
KOTOPBIN IIPOBOAMACS Ha IIOAMPOBAHHOM CTOAE B ayauTOpUU KoHdepeHunu «HoBble naeun
B €CTE€CTBO3HaAHUMN», 1996 ron. CyTh 3KCIIEPUMEHTA COCTOHUT B CAEAYIOIEM: HUTh, KOTOpad
yOepKUBaeT IIPYKHUHY B C3KaTOM COCTOSIHHUH, pas3pylialT KaKUM-AHO0O o6pasoM,
HaIlpuMep, IlepexkuraroT. Teaa, OTTOAKHYBIIHCH APYr OT Apyra B IeHTpasbHOH TOYKe
KOpIIyCa, CKOAB34T B pas3Hble CTOPOHBI, U KaXKJ0€ U3 HUX, II0-pPa3HOMY, B3aUMOAEUCTBYET
C OIIOPOM B KOHIIE CBOETO IIyTH.

Puc. 38. OkcnepumenT PpoaoBa o acUMMeTPHUH B3auMoaeicTBus, poro 1996 r.

C To#l cTOPOHBI, IZle B3auMOAeHCTBHUE YIIPYroe (CripaBa yCTAHOBAEH aMOPTU3aTOD),
oIiope ImepemaeTcss OOABIIMH HMIIYABC, B pe3yAbTaTe 4Hero, OHa CABUTraeTCs B AAaHHYIO
cropoHy. C npyroii CTOpPOHBI (CA€Ba) TEAO yaapsieTcss o0 OMopy KECTKO, bosibuidsi uacmo
e20 KuHemuueckoll sSHepauu npeobpasyemcst 8 mennosvle Oegopmayuu. IloroxkeHUe
YCTpPOMCTBa Ha CTOAE, MO U IIOCAE B3aHMOIEHUCTBHS TE€A C KOPILyCOM, OTAHMYAETCS: IIOCAE
B3aMOENUCTBHS, YCTPOUCTBO CABUTAETCS B TY CTOPOHY, I/le YCTAHOBAEH aMOPTU3ATOP.
JlaHHBIH OIBIT AETKO IIOBTOPHUM, B TOM 4YHCAE, Ha IIOABeCe, Ha ITAaBarollled maatdopme U
T.I. B KaxXaoM caydae, CyMMapHBIH MMIIYABC, IlepeJaBaeMbIll KOPIIyCy OaHHOTO
YCTPOHCTBa B pe3yAbTaTe B3aWMMOAEHCTBHS, HE paBeH HYAIO, CA€IOBAaTEABHO, B
AQHAAOTHYHOM KOHCTPYKIIMHU MOBUXKHUTEAsSI, Mbl MOXKEM II0OAyYaTb OHOHAIIpaBACHHBIN
UMIIyABC IEPHUOAUYECKH, ITpudeM, 0e3 BUAUMOrO B3aUMOAEUCTBUS C BHEIIHEH CpemoH, TOo
€CThb, C KAaKOH AMDOO OIIOPOH.
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Tem He MeHee, B3aUMOAEUCTBHE C OKpyxKamlled cpemod 374ech TakKKe €CTb, IIOCKOABKY
3TOT JKCIEPHUMEHT — OJUH H3 BaPHaAHTOB aCUMMETPHUYHOI'O «3HTPOIIUHHOIO ABUKUTEALD?,
OIIMCAaHHOIO PpaHee, M IoKazaHHoro Ha Puc.l. C ogHOM CTOPOHBI, B [OaHHOM
SKCIEPHUMEHTAABHOM  yCTPOMCTBE  JHTPONHS  MHHHMAaAbHad, 3[4eChb  CO34aeTcd
MaKpOHUMIIyABC, HE€pPEemaBacMbI¥ KOPIIyCYy ABHXKHUTEAd 4YE€pe3 aMoOpTHU3aTOpbl, KaK H B
aBrzxkutese [uHa. C Opyrod CTOPOHBI, OSHTPONHA IIPOILlecCa B3aMMOACHCTBHS HAMHOTO
0oabpIlle, TaK KaK YacCTUIIbl BelleCTBa IIOAYYaIOT IIPHU B3aUMOMEHCTBUU, B OCHOBHOM,
HEyIOpsAOOoYeHHbIe HMIIYABChHI, a B pe3yAbTaTe naedopMalllii, BBIAEASETCH TeIlAOBasd
SHEeprud, KoTopas IepefacTcd OKpPyzKarolleH cpene.

HUrak, nOBUXKEHHE MOXKeT OBITh CO3[JaHO B pPe3yAbTaTe ACHUMMETPUYHOTO (B
IPOCTPAHCTBE) OBHeproobMeHa C OKpyxXarmllned cpemoii. Ilo3xke, B TAaBe O
HaHOTEXHOAOTHSIX, MBI BEPHEMCS K 3TOMY BOIIPOCY, IIOKa3aB €Ille OAUH METOL pPeaAru3aliud
nanHoro npuHnumna. Cediyac BepHeMCd K MEXaHHYECKHUM CHCTeEMaM, MCIIOAB3YIOIINM
HMHEpPIMAaABHBIE CBOMCTBaA Te€Ad, OBUKYIIETOCd II0 TPAEKTOPHUU IIE€PEMEHHOTO paauyca
KPUBU3HEI.

OPPEeKTHBHOCTh TAKHUX HHEPIIMOWUIOB MOKET ObITh OYE€HBb BBICOKAs, HAIIPUMEpP, B
1980-e rompr B Kanazge u CIIA ucCHBITBIBAAW MHEPIMOHHBIM ONPUBOJ IT0 cxeme TopHCoHa
(Brandson R. Thornson), B KOTOPOM 3KCHEHTPHUKHU [ABUTAIOTCSI II0 TPaAEKTOPUU
Kapauouabl. [JJaHHBIH OpUBOMA OBIA JOCTATOYHO MOIIHBIN JIAS TOTO, 4YTOOBI ODecIrieunBaTh
OBUXKEHUE AOKU C raccaxkupaMu. [1o aHeprozaTparaM, JaHHBIE IPUBOI SKOHOMHEE, YeM
OeH3WHOBBIH AOJOYHBIH BHHTOBOH MoTOp IpuMepHO B 20 pas. M3o06pereHme mompoOHO
orrrcano B nateHTe US 4631971, ot 30 nekabpa 1986 roga.

Paccmorpum cxemy mHepuumouna TopHcoHa, Puc. 39. CeprIMU KpyzKKaMH Ha cXeMe
II0OKa3aHO IIOAOXKEHHE OSKCLEHTPHKa IIPH €ro ABUXKEHHH, KOTOPOE CO3IaeTcCd IIyTeEM
CYMMHPOBAHUS ABYX ABUXKEHHUH: OpOHUTAABHOI'O M COOCTBEHHOI'O BpalleHud. [IpuMmeHenne
Iapbl 9KCIEHTPUKOB IT03BOASIET YCTPAHUTL OOKOBOHM HMIIYABLC, IEpPeIaBaeMbIH KOpILyCy.

3KCLIEHTPUK 0p6MTa.|1beIM BaJiukK

liecrtepeHKa BpalLlaeTca Ha Bany moTtopa
OCb HenoABUXXHasA

Puc. 39. Cxema unepruounaa TopHcoHA.

OpbutasbHBIHI BaAWK «0OKaThIBaeT» IIIECTEPEHKY, KOTOopas yCTAHOBAEHA Ha BaAy
MoTopa. MoTOpoB MOKeT OBITH ABa, HO OHU MOAYKHBI padoTaTh CUHXPOHHO. OOBIYHO, IAS
KaXKJOTO0 3KCIEHTPHKA CO3Jal0T CBOIO IIECTEPEHKY IIPHUBOAA, KOTOPYIO «0OKaThIBaeT»
opOuTaABHBI BaAWK, HO o0a IIPHUBOJA CHHXPOHU3UPOBAHBI, ITOCKOABKY HMEIOT OIWH
obmmiit MOTOp. OKCHEpPHMEHTAAbHbIE [aHHBIE, MOATBEPKIAAOIIHNE II€PCIIEKTHBHOCTD
cxembl TOpHCOHA, OBIAM ITOAYYEHBI MOUM OpatoM PporoBbIM AsekceeM BaamumupoBuyem.
[Ipu HaAMYNM MHTEpeca 3aKa34dUKOB K MAaHHOH TeMe, Mbl TOTOBBI pa3dpaboTaTh KOMIIAEKT
KOHCTPYKTOPCKOM JOKYMEHTAIlMH UAW U3TOTOBUTH MOJIEABb IIPUBOA IT0 cXeMe TopHCOHA.

B Hacrogmee Bpems, pa3paboTaHbl KOMIIBIOTEPHBIE  IIPOTPAMMBI  [Ad
MOJEAUPOBAHUS KapAHOUAbI U KOHCTPYHpPOBaHUS HHeplunounoB TopHcoHa. Ha Puc. 40
IIOKa3aH OAUH H3 BapHaHTOB KOHCTPYKTOPCKOIO PELIEHHS, B KOTOPOM ABE IOABHIKHBIX
IIIECTEPEHKH OOKATHIBAIOT HETIOABHKHYIO IIEHTPAABHYIO IIIECTEPEHKY.
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LeHTpanbHas WwecTepeHka hukcupoBaHa

rnaBHas WwecTepeHKa
pa waetcsa

LuecTepeHKINCIKUEHTPUKAMU BpaLLaloTCA No
op6ute U BOKpYr cBoen ocu

Puc. 40. KoMneoTepHOE MOAEANPOBAHNE HHEPIIMOHA.

HTak, ecAn TpaeKTOpUsS ABUKEHHUd IEHTpa MacC HMeeT (popMy KapAHOUIBI, TO
LIEHTPOoOEeKHas CHAQ, U CHAA Peakllyd Ha KOPIIyC YCTPOHCTBA, UMeeT Pas3sHyI0 BEAUYHHY B
Pa3HBIX HAIIpaBAEHHUIX. [IBHKyIllasd cuaa OOyCAOBA€HA 3[eCh, KAK U B APYIUX ITOXOXKHUX
cxeMax, I'PaflueHTOM IIEHTPOOEKHOM CHABI.

B Hacrogiee Bpems, aBTOPOB H300peTeHUH II0 TeMe «HMHEePIIMOUIbl» OYeHb MHOTO.
Xoreaoch OBl pacckazaThb IIPO TeX, KOro s 3HaA AWYHO. I[IpumepoM MHOroaeTHei
6ECKOPBICTHOM HCCAEIOBATEABCKOH paboThl B JAHHOM HAIIPABAEHHH SIBAFIOTCS ITPOEKTHI
Koncrantuna AmutpueBuda lllykasoBa, IBanoBo. B 1996 rony, o mpue3xkaa B CaHKT-
[TerepOypr Ha KOH(MEPEHITUIO, U IEMOHCTPHUPOBaA CBOU MozieAu B pabore, Puc.41.

=

Puc. 41. Korcrautus JIMmutrpueBud lllykasoB JEMOHCTPUPYET OAMH U3 CBOUX HHEPLUHMOUAOB, 1996
Tof.

Opmua u3 Mmozeaedt lllykasoBa mokaszaHa Ha Puc. 42. B maHHOH KOHCTPYKIIUHU
IpUBOAa, IIMTAHME Ha 3AEKTPOMArHUT IIOLAeTCsa II0 IIpoBony. J[IlBa OKCIIEHTPHUKA
OBUXKYTCSA TII0 TPAaeKTOPHUM IIOCTOSHHOIO paauyca, HO HX B3aUMOAEHCTBHE HMeEET
OCOOEHHOCTh: B OJHOM KpaMHEM IIOAOKEHHH, OHH YAApsSIOTCH APYr O APyra, HUMIIYALC
«racuTcs». B npyroM KpadiHeM IIOAOXKEHHH, OHU yOapdioOTCS O MPY2KUHBI, IepenaBad
KOPILyCy ABa COHAIIPABAEHHBIX HUMIIYALCA.

[To moBomy 3aKOHA COXpPaHEHHS HMIIyAbCA, [IAS paccMaTpUBaeMoOl KOHCTPYKIIMU,
HEOOXOAWMO OTMETHUTH, YTO IIPHU COYAAPEHUU TPy30B, UX HMIIYABC MIpeodbpasyercs B
TETIAOBYIO SHEPTUI0 aedpopMaIliy BeIecTBa, U3 KOTOPOTO CAEAAHBI ABUIKYIIHECS TPY3bI.
[Ipu cxkaTum NIPy=KUH, B Apyroi daze pabodyero 1uKAa, SJHEPTHS YaCTUYIHO ITpeodpasyeTcs
B TENAO, HO OOABIIIas YACThb KUHETHUYECKOM SHEPIUHM ABHKYIIUXCH TI'Py30B IIepenaeTCs
Kopnycy aBuxkutead. [lanHas cxeMma lllykasoBa mpenacraBageTcsd BechbMa II€PCIEKTHUBHOMN
JAS IPAKTUIECKOTO BHEIPEHHS.
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Puc. 42. Ogun u3 nnepuuonnos lllykasosa.

[TpakTHYecKoe IIpUMEHEHHE TAKUX [IPUBOJIOB BO3MOXKHO HE TOABKO B aBHAIlUH, HA
CyIaxX HWAM B KOCMOCE, HO M B POAW IIPHUBOAA AIOOOH KOAECHOM TEXHHUKH, MIpPHYEM
TEXHOAOTHYECKH VCTpPaHSeTCd CHCTeMa IIepefadyud KpYTdIero MOMEHTa Ha KoAeca
(TpaHCMHCCHSI) U CO3MaeTcss Ka4eCTBEHHO HOBBIM YpPOBEHb TEXHUKH. Bce, 4To Tpebyercsd
OAS BHEOPEHHs MOaHHOM IIEPCIIEKTUBHON TEXHOAOTHH Ha TPaHCIOPTE, 3TO HHTEPEC
3aKa34YUKOB U MHBECTOPOB.

[Ipeneccusa rupockora

OTaeAbHO MOXKHO BBIOEANUTH THUII HHEPIMAABHBIX OBUXKUTEAeH, KOTOpble
UCIIOAB3VIOT 3(P(PEeKThI, BO3HHUKAIOIIME IIPHU BBIHYKIEHHOH IIPEenecCHy THUpPOCKOoIa.
HamnomHIO, 9TO MeTon IloagkoBa e€CTh 4aCTHBIM cAydald NPaKTHYECKOI'O HCHIOAB30BaHULA
nanHoro saBaeHus. CyTb addekTa, B KAACCHYECKOM ITOHHMAHHWH: T'MPOCKOIl CTPEMUTCS
COXPaHSATb MOMEHT BpAIlleHHS, U AIOOOM IIOBOPOT OCH €ro BpallleHHs (BBIHYXKIEHHAs
Ipelieccud) co3zaeT I[apy CHA, TO €CTb, JOIIOAHUTEABHBIH KpPyTdIUi MOMEHT,
KOMIIEHCUpYIOIUH naHHbIH mmoBopoT. Ha Puc. 43 mokazaHa BeKTOpHasl CyHepIIO3WIINS
CHA, BO3HHKAIOIIAs IIPU BBIHY>KIEHHOH IIPEIIECCUN OCH T'MPOCKOIIA.

Puc. 43. Cuabl, BO3HHKAIOIIIME TIPU BBIHYKAEHHOH IIPEIlecCCUM OCHU THPOCKOIIA.

Bosnukaromias cusa F HacTOABKO MOIIHAsI, YTO CIIOCOOHA ITOBOPAYUBAThH YEAOBEKA,
CUISIIET0 Ha BpallarolleMcsa Talbypere - «ckamelike 2KyKOBCKOTro», €CAM y HETO B pyKax
HeOOABIIION, HO OBICTPO BpAaIAIOIINMICT THPOCKOIl. BaskHasag ocobeHHOCTh: cuaa F He
AWHEHHasl, OHa CO3/aeT IOBOPOT OCH BpallleHHd THpocKoma B maockocTu XOY, ecau Ha
oChb [mOelcTByeT BHEIIHsISI CHAAQ, IIoBOpauduBarollad ee B Iaockoctu ZOY. [pyraga
0CO0EHHOCTDh — 3PPEKT YBEAUUYHUBAETCSI, €CAU THPOCKOII BpalllaeTcs ObICTpee, ¥ MOBOPOT
ocu B maockoctu ZOY mpoucxomut 6bicTpee. CoraacuUTeCh, YTO AJaHHAsS CUTYallUs YeM-TO
HallOMUHAeT BO3HHUKHOBEHHE CHABI AoOpeHIla, MAHM cuabl Maruyca. [lompobyeM HaiTH
AQHAAOTHHM W NPUYHWHBI BO3HMKHOBEHHS OAHHOM CHABI, B paMKax 3¢gupomguHaMuku. Ha
Puc. 44 mokazaH THPOCKOII, KOTOPBIM BpaliaeTcd BOKPYT OCH Y, M IIOBOPAYUBAETCS B
naockocTu YOZ.
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Puc. 44. BekTopHOE CAOKEHHE CKOPOCTEN B BEpXHEH U HUXKHEN 4aCTH I'MPOCKOIIA.

BosHukaer mapa TMpoOCKoIIM4YecKuxX cua: Fi; HampaBaeHa BBepx, U Fo - BHU3, B
rmaockoctu XOY, ¢ TOYKU 3peHUd HabalofaTeAd, KOTOPbIY BHAUT BpallleHHe THUpOCKoIla
BOKpPYT ocu Y II0 4acoBOH cCTpeaKe (IIpaBoe BpamleHue). Kakne MOryT OBITH IIPUYHHBI
IIOSIBA€HUS JAaHHOH Iapbl CHA?

OTMeTUM caAenyOIME (paKT: pas3Hble dYacTH [IPELeCCHUPYIOIEro TUPOCKOoIIa
OBUXKYTCH C PA3AMYHON CKOPOCTBIO OTHOCHUTEABHO BHelIHel cpeabl. CKOPOCTh ABUKEHUS
4acTUl] BepXHEH YacTH TUPOCKOIIa, OTHOCHUTEABHO BHEIIHEH cpeabl, 3a CYeT CAOXKEHUS
COHAITPaBAEHHBIX BEKTOPOB CKopocTed Vi u Vo, 60ABIlIe, YeM CKOPOCTDH ABUKEHHUS JaCTHI]
HUZKHeH JaCTHU T'MPOCKOIIa, OTHOCHUTEABHO Cpeapl. B pe3yabrare, Kak U B ra30JUHaMUKeE, B
COOTBETCTBHUH C 3aKOHOM BepHyaau, naBaeHHe BHEIIHEM cpeabl HA YacCTHIlbI MaTepPUH B
Pa3HBIX YaCTIX THPOCKOIIA HE OJAWHAKOBOE, TO €CThb, BO3HUKAET I'PaJUeHT IaBA€HUS
cpenpl Ha IPEerecCUpPYIoUUE r'upockorn. OPGeKT IIPosBAIEeTCs KakK B BO3AyXe, TaK U B
BakyyMe, II09TOMY Yy HacC €eCTh IIOBOA TOBOPUTE O 9QPUPOOUHAMUUECKOM OaA8LeHUU
gHewHell cpedbl Ha uYacmuybl mamepuu 2upockona. TaxkuMm oOpaszoMm, nDapy
TUPOCKOIIMYECKHUX CHA MOXKHO OOOCHOBaThb TIpPaAMEeHTOM [OaBA€HHS ddupa Ha
Bpalllarolyecs YacTHUlbl MaTepu rupockorna. Cae1oBaTeAbHO, 3TO BHEIIHSS CHAQ, U MBI
MO2KEM HCIIOAB30BaTh €€ B KOHCTPYKIIHUAX I[BH)KHTCACﬁ AKTHUBHOI'O THIIA. HpI/I
KOHCTPYUPOBAHUHU CAEOyeT ydeCThb, YTO 3TO CHAA HE CABUTAeT TUPOCKOIl AWHEHHO, a
II0OBOpadYuBaeT ero ocb B maockoctu XOY, yBeaAndnBas KPYTAIIHUH MOMEHT THPOCKOIIA.

JIOTIOAHUTEABRHO, PACCMOTPHM BOIIPOC C Apyroi cropoHsl. Ha Puc. 44 mokasana
TPAEeKTOPHUH MOBUXKEHUS TOYKHU Ha IepUdepHUy Bpalllaiollerocs THUPOCKOIa, IIPH €ero
PEIECCHH (IOBOPOTE OCHU BpAaIllEHUS).

" 0 g

N

Puc. 45. TpaekTopus TOYKH Ha IIPELIECCUPYIOIIEM THPOCKOIIE.

PaccrosiHue oT maHHOM TOYKU [0 LIEHTpa BpallleHHs TMPOCKOIIa IIOCTOSHHOE, HO C
y4eToM TOTO, UTO caM ILEeHTpP BpallleHUs TUPOCKOIla (IPHU BBIHYKAEHHON IIpereccuu)
OBHIKETCS, TO TaKas TPaAeKTOPHd ABUXKEHHUS TOYKH B IIPOCTPAHCTBE YK€ HE SIBASETCS
OKPY>KHOCTBI0. O4YeBHAHO, YTO KPHUBHU3HA pPAa3HBIX yYacTKOB MOAaHHOM TpPaeKTOpPUU HeE
ABASIETCH IIOCTOSTHHOM, IIO3TOMY CKOPOCTh OBHIKEHHS H YCKOPEHHE KPHUBOAMHENHOIO
ABHUZKEHHUA TAKXKE€ HE ABALAETCHA IIOCTOAHHBIM. aToT IIPUHIUII MBI pacCMaTpHBaAHu pPaHEE,
HampuMmep, B 3KcnepuMeHTax A.U. Beiinuk, Puc. 15. llenTpobexkHas cuaa, AefCTBYyOIAs
Ha TEeAO IIPH €ro YCKOPEHHOM KPHBOAMHEHHOM [OBUXKEHHH, 3aBHCHUT OT BEAHMYHHBI
YCKOpPEHHd, U, B OJaHHOM CAy4ae, OHA TaKXKe HEe SBAIETCd OOUHAKOBOM Ha pa3HbIX
y4acTKax TPaeKTOPHH.
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TakuMm o06pa3oM, BO3HHUKAeT TIPAIHEHT CHAbI, IIPEHMYIIIECTBEHHO B OJHOM
HanpaBaeHUHU. [IpuMep NOpakTUYEeCKOTOo IIPUMEHEHHd [aHHOTO MeToJa IIoKa3aH Ha
Puc.46, narenr CIIA 3,653,269 ot 15 maa 1970 roma, aBTop Puuapn docrep (Richard
Foster).

B omnmcanmm mateHTa, MIOKa3aHa KOHCTPYKIIMS B BHIE TEAEXKKH, Ha KOTOPOH
BpalllaeTcs AUCK, W Ha [OHUCKE YCTAHOBAEHBI ABa THPOCKOIIA, B OKHaxX (OTBepcTHdaX). B
KOHCTPYKIIHH €CTb 9AEKTPOMOTOPHI TPeX TPYII, PA3AHYHBIX 10 HA3HAYEHHIO: Ba MOTOpa
32 BpalamT caMU I'MPOCKOIIBI, IIpUYeM, ITUTaHHe Ha HUX IIOAAIOTCS Yepe3 LIETKH U ABa
KOHTAKTHBIX JUCKA.

OKHO
[UCK

r'MPOCKONbI

AKKYMYNATOP

Puc. 46. [IBuzkuTeAb ¢ TUpOCKoIlaMu, aBTop Puuapa ®ocrep.

MoTtope1 32 caMu TOXKE BpallaloTcd OpUBoAaMH 38, CO3OAIOUIMMHU IIPEIECCHUI0
TUPOCKOIIOB. [MPOCKONBI 3aKpernAeHbl Ha OCH BpalleHHUSd, KOTopas pPacCIIOAOXKEHAa
OuaMeTpaabHO B OKHe paucka. Morop 23 mnoBopadyuBaeT BeCh AHNCK, YTO M CO34aeT
peakiiio Ha Bechb Koplyc. [Ipu omHOM IIOAOBHHE IIMKAA CHAY TATH CO30AE€T OAUH
TUPOCKOII, TIOTOM OH BBIKAIOUAETCS, & CHAY TATH CO3MaeT BTOPOH THpocKor. Kaxknwiil us
THPOCKOIIOB «paboTaeT» IIOAOBHUHY ITHKAA.

CyiecTByeT MHOI'O aHAAOTHYHBIX CX€M, B TOM YHCAE, 3allaTe€HTOBAHHBIX.
[IpakTUyecKue HCCA€OOBAHUSA MOXKHO IIPOBOAUTHE [Jayke B HeOOABIION momariHeid
AabopaTopuH, OOHAKO, CA€AyeT 3HaTb BaXKHBIH AaCHeKT IIPUMEHEHHUd [IOMO00HBIX
TEeXHOAOTHH: BO3HHUKAIOIIHME IIPU paboTe MHEPIIMAABHOTO ABUIKUTEAd PEaKIIMU B 3Hpe
MOTYT OTPHUIIATEABPHO BAHATH Ha 340POBBE YEAOBEKA, HAXOOAIIETOCd PAOOM C TaKHMHU
OBMkuTeAsaMU. [lo cBoeMy OIBITY, MOTY OTMETUTDH, HAIpUMep, U3MeHEHUEe apTepHasbHOTO
naBaeHuda. U3 olIileHMsa ¢ APYyrHMU aBTOpPaMH — pa3paboTyHuKaMi, KOTOpPble PHUCKHYAH
3aHUMAaTbCd 0oAee MOIIHBIMH BO3MYIIEHUSIMHU JS(QUPHOH Ccpenbl, MOy IIPUBECTH
caenyrommpie aktel: B 1980 - 1990-e rompi, B Cankr-Ilerepbypre, IIpOBOOUAUCE
9KCIIEPUMEHTBI C METAAAMYECKUM THPOCKOIIOM B QOpMe IHMAWUHApPA, UWMEIOIIET0
COOTHOIIIEHHWE [AWHBI U auaMerpa 2 K 1, MacCy — HECKOABKO KHAOTPaMM, OOOpPOTBHI —
TBICAYN OOOPOTOB B MHHYTY. PacCKpyTHB TakKOM THUPOCKOI, HCCA€OOBATEAU PE3KO
II0BOpaYUBaAH (HAKAOHSIAW) OCh €TI0 BpallleHUsl, C IIOMOIIBI0 MOIIIHOTrO phryara. [Ipu Takoi
«BBIHY>KJEHHOH IIPElIECCHH», BO3HHKAaAA HE TOABKO IIapa TMPOCKOIIMYECKHX CHA... BbIao
OTMEYEHO «HMMIIYABCHOE H3AYYEHHE HEU3BECTHOM IIpHUpPOAbl», KOTOPOE, B OJHOM U3
9KCIEPUMEHTOB, IIPUBEAO B HEUCIIPaBHOE COCTOSIHUE Bce MexXaHH4YeCKHe U
9AEKTPOMEXaHHUYECKHE Yachl B 3[JaHUU, Ie IMPOBOAMACH JaHHBIM 3KcHepHUMeHT. Kpowme
TOrO, OTMEYAAOCh HEraTHUBHOE BAMSHHE MAHHOIO BHOA M3AYYEHUSI Ha 300POBbLE AIOAEH,
HaXOOAIIUXCa BOAN3H 9KCIIEPUMEHTAaABHON YCTaHOBKHU.
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[as Hac 3TH 3adBACHHA HHTEPECHBI TEM, YTO IIOATBEPKAAIOT IIPEAIIOAOXKEHHE O
IIPUPOZIE THUPOCKOIIMYECKHUX CHA, KaK peakyuu 5@upHoll cpedbl HA ee 803MYyueHue.
CoraacHo paccMaTpuBaeMoll B JaHHOM KHUTe 3(PHUPOAMHAMUYECKON KOHIIEIIINH, TaKoe
BO3MYILIEHUE [OAXKHO COHNPOBOXKIATHCA MOIIIHON BOAHOM IIAOTHOCTH 3(PUPHOH Cpenbl,
BAHUSIOIIEY HE TOABKO Ha TEXHUYECKHE YCTPOMUCTBA, HO M Ha OMOAOTHYECKHE OOBEKTHI.

B 1nepcnekTuBe, IIpeNCTaBASIETCS BO3MOXKHBIM CO37aBaTh, IIPU  I[IOMOIIU
WHEPIINONI0B, UMIIYyABCHbIE BO3MYIIEHUs dO(UPHOM cpeapl, MIpHUYeM, CTPOTO B
OIIpeNeACHHOM HAIIPaBA€HWHM, B KOHCTPYHPOBATh TaK Has3bIBaeMble «3(PUPOOOMEHHBIE
OBMKUTEAN». [loaaraio, 9To B poAU ABHKUTeAel, TaKle MeXaHM4YeCKUe MAalllMHbI He O4YeHb
[HePCHEeKTUBHBI, HO MOTYT HMMETH IIIaHC BHEAPEHUs], KAK CHUCTEMBbI CBSI3U U BOOPYKEHUS
HOBOI'O THUIIa. BrICTpoaelcTByIONIME MOIIHBbIE ABHKUTEAH [JAHHOTO THIIA MOTLYT OBITH
peasn3oBaHbl He MexXaHUuueckum nymem, a Ha OCHOBE TMPOCKOIIHMYECKUX CBOHCTB 4aCTHIL
MatepuH, Kak nokaszaa C.M. [ToaskoB Ha rmpuMmepe peppoMarHeTHKOB.

I'MBUII

[lepeiimeM K HCTOPHYECKOMY IMIPHUMEPY B 00AaCTH CO34aHHUS 3(PHUPOOOMEHHBIX
ammaparoB. OTOT IPHUMEp HMeeT BaKHOe 3HA4YeHHe, OAd IMOHHMAaHUS IIyTed pa3BUTHHA
HOBBIX TEXHOAOTHY JIBUXKEHHS B [IPOCTPAHCTBE.

B 1991 romy, rpynma astopoB I'MBUII (I'pynna HM3yuenus BeslHeplinOHHBIX
[TporuteccoB), pazBuBas Teopuio A.B. MypabIkmHa, OpoBepssa TEeXHUYECKHUE PEIIeHUs,
KOTOpPBbIE MOTYT IPUMEHSTHCH OAS CO3MaHUS PabOTOCIIOCOOHBIX YCTPOMCTB, IT03BOASIIOIINX
IIOAy4YaTh ABUKYIIYIO CHAY 34 CUET PeaKIUU C 3(pUPHOU cpemoit.

B ocHoBe Teopum MypABIKMHA A€XHUT [OHHMAaHHE pPa3AHYHE [ABYyX CIIOCOOOB
CO3JaHUS [BUIKEHHs B IIPOCTPAHCTBE: aKTUBHOTO M I[IAaCCHBHOro. B omHOM caydae,
OKpyzKalolllad Cpeda paccCMaTpPUBaeTCd KaK IIacCUBHAas, a ABUXKUTEAb [OAXKEH OBITH
aKTHUBHBIH, TO €CTh, CO3/aBaTh CHAy TSTH, IIPEOJOAEBAd COIIPOTUBAECHHE (MHEPIIHIO)
cpenpl. B apyrom caydae, Kak U OAS IIPOCTOTO ITapyCHHKA, MHUIIHMATHUBA II€pPEMEIeHUs
ITPOMCXOOUT OT OKpyzKaromied cpenpl. OHa CTaHOBUTCH aKTUBHOH, IepeMelnas OOBEeKT, B
TOM YHCA€, A€TaTEeABHBIH ammapar, 06e3 3arpar TomnaumBa. I[lo TepMHUHOAOTHH
paszpaborunkoB ['MBUII, acdup aBageTcd «aHTHUBEIIECTBOM», IIOCKOABKY N3 HETO U
co3zmaeTcd BellecTBO. [Ipouecc cyuiecmeogaHusi UACMUlY —~ MAMEPUU,  UMEUWUX
uHepyuaibHble ceolicmaa, U ecmos 9¢pupoobMeHHbLIL NPoYecc.

Cxema paboTel 3(PHPOOOMEHHOTO ABUKUTEAS OIHMCAHA aBTOPAMU CAEAYIOIIHUM
obpazoM: HeEOOXOAMMO OOECHeYHUThb «BBIAEACHHE U3 sSaApa XUMHYECKOTO SAEMEHTa
AHTHBELIECTBEHHON coCTaBAdIONIel, HaAKOIAEHHE U yBEAWYEHHE €€ IIAOTHOCTH, a 3aTEM —
nepegatb ee B pabouyro 30HY amnmnapara. Haaunyme BOKPYT A€TATEABHOTO araparta
«@QHTHUBELIECTBEHHON OOOAOYKM» BBICOKOM ITAOTHOCTH OyAeT IIepeBOAUTH OKPYZKAIOIIYIO
cpeny B aKTHBHOE COCTOSIHHE, U OHa OyZeT CTPEMUTHCS «BBITECHUTE» TAKOH OOBEKT Kyaa
YTOMHO, B HAIIPABACHHUH YMEHBIIIEHHS ITIAOTHOCTH B JAHHOM CEKTOPE 000AOYKM».

[pyrumMu caoBaMH, ABUKUTEAEM [TAaHHOTO 3(pHUPOOOMEHHOro ammapara,
cAyKHUT 23dupHag o0060AOYKa BOKPYTI AETATEABHOI'O ammnapara, HMeas TIPagueHT
IIAOTHOCTH 3(upa B HY:KHOM HampaBaeHHHU. OKpyzKarollas cpena OyneT BBITECHATH
o0AacTh IIPOCTPAHCTBA, OKPYXKEHHYI0 TakKoil dA(UPHOH 000AOYKOH B CTOPOHY
YMEHBIIIEHHON ITAOTHOCTH 3(pUPHOH 060A0UKH.

Ha Puc. 47 nokazaHa KOIMs OOKyMEHTa, KOTOPBLIH MHeE IIpeNOCTaBHUA OAWH U3
qyaeHoB rpynnbl [TMBUIL. Jauueii gokymeHT (AdduaaBUT — 3agBACHHE IO ITPUCHATORH),
OBl paHee OIyOAMKOBaH B xKypHaase «<HoBasa Dueprerurar, Nel (4) daBaps — PeBpaas 2002
roza.
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\\ R, MHXANEB CBPI'ER ANEKCAHAPOBH3I, 24 sHBaps 1962 rona
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Puc. 47. ApdpunaBur Muxasena.

«9cdupHOE BeIIecTBO», IO caoBaM paspaborunkoB 'MBUII, «orOupaercda ot gnep
aroMoB». IIpenmoaaraio, 4TO OCHOBOM HX KOHIEIIINHM dIBAdeTCd 3(HUpoAHMHaMUUYecKas
MOJZIEAb dOep, CYLIECTBYIOIIMX 34 CYET I[IOCTOSIHHOTO IHIPUTOKA «3(PHUPHOTO BEIIECTBAy.
Boaee rmogpo0HO, TEXHOAOTHS HE PACKPHIBAETCS.

[Ipu moeMm obOieHMH C YaeHoM pgaHHO#M rpymmbl lepbak I1.B., mMbl o6cykmasnu
TaKyI0 CAOXKHOCTBH BHEIAPEHUS NAaHHOM TEXHOAOTHH, KaK MEIUKO-OMOAOTHMYECKHN aCIIEKT.
JlaHHBIH pa3paboTyuK UMeeT psn Iryoaukarmii [18].
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OduponaaBaTeAbHbIH anmapaTt KopoBuHa

OTMeTHM, YTO CO3/IaHHE AeTaTEeAbHBIX allllapaToB, ABUXKHMBIX caMo¥ 3¢upHOH
cpenoii, a He peaKTHUBHBLIMH TOIIAMBHBIMH CHCTE€MaMM, 3aHHMAaAHUChH elle no 1917 ropa.
HNuTepecHBI IpuMep U3 apXHUBOB IIPOIIAOTO BeKa — 3(puporiraBaTeAbHbBIN anmnapat MBana
denopoBuya KopoBuHa.

HNBan PenopoBud KOpoBHUH OBIA CHIHOM COCTOSTEABHOTO KYIIIA, IIOAYYHA BBICIIEE
obpazoBanrne B IloanTexHH4YeckKOM HHCTUTYyTe PpaHIUM, IO  CIIEIIHAABHOCTH
«arepuasoBeneHre». B 1889 rony on BepHyacs B Poccuro, u paboras, B OCHOBHOM, Ha
OOOpPOHHYIO ITPOMBIIIIAEHHOCTE: paspaboTas OpoHEXKHAET - «BA3KyI0 OpoHio KopoBuHa»,
HOBYIO IIyIIEYHYIO CTaAb, BHEAPSA B IIPAKTHUKY AIOPAAIOMUHHHE M TuTaH. [locae cmeptu
oTa, KopoBHH yBOAWMACS CO CAYKOBI, IIpoflaa ceMeHHOoe NpPenlpUsaTHe, H IIEeANKOM
IIOCBSTHA KU3Hb CO3JaHUIO alrapara, CIIOCOOHOTO «COBEPIIUTE IIOAET K AyHe».

KopoBuH OBbIA IPOTHBHHKOM PEAKTHBHOI'O ABUKUTEAd, U IHcaAa [{MOAKOBCKOMY
erte B 1903 romy: «Bamm pacuerhl ybexkmaroT, 4TO 9TO He ABUraTeAb, a MOT, 003Kopa,
camoen! [IeBaTh OAeCcATBIX Beca CHapaaa OTAABaTh TOIIAUBY? A Belb ellle JKeAaTeAbBHO ObIAO
ObI 1 BepHyTbcs C AyHbl! Her, Baml mMeTasAMYecKHUM aspocTaT IIPUBACKAET MEHs Kyaa
OoabIre!»

CeronHsa ero uaed 3By4YUT (paHTacTUKOM: KOpoBHH 3aayMaa IIOCTPOUTH aHAAOT
oupukabAsi, HO OAS TOTO, YTOOBI JaHHBIM ammapaT MOT AeTaTh He TOABKO B BO3QyXe, HO U
B KocMmoce, KopoBHH IAaHHpPOBaA 3aIlOAHHUTBH €ro «TrOpgYuM 3(HUPOM», TO €CTh, TaKOH
cpenoi, KoTopasd MMeeT ITAOTHOCTH MEHbIIe, YeM IIAOTHOCTH «MHUPOBOTO 3(pupar. 3arewm,
OH YBAEKCH HIeel Hu3ydyeHUd IIPUPOAbl MATrHUTHBIX CHA, U PELINA HCIOAB30BaTb [Ad
JOBUXKUTEAS] CBOEI'0 KOCMUYECKOTO arIapaTra «MHOTOIIOAIOCHbBIE MarHUThI».

B cBasu ¢ atuM, KopoBuH nucaa LlnoakoBckomy B mapte 1907 roma: «benga TOABKO,
YTO MBI OUYEHb [IAOXO 3HAKOMBI C MarHUTHOU sHeprueti. CuuTaTh, YTO CYIIECTBYET TOABKO
[Ba TIOAIOCA, - BCE PAaBHO YTO CUYMTATh, OyATO B MHpPE BCETO [ABa IIBeTa: YePHBIH M OeAbIH.
Huuero yABUTEABHOTO - MbI AUIITEL Ha IIOPOT€ BEAUKUX OTKPBITUH...»

MHOIOIIOAIOCHBIE MAarHUTBI — PEBOAIOIIMOHHAS HAesl, MOAd TOr0 BpEMEHH.
HpI/IMeHeHI/Ie TaKHUX MarHuToB Tpe6yeT IIOHMMAaHHE CyTH MAarHUTHBIX HOACfI, KaK «IIOTOKOB
acupHoro Berpar. C Apyroil CTOpoOHBI, COBpeMeHHasl (pru3uKa paccMaTpUBaeT MarHUTHEBIE
IIOAd IIOCTOAHHBIX MArHHUTOB, KaK pPE3yAbTaT corAacoBaHHOM OPpHEHTAIIUH MAarHHuTHBIX
MOMEHTOB 3A€MEHTapPHBIX YaCTHI], HE AETAAHU3UPYsS TOT (PAKT, YTO MATHUTHBIH MOMEHT
4aCTHUIBI €CTh IIPOCTO (popMa OITHMCAHUS €€ MHEPIIMAABHBIX THMPOCKOIIHYECKHX CBOHCTB,
KOTOpble OOYCAOBAEHBI ee 3(pupoaAUHAMUYECKHMH IpolileccamMu. OTCloa, MBI MOXKEM
IIPEOAOZKUTD ITyTHU CO3JaHNd HOBBIX CIICITMAABHBIX MaTE€pHuanoB.

ViBan ®enopoBHUY OCHOBaA CBOIO A20OPATOPHUIO U OIIBITHOE IIPOMU3BOJCTBO, KYIIHUB
xyTop CremHo#i B BopoHexkcko# obaactu. [lasd 5KCIepUMEHTaABHOH pabOThl OH HMeEA
MaTepHaAbl CO BCETO CBETA, BKAIOYAd METEOPUTHOE KEAE30 U PEAKO3EMEABHBIE METAAABI C
Kamuyarku. B ero HOBOM HMMeHHH ObIAaa TIOCTPOEHA HOAEKTPOCTAHIIHLA, a TaKXKe,
9AEKTPHUUYECKas IeYb AT IIAABKH MeETaAAOB. Pabouyme ObIAM IIpUTAaIlleHBl C Ypasa U
Caukr-Ilerepbypra.

B aBrycre 1917 roma, KopoBuH paszocaas IIpUTAQllleHHUs CBOUM ApPYy3bdIM U
JKypHaAuCTaM Ha OEMOHCTPAIUIO €ro AeTaTeAbHOro ammnapata. Cpeay HIpHUrAallleHHBIX
ObIAM BOEHHBIE, XKYPHAAHCTBI, Apy3bsd KopoBuHa, B ToM uYmHcae, I[pad Aasekceit
HukoaaeBuu Toacroit u KoucranmtmH OpyapmoBud llnoakoBckuii. IIpountars 06 sTOM
HCTOPUYECKOM COOBITUHM MBI CErofgHs MOKeM Oaarozmapsi BOPOHEKCKOMY 3IKYPHAAUCTY
[parysoBy [19]: «T'octtogma KopoBuH 00BSICHSIET YCTPOUCTBO CBOETO armapara.
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[Toxoxkuii Ha HEOOABIION AUPHKAOAB, OH BBIIIOAHEH, OOHAKO, IIEAMKOM H3 METaAAa,
CEeKpeT KOTOporo rocrnoauH KopoBHH cobupaeTcss BCKOpe IepegaTh HOBOMY POCCHHCKOMY
rocyiapcTBy Ha 0e3BO3ME3IHBIX YCAOBUSX. MeTaaA 3TOT SBASE€TCS MAarHUTHBIM, HO
OTTAAKHBAaeTCHd U IIPUTATHBaEeTCd K CaMbIM pPa3HOOOpa3HBIM IIpeAMeTaM M [Oaxke K
I[yCTOTE, KOTOpas, II0 caoBaM rocromauHa KopoBuHa, cama sBAgeTcs ocoboro poza
MAarHuTOM. YHpaBadd MarHHTHBIMH PyAdMH H HapycaMH, MOXKHO 3aCTaBHUTh almapar
[OBUTaTbCs B HY>KHOM HaIllpaBA€HHH - BBEPX, BHU3, B AIOOYIO U3 CTOPOH CBeTa, IIPHU 3TOM
He TpeOyeTcs HU yras, HU ApOB, HU OeH3uHa! Anmapat nomgobeH mapyCcHUKY, OAS KOTOPOTO
BCETra €CTh IIOIIyTHBIN BETEP».

VIHTepecCHO OTMETUTDb, UTO METAAAMYECKHM KOPIIyC amiaparta, II0 CBHIAETEALCTBY
OYEBH/IIEB, 3aMETHO CBETHACS IIPH HACTYIIACHHH BEYEPHHUX CyMepeK, 0e3 BCIKOro
BHEIITHEr0 UCTOYHHUKA CBETA.

B3aer anmapara, Kak nuireT [IparyHOB, IIPOIIEA VCIEITHO, 3aTeM, amnmnapar C
n3obperaresreM Ha GOPTY CKPBIACS B BBICOTE... U He IIPU3EMAUACH. ET0 HCKaAM HECKOABKO
OHEM, U cOeAaAn BBIBOOBI O KartacTpodpe. [Ilpyrue MOpPenIrioAOKEHUS KacCaAuCh
YMBIIIIAEHHOTO 0ercTBa aBTOpPa OT PEBOAIOIIMOHHBIX COOBITHM 3a TPaHHUILy, IIOCKOABKY OH
nMeA OOABIIIOE COCTOSHHE B MHOCTPAHHBIX 0aHKax... ETo ammapar, B TaKOM cAydae, MOT
OBITH IPOCTBIM AUPHUIKAOAEM.

[dasa Hac, wuccaenoBanus KopoBHHa IIpeACTaBALIOT HWHTEpeC, KaK IIpUMep
IIOCTAHOBKH TEXHUYECKOH 3a7ayM IIOAyYE€HHs MHOT'OIIOAIOCHOTO MAarHuTa, CIIOCOOHOIro
IIPUTATUBATBCSI U OTTAAKHWBATBECS» K AIOOBIM IIpeaMeTaM, B TOM 4YHCAE, «K IyctoTer. C
MoeH TOYKH 3peHHs, 3TO MOXKHO Ha3BaThb IIOAYYEHHEM ABUXKYLIEH CHABI B 3aJaHHOM
HaIllpaBA€HUM, IIyT€EM CO3JaHUS YaCTHUIlaMH MaTe€pPHUU CIELHAAbHBIX aCHMMETPHUYHBIX
IIOTOKOB 3(PUPHOH Cpebl.

PaccmoTpum maHHyO uaeio nomnpobHee. Ha Puc. 48 mokasanHbl gBa OOBIYHBIX
MAaTrHUTa, HAXOASIIUXCSI B TIOAOKEHHNH B3aUMHOTO OTTAAKHUBAHMSI.

Puc. 48. OTTasnKMBaHUE ABYXIIOAIOCHBIX MArHUTOB.

[IpuyuHOI TIOIBAEHUS TApPbl CHA OTTAAKHBAHUS, BO3HHKAWOIIUX MEXIY
MarHUTaMH, B MOAaHHOM CAydae, KaK U B APYTUX SPUPOAUHAMHYECKUX CHUTYAIUSX,
ABAFETCH 2padueHm O0asseHust 3¢upa Ha MarHUTBI: B 00AaCTH MeXAy MarHUTaMH
BO3HUKaeT o0AacTh 0Ooaee TAOTHOrO 3cupa, KoOTOopasd OaBUT Ha HHUX, 3aCTaBAdS
OTTaAKHBaThbCd. [Ipm apyro#i curyamuu, KOrJa MAarHUTBI OOpallleHbl ApPyr K APYTY
Pa3HBIMHU IIOAIOCaMH, MEXAY HUMH BO3HHKACT IIPUTAXKEHHE, KaK PE3IYyAbTAT YMEHBIIICHUA
TIAOTHOCTH W MaBA€HUS 3dupa B 00AACTH MEXKOAYy MarHUTaMH. Pasymeercs, mpu TaKoi
cxXeMe B3auMOOeHCTBHUS, 00€ CHABI HPUTSIKEHUS HWAU OTTAAKUBAHHUS PABHBI, H MOAYYHUTD
ABHUXKEHHE 3a CUHET KOM6I/IHaI_II/II/I CHA ITPOCTBIX ABYXIIOAIOCHBIX MAaroHuTOB HEBO3MOZKHO.

[IpenmoaoxkuM, 4YTo KOpoBHH Halea criocod co3maHus HEKOMIIEHCHPOBAHHOMN
CHABI, NEHCTBYIOIIEH CO CTOPOHBI OKPYZKAaIOIleH Cpepbl Ha €r0 «MHOT'OIIOAFOCHBIM MarHUT».
OTu CBOMCTBA OOAXKHBI OBITH O0€CIieYeHbl (PU3UYECKHUMH CBOMCTBAMH CAMOIO MaTepHaAa,
cnennUYECKUMH [TapaMeTpaMH YacTHI] MaTepHUH, O KOTOPBIX MBI IIPEAIIOAATaeM, UTO
OHH CYIIIECTBYIOT B 9(pHPHOH cpefe, KaK IIPOLEeCChl IUPKYAIIIMH JaHHOH Cpebl.
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B oObrgyHOM 3K€ae3e, MarHUTHBIE MOMEHTBI YaCTHUI] OPHEHTUPOBAHbI COHAIIPABAEHO,
TAaKUM 00pasoM, YTO IIPOHUCXOOUT MpPOCTasl MUPKYASIUS Cpeabl BOKPYT 4dacTunbl. [Ipu
TaKOH CHUTyallU{, IIOTOK MCTEKAloIllero 3gupa paBeH IIOTOKY BTEKAIOIIETO0 B YaCTUILY

acdupa.

B maruuTHOM Matepuase KopoBHHa, 0O4€BHAHO, CTOK M HCTOK 3(Hpa HE JOAXKHBI
ObITE paBHBI Apyr Apyry. KocBeHHO, 3TO IOATBEPKAAIOT CBHUAETEABCTBA OYEBHIIIEB O
CBEYEHUHU aHHOTO MaTepuasa B TEMHOTE.

Hcnyckanue acdupa 4acTULlE¥ MaTepUH, UAH €T0 IIOTAOILIIEHUE, MOXKET IIPOHUCXOAUTD
TOABKO IIPH B3aUMOAECUCTBHUHU C BHEIIIHEN CPeoH, II09TOMY YBEANYEHHUE IIAOTHOCTH CpEepl,
C OHO¥ CTOPOHBI, JOAKHO KOMIIEHCHPOBATHCA YMEHBIIIEHHUEM IIAOTHOCTHU CPEAbl B APYTOM
Mmecte. Takum obpasoMm, «oTKauuBas 3pUp» U3HYTPH KopIiyca «aupuxkabdbas KopoBuHar, u
«BBIAEASIA» €r0 BO  BHEIIHIOIO  CPeay, TEOPEeTHYECKH, BO3MOXKHO  CO31aTh
aupoIiAaBaTEeABHBIH anmnapar.

Hrak, MBI HOAKHBI HAWTH Takue (POPMBI CAOKHOTO ABHIKEHHUS YaCTUI] MaTEPUH,
IIpollecca UX CYILIEeCTBOBAHHsS, KOTOPhIE II03BOASIIOT IIOAYYHTDH IIEACHAIIPABACHHYIO
ACHMMETPHUIO HCTEKAIOIIeTO W BTEKAIIEero B YacTHUIy IOTOKa J3dwupa. [laHHada
aCHMMeETpPHS CO31acT Iepenan 3(PHUPHOTO OaBAEHHUS M [ABHUKYIIYIO CHAY. I[IOCKOABKY
4acTHUIbI C OOBIYHBIM MATHHUTHBIM MOMEHTOM MOXKHO paccMaTpuBaTh, Kak
MUKPOTHPOCKOIIbI, TO HaM CTOUT O0paTUTh BHHMAaHHE Ha paHee pPacCMOTPEHHBIE
3(ppeKThI, BOBHHUKAIOIINE IPHU BBIHYKIECHHOM IIPEIeCCHU THPOCKOIIA.

[Tpenmoaoxkum, 4To KOPOBHHY yOasOCh IIOAYYHTE TAKOW MAarHUTHBIM MaTepuaas, y
KOTOPOTO YaCTHIBI CO30aI0T HE TOABKO COHAITPABAECHO OPHUEHTUPOBAHHBIA MATrHUTHBIH
MOMEHT, HO ellle U IIpelieccupyor, Puc. 49.

Puc. 49. OGBIYHBIN MATHUTHBIH MaTepHaA (CAeBa) U MaTepHaA C IIPEleCCHPYIONMMH YacTHIIAMH (CIIpaBa).

CoOCTBEHHO, CaMO SIBACGHHE IIPEIIeCCHH MarHUTHOI'O MOMEHTAa YacCTHUI[ BeIllleCTBa,
IIOMENIEHHOI0 BO BHEIIIHEE MarHHUTHOE II0A€, CTaA0 H3BecTHO B 1895 roay, Kak
AapMmopoBckagd mperieccuss. I[Ipodeccop Kembpumkckoro YauBepcureta [Ixxo3ed Aapmop
ObIA M3BECTEH HE TOABKO KaK (PM3HK, HO U KaK MaTeMaTHK, B OY€Hb MHTEPECHOH obracTHu
3HaHUU: 8 cgpepe usyueHus npouecca osuxerust! B crarbe Aapmopa «O nuHaMU4uecKoH
TEOPHUH OAEKTPHYECKOH U CBETOHOCHOH cpenpl» [20] Oblaa OIIyOAMKOBaHa TEOPHS
IIpeo0pa3oBaHUM IPOCTPAHCTBEHHO-BPEMEHHBIX KOOPAWHAT, OIHCBHIBAIONIAS MIEPEXOM OT
ONHOM HWHEPLMAABHOH CHCTEMBI oOTcYeTa K Apyroi. CerogHs, 3TH MaTeMaTH4ECKHE
npeobpa3zoBaHUd KOOPAWHAT 4-MEPHOTO BEKTOpPa H3BECTHBI, KaK IIpeo0pa3oBaHUs
AopeHriia, xotd AapMop omyOAMKOBaA CBOH paboThI paHblle AopeHIla U JUHINTEeHHaA, elle
B 1897 ronay.

Kakoe oTHOIIEHME MOTAM MMETh 3TH OTKPBITUS K paboTaM PyCCKOIo u3obperaTeAs
Ha xytope CremHoii, B Boponexkckoii rybepHuu? O mmpore 3HaHuii KopoBmHa, ero
MeXKIYHapPOIHbBIX AEAOBBIX CBA3SX M (PMHAHCOBBIX BO3MOKHOCTSX, TOBOPUT TOT (PAKT, UTO
OH OBIA OOHUM HX HHBECTOPOB 3Kcremunuu CKOTTa B AHTApPKTHAY, IIOCKOABKY I3Ta
9KCIEOUIINI MOTAa JaTh HOBbIE JAHHBIE O CTPOEHHUH 3€MHOI'O MArHUTHOTIO IIOAS.
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HNBan demopoBuy KopoBHH BIIOAHE MOT OBITH 3HAKOM C II€PEIOBBIMH paboTamu
OPYTUX Y4YE€HBbIX, B HMHTEPECYIOUIEH ero 00AacTH, IIOCKOABKY OH 3aHHUMAaACd UMEHHO
CO3/IaHHEM HOBBIX CIIOCOOOB II€pEMEIEHHsS] B IMPOCTPAHCTBE H BPEMEHH, O0BbeqUHSIS
IIOHATHA TpaBUTALIMM M MarHeTH3Ma. B TakoM cay4dae, €ro TEXHOAOTHS MOTAa HMETh
OTHOIIIEHHE K AAPMOPOBCKOH IpeliecCu MarHUTHOTO MOMEHTa, OTKPEITON B 1895 roay.

B Hacroamiee Bpemd, VyKe IIOSBHACS OTHOEABHBIH  paszaes (PU3HUKU -
«I'paBUMAarHeTU3M», U3ydarollui ocoboe MOBEAEHHE YaCTHIl, U C8513b sI8/IeHUll npeyeccuu
S/leMEeHMAapPHbLX Yacmuy C siefieHuem pasumayuu. Teopusd MarHeTH3Ma, B YIIPOILEHHOM
BHUIle, TOBOPUT O TOM, UYTO OPOHTAABHOE BpallleHHE SAEKTPOHA €CTh aHAAOT KOABILIEBOTO
SAEKTPUYECKOIO TOKa, U €CAH 3TH dAEMEHTapHBbIEe TOKH OPHEHTHPOBaHbI COTAACOBAHHO, TO
MaTepuas IIpuobpeTaeT CyMMapHBIM MarHUTHBIM MOMEHT — MarHuTHoe Ioae. KopoTko
OTMETHM, 4YTO COBpPEMEHHAas TeOopHUs He YraAyOAseTcss B CyTb IIPOIlecca, IIOCKOABKY IIO
cocrogHuio Hayku 2012 roma, CTpoeHHe 3A€KTpPOHa OQHUIIMAABHO He H3BEeCTHO. TeM He
MeHee, IIPEeeCCHsl ero MarHUTHOTO MOMEHTa H3ydeHa oapobHo. CeromHs U3BECTHO, YUTO
[OAS CO3MaHUS B BEIIECTBE COCTOSHHS IIPEIECCHM MarHUTHOI'O MOMEHTAa 4acTUl], B TOM
4HCAE, 9AEKTPOHOB, €r0 MOXKHO 00AyYaThb CAaObIM II€epeMEeHHBIM MAarHUTHBIM IIOAEM, Ha
COOTBETCTBYIOLIIEH pEe30HaHCHOM dYacToTe, AMOO CO31aTh IIPELIECCHI0 MAarHUTHBIX
MOMEHTOB KOPOTKUM IIOASIPU3YIOUIUM HMIIyABCOM. B anHaasoruyHOM HaIIpaBA€HUH
HCCAENOBAaHUM, KaK MBI yxKe oTMmedasu, paboraa C.M. I[loAgKoB, TeopHs KOTOPOTO
paccMarpuBaeT SAEKTPOH, KaK 3aMKHYTbIHi Ha cebd (POoTOH KpPyroBOH IOASPHU3AIIUU
(dporonHBIH rHpocKkor). Ha 3ToM ypoBHe 3HAaHHH O CTPOEHHU MaTEPHH, MBI YKEe MOXKEM
IIpensaraTh HEKOTOPbhIE TEXHOAOTHYECKHE PelIeHUd.

HTak, IpearnoAOKEHUS II0 CTPYKType (haHTACTUYECKOTO MarHHTHOI'O MaTepHuaaa,
nzobpereHHoro MiBanom demopoBudeM KOpoBHUHBIM, OIMHPAIOTCS HA IOHUMAHUE TOTO, YTO
4acTHUIBl TakKOro MaTepHasa [OAXKHBI H3Ay4aTh U IIoTAOIIIATH IIOTOKU 3dupa,
[IPEUMYIIECTBEHHO, B OJHOM 33JaHHOM HaIllpaBA€HHU. MBI JOAKHBI y4ecThb, 4TOo KopoBHH
HCKaA pelleHre B 00AaCTH MHOTOIOAIOCHBIX B3aMMOAEHCTBHUII, KOTOpPBIE CO30AIOT
aCHMMETPHIO ITOTOKOB 3dupa. YTo ke TaKoe «MHOTOIIOAIOCHBIH MarHuT»?

CoBpeMeHHas 3AEKTPOTEXHHKA HCIIOAB3YeT MOAaHHBIM TEPMHH A O0O3HaA4YeHUSd
IIOCTOSHHBIX MAaTHUTOB, IIPHMEHAEMBIX B pPOTOpPaxX M CcTaTopax 3AEKTPOIABUTATEACH.
PasymeeTcs, KOABIIEBOM TOCTOSTHHBIM MarHUT MOXKHO HaMarHUTUThE TAaKUM 00pa3oM, 4TO B
HeM OyzmeT He aBa moatoca SN , a 6oarwire, Hampumep, SNSN cekTopamu 1o 90 rpamycos.
OpHako, CyTh MarHHTHOIO IIOAS OT 3TOTO HE MEHSIETCH, OHO OCTAaeTCd CHMMETPUYHBIM
IIOTOKOM 3pHpa, KOTOPBIH BO30yKAaeTCd OpOUTAABHBIM BpallleHHuEM SAEKTPOHOB.

B ob6praHoM aByxmioarocHoM MmarHute NS, nmokaszanHoMm Ha Puc. 50, moTOK 4YacTHIy
acdupa ob6paszyer 0OBEMHYIO CTPYKTYPYy TOPOHAA, OCh KOTOPOrO 00pasyeT MaBa IIOAICA
«x3aeMeHTapHOoTOo MarHuta» N u S.

CyMMapHBIH BEKTOP MAarHUTHOIO IOAS B, ympolneHHO, m300paskaroT AWHEHHBIM,
HallpaBA€HHBIM BIIOAbL OCH BpallleHUs 3apsixKeHHoM dyactunkl. Ha camom fmeae,
BO3MYyIIIeHHE 3(PHUPHOU Cpenbl BOKPYT 3apszKEHHOM YaCTHIBI, ABUTAalolleiica 1o opbure,
HMeeT BHUI TOPOHIA.
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Puc. 50. MarHuTHOE II0A€ KOABIIEBOT'O TOKA.
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Boaee Toro, yuuThIBasi TMIOTETHYECKYIO BHYTPEHHIOIO CTPYKTYPY JAEKTPOHA, KakK
3aMKHYTOro Ha cebsa (poToHa KpPyroBOM IIOASIpPH3AllUH, €ro ABUKEHHE (AHHEHHOEe HAU
KOABIIEBOE) CO3/JaeT He «pacTaAKHBaHUE» Cpenbl, a ee 3akpyuuearue. Ilo 3Toll nmpuyuHe,
AVMHUM MaTHUTHOTO IIOAS, M300paskeHHble Ha Puc. 48, MMeoT BUA BHHTOBOM CIIHpPAaAH,
CBepHyTOHU B Topoua. Mozeab aaekTpoHa [loasgkoBa, KOTOPBIM co3zmaeTca U3 (POTOHA IIPHU
€T0 «caMO3aMbIKaHUN» B TOPOHM, MBI PACCMOTPHUM II033KE.

[Toararag, 4To MOTOK 3dupa, KakK H A0O0U Apyroifi cpempl, UMEET Maccy, €ro
OBHUXKEHHUE XapaKTePHU3yeTCs HEKOTOPOH KUHETHYeCKOH sHeprueil. OObIYHOE MarHUTHOE
II0A€ BO3HHKAET BOKPYTI TOKAa 3apdaAKEHHBIX YaCTHIl, KakK peaknus cpeabl. OgHako, 3Ta
peakiiis cpelbl BBITASAUT KaK CHUMMeETpHYHas BUXpeBas CTpyKTypa N-S, m Mbl He
IIOAyYaeM PEaKTHUBHYIO ABUXKYIIYIO CHAY, AMOO HCIIyCKaHHe IIoToKa 3(pupa B KaKOM —
Anb60 OOHOM IIPEUMYIIIECTBEHHOM HalpaBAe€HUU. BrpiBoa: HeobxoguMo co31aTh
KOHCTPYKTHUBHO aCHUMMETPHUYHYIO TPAeKTOPHUI0 3(PUPOAUHAMHYECKOT0  IIpoliecca
CYLIECTBOBAaHUS YaCTHUI] MaTepPHUU, UX KoAeOaHUM, BUOpAIIMH U T.II.

Hrak, nmoaarass, 4To CyThb MAarHUTHOTO II0AS €CTh ABUKEHUE 3(PUPHBIX YaCTHI], TO
IIpoliecc, HeoOXOAUMBIN NAS peasusdaluu uaen KopoBHHA, HOAXKEH OBITH OpraHH30BaH Ha
YPOBHE CTPOEHHUS IAEMEHTAPHBIX dacTUIl. CxeMy TpPEeXIIOAIOCHOro MarHuta NSS MozKHO
IpeACTaBUTh B pas3pese (B IAOCKOCTH), KaK II0Ka3aHo B AeBoM dactu Puc. S1. [Ipumem
YCAOBHO, YTO BTeKaHHEe 3(HUPHOM Cpenbl IIPOUCXOAUT B IIOAIOCA S, a HUCTEKaHHe — U3
rioarocoB N.

S

S

Puc. 51. [IpennoroxkeHus 0 CTPYKTYPE MHOTOIIOAIOCHBIX MArHUTOB.

B Tako#l TUIIOTETUYECKOH YaCTHUIlE, HCTEKAHHE ITOTOKAa 3(Hpa IIPOUCXOIUT U3
rnoaroca N, B OMHOM HaIIpaBACHHUH, a BTEKaQHHUE — C ABYX CTOPOH, IMEPIEHAUKYAIPHO OCH
HCcTeKaHus motoka. Oba 1moArca S MOAKHBI HAXOAUTHCH AHaMeTpPasbHO Ha «3KBaToper. B
TAaKOM CAydYae, peakIillH Cpeabl Ha BTEKaHHe MTOTOKAa B MOAIOCA SS HeT, 00e CHABI B3aUMHO
KOMIIEHCUPYIOTCS. B maHHOM cxeMe, MOXKHO OXKHAATH IIOSIBA€HHE ABUIKYIIEN cuabl P, Kak
peaknuu cpeabl Ha IIPEUMYIIIECTBEHHBIN IIOTOK BAOABL OCH I1oAroca N.

B obwpemMHOM BapuaHTe, MBI MOKEM  IPEOIIOAOKHUTH  CYIIEeCTBOBAaHHE
TETPa’APUIECKON CTPYKTYpPbl MAarHUTHOTO Ioass. Cxema 4YeTBhIPEXIIOAIOCHOI'O MarHuTa
NSSS nokaszana B npaBoit yactu Puc. 51. BrekaHnue MOTOKOB MOKeT ObITH OPraHHU30BaHO
C TPEX Ppa3HBIX CTOPOH, B II0AIOCA S, PACIOAOXKEHHBbIE Ha «3KBATOPE» TUIOTETUYECKOH
gacTHullbl. Takoe pacIoAOKeHUe IIOAIOCOB S [JOAYKHO KOMIIEHCUPOBATh pPEaKTUBHBIN
HMIIyABC Cpeabl Ha BTeKaHue adupa B AaHHYI0 PU3NUYECKYIo chcTeMy. Mcrekanue acdupa
B OJHOM IIPEHMMYIIECTBEHHOM HaIlpaBACHUH N MOAXKHO IIPHUBOAUTE K PEAKIUU CPEBI,
co3gaBad ABUKYIIYIO CHAY.

JlnHaMHYeCKHM aHaAOroM CTPyKTypbl NSS, mokaszanHHoit Ha Puc. 51, aBasgrorca
KoaebaTeAbHbIE NBHKEHHS IIPOCTOIO ABYXIIOAIOCHOI'O MAarHHTa, TO €CTh, 3A€MEHTapPHOIO
KOABLIEBOTO TOKAa, CO3JaBaeMOro 3AEKTPOHOM. [Ipu 3TOM, OOMH U3 IOAIOCOB, HAIIPHUMED,
IIOAIOC S, TOAXKEH COBepIIaTh He BpallleHHe, a KoaeOaHus B IIAOCKOCTH, Puc. 52.
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Puc. 52. KoaebaTeAbHbIE ABUXKEHUSI MATHUTHOTO MOMEHTA B IIAOCKOCTH.

[TomoOHbIE MexaHHWYeCKHe IIPOIlecChl ObIAM IIOKa3aHbl paHee, Ha IIpUMepe
«IIepeBepHyTOr0 MadTHUKa». OHU BBI3BIBAIOT HM3BECTHYIO peakIlHio 3(pUpPHOU cpeanpl Ha
YKOpPEeHHOE KPpUBOAMHEHNHOE ABUXKEHUE Teaa. [Ipy KpUBOAMHENHON TpaeKTOPUH ABHUKEHUS
SAEKTPOHA II0 OpOHUTE C IIEPEMEHHBIM pPaIUyCcOM, TaK¥Ke II0OIBASETCHS BO3MOXKHOCTH
HUCIIOAB30BaTh I'PaJUEHT OaBA€HUs 3upa Ha 3AeKTpoH, Puc. 53. [laHHOe IpensoskeHHe
ObIA0 MHOU paccMoOTpeHO B nokaane 1996 roxa [1]. MexaHWYeCKHH aHaAOT [AS JAHHOTIO
IIpUHIUIIA ObIA IIOKa3aH Ha IpuMepe aABuxkutead BeriHuka, Puc.15.

Puc. 53. Op6ura 3A€KTpoHAa, UMeEIoIlas SKCIIEHTPUCUTET.

TexHHU4YECKH, 3Ty UAeEI0 yI0OHee peasn3oBaTh B JUIAEKTPHUKAX, IPHUAOKUB IIOIIEPEK
OUSACKTPUYECKON IIAACTHHBI OAEKTPHYECKOE II0A€, KOTOpPOE€ HCKa3UT TPaeKTOPHIO
OBUKEHUS 3AeKTPOHOB. [lo3:Ke MBI PacCMOTPHM 3Ty TEXHOAOTHIO, B TAaBe O paborax
Tomaca T. Bpayna. BrnpoudeMm, Bo3MOxkHO, 4To KOpOBHH HallleA TEXHOAOTHIO CO31aHUS
TaKOTO YAWBUTEABHOTO MaTepHasa, B KOTOPOM OPOUTHI 3A€KTPOHOB HMCKaXKaANUCh, TO €CTh,
IPHUOOpeTasr S3KCIEHTPHUCUTET, 38 CHET HaMarHU4YNBaHU.

Jlasnee, pasBuBad O5TH MPEOAOKEHHS O CTPOEHHHM THIOTETHYECKHX YacCTHII,
BCIIOMHHM O AWHAMHYECKOM BapHaHTE, TO €CTh, O IIPEIECCUU MarHUTHOTO MoMeHTa. Ha
Puc. 54 mokazaHO, YTO LUPKYASIIHsS IIOTOKOB 3(HUpa, BO3HUKAIOIIASA IIPU BpallleHUHU
MHoToIoAIocHOTO MarHuta NSSS Bokpyr ocu ON, mMeeT MHOro OOIIEro C IIPoIleccCaMH
JOBUXKEHUS 9ACKTPOHA, Y KOTOPOI'O CO3JaHa IIPELECCUsS MarHUTHOTO MOMEHTA.

N

Puc. 54. AHaaoruss MHOTOIIOAIOCHOTO U ITPEIIECCHPYIOIIETO MArHUTHOIO MOMEHTA.
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Hrak, OT pasMBbIIIA€HHH O THUIIOTETHYECKHX 4YaCTHIaX, HMEIOIINUX IIPU3HaKHU
MHOTOIIOAIOCHOTO MarHuTa, MBI IIPHUIIAW K HM3BECTHOM CXeMe — IIPelleCCHU MarHWUTHOIO
MOMEHTa OAEKTPOHA, BBIIOAHAIONIEH aHaAoTM4YHble (QyHKIMH. Bce 2T cxeMbl He
HapyIIaloT 3aKOHBI COXPaHEHHs KOAWYeCTBa 3(PHUPHOIO «pabodero BeIllecTBa,
ITUPKYAUPYIOILIETO B «IBHKUTEAE». 3aKOH COXPaHEHMS HMIIyAbCca CODAIOfaeTcs, TaK Kak
CYMMAapHBIH HMIIYABC BTEKAIOIIIMX U BBITEKAIOIINUX IIOTOKOB paBeH HyAlo. TeM He MeHee,
BEKTOPHAad CyMMa CHA peakIu 3(pupHOH cpenbl, B HEKOTOPBIX CXeMaxX, He paBHAa HYAIO,
YTO II03BOASIET HAAedAThCd Ha pabOTOCIIOCOOHOCTb JaHHOU uaeu. [AWHaAMHUYECKHH IIOIXO[
K MarHUTHOMY IIOAIO, KaK K IIOTOKaM IIUPKYAHPYIOIIEH cpenbl, OTKPHIBAET BO3MOXKHOCTHU
OAS  CO3MaHWA HOBBIX MaTEpPHaAOB, CIIOCOOHBIX co3JaBaTh I[IOTOKH adupa H
HaIIPaBAEHHYIO ABHUKYIIYIO CHAY, KaK PEaKIIUIO Cpeabl HA aCHMMETPHIO CTPOEHHUS YaCTHIL
Matepuu, AuO0 HX KoaebaTeAbHBbIE, IIPEIECCHOHHbIE U OPYTHUe CAOXKHBbIE [IBHUKEHUS.
[IprMeHeHMe TaKUX MaTepUaAOB BO3MOXKHO KaK B POAM ABUXKUTEAS, TaK U A PELIeHUS
3a1a4U «3KpaHUpPOBaHUs» (KOMIIEHCAIIHH) [IOTOKOB 3dupa.

Hanomuro, uto m3HadasbHO, KOpoBHH cobupascsa co3maTh aHAAOT AUPUKAOA4,
CIIOCOOHOTO ABUTaThCSl B KOCMOCE, B OKOAO3EMHOM IIPOCTPAHCTBE, IOl BOLOH U JaxKe II01
3eMAeii, Be3e, Iie OCHOBHOM OKpyzKalolllel cperoi siBAseTcs «MUPOBOH ac¢pupr. Pa3zBuBaga
HOEI0 O TOM, YTO «3(OPUPHBIA AUPHKAOAR» HEOOXOOWMO 3aIlOAHHUTBL «TOPIAIUM d(PHUPOM»
IIOHWKEHHOH ITAOTHOCTH, KOpOBHH MOT HpHUTH K BBIBOAY O HEOOXOOWMOCTH CO3JaHUS
CHEIIMaABHOTO MaTepHasa, CIOCOOHOTO CAYKUTH «IIEPETOPOAKOM» MEXKIy O0AaCTIMHU
acupa pasAHYHOH IIAOTHOCTH. Bompoc sKpaHHpOBaHHdA IIOTOKOB 3dHpa, Kak U
TEXHOAOTHH SKPaHUPOBaHUS TpaBUTAIINM, CAEAyeT CTaBUTb, KaK BOIPOC KOMIIEHCAIUU
moToKa oacupa (rpaBuranmu). llpearosokuM, 4dYTo paspaboraHHbI KopoBHHBIM
daHTaCTHYECKHUH MaTepHaa KOpIlyca HMeA TaKhe CBOMCTBa, KOTOPBIE II03BOASIAU
HaIllpaBA€HHO co37aBaTh NOTOK 3dupa. Takod MarepHasa MOOAKEH HMETh CBOMHCTBa,
aHAAOTHYHBIE IIPOCTOMY MAarHHUTY: BC€ YACTHUIILI €r0 MaTepuH, OyAydHd 3AeMeHTapPHLIMU
U3AydaTeAIMU 3pUpPa, JOAXKHBI ObITH YIIOPSAO0YEHbI, TO €CTh, OPHEHTHPOBAHbI B HY>KHOM
HallpaBA€HUHU. JIOIIOAHUTEABHO, OTH YaCTHIIbI [JOAXKHBI HMETh XapaKTepPUCTUKU
MHOTOIIOAIOCHBIX MAarHUTOB, HAaIlpUMep, IIPELEeCCUPYIOINIME MarHUTHbIH MoMmeHT. [lpu
COTAQCOBAHHOM OpPHEHTAIlMM TaKHX 4YacTHIl, IIOTOKH 3dupa, HCIyCKaeMble KaxKaoH
gyacTullel Marepuu, OyayT coHampaBaeHbI. [Ipy HaAWYWM TaKOro MaTepuaaa,
IIPECTAaBASIETCS BO3MOXKHBIM CO34aTh BHYTPEHHIOIO OOAACTb «IUPUKAOAS», B KOTOPOH
IIAOTHOCTL 3(PUpPHOH cpenbl OymeT MeHBIE, 4YeM CHapyku. llogmep:kaHue OAHHOIO
COCTOSIHHA He IoTpebyeT 3aTparT SHEPrHH, Kak He TpebyeT 3aTpaT 3HEPTHH OMHAKIbI
HaMarHUYeHHBIH IIOCTOSIHHBIM MarHuT. B TakoMm caydae, o6AacTb IPOCTPAHCTBA BHYTPHU
«aupuzkabasa KopoBrHa» OyeT BBITECHSTHCS BBEPX 0oAee TSIKEAOH OKpYyIKarolled cpenoi,
TaKMUM Ke 06pa3oM, Kak IIy3bIph BO3/IyXa B BOJE.

K Bompocy o006 ympaBA€HHH TOPHU30HTAABHBIM [OBHKEHHEM arliapara, MOXKHO
IIPEIIOAOKHUTD, YTO 3TH (PYHKIMU OOECIeYHBaAM «PYAH U Ilapyca», U3TOTOBACHHBIE U3
MaTepuaasa, OTpazKalollero IMOTOK 3dupa. B obaacTH OKOAO3EMHOIO IIPOCTPAHCTBA,
CYLIECTBYET OJWH MOIIHBIH CyMMAapHBIH [OTOK 3(upa, HaOpaBAEHHBIH K LIEHTPY
rnaaHeThl. Mcrioab3yd HEKOTOPBIE DAEMEHTBI KOHCTPYKIIMH, YCAOBHO IIOKa3aHHbIE B ACBOH
yactu Puc. 55, 1mnpencraBagercs BO3MOXKHBIM CO3/aTh PEaKTHBHOE OTpaKeHUe
IIaJa0IIEeTo ITIOTOKA BAEBO, JAL TOTO, YTOOBI anmapaT ABUTAACs BIIPABO.

HcrouynnkoM wHGPOPMAIIMN 10 pacCMaTpHUBAaEeMOU TeMe, OAd HacC CAyKaT IHCbMa
WBana denopoBrnua KopoBumHa KoHcTaHTHHY OayapnoBudy LlHOAKOBCKOMY, B IIE€PHOL
1903 - 1917 roma, u 3HaMeHHUTBHIH [lepOTCKHUM apxXuB, KOTOPBIH OBIA CO3MaH IIO
Pacropa:KeHHUI0 UMIIEpaTpHULbl AaeKcaHApbl PeqOPOBHEI B YHUBEPCHUTETE ropona eprmr,
KOTOPBIH ObIA mepenMeHoBaH B IOpreB, a 3aTreM B Tapty. B apxuB coOupasuch cBeqeHUs
co Bcelt Poccuiickoii Hmmepuu, 0 «IIPOUCHIECTBUAX HEOOLIYHBIX, HEIIOAIAIONINXCS
obbsicHeHHIO HaykKw». HWwmneparop Hwukoaa#i OTHOCHACS K YBAE€YEHUIO CYHPYTH C
IIOHUMAaHWEeM, HO IIOCTAaBHA 3TO OEA0 0e3 IIMPOKOH OTAAaCKH, TaK KaK [IpaBOCAABHAs
LIEPKOBE He 0/100psra pa3BUTHE MHUCTHYECKHUX 3HAHUIMA.
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Puc. 55. Cxema ynpaBaeHUs 3(pHPOIIAaBaATEABHBIM allllapaToM.

HepnTckuii YHUBEPCUTET ObIA BBIOPAH OAd HAHHOH paboThl C apXWBaMH IIOTOMY,
4YTO B HEM, KaK roBopua umnepatop Hukoaaii, coxpaHaAcd «OyxX PO3€HKpeHIlepcTBar.
dyuHaHCUPOBAHHE COTPYAHUKOB YHUBepcHUTeTa, paboTaBIINX HaZ COPTHPOBKOH
nHopManuy, nocrymnasuieii co Bced Poccuiickoit Mmnepuu, mpogoakasock no 1917
roma. B 1918 romy, ropox HOpreB 3aHaAM HeMIbI, YHHUBEPCUTET H apXUB OBIAU
nepeseseHbl B BopoHex. B 1942 roay, mpu OTCTYIIA€EHHH COBETCKHX BOMCK, IIOCTYIIHA
IpuKa3 o0 YHUYTOXKEHUU apXuBa, U, POpPMaAbHO, IPHUKa3 ObIA BhIIIOAHEH. OIHAKO, KOTINU
HEKOTOPBbIX NOKYMEHTOB IIEpPEIIAN B 4YacTHble pPyKH... Baaromapss uM, MBI paclioraraem
WHTEpPEeCHeHIlle, XOTsd U HeIpoBepeHHol, uHdopmMmanuel, IybAHMKyeMOH cerogHd B
HHTEPHET.

B mocaenyrommx ImpuMepax pas3paboToK ABHXKHUTEAEH HOBOTO TUIIA, OymayT
IIOKA3aHbl TEXHUYECKHE peIIeHUs, BKAIOYAIOIIME IIPHUHIIUIILI IIPEECCUH MAarHHUTHOTO
MOMEHTa YacTHI] BellleCTBa. B HEKOTOPBIX CAyYasx, 93TO OOBSICHAET MIPUIUHBI
YMEHBIIIEHHsI Beca IeHEePaTOPOB SHEPrHUH, XOTd HX pPas3spaboTYMKH HE CTAaBUAU 33134y
TIOAYYEHUS OBUXKYIIEH CHUABI.

AHTUTrpaBUTAlIVS B reHepaTopax CBoOOOMHON SHEPTUHU

I/IHTepeCHO OTMETHUTD, YTO PAA YUIECHBIX, U3YyYAIOIIIUX METOABI U3BACYCHUH OHECPTHUU
3a cueT HpeobOpa3zoBaHUSA CBOUMCTB IIPOCTPAHCTBA — BPEMEHH OTMEYaroT OQUHAKOBBIE
0COOEHHOCTH PabOThI CO3MaHHBIX UMM 3KCIIEPHMEHTAABHBIX KOHCTPYKIIHM, B TOM YHCAE,
HCIIOAB3YIOIIIMX MAarHuThl. B mx paboTrax OTMeYeHbl HWHTEPECYIOIIHe Hac «II000YHBIE
appeKTr», a UMEHHO, CAy4Yal, IPH KOTOPBIX H3BA€UYEHHE SHEPruu u3 3pupa co3naetr
apdeKT yMeHBbIIIEeHHEe Beca YCTPOMCTBa, a TaKiKe, APYTUX MIPEeIMeTOB, HaXOOAIIUXCS
pamoM C 00AacCThbIO MPOBEAEHUS OKCIEPHMEHTa II0 H3BA€YEHHIO CBOOOOHONM 3HEpPruu

BakKyyMa.

B gactHOCTH, maHHBIN 3¢eKT nmposaBAasgacs Ha ypoBHe 90% ymeHbIIIeHUS Beca, B
paborax Paoiima CBura (Floyd Sweet) n3 CIIIA [21, 22]. [To cxeMe KOHCTPYKILIMH OaHHOTO
regepaTtopa 3HEPrUH, IIOA€3HO OTMETHUTb, YTO B HEM HCIIOAB30BAANCEH IIOCTOSHHBIE
MaTHUTBI, CIIEIIHAABHO IIOATOTOBAEHHBIE [AS paboThl B TPUITEPHOM pEXRHUME: HX
HAMarHUYEeHHOCTb MOTAa MEHSTBHCS CKA4YKOM IIPH BHEIIHEM BO3OEHCTBHH, B CAabOM
IIOTIEPEYHOM MAarHUTOM IToAe. TakuM 00pa3oM, SAEKTPOMATHUTHI CHCTEMBI YIIPaBACHUS
3aTpadyuBaAd  HEOOABIIYIO OSHEPrHI0 Ha TO, YTOOBI HW3MEHHUTH HallpaBA€HUE
HaAMarHUYEeHHOCTH B IIOCTOSIHHBIX MarHutax. [Ipy TakoM CKadykKooOpa3HOM H3MEHEHUH
HaMarHU4€HHOCTHU IIOCTOAHHBIX MArHHUTOB, B T€HEPATOPHBIX KaTyIlIKax Co37JaBasachb
9AEKTPOABUIKYIIAd cHAa, obecriedrnBasi TOK IIPOBOAUMOCTU U 3HAYHUTEABHYIO MOIIHOCTDH B
IIOAE€3HOM SAEKTpPHYECKON Harpys3ke. [Ipu 3aTpadymBaeMoOil MOIIHOCTH B HECKOABKO BaTT,
ycrpoiictBo Paoiima CBuTa MOTAO OOECIIEYHUTH B IIOA€3HOM HAarpy3kKe KHAOBATTHI
MOIITHOCTH. ABTOP IIPOBEPSIA CBoe H300peTeHNe B paboTe HemeasdaMH, IO Harpy3Koidl B
BHUE AQMII OCBEIIICHHUA.
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Cxema ycrpoiictBa Paotina CBura nokasaHa Ha Puc. 56. HarmoMmHIo, 4T0O OCHOBHOE
Ha3Ha4YeHHEe [JaHHOTO YCTpoOMCcTBa — TeHepaTop OSHEPTHUH. TeXHOAOTHS NOATOTOBKU
IIOCTOSTHHOTO MarHuTa nAad paboThl B TaKOM pexXuMe TpeboBasra €ro MHOTOKPATHOIO
nepemarasuyuBaHud. Kaxk oTtMmedan daotim CBHUT, XOpPOIIHE PE3YABTATHI [AaBaAO
IIPOIyCKaHUEe MIEePEeMEHHOTO TOKa depe3 MarHuT. B pesyaprare, BMecTo obObrdHoro 50/50
mar"uta S-N, moaygaauck cBoeobOpasubie 70/30 moaroca.

/
S
N \
KEPAMUMECKUE
BAPUEBBLIE MATHUTbI
BbIXOOHAS| KATYLUKA

KATYLLKA YMNPABJIEHUA

Puc. 56. Cxema ycrpoiictBa daoiina Cura.

[Ipm Tako¥ HaAMAarHWYEHHOCTH, C KaXKJIOW CTOPOHBI MarHuTta, npumepHo 70%
IIOBEPXHOCTH 3aHHMaA OOWH IIOAIOC, a B IeHTpe OpuMepHo Ha 30% HIOBEPXHOCTH,
co3maBaacs Apyroit moatoc. IIpu caaboM BHENIHEM BO3AEHCTBUH, CO3/1aBaeMOM
MarHUTHBIM IIOAEM YIIPaBAMIONIEH KaTyIIKH, CUTyallld Ha pas3HbIX CTOPOHAX MarHUTa
MeHdgAachb. Mory IpenroAOKUTb, YTO MarHUTHbIE MOMEHTBHI YacCTHI] BEIeCTBa B TaKOM
«IIOATOTOBA€HHOM» MAarHUTHOM MaTepHaA€ HaXOAHANUCH B COCTOSHUU Npeueccupyrouiux
2UPOCKONO08, 20MOBbLX CKAUKOM (NepesepHyMbC sy NPU 8HeUWHeM 8030elicmauul.

OTMETHUM, YTO TPUITEPHBIN PEKUM IE€PEKAIOYEHUS HAIIPaBACHUS MarHHUTHOTO ITOAS
IIOCTOSSHHOTO MarHHUTa IIPOHCXOOMA 3a CHET HMIIyABCHOI'O «yAapHOI'o» BO3AEHCTBHUA Ha
MarHUTHBIH MOMEHT dYacCTHI] BellecTBa. B TakoM caydae, [OCTUTAeTCs MOIIHOE
BO3MYyIIeHHEe 3¢upa, TaKoe Ke, KaK U IIPU HMIIyABCHOM IIOBOPOTE€ OCH BpallleHHUs
MeXaHHYeCKOIo THMPOCKoIla. B pesyabTaTe BO3MyIleHHS 3(pupa, IOSBASIOTCH HMIIYABCHI
OBUKEHUS 2(UPHBIX YaCTHUI], KOTOPBbIE M CO3MAI0T MHAYKIIMOHHBIH 3PdeKT B obaacTu
reHepaTOPHBIX KaTylleK. [IoMHMO 3TOro, BO3HHUKAET peakIus 3(PpHUPHOH Cpeabl — UMIIYABC
ABHZKYIIEH CHABI, YaCTHUYHO KOMIICHCHUPYIOIIHUNM BecC ycrpoiicrBa. Iloka He O4YeHB SCHO,
ABASIETCS AW U3MEHEHHE Beca Pe3yAbTaTOM HEKOEro «3(pUPHOr0 peaKTHUBHOTO» 3ddeKTa,
HAU PE3YABTATOM AOKAABHOI'O YMEHBIIIEHUS NaBA€HHT 3(PUPHOM Cpelibl, KOTOPYIO IIPUBEAU
B ABUIKEHHE. Pazymeercsa, maHHas cpeda Hepas3pbIBHA, [I03TOMY Ha MECTO BBITEKAIOIIETO
roroka 3cupa Oymer moctynath 3HUP U3 OKpyXKarolled cpenpl. B TakoMm caydae, mpu
aHaau3e (PaKTOB YMEHBIIIEHHa Beca ycTpoiictBa Pnoiiga CBuTa, pedb MOXKET UATH HE O
peakTUBHOM 3PdeKTe, a 00 YMEHBIIIEHUH CTAaTHYECKOI'o JaBA€HUS d(dupa B obaacTu
OKOAO [JAaHHOTO TeHepaTopa OHEPrHUH, KOTOpPOe IIPOMCXOAUT IIPHU YBEAHWYEHUH
JUHAMHYECKOTr0 JaBAECHUS IIOTOKA 3hupa, B COOTBETCTBUHU C 3aKOHOM BepHyaan.

HNuTepecHas ocobeHHOCTb paboThl reHepaTopa CBHUTA yKa3bIBaeT Ha TO, YTO TaKHe
YCTPOUCTBA ABASIOTCH UMEHHO 3(PUPOAUHAMHUYECKHUMH cucTeMaMu. @aotin CBUT coobIiaa
0 HeCcTaOMABHOM XapakTepe paboThbl INeHepaTopa, U CIOHTAHHBIX HW3MEHEHHUSIX YPOBHS
BBIXOHOM MOIIHOCTH. CeromHss HaM H3BECTHBI INPHUYHHBI 3THUX «CTPAHHOCTEH», TaK KakK
IIAOTHOCTbL 3(upa, B KOHKPETHOM MeECTe Ha IIAaHeTe, He SBAGEeTCS IIOCTOSIHHOM
BEeAHYMHOH. MHOTOAeTHHE HAOAIOIEHUS (PU3HYECKUX CBOMCTB 3(PHUPHOU Ccpenbl, B TOM
4ICA€E, €€ CE30HHBIX U CYTOYHBIX U3MEHEHUH, Bea AaekcaHap Muxatiaosud Mumms [23].
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B raaBe o Teopuu u skcrnepumenTax KospipeBa, OyayT IIOKa3aHbl IPUYHUHBI JaHHBIX
KoAeOaHMH ITAOTHOCTH 3(PUPHOM Cpebl.

pyro#i mpumep 3(PUPOOOMEHHBIX ABUXKUTEAEH - 5TO «AETAIOIHE TeHEePaTOPbI
9Heprum», Koropble crpout [IxkoHa Cepa (John Roy Robert Searl). Paboraror maHHBIe
reHEpPaToOpPhl HA JSACKTPOMATHUTHBIX MPUHIIUIIAX, TAaKXKe HCIOAb3yd CIEI[HaAbHbBIE
MarHUTHbBIE MAaTEPHAABI.

Hctopuga pasButud reHepatopa Cepaa Hadasach B IIOCAEBOEHHON AHrAuH. [[3KOH B
Bo3pacTe 14 AeT MIOCTYyIHA YVYEHHKOM 3A€KTPOMOHTEpPA Ha 3aBOJ B aHTAHNMCKOM TOpoOe
BupmuHreme. Pabotag ¢ IIOCTOSHHBIMU MarHUTaMH [AS SACKTPOCUYETYUKOB, OH B 1946
oy OTKPBIA HOBBIHM 3pPEeKT IAeKTPOMEXaHHUKU, O KOTOPOM B IIIKOAE HE paccKasbIBaloT. B
ObICTPO BpallarlleMcs OUCKE IIOIBASAACh paarasbHasd OAEKTPOABHIKYIAs CHAA, C
BEPTUKAABHBIM BeKTOpoM. [laga yBeandeHuss 3dgdekra, [IKOH CHadyasa HaMarHUYMBaA
OUCKH, a 3aTeM CTaA HCIOAB30BaTh CIIEIIMAABHBIE IIOCTOSIHHBIE MAarHUTBI, HMEIOIIHE
0oco0Oble CBOMCTBA.

OmHaxkapl, €ET0 MOOEAb, COCTOLIIYI0 M3 HECKOABKHX COEOUHEHHBIX BMECTE KOAEII,
UCOBITBIBaA BO naBope. Ilpum MaabIXx 000poTax, B KOABIIAX IIOSIBUAACh OOABIIIAS
paaviasbHasd pPa3HOCTb IIOTEHIIMAAOB, UYTO IIPOSIBUAOCH IIO0 XapaKTEpPHOMY TPECKY
9AEKTPUUYECKUX Pa3psoB UM 3amaxy 030Ha. 3aTeM IIPOM30IIA0 HEYTO HeOoObIYHOe: GAOK
KOAEIl OTOPBAACH OT PACKPyYHBAIOLIETO HUX MOTOpPa, M 3aBUC Ha BbIcoTe 1,5 MeTpa,
TIOCTOSTHHO YBEAWYHBasi 00OPOTHI BpallleHHsd. BOKpYyT Bpalllaiollerocss 00beKTa IMOsTBHAOCH
poO30BOE CBeYEHHE - MOoKa3aTeAb aKTUBU3AIIMU BO3AyXa HNPU HNageHUU naBacHUsS. OOBEeKT
HadaaA rmogHuMaThkcd. HakoHerl, BpallleHHe JOCTUTAO TaKOH CKOPOCTH, YTO OOBEKT OBLICTPO
ncye3 U3 BUAY B BBIIINHE. BIOXHOBAEHHBIN CBOMMU pe3yAbTaTaMiu, [I3KOH, B IIEPHOL C
1950 o 1952 rox co3maa bosee AECATH MOAEAEH «A€BUTHPYIOIIMX TUCKOB». YBEPEHHBIH B
TOM, YTO HAy4YHOE COOOIIeCTBO OymeT C 6AaromapHOCTBIO IIPUHUMATH €r0 OTKPBITHUS, B
1963 romy [I:XOH pas3ocaas IpUTAANIEHUI Ha IIPE3EHTAIUIO CBOEM MOMAEAU «A€TAaIOIIEH
Tapeakr» B KopoaeBckuii [loM M BBICIIMM MHHUCTEPCKUM 4dnHaM. HuKTO U3 BaacTed Ha
€Tr0 IIpUTAAIlleHUd [aKe He OTKAUKHyAcd. B 1967 roay, [[3KOH elle pa3 oOpaTHACH K
QHTAHUNCKUM yYE€HBIM, HO T€ AUIIbL BEICMESAU «HEYIa-IAEKTPUKAY.

Kak o0ObIYHO, IIpu3HaAHHE K H300peTaTeAld MPHUIIAO0 H3-3a pydOexka. CHadasa oOT
AIIOHIIEB, a M03XKe, U OT YYE€HBIX ApYyrux crpaH. [IpoekTs! [I:xoHa Cepaa cTaAl M3BECTHBI
BO BCEM MHpPE, HO KOMMepIHaAW3alus 3aJepkuBasack. B 1968 romy mnpom3omiao
CcoOBITHE, KOTOPOE, 3aeP:KaA0 Pa3BUTHE MOAaHHBIX HccaemoBaHuit. 30 uroaa 1968 roma
I>x0oH ucnbITbIBaA anmnapat «P-11» Becom moutu 500 kr. [Ipu memoHcTpaliuu, armapart
IIepecTaA yIIpaBAIThCS, a 3aTE€M B3AE€TEA U CKPBIACH M3 BHAY Ha OOABIIOH BhICOTE B Hebe.
BaacTu omepaTHBHO «OTpearnpoBaAM» Ha 3TO COOBbITHE. MeCTHBIE 3A€KTPUKH IPEIbIBUAN
H300peTaTeAl0 CUYET 33 UCIIOAB30BAHHUE SAEKTPOIHEPTHH B TE€YEHHUH IPOIIABIX 30 AeT, XOTs
[>KOH MMeA COOCTBEHHYIO SAEKTPOCTAHIIUIO, U HE MOAXKEH OblA HH4Yero maatutb. OH He
MMeA BO3MOKHOCTHU YIAAQTHTHb OTPOMHYIO CyMMy IITpada, II03TOMY €ro apecTOBaAH,
CyouAu, U IIOCaouAW B TIOPbMYy Ha 15 wMecdaneB. 3a BpeMsi ero OTCyTCTBHs, Bce
obopynoBaHue U IPUOOPHI YHUYTOXKHUAH, & JOM COXKTAH.

[Tozxe, B 1980-e rogpr o Cepae ObIAO MHOIO IIlyMa B IIpecce, KakK 00 «OTIIe
ACTAIONINX TapeAok». [loToM Bce pas3roBOpbel 00 3TOM TaAaHTAHBOM H300peTrareae
IIPEKPATHUANUCE, KaK OyATO KTO-TO JAA TAKyIO KOMaH/IY.

B Bacrosiee Bpemd, [I:x0H Cepa OTKPBIT JAS KOHTAKTOB, O HEM CHHMAIOT (PUABMBI
v nuinyT KHUrd. OH OeHCTBHTEABHO 3aCAYKHWBAET TOTO, YTOObI HU3YYUTH €70 TEOPHIO U
TEXHOAOTHIO H3TOTOBAEHHS «CIIEIIHAABHBIX MarHutToB». Ha ¢oro Puc.57 nokazana
doTorpadus HEOOABIIOH KCIIEPUMEHTAABHOH YCTAHOBKH B COBPEMEHHOU AabopaTopuHu
[I>xona Cepaa (mybamkyercd ¢ paspemieHusd [[xxoHa Cepaa).
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Puc. 57. OoguH U3 CoBpeMeHHBIX reHepaTopoB Cepaa.

CaeBa Ha ((OTO pOAMKH He BpallaloTcd, a cIopaBa Ha @OTO IIOKa3aHbI
Bpalllalolrecs PoAUKHU. [IpuaaB poaAnkaM HadyasbHOE BpallleHHe PYKOH, MOXKHO IIOAYYIUTH
PEXXUM CaMOYCKOpPEHHs HUX OpOHUTaAbHOrO [BUXKeHHd. JlaHHBIH TeHepaTop He
IpeqHa3Ha4YeH [AS IIOAETOB, HO €ro BeC yMeHbIIaeTcs Hpu pabore. Bo3HukaeT Bompoc:
[ToueMy POAMKH CIIOCOOHBI CaMOYCKOPSATBCS, a BEC CHCTEMBI B IIEAOM YMEHBIIIAaeTCH?
HeobxomuMo oOTMETHUTb, dYTO 34eChb [OeA0 He B MexaHuke. [I3koH Cepa cmeaaa
dyHIaMEHTaABHOE OTKPBITHE B 00AACTH MarHeTH3Ma, KOTOPOE 3aKAIYaeTCd B TOM, UTO
nobaBAeHHE HEOOABIIION COCTaABASIOIIEH caaboro mepeMeHHOro Toka (rmpuMmepHo 100
MHAAMAMIIED) BBICOKOH YacToThl (0Koao 10 MI'1) B mpomecce U3roTOBAEHUSA ITOCTOSHHBIX
MaTHHUTOB IIpUAAeT UM HOBBIE M HEOXKHAAHHBLIE CBOHMCTBa. Ha OCHOBE 3THX MAaTrHHUTOB
JI>KOH co3/1aA CBOM I'€HEPaTOPHI.

Mpl y:Ke BCIIOMHHAAW [OaHHBIM MeETOZ, KaK cnocob co30aHusl JapmoOpo8cKoli
npeyeccuu Ma2HUMHO20 MOMEHMA SAEKTPOHA. BBIAO caeaaHO MIPEAIIOAOKEHHE O POAU
IIpelneccu HaMarHU4YeHHOCTH MAarHUTHBIX MaTePHUAaAOB [IAd CO3[MaHUs T'pPaBUMAaTHUTHBIX
apdeKTOB. AHaAOTHYHAS KOHIEIIIIUS MIPEIECCUPYIONIUX TUPOCKOIOB, POAB KOTOPBIX
BBITIOAHSIIOT YacCTHUIBI MaTepuasa geppomarHeTuka, paccmorpeHa C. M. TIoAIKOBBIM.
[Tporiecc MOATOTOBKYU MAarHUTA NAS PabOThI B TPUITEPHOM pPEXHME, KakK oTMedaa Do
CBUT, TakKXKe BKAIOYaeT ero ob6paboTKy TIIepeMeHHBIM TOKOM, C ao0aBA€HHEM
BBICOKOYACTOTHOU coctaBadionieti. MrTak, maHHBIA aclleKT SBASETCS KAIOYEBBIM AL
rPaBUMAarHUTHBIX SBACHHH, IIOCKOABKY B €ro OCHOBe AeXXaT 3(PUPOoAHHaAMHUYECKUE
HWHEpIHUaAbHBIE CBOMCTBA MPELECCHUPYIOIIUX THPOCKOIIOB, B POAM KOTOPBIX BBICTYIIAIOT
YaCTUIIbI MaTEPUH.

[IpuMmenenue TexHoaornu Cepaa BO3MOXKHO HE TOABKO B 3HepreTuke. Ha Puc. 58
IIOKa3aHbl 3A€MEHTHI KOHCTPYKIINH ammapaToB, KoTopble [I:xkoH Cepa M ero KoMaHaa
CTPOUAU JIAS IOAETOB. [JuaMeTp AUCKA COCTABASIET OKOAO 7 METPOB.

Puc. 58. OguH n3 annaparoB [IxxoHa Cepaa B IIPOILIECCE U3TOTOBACHHUS.
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JIOTIOAHUTEABHO, paccMaTpuBad OaHHYIO TEMy, MOXKHO obOpaTHUTbCd K
skcrnepuMeHTaM PommnHa u T'ogmHa, KoTopele B 1992 romy B HHCcTHUTyTe BhICOKHX
Temnepatyp, MockBa, IIOCTPOHAN aHAAOTHYHBIN reHepatTop. lIpoekT HaspiBaacs «AcTpav.
Cxema ycTaHOBKHU IIoKazaHa Ha Puc. 59. B pganHOW KOHCTPYKLUHU, IepUudepUuiiHble
MarHUThbl (POAMKH C OCEBOM HaMarHHU4YE€HHOCTBIO) BpAallalOTCd BOKPYT ILEHTPAABHOTIO
MarHura, HMemolero ¢GopMy KOAbIlA, TaKXKE OCEBOM HaMarHU4eHHOCTH. Bparenwue
CO3/JaBaA 3ACKTPOABUTATEAb C BHEIIIHUM ITUTAHUEM.

Puc.59. YcranoBka «Actpar, aBTophl ['omuH u PomuH, 1992 rog.

B oramune ot mpoekToB Cepaa, MarHUTHBIE POAWUKH YCTAHOBAEHBI Ha OOIIEM
[OUCKOBOM poTope. PoAMKU Tak:ke HMMeAUW CBOOOLY BpallleHHs BOKPYT CBOEM OCH, UTO
obecrieynBaAM pafHasbHble BCTABKH B POAMKH U B cTaTop. B IjeaoM, Takas IpUBsS3Ka
HAIIOMUHAET BpAallleHHEe MaAbIX HIECTePEHOK BOKPYT OMHOM OOABIION IIIECTEPEHKU: POAUK
BpalaeTcsd BOKPYT CBOeH ocu H IIo opbure. CuTyallus sIBAGeTCH aHAAOTOM IIpollecca,
IIPOMCXOMSIIET0O B MUPE SAEMEHTAPHBIX YACTHUIl MATEPHUH, UMEIOIIUX KaK cobcmgeHHoe
(cnuroeoe), makx u opbumanbHoe spauijeHue.

duamerp MarHUTHOM cucTeMbl KOHBepTOopa ['onmHa u PoimHa (B nmpoekTe «AcTpar)
ObIA OKOAO 1 MeTpa. ABTOpPBI HOKAAAbIBaAW, 4YTO IpU oboporax O6osee 500 ob6opoTOB B
MUHYTYy, HQUHHAAOCh CaMOBpallleHHe, U MallllHa IIEPeKAI0Yasach OT IIEPBUYHOIO IPHUBOAA
Ha TeHepaTop C Harpy3kKoél mo 7 KuaoBarT. B mpormecce paboThl OTMEYaAOCh HaAUYHE
0oceBOM BEPTHUKAABHOM MHOABLEMHOM CHABI, TO €CThb, yMeHbIIleHue Beca Ha 35%, a BOKpPYT
YCTAHOBKH OTMEYAAUCh CTpPaHHBbIE KOHIIEHTPUYECKHE «MarHUTHBIE CTEHBD» - 00AacTH
U3MEHEHNd BEAMYMHBI MarHUTHOI'O IIOAS M TeMIlepaTypbl cpenbl. PaccrosHue Mmexmy
JAHHBIMHU «MarHUTHBIMH CTe€HaMH» ObIAO 0KOAO SO - 60 cM, TOAIIMHA «CTE€H» IPHUMEPHO S5 —
8 cMm. TemmiepaTypa BHYTPH «CT€H» Oblaa HUIKE OKpyzKarollledl mpuMepHoO Ha 6-8 rpaaycosB.
KoHIleHTpHUYeCKHe «MarHUTHBIE CT€HBI» U COILyTCTBYIOIIIUE TEIAOBBIE 3(P(PeKThl HAUYUHAAN
IIPOSABAATECS, 3aMeTHbIM obOpa3oM, npuMepHo ¢ 200 o6OpOTOB B MUHYTY, U AWHEHHO
HapacTaAH 110 Mepe YBeAHdeHHs Jrncaa obopotoB. [TonpobHee, ynTaiiTe 0 JaHHOM IIPOEKTE
B crarbe B. I'ogmna u C. PounmHa «OKCIIEpHUMEHTAABHOE HCCA€NOBAaHHE HEAWHEMHBIX
3(peKTOB B AUHAMHYECKOH MarHUTHOH cucrteme», [24]. [JlaHHBIM MeTon 3allaTeHTOBAH B
Poccum: «YcTpoHCTBO Oasd BBIPAOOTKH MEXaHUYECKOH HSHEPTHH U CIIOCOO0 BBIPAOOTKH
MexXaHUu4ecKor osHepruu», Pommu B.B., Tomuun C.M., marentr PP Ne 2155435 ot
27.10.1999 r. Hecmorps Ha 3T0, HO3BOAID cebe BBICKA3aTh CePbEe3HbIe KPUTHYECKHE
3aMe4yaHUs, a TaK¥XKe COMHEHHS B KOPPEKTHOCTH OIIEHKH pPe3yAbTaTOB JaHHOTIO
9KCIIEPUMEHTA, KaK BapHaHTa I'PaBUMarHUTHOTO ABUXKUTEAd. B otangue ot pabot [3koHa
Cepaa, B mybauKaiugx no paboram Poumna u 'oguHa 9 He HallleA HUKAKUX YIIOMUHAHUH
0 HEOOXOAWMOCTH CHEIIMaAbHOIO HaMarHUYHMBaHUA MaTepHuasa, KOTOpoe, B [APYTHX
CAy4asXx, II03BOASET OOBSICHUTH ITIOSIBACEHHE I'PaBUMAarHUTHBIX 3¢¢eKToB. [Ipu obieHun c
C.M. Tomuuerim B 2001 - 2003 romax, MbI OOCYKIAAW [ETAAH KOHCTPYKIIUHM HX
reHepaTopa, BKAIOYAs BTOPYIO BEPCHIO. YYHTHIBAd TO, 4YTO 3(P¢eKT moTepu Beca
YCTaHOBKH 3aBHCEA OT «I[IOAIPHU3AIIMOHHOIO HAIIPSKEHHs», MOKHO OOBICHUTH ITIOIBACHUE
MOABEMHON CHABI B JAHHOM CAyYae IIPH IIOMOIIM M3BECTHOM KOHLENIINU «IIOHAEMOTOPHBIX
cuar. PaccMoTpuM 3TOT BOIIpOC B HOBOH raase.
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[ToragemoTopHbIE 3(PPEKTHI

Tak Ha3bIBaEMOE «IIOAIPHU3AIIMOHHOE HaIIpsKeHHe», B KOHCTPYKIIMH «AcTpar, Puc.
55, mocturaso 20 kKmA0BoABT, W cO3maBaAOCh B pPaaulaAbHOM HAIIPaBAECHUH, MEXIY
CTaTOPOM M 3AEKTPOJAMHU, YCTAHOBAEHHBIMHU II0 mnepudepuu, Ha paccrogsHuu 10 MM oT
BHEIITHEY IIOBEPXHOCTH BpalllalOUINXCs POAHKOB. CraTop, IO BCEH BHUAMMOCTH, OblA
3a3€MAEH.

B Tako#fi cxeme, (aKTUUECKH, POAVUKH, HMEIOIIHE OCEBYI0 BEPTHKAABHYIO
HaMarHU4YeHHOCTh, BPaIllaANCh 110 OPOUTE BOKPYT KOABLIEBOTO CTATOpPAa, IIPOXOMd IIOIepeK
pamuasbHOTO 3AEKTPHUYECKOTO IToass. Cxema Takoro Iipoliecca IokasaHa Ha Puc. 60. B
pe3yAbTaTe TaKOM CyIepIIO3HUIIMH BEKTOPOB, BO3HHUKAIOT OOBIYHBIE NOHOEMOMOPHbLLE CUBL,
OeHCTByIOIME Ha OBUXKYIIUHUCSI OOBEKT CO CTOPOHBI OKpy’Kallled 3(HUPHOH Cpemasbl.
Panee, mono0Ouble 3peKTHI, B HAaCTHOCTHU, CHAY AOpeHIla, ObIAO IIPEIAOKEHO CUYHTATh
CAEICTBUEM CO3/aHUd HEKOTOPOI'o I'paaueHTa a¢gupHoro nasaeHus, Puc. 10. B Takom
caydae, a(pupoaHaMUYEeCKHE IBACHHUA B IIPOEKTe «AcTpar, HallpUMep, U3MEeHEHHE Beca U
KOHIEHTPHYECKOE CTEHBI (CTOSTYME BOAHBI HAOTHOCTH 3(PUPHOH Ccpenbl), BOZHUKAIOIIIHE
BOKPYT POTOpa YCTAHOBKH «ACTpar, BIOAHE OOBSICHUMEI.

-~ cratop

HanpagsneHue
BpalyeHus no opbure

1y

Blebe!é HarnpsaxeHue

Puc. 60. CxeMa CKpELIEHHbBIX 9AEKTPUYIECKUX U MArHUTHBIX ITOAEH.

HampaBaeHue pedicTBUS OOHOM H3 COCTABASIOIIUX IIOHAEMOTOPHOM CHABI,
rnoka3zaHHo# Ha Puc. 60, aBasgeTcs opOuTasbHBIM. [Ipy KOPPEKTHOM ydeTe HaIlpaBACHUS
9AeKTpHYecKoro Ioass E u BekTopa B (HaMarHMYeHHOCTH POAHMKA), 3Ta cHAA OynaeTr
YCKOPSTH POAHUK 10 opbure. TakmMm o6pa3oM, obecriednBaeTCsl cCaMOBpPAIleHHE POAHKOB,
IIOCTOSAHHBIN KPYT4AIIUHN MOMEHT, Hu BO3MOXKHOCTb aBTOHOMHOH paboTEI
3AEKTpOreHeparopa  IIoA  Harpy3KoOH. BO3MOXKHOCTE  HCIIOAB30BaHHUA  JAHHOTO
TEXHUYECKOTO PELICHUS B POAU ABHKHUTEAS IIOABASETCH IIOTOMY, YTO BpAallleHHE POAWKOB
U3MEHdeT IIAOTHOCTBL (maBAaeHHe) adupa B 00aacTH paboThl HJaHHOrO ycTpodcrBa. [Ipu
9TOM, BO3HHKAaET OCeBad (BEpTHUKaAbHAad) cuAa, KOToOpas AETEKTUPOBAaAAaCh 10 U3MEHEHHUIO
Beca YCTaHOBKHU «ACTpavr.

KOHCTPYKTHUBHBIX peIIeHUM, PpeasusyIolux M[JAaHHBIH OPUHIINI, MOXKET OBbITh
HECKOABKO. B 3amayu NpPOEKTHUPOBINMKA BXOAUT IIOBBIIIEHHE HAAEXKHOCTH, 3a CYET
YMEHBIIIEHUs Y3A0B U [eTaAel, a TakKe, CHHKEHHe sHepro3arpar. B 1995 muON Obla
IIPOBeEH IIPOCTOH 3KCIIEPUMEHT 110 faHHo# Teme, Puc. 61.

noABEC S

SNEKTPOMOTOP

MPOTUBOBEC
NbE303NEKTPUYECKUA OUCK

Puc. 61. OxcniepumeHT PpoaoBa € ITHE303AEKTPHUIECKHM AHCKOM.

56



Ha ocu saekTpoMoTOopa OBIA 3aKpenAeH OOBIYHBIEM KOMIBIOTEPHBIM KOMIIAKT-IHCK
nuaMmerpoM 120 mwm. [Ipm BpameHHH, MaTepHaAs AHUCKA HCIBITBIBAET paguasbHblEe nepopMariuu.
Martepran OOABIIMHCTBA KOMIIAKT-IHUCKOB SIBASIETCSI ITb€309AEKTPUKOM, II03TOMY, MIPHU
nedopManusax, B HEM BO3HHKAaeT paUaAbHOE JAEKTpUYecKoe Ioae. B pesyabrare, mpu
OoApIIIX OOOpOTaxX AUCKA, B BO3AyXE OKOAO BPAIAIOIIEroCs MAUCKA IMOSBASIETCH 3arax
O30HAa, U Kpad AHUCKa Ha9HHalOT CBETUTHECA B TEMHOTE.

Ucnoerranusa naHHOTO yCTPOHCTBa Ha IIOABECKE, II0 cxeMe, [TIoKa3aHHoM Ha Puc. 61,
II0Ka3aAH, 4TO B JaHHOM YCTPOMCTBE CO3[aeTCd HEKOoTOopad CHAA TArH, HallpaBA€HHad
BIOAbL OCH BpalneHus. CuHaa [OeTeKTHpPoBasach HeOOABIIasg, HO OHa I[I0BOpaYHBaAad
YCTPOHUCTBO, U 3aKpydHBasa IIOBEC, HA KOTOPOM OBbIAM TaKxKe 3aKpeIIAeHBbI IIPOoBoAA OT
ncroynuka nutanua 12 VDC gaa saekTpoMoTopa. [Ipu cMeHe HanpaBAeHHSI BpallleHUS
[HCKa, CHAa, KOTopad IIOBOpadYUBaeT NAHHBIN OABUXKHUTEAb, MEHSAA CBOE HaIlpaBACHHE Ha
IIPOTHUBOIIOAOXKHOE.

[aa  noayueHud  adderra, HeobXomguMo  obecredyuTb  g3aumoodeticmaue
afleKmpuuecku 3apsioKeHH020 Mamepuana KoMnakm-oucka ¢ MAZHUMHbIM —NOJem
NOCMOSIHHbLX ~ MazHUMo8.  MuHHMaAbHble  3(QdeKTsl  HabAOaAWCh naxke  0e3
JOTIOAHUTEABHBIX MATHUTOB, TaK KaK BHYTPHU 3A€KTPOMOTOPA YK€ €CTh MArHUTHI. D(PpPeKT
3HAYUTEABHO YCHAHMBAAC B TOM CAydae, KOTJAa Ha KOPIyCE 3AEKTPOMOTOpa OBIAU
YCTAHOBAEHBI JOTIOAHUTEABHBIE [IOCTOSIHHbIE MATHUTEI.

TeopeTHuecKH, IIPOCTOE BpAallleHHE 3aPSIKEHHOTO AUIAEKTPUYECKOIO AUCKA BOKPYT
CBoelf OCH, TaKXKe [OAKHO oOecredruBaTh IIOXOXKHUE CHAOBbIE O3(P(EKThI, TaK Kak
3apsizKEHHBIE YACTHIIBI, HAXOAAIIMECS Ha MOBEPXHOCTH BPAIIAIOIIETOCS AUCKA, CO3IaloT
COOCTBEHHOE MATHHUTHOE II0A€, KOTOpPOE€ B3aUMOJEHCTBYET C HHMH. AHAAOTUYHBIM
ob6pazoM, TO €CTh, B3aUMOMENUCTBHEM TOKOB C COOCTBEHHBIM MAaTrHUTHBIM IIOAEM,
OOBSICHAIOTCS 93(p(PeKThl YMEHBIIEHHS Beca OBICTPO BpPAIIAIOUIETOCS SAEKTPUYECKU
3apsKEHHOTO HIapa.

JIOCTOMHCTBOM [JAHHOM CXEMBI IBAAETCA IIPOCTOM METO[ IIOAYYEHHS BBICOKOTO
9AEKTPHUYECKOI0 IIOTEHIIMara Ha IIOBEPXHOCTH Bpallalolllerocss AMCKa, He TpeOyromi
BHEIITHETO HMCTOYHHKA. HeobXoauMO OTMETHTb, YTO B [JAHHOM 3KCIEPUMEHTE, IHUCK
paboTaar HEOOArO, TaK KaK €ro BUOpauu IIPH BpPAaIEHHWH IIPUBOAHUAU K IIOSBAEHHUIO
MHUKPOTPEIINH, U [IOCAE HECKOABKHX HCIOBITAHUN, BBICOKOE HaIIPsKE€HMHE Hpornangaso. B
CB{3U C 3THUM, ITPUXOIUAOCH MEHATH AUCK. TeM He MeHee, 9KCIIEPUMEHT BOCIIPOU3BOIUM,
M €ro pa3BUTHE H YCOBEPIIECHCTBOBAHHE CXEMbl MOIKET CTATh HOBOH II€PCIEKTHBHON
TEXHOAOTHEHN CO3JaHUd ABUKUTEAEH, IIPUMEHUMBIX AT KOCMHUYECKON TEXHUKU.

AHaAOTHYHBIF ODPUHIIUI, HO B APYrOM BapHaHTEe TEXHUYECKOH peasn3aliny, ObIa
npeasoxkeH AxkageMukoM [lemHamuem PenopoBuuem HWrHateeBrIM. PaccMmoTpuMm ero
«IIOHAEPOAET» B OTAECABHOHN rAaBe.

Ilonmepoaetr Akanemuka UrHarreBa

Ob1ree mpeacTaBA€HHE O IIOTOKE SHEPTHU B IMPOCTPAHCTBE, & UMEHHO, B VIIPYTHX
Teaax, 0b1A0 BBezeHO [Ipodgeccopom H. A. YmoBreiM B 1874 rony. Ilo3xke, B 1884 romy, aTo
IIOHSATHE [IASI 9ACKTPOMArHUTHOM SHEPTHUH pa3BUA OpuTaHCKuM (pu3ukK [I:xoH [ToHTHHT.

[Toaararo, 4TO KOPPEKTHBIM OyAeT NPUHATH IOHUMaHHE 3(PUPHOH Cpenapl, Kak
yOpyro#i cpeapl pPacIpOCTPaHEHUS IIPOAOABHBIX BOAH, TO €CTh, obaacTed cxKaTud U
paspsaXeHUd OaHHOM cpenbl, ABUTAIOIIMXCA CO CKOPOCTBIO cBeTa. VMEHHO IAd TaKHUX
IIOTOKOB oHepruu IIpodeccop YMOB BBeA IOHATHE O BekKTope IoToka. CyTh NaHHOIO
BEKTOpPa S B TOM, 4YTO OH yKa3bIBaeT HalIpaBACHHE PACIIPOCTPaAHEHUS ITOTOKa dHepruu. Ha
Puc. 62 mokaszaHa cxeMa B3aMMOACHCTBHS CKPEIIECHHBIX BEKTOPOB 3ACKTPHUYECKOTO H
MAarHUTHOTO II0A€H, IIPHU KOTOPOM BO3HUKAET «IIOTOK SHEPTUH ACKTPOMATHUTHOIO ITOAS».
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Puc. 62. Bektop YmoBa — [loiiTunra S

BekTop YMmoBa — IlofiTuHra S omnpenesdeTcd 4Yepe3 BEKTOPHOE ITPOU3BeIEHUE
BekTOopoB E 1 H, u ero Mmoayap paBeH KOAUYECTBY SHEPIUH, IEPEHOCUMOHN Yepes3 eUHUILY
IIAOIIIAU IIOBEPXHOCTH, IEPIIEHAUKYAIPHON BEKTOPY S.

XOopoI1l1o MOHSATHA peaklusd TAaKOM OKpyzKalollled yIpyrol cpeapl, Kak BO3AyX, Ha
BO3HUKHOBEHHE B HeH HalpaBA€HHOIO IIOTOKAa OSHEpPruu. Peakmnus cpenbl Oynetr
COOTBETCTBOBATb ITAOTHOCTH U CKOPOCTH CO3JaBaeMOro B HeH IIOTOKa, U HalpaBAeHa B
ITPOTHBOIIOAOKHYIO CTOPOHY.  AHAAOTHMYHO, IIPH CO3JAHHUH HAIIPaBAEHHOTO IIO0TOKA
SHepruu B 2dHUpe, HA DAEMEHTHl KOHCTPYKIIMH, CO3JAloIlye MaHHBIH IIOTOK, Oyner
[OEeHCTBOBATb peaKkmueHasl 08UXKYyuwias cuna. [JJaHHble CHABI Ha3bIBAIOT IIOHAEMOTOPHBIMHY,
U OHM JIEUCTBYIOT B AIOOOH mM3Aydarolei aHTeHHe. CyMMapHbIe CHABI 3a IIUKA KOoAeOaHUH,
00OBIYHO, PaBHBI HYAIO, TaK KaK IIOYTH BCEe aHTEHHbIE CUCTE€MbI CHMMETPHUYHEI, a ITUTaHue
MMeeT BHJ CHUHYCOHJAABHOTO ToKa. [IpuM TakoM IHUTaHUN aHTEHHOM 3A€KTPOMAaTrHUTHOMN
CHUCTEMBI, BEKTOp IIOTOKa OJHEepPruu (BeKTop YMmoBa - I[loHiThHra) mMeeT XapakTep
AVHEHHBIX CHHYCOHIAABHBIX IIEPEMEHHBIX KoAeOaHMH, «BIlepen — Hazam», HE co3aaBas
ONHOHAIIPABAEHHBIH  IIEPEHOC HSHEPrUM B  IpocTpaHCcTBe. J[lpyrue  BapHaHTHI
9AEKTPOMAarHUTHBIX «aHTEHH» IIO3BOASIOT IIOAyYaThb 0Ooaee HHTEpecHble 3(P(EeKTBhI, YeM
BO30yK/IeHUE IIEPEMEHHOI0 3A€KTPOMATrHUTHOTO ITOAS.

Axkanemuk l'emHanuii demopoBuuy UWrHatheB, TrAaBHBIM KOHCTpykTOop LIKB
«eopusukar, aaypeat 'ocymapCTBEHHOU ITpeMHHM 3a pa3paboTKH 0OOPOHHOTO 3HAYEHUS,
IIOCA€THIME TOAbI KU3HU IpenonaBas pu3nKy B KpacHospckoMm YHuBepcurere. OnHo# U3
€r0 AIOOMMBIX TeM HCCAEQOBaHUM, KaK B TEOPUHU, TaK U B IPaKTUKE, ObIA KOCMHYECKUH
OBUKUTEAb HOBOTO THIIA, pPabOoTaloIMi Ha OCHOBE H3BECTHOro 3dderra YMoBa —
[TotituHra. ArkameMuK UWrHaTbeB TIIPEJAOKHA CXeMy, IIOKas3aHHyl0 Ha Puc. 63,
koH(pepeHusa «HoBbsie Mneu B EcrecTBo3Hanum», 1996 rox, Cankr-IleTepOypr.

B cxeme HrHaTtbeBa OBIAO TPEAAOKEHO CO3/IATh BpallleHHE KOMIIO3UITHH BEKTOPOB
3AEKTPUYUECKOT0 M MarHUTHOIO ImoAed. Kaxkmoe moae co3maeTcss He3aBUCHUMO, HO OHU
pacmoaoxkeHbI 1oz yraoM 90 rpagycoB IO OTHOIIEHUIO APYT K APYTY, U IIPU BpaIlleHHH,
ckpenleHHbIe BekTopa E 1 H coxpaHsaioT JaHHEBIN yToA.

BpalweHune KOMno3nunm BeKTopoB

Puc. 63. Bekrop YMmoBa — IlofiTiHra B KOHCTPYKIIUH ABMXKUTeAsS IrHaTheBa.
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OAEKTpPHUYECKOE Bpalllalollleecd II0A€ CO3JaeTCd YeTBhIPbMA YEeAWHEHHBIMU
KOHJIEHCATOpaMH (3TO MOTYyT OBITH C(hepbl MAH TOPOHBI), a BpAIAIOIeecss MarHHUTHOE
II0A€ CO3JaeTCs 4YeThIpbMs KaTyIIKaMH. OTO HEe MeXaHH4YeCKOoe BpallleHHE CHCTEMbI
KaTyIllleK U KOHAEHCATOPOB, a BpallleHHWe BEeKTOPOB, CO3/1aBaeMoe 3a CYeT caABUra gas
nutanud. [loxoxkuMm o6pa3oM, co3maeTcs BpallleHHe MarHHUTHOIO IIOAS BHYTPH
TPexX(a3HOT0 SAEKTPOABUTATEA.

Ha d¢ororpacdpuu Puc. 64, nokaszaHa 3KcliepUMeHTaAbHAas yCTAHOBKA, IIOCTPOEHHAas
AxkaneMuKoM MrHaTbeBbIM, IPUHIINI AeHCTBUS KOTOPOH OCHOBAH Ha CO3aHUU 3(PHUPHOTO
IIOTOKa B OCEBOM HaIIPaBAECHUH.

Puc. 64. ®ororpacdusa nonaepoasera Mruarbesa.

B Takoit cxeme, BekTOp YMoBa - lloWTHHra He  HMIIYABCHBIH H
pa3HOHAIIpaBAEHHBIN, KaK B OOBIYHOM aHTEHHE, a UMEET NOCMOsIHHOe HanpasseHue BIOADb
OCH BpAlllCHUSA CYIIEPIIO3UIINU SAEKTPHUYECKOrO0 U MAarHUTHOTO HoacH. COOTBETCTBYIOIIMMI
€My HMIIYABC pPeaKIIMM OKpyzKalollel S(pupHOH cpenbl co3JaeT ABUXKYLIYIO CHAY, U
MEHSIET BeC ycTpoicTBa. Pacuer coszmaBaemMol ABHXKYIIEH CHABI MOXKHO IIPOHU3BECTH IIO
3aKOHY COXpaHEHHUs HMIIyAbCa, IIPHUHHUMAasd CKOPOCTb IIOTOKAa JHEPIHH B 3(HUpe pPaBHOU
CKOPOCTH CBeTa: II0 (POPMyA€ IIOHAEMOTOPHOH CHABI, HAJO Pa3leAUTh MOIAYAb BEKTOpPA
YMmoBa — Ilo#iTuHra Ha BEAUYHHY CKOPOCTH CBETA.

Horaan Arkanmemuka UrHatbeBa mo AaHHO#M Teme OBbIA OIMyOAMKOBaH B 1996 romy
[25]. OkcrieprMeHTaAbHBIN ABUXKUTEAb, TOKA3aHHBIM Ha Puc. 64, uMeA MakKCHMaAbHBIN
pasMmep okoao 4 wMetrpa, pabouyro uactory 80 kHz, u npum norpebaenmum 10 kW
9AEKTPOIHEPTHH Ha CO3[JaHUE TOKa B KaTyIIKax, Co3/laBaa Bpallalolleecs 3AeKTPHUIECKOoe
roae HanpsaKeHHOCTbI0 10 kV/m, 1 Hanps:KeHHOCTh MarHUTHOTO oAd okoao 200 kA /m.
OTU mapaMeTpbl IO3BOASIAM IIOAYYUTBH IIAOTHOCTH IIOTOKa %Heprum S = 1010 (J/m2c) u
OBUXKYILIYI0 cuAy Topsiaka 60 HeroToH. [laHHas yCTaHOBKA HE BA€TaAd, IIOCKOABKY MOTAA
IOMHATE TOABKO 6 Kr, mpu obmiem Bece 30 kr. B cBoem mokaaze 1996 roma, AkageMuK
HUraHaTbeB NPENAOKUA ayAUTOPHUM pPaCUEThl AT KOHCTPYKIIMH A€TATEABHOIO arrapara
nuamerpoM 40 MeTpPOB, CIIOCOOHOrO MOMHUMATH CBOM BEC, UMEIOIIEH IIOABEMHYIO CHAY
6oaee 300 kr. TeopeTudecku, ABUXKUTEAb rHATHEBA MOT pa3BUBaTh CKOPOCTE CBETA.

Puc.65. Akanemuk 'ennanuii PemopoBud rnaTeeB.
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I[Ipu paccmoTpeHun IpemaaraemMoii UWrHaTbeBBIM CXEMBI, OYEBHAHBI €€
IIpeUMyIlIecTBa M HeAOCTAaTKU. [lad [OaHHOM cXeMbl HEOOXOOMM MOUIHBIH HCTOYHUK
9AEKTPUYECKOI0 TOKAa, CO3AlOIlero Bpalllarollleecss MarHuTHoe Iioae. Kpome Toro, mada
IIUTaHUd KOHAEHCATOpoB B cxeMe IMruartbeBa, HEOOXOOWM MCTOYHHUK BBICOKOTO
HanpszkeHus. [lompobyemM HalTH Apyrye pelleHud. ..

HammoMHI0O Tako¥ IIPOCTONM METOL IIOAYYEHHS HSAEKTPHUYECKOTO IIOASI BBICOKOM
HaIIPSKEHHOCTH (Pa3HOCTHU SAEKTPHUYECKHX IIOTEHIIMAAOB), KaK pPacCMOTpPEHHas paHee
nedopManugd MBE302AEKTPHUYECKOTN0 [OHCKa, BO3HHUKAIOIAs IIPU €ro BpallleHUuH.
MarHuTHOe IoA€ MO3KET OBITH 00€CIIeYeHO ITOCTOSTHHBIMU MarHUTaMH, a PACXObl SHEPTHUHU
B TakOM BepCHUH [OBMXKHUTEAS HYXKHBI TOABKO Ha CO34aHHE IIPollecca MEeXaHHYEeCKOTO
BpamieHus. Ha Puc. 66 mokazaH BapuaHT KOHCTPYKIIMHM Bpalllalolieicd mAaTgoOpMbI, HaA
KOTOPOM 3AEKTPHUUYECKOE IIOA€ CO3JaeTCHd MapoM 3apsaKEHHBIX TE€A, 4 MAarHUTHOE — IIapou

IIOCTOAHHBIX MAQrHUTOB.
S
ml £®
-
"

Puc. 66. Bpamenune naatdopmsl, ckpetieHHbple ExH moaa

HemocraTtkoM  OaHHOM  KOHCTPYKLIMHM  dBAGETCS  OTPAaHUYEHHE  CKOPOCTH
MEeXaHHM4YeCKOIo BpallleHHs. B 1noHznepoaete WMrHaTbeBa, BpallleHHE BeKTOPHOH
cyneprno3urtnn  ExXH co3maercs 3a cyer MHOro(pa3HOTO IIHTAHUS KaTylleK |
KOHIEHCATOPOB, M IMIPaKTUYECKH, HE HMeeT OrpaHHYEeHHM II0 CKOPOCTHU (4acToTe)
BpalieHus. 2To maeT cxeMe MHWrHaTbeBa CyIIECTBEHHOE IIPEHMYIIECTBO, TaK Kak
IIAOTHOCTBH IIOTOKa SHEPTHU (MOAyAb BeKTOopa YMoBa — [loHTHHra) 3aBHUCHT OT YTAOBOH
CKOPOCTH BpallleHUsa BeKTopoB ExH.

PaccmaTtpuBad [aHHYI0O TeMy, MOXKHO CHAEAAQTh BBIBOL O TOM, 4YTO IIOHATHE
HaIIPAKEHHOCTH 3ACKTPUYECKOIO MAM MATHUTHOTO IIOAd €CTh YCAOBHOCTH, KOTOPBIE MBI
IIPUMEHIEM [AS OIIMCAHHSA pPeaAbHBIX (OU3WYECKHX IIpolleccoB B adupHOH cpene. B
HEKOTOPOM CMBICAE, DAEKTPUYECKOE II0A€ €CTh AMHeMHas medopMalyud yrpyroi 3¢oupHoHi
Cpenbl, B pe3yAbTaTe KOTOPOH, B CPE/e 3alacaeTcd HEKOTOpad IIOTEHIMasbHAs SHEPIHS.
MarHuTHOE TIIOA€ €CTb aHAAOl BHXPEBOTO II0OTOKA O(MUPHON cpenpl, 00AaIAIOLIETO
KUHETHUYECKOH SHEpPruei. QAeKTPOMAarHHUTHBIE IIPOIIECCHI, B TAKOM CAydYae, €CThb «IIOBOPOT
U AUHEWHBIH IepeHoC», Kak Ihcaa 'epman Beliap, To ectb, 8uHmosvle degpopmayuu U
HepPEMEILECHUS CPeabl.

[Ipu Cymeprio3uIly 3AEKTPHUUYECKOrO IIOAs, HAIIpuMep, moa yraom 90 rpaaycoB, K
AVHUSM HaIPSKEHHOCTH MAarHUTHOTO IIOAS, MBI ITOAyYaeM TaKylo nedopMallliio Cpensbl,
4TO 8paweHue OaHHOU OedopMuposaHHoll obracmu npocmpaHcmea co30aem nomok
9HepauuU, B U3BECTHOM HaIlpaBAECHUU BeKTopa YMoBa - IlodTuHra.

C MEeXaHUCTHYECKOM TOYKH 3PEHHSI, MOXKHO CKa3aThb CAEOyIOIlee: 3a CYeT MAaHHOH
cynepno3unuu ExXH moaelt, B cpene co3maeTcd aHaAOT BUHTOBOIO MEXaHH3Ma, KOTOPBIH,
IIPU BpAaIlleHHUH, paboTaeT II0 aHAaAOTHMH C BHHTOM IIpOIlEAA€pa (BHHTOM ApXuMena) U
OTTAAKHBAaET Cpeay OT cebd.

[pyroe wu3obpeTeHHEe, KOTOPOE XOPOIIO MOOIIOAHHET TEMY O [IBHUIKHUTEASX,
HCIIOAB3YIOIIINX ITOHAEMOTOPHBIE 3pdekThl, 3anareHToBaHo B 2001 roxy aBtopamu I.IT.
HNBanoBbM U 10.T". BaHoBbIM. (Criocob noaydyenusa taru. [Tarent No 2172865).
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Cytp wu3o0OpereHusi lBaHOBBRIX IOKa3zaHa Ha Puc.67. Ha nuanHapudeckom
HE3AEKTPOIIPOBOAAINEM (PEPPOMArHUTHOM CEPAEYHUKE, ITOMENIEHbI ABa METaAANYECKHUX
9AEKTpoa (BHYTPH U CHapyXKH). B cepreunnke co3zmaeTcd epeMeHHOE MarHHUTHOE IIOAE,
KOTOpPOE IIPH B3aUMOAEHCTBHUHU C SAEKTPHUYIECKHUM I10AEM, OOECIIeYHBAaET ABUKYIIYIO CHAY.

KATYLLKA
NEPEMATHUYUBAHUA

BHYTPEHHMIA CEPAIEYHUKA
3NEKTPO[
4
|
i

BHELLUHWUN
ANEKTPO[

CEPAEYHUK U3 MATHUTO-ANINEKTPUKA

Puc. 67. Cxema nBuzkutead MiBaHona.

B nmaunnoM cayuae, BekTopa E u H ckpemiennl, kak u B cxeMe Puc. 62. Bekrop H
HAIIpaBA€H II0 OKPYKHOCTH (PEepPPOMAarHUTHOTO CepAedYHUKa, a BeKTop E HampasaeH
paariasbHO, OT OJHOTO 3A€KTpoAa K ApyroMy. [IBHKyllas CHAa HallpaBA€HA BOOABb OCH
OUAUHAPHUYECKOTO CepAeYHHKA, TO €CTh, II0 BEKTOPY IIEpeHOCa OJHEPrUH YMoOBa —
ITo¥THuHra.

[TpenmyliecTBO [aHHOM CXE€MbI B TOM, 4YTO (PEPPUTOBBIM CEPAEYHUK YCHAUBaET
MarHUTHOE IIOA€ B JECSTKH THICAY pPa3, YTO II03BOASET CO34aBaTh KOMIIAKTHBIE M MOIIIHbIE
ycTpoiicTBa. PaszButre maHHONM TEXHOAOTHH TpebyeT CcOo3daHHs CIEIHAABHBIX MarHHTO-
IUIAEKTPUKOB, TO €CTh, TAKHUX MaTE€PHAAOB, B KOTOPBIX CO3/IAI0TCS OIITHMAaAbHBIE YCAOBUS
bopMHUpPOBaHHA KaK MOIIHBIX MarHUTHBIX, TaK U CHABHBIX 3A€KTPHUYECKHX ITosel. Popma
cepeYHHKa MOXKET ObITb HE TOABKO KOABIleBas (TopoHnaasbHasd), TAABHOE — O0OECII€YHUTh
YCAOBHUSL [ASI CO3MaHUS OJAHOHAIIPABAEHHOIO IIOTOKA HEPTHUM, HAHM, OPYTUMH CAOBaMH,
IoToKa 3OUPHOM Cpebl.

Pa3BuBas Bopoc 0 BO3MOXKHOCTH CO3aHUs ABUKYIIlEH CHABI 3a cUeT aedpopMariuu
a(pUpHON cpenpl, PaAcCCMOTPUM BHYTPEHHIOIO CTPYKTYPY IAEKTPUYECKOTO II0Ad, KakK
00AacCTH TPOCTPaAHCTBA, B KOTOpPOM 3(HUpHAad cpeda IIOABEPTaeTCs YIPYrod HEKOTOPOH
nedopMaInn.

BHyTpeHHdS CTPYKTYpPa 9AEKTPUYECKOr0O IMOTEHIITUAABHOTO TI0AS

Odup, Kak U Arobag (pusmdeckad cpena, CyLIeCTBOBAaHHE KOTOPOH MBI MOXKEM
IIPUHATH, BMecTe C MeHaeaeeBbIM, HMEeT OIpeleAeHHble (U3UYEeCKUe CBOMCTBA.
MenpneaeeB mmcaa o0 YIPYyrocTH MOaHHOM cpenpl B crarbe «[lombITKa XUMHYECKOTO
IIOHMMAaHug MUpOBoOro adupa» [26]. Odup, nmo MeHneseeBy, TakKe HMEET MaccCy, XOTs
«DOAKHO TOBOPUTH He 00 HeBecoMOM 3(Hpe, a TOABKO O HEBO3MOXKHOCTH €ro
B3BEIIUBAHUI.

M3 MHOrMX paboT COBPEMEHHBIX HCCAENOBATEAEH CBOHCTB 3¢Hpa, PEKOMEHIYIO
YUTATEAI0 UH3YYUTh TEOPHUI0 U PE3yAbBTATBhl 3KCHEPUMEHTOB AaekcaHap MwuxatinoBuya
Mummaa [23]. Ero kHHra BKAIOYaeT aBTOPCKHE pPaboThI, comepzKalllie OPUTHHAABHBIE
MaTepHuasbl HCCAENOBAHUN MHOTOMEPHBIX M (PpaKTaAbHBIX CBOMCTB IIPOCTPAHCTBA -
BpeMeHH MupoBoro 3dmupa. HayusHbpliii nouck MwuinmHa OCHOBaH Ha pe3yAbTaTax
AabOPaTOPHBIX SKCIIEPUMEHTOB U HATyPHBIX HAOAIOAEHUH.
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Anrekcanap MuxaiinoBud MUIH pa3padoTas HOBYIO SMIIMPHYECKYI0 KOHIIEIIIIHNIO 3upa,
U IIOATBEPANA €€, C IIOMOIIbI0 «IIPUOOPOB C UCKYCCTBEHHBIM OuoroaeM». OH OTKPBIA HAM
HEU3BECTHbIE 3aKOHbI 3(PUPOAUHAMUKH.

['AaBHBIF BBIBOZ, KOTOPBIA g cAeAas U3 TeOPHUH MHUINIHHA, COCTOUT B IIOHUMAaHHUU
TOTO, YTO 3(PUP pearupyeT Ha BO3AEHCTBHE II0-Pa3HOMY, B 3aBHCHMOCTH OT IIapaMeTpOB
Bo3eHcTBUA Ha Hero. OH MOXKeET pearupoBaTh KakK TIa3, HAU KaK KHUIKOCTb, HO IIpHU
OBICTPOM BO3IEUCTBHU Ha HEro (KpyTod (OpPOHT HMIIyAbCa), OH BeleT cebsl Kak abCOAIOTHO
TBEPZ0€ HECXKUMAaEMOe TEAO.

Hrak, sAeKTpHUUeCKoe IIoA€, BHeEIIHe HabAlogaeMoe HaMH, KaK craThdeckas
CUTyallls, MOXKeT pacCMaTpUBaThCHI KaK «CTPECC», TO eCTh AechopMaliisd CTpoeHud dupa,
€T0 TIoASpH3allvsd, CKaTHE HAW paspsiKeHHe, IIPpUBOALIIee K HN3MEHEHUIO IAOTHOCTH.
OaHako, eCTh U APYroi NOoAX0d K CTPOEHHIO SIAEKTPHUYECKOIO MOAS, IPEAIIOAAraloIuyd ero
OUHAMUYECKYIO CTPYKTYPY, CTATHKA KOTOPOH OOBICHAETCS 0asaHCOM ABYX HAU Ooaee
IIPOLIECCOB. Hampumep,  koHuenous  Yurrakepa  (Whittaker) paccMmaTpuBaet
9AEKTPHUYECKUN MOTEeHIMas, KaK [AByHAllpaBA€HHBIH IIOTOK OoHepruu [27]. Ero
MaTeMaTU4YeCKUH IIOAX0[d K BOIIPOCaM O CBS3M 9A€KTpPOMAarHeTu3dMa M IpaBUTAllUM, B
1991 romy, moapoOHO ITpoaHaAM3UpPOBaA aMepukKaHCKHH ydeHblii Tomac Bepmen (T.E.
Bearden).

Bepnen mnmcaan B KHure «I'paBuTOoOHOAOTHs» [28] O ((DPHU3UYECKOM CMBICAE
MaTeMaTH4YeCKUX IIOCTpOeHUH Yurakkepa: «IIpocTpaHCTBO-BpeMs, B OIIPEIEACHHOM
CMBICAE, MOXKET pacCMaTpUBaThCs, KaK KOHIAOMepaT IIOTEHIINAAOB, BKAIOYAd CKaAdpHbIE
3AEKTPOMAarHUTHBIE IIOTEHIIUAABI. CaengoBaTeAbHO, IIpocTenInen CTPYKTYpPOH
SA€KTPOMAarHUTHBIX CKAaAIPHBIX ITOTEHIIHAAOB (3aXBauye€HHOM 3A€KTPOMAarHUTHOMN 9HEPTUH)
SABASIETCSH KOMIIO3UIIHUS U3 CIIUH-2 I'PaBUTOHOBY.

CTpyKTypa 3AEKTPHUYECKOIO HAH T'PABHUTAIIMOHHOIO IIOTEHIIMAABHOTO IIOAd, IIO
BepaeHy, cocToUT U3 CHApPeHHbIX (POTOHOB U aHTH(MOTOHOB (TPABHUTOHOB U
AHTUTPABUTOHOB). AHTHU(OTOH HBAIETCH TaKUM K€ OSAEKTPOMArHUTHBIM IIPOIIECCOM
KoanebaHMda TIAOTHOCTH d(upa, KakK U (POTOH, HO B PEBEPCHPOBAHHOM BpPEMEHH.
CaenmoBaTeAbHO, MOTEHIIMAABHOE ITOA€ MOXKET pacCMaTpPUBAThCHd, KaK ABYHaIlpPaBACHHBIH
SAEKTPOMAarHUTHBIN mporiecc - aHTumpoliecc. OTciofa, CAeayeT IMPEAIOAOKEHHE OT TOM,
YTO MOIIHOCTb, IIOAydYaeMass KaKHM-TO TEXHHYECKHM YCTPOHCTBOM 3a CYeT AKOO0Tro
IIOTEHITHAABHOTO IIOASI, MOXKET OBITH IIOAY4YEHa TOABKO Oaaromapsi CO3MaHUIO U3MEHEHUH,
nucbaraHCy BHYTPEHHEH CTPYKTYPhI ITOTEHIIMAABHOTO ITOAS.

VHaTepecHBIH BBIBOA: (POTOH W aHTH(OTOH €CTh BOAHBI IAOTHOCTH JHEPTHHU B
acupHol cpene. OmHAKO, (POTOH PACIIPOCTPAHAETCS B OyAyliee U3 IIPOIIIAOTO, yAAAAACH
OT HCTOYHHKA U3Ay4YeHUsS. AHTH(OTOH, B TaKOM CAy4Yae, MOOAKEH IIPUXOAUTHL B
«IIPHEMHHUK» aHTU(POTOHOB U3 OECKOHEYHOCTH. JTa Hes O IIOTOKE SHEPIHUH, BTEKAIOIIEM B
MaTepHUIo U3 IIPOCTOPOB BeceaeHHOH, Oblra ITpeACcTaBA€HA MHOTHMH aBTOPaMH, KaK OCHOBA
[ASI MOJEAW TPaBUTAIIMOHHOIO B3auMOAeHcTBUsA. [I0TOK «aHTH(OTOHOB» NOAXKEH 00AaIaTh
9HEprued, U MBI MOXKEM €€ HCIIOAB30BaTh B IIPAKTHYECKHUX leAdx. Tecaa, HaIIpuMep,
CUYHTAaA, YTO IAS HU3BAEYEHHS OTOIO0 BHJA HEPTHUH, JOCTATOYHO IIPOCTO CO3JATh «YCAOBUS
CTOKa 3Heprum». B TakoM mpeobOpaszoBaTeAe dHEPTHH, OYAYT IIOTAOIIATHCS BTEKAIOIIHUE B
«pabouee TeAO» aHTU(MPOTOHBI, U OasaHC (POTOHOB U aHTHU(OTOHOB U3MeHUTCs. Kakue mmpu
3ToM OyayT TOCAEOCTBHS THPH HU3MEHEHHUH CTPYKTYPBI OAEKTPHUYECKOTO  HAU
FPaBHUTAIIMOHHOI'O IIOTEHIIMAABHOrO II0As? O4YeBHOHO, B OKPECTHOCTSX [AaHHOTO
IIpeo0pa3oBaTeAs SHEPTUH JOAXKHA U3MEHATHCH CKOPOCTH IIPOLIECCOB, BKAIOYAS U IIPOIIECC
CYLIECTBOBAHUS YAaCTHI[ MaTEpPHUH, 4YTO, IPU MaAbIX OTKAOHEHHSX OT 0OaasaHca Oynmer
IIPOABAAETCA KaK HM3MEHCHUA B (1)I/I3I/IKO—XI/IMI/I‘-ICCKI/IX CcBOMCTBAaxX BEIIeECTBa, a OoAbIIIHE
n3MeHeHNd B 6asaHce POTOHOB U aHTHU(OTOHOB [JOAXKHbBI IPUBOAUTD K IIEPEX0OAY MaTePUH
Ha «IPYrod ypOBEeHb CYIIIeCTBOBaHHs». K BOIPOCY O TEXHHUYECKOH peaAn3alllH JaHHbBIX
uaey Mbl IPUAEM B KOHIIE KHUTH.
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Pa3zBuBag [aHHYI0O KOHILIENIIUIO, MOXKHO IIOAYYHTH HMHTEPECHBIE BBIBOABI. Ecam
BpeMs IAd Ipoliecca A paccMaTpuBaTh, KakK HIpaMoe Bpemd t., U BpeMd Ipolecca B
paccMaTpuBaTh KaK PEBEPCHPOBAHHOE BpeMd t-, TO MBI IIOAYYHM HOBOE BBIPaKE€HHE
3aKOHa COXPAaHEHHUS SHEPTHUHU OAd TAKHUX HapHBIX IIpoieccoB. Popmyaa F.2. yaureiBaeT TO
IIPEIIOAOKEHHE, YTO IIPOIIECCHI B AIOOOM IIOTEHIIMAABHOM IIOA€ BCerza HOAyT Cpasy B
IIPSIMOM H PEBEPCHUPOBAHHOM BPEMEHU:

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

BriBoa: IIpocTpaHCTBO-BpeMd SBASIETCS HCTOYHHKOM SHEPIHH HEOTPAHWYEHHOH
MOIITHOCTH. HeT npeneAoB M3BA€YEHHIO MOIIHOCTH, €CAM U3MEHEHUSI BEAYHUHBI MOITHOCTHU
B IIpollecce A COOTBETCTBYIOT U3MEHEHUSIM BEANYUHBI MOIIHOCTH B IIpoliecce B.

B HOBoO# ¢OpMyAHpPOBKE, 3aKOH COXpaHEHHS OHEPrUH IIpHuoOpeTaeT CMBbICA
CcoxXpaHeHHus 0asaHCa CTPYKTYPBI IIPOIIECCOB. OHEPrHs IMIPOIECCOB B IIPSIMOM BpeMEHH
JOAKHA OBITH paBHaA JHEPTHHU IIPOIIECCOB B PEBEPCHPOBAHHOM BpeMeHH. J[laHHas
dopmyarpoBka 0600IIaeT 3aKOHBI MEXaHUKHU (OEHCTBUE-TIPOTUBOAEHCTBHE) U 3aKOH
COXpaHeHHs SHepruu. B obIiiieM BHUe, MOKHO TOBOPUTE O 3aKOHEe HGaraHca.

3aMeTHM, HyA€BO€ COCTOSHHE HE €CTb «HHYTO». ITO «HEe4YTO» - cOasaHCHpOBaHHAasS
CTPYKTypa, H3BECTHAd KaK «BHYTPEHHSsS CTPYKTypa HyAs» B [ApeBHeHd WHAUNCKOH
MatemMaTuke. B of0mem caydae, MbI [OAKHBI paccMaTpuBaTh cbasaHCHPOBAHHOE
MHOTOIIOASIpHOE cocTosiHue, F.3

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

CTpoeHue II0OTOKA BPEMEHH MOIKEeT ObITh 00oAee CAOXKHBIM, YeM [ABYHAIIpaBAEHHOE
codyeTaHUE IIOTOKOB «BpeMs M PEBEPCUPOBAHHOE BpPEMs», U €ro BHYTPEHHHAS CTPYKTypa
MOXKET paccMaTpuBaTbCsd B MHOTOMepHOM ¢opme. [ob6asnio 34ecb KpaTKO NOSICHEHHUSI O
«MHOTOMEpPHOM BpeMeHH». OOBIYHO MBI BOCIIPHHHMAaeM BpeMs, KaK ITI0CA€IOBATEABHOCTH
coObITH. AVHeHHOe BpeMs — ITIOCA€JOBATEABHOCTb COOBITHH. OgHAKO, pa3BUTHE COOBITHUH
B MHUpPE HMeeT MHOXKECTBO BapHaHTOB, TAKHUM 00pa3oM CYIIIeCTByeT MHOTOBapHaHTHAas
BceaeHHasg ¥ MHOXKECTBO AWHHH BpeMeHH. [IAOCKOCTL BpeMeHU — 3TO AByMepHas
CTPYKTypa (AMCT), B KOTOPOM PaCIIOAOKEHBI AMHHUUM BPEMEHH ITapaAAEABHBIX IIPOCTPAHCTB.
Bce AnHNN BpeMeHM 3THUX IIPOCTPAHCTB HUMEIOT KaKOM-TO OOWH HEU3MEHHBIH Ilapamerp,
3a1al0IUH  TIOAOXKEHHUH AWHHUH BpeMEHU B IIAOCKOCTH, TZI€ OHH HMEIOT pasHoe
HaIlpaBA€HHE, HO He IIepeceKaroTcs. Pa3Hble IIAOCKOCTHU (AHUCTBI) 0OpPasyioT «IepeBO
COOBITHH», TO €CTb, MHOXKECTBO MapPaAA€ABHBIX MIPOCTPAHCTB. TeOpeTHdyecKH, COTAacCHO
PacCMOTpPEHHOH BBIIlIEe KOHIIEIIIINH, AI00OE KOAMYECTBO SHEPrHUH, W Ar00ad ABUKYyIIAS
cuAa, MOTYT OBITH CO3MIAHBI IIyTEM CTPYKTYpHUpOBaHUA d(UPHOU cpenbl. OrpaHHYeHHEM
[AST KOHCTPYUPOBAHUS SBASETCS 3aKOH 0OaaaHca, KOTOPBIH TpebyeT co3maBaTh AOOOH
SHEPreTHYeCKUH IIPOLIeCC 8 nape C NpPomusoHANpPasieHHbiM npoyeccom. BaamMmHasg
KOMIIEHCAIlUd [OByX HWAW 0OoAee TIIPOIECCOB MOXKET OBITh OpraHH30BaHA KaK B
IIPOCTPAHCTBE (IPOCTPAHCTBEHHOE pa3deA€HHe), TaK W BO BPEMEHH (XPOHAABHOE
pasneaeHue). OTcrona, Mbl IIOAyYaeM Ba TEXHUYECKUX PELIeHU:

Acummempust NpoCMpPaHCMEEHHO 8CMpPeUHbIX TAPHBIX SHEPTETHYECKUX IIPOIIECCOB
JaeT TEXHOAOTHUIO CO3JAaHHd aKTHUBHOMN ABUIKYIIEHA CHABI, NENHCTBYIOIIEH B IIPOCTPAHCTBE.

Acummempusi NApHbLX IHEepP2emuUUecKUX NPoOUeccos8, 8CMpPEUHbLX NO 8PeMeHU, IAeT
TEXHOAOTHIO CO3[IaHUS ABUXKYIIEH CHABI, JeHCTBYIOMIEH IO OCH BPEMEHH.

O0e TEeXHOAOTHH MOTYT OBITH O0BEOWHEHBI B OJHOM yCTPOHCTBE, 00€CIIEeYNBAOIIINX
yIIpaBAsieMoOe IIepeMeIlleHHe TPAaHCIIOPTHOTO CPEeACTBa KaK B IIPOCTPAHCTBE, TaK U BO
BpeMeHHU. [lepeiimeM K pPacCMOTPEHHIO IIPUMEPOB TEXHHYECKOH peasu3allud [JAaHHBIX
unei.
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OddekT Bpayna

B Hacrogiiee BpeMs, a¢pdperroMm Budeabna — BpayHa yacTo omrmO0YHO HA3LIBAIOT
pPeaKTUBHBIN 3((eKT MOHHOTO BeTpa. YCTPOUCTBA, KOTOPhIE AETAIOT 3a CUYET MOHH3AIIUU
BO3/yXa, MBI paccMaTpuBaTh He OyneM. B mpemaaraemMbIX 37ech CXeMax, HOHU3AIUS
MOZKET UMETb MECTO, HO OHa He SIBASeTCS NPUYNHON BO3HUKHOBEHUS NBUXKYIIlEH CHABI.

OddekT Budearna — BpayHa oTHOCUTCH K 9A€KTPOKHUHETUYEeCKUM 3ddekTam, 1 He
ABASETCH PEaKTHBHBIM. OTO OAEKTPHYECKHE [IBHUKHUTEAH aKTHBHOro Tuma. J[laHHasa
TEXHOAOTHS, KaK M MeXaHH4YeCKHe MIPUBOAbl aKTHBHOTO THIIA (MHEPLIMOUBI), CIIOCOOHA
obecrieynTh ABUXKEHUE TPAHCIOPTHOIO CPEeACTBa B AIOOOM 33aJaHHOM HallpaBA€HUH, 0e3
pPeakTHUBHOTO BbIOpoca Macchl. B 0CHOBE TEXHOAOTHM A€XKAaT KAACCHYECKUE SAEKTPUUECKUE
B3aUMOEHCTBUS, OPraHN30BaHHbIE TAKUM 00pa30oM, YTO BO3HHUKAET IPAAHUEHT NaBACHUS
adupa 1 ABUKYyIIAs CHAA.

HpI/IMeHeHI/Ie JaHHOU TEXHOAOTHUHU ueAecoo6pa3Ho Ha A€TATEABHBIX arlraparax, a
TaK¥Ke B AIOOOMH TEXHHKE, BKAIOYad IIPHUBOABI DACKTPOIr€HEPATOPOB.

3amMeyaHue 0 UCTOPHH BOIIPOCa: aBTOPOM OTKPBITHS ObiA Tomac TayHcenn Bpayn
(Thomas Townsend Brown), a IocKoAbKy OH paboTaa B aabopatopuu I[Ipodeccopa
Budearna (Dr. Paul Alfred Biefeld), YauBepcurera [eHucoH, ropon [paHBHAB, HITAT
Oratiio, To appekT Ha3zBaH uMmeHamu [Ipodeccopa Budeabna u Tomaca Bpayna.

Cytp 3ddekra Bpayna, orkpeiToro B 1921 romy, COCTOUT B CAEOYIOLIEM:
IIPOTUBOIIOAOXKHBIE CHABI KyAOHOBCKOTO MPUTSXKEHUS OBYX UAM 0oAee TeA MOTYT OBITH He
paBHBI ApyT Apyry. B pesyabraTe, B cHCTeME 3A€KTPUUYECKH 3apsKEHHBIX TeA (IHUIIOAE)
MOXKET CyIIEeCTBOBaTh CyMMapHas HEHyAeBasd AEHCTBYyIOLlad CHAQ, HANpaesieHHas om
ompuyamesibHo20 31eKmpooa K NOJIOXKUMENbHOMY.

OTMeTHM BaXXHYI0 OCOOEHHOCTb MJaHHOro MeToxa: bDpayH paboraan ¢
9AEKTPHUYECKUMHU KOHEHCATOPaMU, MMEIOIIMMH TBEPAbIH AUIAEKTPUK O0CO00H (POPMEI.
[as Toro, 4rToObI OIHCATH OTHU (PU3HYECKHE IIPOIIECChI B HECKOABKHUX CAOBax, aBTOP
yIOTPEOASIA TEPMHUH «CO3/Ia€M CTPECC B OUAAEKTPHKE», TO €CTh, UMEN0 MECmo cxamue U
degpopmayus eewiecmsa nod oeticmauem ssekmpuueckozo nosas.. Hauboabirme 3ppeKTh
ObIAM OTME4YEeHBl aBTOPOM IIPH TAKHX HAIPSIKEHUIX BBICOKOBOABTHOIO HCTOYHHKA
IIUTAHUs, KOTOPble ObIAM OAM3KH K HAIIPSXKEHUIO IPo0od U pa3pylleHUd AUIAEKTPHUKA.
[Toaararo, 4TO B JAaHHOM cAy4Yae, OOABIIIYI0O POAb B CO3JaHUU ABUXKYIIEH CHABI UTpaeT
ynpyzocmes mamepuana oussieKkmpura, Xord bpayH He orMedaa 3ToT PakTop.

[To3ke, MBI PaACCMOTPHUM TEOPHIO BEAOCTOIIKOTO, U posib ynpyaux HanpsiKeHuil 8
mamepuane 0Nt popMuposaHust cobcmeeHHo20 2pasumayuoHHozo0 nosas. Kpatko ormeuy,
4TO MOCTOSHHas ympyrad aedopMamnus U IIOCTOSHHOE YIIPYyToe HAaIpsSKeHHUE B TeAe
CO3/1aeT IIOCTOSIHHOE «COOCTBEHHOE TpPaBUTAIlMOHHOE II0A€», a IIepeMeHHad yIpyrad
nedopMalius CoO34aeT «TPAaBUTAIIMOHHYIO BOAHY». [IA9 MAarHUTHBIX MaTepHaAOB, Kak
roka3aa [ToagkoB, aHasroruyHbIe 3(p(PEeKThI BO3HHUKAIOT [IPU MarHUTOCTPUKIINH. B o01eMm,
9TO BIIOAHE OOBICHUMO, KaK OOUH U3 METOAOB CO3AaHUHA ITPOJOABHBIX BOAH B 3(PHUPHOH
cpeze.

C mpyroi#f CTOPOHBI, II0 MOUM IIpeACTaBAeHUSM, 3pdeKT BpayHa naa KoHaeHcaTopa
C IUSAEKTPHUKOM MOZKHO TPaAKTOBATh U KaK PE3yAbTAT UCKPUBIEHUSL opObum 51eKmpoHOo8 B
MaTepuase IUIAEKTPHUKA, aHAaAOTHYHO CXeMe, IToKa3aHHo# Ha Puc. 53. B Takowm cayuae,
BO3HUKAIOT UHEPUUAIbHble 3dgupoduHamuueckue sggerxmol. KpuBHU3HA OpPOUTHI
SAEKTPOHA, B CHABHOM SAEKTPHUYECKOM IIOA€, [OAJKHA IIPHUOOpPETaTb aCHMMETPHIO, U 3TO
OOAKHO TPUBOAUTH K IIOSIBACHHIO HEKOMIIEHCUPOBAHHON IIEHTPOOEKHOM  CHABI,
[ENCTBYIOIIEH B CTOPOHY IIOAOXKHTEABHOTO dA€KTpona. [JaHHYIO HAEI0 s [AOKAaAbIBaa Ha
KoH(pepeHuu «HoBble wumen B ecrecTBo3HaHuUM», 1996 rox. CylmecTByeT MHOTO
TEXHHUYECKHUX CIIOCOO0B peasn30BaTh AAHHBIA 3(PPEKT.
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B cBoem mareHTe «YCTPOMCTBO OAd ITPOU3BOACTBA CHABI HAM [ABUXKEHHA IIPHU
TIOMOIIM SAEKTPOMIOB», ITaTE€HTHAad 3asdBKa oT 15 anpead 1927 rona, [29] Tomac T. Bpayu
OoIIMcaA KOHCTPYKIIHIO JA€MEHTApHOI'O YCTpPOHCTBa - «rpaBUTaATOpa», II0Ka3aB €ro
IIPUMEHEHHE HE TOABKO B POAM ABHKHUTEAd OAG TPAHCIOPTA, HO U B OHEPTETHKE, OA]
BpallleHUsI poTopa dAeKTporeHeparopa, Puc. 68.

-+

electrode,
72

clecirode.

S

Puc. 68. Cxema adpdekra BEpayHa u ero npuMeHeHHE B POTOPE dAeKTporeHepaTopa. PHCYHKH 13
maTeHTa.

[To 5ddeKTUBHOCTH OAHHOIO MeETOHa, MOXKHO CKasaTb, 4YTO OHAa «DECKOHEYHO
foabIIasi», ITIOCKOABKY ABHUIKYIIAS CHAA CO30AeTCs IIPU OTKAIOYEHHOM BHEIITHEM HCTOYHHKE
IIUTaHHL, U AeHUCTBYET [0 TEX IIOP, IT0Ka KOHAECHCATOP 3apaKeH. PeaabHbIE TOKH YTEYKU B
KOHEHCATOPe OTPaHUYUBAIOT 3(P(PEeKTUBHOCTH, [IOOTOMY OHa COCTABASET BCErO «ThICAYU
IIPOLIEHTOB», II0 MHeHHIO DBpayHa. Mory aumb go6aBUTb, UYTO COBPEMEHHBIE
OUSAEKTPUUECKHE MaTepHaAbl II03BOAGIOT CO37aBaTh MAaKCHUMaAbHO 3((eKTHBHBIE
KOHCTPYKLIMU TaKHUX OABUXKUTEAEH, C MUHUMaABHON yTE4YKOM 3apgaaa.

B cBoux skcnepuMeHTax, s1 Habaogaa apdekT BpayHa nag 9AeKTpeToB, U 3TO OaeT
foAbIIHE KOMMEpPUYECKHe IePCIEeKTUBbI PA3BUTHA JAaHHOH TEXHOAOTHH.

N3yuyenne sddexkra DBpayna B CIIA 0Obla0 OpraHM30BaHO B CEpPbE3HBIX
raboparopuax. Hamnpumep, B nokaazne BoeHHBIX crerpasuctoB CIIA [30] Tomac Bazxep u
Kpuc @Paszm numiytr o ToM, 4TO B IaTeHTax bpayHa paccMaTpuBaeTcd KaK HOHHBIN
9AEKTPOKUHETHUECKUH 2PPeKT, TaK U APYyrod 3P@reKT, CO3MAIUN O8UXYUWYHO CULY
HeusgecmHoli npupoosl. OTMedaeTcsl, YTO HOHHBIA 3(P(PEKT CAWUIIKOM Maa, YTOOBI
OOBSICHUTE CcO3maBaeMyl0 CHAY TArH. lMccaemoBaHWs, OpraHH30BaHHBIE B pPAne APYTHX
AabopaTopuii, IoaTBepANAU Haauuwe 3¢ddekra BpayHa B Bakyyme, rae HOHHU3AIIUA
HCKAIOYAEeTCs.

Anaaun3 napOpPMaIHH, 110 6oaee mo3nHemy nateHTy Bpayna Ne 3187206, 1965 roga
[31], mo3BoAgeT cAesaTh BBIBOZL O TOM, YTO TAABHBIM YCAOBHEM IIPOSBA€HHS CHAOBBIX
9(pPEKTOB SBASIETCS ACHMMETPHUA CHAOBOTO B3aUMOAEUCTBUS CHCTEMBI SAEKTPUYECKU
3apsaKEHHBIX TeA. [laHHasg acHUMMeTpHUs MOXKeT ObIThb CcO3/74aHa B BO3AYIIIHOM
KOHJEHCaTope, 3a c4YeT (POPMBI IAEKTPOIOB, AU B KOHIEHCATOPE C AUIAEKTPUKOM.

Ha Puc. 69 nokazaHbl pa3AndHble (POPMBI AHUIAEKTPHKA, KOTOPhIE ITI03BOASIOT
co3gathb 3¢dekT BpayHa 3a cueT rpagueHTa dAeKTpHUUecKoro noad (grad E).

ABUXYLAA CUNA OBUXYLWASA CUNA E ::

Puc. 69. Pucynku u3 narenra BpayHa.
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B aeBoii yacTH pHCyHKa, IIOKa3aHbl TOYEYHBIHM 5SACKTPOL MAaAOM IIAOIAAN U
IIAOCKUH 3AeKTpon Ooablueil maommamu. IIpu 3ToM, 3A€KTPOA OOABIIOH ITOBEPXHOCTHU
IIOAKAIOUYEH K IIOAOKHUTEABHOMY BBIBOAY HCTOYHHKA PA3HOCTH IOTEHIIMAAOB, a MAaAbIH
3AEKTPOJ — K OTPHULIATEABHOMY BBIBOAY. B maHHOM caydae, ABHXKyIIad CHAA HallpaBACHA B
CTOPOHY OAEKTpoAa OOABIIEH I[TOBEPXHOCTH. AKIEHTHPYS aCHMMETPHUIO IIAOLIAIH
9AE€KTpoA0B, bBpayH mnOpemaparaer co3gaTh [OUIAEKTPUK CHELHAABHOH (OpMBI, €
mpaneyueeuoHbIM CeUeHUeM, DACIIOAOKEHHBIM MEKAY I[I0AOCAMH SAEKTPOAA MAaAOM
IAOLIAN (OTPHULIATEABHBIN) U 3A€KTpoAa OOABIIEH MAOMIAAN (ITOAOKUTEABHBIH). B aToM
IIPOCTOM TEXHHYECKOM PELICHHUH CKPBIBAIOTCS 3aMedaTeAbHble BO3MOXKHOCTH! CyThb 3TOTO
pelIeHud B TOM, YTO Npu YyoasieHuu Om 31eKmpooa HA WUPOKOU CMOpPOHbL mpaneyuu,
HanNpsoKeHHOCMb aslekmpuueckozo nosst pacmem. Cusa OEUCTByeT B HAIIPABACHHUH Y3KOH
CTOPOHBI TpallelluM, B CTOPOHY MAaKCHUMAaABHOM HAIIPAXKEHHOCTH SACKTPHUYECKOIO IIOAL.
MuHHATIOpU3aUs U NaKEeTHPOBAHHE TAKUX IIap SAEKTPOJOB B MHOTOCAOMHBIE GaTapeu
KOH/IEHCATOPOB, II0Ka3aHbI B [IpaBoH dacTu Ha Puc. 69.

Hawuboaee pacripocTpaHeHHas MOIEAb TPEYTOABHOM CXEMBbI, BBITIOAHEHHAsI II0 CXeMe
BpayHa, KOTOPYIO 4acTo OIHMCHIBAIOT KaK «A€TAIOIINH KoHaeHcaTop» «lifter» («mogbeMHUK»
B aHTAUHCKOM), BKAIOYAeT B ce0s OOUH SAEKTPO/, BBIIIOAHEHHBIH M3 TOHKOIO IIpOBOJA, U
BTOPOU IIAOCKHH 3AEKTPOJ (IIAaCTHHA, UAM Toaocka mu3 ¢oabru). Ha Puc. 70 mokaszana
CTPYKTYpPa OSAEKTPUYECKOIO II0Ad, CO34aBaeMOTO B TaKOW CHCTEME 3ACKTPHYECKHU
3apPSA’KEHHBIX TEA.

H30AATOPBI
X

IpoBOA

IAOCKHH 3A€KTPOA’

Puc. 70. Tloae Mexxay AByMd aCHMMETPUYHBIMH 3A€KTPOJAaMU KOHAEHCATOPa B KOHCTPYKIIUH
LIFTER.

FCOMCTpI/IH QACKTPHUYECKOI'O IIOAd, B MJaHHOM CAy4Ya€, TaKoOBa, YTO Ha IIPOBOL
ﬂeﬁCTBYIOT IIPUMEPHO OIHHAKOBEIE€ II0 MOAYAIO KYAOHOBCKHE CHABI BO BCEX
HaIIpaBA€CHHAX. BeKTOpHaH CyMMa [OAaHHBIX CHA HMEET HEHYAECBYIO BEAUYHNHY, HO OHAa
HaMHOI'O MEHBIIIE, YEM BEKTOpPHad CyMMa CHA, JICfICTByIOHJ,PIX Ha IIAOCKHM OAEKTPOI. ﬂAH
IIAOCKHUX JOACEKTPOOAOB, Ha HHX ﬂeﬁCTBYIOT KYAOHOBCKHE CHABI HaIllpaBA€HHEBIC,
IIPEUMYILICCTBEHHO, BEPX. Pa3YMCCTCH, HOHHN3AIllHUOHHBIE 3(1)(1)6KTI:I HMEIT 30ECH MECTO,
TaK KaK TOHKHHU IIpoBOA CO34Aa€T MOIIHYIO HOHH3AIIHUIO, W 3TOT (baKT ABAAETCA
TEXHUYIECKHUM IIPEIIATCTBUEM AL PA3BUTHUA JaHHOI'O HAIIPaBACHUA KOHCTPYHUPOBaAHUA.

BoapIX 3KCIIEpUMEHTAABHBIX YCIIEXOB B KOHCTPYHPOBaHUS aCHMMETPHUYHBIX
KOHZIeHCATOpoB Takoro tumna nobuaca 2Kau Ayuc Homa (Jean Louis Naudin), ®panius.
Ero pabotsl moapobHo mokasaHsl Ha caite http://jnaudin.free.fr

Mou pa3paboTKu B OJaHHOH 00AaCTH HHOTAA CYHUTAIOT AHAAOTOM, HAU [OaKe
pasButueM pabotr 2Kaua - Ayuca Homa. OxHako, ucropus Hairero obiieHus c 2KaHom
Hadaasach rnocae moe#t nmybaukammm B CIIIA, B xxypHase New Energy News, mait 1994 r.
Barem, B 1996 romy, g BbicTynHA Ha KoH(epeuumnu Hoswle Uaem B EcrecTrBo3HaHuu, u
OIlyOAMKOBaA BHEO0 MOMX 3KCIIEPUMEHTOB, KOTOpble 2KaH BOCIPOM3BEA IIO-CBOEMY, U
Ha3BaA ONHY M3 Bepcu#l KoHCTpyKuuu «Frolov’s hat» - muanHapryeckuit KoHAEHCATOP B
dopMe HIALIIBI.
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HeoOxomguMoO OTMETHTB, YTO OH HEBEPHO IIOHSA CXeMYy KOHCTPYKIIHH U II0 — CBOEMY
pa3Bua uaeo. B Moel KOHIIENIINN, CHAOBBIE 3(EKThI IoAydaroTcd 06e3 HMOoHU3aIuu,
I109TOMY KOHAeHcaTopbl PporoBa MOKHO U3TOTOBUTH U3 HEMETAAANYECKUX IAEKTPHUUYECKU
3apAKEHHBIX OAEMEHTOB, M [1aXKe M3 OAEKTPETOB, COXPAHSIOIIMX CBOH 3apsan 6e3
BHEIITHEr0 MCTOYHHUKA MIUTAHHUA. B MOMX KOHCTPYKIIHSX, IIOLABbEMHAas CHAA COXPAHSETCS
ITPU BBIKAIOYEHHOM HCTOYHHKE ITUTAHHUs, TaK KaK IPUYHNHA He B MOHHU3AIIUH.

Kan Aync Homa Hadyaa CBOM 5KCIIEPUMEHTBI OT IIPOCTOrO «TPEYTOABHOTO arraparan
Lifter, cobupag nx B cekuuu. B 2003 meMoHCTPHPOBaA YCTPOMCTBO oOmmM BecoMm 250
rpamMM, KOTOPOe MOTAO ITogHUMAaTh 60 rpamMM MOA€3HON HATPY3KHU.

Puc. 71. Cxema aetaromiero kouaeHcaropa 2Kaua A. Hona.

K coxaseHmnio, OOABIIOTO HMHTEpeca MAaHHBIM TUII ABUKUTEAEH y HWHBECTOPOB He
BbI3BaA. B To BpeMs, g BeA MEPENUCKYy C BO3MOXKHBIMU HHBECTOPAMHU, pabOTAIOIIMMU B
cpepe a3pOKOCMHYECKHUX TEXHOAOTHH, U IIBITAACH 3aUHTEPECOBATb UX JAaHHOH TeMaTHUKOMH.
BOABIIMHCTBO U3 HUX PearupoBaA0 Ha MNPEAAOKEHHI O PA3BUTHUHU AAaHHOIO HAIIPABACHUH
CKETITUYECKH, II0Aaras, 4TO 3TO IIPOCThle MOHU3AIMOHHbIE 3peKThI. Pazymeercsa, aTo He
Tak. MoHH3ammsa Bo3gyxa MOKET OBITH IIOAHOCTBIO yCTpPaHeHa, W 9TO MOATBEPKIAIOT
3KCIIEPUMEHTBI C HEKOTOPBIMH BapHUaHTaMH KOHCTPYKIIMN B BaKyyMHOHM KaMepe.
PaccMoTprM OTHOEABHO IIPOEKTBHI, CBA3aHHBIE C MOHMMM MCCAEJOBAHUSIMH II0O TEMeE
aCHMMETPUYHBIX KOHIEHCATOPOB.

Konnencarop &poaoBa

[lepBble 3KCHEPUMEHTBHI, B AoMallHedl aabopaTopuu, ObIAM HPOBEAEHHI MHOH B
1991-1992 rogax, Kak HH CTPaHHO, eIlle 10 3HAaKOMCTBa ¢ paboramu BpayHa. B To Bpem4,
d TIIOCTaBHA 3a7ady IIOAYYEHHS [OBHUKYIIIEH CHABI IIyT€eM CO31aHHd aCHUMMETPHUU
KYAOHOBCKUX CHA. OIyOAMKOBaB pPe3yAbTaTbl 3KCIEPHUMEHTOB B 1994 romy, S HOAYYHA
MHOTO ITHCEM, OT3BbIBOB U MH(POPMAIIHHU 10 aHAAOTaM, B TOM 4HcAe, 1o paboram Tomaca T.
Bpayna. IlepBoHauaabHO, MHO# Oblaa IIpemAOKeHA cxema, IToKaszaHHad Ha Puc. 72. 9to
cxeMa «KoHAeHcaTopa PporoBar u3 nybaukanmu 1994 roxa [32].

AH3ACKTPHK

Puc. 72. Kounencarop ®poaoa, 1994 rox. AcuMMeTpus B3aUMOAeHCTBHS 3apAXKEHHBIX TEA.
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B nmamHOM BapuaHTe, OAEMEHTbl KOHCTPYKLIMH (IIAQCTHHBI) 3apsS?KE€HBI
pPa3HOMMEHHO, U pa3MelIeHbl TakK, KakK Iloka3zaHo Ha Puc. 72. Mexnay HUMH BO3HUKAaIOT
aCUMMETPUYHBIE CUABI 9AEKTPOCTaTUYEeCKOro IpuTsaxkeHud. Cymma cua Fio, nedcTByOImMx
Ha BEPTHUKAABHBIN 3apsS>K€HHBIM 3A€MEHT, IIPH BEKTOPHOM CYMMHPOBAHHM, paBHAa HYAIO.
Cymma cua Foi, meHcTByIOIIMX Ha TOPU30HTAABHbBIE SA€KTPOABI, 4 Yepe3 HUX, Ha KOPILyC
OBUKUTEASI, HE paBHA HYAIO, U 9T0 O0ecIiednBaeT ABUKYIIYIO CHAY.

BaxkHO y4ecThb, YTO CHABI OEUCTBYIOT MEXKAYy I[IAOCKHMH 3A€KTPOCTATHYECKU
3apsKEHHBIMU 9A€MEHTaMU. B aAeKTpocTaTHKe, KYAOHOBCKHE CHABI BCErZla HaIlpaBAE€HBI
HEePHEHANKYAIPHO IIAOCKOM ITOBEPXHOCTH.

[To3xke, Oblra omybaukoBaHa [33] gpyrasg cxemMa aCUMMETPHUYHOTO KOHAeHcaTopa
®poaroBa, ee BapuaHT IIoKa3aH Ha Puc. 73. B kaaccHyecKoM IIAOCKOM KOHIEHCATOPE
(caeBa Ha Puc. 73), mAaThl paclioOAOKEHBI [TAPaAA€ABHO U HPUTATHBAIOTCS APYT K APYTY C
PaBHBIMH U IIPOTHBOHAIIPABAEHHBIMU chaaMu. CyMMa CHA, AEHCTByIOIlasd Ha CHUCTEMY B
IIEAOM, paBHAa HYAIO.
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Puc. 73. OObI4HBIH KOHAEHCATOP (cAeBa) U KoHaeHcaTop PpoaoBa (cpasa)

B «konneHcaTope @posoBar ¢ T-06pa3HbIM AUIAEKTPHUKOM, ITOKa3aHHOM Ha Puc. 73,
[Ba Pa3HOUMEHHO 3apSKEHHBIX B3aUMOJAEHCTBYIONINX TeAad (IIAOCKHE HAH cdepHYecKHe)
PacIioAOKEHBI B OJHOH IIAOCKOCTH, M Pa3[deA€Hbl «IUIAEKTPHUYECKOH CTeHOH», YTOOBI
HCKAIOYHUTh OSACKTPHYECKHM IIpo0o# BOOAbD MHHHMAABHOTO PACCTOSHHUS  MEXIY
sAeKTpodaMu. Baaromaps sToMy, dopMupyeTca HEHYAE€BOM CyMMapHBIM BEKTODP CHABI
B3aUMOJEUCTBUS 3apsKeHHBIX TeA. CdepHuyeckue HAHU IOAyCEPHUYECKHE (BBITHYTBHIE)
3apsaKEeHHbIE TeAa YIAOOHee, IIOCKOABKY YMEHBIIIAeTCHd yTedKa 3apsaoB. Y IIAOCKHX
SAEKTPOAOB, IIPOHUCXOAUT yTeUKa 3apsAn0B C OCTPBIX pebep maacTuH. Xopolne 3(PdeKThI
JaeT IMPUMEHEHHE MUAUHAPHUYECKHX DA€KTPOZOB, C 3aKPYTA€HHBIMU TopLaMHu. Bropouew,
TOPLBI 9ACKTPOAOB MOXKHO U30AUPOBATh, AAT YMEHBIIIEHHUI YTEUYKH.

Habaromate a¢dekT B3auMHOTO IIPUTIKEHUd B «KOHAeHcaTrope PporoBar
HHTEPECHEE, €CAM [Ba B3aUMOJEHCTBYIOUINX 3apsKEHHBIX TeAa 3aKpelAeHbl Ha
OUSAEKTPUYECKOM  OCHOBAHHH C  IIOMOIIBIO  VIIPYTHMX  3AEMEHTOB,  CIIOCOOHBIX
pactaruBaTbcs. B Takol KOHCTPYKIIMM, IIPHU BKAIOYEHHMHM HCTOYHHKA Pa3HOCTHU
IIOTEHIINAAOB, 3aps?KEeHHbIE TeAa CABUTAIOTCH I10 HAIIPABACHHIO K IIEPETOPOAKE U 3aMETHO
IIOOAHUMAIOTCS, YTO AeAaeT 3PPEKT (HaANIHe MOABEMHON CHUABI) OYE€BUHBIM.

TakuMm 00pa3oM, TreoMeTpUs OUAAEKTPHKA, HAH ocobass TreoMeTpus U
pacroAoKeHHe 3apsaKEeHHBIX SAEMEHTOB KOHCTPYKIIUH, 00ECIIeYNBAIOT YCAOBHUS CO3IaHUSI
AKTHUBHOH [ABUKYINEH CHABI. [IpH KOHCTPYHPOBAHUH TaKHUX YCTPOMCTB, HEOOXOIHMO
YYECTB, YTO 3TH CHABI 3AEKTPOCTATHYECKOIO B3aUMOLAECHCTBUS BCETa IEPIEHANKYAIPHBI
3apAKEHHOU IIOBEPXHOCTH.

B nacrogiee Bpems, «<koHAeHcaTop PporoBar Goaee U3BECTEH, KaK COYEeTaHUE IBYX
IIAOCKHUX KOABLIEBBIX METAAAMYECKHX JACKTPOMOB, PAa3dEeACHHBIX LIHMAHUHIAPHUYECKOH
OUIAEKTpUUecKoll  meperoponkoii, Puc. 74. B aHramiickom s3bIKe, 3TOT BapHaHT
KOHCTPYKIIMH HasbIBaloT «Frolov’s Hat» - ananika dpoasosav.
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OTMeTHM, 4YTO AUIACKTPHUYECKHH OYICK W LHAHMHAPHUYECKAd IIEPEropoakKa AOAKHBI
ObITH BBIIIOAHEHBI U3 IIEABHOI'O KyCKa [MQUAAEKTPUYECKOIO MaTepHasa, HHade, MEXIY
SAEKTPOJAMH MOXKET MIPOH30UTH MHpoboil yepes Iieab. PazMmepnl ycTpoiicTBa 3aBUCHAT OT
HCIIOAB3YEMOTI0 HAIIPSIXKEHUST MEXKAY IAeKTpomaMu. [IoBbeIlleHHe HamnpskeHUda Ooaee 10
KB HexeaaTeABHO, TaK KaK 3TO YBEAHMYHBAET IIOTEPH Ha HOHH3AIHIO, pacTeT TOK
IOTPeOACHUS.

Puc. 74. BapuanTt KoHzaeHcaTopa PporoBa ¢ MUAMHAPHUIECKON II€PETOPOIKOH.

B pasBuTHe maHHOU TEMBI, IIPEAATaeTCsl BAPUAHT KOHCTPYKIIUM, KOTOPYIO MOTYT
BBIIIOAHHUTH COBPEMEHHBIE IIPOU3BOAUTEAN  MUKPOSAEKTPOHUKHU, C  HEOOABIIHNMHU
pasMepaMu AeMEHTOB, HAIIpUMEpP, MEHee OTHOI0 MUAAUMeETpa, Puc. 75.

Puc. 75. MuHHAaTIOpH3allUd U ITIaKETHPOBaHUE SAEMEHTOB.

M3BeCTHO, YTO SAEKTPUYECKHUI IIpoOOM HACTymaeT B BO3AYIIHOM 3a30pe IIpH
HanpskeHuH okoao 1000 BoabT Ha MuaauMeTp. Maasble pazMepbl TO3BOAST paboTaTh IIPU
MaABIX HaIIpsSKeHUsSIX, 0€3 HmOHU3auu Bo3ayxa. Kpome TOro, KyAOHOBCKHE CHABI OBICTPO
PacTyT IIpU yMEHBIIIEHUU PacCCTOSHUS MEKAY TeAaMM, KBaJpaTHdHas 3aBUCHUMOCTE. [lag
OIITUMHU3AIIUU CXEM, IIOKa3aHHBIX Ha Puc. 73 — Puc. 75, MOXHO HCIIOAB30BaTh KUIAKHUH
USAEKTPHUK.

OuInboYHO moAaraTh, YTO 3apsizKeHHBIE 9IAEMEHTHI KOHCTPYKIIUH MOTYT OBITH TOABKO
METAAAUYECKHUMH JA€KTPOAaMHU, KaK y BpayHa. B OGOABIIMHCTBE IIpeAAaraeMbIX MHOM
KOHCTPYKIIUH 3A€KTPOKHUHETHYECKUX [OBHUKUTEAEH, MOTYT IIPUMEHHATHCS 3apsiKeHHBIE
OUSAEKTPUKH AU AEKTpPeThl. MeTarandecKue SAEMEHThI TOXKe NAl0T HEKOTOPBIE CHAOBBIE
3pPeKThI, HO 3apdabl C HUX OBICTPO «CTEKAIOT B BO3AyX». [JaHHBIH MOOOYHBIN ITpOIECC
PEaKTUBHBIM, U UMEHHO OH HCKaykaeT OCHOBHYIO H/EI0 ITOAYYEHHsS aKTUBHOI cuabl. OH
MOXKeT OBITh CHABHee OCHOBHOIO 3ddektra. Heobxommmo wm3beraTh 3TOro MHOOOYHOTO
IIpoliecca  KOHCTPYKTHUBHBIMH  MeTOAAaMH, HaOpuMep, IIpUAaBas  dAeKTPoaaM
chepHUYeCKyI0 HAU IIUAWHAPHUYECKYI0 (popMy, obecrieduBasi IMOAUPOBKY MOBEPXHOCTH U
T.II.

Ha Puc. 76 noka3aH BapuaHT KOHCTPYKIINH, ITPeOAOKEHHON MHOU B 1994 r. [32]
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Puc. 76. [IBuxkuteAb @poroBa C OLHOUMEHHO 3aPsSKEHHBIMU IIUAUHAPUUYECKUMU SA€MEHTaMU.

B pgannHOM caydae, MBI paccMaTpHUBaeM KYAOHOBCKHE CHABI MEXAY HECKOABKUMU
ousleKmpuuUecKumMu OOHOUMEHHO 3apSIKeHHbIMU SeMeHmamu: MAOCKUM 3SAEKTPOIOM
(ocHOBaHMEM) U MHOXKECTBOM IIMAWHAPUYECKUX 3apsKEHHBIX J3AEMEHTOB (TPyOoOK).
Baaromapss ToMy 4TO CHABI, Oelicmgyrouiue Ha NO8EPXHOCMb IeKMPUUECKU 3aPSIAEHHO20
Juasiekmpura, ece20a nepneHOUKYNIPHbL noeepxHocmu, CuAbl Foi, nedcTByrolye Ha
[IAAQCTUHY — OCHOBaHHE, COHAIIpPaBA€HBI U CYMMHpPYIOTCSI. B To XXe Bpemd, CHABI,
OENCTBYIOIIHE Ha KaxKAbIM IMUAMHAPUYECKUN 3A€eMeHT Fip, ¢ pa3HBIX CTOPOH, B3aUMHO
KOMITIEHCHUPYIOTCH. OTH OCOOEHHOCTH IIpPeIAaraeTCs HCIIOAB30BATh A KOHCTPYHUPOBAaHUSI
JACKTPUYECKUX ABUXKHUTEAEH, CO3MAIOIMX aKTUBHYIO CHAY 3a CYET HEHYACBOM BEKTOPHOH
CYMMBbI KYAOHOBCKHX CHA.

CoBpeMeHHbIE HAHOTEXHOAOTHH ITO3BOASIIOT PEAAN30BaTh KOHIIEIIIIHIO, IIOKA3aHHYIO0
Ha Puc. 76, c IOMOIIBI0 JUSAEKTPUUECKUX 9AEMEHTOB Maaoro pasMmepa, 100-200 vm. IIpu
TaKUX pasMepax, KYAOHOBCKHE CHAbI OyayT 9((eKTHBHO AeHcTBOBaTH Ha MaAbIX
PacCTOSHUAX, IPHU HEOOABIIUX HAIPSIKEHUAX. ITO UCKAIOYHUT MOHU3AIIMOHHBIE [TOTEPH.

B npuMHUTUBHBIX 9KCIIEPUMEHTAaX, KOTOpble ObIAM ITPOBEZIEHBI B Moel aabopaTtopuu,
Obina obOHapyskeHa Heboabilag cuaa, Ha ypoBHe 105 (N). B 1996 - 1998 romax «
OOKAapIBaA 00 OJaHHBIX pe3yAbTaTaxX Ha KOH(PEPEeHIUSX, OTIIPABASA JOKYMEHTHI IIO
nmanHomy mnpoekty B LIHUWUM umenu XpyHu4ueBa, HO He HaIlleA HWHTEpeca POCCHUMCKHX
opraHusanuii kK pgaHHod Teme. B 1998 romy, B Cankr-Ilerepbypr mnpueskasu
IIPEeACTaBUTEAN aBHAIIMOHHOTO [JellapTaMeHTa KopIliopanmuu Toiora, KOTOpble OBIAM
O03HAKOMAEHBI C IIpefaaraeMbIM HIPHUHIIUIIOM U 3KcliepuMeHTaMHu. [losxke, mocae 2002
roga, Mmoo aaboparopuro OO0 «AHTPD» B Caukr-IlerepOypre Iocemiasu mpeacTaBUTEAU
POCCHHCKOTO BOEHHOTO MCCAEIOBATEABCKOI'O HHCTHUTyTa, HO MOH IIPUMUTHBHBIE
SKCIIEPUMEHTHI C «3apsSKEHHBIMU IIIapUKaMKi» He YO0eAHAM HUX B NIE€PCIEKTHBHOCTHU
opegsaraeMoro Meroga. Bbyny paa pas3BUTHIO OaHHOM TeMblI C 3aMHTEPECOBAHHBIM
3aKa34YMKOM, UMEIOIIHMM COOCTBEHHYIO HAYYHO-TEXHUYECKYIO 6a3y.

HaubGoaee mHTEpeceH TOT (pakKT, YTO MHOLBbEMHAs (OBUIKYIIAs) CHAA COXPAHSIETCS
IIPH BBIKAIOYEHHOM MCTOYHHKE IIHUTAHWd, IIOCTEIIEHHO CIlagasl, II0 MEpe camopaspgna
KOHZeHcaTopa. MHHHMH3UPYs TOKHU YyTEUKH 4Yepe3 MAUIAEKTPHUK, a TaKiKe, CHIMXKad
paboyee HaIpsaKEHHE 3a CUYET MUHHUATIOPU3AIINH 3AE€MEHTOB KOHCTPYKIIMH, MBI MOXKEM
yCTpaHUTh 9p(eKThl MOHU3AINN U IToTeph 3apsaa. CoxpaHeHHe pPa3HOCTU ITOTEHIIMAAOB
obecrmeynBaeT HAAWYHE ABHIKYIIEH CHABI. OAEKTPETHI, KaK OCOOBIM THI AUIAEKTPHKA,
MOTYT HCIIOAB30BaThCd B TAKHX KOHCTPYKIHSX. OTO IMO3BOAUT IIOAyYaTh aKTHUBHYIO CHAY
0e3 3aTpaT MOILIHOCTH OT IIEPBHYHOIO HCTOYHHKA, IIOKA 3AEKTPEThI COXPAHSIOT CBOH
3apsan. CoBpeMEHHBIE OJOAEKTPETbI MOTYT COXPaHSThH 3apdn roxaMu. [lepcrieKTHUBEI
UHTEpPECHBIE!

B IIpupome, BcTpedaeTcs CcodeTaHUE  CTAaTUYECKOTO  OJAEKTpUUecTBaA U
YAUBUTEABHBIX a3pPOAUHAMUYECKUX KadyeCTB, HAIpuUMep, y 6aboyek, mmdea, mvese U T.1I.
KcraTn, marepunaa, U3 KOTOPOTO CAEAaHA UMX KOHCTPYKIHMS, HE HMEET METAAANMYECKHX
SAEMEHTOB, a SBASETCH [IUIAEKTPUKOM, U 00AaaeT OSAEKTPETHBIMH CBOMCTBaMHU.
OAEKTpHUYECKUHN 3apsn Ha IIOBEPXHOCTH ©KHBOIO OUIAEKTPHKa», B [OAaHHOM CAydYae,
006yCAOBAEH TPEHHEM ABHUKYINMXCS YacTeH, U ABUKEHHEM BO3ayXa.
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Bepremca K uneaMm BpayHa. 3amada co3maHud ABUXKYINEH CHABI pelllaeTcd UM He
TOABKO 3a CUET F€OMETPHYECKON aCHUMMETPHUU AEMEHTOB KOHCTpPyKIMuU. CHaa, Kak Imucaa
BpayH, ne#icTByeT «B CTOPOHY OOABILIEH MHTEHCHUBHOCTH CHAOBBIX AMHHUH 3A€KTPHUYECKOIO
oas». MMeHHo aTOT 3¢ppeKT mokazaH Ha Puc. 69.

B natenre Bpayna Ne 3187206, ecTb yIIOMHHaHHE O TOM, YTO ABUXKYIIYVIO CHAY
MOXKHO IIOAYYHTH 3a CYET aCHMMETPHH SAEKTPOJAOB, a TaKXKe, «(3a cuem npo2peccusHo
UBMEHSIIOWULICSL OUIeKMPUUECKOU NPOHUUAEMOCMU MAMEPUANQA, HAXO0OSIULE20CsT MexK0Y
anekmpooamw. bBpayH Tak:kKe OTMETHA BO3MOXKHOCTH HCIIOAB30BaHUS TIpagUeHTa
SAEKTPUYECKOU ITPOBOAUMOCTH M IIOAYIIPOBOAHHMKOBBIX MAaTE€pPHaAOB, HO 3TH METOMbI
CO3/IaHUs ABUKYIIEH CHABI OoAee SHepro3aTpaTHbIe, YeM «FPaaUeHTHAS SAeKTPOCTATHKAY.

MeToz, OCHOBAHHBIM Ha TI'pPafHEHTE CBOHCTB AHUIAEKTPHKA, IIPEACTABAIETCS MHE
6oree TEXHOAOTHYHBIM U IIE€PCHEKTHBHBIM, YeM TIeOMeTpPHYecKasd aCHMMEeTpPHs,
rokazaHHada Ha Puc. 72 — Puc. 76. PaccMoTpuM maHHBIH BOIIpoC IOAPOOHEE.

B Kypce TeopuHu OUIAEKTPUKOB, €CTh HHTEPECHOE 3aMedyaHUe O CHAe, NeHCTBYIOIeH
Ha YacCTHIbl BeEIIeCTBa, HaAXOAAIIMXCS Ha TpaHUIle pasaeAa ABYX OUIAEKTPUKOB,
HMEIOIINX PAa3AMYHYIO AUIAEKTPHUYECKYIO IIPOHUIIAEMOCTD, Puc. 77. Pa3anyHble cBolicTBa
OUSAEKTPUYECKON cpenbl 3a7aloT pa3Hoe II0 BEAMYHHE 3AeKTpudeckoe rosae E; u Ep, B
obaacTH MexKay OAByMs ITAaCTHHaMU KOHAeHcaTopa.

E-

KOHAEeHcaTop

Puc. 77. P'panuna pasagesa ABYX Cpell C Pa3HOM AUSACKTPHYECKOH IIPOHUIIAEMOCTHIO.

Ora cuaa F ne#icTByeT B CTOPOHY MaKCHMAABHON HANPSKEHHOCTH 3A€KTPHUIECKOTO
roas E1, u «<HarrpaBaeHa IO HOPMAaAHU K IOBEPXHOCTH pas3feAd JUIACKTPHUKOB», KaK ITHUIIIET
B.M. TapeeB B yueOHUKE 110 TUIAEKTPUKaM [34].

YuuThIBas 5T0 BaXKHOE 3aMedaHMe 10 [TOBOAY HOPMANbHO20 HANPABIEHUSL 8eKmopa
Cu/lbl, MOKHO KOHCTPYHPOBaTh CHAOBBIE YCTAHOBKH aKTHBHOTO (HEPEAKTHBHOIO) THIIA, B
KOTOPBIX CO3/Ia€TCs HEHyAEBOM CyMMapHBIH BEKTOP AEHCTBYIOIIUX SAEKTPHUUYECKUX CHA.

HampssKeHHOCTb  2AEKTPHUYECKOTO  IIOAS, KaK M3BEeCTHO, €CThb TpPaaueHT
9AEKTPHUYECKOI0 IOTEHIIHAaAa, YOBIBAIOIIETO C YBEAMYEHHEM PaCCTOSHUS OT IIOBEPXHOCTHU
3apsKEHHOTO Teaa. EcTeCTBEHHBIH IpaJUEHT SA€KTPHUYECKOr0o IIOTEHIIMAaAa, B YaCTHOCTH,
CcOo3/1aBaeMbIii BOKPYT 3apsiKEHHOI'O MIapwKa, IokaszaH Ha Puc. 78. Yacruma Oymarw,
HaIIpUMep, MHPUTITHUBAETCS B IOBEPXHOCTH 3apsKEHHOIO MIapuKa, UMEHHO Oaaromaps
9TOMYy TPaOUEHTy OSAEKTPUYECKOTO IIOTEHIlMaAd: OHA MOBUXKETCS B CTOPOHY OoAbIIei
WMHTEHCUBHOCTHU CUAOBBIX AUHUH.

MaKCUMyM -
noreHymana L noteHuuan
] yMeHbluaeTcsa

Puc. 78. TlpursaskeHre 4acTUIIbI K 3aPAKEHHOMY HIAPUKY B €CTECTBEHHOM SAEKTPHYECKOM IIOAE.
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Co3maBasl HCKYCCTBEHHBIH TIpayleHT I[IOTEHIMaAa, 3a CYeT CBONCTB Cpensl,
OKpYzKaIoILIed 3apsi>KEHHOE TEAO, MPEACTABASETCS BO3MOXKHBIM IIOAYYUTH HHTEPECHBIE

3P EeKTHI.

Ha Puc. 77 mokazaH BapHaHT IpefiaraeMo¥ KOHCTPYKIIMM, B KOTOPOM BBIITyKAAs
IIOBEPXHOCTHb BBICOKOBOABTHOTO JAE€KTPOAA IIOKPhITA TPAAUEHTHBIM MOUIACKTPHKOM, B
KOTOPOM IIOCAOHHO WAU IAABHO MEHSIETCSI BEAHYHHA JUAACKTPUYECKOU ITPOHHUIIAEMOCTH,
IIPU yOAA€HUH OT MOBEPXHOCTHU 3AEKTpoda. HapyKHBIM CAOM AHUSAEKTPHUKA, [IAS HAIITUX
IleAel, MOAKEH HMeTb MHHHMAaAbHOE 3Ha4YeHHe AUAACKTPHUYECKOM IIPOHHIIAEMOCTH, a
BHYTPEHHHM CAOM — MaKCHMaAbHOe 3HadYeHHe. B TaKoM cAydae, OKOAO JAEKTPOJA
BEAWYHHA IIOTEeHIIHaAa OyZieT MUHUMAaAbHAs, a IIPHU YOAACHHH OT ITOBEPXHOCTH JAEKTPOAA,
3HAQYEHHe IOTeHIlMaAra OyaeT He YMEHBIIAThCs, a YBEAMYHBATHCI. IT0 co3maeT 3pdeKkT
«0OPATHOTO SAEKTPUUECKOTO ITOASI.

Smin
_—

Smax —=t E min

Puc. 79. SAeMeHT aKTUBHOTO ABUZXKUTEAA C TPAOAUECHTHBIM JUIACKTPHUKOM.

HariomHIO, 4TO YeM MeHBIIIE OUAAEKTPHUYEcKas I[IPOHUIIAEMOCTH Cpenbl, TeM
CHUABHEE B MAaHHOH 00AACTH IIPOCTPAHCTBA HANPAKEHHOCTH JAEKTPHUYECKOTO IToasd. [Ipm
OIIPEIEACHHBIX YCAOBHSX, HA YaCTHIYy, HaXOOANIyIoCd B 00AaCTH TPagUeHTHOTO
OUSAEKTPUKA, MAEUCTBYEeT CHAQ, HaIpaBA€HHAsd B CTOPOHY [AUSAEKTPHKA C MEHBIIeH
BEANYNHOM MUAAEKTPUIECKOH ITPOHUIIAEMOCTH. B 0OBIYHOM 3AEKTPHYECKOM II0AE, KAaK MBI
paccmoTpeau Ha Puc. 78, gyacTHUIBI HNPUTATUBAIOTCSI K 9A€KTPOAY, CTPEMSIChH IIEPEUTH B
00AacTh MaKCHUMaABHOM HANPAKEHHOCTH II0AsS. B «0OpaTHOM 5A€KTPUYECKOM Ioae», Puc.
79, 4acTHUIIBI BEIleCTBA OUIAEKTPHKA OYAyT cmpemumbest npoub om 21eKkmpood, TaK KaKk
HCKYCCTBEHHO CO3JaHHBIH TI'pPaJueHT OAEKTPUYECKOIO IIOTEHIIMasa 3acTaBAsSeT HX
CMEUIAThCH 8 CMOPOHY bonbuell UHMEeHCUBHOCMU CUNO8bLX JUHUL.

YMeHbIIIeHe BEAUYHHBl OUAIAEKTPHYECKON ITPOHUIIA€MOCTH, KOTOPOE MOIKET OBITH
CO3/IaHO TIA@BHO HAW CAOSIMH, B TOAIE OUIAEKTPHKA, C yBEAWYEHHEM PACCTOSHHUS OT
IIOBEPXHOCTH 9AeKTpoma. OcoOble YCAOBHSA COCTOSAT B TOM, UTO MBI JOAIKHBI HE TOABKO
YMEHBIIUTb AU KOMIIEHCHUPOBATh €CTECTBEHHOE YMEHBIIIEHUE BEANYHUHBI 9A€KTPHUIECKOTO
IIOTEHINAaAa, a OOOUTBHCHA TOTO, YTOOBI C PACCTOSSHHEM OT 3apaKEeHHOH ITOBEPXHOCTH
U3MEHEHHE HaMPAKEeHHOCTH II0Ad IIPOUCXOAHA OBICTpee, YeM ITPOHUCXOAUT €CTECTBEHHOE
YMEHBIIeHHE II0T€HIHaAa, IIpU yaaseHUH oT aaekTpona. Kak mnmcaa Tomac Bpayh,
Heobxoo0umo cozoamo «(Npo2peccusHo UBMEHSIIOULYIOCSD oussieKkmpuueckyro
NnpoHuUyaemocme.

Kak wm3BectHO, 3akKOoH KyaoHa mMeer KBampaTudHyio ¢yHKIMo. CaemoBaTeAbHO,
PYHKIIHS U3MEHEHHUH IIOTEeHIIHNAaAa C PACCTOSHHUEM OT JAEKTPOAa, KOTOPYIO MBI 3a7laeM C
IIOMOIIIBI0 KOHCTPYKTHBHOTO H3MEHEHHS AUIACKTPHUYECKOM ITPOHHUIIAEMOCTH BeIIleCTBa
OUIAEKTPUKA, 00JLKHA umemb KpymusHy bosee, uem keadpamuuHas pyHkyus.. B Takom
cAydae, AT YaCTHIl AUIAEKTPHUKA, HAXOMSIIUXCH B TOAIIE AUAAECKTPHKA, HAIIPABACHHE
YBEAMYEHHSI SAEKTPHUYECKOIO IIOTeHIMasa OyaeT oOpallleHO B CTOPOHY OT 3apsKeHHOH
IIOBEPXHOCTHU. [Ipu Takoil cuTyanuu, Ha HUX OyOeT AeHCTBOBATH CHAA, HAIIpaBACHHAS B
CTOPOHY MaKCHUMaAbHOY BEAMYHUHBI IOTEHIINAAA, TO €CTh, HAPYIKY Om 31eKmpooa.
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TexHoaoTHMYecKas 3a7ada CO3MaHHUS MHOTOCAOMHOIO AMAACKTPHKA, UAM MaTepHuasa
C IPOTPECCUBHBIM TPAAHUEHTOM AUIAECKTPUUECKON MPOHUIIAEMOCTHU, JOCTATOYHO CAOXKHAs,
HO M[epCHeKTUBHasg. [IpuMeHeHHe MaHHONW TEXHOAOTHHU B HSHEPreTHKEe U OOOPOHHOMI
IIPOMBIIIIAEHHOCTH HUMeeT OOABIINEe IEePCIIEKTUBLI. Takue MaTepHaAbl, 10 MOUM pacdeTam,
MOTyT OOECIIeYUTh AaKTHBHBIE MOEWCTBYIOIIME CHABI BEAMYHHON OKoAao 100 TOHH Ha
KBaJpaTHBI MeETp IIOBEPXHOCTHU CIEIMAABHOTO KOHAEHcCATopa, IIPU HAIIPIAKEHHOCTH
IAEKTPUUECKOTO TI0Ad OKOAO 10 KHAOBOABT. Takme MomIHBIE CHAOBBIE 3(P(PEKTHI, O3
ydeTa MOOOYHOM MOHH3AIIUU BO3/IyXa, JOAKHBI OOBICHATHCA HEKOTOPOH paboToCIIoCOOHOM
TEeOpUeH.

KopoTko no Teopuu npoiiecca. CyIiecTByeT HECKOABKO TEOPETHYECKUX IT0IX000B, U
BCE OHU OIIHUPAIOTCH Ha IMIPEAIIOAOKEHHE O HAAMYHU Cpelbl B BaKyyMe, KOoTopas, IpHU
BO3/IEHCTBHUM Ha Hee, MOXKET IIpHOoOpeTaTh HEKOTOPYIO CTPYKTYPY, IIOCKOABKY OHa HMEEeT
oIpeaeAeHHble (PU3NYIECKHE CBOMCTBA, B TOM YHCAE, [IAOTHOCTb SHEPTHH.

3axkoH KyaoHa B KBAaHTOBOM 9A€KTPOAMHAMUKE OIHCHIBAeTCHd, Kak 0OMeH sHepruei
BUPTYaABHBIX (DOTOHOB, ITPOUCXOASITNH MEXKAY 3apsAsKeHHBIMH YacTHUIlaMU. AHAAOTHUYHBIE
unen paccmarpuBaeT Bepaen [28]. Ha Puc. 80 mokasana cxemMa B3aMMOAEHCTBHUA ABYX
9AEKTPUYECKHU 3aPSAKEHHBIX T€A, C TOYKH 3peHUd 9(PUPOANHAMUKH.

OTTAAKHBAHHE [IPUTAXKEHHUE

:T E=E, -E, f :T E=E +E, .
' } '

Puc. 80. Cxema B3auMogeHCTBUS SAEKTPHUUYECKH 3aPSIKEHHBIX TEA.

M3 aHaau3a BEKTOPHBIX CYMM [JAHHBIX B3aUMOIEHMCTBYIOIIHUX TEA, MbI IIOAYYAEM
IIPOCTOM, HO BAKHBIM BBIBOI: 3apsi’KeHHOe Mesio 8 NPUCYmMCmeuu 0pyz020 3apsieHHO20
mena OKPYIEHO 2PAOUEHMHBbIM 3NeKMPUUECKUM NOAEM, UMO U Seaslemcsi NPUuUuUHol
B803HUKHOBEHUSL CUJL OMMANKUBAHUSL UNU NPUMSIIKEHUSL.

BasKHO IIOHATBH, YTO CHAOBOE B3aMMOAEHCTBHE ITPOUCXOOUT HE MEXKAYy TeAaMH, a
MeKO0Y KAXKObIM MesoM 8 OMOEeNbHOCMU U OKPYIKAUUM €20 UACMUUAMU IPUPHOTL
cpeodvl, Komopble nepedarom meay C80U UMNYAbC, YTO BOCIPHHUMAaETCs HaMH, Kak
SAEKTPHUYECKOE TI0AE.

B KBaHTOBOM OAEKTPOAMHAMUKE, TOBOPAT HECKOABKO [IPYTHMMH CAOBaMHU:
«IOAIpU3AlUsg BaKyyMa» H «00pa30BaHHE BUPTYAABHBIX SACKTPOH-IIO3UTPOHHBIX MIap».
CyTpb nmeaa 3TO He MEHHET: 3¢gpupHoe oasneHue, mo ecmb, CYMMAPHLLI UMNYJbC Uacmuy
agpupa, delicmeyrowuil Ha4 3/1eKMPUUECKU 3aPSIIKEHHOE MESI0 C PA3HbIX CMOPOH, MOXKEm
6bLMb CUMMEMPUUHBLU (U30MPONHDBLIL) UNU HECUMMEMPUUHBLU (AHU30MPONHDBLIL).

OOBIYHO, CYMMAapHBIM HMIIYABC CHMMETPHYEH, W OBUXKYIIEH CHABI HeT. OTo He
ABAFETCH 0083aTeAbHBIM yCAOBHEM. AKTUBHAs CHAQ, AEHCTBYIOIIAsS Ha 3apsSKeHHOE TEAO,
MO3KeT OBITH co3daHa [AS YeOUHEHHO020 3apsiKEeHHO020 TeAa 3a CUeT ero ocoboit (opMsl,
HAU 3a CYeT aHHU30TPOIINU CBONCTB AUSAEKTPHUKA BOKPYT Hero, Puc. 81.
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ananekTpuk Ne1

ananekTpuk Ne2

Puc. 81. yel[I/IHeHHOC 3apPAKEHHOE TEAO, OKPYXKEHHOE PA3HBIMHU JUIACKTPUKAMU.

B mamHOM cay4ae, KOHCTPYKTHBHO CO30AlOTCHd YCAOBHA [OAS IIapbl IIPOILIECCOB:
O6aaromapsgs aCHMMETPHUH CTPYKTYPBI CPelibl BO3HUKAaET ABUIKYIlas CHAA B IIPOCTPAHCTBE,
U COOTBETCTBYIOIIMH €M XpoHaAbHBIM 3(eKT, KakK [ABHXKYyIIAd CHAA II0 BpPEMEHHU.
[IposBaeHUE XpoHaAbHOTO 3ddeKTa, MIPHU MaAO¥ MOIIHOCTH IIpoIlecca, [JOAXKHO
NETEeKTUPOBAThLCH, KakK TeMIIEpATypPHbBIN I'paJUueHT.

[Ipenaaraemass 34eCh KOHIIENIIHMS Oblaa  paccMoTpeHa paHee B [35].
Maremaruyeckoe oOocHOBaHHe OblA0 IHpemaoxkeHo IIpodeccopom  Adpanacuycom
Haccukac, YHuBepcuret ropoga Aapucca, I'pernus [36].

JIasT KPUTHKOB, YTBEPKIOAIOIINX, YTO «CTATHKa HE MOXKET CO3/1aTh [IBHIKEHUE»,
YTOYHIO BasKHBIM HIOQHC: He 3a0bIBaiiTe 0 9(pHpOAMHAMUKE U CHAAX YIPYTOCTH, a TaKXKe O
BO3MOXKHOCTH UMNYNbCHO20 pexuma pabomel. Co3naBast UMIIYABChI 3AEKTPHUYECKOTO ITOAS
B o0pacTH TIpagueHTHOI'O0 [OHUIAEKTPHKA, MBI CO3MaeM KHUHETHYEeCKHH HMIIYABC
(MexaHHYeCcKoe MOBHUKEHHE YacCTHUI[ YIIPYTOoro MOHUAAEKTPHKA). MOIIHOCTHL 3aBHCHT OT
4acTOThl IIMKAOB. lleaecooOpa3HO NPHUMEHUTH MHOXKECTBO KOHIEHCATOPOB MaAOH
€MKOCTH, [AS pPaboThl C BBICOKOYACTOTHBIMH HMITyABCAMH. VIMITyABCHBIH MCTOYHHK
ITUTAHUS TaKXKe AETKO IT03BOASIET PETYAUPOBATDH CHAY TSTH.

Aroboe BeLIeCTBO «COeOUHEHO C 3(UPOM», B YNpyzocmb Beuiecmeda SIBASIETCH
9AEKTPOMAarHUTHBIM 3(PUPOANHAMUYECKHUM SIBACHUEM: SA€MEHTapHBbIE YaCTHIIbI BEIECTBA
IIPUTSITUBAIOTCA HAW OTTAAKHUBAIOTCS APYT OT Apyra, HIPU YIIPyroM B3aUMOJAEUCTBHH HX
9AEKTPUYECKUX U MarHUTHBIX IT0AeH. B cBoOI0 ouepenn, SAeKTPUYECKUE U MAarHUTHBIE TIOAS
€CThb OIpeZleACHHBbIE ITPOIIECCHl B YIPYrod apupHOM cpene. Ympyrue nedopMallly HAU
BOAHBI CXKaTHUS U pas3psKeHUd yIpyrod asduUpHOM cpenbl Mbl HasbIBaeM MOoAIMH. B
KOHCTPYKIIMEIX aCUMMETPHUYHBIX KOH/IEHCATOPOB, B TOM YHCA€, IIOKa3aHHOM Ha Puc. 81,
HEeoOXOAMMO ODEeCIIeYUTh YIPyroe B3aUMOAEHCTBHUE CO CpPeloH, KaK M B MeXaHUYEeCKHX
ycTpoHcTBax, pacCCMOTPEHHBIX HaMH paHee.

HUrak, epadueHmHblii ynpyauii OusLeKmpuK — 3TO CIIOCO0 CO3IaHUsa aKTUBHOM CHABI,
OeHCTByIOIIEeH 3a cYeT TpaareHTa MOaBAeHUd 3¢upa, IIPUYEM, CHABI, He TpebOyromei
3aTpaT SHEPrUHU Ha ee IoancpzkaHue. PeryanpoBKa BEAWYHHBI CyMMapHOM ABHKYILEH
CUABI, B [OaHHOM METOAE, AETKO [JOCTUraeTCd M3MEHEHUSIMUH B XapaKTEPUCTHUKAX
UMITYABCHOTO pexXuMa paboTbl. PeryampoBKa CyMMapHOH MIBUKYIIEH CHABI, KOTOpas
BO3HUKAET IIPU HUCIIOAB30BAHUU ACHMMETPHUYHBIX HSACKTPETHBIX MAaTEPHUaAOB, MOXKET
obecrieunBaThCAd 3a CYET MEXaHUYECKOTO II0BOPOTA YAaCTH HSAEMEHTOB [IBHXKHUTEAS.
Hampumep, moaHas Tara co3gatorcd IIpu 100% coraacoBaHHOM HaNpPaBACHHUU BCEX
9AEMEHTOB, a HanpaBuB 50% sAeMEHTOB IIPOTUB APYTOH IOAOBUHBI SAEMEHTOB, IIOAYYNUM
IIOAHYIO KOMIIEHCAIIUI CUABI TSATH.

B Poccumu, o manHoi TeMe, ObIra TTogaHa 3adBKa Ha JaHHoe u3obperenue: «Crocob
U YCTPOHMCTBO OAS CO3MaHUS ABHXKYIIEH cUAbD, 3asgBkKa Ne 2004105178 ot 20.02.2004,
aBTop PponroB AsekcaHap BaammmmpoBudu. K cozxkaseHHio, OblA IOAyYE€H OTKa3 IIO
W3BECTHOH IIpUYMHE: «IBHKEHHE TE€A 3a CYeT BHYTPEHHHUX CHA HEBO3MOXKHO».
[Ipenaaraercs IIOBTOPHO 3allaTeHTOBATH IIpefAaraeMble KAIOUeBble TeXHUYECKHEe pelIeHUs
Ha MEXAYHapOoaHOM yPOBHE, IASI UX KOMMEPIIHAAN3ALIHH.
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IToBTOpPIO, YTO, B JAHHOH KOHCTPYKIIMH, HET TOKOB IIPOBOAUMOCTH HAU HMOHH3ALINU
cpenpl. OTO akTUBHad (HepeaKTHBHAad) aAeiicTByromiasa cuaa. C TaKHMMU OBUXKHUTEAIMH
MOXKHO HE TOABKO A€TaTh B KOCMOC, HO U BpallaTb 3A€KTPOreHEpPaTophbl, 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. lIpemncraBbTe cebe
IIaCCasKUPCKUH caMOAeT, He TpeOyIoIIHi TOIIAMBA, C IEPBUYHBIM UCTOYHUKOM SHEPrUU B
BHU/Ie OOBIYHOI'O AKKyMYASTOpa, U HEOTpPaHWYEHHOM [JaABHOCTBIO IlepeaeTta. [pyroit
BapuaHT: 60eBol uCTpeOuTeAb, He TPeOyromui TomAMBa, CIIOCOOHBIH BBIIIOAHATH AIOOBIE
3ama4y, 0e3 OrpaHHYeHHH II0 JAABHOCTH IoaeTa. OYeBHOHO, YTO CYIIECTBEHHBIN
IIpOTrpecc, IIPH BHEAPEHWH TaKUX TEXHOAOTHI, OXHIOAETCs BO BcCeil O0OpPOHHOH
IIPOMBIIIIAEHHOCTH, B CBd3U C HOBBIMH BO3MOXKHOCTIMHU KOHCTPYHpPOBaHUSA O0oeBOH
TEXHUKH U CPENCTB JOCTABKH, KAUECTBEHHO ITPEBOCXOASIINX PAKETHI.

Haperoch, 4To yuTaTeAb He O4YEHb YTOMAEH PACCyKAEHUSMU O TPYOAHO OCSI32aEMBIX
3(PUPOAVHAMHYECKUX HIBACHUSX, IIPOHUCXOAANINX B ACHMMETPHYHBIX KOHAEHCATOpax.
[Ipenaararo mepediTM K HOBOH TIaaBe, B KOTOpoH OyaeT IIOKa3zaH METO CO30aHUs
OBUXKYILIEH CHABI 3a CUeT O0TOOpa SHEPTHU Yy MOAEKYA BO3AyXa, UAM APYrod cpenbl. ITO
IIOMOXKET  [OHATHb  KOHIEIIINI0O aCHMMETPHYHBIX  KOHJEHCATOPOB,  CO3JAIOIIUX
QHAAOTHYHBIE CHAOBBIE 3(P(eKTbI, HO 3a cYeT oTOOpa SHepruu y I(QPUPHOH Cpeabl.
[TocaencTBHS TAKOTO 9HEProodMeHa MOAXKHBI OBITH TAKHUe e, KaK U B ra30AuHaMUKe.

AKTUBHBIA CHAOBOUM HaHOMAaTeEpHaA

[lepeiimeM K pacCMOTPEHHIO METOZOB CO3[IaHUS AKTHBHOM MABMKYINEH CHABI, [AS
KOTOPBIX B POAU OKpyzKalolle#l cpenbl paccMaTpUBaeTcsd OOBIYHBIA BO3AyX, TaK
Ha3bIBAEMBIH, «aTMOC(EPHBIN OKEaH».

HecKoABKO CAOB O TEPMHHOAOTHH, KOTOpas IIepelira K HaM B3 aHTAUMCKOTO S3bIKA.
Mp! Ha3bIBaeM «aKTUBHBIMH ABHIKUTEASIMI» YCTPOUCTBA, paboTarolye 3a CYeT «aKTHUBHBIX
CHA» B3aUMOJEHCTBHSA C BHeENIHeH cpemod (Bo3ayxoMm, Bomodt wuam acgpupoM). CaoBo
«reaction» o3Ha4daeT «IIPOTHUBOAEUCTBHE», «action» — medicrBue. PeaKTUBHBIE CHABI, II0
OIIPEIEACHHIO, BO3HHUKAIOT IIPU IIPOTHUBOAEHCTBHUH ABUXKHUTEAS U OIOPHBI, OT KOTOPOH OH
OoTTaAKMBaeTcd. B peayabrare peakilnM, TeIAOBas OHEPIHUsd Cpeabl YBEAMYHBAaETCHd,
COOTBETCTBEHHO YBEAMYEHUIO KUHETHUYECKON SHEPTrUuU ABUXKUTEAS. B IPOTHBOIIOAOKHOCTD
9TOMY HPHHIINIY, aKTUBHbBIE CHABI JEHCTBYIOT Ha ABHUIKUTEADb TPAHCIIOPTHOIO CPeACTBAa 3a
CUET IIOTAOIIIEHUS KUHETUYECKOH SHEPTHH CpeAbl. DTOT MPOIECC MOAKEH MNPHUBOOUTH K
OXAQXKEHUIO OKpYyXKalollleH cpensbl.

OObBIyHBIF Tapyc, KakK MBI OTMEYaAH paHee, paboTaeT MMEHHO KaK aKTHBHBIH
OBUKUTEAb, UCIOAB3YsI SHEPTHIO IIOTOKa BeTpa. UTo Takoe BeTep? OTO yIOpsSOOUYeHHBIN
IIOTOK YacCTHUI] BO3ayxa, IIPEUMYIIIECTBEHHO ABUTAIOIIMNCA B OTHOM HallpaBaeHUH. [lapyc
TOPMO3UT HaIIPABAECHHBIM IOTOK ABUXKYIIEHCS Cpeabl, TE€M CaMbIM, COO0Iasl YCKOPEeHHe
TPaHCIIOPTY.

Hcrioab3ysd CIIEIIMaAbHO CKOHCTPYHPOBAHHBIE HaHOMATEPUAABI, B HACTOLAIIEE
BpeMs, CTAHOBUTCH BO3MOZKHBIM PaboTaTh C KaxK/I0H MOAEKYAOH BO3AyXa, OTOMpasi y Hee
KHUHETHYECKYIO SHEPTHIO, U IlepeiaBasd CyMMapHbBIH UMIIYABC OBHXKUTEAID TPAHCIIOPTHOIO
cpencrBa. B pesyabTaTe TakKoro B3aMMOIEHCTBHUA C OKpyzKarolleil cpenoif, HampuMmep, c
BO3IyXOM, MOXKHO 0O0ECIIeYHUTh pa3HOe AaBACHHE BO3AyXa Ha IAACTHHY MaTepHaasa, omHa
CTOPOHA KOTOPOH UMeeT MHUKPOpPeAbed CIIeITHasbHOM (DOPMEI.
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Pasmepns! MuKpopeabeda, KOTOpble HEOOXOAMMBI [IAS PEaAM3alliH IIpeasaraeMoi
KOHIIEIIINY, Haxonarcd B npenesax 1 - 500 HaHOMETpPOB. OTH pa3Mepbl 3aBUCAT OT
XapaKTEePUCTUKHU Cpenbl, KOTopas Ha3bIBaeTCd «IAMHA CBOOOIHOIO Ipobera» MOAEKYA.
JanHaa xapakKTepUCTHUKa MEHSETCS, IPH U3MEHEHUIX AAaBACHHS U TeMIIEpaTyphbl ra30BOH
cpensl.

[Ipenaaraemasi 34eCh KOHIIENIUS paHee paccMaTpuBasack B MOCKOBCKOM
ABuarmmonHoM Muctutyte A. TUTApeHKO, KaK «JaCTUYHOE SKPaHUPOBAHUE CHA TABACHHUS,
OeHCTBYIOIMX Ha IpeaMeT. B 0Ooaee TOYHOM (POPMYyAHPOBKE, «IKPAHHUPOBAHUE CHABI
JaBACHUs Cpelbl» 0O3HAYAET 3a/1a4y «IIOTAOIIIEHHUS» YACTU KHHETHYIECKON 3HEPTUHU MOAEKYA
cpenpl (Bo3myxa), C KakKoW-AMOO OOHOM CTOPOHBI TeAa, YTO CO30AacT pPas3HOCTH
JEHCTBYIOIIETO Ha HETO JaBACHUS, U OMHOHAIIPABACHHYIO JABUXKYIIYIO CHAY.

B HeckoabKO mMHOM opme, umed Oblaa BbICKazaHa Mwuxaumaom [IpocdupreBuyeM
Beniok, Caukr-IleTepOypr, onmybAanKoBaHa B kypHase «HoBaa OHeprerukar [37]. Ha Puc.
82 mokazaHa KOHIIENIH, IIPeIAOKEHHAs JaHHBIM aBTOPOM.

Puc. 82. Unea Muxauaa [IpodupbeBruda Belllok 11o HCoAb30BaHUIO 9HEPTHH BO3ayXa.

Muxaua [TpodupseBUY IOACHSET MAHHBIM HPUHIUI cAenyrommMm obpasom: «Ecam
pasMmep 3aeMeHTOB peabeda d 6oaee JAMHBI CBOOOIHOTO ITpobera, To KasKaasd U3 MOAEKYA
II0OCA€ yZapa O MAACTUHY cpasdy BoO3Bpallaercss B COOCTBEHHYyIO cpenmy. Ecau  pasmep
aAeMeHTOB peabedpa d MeHee OAMHBI CBOOOIHOTO mMpobera, TO YaCTh U3 MOAEKYA YIAPUTCS
0 TIAACTHUHY B 00AacTu MHUKpopesbeda Goaee UyeM OAHUH pas, MIPERIe YEM BEPHYTHCS B
cobcTBeHHYI0 cpeny. TakuMm oOpa3oMm, BO3HUKAET AOIIOAHUTEABHAS CHAA C TOH CTOPOHEI,
Ie IAQCTHHA UMeeT peabed C daeMeHTaMH pasMepoMm d, m 0asaHC CcHA HapyliaeTcs». B
peBYABTaTe, BO3HUKAaET ABUXKYIIad CHAA, ﬂeﬁCTByIOH.[aH Ha HAaCTI/IHy.

PaccmoTpuM maHHyo Haero nomapobHee. M3BECTHO, YTO MOAEKYABI BO3/AyXa BCeraa
JABUTIalOTCd, IPHYEM, XaOTH4YECKH, CTAaAKHBadCh WM MCHdAdd HaAIIPaBACHHE. Ha JAAHNHE
cBOOOMHOTO ITpo0era, TPaeKTOPHUA KazKIOH MOAEKYAbl SBAGETCH IIPSIMOAWHEWHOM, Kak
nokasaHo Ha Puc. 83.

. &

Touka Gyayliero
CTONKHOBEHUS

AnvHa cBoGoaHoro npobera
Monekynbl

¥ T

Puc. 83. [Janza cBoOOmHOTO IIpobera MOAEKYA rasa.
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CKOPOCTb ABHZKEHHUSI MOAEKYABI BO3/yXa, IIPH OOBIYHOM aTMOCHEPHOM OaBACHUH U
KOMHATHOU TeMIleparype, IpuMepHo paBHa 500 mM/cek. [JamHa cBobOomHOro Impobera
OIIpENEASIETCHd, KaK PacCTOdHHE, KOTOPOE MOAEKyAa rasa IIPOAETAET OT MECTa OILHOTO
CTOAKHOBEHHA 10 Apyroro. Hampumep, MoaeKyabl 1 B 2 CTOAKHYAHWCH, U IIOMEHHAN CBOH
TpaeKTOpHUU. AHAAOTHYHO, I1apa MOAEKYA 3 U 4 yXKe CTOAKHYAUCH, U TE€IEpPh ABUTAIOTCS
HEKOTOpOE BpeMs MIPAMOAMHENHO, II0 CBOMM TpaeKTopudM. PaccrogHume, KoTopoe
IIPOAETAET MOAEKyAA 1 OT TOYKH CTOAKHOBEHUS C MOAEKYAOH 2 MO TOYKH CTOAKHOBEHUS C
MOAeKyAOH 3, HasbIBaeTCs «IAMHOM CBOOOIHOIO IIpoderanr.

[Ipu 0OBIYHBEIX pa3Mepax HepoBHOCTel peabeda, KOTOPhble HAMHOTO OOABIIE OAWHBI
cBOOOmHOrO mpobera, MpoIecC ABUXKEHHS U CTOAKHOBEHUI SIBASETCS XaoTudecKuM. He
HMeeT 3Ha4dYeHHs, IIOAUPOBaHA AW OJHA ITOBEPXHOCTH IIAACTHUHBI, AU OHA MUMeeT KPYIIHbIE
HEpPOBHOCTH, TaK KaK BEKTOpPa UMIIYABCHBIX yAapOB MOAEKYA BO3/yXa II0 ITOBEPXHOCTHU
HUMEIOT crmamucmuueckoe pacnpeodeseHue BEPOITHOCTEY HallpaBAECHUS UMIIyAbCA.

B Tako#l cuTyalMu «CTaTUCTUYECKOI'O paBHOBECHUS», JaBA€HHE cpeapl Ha o6e
IIOBEPXHOCTHU MIAACTHUHEI OYIeT OAMHAKOBOE, U CYMMapHbIM HMIIyABC PaBEH HYAIO.

B ngpyrom caydae, ecam omgHA CTOPOHAa IIAACTHUHBI HMEET I[IOBEPXHOCTH C
PETYASIPHBIMH 3A€MEeHTaMHU peabeda, pasMep KOTOPbIX MEHEe MOAHMHBI CBOOOMHOTO ITpobera
MOAEKYABI, TO MBI MOIKEM HCIOAB30BaTh IIPEACKA3yeMoe NPIMOAWHEHHOE [IBUKEHHE
MOAEKYA Ha KOPOTKHUX yIacTKaX TPAeKTOPHH.

Bamaya penlaercs AMOO IIyTE€M YaCTUYHOTO O0TOOpa KMHETHYECKOM SHEPTrUU YaCTHI
OKpyzKarlled cpeapl, AMOO IIyT€M YaCTHYHOIO VIOPAOOYMBAHHS HX XAOTHUIECKOTO
TEIAOBOTO ABUKEHUA. JaCTUYHBIH OTOOP SHEPTHU y YaCTHUIL, JOAKEH COIIPOBOKIATHCS
HarpeBaHHUEM HAHOZAEMEHTOB, HAIIpUMEpP, HAHOBOAOCHI OyayT HarpeBaThbCd 3a CUYET HX
necpopmanuii. YmnopsmodwBaHHE, TO €CTh, AaMHHApPHU3aIUI0, MOXKHO OpPraHu30BaThb
pasHbBIMH criocobaMu: Cco3maHue 3a CYeT peabeda IIPEeUMYIIeCTBEHHOTO BeKTOpa
OBUKEHUS YaCTUIl BIOOAb ITOBEPXHOCTH IIAACTHHBI HAU NEPIIEHAUKYAIPHO TIAACTUHE.
CoOTBETCTBEHHO, JaBACHHE Cpebl HA AACTUHY CO CTOPOHBI peabeda AUO0 yMEHBIIAeTCs,
AV00 YBEAMYIHNBAETCSI.

Hrak, paccMOTpUM BapHaHTBI MHKpoOpeAbeda, IIPU KOTOPOM CTATHCTHYUECKOE
paBHOBecHe B3aUMOAEHCTBHUS Cpeabl M CTOPOH IIAACTHUHBI HapyliaeTcd. Y Hac €eCTh
HECKOABKO IIyTeH pelleHUs MOaHHOM 3amadd. [lepBoe HampaBA€HHE HCCAEIOBAHUM
3aKAIOYAETCsI B IIOMCKE pPEILIEHUM, II03BOASIOININX OCYIIECTBUTh YaCTHUYHBIHA OTOOpP
KHHETHYECKOH OSHEPTHU y MOAeKyA Bo3ayxa. OOHMH BapHUaHT peasu3allviil OaHHOTO
pelIeHud - 3TO TaKKe HAHOTPYOKH, B KOTOPBIX MOAEKYABI BO3/AyXa TEepPsIOT 4YacTb CBOeH
KUHETUYECKOH BHEPruu IIpU 0O0K08blX Heynpyaux coyoapeHusix CoO CTeHKaMu TpPyOok. B
pe3yAabTaTe, MOAEKyAa BO3QyXa MepefacT HAHOTPYOKaM dYacTh CBOETO HMMIIYALCA, YTO
YMEHBIIIaeT KOMIIOHEHTY HMIIyAbCA MOAEKYA, KOTOpas HalpaBA€HA MNePIIEHIUKYASIPHO
IIOBEPXHOCTU IIAACTHUHBI, Puc. 84. O4eBHAHO, YACTUYHBIH OTOOP SHEPrUH Yy MOAEKYA
Cpenbl JOAXKEH IPUBECTH K HATPEBY BEIIECTBA, U3 KOTOPOTO U3TOTOBAEHBI HAHOAAEMEHTEHI.

Puc. 84. MoaekyAbI BO3IyXa U HAHOTPYOKH.
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OTMeTHM, 4YTO B APYIOM CAydae, IIPHU Yynpyaux CTOAKHOBEHHAX MOAEKYA BO3OAyXa U
CTEHOK HAHOTPYOOK MOXKET BO3HUKHYTBH IIPOTHBOIOAOKHBIN 3eKT: B pe3yAbTare
BbIPaBHHUBAaHUS TPAECKTOPHUH MOBUXKEHUS MOAEKYA BO3AyXa (AaMHUHapHU3alluy) BIOOAbL OCH
TPYOKH, YBEAWYHTCS KOMIIOHEHTA CKOPOCTH MOAEKYyA, KOTOopad IIepIeHAUKyAdpHa
IIOBEPXHOCTH MAACTHUHBI. ITOT 3PPEKT YBEAHUYUT OAaBAECHHE Ha IIAACTHHY C TOH CTOPOHBI,
rae cdoopMUPOBaHbI HAHOTPYOKH.

O160p KUHETHYECKOHl OHEPruHM MOAEKYA, HAM YaCTHYHOE VIIOPSAOYEHHE UX
XaOTUYECKOTO [BUXKEHUS, TaK HAM HWHade, MIPUBOAAT K QOPMUPOBAHUIO pPA3HOCMU
dagnieHust cpedbl HA NAACMUHY € 08YX CMOPOH. DTO CO3MACT [ABUKYIIYIO CHAY,
AEUCTBYIOILYIO Ha IAACTHHY CO CTOPOHBI CPE/bI.

[Ipu oxXAazKIEeHUU CpPeabl, BO3MOXKEH 3(P(PEeKT MOSBAEHUS TyMaHa, KOHIAECHCAITUH
aTMocepHBIX IapoB BoAbl. B CBA3M ¢ 3TUM, UMeeTCsT HHTepecHasl CMBICAOBAsI aHAAOTH:
MBI TOBOPHUM «IIapPUT», «IIAPIIINN B BBICOTE» O YEM-TO AETAIOIIEM B BO3AyXe, HO IIPH 3TOM
HaXOASIIUMCS Ha OJHOM MecTe. BO3MOXKHO, 3T0O ApeBHEE CAOBO OTPAaXKaeT CMBICA 3a0BITHIX
HaMH T€XHOAOTHH.

OxmH M3 BapHaHTOB O0TOOpPa YACTH KHHETHYECKOM SHEPIHH Y MOAEKYA BO3ayXa —
CTOAKHOBEHMS C HAaHOBOAOCAMHU, KOTOpPhIe OyayT nedopMHUpPOBaThCs, IIpUHUMAasi Ha ceds
4acTh HUMIIyAbca MoAeKyA, Puc. 85. Ympyrue nedopmaiiii HAHO3AEMEHTOB II03BOAST
npeobpa3zoBaTh KUHETUYECKYIO OJHEPTUI0 MOAEKYA B TEIIAOBYIO JSHEPruio, KoTopas
AKKYMYAUPYETCS BEIECTBOM MAACTHHBI. [IpHHIIMI IIPOCTO, HO CAOKHOCTH [JAHHOTO
TEXHUYECKOTO peIIeHUs 3aKAI0YaeTcs B TOM, YTO Ha «yIIPYTOM CTOPOHE» IIAACTHHBI,
HeoOX0oAMMO O0ecledyuTh B3aUMOAEHCTBHE He A9 TEHHHCHBIX IIIapUKOB, a AT MOAEKYA
BO3/lyxXa, Macca KOTOPbIX O4Y€Hb Maaa, a CKOPOCTb O4YeHb Ooablnasg. MOKHO
IIPEAIIOAOKHUTE, YTO HAHOCTPYKTYPbl B BHIAE TOHKHUX HAHOTPYOOK HAW ITUAHMHIPOB
(HAHOBOAOCEI), OPHEHTHPOBAHHBIX BEPTHKAABHO, U PACIIOAOXKEHHBIX Ha II0BEPXHOCTHU
IIAAQCTUHBI C TpPeOyeMBIM 3a30pOM, CMOTYT YIIPYTO B3aMMOAEHCTBOBATHL C OTAEABHBIMHU
MOAEKyAaMH BO3AyXa, TO €CThb, ITOTAOIIIATh KHHETHUYECKYIO S9HEPTHUIO IIPU AepopMaIusax, 1
mpeobpa3oBLIBAThL €€ B TENAOBBIEe KoAaeDaHHUA aTOMOB BeIeCTBa, M3 KOTOPOTO OHH
U3TOTOBAEHEBI.

Puc.85. [lechopManiii HAHOIAEMEHTOB IIPH B3aUMOAECHCTBUH C MOAEKYAGMH BO3AyXa

Boaee mpocThIM, Ha MOaHHOM CTaguM IIPOEKTa, MHE IIPEACTABAAETCA BTOpPOE
HallpaBA€HHE IIOMCKAa, TO €CTh AaMHUHapH3alysa HoTokKa. MBI MOXKEM OeAaTh XaoTHYECKOe
OBUXKEHUE 4YacCTHUI] cpeabl OoAee YIIOpsSAodYeHHBIM, «popMUPYs BeTep». [IOCKOABKY TakoM
«BeTep» B 00AACTH OKOAO IIOBEPXHOCTHU IIAAQCTHUHBI MOKeET OBITb OpPHEHTHPOBaH
[IapaAA€ABHO HAW MEPHEHAUKYASIPHO IIAACTHHE ABUIKUTEAT, COOTBETCTBEHHO, II0OAyYaEM
[Ba BapHaHTa BTOPOTO PEIIEHUS: CHUXKEHUS JAaBACHHUI CPEAbl HA IIOBEPXHOCTD IAACTHUHEI,
HAW yBEAWYEHHE NAaBACHUS CpPenbl Ha [IAACTHHY, B OIIPEAEACHHOM MECTE.

Ha Puc. 86 mnokazaH BapuaHT, IPHU KOTOPOM XAOTHYECKOE IABUKEHHE MOAEKYA
BO3yXa IIpeobpasyercs B YAaCTHYHO YIOPSAOYEHHOE, TO €CTh, B «IIOTOK BeTpa», IIOCAE
IIPOXOKIAECHUS HMH «HAHOCHUTa», HMEIOIIET0 BEPTHKAAbHBIE KaHAAbl (HAHOTPYOKH).
AnasormyHo Oyzmer paboraTh C dYacTHIAMH CpeObl M [AaKeT I[IAOCKHUX IIAACTHH,
PaCIIOAOKEHHBIX C 3a30poM. [IpocToil BapuaHT peabeda — KaHABKH B TOAILIMHE ITIAACTHHBI,
rayouHoi#t 500 — 1000 M u mmpuHo#t 50 — 100 HM. BapuaHThl peasn3aiiuy Uaeu 3aBUCAT
OT BO3MOXKHOCTEH TEXHOAOI'OB.
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XAOTUYECKOE [IBMXXEHUE MOJEKYII

Pric.86. [ToTok yacTull HallpaBAE€H BIOAB IIOBEPXHOCTHU IIAACTHUHEIL.

Takum ob6pazom, ¢opMHpPyeTcss IIOTOK YaCTHUIl, CYMMapHBI BEKTOP CKOPOCTU
KOTOPBIX HMeeT OOABIIYI0 KOMIIOHEHTY CKOPOCTH, HAIMPaBAEHHYIO IIEPIIEHANKYASIPHO
IIOBEPXHOCTH IIAACTUHBI, YeM IIPU XaOTHYECKOM ABMKEHHH. MOXHO 0XUOATH, UYTO 3TOT
3pdeKT YBEAWUUT CTATUYECKOE [JaBA€HHE Ha I[IOBEPXHOCTH IIAACTHHBI KOpIIyca Co
CTOPOHBI «HaHOCHUTA. I[IOMCK ONTHUMAaABHBIX pPEIIEeHUNM KOHCTPYKIIMHU «HAHOCUTA»,
CIIOCOOHOTO YaCTUYHO YIIOPSAO0YUTH XaOTHYECKOe ABHKEHHE YaCTHI] Cpelbl (Bo3ayXa HAU
BOIEbI), ABASeTCs MHTepecHol 3amadedi. Ha Puc. 87 mokazaHo apyroe pelieHHe, KOTOPOe
MOIKET IIPUMEHATHCH OASI YIIOPSAOYUBAHUA ABUKEHUA MOAEKYA CPEIBL.

YACTUYHO YHOPHHO‘-EEHHOE OBWMXXEHUE MOJEKYTI
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Puc. 87. CozmaHue ynopsgo4eHHOr0 IIOTOKA YaCTHI] Ta30BOM Cpenbl.

KoHycHOe oTBepcTHE C OOHOM CTOPOHBI IIAAQCTHHBI, TaK CKa3aTh, «Ha BXOE»,
CIIOCOOHO yAQBAWBATBL OOABIIIEE KOAMYECTBO MOAEKYA, U «BBIPABHUBATH» UX TPAECKTOPUIO
nBuxeHus. C npyro#l CTOpOHbI IAACTHUHBI, OTBEPCTHUI UMEIOT MEHBIIUN AHaMETP.

OTHmeApHO OTMETHM, YTO IIPU MaAbIX pa3dMepax TPyOOK (KaHaAoB) mopaaka 1-2 HM,
OOABIIYI0O POAb HIPAIOT MONEKYASPHbLE CUlbl npumsikeHusl. MoaeKyaa rasa, Ionanas
BHYTPb TakKOM y3KOH TpPyOKH, IIEpecTaeT CoBepIIaTh OOKOBbIE KOAeODaHUSA, W 3aHHUMAaeT
IIOAOKEHHE Ha OCH TPYOKHU, Oaaromapsi CHAAM MOAEKYAIPHOTO HPUTIKEHUS K CTEHKaM
TpyOKH. OHa MPOLOAZKAET KOAEOATHCS U ABUTATHCs, HO TOABKO B HalIPaBA€HUHU BIOAb OCH
TPYOKH.

B03MOKHBI U TakKue BapHaHTHI, IIPU KOTOPBIX HAHOCHUTO C HAKAOHHBIMH KaHaAaMH
dopMHUpyeT ITPEUMYIIIECTBEHHbBIH ITIOTOK YACTHI[ CPeabl BAOAb [TOBEPXHOCTH IMAACTHHEBI. B
TAKOM CAydae, yBEAWYHBas AHHAMHYECKOE NOaBACHHE H yMEHBIas CTaTHYEeCKOE, MBI
OAyYHM 3(eKT, aHaroTU4HBIH wu3BecTHOMY 3¢dekTy 2KyKoBcKoro - YamawIrmHa,
KOTOPEIH obecriednBaeT MOABEMHYIO CHAY KPbIAQA.
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B Takoll cxeme BO3HHKAaeT I'PaJUEHT JAAaBA€HUS CPEeObl CHHU3y U CBEPXY, 34 CYeT
pPa3HOM CKOPOCTH OOTEeKaHWs CPEelod IMOBEPXHOCTHU IIAACTHHBI. Takoe HENOOBHIKHOE
«HAaHOKPBIAO» CIIOCOOHO CO3MaBaTh MOABEMHYIO CHAY B CMAMUCMUUECKU HEeNnoO8UIHOU
cpede, TIOCKOABKY OTHAEABHBIE 3AEMEHTHI CpPelbl BCeraa HaXOOsaTCd B ABUXKEHUU, KOTOPOE
MOKHO YaCTUYHO YIOPSAOOYNUTD, UCIIOAB3Ys CIIEIITMAABHBIN HaHOpeAbed.

[IpuMmeHeHHe HAHOTPYOOK, OPUEHTHPOBAHHBIX B HYXKHOM HAaIPaBACHUHU, [AS
pa3BUTHUS [JAHHOM KOHIEIIIMH, MPEACTABAIETCS HauboAee MEePCHEeKTHUBHBIM, XOTS U
Opyryue  CIIocOObI  IIOAYYEeHHsS MHKpopeabeda, BKAIOYAs COBPEMEHHBIE  METObI
HAHO’A€KTPOHHUKH, I[IPHUMEHsSeMble IIPH H3TOTOBAEGHHUH JAEMEHTOB MHKPOCXEM, MOLYT
Ha¥TH IIpakTUYecKoe IIpuMeHeHHe. [Ipn cepu#iHOM IIPOM3BOACTBE, METOAAMHU
doTonevyaTH U TPABAEHHs, TEXHOAOTHUS OyaoeT MMeTh HU3KyI cebecTomMocTh. OTMETHM,
YTO BBIpalllMBaHHE TAaKHUX HAHOCTPYKTYpP, KaK «HAHOBOAOCBHI», BO3MOXKHO HE€ TOABKO U3
HEOPTaHUKH, HO U IIyTeM OHOAOTHYECKHX HAHOTEXHOAOTHH.

Hannas texHosorus HaszBaHa CAM — cuaoBoM akTHUBHBIA Matepuaa, nau CAHM -
CHAOBOM aKTUBHBIM HaHoMaTepuaa. Hcroab3oBaHHE IIAACTHH CHAOBOIO aKTHUBHOTO
MaTeprasa B SHEpPreTHKE HE OrpaHUWYHUBaeTCd poTOpaMH MaliuH. Bo Beex
PacCMOTPEHHBIX BapHaHTaX KOHCTPYKIIMM CHAOBOTO aKTHBHOI'O MaTepHasa, IIpH oTOope
SHEPTHUM OKpYyKalollleH cpenbl, co30aemcsi pasHoCcmb memnepamyp, NJaHHas TEeXHOAOTHS
OTKpPbIBAEeT Ka4eCTBEHHO HOBBIE II1€PCIIEKTUBLI B KOHCTPYHPOBAHHUN UCTOUYHUKOB SHEPIUH,
cocroamux u3 naactuH CA HaHOMaTeprasa U OOBIYHBIX TEPMOIAEKTPHUYECKHUX
npeobpaszoBaTeAeii. OTH TIeHepaTopbl SHEPTHM OTHOCATCS K YCTPOHCTBAM IIPIMOTO
npeoOpa3oBaHUs TelAa OKpyKamIledl cpenbl B SAEKTPOIHepruio. B cBa3m c oTuM,
HaIllOMHIO HAelo MakcBeana O BO3MOXKHOCTH CO3JaHHYI HEKOEro MeEXaHHU3Ma,
Pa3eAdIoNniero MOAEKYABI cCpeabl Ha Trops4yue (ObICTpble) M XOAOAHBIE (MeIOAEHHBIE).
JaHHBIM MeXaHHU3MOM, He TPeOVIOIIUM 3aTpaT, U SBAIEeTCsS CIEeIIMAaAbHBIH MHKpPOpeAbed.
TexHOAOTHYECKHE peEIIeHNd, KOTOPblE MOXKHO IIPEJAOXKHUTH CErOOHS OAS peaAnu3alluu
JAHHOM HOEeH, OTHOCATCS K CIOoco0aM IIOAYYEeHHs BEPTHKAABHO OPHEHTHPOBAHHBIX
HaHOTPYOOK, Puc. 88. [IuameTrp moAydaeMbIX HaHOTPYOOK, O0ObI4HO, coctaBadgeT 50-100
HM. TexXHOAOTHUS TOAyYE€HHd TAaKUX HAHOTPYOOK aHOAHMPOBAHUEM THTaHa Hemoporas, ee
IAQHUPYIOT IIIUPOKO ITPUMEHATH JAS (PUABTPOB Pas3sANYHOTO HaszHadeHHs. CyIIecTBYIOT U
Opyryve BapUaHTbl IIOAYUYEHHS AaHAAOTHYHBIX HAHOCTPYKTYpP, HaIpUMep, MeTom
aHOOUPOBAHUA CBEPXYUCTOTO KPUCTAAANYIECKOTO aAIOMUHHS.

Puc. 88. ®oro: HaHOTPYOKM B BHUlE IAKETOB.

VHTepecHbIE pelIeHus, KaK MbI YK€ OTMEYaAH, MOTYT ObITh ITOAYYE€HbI H METOAaMH
HAHO3’AEKTPOHHKH, KOTOpas II03BOASIET CO3/aBaTh COBPEMEHHBIE TPAH3HUCTOPhI Pa3MepoM
50 BM. IIpu TakoM IoaxXonde, U3TOTOBHTEAH MHUKPOCXEM MOIYT OTKPBITH OAd ceOs HOBBIH
CEKTOp PBIHKA.
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Pasymeercsa, uccaemoBaHusd U OoTpaboOTKa ONTHMAaABHOrO peabedpa maactTuHbl CAM
IOTPeOYIOT 3HAYUTEABHBIX CPEACTB Ha OHNAATy TpyAa CIEHAANCTOB B obaactu
HAHOIAEKTPOHHUKH. B paspHeHIlleM, IIOCA€ H3TOTOBACHHS I1a0AOHA, NIPOMBIIIIAEHHOE
IPOU3BOACTBO M cOopka maacTuH CAM, 1moa KOHKPETHYI0 KOHCTPYKIIHIO IBUKHUTEAS,
OyomyT uMeThb HeOOABIIYI0 CceO0eCTOMMOCTD. [I[puMeHEeHMEe MOAHHOH TEXHOAOTHH B
KOCMHYECKHUX IIpOEKTax TaKxXKe BO3MOXKHO. Iloaaraio, dYTO CHAOBOHM aKTHUBHBIH
HaHOMaTepuaa OyZeT co3aBaTh MOLBEMHYIO (OBHXKYIIYIO CHAY) B AIOOOM 3aMKHYTOM
obpeMe ra3oBOM cpenbl, oxaazKkaas ee B IIpollecce pabortel, Puc. 89.

oTBOA Tenna KpenneHue NNacTUHbI K
A CAHM kopnycy

u NMPUTOK Tenna

yemqﬂbm Kopnyc

Puc. 89. CAHM B repMeTHYHOM KOPILyCE, 3aIIOAHEHHOM T'a30M.

HemocTaTKoM maHHOW TEXHOAOTUHU SABAGETCS HEOOXOAUMOCTH OPTaHH3aIlHH OTBOAA
Termaa or CAHM - maacTwH, W HOABOAA TeHAa K Ta30BOM Cpelie C IPOTHUBOIIOAOXKHOM
CTOPOHEI KopIryca. MoKHO 00eCIIeYuTh UPKYAIIIUIO TEIlAa, HCIIOAB3YS TE€IIAOOOMEHHUKHU.
YacTh TEIAOBOM SHepruu, Hen30ekHO, OyaeT pacceuBaThCs B OKpyzKalollel cperne, U ee
HAa/10 BOCIIOAHSITH BHEIIITHUM UCTOYHUKOM SHEPTHUH.

[TpenMyIiecTBO 3aMKHYTBIX CHCTEM B TOM, 4YTO MOXKHO CO3JaTh Al00Oe aaBAEHHE
rasoBOM cpenpl, a TakK¥Ke, HU3MEHSITb €ro BEAWYHHY, TEM CaMbIM yBEAWYUBas UAU
YMEHbIIIad ABUXKYLIyIO cHAy. Hampumep, npu gaBA€HUU rasa BHYTPU KOpILyca IIopsaka
10 armocdep, u 10% nepenazie maBA€HHUS Ha CTOPOHBI IAACTHHEBI, HA 1 KBaagpaTHBIH MeTP
CAHM - mnaactuHbl OymeT mOeldCTBOBaThH CHAA mopaanka 10 ToHH. [IBUKHTEAH,
CKOHCTPYHPOBAaHHBIE [AS ra3a BBICOKOTO [aBACHHS, OyayT Oosee KOMITAKTHBIMH U
MOIITHBIMU. BrpoyeM, ¥ B OTKPBITOHM aTMOC(EPHOH cpese Y JaHHON TeXHOAOTUH OOABIIHE
[IepPCHEKTUBEI.

OpHEeHTHPOBOYHBIE pacdYeTbl BEAHYHHBI AaKTHUBHOH CHABI, KoTopas Oyzxer
nedicTBoBaTh Ha IIAACTHHY HOpH co3zaHuu 10% pa3HocTH aTMOCEpPHOI0 MOaBAEHUH,
II0Ka3bIBAIOT, YTO IIPH aTMOC(EPHOM IAaBA€HUH OKOAO 1 KT Ha 1 KBaZipaTHBIH CaHTHUMETD,
cozzmaeTcd HoabeMHasi cuaa okono 100 rpamm Ha 1 KBagpaTHBIH caHTUMETpP. AHCT
pasMepoM 1 KBagpaTHBI MeTp CMOXKeT IomHATh 1 ToHHY. Aunctel CAM MOXKHO
IIaKEeTUPOBAaTh, 00ECIIEYUB JOCTYII BO34yXa K CAOSIM MaTepuaasa. AerkKo IpecTaBUTL cebe
CHAOBYIO YCTAHOBKY (OBHXKHTEAB) C rabapuTaMH IIPHUMEpPHO 1 KyOOMeTp, COCTOSIIyIO U3
100 amucToB, cIOCOOHYIO TOAHATE I'py3 BecoMm 100 TouH, Prc.90.

NOABEMHAA CUNA NMPU 10% PASHOCTW OABITEHUA BO3QYXA

F =100 ToHH
F =1 ToHHa

JINCT 1 KB.METP
MAKET 100 IMCTOB, OAVNH KYBOMETP
TOLWWHA 10 MM Ol

Puc. 90. [TakerupoBanue rmaactua CAHM.

81



JlaHHBIE TEXHHUYECKHE XapaKTEPHCTHUKH MNPHUHIUIIHAABHO MEHSIOT KOHIIEIIIHIO
KOHCTPYHUPOBaHNS aBHAIlMOHHOI'O TPAHCIIOPTa, a TaKKe, OTKPhIBAIOT (paHTaCTHUUECKUE
BO3MOXKHOCTH CO3/IaHUS HOBBIX THUIIOB A€TAIOUIUNX OOBEKTOB, TIPY30II0ABEMHOCTHIO B
MHAAUOHBI TOHH. Hampumep, naaTdopma — OBUKUTEAB, ¢ TabaputaMu rmpuMepHo S5S0x100
METPOB, U TOALIMHOM 2 MeTpa, cocrodiiad u3 200 caoeB 10 mMm maactur CAHM, Bcero
npu 10% mepenaze aTrMocepHOTO AABACHHS, MOXKET ObITh aKTHBHBIM ABHIKUTEAEM OAS
TPAHCIIOPTHOTO CPEACTBa I'Py30IIOABEMHOCTEIO 1 MHUAAMOH TOHH, Puc.91.

rpy3onogbLeMHOCTb 1 MUSISIMOH TOHH

I 2 meTpa

100 meTpoB

Puc. 91. Kounemnmus CAM B 60ABLIETPY3HOM TPAHCIIOPTE.

3toT TPAHCIIOPT MOZXKET COCTaBUTH CEPBE3HYIO KOHKYPEHIIUIO BCel oTpacAHu
CyOdOCTPOE€HHUA WU aBHUAllUHU. O‘-ICBI/I,ZLHO, BO3HHUKAIOT IIEPCIIEKTHUBLI USMECHCHHUA KOHIEIIIINHU
BCEr0 aBTOMOOHABHOTO U 2KEAE3HOAOPOXKHOTO TpaHCIIopTAa.

BosmoxkHubl 1 gpyrue npuMeHeHUs TexHoaornu CAHM, mHampumep, aeTarollyie Ha
HY>KHOM BBICOTE€ PETPAHCAATOPBl TEAEBHU3HMOHHOI'O CHTHAAad, CHCTEM CB43W U T.II.
YMeHbltaeTcd HeOOXOAMMOCTh B BBIBOAE CIIyTHHKOB CBS3H Ha INeOCTAllMOHAPHYIO OpPOUTY,
€CAH TIOSIBASIETCSI BO3MOXKHOCTE Pa3MeIeHUsI PETPAHCAATOPOB CBSI3U HA AIOOOH BBICOTE, U
O/ P>KAHUS 3a/JaHHOM IMO3UIIUMH B ITPOCTPAHCTBE HEOTPAaHUYEHHOE BpeMs, 0e3 pacxomaa
TOIIAUBA.

I[Tpumenenne CAHM - TeXHOAOTHMH TMO3BOAHUT KOHCTPYHUPOBATH [ABUKHUTEAU OAS
AIOOOTO TpaHCIIOPTa, a TaK¥XKe COo34aBaThb KPYTSIIUH MOMEHT MAIIlUH, HCIIOAB3YIOIITHX
KaKoH-AuO0 poTOp, BKAIOYAS 3AEKTPOTeHEePaTOPhI AIDOOH MOIITHOCTH, Prc.92.

[TpoekT 1o maHHOH TeMe He TpebyeT OOABIINX (PHHAHCOBBIX 3aTpart. [lepBBINd sTan
HCCAENOBAHUMN 3aKAIO4HaeTCd B IIPOBEPKE IIPEAIIOAOKEHHH O TOM, YTO pPEryAspHBIE
HAHOCTPYKTYPhI OIpPENeAeHHOH (POPMBI MOTYT «OTOHPATh» KHUHETUYECKYI0 SHEPTHUIO ¥
MOAEKYA BO3/yXa, AUOO yIOPAAOYHNBATh UX ABHUXKEHHE. YIIPOIIEHHO, CXeMbI [TOKa3aHbl Ha
Puc. 84 — Puc. 87. B mmpo1iecce pa3dBUTHS TEXHOAOTHYECKHX METOA0B, BO3HHUKHYT U APYyTHE
peleHud. OKCHepUMEeHTHI  IIeAeCOO0pa3HO  OpraHu30BaThb B CYIIECTBYIOIIEH
HAHOTEXHOAOTHYECKOH AabopaTopHrn.

Puc.92. [I[ppuMeHeHNE CHAOBOTO aKTUBHOI'O MaTepHaaa.
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OTOoeAbHO OTMETHM, YTO YVIIOPSAOYEHHBIH HaHOpeabed B BHIAE NaKeTa TPYOOK HAHU
COTOBBIE CTPYKTYpPBI OyayT co3maBaTbhb «3P(PEKT IIOAOCTHBIX CTPYKTYpP», KOTOPBIH MBI
paccMoOTpUM II033Ke, B TAaB€ O BOAHAX MaTepuu ne Bpoiiag. B obmmx deprax, MOXKHO
HpeACcTaBUTh JaHHBIN 3(pdeKT, KaK HHTep(PepPeHIINIO IPOJIOABFHBIX BOAH 3(PUPHOMN Cpelbl,
H3Ay4YaeMBbIX COTAACOBAHHO BHOPHPYIOUIMMH YacTHUIIAMH MaTepHH, KoTopas obpasyer
CTeHKH TpyOOK. H3aydenne BoaH nAe DBpoiiag HampaBaeHO BIoAb ocu TpPyOOK, U
HHTep(epeHII BOAH OT MHOXKECTBa TPYOOK - MCTOYHHKOB MaeT B IIPOCTPAHCTBE Hal
COTOBBIMH (IIOAOCTHBIMHU) CTPYKTYpPaMU YIOpPAAOdYeHHBbIE 00AACTU CXKATHUd U pa3psaKeHUs
acupHO# cpenbl. IIpakTHyeckoe NIpPHMEHEHHE TaKHX YCTPOMCTB BBIXOAUT 34 PaMKHU
BoIIpoca 00 MCIIOAB30BAHHMM KHHETHYECKOH OHEPTHH MOAEKYA BO3IAyXa, IIOCKOABKY
oTHocuTCHd K 3duponuHaMukKe. [loaararo, 4To HX BHeIApeHHE OyaeT HMeTh OOABIIHe
IIePCIEeKTUBbI B KOCMUYECKOH TeXHUKE.

PaccmoTrpuM emie ooHO HaIIpaBACHHE PAa3BUTHA KOCMHYECKOH TEXHHUKH, KOTOPOE
CTOUT OTHAEABHO OT OCTAABHBIX, HO H3y4€HHE MOAHHOI'O METOAA IIOA€3HO IIPM aHaAu3e
OPYTUX TEXHOAOTHH.

Meron I'eopruga YCrieHCKOro

B 1996 rony, Ha koHdepeHnu B CaHkT-IleTepbypre, 1 TO3HAKOMHUACH C JOKAQIOM
OOKTOpa TexHu4YecKuxX HayK [eoprma PomaHoBHM4Ya YCIEHCKOTO O HOBOM METOAE
OAYYEHHd MOBHXKyLIeH cuabl. Ero kKHHUra HaspIBaeTcd «AHOMaabHas TIpaBHTALIUS U
KOCMOHaBTHKa», 1992 rox, m B Hell IOAPOOHO pPaCCMOTPEH IIpeasaraeMblii aBTOPOM
MeTon. Otmerum, uto I['.P. YcmeHckuii aBaserca AKageMHUKOM PoCCHIMCKON arkamgeMHH
KocMOHaBTUKHU HMeHH K.3.IlM0oAKOBCKOro, pyKOBOAUTEAEM oTAeseHUd lleHTpasbHOIO
Hay4IHO-UCCAEA0BATEABCKOTO HHCTUTYTA MAIIHOCTPOEHH.

BKpaTHC, CyTb HIOEHU YCIeHCKOTO COCTOHT B CACOYOIIEM: 3aKOH Hrrorona
OIIUChIBACT B3aHMMHOE€ IIPDUTAZXKCHHE [OBYX TEA TaKHUM 06pa301v[, 9YTO HE€ Y4YHUTBEIBACTCA
IIAOTHOCTE BeIlleCTBa KasKOoTo M3 TeA. B dacTHOM cAy4dae, €CAM ITAOTHOCTEH BEIIIECTBA
OQHOTO U3 IrpaBUTHPYIOIIHUX TEA HAMHOI'O 6OABIlIe, YEM IIAOTHOCTB BEIIECTBA BTOPOTO TEAQ,
TO CHUABI X B3AWMMHOTO IIPUTAXKEHNA HE PaBHBI.

Cucrema Takux TeA, COEQUHEHHBIX B OJHOM KOpPIIyce, 6ydem 08u2amuCst 8 CMOpPOHY
bosiee nlomHo20 mesia, Kak rnokasano Ha Puc. 93.

cuna F

/\

—L BOJIEE N/IOTHOE TENIO

®

MEHEE N/1IOTHOE TENIO

Puc. 93. Cucrema AByX IpaBUTHPYIONIUX T€A PA3HOU IAOTHOCTH.

OKcIepuMeHTaAbHasd IIpoBepkKa Haed AkaneMuka [eoprug YCIIEHCKOTO IIPOIIIAa
YCIIEIIIHO, €CThb IIOAOXKHTEABHBIE PE3YABTATBI H3MEPEHUN. Byner AW AaHHBIA MeTON
BOCTpeOOBaH Ha MNOpakKTUKe, II0Ka TPYAHO CKa3aTh, TaK KakK [OeUCTBYIOIIME B
SKCII€PUMEHTAABHBIX MOIEASX CHABI O4YeHb Maabl. Hac 6oabllle HHTEpecyeT IpHYMHA
naHHoro oad¢gdekTa, B paMKax KOHHIENIIHH 3PUPOANHAMHUKU. lcroablyeM TeopHio
rpaButaniuu dartuo, Puc. 94, B KOTOpOH CHABI HIPUTHXKEHUS TPABUTHPYIOLIIUX TEA
00BSICHAIOTCS 9(P(PeKTOM B3aMMHOTO KPAaHHPOBAHHUS IOTOKOB 3(QHpa, BTEKAIOIUX B
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KaKJ0€ W3 TPAaBUTHPYIOIIMX TEA CO BCEX CTOPOH. [laHHAas KOHIIEIIIMS BIIepBble Oblra
paccMmoTpeHa B nucbMe [lofirency B 1690 romy [S55]. CyTh maeu mpocrasi: B pe3yAbTaTe
B3aMMHOI'0 SKPaHUPOBaHUS IIOTOKOB 3(upa, B 00AACTH IIPOCTPAHCTBA MEXKIAY ABYMS
TEeAaMH CO3/1aeTcCs «00AACTh TEHH», B KOTOPOH ITAOTHOCTBH 3(PUPHON Cpenbl MEHBIIIE, YEM B
OCTaABHOM 4acTH IIPOCTPAHCTBA, OKPY2KAIOIIIETO TeAd.

Puc. 94. Konuenmnusa daTtuo.

[annbiit 3¢pdeKT co3gaeT rpaiueHT AaBA€HUS 3(PUPHOH Cpenbl Ha KaiKI0e TEeAO,
OeHCTBYIONIMY B HAIIPaBAEHUH APYTOro TeAa.

[TozBoaro cebe caeaaThb caemyloIlee IIPEAIIOAOKEHHEe, OOBbsacHdamomee 3PPEKT
YCHeHCKOro: CyMMa CHA B3aWMMHOIO IIPUTAKEHHUS B CHUCTEME ABYX TPAaBUTHPYIOIIUX TEA
pa3HO IAOTHOCTH HE paBHA HYAIO, TaK KakK 0o/iee niomHoe meso 9KpaHupyem nomow
sgpupa 8 bosrbuiell cmeneHu, uem meHee NaIomHoe meJio.

[IBU>KEHUE 3a CYET «BHYTPEHHUX CHA»

Poccuiickoe maTeHTHOe BEIOMCTBO, KaK H3BECTHO, He IIPHUHHUMaeT 3asdBKH Ha
IIaTEHT, €ECAU B HEM OIIMCAHO «IBUKEHHE TeAd 3a CHYET BHYTPEHHUX CHA». OTO IIPABHUABHO,
HO HeAb3d 3a0bIBATH O TOM, YTO BCE TeAa HaXOAATCS B ITOCTOSTHHOM B3aUMOAEHCTBUU U
sHeprooomeHe c 3¢upoM. B pgaHHOW raaBe, MBI PACCMOTPHUM HECKOABKO ITPOCTBIX
peleHui, KOTOpble IIO3BOAGIOT IIOAYyYATh [OBHUKEHHE 3a CYeT B3aMMOOEHCTBHUS C
OKpyXKarule# 3pupHOH cpenoi.

B xypaase Cassier’s Magazine Tom 29, B 1906 roay ObIAM ITOKa3aHbI HECKOABKO
CXeM, B KOTOPBIX IIPEAIIOAATAaeTCs HCII0AB30BaTh OCOOYI0 TE€OMETPHIO poTopa [AS
CO3MlaHHS AaCHMMETPHYHOIO BHYTPEHHEro MNaBAE€HUS raza HAW APYyrod yIpyrod cpemnsl,
BO3HHUKAIOIIEHN IIPU €r0 BPaIllCHUH.

OrmeruM, uto Aym Kaccuep (Louis Cassier) B mepuon 1891 — 1913 rox (Goaee
OBaalaTH AeT IoApsdn) IIyOAMKOBaa HHTEpPECHeHINe cTaThbU O pPa3BUTHH TEXHUKH,
Oaaromapsa 4eMy, MHOTHE HAeH H300peTareseif TOrO BpeMEHH HaM cefdac HU3BECTHBI.
ApxuBBI XypHasa Ha aHTAUHACKOM B CBODOOHOM pPAaCIIPOCTPAHEHHM MOXKHO HaWTHU B
HnTepHeT.

Cxewma, npencraBaeHHad Ha Puc. 95, cyna no mHdopmanuu u3 kKypHaasa Cassier’s
Magazine, mpemaoxkeHa mnybaumke B 1902 romy. ABTOp H300peTeHHs HaM IIOKa He
U3BeCTeH. Bp1A0 ObI MHTEPECHO HAUTH €ro, IIOCKOABKY CXeMa O4YeHb IIePCIIEKTUBHAasA, U He
UMeeT aHaAOTOB II0 IPOCTOTE KOHCTPYKTUBHOIO HUCIIOAHEHU.

Htak, KasKabIH U3 YeThIPEX DAEMEHTOB KOpIIyca YCTPOHCTBa, ITOKa3aHHOro Ha Puc.
95, cHabxeH KaallaHOM [AS HaKadKU BHYTPh HEro BO3AyXa HAHW KaKOro-AHOO rasa.
YcTpoHCTBO He HaAYMHAET BpAaIlaThCsd CaMOCTOSATEABHO. [lad 3allycKa, ero HeobXOoaHuMOo
IIPUBECTH BO BpallleHHe PyKoH. [lasee, IIPeAIIoAaraeTCa €ro CaMOyCKOPEHHE.
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PaccMoTpuM ycAOBHS CO3MaHUSA KPYTHIIETO MOMEHTA. [IpearnoAoKuM, 4TO BHYTPHU
4eThIpeX «Aydel» KopIlyca HaXOOUTCS a3, UAU OPYyroe ynpyzoe pabouee meso, UMEIoIIee
HHePIIHaAbHYI0 Maccy. CyIeCTBEHHBIM 30€Ch IBASIETCS (paKTOp YIIPyrocTH pabodero teaa,
KoTopoe OyZieT HepaBHOMEPHO CKUMATHCH M0 AeHCTBHEM EHTPOOEIKHOH CHABI.

Puc. 95. PoTop 3amoAHEH ra30M HAM APYTOH yIIPyTOH Cpenoi.

Hecxxumaemass KHUOKOCTb, B JaHHOH cHTyallny, He OyaeT aaBaTh OXKHUOaeMbIM
acdekT, Tak KakK oHa OyaeT OaBHUTh BO BCE CTOPOHBI C OQUHAKOBOH CcHAOH. Ympyroe
CXKUMaeMoe pabodee TEAO JABUT Ha KOPIIYC HEPABHOMEPHO, B OCHOBHOM, BIOABb paguyca
BpAallleHUS.

BekTopHaa cxema nokasaHa Ha Puc. 96, rae oTMeyeHO HaAM4HWe TaHTeHIIMaAbHOM
KOMIIOHEHTBI, 00yCAaBAUBAIOIIEH caMOBpaIlleHHEe POTOpa JAHHON MAIITUHEI.

Prc. 96. CxeMma c pacroAoKeHUEM BEKTOPOB CHA.

M3 paccMoTpeHNda BEKTOPOB, IOKAa3aHHBIX Ha Puc. 96, MOKHO IIPEAIIOAOXKUTD, UTO
cXKUMaeMasl ymnpyrad «pabodasg macca» OyaeT OaBUTh Ha TaHIE€HIIHAAbBHBIE CTOPOHBI
Kopmyca c OOABIIIEH CHAOH, YeM Ha paguasbHbIe, YTO CO3JACT KPYTHAIMH MOMEHT U
IIOCTOSIHHOE YCKOPEHUE PoTOopA.

PaboTocriocoOHOCTh JaHHOM CXEMbI MOXKHO OOOCHOBATb TOABKO HAaAUYHEM B
OKpYZKaIOIIeH yIIpyrod cpese peakuu Ha AechopManuu yrrpyroro pabodero Teaa. B Takom
cAydae, KPyTAIlU¥ MOMEHT Ha BaAy MAHHOIO YCTPOMCTBA MOAXKEH OBITH 3KBUBaACHTEH
OTBETHOMY 3(P(PeKTy «3aKpyIHUBaHHA» OKPYKAIOIIEH 3(PUPHON Cpenbl, KOTOPBIM MTOAMKEH
HabArOmaThCA B 00AaCTH paboThl JAHHOIO yCTPOUCTBA.

[To3BoAIO ceOe HECKOABKO MU3MEHUTh CXeMy, IMoOKa3aHHyIo Ha Puc. 95, u npegsoKuTh
Ooablllee 4HCAO «Ayded», Puc. 97. OTo He IIPUHIUIINAABHO, HO «IIOA€3HAas» IIOBEPXHOCTH
KOpIIyca, co3Jarolias TaHIE€HIIMAABHYIO COCTAaBASIONIyI0 CHABI, B TAKOM KOHCTPYKIIUH
yBeandeHa. Hazerocs, BaM XopoIto 3HaKOM JaHHBIM cTapocAaBSHCKUM cuMBOA CoaAHIIA.
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Puc. 97. Potop ¢ 8 aydamu.

Unea ycrpoiicTBa, mokazaHHad Ha Puc.98, mpenmaaraerca Oad OPaKTHIECKOTO
IIpUMEHEHNS B 00AACTH KOHCTPYHPOBAHUS OBUKUTEAEH a3POKOCMHUYECKHUX CHUCTEM.

FO ceBasi

Fu.6

\
—

|
Emrexnnmnaa

Pruc. 98. Oaement poropa dposoBa. IlokazaHsl oceBad U TaHIM€HIIHNAABHASA COCTABASIONINE CHABI.

B TakoM BapuaHTe, MOXKHO OXKHIAAThb IIPOSIBAEHHE HE TOABKO TaHT€HIIMaABHOM
COCTaBALIOIIEH CHABI, HO U €€ OCEBOH KOMIIOHEHTBI, 0cegoil dsuxyuweil (noobemHyro)
cunbl.

Ha Puc. 99 mokazaH BapHaHT BBIIIOAHEHHd pPOTOpPa, U3TOTOBAEHHE KOTOPOTO M3
IIEABHOTO aucKa TpebyeT (hpe3epoBKH TPEYIOABHBIX (B IIPOCTOM CAydae) IOAOCTEH mad
ynpyro#f u cxxumaeMmol «paboudeil macchl». Pa3zymeercs, Hy>KHBI €llle IBE NepMeTHYHbIE
KPBIIIKH. B03MOXKHO BBIIIOAHEHHE (PPE3EPOBKH C HAKAOHOM IIO OTHOIIEHHIO K OCH
BpallleHUs (COTAaCHO HAeH, IIoKazaHHOM Ha Pwuc. 98), uTOoOBI MHOAYYUTH HE TOABKO
TaHTMeHIIMAAbHYIO, HO H OCEBYIO (IIOABEMHYIO) KOMIIOHEHTY ABUKYIIIEH CHABI.

Fué

/

Puc. 99. Porop ¢ ppe3epoBKoOii moaoCTeH.

jlBageTca Au maHHad unaesa paHTA3UIMH Ha TEMY «IBHXKEHHE 3a CUYET BHYTPEHHHX
CHA» HAHM 3TO IIPAKTHUYECKHU ITOAE3HAs TEXHOAOTHS?  Bormpoc o paborocmocobHOCTH umei,
HokasaHHBIX Ha Puc. 95 — Puc. 99, M0OXKHO IpOBEPUTH HPAKTHUECKUM IIyTeM, TaK KaK 3THU
KOHCTPYKIIMH HECAOXKHBIE, 8 BAPHUAHTOB BBIOOpA YIIPYTod paboyeil MHEPIIMAABHOM MacCChI
[oocTaTodyHO MHoro. [IpemaaraeTrcss HpPoOBeCTH COBMECTHBIE SKCIIEPHMEHTHI, O(OPMHUTH
IIaTEHT U Ha4YaTh IIPOU3BOACTBO IPOAYKIIMH, UCIIOAB3YIOIIEN MaHHYIO TEXHOAOTHIO.

HyGAHKyﬁ JaHHble UOEH, g IIPeAlioAararo HX YCIENIHYI0 KOMMEpPIHaAU3alluio, H,
JKeAaTeAbHO, C MOUM yd4acTueM. [laapHelIllee pas3BUTHE IMIPOEKTa 3aBHUCHT OT Bammmx
ITPOM3BOACTBEHHBIX BO3MOIKHOCTeH. [Iasg Hadasa, HaM HEOOXOOUMO HeOOABIIIOE OIIBITHOE
IIPOU3BOACTBO, YTOOBI HCCAEQOBATH B XOJE€ OIBITHO-KOHCTPYKTOPCKHX paboT (haKkTOphI
VAYYIIIEHHUSI MTAaHHOH TEXHOAOTHH, W CIOCOOBI €€ OIITHUMAABHOH OpraHu3alliyd CEePUIHOTO
HIPOH3BOACTBA.
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PaccmoTpuM elie oaHy HAEI0, OTHOCALIYIOCSI K METOAAaM CO3JaHHUS «IBHUXKEHUS 3a
CYeT BHYTPEHHHUX CHA», KOTOPble HE pacCMaTpPHUBAaIOTCd IIATE€HTHBIM BEIOMCTBOM IIOTOMY,
YTO «3TO HEBO3MOXKHO». B maHHOM criocobe mpemaaraercd OOECIIEYUTb pPaA3IUUHOE
8HYmMpeHHee dassieHue cpeldvl Ha pa3Hble (BEPXHIOI U HUIKHIOIO CT€HKH) KOpILyca, 3a CYeT
CO3[aHHUs I'paAreHTa TeMIePaTypbl Cpebl, HaXoAdIleHcsa BHYTPH KopIlyca, Kak II0Ka3aHo
Ha Puc. 100. I[Ipensaraercsa caesaTh «Bepx» KOPIyca TOPAYUM [AS TOTO, YTOOBI C 3TOH
CTOPOHBI MOAEKYABI BHYTPEeHHEN cpelbl (ra3a MAW IIapoB KHIKOCTH) IBUTAANUCH aKTHBHEE,
CAEIOBaTEAbHO, JaBA€HUE BHYTPEHHEH cpelbl Ha 9Ty CTEHKY KopIyca Oyaet 6oabllie, yem
C Apyro# cropoHbl. Pabouum TeaoM MoOryT ObITH IIapbl PTYTU. BcrioMHHTE HIeH IO
KOHCTPYKIIMM BUMAaHBI.

Nnesa wuHTEpecHas, HO KPUTUKH II0AQTalOT, YTO IIOCTEIIEHHOE IlepeMelllBaHue
pabouel cpenpl BHYTPHU KOpIlyca INPHUBeNeT K YPaBHUBAHUIO TEMIIEPATyphbl U JaBAEHUS B
CHCTEME.

HATPEBATE/IbHbIA 3/IEMEHT
 ——

\O Cé obnacrtb nosbgjeuuo%gmnepa?pbl W AaBrenus \O
e Q A

Cﬁ +0 06.1aCTb NOHVOKEHHOV Temﬁgawpu@/,qasnemﬁo %

OXNAXKAEHUE

Puc. 100. CxeMa OABUXKUTEAS, HUCIIOAB3VIOIIETO IPAAUEHT TEMIIepaTyphbl BHYTPEHHEH cpenbl.

C Moe#l TOYKH 3pEeHHs, 5TO He II0BOJZ OTKAa3bIBAThCS OT HJEH, W OHA BIIOAHE
paborocriocobHa. Baaromapsa BHeNIHEMY IIOABOAY TelAa U IIPUHYAUTEABHOMY
OXAQIKEHHIO, BHYTPH CHCTEMBI MOXKHO CO3[aTh HE TOABKO HaIIPABACHHBIH IIEPEHOC TellAa
OT «IOPSIYETO TIIOAIOCA» K «XOAOAHOMY», HO HW 3HAYHUTEABHBIM TpPagUeHT [IaBACHHUS
BHYTpPEHHEH cpenbl Ha KOPIIYC. OTO OOECIIEeYUT ITOCTOSTHHYIO ABUXKYIILYIO CHAY, IIPHYEM,
IIPHUMEHEHHNE JAaHHOTO ABHUXKHUTEAA BO3MOXKHO JasK€ B KOCMHYECKOM IIPOCTPaHCTBE.

Bripouem, ectb 6oaee IIEpPCIIEKTHBHBIE METOAbI, HCIIOAB3YIOIIHME SAEKTPUYECKHUE,
MarHUTHBIE U 9A€KTPOMAarHUTHBIE IBACHHS. PACCMOTPUM T€XHOAOTHH, KOTOPbI€ OTHOCSITCS
K IIOTPAaHUYHOH 00AaCTH COBPEMEHHOM HayKH, HO YK€ ITOAYYHAU O(PUIIMAAbHOE Ha3BaHUE
«rpaBUMAarHeTu3M». [IpruMeHeHNe HaHHBIX TEXHOAOTHH BBIXOOUT 33 PAMKU IBHUXKHUTEAEH.
OmHuM w3 Hauboaee BOCTPEOOBAHHBIX B COBPEMEHHOM  OOIIECTBE  aCIEeKTOB
rpaBHMarHeTH3Ma MOKET CTaTh €TI0 UCIIOAB30BaHUE [AS ITOIaBACHUS PAIUOAKTHUBHOCTH, B
TOM YHCAE, O0e33apazKUBaHUsS OOABIIINX TEPPUTOPHH, TPYHTA, BOALI U OOBEKTOB HAa
MECTHOCTH. Pa3ymeercss, y TpaBHMarHeTusMa €CTb H PAL MEOUIIMHCKUX MTPUKAAIHBIX
aCIIEKTOB.

FpaBI/IMaI‘HI/ITHOe ITOAE

B aByx mpeaplaymnmx raaBax ObIAM PacCMOTPEHBI METOABI ITOAYYEHUS ABHUXKYIIEH
CHABI, HUMEIOIIHEe O0IIie YepThl: aKTHBHAS CHAA B CIIEIIHAABHBIX HAHOMAaTEpHaAaxX, Kak U B
ACHMMETPUYHBIX DAEKTPHYECKHUX KOHEHCATOpaX, MOXKET CO3/aBaThCs IyTeM oTbopa
9HEPTHUH y OKPYZKAIOIIEeH Cpeabl, YTO NPHUBOAUT K MOSIBACHHUIO B HEH COOTBETCTBYIOIIIETO
TeMIIEpPaTypPHOro IrpaarueHTa. B mocaeayrommx raaBax KHUTH OyZeT pacCMOTpPeHa TeopHs
XPOHAABHOH MOBUXKYILIEH CHABI, OIIMpalolIascd Ha IIOXO0XKee IIOHATHE O IIAOTHOCTH,
[NaBAEHUU U TeMIlepatype adupa.
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[TepefimeM K pacCMOTPEHUIO 3ACKTPOMArHUTHBIX {ABACHHH, KaK K OIHOMYy M3
BapHUaHTOB 3(PUPOANHAMUKH.

Matikan Papameii mmpoBea IIEpBbIE ONBITHI II0 SACKTPOMATHUTHOM WHAYKIIUU,
OIIMpasdCch Ha BarKHOE€ IIOHHMAaHMte Hepa3pbIBHOH CBA3U 3dupa U matepuu. B muceme Capy
Pugyapny Tetiaopy, [38] oH mmcaa: «PazHuIly B CTeleHU HAM [aKe B IIPHUPOLAE CHABI,
COBMECTHOM C 3aKOHOM HENPEPBIBHOCTHU, S MOLY [OOIIyCTUTb, HO Pa3HUIy MEXKIY
pearnosaraeMod MaA€HBKON TBepAOoH YacTHIlled U CHAAMHU, OKPYKaIOIMMU €€, 1 He MOTY
OpeACTaBUTh. Sl yKaXKy Ha HECKOABKO BazKHBIX pasanudui.... [lo mocaemHeMy BO33pEHHIO
Macca MaTe€pHH COCTOHT M3 aTOMOB H IIPOMEXKYTOYHOIO IPOCTPAHCTBA MEXKAY HHUMH, IIO
HEPBOMYy — MaTepud IIPHUCYTCTBYET BE3[4€ KW HET IIPOMEXKYTOYHOI'O IIPOCTPAHCTBA, HE
3aHATOro €10. C 3TOH TOYKHM 3PEHHUS, Mamepus Cniob HenpepbleHa, U paccMaTpHUBad
Maccy ee, Mbl HE JOAKHBI IIPeAIIoAaraTh Pa3AUYUs MEXIy €€ aToMaMU U IPOMEXKYTOYHBIM
IIpocTpaHcTBOM. CHABI BOKPYT LEHTPOB COOOMIAIOT MM CBOMCTBA aTOMOB MAaTEPHH...
MoKHO IpencTaBUTH cebe aTOMBI B BBICIIEH CTEIEHH 3AaCTUYHBIMH BMECTO TOTO, YTOOBI
CYHUTAaTh UX YPe3BbIYaHO TBEPABIMU U HEU3MEHHBIMHU II0 (DOPME...»

B mannoit konnenmuu ®apanes, IIEHTPI aTOMOB €CTh ILIEHTPhI BUXPEBBIX 3(PUPHBIX
ITPOLIECCOB, II033KE OITMCAHHBIX B aTOMHOM TeopuH ['eabmroariia, KearBumHa u TomcoHa.
OTcoma MBI IIOAyYaeM IIOHHMMaHHE CBSI3H OSAEKTPOMArHUTHBIX M TI'PABUTAIIMOHHBIX
a¢pekTOoB, UX 001IIeH d3pupoagrHaAMUYEeCKOH npupoasl. Maccy uacmuysbl momepuu, 8 mom
yucse, ee UHepyuaibHble ceolicmsa, credyem paccemampueams, KAK XapaKkmepucmurku
agpupoouHamuuecKozo npouecca, 0b6pasyrulezo uacmuyy mamepuu. ITo He CBOUCTBa
LIEHTPOB YaCTHII, a ITapaMeTpbl 3(pUPOANHAMUIECKOTO IIPOoIiecca.

Orcroma HaYMHAETCS aHaAWu3 BO3MOKHOCTH CO3/IaHHUS CIIOCOOOB ABUIKEHUS, ITPHU
KOTOPBIX HE BO3HUKAET CHA HHEPLINH IIPU YCKOPEHHOM U KPUBOAMHEMHOM [ABUXKEHUH,
BO3MOXKHO MT'HOBEHHOE YCKOPEHHE M IIOBOPOTBI ABHIKYIIIETOCS TeAa IIOL AIOOBIM YTAOM,
0e3 OPUBBIYHBIM HaM 3aKPYTACHUHM TpaeKTopuu. [laHHas KOHLEIIINA MaTepHuH, KakK
COBOKYITHOCTH  B3aHMOCBS3aHHBIX IE€HTPOB  BHXPEBBIX  IIPOILIECCOB,  II03BOASIET
paccMaTpuBaTh BO3MOXKHOCTE TEACTIOPTALINH, K KOTOPOM MBI ITPHAEM B KOHIIE KHHUTH.

HWTak, B coOBpeMeHHOH (pHU3MKe, MPUHAT TEPMUH «TPAaBHUMAarHeTH3M»,
0003HAYarOMUH SIBAE€HUS, KOTOPhble BO3HUKAIOT IIPHU AIOOOM [ABUKEHWH HAW BpallleHUU
TeAa, HMEIOIIETO HMHEPIHMAAbHYIO MaccCy. PacdeT BO3HHKAIOIIUX CHA, HAW BEAWYHHBI
HaIIPSAKEHHOCTU T'PaBHMAarHUTHOIO II0AS, IIPOM3BOAAT II0 (popMyAsaM, aHaAAOTHYHBIM
aseKkTpoanHaMuKe. OTMETHM, YTO [ABUIKEHHE AIOOOH YacTHUIBI BeIlecTBa CO3/aeT B
OKPYzKaloIlleM IIPOCTPAHCTBE aHAAOT MarHHUTHOIO IIOAY, HE3aBHUCHMO OT TOrO, 3apsxKeHa
AU OHa 3A€KTPHUYECKHU HAM HeT. CTpyKTypa AaHHOIO II0Ad TaKasl e, KaK U Yy MarHUTHOI'O
IIOAS, BO3HHKAIOIIETO IIPHU ABUXKEHUH SACKTPHUYECKH 3apsaKEHHOMN JacTUlbl. JJaHHOE IToAe
crabee, dYeM OAEKTPOMAarHUTHOE, HO B3aUMOIEHCTBYET C AIOOOM 9AEKTPHUYECKU
HEeHUTpaAbHOH MaTepuei, a Takxke, ¢ poroHaMu. [Ipu ABUKEHUHN 3apAKEHHBIX YaCTHII,
obpasyercsa Ooaee MOIIHOE IIOA€ (MAarHUTHOE), TaK KaK C 3apsaKeHHBIMU YaCTHUIIAMHU
CBS3aHO OOABIIIEE KOAMYECTBO 3upa.

[laHHOEe TIOHMMAaHWE IIPUPOABI JSAEKTpPHYECTBA OBIAO OYEHHb TOYHO BBIPAZKEHO
Hukoaoit Tecaa B [39]. OH nucaa: «Mbl HOAXKHBI IIOMHHUTB O TOM, YTO Y Hac BOOOIle HET
HUKaKHX [0Ka3aTEAbCTB CYIIECTBOBAHHSA SAEKTPHYECTBA, U Mbl HE MOKEM HaesThCs
IIOAYYHUTb HX, €CAM B PACCMOTPEHHUH HeT «IpyOood wMartepum». TakuMm oOpas3owm,
9AEKTPUYECTBO HE MOXKET ObITh Ha3BaHO 3(PHUPOM B IIHPOKOM CMBICAE€ ITOTO ITOHATHUS,
OMHAKO, HHYTO HE MOXKET BOCIIPEISTCTBOBATbL TOMY, YTOOBI HA38AMb 3/1eKMPUUECMBO
agpupom, coeduHeHHbIM ¢ mamepuell, UNU C8SA3AHHbIM 3¢pupom. ['OBOps APYTHMH CAOBaMH,
makK HasbleaeMmblii cmamuueckuil 3apsi0 MONEeKYJbl - 9mo 9¢pup, onpeoeneHHoim 006pa3om
COeOUHEeHHbLU ¢ MoneKysol... BpaleHue MOAEKyA U UX 3(pupa BBIZBIBAET HANPSIIKEHUS
agpupa unu snexkmpocmamuueckue oegpopmayuu, ypaBHHUBaHHE HaIIPsSKeHUH adupa
BbI3bIBAET [IBUXKEHUA 3(pHUpa HAU SAEKTPHUUYECKHE TOKH, a OpbOHUTaAbHblE OBUXKEHUS
MOAEKYA IIPOU3BOAAT ACHCTBHUSA 9AEKTPO- U IIOCTOSIHHOTO MarHeTH3May.
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[lanee B KHHUTe, MBI OyZeM paccMaTpHUBaTh 3AEKTPHUYECTBO, COTAACHO MaHHOH
KoHIlenIuu Tecaa, To ecTb, KaK 3(pUpP, COEANHEHHBIN ¢ MaTepueii. DAeKTPHUYECKOE II0A€E, B
TAKOM CAydae, €CTh CcTaTu4dHad mnedopMmalnus YIPYyrod cpenbl, e€e cxKaTue HAU
paspaxeHue. MarHUTHOE II0A€ €CTh LIMPKYAUPYIOINEe BUXPEBbIE IIOTOKH 3OUPHOM Cpeasbl.
Panee, MBI y2Ke oTMedaaH, YTO HHEpLHMAAbHbIE 3PEKTHI TAKXKE MOXKHO paccMaTpHBaTh
KaK MpodgBA€HHA 3dHUpa, COEOUHEHHOro ¢ wMaTepued. B maHHOM KOHIENIUH,
SAEKTPUYECKH 3apsiXK€HHbIe U He3apd:K€HHble YaCTHUIBI MaTepUU OTAHMYAIOTCS TOABKO
KOAMYECTBOM M CTPYKTYpPOH CBA3aHHOTO C HUMHU 3(dHpa, y4acTBYIOIIETO B IIpOllecce
CYILIECTBOBAHUS AAHHOM YaCTHIbl. DTOT MOAXOJ OTKPBIBAE€T BO3MOXKHOCTBH yIIPaBAECHUS
IIpoIlecCaMH CYILIECTBOBaHUS MaTe€pHUH, Yepe3 OAEKTPOAMHAMUYECKHE IIPOLIECCHI,
onupasick Ha QyHOaMeHTaabHble uuen Matikaa Papaneda, Hukoasr Tecaa u gpyrux
KAQCCHKOB 3(pHPONHAMUKHU.

HUrak, aAmwboe BHUXpeBoe BO3MyILIeHHEe dS(HUPHOM cpeapl MOXKHO Ha3BaTh
IPAaBHMATHUTHBIM II0A€M. BO3HHKaeT WHTEPECHBIH BOMIPOC: Ye€M OTAMYAETCsI OOBIYHOE
MaTHUTHOE II0A€, KOTOPOE CO30AaeTCsl MOTOKOM JSAEKTPOHOB OT I'PABHUMATHHUTHOIO ITOAS?
[Ipexkne Bcero, rpaBUMAarHUTHOE IIOA€ AEHCTBYET Ha BCE YaCTHUIBI MATEPHH, 4 HE TOABKO
Ha ODAEKTPHUYECKHU 3apsizKeHHble. C Ipyrofl CTOPOHBI, METOAAMH TIpaBHMAarHeTH3Ma, C
IIOMOIIIBI0 OOBIYHBIX MAarHUTHBIX ITOA€H, CO3/1aBaeMbIX TOKAMH SAEKTPOHOB, CTAHOBUTCS
BO3MOXKHBIM CO3/1aBaTh CHAOBOE BO3IeHCTBHE HA SAEKTPHUUECKU HEUTpPaAbHbIE YaCTHIIEI.

[IpuMepoM cayzKaT HU3BeCTHbIe 3KcrepuMeHThl Buaanama Kymepa [40]. OH mucaa,
YTO €70 METO[ «O0BEeAUHAET IACKTPHUYECTBO, MAaTrHETH3M U I'PaBUTAIIHIO», TToAy4das 3P¢eKT
H3MEHEeHHd Beca, TO €CThb, CHAOBOTO BAMSHHS 3ACKTPOMArHHUTHOTO yCTpoMcTBa Ha
9AEKTPUYECKH HeUTpasbHble 00BekThl. Ha cxeme Puc. 101 mnokazaHa MeToguKa
3KcriepuMeHTOB Kytiepa.

dakTHUeCKH, ycrpoiictBa Kymepa - 5To KOHTypa H3 OHUPHUASIPHBIX KaTyIlek,
IIapasAEAbHO VAOXKEHHBIX ITPOBOZOB, B KOTOPBIX TOK TeYEeT BCTPeYHO. [loMeliasi Takue
KOHTypa Had HUAU 1104 B3BE€IIMBacMBIMHU O6’BeKTaMI/I, Kynep ]leTeKTI/IpOBaA U3MEHEHHUE
Beca OOBLEKTOB.

NVHEVHBIE BUGUNAPHEBIE ~ BUPUNAPHASA KATYLLUKA
ﬁglquMK NPOBOOHUKN

DC
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NMPOTUBOBEC
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Puc. 101. Cxema skcnepumenTa Kymepa.

B manHOM cAy4dae, BCTpeUYHbIE TOKH B OHM(PUASIPHBIX IIPOBOAAX CO3MAIOT BCTPEYHBIE
IIOTOKH 3(pupa, YTO YCTPaAHSAET HUX COCTABALIOIIYIO, KOTOPYIO MbI BOCIIPHHHUMAaeM, Kak
MarHuTHOe MoAe. MarHUTOMeTp He 3aMedaeT TaKoe II0A€, U OHO He BO3IeUCTBYeT Ha
poOHble MarHuThl. OQHAKO, IOTOKU 3(pHpa IIPH TAKOH «KOMIIEHCAIIHH» HE YCTPAHAIOTCH.
OHH @pPOAOAXKAIOT CYLIECTBOBATb, M MEHHIOT COCTOSHHE d3(upa, OKpYyKAaloIlero
OucpuadgpHBIe KaTYLUIKH. OTH H3MEHEHHs [OeTeKTHpoBaa Kymep, IIpu B3BeIIMBAaHUU
IIPOOHBIX TeA. 37eCh HEOOXOOUMO CHAeAaTh BasKHBIM BBIBOJ: ITPOOHOE TEAO MEHSET BeC B
obracTH TIpocTpaHCTBA PAAOM C KaTymikod Kymepa moroMy, 4To B OaHHOM obaacTu
H3MEHEeHa €eCTeCTBEHHasl IIAOTHOCTb HAW CTATHYECKOe [daBA€HHE S(HUPHOM cpensl Ha
4acTULBI MaTEPUH.
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BamMedy, 4TO NIPH IPOBEAEHUM IIOLOOHBIX SKCIIEPUMEHTOB, BO3HHKAIOT CHABHBIE
Menukobuoaorudeckue 9¢dderkTsl. lccaemoBaTreab MOXKET OTMedYaTb T'OAOBHYIO 00AB,
IIOBBIIIIEHUE apTePUaAABHOI'O JaBACHUS U T.II.

M3meHeHHe TAKOTO IIapaMeTpa, KakK CHAa 9AEKTPHUYECKOro ToKa B Katyuike Kymepa
(koAMYecTBO 3aps0B B €AWHUILy BPEMEHH), YBEAMUYNBAET, HAM yMeHbIIaeT 3PQPeKT.
Hpyrue (pakTopbl, C IOMOIIBIO KOTOPBIX MOXKHO YCHAUTH I'pPaBHUMarHUTHBIE 3(PPEeKThI —
9T0 Macca ABUXKYIIUXCHA YaCTHUI[ U UX CKOPOCTb. B ToM caydae, ecCAM BMECTO 3AEKTPOHOB
OBUXKYTCc 0Ooaee TaKeAble 3apsKeHHble 4YacTUIBl MaTepUH, TO XapaKTePHUCTHUKU
BO3MYIIEHUS Cpenbl OYAYT OTAMYATHECSI OT OOBIYHOTO MArHUTHOTO ITOASI.

Hampumep, u3BecTHO, 4YTO IPOTOHBI B 1836 pas TsaiKeaee 3AEKTPOHOB. ITO HaeT
BO3MOXKHOCTh CO3[IaHHs MOIIIHOTO TI'PAaBUMAarHUTHOTO IIOAS 3a CYeT YIIOPSJ0YeHHOIo
JOBUXKEHUS ITOTOKA ITPOTOHOB.

[lo paHHOM wHAEe MOXKHO IIPENAOKHTH HECKOABKO BapHaHTOB peaAnu3alliu.
Hampumep, B 1994 romy s ommyOAMKOBaA CBOHM IIpPeAAOKeHUd [41] II0 YHHIOASTPHOMY
TeHEPaTOPy OSAEKTPOIHEPTHH, B KOTOPOM, B POAM HOCHUTEAEH 3AEKTPHUYECKOTO 3apsaa,
IIpeAaTaAuCh IIPOTOHBI. B TO BpeMs, IIAM cepbe3Hble MOUCKYCCHUU O IIE€PCIEKTUBaX
XOAOTHOI'O CHHTEe3a, OOCYKIAAUCh 3KCIEPUMEHTHI, A KOTOPBIX TPeOOBAAUCH METAAABI,
obaaarolyie CpoaCTBOM K Bomopony. OAHUM U3 TaKUX METAAAOB, CIIOCOOHBIM ITOTAOIIATH
aToMbl Bomopoda (IPOTOHBI) U3 BOAbBI, SBASIETCS IIaAAaUH, HO TaKKe BIIOAHE
paboTocriocobeH HUKeAb W THUTaH. lleaecoobpas3sHO HNPUMEHSATH MOPHCThbIE MaTepHaAbl B
POAM HaKONHUTEAs HOPOTOHOB. B cratbe [41] B poau 8pawiarouiezocss Haxkonumess
npomoHo8,  OBIAO  IIPEOAOKEHO  HCIIOAB30BaTb  MOUCKOBBIM  IIOPUCTBIA  KaTOL
3AEKTPOAUTUIECKON TUEUKHU.

[Ipu sTOM, OBIAO OTMEYEHO, YUTO TAKOH epawiaruwuiics Hakonumesib NpPomMoOHO8
MOXKeT OBITh OOHUM H3 METOAOB CO3IaHUS TPAaBUMAaTHUTHOTO IIOAs, BO30y>KIaeMOTO B
cpezie BOKPYT KOHTYpa, B KOTOPOM Te4YeT IIPOTOHHBINA TOK.

[pyrol BapuaHT CO3[4aHUSA I'PAaBUMAarHHUTHOI'O IIOAS — 3TO IIOTOK IIAa3MbI, OBICTPO
Bpamaoimiica no opbure. OgHAKO, 3TOT METOJA HAMHOTO CAOXKHEE PEaAHu30BaTh IAd
IIPaKTUYECKUX IleAaeli, dYeM mnpenblaymuii. PakTHUIECKH, IHUPKYAUPYIONIUH I[IOTOK
IIPOTOHOB €CTh IIOTOK HOHOB BOJOPOAa, KOTOPBIH MOXKHO pa3orHATh B BakKyyMe, IIO
KPYrOBOM TpPaeKTOPHH, [0 O4YeHb OOABIIOH CKOPOCTH. TexXHOAOTHS CAOXKHasl, HO
nepcrnektuBHas. CxeMa nmokazaHa Ha Puc.102.

—_ -

7 7N

Puc. 102. I'paBUMarHuTHOE II0A€ BPAIIAIOIIETOCd II0TOKA IIPOTOHOB (MOHOB BOLOPOAA).

Co3maHue rpaBUMarHUTHOTO IIOASI BO3MOXKHO HE TOABKO B IIPOLIECCE ABUXKEHUS UAU
BpallleHHUsI YacTHI] MaTepHH, HO U IIyTEM BpallleHHs KOHTypa C 3A€KTPUYECKHM TOKOM.
JlaHHBI# MeToH, B 4aCTHOCTH, onucaH IIpodeccopom ByrycoBsim K.II. B craTtee [42].
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B 2002-2003 romax, moxm pykosoxncrBoMm K.II. ByrycoBa, MBI IIpOBEAH pPAn
9KCIIEPUMEHTOB B Hamrelr aaboparopun OOO «AHTd» 110 H3y4YEeHUIO BAUSHUSI
BO3MyIIeHU# 3dupa, obpa3yeMbIX MIPH BpAIlEeHHH COACHOHA, B KOTOPOM CO34aH
3AEKTPUYECKHUU TOK, Ha CTE€NEeHb PagUOaKTHUBHOCTH MaTepuaasa, Puc. 103. B3semuBanue
IIPOOHBIX TEA U [OpPyTHe HCCAEIOBAHHUS aHTUTPABHUTAIIMOHHBIX AacCIIeKTOB [aHHOH
TE€XHOAOTHH HE IIPOBOAUAHCE.

KOHTaKTHbIe LLeTKM
ANA nojayu ToKa B
KaTyLIKy

KaTyLlKa C TOKOM

' MoTOp

Puc. 103. Cxema 3KCIIEpUMEHTA C BPAIIAIOIIUMCS KOHTYPOM TOKA.

B nmanHOM 3KcrIepUMeHTe, M30TONHBIH pagUOaKTUBHBIA MaTepHaA IIOMENIaACs Ha
PacCTOSHHUH OKOAO OOHOTI'O MeTpa OT Bpalllalolllerocss KOHTypa ¢ ToKoM. MccaemoBaauCh
[Ba OCHOBHBIX HallpaBA€HHS — OCEBO€ U paanasbHOE, II0 OTHOIIEHHIO K POTOpy. Bbiam
obHapy>KeHbl HE3HAYHUTEABHBbIE, HO H3MepPHUMbIe 3(P(EKThI, ITOATBEPIKIAIONINE BAUSIHIE
rPaBUMAarHUTHOIO [I0AS Ha CTENEeHb PaAMOaKTUBHOCTH HM30TOITHBIX MaTepuasoB. OTaeAbHO
MOXKHO OTMETUTh, 4YTO CTelleHb MOaHHBIX 23(P@EeKTOB 3aBUCUT OT HaIIpaBAE€HUd
MeXaHHW4YeCKOro BpallleHHd, TO4YHee CKas3aTb, OT COTAACOBAHHOIO HMAHM BCTPEYHOTO
HaIllpaBA€HHI  JA€KTPHUYECKOr0 TOKa B  KAaTYIIKE OTHOCUTEABHO HAaIlpaBAEHUH
MeXaHW4YeCKOro BpallleHHud KaTyIIKH. B oaZHOM caydae, CKOPOCTb MEXaHHYECKOI'O
BpallleHUs KaTYIIIKU 100aBAGeTCs K CKOPOCTHU ABUXKEHHUd TOKa SAEKTPOHOB B IIPOBOJAE, B
OPYTOM cAydae — BbIUMTaeTcd. HegocTaTKOM JAaHHOTO TEXHHUYECKOI'O PEeIeHUSd SIBASIOTCS
OTpPaHUYEHUSI II0 CKOPOCTHM MEXaHHUYECKOI'O BpallleHHWsI, U OTrPaHHYEHHd II0 CHAE
SAEKTPHUYECKOTO TOKA, I10JaBaeMOro BO BpAaILIAIONIUICT KOHTYP dYepe3 OObIYHbIE YTOABHBIE
KOHTaKTHbIE IIIETKU.

V3BecTHO, YTO MOIIHBIE JAEKTPHYECKHE TOKH MOXKHO A€TKO CO34aTh B
CBEPXIIPOBOAHUKOBOM Marepuase. COOTBETCTBEHHO, BO30yAMB TOK BO BpalllaloIeMcs
obpasie (OUCKe) M3 CBEPXIPOBOAMAIIETO MaTepHasa, MBI MOXKEM OXKHUAATb IIOAYYEeHUE
0oanee MOLIHBIX TPAaBHUMAarHUTHBIX 2(PdeKToB. [laHHBIH METO[ aHaAOTHYEH IIPUHIIUILY,
rnokazaHHoMy Ha Puc. 103, HO TOK B CBEpPXIIPOBOJHHKE MOXKET OBITH HAMHOIO CHABHEE,
4eM TOK, KOTOPBI¥ BO3MOIKHO CO30aTh B KATYIIIKE OOBIYHOIO IIPOBO/A.

[as pas3Butug panHoi#t Tembl, B 2007 romy, B OOO «AabGoparopusa HoBbIx
Texnororuii Papaneiir (OO0 «Dbapandeiir) OBIAM OpPraHU30BaHBI AKCIIEPUMEHTHI IO
W3YyYEHHIO IPaBUMAarHUTHBIX 9(P(PEeKTOB, BO3HUKAIOIIUX ITPU BpalleHUH TOKa, CO3JaHHOTO
B [VMCKE M3 BBICOKOTEMIIEPATYPHOTO CBEPXIIPOBOALAIIETO MaTepuaasa. [JaHHble 3PPEKTHI,
KaK MbI II0AQTaeM, JOAKHBI ObITh CBA3aHBI C (DAYKTYAIIUSIMU IAOTHOCTH KOHIeHcaTa Bo3se.
OKCIIEPUMEHTHI ITPOBOAHAUCH JIAS ITIOATBEPKAEHUS TEOPETHYEeCKNX BhIBOAOB Kpucrodepa
Bpemuepa (Dr. Christopher Bremner) o 4acTOTHOM CIIEKTPE I'PaBUTAIIMOHHOIO IT0AS [43].
B 1meaom, 9KcrepuMeHTasbHad pabota Oblaa OpraHH30BaHA [IAS  [IPOBEPKH
IPeaIIoAOKEHNT O TOM, 4To B auamnazoHe 10-100 MHz, npu omnpeneA€HHBIX YCAOBUS B
CBEpPXIPOBOAMIEH cpene, MOTYyT OBITH OOHApPy:KEHBI aHOMAAWH MacChl (Beca) HPOOHBIX
TeA, IIOMEIIaeMbI paJoM C CBEPXIIPOBOAHUKOBBIM MAaTepHaAOM, Ha KOTOPbBIX
O0Ka3bIBAaAOCH CIIeIlHaAbHOe Bo3zeiicTBHe. B xozme pabot, ObIAM caeAaHbl BasKHbIE BBIBOIBI
0 IIPUPO/ie TPABUTAIIHOHHBIX UMITYABCOB U CIIOCO0OE X CO3JaHU.
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[TpuMeHeHHEe CBEPXIPOBOMSIIIETO MaTepHasa IIEAeCOO0pa3HO HE TOABKO IIOTOMY,
4TO B HEM MOIKHO CO3JATh MOIIHBIY 3A€KTPUYECKHU TOK, U OH OydeT IIUPKyAHpPOBaTh Oe3
II0TEePb JAUTEAbHOE BpeMs. [Ipyroil BazKHBIH aCIIeKT COCTOUT B HCIIOAB30BAHHUH 0COOOTO
COCTOSIHUS BEIIECTBa, KOTOPOe HA3bIBAIOT «KOHAeHcaT Bosen.

Konnencar Bo3e ecTh TakKoe arperaTHO€ COCTOSIHHE BEIIIECTBa, B KOTOPOM OOABIIIOE
4HCAO aTOMOB HaxOOUTCd B KBaHTOBOM COCTOSHUU MHHHMaABHOM 3Hepruu. B Takom
COCTOSIHMM, KBAaHTOBBIE€ 3(P(PEeKTHI B BEIIECTBE HAYUHAIOT IIPOSABAATHCSI HAa MaKpPOypPOBHE,
TaK KakK BCE aTOMbI BellleCTBa BeAyT ce0sl KOrepeHTHO.

KorepeHTHOCTBIO HAa3bIBAIOT COTAACOBAHHOCTHL HECKOABKHX KOA€O0ATEABHBIX HAU
BOAHOBBIX IPOIIECCOB. IMEHHO CHHXPOHHOCTh KOAEOAHUM YaCTHIL MATEPHUH, U3AYYAOIIHX
dOTOHBI CTPOr0 KOTEPEHTHO, B oAHOI ¢ra3e, obecriedynBaeT KadeCTBEHHOE OTAHYHE
AQ3€pPOB OT OOBIYHBIX HCTOYHUKOB CBeTa. AHAAOTHUU C AA3€PHBIMU TEXHOAOTHUSMU
IIO3BOAGIOT TIPEAIIOAOKUTH, YTO B OKCIIEPHMEHTE C BEIIEeCTBOM, HaXOAAIIMMCS B
COCTOSHUH KOHAeHcaTa Bose, OyaeT co3maHo OoAaee MOIIHOE IPaBUMATHUTHOE IIOAE, YEM B
OOBIYHOM IIPOBOAHUKE, OAarofapsi COTAACOBAHHOMY IIOBEIEHHIO YaCTHUI[ MAaTepHUH,
BO3MYIIAIOIIMX 3(PUPHYIO CPELy.

OKclepUMeHTaABHBIN ITOAX0 B IAHHOH 00AaCTH HMCCAeIOBaHUH ObIA paHee OIIHCaH
EBrenuem IlogkaeTHOBBIM B ero craTbe [44|. M OblA HabineH 3PPEeKT yMEeHbIIEHUS
maccel (Beca) Ha ypoBHe 0.05% - 0.07% gag HeBpamamIllerocd OHUCKAa
U3 BBICOKOTeMIlepaTypHOil cBepxnpoBogsamieii (BTCII) kepaMuku, HaxXOOAIIETOCS B
COCTOSSHUHM A€BHTAIlMM B IIEPEMEHHOM MAaArHHUTHOM IloAe. Bpamienwe awmcka, B
skcrnepuMeHTe [TonkaeTHOBa, yBeAUYHUBaeT 3(PEKT.

BakHo oTMeTuTh caeayronmit pakt: apdekT [TogkaeTHOBa ObIA MAKCUMAABHBIH (OT
2% 10 4% m3MeHeHUsI Beca) IIpU U3MEeHeHUU CKOpocmu BpallleHUs A1CcKa. OT0 OaeT IIOBOL
[OAS PasMbIIIACHUH 00 3¢UpHON NOpHUpoae TpPaBHMarHUTHOTO 3(deKTa, ero CBA3U C
OOBIYHBIMH SBACHUSMH HWHEPIIUH, BO3HUKAIOIIMMH [IPH yCKOPEHHOM [ABUXKEHUH TEA, U
CBA3U C SBACHHSIMH OJAEKTPOMArHUTHOH WHAYKIWMH, KOTOpPhle, B O0OIIeEM BHJIE,
TPaKTYIOTCH, KaK peakuus 3¢upHoll cpedbl. HA U3SMEHEHUsl NJIOMHOCMU 3SHepauu B
HEKOTOPOH 00AaCTH ITPOCTPAHCTBA.

H3BecTeH apyroi srcriepuMeHT [logKAETHOBA, OMHCAHHBINA B cTathe [45]. B manHOM
caygae, BTCII muck Obia co3maH, KakK ABYX(as3HbIA MaTepuas: B pabodyeM peskuMe
BEPXHUH CAOM [OHMCKa HAXOAUTCHd B CBEPXIIPOBOALIIEM COCTOSHHWHM, a HUXHHUU — B
obprdyHOM. MOXKHO CKaszaThb, dYTO 9TO KOHCTPYKTHBHOE pelleHHe obecriedynBaeT
IIOTPAHUYHYI0 00AaCTb (pa30BOro nepexona MeKAy ABYMS CAOSIMH.

Eme oamH BakHBIH Iar B I[OHHUMAaHUHM gaHHOro J3ddeKTa ObIA caesaH
nccaenoBareaeM Mopanese (G. Modanese) [46]|, KOTOpPBIM BIEPBbIE ITPEAIIOAOXKHA, YTO
MeXaHUYEeCKOe BpallleHHe BBICOKOTEMIIEPATYPHOTO CBEPXITPOBOASIIETO [JUCKA €CTh
OBUXKEHHE KOHAeHcaTa Bo3e, aHaAOTHYHOE SAEKTPUYECKOMY TOKY B CBEPXITPOBOIHUKE.
Peakimua oacupHO#l cpembl Ha Takoe [IBHXKEHHE U €CTh TpPaBUMarHUTHOE IIOAE€.
[IpenmorokeHre MomaHe3e coraacyeTcs C HAaIllUMH IIPEACTaBACHUSIMM, ITIOCKOABKY
MMEHHO KOT€PEHTHOE ITI0BENEHHE BCEX IAEKTPOHOB B CBEPXIIPOBOALAIIEM BpalllalolieMcs
OUCKE OTAHMYAET UX MOTOK OT OOBIYHOTI'O SAEKTPHUYECKOTO TOKA B IPOBOALIIEM AUCKE, U OT
BpAallleHUS 9AEKTPHUYECKH 3aPsAKEHHOTO JUIAEKTPHUIECKOTO JUCKA.

Caenyronmmii  srcnepuMeHT I[lonkaeTHoBa u MopgaHe3e ObIA Ha3BaH aBTOPAMH
«(AMITyABCHBI¥  TIpaBHUTAlLlMOHHBIM  reHeparop» [47]. OTOT 3KCIEPUMEHT HMEET
HEIIOCPE/ICTBEHHOE OTHOIIIEHHE K OOOPOHHOM TeMaTHKe, IIOCKOABKY OH MOIKET OBITh
HCIIOAB30BaH JIAT CO3[aHUS OPYKHU OOABIIION JAaABPHOCTH U ITOPasKaIOIIEeH CHABIL.
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ABTOpPBI CO3aBaAM OSAEKTPUYECKUUM paspsn, Tok gocturaa 50000 Ammep B
UMIIyAbCE, HampsikeHueM 1 wMuaanoH Boasr. Paspsaa mnomagaa Ha  «Ieab» U3
BBICOKOTEMIIEPATYpPHOro cBepxipoBonHukoBoro (BTCII) marepuasa masgs TOro, 4YTOOBI
co3[aTh «HEAHNCCUIIATUBHBIA CHAOBOM AyY» HAM, APYTHUMH CAOBaMH, «I'PaBUTAIlMOHHYIO
BOAHY», PACIIPOCTPAHSIONIYIOCS BAOAb AMHHH pa3psaa Ha HEOTPAHUYEHHOE PACCTOSHUE.

JlaHHBIH 5SKCIIEPUMEHT He HMeeT aHaAOroB, OCOOEHHO II0O 3HAYHUMOCTH €ro
pe3yAbTaTOB. ABTOPBI 3asdBHAW O TOM, YTO yJAAOCh IIOAYYHTH CHAOBOE€ BO3/EHCTBHE
Ha PacCTOSHUU [0 lleAn Ooaee KHAOMeETpa, IpUdYeM, 3TO ObIA yaap TaKOH CHABI, YTO «ObIA
CIIOCOOEH pa3pylLIUTh KUPIUYHYIO CTEHY).

B pgane crpaH UOyT HCCAENOBATEABCKHE pabOThl B JaHHOM HaIllpaBA€HUU,
HanpuMmep KomnaHus Boeing mnoBropraa a¢p@geKT M [0A0KHAA, YTO IIpU paspsae 2
MeraBoabTa, MUIIEHb [OAy4YaeT yaap ¢ cuaodt nopsanaka 1 kr. IlonpoGHee, uyuraiiTe B
xKypHase Rocket Science [48]. PaboTkl Hazm reHepaTopoM TIPaBUTAIIMOHHBIX HMITYABCOB
npoBoauT KoMmnaHma Phantom Works, npemnpuarue Kopriopaiimu Boeing B Cuatae.
F'aaBa Phantom Works /Ixxopmk Mioanep (George Muellner) moarBepaua UHTEpPeC CBoel
KoMIlaHUH K pabore IlomkaeTHOBa, U 3adBUA TaKxKe, 4TO, 10 UX MHEHHIO, 3Ta padoTra
HMeeT COAMIHOE Hay4yHOoe OOOCHOBaHUE.

CraTuyecKre 5KCIIEPUMEHTEI 110 TeMe «FpaBUMarHeTH3M», TAABHBIM 00pa3oM, ObIau
HepPe3yAbTATUBHBI, HO HAM BaKHO OTMETHUTH maHHble [[3koHa [llHypepa (John Schnurer)
[49]. OddekT rpaBUMarHUTHOTO BO3AEUCTBHS HA AETEKTOP (MAaATHHK) ObIA OOHAPYKEH UM
nas HeBpamarorierocas BTCII gucka, A€BUTHPYIOLIETO HAA IIOCTOSHHBIM MAaTHUTOM,
IIPUYEM, MOJbKO 80 8pems usmeHeHust ¢gasvl. BTCII mamepuana, TO €CTb, IIPU €ro
repexo/ie U3 COCTOSHHUSA CBEPXIIPOBOAMMOCTU B OOBIYHOE COCTOsIHHE (HarpeB BbIlIe Ty).
[TockoABKY (pa30BBIHM Iepexos MaTeprasa, oObIYHO, 3aHUMAaeT HECKOABKO CEKYH/I, TO B 3TO
BpeMs MOKeT ObITb oOHapyzkeH adpdekT llrypepa.

[Tpenaaraercsa caenyrolllee OOBSICHEHHE MAaHHOTO 3(deKrTa: IPH AE€BHUTAIIMM Hal
IIOCTOAHHBIM MAarHHUTOM, KaK H3BECTHO, B CBEPXIIPOBOMSIIEM [QUCKE YK€ CYIIECTBYIOT
HUPKYAUPYIOIIME TOKM KOHAeHcara bosze. CaMm mpollecc A€BHTALUH CBEPXIIPOBOALAIIMX
MaTepHaAOB HaJA IOCTOAHHBIMH MAarHUTaMH, HAM AE€BUTAIlUM MArHUTOB  Han
OXAQXKMIEHHBIMU CBEPXIIPOBOAAIIMMH MaTepHaAaMH, €CTb IIPOCTOE OTTAAKHMBAaHHE OBYX
MAarHUTHBIX  IIoA€ii. B AeBUTHpYyIOIIEM  COCTOSHHH, BHEIIHE  HEIOJABUIKHBIM,
cranmmonapubii BTCII mguck mnpeacraBageT coboff KOHTYpP C TOKOM, IIpHYEM, TOKOM
KOHAeHcaTta bBose. [JaHHBII IIOTOK COTAAQCOBAHHBIX 3AEKTPOHOB BOBAEKAeT 3(HUpP B
IOBUXKEHHE OTHOCHTEABHO KPHCTAAAHMYECKOM PEIIeTKH BeIlecTBa AUCKA, IIPHUYEM, B
HaMHOI'0 OOABIIIEH CTEeNeHH, YeM TOK TaKOH K€ CHAbI, IIUPKYAHPYIOIIMH B OOBIYHOM
npoBonHUKe. IIpu wm3MeHeHHMH (Pa30BOro COCTOSHHA BEIIECTBa, KOHAeHcaT bose
IIpeBpalaeTcd B OOBIYHBIH IIOTOK OAEKTPOHOB, M TOK ObICTpo 3aryxaeT. CKOPOCTb
OTHOCHUTEABHOIO [BHXKEHHA d(pUpa pe3KO MEHdeTCd, M B 5T0 BpeMs CO3[IaeTcd
00HOKpamHoe u3MeHeHue nAoOmHocmu s¢gupa, YTO U TeHEPUPYET  HMIIyABC
IPAaBUMarHUTHOTO IIOAS, MOAHUTEABHOCTH KOTOPOTO paBHA [JAUTEABHOCTH (DPa30BOTO
niepexona BTCII maTepuasa U3 CBEPXIIPOBOALIIETO B OOBIYHOE COCTOSIHUE.

Mexaunundeckoe BpaieHue BTCII gucka, B KOTOpoM co3OaHbl TOKHM KOHEeHcaTa
Bose, mpon3BoAUT aHAAOTHYHbIE MOIIHbIE 3(PPEKTHI, TAK KaK OTHOCUTEAbHAs CKOPOCTH
MEXIY KPUCTAAAMYECKOHN PEILIETKOM MaTepHaasa A¥iCKa ¥ KOHAeHcaToM boze oTranyaercda
OT CKOPOCTH [IBUIKEHUS SAEKTPOHOB B OOBIYHOM HECBEPXIIPOBOASIIEM MaTepuase. Mbl
y2Ke OTMedaAHl, YTO U3MEHEeHHEe CKOPOCTH BpallleHHs AMCKa (B YaCTHOCTHU €ro 3aMelAeHUe)
B BKCIlepuMeHTax [loakaeTHOBA ITPOU3BOAUT MaKCHUMAABHBIH I'PaBUMAarHUTHBIA 3(pdeKT.
OT0 O00BACHUMO, TakK KaK B [JaHHOM CAydae, MPOSBASIOTCS pasHble HHepIUaAbHBbIE
CBOMCTBa KOHAeHcaTa bo3e u BelecTBa (KpUCTAAAMYECKOM PENIETKH), YTO U IPUBOIUT K
MOIITHOMY BO3MYIIEHHIO 3(0UPHOH Cpebl.
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OrmeruM, uyTO paccMoTpeHHbIH [lonkaeTHOBEIM [45] ciertnaabHbId BTCII maTepraa
¢ aByx(pa3HBIMU CAOSIMH MOKa3bIBaeT 0oaee cTabUAbHBIE 3(P(EKTHI, YEM OJHOKPATHBIH
da30BBI¥ mepexol, TaK KaK MMEHHO B IIOTPAHHYHOM CAO€ BHEIIIHEE 3AEKTPOMAarHUTHOE
II0OA€ CIIOCOOHO CO34aTh BBICOKOYACTOTHBIE (pa3oBble II€PEXOAbl, IIPH KOTOPBIX
reHEePUPYIOTCS HE OJHOKPATHOE BO3MyIIleHHe 3(UPHOM Ccpeapl, a BBICOKOYACTOTHBIE
KoAebaHUd IAOTHOCTHU dpHupa.

OkcnepuMeHTHI ¢ BpatariuMmca BTCII nrckoM, onnucanHble B [S0], aBasioTcs elle
OOUH TIIPUMEPOM IIOAYYEHHs] T'PAaBHMAarHUTHOIO IIOAS, CO34aBaeMOTO BPAIAIOIIHMCS
CBEPXIPOBOAHHUKOM B ¢opMe KoablIa. J[laHHBIH pe3yAbTaT OBbIA IIPpEACTABA€H HAa
koH(pepeHuun ESA's European Space and Technology Research Centre (ESTEC),
KoTopass cocrosgaack B Hwupgepaanpax, 21 wmapra 2006 roma. Pesyasratel ESTEC
IIOATBEPKIAIOT BBICKA3aHHOE 3/1eCh IIPEAIIOAOKEHHE O TOM, 4YTO TI'paBHMAarHUTHBIH
apPeKT 06yCAOBAEH IIPOSOABHBIMH BOAHAMU B 3(DUPHOH cpefie.

OTMeTHM emle OAWH BasKHBIM aCIIeKT, BO3HHKAIOIMH B 3KcnepuMmeHTax ¢ BTCII
MaTepHasaMH: B CBEPXIIPOBOALIIEM COCTOSIHUHM OHH MMEIOT HH3KYI0 TeMIlepaTypy
OTHOCUTEABHO OKpy2Karollle#l cpeapl, II03TOMY IIPOUCXOOUT MHTEHCHUBHBIN IIE€PEHOC TeIlAa
mexay BTCII matepumaaoM U okpyzkaroineii cpenoii. [Ipu opraHusaniyiy TOYHBIX
U3MEPEHHH, TOTOKU BO3AyXa, MPOU3BOAHUMBIE TEMIIEPATYPHBIM TPaAUEHTOM, MOTYT OBITH
9KpPaHUPOBAHbBI, HO HEAB3S 3a0bIBATb O MEPMO2PA8UMAYUU, KOMOPAs Nposieisiemcst npu
JH060M YNopsi0OUeHHOM nepeHoce mensia uiu xon00a.

Hampumep, Jorro (Gianni A. Dotto) onucaa nanHoe gaBaeHHd B nateHte [S51]. B
SKcIepuMeHTax J[loTTo, ObIAO IIOKa3aHO, YTO HHTEHCHUBHAs HANpasseHHas nepeoaua
mensna, HaIPUMEpP, II0 KOABILy, OT HarpeBaTEABHOTO SA€MEHTa K OXAaXKIAIIEMy
9A€MEHTY, CO3JaeT I'PaBUMAarHUTHBIN 3ddeKT. PaKTHUYEeCKU, B METAAANYECKOM KOABIIE
[loTTO [OBUIKETCS 60/HA NJaoOmMHOCmu 3gupa, co3gaBaeMasd HE SAEKTPOMAarHUTHBIM
MEeTOOOM, a 3a CYeT Iepernaza TeMIepaTyp MeXAy TEINABIM HCTOYHHUKOM JSHEPTUH U
XOAOJHBIM CTOKOM 3HEPTHH.

OcHOBHOI 00AAQCTBIO IIPUMEHEHHS CO3IaBaeMOTO NOCMOSIHHO20 2PABUMARHUIMHO20
noas, JJoTTO CYHUTAA MEOUKO-OMOAOTHYECKHE aCIIeKThI, HAITIPHUMEDP, OMOAOKEHHE, A€YEHHE
paka u apyrux 3aboseBaHU IIyTeM BO3AEHCTBHS BOAHBI ITAOTHOCTU 3(PHUPHON cpenbl Ha
IPOIIECChl JKU3HENESATEABHOCTH B KAeTKax opranusma. OueBHOIHO, 4YTO HU3MEHEHHE
TIAOTHOCTH 3(pUpa BAHSIET Ha AIOObIE KAETOYHBIE MPOIIECCHI. [lad 3amad KOHCTPYHUPOBaHHUS
OBUXKUTEAEH, NaHHBIA MeTol He IMPECTaBAIETCS IEPCIIEKTHBHBIM, TaK KaK Tpebyercd
OoabIIION pacxom 3Heprur. Kpome Toro, co3maeTcsd MOCTOSHHOE T'PAaBHMAarHUTHOE IIOAE, a
MBI HINEM IIyTH IIPOBEPKH IIPEAIIOAOKEHHd O HAAWYMHU PE30HAHCHBIX 4YacToT
rpaBUTAIIMOHHOTO  B3aumomelicTBug. bBoaee T1oapoOHO, TEepPMOTPABUTAIIUIO MBI
PaccMOTpPUM B OTAEABHOM rAaBe KHUTHU.

Hrak, aHaAu3 MIPEAIIECTBYIOIIMNX SKCIIEPUMEHTOB M TEOPETHYECKHUX ITPEIIOCBIAOK
II03BOASIET  IIPEAIIOAOKHUTB, YTO TIpaBHTAIIMOHHBIE 3(PdeKThl, HabalomaemMble B
S5KCIIEPUMEHTaxX pPa3HBIX aBTOPOB, OOYCAOBAE€HBI HN3MEHEHHUSMH IIAOTHOCTHU KOHJIEHcaTa
Bo3ze, koropoe co3zmaeT Bo3MyllleHHe 3(MUPHOH cpenbl B BHAE I[IPOJOABHBIX BOAH.
OnpHOKpaTHOEe H3MEHEHHE IIPOMCXOAUT IIPHU OMHOKpaTHOM (a30BOM IIepexone U3
CBEPXIIPOBOAAINETO COCTOSHHUA B OObBIYHOE, HaIpuMmep, B sSKcnepuMeHTe IllHypepa.
[TockoABKY, B 3TOM caAydae, H3MeHeHHe @asbl Bcero obtbeMa BeIlecTBa [UCKa U3
CBEPXIIPOBOAAIIEH B OOBIYHYIO SIBAGETCH IIOCTEIIEHHBIM M 3aHHMaeT HEKOTOPOE BPeMs, TO
JOaHHBIA 3PPEKT AOCTATOYHO CAAOBIH M AETEKTHPYETCS B T€YEHHH HECKOABKHX CEKYHI.
OKCIEPHUMEHT I10 CO3/IaHUIO «TPABUTAIIMOHHOTO UMIIyAbCA», OITMCAHHBIN [1oAKAETHOBBIM U
Mopanesze B [47], aBAsgeTCS OZHHMM H3 METOAOB CO3[aHHs MTHOBEHHOIO (OBICTPOTrO)
H3MeHeHUda (aspl KoHAeHcaTa Bose, mpuueMm, Bo BceM obbeMa BTCII matepuasa, 4uTo
II03BOASIET CO3JaBaTh KOPOTKHUH II0 BPEMEHH, HO MOIIHBIM 3(P@EKT HMIIyABCHOIO
XapakTepa.
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PaspyiieHne CBepXIIPOBOAHMKA IIPH BO3AEHCTBUM Ha HEr0 BbICOKOBOABTHBIM
HMIIyABCOM He 00s13aT€ABHO, TaK KaK [JOCTATOYHO BBIBECTH €ro U3 COCTOSHUS
CBEPXITPOBOAUMOCTH, YTOOBI CO37aTh I'paBHUTAlIMOHHBIE HMIIyALC. [Ipupomoii maHHOTO
IPaBHUTALIMOHHOI'O UMITyAbCA IBAETCS IIPOAOAbHAA BOAHA B 3(pHUPHOH cpefe.

OTMeTHM, 4YTO CYLIECTByeT 0oaee paHHSS aHaAOTHd MOaHHOTO JKCIEepUMEHTA,
u3BecTHass Kak «Ay4d MoptoHar». Yapapd Mopron (Charles R. Morton) 3aHuMmaascs
mogoOHBIMH dKcrnepuMeHTaMHu B 1960-x romax [52]. Ha Puc. 104 mokazaHa cxema
skcriepuMeHTa MoptoHa. Paspsa BBICOKOBOABTHOTO TreHeparopa Bau ne I'paada, B
JAaHHOM OKCIIEPUMEHTE, IIPOMU3BOMAMACS HAIIPpaBA€HHO, 4Yepe3 CTEeKAGHHYIO TPYOKYy -
H30AATOpP, Ha METAAANYECKOe KOABII0, YCTAaHOBAEHHOE Ha Toplle TpPyOKu. Beawumna
HaIIpsS>KEHHS, KOTOPOE€ MOTAM Cco3JaBaTh TakKue reHepaTopbl emre B 1930-e rogpr,
nocturano 10 mmaaroHoB BoabT.

CTeknAHHasA TpybKka
\ ol

FeHepaTop \
BaH ge Npaada paspag AeTeKTop
(oTkNnoOHeHue)

Puc. 104. Cxema skcnepumeHTa MopToHa.

[Tpu ncrioAb30BaHUM CBEPXIIPOBOALAIIEr0 MaTeprasa B sKcriepuMeHnTe [lonkaeTHOBa
u Mopganese [47], BMecTo IIPOCTOrO MeTaaAa, KOTOpPbIM MopToH mHoaBepras yaapy
SAEKTPHUYECKOTO pa3psfa, MOIIHOCTb 3deKTa 3HAYHUTEABHO YBEAHMYHBaeTcCs, Oaaromaps
KOT€pEHTHOMY IToBeaeHUI0 3AeKTpoHOB B BTCII marepuase. Tem He MeHee, Kak IIoKasaa
Yapap3d MopToH, Bo3MylleHHe 23(UPHOH cpenpl, BO3HUKAIOIIEEe IIPHU  PE3KUX
9AEKTPOKMHETHYECKUX 3PPeKTax B IMIPOCTOM MeTaaAe, TaKKe CIIOCOOHO Cco34aBaTh
HaIIPaBAEHHYIO BOAHY IIAOTHOCTHU 3upa.

N3yyaqa MpeAIrloAOKEHHE O BOAHOBOM IIPUPOLE TIPaBUTAILIMOHHOTO II0Ad B
IIPOCTPAHCTBE OKOAO ITOBEPXHOCTH Halled MAQHETBI, Mbl MOXKeM COOPMYAHPOBAThH 3a0a4y
KOMIIEHCAIIUHU JAaHHOIO HATypPaABHOTO K0A€OaTeABHOTO IIpoIlecca HEKHUM HCKYCCTBEHHBIM
rnporeccoM. MakcuMaabHBIN 3PEKT OXKHAAETCH B CAydae CO3/IaHHd BHEIIHETO IIOAS C
4aCTOTOM, COOTBETCTBYIOLIEH HATYpPaAbHBIM (DAYKTYaIlUSIM MAOTHOCTHU KOHAeHcaTa Bose B
BTCII marepuase. B caydae coBHageHHs  YacTOT, MBI MOXKEM OXUAATL IIOAHOM
KOMIIEHCAIIH HaTypPaAbHOTI'O I'PaBUTAIIMOHHOIO ITOAS.

HUTak, MOXKHO C(POPMYyAHUPOBATH IIPEAIIOAOKEHHE O TOM, UYTO BEIIECTBO B
COCTOSIHMM KOHMeHcaTa Bose (B CBEpXIIPOBOAHHKAX) CBA3aHO C 3(OHPOM B HHOM CTEIEHH,
4yeM OOBIYHOE BeIeCTBO. B cBA3M c 3TuM, (pa3oBbIe IIE€PEeXOAbl BEIECTBA U3 COCTOSHUS
CBEPXIIPOBOAMMOCTH B OOBIYHOE COCTOSHHE M OOPaTHO 8blLc8060KOAOM UNU CES3bleAOm
Hexomopoe koauuecmeo sgpupa. Takue pa3oBble ITEePexXonbl, ITPOU3BOAUMBIE C BBICOKOH
4acTOTOM, MOryT OBITH CIOCOOOM TeHepalud BBICOKOYACTOTHBIX KOT€PEHTHBIX
IIPOAOABHBIX BOAH IAOTHOCTHU 3pupa. [ToucK pe3doHaHCHBIX YCAOBHH 11€A€COO0Pa3HO BECTH
B mauanaszoHe dvacror 10 - 100 MTI'h, npenckazanHbIM aBtTopamu David Noever wu
Christopher Bremner B crarbe [43]|. Iloaarad, 4To HaTypasbHOE I'PaBHTAlIOHHOE IIOAE
IIAQHETHI HE SBASETCS MOHOXPOMHBIM (OZTHOYACTOTHBIM), a IIPEeACTaBASeT COOOM CIIEKTP
4acToT, TPeOyeTCs OIPEeNeAUTh HECKOABKO I'AaBHBIX PE30HAHCHBIX YaCTOT, ITO3BOASIIOIINX
IOAYYHUTh MAKCHMaABHO ITOAHYI0O KOMIIEHCAIIMIO TPABUTAIIMOHHOTO IIOASI JAHHOM IIAQHETHI.
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Pan skcniepumeHTOB OBbIA OpraHu3oBaH B OO0 «Aaboparopusa HoBwrix TexHOAOTHIH
dPapanettr, Cankr-Ilerepbypr, B 2007 roxy. BrlcokoTemnepaTypHbIH CBEPXIIPOBOASIIHHN
ouck 6pia mpuobpereH y komnanum CAN [53], marepmaa YBa2Cu307-x ¢ mobaBkKaMu
Y2BaCuO5. Kpurudeckaa temneparypa 90K. [duamerp mucka 56 MM, BbIcoTa 16 MM.
OxaazkieHHE ITPOU3BOAHAOCH KUAKHM a30TOM. [lad OETEKTHUPOBaHHS H3MEHEHUS Beca
npuMeHgAnuchk nugpoBele Becbl HL-100, nmeromne TouHocts 0.01 r.

B crabuapHOIl YacTH HOMeNIeHUsa AabOpaTOpPHH, TIie BHEIIHHE BUOpanuu ObIAU
MHHHMAaABHBI, OBIAM ITIOCTPOEHBI OaAaHCHBIE BeChbl C T'py3aMH Ha KoHIlax Becom 50 T.
[To3xke rpysbl O6blAM yBeandeHb! 00 SO0 © KaxkAblH, U Bechl ObIAM cOaraHCHUpPOBaHBbI TaK,
4yTOoObl Ha cTopoHe obopynoBanus HL-100 6nia mepeBec okoao 20 r. I'py3bl OblAu
U3rOTOBAEHBI B3 maacTuka. Bpamenue BTCII gucka o6ecrieduBasOCh 3AEKTPOIIPHUBOIOM
co crkopocThio 10 3000 060pOTOB B MUHYTY.

OTMeTHM, 4TO JaHHas 3KCIepUMEHTaAbHas yCTaHOBKAa BeCbMa IPUMUTHBHA, U HE
IIO3BOASET IIPOBOAUTH OAUTEABHBIE H3MepeHus Bpamtatomerocd BTCII marepmasa B
COCTOSIHUH CBepXITpoBoauMocTH. B mannoi ycranoBke, BTCII nuck nomemniaeTcsd B poTop,
U 3aTeM OXAaXKJaeTCs KUAKUM a30TOM, IIPU 3TOM, IIOCAE€ HCIApPEHUs a30Ta, ero MOKHO
IIPUBECTH BO BpallleHHE, HO CBEPXIIPOBOLMIIEE COCTOSHUE COXpaHsAoch He Ooaee 20-30
cekyHa. Ilo sTol mpuymMHE MHOTHE TECTbl C BpallleHHEM HE MOTAM JaTh HaeXKHbIE
pe3yAbTaThI.

B urone 2007 rompl, ObIAM CAEAAHBI IIOMIBITKY IIOBTOPUTH 3KcrepuMeHTa [lHYypepa,
HO 3aMeTHBIX 3(p(eKTOB Ha IU(POBBIX Becax, Oas caydas gaszoBoro nepexoma BTCII
MaTepHasa QUCKa U3 CBEPXIIPOBOAMAIIETO B OOBIYHOE COCTOsIHHE, He obHapykeHo. [ad
YTOYHEHHUS Pe3yAbTATOB, OBIAM IIOCTPOEHBI KPYTHALHBbIE Bechbl. CxemMa 3KCIepHMeHTa
rnokasaHa Ha Puc. 105.

/

CTEKNAAHHbIA KOoNNakK
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Puc. 105 DkcriepuMeHT ¢ KPyTHABHBIMU BecaMU

3KpaH C usmep

KpyTrabHBIE BeCchbl ObIAM HM3TOTOBAEHBI M3 AepeBa, IPpy3bl — IIAACTHUKOBEIE. Kycouek
CTE€KAa B IIEHTPAABHOM YaCTH TOPH30HTAABHOIO OpyCKa OTpaskaeT AyY Aa3epa Ha CTEHY
(paccTrosHHE 2 MeTpa), YTO IMO3BOASIET AETEKTHPOBATH IIOBOPOT KPYTHABHBIX BECOB C
BBICOKOH YyBCTBUTEABHOCTBIO. HUTH IoaBeca BBIIIOAHEHA M3 BOABGPAMOBOM IPOBOAOKH
muaMmerpoM 0.05 MM. Bcg KOHCTPYKIMS IIOMeIlleHa II0J CTEKASHHBIM KOANAK, AT
yCTpaHEeHUs BAUSHUS BO3LYIITHBIX ITIOTOKOB.
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Ham skcnepumeHT 110 mIpoBepkKe addekra IllHypepa coctoga B TOM, 4UTO
npeaBapuTeAbHO oxaaxkaeHHBIH BTCII nuck noMeIaeTcss OKOAO KPYTHABHBIX BECOB.

Yepesz 30-40 cekyHHO, KOTZa MOPOUCXOAUT (Pa30BBIH IMepexo[], HadAomaeTcd
IIPUTSKEHNE OJHOTO U3 Ipy30B KpyTUABHBIX BecoB K BTCII AucKy (KpyTHABHBIE BECHI
noBopauyuBaroTcd). Yepe3 3-5 MHHYT, BeEChl BO3BpalllalOTCcd (IIOBOpadyMBaloOTCsI) B
HavaAbHOe cocTosiHHe. MakcuMaabHBIH 3(ppekT Habaomaercsa mpu pasmerneHuu BTCIT
[VCKa IIAOCKOCTBIO K KpPYTHABHBIM BecaMm. OKCIIEpHUMEHT ObIA IIOBTOpeH 4 pasa.
KoAnyecTBeHHbIE XapaKTePUCTUKHU aTh 3aTPyAHUTEABHO, TpebyeTcss yCOBePIIEeHCTBOBATD
H3MepUTEABHOE 000pyI0BaHUeE.

HUHTEpPECHO OTMETUTH, YTO HAYAAO CHAOBOIO BO3AECHCTBUA Ha KPYTUABHBIE BECHI
COOTBETCTBYET OXHAAaeMOMy MOMeHTy da3oBoro rnepexona BTCII martepwmasa mucka B
HECBEPXIPOBOAMAIIEE COCTOIHHE, HO OKOHYAHUE CHAOBOTO BO3AEUCTBHSI PACTAHYTO BO
BpPE€MEHH Ha HECKOABKO MUHYT. BO3MOXKHBIE OITUOKK B ITIOHUMaHUU 3QPeKTa MOTYT OBITH
CBSI3aHBI C HAAWYHEM BOKPYT oxaaxkaeHHoTo BTCII grcka MOMIHBIX TEIIAOBBIX (XOAOIHBIX)
IIOTOKOB, TO €CThb C SBA€HUAMH TepMorpaBuTanui. CTEeKAGHHBIH KOANAK yCTpPaHSET
TOABKO BO3AyILIHbIE KOHBEKIIHMOHHBIE IIOTOKH. OnHakKo, OH HEe IIPENaTCTBYyeT
TEPMOTPABUTAITHOHHBIM CHAAM. YTOOBI ITPOBEPHUTH ITO ITPEAIIOAOKEHUE, OBIAM COEAAHBI
LOOIIOAHUTEABHBIE 3KCIIEPHUMEHTHI C HECBEPXIIPOBOASMNIMM MaTepuasoM. MeTaaanmdecKuu
[OUCK, UMEIOIIHNY IIPUMEPHO TakKylo ke maccy, Kak U BTCII guck, ObIA OXAQXKAEH KHUIKUM
a30ToM, U IIOMELIEH PSAOM C KPYTHABHBIMH BecaMu. [Ipu 3ToM 3(p(eKT NPUTIKEeHUS
rpy3a KPYTHUABHBIX BECOB K XOAOQHOMY TEAy TaKxKe ObIA OOHapyzKeH, HO B 3HAYUTEABHO
MeHbINeH cTereHu, 4eM IIpu ucroab3oBaHuu BTCII martepmasa. MHTepecHO OBIAO ObI
OpraHMU30BaTh JaAbHEHIHE SKCIIePUMEHTHI B JAHHOM HaIllpaBACHUH.

[pyro#i skcriepuMeHT ObIA opranm3oBaH 23 mioHsa 2007 roma, Oad MCCAeOOBAHUS
rPaBUMAarHUTHBEIX 3(P(QEKTOB, BO3HHKAIOMIINX MPHU CO3aHUU BBICOKOBOABTHOTO paspsna
Ha oxaasknaeHHBIM BTCII muck. Cxema AgaHHOTO 3KCHEpPHMEHTa IokKaszaHa Ha Puc.106.
HMmMmyabC BBICOKOIO HampszkeHHd (paspsaa) nomaBaaca Ha BTCII auck, Haxomdumiica B
OXA@KJIEHHOM COCTOSIHHH, Cpa3y II0CA€ TOro, KaK MCHapsAcd XUAKUK as3oT. DBrelan
oOHapy>KeHbI 3HAYHTEAbHbIE U3MeHeHusa Beca (o 0.3 rpamm, uto coctaBaseT 0,5% Beca
rpy3a). OTpHUIIATEABHBIH SAEKTPO OBIA COEIMHEH Yepe3 CTOA M KOPITYC EMKOCTH C XKUIKHUM
azorom ¢ BTCII marepuasom.
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Prc.106. Cxema skcnepuMeHTa PpoaoBa 110 BAUSHUIO 3AEKTPUYUECKOT0 pa3psaaa

Ha (pazoBoe cocrogHue oxaazkaeHHoro BTCII marepuaaa.
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O KOAWYECTBEHHBIX XapaKTEPUCTHKAaX 00HapyKeHHOro 3¢peKTa CAOKHO TOBOPHUTH
KOPPEKTHO, TaK KakK B JaHHOU cxeMme 3KcIiepuMeHTa, ItpoBoauMoro 6e3 BTCII matepuraaa,
ObIAM OTMe4YeHbl HEKOTOPble M3MEHEHHUd ITOKa3aHUU BeCOB, KOTOpPbIE BBI3bIBAA HCKPOBOM

pasp4n.

W CKAIOUUTH BAUSHHE BBICOKOBOABTHOTO 000pPyZIOBaHUA Ha UG POBbIE BEChI IIOAHOCTBHIO HE
yaasochk. MeTomuka SKCIepUMeHTa TpebyeT mopaboTKH, XOTd 3(P(eKT H3MEeHEeHUsS Beca
npobHoro Teaa mnpu Bo3gedictBuu Ha BTIIC OHCK HMCKPOBOTO pa3pgna  yYBEPEHHO
OETEKTHPOBAACH.

B wuroae 2007 roma ObIAM IIPOBEOEHBI SKCIIEPHUMEHTHI C IIOCTOSHHBIM MAarHHTOM,
YCTaHOBAEHHBIM 0KoAO Bpamaroiieroca BTCII aucka. B manHOM 3KcHepUMeHTE, MbI
OBITAAUCH IIPOBEPUTHL BO3MOIKHOCTE CO3QaHUS I'paJueHTa MAOTHOCTH KOHAeHcaTa Bose u
reHepaluy TpPaBUTAIMOHHON BOAHBI IIPU IIOMOIIM CHABI AopeHIla. MarHHUTHOE IIOA€
CO371aBaA0OCh KaK B paJlasbHOM HAaIIpaBA€HHH, TaK M KOAKCHAABHO, II0 OTHOIIEHUIO K
Bpamaroemycd BTCII gucky.

Ckopocty Bpamenus BTCII mgucka pocrurasaa 2000 060poTOB B MHUHYTY.
Hcmoabp3oBascd TOCTOAHHBINM MarHuT cuaoii nopanka 1T , marepuasn NdFeB, nwmamaap
auaMmeTrpoM 25 MM U BbIcoTolét 24 mMm. PaccrosHue ot marHuta o Kpait BTCII mucka
COCTaBASIAO OKOAO 7 MM.

B skcnepuMeHTax ¢ KOAKCHAABHBIM PACIIOAOXKEHHEM MarHuTa ObIAM OOHApPY>KEHBI
HeOoablIHe M3MeHeHUus Beca 0.02r, uro cocraBageT okoao 0,04% macce! rpysa. [loaarato,
4YTO MAaHHOE H3MEHEHHEe Beca MNPOOHOI0 TeAa CAHUIIIKOM MaAO, YTOObI pacCMaTpHBATHCH,
KaK HaJe>KHbIU pe3yAbTarT.

HaubGoaee wHTEpEcHass dYacTh MOAHHOTO IMKAA OSKCIIEPUMEHTOB OTHOCUTCH K
W3Yy4YEHUIO BAHSHHS OACKTPOMATHHUTHOIO II0Ad Ha BpalllaloUNUHCca HAW HETIOABUKHBIN
BTCII nuck. CuHycOUOaAbHBIH CHUTHaA IIOJaBaACs Ha TPAH3UCTOPHBIM yCHUAUTEAbL TOKA,
Harpy3kKol KOTOpPOTr'O CAyXKHAA KaTylIKa. [lad pa3HbIX 4acTOT UCIIOAB30BAANCH Pa3ANYHBIE
KaTyWKU: aag HU3Kux dactoT 10Hz - 100Hz karymka mmeaa 500 BHUTKOB HIpOBOAA
nuamerpoM 1 MM, HamoTaHHoro Ha U-oOpa3HOM CepAaedHHKE H3 TPaHC(POPMATOPHOIO
xeae3a. [aa yacror or 100Hz mo 10KHz Oplaa ucmoab3oBaHa mapyrad KaTyIIKa,
HaMOTaHHad Ha (peppPUTOBOM CEPAECYHUKE.

[ToAOKUTEABHBIN pe3yAbTaT OblA oOHapykeH mpu BpameHun BTCII amcka B
II€EPEMEHHOM MAarHUTHOM IoAe JacToTbl 1KHz. BripodeMm, IpOIEeHTHOE M3MEHEHHE MAacCChl
coctaBuao Bcero 0,04%.

OkcniepuMeHThl Ha d4actorax oT 10KHz mo 3MHz Obiam OopraHm30BaHBI C
HCIIOAB30BaHMEM BBIXOIHOH KaTYIIIKU Ha KapkKace 0e3 cepaeyHUKa, ITOMEIIeHHON BBIIIe
BTCII nucka. 3mepeHusi, B JaHHOM CAydae, ObIAM HEPE3YABTATUBHBIMHU, TO €CTh HE OBIAO
0oO0HapYKEHO KaKoe-AUO0 MOATBEPKACHUE TOTO, YTO B3aUMOJIEHCTBHE 3AEKTPOMATHUTHOTO
IoAss C BpamaommMmcsa uau HernoaBMKHBIM BTCII muckoM, Ha [aHHBIX 4YacTOTax, B
JaHHOU KOHCTPYKIIMH MOXKET IIPOU3BOAUTEL 3HAYUTEABHBIE TPABUTAIIMOHHbBIE 3(P(EeKTHI.

B 0Ooaee BwIcOKOYacToTHOM mauariaszone, or 3MHz mo 40MHz, saeKTpomMarHuTHOE
IIOA€ CO30aBaAOCh YCHAUTEAEM MOIIHOCTH OOBIYHOIO peryaupyeMoro reHeparopa BY
CHUTHAAOB, BBIXOAHAad MOIIMHOCTE B Karyluke gocrurasa 30 Barr. BbpICOKOYaCTOTHBIH
reHepaTop Obia ycTraHoBaeH Hana BTCII muckoMm, MOTPYKE€HHBIM B IMapPhl KHIKOTO a30Ta.
Briau o0HapyzKeHbI 3HAUYHUTEAbHbIE U3MEHEeHUd Beca, docmuearouwiue 0.06 2., Ha uacmome
orxosno 30MHz, ona HenoosuskHozo BTCIIT oucka. H3MeHeHHE Beca COCTaBHAO OKOAO
0.01%. JauHbBIN pe3yAbTaT HOIagaeT B IIpeAcKa3aHHbBIM auaria3oH dactoT 10 — 100 MHz
U MOXKET pacCMaTpUBaThCs, KaK OCHOBHOU pe3ylbmam UUKAAd 3KCNepumeHmog no
8blsI8IEHUI0 80JIHO80UL NPUPOObL 2PABUMAYUUOHHO20 NOJISL.
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B mpyrom BapuaHTe OgaHHOTO 3KcrepuMeHTa, Bparmaronmiica BTCII mguck Obia
moMenieH B BbIcokodacToTHoe Toae 3MHz — 40MHz. Mpl He IOAYYHAU OXKHOAEMOTO
a¢pdpekra. Bo3aMOKHO, 4TO B 3TOM CAydae, BasKHbIE JAHHBIE OBIAU IIOTEPSHBI 110 IIPUYHHE
HeboabIIoN (20 CeKyHH) OAUTEABHOCTH CBEPXITPOBOASAIIEH (has3bl BPAIAIONIETOCS TUCKA.
[ pyrasg Bo3MOXKHas NIPHUYNHA IIOAYYEHHUS OTPHULIATEABHOI'O PE3yAbTATa COCTOUT B TOM, 4TO
B JAHHOM KOHCTPYKLIMH BBICOKOYACTOTHOE IIOA€ MOTAO PacCEeMBAThCA Ha METAAANYECKHX
4acTgx poTopa U KOHCTPYKIUU IIPUBOAA.

HWrak, oOHapyKeHHble MHHUMaAbHble 3Q@eKTbl, B I€AOM, HE MOIyT
paccMaTpuBaThCs, KaK yoequTeabHble NaHHble. HeKoTophle ITOAOKHUTEABHBIE PE3YALTATHI,
HallpuMep, B cAydae BpalleHus 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
FeHEpPHUPOBATh TI'PABUTAIIMOHHYI0O BOAHYy B OCEBOM (BEPTHKAABHOM) HaIIpaBAEHUU B
00AaCTH BBIIIIE ¥ HUXKE ITIOCTOSHHOIO MarHuTa.

[ToBTOpPIO, UYTO OCHOBHOY 3a7adell JAaHHOTO IIPOEKTa Oblaa IIPOBEPKA PE30HAHCHBIX
ycaoBul Ha yacrotrax 10-100MHz. Brian o0HapyzKeHbI He3HAYUTEAbHBbIE U3MEHEHUS Beca
TECTOBOTO T'py3a Oas Hoaeit ¢ 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 BBIBOA O TOM, YTO pPa3pylIeHHE CBEPXIPOBOIHHUKOBOTO
MaTepuasa IIPU CO3JAHHUHU TPABHUTALMOHHOTO HMIIyAbCA HE $BAIETCS 00s3aTeABHBIM
YCAOBHEM TE€HEPUPOBAHUS IIPOAOABHOM BOAHBI. OQdeKThl HabalogaoTca u 06e3
paspyllleHHsT MaTepuasa, TaK KakK KoHoeHcam bBose KozepeHmMHO cmewaemest 8
npocmpaHcmee nod oOelicmeuem 9eKMpuUecKkoz0 UMNYabca, co30a68ast MOULHYIO
NPoOONILHYIO BONHY 8 3¢pUPHOTL cpele.

OTH BBIBOABI COTAACYIOTCS C 9KcIlepuMeHTOM [logkaeTHOBA [47], KOTOPBIH SIBASETCS
BapuaHTOM 3KclepuMeHTa Yapan3a MoptoHa [52]. [Ipu TakoM BapuaHTe 3KCIIEpUMeEHTAa
He ITPOUCXOAUT paspyllleHue «padodero Teaar, BO30YKOAIOMIETO BOAHY IMAOTHOCTH 3(upa.
CaemoBaTEeABbHO, [OAS TIPAKTUYECKUX IleAeli, MOTyT OBITb CO3[daHBbl BBICOKOYACTOTHBIE
reHepaTopbl KOTEPEHTHOTO TI'PaBHUTAIIMOHHOTO H3AYYEHHs, HCIIOAB3YIOIIHNE [JaHHBIH

adpdeKT.

OnHO U3 TEXHUYECKHUX IIPEAAOKEHHH II0 JAaHHOHM TE€ME COCTOUT B HCIIOAB30BaHUH
MHOXKEeCTBa MaA€HBbKHUX 3A€MEHTOB, U3roToBaeHHBIX 13 BTCII marepuasa, BMECTO OIHOTO
BTCII gucka. [laHHOe HaIlpaBA€HHE KOHCTPYUPOBaHUA IIO3BOAWUT CHHU3UTH HaIIpAKEHUE
paspgma, a TakKe IIOBBICUTH YaCTOTy HMMIIYABCOB B TeHepaTope, padoTamlleMy IIo
mpuHIUy MoprtoHa. TexHOAOTHS MMeeT OOABIIIHE IMEePCHEeKTHBBI, TAK KaK COBPEMEHHbIE
CBEPXIIPOBOJAHUKOBBIE MaTEpPHaAbl HMEIOT HEBBICOKYIO Ce0EeCTOMMOCTb, U TEXHOAOTH
paboTaroT HaJ CHUKEHUEM KPUTHYECKOH TeMIepaTyphl.

[Tpuraamiaro 3aUHTEPECOBAHHBIX IapTepoB JIAST pa3BUTHUA JAHHOTO
HCCAEIOBATEABCKOTO  IIPOEKTA, IIOCKOABKY pacCMaTpUBaeMbIi  METOH  SIBASETCS
9(PPEKTUBHBIM HHCTPYMEHTOM [OAd PeEIIeHUs 3amad II0 OYHUCTKE (Ze3aKTHBAIINH)
pa}lHO&KTHBHOfI MECTHOCTH, CO3AaHHUIO TI'PaBHUTAIlMOHHOI'O ABUXKUTEAA HMMIIYABCHOI'O
[EHCTBUSI, CHCTEM CBSI3U U BOOPYKEHHSI HOBOT'O THIIA, a TAK¥Ke, A HOBBIX MEIUIITMHCKUX
TeXHOAOTHH. OCOOEHHO HHTEPECHBIMH SIBASIOTCS IIPUKAQIHBIE ACIIEKTHI B OOOPOHHOM
obaacTH, YYHTBHIBAd IIEPCIIEKTHBBI PaACCMOTPEeHHOTro 3¢ddeKTa B MIPOTUBOPAKETHOH
000poHE 0OBLEKTOB.
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Hcnoab3oBaHuE (hakTOpa «BpEMS»

ITpomoA>KHMIM pacCMOTPEHHE HOBBIX METOMOB CO3MaHHA ABUXKYIIEH CHABI, KOTOPbIE
OTHOCHATCS K HWHEPLHAABHBIM ABUKHUTeAdM. CymlecTByeT psana  paboToCrocoOHBIX,
3KCIIEPUMEHTAABHO IIPOBEPEHHBIX KOHCTPYKIMHM [OBUXKUTEAEH, B KOTOPBIM IIPHUHITNIL
«paBeHCTBa OEHUCTBUS U IIPOTUBOAEUCTBHUS» yOaeTcs OOOMTH, 3a CYET HCIIOAb30BaHUA
Takoro pakTopa, Kak BpeMsl.

B n3BECTHOM TEXHHYECKOM DPEIIEHHH, KOTOPOE IIPHMEHSIOT 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 -
BEAHYHHA IIOCTOSIHHAsI, HO CKOPOCThb €ro ABUXKEHHA B OJAHY CTOPOHY (BIPaBO) MOZXKET
OTAWYAaeTCs OT CKOPOCTH ABUXKEHUS B APYILYyI0 CTOpPOoHY (BaeBo). Ha Puc. 107 mokasana
cXeMa TaKOro HHepluouaa. TexXHu4YecKasd peasusdalds HAEH BBITASAUT [J0CTATOYHO
IIPOCTO: TIIOCTOSHHBIM MarHUT IIOMeNlaeTcd Ha IIpyXKHWHaxX BHYTPU COA€HOHIA
spekTpoMarHuTa. CKOpPOCTh [ABUKEHUS BHOPHUPYIOIIETO 3AEMEHTa BAEBO Vi 0oabllle
CKOPOCTH €ro ABHKeHUsS BHIpaBo Viz. COOTBETCTBEHHO, HMIIYABC pPi, IlepefaBaeMbIH
KOPIIyCy YCTPOHUCTBA, O0ABIIIE UMITYABCA Po.

P = mV: <@=> P:= mV; obmotka
—— I 3/1IeKTPOMarHuTa
| e

Puc. 107. Unepiyions ¢ acCUMMETpUER UMIIyAbca.

Hrak, cekpeT 3akalodyaeTcsa B ¢OpMe HMIIyAbca IIHUTAHUS OAEKTPOMAarHHUTA,
obecIieynBaIOIIIETO ABHKEHHE CepAeYHHKa C pPa3HOH CKOPOCTBIO B pas3Hble CTOPOHBI.
3aKOH COXpaHEHHUS HMIIyAbCA 31€Ch CTPOTO BBIIIOAHAETCHd, KAK PABEHCTBO BEAWYHUHBI, Ha
KOTOPYIO YMEHBIIAETCS HMIIYABC BHOPHUPYIOILETO SA€MEHTAa M BEAWYHHBI HMIIYABCA,
IIpHUOOpeTaeMoro KOpIycoM, B pe3yAbTaTe UX B3auMozedcTBHus. TeM He MeHee, 3a ITIOAHBIH
IIMKA, KOPIIyC YCTPOMCTBA IIOAYYAET HEHYAEBOM CYMMAapHBINM HMIIyABC IIOTOMY, YTO
ABHXKEHHE BHOPHUPYIOLIETO 3A€MEHTa B Pa3HOM HaIIPaBA€HHHM IIPOUCXOAUT C pPasHOM
CKOPOCTBIO.

B I[Ipupoae naHHyI0 aCHMMETPHIO MOXKHO OOHAPYKUTH B ABUXKEHUSX IITHIL, PbIO U
HACEKOMBIX. B omHOM m3 Teaemepenad ObIA IMOKa3aH TPIOK HA MAHHYIO TEMy: Ha CIIEHY
BBIKATHAN aBTOOYC C KOMaHIOM I'peblioB, U OHH YCIIEITHO IPHUBEAH aBTOOYC B ABUIKEHUE,
HCIIOAB3ySI TOABKO «BHyYTpeHHHE cuAbD! [lo KoMaHae TpeHepa, CHHXPOHHO, I'pebIibl
MEeIOAEHHO CTHU0AAMCH, U PE3KO PACIIPSIMASANCH B CBOUX KPECAaX, YIIUPAACh HOTAMHU B IIOA
aBToOyca. B pe3syarrare, aBToOyC IIpUIlIEA B OMHOHAIIPABAEHHOE YCKOPEHHOE NBUXKEHUE.

PaccmoTpuM apyroit BapuaHT HCIOAB30BaHUS (paKTopa BpeMs B [IBUKHUTEAIX,
KOTOPBIA OBIA TIPENAOKEH paHee MHOTHMH aBTOPaMH, HO OO CHUX IIOp XKOET CBOETro
IIPaKTUYECKOrO0 BHeApeHHs. M3BeCcTHO, YTO OBa SAEKTPOMAarHuTa, 3aKpEeIIACHHBIE Ha
obmieM Kopiyce, AHOO B3aWMMHO HOPUTATHBAIOTCS, AHOO OTTAAKHBAIOTCS C PAaBHBIMU
cuaamu. CyMMapHBIH UMITYABC, AeHCTBYIOIIMY Ha KOPILyC, OyaeT HyAeBOMH. Pemenwue,
KOTOPOE TI03BOALET CO3daBaTh HEHYAEBOM CyMMAapHBIH HMIIYABC, IIPH B3aUMOIACHCTBUHU
OBYX OAEKTPOMArHUTOB, 3aKAIOYAEeTCd B TOM, YTO JSAEKTPOMArHUTBI Pa3HOCAT Ha
paccTogHue, KOTOPO€ IIPOXOOUT IACKTPOMArHHTHAs BOAHA 3a BpEMd, CPaBHHUMOE C
IOAUTEABHOCTBIO HMIIyAbca. CKOpPOCTh pacHpOCTPaHEHUT 3SAEKTPOMAarHUTHON BOAHBI B
BaKyyMe HaM H3BECTHa, OHa He OeCKOHEYHO O0oAblIasi, II03TOMY BBICOKOYACTOTHAS
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SAEKTPOHHKA MOXKET O00ecIleduTh TpeOyeMble YCAOBHS [OAS [ABYX 3AEKTPOMAarHHUTOB,
Pa3HEeCeHHBIX Ha JOCTATOYHO DOABIIIOE PACCTOSTHHE APYT OT ApyTra.

[IpenmoAoKuM, YTO ABa KOABLIEBBIX KOHTypa C TOKOM pPAaCIIOAOXKEHBI PSAAOM, H
HOBEPHYTHI HAOCKOCTBIO APYTr K APYyTy. [JOIMyCTHM, YTO PACCTOSHHE MEXKIY IIPOBOAAMM
(koHTYypamu) okoao 1 merpa, a ObICTpoAeHCTBHE CXEMBl YIIPAaBA€HUS MOXKET JOCTUTaTh
333 MTI'u. [IanHa BOAHBI H3AYYEHHS, HAa TAKOH YacTOTe, COCTaBAdET HIpHMepHO 1 meTp. B
TaKOM CAy4Yae, CKOPOCTb PACIIPOCTPAHEHHUHI 3ACKTPOMArHHTHOM BOAHBI B IIPOCTPAHCTBE
MeXKAy KOHTypaMH HUrpaeT OOABIIYIO POAb, a 3aepKKa peakIUH Ha OAHY COTYIO ITOAIO
MHKPOCEKYHObl IIPHHIMUIINAABPHO MEHHET CHUTyalluio. B COBPEMEHHBIX KOMIIBIOTEPAX,
IIPOIleCCOPhl paboTaroT HaAMHOIO ObICTpee, M MaHHAad KOHIIENINUS BIIOAHE pPEaAWCTHYHA.
[IprMep O0HOTO M3 BO3MOXKHBIX PEKUMOB pabOThl TaKOU cHcTeMbl IToKa3aH Ha Puc.108.

cuna / | \
(b ()| F—> || \TF———=

HET CUbl OTTAZIKUBAHUA

Purc.108. [IBa B3aMOAEHCTBYIONINX UMIIYABCHBIX 9A€KTPOMAarHUTA.

[omycTrM, 4YTO B HHXKHEM KOHTYype, BO30yKOaeTcsd KOPOTKHUIl HMMIIYABC TOKAa,
IIpUYeM, B MOMEHT BO30yKIEHHsS 3TOrO0 TOKA, B BEPXHEM KOHType ToKa HeT. [loae oT
HUXKHETO KOHTypa ((PPOHT IPOAOABHOM BOAHBI) PACIIPOCTPAHSIETCS CO CKOPOCTBIO CBETa BO
BCE CTOPOHBI. Korma MarHUTHOE II0A€ HMMIIyAbCA TOKa HHIKHEro KOHTYpa [IOCTUTHET
IIAOCKOCTH BEpXHEro KOHTypa, B HEM MOXKHO CO30aTh KOPOTKHH HMIIYABC TOKA.
COOTBETCTBEHHO, BO3HHKHET MarHUTHOE II0OA€ TOKa BEPXHEro KOHTypa, KOTopoe Oyner
B3aUMO/EHCTBOBATL C ITIOAEM HUIKHETO0 KOHTYpa, co3daBasl CHAOBOM 3(pdeKT, HAIIpUMED,
TOAKas BEPXHHUH KOHTYP BBEPX, U IepeaaBas UMIIyABC BCEMY KOPILYCY ABUKUTEAS.

BazkHo moHUMAaTh, UTO IIOAE€ BEPXHETO KOHTYpPa OTTAAKHBAETCS OT MAarHUTHOTO I10AL
HIKHEro0 KOHTYpa, TO €CTh, OT IPOOOABHOM BOAHBI 3(pHUpPHOH cpenpl, a HE OT CaMOro
HUXKHET0 KOHTypa. Ilocae BbIKAIOUEHHH TOKa B HHXKHEM KOHTYPE, MATHUTHOE IIOAE €Il
CYLIECTBYET, M €ro (PPOHT PaCIpOCTpPaHAETCd C H3BECTHOW CKOpPOCThbIO. B wuHTEpBaa
BPEMEHHU, II0OKAa «peaKIllUsda» BEPXHErO0 KOHTYpPa €Ile HE NOCTUrAa HUKHETO KOHTYpa, 3aKOH
«paBeHCTBa AEUCTBUL U IPOTHUBOAEHCTBUSI» HE IPUMEHUM. 3agada KOHCTpPYKTOpa
COCTOUT B TOM, YTOOBI OOECII€YUTH BBIKAIOUEHHE TOKA B HUIKHEM KOHTYype, IIOKa €ro He
JOOCTUT (PPOHT BOAHBI, BO30YyKIaeMOM TOKOM BEPXHEro KOHTypa, U He BKAIOYATH TOK B
HIKHEM KOHTyYpe OO TeX IIOp, IIOKa B €ro obAacCTH elle CyIIEeCTBYeT IIOA€ BTOPOTrO
KOHTypa. BeIxKIaB HEOOXOAUMYIO May3y, MOXKHO ITIOBTOPHUTH IIMKA, BO30yKaasd KOPOTKHUM
UMIIyABC B II€pPBOM KOHType, M TaK ngasee. B 3ToM caydae, B3auMoAelCTBUE [OBYX
HUMILyABCHBIX 3ACKTPOMArHUTHBIX IIOAEH MaeT MEPHUOAUYECKH ITOBTOPHIOIIUNCA HEHYAEBOH
HMIIyABC OJTHOHAIIPABACHHOHN ABUXKYIIIEH CHUABI.

[lanHble IIpUMepbl pAaCCMOTPEHBI OAG ITIOHUMaHHS POAN TAKOTo hakTopa «BpeMs», U
€T0 IIPUMEHEHUS B KOHCTPYKTHUBHBIX PEIIeHUIX ABUKUTEAEH HOBOTO THIA. ACUMMeETPUS
HMITIyAbCa B3aUMOAEHCTBUS — KAIOUEBAd TEXHOAOTHS OAS ABUKHUTEAEH JAHHOTO THUIIA.

OTMeTHM TakKe, YTO MTHOBEHHOE pPaCIpOCTPaHEHHE BOAH BO3MOXKHO TOABKO
TEOPETHYECKH, [ASd abCOAIOTHO TBEpAOH Cpenbl pacCIPOCTPaHEHUS BOAHBI. TepMHH
«pacIpocTpaHeHHue» caM II0 cebe IpearoraraeT HaAW4He HEKOTOPOH CKOPOCTH IIpoliecca.
MrHOBeHHOE U3MEHEHHE MECTOIIOAOXKEHUA OOBEKTA MOXKHO pacCMaTpUBaTh, KaK CAydau
TEACTIOPTAIlMY, HO STOT HHTEPECHBIH BOIpPOC OydeT IIOCTaBA€H B KOHIIE KHHTU. B
PeaABHOM CHUTyallVUH, OAS AIOOOrO ITpollecca B HAIllEM PeaAbHOM IIPOCTPAHCTBE U BPEMEHH,
BCerga ecCcTb OIpeNeA€HHAsd KECTKOCTb IIPUYHHHO-CAE€ACTBEHHON CBSA3M, KOTOpasd
oIIpeneAsieTcs TaKUM IlapaMeTpoM, KaK CKopocmb xooda epemeHu. IlepeiimeM K aHaAu3y
Teopuu Ko3bIpeBa, 1 ero S5KCIIepUMEHTOB 110 U3yYEHHUIO «aKTHBHBIX CBOMCTB BPEMEHM).
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Boanrb!l naoTHOCTH BpeMeHU KoaplpeBa

C paboramu H.A. Ko3wIipeBa g 3HakKoM ¢ 1991 roma, B OCHOBHOM, IIO ITyOAHMKAITUSM
B cOopHHKe ero TpynoB [54]. dororpacdus Ha Puc. 109 nybGamKyeTcs ¢ 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.

Hukoaait AaekcaHOpPOBHY 3aKOHYMA aCTPOHOMUYECKOE OTJAeA€HUE (PU3HKO-
MaTeMaTU4ecKoro QakyAbTeTa /AeHUHI'PAACKOI0 YHUBepCcUTeTa, U ObIA IIPUHAT
actimpanToMm B IlyakoBcKyio obcepBaTopuio. B 1931 romy, H.A.Ko3wvipeB m ero apyr
B.A.AM0OapIlyMsH, 3aKOHYHMAU aCOUPAHTYpPY, U ObIAM 3a4HcAeHBI B miratr ObGcepBaTOpHU.
Oba mpemnomaBaaM, a TakKXe, BMECT€ Yy4JacTBOBaAM B CO3JaHUH TeOPETHYECKOH
acTpodHU3UKH — HOBOH HAyKH O IIpolleccax IepeHoca 3HEPTHU B Macuitabax 3Besn U
IIAQHET, KoTopad TpeboBasa MaTeMaTHYECKOTO aHaAHW3a BOIIPOCOB 2pAsUMUPYrOUUX H
usnyuarowux mnpoiieccoB. B 1939 roay, BukTop AmazacmoBud AMOapIyMsSH COCTaBHA
nepBblii B Poccun y4eOHHUK «Kypc TeopeTrwyeckoil actpocdpusukm», u B 1947 romy craa
[IpesumenTom Akanemuu Hayk ApmeHUH.

Puc. 109. Hukoaatt AaekcanapoBud KosbIpeB.

Kaprepa Hukoaag Aasekca”HapoBuya KosplpeBa, UM €ro OTHOLIEHUd C
anMmuHucTpanmeit IlyakoBckoii OOcepBaTOPHHU CKAQABIBAAMCH CAOXKHO. Eme Oymydu
ACIIUPAHTOM, OH YaCTO KPUTHKOBaA PYKOBOJACTBO, YTO HE OCTaAOCh 0e3 mocaencTBuii. B
1936 roxy, ero yBoamau u3 mrrara ObcepBaTOpPHUH, 32 TO, YTO OH CAMOBOABHO ITOAYYHA
cpeAcTBa Ha KOMaHAUPOBKY B TamkukucradH oT TalsKUKCKOrO OTAeAeHHS AKaJIeMHU
Hayk. daxktudecku, Ko3bIpeB IIpoBeA pdi BaXXHBIX HCCAEIOBAHHUU COAHEYHOH
aKTUBHOCTH, HO BHe InaHa pabor IlyakoBckoit OG6GcepBatopuu. Ero moesmka Oblra
coraacoBaHa ¢ 3amaupekrTopa [lyakoBckoit OGcepBaTOpHUM, IMOCKOABKY OHUPEKTOP ObIA B
3arpaHkoMaHaupoBKe. Buua KoapipeBa cocTrosgaa B TOM, YTO OH HCIIOAB30BaA Ha
KOMaHIUPOBKY CPEIACTBA ITOCTOPOHHEN OpPTraHH3alllH, XOTd 3TO Oblaa o0Ias CTPYKTypa
Axkagemuu Hayk CCCP.

[asee, Hadanrach Ooprba B cyme 3a BoccraHoBAeHHe Ko3pipeBa Ha pabore B
[TyakoBckoit OO6cepBatopuu. Komwmccusa Ilpesumamyma Axkamemumn Hayk pasoOpasach ¢
KOH(AHUKTOM, U BbICKasaaa Ccepbe3Hblii yropek Ko3bIpeBy 3a «HMHIUBUIOYAAU3M,
HECOBMECTHMBIH C IIAQHOMEPHO OPraHU30BaHHOM paboToiir, a PyKOBOACTBY — 3aMedaHHe
3a «<HETEPIIMMOCTDb K KPUTHKE».
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PykoBozacTBo OOcepBaTOPHH, €CTECTBEHHO, BCEMH CHAAMH OTCTaWMBaAO CBOM
IIPECTHXK. B XOoa IOIIAM Bce BO3MOXKHBIE CIIOCOOBI 0OPBOBI, KOTOpas IIPOUCXOAHAA HAa
doHe perpeccuii U apecToB TOro BpeMeHH... B okTabpe 1936, Ko3pipeB ObIA apecToBaH,
BMECTE€ C HECKOABKMMH MOpPYyruMH coTpyaHukamu OO6cepBaTopuu, IIO0 CTaThe «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
npoBoayau Bparu Poccuu niepen Bropoit MupoBoii BoriHol. 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 HUX JAeSITEeABHOCTh MOTAA YKPEITUTHh 000POHOCIIOCOOHOCTE CTPAaHBI.

Muorue corpyaHuku [lyakoBckoit OGcepBaTOpUU OBIAM PACCTPEASHBI II0 NEAY O
«A€EHUHTPAaZICKOHU TeppopHUcTHUUecKON opraHusanumn». Ilozxe, B mokaage H.C. XpymieBa «O
KyAbT€ AUYHOCTH U €T0 IIOCAE€ICTBHUSX», TOBOPHAOCH O IMPHUYNHAX TAKHUX I'POMKHUX OeA. Mx
CIleHapHH pa3padaThbIBAANCh B IIEASIX «OYHIIEHUS ITAPTHHHBIX PAI0B OT KAACCOBO-UYZKIBIX
9A€MEHTOB» U [OAd «HAarHeTaHWUs CTpaxa HHTEAAUTEHIUM» Ilepes padode-KpeCcTbIHCKOH
BAACTBIO. [IBOpPSIHCKOE ITPOMCXOXKIEHHE HEKOTOPBIX YYEHBIX, a TaKKe HX «IIIIIHOHCKHE
CBS3M», O KOTOPBIX «HEOIIPOBEPKUMO» TIOBOpHAA UX IIEPENUNCKa C 3arpaHUYHBIMU
VIEeHBIMH, [AaBaAW CAEOCTBEHHBIM OpraHaM BCE «OCHOBAaHHs» (pabpHKOBATH YTOAOBHBIE
neaa [54, crp.21].

Hukonait AnekcanapoBud KosbIpeB ObIA IPUTOBOPEH K AECATH IogaM TIOPEMHOTO
3aKkAlodeHNd. HekoTopble ero BocmoMHHaHUS BomiAaM B KHUTY AWM. CoaxkeHHUIIBIHA
«Apxunieaar I'VAAI». Bce rompl 3akAOdYeHUS UM Aarepeli, eMy Trpo3HA paccTpea. Ero
OTHOKYPCHHUKA 1. EponkuHa, yxKe apecToOBaHHOIO, paccrpeasaau 3a
(KOHTPPEBOAIOIIMOHHYIO IIpOoIIaraHay» CPeay 3aKAIOUEHHBIX, KOTOpas COCTOosIAa B TOM, YTO
OH paccKasaa UM O TeopUuH pacimpdroineiicsa BeceaeHHol, 1 cuuTaa nHocTpaHiia HeroToHa
BEAUKHM y4Y€HBIM, & COBETCKOIO [lyHaeBCKOI0O — [IAOXUM KOMIIO3UTOPOM.

XomaTaliCTBO O MOCPOYHOM oOcBoOOkaeHuu KosbipeBa moctymmao B 1944 romy,
IIOCKOABKY CTpaHe HeoOXoAuMO OBbIAO BOCCTAaHABAWBATL pPa3pylLIeHHble BOWHOH
obcepBaTopuu B [lyakoBo, XapekoBe, Oznecce... B utone 1945, Ko3bIipeB ObIA 3TAartMpoOBaH
B MoOCKBYy, re BBIICHHAOCH, YTO OH SIBASETCS TaAAQHTAWBBIM HAYYHBIM PaOOTHHKOM,
KOTOpEIN emie B 1934 roay mpemAOKHA HOBYIO TE€OPHUIO CTPOEHUSI 3Be3M, IMPHU3HAHHYIO
y4eHbsIiMH B CCCP u 3a rpaHune.

B 1946 rony, Hukoaait AaekcanapoBud Ko3bipeB Obia 0CBOOOXKAeH, 1 B 1958 romy
OBbIA IIOAHOCTBIO PeaOHAHUTHPOBAH.

B wmaprte 1947 roma, Ko3pIpeB 3allliTUA OOKTOPCKYIO OUCCEPTALIMIO, OCHOBHYIO
4acTh KOTOPOM OH IHOATOTOBHA €IIe B Aarepdax. [Juccepramus HasblBaaach «HcmouHuku
38e30HOUL 9Hepaul U meopusi 8HYmMpeHHe20 cmpoeHusi 38e30». BrIBoAbI M3 3TOH pPaboThI
CAEOyIOIIME: 3Be3Ja HE HBAFETCSI TEPMOSAEPHBIM PpeakTOpPOM, €€ TeMIepaTyphl
HeIOCTaTOYHO OASI TEPMOSIEPHBIX IIpolieccoB. BpeMs cyiiecTrBoBaHUs 3Be3[ IIPEBBIIAET
BCE€ BO3MOXKHBIE CPOKH, KOTOPBbIE MOTYT OBITH PACCYHTAHBI IPH OOBIYHOH METOOUKE
«CXKUTaHUs» TOIIAMBA, TO €CTh pacxoJa 3BE€3JHOT0 BelllecTBa. 3Be3Obl, 10 MHEHUIO
KosbIpeBa, 3TO He TOIKH U PEaKTOpPhI, a «MAalllUHbD, IIpeobpasyionie HeKUM BHU SHEPTUU
B SAEKTPOMAarHUTHOE H3AyYE€HHE TEIIAOBOIO Auaria3oHa. BelecTBo 3Be3apl, IIPU 3TOM, HE
pacxonyercs. KoapipeB mnmcaa: «OTCyTCTBHE HCTOYHHUKOB 3HEPTHM IIOKa3bIBaeT, YTO
3Be3/a KHBET He CBOMMH 3aracaMH, a 3a CYeT IIPUXOo[a JHEepruu usBHe». [lasee, IO
IIOBOAY 3TOIO0 HCTOYHHKA 53HEPIHH, YYUTBIBAsS €ro IIOBCEMECTHOCTH B IIPOCTPAHCTBE,
KosbIpeB mpenaaraeT paccmampusames 8pemsl, KaKk HeKyro pusuueckyro cpedy, Komopast
cnocobHa okasvleams HA eujecmeo gosdelicmseue, COOOIIATbh €My JSHEPTHIO M «OBITH
HCTOYHUKOM, IIOAAEPKUBAIOIIUM XKHU3Hb 3Be3M» (54, cTp. 198|.
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Paborer Ko3pipeBa wuMeiroT OoAbIlloe 3HaYeHHWE [OAd I[IOHHUMAaHUSA  CyTH
acpupoarHaMudecKux 3(PPEKTOB, CBA3aHHBIX C U3MEHEHUSIMHU ITAOTHOCTH HAM CKOPOCTHU
acupHO# cpenpl. M3yyas ero crarbu, I He cpaly IIOHSA, [IOYEeMy OH HE MOT HAaIluCaThb
TEPMUH «BOAHA IMAOTHOCTHU 3(pHpa», a UCIIOAB30BaA TEPMHH «BOAHA ITAOTHOCTH BPEMEHM).
[To3xke craaso sgcHO, uTo KO3BIpeB He MOI' TaK CTaBUTH BOIIPOC, IIOCKOABKY B COBETCKOM
HAy4YHOH IIKoAe 3pHpa BoOOIIle He CYIIeCTBOBAAO!

Hrak, npusBeny 3aech TO4YHYIO nuTary KoswsipeBa: «loaydaerca caemyroiyii, BeCbMa
OTBETCTBEHHBIM BBIBOJ: TEIAOIIPOU3BOAUTEABHOCTh 3BE€3Ibl OIIPEAEAIETCH TOABKO
Tennaootaadert. TakuM o00pa3oM, MeXaHU3M BBIIAEACHHUS OSHEPTHH 3Be3[JaMH He THIIa
peakuuii, a THUIIa BbIAEACHUd OHEPTHUU TIIPU OCTBIBAHUU UAU OCBOOOXKIEHUS
rpaBUTAIIMOHHON OHepruu npu cxatuw» [54, crp. 134]. Haaee, KosbipeB mnumier:
«Marepuss 3Be3Qbl MOXKET IIPOU3BOAUTHL CTOABKO OHEPTHH, CKOABKO Tpebyercs Ha
IIOKPBITHE pacxoma. WHBIMH caoBaMH, 3Be3Abl — O3TO MAIIWHBI, BbIpa0aTBHIBAIOIIME
9HEPIUIO; TEIIAOOTAAYA K€ SIBASETCS PETYAITOPOM MOIIHOCTHU 3THUX MalIuH» [54, cTp. 139].

B maabHeiiriieM, moHUMasi KO3BIPEBCKUM TEPMHUH «BOAHA IIAOTHOCTH BPEMEHH» KaK
«IIPOMOABHBIE BOAHBI B 2(QHUpe», YAAAOCH IIOAYUUTH pPA3BUTHE MHOTHX IITPUKAQIHBIX
TEXHOAOTHH. [JOCTATOYHO CBSI3aTh MOHATHUS (IIAOTHOCTH BPEMEHU» M «IIAOTHOCTH 3pHpar,
4TOOBI CHeAaTh BBIBOABI O TPHUPOAE 3BE3AHOM OSHEPrUu: 38e30a npeobpasyem
NOMEHYUANbHYIO IHEPeUI0 YNpYa020 caxamust 3pupHoll cpeobl, U usryuaem ceem, mo ecma,
NnpooosibHble 80JIHbL 3hupa, obaadarouiue KuHemuueckoi sHepauell.

O pasAuYMH IIPOOOABHBIX BOAH B 3QUpPHOH cpene yKe OBIAM CHOEAAHBI
IIPEAIIOAOKEHUST B TAaBe O BHYTPEHHEH CTPYKTYPE  OAEKTPHYECKOIO  ITOAS.
[Ipenroararaercs, 4YTO Al0OO€ IIOTEHIIMAABHOE II0A€, B TOM YHCA€ TpPaBUTAIIMOHHOE,
006pa30BaHO BCTPEYHBIMH ITOTOKAMH (POTOHOB W aHTU(POTOHOB. POTOHBI U aHTU(POTOHELI
OOMHAKOBEI 110 CBOeH IIPHUPOE, ITO BOAHBI IIAOTHOCTH B 3pHupHOU cpene. OxHaro, (poToH
pacropocTpaHseTcd «B Oymyllee W3 IIPOIIAOTO», YAAASISChH OT HCTOYHHKA HW3AYIEHUS.
AHTUDOTOH [PUXOAUT B «IIPUEMHHK» aHTHU(POTOHOB U3 OECKOHEYHOCTHU. I[loToK
«@aHTHU(OTOHOB» JOAXKEH 00AaaTh HEPTHUeH, U IIPU CO3JaHUU «YCAOBUU CTOKa SHEPTHHY,
aHTHU(OTOHBI OYAYyT ITOCTOSHHO BTEKATh B «IIPUEMHHK», YTO CO3/1aeT 9(P(PeKT HaKOIACHUS
SHEPruu B 00AaCTH (IIPUEMHUKAY.

Bo3snukaer o4deBuagHad aHaaorud ¢ uaeamMu  KoseipeBa. B 3Be3OHBIX
mpeobpazoBaTeAdX MOTEHIIMAABHON 3HEPTUH YIIPYroro CkKaTusg ddHupa B KHUHETHYECKYIO
9HEPTrUI0 (POTOHOB, MOAXKHBI ITOTAOIIATHECS BTEKAaloIue B «pabodee TeAO» aHTU(OTOHBI, U
U3Ay4daTbcsa (POTOHBI B HM3BECTHOM HaM [aUaria3oHe 4acToT. VI3MeHUB TepMHHOAOTHIO, U
Y4UTbIBasg, YTO aHTHU(OTOHBI HMEIOT BCE IIPU3HAKH I'PAaBUTOHOB, MOXKHO CKas3aTh, 4TO
3Be3/1a «IIOTAOIIAET BpeMs», 8 BBIAEASET TEIIAO.

Pazanyme PoTOHOB M aHTHU(OTOHOB COCTOUT HE B HUX BHYTPEHHEM CTPOEHUH, a
3a/1aeTcsd IlapaMeTpaMHy Ipollecca U3MEHEHUS OOBEMHOM ITAOTHOCTH SHEPrUH 3(PHUPHOMU
cpenpl. B omHOM caydae, 9TO IIPOLIECC H3AyUE€HHd, a B APYroM CAydYae, 3TO IIPOILIECC
IIOTAOIIIEHUS SHEPTHH.

[Tepexoas oT acTpopU3HMUYECKHUX MAaCIITAa00B K OOIIMM BOIIPOCAM MEXaHUKH,
Ko3pipeB pgoroaHsieT: «XapakKTep YCAOBHH... IIOKasbIBaeT, YTO OSHEPrUd B 3Be3nax
TIOAyYaeTCs B Pe3yAbTAT€ HEKOTOPBIX JA€KTPOAMHAMHUYECKHX IIporeccoB. OnHaxo,
IIPUHIIUII, COTAACHO KOTOPOMY 3aMKHyTas CHCTeMa MOIKEeT I[IPOU3BOAUTHL OSHEPTHIO,
[OAZKEH OBITH HACTOABKO T'AYyDOKHM, YTOOBI 3aKAIOYATHECS U B IIPOCTBHIX 3aKOHAX MEXaHHUKH.
[ToaToMy, B IIEPBYIO O4Yepenb, MOAIKHBI OBITH ITOCTaBAEHBI CAEAYIOIIME BOIIPOCHI: KAKHUM
obpa3oM 3aMKHyTass MeXaHHYeCKas CHCTeMa MOXKET IIPOM3BOOUTH SHEPTHI0 M OTKyAa
OymeT moAydaThbcs 3Ta U30bITOYHAs 3Heprusa? [54, crp. 237]. Jaaee, Ko3ripeB npengsaraer
TaKOe pelIeHHe: eCAU ABe (PU3NYECKHE CHCTEMBI HE MOIYT OBITH COBMEIIEHBI IIOBOPOTOM
KOOPAWHATHBIX oOced, 0e3 3epKaAbHOIO OTpPaKEHHd UM M3MEHEHHS OCH BpEMEHHU
(HampaBAeHHUd BpallleHHUS), TO MexaHuuecKue ceolicmaa 3mux cucmem, 8 ACuMMempuuHoi
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MexaHuKe, 00JKHbL Obimb paziuuHsbl. PadymeeTcss, ©X KUHETHYECKas SHEPryud He 3aBUCHUT
OT HAIpaBA€HHUs BpAIEHUs, HO Pa3AHYHBIMH MOTYT OBITh 3HAYEHUS ITOTEHIIMAABLHOMN
SHEPrHUM B ITHX [ABYX CHCTEMaxX. 3amedy, YTO OTAWYHE ABYX (PU3UUYECKHUX CHCTEM B
IIOTEHIIHAABHON SHEPTHU MOXKeT ObITh OOHaApYKEHO II0 CTEIEeHU SHTPOIIHMH IIPOIIECCOB B
JAHHBIX CUCTeMaxX: (POTOHBI HATPEBAIOT TE€AA, TO €CTh, YBEAUYHBAIOT SHTPOIIHIO BEIIECTBA,
a aHTHU(OTOHBI CHUKAIOT SHTPOIIHIO BellleCTBA.

Kos3pipeB mnumier: «HeCHMMETPUYHOCTH 3aKOHOB MEXAaHHUKHU II0 OTHOIIEHUIO K
3epKaAbHBIM OTOOPaXKEHHUSIM MOXKET HMMETh AaCTPOPHU3UYECKYI0 IIPOBEPKY... Bpewmsa
obAamaeT HEKOTOPBIM HECUMMETPHUYHBIM CBOMCTBOM. DTO CBOMCTBO BPEMEHH MOIKET OBITH
Ha3BaHO HAMPABAEHHOCTHLI0O MAM XOIOM. B CHAy 3TOM HaAIIpaBAEHHOCTH BPEMS MOXKET
coBepIaTh paboThl U ITPOU3BOAUTE SHEPTUI0. VTaK, 3Be3ma IBASIETCS TOABKO KaXKYIITIMCSI
perpetuum mobile: 3Be3na yeprnaeT 3HePryuio U3 Xoaa BpeMeHm» [54, cTp. 238].

V3MeHUB TEPMUHOAOTHIO, IIPEACTaBAdASA cebe CBsS3b IIOHATHH «BpeMs» M «CKOPOCTh
IIPOTEKaHUS 3(PUPOAUHAMUYECKHUX ITPOLIECCOB», MBI MOXKEM IIOBTOPHUTL 3a KO3BIpEeBBIM
BBIBOA O TOM, dYTO TIPOIECC CYLIECTBOBAaHUSA YaCTHIl MaTepuu obramaer
«HECUMMETPHUYHBIM CBOHCTBOM», OH HaIIPaBAEH H3 IIPOIIIAOTO COCTOSIHHUS B Oymymiee. OTo
HallpaBA€HHE H €CTh BEKTOp BpeMeHHU. [Ipemmnoaaras, 4To BpeMs HMeeT (PHU3HIECKHE
CBOMCTBa, KaK IIOTOK BEIIECTBA HWAW JHEPTHH, MBI MOXKEM (POPMYAHPOBATH CAEIYIOIILYIO
3az1a4y: Heobxoo0umo CKOHCMpYyuposams mexHuueckoe ycmpoiicmao, cnocobHoe noayuamoe
08LWKYWYIO CUNY UAU MOWHOCMb 8 NOJIe3HOU Hazpyske nymem «ombopa Yy nomora
8pemeHU» HeKomopoil uacmu €20 SHepauU.

CobcTBEeHHO, paHee 00 3TOM yKe IIAa pedb, HO B POAU TAKOIO IIOTOKa SHEPrHH
paccMmatpuBascda 3¢Up, BTEKAIOUIUE M3 KocMoca B LEeHTP maaHeThl, CoAHIIA, APYTUX
MaKpOCKOIIMYEeCKUX TeA, UYTO CO3JaeT I[IPUTAKEeHHe BCeX TeA APyl K Opyry
(rpaBuTupylommit a3pderT) u3-3a 3PpdeKkTa B3aUMHOU IKPAHUPOBKH TEA OT BHEIITHETO
noToka 3gupa, coraacHo Teopuu Parno [S55]. C apyro#l cTopoHBI, He TOABKO COAHIIE U
3B€3/bl IIOTAOIIAIOT aHTUMOTOHBI U U3AyYalOT (POTOHBI, 3TO obuiee ceolicmao 8cex uacmuy,
gewecmsa. [loTok 3dupa BTEKAeT B KaxKAyI0 YaCTHUIly MaTepHH, YTO II03BOASIET e€H
CYLIECTBOBATDH Ha OIIPEIEACHHOM SHEPTeTHYECKOM YpoBHe. [{laHHAas KOHIIEHIIIHUS IT03BOASIET
co3/aBaTh HOBBIE CHEIHAABHBIE MaTEpPHaAbl [AS TPaBUTAIIMOHHBIX [IBHIKUTEAEH,
HAIIPUMeED, HUCIIOAB3YS U3MeHeHUe 6aNaHCa MexK0Y 3¢pUupom, emeKarouum 8 ss0po amoma,
U 3hUPOM, UBYUAEMBIM AIMOMOM 8 NPOYUECcce C80e20 CYULeCMB808AHUSL.

I/ITaK, IIepexoad OT MaKpPOTEA K YaCTHUIlaM MaTE€pHH, OYEBHAHO, YTO KazKaad H3
YaCTHIl IPEeACTaBAIeT CO00# «MalluHYy», IIPeo0pa3yIoIIyI0 OOWH BHI SHEPTrUH B APYTOH.
Kaxxnoe anpo aromMa gBAsieTCd aHAaAOIOM 3Be3Abl. JacTHUIbl MATEPHUHU CYILIECTBYIOT, KakK
IIpoIlecc, Ioraomias U Ipeobpasys 3¢gpup. Bpems mgag HHUX HMeeT CMBICA CKOPOCTH
CYLIECTBOBaHUS, KOTOPAad 3aBHUCUT OT ITapaMeTpPOB OKpyzKarollel 3(pUpHON cpenbl.

[Io moBomy HECHMMETPUYHOCTH 3aKOHOB INpHYUMHHONM MexaHUKU Ko3blpeBa,
HEOOXOAMMO YTOYHHUTH CAEAyIOllee: MeXaHHM4YeCKOoe [IBUKEHHE TEeA B IIPOCTPaAHCTBE,
HAIIpUMep, BHUHTOBOE [IBUKEHHE U BpallleHHe, AeHCTBUTEABHO, HMEeT [ABa pPa3HbIX
«3€pKaABHBIX» BapHaHTa, KOTOPbIE HECOBMECTHUMBI N'€OMETPHUYECKHM METOIOM IIepeHoca.
Msbl Ha3pIBaeEM HUX «BpallleHHEM II0 YacOBOM CTpeAKe» U «BpallleHHEM IIPOTUB 4YacoBOH
cTpeskm». TeM He MeHee, 3TO yCAOBHOCTH... ObOa mporecca UAyT U3 IIPOIIAOTO B Oyaylee.

CymuiecTByIOT ApPyTrHe BapHaHThl OpPraHU3allUM AOBYX (HU3WYECKUX IIPOIIECCOB,
HECOBMECTHMBIX METONOM TI'€OMETPHYECKOro IlepeHoca. Hampumep, 3T0 MOXKeT OBITH
IIPOILIECC YBEAWYEHHUd IIAOTHOCTH 3pHUpa U IIPOLIECC YMEHBIIEHUd IIAOTHOCTH 3dupa, B
JaHHOU obAacTH IIpocTpaHcTBa. [Ipu Takoi mOCTaHOBKE BOIIPOCA, XOI BPEMEHU 3a0aeTCs
HE IeOMETPHYECKHM IIapaMeTpPOM, a HallpaBACHHEM H3MEHEHHd BEAHYUHBI [IAOTHOCTHU
9HEPTUH B IIpOCTpaHCTBe. B Takom 1porecce, Oynylllee COCTOSHHE OTAWYAETCH OT
IIPOILIIAOTO H3BECTHBIM 00pa3oM: BEAHYHHA [AOTHOCTH OJHEPTHU YBEAWYHUBAETCS HWAU
YMEHBIIAeTCs.
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M3yyeHne «aKTUBHBIX (PU3NYECKUX CBOMCTB BPEMEHM», AAeT IIOHUMaHHE TaKOTro
pHU3HUIECKOTO CBOMCTBA HAIIIET'O0 PEaAbHOI'0 MHUpa, KaK «IPUIMHHOCTE». OCHOBHad paboTa
H.A. KosplpeBa 10 nOaHHOM Teme HasbplBaeTcd «JIpuyvHHad HWAM HECUMMeETpU4YHad
MeXaHHUKa B AWHEHHOM IIpHOAMXKeHUM» [56]. M3ydeHHe OCHOB «IIPHYHMHHON MEXaHHUKU»
HEOoOXOAUMO [AS Pa3BHUTHUS IIPHUKAAIHBIX 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
MaTepPHaABHBIX O0BEKTOB. [IpHYMHHOCTD BCEX IIPOIECCOB, 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
IPUYUHHOM MEXaHHWKW», MNOIyCKasd 3aMeHy TEPMHUHOB «BOAH IIAOTHOCTH BpPEMEHH» Ha
IIOHATHE O BOAHAX ITAOTHOCTH 3dupa. KosbipeB chopMyAHpOBas HECKOABKO IIOCTYAQTOB
IIPUYUHHOM MEXaHUKH, U3 KOTOPBIX CAEAYIOT BBIBOIBI O (PU3HUYECKUX CBOMCTBAX BPEMEHU:

1. B ODpHUYMUHHBIX CBA34X BCErJa CYIIECTBYET NPHHIUIIHNAABHOE OTAWYHE NHPHYUH OT
CAEICTBHUH. OTO OTAMYHE SBASETCS aOCOAIOTHBIM, HE3aBHUCSIIMM OT CHCTEMBI
KOOPAWHAT.

2. IlpuumHBI U CA€OCTBUS BCerZa pa3AWdaroTCs IIPOCTPAHCTBOM, IIO3TOMY MEXKIY
HUMU CYILIECTBYET CKOAb YTOJHO MaAoe€, HO He paBHOE HYAIO 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 HaNTU UX pasAnudHUe.

3. IlpuyuuHBI B CAE€ACTBHUS BCErJa pasAnMdaloTcs BpeMeHeM. lloaToMy Mexaoy Hux
IIPOSIBAEHHEM CYIIECTBYET CKOAb yIOAHO MaAaoe€, HO H€ paBHOE HYAIO BPEMEHHOE
pasanudue Ot ompemeseHHoro 3Haka. OTCrOAa, €CTeCTBEHHOE HaIllpaBACHHE XOoOa
BPEMEHHU — OT IIPUYHUHEI K CACACTBHIO.

HUrak, BpeMs o0aamaeT OCOOBIM CBOHCTBOM, CO3NAIOIIMM pa3AndHe MIPHUYUH U
CAECTBHUM, KOTOpPOE€ MO3KeT OBITh Ha3BaHO HAMIPABAEHHOCTBIO HAU XOIAOM. OTHM
CBOMCTBOM OIIPEAEATIETCH OTAHMYHME IIPOIIAOTO OT Oyayiiero. Xoa BpPeMEHH Cz (B TEOpPHUHU
Ko3plpeBa) gBAgeTCS IICEBOOCKAAIPOM, IIOAOXKHUTEABHBIM B A€BOH CHCTEME KOOPAHHAT.
[IceBOmocKaaIpHBIM XapaKTep Cz O3HA4aeT, YTO XOJ BPEMEHH HMEET CMBICA AWHEHHOM
CKOPOCTH IIOBOPOTA, U B HAIIIEM ITPOCTPAHCTBE-BPEMEHH OH 33/1aH OTHO3HAYHO.

[Murata KoseipeBa: «CymiecTByronmii B Mupe xon BpeMeHH yCTaHaBAWBAaeT B
IIPOCTPAHCTBE OOBEKTHUBHOE OTAMYHE IIPABOIO OT A€BOTO» [54, crp.248]. [Ipumeps! u3
Ouoaoruy, a TakyKe CTPOEHHE PACTEHHH, Kak moka3aa Ko3pIpeB, MOKa3bIBAIOT TOT (PAKT,
YTO BCE ZKUBOE Ha 3€EMAE€ UHMEET aCUMMETpPHIO, BHHTOBYIO CTPYKTYPY, YTO IIO3BOASIET
3KUBBIM OpraHH3MaM UCIIOAB30BaTh «aKTUBHBIE CBOMCTBa BPEMEHM», TaK CKal3aThb, [I0OTOKA
aupa, OTHOCUTEABHO KOTOPOTO ABUIKETCS HAIlla IAQHETa II0 CAOXKHOM, CIIHPaAbHOMH
BUHTOBOH TpacKTOpuH. J[laHHBIE IOCTYAAQTBhl €CTECTBEHHO BOCIIPHHUMAIOTCH C TOYKH
3peHus acTpodH3NKa, TOHHMAIOIIEro (pakT TOro, YTO Mbl HAXOAWMCS Ha IIOBEPXHOCTHU
[IAQHEeThI, ABUTAOIIeca ¢ OTPOMHOM CKOPOCTBIO B KocMoce, BMecTe ¢ HamuM CoOAHIEM,
BCEM COAHEYHOH CHUCTEMOM U MaAaKTHKOM...

[IprumHHAg MeXaHUKa, B OTAHYHE OT OOBIYHOI, HA3bIBAETCH TAK UMEHHO IIOTOMY,
4YTO B HEH YYUTBIBAETCS pPeasbHBIH Xox BpeMeHU. B Teopuu KoswipeBa BBemeHO HOBOE
du3uyecKoe IOHATHE O YHUCAEHHOM 3HAYEeHUH «CKOPOCTH XOJa BPEMEHH», KOTOpPOe
0003HaYaeTcs «Co», U UMEET CMBICA «IIepexoa IPUIUHBI B CA€CTBHE», (popMyaa 4

co=0x/6t F.4
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B kaaccudeckoll MexaHHKEe Ot paBHO HYyAIO, IIO3TOMY CKOPOCTh XOJa BPEMEHH
cunTaeTrcss OECKOHEYHO OOABIIION. B KBaHTOBO# (bHM3MKe, HAIIPOTUB, 0X PaBHO HyAl. B
TaKOM CAydae, X0la BPEMEHH HET, €r0 CKOPOCTb PaBHA HyAIO0. KO3BIpEB MUIIET II0 3TOMY
rmoBoay: «MOKHO cKasaTh, 4YTO MexXaHHKa HbloToHa mnpencraBageT co00# MHUpP C
OECKOHEYHO MPOYHBIMHU NPHUYUHHBLIMU CBA39IMH. ATOMHas XK€ MeXaHHKa IIpeCTaBAsSeT
OPYTro¥ IIpeneAbHBIM cay4daidl MHpa ¢ OeCKOHEYHO CAa0bIMH NPUYUHHBIMU CBA3SIMHU.
MexaHUKy, OTBEYAIOIIYI0 [IPUHIIUIIAM IIPHYNHHOCTH €CTEeCTBO3HAHUSI, MOXKHO pa3BUBaTh
IIyTeM yTOYHEHHHd MeXaHUKU HpioToHa» [54, cTp. 297]

[To BeaAMYnHe KO3BIPEBCKOM CKOPOCTH XO[la BPEMEHM, MOXKHO CAeAaTh HEKOTOpPbIE
BbIBO/IbI O IIPUPOJIE AAaHHOrO NOHATHLA. B paHHux paborax KospipeBa, aTa CKOPOCTb Oblaa
qrcaeHHO paBHa 700 kMm/c [54, cTp. 246]. Pacuetsl Ko3sipeBa npuBeneHbl B opMyae S.
3meck cUMBOAOM «a» 000O3HAYEeH HEKHI 0e3pa3MepHBIH MHOXKHTEAb, IIOoCTOosgHHas [laaHKka
o6o3HaueHa CUMBOAOM «h», 1 3apal 9AeKTpOHA 0003HAUYEH CHMBOAOM «€».

c2=o(e2/h) = a 350 (gm/c) F.5

3auem KosbipeB BBOAUT KO3(PPUIIMEHT «o»? MOIKHO MPEAIIOAOKUTE, YTO OH XOTEA
II0Ka3aTh BO3MOXKHOCTh H3MEHEHMHS OJAaHHOH CKOPOCTH, IPHU PA3AUYHBIX YCAOBHAX. [asa
OOBIYHBIX YCAOBHH OKOAO3EMHOIO IIPOCTPAHCTBAa, KO3bIpeB yKasbIBaeT, YTO KO3(p(PUIIHEeHT
«o» TIpUMepPHO paBeH AByM. OTcroma, CKOPOCTb Co npuMepHo paBHa 700 kM/cek. Hawm
HM3BECTHBI €CTECTBEHHBbIE IIPOIIECCHI, UAYIIMX C TaKOW CKOpPOCTBhIO. OTO CKOPOCTHL pocCTa
mporyoepaniieB CoaHIIa, TaK CKa3aTh, «KPYyTHU3HA (PPOHTA HMIIyAbCA», KOTOPBIH CO3maeT
OBUXKEHHE dYacTull 3dupa, NPOAOABHYIO BOAHY 3dupa, ussydaeMmyio CoaHueM. [pyrue
acTpoU3nIeCcKUe ITPOIIECChHI, KOTOPhIE UMEIOT CKOpocThb rnopsaka 700 kM/c, cBg3aHBI C
BpamleHre Bced CoaHeuyHOM cHcTeMbl B [asakTHKe, a TakxKe [OBUXKEHHEM caMou
lanakTku Bo Bceaennoil. PaccmarpuBasa maHHBIE aHAAOTHM, MOXKHO CAEAATh BBIBOJ, O
TOM, YTO HMHIKEHEPHBIH MOAXOJ K BOIIpPOCaM VIIPaBAEHHS CKOPOCTBIO XOZa BPEMEHH, TO
€CTh, TEMIIOM CYIIEeCTBOBAaHUS MAaTe€pPHH, [OAKEH ObITh OCHOBaH Ha 3aKOHax
3PUPOAVHAMUKH.

HNuTtepecHoe coBmageHue: Ko3pipeB 0003HAYMA AaHHBIA KOA(PPUIIMEHT CHUMBOAOM
«o», KOTOPBIA OOO3HaYaeT TaK:Ke W 3HAMEHHUTYIO «IIOCTOSHHYIO TOHKOM CTPYKTypbD». B
Ooaee mo3mHUX paborax, OH IIPUAET K APYyrod QopMmyse pacdeTa «CKOPOCTH XOaa
BPEMEHH», BKAIOYAIOIIIEH B ce0s ITOCTOSHHYIO TOHKON CTPYKTYPHI.

Ko3pipeB mmpoBea pdan 3KCIEPUMEHTOB, H3ydasl AOIIOAHUTEABHBIE CHABI, KOTOPBIE
IIPOSABASIIOTCS BIOAb OCH BpalllaloIllerocss THPOCKOIla, MIPHUYEM, IIOABEIIEHHOTO Ha
subpupyrouiem ynpyzom mnonsece. B 3aBHCHMOCTH OT A€BOIO U IIPaBOTO BpallleHHUd,
[IEeTEeKTUPOBAAUCH pa3Hble BEAMYHHBI CHA, 100aBASEMBIX B MEXaHHYECKYIO CHCTEMY, Kak
rmoraraa KospIpeB, «3a cyeT BKAa[a JHEPTrHU IIOTOKa BpeMeHH». OH Iloaaraa, 4TO IIPHU
CKOPOCTH BpallleHUud (ABUKEeHHH) Tea 0KoAo 100 MeTpoB B CEKYHY, 9THU NOIIOAHUTEABLHBIE
CHABI MOTYT OaTh H3MeHeHHd Beca no 104, To ecrth, Ha ypoBHe 0,01%. D10 BHIOAHE
U3MEepPHUMble BEAWYUHBI, U OHHU ObIAM HalieHbl KO3bIpeBbIM HE TOABKO B 9KCIIEPHMEHTAaX
AabopaToOpHOro MacirTaba C THPOCKOIIaMH, HO M Ha IIPUMeEpPe TIIATEABHBIX H3MEPEeHUH
napamerpoB Onurepa u CarypHa [54, cTp.299].

OKCIepUMEHThl C THPOCKOIIaMH TaK:Ke OBIAM IIPOBEAEHBI B SIIOHHH, aBTOpPaMH
Xasicaka u Takeyuu [57]. B 3Tux 3KCcIlepUMeHTax, Bpalllalollpecs THPOCKOIIbl cOpachiBaAr
C BBICOTBI HECKOABKO METPOB, M BpPEMS HX [ABHUXKEHHS B CBOOOJHOM IafeHUU TOYHO
bHUKCHUpOBaAH C IMOMOIIBIO AA3€PHBIX AATYUKOB. llepBoHa4YasbHbIE AAHHBIE SANIOHCKHX
YYEHBIX IMOATBEPXKAarU TeOopHI0 KospIpeBa, TakKk KaK CKOPOCTb MHNalcHHA THPOCKOIIOB
OTAMYaAach, B 3aBUCHMOCTH OT HaIpPaBACHHd MX BpallleHHd. OTO O03Ha4daAo, 4YTO
aCHMMETpPHUS A€BOTO M IIPABOTO BpallleHHUs OOBEKTHBHO CYIIIECTBYET, M «XOI BPEMEHH»
MOZKET MEHATH I[OAHYIO SHEPTHI0 MEXaHHYeCKOH cucTeMel. [lo3xke, B MONOAHHUTEABHBIX
HCCAEOBAHUSAX Ha PasHBIX IIHPOTaxX MECTHOCTH, OBIAO IIOKa3aHO, YTO OOHapYy:KEHHbIE
3¢ dEeKTHI ACHMMETPHUH MOTYT OBITH OOBSICHEHbI BAMSHHEM BpallleHHS IIAAQHETbl Ha
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YCAOBHL OKCIIEpHUMEHTa. TeM He MeHee, [OaHHbIE JKCIEPHUMEHTBI IIPUBEAHM K
CYLIECTBEHHOMY Pa3BUTHIO YPOBHS 3HAHUH.

BakHO OTMETHUTH CAeAYIOUINIl BBIBOMA, KOTOPBIH cmeaas Ko3bpIpeB M3 CBOUX OIIBITOB:
«OHEepruss CHCTEMBI Te€A, He HaXOAAIIUXCSI B PaBHOBECHH, MOXKET OBITH HE TOABKO
yBeAHWYEeHa, HO U YMEHbIIIeHa U3MEeHEHHEM X0o[1a BpeMeHU. [103ToMy BO3MOKEH oOpaTHBIHM
IIpOIleCcC IIepexofla SHEpPruu CHUCTEMBbI B Xon4 BpeMeHm» [54, ctp. 259]. OTo o3HauaeT
BO3MOKHOCTb KOHCTPYHPOBaHHUE TEXHUYECKHUX YCTPOHUCTB, KOTOpPbIE MOTYT, 0Opa3HO
rOBOPS, YCKOPATH HAM 3aMEIASTH XOJ BpPEeMEHH, N00aBAdd AW 3a0upasd y HEro 4acrthb
9Hepruu. Takue TEeXHHYECKHE YCTPOHCTBA MOTYT paboTaTh M KaK ABUXKHUTEAH, U KakK
reHepPaTOPhI SHEPTHUH.

Hrak, B 3KCIIEpUMEHTax C IupockornaMi, Ko3pIpeB mpuillea K HOBOMY BBIBOAY O
TOM, 4YTO «CKOPOCTBb XOZa BPEMEHH» cocTaBasieT oKoao 2200 km/cek [54, cTp. 367| u ee
pacyeT MOXKHO CIeAaTh 10 IIPOCTOH hopMyae:

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

KosreipeB nuret: «TakuM o0pa3oM, OTHOLIEHHE C2 K CKOPOCTH CBeTa C; 0Ka3aaoCh
rpy06o paBHO 1/137 — NOCTOSSHHOM TOHKOM CTPYKTYphl 3oMMepdeabna. [loaToMy, MOXKHO
noaaraTb, 4YTO XOI BPEMEHH CB43aH C [OPYTHMH YHHBEPCAABHBIMH IIOCTOSHHBIMH
CAEAYIOIIMM O00pPa3oM...»

c2 =¢1/137 = 2200 (kMm/cek) F.7

3meck €1 — 9TO CKOPOCTb PACHPOCTPAHEHHSI SAEKTPOMATHUTHOM BOAHBI B BaKyyMe,
CKOPOCTH CBeTa.

JaHHBIN BBIBOJ MOKAa3bIBAET COOTHOLIEHHE MEXKAY IACKTPOMATHUTHON QopMoi
9Heprum, wusaydaemoit CoaHIIEM, HaIpuMep, KU Apyrod QopmMol SHEPTrHuH, KOTOPYIO
KO3BIpeB Ha3bIBaA «BOAHAMH IIAOTHOCTH BPEMEHHN», BTECKAWINMMMKH B 3BE€3O0bl H
CO3JaIOLINMM I'paBUTAITMOHHBIE 9(P(PEKTHI.

B pmamHoM Mecre, OyZeT IOAE€3HO HAIIOMHUTH 4YHUTaTeAlo o Teopuu Crnapraka
MuxatinoBuua [loagkoBa, 1 paCCMOTPETH €T0 MOZIEAN (DOTOHA U SAEKTpPoHA [4].

Hauynnasa pasBuUTHE CBOE TEOPHH C MPEATIOAOKEHUS O TOM, YTO (POTOH SIBASIETCS
JacTUlled, uMeronied Kak 3AeKTPOMarHUTHYIO, TaK U I'PaBHTAIlMOHHYIO MAacCCy, CKPBITYIO
OT HaC 3a CBEPXCBETOBBIM OapbepoM, [TOATKOB HepexoquT K KOHIIEIIIIHY CO3aHUs JaCTHIL
MaTepUH, UMEIOINX HHEPIHMaAbHYIO Maccy, U3 (POTOHOB, ABHXKYIIUXCS II0 3aMKHYTOH
TPaeKTOPHUH.

3a ocHOBy cBouX paccyxaeHuit, IloagkoB mnpuHHMaeT (aKT TOro, UYTO
AHHUTHASIIHUS SA€KTPOH-IIO3UTPOHHOM aphl poxkaaeT aABa otToHa ¢ sHeprueit 0,511 MaB
KaxKObI¥, 5KBUBaA€HTHAas Macca KOTOPBIX B TOYHOCTH paBHA MacCe€ HCXOAHBIX YaCTHIL
(onexkTpoHa U mo3uTpoHa). CaegoBaTEABHO, MBI MOXKEM IIPEAIIOAOKHUTE, YTO 3971€KMpPOH,
nosumpor u 0,511 MsB ¢pomoH ecmb mpu pasiuuHblX COCMOSIHUSL O0HO020 U MO20 JKe
gusuueckozo obvbexkma. C TOYKH 3peHHUd 3(PHUPOANHAMHKH, 3TO TPU Pa3HbIX (POPMBI
OZTHOTO M TOTO K€ BOAHOBOTIO IIpoliecca B 3(pUPHOU cpee.

[anee, [ToagkoB obpalllaeT BHUMaHHE Ha TO, YTO KAACCHYECKHH paalyC SAeKTPOHA
2,8-10-13 cM HaMHOro MeHblIe OAWHBI BoaHbI 0,511 MsB doroHa, KoTOpasg paBHa
2,426-10-10 cMm. OH BBIYHCAIET OAWHY OKPY?KHOCTH, COOTBETCTBYVIOIIYI0 KAQCCHYECKOMY
pamuycy oaektpoHa L = 1,755-10-12 cm, u pgeaaer BBIBOA: «/ladg TOro, 4ToObI Ha
OKPY3KHOCTH KAQCCHYECKOTO paaryca dACKTPOHA YMECTHAACH XOTs ObI OMHA JAMHA BOAHBI
dorona c sHeprueit 0,511 MaB, ero Hazmo cxatk B 137 paz» [4, cTp.34].

OTO COOTHOLIEHNE, pPABHOE MOCTOSTHHOM TOHKOM CTPYKTYPBI, U €Cmb COOMHOULeHUEe
MeNOY NeKMPOMALHUMHOU U 2PABUMAYUUOHHOU POPMAMU IHEPSUU FIEKMPOHA.
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Hrak, popmyaa INoasgkoBa F.8 oTpaskaeT CoOOTHOLIEHHE MEKIY SACKTPOMATHUTHOM
«E» 1 rpaBuTaniuoHHON «We» popMoOM 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 U3NYUEeHUs ISHepauu (pomoHo8) U ee noz2aouweHus
(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 3THU HNapaMeTPhbl C OMOIILI0 TEXHUYECKHX
cpenctB? IlocaemoBaTeabHBIE (pas3bl IIpeBpallleHusd (POTOHA B SAEKTPOH, MAH B IO3UTPOH,
B 3aBHCHMOCTHU OT HaIIPpaBACHHsS CBOPAYUBaHUS, CXEeMaTHYECKU IOKa3aHbI [I0OASKOBBIM
Ha Puc. 110.

Puc. 110. Cxxatue potoHa 1 06pa3oBaHUE IAEKTPOHA, B MozeAH [loagroBa.

[asa ¢dorona, B moneam [loasgkoBa, €cTb OAHO3HAYHOE HAIIpPaBA€HHE MHPOBOM
AWHHH, OCh €I0 PACIPOCTPAHEHHSsI, OTHOCHTEABHO KOTOPOM OH BpalllaeTcs IIPH ABUKEHUH.
[ag Takoro (poToHaA CYILIECTBYET ITPHUHIIUIIMAABHOE Pa3AWYHe MEKOAY ITPaBbIM U A€BBIM
BapUaHTOM CBOpPaYMBaHUS B TOPOHAAABHYIO (POPMY, KOTOPYIO MBI BOCIIPUHHUMAaeM, Kak
4yacTHully MaTepHuu. B 3aBHCHMOCTH OT 3TOTO, IIPH €ro CBOpaAYMBAHUU Ha 3aMKHYTYIO
TPaeKTOPHIO, IIOAYIAETCS SAEKTPOH HUAU ITO3UTPOH.

Ha Puc. 110 mokasaHoO, 4YTO IOCA€ CBOpadYuBaHHsa (POTOHA B YaCTHUILy, HA €ro
BHEIITHEY opOuTe ocTaeTcd TPHU «yHUKBaHTa», U Ha BHYTPeHHeEH - TPHU «aHTU-YHUKBAHTAa»,
obo3nauennble Ha Puc. 110 cumBoaom U. Orto mpeamoasokeHue [loasgkoBa o BHyTpeHHeH
CTPYKTYpPE SAEKTPOHA MOXKET HaWTH CBOe IIOATBEPXKIAEHHWE B OyaylIeM, €CAU yOacTCs
[o0Ka3aThb APOOHOCTE JAEKTpHYECKOoro 3apsana 1/3. [laHHasg TeopHUsd COraacyeTcd C
TUIIOTE30H O CYIIECTBOBAHHUU KBapKOB.

Hcxops u3 3THUX IIPEAIIOChIAOK, KO3BbIpEBCKad CKOPOCTh CYILIECTBOBAaHUA MaTepHH,
KakK «IIepexofa MNPUYHHBI B CAEICTBHE», UMEET CMBICA COOTHOIIEHHS I'PaBHTAIIMOHHOU U
9AEKTPOMAarHUTHOH (pOpM OSHEPTHH YacTUIBI MaTepuu. HV3MeHeHHe BEeAMYHHBI
IIOCTOSSTHHOM TOHKOM CTPYKTYpbl OyAeT o3Ha4YaTh M3MEHEHHE CKOPOCTH CYILIECTBOBAaHUS
MaTepuu. Mpbl moaaraeM, UYTO 3Ta 3a7ada peasusyeTcsd IIyTeM VMEHBIIeHUd UAU
YBEAHMYEHHSI IIAOTHOCTH 3dHupa B 00AACTH CYIIECTBOBAHHS YaCTHUIBI MAaTEPHH.
Texauyecku 5TH 3a1a49u OTHOCHTCH K 3pUpoaNHaMUKE, u pelaiTcd
3AEKTPOMAarHUTHBIMU U APYTUMU METOAAaMHU.

IIpu cpaBHenuu uaed KoseipeBa u [loagkoBa, BO3HUKAaET €Ile OOHO HHTEPECHOE
IIPEAIIOAOKEHHE: XOI BPEMEHUH AT YaCTUIl MaTEpPUH pPa3HOIO 3HaKa SAEKTPHUUECKOTO
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3apgna, IPOTHUBOIIOAOXKEH. OTUM H OOBACHAETCS aHHUTHAAIINS YaCTHI[ Pa3HOrO 3HaKa
3apsna, Ipyu KOTOPOH BCA UX SHEPTHs IepeXoquT B (popMy POTOHOB.

BriBompl, KoTOpble mesaeT [IoA9KOB O CyTH TpPaBUTAIIMOHHOTO IIOAS OYeHb
uHTepecHble. OHH numieT: «IloAygaeTcs, 9To He caMa CKOPOCTb (POTOHA 3aBHUCHUT OT
TPABUTAIIMOHHOIO IIOAS, & BEAMYHHA «CBEPXCBETOBOro Oapbepar, IIPUYEM C POCTOM IIOAS
OappepHOE 3HAYEHHE CKOPOCTHU yMmeHbIaeTcsd. Cam (POTOH — 0COOBIH OOBEKT, a €ro
CKOPOCTBH B CBOOOJTHOM IIPOCTPAHCTBE IBASETCS MUPOBOH KOHCTAHTOMH». [4, cTp.37].

BepHeMcs K «3HepreTwke 3Be3l» U Anep aToMoB... B konHnenmuu Ko3eipeBa,
3Be3abl, KaK MAaIIWHbBI, IIPe00pas3yloT OOUH BU SHEPTHH B APYTOM, XOTS U TOT U APYroi
BHUJ[ 9HEPTUU €CTb IPOJOABHBIE BOAHBI 3(pUpa, HAHM O0AACTH CXKATHUA U pPa3pasKeHUs
yrupyro#i cpensbl. B TakoM caydyae, BO3HHKaeT BoIpoc: YemM  OTAWYAIOTCH
rpaBUTAILIMOHHAA (POpPMa SHEPTUH OT SIAEKTPOMATrHUTHOMN?

OtBer ecthb y [loagkoBa: rpaBUTAIlMOHHAs (popMa HEPTUU CKPBLITA OT HAC BHYTPHU
4aCTHUIBI MaTePUH, Ha MAaAOM paauyce BpalleHUd (POTOHA, IIOCKOABKY Ha TaKOM pPaguyce
KPUBU3HBI OH [BHXKETCH CO CBEPXCBETOBOH CKOPOCTBIO. I'paBHTAIIMOHHAs YacTb OOIIeH
SHEPruH YacTHULbl HpuMepHO B 137 pa3 Ooabllle, 4YeM AOCTYIHAsS HAM [AS HU3MEPEHUS
dopMa sHEpPruM CHaApPYKH YACTHUIBI MaTEpPHUU, TIJ€ BOAHA [IBUXKETCSI C [JOCBETOBOH
CKOPOCTBIO, Ha OOABIIIOM panauyce BpallleHus ¢oToHa. IIpu TakoM pacCMOTpPeHUH, obe
dopMBI SHEPruM OeHCTBUTEABHO HMMEIOT OAWHAKOBYIO IIPHUPOAY, U  SIBAFIOTCS
IIPONOABHBIMH BOAHaMHu J3dupa. YacTuila MaTepuyu He epecraeT ObITb (POTOHOM,
CBOpaYHUBasiCh B TOPOHJ, HO OHA IIpHoOpeTaeT rpaBUTAIIHMOHHYIO (POPMY SHEPTHH, B TOM
4HCA€, MHEPIIMAaAbHBIE CBOMCTBA U MacCy IIOKOsI, 6aarogaps TOMY, YTO YacThb €€ BOAHOBOM
CTPYKTYPBI ABUXKETCS II0 MAAOMY PaINYCy CO CBEPXCBETOBOH CKOPOCTEHIO.

CoorHommenust KosbipeBa F.7 u [ToagkoBa F.8 6oaee TOAHO pacKpbIBAIOT CYLIHOCTD
IIOCTOSSHHOM TOHKOM CTPYKTYPBI, KaK COOTHOIIIEHUd BHYTPEHHEN JHEPTUU 4YacCTUIlbI, HE
HMEIOIEH OTHOIIEHUd K €€ IIEPEMEILEHHIO B IIPOCTPAHCTBE, KaK IIEAOr0, K €€ BHEIIHEeH
sHepruu. PU3MKU OOBIYHO OIPEAEASIOT €€, KaK OTHOILIEHHEe CIIMHA 4YacTHIbl K ee
opburasabHOMYy MOMeHTY. C IO3uMIUH KO3BIPEBCKOM HPHUYHMHHON MEXaHHUKH, BHYTPEHHSId
SHEpPrusd MaTepHH M €€ BHEMIHAS SHEPIHsS COOTBETCTBYIOT SHEPTHH IIOTOKA BPEMEHH U
9HEPTHUH SAEKTPOMATHUTHOTO H3AydeHHs. Y [loagKoBa, BHYTpPeHHsIs (popMa SHEPrUu U
BHEIIHAS (opMa OSHEPTHH MaTepPHUM COOTBETCTBYIOT TpPaBUTAIIMOHHOM dopMme H
9AEKTPOMAarHuTHOH popme 3Hepruu. B Goaee obirieM caydae, BHyTpeHHsI (popMa SHEPrur
MOXKeT OBITh IIpeaCTaBA€HA, KaK IIOTEHIIMAAbHAs SHEPTHs, a4 BHEIIHAS — KUHETHYEeCKOM
sHeprued. l3MmeHeHHMe mHapaMeTpoB IIPOCTPAHCTBA, B  YaCTHOCTH, CKOPOCTH
CYLIIECTBOBAQHUS MAaTEPUH, [OOAXKHO IIPOABASITECS B BHAE HN3MEHEHHU IIapaMeTpoB
POTOHOB, & UMEHHO, BEAUYHHBI CBEPXCBETOBOTO Oapbepa. IIpu 3TOoM, MOCTOSTHHAsA TOHKOH
CTPYKTYPBI JOAYKHA UMETH APYyroe 3Ha4YeHHUeE.

Kounernmna IloaskoBa ONKCBIBaeT IIPOIIECCHI CO3MaHHUS 4YaCTHI[ BeIecTBa U3
POTOHOB, TO €CTh, IPUBOAUT HAC K «T€XHOAOTHSM MaTepHasu3allum». [loaarad, 4To HET
paszanuudg MexXay 3(pUPHOH cpenod W dYacTHUllaMM MaTepuH, Kak nucasa Papaneit [38] u
Tecaa [39], TO 4YacCTHUIBI MaTepUU HE SBASIIOTCS HEKHMH TBEPABIMH OOBEKTaMH, a
CYLIECTBYIOT, KaK IIPOIIECCHI OTHOCHUTEABHOI'O ABUKEHUd 3HUpPHOU cpenpl. ['oBops o
IIPOJAOABHBIX BOAHAX, TO €CTh, 00AACTAX CKATHA U pa3psaKeHUs d(PUPHOU cpenbl, MOXKHO
IEePEeHTH K BOIPOCY O CO3MAaHUH YaCTHUI] MaTepPUU M3 BOAHOBBIX IIPOIIECCOB B 3HpE.
[TapameTpnbl 4YacCTUIl 3a0alOTCHd YCAOBHAMU HX CBOpPaYMBaAHUA U JSHeprueil (poToOHOB.
OOBIYHO, B HMPAKTHUYECKHUX IEASX, PACCMATPHUBAIOT IIPOIECC pacHazia MAW CHHTE3a saep
4acTUL] MaTepUH, KOTOPBIHA MaeT HaM IyTh K IOAYYEHUIO SepPHOM SHEPTHH, HO 3TO HeE
O3HA4YaeT, 4YTO [IAS CO3/IaHHS dYaCTHUI][ MaTepHH II0TpedyeTcs 3aTpPaTUTh TaKoe IKe
KOAMYecTBO OJHepruu. OOpaTHBIM IIpolleCC MOXKET HATH 0e3 pacxoga OSHEpPruu, B
PE30HAHCHBIX YCAOBHUSX W I[IPHU COOTBETCTBYIOIIMX KOHCTPYKTHUBHBIX PENICHUSX,
HEOOXOQUMBIX [OAS «3aKpPydYHBaHUS» IIOTOKOB 3(Hpa B YaCTUIBI MaTepuu. PacueTsl
PE30HaHCHBIX yCAOBUM OyayT TIIOKa3aHbl B OTHOEABHOH TaaBe O YeTbIPEXMEPHBIX
pe3oHaHcax.
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Co3pmanue 000COOAEHHBIX OOBEKTOB B Ta30BOM HAM KHUOIKOH Cpeae, HMEIOIIHUX
HMIIYABC U CIIOCOOHBIX OBUTATBCS, IBASETCH U3BECTHOH 00AACTHI0 KAACCHYECKOH (PU3UKH.
Kak m B razoBo#l cpeme, B adupe 3TH KOHCTPYKIIUH MNOAXKHBI HMETH OIIpeNeA€HHBbIE
rapaMeTpbl, KOTOPbIE ITI03BOAFIOT UM OBITH YCTOHYMBBIMH. Harrpumep, XOpoIIo U3BeCTEH
JEMOHCTPAIIMOHHBIN 3KCIIEPUMEHT 110 (POPMHUPOBAHHUIO TOPOUIAAABHOTO BHXPS B BO3AYXE.
[Ipu ymape mo 3amHeidl CTeHKe KOPOOKHM C oTBepcTtHeM [58], 3arloAHEHHOH OBIMOM,
OBIMOBOE KOABIIO BBIAETAET Yepe3 OTBEPCTUE B CTEHKE KOPoOKH, Puc. 111.

Puc. 111. ToporgasbHBIH BUXPH U €T0 ABUXKEHUE.

B ofOmem caydae, 0e3 WCIIOAB30BaHHS [bIMa, TaKOe «IKCIIEPHUMEHTAABHOE
YCTPOHMCTBO» CO3[aeT [ABUKYIIHMECd II0 NPAMON HEBHAHUMBbIE B BO3AyXe BHXPEBbBIE
TOPOUIAABHBIE CTPYKTYPhI, CIIOCOOHBIE «IyIEeCHBIM 00pa3oM» 3araCUThb CBedy Ha OGOABIIIOM
PacCCTOSHUH, UAH ITPOU3BOAUTE APYTHUE (POKYCHI.

OOparuTe BHHMaHHE Ha BpallleHHe 4YacTHIl Bo3ayxa B Topoune, Puc.111. OuHm
BpalllaloTCs HE TOABKO II0 opbuTe «0yOAMKa», HO TAaBHBIM 00pa3oM, BOKPYT CpemaHel
OKPY’KHOCTH TOpPOHAA. DTOT UMIIYABC UM IIPHUAAET B3aUMOAEHCTBUE C KpadgMU OTBEPCTHULI
KOPOOKH, B HaAYaABHBIH HEepHOX (PpOPMUPOBAHHUA TOPOHAA. 'MPOCKOIHYECKHE CBOMCTBA
TaKOTO 00bEeKTa 33JAI0T €T0 «MHUPOBYIO AUHHIO» — IPSIMOAHHEHHOCTE €T0 ABUKEHUS.

[Tomo6GHBIM obpa3zom, THPOCKONINYECKUH apderT obecieynBaeT u
IIPSIMOAMHENHOCTD ABUXKEHHUI (POTOHOB. OHU CYLIECTBYIOT U PaACIPOCTPAHAIOTCS, UMEHHO
Kak ObBICTpO Bpamarmmecss OO0BeKThI. [IoCKOABKY mass Takoro 3ddekra HeoOXOIHMMO
HaAu4due y TeAa HHEPIMaAbHOM MaccChl, TO IpearnoaoxkeHue IloagkoBa o ABOMHON macce
doTOHA (rpaBUTAIIMOHHON U 9A€KTPOMAaTrHUTHOM) ITI03BOALET 3TOT (PaKT 0O00CHOBATS.

BepHeMcs K pacCMOTPEHHIO HSKCIIEPUMEHTaAbHOH dYactu pabor Hwukoaas
AaexkcangpoBuuda KoswsipeBa. OgHO U3 «<aKTHUBHBIX CBOHCTB BpPEMEHH» - €TI0 CKOPOCTh X014,
MBI yXK€ pPacCMOTPEAH, II0KA3aB €Ero CBA3b C IIOCTOAHHOM TOHKOM CTPYKTYpPbI, H
COOTHOILIEHUEM MeXKIy BHYTPEeHHeH (COOCTBEHHOM) IpaBUTAIIMOHHON (opMOH 3HEpPruun
4acTUL] MaTE€PUM U BHEIIHEN (9A€KTpOoMarHuUTHOM) dopmoii sHepruu. [pyro#l mapamerp,
XapakTEepU3YIOLM BpeMd B KO3BIPEBCKOM «IIPUYMHOM MEXaHUKE», Ha3blBaeTCHd
«IIAOTHOCTB» BpeMeHH. C TOYKH 3peHUs d(PUPOAMHAMHKH, BCE dKCIIepUMeHThl Ko3pipeBa
II0 TeHEePAaIUH «BOAH ITAOTHOCTH BPEMEHU» IIOAHOCTBIO OOBSICHUMBI, KaK Cnocobbl co30aHUs
NPOoOONILHBLLX BOSIH NIOMHOCMU YNpy20il 3¢pupHOll cpeost.

[laHHbBIE BOAHBI MOTYT PACIIPOCTPAHSTHCHA B IIPOCTPAHCTBE, HO MOTYT TakKKe OBIThH
CTOSTYMMH BOAHAMH, TO €CTh, ABUIKYIIIMMUCH HAW HETIOABHKHBIMH, YepemayIOIIHMMUCS
obracTaMHU CXKaTHUg U pas3pskeHus 3(UPHOH cpeabl. B HEKOTOPBIX cAydasxX, 3a BOAHY
IIPUHUMAIOT TIPOLIECC CXKATHA (YIAOTHEHHS]) HAW YMEHBIIEHHS IIAOTHOCTHU 3(PUPHOHU
cpenpl, IPOUCXOAAIINNY B HEKOTOPOH 00AaCTH ITPOCTPAHCTBA.

CyTb 3kcniepuMeHTOB Ko3bIipeBa o JaHHOU TeMeE, U BaXKHbIE€ PE3YABTATHI OITHCAHBI
B pabote «O Bo31eHCTBUH BPeMEHH Ha BELIECTBO» [59]. Koazbipes Ha3bIBaeT
«IIAOTHOCTBIO» CmeneHb aKkmueHocmu epemerHu. B acdupoamnHaMuKe, 3TO 03HA4Ya€T, 4YTO B
3aBUCHUMOCTH OT IIAOTHOCTH 3(Hpa, YBEAHUYHBAETCS HAH YMEHBIIAETCS CKOPOCTH
CyLIECTBOBAaHUS MAaTE€PHH, TEMII BCEX IIPOLIECCOB, AKTHUBHOCTb M JHEPreTHKa 4YacCTHIL
MaTEepHH.
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Ko3bipeB oOHapy>KHA B CBOHMX 3KCIIEPHUMEHTAaX, YTO «BOAHA ITAOTHOCTH BPEMEHM»
co3zaeTcd IMPU BCEX HeOOPaATHMBIX IIPOIleCcCaxX, HO B OJHOM CAydYae, «IIPOIECChI 0CAAOASIOT
IIAOTHOCTb BPEMEHHU H «IIOTAOLIAIOT BpeMsh». [Ipyrue ke, HA000pPOT — YBEAHYHBAIOT €rO
IIAOTHOCTB, U, CAE€OOBaTEABHO, «M3AyYJalOT BpeMs». Harpumep, ocThIBaHHE Teaa U
KPUCTAAAM3aIUg BOMABI «IIOTAOIIAIOT BpeMsl», U B OKPECTHOCTAX MAaHHOTO IIpollecca
«YMEHBIIIAeTCSI TAOTHOCTb BPEMEHM».

[leficTBUE TIOBBIIIEHHOH IAOTHOCTH BPEMEHH OCAAOASIeTCS II0 3aKOHY OOpaTHBIX
KBaIpaTOB PACCTOSIHUS, SKPAHUPYETCHd TBEPABIM BEIIECTBOM IIPH TOAIIHHE IIOPSaKa
CaHTHUMETPOB, U OTPaXKAETCs 3€PKaAOM COTAACHO OOBIYHOMY 3aKOHY OIITHKH. YMEHBIIIEHHUE
K€ IIAOTHOCTH BPEMEHH OKOAO COOTBETCTBYIOIIEIO IIPOIECCA BBI3BIBAET «BTATHBAHUE»
Tyga BpEeMEHH H3 OKpyzKaromied o0CTaHOBKH. [leliCTBHE 3TOr0 SBAEHHUS Ha JIETEKTOP
SKpaHUPYeTCs, HO HE OTPAaKAETCs 36 PKAAOM.

OnbITEl IIOKa3aAW, YTO IIPOLIECCHI, BBIZBIBAIOIIHME POCT SHTPOIIMU (HarpeB TeAa,
HCIIapeHue KUAKOCTU M T.II.), Kak cuuTas Ko3pIpeB «HM3Ay4daroT BpeMs». [Ipu atoMm, y
HaxoAdIerocd BOAM3HM [JaHHOIO IIpOIlecca BeIllecTBa YIIOPSAOYUBAETCH €Tr0 CTPYKTypa
[54, cTp. 386].

3amMmeyaHue 10 TEPMHUHOAOTHH: TOBOPUTDH 00 «M3AYUYEHHUH BOAH ITAOTHOCTU BPEMEHM),
Ha MOM B3ras/, HE COBCEM KOPPEKTHO. [IAd TOro, 4YTOObI «M3AyYaTh» HAH «HCIIyCKaTb»
KaKoe-TO BEIIECTBO, HUCTOYHHUK AAHHOIO H3AYYEHHS OOAKEH HMETh 3aliac H3Ay4aeMoTro
BellecTBa. Hampumep, KaTod 3A€KTPOHHO-BAKYYMHOM AaMIIBI HCIIyCKaeT SA€KTPOHBI B
pe3yAbTaTe TEIAOBOH SMHCCHH. B HeoOpaTHMBIX ITpolleccax, UAeT IIpolecc 3¢pupoobMeHa
MeXIy 00AacThIO IIPOCTPAHCTBA, B KOTOPOH IIPOHMCXOAUT KaKOU-TO HeoOpaTHUMbIH
IIpOlLleCC B MaTEpPHM, U OKpyzKalolled 3dHUpHOH cpemoi. OPpHUpPooOMEH CO3MaeT BOAHY
IIAOTHOCTH 3(Hpa, TO €CThb, IIPOAOABHYIO BOAHYy B 3(PHPHOU cpene, ee YIIAOTHEHHE HAU
paspsaxeHue. BemectrBo, B OaHHOM CHTyallMHM HE «HCIIyCKaeTCdA» M HE «H3AYJaETCsy.
KoppekTHee ObIAO ObI TOBOPHUTH O CO3AAHUU HW3MEHEHHI NIAOTHOCTH B 3(PHPHOU cpere
HEKOTOPBIM IIPOIIECCOM, IIPOHUCXOOAIINM B BEIIIECTBE. Tagum ke o6pa30M, MBI IIOHHMMacEM
CO3OaHHE SACKTPOMAarHHUTHBIX BOAH KOA€OaHUAMH aTOMOB HaneTOfI HHUTHU HaKaAHBaHHA
AAMIIBI.

JleTeKTOpaMH «BOAH IIAOTHOCTH BPEMEHM», TO €CTb, IIPOJOABHBIX BOAH 3(OUPHOH
cpenpl, B onblTax Ko3bplpeBa OBIAM IMPOCTBbIE SAEKTPOHHBIM YCTPOMCTBAa, HAIIPHUMEpP, MOCT
Yurcrona. Tako#i meTeKTop CIIocoOeH pearupoBaTb Ha H3MEHEHHE BEAMYHHBI
3AEKTPUYUECKOTO COIIPOTHUBAEHHUSI OMHOTO M3 3A€MEHTOB CXEMBI, YTO U IIPOUCXOAHAO HPHU
U3MEHEHHUAX MAOTHOCTH 3¢Hpa B obAaCTH AaTdyuKa. B 6oaee MO3OHHUX SKCIEPHUMEHTAX,
HCCAECOOBATEAN IIPUMEHAAHN KBAapPIEBBIEC MOATYHUKH, IIOCKOABKY PE30OHAHCHad dYacToTa
KBaplleBOTO pe30HaTopa O4YeHb CTabHAbHA, a €e HU3MEeHEeHHEe T'OBOPUT 00 H3MEHEHUSX
CbI/ISI/I‘{eCKI/IX CBOMICTB BelllecTBa KBaplia. KBapiieBele pe30HATOPBI, BXOALAIIHE B CXEMY
4aCTOTOMEPOB, AEKTPOHHBIX YaCOB UAM TaliMepOB, OYEHb YZI0OHBI JIASI CHATHS ITOKa3aHUU
B dopMe «3aMeIA€HHS HAU YCKOPEHHS BPEMEHMH», B IMIPOLIEHTHOM COOTHOIIEHUH K
OOBIYHOMY COCTOSIHHIO, IIPHM KOTOPOM OHH KaAHUOPOBAAHCH HaA 3aBOAE — IIPOU3BOLUTEAE.
Jlas 9KCIlepUMeHTa HeoOX0aUMO UMeTh, KaK MHHHMYM [Ba OAMHAKOBBIX TaliMepa (4ackl).
[lepen skcriepuMeHTOM, TaliMepbl CUHXPOHU3UPYIOTCS, a 3aTeM, Ha OAUH U3 TaliMepoB
okKaspiBaeTcd BoaaedcTBHe. [locae 3KcIepHMeHTa, U3MEPIETCsS pa3HHIlA B IIOKA3aHHIX
4acoB, YTO TOBOPUT 00 H3MEHEHUAX (PUINYECKUX CBOMCTB OMHOTO H3 KBapIIEBBIX
PEe30HaTOPOB, B pe3yAbTaTe BO3AeHCTBUSA Ha Hero. /laHHbIe U3MEHEHHd HeoOpaTHMBI, U
[AS KasKIIOTO U3MepPeHUd MoTpedyeTcss HoBas rapa TaiMepoB.

OmnbiTel KoO3bIpEBa NPOU3BOAUAUCHE C TAKHUMH SHTPOIIHMHHBIMH IIPOLIECCAMH, Kak
TasgHHE AbJla, pPAaCTBOPEHHE caxapa, HCHapeHHe XKHUAKOCTH (alleTOH), yBAOaHUE
pacTeHU#... B Xome TaKHX IIPOIIECCOB, «IIAOTHOCTb BPEMEHM», TO €CTh, IIAOTHOCTE 3pHpa B
OKpyKalollled cpese, MOOBBIINIAETCd, YTO IIPUBOAUT K YHOPAAOYMBAHHIO CTPYKTYDPHI
OKPYKaIOIIIUX OOBEKTOB. B IPOTHBOIIOAOKHOM cAydae, [OASd AHTHUIHTPONUHNHBIX
IIPOLIECCOB, TAKHUX KaK OXA&XKJECHHE Pa30TrPETOro TeAad, KPUCTAAAHU3ALUA U T.II. IAOTHOCTD
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acdupa B OKpYyKaOIIEH Ccpeae IOHMXKAETCHd, a y BCEX MaTepPHAABHBIX OOBEKTOB,
HaXOASAIIHUXCS B OKPECTHOCTSAX JAaHHOTO IIPOIlecCa YBEAHYHUBAETCH SHTPOITHS.

M3 3TOro MOXKHO CHEAaTh CAEAYIOIIHME BBIBOABI: IAOTHOCTEH 3(Hpa SBASIETCS
IIapaMeTpoM, OT KOTOPOTO 3aBUCHT JIKECTKOCTh CBs3€M MeXAy 4YacTHLIAMH BHYTPH
BEIIlECTBA, U 3TH CBA3H €CTh HE 4YTO HHOE, KaK MOTOKHU 3upa. YBEAUYEeHHEe SHTPOIIHU B
CTPOEHHU HEKOTOpPOro oOBEeKTa, HAIpPHUMEp, pacTBOPEHHe KyCKa caxapa, O3HadaeT
BBICBOOOIKIEHUE COOTBETCTBYIOLIEI0 KOAWYECTBa 3(Upa B OKPYKAWIIYI CpPenay, YTO
IIPUBOAUT K €ro ITOTAOIIEHUIO M HCIIOAB30BAHHUIO APYTMMHU TEAAMH [AS YMEHBIIIEHUS KX
SHTPOIIHH.

TakuMm o06pa3oM, MbI MOXKEM CQPOPMYAHPOBATH 30KOH COXPAHEHUSl Koauuecmea
agpupa 8 OaHHOM obbeme npocmpaHcmea: YmeHbuleHue UAU YeenuueHue NJA0mHOCmu
agpupa, B08/1EUEHHO20 8 MEeKAMOMHble C83U MAMEPUAIbHO20 0bbekma, npueooum,
€COOMBEemMCmMeeHHO, K Y8ENUUCHUIO UNU YMEHbULEHUIO NJIOMHOCMU 3¢pupa 8 OKpyrKarouiem
npocmpaHcmege. 9TO O4YEBHAHbBIE BBIBOABI, OCHOBAHHBIE Ha IITPEAIIOAOXKEHHU O TOM, UTO
acup gBAgeTCd Hepas3pbIBHOU ymnpyro# cpemoii. Cxkumasd NaHHYIO Cpeny B OJHOM MeCTe,
MBI CO34a€M 5KBHBAACHTHOE PACTAXKEHHE Cpeabl B OKPECTHOCTH IIpoliecca CXKaTHud.

Baragapr KosbipeBa Ha HOpPUPOAY «BOAH IIAOTHOCTH BpE€MEHH» COTAACYIOTCH C
skcriepuMeHTamu I[logkaetHoBa, Mopmanese, lllHypepa M APyrUX, B KOTOPBLIX (pa30BbIe
IIEPEXObl BEIleCTBA M3 CBEPXIIPOBOAAIIENO COCTOSIHHME B OOBIYHOE COCTOSIHHE CO3IAOT
rpaBHUTALIMOHHYI0O BOAHY. C maHHOM TOYKU 3pEHMd, IpaBHUTAllMOHHAs BOAHA TaK¥Ke €CThb
IIPOAOABHAS BOAHA ITAOTHOCTHU 3pHpAa.

KopoTko oTMETHM, 4dYTO CYIIECTBYeT OUYeBHAHAs CBA3b MEXKAy BeAMYHHOH
IPaBHUTAIIMOHHOIO II0OA M TEMIIOM BpeMeHH. HamoMmHIO, YTO eANHUIYy U3MEPEeHUd JAUHBI
«1 MeTp» BBEAH, KaK JAHUHY MasgTHHKA, KOTOPbIE COBEPILIAET ITOAYIIEPHOL KoaeOaHud 3a 1
CeKyHay, Ha 45 mupore. [learo 3mech HE B MeXaHHKe... [laHHOE IIOHSATHE OYeHb TOYHO
OoTpazkaeT B3aUMOCBS3b IIOHSITUN IIPOCTPaHCTBA U BPEMEHU.

M3BecTeH TakKe IIPOCTOM OIIBIT, KOrZla CPaBHEHHE IIOKA3aHHM TOYHBIX aTOMHBIX
4acoB, CTOSIIMX Ha KpbIllle Hebockpeba M TaKHX K€ YacoB B €ro IIOfBase OaeT
3HAQYUTEABHYIO DPAa3HHIly B CKOPOCTH OTCYeTa HHTepBaaoB BpemMeHH. C no3uLUi
KOHIIETIIINH, KOTOPYIO MBI 3/IECH pacCMaTPUBAEM, 3TH PE3YABTATHl OOBICHUMBI PAa3AUYHEM
B IIAOTHOCTH 3(UPHOM cCpenpl, KOTOpasd 3aBHCHT OT BBICOTBI HaJ yPOBHEM MOpPs, HU
CO3[a€T IrpaBUTAlIMOHHBIE AaHOMAAHMHW B HEKOTOPBIX MecTax NaaHeThl. Ha mosepxHoCTH
IIAQHETHl €CTh HECKOABKO TaKHX «@HOMaABHBIX 30H», B KOTOPBIX, T€M HAH HHBIM 00pasom,
OTAMYAIOTCS OT OOBIYHOTO, TEMII ITPOLIECCOB, BEC TeA U T.II. B Takux MecTax HabAI04al0TCs
CTpPaHHbIE IBA€HUS, CBA3aHHbIE C HAPYIIEHUIMHU IPUYUHHOCTH U U3MEHEHUSIMHU OOBIYHOH
CKOPOCTH CYLIECTBOBaHHA MaTepHaAbHBIX OOBEKTOB. Bce 3To MoxeT OBITH CO30aHO
ynpasnsiemoim UCKYCCMBEHHbIM UIMEHEeHUeM NA0MHOCMU 3UPHOU cpedbl, TO €CTb, C
IIOMOIIIBI0O TEXHUYECKHUX CPEACTB. MBI pacCMOTPHM BapHaHTBl HECKOABKHX KOHCTPYKIIWM
TaKHX YCTPOMUCTB B APYroi 4acTH JaHHOM KHUTH.

Bapmamum OAOTHOCTH 3(PHUPHOH Cpeapl MOTYT OBITH HE TOABKO AOKAABLHBIMH, B
OTZEABHBIX 00AACTSX IIPOCTPAHCTBA, HO U CO3aBaTbCsS Ha BCEH IIAaHeTe, B pe3yAbTaTte
TAODAABHBIX MPUPOOHBIX M aCTPOPUINYECKUX MIPOoIleccoB. PaboTasg C TeAeCKOIoOM, B
doKkyce 3epKasa KOTOPOTO OBbIA YCTAHOBAEH YYBCTBUTEABHBIH SA€MEHT MOCTHUKA YHUTCTOHA,
Ko3bIpeB 3aMeTHA HaAHYHE IPUPOIHBIX KOAeDAHUH MAOTHOCTH 3(pHpa, KaK CYTOYHBIX, TaK
M CE30HHBIX. AHAAOTHYHBIE IIPOLIECCHI OBIAM OTMedeHBI B paborax A. IllamoBaaoBa,
6uoaora u3 [JHenponerpoBcka [54, crp.393], KoTopwlil nrcaa: «<HauymHasa ¢ KOHIIA Mas U
[0 OCEHU, TEMHOBOM TOK (POTOYMHOXKHUTEAd BO3pacTaAa Ha ABa MOPAAKA, YTO YKas3bIBaeT
Ha ocAaabAeHHE MNPENSTCTBHHE AT BBIAETA IAEKTPOHOB, M, CAELOBATEABRHO, HA ocaabAeHUE
OPraHH30BaHHOCTH BeIlecTBa (poTOKaTOAAN.

[pyrue mnpuMepbl CE30HHBIX H3MEHEHHs IIAOTHOCTH 3dupa: peaxius
IIOAMMEpPHU3AallU BECHOH MAEeT TpyAHeEe, 4YeM OCEHbI0 HAM 3uUMoH. CoBpeMeHHbIE
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9KCIIEPUMEHTBI B 00AAQCTH U3YyYEHHsS CYTOYHBIX U CE30HHBIX H3MEHEHHIl CBOMCTB
OKOAO3EMHOUM 3(PUPHON Cpenbl, MHOTO AET, HPOBOAUA AaekcaHap MuxatianoBud MuiimH,
Caukr — [Terepbypr [23].

MorrHbie cCe30HHBIE B CyTOYHBbIE KOA€OaHUS ITAOTHOCTH 3(pHUpa MOTYT OBITH OCHOBOH
[OAS CO3MaHUs T'€HePaTOPOB TEHAOBOHM U 3AEKTPHUYECKOH OSHEPruH, €CAM Mbl HAy4HMCS
HCIIOAB30BATh HUX TaKUM Ke 00pa3oM, KaK CerofHs MHCIIOAb3yeM BeTep, H3MEeHEeHUd
aTMoc(epPHOro 1aBACHUS AW ITPUANBHBIE IIPOIIECCHl B 9HEPreTUKE.

OKCIIEpUMEHTBI [0 M3y4YEeHUIO «BAMSIHHS HEOOpaTHUMBbIX IIPOLIECCOB» Ha
Orosornyeckre o0OBEKThI OUYEHb MHTEPECHBI, HO OITaCHBI JAs 300poBbd. B 1990-e roarl, y
MeHd OBIAO MHOIO II€PeIMCKH II0 MOaHHOM TeMaTUKe C [APYTUMHU MCCAEIOBATEASIMHU.
Hanpumep, rpymnma aBTOPOB cooOIIMaa MHE O pe3yAbTaTax HMX JKCIIEPHMEHTOB, HO
IIPOCHAM He PacCKpbhIBaTh MX uMeHa. OHU ObIAM 3aMHTEPECOBAHBI B U3YYEHHH «3(P(PeKTOB
YMEHBIIeHNUd 3HTPOINN», B TOM YHCA€, B OMOAOTHMYECKUX opraHu3Max. IlocraHoBKa HUX
9KCIepuMeHTa Oblaa cAenyloliasi: B OBITOBOH 3A€KTPOKOTEA IIUAWHAPUYECKON (POPMEI,
€MKOCTBI0O 0Ooaee omHOro KybomeTpa, MeXKAy €ro CTEHOK, 3aKAaAbIBaeTCs CYXOH Ael.
3areM, BKAIOYAETCS JAEKTpPOHArpeB, U Aen OpicTpo wucnapsiercd. [lpu Takom
SKCIIEpUMEHTe, KaK ¢ I[IOHHMAal, BHYTPH [ABYX CTE€HOK IIMAWHIAPHUYECKOTO KOTAA
IIPOMCXOAUT MOIIHBIA HeoOpaTUMBIM IIpPOIlEeCC, CO3JaeTcss BOAHA, U 3QHUpHas cpeaa
CXKUMaeTcs K IEHTPY, TouHee, K ocHu IUAuHApa. [IA0THOCTEL 3dhupa B LIEHTPAABHOM 4acTH
yCTpPOUCTBa yBEAWYHUBaeTCs, Ha HEKOTOopoe BpeMs. [IoCKOABKY B ILIMAMHApPE 3Up He
MOIKET HaXOOUTBHCH B CTATHUYECKOM COCTOSIHHHU CKATHs, TO IIPU TAKOM CXKAaTHUH yIIPYTOH
cpenpl, B BEPTUKAABHOM HaIlIPaBA€HUH, BBEPX U BHU3 BIIOAB OCH IIUAWH/IPA, (POPMHUPYETCH
HaIIpaBAEHHBIH MOTOK 3dupa. CHapyKU KOTAa, (POPMUPYETCS PaCXOASIIasiCs OT HEro
BoAHA adupa. [BuxKeHUe 3(pUPHOH cpeabl BHYTPH U CHAPYKU JAaHHOTO «3(pHUPO0OMEHHOTO
amnrnaparta» IIPOLOAKAaeTCs OO0 TeX IIop, IIoKa HAeT IIPOLeCC CKaTHUd U PacCTsIKeHUS,
COIIPOBOXKIAIOUINI HcIapeHHe «pabodero Teaar, TO €CTb, U3MEHeHHe (Pa30BOTO COCTOSHUS
BeIllecTBa. ABTOPBI SKCHEPHMEHTa PHUCKHYAH IIOMECTHUTH HCIBITYEMOTO BHYTPH IAaHHOH
9KCIIEPUMEHTAABHOH yCTAHOBKH, HO 3aMETHAN pPe3KHe HW3MEHEHHs €ro CaMO4YyBCTBUS.
PesyapTaTbl JAaHHOTO 9KCIIEPUMEHTA MOXKHO Ha3BaTh CyOBEKTUBHBIMH, IIOCKOABKY TOYHBIX
IPUOOPHBIX MU3MEPEHUH aBTOPaMH He ITPOBOANAOCE.

[lanHasg MeTOAMKa BIIOAHE IIOAXOAUT MOAd MEOUIIMHCKUX 9JKCIEPUMEHTOB,
HaIIpUMep, II0 TeMe «0ophba co crapeHHeM». PazymeeTcs, yCTAHOBKY MOKHO IIPEAAOKHUTD
HEe TOABKO B ITMAMHIPUYECKOH, HO U B chpepUdecKoil (popMe, OAd MOAYUEHUS U30TPOITHOTO
JaBAE€HHUd IIOTOKa 2¢upa, AeHCTBYIOIIETO0 CO BCEX CTOPOH IIO0 HAIIPaAaBAECHHUIO K LIEHTPY
YCTaHOBKHM, KakK IToKa3aHo Ha Puc. 112.

OTBEPCTUE ANA BbIXOOA FA3A

CMUPAIb
HATPEBATENA

Puc. 112. [Ipenaaraemass cxeMa 3KCIIEpHUMEHTA.

[lonararo, dYTO HENAOXHUE PE3YABTATBI MOILYT [OAaThb IMIPOLECCHl YCKOPEHHOI'O
UCIIapeHUs] AIOOBIX AETKOKHUITAIIMX XKHUIKOCTEH, BKAIOYAs JKUAKWHA a30T HAH KUIKWUH
BO3AyX. YCTAaHOBKA [HUAWHAPHUYECKON (POPMBI MOXKET OBITH MOPHU30HTAABHOM, ITOXOXKEH Ha
COBpPEMEHHBIH MAarHUTHBIA ToMorpad. Bce 5To0 HWHTEpPeCHO, OAHAKO, MEIUIIMHCKHUE
acCIIEKTHI He IBASIIOTCSI OCHOBHOM TeMOH JaHHONM KHUTH.
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BepHeMcs K BOIpPOCY O ABUXKHTEAIX HOBOro THIla. [IOIIyCTHM, YTO MOIIHBIH
HeOOpaTUMBIH IIPOIIECC CO3[ACT TAKOM «IOIIOAHUTEABHBIM XOI BpPEMEHH», KOTOPBIH B
3HAQYUTEABHOM CTEIeHU KOMIIEHCHUPYET €eCTECTBEHHBIH IIOTOK BpemeHHU. [Ipu Tako#
CUTyaIlUH IIPeaIIoAaraeTcs ocAabAeHHEe IPUYUHHOCTH B OKPECTHOCTHAX AHHOTO ITpollecca,
TaK KaK IIPOUCXOAUT AOKaABHOE YMEHBIIIEHHE CKOPOCTH Xoma BpeMmeHH. CoraacHo
IIPUHIIUILy OSKBHUBAA€HTHOCTH OHHINTeHHa, [OAd KOMIIEHCAIIMM TIPaBHUTAIIMOHHOTO
B3aUMOJEUCTBUdA, TO  €CTh, CO3JaHHS  HEBECOMOCTH, HeoOXOAWMO  CO3JaTh
COOTBETCTBYIOIIleE YCKOPEHNE NBUXKEHHS CUCTEMbI OTCUeTa B IIPOCTPAHCTBE. AHAAOTUYHO,
MBI MOXKeM COPMYAUPOBATH IIPUHIIUI 3KBUBAA€HTHOCTH OAS OBUKEHHS BO BPEMEHH:
co30aHUEe COCMOSIHUSL «XPOHANILHOU Hesecomocmu» B03HUKHem npu OpaaHu3ayuu
coomeemcmeyrouiez0 UCKYCCMBEHHO20 Npoueccd, KOMNEeHCUPYoUuLe20 ecmecmeeHHbLi
npouecc.

TpeTuit BaskHBIN dakT, HalieHHBIH Ko3bIpeBbBIM — 3TO BO3MOXKHOCTH MTHOBEHHOM
CBL3H, dYepe3 «CBOMCTBa BpeMeHHM». BpIBOabl 10 maHHOH TeMe OBIAM HAaCTOABKO
PEBOAIOIIMOHHBIMH, YTO AK€ IIPEAIIOAOKEHHE O TAaKOM BO3MOXKHOCTHU CTaAO IPHUYHUHOU
OTCTPaHEHHS YIEHOTO OT JAOAXKHOCTH, B 1979 roxy.

Habaromenmss mpoBoauAncCh KO3BIPEBBIM C IIOMOIIBIO TEAECKOIIa, U CIEIIHAaABHO
pazpaboTaHHBIX [OATYUKOB, KOTOPbIE [JETEKTHPOBAAU «BOAHBI IIAOTHOCTU BpPEMEHI.
Ko3plpeB HabAOgaA 3Be3Obl, FaAaKTUKH U ApyrHe acTpodu3udecKrue OOBeKThI. [las
KaKJIOTO U3 00BEKTOB, OH PETHCTPUPOBAA CHUTHAaABI, WAYIIME M3 TPeX MecT Ha HebecHoH

cepe:

1) OT Toro Mecra, rfie HAXOAUTCSI BUAMMOE IIOAOKEHHE O00BEKTa, TO €CTh, OT IIPOIIIAOTO
IIOAOKEHUS OOBEKTa, U3 KOTOPOrO OH y3KE€ VIIeA, HO MbI BHAHUM €ro Ha 3TOM MeCTe,
IIOTOMY 4YTO (POTOHBI PACIIPOCTPAHSIIOTCS OT ATOTO0 MeCTa B HAIly CTOPOHY HEKOTOPOe
BpeMs;

2) Ot Toro mecra, rae oObeKT HaXOAUTCHA B JaHHBIA MOMEHT HaOAIOIEHUS;

3) Or mecra, rme OymeT oOBEKT, KOrma K HEMY IIPHAET CBETOBOM CHUTHAA OT 3€MAH,
HCIYIIEHHBIH B MOMEHT HaOAIOZIEHUS.

OTH HaOAIOAEHUS YPEe3BbIYAWHO HHTEPECHBI, 1 Ha 3TOM OCHOBE MOXKHO CO31aBaTh
HE TOABKO HOBBIE€ CHUCTEMBI CBA3U. PakThl 2 U 3 3acCTaBAGIOT 3aAyMaThCs... MTrHOBEHHOE
pacrpocTpaHeHre CUTHaAa, B IPUHIUIE HEBO3MOKHO. CaM TEepMHUH «pPacHpoCTpPaHEHHUE»,
KaK MbI y3Ke TOBOPHAHM, IIpeaycCMaTpUBaeT HEKOTOPYIO KOHEYHYI0 CKOPOCTh. ToT pakT, 4To
natayuku KosbIpeBa perucTpUpoOBaAr UCTUHHOE PacyYeTHOE ITOAOXKEHHUE 3Be3/bl, KPOME ee
IPOIIAOTO TIIOAOKEHHSI, TOBOPHUT O TOM, YTO 8Ce 8 MUpe Yr>Ke 83aAUMOCBS3aHO0, HA
HEeKOmopoM YpPO8HE MHO20MepHO20 cmpoeHusi BcenerHoili. CKOpPOCTh CBeTa — 3TO HAI
«MECTHBIH» TTapaMeTp, OH MOXKET MEHSTHCS, TIOCKOABKY 3aBUCHT OT MapaMeTpoB 3(PHUPHOHI
cpenbl. MrHOBEHHAas CBH3b BCeEX OOBEKTOB BceaeHHO# MOXKeT 03HAYATHL TOABKO TO, YUTO
OHU 8Ce HAX00siMCsi 8 00OHOU MmoukKe, ec/lu paccmampueams ux u3 npocmpaHcmsa bosee
8blCOKOU pasmepHocmu. OTOT HHTEPECHBIH BBIBOA TpebyeT 0Ooaee I10apoOHOTrO
paccMOTpeHUsl, 1 BECbMa IIOA€3€H ITPU KOHCTPYUPOBAHUU CUCTEM TEAEIIOPTAlluH, 4YTO U
OymeT ceAaHo II03Ke.

Cayyait 3, TO eCTh, IOAyYE€HHE CHUTHaAa OT TOT'O MecTa, Ie HabAaaeMblil 00BEKT
(3Be3ma) OymeT HaXoAUTCS dyepe3 BpeMsl, HEOOXOAHUMOE [IASI TOTO, YTOOBI TyZa AOIIIEA CBET
OT MecTa HabOAIONEeHUsI, TOBOPHUT O CHMMeTpuu BceaeHHON. Bo3HUKaeT IIpeAIioAoKeHHe O
TOM, YTO MaTEpPHaABHBIM MHpP CO3/1aH KakK cOasaHCHUpOBaHHAas CTPYKTypa H3 OBYX
3ePKaAbHBIX [IBOMHUKOB, MOBUTAIOIIMXCA II0 OCH BPEMEHH B pasHble CTOPOHEI,
OTHOCHUTEABHO [pPyTr ApPyra, HO KaKAbI M3 HUX [ABHXKETCsS B cBoe Bynymee. [lanHasa
KOHIIEIITUS UMEET aHAaAOTUH CcO cTpoeHreM Moaekyabl [JHK, koTopasa 6ynmeT paccMoTpeHa
naaee.
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Hraxk, mpu 3HaKOoMCTBe ¢ paboramu Ko3pipeBa, BO3HHKaeT HOBOe, boAaee IIpoCcToe, U
BMeCTe C TeM, 0Ooaee TAyOOKOe TIOHHMMaHHE peasbHoro wMupa. CoraacHo ero
IIPEeICTaBACHUSAM, aKTUBHbIE CBOHCTBa XoJa BPEMEHH MOTIYyT BHOCHUTH B Hall MUP
OpraHu3yIolllee Ha49aA0, TO €CTh, IIPOTUBOCTOSTH SHTPOMINH. [IoHMMasdg BOAHBI ITAOTHOCTH
BpeMeHH, KaK 3(PpUPOAUHAMHYECKHE IIPOIIeCChl, MOXKHO CKa3aTh, YTO KOHIEHTpalUd H
IIpeoOpa3oBaHUE «BOAH IIAOTHOCTH BpPEMEHH» OCYILIECTBASETCS BCEMH IKHUBBIMHU
OopraHu3MaMH, 3Be3ZlaMH U aTOMaMH B IIPOIIECCE CBOETO CYIIECTBOBAHUS.

«BpemMa U eCTh KHU3Hb, €CAM OCTaBUTh B CTOPOHE €€ COAEpXKaHHE», KaK CKas3aa
HeMelKHH ¢dusocod T'eopr 3ummenb. 2KH3HE BO3MOXKHA AHWIIL Oaarogaps TOMY, YTO
«IIOTOK BPEMEHMH», TO €CTb, CTPOEHHE Halllero IIPOCTPaAHCTBA — BPEMEHH CIIOCOOHO
IIEPEHOCHUTh JHEPTHI0 U HH(MOPMAIIUI0O M3 IIPOIIAOTO COCTOSHHA B Oyayliee.
OdupoarHaMHUYeCKHE IIPOLIECCHI — 3TO HE TOABKO JHEpPreTHKa 0e3 TOoIlAMBa M HOBBIE
OBUKUTEAH [IAS KOCMHYECKOro TpaHcroptra. MHOromMepHble IIPOIECCHI CIIOCOOHBI
IIEPEHOCHUTh MH(POPMAIIHIO O COCTOSSHHH M HaIllpaBA€CHHH Pa3BHUTHS 3A€MEHTOB MaTEPHH.
Ko3elpeB mucaa 1mo maHHOMy IoBony: «Mcrmoab3oBaHme xXoga BPEMEHH OAG ITOAYYEHHUS
paboThl ABASIETCS HHTEPECHBIM, HO HE€ TAABHBIM CA€ICTBHEM IIPHUYUHHOM MEXaHHUKH.
B03MOXKHOCTP BMEIIMBATBCA B CYILIECTBYIOIIHE IPHUYMHHO-CACACTBEHHbBIE OTHOIIEHUH
03HA4YaeT, YTO MOXKHO OBAQAETH TE€YEHHEM BPEMEHHU C TE€M, YTOObI yCHAMBATBH IIPOIIECCHI,
[EeHCTBYIOIIHE IIPOTUB BO3pacTaHUd SHTPOIINH, TO €CTh , IIPOIIECCHI JKHU3HH... 0OHAPYKUTH
U U3Yy4YUTh NPUYIUHY XKU3HU BceaeHHOM.

3akaHYMBagd OJAaHHYIO T'AaBY, MOXKHO TaK¥Ke OTMETUTH, 94TO B 1958 roxy, BepBLIE B
mupe, Ko3pIipeB 0OHapyKHUA «BYAKAQHHYECKYIO [OeSTEeAbHOCTR» Ha AyHe. B omHOM wu3
KpaTepoB, OH 3a(UKCHpPOBaA ra3oBBIM BBIOPOC, M CHAA €ro CIeKTporpammy. J[laHHoe
OTKpPBITHE IIPHU3HAAM He cpasy, HO B 1969 romy Komurer mo nmeaam oTkpwlTuii CCCP
npucyqua Ko3pipeBy «/IurnaoM o0 OTKPBITUM TEKTOHWYECKOH aKTHUBHOCTH /AyHBID».
CoBpeEMEHHBIE HCCAEOOBATEAW AKTHUBHOCTH AyHBI [OOIIyCKAIOT BO3MOXKHOCTB TOTO, YTO
dakTel, oOHapy:KeHHbIe KO3BIpeBBIM, OTHOCATCH HE K TEKTOHHYECKOH, a TEXHOINeHHOH
aKTHUBHOCTH Ha /\yHe.

OT0 aBAdeTcd HaydHbIM (DAKTOM, MU HE OTHOCHUTCA K pe3yAbTaTaM AdedaTEeABHOCTH
Hamlen nuBuAn3anuu. C JaHHOM TOYKH 3peHHs, 3adaBAeHUA Ko3pIpeBa O «ByAKAHUYECKOU
aKTHBHOCTH» Ha /AyHe ObIAM IIPEIBECTHHKOM KOHIEIIINHN UCKYCCMBEHHO CO30aHHOU «IIOAOH
AyHBD, KOTOpPas BIepBble Oblaa 03By4Ye€Ha POCCHHCKUMH yueHbIMH MuxaunaoM BacuHbIM u
Anekcangpom Illlepb6akoBbiM B 1968 roxay.

[asee, m3ydas pasAHYHbIE MaTEpPHAaAbl, KOTOPbIE HAHAYYIINM 00pa3oM MOTYT
oTpaxKaTh UAH 3KPAHHUPOBATh IOTOKHU «BOAH IIAOTHOCTH BpeMeHH», KO3bIpEB czieaan BBIBOL
O TOM, 4YTO IIOAMPOBAHHBIN AAIOMHUHHH (3€pKasa C aAlOMUHHEBBIM IIOKPBITUEM) SBAGETCH
ONTHUMAaABHBIM MaTepHasoM. MHTEpEeCHO OTMETHUTD, YTO AAHHBIN MeTaAA HE € IMHCTBEHHBIM
MaTepuaa, KOTOPBIH HMEET CMBICA IIPUMEHATH JIAS PaboThl C HATYPAABHBIMH 3(OUPHBIMU
IIPOAOABHBIMU BOAHaMH. [lea0 B TOM, YTO BOAHBI Pa3HOM [OJAMHBI HMMEIOT pPa3AUYHBIE
CBOMCTBA, ¥ KO3(P(PUIIMEHT OTPasKEHUS (AU ITOTAOILIEHHNS) 3aBUCHUT OT JAUHBI BOAHBI.

[To3xke, MBI PACCMOTPHM TEOPHIO U IKCIEPUMEHTHI AKaneMrKa BetHIK, B KOTOPBIX
IIOKAa3aHbl Pa3AWYUS XPOHAABHBIX CBOMCTB pa3HBIX BEIIECTB, YTO MOXKET OBITb
HCIIOAB30BAHO B IIPUKAQIHBIX IEASIX.

FeHeprpoBaHHE MOIIHBIX BOAH ITIAOTHOCTH 3(pHpa, B ILIEAIX CO3MaHUHA IBUKUTEAS
Al KOCMHYECKOTo TpaHCIopTa, TpebyeT IOHHMMaHHS CYyTH «HEOOpPaTHMBIX IIPOIIECCOB»,
IIPOHUCXOASAIINX B MaTepuu. B crarbe «O BO3MOXKHOCTH YMEHBIIIEHHS MacChl U BeEca TE€A
IIOZ BO3AEHCTBHEM AaKTHUBHBIX CBOHCTB BpeMeHH» [60], Ko3pIpeB mokasaa, 4YTO BEC TeA
YMEHBIIIaeTCs II0CAe HeoOpaTUMBIX aecopmalnii o6bekToB. Hampumep, B €ro ombpITax,
B3BEIIIMBAaAACh KOpPOOKa CO CTaABHBIMH IMIApHUKaMH, [0 M II0OCA€ MHOTOKPATHBIX
coTpsceHH. Bec KOpOOKH MEHSACS, XOTS 9TO HEBO3MOKHO, €CAH PACCMAaTPHUBATL KOPOOKY
C IIapHKaMH, KaK 3aMKHYTYIO (PH3HMYECKyI0 CHCTEMY, B paMKax HBIOTOHOBCKOH
MeXaHUKHU. B apyroMm ombeITe, BE€C MEAHOIO AHCTA 3HAYUTEABHO MEHSIACS IIOCAE €Tro
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necpopmanuii. 9 mpoBoAMA ONBITBI C AedopMalyiell AHCTOB PAa3AMYHOTO METaAAa,
IIPOBOAOKH, a TaKXKe AUCTOB OOBIYHOM Oymaru... Bec mocae nedopmarinm meHsgercs!

CaemyeT OTMETHUTD, YTO BEAHYHMHA H3MEHEHHS Beca, B JaHHBIX SKCIEPUMEHTaxX, He
ABASIETCS IIOCTOSTHHOM. M3MeHeHme MaKCHMaAbHO cpasy Iocae medopMariuii, 3aTeM, Bec
IIOCTEIIEHHO BO3BpalllaeTcs K Ha4YaAbHOM BeAWYMWHE, HO HEKOoTopas pas3HHUIla Beca
OCTaeTcs.

B yeM mpuYHHBI JAHHBIX IBA€HUN? [Iagd oTBeTa, Ipeasarar pacCMOTPETH TEOPHIO
IO.T". Beaocroiikoro.

'paBuTanyg U ynpyrue HallpsKeHUs

Hauboaee mompobHO, maHHas TeMma packpbiTa B paborax HO.I'. Beaocrtoikoro,
Caukr — IleTepOypr. MbI ObIAM C HUM 3HAKOMBI 110 KOH(EPEHIUAM, U S IPOBOIAUA P
3KCIIEPUMEHTOB I10 ero MeToAuKe B 1996 — 1998 romax. BeaocTolikuii mucaa B KHUre «4ro
Takoe BpeMda?» [61] caemyroree: «[Ipupoma mocTpoeHa TakK, YTO U3MEHEHHe KaKoi-Aub6o
BEAWYUHBI IIOPOXKIAET HOBYIO (PHU3HYECKYI0 BEAWYHUHY. Tak, H3MEHEHHE CKOPOCTHU
IIOPOKOaeT YCKOPEHWE, M3MEHEHHE HAaIpPIKEHHOCTH OAEKTPHUYECKOTO IIOAST  —
SAEKTPOMAarHUTHOE IMoAe U T.II. [Ipupoma Kak Obl KOMIIEHCHPYET H3MEHEHHE OJIHOTO
rmapaMeTpa I[IOSBAEHHEM [JpPYroro... 9ta 0COOEHHOCTH IIOBEAEHHE B3aUMOCBSI3aHHBIX
pPEeaABHBIX IIPOLIECCOB Ha3BaHA «IPHUHIIUIIOM KOMIIEHCAIIUW». VMcxoasd w3 OaHHOTO
«IPUHIIUIIA KOMIIEHCAIIuN», BEAOCTOIKHH eAaaeT BBIBOABI O TOM, 4TO «['paBUTaiusa Bceraa
IIPUBOAUT K YIIPYTUM AedopMalusaM, U, CAELOBATEABHO, K YIPYTUM HAIMPSIKEHHUIM...
Yropyrve HaIpsKEHUS B TeAe 00s3aTEeAbBHO IIPUBOAST K IIOSIBAEHHUIO BOKPYT HETO
JOTIOAHUTEABHOTO T'PABUIIOAS». [IpYyTHMU CAOBaMH, «TPABHUIIOAE — 3TO YIIPYTrO UCKa’KeHHBIH
acdup» [61, cTp.47].

BameuyaTeabHbIH BeIBOA! OcobeHHO, yIHUTHIBas YIIPyTrHe cBoHCTBa 3(pHUPHOH cpensl
M Takoe MpPeAroAaraeMoe KadeCcTBO, KaK €€ HepaspelBHOCTh. OTcroma, cosnaBad
YBEAHUYEHHE IOTEHIIMAABHOM 3HEPILHUU B YIIPYIOM MaTEPHAABHOM TEA€, IIyTEM €ro CKaTud
HAU PaCTIXKEHUS, MBI CO3a€M COOTBETCTBYIOIIEE€ YBEAUYEHHE IIOTE€HIIMAABHON 3HEPruH
oKpyxarouleHd cpenpl. [Ipy 5ToM He mMeeT 3HadYeHHE TUN AedopMalldHd, TaK KakK cpena
6e3 nedpopmanyiu obramaeT MEHBIINM KOAMYECTBOM IIOTEHIIMAABHOM SHEPTHH, YEM cpela
B CXKaTOM HAH PaCTSHYTOM CcOCTOSTHHMH. O4eBHIHO, 4YTO IepeMeHHble AedopMallli TeAd
Cco3naayT BOAHBI B cpene. MexaHuU3M rpaBUTalldH, 10 BeAOCTOLIKOMY, O4Y€HBb IIPOCTOM:
IPaBUTAIIMOHHOE II0A€ IIAQHETBl AeOPMUpPYET TeAO, co3aaBadgd B HEM VIIpyrue
HaIps>KeHUsd. OTO IPHUBOAUT K ITOSBACHHIO JOIIOAHHTEABHOI'O COOCTBEHHOTO I'DaBHIIOAS],
KOTOPOE HAaIIPaBACHO B CTOPOHY OT HAaHETHI. Iload maaHeTbl M Teaa CYMMHDPYIOTCH, U
f6oaee TIAOTHAs cpea BBITAAKHMBAET TE€AO B CTOPOHY IIAAHETHI, Tyda, TZe cpeda MeHee
IIAOTHAad, KakK IIoKa3aHo Ha Puc. 113. B naHHOM caydae, Co3aaeTcd IIPUTAXKEHUE B LICHTPY
IIAQHETBI.

Puc. 113. O6bpsacHeHHE IPaBUTALIMH B TeOPHUH BeaocTorkoro.

B kounenium bBeaocTollKOoro, ABHXKEHHE B IIPOCTPAHCTBE, IA€ HET BHEIIIHETO
IPABHUIIOASI, MOXKeT OBITH CO3HaHO IIyTeM (POPMHPOBAHUS BOKPYL JABHUIKHUTEASd
COOCTBEHHOTO TPAAHMEHTHOrO TrpaBuriond, Puc. 114, myreM ero BHYTPEHHHX YIIPYTHX
nedopMaIiii.
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Puc. 114. [IBUXUTEAb, UMEIOIIUH COOCTBEHHOE TPaAUEHTHOE TPABHUIIOAE.

B cBsg3m ¢ 3TUM, HAIOMHIO, YTO IIpU paccMmoTpeHun 3ddekra Buddesvna -
Bpayna, Ob1A0 creaaHO IIPEAIIOAOKEHUE O TOM, UTO MAaHHBIH 3p(eKT cBA3aH C yIPYTUMHU
necpopManusMy, cO3aBaeMbIMH B KOHIEHCATOPE IIPHU IIPHAOKEHUS K [JUIAEKTPUKY
SAEKTPOCTATHYECKUX CHA. [edpopMaliuy AUIAEKTPHUKa €CTb B AIOOOM KOHIAEHCaTope, HO
OBUIKYIIAs CHAA CO3AeTCs IIPU HAAWYHUH IpaJHeHTa YIIPYTUX HaIpPsaXKEeHUH, TO eCTb, IIPH
2padueHmHoll Oegpopmayuul.

[To Teopum Beaocroukoro, 1mno3Boaio cebe crmeaaTb  HeOOABIIIOE 3aMedYaHHE:
rpaBUTAllNd OEeHCTBYeT Ha BCE TeAd, HO He BCE TeAd MOKHO CYHTATh YIPYTrUMH. [laHHad
KOHIENIHUS MOOAYKHA pPacCMaTpHUBaThCs Ha aTOMHOM YPOBHE, I/le YIIPYTOCTh aTOMHBIX
CBdA3eYd dBAsIeTCHA OOIIMM SIBAEHHEM [OAS BCEX THUIIOB MaTepuu. TakuMm ob6pasoMm, pedb
[OOAXKHA UATH He 00 yIpyrux aedpopManusax Teaa B IIEAOM, HO O AedpopMalluu YIIPYTUX
CcBs3ell aTOMOB B BeILIECTBE TeAd, KOTOPOE HaXOAUTCH B 00AaCTH OeHCTBUS BHEILIHETO
I'PaBHUIIOASI.

HHTEpEeCHO OTMETHTH, 4TO paboThl Hukonas KosbipeBa 110 akKTHUBHBIM CBOMCTBam
Bpe€MEHH HMEIOT MHOTO OOIlero c KOHIleniuer BeAaoCcTOIKOro HMMEHHO B acIleKTe
H3ydeHUs VIPYroCTHU BellecTBa. B momoaHeHHEe K JaHHOM aHAAOTHMHM, MOXKHO IIPHBECTU
HIeH AIIOHCKHX aBTOPOB O «MalllMHE BPEMEHH», KOTOpasd HCIOAB3YET «PE3NHOBBIH MOTODY,
TaK CKa3aTh, TO €CTb, YIpyroe pabodee TeAO, KOTOPOE MNEPHUOAUYECKU aehOpMHUPYeETCH,
co3zmaBasd TakKUM O0pa3oM H3MEHEHHS CBOHCTB OKPYZKAIOIIEro IIPOCTPAHCTBA-BPEMEHH.
[Teproanyeckue U3MEHEHUsI, KaK U AIOOOH OCIIMAASTOP, CO3OAIOT BOAHY B OKPY3KaOIIEM
IIPOCTPAHCTBE-BPEMEHHU.

Hrak, mpuHHEMas BO BHHMaHHE KOHIENIIUIO BeAOCTOIIKOTO, MOXKHO OOBSICHHUTH
M3MEeHEHHUs Beca KOPOOKH C IIapuKaM{ U T.II., IPH YIPyrod nedopMallly TeA, a TaKKe
CKOHCTPYHUPOBATh ABUXKHUTEAU T'PABHUTAIIMOHHOIO THNA. [IBUKUTEAH NAHHOIO THUIIA MOTYT
HCIIOAB30BaThb Yynpyaue HanpsikeHusi 8 pabouem mesie, KOTOPble CO3[AIOTCH IIyTeM
IIPUAOKEHHUS EeHTPOOEIKHBIX CHA K POTOPY CIIEIIMaAbHON (pOPMBI, HAH APYTUM CIIOCOOOM.
V3 nHamboaee pacCIIpOCTPaHEHHBIX METOMOB, MOXKHO OTMETHTH OSAEKTPOCTPHUKIIUIO U
MarHUTOCTPUKIINIO.

Ha Puc. 115 nokaszaHa cxeMma 3KCIIepHUMeHTa BeAocTOIKOro 0 reHepHupOBaHUIO
IIEHTPOCTPEMHUTEABHOTO T'PaBHUIIOASI, (POPMHPYEeMOro dYeTbIpbMst [° — oOpa3HBIMHU
H3AyYaTEeASI MU, KOTOPbIE YIIPYTO AePOPMUPYIOTCH B IIPOIIECCE BPAIlleHUS.

(O]
q-) Ynpyrue 3neMeHTsbl

Puc. 115. dopmMupoBaHUe IpaBUIIOAT B [IEHTPAABHOH YaCTH.
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B 1uenTpe maHHOM KOHCTPYKLIMH, BeAoCTOLKHI IIOMeIaA TpaBUMETPUYECKHUH OaTYUK,
u3Mepdsd IoAydaeMbId ITpu BpalueHuu 3pdekt. OH OTMETHA, YTO  OOIIOAHUTEABHOE TIPaBUIIOAE
co3nmaercd Hauboaee MHTEHCHBHO B II€pPHO pasroHa poropa. B pexmMme IOCTOIHHON CKOPOCTH
BparleHus, 3p@eKT ecTb, HO HaMHOro caabee. OTOT PaKT FrOBOPUT O HAANYUH 3P PeKTa HHAYKIINHU,
AHAAOTUYHOIO 3AEKTPOMATHHUTHOM WHAYKIIMH: H3MEHEHHEe COCTOSHHUSA 3¢Hpa BHYTPH BellecTBa
CO31aeT OSKBHUBAaACHTHOE KOMIIEHCAIIMOHHOE H3MEHeHHe J3dupa BOKpPYr o00AaCTH YIPyro#
mecdpopmanmu  BelectBa. AHAAOTHYHO, BO BpeMs UH3MeHeHHd (Pa30BOTO0 COCTOSHUS
BEIIIECTBA, CO34a€ETCA SCbeeKT I_HHypepa, «BOAHA ITAOTHOCTH BPEMEHH» KO3BIpeBa " T.II.
IIPOLIECCHI U3MEHEHHUS COCTOSHUS 3pUpHOH cpeapl. CAenoBaTEeABHO, UMIIYABCHBIH PEXRUM
Ooaree TIEPCIIEKTUBEH [MAsd pPaboThl T'paBUTAIIMOHHBIX [IBHXKHUTEAEH U TEHEPATOPOB
IPOMIOABHBIX BOAHBI B 3PUPHOH Cpejie.

B akcnepumenTe Puc. 115, [OOIIOAHUTEABHOE T'PAaBUIIOAE CHMMETPHUYIHO
OTHOCHTEABHO OCH. I'paguieHTa oA BOAB OCH BpAllleHHUd HET, II03TOMY ABHKYIIEH CHABI
B/IOAb OCH BpallleHUd, B MAaHHOM KOHCTPYKIMU HeT. [Iad popMHpOBaHUSA OCEBOH CHABI
TATHU, HOpenaararo dopabomames cxemy BeaocToIKOrO M creaaTh HaAKAOHHBIE YIIpyTHe
3A€MEeHTBI, KaK IToKa3aHo Ha Puc. 116.

AE®OPMALIUA NMPU BPALLEHUU POTOPA

Puc. 116. [IBUKUTEAD C YIPYTHMH SA€MEHTAMHU, B COCTOSHUU BpAalllCHUS.

[Ipu BpaleHUM, AaHHBIE VIIPYTHE SAEMEHThI OyayT aeopMUPOBATBHCH TaKUM
o06pa3oM, YTO [OAKHO CO31aBaThCHd TI'PaAHEHTHOE COOCTBEHHOE TI'PaBHUIIOAE, HMeEIOoIllee
rpagueHT BIOOAb OCH poTopa. [IAs TakKoH CXeMbl, CYIIIeCTBYeT oceBas KOMIIOHEHTa
rpaueHTa T'PaBHUIIOAS, M BO3MOXKHO IIOAyYEHHE OCeBOH [ABHXKyIIed cuabl. Kcraru,
HECAOXKHAasl Cxema, IIoKazaHHasd Ha Puc. 117, npexacraBaser co0of HM3BECTHYIO
KOHIIEIITUIO CaMOPAaCKpPYy4YHBAIOIlerocss reHepaTopa dSHepruu. CoraacHo OgaHHOHU
KOHIIEMIUH, KPYTAIIMY MOMEHT MOXKET OBITh YBEAHMYEH 3a CUeT CO3aHUd COOCTBEHHOTO
TPaBUIIOASI, KOTOPOE€ BO3HHKAeT IIPU Yynpyzoli Oedopmayuu 31emMeHmo8 pomopa.
HeobxommMo mpaBHABHO BhIOpATh HAIIPABACHHE BPAIIICHHUS.

Puc. 117. Cxema poTopa C yOIPYyTUMH SA€MEHTaMHU.

Panee, MBI pacCMOTpeAW TI'pPaBHUMarHUTHOE II0A€, YHEPTHUI KOTOPOrO HMEET BH
KHHETHYECKON 3HEepPryuM, IUPKYAUPYIOUIEH B IIPOCTPaHCTBE B (PopMe II0OTOKA SHEPTHHU.
[Ipu ABMIKEHUU IIOTOKA CpeAbl, KaK U B adpOoAHMHaAMUKeE, BO3MOXKHO CO3[laHHE IpagueHTa
OaBAE€HUA CpeOpbl, IIOCKOABKY IIPH YBEAHMYEHHH [OUHAMHUYECKOTO MOaBAE€HHd IIOTOKa
YMEHBIIAETCS CTAaTUYECKOe [OJaBA€HHE Ccpenpl Ha Teao. MOXKHO cKasaTbk, YTO 3TO
KOCBEHHBIN METO/ ITOAYYEHHUS I'PafleHTa JaBACHHSI OKpPYzKalollei cpesbl Ha TEAO.
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HNnen BeAoCTOIIKOrO OTHOCSTCS K IIPSIMBIM CIIOCOOAM H3MEHEHHS CTaTHYECKOTO
naBaeHUd cpenbl. [loTeHIMasbHas SHEPrud TPaABUIIOAS, M JaBACHHE CpPeAbl Ha TEAO,
MEHLIOTCS, IIPU CO3JaHUM YIPYIUX MEXaHUYECKUX HaIIPAdKEHUH B TeA€, TaK KakK OHHU
KOMIIEHCHUPYIOTCH M3MEHEHUSMH HalpPsiXKeHUH B yHPYyroidl okpyzxkarulel 3pupHOU cpee.
I[Ipu sTOM cCo3maeTcsd, TakK CKas3aTbh, AOIIOAHHUTEABHOE IIOTEHIIMAABHOE I'PaBHUTAIIMOHHOE
IIOAE€, aHAAOT IACKTPHYECKOTO IOAS BOKPYT JACKTPHYECKH HEHTpaabHOro teaa. OTcroma
BO3HHUKAET BBIBOZ O IIPUPOAE IAEKTPHUYECKOTO II0Ad, KaK OIHOM u3 QopMm yIpyroi
nedopmanuu apupHOH cpenbl. He cayuatino, Tecaa u npyrvue KaacCHUKHU, pacCMaTpUBaAU
9AEKTPHUYECKOE II0A€, KaK «stress» - «crpecc» 3UPHOM cpenpl, a (OPMyAbl [OAd
3AEKTPOCTATHYECKHX U I'PABUTALIMOHHBIX CHA OY€Hb ITOXOXKH.

Bpaiienune (neHTpobOeskHasi CHAa) He IBAFETCHS €IMHCTBEHHBIM METO/OM CO3IaHUs
yupyrux aecdpopmanuii. Jagd UMIyABCHOTO pexkuMa yaobHee ITPUMEHATh AeKTPUYEeCKUe U
MarHUTHbIE B3aUMOAEHCTBUA.

[anee, B TeOpUH HSHEPTETHUKU 3Be3l, beaoctonkwuit coraaceH ¢ Ko3pIlpeBbIM, U
moaaraeT, 4To CoAHIIE He IBAdETCS TepModaepHBIM peakTopoM. Teopus BeaocToiikoro
3BYYUT OUE€HEb II0XO0XKE Ha KO3bIPEBCKYIO TEOPHIO, U OIIHpPAETCd Ha IIPEeNIIOAOKEHHE O TOM,
4TO B CHCTEMeE 3Be3Ibl U €€ IAaHEeT CYIIECTBYeT ABa COaAaHCUPOBAHHBIX IOTOKA 3HEPTHUU:
HEHTPOCTPEMUTEABHOE TPABUTAIIMOHHOE H3AyYE€HHE HAIIPAaBAEHO OT IIAAHET K IIEHTPY
coaHeyHOM cucreMbl, a or CoaAHIIa BO BCE CTOPOHBEI HAET IIOTOK TEIIAOBOTO
3AEKTPOMAarHUTHOTO U3AYUEHUS.

[pyruMu caoBaMH, T'PaBUTOHBI, (POPMUPYEMBbIE ABUKEHHEM IIAQHET, ABUKYTCS K
CoaHnliry, a CoaHIle H3AyYaeT TeIAOBble (POTOHBI. BrpodeMm, KakK MBI yxKe O00CYyKIaAH,
OTAWYME TPaBUTOHOB OT (POTOHOB  3aKAIOYAeTCd  TOABKO B  IlapaMeTrpax
3(pUPOANHAMHYECKOT0 IIPoIlecca, II03TOMY BO3MOKHBI UX B3aUMHbIE IIpeobpa3oBaHUL.

BeaocTokuii moHUMAaeT «BpeMsl», KaK «IIPOIIECC IIpeBpalleHHUd BEIIeCTBa B II0A€», H
OTMEYaeT, YTO pa3Hble MAAHETHI MOOAXKHBI HMEThb pPas3HyI0 CKOPOCTh XOOa BpPEMEHH,
IIOCKOABKY OHa 3aBHCHUT OT Macchl IaaHeThl. Hampumep, Ha BeHepe Temn TedeHHd
BpeMEHHU [OOAXKEH ObITh MeHbIlle, a Ha Mapce - 0oabpire, yem Ha 3eMmae. ITH
IIPEIIOAOKEHHNS YK€ HalllAMl CBO€ IOATBEPXKIAEHHE, TaK KaK HCCAE€IOBATEAbCKUE
KOCMHYECKHe anmnaparbl Ha DBeHepe BbIJaBaAH TEAEMETPHYECKYI0 HHGOPMAIIHIO B
3aMeIA€HHOM TeMIle, a Ha Mapce oOOHApPy:Ke€H YCKOPEHHBIH TeMII IIPOTEKaHHUSd
XUMHUYECKUX peaknuii. [lo3zke Mbl paccMOTpUM 3(p(EKThI «IeTBIPEXMEPHOTO PEe30HAaHCAy,
M pacyeThbl, IIOATBEPKIAAIOIIHE 3aBHUCHMOCTL IIapaMeTPOB OAEMEHTApPHBIX YaCTHIL
BEILIECTBA OT Pa3MEpPOB (MaCChI) ITAQHETHI.

[To moBomy oOpaTHMOCTH BpeMEHH, BeAOCTOIKHII OIpemeArA «eCTEeCTBEHHBIM»
HallpaBACHHUEM XOJa BPEMEHMU IIPOLIECC «IIPEBPAICHUSA BEILECTBA B II0AE€», HAH, APYTHUMHU
CAOBaMH, OHSHTponuiiHble mporecchl. [lo KospipeBy, B TakKuxX Ipolleccax «BpeMd
n3aydaercs». COOTBETCTBEHHO, IIPOIIECC IIPEBPAIIEHHS «II0AS B BEIIECTBO» €CTh 00paTHOE
HallpaBA€HHE Te4YeHHs BPEMEHH, TO €CTb, aHTHIHTPONUNHEBIH mporecc. B obmiem, 3Tot
II0AX0/, IIOAHOCTBIO COOTBETCTBYET OBITOBOMY IIOHHMAHHIO IIPOIECCOB: CTApPEHHE — 3TO
OOBIYHBIF XOZ BPEMEHH, SHTPOIIUHHBIA IIPOIIECC, 4 OMOAOXKEHHE U AHTHIHTPOIIHUIHBIE
IIPOIIECCHI — 3TO «IIOBOPOT BPEMEHHU BCIISITE». 3aMETBHTE, BCE 3TH PaCCYKIECHUS KacaloTcd
ITPOLIECCOB B MaTepPHH, a He abCTPaKTHOTO IIPOCTPAHCTBA U BPEMEHH.

Her Hu mpocTpaHCTBa, HH BPEMEHH, €CAU HET B PACCMOTPEHUU MaTepPHAABHOTO
obwvekTa. KoO3bIpeB TOBOpHA [0 [OAaHHOMY TIIOBOAY CcAefdyrolnee: «Bpems HeAb3s
paccMaTpuBaTh OTOpPBaHO OT Matrepum» [34, crp. 290]. Iloatomy, paccMaTpUBaTh
ImapaMeTpbl BPEMEHH HMECET CMBICA TOABKO B CB4d3M C KOHKPETHBIM IIPOIIECCOM
CYLIECTBOBAHUS YacTUIbl MaTepuu. JlaHHBIH IIPOLIECC CYIIECTBOBAHUS  HMEET
OIIPEeNEAEHHYIO CKOPOCTb, KOTOPasd, KaK IIPeaIIoAaraeTcs, 3aBUCHUT OT ITAOTHOCTH 3HEPrHUHU
OKPY2KAaloIlIel Cpenpl.
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[ass Hac, rao0aABHBIM IIPOIIECCOM CYIIECTBOBAaHHS BEIlECTBA SBASETCS Hallla
crinpasbHaa lanakTyka, ee marepud. OTcioga, BO3HHKAET IIPEAIIOAOXKEHHE O TOM, 4UTO
ecmecmeeHHbLU NPoyecc YmeHbueHUst NI0MHOCMU 3pUPHOTU Cpedbl, KOTOPBIH ITPOUCXOIUT
IIPU pacKpyduBaHUU conupasn [asrakTuku Maeuseri [IlyTs u ecTb Hallle OOBIYHOE
HallpaBA€HHE X0[a BPEMEHH «B OyayIiee».

[To aHarorHMH C a3POAMHAMHUKON U T'MAPOAMHAMUKON, MBI MOXKeM CHOPMYAUPOBATH
BOIIPOC O IIAOTHOCTH SHEPTHH 3(PUPHOI Cpenbl, U PaCKpPBLITH €ro B IIOAPOOHOCTIX: HAWTHU
TeMIeparypy a¢dHupa B OKOAO3EMHOM ITPOCTPAHCTBE, IIOAHOE NaBA€HHE (CTaTHYeCKHE U
AUHaMu4decKoe) 3(pHPHOTO IIOTOKA, IIOTEHITHAABHYIO SHEPTHS CKATOI'0 HAH PA3PSIKEHHOIO
3chupa, €ro MAOTHOCTb... BO3HHKaeT MHOXKECTBO HAEH O TEXHHYECKHX pPELIeHUSX,
OCHOBAHHBIX Ha IIPHHIIUIAX SA€KTPOIWHAMUKH, ITO03BOALIONINX CO30aBaTh 3(PUPHYIO
cpeny C 3aJaHHBIMH XapaKTePUCTUKaAMU.

PaccmoTpuM HeKOTOpble OCOOEHHOCTH (QOPMUPOBAHUSA IIPOJAOABHBIX BOAH B
YIOpPYyTro# cpene, KOTOpble MOTYT OTKPBITH HaM IIEPCIIEKTHBBI UX IMPAKTHUYECKU ITOA€3HOTO
IIPUMEHEHUS B TEXHUKE ITepeMEIIeHHs B IIPOCTPAHCTBE U BPEMEHHU.

CTpykTypa npoaoABHBIX BOAH

CoOCTBEHHO, TIPOMOABHBIE BOAHBI CO3MaeT AIOOOH KoAeOaTEeABLHBIH ITPOIIECC:
TETIAOBBIE BHOpAIIMH aTOMOB, U3MEHEHUE [TAOTHOCTH SAEKTPUYIECKOTO TOKA B ITPOBOIHUKE,
U [ake AOOOM TIIpollecC H3MEHEHHs IIAOTHOCTH BEIEeCTBa (IIAOTHOCTH JSHEPTUH).
Hampumep, nepuoguyeckoe M3MeHEHHEe 00beMa €MKOCTH, HAIIOAHEHHOM ra3oMm, Co3IaeT
H3MEHEHHE IIAOTHOCTU Ta30BOH cpenbl BHYTPU OAaHHOM €MKOCTH, U COOTBETCTBYIOIIYIO
IIPOAOABHYIO BOAHY IIAOTHOCTHU 3pupa. KakuMm o0paz3oM MBI MOXKEM IIOAYYUTH ABHUXKYIITYIO
CHAY, 3a CUeT HCIIOAB30BaHUdg TaKUX IIPOIIECCOB?

OueBHUIHO, YTO OOBIYHBIE CHHYCOHUIAaABHBIE KOoAeOaTeAbHBIE IIPOLIECCHI HE CO3Al0OT
CYMMapHOTO CMeELIeHUs 3(PUPHOH Cpenbl, TaK KaK HMIIYALC (IIPOM3BEIEeHHE MacChl U
CKOPOCTH), IiepeaBacMblii BOAHOM cpefie BIepea U Ha3and OydeT paBeH, a UHTEeTPAABHbBIH
UMITyABC paBeH HyAlo. [IpemaaraeTcsi cAeayrollee pelIeHHe: II0 aHaAOTHUH C MEeTOA0M
CO3JaHUS AaCHUMMETPHUU HMIIyAbCA [OAS WHEPIMOUIOB, IIoKaszaHHoro Ha Puc. 107,
KpYymusHa ¢GppoHma npooosbHOU B0SHbL 3PUPHOU cpedbl O00JKHA OMAUUAMBCS. Om
KpymusHslL cnada OAHHOU 80THbL.

Hanpumep, poHT BOAHBI MOXKeT OBITH KpPyTO#, a cran — IAaBHBIE. B Takom
cAydae, UMIIYABC, IIEpeaBaeMblii OKpyzKalolleHd cpene IpU ABHUKEHHH BOAHBI BIIEPE[,
OymeT OoAbIlle, YeEM HMIIYABC, IIEpeaBaeMbIii BOAHOHM cpeae IpH ee ABUXKEHUU Has3axd. B
pe3yabTaTe, BOAHA TOAKAET CPeAy B CTOPOHY OT UCTOYHHKA BOAHBI. Bo3mozkHa u
obpaTHas cuTyallus, KorJa (PPOHT IIPOJAOABHOH BOAHBI IIA@BHBIM, TO €CTh HapacTaeTr
MEeIAEHHO, a CIia[, BOAHBI KpyTol. Takas BoAHA «TSHET» Cpeay Hasaml, K HCTOYHUKY BOAHBI.

BapuaHTbl TIPOZOABHBIX BOAH, KakK YepPeayIoUIUXCs o0aacTedl cxKaTud U
pa3paKeHHUs Cpenbl, YCAOBHO ITOKa3aHbI Ha Puc. 118.

1 1 N 1]
i cwveonna

B | KPYTOW ®POHT

H KPYTOW CMNAL

Puc. 118. CuHycoumasbHasa IPogOAbHAd BOAHA, «TOAKAIOIIAS» U «TIHYyIIasd» BOAHA.
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CaeBa — oOBIYHAA CHHYCOHJAaABHAS BOAHA, aHAAOT 3BYKOBBIX BHOpaluii B Bo3ayxe. CripaBa
— BapHaHTHI C «KPYTHIM (PPOHTOM» U «KPYTBHIM crazom». [JaHHBIA METOL II03BOALET CO34aTh B
Ar000# cpenme, B TOM YHCAE, B 3(PHUPHOH cpene, MOTOK OMHOTO IIPEHUMYIIECTBEHHOIO
HAIIPpaBA€HHUS, OM UCMOUHUKA UAU K UCMOUHUKY 60/HbL. [asd pa3paboTKu ABUKUTEAEH,
KOTOpBbIE HCIOAB3YIOT 3(PHPOOOMEHHBIE IIPOIIECChl, TAKOM MeTOJ MOKeT OKa3aThCsd
IIOA€3HBIM. B ApyromM IIpHAOKEHHUH, KaK Memo0 KOHUEHMpPAuuu UAU paccpedomoueHust
agpupa, ez20 «Hakaukw UAU «paspsikeHusy, MAaHHBIA CIIOCOO0 aCHMMETPHH CKOPOCTH
IIpollecca II03BOAUT CO3/1aBaTh OOAACTH YBEAWYEHHOH WAM YMEHBIIIEHHOM IAOTHOCTHU

acupa.

[TpUHIIUIT aCHMMETPHUYHOIO IIHKAA OOBEMHOTO CKATHS — PAaCIIHpPeHHUd pabdodero
Teaa «3(pUPHOr0 Hacoca» TaK¥Ke aHaAOTHYeH paboTe HMHepIMouaa, IToKasaHHOro Ha Puc.
107. CyTph AaHHOIrO IIPUHIUIIA B TOM, YTO UMIIYABC, ITepefaBaeMbId cheprudecKo BOAHOM
OKpY3KaIolled cpezie IIPU pacIIUpPeHUU pabdodero Teaa, MOKET ObITh HE paBEH HMIIYABCY,
riepegaBaeMoi BOAHOM Cpelle IIPH CKATHH pabodero Teaa, UAM HaoOOpoT. [JaHHBIH METO
IIpegaaraeTcss AT Pa3BUTHS TEXHOAOTUH 3(pHPOOOMEHHBIX ABHKUTEAEH HOBOTO THIIA. MBI
YK€ OTMe€YaAHu, B HadaAe NAHHOM KHUTH, YTO KPOME€ PEaKTUBHBIX, €CTb TaKHE METO/bI
CO3[aHUS ABUIKYIIEH CHABI, KOTOphble paboTaroT 3a cueT Iepernaja JaBA€HUS Cpenbl Ha
ABUKUTEAb. IMEHHO 3TOT 9(peKT U CO3aeTCHd, B cAydae popmuposarust obracmu sgpupa
NOBbLILUEHHO20 UNMU NOHUXKEeHH020 oOasnieHusl. [IpuMeHeHHe TaKuX [OBUXHUTEAeH HMeeT
AHAAOTHH C OOBIYHBIM BO3AYXOIIAABAaHHWEM, HO BBIXOAUT 34 PaMKH MIPOCTPAHCTBEHHBIX
M3MEPEeHHH, 4T0 OyIeT paCCMOTPEHO B FAaBe 0 KOHCTPYUPOBAHUH «MAaIlIMH BPEMEHM).

Eme ogyH KOMMEHTApHH II0 IOBOAY KO3BIPEBCKOI'O IOHSTHS O CKOPOCTHU Xoza
BpEMEHH, KaK «IICEBIOCKaAdpa», UMEIOIIETO CMBICA AMHEHHOH CKOPOCTH IIOBOPOTA. OTOT
rmapaMeTp BaiKeH, IIOCKOABKY OH OTpaikaeT PEeaAbHYI0 CHTYalllI0 B MHpPE, a HMEHHO,
[BUXKEHUe Hallled ITAaHeTbl B IIOTOKe adupa. TeM He MeHee, MHe IIpeacTaBAsieTcs Ooaee
KOPPEKTHBIM BBOJUTH IIOHATHE O CKOPOCTH XOJa BpPEMEHH, KaK memna npouecca
cywecmsosaHust mamepuu, orupasch Ha TaKOe CBOMCTBO IIPOCTPAHCTBAa, KaK IIAOTHOCTH
SHEPrUH B IPOCTPAHCTBE. YBEAWYEHNE WA YMEHBIIIEHHE IAOTHOCTH 3(pHpa, U ero Apyrue
du3mUecKre XapaKTepHUCTHKH, B YaCTHOCTH, TeMIleparypa W OaBA€HHE, CO34Aal0T HOBBIE
YCAOBHS CYLIECTBOBAaHUSA BUXPEBBIX IIPOIIECCOB, (DOPMHUPYIONINX YACTHUIIBI MaTEPHH.

Kpome Toro, mpearoaaraeTcsd, UYTO CKOPOCTb XOJa BpPEMEHH B KaKOM-TO
KOHKPETHOM IIPOIIECCE CYIIECTBOBAHUS YaCTHI[ MaTEepHH, MOXKET HMETh TOABKO
OUCKPETHbIE 3HAYEHWs, M MaTepHUs MOXKET CYIIECTBOBATb TOABKO Ha OIIPEAEACHHBIX
YPOBHSIX SHEPreTHKHU. VIMEHHO 3T0 u3y4yaeT KBaHTOBas (PU3UKA, pacCMaTpuBas YPOBHU
9HEPTHUH aToMa, OPOUTBHI SAEKTPOHOB U T.II. [lepexoa 4acTHIl BelllecTBa C OJHOTO YPOBHS
CyLIECTBOBaHUS Ha [OPYrod ypoBEeHb MPOHCXOAWUT MTHOBEHHO, CKa4KOM, U
COIIPOBOXKAAETCH  M3AY4YEHHMEM  HMAM  IIOTAOLIEHHEM  KBaHTa  SHEPrUH  Cpenbl.
[Ipenmoararaercsgd, dYTO ¥ B MaKpPOMHpE, IIEPEXOAbl MEXKAY pPasHbIMH ypPOBHAMH
CYLIIECTBOBaHHS MAaTE€PHUAABHBIX OOBEKTOB, A  KOTOPBIX  U3MEHEeHblL  YCl08Ust
cyuwecmeosaHusl, UMIOT aHAAOTHYHYIO QUCKPETHYIO (KBAHTOBYIO) IIPUPOLY .

[lepeiinem K aHaau3dy pabotr A.M. BeHHHK, y4eHOTO, KOTOPBLIH BBEA IIOHSTHE O
XPOHaABHBIX CBOMCTBAaxX BEILECTBA.

XpoHOOUHAMUKA

OCHOBBI TEOpHH, a TakK¥XKe OJKCIepuMeHThI Aanbepra HMozedoBruuya BelHUK,
Beaopyccusi, omucaHbl B ero KHHTe «TepMoaMHaAMHKa peaAbHBIX IIpolieccoB» [62] u
«KoMmaekcHoOe oIrpeneAeHre XPOHOMHU3UYECKHUX CBOMCTB MarepuasoB» [63]. Bcero um
HanucaHo 23 KHuru, 6oaee 150 crarteil m moaydeHO 29 aBTOPCKHUX CBHUAETEABCTB Ha
n300peTeHus (IaTeHTOB).
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Puc. 119. Aasb6epT Beiinuk, 1960 roa.

A.U. Betinuk pommacs 3 okTsa0Opa 1919 roma, B 1944 rogy okoHYHA MOCKOBCKHIA
ABuarmonnsiéi Uactutyr. B 1947 roxy, oH 3aluTHA KaHAWOATCKYIO AUCCEPTAIIMIO II0
TeMe «HarpeB u oxaaxkaeHue TBepAbIX TeAa», B 1953 cTaa JOKTOPOM TE€XHHUYECKHX HayK, B
1956 moayuma 3BaHue YaeH-KoppecnoHAeHTa Axkazemmum Hayk DBeaopycckoit CCP.
Odurmanvueiii cait http://veinik.ru Mb1 y>Ke nmpuBoOMAU CXeMy ABUXKUTeAd BelHuKa,
KaK IIpHMEpP pas3BUTHA TEOPHUM U IIPaKTHUKH HHEPIMAABHBIX ABHKHTeAed. Cxema
3aMedaTeAbHasl II0 IIPOCTOTE peaAu3allld, HO HaM HAaMHOro 0oaee HHTEPECHBI €ro
9KCIIEPUMEHTHI B 00AACTH H3y4YeHHS TaK Ha3bIBA€MbIX XPOHAABHBIX 3(dekToB. B TOH
yacTu 9PUPOAMHAMHKH, KOTOpas paccMarpuBaeT 3(P@eKTbl HU3MEHEHHUS CKOPOCTHU
IIPOLIECCOB, VAOOHO HCHOAB30BATH TEPMHUHBI «XPOHOAHMHAMHKH», II0 AHAAOTHH C
TePMUHAMHU SA€KTPOANHAMUKHU.

Hayunem c Toro, uro BeMHUK BB€A MOHSATHE O XPOHA/NbLHOM S81EeHUU, KOTOPOoe
oIIpeieAsieT TEMII BcexX IpolieccoB. TepMHH «XpoHaa», 110 BelHUKy, ecTh BaxkHelIas
XapaKTEPUCTHKA AIOOOTO O0O0BEKTa, OpraHu3Ma HAU IIpeaMeTa, KoTopad II0J00HO
OaBACHHIO, TeMIIEpPATypPe HAH SACKTPHUECKOMY IIOTEHIIMAAy MOXKET OBITh H3MeHeHa
BHEIITHUM BO3AeWCTBHEM. YIOpaBAdsS XPOHAAOM OOBEKTa, €ro «HMHTEHCHUBHOCTBIO
CYILIIECTBOBaHHUS», 10 BeWHUKY, MOXKHO yHIPaBA4TH XOJOM PE€aAbHOIO BPEMEHH MAHHOTO
ob0bekTa. CTeneHb aKTUBHOCTH BELIECTBA XapaKTEePHU3yeTCs «MHTEHCHAaAaMM», HAIIPUMED,
KOAWYECTBOM [BHXKEHUS, TEMIIEPATYPOH, SACKTPHUYECKUM 3apdaloM HAHM MAarHUTHBIM
MOMEHTOM.

B manHOM Bompoce, HeAb3d 3a0bIBATh O TOM, YTO YaCTHIIbI BEIIECTBA CYIIIECTBYIOT B
aupHOU cpene, Kak ee HeoTaeanMasa JacThb. [loaToMy, U3MEHEHHE UX ITapaMeTpPOB BCETa
IIPOUCXOOUT 3a CUYET COOTBETCTBYIOIIMX M3MEHEHHH IIAOTHOCTH OSHEPTrUU OKpyzKarolleH
acupHOU cpenpl. UMEHHO 3TOT «MHAYKIIMOHHBIN» 3pPeKT JaeT HaM BO3MOXKHOCTb MEHATH
CBOMCTBa IPOCTPAHCTBA — BPEMEHH II0 CBOEMY YCMOTPEHHI0. MBI MoKeM paboTaTb C HUM
OIIOCPEIOBAHHO, TO €CTh, YEPE3 BEIIIECTBO.

[aaee, xpoHanbHoe seujecmso, Kak roaaraeT BeHHUK, HaZeAsdeT TEeAO CBOMCTBaMU
OAUTEABHOCTH IIPOIIECCOB U IIOPSAKa IIOCAEJOBATEABHOCTH. Teaa, B KOTOPBIX HET
XPOHAABHOTO BEILIECTBA, CYIIIECTBYIOT BHE BpeMEHH, KaK Obl «pa3Ma3aHo» 10 BpeMeHU. B
dpH3HKe, I3TO HAZBIBAIOT «HEOIIPEAEACHHOCTBION.

[TpoctpancTBo, y BeiiHuka, mpencraBasgeT coboii mempuueckoe sewecmeo. Teao,
KOTOpOEe He COZAEPKUT METPHUUECKOe BEIIECTBO, He UMeeT Pa3MepoB U MACCHI, «pa3Ma3aHOo»
II0 BCEMY IIPOCTPAHCTBY...
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CoOCTBEHHO, OSTH CTpPaHHbIE IIPEACTABACHHS BBI3BIBAAW HEIPHUATHE TEOPHU
BeliHnka y MHOTHMX Y4Y€HBIX MO Te€X IIOp, IIOKa HE CTaA0 SICHO, YTO KOPPEKTHPOBKAa
TEPMUHOAOTHH B paMKax 3(QUPOAWHAMHKU [OaeT HaM II0A€3Hble KOHCTPYKTHBHBIE
TEeXHUYECKHUE UOEH.

Pa3neasss ypoBHU MUpPO3JaHUS Ha pasAWYHbIE II0 «TOHKOCTH MaTepun», BeHHUK
HCIIOAB3YET JOAS OJHOI'O M3 COCTOSHUM 3pupa TepMUH «HapeH». OH mumeT: «YCAOBUMCH 00
0co0OOM HaMMEHOBAHUM [IAd IIpocTediiero MakposBaeHUs. OHO ObIAO Ha3BaHO IIApPEHOM.
[To AaTHHCKH, paren — poKAAaronuy, IIPOU3BOALIIMN Ha CBET, CO3AAIOIMM...» [62, cTp.71]

BelfHUK cuuTaeT, 4TO, IO CBOEH CyTH, ITapeH — 3TO «BEIIECTBO 0e3 MOBEAECHUS», €TO
Tak>Ke Ha3bIBAIOT «a0COAIOTHBIM BaKyyMoM». Baaromaps 5ToMy CBOMCTBY, €ro HEAB3S
H3MEPUTh, TAK KaK OH He AeHcTByeT Ha npubopbl. OOHapyzKeHHe IapeHa ITPOUCXOIUT
IIpU COOOIIEHWH €My KaKOTO-TO «IIOBEJEHHSd», TOIZa BEIIeCTBO IIPOSBAFETCS U3
HeHabAIOaeMOTOo COCTOsIHUS B Habatomaemoe. llurara: «IlapeH — Heucdepriaembli
HCTOYHUK BelIeCTBa», «abCOAIOTHO TBEPHOE TEAO», «HeaAbHad TeKydasd >XKHUIKOCTh 06e3
TpeHUsD», «dHeprueil He obAaaeT, HO ABAdETCS HeHCYepIlaeMbIM HUCTOYHHKOM BeIIeCTBa»
[62, cTp. 322 -323].

PaccmarpuBaetr BelfHUK U 00paTHBIM MpOIECC IIepeXxoa BeIlllecTBa M3 aKTHUBHOTO
COCTOSIHUS B HEHaOAIOZIaeMbBIH «IIapeH», C paclaioM BCeX CBA3€d MaTepHUH U pPaclazioM ee
YaCTHIL.

B obmieM, KoHIenIyg 3HaKoMasd... JacTo 3TO MIpPOIlecC Has3blBAIOT «II0ASpH3allue
BakyyMa» U IIPOSIBA€HHEM BHUPTYaABHBIX YacTUIl B HallleM peasbHOM Mupe. [lo mosoxmy
(HEHUCYEepIIaeMOCTH» BaKyyMa, KaK HCTOYHHKa IIPUBBIYHOH HaM MAaTepuH, MOXKHO
IOCIOPUTH... Yicxona u3 3HaYeHUd JAWUHBI BOAHBI [IaaHKa, KOoTOpad 3agaeT HaM OPUEHTHD
II0 MaKCHUMaAbHOM dYacToTe KoAeOaHMM, MBI MOKEM OLIEHHUTH IIAOTHOCTH OHEPrUH B
«IIyCTOM IIpOCTpaHCTBe» Ha ypoBHe 10127 [Ixoyae#i Ha OOWMH KyOWYECKUH CaHTHMETP.
OHepruu MHOTO, HO He OECKOHEYHO MHOTO... B BeamumHax macchkl, 970 1093 rpamm Ha
OOWH KyOudyecKuit caHTuMeTp. OTMETHM, YTO CaMbIM IIAOTHBIM BENIECTBOM Ha 3emae
ABASETCHI OCMHH, KyOHMYeCKHH CaHTHMETP KOTOPOro BEeCHT OKoAO 22 rpamM. I[Ipu
CpPaBHEHHH OSTHUX BEAWYHMH, Mbl BHIUM, HACKOABKO OTHOCHUTEABHO MAaAO 3HEpPTHUHU
«MaTepHUaAn30BaHO» B HAIlleM MHPE, IIOCKOABKY OOABIIIad €€ YacTh OCTaeTCs CBOOOIHOM
IOasl ucrnoab3oBaHus. [loaarasice Ha 3TH pacyeThl, TPYAHO OXKUIAATH 3HAUYUTEABHBIE
u3MepsieMble XpOHaAbHbIE 3(P(PEKThI B OKPECTHOCTSIX padoTarmInrx 3(pHUpooOMEHHBIX
OBUXKUTEAEH HAM I€eHEepaTOpPOB JHEPTUH, IIPU I'€eHEePUPYEMBIX MOIIHOCTAX B MeraBaTTbl
(10%) u TmraBarTel (109), KOTOpBIE AOCTHUKUMBI HAa COBPEMEHHOM VPOBHE TEXHUYECKOU
peaausaruu. TeM He MeHee, TEOPETHUYECKU, BaKyyM AeHCTBUTEABHO HEUCUEPIIaeM, €CAHU
M3 «IIapeHa» MOXKHO IIOAYYUTH HE TOABKO ITPUBBIYHBIE HAM BHbI MaTEpPHH, HO H Ooaee
BBICOKOYaCTOTHBIE IIPOIIECChHI, H0A€e «TOHKYIO MaTepHuio». KpoMe TOro, mpu UCIIOAb30BaHUHU
OPHUHIUIIA «3€PKaABHBIX [OBOMHHUKOB», TO €CTh, IIPH CO3JaHUM H3 «IIapeHa» Iaphbl
MaTepPHaABHBIX O0BEKTOB, ABUXKYIIMXCS 10 OCH BpPEMEHHU B pa3HbIe CTOPOHBI OT MOMEHTA
CO3laHUS IIapbl, OH CTAaHOBUTCHA [OeHCTBUTEABHO HeHcuepIllaeMbIM. PaHee, maHHBIN
OPUHIOUI OBbIA IIOKa3aH Ha IIPUMEPE CTPOECHHS IAEKTPUYECKOTO MOTEHIIMAABHOTO IIOAS,
dopmyaa F.2.

Urak, pa3BuTHE INpeacTaBACHUN BelHUKa 0 IpUpoAe Pa3ANYHBIX SBACHUM, BIIOAHE
coraacyerca C Teopuedl odupoanmHamMuku. Hampumep, ero paccyxkaeHus o6
«OAEKTPUYECKOM» BEIIECTBE, IIOAHOCTBIO COBIAJAIOT C HOHATUSMH Tecaa o TOM, dYTO
«AEKTPHUYECTBO €CTb 3(pUp, CBI3aHHBIH C BEIIECTBOM>.

Baxkuriit BeIBoA BeliHHKa 110 9HepreTHKe: CyMMapHOe U3MeHeHNe SHEPTHUH CPebl U
MaTepHaAbHOM CHCTEMBI BCErJla paBHO HYAIO, TO €CThb, HACKOABKO yBEAMYUBAETCH HAU
YMEHBIIAETCH JHEPTHUd CHCTEMBI, POBHO HACTOABKO YMEHBIIAETCS HAM yBEAWYHUBAETCH
SHeprus cpenbl. OTOT 3aKOH COXPAHEHHS OJHEPruu o0o0liaeTcss [OAd IIPOIIECCOB
IIOTAOLIEHUS HUAU U3AYUEHHUS 3pHpa, B X04€ PA3AUYHBIX IIPOIIECCOB.
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HuaTepecHoe 3amMedaHue BeWHHKa O TOM, dYTO TeAO (BEIIECTBO) CIIOCOOHO
0oOMeHHBaTBCS CO CPEeo He TOABKO HEPrHed, HO U CTPYKTYpPHUpPOBaTh ee [62, cTp. 187],
TaK CKas3aTh «3apsiKaTb» CBOEH CTPYKTYpPOM, OU€Hb IIOA€3HO IIPU PACCMOTPEHHUH MHOTHX
SIBA€HUH, HAIIPUMEP, aKTUBAIIUU BOAbI, AU «3pdeKTa PopMbl». [IpoCcTpaHCTBO BOKPYT
BeIIleCTBA HEKOTOPOIO O0OBEKTA, CIIOCOOHO «3apAKaThCsd XPOHAAOM», KaK IHIIEeT BefHUK.
Yto 310 03HAUAET?

«JlapeH» — 3T0 abCOAIOTHBIHM HOAb BEAHYHHBI XPOHAABHOTO 3apsia BeIIecTBa, TaM
HET IIPOIIECCOB H XOJT BPEMEHH paBeH HyAIO. Y AIO0OrO BeIIecTBa €CThb HEKOTOPOe
«IIOBEZIEHHE», 9TO HEKHUH IIPOIIECC U €T0 TEMII CYIIeCTBOBAHUS OIIPEAEASIeTCH B BEAHYHHAX
XPOHAABHOTO 3apsgfa «XpoH». BeWHHMK BBOAUT €IWHUILY KOAWYECTBA «XPOHAABHOIO
BellleCTBa» - XpoHop. Ilo ero ompeneaeHHIO, 00UH XPOHOP eCmb makoe KOAUUeCmso
XPOHABLHO20 8eujecmsa, Komopoe 3apsokaem 1 K2 800bL HA eOUHUUY XPOHANA, MO eCmb 00
makKoz2o COCMOSIHUSL, NPU KOMOPOM X00 PeanibHO20 8peMeHU 8 3moli 800e omauuaemest om
06bluH020 x00a epemeHu Ha 1 cekyHOoy [62, cTp.239].

JlaHHBIN TEpPMHH IIOGBUACA BIIEPBbIE, II0 KpalHEH Mepe, B PYCCKOA3BIYHOH
AUTEpaType. OTO HOBad €OMHHUIIA H3MEPEHHs IIapaMeTpOB IIPOCTPAHCTBA-BPEMEHH H
MaTepHH, OIpeAeAdioniad He JAUTEABPHOCTh HHTEPBAAOB BPEMEHH MEXOY KaKHUM-TO
COOBITHSMH, a CTEIeHb U3MEHEHHs CKOPOCTH CYILIECTBOBAaHHUSA MAaTE€PHUH B IIPOCTPAHCTBE —
BPEMEHHM, II0 CPaBHEHUIO C E€CTECTBEHHOM CKOPOCTBIO CYIIECTBOBAHHS B OKOAO3€EMHOM
IIPOCTPAHCTBE.

[To3BoAlo caeaaTh 3aMedaHHE II0 IIOBOAY OaHHOro TepMHHa. [Ipenmoaaras, 4To
KaKOH-TO 0OBEKT CYIIIeCTBYeT OBbICTpee HAU MeIAeHHee, YeM B OOBIYHOM IIPOCTPAaHCTBE -
BpEMEHH, €ro XpOHAaAbHBbIE XapPaKTEPUCTHUKH [JOAXKHBI H3MEPAThCA B TaKOW equHUIIe
U3MepeHus, KaK «ceKyHaa/cekyHaa». Hampumep, 10% yckopeHHOe CylIeCTBOBaHUE
o0BbeKTa O3Ha4daeT, 4To ero «cekyHma» Ha 10% ObicTpee OOBIYHOM CEKYHIBI. DTO MOXKHO
3amucath, Kak + 0,1 cekyHap! B cekyHay, uau 0,1 (c/c). CooTBeTCTBEHHO, 3aMeOACHUE
rporeccoB cyliecTBoBaHudg Ha 10% 3anuceiBaercs Kak — 0,1 (c/c). YBeandueHHE CKOPOCTH
Xoa BpeMEHU B [IBa pas3a 3aIliCcbIBaeTcCs KakK +1 ceKyHaa B CEKYHY, a IIOAHasl OCTaHOBKA
Xo[a BPEMEHH COOTBETCTBYEeT BeAHMUYMHe -1 CeKyHaa B CeKyHAy. [IOCKOABKY maHHas
CHCTEMa XPOHAABHBIX H3MEPEHHH OTHOCHUTEABHAd, TO €€ HeOOXOOMMO IIpUBS3aTh K
KOHKPETHOH TOYKe Ha IIOBEPXHOCTU ITAaHETHI, K (PUKCHPOBAHHOM TOYKE ITO0 BBICOTE HAaf
YPOBHEM MOpPS, IIHUPOTE U JOArOTe MeCTHOCTH. CKOPOCTh X0O4a BPEMEHH, B JAaHHOH TOYKe
OKOAO3E€MHOI'O IIPOCTPAHCTBa, OyAeT CUYUTaTbCS OTAaAOHOM. BmpoueM, ce30HHBIE
W3MEHEHUd IIAOTHOCTH 3(dHUpa 3HAYUTEABHO YCAOXKHSIOT 3TOT BoIpoc. [ad 3TasoHa,
Heo0X0AMMO BBIOPATH TOYKY Ha MECTHOCTH, B KOTOPOH Takye U3MEHEeHUS MUHHUMAaABHEI.

HUrak, cyre Teopum BeMHHKa B TOM, YTO MBI MOXKEM «yIIPABAATBH XPOHAAOM, a
CA€IOBATEABHO, U XOIOM pPEaAbHOI'O BPEMEHH TaKHM Ke 00pa3oM, KakK Mbl yIIpaBASeM
APYTUMH HHTEHCHaAaMH: OaBACHHEM, TEMIIEPATypPOM, 3ACKTPHUYECKHMM IIOTEHIIMAAOM H
T.II. OTO 3HAYUT, YTO MOBBICUB XPOHAA, Mbl MOXKEM B IIHPOKHX IPEAEAaX YCKOPUTH B
KMBBIX U HEXKUBBIX T€AAX BCE IIPOLIECCHI: (DU3UYECKHE, XUMUYECKHE, aTOMHBIE, SePHBIE
uT.n.o [61, ctp. 233].

Hanpumep, B IpakKTHUYECKUX IEASIX MOXKHO YCKOPUTD IIPOIIECC TOPEHUS B IBUTATEAE
BHYTPEHHET'0 CropaHUsl, UAHM POCT NPOAYKTUBHBIX PACTEHHUH U KWBOTHBIX... YMEHBbIIAs
XpPOHAA — MBI MOXKEM 3aMeIOAUTH Bce mpollecchbl. TakuM o0pa3oM, Kak IrosaraeT BeHHUK,
MBI IM€EM IIaHC MHOTOKPATHO YBEAUYHUTH IIPOIIECC KHU3HHU YEeAOBEKA.

Pan npyrux aBTOpOB, KOTOpPbIE 3aHUMAaANCh JAHHBIM BOIIPOCOM, paccMaTpUuBaAUu
Takue MeToAbl OOpbObI CO CTapeHHeM, KaK KOHTPOAHPYEMOE 3aMeIA€HHE IIPOILIECCOB
KU3HENEITEABHOCTH B OpraHu3Me dYeaoBeka. OHHM CTaBHAM BOIIPOC O HEOOABIIIOM
IIOHUXKEHUU TeMIIepaTypbl TeAd, BO3MOXKHO, HE [A0TaAbIBasCh O TOM, YTO B TEPMHHAX
BelHUK 5T0 03Ha4YaeT «CHUXKEHHE UHTEeHCHaAa MaTEepPUM».
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BaxkaeNnmmi HOpUKAQOHOM AaCHEKT XPOHAABHBIX TEXHOAOTHM, KOTOPBIM OTMETHA
BeitHuk B cBoeil kKHuUre [62, cTp. 239] OoTHOCHTCS K METOAAM KOHTPOAS CTEIEHBIO
PanMOaKTUBHOCTH H30TOIOB: «Hackl, MeXaHUYeCKHE, DAEKTPOHHBIE, PagHOaKTHUBHBIE U
T.O. — IIOMEIIEHHEIE B 30HY C IIOBBIIIIEHHON MAM IIOHHUXKEHHOMN XPOHAABHON aKTHUBHOCTBIO,
oBeoyT cebsl TakK, KaK U AI0ObIe OOBEKTHI HMPUPOALI: B HHUX YCKOPHTCHA HUAU 3aMEIAUTCS
CKOPOCTH BCEX IIPOIIECCOB, TO €CTb, 4Yachbl CTAHyT AHMOO CHIENIUTh, AMOO OTCTaBaTh.
Hampumep, B mepBoM cAydae B MEXaHHYECKUX dYacaxX IIIeCTepPeHKU HA4YHyT BpallaTbCcd
ObIcTpee, B OAEKTPOHHBIX KBaplieBad IIAQCTHHKa YCKOPUT CBOM KoaebaHUd, B
PamMOaKTUBHBIX yCKOPHUTCA pacnajn H30ToIoB. Bo BTOpoM caydae, IpH IIOHHUKEHHOH
XPOHaABHOH aKTHBHOCTH, HA000POT, BCE 9TU IIPOIECCHI 3aMEIATITC.

Bompoc 0 OpakTHYECKOM HCIOAB30BAHHU XPOHAABHBIX TEXHOAOTHH, KOHEYHO,
OYeHb BaKHBIH. PackprlBag ero, HaA0 Y4YECTb HEPa3pbIBHYIO CBSI3b XPOHAABHBIX
IapaMeTpoB IIpoiecca CyIIIECTBOBAHHUS MaTepuHu c rapaMeTpamMu TeX
3(pUpPOAUHAMHUYECKHX IIPOILIECCOB, KOTOPhIE CO3MAIOT A€MEHTAapHbIEe YACTHUIIBl BEIlleCTBa,
U 00EeCIIeYnBaIOT UX XUMHUYECKHE U (PU3NYECKUE B3aUMOAEHCTBHS.

BelHUK moaaraeT, 4TO «XpoHaA 3eMAH IIOCTEIIEHHO yMeHbIaeTcs» [62, cTp. 240].
[ToAHOCTBIO C HHM COTAQC€H, M3 ITOI0 CAEAYEeT, YTO HEeOOXOOWMO KOPPEKTHPOBATH
W30TOIHBIA MeTO[ MOATUPOBKU COOBITHUM IIPOIIAOTO, TaK KaK B IIPOIIAOM H30TOIIbI
pacnagasuch HaMHoro ObIicTpee. [loaararo, YTO KOPPEKTHPOBKA [OAXKHA YYUTHIBATH
OUCKPETHOCTb YPOBHEH CYIIIeCTBOBAHUA MaTepHH, U KO3(PPUIIMEHTHI IIONPaBKHU MOTYT
OBITH TOABKO IIEABIMH YHCAAMU: 2, 4, 8 U T.1.

[lo moBomy TreHEpPaATOPOB 3HEPTHM, HCIIOAB3YIOIIMX IIOTOK BpPEMEHH, U caMoH
«MalllMHbl BpeMeHM» BeHHUK numieT caeayromiee: «Mbl MOXKEM HCIIOAB30BaTh BpEMsS B
XPOHAABHOM [BHUTaTeAe, IIPeoOpasyIoIlleM XpoHAaA B [OIaBA€HHE, a TaKKe, CO34aBaThb
«MalllMHBI BpeMeHW»... Hampumep, MBI MOXKEM HAaIpPaBUTb PEAABHYIO CHCTEMY B €€
IIPOIIIAOE HAHM Oyaylliee, NCKYCCTBEHHO ITOBBICHB HAHM IIOHHU3HUB €€ XpoHaa» [62, cTp. 242].
OTO 3aMeuyaTeAbHOE BBICKA3bIBAHUE OTHOCHUTCS U K TE€ME KOHCTPYHPOBaHUS ABHKUTeEAeH,
B KOTOPBIX UCIIOAB3YETCH JAaBA€HUE 3(OUPHOHN CpPebl.

TexHonormyecku, KakK TIIonaraeT BeWHHK, He wuMeeT 3HadeHHd, KaKOH U3
9HEPTeTUYECKHX IIapaMeTpPOB YaCTHIIbl BEIeCTBA Mbl OyZieM H3MEHSITH OAS YIIPaBACHUS
XPOHAAOM: CKOPOCTb MOBUKEHHS, BpalleHHUs, 4YacTOTy KoAaebaHUM, TeMIlepaTypy,
9AEKTPHYECKHUH HMAW MATHUTHBIH MOTeHIIHaAbl... OH muineT: «Baugs Ha A000M HMX 3THUX
HHTEHCHAAOB, MOXHO H3MEHHTh XpOHAaA CHCTEMbI. B pesyapraTe, MeXOy HEH H
OKpy>Karolle¥ cpenoi, BO3HUKHET Pa3HOCTbL XpPOHaAOB. llon melicTBUeM 3TOM pPa3HOCTH,
OymeT MIPOHUCXOAUTH OOMEH XPOHAABHBIM BENIECTBOM, H CHCTeMa IIpPeBpaTUTCH B
reHepaTop XPOHAABHOIO IIOAs. YTOOBI Takod reHepaTop padoTaa OAWUTEABHO, HaIo
H3MEHEHHE XPOHAABHOTO IIOAS ITOBTOPATH MHOTIOKPATHO B COOTBETCTBYIOIIIEM KPYTOBOM
mporecce» [62, ctp.328].

B skcnepuMeHTaAbHOM YacTHU HcCCAeOOBaHUM BeMHHK, MOXKHO HaWTH aHAAOTUU C
paboramu KoswipeBa. Hampumep, BeHHHK o00BICHSIET HEOOXOAUMOCTh BBEIEHUS
BHOpaluii BAOAb OCH BpAalllaiollerocss THPOCKoria: «Bubpalinu MHTEepeCHbI B TOM CMBICAE,
YTO OHU HE TOABKO ITOPOKIAIOT IIOAE€, HO M COpachIBAalOT C TeAad XPOHAABHBIH 3apsim
IOA00HO TOMY, KaK yIapOM MOAOTKA MOKHO pa3MarHUTUTDL TeAo» [62, cTtp.330].

C Touku 3peHUs 3PUPOANHAMHKHU, BpallleHHE T'HPOCKOIla BOBAEKaeT 3hHUp B
OBUKEHHE, a ero BHOpaIUM BOAbL OCH BpAIlleHHsS HEOOXOAUMBI AT MIE€PHUOIUIECKOTO
paspylieHusa 9TOM CBS3M, YTO IIPUBOAUT K HOBOMY IIMKAY BOBA€YeHHd 3dupa B
OBUXKEHHE, C €ero IIOCAEOYIOIIMM  BBICBOOOXKAeHHEM... B  TakoM  caydae,
acpuponrHamudeckue 3PPEKThl YMEHBIIEHUsS Beca TUPOCKOINA MIPOABAGIOTCS HAMHOTO
CHABHEEe, YeM IIPU IIPOCTOM BpalleHUH. BUOPHUPYIOIIME THPOCKONI, KaK U THPOCKONI B
COCTOSTHMM BBIHYKIEHHOH IIPEIeCCHUM, CTAHOBHUTCS MOIIHBIM TI'€HepaTopoM 3(UPHOTO
II0TOKa, HAITPaBA€HHOT'O BIOABb €I'0 OCH.
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Be¥HMK mHIIIET, YTO CaMbIM IIPOCTBIM TI'€HEPATOPOM XPOHAABHOTO H3AYYEHUST
ABASIETCH AIOOOHM «CBETOBOM IIOTOK, KOTOPBIH COINPOBOXKAAETCS IIOTOKOM YBA€YEHHBIX
XPOHOHOB». AHAAOTHYHO, SIIEPHBbIE PEaKIUH, ITOTOK DAEKTPOHOB, MATHHUTHOE IIOA€ U T.II.
ABAFIOTCS XPOHAABHBIMU TeHepaTopaMH. TeaeBH30p, 10 MHeEHHIO BeliHuKa, sBagercs
reHepaToOpPOM «BPEOHOTO XPOHAABHOIO H3Ay4YEeHHs». BO3MOXKHO, pedb HIAET O TOM, YTO
cTapble TEA€BHU30Pbl UMEAHN KHHECKOIIbI, KOTOPbhIE M3AyYaAH ITOTOK 3A€KTPOHOB, OT KaToda
B CTOPOHY 3puTeAs. CaMi 3A€KTPOHBI 33JeP3KUBAAUCH Ha CBETOH3AYUYAIOIIEM CAO€, Tepsis
CBOI0O KHHETHYECKYIO SHEPrHIO, M CO3/aBas CBETHIYIOCS TOYKY Ha 3KpaHe, HO IIOTOK
acpupa, KOTOPBIH MX COIPOBOXKIAA, ITPOMOAYKAA PACIPOCTPAHATHCS B CTOPOHY 3PHUTEAL.
AHaanOTHYHBIE H3AyYATEAH «pPaAUaHTHON SHEPTHH» HCIIOAB30Baa Tecaa, OHM Ha3bIBAaAUCH
«Tpy0KHu KpyKca», n13BeCTHbIE B PEHTT€HOTEXHUKE.

JlaHHble pacCyXKOEHUdA MOILYT IIOKa3aThCd [JAaA€KHMHU OT IIPaKTHYECKOTO
HCIIOAB30BaHUS, IIO3TOMY CTOUT 0Ooaee IOAPOOHO PaCCMOTPETH HECKOABKO ITPHUKAAIHBIX
AaCIIeKTOB TaK Has3bIBaeMbIX «XPOHAABHBIX TexXHoaorui». Cpenu paboT MHOTHX
nccaenoBareseit, BeiHUK oTMeTHA B cBoedl kHure narteHT 2K. PaBatuma [64] Ha «JIpubop
[AS YCUA€HUS SMUCCHH, BBI3BAHHBIX (popMamu», Puc. 120.

63

Puc. 120. CxeMa pacIioAOXKEHHUS IA€KTPOAOB B ycTpoiicTBe PaBaTuMma.

YcrpoiictBo PaBatnma, cOOCTBEHHO, IIpeACTaBAsEeT COOOM [AEPEeBSHHYIO PaMKY,
pa3MepoM OKOAO 3 METPOB B AHMAMETPE, M YETbIPbMSI BBICOKOBOABTHBIMH 3AEKTPOAAMHU.
Ha pucyHke mokaszaH OAWH U3 YETHIPEX SAEKTPOOB, C BBICOKOBOABTHBIMHU H30ASITOPAMH.
Ha saexkTponpl mogaeTrcss mocTossHHoe HampszkeHue oT 60 mo 300 kuaoBoabT. Kak u
CA€ZI0BAAO OXKHATh, €030a8asi BHYMPU PAMKU USMEHEeHUe NJIOMHOCMU 3¢pUPHOL cpeobl,
daHHoe ycmpolicmeo, UHOYKMUBHBLIM 00pA30M, MeHsiem napamempsl cpedol 80Kpye cebsi.
OKCIIEPUMEHTHI ITI0OKa3aAW HE TOABKO HaAWYHeE MIOABEMHOM (AaHTUTIPaABUTAIIMOHHOM CHABI),
HO U MOIITHOE BAMSHHE Ha XHUMHYECKHE PEaKINH, YBEAMUYEHHE CKOPOCTh POCTa PacTeHUH B
10 paz3 m T.O. XpoHaAbHbIE 3(¢deKkTbl. Bpemsa «akKTHBAIIUM OKPYZKAIOIIEH Cpeabl»
COCTaBASIAO B JaHHOM cAaydae, 30 MHHYT paboThl ITOCA€ BKAIOYEHHUS, U 3aTE€M, B paguyce
[ECATKOB METPOB BOKPYT YCTPOMCTBa, HAYHMHAAU OTMEYaThCsl HEOOBIYHBIE 3(P(PEKTHI:
BAUSHHE Ha MAarHUTHOE IIOA€, CTEIleHb I'paBUTAIlUM, KO3(P(PUIIMEHT IIPEAOMAEHUS
BO3/1yXa, CKOPOCTb POCTa PaCTE€HUU U T.II.

OrMmeruM, uyTo uaen Pasaruma 1973 roma «Io axTHUBAIlUH IIPOCTPAHCTBa»
OIIMpPaAUCh Ha 0oAee paHHUE aHaAOTH: KaHancKuil nmateHT Ne 580548 (HeMeuKHil HOMEp
DE 868592 u aurautickuit GB 685522) c HazBa"HueM «MeTon U amnmaparypa IAs oOKa3aHUs
BAUSIHUY Ha peakIMd U U3MEHEeHHUd COCTOSHHH Mmarepun», 8 ampeas 1954 ropa [63].
ABTOpEI - uH300perarean u3 Poccum, AeoH CronpuHK um Mapus CHpHHK, Opegsarasu
IIPOCTYI0 KBaApaTHYI pPaMKy, II0 yraaM KOTOpPOM  yCTaHaBAMBAaAW  dYeThIpeE
BBICOKOBOABTHBIX 3ACKTPOA.

Hcropus maHHOrO HM300peTeHHsl OYeHb HHTepecHad... AeoH CHpHUHK paboTaa Ha
LIEMEHTHOM 3aBofie BO PpaHIIMU, U NIPEIAOKHUA JAaHHBIA METOM AAS YAYYILIEHHS KadecTBa
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M YCKOPEHUS IIPUTOTOBAEHUS LieMeHTa. OCHOBHBIE ITapaMeTphl «YCTPOMCTBA aKTHUBAIIUM»
ObIAM CAENYIOIIHE: HaIMpPaKEHHOCTh IIOAS MEXKAY SAeKTpoJaMH cocTaBasgaa oT 1
KHAOBOABTA [0 S KHAOBOABT Ha MeTp. Bpemsa axkTuBanuu 60-MeTpoBOM 30HBI
IIPOCTPAHCTBA BOKPYT AJAHHOH yCTAHOBKH COCTaBASIAO OKOAO 2 Heneab. B pesyabrare,
BpeMs IIPOTEKaHUd PEaKIMM B KOHTelHepax C OyOyIIMM II€MEHTOM, pa3MeIleHHbBIX
BOKPYT YCTAQHOBKH «IIPaBHABHBIM 00pa3oM, C TOYHOH opueHTalmeidl cropoH Ha CeBep U
IOm, cokpamiarocs ¢ 24 gacoB mo 3 yacoB. OTMETHM, YTO 3AEKTPOCTATHKAa 3IEeCh HeE
UI'paeT pPOAM, TaK KaK MeTasAudecKue KOHTEHHepbl C IIEMEHTOM OBbIAM 3a3€EMAEHBI.
3HadyeHHEe OpHEHTAIIMHM KOHTEHHEpOB II0 HAIIPABAEHHSM MAarHUTHBIX CHAOBBIX AWHUH
TOBOPHUT O TOM, YTO B JAHHOM CAydYae, TAABHYIO POAb UTPAIOT HATypaAsbHbIE ITIOTOKH d3upa
B OKOAO3eMHOM mpocTpaHcTBe. COOCTBEHHO, caM BBICOKOBOABTHBIH «aKTHBATOp», 3a
HECKOABKO nHeH paboThl (OKOAO 2 HeIeAb) CO37JaBaA M3 HATypPaAbHBIX IIOTOKOB 3dHpa
Ooaee yIOpPSAOYEHHBIH IIOTOK 3Hpa, B 00AACTH IIPOCTPAHCTBA OKOAO cebs. Takum
obpazoM, 3dpdekT 00ycAOBAEH HE caMHUM TI'€HEpaTOpoOM, a €ro BAHSHHEM Ha II0TOK
OKOAO3€eMHOTr0 3cupa.

[pyroe BasKHOe CBONCTBO TaK HA3bIBAEMBIX «XPOHAABHBIX H3AYYEHUI», KOTOPOE
oTMeTHA BeMHHK, OTHOCHUTCH K nepedaue UHGOpMAYUU, 8 mom uucae, 2eHemuueckoli. OH
numterT: «He MeHbIlee BIledaTA€HHE IIPOU3BOASAT IIOAYYHMBIINE B IIOCAEHEE BpeMs
IITUPOKYI0 TAACHOCTH paborhkl HO.B. l[3gHa 10 BBIBEOEHHIO HOBBIX COPTOB U BHIOB
pacTeHuil U JKUBOTHBIX. 3[IECh TOXKE€ CYTb HaOAIOIaeMbIX H3MEHEHHH B OHOOOBEKTaxX
oOBsICHAETCS BO3NEUCTBHEM He OACKTPOMATHHUTHBIX, a XPOHAABHBIX H3AYUEHHH,
HCIIyCKAeMBIX CO3MaHHBIM KM TeHepaTopoM. VMeHHO XpoHaAbHOe IIoAe mpuobperaeT U
IIEPEHOCUT OT OJHOTO OOBEKTa K APYIOMY COAepIKalllylocd B HeM HHQoOpMaIuio» [62, cTp.
331].

KopoTko HamoMmHIO CcyTh OonbITOB ll3gaHa KaHpuskeHa, XOTd OHU HE UMEIOT IIPSIMOTO
OTHOILIEHHd K BOIIPpOCaM CO30aHUd ABUKUTEAEH HOBOro Tumna. /[laHHble 3KCIEPHMEHTBI
IIOKAa3bIBAIOT MPAKTHUYECKYIO IIECHHOCTH S(i)I/IpOILI/IHaMI/IKI/I, IIOCKOABKY ITPOAOABHBIE BOAHBI
9UpPHOH cpeapl CIOCOOHBI HE TOABKO CO34aBaTh CHAOBBIE 3((EeKThI, HO HECTH HU
IlepenaBaTh OT OJHOTO OpPraHu3Ma APYroMy TIe€HEeTHYEeCKYI0 H APYIyI0 OHOAOTHYECKHU
aKTUBHYIO HH(OPMAIIHIO.

B 1957 romy, moktop lI3sgH mpeacraBua HaydHOMY cooOiiecTBy B Kuraiickom
MenunmHCKOM YHUBEPCUTETE CBOIO «TeopHio yIipaBAeHHUS mmoasMu» [66]. OH moaaraa, 4To
nH(opMarusa MeKAy OHOAOTMYEeCKHMH OOBEKTaMH, B TOM YHCAE AIOOBMH, II€PenaeTCs
BOAHAMH SAEKTPOMAarHUTHOM IIpUPOMAbI, OIpeAeAeHHOM dacToThl. [lo3xke, OH yexaa B
XabapoBCK, rae co3gas «OGHOTPOH» - YCTAHOBKY II0 oMoaoxkeHHo. CyThb IIpoliecca
OMOAOXKEHHS COCTOsiAa B IHepemade HHQPOPMAIIMH OT AaKTUBHO PACTYIIHUX MOAOBIX
00BEKTOB cTaperoneMy opraHu3My. [lobounbiM 3¢ddeKToM HgBAFGAOCH TO, YTO
OMOAOZKEHHBIH OPraHU3M CTAaHOBHACS IIOX0XK Ha MOAOJOIO JOHODPA.

[ToMmuMO OMOAOXKEHHUd, OIBITHI L[3gHa T1OKa3aAM BO3MOXKHOCTE Iepeaadu
OMOAOTHYECKH aKTHBHOH HWH(POpPMAaIUM, OT OLHOTO BHAA ZKUBBIX OPraHU3MOB IOPYTHM.
Hamnpumep, ecan HCTOYHHKOM HH(MOPMAIIUM CAYXKHAA YTKa, a IPUEMHUKOB HHGOpPMaIIIU
— KypHUHBbIEe SHIla, TO B pe3yAbTaTe TAKOr0 3HEProMH(MOPMAIIMOHHOTO OOMeHa MOAYYaAUCH
LBITIASITA C IIAOCKHM KAIOBOM U II€PEIIOHKaMU Ha Aarlax.

CCI‘O,ZIHH OY€HDb IIOIIYAdPHBI METOAUKH OMOAOZXKEHHA, CBA3aHHBIE CO CTBOAOBBIMH
KaeTkamMu. OpHako, Kak mnokasaa l[3saH, MOKHO paboraTrh U 6€3 MHBEKIIUH, JOCTATOYHO
OPraHHU30BaThb NPOUECcC NepeHoca UHGPOPMAYUU OM NPOUECCoO8 POCMa MOJ00bLX OP2AHUIMO8
Ha cmaperwuil Op2aHu3M, 9TOOBI MOAYIHUTE 3PPEKT OMOAOKEHUsd. BripodeM, ero MeTosn
HCIIOAB30BaHHUA I/IHKY6aTOpa C HﬁHaMH HEMHOTHM OTAHYAaETCs OT HM3BECTHOM METOAUKHU
aereHnapHoii KaeomarTpwl, KoTOpas NEPHUOAUYECKH IIPOBOAMAA  OMOAAXKHUBAIOIIINE
IIPOLIEAYPEI, IIPOBOII MHOTO BPEMEHHU C MAaeHIaMU... Pa3HUIla B TOM, 4TO AOKTOp LI3gH
CTpoHuA OOABIIIE W MAACHBKHE «PE30HAHCHBIE KaMephl», OIPEeAeAeHHOH TreoMeTpHUYeCKOMH
dopmbl (rToAycepbl HMAH MIpPaBHABHBIE MHOTOTDAHHUKH), M COEAHHSIA WX BOAHOBOJAMHU
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(MmemupIMU TpyOKamu). Ha Puc. 121 nmoka3ano poTo onHOM M3 yCTaHOBKH HOKTOpa L[3gHa,
KOTOpas IIPUMEHSIAACEH OASI A€UE€HUSI AI0AeH.

Puc. 121. dororpadus onHo# 13 yCTAaHOBOK LI3gHa.

[Ipu paccmorpeHun dortorpacdun, IokasaHHod Ha Puc. 121, cranHoBuTcda
IIOHATHO, YTO B [AaHHOM YCTPO¥MCTBE, HMEIOIUIEM HATyPaABHYIO IIPABHUABHYIO
FeOMETPUYECKYI0 (POPMY, HECKOABKO KOHYCHBIX H3Ay4YaTeAell HaIpaBAE€HBI B IIEHTP
KaMepbl. Ha KOHyCHBIE M3AydaTeAH, II0 BOAHOBOJAM, IIOIAETCS SHEPTOHUH(OPMAIIMOHHOE
H3AyYEHHE OT KaKOTI'0-TO UCTOYHHKA. BO3MOXKHO, TAKUM HCTOYHHUKOM CAYKHA HHKYOaTOD,
3alIOAHEHHBIH OIIAOMOTBOPEHHBIMHM KYypPHUHBIMH dHIIaMH, B KOTOPOM ITPOHCXOIHAO
pa3BUTHE 3apoabllieil JKUBBIX OpraHu3MoB. Heo0XoauMO OTMETUTh, YTO KPUTHUKU TaKOH
METOAVKU aKTHBHO HCKAaAHW I[IOBOJ 3alpeTUTh NOoKTopy ll3aH paborath B XabapoBcke,
OHAKO, HUKTO uxX 160 mamueHTOB He HMeA K JOKTOPY IpeTeH3UH. Y BCeX MHPOSIBASIACS
IIOAOKUTEABHBIH 3(PPEKT, U YAYUIIIEHHE COCTOSHUS IIPOIOAIKAAOCE B T€YEHUH 2 AET IIOCAE
IIPOXOXKAEHUS Kypca mnpouenyp. KoHCTpyKTuBHO, oO0MeH wHQOpMaed MOKHO
obecmeynTh M 0€3 BOAHOBOIOB. B o0mieM caydae, cxema SKCIE€pUMEHTa Moraa Obl
BBITAS/IETH TAKUM 00pa3oM, Kak IoKa3aHo Ha Puc. 122.

/-xonnoaoy \

06bLEKT BO3AeNCTBUA UCTOYHUK U3nyyeHus

06bLEKT BO34eNCTBUA

UCTOYHUK U3ny4vyeHus

OBYX®OKYCHbIW PE3OHATOP

Puc. 122. Pe3oHaTOp IPOLOABHBIX BOAH C ABYMS (DOKYCAMH.

B omHOM (oKyce TaKOro 3AAUNITHYECKOTO pE30HATOpa IIPOAOABHBIX BOAH
yCTaHaBAMBAaeTCHd M3Ay4YaTeAb (pacTyluii opraHusM), a B [APyroM - IIPHUEMHHK
(craperomuii opraHu3M). OAAHUIIC MOXKET OBITH IIOCTPOEH M3 AHWCTOBOTO MeTasAa, HO
HAaMHOTO Ay4YIlle OOAXKHA pabdoTaTh KOHCTPYKIMS BBITAHYTOH cdepudueckKoidl (opMmbl, B
BHE dAHIA.
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Kcratu, B o0O0lIeEM cay4Yae, MHOIOYroAbHast reoMeTpuss (QOPMBI pe3oHaTOpa
II03BOASIET «CMEIIUBATL» CHUTHAABI OT HECKOABKHX MCTOYHHKOB, W HAaIPaBASITH HX Ha
OOBEKT BO3IEHUCTBUL.

B pa3BuTHE TEXHOAOTHH OHOAOTHYECKH aKTHBHOIO 3HEProobMeHa, IIpeiaaraeTcs
HCIIOAB30BaTh «HAKOIIUTEAN MH(OPMAIINH», B POAU KOTOPBIX MOTYT HCIIOAB30BaThCS BOA,
caxap u T.II. [Ipu TakoM cxeme, U3AyUYeHHE OT IIpollecca Pa3BUTHS 3apOAbIIIed MOXKHO
YCHUAUTD 3a CuYeT (POKYCUPOBKH B HEOOABIIIOM OOBEME, TaM, IZle IIOMENIaeTCd «HAaKOIIUTEAD
"uHOpPMAaIIUH).

OTMeTUM BaKHBIM acHeKT: aKTHBHPOBAHHYIO TaKHM 00pa3oM BOAY HEOOXOAMMO
pas3baBagaTh. [leao B TOM, YTO BCEe KUBbI€ OpPraHU3Mbl MMEIOT CBOEOOpa3Hylo 3alluTy: y
KAETOK €CThb IIOPOT BOCIIPUSATHS, U OHH HE pPeardpyloT Ha CUTHaAbl, aMIAUTYda KOTOPBIX
BbIllle, YeM OJaHHBIM mopor. Ilo sToi mpuymHe, BoAa, aKTUBHPOBAaHHAd B NHpPaMHAX,
OKa3bIBaeT IIOAE€3HBbIH 3(p(eKT Ha pacTeHHs TOABKO B TOM CAy4Yae, €CAU ee pa30aBHAH,
npuMepsHo 1 xk 100.

[pyro#i BasKHBIM AacCIeKT OAaHHOW TEXHOAOTHH: €MKOCTH [OAS aKTHUBAIlUM BOJbI
[OOAKHBI OBITH H3TOTOBAEHBI M3 KBaplIEBOI'O CTEKAA, IIPOILyCKAIOIIETO OIIPeIeACHHBIH
BBICOKOYACTOTHBIN CIIEKTP BOAH. B 3TOM Bompoce, IPpHUOPUTET OTKPBITUS HNPHUHAIAEKUT
Anekcanapy l'aBpuaoBuuy I'ypBud, KoTopbli B 1912 romy BBeA NIOHATHE «OHOIIOAE» U
TEPMHH «MUTOT€HETHYECKHE AYIH». VICTOYHHKOM MaHHOTO HM3AYYEHHSI MOTAH OBITH Jt00ble
npoueccobl bblcmpozo pocma pacTeHUH, HallpuMep, KopHel ayka. IlepBble 5KCIIEpHMEHTbI
OblaM BbBIIOAHEHBI emle B 1923 romy, B KpbiMckoMm YHHUBepcurere. U3ayueHwue,
CcOo3/1aBaeMoO€ OTHAEABHBIM KOPEIIKOM AyKa, OyAydH HallpaBA€HHOE Ha ApPyroe pacTeHHe,
BBI3bIBAAO B JAaHHOM MECTE€ YCHAEHHBIM POCT KAeTOK. I'ypBHY Halllea AHAIla30H BOAH, B
KOTOPOM cO3JaeTcd AaHHoe HusaydeHue. OHO 0OKa3aA0Ch B CaMOM «KOPOTKOBOAHOBOM»
y4acTKe CIEeKTpa, 3aHHMaeMOIo VABTPA(HOAETOBBIMH AydYaMH, IIOYTH Ha TpaHUIE C
peaTreHoM. 910 OAWHBEI BoaH oT 190 — 330 HaHoMmeTpoB [67], KOTOpPBIE COOTBETCTBYIOT
W3BECTHBHIM OHMOXUMHUYECKHM PEaKIIUsIM, COIIPOBOKIAIONIMM ITPOIIECCH POCTA U PA3BUTHSI
KAETOK KHWBOTO opraHu3Ma. OHU 5KpPaHUPYIOTCS OOBIYHBIM CTEKAOM, HO IIPOITYCKAIOTCS
kBapueM. Ilockoapky Moaekyabl J[IHK Bcex KUBBIX OpPraHU3MOB Ha IIAQHETE HMEIOT
IIOXOXKHE IIapaMeTpbl, TO He 0093aTeAbHO HCIIOAB30BAaThb OAS ITHX IleAedl IIPOIecCHI
PasBUTHA 3apoAplllieli deaoBeKa. HarloMHIO, 4TO B POAM MOIIHBIX AHTHIHTPOIIMHHBIX
IIPOIIECCOB, IIPUMEHSIEMBIX OASI AedeHUd AroAel, mokTop LI3gH HcIoab30Baa pa3BUTHE
LIBIIAST B giiax mHKyOaTopa. [JAWHBI BOAH Ha MAaHHOM YacTOTe COCTaBASIOT OoKoao 200
HM, TO ecTb 2:107 (M). YuuTbhIBasg 3To, paboTaTh C JaHHBIM THUIIOB BOAH CAEILYET B 30HE
IIPSIMOM BUAMMOCTH, AUOO C BOAHOBOJAMH, AU UCIIOAB3Ysl KBapIIEBOE CTEKAO.

OTmMmeTHM ellle pas, YTO JAaHHOE U3AYUEHUNE UMeeT OUYeHb MaAyi0 MHTEHCUBHOCTE. [lo
COBPEMEHHBIM MOAaHHBIM, OHa COCTaBAdET MHOpPAAKa MAECATKOB (POTOHOB B CEKYHIy Ha
KBaZpaTHBIH CaAHTHUMETDP H3AyYaIOIled I[IOBEPXHOCTH. boaee MoOIHOE H3AyYeHHE He
BOCIIPUHUMAETCS, TaK KaK Yy KAETOK paboTaeT «IIOPOTOBBIH OTPAHUYUTEAB» BXOIAIIINX
CHUTHAAOB.

B mamm nHu, B JaHHOM HalpaBAE€HHH pabotaer rpymma II. I'apsgeBa u apyrue
HccaenoBaTeAu [68].

3aMeTuM, YTO BO3MOIKHO H IIPSIMO€ (OIITHUYECKOe) HaOAIOAEeHHE MHTOTE€HETHUYEeCKUX
Aydel, HCIyCKaeMbIX BCEMH XXUBBIMU OpPraHU3MaMH, BKAIOUAsl pacTeHUs, a TaKiKe, UX
dororpaduga. [ag 3TOro HEOOXOAMMO IIPHUCYTCTBHE HCKPOBOIO paspsaa, TO ecCTh,
CMEIINBaHUE BOAH MUTOT€HETHYECKUX AydeH C BBICOKOYACTOTHBIMH 3ACKTPOMATHHUTHBIMH
BOAHaMH. IT0 oTKphITHE crneaas CemeH [laBunoBud Kupamau B 1939 roay. Iloaararo, 4rto
CYTb HAHHOTO SIBAEHHS COCTOHUT B TOM, UTO IIPH CMEIIMBAaHUMU BHOpalnii adupa pasHoM
4acTOThl (MHTOT€HETHYECKHUX M IIHPOKOIIOAOCHOIO HU3AYYEHHH 3AEKTPHUYECKOIO paspsna)
[IOSBAGIOTCS TAPMOHHKHM TaKHX 4acTOT, KOTOpPhIE IIOIIaAAl0T B BUANMBIN CIIEKTP, U MOTLYT
ObITE coTorpacdupoBaHbl HAM CHSTBHI Ha BHUIAEOKaMepPy. AHAAOTMYHBIM METOAOM, B
PagHoTEXHUKE OCYIIIECTBASIETCS IIOAYYEHHE BOAH HEOOXOAUMOM 4acTOThI B CMECHTEAE.
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Urak, uro npeacraBageT coboil SHEProMH(OPMAITMOHHBIH 00MEH, C TOYKU 3PEHUT
Teopuii KospipeBa m BeiiHuka? Pabotrer ['ypBuya mokaszasu, modeMy KAETKH H3AYIAIOT
OCOOEHHO CHABHO BO BpeMs MHTO3a (HEeA€HUS U Pa3MHOXKEHHSd): B 3THUX IIpolleccax
IPOHCXOOUT pacIiafl CAOXKHBIX BHYTPHKAETOYHBIX CTPYKTYpP, HAIIpHUMeEpP, dapa KAeToK. C
y4eToM HalllUxX 3HaHUU 0 Ipolieccax hopMHUPOBaAHHUSA B 3(PUPHOH cpene BOAH IIAOTHOCTH,
MbI MOZKEM IOHSATH CYyTh JAHHBIX IIPOLIECCOB, ¥ IPOBECTH BazKHbIE aHAAOTHH.

OueBUIHO, YTO IIPOIIECCHI AEAE€HUS U POCTa KAETOK, KOTOPbIE COIIPOBOXKIAIOT
ITPOLIECCHI PAa3BUTHUS 3apOABIIIEH PACTEHHH HAMW JKWBOTHBIX, 9TO MOIIHBbIE HeoOpaTHMbIe
ITPOLIECCHI, KOTOPBIE COIPOBOXKIAIOTCH «BOAHOH IIAOTHOCTH BpPEMEHH», B TEPMHHaX
Ko3wipeBa. KosbipeB mnoaydaa mnomoOHble 3PPeKThl NPU HU3YYEHUU «BOAH IIAOTHOCTU
BpeEMEHN», CO3/1aBaeMbIX HE TOABKO IIpolleccaMi H3MeHeHUs (HPa30BOT0 COCTOSHUS
BeIIleCTBa, HO TaKKe POoCTa U pa3BUTUS pPaCTeHUM, MAU ITPOLIECCOM YBSAAHUS PaACTEHHH.
BuHaku oadderTa, Oad pocTa HAW YBAOAHUS, pPA3AWYHBI, KaK W [AS IIPOIIECCOB
KpUCTarAM3allil HAU pacTBopeHHd. COOTBETCTBEHHO, B TaKHX IIpolleccax, B
OKpYyzKalollle cpe/e IOTAOLIAETCS HAHM H3Ay4YaeTCsd HEKOTOPOe KOAHYECTBO 3HUpa, U €ro
IIAOTHOCTb MeHdeTcd. BeMHUMK mnmcaan o0 9TOM, KaK O COXpaHEHHH KOAWYecTBa
«XPOHAABHOTI'O BEIIIECTBaY.

C mpyro#l CTOpPOHBI, BCe€ BHAbI HEOOPATHUMBIX IMIPOIECCOB, (Pa30BBIX IIE€PEXOMIOB,
IIPOUCXOAINNX B MaTEepHHU, HAIIPUMeED, TagHHUE AbIA UAW KPUCTAAAHU3AIHS BOABI, MOXKHO
paccMmarpuBaTh KakK II0 aHAAOTHM C IIpolleccaMH B XKHWBOHM MaTepuu. B oTaudue oOT
MHUTOTEHETHYECKUX Aydeidl [ypBuYa, 3TH IIpolecChl OyayT HMETh APYrOH YaCTOTHBIH
CIIEKTP BOAH ITAOTHOCTH 3(pHUpPHOH cpemnsbl.

OTa KOHLENIINA MOXKeT OOBSICHHUTH CAyYau, KOrZla IIPOCTOE YBEAMYEeHHE ITAOTHOCTU
acpupa B 00AaCTH HOPOCTPAHCTBA, HAXOAOAIIEHCH PAOOM C HEKHUM HeoOpaTHUMBIM
ITPOLIECCOM, BAHSIET Ha (PU3HUKO-XUMHUYECKHE XapPaKTEePUCTHKU NETEKTOPa, YMEHbIIAd UAU
yBEAHMYHBasi SHTPOIIHIO B CTPYKTYPE €ro BelllecTBa. 3HaK 3deKTa 3a1aeTcs NU3MEeHEHHUEM
IIAOTHOCTH 3cupa, co3xaBas ISHTPONUMHBIE WAM aHTUIHTPONUNHBIE 3(P(EeKThl B
IIPOCTPAHCTBE, OKPYKAaIOIIEM HeoOpaTHMBIH Ipoliecc (da3oBbIH Nepexoln BeIllecTBa H3
OIHOTO COCTOSIHHS B IPYTOE).

OpgHako, 9TO oO0OILIee MOpeacTaBAEHHE O COXPaHEHHM KOAMYecTBa Jdwupa, He
PacKphIBaeT NIPUHIIUIIOB IIepeHoca HHPOPMAIIMH TaKUMU BOAHAMHU, U OCTAETCs HESICHBIM,
KakuM o0pa3oM MOPOAOABHAS BOAHA MEPEHOCHUT HH(OPMAIIHMIO O TOM, YTO B HCTOYHHKE
MUTOT€HETHYECKOH BOAHBI [ypBHYa (Hampumep, OT IIpOpacTalolINX pacTeHu!) uaer
IIPOLIECC POCTa M Pa3BUTHS, a He yBamaHus. KakuMm obOpasom, B ombITax l[3sgHAa, BOAHOMH
riepegaeTcd reHeTHdecKas MHQOpPMaIlusa OT YTKH K 3MOpHOHaM IBIIAAT? OTBETHI MOXKHO
HaAWTH IIPU aHaAWU3e IIPUPOABI IIPOIOABHBIX BOAH B 3(pUpHOH cpene.

[IpeArnoAoKUM, 4YTO 60/HA NJIOMHOCMU 3Upa — 5MO NPOUECC, B8blXOOAWUL 30
PAMKU O00CMYNHbIX HAUWEMY B0CNPUSMUI UIMEepeHUll npocmpaHcmea, U OH umeem
XpOHANBbHYIO 20a102padpuueckyro cmpykmypy. B TaxkoMm caydae, mepeHoc HHGpOPMAIIMHU
TaKOH BOAHOM BIIOAHE OOBACHHM. OTO acCIeKT MBI PacCMOTPUM IIO33KEe, B TAaBE O
4eThIPEXMEPHBIX TOAOTPAMMAX.

[ToHnMaHue MexaHHU3Ma IepeHoca HH(OPMAIHUU C IIOMOIIBIO ITPOJOABHBIX BOAH
3(pUpPHON cpenpl HEOOXOAMMO HE TOABKO [AS Pa3BUTHS KOCMHYECKON TeXHUKU. OmgHa H3
rA0DaABHBIX 3a/1a4, CTOSIIIUX IIepel YeAoBedeCcTBOM — Ooprba ¢ Bupycamu. [Ipensaraercs
HOBBIH METOJ, OCHOBaHHBIH Ha CO3JaHHUN BHPO(AroB, CIEIHAAN3UPYIONINXCI HA T€X HAU
WHBIX BHpyCaxX, HAHOCAIIMX BpeX 4YeAoBeKy. lM3BecTHble HaMmM BUpodaru, KOTOpble
CYLIECTBYIOT B IIPUPOAE, M IIApPa3UTHUPYIOT Ha BHPycaxX CBOEro THUIIA, MOTYT OBITH
«MOOEPHU3UPOBAHB» C IIOMOIILI0O BOAHOBOTO II€peHOCa TIe€HETHYEeCKOH WH(OpMaIuHy,
TaKUM 00pa30oM, YTO UX «[IHIleH» CTaHyT BUPYCHI I'PUIIA, I'eplieca U APYruxX 3aboreBaHUH.
D10 HampaBaeHHe paboT YpEe3BBIYAMHO WHTEPECHO, HO pacCMaTpHBaTh €ro mogpoOHO B
JAHHOM KHHUTe HelleAeco00pa3Ho. 3auHTepeCOBAHHbBIE OPTaHU3aIIUH MOTYT 00paIaTbCca KO
MHE 3a KOHCYABTAIIHSIMH.
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ITpomoAKMIM PaCCMOTPEHHE PE3yABTATOB HCCAEIOBAHHUM, KOTOpble ITpoBonua A.U.
Beiitnuk. Ecam Ko3pIpeB uHccaegoBaa HOPOLIECCHI  HCHAPEHUd  KHUAKOCTEH  HAU
KPUCTaAAM3aIUU BOMBI, TO OAS CO3[JaHUS BOAHBI ITAOTHOCTU 3(pUpHOH cpennl, BeHHUK
HCIIOAB30BaA TaKHe MOIIHBIE (pa30Bble MEPEXOAbl, KaK IIAABACHHE H 3aCThIBAHHE MeTasAa
(Bucmyta) [63, cTp. 27]. [JaTyuKH, KOTOpble INIpPHMEHsSA BeMHHK, aHaAOTHYHBI
KO3BIPEeBCKUM ITpubopam. BeriHuk mucaa: «[laaBaeHHe BHUCMyTa COIIPOBOKIAETCS POCTOM
XPOHAABPHOM aKTHBHOCTH, IOBBIIIEHHE YacTOThI... 3aTBepAeBaHHEe BHUCMyTa —
YMEHBIIEHHEM XPOHAaAA...»

OTMeTHM 30€eCh aHAAOTHU C TeopHer U skcnepuMeHTaMu beaocroiikoro. BeMHUK
[63, cTp.30 - 31| mnwucaa: «M3MEHEHHE HAIIPSKEHHOTO COCTOSHUSI MaTepuasa
COIIPOBOK/IAETCH XPOHAABHBIMU H3AYYEHUSIMU, IIPUYEM, HHTE€HCUBHOCTb 9TUX HU3AYYEHUH
BO3pacTaeT CO CKOPOCTBIO M3MEHEHHs Harpy3Ku. MHTEHCHUBHOCTH CO CTOPOHBI CKAaTBIX
BOAOKOH 0o0Aee 4eM Ha IOPSI0K IIPEBBIIIIaeT TAKOBYIO CO CTOPOHBI PACTSIHYTHIX).

XPpOHaABHOE II0A€ MEHSET SAEKTPUUYECKUE XapaKTEePHCTHUKU MaTepuaasa, [I03TOMY B
poAM gmaTyuMKa B JKCIepUMeHTax BeMHUK, BbICTyaaa oOOBIYHAS AaMIIOYKa C
BOAB(PAMOBOH CIIHPAABIO, COEQUHEHHAsd C OMMETPOM. Boaee UyBCTBHUTEABHBI HATYHKH,
HCIOAB3yIOIHEe 3PPeKT H3MEHEHUd IIapaMeTpPOB MHKPOCXEMBI, BXOASAIIEH B COCTaB
reHepaTopa HMIyABCOB. B KayecTBe [aT4yuKoB, BeWHHMK TakKe MCIIOAB30BaA
buosornyeckre o0weKThbl. OH ccblaaercs Ha omnbIThl C.I. CMHUpHOBa, KOTOPBIH B poAH
U3MEPUTEABHOTO IIpubopa MNPUMEHHA KaKTyC C ABYMs 3AeKTpogaMmu [62, crp. 343|.
OTMeTHM, 4TO aHAAOTHYHBIM METOJ, HCIIOAB3YIOIIHUH «MCKYCCTBEHHOE OHOIIOAe», TaKIKe
paszpaboTaa u mpuMeHUA ArekcaHap MuxatinoBua Muius [69].

Haunboaee HU3BECTHBIM OKCIIEPUMEHTAABHBIM HPHOOPOM, KOTOPBIA IIOAYYHA
Ha3zBaHHe «Exuk Be#HuWKa», MOXKHO cO034aTh yCTOW4YMBOoe J(QHUpPHOE BUXPEBOE
obpaszoBanne. Ha Puc. 123 nmoka3ana cxema gaHHOTrO Ipubopa u rpaduKu U3MEpPEeHHH U3
KHUTH BeliHuK [62].
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Puc. 123. Cxema «KacaTeABHOTO exKa» U rpaUKHU U3MEPEHUH.
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Bokpyr maHHOTO yCTPOMCTBA, 32 HECKOABKO 49acoB, (POPMHpPYyeTCH 00AaCTb IPOCTPAHCTBA C
H3MEHEHHBIMH XPOHAABHBIMH XapaKTepPHUCTHUKaMHU. B IieHTpe «exKa» co3maercd Hamboaee MOITHBIN
3pdPEeKT «3aKPYIUBAHUS [IPOCTPAHCTBAY.

M3 rpadHUKOB MOKHO CAEAATh BBIBOABI: IIOCA€ 4 CyTOK pPaboThl YCTPOMCTBA, OHO CO3dAEeT
MaKCHMaAbHOE H3MEHEHHS NapaMeTpPoOB IIPOCTPaHCTBaA — BPEMEHH Ha ypoBHe 0,2 CeKyHABI B
CYTKH. DTO BAUSHHE COXPAHSIAOCH B TE€YEHHH 6 MecsdlleB 3KcrepuMeHTa. [logcHIO rpaduku: Ha
IIEPBOM IIOKa3aHBbI cboun OAECKTPOHHBIX JaCOB, HA BTOPOM — 3aBHUCHMOCTBb NU3MEHEHHA XO4a JYacCoOB OT
paccrogHug g0 ycrpodcrBa. Ha TperbeMm rpadurke, IOKa3aHO Ha CKOABKO CEKyHI B CYTKH
MEHAIOTCA IIOKa3aHHUA YaCOB, B TEYEHHH HECKOABKHX MECAIEB JKCIIEpHMEHTA. ﬂaHHaﬂ
KOHCTPYKIIMg Oblaa M3TOTOBA€HA M3 KapToHA, U CMOHTHPOBaHAa Ha TEKCTOAUTOBOM JUCKE
nuametrpoM 735 MMm. Koario 3 umeetr auamerp 70 MM, BbIcOoTa 14 MM M TOAIIIMHA 7 MM.
Hute 3 umeet nanHy 266 cMm. CxeMma ympollleHHas, TaK KaK BCEro 0bIA0 ycTaHoBAeHO 70
IIAACTHH K3 KapToHa, padMepoM 350x70x21 mM. [TpuHIun nedicTBUs, KakK MUIIET aBTOP,
OCHOBaH Ha «IIPHEME€ M3 OKpPYXKAaIolIero IIPOCTPAHCTBA, aKKyMYyAHMPOBaHUU
(KkOHILIEHTpPAIIMH) U IIOCAEAYIOIEM H3AYVIEHUUN XPOHAABHOTO BEILIECTBAY.

BameruM, 4YTo BeMHHK HCIOAB3yeT OAS OIIEHKH 3(PdeKTa H KOAHYECTBEHHOTO
n3MepeHus 3pdeKTa TEPMHUH «CEKYHI B CYyTKH». B HOPMHPOBAaHHOM BHIE, OTHOCHUTEABHO
€CTEeCTBEHHOM CKOPOCTH CyIIecTBoBaHHA MaTrepuu, 0,2 cCeKyHObpl B CyTKH O3Ha4daeT
2,3148 MHKpOCeKyHH B ceKyHAy. Takme HebOoablue 3(p(eKTh! yKe OKa3bIBaAH CHABHOE
BAUSIHHE Ha 3[J0POBBE U CAMOYYBCTBHE SKCII€PHMEHTATOPA.

C Moel TOYKH 3peHHsd, IT0J00HbIe KOHCTPYKIIMH CO3AI0T HAIIPABA€HHBIE IIOTOKH
acdupa, OpugaBad eMy BpallleHHe, YTO MNPHUBOAUT K O00pa3oBaHUIO CaMO3aMKHYTBIX
BUXPEBBIX 3(PUPHBIX CTPYKTYypP. ITO OOBACHSIET U TOT (PaKT, UTO IIOCAE HEKOTOPOTO
BpEMEHH, MOXKHO yOpaThb caMy KOHCTPYKIIHMIO, W HabAoaaTb 3(P(eKThl HN3MEeHEHHBIX
XPOHAaABHBIX [TapaMeTPOB IPOCTPAHCTBA, B TOM 3Ke caMoM MecTe. CaeyeT IIpeaynpenuThb
HEOCTOPOIKHBIX 9KCIIEPUMEHTATOPOB, YTO paboTa ¢ MOAOOHBIMI ITPHOOpaMI O4YeHb OIlacHa
[Ad 3I0POBbsi. BeMHHK oTMedaa, 4TO B €r0 CAy4dae, yXyAIleHHe 3O0POBbS COCTOSAO B
TIOBBIIIIEHUN OaBAE€HUs, U JayKe Ha PACCTOSSHHUU 7 METPOB, B cOCenHel KOMHaTe, V AlofeH
oTMedaAcs oOmIuil yrnamoK CHA, TOAOBHBIE 0OAM W HazeHHe HMMyHHTeTa. [laske Iiocae
pasbopku npubopa, HopMasu3alrsa 0OCTAaHOBKH 3aHsIAA HECKOABKO MECSIIEB.

He cayuaiiHo, Tak Ha3bIBaeMble, «I€OlaTOT€HHbIE 30HB» CBA3BIBAIOT C
BO3HHUKHOBEHHEM CaMO3aMKHYTBIX IIOTOKOB 3(HUpa, KOTOpPble MOIyT OBITH OOBSICHEHBI
0COOEHHOCTSMH peabeda MECTHOCTH, TE€YEHHEM PeK, IMOA3E€MHBIX TE€YEHHM, AU HEKHMU
IIPUPOAHBIMH HAM KPaTKOBPEMEHHBIMH TEXHOT€HHBIMHU ITPOIIECCAMH, KOTOpPBbIE HAOATO
OCTaBASIOT CBOM caell B 3(pUpHOI cpene. B aTom caydae, pazHOOOpa3HBIE «OTPasKaTEAH»
WAM «aKTHUBATOPbl» MOTYT BOCCTAHOBHUTH HOPMAaABHYIO Cpeny, IIpU KOPPEKTHOM
IIPUMEHEHUH.

OdderT Bo3meHCTBHA «ILIUPKyAUpyHollero adupar, KOTOPbIYM co3maeTca B
LEHTPAABHOR 00AacTH momoOHoro ycrpoiictBa, B 2006 roxy, moarBepaua I[lerp AykuH,
uHkeHep n3 Burebcka. CobpanHbBIHI MM craTtop coctoda u3 330 CTaAbHBIX IIAACTUH,
Kaxkaad M3 KOTOpPbIX uMmeaa pasmepbl 1200x800x1,2 mMm. CraTop BecHUA OKOAO 3 TOHH.
PotopoM cAy:KHAO pa3pe3HOe KOABIIO (BO H30eikaHHEe HaBEeOEHUS SAEKTPUYECKUX TOKOB)
ouameTpoM 40 CM, H3rOTOBAEHHOE W3 MEIHOM TPyOKH, 3aAUTOH CBUHIIOM, BECOM 4 KT.
Koabrio ObIAO MOABENIEHO HA HUTH MOAWHOH 7,2 M. B pesyabrare Bo3medcTBUA
UPKYAUPYIOLIET0O IOTOKA 3(pUpa CTaTopa Ha KOABIIO, POMOP 8PAULANCS. 8 O0OHY CMOPOHY.
[auuelii mpuMep — oAuH U3 (AKTOB, IIOATBEPXKIAIONINY BO3MOXKHOCTE CO30aHUS
3aMKHYTOT'O TOPOUIAABHOTO ITIOTOKa 3(PpUPHOH Ccpensbl.

AHaAOTUYHBIH ITpUOOP ObIA pa3paboraH u 3anaTeHToBaH B 1991 roxy [10m0HOBBIM
Bopucom IlerpoBuyem, mnareHT Ne 2005505 Ha «YCTpPOMCTBO 1A AaKKyMYyAdIIUH
OHOAOTHYECKON 1 KOCMUYECKOH SHEPTHU.
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VHTEpeCHO, YTO OINTHMAABHBIM MAaTEPHAAOM [IAS H3TOTOBAEHUS OHOAOTHYECKH
aKTUBHBIX yCTpoHcTB [lomoHOBa, OOBIYHO, CAyKHAA ApeBECHHa (Cpe3 AepeBa TOAIIMHOHN
HECKOABKO CaHTUMeTpoB). Pdopma pasAMYHBIX «KOPPEKTOPOB Ouoroas» [lomoHOBa,
IIpUMEHSeMbIX Ha IIpaKTHUKe, Moka3aHa Ha Puc. 124. CyTs ero paboTsl onrcaHa aBTOPOM
B IIaTEHTE CAEAyIOIEed mpocToil ¢pas3oit: «OddekToM B3aUMHOIO 5SKPaHUPOBAHUS
FPaBHTALIMOHHBIX MacC B OTBEPCTHU CIlellaAbHOH (POpPMBI CO3MaeTCs BHUXPEBOE
SHEPTreTHYECKOE IIOAEY.

Puc. 124. YcrpoiicTBo «kopbuor» [logoHOBA.

C ToukM 3peHHd OPUPOAHMHAMHKH, [OAaHHOM  YCTPOHCTBO  (POPMHUPYET
caMoIIoAie P>KUBAIOIINHCI BUXPEeBOH a(pUpHBIH mTporecc. C IIOMOIIbI0 TAKOT0 YCTPOHCTBA,
B YaCTHOCTH, yAaBaAOCh A€YUTH KaMHHU B IIOYKaxX M Apyrue 3aboseBaHusda. B Hay4yHBIX
LEeASIX, 3TO HHTEpPecHoe H300peTeHHe, II03BOASIONIee H3YYUTH pasHble OHMOAOTHYECKU
aKTUBHBIE CBOMCTBa Pa3AWYHBIX IIOPOL AepeBa. BOABIIIMHCTBO HCCAEOOBATEAEM MaHHOU
METOIUKHU PEKOMEHIYeT HCIOAB30BaTh Oepe3y. Mmeer 3HaudeHHe, OAS Pa3HBIX IIEAEH,
IIpaBO€ HAU A€BOE€ HAaIIpaBA€HUE BpallleHUs HIPOIIUAOB CAEAAQHO B ApeBecuHe. [Jom0HOB
H3roTaBAMBaA YCTPOMCTBA pa3sMepoM 40 6 METPOB, U3 AepeBa U MeTasrd. DKCIIEPUMEHTHI
[I0Ka3aAHW, YTO B ILIEHTPE YCTPOMCTBaA CO30AIOTCHd AaKTHUBHOE CHAOBOE BO3AEeHCTBUE
apUpHOH cpeapl HAa OOBEKTHI, CIIOCOOHOE BpaiaThk porop. OmHAKO, OAd IleAeH COo3maHus
OBUXKYIIEH CHABI, KaK U «€3XKUK BellHUKa», maHHOe U300peTeHue He MIPUMEHUMO.

HMuTepecHoe 3aMedyaHHE O CBOMCTBaxX «XpPOHOHOB», IIO3BOALT ITPOBECTH aHAAOTHU C
paboramu Tecaa. BeiiHuk mnucaa: «Baaromaps 63aumMHOMY NPUMSIKEHUID OOHOUMEHHBIX
XPOHOHO8, XPOHAABHBIM AyY HE TOABKO HE pacCeuBaeTCd B IIPOCTPAHCTBE, HO Ha060pOT,
CTATHUBAETCS BIIAOTHYIO B KIYT («X000T»), U ellle oboraiaercs 3a c4eT XpoHocdepsl. ITo
KapAWHAABHO YIIPOIIAET Mepenady SHePruu U uHdopMmalmu 0e3 MPOBOAOB Ha OOABIIHE
paccrogHud...» [62, ctp. 358]. D10 emnre ogHa 0OOPOHHAS TEXHOAOTHS «AYIEBOTO OPY3KHUSI».

[eticrBuTeabHO, Tecaa mMOKAaAbIBaA O CO3MAaHUU UM IIOAOOHBIX «IIyYKOB 3(PUPHBIX
gacTtull. B 3amerke «Tecaa m3obpea Aydu Mupar, penoptep mumiet: «Tecaa mpemaaraert
HOBBIF BH/] BOOPY3KE€HHH, HACTOABKO MOIIHBIN, YTO HUKAKOH arpeccop He IocMeeT HadaTh
BoliHy. OTo opykue Tecaa ommuchiBaa, KaK TOHKHUE IIyYKH 4acCTHIl, KOHIEHTPUPYIOIME B
Ayde TOHBIIIE BOAOCA MOIIHOCTH B COTHH ThICSY KHAOBATT... PACIPOCTPAHSIOIIHECS C
OTPOMHOM CKOPOCTBIO Ha paccrogHue 6oaee 200 muab. [Ipu ycAOBHH, 4TO BCE CTPAHBI
00AaIatoOT TaKUM OPYKHEM, Alobasl, Jayke caMas MaA€HbKasl CTpaHa, CMOXKET JaTh OTIIOP
arpeccopy. 9To opyKue, 1o MHeHUIO Tecaa, MOTAO ObI CTATh TapPaHTOM MHpa Ha IIAaHETe»
[70].

[To-moeMy, B3auMMHOE€ IIPUTAKEHHE «XPOHOHOB» MOIXKHO IIEPEHECTH  Ha
B3aMMOAEHCTBHE 3(PUPHBIX YaCTHUI], KOTOPble HE OTTAAKHBAIOTCH APyl OT Apyra, a
B3aMMHO nOputrdaruBaroTcd. Co3gaBad MyYKHM TaKUX YaCTHIl, HAIIPUMEpP, IIPH ITOMOIIH
BBICOKOBOABTHOM TECAOBCKOH ammapatypbl, TPpyOoK Kpykca U T.I., MOKHO OXKHAATH HUX
«caMO(POKYCHUPOBKH», YTO [Aa€T HECOMHEHHBbIE IIPEHMYVIIECTBa II€pPel Aa3€PHBIMH U
OPYTUMHU IyYKOBBIMH TE€XHOAOTHSIMH.

H3yyasg BOIIPOCHI HM30AGIINH IIOTOKOB «XPOHOHOB», BEHHUK OTMETHA IIOAMITHAEH U
rnapaduH, Kak OIITUMaAbHbIE MaTepHaAbl, U3 NOCTYIIHBIX eMy A paboTel. IIpu aToM, oH
PEKOMEHIOBAA, PA3NEASITh CAOH IIOAUITHAEHA Oymaro.
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Caofi TIOAM3THAEHA, TI0 JAaHHBIM €r0 U3MEPEHHM, YMeHbIIaeT IIOTOK «XPOHOHOB» B
20-100 pa3, HO ero U30AHPYIOIIAas U OTPaXKaroliasl CIIOCOOHOCTD ITIOCTEIIEHHO CHUXKAETCS,
U €ro HaJ0 MEHSTH pa3 B IMoAToAa. [loAMpOBaHHBIE AMCTBHI MeETasrd H 3epkKana, Io
OaHHBIM AKageMrKka BeldHHK, CHMZKAIOT BAUSHUE II0TOKA «XpPOHOHOB» Ha 20-50%.

[annble criocoObl pacKpbIBAIOT (PU3HMUYECKHE CBOMCTBA BOAH IIAOTHOCTHU 3dupa.
[Ipoxoma dYepe3 MOAMITHAEH, OCOOEHHO €CAHM OH «THHYTBIH», TO €CTb, Ae(POPMHPOBAH
(pacTaHyT), BOAHA TpPaTUT YacTh KoaWdecTBa 2(dupa Ha  BOCCTAaHOBACHUE
nepOpMUPOBAHHBIX CB3€eH MOAEKYA IMoAudTHAeHA. OIITUMaAbHBIN 3KpaH U3 ITIOAUITUAEHA
MOKHO cobpaTh M3 YepenyIOIHXCS CAOEB «PACTIHYTOIO» MaTepHaa, YKAaAblBas HX II0-
ouepeny, BIOAb M IIONEpPEK, KaK B AUCTaxX (paHepbl. KcTaTu, OTAMYHBIM IIOTAOTHUTEAEM
BOAH IIAOTHOCTH 3(upa CAyKHUT (aHepa. [Ipn oTpazkeHHH OT IIOAMPOBAHHOIO METAaAAa,
VAU 3epKana, BOAHA BezeT cebs 110 3aKOHaM OIITHKH.

[pyroii MeTon 5KpaHUPOBAaHUS, a TOYHEe, KOMIIEHCAIIUH BOAH IIAOTHOCTH 3pupa,
3aKAIOYaeTCs B YEPEOOBAHHUU CAOEB Pa3HOro MaTepuasa. KasKAblii U3 CAOEB HUMEEeT CBOU
rmapaMeTpbl, U KOMIIEHCHPYeT BOAHBI CBOEro Auaria3oHa. Hampumep, M3BECTHO TaKoe
COYeTaHUE CAOEB, KaK YTOAbHAS IIbIAb, U3BECTb, CAOM MEAKOIO IIPOCESTHHOTO KaphepPHOTO
IIeCKa, CAOM OPEeBECHBIX OIHAOK, CAOM Kepam3uta M T.. CAOM 3aCBhITHOTO MaTepHaia,
IIPUMEHSIEMOTO B I€AdX KOMIIEHCAIIUM BOAH IIAOTHOCTH 3(Hpa, MJOAKHBI COCTOATH U3
MHOKECTBA 9AEMEHTOB Heynopsi0oueHHoU (XaoTH4ecKoit) CTpyKTyphl. CAOM, cocTosIui U3
OOUHAKOBBIX BAEMEHTOB, HAIMPOTHUB, CO30Aae€T KOTEPEHTHOE MOIIHOE IIePEeU3AyIEHHE
MIaJAIIUX Ha HETO BOAH IAOTHOCTU 3(PUPHOU cpenbl. TAKUMH 3A€MEHTaMU MOTYT OBITh
IIECYMHKHU U3 HEKOTOPBIX PAiOHOB IAQHETHI.

Mbr yxe paccMaTpUBaAu «MHeEpLHOHA BeliHukKa», TO €CTbh, YCTPOHCTBO C
9KCLIEHTPHUCUTETOM OPOUTHI IIapUKOB (PUCYHOK 15), HO IIpH 3TOM, MBI HE TOBOPHAH O TOM,
9YTO HMMEHHO pPa3HOCTh XPOHAABHBIX IIOTEHIIMAAOB CO3JaeT ABHKYIILYIO cHAy. B aToM
IIPOCTOH MEXaHHYEeCKOH KOHCTPYKIIMH, TPAgUEHT IIEHTPOOEIKHOM CHABI €CTh PE3yAbTAT
pa3HO¥ CKOpPOCTH [OBUKEHHS IIapUKOB, Ha pas3HbIX ydacTKax TpaeKTopuu. Temeps,
oIepupys TepMUHaAMHU XPOHOAWHAMUKH, MOXKHO CKa3aTh, YTO IPUYUHON ABUKYIIEH CHUABI
ABASIETCHd PA3HOCTh «MHTEHCHAAOB», TO €CTh, Pa3Had MHTEHCHBHOCTD IIPOIlecca ABUIKEHUI
Ha pa3HbIX y4yacTKax TPaeKTOPHUH ABUXKEHUS IIIapPUKOB.

BosBpalasch K OCHOBHOM TeMe KHUTH, IpHUBeny nutary BeiliHuka: «MHe U3BECTHO,
4TO MHOTHE 3HTY3HAaCTbI, IbITAsICh CO30aTh OE30IIOPHBIHM ABUKUTEAb, CIIOCOOHBIN AETATEH,
BpalllaloT BCEBO3MOXKHBIE TeAa, M3OLIPAIOTCS B IIPUAAHUM CBOUM XUTPOYMHBIM
YCTPOUCTBAM CaMbIX 3aMbICAOBATBIX [IBUXKEHWH U T.A., C IE€AbI0 OOOUTH 3aKOHBI
MexaHUKU HboToHA. DTUM 3aHUMAIOTCS IleAble HHCTUTYTBHI. OgHAKO, S BBIHYKIEH Cpa3y
K€ OrOpPYHTh BCEX AITHX OJHTY3HMACTOB: OOMaHYTh MEXaHUKY HploTOHA B IIpHUHIUIIE
HEBO3MOXKHO. ECTh TOABKO OOUH IIyTh NOCTUYL XKEAQEMOI'O — 3TO BO3AEHCTBOBATH Ha XOI
BpeMeHH, apyroro IyTu Bor He npenycmoTpear [63, cTp. 445].

M3 3TOro caemyeT HHTEPECHBIH BBIBOA: BCe 3(PUPOOOMEHHBIE YCTPOMCTBA, Oax<e
npocmoele UHepyuouodbl, co3oarm O8UKYWYH CUNY 8 NpocmpaHcmee moabKo 8 nape C
oswkywell cunoti no ocu epemeHu! A000H HHEPIIHMOUI MOZKET CO31aBaThb XPOHAABHBIN
3ddeKT, ECAU OH CITOCOOEH ABUTaThCH TOALKO CHAAMU HHEPIIUH.

B cBsa3u ¢ 3TUM BBIBOOM, IIpeaAaraio nepeiTu K 0oaee IeTaAbHOMY PaCCMOTPEHHUIO
Bompoca 00 ymIpaBAdEeMOM «OBUXKEHUHU MaTE€pPHH BO BPEMEHH», TO €CTh, K TEOPHUHU
H3MEHEHUd IIapaMeTpPOB CYIIECTBOBAaHHS MaTEpPHUH B IIPOCTPAHCTBE U BPEMEHU. ITO
BaKHO, TaK KaK HEMOCPECTBEHHO OTHOCHUTCH K 3¢ddeKTaM, BO3HUKAKIIUM IIpU padoTe
MHOTHX ABHZKHUTEA€H aKTUBHOIO THIIA.
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XpOHaABHaH ABUXKYIIad CHUAA

Pa3BuBaga unero BeiiHnka o TOM, 4TO AIOOOH «MHTEHCHaA» BelllecTBa OOBbeKTa (TeAa)
MOZKEeT OBbITh HCIIOAB30BaH [AS M'€eHEPUPOBAHUS XPOHAABHOIO ITOAS ¥ U3MEHEHUsSI CKOPOCTH
Xo/la BPEMEHH, [AS NAaHHOTO MaTepHaABHOIO OOBEKTa, PACCMOTPHUM IIPOCTOH IIpHUMep
CO3/IaHUSI XPOHAABHOTO [IBHIKUTEAS, PabOTaloOmIero Ha OCHOBE OJHOIIPOBOAHBIX AWHUH
nepenadu SACKTPHUYIECKON SHEPryuy. BripoyeM, Ha3BaHHE HE COBCEM KOPPEKTHOE, TaK Kak,
B JIaHHOM cAyYae, OT HMCTOYHHKA KOAeOaHUH SHEPTUH K IIOTPEOUTEAI0 3AEKTPOIHEPIHUU
HUYEro He IepenaeTcda. 34eCh CO30al0TCsI TOABKO TOKHM CMELIEHUS B OJHOM ITPOBOIHUKE.

Hrak, pacCMOTPHUM ITPOCTOH METO/, ITOAYYEHHS MOIITHOCTH B IIOA€3HOM Harpyske, 3a
CYyeT C€030aHUSL 8 OOHOU mouKe NpPoCmpaHCcmea USMEHSIIOULe20Csi 80 8pemeHU
aslekmpuueckoeo nomeHyuana. VCroab30BaHME PaA3HOCTH XPOHAABHBIX IIOTEHIIMAAOB B
TAKUX YCTPOMCTBaxX, 00ECIEeYHBAIOIINX SAEKTPUUECKYI0 MOIIHOCTH B HArpy3Ke, JOAXKHO
IIPUBOAUTE K IIPOSIBACHHIO XPOHOABHIKYIIEH CHABI, CMeENIAIolledl OOBEeKT (reHepaTop
SHEPruH) OTHOCHUTEABHO HAIIIEr0 HATYPaAbHOTO XOZa BPEMEHH B COCTOSIHHE YCKOPEHHOTO
VAU 3aMEJIA€HHOTO CYIIIECTBOBAHHUSI.

OAEKTpUYECKUN MOTEHIHaA, KaK HM3BECTHO, MMEET MAaKCHMyM Ha I[IOBEPXHOCTU
3apssKEeHHOTO Teaa M, M paBeH HyAI0 Ha OECKOHEYHOM PacCCTOIHHUH OT Teaa M. 3to
O3HaAuaeT HaAWM4YHe HEKOTOPOro TrpagueHTa IIOT€HIHaaa, TO €CThb, OIPEIEACHHYIO
HaIIpsSXKEHHOCTb 3A€KTpHUUYeckoro Ioasgs E. [lanHag HaIIpgKeHHOCTh COOTBETCTBYET
W3MEHEHHIO BEAMYMHBbI IIOTEHIIMaAa B IIPOIlecce ABUIKEHUs OT Teaa M Ha OecKoHe4yHoe
paccTogHUe.

3aMeTUM ele pa3, YTO TEPMHHBI «HAIIPSAXKEHHOCTB» AT JACKTPHYECKOIO IIOAd U
A 00AaCTH yIIpyro#t nedpopManiiu 3(pUpPHON Cpesbl COBIAAAIOT II0 CMBICAY.

OaekTpudeckoe HanpsakeHue U, Kak U3BECTHO, €CTh PA3HOCTh ITOTEHIITMAAOB MEXKIY
OByMsSI TOYKaMHM, PACIOAOXKEHHBIMH Ha HEKOTOPOM pacCTOSHHUM [Opyr OT [Apyra B
npoctpaHcTBe. Hampskenne U Mexmy TodkaMu A U B, cooTBeTcTByeT paboTre IO
IIepeMeIleHUIO 3apsa, U SBASEeTCS IPOM3BOMHOM IO BEAWYMWHE IIOTeHInasa. Pabora u
MOIIHOCTh 3aBUCAT OT HalpaxkeHUsi U, IIOCKOABKY TpaJHeHT IIOoTeHIMaAa O3HadaeT
M3MEHEHHEe BEAWYHWHBI OJOHEPruM (mpeobpa3oBaHHE SHEPrHUH), IIPOUCXOASINEe IIPU
OBUKEHUN HabAofaTeAd OT TOYKHM A K Touke B. B obmiem, 3T0 ympyroe HampsizKeHUe
cpenpl MeXKAy ABYMsI TOYKaMHU B IIPOCTPAHCTBE, OOBIYHOE IIOTEHIIHAABHOE SAEKTPHYECKOe
IIOAE.

B cay4yae 5KBUIIOTEHIIMAABLHOH ITOBEPXHOCTH, B AIOOOM €€ TOYKe, [IOTEHIIHaA UMEeeT
IIOCTOGHHYIO BEAHYHHY, U HET HU3MEHEHHd SHEPIUU IIPHU IIE€PEX0OAE OT OOHOM TOYKH A K
apyroii Touke B. IlpeanoaokuM, 4dYTO pasMep ISKBUIIOTEHIIMAABHON ITOBEPXHOCTH
CTPEMHUTCH K HYAIO, TO €CTh MBI pacCMaTpUBaEM €€ Ilepexo B HeKoTopyio Touky C. B
TaKOM CAydYae, B JaHHOH Todke C, eCTh TOABKO OOUWH CIIOCOO ABUIKEHHs, TO €CTb, CIIOCOD
M3MEHEHNS BEAMYNHbBI 9HEPTHUU: 9T0 08UXKEHUE 80 8pEeMEHU.

[aBaiiTe paccMaTpuBaTh HEKOTOPOE MABHXKEHHE II0 BpeMeHH OT MoMeHTa Cp K
moMeHTy Cgp. Ecaum moTeHIIMaa B MOMEHT A He paBe€H HOTEHIIMaAy B MOMEHT B, ToO MbI
MOXKEM TOBOPUTHE O TrpaaueHTe HnoTeHnuasa B Todke C. OmHako, TakKoOW TIpaaueHT
pacIioAOKEH HE B IIPOCTPAHCTBE, a BO BPEMEHH, 9MO HANPSKEHUE, KAK XPOHANbHbLLU
2padueHm nomeHyuana. JaHHOe II0A€ TaKXKe SBASIETCS IIOTEHIIMAAbBHBIM, M CBH3aHO C
IIepeEMEHHBIMHU 10 BPEMEHHU YIIPYTUMHU AeopMallisIMU Cpeabl, IIPOUCXOASIINMU B JaHHOH
TOYKE IIpoCcTpaHcTBa. Pasymeercs, mpedopMmanuio cpeapl oAHa TodKa HE MOXKET
BOCIIPUHUMATh HHa4e, KaK U3MEHEHHE ITAOTHOCTH SHEPTUU CPEbI.

I/ITaK, XPOHAaABHAad PAa3HOCTHh IIOTECHIIMAAOB MOZKET ObITL Ha3BaHa «XPOHAABHBIM
HaIIpA2KEHHUEM . XpOHaAI:HOMy TpPaaucHTY COOTBETCTBYET OIIPEACACHHAd HAIIPAXKEHHOCTD
XPOHAABHOI'O IIOAd, KOTOpad CO3Ha€Tcd B TOM CAy4da€, €CAHU SACKTpI/ILIeCKI/If/'I IIOTEHIITHAA
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aBadgeTcd PyHKIHeH BpeMeHH. B TakoMm caydae, m3MeHEHHE ITAOTHOCTH SHEPrUH B OTHOH
TOYKE IIPOCTPAHCTBA, MABUIKYIIEHCS BO BpPEMEHH, TOXe co3gaeT paboTy, MO3TOMY
XPOHAABHOE TIIOAE, Haxoosiueecst 8 OO0HOUL mouke npocmpaHcmea, MOXKeT ObITh
HCIIOAB30BAaHO KaK MCTOYHHK MOIITHOCTHU [JAS ITOA€3HOH Harpy3KH, U KakK CII0CO0 CO3qaHUsd
OBUKyIeH cuabl. Pabora, coBepIiiiaeMasd B IIOAE3HOH HarpyskKe, 3aBUCHUT OT XPOHAABHOTO
HaAIIPSPKEHUsI, W OIIpedeAdeTcs, KaK I[IPOM3BOAHAs II0 BpPeMeHH, IIpudeMm, 3To pabora
HMeeT CMBICA IIEpPEeMEILIEHUS MaTepPUaAbHOM YaCTUIIBI BOOAb OCH BPEMEHH.

TexHuU4YeCcKHe CHCTEMBI II0 H3BAECYEHHIO MOIIHOCTH, B MJAaHHOM CAy4Yae, JOAXKHBI
BKAIOYATh «3AEMEHT [aMSITH» OAd TOTO, YTOOBI [AeAaTh CpPaBHEHHE MEKOAY IIPOIIABIM
3HaYEeHHEM IIOTeHIIHaAa U OyayIuM 3HadYeHHeM. [IppMepoM Takoro «yCcTpoiicTBa IMaMsSTH»
ABAGETCHd  OOBIYHBIM  SAEKTPHUYECKHM  KOHAEHCATOpP, HCIOAB3yEeMBIH B  CxeMe
OHOIIPOBOAHOM AMHHNM, ITOKa3aHHOH Ha Puc.125. PaccMoTpuM JaHHYIO CXEMY.
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reHeparop /

MakcuMuMmym noreHuuana /
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%
Puc.125. OgHompoBOAHASA AMHUSA SAEKTpoIiepenad.

VICTOYHMK W3MEHSIOUIETr0oCs IIOTEHIIMAaAa COEAWHEH C IIPOBOZOM, HMEOIIIM
PEe30HaHCHYIO MOAUHY. [Ipy 4YeTBEPTHEBOAHOBOM pe30HAHCEe, H3MEHEHHe IIOTeHIlMasa B
TOYKE BKAIOYEHHHd MOUON0B dBAdeTcd MakcuMaabHbIM. OTmeruM, uyTo Hukoaa Tecaa
HCIIOAB30BAaA B AHAAOTHYHOM CXeMe CIEIHAABHYIO IIOCTPOEYHYIO KAaTYyIIKY, YTOOBI
IIOAYYUTH TpebyeMoe pPe30HAaHCHOE COCTOSHHE IEeNH B €ro OJHOIPOBOAHOM AWHUHU
SAEKTponepenad.

MeTon mOAy4YEHHS aCMMMETPHUM IIpollecca II0 BPEMEHM, B JAHHOH CXeMe, OCHOBaH
Ha I[IPUMEHEHHHM IIapbl [OUOMAOB, COE€AWHEHHBIX BBIBOAAMH PAa3HOM MIOAIPHOCTH, H
IIOAKAIOYEHHbIE OOMmIed TOYKOM K OMIHOIIPOBOMHONM AMHHH, B MECT€ MAaKCHMAaABHOTO
H3MEHEHHUd IIOTEHIIHAaAA. [aHHOE TEXHHYECKOE peIIeHuEe Ha3bIBaeTCd «BHAKOM
ABpPaMEHKO».

[To3BOAIO BBICKA3aTh CBOE IIOHHMMaHHe paboTbl OaHHOH cxXeMbl. [IWoAbl CO34Ar0T
OIHOHAIIPABAEHHOE CMEIIIEHHE 3A€KTPOHOB B IIPOBOE, IIPH KaxKAOM H3MEHEHHM 3HaKa
roTreHIiasa. B ToM moaymepuoze, Koraa IIOTEHIIMAA B TOYKE ITOOKAIOYEHHS IHOIOB
IIOAOXKUTEABHBIH, OH  IOAIpU3yeT  KOHJAEHCATOp  4Yepe3  OHOJZ, BKAIOYEHHBIH
COOTBETCTBYIOIIIMM BBIBOJAOM K OOIIEH TOYKe (IOAOKHUTEABHBIM). Bo Bpems cCAemgyIoIero
IIOAyTIEpHOAA (OTPHUIIATEABHOTO), IIOAIpPHU3AIUs KOHAeHCATOpa IIPOHCXOAUT dYepe3 ApyroH
nuon. Peuyb mzmer MMEHHO O TOKax CMELIEHUS U IIOAIpPH3allvM, TaK KaK 3/1eCb HeT
3aMKHyTOU Ilenu reHepartopa. KoHaeHcaTop B JaHHOM cCXeMe 3apsKaeTcs IIOCPELCTBOM
U3MEHEHUI IIOTeHI[MaAa, YTO HHUKaK HE OTpaXkaeTcsd Ha COCTOSHUU «II€PBUYHOIO
HCTOYHUKa». MOIKHO cCKazaThb, YTO TIE€HEPATOpP 3[EeCh SBASIETCI TOABKO HCTOYHHKOM
uH(popMarmu. 3aMKHyTas IIellb o0pa3syeTcss IIocAe KOHIeHcaTopa, obecrnedynBas
9AEKTPOABUIKYIIYIO CHAY, TOKH IIPOBOAMMOCTH U MOIIHOCTE B Harpy3ke. C MexaHU4YeCKOH
TOYKH 3peHus, cxeMma Puc. 125 moxoxka Ha paboTy XpamoBHKA: C KaXKIBIM «IIIaroM»
co3gaeTcd OOWMH HMMIIYABC TOKa B IIENIH KOHAEHCATOpa, HO TOK BCEraa IUPKYyAUPYET B
ONHOM HaIllpaBAeHHH. WTaK, 34€Ch HET 3aMKHYTOH IIENH Ha BBIXOZE HMCTOYHHKA, U HET
rpagueHTa (Pa3HOCTH IOTEHIIMAAOB) MEXKAY ABYMS TOYKaMU B IIPOCTPAHCTBE. 3/1€Ch MBI
MOXKEM pacCMaTpUBaTh TOABKO TPaAUEHT IIOTEHIIMaAsa II0 BPEMEHH, TaK Ha3bIBAEMYIO
«XPOHAABHYIO Pa3HOCTBH OSAEKTPUYECKUX IIOTEHIIMAAOB», CO3/1aBaeMyl0 B OJHOM TOYKe
SAEKTPHUYECKOH cXeMbl, B OOIIeH TO4YKe BKAIOYEHHS JUOMOB. Jacrora WM aMIIAWUTyOaA
H3MEHEHHUH IIOTeHIIMara B aHHOM TOYKe 331al0T BEAUYHHY MOIITHOCTH Ha BBIXOJE.
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Kpome TOro, cyliecTBeHHBIM (PAaKTOPOM VBEAHMYEHHUS MOIIHOCTH B HAarpysKe
SBASIETCS YHUCAO CBOOOIHBIX SAEKTPOHOB B IIPOBOME, ITIOCKOABKY MMEHHO OHU CO3IAI0T CHUAY
TOKa IIPOBOAUMOCTHY B IIEIH HATPY3KHU. [10 aHAAOTHH C OOBIYHOM SAEKTPOABUIKYIIEH CHAOH
OC, xkoropas obecrieduuBaeTCsd AIOOBIM HCTOYHHUKOM pPa3HOCTH IIOTEHIIMAAOB B
IIPOCTPAHCTBE, BBeAEeM IIOHATHE XpoHoosuwwywiel cunvt (X/C). Tlone peticTBusa maHHOMH
CHABI PAaCIIOAOKEHO HE B IIPOCTPAHCTBE, a BO BpEMEHH. B TakoMm caydae, MOXKHO
IIPEAIIOAOKUTE, YTO JAEKTPHUYECKasd MOIIHOCTb B IIOAE3HOM Harpyske, co3gaBaemas
IIOKAa3aHHBIM BBIIle MeToaoM, Puc. 125, moa)kHa COOTBETCTBOBATBH OIIpeNeA€HHBIM
M3MEHEHHUSIM XPOHAABHBIX I1apaMeTPOB, KOTOPBIE IOAXKHBI HAOAIOAATHCI B OKPECTHOCTSIX
JaHHOTO paboTaroliero nmpeodpa3oBaTeAs SHEPrHUH.

PesyapraToMm gnetictBus XC Ha yacTHUIbl MaTepHUM, KaK M Ha BCE IIPOLIECCHI,
HaxondImecss BOAU3H [JAaHHOI'O IeHepaTopa SAEKTPOIHEPTHH, SIBASIETCS HUX XPOHAABHOE
YCKOpEHHE HAH 3aMeIACHHE, IIPOHCXOAMAIlee OTHOCUTEABHO HATYPAABHOTO XOJa BPEMEHU
OKOAO3EMHOI'0O IIpPOCTpaHCTBa. lIpupoma BellecTBa, €ro IIPOLIECC CYILIECTBOBAHUSI,
OEMOHCTPUPYET HaM OJHOHAIIPABAEHHOE €CTECTBEHHOE [OBHXKEHHE N3 IIPOIIAOTO B
Oynymiee. MoXHO cKasaTb, YTO Ha Bce HabAlomaeMoe HaMH BeIIeCTBO JIeHCTBYeET
nocroguHass XIC, xoropaa B A000# TOYKE IIPOCTPAHCTBA €CTh pPEe3yAbTaT
OHOHAIIPABAEHHOT'O H3MEHEHHS BEAHMYHHBI XPOHAABHOTO IIOTE€HIIHMaAsa II0 BPEMEHH. ITO
U3MEHEHHE SBASETCS T'AOOAABHBIM, IIOCKOABKY 3(p(eKT (Tak Ha3bIBaeMbIH €CTEeCTBEHHBIH
IIOTOK BPEMEHH) OOHApyKHUBAaeTCss BO BCEX TOYKAX HAIIIETO IIPOCTPAHCTBA - BPEMEHH.
OTcioma caenyeT BBIBOA: y BCeX YaCTHI[ MaTepHUM B HallleM MUHpPE, C IIOCTOSSHHOH
CKOPOCTBIO HU3MEHdAeTCs KaKOH-TO «HMHTEHCHaA», BEAWYHHa, XapaKTepHuaylolllas
AKTUBHOCTH IIOBEAEHHS MaTepHUH. TaKUM OOIIMM [Ad BCEH MaTepUH <«HHTEHCHAAOM»,
MO3KeT OBITh TOABKO ITAOTHOCTE 3pupa. MBI y3Ke OTMedYaAH, YTO MAOOAABHBIM IIPOIIECCOM
U3MEHEHUd IIAOTHOCTH 23(upa B OKOAO3EMHOM IIPOCTPAHCTBE SBASETCS IIPOLIECC
[OBUXKEHUS [AaHEeThl U Hallled 3Be3nbl B pacHIupdiolieMcd pykaBe ['arakTuKU MaeuHBIH
[TIyTes. [IaoTHOCTE 3pUpHOI cpenpbl B IieHTpe [aAaKTHUKM MaKCHUMaAbHA, U YMEHbIIIAEeTCs
IIPU yAAA€HUH OT Hero Ha Inepudgepuio l'asakTmku. CaenoBaTeAbHO, YHHUBEPCAABHBIM
MeTooM co3naHuda yrpaBasgeMod XIC MOTYT CAYKHUTb MexXHO02UU USMEHEeHUSsL 00 bemMHOU
naiomHocmu 9Hepauu 8 npocmpaHcmee. IlpuMmepbl TaKUX TEXHOAOTUHM MBI yiKe
paccMmaTpuBaAud, U IIPOAOAKHM HX aHAAHU3 B CAC]:RYIOH_[CI\/’I TAaBE€ O TEpMoOorpaBUTallliH, T.K.
HU3MECHCHHUA TEMIIEPATYPhI BEIIECCTBA ABALIETCA HaubOAEE IIOHATHBIM CIIOCOOOM H3MEHEHHS
€ro «MHTEHCHaAa», ET0 BHYTPEHHEN SHEPTHUH.

TepmorpaBuTanug

HUrak, TeMneparypa BELIECTBA XapaKTEPHU3yeT SHEPreTHUYECKOE COCTOIHHE JYaCTHIL
BEIIIECTBA, HUX «MHTEHCHAA» - XPOHAABHYI0O aKTHUBHOCTH HOBeneHUd. lIpm MOCTHXKEHUU
OIIPEeNEeACHHOTO 3HAYEHHs, BEIIECTBO MEeHIeT (Ppa30BO€ COCTOSHUE, HAIIPHUMEDP, UCIIapsIeTcCs
HAU KpucTaasusdyercd. [Ipu aToM, Kak mokaszaau 3KCrepuMeHTBH! KosvlpeBa, BeliHuKa u
OPYTUX HCCAeIOBaTeAel, co3MaeTcs BOAHA IIAOTHOCTH 3dHpa, KakK s Iloaaraimo, B
pe3yAbTaTe BBICBOOOKIOEHHS HAM IIOTAOLIEHHs 4YacTH 3¢upa, KoTopas COOTBETCTBYET
MEXXMOAEKYASIPHBIM CBS39dM B BellecTBe. B 5KCIEpHUMEHTaxX C BBICOKOTEMIIEPATypPHBIMU
CBEPXITPOBOAHUKAMH, KOTOPBIE MBI pPaHEe PaCCMOTPEAH, OBIAO IIOKa3aHO, YTO MOXKHO
co3JaTh HE TOABKO OJHOKpAaTHble, HO U BBICOKOYACTOTHBIE (pa30Bble IIEPEXOMBI,
TeHEePHUPYIOIIHe BOAHBI 3(hupa AI000# 4acTOTHI.

B pmanHOM TAaBE MBI PACCMOTPHUM IIOHATHE O TEPMOTPABUTAIIMH, KOTOpPOE HeE
CBd3aHO C (pa30BBIMU IIEPEXOJaMHU. 30eCh B POAM HCTOYHUKA BUOpamuii 3upHO cpenbl
BBICTYIIAIOT QTOMBI U MOAEKYABI, BHE 3aBHCHMOCTH OT (Pa30BOrO COCTOSIHUS BEIIECTBA.
[Ipr paccMOTpeHHM MAHHOIO BOIpoca, MbI OyaeM Ioaaratb, 4TO (Ppa30BO€ COCTOSIHUE
BeIlleCTBa, IIPH M3MEHEHWH €ro TeMIlepaTypbl, He MeHseTcsa. Hampumep, ecan pabodee
TEeAO BBIOpPAHO TBEPAOE, TO OHO TaKHM OCTaeTcsd, IIpU AOOOH paccMaTpuBaeMoOH
TeMIepaType.
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Hrak, Aro0Oble KoaeOaHHS aTOMOB KPHCTAAAWYECKOH PEILeTKH BeIlleCcTBa CO34aloT
BUOpanuu 3upHOE cpenbl. [Ipu HarpeBe Teaa, TENAOBble KOA€OAHUS YCHAWBAIOTCH H,
COOTBETCTBEHHO, YBEAWYUBAIOTCHA BHOpanuu 3(PUPHOH Cpeabl BOKPYT TOPSYEro TeAa.
Fopsiure Teaa, KaK U3BECTHO, U3AYyYalOT (POTOHBI B MH(PAKPACHOM AHAIIa30HE CIIEKTpa
YaCTOT SAEKTPOMArHUTHOTO H3Ay4YeHHs. OHeprusd BOAH, Ha MOAHHOH YacToTe, O4YeHb
OoabIIasi, HO OHHM HE OKa3bIBAIOT 3aMETHOIO CHAOBOTO BO3IEHCTBHUS Ha OKpPYKAaIOIMe
0OBEKTBI, IIOCKOABKY He SI8/ISII0MCSL KO2epeHMHbMU. DTO O3HAYaeT, YTO KaKaad JacTHlla
BelllecTBa BUOPHPYET BHE 3aBUCHMOCTH OT BHOpaluil Apyrux ydacTuil. Pe3yapTaT Takux
KoAe0aHUH CTATHCTUYECKH YCPEeOHSEeTCs, co3daBas TeNAOBOM IIOTOK, HaIpuMep,
uH(pakpacHble (HPOTOHHI.

HanpaBaeHHe OOBIYHOrO ITOTOKA TeEIAd, HAIIPUMEpP, IIapa, UAeT OT IIEHTpa TeAad
U30MPONHO 80 8Ce CMOPOHbL. XOAOOHBIE TeAd, HAIIPOTUB, HPUTATHBAIOT YaCTHIBI 3Hpa
OKpyzKarolle cpenpl, co3gaBas o0paTHBIE 3(ddektT. B o000mx caydasgx, HCIIOAB3Yd
OOBIYHBIE HCTOYHHKU TelAa HAM XOAOJA, CTAHOBUTCS BO3MOXKHBIM €030a80Mb
HanpaesieHHble NOMOKU 3PUPHOLU cpedbl U 08U KYWYto cuny. B psame mpoekToB, Takue
OBUKUTEAW Ha3bIBAIOT (POTOHHBIMH, XOTsS 0OoOAee KOPPEKTHO TOBOPHUTHL O CO3OaHUH
HAIIPABAEHHOTO ITOTOKA ITPOJAOABHBIX BOAH 3(PUPHOM Cpeapl, KOTOPBIH BBITIOAHSET Ty K€
POAB, KaKyIO UTPAET IIOTOK PEaKTUBHOM MacChl PAKETHI.

B unrepecnoit kuure A.Il. IllleroaeBa «Crimpaab mo3HaHus» [71] OblA IpensozKkeH
MBICA€HHBIH 5KCIEPUMEHT II0 CO3IAaHHUI0 TEPMOTI'PABUTAIIMOHHOIO MABHKHTeAd. CyTb
3KCIIEPUMEHTA COCTOUT B CAEAYIOIIEM: HIap, U3TOTOBAEHHBIN M3 BBICOKOTEMIIEPATYPHOTIO
MaTepraasa, pa3orpeBaeTcsd BHEIIHHMM HCTOYHHKOM OO0 TAKOM CTEIIEHH, 4YTO €ro TEIIAOBOE
H3AYYEHHE II03BOASIET €My IIPEOJOAETh CBOM BeC, W MapuTh B Bo3ayxe. Ha Taxkom
IIPUHIUIIE, BIIOAHE BO3MOXKHO CO34aTh KOCMHYECKHe amnnapatbl. PeaabHble
skcrepuMeHTHI llleroaeBa NOATBEPKAAIOT €r0 KOHIIEIIIHMIO, TaK KaK OH YBEPEeHHO
OEeTeKTUPyeT H3MEeHEeHHe Beca AIOBIX HarpeTbIX TeaA, [AaxKe IIPocToro ytiora. Bae
3aBHCHMOCTH OT (POPMEI T€Aa, TEIIAOBOE HU3AYYEHHE CIIOCOOHO YaCTUYHO KOMIIEHCHPOBATH
IIOTOKH 3Hpa, KOTOpble O0yCAABAWBAIOT CHABI IPHUTIKEHUS OAHHOTO TeAd K LEHTPY
naaHeTbl. OHAKO, HEAB3S Ha3BaTh 9TOT IIOAXO0J ONTUMAaABHBIM MeTo/oM. lleaecoobpazHo
co3gaBaTh QHU3OMPONHLLUL mMeniogoll nomok, KW OPHEHTHPOBATh €ro B HyXKHOM
HalIpaBA€HUN. B cBg3u C 3TUM, HEOOXOOUMO CHAeAaTh HEKOTOpble 3aMedaHUsd II0
nocraHoBKe skcniepuMeHnTa llleroaeBa. Ha Puc. 126 nokazaHo cedeHHe I1apa, B KOTOPOM
coeaaHa KOHyCHas BbleMKa. HarpeB Takoro Teaa, Kak IOKa3aAd 5SKCIIE€PHUMEHTEHI
[MleroaeBa, naeT gBHBIN 3(p(PEeKT YMEHBIIIEHHS €r0 Beca.

NyY NA3EPA
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CYMMAPHbIN TEN/IOBOM NOTOK

Puc. 126. llap ¢ KOHyCHOH BBIEMKOM.

[annasa ¢opma Teaa npenasoxkeHa llleroneBbIM, KakK OH IIHIIET, TOABKO [AS TOTO,
4TOOBI «MMETHh BO3MOXKHOCTH AYYOM Aa3epa HarpeBaThb ILIEHTPAABHYIO TOYKYy Imapar. [Ipu
TaKOM criocobe HarpeBa, TEIAOBOE H3AYyYEHHE pPacCIpoCTpaHdeTcs OT IeHTpa Iapa B
cTopoHbl. 4 obcyxkmaan ¢ HUM 3ToT Bompoc B 2008 romy, M mHObITaacsd pPaCUIUPUTH
IIOHMMAaHHe 5TOM KOHCTPYKTUBHOM OCOOEHHOCTH «TepMmorpaBuraropar. OmHako, Mbl He
IIPHIIAY K €JUHOMY MHEHHUIO.
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[To-moeMy, MMEHHO BbIEMKa co3zaeT 3(P(PEKT aCHMMETPHH TEIAOBOIO IIOTOKA,
UAYILIETO OT TeAa TaKOH «s10AouHOM» popmbl. OTCyTCTBHE BeEIleCTBa B BEpXHEH yacTHu
mapa (KOHyCcHasl BbIeMKa) 00yCAaBAMBAaET aHHU30TPOIIHUIO TEIAOBOTO HM3AYYEHUs, TO €CTh,
HEHYAE€BOM CyMMAapHBIH I[IOTOK TE€IlAd, KOTOPBIM (POPMHUPYETCH OT LHEHTPAABHOU TOYKHU
BHH3. OOBIKHOBEHHBIH IIap, OYEBHUAHO, HMEEeT H30TPOIHBIA TENAOBOM IIOTOK,
PacCIpoCTPaHSIOIIMICI BO BCE CTOPOHBI.

B pasBuTHe mOaHHONM TEXHOAOTHM, IIpefaaraeTcss MUHUATIOpU3anus U cOopka
«T€PMOTPaBUTATOPOB» B KOMIIAEKTBI, pPa3MelllaeMble Ha ITAOCKOM IIAACTHHE, KaK IIOKa3aHo
Ha Puc. 127. 3ameTuM, YTO TakKoe MHOXKECTBO 3A€MEHTOB, I'€HEPHUPYeT B OOKOBBIX
HaIllpaBAEHUIX BCTpPEYHbIE APYr APYTY BOAHBI ITAOTHOCTH 3pUpa, YTO IIPUBOAUT K HX
B3aMMHOM KOMIIEHCAIlUM, B IIAOCKOCTH IIAacTHHBI. IIpu 5ToM, BOAHBI MHOXKECTBa
n3AydaTeAeH CKAaABIBAIOTCS B HAIIPABACHUH, IIEPIEHAUKYASIPHOM IIAACTHHE.

CYMMapHbIi1 Tenn0Bo IOTOK c60pKu

Puc. 127. C6opka MUKPO-TEPMOTPABUTATOPOB.

[Tpu aTOM, B HAIIPpABAEHHH «KOHYCHOM BBIEMKH», CyMMapHas BOAHA MEHBIIIe, YeM B
IIPOTHBOIIOAOKHOM HAaNPAaBACHHUH. YMEHBIIAsd pas3Mepbl «TepMOTPaBUTATOPOB», MBI
IpUAeM K HeOOXOAWMOCTHU HCIIOAB30BaHHsS HAHOTEXHOAOTHI, a gasee, K BO3MOXKHOCTH
CO3aHUS CIEIIMAABHOTO BEIIECTBA, MOAEKYAbI KOTOPOrO HMEIOT HeoOXOAWMYyI0 Ham
acuMMeTpuio. CAOM TaKOIO BEIECTBA, MOAEKYABI KOTOPOTO OyAyT YHOPSAOYEHBI, CMOTYT
T€eHEPUPOBAaTh BOAHBI TIAOTHOCTH 3(QHpa, NIPEHUMYyILIECTBEHHO, B OIHOM 3a/1aHHOM
HAIIPpaBA€HHH, 4YTO OOAXKHO CO3/1aBaTh MOIIHBIH TepMOTPaBUTAIIMOHHBIN 3¢ dekT. UTax,
TETIAOBO€ U3AYYEHHE €eCTb BBICOKOYACTOTHBIE IIPONOABHBIE BOAHBI, CO3/aBaeMble
KoAeDaHUAMHE aTOMOB B 3(pUpPHOH cpene. OOBIYHO, OHHM HEKOT€PEHTHbIE, HO [JaKe B 3TOM
CAy4dae, OHH MOTYT HCIOAB30BAThCS [AS JaCTHUYHON KOMIleHcallnu Beca Teaa. Co3maHue
KO2epeHmHbIX  mennosblx  eubpayulli uacmuy  eewecmsa  II03BOAUT  IIOAyYaTh
HaIIPpaBAEHHBIH TEIAOBOI ITOTOK, KOTOPBIA maeT OoAaee CHABHBIE TE€pPMOTPaBHUTAIIMOHHBIE
3 PeKTEI, ITpU TOH Ke TeMIlepaType Teaa. [Asd co3qaHUs KOTePEHTHOTO I'PaBUTAIIOHHOIO
U3AYYEHUS aTOMaMH TeAd, OHU [OAXKHBI COBEpIIaTh CHHXPOHHBIE KoaebaHud. B Takom
cAydae, KOHIIEHTPHUPYS U HaIllpaBAdd UX B 3a/IaHHOM HallpaBA€HUH, MOXKHO CO37aBaTh HE
TOABKO IBHXKYIIYIO CHAY, HO B CHAOBBIE 3(p(eKThI Ha OOABIIIOM pacCTodHUH. [laHHas
3aada OTHOCHUTCHI K OOOpPOHHOM TeMmaTuKe. PazBuTue rpasepoB, TO €CTh HaIllpPaBA€HHBIX
U3AydaTeAeil  BBICOKOYACTOTHBIX MPOMNOABHBIX BOAH, MOIKET pEIIaTbCsd TEMHU IKe
TeXHHYECKUM METOaMHU, KOTOPbIE IIPUMEHSIIOTCH B AQ3€PHOH TeXHHUKE.

[anee, B 11eAd9X CO30aHUS [OBUKUTEAEH, IIpefaaraeTcss pacCMOTPETb BOIIPOC
WUHAYLIIUPOBAHUA TEPMOTPABHUTAIIMOHHOIO II0Ad, d(dekTaM HHAYKIIUH, KOTOpPbIE
BO3HUKAIOT IIPU YCKOPEHHOM [ABUXKEHUHM II0 3aMKHYTOMY KOHTYPY IIOTOKa ropsdedl uau
XOAOZHOM Macchl BellecTBa. AHAAOTHS C SAEKTPOMATHUTHBIMHU UHAYKIIMOHHBIMU
apekramu, obHapykeHHbIMH Maiikaom dapangeeM, IPUBOAUT K BBIBOAY O TOM, YTO
JOAKHBI CYIIIECTBOBATh U IBA€HHS TE€PMOMAarHUTHON WHAYKIINH.

OueBHUOIHO, YTO AIOOOH MaTepHaABHBIH OOBEKT, MMEIOLIUH TeMIepaTypy HaMHOIO
BBIIIIE MAM HHUXKE OKPYXKAIOIIEH Cpelbl, IIPU CBOEM ABUXKEHHHU CO34AE€T I'PaBUMAarHUTHOE
BO3MylleHHEe 3(pUpHOHE cpenpl. COOCTBEHHO, NaHHAs Hes SIBASIETCS YaCTHBIM CAy4YaeM, U
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Ar000€e yIIopsiJoYeHHOe (AMHEWHOe MAW KPYTOBO€) ABHXKEHHE YaCTUI] MaTepPUH BbI3bIBAET
peaxkIUIo OKpyzKarollei cpensl (3chrupa), KoTopas CTPEMUTCS KOMIIEHCHUPOBATh N3MEHEHUE
COCTOSIHUSI pPaBHOBECHS Cpenbl, €€ ITOKOsI.

JAg 5A€KTPUYECKUX SBACHHH, MBI pacCMaTpUBAEM YCAOBHO IIOAOXKUTEABHBIE U
YCAOBHO OTpHIIATEABHBbIE 3apsbl, CO3[Aalolle IIPH CBOEM MABHKEHHUU MarHUTHBIE ITIOAd.
[To anmaasorum, Oad gBA€HUH TepMOIpaBHUTAIlMM, Mbl MOXKEM OXKHAATH, UYTO XOAOMAHbIE U
ropsgyue TeAa, IPU ABUXKEHUH OyayT BBI3BIBATH IIPOTHBOIIOAOKHYIO PEaKIIHIO Cpenbl, TO
€CTh, TOKH «TepMO3apsifia» PA3AMYHOIO 3HaKa MOAXKHBI CO3JaBaTh 'PaBHMAarHUTHBIE I10AS
Pa3HOIo HallpaBAECHHS.

[annble paHTaCTHUYECKUE IIPEATIOAOKEHUS MOTYT OOBSICHUTDL HEKOTOPBIE CTPAHHbIE
ABA€HUS, HAIIpUMep, HEOObIYHOE MTOBEAEHUS KalleAb BOAbI, KOTOPbIE, CTeKas I10 BHEIIIHeH
IIOBEPXHOCTH BEPTUKAABHOH TPYyOBI TropsSduero BOAOCHAOXKEHHs, TEKyT He CTPOro BHHS3, a
3aKpy4YHBaIOTCH II0 CIIMpaAu BOKPYT TPyObl. B paMKkax npemsaraeMoit KOHIIEIIINH, MOKHO
CUYHUTAaTh, YTO AIOOOH ynopsiooueHHbsLlll (HanpasieHHblil) NOmoK mensia cozoaem 80Kpye cebst
mepmozpasumayuoHHoe noJsie. Pa3HHIla C MarHUTHBIM IIOAEM COCTOUT B TOM, 4YTO
TEePMOTPaBHUTAIIMOHHOE IIOA€ CIIOCOOHO OKa3bIBATh CHAOBOI BO3/eHCTBHE Ha BCE YaCTHUIIBI
BEIIlECTBA, & HE TOABKO Ha JSAEKTPHUYECKH 3apsKeHHBbIe 4acTHIbI. B TakoM caydae, IO
AHAAOTHH C 3AEKTPOMArHUTAMH, BO3MOKHO KOHCTPYHPOBATBh KOABIIEBbIE KOHTypa HAU
COAEHOUBI U3 TPYOOK, 110 KOTOPHIM TEKYT ITIOTOKH I'OPSYEero AN XOAOJHOIO BEIIeCTBA.

Mpb1 pacrioaaraem TpeMs dakTopaMu YBEAWYEHUST WHTE€HCHUBHOCTHU
TEPMOTPABUTAIIMOHHOTO IIOAL: TeMIIepaTypa ABHIKYIIETrOCs IIOTOKA, €ro CKOPOCTb U €ro
Macca. KOHCTPYKTHBHO, MOXKHO O0eCHedyUTh OOABIIYI0 CKOPOCTH BpallleHUs Tropsdei
mAa3Mbpl 10 opbuTe, B I[OAOM TOPOHAE, UYTO IIO3BOAUT CO37aTh  MOIIHOE
TE€PMOTr'PaBUTAIIMOHHOE IIOAE.

BosBpamasce K Teopun A.M. BelHHK, MOXKHO OTMETHTBH, YTO Al0Oasd pas3HHUIlA
TeMIlepaTyp ABYX T€A, U3TOTOBAEHHBIX U3 OJHOTO U TOTO K€ BEIeCTBAa, Y2KE€ eCTh pa3Hulla
B CKOPOCTH IIPOLIECCOB HX CYIIECTBOBaHUS, pa3AWdde B CKOPOCTH XOJa BpeMEHMU.
YacTunpl BellecTBa pa3HOM TeMIepaTypbl HMEIOT Pa3HyIO IIAOTHOCTBh 9HEPTUH, IIPOYHOCTh
MeXKaTOMHBIX CBs3el, B CBSI3H C Ye€M, UX SHEeProoOMeH B OKpyzKarollei 3(pUpHOH cpemoi
IIPOTEKAET C Pa3HOM HMHTEHCHUBHOCTBHIO. BO3HHKaeT BOIIPOC: IIOYEMY MBI HE 3aMedaeM
Pa3HUIIBI X01a BPEMEHU OTHOCUTEABHO MOPAYUX U XOAOHBIX 00beKTOB? OHU CyIIECTBYIOT
B HAIlleM MHpe C OAMHAKOBOM CKOPOCTBIO XOOa BpPEMEHH, HHade, AIOOOM HarpeB HAH
oxAazKaeHue 00BeKTa BBI3BIBAAO OBI €ro ITPOITaJaHie U3 HAIIIETO «HACTOSIIIETO). ..

[asa oOBSICHEHUd ITOTO, HEOOXOAUMO BHOBH IIPUBAE€YL TEOPHI0 MOUCKPETHBIX
9HEPTeTUYECKHX YPOBHEH CYIIECTBOBAHUSA MAaTEPHUAABHBIX OOBEKTOB, KOTOpas XOPOIIIO
U3BeCTHA B ((HU3UKE OJAEMEHTAPHBIX YaCTHIl. OAEKTPOH, HaIpHUMeEpP, HE MOXKET
ITPOM3BOABHO 3aHHUMATh AIOOOM SHEPTEeTHYECKUH YPOBEHD, U €ro MNepPexol C OJHOTO YPOBHSI
Ha APYyrod TOYHO COOTBETCTBYET IIOTAOIIEHHIO MAM H3AYYEHUIO (POTOHA (KBaHTa SHEPTUH)
OIIPENIEA€EHHON [OAWHBI BOAHBI. AHAAOTHUYHO, IIPEAIIOAATaEeTCs, 4YTO IIEPEXO[ HaCTHIL
MaTepuHu Ha OPYyrod YypOBEHB CKOPOCTH CYIIECTBOBAHHA BO3MOXKEH TOABKO IIPpHU
TIOTAOLIIEHUH HAM IIOTE€PE OIIPENEACHHOTO KOAMYECTBa (KBaHTa) BHYTpPeHHeH OSHepruu,
KOAMYECTBa CBA3aHHOH ¢ yacTuiley apupHOH cpensbl.

KocBeHHBIM NOATBEPKAECHHUEM OAaHHOM KOHIIEIIIIMH MOXKET CAYXKHTb WH(OpMAaIHsS
[72], o mpoBenenHbix B CCCP skcnepuMeHTax II0 CO3JAaHUIO «MalIWHBI BpeMeH!W». B HUX
TaK>Ke HCIOAB30BAACS METOJ HarpeBa CPEePHUIECKOTO OOBEKTa, C IMOMOIIBI0 HECKOABKHX
H3AydaTeAell BBICOKOYACTOTHBIX BOAH. B o0mieM, HHYEero HEOOBIYHOTO B 3TOM HET,
MEeTaAAMYEeCKUH MIapUK HarpeBaACs TaKUM Ke 00pa3oM, KaK HarpeBaeTcs AI000U mpeaMeT
B coBpemeHHoM CBY meuke. Ilpoilecc HarpeBa CHHUMAaascd OSKCIEPUMEHTATOpaMM Ha
KUHOKaMepy, KoTopas (PUKCHpPoBasa (PakKT KpamrKo8pemeHHO20 UCUE3HO8EeHUSl WAapuka,
€ro OTCYTCTBHSI B HaIllEM MHpPE, W 3aTeM, BHE3aIIHOIO IIOSIBAEHHSI Ha TOM XK€ MECTe,
IIPUYEM, 8 OUeHb XO0JI00HOM COCMOSIHUU (MIOKPBITHIHA HHeeM). PaccMoTpum IPHUYIUHBI
OAaHHOTO SBA€HUd, IIpearioAaras, 4YTO OHO MOEHUCTBHUTEABHO HMEAO MECTO B PEaAbHBIX
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SKCIIepUMeHTax. B aAro0oM caydae, maske KaK BBIMBICEA, 3Ta HAes OaeT II0OBOJ [AS
TIOA€3HBIX Pa3MBbIIIIAEHUH 0 KBAHTOBBIX 3pdeKTax B MaKPOMUPE.

Hrak, HarpeB OOBEKTA YBEAHYHBAET CKOPOCTb TEIMAOBBIX KOAEOAHUH aToMOB
BEIIlECTBAa, €ro «MHTEeHCHaA», KaK TIOBOpHA BeHWHHK. YBeaHdeHHe CKOPOCTH KoaeOaHUH
aTOMOB IIPUBOJUT K YCHAEHHUIO 3(pHpHOTO oOMeHa C OKpyKaromled cpenoit. ITaoTHOCTH
acdupa, Ipu 3ToM, yMeHbI1aeTcd. [Ipu orrpeneAeHHON CTEeIleHU HarpeBa TeAad, NJI0MHOCMb
sgpupa 8bausu wapuka ymeHouiaemest HAaCTOABKO, YTO 3TO IPUBOAUT K CKAYKOOOpa3HOMY
IIeEpexoqy MAaHHOM 00AACTH IIPOCTPAHCTBa-BPEMEHH, M BCEX MaTepPHAABHBIX OOBEKTOB,
HaxXOOdIIMXCA B HeU, Ha «Apyrod SHEePTreTUYEeCKUN YpOBeHE CyIlleCTBOBaHUsI». Ha maHHOM
YPOBHE, BUANMO, 3OHUP UMEET MEHBIIYIO IIAOTHOCTEL d9Hepruu. [Ioka o0beKT HaxXoqUTCH Ha
9TOM HOBOM YpPOBHE, MBI €0 He HabAIOlaeM B HallleM MUpe, HO TOABKO [0 TeX IIOp, IIOKa
OH TaM He «oCcTbIHeT». OCTBIBILIEE BEIIIECTBO OOBEKTaA IEPECTAET IIOTAOIIATH 3UP H3
OKpyzKaroe cpenpl, u 0Ooaee TOro, €ro aKTUBHOCTBH («MHTEHCHAA») IIepecTaeT
COOTBETCTBOBATh IIapaMeTpaM OKPYZKAalOIllEro €ro IIPOCTPaHCTBa-BpeMEHH. BemiecTBo
mapa HadyuHaeT paboraTh, KaK HCTOYHHUK 3(PHUpa, OTAABad €ro B OKPYKAIOIIYI0 Cpeny,
HMEIOLTYI0 CPaBHUTEABHO HU3KYIO IIAOTHOCTE 3dupa. Ha ompeneseHHOM ypoBHe, 3pUp B
OKPECTHOCTHIX O0BEKTa, UCIIYCKAIOIIETO «AUIITHUM» 3(PUP, YIIAOTHSETCS HACTOABKO, YTO
BBITECHSETCHA OKPYZKAaIOLIEH Cpenod Ha COOTBETCTBYIOIIUN €My YPOBEHB IIAOTHOCTH
SHepruu. B 5TOoT MOMEHT, OOBEKT CKa4dyKOM IIEPEXOAUT Ha IIPEXHUH YPOBEHb
CYILLIECTBOBAaHMNY, M IIOIBASETCA B HAIEM IIPOCTPAHCTBE-BPEMEHH, IIPHUYEM, B CHABHO
OXAQZKJIEHHOM COCTOSIHHH.

OCo0eHHOCTH MAaHHOTO IIPOIlECCa TOBOPST O TOM, UTO CTEMEHb OXAKIEHHS TEAQ,
IIOCA€ MJAHHOTO «IBOMHOTO IEepexofa» W BO3BpaTa Ha HaYaAbHBIM ypOBEHb, HJOAXKHA
COOTBETCTBOBATh CTEIIEHH €ro HarpeBa. [IpyrMMH CAOBaMM, KBaHT 3HEPTUH, KOTOPBIH
HeoOXOQUMO IIepefaTh HAM O0TOo0paTh, [AS IepeBoaa O0beKTa Ha [APYyrod YpPOBEHB
CYIIIECTBOBAHHs, pPaBe€H KBaHTY JHEPTHH, KOTOPBIM, COOTBETCTBEHHO, BBIMEASIETCS HAU
TIOTAOIIIAETCSI, TIPU €T0 BO3BpAaTe Ha IIPEXXHUM YyPOBEHb CYIIIECTBOBaHUs. [loAHAST aHAAOTHS
C MEXaHUKOM: DHeprus, 3aTpadeHHas Ha Pas3roH TeAad MOXKET ObITh IIOAYYEHA IIPHU €r0
TOPMOZKEHIH. OTMeTUM €IIe pas, dYTo Cy’I‘b ABA€HHA COCTOMT HE B HArpe€B€ HAH
OXAQKIEHUH TeAa, a B HN3MEHEHUsSIX SHeproobMeHa C OKpyzKarollei a(pUpHOH cpenoH.
MMeHHO TpH OOCTATOYHO CHABHOM CTEIEHU U3MEHEHUS MAOTHOCTU OHEPTUH D(PUPHOH
0060AOYKH, OKPYKAIOIIEl TEAO, JaHHAas 00AACTDH IIPOCTPAHCTBA U BCE YACTHUIILI MATEPHH,
KOTOpble B HEM HAXOMSTCS, «CABUTAETCS» B IIPOIIIAOE HAU B OyIyIIIEE.

Paszymeercsa, Bce 3TH IIPEAIOAOXKEHHS MMEIOT XapakKTep YMO3PUTEABHBIX
3aKAIOUEHHH, IIOCTPOEHHBIX HA aHAAOTHIX MEXKAY MUKPOMHPOM SA€MEHTAPHBIX YacCTUIl U
MaKpPOMHPOM BENIECTBEHHBIX OOBEKTOB, MW OHH HE IIOATBEPXKAEHBI [JOCTOBEPHBIMU
3KCIIEpUMEHTaMU. EQUHCTBEHHBIH BBIBOM, KOTOPBIN COraacyeTcd C JaHHOM KOHIIEMIIHEH,
MOXKHO CIeAaThb U3 TEOpHH pacluupgdroinleiica BceaeHHOH, paccMmarpuBad IPOLECC
OBUXKEHUS 3Be3[ B pyKaBe 'arakTuku Maeunsbiii [lyTs. [laHHOE ABUKEHUE PEAABHO, U OHO
IIPOUCXOOUT OT COCTOSIHHsI O0oAee TTAOTHOro 3pHpa B COCTOSIHHE MEHEee MAOTHOTO 3dupa.
MakcUMaABHYIO TAOTHOCTB UMeeT 3(pUP B IIEHTPAABHOM 00AACTH CITMpPaAbHOM ['araKTHUKH,
COOTBETCTBEHHO, TaM HaxoadTcs Ooaee Moaomble 3Be3npl. [Io Mepe ymaseHHs OT LEeHTPA,
BO3pacT 3Be3[l YBEAUYHBAETCs, a IAOTHOCTH 3dupa ymeHbliaercd. C APYyrod CTOPOHBI,
€CThb M3BECTHOe o0Illee IPaBUAO: B AIOOOM IIpollecce, HMAYIIEM H3 IIPOIIAOTO B Oyaylee,
du3ugecKas cucTeMa CTPEMUTCS 3aHATH COCTOSHUE MUHHUMAABHOU SHEPrUH.

Ha ocHOBaHUU 3TUX IIPEAIIOAOKEHUM, IIPU PACCMOTPEHUU TEXHUYECKHX BOIIPOCOB
U aHaAW3a HaIllpaBAE€HUSI «CTpPeAbl BpPEMEHM» B HaIllEM pPeaAbHOM MUpe, IIpelaaraercs
CUYHUTATb OObIUHBIM «(NOJIOXKUMENLHBbIM» HaNpasieHUuem xo0 8pemeHuU, coomeemcemayrouuii
ecmecmeeHHOMY YMEeHbUWEHUID NJIOMHOCMU 3SHepaul okKpyskarowel 3¢upHoil cpeodsbt,
KOTOPOE IIPOUCXOOUT B pe3yAbTaTe pacliupeHusa BceaeHHOM, u ynaseHud CoaHEYHOH
Cucrembr ot llenTpa TasakTmru. OOpaTHOe HaIpaBAEHHE «CTPEAbI BPEMEHH» MOIKHO
Ha3BaTh «OTPHIIATEABPHBIM» M €My [JOAXKEH COOTBETCTBOBATb  IIPOLIECC YBEAUYEHUS
IIAOTHOCTH 9HEPruu 3(pUpPHOU cpenbl.
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Boansr maTepuu ne bpoiiag

[asee, packpoeM Goaee ITOAPOOHO CYTh SIBA€HHUS TEPMOTPaABHUTAIIMH, TaK KaK OHO
TECHO CBSI3aHO C IIOHATHEM O «BOAHAX MaTrepuu ne Bpotias». OOGbIYHO, IOAAraroT, YTO ITHU
BOAHBI BCerZla CO3Aal0TCHd 4YacTHUIlaMU MaTepHH, IpPH A0O00OH TeMmneparype. OgHaAKO, 3TO
CIIPaBEIANBO TOABKO B HEKOTOPBIX IIpefeAax M3MEHEHHs TEeMIIEpaTyphbl TeAad, TaK KaK B
paMKax KBaHTOBOH TEOPHH XPOHOAWHAMUKHU, IIPEAIIOAATalOTCH AHUCKPETHBIE IIePeXOnbl
MaTepHH C OMHOTO YPOBHS CYIIIECTBOBAHUS Ha APYTOH.

B 1924 roxy Ayu ne Bpoiiab, B cBoell auccepTaliuu, IPEeaIOAOKUA, UYTO BCE TeAa U
YaCTULLI MaTePUU CIIOCOOHBI HM3AYYATh «BOAHBI MaTE€PHH», KOTOPBIH BIIOCAEACTBHU OBIAU
Ha3BaHbI «BOAHBI fe Bpotiagr». C Halllell TOYKU 3peHUs], OTAWYasd YacTHUIbl MaTepPHUU OT
2UPHOH Cpeapl HX CYIIECTBOBAHUS TOABKO CTPOEHHUEM, 3TH BOAHBI MAaTEPUU €CTh
IPOMOABHBIE BOAHBI IIAOTHOCTH 3(PUPHOMI Cpeabl.

JIBUKUTEAN HOBOT'O THIIA, B KOTOPBIX HCIIOAB3YIOTCSI IIPONOABHBIE BOAHBI B 3bUpE,
MOTyT OBITH IIOCTPOEHBI HA OCHOBE TaKHX «BOAH MaTe€pHUH», CO3MaBaE€MbIX IIOAOCTHBIMH
(auencthiMH) cTpyKTypaMu. CeHCAllMOHHbIE MAaHHBIE O TOM, YTO y4deHbIH-aHTOMOAOT B.C.
'peOeHHUKOB IIOCTPOHMA M YCIIEIITHO HCIIBITAA A€TaTeAbHBIN amnmnapar, paborarommuil Ha
JAaHHBIX IIPUHIIHUIIAX, A0 CHUX IIOp XKAyT cBoed mpoBepku. Paborel B.C. 'pebeHHHKOBaA
moapobHO paccMoTpeHBI Ha caiite http:/ /www.sinor.ru/~che/grebennikov.htm

B kuaure B.C. I'pebernukoBa «Mo# Mup» [73] 1mokasaHbl IIPOCTbIE dKCIIEPUMEHTEHI,
KOTOpPBbIEe MOCTYITHBI AFOOOMY HCCAEIOBATEAIO U He TpeOyIOT clieliuaAbHOU armapartypbl. Ha
Puc. 116 I'pebeHHUKOB T1OKazaa 3PQPEKThl OTTAAKHBAHHSA [ABYX HCTOYHUKOB «BOAH
MaTepuu», HAIIPUMeEp, CBEXKeCpe3aHHBIX cTebaeidl TpaBbl. B TOM caydae, Korma OHH
PacCIiOAOZKEHBI Ha IIOBEPXHOCTH METAAAMYECKOM KOCBHI, IIPHYEM, Ha BAAXKHOU
IIOBEPXHOCTHU, PeYH OBbITH HE MOXKeT O KaKHX-AHU0O CHAaX 3SAEKTPOCTATHYECKOTO
orraskuBaHug. CHaoBoe B3auMoAeHCTBHE, B [JAaHHOM IIPHUMEPE, MOXKHO «IIOTPOTraTh
pPyKaMH», COAE€AAB OBa «M3AydaTeAd» M IIOBEPHYB HX TOpLIAaMH ApyT K Apyry. UMeHHO 3TH
IIPOCThIE BKCIIEPUMEHTBI OAIOT KAIOY K IIOHHMAHHIO TEXHOAOTHH CO3JAaHHUS «A€TAIOIIEH
rmaatdgopmel 'pebeHHUKOBA.

A —

r=hrTaz

Puc. 128. OrraskuBaHue OBYX cTebAel MAW IIyYKOB TPaBBbI.

Ha Puc. 129 mpenaaraercsa Moe OOBsICHEHHE IIPUYHMHBI BO3HHUKHOBEHHS IAaHHOTO
adderTa, B yIIPOIIEHHOM BH/E.
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BUBPALUN ATOMOB
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Puc. 129. Bubpaiuu aTOMOB B 9A€MEHTE COTOBBIX CTPYKTYP.

OAEMEHTBHI COTOBBIX CTPYKTYpP IIPEACTABASIIOT CO0OM TOHKOCTEHHBIE TPYOKH,
Oraromapa dYeMy, BHOpalliM AaTOMOB CO3HAIOT IIPOJOABHBIE BOAHBI B  3dHpe,
IIPEUMYIIIECTBEHHO B OCEBOM HampaBAeHUH. OYeBHIHO, YTO B PaAHaAbHOM HAIIpaBACHUH,
cyMMa BHOpamuii aToMOB 3HAYUTEABLHO MeHbIe. [Tydok mapasseAbHBIX TPYyOOK co3maeT
COrAacoBaHHBIe BUOpaiuu 3(PUPHOM Cpeabl, IPEHUMYLIECTBEHHO, B HAIIPaBACHHU TOpIia
TpyOOoK. TpyOKu MOryT OBITH CAEAaHBI K3 AIOOONO MaTepHasa, MeTasra HAM Oymarwd.
duameTp TPyOOK 3aaeT pacCTOsSIHHE OT Topla TPYOKU [0 06AacTH «(pOKYCHPOBKH» BOAH,
CO3/IaBaeMbIX OTIAEABHBIMH aToMaMu. PacyeT OymeT mokasaH nasee, B popmyae F.11.

B o00mmx 4eprax, maHHBIE 3Q@EeKT IMIpeacTaBAsdeT Cco00H HHTepPgEePEHITUIO
IIPOZIOABHBIX BOAH O3(HUPHOM Cpenbl, H3AYyYaeMbIX COTAACOBAHHO BHOPHPYIOIIHMHU
4YacTHUIIaMH MaTepHH, KoTopad obpa3yeT CTeHKH TpyOokK. I3aydeHme YacTHIL
CKAQbIBaeTCd TaKHM o0pa3oM, YTO OCHOBHAd KOMIIOHEHTa HAallpaBA€HA BIOAb OCH
TPpyOOK. HHTepdepeHIUs IIPOAOABHBIX BOAH, 00pa3yeMbIX MHOXKECTBOM TPYOOK -
HCTOYHHUKOB [aeT B IIPOCTPAHCTBE HAZ COTOBBIMH (IIOAOCTHBIMH) CTPYKTYpaMH
ynopsidoueHHble obiacmu coxamust U paspsikeHust 3¢pupHoli cpedsl. B Takol KOHIEIIIINH,
CTAHOBUTCS ITOHSTHBIM BasKHas POAb BBIPABHHBAHUS TOPIIOB BCeX TPYOOK, COOpPaHHBIX B
rnakeT. POBHBIN cpe3 Kaxka0H TPYOKH U ImakeTa TPyOOK, B IIeAOM, 0OECIIeYHNBAET CAOKEHHE
IIy9YHOCTEH BOAH B OOHOM 00AACTH IIPOCTPAHCTBA, CyMMUpPyd 3(pQ(eKT cKaTud HAH
paspszkeHus 3UPHOH cpensbl.

Texandeckass peasn3arus 3P@eKTa, OTKPLITOTO ['peOeHHUKOBBIM U 30A0TapeBbIM,
BO3MOXKHAa pasAUYHBIMU MeTonmaMu. M3BecTHa craTks «Pacuer adpdekTa MHOTOIIOAOCTHBIX
CTPYKTYpP» [74], koTOpas Oriaa mepenaHa MHe [Ipodeccopom 3oarorapeBsim B.d. B 1992
roay, BMECTE€ C OAPYI'MMHU HeOHy6AI/IKOBaHHBIMI/I MaTe€pHuaAaMUu OAd HUIYHYECHHUA B PA3BUTHULA
JAHHOTO HallpaBA€HUsd. B maHHOU cratbe, uaet pedb 00 oTkperTuu B.C. I'pebeHHHKOBA U
B.®d. 3oaorapeBa «fIBAeHHE B3aMMOAEHCTBHUS MHOTOIIOAOCTHBIX CTPYKTYP C 3JKHUBBIMHU
cHUcTeMaMMt», IIPHOpUTETHAd clipaBKa Ha oTKpbITHe Noe 32-OT-11170 ot 3.9.1985 r.

PaccmoTpuM  HEKOTOpEIE BBIBOABI U3  9TOHU CcTaThu, IIOA€3HBIE opu
KOHCTPYHUPOBaHUU }lBI/I}KI/ITeAeI‘/JI HOBOTO THIIA.

[To muenuto IIpodeccopa 3oaoTapeBa, coznaco8aHHoe O8UXKEHUE INEeKMPOHO8 8
mgepoom mesie nopoxoaem 60HbL. mamepuu Oe Bpoiins, a HOAOCTH TPYOOK HAH COT,
HAIIpUMep, OKa3bIBAIOTCS PE30HATOPaAMH — MOIIHBIMU HCTOYHHUKAMH CMOSUUX BOJH
mamepuu pne bBpoiiasg, KOTOpble CO3OAIOTCS B HAIIPABA€HHH OCH TPYOOK HAHM COT.
MareprasbHad CTPYKTypa, IOCTPOEHHAas W3 PUTMHUYHO PACIOAOXKEHHBIX IIOAOCTEH B
IIPOCTPAHCTBE (COTHI HAHM IIyYOK TPYOOK) MHOTOKPATHO YCUAUBAET 3(PPEeKT.

Bamedyy, YTO pedb HAET O CMOSUUX B01HAX TIAOTHOCTHU dupa, KOTOPbIE
IIPUHIUIINAABHO OTAUYAIOTCA OT ABHXKYIIHUXCHA «TE€PMOI'PaABHUTAIIMOHHBIX» BOAH ITAOTHOCTH
acdupa, KOTOphIE HCIIyCKaeT ropsiiee Teao. CTosure BOAHBI IIAOTHOCTH 3dHUpa He
IIEPEHOCAT JHEPTrHI0 B IIPOCTPAHCTBE, HO MOIYT OKa3blBaThb CHAOBOE BO3JAEUCTBHE Ha
00BEKTBI, HAXOASAIIHeCs B 00AACTH IIyYHOCTH BOAH HAH B y3AaX BOAH. CTog4re BOAHBI
IIAOTHOCTH 3(HUPHOH Cpembl MOTYyT B3auUMOAeHCTBOBATH Mexkay coboii. [lo atoit ke
OPHUYNHE, KOPPEKTHO TOBOPHUTH O TOM, YTO CTO44YHME€ BOAHBI MaTepuu ae bpoiiag
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«CO3AI0TCS» B IIPOCTPAHCTBE HEKHM HCTOYHHUKOM, a HE «HU3Ay4JaloTCd» HEKHM
reHepaTopoM. VMCTOYHUK, B HAHHOM CAydae, ITUTAHUS U dHEProcHaOKeHUsd He Tpeldyer,
«paboTaeT reoMeTpUs» MaTEPUAALHOTO OOBEKTA.

[Ipodpeccop 3osoTapeB mUILIET B cTaTbe [74], 9YTO OAMHA CTOSYEH BOAHBI OyZeT
B/IBOe OOABIIIE pa3Mepa «IIOTEHIIMaABHOH fdMBI», TO €CThb, pa3Mepa II0AOCTH. B cBoux
pacueTax, 30A0TapeB CChlAAeTCs Ha (POPMYABI «aBTOKOAEOATEABHOH KBAaHTOBOM MEXaHUKM»
PonumoBsa [75].

Murata: «CTEHKH MHOTOIIOAOCTHBIX CTPYKTYp... IIPHHSTO paccMaTpuBaTb, Kak
TPaHUIIBl  IIOTEHIIMAABHOTO  SIMUKA 9AEKTPOHOB. OJTO CIPaBEOAMBO, KaK [OAd
OUAAEKTPUKOB, TakK U OAd MeTasroB. OO0OOLIECTBAEHHOE [OBHUXKEHHE OSAEKTPOHOB
COIIPOBOXKIAETCS CHCTEMOM CTOSYHUX BOAH ne bDBpoiiad B DOTEHIIMAaABHOM SIIHKE,
MMEIOIIINX KAQCCUYECKHE YaCTOThI

fenacciueckne = N h / 4 m L2 F.9
1 KBAHTOBBIE YAaCTOTHBI

fKBaHTOBBIC =n fKAaCCI/I‘IeCKI/IC F- 10

TZle N - HATypPaAbHOE YHCAO, L - pasMep MOTEHIIHAABHOMN IMBI, m - 3¢p(PeKTHBHAsI Macca
SAEKTPOHAY.

[Ipumep pacdeTa: nad n=1 u L=1 canTuMETp YacToTa COCTaBAdEeT IIpUMepHO 2 I'm,
TO €CTb, OHA HAXOAUTCS B 00AACTH 4aCTOT CA€JOBAHHUS HUMIIYABCOB II€HTPAABHON HEPBHOH
cucreMbl. IlosToMy, OAS KOHCTPYHUPOBAHHUS IIOAOCTHBIX CTPYKTYP CHAOBOTO Ha3HAUE€HUS
(mBHKUTEAEH), CO3MAIOUIMX B3aMMHOE OTTAAKHBaHHE IIYyYHOCTEH BOAH, HEOOXOIHMO
BbIOMpATh TakKWe I[apaMeTpbl HCTOYHHKA BOAH, KOTOPbIE HE BAMSIOT Ha OPTraHU3M
4eAOBEKa.

ABTOp «aBTOKOAEOATEABHOM KBaHTOBOM MexaHUKM» PomumoB Boprc HukoaaeBud,
JOKTOP dU3NKO-MaTeMaTHIECKUX HayK, paboraa [Tpodeccopom TomMckoro
[ToanTexHMYeCKOro YHHUBepcuTeTa. Ero ocHoBHaa HaydHaa pabora B HUU sapepHoit
H3uKN Oblra CBf3aHa C HWHAYKIIMOHHBIMH YCKOPHTEASIMH 3A€KTPOHOB-OeTaTpoHOB. B
TIOCA€THHE TOAbI, OH YyAEASA MHOI'O BpPEeMEHU pa3paboTKe HOBOIO acleKTa KBaHTOBOH
MexaHUKU. B 1976 romy, Oblaa u3maHa ero KHHra «ABTOKoAebaTeAbHAasi KBaHTOBasl
MEXaHHKa», IIOCBAIIICHHAsd HOBOMY HallpaBAE€HHIO B HayKe.

B kHure PopmmoBa M3A0KEHBI OCHOBBI aBTOKOAE0ATEABHON KBAaHTOBOM MEXaHUKH,
KOTOopas [daeT BO3MOXKHOCTL pellaTh HOBBIE 3a0a4dd. OTO OTHOCHTCSI K TpPaKTOBKE
CIIMHOBBIX CHA, CHA CAA0OTO M CHABHOTO B3aHMMOJAEHCTBHSA, CTPYKTYPhI SA€MEHTAaPHBIX
gyacTull. /[laHHas TeopHs MMeeT BaxKHble IIPUKAAHbIE acIleKThl, Hanpumep, B 1981 roxay,
PoauMoB oopMHA COOTBETCTBYIOLIYIO 3adBKYy B ['OCKOMHUTET IO meaaM H300peTeHuil u
otkpbiTuil CCCP Ha «MeTon IMOAyYe€HHH SOEPHON 3HEPTHH aAbTEPHATHUBHBIM METOAOM», U
JAHHBIH ITaTEeHT ObIA IToAydeH B 1982 rony.

Hrak, [Ipodeccop 3BoaorapeB B cBoed crarbe |[74] mpuBomutr ¢opmyay F.11,
KoTopass OymeT BecbMa IIOA€3HA KOHCTPYKTOpPaM, [AS pacdeTa MeCTOIIOAOKEHUS
IIy9HOCTEH BOAH Matepuu ne Bporiag. OH muier: «3aKOHOMEPHOCTH MECTOIIOAOIKEHHUS
IIy9HOCTEeH BOAH ae Bpoiiag Ha paccrosHuu D oT TpyO4uaToil CTPYKTYPhI PACCUYHUTHIBAETCS
1o oopMyae

D=2L (N+1)25, tne NuK =0, 1, 2... F.11
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L - pmanHa OKpy:KHOCTH TpPyOKH, N — HOMep TapMOHHKH CTOSYHMX BOAH MaTEpPHH e
Bpoiiag, K — HOMep myuyHOCTH» [74].

MaxkcuMaabHbIE CHAOBBIE 3(P(PEKTHI, B TAKUX yCTPOHCTBAX, HAOAIOIAIOTCS MMEHHO
B obaacTu my4HocTe#l BOAH. MBI MOXKeM TPaKTOBATh NaHHBIE ITYYHOCTH, KaK 0OAACTH
cxkaTudgd yupyrodi adpupHo# cpenpl. Hampumep, mag TpyOKu panmycoM 1 MHAAUMETD,
[OAVHA ee OKPYKHOCTH OyneT paBHa npuMepHo 6,28 mwm. [asa niepBoit rapmoHuku N=1 u
nepsBol nygHocTu K=1, rmoaydaeM paccTOsSIHHE OT TOpLia OO0 IIyYHOCTH BOAHBI MaTepuu D =
2- 6,28(1+1)2t = 50 mm. B TakoM caydae, caenyeT OKHUAATh CHAOBOE B3aMMOAEHCTBHE ABYX
IIy4KOB 1 MM TPyOOK, €CAM OHH PACIOAOKEHBI TAKHM 00pa30oM, YTO IIyYHOCTH HUX BOAH
COBIIAIAIOT, TO €CTh, Ha paccTosgHUH 10 CAaHTHMETPOB MEXKAY TOPLIAMH IIYYKOB TPYDOOK.

OTMeTHUM, YTO U3 IIPAKTHUKU PAANOTEXHUKH, HauOoOA€e MOIITHBIMU IBAFIOTCS TPEThI
U cegbMasi TApMOHHUKH OCHOBHOM 4acTOThl. BripoueM, mAd IPOAOABHBIX BOAH MaTE€pHH,
MOTYT HIPaTh OOABIIYIO POAb COBCEM APYTHE 3aKOHBI, B YACTHOCTH, 3aKOH «30A0TOTO
ceueHus». [Ipocdeccop 3oaoTapeB mucaa mo 3ToMy HOOBoxay: «Pe3oHaHCHBIM XapakTep
B3aUMOJENCTBUS IIPEAIIOAATAET KPATHOCTh JAWH BOAH M YacCTOT, KOTOPBIE OIIPENEATIOTCS
reoMeTPHUUYECKUMH pa3MepaMH B3aUMOJAEHUCTBYIOIIUX CTPYKTyp. OTCIoga — BaXXHOCTb
FeOMETPHUYECKUX IIPOIOPILIHUH, B TOM YHCAE «30A0TOTO CedeHH». [loaToMy mnposiBA€HHE
«30A0TOTO CEYEHHI» B IIPUPOLE HE ABAGETCH CAyYalHBIM, TaK KaK B €r0 OCHOBE AeXKaT
BOAHBI fie Bpoiiasy.

[IpakTuyecku, 5TO BaxHoe 3amedaHue IIpodeccopa 3oaoTapeBa HAMIO
paccMaTpuBaTh, Kak peKoMeHaauu KOHCTPYKTOpam TEXHUYIECKHUX CHUCTEM,
ncnoab3yronmx JIIC.

[IpumeneHue addeKTa IIOAOCTHBIX CTPYKTYpP ILieaecooOpa3HO HE TOABKO B
OBUXKUTEASX HOBOIO THIIA, HO U B OOAAQCTH CHCTEM CBSI3U, IIOCKOABKY CTOSYHE BOAHBI
MaTepHuH He JSKPaHUPYIOTCI. 3oA0TapeB mHIIeT 1[0 3ToMy mnoBoay: «[IocKOABKY
BO3IeHCTBHE... [IOAOCTHBIX CTPYKTYP IIPOUCXOAUT IIACCHBHBIM 00pa3oM udepe3 KBAHTOBBIE
IIOAS B CONPSKEHHOM MHUpe (BakKyyMme), TO He [IOAXKHO HabOAOaThbCd SKpaHUPOBaHUE
acderra moaocTHeIX CTPYKTYyp (OIIC). B skcnepumeHTe 30A0TapeBa, SKpaHHPOBaHUE
IIPOBEPSIAOCH KEAE3HBIMH AWUCTaMH, TKAaHBIO, I[IAACTMAcCOd, KapTOHOM, [OEePeBOM,
KUPIIMYHBIMH CT€HaMH. B  COOTBETCTBHHM C €ro TEOPETHYECKHMH BBIBOJAMH,
SKpaHUPOBaHUE BOAH MaTepuu ae Bpoiing oOHapyKUTH He yaaaochk» [74].

VHTEepecHBIe BBIBOABI ITOAYYAIOTCS, €CAM IIPEACTaBUTHL cebe paboTy TaKUX CHUCTEM
CBA3U: B 00AaCTH HCTOYHHMKA HWH(MOpPMAaIIMH HEOOXOAUMO CO3[4aTh CTOSYYI0 BOAHY
IIAOTHOCTH 3HEPI'HH, PACCUUTAB MECTOIIOAOKEHHE €€ IIyYHOCTEH U y3A0B TaKUM 00pasoM,
4TOOBI IIyYHOCTH (00AACTHP MAKCHUMaABHOTO HM3MEHEHHS IIAOTHOCTH 3(UPHOM cpenbl, ee
MaKCHUMaAbHOM medopMaliuy) Iornasa B o0sacTh IIpHeMHHKa HH@opmanmu. [laaee,
HAAOXKHUB Ha CTOSYYI0 BOAHY HEKOTOPBIH MOIYAHPYIOIIHNI CHUTHAA, MOXKHO O0ECHeYHTh
nepegady wuHpopMaimu. O0AacTh «IpHUEMHUKa» MOIXKeT OBITh yJZaseHa Ha Aboe
paccrosgHue. [laHHasg TEXHOAOTHS O4YEHb HAIlOMHMHaeT Haeu Tecaa O IIPaKTHYECKOM
HCIIOAB30BAaHHHM CTOSYHX BOAH 3A€KTPHUYECKOH IIPHPOAbI, OMHAKO, BOAHBI MaTEPHH €CTh
Hoaee oM caydai IpUMeHeHUs (pUPOAMHAMUYECKUX SBACHUH.

B 1990-e rompl, MBI IIBITAAHCHL OpPraHu3oBaThk C IIpodeccopom 3oaoTapeBbIM
IIPOEKT, B KOTOPOM IIAGHHPOBAAOCH IIOAYYUTH «MCKPHUBACHHE TPAECKTOPHUH Ayda CBeTa»
crienuaspHbIM MeToaoM. K coxaaeHHi0o, HaM He YyOaAoChb HaAWUTH HOAXOMMAIIYIO
TeXHUYECKyl0 06a3y B KakKOM-AHMOO YHHBEpPCHTETE, M [JaHHBIH OSKCIEPHUMEHT He ObIA
OpPTraHMN30BaH.

HNutepecuniit daxkt: B 2000 romy BbIlllAa B CBET COBMECTHAs KHUIrA aBTOPOB
3oaotapeBa B.®., Ponmna B.B. u Toguna C.M. [76], B KOTOpoM paccMaTpHUBaAUCH
BOIIPOCHI M3MEHEHUM CBOHCTB IIPOCTPAHCTBA, BO3HUKAIOIIMX IIPU paboTe YCTPOUCTB
CBOOOIHOM HEPTHH.
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Hapmerocs, unrareab IIOMHUT, 94TO ['oguH M PoIMH ITOKa3aAw HaAUYHE «II0OOYHBIX
3deKTOB» B BUE «KOHIIEHTPUUECKUX CTE€H» MOHHUXKEHHON TeMIIepaTypbl, (POPMUPYEMBIX
BOKPYT HX paboTarolieii 3KCIepUMEHTAABHOM YCTAHOBKH. OJTO SBAEHHE HMEET MHOTO
obirero ¢ 3pPeKTaMu MOAOCTHBIX CTPYKTYP, TaK KaK OHO TaKXKe IIPEeACTaBASIIOT CO0O
OOVH W3 BapHaHTOB CMOSUUX G0JIH NJIOMHOCMU 3@pupa, aHAalo208 80JH mamepuu oe
Epoiins.

Hayunbsie nnTepeck! IIpodeccopa 3oar0TapeBa OTHOCHUAUCE HE TOABKO K 3ddeKTaM
IIOAOCTHBIX CTPYKTYypP B 1996 romy, Ha KoH(epeHinn B Caukr-Ilerepbypre, ITpodeccop
3oA0TapeB AEMOHCTPHUPOBAA yIaCTHUKAM KOH(EPEeHIIMN UHTepecHbIN ombIT, Pruc. 130. B
CTEKASHHOH 0OaHKe, eMKOCThIO 3 AHTpa, Ha IIOJBECE ITOMEIaeTcs KaTyIIIKa, COCTOSIIAs
U3 HECKOABKHX [ECATKOB BUTKOB CBETOBOAOKHA. IIpHM BBIKAIOUEHHOM HCTOYHHKE CBETA,
JaHHBIA DpUOOp He pearupyeT Ha BHeIIHHe Bo3aedcTBHA. [IpH BKAIOYEHHOM HCTOYHUKE
CBeTa, paMKa II0OBOpadMBaeTCd, IIPHU BO3AEHCTBHH Ha Hee IIOCTOSHHBIM MAarHuTOM, AHOO0
AYEUCTBIMH (COTOBBIMH) CTPYKTYPaMH, CAEAAQHHBIMHU U3 OyMard.

CBETOBOJIOKHO

E:> KPbILWKA

MCTOYHUK CBETA

NOABEC CTEKNAHHASA
BAHKA

KATYLUKA

Puc. 130. OrcnepumeHT 30A0TapeBa C KaTYLIKOU U3 CBETOBOAA.

Boaee Toro, pamka «4yBCTByeT OHOIIOAE», KaK YTBEPXKAAA aBTOP. YYACTHHKH
KOH(EPEHIIUN, KOTOpble IIOAXOOMAM K MOaHHOMY HIPHOOPY, C OOABLUIMM HHTEPECOM
IIPOBEPSIAM CBOHM CIIOCOOHOCTH, HUX «CHAY OHOIIOASI», IO CTEIIEHH [IOBOPOTA PaAMKH IIPHU
BO3/IEHCTBHUM Ha Hee PYKoOH yeaoBeka, ¢ paccrosHus 10 — S50 cauntumeTpoB. OOBIACHEHUS
naHHoOro 3ddeKkra, HAM KaKUX-TO MOyOAMKaIui II0 AAaHHOH TeMe He OBIAO, II09TOMY
IIpefiaaraio 3/1eCb CBOIO BEPCHIO.

[TpearnoAokuM, 4TO ABUKEHHE (POTOHOB II0 KOABILy B MAHHOM KaTYIIKE CO30aeT
a"Haaor 3¢ddeKTa AEKTPOMATHUTHON WHAYKIIMH, BO3HHUKAIOIIEMY IIPH [OBUXKXEHUU
9AEKTPOHOB B mpoBoze. POTOHBI B KaTyliKe 30A0TapeBa, B TaKOM CAydae, CO3al0T
rpaBHMarHUTHOE BHUXPEBOE BO3MYVIIEHHE 3dupa, aHAAOTHYHOE MAarHHUTHOMY IIOAIO.
[Ipupoma [maHHOTO BHUXPEBOTO IIOAd, KaK U B [ApPYyIHUX AaHAAOTHYHBIX CAyYadx,
acuponrHamudeckas. [loaToMy, Takoe IOA€ CIIOCOOHO B3aMMOAEHCTBOBATH C AIOOBIMH
3(pUPOAMHAMHUYECKUMHU MIPOIIECCaMH, U HE TOABKO C IIOCTOSHHBIMU MAarHUTaMH, HO U C
AIOOBIMM BOAHAMH MATEPHUH (CTOSYMMH BOAHAMH IIAOTHOCTH 3(Hpa), COo34aBaeMbIMH
IIOAOCTHBIMH (COTOBBIMH) cTpyKTypamu. C maHHOM TOYKH 3peHHs, OHomIose TakKe
ABASETCH CBO€OOpPAa3HBIM KOMIIAEKCOM BOAH ITAOTHOCTH 3(pHpa, U KaTylllka 30AoTapeBa Ha
Hero pearupyetr. Hazeroch, 4T0O JaHHBIH MeTO[ IIOAYYUT CBOE Pa3BUTUE U IIPaKTHUYECKOe
IIPUMEHEHHUEe B TEXHHUKE, U HE TOABKO B POAU AETEKTOPOB 3(PHUPHBIX BOZMYIIIEHUH.

[ag TIOAyYeHHs MOIIHOIO cHAOBoro  3ddekTa, TO €CTb, YMEHBIIIEHHS Beca
KaTyIIKH, U [aske, CO3MaHUs MIPAKTHUUYECKU IEHHON CHUABI TSITHM B TaKOM [IBUXKUTEAE,
HEOOXOMMO YBEAWYUTH KOAWYECTBO BHUTKOB KATYIIKH, U OJHEPrUi0 (POTOHOB,
MUPKYAUPYIOITUX B HEeH. OHeprus (POTOHOB, KAK U3BECTHO, 3aBHCHT OT HUX JAWHBI BOAHBI
(zactoThl). CxeMa TakKoro ABHIKHTEAd ITokKazaHa Ha Puc. 131. Iloaararo, 94TO BHXPEBOE
BOo3MylIleHHe 3(QUPHOH cpenpl OyaeT HMeTb BHJ, AHAAOTHUYHBIM MAarHUTHOMY IIOAIO
KaTYLIIKH C 9AEKTPUYECKHUM TOKOM.
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B Takom cay4dae, paMKa HMAH COA€HOWJI, COAEPIKAIIMHU NOCTATOYHO OOABIIIOE YHCAO
BUTKOB CBETOBOAOKHA, IIPH HAAWYHM MOIIHOTO HCTOYHHKA (POTOHOB BBICOKOM YaCTOTEHI,
MOIKET CO3/1aTh IIPAKTUYECKHU IOAE€3HBIH CHAOBOU 3(peKT.

KaTylwkKa cBeToBOoAHasA

MUCTOYHUK (POTOHOB

Puc. 131. [IBuKUTEAb Ha OCHOBE [IUPKYAHPYIONINX (DOTOHOB.

Kpome Toro, U3 sA€KTPOAMHAMHKH H3BECTHO, YTO TOABKO U3MEHEeHUEe CUlbl MOKA
(nromHocmu 9Hepauu) co3aaeT UHAYKIIMOHHBIE 3(P(PEKTHI B OKPYKAOIIEM IIPOCTPAHCTBE.
YuuThIBas OaHHBIH (PaAKT, HEOOXOAUMO H3YYUTh BO3MOIKHBIE I'PAaBHMAarHUTHbBIE 3(P(PEeKTHI
IIpemAaraeMod CXeMbl OBUXKHUTEAS, IIPH HCIOAB30BAHHH HMIYABCHOTO HCTOYHHKA
doroHoB. CoBpeMeHHasI SAEKTPOHHKA II03BOASIET CO3daTh HEOOXOOUMble H3MEHEHUs
IIAOTHOCTH SHEPrHH CBETOBOIO IIOTOKA B CBETOBOJHOM KAaTYIIKE, C BBICOKOM YaCTOTOM.
3mech, dYacToTa HMIIyABCOB TaKXKe HMMeeT 3HadeHHe, €CAWU IIPeAIioAaraeMbIi
WHAOYKIIMOHHBIA 2ddeKT OyaeT co3maBaTh HMIIYABC OBUXKYIIEH CHABI TPHU KasKIOM
UMITyAbCa CBeTa. [laHHBIH METOI TaKiKe yOOo0eH TeM, 4YTO MO03BoAdeT paboTaTh C AI0OOH
dopMOii HMMIyABCOB, B TOM YHCAE, C KpPYTbIM (PPOHTOM U IAABHBIM CHAZIOM, HAH
HAaoOOpOT. OTH BO3MOXKHOCTH TEXHOAOTHH O0AETYAIOT KOHCTPYUpPOBaHUE «3(PUPHBIX
HaCOCOB» BLICOKOM YacCThl U DOABIIION MOIITHOCTH.

BepHeMcs K ocHOBaM TeopuH 30A0TapeBa, KOTOPbIE HM3A0KEHBI B KHUTre «DH3MKa
KBaHTOBAHHOIO IIPOCTPAHCTBA — BpeMeHm» [77]. B Hell aBTopwi, 3oasoTapeB B.®. u
[ITamieB B.B. omumchIBaroT OCHOBHBIE CBOMCTBAa MPOCTPAHCTBA, TO €CTb, (PU3UYIECKOTO
BakyyMa, Ioaaras, 4TO OHO KBaHTOBaHO. B Tako¥ MoaeAu, CTpoeHHE IIPOCTpPaHCTBa
II0XOXKe Ha CTPOEHHE XKHWBOI'O MHOTOKAETOYHOTO opraHusma. Kakoas «niemoukar maxkozo
opz2aHu3ma moxem bbimb 3aHAMA MOALKO O00HOU uacmuyel mamepuu, Uiu PomoHOM.
OTMeTHM, YTO TaKOH IIOAXO[ O4YEeHb KOHCTPYKTHUBEH, OCOOEHHO AT PAa3MBIIIAEHHH O
HOBBIX TEXHOAOTHSX IIEpPEMEIIEHUsI B IIPOCTPAHCTBE M BPEMEHU, M HEBUIUMOCTHU
MaTepHaAbHBIX 00BEKTOB, IIPU «00XOZe» AY4YOM CBeTa 00AACTH IPOCTPAHCTBA, B KOTOPOH
H3MeHeHbI CBOMCTBa €ro KBaHTOB.

MsI yke 3a7aBaAHUCh BOIIPOCOM O MEXaHHU3M€ HEBHAWMOCTH: Ay4 CBETa [JOAKEH
OBITH HE TOABKO OTKAOHEH, HO M BEPHYTBHCS Ha CBOIO IIPEKHIOI TPAECKTOPHUIO, IIOCAE TOTO,
Kak OH obo#aeT 00AacTb M3MEHEHHOI'0 COCTOsSHHs ITpocTpaHcTBa. Ha Puc. 132 kBaHTHI
IIPOCTPAHCTBA YCAOBHO IIOKa3aHbI, KaK IIAOCKHE€ IIIECTHUYTOABHHKH. B PEAABHOCTH, OAdA
TpeX U3MEpPEeHHUN, OHU JOAXKHBI UMeTh (POPMY O0OBEMHBIX SIAEMEHTOB. ..

Puc. 132. Orubanue obaacTy paspszKeHHOH 3(pUPHOH cpensbl.

Ora cuTyanusa BIIOAHe oObscHuUMAa. [lapaMeTpbl KBAHTOB  H30TPOIIHOTO
IIPOCTPAHCTBA, IPU OAMHAKOBOUM CKOPOCTH X0[a BPEMEHHU BO BCEX €r0 00AACTAX, MOAXKHBI
OBITH IIOCTOSHHBI. Ayd CBeTa pacmpocTpaHdeTrcd 0 Impamoi. OgHakKo, MOKHO
IIPEATIOAOKHUTE, YTO pa3Mephbl KBAHTOB IIPOCTPAHCTBA 3aBHUCAT OT OOBEMHOIN IAOTHOCTH
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SHEPrUH IIPOCTPAHCTBA. B TakoM caydae, CKOPOCTb XOJa BPEMEHH, KaK CKOPOCTb
IIEPEeXO0B MeXKAy KBaHTaMU IIPOCTPAHCTBA OyZeT MEHATBCS B TeX 00AacTax
IIPOCTPAHCTBA, IAe OHO AePOPMHUPOBAHO, CXKATO HAU paspekeHo. Ayd cBera Oyzer
orubaTh Takme o00AACTH IO HX TpaHulle, rae AedopMmaiivsa HMeeT oOpaTHBIH 3HAK,
HaIIpUMep, BOKPYT 00AAQCTH PaCIIHMPEHHT KBAHTOB (pPa3pa:KEHHOTO 3(pHUpa YMEHBIIeHHOH
IIAOTHOCTH) co3JaeTcss 00oA0YKa CxKaToM cpenbl. B pesyabrare, IIpoxods IO OOABIIEMY
IIyTH, YeM OOBIYHO OT TOYKHU A 10 TouKU B, orubasa ob6aacTh paspszkeHUs 3(OUPHOHN Cpebl,
Ay4Y CBeTa pPacCIpOCTpPaHSEeTCs B CXKaTOM IIPOCTPAHCTBE, W IIoNajaeT B TOUKYy B 3a To ke
camMoe BpeMs, KaK €CAH Obl B JaHHOM MecTe ObIAO OOBIYHOE H30TPOIIHOE IPOCTPAHCTBO.
OT0 BO3MOZKHO TOABKO IIPHU BBIIIOAHEHHH ITPHUHIINIIA KOMIIEHCAITUH YIIPYTUX AecopMaruu
cpenpl, BHYTPH U CHapyKHU 00AAQCTH IIPOCTPAHCTBA, B KOTOPOH CO3[aHbI H3MEHEHUS
IIAOTHOCTH 3dupa (pasMepoB KBaHTOB): cxXKaTHe (YIIAOTHEHHE) HEKOTOpOoH obaacTu
IIPOCTPAHCTBA BBI3bIBAET pa3psaKeHUe OKpyKalolled cpenpl, M HaobopoT. Pa3zmepsl
00'BEKTOB M CKOPOCTBH IIPOIIECCOB MEHTIOTCS, COOTBETCTBEHHO.

OTMeTHM, 4YTO CYLIECTBYIOT YpPaAbCKHE IIPEJaHHs O CTPaAHHBIX MecTax, I/e
pasMepbl OOBEKTOB YMEHBIIAIOTCH HAU YBEAMYUBAIOTCH, 4 BPEMs TaM «CXKHMAETCS» UAU
«pacmupsgercs». [IpoBens TaM HECKOABKO YacoB, U BEpPHYBIINCH H3 TaKUX MECT,
Iy TEIIeCTBEHHUK OBbIBaeT YAMBAEH TOMY, YTO €TI0 UCKaAHM HECKOABKO JHEH.

OCHOBHBIH BBIBOJl TEOPHH KBAHTOBAHHOIO ITPOCTPAHCTBA U BPEMEHU COCTOUT B
TOM, 4YTO MaTepUaAbLHBIH MUP He dBAGETCS HENpPephIBHBIM, OH MOUCKPETEeH, KaK B
IIPOCTPAHCTBE, TaK U BO BpeMeHH. MaTepHaAbHBIH MUP, TaK CKa3aTb, «<MeplaeT», U TaKUM
06pas3oM, COCYIIECTBYET C APYTUMH MaTepPHAAbHBIMH MHUpPaMH, HAXOAAIIMMHUCS B 3TOM K€
IIPOCTPAHCTBE, HO C OTHOCHUTEABHBIM CABHUIOM MepLamllefi MaTepuy pa3HbIX MHUPOB IIO
daze mMIIyabca CBOell «MaTepHaAnu3anui». BO3MOKHO, YTO TaKHUX HapPasA€ABHBIX MHPOB
HECKOABKO, TOTZa UX KOAWYECTBO [OAKHO COOTBETCTBOBATHL CTPYKTYpPE MHOIOMEPHOTIO
obbekTa. PaccMoTpuM BapuaHT TakKod CTPYKTYphl. B paboTax TeopeTHKOB, HAIIpUMeED, B
kuure W.M. Teandanma [78] mpemmosaraercs, YTO 4YEThIPEXMEPHBIH KyO wumeer 8
TPEeXMEpPHBIX 9AEMEHTOB, TO €CTh, BOCEMb OOBIYHBIX KyDOB, pa3IeA€HHBIX 10 OCH BPEMEHHU.
B TakoMm cay4dae, pUTM «MEPIIAHHUS» MATEePUU BO BPEMEHH [JOAYKEH HUMETb BOCEMb TAKTOB, a
COOTHOILIEHUE «MMIIYABC — I1ay3a» PaBHO OAMH K CeMH. OTH IPEATIOAOKEHUS UMEET CMBICA
YYUTBIBATb IPHU KOHCTPYHPOBAHUU TPAHCIOPTHBIX CUCTEM MHOTOMEPHOTO MABUIKEHUS U
TeaeriopTanuu. [laHHAd KOHIIEHINS II03BOASET IIOHATH IIPUPOAY HE TOABKO ITPOCTOTO
IIepeMeIeHNs B IIPOCTPAHCTBE, HO U ITPEAIIOAOKHUTH BO3MOIKHbBIE CIIOCOOBI IIepeMEeIleHUd
MeXKIY ITIapasA€ABHBIMH MHPaMH.

HWrak, mo Teopun 3oaoTapeBa, YaCTUIBI MaTEPHH €CTb IITPOLECCHI ITUKAUYHOIO
IIpeBpalleHusd «MaTepus — (POTOH — aHTHUMAaTepus». Aroboe ABUKEHHE YaCTHI] MaTEPHUH B
KBaHTOBAHHOM IIPOCTPAHCTBE, OCYIIIECTBAGETCH 4Yepe3 «HYyA€BYIO TOYKY», B KOTOpPOH
4acTHIla MAaTePUH CYyIIeCTByeT 0e3 HHEPIIHaABHBIX CBOHCTB, TOABKO Kak (poToH. IMeHHO B
9TOM COCTOSHUH, KaK (POTOH, MaTepHUaAbHad YacTHIlA MOXKET IMePeHdTH OT OLHOrO KBaHTAa
IIPOCTPAHCTBA K APYroMy, 4YTOObI 3aT€M BHOBB PEaAU30BaTHCS B BHE YaCTHUIBI MATEPHHU.
Bce Takume mepexompbl OCYIIIECTBASIFOTCS CO CKOPOCTBIO cBeTa. lIpm aTOM, HEOOXOOUMO
y4uThbIBaTh BbIBOAbl [loagrkoBa u KosblpeBa, 0 TOM, YTO COOTHOIIIEHHE BHYTpPEHHEH
SHEPT'HH YacCTUI] MaTepUU U UX BHENIHeH SHepruu paBHO IpuMepHO 137.

HexkoToprle 3aMedyaHus 0 JKU3HU 3HaMeHUTOro ydeHoro B.®. 3oaorapena... B 1990-
e rogpl, B Caukt — [lerepOypre, npuasg K HEMy B IOCTH, 3a KHHTaMH, s ObIA YAHUBAECH
HAAWUYHUEM Y HETO MOAOAOM 3KEHbI, AeTeH... U IBIIAITaMH Ha 0aAKOHE KBapTHUPBI, KOTOPBIX
OH «pa3BOAUA Ha IIpoIMTaHue». B TO BpeMd, HECMOTpPs Ha MHPOBYIO HU3BECTHOCTb, OH
IIPaKTUYECKH, He UMEA CPEACTB K CYIIECTBOBAaHUIO... PaboTkl 3oA0TapeBa, B TOM YHCAE II0
U3yYEeHHIO 3((eKTa IIOAOCTHBIX CTPYKTYP, SBASIOTCHA BasKHBbIE OTKPBITHA MHPOBOTO
YPOBHSI, KOTOPBIE OH CA€AAaA COBMECTHO C ['peGeHHUKOBBIM. PaccMoTpum U3BECTHbBIE
CBEIEHUsSI O IIPOEKTE, KOTOPBLIA BOIIEA B MHCTOPHIO, KaK «AeTarollad IaaTdopma
'pebeHHIKOBA», HCIOAB3YIOIIAsI 3P@PEKT ITIOAOCTHBIX CTPYKTYP.
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'paBuTonaaH 'pebeHHUKOBA

IlepetimeM K pPaCCMOTPEHHIO YAUBUTEABHOM wcrtopuu Bukropa CremaHoBuda
I'pebenHMKOBa, SHTOMOAOTra U3 HoBocruOMpCcKa, KOTOPBIM CMOT IIOCTPOUTH «TPABUTOIIAAHY,
paboraromii Ha 3Q@eKTe IIOAOCTHBIX CTPYKTYpP. MHoOrme moaararoT, 4YTO [JaHHYIO
HCTOPHIO HEAB3sl BOCIIPHHUMATL Bcephes.... [Ipyrue ke, orOpacbiBas COMHEHUS, U3y4alOT
BC€ TOHKOCTH 3TOM TEXHOAOTHM, KOHCTPYKIIMH «IPaBHUTOIIAAHA», €TO aHAAOTH, U IIPOBOAAT
9KCIIEPUMEHTEI.

BukTop CremaHoBHUY OIIMCaA CBOe OTKpbITHMEe B KHure «Moi#t mup» [73]. Lurara
3neck gaercsa B opdorpadpuu aBtopa: «Aerom 1988 roma, pasragnapiBas B MHUKPOCKOIT
XUTHUHOBBIE IIOKPOBBI HACEKOMBIX, I[IE€PHCTbIE HNX YCHKH, TOHYAMHINIHE II0 CTPYKType
YelIyHKH 0a00YKHHBIX KPBIABEB, a’KyPHBIE C PaIyKHBIM IIEPEANBOM KPBIABS 3AaTOTAA30K
u 1poune Ilarentsl Ilpuponpl, d 3aWHTEPECOBAACS HEOOBIKHOBEHHO PHUTMHYHOH
MUKPOCTPYKTYPOH OAHOH U3 [OBOABHO KpPYIIHBIX HACEKOMBUX maeraseii. 1o Oblra
4Ype3BbIYaHHO yopaaodeHHas, OyTo BbIIITAMIIOBAHHAA Ha KAKOM-TO CAOZKHOM aBTOMAaTe
[0 CHELHaABHBIM 4depTeXaM M pacdéraM, KoMnosuuud. Ha Mol B3ragn, 5Ta HA C 94eM He
CpaBHHMas SYEUCTOCTDh IBHO He TpeboBasach HU AT IIPOYHOCTH TOH HETaAH, HU OAd eé
YKpalleHHs.

Huyero Takoro, pgaxe OTAAA€HHO HAIIOMHHAIOIIETO STOT HENIPUBBIYHBIN
VAUBUTEABHBIM MUKPOY30p, 9 He HabAIOJaA HU y APYTUX HACEKOMBIX, HU B OCTaABHOH
IIPUPOJie, HA B TEXHUKE UAW HUCKYCCTBE; OTTOIO, YTO OH OOBEMHO MHOIOMEPEH, IOBTOPUTH
€T0 Ha IIAOCKOM PHUCYHKE HMAH (POTO MHE [0 CHX IIOP HE yAAAOCh. 3adeM HaCEKOMOMY
Takoe? Tem Goaee CTPyKTypa oTa «HU3 HAOKPBIAUM» IIOYTH BCEra y HEro CIpsTaHa OT
OPYTUX T'Aa3, KPOME KaK B IIOAE€TE, KOTJa €€ HHUKTO U He PasrAgguT. 51 3arogo3pua: HUKaK
9TO BOAHOBOM MadgK, o00AafarolIuil «MOHUM» 3(PPEKTOM MHOTOIIOAOCTHBIX CTPYKTYP?
[ToAOKMA Ha MHUKPOCKOITHBIH CTOAMK 3Ty HEOOABIIYI0O BOTHYTYIO XUTHHOBYIO ITAQCTHHKY,
4TOOBI €Ille pa3 pacCMOTPETh €€ CTPaHHO-3Be3a4YaThble STYEHKHU IPU CHABHOM YBEAHMYEHHHU.
[ToaroboBaacs odepemHbIM IleneBpoM [Ipupoanl 1oBeAwpa, W IIOYTH 0e30 BCIKOU IIeAn
IIOAOKHA OBIAO Ha HEe IIHHIIETOM [APYIYI0O TOYHO TaKylo0 K€ IIAACTHUHKY C 3THMH
HEOOBIKHOBEHHBIMH S4YeiikaMM Ha OOHOM u3 ee cTopoH. Ho, He TyT-TO OBIAO: meTasbKa
BBIpBaAaCh M3 IIHMHIETA, IIOBHUCEAA IIapy CEKYHJ B BO3AyXE HaJ TOM, YTO Ha CTOAHUKE
MHKPOCKOIIa, HEMHOTO II0BEPHYyAaCh I10 YaCOBOM CTpPEAKE, chexaaa (10 BO3Ayxy!) BIpaso,
IIOBEPHYAACh IIPOTHUB YaCOBOM CTPEAKH, KAYHYAACh, U AUIIL TOTA OBICTPO M PE3KO yIiasa
Ha cToA. Uto & IIEPEXKHA B TOT MU', YUTATEAb MOXKET AHWIIb IIPEACTABHUTS...

[Mpuns B cebsa, 1 CBA3aA HECKOABKO ITaHeAedl IIPOBOAOYKOI; 3TO AaBaAoCh He 0e3
TpyZda, ¥ TO AWIIb KOTJA f B3dA UX BEPTUKAABHO. [ToAyYHACSH TakKO¥ MHOTOCAOMHBIN
«XUTHHOOAOK». [Toro3KHA ero Ha cToA. Ha Hero He MOT ymacTh gazke TaKod CpaBHHUTEABHO
TSZKEABIH IIpeaMeT, KakK OoAbIllag KaHIeAdPCKasd KHOMIKA: 4TO-TO KakK Obl oTOMBaAO ee
BBEDPX, a 3aT€M B CTOPOHY. 91 IIPUKPENHA KHOIIKY CBEPXY K «OAOKY» H TYT Ha4aAHUChb CTOAb
HecooOpasHble, HEBEPOSTHBIE BEIIM (B YaCTHOCTH, Ha KAaKHe-TO MTHOBEHHS KHOIIKA
HAYHCTO HUCYe3Aa U3 BUA, YTO S IOHAA: HUKAKOH 3TO He MasiK, a COBCeM, coBceM [Ipyroe.

U ontaThk y MeHH 3aXBaTHAO AyX, U OMISTH OT BOAHEHHUS BCe ITpeaMeThbl BOKPYT MEHS
TIOTIABIAM KaK B TyMaHe; HO s, XOTb C TPYAOM, BCe-TaKH B3sdA ce0sl B PyKH, U daca yepes
[Ba CMOT IIPOJOAKUTE paborty... BoT ¢ aToro caydas, cobCTBEHHO, BCe U Ha4aAoCh» [73].

[To3BoABTE B 93TOM MECTE€ CHAEAaTh HEKOTOPble KOMMEHTapHUU... IPGPEKTHI
OTTaAKHBaHHs, KOTOpPble OMNHUCHIBAeT [pe0EeHHMKOB, OAS IIOCTOSSHHBIX MATHUTOB HeE
BBITASAEAN OBl yAWBUTEABHBIMH. Kak ™Mbl cebe mpeacraBadgeM, [OBa MarHUTA
OTTaAKHBAIOTCH OMHAKOBBIMHU ITOAIOCAMH, ITOCKOABKY 3(PHUpPHBIE ITOTOKU KasKZOTO M3 HUX
VIAOTHSIOT 3(UpPHYI0 cpeny B o0AaCTH IMIPOCTPaHCTBA  MeXAy HHUMHU. [IposgBaeHUsS
JAaHHBIX 3(P(PEKTOB IAd ITapbl HCTOYHHUKOB BOAH MaTepHH ae Bpoliag, KaKUMH, BUOAUMO U
ABAFIOTCS XHUTHUHOBBIE IIAQCTHMHKM, HMMEIOIME IOPHUCTBIM YHOPSAOOYEHHBIM MHKpPOY30p,
XOPOIIIO COTAACYIOTCS C Teopuei adpdeKTa IIOAOCTHBIX CTPYKTYP.
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B Tako#i cumTyamuu, OBE IIYYHOCTH CTOSYMX BOAH, TO €CTh 0O0OAAQCTH C3KaTOIO
YIIAOTHEHHOIO 3pHpa, B3aUMOAEeHCTBYd APYT C APYTOM, OTTAAKUBAIOTCH.

[ass Hac Goaee HHTEpeCHO omnucaHue [pebeHHHUKOBBIM «3PpdeKTa IIPOoIIagaHUs
KHOIIKH», KOTOpasa OblAa MpPUBSA3aHA K «XUTHHOOAOKY». OYEBHIHO, YTO CXKHUMAaHHE OBYX,
HAU 0OoAee, B3aMMHO OTTAaAKUBAIOIIUXCS UCTOYHUKOB CTOSYHX BOAH MaTePUU MPUBOIUT K
BBITAAKUBAHUIO 3(pupa HapyXKy, Ie CO3[aeTcs o00/1acmb No8blLULEeHHOU NIomHOCMU
agpupa. CoOoTBETCTBEHHO, AIOOOH OOBEKT, IIOMEINEHHBIH B MaHHYIO 00AacThb, BedeT cebs
«CTPAHHO», IIpoNagasi U3 BUAUMOCTH.

HeBuauMmocTh, B TakKOH CHUTyalllHM, O3HA4YaeT OTKAOHEHHE Aydedl cCBera,
IIoIalalonux Ha o0AaCTh ITPOCTPAHCTBA IIOBBIIIEHHOM WAM IIOHWXKEHHOM IIAOTHOCTH
acupHOY cpenbl. Takoe H3MeHEHHE OIITHYECKUX CBOMCTB IMIPOCTPAHCTBA aHAAOTUYHO
M3MEHEHUIO ITAOTHOCTH AIOOOI'0 OIITHUYECKHU IIPO3PavHOTro BelllecTBa. B omnTuke, mpu TakoH
CUTyallu{, TOBOPSAT, UYTO H3MEHAeTCsS KOI(PPUIIMEHT IIPeAOMAEHHs. B KBaHTOBOM
IIPOCTPAHCTBE — BPEMEHH, 3TO O3HAYaeT MU3MEHEHHEe CBOHUCTB KBaHTa, IIAOTHOCTH HEPTUHU
U €ro pa3MepoB.

B 1991 rony I'peGeHHUKOB cO3/1aA CBOM I'PaBUTOIIAAH, U CTAaA COBEPILIATH ITOAETHI
Ha «OeCIIyMHOM AeTaTeAbHOM armapater. Ho ¢oro Puc. 133, mokazaH aBTOp Ha CBOeM
arrapare, HAIIOMHHAIOIIEM MOABOEpT. Ammiapar, KakK IHIIeT H300peTaTeAb, OKa3aAcs
0e3bpIHEPIIMOHHEIM U HeBuauMbIM. Ha Puc. 134 moka3zaupl mpearioraraemble 3QeKThI
«orubaHuUs CBeTOM 00AaCTH  IIPOCTPAHCTBa», KOTOpasd CO3JaeTcs  alnapaToM
'pebenHuKOBa. Aronu, HabArOaBIINE €r0 C 3€MAM, BHIEAM «CBETABIHM IIap», «IHUCK» HAU
«00AQYKO C PEe3KO OYEepPUYEHHBIMH KpadgMM». 3[4eCh YMECTHO HAIIOMHUTH YHUTATEAI0 TEOPHIO
KBaHTOBAHHOTI'O IIPOCTPAHCTBA U IIPHUHIIUII KOMIIEHCAIIUH AedopMalinii aoupHOM cpeapl.

Puc. 133. I'pebeHHHKOB Ha CBOEM «T'PABHUTOIIAQHE».

3mech yMECTHO OTMETUTh, YTO BOIIPOCHI HEBHAMMOCTH OOBEKTOB BCEPbE3
paccMaTpUBalOTCd TEXHUYECKUMH CIIEIIHAaAUCTaMU Pa3AUYHBIX OpraHu3aiui.

Puc. 134. [Ipuuune! a¢pcpekTa HEBUIUMOCTH rpaBuTonaana 'peGeHHUKOBA.

HeBumuMocTb 03Ha4aeT, 4TO Ayd CBeTa OOXOOUT IO KPHUBOI HEKOTOPYIO 00AACTb
IIPOCTPAHCTBA, HO 3aTeM BHOBH BO3BpAalllaeTCd Ha CBOIO HIPSIMYIO0 AHHHIO. [IpUYHHEBI
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TAKOTO TIIOBeAeHUS (POTOHOB MBI PACCMOTPHUM IIO33Ke, B TAaBe O KBAHTOBAHHOCTH
IIPOCTPAHCTBA MW BpPEMEHH. YIOpaBAEHHE arIaparoM ['pebeHHUKOBA ITPOUCXOIHAO
HPOCTBIM MEXaHUYECKUM CMEIIEHUEM «BEEPOB» - SAEMEHTOB B HIXKHEH YacTH anmnapara,
IIOKa3aHHbIX Ha Puc. 135.

Puc. 135. Cucrema yrnpaBaeHus annapatoM 'pebeHHUKOBa, BUA Ha YToA TAAT(OPMBI CHU3Y.

CMmelieHHE «BEEpPOB» OTHOCHUTEABHO MApPYyr [Opyra, Kak OIIHMCBIBaeT aBToOp,
IIPOM3BOOUAOCE C IIOMOIIBI0O MEXaHWYECKOM PYKOSATKHU C TAraMH, H3MEHSIAO BEAMYNHY
OBUXKYIIEH CHUABI B TOM, MAM HUHOM HalpaBaeHHU. [lompobHoe omrcaHue KOHCTPYKIIMU
rpaBUTONIAQHA, ['peOEHHUKOBY He paspellrAl CAeAaTh II€H30pbl, U €ro KHUra BBIIIAA B
«CUABHO COKpAaIlleHHOM Buae». MHe 3aloMHHAacCh ofHa dpasza aBTOpa, KOTopas MOKET
OKa3aThCd BaKHOH [IAS KOHCTPYHMPOBAHUS: «...MOM alIaparT CAeAaH IIOYTH IEAHNKOM U3
oymarm». B amnpeae 2001 roma, Bukrop CrenanHoBud [peOGEHHHUKOB CKOHYAACH OT
OOIIIMPHOTI'O UHCYABTA.

MHoTHEe II0AAraroT, YTO YXYAIIEHUE 3I0POBBsSI OBIAO BBI3BAHO €r0O «IIOAETAMH» Ha
TPABUTOIIAAHE H OKCIIEPUMEHTAMHU C IIOAOCTHBIMH CTPYKTypaMH. B HacTosiiiiee Bpewms,
MHOTO JHTY3HACTOB IIBITAETCS IIOBTOPUTH [JAHHYIO TEXHOAOTHIO, dYTOOBI CO34aTh
COOCTBEHHBIH «TrpaBUTOIIAAH». [loaaraio, dYTO AeTaTh Ha TaKOM  «IBHUIKUTEAE»
IIpeXIeBpeMEHHO, 10 TeX Iop, Moka 3¢ddeKT He OyaeT u3ydeH MOOCTATOYHO IOAPOOHO.
Heo6xoauMo omnpeneAuTh TPaHUIBI 00AACTH IPOCTPAHCTBA, B KOTOPOU KUBOM OpraHHU3M
MOXKET HAXOAUTBCS 0e3 OIaCHOCTH HapYIIEeHUsS IKU3HEAEeITeABHOCTH. BO3MOXKHO, YTO
CHAOBBI€ YCTAHOBKH CAEAYET pa3ME€lIaTh OTACABHO, PACIIOAOKHB HX TPEYTOABHHUKOM B
ITIAOCKOCTH, UAU II0 OKPYZKHOCTH, BOKPYT LICHTPAABHOI'O «ZKHMAOI'O OTCEKAa».

B 2017 romy, B MHTEpPHET IMOSBHANUCH BHIECO3AIINCH 3KCIIEPHUMEHTOB II0 AAaHHOM
TeMe. ABTOPBI UCCAEJOBAAU CBOMCTBa HAAKPBLIABEB KYKOB, B TOM YHCAE U «OPOH30BKH», O
KoTOpo#i mmcaa ['peGeHHHMKOB. B omHOM U3 (PUABMOB, aBTOP HCIIOAB3YEeT HCTOYHUK
BBICOKOTO HamlpsiKeHUsi. HMckpa MeXOy 92A€KTpoJaMH HMeeT [OAWHY HECKOABKO
CaHTHMETPOB, TO €CTb, MCIOAB3YEeTCS UCTOYHUK II0AS HANPAXKEHHOCTBIO B MOECATKU
KHAOBOABT. B BHAEOpoAMKe ITOKa3aHO, KaK B HCKPOBOH 3a30p IIOMEIAeTCs HalIKpPbIAbE
xKyka. O4eBHAHO, 3Ta «0OpPabOTKa AUAAEKTPHUKa» CO3MaeT JAEKTPEeT, TaK KaK XUTHUH
ABASIETCS OAEKTPETHBIM MaTepuasoM. [lasee, Ha BHOEO II0KA3aHO KaKUM oOpas3om
OTTAaAKHBAIOTCH OBa HAOKPBIABS, co3maeTcs 2(PQeKT AeBUTAIMHU HAUW BpallleHUd (IpHu
TaHTE€HIIMAaABHOM pPAaCIOAOXKEHUH daeMeHTOoB). [Ipu sToM, Ha CcTOA€ MIPUCYTCTBYET
HCTOYHUK BBICOKOTO HAIIPSAKEHHS W IIAaCTHHA MeTaasAa, KOTopas C HHM COeAHHEHa. OTH
3(peKTh KaxKyTcs OOBIYHOH SAEKTPOCTATHUKOM, HO KOTZIa aBTOPHI (pHABMA IIOKA3BbIBAIOT
MOIIIHbIE OTTAAKUBAIOIIHE CHABI, [OeHCTBYIOIIME Ha KepaMHUYecKylo YaIllKy HWAU
CBHHIIOBYI0O aKKyMyATOPHYIO OaTapero, TO 3TO 3acTaBAdeT 3aayMaTbCsd O TOM, 4YTO
cuAOBBIe 9PPEKTHI B JAHHON KOHCTPYKIIUU CO30AI0TCH HE TOABKO SAEKTPOCTATUKOMH.

OPPEKT MOAOCTHBIX CTPYKTYpP, HHOTZA, 3aHOBO OTKPBLIBAIOT pPa3AHWYHbIE aBTOPHI.
Hanpumep, Bormanos u3 Bamkupun [79], yBaedeHHBIH Hieed OMOAOXKEHUsI, YBHUIEA BO
CHe, U CO3[laA MaKeT yCTPOMCTBa, KOTOPOE II03BOASIET H3MEHSTH CBOMCTBa BEIECTBA,
IIOMEIIIEHHOTrO B Hero, Puc.136.
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Puc. 136. Kanncyaa omoaozkeHusa bornaHoBa (B paspese).

Ycrpo#icTBO cocTOUT U3 CEPEPHUYECKOro KOMIIAEKCA KOHYCHBIX H3AydaTeAei,
PACIIOAOKEHHBIX BOKPYT ILIEHTPAABHOH cepbl. PaKTHUECKU, 3TO KOHYCHblE NOJIOCMHbLE
cmpyKkmypbel, OPUEHTHPOBaHHbIE TaKUM 00pa3oM, YTO B IIEHTPAABHOH YacTH CO374aeTcd
adpderT GOKycHpPOBKU. MakreT OBIA H3TOTOBA€H DBOrIaHOBBIM U3 KapTOHA, CKAEEH
3MOKCHAHBIM KAeeM. [lraMeTp MaKeTa cocTaBAsIeT 0KOAO SO cM.

PeaarHOE ycTpo#CTBO, 10 MHEHHIO BormaHoBa, HOAZKHO MMETh AUAMETP BHEIIHEH
cpeprr 30 MeTPOB U AMaMeETpP BHYTPeHHeH (mycToif) ccpepbl 8 MeTpOB, BHYTPH KOTOPOH
MOZKEeT HaxXoauThcs YeAoBeK. [IpoBepka «adpdekTa popMmbl» KoHCTpyKIIMu Bormanosa, Ha
OIHOM M3 MOCKOBCKHX OOOPOHHBIX NPEAIIPUSTHUH, IIoKa3asa, YTO BHYTPU MakeTa, B
IIEHTPAABHOM d4YacTH, HabAomaeTcsa CTPYKTYPHpPOBaHHE pacTBOpPa MapraHIlOBKHU
(kpHcTaaabl coeUHAIOTCS B IIapuk). C Touku 3peHusa Teopuu KospIipeBa, 3TO O3Ha4aeT
YMEHBIIEHNE BEAWYMHBI SHTPOIMNH B ILIEHTPAABHOM YacTH YCTpPOMCTBa, B pe3yAbTaTe
H3MEHEHUS «IIAOTHOCTHU BPEMEHU».

C mpyro#l CTOPOHBI, OYEBHIAHO, YTO MAaHHAS KOHCTPYKIIHS OTHOCHUTCH K o0aacTu
pPe30HaTOPOB 3(PUPHBIX BOAH (BOAH MaTepuu Ae Bpoiiad), u 1mo3BoadgeT HAMHOTO YCHUAHTH
9(pPEKT MOAOCTHBIX CTPYKTYpP 3a cUeT (POKYCHPOBKHU — CYIIEPIIO3UIIMU CTOSYUX BOAH B
LIEHTPAABHOH YacTu ycrpoiicrBa. OuYeBHIAHO, YTO CAOXKEHHE ITyYHOCTeH BOAH B IIEHTpE
MHOTOKPATHO YCUAUBaeET 3(p(PeKT N3MEHEeHUs IIAOTHOCTH 3dupa.

Mory nmobaButh K mzaee BormaHoBa caemyroliee: KOAWYECTBO JA€MEHTOB TaKOH
KOHCTPYKIIMH MOKET OBbITH AIOOBIM, HO B IIPUPO/IE €CTh OIIPEeNEeA€HHbIE IIPAaBUAA CTPOECHUS
00BEeKTOB. MUHUMAABHBIH ITPABUABHBIH OOBEMHBIN OO0BEKT — TeTpasnp. CTpykrypa,
UMelolasi MaKCUMYM paBHOIPAaBHBIX BEPIINMH Ha3bIBaeTCsl HKOca’nap, cTpourcda uis 20
OOMHAKOBBIX TPEYrOABHHKOB, nMeeT 30 pebep m 12 BepmuH. [loaararo, 4To CHMMeETPHUS
HMeeT 3HaueHHe, II0 9TOM IPHUYHNHE, PACIIOAOXKEHHE 3AEMEHTOB «cdepbl Bormanosa, u ux
KOAMYECTBO MOXKET OBbITh BasKHBIM.

AHaAOTHYHYIO CTPYKTYypy IocTpoua aBTop u3 Purm dnuc Kaauumnbmi. Ha doto
Puc.137 nokaszana ero KOHCTPyKLHA. OPPEKTHI CO3NAI0TCI KaK B LIEHTPE YCTAHOBKHU, TaK
U CHapy>KH, B OKPYZKAaloIlleM IIPOCTPAHCTBE.

Puc. 137 Cdepa Kaarnuusnmia

PaccMoTpuM  OTAOEABHO CIIOCOOBI (POKYCHUPOBKH IIOTOKOB 3cupa, YTO MOIKET
0Ka3aTbCd BayKHBIM A KOHCTPYHPOBaHUs 3(pUPOOOMEHHBIX aIllllapaToB.
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OddekT dopMbI

Bo3Bpamasgice K HUCTOPHUH Pa3BUTHsS 3(PHUPHOH TEOPHUH, HEOOXOAMMO OTMETb, UTO
TepMUH «3PPEKT PopMbI» OBIA BBeZIeH (PPaHIy3CKHMHU HccaenoBaTeasmu Aeonom lllompu
u Aunpe ne Beansasem B 30-x romax mpoirsoro Beka [80]. Hamboaee m3BecreH apdekT
dopMBI AT THUpPaMHUI, CYyTh KOTOPOIO XOPOIIO HAAICTPHPYET PHUCYHOK ['peGeHHUKOBA,
Puc. 138. B manHoM caydae, «paboraior» C 3¢pupoM TOABKO pebpa, 6e3 yudactuda
IIAOCKOCTEN IIUPaMHUIBI.

Puc. 138. Bo3HUKHOBeHNE ITOTOKOB 3(prpa BOAN3U MUpaMHUIbI.

B 1mpocTpaHCTBE, OKOAO TaKOW MAaTepHAABHOM CTPYKTYpPBI, BO3HHKAIOT [BE
WHTEPECHbIE 00AACTH U3MEHEHHO020 COCMOSIHUSL 9hupa: YIAOTHEHHE B IIEHTPE ITHPaMU/bI,
a TakxXKe, IIOTOK HAJ ee BepIINHOH. [leTeKTOophl, IIoOMelllaeMble B HaHHbIE 00AacTH, OyayT
oTMedaTb 3(p(eKTbl YCKOPEHUS HAM 3aMEIA€HUs IIPOILECCOB, M3MEHEHUsI SHTPOIIHUIHOTO
COCTOSIHUS BeIEeCTBa, HAIIpUMep, U3MEHEHHE €T0 SACKTPUYECKOTO COIIPOTUBAEHUS U T.II.
[las m3BeCTHOH mupaMuabl Xeorca, IIPOIIOPIIUM €€ CTOPOH TAaKOBBI, YTO MaKCHMaAbHAaSd
nedopmanusa cpenbl (POKycCHpPoOBKa A(MPUPHBIX [OTOKOB) IIPOHMCXOAUT B TOYKE,
pa3MeIleHHON BHYTPH NUPAMHUIALI, HA YPOBHE OMHOM TPETH BBICOTHI. OpHEHTAIINA CTOPOH
Ha CeBep u IOr cymiecTBeHHBI, TaK KaK 3TO CBS3aHO C HAIPaBA€HHEM €CTeCTBEHHBIX
IIOTOKOB 3(bUpa, CO3aHHBIX HAa ITOBEPXHOCTH HAIIlEH ITAQHETHI.

M3BecTHO, 4YTO O0OABINIME ITHpPaMHABI OOpPa3ylOT HaZ CBOEH BEPIIMHOH CTOAD
HOHH3HUPOBAHHOIO BO3yXa, YXOAGIINH B BbICOTY Ha KuaoMeTphl [80]. Bo3aMoxkHO, 4TO 3TO
U ObIAO OMHOM M3 337a4 APEBHUX NUPaMHA... B TakKoM caydae, OHHM HUTPaAl HE CTOABKO
KYABTOBYIO, CKOABKO (PYHKIIMOHAABHYIO POAb B KAKOM-TO T€XHOAOTHYECKOM ITPOIIECCE.

[To aHTHIHTPONUHUHBIM 3(QdeKTaM, MOCTOBEPHO YCTAHOBAEH (PaKT 3a0CTPEHUS
A€3BHU OPUTB, IOMEUIEHHBIX B ITHPAMHAY Ha YPOBHE OLHOM TPETH BBICOTHI, U AazKe ObIA
BbIZIAH ITIATEHT Ha TakKo#é crocob. [[oKa3aTeAbCTBOM CYIIECTBOBaHUS 3(P(PeKTa CAYKHAU
(POTOCHUMKH AE€3BHH MOI 3AEKTPOHHBIM MHUKPOCKOIIOM, Ha KOTOPBIX OTYETAUBO OBIAO
BUOHO H3MEHEHHE HX T€OMETPHH, OO0 H IIOCA€ 5KCHO3WIMHM B HOupampe. M3BecTHEHI
pes3yabTaThl onbiTa, npoBeaeHHoro B HUM I'padura no Bo3aeHCTBHIO MOAEAN NHUPaAMHUIbI
Ha IpaUTOBYIO IIAAQCTUHKY pasMepaMu 25x10x1 MM, IMOMEIIEHHYIO0 BHYTPU ITHPaMUIbI.
[Tocae 24-4acoBO# 3KCHO3UIIUN, IAEKTPHUIECKOE COIIPOTHBACHHE 00pa3sila BO3POCAO B ABa
paza. YCTaHOBAEHO U BAUSHHE MOJEAEH HUpaMH[ Ha 4YacToTy KoaebaHUil KBapIeBOIO
pesoHaTopa [81].

OddekT GopMbl H3BECTEH TBHICAYH AE€T, KaK II0Kas3blBaeT APEBHAS HCTOPHS.
CyIiecTByIOT A€reHAbl O IHpaMugax  9TPyCcKoB. HMx  muBuamsanms  Oblaa
HEMHOTOYHCAEHHOM, U OYeHb BHICOKOPA3BUTOM, HA HUX CCHIAAAUCH JPEBHUE I'PEKH, KaK Ha
cBouxX mpenkoB. PucyHok Puc. 139 BocmpousBeneH MHOM IO pacckKasaM OIHOIO U3
3HATOKOB JPE€BHENY UCTOPHUH.

154



¥

NMMPAMUOA 3TPYCKOB

IMYronbHUK

13
20

12
150

20

’1 _
=
T
<
=

22

[ \

L 88 ,‘

Puc.139. Cxema nmupaMuasl

Briragnut cxema paHTaCTHYECKU, padMepbl NUpaMHUbl BIIEYATAGIOT: BblcoTa 149
merpoB! Bmopouem, mmpammpa Xeorica TakyKe HMEET HEMAaAyI0 BBICOTY — OKoao 137
MeTpoB. Ilpenronaraercsd, YTO IHPAMHABI ATPYCKOB OBIAM IIOCTPOEHBI W3 KaMHs, a
TIAOLIAZIKY MEXIY «3TaykaMH» OBIAM IIOKPBITBI METaAAMYeCKUMH AUCTaMHU. Kcratu,
ITPYCKHU YMEAU IIOAyYaTh AWICTOBOM METaAA, IIPH packKollax HUX AOPEBHHUX TIOpPOaOB,
aApXEO0AOTH HaAXOOdAT B OCTAaTKaxX SILaHI/Iﬁ OTPYCKOB IIOABI, IIOKPBITBIE AHWCTAMH MEOH.
[ormyckasi, 4YTO OTpPOMHBIE KaMEHHBbIE [eTaAW ITUPaMH[ MOTAW OBITb H3TOTOBAEHEI
IIPUMUTHUBHBIMHU HHCTPYMEHTaMH, OCTAeTCSd 3araJkod HX CcIocobd MOHTaXKa B €IUHYIO
KOoHCTpyKIHio. OcraerTcd HOOIYCTHUTh HaAWYME y [APEBHUX IIUBHAWU3AIIUE HEKOTOPBIX
TCXHOAOFHﬁ, KOTOpPhI€E HaM IIOKa HEOOCTYIIHEBI. I/IHTepeCHO OTMETHUTHL HaA3HAYEHHE OTHUX
ImUupaMua: II0 A€reHaaM, IIHpaMHAbI TakKOro THIIA obecrieynBasu «3aIlIUTy» TOPOOOB
3TPYCKOB, CO3aBas CHeIU(UIECKOe «CHAOBOEe Ioae». OHU «paboTaar» B KOMIIAEKCE C
KOHIIEHTPUYECKUMH CTE€HAMH, IIOCTPOEHHBIMH BOKPYT TOPOZOB A3TPYCKOB. CTEHBI ObIAM
IIOKPBITBI METAAAOM.

[Mupamuaps! apeBHero Erumra SBHO OTAMYAIOTCS OT «CHAOBBIX IHPaAMHUI» ITPYCKOB:
pa3HHIa B yrAe HaKAOHa OOKOBBIX rpaHeii. B Erunrte mupaMuasl UIMEOT yIOoA OKOAO S1
rpagyca, a A€reHAapHble IIUPaMUAbl ITPYCKOB OCTPOKOHEYHbIE, YeM HallOMHUHAIOT
FOTHYECKYIO apXUTEKTYPY.

PaccmaTpuBass cTpoeHHe MHpaMHL, HWAW [OPYTHX [OPEBHUX KOHCTPYKIUH,
co3pammux «3PPeKT POpMbI», MOKHO CHEAATH BasKHBIHA BBIBOJ O POAHM «IIyCTOT» B TEAE
KOHCTPYKIIHH. VIMEeHHO «IycToTa» gBAdeTCH «pabodyuMM TEeAOM» IIPHU BBIIIOAHEHUH 3aJa4du
POKYCUPOBKHU HAU Ipeobpa3oBaHUsS I(PUPHOrNO II0OTOKA, a KaMeHHbIe MaCCHBHBIE
9A€MEHTHI KOHCTPYKIIMH CAyKaT OTPa’kKaTeASIMH B (POKYCHPYIOIIMMH 3A€MEHTaMH. ITa
TOYKA 3PEHHd COTAACyeTCd C KOHLENIIHMeH O CO3MaHWHM YacTHI[ MaTepuu U3 3PUPHOU
cpenpl. [Ipn TakoM paccMOTpeHHH, 3(pupHas cpena, B KOTOPOH HET MaTepUH, SIBASIETCS
bonee sHepzemuuecku NJAOMHOU, YeM Ta 0OAACTb IPOCTPAHCTBA, KOTOpas 3allOAHEeHa
MaTepuei.

Hanpumep, saemMeHTapHBIH «POKYyCHUPYIOIIMHE SAEMEHT» BBITAIIUT, KaK yCedeHHas
mupaMuga, B BHAE IIHPOKO pPaCIpPOCTPaHEHHBIX 00eAauckoB, Puc. 140. Bepumna
obeAnCKa, CAEAaHHOTO M3 KaMHS HAM [APYTroro BellecTBa «paboraeT ¢ 3(PUPOM, KakK U
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Arobas mupamMuga, co3maBasd yIpyrue gedopMaliii B 00AACTH «aKTHBHOHM IIyCTOTBD». B
pe3yabrare 9OTUX AedopManuii, [HOAXKHBI BO3HHUKATh O(P@PEKTbl OTpazkKeHUd U
KOHIEHTPAIIUH IIOTOKOB 3QHUpa, IIPOXOAdIINX 4Yepe3 MJAaHHYI «pabodylo IIyCTOTY»
nedpopMUpPoOBaHHOM yrapyro#i acgupHO cpenpl. POKYCHUPOBKA IIOTOKOB OIIPENEASETCS
dopmoii mupamunbl HAu obeancka. OmnpeneseHHble (POPMBI MOTYT He KOHIIEHTPHPOBATH
IOTOK, & U3AYy4YaTh €r0 BBEPX BAOAB OCH.

| 30OUPHAS
CPEOA

AKTUBHASA NYCTOTA

OBENUCK U PEAKUUA 3OUPA HA EFO ®OPMY

Puc. 140. YceueHHBIH 00EAUCK U €TO «aKTHBHAd YacThk» B 3(pHPE.

[TomoOHBIM  0Opa3zoM, paboraror  Bce  3PpUPOOOMEHHBbIE  KOHCTPYKIIMHU,
H3TOTOBA€HHBIE M3 BemlectBa. OHHM MOTYyT HAIPaBASTH, KOHIIEHTPHUPOBATH HAU
3aKpy4uBaTh A(QUPHbIE IIOTOKM B HYKHOM HaIllpaBA€HHHU.  YIpyrue maedpopMaliuu

apUpHOU cpennl, co3maBaeMble IIOAOCTHBIMU CTPYKTYpPaMU B pe3yabTaTe UHTepP(epeHINH
BOAH MaTepuu ne Bpoiiadg, MMeIoT Takylo Ke MNPHUPONAY, KaK H «aKTHBHas IIyCTOTa» B
obAacTH NIUpaMu U APYyrUX MaTepPHUaAbHBIX 00BEKTOB.

Hcnoabp3oBaTh 3TH MOTOKM MOXKHO HE TOABKO [AS CO3[aHUS CHAOBBIX 3((deKToB u
OBUXKUTEAEH HOBOTO THIIQ, HO U B MEIUIIMHE.

Hamnpumep, 6oaee 100 aet Hazan, nokrtop Otro KopiueabT o0HapyKHA 3PdPeKT
IIOAOXKUTEABHOTO BO3AeHCTBUS Ha OOABHBIX IIAIIMEHTOB IIPOCTHIX MPHOOPOB, KOTOPHIE
CO3aBaAU «3aBUXPEHHUS ITOTOKOB 3dupar, uaynwmx oT CoaHIla K LIeHTPY IaaHeTs! [82]. Tlo
9TOM NpHUYHHE, «IPHUPOUCIIyCKATEABHbIE almapaTrbl» JOKTOopa KopiieabTra pacrnosarasu
TaKUM 00pa3oM, 4TOOBI AMHHA Bo3aeHcTBUSA IIpoxoansa oT CoAHIA depe3 HalueHTa K
3emae, Puc. 141.

Puc. 141. IIpubop Kopireabra 1 namment. Hanpasaenwre ocu npubopa — Ha CoaHIte.

OTMeTHM, 4YTO B OKCIEpPHUMEHTaX APYIHX aBTOPOB II0 3(PUPOAUHAMHKE, TaKXKe
PEKOMEHI0BAAOCH HCIIOAB30BaTh IIOTOK 3dupa (3pupHBIH BeTep), uaymmii or CoaHIA.
CoBpeMEeHHBIE HCCAEIOBATE€AW MOTYT HCIOAB30BaThb IIOTOKU 3(upa, KOTOpPbIE
YCTaHaBAMBAIOTCS B IIOMEIIEHHH, C TE€YEHHEM HEKOTOPOTO BPEMEHH, HaIIpUMeED, MEKIY
HCTOYHHUKOM TE€IAA U XOAOJUABHUKOM.
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YnoOHBI IA MCCAE€IOBAHHUM ITapaboAWYecKHe TEIIAOHATPEBATEAH CTAaporo THIIA, C
METAAAUYECKUM Pe(PAEKTOPOM U HarpeBaTEABHOM croupaasbio B (pokyce mapaboarl. OHHU
CO3JaI0T TENAOBOH IIOTOK, IIEPEHOCAINMHE MH(MOPMAIIUIO OT UCTOYHUKA IIPOJOABHBIX BOAH
K IIPUEMHUKY.

B cxeme, nokaszanHoU Ha Puc. 142, ocymiecTBageTcs HarOKeHHE NH(POPMaTHBHOHN
COCTaBAMIOIIEeH CUTHaAa Ha IIOCTOSIHHBIN IIOTOK 3(hUpa, COIIPOBOKIAIONINY HallpaBA€HHOE
TEIIAOBOE U3AYUEHUE. HcroyHuk wuHQpOpMAaNUM, HaIpHUMeEpP, IIPOIIECChl pPa3BUTUSI
pacTeHHH HAUW 3apoapllieii, MAU AIOOOH APYTrod aHTHUIHTPOIIMHHBIA MIPOIIECC, MOIKHO
IIOMECTHUTb C TBIABHOHM CTOPOHBI pPedAEKTOpPa, ITIOCKOABKY HMEHHO 3eCh «3a0upaeTrcs»
3(Up OAd €TO HAIIPABAEHHOM Ilepefadyy B CTOPOHY IIPHEMHHKA.

OTPAXATE/Ib

CMUPA/Tb
MOZY/IMPOBAHHBI NOTOK

=== s

UCTOYHUK UHOOPMAL UM

UCTOYHUK HAMPABJ/IEHHOIO TEN/1I0BOrO NOTOKA

Puc. 142. Monyad1ius IIOCTOSHHOTO ITIOTOKa 3(Hupa HH(POPMAIITHOHHBIM CUTHAAOM.

B pesyapTaTe BO3AEHCTBUS «MOAYAUPOBAHHOIO ITOTOKA 3Hpa» HA MaTepUasbHBIE
OOBEKTbI MOIKHO OXHUAATh H3MEHEHHE OSHTPONHHU. [Ipu BO3AEHCTBUH Ha pas3sAUYHBbIE
(PU3UKO-XMMHYECKHUE IIPOIIECCHI, CAEAyeT OXKHAATh He TOABKO H3MEHEeHHEe CKOPOCTH
IIPOILIECCOB, HO U PE3yAbTATOB XUMHUYECKHX peaKIui. PedyAbTaT 3aBHCUT OT TOTO, KaKyIO
UHQOPMAIIHIO MBI 3aKAaIbIBAeM B MOTOK 3¢upa. [logpoOHBIH 0630p O JaHHOM TeMaTHKe
conenaa B.A.XKwuraaoB (zhigalov@gmail.com) B xkHuUre «XapakrepHbole 3(PPEeKTHI
HE’AEKTPOMArHUTHOTO u3AydeHus» [Ipoekt «Bropaa d¢usuka» http://www.second-
physics.ru. [annHaa pabora 2KuraanoBa comepkuT o0030p SKCHEPUMEHTOB IIO
LeA€HaIIpaBACHHOMY TIOAYYEHHUIO u [EeTEeKTUPOBAHUIO HE3AEKTPOMATHUTHOTO
(TopcuoHHOTO) HM3Ay4YeHHd. B YacTHOCTH, OH pacCMaTpPUBAaET TOPCHOHHBIE T€HEPATOPHI
AxumoBa, BobpoBa, Illnmuabmana, KaszunadyeeBa, Mowurtanbe, I[llaxmapoHoBa, AyHeBa,
KpacuobpekeBa, IlanoBa u KypamoBa, IlapxomoBa, MeapHuka, IIIHoaa u aOpyrux
aBTOPOB.

OKCIlepuMeHTaAbHbIE [aHHBIE [0 BO3AEHCTBHIO HA MAaTEPUI0 U IIEPEHOCY
UHPOPMAIIUH METOJAaMH CTPYKTYPUPOBaHUA 3QUpa, IIOAyYEHHbIE OT Pa3AMYHBIX
HCTOYHUKOB HWHQOPMAIIUH, T[IOKA3BIBAIOT, YTO CTPOEHHE MaTepuu U ee (QU3HUKO-
XUMHUYECKHE CBOHCTBa CAEAyeT pacCMaTpPUBATL C Y4YE€TOM HaAWdus 3(QUPHON Cpemwl,
OKpPYZKaIOILIEeH dYacTUIbl MaTepHH U [OPUHUMAIONEH ydacThe B IPOIlecCe UX
cyuiecTBoBaHud. [loHMMaHHE KOMIIAGKCA YaCTU BEIECTBA, KakK IIpolilecca B 3(UPHOH
cpelle JaeT HaM BO3MOKHOCTE BO3/IeHCTBHUA Ha ee CBOUCTBA.

YToyHHM, YTO TaKUM O0pa3oM, depe3 3(PUPHYIO CpPeay, Mbl MOXKEM MEHSTb He
TOABKO H3BECTHBbIE HaM (PUIUKO-XUMHUYECKHE CBOMCTBa BEIIECTBA, HAU IlapaMeTphbl
paboThl KAETOK OHMOAOTHYECKHX OPraHU3MOB. bBoaee BaxKHBIM dBAFETCA TO, YTO caMa
CKOpOoCMb  CYUW,ecmeo8aHust mamepuu U YnopsiooueHHOCmb ee CcmpoeHusl (cmeneHo
9HMponuu) 3agucum om nJaAoOmMHocCMu 3¢pupa. ITO BIIOAHE OOBSICHHUMO, IIOCKOABKY CaMH
YaCTULBI MaTEPUU HE SBASIOTCH YEM-TO OOOCOOA€HHBIM OT 3(PUPHOH Cpeapl, a MOTYT
paccMaTpuBaThCsI, KaK BUXPEBbIe 20UPOIUMHAMUYECKHE TPOITECCHI.

PaccMOTpHMM OCHOBBI TEOPUH CTPOEHUS IIPOCTPAHCTBA — BPEMEHH, BKAMOYAs
HEKOTOpPbIe IPUMEPHI PACUETOB PE30HAHCHBIX ITapaMEeTPOB 9AEMEHTOB MaTepuu. PazBurue
JAHHOM KOHIIEIIIIUH [T03BOAUT KOHCTPYHPOBATh COBEPIIEHHO HOBbIE THIIBI TPAHCIOPTHBIX
CPEeZCTB U pa3BUBATH IIEPEIOBbIE TEXHOAOTHH II€PEMEIIEHUS B IIPOCTPAHCTBE U BPEMEHH.
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Ctpoenue IlpocTtpancrBa — Bpemenu

«/leticmeue ecmob KpususHa Mupa»
Iaeen Imumpuesuu YcneHckuii, 1911 200.

Mel yzKe TIIpeArioraraAl aHaAOTHM KBaHTOBOIO CTPOEHHd MHKpOMHpa U
MakKpoMupa, IpPH OIpPEeAeA€HHBIX ycAoBUsSX. J[lasee, OyneT TIIOKa3aHbl 3aKOHBI
PE30HAHCHOTO CTPOEHHS HAIlero MHpa, Ha KOHKPETHBIX IIpuMepax. lIpemaaraemsbie
pacdeTbl U BBIBOABI BIIEpBble ObIAM HalAeHbI aBTOPOM AaHHOM KHUTH B 1991 roay, u
[OAOKEHBI HAy4YHOMY COODIIIECTBY Ha MeXKAyHaponHOM KoHdepeHINH «HoBble maen B
EcrecTBo3Haumm», uoHb, 1996 rox, Caukr - [leTepOypr.

ﬂI/ICerTHOC CTPOECHHE MaTEpHU O6LL[erI/I3HaHO CEroaHd, MBI H3y49Ya€M B IIIKOAE
IIOHATHE O MOAEKyAaX, aToMax M [APYrHX «4acTHIlaX Marepum». BoaHOBbIE CBONCTBa
«9JaCTHIIl MATEPUH» OHATHEI CIIEIIHAANCTAaM B 00AaCTH KBAHTOBOH (PU3UKH.

PacueTpl, KOTOphble MBI PACCMOTPHUM MOasee B OTOM KHUTe, OAIOT I[IOHUMaHHe
OPUPOABLI «JaCTUL] MaTepPHU», KAK BOAHOBBIX (BUXPEBBIX) IPOIECCOB B 3UPHOH cpene,
CIIOCOOHBIX CaMOMIOMAIEPKUBATHCS TOABKO IIPH OIPENEACHHBIX PE30HAHCHBIX YCAOBUSIX.
CosmaroTca Takue YCAOBHSA IIPU ONPEAEACHHOM KOHCTPYKIIMU (F€OMETPHUH) IIPOCTPaAHCTBA.
CaemoBaTeAbHO, BO3HHUKHOBEHME U CTa0MABHOE CyIIEeCTBOBAHHE «4aCTHIl MaTepPHH»
00yCAOBAEHO OIpEeAeACHHBIMH IIapaMeTpaMH I[IPOCTPAHCTBA, 3allOAHEHHOTO 3(UPHOH
cpenou.

OnurpadoM K [aHHOH raaBe BbIOpaHa Qpasza HU3BECTHOTO PYyCCKoro duaocoda
[TaBaa [IMmurpueBuda YCIEHCKOTO, U3 €ro U3BeCTHOM KHUTH «HoBass moaear BceaeHHOy,
oryoankoBaHHoH B 1911 romy [83]. Cwmbica oTOoM ppasbl 3aKAIYAETCs B TOM, YTO
«aIercTBHUE» - A000f TmpollecC BO BPEMEHH, XapaKTEPHUIYETCS TIeOMETPHUECKUM
HCKPHUBACHHEM HAaIlleT0 MHpPa TPEXMEPHBIX 00BeKTOB. Aioboe «aelicTBHE», HAIIPUMED,
IIPOIIECC TIePEMEILEHUS TeAd UAU XUMHUYecKas peakilvsd, npoucxooum no ocu 8pemeHu, no
mpaeKkmopuu  onpedeneHHOU KpueusHbl. KpuBH3HA, B OAaHHOM CAydYae, VKe
YeThIPEXMEPHBIM TeOMETPUYECKUM MMapaMeTp, XapaKTEPUCTHKA CKOPOCTH [IAHHOTO
IIpoliecca, TeMIla U3MeHEeHUH U T.[I.

YcneHCKHM ceaaa €llle OQHO BaKHOE 3aMe€dYaHHE O CTPOEHHH IIPOCTPaHCTBa M
BpeMmeHu. Hamn pasym mbpITaeTcd MHOHATH OKPYZKAIOIIYI0 PEaAbHOCTH B IIPEAEAaX CBOHUX
BO3MOXKHOCTeH, II03TOMY pasaeAsdeT BCe OOBEKTHI U COOBITHUH IIO IIPOCTPAHCTBY HAU IIO
BpemeHH. OaHako, peasbHOCTh HE Takasd, KakK KaxXeTcd HaM. Mbl BHAMM AHUIIb €€
IIPOEKIIMIO Ha [JaHHBIM MOMEHT Halllero CYIIeCTBOBAHHUA M IIOCA€IOBATEABHOCTH
IIPOEKIIUM.

OOBIYHO MBI CUHTAEM BpPEMS YETBEPTHBIM H3MEPEHUEM, U yHoTpebAseM TepMHH
«JeTBIPEXMEPHBIH OOBEKT» [AS OMNHCAHUA IIpolleccoB. OmHAKO, MMeeT CMBICA KPaTKO
JOIIOAHUTD «OOIIETIPUHATHIC» B3TASABI HA CTPYKTYPY OKPYKAaIOIIETO HAC IIPOCTPAHCTBA U
BpeMmeHH. [Ipexkne Bcero, HaIlOMHIO, YTO HE MMEET CMbICAA pacCMaTpPUBATh aOCTPAKTHOE
IIPOCTPAHCTBO — BpeMs, TaK KaK €ero IiapaMeTpbl BCerJa CBd3aHbl C MaTepHew.
AOGCTpPakTHO, MBI MOXKEM MOIEAUPOBATH AKOOOE IIPOCTPAHCTBO, HO B pPeasbHOM MHUDE,
MO3KHO TOBOPHUTH TOABKO O IIPOCTPAHCTBE — BpEMEHU HEKOTOPOIro OOBEeKTa.

MozKHO cKa3aTh, 4YTO IapaMeTpPhbl MAaTEPUAABHOTO 00BbEKTa, KOTOPBIH IIPeACTaBASIET
coboii ompeieAeHHBIH 3(PUPOIUHAMUYECKHN ITPOLECC, 3aJal0T ITapaMeTphl IIPOCTPAHCTBA
CYLIIECTBOBAaHUS OJaHHOIO o0bekTa. OTCIoa, 00BEKTHI MOTYT UMETh PAa3HYI0 Pa3MepPHOCTD.

Jlo 5TOro MOMEHTa, Mbl pacCMaTpUBaAHM IIPUBBIYHBIE HaM IIOHATHUS O «BPEMEHH,
KakK O 4YeTBEepPTOH KOOpAWHATe IIPOCTpPaHCTBa — BpeMeHH. OOBIYHO, €lle B IIIKOAE, HaM
IIPETIOIAI0T CHUCTEMY MAEeKapTOBBIX KOOPAWHAT, KaK YAOOHBIH CIOCOO IIPOEKTHPOBAHUS
00BEKTOB U 3aJaHUd KOOPAUHAT B IIPOCTPAHCTBE.
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Y1mo6CcTBO [IeKapTOBOM CHCTEMBI IIPSIMOYTOABHBIX KOOPAHHAT 3aKAIOYAETCS B TOM,
4YTO B HEM HCIIOAB3YeTCs IIOHSTHE «BBICOTBD IIpeAMeTa, KaK pasMep BIOAb AWHHU
OEeUCTBUS CHABI TsXKeCTH. JlaHHad cucTeMa OCHOBaHA Ha OPTOTOHAABHOHM TIpyIIe
BEKTOPOB, ¥ OHA BKAIOYAET TPU IIOAOKUTEABHBIX OCH U TPHU OTPHULATEABHBIX, HTOTO LIECTH
oceil koopauHaT. HaMm roBopsT, YTO HX BCEro TPH, IOATOMY BpeMs, KakK Iapamerp
H3MEHEHUd KaKOU-TO (YHKIIMH, 334al0T, KaK dYeTBEepPTYI0 KOOpAMHATy. OITO YyKe
AOTHYECKasd OINHOKa, II0 MOpPAAKy Ooceil, BpeMs eCTh ceabMasl OCh B JAHHOM CHCTEMe.
YYuTBIBas «IAIOC» U «MHHYC» BPEMS, BCETO IIOAYYUM BOCEMB OCeM¥ KOOpAUHAT.

Bonpoc o cucreme KOOpAMHAT, UAM O CTPOEHHH BOOOpaXKaeMOro IIPOCTPAHCTBA,
MOJKHO pa3BHBaTh B 3aBHCHUMOCTH OT (paHTA3WM aBTOpa, HAIpPUMep, B TI'E€OMETPUHU
AobGadueBCKOTO, Oake IIapasA€ABHBIE IIPSIMBbIE MOTYT I[I€peceKaTbCsl, B OIIPEIECACHHOM
caydae. Hac ceffyac MHTepecyeT CHCTEMa B3TASIOB Ha CTPOEHHE IIPOCTPAHCTBa-BpPEMEHH,
KOTOpasd OTpakaeT PeaAbHYI0 TeOMEeTPHIO HAaIllero MHpa MaTepPHAABHBIX Belled U
mpoiteccoB. [lasg oTBeTa Ha 3TO BOIIPOC, oOpaTHUMCH K HATYpPaAbLHBIM MaTepPHAABHBIM
CHUCTeMaM, HallpuMep, K CTPOEHHI0 KPUCTAAAOB.

[TaAOCKHIT MHP XOpPOIIO H3y4eH B OOBIYHOH TeOMETPHH, B HEM 3A€MEHTAPHOH
durypoif gaBadgeTcs TPEYTOABHHUK, a IIOAOKE€HHE TOYKH Ha IIAOCKOCTH OJHO3HA4YHO
3a/1aeTcd TpeMd KOOpAYHAaTaMHU, KaK PacCCTOSHUA «Ha IIAOCKOM MECTHOCTH» 10 TPEX «TOYEK
oTcyeTar. [laHHBIM METO[ IMPAaKTHUYECKH MIPUMEHHAETCd B METOAaX pagUOIlleA€HTalluH, TO
€CTb, JAd IIOUCKA UCTOYHUKA PAAUON3AYIECHHUS.

[ast 0ObEMHOT0 IIPOCTPAHCTBA, METOI aHAAOTHYEH, HO HCIOAB3YET YeTbIpe TOYKH
orcuera. BakmuHcTep Pyssep mokKazaa, 4UYTO €CTECTBEHHOH CHCTEMOM KOOpAWHAT B
IIPOCTPAHCTBE SBASETCH TeTpasapuydeckad cucreMa. Pa3BuTHveM NaHHONM KOHIENIIUU, B
HacTosiIIee BpeMs, 3aHuMaeTcs [[3xo3ed Xaccabeprep, caiiTr www.hasslberger.com

PeaabHOEe CTpOEHME MPOCTPAHCTBA OTPAXKEHO, HAIIPUMEP, B CTPOEHHH KPHUCTAAAA
aaMasa, II0 CBA3sIM aTOMOB yraepoga. B mpocTpaHcTBe, S5A€MEeHTapHOM reoMeTpudecKot
duUrypoii sBAseTCS TETPa’ap, a IOAOXKEHHE TOYKHU BHYTPH 00AACTH MAHHOIO TeTpaj’apa
OQHO3HAYHO 3aflaeTcd dYeThIPbMsSI KOOpAMHATaMM, KaK IoKa3zaHo Ha Puc.143. 3gecsh
KOOPAHHATEI B IPOCTPAHCTBE - 3TO PACCTOSHHUS 0 YEThIPEX TOYEK OTCYETA.

Puc. 143. Terpasapuyeckas cucTeMa KOOPAUHAT.

Bpemsa - mapaMeTp, ONUCHIBAIOIIMM CKOPOCTh MU3MEHEHHs KAaKOMW-TO BEAHMYHHBI. B
FeOMETPHUH, OITMPAIOIIeHicd Ha TeTPA’APUUECKYI0 CHCTEMYy KOOPOHHAT, Mbl MOXKEM
cuumams 8pemst NSimubimM usmepeHuem. IT0 KOOpAHHATa HU3MepsSieTcsl, KaK HHTEPBaA OT
KaKOIr'o-TO COOBITHSI (MHHYyC-BpeMsl), MAW HHTEpPBaA BPEMEHH OO KaKOIo-TO COOBITHS B
Oymy1eM (raroc-BpeMs).

YuuThIBas, 4TO KOOpAUHATA BPEMEHH UMEET OTHOCHTEABHOE HallpaBAEHUE «BIIEPeI»
U «Hazamy, Mbl MOXKeM C(OPMYAHUPOBATH I[IOHATHE O UWECMUMEPHOM npocmpaHcmaee-
8pemeHu, B KOTOPOM YeTbIpe KOOPAUHATHI TETPA3APUUECKON CHCTEMBI 33/1aI0T ITOAOXKEHIE
006BbEKTa B IIPOCTPAHCTBE, U €Ille ABE KOOPANHATHI OITHCHIBAIOT ABUKEHNE OOBEKTA 110 OCH
BPEMEHH, B CTOPOHY YBEAUYEHUS ITIAOTHOCTH 3HEPTHUH HUAU B CTOPOHY €€ YMEHBIIIEHUS.
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3a [O0AOXKHUTEABHOE HAIpPaBACHHE OCH BpPEMEHH, KaK MBI VYK€ OTMEYaAH,
1eaecoobpa3HO IMPUHATH HaIlpaBA€HHE YMEHBIIIEHHE IIAOTHOCTH 3(MHUPHOM Cpensl,
IIOCKOABKY 9TO HAIIpaBA€HHE Pa3BUTHUS COOBITUH COOTBETCTBYET HATYPAABHOMY IIPOIIECCY
pacummpenud BceaenHoit u aBukeHHd CoOAHEYHOH CHCTeMBbI B pyKaBe [‘aaakKTUKU
Maeunslit [IyTh OoT eHTpPa K Hepudepuu.

OaeMeHTapHOU NATUMEpHOH QUIYypoM, HpH IUKAWYECKOH QYHKIIUU BpeMEHH,
MOXKHO CYHUTaAThb TeTpasAp IIepeMeHHOoro ob0nbeMa, IIMKAWYHO CXKUMalLUica B
LHEHTPAABHYIO TOYKY, U BO3BpPAlLAIOLINICA K MPEXHUM paszMepaM. O4eBHOHO, YTO TakKad
Mo0enb ompaxKaem peaibHble NPOUEecCbl. UBMEeHeHUS. 00 beMHOU NJIOMHOCMU SHepauu 8
npocmpatHcmse.

l'eomeTpnsas wmMeeT CBOM 3aKOHBI, YTO MJaeT HaM BO3MOXHOCTb CHAEAATh
IIPEAIIOAOKEHHUSI O CTPOEHUU OOBEKTOB BBICIIMX H3MepeHHH. Hampumep, mpocTeHImii
ONHOMEPHBIH 0OBEKT «OTPE30K» UMEET [BE BEPIINHBI, PACCTOSHHE MEXIy HHUMU 337aeT
TAABHBIM IIapaMeTp O9TOro o0BeKTa, ero AauHy. [IpocTedmiuii AOBYyMepHBIH OOBEKT
«TPEYTOABHUK» HMEET TPHU CTOPOHBI, KaxKaad U3 KOTOPBIX HBASIETCH «OTPE3KOMb».
[IpocTe#nnii TpPeXMEpPHBIH OOBEKT «TeTpasAp» 3a[4aeTcsd B IMIPOCTPAHCTBE YeThIPbMS
TPEYrOABHHUKAMH - IPOCTEeHIINMI oO0BeKTaMu 0oaee HHU3KOM pasmepHocTH. [lo aHasoruwy,
BBIXOAd 34 PaMKM IIPUBBIYHOI'O CTATHUYECKOIO TPEXMEPHOI'O IIPOCTPAHCTBA H IILITASCH
IIPEAIIOAOKUTE CTPOEHHE SAEMEHTAPHOI0 YeTBhIPEXMEPHOTO [JUHAMHUYHOIO OOBeKTa,
BO3MOKHO IMIPECTAaBUTh €r0 I'PaHUIIbl, KaK IATh TPEXMEPHBIX OOBEKTOB. YUYUTHIBAd ABa
HaIllpaBACHHS OBHKEHHS BO BPEMEHH, HAIIPUMED YMEHBIIIEHUE [TAOTHOCTH SHEPTHUH CPEIbl
HMAU YBEAHMYEHHE IIAOTHOCTH 3HEPTHMH, MOXHO IIPEAIIoAaraTb dYeTBIPEXMEPHYIO
KOHCTPYKIIHIO, O0pa3oBaHHYI0O H3 [OECATH TPEeXMEPHBIX O00BeKTOB. Takum obpasowm,
[OEeCATUYHOE UCYHCAEHUE [IOAKHO KaKHUM-TO O0pa3oM IIPOSIBASTHL cels MpU pacderax
IIapaMeTpoOB PEAABHBIX MaTepPHUAABHBIX CUCTEM, KaK HaTypaAbHasd CHCTEMA.

B 1991 roay, B X0[ie TEOPETUYECKHUX HMCCAEIOBAHUM, aBTOPOM MAaHHOM KHUTH ObIAa
HalileHa CB43b IIapaMeTPOB 3AEMEHTapPHBIX YacCTHI[ M pPa3MepoB IIAAHETbI, U CAeAaH
BBIBOJA O HaAWYUM IIapaMeTPUUECKOr0 pe30oHaHca B  IIPOCTPAHCTBE-BPEMEHH,
00yCAaBAMBAIOIIIETO JAHHYIO CBS3b.

Ha ocHoBe pacuera dYeTbIPpEXMEPHOM KPHUBU3HBI MIPOCTPAHCTBA SAEMEHTAPHBIX
4acTUI] MaTepPUH, a TaKXKe TAaKHUX 9AeMEHTOB KUBOM MaTepuu, Kak MoaeKyabl [ITHK, 6b1a0
[JO0Ka3aHO, YTO NPUPOAHBIE (HATypasbHble) OOBEKTBHI, MHpH pacderax B cucreme CU,
XapaKTepPU3YIOTCS IIEAOYHCACHHON BEAWYHHON KPUBHU3HBI UX PE30HATOpPAa, TaK KaK YHCAO
BOAH MaTE€pPHH B MHPOCTPAHCTBEHHOM pPE30HATOPE MOIKET OBITh TOABKO IIEABIM YHCAOM.
PacueTr! BenyTcd B AECSITUYHOM HCUHCAEHUU.

CrpaBeJANBOCTL BOAHOBOH TEOPHH MAaTEPHH CETOAHS IIHPOKO IIpHU3HaeTrcd. Ha
IIEePBbIM B3TAd, TEOpPHs KaxKeTcd IIPUBAEKATEABHOM, HO OHa HMEET U Cepbe3HbIe
HEJOCTATKU: CYIEPIIO3UIIMH BOAH OOBIYHO SBASIOTCH HECTAOUABHBIMU, W JOAXKHBI
pacnagatbcd. [aa penieHusd JaHHOH IPoOAeMbI JOCTATOYHO MPEAIIOAOKUTH, YTO YaCTHUILIA,
UMeloliasi Maccy, MOKeT OBITb IIpeACTaBA€HA, KaK CTabuAbHAd OUHAMUYECKasd
CYIIEPIIO3UIINS BOAHOBBIX ITAKETOB, CYulecmayrouiast 8 0cobblx pe30HAHCHBbIX YCIO8USLX.

JlaHHag KOHIIEHIIUI MOZKET OBITH MCIIOAB30BAaHA KaK IIPUKAQIHON UHCTPYMEHT AL
pacdeta IIpeoOpa30BaHUM «Macca-dHEPTHsS» U «IHEPTrHUd-Maccar, KOTOPBIM HadgeT CcBoe
IIPUMEHEHUS B 3HEPreTuke OyAyIlero, U IpH CO3MaHHUHM HOBBIX CIIOCOOOB IepeMelleHUs B
IIPOCTPAHCTBE U BpeMeHU. Ha oCHOBaHUM JaHHOM KOHIIENIIUY U UAEH O KBAHTOBAHHOCTH
IIPOCTPAHCTBa — BpPEMEHH, ObIA CAeAaH pacdyeT TOYHOTO 3HAYEHUS CKOPOCTH CBeTa B

BaKyyMe.

Yurareselt, He HHTEPECYIOUIUXCSI pacyeTaMH, He 3aTPyAHUT II€PEAHCTaThb
HECKOABKO CTPaHHIl, U Cpa3y Hepe’TH K pPacCMOTPEHUIO 3KCIIEPUMEHTAABHOH YacTH.
OcTaABHBIX MOTY YBEPHUTBH B TOM, YTO (POPMYABI 3A€MEHTAPHBI, & BBIBOABI H3 PaACUETOB
BeCcbMa ITOAE€3HBI.
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Jaq Hadasa, ONIPEAEANMCSI C IIOHATHEM «BpeMs». PacCMOTpUM ABHKEHHE TOYKH IIO
3aMKHYTOH TPaeKTOpPUU. ITO ABUXKEHHE IIPOHUCXOOUT B OUHAMUUECKOM OOHOMEPHOM
npocmpaHcmee-epemeHu AuHUU. EcAu AMHNg 3aMKHYTa, TO MOXKHO F'OBOPUTH 0 HEKOTOPOM
PE30HaAHCHOM S$IBAEHMH, IIapaMeTpOM KOTOpOro gBAdeTcs paguyc R. OTo mporiecc,
UMEIOIIUH HEeKOTOPbIH Hepuon. KpuBu3Ha 3aech onpeneasercs Kak 1/R u obo3Hadaercs
CHMBOAOM p:

p=1/R [1/m] F.12
rae R ecthb paguyc, p; - KaAaCcCru4deckKkad AUHelHadg KpPHBH3HA.

ITaBea [IMutpueBHUY YCIIEHCKUH OIpeneAdA «BpeMs», KaK TaKoe HanpaeJseHue
08UIKEeHUsl IUHUU, nockocmu uau obvekma, Komopoe 8 obvexkme He codepxumest [83].
Hampumep, mnpoliecc NpsSMOAMHEHHOIO [ABUXKEHHA BCEM AWHHM B IIPOCTPAHCTBE, B
HaIllpaBA€HHH, KOTOpOo€ B HEM HE COAEPKUTCS, CMEIIAaeT €€ BIOAb IIOBEPXHOCTHU
JuHaMUUecKkozo0 08YMepHo20 npocmpaHcmea, HaIpHUMED, naockoctu. Ecam a3ta
IIOBEPXHOCTh HE SBAMETCS IIAOCKOH, MMeeT KPHUBU3HY M 3aMKHyTa, TO OHa o0OpasyeT
chepy, U ee IIUKAWYHBIM PE30HAHCHBIM IIapaMeTpPOM SIBASETCS ABYMepHas KpUBU3HA:

p=2/R [1/m] F.13

3mech p 2 — 9TO KAACCHYECKOE IIOHSATHE KPHUBHU3HBI C(epbl, IIPpUMEHSEeMOe B
COBpEeMEHHON reomeTpuu. B HamleM NOHMMaHHHM, O3TOT IlapaMeTp  XapaKTepusyeT
CKOPOCTB IIPOIlecca CYIIECTBOBAHUS AMHAMHWYECKOIO ABYMEPHOTO IIPOCTPAHCTBA, U MIPHU
IIUKAMYHOCTH [AaHHOTO IIpolecca, KpPHUBHU3HA COOTBETCTBYET MNIE€PHOAY IIOBTOPEHUS
IIOAOKEHHU TOYKH, [IPHU €€ ABUKEHUH I10 IIOBEPXHOCTH C(EPHI.

[TomoOHBIM 00pa3oM ompeneAdeTcd ¥ KPUBH3HA TPEXMEPHOTO IIPOCTPAHCTBA, XOTS
9TOrO IIOHATHSA HEeT B yieOHHUKaX TeOMETPHH:

p3=3/R [1/m] F.14

TpexmepHasa KpHBH3HA - 3TO IlapaMeTp IIpollecca AUHAMHYECKOI'0 H3MEHEHUS
OBYMEPHBIX OOBEKTOB, ABUXKEHHS, IPOUCXOALAINEr0 B TPEXMEPHOM IIpocTpaHCTBe. B
pe3yAbTaTe TaKuX IIPOLIeCcCOB, HAIIPUMeED, IIMKAWNYHO CKUMAIOIIASTCHd U pacCHIUPSIONIadacs
IIOBEPXHOCTH chepbl DOPMUPYET IIAp — OUHAMUUECKUL mpexmepHblil 06'beKkm, UMEIoNTNH
HEKOTOPYIO IAOTHOCTH. O4YEeBHIHO, YTO 4YeM OOABIIIE TpeXMepHas KPHUBH3HA, T€M BBIIIE
4acToTa ¥ CKOPOCTH IIPOIlecca CKaTUs — pacuiupeHus cdepsl. [Ipu aToM, B IIpoeKIuu Ha
9KBaTOPHAABHOE CEYeHHEe IIapa, Mbl IIOAYYUM AUHAMUYECKUH OBYMEPHBIH OOBEKT - KPYT,
KaK [IUKAWYEeCKUY IIPOIIeCC CKaTHUSI OKPYKHOCTH B TOUKY U €€ pPacCIINpPEeHUSsI.

Bce atm IIPOLIECCEI MBI MOZXKEM MOIAEAHPOBATH B OOBIYHOM TEOMETPHUH, a Ooaee
HUHTEPECHBIM JAAd HAC ABAAETCA aHAANUI3 IIOHATHUA 4—M€pHOI>i KPHUBHU3HBI.

Emie pa3 HarloMHIO, 4TO BpeMs, KaK paguyC OAHOMEPHOI'O IIPOCTPAHCTBAa, ITO
TaKoe HallpaBA€HHE, KOTOPO€ HaXOOUTCS BHE MAaHHOIO IIpocTpaHcTBa AuMHUU. OmHAaKO,
IIPOEKIHs BCeTAa eCTh. Paguyc OKpPy>KHOCTH, ITPHU ITPOEKIIUH HA AMHUIO OKPY?KHOCTU JaeT
ToukKy. HoBoe BEICIlIee H3MEpPEHHE A TPEeXMEpPHOro MHpa, HOBOE HallpaBA€HHE, UMEeT
IIPOEKIIMI0 B HaIleM MHpe, KaK [OaHHBIH MOMEHT BpPEMEHH, COOTBETCTBYIOIIINH
OITPENEACHHOMN ITAOTHOCTH SHEPTHH.

HeckoABKO CAOB O «IUHAMHUYECKHUX MHOTOMEPHBIX 00beKTax». Cdepa u3MeHIeMoro
panuyca opMHPYET «ITHHAMHYECKHUH HIap», KaK SAeMEeHTapHBIN TpeXMepHbIH 00beKT. Ero
IIPOEKIUA Ha IIAOCKOCTB SBAMETCHd «IUHAMHUYECKHUM KPYTOM»: IIAOLIAAbL €€ ITPOEKIIUH Ha
IIAOCKOCTh HU3MEH{ETCS OT HyAd (TOYKH) 0 HEKOTOPOH BeAWYHHBI. Mcxomd HX 3TOTro
IIPpEeCTaBACHHUS, MBI MOXKEM CKasaTb, 4YTO 4-KpHUBH3HA OOBEKTOB CO3HaeTcs KakK
U3MeHeHNe 3-MepHOU CTPYKTYPEI (IIapa) B CAEAYIOIIEM HU3MEpPEHUU.
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TakuMm o6pa3oM, MbI TOTOBBI MEPEUTH K PaCCYyXKAECHUAM O AWHAMHUYECKOM
4eThIPEXMEPHOM OOBEKTE, XOTd HapHCOBATb YETbIPEXMEPHBIM paguyCc KPHUBHU3HBI ILIapa
(HarrpaBA€HHE HMCKPUBAEHUS IIapa) Mbl HE MOKEM, TaK KaK OH AE€XKUT BHE TPEXMEPHOIO
mpocTpaHcTBa. HeCOMHEHHONH XapaKTEepHUCTHKOH 4-MepHOTOo O0BeKTa, C Hamled TOYKH
3pEeHHsd, ABASETCH H30TPOIIHOE CHHXPOHHOE NOBHKEHHE BCEX TOYEK 3-MEPHOro OOBeKTa.
OTO M eCTh €ro HPOEKIHd Ha Hallle IIPUBBIYHOE TPEXMEPHOE IIPOCTPAHCTBO, KOTOpas
OyneT BBITASZIETH B BUE «IUHAMHYECKOIo I1apar, 00beMHas IIAOTHOCTh 9HEPTHH KOTOPOTo
aBageTcd PyHKIIMeH BpeMeHH, U MEHSIeTCS OT HyAs 0 HEKOTOPOH BEANYUHHI.

[TepeiimeM K BOIIPOCY O COXpPaHEHHUH SHEPTHH, B JAaHHOM KOHTeKcTe. [[0IlyCTHM, 4YTO
pa3Mepbl OOBEKTOB CBSI3aHbI C BeAWYMHOM ux sHepruu. CedeHue Iapa B 00AacTu
9KBaToOpa MMeeT MaKCHUMaAbHyIO Irolanb. CedeHHe B OPYIOM MeECTe HMEEeT MeHBIIINe
pasMmepsnl. M3yuas cBoicTBa IIapa (TPeXMEpPHOro IIPOCTPaHCTBA), HO, HAXOMAdACh B paMKax
IIAOCKOTO MHpPa, MOXKHO CIAEAaTh BBIBOJ O TOM, YTO IIAOIIAAL CEYEHUS MOXKET MEHATHCS OT
HyAd OO MakKCHMyMa. OTO BEPHO, HO 3TO HE O3HA4aeT, YTO caM IIap H3MeHseT CBOH
panuyc, Beab I1ap MOKET UMeThb IIOCTOSHHbBIE TapaMeTpbl, HO ABUTAThCH Yepe3 ITAOCKOCTh
OBYXMEPHOI'0O MUpa, co3/aBasd «IUHaAMUYeCKUH Kpyr» B IIpoeKnuu. Korma ero pasmeps! (B
obaacTH Hallero HaOAIOIEHUS, B HallleM [IPOCTPAHCTBE) CTPeMATCH K HYAIO, TO 3TO He
O03HA4YaeT YMEHbBIIEHNEe pa3MePOB CaMoOro IlIapa U U3MEHEHUS CBI3aHHOM C HUM SHEPTHH.

AHaAOTUYHO, OOIYCTHM, YTO MbI HabOAOmaeM OOBEeMHble U3MEHEHUS IIAOTHOCTH
SHEPruM, KaK [JUHAMHYECKYIO IIPOEKIIMI0 4YeTbIpeXMEepPHOro oOBbeKTa Ha Hallle
IIPOCTPAHCTBO. L[UKA YeThIpEXMEPHOTO ABUKEHHUS C HAIEH TOYKH 3PEHUS BBITAAIUT, KaK
IIOSBAEHHE B IIyCTOM MeECTe TpPeXMeEPHOro obkeKTa (m1apa) C  IIOCTENEHHO
YBEAUYUBAIOIIMMCS O0OBEMOM, U «IIOSSBAEHHUEM DHEPTHHU U3 IIYCTOTBI». IlocAe MOCTHUIKEHUS
MaKCHMAaABLHOTO pa3Mepa, OO0BEeKT HAYMHAET YMEHBIIATh CBOM 00BEM MO0 HYAs, IIPU 3TOM
€ro MaTepus U dHeprud ucdesaer! OTO NPOTUBOPEUUT HAUIEMy 3APABOMY CMBICAY, TaK
KakK MaTepHuasbHble OOBEKTBI HE MOTYT IIPOM3BOABHO MEHATH CBOU (PU3HUUECKHE
rmapaMeTpbl, a «dHEPTHUs He IIOABASIETCS W3 HHUOTKyda W He HcYe3aeT B HUKydar. MbI,
O0OBIYHO, He HabAIOaeM TaKHe ITPOIIECCHI B IIPUBBIYHOM MaKpPOMHpPE, HO 3TO BO3MOIKHO,
€CAH Yepe3 TPEeXMEPHOE CeYeHHE Halllero ITPOCTPAHCTBA ITPOXOAUT YeThbIPEXMEPHBIH
OOBLEKT.

[as Mupa SAEMEHTAapHBIX YaCTHI], IPEICTABACHHBIX B KBAaHTOBOH (pH3HKe, KaK
BOAHBI Matepuu ne bBpoiias, mpemaaraeMas KOHIIEIIIIHS MOIKET OBITh O4YEHBb IIOA€3HA.
BoaHOBag Teopus MaTepuu paspaboTaHa B [eTaadX, HO OHA HE OTBEYaeT Ha BOIIPOC O
COXPaHEHHU OHEPTHH dYaCTHUILI B HYAEBOM TOYKE BOAHOBOTO IIpOIlecCa H3MEHEHUS
PYHKIIMU TIAOTHOCTU BEPOSTHOCTH. MOXKHO cCKazaTb, YTO 4YeTbIpexXMepHasd AUHaAMHKa
(XpoHOAMHAMUKA) ITO3BOASIET IIPUAATH KBAHTOBOH TEOPHUH O0oABIIE (PU3HIECKOTO CMBICAA.

HWrak, mapamMeTpoM, XapaKTEepPHU3YIOIIMM CKOPOCTH IIPOILIECCOB B 3-MEPHBIX
00BEeKTax IBASETCS BpPeMsl, TO €CThb, UX 4-MepHas KpUBU3HA!

pa=4/R [1/m] F.15

[TporreccoM, KOTOPBIM pa3BHBAETCsI B TPEXMEPHBIX OOBEKTaX OJHOBPEMEHHO IIO
BCEM H3MEPEHUSM, MOIKHO CUHUTATh U3MEHEHHEe OOBEMHOU MAOTHOCTU dHEpPrHuu. [laHHOE
IIOHUMAaHHE IIPHUPOAbI BPEMEHH II03BOASIET MPEIAOKHUTH HEKOTOPOE METOAbl CO3JaHUS
AOKaABHOI'O TeMIIa Xo4a BpeMeHHU. TeXHUYeCKHe CpeACTBa MOTYT ObITh PA3AMYHBIMH, HO B
ATOOOM cAy4Yae, HeEOOXOAMMO U3MEHSTb IIAOTHOCTb OJHEPrUHM B IIpOCTpaHCTBe. [ladg
ONTHOMEPHOI'0 IIPOCTPAHCTBA, HN3MEHEHHE AHMHEHHOH IIAOTHOCTH JHEPTrUH MOXKeT OBITH
peasn3oBaHO, KaK MU3MEHEHHUsS IIAOTHOCTH 9JAEKTPHUYECKOTO TOKa. AHAAOTHYHO, U3MEHSS
00BEMHYIO IIAOTHOCTH SHEPIHH, MBI MOXKEM CO3/1aBaTh U3MEHEHHS BEAWYHUHBI 4-MepPHOH
KPUBHU3HBI [IPOCTPAHCTBA.
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Aroboe nmelcTBHE (IPOIIECC) OMHUCHIBAETCS B HAIleM MHUpPE HEKOTOPOM KPHUBHU3HOH,
HMeIoLIell HEKOTOPOe YHCAEHHOE 3Ha4deHHe, M XapaKTepH3yIollleld cKopocme usmeHeHUs
nnomHocmu SHepeuu. [lasee OyneT IOKa3aHO, YTO ITO HHCAO IIEAOE, IIPH PE30HAHCHBIX
ycaoBugax. OTcioa BO3HUKAIOT BBIBOABI O KBAHTOBAHHOCTHU IIPOCTPAHCTBA U BPEMEHH.
Fepman Beiiab chopMyAnpoBaA JaHHBIM BOIIPOC CAEAYIOIIMM oOpa3oM: «At any conditions
the action is just the number - npu 066X ycnosusix, delicmeue ecms npocmo uucsio [84].

XpoHaAbHad IIOCTOSTHHAS

PaccmoTpuM HeKoTopble (POPMYyAbI, HMeEIOIME OTHOIIIeHHe K BbIBogaM 00
SNeKMPOMAZHUMHOU Npupooe uacmuy Mmamepuu, Umo no3eosiem pPacCmMampusams Uux,
Kax agpupoouHamuuecKue npoyeccoLl.

B 1923 rony Ayu ne Bpoiiab IIpeAIion0KHA, YTO YaCTHUIBI MaTEpPHUH, HMEIOIIIMe
Maccy, OOAXKHBI UMeTh BOAHOBBIE cBoiicTBa. OH ucrioab3oBaa popmyasl E=hf u E=pc rae p
€CThb UMIIYABC, h ecTb IocTogHHas [IaaHKa, f ecTb yacToTa KoaebaHUM, m ecTh Macca U ¢
€CThb CKOPOCTH CBeTa. 3aTeM OH o0BeqUHHUA 00e YacTH B OOHO ypaBHeHHe hf=pc. Tak Kak
OAWHA BOAHBI A=c/f , To popMysa INPUHUMAET U3BECTHBIA BHUI AT BBIPAKEHUS JAWHBI
BOAHBI MaTepuu ne bpoiiag

A=h/p F.16

PaccmoTpuM [Opyryio AOTMYECKyIO BETBb OAaHHOM HOEH, 4YTO IIPUBEAET Hac OT
JAHHOTO YaCTHOIo cAaydass K Ooaee o0IlleMy BapHaHTy BOAHOBOM KOHIIEIIIIMU MaTepHH,
umMmeroniet maccy. Bmecto E=pc mo ge Bpoiiato, MBI HCIIOAB3ye€M BBIpaKeHHE SHEPTHUU
MaccChl IOKOS:

E=mc?2 F.17
OHeprus 3AeKTPOMArHUTHOM BOAHBI OIIPEIEAEHHOM YaCTOTHI OIIMCaHA BBIPAasKEHHUEM:
E=hf F.18

B cuay BOAHOBOrO Oayasau3Ma MaTepUH MBI MOXKEM 3allcaTb CAEAYIOIee BbIpaskKeHHE
9HEPTHH:

mc2=hf F.19

OTcroga Mmacca MOKeT OBITh IIpeACTaBA€HA KaK 9A€KTPOMAaTHUTHBIE KOAeOaHUs
m=(h/c2)f F.20

rae h/c? ecmb HOBASL NOCMOSIHHASL C8A3U MeNKOY MACCOU U uacmomoil KonebarHuil.

HazoBeM ee «XpOHANBbHOU NOCMOSIHHOUW», TOCKOABKY OHA ITOKA3bIBAET CBSI3b
IIOHATHH «MacChl» U «BPEMEHM»:

m= (h/c2?)(1/T) F.21
roe T=1/f ecThs nepuon KoaebaHUH.

JpyruMu cCAOBaMH, npou3eedeHue MACCbL HACMUUbL Mamepuu u nepuooa rxonebanuil
SHepa2uu ecmov 6eUUUHA NOCMOSTHHASL:

X =mT = (h/c?)=const F.22

XpOHaABHaH IIOCTOAHHAadA X, KOoTOpad 34€Ch BBOOAUTCA B PacCCMOTPEHHE, €CTb
OTHOIIEHHE SACMECHTAPHOI'O KBaHTa JIEeUCTBUL hk KBaapaTy CKOPOCTHU CBETa C? U JIASI BCEX
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YaCTHUIl MAaTEePHUHU, CYIIECTBYIOIIMX B HAIlleM IIPOCTPAHCTBE-BPEMEHU OHA OOWHAKOBasl, U
paBHA BEAUYHHE

X = 0,73725 10-50 [k c2/m2] F.23

Baaromaps 3Tomy, MBI He 3aMedaeM ABUXKEHHsS BO BPEMEHH, TaK KaK BCE€ OOBEKTHI
BOKPYT HaC ABUTAIOTCS C OJUHAKOBOH CKOPOCTBIO, U OTHOCHUTEABHAS CKOPOCTDH ABUIKEHUS
BO BpPEMEHU paBHa HyAI. 3MeHEeHHs YCAOBHH CYIIECTBOBAaHHSA KaKOro-AHOO 0OBEeKTa B
IIPOCTPAHCTBE-BPEMEHH O3HA4YaeT HM3MEHEHHE €ro XpPOHAABHOM IIOCTOSIHHOM, 4YTO Oyner
OTMEYaTBCs IIOCTOPOHHUM HabArogaTeAeM, KaK OTHOCHUTEABHOE YCKOPEHHE HAU
3aMeJIA€HHE IIpollecca CyIeCTBOBAHUS JaHHOIO OOBEKTA.

dpyruMu caoBamu, coraacHo F.21, paccmarpuBaThk IIOHATHE «BPEMdA» HE HMEET
CMBbICAQ OTIEABHO OT KOHKPETHOIo oOBeKTa, MMelolllero maccy. Emie pas ormeTrum, 4To
TAQBHBIMU OOBEKTaMM, HMEIOUIMMH MacCy B Halllel IpoCTpaHCTBEHHO-BpeMeHHOMH
CHUCTeME SBAFIOTCH Hallla IAaHeTa, cocenHue maaHeThbl, CoaHIle U 00BEeKTHI ['arakTUKHU
Maeunsrii [1yTs.

[aaee, npuHUMaga B paccmoTpeHue popmyay letizenGepra
h=ApAx F.24
BbIpakeHHue F.22 MoxkeT ObITh IPEeaCTaBACHO B HOBOM BH/IE:
mT=(ApAx)/c?2 F.25
[IpoBepHUM KOPPEKTHOCTH JAHHOTO BBIPAsKEHU:
[rlfc]=(xr]MMl[c?]) / ([clm?)=[xr][c]  F.26

Hrak, dopmyaa F.22 aBageTrcs cripaBeIAWBBIM BBIPa>KEHHEM COOTHOIIEHUS MEXKIY
Maccoll  HEKOTOPOTO  O00BeKTa U  COOTBETCTBYIOLIMM  I[E€pHOAOM  KoaeOaHUH
9AEKTPOMAarHUTHOH SHEPTHU, O3TOMY AOILYCTHMO IIPENAIOAOXKEHHE O TOM, 4TO 3PPeKT
WHEPIINAABHOH MacChl YaCTHIL MATEPHUH SIBASETCH PE3yABTATOM KOA€OATEeABHBIX IIPOIIECCOB
9AEKTPOMAarHuTHOM Qopmbl 3Hepruu. Harra caenyroiad Ieab — HAWTH NIOATBEPKIACHUS
JAHHOTO IIOAOKEHHUS, yJIUTHIBAsg HEOOXOAWMOCTb HAAWYHSA PE30HAHCHBIX YCAOBHH AT
HATYpPaAbHBIX KOAEOATEABHBIX ITPOIIECCOB.

ﬂAH Ha4daAa, paCCMOTPHUM AOTHYECKOE IIPOTHUBOPEYHE, U IIOKAaZKEM €TI0 PEILICHUE.

CoraacHo F.22, yBeandyeHme BEAWYUHBI  MacChl COOTBETCTBYET YMEHBIIIEHUIO
nepuoga Koaebauuii. OnHako, B MAKPOMHUPE MbI HabAOJaeM oOpaTHoe IBAECHHE, TaK KakK
TpaBUTAIIMOHHOE IIOA€ MAaCCHBHOTO TeAd, HANPUMEP 3BE3Obl, SBASIETCS MTPUIUHOMN
YBEAWYEHUSI TepHo/ia KOAEOaHUU ITPOXOAMAINET0 B OKPECTHOCTAX MAAHHOTO TeAaa (POTOHA
(Tak Ha3pIBaEMOE «KpPaCHOE CMEIIEHHEe» MOAWHHBI BOAHBI). OTOT BOIIPOC SIBASIETCH
IIPEAIIOCHIAKON [AS CAEAYIOIIETO IIPEAIIOAOKEHHS: IIPOCTPAHCTBO KazKAOro OOBEeKTa,
MMEIOIIETO MacCy, CO34aeTcs Kak cbharaHCUPOBaHHAadA CTPYKTYypa, IIOA00HO MapHBIM CHAAM
B Teopuu HrioToHa. O6AACTb BBICOKOYACTOTHBIX SAEKTPOMATHUTHBIX KOAEOAHU, KOTOPBIE
IIPOU3BOASAT B IIPOCTPaHCTBe 3(P@eKT Maccbl M, MHOAXKHBI OBITH KOMIIEHCUPOBAHBI
HEKOTOPLIM H3MEHEHHEM CTPOEHHUS MPOCTPaHCTBA (MAOTHOCTH ddupa) BOKPYT
MaccuBHOrO Teaa M. Ilpu 3TOM, KakK U B [OPYTHX SBACHUAX WHAYKIIUH, MTOAXKHO
co31aBaThCs HEKOTOpPOe IoAe (00AacTh [OeWCTBHS HEKOTOPOH CHABI) BOKPYT IIpoIlecca,
co3aaroIero 3pgeKT Macchl paccCMaTPUBAEMOTO TeAA.

JlaHHBIM LLdeL_l,upOGQHHbLM KOMNeHCaAyuUOHHbIM noJsiem u sAesiemesi
epasumayuoHHoOe noJie 0aHHO20 06'be7cma, umerouiezo maccy.
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HWTak, mpeamoAOKHM, 4YTO Macca W T'pPaBUTALMOHHOE II0A€ YaCTUIBI, UMEIIIeH
Maccy, SBASIOTCS JIByMsI B3aUMOKOMIIEHCHPYIOIIIUMUCS ITPOIIECCAMU, HO OHH Pas3/ieA€HbI B
HPOCTPAHCTBE W BPEMEHU: Macca YacCTHUIlbl AOKAAW30BaHAa B HEKOTOPOH TpexXMepHOH
00AaCTH TIPOCTPAHCTBA, W TPABHUTAILIMOHHOE IIOA€ AJAHHOM YaCTHIBI AOKAAM30BaHO Ha
HEKOTOPOM IEePUOIe BPEMEHHU.

'paBUTAIIMOHHOE TIOAE€ MAHHOM YaCTHUIBl XapaKTePHU3YyeTCs IIEPUOIOM KOoAebaHUH,
OAMHHOM BOAHBI M dYacToTod. B cmAy maHHOM CHUMMeETpUH, Macca dYacTHIbl He
AOKaAM30BaHa BO BPEMEHH (OHA ABHUKETCS U3 IPOIIAOTO B Oymyllee), a rpaBUTAILMOHHOE
II0A€ HE AOKaAW30BaHO B IIPOCTPAHCTBE, OHO pacCHpelneA€HO IIo Bcel BceaeHHOI oT
WCTOYHUKA IOAS Ha OEeCKOHEYHOe paccTodHue. [laHHas cuUTyalusa omucaHa (POPMYAOH
lCetizentGepra F.24.

OTMeTHM aHaAOTHHU C TeopHell BeAaocTOIKOoro, B KOTOPO# IpaBUTAIINS O0BSICHSIETCI
acpderkramu yrapyrod pedopmanuu dpupHoH cpexapl. «[IpuHIMIO KOMIIEHCAITHN»
Beaoctoiikoro o3HayaeT, 4YTO yIpyrue naedopMalliid BHYTPU OOBEKTa MOAIKHBI
COOTBETCTBOBATH YIIPYTHUM AecdopManusaM 3(PUPHOHN cpebl BOKPYT 00BeKTA.

[as TOTO, 4TOOBI PEUIUTH BOIIPOC O «KPACHOM CMEIIEHHH» OAHH BOAH (DOTOHOB,
OBUXKYIIUXCS B TPaBUTAILIMOHHOM II0A€ HEKOTOPOro OOBEeKTa, HaIlpuMep, IIAaHEeTHI,
IIPEAIIOAOKHM, YTO CYLIECTBYET ABa ydacTKa (PYHKIIMU BPEMEHU: ITOAOXKHUTEABHBbIH t+ > O
BHYTPHU MacChl M OTpHLIATEABHBIM t- < O BOKpyr maccel. HeuTo moxoikee IIPEmAOIKHA
[ToasTKOB, OTIMCBIBAS MOOEAB AEKTPOHA B KHUTE «DKCIIEpUMEHTaAbRHAasI TPaBUTOHUKa» [4].

[pyruMu caoBaMH, 3TO XpOHaAbHas Bepcus HBIOTOHOBCKOrO 3aKOHa AeHCTBUA U
npoTuBonedicTBus. Arboe Teao (3AeMeHTapHasd  dacTulla, UMelollas  Maccy)
paccMmarpuBaeTcs, KaK COBOKYIITHOCTE ITapHBIX IIPOIECCOB: t* IIPOIIECC OAS caMoOTo cebs U
t- IIporecc (rpaBUTAILIMOHHOE ITI0AE) BOKPYT CeOsl.

HUTak, CrieKTp (ZAMHA BOAHBI) (POTOHOB, IMPOXOAAIINX B 00AACTHU OTPULIATEABHOIO
BpeMeHHU t- < 0 OKOAO Teaa MacCOd m, MOAKHA MEHHATHBCS B CTOPOHY YBEAWYEHUS IAWHBI
BOAHBI («KpacHOe CMelleHHe»). A000H OOBEKT, IIOMEIIEHHBIH B I'PABUTAIMOHHOE IIOAE
OpPyroro o0beKTa, UMeeT COOCTBEHHOE ITAIOC-BpeMs t* > 0, HO BO BHEIITHEM OTPHUIIATEABHOM
t- < 0 HeoOXOAMMO BBIYUCAATHL CyMMAapHBIH TeMHI BpeMeHH Xt, KaK Pa3HOCTb IIAIOC-
BpeEMEHHU U MUHyC-BpeMeHH, F.27

St=tr+t- F.27
UAU B OIpyrou popme:
Zt = tm - tg F.28

rae tm €CThb IIOAOKHTEABHOE «BHYTPEHHee BpeMs» OOBEKTa, MUMEIOIIEro Maccy, a tg ecThb
OTpHULIATEABHOE «BHEIITHEe» BPEMs APYroro oO0beKTa, UMEIOIIET0 MaccCy. 3aMeTHM, 4YTO
YacTHBIHA CAydall HyAeBoH pasHHIl Xt=0 o3HayaeT HyAe€BO€ COCTOSHHE KOoAeOaHUMH
SHEPruH, TO €CTh Hepuof Ipoilecca T cTpeMUTcsT K OECKOHEYHOCTH, a Jacrora f paBHa
HYAIO.

CcopMmyaupyeM OTBET Ha BOOPOC, IIOCTABAEHHBIH paHee: mad (OTOHA,
OBUTAIOIIETOCSI B TPABUTAIIMOHHOM IIOA€ HEKOTOPOIO TeAd, a TakKXKe AT TeAa,
IIOMEIIIEHHOTO B 00AACTh TPaBUTAIIMOHHOTO IIOASI, IPOU3BOAMMOIO APYTHM MAaCCHBHBIM
TEAOM, 3¢hphexm 8pemeHU ABALemCst CYMMOU cOOCMBEHHO20 NOJIOIKUMENbHO20 8pEeMEHU U
ompuyamesnibHo20  8pemMeHU  BHeuwHe20  2PABUMAYUOHHO020  NoAsl.  YMEHBIIEeHHe
COOCTBEHHOTO TeMIla BPEMEHH, B PE3yAbBTATE 3TOI0 CYMMHPOBAHHS, MPOSBASIETCHA KakK
YMEHBIIIEHHE HEPTHU M YacTOThl KoaebaHHuM, TO €CTh, KaK «KPACHOE CMEIIeHUEe» OAHUHBI
BOAHBI (POTOHA. OTO TaKXKE COOTBETCTBYET YMEHBIIEHUIO 3SA€KTPOMATHUTHOM MAacCChl
doroHa. Macca Ar060ro Teaa, KOTOpPOe IOMEILEHO B IPaBUTALIMOHHOE IIOA€ APYTOTO TeAa,
TaK>Ke yMeHbIIaeTcd. [IpeacraBasgeTcd BO3MOKHBIM IIOAYYUTH B PE3YABTATE «BEKTOPHOTO
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CYMMHUPOBaHHS X012 BPEMEHH» HyA€BYIO UAU OTPHUIIATEABHYIO cyMMy Xt. CuTyalysg Takoro
poaa U3BeCTHA KakK «depHas abIpar.

HWTak, MBI IIOAaraeM, 4YTO BHYTPH YaCTHIbI, 00AagaoIIedl HEKOTOPOH MaccoH,
CYLIECTBYET OOBIYHBIM 3AEKTPOMATHUTHBLIHA IIpollecC, HUAYINHUH B MIPSIMOM BpEMEHH,
OTHOCUTeABHO Hac (t>0), HoO OH KOMIIEHCHUPOBaH (ypPaBHOBEIIIEH) BHEIIIHUM IIPOIIECCOM B
IIPOCTPAHCTBE BOKPYT AAHHOM YaCTHIIBI.

Takoro poga moaxo[ MO3BOASET CYHUTATL I'PABHUTAIIHOHHOE ITOA€ BOKPYT YaCTHIIBI
MaTepuu o00AaCTbIO BBICOKOYACTOTHBIX KoAeOaHUP TAOTHOCTH 3A€KTPOMAarHUTHOM
sHepruu. YacroTa KoAebaHHH MOXKeT OBITH BhIUHMCAeHA 10 Gopmyse F.8 masa aroboit
M3BECTHOH BEAWYHHBI MACChl YaCTHIIbI, HAIIPUMED, AASd IPOTOHA AaHHAas 4acToTa paBHA
npumepHo 8,1:1026 [Hz]. OTMeTHM, YTO 3TO IIPOAOABHBIE KOAEOAHUS ITAOTHOCTH 3HEPTHUH,
IIPOAOABHBIE BOAHBI B 3pUpe.

HuTepecHble BBIBOALI MOTYT OBITH IIOAYYE€HBI IIPHU paccMoOTpeHuu dopmyabl F.25
[AS CAyYaeB Pa3sAUYHON CKOPOCTH ABHUKEHUSI:

mT=(Ap Ax)/c2=(m Av Ax)/c? F.29

CokpaTuM «m» U IIOAYYHUM CAEAYIOIEE BbIPasKCHHUE:!
T=(Av Ax)/c2 F.30
PaccmorpuM Kpa¥tHUY caydail (CKOPOCTE L = C) U HaliieM OAUHY BOAHBI A
A=cT=(cc Ax)/c2=Ax F.31

B manHOM caAy4dae, MBI IIOAy4aeM 00bEeKm 8 COCMOSIHUU (POMOHA: ONUHA B0J1HbL
obbexma onpedessiem pasmep (npocmpaHcmao HabarodeHus) obvexma.

[pyro#i cay4dail, peasbHBIH MHpP: OOBEKTHI MMEIOT CKOPOCTb, BEAUYHHA KOTOPOH
HaXOOUTCS B Ipelneaax OT HyAsd [0 CKOPOCTH cBeTa 0O<v<c. B maHHOM wuHHTepBase
CKOPOCTEH, MBI ITIOAYyYaeM BBIBOJ, O TOM, YTO OJUHA 80/IHbL 06beKkma acez0a MeHbule, Uem
B803MOINKHOCMb ONpedeieHUsl NOJIOXKeHUSL O0aHH020 06 beKkma AX

A=(v/c)Ax F.32

OT0 o3Ha4aeT, 4TO 00beKm umeem HEeKOmopoe NPOCMPAHCMEBO NOJNOXKEeHUU, U
MooKem 08U2aMbCSL MeKOY PASAUUHBIMU NOJIOIKEHUSIMU, NOCKONbKY 8csi obnacme e2o
nosioxkeHuii OdemepmuHupogarHa. TaxkoBa Mpupoma IIPOCTPAHCTBA OAS MaTepPHaABHBIX
00BEKTOB, ABUTAIOIIUXCSA CO CKOPOCTHIO MEHEE CKOPOCTH CBETA.

Bropoii mpemeAbHBIH CAyYal, OAd CKOPOCTH [ABHKEHHSA OOBEKTOB BBIIIE, YeM
CKOpPOCTB cBeTa L. >C. Popmyaa F.30 mokeT OBITH IIpeACTAaBACHA B CAEAYIOLIEM BUE

T=(Av, Ax) / c2=((c+v)Ax) / c2 F.33
VAU B IPYyTOM BHE
Tc = c/f =L =((ctv)Ax)/c F.34

B panHOM caAydae, pasmep makozo obbekma (0nUHA €20 B0HbL) bosbuie, uem
803MOIKHOCMb OnpedesieHuUst No3ULUU 0bbekma

A = (1+v/c)Ax F.35
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[TpossBaeHHE OOBEKTOB TAKOrO poOZa B HAIleM pPeasbHOM I[IPOCTPAHCTBE HMeEeT
HEKOTOPYI0O aHAAOTHIO C IIOTEHIIMAABLHBIMU IIOASIMH, ITOCKOABKY H3MEHEHHE IIAOTHOCTHU
SHEPrUH TAKOT0 O0BEKTa ITPOUCXOOUT MIHOBEHHO BO BCEM HAOAIOZaE€MOM HaMHU 3-MEPHOM
IIPOCTPAHCTBE.

[lasree, pacCMOTPHM OTAEABHO CBSI3b MOHATUU «IHEPTHH» U «BpeMsh. [IpuHIHN
HeoIlpeneAeHHOCTH ['efizeHbepra onpeneaseT IOCTOAHHYIO [IaaHKa caenyronmm obpa3om

h =AEAT F.36

YnopoitieHHO roBops, ecaH Iepuon HabaoneHud T qocTaTOYHO OOABIIIOHN, TO SHEPIUI
CHUCTEMBl TOYHO M3BECTHA, HO €CAM BeAMYMHa T O4YeHb Maaa, TO OHEPrUsl CHCTEMBI
XapaKTepHu3yeTcd CIEKTPOM pas3AMYHbIX ypoBHeH. Takoro poma cBoiicTBa (pHU3HMUECKUX
CHCTEM [AEeMOHCTPHUPYIOT dA€MEHTapHbIe YacTUIbI B KBAHTOBOH pusuke. B panuorexHuke,
9Ta KOHIIEMIUS ITPOSIBASIETCS IIPH CIIEKTPAABHOM aHaAW3€ UMIIYABCOB: KOPOTKHE IIO
JOAUTEABHOCTH HMIIYABCHI UMEIOT 0oAee HIMPOKUH CIIEKTP 4dacToT. [IpemeAabHO KOPOTKUM
«OEeABTA-UMIIyABC» HMMeeT OECKOHEYHO IIMHMPOKHI CIIEKTP YacToT, M, KaK HH CTPaHHO,
OECKOHEYHYIO BEAUYHHY SHEPIHH.

Hansee, u3 POpMyAbI SHEPTUU 3SAEKTPOMATHUTHBIX KoAaebaHuii, rtoe T — mepuon
Koaebaumii, F.37

E=hf=h/T F.37
IOACTAaHOBKOM 3HadeHud h u3 F.36, moaydaeMm caemyroiee BeIpazkeHHUe
E=(AEAT)/T F.38

[aaee MBI MOKEM IIEPEUTH K cAeAyIolle popMe BbIPaKEHUSI COOTHOIIIEHUT
HeonpeaeAeHHocTel ['etizeHOepra

(AE/E)=(T/AT) F.39
3116013 MBI BUIHUM aCI/IMMCTpI/IIO TIOHITUU SHepI‘I/II/I 1 BPEMCEHH.

Bper.s:L u O9Hepeust He 00HO U mooxxKe, HO OHU S6Jiromcest 83AUMOCBA3AHHbIMU
OMmHoOcumeJlbHbiMuU NOHSAMUAMU.

Cornacuo F.39, yBeandeHHE OTHOCUTEABHOTO IIepHoaa HaOAIOAEHHS O0BEKTa
(coorHomrenne T/AT pacreT), COOTBETCTBYET YMEHBIIIEHUIO €r0 OTHOCHUTEABHOH SHEPTrHuU
(coorHomenne AE/E Takxke pacrer). MoxKHO cKazaTh, 4YTO 4YeM OOAbIIe BpeMs
HaOAIOIeHHUsT (BpeMsl KU3HU OOBEKTa), TEM MeHbIlle ero sHeprus. C ApPyrod CTOPOHEI,
OaHHBIA BBIBOJ COTAACyeTCd C paHee CAEAAHHBIM ITPEIAOKEHHUEM CYHUTATh ITPOIIECC
YMEHBIIIeHHUS ITAOTHOCTU SHEPTUH B HAIleM OKOAO3EMHOM IIPOCTPAHCTBE €CTECTBEHHBIM
HaIlpaBA€HUEM XO/ia BPEMEHH.

HeThIpexMepPHBIA PE30HAHC

[TepeifimeM K pacCMOTpPeHUIO OOHapyKeHHBIX B 1992 romy wMaTeMaTH4YeCKHUX
CbaKTOB, AOKa3bIBAOIINX HAAUYHE PE3O0OHaAHCHBIX yCAOBI/Iﬁ CyII€CTBOBaHUA HaTypPaAbHBIX
MaTepHUaABHBIX OOBEKTOB, U PPAKTAABHOCTH MUPO3IAHUS.

[Tlepen TeM, Kak mepedTH K pacdyeTam, OPEAIIOAOKHUM, YTO TEOpHus Ioxo0us
MHKPOKOCMOCa M MaKpOKOCMOCa IBAAETCH CIpPaBEOAUBOM, M OAd IIAQHET, B HEKOTOPOM
CMBICA€, MOTYT IIPHUMEHATHCH (POPMYABI pacueTa IIapaMeTPOB 3AEMEHTApPHBIX YaCTHIL.
AHaroOTMYHBIH MeTOH, B APYIUX IeAsax, ucrnoab3oBaa [Ipodeccop Kupuaa IlaBaoBuyu
Bytycos, nas pacuyeroB opouT naaHeT COAHEYHOU CHCTEMBI.
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OH mokasaa, 4TO AQHEThI PacCloAaraloTcd Ha OIPeNeA€HHBIX MECTaX, COOTBETCTBYIOIINX
(KOABLIEBBIM  OpOHTAABHBIM pe3oHaHcaM». [42]. [laHHasg cuUTyallus aHaAOTHUYHA
OUCKPETHBLIM SHEPTeTHIECKHUM YPOBHSIM 3A€MEHTAPHBIX YACTHI[ MATEPUH.

Hrak, nnoacraBuM B GOPMYAYy OAHWHBI BOAHBI MaTepuu, F.40, mapameTpsl Halei
[IAQHETHI:

A =h/(mv) F.40

3}1601': h ectb mocTosHHas HAaHKa, m €CThb MacCa ITAAHETBI U U - CKOPOCTHb ABHUIKECHHUA
ITIAQHETHI. HpI/I pacdyeTax, MbI IIOAYYHM CACAYIOIIIEE 3HAYCHHUEC NAHNHBI BOAHBI ITAQHETEI

A=3,725-10-63 [m] F.41

[asee, mmoaarasi, 4To AAS 4-MEPHOTO ITPOCTPAHCTBA, KOI(PPHUIIMEHT CYMMHPOBAHUS
110 U3MEPEHHUSIM paBeH 4, [I0AyIaeM CAEIYIOIIHe BhIPasKEeHU

Es;=m3 c2=9m3 F.42
Es=m4 c2=16ma4 F.43
1€ m3 €CTh Macca B 3—MepHOM OITMCaHHH, a M4 €CTh Macca B 4-MepHOM OITMCaHHH.

[Tox «koadbduleHTOM CyMMHpPOBaHUs» B opmyase F.42 moHuMaeTcs He IIPOCTO
OKPYTA€HHAd N0 3 CKOPOCTH PaCIIPOCTPaHEHU 3AEKTPOMATHUTHBIX BOAH B IIPOCTPAHCTBE.
JaHHBIH KO03(P(HUIIMEHT OTpPazKaeT CTPOEHHE IIPOCTPAHCTBA, OIIPENEATIOIEe ITPOLIECC
pacmpoctTpaHeHud (POTOHOB H €ro CKOPOCTh, II03ToMy B dopmyae F.43 pmag derwvipex
H3MEPEHUN MbI IPHHHUMAaEM €I0 PaBHBIM 4.

BaxkHO OTMETHUTH, YTO MBI II0AAraeM OOIIyI0 JHEPTHUI0 CHCTEMBI ITOCTOSTHHOM,
HE3aBHCHMO OT ONHMCAaHUH Pa3sAHYHON pa3MEepHOCTH. OTO O3HAYAET, YTO TO K€ Ccamoe
KOAWYECTBO SHEPTHH, HO B APYTOH popMe, MOAKHO pacCMaTpPUBATHECS IIPU 3-MEpPHOM U 4-
MEPHOM OITMCAaHHUU OMHOUM M TOM Ke (PU3UYEeCKOUH cHucTeMbl. [IpyrHMMH CAOBaMH, 006was
sHepaust 06'bexma 00/KHA bblmb 00HA U Ma JKe, He3a8UCUMO OM PA3MEPHOCMU ONUCAHUSL,
ucnosbayemoil Habarodamenem.

[ToaTOMy, MBI HOAXKHBI YIUTHIBATD

E=E;=E3=E4=... F.44

B namiem cay4dae

9m3=16m4 F.45
N3 F.40, MOXKHO HOAYYHUTH BBIPAsKEHHE OASI MACChI

m=h/(lv) F.46
OTcroma MBI IOAYyYaeM COOTHOIIIEHHE

(16h)/(Aqv) =(9h)/ (Asv) F.47

rae 7\,4 €CThb JAHHA BOAHBI B 4—MepHOM OIIMCaHHHU IIPOCTPAHCTBA, a 7\,3 €CTh JAHMHA BOAHBI B
3—MepHOM OIIMCaHHHU IIPOCTpaHCTBAa. Tak xkak paccMmaTpuBaeTCd OOAHaA HW Ta XK€
CbI/ISI/I'-ICCKaH CHUCTEMA, TO BE€AHMYHMHaA €€ CKOPOCTH [ABHXKECHHA OJHMHAKOBAad. HOquaeM
IIPOCTOE COOTHOILIIECHHUE:

ha=(16/9) A3 F.48

[ToncraBagsa BeAUdIHHY As 13 popmyabl F.41 B F.48, moaygaem caeayromiee 3HaYEeHHUE
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14=66,22-10-64 [m] F.49
YTO COOTBETCTBYET 4-MEpPHOM KPUBU3HE
ps=1/%,=151,00-1060 [1/m] F.50

3aMeTHuM, YTO 3TO IIEAO€ YHCAO, C OOABIION TOYHOCTBIO. IDTO IIEAOE€ KOAWYECTBO
BOAH, HAXOZSIINUXCS B PE30HATOPE IIPOCTPAHCTBA JAHHOMN ITAAHETHI.

C papyroii CTOPOHBI, pacyeT A TIAQHETHl BO3MOXKEH II0 ee XapaKTepPUCTUKaM
OBUXKEHUs. V3BeCTHBIHM Hepuo BpallleHUus naaHeTbl BOKpPyr CoaHila paBeH 31557600
CEKYH]I, YTO COOTBETCTBYET HEKOTOPOH BEAMYUHE YaCTOTBhI KOACOaHUH

F=1/T=3,168861:10-8 [1/s] F.51
Haiigem naMHY BOAHBI COOTBETCTBYIOIINX SAEKTPOMATrHUTHBIX KOA€OaHUH
Aem=C/1=9,46... 1016 [m] F.52

U oOpaTHyI0 BEAHWYHHY, TO €CTh, KPUBH3HY IIPOCTPAHCTBa pe30oHaTopa, KOoTopas ecTb
TaK3Ke IIEAOE YHCAO:

Pem=1/ Aew=1057,00-10-20 [1/m] F.53

OTMeTHUM TaK¥Ke CBA3b ABYX PE3yABTATOB, IToAy4eHHBIX B F.50 u F.53
pem/p4=7'10'80 F.54

MareMmaTndeckas CBd3b PE3YABTATOB ABYX PA3AMYHBIX ONMCAHUN OTHOTO U TOTO XKe
HATypPaAbHOTO OOBEKTAa (HalleHd ITAaHEeTHhI) ITIOATBEPKAAET IPEAIIOAOKEHHS O PE30HAHCHBIX
YCAOBHSIX  CYIIECTBOBaHHUS [OaHHOTO MaTepHasabHOro obObekTa. KpuBH3HA  ero
IIPOCTPAHCTBA paBHA LIEAOMY YHCAY BOAH, IpH HU3MepeHHax B cucreme CHU. Tlozxke MbI
IIOKaXKeM, II0 KaKOM NPHUYMHE 3TH BBIUYHMCAEHHS HMEIOT CMbICA B cucteMe CHU. [JaHHBIH
3aKOH CIIPaBEIAUB IAT AIOOBIX ITPUPOAHBIX OOBEKTOB, YTO MBI JaA€e ITOKasKeM Ha APYTUX
IIpUMepax.

U3BecTeH Tak HasbpIBaeMblli BopoBckuit paguyc R=0,52917 A, 1A KOTOPOTO MBI
MOKE€M HaMTH JAWHY OKPY?KHOCTH L M COOTBETCTBYIOLILYIO €Hf KPUBU3HY

L=21R=3,32318... F.55
OOpaTHasg BeAMYHHA

p=1/L=3,0075-10° [1/m] F.56

[ToCKOABKY OOBEKT TPEXMEPHBIH, pa3geAuM AaHHOE 3HadeHue Ha 3, U HalgeM AMHEHHYIO
KpHUBHU3HY BopoBcKkoro aroma, Kotropas paBHa 1, ¢ GOABIIION TOYHOCTHIO

p1=p3/3=1,0025 109 [1/m] F.57

OTO KaxXeTcd BEPHBIM pPE3yAbBTATOM, IIOCKOABKY 3[OEChb paccMaTpHUBaETCHd
IIPOCTEUINNN aToOM, JAEMEHT MaTepPHUH €OUHUYHON KpuUBH3HBI. HekoTopoe OTKAOHEHUE
1,0025... nokasbIBaeT HeHAeaAbHOE PEe30HAHCHOE COCTOSIHHE B PeaAbHBIX MaTepHaAbHBIX
o06BeKTax, AMO0 HETOYHOCTh HAIIIHUX ITOHATHH 00 3Tas0HAX U3MEPEHUs JAUH U HHTEPBAAOB
BpeMeHH, B cucreMme CU.
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[pyroii mpuMep: IPOCTPAHCTBO-BpeMsd IIPOTOHA. J[lad TOro, 4TOOBI BBIYHUCAUTH
IOAWHY BOAHBI IIPOTOHA, UCIIOAB3yeM opMyay F.58

m = (h/c?)f=(h/c2?)(c/A)=h/(c)) F.58
VAU B JPYIOM U3BECTHOM BHE
A=h/(mc) F.59

3Hag maccy nporoHa m=1,6726231... 1027 (kg), mpuHuMasa nocTosHHyI0 [IaaHka
paBHOU h = 6,6260755-10-3* ([xk-C) HoAy4aeM OAUHY BOAHBI (0€3 yueTa MaTeMaTU4decKoH
CTEIeHH)

A=132141 F.60

OTO TaK¥XKe IIeA0€ YHCAO, C OOABIIION TOYHOCTBHIO, UTO XapaKTEPHU3yeT IIPOTOH, Kak
PE30HAHCHBIN MPOLECC CYIIECTBOBAHUS BOAH MAaTE€PHUH (BOAH ITAOTHOCTH 3¢upa). [JaHHoe
BOAHOBOE UYHCAO M3BECTHOE, OHO COOTBETCTBYET «KOMIITOHOBCKOM» IAWHE BOAHBI.
YAUBUTEABHO, 4YTO Ha 3TOT (PakKT oOpallaroT Mas0 BHHMAaHHs, a BelOb IEAOYHCAEHHOE
3HAYEHHWE IAWHBI BOAHBI MaTEPHH 3A€MEHTApPHOM 4acTHUIlbl, IIpU pacdere B cucreme CU,
03HA4YaeT CBHAETEABCTBO (PPAKTAABHOCTH MHPO3IAHHUSI.

JpyruM BaxKHBIM I[IPUMEPOM pacdeTa pPE30HAHCHBIX YCAOBUH CyIIeCTBOBaAHUL
3AEMEHTOB MaTepuu gBadeTcd Moaekyasa [JHK. PazBepHyTbIN Iepuon €€ CIHpasd paBeH
71,4417 (A), 9TO COOTBETCTBYET BEAMYNHE KPHUBU3HEI

= 1/A = 13999... 107 = 14-107 [1/m] F.61

MokHO cKaszaTh, 4YTO 3TO OYEHb XOPOUIUM pe30HATOpP, HOCKOABKY KPHUBHU3HA
npoctpaHcTBa MoAeKyAbl JIHK aBageTca 11eAbIM YHCAOM, C TOYHOCTBIO A0 3-T0 3HaKa. OTa
TOYHOCTDL  ABAFETCH OCHOBOH IPEATIOAOKEHUST o PE30HaHCHOM MeEXaHHu3Me
npeobpa3zoBaHUl SHEPrUM, U Ilepeaade HNHEPOPMAIIUM Ha MOAEKYAIPHOM ypPOBHE B
OuocucreMax.

3amMeTuM, 4YTO, B MAHHOM CAy4Yae, MBI pacCMaTpuBaeM OOBEMHBIE IIyAbCAIIUH
9HEPTHH B IIPOCTPAHCTBE, IIPU ITOM BCe 3-MEPHOE IMPOCTPAHCTBO U3MEHHAETCS B MOMEHT
€T0 CXKaTHsd UAH PACLINPEHHH, COOTBETCTBYIOIIETO U3MEHEHUAM MAOTHOCTU €ro SHEPTHH.
[ToaTomy mpocTpaHcTBeHHad opueHTanusa crupaau JHK, kak «1ipueMHHKa HHQOpMaIUn»
He uMeeT 3HadeHHUs. Moaekyan! /[JHK, kak u3BeCTHO, B OOBIYHOM COCTOSHHHU «CBEPHYTHI B
KAyOOK». UH(OPMAIIMOHHBIM CUTHAAOM, B TAKOM CAydae, SIBASETCS H3MEHeHHe oOBeMHOe
IIAOTHOCTH SHEPTHU B IPOCTPAHCTBE.

[anee, cmeaaeM HEKOTOPBbIE PacCYeTbl OAd aHAAN3a BEAUYHUHBI OTHOCHUTEABHOTO
cMelleHus BeTBek cnupaau [AHK.

U3BecTHO, YTO OBe BeTBU uMeloT nepuorn 34 A u cmemrenue 23,8 A. [dpyrumu
cAOBaMH, «oOpaTHasd BOAHa» CMEINIEHa OTHOCHTEABLHO «IIpsIMO¥l BoAHBD Ha 0,7 mepuoma
BOAHBI, 94TO paBHO 50 A U COOTBETCTBYET BEAUYNHE KPUBU3HBI

p=2-108 [1/m] F.62
[IpruHHMag BO BHHIMaHHE ABYMEPHOE CTPOEHUE ciupasu MoAaeKyabl [IHK, moaydaem
p1=1-108 [1/m] F.63

HWTak, MOXKHO cKazaTh, 4TOo eemeu wmosekynvl [JHK cosuHymel. Ha eOUHUUHYIO
ge/lUUUHY OmM HYJ,le8020 COCMOSIHUS, 8 KOmOpom obe eemseu coemewaromecs 8
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npocmpaHcmee. Ilpu aTOM, KOomoBas CTPYKTypa KaKIOW K3 BETBEW IIPOTUBOIIOAOXKHO
HaIlpaBA€HA I10 OTHOILIEHUIO APYT K APYTY.

OTO HHTEpeCcHad aHaAOTHS C MHPOM 3A€MEHTAPHBIX YaCTUIL] INOLUYEPKUBAET POAb
moaekyabl [IHK, Kak 3aeMeHTa ¥ IepPBOOCHOBBI OMOAOTHYECKUX cucTeM. Ee pazmepsl, mpu
pacuere B cucreMe Cl, mokasbIBalOT CBH3b KOHCTPYKIIMH MOAEKYABI C pa3MepaMu
IIAaHEeThI. 3adymaiimecs, moxxem Au amom ¢paxm bbimb cAyualiHbim?

Ckopee Bcero, 37eCb MBI HMEEM JEAO C PE30HAHCHBIMH IIpOIleccaMM, KOTOpbIE
o0ecrieunBalOT 3AEMEHTaM JKUBOH MAaTEPHUH OIITHMAABHBIE YCAOBHS CYILIECTBOBAHUS B
IPOCTPAHCTBE-BPEMEHU HAaIllell MAaHeTbl. BO03MOXKHO, YTO 3TO HE pPEe30HaHC U He
caAydaiiHoe coBIIafieHue... [laHHblii (akT MOXKeT OBITh CBUAETEABCTBOM TOTO, 4YTO
moaekyabl JHK Bcex KUBBIX CYLIECTB OBIAM CKOHCMPYuUpos8aHsvl, a NPU UX
npoexkmupoeaHuu Obiu 831Mbl 3a OCHO8Y pA3MepbL NJIAHemMblL U 0ecsimepuuHast cucmema
ucuucneruil. Keratu, B omHOM BUTKe crnupasn Moaekyabl [JHK copep:kuTcs pgecsaTb
HYKACOTHIOB. Byay pam oOCynuTh C TEoAOTaMH MaHHBIH BOITPOC, KaK M0Ka3aTEAbBCTBO
CO3[IaHHS, a HE CAYJaMHOTO II0SIBAEHHUSI KU3HU Ha IIAAHETE.

PaccMoTpuM OTHEABHO AacCHeKTbl TEXHOAOTHMH IIepenadyyd HH@opMaluu IIpHU
CO3JaHUH MHOTOMEPHBIX BOAH, U BaXXHOE€ ITOHSTHE «4EThIPEXMEPHONU rOAOTPaAMMBI».

YeTbIipexMepHas roanorpaMmmMma

Pa6ors! I1. T'apsieBa o obaygeHmio Mmoaekya [JJHK mpogoAbHEIMU BOAHAMH 3OUPHOHN
cpenpl, He-TepLEeBCKUMHU 3AEKTPOMATHUTHBIMH BOAHaMu [68], ©OOKa3bIBAIOT, 4YTO
CYLIECTBYET aHAAOTHA MEXIy MeTOAaMH CO3JaHUsS U BOCIIPOU3BEAEHUS rororpadruiecKoHn
HHGpOPMAaIIMU U MeTOAaMH CO3MaHHs U BOCIPOU3BENEHHsS INeHETHYEeCKOH HH(OpMaIlUU.
KopoTko paccMOTpHUM 3TOT BOIIPOC, U BBEAEM ITOHSATHE «4ETHIPEXMEPHON rOAOTPaAMMBI».

ﬂaHHOC IIOHATHE AdBAAETCA OPUT'HNHAABHBIM aBTOPCKHM TEPMHHOM.

B o00bryHOM roaorpacduy uHGpOpMAaIMS 3allcaHa B TOAUIMHE (POTOOMYABCHUH
TIAQCTHHBI, 2 HMEHHO, B BHIE HHTEPPEPEHIIMOHHBIX CAOEB, CO3JaBaeMbIX BOAHAMH,
MIPUXOAAIIMMHE OT Pa3AMYHBIX TOYEK OOBEKTA, IIPH €ro CKAHUPOBAHHH AYYOM Aa3epa B
IIPOIIECCe 3allMCH TOoAOTpaMMbl. ToOAITMHA SMYABCHH [OAKHA UMETh HEKOTOPYIO
MUHUMAABHYIO BEAUYHHY, JAd KAQYE€CTBEHHOH 3aIlCU HHTEeP(EePEHITMOHHON KapTHUHEI.

AHarorn4yHO, B 4-MepHOM roaorpacdpuu, HH(poOpMaIus MOXKeT ObITh 3amucaHa B
2UPHOH cpeae Ha UHTEPBAAE€ BPEMEHU, KOTOPBIH HE MOXKET OBITH MEHBIIIE OpeaeAeHHOMH
BEAUYUHBI. OTa MUHHUMAaAbHasl BEeAUYNHAa MHTEpBasa BpeEMEHH UMEET CBSI3b C IIOCTOSTHHOM
[laauka.

[asee, Ipu BOCIHPOU3BEAECHUN 00pasa C TPEXMEPHOM TOAOTPAMMBI, KajKaas TOdKa
caos (POTOOMYABCHUH, HAeT IIOAHBIH 00pa3 o0BEeKTa, TaK KaK AyY CBeTa IIPOHHUKAET B
TOAIIMHY O3MYABCHUHU, U IIPEAOMASIETCS IIOJ, pPas3HbIM VYrAOM, B pPas3HBbIX TOYKax
UHTEeP(EePEeHIIMOHHON KapTuUHBI. [laacTuHa, Ha KOTOpPOH 3ammcaHa TpexMepHas
roaorpaMMma, MOXKeT ObITh pa30uTa Ha KyCKH, HO KasKAbIH M3 HUX OACT ITOAHBIH 0o0pas
00BEeKTa, €CAH 3MYABCHS COXpaHeHa Ha BCIO TAYOHWHY, W pa3Mep ydacTKa II0OBEPXHOCTHU
«OCKOAKa» He MeHee, YeM HEeOOXOOUMO [IASI IIPOXOKIAEHUS Ayda CBETa B €T0O TOAIIMHY, IO
OIIPENEA€HHBIM YTAOM.

AHaAOTUYHO, [Ad 3aIlMCH U BOCIPOU3BOACTBA 4-MEPHOM TOAOTPAMMBI AOCTATOYHO
paboTaThk C OHOM TOYKOH TPEXMEPHOTO IIPOCTPAHCTBA (3IPUPHOH Ccpenoii), HO HeoOXOoaUM
MHHHMAaABHBIM HHTEpPBaA BPEMEHH €€ CYIIECTBOBAHHA, Ha KOTOPOM, KakK B TOAILIMHE
5MYABCHH, 3allMCaHa KapTHHA COOBITHH, IPOUCXOAIINNX B JaHHOH TOYKE.
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PasymeeTcss, TeXHHYECKHE METObI BOCIIPOM3BEIEHUS HHQPOPMAIUH C 4-MepHOH
TOAOTPAMMBI OTAMYAIOTCS OT METOAOB PaboThI ¢ 3-MEPHOM roAorpamMmoii, a BMecTo obpasa
IIpeaMeTa, Kak IIpefCTaBA€HHUS O €T0 TPeXMepHOM (POPMBI B IIPOCTPAHCTBE, MBI ITOAYYHUM
obpa3 coObITHUH HAW IIPOIIECCOB, KaK OTpPazKEHHE H3MEHEHHH IIAOTHOCTH SHEPTUH BO
BpeMeHHU (4YeThIpeXMepHBIE o0pa3). B mnpemaaraemMoll KOHLENIIMM TaKKe MOOILYCTHMO
roAydeHre HWHQOPMAIM HE TOABKO O TIIPOIIIAOM, HO U O Oyaymmx HeoOpaTHMBIX
IIpolieccax MaTepUaAbHBIX 0OBEKTOB.

[ToHnMaHMe TOTO, YTO ITPOILIECCHI B 3(pUpe CO3AAI0T HE TOABKO CHAOBBIE 3(P(PEKTHI,
HO  dBASIOTCS  MHOTOMEPHBIMH  OHEProMH(pOPMAIIMOHHBIMH  I[IPOIIECCAMH,  IAET
BO3MOXKHOCTh pas3BUBaTh OHMOMEOUIIMHCKHE TEXHOAOTHHM, KOTOpble MBI paHee
paccMoTpean Ha npuMepax pabot I'ypBuua, LI3gHa 1 ApyTux.

HUrak, pasa QyHZAMEHTAABHBIX 93A€MEHTOB MHUPO3JaHUS (JacTHUll MaTepHH,
moaekyabl JIHK um camoll maaHeThl) X pas3Mephbl, IIpU BbIUYHMcAeHHU B cucremMe CHU, Kak
BOAHOBBI€ YHCAQ, ABAFIOTCH UYEe/biMU YUCAAMU. DTO BOAHOBOE YHUCAO, KOTOPOE ITOKA3BIBAET
KOAWYECTBO BOAH B pPE30HATOPE, MW OHO BCErZa dBAFETCd LieAbIM. B paamoTexHHKe,
BOAHOBOE YHCAO U3MepsieTCd B «0OpaTHBIX MeTpax», KaK KPHUBH3HA Pe30HATOpa, TO €CTh,
BEeAHYHHa oOpaTHas paauycy pe3oHaTopa. OTO U €CTh YCAOBHE pe30HaHca, IIPHU KOTOPOM
CYIIIECTBYIOT YaCTHUIIbI MaTEPHUU U APYTU€E 3A€MEHTHI IIPUPOAbI, KAK BOAHOBBIE ITPOLIECCH] B
apupHOHU cpefe.

[Toucku (pakToB, MOATBEPKIAAIONIUX CIIPABEIAUBOCTh MOAaHHOM KOHIIENIINH,
IIPUBEAN K YCTAHOBAEHUIO CBSI3HM KPHUBHU3HBI [IPOCTPAHCTBA HATYPAABHBIX OOBEKTOB,
HaIllpUMep, IPOTOHA HAMU OPYTUX JAEMEHTAPHBIX 4YacTUI], C KPUBH3HOM IIPOCTpPaHCTBA
rnaaHeTbl. OOHaApyKE€HO, YTO KPHUBH3HA MOAaHHBIX OOBEKTOB (C OOABINIOH TOYHOCTHIO)
ABASFETCH IIEABIM YHCAOM, €CAHU ITI0Ab30BaThcd cucrteMoit CH M necaTUYHBIM HCYUCAEHUEM.
OTu pakThl OOBACHAIOTCA TEM, YTO JaHHas CHCTeMa HU3MEPEHUH HCIIOAB3yeT IIOHSTHE
«MeTp», KOTOPBIH ObIA BBeoeH B NpakTuKy Ppaniry3ckoit Akanemueii Hayk B 1795 romy,
KaK OoJHa OEeCATHUMHUAAVMOHHAsS MOAd ydacTKa 3eMHOro MepuanaHa oT CeBepHOI'O IIoAlOCa
no skBatopa. CaegoBaTeAbHO, MaHHAsS METOAHKA pacdeTa paboTOCIIOCOOHA TOABKO IIPH
HCIIOAB30BAHUH METPHYECKOH CHUCTEeMBI, TaK KaK OHa He {BAIEeTCS MaTeMaTU4eCKOH
abcrpakiuet, a cesasvieaem pacuemot 8 cucmeme CH ¢ peansHbIMU pazmepamu niaHemot.
[TaazeTa, B CBOIO O4Yepeab, IBASETCS TAOOAABHBIM PE30HATOPOM 3(PHUPHBIX ITPOIIECCOB, U €€
dbu3nUecKre rmapamMeTpbl He CAydaiinbl. Bce HaTypaabHBIE YaCTUIBI MaTEPHUH CYIIECTBYIOT
B yCTOW4YNBOH hopMe, KaK pe30HaHCHBIE IIPOIIECCHI B 3pUpE.

HUrak, CyTh KOHIIETIIITUHU YETHIPEXMEPHBIX PE30HAHCOB COCTOUT B TOM, UTO YaCTHIIbI
MaTepyuu KaXXIOM KOHKPETHOM IIAQHETBHI SBASIOTCA PE30HAHCHBIMU BUXPEBBIMHU
npoileccaMu 3pUupa, U XapaKTEePUCTUKH MJAHHBIX IIPOIIECCOB 3aBUCAT OT IIAapaMeTpPOB
IIPOCTPaHCTBa-BpPEMEHU OAHHOM NaaHeThl. Mzed He HOBad, HO 3/4€Ch BIEPBBbIE ITOKA3aH
pPacYeTHBIA METOA.

[IpakTH4yeckad LEHHOCTb HOBOIO IIOAXOJA 3aKAIOYAeTCd B BO3MOXKHOCTH pacdeTa
PE30HaHCHBIX YCAOBUH CYIIIECTBOBAHUA 9AEMEHTOB KUBOU ¥ HEOPraHUYECKOM MaTepHUH Ha
KOHKPETHOH IAaHeTe, YTO IPHoOpeTaeT 0COOYI0 BaXKHOCTH AT KOCMUYECKHUX IIPOEKTOB U
9KCIIEPUMEHTOB II0 M3MEHEHUIO IIAOTHOCTH 3(HUpa, CKOPOCTH XOoda BPEMEHH U
yIpaBA€HUd IpaBUTALIHEMN.

Pa3BuTHe HOHATHA YETBIPEXMEPHON KPUBU3HBI II03BOASET MOHSTH (PU3MIECKHUU
CMBICA Bpe€MEHHU, U pa3paboTaTh TEOPHIO0 UYEeTBIPEXMEPHBIX PE30HATOPOB, KaK OCOOBIX
YCAOBUHM, B KOTOPBIX BHUXPEBbIE IIPOIECChl B 3(Upe MNPHUBOAAT K BO3HHUKHOBEHHIO
CTaOUABHBIX YaCTHUIl MaTepuH. LV3ydeHHe TEOpHH YeThIPEXMEPHBIX PE30HATOPOB
OTKpPBIBAET IIyThb K CO3MaHUIO VIIPABAIEMOM TeAEIlopTallk{, a TaK¥Ke IIpeo0pa3oBaHUIO
(TpaHCMyTaIUU) 9A€MEHTOB MaTePUH.
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Onupasce Ha IIpeasaraeMyio KOHIIEIIIIHIO, Mbl MOKEM 000CHOBaTh KBAHTOBAHHOCTH
netvicrBusg 1o Ilaanky. Buaumo, B mpupome OOBEKTHBHO CYIIECTBYET MUHHUMAaAbHBIN
WHTEPBaA BPEMEHU (IIEPHOJ), KOTOPBIY OIpeleAdeTcss dHEpPreTHYeCKUMH I1apaMeTpaMH
KaKJO0r0 KOHKPETHOI'O IIPOILIeCCa, CO3MAIOIIEro HEKOTOPOE IIPOCTPAHCTBO, HAIIpPHUMED,
IIPOCTPAHCTBO AQHETHI, aToMa UAU MoAeKyAbl JTHK.

OTmeAbHO IIpemaaraeTcd CHOeAaTh pacdeT TOYHOM BEAWYHHBI CKOPOCTH CBETa,
KOoTopas gBASIETCH, 10 MHEHHIO aBTOpa, IIEeABIM YHCAOM. [IpHU4YnHA, ITI0 KOTOPOH CKOPOCTH
CBeTa B BaKyyMe JIOAKHA ObITH II€ABIM YHCAOM, COCTOHUT B IIPEAIIOAOKEHUU O MEeXaHHU3Me
pacupocTpaHeHHUsd SA€KTPOMAarHUTHOTO BO3MYIIIEHHS B IIPOCTPAHCTBE, CAEAYIOIIVM U3
MOJEAH KBaHTOBaHHOTO IIPOCTPaHCTBa - BpeMeHH. Ckopocms ceema, 8 makoili mooenu
umeem CMble/l Koauuecmea eOUuHUY NPoCmpaHcmed (Mempo8 Ul KPAMHbIX 8Ee/UUUH),
NPOX00UMbLX PPOHMOM BO/IHbL 8 EOUHUUY BPEMEHU.

Pacuer CKOPOCTH CBE€Ta

CBeT, TO €CTb BOAHBI BO3MYVIIEHHUS Cpeapl, TaK Has3bIBaeMble «(POTOHEIY,
pacrIpocTpaHseTcd B CPEeAe CO CKOPOCTBIO, KOTOpas 3aBHCHUT OT JSAEKTPOMATHUTHBIX
CBOMCTB HAaHHOU cpenbl. AHAAOTOM SIBASIETCSI CKOPOCTH PACIIPOCTPAHEHUST 3BYKOBBIX BOAH
B BemlecTBe. MBI paccMaTpuBaeT 3/1eCh IIPOCTPAHCTBO 0€3 MaTepPHaAbHBIX OOBEKTOB, TO
€CThb YUCTBIH 3Up, MAU (pU3HUYECKUY BaKyyM. OQPUpP paHee Ha3bIBAAU «CBETOHOCHOM
cpenoi» M ero (pu3HYecKHe CBOIMCTBA MBI IoAaraeM 0oaee HMAW MeHee IIOCTOSHHBIMHU B
HaIlleM OKOAO3EMHOM ITPOCTPAHCTBE, XOTH MHOTHE aBTOPhI U3y4YaAH CE30HHbIE N3MEHEHHS
CBOHCTB 2dHpa, W pacCMaTpPUBaAM CIOCOOBI BAHSHHUA Ha (PHU3NYECKHEe IIapaMeTphl
a(pUpHOY cpeabl IPHU IIOMOIIU TEXHUYECKUX CPEACTB U OMOAOTHYECKUX IIPOIIECCOB.

Urak, noararad, 4To HaTypaAbHOE CTPOEHHE IIPOCTPAHCTBA U BPEMEHHU NUCKPETHOE,
MBI IIOAYy9a€EM BBIBOL O TOM, YTO CKOPOCTE CBE€TaA OJOAXKHAa BBIPAXKATBCA IIEABIM YHCAOM.
JloKazkeM 3TO pacyeTaMu.

BepHemca K popMmyae pacueTa KOMIITOHOBCKOH OAWHBI BOAHBI MaTepuu ae Bpoiiaa
IAS TTPOTOHA, (popmyaa F.64

A=h/mc F.64.

IloncraBagsa 3HadYeHHWE MacChl IIPpOTOHa M IocTogHHOM [laaHKa, moaydaeM
HM3BeCTHOe 3HadeHue A =132141 equHUI] IPOCTPAHCTBA (C OOABIION TOYHOCTBIO).

[IpenmoaokuM, YTO B KOHIIEHNIIMM AHUCKPETHOIO IIPOCTPAHCTBA U BPEMEHM, MBI
MMEEM BCE OCHOBAaHHHA OKPYTAUTH 3HA4YEHHE A [0 IIEAOTO, TO €CTh HCIIOAB30BaTh B
pacdetrax BeanduHy A=132141 eguHUI] IPOCTPAHCTBA.

3aMeTuM, 4TO TO YHUCAO JEAUTCH Ha 3
A=132141/3 = 44047 F.65

OTOT MaTeMaTH4YeCKHM (haKT JaeT OCHOBAHHM IIPEAIloAaraTh HaAM4YHe BHYTPEHHEN
CTPYKTYPBI IIPOTOHA (TPHU SAEMEHTA).

3HadyeHHe IIOCTOSAHHON [IAraHKa, OEMCTBUTEABHO HMMEET CMBICA CYHTATH IIEABLIM
qyucaoM. CyTb HAHHOM IIOCTOSTHHOM 3aKAIOYAETCS B COOTHOIIEHHWH BEAHMYHHBI SHEPTUU U
4acTOThl KoAeOaHUM, M OHa HE MOXKET HMETb APOOHOEe YHCAO KOoAeOaHWil, €CAU MBI
paccMaTpUuBaeM Pe30HAHCHBIE YCAOBHUS.
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Ilo 3TOll mpuHYMHE, IPUHUMAEM BEAWYHHY IIOCTOSHHOM I[IlaaHKa paBHOM TOYHO
6,6260755-10-34 ([x-c). Maccy nporoHa npuHuMaeM paBHoOU 1,6726231-10-27 (kr). Janee,
[OIIyCKasl IIPEAIIOAOKEeHHe O ToM, uTo dopmyasa F.64. aBagercsa coomHouwleHuem mexoy
uesbimMu yuciamu, IIoAy4aeM BBIBOM 3HAQYEHHA CKOPOCTH CBETA, KOTOPas TAKIKE ABAAETCH
IeABIM YHCAOM. B pesyabratTe BbIYHMCAeHUU 10 (popmyae F.66, MBI IoAydaeM TOYHOE
3Ha4YeHHE CKOPOCTH PaCIIpOCTpaHeHUs (POTOHA B AUCKPETHOM IIPOCTPAHCTBE-BPEMEHH.

c=h/m) F.66.

CkopocTs cBeTa cocraBasgeT 299792456413177104388 eamHUIl IPOCTPaHCTBaA 3a
€IUHUIYy BPeMEHH. JTa BEAWYHHA II0Ay4YaeTCd C OOABIION TOYHOCTBIO U3 COOTHOIIIEHUS
TPeX MOPYTHUX ILEAbIX BEAHWYHH, YTO MaAOBEPOSTHO, €CAU He HIBAGETCd OTpasKeHHeM
pP€aAbHOM CUTyallHH.

OTMeTHM, YTO OAaHHOE YHCAO MOXKHO COKpPaTHUTh Ha 4, U IIOAYYUTHL BEAWYUHY
CKOpPOCTH, paBHyIO 74948114103294276097 enuHuUIl IPOCTPAHCTBA B €IUHUILY BPEMEHHU.
Bo3MO03KHO, 3TO CBsS3aHO C TeM, 4TO 1 MeTp ObIA BBeAeH Kak 10-7 paccTogHUS OT SKBaTOpa
[0 moAroca. B TakoMm caydae, efMHUIIEH IPOCTPAHCTBA yAOOHO CYHTATH OTPE30K OAMHOH 4
MeTpa, KakK 107 IIOAHOM OKPYKHOCTH IIAQHETBI, TO €CTh, PE30HAHCHOM [JAWHBI BOAHBI
Haley rnaaHeThl.

B HacTosIEee BpeMsd, CKOPOCTb CBeTa I10AaraloT paBHOH TouHO 299792458 (M/c) u
9TO CBH3aHO C Te€M, 4YTO EOWHUIly H3MEepeHHd MOAWHBI 1 MeTp NIPHHUMAKT, Kak
paccrosHIe, KOTOpOoe IIPOXOAUT AydY CBeTa B BakyyMe 3a 1/299792458 noaro CeKyHIBI.
OTOT MeTOo[ HPUHIIUIIHAABHO OTAMYAETCH OT HATYPAABHOTO, W OT (PHU3UYECKOTO CMBICAA
camoii cucrembl u3Mepenmii CH, kKotopas ObIra IKECTKO MPHUBH3aHA K pPEaAbHBIM
mapaMeTpaM IIAaHETHI.

Hanomuro, uyto emre laanaeit BBeA moHATHE «1 MeTp», KaK MOAWHY MasTHHKA,
MMEIOLIETO TIOAyIIepHon KadaHud 1 ceKyHay. [JaHHBIH 3TaaoH OblA HE O4YEHb TOYHBIM,
ITIOCKOABKY 3aBHCEA OT IIIHMPOTHI MECTHOCTH Ha IIAAQHETEe, HO OH MMeEA SIBHbIH (PU3UYeCKUH
CMBICA, CB3bIBasd €QUHUIIBI U3MEPEHUS IIPOCTPAHCTBA U €OUHHUIBI N3MEPEHHUsS BPEMEHHU.
Tor dakT, 4TO BpeMs (HepHon KoAeOaHUS MagTHHKA) 3aBHCHUT OT IITUPOTHI MECTHOCTH,
[aeT IIOBOM 3aayMaThCs O HEBO3MOXKHOCTH (PUKCHPOBAHUS 5TAAOHOB IIPOCTPAHCTBA H
BpPEMEHH, UX AOKAAbHOM XapaKTepe U 3aBHCHMOCTH OT IIapaMeTpPoB 3(PUPHOH Cpebl.

[IpukaanHOE 3Ha4YEeHHE IIpegaaraeMoM IIONpaBKH K BEAWYHMHE CKOPOCTH CBeETa
3aKAIOYAeTCd B TOM, YTO CTAHOBHUTCS BO3MOXKHBIM TOYHBIM pacyeT MHOTHX IIapaMeTpoOB,
IIPUMEHAEMbIX IIPHM H3Yy4YEHUU IIPOIECCOB MHKPOMHpPA, a TaKXKe acTPOPU3NIEeCKUX
rporeccoB. OQHAKO, €CAU ITPOU3BOABHO BBOJUTH ITAAOHBI OAWHBI (METPa) ¥ MHTEPBAAOB
BpEMEHH (CEKYH/IbI), TO 3Ha4YE€HUE CKOPOCTU pacIpocTpaHeHHd POTOHA B 3(pUpHOU cpene
IIEPECTAET UMETH CMBICA «IMCKPETHBIX II1aroB».

Ms1 y2XKe oTMedYaAM, 4YTO OAHHBIH BOIIPOC OTHOCHTCS K CTPOEHHIO MHOIOMEPHOTO
IIPOCTPAHCTBA, U CKOPOCTh B popmyaax F.42 u F.43 ectb KO3(p(PHUIIHEHT CYMMHUPOBaHUS.
TeopeTuuecky, CKOPOCTH PpaCHpOCTPaHEHUS OAEKTPOMArHUTHBIX BOAH B HaIIeM
IIPOCTPAHCTBE [OAXKHA OBITH paBHA TOYHO TPEM EAHHUIIAM IIPOCTPAHCTBA B €IUHUILY
BpeMeHH, coraacHo opmyae F.14 naa TpexMepHOH KpUBU3HBI. BhIAO OBI ITOA€3HO BBECTHU
K03(ppUITUEHT HOPMHpPOBaHUs, IpuMmepHo 1,0007... u mnepecuuTaTb BCE OCHOBHBIE
du3uyecKre BEAWYHHBI, Ha4YWHAd C EOWHUI] H3MEPEHUd PACCTOSHHUN W HUHTEPBAAOB
BpPEMEHHU.

Ha sTomM mpemaararo 3aKOHYHUTH C PaCUETHOH YacCTbio, M IMEPEHTH K OITMCAHUIO
SKCIIEPUMEHTOB I10 YIIPABACHUIO CKOPOCTBHIO CYIIIECTBOBAHUS MaTePHH.
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MainvHa Bpemenu

B paHHOM raaBe HCIIOAB30BaHBI MaTepHaAsbl MOEro [QOKAada Ha KOH(epeHIHHU
«Mammnua Bpemenu» 12 anpeas 2003 r. MockBa, koHdepeHIl-3aa roctuHuibl KOCMOC.

Panee OblAM pacCMOTpPEHBbI CAy4YaM IIPUMEHEHHS IIaCCHUBHBIX OTpazKaTeAeH,
KOHIIEHTPATOPOB, 3aBUXpHUTeAel, IIOAOCTHBIX CTPYKTYpP U T.II. YCTPOMUCTB, CO3AAIOIINX
M3MEHEHUs COCTOSHHUA O(HUPHOH cpenbl. OTH METOAbl SHABASIOTCS TaKHMH Ke
IIPUMUTHUBHBIMH CIIOCOOaMHU VIIpaBAEHHUS ITapamMeTpaMu d(PUPHOH cpenpl, KakK IIapycCHbIE
TEXHOAOTHH, B CPaAaBHEHUHM C CHAOBBIMU YCTAHOBKAMH COBPEMEHHBIX OKEaHCKUX CY/IOB.
OAEKTPOMAarHUTHbIE SIBA€HHS, KOTOPbIE XOPOIIO HM3Y4YE€HbI, U IIIHPOKO IIPHUMEHSIOTCS Ha
IIPaKTHKEe, MOTYT OBITH 32aHOBO OCMBICAEHBI C IIO3UILIUH 3(PHUPOAUHAMUKH, €CAU MBI OyIeM
HCKaTb Cnocobbl aKkmueHo20 8o30eticmaust Ha hapamempsl 9¢pupHoll cpedbl.

Takue HONBITKH OBIAM B CBoe BpeMs npeannpuHathl B.A.HepHOoOpoB, MocKBa.
Teopus Bamuma AasexkcaHzapoBuda YepHOOpPOB U €ro 3KCIEPUMEHTHI PACCMOTPEHBI B
cratrbe  «[lepBble  uwTOTM  paboT MO  CO3MAHUIO  YCTPOHUCTB,  YIIPaABASIOLIUX
XapakTepUCTUKaMU (pHU3NdecKux mporeccoB (Bpemenmn) [85].

C 1eAbl0 IPOBENEHHS SKCIEPHMEHTOB II0 BO3AEHCTBHUIO Ha (puandeckoe Bpewmsd,
OCHOBHBIM CIIOCOOOM TaKOTO BO3AEUCTBUSA UM OBIAM BBIOPAHBI YCTPOMCTBA, CIIOCOOHBIE
COo3/1aBaTh CX00sAUiUECsl 80IHbL, CIIOCOOHBIE MPUBECTU K BO3HUKHOBEHUIO KBA3HMMOHOIIOAS
BHYTPH OIpaHHYEHHOro obmeMa IIpocTpaHcTBa. Iloxg KkBasuMmoHomoseM, YepHOOpPOB
rogpasyMeBaeT dYacTh IIPOCTPAHCTBA, O0AQIAIONIYyI0 HEKOTOPBIMH XapaKTePHUCTHUKaAMHU
TUIIOTETHYECKOTO €QMHUYHOTO MOHOIIOASI, AMOO CTyCcTKa TaKWX 4YacTHIl. B wacTHOCTH,
IpUOOPBI, HAXOASIIHMECS CHAPY:KH OAaHHOH 00AACTH, MOAIKHBI OIPENEAUTH TOABKO OIUH
MaTHUTHBIH ITIOAIOC, CO BCEX CTOPOH, HA HEKOTOPOM PACCTOSTHHU OT HETO.

OTMeTHUM, YTO B KOHIIEIIIINHM YepHOOPOB, HE KOHKPETHUIUPYETCS THIT «CXOMAIIIHUXCS
BOAH», ¥ CTaBHTCA 3a/ada CO3JaHUd JHHAMUYECKOM CTPYKTYPhI MarHUTHOTO
«KBA3UMOHOIIOAL .

YepHoOpoB muIet: «Kak mmokaszasu IIpeBapUTEAbHbIE 9KCIIEPUMEHTHI, C ITOMOIIIBIO
IIOCTOSTHHBIX MAarHUTOB, HWAM C IIOMOIIBIO pPaboTaromX Ha IIOCTOSIHHBIX TOKAax
SAEKTPOMAarHUTOB, O4YE€Hb TPYAHO (€CAM HE HEBO3MOXKHO) CO34aTh [JOATOKHBYIIHH
KBa3HUMOHOIIOAB (06bem ¢ 00HUM BHEUHUM U OOHUM 8HYMPEHHUM MAZHUMHBIM NOJIIOCOM).

9T0 00BsAcHseTCa TeM (aKTOM, YTO CHAOBBIE AMHUU «BHYTPEHHETO II0AIOCA»
HEU3MEHHO HaxomdT caaboe MecTo B HEOOHOPOOHOH IIOBEPXHOCTH MAarHUTOB, U
BBIPBIBAIOTCS HAapyKy; B pe3yAbTaTe Ha YCTAaHOBKE IIOMHMO OIHOTO «BHEIITHETO»
MAarHHUTHOTO IIOAIOCA IIOSIBAFETCSI AOKAALHBIM BBIXO4 MAarHHUTHBIX AMHHM «BHYTPEHHETO»
IIOAIOCAY.

B cBa3u c 3THM, 3amadeil cTaso co3aHNE KBa3UMOHOIIOABHOW CHUTyallUU BHYTPH
OTpaHUYEHHOTO O0BEMa IIPOCTPAHCTBA, IIPHUYEM, HE IIOCTOSHHO, a KPATKOBPEMEHHO,
MeTonoM Ityabcaruii. YacTora paboThl SAEKTPOMArHUTHBIX H3AydaTeseil (BHOpaToOpoB)
rnoadupasach B IIEPBYIO O4Yepenb HCXOAd W3 AMHEHHBIX pa3MepoB YCTaHOBOK. [logbop
YaCTOThI OCYILIECTBASIACS TaKUM 00pa3oM, YTOObI OOUH IIEPHOL IIyAbCAIIHU HE IIPEBBIIIaA
BpEMEHH, KOTOpoe OBIA0 HEOOXOOWMO 3AEKTPOMATHHUTHBIM BOAHAM [OAS JOCTHUIKEHUS
IIEHTPA U IIPOTUBOIIOAOXKHBIX CTEHOK YCTAHOBKH.

IToaararo, 4TO BBICOKOYACTOTHBIM HMIIYABCHBIM pPEXHM, B 3KCIEPHUMEHTaX IIO
meTonuke B.A. YepHOOpPOB, HEOOXOAUM [OAS TOTO, YTOOBI HM3AyYaTE€AW HE MeEIIaAH APYyT
OPYTy CO3[aBaTh B LEHTPE «IIyYHOCTb HWAU y3€A BOAH», TO €CTb ODAACTb CXKATHUA HAHU
pPas3psiKeHHUsI MAOTHOCTH SHepruu. C TOYKHM 3peHUS MArHUTHOM KOMIIOHEHTHI, KOTOopas
U3MepHuMa OOBIYHBIMH ITPUOOPaMU, MBI OyAeT BUAETH OHOIIOAIOCHBIH MATHUT.
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YepHoOpoB nokaanpiBaa B 2003 romy: «Hawmboaee HOpPOCTHIMH B HCIOAHEHUH
OKa3aAHCh YCTAHOBKH, UCNONb3YWUE 3/1eKMpPOoMazHUMHblE (CONleHOUOHble) subpamopebl,
coeqUHEHHble MeXay coboil mocaemoBaTeAbHO U I1apassesabHoO  ([IpuMmeuanue:
pacroAoKeHHbIEe Ha c(hepHYeCKON IMOBEPXHOCTH KOpIlyca). B pasanyHBIX 3KCIIEpHMEHTaxX
HCIIOAB30BAaAOCh OT 3 A0 S TakKHUX IIOBEPXHOCTeH, Ha3BAHHBIX JA€KTPOMArHUTHBIMU
pabouumu noBepxHocTaMu (OPII). Bce caou OPIT pa3zanyHBIX AUaMETPOB MOHTHPOBAAUCH
IIOCAEIOBATEABHO APYT B ApyTre (MomobHOo maTpelike). BHelrHuE caoft AnOO Kpemnmacs Ha
CHUAOBYIO O00OAOYKY, AHMOO OZHOBPEMEHHO CaM SIBASIACS TakKod o0oaoukoii. Pasmep
makcuMaabHOM OPII B riepBoil ycTaHOBKE cocTaBAdA OKoao 0,9 M, fuaMeTp MUHHUMAaAbBHOM
(BayTpenHelt) OPIl paBHsiaca 115 MM, YTO OKa3aA0Ch OOCTATOYHBIM [IAS IIOMEIIEHUS
BHYTPb [OATYUKOB KOHTPOAS IIOJAOIBITHBIX 3IKUBOTHBIX, Ha KOTOPBIX IIPOBEPSIANCH
IIOCA€CTBUS BO3AEHCTBUM CXOO0SUUXCS ChepuUUecKUX SNeKMPOMARHUMHbBLX 80AH... OObeEM
OTCEKa IIOA€3HOM Harpys3KH, Haxofdumlelcsa B IieHTpe cuMMmerTpuu MB, Bo Bcex IepBBIX
MammmHax (kKpoMe 7-¥ MoOOeAHW) IIOKa He IIpeBBIIIaA obbeMa QyTOOABHOTO Mdda.
MakcuMaabHBIM pa3Mep HMEET YCTAaHOBKAa C BHEIIHHUM AUaMeTpoMm 2,1 M B BHYTPEHHHM
OTCEKOM IIOA€3HOM Harpy3ku 1 M, UYTO TII03BOAFET IIPOBOAUTH SKCIIEPUMEHTHI
HEIIOCPEACTBEHHO C yYaCTHEM YEAOBEKA.

V3aMmepuTeAbHBIMHE IIPHUOOpPaMH, B UCCAEIOBAHUSIX UepHOOPOB, CAYKHUAU «BCE BHIBI
SAEKTPOHHBIX, KBaplEBbIX, MEXaHHYECKHX, a TaKKe HECKOABKO CIIEIIHaABHO
M3TFOTOBAEHHBIX AyOAMPOBAHHBIX KBapIlEeBbIX Te€HEPaTOpoB (B KOTOPBIX CPaBHUBAAUCH
IIOKa3aHUd dYacTOT H3MEPHIOIIEero U 3TAAOHHOTO PAa3HECEHHBIX TEIAOU30ANPOBAHHBIX
reHepaTopoB). B WacTH 5KCIIEPHMEHTOB IIPUMEHSAUCH CBETOBOAHBIE MUOABI (B KOTOPBIX
PUKCHPOBAAOCE H3MEHEHHE B CKOPOCTH IIPOXOXKAEHHS CBETOBOIO IIydKa 33JaHHOTO
ydacTKa CBETOBO/Id), a TaKXKe HHbIe CIIOCOO0BI. [0 M Imocae ombITa (peke U B XOOe OIThITA)
IMOKa3aH!d U3MEPUTEABHBIX YaCOB II€PHUOIUYECKH CPAaBHUBAAUCE C 9TAAOHHBIMU YacaMH U
CUTHaAaMHU TOYHOTO BPEMEHH II0 PaIUO».

OLICBI/IILHO, YTO B TaKOM CXEME, OJSACKTPOMArHUTHBIE H3AYYATEAH OKa3blBaAU
1o00YHOE JIEUCTBUE Ha HEKOTOPHhIE BHUABI H3MEPUTCEABHBIX HpI/I60pOB, HalIppuyME€p, Ha
KBapue€BBIE YacChl, OAHAKO JJLYGAI/IpOBaHI/Ie METOOAOB HU3MEPEHHUA IIO3BOAAAO CYIIECCTBEHHO
YMEHBIIUTH IIOTPEIITHOCTE USMEPEHUI. ..

Pe3yAbTaThl 9KCIIEPUMEHTOB, KOTOPbIE HOKAaAbIiBaA B.A. YHepHOOpPOB, OIIEHHBAAUCH
UM CAeayroImM obpasom: «CKOPOCTh U3MEHEHHS CKOPOCTH TedeHUd BpemeHnu (mpodpeccop
H.A. KospIpeB Ha3blBaA 3TO IIAOTHOCTBIO BpemeHu t/t,) cocraBasgaa mopsgaka mgoasei
CEeKyH/ZI B 9TAAOHHBIM 3eMHOH 4dac. Ecam mpuHATH Harle oOOBIYHOE 3€eMHOE «3TaAOHHOE»
Bpema kak t,=+1, TO cTaHeT IOHATHBIM, UTO B JAHHBIX 3KCIEPUMEHTaAX HU3ydaeTcCs II0Ka
auara3oH ckopoctu Bpemenu +0,99<t/t,<+1,01».

[pyruMu cAoBaMH, 3TO M3MEHEHUs €CTeCTBEHHOI'O0 XoJa BpeMeHU Ha ypoBHe 1%.
OTO He 03HaA4YaeT, YTO KaKHUe-TO OOBEKTHI OBbIAM OTIIPABAEHBI B OyAyIlle€ HAM IIPOIIIAOE...
YepHoOpoB yTouHdeT: «CAemoBaTeABHO, IIPeAMEThl M JKUBOTHBIE, ITOMEIIlEHHBbIE BHYTPb
YCTaHOBKH, IPH AIOOOM pexXuMe ee paboThl (3aMEIA€HUN HAM YCKOPEHHH), B AKOOOM
cAy4dae [OBHUraAuCh B Bymyiee (C «IIAIOCOBOI» CKOPOCTBIO) - MEIACHHEe HAU ObICTpee
OKPY2KaIOIITHX).

MeI yke o0cyzKpasu «3(pPeKT KOMIEHCAIIUHN», IIPHU KOTOPOM yIpyrue aedpopMaliiu
cpenpl BHYTPH «MalllMHBI BPEMEHH» NOAXKHBI ITPOU3BOAUTE oOpaTHBIE AehopMaIluy Cpeabl
CHapyKU «MalIuHbl BpeMeHM». O TakoMm 3ddekTe Takxke nuiner YepHobpos: «[lepemasn
Bpemenu (rpagueHT CKOpPOCTH BpemeHH, HAM [OHNPOCTY UCKPUBAEHHE  IIOAS
[IpocTpaHcTBa-Bpemenn), Habaromaacss He TOABKO BHyTpu MB, xotd, 06e3ycAOBHO,
MaKCHMaAbHOE 3HA4€HHE H3MEHEHHOro BpeMeHH yCcTaHaBAMBaAOCh BHYTPH CaMOH
MaA€HBKOM «MaTpellku». Bo BpeMa SKCIIepUMEHTOB (PUKCHUPOBAAOCH, KaK U OXKHIAAOCH,
n3MeHeHHe BpeMeHH W BHe yCTaHOBKH MB, TOABKO 1omo0HOe HM3MeHeHHe C 0O0paTHBIM
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3HAKOM OBIAO IIPHUMEPHO Ha IMOPANOK HHXKE BHYTPEHHETO (BIIOAHE B COOTBETCTBHUH C
reOMEeTPUYECKUMHU 3aKOHAMH — 00paTHO IIPOIIOPIIMOHAABHO KyOy PacCTOSHUS).

NubiMu caoBamu, MB Bo3zmelicTByeT He TOABKO Ha CBOIO BHYTPEHHIOIO 4acCTh, HE
TOABKO Ha IIOAE€3HYIO HarpysKy, HO M Ha OKpyXKalollyio cpeny. OdeHb HaIlOMHUHAaET
PEeaKTUBHBIN criocob ABUIKEHHS, TOABKO yzKe He B [IpocTpaHcTBe, a Bo Bpemenu: moaet
IIOCPEeACTBOM OTOpOoca Has3al He MaccChl, a BpemeHnmn.

HNuaTepecHas ¢yHKIMa yObiBaHus 3¢dekTa cHapyKH, HaligeHHas YepHOOPOB,
«06pamHO NPONOPUUOHANLHASL KYOY paccmostHUs», HABOAUT Ha MBICAb O JHHAMUKE
M3MEHEHHd KaKOH-TO BEAHYUHBI B 00beMe IIPOCTPAHCTBA, TO €CTh, O (PYHKUUU USMEHEeHUS.
06beMHOTL NIomHOCMU SHepaUU.

llenHoe 3amMedyaHHe, KOTOpoe mAesaeT UYepHOOPOB II0 OTAWYHIO IIPOIIECCOB
«YCKOPEHHSI BPEMEHH» OT IIPOIIECCOB «TOPMOXKEHHS BPEMEHH», 3aBUCUMOCTH 3P PeKTa OT
BpEeMEHU CyTOK W BHOpaI{ii, ITO3BOAMIOT IIPOBECTH aHAAOTHIO C BbIBogaMu Ko3eipeBa,
Beittnuk 1 MumnHa. O9TH aHaAOTHH ITOKA3bIBAIOT 3(PHUPOAUHAMUYECKYIO IPUPOAY AAHHBIX
IIPOIIECCOB.

YepHoOpoB muireT: «B ombITax OBIAO YCTAHOBAEHO, YTO IIPOLIECCHI 3aMEIACHHUS U
YCKOpeHHsI BpeMeHU pPe3KO OTAWYAIOTCH II0 CBOEMY XapaKTepy M IOCAeACTBUSM. Tax,
3aMeACHUE IIPOUCXOAUAO 3HAYUTEABHO 0OOA€e TAAaBHO M YCTOWYMBO;, IPHU YCKOPEHUU
HaOAIODAAUCh pe3KHe CKadKhu B  [OKAa3aHUAX, [POTEKAHHE OTOTO  peRUMa
XapaKTePU30BAAOCH OOIIEl HEYCTOMYHUBOCTBHIO M 3aBHCHMOCTBHIO OT AIOOBIX (MAM MHOTHX)
BHEIIHUX (PAKTOPOB. B 4aCTHOCTH, HEYCTONYHBOCTH YCKOPEHHS 3aKAIOYAaAach U B TOM,
YTO IPU (PUKCHPOBAHHOM MOIIIHOCTH BEAMYHHA CKOPOCTH BpeMmeHU 3aBHCceAaa OT BpeMeHU
CYTOK W pAaCIOAOKEHUSd AyHBI, BO3MOXKHO, U OT APYTUX IPUYHUH, B TOM YHCAE€ — OT
IIPUCYTCTBUS PSIOM OIlepaTopa HAU IIOCTOPOHHHUX Alofed. [laxke HeOOABIIIOe BHEIIHee
BO3EHUCTBHE, HAIIPUMEP MeXaHUYeCcKas TPsSCKa, IIPUBOAUAN K H3MEHEHHIO BEAWYHHBI
CKOPOCTH, KOTOPOE MHOT/IA OKA3bIBAAOCH 3HAYUTEABLHBIM.

BHyTpu aabopaTopHBIX YCTAHOBOK TaKxKe ObIAO 3apUKCHUPOBAHO, 4YTO BpeMa mozxkeT
H3MEHATBCH C HEKOTOPOW HHEPILIMOHHOCTEIO. [locae BO3AEMCTBUA U3MEHEHHOM CKOPOCTH
Bpemenu Ha Kako#-An00 (pU3MYecCKUM IIpeaMeT ([I0YBY, HaAIpHMep) Ha HEM HEKOTOpoe
BpeMs OTMEYAIOTCH OCTATOYHbIE SBACHHS, KOTOPbIE MOILYT OBITH CHSTBI TOABKO
BO3IeUCTBHEM APYro¥ CKOPOCTH BpemeHm».

JlaHHOe 3aMedaHHEe IIOAHOCTBIO COTAACYeTCH C IIPEAIIOAOXKEHHSIMH O TOM, YTO
ecmecmeeHHblil X00 8pemeHU coomeemcmayem 2/100aNbHOMY YMEHbUEHUIO NJIOMHOCMU
9Hepeuu. OTOT IIPEAIIOAOKEHHE OBIAO CAEAaHO paHee, Ha OCHOBe (paKTa pacCIIHpeHHs
Me3K3BE3IHOT0 IIPOCTPaHCTBa B HallleM pykKaBe ['arakTuku Maeunsit [Tyte. OTciona, naa
TOTO, 4TOOBI YCKOPHUTBH IIPOIIECC CYIIIECTBOBAHUS MaTepPHH, HEOOXOAUMO IOIIOAHUTEABLHO
YMEHBIIUTb IIAOTHOCTH 23dupa. IDTO [ABa COTAACOBaHHBIX IIpollecca, 3¢ddekT
CKAQBIBAETCd, & B PE3YABTATE BHEIIHUX CAYYAMHBIX BO3AEHMCTBHUM MOLYT IIPOHU30MUTHU
[OIIOAHUTEABHBIE IIEPEXOAbl MEXKAYy MOUCKPETHBIMH YpoBHAMU sHepruu. C apyroit
CTOPOHBI, IPHU MOIBITKE 3aMEIAHTH IIPOLIECC CYIIECTBOBAHUSA MAaTePHUH, HEOOXOIHMO
HCKYCCTBEHHO (YIIAOTHSTH» 3(PUP, CO3aaBaTh 00AACTb CKATHULA YIPYTrOoH 3(PUPHOH Cpebl.
Takoll mpollecc HalpaBA€H IIPOTHB €CTECTBEHHOTO YMEHBIIIEHHS ITAOTHOCTH JSHEPTHU
cpenpl, 4TO MIPUBOAUT K BBEIYHUTAHUIO 3PQeKToB. [Ipm Takod cHUTyalllH, CAy4YaiHBbIE
BO3/I€CTBHS MEHEe CYILIECTBEHHBI.

PaccMoTpyM SKCIIEpPHUMEHTBI, KOTOpPbIe OBIAM OPTaHM30BaHBI II0 MOAHHOH TeMe
komrianmeii OOO «Aaboparopusa Hosweix Texuonsoruit dapaneii» B 2003 roxy. B
COBMECTHOM IIpoeKTe ¢ YepHoOpoB, HaMH OBIAO IIOCTPOEHO M  HCIBITAHO
9KCIIEPUMEHTAABHOE YCTPOMCTBO, CAEAaHBbI H3MEpeHHUd, IIoflaHa 3adBKa Ha IIaTEHT, U
IIPEeAOKEHDBI HOBbIE METOAbl TEXHUYECKON peasn3aliii JaHHOU HIeU.
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M3o0peTeHne, KOTOpPOe MBI IIPENAOKHAHM, OTHOCUTCS K CIIocO0aM U yCTpoMCTBaM
[AS YIIPABAGHHS TEMIIOM pPAa3AHMYHBIX (PU3HYECKHX IIPOIIECCOB, BKAIOYAd CaM IIPOLECC
CYLIECTBOBaHUS MAaTE€PHUH B MPOCTPAHCTBe-BpeMeHU. Paszymeercs, maHHoe H300peTeHMe
HMeeT IIPAaKTUYECKHU ITI0A€3HOE IIPUMEHEHHEe, KOTOPOE MBI PACCMOTPHUM IIO33KeE.

Hamu 6pina  mogmaHa 3agBka Ha  «Croco6 M yCTPOHCTBO — yIIpaBACHUS
TEMIIOPAABHBIMU  XapaKTEePUCTHKAMH (PHU3WYECKHUX IIPOILIECCOB IIyTeM H3MEHEHUS
TIAOTHOCTHY 3Hepruu npocrpaHcrBar, No 2003110067 ot 09 anpeaa 2003 roga. Co-aBTOpPHI
®ponoB A.B. u HepHoOpoB B.A.

PaccMoTpuM HCTOPHIO TAHHOTO U300peTEHM .

Puc. 144. YepHo6poB B.A. u ®poaoB A.B. Ha KoH(pepeHITUH
«Mamuna Bpemenn» 2003.

Panee npenasarasnuch pasaAudHbIE CIIOCOOBI U YCTPOMCTBA [AS OKa3aHHUA BAUSHUSA Ha
CKOPOCTBb (PHU3HMUYECKUX U XUMHUYECKUX PEaKIUH, OMOAOTHYECKUX IIPOIIECCOB HAU IIepHoaa
Koaebanu#t cucremnl. B paborax H.A. KosblpeBa ommmcaHbl 3KCIEPHMEHTBHI 110 BAWUSHHIO
OZTHOI'O IIPOIIECCa, HAIIPHUMED, HCIIapEeHHd HAM KPHCTAaAAM3allUd BEIIECTBa, Ha IEPHOL
APYyroro Ipollecca, KOTOPBIA dgBAdETCA MOAaTYUKOM K CPaBHHUBAETCA C 3TAAOHHBIM
KoaebaTeApHBIM IIpolleccOM. B omHOM caydae, B 00AacTH IIPOCTPaHCTBA pPAAOM C
IIPOLIECCOM HCIIapeHMs BEIEeCTBa, TeMII KoaebaHHM naTyuka yMeHbllaeTcd. B apyrom
cAydae, pSIOM C IIPOLIECCOM KPHUCTAAAHM3aIlMH BeELIeCcTBa, TeMII KoaebaHHM maTduka
YBEAUYHUBAETCH.

Hcrioap3yd TEPMHH «QHTPOIIMS» MOXKHO CKasaTb, 4YTO IIPOIECChI, HAYIIHE C
YBEAUYEHHEM OJHTPOINH, HaIpUMep IIEPexXoil BEIIeCTBAa M3 TBEPAOTO COCTOSHUS B
JKHUJIKOE, CO3/Ial0T BOKPYT cebd Takoe BAHSHHE Ha MaTEePUIO (OKPYZKAIOIHe MIPOIEeCCHI),
YTO SHTPOIIHMS CUCTEM YMEHBIIaeTCs. B IIpPOTHBOIIOAOKHOM cAy4dae, HAIIpUMeEp, PSIOM C
IIPOLIECCOM KPUCTAAAU3AIINM, SHTPOIIHS CUCTEM B 00AACTH IIPOCTPAHCTBA OKOAO JAHHOTO
IIpolecca YBEAUYUBaeTCs.

Ko3bsIpeB BBeA TEPMHH «BOAHA IIAOTHOCTH BPEMEHH», U CIAEAAA BBIBOL O TOM, YTO,
KpoMe TaKOH XapaKTEepUCTHUKU KaK «HallpaBA€HHOCTb», BpeMd HMEeT aKTHBHbIE CBOMCTBA,
HaIIpUMep, IIAOTHOCTBE. Pa3BUTHE MOaHHOIO IIOAXOAa B HPHUKAQOHBIX IEeAdxX Tpedyer
rAyOOKOro aHaau3a (PU3UYECKOr0 CMBICAA IIOHATHA <«IIAOTHOCTH BpeMeHH». CBd3b
HaIpaBAECHHOCTH BpPEMEHH M OSHTPOIHNU CHCTEMBI Oblra ITOKazaHa B paborax Habu
[IpuroxkuHa «BBeneHre B TePMOOUMHAMHKY HeoOpaTHMBIX IpoiieccoB», 1964 roxa [86]. B
pabore CaxapoBa «KBaHTOBBIE (PAYKTyallMM BaKyyMa B UCKPHUBAEHHOM IIPOCTPAHCTBE U
TeopHUs IrpaBUTAUN» [87] IIpenaoxKeHa KOHIIEIIUS CTPYKTYyPbl BaKyyMa.
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B CIIIA mmpoko m3BecTHa pabora Xapoaspma [Iyrxoda «MozkeT AM BakKyyM OBITH
CKOHCTPYUPOBaH [IAS TIIPUKAQAHBIX 3a1a4d KOCMOHaBTHUKHU?» [88], B KoTopo#l OH
paccMoTpeA TIpUKAa[HbIE aCIIEKThl H3y4eHUsS CTPYKTYpbl BakKyyMa, U OIIHMCaA CIIOCO0 U
YCTPOMCTBO AL IOAYYEHUS ABHUXKYIIEU CHABI 34 CYET U3MEHEHUd CBONMCTB BaKyyMa.

CyOcTaHIIMOHAABHAS KOHIIEIIIIHS BPEMEHH UM METOMAbI CO3/IaHHsS BOAH IIAOTHOCTHU
9HEPTHH, TakK¥XKe OBbIAM pacCMOTpeHbl B pabore «Bpemsa - ¢usudeckas cybCTaHIUS»
I[Tpodpeccopa Byrycoa K.II., 1991 rox [89]. B kuure Beaocroukoro FO.I'. «Yto Takoe
Bpema?» [61] mokazaHa CBA3b IIOHSITHH BpeMeHHU U 3(pupa, KoTopas pacCMaTpHUBaAach B
JAHHOM KHHUIe B acTPOo(HU3UYECKOM CMbICA€. MOXKHO CKasaTb, 4YTO COBpEMEHHas
KOHIIeNIUs 3pHupa YCIEeIHO pa3BUBaeTcd B paborax ArrokoBckoro B.A. [90].

B mpyrux crarbsax, B 94aCTHOCTH, «DHU3MYECKHUEe NPUHIUITEI MAIIHHBI BpeMeHm» [91]
OBIAO TOKA3aHO, YTO JASI IIPAKTHYECKOTO Pa3BUTHUS SKCIIEPUMEHTAABHBIX paboT B AaHHOH
obaacTu, 11eAeco00pa3HO YTOYHUTHL TEPMHHOAOTHIO, H PACCMATPUBATDH «BOAHBI IIAOTHOCTH
BpeMEHH», KaK NpPoO0O/IbHble 80JIHbL NJIOMHOCMU 3Hepeuu 8 npocmpaHcmee. Ilpu sTom
TIOHSATHE «[TAOTHOCTHb BPEMEHM» UMeeT (PU3UUECKUI CMBICA TAOTHOCTHU HEPTUHU ([IAOTHOCTHU
a(pUpPHOU cpenbl).

[aHHpIli  HoaXOn — IIPaKTUYECKH  PEaAU3yeTCs  OAEKTPOTEXHUYECKUMH U
PAOHOTEXHUYECKUMHU METONaMH U SIBASETCS pPas3sBUTHEM d(PHUPOANHAMUYECKON KOHIIEIITHH
Papanesa o mpUpPoAe IAEKTPHUECTBA M MarHeTu3ma (cmoTputre ToM 3 TpymoB Papanes
«QKCIIEpUMEHTAAbHbIE HCCAEOBAHUS 10 SAEKTPUYECTBY» [92].

PaccmarpyuBasg  OOBIMHBIH  ABYXIOAIOCHBIH ~ MarHUT C  TOYKH  3PEHHS
3(pupoANHAMUKH, MOXKHO CKa3aThb, YTO OH IIPEACTaBAsIeT cOOOM HMCTOK M CTOK 3upa, TO
€CTh COAAaHCHPOBAHHYIO 3HEPreTHYECKYI0 CHCTEMY, KOTOpasd HE H3MEHsSeT MAOTHOCTH
SHEPTHHU B IIPOCTPAHCTBE. B TakoM caydae, OYEBHIHO, YTO CO3IaHHE MAZHUMHOZ20
MOHONOJIS,, UAHU MOOEAUPOBAHHE KBA3HMOHOIIOAS JSAEKTPOAMHAMHUYECKHMH METOdaMHU,
SABASETCS TEXHUYECKOM OCHOBOM MOAYYEHUS AOKAABHOTO M3MEHEHHs IIAOTHOCTH SHEPTHUU B
ITPOCTPAHCTBE.

Kpome MarHUTHBIX SBA€HHH, MOXKHO HCIIOAB30BATh OAEKTPUYECKHE IIPOIIECCHI,
HaIIpUMep, BOIIPOC O CO3MaHWU IIPOJOABHOM BOAHBI TakKKe OBIA PACCMOTPEH B APYroi
pabore [Ipodeccopa ByrycoBa «Cummerpu3sanus ypaBHeHHE MakcBeasa — AopeHnar [42],
B KOTOPOH OH IIOKa3aas, YTO OJAEKTPUYECKHU 3apskKeHHas cdepa MOKeT H3AyYaTh
IIPOJAOABHYIO BOAHY, IIPHU H3MEHEHUH paauyca cgepbl, TO €CTb €€ IIOBEPXHOCTU, MPHU
COXpaHEHUH BEANUYUHBI SA€KTPHUUYECKOI0 3apsaa, HaXOASIIErocd Ha JaHHON MOBEPXHOCTH.
[aHHbBI MeTOon — 3TO OOUH M3 BaApHUAHTOB peaAu3allMd TEXHOAOTHH, CYymb KOMOpou
cocmoum 8 u3mMeHeHUu naomHocmu sHepeuu. VI3MeHeHHe BEAWYHHBI IIOBEPXHOCTH, ITPU
COXpaHEHUHM KOAMYECTBa 3apsfa, COo34aeT HU3MeHEeHMHe IIAOTHOCTH 3apsja Ha eIUHUILY
noBepxHocTU. OKpyzKaroliaa 3¢upHasd cpeda BbIHYXKIEHA KOMIIEHCHPOBATH [JaHHOE
H3MEeHEHHe, U B Hel co3paeTcs IPoAoAbHas BoAHa. BrmpodeM, Kak mnokasaa ITpodeeccop
ByTycoB, MOKHO CcO31aBaTh IPOJOABHBIE BOAHBI 0€3 3A€KTPOMATHUTHBIX METOIO0B, IIyTeM
H3MeHeHUsd 00BbeMHOM IIAOTHOCTH BEIIECTBA.

B cBg3u ¢ 9TUM, UMeET CMBICA HAIIOMHHUTBL METO, KOTOPBIH onrcaH [IoASKOBBIM B
KHHUre «OKCIepUMeHTaAbHasd TrpaBUTOHUKa» [4]. ITloagkoB paccMaTpuBaeT BOIIPOC
TeHepallid TPaBUTAIIMOHHBIX BOAH TIPH BBICOKOYACTOTHOM II€PEMATrHUYHUBaHUU
deppoMarHeTHKa, TO €CThb IIPU 00bEeMHOU MazHUMOCMpUKYUU 8euiecmaa. IT0CKOABKY, IpHu
9TOM SIBA€HUH, HW3MEHHETCS IIAOTHOCTH BEIIECTBA, TO €CTh IIAOTHOCTb OJHEPTHH B
IIPOCTPAHCTBE, 3aHHMAaeMOM BEIIECTBOM, TO OOBEMHAas MATHHUTOCTPHUKIIUSA SIBASIETCH
YACTHBIM CAyYaeM H3MEHEHHsI IIAOTHOCTHU OdHepruu. I[lomgoOGHBIM 006pa3oM, MOIKHO
co31aBaTh IIPONOABHBIE BOAHBI IIPH MOAYASIIIMH IIAOTHOCTH AIOOOTO BEIECTBA, B TOM
4HCAe, Ta30B U [1AA3MBI.
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PaccMoTpuM CyTh M TEXHHYECKHE BO3MOXKHOCTH CXE€MBbI, KOTOPYIO IIPEIAOKHA
Bagum AaekcanzpoBud YepHoOpoB B KHure [93]. OH ommcaa criocod M yCTPOUCTBO OAs
yIOpaBA€HUS  TEMIIOPAABHBIMH  XapaKTepUCTUKaMM  (PU3NYECKHX U XUMHYECKUX
IIPOLIECCOB, IIyTEM CO3aHHUI MOAEAW MAarHUTHOI'O MOHOIIOASI (KBA3MMOHOIIOAS), B KOTOPOM
obpasyercsa cXoadIasicd BOAHA OT HECKOABKHX MCTOYHHKOB, PACIIOAOXKEHHBIX Ha
chepuyecKOM KopIlyce. B cooTBeTCTBHH C MHOaHHBIM CIIOCOOOM, B MHOTOCAOHHOH
chepryecKkoi KOHCTPYKIIUHU, I'fle KasKIbIH U3 CAOEB (TaK Ha3bpIBaeMasl «3A€KTpOMarHUTHasI
paboyad  IIOBEPXHOCTE»)  SIBASETCA  COBOKYIIHOCTBIO  3A€KTPOMArHUTOB,  IIyTEM
IIOCAEIOBATEABHOTO BKAIOYEHHS CAO€B CO3A€TCd BOAHA, CXoAdllascd K LEHTPY
ycTpo#icTBa. YCTPOMCTBO, IO cxXeMe YepHOOpoBa, HMEET OOHWH MAarHUTHBIH IIOAIOC
CHapy>KM M [Opyrofli MAarHUTHBIHA IIOAIOC BHYTPH, TaKHM 00pa3oM, MOAEAHPYeTCs
MaKpOCKOIINYEeCKHUH MarHUTHBIY MOHOIIOAB.

Mbl moaaraeMm, YTO IIPU YCAOBHH CHH(A3HOM paboThl BCEX HCTOYHUKOB BOAH,
HHTep(EepPeHINT IIPOOABHBIX BOAH O0eclieyrBaeT HEKOTOpPOe H3MEHEHUE BEAWYHHBI
IIAOTHOCTH SHEPTUU IIPOCTPAHCTBA B (POKYCE CUCTEMEI.

OKcriepuMeHTaAbHble (DAKThl COCTOST B TOM, YTO PACIOAOXKEHHBIE B IIEHTPE
YCTPOMCTBAa HATUYUKH, HAIIPUMEP, MEXaHHUYECKHE HUAU SAEKTPOMATHUTHBIE OCIIHAASTOPHI,
IIOKAa3bIBAIOT H3MEHEHHe IIepHuoJa COOCTBEHHBIX KoaeOaHui. Mbl obecrieunBasu
9KpaHUPOBaHUE JATYHKOB OT TEMAOBOTO U APYTOTO SAEKTPOMATHUTHOIO BAHSHUA. Takum
o6pa3oM, MOKHO YTBEPXKAATh, YTO MATIYUKH 3aMEIOASIOT HUAU YCKOPSIOT CBOHM IIEPHOL
KoAebaHUsd B 3aBUCHMOCTHU OT CO31aBaeMOil IIAOTHOCTH SHEPTHHU B IIEHTPE YCTPOUCTBA.

OnHaKO SKCIEPHUMEHTHI, IIPOBEOEHHBIE C HCIIOAB30BAHHEM TaKOTO YCTPOICTBA,
TpeOyIOT TIIATEABHOM HACTPOMKH BCEX UCTOYHHKOB BOAH JIAsI OOecCIliedeHUs UX CHH(a3HOU
pabotel. [Ipu 3TOM CTaObHMABHOCTH PabOTBI BCEH CHCTEMBI 3aBHCHT OT CTaOHABHOCTH
paboThl KazKOOro0 M3 HCTOYHHUKOB BOAH. [IOBBIIIEHHWE YaCTOTHI MMIIYyABCOB ITPUBOAUT K
yBeanmdeHHI0 A3QdeKTa, HO OHO OrPaHHYEHO IIapaMeTpPaMH JAEKTPOMArHUTOB H
reHepaTopa HUMIyAbcOoB. Kpome Toro, mas yBeawmdeHusd 3¢ddekTa HeoOXoauMbl Ooaee
MOILIHbIE  HCTOYHUKH JAEKTPOIIUTAHHUS, IIOCKOABKY CHAA TOKa B  0OMOTKax
5AEKTPOMAarHUTOB oIIpeeAseT BEAUYUHY MarHUTHOTO IIOAST C03/1aBae€MOTO
KBa3WMOHOIIOAS.

[TockoABKY 3((EeKTUBHOCTE IIOIOOHBIX CHCTEM HENOCPEACTBEHHO 3aBHUCHT OT
4acTOTbl M BEAWYHHBI H3MEHEHUM IIAOTHOCTH OJHEPTHH B I[IPOCTPAHCTBE, TO MBI
pensaraeéM B CACAYIOIIEH BEPCHH pPeasu3alllid [OaHHOIO YCTPOMCTBa IIPUMEHUTH
IIAa3MeHHbIe 000AOYKH BMECTO AEKTPOMATHHUTHBIX PabOYNX TOBEPXHOCTEH, YTO TO3BOAUT
3HA4YHUTEABHO IOBBICHTH YAEABHBIE XapaKTEPUCTHUKU yCTPoHcCTBa. PaccMoTpuM OCHOBHEIE
TEeXHUYECKHUE ITPUHITUITHI paboThl, ¥ HAMETHM IIyTH Pa3BUTHS OJaHHOTO MeTona. Ilepeiimem
K pucynkam. Ha Puc.145 mnokazaHa cxemMa OCHOBHOTO OJAEMEHTa - TPEXCAOMHOTIO
9AEKTPOMAarHUTHOTO HU3AyYaTeAd, ITPEeOAOKEHHOTO YepHOOpoBbIM B.A.
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Puc. 145. TpexBUTKOBBIH H3Ay4daTeab YepHOOpOBA.
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KoppekTHee ObIn0 OBI CKazaTh, YTO 3TO «BHOpPaATOp», IIOCKOABKY ero pabora
IIPOM3BOOUT TaKHe BHOpAIMU 3(PUPHOMN Cpenpl, IIPHU KOTOPBIX CO3/IAaeTCs HAIIpaBAEHHOE
U3AYYEHUS BOAHBI IIAOTHOCTH SHEPTHH BIOAb €0 OCH.

JaHHbIi 2A€MEHT KOHCTPYKIUU pa3paboraH 1o wuaee YepHoOpoB Banuma
AnekcangpoBudya. OH He paccMaTpUBaA 3Ty TEXHOAOTHIO, KaK «yIIAOTHEHHE» HAU
«pa3pskeHHue» 3UPHOM cpeapl. [lo ero MHEHUIO, JAaHHBIHA 9AEMEHT IBAGETCHI «MarHUTHBIM
KBa3U-MOHOIIOAEM>.

C mpyro#l TOYKHU 3peHHsd, TPEXBUTKOBBIN «BUOpaTOp» IIpeaHa3HadeH AT CO3OaHUS
HaIpaBA€HHONU BOAHBI ITAOTHOCTU 3HEPruu, Kotopas popMupyeTcd B 3(pUPHOU cpene 3a
CYET HCIIOAB30BaHUA (PAa30BOTO CABHra B PACHPOCTPAHEHUU (PPOHTA HUMIIyAbBCA TOKA,
IIOCA€IOBATEABHO IIPOXOALIIET0 TPEX ydacTKa ToKa i1, iz, i3, KOTOpbIE CMEIIEHBI BIOAb OCH
9AEKTPOMAarHuTa Ha HEKOTopoe paccroguue d.

YcrpoiictBo paboTaer caenyrommMm  obpaszoMm. IIpm  BKAIOYEHHHM TeHepaTopa
HMIIyABCOB Ha BbIBoZe 4 1ogBAdeTCS (PPOHT HMIIyaAbca ToKa ip. 3a cuer
IIPOCTPAHCTBEHHOTO CMEIIECHHS Y4acTKOB TOKa 1, 2 m 3 OTHOCUTEABHO APYT Apyra BAOAB
OCH dAEKTpOMarHuTa Ha paccrosHue d, ppoHT UMIIyAbca Ha y4acTKe 1 omepexkaeT OpPOHT
HMIIyAbCa Ha y4acTKe 2, a TOT B CBOIO o4yepeab olepexkaeT (PPOHT UMITyAbca Ha ydacTKe 3
Ha HekKoTopoe BpeMs T. BTopoil BEIBOJ 3A€KTPOMAarHuTa S PacIlOAOKEH TaKUM o0pas3oM,
4T0 (PPOHT HMIIyAbCa Ha ydacTke 1 OyaeT oTcTaBaThb OT (PpOHTA MMIIyAbCA HA ydacTKe 2,
KOTOPBIM TaKxKe OTCTaeT OT (PppOHTA HMMIIyAbCa Ha ydacTkKe 3 Ha To XKe caMoe Bpemd T,
[I03TOMY Ha y49acTKe S BHOBB (POPMHUPYETCS €AUHBIH (DPOHT UMIIyAbCA.

Bpewmsa 3amep:KKU pacrpocTpaHeHUd (PPoHTA UMITyAbca T 3aBHCHT OT PACCTOSHUS
d. Ilpum KaxkagOM HMMIIyAbCE TOKa, BeAWYMHa T (OTHOCHUTEABHOH 3alepXKKH (ppoHTa
HMIIyAbCa) OcTaeTcd Heu3dMeHHoH. Takum oOpas3oMm, IIPH KaXKIOM HMIIYAbCE CO30aeTCs
II0CA€JOBATEABHOE BO30OYXKIEHHUE CAOEB 3A€KTPOMArHUTa C OY€HBb BBICOKOH 4acTOTOH.

ITpumep pacyeTra 4acTOTHI: OAS BEAUYHHBI CMEIIEHUA BUTKOB KaTYIIIKU HU3Ay4aTEAd
(Puc. 145) paBHoi#t d=7MM gacToTa OyzeT paBHa HpuMepHo 4,28-1010 (Cepry).

JlaHHad KOHCTPYKIHUS TPEXCAOMHOIO 3A€KTPOMATHUTHOIO H3AyYaTEAS I103BOALET
co3gaBaTh IIPOAOABHBIE BOAHBI CBEPXBBICOKOYACTOTHOIO, HAIPUMEP, MHAAUMETPOBOIO
auaria3oHa, 0e3 MOpPHUMEHEHHS IIOAYIIPOBOAHUKOBBIX M APYTHX PaIHMOTEXHHUYECKHX
9AeMeHTOB. BaskHO cobarogaTe CHH(MA3HOCTb BCEX H3AyYaTeAel, YTO SBASIETCH IIOYTH
HEBBIIIOAHUMOM 3amaded. IIpoBoma mnHTaHWA, KOTOPBIM IOABOAAT TOK K KaxKAOMY
H3AYYATEAIO, JOAXKHBI UMETH OJUHAKOBYIO JAWHY OT TOYKH IOAKAIOYEHUA K I€HEpPaATOPy
HMIIyABCOB. IIpHM H3roTOBACHHH 3KCIEPUMEHTAABHOM KOHCTPYKIIHUH, COCTOMAIIyH0 H3 12
«BHOpATOPOB 3(PpUPHOH Cpenbl», HE YAAAOCH IIOAHOCTBIO PEILINUTH ITPobAeMy CHH(A3HOCTH,
Y ObIAM HaMIeHBI HECKOABKO APYTHX METOMOB, HE HCIIOAB3YIOIIUX MHOXKECTBO OTAEABHBIX
HU3AyIaATEAEH.

BopoueMm, 3amadya CHHXPOHH3aIlUM HECKOABKHX H3AydYaTeAel H3BECTHa B
panuorexHuke. [IAg ee pelleHud, IpHU KOHCTPyHpoBaHUU padupoBaHHbIX CBY aHTeHHBIX
PEIIeTOK MPHUMEHSIOT yIpaBageMble aszoBpamnarean. Kaxkabli ©W3 BOAHOBOIOB
IIOACTPauBaeTCd C IIOMOLIBI0 (ha3oBpalaTeAs TAKUM o0pa3oM, 4TOOBI (pasbl BCEX BOAH,
UAYILIUX OT OTAEABHBIX H3AydaTeAeli, COBIIaIaAd B TOYKE (POKYCHUPOBKH.

Ha Puc. 146 mokasaHo cdepHdeckoe pasMellleHHe H3AydaTeAedl Ha BepxHed u
HIKHEHR IoAycdepax KopIlyca, KOTOPBbIH MOKET OTKPbIBAThCS, OAS pa3MelleHHd BHYTPHU
HEro AaTYMKOB, M PAa3AMYHBIX OOBEKTOB. HaMM HCIIOAB30BaACs ITAACTHKOBBIH KOPIIyC,
KOTOPBIH IOTIOAHUTEABHO 3KPaHUPOBAACH HECKOABKHMMH CAOSIMH aAIOMHUHHEBOH poabru. B
IIOCAEAYIOIIEM, ObIA TIPUMEHEH ITPUHIINI «<MaTPELIK», U qobaBaeHa BTopasa cepudecKas
IOBEPXHOCTDb, YCUAUBAIONIAd KBa3U-MOHOIIOAB, Puic.146.
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[IBa cdepuyecKUxX CAOd, IIPU CHHXPOHHOI paboTe BCEX H3AyYATEACH, IOAXKHBI
co3zaBaThk 0oaee MOIIHBIN 3PPEKT «CXOAAIIeHCS I3AeKTPOMATHHUTHON BOAHBI», KaK ITHCaA
YepHOOPOB.
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O 20 ' - '
ABE BTG RERDE KOHCTPYKUMUA BE3 m"ﬂc
3KPAHUPOBKU 3KPAHOM

Puc. 146. Cdepudeckuii KOpIyc U U3AydaTeAn B aabopaTopun Ppoaona, 2003 ron.

[pyruMmu caoBaMH, 3TOT MeTon obecriednBaeT 00Aee CHABHOE AOKAaAbHOE M3MeHEeHUe
IIAOTHOCTU 3(pHpa B LIEHTPAABHOH obaacTu cdepuyeckKux oboasodyek. OTMETHM, YTO [0
Hamrei#i coBmecTHO# pabotwl, YepHOOpPOB B.A. He paccmaTpuBaa 3PUPOAUHAMUKY, KakK
OpUYUHBEI HabAomaeMbIX 3ddekToB. [loHuMaHHe 3(PUPHOM NOPUPOABI XPOHAABHBIX
appeKTOB maeT OoAbLINE ITEPCHEKTHUBBI PA3BUTUS TEXHOAOTUU YIIPaBAE€HHsS CBOHCTBaMU
IIPOCTPAHCTBA — BPEMEHH, KaK B IIEAdX CO3JaHUS ABUXKYILIEH CHAbI, TaK U B JAPYTUX
acleKTax.

Puc. 147. [IByxcaofiHag KoHCTpyKIus. Poto ¢ KoHMepeHnun «MammuHa Bpemenn» 2003 rog.

OTMeTuM, 4YTO pas3BHUTHE IIpoeKTa B KoMaHze B.A. YepHOOpPOB aKTHBHO
IIPOAOAXKAETCS, B 3KCIEPHUMEHTAX y4acTBYIOT 4aeHbI ero rpynnbsl «+KOCMOIIOHMCK». Ha
Puc.148 moka3aHa 6Goablllag KOHCTPYKIIHS, pasMepbl KOTOPOH ITO3BOASIIOT PACIIOAOKUTH
BHYTPU Hee YeAOBeKa. PsaIoM C 9KCIepruMeHTaABHOH yCTAHOBKOM Ha (poTorpaduu CTOUT
4YeAOBEK B 3alIuTHOM ckadauzape. ApropureT B.A. YepHOOpPOB, B MOaHHOH o0AaCTU
HCCAEIOBAHUM, HE MOAEKUT COMHEHHUI0. MBI TTO3HAKOMUAHUCEH B 1996, Ha KOH(pepeHIUH B
Caukr — [lerepOypre, 1 3T0 IPUBEAO K HAYAAy IIPOTPAMMBI MHOTOAETHHX HCCAEIOBAaHUM,
KOHCTPYHPOBaHUA U HCHbITaHUU. O pe3yabTaTax 3THX 3KCIEPHMEHTOB YHUTATEAb MOXKET
npoyuTaTk B KHHrax B.A. YepHoOpoB. K coxkaseHUIO, (PpUHAHCUPOBAHHE 0 AAHHOH
nporpamMmMe OBIAO OTPAaHHYEHO, U MBI €€ pPEaAHu30BaAM MHHHMaAbHO. lMeeT cMbIcA
NIPEOAOKUTD IIyTH Pa3BUTHA NAHHOM TEXHOAOTHH, U HOBBIE KOHCTPYKTHBHBIEC DEIICHHS.
BoaMozxkHO, 3Ta HHGOpMaIusa 3aUHTEPECYET UHBECTOPOB.
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Puc. 148. Oxna u3 KoHCTpyKUuH B.A. YepHOOPOB Ha ITOAEBBIX UCIIBITAHUIX.

[I[pakTUyeckoe TIIpUMEHEHHNE [OaHHOH TEeXHOAOTHMH, KaK MeToJa BAWGHUA Ha
CBOMCTBa pPa3sAWYHBIX MaTEPHUAAOB, CKOPOCTDb ITPOTEKAHUSA (PU3HMUYECKUX U OMOAOTMYECKHUX
IIPOIIECCOB, a TaKxKe XHUMHUYECKHX peakIHud, BKAloOYaeT B cebd BO3MOKHOCTH
[e3aKTUBAIIUN PAIUOAKTHUBHO 3apPaskeHHON MECTHOCTH U OOBEKTOB. MBI OXKHUIAAN TaKKe
IIOAYYUTH OKCIIEPUMEHTaAbHbIE [QOKAa3aTeAbCTBA TEOPHUH XPOHOAWHAMUKH, TO €CTh,
HEKOTOpble AaHTHUrPpaBUTAIIMOHHBIE d¢deKkTsl, HO, B aKcrnepumeHntax 2003 rona,
3HAYHUTEABHOTO MU3MEHEHUs Beca ITPOOHBIX TeA He ObIA0 OOHaPYzKEHO.

PaccmoTpuM myTH pa3BUTHS IIpefsaraeMoyd KOHCTPYKIIUMU YCTPOUCTBA, CIIOCOOHOIO
II0AyYaTh yIIpaBAeMble U3MEHEHHS CBOHUCTB 3(pUPHOM cpenbl (IIPOCTPAHCTBA — BPEMEHH).
B mpyrom BapuaHTe peasn3alnuu ycTpodcTtbBa, Puc.149, nmokazaH BapHaHT BOIAOIIECHUHI
mpegaaraeMoro criocoba B BHE C(PEPHUECKOr0 SAEKTPHUYECKOTO KOHIEHCATopa C TpeMs
oOKAaKaMHU, KaxKaas M3 KOTOPBIX IMOAKAIOYAETCHd K BBIXOAY TpexX(pa3Horo reHeparopa
UMIIYABCOB.

TPU COEPUYECKMUX KOHAEHCATOPA

TPEX®A3HBIN PA3ZIENEHHBIX AU3NEKTPUKOM

/ / { | ncTounmk
BbICOKOTO

HATIPSKEHUSA

Puc. 149. TpexdasHueiii chepudecKuil KOHIEHCATOP.

Cob6CTBEHHO, He TakK JaBHO, Hallla IIMBHAM3AIIUS CTAaAd HCIIOAB30BaTh TpexdasHbIe
TOKH, KOTOpPBIE O4YeHb yHOOHBI [OAS CO3[AaHUSA BpAIEeHHS pPOTOpPa IAEKTPOMATHUTHBIX
MoTopoB. [IpemaaraemMas KOHCTPYKIHMSA TpexdaszHoro (MHOrodgasHoro) KOHAeHcaTopa
co3faeT He BpallleHHe, a CXOASIIYIOCH HMAM PaCXOASINYIOCS BOAHY ITAOTHOCTH SHEPTHHU B
OKpyzKarllei cpene, IIpUYeM, KakK BHYTPH, TaK MU CHApPyKU TaKOro Tpexdas3HOoro
o0BeMHOTO KOHAeHcaTopa. B maHHOM caydae, 3peKT H3MEHEHHs IIAOTHOCTH 3upa
co3maercs 0€3 OTHEABHBIX OSAEKTPOMATHUTHBIX H3AydaTeseii. [laHHBIM IIPUHIIUN He
OTHOCHUTCS K 00AaCTH MOJEANPOBAHUS MATHUTHOTO KBA3UMOHOIIOAS.
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[Tpu TakoM MeToze, He TpebyeTcss HACTPOMKA OTAEABLHBIX HCTOYHUKOB BOAH IAS
paboThl B CHH(pA3HOM peRKUMe, YTO ODecIliedruBaeT HaZeKHOCTH paboThl yCTPOMCTBA IO
CpaBHEHUIO C KBa3uUMOHOIoAeM. Kpome Toro, mpoIleccel 3apsga U paspsaa
MHOTOCAOHMHOTO CPEePUIECKOT0 SAEKTPHUIECKOro KOHAeHcaTopa TpeOyIoT HaMHOIO MEHBIIIe
SHEPTrHuM, YeM CO3JAaHHE MOIIHOIO MATHUTHOTO IIOAS TOKaMH [POBOOUMOCTH, B
KOHCTPYKIIHUH «(KBA3HMOHOIIOASI).

[TockoABKY 3(PEKTUBHOCTH IIOMOOHBIX CHCTEM HEIOCPENCTBEHHO 3aBUCHT OT
YacTOTbI M BEAHYHHBI H3MEHEHUH IIAOTHOCTH OSHEPrMH B IIPOCTPAHCTBE, TO MBI
IIpegaaraeM B CAEAyIOIIEM BepCHH peaAus3alluyd [OaHHOTO YCTPOMCTBA IIPUMEHUTH
IIAa3MeHHbIE 000AOYKH BMECTO AEKTPOMATHUTHBIX PA00YHUX TOBEPXHOCTEH, YTO TO3BOAUT
3HAYUTEABHO ITOBBICUTDH YAEAbHBIE XapaKTEePHUCTHUKH yCTPOHCTBA. [IAS 3TOro AOCTATOYHO,
4TO0BI cdepudecKre OOKAaIKH MHOTOCAOMHOTO KOHAEHCATopa OBIAM IIOMEIEeHLI B
ra3oBYIO Cpeay, U BBIIIOAHEHBI B BUI€ CETOYHBIX 3A€KTPOAOB, KaK oka3aHo Ha Puc.150.

— TPU CETOYHbIX

COEPUYECKMMN SNEKTPOOA

KoPnyc

WOHU3UPYEMASA
FA30BAA CPEAA

TPEX®A3HbI UCTOYHUK
MUTAHWUA SNEKTPOL 0B

Puc. 150. CxeMa pacrioA0KeHHUs TPEX CETOYHBIX 3AEKTPOIOB B IIPOCTPAHCTBE MEKY BHEIIIHUM U BHYTPEHHUM
KOpPIIycOM cpepudecKoii (hOpMEI.

[Tpu 5TOM, BOAHA IAOTHOCTH SHEPTHH CO3aeTCd B ra30BOH IAaa3Me, BO30yzKaaeMoH
ITIOCAOMHO HECKOABKHMH CETOYHBIMH C(PEPHUYECKHUMU ODAEKTPOMAAMH, PACIIOAOKEHHBIMH B
IIPOCTPAHCTBE MEXKAy BHYTPEHHUM M BHENIHHUM KoprycoM. Takum oOpasoM, HJaHHBIH
BapUaHT peaAu3alllH YCTPOHCTBa MOXKHO OTHECTH K CrIoco0aM MaHUIIYAHPOBaHUS
IIAa3MOHM.

H3roroBaeHHE SKCIIEPUMEHTAABHBIX YCTPOMCTB MOaHHOIO THIA IeAecooOpa3Ho
OpraHHu30BaTh Ha 3aBoe, pa3pabaThIBAIONINM M IIPOU3BOALAIINM SA€KTPOHHO-BAKyyMHBIE
mpubopsl. OCOGEHHOCTD ITpeaAsaraeMoi KOHCTPYKIIMH — cepudeckasd popMa Kopiyca U
SAEKTPOIHBIX CETOK. [a30BOoe HAIIOAHEHHE TaKOH KOHCTPYKIIMH, B 00AACTH MEXKIY
chepHrIeCKUMH KOPIIyCaMH, MOAXKHO O0€CHeYUTh CO3/IaHMe HMOHH3aIluU I'a30BOM Cpebl,
IIPU MUHHMAaABHBIX 3aTpaTax dHepPruu Ha ee Bo30yKIeHUeE.

Tpexdas3HbIif UCTOYHUK ITUTAHUS JOAYKEH CO30AaTh ITIOCAENOBATEABHOE BO30YyKIEHHE
CAOEB TIAAQ3MbI, H OTO O0ECHeYUT BOAHY IIAOTHOCTH OJHEPrUH, KOTOpas MOKET
pacupocTpaHaThCd KaK 10 HallpaBA€HHIO BHYTPb K IIEHTPY YCTpPoHCTBa (CXOASIIYIOCS),
TaK U I10 HaIIpaBAEHUIO HapyKy OT LIEHTPAa YCTPOUCTBA (pacXoAsIIyocs).

[IpenaosKeHHBIM MHOM NPHHIIUI H3MEHEHMS IIAOTHOCTH 3(PUPHOM cpenpl HyKEH
nAad (bopMHpPOBaHUA TaK Ha3bIBA€MOTO «XPOHAABHOIO 3apsaar. [lasee, B KOHCTPYKIIMU
MalIuHBI BpPEMEHHE HeOOXOAHMMO O00ecrHedyuTh MOBUXKEHHE 3apsga, 4YTO COo34acT
«XPOHAABHOE TI0A€» M «XPOHAABHBIH TpaaueHT», IIePEMEIIAIONME MaTepHuasbHble O0BEKTHI
BO BpeMEHHU.

Cdepuyeckre TpexCAOHWHbIE KOHCTPYKIIMHM MOTYT OKa3aTbCsS CAHIIIKOM CAOKHBIMH
IOAS peaAus3alluM, II0 CPaBHEHUIO C TETPadApHYEeCKHMH KOHIIEHTpaTopamu. TeTpasap
SIBAFETCS IIPOCTEUIINM 3A€MEHTOB TPEXMEPHOI0 HNPOCTPAHCTBA, KAK Mbl pacCMaTpPHUBaAU
paHee.
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KoHCTpyKIIMSI TakKOro KOHIIEHTPATOpPa BBITASAUT KaK COBOKYIIHOCTb YeTBIPEX
U3AydaTeAell  IIPOZIOABHBIX BOAH, PACIIOAOKEHHBIX B BepUIMHAX TeTpa’sapa U
HaIIpaBAEHHBIX K €ro IIeHTPy. Bmecro karymiek YepHOOpoBa AOCTATOYHO HCIIOAB30BATH
ATOOOM H3AyYaTeAb IIPOAOABHBIX BOAH. PasyMmeeTcss, Bce dYeTbIpe H3AyYaTEAS [JOAMKHBI
co3aBaTh UMIIYABChI CHHXPOHHO.

HeckoabKO CAOB HEOOXOAMMO CKas3aTh O CaMOM HIee HCIIOAb30BAaHUS ITPOIOABHBIX
BOAH [Ad LEACHAIIPABACHHOIO YIIPAaBAGEMOI'O H3MEHEHHd CBOMCTB IIPOCTPAHCTBA-
BpemeHHU. [epbepr ¥Yasaac mmcaa B cBoeM pomaHe «MallmHa BpeMEHH» O HeKoH
MEXaHHUYECKON KOHCTPYKIIMU, HO 4 IIpPeAriocararo, 4To IIOAHOE IIOHMMaHHE €ro HAEH Haldo
HCKaThb IIyTeM o0o0IIeHNs TeXHUYeCKux nerasedl (paHTacTHYeCKUX KOHCTPYKIIUH,
KOTOpBbIE OH OIIMCaA BO BceX CBoMX Nybamkaiuax. Hampumep, ycTpo#cTBO, cosmaroliee
HEBHUMOCTb OOBEKTOB, OITMCAHO YJAACOM B apyroM pomaHe. OHHM IIHIIET O «IBYX
U3AYYAIONIUX IIEHTPaxX», MEXAY KOTOPBIMU IIOMellaeTcss OOBeKT. BaxKHO OTMETUTh, 4TO
3TO0 He-I'eplieBCKUE BOAHBI, KaK ITHIIET Y3AAC.

B ero BpemeHa, Tak Ha3blBaAH IIPOJIOABHBIE BOAHBI B 3(UpHOH cpenme. IOToH
TEPMUHOAOTHEH TakKxKe Ioab3oBascad Tecaa. Mcxoms UX 3THUX MPEAIIOAOKEHUM, MOKHO
CKas3aTb, UTO €Ille YDAAC TIPEIAOKHA HCIIOAB30BATh HECKOABKO H3AyYaTeAed IPOOOABHBIX
BOAH A9 CO30aHUS HEBHIAMMOCTH, W HU3MEHEHHd OOBIYHBIX CBOMCTB IIPOCTPAHCTBA-
BpeMeHH. [lo-MoeMy, OH HAEI0 MalluHbI BPEMEHU IIOMECTHA B OOHY KHUIY, a CEKpPET ee
KOHCTPYKIIMHM PacKphIA B APYTroil KHUTE.

[anee, GOABIIYI0O POAb B KOHCTPYKIIMSX, ITOKAa3aHHBIX Ha Puc.147 u Puc. 148,
urpaet popmMa UMITyAbca BO30YKAEHUs, KPyTH3HA ero ppoHTa U criaga. CHMMeTpUYHbIe
BOAHBI, HaIIpUMep, CHHYCOUIAABHBIE, CO3MAal0T BHUOpanuu 3(pUpHOH cpenbl, HO He
repegaroT OJHOHAIIPABACHHBIH UMITYABC OKpPY2KaroIleil 9apUpHOH cpeae. ITOT acleKT ObIA
paHee PacCMOTPEH B rAaBe IIPO HWHEPLIMOHAbI, B KOTOPBIX ABHXKEHHE CO30a€TCHd 3a CYET
acCHMMeETpHUH HMIOyAbca. lIpHHIHNI aCHMMETPHYHOIO IHMKAA CXKaTHUd — pPaCHIupeHUud
pabouero Teaa «3(pUPHOIO HACOCA» AHAAOTHYEH MNPUHIMILy paboTbl TAKOr0 HHEPILHMOWAA:
HMIIYABC, TIEpeiaBaeMbIi BOAHOM OKpYy’KarolleH cpese B (pase paciInpeHud Cpeabl, MOXKeT
OBITH He paBeH HUMIIYABCY, IlepegaBaeMoi BOAHOM cpene IIPH ee CKaThH, UAU HaobopoT. B
pe3yabTare, ymnpyrad 3guUpHad cpena B ILEHTpe ycTpoiicTBa Oyaer AMOO CKUMAaTbCH
(YIAOTHATBCS) MAM PACIIUPATHCS (IIOHHUKATH IIAOTHOCTB). [lass obaacTH HIpOCTpPaHCTBA
CHapyXu «3(PHUPHOTO HAaCOCa», MOOAKEH MPOIABAATHCH 3(P(EeKT KOMIIEHCAIIMH: CXKaTue
cpeapl BHYTPHU YCTPOMCTBa CO34aeT SKBUBAACHTHOE pPaCTAXKEHHE CpPeabl CHApPyXKH, U
Ha00O0POT.

[aHHasg KOHCTPYKIIHS «3(PHUPHOTO Hacoca» II03BOASET CO34aBaTh IIPOAOALHBIE
BOAHBI ATOOOH hopMBI B Ha3Ha4deHUd. PaHee, B raaBe O CTPYKType IMOTEHIIMAABHOTO IIOAS,
9AEKTPUYECKOTO HAM TPaBUTAIIMOHHOIO, Mbl ITPEAIIOAOXKHAH, UTO IIOTEHIIMAABLHBIE II0AS
IIPECTAaBAIIOT COOOM ABa B3aMMOKOMIIEHCHPYIOIIMXCA IIpollecca: POTOH U aHTU(OTOH.
AuTHQOTOH mpencTaBadgeTCd KaK (POTOH, CYIIECTBYIOIIHH B APYrOM HAIIPABAEHHH OCH
BpeMeHH, u3 OyayIero B mpolraoe. «PeBepcupoBaHre BpeMEHI» A POTOHA HE O3HAYAEeT
4TO-TO HEOOBIYHOE, 3TO TaKasl K€ IIPOMOABHAsl BOAHA ITAOTHOCTH 3(PUPHOM cpenbl, XOTsd
cBo¥icTBa (POTOHA MEHSIOTCH Ha IIPOTHUBOIIOAOXKHBIE. B uem pasnuinia? C TexXHUYECKOM
TOYKHU 3PEHHUS, B «3I(OUPHOM HaCoCe» IMPOIECC U3AYIEHUS IPOAOABHOH BOAHBI MOIKET OBITH
CO3[aH IPU TAaKHUX OOBEMHBIX IIYABCAIIUSX ITAOTHOCTH 3HEPTHUH, KOTOPBIE «OTTAAKHBAIOT
3(pUPHYIO Cpeay» OT UCTOYHHKA. DTOT MPOIIECC U3AYIEHUS MBI Ha3bIBaeM «(pOTOHAMU», OH
COOTBETCTBYET BOAHAM C KPYTBIM (PPOHTOM U HAABHBIM craaoMm. OOpaTHBIH IIpoliecc, TO
€CTh, MEIACHHOEe OO0BEeMHOEe «pacCIIupeHHe» H ObICTpoe «cXKaTue» OyaeT CTIruBaTh
OKPY3KaIOIIyI0 cpeay B o0AaCTh myAbcaruii. [Toaararo, 4To 3TO U €CTh «aHTH(OTOHEI».

[ToMrMO OOBEMHBIX ITyABCAIIMH, CYIIECTBYET MHOTO METOIOB CO3MaHUSA obaacrei
aupa IOBBIIIEHHOH HWAM IIOHMXKEHHOH IIAOTHOCTH, BKAIOYAd MCIIOAB30BaHHE 3aKOHAa
BepHyaan 0 TTOAHOM [1aBA€HUH IIOTOKA.
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Co3maBasi yBeAMYE€HHE CKOPOCTH IIOTOKA B BHXPEBOM IIPOIIECCE, HU3MEHSd €ro
OUHaAMHUYEeCKOe JaBA€HUE, Mbl YMEHBIIIaeM CTaTH4YEeCKOe OaBA€HUHe cpenabl. PaccmoTpum
WHTEPECHYIO SAEKTPOMArHUTHYIO KOHCTPYKIIMIO, CO3JAIOIIyI0 BHXPEBOM IIpollecc B
apupHOHU cpese.

B moei#t momaiHeil aaboparopuu, B CaHkr-IlerepOypre, eme B 1991-1995 ropax,
ObIAM ITPOBENEHBbI HCCA€IOBAHUS II0 AaHHOM TeMme. l3MeHeHHe mapaMeTpoB 3(UpHOH
cpenpl IIPOU3BOAMAOCEH C IIOMOIIBI0O KOHCTPYKIIUH, KOTOpasi Ha3blBaeTCs «MHOT'OCAOMHBIN
coneHOU». ABTOp [OAHHOM HOEHW IPOCHA He yIOMHHaTh ero. CoaeHOHZ HeE COBCEM
OOBIYHBIN, TpebyeTcs BBIIIOAHHTH HECKOABKO CAO€B HAaMOTKH IIpoBoAa IIO CXEMe,
nokazaHHo#i Ha Puc.151, um 3areM, MOKHO OXKUIAATH IIOAYYE€HHE HWHTEPECHEWIIINX
3(pPeKTOB, IPU IOCTOTHHOM HAH UMIIyABCHOM IUTAHHUU KATyIIIKH.

Kaskapiii caofi HAMOTKU HAYMHAETCS C TOYKU Ha Kpalo (TOpPILie) COACHOHU A, IIPUYIEM,
TOYKM HadaAaa CAOEB CMEIIEHBI OTHOCHTEABRHO APYT Apyra. Hampumep, IAs IIECTH CAOEB,
CMellleHHe Hadara Kakoil oOMOTKH Hamo aeaath Ha 30 rpamycoB.

\\\\\\\\ DN

(

Puc.151. MHOroCAOHMHBIN COAEHOUT.

HauynHasa HaMOTKy caod B TOYKe A, HaJO0 €€ 3aKaHYUBaTh B TOYKe B, cMmemnieHHON
Ha 30 rpaaycoB OTHOCHUTEABHO TOYKM Hadaaa. 3aTeM, HaJ0 BEPHYTBHCH IIO0 IPAMOM, HO B
TouKy C, CMelIeHHyI0 OoTHOCuTeAbHO To4dKU A Ha 30 rpaxaycoB. [lasee, HaMoTaTb BTOPOU
CAOM U 3aKOHYHUTH €r0o B ToUKe D, BepHyThCs 110 IpsiMOM B ToUuKy E, 1 Tak naaee...

BraroyeHrne TOKa (HMIIyABC) BBI3BIBAeT 3(P@EKT «BpalleHUd 3(PUpar», MOCKOABKY
(PPOHT HMIIyABCA IIOCAEIOBATEABHO «IIpOOeraeT» CAOH, ABUTAdACH BIOAb OCH COACHOHZA.
Kaskaprii caoéf HaYWMHAETCS C APYTOH «TOYKU BXO/Ia», YTO U CO3/aeT «3(P(PEeKT BpallleHUs»
adpupHO# cpenpl. CAOM HMEIOT TaKXKe Pa3HbId AuaMeTp, UTO CO3[aeT Takxke «dPdeKT
CKATHUS» UAU «IPPEKT pacIiIupeHus» 3(PUPHOH Cpenbl, B 3aBUCHMOCTH OT HAIIPaBACHUS
TOKa B IIpoBoze. B cymme, adpdeKkTbl co3maroT BUXPEBOHM IIpoliecc B 3(pHUpPHOU cpene,
BHYTPU U CHaApPyKH TAKOT'0 MHOTOCAOMHOTO COA€HOHA.

B maHHBIX 5KCIIEpUMEHTaX, ObIAM OTMEYeHBbI MOIIHBbIE XPOHAAbHbIE 3(P(EKTHI, B
TOM 4YHCAE€, YCKOPEHHE U 3aMeIA€HHE TEeMIIOB KOAe0ATEeABHBIX IITPOIIECCOB BHYTPH
COAGHOH/IA U CHapYKU, BOAU3H COACHOHA.

HWTak, OSKCIIEpHUMEHTAAbHbIE HCCAENOBAHUA I10 KOHCTPYHPOBAHHUIO «MAallllH
BpeMEeHHN» HaXOOUTCSI B caMOM Hadase. MBI SICHO IIpeacTaBaseM cebe (Uu3nYecKue
IIPUHITUIIBI paboThl YCTPOUCTB, KOTOPbIE MOIYT 3HAYUTEABHO U3MEHUTH IIAOTHOCTH 3Hupa
B 3aJaHHOH 00AaCTH IIPOCTPAHCTBA, M TaKUM 00pa3oM BAUATH Ha TEMIIOpPaAbHbBIE
XapaKTEePUCTUKN (PU3NYIECKUX ITPOIIECCOB.
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HOAy‘-IeHHBIe cerogH4d MHHHMaABHBIE pPeE3yABTaATHI IIO3BOALAIOT CIEAATH
IIOAOXKUTEABHBINM BBIBOI, O pa6OTOCHOCO6HOCTI/I ImpeagsaaracemMoro criocoba ¥ BO3MOIXKHOCTH
€TI0 IIPaKTUYIECKOr'o IIPUMEHECHHA.

[ToMMMO 5SA€KTPOMArHUTHBLIX SBA€HHM, B KadeCTBe MeXaHHU3Ma VIIPaBACHUS
IIAOTHOCTBIO 3(pUpa MOTYT HIPUMEHSTHCS AIOObIe HeoOpaTHMbIE IMIPOIIECChI, HAYIIHE C
H3MEeHEeHHEeM SHTPOIHuH. B KayecTBe HEOOpaATHMOIO IIpoIlecca, MOTYT OBITH MCIIOAB30BAHBI
dazoBble Iepexoasl AF0OOTO BEIIECTBA, HAIIPUMEDP, U3 TBEPAOIO B JKHUIKOE COCTOSHHUE, UAU
obpaTHbIe HPOLECCHl KPHUCTAAAHU3AIIMU. B oTAMYHE OT 3A€KTPOMATHUTHBIX METOIOB, B
TAKHUX YCTPOHUCTBAX HCKAIOUAETCSH BAUSHHUE IACKTPOMATrHUTHBIX IIOAEH Ha MOAaTYUKH U
00BEKTHI, HAXOASIIHECS B 00AaCTH U3MEHEHHOIO COCTOSTHUSA 3(PUPHOM CpebI.

MeToap! paboThl ¢ 3PUPHOH Cpeaoii, KOTOPhIe HAM JIOCTYITHLI, MOTYT HCIIOAB30BaTh
SBA€HUE UWHAYKIIUU. SBA€HHE OSAEKTPOMArHUTHOM UWHAYKIWH, OTKpbIToe Malkaom
dapaneeMm, T[03BOAET HaM CETrOAHA OIIHpaTbCd Ha  MOIB  SAEKTPOMOTOPOB,
TpaHcOPMaTOPOB U APYroii COBPEMEHHOH TeXHUKH. Pa3BHUTHE aHAAOTHYHBIX CIIOCOOOB B
XPOHOAMHAMUKE OTKPBIBAET HOBBIE IIEPCIIEKTHUBBI PAa3BUTUA HAIlIEH ITUBUAU3AIIHHU.

MbI MOXKEM MAQHUPOBATH IKCNEPUMEHMbBL NO «XPOHANLHOU UHOYKYUW», HANpUMED,
J8UIXKEHUEe «XPOHAIBbHO20 3apsada» nopoxoaem nose, a U3MeHeHUe NJIOMHOCMU MmoKa
(XPOHANIbHO20 3apsioar 8 «2eHEepPaAMOPHOM XPOHANLHOM KOHMYype» 00JXKHO UHOYUUPO8AMb
(XPOHAIbHbLE MOKU» 8 «(NPUEMHBIX KOHMYPAXD.

Tok — 3T0 ABUKEHUE 3apPAKEHHOI0 Tead. DAeKTPHUUECKHH TOK MBI IIOHHMaeM Kak
OBUXKEHHE 53ACKTPHUYECKH 3apsK€HHOM 4YacTUIbl MaTepUuU. XPOHAABHBIM TOK MOIKHO
IIpecTaBUTh cebe Kak [OBHXKEHHE XPOHAABHOTO 3apsfa, HO 93TO He [IBHUXKEHHE B
npocTpaHcTBe! OTo U3MeHeHNe 10 BPEMEHH.

OfHOMEPHBIH IIPOIECC H3MEHEHHs CHABI TOKa B OOBIYHOM 3A€KTPOAHMHAMHKE
IIOPOXKJAET SAEKTPOMArHUTHOE II0A€. AHAAOTUYHO, TPEXMEPHBIH IIPOIeCC OOBEMHBIX
H3MEHEHUH IMAOTHOCTHU 3HEPIUU NOAXKEH CO30aBaTh XPOHAABHOE ITOAE.

HOI[ «XPOHAABHBIM 3apdaoM» IIOHHMAETCA AOKaAaABHOE€ HW3MEHEHHE IIAOTHOCTHU
9HEPTHUH, TO €CTb, IIAOTHOCTH 3(PUPHOH cpenpl. [IBHUKEHHEM I[I0 OCH BPEMEHH MOIKHO
CYHUTaTh MPOIlECC OOBEMHOTO H3MEHEHHs IIAOTHOCTH OSHEPTHH. BapuaHTbl OaHHOTO
IIPOIlecca, KOTOPBbIE OMNPENAEATIOT €ro XapaKTEepPUCTUKH, B TOM YHCAE U HalpaBAEHUE
OBUXKEHUS [0 OCH BPEMEHH, MBI yKe paccMmoTpesr. OHO MOXKeT OBITH CHHYCOUIAABHOE,
WA HMETBh CheyualbHble (POpMbL UMNYAbCA, HAnpumep, C KpYmobimM (POHMOM UIU
Kpymoim cnadom. 9Omo 8arKHO 0.1 cozdaHust oOHoHanpagaeHHoU X/IC (xpoHanbHo-
oswkyuietl cunwl).

OueBHUIHO, YTO METOAbl M3MEHEHHs MAOTHOCTHU 3HUpa MOTYT HMETh aHAAOTHU C
aspoarHaMUKONH. 3akoH BepHyaAn MOAKEH BBIIOAHATHCH [OAd 3PUPOAUHAMHUYECKUX
CHUCTEM: IIOAHOE MaBA€HHE Od(dupa paBHO CyYMME CTATHYECKOr0 U JUHaAMHUYECKOI'O
naBaeHuda. CozmaBasi MCKYCCTBEHHBIH IIOTOK O(UpPHOM cpenpl, Mbl YBEAMYHBAEM
AUHAMHUYECKYIO COCTaBASIOIIYI0 €r0 SHEPTrHH, a CTATHYEeCKOE MJAaBACHHE M IIAOTHOCTH
apupHON cCpenbl yMeHbIIaeTcsd. JlaHHBIH IPHHIMUII MOXKHO HCIIOAB30BaTbh [AS
KOHCTPYUPOBaHNA KOCMHYECKHX [ABHKUTEAEH HOBOIO THIIAa, paboTalmlux c 3QupHOH
OKpPYzKaloILlled CpesioH.

B03MOKHO AH «OCTAHOBHTBH BpeMs»? HacTHUIBI MaTepHU BCEraa CYLIECTBYIOT, KaK
3(pupoANHAMUYECKHH IIPOIIECC, OCTAHOBUTE €ro HeAb3s. [Ipoliecc ABHKEHUS BO BPEMEHH,
5TO0 OTHOCHUTEABHBIH IIPOIECC, U, KaK IIPeAIIoAaraeTCs B JAaHHON KOHIEIIIUH, OH CBS3aH C
rAOOAABHBIM IIPOIIECCOM YMEHBIIIEHHS IIAOTHOCTH SHEPTHH 3(PUPHON Cpeabl, HMEOIINM
HEKOTOPYI0O CKOPOCTb yMmeHbIIeHuda dp/dt. [JaHHOe H3MeHEHHE €eCTh OTHOCHTEABLHBIH
rapaMmerp.
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JlomycTuM, dYTO, B TEYEHWH HEKOTOPOTO WHTEpPBasad BPEMEHH, MBI MOXKEM
KOMIIEHCHUPOBATh €CTECTBEHHBIH IIPOIIECC YMEHBIIEHUS IIAOTHOCTH OSHEPrUH Cpensbl,
co3/1aB BHYTPH «pabodeidl 00AacCTH MaUIWHBI BPEMEHH» [IOIMOAHUTEABHBIH IIPOIIECC
YBEAWYEHHS IIAOTHOCTH OHEPTHH. B TOM cAydae, €CAHM HCKYCCTBEHHOE yBEAHYEeHHeE
IIAOTHOCTH SHEPTHU PABHO II0 MOAYAIO €CTECTBEHHOMY YMEHBIIIEHUIO TAOTHOCTH SHEPIHH,
TO MOIKHO CKa3aTb, 4YTO ¢OTHOCHTEABHOE BpeMs OCTAaHOBACHO). Boaee 6rvicTpoe
yBEAHYEHHE IIAOTHOCTH SHEPTHUH CpPenbl, 1aeT OTHOCUTEABHOE «IBHKEHHE B IpoIisoer. [as
co3naHusa 3ddeKTa YCKOPEHHOro ABHIKEHHsS B Oyayllee, Ha/IO0 «IIOMOYb» OKpyzKaroleh
cpeme yMEHBUIATH IIAOTHOCTb JHEPruH. B maHHOM KOHIIENIIWH, HeKOoTopas o00AacTb
IIPOCTPAHCTBA, BKAIOHAIOIIAd B cebsd MaTepHasbHble OOBEKTHI, MOIKET CYIIEeCTBOBATH
ObICTpEe HAM MeIOA€HHee, OTHOCUTEABHO OKOAO3EMHOTO IIPOCTPAHCTBA, HAH IAPYroH
06AaCTH KOCMHYECKOT0 IPOCTPAHCTBA.

B gacTHOM caydae, IIpH paBEeHCTBE BCTPEYHBIX CKOPOCTEH M3MEHEHHS ITAOTHOCTH
SHepruu 3(UPHOH cpenbl, HAOAIOZATEAW, HAXOAAIIHWECHd BHYTPH «MAalllMHbBI BPEMEHM»
CMOTYT BHIETH «OCTAHOBAEHHOE BpeEMsl», KaK «3aCTBIBIINE» B OMHOM TOYKE HA OCH BPEMEHU
IIPOLIECCHI, IIPOUCXOMASIINE B OKPYKAOIIIEM UX MHUPE.

OueBHAHO, YTO MBI HE MOXKEM CO3[aBaTh TEXHUYECKHUMH METOAaMH TAOOaAbHBIE
IIpolleccbl B KOCMHYECKHX Macmrabax, HO Mbl MOXKeM ¢c030amb UMNYJAbCHOe
nosmopsirouieecs: UMeHeHUue NJIOMHOCMU SHepaul cpedsbl, 8 HeKOmopol 02PAHUUEHHOU
obnacmu npocmparHcmea. Mbl TOBOpUM 34eCh «00AACTb IIPOCTPAHCTBA», HAM «pabodas
0o06AacTh MalllMHBI BPEMEHH», VIUTBIBAs, YTO YaCTHIIbI MAaTEPHH, AIOOble OOBEKTHI BHYTPHU
OAHHOM 00AaCTH IIPOCTPAHCTBA, HE €CThb HEYTO OTAeAbHoe OT A3(UPHOM cpennl, a
pe30HaHCHbBIE 3(PUPOAUHAMUYECKHE IIPOIECCHI, CYIIIECTBYIOIHNE B CPeLe.

BapranTbl KOHCTPYKIMH «MAalllMH BPEMEHH» MOTYT OBITH pas3Hble, HO y HHUX €CTb
HeuTo oOmiee. Bce OHM [OOAXKHBI, KaKUM-TO TEXHHYECKHM METOIOM, VIIPABASATH
cocTossHHUEM 3(PUPHOM Cpepl, B 3a1aHHOM 00beMe IIPOCTpaHCcTBa. BapuaHTbl BO3MOKHOTO
3aAMKHYMO20 06bema NPoCmMpaHcmaa U3BECTHBI: OHH MOTYT UMEThb C(hepUdecKyo opMmy,
anbo opmy Toporaa. O TOPOUIAABHOM IIPOCTPAHCTBE HEOOXOAUMO 3ayMaThCS B CBSA3U C
TeM, 4TO 3Ta (popMa €CTh IAEMEHTApPHOE YeTbIPEXMEpPHOE IIPOCTPAHCTBO, obpasyemoe
TPEXMEPHBIM IIAPOM B ABHXKEHHH. VIMEHHO B HEM BO3MOXKHO CO3[aTh «COOCTBEHHOE
BpeMsI», U JayKe COOCTBEHHYIO ITPSIMYIO AUHHIO, BIOAb KOTOPOI OYAET PacIipoOCTPaHSIThCS
AyY CBeTa.

Cy1iecTByeT UHTEPECHOE SIBAE€HHE, KOTOpPOEe HAa3bIBAIOT «KoAblla JiHmITeliHar. CyTh
SKCIIEpUMEHTa IIPOCTasi: 0 KacaTeAbHON AMHWH, HallpaBA€HHOH K OGOKOBOI ITOBEPXHOCTHU
OBICTPO BpAIIIAIOIIETOCHd CBHHIIOBOIO KOHYCa, HAIIPaBASIOT Ay4Y cBeTa. Ilocae HEKOTOPOTO
BpPEMEHH, HCTOYHHK CBeTa BBIKAIOYAIOT, KOHYC OCTAaHABAMBAIOT, W yOUPAIOT C ITOTO
Mmecta. IIpu 3TOM, B IIPOCTPAHCTBE Ha TOM K€ MECT€ OCTaeTcda KOAbLO cBeTal! [laHHOE
«KOABIIO» MOXKET CYIIECTBOBATb MOAUTEABHOE BpPEMs, HO OHO MOXKET OBbITh pa3pyLIeHO
BHEIIHUMH BO3AEHCTBUSIMH, HAIIpUMeEP, MAarHUTHBIM IToAeM. K coxkaseHHIo, HE MOTY OaTh
YUTATEAI0 CCBIAKM Ha JOKyMEHTaABHOE IIOATBepKAeHHe maHHoro sdgdekra. OObICHEHNE
IIPOUCXOMSIIETO OYEBH/IHO: BOKPYTI BpAallaIOIerocss MaCCHUBHOTO TeAa (QOpMHUPYyETCs
3aMKHYTBIH 3(PUPHBIH IOTOK, B KOTOPOM IUPKYAHPYIOT (POTOHBI. PaKTHUECKHU, AaHHAad
00AacTh MOPOCTPAHCTBA HMEET CBOIO «MUPOBYIO MNPAMYIO AWMHHUIO» BIOOABL OCH TOPOHAA,
IIOCKOABKY AyY CBe€Ta BCErJa pPacIpoCTpaHdeTCd II0 IpaMoM. OTO CaMOCTOSTEABHOE
IIPOCTPAHCTBO — BPEMS, ITapaMeTPhbl KOTOPOI'O MBI MOXKEM MOIEAHUPOBATE.

AnHansorugHble 3(p(PeKThI «3aKpyINBaHULA d3(pHpar» B TOPOUOAABHOE CaAMOCTOSTEABHOE
IIPOCTPAHCTBO — BpeMs co3maeT 3a cueT «3dpdekTa (PopMbI» AloDasi macCuBHasg 3(HUPO-
oTpazkaTeAbHasi KOHCTPYKIIHs, IPUMePbl KOTOPBIX OBIAM PACCMOTPEHBI B rAaBe 0 paborax
KoselpeBa, BeliHuka, [lonoHoBa U APyrux aBTOopoB. [loaararo, dYTO HMMEHHO B 3TOM
HallpaBAGHHUH Hauboaee IIEPCIIEKTUBHO BECTH IIPaKTHYECKHe HccAaenoBaHus. [laaee,
PacCMOTPHM  KOHIIEHIIIUIO TEAEIIOPTAllM, KaK IIE€PCIEKTHBHOIO MeETOJa CO3aaHHud
IepeMeIleHHU B IIPOCTPAHCTBE.
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KoH1uenmusa Teaenopraiiu

Teaemopraiina He TpeOyeT HaAWYUSA [OBUKUTEAd, 3TO IIPUHIIUIIMAABHO OPYTOH
Memo0 pabombl ¢ CAMUMU NPOCMPAHCMBOM - 8pemeHem, ¢ IPUPHOH Cpenoi, B KOTOPOi
OpraHu3yeTCsl U3MEHEHHE MeCTa ITOAOKEHHSI MaTepPHUaAbHBIX 00BEKTOB.

Teaenoprarimeif Ha3bIBAIOT «MTHOBEHHBIM IIE€PEHOC» MaTe€pPHAABHBIX OOBEKTOB H3
omHoro Mecra B apyroe. TepmuH BBea nucateab Yapab3s Popr B 1931 romy. [daHHoe
oIIpeieAeHHEe He COBCEM KOPPEKTHO, XOTd C TOYKH 3PEHUS HaOAIOAATEAd IEAO OOCTOUT
MMEHHO TaK: OOBEKT CYILECTBYeT Ha OLHOM PACCTOSIHHUHM OT HEro, HO MO3KeT MT'HOBEHHO
oKa3zaThCd Ha [OPYrOM pacCTOSHUU OT Halbaiogatead. IIpm oToM, IIpoliecCc ABUKEHUS
3arpatr sHepruu He TpebyeT! C TOYKH 3pEHHS 34PAaBOTO CMBICAA TAKO€ HEBO3MOIXKHO, U
ecAn OOBEKT MMeeT MaccCy, TO €ro ABUXKEHHE B IIPOCTPAHCTBe, a TeM Ooaee, ObICTpoe
OBUKEHHE W3 ONHOM TOYKH B APYTYIO, MOAXKHO IIPOUCXOAUTH C OOABIIMMH 3aTpaTaMH
9HEPTHH Ha YCKOPEHHE U BBIIEACHHEM SHEPruu IIpu TopMoxkeHuH. OcTaeTcs MOILyCTHUTH
IIPEAIIOAOKEHUE O TOM, YTO ABUIKEHUS B IIPOCTPAHCTBE IIPU TEAEIOpTAIlU BOOOIIe HET, a
00BEKT MOXKeT OBITh HMAHM B OJHOM MECTe€ IIPOCTPAHCTBAa, HAH B OPYIOM MeCTe
POCTPAHCTBA MOTOMY, YTO OH MoxKem Obimb 8 08YX Mecmax O00HO8PEMEHHO, HeOd0.J120,
xomst 6bL 8 MOMEHM «MEeNEeNOPMAYUOHHO20 Nepexooar.

CrpaHHass MBICAB O TOM, YTO OOUH MATEPHAABHBIM OOBEKT MOXKET OBITH Cpasy B
OBYX MeCTax, HMeeT CBoe O0OCHOBaHWe. l3BecTeH IpuMep H3 KBAHTOBOH (PU3UKU:
BOAHOBBIE CBOMCTBA 9AEKTPOHA H3yYalOT B AKCIIEPUMEHTE C IIPOXOKIAECHUEM SAEKTPOHA
Jepes MIperpaay, B KOTOPOM caeAaaHbl ABe HieAd. [AudpaKkiiusa 3AeKTPOHA XOPOIII0 U3ydeHa
U IOATBEPKIAET KOHIIEITHIO BOAHOBBIX CBOMCTB MAaTEPUHU B IIEAOM.

DAEKTPOH, KaK YacTHIla MATEPUU HE MOKET IIPOXOAUTDH Yepe3 ABE IIIEAHU B TBEPAOH
perpame. JAEKTPOH, KaK BOAHA, MOXKET 3TO cAeAaTb. AHaaor 3Toro 3dderTa, Oad
000Cco0AEHHOM 00AaCTH MPOCTPAHCTBA, U ECTh TEAEIIOPTAIIUS.

C dakramMu TeAeropTanuy CBA3aHbl TaKWe HaOAIOZIEHHsS, KOTOPbIE OTHOCSTCS K
XPOHAABHBIM SIBACHUSIM, & UMEHHO, 3aMeIA€HUEe UAH YCKOPEHHEe TeMIIa X0a BPpeMEHH! IIpU
Teaeriopranu. [loaaras, 4TO 5TO peasbHblEe MOaHHBIE, U MTHOBEHHBIE H3MEHEHHUS
IIOAOXKEHUT OOBEKTOB MOTYT CONPOBOXKAATHCSA 3I(PPEKTOM H3MEHEHUS TeMIla Xoaa
BpE€MEHH, MOXKHO COeAaTb BBIBOL O TOM, 4YTO TEAEIIOpTallksd BCerJga CBs3aHa C
YIPaBASIEMBIMH HAU CIIOHTAHHBIMH HU3MEHEHHUSMH CBOMCTB 3(OPUPHOM cpemdpl, ITo3ToMy 06a
adpdeKrTa IMPOSIBASIIOTCS B Iape. XpoHaAbHbIE 3(P(EeKTbI MOTYT OBITH MaAbl, U HE3aMETHBI,
WAW OBITH [OOCTATOYHO 3aMETHBI, IIPH CPaBHEHHU II0KA3aHUH XPOHOMETPOB IIOCAE
TEeAETIOPTAIlNH, HO CYyTh IBA€HHS 3TO HE MEHSET.

Bompoc mepexozma OT MHpa 93A€MEHTAPHBIX YacCcTHUI[ K COOBITHAM B MHpPE
MaKpOOOBEKTOB TPebyeT MOIIOAHHUTEABHOTO U3yYeHHUSs, HO y3Ke celyac MOXKHO CKa3aTb, UTO
JaHHBIHA BOIPOC OTHOCUTCS K 00AQCTU «ITPUYHMHHON MexaHUKU Ko3bIpeBa», U TEXHHUYECKU
peaausyeTcs IpHU U3MEHEHHH CKOPOCTH XO[a BPEMEHH, IIyTeM YIIPaBACHUS CBOHCTBaAMU
acpupHOY cpenpl. C maHHOM TOYKM 3pPEHHS, CHHUXKEHHE IIPOYHOCTH IIPUYUHHO-
CA€ICTBEHHBIX CBH3€H, IIPOUCXOAMIIEE IIPU YMEHBIIEHHUM CKOPOCTH XOJa BpPEMEHH B
HEKOTOPOM 00AaCTH IIPOCTPAHCTBA, MOAJKHO IIPUBECTH K IIOIBACHHUIO y MAaTe€pPHAABHBIX
00BEKTOB KBAHTOBBIX U BOAHOBBIX CBOMCTB. COOCTBEHHO, B 3TOM U COCTOUT IIpeasaraemast
KOHIIEMIUS TEACIOpTAallMY, KaK BapHaHTa NOPHUMEHEHHsS TEeXHOAOTHH VIIPAaBACHUIMHU
rapaMeTpaMu CyIIeCTBOBAHHS YaCTHIl MaTepHUHU B 3(OUPHOM cpefie.

®aKThI TEACTIOPTAIINH AIOEH OCIIAPUBAIOTCS UAH 3aMaAYHBAIOTCS, XOTd IIPUMEPOB
JOCTaTOYHO MHOTO, U (PEeHOMEH TpedyeT Cepbe3HOTro H3ydeHud. Ha mnepBoM ypoBHE
HCCAEOBAHUM, CAeyeT BBIAEAUTH CAyYaW CIOHTAHHOM TeAElOpTallUH, KOTOPbIE
IIPOUCXOOSIT C  AIOABMH, IIONABIIMMHM B KAaKHE-TO JKCTPEMaAbHbIE  YCAOBHS,
ITPOBOLIUPYIOIIHNE HEOOBIYHYIO aKTUBHOCTD UX IICUXUKH.
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[pyrue caydau, OTHOCAIMECH K yIIpPaBASIEMOMN TEAECIIOPTAlIMH, 3aMEYEHBI Y AIOJEH,
KOTOpbIe 3aHHUMAIOTCS AYXOBHOM MPAKTHUKOM M BOCTOYHBIMH eOUHOOOpCTBaMH. TpeTuit
BapHUaHT: AIOAU MOTYT CAy4YalHO oKa3aThCsd B 00AACTH IIPOCTPAHCTBA, B KOTOPOH yiKe
H3MEHEHBI YCAOBHS CYIIECTBOBAaHUS MaTEPHH, & CKOPOCTBh BCEX IIPOLIECCOB 3aMeIA€HA AU
YCKOpEHA.

Boaee mocTymHBI [ad HCCAENOBaHUM (aKTbl TEAEOpTAllMM B MUpPE KHUBBIX
CyLIECTB, HaIpUMep, B coolIlecTBax MypaBbeB «aTTa». MHOTOKpaATHO IIOBTOPEHHBbIE
SKCIIEPHMEHTBI HE OCTaBALIOT COMHEHHM B TOM, 4YTO OTOT BH/ KHBBIX CYIIECTB CO3IaA
0COOYIO «CHCTEMYy CIIaCeHHs», MTHOBEHHO IIepeMeIllas MypaBbHHYIO MaTKy Ha OECATKHU
METPOB, B CAy4Yae OIIaCHOCTHU €€ KHU3HU.

HTak, Kakue CBOHCTBa peasbHOI'O IIPOCTPAHCTBA — BPEMEHU MOTYT IIO3BOAUTH HaM
co3zaBaTh Takue 3PPEeKThI, U ITI0YeMy MaTepPHaAbHbBIH O0OBEKT, TO €CTh IPYIIIa CBI3aHHBIX
4acTHull MaTepHH, MOXKEeT MTHOBEHHO «IeMaTepHasu30BaThCs» B OOHOM MECTeE
IIPOCTPAHCTBA, OCTAaBUB IIOCA€ cebsl «IIyCTOE€ MECTO», U BOCCO3JaTh CBOIO CTPYKTYPy B
OPYTrOM IIyCTOM MecTe, 0e3 ydJacTus KaKHUX-AH0O TeXHHYECKHUX CPEeICTB U HCTOYHHKOB
SHEPTUU?

OCHOBHOE IIPEAIIOAOXKEHHE II0 JAHHOMY BOIPOCY COCTOHUT B TOM, YTO «IIyCTO€
MECTO» €CThb HCTOYHHUK AIOOOH MaTepuu, «IapeH» HAU «oKeaH /[lupaka», B KOTOPOM MBI
HU4Yero He HabAOIaeM MO0 TeX II0p, NoKa 68 Hem He C030aHA UHGOPMAUUOHHAS
cmpyxkmypa. PakThl CIOHTAHHOU HAU YIIPABASIEMON TEAEIOPTAIIUN AIOAEN TOBOPSIT O TOM,
4yTo MHQPOPMAIMOHHAA CTPYKTypa, HeoOXomumMas A OpPraHHU3alluH JAHHOTO IIPOIlecca,
MOKET co3aaBaThCd 0€3 TeXHHYEeCKUX CPEIACTB, IIPH aKTHUBHU3AIIUN CIIeU(PUYIEeCKOH
IICUXUYECKOMN NedTeAbHOCTH. BripodyeM, Bce MPOIECChI JKU3HEAEATEABHOCTH, B TOM YUCAE€ U
[eATeABHOCTb MO3ra, COIIPOBOXKIAIOTCS 3(PUPOAUHAMHUYECKHMMU SIBAEHUAMHU. B cBsa3u C
9THUM, YMECTHO BCIIOMHHUTH OKCIEPHUMEHTBHI II0 JHEProuH(OPMAIlMOHHOMY OOMEHY,
KOTOpbIE MBI PACCMOTPEAH B [JaHHOM KHHUIE paHEe, U TEOPHIO «JETBIPEXMEPHOH
rororpaMMeD. [Toaarasi, 4To Ar000# 3PUPOANHAMHUYECKHUH ITPOIIECC BCeraa MHOTOMEPHBIH,
AIOOVIO YaCTHIYy MaTePUH MOXKHO pacCMaTpUBaTh, KaK NpoeKyuro MHO20MEPHO20 obbexma
HO mpexmepHbulil MUup, 8 OAHHbLU MOMEHM 8pemeHuU. Y YeTbIPeXMEPHOTO OOBEeKTa €CTh
CBOHMCTBO «OBHKEHHUS BO BPEMEHH», B IATHMEPHBIH OOBEKT YK€ CYIIECTBYET, BO BCEM
TPEeXMEPHOM IpOCTpaHCTBe. TOABKO B TaKOM CAyYae, OAd MOSTHUMEPHOTO OOBEKTa, €ro
IIOAOXKEHHE B TPEXMEPHOM MHUPE MOXKET MTHOBEHHO U3MEHHUTBLCA C OAHOIO Ha APYroe, IpH
H3MEHEHHWH €TI0 ITPOEKIIHUH.

KBanToBas Teaemopraliyis, B H3BECTHOM CMBICAE, HaAIIpUMeEDP, 3KCHEPHUMEHTHI IIO
MTHOBEHHOMY H3MEHEHHUIO IIOAOKEHHsI (POTOHA, HEe OYeHb WHTEpPecHas Tema, C
UHXXeHepHOU TouKu 3peHus. OHa HMeeT 3HAYEHHE TOABKO OAS MOHUMAaHHUSA TOIO, YTO
KBaHTOBBIE SIBAEHHS MOTYT [POHUCXOOUTb B MHpPeE, Ine OOBEKThl UMEIOT BOAHOBBIE
CBOMCTBa, HO HE OJaeT OTBET Ha BOIIPOC O MEXaHU3ME TEACIIOPTAIlUU. YUeHble, KOTOPbhIE
paboTaroT B MJaHHOM HaIlPaBAECHUHU, [TOAATAIOT, YTO IAS PEaAU3alluU JAaHHOMW TEXHOAOTHH,
HEeOoOXOIUMO «pa3obpaTh OOBEKT» HA aTOMbl B OQHOM MECTE, U «BOCCO3IaTh OOBLEKT» B
apyrom Mecte. [Iag 9TOro, OHU JOAXKHBI IIEPEChIAATh B «<MECTO Ha3HAYEHHs» HH(POPMAIIHIO
0 KOH(UTYpauu T'PYIIEl aTOMOB OAaHHOIO MaTe€pPHaABHOIO OOBEKTAa, II0 IIPOBOAAM, IIO
pamuo AWM ApyruM cuctreMaM cBa3U. LIIMPOKO HM3BECTHBHI B 3TOH 00AACTH HCCAEIOBAHUMN
nmyoaukanmu Yapab3za Bennera, komnauusa IBM [94]. [To-moeMy, naHHas uzes He O4YE€Hb
[IEPCIIEKTUBHA.

Paccy:kzmass o0 1mpupoae dacTHI[ MaTepHH, HX IIPOIIECC CYIIEeCTBOBaHHUS B
IIPOCTPAHCTBE MOXKHO MHPEACTaBUTh, KAK MHOTOMEPHBIH 3(pUPOAUHAMHYECKHH MIPOIECC.
Co3maHue peasbHBIX YACTHI[ U3 BHPTYAABHBIX, IIyTEM IIOASPH3allUM BakKyyMma, Tpedyer
3aTpaT 9HEPTHU: [OAd CO3MaHUS IIapbl «IAEKTPOH — IIO3UTPOH» Tpebyerca OTOH.
CaemoBaTeAbHO, ObBIAO OBI pa3yMHee pacCMaTpPUBATL TEACIOPTAIINIO, He KaK ITPOIlecC
«pa3bopku U COOPKH OOBEKTOB», a KaK CIIOCO0 M3MEHEHHH ITapamMeTpoB 3(PUPHOH Cpembl,
B HEKOTOPO¥ OrpaHHYEeHHOU 00AaCTH IPOCTPAHCTBA.
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Omo saeneHue omHocumcsi He K OMOENbHOMY MAMEPUATbHOMY 0b0bexmy, a K
3a0aHHOU obiacmu npocmpaHcmad.

[Torararo, 4TO «BOAHOBAS MEXaHHKa» IIO3BOAUT paboTaTh C MaKpOOOBEKTaMH,
repeMerias 3aJaHHyI0 00AaCTb IPOCTPAHCTBA, CO BCEMU MaTepPHAABHBIMH OOBEKTAMH B
HeM, U3 OJHOI0 MecTa B Apyroe, TaKUM Ke o0pa3oM, KaKUM MbI MOKEM MTHOBEHHO
H3MEHHUTDH IIOAOKEHHE IIyYHOCTH CTOSYeH BOAHBI B IIPOCTPAHCTBE, U3MEHSIS HACTPOHKHU
HCTOYHHKA CTOSYeYd BOAHBI. BO3MOXKHO, OyZeT IIOA€3HO HCIIOAB30BATh TETPAa’3APHUIECKYIO
CHUCTeMy KOOPAMHAT, A 33JaHUd «MecTa Ha3Ha4YeHWs» B IIpocTpaHcTBe. [laHHOE
IIPETIOAOKEHHE HMeeT HEKOTOpoe OOOCHOBaHHE, €CAW Y4YeCcTh CAydYau HabAoaeHUs
CIIOHTAHHOM TEeAEOPTAIIUU I'PYIII AIOfei, CAMOAETOB U APYTHUX OOBEKTOB. B CBA3U C 3TUM
BBIBOJIOM, flaaee MbI OyZieM pacCMaTpPHUBATh TEACIOPTAIIHIO, KaK SBACHHE, ITPOUCXOMSIIEe
C HEKOU 00AaCTBIO IIPOCTPAHCTBA, B KOTOPOM HAXOAUTCS TEACIOPTHUPYEMBIH OOBEKT.

C mpyroil CTOPOHBI, MMEHHO OIIpeNeA€HHble CBOMCTBa U IIOBeAeHUE OOBEKTa,
HaIrpuMmep, crnenudUyeckas IICUXUYecKas [OedTEAbBHOCTb, MOTYT HPHUBOAUTHL K
TEAETIOPTAIMU. 34eCh YMECTHO HAIIOMHUTH «3(P(PeKT HUHAYKIIUH», KOTOPBIH MbI OTMEYaAHU
[AS pa3HbIX 9PHUPOANHAMHYECKUX IBACHUH: ITOTAOIIAT UAH UCITyCcKad 3Uup, HAIIpUMeEpD, B
xoAe (pas3oBbIX IIEPEXO0B, BEIIECTBO MOIKET CO3aBaTh BOAHY IIAOTHOCTH JHEPTUHU, U
nepopMUPOBATh OKPYKAWIIYI0 3(PUPHYI0 Ccpeay. OTHUM MOXKeT OBbITb 00yCAOBAEH
MTHOBEHHBIN Ilepexoi oOBbeKTa Ha [APYrod «3HepreTUdYecKUidl YpOBeHb CYIIECTBOBaHUS,
€ro IlepeMellleHHe B [Apyroe MeCTO, AaHaAOTHMYHO TOMY, KaK OTO IIPOUCXOOUT C
5A€MEHTapHbBIMH dYacTHUIlaMH B MHUKPOMHDE. B TakoMm caydyae, KBaHTOBaHHOCTb
IIPOCTPAHCTBA U BPEMEHH dABASIETCH OCHOBHBIM  YCAOBHEM, 0O0eCIedHBAIOIINM
TEeXHUYECKYI0 BO3MOXKHOCTD T€AECTIOPTAIINH.

ITo Teopum maHHOIO BOIIPOCA, IIOAE3HO BEPHYTHCA K 3KcnepuMeHTaMm KossipeBa u
€ro BBIBOJAM O BO3MOXKHOCTH «MTHOBEHHOM CBA3W» YEPE3 «aKTHBHBIE CBOMCTBA BPEMEHU».
OTO CTaHOBUTCA IIOHATHBIM, €CAHM paccMaTpUBaTh BeCh TPEXMEPHBIM MHpP H3
MHOTOMEpPHOT0 IIpocTpaHcTBa. C 3TOM CTOPOHBI, BECh MaTepUaAbHBINH MUP BBITASIIUT, KaK
OZlHA TOYKAa, KOTOPYIO MbI BOCIIPHHUMAaeM KaK «IaHHBIM MOMEHT BpeMeHM». Bce 00beKTHI
Hareli BceaeHHOM MOTYT OBITH CITPOEITMPOBAHBI HA OHY TOYKY — MOMEHT MHOTOMEPHOTO
IIpOCTPaHCTBa. B 5ToM cMbIcAe, MBI BCE BCEra HaxXOAWMCHA B OOHOH TOYKE, X 5TO OJAET
BO3MOZKHOCTb HE TOABKO ITOAYYaTh HHGOpMAaIHio 060 Bcex mporeccax Bo BeceaeHHOMH, HO U
MTHOBEHHO MEHSATH MOAOXKEHHE OOBLEKTOB B ITpOCTpaHCcTBe. Ilpu sTom, mHQOpMAIUS O
CTPYKTYpe KOMIIAEKCA aTOMOB TEAEIOPTUPYEMOTO 00BEeKTa He HYyKIAeTcs B Ilepenade U3
OJHOT'O MECTa B APYTOE.

Jlanee, BOZHUKAET [ABa HaIIpaBACHHS IIOMCKA... B O4HOM HalpaBA€HUHM H3y4YE€HUS
BOIIPOCAa, HaC MHTEPECYET CAEAyIolllee: KaKUM 00pa3oM H Tfle 3allHChIBaeTcs NHMOPMAaIIH
0 KOMIIAEKCE YaCTHUIL MaTepUuu, o0pasyolieM IpyHIly O0bEeKTOB, CyIIIECTBYIOIINX B JaHHOH
obracTu mpocTpaHcTBa? B apyroM HampaBA€HHU IIOMCKA TEXHUYECKOTO PEIIeHHs, Hac
3TOT BOIIPOC HE HHTEPECYET, TaK KaK Mbl CTaBHM 330a4y MTHOBEHHOI'O HM3MEHEHUA
IIOAOKEHHUSA HEeKomopoil obiacmu npocmpaHcmed, B KOTOPOM MOTYT HaXOAUTBCS AIOOBIE
MaTepuasbHble OOBEKTBHI. BTopoe HampaBA€HHE TIIOHMCKa IpeacTaBadeTcd Ooaee
KOHCTPYKTUBHBIM. B KadecTBe mnpuMepa, HAIOMHIO H3BECTHBIN «pUAamesbPUACKUH
3KCIIEPUMEHT», XOTd OH U HE UMEET JOKYMEHTAABHOI'O IIOATBEPXKACHU.

B «puraneapduiickom s3kcrepuMerTe» 22 uioas 1943 roma, aMepUKaHCKHE YIeHbIe
IIOCTaBHUAU 33/1a4y CO3JaHHs HEBHUAMMOCTH BOEHHOTO Kopabada. TeXHUYECKH, 3Ty 3amady
peLIaAr C IOMOIIBI0 MOIIHBIX HMIIYABCOB JA€KTPOMATHHTHOIO IIOASI, YTO OTHOCHTCS K
MEeTOLy CO3[aHUs [OOIOAHUTEABHOTO TI'paBHIIOAS. HeBHUAMMOCTE Oblra IIOAYYEHA, YTO
O03HA4YaeT OTKAOHEHHE Aydell CBeTa, INPOXOAAIINX B O0AACTH IIPOCTPAHCTBA IMIPOIECCa,
CO3JaHHOTO HEKUMH OAEKTPOMAarHUTHBIMU MeTomaMHu. AHasoruu C 3PPeKToM
'pebeHHUKOBa O4YE€BUIHEI. [Toaararo, 4TO0 IIOMHMO co3gaHus apderTa
HEBHIUMOCTH, B «PHUAAOEAB(PUUCKOM 3KCIEPHUMEHTE» IIPOU3OLIAO «IPUPOIUHAMHYIECKOE
BbIT€CHEHHE» HEKOTOPOM 00AaCTH IPOCTPAHCTBA M3 OJHOIO MecTa B APYTroe.
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JlaHHBIH H3BECTHBIH SKCIEPHMEHT OIIHMCAH CBUAETEASIMH OOCTATOYHO NOCTOBEPHO,
MOJKHO CHeAaTh BBIBOJ O TOM, YTO 00AacTh 3(UPHOIM cpenbl, B KOTOPOM HAXOMHACH
KOpabAb, MTHOBEHHO H3MEHHAA CBOE IIOAOKEHUE Ha IIOBEPXHOCTHU IIAAHETHI, B PE3yAbTATE
HEKOTOPOI'0 SAEKTPOMATHHUTHOTO BO3NEHCTBUS Ha KOPIyC Kopabasdg, YTO IIPUBEAO K
naedpopManuu 3PUPHOU Cpeabl BOKPYT KOPabAs.

[Toae3noe 3ameuaHue nad pacdeToB adderra: B.A. YepHOOpOoB o0O6HaApPYyKUA
PYHKIIUIO 3aBHCHMOCTH BEAWYHMHBI H3MEHEHHd TeMIla XOJa BPEMEHH OT PaCCTOSHUS.
[auHaga QyHKINA SBAFETCS KyOMYecKoH 3aBHCHUMOCTBIO, TO €CTh, U3MEHEHHE I1apaMeTpPOB
IIPOCTPAHCTBA-BPEMEHHN OOpaTHO IMPONIOPIMOHAABHO KyOy PacCTOSIHHS OT LEHTPaAbHOH
TOYKHU JepopMallii IIPOCTPAHCTBA — BPEMEHHU.

[Toaarato, dYTO TIIepeXoabl «0OAACTH UM3MEHEHHOTO COCTOSHHUS» IIPOCTPAHCTBA-
BPEMEHU OT OJHOTO ITOAOKEHHSI B APYroe, MOAIKHBI ITPOUCXOAUTH MAUCKPETHO, KaK U B
KBaHTOBOM (pu3nKe. YPOBHU CYIIECTBOBAHUS HMEIOT HEKOTOPBIE PE30HAHCHBIE YCAOBUS,
KOTOpPBhIE MOXKHO pPacCYUTaTh [IAS KaXKIOr0 KOHKPETHOIO CAyYasd yIIpaBAsSeMOi
Teaeropranu. Hrtak, momyckas, 4To 00OAACTb IIPOCTPAHCTBA MOXKET H3MEHHTL CBOH
pusnUecKre XapaKTEPUCTHKH B  pe3yAbTaTe HEKOTOPOM  2(pHUPOAMHAMUYECKOM
AKTUBHOCTH MaTepPHUaAbHOTO OOBEKTA, HAXOMAAIIETOCH B AAHHON 00AACTH, MBI IIOAYYaEM
BO3MOXKHOCTb CO3[AHHsS TEXHHUYECKHUX CPEACTB [ASI OCYILIECTBACHHS TEAEIIOPTAIIUH.
Hamnboaree HHTEPECHBIM BOIIPOCOM SIBASIETCS CO3MaHHE METOAUKH pacdeTa 3aJaHHOIO
«MecTa Ha3Ha4YeHWs» U pPa3MepPoB 00AaCTH IIepeMEIAeMOro MPOCTpPaHCTBa. Brpouewm,
MOXKHO OXHWAATh, YTO COBpPEMEHHAasl KOMIIbIOTEpHAs TEXHHUKA CMOXKET OOEeCIIeYUTh
HEOOXOAUMOE VIIpaBAEHHE IIPOIIECCOM IIEPEMEINIEHUsS B 3aJaHHyl0 00AaCTb, €CAH
IIPOrPaMMHUCTBI CO34aAyT COOTBETCTBYIOIlee ITporpaMMHoOe obecriedeHue. CKopee BCEro,
dopma mepemerniaemMoii 06AacCTU HpPOCTpaHCTBa OymeT cdepudeckasi, XOTsS BO3MOXKHBI U
Opyrye BapuaHThl. PellleHrMe  maHHOM  TEXHUYECKOM  3amadu OTKpPBbIBAET  HaM
3aMedaTeAbHbIE TIEPCIIEKTUBEI, IIPEKAE BCETO B obAacTu TpaHcriopra. JocTaBKa TOBapOB
IIEPECTAET UMETH OOABIIIOE 3HAYEHUE OAST UX CEOECTOMMOCTH, U 3TO B KOPHE MEHSIET
MI/IpOBYIO SKOHOMI/IKy. HpeI/IMYH_[eCTBa HpI/IMeHeHI/IH CUCTEM TeAeHOpTaL[I/II/I B BOEHHOH
o0AaCTH OYEBUIHEI.

IlocaecaoBuEe

MBI pacCMOTpeAr pasAHYHBIE CIIOCOOBI IIEpEMEIIeHHsI B IIPOCTPAHCTBE, HMEIOIITHUX
OTAWYHS OT OOBIYHBIX PEAKTHBHBIX IMIPHHIIUIIOB, IIPH KOTOPBIX YCKOPEHHOE [IBHIKEHUE
TeAa, KaK TPYIIIbl YacTUIl MaTepuH, B 3(UPHOH cpene, TpeOyeT IIPeoaOAeHUS HHEPIINH
Teaa. [daHHBIE 3PPeKT 00yCAOBAEH T€M, YTO MBI IepeMellaeM He TOABKO YaCTHIIbI
MaTepuH, HO M 4acTb d9(PUPHOU Cpenbl, CBIA3aHHOM C YaCTHUIlAMHU MaTepUH, 00pa3yronIuMU
nanHoe Teao. CamMu 1o cebe, 4acTHIBI MaTepUH HE HMEIOT WHEPIIMAABHOM MaccChl, 3TO
«LIEHTPBI CHA», KaK roBopuA Maiika Papaneii, 11eHTpbl 3OUPOIUHAMHUYECKUX IIPOIIECCOB.
TexXHOAOTHH «BBITECHEHHUS» OIIPEeOEACHHOH obAacTU 3(PUPHOH Cpeapl, TP HAAMYHUH B HEU
rpagyieHTa IIAOTHOCTH Cpenpl, II03BOAHIOT CO3daBaTh TPAHCIIOPTHBIE CpPENACTBa, HE
UMEIONUX 3(P(EeKT MHEPIIUH YAaCTUL] MATEPHH, IIPU UX YCKOPEHHOM ABUKEHUU. YaCTHIIBI
MaTepH, B JAaHHOM CAyYae, 0CMAromest HenoO08UIKHbIMU OMHOCUMENbHO OKPYIKAOULe20 UX
agpupa, coxpaHss CBH3U MeKAy co0OH, KaK eOUHBIM MaTepHaAbHBIH OOBEKT, XOTs cama
06AaCTb TIPOCTPAHCTBA MOIKET MABUraThCH, TOYHEE CKa3aTb, MEHSTb MECTOIIOAOXKEHHE
TaKUM K€ 00pa3oM, KaK MEHHAETCS IIOAOKEHHE IIYYHOCTH CTOSYeH BOAHBI ITAOTHOCTHU
SHEPTHUU B IIPOCTpaHCTBe. B maHHOM caAy4ae, CKOPOCTH IIEpPEMEIEHHsI, TO €CTh,
M3MEHEHUs MECTOIIOAOKEHHUS 33JaHHOM 00AacCTH [POCTPAHCTBA, U €€ «TPAEKTOPHUS»
MOXKeT OBITH AIO0O#, MOCKOABKY MAHHBIM CIIOCOO OTHOCHUTCH K BOAHOBOM KBaHTOBOM
MEXaHHUKeE, a He K MexaHuKe HbroToHa.

[Torarast, 4TO IIPOCTPAHCTBO KBAHTOBAHO, AIOOOe OOBIYHOE MOBHUIKEHHE YaCTHIL

MaTE€pPHU IIPOUCXOOUT «IIIaraMu», KakK 3TO OIIHCBhIBaA detinMaH B H3BECTHOU auarpamme
CYLIECTBOBAHHUA ITapPbl YAaCTHUILL «3ACKTPOH — IIOBUTPOH».

192



IO.T. BeaocTonkuii TOYHO HMOAMETHA, YTO IO XOAY ABUKEHHUSI TE€AQ, €0 YaCTUILIBI
IpeBpalllaloTCs U3 BUPTYAABHBIX B peaAbHble, a 110331 TeAa OHU IIpeBpallarTcd U3
pP€aAbHBIX B BUpPTyasbHble. CKOPOCTH CYIIIECTBOBAHUS YaCTHI] MaTePHUU, TO €CTh, CKOPOCTh
Xooa BPEMEHHU [Ad HHUX, IIPM TAKOM PacCMOTPEHUU BOIPOCA, €CTh 4HacToTa ITMKAOB
peasmsaliii BUPTYaABHBIX YaCTHUL, POXKIAEHUS W AaHHUTHUAAIIUN IIap «JacTulla -—
aHTHYacTula». [Ipeamoaaraercs, 4TO HAHHBIH IapaMeTp (JYacToTa IIMKAOB) MOXKET OBITH
U3MEHEH, OIIPEeAEACHHBIMU TEXHUYECKHUMH MeToJaMHu. B Tako#l cxeMme CyllleCcTBOBaHUS,
€CTh «MOMEHTBI OCTAaHOBKH» MAaTE€pPHUH, TOYKM Ha OCH BpPEMEHU, KOrJa MEeHSIeTCd
HaIlpaBA€HUE ee IIpollecca CyllecTBoBaHUdA. Hampumep, B TOT MOMEHT, KOTJa IIPOLIECC
CyILIECTBOBaHULA 9AEKTPOHA 3aKOHYUACS, HAYHMHAETCS IIPOIECC CyIIeCTBOBAHUS
no3uTpoHa. Iloaarass, 4To OHU CYILIECTBYIOT B Pa3HBIX HAIIPaBAEHUSX BPEMEHU (IAEKTPOH
— B OyZayiiee, B IIO3UTPOH — B IIPOIIIAOE), CaM ITPOIIECC CYIIIeCTBOBAHUS YaCTHUIl MaTepUHU
OaeT HaM BO3MOKHOCTH pPa3BUBATh TEXHOAOTHHU VIIPABASIEMOTO IIEpPEMEIeHUS TeA B
IIPOCTPAHCTBE U BO BPEMEHHU.

Bompockl co3maHMs HCKYCCTBEHHOTO TPaBUTAIIMOHHOIO IIOAS, KaK IIOKa3aAH
skcrepuMeHThl BpayHa, [ToagkoBa, Beaocrorikoro, 3oaroTapeBa, ['pebeHHUKOBA U APYTHX
aBTOPOB, peELIAIOTCS IIyTeM CO34aHUs Oegopmayuil ynpyeoii s¢upHoil cpeodsl, U
CBSI3aHHOTO C 3THUM, HU3MEHEHHIl ee MAOTHOCTU. PaboraThb c 3¢HpPHON Cpemoll MOIKHO
OIIOCPEIOBAHHO, «4Yepe3 BELIECTBO», IIyTeM H3MEHEHHs COCTOSHUS «pabodyero Teay,
IIOCKOABKY 92(HupHasd cpeaa KOMIIEHCHUPYET OdaHHBIE H3MEHEHUs], COOTBETCTBYIOIIHM
oOpasom.

[Ipuraamiaro UHBECTOPOB OAG Pa3BHUTHUS IIPOEKTOB, MOKA3aHHBIX B JAHHOW KHUTE.
[IpukaanHbIE aCIEKThI YIIPaBASEMOTO U3MEHEHHS ITAOTHOCTH 3(Hpa BBIXOAAT IAAEKO 3a
pPaMKH CaMbIX CMEABIX (paHTa3ui O «MalluHEe BPEMEHH» U ABUXKHUTEAIX KOCMHUYECKHX
Kopabael, IIOCKOABKY MbI OTKpbIBaeM [OBEPh B MUP yIOpaBAeHUS (PUIHUECKUMU
rmapaMeTpaMH CyIeCTBOBaHHUA AIOOOH MaTepHH, B TOM YUCAE, JKUBOH MaTepPHUHU.
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