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1. Y7o Takoe apup

®ponos: ddup onpeaeneH TakMmM ydyeHbimm Kak Papageit, MeHgenees, Tecna u apyrumu. B umx
NMOHMMaHWK, 3TO ynpyraa cpeaa, B KOTOPON MOryT pacnpoCTPaHATbCA BOAHbI. ®apagen nucan B nUCbme
Puyapay Tennopy o Tom, 4TO Henb3A 3PUP OTAENATb OT MaTepuu, Tak KaK BCA MaTepus COCTOUT U3
adpupa. ATOMblI MaTEPUN €CTb TOYKU MPUIOKEHMA CUJI, CO3A4aBaEMbIX BUXPEBbIMU NpoLeccamun B apupe.
310 BaXKHO. lpn M3MeHeHMAX NAOTHOCTM 3dPUpa, NAapamMeTPbl CYL,ECTBOBAHUA YaCTUL, MaTEPUM TaKKe
M3MeHAoTCA.

2. Mpwn KaKnx ABNeHUsX 3ameTeH apup? Mam aTo HeobxoaMMbI NOCTYNAT A5 3aBepLUEHUS
BalLMX Teopuin?

®ponos: Mbl MOXeM OLEeHUTb Hannume 3pupa No U3MEHEHUAM ero NAoTHocTu. Mpu 3Tom, B ob6nactu
N3MEHEHHOM MNOTHOCTU 3dupa, M3MeHATCA GU3MYECKMe CBOMCTBA BelecTBa. Hanpumep, B onbiTax
Hukonasa KosblpeBa M3MeHEHMA NapaMeTpOoB KBapLEBOro pesoHaTopa Mpu MPOXOXAEHUU BOJHbI
NAOTHOCTM 3duMpa BAMAET Ha YacToTy KosebaHui reHepaTopa curHanos. Kosbipes cpaBHMBaN 4acToTy
KosiebaHU KOHTPONLHOIO reHepaTopa M reHepaTtopa, Ha KOTOPbI BO3AENCTBOBaNa BOJIHA MIOTHOCTM

adupa.

MHorne y4yeHble, Hanpumep AnbbepT BeNHMK, M3y4yannm nNOTOKM 3dMpa M BO3MOMKHOCTb €ro
KOHLEHTPaLMM B HEKOTOPOM 06/11acTM MPOCTPAHCTBA 3a CYET KOHCTPYKUMIM CleuuanbHOW reomeTpum.
Hawa nnaHeta ABUMKETCA B MOTOKE KOCMMYECKOro 3¢upa, MOSTOMY MOTOKM 3dupa U XPOHaNbHble
ABNE€HNA BO3HUKAIOT B MPOCTbIX reOMeTPUHECKNX KOHCTPYKUUAX, Hanpumep B NnUpammnaax nan cuctemax
C TaHUEHUMaNbHbIMU 3/1EMEHTaMU.

[Opyrve yyeHble, Hanpumep AnekcaHap MULWKWH, N3yYanmn CyTOYHbIE U CE30HHbIE M3MEHEHMA NIOTHOCTU
adupa, Ucnonb3ya cneumasnbHble AaTYMKK. PekomeHayto nocmoTpeTb KHury A. M. MuwuHa «Hauvana
BbiCLIEN PUIUKN».

3. Y7o TaKoe Bpems, UM BPEMSA KaK TaKOBOE, MW CYLLECTBYET N pag, PUINYECKMX U
3HepreTMYecKNX KOMMNOHEHTOB, KOTOPble PaboTaloT BMECTE, Bbi3blBas TO, YTO Mbl
BOCMPUHUMAEM KaK BpemA?

®ponos: A NOHMMaIO BpemMa, KaK napameTp MPOCTPaHCTBa-BpeMeHU. HeT cMbic/ia roBOPMTb O KAKOM-TO
abcTpakTHOM BpemeHW. Bcerga Hafo nNpwBA3bIBaTb 3TOT NapamMeTp K KAaKOMY-TO KOHKPETHOMY
NpoCTpaHcTBy. He cylwecTByeT NpoOCTPaHCTBA, B KOTOPOM HET 3Hepruu. MpoCcTpaHCTBO HaZ0 MOHMMaTb
KaK npouecc. MapameTp "Bpems" onpeaenser NAOTHOCTb 3HEpPrMn B AaHHOM 061acTU NPOCTPaHCTBa.
[anee, Hafo yyecTb, YTO ANS YACTUL, MATEPUM eCTb MOHATME "CKOPOCTb CYLLEeCTBOBAHMA B AAaHHOM
npoctpaHctee". Mbl paccMaTpMBaem YacTuLLbl MaTePUK, KaK BUXPEBbIe NpoLecchl B apupe. bonee Toro,
BOKPYT KaXK4oMN 4acTULbl eCTb HEKOTOPOe KOAMYECTBO 3dupa, KOTOPbIN C HEl CBA3aH M KOMNEHCUpyeT
3TO BWMXPEBOW MpoLECcC. ITO MPOABAAETCA, KaK CBOMCTBO MHEPUMW AR YacTUL, MaTepuu, UMEHLLMX
mMaccy noKos.
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CKOpOCTb CyLLeCTBOBAHMA YacTML, MaTepmuun 3a4aHa NAOTHOCTbIO SHEPIUN, TO eCTb MNAOTHOCTbIO adwlpa B
AaHHOM MPOCTPaHCTBE. CoOoTBETCTBEHHO, YEM 60nbLle NNOTHOCTb 9HEpPrnm B NPOoCTpaHCTBE, TEM BblLlLE B
HeM NJIOTHOCTb :-)dwlpa n 6onblue CKOpPOCTb XO04a BpeMeHU anA ,EI,aHHOﬁ 4acCTuUubl maTepun.

4. Y10 0bLero B MOHATUAX «BPEMA» U «3dUP»? (ITO BaXKHO, YTOOLI MOHATb, KaK Balla
TEXHOIOTUS MOXKET YNPABAATb NJIOTHOCTbIO 3dUpPa U BpeMeHEM)

®ponos: 3To NpaBWAbHbLIA BOMNpoc. PaHee, A He BCTpeuyan B OTKPLITOM Hay4YHOW /iMTepaType CBA3M
MeXKay NAOTHOCTbIO 3dMpPa MU CKOPOCTLIO BpeMeHU. MOXKHO CKasaTb, YTO K 3TOMY NMOHMMaHMIO A Npuwien
CaMOCTOATE/IbHO.

A nosHakommsca c pabotammn Bagmma YepHobpoB TosibKo B 1996 roay. [1o 3TOro, MOW 3KCMEPUMEHTbI
6b11n ocHOBaHbl Ha paboTax Hukonasa KosbipeBa, ero KHura "MpuumMHHas mexaHuKa" 6blna usgaHa B
1991 rogy. A cBA3an noHATMe Ko3blpeBa 0 BOJIHAX NIOTHOCTU BPEMEHM C MOMM NOHMMaHUEM NAOTHOCTU
3HEpPrMn B NPOCTPAHCTBE U NJAOTHOCTbIO 3duMpa. TakMm 06pa3om, s MOHMMA, KAKUMU METOAAMMU MOXKHO
NnoayyaTb BOJIHbl MAOTHOCTU 3PUpPa M BAMATbL HA CKOPOCTb CYLLECTBOBAHWA MaTepuu, B 3a4aHHOM
obnactu npoctpaHcTBa. Ko3blpeB MNPUMEHAN HE3NEKTPOMArHUTHble MeToAbl, Hanpumep, OH
OETEeKTUPOBa/ XPOHa/ibHble aHOMa/MM BOKPYr MPOLLECCOB pacTBOpPEHUs TBepAoro BellecTsa (caxap B
BOAE) WMAW MpOLLEeccoB ucnapeHus (cyxoh nen). Apyrne cnocobbl TakKe uaydeHbl Ko3bipeBbIM, 3TO
NpoLLecCbl KPUCTANIN3AUMM, 3aCTbIBAaHWE pacnaaBa MeTaslsla Uan 3amep3aHume BoAbl.

Baaum YepHoOpOB MCMO/b30BaN 31EKTPOMArHUTHbIE BOJIHbI, ANA TOro YTOObl M3MEHWUTb MAOTHOCTb
SHeprun B ueHTpe cdepuyeckoin ycTtaHOBKU. OH roBOpWMA O TOM, 4YTO €ro YyCTaHOBKa co3zaet
«KCXOAALLMECA 3/IEKTPOMArHUTHbIE BOJIHbI». fl MOs1arato, YTO 3TO HE CaMbli ONTUMA/IbHbIN MeToA,. B Takoi
cxeme TpebyeTcs TouHas HacTpoiKa ¢dasbl KonebaHU Bcex Msnyyateneit chepuyeckor KOHCTPYKLUMU.
HamHoro npoue paboTtaTb C HE3NEKTPOMArHUTHLIMM NpoLLeccamu, No metognke Kosbipesa.

A NOHAN, 4YTO 3/IEKTPOMArHUTHble CUCTEMbI, KOTOpPble MOTYT MNPUMEHATbCA ANA CO34aHMUA BOJIH
NAOTHOCTKN 3dUpa, AOMKHbI CO3AaBaTb NPOAO/bHbIE BOMIHbI B 3GUPHON cpeae. M3nyyaTenn Takux BOJH
W3BECTHbI, 3TO MOTYT Ntobble YCTPOICTBA, B KOTOPbIX CO34aETCSA NEepUoanYecKkoe n3smeHeHne 06veMHoOM
NNOTHOCTU 3HEPIrun NAn Mmatepumn. 370 MoryTt 6bITb MarHUTOCTPUKUMOHHbIE UNU SNEKTPOCTPUKLLMOHHbIE
nsnyyaTenn. B Takmx nsnyyatenax npoucxoamT BbICOKOYACTOTHOE M3MEHeHMe NAOTHOCTU BeLLEecTBa, YTo
CO3/AaeT BOJ/IHbI MIOTHOCTM 3dMpa. MOXKHO paboTaTh C U3MEHEHUAMU NJOTHOCTU NAa3Mbl UK rasa.

BayKHbIi1 aCMeKT TakoW TEXHONOMMKU COCTOUT B TOM, YTO HaA0 MCMNO/b30BaTb aCUMMETPUYHbIE MMMNY/IbCbI.
CuHyconganbHble KonebaHua He 4alOT BO3MOXKHOCTM HaKauMBaTb UM OTKauMBaTb 3duUp, OHU CO34at0T
TO/IbKO NepemeHHble KonebaHua adpupa. UMmnynbebl ¢ BbICTPbIM GPOHTOM U MeANEHHbIM CMAaA0M WK
MeZJ/IeEHHbIM GPOHTOM U BbICTPOM CNaZOM CO34AI0T BO3MOMKHOCTb «HAKauyaTb» AN «OTKayaTb» 3dup B
061aCTW NPOCTPaHCTBA OKOJO M3nydyaTensa. ITo 6bl10 MNOKa3aHO B MOel KHure «HoBble KocMuyeckue
TEXHOIOTUMN Y,

[Opyrow cnocob co3aaHna U3MeHEeHUA NAOTHOCTU 3duMpa B 3a4aHHOM 061aCTM NPOCTPAHCTBA Ha3blBaeTcA
«AMHAMMYEeCKMM» cnocobom. Mo aHanormm ¢ ra3oBoi AMHAMMKOM, Mbl LONIXKHbI paccMaTpmBaTb NOJIHOE
AaB/ieHWe rasa, Kak Cymmy CTaTUYeCcKoro u AMHaMMYecKoro dasneHus. [InHammnyeckoe fasieHue rasa
Ha HEKOTOPYIO MOBEPXHOCTb Tesa 3aBUCUT OT OTHOCUTENIbHOM CKOPOCTM MOJIEKYN rasa U AaHHOWM
NOBEPXHOCTU. AHANOMMYHO, CO34aBasd MOTOKU 3OUPHON cpedbl, Mbl MOXKEM MOAY4YaTb rPaLUEHT
OaBneHus. YCTPOMCTBO, KOTOpoOe «3aKpyuymBaeT» 3duUp M co34aeT Takue 3pdeKTbl, NoKaszaHo B Moel
KHUre «HoBble KOCMMYECKME TEXHONOTUMY». ITO MHOFOC/OMHbIA CONEHOMA, KOTOPbIM MUTaeTca
UMMNYNbCaMU INEKTPUYECKOro TOoKa. 1 paboTtan ¢ aTolh ycTaHoBKoM B 1993 -1995 roaax.



5. MoXHO M o0O6BACHWUTL BaAlM 3IKCMNEPUMEHTbI C MOMOLLbIO KAAcCMYECKON Teopuwu
SNEKTPOTEXHUKM (INEKTPOABMNKYLLAA CUA W INEKTPOMArHUTHaA CWMANa), WAM Khaccuyeckas
TEOPUA INEKTPOTEXHUKM HEMOIHA?

chOI'IOB: Mo aHanorum ¢ SNEKTPOMATrHUTHbIMU ABIEHUAMU, Mbl MOXKEM FTOBOPUTb O CU1E€ NMOTOKa 3¢Mpa,
KOTOprVI CO34a€eT XPOHa/ibHOE MNose, TaK XXe KaK U CU1a SINEKTPUYECKOTo TOKa CO34aeT MarHUTHoOe noae.
Mo aHanorum, Pa3HOCTb XPOHa/IbHbIX MOTEHUMNANIOB CO343ET XPOHOABUXKYLLYHO CUNY, TaK e Kak "
Pa3HOCTb 3/IEKTPUYECKUX MOTEHLLMANIOB CO34a€ET 3/IEKTPOABUNKYLLYIO CUAY. B 06LI.I,eM, MOXHO OOMOJ/THUTb
KNaCCNYECKYHO 3/IEKTPOANHAMUKY U CO30aTb XPOHOANHAMUKY.

6. Kak NN0THOCTb 3dUpa U MaHMUMYAALMK C MONEM BPEMEHU NEPEBOAATCA B ABUKEHUE B
NPOCTPaHCTBE (3N1EKTPO ... ABUNKEHME)

®ponoB: AHaNOrMYHO, TaKUM Ke 06pasoM, KaK 3/1eKTPOABMKYLWAA CUNa (PasHOCTb 3NEKTPUYECKUX
NOTEHUMANOB) 3acTaBAsfeT 3/1EKTPOHbI MNEPEMELLATbCs, XPOHaNbHAA ABMNXKYLWAs cuna (pasHoCTb
XPOHa/IbHbIX MOTEHLIMAN0B) 3aCTaBAAeT NepemeLlaTbCs Mo OCU BPEMEHW BCe YacTuubl matepuu. ToT
$aKT, u4To B HalLeW CNMPaNbHOM ranakTuke MaeyHbli MyTb ecTb oNpesesieHHbIN X04 BPEMEHM FOBOPUT O
TOM, YTO B Halleil ranakTUKe ecTb Pa3HOCTb XPOHaNbHbIX MOTEHUMANOB, TO €CTb CYLECTBYeT pasHas
NAOTHOCTb 3dpMpa B pasHbix MecTax ManakTMKn. CoOTBETCTBEHHO, CO34aBas MaHUNYAALUMKN C NIOTHOCTbIO
aduMpa, Mbl MOAy4aemM HEKOTOPYI ABWMIKYLLYIO CU/Y, KOTopas cnocobHas nepemelaTb 06beKTbl B
NpoCTpaHcTBe. ITOT BOMPOC M3y4aeTcA B acneKkTax TeienopTaumm u aHTUrpasmuTaLmm.

Ob6nacTb MNPOCTPAHCTBA C MOHWUMKEHHOM WM MNOBbLIWEHHOM MNAOTHOCTbIO 3Heprun (adupa) byaer
BbITECHATbCA U3 HALWIero NPOCTPAHCTBA-BPEMEHU U TaKUM 06pa3oM, Mbl MOXKEM MOJy4aTb XPOHANbHO -
OBVXKYLLYIO cuay. ITO CWAIa, KOTOpasa BbITECHAET HEKOTOpYto 06s1acTb MPOCTPAHCTBA B HanpasBaeHWUU
BEKTOpa BpemMeHM B npowsaoe uam B byayuwiee. ITO TaKKe CBA3AHO C AHTUIPABUTALMOHHbBIMM
appekTamn.

7. KaK Balum uccnegoBaHUA MoryT MU3MeHUTb 06LecTso?

®ponos: O Kakom obuwecTBe uaet peyb? Paccmatpusaa EBpony, B 4acTHOCTM, [epmaHuIO, MOXKHO
CKazaTb O TOM, YTO MOM WUCCNeAOBaHMA MOryT OblTb NOJE3Hbl, B OCHOBHOM, MPW Pa3BUTUM HOBbIX
TEXHONOTUIN NoayyYeHua sHeprum 6e3 Mcnonb3oBaHMA Tonamea. A BUXKY, 4TOo FepmaHuA OTKasanacb OT
adTOMHDbIX 3J'IeKTpOCTaHLI,VIl7l. Bam HYXHbl Apyrue TexXxHO/N0rmm nonyvyeHua TEna0BOM U 3neKTqueCK017|
3Heprun. Mowm paspaboTtkm 2003 roga No MCNOAb30BAHMIO BOAOPOAA B 3aMKHYTbIX LIMKAAX AMCCouMaLLmMm
— PeKoMbUHaUMM MOryT OblTb KOHKYPEHTHbIMW, MO CPaBHEHWIO C MPOEKTaMM MO TepMoAaLepHOMY
CUHTE3Yy M peakTopam Ha HelTpoHax. Mo NpPoeKT No aToMapHOMY BOAOPOAY AOCTaTOYHO npocT. CyTb
COCTOMT B TOM, YTO MOKHO NOAy4YaTb TEMIOBYIO SHEPTMIO NPU PeKOMOMHALMK aTOMOB BOAOPOAA, He
pacxoAya BOAOPOA B 3aMKHYTOM peaktope. Pacxop sHepruu Ha AMCCOUMaLMI0O MOAEKY/bl BOAOPOAA
MOKeT 6bITb 3HAYUTENIBHO MEHbLLE, YeM NOJIyYaemas 3Heprusa. 3To He B3PbIBOOMACHAA TEXHOIOIUA, HET
aTOMHbIX peaKLmii U HeT pacxoda BoAopoaa.

B OTHOWEHMM MOMX MPOEKTOB MO YMNPaBAEHUIO CKOPOCTbIO XO4a BpemMeHu B HeKOTOpOVI 3aAaHHOVI
obnactu NPOCTPaAHCTBA, MOXHO CKa3aTb, 4YTO 06LLl,eCTBO NOKa Heé O4YeHb roToBO MCNO/1Ib30BaTb TaKue
TEXHONOrnnU. Bo3MOXKHO, BOEHHble NHCTUTYTbI 3TON TemoM 3aHUMAKOTCA, HO MHBECTOPOB A/1A YaCTHbIX
NpPoOeKTOoB Nno ,El,aHHOIz TEéME A HE 3HalO.



8. YTO MOXKHO CKas3aTb O nNPpUMEHEHUN Bawunx TexHonormi ynpaBaneHna CKOPOCTbO X044 BpEMEHM?

®ponos: MNpexae BCero, 3To 04Ha U3 3GUPHBIX TEXHONOTUI. PasButre apupHbIX KOHUENLMIA NO3BONSET
CO37aBaTb HOBble CUCTEMbI TEJIEKOMMYHUKALMI, CUCTEMbI MOJyYeHUs sHeprun 6e3 UCnosb30BaHMA
TOMAMBA, HOBble TEXHO/NOMMW 0340POBAEHUA YEeNOBEeKa B MeAuUMHE, HOBble TEXHOIOMMW O4YUCTKM
PagNO0aKTUBHBIX 3arpsisHEHWUI, @ TaK¥Ke KOHCTPYMPOBaTb aHTUIPABUTALLMOHHLIWA TPAHCMOPT U CUCTEMDI
TenenoptauMu. YnpasneHue MAOTHOCTbIO 3pupa AaeT TakMe BO3MOMKHOCTM. HamomHIO, 4YTO Mbl
paccmaTpuMBaeM YacTULbl MaTepPMM, Kak BUXpeBble npouecchbl B adpupe. BOKPYr Kaxkaol YyacTuubl ecTb
HEKOTOPOE KO/IMYecTBO 3dupa, KOTOPbIN C Hel CBA3aH M KOMMEHCUPYEeT 3TO BUXPEBOM npouecc. 1o
NPOSABAAETCA, KaK CBOMCTBO MHEPUMWM O/1A 4acTUL, MaTepuu, MMEKLWMX Maccy MOKOA. ITO BarKHO.
MprUMeHAA HOBble TEXHONOTUM NEPEMELLEHMA B NPOCTPAHCTBE, Mbl NOMYYNM BO3MOMKHOCTb ABUMKEHUSA
6e3 adpdeKkTa MHepuun. Takme TPaHCMOPTHbIE cpeacTBa byay HaMHOro mMaHeBpeHHee, Yem ObblYHble
peaKTUBHbIEe CaMOoNeTbl.

9. Bbl ckazanm paHee, 4YTO COCTOAHMNE YaCTUL bl 3aBUCUT OT CBOMCTB :-)d)Mpa. Mo3KHo 1 bonee
AEeTaIbHO PaAaCCKa3aTb NPO 3T OTHOLWEHUA YaCThubl U :-)cbmpa?

®ponos: A aymato, yto Maitkn Papageit BbICKa3anca MaKCMMalbHO KOPPEKTHO Mo 3TOMy BOMpocCy.
MoBTOPALO... OH CKa3as, YTO HET PasHMLbl MeXAy YacTULen maTepumn u 3GUPOM, CU/bl BOKPYT LeHTPa
yacTMupbl maTepumn obecneymBaloT AaHHOM YacTMLEe CBOMCTBA MaTepun, BKAOYAA MHEpLMasbHYIO Maccy
nokKos.

10. Bonpoc no 3-KoJibLeBOMY OCLUANATOPY NPOAO0/IbHOM BOJIHbI, KOTOPbIM Bbl onncanun B cBoei
ctatbe. MoxeTe M Bbl 06bACHUTL, KaK AaHHaAA anepTypa CO34aeT NPoAo/bHble BOMHbI U Kak
N3/ly4yeHne NPoLO/bHbIX BOJIH MOXET U3MEPEHO?

®ponos.: [laHHbIN TPEXBUTKOBbIN KOHTYP 06ecrneyYnBaeT 0OCEBOMN CABUI U 3aKpyyunBaHue adpupa.

MocmoTpuTe Ha 3Ty KapTUHKY U NpeacTasbTe cebe oAUH eAMHCTBEHHbIN 3N1EKTPOH, KOTOPbIN ABMMXETCA
no AaHHOMY MPOBOAHMKY OT BXOAa A0 BbIXxoAa. Bbl moiimeTe, Kak OH TonKaeT adup, cosgasas ero
0CeBOWN CABWUM U BpalleHWe. [JaHHasa KOHCTPyKuusa 6blna npeanoskeHa Baaumom AnekcaHgposBuyem
YepHobpoB, OH BbIN COaBTOPOM M AE€/10BbIM NapPTHEPOM B JAHHOM NPOEKTE.

11. HacKkonbKo MpaBWAbHO A MOHMMAato, 4TO Ga30Bbl CABUI CO34AETCA TOKOM, KOTOPbIN
ABWXKETCA B 3TUX TPeX Ko/bLax, B pe3y/nbTaTe TOro, YTO KOo/ibLa CABMHYTbI APYr OT Apyra Ha
pacctoaHue ‘d’ apyr oT apyra?

®ponos: MpaBunbHO. OPOHT MMMy/bCa TOKA CHayana To/IKaeT 3dMp B MEepBOM KOJbLe, 3aTeM C
HEKOTOPOW 3aepP’KKO BO BTOPOM KOJIbLIE, M HAaKOHELL, C 3a[eP’KKOI B TpeTbem Koble. ITo paboTaeT ¢
MMNYbCHbIM TOKOM. OceBOW cmeLLeHMe Tpex Koseu, obecneymBaeT 3ToT 3 deKT.



12. KakoBa po/ib METaNNINYECKOTO CEPAEUYHMKA B KaTyLIKY C TPEMA BUTKaMMU?

chOI'IOB: MeTannuyeckum cepaevyHuK He ABNAETCA HeO6XOAVIMbIM, HO OH NMNO3BOJIAET NONTY4HNUTb 60ﬂbLIJyPO
MHAOYKTUBHOCTb.

13. Kak Bbl NOHMMaeTe NPoA0/bHble BO/HbI?

®ponos: A NOHMMAaO NPOAO/bHbIE BO/IHbI B 3dMpe NO aHaN0rMmM C 3ByKOBbIMM BOJIHAMM B BO34yXE. ITO
yepeaylowmeca 06/1acTM HU3KOM M BbICOKOW MAOTHOCTU Cpefbl, B KOTOPOIM PacnpoCcTpaHAETCAa BOJIHa.
Mbl MOXXEM MCNO/Ib30BaTb TaKME BOJIHbI B adupe ANA MaHUMYASALMIA CO CKOPOCTbIO XO4a BPEMEHU M
No6bIMK NpOLLEeCCamMM B MaTEPUN.

14. Noxkanyncra, pacckaxuTte HeMHoro o Bawewn npeabicTopun. Kak Bbl NpULLIAK K 3TUM
uccnenoBaHnam? Kakme npeaplaywime oTKpbITUA MOTUBUPOBAIM Bac NoiT no atomy nytu?

®ponos: B 1992 rogy s nonyuymn WMHTEPecHyl KHUry «M3bpaHHble Tpyabl» HuKonas Kosbipesa, u
pa3obpaBlWNCh C ero KoHUenuuen, caenan BbiBod o BonHax BpemeHu KosbipeBa. Ha moli B3rnag, ato
BOJIHbI NIOTHOCTU 3duMpa. PekomeHAy0 HaTKM M NPOYUTATL CTaTbM KO3bipeBa B OPUrMHANbHOM TEKCTe.
Cnegylowmm warom O6bLIM MOM 3KcnepumMeHTbl 1994-1995 rogoB C MHOFOC/IOMHbIM COJIEHOUAOM,
CMOTPUTE PUCYHOK.
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o710 YCTpOVICTBO obecneuunBaet 3aKpy4dunBaHue 3¢Mpa B BUXPE, 3TOT NpoUEeCC TaKXKe NU3MEHAET AaB/ieHUNe

adupa B fIoKanbHOM obnactu. Mosxke, B 1996 roay A Bnepsbie yBMAEN fOKTOpa Baguma YepHobpos BO
BPeMSs ero BbICTYN/eHMA Ha KoHdepeHuun B CaHkT-MNeTepbypre. B 2003 rogy Mbl NPOBEAN C HUM
HECKO/1IbKO COBMECTHbIX 3KCMEPUMEHTOB, 3TO OMMCAHO BbILLE.

15. B otBeTe Ha Bonpoc 13 Bbl OTMETUAM NAOTHOCTb 3¢upa. O3HaYaeT M 3TO, YTO OCLMANATOP
CO34aeT U3MeHeHWe NAOTHOCTM 3dupa, Taknm obpasom, co3gasas NPOAO/bHYIO BOHY?

®ponos: A NOHMMalO NPOAOAbHYIO BO/HY, KaK 061acTu CxKaTUA U paspaxKeHusa adupHoi cpeabl. Slioban
npoAo/sibHas BOJIHA B NtobON cpeae Mcnonb3yeT STOT NpuHLMN. B oblem cnyyae, NpoaosibHas BOHA
co3paeTcs chepuydecknm nsnyyatenem B NPOLECCe U3MEHEHUS ero 06bema. KnoueBas naen cocTouT B
M3MEeHeHUM O6bEMHON MAOTHOCTM MATePUM WAM  MJIOTHOCTU 3SHEPrMM B HeKoTopol obnactu
MPOCTPAHCTBA. ITO NPOCTO... 1N NOHMMaHWA NpoLecca Co34aHUA NMPOAO/bHbIX BOJH, MpeacTaBbTe cebe
HeKoe 31acTMYHOE BELLECTBO WM 3acTaBbTe €ro CUMATLCA M paclmpaTbea. Ero obbemHas NaoTHOCTb
6yaeT meHATbCA. BOKpyr aToro npotecca co3gaertcsa NpoAo/bHas BOJHA.

B cBoell KHUre «HoBble KOCMMUYECKME TEXHONOTUU» A MUCAN O BaXKHOM acnekTe AaHHOW TEeXHONOIMM.
CWHycomZanbHble U3MEHeHUA O6beMHOM NAOTHOCTM MaTepuUu UAN SHEPIMKM He CO3LAIT HYMKHOIo
abdeKta npuTArMBaHMA MAM  OTTanKMBaHuA 3dupa. Heobxogmmo co3gasaTb HECMMMETPUYHbIE
MMNY/bCbI, HaNpUmep, BbICTpoe HapacTaHue GPOHTa MMMY/IbCa U MeAJIeHHbIW cnag, uan HaobopoT. B
TaKkoMm cnyyae, adupHan cpeaa byaeT OTTaNKMBaTLCA MAN NPUTATUBATLCA K U3ydaTento.



MonesHo TaKKe HaNOMHUTb WAen 3HamMeHWUToro nucatena lepbepta Yannca no Teme «MalUMHa
BpemeHn». B 1895 oH Hanmcan Uctoputo Npo nsobpetaTens «MallMHbl BPEMEHM», HO TaM TEXHUYECKMEe
Aetanu bbinn oveHb cnabbimu. Mosxke, 8 1897 rogy, OH HAaNMcan NCTOPUIO NPO KHEBUAMMKY», B KOTOPOIA
€CTb OMMCaHME U3NyYaTenei NPoAO/bHbIX BOJIH, MPUYEM NUCATENb OTMETW, YTO 3TO He BOAHbI epua,
KOTOpble MCNOAb3YITCA ANA PagmocBA3M. ITO NPoAosbHble BOHbLI. Al nonarato, yto lepbept Yannc
[06aBMN NOHMMaHME TEXHOIOTMN YNPABAEHUA BPEMEHEM B UCTOPUN NPO KHEBUAMMKY», 3TO OMMCaHUE
O4YeHb HaNOMMHAET MU3y4aTe M NPOAO/bHbIX BOJH.

16. NMpaBuAbHO K 5 NOHMMAO GYHKLMW YCTPOMCTBA, KOTOPOE NOKa3aHo B Balwein ctaTbe? B Hem
Ka*KAbIM KOHTYP U3 TpEX KONEL, reHepupyeT NybCUpyoLLMe NPoA0bHbIE BO/HbI,
HanpaB/ieHHble Ha 06BEKT BHYTPM chepbl, YTO BAUAET HAa NNOTHOCTb 3dMpPa BOKPYT U BHYTPU
MmaTepun AaHHOro obbekTa?

®ponos: [la, B LeNOM, 3TO BEPHOE NOHNUMaHNE AAHHOW KOHCTPYKUUMN.

ABENONYCOERD] KOHCTPYKLVS BE3 KOHCTPYKLMA C

3KPAHUPOBKU 3KPAHOM

Hago HanoOMHUTb, YTO A NPEANOKUA U APYTUe KOHCTPYKLMKM, KpoMe KaTywweK YepHobpoBa. Mbl MoXKem
Ncnoab3oBaTh TPexdasHblit chepmnyecknini KOHAEHCATOP, KOTOPbIM CO34aeT NPOAO/bHYIO BOAHY 3PUPHOI
cpeabl, CXOAALLYIOCA K LLeHTPY MW PAacXOAALLYHOCA OT LEHTPA YCTaHOBKM.

Ty

TPU COEPUYECKWUX KOHAEHCATOPA
TPEX®A3HbIiA Ny PA3AENEHHBIX AUINEKTPUKOM

UCTOYHUK

BbICOKOTO
HANPAXEHUA

Becbma 3(dEKTMBHLIM METOAOM CO34aHMA NPOAO/bHLIX BOMH ABAAKTCA NPOLECCHl M3MEHEeHMS
NAIOTHOCTU NNasmbl B chepe, NPUYEM, BONHbI CO34aK0TCA BHYTPU cHepbl U CHAPYKMU.

TPU CETOYHbIX

COEPUYECKMU 3/IEKTPOAA

KOPNycC

WOHU3SUPYEMASA
FA30BAA CPEAA

TPEX®A3HbIA UCTOYHUK

NMUTAHUA SNIEKTPO4OB




He cTouT 3abbiBaTh TaK:Ke 0 TaKOM METO/Ie, KaK co3aHne 3PUPHbIX NOTOKOB N 3aBUXPEHUI, 3TO TaKKe
ABNAeTcA cnocobom UsmeHeHMa 3PpUPHOro faBNeHUs B HEKOTOPOM 06aacTM NpocTpaHcTBa. Mpumepom
reHepatopa 3$MpPHbIX BUXPEN ABAAETCA MHOTOC/IONHbIN CoONeHoua, KOHCTPYKUuMn 1995 roga, o KoTopom
Mbl paHee roBopu/n.

CyLecTByeT MHOTO APYruX NPOCTbIX METOL0B NOJYYUTb U3MEHEHMSA 3OUPHOM NAOTHOCTM, YTO NPUBOAUT
K U3MEHEHMAM NapameTpPOoB NPOCTPAHCTBA-BPEMEHM B HEKOTOPOI 061aCTM NPOCTPaHCTBA-BPEMEHM.

3T0 He TeopuA. DTO MNpaKTU4Yeckas paboTa ANA NOAYYEeHUA HOBbIX TEXHONOMMA B MeauuuHe,
a3pOKOCMUYECKO 061acTM U ANA CO34aHUA HOBbIX CBOMCTB MaTepuasios, Hanpumep, AN NoAydYeHus
6onee TBEpAON CTaNN.

MbI 3aMHTEpPECOBaHbI 3aNaTeHTOBaTb 3Ty pPaboTy, HO PocnaTeHT OTKAOHMA Halwy 3aaBKy N2 2003110067
ot 09 anpena 2003 roga. OHM NPOCUAM YAANNTD U3 TEKCTA BaXKHble TEXHUYECKME AeTann, KoTopble AatoT
NMoJsIHOE MOHMMaHMe CcyTuM npouecca. Bagum YepHobpos obwanca AMYHO C npeacTaBUTENAMM
PocnateHTa no gaHHomMy Bonpocy. Mbl 0TKa3aanCb U3MEHUTb TEKCT 3asBKU, MO3TOMY €€ OTKAOHMAN. fA
6yay pag HalTU MHBECTOPOB AJ11 COBMECTHOrO NMaTeHTOBAHMA 3TOM TEXHOJIOTMW Ha MeXKAyHapoaHOM
YpOBHe.

17. Utak, ckaxkuTe mHe Baluu B3rnagpl Ha byayliee 3To TEXHONOMMK.

®ponos: MMpexge Bcero, 3T0 NpUMeHeHMe B 06nacT MeAnuMHbl. O340pOBUTENIbHAA MPaKTUKA
AeMOHCTpUpyeT $aKTbl U3nedeHmsa Man 3ddeKTbl OMONOKEHNA B HEKOTOPbIX CNeLManbHbIX MecTax Ha
nnaHeTe, WAM B HEKOTOPbLIX CNeuManbHbIX TEOMETPUYECKMX obbekTax (nupamupax). [LaHHble
MeaNUMHCKMe 3 EeKTbl ABAAIOTCA Pe3y/ibTaTOM 0CObbIX MOTOKOB 3dUpa B TaKMX MeCTax, TO eCTb, 3TO
pe3ynbTaTbl BAMAHUA M3MEHEHWI MAOTHOCTM 3dMpa Ha OPraHU3mM YenoBeka. B TepmuHax ¢U3MKM,
MOXHO TOBOPWUTb O TOM, YTO MIOTHOCTb 3dupa onpegenseT GyHKUMIO SHTPONUKU NbO MaTepuu.
COOTBETCTBEHHO, Mbl MOYEM MOCTapPaTbCA NOAYYNTb aHTUIHTPOMUIMHBIE MPOLLECCHI, UCMOb3YA AaHHYIO
TEXHO/I0TUI0. Bbl TaKKe 3HAEeTe, YTO rPaBUTALMA M CKOPOCTb X043 BPEMEHU B3anMOCBA3aHbl. Mbl MOXeM
pa3BMBaTb Npeanaraemyto TEXHONOTUIO AN a3POKOCMUYECKOTO NPUMEHEHUA. BaXKHbIM MPaKTUYECKUM
aCrMeKTOM 3TOM TEeXHOJIOTUM ABAAETCA BO3MOXKHOCTb CHUMKEeHUSA YPOBHA pagnauyunun. Mbl nposenu
HECKO/IbKO TECTOB C XOPOLMMM pe3y/ibTaTamu. DKCNepMmeHTblI NPOBOANANCL B 1abopaTopum agepHbIX
peakumint CaHKT-MeTepbyprckoro rocygapcTBEHHOrO YHMBEpPCUTETA 3aBegdylowum fabopatopueit
AoKTopoM JlasapesbiM, B ntone 2006 roga. 3akasymkom AaHHOM paboTbl 6bl1a moAa KomnaHua 000
«JlabopaTtopus Papasein».

18. Kakoli TMn ycTponcTs byaeT Mcnonb3oBaTheCs B OyAyLLMX IKCNEPUMEHTaX, eciv Bbl noayuute
$PUHAHCMpOBaHMe NpoeKTa?

®ponos: B moeit KHUre «HOBble KOCMWYECKME TEXHONOTUU», i MPEasIOXRUA HECKONbKO 6yayLimx
3KCMEPUMEHTANbHbIX METOLAOB /1A MosydeHus 6onee MOLWHbIX 3GPEKTOB, Yem B MPOLUIbIX
3KCMEPUMEHTAX C TPEXKO/bLEBbIMM KaTylKamu. Hanpumep, Mbl Moxem nonpo6oBaTb MCMbITaTbh
chepuyeckmii NNasmeHHbI reHepaTop A4/A TreHepauuMyM MOLHbIX BOJAH MAOTHOCTM 3dupa. Ham
HeobXxoAMMO c034aTb 06bEMHbIE U3MEHEHWUA MAOTHOCTM NJ1a3Mbl B 3TOM ycTpolicTBe. C COBpeMeHHOM
3N1EKTPOHMKOMN 3TO He npobnema. TakKe NOMHWUTE 06 acMmMmMeTpun MmnyabcoB. CMHycouaanbHble
MMNYAbCbl HEIGDEKTUBHBI. ACUMMETPUYHAA Ny/bCaLUa MOXKET NPUTATMBATbL WAM TONIKATb 3dup. ITOT
cnocob No3BoAAET YBEANUYNTL UM YMEHBLIWTL NJOTHOCTb 3dUPa B HEKOTOPOK 061acTu.

HemHoro, o TexHonormax KOHTPO/1A BpEMEHU U NyTewecTBUAX BO BpeMEHMU... BCero HECKOJIbKO C/OB.
lNyTewectBne BO BpemMeHW O3HaYaeT BO3MOXKHOCTb M3MEHUTb MONOXEHUE HEeKOTOporo obbeKkTa B



npocTpaHcTBe-BpemeHn. TakMm o06pas3om, 3TO TaKKe TPaHCNOpPT, 4TOBbl U3IMEHUTb MecTo B
MPOCTPAHCTBE W TMONOXEHME HA BPEMEHHOM OCM MNpPOCTpaHcTBa-BpemeHn. ObcyKaaemaa 34ecb
TEXHOJIOTMA OCHOBaHa Ha MOHWUMAHUM POAN MAOTHOCTM 3PUpPa KaK BaXKHOrO napameTpa NPOCTPaHCTBa-
BpemeHu. [la, 3To peanbHbIt cnocob obecneynTb N3MeHeHUe MOJIOXKEHUA HEKOTOPOro maTepuasibHoro
06BbeKTa B MPOCTPaHCTBEHHO-BPEMEHHbIX KOOpAMHATax NocpeacTBOM M3MEHEHMA NAOTHOCTM 3dupa. A
npeanonarato, 4To 3T0T 3pPeKT ABnAeTcs 3PPEeKTOM KBAHTOBbLIX YPOBHEN, T.e. OH ByAeT NpPonucxoamnTb
NpU HEKOTOPOM CTEeNneHW M3MEHEHWs MNJAOTHOCTU 3dupa. ITO MOXOXKE HA IHEepPreTMYeckme YPOBHMU
aNneKTpoHa. OH MOMKET M3MEHUTb CBOW 3HEPreTMYECKMe YPOBHW M OPOUTLI MOC/e TOro, KaK 3/IEKTPOH
Nosy4YUT HEKOTOPOEe KOJIMYECTBO 3Heprnu. To e camoe [0MKHO paboTaTb B MPOCTPAHCTBEHHO-
BPEMEHHOIN CTPYKTYpe Ha MaKpoypoBHe. [locne Toro, Kak Mbl AOCTUTHEM HEKOTOPOro YPOBHSA
M3MEHEHMA NNOTHOCTU 3dMpa B HEKOTOPOW IOKa/IbHOM 06/1acTM NPOCTPaHCTBA-BpeEMEHM, 3Ta 0bnactb
NPOCTPAHCTBA-BPEMEHN  AO/IKHA  U3MEHUTb CBOW  JHEpPreTMY4ecKMin YypoBeHb Ha  Apyroe
NPOCTPAHCTBEHHO-BPEMEHHOE NONO0XKEHUE. Bce maTepmnanbHble 06beKTbI B 3TON chepuyeckon obnactu
MPOCTPAHCTBA TaKKe byayT nepeHeceHbl B Apyroe NpoCcTPaHCTBEHHO-BPEMEHHOe NonoXKeHune. Jpyrumu
C/10BaMM, 3TO KOHUeNuus Tenenoptaumu. A nonarato, 4T0 HEBO3MOXKHO M3MEHUTb NONOMKEHUE Ha OCU
BPEMEHWN, HO COXpPaHMUTb TO e camoe MecTo B npocTpaHctBe. Ob6a acnekTa coeAuHeHbl B
NPOCTPAHCTBEHHO-BPEMEHHOM KOHTUHYYMeE.

Ewe oAHO 3aMeyaHMe O NPOAO/bHbIX BOAHaxX. ECTb 6eryuime BoMHbI U cToAYME BO/HbI. Mbl MOXKeM
€034aTb CTOAYYIO NPOAO/IbHYIO BOIHY MNAOTHOCTM 3dupa. B aTom cnyyae 061acTv € BbICOKOM NJOTHOCTbIO
M 06/1aCTN C HU3KOM NJOTHOCTbIO He NepemeLlatoTca, a GUKCUpyroTca. Takum 06pa3om, HyXHbI addekT
MOKeT 6bITb NOKaNM30BaH B KaKoW-To obnactu npoctpaHcTea. ObpaTvTe BHUMaHME, ANMHA BOJHbI
MOXeT 6bITb Nt060ro pasmepa, HanpUMep, OT HECKOIbKMX METPOB A0 HECKO/IbKMX KWMIOMETPOB. ITO
cnocob AMCTaHUMOHHOIO YNpaB/ieHUsAs MPOCTPaHCTBEHHO-BPEMEHHbIMM CBOWMCTBAMM, a pPaccToAHUe
BO3AENCTBMA He oOrpaHuyeHo. [aHHas TexHonorMa umeeT 60AbluMe NEepCrekTUBbl MPaKTUYECKOro

MCNoONb30BaHUA.

®dponos AnekcaHgp Bnagmumuposuy Anpenb 2021 rog,



