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«9YACTOTHOE ITPOCTPAHCTBO» — 6axas3am
OT MHOTOMEpHOCTei?

C nosByieHVMEM HIer 0 MHOTOMEPHOCTU IIPOCTPAHCTBA BOSHUKJIA
mpo0JieMa BOCHPUATHS UeJIOBEKOM OIIOJHUTENbHBIX N3MEePeHni ¢ I0-
MOIIbIO OPTaHOB YYBCTB, BOCIIPUHNMAIOIIIUX MUP TPEXMepPHbIM. MOKHO
JIM HAWTH BBIXOJ M3 CO3JaBIIeiicda cuTyamuu?

PaccMoTpuM MBICJIEHHBIU 3KCIIEpUMEHT. JlommycTnM, UTO 9KCIIe-
PUMEHTOTOD IIO0 CBOEMY KEJIaHUI0 MOYKET UBMEHATH YAaCTOTHOE COCTO-
ssHUe ce0A U cOOCTBEHHOIO OKDPYIKEHHUA - HampuMep JiabopaTropuu, B
KOTOpPO¥ mieT sKcrepuMeHT. Ecau yBeaumymBaeTcA 4acToTa, TO IJA
CTOPOHHETO HAOJIIOJAaTe s OH HauHEeT YMEHBIIIAThLCA B pasMepax U Me-
HATH CIEKTP MBJIIYyUYEeHUS, CMEINasch B yJIbTPa(pMOJIETOBLIN AUana3oH.

Co cBoeif CTOPOHBI SKCIIepUMEHTAaTOD OyaeT HaGaI0IaTh KaK OK-
PYSKAIOIIUNA MHUD CTaJ YBEJIWUYMBATHLCA B pasMepax, MEHATH OKPACKY
U ILJIOTHOCTD, IIPOCTO ' TAATh Ha riasax . I[JIa sKCIeprMMeHTaTOpa OK-
PYsKaoIMuil MUP CMECTUTCS B MH(MPaKPACHBIN IMaIa3oH, a IIOTOM BO-
o0Ille MCUesHEeT M3 IOJIA 3PEeHUs, PacceeTcs CJIOBHO 0O0JIaKO Immapa.

M skcmepuMeHTaTOp, WM HaOJIOAaTe b, €CAW CMEIeHue IO Yac-
TOTE HE CIAUIIKOM BEJINKO, MOTYT HaOJOZaTh APYT 3a apyrom. Ilas
ATOT0 3KCIEPUMEHTATOPY MOHAmOOUTCS NpubGop MH(PPAKpPACHOTO BU-
IeHus, a HabJomaTen 0 IPuGOp, MO3BOJIAOIINA BUIETh B yabTpadu-
0JIETOBOM AMAalna3oHe. JTO JKe caMoe MOTYT HabJIogaTh U JIIOAU C aHO-
MaJbHO PACIIMPEHHBIM II0 YaCTOTE 3PEHUEM.

C TouKu 3peHUs: CTOPOHHEro HaOJIIoJaTessi B CMECTUBIIIEHCA IO
YacToTe CHCTEMEe BCEe MIPOIlecChl, B TOM UYHCJE W OuojornyeckKue, 0y-
IyT IpOoTeKaTh ObicTpee. VI3HYTpU BCE OyAeT BHITJIAAETH MHAUE: Y CTO-
pOHHero HalOJIofaTesN s BCE MPOIECCHI 3aMeAJIATCA.

OnHU U Te »Ke COOBITHSA [JIA SKCIepUMeHTaTopa U HabJarogaTesls
OyayT HabJIOIaThbCS IIO-pasHOMY. Eciyu coOBITHE HPOMCXOAUT B UaC-
TOTHOM [MAala3oHe HAOIIOAATeNsI, TO SKCIEPUMEHTATODP YBUIUT TOJb-
KO Ty 4acTh IPOMCXOLAIIEr0, KOTOPAA IO YACTOTHBIM XapPaKTEePUCTH-
KaM JOCTYIIHA ero mpubopaM W opraHaMm 4yBcTB. To »Ke camoe MOMKHO
CKasaTh U 0 HalbJmjaTele, KOTOPBLIA TaKKe YBUIUT TOJIBKO LOCTYII-
HYIO eMy 4acTh IPOUCXOoAAIero. TaKUM MM MOX0KUM 00pa30M MOKHO
00'BbACHATL ' 3arafouHble’ 1 HeONHO3HAUHLIe ABJIEHUHA, IJSI 00'bsCHE-
HHUA KOTOPBLIX BCE BPEMsA IBITAIOTCA BBECTH B (DU3UKY MOIOJJHUTENIh-
Hble U3MEPEHUA. B 3TOM CMBICJE NOIOJHUTEIbHBIE MEPHOCTUA ABJISA-
IOTCS BCIIOMOTATEJIbLHEIM MATEMATAYECKUM MHCTPYMEHTOM IJIA 00bsC-
HeHUsl pas3JUUYHBIX (PEHOMEHOB.
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s ommcaHUsA COOBITUHM MPOUCXOMAIINX B ONHOM YaCTOTHOI CH-
cTeMe C MMO3UIUK APYIroil, HaM He TpeOdyeTcs HU CIelUaJbHBIA MaTe-
MaTHUUYeCKWIl anmapaT, HU BBeJleHWEe [IOIOJIHUTEJbHBIX MEPHOCTEH,
KpoMe uacToTHOI. IIpocreiimieil anamorueili MOKeT CHIYKUTHL IIPUMEDP
C IJIOXO HACTPOEHHBIM pPaguoNnpuéMHUKOM. Eciiu oTcyTCcTByeT TOUuHAA
HACTPOMKAa, TO BOCIPOM3BOAUTCA JIUIITHL Kpall AuamasoHa IepeaaroIei
paguoCTaHIINU, ¥ BMECTO IOJIHOIEHHON WMHMopManum OyayT TpUHU-
MaThCs €€ (parMeHThl, T0 KOTOPHIM BPSAJ JIU MOYKHO COCTABUTH IIPE]-
cTaBJIeHUE O CIOKeTe.

XoueTcAa HAAEATHCS, UTO IPU COOTBETCTBYIOIEM TeXHUYECKOM
obeciieueHN, a 9TO OEJIO HeJaJIEKOro OyayIero, Mbl CMOXKEM Ilepe-
MeMIaThCA MO0 YaCTOTHOMY ITPOCTPAHCTBY TaKyKe YBEPEHHO, KakK U IO
MeTpuueckomy. Ecau mepemelnieHre B TPEXMEPHOM METPUYECKOM ITPO-
CTPaAHCTBE OCYIIECTBJSAETCA BJOJb KaKOU-JINOO OCU KOOpPAWHAT, T.€.
U3 MyHKTa A B OyHKT B, TO roBOpsA O YacTOTHOM IIPOCTPAHCTBE, MBI
UMeeM BBUIY ITepeMeIlleHre IO YaCTOTHON OCHM HAIIEero TPEXMEPHOTO
MUpa, IPU STOM TEepPeMeIlleHle B METPUYECKOM ITPOCTPAHCTBE MOJKET
OTCYTCTBOBaTh. B 9TOM ciiyuae HaOJII0QaeMbIii HaMU TPEXMEPHBIN MUP
IpeACTaBIsIETCS TOHKOM c)epoil, TONIUHA KOTOPO OrpaHnYeHa BIIOJI-
He KOHKPETHBHIM CIEeKTPOM JKM3HEHHO Ba’KHBIX IJIA YeJOBEKa YacTOT
(puc.1).

HE
Bl
yo

y[m]

x[m]

z[m]

V]

Puc. 1. CneBa — meTpuueckas cucrteMa KoopAumHAT (X,y,2), CIpaBa — 4acTOTHad,
B KOTOpO# ecTh ofHa och (V) M TeJIeCHBIN yroJ, HO C HEKOTOPHIMH OTOBOPKaMU
MOKHO BOCIIOJIE30BATHCSA NIPUBBIYHOM CHCTEMOII KOODAWHAT, IO OCAM KOTOPOi
orcuéT Begérca B I'm. Tommuua cheprr B/ (BUZMMBIN guanas3oH), OIpeNeIaeTcsa
CIIOCOGHOCTSIMY HAIIKUX OPTaHOB YYBCTB. C TOUKM 3peHUA YaCTOTHOTO IIPOCTPaH-
CTBa HAIIl MUP IpPeACTaBIAeTCa chePUUECKUM 3aMKHYTHIM CJIOEM.
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C uacmomHoil TOUKU 3peHUA HAIlle MEeTPHUUYECKOe IIPOCTPAHCTBO
ABAsAeTCA chepuUYecKUM U XapaKTepPU3yeTCsA YACTOTHOI TOJIIIUHONM,
WJIN Auamnas3oHoM dacToT. He MCKJIIOUEHO, YTO B YaCTOTHOM IIPOCTPAH-
CTBE€ MMEIT MECTO 1M APpYyIrrue 4aCTOTHBIE Aualla3OHBbI, B KOTOPbLIX €CThb
CBOA pasyMHas KU3Hb.

T'umoTes3a 0 YaCTOTHOM ITPOCTPAHCTBE B BHUJE OOKUTHIX Pa3yMOM
cep YacTOTHBIX AUAIA30HOB, II03BOJISET IIPOCTO 1 U3AIIHO O0BACHATH
MHOTHeEe, 0CODEeHHO TaK HasbIBaeMble KOHTAaKTHBIE (peHOMeHBI. IIpen-
moJiaraeTcs, YTO OOKHUTELIE UACTOTHBIE NMAIA30HBI IPHCYTCTBYIOT He
rae-HuOyAb y OadéKoii 3Be3qbl, a B HEIIOCPEICTBEHHOM O0JM30CTH, B
TPEXMEPHOM IIPOCTPAHCTBE, KOTOpPOE 3aHHMAaeT (PU3UUYECKOe TEeJIO BO-
IIeJIIero B KOHTAKT YeJOBeKa.

Yro Kacaerca (peHOMEHOB THIA IPUBEIEHUI, CBETAINNXCA IIa-
POB, BHEPTETUUECKUX CTOJIOOB, OBEIIECTBJIECHUS U Pa3BEIeCTBICHUA
(usunueckux 00BLEKTOB, B TOM uucJe u padHoro poga HJIO, B mpeamo-
JIO}KEeHUM YaCTOTHOT'O IIPOCTPAHCTBA, TO €CTh B paMKax PUTMOAMHA-
MUKW, UX MOKHO PACCMATPWBATh, KAK Pe3yJbTAT AEHCTBUH “HAIINX
coceneii”, 9KCIEPUMEHTEI KOTOPhIX UYACTUUYHO WMJIU IIOJTHOCTBHIO BBIIII-
JIX 3a TpeAesibl MX YaCTOTHOTO MHUPA.

OsHavaeT Ju 9TO, YTO MPEACTABUTENN HEKOTOPBIX ITPUTOIHBIX
IJIsT Pa3yMHOH JKU3HU AMAIa30HOB YaCTOT OCBOUWJIM HEM3BECTHBIM HaAM
Iocejie crrocob IepeMeleHus IO YacTOTHOMY IpocTtpaHcTBy? Ecam
“mal”, To paHee CIIOPHLIN BOIIPOC IIOCEIeHUA 3eMJIHN CYyIlecTBaAMU 13
WHBIX MHPOB MEPEeXOIUT U3 Paspsiga MUCTUKU B O0BACHAEMYIO Peasb-
HOCTb.

Bo3M0:KHO, UTO OQPUIINAJBHBLIN KOHTAKT C MHBIMHU CYIIeCTBAMU
IPOM3OHUIET, KOrAa 3eMJAHe NeHCTBUTEJIbHO OYAyT I'OTOBBLI K HEMY.
W3 Toro, uTo HAIl YACTOTHO-METPUUECKUN MUP IPUHAILICIKUT BCEM
Pa3yMHBLIM CYUTHOCTAM OJHOBPEMEHHO U MBI CBA3AHLI APYT C IPYTIOM
HepaspLIBHO, cJaeayeT 000I0aHAA 3aMHTEPECOBAHHOCTE B KOHTaKTe. Co0-
CTBEHHO 9TOT KOHTAKT IPOUCXOIUT €KEeCeKYHIHO 1 SABJIAETCSI HeOTheM-
JIeMOM YacCThIO JKM3HU KaKI0TO UejIOBeKa, HO BOCIIPUHUMAEM MBI ero,
KaK IIPaBUJIO HAa HEOCO3HAHHOM ypPOBHE, HAa3bIBAEMOM HHTYUIIHA.
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HHPOPMAIIMOHHBIE ITPOCTPAHCTBA U MHTYUIIUS

KpomMe MeTpMYecKOro M YaCTOTHOTO IPOCTPAHCTBA MOMKHO BBI-
IeJIUTDb ellé nH(POPMAIMOHHOE.

HexoTopble s30TepruecKye IIIKOJIBLI 1 OlleKaeMble UMU JIIONU CMe-
JIO IEeJIAT MUP Ha OTJAEJLHO MaTePUATbHBIA 1 OTAEJTbHO NYXOBHBIA. [Ipn
ATOM, KaK IPaBUJIO, 0OOCHOBAHUEM SBJSETCS UTO-AU0O0 TUIA =~ CBATO-
r'o OTKPOBEHUS, CHU3OIIEAIIero cBeiire . Curyanus ycyryoasercs mo-
SABJIEHMEM MOPS JUTEPaTyphbl, HATTMCAHHOM JIIOABMU, MOMABIIINMHU IO
COMHUTEJBHOE, C TOUKY 3PEHUS MHPOPMAIMOHHON YMCTOTHI, BO3AEH-
CTBUE HEM3BECTHBIX MCTOYHWKOB 3HaHUA. Ha30BEM 3Ty cuTyammio —
“mH(MOPMAIIMOHHBIN Hae3x” .

Curyanusa “maesma” melicTBUTENLHO IIeuajbHasdA. CUguT paHee
HOPMAaJIbHBIH, a MHOTJA ¥ BBICOKOOOPA30BAHHBIN UeJOBEK U IOJ MUK-
TOBKY “CBBIIIIe” MCHHCBHLIBAET CTOHNKAMHU TeTpagu. MHe He pas HmpuXo-
IUJI0Ch BHAKOMUTHCA C MPUHATON KOHTaKTEpaMu (dKCTpaceHcaMu, T.e.
— CBEPXYYBCTBUTEJIbHLIMI) NH(GOPMAIIME U HaJ0 IPAMO CKa3aTh, UTO
eCcTh B Hell MHOIO 3aMedaTeJIbHOTO, HO KOTJa pPedb UAET O MUPOYCT-
poiicTBe MM O crocobe TMOo3HAHUA abCoJII0Ta, TO C TOUYKU 3PEHUST 3eM-
HOM HAYKW Y HOPMAJIbHOU YeJOBEUYECKOU JIOTUKY HAaTAaJKWBAEIIbCA Ha
HEIIOAAI0IYIOCA OCO3HAHNIO  BAYKHYIO JeTalb , B KOTOPYIO PEKOMEH-
IyeTcsi BEPUTH.

Mebr He OymeM AeTaJu3upPOBATh NIPUHUMAEMYIO 9KCTPACEHCAMU
nHGOPMAaIIO, HO HONBITAEMCS IMOMCKATHL TO MECTO B METPUUYECKOM M
YaCTOTHOM IIPOCTPAHCTBAX, I'/leé MOTYT HAXOAUTHLCA €€ UCTOUHUKU. Ecau
B IIpoIlecce IIOMCKAa HaM YZACTCS XOTs ObI IPUOJIU3UTEIHHO OTBETUTH
Ha MOCTaBJIEHHBIN BOIPOC, XOTS ObI MPUOJIUBUTEIbHO OMPENeJTUTHhCS C
MeXaHM3MOM 3alpeaebHbIX KOHTAKTOB, TO C IIOBECTKU AHS OyAeT CHs-
Ta ellé oJHa MHCTHUUYecKas Ipobiema. BbITh MOKeT mocje STOro MBI
CMOYKeM OTKPBHITO ¥ C MOHMMAaHWEM CyTHU FOBOPHUTH O TaKoM (eHoMe-
He, kax UHTYUILIUS.

1. THOOPMAIIMOHHBIE ITPOCTPAHCTBA

Huorga mrogu poskgatorcs ciaenbiMu. Ciemora ot poaenus Gop-
MUPyeT y 4esioBeKa cuenmuduyeckoe nHGOPMAIMOHHOE IPOCTPAHCTBO
U BJIUSAET Ha JIOTUKY BOCIHPUATUA OKPY/KAIOIIET0 Mupa. JTa JIOTHUKA
HECKOJILKO OTJIMUAEeTCs OT JIOTUKU 3PAUEro dyesioBeKa. [IpuumnHa — or-
CYTCTBHE 3pEHUs, KaK OJHOT0 M3 BAKHENIINX KaHAJIOB BOCIPUATUSI
uHpopmMamuu 00 oKpy:kaIineM Mupe. Eciu 3pauunii 6ygeT paccKasbl-
BaTh CJEIIOMY O TOM, KaK KPACHBO JIECHOE 03ePO0 M KaKOi ceromHs 3a-
MeyaTeJbHBIM 3aKaT, TO CO CTOPOHBI CJIEIOr0 BPAA JU MOYKHO DPACUU-
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THIBATHh Ha NOHUMaHUe. MBI MOXKEeM CMeJI0 CKa3aTbh, YTO C TOUKHU 3pe-
HUS 3PSAYET0 YeJOBeKa MHMOPMAIIMOHHOE IIPOCTPAHCTBO CJIEIIOTO SAB-
JseTcsA yIepOoHBIM, T.K. B CTaHAAPTHOM WHMOPMAIIMOHHO-YACTOTHOM
IuamnasoHe UejioBeKa OTCYTCTBYeT OOJIbIlIas M BasKHAs YacTh CIEeKTpa.

Paccmorpum mHO#M mpuMep: B3POCIBIA YeJOBEK MOTEPAJ 3peHme
B pe3yJbTaTe aBapuMiHOUN cuTyaruu. Kciy Takoil UesloOBeK HAXOJUTCSA
cpenu cJemnbIxX U OyIeT cayliaTh, KaK OMMCHIBAET MPOUCXOAAIIee 3Ps-
yuii, TO MOKHO YBE€PEHHO I'OBOPUTL, UTO OH OyJeT MHAUe BOCIPUHU-
MaTh paccKasbiBaeMoe 3pAdYuM. [IprumHa — mamMAaTh 00 OIBITE OOIIe-
HUA C OKPYIKAIOIMM MHUPOM IIOCPEACTBOM 3peHuA. VI XoTsa Bpoze Obl
MBI M€EM JIeJIO CO CJIETBIM UeJIOBEKOM, HO TOBOPUM, UTO ero MH(OP-
MAaIlMOHHOE IPOCTPAHCTBO OTJMYAETCS OT MH(POPMAIMOHHOTO IIPO-
CTPaHCTBA YeJIOBeKa, POKIEHHOTO CJIEIIBIM.

Ects nHoii Tum Jgiogeii. B moeil mpaKTuKe ObBLI MajJab4YHK, Yy KO-
TOPOTO B OIIPAaBY OUKOB BMECTO KOPPEKTUPYIOIINX CTEKOJ ObLIN BCTAB-
JIEHBI cUJIbHBIE JUH3bI. O0IIeHNe ¢ MaJTbYNKOM II0KA3aJIo, 4YTO ero 3pe-
HUe JINIIH CJIETKA HAaCTPOEHO Ha CTAaHAAPTHBIN A JIOAed nuarasoH,
OCHOBHAA ’Ke MH(popManma 1moJ BUAOM 3PDeHUA IIOCTYIIaeT B TOJOBHOU
MOBT COBEPIIIEHHO M3 JPYTOoT0 YaCTOTHOTO AMANa3oHa, T.e. IO APYyro-
My KaHasy. IIpu Oecefe BBISICHMIOCH, UYTO MAJbUUK YBEPEHHO, U 3TO
IIPU €ro-TO 3PEeHUM, KaTaeTcsA Ha BEJOCUIIe/Ie M TIOMOTAeT €My B 9TOM
uH(poOpManusa, IMOCTYHAaIMasd ¢ JPYroro YacTOTHOTO YPOBHA.

OueBUIHO, YTO MHOOPMAIITMOHHOE TPOCTPAHCTBO MOUTHU CJIETIOTO
MaJIbUMKa CEePbE3HO OTJIMYAETCA OT BCEX OMMCAHHBIX HAMM BapHUAH-
ToB. Ec/im MalbuMK cTaHeT pacCKasbiBaTh O TOM, UTO BUAUT B JOCTYII-
HOM TOJIbKO JIJIA HETO CHEKTPe YacTOT, TO B JIYUIIIeM CJIyuyae HaM IIPU-
IETcsA MPUHUMATL 9Ty WH(POPMAIINIO HA BEpPY, B XyAIleM — O0bABUTH
MAJIBUHUINKY CYyMACIIeAIINM ¥ OTIPABUTH B IcuUxJeueOuuiy. B aToit
CUTyalluM C TOYKU 3PEHMsS MAJbUMKA OOBIYHBIN CTAHIAPTHBIN UYeJso-
BeK sBJsieTcd cjenbiM. Ho Kak TOJBKO KOJMYECTBO AHAJIOTMYHBIX
MaJdbuuKy Jofaei mepeBaaut 3a 50% wuam gocturuer 99%, B Jeued-
HUITY CTaHYT OTIPABJISATH paHee CUNTABIINXCS HOPMAJIbLHBIMH, T.€. Hac.
WMsMeHUTCSA BOCIPUSITHE MHPA, METOIbI €ro ONMMCAHUSA U IO3HAHUS.
Ilonas B Mup Jiofieil ¢ UHBIM MH(POPMAIMOHHBIM IIPOCTPAHCTBOM, MBI
JOJITOe BpeMsi He CMOKeM IMOHMMATh, HU O YEM OHU T'OBOPST, HU IIO-
YyeMy OHHM IIOCTYIAIOT IIPOTHUB Halllell JOTUKU, HU MOUYEeMY OHU TaKHUX
KakK MBI CUMTAIOT YIepOHBIMU.

Y sroneil nmeeT MecTO yepeqHEHHOEe NH(MOPMAIIMOHHOE ITPOCTPAH-
CTBO C HE3HAUUTEJbHBIMU OTKJIOHEHUSIMM OT CTAHIAPTHOTO IHAamaso-
Ha MPpUHUMAaeMbIX yacToT. TeM He MeHee cpenu Jiiojeil peiKo BCTpe-
yaeTcs IMOJTHOe coBmazeHme. MoiKeT OBITH MMEHHO 9TO SABJIAETCA IIPU-
YNHON pasfesieHus JIIOAel IO B3IJIAgaM, BO3HUKHOBEHUS HEIIPUEM-
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JIOMUX APYT APyra HAYYHBIX IITKOJI, PA3HOIIEPCTHBIX HapTUU, 00-
I[eCTB, BPAMKIBLI?

ITU OTKJIOHEHUA, TEM He MeHee, CJeAyeT CUNTATh eCTeCTBEHHO-
IPUPOAHLIMK M UIPAOIIEMHU IIOAUYAC BasKHYIO POJIL B JeJjie BBIKMBA-
HUSA TOMYJIAIIUN JIOAeH.

2. HHTYNIUA

3aMeueHO, UTO y Hambojiee TAJAHTJIUBBLIX JIOAEH YYBCTBO 3all-
PeneSIbHOTO, HeIOCTYIIHOTO OOJIBIIINHCTBY, T.€. — UHTYUIIUA, 000CTpe-
HO. IIprumHa — pacimupeHHOEe MHMOPMAIMOHHOE IPOCTPaHCTBO. Ta-
JIAHTJUWBBIN YeJOBEK TaK HACTPOEH IIPUPOMAOI, UTO ero OPTraHbl YYBCTB
BBIXOAAT JAJIEKO 3a MIPeJeTbl YCPeTHEHHOTO BOCTIPUATHAA MUPa, a WHOT-
Ia IepeKpBIBAIOT COCEMHNE MMAIla30Hbl Pa3yMHOU KuU3HH. Takoil ue-
JIOBEK BUAUT, YyBCTBYET, 3HAET HAIEPE] O TeX COOBITHUAX, KOTOPHIE
yiKe TMPOUMSBOILIN B MHBIX YACTOTHBIX AWAINIa30HaX KU3HU, HO eIEé He
JIOLIJIN OO HAIero YacTOTHOTO MUpAa, a IIOTOMY He IIPOSBUJIVCE.

Mbl HapucoBaau KapTUHY, B KOTOPOM MMEIOT MeCTO MeTpHuuec-
Koe, JYaCcTOTHOe M MH(OPMAIMOHHOEe HpocTpaHcTBa. HEcTh Haxexkna,
UTO yepes IMOHMMaHUE caMux cels, uepe3 OCO3HAHNE HEPa3PHIBHOCTHU
Ka'KJ0ro U3 Hac APYr ¢ APYroM, ¢ BUAMMBIM U 3alpeAebHBIM MHUpA-
MU, MBI OJHAK/IbI IIPO3PEEM U CTaHEM OCO3HAHHO IPUBOJUTH HAII MUP
U CBOIi OBIT B cooTBeTcTBUE ¢ TpeboBanuamu [IPUPOJIbI. ¥Vaauu HaM.

MOJEJHUPOBAHUE ABUKEHHUA HJIO
B YACTOTHOM ITPOCTPAHCTBE

Oguoit n3 akTyaabHBIX B Y®Omoruu mpodJieM sBJISETCS OBellle-
crBiaeHue u passemiecTsiaenne HJIO B mamem muH(MOPMAIIOHHOM IIPO-
cTpaHcTBe. PaccMOTpUM HEKOTOpPbIE MOMEHTHI 9TOM IIPOBJIEMEI C TOY-
KU 3pPeHUS IePeIBUKEHUS B YaCTOTHOM IIPOCTPAHCTBE.

MosKHO TIPEANOJIOMKUTD, YTO IIPU IBUXKEHUUN B YACTOTHOM IIPO-
crpancTBe HJIO BRIHYKOEH IIepeceKaTh 00JIaCTh YaCTOT BOCIIPHUHIMA-
eMBbIX HAIIMMM OpraHaMi 4yBCTB. EcJIM CKOPOCThH mIepeMelleHus Oy-
IeT CPaBHUTEJIBHO HeOOJBIIOl, TO y 3¢MHOr0 HabJJI0IaTesd TOABUTCA
BO3MOKHOCTH IIOCJIE€IOBATEIHLHOTO HAOJIONEHUS 3a MTPOUCXOMAIINAM.

IIpusegem ymospureabHbli npumep. HJIO Tuna map goCcTUr yib-
TpaduroJeTOBOH IJA Hac 00JIacTH, a IIOTOMY €Ilé HeBUAUM HaIleMy
speuuio. Ilycts HJIO-mm1ap B aTOM Auamas3oHe mMeeT AuaMeTp 3 MeTpa
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(momycTuM, UTO 5TH 3aMepPhl MBI CAeJIAId IPUMEHAA CIenaJbHYIO all-
mapaTypy, IIO3BOJISAIONIYI0 BUIETh B YJIbTPA(UOJIETOBOM AMAIIA30HE).
Yro Oymer HaOMOLATH OOBIUHLIN uesioBeK mpu mpoxoxxkgenuu HJIIO
yepes MOCTYHHBIN YeJOBEeUECKOMY 3PEHMI0 YACTOTHBIA YUaCTOK ITYTH,
ecJIM BCE 9TO OyAeT HMPOMCXOIAUTh B HEMOCPEICTBEHHON OT UeJIOBEeKa
6suzocTu?

Pasmeps! JI060T0 BEIECTBEHHOI'0 TeJIa HAIIPSAMYIO CBSI3aHbI C ero
YACTOTHBIMY XapaKTEePUCTHUKAMU Ha YPOBHE MOJIEKYJ 1 aToMoB. Eciau
BBl XOTUTE YMEHBIIIUTb PasMephbl Tesla, TO (3a PeJKUM HCKJIIOUEHUEM )
cJeqyeT ero CUIbHO OXJAAUTh. ¥ MEHbIIIEHNE PAa3MepPOB TeJjia TOBOPUT
0 TOM, YTO IIOBBICHJIACH COOCTBEHHAS UACTOTA IIPOIECCOB, COCTABJISIO-
IMX 3JI€MEeHTHI BelfecTBa. HeKOoTOphIe BellecTBa IIPU OXJIAMIEHUN U
IpU HarpeBaHUM, MEHAIOT IBeT. Hampumep, TeJo 4eiOBEKA IIPU OX-
Ja)KIeHUU CUHEeeT, a IPU HarpeBaHUM — KpacHeeT. (ITo, KOHEUHO,
IIyTKAa).

KpacHEIN IIBET OTOMKIECTBJSETCSA C IOHMKEHMeM YaCTOThI, CHU-
HUM — ¢ nosBwlmnenueM. Ciaenyer mojsarats, uto u HJIO, nBuxymiuiica
B YaCTOTHOM IIPOCTPAHCTBE, OyAeT: BO-IIEPBLIX — IIOCJIeI0BATEJIbHO Me-
HATH IBET OT YJbTPA(MOJETOBOTO A0 MH(MPPaKPaCHOT0; BO-BTOPHIX —
MEHATHh BUAUMBIE pasMepbl B CTOPOHY yBeJamuyeHUs. Bcé aTo mogmaér-
csA He TOJBKO pacuéraM, HO M KOMIIbIOTEPHOMY MOEeJINPOBAHUIO, UTO
MO3BOJISIET BU3YAJIN3UPOBATL HEOOLIUHYIO CUTYAIINIO HA MOHUTOPE KOM-
obpioTepa.

Busyaiuzarus BajKHa g ucciaenoBaTess. Ilpodiaema B ToM, UTO
He BCEM BBITIAJAeT BOSMOKHOCTE YBUIEeTh npoxo:xkgenrne HEUTO ckBo3b
Ham mup. Kax npasuiio, Takoe IPOUCXOAUT CIAYUYAlHO 1 00s13aTeIHLHO
He TaM, I'Je HAaXOAUTCS SKUINPOBAHHBIA BCeM HEOOXOLWMBIM HCCJIE-
IoBaTesib. HemoAroToBJIeHHBIN UeJIOBeK OOBIYHO PAacCKa3bIBaeT O TOM,
YTO BHUMAEJ, U COBEPIIEHHO He MMeeT BO3MOMKHOCTH J0Kas3aTh IPaBIO-
OA00HOCTE MIPOMUBOIIEAIIero. 3ech caeayeT IOHNMAaTh curyanuio: HE-
YTO cHaua0 BOBHUKJIO HA IIyCTOM MeCTe, T.€. OBeIlleCTBUJIOCEH (MaTe-
pHaIM30BaJIOCh), a 3aTeM TaK Ke MCUe3JI0, PACTBOPUJIOCH — pasBelre-
CTBUJIOCH (IeMaTepuan30Bajoch). B MeIuIlHe 9TO Ha3LIBAETCA — TaJl-
JIOIUHAIINA, a JIOIM, OINCLIBAIOIIME 3TH SABJEHUS, CUNTAIOTCA He
BIIOJIHE HOPMAJIBLHBIMU.

Huoe geso, eciiu ObI y KaXKIOTO KUTEJAA 3eMJIU Bcerga ObLiIa ro-
TOBasi K ChbEMKE BHUJEOKaMepa, a ellé Jyulle, ecJu Obl 3TO IIPOUCXO-
IUJI0 Kak B (paHTaCTUUYECKHX (PUIbMAX: BXKMUBJIEH B OPraHU3M 3allU-
coiBaromuii UYMII. B sToii cuTyanuy KasKIbIH CUACTIUBUUK MOT ObI
3ammcaTh “TaJUTIONUWHANWI” HA CBOM MUKpomnporeccop. Uto 61 Torga
ropopuau Menuku? Beab rajmiomuHaANUU — IJI0MA (haHTA3UU TOJOBHO-
ro MO3ra, a He BUJeO mau (hoToarmnapaTrypsl.
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tardavi tardavi

tardavi tardavi

tard.awi tard.awi

Puc. 2. Isu:xenue HJIO B yacToTHOM mpocTpaHcTBe. CHaUajIa IOSBISETCA CBeUe-
HUe, 3aTeM HAUWHAEeT MPOSBIATHLCS 00BbeKT. Ha MepBBIX CTafiuAX OOBEKT OKPY-
SKEH 0PeoJIoM, HO IO Mepe BXOXKIEHHUs B HAIl YaCTOTHBIN AMAIIA30H OPEOJ 3aTy-
xaer. [Ipubnuskasch K MHQPAKPACHOMY AWAINA30HY OOBEKT YBEIWUYUBAETCA B
pasMepax, CTAHOBUTCA KPAaCHOBATO-IIPO3PAYHEIM, & 3aTeM  AeMAaTEePUATIU3YETCd .
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Bepuémca k mamemy npumepy runoretrmueckoro HJIO-mrapa.
Paccmorpum fBa BapmaHTa: IMI1ap COCTOUT W3 OJHOPOJHOTO II0 YaCTOT-
HBIM XapaKTepHUCTHUKaM MaTepuaJja; Iap ABYXCJIOUHBLIA — CHAPYKU
0oJiee BHICOKOUYACTOTHRIN cjioil uem BHyTpu. Ciieyer oKugaTb, UTO B
KajKJIoM cjaydae 3eMHOU HabOgmomaTesb OyaeT HAOJIOJATh TPOUCXOIA-
mee Io-pasHoOMY.

Cayuaii mepBbIi: IIap OJHOPOAHBIN. CHUHXDPOHHOE YMEHBIIIeHWe Yac-
TOTHI IlIapa IIePEeBOIUT €T0 B BUAUMYIO YacTh CIIEKTpPa, II03TOMY Ha Iep-
BOM 3Tale HaOJIIOgaTeJ b YBUAUT IOABJIEHUE IIPO3PAYHO-CHHEBATOTO
CBeUeHUsA, KOTOPOe TOCTEeIeHHO IIepexXoauT B Oojiee spKoe, ToJrydoe.
W3meHeHME IBETOBOM MAJUTPHI IIapa OyAeT MPOUCXOAUTH PaBHOMED-
HO ¥ IO TeX IOp, IMOKA ero TeJIO MOJHOCTHIO He MPOSBUTCS B HAIIEM
yacTOTHOM aumamnasoHe. [lmamerp mapa yBenuuurcd 1o 6 merpos. Ha-
OJfoaTes b YBUAUT €r0, CMOKET HOTPOraTh pyKaMu U yOeIuThCA, UTO
ImepeJ HUM HOpMaJibHOEe (hpusmueckKoe Tesio, HANEJIEHHOE BCEMU CBO-
CTBaMM BeIIeCTBA.

Ho mrap npogosxaeT yMeHBIIATh COOCTBEHHYIO YacTOTy (Tako-
BO YCJIOBUE €T0 IBUKEHUS B YACTOTHOM IIPOCTPAHCTBE), & 9TO IOJIXKHO
COMIPOBOXKAATHCA 3 deKTaMy MOKPACHEHUA U AAJbHEHINEero yBejuue-
HUA B pasmepax. IIpu momiére K mHPpPaKpacHOH 00JacTH pasMepbl
miapa AJisd HaOJiogaTesss Bo3pacTyT mpuMepHo no 10 meTpos, OH cTa-
HeT 0JeHO-KPacHBIM U IosynpospauHbiM. IIpenanosaraeres, uto ecau
B 9TOT MOMEHT HalJioJaTeslb IIONBLITAeTCA HOTPOHYTHCA IO IIapa py-
KOIi, TO OIIYTUT HEe TOJHbKO BHYTPEHHEee TeIlJOo, HO U BHeJpPeHUe PYKU
B paHee HEIIPOHUIIAEMOe TeJio 00beKTa. [[Jid PyKHU 1Iap cTaHeT IPOHU-
maembIiM. IIpu nomaganuy mapa B nHGpPaKpPacHyo 00JIacTh IPOCTPAH-
CTBa OH IOJHOCTHIO MCUE3HET W3 II0JIs 3peHuA HalbamomaTesns, HO Oy-
JleT BIIOJIHe HabJiomaeM C IIOMOIIBI0 MH(ppPaKpacHOHU Buaeoamapary-
prl. Hecrkosbko nHaue OynyT pasBopaumBaThCA COOBITHSA BO BTOPOM
ciaydae.

Cayuaii BTOpOii: map AByxcaoiubIi. Cioll cHapy:Ku 6ojiee BBICOKO-
YaCTOTHBIN, YeM BHYTpU. B aToil cuTyamuu BHYTPEHHAS YacTh ITapa
JOCTUTHET BUAUMOU 00JIaCTU CIIEKTPa HECKOJILKO ObICTpee HapysKHOM,
a IMoTOMY cHauyaJjia HabJmogaTelb YBUAUT MMeHHO e€. Hapy:KHbIH e
CJIOH, BBUY YaCTOTHOI'O PAa3JINUMsA, OyAeT HEKOTOpOe BpeMsa HaXOIUTh-
cAd B HEBUIMMOM YJbTPadUOJIeTOBOM AMAIIa30HE, a IIOTOMY IIPOSBUT-
cs BO BTOPYIO ouepenb. Eciu YacTOTHOe pasjinuue CJI0EB CUILHOE, TO
MaTepUaIn30BaBINIAsACA BHYTPEHHAS YacTh Iapa OymeT OoKyTaHa ro-
JIyOBIM CBEUEHMEM eIllé HeOBeIeCTBUBIIEroCcs HAPYKHOI'O CJIO.

JanbHeliiee qBUMKEHNE IPUBEAET K TOMY, UTO IIEPBBIM IIepeli-
IET B mH(ppPaKpacHyl 00Jjlach BHYTpeHHUH cjoii. Ho MBI He yBUIUM
ero NCYe3HOBEeHUsd, T.K. HAPYKHBIHA CcJIOl OyIeT elné HaXOAUTHCA B Ma-
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Tepruajan30oBaBIIEeMCA COCTOAHNUN. Eciiz B 5TOT MOMEHT IIOIIacThb BHYTDBb,
TO HabJII0aTe b OOHAPYKUT IYCTOTY, HATIOJTHEHHYIO BHYTPEHHUM TeTl-
JoM mHGPAKPACHOTO COCTOSHUS PAa3BEIeCTBUBIIErOCS BHYTPEHHErO
cios. [lanplire mporece OyaeT IPOTeKaTh, KaK OMUCAHO B IIEPBOM CJIY-
yae.

JI1000IIBLITHO pacCcCMOTPETh BapuaHT, Korga HJIO-miap HamoJiHeH
PasINYHLIM PYHKIIMOHAJILHLIM 000pydOBaHNEM, a “BeliecTBO”, U3 KO-
TOPOrO 3TO 00OPYIOBaHWE M3TOTOBJIEHO, IO YaCTOTHBIM XapaKTepuc-
TUKaM 3HAUUTEJLHO IIePeKPhIBAET BOCIPUHUMAEMYIO HAMU YaCTh CIIEK-
Tpa. IIpu TaKkoli mOCTAHOBKE MBI HEBOOPYKEHHBIM I'JIa30M HUKOTa He
cvokeMm yBuzerh HJIO B 1esmom, a Bcerga OyneM BUIETh TOJBKO €TO
MIPOSABJIEHHYIO JIJIS HAC YacTh, T.€. Ty, KOTOPasd B KOHKPETHBIII MOMEHT
BpeMeHUN HaXOAUTCS B Aualla3oHe HaIIMX CIOCOOHOCTel HabJIomaTh.
Bruemne ngukenme taxoro HJIO OymeT compoBOKAATHCA ITOCTOSHHBIM
u3MeHeHneM KOH(MUrypalnuu, IUPysTaMyd U Pa3JIMYHOTO PoJa CMEHS-
OIUMU IpYyT Apyra cBeueHusaMu. Ho maske 9TOT CBEPXCJIOXKHBIN Ba-
PUaHT HOAJAETCS TelePh TPEXMEPHOMY KOMIIBIOTEPHOMY MOIEJIUPO-
Baumuo0. Ho ecsiu ¢ mOMOIIbI0 KOMIIBIOTEPA MBI MOYKEM CMOJIEJIUPOBATD
3TOT YHUKAJBHBI M1 HEBUAWUMBIA B I[€JIOM IPOIIECC, TO HPU IIPABUJIb-
HOM ITOJIXOJle BCErja MOYKHO BOCCO3JATh IEJOCTHYIO KapTHUHY O0BEK-
Ta. UHTEepecHBIM IIPeACTaBIAsAETCS KapTUHKA ITPOUCXOASIIIEr0 ¢ TOUKU
3pPEHUA TAKOTO IITUPOKOTO IO YaCTOTEe O0BEKTa, a TOUHEE — CYIIECTB
aToro obbexTa. Ecau B MX YAaCTOTHBIN AWAIla30H IOIAJaeT cpasy He-
CKOJIBKO OOKUTBIX YACTOTHBIX 30H, TO OHU BUJAT OJHOBPEMEHHO He-
CKOJIBKO THUIIOB MapaJljieJIbHO COCYIIEeCTBYIOINX, KUBYIIIUX W COTJA-
COBAaHHO B3aMMOJENCTBYIONINX MUPOB. IlpeacTraButenu Ke KayKIOTO
U3 9TUX MUPOB, B CUJIY OTPAHUUYEHHOCTU YACTOTHOTO BUIAEHUA, MOTYT
He II0J03peBaTh O CYIIIeCTBOBAHUMU APYT ApPYyTa.

OnucaHHble HAMU IIPUMEPHI IIO3BOJIAOT yTBEPMXKaAaTb, UTO U 3a
IIpegesaM HaAalllMX OPraHOB YWYBCTB MOI'YT CyIIeCTBOBATh M MHAA pPe-
aJIbHOCTHb, U OaXXe padyMHasd XHU3Hb.

Ho camoe riaBHOe JOCTOMHCTBO IIPEAJIOMKEHHOM KAaPTHHBI MUPa
B TOM, UTO OHA IIO3BOJISIET OOOUTHCH 0e3 TMIOTe3 O HeorpPaHMYEeHHOMH
MHOTOMEPHOCTU MHUpPA. OTUM CIeJIaH IIePBLIN pPealbHBIH II1ar HaBCTPeuy
KAYeCcTBEHHO HOBOMY IIOHMMAHUIO 1 O0'bSCHEHNIO OKPYKAOIIero Mupa.

K BOITPOCY O IIOABJIEHHUHA
YEJOBEKA HA 3EMJIE

O mosBJIeHMM UeJIOBEKa Ha 3eMJe CIIOPAT OO CHUX IIOD. CYU_Ie-
CTBYEeT HECKOJIBKO I'MIIOTe3 Ha 3TOT C‘-IéT, HO Bce OHU 0e30CHOBATEJb-
HBbI, OJaXe eCJIM MX aBTOPBhI U IIPUTATHMBAIOT B KadyeCTBe OJOKa3aTeJlb-
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CTBa pa3jIMYHbIC HAYYHbIE (ba}c'rm. He'r HHB4Yero CTpamHoro B TOM, eCjIn
K yiKe CYIIEeCTBYIOIIUM THUIIOTe3aM IIpubaBUTCs eIré omHa. PaccMoT-
puUM 5Ty Ipo6JieMy B IPEAIIOJOMKEHUUN CYIeCTBOBAHUS Pa3JIMUYHBIX
YaCTOTHO-OI'PAHMYE€HHBIX ITPOCTPAHCTB.

BmecTunuiie 6ecCKOHEYHO BO BpeMeHH U B IIpocTpaHcTBe. Iloxm
“BMecTuauineMm” moapasyMeBaeTcsA 0€CKOHEUHBIH 00BEM CO CIOMKHOI
nepapxueit ¢popm ObiTusa. Harr Mup 3akaT MexITy 6eCKOHEUHOCTAMU
B MHUKPO- ¥ MaKpPOHAIIPABJIEHUAX.

Ecan IIepeuncCJIeHHbIe TE€3NChl BEPHBI, TO BEPHO 1 YyTBEPKAEHUE,
4YTO KU3HBb BO BMECTHHHme TaK Ke ObLIa BCerga m He mMMeeT Havajia
B abCOJIIOTHOM CMBICJIE 9TOTO CJOBa. VIMeHHO II09TOMY BCerjga TpyaHO
T'OBOPUTH O HavaJie JKXU3HU U3 HUYEro.

l'umoTesa 0 caMo3apoKIeHUU KU3HU HeyOemuTesbHa. Boiee
IpaBaoIogo0Ha MHAas BEPCUsd, B KOTOPOU HeHCTBUTEJIbHO MMEJ MECTO
u OyJIbOH, U yAAap MOJHNM, U XUMHUUYECKNe peaKkIuu ¢ o0pasoBaHUEM
CJIOKHBIX OPraHNYECKUX COeIMHEHNI, HO BCE 9TO OBLIO He MPUUYNHOIM,
a yCJIOBUSAMH, CO3AABIIMMU 0JIATONATHYIO IIOUBY [JIsI CO3TaHUSA MaTe-
PHUaJILHOTO HOCUTEJSA AYXOBHOU COCTaBJAlOIel Harrero mmpa. Hy a
ecJu ecTh OJjiarogaTHas IIOUBA, JOCTATOUYHO OOPOHUTHL B HEE 3epHO.
XoueTcsa MPEAIIOJNOKUTL, UTO TaKue 3€pHA He CJOYYalHO, a YMBIIII-
JIEHHO OBLIV OOPOHEHBI B HEKOTIa He3aceJEHHBIN MUP CYIIleCTBaAMU MHO-
ro YacTOTHOTO MUpa.

HaiiT npurogHbIii OJad JKM3HM YAaCTOTHBIN AUAIla30H HaBEepH-
Ka TaK JKe CJO0YKHO, KaK U IMMPUTOTHYIO IS KOHKPETHON (hOPMBI KU3-
HU ILIaHeTy. BoIpoc yCIOMKHAETCSA, KOTJa B MHOPOIHOM, HO ITPUTOM-
HOM YacTOTHOM JHala3oHe HeoOXOAMMO eIlé HAaWTHU U IPUTOTHYIO IJId
SKU3HU maaHeTy. He sTuM 1 3aHUMAIOTCA ~ OPOJATH , IepeceKaloIue
YacTOTHBIE M MeTpUUYecKue ImpocTpaHcTBa? B aToi#l cuTyanum Ham oc-
TaéTcs TOJBKO WHOTAA HAOJJIOAATh UX IIPOJIETHI CKBO3b HAIll MUD.

M5! yiKe YIIOMUHAJIKA O CYII[eCTBaX, YaCTOTHBIN AUAIAa30H KOTO-
PBIX MHOTOKPATHO IIMpe Hairmero. MHOMMM IOKAa)XeTCsA TaKas MBICIb
HepeaJIbHOIM, (paHTacTUUYecKoi. Ho MBI MOKeM yiKe CEerogHs, MCIOJb-
3y BO3MOKHOCTH BUAEOTEXHUKHU, CYKaTh 3PUMbLIH AMAmasoH gejas
IPO3PAYHBIMU KpacHBIe U cuHMe I1BeTa. [loueMy ObI He TPEAIOI0KUTD
¥ BO3MOJKHOCTb OOpPATHBIX 3TOMY mpoiieccoB. IIpeacraBum cebsi ¢ pac-
mupeHHbIM B 100 pas yacToTHBIM 3peHueM. IIpe)kge Bcero mompooy-
€M OIIpeeIUTh, KaK U UTO MbI OyqeM BuaeTh. Bjaro, 4to ypoBeHb pas-
BUTHUSA TeXHUKM IIO3BOJISIET HaM CMEJIO TOBOPUTHL Ha 3Ty Temy. O0o-
3HAUEeHHbIe HAMU YCJIOBUS MO3BOJAT BUAETH HE TOJbKO HPUBHIYHOE,
HO ¥ TO, UTO IMIPOUCXOAUT B MH(PPAKPaCHOM U YJIbTpadmroIeTOBOM IHU-
amaszoHax. Jlake caMoii TEMHOM HOUBIO MbI 6€3 0CO00T0 HAIIPSKEeHUA
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CMOJKeM BUJEeTh ITpoucxofsiinee. Becb MUpP cTaHET MHBIM, He TTOXO0KUAM
Ha mpuBbIYHBIN. COBpeMeHHbIe BHUAEOKaMephl, HAIpuMep, 0b6o3peBa-
10T 60JIee IMIMPOKWI AUWATIA30H YACTOT U IPU STOM KOMIIPECCHUDPYIOT UX
B y@oboBapuMblil ryiady. Ecau B BallleM pPaclopsyKeHUN UMEETCs BU-
JeoKamepa M, Hampumep, uHGPAKPACHBIN HYJbT YIPaBI€HUS BULEO-
MarauToGoHOM, TO BUAEOKaMepa IO3BOJUT BaM BUAETH HEBUIUMEIE
curHaJybsl OoT nyabra. He yOWBUTEIBHO IIOCJIE TAKOI'O SKCIEPUMEHTA,
YTO BpeMs OT BpeMeH! Ha (POTO M KUHOIJIEHKAX IIOABJISAIOTCA CTPaH-
HbIe 00'bEKTHI, KOTOPBHIX He OBLIO BUAHO OOBIYHBIM 3PEHUEM TIPU ChEM-
Ke.

Ecnu pacmupenusiii 8 100 pas yacTOTHBIN AUAla3oH PasOUTh
Ha CeMb OCHOBHBIX I[BETOB, TO HA 3TOM IIIKAaJe OOLIYHBLINA OINTUYECKUNI
OyzeT 3eJeHOBATO-KEATHIM. TaKO# OAX0J UMeeT HAJeKO UIYIIIE I10-
CJEeICTBUSA, a IIPU AaJbHEHNIIIeM pacIlIVpPeHWHN BOCIPUHUMAEMOTO TIJjia-
3aMM OManas3oHa YacTOT IPUBOAUT K KAUECTBEHHO MHOMY BUIEHUIO
mupa. B aToM Mupe cyIiee CTAaHOBUTCSA Y3€HBKOM JKEJITON CIEeKTPasb-
HOH JIMHUEH, B KOTOPOUM NMPaKTUUYECKU HEBO3MOIKHO UTO-TIUO0 pPasiiu-
yuTh. Ho MBI, OyAyun JKUTEJIIMHU 9TOU CIEKTPAIbHOI JUHUU, 3HAEM,
YTO OHA HANOJIHEeHAa KU3HBIO.

To ecTh B 4aCTOTHOM TPOCTPAHCTBE HAIIl MUP — 3aCeJIEHHAA K13~
HBIO pAJOBadA CIeKTpaibHasa JuHUA. Ho Torga KakoB MUP, €CJu aHa-
JIOTUYHBIX JUHUNA B HEM OecumciieHHOe MHOKecTBO? IlompoOyiiTe 1mo-

Puc. 3. Cuauaja mosBiser-
csl CBeueHMe, a yKe 3aTeM
BO3HHMKAaeT  cBepxcylle-
CTBO U3 MHOTO 4aCTOTHOI'O
MUpPAa, KOTOPBI IPUCMATPH-
BaeT 3a HAMU, KaK 32 MEHb-
IIUMHA OpaThbAMH IIO pasy-
My.
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CMOTpPeTh Ha HEero Ijaa3aMU CBEepPXCYIeCTBa, YACTOTHLIM JMAala3oH
JKM3HNA KOTOPOTO IO HAIINM MepKaM 0eCKOHEeUeH.

Homycrum, uro ectb HEKTO, oxBaT 4acToT KOTOPOTO B MUJILIM-
OoH pas GoxbIiie Harero. Ho Torma ecrectBeHeH Bompoc: Kak OH ycrt-
poeH, u3 yero cocroutr? K BeJMKOMY M3yMJEHUIO OTBETHI Ha 3TU BOII-
pocsl naBHO ectb. OH cocrouT m3 HAc, U3 BEJIMKOTO MHOXKECTBA HAM
momo0HBIX. MBI HacTh ero, a MOTOMY eIWHBI Uepe3 Hero. B cpaBHeHUU
¢ HUM wmb1 nHpy30pun 1 BUPYCHI, a IIOTOMY, €CJIU HAaUMHAEM JAeJaTh
YTO-TO HE TaK, TO C HaMU OOPIOTCA, YHUUTOKAIOT, BHEIBOJAAT U3 BMeEC-
Tunuma-opraausma. U nemnaer ato He OH smusO, a yepes mepapxuio.
Hy a xorgma curxHay JOXOIUT IO COCEACTBYIOIIETO C HAMU YaCTOTHOTO
MUpa, TYT BCEé M HaumHaeTcsd. VIMEHHO PAMOM KUBYIIIMM CYIIIeCTBAM
MIPOIIle MaTepraJIu30BaThCA (OBEIECTBUTHCS), T.€. IEPENTH B HAIII Ya-
CTOTHBIN AMAIla30H YTOOBI PAcCMOTPETH, YTO KE€ TaKOe MBI TBOPUM,
YTO MelraeT GpyHKIIMOHUPOBAHUIO CUCTEMBI BI[eJIOM. TaKoe OBeIecTB-
JIeHWe TPOUCXOAUT B TOM Ke IMOCJIeTOBATEJIbHOCTU, KaK M C Caydae
neukenusa HJIO (puc. 2), a moToMy HAYMHAETCS CO CBEUEHUS.

Hanuume cBepxcylecTBa IJisd MHOTUX He SIBJSETCS HOBOCTHIO —
MOCTATOYHO O3HAKOMUTBLCA CO B3TVIAMaMU (PUIOCOPCKUX IITKOJ BOCTO-
Ka, C PEeJIUTUO3HBIMHU YUEHUAMU, ¢ PUIOCOPCKUMU TIPEeNCTABICHUA-
MU O MUPOYCTPOICTBE OTAEJBbHBIX YUEHBIX. BCE IepeuncaeHHOe IIPA-
MO MJIM B MUCTUYECKOU (popMe yKa3bIBaeT Ha HaAJIWYUE PAJOM C HAMU
WHO# KU3HU. MBI MOXKeM OO0BABUTH CBEPXCYIIIECTBO OOTOM, a Ipe[-
CTaBUTEJIEld WHBIX YACTOTHBIX MUPOB — €T0 BBIHYKIEHHBIMU ITOMOIII-
HUKaMU, aHTeJaMHu, HO, NMPUAEPKUBAsACh HAYUHON TOUYKU 3PEeHUd,
caenyeT u3beraTb MUCTUDUKAIIUNA U TyMaHHOCTeH B O0BACHEHUAX.
ITosTomMy MBI mpeajiaraeM He TOJBKO HOBBIM CIIOCOO IIPEeCTaBJICHUS,
HO U TeXHUYECKUE CPeACTBA, MO3BOJIAIOINME ViKe Ha HAaYaJIbHOM dTalle
MOJIeJINPOBATh IPOUCXOMSIIEE.

CraHOBUTCA IIOHATHOM peaKIWs HAIIIUX YaCTOTHBLIX coceleil Ha
Heco3HaTeJbHbIe U OIIACHBbIe NeHCTBUS HaIllell MUBUIN3AINN: BO3HU-
KaloT HeIOHATHbIe 00JIe3HU, 3eMJIATPECEHUsI, KAaTacTpopbl 1 MHOTOE
WHOEe, UTO OMpauaeT KaKyIIyiocs HaM HPaBUJILHON 3KM3HL. MBI Hpu-
XOAUM K CTapoOMy BBIBOAY O TOM, UTO IIPUUYMHA HAMINX HECUACTUU —
HaIllle HeBeXXeCTBO.
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PUTMOAUHAMHUERA

B pamkax puTMogMHaMUKM OBLI TPOBEAEH MOBTOPHBIN aHAIN3
IPeACTaBIECHUN TOIUWHINITENHOBCKOTO Teprosa o0 OKPYKaroIeM Mupe
B CBeTe HOBOM WMHTEePIIPETAIlMM OTPUIATEJbHBIX DPE3yJIbTAaTOB DKCIIEe-
puMeHTOB A.Maiikenbcona. OTKDBITO ABJIEHUE «CKUMaHWE CTOAYUX
BoJie» (1.1) mpAMO yKasbkIBaolllee Ha HEIIOJHOTY IIpeobpa3oBaHuii Jlo-
PeHIIa U II03BOJIMBIIIee 000CHOBAHHO BBECTU B O0MXOJ HOBEIE IIpeodpa-
3oBaHuA Koopauuatr (1.28). CpaBHeHne mpeoOpas3oBaHUA KOOPAMHAT
(1.2) m03BOMMIO TTO-HOBOMY B3TJIAHYTH Ha BOMPOC MHTePdEpeHInu,
IaTh HOBYIO MHTEPIPETAIINIO pPes3yJibTaTaM SKCIepPHMMEHTOB II0 O0Ha-
PYKEHUIO CKOPOCTU B 3(hupe, 000CHOBATH MJJIIO30PHOCTL MHBAaPUAHT-
HOCTHU U I0Kas3aTh, I0YEeMYy B SKCIEePUMEHTaX CKOPOCTb CBeTa IIPUHU-
MaeT BcerjJla OJHO U TO Ke 3HaueHUe.

1-p°
O—r
J1-PB*sin’a 1.1

CpaBHMM HMelOIHecsd THUIBI IIPeodpasoBaHUIL:

T
cm

<o

mo lanunero(a) mo Jlopernmy(6) mo MBaHOBY(8)

1

x-Vt x-Vt
xX'=x-" x'=— !

N
V' =y y' =y ' =y/{1-p
=z 7=z 2 =3/\1-p (1.2)
_ t=V/c* &

JanbHeliliee pa3sBUTHE TPEACTABJIEHUI ITO3BOJMWJIO IIPOSCHUTH
MPUYUHY U CIIOCO0 B3aMMOMAEHCTBUA TeJI, MPUBOAAIINX K IBUKEHUIO
BEII[ECTBEHHBIX TeJI, a TAKKe BEIABUTH IPUUYNHY BOSHUKHOBEHUS MHEP-
MU U COIYTCTBYIOMIMX el IOHATUM: Macca, UMIIYJbC, CUJA.

t'=t t t'=t
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HCXOAHBIE INIOCTYJATHI

PI/ITMOI[I/IHaMI/II-Ca nMeeT CBOUM IIOCTYJIATHhI. Onn IIPOCTHI 1 YOOB-
JIETBOPAIOT KPUTEPUIO JIOTUYECKOH O4YeBUOHOCTHU.

IMocryaupyercs:

1. SyeMeHTapHLIN ~JOMaTepUAJLHLIN (TO €CTh HEOOHADPYKUMBIN B
SKCIEPUMEHTaX) O0BLEeKT - 0e3MaCCOBLIA IIPOTOOCIMILIATOP, KOTOPLIMA
obJiafiaeT CBOMCTBOM BUOpAIMM, UK IIYJILCAIME, BO3OYKIAIOIMIAI OK-
PYSKAOIIYIO Cpeny U POKIAIONINI B HEHM IePUOIUUYECKNe BOJIHBI.

2. Hanuuwue cpensl, npeobpasyrolneil BUOpaIuio IPOTOOCIUIILISATOPA B
pacxopdiuecs chepruuecKkre BOJHBI M 00eCIIeunBaOIel UM IIOCTOSH-
HYI0 CKOPOCTH TepeJayuur BO3MYIINEHUS OT MOKOSIIEerocs B cpejae Hc-
TOUHUKA.

3. Ilpomece, MOANIUTHIBAIOIIUN OCIIUJLIAIIIIO.

IIpenmonaraercsa BO3MOYKHOCTL ONMMCAHUS BCEX MHTEPECYIOITUX
HAC MIPOIECCOB B paMKaX TPEXMEPHOr'o IPOCTPAHCTBA.

CaencrBus:

1. OTcyTcTBUE V IPOTOOCHIMILIATOPA Macchl obecrieunBaeT emMmy, B CJIy-
Yyae CTOPOHHErO JNeCTBUs, 6€3bIHEPIIMOHHBIN HA00P CKOPOCTHU IBUIKE-
HUSA OTHOCUTEJNHHO cpeabl. MHepIIMOHHBIE CBOMCTBA IIPUCYIIH OCIIHUJI-
JUPYIOIINM CUCTEMAM B I[€JIOM, HO He OCIMJIJIATOPAM B OTAEJIHLHOCTH.
MpbI He OomMCHIBaeM CBOMCTB OCIUJIJISATOPOB, T.K. B dTOM CJIydYae OHU
TpebGoBaau Obl 000cHOBaHMUA. HO CHCTEMEI OCIIUJIIATOPOB, BCTYIUBIIINX
BO B3aMMOJEHCTBUE, IPOABJAIOT COIPOTUBJIEHNE U3MEHEHUI0 CKOPOC-
Ti. MBI 9TO CBOMCTBO MOKeM HaOJIOJATh B MOJEJIbHBIX 9KCIIEPUMEH-
Tax, MOAPOOHO U3yUas MEXaHW3M ero BOSHNKHOBEHUS Ha UHTep(epeH-
IIMOHHBIX KapTUHAX THUIa «cuaimep-shderrt». IloayueHnse pesyib-
TaThl MOXKHO aJATHPOBATH K PeabHBIM OCIUJIJINPYIOIINM CHUCTEMAaM.

2. Hannuue mpoTocpeabl BBeleHO 0e3 YKasaHus €€ CTPYKTYPhI U opra-
Huzanuu. He yKaspIBaeTCsi 3aBUCUMOCTDh AMILIATYILI OT PACCTOSIHMSI.
Hamporus, MOMXHO IIOKa3aTh, UTO 3aBHUCHMOCTh AMILIATYALI OT pac-
CTOAHUSA €CTh CBOMCTBO OCIMJLIMPYIOIIUX CHCTEM, HO He OCI[MJLISITO-
POB B OTIEJLHOCTHU.

3. OcuminAnus Hy:KIaeTcd B moanuTKe. MexaHM3M HeH3BECTEH.

4. BBeneHUe KpuTepus TPEXMEPHOCTU BBI3BAHO BPOXKIAEHHBIM M BOC-
MUTAaHHBIM MUPOBOCTpUATHEM. MBI He MOKeM TOBOPUTH 00 oOrieii
TPEXMEPHOCTY YACTOTHO-METPUUECKOTO IIPOCTPAHCTBA, HO MBI MOYKEM
pasmesuTh YaCTOTHOE IIPOCTPAHCTBO HA PAJ YACTOTHO-OTPAHWYEHHBIX
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IIPOCTPAHCTB, KaKJ0e U3 KOTOPhIX JIeI'KO BOCIPUHUMAETCS B TPEX U3-
MepeHusAX. B 9TOM cMBbICJIe MBI IIEPEXONUM OT 3aIIyTAHHOU 7-MePHOC-
TH K CUCTEME U3 N-KOJUYECTBA YaCTOTHO-OTPAHNUYEHHBIX TPEXMEPHBIX
MupoB. T.e. KaKJIbIil 4aCTOTHO-OTPAHUUEHHBIN MUDP IPENCTaBIAETCA
TPEXMEPHBIM.

OCHOBHBIE ®OPMYJbl PUTMOAUHAMHUKH

Hccnenysa peaknuio IIPOCTEHIIEH CUCTEMBI B3BaTMOIeICTBYIONTIX
KOTePEeHTHBIX OCIIMJIISITOPOB Ha M3MEHEHWEe CKOPOCTU OTHOCUTEJIHLHO
cpenbl Oblia oOHapy:keHa AedopMalusa IOJA WHTephepeHIIuU, IIPO-
TUBOAEHCTBYIIOI[asA M3MeHeHnio cKopocTu. OOHapYKeHHOe IIPOTHUBO-
IelicTBHE COOTBETCTBYET OIpPeleeHnI0 NHEePIIUY U UMeeT MECTO TOJIb-
KO B CHCTeMe OCIUJLIATOPOB, B3aMMOJEHCTBYIOIIUX C 00pasoBaHUEM
cToAYell BOJIHBI.

1. Cxopocth

®dopmyna naA pacuETOB 3aBHUCHUMOCTH cABHra (pa3d OT CKOPOCTHU
IBUKEHUA IIPOCTA:

V=c/m A , (1.3)

rae: ¢ — CKOPOCTH cBeTa B cpene (a¢dmupe, pus.Bakyyme),
A¢ — caBur as Mexay OCIUIIATOPAMMU.

2. Yckopenue

HN3meHeHne CKOPOCTH IPOUCXOAUT Uepe3 YCKOpeHH’e, a 3HAUYUT
U yepes m3MeHeHHe caBura ¢Gas mau, UTO TO JKe caMoe, yepe3 n3MeHe-
HUe YCTaHOBUBIIIMUXCSA pPaHee YacTOT. 3aBUCUMOCTh YCKOPEHUSA OT rpa-
IVEeHTAa YaCTOT BBIPAXKAETCS:

a=2c-Av , (1.4)

rIe: a — YCKOpeHUe,
Av — pasHUIIa 4acroT.

®opmynsl 1.1-1.4 ABASIOTCA OCHOBHBIMI B PUTMOAMHAMUKE.
OcHOBHEBIE (DOPMYJIBI MEXAHUKHN, B KOTOPBLIX IIPUCYTCTBYIOT CKOPOCTD,
ycKopeHme, asa, 4acToTa MPeodpasyoTcs ¢ BBeJeHWEeM B HUX BbIpa-
sKeHu# us 1.1-1.4.
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®OPMYJbl KJIACCHYECKON MEXAHHUKH
B INTPEACTABJIEHHN PUTMOJHNHAMHRKHN

HoBasa mHTepnperanuda GopMyJ KJIACCHUECKON MeXaHHUKHU I0C-
TUTAeTCA IMOACTAHOBKOM B HUX OCHOBHBIX PUTMOAMHAMHYECKUX COOT-
Homenuit 1.3 u 1.4.

1. Cxopocts

Ecsnu panbIlie B KJacCUUeCKO MeXaHUKe CKOPOCTDb OIIMChIBAJIACh
dopmysoit V=S/t u B Hell JeliCTBUTEJIbHO HE IPUCYTCTBOBAJIO HU OJ-
HOM MUPOBOII KOHCTAHTBI, TO B HOBO# (hopMyJe UX IBe — CKOPOCTh
cBeTa ¢ U mepuopm 7t

V=c/m Ad (1.3)

B 1.3 ckopocTs paBHaA caBury a3 yMHOMKEHHOMY Ha Koahdu-
IUEHT IPOHOPIIMOHAIBHOCTHA ¢/TT. IATOT KO3(pPUIIMEHT B ABHOM U He-
SIBHOM BUJe IPUCYTCTBYET BO BceX (OpMYyJaxX KJIACCUUECKON MeXaHU-
KH.

2. Amnyasc

H3B€CTHO, YTO MMIIYJIBC CHCTEMBbI PAaBE€H IIPOM3BENECHMNIO MAacCChI
Ha CKOPOCTBH, T.€.:

p=m-V. (2.0)
C yuerom (1.3)
p=mc/ 1 Ad. (2.1)

B dopmyaax c¢/IT aBiseTcsi KOHCTAHTON M BBICTYIIaeT KO3(PPu-
IIMEeHTOM IIPOHOPIMOHANBLHOCTH MEXKIY HMIIYJBCOM U CIBUTOM (as.

Temeph MBI BIIPaBe TPAKTOBATH MMITYJbC HE TOJBKO KaK KOJIU-
YeCTBO ABUKEHMSA, HO WM KaK KayecTBO COCTOAHUA cucTemMbl. HoBas
WHTEePIIPeTalus I03BOJIAET YTBEPKIATh, UTO UMIIYJIbC 3aBUCUT TOJIb-
Ko oT caBura as, a y»Ke KakK CJIeICTBUE XapaKTepPU3yeTcs CKOPOCTHIO
CHCTEeMBEI.
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3. HMnyabc cuibl
Hvnoynabe cuiibl paBeH M3MEHEHWIO MMIYJbca TeJia:
pe—pi=FAt=mVs:—m,V;
FAt=mc/m (Ad2—Ad:)

4. Cuna
Cuna, xak Mepa gelicTBuUA:
F=m(V:-V,)/At=ma
F=mc/m* (Ap2—Ad;: )/ At=m * 2cAv
F=mc/m 21Av

F=mc/m Aw

5. [lenTpobe:xxHaa cuia
IenTpoberxHasd cujiaa BHIPAKAETCS COOTHOIIEHUEM:

Fouo=mV?/r.
Fuys=mc? /T8« AP?/r.

Ho mc*=E, a A¢/1=V/C=[, Torma
F=EB?/r.

Ho E=hv, Torma
Fu=hv(?/r.
Fus=hwB2/r.

(3.0)
(3.1)

(4.0)
(4.1)
(4.2)
(4.3)

(5.0)
(5.1)

(5.2)

(5.3)
(5.4)

23
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6. Kunetuueckasa sHeprusa
Kunernueckasi sHeprusi OnuchIBaeTcss HOpPMyIoin:
Wi=mV?/ 2, (6.0)
Wi=mc?/TE - AY?/ 2, (6.1)

Ho mc*=E, a A¢p /=0, Torga:

W=E(?/2. (6.2)
Ho E=hv, Torma

Wi=hv(3?2/2, (6.3)
WIn Wi=hwp 2/2. (6.4)

Bug dgopmysisl IOKa3bIBaeT, uTo Wi mMeeT BOJHOBYIO PUPOAY.
IToaBnenue mocroaunoi [Inauka (2) B hopMysIax pUTMOIUHAMUKY I'O-
BOPUT O €IWHCTBE KBAaHTOBOT'O W KJIACCMUECKOTO IIOJXOJI0B K OITHCA-
HUI0O Mupa. PurMomuHaMuKa chaejaja IIEPBBIM Iar Ha IyTH K 00be-
IUHEHUIO CUUTABIINXCSA CAMOCTOATEJIbLHBIMN HAYUYHBIX HAIpPaBJIEHUMH.

Anda ciyyasa mpemvezo cOCMOAHUSA NOKos (IpuUMep: cBOOOLHOE
nazeHue B IIOJie TATOTEHUs) BhIpasKeHWe KUHEeTUYEeCKOI sHepruum 0y-
JeT OTJINYaThCA, TaK KaK MBI MMEEeM [eJI0 C YBeJWUUBAIOIIMMCS BO
BpeMeHU caBurom gas:

Wie=m(Vu)?/2, nmm Wy.=m(at)?/2. (6.5)

Ho Vwe= at=2cAvt, Torga:

Wie=m(2clvit )?/2, (6.6)
WIn Wie=2mc?t?(Av )2, (6.7)
nuiau Wik=2Et?(Av)?, (6.8)
uian Ww=2hv t2(4v)?, (6.9)

nin Wia=2how t2(Av)?. (6.91)
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7. TpaBuTtanusa
B moJie rpaBuTamuy Ha TEJIO NENCTBYET CHJIA:
F.,=mg (7.0)

C yuérom 1.4 mepemuIiieM MCXOAHYIO (POPMYJIY:

Fy=m~*2cAv (7.1)
Fop=mc/m 2MAv (7.2)
Foy=mc/m AW (7.3)

Mo:KHO IPOIOJIKATh aHAJIMW3 MOHATHUH KJIACCHUECKOU MeXaHU-
KM, HO 9TO CBOAUTCA K MeXaHWUYECKOU IOACTAHOBKE B (DOPMYJIBI BbI-
pakenusa nasa ckopoctu (1.3). IIpakTuuecku Bo Bcex opMyax KJac-
CHUUYECKO! MeXaHMKM B SABHOM MJM HEIBHOM BHJE IIPHUCYTCTBYET
IBUKEHUe, a 3HAUUT, suOpayuu, 80JHuL U (a30uacmomHyvle pa3Jiu-
yus 8 cocmoarHuu cucmem. IlpenmaraemMble M3MEHEHUS II03BOJISIOT
PaCIIUPUTDL MOHATUS KJAACCUYECKOl MeXAHUKU BBeIeHNeM B HUX BOJI-
HOBBIX B3aUMOJEMCTBUM.

Mz&I He cTaBUM Iepef co00M 3agauy IepenucuiBaTh pusuky. Hac
UHTEPEeCYIOT IPAaKTUUYECKYE CIeICTBUA, HAIDUMED, KAK 3G Cuém apum-
MUU, 8 MOM YUCSe CO30aAHHOU UCKYCCMBeHHO, 000umbvcs om cucme-
MblL Yckropswuwezocs camodsuxcenus? Kax noayyams anepzuio 0Oes-
3ampammublym CNOCOOOM U He Hapyulambs npu Imom 3aKOH COXPAHEHUS
oHepzuu?

8. PurMomqmHaMu4YecKasa Macca

PacKpbIB CKOpPOCTh uepes cABUT (a3 MbI U3BJEKJIU U3 V Heuc-
0JIb3YEMBIN paHee KO3((OUIMEHT TPOIOPINOHAJIBHOCTHU ¢/ JT U, IpPU-
COeIVHUB ero K Macce m, nmonyuunu mc/7. IlonydyeHHOe BBIpaskeHUe
COOTBETCTBYET MaKCUMAaJbHO BO3MOYXHOMY MMIIYJIbCY Tesa m. Temepsb
KOHEUHBIN MMIIyJIbC 3aBucUT He oT ckopoctu (V), a or caBura ¢as
(A¢) — umenuo caBur a3 BIUAET HA PEAIbHO U3MEPAEMBIM NMIIYJIbC.
Wsmenenue A¢ or 0 mo 7T yBeJmMUYHBaeT 3HAUEHHE MMIIYJbCa OO €ro
MaKCHMaJIbHO BO3MOKHOTO 3HaueHUs mc. MexaHU3M U3MeHEeHUd UM-
myJabca (B TOM Ymcje W BEKTOPHOTO) MPOABJIAETCA KaK MHEPTHOCTD.



26 RHYTHMODYNAMICS of NATURE

B paMKax puTMOIMHAMUKH, C IIEJbIO YOPOINEeHUSI (POPMYILHO-
ro ammapara, Koah@UiueHT ¢/ T BBOOUTCA B Maccy m:

Mmpo=m * /T [Kr*M/(c * pan)], (8.0)
rae Mps — PUTMOAMHAMHUYECKAs Macca.
OrHBIHE pumMmoduHaAMUYLECKAR MACCA AGNACMCA NOLHBLM UM-

nyascom mena, a nomomy 6 uCMuHHOM CMblClle ecmb mepa uHep-
mHocmu.

PUTMOJUHAMMNYECKUE ®OPMYJIbI

1. Cxopoctsb

V=c/m Ap (1.3)
2. YckopeHue

a=2c-Av , (1.4)
3. Ummyasc

p=mpo * Af. (8.1)
4. AMOyJasC CHJIIBI

FAt=myo (Ap2—A¢1) (8.2)
5. Cuaa

F=m, Aw (8.3)
6. IlenTpobe:xHAA cHIIA

Fos=mpoc+ AQ?/ 0. (8.4)
7. KuHeTHuecKasa 3Heprua

Wi=mpsc+ A2/ 211, (8.5)

Wia=mpo ct?(Aw)?, (8.6)
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8. I'paBuTanusa

Frp=mpaAw (8.7)

Ot peaakTopa

Ha ceropHswHmii feHb MHOrMe siBNeHMst NPUPOAblI MMEIOT HeY[0BNEeTBOPUTENb-
Hoe, "HaTsaHyToe" obbscHenue. Hanpumep, ayanusm BosHa — uyactuuya. Hy a Ta-
KME Ba)XHble MOHATHUS, KaK ABMIKEHME, MHEPLMS, CH/Ia TYMaHHO ObbsCHAOTCS odm-
LManbHOM HayKOW.

ABTOpP PUTMOAMHAMMKKM NpepnaraeT MPOCTYO CMCTEMY MCXOQHbIX MOCTyna-
TOB, B KOTOPOM OCLMNNATOPbI NPEeACTaBNAoTCs 6€3MaccoBbIMU. DTO CBOWCTBO KpanHe
LLeHHO, T.K. MO3BONSET NPOCMEAUTb MEXaHU3M BO3HMKHOBEHMSI MHEPLMOHHOCTH Y BCTY-
MMBLUMX BO B3aumopeicteme 6e3maccoBbix ocuunnstopos. Mo cyTn ykasbiBaeTcs Ha
ha304acTOTHYIO MPUUYMHY MHEPTHOCTH.

O6palaet Ha cebs BHMMaHue yp-e 1.4, parouiee 3aBUCMMOCTb YCKOPEHMS
CMCTEMBI [BYX OCLMMMSTOPOB OT pPasHuupbl HacToT. He cnoxHo nopcuutath, 4TO
a=9.8m/c? cootsetcteyer AV=1,633 - 10~°Iy4. MIMeHHO Takas pasHMLA 4acTOT BO3-
HUKAeT y CMCTEMBbI OCLMANATOPOB BOMNM3KM NOBEpPXHOCTM 3emnu. MIMEHHO Ha TaKytro
PasHULLY YyKa3bIBalOT 3KCMEPUMMEHTbI Ha OcHoBe addexTa Méccbayapa.

Sdppekt Méccbayspa yKasbiBaeT, YTO 4acTOTHOE COCTOSHME TEena 3aBWCHT
OT BHELLHMX YCMOBMM, Hanpumep, OT PAacCTOsiHWUS A0 rPaBuMTMPYlOLLel macchl. Bee-
AEHME MOHATMA «4acTOTHOE MPOCTPAHCTBO» — NOrMYHOE MPOAOIKEHHe dhasovac-
TOTHOrO MeToAa OMNUCaHWs MPOLLEeCcCOoB.

MosBneHne B dpopmynax KnaccuyecKoM MexaHWKkM casura das, pasHOCTH ya-
CTOT M nocTosHHOM [naHKa — Npu3HaK nepexoja OT KONMMYECTBEHHOTrO OMUCaHMS SB-
neHui NpUpoabl K KadecTBeHHOMY. He cnoxHo ycmoTpetb M nossneHve egnHoob-
pasus B OMMCaHMM MEXAHU3MOB B3aMMOJEMNCTBMS KaK MMKPOYACTML,, TaK M MaKpo-
Ten.

BakHbIMM HaxopgKkamu SBMSIOTCS: CAMOBO3HMKHOBEHME OBMXEHWUS M CMMbl; He-
M3nyyalolmMe CUMCTEMbI OCUMMNATOPOB; CKPbITas WM NPOSBMEHHas 3HepruM, Cymma
KOTOPbIX Bcerpa const.; MexaHM3M rpaBUTALMOHHOrO CaMoCBnMKEHUs Ten; rpasu-
TALMOHHBIN CMHTE3; HOBble CMOCOBbI MEPEMELLEHUS B METPMHECKOM MPOCTPAHCTBE;
6e33aTpatHoe nonyuyeHue aHeprum 6e3 HapyLUEHWMs 3aKOHA COXPAHEHMs W T.A.

PutmopomHammka cylLecTBEHHO MpscHsAeT psap, cuTyaumi. daso4acToTHbIM me-
TOA, OMMCaHMs MPOMUCXOMQSALLEFO Ha MMKPO- U MaKpOYPOBHE OpraHM3aumu BellecTBa
Habupaet cuny. MNosenstotcs HoBble paboTbl.

H.H. Koxesenukxos
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HNHepTHOCTh — CBOWCTBO CHCTEMBI

ITosiBIeHVe MHEPIMOHHBIX CBOWCTB y CHCTEMBI OCIIUJIISITOPOB
BBITIOJTHSIETCA ¥ HAa MaKpoypoBHe. Ecau TpoBecTH 9KCIEPUMEHTHI C
HUCIIOJIb30BaHUEM ITOBEPXHOCTHBIX BOJIH Ha BOJZEe, a B KauecTBe OCITUJI-
JIITOPOB MCIIOJIb30BAThL IIOABEIIIeHHbIe HAa IITAHTYy TPYysUKH, TO (aso-
YaCTOTHOE PACCOTJIacOBaHME KOJIeOAHWH MPUBEAET K HMCKAYKEHUIO WH-
TepdepeHIINOHHO KapTUHKU, a 3HAUUT WM K IepepacrupeesieHUIo
9HEPTUY KaK BHYTPU CUCTEMBI, TAK W BOBHE. ['DY3UKU-OCIIUIISATODHI
OKa)XyTCAd B MeHee KOM(MOPTHOM SHEPreTHUYEeCKOM II0JI0XKEeHUU, a II0-
TOMY IIOCTApAalOTCsA CMECTUTHLCS B 30HBI 9HEPreTHUdYecKoro Komdopra.

Puc. 144. BoaHoBoe ImoJjie OT ABYX OCIUJIJIATOPOB. BHosb ocu X M3JIy4yeHME OT-
CYTCTBYeT

Puc. 146. V,=0.11 c. Casur a3 orcyrcTyer. BospacTanue CKOPOCTH IIPUBOAUT
K IepepacupeiesIeHUI0 9HEePruu, a 3HAYUT U K PeaKIUU CHUCTEMBbI

Peaknus cucreMbl OCIMIJISTOPOB Ha IlepepacipefefieHne sSHep-
Iy, BbI3BAHHAA M3MEHEHUEeM CKOPOCTH, BTOUHOCTH COBIIAJAeT C MMe-
OIMUMNUCA Yy HAC IPEeICTABIEHUAMH 00 MHEPTHOCTH. OTO IIO3BOJIAET
YTBEP:KIATh, UTO MHEPTHOCTb, — CBOMCTBO cucteMbl. Ho Torma y Hac
MMOSABJISAETCS BO3MOXKHOCTH JeTAJN3UPOBATH MeXaHM3M BO3HHKHOBE-
HUSA 3TOTO CBOIMCTBA, a 3HAUUT U II0€PEOCMBICIUTh MHOXKECTBO sBJIe-
HUHW, B KOTOPBIX MHEPTHOCTH B TOW WJIV WHOM CTEIIEHU IIPOSABJSAET
cebs.

«PUTMOOMHAMUKAS», cTp. 202
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Hepapxus JOrmyeCKHX IPOCTPAHCTB
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Puc. 44. CseroBoe JiornuecKoe IPOCTPAHCTBO HAJIOXKEHO Ha BBIIIECTOSA-
mee. MbpI HArJIAZHO BUAUM, KaK B 3TOM CJIyuyae «CBETOBAs» JIOTMKA OTJIU-
YaeTcsa OT «BBHIIIECTOAINEH»: IO OTHOUIEHUIO K «BBIIIECTOAIEH», «CBETO-
Badg» IPEICTABIAETCA HAM KPUBOJIUHEHHOHU. C TOUKH 3peHUus abCOTIOTHOTO
HaOII0ZaTesIsa Halu4due CBETOBOM UEPHOI ABIPHI HE OKA3bIBAET BJIMSAHUA Ha
MacmTabHY0 CeTKY BBIIIECTOAIIEer0 MOpAAKa. Hcam mOmbITaThCS MOCTPO-
UTh CBETOBYIO MAaCIITaOHYIO CETKY, TO Y «CBETOBOT'O» HabJIOmaTess BO3HU-
KaeT mpobJieMa KPUBUBHEI, a moromy 0e3 uzeit H. Jlobauesckoro u I'. Pu-
MaHa 37lech TPYAHO 060¥iTHch. B TouHOCTH 5Ta Ke mpobGiieMa BOSHUKAET U
Y «BBIIIECTOSAIIEr0» HAOJJIOHATENA B clIydae C YEPHOM ABIPOIl HA €ro ypoB-
He OpraHM3aIuy IPOIIeCCOB, a IIOTOMY OH TaKKe BBHIHYXKJEeH BBecTH abco-
JIIOTHYIO MacImTa0HYIO CEeTKY, a 3aTeM MCKATh MEXaHU3M IIe€PeX0Ja OT IIPHA-
MOJIMHEHOH CHCTEeMBI KOOPAMHAT K COOCTBEHHOI, 1 HaobopoT. MbI yike
TOBOPMJIN, YTO DaspellleHne IPOOJIEeMEI YIIPOIaeTcd, KOTAa OHA paccMarT-
puBaeTcs ¢ 60Jee COBEPIIEHHOH MepapXWYecKO IO3UIINU.

IToxoxke, 4TO OIS KasKAOTO, HAUMHAA OT 3BYKA, YPOBHS BOJIHOBOM
OpPraHM3aInuy MaTePUU CYIIECTBYET CBOS TeOPUA OTHOCUTENIHLHOCTH, Gop-
MYJIbHBIHA amnmapaT KOTOpoii oguH u ToT Ke. Emié B 1982 roxgy aBTOp camo-
CTOSTEJIHHO IIOCTPOMJI 3BYKOBYIO TEOPUIO OTHOCUTEJIHLHOCTH JAJIA «3BYKOBO-
ro» HabuiogaTesd u oO0Hapy:Rua noaHoe e€ cxoxctBo ¢ CTO. ViitTu xe us
O[] STOLIEHTPUYECKOr0 BOCIIPUATHUSA MOYKHO TOJBKO C IO3UITUY BBIIIECTOS-
11ero BOJTHOBOT'O YPOBHSA.

«PUTMOINHAMUKA», cTp. 80
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«Poccwurickmne Bectu»

13 pekabps 1997 r. B NocypapctBeHHom [MonmtexHuueckom Mysee npu cTeveHun
npepcTaBuTenel Hay4Hou obLLEecTBEHHOCTH COCTOsNach npeseHTaums HoBoW kHurm FO.H.
MeaHosa «PUTMOOMNHAMMKA». Peub Ha npeseHTaLum LINa B TOM 4YMCNE M O MecTe
Teopun OTHOCMTENBHOCTM B €cTeCcTBEHHbIX Haykax. Hey»enu Ha cTbike Bekos TO (Te-
OpMsi OTHOCHTENBHOCTM DMHLITENHA) caacT cBou nosmuumn? Ho Torpa Mbl ctaHem ceupe-
TENsIMM eLLe OJHONM PEBOMIOLMM — TErnepb yXKe B eCTecTBO3HaHum?!

FO.H. UBaHoB — pA.T.H., akapemuk MexpyHapopHon Akapemmn MHdopmaTtusaumm,
CepbE&3Hbli OMMOHEHT DMHLITEMHA M ero nocriegoBatenei. Y Hero ectb Ha 3TO OCHOBa-
HMS — OH MpepfaraeT HOBYIO TEOPMIO M KOHKPETHbIM MeTOp, Afisl BbIBOAA HaYKM U3 KpM-
3uca.

FHO.H. MBaHoBy ypanocb rnokasarb, YTO TeOpMsi DHMHLUTEHMHA SIBASIETCS YaCTHbIM Cry-
4YaeM PUTMOOMHAMMKM. DTO HE O3HAYAET, YTO MOMy4aemble C €€ MOMOLLBIO Pe3ynbTa-
Tbl NOXHble U BpegHble. HanpoTtus, oH yBa)kaeT DMHLITEMHA 3@ €ro CMenble, XOTs M
oTpaborTaBLuMe CBOW pecypc, MAEM.

KOPP.: FOpuit Hrkonaesuy, MOXHO nn Bac MPUUMCAIMTL K MPOTUBHMKAM TEOPMM DMHLL-
TenHa? Mo KpanHel Mepe O4YeHb MHOrMe MbITatoTCs €€ OMpPOBEPrHyTh...

MBAHOB: Teopuss OTHOCMTENbHOCTH pana Mum3Hb Hayke XX cToneTus, a MOTOMYy roBO-
PUTe © Hel nnoxo Henb3s. PUTmMopmHamuMKa cTana ecTecTBeHHbIM MPOJOMKEHMEM Aena
NpeALIeCcTBYIOLLLErO MOKONEHMS YUYEHbIX M SIBNAETCS HAYKOW TpeTbero Thicsyenetus. 3pech
HeT HMKaKOro KOHMMMKTA, @ MMEEeT MECTO CTPEMIEHME K MOHMMaHUIO 3aKOHOB MPMPO-
Abl. YTO KacaeTcs TeopuM OTHOCUTEMBHOCTH, TO Yy HEE CBOM Mnpepenbl. TakoBble HaBep-
HKa CYLLEeCTBYIOT U AN PUTMOOMHAMMKM.

KOPP.: Bbl yTBep»kpaete, 4To Teopusi OTHOCMTENBHOCTM SBMSETCS YACTHbIM Clyvyaem
putmoamHamukn. Kak ato cnepgyet noHmumatb!?

MBAHOB: B cBoé Bpems cyluecTBoBana cuctema mupa no Nronemeto, Ho noseunach
Teopus KonepHuka m cTapas reoLeHTpUuecKas TeopMs OKasanacb 4acTHbIM Crydaem
HOBOMW reNMOLLEHTPHHYECKON cucTembl. HeuTo nopobHoe NMpoMs3oLwwno u B Halle Bpems.
Teopus DHHLWITENHA, MO CYTM SIBMAIOLLANACS 3rOLLEHTPMYECKOM, YROBIETBOPSET MHOMMX
uccriepoBartenei U No cem AeHb. PUTMOAMHAMMUYECKMI e NOopXopd, NO3BOMMN B3rMsHYTb
Ha MMPOYCTPOMCTBO LUMPE M, Hanpumep, MoKasan, 4To rnaeHbiM noctynat XX Beka o
HEe3aBUCMMOCTM CKOPOCTM CBETa OT CKOPOCTM Habniopartens sBNSETCs eCTEeCTBEHHbIM
BbIBOAOM AfISi 3roLEHTPMYECcKOro cnocoba nosHaHus mupa. B pamkax putmopmHammku
MO3JHO MOKa3aTb, Kak popMupyeTcs aToT annormam. bonee Toro, nokazaHo uto 6es
3TOro 3HaMEHMTOro MoCTynata Mbl MOXem obxoguTbes.

KOPP.: Ho Torpa uto takoe «<PUTMOIOMHAMUKA» mu B 4€ém €€ HoBM3HA?

MBAHOB: Ecrnt tepmut «PUTMOOMHAMUKA» nepeBect Ha PycCKMi A3bIK, TO MoOny-
UYUTCS HE COBCEM 3BY4YHO: pUTMO-cuna. Tem He meHee «PUTMOOMHAMUKAS», ato yue-
HME O MPUPOAE ABMMKEHMs, KOTOPOE AABHO KAanu. Booblue npobneme ppuxKeHus oKo-
no 2500 net. C Tex nop, Kak ApuctoTtens obo3Haumn 3Ty npobnemy, eé nbitanmcb pe-
LUMTb MHOTME YUY€Hble, B TOM uncne HbroTOH M DHHLITEMH. YBbl, HO MM 3TO He ypanocb
B TOM Mepe, Kak putmopnHamuke. Ho B 1981 rogy mHe mocyacTnmMBMNOCL OTKPbITh SIB-
feHue CHXKMMAaHMS CTOSIMMX BOIH, KOTOPOE 6bINo MOATBEPKAEHO B IKCMEPUMEHTE TOMb-
ko B 1990 ropy u nocnyxwuno onopoi. OcHosHas e paboTa No Co3[aHUIo Teophm
ABMXKeHus Havanack B 1992 rogy mocne Toro, Kak OpHaXKAbl Mbl BCEM CEMbEN Mepecek-
fMCb C neTaTenbHbIM annapaTtom GecllyMHO BuceBLLEM Hag, 3emnéi Ha ebicoTe 15-20
meTpoB 1 B 150 metpax ot Hac. lMpucTymmTb K pelueHnto 3Toi npobnems Bbino ncmxo-
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NOrMYECKM CIIOXHO, HO PEANMCTUHHOCTb YBUAEHHOTO MPSIMO YKasbiBana Ha HanMume Takux
PM3NHECKMX 33KOHOB, O KOTOPbIX HAYKa HMKAKOro MoHsTMs He umena. B teueHue ropa
6bINO M3roTOBMEHO TPM MEXaHWMYECKMX Mpubopa, KoTopble Mo3sonmu “nowynat” He-
KOTOpbl€ 3aKOHOMEPHOCTM M CPOPMMPOBATL MNaH MccrnepoBaHui (BCKOpe 3TM mexa-
HM3Mbl ByayT 3kcnoHuposaTtbes B [MonutexHuueckom Mysee). MNepsoe, 4To 5 Hamepe-
Barcsl MOHATb, NOYEMY Terna BoobLie ABMKYTCS B MPOCTPAHCTBE M Kakue dmamuueckue
npoueccbl 3a 3TMM ctosT. “Ecrm ypactcs noHsTb CyTb OBMMKEHMs, paccyKpan s, TO pe-
LUMTb BOMPOC, KaK MPMMEHWUTb HaMAEHHblE 3aKOHOMEPHOCTM Ha npakTuke, Byper pe-
nom BpemeHu u TexHmkn". U tonbko B 1997 ropy nmoseunack khura «PUTMOONHAMU-
KA», B KOTOpOM [aHO peLueHMe He TOMbKO MPOBrnembl ABUMEHUS, HO U npobnem cun,
MHEPLMM, MACCbl, FPaBUTaLMK.

KOPP.: Bbi ynomuHanm o couseoneHun cebiwe. ConpsixkeHa N pUTMOAMHAMMKA C Ma-
TEPHANUCTUHECKMM U PEMMIMO3HBIM BuAEeHMEM mupal MmeeTcs nu B HOBOM napagurme
4YTO-TO HOBOE B BOMPOCE COTBOPEHMS MMPA M Bcero cyuiero! Mnm TanHa octaértcs?

MBAHOB: PUTMOIMNHAMUKA — Hayka, a He penurus, HO CBs3b C PEnMruei mpocne-
KMBaeTcs. Y[Aanocb OTKPbITb MHTEpPECHelLlee sBreHue: cnanpgep-adpdekt. IToT ad-
hbeKT MpuCyTCTBYET BO BCEM, e ecTb Konebanus, BOMHbI M pasHMUa B YactoTax. Ms-3a
BHELLUHEN CXOXECTU CeYEeHUsl MHTePEepPEHLMOHHOM KapTHHbI C MayKom OHO 6bino Ha-
3BaHo cnanpep-adppekTt (“spider” B nepesope ¢ aHrMMMCKOro — nayk).

MpocmatpurBas 3HUMKIIONEAMM MCTOPHUKO-330TEPHMHECKOro nnaHa 6bino obHapyke-
HO, 4TO:

— Y aMepMKaHCKMX MHOENLEB ecTb nereHaa o Yenoseke-Tlayke, 4bsi nayTmHa cBs3biBaeT
HebecHble mupbl ¢ 3eMnén;

— ceKpeTHble LIKOMbl MHaMM npepacTaBnstoT HEKOTopbIX BOros, KOTopble TPYAMMMCL Haf,
cospaHem BceneHHoOM, Kak TKyLIMX ceTb-nayTMHY, KOTOpasi HEBMOMMOM CHUITOM CBS3bl-
BaeT MMP CBETa M MMP TbMbl ¢ 3apogbiiem BcenenHon. Ctpoutenen Kocmuueckon cu-
cTembl OHM HasbiBatoT boramu-lNaykamu, a ux npasutens — Benmkum Maykom.

S yBNéKcs NMOMCKamM CPaBHEHMM, a B pe3ynbTaTe OBHapYKMM, YTO €CNK MONOXMWTb
psagom cotorpacmio bpaxmbl, doTorpadmio nayka M KOMMLIOTEPHYHO pacrneyatky cran-
pep-adpdeKTa, TO BCE TPU KapPTHMHKM MMetoT obluyto ocHosy. o kpaiiHen mepe ans
MeHs BCE 3TO BbIMSAENO CEeHCaUMeN, No3ToMy crnanaep-apdeKTy 6bino AaHO elé opHo
HasBaHue: «SBneHne bpaxmbi».

S nonarato, 4Yto penurus unm xoTs Bbl HeKoTopble eé€ BeTeM, (MHAYM3M, Hanpumep),
SBMSIFOTCS YHMKAlbHBIM MOYTANbOHOM, MEPEHOCSLUMM 3HaHWMs M3 npolurnoro B Byayuiee.
[Moxoxke, 4To HawmM panékue NpeaKu NMPEKPacHO 3HanM O TOM, YTO NEXMT B OCHOBe
6bITMS M KakoBa porb Ayxa, bnaropapsi KOTOPOMY HEXMBOE CTAHOBWTCS JKMBbIM, HO MO
KaKMM-TO MPMYMHAM He CMOINM 3TO 3HaHue ypaepKaTb. BoT u nepeHocutcs oHo, 3Ha-
HME, M3 MPOLUMOro MOoCPeAcTBOM MMOB, nereHp u penurmi. Criegyer noHUMmaTb, YTO
Mbl TOMbKO CNEerka KOCHYIIMCb YEro-TO O4YeHb Ba)KHOrO M 3HAaYMMOro, a MOTOMY eCTb
Hapepa B Hepanékom Byayliem OTBETMTb Ha BCE MOCTaBNEHHbIE BaMM BOMPOCHI.

KOPP.: KakoBa mpakTuyeckass CTOPOHa OCHOBHbIX MOMOXEHMM HoBOM Hayku? Kakumu
akcnepumeHTamu nopatseprkpaetcs PUTMOINHAMUKA?

MBAHOB: lNoHsTHe «paBMMKeHME» CBA3aHO C BHYTPEHHEN AedopMaupmen cuctembl. Ecnn
Mo KakMM-NMbBo npuuMHam Takas AedopMaLms BO3HMKAET, TO CMCTEMA CTPEMMWTCS W3-
6aBuTbCs OT HEE, a 3TO, B OTKPbLITOM MPOCTPAHCTBE, BO3MOXHO TOMbKO Yepes M3me-
HEHWe CKOPOCTH ApmKeHus. B pesynbrarte nosBunmch TeopeTHyecKue NpPepnocbikk ans
3KCMEPMMEHTOB MO OCBOEHMIO HOBbIX CMOCOBOB NMEepPeaBMIKEHHs B METPUYECKOM M Yac-
TOTHOM MpPOCTPaHCTBax. B ¢BA3M ¢ 3TMM NOSBMNCS M HOBLIN TEPMHMH — «CraMpepP-TEXHO-
norusi». C nosiBNEHNEM PUTMOAMHAMUKKM MHOTMe n3obpertaTtenu monyyatoT ewé opmH
LLIAGHC OCMBICAMTb M MPUPYHUTL aHTMrPaBUTaLMIO.
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KOPP.: Bui BBENM HOBOE MOHSITME «HacTOTHOE MpocTpaHcTeo». Kak oHo cocywiectsyer
C MPMBBLIYHBIM METPHHECKMM!?

MBAHOB: EcTb MHOXeCTBO KOCBEHHbIX AO0KAa3aTeNbCTB PeanbHOCTU YAaCTOTHOrO MpPo-
CTPaHCTBA — aHOMaArbHbIE SIBMEHMS B TOM YMCIIE€ M CBSI3aHHbIE C MOSBNEHUEM M MCHE3HO-
BeHMeM Tak HasbiBaembix HJIO. HekoTopble rymaHomuabl HUOTKyAa K Ham He npwunerta-
10T, @ NPOCTO NEPEXOJAT U3 OJHOro OBXMUTOro PasyMOM YacTOTHOrO OMANasoHa B Apy-
roi. Ho ocBoum Mbl Takue nepexoppl TOMbKO KOMAA HayHYMMCsl YNpPaBnsiTh YaCTOTHbIM
cocTosHMeM cobcTBeHHbIX ''neTatenbHbix! annapaTos, HaNPUMeEP, Ha aTOMApPHOM U saep-
HOM ypoBHe. CHHXPOHHO M3MEHSISl YacTOTY TaKMX annapaToB, M BCErO HAXOASLLErocs B
ux upese (s MMEO BBMOY JKMBbIE OPraHU3Mbl, MIOLEMN, BMAEOANMNApaTypy), Mbl HEU3-
6exHo nonapém B HEBEQOMbIE HAM MMPbl HUKYHA Npu 3TOM He netas. [ns BHeluHero
HabntopaTtens Mbl NPOCTO MCHE3HEM, PACTBOPMMCH, aemartepuanmsyemcs. bbitb mo-
ET MMEHHO 3TOT 3dppeKT B6bin JOCTUrHYT B DuUnagenbmUHCKOM 3KCNEPUMEHTE, BO
BPEeMsl KOTOPOro Mponan, a Yepe3 HEeKOTOPOe Bpems maTepuanu3oBancs 60eson Ko-
pabnb c skunarkem? Bo Bcsikom cnydae Tenepb Mbl MOXEM MOKa3aTb, YTO M KaK Ans
3TOrO HYXHO Aenathb.

KOPP.: CMOeM nu Mbl, Mnn XoTs Bbl HalKM MOTOMKM OCBOMTb TaKue MyTelLuectsusi?

MBAHOB: 4 yeepeH, uto OA! [ymato, uto cHavana (npumepHo k 2030 ropy) y sem-
HOM LMBMIM3ALMK MOSIBATCS MepBble aHTMrpaBuTaumoHHble annapatbl (tvna HI10), a 3a-
TEM Mbl HAY4YMMCS MOCLINATh 30HABI MO YACTOTHOMY NpocTpaHcTy. B ato TpymHo no-
BEpUTb OCOBEHHO CepbE3HOMY YYEHOMY, HO Beap M 3a 15 net po cospaHus nepsoro
camonéra comHesaromxcs 6bino 99,999%. M Huuero, netaem Tenepb, M HE COMHEBa-
emcs...

KOPP.: Bbi rosopute 06 aHTurpasutaumm. Heyxxenu npupopa atoro saragoyHoro sene-
HWUSl BaMM pacKpbITa?

MBAHOB: [a,packpbital Ypanocb MOHSTb NPUPOLHbLIM MEXaHM3M rpasuTauMM, a NnoTo-
MY roBOpMTb 06 aHTMrPaBMTaLMM Yy MEHS| €CTb OCHOBaHMs. 51 yBEpPEH, Y4TO MHOrMe yué-
Hble He ByayT CO MHOM COrfacHbl, HO NPeafioXuTb Gonee NPOCTOM M HarnsgHbIM Cro-
cob obBbsCHEHMs 3TOro siBNEHMs MOKa eé HMKOMY He ypaanocb. [oBops KpaTtko, none
3eMrnM BNMsIET Ha BHyTpeHHWe Bubpaumm nioboro npegmeta um co3paér ha3oHacToTHbIN
AmcbanaHc, KOTOpPbIM MPMBOAMT K BHYTPEHHMM AedopmaLpsam (MposenseTcs B Buae crnak-
nep-apdpekrta). Yrtobbl yHTH OT BO3HMKLLMX OedOpMaLmi Tena BbiHYXAEHbI YCKOPEHHO
JBUraTbCsl B HarMpaBrneHuu NMOBEPXHOCTM 3emnu, T.e. — napate. Ho dasovacToTHbIM Amc-
6anaHc MOXHO YCTPaHWTb MCKYCCTBEHHO M TOrAa nageHue K 3emne npekpaTturcs, a Teno
notepsert Bec.

KOPP.: B Baluel KHMre MHOro BHMMaHWs yAeneHo craipep-apdekty. Yem oH otnmua-
eTcs, HanpuMMep, OT MyapoBbIX KapTWH Mrn Konew, HbroToHa?

MBAHOB: Cxo)Xero MHOro, Ho OTfM4YME B TOM, YTO Cnanpep-adpdeKT — 3TO ceuyeHue
AMHAMMYECKON TPEXMEPHON MHTEPdEPEHLMOHHON KAPTUHKM, AedpopmaLms KOTOPOH Mo-
KasblBAaeT HanpasreHue AenCTBus curbl. MyapoBbl KapTuHbl — ntobonbiTHas 3abaea, a
cnanpaep-apekT HECET MH(POPMALMIO O MpoMUCXopasLLEM B CTPYKTypax matepmu. Ha-
6ntopas rpaHuuHble 3dPPEKTbI MOXHO CYAMTb O (PAa304aCTOTHOM COCTOSIHMM TeM, O Ha-
npaBrneHun BeKTopa BHyTpeHHel Aedopmaupm. Kpome Toro Ham cTaHOBMUTCS MOHSITHOM
np1poaa cunbl, MHEPLIMM, MAaccbl, MMnMynbca. [locTuraetcs sICHOCTb MPOLLECCOB, MPUBO-
AAWMX K ABMKEHMIO, K MEPEMELLEHUIO B MPOCTPAHCTBE C BOMbLUMMM YCKOPEHUSIMM,
CTAHOBUTCSl MOHSITHBIM M MHOrOE€, O YEM pPaHbLUe Mbl TOMbKO CMYTHO AOrafblBaemcs.



Cepusa: PHTMOJHHAMHEKA ITPHPOJBI 33

KOPP.: MoxeT 6bITb C NOsIBNIEHNEM PUTMOOMHAMMKM MPOM3OLUNA PEBOroLMs B Hayke?

MBAHOB: [la, nosBneHne pUTMOAMHAMMKM KaK HOBOM HAayKM, CPaBHMMO C PEBOMIOLM-
ei. OHa HecéT B cebe MHOro M3MeHeHUI He 3BOMIOLMOHHOIO, @ PEBOMIOLMOHHOIO Xa-
paktepa. Cpenas pUTMOAMHAMMKY OBLLECTBEHHbIM [OCTOSIHMEM Mbl B 3TOM ybepum-
cs.

KOPP.: [lo Hauana 6eceppbl Bbl roBopunm o paborte Hap cO3faHMEM NEPBOrO B MMpe
uHCTUTYTa putmogmHammukn (MUPUT). He nyuwe nu 6bino 6b1 nepekBanuduumpoBaTth
KaKoW-Nnbo M3 cTapbiX MHCTUTYTOB?

MBAHOB: lNepekBanmdumumpoBaTh CMOXHO, TaK Xe Kak u nepeyumsatb. Kpome Toro,
3TO 3HAYMT OTHATbL xneb y pspa pykoBoauTenen, npucrocobuslumxcs k HebnaronpusT-
HbIM OBLLECTBEHHO-MOMUTUYECKMM YyCrnoBusiM. HUKTO Tak npocTo He moxenaeTt oTAaTh
cBO€ "HacmkeHHoe" MecTo parke ecnm pedb MAET O MPOPLIBHLIX Hay4HbIX HaMpPaBneHW-
fX. S cTaparocb MOHATb MOMOXEHME 3THX MNIOAEHN, MO3TOMY OT MEHs MHMUMaTMBbI He By-
et ucxopmTb.

KOPP.: Kakne 3apaum 6ynyT BO3MOMEHbI HA MHCTUTYT PUTMOOMHAMMKMN?

MBAHOB: Kpome HayuHO-NMpuKnagHbix 3agaqy Heobxogumo npopaboTatb BOnpockl O
cO3paHMM (PUNMAroB B PEerMoHax M 3a rpaHuuen, Kadepp B BbiCLLMX yqebHbIx 3aBepeHH-
X, HamMcaHue y4yebHMKOB MO Paspenam M cospaHue yuyebHbix nocobui. HameueHo co-
3paHue coHpa «lMepectporika EctectBosHaHms». CrioykHee HaiT OBLWMi A3bIK C pOC-
CUICKMM MPABMTENLCTBOM, BaHKMPaMM M MPOMBILLNEHHUKAMM — BGOFbLUMHCTBO M3 HMX
XOTST MHOrO M cpasy, NoaTomy oTbop Beaém Mbl. Ecnu nepeuncneHHble cTpyKTypsl
BOBPEMs He coobpassT, 4TO 33AyMaHHbIM KOMMNMEKC paboT BbIBOAUT Ha MPMHUMMMANbL-
HO HOBble TaK HasblBaeMble «CMalAep-TEXHOMOrMM», TO MOMYYMTCS KaK BCerpa — mccrne-
AoBaTenbCcKas M MpaKTHyeckas paboTbl ecTecTBEHHbIM OBPA3OM MEPEKOYYIOT 3arpaHu-
uy. Poccus B ouepegHoi pas cbirpaeT porb Ky3HuUbl MOEH Afs 3€MHOM LMBUIM3aLmM.
Kak 3HaTb, MOXET TaK OHO M [OMKHO MPOUCXOAUTLY

Yro KacaeTcs HanpaBneHHOCTH paboT, TO IKCMEPUMEHTbI MO CO3[AaHMIO HOBbIX CMO-
coboB nepeasmKeHUs B NPOCTPAHCTBE — 3TO rnaBHas uenb. Co BpemeHem Mofoiaém
BMMOTHYIO M K Bonpocy 6e33aTpaTHOro MomnyuYeHusi 3HepruM.

KOPP.: Hey»xenu nonyuenue sHeprum 6essatpatHbim cnocobom BoamoxHo! Yenose-
4eCTBO BCErAa MHTEPECOBAN BOMPOC AAPMOBON 3HEPrMM. DTOT BOMPOC OYEHb BaXKEH U
AN MHOTMX n3obpeTatenen, cosparolmx BedHble asuratenu. Cumutaete nm Bbi, uto “nep-
netyym-mobune” peaneH, a ecnm ga, To 3a c4éT yero?

MUBAHOB: Teopus nokasbiBaeT, 4YTO MOMy4uTb “‘BeyHOE" ABUIKEHME MOMHO, HO MHBIM,
HemexaHndeckum cnocobom. [ns atoro Heobxogumo obpaTMTb BHUMAHWE Ha OnMCaH-
Hble PUTMOAMHAMMKON 3aKOHbI APUTMMM M HA MHYHO MHTEPMPETaLMIO 3aKOHa coxpaHe-
HUs 3HepruM. Ypanocb 06OCHOBaHHO BBECTM MOHsTHA “cKpbiTas” 1 “npossneHHas’ sHeprim
M TOMbKO MOCME 3TOro CTaro MOHSITHO, KaK MCrOMb30BaTh BPOMAEHHbIE HACTOTHbIE Xa-
PaKTEPUCTHUKM BELLLECTB A5 NOMy4YeHus BeyHoro apmxerus. «Cnangep-TexHonorus», onm-
patoLLascs Ha HOBOE OTHOLLEHME K 3HEPruM, Ha eCTECTBEHHYIO CMOCOBHOCTb BelecTBa
LeTeKTMpoBaTh "CKpbITyto" 3HEprulo MPOCTPaHCTBa, MO3BOMMT B Hepanékom Bypyuiem
CO30aBaTh CNOEHblE MO 4acTOTe BELLECTBEHHblE OBBLEKTbI M 3a CYET 3TOro nonyvatb
[apoBOE [OBMXKEHWE, HE CTOMbKO BEYHOE, CKOMbKO HecrnnatHoe. YCTpoHCTBa Takoro Tmna
MOTYT Ka3aTbCsl YyJOM, sIKOBbl HapyLUAIOLWMM 3aKOH COXpaHeHusi aHeprum. Ho Hu o
KaKMX HapyLUEHWsX peun He uaET, NMPOCTO Mbl BbIXOOMM Ha MHOM YPOBEHb 3KCMyaTa-
LM HEBMAMMbIX FMasoM MPUPOLHBIX MPOLLECCOB.

Unrepsbio Bén A.l.[y6aHoB
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CnpaBouyHas HHboOpMaums:

26 cenTabps 1998 r. B lMonMTexHMHECKOM My3ee OTKPbIBAeTCSl MOCTOSIHHO AEUCTBYHO-
wwmit cemmnHap «PUTMOONHAMUKA TPUPOLbl». Havano pabotbl cemmHapa — 12%.

Bbl MoxkeTe cTaTb MOCTOSIHHBIM YYacTHUKOM CemuHapa (OYHbIM MM 3aouyHbIM). [Ons
storo Bam Heobxopumo B agpec oprkomurera nocnatb 3asBreHMe, B KOTOPOM [OMKHO YyKa-
3aTh .M.0., MECTO MPOXMBAHMS, KOHTaKTHble TenedoHbl, MecTo PaboTbl, AOMKHOCTb, y4é-
Hoe 3BaHWe, cbepy Hay4HbIX MHTEPECOB, MPMMOMKMUTb hoTOrpacmio Ans oPOPMIEHHUs NOCTO-
SHHOrO MpomnycKa.

Appec oprkomuteta: 109193, Mocksa, a/s 8, MeaHoey HO.H.

Ten. pna cnpasok: 277-3376, 923-2492

E-mail: mirit@ipcom.ru (a3bik oblieHus — pPyCccKuM)

http: //www.ipcom.ru/~mirit (pekomengyem o3HakomuTbcs!)

Mo ykaszaHHomy apgpecy Bbl moxkete 3akasatb khury «PUTMOIOMHAMMUKAS».
CrommocTb KHurn 6e3 yuérta noutoBbix pacxogos — 30 py6.

CromumocTb 6poltopbl 6e3 noutoebix pacxogos — 10 py6.
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K Bonpocy «<YACTOTHOE NMPOCTPAHCTBO»

Yron oTpaeHusi He Mo3BorseT HaaBoOAHOMY HabnropaTento yBuaeTb NoasoaHbIe obbeK-
Tbl, PABHO KaK NOJBOJHOMY — NOJAMETAloLLEro K NoBepXHOCTH HblpsnbLLMKa. [lepexop, ye-
pes3 pearnbHYlO M OOHOBPEMEHHO YCIOBHYIO TPaHWULYy MEXAY BO3AYXOM M BOJMOM
COMPOBOXAAETCs HE TOMbKO MCHE3HOBEHMEM OBBEKTA B OBHOM MUPE U MOSIBIIEHUEM €rO B
APYrOM, HO M MHTEHCMBHBIMM BOTTHOBBIMM BO3MYLLLEEHMSIMM FPaHMLbI pasgena. Y noasofHo-
ro HabnrogaTensi MOXKeT CNOMKMUTLCS MHEHME, HTO MPOM3OLLNIO CMOHTaHHOE POXKaeHHe (mare-
puanusaums) obbeKkTa, a y HaBOJHOro — ucyesHoBeHue (Aematepuanmsaums). B naHHom
nprMmepe rpaHMLLa MeXay PasHoO4YacTOTHbIMM CPEdAMM OYEBMIHA, T.K. HaLLM OpraHbl 4yBCTB
nepekpsbiBatoT oba AnanasoHa vactot. MHTepecHo npeacTasnseTcs cuTyaums, Koraa pas-
HOYacTOTHbIE MHPbI (Cpepp!) BroXeHbl opuH B apyroi B o6béme. Ecrim paspbis no vactote
[OCTaTOYHO BEMMK, T.€. HalLMMM OpraHamu HyBCTB HE NepeKpbIBaeTCs, TO Nepexop, U3 ogHo-
ro 4acTOTHOro AMana3soHa B Apyrol ByaeT ConpoBOXAaTLCS IPPEKTAMU: UCHESHOBEHMS B
OfJHOM MMPE 1 NPOSBNEHMS B APYTOM, BOMHOBbIMM BO3MYLLLEHUSIMM YCIOBHbIX FPaHML, pas-
pena. OTn adpdeKTbl NOAAAIOTCS HE TONBbKO MaTeMaTMYECKOMY onncanuto 6es npueneve-
HUS! LOMONHUTENBbHBIX KOOPAMHATHBIX M3MEPEHMM, HO M MOHUMAHMIO MOCPEA,CTBOM TPEXMEPHOM
NOrMKM.

«PUTMOONHAMUKAS», cTp. 213



EAMHAS NMPUPO QA B3AMMO LIEMCTBMA

Hannune mupoBol cpefbl-OCHOBbI BELLLECTBEHHOTO MMPA MO3BOMSET MO-MHOMY
B3rMsIHYTb HA MEXaHWM3M B3aMMOLOENCTBHUS ATIEMEHTAPHbIX MUKPOOHbeKTOB. Paccmatpusas
[Ba pearbHbIX 3MIEKTPOHA Mbl MOMAraem, YTO 3MEKTPOH SIBMSIETCS KOMMIEKCOM B3aUMO-
AENCTBYIOLLMX OCLMNNATOPOB. [epBbIi aNEKTPOH B CBOEM MECTOHAXOMAEHMH ""YyBCTBY-
eT"” nonspusaumio cpepbl OT BTOPOro 3MEKTPOHA. DTO BbIPAXKAaeTCcs B TOM, YTO €ro cAsur
a3 U3MEHSIETCS Ha BENMWYMHY MPOMOPLIMOHANBHYIO CTEMEHU MONAPM3aLMM CPEAbI 3a CHET
BTOPOro aneKTpoHa. BosHukaeT aHepreTtuueckui "aruckomdpopt"”. dnekTpoH byaer cTpe-
MMWTbCSl TAK MU3MEHUTb CBOM MPOCTPAHCTBEHHbIE KOOPAMHATbI, YTOBbI €ro 3HEPreTUYECKMi
"arckomdpopT” cTan MuHMManeH. AHanornyHbiM obpasom Beget cebs 1 BTOPOM aneKkT-
poH. OBpaTMm BHMMAHKE Ha FMaBHOE: B3aMMOLOENCTBUE ABYX 3IIEKTPOHOB CBOOMTCS K crie-
Aytoen, B obLLEeM-TO MPOCTOM, KAPTHMHE: BTOPOM 3MIEKTPOH M3MEHSIET CABMI dha3 MepPBOro
3MEKTPOHA, a NEPBbIM 3MEKTPOH M3MEHSIET CABUI pa3 BTOPOro aneKTpoHa. Bot Tak yaueu-
TENbHO MPOCTO POPMHPYETCS MEXAHU3M B3aMMOAENCTBUA MUKPOYACTMLL!

Puc. 155. MrHoBeHHas doTo-
rpadms HeusnyvaroLLen 4acTu-
upbl (paspes). BHyTpu cuctemsl
OCLMINISTOPOB BO3HUKAET CTOSHas
BosnHa (ny4HocTb). O6pasHo ro-
; BOpsi, BOMHOBAsi 3HEPrusi OKasbl-
g 1 BAETCS «MOMMAHHOM B NOBYLLKY»,
._‘ a M3ny4YeHne BOBHE OTCYTCTBY-
—— eT. B atom cmbicne yBanocb co-
3paTb Mogernb 06bEMHOro Comnm-

TOHa, CKOPOCTb KOTOPOrO B Cpe-

[.€ MOET MPMHUMAT 3HaYeHusl OT

0 po c [km/c].

(PUTMOOMHAMUKA cTp. 209)

Puc. 125. B cucteme u3 30-tn
OCLIMNAATOPOB  OPraHM30BaH
caosur dpas. lMpousowno nepe-
pacnpepeneHme CKpbITON M NPo-
SIBNEHHOM 3HEePru1. Y CTOPOHHe-
ro Habntopatens BO3HUKAET Mrl-
nto3usi, YTO B CUCTEME MMeeT
MecTo BbIBpOC 3HEPrMKM BNEBO,
a MoTOMy OHa [OMXKHA [ABMraTb-
sl BNpaeo.

PurmopmHamuka mHave nopxo-
JMT K OB BSICHEHMIO MPMUMHBI OB~
YEeHus. ..
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- (PUTMO AMHAMMKA crp. 188)
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