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B nHacTosmee BpeMsi MOKHO C YBEPEHHOCTHIO YTBEPXkAAaTh, 4TO B (pU3MKE MOSBUICS HOBBII
paszen, KOTOphIid MbI Oy/ieM Ha3biBaTh nicuxodusukoii. [1o onpenenenuto, ncuxodusrka n3yda-
€T BIIMSHUE CO3HAHMS 4YelIOBeKa Ha pa3yinyHble ¢puznueckue npouecchl. K Takum siBlIeHUsM OT-
HOCSITCS: ) TEJIGKHHE3 — CIOCOOHOCTh YeNIOBEKa MEePEIBUraTh pa3InIHbIC IPEIMETHI, HE TPUKa-
CasaCh K HUM, 6) 6I/IOFpaBI/ITaI_[I/I$I — MNPUTAKCHUC TCJIOM YCIOBCKAa MCTANIMYCCKUX, NCPCBAHHBIX,
CTCKJISTHHBIX, U T.JI. IpeaMeToB BecoMm a0 40 u Oojee Kr; B) MPUPOKUHE3 — MCUXO(PU3NIECKOE
SIBJICHHUC, KOrJa 4CJIOBCK CHJIOM MBICIIH MOXKET MNOKHUTaTh NMPCIAMEThI HA PACCTOAHUU, F) nup-
CUHT — KOTJ]a TeJIO YeJIOBeKa MPOKAaJIbIBAETCS HACKBO3b OCTPHIMH MpeAMeTaMu (IlMaramu, KHH-
JKaJlaMu), pY ATOM HE IPOUCXOAUT KPOBOTEUEHHS U paHa OBICTPO 3aKPBIBACTCS; 1) IEBUTAIUS —
MOJIHASl WM YacTH4Has MOTEpsi MEAUTHUPYIOIIMM YEJIOBEKOM €ro Beca, U MHoroe apyroe. Ha
omHMcaHue NMCUX0(pU3NIECKUX SBJICHUN B OPTOJAOKCAIBHONW HayKe ceiiyac HeT Jake HaMeKa, eClId
HE cKa3aTh OOJIblllee — OHA JIeNaeT BU, YTO UX MPOCTO HE CYILIECTBYET.

B nannoit pabore maHo oObsicHeHHE (IMMOKa KaueCTBEHHOE) TCUXO(PU3NYECKUM SIBJICHUSM B
pamkax teopun dusnueckoro Bakyyma, npu 3ToM moka3zaHo, YTO OCHOBHYIO pOJIb B 3TUX sIBJIE-
HUSIX UTPAIOT TOJISI MHEPIMH (TOPCUOHHBIE T0JIA) B TEOMETPU3UPOBAHHBIX ypaBHeHUsX TakaOa-
sam-/lupaka. DTH ypaBHEHUS ONKCHIBAIOT (KBAa3M)KBAHTOBOE JBM)KEHHUE MACCHBHOM 3apshKeH-
HOU qacTulgbl CO CIIMHOM h/2 BO BHCHIHUX S3JICKTPOMATrHUTHBIX W I'PaBUTAIIUOHHBIX I1OJIAX.
PaboTa Hanmcana Ha OCHOBE CO3/IaHHOW M 03BYYEHHOM aBTOPOM IIpe3eHTaluu B popmare PPSm.

B 1987 r. y mens npousomnnia Bctpeda co CsarocnaBoMm Pepuxom. B xoxe 6ecenbr s cripocui
€ro, YTO TaKoe MCUXUYECKasi SHEPrus, 0 KOTOPOH TaM MHOI'O HamucaHo B paboTax cembu Pepu-
X0B. B kauecTBe mpuMepa nposiBIIeHUs ICUXU4eckoi sHepruu Carocnas Pepux pacckazan MHe

Crarocian rromesi Pepr (1987r.)
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0 €ro BCTpeYe C M3BECTHBIM MHIUKUCKUM mocBsimeHHbIM Caif ba6oit. On ckazain, uro Caii ba0a,
CTOS IIEpE]] HUM, MaTepUaIN30Ball HECKOJIBKO IIPEIMETOB, COCTOSIIIUX U3 APAaroLlEeHHbIX METal-
JIOB M JIparolieHHbIX KaMHeH. [IpeMeTsl mosBIsINCh Kak Obl U3 MyCcTOTHL. B TOT MOMEHT, 4 mo-
YeMmy TO BCIIOMHUJI, UTO aHrNuickuii marematuk B. K dopa Beickazan runoresy, uro «B Mu-
pe HUYEro He MPOUCXONT, KpOME M3MEHEHHUsI KpUBU3HBI IPOCTpaHcTBa [1]».

Baryym B AuHecTT

YpoBHK PeasibHoCTH

lMycmoma T = Quzneckmni Bakyym
Mnams -/ llnasma
Bo3adyx . =2 ras
Boda \/ Wi Z Mngrocts
3Semns /L/ Q - TBepsce Teno
O

CospemeHHas
@U3IHKA

Bydda (6™ c. BC) &

S Torna nmoxymai, uro Cait baba cnocoOeH H3MEHSTh TEOMETPHIO IMIPOCTPAHCTBA TAK, UYTO U3
BakyyMma (IyCTOThI) mnosiBisieTcst marepus. IlpencraBieHwe O TOM, 4YTO IIyCTOTa SBIISETCS
UCTOYHHKOM MaTepHalIbHOTO MHpa, BOSHUKIIO B ¢uiocopun apesueit Munuu. Eme 6 BekoB 10
Hameit spel bynaa roBopuit, 4to Mup COCTOUT U3 IATH AJIEMEHTOB (WK cTUXUi): 1) 3emmy; 2)
BOJIBI; 3) BO31yXa; 4) orHs U 5) mycToThl. UHTEpeCHO, 9TO COBPEMEHHOE YeJI0BEUECTBO (HaUMHAas
CO HIKOJIbHOM CKaMmbM) 00JIajaeT HAyYHBIMH 3HAHUSMH TOJIBKO O 4 ypOBHSX peabHOCTH: 1)
TBEPJOM TeJie; 2) *KHUAKOCTH; 3) rase u 4) miasMe (WK 3JIEMEHTAPHBIX YacTHiax). Yro Kacaer
ca nsAToro ypoBHsA PeanbHocTn — @usnueckoro Bakyyma, To 3HaHHS O HEM, KOTOPBIE CIEIYIOT
UX 00IIEeH TeOpUU OTHOCUTEIILHOCTH DUHINTEHA M KBAHTOBOM MEXaHMKH, BEChbMa OIpaHUYEHBI U
OPOTHBOPEYMBHL.  J[elo B TOM, YTO OCHOBBIE (U3MYECKHE TNPUHIMIIBI 3TUX TEOPHHA He
COTJIACYIOTCS IPYT C JPYrOM B BUAY HE3aBEPIICHHOCTH KaK TOM, Tak U apyroi Teopu [2,3].

Pabotast Hag SHHIITEHHOBCKOM MpoOIeMoii 00beAMHEHUS 00ILEell TEOPHH OTHOCUTEIBHOCTH C
KBaHTOBOH Teopueil, aBTop B 1988 . BuIBUHYN mporpammy BceoOmeit OTHOCHTENsHOCTH U
teopun Pusnueckoro Bakyma [4,5] ¢ ypaBHEHHAMY, IPEACTaBICHHBIMU Ha CICIYIOIIEM CIIaie.
Maremarunuecku, ypaBHeHuss Ousndeckoro Bakyyma npencrasiser co0oil CTpyKTypHbBIS

ypaBHeHus: Kaprana reomerpun abcomotaoro napamwienuama 4,(6) . Drta reomerpus obnamaer
KpuBu3HOM Pumana Ry, ¥ KpyueHnem aGCOMIOTHOrO mapamienusma — Q" Boepsrie 310

Kpy4eHHHE ObLJIO BBEICHO HTAIBSIHCKHM MateMatukoM [.Puuum [6] .



ITo onpenenenuio, mopcuonnvim noiem T 'k Ha3bIBAETCH TEH30P KOHTOPCHHU MPOCTPAHCTBA

4,(6)
Thio=-Q'y + gim(gst"smk +0, Q%) (1)

rae gy =n,8%% . 7, =n" =diag(l-1-1-1) - METPUUECKHUIi TeH30p U €% - Heroo-

HOMHasI TeTpa/a, ONpeIelsomas Kpydernne — Q' j kak
. . 1
—Q"Ijk :—elaea[k,j] :Eela (eaj,k —eak,j) (2)

He nazo mytats kpydenue (2) ¢ kpydennem Kaprana S'j = S'i(x') u unCIepoBBIM KpYyHe-
mueM ' (X)) =Tk (x') = =T"i1(X'), KoTopbIe, KaK MOKa3allu MHOTOUHCIICHHBIE HCCIIEI0BA-

Hus, HC UMCIOT HHUKaKOU CBSI3H C (I)I/I3I/I‘-ICCKI/IM OKCIICPUMCHTOM.

0CHOEBNGIE VABNGEHNE TEODUH CUSHUGERIN Bamyea (1988)

CTpyKTypHble ypasHeHus Kaptana reometpun A (6) lpynnbt

4

de® = dyady’n = —DeiDe’ s =T RT" 5 it e

| ds® = g dv'dy* =n e’ e"rdx'dx” . 5, =n" =diag(1-1-1-1) |@

Ha cnaiine npezncrasiensl ypaBHeHus: ®dusuueckoro Bakyyma (4) u (B). BnepBbeie 3TH
ypaBHeHHs ObUIH TpezioskeHbl Hptomenom u Ilenpoysom B 1962 1. kak MaTeMaTn4ecKuii METOA
TSl TIOMCKA HOBBIX pelieHui ypaBHeHUW DiHmTeiHa [7]. CripaBa OT ypaBHEHUN CTOST HOMEpA
dbopmyn (2.11) u (2.7) uz padotsr [7]. B kaure aBtopa «Teopust pusnueckoro Bakyyma, TEOpHUs
9KCIIEPUMEHTHI M TexHomorum», M., Hayka, 1997. 450 c. [8] moka3aHa Teopema O TOM, 4YTO
ypaBHEHUs (A) MPEACTaBISAIOT COOOM CTPYKTypHBIC ypaBHeHUs KapTana rpymmbl TpaHCIAIHN
T,, aypaBHeHus (B) — crpykrypusle ypasHenus Kaprana rpynnsr SO(3.1). B pa6ote [8] 6bu10

TI0KA3aHO, YTO KPOME TPAHCISALMOHHOM  MeTpuku 0S°, 3aJaHHOH Ha rpyrIe T,, Ha rpynmne

ppamennit SO(3.1) mmeercs BpamatensHas metpuka A7’ = dy%dy®s =T 20T "an dxdx"),

omnpenensgeMasi TOpcuoHHbIM monieM (1). 20 ypaBuenwii (B) pacnamatorcs Ha 10 mMonHOCTBIO
3



TCOMECTPU3UPOBAHHBIX ypaBHeHUi JinmureiiHa (B.1) u 10 MOJHOCTBIO T€OMETPU3UPOBAHHBIX
ypaBHeHuit SHra-Mwmica  (B.2) . COOTBETCTBEHHO, pelleHHs ypaBHEHHH DOU3NYECKOro
Bakyyma (4) u (B) Haxonsatcs metoaoM Hetomena-Ilenpoy3a, u3noxxeHHoM B padote [7].

D EHOEHBIEAN TARIANBIRGEU 1T
@BIECERTD Baryn

S .

1. NpuHuwun Bceobuyeit OTHOCUTENBHOCTH — BCE B MUPE OTHOCUTENBHO.

2. OTCYTCTEME MHEPLMANbHbIX CUCTEM OTCHETa.

3. leomeTpUsaLnUa GUSUMKK — B MMPE HUHEro He NPOUCXOAWT KPOME  W3MEHEHMWA
KPWBW3HbI U KPYMEHWA NPOCTPAHCTEA.

4, NpoctpaHcreo cobeiuii 10tu mepHo ( X, V.Z.¢f, @, 0, @, 6,,06,,6,),
paccnoeHo U HageneHo reomeTpueid abcontotHoro
napannenisma 144(6) :

5. YpaBHeHMa ®uauveckoro Bakyyma npeacrasnaioT coBoid CTPYKTYpHBIE
G ypaeHeHus Kaprana reometpuu 4,(6).

)
©=

Teopus ®uszmyeckoro Bakyyma O0a3upyecs Ha MSITH OCHOBHBIX MNpUHIMNAX. [IpuHIUI
Bceobmieit otHocuTenpbHOCTH TpeOyeT, 4ToObI J000M (GU3HYEeCKuii OO0BEKT M ypaBHEHUS,
ONKCHIBAIOLIUE €r0o, HOCWJIM OTHOCHUTEIbHBIM XapakTep. OTO O3Ha4yaeT, 4TO B TEOpUHU
CYIIECTBYIOT Takue TmpeoOpa3oBaHus (HampuMep, CHUCTEM OTCYeTa), KOTOpble O0O0paTAaT
dusznyeckoe molie B HyJdb. JTO JAenaeT JTo0od (u3uvecknii 0OBEKT W OIMUCHIBAIOIIME €T0
YpaBHEHUS OTHOCUTEIILHBIMH.

OtcyTcTBHE MHEpLUANBHBIX CHCTEM OTCYETa CIEAYEeT U3 KBAHTOBOM TEOpUH, B KOTOPBII
¢usmueckuif BakyyM oOjamaer SHeprued BaKyyMHbIX (aykryauuid. B Mukpomupe
AKCIEPUMEHTAJIBHO [OKa3aHO, YTO HA DJJIEKTPOH B aTroMe€ BOAOPOAA  MJET IIOCTOSHHOE
BO3/ICUCTBUE HYNEBBIX (PIYKTYKTyalMd BakyyMa (JIeMOOBCKMH CIOBUT), a B MakKpOMHpE JIBE
METaJUIMYEeCKUEe IUIACTUHBI TPUTATUBAIOTCS MOJ JeiictBueM Quykryanuii Bakyyma (3¢ ekt
Kazumupa).

Ecin 3amana cucrema 10t koopmumar X, Y,Z,Ct,@, @, ,¢;, 6, 0,, 0,, t0 ypaBHeHus
®usnyeckoro Bakyyma (4) u (B) comepkar B KayeCTBE MCKOMBIX IEPEMEHHBIX PHUMaHOBY

kpuBH3HY R%okm ¥ TOpcHOHHOE TONE T %k, onpesensemoe Kpydenuem Puaun Q% . [oatomy,
B Teopun Ousmueckoro Bakyyma He IIPOUCXOMUT HUYETO, KPOME U3MEHEHUSI KPUBU3HLL Y KpYUe-
HUs TIPOCTPAHCTBA (pacimuperHoe yreepxkaeane B. Knmuddopaa).

Yrto kacaercst MPUHIKIIOB 4 U 5, TO OHUM HEOOXOIMMBI JIJIs BBITIOJIHEHHS Bceobiero nmpuHnma
OTHOCHUTEIILHOCTH, KOTOPBIM TpeOyeT, B JIOMOJHEHHH K OOIIEeMy MPHHIIUIY OTHOCHUTEIBHOCTH
OiHIITEHA, BBEJECHNUE MTPUHIIMIIA BpallaTeIbHOW OTHOCUTEIBHOCTU. JTO MPUHIUII OTCYTCTBY-
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€T BO BCEX OOMIENpU3HAHHBIX (pu3mdeckux Teopusix. Kak okazamock, 3T0 HEOOXOAMMO CeaTh
JUISL TOTO, YTOOBI 00bEOUHUMb KEAHMOBYIO Meoputo ¢ meopueil omuocumenvrHocmu [8].

Poikpesme. et 1 eloeoarony ngicn

I TIZPSUTBIE TOPCUOTIFISIE HIO 7 | Muper Berciuetd
HEDACOEHIAY { |PeanbHocTU

m DUINYECKUA BAKYYM

ﬁ

> MatepuansHeria

v Mwup

Vil TBEPAOE TEO J

AHamu3upys ypaBHeHus ®usnueckoro Bakyyma, Mbl IpUXOAMM K BBIBOAY, YTO KpoMe 5Tu
3JIEMEHTOB, O KOTOphIX roBopui bynma, umeercs eme asa. Ix HeoOXoaumo oTHeCTH K Mupy
Breicmieit peanmbHOcTH. IlepBbiii cBepxy ypoBeTb — AOcomtoTHoe «HuYTO» aHAIUTHYECKH
onuchiBaeTss TpUBHAIBHBIM ToxecTBOM 0= 0. [ToaTromy 00 3TOM ypOBHE HUYETO KOHKPETHO-
ro, B paMKax JIBOMYHOM JIOTMKH, MBI HE MOXKeM cka3aTb. OnHako, cienys ¢umocodpckum mnpea-
CTaBJICHUSAM JIPEBHUX MHIYCOB, UMEHHO C 3TOro ypoBHA (AOcomotTHoe «Huutoy» sBusercs cu-
HoHHMOM eauHoro bora [9]) HaunHaeTcs pa3BUTHE BCEX IPYTUX YPOBHEH PeaTbHOCTH.

Bropoii ypoBeHb cBepXy 00pa3yioT nepguunsie mopCcUoHHble NoJis, ypaBHEHUS KOTOPBIX Clie-

AyIoT U3 ypaBHenuit @usnueckoro Bakyyma (4) u (B) , korna puMaHoBa KpuBu3Ha R%wm B HEX
oOparaeTcst B HyJIb. DTO MEPBbIi 00BEKT, MOpOKAaeMbIii AOcomOTHEIM «HuuTo» U3 Bakyyma.
OH He o0nagaer Hepruei, Ho coco0eH «IEePEeHOCUTHY HH(POPMAITUIO, IPH STOM CKOPOCTH TIe-
peHoca nuHpopMaIK JoKHA ObITh MTHOBeHHOM. [losBissics n3 @usudeckoro Bakyyma, nep-
BUYHbIE TOPCHOHHBIE TOJII MTHOBEHHO ITOKPBIBAIOT BCE MPOCTPAHCTBA, 00pa3ys BeeneHnckyro
rojorpammy. Bo3myienue B 110601t TOUKe roorpaMMbl MTHOBEHHO NEPEAAeTCs B THO0YIO TOU-
Ky BceneHnHoit, uTo sBiseTcs uaeaabHbIM HHCTPYMEHTOM HaOI0eHUS 332 BCEMH MPOIIECCaMU,
MIPOUCXOASAIIMMH BO BeeneHHOM, U 1sl HEMEIJICHHON peakiiu Ha 3TU coObITHs. BTopoi ypo-
BEHb MOKHO pacCMaTpUBAaTh KaK «O0aHK JAHHBIX», B KOTOPOM 3alucaHbl Bce 3aKoHbI [Ipupossl, u
OTIPEIeNIUTh ATOT «OaHK» Kak CBepXCO3HAHHE.

Tpetwii cBepxy ypoBeHb — dusuueckuit Bakyym. 10T ypoBeHb U ero ypaBHeHus (4) u (B)
HAJI0 pacCMaTpPUBATh KaK «MaTPUILy BO3MOXKHOTO», COJIEPKaIlyI0 BCIO HH()OPMAIIHIO O JIF0O0H
MaTEpUH, POKJIECHHOU U3 BaKyyMma.



Ha cnaiine BHM3Y JaHO HarjsiIHOE NPEACTABICHUE O TOM, KAKHE YPOBHU PEAJIbHOCTU MPUHH-
MaroT y4yacTHe B CO3/JaHUHU TaKOro 0ObeKTa Kak uyesnoBek. Ha MarepuanbHOM ypoBHE, pOXKICH-
HOM M3 Bakyyma, MBI COCTOMM U3 KBapKOB, KOTOpbIe 00pa3zyloT 3JIeMEHTapHbIe yacTULbl. B
CBOIO OUYE€pe/Ib, EMEHTAPHBIC YaCTULIBI 00pa3yloT aToMBbl M UX sapa. [lanee, aToMbl 00pa3yioT
MOJIEKYJIbI, U3 KOTOpBIX cocTosT JIHK, oOpa3zyromue «kKnBoe BEIECTBO», BKIIOYAs YEIOBEKA.

(i3 WErD Mkl COCTOMM &
J v G
e

KusHb-CosHaHue

‘HHK 1077 m Rt .
DNA \
iy Monexyna
/ Molccule
ATOM T
107" O Silp,po
/ <
TTpoToH -
10 m KBQPH @
Proun S Ha marepuansHom yposHe
A _4 Lee s MbI NpefcTasnsem coboi
s it o
—, BBICOKO OPTaHY30BAHHbIN
PRy Qurk Bakyym, a Halwe co3HaHUe

MepeBUyHble nonsd,

RE: inbir e Hiemat CBA3AHO CO CBCPXCOBHGHMEM

1 A6contoTHbIM «Huuto» .

Takum 00pazoM, Ha MaTepUATBLHOM YpPOBHE, YEJIOBEK IPEICTABIISICT COOOW BO30YKICHHBIH,
cokHO oOpazoBaHHbIM Ou3nueckuii Bakyym. Ha ypoBHe Briciieii peaqbHOCTH 4€IOBEK, KaK U
BCE OOBEKTHI, pOXKACHHbIE U3 Bakyyma, «xpoHu3an» [lepBUYHBIM TOPCHOHHBIM MOJIEM — IOJEM
CBepxco3HaHUsA, C KOTOPhIM (0ecCO3HATENbHO WM OCO3HAHO) CBSA3aHO CO3HAHHE YeNOBEKa,
SIBJISISICH €0 4acThblO. brarogapst 3TOM CBSA3M YENOBEK ITO3HACT KAK MAaTEpUAIbHBIM MUp, TaK U
mup Beicmieit peanpHOCTH, BKIoyas AbGcomotHoe «Huutoy». bonee Toro, kak Mmoka3blBaioOT
NCUXO(HU3MUECKUE HKCIIEPUMEHTHI, CO3HAaHMWE 4YelloBeKa TPEeACTaBIsieT co00i  HeKyio
«MUHUKONHIO» MHpa Bplcmieil peanbHOCTH, U cnocobHo  ynpagname — d1eMeHmamu
MamepuanrbHo20 Mupa.

OcHoBbIBasicb Ha ypaBHeHMsX Pusnueckoro Bakyyma, KOTOpblE MMEIOT T€OMETPUYECKYIO
NPUPOY M CBA3BIBAIOT MEKIY COOOW KpuBM3HY Pumana Rwm, a Tak ke TepBUYHBIE U

BTOPUYHBIE TOPCHOHHBIE TIOJS T bk, MOJKHO YTBEPIKIATh, YTO CO3HAHME YEIOBEKA CIIOCOOHO
yrpaBisiTh 10TH MEPHBIM MPOCTPAHCTBOM COOBITHIA.

OtmeTuM, uTo 11 ypaBHEeHH Puznyeckoro Bakyyma BBITONHSAETCS TPUHIIMI COOTBETCTBUSA
C OCHOBHBIMH ypaBHeHHIMHU (pyHmameHTaabHON (usuku [10], mpuuem ypaBHEeHHS (QH3HKH Teo0-
merpusupyiotcest [11, 12], BBINOIHSS mporpamMmy TreOMETpU3aliii (U3UKH, BBIIABHHYTYIO B.
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Kmuddopmom u A. DitnmreitHom. Kak u ciaenoBano oxuiarh, B TEOMETPU3UPOBAHHOM BapHaH-

Te (PyHIAMEHTAIBHBIX TEOPHUN MOSBIAIOTCSA JOOABKH, KOTOPhIE HAOIIOAIOTCA B SKCIIEPUMEHTE
[2,3, 11, 13-16].

B 1997 r. Oynymmii naypeat HobGeneBckoit mpemuu (2010 r.), poccuiickuii ydeHblit AHOpen
I'eiim 1 coBMecTHO ¢ OpUTaHCKUM ydyeHbIM Maiikiiom beppu npoaeMOHCTpUpOBal JIEBUTAIIHIO
JSITYIIKM B TIOCTOSIHHOM MarHMTHOM moiie http://www.youtube.com/watch?v=-EVMOp59J ¢ ¢
HanpspkeHHOCThIo 16 Tn u momyunn AHtuHOOeneBckyro nmpemuto. Koneuno, 3to Obuta mryTka,

HO, KaK TOBOPUTHCS, «B KAXKJIOM IIYTKE €CTh A0S HIYTKW». 3aMEeTHM, U4TO KUBas JIATYILIKA CO-
BCEM HE ()eppOMarHeTHK U, KpOMe TOTO, €€ JeBUTAIMs Habto1anach IpU KOMHATHON TeMIepa-
Type, a He MPHU TeMIepaType KUAKoro reaus. Padoraromas ¢ A. ['eliMoM KOMaH/a OCYIIIECTBH-
Ja JIEBUTALIMIO KY3HEUMKOB, PbIO, MBILIEH U pacTeHHd. Y TBepKaaeTcs, 4To Onaroaapsi sBJICHUIO
JTaMarHeTu3Ma, B CUJIbHOM MarHUTHOM I0JIE MOXKET JIEBUTHPOBATh BCe: JePEBO, BUHOTPA, BO-
na http://www.youtube.com/watch?v=m-Al7GANH8Q , nuia u gaxe JIIOIA.

NEBNRALARRNBORNA YL

MarHuTHas neBuTauunA XUBOro opraHMama.
Angpen Nenm.
LWHoG6enesckas © npemusn (2000 r.)

» Ootorpadua ui cTatemn
Geim A. Everyone's
Magnetism, Physics
Today, September 1998,

NesuTupyowan 8

MAarHMTHOM none NArywxa ﬁ MvSharec‘@,

Celfyac B MHTEpHETE MOXXHO HalTH OOJIBIIOE KOJMYECTBO SKCIIEPUMEHTOB, B KOTOPHIX JIEBUTA-
s, Kak (eppoOMarHEeTHKOB, TaK U IAUDJIEKTPUKOB MPOMCXOAUT TPU HU3KHUX TeMIlepaTypax.
HecMoTpst Ha TO, 4TO 3a TeopeTHyecKkre paboThl IO CBEPXIIPOBOIUMOCTH TonydeHo 6 HoGenes-
ckux npemuid (JI. Jlangay 1962 r., A. bapaun, JI. Kynep, . uddep 1972 r. A. Abpukocos,
B. I'muz0ypr 2003 r.), 10 cux nop HeT pyHIaMEHTaIbHOW TEOpHH 3TOro siBieHus. He cymiecTBy-
€T TaK K€ TEOpUH, KOTOpas OINHUCHIBACT SBJICHHE JICBUTAIL[MHM YETO-THO0 B MAarHUTHBIX TOJISX.
Jleno B TOM, 4TO SIBJICHHE CBEPXIIPOBOJUMOCTH U JIEBUTAIMSI OOBEKTOB PasHON MPUPOJBI B Mar-
HUTHBIX TOJIIX OTHOCSTCA K SIBICHUSM Makpo(U3HUKH, UMes, TEM HE MEHee, KBaHTOBYIO NPUPO-

ay.


http://www.youtube.com/watch?v=-EVMOp59J_c
http://www.youtube.com/watch?v=m-Al7GAnH8Q

OcHoBbIBasich Ha pe3yibrarax Teopud Ousnueckoro Bakyyma [16], MbI mpuxoquM K BaKHOMY
BBIBOJlY, 4YTO SIBIICHHE JIEBUTALMM B HEOJHOPOAHBIX MArHUTHBIX TIOJNSX OMHCHIBAIOTCS
ypaBHenusimu TakaOasm-/{upaka [17, 18].

| CNUH-TOPCHOHHBIE NOAA I

Ona UM nnotHoCTH - / \

nocrynarenbHble ypasHeHUA

DOns BEKTOP CNWHA
- YSY LYY I T h. = %
L e S S S R
Y 2 Py 4 2 2
I BpauwiatensHbie ypaBHEeHUS | /

CTIMH-TOPCUOHHEIE Mona B ypasHenuax (1) W

(2) npossnator cefa uepes
xonebaHua @uauuecrkoro Bakyyme

VYpaBuenue (1) Ha craiiie ONMUCHIBACT JBHIXKCHHE IIEHTPAa MAacC 3apsDKEHHON, MacCHBHOM
4acTHIBI €O cMHOM S = /16 /2 B 0HOPOIHOM IPAaBUTALIMOHHOM MOJE M B MPOU3BOJIBHBIX
3JIEKTPOMArHUTHBIX MOJIAX. Y paBHeHue (2) mpeacTaBiseT coboit 06001menHoe ypaBHeHne bioxa

[19], omuchbiBatomee aBmwkenne Bektopa crmmHa S = WPSW /W'Y B ogHopomHOM
IPaBUTAI[MOHHOM I10JI€ B IPOM3BOJILHOM JICKTPOMArHMTHOM Tojie Oe3 ydera 3aryxanus. Kpome
Toro, obob6menoe ypaBHeHue bioxa (2 ) u ypaBHenue (1) comepikar MOMOJHUTEIHLHO CITUH-
TOPCUOHHBIC J00aBKH, KOTOpBIE, B Cly4ae, KOIJla OHHM HMEIOT BHYTPEHHIOI MPHUPOLIY,
MOPOXICHBI (IIYKTyallussMH Bakyyma, JHOO CO37aHbl BHEUIHUMH HWCTOYHHKAMHU CITHH-
TOPCUOHHBIX noJeH [16].

N3 ypaBaenuss (1) BUAHO, YTO KOMIIGHCHPOBATh CHJIy Beca MOTYT KaK BHEIIHHE
AJICKTPOMArHUTHBIC TIOJIA, TaK M CIHUH-TOPCHOHHBIE JT00aBKH, MOPOXKIECHHBIC BHYTPEHHUMH
CWJIaM{ MHepUuH (MM TOPCHOHHBIMH mosisiMu reomerpun A4,(6)). B ciyuae neBurtanum Jisi-
TYIIKK B 3KcniepuMeHTe A. ['efiMa, MBI, CKOpee BCEro, JOJDKHBI MpeHeOpedh CIHH - TOPCHUOH-
HbIMH o0aBkamu. Toraa, mpu OTCYTCTBHH BHEIIHETO JIEKTPUIECKOTro Tojsi, ypaBHenue (1) Ha
cliaiie 3amuIeTcs Kak

e aHﬁ

d dx € dXﬂ
a = -|-— —H +_S ] ] L] !"'=1’213' 3
(u ) M, + [ Hsl. 1 oxe a piy 3

del” dt



[Tocmotpes pumsMm  http://www.youtube.com/watch?v=eGUdanGWJtg , MOXHO yBHIETh, 4TO
HOCHTP MACC JIATYIIKH CJICTKA OCHUJIMPYCT OTHOCUTCIBHO CPCAHCTO IOJOXKCHUA, T.C. B CPCAHCM

IOYTH HE JIBMXKETCS, TIOATOMY BTOPOH 4jeH B NpaBOil yacTu ypaBHeHU# (3), comepkauiuii
CKOPOCTh IIEHTpa MacC, JAeT HE3HAUMUTEIbHBIA BKJIAJ W IPU YCPEIAHEHUHM UM MOXKHO
npereOpeub. OcTaBiiascs B MPaBoil 4YacTy ypaBHEHHH (3) 3IEKTPOMAarHUTHAS CHJIa 3aBUCHUT OT:

1) HampaBienus (ICEBJIO)BEKTOpA CIIMHA S,; 2) HANPABICHHUS M BEIUYMHBI (TICEBJO) BEKTOPA

MaruuTHoro nons H ,; 3) npocTpancTBeHHOM HeoaHOpOAHOCTH Honst H 4.

BpamarensHoe ypaBHeHue (2) Ha ciaiife, Ipu BBIOPaHHBIX HAMH YCJIOBUSIX YIPOILIAETCs, MPH-
HUMas BUJ

ds _ e

- =2ﬂc[§ﬁ]=—[@§], o ——18lg, 4)

2uC

IJI€ @, - 4acToTa MPELEecCHU BOKPYT BHEIIHEro MaruutHoro nons H. Ecnu npocymmupo-

BaTh ypaBHEHHE (4) 1O BCEM dYacCTHIAM, COCTABJISIIOIIUM TEJIO, TO MBI JOJKHBI HAOJIIOIATh
BpaIllcHUE Telda BOKPYT COOCTBEHHOM OCH U MPEIECCHUI0 dTOM OCH  BOKPYT HaIpaBJICHUS
MarHUTHOTO MOJd. OTO HGﬁCTBHTGJ’IBHO Ha6mo/:[aeTca, Korga B MarHuTHOM II10JIC€ JICBUTHPYCT
nomugop https://youtu.be/nuHVuUibhTjQ wumm knyoumka https://youtu.be/UgFFlfavirc . U3
3TUX (GUIBMOB BHIHO, YTO IIEHTP MAcc MOMHUIO0pA WU KIIYOHHKH MTOYTH HE IBKeTcs. [loaTomy,

CYMMHDpYsI BC€ CIIMHHUPYIOIIME LACTHIBI B YpaBHEHUH (3) W yduThIBas, YTO BTOPOH WieH B
napBoil yactu (3) mpeHeOpEKUMO Mall, Mbl TMPUXOJUM K BBIBOJY, YTO T'PAaBUTALMOHHYIO CHITY

KOMITIEHCUPYET CHIIa, BhI3BaHHAS HEOIHOPOIHOCTHIO MarHuTHOTO moist H [20].

NeBrmranya M NoneTsl Horos

|I/|3|vleHeHne BEca Morom | |1'I0neT amepuKkaHcKoro iora |

©
KaK ITIOKA3bIBAIOT 3KCHepI/IMeHTBI C MeI[I/ITI/IPYIOI_HI/IMI/I ﬁOFaMH, YCJIOBCK MOXECT BbI3BATh HOTepIO
Beca cosHarenbHo http://www.youtube.com/watch?v=8hMGS2bKKuQ . Ha cnaiine ciesa
NoKa3aH MEIUTHPYIOUIUI Ha TOTEpI0 COOCTBEHHOTO Beca 4enoBek. Ha akpaH mos3aau iora
BBIBE/ICHBI [TOKA3aHMsI BECOB, HAa KOTOPBIX CUAWT Wor. Mi3MeHeHHe Beca #ora, MOXKHO YBHJIETH B
mutupyemoM uiasme. CripaBa Ha craiijie nmpeacTaBieHa ¢pororpadus JSBUTAIIMOHHOTO TMPbLKKa
aAMEPUKAHCKOTO #Oora B COCTOSHHHM TPaAHCIEACHTAIBHOM MEIUTalud, B3sATas U3 (uibMa
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http://www.youtube.com/watch?v=eGUdanGWJtg
https://youtu.be/nuHVuibhTjQ
https://youtu.be/UqFFlfavLrc
http://www.youtube.com/watch?v=8hMGS2bKKu0

http://www.youtube.com/watch?v=HpS57aDQY30 . HccaenoBanus IOKa3bIBAIOT, YTO BO
BpeMGSI JICBUTAIIUN ITIOBBIIIACTCA HOCATCIIBHOCTD OHpeI[GJIeHHBIX yqaCTKOB MoO3ra. BHOJIHG

BO3MOXKHO, 4TO paboTa HampaBJieHa Ha TO, YTOOBI CO3/IaTh BHYTPHU Tella MEAUTHUPYIOIIETO Hora
TAaKUC BHYTPCHHHUC MArHWTHLBIC I10JId, KOTOPBIC OIHMCBIBAKOTCA [JIsI BHCIIHCTO HaGHIOI[aTG.HSI
ypaBueusimu (3) u (4). Ha camoM Jniene, Bce MPOMCXOAUT rOpasio CIOKHEE U, CKOPEe BCETO, MbI
NOKHBI YYUTHIBaTh B ypaBHeHUAX TakaOasimu-/[upaka cuibl, BbI3BaHHBIE BaKyyMHBIMU
baykryanussmu. OHM CBSI3aHBI C DHEPrUSIMH, KOTOpbIE, B CBOIO O4Yepelb, HHUIIMUPOBAHBI
nH(pOpMaIMOHHBIMHU YPOBHSIMU MHpa Bricmieit PeanbHOCTH. DTH 3HEpro-uH(pOpManoHHbIE

Tenerres . 1

©

noJsisi  00pa3yrOT MHOTOCTYIEHYATYI0 aypy BOKpYT (H3uWYecKkoro Tena delIoBeKa. B
I30TEPUUYECKON JNHTEepaType camas Onm3Kas dYacTh aypbl, Ha3biBaeMas >S()UPHBIM TEIoM,
HaxOJIUTCA HA PACCTOSHUU HECKOJIBKHX CAaHTUMETPOB (y OOBIYHBIX Jroaeu 1-3 cm.). Ddupnoe
TEJIO0 XapaKTEepHU3yeT <OKU3HEHYIO SHEPruio» (U3MUYecKOoro Tena dYesoBeka. /[l usmepenus
JKU3HEHHOW SHEPTrUU BEHTEPCKUN HccienoBaTenb JKopxk Oremu, u3o0pen mpubop — Kojeco
Orenu, moKa3aHHOe Ha ciaiae. B ¢mimeme  http://www.youtube.com/watch?v=qcOuuSJImEI
MOKHO YBHUJETh, Kak JeicTByeT kosneco Orenu. lllkama Ha mpubope u3MepsieT KU3HEHHYIO

SHEPrui0 B OTHOCUTENbHBIX enuHHUIax oT 0 mo 400. Ecmm moctaBuTh pyKy BONH3M Kojeca
npubopa, MpeaCTaBIAIoNIero co00i TOHKYIO (poIbry Haca)KEHHYIO Ha OTIOPHYIO HIITY, TO KOJIECO
HAYMHACT BPAIAThCS IO HAMPABICHHWIO BBITSAHYTHIX ManbleB. CuuTaeTcs, 9YTO 4eM ObICTpee
BpaIfaeTcsi Kojeco, TeM OOoJbllel XU3HEHHOW 3Hepruei obnamaet denoBek. s oObIYHOTO
COCTOSIHHSI CPEIHEr0 YeJIOBEKa Kojeco Jrenu mnokasbiBaeT 3HaueHue 200. YcraBmui 4enoBeK
packpyuuBaet koisieco 10 100 unu Menee.

B ncuzodusuke sBieHue, Korja 4elOBEK CIOCOOEH BbI3BATh ABM)KEHHE MPEIMETOB, HE
npuKacasich K HHUM, [OJy4WJO Ha3BaHUE meleKuHes. Jiongu, KOTOpBIE MOTYT
POJEMOHCTPUPOBATh TEIEKHUHE3, CYIIECTBYIOT BO MHOTMX cTpaHax. B Hamieil ctpane Obuia
mpoko u3BectHa Hunens Kymarmna. Ona Obuta crocoOHa JABHUraTh JIETKHE IPEIMETHI,
HAKpBIThIE CTEKJISIHHBIM KoJiakoM. KpoMe Toro, oHa IEeMOHCTpPUpPOBANA NUPOKUHE3, SBIICHUE,
IpyU KOTOPOM YEJIOBEK MOXKET MOJHHUMATh TeMIEparypy Tela, B IUIOTh JO BO3TOpaHus, He
MPUKACASICh K HEMY.
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http://www.youtube.com/watch?v=HpS57aDQY3o
http://www.youtube.com/watch?v=qc0uuSJlmEI

B paGorax E. bmaBarckoii aypa dYenoBeKa COCTOMT W3 OTH  «IIOJIEBBIX» YpPOBHEH U
CIIEYIOIINUM 32 3(QHUPHBIM TEJIOM UAYT: a) MpuU3padHoe; 0) acTpalbHOE U MEHTAIbHOE TeNa. JTU
Tela OTBEUAIOT 3a IMO3HAHUE JPYTHX «IapaUIeNbHBIX» MHUPOB M MOTYT OBITh aHATUTHYECKH
onucanbl ypaBHeHusMU Duszmyeckoro Bakyyma. DTO yTBepkKJAEHHME OCHOBAaHO Ha TOM, 4YTO
Ka)XJJ0€ pelIeHUe YpaBHCHUH UMeeT TPUILICTHhIA Xxapakrep [8]. Ecnm, nanpumep, MaccuBHBIN
00BEKT, POXKACHHBII U3 BaKyyma, IBHIKETCS C JOCBETOBOI CKOPOCTIO, TO €MY COIYTCTBYIOT €Ille
nBa obOekta. OIWH W3 HUX JBIJKETCS CO CKOPOCTBIO CBETa, a JAPYrOM CO CBEPXCBETOBOM
CKOPOCTBIO (COITYTCTBYIOIINMA TaXWOH). B acTpoHOMHYECKHX 00CEPBATOPSX ITOT BHIBOJ TEOPUU
Ouznyeckoro Bakyyma ObUT MOATBEPXKAECH OHKCIEPUMEHTAMU TpPEX HE3aBUCUMBIX TPYIII
uccienosareiei 3to: 1) H.A.Ko3ssipes ¢ corpynaukamu (Ilynkoso) [21-24]; 2) M.M. JlaBpeHTb-
eB ¢ corpyanukamu (HoBocubupck) ) [25,26]; 3) A.E. Akumos, A.®. Ilyrau [27] (Kpbim).

Korna skcriepiMeHThI JOKa3bIBAIOT CYIIECTBOBAHNE CBEPXCBETOBBIX CUTHAJNIOB, TO, UCTIOJIb3Ys
teopemy Tepaenkoro [28], MOKHO J0Ka3aTh CYIIECTBOBAHUE CUTHAJIOB, KOTOPBIC IBHKYTCS
BCIISITH 110 BpeMeHH. Takue coOBITHSI HapyHIaoT KJIACCHYECKUH MPUHIIMI IPUYMHHOCTH (CIepBa
NPUYHMHA, TIOTOM CIIEACTBHE), TO3TOMY MbI Oy/ieM Ha3bIBaTh TaKylO «OOpaTHYIO MPUYUHHOCTHY
ceepxnpuyunnocmolo. Kak Mbl yHOOHSHYJIM BbIIE,  [EBUYHBIE TOPCHUOHHBIE TMOJS, HE
oOrnanaroniue 3Hepruen, o0JagaloT CBOWCTBOM cunepnpuduHHocmu, Koraa UHGOpMalnoOHHOE
BO3MYILIEHHE B MEPBUYHOM TOPCHOHHOM TII0J€ TMEpPEeAaeTcss MIHOBEHHO B JIOOYIO TOUKY
Bcenennoii. Ckopee Bcero mpu3payHoe, acTpajbHOE M MEHTAJIBHOE Tejla MCIOIb3YIOT CBEX U

TenerRres. 2

IKCMEPUMEHTLI B UHCTUTYTE
Mosra (Mockea)

Berorsian

Oneparop

Tensamsop

Cresxnmisinst [ NTT———

©

TUIIEp TNPUYUHHOCTH [UIsl TO3HAaHUSA KaK MAaTEepUajIbHOTO MHUpPAa, Tak W MHUPOB  Beicuiei
Peansnoctu. Ilockonbky co3HaHue (MW aypa) JI0JIed HMEeT BO3MOXXHOCTh paboTaTh CO CBEPX
U TUIEp MPUYHMHHOCTSAMHU, Mbl HaOJIOJaeéM HECKOJbKO BUAOB TenekuHe3a. Hampumep, Bagum
Ky3smenko (omepatop Ha crnaiifie) BO3JCHCTBYeT HE Ha OOBEKT, KOTOPHIM HE BHIUT TJla3aMu
HanpsMyIo, a CMOTPUT Ha 3KpaH TEeNEeBU30pa U BUAUT OOBEKT Ha dKpaHe -CTEKIISTHHBIN KOJIAK,
[OJ KOTOPBIM HAXOAWUTCS TOHKHMHA JIUCT aJIOMUHUEBOW (DONBrH, ONMUPAIOUIMICS HA WIIY.
CTeKJIsHHBIN KOJMAaK PAacMoOOKEeH B COCEIHENW KOMHATE€ HAa PACCTOSTHUU 5 METPOB, IMPHU 3TOM
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MEXIy ONepaTopoM H KOJIMAKOM pachojokeHa OeTOHHas CTeHa. Bos3aelcTBys Ha
TEJICBU3MOHHOE  u300paxenue ¢Goubru, B. Ky3meHnko 3acrtaBiuser ee  BpamaThes
http://www.youtube.com/watch?v=S-TwRwfaCzE . DkcrnepuMeHT MPOBOAMJICS B WHCTUTYTE
rojoBHoro Mosra B MockBe, TIpu 3TOM OBLJIO OOHApPYXKEHO, YTO BO BPEeMs  TEJICKHHE3a

HNHTCHCHUBHO pa60TaJ1a J00HAs YacTh TOJOBHOI'O MO3ra, NpuMCEpHO TaK KC, KaK BO BpPCMA
JICBUTAIMOHHBIX ITPBI)KKOB aMCPHUKAHCKHUX HOTOB.

Eme Oosiee coxHbBIN BUJ TeJIeKUHE3a ObLT IPOAETIaH yYaCTHUKAMHU MCCIEI0BATEIbCKON
rpynmsl «Btopas ¢pusuka» http://www.second-physics.ru/ . Ha craiiae, B mpeaBapuTeIbHOM
JKCTIEpUMEHTe, omeparop Burtanuit 3amima neictByeT Ha ¢oTorpaduio, Ha KOTOPOM
n300pakeHa JIepeBsHHAs paMKa, Haxosich B T. [lept B ABcTpanuu. Cama paMKa HaXOJUTCS B

COCe/IHEeH KOMHATE M TOJIBEIICHA Ha HUTH TaK, YTO MOXET Bpamarbes. [1og paMKol HaXoIuTCst
Ta xe ¢otorpadus, 4To U niepea oneparopom. s oneparopa Gororpadust CIIyKUT «aIpecHBIM
MPU3HAKOMY JIJIsl BO3JCHCTBHS HIMEHHO Ha MOJBEIICHHYIO B COCEHEH KOMHATE PaMKY.
Omneparop AeiicTBysl JIeBOH pykoi Ha (hoTorpadro, OMHOBPEMEHHO BHJIUT Ha dKpaHe
BpallleHue PaMKH B COCEHEH KOMHATE, KOTOPOE MPOUCXOIUT IO HAMPATICHHUIO BBITSIHYTHIX
nanbIieM (o yacoBoii crpenke) http://www.youtube.com/watch?v=EwE1MNOpgMo . Tlocne
3TOTO OBLI MpOBeJeH OoJee BIEYATIISIONINI YKCIIEPUMEHT Mexay Topoaamu Tomck (Poccus) u

Teneites. 3

| Asctpanusa TlepT |

TenexuHes Ha pacctosHue 8000 km

Poccua, Tomek |(__> Aectpanus, Tlept

¥ronnoeopora pamkn B kcnepumedte Mo, Tomce-Mept

&

Iepr (ABctpanus) Ha paccrosau 8000 kM [31]. B Tomcke oneparop Bukrop [llkatos
BO3/IeiicTBOBAN Ha poTorpaduio paMKu, a cama pamka Oblia moasenieHa B [lepr. Bauzy Ha
rpaduke MpeacTaBiIeH Yroa MOBOPOTA PAMKHU B 3aBUCHMOCTH OT BpeMeHU. KpacHbiMu
CTpenKaMu Ha rpaduke 0003HaYeHBI MOMEHTHI Hadyalla M KOHIIA BO3JIEHCTBUS orepaTopa Ha
dotorpaduro B Tomcke, a ToukamMu — KpuBas BpanieHus pamku B [lept. Baxkno ormetuts: 1) B
3TOM 3KcriepuMenTe hororpadun pamku B Tomcke u B Tlept urparot poss cBoeoOpa3HOTO
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http://www.youtube.com/watch?v=S-TwRwfaCzE
http://www.second-physics.ru/
http://www.youtube.com/watch?v=EwE1MNOpqMo

«PE30HAHCHOT'O KOHTYpa» B SIBJICHUH TEJEKHUHE3a; 2) BO3/ICHCTBUE HA paMKy MPOUCXOIUT HE
MTHOBEHHO, a C 3ama3jbiBanueM 1-2 cex

Hexoropsle u3 miofell crmocoOHBI TPHUTATHBATH CBOWM TEJIOM PA3IHYHBIC IPEIMETHI
(MeTanIMYecKue JIOXKKW, MOHETBI, TapeJKu U T.J.). OTO SBICHHE IOJIYYMJIO Ha3BaHHE
buocpasumayus. Ha cnaiine mokazaHo, kak Mwuxamn BacuibeB OeMOCTpUPYET NPHUTSKEHHE
CBOMM TEJIOM JIepeBsSHHOro Opycka BecoMm mpumepHo 20 kr. Bmedatnser ero crnocoOHOCTb
IPUTSATUBAaTh CTEKJIO M  KaMEHb WIM WX KOMOHMHALMIO, BECOM 40-50  kr.
http://www.youtube.com/watch?v=ZpjZZgh6JpY .

BroMmaE/Taa . 1

Ha cerogusminuii 1eHh YEMIIMOHOM B SIBIICHUH 6I/IOI‘paBI/ITaI_II/II/I SIBIISICTCS AHATOJIMI AHTI/II'IOB,

BrormaBRTaAIME . 2

'MpurarusaeT renom sec 150 Kr.

KOTOpBII;'I IMPUTATHBAJI CBOUM TECJIOM TPHU MCTANIMYCCKUX IIJIUTHI, PACIIOJIOKCHHBIX OJHA HA OPY-
roii, obmmm BecoMm 150 xr. http://www.youtube.com/watch?v=glEIAfOAHYQ . Boiee Toro, on
CBOHMM CO3HAHMEM MOXET YIPaBJISATh BEIUYMHOM CUJIbI MPUTSIKECHUS, ACHCTBYIOICH MEXIYy Te-
JIoM ¥ IutuToi. OH MOXET OCIa0UTh OTy CUIIY W, TOrJa, IINIMTAa <«IIOJI3€T» IO €ro TCJy BHHU3.
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http://www.youtube.com/watch?v=ZpjZZqh6JpY
http://www.youtube.com/watch?v=glElAf0AHyQ

VYBeIMYMB MBICICHHO CHIIY IPUTSKEHUS, A. AHTUIIOB OCTaHABJIMBAET ABWKEHHUE ITUIUTHL. Hu
OJIHA M3 CYIIECTBYIOIIUX OOLIEHPUHATHIX (PU3UUECKUX TEOPUN HE B COCTOSHUM OOBSICHUTH, KaK
MIPOUCXOIUT SIBJICHUE OMOTPaBUTAIUH.

Ham HU3BCCTHO, YTO TCMIICpATypa TCJia 3aBUCUT OT KHHETUIECKOU OHCPIUur 4aCTUI], KOTOPBIC
€ro COCTaBJIAIOT. HCKOTOpBIe JIXOAU MOTYT JCJIAaTh 9TO JUCTAHIIMOHHO «YCUJIIUCM MBICIIN. Ha
cnaiine JlaBun BacuneBckuit http://www.youtube.com/watch?v=BOMqgzAS6eUs

[ NORNHES]
] Hasua Bacunesckui I

u Muxawnn Pagyra http://www.youtube.com/watch?v=0496JUTA7MC 1eMOHCTPUPYIOT sSIBIIC-

HUE MUPOKUHE3a, MOJPKUTAas], OUH CIIUYKY, a IPYroil OymaxkHyto canderky, He MpUKacasch K
HUM.

I'opazno pexke MOKHO HaOMI0AaTh MCUX0(U3UUECKOE SIBICHNUE, KOTOPOE HA3bIBACTCS «ITUP-
cunry. Ha cmaitne pusnueckoe teno Mupun Jlaxko mpOTKHYTO IIMAroi, Ipu 3TOM OH MOXKET

DG

cBOOOIHO XOOUTh WM Aaxe Oerarts http://www.youtube.com/watch?v=uiAM7jvE7GM . Ero
TCI0 BBII[ep}KI/IBaeT HpOKOJ’IBI KHWHXAJIOM C I_HI/IPOKI/IM JIC3BHUCM. HpI/I 3TOM B MCCTC npoxona HCT
CJIEIOB KPOBH JIaXKe TI0CIIe TOTO, KaK KWHYKaJ BRIHYT U3 PaHbl, KOTOpasi OBICTPO 3aKPhIBACTCSI.
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http://www.youtube.com/watch?v=BOMqzAS6eUs
http://www.youtube.com/watch?v=O496JuTA7mc
http://www.youtube.com/watch?v=uiAM7jvE7GM

[Inpoko n3BecTHO NCUXO(PU3UUECKOE SBICHUE, TOJyYUBILIEE Ha3BaHUE «OMOMHTPOCKONHUS»
[33]. B mpocTonapobe ero emie Ha3bIBaIOT «TPETUHl I1a3y». DTO SBICHUE TO3BOJISIET BUIETh
IIPEAMETBI, PUCYHKH, LIBETA, TEKCTHI U T.Jl. CKBO3b HENPO3payHbIC ISl BUJUMOTO CBETA IIPEIIAT-
ctBus. Ha cnaiine npencraBnens! ¢pororpadguu u3 TeneBU3MOHHON porpaMMbl A. ManaxoBa
«Tperuii rimasy.

BronETDOGROmE (TDeT mas). 1

|Me1'o.qum Mapka Komucapoea |

|Buneuue pycyHKoB | |L|TZHME yRocToeepeHus Aenytata bapunoea M.

W
oo
e

©

BBepxy cieBa 1eBOYKa € HOPMAJIbHBIM 3PEHUEM, HO CO CIIELIMAIIBHONM CBETOHENPOHULAEMOM
MOBSI3KOM Ha JIUIIE «BUAMTY» Pa3IMUHbIe U300pakeHus, HApUCOBaHHBIE HA Oymare. JTy Ccrocoo-
HOCTh OHA TOJy4WiIa B pe3yjbTaTe TPEHHUPOBOK IO METOJMKE, pazpaboraHHoi Mapkom Komu-
capoBbiM. Korja B ayAUTOpUU BOSHUK «OPTaHU30BAHHBIA CKEINCUC» OTHOCUTEIHHO BO3MOKHO-
CTeW JEBOYKHM http://www.youtube.com/watch?v=73MIoh86Ask , OHa MpoYHTaNa YIOCTOBEPEHUE Je-
nyrata ['ocynapctBeHHoN aymbl Uropst bosipuHoBa, BbI3BaB Yy HEr0 HEOMHCYEMOE YIMBIICHHE.
Ha nmxueit potorpaduu npeacrasiena apyras JeBOUKa, clienas OT POXKACHUs, KOTopas pa3iu-
yaia 1nBera Oymaru. HecmoTps Ha pa3HOOOpa3HbIe YOSAWTEIbHBIC TEMOHCTPAIIUU SIBJICHHS
OMOMHTPOCKOIINU, TPHUCYTCTBYIOIIME B 3aJie MPEJACTAaBUTEIN KOMUCCHH IO 00ph0e ¢ «DKeHa-

YKOM» YCTpOWJIM IIeTbMOBaHUE AeTel U ux HacraBHMKa Mapka Komucaposa. bonee toro, U.
bosiprHOB cKa3ai, 4TO NEMOHCTpAlUU HE MOHATBIX HAYKOH SIBICHUN BBI3BIBAET MACCOBOE II0-
SIBJICHUE PA3JIUYHOr0 POJA XKYJIHUKOB U IPOXOJUMIEB, KOTOPHIE HAXKUBAIOTCS HA «IOBEPUYUBBIX
rpaxnanax». [Tostomy ['ocayma pazpaboran mpoekT 3akoHa, KOTOPBIM MpEeaycMaTpUBaeT Yro-
JIOBHYIO OTBETCTBEHHOCTD 32 3aHATHS MOJOOHBIMH siBIeHUsIMU. KoHe4HO, mpolie «3anpeTuTh U
HE TymaTh», yeM TpedoBaTh oT PAH uccnenoBanus 3Tux sSBJICHUN Ha HAYYHOW OCHOBE.

B 330Tepuueckoii nuTeparype oueHb 4acTO TOBOPUTHCS 00 OTKPBITMM Y HEKOTOPBIX JIFOJICH
«TPETHETO TJa3ay, IMOJE Yero Takue JIFOAU MOMydaloT CIOCOOHOCTh «BUIETHY» CKBO3b MaTEpHU-
aJbHBIC CPEIbl, HAIIPUMEP, CKBO3bh TKAHU YEJIOBEUECKOTO TEa.

Bpau u uccnenoBarens A.I'. PognonoB B Teuenue 40 jgeT 3aHUMANICA U3YYEHHUEM 3TOTO SIBIICHUS

U TIPULIET K BBIBOJY, YTO, B MIPHHLIUIIE, MOKHO HAYUUTh «BHIETH» JH0O0r0 yenoBeka. KoHCymb-

TUpYs cOopHYI0 ONMMMITUICKYI0O KOMaHay 1o ruMHactuke, A.I'. PoanoHOB mpoBoaui skcnepu-
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http://www.youtube.com/watch?v=73Mloh86Ask

MEHTHI 110 OMOMHTPOCKOINHH (TaK ObUIO HA3BaHO HOBOE HAIpaBJIECHUE OMOJIOTHYECKUX UCCIIEI0-
BaHMI), 00y4as MOJOJIBIX HeByliek BHyTpuBuacHuto [33]. Ha cmaiine cieBa cxemarndecku
MPEJICTaBJICHA aypa YeJOBeKa, MOMyuyeHHas! C MCIOIh30BaHHUEM METOJ]a OMOMHTPOCKOIHH, a TaK
K€ TOTOJIOTUS JHEPTreTUYECKHUX IEHTPOB (Yakp) M KaHAJIOB YeloBeKa. MeToa OMOMHTPOCKO-
MWW UCTIOJIB30BAJICS JIJIsi OOHApYKEHUsI TpaBM y crioprcMeHoB. CripaBa BBepXy MOKa3aH PUCY-
HOK, HAPUCOBAHHBIN C UCIOJIB30BaHHEM OMOMHTPOCKOIIHMH, IPH STOM B KQYeCTBE HE3aBUCUMOTO
KOHTPOJIS 32 BHYTPUBUICHUEM TIPUMEHSUTUCh PEHTTCHOBCKAE CHHUMKH TPaBMHUPOBAaHHBIX Opra-
HOB.

A.I". PonroHOB Hamwucall KHUTY 1107 Ha3BaHUEM «JKCIEPUMEHTAIbHAsT OMOMHTPOCKOIHS, B
KOTOPOM OH Ha3bIBAET IEKTPOMArHUTHBIE MOJIS HOCUTENeM MH(GOPMAIUH B SIBICHUU BHYTPUBH-
nenus. OgHAKO Mociie 3HAKOMCTBA ¢ pabOTaMH IO UCCIEAOBAHUIO CBOMCTB TOPCHOHHBIX TMOJICH
OH TIpHILEN K BBIBOJY, YTO 3HAYUTENIbHAS YacCTh MOJTY4aeMON HCCel0BaTeIsIMU MH(GOpMaluu
MEPCHOCUTCA TOPCUOHHBIMU IMOJIAMMU.

BHOMETDOGCRIDMA (TDETHH [has). 2

| A.l. POOMOHOB. «IKCNEepUMEHTaNbHaa BUOWHTPOCKONKUAY |

BugeHwne aypbl 1

| BugeHwne Tpasm I
SHEPreTMYecKMX LEHTPOB

I BuaeHWe n3ny4eHus npubopos |

B

©

buouHTpOoCKONMS MO3BONSIET «YBUAETHY» TOPCUOHHYIO aypy HE TOJBKO Y JIIOJEH, HO TaK e Y
JKUBOTHBIX U pacTeHui. bojee TOro, MOXKHO «BHAETH» TOPCHOHHBIE IMOJISI y PA3IMYHOTO pojaa
OBITOBBIX MPUOOPOB, HAIIPUMED Y TEIEBU30POB, KaK ATO MMOKA3aHO HA Cjaii/ie BHUY.

OnHMM M3 BaXXHBIX CIEACTBUM ypaBHeHUN Dusndeckoro Bakyyma oka3biBaeTCs KBaHTOBAs
Teopusi, B KOTOPOIl BOJNIHOBas PYHKIUS W npedcmasisem coboli peanivHoe guzuieckoe noie —

none uxepyuy. ITO TMOJE MATEeMATHYECKH OMHMCHIBACTCS TOPCHOHHBIM TosieM (1) reoMeTpuu
A4,(6). Cornacuo ne bpoiinto, 11000# Gu3MUECKHii MPOLECC COMPOBOKAACTCS MMOJIEM i/ , OfI-
HAKO TOJILKO Ceiuac CTajao MOHATHHIM[8], uTo ToNe ¥ CBs3aHO C MOJeM MHEpHHU (3TO MOJe

Oosiee yHMBEpCAJIbHO, YEM TPABUTAI[MOHHOE I10JI€) TNIOTHOCTh KOTOPOTO U (PUKCHPYIOT TOPCH-
OHHBbIE JeTeKTOpbl. HaunHas ¢ cepenHbl IPOLUIOro BEKa, B pa3HbIX peruoHax Poccun u B npy-
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IMX CTpaHax ObUIM HM300pETEHBbl T'€HEPATOPBbl U JETEKTOPbl TOPCHOHHOIO IOJI PA3JIMYHOIO
HasHavyeHus [32]. Ha cnaiine npeacTaBieHbl HEKOTOPBIE U3 HUX. Y)KE ceiidac TOPCHOHHBIC Te-
HEPATOPbI UCIOJIB3YIOTCS B TOPCUOHHBIX TEXHOJIOTHUX. B Hacrosiiee BpeMs MHE M3BECTHBI §
TEXHOJIOTHI, OJHA UX KOTOPBIX MO3BOJSAET U3MEHATh CTPYKTYpPY METAJVIOB WIM JIPYrHMX Be-
IIECTB.

TORCHEMNNGLIE MBRHEDATOIE] W ACTERTODbI

| leHepatop A. Akumoea | I,D,eTenTop A. AHppeeea I

B 1986 rony Bo JIbBOBE OBLIM TPOBENCHBI UCCAEAOBAHUE BIUSHUE TOPCHOHHOTO MU3TyUCHUS
Ha paciyiaB MeIu. 3a MPOLECCOM IUIaBKM HaOII0JIal0 HECKOJbKO OMepaTOpPOB-3KCTPACEHCOB.
[Tocne okoHuYaHUS KCIEpUMEHTA, PE3YIbTAThl KOTOPOTO MPHUBENU K YBEIUYEHHUIO TNIOTHOCTH U
IUTACTUYHOCTU MEJAM, ONepaTOphl CKa3alid, YTO OHM MOTYT BO3EHCTBOBAaTh HAa MEAb TOYHO TaK
e, Kak 3TO JeJIaeT TOPCUOHHBIM reHeparop. Pe3ynpTaThl X BO3AEHCTBUSA Ha pacIljiaB MEAH
[29] npencraBnensl B TabuuIe Ha Ciiaije.

lemeneiie ETIYEmDbl Mol M/
MEMNOIDUSMGEIRIN [OmE VEnoBeRa

NG T T

[ Xapaxrepuctural Mpoun [ Maactuunoers]

| cocronnun (Tip.)
MeTana | wrefvm?

| Koutponsuan | 7.1-7,3
1aBKa

O6paGorka 6,6-7,4
| pacnnasa

nojem

ObpaboTka ‘ 6,6-7,6
| pacnaasa |
| cencurunon
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[IpoBeneHHBIE SKCIEPUMEHTHI MOKa3aJId, YTO T0J€ TOPCHOHHOIO TeHepaTopa u IoJje ornepa-
TOpa AAl0T OJIMHAKOBBIE PE3YJIbTATHI U, BUAUMO, UMEION 0OHY U MyxHce usuyecKyro npupooy.

NENERTONBIDIENTHHOIOIT0IS

ITOpcMMETp KpasueHnko WIMA-1 I

ITcpcuMETp LkaTosa I

KpOMe reHepaTopoB TOPCUOHHOTO MMOJIA B Poccuu CYIICCTBYIOT TOPCUOHHBIC ACTCKTOPLI, ITOKA-

3aHHbIE Ha cJaiie. DTH IeTEKTOPbI UCTIONb3YIOTCS ISl U3MEPEHUS «TOPCUOHHOM aypbl» pas-

JUYHBIX 00beKTOB. Hanmpumep, Ha HMKHEM cllaiifie MoKa3aHbl U3MEPEHHS ayphbl YeJI0BeKa C Io-
Mmoo Topcumerpa MI'A-1. beuta paspaborana criennanbHas meroanka usmepenuit [30]. B pe-

3y/bTaTe U3MEpPEHHil ObLIO MOKa3aHo, YTO, KPOME aypbl BOKPYT (PU3MUECKOro Tea YeloBeKa,
HaJ[ €ro TOJOBOM HAXOAMUTCSI aypa €ro MOoJEBOro JBOMHUKA, KOTOpasi, MO JaHHBIM U3MEpPEHUs,

nosepryta Ha 180° Mo OTHOMIEHNIO K QH3HMYECKOMY TEIYy.

%)
@)

MSDEME AYIH UenozeRa k-1

Cxewa NONepeavYHOro paspesa ofono4Yex 3ypbl 49NoBeKa
(Angpees A A 1359 rp.)

400 m

TToneroli ABROMHUK

r T
-300 ~2100

FANDBHE O80IHIWE NNS
— ~TPEAE DOONONEN 2y D T
— ~rparsusa oSonoumn aypes "B
— TpELE OSonouEN 3y D TA”
—t
~TPEALS OOCOONEN 3y Pa a2
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100w

2po
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Jlns HaOmoieH!s ayphl YelloBeKa CYIIECTBYIOT pa3iMyHble METOBI, B TOM 4Hcie U (poTorpadu-
yeckrne. Ha cnaiine npencrasnens! ¢ororpaduu, ciegaHHble ¢ HHTEPBAIOM B 2-3 MUHYTHI BO
BpeMsl MEOUTALMU caxapku-iloroB B Aurnuu. Ha mepBoii ¢ortorpaduu Mbel BHAUM JHIEpa

MEJAUTAUHA CAXA/UKUH-HOI'OB

R

Caxamxu-iioros Illpu Maramku. @oTtorpaduu CHATE 0O0BIYHOM (oTOKaMepol U OOBIYHBIM Ye-
noekoM. Ha mepBoii pororpaduu nzodbpaxkeno Hauano meautanuu. CieBa Ha CKaMeiKe MbI BH-
quMm [lpu Matamxku. [lo ucteduenun 2-3 MHUHYT [1OCIIE€ Hayajla MEIUTAlMU HaJ IOJIOBAMU Me-
JTUTHPYIOUINX TOSBISIOTCA HeOomnbIue opeosibl (pororpadus 2) , KOTOpbIe BOCHPUHUMAIOTCS
KaMepoil kak 3P PexT pachoxycupoBkH U300pakeHusi. XOpOIIO BUIHO, UTO CKaMeika Ha ¢GoTo-
rpaduun ocraercs cpokycupoBaHHOU. FEie depe3 aBe MUHYTBHI aypbl MEIUTHUPYIOIINX JIFOACH
HAYMHAIOT BBITATUBATHCS BBEpX (potorpadus 3), a ckaMmeika M3MEHSIET CBOM MAacCIITaObl, XOTS
dboTokamepa He MeHsIa cBoero mectonojoxkenus. Ha dororpadusx 4, 5 u 6 Mb1 HaOm01a8M,
IIOCTETNIEHHOE YBEJIMYEHUE BBITSHYTOCTU ayp BBEPX U CIUSHHE ayp OTACIbHBIX JIIOJEH B €UHYIO
KOJUIEKTUBHYIO aypy, LEHTpP KOTOpoi onpezeinser aypa [lIpu Maramku.

Jlaxxe U3 Takoro KpaTkoro 0630pa NcMxopu3NYeCKuX SIBJICHUHN CIETyeT:

1) cymiecTBOBaHHE HOBOTO HANpaBJICHHs B QU3UKE, KOTOPOE M3ydYaeT BIMSHUE CO3HAHUS
YeJI0BEKAa Ha MAaTEPHAJIBHBIC IIPOLIECCHI;

2) Hayd4HOE ONHCAaHUE HAOIIOIACMBIX SIBIICHUI BO3MOKHO B paMKax Teopun Ouzndeckoro
Bakyyma, ocHOoBaHHO# Ha BceoOmieM npUHIIUIIE OTHOCUTEIBHOCTH.

17.12.2015.
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