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IMPEJINUCJIOBHUE

Agtop Jerry W. Decker www.keelynet.com
PO Box 111786
Carrollton, TX 75011

Cy1ecTByOT 00J1aCTH HMCCIEA0BAHUN, KOTOPbIE OTHOCUTENIBHO HEU3BECTHBI IIMPOKOMN
nyonuke. Xots "DHeprus mupamMuabl" XOpOIIO W3BECTHA, MaJ0 KTO NMPUMEHSJI €€ K JIPYruM
reOMEeTPUYECKUM (popMaM U SIBICHUSM, KOTOPbIE MOTYT OBITh IMPOM3BEICHBI IOHUMAaHUEM TOTO,
YTO MpoucxoauT. HexkoTopble M3 KIIOYEBBIX PAHHUX HCcliefoBareseil cuibl ¢GopMbl U Oosee
KOHKpETHOM cuiibl mupamu bl BKirouarot Pavlita, Belizal, Turenne, Drbal u Flanagan.

[IpakTuueckast >QupHas WHXKEHEPUs TOCTUTAETCS B MPHUPOJIE C MOMOIIBI0 Pa3INYHbIX
reoMeTpruueckux (HopM M MATTEPHOB, O YEM CBUJCTEIBCTBYIOT psiabl PuboHau4M, (pakTaisbl,
IUTMTKH, KOHYCHI U TeTpasapuueckue ¢purypsl. Duromosior Phil Callahan mokasai, kak HacekoMbIe
U HEKOTOpBIE pacTeHHsl HCHOJB3YIOT TreoMeTpuyeckue ¢GopMmbl JUIsi cOopa M mepesadu
3JIEKTPOMArHUTHBIX U aKyCTUYECKUX BOJIH.

Korna kro-to monumaer, uro s¢up, Oyaydn OCHOBHBIM cyOcTpaTtoMm BcerneHHON, MOXeET
MOJIBEPraThCs BMEIIATEIbCTBY J0 TaKOW CTEMEeHH, YTOOBI CO3/1aBaTh BCEBO3MOXKHBIE CKOTLICHUS
SHEPTUU M MATEPHH, U3 STOTO CIIEAYET, YTO BCE SBISETCS PE3YIbTaTOM d(PUPHON MHKEHEPUH B
pa3IMYHOI CTENeHHU.

Bosbnyro gacts cBoeit B3pocioit sxkuznau [pu [[3Buacon (Dan Davidson) Obut Ha iepeaHeM
Kpae moyig >QUpHONl WHXKeHepuu. B Xoje HAKMX MHOTOYMCICHHBIX AMCKYCCUH M OOMeHa
uH(popMaliel Ha MPOTSHKEHUN MHOTHUX JIET s1 OOHApYKu, 4To J[9H SIBISIETCS OTHUM U3 CaMbIX
HAJICKHBIX, MOCIEIOBATENbHBIX M CEPhE3HBIX HCCIEA0BaTENeH, KOTOPBHIX S UMEN YeCTh 3HATh.
Mao y Koro ectb npupojHasi CiocoOHOCTh [[PHa nepexouTh K 11y U UCKaTh TO, YTO MPAKTUYHO
B 00JIacTSAX albTePHATHUBHOW HAYKH, B OTJIMYUE OT TeX, KTO MPEANOYUTAET MPOJIBUTATh SIBICHUS
KaK HET03HaBaeMble TallHbl I HEJI0KA3aHHbIE YTBEPKICHUS.

UroObl UYTO-TO W3MEHUTH, TPEOYETCS HE TOJBKO OTPOMHAsi CaMOOTBEPKEHHOCTh H
HAaCTOWYMBOCTb, HO Y 3HAUUTEJIbHBIC BIOKEHHS JJUYHOIO BPEMEHHU U JieHer. Sl oOHapyXuil, 4To
JIpH BKJIaIbIBAET CBOM JICHBIH U BpeMsl Ty/a, IJIe HAXOAUTCS €ro BXOJl, U (PaKTUYECKU MTPOBOJUT
HKCIEPUMEHTBI, YTOOBI OIPOBEPTHYTH WM MOATBEPAUTH YTBEPKICHHUS.

Eme onuH kiroueBoil nap, KOTOpbIM, Kak s oOHapyxwui, obnanaer [[pH, - 3TO ero
OTKPBITOCTh K UCIOJb30BAaHUIO HE MEXAaHUCTUYECKUX IOAXOJI0OB B M3YyYEHUHU allbTEPHATUBHOMN
HAyKH.

Hanpumep, B HEKOTOpBIX cilydasx MeTadu3MKa SBISETCS CTOJIb K€ JIeHCTBEHHBIM
UHCTPYMEHTOM, KaK M UCIOJIb30BAHUE aNIapaTHBIX CPEICTB, U ITO ACUCTBUTEIBHO PEIAKUI 1ap -
UMETh BO3MOXKHOCTb U JKEJaHWE 3alojHUTh OSTH HEIOCTAIOIINE MPOOENbl, HUCHOIb3Ys
UH(POPMALINIO, TIOTYYEHHYIO U3 TAKUX UCTOUHUKOB.

Hackonbko st moHMMaro, 3T0 He UMEET OTHOIIEHUS K UCTOYHHKaM MUH(OpMaLuU, KOTOphIE
IPUBOJAT K HOBOW TEXHOJIOTUH, TOJIBKO TO, YTO OHU PA0OTAIOT TaK, KaK yTBEP)KIAAETCS, 1 MOT'YT
OBITH BOCIIPOU3BEJCHBI APYTUMHU U HCIOIb30BaHbI HA IPAKTUKE BCEMH.

Korna Bel untaere "Cuiy GopMsl", BbI 1OJKHBI UMETH B BUJY, 4TO J[9H onMChIBaeT Gopmy
3GUpPHON MHXKEHEpUU Ha ee paHHMX craiausax. HemaBHue u Tekymue coOBITUS MPHUAAIOT BCE
Oosblee JIOBepUe MJIee O TOM, YTO JABHO yMepIIMe LUBWIM3ALUU MOHUMAIU 3TU S(PHUpPHBIE
MIPUHIIMIIBI U UCIIOJIb30BAIM UX B CBOEH MOBCEIHEBHOM *KU3HU. S BEPIO, YTO TO, YTO BBl IPOUTETE
B kHure "Cuna ¢opmsl", - 3TO OMHMCAaHUE TOTO, YTO B KOHEYHOM UTOT€ IPUBEAET K PaJUKaIbLHO
HOBBIM TE€XHOJIOTHSIM.

CyTb TOro, Kak reoOMeTpUUYECKUE NATTEPHbl MOTYT BIUATH HA IOTOKU 3HEPTUH, TOYHO
Takas *e, Kak M TO, KaKk paboTaloT aHTEHHBI U JIpyrHe pe3oHHpyolne CTpyKTyphl. [Tockonbky
BCE PE30HUPYET U YCTaHABIUBAET Nepeaavy MHPOPMALUU U SHEPTUU MEXAy JBYyMs WiIn Oolee
PE30HAHCHBIMHU TEJIaMH, TO JIBYMEpPHBIM NaTTepH MOXKET TOYHO PE30OHHUPOBATH C TPEXMEPHOMU
CTPYKTYpOl.


http://www.keelynet.com/

TouHO Tak ’ke, KaK MHKPOBOJIHOBBIA pPyIOp WJM aHTEHHA COOMpaeT, WM MepeaaeT
BOJIHOBYIO JHEPIHI0, '€OMETPHUYECKHE MATTEPHBI TaK)K€ MOTYT HCIOJB30BAaThCsA Ui cOOpa,
nepeiauu HiId MOJYJISIIUH OKPYXAIOLIMX SHEPIeTHUSCKHUX MOJICH, BKIIIOYast dpup.

HccnenoBatens kumatuku 17 Beka Ernst Chaldni oGuapyxwui, uto BHOpHpYIOIIHE
BOJIHOBBIC IIJIACTHHBI MTO3BOJISAT BAM Ha CAMOM JIEJI€ BUJICTh 3BYKOBBIC BOJIHBI B BUJIC JIBYMEPHOT'O
n3o0pakenus. Hans Jenny OOHapyXuis, Kak pPacHIMPUTh STH JBYMEPHBIE H300paKCHUS B
TpeXMepHbIE OPMBI, KOTOPBIC YETKO MOKA3BIBAOT ()OPMY KaK MPOCTHIX, TAK U CIIOMKHBIX BOJIH.

John W. Keely ucnosnp3oBan Takue BHOPHUPYIOIIME BOJHOBBIC IUIACTHHBI B KayeCTBE
paHHei, HO OoJiee coBepieHHOW (Gopmbl ocruiuiorpada, MO3BOISIIONICH eMy BHIIETh HE TOJIBKO
BOJIHBI, HO ¥ TO, KK OHU B3aMMOJICHCTBYIOT JIPYT C IpYroM. BoJTHOBBIE IITACTHHBI JICTJIH B OCHOBY
ero  ynbTpauoJETOBOr0 IMPOCKIMOHHOIO MHKPOCKOINA, TO3BOJISIOIIEIO €My  BHJICTh
BUOPUPYIOIINE aTOMBI Ha YKPaHE.

CoBpeMeHHBIC SKCIIEPUMEHTBI ¢ PeppoIIFOrIaMH, IIPUBOTUMBIMH B IBUKCHHUE MArHUTOM
JTMHAMUKA, MOKa3bIBAIOT yIUBUTEIBHO CIOXHOE M KPAacHBOE OTOOpaKCHHE CTATUYECKHX WIIH
JTUHAMAYECKUX TPEXMEPHBIX BOJIHOBBIX CTPYKTYpP, B 3aBUCHMOCTH OT TOTO, (PUKCHPOBAHBI WJIH
U3MEHSIOTCSI TOHA.

B merapusuke Mbl HaXOIMM HCIIOJIb30BAHUE TI'COMETPUYCCKUX MaHIAl B KauecTBE
UHCTPYMEHTOB (DOKYCUPOBKHU co3HaHus. OHU CITy)KaT B KauecTBe JByMepHoii hopmel. Korma sra
nByMepHas (Gopma pacmumpseTcs 0 TpeX HW3MEpPeHHH, MaHJajlla TOrJa CTaHOBHTCS
BOKQJIM30BAaHHBIM TPOCTPAHCTBEHHBIM TATTEPHOM, Ha3bIBaeMbIM MaHTpa (SHTpa). OIHaXIbI
npeoOpa3oBaHHas B TPH U3MEPEHHUS, OHA TEIIEPb UMEET YHEPTETUYCCKYIO CTPYKTYPY.

['eomeTpruecKue MPUHIMIIBI CHIBI (POPMBI, ONMCAHHBIC B TOW KHHIE, MPEICTABISIOT
c000it 3TH AByMepHbIe HOPMbI, PYHKIIMOHUPYIOIIUE KaK dPUPHBIC WA TOHKUE SHEPTeTUUCCKHE
BOJIHOBOJIBI.

['eomeTpust critbl GOPMBI OOBIYHO MCIIONB3YETCS B 3aLIMTHBIX KOJIBIAX [[EPEMOHUAIBLHON
Maruu, Mpy U3rOTOBJICHUU aMyJIETOB U TAJIMCMAHOB, a TAKXKE B 3HAKaX (CUTHATYPAX) pa3IMYHbIX
JICMOHUYECKUX WJIM aHIeJIbCKUX CYITHOCTEH. DTH MAaTTEPHBI CO3AAI0T COOTBETCTBHS (PE30HAHCHI)
JUIE YCTAHOBJICHUSI KOHTaKTa C JKEJAeMOM CYIIHOCTHIO WU BIUsHHEM. CTHMYIUPYS TaKyro
TEOMETPUIO CHIIbI ()OPMBI, BbI OYKBAJILHO MTPOOYIKIAETe WM BBI3BIBACTE BIMSIHUE, TOYHO TAK XKE,
KakK JiesiaeTe TeJe()OHHBIN 3BOHOK.

Ecte wmcTopus 0 Tpynme S3KCIEPUMEHTATOPOB, KOTOPHIC BBIMPABHPOBATIM CHTHII
CTUXUIHOTO Jlyxa BeTpa Ha rme4yarHoW 1uriarte. [lnara moaBepraiach BO3JCHCTBHUIO
(GIIyKTYHpYIOIIEro MAarHUTHOTO TIOJISE BBICOKOW IUIOTHOCTH (C MCHOJBb30BAaHUEM Pa3IMYHBIX
YacTOT JI0 TeX IOop, Moka He Obul oTMeueH 3¢ dekT). [Tocne HECKONBKUX MUHYT BO3OYXICHHS
BETEp 3a MpejeiaMu 3[aHusl YCUIIWICS, U 3[IaHUE PYXHYJIO, KOT/Ia CYIHOCTh BETPa MOIMbBITATACh
ca3upoBaThCs C PE30HATOPOM.

B Gosiee mpakTu4eckoM cMbIcie criry GOpMBbI MOXKHO MOHUMATh KaK CPEICTBO CMEIICHHUS
MIOTOKOB SHEPTMH B MPEANOYTUTEIIBHOM HAIPABICHUH. JTO HANpPaBJICHUE TPEACTABISIET COOOU
TEOMETPUIO, KOTOpas OTpaXKaeT KaK TPEXMEPHYIO CTPYKTYPY, PC3OHHUPYIOUIYI0 |
0OMEHHMBAIOIIYIOCS DHEPTHUEH C IPYTUMH MTOJ00HBIMUA PE30HAHCHBIMH CTPYKTYPAaMH, IIOTOMY YTO
OHU Teneph HACTPOCHBI.

JI5H OnHCHIBaET HHTEPECHOE OTKPHITHE, B KOTOPOM MOTOK B IBYMEPHOM IAaTTEPHE MOXKET
OBITh CMEIICH, YTOOBI CIIeJI0BATh 3aJaHHOMY HarpaBieHuto. OH 00HAPYKUII, YTO NATTEPH JOJKEH
OBITh HAPUCOBAH OJTHMM HETPEPHIBHBIM POCUCPKOM TIepa, a HE HApPUCOBaH 10 YacTsM. Hackonbko
s MIOHUMAK0, KOTIa Py4YKa WM KapaHIall JBUTAITCS, YTOObI HAPHCOBATH MATTEPH, OCAKIAFOTCS
KPHUCTAJLIbI, KOTOPBIC YKA3bIBAIOT B HAMPABJICHUH ITYTH, TIOA00HO YIABIIUM KOCTSIIKAM JOMUHO,
CIIy’KallliM CBOETO poJia BOJIHOBOJIOM JIJIsl TOHKOM HJIM 3(UPHOI SHEPTUH.

B03M0OXHO, 4TO-TO B 3TOM poOJie MOIJIO OBl MOCIYXHTh JUIS CO3JaHHs KaHaja st
CMEIIICHUs MMOTOKA YHEPTUU B KOJUIEKTOp. Kak TONBKO KOJJIEKTOp 3apsikeH, OH MOXKET OBITh
U3BJICUCH IyTEM €r0 JPEHaXKa WK B BUJIC BHE3AITHOTO pa3psiia.

Jlpyroe yTBepKACHHE, WLIIOCTPUPYIONIEE, KaK MOXHO HCIIOJIb30BaTh CHUIY (POPMHEI,
comepkuTcs B (haiiiax MHKYHaOyn. McXoas U3 MpearoNoKeHHs, YTO CyHIeCTBYeT OECKOHEYHOE



MHOXECTBO JIPYTHX MHPOB, COCYILECTBYIOIIMX C HaMH, HO HEMHOTo He B (haze, ObUIO CO3aHO
YCTPOMCTBO, B KOTOPOM MCIOJI30BAJICS pE3EPBYap M1 CCHCOPHOM AETPUBALINU, TEICBU3UNOHHBII
9KpaH MAJis IPOECLHUPOBAHMSI JABYMEPHOI'O MAaTT€pHAa M COJICHOMJHBIN HUIEM Ul OTIpaBKU
TPEXMEPHOI0 ANEKTPOMArHUTHOTO MATTEPHA, PE3OHUPYIOLIETO C IBYMEPHBIM H300pakKeHUEM.

@aiinpl MHKYHAOYN YKa3bIBAIOT, YTO MaHJasia/MaHTpa JJs 5 aJbTEpPHATHUBHBIX 3eMEIlb
ObLy1a HalJIeHa, U 4TO CYOBEKT MOXKET OBITh (PM3MUYECKU NIEPEHECEH B IPYTYI0 PEealbHOCTh MPOCTO
yTeM OJTHOBPEMEHHOTO0 IpocMoTpa 2D- u 3D-kapTsl 1uis 3Toi Tokanuu. OnsaTh ke, cuia GopMsl.

Eie oxHa KOHIICMIINS, HCIIONB3YIOMIas CHry ¢hopMel, - 310 "Tymmouasr" Tom Bearden’s,
KOTOpBIE SABJIAIOTCS CYILIHOCTSIMHU U3 aJIbTEPHATUBHBIX pealbHOCTEN. [Ipy npaBUIbHBIX YCIOBUAX
9TH CYUIHOCTH MOTYT MEPEHTH U3 CBOCH pealbHOCTH B HaIly, Aa)K€ OCTaBUB (U3UUYECKUE CIE/IbI,
HaXOJsICh 3/1eCh. TeXHMKa BKJIIOYAET B ce0sl 3apsAaKy CYIIHOCTH JO 3HEPIeTUYECKOr0 YpOBHS,
COOTBETCTBYIOILIETO IEJIEBOM peaJbHOCTH, a 3aTeM NpeJCTaBlIeHHEe 00pa30B MaHJAJIbl/MaHTPbI
JUI BKJIIOYEHMS caBura. Kak TOJIBKO JHEPreTMYECKUH YPOBEHb HWHOIUIAHETHOM CYIIHOCTH
BEpPHETCS B CBOE €CTECTBEHHOE YHEPreTHUECKOE COCTOSHHE, OHA BEPHETCS B CBOIO JOMAIIHIOIO
peanbHOCTh. Bearden moguepkuBaer, 4To Bce BO3MOXKHBIE MUPBI M TBOPEHHUS CYIIECTBYIOT Ja)Ke
Ha MEHTaJIbHOM YPOBHE, I0ATOMY, CO3/1aBasi YCTOMUYUBBIN MaTTEPH, BbI (PAKTUUECKH CO3AETEe ATY
peaIbHOCTH Ie-TO BO BeeleHHOU. Mcnonb3ys cuny Gopmbl, BO3SMOXKHO, y1aCTCSl IPEBPATUTH 3TY
KEJIaeMyI MUKPOPEAIbHOCTh B HAIIly COOCTBEHHYIO.

[Mucarenb-pantact John Campbell mamucan pacckaz o paavod’JIEKTPOHHOM MPUOOpPE
Heponumyca, B KOTOpOM IyCTasl IJIACTUKOBAsk KPEAUTHAsA KapTa HarpeBaiach Ui pa3MsIrdeHus
IlacTuka. PaanosneKTpoHHbIM NpUOOp ObLI HACTPOEH Ha 3aJaHHBIA NAaTTepH (CUTHATYpY),
KOTOPBI 3JEKTPOCTATHUECKU IMPOCLUPOBAIICS MEXAY ABYMS METAJUIMYECKUMHU IJIACTUHAMHU.
Korna HarpeTslii TUIACTHK MOMEIIATH MEXAY IUIACTHHAMHU M JIaBalId OCTHITh, (HOpMHUpPOBAICS
3JIEKTPET, KOTOPBIN MPOJOHKANl TPAHCIUPOBATh MATTEpH 03 KaKoro-11ud0 BHEIIHETO HCTOYHHUKA
nutanus. [larTepH mpeactaBiseT cOOOH CHTHATYpy, KOTOpas HMEET TPEeXMepHyK (opmy,
PE30HUPYIOMIYI0 C HACTPOCHHOH pEalbHOCTBhIO, TaK KakK OIpeAelsieTcss BoJied omeparopa
PaAMOAIEKTPOHHOTO MTpHOOpA.

Jloktop Thelma Moss u3z Kanupopuuiickoro yausepcutera B Jloc-Anmkenece (UCLA)
onpejenuiaa MaTTEPHbl MO3TOBBIX BOJH JJIS Pa3IMYHBIX SMOIMOHAIBHBIX U (PU3MUYECKUX
COCTOSTHUI. DTU MaTTEpHbI, 3alMCAaHHBIE HA CAMOIMMKCEN B JBYX HM3MEPEHUSX, MOTYT OBbITh
CIPOEUPOBaHbl Ha CYOBEKT AJIsl MONIy4yeHHs sxkermaemoro s@dexra. [Ipoeunpyemslii marTepH
CHOBa CTAHOBHUTCSI TPEXMEPHBIM M, TAKHMM 00pa3oMm cTpykTypupyeT dopmy. Hokrop Michael
Persinger oOHapyXui1, 9TO MBICIH BO3HHKAIOT B MO3Te B BHUJIE TPEXMEPHBIX (HOPM, KOTOPHIE C
HOMOIIBI0 000PYOBAaHUS CBOJATCS K IByMEPHBIM MaTTepHaM.

Erunerckuit 6or Thoth Obi1 XpaHHTENEM CJIOB CHJIBI, MCIOJNB3YEMBIX JUIS CO3JIAHUS
KOHTPOJIUPYEMBIX SIBJIEHMM, KOIJa OHU IPOU3HOCWIMCH C TPAaBWIBHOM WHTOHALMEN U
npousHomeHueM. B ciyuae, xorma ISIS ucuenuina cBoero peOCHKa OT CMEPTEIBHOTO yKyca
CKOPITMOHA, UCIIOJIb30BAHUE ONPEAEICHHOTO CJI0BA CUJIBI IIPUBEINIO K TOMY, UTO s ObUT yAaJIeH U3
Tela W JKU3HEHHas cuia BepHyidach. Jlpyrue nereHisl W MU(BI TakKKe OTHOCATCS K
WCIIOJIb30BAaHUIO TAaKUX cJ0B cuibl. CiioBa CHIIBI CO3JaBalld TPEXMEPHBIM NATTEPH, KOTOPBIN
pe3oHupoBai ¢ 3pupom, YToObl MPOU3BECTH KeNaeMblil 3 (EKT UK peaTbHOCTh B MATEPUH WIIN
DHEPIrUH.

Oneapa Jluackanaun (Edward Leedskalnin), crpoutens 3umamenutoro KopamioBoro
3amka B Xoymcrene (Homestead), dnopuma yreepkial, 4To OH 3aHOBO OTKPBUI, KaK ETUITIHE
CTPOWJIM NMUpaMUAbl. Mbl JOKHBI OTHECTUCH K HEMY CEPbE3HO, IOTOMY YTO OH OCTaBHJI BEChH
3aMOK B KayecTBE (PM3MUECKOrO JI0Ka3aTeNIbCTBA CBOEW CIIOCOOHOCTH MepeMeniaTbh OOoJbIIne
KaMHH 0e3 ucrnosib30BaHus 00opynoBanus. Coceau cka3zainu, 4To OH "men" KaMHsIM, HO HUKOTIa
He OBLJIO OYEBH/IIIA, KOTOPBII MOT ObI 3aCBUIETEIBCTBOBATh 3Ty TEXHUKY. BO3MOXKHO, OH OTKpPBLI
CJIOBa CHJIbI, KOTOPBIE MOKHO OBbLIIO OBl MUCIIOIB30BaTh JIJIsl CO3JJaHUS CXEMBbI OTKJIOHEHHUS 3dupa u
IpaBUTaLlMU, BEAYIIEH K JIEBUTALIUH.

OpHol U3 caMbIX OOJBIIMX MPOOIEM ¢ CUIION (OPMBI HA €€ HBIHELIHEM dTane SBIIIETCS
OTCYTCTBUE INPHOOPOB, KOTOPBIE MOTJH Obl HENOCPEACTBEHHO OMNPEAENATh KOJIMYECTBEHHBIE



u3MeHeHusa B 3¢upe. Bropuunsie u Tpetuunble 3PQexTsl 3dupa, mposBisonrecs B Gpopmax
GuykTyanuii MarHeTnsMa, OJJIEKTPUYECTBA M TPABHTAIMM, a TaKKe B HCIOJIb30BAHUH
qyBCTBHUTEJIBHBIX HJIIEMEHTOB, SBIISIOTCS IIOMCTUHE BIOXHOBIISIOIIMM MOIXO/IOM.

Hapsiny ¢ ncrnonb3oBaHHeM BOJIBTMETPA, TayCCMETPa, aMIIEpMETPa, PaJHodIeKTPOHHBIX
npuOOpPOB U JaTYMKA TPABUTALMOHHBIX BOJIH, KUBBIE OPTaHU3MBI, TAKUE KaK PacTEHUs, TAKKe
MOT'YT UCIIOJIb30BATHCSI B KAUECTBE MHCTPYMEHTOB ISl IEMOHCTPAIMH TTOJIE3HBIX MM BPEIHBIX
3¢ PEKTOB TECTHPYEMOTO MaTTEpHA. MBIIIEYHOE TECTUPOBAHHE C UCTIOIH30BAHUEM KHUHE3UOJIOT U
SIBJISIETCSI €I1Ie OJJTHUM CPEJICTBOM OIPEICICHHSI TOTO, SIBIISICTCS JIM ITATTEPH B [IEJIOM BPETHBIM WU
MIOJIC3HBIM JIJIs )KUBOW CHCTEMBI.

KakoBbl Oy1yT HEKOTOpBIE IPAKTHYECKHE TPUMEHEHHS CUITBI ()OPMBI, KaK TOJIBKO IPOIECC
Oyner noHsT?

1. Pa3paboTka HACTPOEHHBIX MATTEPHOB, KOTOpPBIE MOXKHO HOCHTh Ha Telle, YTOOBI
IEpEeHaNpaBiIATh OKPY)KAIOLIYI0 SHEPrHI0 TaKMM 00pa3oM, 4TOObI 3aIUTHTh YEJIOBEKa OT
BPEIHBIX PHEPTUN WM TPUBJICYb IMOJIE3HBIC SHEPTHH. M3ydaronye OKKYJIbTH3M Ha3bIBAIOT MX
amyseTaMH MM TaluCMaHaMH.

2. Ha mpoTshKeHnU CBOEH KHM3HHM S 4aCTO CTAIKHUBAJICS C JIOJBMHU, KOTOPhIE HEOCO3HAHHO
IOPUBOAAT K cOOsIM B paboTe MallMH CaMUM CBOMM IpHCYTCTBHEM. MoxHO OblI0 OBl cO31aTh
NaTTePH, KOTOPBIA OT(PHUIBTPOBBIBANI OBl TaKHE MaryOHbIC WIIM HETAPMOHUYHBIE TTOJIS U YCTPAHSII
05! UX ¢ momouibio casura assl Ha 180 rpagycoB. Takolt METOA MOKET MPOJUIUTH CPOK CITY>KObI
U BpeMsi 0e30TKa3HOW padoThI JTFOO0TO THIIA 000PYIOBAHHS.

3. CoBepuieHHO HOBas OTpacib HHEPreTHUECKOW MEAMLHMHBI, HCIOJIb3YIOIIas
cnenuanbubie 2D u 3D npoennpyemble TaTTEPHBI IS TOIYYEHUST O4eHb peasibHoro 3ddekra ot
TaKUX BHUPTYaJIbHBIX CcTUMYIAIMA. He OblI0 OBl HHMKaKuX JIEKapcTB MM  (PU3MUECKUX
3arps3HSIOIINX BEIIECTB, KOTOPBIC YaCTO MPUBOAAT K TOOOUYHBIM 3 dekram.

4. O6HapyXeHHEe T'€OMETPUIl MM MAaTTEPHOB, KOTOPbIE MOIJIM Obl MOMOYb HANpPaBUTh
JIOTIOJTHUTEIIFHYIO SHEPTHI0O BHYTPb WM BOKPYT MAIIMHBI, OJU3KYI0 K €IWHUIIE, WM YTOOBI
IPUBECTH €€ B COCTOSTHHE, BBIXO/IAIIEE 32 PAMKHU €IUHHIIBI.

5. B3aumopeiictBue ¢ 3GUpPOM ISl YIPABICHUS €0 IMOTOKOM BHYTPH BEIIECTBA, TEM
CaMbIM M3MEHSS €ro BeC, XapaKTePUCTUKU HIIM CAMO CYILIECTBOBAaHHE.

OueBunHO, uTO cuia (OPMBI HMEET MHOXECTBO BO3MOXKHBIX TNPUMEHEHHH, U
BO3MOKHOCTH ISl OTKPBITHI IIUPOKO OTKPBITHI I T€X, KTO XOUET 3aHAThCA ATOM TeMOU. J[PH
MOJICTUIICS CBOMMHY 3HAHUSIMH, YTOOBI APYTUE BAOXHOBUIUCH M YBUAEIH BO3MOKHOCTH TOTO, KaK
cuia GOopMbI MOKET OBITH UCTIOJIb30BaHA JIJIs YIIYUIICHHS HAIIeH KU3HU.



BBEJIEHHUE

"Cuna (opMbl" - 3TO CIIOCOOHOCTHP MHOTOMEPHBIX (HOPM MaHUITYJIHPOBATH JIOKAJIHHON
KOCMHYECKOU 3Heprueit. B aToM Tpakrare st 0y1y HCIOIb30BaTh TEPMUH "3up" 11 0003HaAYCHUS
JIOKQJIbHOTO 3HEPIEeTUYECKOT0 I0JIsl IPOCTPAHCTBA, KOTOPOE MPOHU3BIBAET BCE MPOCTPAHCTBO U
BpeMsi. D(pup Kak TEpPMUH U KOHIIEMIIMSI B HACTOSIIIEE BPeMsI HE MPUHSAT B aKaJIEMUUYECKHUX KPYTax,
OTOMY YTO 3(Hp MPEANOJIOKUTENIFHO OBUI ONMPOBEPTHYT €lle B Hayale 3TOT0 CTOJETHUS
skcrepuMeHToM Maiikenscona-Mopiau (Michaelson-Morley). Hemoctatku B 3KCIiepuMeEHTE
BBI3BAIM HOBBIE SKCIEPUMEHTHI, KOTOpBIE YKa3ajdl Ha CYIIECTBOBaHME J(Hpa; OIHAKO
OpTOJIOKCATbHOE CO00IIECTBO (PM3UKOB HE MPUHSAIIO 3TU pe3ybTaThl. Kpome Toro, nccienoBanus,
poBeJicHHBIC 3a nocneanue 20 neT, BepHyIu 3Qup B HOBOM 0OJIMYbE TOJ] HA3BAHUEM "IHEPTHUs
nynepoi Touku" (ZPE). S npennounTtaro TepMuH 3GUp, TOTOMY YTO OH MOApPa3yMEeBaET ropasio
OoJiee mupokoe nousitue, uem ZPE.

Mpbl OKpy>KEHBl €CTeCTBEHHBIMM M MCKYCCTBEHHbIMH (opmamu. OT 3aMedarenbHOM
F€OMETPUM aTOMHOW M Cy0aTOMHOM 00JIaCTH 10 CUMMETPUYHON KpacoThl LIBETOB MU MOPCKHX
pakoBuH, A0 (opMbl IJJaHET M TaJaKTUK, Mbl HaXOAMM Kajleuaockon ¢opM, KOTOPBIN
OECKOHEUYHBIM YHCIIOM CIIOCOOO0B OIpeneiseT Hauly uyiecHylo Beenennyro. Bee ectecTBeHHBIE
(bOpMBI SBISIFOTCS Pe3y/IbTaTOM ACUCTBUS MPUPOAHBIX CUI M, KaK TAaKOBbIE, HACTPOCHBI HA 3TU
IPUPOJIHBIE CUJIbI, IOTOMY YTO OHH SIBJISIFOTCS YacThIO 3TUX CUJL.

S BuepBbIe MCIIONB30Ball TepMHUH "cuia (opMmbl" B CBOECH MEepBOM KHHUIEC O CBOOOJHOM
sneprum, "DHeprus: [IpopbiBBI K HOBBIM ycTpoiicTBam cBoOoanoi sHeprun" (“Energy:
Breakthroughs to New Free Energy Devices"). B To Bpemsi 51 HOCBATHII IEIYIO T1aBy 3 dekTam
reoMeTpruIecKuX (popM, MAHUIYIUPYIOMUX S(PUPHBIM MOJEM BOKPYT HUX. SIpKUM mpuMepoM
3TOTO SIBJISIETCS CIIOCOOHOCTH (hOPMBI MHUpPaMUBI cOOUpaTh U POKYCUPOBATH FIPUPHYIO SHEPTHIO.
Bbuto HammcaHo MHOXKECTBO KHHUT 00 "»Hepruu mupamun', ¥ MUPaMUIbI MPOIUIA M BCE eIe
MPOXOJAT Pa3IUYHbIE CTAANH YBICUEHUS B HBIO-3UIK Kpyrax. CriocCOOHOCTh SHEPTUU MHUPaAMUIbI
BBI3BIBATh pa3ianyuHbIe 2(P(EKTH XOpOIIO JOKYMEHTHPOBAHA.

Kaxnas popma kakum-to o6pazom manunynupyet a¢upoM. Konyc spnsercs nmpuMepom
0EeCKOHEUHOW MHOTOTPAaHHOW MHUPAMHIIBI U, KaK TAKOBOW, OY/ET BBIMOJIHATH MHOTHE M3 TEX JKE
NEHCTBUI, YTO M mpocTas NupaMuja. BurBam amepukaHCKUX HHICHIIEB - HpUMEp IMOYTH
KOHUYecKoW (opMbl, KOTOpasi 00J1aJaeT MHOTUMHU U3 TeX K€ dHepreTndeckux 3¢(eKTos, 4Tto u
nupamuia.

B »T0l KHUTE OYJET pacCMOTPEHO, KaK pa3indHble POpMbl MAHUIYIUPYIOT 3PUPOM U KaK
cuiia (popMbl MOXKET OBITh MCHOJB30BaHA BaMU JUIS YJIYYLIEHHs Balleil >KU3HM, BalIero J0Ma,
oduca 1 Baero oo1ero 6J1aronoxy4us.

Cuna ¢gopmbl UCHOIB30BATACH HA MPOTSXKEHUM BCEH M3BECTHOM MCTOPUHU U BIUIOTH JI0
riyookoi npeBHocTU. Ero Haunbonee pacnpOoCTpaHEHHBIM IMPOSBIEHUEM OBbLIO MCIOJIb30BaHUE
aMyJIETOB, [IEPEMOHHMAIILHON Mary M OKKYJITHBIX PAaKTUK. Takue CUMBOJIBI, KaK KBaJpaT, KPeCT
U TPEYTOJIbHUK, PETYISPHO BCTPEUAIOTCS B OKKYJIBTHBIX cUMBoOJIaX. Kpect nmeer Gecunciennoe
KOJIMYECTBO NEPECTAHOBOK, U €r0 CBA3b C XPHCTUAHCTBOM SIBJISIETCS HEJABHUM SIBJICHHEM B
W3BECTHOM UCTOPHH.

B Hamm g1 OOJIBIIMHCTBO JIFOJIEH He aCCOLMMPYIOT CUMBOJIBI KAK OYaru SHEPTHH U CUIIBI.
Jnst HUX CUMBOJI - 3TO He Oojiee 4eM XyJ0KeCTBeHHasi WM oObIYHas Gurypa, KOTopas MOXKET
UMETh WIM HE UMETh HHMKAKOro 3HAYEHHUs, U €CIM y HUX JCUCTBUTENBHO €CTh Kakasi-T10o
accoluanus CHJIbl B OTHOIIEHUH CUMBOJIA, TO 3TO MPOCTO Hes BO3MOXKHOM CHJIbI, CBSI3aHHOM C
JEATEIbHOCTBI0 WJIM OpraHu3alueil, KOoTopas HCIoib3yeT cumBoji. Hampumep, mororun
KOMIIaHUM caM 1o cedbe He OyaeT o0nanaTh BHYTPEHHEW CHUIION; OJIHAKO KOMITAHUSI MOXKET ObITh
MOIITHOM opraHu3anueil. Mcrnonp3oBaHue NeHTarpaMMsl (T.€. MATUKOHEYHOH 3Be3/1bl) Kak B Oeon
(T.e. KOHCTPYKTUBHOI C EHTPaJIbHOW TOUKOW BBEPXY), TaK U B YEPHOH (T.€. pa3pyLIUTENbHOI C
LIEHTPaJIbHOW TOYKOM BHM3Y) LIEPEMOHMAIBHOM MaruyM XOpOLIO MU3BECTHO TEM, KTO YBIEKAJCS
OKKYJIBTHBIMU HayKaMHu. XPHUCTHAHCKHHA KPECT W eBpeiickas 3Be3aa [laBuma sSBISIOTCS OOITUMU
PEJINTHO3HBIMU CUMBOJIAMH, C KOTOPBIMM CBsI3aHa OIPEIEIICHHAs: MUCTUYECKas CUJIA.



Korna s BnepBbie u3ydan cuiry (GOpMbI U CUMBOJIBI, S 33aBaJICsl BOIPOCOM, KaK CHMBOJI
MOYKET UCIOJIb30BaThCS KAK B KOHCTPYKTUBHBIX, TAK U B Pa3pyLIUTEIbHBIX LENAX, AAXKE JJO0 TAKOH
CTENEHHU, YTO 33Jajcs BOIIPOCOM, NEHCTBUTENIBHO JIM CUMBOJI MMEET KaKOe-TM0O OTHOLIEHUE K
Maru4eckuM Impoueccam. S yxke OaBHO Hayduscs IpyroMmy, W s IpHUIVIalal0 Bac Y3HATh
HEKOTOpPhIE M3 JTUX 3aXBaThIBAIOIIMX BEHIEW O MPOCTHIX (OpMax, KOTOPHIE, €CIU BBl HX
IPUMEHHUTE, MOTYT YJIYYLIMTh Ballly )KU3Hb M IOHUMaHUe BceneHHoil, B KOTOPOIl MbI JKUBEM.

Jns u3ydeHus r000ro THIA HSHEPreTUUYECKOTrO SBICHHS HEOOXOAMMBI TPUOOPHI,
NO3BOJISIOIINE Y3HATh, YTO MPOMCXOIUT C 3HEprusiMu. B (usnke u 37I€KTpOHHMKE y HAc ecTh
npubopsl  OOHAPYKEHHUS, TaKUe KaK BOJBTMETPBI, TayCCMETpPbl, OCHWLIOrpadbl, KaMepsl
Bunbcona, amnepmeTpsl, U3MEPUTENH 3JIEKTPOMAarHUTHOTO I10JIs, CKAHUPYIOLUE MHKPOCKOIIBI,
TEJIECKOTIBI U T.J., 151 OOHapYKeHUsI U u3MepeHus Gu3nyeckux cui u 3(h(eKToB, CBA3aHHBIX C
HUMH. B cinydae ¢ a¢upom ObUIO OTHOCUTEIBHO MAJIO PEAJbHBIX MHCTPYMEHTOB, IIOKA s HE
n300pen nprubopsI, KOTOPEIE MOTYT OOHAPYKUBATH A(UPHBIC CHIIBI M U3MEPSITh UX BO3ACHCTBHE.
OTU UHCTPYMEHTHI O3BOJIMIIN IOHATh HEKOTOPbIE OTKPBITHS, U3JI0)KEHHBIE B 3TOM TPAKTaTe.

B nomonHeHne K (U3NYECKUM HMHCTPYMEHTAM s TAKXKE HCIIOJIB30BAJ SCHOBHIAIIMX B
Ka4yeCTBE YeJIOBEUECKUX HHCTPYMEHTOB, KOI'/la MHE YAAaBaJIOCh YOEIUTEIbHO 10Ka3aTh, YTO Y HUX
OTKPBITO BHYTpPEHHEE 3peHue. VICTHHHBIE SICHOBUISIINE CIIOCOOHBI BUJIETh YHEPT€TUIECKUE TTOJIS
3(UpPHOrO M1aHa, TAKUE KaK CUSIHUE BOKPYT UesloBeKa (T.€. aypa), BOKPYT pa3IHMyuHbIX IPOSIBICHUHI
CBETa B TMpupojae (Hampumep, BOKPYT W BHYTPH JI€PEBBEB M JKUBBIX OPraHU3MOB), BOKPYT
reoMeTpUYecKuX (Uryp, BOKpYr MarHUTOB, MOTYT BUJETb BHYTPU MaTepuH, OONaJar0T Kak
MHUKPOCKOTIMYECKUM, TaK M TEJIECKOMMMYECKUM 3pEHHEM W MHOTHMH JIPYTHMMHU 3aMedaTelIbHbIMU
crocoOHocTsAMH. OHM MOTYT BUJETh HAlpaBJI€HUE ITOTOKA TOHKUX SHEPreTHYECKUX IOoJeH, ero
nBeT U oOmryro ¢gopmy. Moii ONBIT B TNCHXHUYECKUX HCCIEAOBAHHUIX M IICHXOJIOTHYECKOM
TECTUPOBAHUH IO3BOJIMJI MHE BBIIBUTh HEKOTOPHIX IEPBOKJIACCHBIX SCHOBUIAIIUX, KOTOpBIE
IPe0CTaBIIIN JOOIHUTEIILHOE, OUEHb IIEHHOE MPECTABICHUE O HayKe CHUIIbI (DOPMBI.

B 570l KHUre s cMmeman BceX SICHOBUAALIMX AJIS MPOCTOTHL. DTO OBUIO CIENaHo s
3alIUTHl PA3JIMYHBIX JIMYHOCTEH, TOCKOJIBKY BCE OHHM XOTAT OCTaBaThCsl AaHOHMMHBIMH. S
UCIIOJIb30BaJ ICHOBUJIAIIMX KaK MY)KUUH, TaK ¥ KCHIIUH JUIsl pa3InYHbIX TECTOB.

VY AMBHUTENBHO, YTO MBI CMOTJIM JIOKa3aTh J0 CHX IMOp. DTO JydYile, YeM HCIOIb30BaTh
ocumiorpad Ha 3JEKTPOHHBIX cxemax. Vcrmonb30BaHUE SICHOBUJAIIMX B KauecTBE TECTOBOIO
MHCTPYMEHTA - 3TO MOJTHAst 00paTHast CBSA3b B PEaIbHOM BPEMEHHU O TOM, YTO HIMEHHO TIPOUCXOJIUT
c sHepruei. B kauecTBe npumepa s MpoBes HECKOJIBKO TECTOB Ha Pa3IMUHbIX MaTepHaiax, 4TOObI
BBISICHUTB, YTO TPOUCXOAWUT C Teperadeil s¢upHON »dHepruum dyepe3 Martepuanbl. Korna
UCTIOJIb30BATHCH SICHOBUIALINE, OHU OOBSICHSIIN, YTO OHU MOTJIM BUJIETh, KOTJa d3(pUpHast SHEPTus
B3aMMOJICHCTBOBAJIa C pA3IMYHBIMH MaTepHalaMHd; 3aTeM MbI HCIOJIb30BAIH SJIEKTPOHHBIC
npuOOPBI 17151 TPOBEPKH TOTO, YTO HAOJIIOJaJT SICHOBUASIIIA.

[lo Oonbuielt yacTu, 4ETOBEK CTPOUT M CO3/aeT, Majlo 3a00TACh 0 opMe, KpOMe Kak B
KadyecTBe (DYHKIIMOHAIBHOTO MEXaHU3Ma Ul COJep KaHUs MPOCTPAHCTBA U MHOTAA JOOABICHUS
acTeTHYecKol KpacoTbl. EcTh Hazexna, 4to, OOHapoJ0OBaB MpaBuia TOro, Kak (HOpMbI
MaHMITYJUPYIOT SHEPTUeH, KaxX/Iblid, OT n300peTaTeneil, apTUCTOB U apXUTEKTOPOB, IO KaXKJOr0
U3 HAC KaK TBOPYECKHUX CYIIECTB, CMOXKET MCIIOJIB30BATh ATH HAYYHBIE MPABUIIA JUIS CO3aHHS
JYYILIEro MUpa, HaMOJIHEHHOT0 KOHCTPYKTUBHBIMM (JOPMaMU U JU3aiiHAMHU, KOTOPBIE BO3BBILIAIOT
U 001aropaxMBaroT BCEX Hac.

Maii 1997 roma
Sierra Vista, Arizona Dan A. Davidson



I'JIABA 1
IDPUPHASA PUBUKA CNJIBI ®OPMbI

B sToii raBe 00Ccyx1aeTcsi MOe OCHOBHOE OTKPBITHE TOTO, KaK paboTaer cuia GopMel, 1
SHeprud (T.e. 3pUpHBIE CUIIbI), KOTOPbIE YIPABISAIOT SAAEPHBIMU CUIIAMHU.

1.1 Dup

dyHIaMEHTAIbHBIM [T IOHUMAHUS CHJIbI (JOPMBI SIBIISICTCS TO, K&K CBETOHOCHBIN d(up
B3aUMOJIEHCTBYET ¢ Marepueit. OCHOBHAsI MPEANOCHIIKA COCTOMT B TOM, YTO BCS MaTEPHs - 3TO
MPOCTO YAaCTHBIM CJydail BCENPOHMKAIONIEH YHUBEPCAIBHON SHEPruu, 3aloHSIONICH BcCe
POCTPAHCTBO, a MMEHHO 3dupa. Ha MpOTSHKEHHH MHOTHX JIET CYIIECTBOBAHWE W MOHHMAHHUE
s¢upa pa3BUBAIUCH KaK OCHOBA 11 3P PEKTOB TPaBUTALIMU U CBOOOJIHOW SHEPTUU HA MHUKPO- U
MakpoypoBHe. JIabopaTOpHbIE SKCIIEPUMEHTHI ITOKa3aJIM, YTO CBEPXCBETOBAs Iepeiada SHEPTUH
u uHopMmanuu 3(PpHEKTUBHO OCYIIECTBIACTCS C MOMOIIbIO 3()UPHON HHKEHEPHH, KOTOpas
3¢ GEKTUBHO YCTPAHSAET TEOPHUIO CIIEIHATBHOM TEOPUH OTHOCUTEIBHOCTH H €€ TIPEITOI0KEHHUS O
MIOCTOSTHCTBE CKOPOCTH CBETA.

Dbup MoxkeT OBITh CMOJCIMPOBAH KaK CBEPXTEKYYHi (IIFOMI, KOTOPBI HMEeT
HEOOJBIIYI0 WM BOOOIIE HE MOMIAMONIYIOCS H3MEPEHHIO BA3KOCTh. JTa MOJETb 3dupa
paspaboTaHa B CIEAyIOIICH TiaBe, rjie pa3padOTaHbl MHOTHE M3 OCHOBHBIX YHHBEPCAIBHBIX
KOHCTAHT, ONHUCHIBAIOIINX (PU3UYECKUE SBJICHUS C MOMOIIBK) MArHUTHBIX, JIEKTPUYECKUX H
TPaBHTAMOHHBIX (POPMYII.

Mowu wuccienoBanust 3a 35 JeT JOKa3bIBalOT CYyIIECTBOBaHHE 3(Upa Kak pealbHOCTH.
CoBpemenHast (U3MKa COCPEAOTOYMIACH HA IMEPBBIX JKCIEPUMEHTAX, KOTOpble MaiKeabCoH
(Michelson) u Mopnu (Morley) npoBenu B Hadaie 3TOro CTOJCTHS, HE IMOKa3aB apeiida sdupa;
OJIHAKO OSKCIEPHUMEHTHI OBUIM OINMOOYHBIMM IO 3aMBICTY, W 0OJiee IO3IHHUE SKCIEPHUMEHTHI
nojipa3yMeBaii 000OCHOBAaHHOCTh Teopuu 3¢dupa. Bosiee mosmuue skcrepuMeHThl TpayToHa
(Trouton) u HoGmna (Noble), Canbsixa (Sagnac), Muxenscona (Michaelson) u T'eitna (Gale),
Tuppunra (Thirring) u Jlense (Lenze), a Taxke ®uszo (Fizeau) - Bce oHU MOAPAa3yMEBAIOT, YTO
s¢up cymecrByer. J[xoH Kuiu BBIIOJIHWI OOIMIMPHBIE DKCIIEPHUMEHTHI B MHXEHEPUH 3(upa,
BKJIFOYAsl CO3[aHWE PA3IHYHBIX TPABUTAUOHHBIX SIBICHUH, KOHTPOJIMPYEMOE pa3pyIIeHHEe
MaTepyH Ha YUCTYIO0 dPUPHYIO CHITY, a 3aT€M HCIOIb30BaHKe 3()Upa B OKCIIEPUMEHTAX U T.I.

1.1.1 Ucropuyeckue TepMHUHBI 1J151 3pHUpa

Cy1iecTByeT MHOKECTBO TEPMHUHOB, KOTOPbIE NPH aHAIM3€ MPUBOAST K XapaKTEPUCTUKE
oOmeli kocMuueckod sHepruu. Takue TepMUHBI, Kak IpaHa U3 HHAYHCTCKOW/HOrndeckoi
nautepatypsl, 3¢up (ether) wnm >¢up (aether) us ¢usuku u meradpusuku 10 KoHia 20-ro Beka,
OpTOHHAsl YHEPTHUS U3 MPOPBIBHBIX HCcIen0BaHui JokTopa Bunbrensma Paiixa (Wilhelm Reich),
IIY OT APEBHEN 10 COBPEMEHHOM KUTAaCKOW MEAUIIMHBI U 0OEBBIX UCKYCCTB B LIE€JIOM, BCE UMEIOT
OUYEHb IIOXOKNE XapaKTEPHBIE YEPTHI.

OaHMM W3 TEPMHHOB, KOTOPBIM HCHOJB3yeTCS BO MHOTHMX HOBBIX HAay4HBIX Kpyrax,
sprsieTcs: "sHeprus HyneBoi Touku" (ZPE). U3 knaccuueckoit (M3MKU MBI y3HAEM, YTO aTOMBI
MOKHO paccMaTpHUBaTh KaKk MHHHMATIOPHBIE COJHEYHBIE CHUCTEMBI C 3JEKTPOHAMHM ILUIaHETaMH,
BpALIAIOIMMHUCS BOKPYT SAEPHOTO COJHIA. DJIEKTPOHBI, COIJIACHO KIJIACCHYECKOW (hU3HKe,
JOJIKHBI U3ITy4aTh CBOIO 3HEPTHUIO U 110 CIHPAIH YCTPEMIATHCS K A1py. OUeBHIHO, YTO 3TOTO HE
npoucxoaut. [Toaromy ¢pu3nku n300penn KBaHTOBYIO MEXAHHUKY, YTOOBI OOBSICHUTH (haKTHUECKHE
HaOJIFOJEHUS.

OnHUM U3 OTKPBITUI KBAHTOBOM TEOPUH OBLIO TO, YTO MPOCTOM OCHMIIIATOP, TAKOH Kak
MasiTHUK, Ha CaMOM Jelie He OyJIeT NOJHOCTbIO OCTaHaBIMBAThCA, a OyIeT NIpOAOIKATh



OecriopsimouHo "koneOaThCcs" BOKPYr cBoel "HyneBOM TOYKU" ¢ HEOONBIIUM KOJIUYECTBOM
SHEPTrYH, BCEr1a MPUCYTCTBYIOIIEH, TAK Ha3bIBAEMOW "SHEPTUU HYJIEBOU TOUKH .

N3-3a MHOXKECTBa BO3MOXKHBIX PEKHMOB pPacIpOCTpPaHEHHUs (YacTOT, HalpaBICHUI) B
OTKPBITOM IPOCTPAHCTBE SHEPrusi HYJIEBOH TOYKM, MHTETPUPOBAHHAs MO BCEM BO3MO>KHBIM
peKuMaM, MpeICTaBIIsIeT CO00M Ype3BBIYaiHO OOJBIIYIO ITIOTHOCTH SHeprun. Ha camom gene ona
HAMHOro OoJplle, YeM IUJIOTHOCTh SAJEPHOM DSHEPTUU, KOTOPYIO MOXKHO TPUPABHATH K
3HAMEHHTOMY ypaBHeHHIo Ditnmreiina E = MC2,

Ananmu3 cBoiictB ZPE mnpuBoAMT K BBIBOAY, YTO BemIeCTBO mnojiepxuBaercsi ZPE u
(aKTHUECKH MOXKET OBITh CMOJICIMPOBAHO MATEMATUYECKH B Ka4€CTBE OCHOBBI JUISl BEIECTBA.
OcHOBHBIE CUJIBI, TAKUE KaK TpaBUTAIMS, EpHAs CBA3YIOLIAs CUJIA, SJIEKTPOMArHUTHbIE CHUIIbI,
3aps/ AJIEKTPOHA, U MHEPLMs, Bce BbIBOAATCA U3 ZPE. MTak, Mbl NpuXoaIuM K BbIBOLY, 4TO ZPE
€CTh peallbHO JApyroe Ha3BaHue 3¢dupa. EquHCTBEHHAas moyie3Hass 0COOEHHOCTh, Ha MO B3IUIA/L,
3aKJII0YaeTCss B TOM, YTO OHA MO3BOJSET (PU3MKAM COXPAHUTH JIMILO, H300pETsI HOBBIN
He3allATHAHHBIA TepMUH AJ1s 3(upa, KOTOPBI UMEET IypHYIO ClIaBy B (PU3UYECKOM COOOIIECTBE
U3-3a TOTO, YTO OH ObLIT "OMpoBEeprHyT" paHHUM 3KcriepuMeHToM Maiikenscona Mopnu. "Po3za ¢
JOOBIM IPYTUM UMEHEM...."

Nckaxenue tepmuna ¢upa ¢ OykBoi "a" crepeau mMUpOKO HCIOIb30BAIOCH B JPEBHEH
autepatype. S npennounrtaro Tepmun ">¢up" (“aether”), uroOsl 0TIMYATE €r0 OT CJI0Ba PHP
(ether), xoTopoe SIBIISIETCSI aHECTETUKOM.

1.1.2 D¢up u ero npeodpazoBanus

S yrBepkmaro, 4Yro OS(QHUP TPOSBIAETCS HECYSTHBIM YHUCIOM CIOCO00B. Jdup
B3aUMOJICHCTBYET C TPEXMEPHBIM BELIECTBOM, M BEILIECTBO SBISIETCS CBsI3aHHOW (hopMoit adupa.
Bce pasnuunbie CHITBI, TaKMe KaK TPABUTAIMsI, MAarHETH3M, JJIEKTPHUYECTBO M SJCPHBIC CHIIBL,
00YCIIOBIICHBI aKTUBHOCTBIO B 3(hupe.

1.1.3 Xapakrepucruka 3¢upa

Mowu uccnenoBaHus U OTKPBITUS MPUBEIIA MEHS K TOMY, YTO 5 OXapaKTEPHU30Bal CaMoe
OCHOBHO€ YTOUHEHHE d(upa CIeaYyIOIUM 00pa3oMm:

1. CBepxTeKkyuasi TUCTIEpCHAS Cpefia, KOTOpasi IPOHU3BIBAET BCE IPOCTPAHCTBO.

2. Cpena, KOTOpas B CBOMX pa3JIMYHBIX PEXHUMaxX SBISETCS CTPOUTEIbHBIM OJIOKOM
(bu3nyecKoil BCENEHHOM.

3. Cpena, KOoTOpas B OJHOM M3 CBOMX PEKHMMOB OTBEUAET 3a BCE U3BECTHBIE OoJiee rpyoOble
¢du3nUecKre CHIIbI, TAKMEe KaK MarHETH3M, AJIEKTPHYECTBO, dIEKTPUUCCKHIA 3apsil, TpPaBUTALN,
MHEpIHs, a TAK)KE CUIIbHBIE U CIIa0ble aTOMHBIE CHIIBI.

4. Cpena, KOTOpast yIpaBJIsieTCsl HAIMM Pa3yMOM U MOXKET ObITh TpeoOpa3oBaHa HATMMHA
MBICIISIMH.

5. Cpena, koTopasi MOXKET OBITh YCUJIEHA U Pe0Opa3oBaHa B I00YIO CUITY UJIH TTPOSIBIICHHE
C TMIOMOMIbIO MaTepuanoB, popm u Oosee rpyObIX CHJL.

B 3T0i1 KHUTE MBI pacCMOTPUM 3(HP KaK MHOTHE U3 3TUX XapaKTEPUCTUK, HO B MIEPBYIO
ouepe]ib C TOUKHU 3pEHUsI CUIIbl (POPMBI, KOTOpas 3aKJII0YaeTCs B CIOCOOHOCTH T€OMETPUUECKON U
aTOMHOHU CTPYKTYpBl U3MEHATh, YCUIMBATh, (POKYCHPOBAThH U B LEJIOM "KBaJTU(HUIMPOBATE" MU
IIpHUIaBaTh ONpeiesieHHbIe KauyecTBa 3(pUpy U ero pa3InyHbIM XapaKTEPUCTHKAM.

1.2 SAnepuas pusuka

Broae B0O3MOKHO BEIBECTH AACPHYIO CTPYKTYPY BEIICCTBA, 4 TAKXKE OCHOBHBIC ATOMHBIC,
AACPHBIC W 3JICKTPOMAIHUTHBIC KOHCTAHTBHI IIYTEM aHaJIn3a B(I)I/Ipa. PaCCManI/IBaH S(I)I/Ip KakK



TUAPOAMHAMUYECKHH (uional?, a syepHble 4acTHIBI KaK TOPOMJANbHEIE (T.€. KONbIEBHIE MU
MOHYUKOBBIE) (DOPMBI, MOYKHO MOJIYYUTh BCIO U3BECTHYIO (PU3UKY aTOMa, UTO MPUBEIET K HOBOH,
YIOBJICTBOPSIONICH aTOMHON Mopdonoruu. VMeiTe B BUIY, YTO TOPOU[ SIBISICTCS YaCTHBIM
CIy4aeM CaMOIIOJAJIEP’KUBAIOIIErocs BUXpSA. DTa MareMmarhyeckas Mozelb Oosiee MOAPOOHO
pa3paboTaHa B rjaBe 8 3TON KHUTH.

1.2.1 3apsia, 3JIeKTPOHBI U s1/IepHble YaCTHLbI

3apsa BemiecTBa OOYCIIOBJIEH €€ B3aUMOJCHCTBHEM C A3(QHUPOM. OJEKTPOH, KaK U
HEKOTOpBIC JPyrue CyOaTOMHbBIC YaCTHIIBI, SIBIISIFOTCS CaMOIOJICPKUBAIOIIMMHUCS BUXPSMHU B
o HOM YacTHYHOM 3(dupe. DIEKTPOH, YTOOBI ObITH CTAOMIIBHOM YacTHUIICH, MPEACTaBIACT
cO00¥ BUXPEBOE KOJIBIIO WIN TOPOUAATBHYIO CTPYKTYPY, COCTOSIIYIO U3 dhHpa.

3apsi npecTaBisieT coOO0H pa3HUIly B KOHIEHTPAIMH dPHpa MEXKITY ABYMsI TOUKaMH (T.€.
rpagueHt B 3¢upe). Macca (T.e. aTOMHBIE YacCTHUIIbI) COCTOUT W3 3upa, 3puUp HENPEPHIBHO
BTEKACT B YaCTHUIIBI U BBITEKAET U3 HUX B BHJIC BUXPEH, a 3aps 00yCIOBIIEH TEM, YTO B KAKOK-TO
MOMEHT BpPEMEHH | TPOCTPAHCTBA KOHIGHTpaIus 3(upa OTIMYaeTcs OT JIOKAJIbHON
KOHIICHTpalu# 3pupa. 3apsi 3JIeKTpoHa 00yCIOBICH 3(pUPOM, BXOSIIINM B BUXPh U BBIXO/ISIIHM
U3 HETOo, U TeM (haKTOM, UTO DJICKTPOHHOE KOJIBIIO MPEACTABISECT COOON KOHIICHTPAIUIO 3dupa.

AHanm3 MpoToHa MPUBOAUT K BBIBOAY, YTO OH TAKXKE SBISIETCS A(PUPHBIM TOPOUIATHEHBIM
BUXpPEM C JPYrHMM pajuycoM H KONbIEBEIM ceueHmeM>*. TIpOTOHHBI Topomj, Koraa OH
pacmagaercsi, mMpeBpamaeTcss B HECTAOMIBHYIO CyOCTPYKTYpY, COCTOSIIYIO M3 TpPeX KBapKOB,
TaK)Ke TOPOHUI0B, KOTOPBIE BPAIIAIOTCS KaK eIMHOE 1Ie5I0e, 00pa3ys MPOTOH. DKCIIEPUMEHTANILHBIE
JTaHHbIE B Kamepax BuibcoHa MoKa3bpIBaOT, YTO KBAPKH SBIISIOTCS HECTAOMIBHBIMH YaCTHIIAMU H
MIOATOMY OBICTPO paccenBarOTCsl.

He#TpoH cOCTONT 13 MPOTOHA M AJIEKTPOHA, CB3aHHBIX B SI/Ipe, KOTOPOE pacnaaeTcs Ipu
YIIQJICHUU OT SIIEPHBIX CBSA3BIBAIOIINX CHIL.

1.2.2 AToMHasi CTPYKTypa

ATOMHAas CTPYKTypa CTPOUTCS B COOTBETCTBUHU C IIPABUIAMU F€OMETPUU U HNOISPHOCTHIO
aTOMHBIX yacTHll. [IoJspHOCTH SABJISIOTCS Pe3yabTaTOM 3(UPHBIX NOTOKOB BHYTPHU M CHApYKU
AJIEPHBIX YaCTHII, I/I€ HAIIPABJIEHUS IIOTOKOB CO3/1al0T MarHUTHBIE TTOJIIOCA.

Jlxon Opuer Yoppen Kumm (John Ernst Worrel Keely) Obi1 mepBbiM cyOaTOMHBIM
(bU3UKOM, KOTOPBIN OXapaKTEePHU30Ba SIEPHYIO CTPYKTYpY. Ero o0bsicHeHne aTOMHON CTPYKTYpPbI
OBLIIO BBIBEJIEHO M3 €r0 pa3BUTHs Hayku (U3HKU KojeOaHui. OHUM U3 €ro OTKPBITUHA ObLIO
OTKpHITHE CYOCTPYKTYphl MpoToHa®. OH OOHAPYKMI, YTO 3TO OBUI BUXPb, COCTOANIUNA U3 TpeX
CcyOBsiIEpHBIX YacTHUII, TakKe BUXpel. JlanbHelre ucciae10BaHus MPUBENIN €ro K Uee, YTo 3Ta
TpexdacTHyHasi CyOCTpyKTypa MpoJojpKajdach MO BCE MEHBLIMX M MEHBUIMX YpPOBHEH 4YacTHIL
BHYTpH KakJ10M yacTuibl. Kuiu yrBep:kiai, 4To Haydusicss KOHTPOJIUPOBATh CYyOCTPYKTYpy Ha 27
ypOBHEH HIKe 6a30BOr0 MPOTOHA.

Atom Kunu nzobpaxeH B cTuiin3oBaHHOM (opmare Ha pucyHke 1.2.2-1.

IepBblif ypoBeHb CyOCTPYKTYpBI ObIJ1 OKOHUATEIbHO TEOPETU3UPOBAH B OPTOIOKCAILHOM
coobmiectBe DeitnmanoM B 1958 romy. Otkpsitue Kunn onepeamno deiitnmana 6osee yem Ha 60
net! @eifHMaH Ha3BaJl TPU YaCTHIIbI, COCTABIISIFOIINE ITPOTOH, "KBapKaMu'.
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Pucynok 1.2.2-1. "Atom" Kunu (t.e. HpOEH), UMEIOIUI TOPOUTAIBHYIO CTPYKTYPY.
1.2.3 Marnerusm
Marsuerusm cylecTByeT Kak:

1. EcTrecTBeHHOE MarHuUTHOE MoJie 3eMIIM, KOTOPOe TEOPETHUYECKU CO37aeTCs MOTOKOM
JKUJIKOTO sijipa 3eMIIU.

2. [ocTosiHHOE MarHUTHOE TI0JIE BOKPYT HAMarHMUEHHBIX MaTepUATIOB.

3. CraTudeckoe WU NMePEeMEHHOE MarHUTHOE IT0JIe BOKPYT TOKOBEIYIIUX MPOBOIOB, T/
TOK siBIIsieTCs 1100 mocTossHHBIM ToKoM (DC), mu6o nepemeHHBIM TOKOM (AC) COOTBETCTBEHHO,
a MarHUTHOE TT0JIC SBJISICTCS JINOO CTAaTHYECKHUM, JTHOO THHAMUYIECKIM COOTBETCTBEHHO.

4. MarHuTHOE TMOJIe TOPOUAATBHOTO KOIbIA AIEKTPOHA U OOYCIOBICHO JOKAITBHBIM
3(UPHBIM TTOJIEM, TPOTEKAIOIINM Yepe3 HETro, U Pa3HOCTHIO 3apsI0B, KOTOPYIO OHO MPEICTABIISET.

B crnydasx 2 m 3 BBImE MOJie CO3JAE€TCSl JTOCTATOYHBIM KOJMYECTBOM JIIEKTPOHOB B
BBIDAaBHHBA€MOM MaTepuaine, Tak 4TO Bce UX d(HUpHBIC MOTOKH SBISIOTCS AJAWUTUBHBIMU U
CO37aI0T OOJBIION TMOTOK 3¢upa B 00JaCTH BOKPYr MarHurta. MTak, Mbl BHAMM, YTO BCE
MarHUTHBIE TOJISI SIBJISTIOTCS PE3YIbTaTOM BUXPEBBIX MOTOKOB d(upa.



CwitbHasl TIOJIIPHOCTh MarHUTOB OOYCJIOBJIEHA KOHIEHTpaluel 3¢upa, TEKyIero uepes3
noxoca. S mpoBe TeCTHI ¢ ICHOBUISIIMMHI, KOTOPBIE CIIOCOOHBI BUAETH 3(UPHBIC TOTOKH, ¥ OHH
HOATBEPIUIIN, YTO MArHUT 110 CYTH SIBIISICTCS 3(QUPHBIM HACOCOM.

MarsuTsl IMEIOT 3HEPTHIO, TEKYIYIO BOKPYT HHUX, KaK S © MHOTHE JIPyTHe HCCIIEA0BaTEIN
HOBOW HayKd MOCTYJIMPOBAIUM. Mou J1abopaTopHbIE IKCIIEPUMEHTBI, @ TAK)KE KCIICPUMEHTHI C
SICHOBU/IAIIIMMH, JI0Ka3aJli, YTO MarHUTHOE TI0JIe BOKPYT IMOCTOSIHHOT'O MarHUTa Ha caMoM JieJie
SIBJISICTCSI BUXPEBBIM (HU3KHUI yPOBEHB 3(UPHOI CHITBI). ATOMBI ISHCTBYIOT KaK 3(pUpHBIC HACOCHI
JUISL TIepeMelieHus 3Gupa, U KOr/ia MHOTHUE aTOMBI BEICTPAUBAIOTCS B JIMHUIO, KaK B TIOCTOSTHHOM
MarHurte, 3QUpHbBIC MOTOKK aTOMOB CKJIAJIBIBAIOTCS BMECTE, CO37aBasi OOJBIION MOTOK BOKPYT
maruuta. HoBoe mccneoBanue, NpoBeJIeHHOE B MPOILIOM Beke 6apoHoM (ol Paiixenbaxom®
(Reichenbach), mocesiienHoe omu4eckoil cuie, UCIMOIB30BATIO SCHOBUISIIUX JUIS HU3YyUCHHS
SHEPruil BOKPYTr MarHUTOB, JitoAeH u T.4. OHO 13 HaOII0ACHHH, KOTOPOE OHU CAETAIH, COCTOSIIO
B TOM, 4TO Ha CEBEPHOM IOJIFOCE ObLIA roTy0ast SHEprys, a Ha F0XKHOM KpacHasl.

VY nepuBaHUE MOCTOSIHHBIX MAarHUTOB 3apsDKACT SHEPreTHYECKOE II0JIEe YeNlOBEKa WIIH
aypy. [IBa marnuta, obpamennsie NS-SN, umeroT OonbIIOi SHEPreTUYeCKUid My3bIPh MEKIY
HIUMHU. Cria (OpMBI MOXKET IIepeXBaThIBATh IIOTOK SHEPTHH BOKPYT MarHUTOB.

1.2.4 I'paBuTanus

I'paBuTanus Taxxe SBISETCS CHIIOW, CBSI3aHHOW ¢ 3dupom. [TocKonbKy 31eKTprYecKuit
3apsa E mpexacraBnser coboii rpaaueHT B 3Qupe, TpaBUTAMOHHAS CHJIA SIBIISIETCS TPAJHEHTOM
anextpudeckoro 3apsaa (1.e. grad E). Takum o6pazom, eciiu 3UPHBIA TPaTUCHT BOKPYT aToMa
WU3MEHHUTCS, TPAaBUTALMOHHAS CHJIA TaKXKe M3MEHHUTCS. ODTO OBUIO MPOJEMOHCTPHUPOBAHO B
s¢pdekre Tayncenma Bpayna (Townsend Brown), rie BBICOKHE 3JEKTPUYECKUN TPATMEHT Ha
KOHJICHCATOpE BIUSET Ha €ro Bec. DPPEKT MOXKET OBITh YCHIICH ITEPEMEIICHNEM BCEH MacChl, YTO
CHHXPOHU3UPYET MOTOK 3(HUpa yepe3 Maccy.

CunxpoHu3zanusi 3UPHOTO MOTOKA B SApax JTAHHOH Macchl ObUIa JTOCTUTHYTA JBYMS
OCHOBHBIMH METOJIaMH, a WMEHHO BpAallCHUEM WM ABWKCHUEM U aKyCTHUCCKH. AHaM3
pa3IMYHbBIX, O-BUANMOMY, HECBS3aHHBIX COOBITHIA, B KOTOPHIX HAOJIOAanach JEBUTAIMS, JAeT
HEKOTOpbIE BaKHBIC KIIOYM K CPEACTBAM OCYIIECTBJICHUS CHHXPOHM3ALMH SAep. DTO OBLIO
noipo6HO 00BACHeHO B cTaThe JpBuacona u Jexepa (Decker)®. Kpome Toro, T. Tayrcenn bpayn
ObUI JOCTATOYHO OTKPHIT B IYOJMKAI[MM CBOMX SKCHEPUMEHTAIbHBIX PE3YJIbTAaTOB, XOTS OHU
YaCTUYHO (PUMHAHCHPOBAINUCH YIIpaBICHWEM BOEHHO-MOpPCKHX HccienoBanuil u3 Can-/luero.
OpHako, KOorja OH HayaJl BpalllaTh CBOM I'PAaBUTOPBI BOKPYT CBOEH OCH, pe3ysbTaTbl BHE3AITHO
CTaJI CEKPETHBIMH, U BCs MHGOPMAIIHS O €T0 SKCIIEPUMEHTax MpeKpaTuiack. EcTe mogo3penue,
4TO B pe3yJbTaTe MPOU30ILIAa KPYIHAs JIEBUTALMSA, U 3TOT MPOPBIB ObUT 3aCEKPEUEH JUIS 3alUThI
OTKPBITHS, YTOOBI €r0 MOKHO ObLIO MCIIOIB30BaTh JIsl HALIMOHAJIbHON 0OOPOHBI.

AHanu3 gBIEHMS MHEPLUHU JAaeT OCHOBHOM KJIIOY K MOHMMAHHUIO TOrO, Kak BpallleHUe
MOYXET JIeHiCTBOBaTh JJIsi CHHXPOHHM3AIMK MOTOKa A(HUpa BHYTPH SIIEPHON TOACTPYKTYPHI
rpaButopoB. KiroueBas crates B Physical Review, 1994, ctp. 678-694, Xaiimra, Py>asr (Haisch,
Rueda) u Ilyxodda (Puthoff)’ Tteopermsupyer, 49TO WHEpIHMS SABIACTCS PE3yIbTATOM
COIIPOTHUBIIEHUS] MAacChl JIBUKEHUIO uepe3 Ioje »Hepruu HyneBoi Touku (ZPE) (t.e. adup),
MOTOMY YTO Macca Ha SIEPHOM YPOBHE HampsiMyto cBs3aHa ¢ apupom. [lyxodd u ero mpysps
C/IeTalii XOpolllee MaTeMaTHYeCcKoe JJ0Ka3aTelbcTBO Toro, yTo Kunun ycranosui B 1896 roay, uto
UHEpIUS  SBIISIETCST PE3YJIbTATOM COMPOTHUBIICHUS MAacChl JIOKAJbHOMY A(QUPHOMY TIOJIO.
CrnenoBatenbHO, JIETKO BUAETH, YTO JBM)KEHUE/BpaIlleHUE IPUBEIET K IIEpeopUeHTaNN d(DUPHBIX
MIOTOKOB MacChl OTHOCUTEITFHO HAIPABJICHUS JIBHKCHUS.

3BYKOBasi CTUMYJISIIMA BBIMOJHSAET TO K€ CaMoe, 3aCTaBiisisi BCE aTOMbI MAaccChl
PE30HUPOBATH BMECTE, YTO CHHXPOHU3HUPYET d(HUpHBIE TOTOKH B sIpax. BpIIo 3aMedeHo
HECKOJIbKO MHTEPECHBIX A(PPEKTOB JEBUTALMH, KOTJa 3BYKOBas CTUMYJSALUS CIIOCOOCTBOBAA
JICBUTAIIH.



1.3 UnsxunupuHr 3¢gpupa

Hexotopbie 13 Hanbosiee HHTEPECHBIX UCCIIEOBAHNN OPTOJOKCATLHON (PU3HUKH CBSI3aHBI
¢ panneii paboroit Yumepa (Wheeler) u boma (Bohm). Ouum mocrymupoBaiud HaEK, 4TO
anekTpomaruutHoe (EM) wu3nydeHue ecThb pe3yiabTaT B3aUMOJACHCTBUS OXBaThIBAEMBIX
sHepreTuueckux HampsbkeHud B crpate ZPE (1.e. adupe). Tom bupaen moapoOHO U3IOKUIT ATy
temy®*!® u nmpumenun cnoBo "cKanmApHBIA" K OTHM OXBaTHIBAEMBIM JHEPreTHUECKHM
HaIpsDKeHUsIM B a¢upe. MaTemMaTuyecku CKajsip UMEET BEJIMYMHY, HO HE UMEET HAIpaBJICHHUS.
[IpumenutensHo K 3(QUPHOMY HWHXWUHUPHUHTY HAMpsDKEHHAs BOJIHA B A3(QUpPEe MIHOBEHHO
pacnpocTpaHmiack Obl Ha Bce Bpemsi U npocTpaHcTBo. OHa Takxke Oblia Obl CKaJISAPHOM MO
CPAaBHEHMIO C 3JIEKTPOMAarHUTHBIM H3JIy4€HUEM, KOTOPOE MMEET U BEJIMYMHY, U HaIlpaBJICHHUE.
CBs13b 3(pupHON HANPSHKEHHOW BOJIHBI C JIGKTPOMArHUTHOW BOJIHOM SIBJISIETCS MPEANOCHLUTKON
TOTO, YTO KOTJIa JIB€ JICKTPOMAarHUTHbIE BOJIHBI, KOTOphIe Ha 180 rpaaycoB HE COBMAIAIOT IO
daze, 00beIUHAIOTCA, PHEPTUA ABYX BOJH HE KOJUIANICUPYET A0 HYJSI, KaK CEroJHs yTBEpKIaeT
o0mIenTpuHATas MaTeMaTHKa JIEKTPOMArHUTHOTO SIBJIEHUS; HO BMECTO ATOTO CO3JaeT A(PUPHYIO
HaAIPSDKEHHYIO BOJIHY, KOTOPasi COJIEP>KUT KOMOMHUPOBAHHYIO YHEPTHIO IBYX AIEKTPOMArHUTHBIX
BOJIH. Marematuuecku BoipakeHo E + (-E) = S, rne S <> 0, rae cumBon "<>" uynraercs "He
paBHO".

Ora MaTemMaTHKa MpeoO0pa30BaHUs DJIEKTPOMATHUTHOTO H3JIy4eHUs B A(UPHYIO BOJIHY
CPOJHHM HCCIIEIOBAaHUIO CHJI, KOTJa CTaJbHOM OJOK CXXUMaeTcs B MOLIHBIX THcKaX. [lomnas
BHEIIHSS CUJIa, ACMCTBYIOIIAs Ha CTallb, PaBHA HYJIIO; OJJHAKO BHYTPH aTOMHO-KPHUCTaJUINYECKast
peuieTyarasi CTpyKTypa CTalld UCIIBITHIBACT HAIPSIKEHUE.

Haubonee nHTEpEeCHBIM acleKTOM 3TOTO OObEIUHEHUS SHEPTUU SABJISETCS TOT (aKT, 4TO
BepHO 1 obpatHoe. To ecTh, Koraa aBe 3(PUpPHBIC HANPSHKEHHBIE BOJHHI (S U - S), KoTophie Ha 180
rpagycoB HE COBMAAAOT MO ¢asze, OObEIUHSIOTCS, DHEPrusl ABYX BOJH OOBEIUHSETCS IS
co3manus saekTpomMarautHol BoiHb! (E'). Maremartnuecku Beipakero S + (-S) = E', rue E'<>0.

Wnmroctpanus 3TUX IByX CHMMETPUYHO OOpaTUMBIX IPOIECCOB MTOKa3aHa Ha puc. 1.3-1.

nNNN 1]
TOTEV

Pucynoxk 1.3-1 IIpeoOpa3oBanue snexrpudeckoii BosHsl (E) B aupHyto HanpskeHHYIO
BOJIHY (BOJIHBI) K HA0OOPOT.
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1.4 Cuna ¢popmbl ¥ 3puUpHBIE HANIPSIKEHHbIE BOJTHBI

Tenepb MBI ITIOJOIIIN K TOMy MGCTy, A€ Mbl MOXEM OGCYI[I/ITB, KakK FCOMeTpI/I‘-IeCKI/Ie
GbUrypbl H3MEHSIOT 3(HpP, U MOJTYIHMM HEKOTOPhIE OCHOBHBIC ITPABHJIA, KOTOPHIE COOTBETCTBYIOT
HAOIOTaEMBIM ABJICHUSIM.

1.4.1 Cuna ¢popmbl TOUKH

[Ipocrefitmass reomerpudeckas Qurypa - 3TO MpocTas TOYKA, HO TOYKA SBISETCS
MEHTAJIBHBIM MMOCTPOCHUEM, IIOTOMY YTO Yy He€ HET pa3MEpOB UIMHBI, IIUPUHBI WA BBICOTHI.
UTo0Bl MMETH TMOJIC3HBI T'E€OMETPUYECCKUI AJIEMEHT, C KOTOPBIM MBI MOTJIM ObI paboTaTh, MBI
OyJIeM TroBOpHUTH O €AMHUYHOU 3(pupHON uactuie (T.e. BUXpe B 3dupe). DT0 ykKe YaCTHYHO
obcyxanock. Uero Mel HE HAPUCOBAIM Ha pucyHKe 1.2.2-1, Tak 3TO MOTOK 3(upa, BXOASIIETO B
aTOM U BBIXOJISIIETO U3 HEr0. DTO MPOCTO BUXPEBOM MOTOK SHEPTUU BHYTPHU aToMa. YeM ciioxHee
atoM (T.. C MHOXECTBOM CyOAaTOMHBIX YacCTHIl), TE€M CIOXKHEE MOTOKH BHYTPH SICPHOU
CTPYKTYpHI aTromMa. Ha MakpoypoOBHE JUIsl CIIO)KHOTO aToMa MIOTOK OyZIeT OPUEHTUPOBAH B OOBIYHO
cepudecknii marTepH. B mpocTom aToMe, TaKOM Kak BOAOPOJI, MOTOK OyAeT OOJbIIe MOX0X Ha
CHJIOBBIC JINHUH BOKPYT HEOOJIBIIIOTO CTEP)KHEBOTO MarHuTa. bOJIBIIMHCTBO MaTepHaIoB COCTOST
U3 Topa3ngo Ooyiee CIIOKHBIX aTOMOB, Ye€M BOJOPOJ, IMOITOMY MBI MOXEM OOOOIIMTH U
paccmaTpuBaTh 3(QUPHBIA MOTOK BOKPYr aToMa Kak OOBIYHO paJHMajbHBI C MOTOKOM JIMOO K
[EHTPY, MO0 OT IeHTpa aToma. Eciu Mbl BHUMATEIHHO MIOCMOTPUM Ha TIOTOKH, TO OOHAPYKUM,
YTO 3TU MOTOKH 3aBUXPSIOTCS WJIM BKPYYHBAKOTCS B SIPO U BBIKpyuuBaroTcsi u3 Hero. (Cw.
pucyHok 1.4.1-1)

Cno>xHBII aTOM CO MHOTUMH TIOPSIIKAaMU 3(UPHBIX
HaMpPsKEHHBIX BUXPEBBIX MMOTOKOB (JIMHUK).
[IpocToii aTom, Tako#t Kak BOJOPOI, UMeN ObI TOJIBKO
OJIHY BUXPEBYIO JIMHHUIO BXO/Ia U BBIXOJA.

Pucynoxk 1.4.1-1. IlonepeyHoe ceyeHre BUXPEBBIX HAPSKEHHBIX TTOTOKOB CII0KHOTO aTOMa.
1.4.2 Cuaa ¢popmbl JIMHUH

Crenyroumii ypoBeHb F€OMETPUYECKOHN CIIOKHOCTH - 3TO JMHUA. B JaHHOM ciydae y Hac
€CTh COBOKYITHO€ CKOIUIEHHE aTOMOB, OOpa3yromux JHHHIO (T.e. W3 2 win 0Oojee aTOMOB,
COE/IMHEHHBIX BMecTe B (hopme JTHHUH).

Bo-nepBhIX, naBaiite paccMOTpUM 3(QHUpPHBIE TOTOKH BOKPYT JIBYX aTOMOB PSIIOM JIPYT C
JPyroM, KOTopble ObLTH Obl MpocTeiiieil BO3MOXKHON JIMHUEH. DPUpPHBIE TIOTOKA MEXIY IBYyMS
aToMaMHu JTIUOO COeAMHSIIOTCS, U 3¢up OyAeT Teub OT OJTHOTO aTOMa K JPYromy, JINOO MOTOKHU
OyAyT OTTaJIKUBATHCS, U TIOTOKHU OYAYT pa3OpbI3ruBaThCsl NEPHEHIAMKYISIPHO paAuaIbHON THHUN



MeXIy AByMs atomMamu. OctaibHble 3()UpHbIE TOTOKU OyayT (opMupoBaTh U3IIydyeHHE B BUC
JIETIENIKH BOKPYI KOMOMHAIIUK IBYX aTOMOB.
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Pucynok 1.4.2-1. D¢dupnas sHeprus, TeKymas BOKPYT ABYyX aTOMOB, CO3/JAI0IINX MTPOCTYIO
JUHHUIO.

Jlo6aBnsisi GoJIbIlIe aTOMOB K JIMHUU, MBI IPOCTO YJUITMHSAEM JICHICIIKY U3Jy4eHUs BOKPYT
muHAK. KOHEYHBIM pe3ysIbTaToM SIBISIOTCS d(UPHBIE TOTOKH, MEPIECHANKYISIPHBIE TUHIH. JTO
OpOMJUTIOCTpHpOBaHO Ha pucyHke 1.4.2-1. Korma oHu pacmpoctpassiorcs Ha Oojiee ATUHHYIO
JIMHUIO aTOMOB, 3TO TIOKa3aHO Ha pucyHke 1.4.2-2.
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Pucynok 1.4.2-2. Buj c60Ky JIMHUM aTOMOB € 3(UPHON SHEpPTUeH, U3TydyaeMoil U3 JTMHUH.

1.4.3 Cua gopmsl ABYX napa/uieIbHbIX JMHHI

[Tapa nunMi, mapamienbHBIX JIPYr APYrY, aHAJIOTWYHA ABYM aToMam, PSJOM JIPYr C
JIPYroM; OJTHAKO B 3TOM ciy4ae 3(UpHbIe TOTOKU MEXIY ABYMs JUHUSMU JIMOO COETUHSATCS, U
a¢up OyneT Teub U3 aTOMOB B OJIHOM JIMHUU K aTOMaM B CIIEAYIOIIEH JIMHUHU, JTUOO MTOTOKH OyIyT
OTTaJIKUBATHCA, U TIOTOKU OyIyT OTOpachIBaThCS MEPHEHAMKYISPHO K MIOCKOCTH MEXAY BYMS
nuHUSAMH. KOHEUHBIM pe3yabTaToOM 3TOW KOH(UTYpAINH SIBISIETCS MTPOCTas TUIOCKOCTH dPHUPHBIX
MMOTOKOB BOKPYT ABYX JUHHU. BIIM30CTh TMHUN omnpeaesieT cTeneHb B3auMoiecTBus. Y cHoBa
MBI [I0JIy9aeM B KOHEYHOM UTOTE SHEPTeTUUYECKYI0 KOH(PUTYPAIIMIO TUTIA JICTICIIKH.



1.4.4 Cua ¢opMmMbl IBYX NepeceKalOmMXcs JUHUI

Tenepr HaunHaetcs camoe UHTepecHoe. Korza /1Be IMHUU NepeCEKaroTCsl, MEXIY JBYMsI
CXOAALIMMHUCS JTUHUSAMHI BO3HUKAET IPaUeHT 3(pUPHOI HanpsHKeHHOCTH. Bbl 310 moHsimn?

JIBe TiepeceKaroIiuecss WiId CXOIIUECs JIMHUHA CO3[AI0T SHEPreTHYECKUN TPAMEHT B
adupe.

Yem Onmxe K NEpEeCeYEeHHUIO JBYX JIMHUH, T€M HHTEHCHUBHEe B3aumozeiicreue. U
HA000pOT, UeM Jajblile OT [IePeceueHus, TEM MEHbILE B3aUMOJIeHiCTBHE I(UPHBIX IOTOKOB IBYX
JIMHUM.

ITockonbky snepHble 3(UpHbIE IOTOKH SBIAIOTCA BHUXPEBBIMH (T.€. HeOoJbIIME
BpAIIAIOIIUECs TTOTOKH B 3(UPHOM I10JIE), 3TH MOTOKH OyIyT CTPEMHUTHCS OPHUEHTUPOBATHCS K
HalMEHBIIEMY CONPOTHUBICHHUIO MEXAYy HMMHU. DTO O3HAuyaeT, 4To 3(upHbIE MOTOKH OyIyT
00pa3oBbIBaTh O0JIee KPYIHBIE BUXPH BOJIHM3H IepecedeHrs IBYX TUHUI. KOHeUHbIM pe3ynpTaTtoMm
3(GUPHBIX TOTOKOB ABJIsIETCS 3(P(EKT 3aBUXPEHUS MEXKY ABYMS MEPECEKAIOUIMMUCS JIMHUAMU C
Hau0OoJee NHTEHCUBHBIM BUXPEM Ha IIEPECEUECHUH.

C nomo1b1o 3T0i KOH(UTypalluy Mbl TEIIEph CO3/1aTIH MAKPOYPOBEHb, TPEXMEPHBIN BUXPb
B IIPOCTPAHCTBE C MOJSPHOCTHIO U3 MPOCTOM TUIOCKON (uryphl. UHTEHCHBHOCTH HaNOOIIBIIAs HA
IIEPECEYCHUH ABYX JIMHMM M HaUMEHbIIAs B CAMOM LIMPOKOM MECTE ABYX IEPECEKArOIIUXCS
JUHUH, KaK sBCTBYET U3 pucyHka 1.4.4-1. ITockoJIbKy 3TO MOTHOCTHIO COATAHCHPOBAHHBINA TOTOK
3GUpPHON CUIIBI MEXAY JABYMS JIMHUSMM, JOJDKHO OBITh CO3J1aHO HEOOJIbLIOE KOJUYECTBO
AIIEKTPOHHOTO 3apsijia U MAarHUTHOTO TOJIs, HO OOJIbINAsi UX YacTh Oy/AET cocpenoToueHa BOIU3U
nepeceueHus JuHuil. IloMHUTE, YTO MarHUTHOE MOJ€, KaKk 0OCYXIal0Ch paHee, MPeACTaBiIsIeT
co0oii 3(hupHBII BUXPh BOKPYT MarHUTa, IO3TOMY 3aBHXpEHHUE B 3(hHpe CO3JaeT MArHUTHOE TI0JIE.

Pucynox 1.4.4-1. DdupHoe BUXpeBOE ABICHNUE MEKIY IBYMS MEPECEKAIOITUMUCS JTUHUSIMH.
SIlcHOBHIeHUE U ICHOUYBCTBOBAHHE OBIJIO UCTIONB30BAHO ISl U3YYEHHS TOTO, KAKUE TUIIBI
SHEPTreTHYECKUX MaTTEPHOB CPOPMUPOBATHCH BOKPYT MEPECEKAIONTUXCS JIMHUMA, YTO TIPUBENO K
MPOBEPKE MOET0 TEOPETUYECKOTOo aHalu3a M JOKa3aTeNbCTBY TOr0, 4YTO HAOI0IaeTCs



WHTEHCU(UKAIIMS TOTOKOB MAaTTEPHOB, MPEACKa3aHHBIX Teopuel. BUXph 4eTKO BUAUMEIN B30pYy
SCHOBUSIIETO, W TMOTOK U KOHIEHTpAlus YIOPSAOYEHHONM TypOyJIeHTHOCTH B 3¢dupe Ha
MEePECCUCHHUH JIMHUN TAK)KE XOPOIIO BHU/IHBI.

1.4.5 Cuna ¢popMbl HECKOJIbKHX NMepeceKalommnxXcs JUHHN

Bonbimoe komyecTBO TMHUH, IEPECeKAIONIUXCS B 00IIeH BepIIUHE, TPUBEAET K CO3TaHUIO
BOJIM3U BEPUIMHBI MATHUTHOTO MOJIS U 3JEKTPOCTATUYECKOTO MOJIS.

[epecekarommecs JIMHUN TEHEPUPYIOT MIOTOKOBBIA BUXPh d3PUPHON SHEPTUU. MaruutHoe
[oJie¢ TIOCTOSIHHOTO MAarHuTa TaKXKe SIBISIETCS IMOTOKOBBIM BHUXpEM 3(UpHONM HSHEprum, Kax
obcyxnanoce panee. Q.E.D — CnemoarenbHo - OBpuka! Takum 00pa3oM, COBOKYITHOCTH
MEPECEKAIOIINXCS CTEep)KHEH OyAeT TreHepupoBaTh MarHUTHOE I0J€, MOTOMY 4TO 3(UpPHbBIE
BHUXPEBbIE NTOTOKHU HA MEPECEUYECHUHN JIMHUI HAa CaMOM JieJi€ SIBJISIIOTCS MarHUTHBIM I0JIEM. JTO
03HAYaeT, 4TO MEePECEKAOIINECS JTMHUU UIN CTEPKHU TAKXKE JOJDKHBI TEHEPUPOBATh MArHUTHBIE
IOJISL.

9 nepeBsHHbIX NanoYek AnNs easbl,

BOTKHYTBIX B WAPWK U3 NeHonnacra
LapuK U3 neHonnacra
avnameTpom 2 gronma

- M.
3mepeuml

3nekTpocTaTuyeckoe none
55 MHaueuayansHas nanoyka ans eabl umeet 40 BonbT/METp
9 nanoyek Ans eabl B Wapuke, resepupyrot 250 B/m
MarsuTHOE none
1 Qonm 13 wapa nmeet 1 munnuraycc unum
0,01 mukpoTecna

W3mepenust, mpoBeeHHBIE C TIOMOIIBIO TPEXITOIFHOTO U3MEPUTEIIST MOJIENb 3
Anbda naboparopunu.

Pucynok 1.4.5-1 I'enepanyst MarHUTHBIX U JIEKTPOCTATUYECKUX ITOJIEN C TIEPECEKAIOIIUMUCS
CTEPKHIMU

Jlyis IpOBEpKU THIOTE3bI O TOM, YTO INEPECEKAIOLIUECs] CTEP)KHU OyIyT TeHepupoBaTh
MarHUTHOE U AJIEKTPOCTATUYECKOE TT0JIe, ObLIT IPOBECH MPOCTOM SKCIIEPUMEHT. DTH PE3yIbTaTh
nmokazaHel Ha pucyHke 1.4.5-1. IlepBoHauanpHble W3MEpPEHUS OBUTM MPOBEACHBI C MOMOIIBIO
YyBCTBUTEIHHOTO U3MEPHUTENsS U MarHuTomeTpa Fluxgate. DkcriepuMeHT UMeIN OTTyIIUTEIbHBIN
ycnex. [lepecekaroiuecs: IMHUU CO3/Ial0T MAarHUTHOE U 3JIEKTPOCTATHYECKOE MoJIe. DTO KPYITHOE
MPOPBIBHOE OTKPHITHE, B KOTOpOM d¢upHas ¢u3nka CHIbl (OPMBI TMPEACKA3bIBACT paHEee
HEU3BECTHOE SIBJIICHUE.

s mpoBepku 3Toro dddexTa ObLIM MPOBENEHBI AATbHEHIINE IKCIEPUMEHTHI. bblin
IPOTECTUPOBAHBI JiBa THNA NupamMul. bymaxkHas nupamuaa 1 nupamuia U3 CTeKJI0BOJIOKHA ObLIN



IIOCTPOEHBI C 4-1F0MMOBBIMH OCHOBAHUSIMU U IPYTUMHU [TPONIOPLUSAMHU, TAKUMH K€, KaK y BEJINKON
nupamubl. Ha kaxxaoi ctopoHe ObUIM JIMHWHK, KOTOPBIE UM OT OJAHON CTOPOHBI MUPaMUIbI U
CXOAWJIMCh y OCHOBaHUS NHpamMuIbl B HWkHeM yriy. Ha pucynke 1.4.5-2 wuzoOpaxen
TPEYTrOJIbHUK C JINHUSAMHU, 00Pa3yIOIUMHU KXyl CTOPOHY.

Pucynok 1.4.5-2 CtopoHbsl TUpaMuJ, UCIIOJIb3YyEMbIX B CPAaBHUTENIBHBIX TECTAX U3MEPEHUS
MarHuTHOI'O TOJIS.

MarHuTHble HW3MEPEHUs NPOBOJMIUCH C HMOMOIIBI0 MarHUTOMETpa MarHUTHOTO IOJIs
Fluxgate B ocHOBaHMHM Kaxmoil mupamuisl. B Ttabmuue 1.4.5-1 mpuBeneHsl pe3yibTaThl

HU3MEpPEHU.

Tab6un. 1.4.5-1 3mMepeHuss MarHUTHOTO MOJISI TUPAMUIbI

ITupamua u3 | Crek u3 19 Oymaxueix | OnuHOYHAS
CTEKJIOBOJIOKHA C IUHUSAMHU | TUPAMUJL C TUHUSMHU OyMaxkHasi mupaMuaa
T'amma 310 323 0

N3 tabnuust 1.4.5-1 BUAHO, 4TO OJMHOYHAS OyMakHasi MMpaMua He UMeIa U3MEPUMOro
MarHMTHOTO TOJIs, a MMPaMK/Ia U3 CTEKIOBOJIOKHA CO CXOAAIIMMUCS JIMHUAMU UMEJIa MarHUTHOE
nosie 310 ramM. YToOBI 1aTh YUTATEIIO MPEACTABICHUE 00 OTHOCUTEILHON HHTEHCUBHOCTH 3TOTO
HoJsi, co3aaBaeMoro cuioi ¢gopmsl, B MarHuTHOM mnosie 3emun ot 20 000 mo 50 000 ramm,
M03TOMY NMHUpaMuja FreHepupyeT 04eHb HEOOJbIIOE, HO N3MEPUMOE MarHUTHOE MoJie. TOYHOCTh
MarHuToMeTpa coctanisger +20 ramm, mo3roMmy uzMepenue 323 raMm creka OyMakKHOM HpaMuIbI
MOKA3bIBACT aJAUTUBHBIN 3PPEKT HECKOJIBKUX NEPECEKAOMIMNXCS JIUHUM.

Crnenyer OTMETUTH, YTO 3TH MU3MEpPEHHs] U3MEHSIOTCA B T€UCHHE JHS M3-32 HEOOJIbIINX
GiaykTyalii MarHMTHOTO TMOJIA 3eMJIM IUTIOC W3MEHEHHUs HampsKeHHs B I(PUPHOM IIOJie,
BBI3BaHHBIE BPAlllCHMEM 3€MJIM, YTO IPUBOJUT K Pa3IMYHOMY JABJIECHUIO OT COJIHLIA B TEYEHUE
TTHSL.

1.4.6 Cusia ¢popmbl TPeyroJibHUKA

Tpeyro.]'II)HI/IK - 9TO COCJUHCHHUE TPEX JIMHUH B MX KOHEYHBIX TOYKaX. JTO IMPUBOJUT HAC K
TPEM IMECPCCCKAOIMUMCA JIMHUAM, U W3 NPCAbLAYHICTO pa3aciia JICTKO CACIAaTb BBIBOA, YTO B



KaX/101 BepIIMHE TPEyrojbHUKa OyIeT KOHIEHTpauus 3gpupa. IT0 UMEHHO TO, YTO TPOUCXOUT
C MOTOKOM MOJIAPHOCTH BHYTPH TPEYroJbHUKA U3 LEHTPa B Kaxayro BepmuHy. CaMblii HU3KUI
YPOBEHb KOHIIEHTpaLUUU 3(pupa B TPEYrOJIbHUKE HAXOIUTCS TaM, IZie OUCCEKTPUCH KaKIOU
BEPIITMHBI CXOAATCS B 00IIEH TOYKE, Ha3bIBAEMOM CpPeTHEH TOUKON. DPUp TeUET U3 3TON TOYKHU B
TPU TOYKH TPEYrOJbHUKA. ITO MPOUJUIFOCTPUPOBAHO Ha pucyHke 1.4.6-1.

Pucynok 1.4.6-1. DdupHbie BUXpeBbIe ABIECHUS BHYTPU TPEYTrOJIbHUKA.

Ecnu TpeyronbHUK pa3OoUT Ha TPU TPEYroJbHHUKA, TOYTH BCS SHEPIHs COCPEOTOUEHA B
[IEHTPE C HeOOIBIITNM KOJIMYECTBOM BO BHEIIHUX BepIIMHAX. ECITU KpyT OKpYKaeT TPeyroJIbHUKA
TeTpa’/ipa, SHEPrUsl MOJHOCTHIO (POKYCHPYETCSl B LEHTPE Kpyra/TpeyroibHHUKA, MOATOMY KpPYyT
nepeonpenenser 3pQexTel nepecekaromuxcs JUHUA. B ¢urype, roe no mepudepun kpyra
pacIoyioKeHbl TPEYTOJIbHUKH, BCS SHEPTHUs (PUTYpBI cocpeloToueHa B TpeyroiabHuKax. Kak 6yaro
TPEYrOJIbHUKN COOMPAIOT U (POKYCUPYIOT SJHEPTHIO B KPYTE.

1.4.7 Cuna ¢opmbl TeTpadapa

Terparap, mnpocreiiiee W3 IUIATOHOBBIX TEJ, COCTOUT M3 TpPEeX COEAUHEHHBIX
TPEYTrOJIbHUKOB, 00Pa3yIOLUX TPEXMEPHYIO (DUTYPY ¢ YeThIpbMs BepinHaMmu. [lepecekarommuecs
JUHUM TeTpadjpa UMEIOT KOHLEHTpauuio 3(upa B BUXPEBOM NATTEpHE HA BEPIIMHAX, IUIIOC
CYIIECTBYeT OOJbINas KOHIIEHTPALUsS HAMpsDKEHUW OTpHUIATeNbHOW (MONMSpPHOCTH) 3(upa B
TEOICHTPUUECKOM IIEHTpE TeTpadipa (T.€. Ha 1/3 BBICOTHI). TO NMPOMLTIOCTPUPOBAHO HA PUCYHKE
1.4.7-1. OTpunatenbHas MOJSIPHOCTh B IEHTPE SABISIETCS PE3YJILTaTOM d(PHPHOTO HAMPSIKEHUS,
BBITSITUBAOIIETO A(UP U3 YETHIPEX YTIIOB.



Pucynok 1.4.7-1. D¢dupHas KOHIEHTpaLus BHYTPU TETpadIpa.
1.4.8 Cuiia gopmbl 12-To4eqHOro TeccepakTa

Teccepakt - 3TO mpaBuibHAs IUIOCKass (urypa, cocTosiias U3 TOYEK, PAaBHOMEPHO
PAaCIOJIOKEHHBIX 10 OKPY’KHOCTH, C TUHUSAMH, COEIUHAIOINMU KaX/1yI0 TOUKY € K10 Ipyroi
TOYKOH.

[lepecekarommecss auHUM  12-ToueuHoro Teccepakta (l12-teccepakt) 00pa3yroT
MHOKECTBO TPEYTOJIbBHUKOB M YETBIPEXTPaHHBIX HENPABWIBHBIX MHOIOYIOJbHUKOB. OTH
reoMeTprYecKre (PUTyphl OKa3bIBAIOT B3aMMOICHCTBYIOIIEE KOHIICHTPUPYIOIIEE BO3ACHCTBUE HA
3¢up, KOTOPOE CO3AAET TPEXMEPHBII MHOTOYaCTOTHBIHM NAaTTEpH, U3NyJarolmuii u3 12-reccepaxra,
KOTOPBII 3aTeM JIEHCTBYET KaK areHT JUIS YIAJICHUS TUIOXUX/TEMHBIX OTPHIIATEIbHBIX SHEPTHIA,
rae Obl HM Haxomuiach ¢urypa. 12-teccepakT mokas3aH Ha pucyHke 1.4.8-1. Yactora s¢dupa
OTpeAeNnsieT IIBET, KOTOPbII MbI BUAMM.

ScHoBHIAIIMI BUANT dHEpPruI0 12-Teccepakra B BUIE KPACHBOM PAa3HOLBETHOM pajyrw,
ucxozsmien ot Hero Ha 20-50 ¢yToB. Uto emie 60s1ee BaxHO, 3TOT PUrypa WIITIOCTPUPYET, YTO HA
caMOM JieJle MOXKHO M3MEHATh YacTOTHBIE COOTHOLIEHHS 3(upa ¢ MOMOLIbI0 OTHOCHUTEIHHO
npocTeix (GopM. Jlo 3TOro MOMEHTa MBI OOCYX/Iadl TOJNBKO KOHIIEHTPAIUIO U (OKYCHpPOBAHUE
s¢upa. 12-reccepakT (aKTUUECKU CO3/aeT LETbI CHEKTpP IBETOB U3 OeclBeTHOro 3¢dupa. I1o
UMEET OIPOMHBIE MTOCIIEACTBHUS, TOTOMY YTO ITOKAa3bIBAET, YTO Mbl MOKEM HCIIOJIB30BaTh (OPMY
JUIS U3MEHEHHUs KoJIeOaTebHbIX MaTTEPHOB 3(hupa BOKPYT GOPMBI.
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Pucynok 1.4.8-1. Cuna ¢opmsl 12-ToueqHOro Teccepakra.

1.4.9 Cuna gopmbl Kpyra

Kpyr ¢ ero xoHuenTpaiuei >3pupHoit sHepruu nokasas Ha pucyske 1.4.9 - 1. Kpyr moxer
OBITH MPEACTaBIEH B BUJE OECKOHEUHOM CEpUU MepEeceKaroluXcs KacaTelbHbIX JUHUN. Touka
(GOKyCHMpOBKM - 3TO LeHTp Kpyra. llepecekaromuecss JUHUM (AKTHUECKH MEPECeKaroT
SHEPTreTHYECKHE MoJjs B IieHTpe kpyra. [loaTomy aup Oyner cocpeoTodeH B IIeHTpe Kpyra. ITO
O3HayaeT, YTO Kpyr JAeWCTBYeT Kak »J(UpPHBIH Hacoc, 4YTOOBl BTSATUBATh OSHEPrHIO U
KOHIIEHTPHUPOBATh €€ B LIEHTPE.



Kpyr KOHUEHTPUPYET 3PUPHYIO
3HEpPruio B UEHTpe Kpyra.

Pucosaxwe kpyra, HaynHasi CHu3y,
yBENUYUBAET KONUYECTBO IHEPIrun,
KOTOPYIO OH NPUBNEKAET U COAEPXKUT.

HayHuTe CHU3y AnNS NoNy4YeHUs
MaKCUManbHOW 3HEPruu.

Pucynok 1.4.9-1 Cuna ¢popmsl kpyra
1.4.10 CumBoa Mapuu

CuMmBON HCHENAIOLIEH 3HEpPruy, IepelaHHbIl LEIUTeN0 BO3M00NIeHHOH Mapuei,
MaTepbto Mucyca, ObUT MPOTECTUPOBAH KaK yCTPOWCTBO cHibl (opmbl. CUMBOJI TOKa3aH Ha
pucynke 1.4.10-1. Korma s HapucoBad CHUMBOJN Uil TECTUPOBAHUS SCHOBHUJSIIMM, MBI
OoOHapyXwid, 49To 3(QUpHAs DHEPrus HEMEUICHHO YCTPEMHJIACh B BEPXHIO CIHpalb, U
CBSI3aHHBINA C HEHl TPEyroJIbHUK yJep>KuBaj ee. 3aTeM >(QHupHas SHEprus MOTEeKIa B HIDKHUN
TPEYTOJIBHUK M BBICTPEIIIIIA U3 HIDKHEH CIIHPAIH, TPaHC(HOPMUPOBATIACH U yIyUYIIHIIACH, OCBETUB
KOMHATYy, TJi¢ ObUT HAPHCOBAaH CUMBOIL.

Yactb1',

’
Hacte2’

A )
.

Moka3sbiBaeT, kaKk yCTPOeH CUMBON ®uHanbHbIn cumeon. Cumseon
Mapuu. NPUTArMBAET MECTHYIO
Hapucyite nuHUK N0 HOMepam 3HEPruio BHYTPL CUMBONA U
nocneaoBaTensHo B BUAE npeobpasyet ee B Gonee
HenpepbIBHON Urypbl, cnegys BbICOKYI0, Donee YucTyio
HanpaeneHuo CTPenoK Ana vactm 1, aHepreTu4eckyto hopmy.

a 3arem vyactu 2

Pucynok 1.4.10-1 Cuna ¢popmbl CUMBOJIA UCLIETICHUS



1.5 IlpupoaHbie MOTOKH 3HEPTUH

B paznene 1.4 GbII0 pacCMOTPEHO HECKOJIBKO MPOCTBIX TEOMETPUUYECKUX (UTYpP, YTOOBI
1I0Ka3aTh, KaK MMPOCThIC MATTEPHBI 00pa3yoT GopMy, YCHIMBAIOT U HANIPABIIAIOT 3GHP; BIUIOTH JI0
U3MEHEHHsT 3(DUPHBIX YACTOTHBIX COOTHOIICHHHM B 12-Teccepakre Ui HM3MEHCHHS I[BETA B
3¢HupHOM MoJIe BOKpPYT Teccepakta. OnHAKO B 3HUpPE eCTh elie OJUH YPOBEHb CIOKHOCTH. DTO
CBSI3aHO C TeM (haKToM, 4TO (PP UMEET ECTECTBCHHBIC CXEMBI TCUCHUSI.

OnHO U3 HAOJTIOACHUI, KOTOPOE OOHAPYKUIIH MHOTHE UCCIIEI0BATEIH, COCTOUT B TOM, YTO
3(Hp TPEAMOYNTACT JBUTATHCS MO JyraM OKPYXKHOCTH WIJIM CIHMPaIbHBIM HarrepHam. JIOKTop
Bunerensm Paiix (Wilhelm Reich) o6napyxwun, uro opron (Hassanume Paiixa s BBICOKOMH
KOHICHTpanuu 3(Qupa) IBIKETCS IO CIUPATBLHBIM ATTEPHAM, U €T0 MOCTOSIHHOE JABUKEHHUE - ITO
coupanu. Illay6eprep (Schauberger) B cBoeii HOBaTOpCKOH HCCIIEAOBATEILCKOM paboTe 110
JIMaMarHuTHOW odHepruu (HasBamue IllayOeprepa s adupa) Tarke OOHAPYXKWUI, 9YTO
JIMaMarHUTHAS SHEPTHsl JBUXKETCS 110 CHHPAIbHBIM U BUXpeBbIM marTepHaM. (CM. riiaBy 2 3Toi
KHUTU. )

Ecnu MbI iprMeHHM 3TO HaOIt0IcHNE 3(DUpa, ABHKYILETOCS €CTECTBCHHO 10 CIIUPATbHBIM
¥ BUXPEBBIM MaTTepHaM Ui 3GQPEeKTOB Chilbl (OPMBI, TOr/A Pa3syMHO CHAENATh BBIBOJ, YTO
UCIIOJIb30BAHUE M30THYTBIX WJIM CIHPAIbHBIX MyTeil 11 (GOPMHUPOBAHMS U HAIpaBiIeHHs ddupa
YCUITHUT 3P PEKTHI.

1.5.1 DHeprus cnupaamn

OnHoil 3 Hambosee pacpocTpaHEHHBIX (OPM, BCTPEUAIOUIMXCS B TPUPOAE, SBISETCS
CIHpallb, IByMepHas pUrypa, u ee TpexMepHbIi KOoppelsT - BUXpb. [Ipumeps! cinpaneit u Buxpe
MO’KHO HalTH noBcroy. OivH U3 HanboJiee pacpoCTPAaHEHHBIX CIy4aeB BCTPEYAETCS B MOPCKHUX
pakoBHHaX. BOJIBIIMHCTBO PakOBUH MMEIOT YAaCTUYHBIC WM MOJHbIE cnupand. Jlaxe oObluHbIE
BEEpOOOpa3HbIe PAaKOBHHBI UMEIOT BUXPEBYIO (popmy. XOpOIIO U3BECTHBIN KaMEPHBIH HAYTHUITYC
C €ro OYeHb MPABUIBHOMN JOrapu(pMHUUECKON CIHUPAIBIO YACTO UCHOIb3YeTCs I UIUTIOCTPALUU
cnupany. Jlpyro XOpoIIo H3BECTHBIM BHXPEBOH ¢opmar OOHAapYyKHMBAaeTCsi B NaTTEpHax,
CO3/1aBacMbIX JIEPEBBSIMU U PACTEHUSIMU IO Mepe (GOPMHUPOBAHUSA UX JUCThEB. JIMCThS OOBIYHO
CJIeYIOT BUXPEBOU cxeMe, KoTopas cBsa3aHa ¢ yuciaamu ®udbonauuwm (t.e. 1,2,3,5,8,13......[n]+[n-
1]). U3y4eHue 3TOro NpUpoIHOTO SIBICHUS Ha3bIBACTCS (PHIOTAKCHC.

Kornaa cimpaib pucyercs, Ha4uHas OT [IEHTPa U BOKPYT MpOoTHB YacoBoii cTpenku (CCW)
HapyXy, JIOKaJIbHas 3()UpHasi SHEPrUsl BTATMBAETCS B LEHTP CIIUPAIH U BBICTPEIIUBAECT HAPYXKY.
Korna cnupans pucyercss cHapyXu K LEHTPY, SHEprus BTSITMBAaeTC HM3BHE B LEHTP U
npeoOpa3yeTcst B pajlyry LIBETOB U 3apspKaeT dHEprHeld MECTHOCTh. DHEpreTHueckoe Ioiie, Kak
€ro BUJIAT ACHOBUSAIINE, U3ITydaeTcsl IpUMEpPHO Ha 4 ¢yTa OT LEeHTpa CIUpalid U NMPEACTaBIsAET
co0oi IOUCTHHE PAIyTy NPEKPACHBIX, )KUBBIX 1IBETOB.

Ecnu cnmpanu coenuHsA0TCS, pUCysl COUPab CHAPYXKU K LIEHTPY, a 3aTe€M MPOJa0JIKas
JUHUIO OT LIEHTPAa K BHEIIHEH CTOPOHE APYroil CHMpaiu, W Jenas 3TO JUIS €lle HECKOJBKHX
CIIMpaJIel, KOTOPBIE COEAVMHEHBI OT LIEHTPA OJHOM K BHEIIHEW CTOPOHE CIEAYIOWIEH, TO SJHEPrUs
ype3BbluaiiHo ycunuBaercsa. Kak Oyaro kaxnaas crnupaib coOOMpaeT OoJblile SHEPTUH, a TaKKe
YCUJIMBAET 3HEPTUU NPEAbIIYIIUX crupaleil. TecTupoBaHUe ¢ UyBCTBUTEIBHBIMU JIFOJIbMU TAKXKE
HNOJATBEPAMIIO STOT caMblil 3axBaThiBatolnii 3dext cnupanu kak cuiy hopmsl purypsl. Eciu
YeJIOBEK BOOOIIE YYBCTBUTEIEH K HHEPrHsIM, OH MOJKET JIETKO MOYYBCTBOBATh YBEIUYEHUE
MHTEHCUBHOCTHU DHEPIHH.

WNHTepecHo OTMETUTH, 4YTO CHOUpPAJIbHAs CTPYKTypa KOpPpEIUpyeT ¢ HEKOTOPBIMU
NaTTEPHAMU HEBPOJOTMYECKUX CHUPAIBHBIX BUXPEBBIX CTPYKTYp B MO3re, TIJ€ CHUPAIU
COEMHEHBI APYr ¢ ApyroM. M3 3Toro Mbl MOXeM cAelaTh BBIBOJ, YTO NATTEPHbI HEPBHOMN
CHCTEMBl B MO3r€ JEHCTBYIOT KaK MapaMeTpUYEeCKHi YCHIIUTENb CHIIBI (POPMBI IMOJIy4aeMbIX
SHEpruii; TakuM obpazom, coOupasi U yCUIIUBasi KOJIWYECTBO 3(PUPHOM 3HEPruu B Mo3re. DTOT



MHTepecHbIH (GakT o6cykaancs B Moeil IepBoii kuure o cBoboaHoI sHeprun’?, Pucynok 1.5.1-1
WLTIOCTPUPYET MPOCTOM BUXPb.

Pucynok 1.5.1-1 [larrepH Buxps

OnHUM U3 paHHUX YCTPOMCTB CHJIBI (POPMBI, MPOJIABABIINXCS B KaUECTBE U3JIENIHUs €lIe B
1970-x romax, ObuIa CMpalib, BEITPABICHHAS HA KYCKE MEYaTHOW IJIAThl C MEAHBIM MOKPHITHEM
(PCB). U3o0perarens yTBepkall, 4TO CIUpajbHAs IUIACTUHA 3apsKAaeT SHEpPrueil U yiydmniaer
BKYC Ko(e, BO/IbI, 0€3aTKOTOIBHBIX HAITUTKOB, BUHA W MPOAYKTOB MUTaHMsI. OYeBUIHO, YTO TIPH
3TOM HCHOJIB30BAUCH MPEUMYIIECTBEHHbIE YEPThI CUIIbI (POPMBI crivpaiii. beijo Obl MHTEpPECHO
y3HaTh, ObUIA JIU OpPUTHHAJIbHAS CIIMpaJlb HAPUCOBAaHA CHAPYXH K LIEHTPY. DTOT 3P PeKT OblI Obl
3HAYUTEIbHO YCUJIEH, €CIM Obl Ha MOAJIOKKE MEYaTHOW IJaThl ObUIO BBITPABICHO MHOKECTBO
B3aMMOCBSI3aHHBIX cTiHpalieil. Mo 3KcriepruMeHTalIbHBIC UCCIIeIOBAHUS TIOKA3aJi, YTO MaTepra
NEYaTHOM IJIaThl, U3TOTOBJIEHHBIM W3 SMOKCUIHOTO CTEKJIOBOJOKHA, HE MPOBOAMUT 3(UPHYIO
DHEPTHUIO U SBJISETCS OYEHB TUIOXUM HOCHTEJIEM CHIIBI (DOPMBI.

1.5.2 Moau¢guuupoBaHHbI OTOK 3HEPTUH TPEYIroJbHUKA

UYto6bl IPOBEPUTH TMIIOTE3Y O TOM, YTO yIpaBieHHE 3(PUPHON SHEprueil ¢ MOMOIIbIO
U30THYTHIX JUHUN Oosee 3((ekTuBHO, OB CAETaH TPEYrOJbHUK CO MHOXKECTBOM H30THYTBIX
JIMHUM, T71€ BCE U30THYTHIE IMHUU CXOJIMINCh Ha OJTHOM U3 BEPIIMH TPEYTOJIbHHUKA, KaK MOKa3aHO
Ha pucyHke 1.5.2-1. neHTHUHBIA TPEYTONbHUK TaKke ObUI MOCTPOEH C MPSMBIMU JIMHUSMH.
PesynbTatsl aTOro0 TecTa ObUM BOEYATISIONIMME. TpeyroibHUK ¢ U30THYTHIMU JIUHUSIMU UMEJ BO
MHOT0 pa3 OOJBIIMK MOTOK M KOHUEHTPAIMIO 3(UpPa, YeM TPEYroJbHHUK C MPSMBIMH JUHHUSIMH.
O4eBHIHO, UTO €CJIH BBl IO3BOJIUTE APUPY CIIeI0BATh CBOMMH €CTECTBEHHBIMU CXEMaMH TEUEHUS,
NOTOK Oy/1eT HaMHOT0 CBOOO IHEE U OBICTpee, YeM IPU UCTIOIb30BAaHUH MPSIMBIX JIMHUIA.



Pucynok 1.5.2-1. 30rHyThIe TMHUU B TPEYTOJIBHUKE JJISl YIPABICHUS CHIION (OPMBI
1.5.3 Cuaa ¢popmbl IJIOCKO# JIMH3bI

Jpyro#i npumep cuiibl (OpMBI MMaTTEpHA U30THYTOM JIMHUM TOKa3aH Ha pucyHke 1.5.3-1.
bbuto oOHapyskeHo, uTo 3Ta cuia (OpMbl MATTEPHA FEHEPUPYET TPEXMEPHOE IHEPreTHUECKOEe
nosie. B JaHHOM ciydae HEPreTHYECKOe IOJe MPEACTABISIO COOOW IHEPreTHYSCKHd ITyd,
BBIXOJAIIMN ¢ 0OpaTHOM CTOPOHBI NAaTTEPHA IPUMEPHO Ha NATh-1IECTh (PyTOB. DHEPreTUYECKHU
Jy4 3aKpyyuBajcsi B IMYYOK [0 IIMPUHE IUIOCKOTO MAaTTepHA. OKCHEPUMEHTAIbHO Mbl
OOHapYKWIJIM, YTO TOT MATTEpPH 00JIagaeT MaKCUMaJIbHOW SHEpruel, Korja U30THyThle JTMHUU
HUKOI'/Ia HE KacaloTcs OKpyxkaroliero kpyra. Eciau kpuBble Kacamuch Kpyra, TO Kpyr Kak OyAaTo
OJIOKMpOBall M30THYTYIO CHHpalb OT cOopa OoiblIero KoiuyecTBa 3(QUPHON SHEPruv U
HaIpaBJIeHUs ee B IeHTp Kpyra. 13 pucynka 1.4.9-1 Mb1 3HaeM, 4T0 Kpyr (POKYCHPYET SHEPTHIO B
neHTpe kpyra. C mOMOIIBI0 U30THYTBIX JTUHUN cOOp SHEPrUH YCKOpsieTCs M BbIOpachIBaeTcs U3
LEHTpa COUPATIBLHOTO MaTTEPHA.

Pucynok 1.5.3-1 Cuna hopMmbl TUTOCKOM JTHH3BI



JlanbHel1me SKCIepuMEHThI TTOKA3all, YTO 3TH JIMH3BI MOTYT OBITH YIIOKEHBI B CEPHUIO
KaCKaJIHbIX JIMH3, KaXAasi U3 KOTOPBIX UMEET MEHbBIIUN pa3Mep, YeM MpeAblayIias JuH3a. ITOT
ad ekt conpoBokIaeTCs TeM (HAKTOM, YTO IHEPTETUICCKUHN MATTEPH CTAHOBHUTCS BCE MEHBIIIE U
KOHIIEHTpUpOBaHHee. B pe3ysbTare moyydaercs Jiyd BHICOKOKOHIIEHTPUPOBAHHOM SHEPTUH.

1.5.4 IloueMy HapucOBaHHbBIE JINHUM BbI3bIBAIOT 3(pMPHOE BO3MYILLICHUE

Ectb Tpu siBieHUs, CBA3aHHBIE C TEM MOYEMY MPOCTON aKT PUCOBAHHS Hapbl JIMHUN Ha
aucte Oymaru, Co3/1aeT MaTTepHbI B dupe.

1. /IBe cxopsupecs TMHUN HAa Oymare Co3/1al0T HapsDKeHHE B 3()UPHOM 10JI€ U BBI3BIBAIOT
3aBUXpeHHE dPupa.

2. JIunus Ha Oymare mpeacTaBIsieT co00H Ipyroe BEeIecTBo, 4eM Oymara, u 00b9HO Oyer
UMETh JIPYTyI0 IPOBOANMOCTb, 4YeM OyMmara, Juis HoToka 3¢upa Bokpyr Hero. Eciu B aToT
MOMEHT B 3(Hpe BO3HUKHET HAIPSDKCHUE, TO PAa3JIUYHBbIC MPOBOAMMOCTH CO3/aayT
BHXpEBbIE TOKH B ddupe. CM. pucyHok 1.5.4-1

3. ®u3nuecKuil akT pUCOBaHMA JIOO0OTO MaTTepHa B 3upe co3gaeT FPUPHYIO 3aMucCh U
CMEIIaeT IMOTOKH 3(Hpa B HANpPaBICHWH, B KOTOPOM ObUT HapucoBaH marrepH. Cw.
pucynok 1.4.10-1 u pasmen 1.5.1 00 »ddekrax pucoBaHus crnmpaieil B pa3HBIX
HAaIpaBJICHUSX.

Hanpsikenue nons B achupe qe?)gaﬁéy_m_nar_y—
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Pucynok 1.5.4-1. JIlunus Ha Oymare, Gpusuka cuisl OpPMBI
1.5.5 KomOuHMpoOBaHHe CUMBOJIOB CHJIbI GOpPMBbI

KomOnHupoBaHne cuMBOJIa TeccepakTa Ha OJHOM JIHCTe OyMard W CIUpaid Ha JAPYroM
aucte Oymaru, mpudeM JTUCThI OyMaru pacroiI0KeHbI MO IPSIMBIM YTIIOM, TOKa3aJlo, YTO SHEPTUU
JBYX CHMBOJIOB B3aWMOJICHCTBYIOT ¥ ycwiuBaioTcs. [log »OTUM s moapa3zyMeBaro
WHTECHCU(PHUKAIIMIO JHEPrUid B KOMHATe. DTO IMOKA3bIBAET, YTO MBI MOXEM HWHTEPAKTUBHO
WCITOJTH30BaTh CUMBOJIBI 1T MHTEHCU(DUKAITUY 2(PUPHON IHEPTHUHN B TTPeoOpa30BaHMsI €€ B II0OYIO
CHUILY, KOTOPYIO MBI XOTUM, TIOCKOJIBKY BCE CHJIBI SIBISFOTCS (popmMamu d(UPHON SHEPTHH.



1.5.6 JlonojiHuTeIbHbIE HA0II0/IEHNS 32 JHEPrUel MJI0CKOro NaTTepHa

bouta nposenieHa erie oHa cepusi SKCIIEPUMEHTOB ISl IPOBEPKHU IHEPIETUUYECKUX MOJIEH
TPEX MPOCTBIX IHEPIeTUUECKUX NAaTTepHOB. CUMBOIaMU OBbLIIM CAHCKPUTCKUI cUMBOJ OM, KpyT C
TOYKOH B LIEHTPE U KPYT ¢ JienecTkaMyu BHYTpU. OHU noKa3aHbl Ha pucyHke 1.5.6-1.

, ‘/
{ — ——
~
Kpyr KoHIIEHTpUpYET YHEPTHUIO Kasxplit ternecTok coOupaeT HESPTHIO CumBon OM BTATHBAET SHEPTHIO B
B LICHTPE OKPY>KHOCTH 1 KOHLICHTpHpYeT e€ B LeHTpe. JloOapieHue BEPXHIOIO U GOKOBYIO 3arOryJIMHY
0OJIBIIEr0 KOJIIMYECTBA JICIIECTKOB 1 3aKPY4YHBAET SHEPTHIO B CIIHPAIIb.
YBEJIMYHBAET COOPAHHYIO SHEPTHIO ITaTTepH NMeeT «O4YeHb XOpOIIne
BUOpaLmu!»

Pucynok 1.5.6-1 ManunynupoBaHue SHEpPrueii ¢ MOMOIIBIO MIOCKUX QUTYp
1.6 biioknpoBaHMe 3HEPIUHU C UCNIOJIb30BAHUEM NPAaBUJIA YeThIpex

B xuure "Tananue, IlepBuunbii cmbicn" IepGepra Yusepa (Herbert Weaver)!!, on
paccka3biBaeT 00 OTKpbITHH JI030x0/111a JIoypeHca Beiina (Lawerence Veale), B koTopom mmpoctoe
MePECEUCHHE YEThIPEX JTUHUN OJIOKMPOBAIIO CUTHAJ OT "cBUETEN" K YeIOBEKY, Ha KOTOPOTO OH
O6bu1 HacTpoeH. CBuUAeTeNb - 3TO TEPMHMH, HCHOJIb3YeMBIH B Marud M JIO30XOJACTBE JUIs
00o3HayeHust J1I000ro o0beKTa WM BEIIECTBA, KOTOPOE JIMOO MPUHAIJIEKHUT UYEIOBEKY, MO0
00CITy’)KUBaeTCs M UCIOJIb3YeTCs TOJIBKO OJHUM yenoBekoM. [IpumMepamu cBujerenet sBiIsOTCS
BOJIOCHI, CJIIOHA, OOpEe3KH HOITEW, JUYHasg pacuyecka M T.A1. CBuAeTenb 3PUPHO HACTPOEH Ha
OJTHOTO Y€JIOBEKa U HU Ha KOro JIpyroro.

UYroObl MPOBEPHUTH MPABUJIO YETHIPEX, S TOMPOCHUI SICHOBUAALIMNX W SICHOCIHBIIIAIINX
"MOCMOTpPETh" IHEPreTUUECKUI MAaTTepH BOKPYT KaleJbKH MOeH CIIOHBI Ha jucte Oymaru. OHu
CMOTJIM YBHJETHh CJa0yl0 DHEPreTUYECKYI0 CBsI3b MEXKAY MHOM U CIIOHOM CO ciabbiM
HHEPreTUYECKUM CBEYEHMEM BOKpYr citoHbl. Korma s mpuOnmsuics k oOpaslly CIIOHBI,
JHEepreTHyYecKas CBs3b cTaja CUibHEe. 3aTeM S HapucOBaJl YEThIpE JIMHUM Ha Oymare psjoM co
CJIIOHOM. YeThIpe TMHUN WK KPECT MOTaCUIIM CBA3b CO MHOM, KOT'/1a CHMBOJI ObUT MEXTy MHOU U
cioHo. Bee emie cyniectBoBaia cinabast CBA3b CO MHOM, KOTJIa YEThIPE JIMHUU HE ObUIM MEXIY
MHOW U 00pa3iioM. UToObI MOTHOCTHIO 3a0JOKHPOBATh CBS3b, 0Opa3ell JOKEH OBITh ONUCaH
YETBIPbMsI TOYKAMHM, KBAJIPaTOM WJIA YEThIpbMs cUMBOIamMu. CM. puCyHOK 1.6-1 1ist HarysiiHOTro
IpEeJICTaBICHUS TOrO, KaK paboTaeT MpaBUiIO YEThIPEX, OJOKUPYIOIIee SHEPTUIO JTaOUPUHTA.




UYetsipe TeccepakTa ICHCTBYIOT KaK OJOKHPYOIIHI
areHT SHEPIuU I LIEHTPAIbHON (PUrypbl JIAOUPHUHTA.

Pucynok 1.6-1 IIpaBuiio 4eThIpex, UCIOIb3YIOIIEE TECCEPAKT /ISl OJIOKMPOBAHUS YIHEPTHU
nabupuHTa

1.7 KpaTkoe usjioxenue Gpuznkm cujibl popMbl

Moii akiieHT Ha TOM (paKTe, 4TO JBE MEPECEKAIOUINECs TMHUH CO3/1aI0T IPAJUeHT B 3pupe
U, CIIeIOBAaTEeNbHO, CO3/Jal0T MAarHUTHOE TM0Je, SBJseTCs (PyHIAaMEHTAIbHBIM OTKpPBITHEM
OTPOMHOI Ba)KHOCTHU. YUHUTHIBasi 3TOT ()aKT IUIIOC TOT (DaKT, 4TO 3PUp JIydlle BCEro TE€YET B
W30THYTBIX WJINM BUXPEBBIX MATTEPHAX, MBI TENEPh MOKEM pa3ralaTb TallHbI SHEPTUU TUPAMUBL,
CWJI MaHJaJIbl, MarH4€CKUX CUMBOJIOB, JHEPreTUYECKUX 3(PPEKTOB KPUCTAIIIOB, KPUCTAILIA CUJIBI
ANTaHTOB W TPSMOro IMpeoOpa3oBaHUs CTATUYECKOHM 3(UPHON SHEPruM B JTUHAMHUYECKYIO
s¢upHyto cuny. IIpeobGpasoBanue »>(pUpHONW HHEPrUM HEMOCPEICTBEHHO B IOJE3HYIO
JJIEKTPUUECKYIO SHEPTUIO TENEeph CTAHET PeallbHOCThIO Oaroaps cuiie GopMabl.

Huxe mpuBeneHbl 3BpUCTHUECKHE HAOIIOJEHUS IO YHPaBICHUIO 3QUPHON sHEprueil u
MaHUIYJIUPOBAHUIO €IO0.

1. D¢upHas sHEPrUs CyIEeCTBYET MOBCIOY.

2. DdupHas sHEprus JeTKo MepeMeniaeTcsi IBUKEHUEM MacChl; OJTHAKO UHEPIIUSI MACCHhI -
3TO CONPOTHUBIIEHHE MACCHI €€ CBsI3U ¢ 3pupoM. B ocCHOBHOM »(upHas sHeprus AeicTByeT
Kak cynepdiaon] ¢ HeOOJIBIIUM WU MPAKTUYECKH HE OIIYTHUMBIM COIPOTUBIECHUEM WM
BA3KOCTBIO.

3. DdupHyl0o DSHEpPruI0 MOXHO 4epnaTh, HamNpaBiATh, (OKyCHUpOBaTh, JIHTh,
MHTEHCU(UIIMPOBATh M B 1EJIOM YIPaBIATh €10 TIeOMETpUYeCKUMHU ¢(opMamMu U
naTTepHAMU, a TAK)KE YMOM HIIA MBICIbIO (BU3yaIn3aIiei).

4. D¢dupHas sHEprus ABIKETCS U POKYCHUPYETCSt BOKPYT MOCTOSHHOTO MarHuTa.

5. DdupHas sHEPTUS B €€ 0ECUNCICHHBIX (hOpMax SBIISIETCSI OCHOBHOM KU3HEHHOW CHUIION
BceneHHOM U Kak TakoBas SBJISICTCS OCHOBOW BCEM YHUKaJIbHOW BceneHHOMN.
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I'JIABA 2
IMPEABICTOPUSA CHUJIBI ®OPMBbI

B 5T0i1 rmaBe KpaTKO M3JIararoTcs HEKOTOpPBIE MCTOpUYECKHE HccienoBanus 3ddexkron
cuibl GOPMBI U TO, KaK OHU HCIIONIb30BaNIK (HOpMY 7S yIpaBiieHus 3QUPHON SHEPrHEH.

2.1 UCTOPUS CHJIBI ®OPMBbI

Mos sxena [Ixanun (Jeanin) u s mpoBEIM MHOTO 3KCIIEPUMEHTOB C CHJIOH (OPMBI U
pa3nu4YHBIME (hOpMaMH YHEPTUU B T€UEHHUE MHOTHX JIeT. bosblias 4acTh TOro, 4TO MBI JI€NajH,
HUKOTI/1a He OblIa MyOJIMYHO 3aJOKyMEHTUPOBAHA 10 CUX HOP, NOCKOJIBKY B MOUX MPEAbLAYIINX
pabortax Obum JUIIb HeOONbIIME yrmoMuHaHUSA. Cuina GopMbl OblIa MOBTOPSIOMICHCS TEMOU B
HAIIUX JHUCKYCCHUSIX M OKCIIEPUMEHTAaX C YHUBEPCAJIbHON JSHeprued, M, IMOXO0XKEe, ITY
MOBTOPSIOLIYIOCS TEMY MBI HAXOJUM B PA3JIMYHBIX HCTOUHUKAX.

Onun n3 Hamwmx (aBOPUTOB SABJISETCA 3HAMEHUTHIM n3o0peTaTenb 19 Beka J[bkoH DpHCT
Yoppen Kunu (John Ernst Worrel Keely), kotopsiii pa3padotan cuiny GopMbl B TOHKYIO HayKy.
OnHuM U3 IEMOHCTPAIIMOHHBIX TProkoB Kuiin ObU10 HapuCOBaTh CEPUIO0 CHMBOJIOB Ha JOCKE, U
OJTHO M3 €T0 BHOPALMOHHBIX YCTPOMCTB WM MOTOPOB HaYMHAJIO paboTaTh. S mpearmonarao, 4To
Kunu rcnonb3oBa CUMBOIBL Ui yIIpaBiaeHUs 3(QUPHBIMU SHEPTUSAMHU B CBOEH J1abOpaTOpUU H,
BO3MO3KHO, (hPOKYCHPOBAI UX JIJIs OCYIIECTBIEHN MEXaHHUeCKOi oneparuu’. Marus B eé mydiuem
nposiBicHUU !

B xnure "O6utatens JIpyx ITmamer" (A Dweller On Two Planets)?, Bo Bpems oHO# n3
unkapHaiuit @unoca (Phylos), kuraiickuit mactep Kyounr (Quong) otse3 ero B TaitHoe yOeKuIie
B rope llacra (Shasta). Bo Bpems moe3ixu mactep npoieMoHcTpupoBai OUiocy 1Ba OKKYIbTHBIX
cuMBosia. KyoHr HaprcoBaia Ha 3emMjie CHMBOJI, KOTOPBIH OH Ha3zBai Vis Mortuus, 4To BbI3BaJIO
ruiamMsi "OTHS JKU3HH", BCIIBIXHYBIIEE HA MHOTO ()yTOB BHYTpH cHMBOJA. CHMBOJI TPEICTaBIISII
coboit kpyr nuamerpoMm B mapy ¢ytoB (~0.6M) ¢ KpecToM BHYTpPH Kpyra U CO CKPEUICHHBIMH
pyKaMu, HarpaBJICHHBIMHU C BOCTOKA Ha 3aIajl ¥ ¢ CeBepa Ha 0T cOOTBETCTBEHHO. Mactep Kyonr
Opocuil manky B Iiamsi, 1 oHa ucyesna. 3areM KyoHr HapucoBa emie OJ1uH CUMBOJ, KOTOPBI OH
nasBai, Vis Naturae, u Bomien B IUTaMs, KOTOPOE OKa3ajloCh 3apsDKAIONIMM OSHEPrHeH
oMonaxuBaroumMm cperctsom. Vis Naturae mpencraBnsii co0Oi Kpyr ¢ JIMHHEH MOCEepeHHe,
npoxosiei ¢ ceepa Ha or. [locneayromas undopmaius mokasana, uro Macrep ObUl OYeHb
CTap, HO y HEro He ObUIO HUKaKUX MPU3HAKOB CTApPEHUSI.

JlpeBHexuTaiickoe uckyccrso ®au-mryii (Feng Shui)®* ucronssyer pasmernenne 10MoB,
NpPEeIMETOB JIOMalIHeH OOCTaHOBKHM, CTPOMTENbHBIX IUIOIMIAJOK, IUIAHUPOBKU O(UCOB U T.1.,
YTOOBl MaKCUMHU3HUPOBATh NPUPOJHYIO SHEPTUI0 U MOMECTUTHh oOuTaTeNel TOMOB U O(QUCOB B
TFapMOHUYHYIO, YNOPSAJOYEHHYIO, SHepreTudeckyro cpeny. OueBHUIHO, YTO OHO OCHOBAaHO Ha
s dexTax cuibl GopmBl.

C ®su-m1yii cBsizana apeBHsis cuctema raganus V-mzus (I Ching), ocHoBaHHas Ha OpsAKe
U PacToNOKEHUU CUMBOJIOB M-113uH 1is mpesckazanust Oynymero. CumBonbl M-113uH camMu 1o
ce0e SBJIAIOTCS YCTPOMCTBaMU CUIIBI (POPMBI.

Oxo Oora, MEKCHKaHCKast MaH/1aJla, Kak TOBOPST, (POKYCHUPYET AyXOBHBIC SJHEPTUU BHYTPH
noMa. OHM UMEIOT OCHOBHYIO (OpPMY JBYX MJIHM 0OJiee CKpEIIEHHBIX Malo4eK M CBA3aHHBIX B
neHTpe. lIBeTHas HHTP WIM TIpsDKa CIDIETaeTcs BOKPYT TalloYeK, CO37aBas CEepHUIo
KOHIIEHTPUYECKHX MaTTepHOB, KOTOpbIE, KaK NpPaBWIIO, NPUBJIEKAIOT BHUMAaHHUE K LEHTPY
MaHabl. ['0BOPST, YTO MaHJalIa OTTOHSET 3JIBIX TyXOB U BPEIHBIC HEraTUBHBIC CHIIBL.

VY tnbeTckux HOoros u OyAIUCTOB UMEETCsl OECKOHEUHOE MHOXKECTBO MaHall, KOTOPbIE KaK
YTBEPIKIACTCS, SIBIISTIOTCS CPEAOTOUYMSIMH Pa3IMUHBIX O0KECTB U TyXOBHBIX KauecTB. Kpome Toro,
MaHJIaJIbl TaKXKe MCIOJIb3YIOTCS B MEAUTAILMH ISl IPUBJICYECHUS BBICIIMX JYXOBHBIX SHEPTHH U
HACTPOWKH MPAKTUKYIOMIETO HA 3TH JyXOBHBIC CHIJIBI. MaHIalbl IpeHa3HAYCHBI JJIsT HACTPOHKH



HHEPTreTUYECKUX LIEHTPOB YeJIOBeKa (T.€. YaKp), MOCKOJIbKY JJIS KaKJOU U3 CEMU OCHOBHBIX YaKp
CYIIECTBYIOT KOHKPETHBIC MaH/1aJIbl.

dopma nupaMu Il HMeeT 6oraTyro ucTopuio 3G dekTos cuibl Gopmbr>®’. BELIO OTKPHITO,
4yT0 (hopmMa mUpaMuIbl COOMpAET, UHTCHCUPUITUPYET U GOKYCUPYET dPUPHYIO UITH KOCMUYECKYIO
SHEPTUI0 BOKPYT MUPaMUABI. BBIJIO OTMEUYEHO MHOTO HHTEpPECHBIX 3(P(PEKTOB, CBA3AHHBIX C
(GbopMOl THpaMHIIBI, TAKUX KaK CIIOCOOHOCTh MYMHU(UIIMPOBATh MEPTBBIX YKHUBOTHBIX, (DPYKTHI,
OBOIIX ¥ 11BeTHI. [IMpamua Tarxke UCIOIb30BaNIaCch IS 3aTOYKU OpUTBEHHBIX Jie3Buid. [Tupamuaa
KaK yCTPOHCTBO CHIIBI (hOPMBI OyIET OJPOOHO pacCMOTPEHa B TiaBe 4.

JIpyroe ycTpoiicTBO, OPrOHHBIN aKKyMyJISTOPS, H300peTeHHBIH JOKTOpOM Bunbreismom
Paiixom (Wilhelm Reich), ucrosis3yer crienuaabHbie MaTepHaIbl 111 HHTEHCH(UKAUNH dPUPHBIX
SHEPTUH U JIeNIAeT UX MOJE3HBIMU B (PU3UUECKUX U OMOJIOTHUECKUX IKCIIEPUMEHTAX U JICUCHUH.

Jlerko BUZETH, YTO CYIIECTBYET HEUTO OOJIbIlIee, YeM KaXETCs Ha TEPBBIH B3I, B
oTHOHICHHHA JPPeKToB (GOpMBI M TOrO0, YTO OHA JENaeT B MPOCTPAHCTBEHHO-BPEMEHHOM
KOHTMHYYME Haiel BceneHHou.

2.2 I'KOH PHCT YOPPEJI KWJIU (JOHN ERNST WORRELL KEELY)

Jlxxon Kumm, BeposiTHO, ObUT OIHOM U3 BeTMYalINX 3araJiok Hayku 19 Beka. MHorue ero
COBPEMEHHUKH U TIOCIIE €r0 CMEPTU Ha3bIBAJIM €ro camo3BaHiieM U KamuocTpo. 3a CBOIO JKU3HB
OH TMPOJEMOHCTPUPOBAI MHOXXECTBO IEPEAOBBIX TEXHOJIOTHMH, KOTOpbIE HE ObLIN
BOCITPOM3BEJICHBI CETOAHS M KOTOpble CHUCKaM Kwim pernyramuio OJHOTO M3 BeIWYANIINX
u3zobOperateneil Toro BpemeHu. Kunu nzobpen HayKy CHUMIIATUYECKOW BUOPAllMOHHOW (PU3UKHU.
ETo OTKpBITHS TOJIBEKO B 00JIACTH 3BYKOBBIX KOJICOAHUH MOTIH OBI 3aITOJIHUTH TOMA, €CJIA OBl OHU
ObUIH KOrJa-nmubo obHapomoBanbl. [logpoOHBI oTueT 0 Kunn U ero HayyHBIX AOCTHKEHHSIX
MOKHO HAiTH B Moeif TIepBoii kauTe®, Manee caeyeT KpaTKHil OTUeT.

HE3AYPAOHAA NCTOPUA
AXXOHA YOPPEJIA KU

Pucynok 2.2-1 Jlxxon Kumu ¢ motopom Globe.



2.2.1 Kparkas ucropusi Knoin

Jlxon DpHet Yoppen Kunu poaucs B 1827 rony u ymep 3 centsaops 1898 rona. Ponurenu
Kunu ymepnu Bo BpeMs 3MUIEMHUH, KOTIa OH ObUT MaJeHbKUM MaJIbUYUKOM, U €r0 BOCIUTHIBAI
JeAylmKa OpHCT. OpHCT ObUI  OINBITHBIM MY3BIKAHTOM, KOMIIO3UTOPOM U JUPHIKEPOM
cUM(OHHYECKOTO OpKECTpa. DPHCT paHO 3aMeTUJ, 4TO ero BHYK JIKOH ObUT My3bIKaabHBIM
BYHJIEPKUH/IOM, [I03TOMY MY3bIKaJIbHOE 00y4€HHE CTaJI0 YaCThIO KU3HU J[?)KOHA U JIETJI0 B OCHOBY
€ro OTKPBITUN B O0JIACTH CHMIIaTUYECKOW BUOpAlMOHHON (pu3uku. My3bIKanbHas Kapbepa He
npuBieKana aBaHTiopHoro Kumm. Bmecto 3Toro oH ObLI BIEYaTIIEH 3HAMEHUTHIM 3asBICHHEM
[TaranuHH, BCEMHUPHO M3BECTHOI'O CKpHUIlaya, O TOM, YTO, YYUTHIBas OT3BYK MacChl MOCTa,
[TaraHMHE MOKET pa3pyIIUTh MOCT, CBITPAB 3Ty HOTY Ha CKPHIIKE.

Kunu 6pocun mkomy, korjaa Obul MOAPOCTKOM, M Ha HECKOJIBKO JIET YIIIed B IIUPK; OJJHAKO
€ro My3bIKaJIbHOE 00pa30BaHNe U MHTEHCUBHBIN HHTEpEC K HayKe 3acTaBuiid Kuim ocTeneHuThes
u xeHuThes. Kum ucnonb3oBan cBoe 00pa3oBaHUE IJIOTHHKA, YTOOBI 3apabaThiBaTh Ha KU3Hb.
Bonbmast yacte €ro J0X00B yXOAMJIa Ha SKCIIEPUMEHTHI CO 3BYKOBBIMH KOJIEOAHHSIMH.

[Ipumepno B 1866 roxy, monaBepras BOAY pa3IWYHBIM 3BYKOBBIM KOJICOaHUSM, B
naboparopun Kunm mpousomien B3pbIB, KOTOPBIA pa3pyliwsl ammapaTr. ITO COOBITHE CTajlo
MOBOPOTHBIM IMYHKTOM B €r0 HAYYHBIX H3bICKAHUSAX, U B TEUEHHUE IIECTH JIET MHTEHCHUBHBIX
skcniepuMeHToB Kumu pabotan Hajg TeM, 4TOOBI MOBTOPUTH (P (GEKT Mpeodpa3oBaHMs BOJBI B
SHEPTUIO C MOMOIIBIO 3BYKOBBIX KosieOanui. OH 0OHAPYKHII, YTO MIPH OINPENETICHHBIX YCIOBHIX
gacrora 42800 xonebaHuii B ceKyHIy MpeoOpa3yeT BOAY B YMCTYIO sHepruro. He B map, He B
BOJIOPOJ] U KUCJIOPOJ, a B Topa3ao Ooyiee MOIIHYIO PHEPrHI0, KOTopasi, o MHeHuto Kuu, Obuia
CBETOHOCHBIM 3()MPOM, TOW CaMO YHEPTUeH, U3 KOTOpoi oOpa3oBanack BeeneHHasl.

B 1874 rony chopmupoBanach rpyrmna nHBecTopoB Bokpyr Kuu, coznasmas Keely Motor
Company, ¢ SBHBIM HAMEPEHNUEM HCTIOIB30BAThH ATY HOBOOOpETEHHYIO d3(upHYIo crty. Kommanus
cTaa yumb oOy3oi s Kwin u He oKka3ala HHKAaKOH NPAKTUYECKOM IOMOIIM B €ro
uccnenoBanusx. Kwim He Obl1 OM3HECMEHOM, M Jella KOMIIaHMM €ro He HHTepecoBaiu. B
pesynbrare kommanus Keely Motor Company B koHe4HOM HTOTe ObLTa pacryiieHa, HO TOJIBKO
1ocjie TOro, Kak €€ OCHOBATEJIM MCHOJIb30BAIM €€ aKIMU JJI BCEro, YTO OHU MOTJIM BbDKATh U3
KOMIIaHUM, OCTaBUB Kuiu nepkaTh maker.

Bo Bpems smmzona ¢ Keely Motor Company Kumu moiep>KuBaii HECKOJIbKO OM3KUX
Jpy3eil, KOTopble MOHUMAIN U BEpUJIM B IIEHHOCTh ero ucciepoBanuil. Iloszxe Kiapa Ixeccan
baymoung Myp (Clara Jessup Bloomfield Moore), 6oratast BioBa, npwuiiiia Ha momoiibs Kumn u
NOJ/IEP)KHBaa €ro UCCIe0BaHMs 10 KOHIA ero XXu3Hu. Muccuc Myp Hanucana eIMHCTBEHHYIO

cOBpeMeHHYI0 6rorpaduio o K 1 ero oTKpeITHAX?.

2.2.2 OrkpoiTus Kuin

Otkpeitue Kwin aucconuanyy win 3QUpU3aldyd BOJBI C MOMOIIBIO YIbTPa3BYKOBOMN
yacToThl 42800 OblI0 (haHTACTUUECKUM OTKPBITHEM caMo Mo cebe; oaHako Kunn HamepeBaics
OTKPBITh BCIO (DU3HKY, CTOSIILYIO 33 3TUM siBJieHHeM. Bo BpeMs cBoell kapbepsl Kunu ncnonb3oBai
6a30Boe OTKpHITHE MpeoOpa3oBaHUS BOJBI B YHCTYIO SHEPIHIO JUISI CO3/JaHUS MHOXECTBA
JEMOHCTpAlMi, MCHOJB3YIOUIMX ATy CHIIY JJsl HMOJHSATUS OTPOMHBIX TSKECTEH, YIpaBJICHUS
CHJION TpaBUTALIUH, AeJast 00BEKTHI JIeTdye WU TshKeliee, IPUBOJIS B ABM)KEHUE CHAPSABI U MHOTO€
Ipyroe.

S dext r3upuzanuu Bo bl ObLI ycOBepIIEeHCTBOBAH Kuitu 10 Takoif cTeneHu, YTo OH CMOT
pa3pymuTh aTOMHOE S7IpO Ha 27 YpOBHEH UK Tpadariuii Bce 6oiee u 00Jiee TOHKUX SHEPTHI. DTO
CPOJIHU COBPEMEHHOM (hu3MKe, KOTopas 0OHapyKMIa MHOKECTBO CyOaTOMHBIX YacTHUIl, KOTOpPbIE
ABIIIOTCS CTPOMTENbHBIMM OJIOKaMHU SIIEPHBIX YacTHI, TaKMX Kak MPOTOHBI, 3JIEKTPOHBI U
HeNUTpoHbl. Knuim yTBep:kan, 4To ¢ KaXKAbIM U3 ATHX 3HEPIeTUYECKUX YPOBHEW BHYTpH slpa
CBs3aHO OecUMCIEHHOE MHOXKECTBO siBJIeHHI. HekoTopble U3 HUX BKJIIOYAIOT SHEPTHH, KOTOPbIE



PEryIHMpYIOT Kak paboTaeT MO3T U MBIIIJICHHE, KaK CO3/1aeTCsl IPaBUTALMS  KaKUe CUJIBI CO3/ai0T
JIEKTPUUYECTBO U MAarHETU3M.

Bo3M0kHO, OJTHOW M3 CaMBIX MOPa3UTENbHBIX JEMOHCTpaIuii Oblia criocooHocTh Kumn
yInpaBiATh cUiIoW rpaBuTanuu. OH MOr Jenarh BelecTBa JIMOO OoJiee JETKUMHU 10 YPOBHS
JICBUTAIUH, JTUOO CHIENaTh UX TsKENee, YeM UX OOBIYHBIN Bec. B pamkax cBOero KOHTpOJIS Hal
IpaBUTALlMOHHBIMM cuilaMM Kuiau mpoJieMOHCTpupoBasl pabodyr0 MOJENb Halllel COJHEYHOH
CHCTEMBI B KOMIUJICKTE C MMUTAIMEN COJIHIIA U TUIaHET, KOTOpas ObLIa HACTpOEHA Ha peasibHbIe
CHJIBI, YIPABISAIONIME KaXIOHW IUIaHeTOM M cojHLeM. B 3Toil Mozenu Jake CBIMUTHPOBAHHOE
COJHIE M IUIAHEThl BpallalOTCsl BOKPYr CBOEH OCH, a IUIAHEThl BpalllalOTCsl BOKPYT
CBIMUTHPOBAHHOTO coOJHIA. KW ynpaBisii 3TOH ACHCTBYIONMIEH COJIHEUHOM CHCTEMOH C
MOMOIIIBIO 3BYKOBOM CHJIBI B COYETAaHUHM C APHUPHBIM "mapom", BBIACISIONIMMCS IpU pacmaje
BOJIbI. DTO OBLIO IPOIeMOHCTpUpOBaHO Maiiopy Puuapay Cesepy (Richarde Sever), anrnuiickomy
yueHoMy, B nabopatopuu Kumu Bo BpeMsi MUPOBOTO Mpa3IHOBAHUS CTOJNETUS B KOHIE 1890-x
r'OJIOB.

Kunu nokaszan, 4yTo Bce CUMIATHYECKHE MOTOKM 3HEPTMM COCTOSAT U3 TPOMHBIX TOKOB
K0JIeOATENbHBIX MOTOKOB. DTO OTHOCHTCA K MAarHUTHBIM, 3JEKTPUYECKUM, PABUTAL[IOHHBIM
MOTOKAaM M IOTOKaM MO3Ta/MBIIUICHUS. OJTH 3aKOHBI YIPABISAIOT BCEH Maccoil OT caMoro
BHYTPEHHET0 MOApa3/ieseHHs aToMa J0 TaJakTUK U caMoi BeenleHHON. DTH MOTOKU U3ITy4aroTcst
OT COJIHII 1 3B€3/] K [IJJaHEeTaM U JjaJiee 110 IIKaJIe 10 CaMOoro siipa aroMoB. [1ockoibKy 3TH NOTOKU
UMEIOT KoJieOaTeNbHYIO IPUPOJLY M HACTPOEHBI Ha COOTBETCTBYoNME cepbl, Kunu nomnarai, yto
3TO MOCIYXHWJIO OCHOBOM JUIsi TepMHHa "My3blka cdep", UCHOIB3YEMOr0 B 330TEPHUUYECKHX
HUCAHUSAX.

2.2.3 [IpoBepka oTkpbiTHil Knim

B Hacrosiee BpeMs Majio yTO ObUIO CIeNIaHO Ui IpoBepku oOuiero tezuca Kumu o
¢u3nKe cUMIIaTUYECKUX KOeOaHUM; OJJHAKO JMCCOLMALINS BOJBI C UCIOJIb30BAHUEM 3BYKOBBIX
KoJIeOaHU ObLIa TOCTUTHYTA, XOTS M B pe3y/lbTaTe HECYACTHOrO ciydvas B jJabopaTopuu. ITo
OBIIO OYEHb HOAPOOHO OOBACHEHO B MOeii mepBoit kuure’,

OCHOBHOW SKCIIEPUMEHT BKJIOYaJd BO3ACHCTBHE Ha BOLY B KBapLEBOH TpyOke
yIbTPa3BYKOBBIMM YacTOTaMH B KayeCTBE IPOBEPKHM METOJO0B 3BYKOBOH (UIbTpaIUH.
DKcIepuMEeHTaToOp HUUYero He 3Hai o padore Knn.

Jbxon OpHer Yoppen Kumm (1827-1898) Obul ogHUM M3 NEPBBIX B pALY Y4YEHBIX-
uccnenonarenei 3a nocneguue 100 e, KOTOpble OTKPBUIM MEXaHU3M BBICBOOOXKIEHUS OOJIBIIOTO
KOJIMUECTBA SHEPTUU C MMOMOUIBIO CITyCKOBOTO MEXaHM3Ma ¢ HU3KoM sHeprueil. Otkpoitus Kunun
OCHOBBIBAJIMCH Ha PACIIETIIICHUH BO/IbI (@ TO3KE U JPYTUX BELIECTB) AJIs CO3/AaHus Toro, yro Kunn
Ha3Bal "3¢UpHBIM apoM", UCHIOJB3YS celUPUUecKre, HACTPOCHHbIE aKyCTUYECKUE CUIIBL. JTO,
OUYEBHJIHO, COOTBETCTBYET OINPEAEICHHUI0O CBOOOJHOM SHEpruM HEeOONBLION CHUIIBI (B JaHHOM
Cllydae 3ByKa), BBICBOOOXK/IA0IEH OTPOMHOE KOJIMYECTBO A(UPHON CUIIbI, HCTOYHUKOM SHEPTUU
KOTOpOH sBIsieTcs Marepus. JTo ObUIO cAelaHoO B Bojae ¢ 0a30BOHM yacToTol, KOTOpas, MO
yrBepxkaennto Kumm, cocrasisia 42800 'ty (ukiioB B cekyHnay). Bompoc, siBinsiercs i 3ta
4acTOTa TOYHOM, OCTaeTcs OTKPBITBIM JIi OOCYXJIEHUs, MOCKOJIbKY HeOoJbIIas omMoOKa MpH
u3MepeHuH 0oJjiee HU3KOM 4acTOThl MPHUBENET K OOJbIIMM OMMOKAaM B BBICIIMX I'APMOHMKAX, U
KTO 3HAeT, YTo Kuim ncnonp30Ball B KAUECTBE CTaHIApTa YaCTOTHI.

Kunu renepupoBan 3Ty ynbTpa3BYKOBYIO 4acTOTY, UCHOJb3ysl O0jiee HU3KUE YacTOTHI B
OKTaBax CIBIIIMMOTO 3ByKa. YIJIbTPa3BYKOBBIE M 00Jie€ BHICOKHE YaCTOTHI MOTYT OBITh MOTYyYEHbI
IpUHMMAas BO BHHMMaHUE TOT (PakT, yTo 000 BHOPHPYIOMIMNA OOBEKT TaKKe MPOU3BOIUT
rapMOHUKH OCHOBHOT'O TOHA. Pa3yMHO KOMOWHUPYSI pa3lu4Hble OCHOBHbIE TOHA Ha 00Jiee HU3KUX
3BYKOBBIX 4acToTaxX, Kuium Mor yBeNWYUTh KOJUYECTBO SHEPIHM, 3aKaulBaeMON B BBICIINE
TFapMOHUKH, TIOCKOJIBKY SHEPIHs FTApMOHUK OYJET CKJIaIbIBATHCS BEKTOPHO.



2.2.3.1 Bocnipou3BeneHue 3pupu3anuu Boabl

B 1965 rony Moii 3HaKOMBIi, XUMUK-IEPILLIUK, IPOBOAMII SKCIIEPUMEHTBHI C YIIBTPA3BYKOM.
YcranoBka roka3ana Ha pucyHke 2.2.3.1-1. Ilenp sxkcnepruMeHTa cocTosia B TOM, YTOOBI CO3/1aTh
CTOSYYIO BOJIHY B CTOJIO€ BOJBI M 3aCTaBUTh B3BECH TBEPABIX YACTUI[ B BOjE COOMpPATHCS B
y3JI0BbIX TOukax. HawanpHas yacrora mis skcnepuMmeHnta coctaBisuia 40000 I'm. Ycunurens
MOIITHOCTH BbIgaBan mnpumepHo 600 Bt B cmenmanbHO H3rOTOBIEHHBIM IpeoOpa3oBaTeb
TUTaHaTa 0apusi, yCTAaHOBJICHHBIN Ha JHE 2-TI0MMOBOM KBapIiieBoi TpyOku. Korma cucrema Obuia
3arnyliieHa, BojJa HarpeBajach 1 HauMHalla BEIKUIATh, CHIDKAsl YPOBEHb BOJISTHOTO CTOJIOA B TPYOKe
U U3MEHAS YCJIOBUSA CTOSYEH BOJHBL. YTOOBI KOMIIEHCHPOBATh 3TO, ObUI YCTaHOBJIEH KOHTYD
00paTHO CBSI3U, KOTOPBIN PETYyINPOBAI YACTOTY TAKUM 00pa3oM, 4TOOBI OACPKUBATH CTOSTIYIO
BOJIHY B cTtos0Oe. Takum 0Opa3oM, 4acToTa MEJIEHHO MOBBIIIATIACh 110 MEPEe CHIKEHUS YPOBHS
BOJIBI.

Ha nexoTopoii yactore, uyth Bbimie 41 300 ', Bosma ucuesna B Tpyoke. Boay u3 tpyoku
HUTJIC HE HAIUIM, OHA MOJIHOCTBIO Mcuesna. B moTonke npsimMo Hall TpyOKOW OBLIIO 0OHAPYKEHO
ynctoe oTBepeTue. JlanpHeiiee o0cie0BaHNe MOKa3aio, YTO OTBEPCTHE TAKXKE MPOJI0IIKAIOCH
yepe3 KpbIIlYy OJHOATAKHOTO 374aHMs. BpIBOJ XMMMKa 3akiioyaics B TOM, 4TO Bojaa Oblia
nmpeoOpa3oBaHa B YUCTYIO sIEpHYIO dHepruto. OH pemini, 9YTO 3TO OMpPE/IeJIeHHO He TO, YeM OH
XOTEJI 3aHUMAThCS, IOCKOJIbKY IIPEBPAIEHUE BOJIbl B YUCTYIO SHEPTUIO ObLIO CPOJAHM CO3JIaHUIO
AIepHON OOMOBI, TOATOMY BCE YCHIIHSI ObLITH OpPOIIICHBI.

Ksapuesan Tpybka — -___*'

MpubnuauTensHo
10 caHTUmeTpos

s
YNbTpassyKoBoOi YnbTpa3ByKoBow —L y
rexeparop ycunurens
4acToThI MOLLHOCTH
(600 BT)

YnbTpa3sykosoi npeobpa3sosBaTenk U3 TuTaHata 6apus

Pucynok 2.2.3.1-1 CoBpemeHHOE BOCTIpoU3BeeHIE 3(hUPU3ALIUU BOJIbI
2.2.3.2 ®usuka r¢upuzanumn

AHanM3 3KCIepUMEHTa MPUBOIUT K HEKOTOPHIM MHTEPECHBIM BBIBOJIaM. VCIOmb3yeMbIit
CTOJI6 BOJIBI COCTABIIST B BEICOTY POBHO 3 JUTMHBI BONHBI'C. ITO OCHOBAHO HAa CKOPOCTH 3BYKa B
BoJie 56760 m0MMOB B CEKYHIY W, CI€OBATEIbHO, JUIMHE BOJIHBI 1,3 mroiima, eciii Mbl TPUMEM
gactoTy aucconuanuu Kumu. Takum oO6pazoMm, BoasHo# cton6b B 10 canTuMerpos (3,84 mwoiima),
neneHHbll Ha 1.3, maer 3 muiuHBI BOJHBL. B pesynbTate sTOro obpasyercss crosdasl BOJIHA,
co3naBaemast B TpyOe. [T0CKONBbKY YMCIIO ATUH BOJIH HEYETHOE, OTPAKEHHAs! BOJTHA B KOHEUHOM



UTOT€ AHHYJIUPYET MEPBUYHYIO BOJIHY. OJTO MPUBOJUT K TOMY, YTO Ha MOJIEKYJbl BOJbI
HaKJIa/IbIBAeTCsl HaANpsDKEHHas BOJIHA, W d(upHas sHEprusi MmocTymaeT B sApo. B pesynbrare
co3/aeTcs BUOPALlMOHHOE COCTOSIHME, KOTOPOE€ TacUT SHEPTUIO SiApa HACTOJIBKO, YTO aTOMBbI
pacTBOPSIOTCS OOpPaTHO B IEPBUYHOM dupe.

Onna wuHTEpecHass AaHEKJOTHUYHAas WCTOPHUs, CBA3aHHAs C JTHUM JKCIIEPUMEHTOM,
Ipou3onuia Ha KOH(EepeHIUH, rie MEHsS MOMpPOCHIM paccKa3aTh O HECYaCTHOM cllydyae B
IKCIIepUMEHTe J(upu3anmuu Boabl. [locie MoOero BBICTYIUICHHS TOJMA 3aWHTEPECOBAHHBIX
YYaCTHUKOB U3 ayJIMTOPUH, MOJHSIBIIMXCS HA TPHOYHY, 3aJ]aBajia MHE pa3IMuHble BOIIPOCckl. Moe
BHMMAaHUE MPUBJIEK MOJIOION UCCIIEI0OBATEIb U3 3a/IHEN YaCTH TOJIBI U CKa3all, YTO OH IMTOBTOPHII
9KCIIEPUMEHT C HCIIOIb30BAHUEM MTbE303JIEKTPHUKA, KaK 3TO CAEal XUMUK, IT0JIyYUB aHAJIOTUYHbIE
pe3yJbTaThl M 3asBHJI, YTO IKCIIEPUMEHT HE TPEOyeT TaK MHOTO SHEPTUH, CKOJIBKO HCIIOIh30Ball
XUMHK. B mocienoBaBIinx Bompocax U3 TOJMIMbI S MOTEPSI CIell MOJIOAOT0 HUCCIEI0BaTENs U TaK
¥ HE CMOT y3HATh MOJPOOHOCTH €T0 MOMBITKH MIOBTOPEHUS IKCIIEPUMEHTA.

2.2.3.3 JleBuTanus 4-TOHHOI KeJie3HOH cepbl

[locne Ge3BpemenHoi koHuMHbl Kuinm B 1898 romy Heckonbko uccienoBareneil u3
penakuuu kypHaia Scientific American ortmpaBuiauch B Jsabopatopuio Kuinm B mouckax
JI0Ka3aTeIbCTB, MOATBEPKAAIONINX HIICI0 O TOM, yTo K Opi1a MomeHHuKoM. OHH TyMaiu, 9To
HallUIM TO, YTO MCKaJlM, KOIJa BCKPbUIM IOJIOBUIIBI B OJHOM W3 CEKUMH J1abopatopuu U
00HapyKuIK OOJIBIIYIO YYTYHHYIO Cepy, U3 KOTOPOU TOpYaIId KYCKH JKEJIE3HBIX TPYO, HO TPYOBI
HU K ueMy He ObLIM mojicoefuHeHbl. Bec cdepsl onenuBancs B 6625 GpyHTOB 1 MMena Npo4YHOCTh
Ha pa3pbiB 28000 ¢pyHTOB.

370 coObITHE BO3POAMIIO OOBUHEHHE B TOM, YTO KniM ucnonb3oBai CxKaThlid BO3IYX AJIS
COBEPILEHHSI CBOUX UYIE€CHBIX TPIOKOB; KOTOPOE, €Cir ObI 3TO OBLIO IIPaBIOH, puHecso 061 Kumm
1eJI0e COCTOsIHUE Oraroiaps H300peTeHUsIM B 00J1aCTH CKAaTOro BO3/yXa.

Moii 1pyr oOHapy>KuiI ra3eTHYIO CTaThlo, HAIMCAHHYIO €111e MpH >ku3HU Kuiu, B KoTopoit
pacckasbIBaeTcs O TOM, Kak jkeje3Has cdepa momnajna noJ nojgouusl. Iloxoxe, yTo )KypHaIUCT,
HaIUCaBIINK CTaThlO, OTHpaBuiIcs K Kuin 3a Bo3MoxkHON nHpOopMaruei, 10CTOIHONW OCBEIeHuUs
B nevyatu. OH Hamen nzodperarens B CBOeH J1abopaToOpuu, MPOAEIBbIBAIOIIET0 OOJIbIIYIO JbIPY B
noiy. Kunmn mo3mopoBaiicst ¢ penoprepoM, HO, TIOX0XKe, He ObIT HACTPOEH Ha Pa3roBOp, TaK Kak
OH BBIIJISIJIEN OU€Hb 3aHATHIM. Y BEJIMYMB OTBepcTHE, Knin nmpukpenus kK cBoei Tajauu CTpaHHBIN
MOSIC C HECKOJIBKUMH BCTPOSHHBIMH B HETO MEXaHU3MaMH. 3aTeM OH MPHUKPENII TOHKUI TIPOBOI,
UAYIIUH OT mosica, K 60bIION cdepe, nexaliell B yriy 1a00paTOpHH.

Ilocne HECKONBKMX MHUHYT HMHTEHCHBHOW KOHLEHTpauuu Kuiu, TsKemoBECHBIM IIap
MEJIJICHHO MPUITOAHAJICS Ha HECKOJIBKO JIIOMMOB HaJl TIOJI0OM. 3aTeM jkeje3Has cdepa "mporuibuia
HaJl OTBEPCTHEM B IOJIOBHUIIAX U KWK 1MO3BOJIMII OTPOMHOM Macce OMyCTUTHCS Ha 3€MITIO HIKE
ypoBHs nojia. [Tocine HeCKOJIBKUX peryaIupoBOK pEMEHHOro Mexanmsma Kuium cHoBa, Ka3anoch,
norpy3mwicss B TIIYOOKyrO KOHIEHTpanuio. Ha 3ToT pa3 map MemjIeHHO, HO HEyMOJIHMO
HOTpy)Kajlcs B 3€MJII0, IOIPEOCHHBI TMPOTUBOMOJOKHOCTBIO JIEBUTAlMM, a HMMEHHO
cyneprpaBuTanueid. Kumm, o4eBHIHO, 3aCTaBUI BUIMMYIO Maccy cepsl YBETHUUTHCS 10 TAaKOH
CTENEHHU, YTO OHA IOTPy3WJIach B TBEPAYIO 3€MJII0 MOJAOOHO TOMY, KakK TSDKENblH KaMeHb
norpykaercst B Tps3b. M3o0peraTens ckazan pernoprepy, 4TO OCBOOOXKIAaeT MECTO B CBOEH
naboparopuu, yoOupasi ycrapepiiee obopymoBanue. MMeHHO 3Ty cdepy mosxke oOHapyx uia
pazo0raunTtenbHas rpymnmna Scientific American.

[Ipennonaraercsi, 4TO MOSACHOM MeXaHU3M, KOTOpbId Kuian HOcHiI BO BpeMms JIeBUTAlIUH,
HACTPOWJI aTOMHYIO CTPYKTYPY KeJIe3HOU Cephl TaK, 4TO BCE aTOMBI OBUTH CHHXPOHHU3HPOBAHBI,
u 3(pupHas cuia, HarpaBiIeHHas yepe3 cepy, BhI3bIBANIA €€ JIEBUTALIUIO MU TPABUTALHIO.



2.2.4 KpaTkoe n3inoxeHue uccjaenopanuii Knian

N3yuenune TpynoB Kuiu 1 nonsITka HAUTH B HUX CMBICII - MyYUTEIbHBIN NIpouecc. Kunu
n300pesn cBOH COOCTBEHHBIN CI0Bapb, U MHE NOTPEOOBAIIOCH MHOTO JIET, YTOOBI XOTh B MaJloH
CTETIEHU IMOHATh, Yero OH J0CTUT. Mcmonb3ys 3BykoBble Kosebanus, Kumu OykBajabHO pacKpbul
TallHbl TI'paBUTALIMHU, DJIEKTPUYECTBA, MarHeTusMa, cyOaTOMHOM (U3UKH, (U3UKH MO3ra U
MBIIUICHUA U T.J. BeposATHO, MBI HUKOTZ]a HE Y3HA€M BCEro, 4TO caenan Kwim. Mbl MOKeM TOJIBKO
HaJIeAThCsl, 4TO OoJiee COBPEMEHHBIE MCCIEI0BATEIN, KOTOPbIE 3aHOBO OTKPOIOT 3TH CEKPETHI,
MOAEIIATCS UMM C MUPOM I HALLIErO IPOCBELICHUS.

2.3 OPI'OHHAS DHEPTI'UA

OpronHas sHeprust Obi1a OTKpBITA TokTopoM Bunbrensmom Paiixom (Wilhelm Reich). 3o
OTKpPBITHE OBLIO B JCHCTBUTEIBPHOCTH €IIE OJHHM AacCIIeKTOM YHHBEPCAIBHOTO 3(Hpa ILIHOC
n3o0peTeHue PaiixoM MeXaHH3MOB, IMO3BOJSIOIINX YCUIMBATh U JEIaTh JOCTYIHBIMH SHEPIUU
JUIsl pa3iiMyHbIX npuMeHeHuil. Ero ¢yHIaMeHTalbHBIC OTKPBITHS OCHOBaHbI Ha TOM, Kak
WHTCHCHUBHBIC TIPOSBICHUS 3(Upa B3aMMOJCUCTBYIOT C Pa3JIMYHBIMU THUIIAMH MATEPUU U C
’KUBBIMH OPTaHU3MaMHU, )KUBOTHBIMHU U YEIIOBEKOM.

2.3.1 Kparkas ucropusi Buiasrensma Paiixa

Bwibrensm Paiix pomuncs 24 mapra 1897 roga B ABctpun. Ero cpemnee obpazoBaHue
OBLIIO0 HEMELKKM, a 00yueHHUE B KOJIJIeIKe poxoauiio B Benckom ynusepcurere ¢ 1918 o 1922
roJl, TJI€ OH 3aKOHYMWI 6-NEeTHUI MeIuUMHCKUN (hakynbTeT Bcero 3a 4 roga. Ero acnupanTtckas
paboTta Oblaa MOCBSILEHA HEHPOICUXUATPUU U BHYTPEHHUM Ooje3HaAM. Paiix Obl1 oIHUM U3
Jy4yIIUX y4yeHUKoB 3urmyHna Opeiina u B TeyeHwe 6 jer paboTan MEepBHIM KIMHHYECKUM
ACCHUCTEHTOM B IICUXOaHAIUTUUYECKOU nonukinHuke Opeitaa ¢ 1924 no 1930 roa. C 1930 mo 1933
roa Paitx ocHOBaJl pa3fiuWyHbIe HEHTPHI NCUXUYECKONM TMTHeHbl B ABCTpuU U ['epmanuu. Paiix
yexan u3 Asctpuu u I'epmanuu B Hopseruto, ciacasich OT npecie1oBaH1il HallUCTOB.

Paiix OTKpbUI OPrOHHYIO SHEPrui0, KOIJa HCKal HSHEepPruro, KOoTopas Obula YacTbiO
HEBPOTUYECKOTO MoBeAeHUsl. Ero mpopbIBHBIE UCClIeIOBaHMsI B 00JIaCTH OPTOHHON (DU3HKHU ObUIN
Havatel B Ocno, Hopserus, B ncuxonorndyeckoM MHCTUTYTE yHUBepcurera Ocio. B 1939 rony
Paiix mepeBe3 CBOIO HOPBEKCKYIO Taboparopuio B Popect-Xumns (Forest Hills), mrrar Hero-Mopk,
I7Ie B KOHIIE KOHLOB mosyums rpaxnaaHcTBo CoennHeHHbIX llltaToB. Paiix OblT aabIOHKT-
podeccopoM MEAUITUHCKON TCUXOJIOTHU B Hbm-ﬁopxe Y B CBOEH HOBOM HIKOJE COLUUATBHBIX
UCCIIEIOBAaHUM, TJI€ OH YUTAaJl JIEKIIUU O CBOUX OTKPBITHSX B 00J1IaCTU OproHHOM 3Hepruu. B 1942
rony Pailx OcCHOBan CBOW MCCIIEIOBAaTEIbCKUM ILIEHTP, OPrOHHBIA HMHCTUTYT, B PelHIxIM
(Rangely), mrrar Msu (Maine). OH Ha3Basl CBOIO HOBYIO HayKy OproHOMHKOM.

OtkpsiTus Paiixa npuBenu kK TOMy, 4TO OH CTaJl UCIIBITHIBATh OPTOHHBIE AKKYMYJITOPHI Ha
JIOASX B HAJEXK/E, YTO 3T0 00jeryutT ux Oone3Hu. OH qoOMIICs HEKOTOPOro ycrexa B JICYeHUU
paka, a Takke oOHapyXHJI, UTO OPTOH SBJISIETCS XOPOLUIMM OOILIUM JIe4eOHBIM J0MOJHEHUEM. 3a
3TO YmpaBieHue Mo KOHTpoito 3a mpoayktamu u jekapctBamu CIIA (FDA) mpecnenosaino
Paiixa. OHM nocaauiiv €ro B TIOPbMY, HAJIOXKHIINM Ha HErO CyieOHbIE 3alpeThl 3a UCII0JIb30BAHNE
(UKTUBHBIX (T. €. HEOPTOAOKCAIBHBIX) MEAULIMHCKUX METOJIOB JICUYCHUS, COXKIIIN KHUTH Paiixa o
BCEU CTpaHe W, HakoHel, yHHYTOXuiu Paiixa. FDA yTBepkamano, 4To OproHa MpoCTO HE
CYIIECTBYET, HECMOTpPS Ha Topy J0Ka3aTelIbCTB, KOoTopble Paiix Hakomui, yToOBl J0Ka3aThb
CYIIIECTBOBaHHE OPTOHA.

B kxonue koHIoB noktop Bunbrenasm Paiix ymep oT gaBieHHs, OKa3aHHOIO Ha HETO
6e3:xanocTHbIM FDA, BCKOpe 1mociie Toro, Kak ero BhITYCTUIIU U3 TIOPbMBI 10 ¢(haOpHUKOBAHHBIM
OOBHUHEHMSIM B METUIIMHCKON XaJIaTHOCTH.



2.3.2 BeegeHnne B OProHHYIO JHEPruIo

Cuauana Paiix qymain, 4To OproHHasi SHEPrusi UMEET 3JCKTPUUYECKYIO MPUPOY; OJHAKO
JMAIbHEWIINE MCCIEI0BAaHUS U AKCIEPUMEHTHI MOKa3ald, YTO 3Ta HHEprus Obula COBEPLICHHO
HoBoOro Tumna. M3-3a acconuanuu 3Toif HOBOI 3Hepruu ¢ oprazMom Paiix BBes TepMHH "Opron" u
CUMTaJ ero OCHOBOM caMoil u3HuU. Paiix mpoaeMoHCcTpupoBai, yTo aTMochepa coaepKUT OProH,
Y OH JIOKa3aJl, YTO OPT'OH - 3TO JI0ATOMHAsi SHEPTUsl, U3 KOTOPOil cocTouT Haiia Beenennast.

OmauM w3 HamOoJiee 3aMETHBIX JOCTHIKeHWH Paiixa OBLIO YCTpPOWCTBO CBOOOIHOM
SHEPruH, OCHOBAaHHOE Ha TOM (haKTe, YTO BHICOKHE KOHIICHTPAIIMU OPrOHA BO30YK 1Al MOHHYIO
SMUCCHIO B BaKYyMHBIX TpyOKax.

B tabmume 2.3.2-1 0000IIEHBI HEKOTOpPBIE OYCHH HHTEpPECHBbIC (PAKTBI 00 OPrOHHOM
sHepruu. /i Tex, KTO 3HAaKOM C HCCIIEIOBAaHHSAMH JSHEPrHHM MUPAMHUA U JPYTUX SPHUPHBIX
AKKyMYJISTOPOB, OYE€BHJIHO, YTO OPTOH SBJISICTCS €Ille OAHUM IMPOSBICHUEM WM MOIU(UKAIHEH
YHHUBEpCaIbHOTro 3upa.

2.3.3 Opakky (oraccu)

OproHHbIli aKKyMYISTOpP, WIM OPAaKKy, KaK €ro Has3blBajlM, - 3TO H3o0pereHue Paiixa,
KOTOPOE€ HAKaIUIMBACT M YCUJIIMBAET OPTOHHYIO SHEPTHI0. DKCIEPUMEHTHI MTOKA3aJIH, YTO OPTOH
CIocoOeH MPOHUKATh BO BCE, YTO YIOJHO, OJHAKO CKOPOCTh NMPOHUKHOBEHUS pazU4HA IS
pasHbIXx MaTepuanoB. Paiix 0oOHapyXWi, 4TO OpraHMYECKOe MaTepHaibl, TaKue KakK XJIOIOK,
HIEPCTh, IEPEBO U LIEJIK, JIETKO MPOMYCKAIOT OPrOHHYI0 3Hepruto. C Ipyroil CTOpOHbI, METAILIbI,
TAKHME KaK KeJe30 U aJTIOMUHUI, CHAYaJIa OTJIONIAI0T OPrOH, a 3aT€M OTTAJIKMBAIOT €r0. B Kaxaoi
Kateropud (T.e. OPraHMYECKOM W METaLIMYECKO#) CYIIECTBYIOT —pa3jMYHbIe CTEMEHH
MIPOBOJAMMOCTH U TIOTJIONICHHsI. Mareprualsl 3TUX JABYX 3P (HEKTOB COCTABIISIIOT OCHOBY OPAaKKY
WM OPTOHHOTO aKKYMYJIATOPA.

XapaKkTepucTHKA OProHa Onucanue
Opranuueckoe BeIIecTBO MPUTIATUBAET OproH | HarypanbHble MaTepualbl, Takue Kak JepeBo,
XJIOTIOK, TIEPCTh M Jp., JISTKO MOTJIOMAIOT H
MIPOBOJISIT OPTOH.
MeTaJiibl OTTATKUBAIOT OPTOH Meraiibl, TaKUe Kak 30JI0TO, JKEJIe30, OJI0BO U
T.J., CHayala IMOTJOMAIOT OpPrOoH, a 3aTeM
OTTAJKHBAIOT €T0.

HpI/ITSIFI/IBaCTCH K BOJC OpFOH OYCHb CUJIBHO IIPUTATHUBACTCA K BOJC,
M BOJIa C TOTOBHOCTBHIO IOTJIOIIACT OPIr'OH.
OprOHHBIe IIOTOKH Hanoxxenue HaTypaJIbHOT'O Marepualia,

HaIpuMep, XJIOMKa, 3aTeM METajlIa, TO3BOJIAT
YCTaHOBUT HAIPABIIEHHBIH MOTOK OpProHa OT
xjonka depe3 Meraul. OproH Teder oOT
crmaboro moTeHIMala K Oojiee CHIBHOMY,
ITPOTHUBOIOJIOKHO JJICKTPHUYECTRY.

OproH cBeTutcs Opron MOXHO YBUIETh Bu3yanbHO. Korma
YEJIOBEK CTAHOBHTCS HACHIIIEHHBIM OPTOHOM,
OH 00BIYHO MOKET BHJIETh OPTOH BOKPYT Tela
B 3aTEMHEHHOM KOMHATe.

Hefitpanusyet paainoakTHBHOCTb Korma paZOaKTUBHBII MaTepuan
MOMEIIACTCSI B OPTOHHBIM  AKKyMYJIATOD,
MaTepuad CTaHOBHUTCS O€3BpEIHBIM (T.C.
HEPaIMOAKTUBHBIM) B TeUYEHUE
OTIPEJICIEHHOTO TEePHOJIa BPEMEHHU.




OOGHapyXuBaeTcs ¢ OTO TOKa3ajJ0 HWOHHBIA AacHeKT OproHa,

IIOMOILBIO AIEKTPOCKOIIA IIOCKOJIBKY OH  CTUMYJIUPYET  JICIIECTKU
JIEKTPOCKOIA.

Bo3saeiictByer Ha cuetuuk I'eitrepa OTO CBSI3aHO CO CIIOCOOHOCTBIO OproHa
HEUTPaInu30BaTh PaZOaKTUBHOCTb,

CTUMYJIUPYSl PAJIMOAKTUBHBIE MATEpHANIBI K
Oosee BBICOKOM CKOpPOCTM pacmajga, B
pe3yjibTaTe d4ero Marepual O4YeHb OBICTPO
CTaHOBHTCS OE3BPEIHBIM.

Moxer BIHMATh HA TEMIIEPATYPY Paitx  yTBEep»Hman, UYTO  MHOIOCIIOWHBIN
OpPTOHHBIN aKKyMynsTop OyneT umers Oolee
BBICOKYIO TEMIIEpaTypy, Ye€M TeMIleparypa
OKpPY’KaroIlero Bo3ayxa. Mou 3KCriepuMeHThI
JI0Ka3aTh 3TO HE YBEHYAJIUCH YCIEXOM.

Opakky COCTOUT U3 POCTOr0 KOHTEHHEPA, MOXOKET0 HAa KOPOOKY C 6 CTOpOHAMH JTH000TO
pa3Mepa, CTEHKM KOTOPOH BBIIIOJHEHBI U3 YEPEAYIOIUXCs CIIOEB OPraHMYECKOro MaTepuana U
METa/ula, IPUYEM BHEIIHMM CJIOW - OPraHWYECKUH, a IOCIECIHUHA BHYTPEHHMH CIIOM -
MeTaJIIIM4YecKui. Hale Bcero ucrnosabp30Baics IMCTOBOM MeTaiul. HekoTopble MeTalbl, TAKUE KaK
aTIOMUHMN, Paiix cuuTan BpeaHbIMU. bosiee MOLTHBIE OPAKKY UMEIIN MHOTO CJII0€B OPTaHUYECKUX
U METAJUIMYECKUX MaTepralioB. Vcrnoab30Banuch U Apyrue GopMbl, KpomMe KOpoOKH, HaIlpUMep,
TPpYOKH, HO BCE OHU HCIIOJIB30BAJIM HATYPAIbHBIE OPIraHNYECKHE U METALTHYECKUE CIIOH.

Hacnoenne opraHuueckoro M METAJUIMYECKOTO MaTepHuaja CO3[aBajo HalpaBICHHE
NOoTOKa oproHa. OproH NpUTATUBAJICS K OpraHMKE, IOMVIOMIAJCA €10; 3aTéM IOIJIOIIAJICS
METAJIJIOM, a 3aTEM OTTAJIKHUBAJICA METAJNIOM. DTH [1Ba NPOLECCa, MPOTEKAOINE HEIPEPHIBHO,
BTATMBAJIM OPI'OH B OPIraHUYECKYIO CTOPOHY U BBIBOJWIN U3 MeTaindeckoid. Takum oOpa3om, Mbl
MOXEM BHJI€Tb, YTO IPU TaKOH TI€OMETPUM MaTepHalloB OProH TeyeT OT Ooisiee ciadbIxX
MOTEHLIMAJIOB K 00Jiee BBICOKUM MOTEHIMAIaM. DTO IPOTUBOIOJIOKHO AIEKTPUUECKON IHEPIHH,
KOTOpas Te4eT OT OoJsiee BBICOKUX MOTEHIMANIOB K 0osiee HU3KUM. PalixuaHIbl 1e1atoT 60IbLIYI0
npoOsieMy M3 3TOTO, CUUTAsl ATO OTJIMYUTEIBbHOW XapaKTEpUCTUKOM, Onaronapst KOTOpOi OproH
Oyzer Teub OT O0Jiee HU3KUX MOTEHIIUANOB K 0oJiee BBICOKMM. OIHaKO OHU HTHOPHUPYIOT TOT (PaKT,
YTO ATO YCIOBHE BO3HUKAET TOJIBKO B OPAKKY C €ro 0co0oil popmoii u KOHCTpYyKIUEH MaTepralia
WM, KOT'ZIa PSIOM HaXOAATCS MaTEpUabl C pa3JIMYHbIM IOIJIOIIEHUEM OPrOHa.

VYcnoBus okpykarouieil cpepl Takke BIUSAIOT Ha Opakky. Jlydie Bcero oH padoTaer B
CYXMX 3acCylUIMBBIX MOMEIIEHUSAX WM Kiumare. Biara, Oyaydn odeHb NpUBIEKATEIbHOM s
oprosa, ocnadsser (00pa3Ho roBOpPsI) CIIOCOOHOCTh OPAKKy ()YHKIIMOHHPOBATH C MAKCHMAaJIbHOM
3¢ (HEeKTUBHOCTBIO.

KomOuHMpoBaHHBIN CJION OpraHUKHU U METajuia 00pa3oBasl OAHY "CKIAAKY" OpakKy, Kak
Ha3Ban ee Paiix. Uem Oosnblie cioeB, TeM MolHee OyAeT OpakkKy; OOJbIIOE KOJIUYECTBO CIOEB
CO3J1a€T MHTEHCHUBHYIO KOHIIEHTpauuto oproxa. M3-3a sroro Paiix nmpeaynpexnal, 4To ¢ Opakky,
UMEIOIMMU 0oJiee TPeX CKIIal0K JI0JIKEeH paboTaTh TOJIbKO KBATU(HUIIMPOBAHHBINA Bpad-MIPAKTHK.

2.3.4 KoncrpykTtuBHbIe Onoornyeckne 3¢ ¢eKTol OProHHON IHEPIruu

Paiix u ero copaTHuKH, a TAK’)KE€ MHOTHE TIOCJIEI0BATENN U SKCIIEpUMEHTATOPBI nael Paiixa
CBEJIM B TaOJIMIy MHOXKECTBO Onosiornyeckux 3(p@exToB oproHHon sHepruu. Cuas B Opakky B
TE€YEHHE Yaca WIM OKOJIO TOTO B JIEHb, YEJIOBEK MOCTENEHHO HACBIIIAETCS OPrOHOM U MOKET
HayaTh BHJIETh W YYBCTBOBAaTh €ro Bo3JeicTBUE. JIIOIM OMHMCHIBAIOT OUIYHIEHHE KOJKOIO
CBEUEHUS, KOT1a HaXOAATCs B OpakKy. Terso u pacciadieHue sBiIsoTcs 00bIYHBIMU 3P (heKTaMHu.
Haxozsce B opakky U B MOJIHOM TEMHOTE, YyBCTBUTEJIBHBIN YEJIOBEK MOXKET BUAECTH CBETOBYIO
aKTUBHOCTh OproHa. HekoTopble 3KCIEpUMEHTHUPOBATN U OOHAPYKUIIM, YTO OPIOH YIIpaBisieM
MBICIISIMU ¥ UyBCTBaMH.



Jlroau yTBEpKAAIU, YTO OPAKKY MOAJIEPKUBAET 3I0POBbE U KUZHEHHBIEC CUIIbI YEJIOBEKA B
OoJbIICH CTETIeHH, YeM B IIPOTUBHOM Cllydae. Y TBEpKAaeTcsl, UTO MPOCTYIHbIE 3a00JIeBaHUs WIIH
npyrue 00Je3HN 3HAYUTEIBHO YMEHBIIAIOTCA. Paiix yTBep:kai, 4To OpakKy n30aBiseT OT paka u
JIPYTUX Cepbe3HbIX 3a00JieBaHUN. DKCIEPUMEHTATOPhl U MEAMIIMHCKHUMA MepcoHal ¢ OOJIbIINM
YCIIEXOM UCIOJIb30BaIM OPaKKY, KOTOPBIH MO3BOJISI BBOAUTH OPTOH NAIlUEHTaM JUIs JIEUEHUS paH,
MOpPE30B, CCaJIuH, OOMOPOKEHUN U 0XKOTOB.

Opakky Take yCHEIIHO MCIOJb30BaJICs HAa JOMAIHUX XKUBOTHBIX. KpoMme Toro, opakky
XOpo1I0 paboTaeT B KauecTBEe MHKYOAaTOpa i MPOpaIlBaHUS PACCaIbl.

2.3.5 Cua popMbI U OProHHAS IHEPTUS

D¢ deKThl 0T OpaKKy B KaueCTBE YCTPOWCTBA IS MOJIYYEHUS] SHEPTUH U3 CIICHHATIBHBIX
MaTepHaJioB XOPOIIO JOKYMEHTHpOBaHbL. HacioeHue marepuaioB, KOTOpbIE MOTJIOMIAIOT U
HPOBOJAAT OPTOHHYIO MM 3()UPHYIO SHEPTHUI0, YPE3BBIYAHO XOPOLIO 3aJ0KyMeHTHpoBaHO. Ho
4TO, eclii Mbl 00beAMHUM 3(deKTbl cuibl (GopMBI CHenUanbHBIX (GOPM I YIpPaBICHHUS U
HarpasJeHus 3¢upa ¢ MaTepualIbHBIMU 3P PEKTaMu OpakKy. Meraumdeckast mupaMuia ropaszio
Oosee MoOIIHa B KAadecTBE YCTPOWcCTBAa CWibl (OPMBI, YeM NHpaMHUIa, H3TOTOBICHHAS W3
JMAJIEKTPUYECKOTO HETIPOBOISILETO MaTepHaa.

2.3.6 Onacuas opronnasi (DOR) 3neprus

Paiix npunyman ab60peBuatypy DOR s onucanuss oTpUIATENBHBIX SHEPTrHid,
CO3/7aBacMbIX IPHU MOMEIICHHH B OPAaKKy PaJMOAKTUBHBIX MaTepHajoB (HampHUMep, 4acoB C
panueBbiM 1udepOIaTOM), BpPEOHBIX XHMHUYECKHUX BEIIECTB, TAaKUX KaK HHCEKTHIIHUIBI,
TEJICBU30POB M PEHTTCHOBCKOTO 00OPYIOBaHUS. DHEPTHUS, MOTyIaeMast IPH Pa3MEIICHUU TaKHX
YCTPOMCTB B OpakKy, JAOJDKHA ObliIa TEHEPUPOBATh YHEPTHI0, HACTOIBKO Pa3pyLIUTENbHYIO AJIs
JIOJICH M KUBOTHBIX, HACKOJIBKO OpPaKKy ObLIa KOHCTPYKTHBHOH TP HCIOJIB30BAaHUU B CpEJIE,
CBOOOIHOM OT ATHX yCTPOUCTB.

Paiix u apyrue yrepxknanu, 4ro DOR oOpa3oBai B HeOe 001aka rpsi3HBIX TEMHBIX TISITCH.
DOR ryburenen ansi pacTeHUM, )KUBOTHBIX U 4esoBeka. [Ipupoae TpebyeTcss MHOTO THEH Win
MECSIIEB, B 3aBUCUMOCTH OT KOHIIEHTpAIHH, 9T00bI paccesTh DOR 1 OMONOIUTH MECTHOCTD.

2.3.7 KpaTkoe u3Jjio:keHHe OProOHHOW IHePruu

OcHOBHasl TeMa 3aKJII0YaeTcsd B TOM, YTO OPrOHHAsl SHEPTUs - 3TO KOHAECHCHUPOBAHHAS
dopma 3¢upHOil sHeprun. OproHHast KopoOka ¢ €€ CIOSIMU HPUPOAHBIX AMIIEKTPUUYECKUX U
MPOBOJSIIMX MaTepHalioB cOOMpPAET U YCUIIMBAET OPrOHHYIO HEPIHI0, YTOObI €€ MOKHO ObLIO
UCIIOJIb30BATh.

OpronHast SHEpTUsl CTUMYJIUPYET paJOaKTUBHbIE MaTEpHAIIbI K YBEIMUEHUIO IEPUOA UX
nojypacnaia U, CjleloBaTelbHO, (OpMUPYET BO3MOXKHBIH MeXaHM3M H30aBJIE€HUS OT
pPaAMOAKTUBHBIX  OTXOJ0B. IlockoiabKy OproHHas KOpoOKa MOXET CTUMYJIUpPOBATh
PaaMOAKTUBHBIN PACIIal, 3TO MOXKET CTATh IIyTEM K OYEHb IIPOCTOMY METOLY T'€HEPALIMU DHEPIUU
C MCII0JIb30BaHUEM CUJIbI (POPMBI 3a CUET HUCII0JIb30BAHUS HOHHBIX MTPOIYKTOB pacnaja. boipmioi
npo0aeMoii BO BceM 3TOM sBIsieTcs TOT (pakT, uyTo co3naercs onacHblii opron (DOR), koTopsrit
MOJKET ObITh O0Jiee BPEIHbIM, YEM cama PaJHMOaKTHBHOCTb.

KoHuenTpupoBaHHass OproHHas »JHEPrus HMMEET IMOTEHUUAIbHOE IPUMEHEHHE B
MEAMIMHCKUX HayKax s CO3JaHUsl Jy4dylMX, OoJieeé €CTeCTBEHHBIX, HEMHBA3UBHBIX (POpPM
JICYCHUS U TEPAIIHH.



2.4 PU3NKA UMIIJIO3 NN

Ascrpuiickuii nmxenep-crpouteib Bukrop Llayoeprep (Viktor Schauberger) sinsercs
BO)XHBIM 3BEHOM B ¢u3uke cuibl Gopmel. Lllaydeprep cneman cBom oTKphITHS B Hadane 20-To
BEKa.

[layGeprep 3amnTepecoBancs dpQpeKTaMu 3pO3Un BO BpeMs CBOCH pabOTHI B KayecTBe
uHXeHepa-crpoutenss. OH 3aMeTHJI, YTO MHOTHE PEKH U PYdYbd, M300MITYIOMINE B MPEKPACHBIX
aBCTPUUCKUX AJIbIax, MPAKTUYECKU HE MOJBEPKEHBI IPO3HH, B TO BPEMs KaK MCKYCCTBEHHBIC
BOJIHBIC MTyTH HYXJAIOTCS B TIOCTOSHHOM PEMOHTE M3-3a CHJIBHOTO 3PO3HMOHHOTO BO3ACHUCTBUS.
Byny4dn BHUMAaTeNbHBIM HAOIIOAATENEM IMPUPOABI, OH MPUIIEN K BBIBOAY, YTO HM3BHIIHCTOCTD
€CTECTBEHHBIX BOJHBIX MyTEH KaKUM-TO 00pa30M JOCTHIJIA TAKOTO COCTOSIHHS PABHOBECHS, YTO
CHJIBI BOJIBI HAaHOCSAT HaMMEHBIIMK ymiepO 3emie, Mo KOTopod oHa TedeT. M3 aToro mpoctoro
HaOJIOICHUS U TOTO MHTEPECHOTO (haKTa, 4TO (POPETH MOKET OCTABATHCS HETIOABHKHOM B OBICTPO
IBIDKyIIeMcs moroke, [llaybeprep npuien K BBIBOY, YTO B IPUPOAE CYIIECTBYET €CTECTBEHHAS
CHJIa, KOTOpasi CIIEAYEeT €CTECTBEHHBIMU MyTsMU. OH MOCBATHI OOJIBIIYIO YacTh CBOCH JKHU3HH,
OTKPBITHIO 3aKOHOB, YIPABISIOIIUX 3TOW NMPUPOAHOW SHeprueil. BeposTHO, MBI HHKOTIA He
y3HaeM B IOJIHOW Mepe, 10 Kakoi crenenn llaybeprep pa3Buil moHuManue (GU3MKH UMILIO3HH,
HOCKOJIbKY OOJIBIIMHCTBO AETaJICH €ro OTKPBITHI OBUTH YTEPSHBL.

2.4.1 Kparkas ucropust Bukropa lllayoeprepa

Buxrop Illay6eprep'™® ponumncsa 30 urons 1885 roma B Xomsuumiare (Holzschlag), Bena
ABCTpusI, KaKk XpaHuTenb 3eMiau. OH poauiics B ceMbe "NMeCHUYMX'" WU HaJ3upaTeliel JecoB, B
00513aHHOCTH KOTOPBIX BXOJAWJ HAA30p 32 YUYACTKOM Irop U JiecoB B ABcTpuu. VX neBu3om ObLIO
"Fidus in Silvis Silentibus"("BepHblit 6e3M0IBHBIM Jiecam").

C nerctBa Buxtop Obul B jecy kak qoma. OH BHUMATENbHO HaOMIOAAN 3a MPUPOIOH,
JKUBOTHBIMH, 3€MJICH, JEPEBhIMU M BOJaMH. Boja cTayia ero cTpacTbio Ha BCIO KU3HB, H OH C
PaHHUX JIET PEUINI OTKPBITh 3aKOHBI U TaitHbl BoAbI. Lllaybeprep paccmaTpuBai Boly Kak KUBYIO
CyOCTaHITNIO, HAIIOJIHCHHYIO JKU3HBIO U )KU3HCHHBIMH SHEPTUSMHU.

Korna BukTop [OCTHUTI COBEpIICHHONETHS, OH, €CTeCTBEHHO, MOCTYNWJI Ha
rOCy/IapCTBEHHYIO cyk0y, paboTasi IECHUYMM Y MECTHOTO KHsI35, KPYITHOTO 3€MJIEBIIAJIEIbLIA.
brmxe x kouiy [lepBoit MUPOBOIT BOIHBI OH MOTYYHII JOMKHOCTH OTBETCTBEHHOTO 32 OOJIBIIIYIO
obmacte AuKOW MecTHOocTH. KHS3b, HYKIasch B JI€Hbrax, 3aKJIIOYUI KOHTPAKT ¢
JIECO3aroTOBUTEIHHBIMU KOMIIAHHUSIMH Ha BBIPYOKY Jieca B IUKOW MECTHOCTU. byKBaibHBIN 3aTOp
o0Opa3oBaJics, KOI/Ia JIECO3arOTOBUTEIbHBIE KOMIIAHUM HE CMOTJIM BBIBE3TH OpeBHA € rop u3-3a
HEJOCTAaTOYHOTO KOJMYECTBA BOJBI JJIS JOCTaBKU OpeBeH Ha Jecomwiku. Buktop pazpabotan
CIelraIbHbIE )KeJI00a Ha OCHOBE €CTECTBEHHBIX BOJIHBIX IMyTeH (T.€. CIIUPATbHBIX U U3BUIIUCTHIX
nyTel), KOTopble TpeOOBaIM MHMHHMMAIBLHOTO KOJIWYECTBA BOMBI JJIsi JOCTaBKHM OpeBEeH Ha
JIECONMUIKU. OTO TO3BOJWJIO BECTH JIECO3aroTOBKM B pailoHaX, paHee HEIOCTYNHBIX s
JI€CO3arOTOBUTEIIEH.

OmycToieHue JIECOB B PE3yJIbTaTe UYPEe3MEpPHBIX BBIPYOOK U  COMYTCTBYIOIIHE
MOCJIEJICTBUSI SKOJIOTUYECKOTO pa3pylIeHUs 3acTaBUiIu BUKTOpa yiTH B OTCTaBKY € OTBpalllEHUEM
K alTYHBIM, HEJJATbHOBUIHBIM KOMMEPUYECKIM MHTEPECAM.

[[TayGeprep 3aHsuics YacTHBIMH HCCleqOBaHHMsIMH. Ero mepBoil pa3paboTkoil Obuia
MaluHa, KOTopas olecreunBaiga Obl XOPOIIYIH MUTHEBYIO BOJYy, HAMOJHEHHYIO MPHPOIHOU
YKU3HEHHOU dHepruen. DTo ObLI KOHTEHHEp B popme siflia, B HIKHEH YaCTH KOTOPOT'0 HAXOIUIach
HeOoJbIasg KpbuibuaTka. KpblaibuaTka Bpamiajgach ¢ BBICOKOM CKOPOCTBbIO M 3acTaBislia BOIY
dbopMUPOBATh €CTECTBEHHBIN MATTEPH BUXPS (T.€. TPEXMEPHYIO CIUpalib). BUKTOp 0OHApYXHI,
YTO KOT/Ia BOJIa WJIH JIFOOast Ipyras )KUIKOCTh WM T'a3 3aKPyYHUBAIOTCS B BUXPE, OHU MPUOOPETAIOT
SHEPreTUUYECKUil 3apsi.

JlaGopaTopHble DKCIIEPUMEHTHI, TPOBEICHHBIE MHOW M JIPYTMMHU, MOKa3ajid, 4TO BOJA,
3aKpy4YeHHAas B BUXpE, MpUoOpeTaeT annekTpocrarndeckuit 3apsia. Hanpspkenue 1o 10000 BonsT



OBLIO U3MEPEHO B IICHTPE BOJIbI, KOTOpast ObljIa 3aKpyueHa B TCUYCHHUE HECKOIBKUX MUHYT. TOYHO
TaK )K€ B TOPHA/IO TEHEPUPYIOTCSI OTPOMHBIE AIEKTPOCTATHYECKUE CHIIBI, JOCTHTAIONINE MHOTHX
MHUJIJTHOHOB BOJIBT.

Opuum u3 otkpeiTuil [llayOeprepa, cBsI3aHHBIX C pa3pabOTKOH MM CIEHHUATIbHBIX
OpeBeHUaTHIX KeJI000B, OBLIO CO3JaHHE €CTECTBEHHBIX BOJOBOIOB, KOTOPHIC MPEIOXPaHSIIN ObI
raBaHU U PEKH OT CKOIUICHHS Hiia. BHKTOp OOHApYXHII, YTO MPAaBHILHBIM KOHCTPYHPOBaHUEM
BOJIHBIX KaHAJIOB MHYKECHEP MOKET JTM00 HApaIIUBaTh THO PEKHU, TUOO YIITyOJIsATh €0 U COXPAHSThH
CcBOOOIHBIM OT WJIA.

K 1930 rony llaybeprep pa3paboTan aHTUTPAaBUTALMOHHBIE MAIIHMHBI, KOTOPHIE MOTJIH
JeTaTh HAMHOTO BBIIIEC W OBICTpEe, YeM JTF000e M3BECTHOE BO3IYIIHOE CYIHO TOT'O BPEMEHH, U
paszpaboTayl yCTpOHCTBAa CBOOOJHOW JHEPTHH, KOTOpPBIE IOCTUTAIN 3HAYUTEIHHO OOJbIIeH
BBIXOJTHOW MOIIIHOCTH II0 CPAaBHEHHUIO C BXOJHOW MOIIHOCTBIO. ['paBHTAIMOHHBIC MAIIMHBI
HATIOMHUHAJIH JICTAIOIINE TAPEIKU WM Heoro3HaHHbIe JieTatonie 00bekThl (UFO), 3amedeHHbIe 1
3aJJOKyMEHTUPOBAHHbBIE ThICAYaMU HaOmoaareneil 3a mociennue 60 ner. Ilapa Ttakux cynos
nokaszaHa Ha pucyHke 2.4.1-1.

.

SARTARRR N

Pucynox 2.4.1-1 J/IBa netaTenbHBIX anmapara, moctpoeHHsix [1laydbeprepom m1st HAIMCTOB BO
BpeMsi BTopoii MUpOBOIA BOMHBI.



B 1934 romy Bukropa "mompocmn" Berperuthes ¢ I'mriaepom®®. Turiaep mpemmosxun
[[TayGeprepy paboTy B KadecTBE YYEHOTO, pa3pabaThIBAIOIIETO CaMOJIEThl Ha OCHOBE
aHTUrpaBUTAIMOHHBIX OTKphITUH. Korma IllayGeprep otkasancsi, ['mtiaep oTmpaBui cembio
Bukropa B marepp ans 3aKIIOYEHHBIX, 3TO BbIHYAMJIO Bukropa paboraTh Haj CBOUMHU
nu3o0pereHusmMu s ['utinepa. Buktop paboran amst TpeThero pelixa HaJl aHTUTPABUTAIIMOHHBIMU
anmaparamu ¢ 1938 o 1945 rox, no konua Bropoit MUPOBOi1 BOMHBI.

Korma coro3nble Boiicka 3axBarwim ['epMmaHuro, apMmeiickas pas3Benka OOHapyXHia
uccnenoBanus IllayGeprepa, BKtOYasi HECKOJIbKO HE3aKOHUYEHHBIX IAMCKOBBIX alllapaToB. DTO
npunecio layGeprepy HOBYIO OITaCHOCTH B BUJIE "KOPBICTHBIX HHTEPECOB", KOTOPbIE HE XOTEINH,
YyTOOBl TEXHOJOTHS CBOOOJHON »dSHepruM ObUIM ONMyOJMKOBaHA MJisi  OOILIECTBEHHOIO
UCII0JIb30BaHUS.

ATeHTBI TpYIIIBI 3aMHTEPECOBAHHBIX JIML CBsI3aNIUCh ¢ [llayGeprepoM u 3aKitoumiiu ¢ HUM
KOHTPAKT Ha CTPOUTEILCTBO OJHON M3 TypOWUH CBOOOAHOI 3Hepruu, 30kBeHIb (Zokwendle).
3o0kBeHTh ObLT pa3zpadoTtan s oobecnieuenuss S0000 BT xonomHON q1uaMarHUTHOM MOIIHOCTH U
50000 BT 06BI4HOTO 2MIEKTPUYECTBA. 30KBEH b ObL OTHpaBiIeH B Huto-Mopk, 1 amepukanckue
y4€HbI€ HE MOIJIM MOHATh 3TY MAIlIMHY M HE MOIJIN 3aCTaBUTh €€ paboTaTh, TAK KaK OHU MbITAIUChH
3acTaBUTh €€ paboTaTh HAa OCHOBE COBPEMEHHOW (PM3HMKH, BMECTO TOTO, YTOOBI CIIEOBATH
ykazaHusM Bukropa B ee pabote. 30KBeH UIb T0OKa3aH HA pUCyHKe 2.4.1-2.

Pucynox 2.4.1 -2 llayGeprep p,I[OM CO CBOHMIM 30KBEH IJIEM

B pesynwsrate Bukropa npusesnu B Coequnennbie [1ITaTel, 4TOOBI 3aCTaBUTh YCTPOMCTBO
paboTaTh; OJHAKO OH OOHAPYXKWJ, YTO TPYIIa HE coOHpanach MO3BOJSATH €My BBIMTYCKATh
CBOOOJHYIO SHEPTUIO B MHUD, MO3TOMY BukTop otkazaincs nomorats. [llaybeprepy npurposzunu
TIOPEMOU U BBIHYJWIN TIEPelaTh MOJTHOE MPaBO COOCTBEHHOCTH HAa €Tr0 30KBEHJIb KOPBICTHBIM
uHTepecaM. OH BepHyJcsl B ['epMaHMIO CIOMJICHHBIM YEJIOBEKOM M YMEpP HECKOJIBKO MECSIIEB
CIIyCT.



2.5 KpaTkoe u3ino:xxeHue pU3MKH MMILIO3UH

Bukrop IllayGeprep OTKpbUT yHUBEPCATBHYIO YHEPTUIO, KOTOPast ObljIa POTUBOIIOIOKHA
OOBIYHOMY DJICKTPHUECTBY, OHA CYIIIECTBOBaJIAa OBCIOAY M ObLIa OCHOBOH XHM3HHU M BeniecTna. [1o
cyTH, BUKTOp 3aHOBO NepeoTKphLI 3(hUp KaK TuaMarHeTu3M, TakK ke, Kak Paiix oTKpbUT 3¢pup Kak
OPTrOHHYIO SHEpruio. J[MamMarHeTusM NPOBOJHMIICS HENPOBOAHUKAMM; 10 3TOW NMPUYMHE OH H
Ha3BaJI €ro JUaMarHeTU3MOM B YECTh HAyYHOTO TEPMHHA, 00O3HAYAIOIIETO HENPOBOAHUK (T.€.
JMaMarHeTHK).

[layGeprep Takxe OOHapyXWi, YTO JUamMarHeTusMm, Wi 3¢up, OyIeT cleaoBaTh
CIHMPAJbHBIMA M BHUXPEBBIMU IIYTSAMH W YTO OSTH THIBI IyTed OynyT AeHCTBOBAaTh Kak
KOHIIGHTPATOphl AMaMarHeTu3Ma. 3acTaBisist (IIOWIBI JBUTaTbCs B CIELUAIBHBIX BHUXPEBBIX
HAIpPaBJISAIOINX, OH MOT OBl 3aCTaBUTh XHUIKOCTh 3apsDKAThCs JAMAMAarHETU3MOM, KOTODBIH, B
CBOIO OYEpPE/Ib, 3aCTABIISIT AaTOMBI ()IIFOUIOB HAKATUIMBATh 3JIEKTPOCTATHUECKHUI 3apsi.

Be110 Taxke ycTaHOBICHO, YTO TPABUTAILIMS CBSI3aHA C AMAMarHeTH3MoM. [Ipu nBrkeHnn
a¢upa B BUXPEBOM NATTEPHE, MaTEPUs BHYTPH BUXPS Tepsiia BEC U JIEBUTHpOBaa. DTOT 3 ek
Jer B OCHOBY €ro IHCKOBBIX JieTaTeldbHbIX MammH. lllayGeprep skcnepuMEHTHpPOBAN C
pa3IMYHBIMU TUAPOIMHAMUYECKIMH (DIIFOMIaMU, TAKUMH KaK BOJIa, BO3IYX U MECOK, B KAUECTBE
OCHOBBI JIJISl MaTepHaja, KOTOPBIH OH MPOITYCKaJl Yepe3 CBOM JIEBUTALIMOHHBIC TBUTATEIH.

beuto  Takke OOHApYKEHO, YTO TMOJIE3HBIC ISl KHU3HH J(PQEKTHl CBA3aHBI C
JMaMarHeTu3MoM. BHKTOp OOHapyKuil, YTO KOTJa MPOAYKTHI MUTAHUS W HAIUTKH 3apsDKCHBI
JaMarHETU3MOM, OHH yJTYYIIAIOT 37J0POBbE YEIOBEKA.
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I'JIABA 3
SHEPI'M 3EMJIN
3.1. Dueprum 3emun

HoBoe nonumanue 3eMHBIX 3Hepruil nosiBuwiock B 1920-x rogax, korja HeEMELKHE
JI030XO/IIIbI OOHAPYKHIIH, YTO B HEKOTOPHIX JIOMAax JIFOJU OOJICIOT PAKOM 4Yallle, YeM HX COCEIIH.
OusnuecKkuii aHadM3 M aHAIW3 JIO30XOALEB OOHAPYXWIM TIOA3EMHBIC KHIIBI  BOJBI,
NIEPECEKAIOIINECs 1O/ JOMaMHU PaKOBBIX OOJBHBIX, a HE MO/ JoMaMH ux coceneil. [lomzeMHubie
BOJIHBIC TIYTH, IEPECEKAIOIINECS OJUH HAJ JPYTUM, TCHEPUPYIOT BUXPEBYIO SHEPTHUIO B 3PUPHOM
1oJie, KoTopasi, I0-BUJAUMOMY, BIMSET Ha 3[0pOBbe Jtoael. VcciepoBaTenu naxke oOHApYKUIH,
4TO JIepeBbs, PACTYIIME HaJX OJHOW M3 3TUX CHHPAIBHBIX JHEPreTMYECKHX TOYEK, OymyT
MIOJIBEPIKCHBI BIIMSHUIO BUXPEBOW SHEPTUH U OYAYT pacTu 10 3aKPYICHHOM CXeMe.

[Mpumepro B TO *x)e Bpemsi Anbdpen Yorkunc (Alfred Watkins) u3 Xepedopummpa
(Herefordshire), Anrnms, cmemaa HHTEpPECHOE OTKPBITHE, YTO MHOTHME JPCBHHE CBATBIHU
BBICTPOCHBI MO mpsmMbiM JuHHsIM. OH HaseBan ux "men" (“leys”) wnmm neii-muuun. O
IPEIOIOKHI, YTO JIPEBHUE JIFOJM, HAYMHAS C HEOJIMTA M JIO XPUCTUAHCKOW 3pBI, pacroarain
CBOM CBSITHIE MECTa Ha JTHUX JICH-TMHUAX. bruonokanus mokasana, 4To 3TH JEU-JTUHUU SBISIOTCS
YaCThI0 SHEPTETHUECKOW CUCTEMBbI 3€MJIH.

3.2 Jleii-ImHUH

Jleit-muHUM - 3TO e1lle OJHO MposiBiIeHue 3pupHoii sHepruu. Jlei-nunuu 6epyT HA4YaIo HAJ
MOBEPXHOCTHIO 3€MJIM; MPOHU3BIBAIOT M BBIXOAT U3 3€MJIM BEPTUKAIBHO B Y3JIOBBIX TOUKAX WIIN
"mHeHTpax CHibl", KaK MX Ha3bIBAIOT JI030XOJIBL. JleH-TMHUU TPEaCTaBIsSIIOT COOOM MOTOKH
3(UPHON HSHEPTrUU HaJ TOBEPXHOCTHIO 3eMJIM U SBISIOTCS KaHAJIAMHU JUIS TUTaHUS 3eMIIA
3(upHOI YHEpTHUEH.

JInuHa nel-TUHAE BapEUPYIOTCS OT HECKONBKUX (DyTOB IO MHOTHX Thicsd Muibl. Jlew,
KOTOpBIC BBIXOAT U3 3eMJIH, Ha3biBaroTcs "su" ('yang™) win mojgoXHUTEIbHBIMHE 10 MOJIIPHOCTH
W JICUCTBYIOT Ha 4YeNOBEKa, CTUMYyIUpys ero. M HaoOOpoOT, Jieu, KOTOphIe BXOIAT B 3EMIIIO,
sBystrorest "uHp" ("'Yin') WM OTPUIIATETBHBIMY IO MOSIPHOCTH M YTOMJISIFOT Y€JIOBEKa.

brio o6HapyxeHo, 4To O0NBIIMHCTBO (T.€. 0K0JI0 70%) SHEPreTHYECKUX TOYCK SIH JIeH-
JUHUN UMEIOT CBSI3aHHBIE C HUMHM UCTOYHUKH BOJIbI. DKCIIEPUMEHTAJIbHBIE JaHHBIE IOKA3bIBAIOT,
YTO BOJIa MPUTATHBAETCS I(UPHOM SHEPrHeil, MOATOMY ECTECTBEHHO, YTO JICH-JIMHUM YacTO
aCCOLMUPYIOTCS C BOJIOM.

Pexwu, ropsl u apyrue npupoIHbIe U UCKYCCTBEHHBIE CTPYKTYPHI BIMSIOT HA JIEH-JTMHUU U
BBI3BIBAIOT YCUJICHHE WU OclablieHne WHTEHCHBHOCTH DHEPreTHMYeCKOro NoToka. Takum
00pa3oM, MBI MOXXEM BHUJETh, YTO €CJIU JICH-JIMHUM HAXOAATCS TOJ BJIMSHUEM MPHUPOIHBIX U
HCKYCCTBEHHBIX CTPYKTYP, TO JIEM MOT'YT OBITh KOHTPOJIUPYEMBI U YIPABISEMbI SHEPTUEH.

Te, kTO 00JIaTaCT BHYTPEHHUM 3PEHHEM, UHOT/Ia MOTYT BUJETH JICU-TMHUU TIPH OCOOBIX
ycnoBusix. Jlozoxommsl (T.e. OMOOMEpaTophl) JErKo OOHApYXHBAIOT HMX C IMOMOIUIBIO
WHCTPYMEHTOB JUIS JIO30XO/ICTBA, TAKUX KaK JI03a, U3BMEPUTEIN ayphl U T. 1.

3.3 DHepreTuyeckue CeTKU

[To MHEHHIO JI030XO/IIIEB, CYIECTBYET HECKOIBKO TUIIOB CETOK, KOTOPBIC Pa3IMYaIOTCS 1O
pa3Mepy ¥ pacCTOSHUIO HaJI 3eMJICH. ITO SHEPIreTHYECKHIE CETH BOCTOK-3aI1al/CeBEp-10T, KOTOPhIC
00pa3yrT eCTECTBEHHYIO SHEPIeTHUECKYIO CHCTEMY, OXBATBIBAIOIIYIO BCIO 3EMITIO.

Cerka Kappu (Curry) m cerka Xaptmana (Hartmann) smnstorcs nByMs HauOoee
U3BECTHBIMU ceTKamu 3emin. HemaBuue wuccinenoBanust bproca Koartu (Bruce Cathie),



HOBO3EJAH/IIIA, TAK)KE OOHAPYKWIM SHEPTeTUYECKYIO CETKY, KOTOpas, MO-BUANMOMY, CBsI3aHA C
HJIO.

Jloxtop Mandpen Kappu (Manfred Curry)! oTkpsin ceTky, Ha3BaHHYIO B ero uectb. CeTka
Kappu, nuzo0paxennas Ha puc. 3.3-1, oueHb perynspHas, CTaOUIbHAs U MOKPHIBAET BCIO 3€MIIIO.
E€ nuHMM mpoXoIsaT mpUMEPHO B HANpaBIIEHHUH CEBEPO-BOCTOK-IOr0-3aIajl/CeBepO-3arma-1oro-
BOCTOK M, TakKUM 00Opa3oM, MpOXOAST MO JUAroHald K HalpaBlICHHUSM IIUPOTHI M JOJTOTHI.
Cunraercs, uro cetka Kappu umeer 3eMHoe npoucxoxaeHue. OHa UMEET YepeayIOLUecs y3ibl
3apsAnKH U paspsaaku. Jluaun HaxoasTcst Ha pacctossHuu 10-12 GyToB Ipyr OT Apyra B CEBEpHOM
U F0’)KHOM TIOJIyIIApusX U Ha paccTtosHuu 12-15 ¢yToB mpyr ot apyra nmo mMepe npuodIMKeHus K
JKBATOPY.

N YcnoBHoe 0bo3HavyeHue
w ?b i ; 0 HeilttpaneHbid yzen

] . NonosxurencHas (monnxa) IHEPINA yana
. OrpuuarensHas (pasprara) sHeprua yana

Monoxwmrensuan
« 3apspka

yana
a HelTpanombiit
y3en
OrvpuuarensHas

- pa3pnAgka
yana

Pucynok 3.3-1 3emnas cetka Kappu

JIpyroii XopomIo u3BECTHOH CeTKol ABnseTca cetka Xaprtmana (Hartmann)!, mokasannas
Ha puc. 3.3-2, KOTopas NPOXOJUT CeBep-IOI/BOCTOK-3amaa. CuuTaercs, 4ro OHa HMEeT
KOCMHMYECKOE IPOUCXOKICHNE U HE TaK cTaOMiIbHA, Kak ceTka Kappu. Ilo MHEHHIO J1030X01EB,
ceTka XapTMaHa MeHseT ¢a3y 4eTblpe pa3a B JIeHb: Ha BOCXOJE, B IOJJECHb, Ha 3aKaTe U B
nojiHoub. Bo Bpems 3Tux (a30BbIX M3MEHEHUH ceTka ucueszaer. [lo-BuanMoMy, Ha 3TO BIHSET
KOCMMYECKast WK acTpopu3ndecKas akTUBHOCTb, Takas Kak (a3bl JIyHbl, aKTUBHOCTb COJTHEYHBIX
IIATEH U ITOTOJHBIE YCIOBHUS.

JIMHMK CeTKM BOCTOK-3amaj MepeceKaroT JMHUU CETKH CeBep-tor M 00pa3yioT BUXpU. B
3aBHCHUMOCTH OT MECTONOJIOKEHUSI W pa3Mepa JIMHUU CeTKU BHUXPb MOXET ObITh JIHOO0
BOCXOJISIINM, JHO0 HUCXOJAIIUM MOTOKOM 3(PUPHON 3HEpruu. JI030XOIbI CUUTAIOT, YTO ITH
BUXPEBbIE TOYKU CETOK MOTYT OBITh TUOO BPEIHBIMHU, JTUOO0 MOJIE3HBIMU IS 3/10POBbS YEJIOBEKA.
Cetka Katu (Cathie) mpennonoxuTenbHO NOX0Ka Ha CETKY XapTMaHa, HO ceTka Katu coctout u3
MPSIMOYTOJIBHUKOB IUIOIMIA/IbI0 45 MOPCKUX MUJIb. K3TH cuuTaeT, 4To paccTossHuE MEXAY CETKaMu
CBSI3aHO C TPaBUTALUEHN, CKOPOCTBIO CBETA, MACCOW 3EMJI U APYTUMHU €CTECTBEHHBIMU 3€MHBIMHU
koHcTaHTamu. MccnenoBanusi bproca Katu ykassiBator Ha HJIO, myremectByromue mo 3Toit
CETKe.
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MonoxutensHas | HelTpanbHbiii 1 ‘
3apRaka yana ysen

OTpnuaTensHas r ’ _‘#

pa3spsgka yana

e e 7l

=~ 25 MeTpa o

=t e . _

2.5 metpa

YcnosHoe obo3HayeHue
O  HeiltrpanoHboiih yzen
9. TonowurennHas (3apazka) 3Heprua yana
o. OrtpuyarenbHan (pazpagka) akeprusa yana

Pucynok 3.3-2 3emnas cetka XapTmaHa
3.4 /IpeBHss cuia popMbl, HCMOJIB3YIOLIAs JHEPTHU 3eMJIH

Hexkotopsie unpaeiickue miuemeHa Ha roro-3anaae Coemunennbix lllTaToB mcnonbp3oBamm
cuity (opMBI B COUETAaHUHU C SHEPTUEH 3eMITH, YTOObI cOOMpaTh U (POKYCUPOBATh SHEPTHIO 3EMITU
B CBOMX JKHJIMIIAX M BOKPYI HUX, & TaKK€ B CBOMX LIEPEMOHMAIBHBIX 3JaHUSAX, HA3bIBAEMBIX
kuBamu. Kusbl (Kivas) neiicTBYrOT Kak MAarHUTHBIA LEHTP, MPHUTATUBAIOMINI DHEPIUIO U3
OKpYyaroliel 00JacTi U epeHaIpaBIsIIOIINIA ee B BEpXHUHN LIEHTP KUBBHI.

Eme oxaun npeBHuit oOpaszer] cuibl GopMbl - 1a0upUHT. JIAGUPUHT - 3TO JByXMEpHBIE
nebpu ¢ ogHuM nyreM. CyliecTBYIOT JIEBOCTOPOHHHE M IPAaBOCTOPOHHUE JIAOMPHUHTBHI.
Hanpasnenue nabupuHTa OonpeaesseT THI SHEPTHH, KOTOPYIO OH (hoKycupyeT. D30Tepudeckas
GyHKIMS Ta0MPUHTA 3aKII0YAETCS B TOM, YTOOBI IPOBECTH UEIOBEKA Yepe3 MaTTEPH CHIIbI (HOPMBbI
¥ HACTPOUTH €r0 Ha HEPTUH, CBS3aHHBIE C ATUM NaTTepHOM. Jlpyras ero oueBuaHas GyHKIMS -
HaAIpPaBIIATh HEPrHI0 3eMiH. BoJbIIMHCTBO JTAOMPUHTOB CO3JAIOT DHEPreTUYECKUE BUXPHU IO
YacOBOM CTpeJIKe U MPOTUB YaCOBOM CTPEIIKU C TOHKHUMHU PA3TUUYUAMHU U dPPeKTaMHU.

OTu Maruyeckue JaOUPHUHTHI C OJTHUM ITyTEM BCTPEUAIOTCS BO MHOTUX MECTaX, TAKUX KaK
Kuraii, Coenunennsie Ultatsl, Ilepy, Aurnus. ['otudeckuit cobop B Lllaptpe numeer naOupuHT,
MHKPYCTUPOBAHHBIH B 1o Heda.



3.5 OnbIT HCNOJIBL30BAHMSA JHEPTUH 3eMJIH

Jlerom 1995 roma s pemrwi, 4yTo MHE HYXKHO OOJbIIE y3HaTb O TOM, KakK JIMYHO
MaHMITyJupoBaTh 3(UpHOil 3Heprueil. Heckonbko IHEH chycTs, B O4YEHb SIPKOM JIyXOBHOM
NepeKUBAHUY, 51 OKA3aJICsA HAa OTKPBITOM MECTHOCTH ¢ Tpems CymiecTBaMu. DTO OBUIO KpacHBOE
MECTO, 3€JieHas TpaBa, HECKOJIbKO KpAacHUBBIX JAEPEBbEB, U CIIOKOHHOE, HO C OLIYLICHHEM
OTPOMHBIX YHEPTUM.

VY CymecTB ObUIM 04€Hb HHTEHCUBHBIE SHEPreTUYECKHE 110JI WU aypbl, KOTOPbIE 51 MOT
KaK BHUJEThb, TaK M YYBCTBOBaTh. VX aypbl WM3Iy4yalu OrPOMHYIO CHJIY, MOIIb M KOHTPOJb.
CymecrBa Obutn Macrepamu unu Anentamu 3(QUPHOM 3HEPIrUU, KOTOPHIE H3HAYAIBHO
MOJTHOCTBIO OBJIA/IeH co00i. OTBETCTBEHHBIN MacTep moka3ajl MHE JBM)KEHUE SHEPTUH, YTOOBI
€03/1aTh MO€ COOCTBEHHOE SHEPreTUYECKOe M0JIe, KaK y HUX.

Y MeHs ObUIO ellle TPU TaKUX OIBITa C MOMEHTa epBoro B 1995 rony, Tak uto B 00mIei
CJIIO)KHOCTU CYHIECTBYET YETBIPE JBHKEHHSA, KaxJ0€ M3 KOTOPbIX IpEeIHA3HAYEHO JUIs
ONpPECICHHON 1eM, HO BCE OHU OTHOCATCA K OOIIeH KaTeropuu JUYHOIO KOHTPOJIS U
UCIOJIb30BAaHUSl PA3JIMYHBIX ACHEKTOB YHUBEPCANbHOM »Hepruu. (OTH ABMXKEHHsI HOAPOOHO
onucansl B [Ipunoxenun A.)

Bo Bpems mepBoro omeiTa pyKOBOJAUTENIb TPYIIbI COOOLIMI MHE, YTO BOJIM3M 3eMIIU
CYIIECTBYET HHTEHCHBHOE YHEPTETHUECKOE T0JIe. 51 MOT OIIyIIaTh/9yBCTBOBATH 3Ty YHEPTHUIO HAJ|
IIOBEPXHOCTBIO 36MJIM BO BpPEMs OIbITA, U C T€X MOpP JI0Ka3all, 4To sl TAKXKE MOI'Y OLIyIIaTh ee
YPOBEHb B OOJPCTBYIONIEM COCTOSHHH. DTO YHEPreTUYECKOE MOJie 3€JICHOr0 1BETa, BHICOTOM 6-
18 nmroiiMOB, M TedeT BOJIHAMH C [Ora Ha cesep. BoiHbl 001agaroT OrpOMHBIM KOJIMYECTBOM
SHEPTHUH.

3.5.1 IlepBoHayanbHbIe TECTHI ¢ ICHOBUAAIIMMH

B aBrycre 1995 roma s mpoBen TeCTbl € SICHOBUISAIIMMHU M SICHOUYBCTBYIOIIMMHU
(ceHCUTHBaMHU ), YTOOBI HOIYUUTH OOJIbILIE HH(POPMALIUHU, TOATBEPKJAt0IIEH MO OMBIT; 8 UMEHHO,
CYLIECTBYET JIM KaKOH-TO THUIl DSHEPreTMYEeCKoro Mojis BOJIM3UM 3€MJIM U KaKOBbl €ro
XapaKTEepUCTUKU? DTU IEpBble TECThl ObUIM NPOBEIEHBI 0€3 COOOLICHHSI CEHCUTUBAM O MOEM
onbiTe MIM 00 3HeprernyeckoMm mnose. Mx mompocuin uccinenoBaTh Oojiee BBICOKME/TOHKHE
YPOBHHU SHEPTHH BOJIM3HM OBEPXHOCTH 3€MIIU U ONPEAETUTh, YTO OHU MOTYT YyBCTBOBATH/BUJIETh.

Pe3ynbTaThl TECTOB C CEHCUTUBAMU CIIEIYIOIINE:

* Ha nmoBepxXHOCTH 3eMJIH CYIIECTBYET SHEPreTHUYECKoe MoJjIe sI0J0YHO-3€IEHOT0 1IBETA, C
BOJIHAMH, TPOXOSIIMMHU Yepe3 3TO sHepreTruueckoe mnoje. L{Betr sHepruu Obul GJIM30K K LBETY
s6510Kka copta ['parHM CMUT. SICHOBHIAIINE TOBOPUIIH, UTO 3€JI€HYIO SHEPTUIO TPYIHO Pa3IIIsiieTh
IIPU IPKOM CBETE, HO JIETKO IMOYYBCTBOBATD.

* DHeprus BapbupyeTcs Ha BHICOTE OT 6 /10 36 Ar0iIMOB HaJl HOBEPXHOCTHIO 3EMIIH.

* BoJIHBI ABMKYTCS € FOTA HA CEBEP.

* 'peOHU BOJIH HaxoAsATCsA Ha paccTossHUM 15-18 mroiiMoB apyr OT apyra, a MUK BOJH
COCTaBJIST OKOJIO 4-5 MIOWMOB 1O aMIUIUTY/AE. BoHbBI IpoXoAsT HEOOBIIOE PACCTOSIHUE B 3 WK
4 ¢yra, a 3aTeM pacnasaloTcs Ha cepuro 0oJiee KOPOTKHX (T.€. 60siee BBICOKOYACTOTHBIX) BOJIH C
TOW e aMIUTUTYJ0H. B moToke Mex 1y OONBITMMH U MEHBITUMH BOJIHAMH MOTYT OBITh Pa3pHIBHI,
HO 3TO HE OBLIO MPOBEPEHO.

* BusyanpHoe oOHapyxeHume ObUTO HamOoJsiee JIETKMM paHO yTPOM Ha pPacCBETE WIH
HE3aJ10JIT0 NIEPE]] 3aKaTOM BEUEPOM.

* SIcHOYYBCTByIONIME HE WCIBITHIBAIM HUKAKUX TPYIHOCTEH C ONIyINICHHEM YpPOBHS
DHEPIHH.

* B BosiHax conmep)kUTcs OrpOMHOE KOJIMYECTBO IHEPTHH, U SHEPTUsl PEeabHO JABHKETCH,
KaK JIBIDKETCS SHEPT s B OKEAaHCKOH BOJIHE.

* [Torognsle yciaoBusl, Takhe KaK BETEp, HE BIUSAIOT HA MOTOK 3€JI€HON YHEPIHH.

* 3eJIeHOE DHEPreTUUYECKOE I0JIE - 3TO HE TO KE CAMOE, YTO 3EMHBIE CETKHU.



[Tocrne TecToOB ¢ CEHCUTUBAMU Ha ONIYIICHHUE 3€JICHOT0 SHEPTETUYECKOTO OIS, ST COOOIITIIT
UM O JBUKEHHUH 3a4epIIbIBaHUs, KOTOPOE MHE MOKa3aiu. BusyanbHble (T.€. ICHOBUSIINE) TECThI
Mocjie JEMOHCTpAallMM JBWIKEHUS 3aueplblBaHUs TMOKa3alid, 4YTO MOs aypa Iepenuia ot
HOPMAJILHOI'O SHEPreTHUYECKOr0 YPOBHS K SpPKOMY O€lIoMy CBETY, M3JIy4aeMOMY uepe3 BCe Moe
aypHuecKoe Toje U 00pa3yromeMy oOBajl 0eoro cBeTa BOKPYr MEHs TOIIIUHON OKosio 4 (yToB
BOKPYT MOEro (pu3M4ecKoro Tena.

Bo Bcex MoMX HMCCIIEOBAaHUSX S HUKOTNIA HE CTAIKUBAJICSA C KAKMM-JIIMOO OMHUCAHHEM
TEKYIIETO IMOJI 3eJICHOM SHEPTUH Y TOBEPXHOCTH 3€MIIM. 3eJIeHasi SHEPTUs PaclpoCTpaHsIeTcs Ha
BBICOTE OT MUHUMYM 6 JIOMMOB J0 MakKCHMyM TpeX (yTOB HaJl MOBEPXHOCTHIO 3EMIIM B
3aBHCHUMOCTH OT BPEMEHU CYTOK U MECTHBIX YCIOBUH OKpyXkaromiei cpeabl. ToTr dakT, uto mose
UJIET C I0ra Ha CEBEp, YKa3bIBAECT HA BO3MOXKHYIO MAarHUTHYIO WM TOJSPHYIO CBS3b C 3€JICHOM
SHEPTrHUeH.

3.5.2 TecThl HA MPOXOAUMOCTH 3€JI€HOI IHEPIruH Yepe3 BellecTBa

MeHst uHTEpecoBaia ClIOCOOHOCTh Pa3IMYHBIX BEIIECTB MPOINYCKAaTh IPUPHYIO 3€JIECHYIO
sHepruro. MccnenoBanuss OproHHOM 3Hepruu 1okropa Buiibrensma Palixa mpusenu K ToMy, 4TO
METaJlJIbl W IPUPOJHBIE MaTepHalbl I0-pa3HOMY IPOBOJAT OProH. bbulM IpOBeEHBI
OKCIIEPUMEHTHI C CEHCHTHUBAMH, YTOOBI ONpPENENNTh, KaK pa3jHMYHbIe MATepPHaIbl MPOBOIAT H
B3aUMOJICHCTBYIOT € 3€J1€HOM sHepruel. Pe3ynbTrarel aHanu3a npuBeeHsl B Tadaune 3.5.2-1.

OdeHb MHTEPECHO OTMETUTh, YTO OSKCIIEPUMEHTHI C MUPaMHJIAMHU I[OKa3bIBAIOT, YTO
IIMPAMUJIBl HE NOJBEP>KEHBI BIMSHUIO 3€JIEHOM SHEPIrUU M HE B3aMMOJEHCTBYIOT ¢ HEH. OToO,
BEPOSITHO, 03HAYAET, YTO MUPAMUIBI PA0OTAIOT C IPYTUM acleKToM 3(pUpHOI SHEeprum, KOTOPBIH
UMEEeT MaJlo WM He UMEeT HUYEro OOLIEro ¢ 3€JIEHbIM SHEPTeTHUECKUM I10JIEM.

Marepuan IIpoxoaumocTh 3eJ1eH0i Y HEPTHH

Kamenp ITpoxoauT, kak OYATO €ro HeT

Crexio (CBUHIIOBBIN XpYCTaJIb) [TpoxomuT ¢ HEOONBIIUM COMPOTUBICHUEM,
MIOYTH C TPEHIETOM

Tpy6a u3 [IBX He npoxoaut BooO1ie

[Mupamub! (KapTOH U MEJIb) HupkynupoBanu uepe3 nupamMuibl M HE
B3aMMO/ICHCTBOBAJIN C MUPAMUIAMHU

UYenosek DHeprusi MOTPEBOKEHA U JIBHXKETCSI BOKPYT
HOT W CTymHEH W OOHHMMAaeT WX TIOYTH C
JH000BBIO

epeso ITpoxoauT, Kak OyATO €ro HeT

Tabnuua 3.5.2-1 [IpoxoxieHue 3eJIeHO SHEPTHH Yepe3 pazInuHble MaTepHalbl

OpuuM 13 HamboJee MHTEPECHBIX ACMEKTOB IMPOXOJMMOCTH SIBISETCS TOT (PakT, 4YTO
3€JICHOE DHEPIreTUYECKOE I0JI€ HE MPOXOAUT yepe3 InacTuk. 1o kakoi-To NMpuYrMHE HE TOJBKO
3eJIeHas DHEeprusl He NMPOXOJUT 4epe3 IUIACTUK, HO Mbl OOHAPYXHIIU, YTO aypa 4elIOBEKa He
IPOXOAUT yepe3 miacTuk. C 3TUM CBSI3aH TOT (akT, YTO CUHTETHYECKUE TKaHU OJIOKUPYIOT OTOK
aypbl 4YEIOBEKAa, B TO BpeMs KAaK HATypaJbHbIE TKAaHM JIETKO IPOMYCKAIOT WU IPOBOJAT
aypUUYECKHUE DHEPIUH.

HarypanbHble MaTepuansl OAEK/bl, TAKME KAK XJIOMOK, IIENK, IIEPCTh M KOXKa, JIETKO
IPOBOJAT aypUUecKylo U JApyrue shupHble >Hepruu. Takue TKaHH, KakK MOJHUICTEP M aKpHl,
Os1oKHpyIOT 3QupHbIe MOTOKU. [lo 3TOM mpUuMHE S PEKOMEHIYI0 JIIOASM MepecTaTh HOCUTh
ONCKIYy M3 OTUX CHUHTETHYECKUX MATEpUATIOB, TaK KaK OHU IIPEIATCTBYIOT €CTECTBEHHBIM
OSHEPreTUYECKUM IMOTOKAM BOKPYI YEJIOBEKA, HOCALIEro MX. TakKe XOpomlo HCIONIb30BaTh
HoCTeNIbHOE Oenbe, OAEkKAY ISl CHAa M MOKphIBala, U3TOTOBJICHHBIE TOJBKO M3 HATYypPaJbHBIX
TKaHEH, TAKUX KaK XJIOIOK, JI€H, IEPCTh U IIEIIK.



3.5.3 DdupHan sHepreTHYecKas ceTka 3emJau

becenpl ¢ HueHoli 3TuM yTpoM HallOMHMJIM MHE O HEKOTOPBIX paHHUX (T.€. IPHUMEPHO
1968 ronma) pabortax mo cBoOoAHOM ’Hepruu. HueHa HECKOIbKO pa3 BHUCIA YHEPTreTUUYECKYIO
MaTpHIly, OKPYXaIOIIyl0 ee. DTO TpexMmepHas KyOHueckash MaTpHia ¢ HEOOJbIIUMH TOYKAMHU
CBETa Ha PAaCCTOSIHMM MEHee JIoiMa JAPYr OT JApyra B HapauielbHBIX psAAax M MapauledbHBIX
IUIOCKOCTSIX, OOpa3yIoOUIMX TPEXMEPHYI0 DJHEPreTHUECKYI0 CeTKy. OTO YKas3blBaeT Ha
SHEPreTUYECKYI0 CETKY, IMOKPBIBAIOIIYIO 3eMJII0, O KOTOpOil mucanu jo3oxonausl U bptoc Katu
(Bruce Cathie). BeposiTHO, 3TO BbI3BaHO CTOSTYMMHU BOJTHAMHU B 3(HPHOM TIOJIE C JJTMHOM BOJIHBI,
PaBHOM PACCTOSHUIO MEXAY TOYKaMU. JTO MOXKET YKa3bIBaTh HA MEXaHU3M JUIs MOAKIIOUEHUS
HOJISL C TIOMOMIBIO yeTpoiicTBa cuitbl (hopmbl. bproc Katu yTBep:knaer, 4ro oOHApYKUII 3eMHYIO
ceTKy, o kortopou nyremectBytotr HJIO (t.e. HIJIO nyTtemecTByIOT 110 JIUHUSM ceTKH). B rimase 7
obcyxmatorcs  skcriepumenTshl  Jxo Ilappa (Joe Parr) c¢ uentpudyroii, cCBsi3aHHBIE C
TaJIaKTUYECKUMU JSHEPreTHYeCKUMH ceTkamu. J[KO TMoJlyuun Hawiydlnue pe3yJbTaThl B
OTIpeIeIEHHBIX MECTax JabopaTOpHUHU, M OH MPEATIONOKUIT BO3SMOXKHOCTD TOTO, YTO JIMHHSI 36MHOU
CETKU MPOXOJUT uepe3 ero Jaboparoputo. Korga BcemupHo u3BecTHbIN o3oxoaen buin Koke
(Bill Cox) uccnenosan naboparopuro ko, oH ckazai, 4To 3KcrepuMeHT J[o ObuT mpsMO Ha
TJIaBHOM JINHUU CETKH.

3.6 YnpaxxHeHusl NpaHASIMbI, HUTYH U Tal-9H

Woru manmexoro BocToka, a Takke Te, KTO M3YUIUIM MX TEXHHKH B 3alagHOM MHPE,
pa3zpaboTany JpIXaHWE U MO03bl (YNpPaXXHEHMs), KOTOpPbIE IO3BOJISIOT YEIOBEKY HAy4HUThCS
IIOJTHOMY KOHTpPOJIIO HaJl BceMHU (YHKIMSIMHU OpraHu3sMa M IPUBECTH TEJIO B COCTOSHUE
COBEpUIECHHOI'O 370pOBbsl. JTHU YNPAKHEHUS NPU3BaHbl 3apsSIUTh TEJIO 3HEPTUEH, KOTOPYIO
MH/IyChl Ha3bIBAalOT MPAHOM, MX CIOBO O0O03HAYaeT YHMBEPCAJIbHYIO 3HEpruto. JlpIxaTeibHble
yIpaxHEeHUs] OOBIYHO HAa3bIBAIOTCS 'IIpaHasMbl"', YTO O3HAYaeT Majble YIPAXKHEHHUS IPaHBI.
daHTacTUYECKHE MOJBUTH MPOABUHYTHIX HOTOB XOPOIIO JOKYMEHTHpPOBaHbl. Bece 3Tu monsuru
ABIIAIOTCS PE3YJIBTATOM 00YUEHUSI KOHTPOJIIO HaJl IPAHOM.

VYhopakHeHuss M T'yH TakKe MpeJHa3HauyeHbl JJIs TOTrO, YTOObI YEIOBEK MOI OBJIAJIECTh
CWJIaMHU 1M KaK Ui 30pOBbs, TaK U JJIs 3aIIUTHI (T.€. IIs1 O0EBBIX UCKYCCTB). Macrepa 1y r'yH
CHOCOOHBI OCYILECTBIIATh MOPA3UTENbHBIH KOHTPOJIb HaJ CBOMM TEJIOM, YCTPAHSATh OYEHb
cepbe3Hble 3a00JI€BaHUS M BOCCTAHABIMBATh OPTaHU3M JI0 MTOJIHOTO JUHAMUYHOTO 3710POBbSL.

Kuraiiupl pa3paboTany MHOXXECTBO YNPaKHEHHUH, KOTOpbIE IO3BOJISIIOT YEJIOBEKY
KOHTpPOJIMPOBATh CBOIO COOCTBEHHYIO 1M (TaK)K€ KH) WU )KM3HEHHYIO SHEpruto. [IBuxKeHus Taii-
YY HaIPaBJICHBI HA YBEJIMYEHNE DHEPIUH LY YEJIOBEKA U TIPEJOCTABICHHUS €My KOHTPOJISI HaJl 3TON
sHepruei. OYeHb MNPOABUHYTHIE MacTepa OOEBBIX HCKYCCTB CIIOCOOHBI HCIIOJIB30BAaTh CBOM
KOHTPOJIb HaJl CUJIAMU 1M JUIS 3alUTHI ce0s OT aTaKyIOUIMX NPOTHBHUKOB.

3.7 ®3H-11yil, KHTAHCKUH METOJ YIIPABJCHHUS LM

@O3H-111YH - 3TO OJHOBPEMEHHO U UCKYCCTBO, M METO]I IOHUMAaHUs pUpoibl U BeenenHoi.
AHanM3 KUTaHCKOro UCKYCCTBA (DIH-IITYH MTOKA3BIBAET, YTO OH UMEET MEXaHU3MBbI YIIPABJICHUS 11
win d(pUpHON CHUJTIOW TyTeM WCIONb30BaHUS (OPMBI, MECTOMOJOXKEHUS, JaHamadra u
pa3MereHust 00bEKTOB ISl MAKCUMHU3AITUN I MUHUMHU3AINH JIOKAJTBHBIX 1T WX Y(PUPHBIX CHJI.
Mactepa (oH-1IYH, BIAICIONIME 3TUM HMCKYCCTBOM, CIIOCOOHBI HMCIOJB30BAaTh €r0 MpaBuia, a
TaK)Ke UCTOJIb30BATh MPEABUICHUE JIJIS TOCTHKEHHSI MAKCHMAIBHOTO KOHTPOJISI HAJl CUTYaIlUsSIMH,
YKpETUIEHUS 3JI0POBBSI, YBEIMUEHUS MPOJIOJDKUTEIILHOCTH KU3HH, 3aIUTHI JOMOB U OM3HEca OT
HETaTUBHBIX CUJI U COOBITHH | T.1I.

®sH-11yii ocHoBaH Ha 1) "JIu" (Li) mpumepHO epeBOIUTCS KaK 3aKOHBI TpUpopl, 2) "Cy"
(Su) mau YKCITOBBIE IPOMOPIIMK TPUPOIB, 3) ABIXaHUE TPUPOJIbBI, HHb W SH, APAKOH M TUTP, WIH
MOJIOKUTEIHHBIC M OTPUIIATENIbHBIE SHEPTUH, U 4) BHEIIHUHN 00pa3 u GopMbl Iprpoabl. IMeHHO B



3TOM TMOCJIETHEM acrekTe (oH-IIyid Mbl BHAMM, Kak o0pa3 u ¢opMma paccMaTpUBAIOTCA U
UCTIONB3YIOTCS B (OIH-IITYH JJIS1 YIIPaBICHHUS 1.

Ecnu uuTarens 3aMHTEPECOBAJICS 3TUM KpPAaTKUM OOBACHEHHEM, si Obl PEKOMEHI0BAI
NPOYUTATh HEKOTOPhIE M3 KHUI, IEPEYMCIIiCHHble B OuOmmorpadum, s Oojee IOJHOTrOo
NOHMMAaHHS 3TOTO JPEBHEr0 MCKYCCTBA. Ero MHOTOYMCICHHBIE AIBPUCTHYECKHE IpaBHia U
MEXaHHU3MBI CIIMIIKOM OOIIMPHBI, YTOOBI H3JIaraTh MX 3/1€Ch.

3.8 KpaTkoe u3noxenue 3Hepruii 3emian

OueBuAHO, YTO MBI MHOTOTO HE 3Ha€M O Halled eCTEeCTBEHHOW cpelae OOMTaHus.
DHepreTUuyecKre CeTKH, 3(pUpHBIC MOTOKH, CHIIOBBIE LIEHTPHI, I€ONATOTCHHbIE 30HBI U MOTOKU
3€J€HOM HEpPruM - BCE 3TO pa3IMYHbIC MPOSIBICHUS 3(PUPHBIX CHJI U UX B3aUMOJCHCTBUA C
OKpyXaroliel cpenoil u HaMmu. Tema, Kak pa3IuyHble MaTepHalbl B3aUMOJIECHCTBYIOT C 3TUMHU
IOPUPOJHBIMU CHUJIAMH, CHOBA U CHOBA BO3HHMKAE€T B HCCIIEJOBAHUAX, IPOBOJUMBIX YYEHBIMHU,
M3Y4YaOIMMU Hallly yAUBUTEIbHYIO Beenennyto. Takxke cTaHOBUTCS OUEBUIHBIM, YTO MHOTHE U3
pa3paboTaHHbIX HaMHU MaTE€pPHAJIOB U TEXHOJOIMH HE COIVIACYIOTCS C TeM, KakK JEHCTBYIOT 3TH
IPUPOJHbIE CUJIbl. MHOTHE CUHTETUYECKUE MaTepuaibl OJIOKHPYIOT MMOTOK MPUPOAHBIX CHII U
U30JIUPYIOT HAC OT UX MOJIE3HBIX JJIS 30POBbS aClIEKTOB.

OTO MPUBOAUT K IpYroi o0iacTu MccaeA0BaHUN, KOTOPbIE HEOOXOIUMO MPOJOJIKHUTD; a
UMEHHO, TOT (akT, 4TO 3(UPHBIE CHIBI I0-Pa3HOMY B3aHUMOAEUCTBYIOT C Ppa3IUYHBIMU
MaTepHajaMH, IPUBEAET K H300peTeHUSIM, KOTOPBIE UCIOIB3YIOT KOMOWHAITUIO 3THX 3P (HEKTOB.

OueHb BaXXHO, YTO Mbl MOKEM BBINOJIHATH YINPa)KHEHMsI, pacrojararb CBOE >XUJIbE B
NPaBUIBHBIX MECTAaX M KOPPEKTUPOBATH CBOIO OJIXKITY, JOMAIIHIOI U pabouyt0 0OCTaHOBKY IS
JYYIIEro YCBOGHUS HAMHU 3TUX MPUPOJHBIX CHJI U SHEPTH.

3.9 Cniucok JuTepaTypbl

1. Crop Circles: Harbingers of World Change. Alick Bartholomeu, Gateway, Bathe, UK, 1991.

2. Feng-Shui the Science of Sacred Landscape in Old China. Ernest J. Eitel, Synergetic Press,
Tucson, Arizona, 1984.

4. Interior Design With Feng-Shui. Sarah Rossbach, E.P. Dutton, a division of NAL Penguin Inc,
2 Park Avenue, New York, N.Y.

5. Dawn Behind the Dawn: A Search for Earthly Paradise Geoffrey Ashe, New York: A John
Macrae book, Henry Holt and Company, 1992

6. A Quest For the Beginning and the End. Graham Hancock, Gerald Hawkins, New York: A Delta
Book, 1965.

7. Divining, the Primary Sense. Herbert Weaver, Routledge & Kegan Paul Ltd., 39 Store Street,
London WC1E 7DD, 1978.




I'’IABA 4
OHEPI'US IIMPAMMIbI
4.1 BBenenue Kk nupamMmjie

IInpamuael B Erunre - 0HO U3 ceMHU 4yec IPEBHErO MUPA U €IUHCTBEHHOE YLEJIECBILIEE.
CymecTByeT MHOKECTBO TUpaMu] B Erunte, a Takke B JpYIMX 4acTsIX CBETA. bOIbIIMHCTBO U3
HUX CTyNEHYaThle NHPAMHIbI, TOCTPOCHHBIE M3 IOCIEAOBATEIbHBIX CIIOEB KaKOTro-JIn0o
CTPOMTENBHOT0 MaTepuana, o0blYHO KaMHs. Hanbonee n3BecTHs! Tpu nupamMubl Ha miaro ['u3a,
Henaneko ot Kaupa. M3 Hux Benukas nupaMuaa u3ydanach U aHaJIU3upoBaach OOJIbILE BCETO, U
o Heill OblJI0 NIPOBENEHO BIEYATIIAIOLIEE KOJIMYECTBO HccienoBaHui. Bremne Benukas
MpaMuJia IpeacTaBiIgeT coOOM elle OHy CTYNEHYaTyIo NUpaMuly; OJHAKO B CBOE BpPEMs OHA
Obula MOKpBITA OENBIM HM3BECTHAKOM, OOpa30BaBUIMM IJIAJIKYH0 BOTHYTYIO IOBEPXHOCTh Ha
Ka)KI0M U3 ee ueTblpex cTopoH. Koria nupammuaa Obliia BiepBble CO3/1aHA, OCHOBHBIM MaTepUaioM
BEJIMKOM MUpaMU/Ibl ObUI TPAHUT C OOJUIIOBKOM U3 O€JI0ro N3BECTHSKA.

B tabmune 4.1-1 npuBeaeHbl HEKOTOPBIE OY€Hb HHTEPECHBIE (aKThl 0 Bemmkoii mupamue.
Benukas nupamuna npencTaBisieT aHOMAJIUI0 BO BPEMEHU M IIPOCTPAHCTBE, ITOCKOJIBKY B HEU
BOIUIOILICHBI HAay4HbIE (DAaKThI, OTKPBHITBIE TOJBKO Yepe3 MHOTO THICSY JIET IMOCIE €€ MEPBOro

CTPOUTCIIbCTBA.

MOPSIIKOB  OT BEJIMYMHBI Beca
3emiI.

DOyHKIUA 3Ha4veHue XapakTepucTuKa Onucanue
Beauxoi
NMHPaMHUIbI
Bec 3eman 5.3 x 10° ToHH Bec Benukoit nupamuzpl | PacuerHslil Bec 3eMin B TOHHAX.
5300000000 TtonH w15

Cunepudeckuii rof

365.2564 nueit

[epumerp OCHOBaHMS
[UPaMHABl B NHPaMHIATBHBIX
JIoMMax.

ACTPOHOMHYECKOE BPEMSI B THSIX
MEXKAY IBYMS HaOIOJICHUSAMA
OJIHOM M TOH e 3Be3Ibl 0 U
rocse oopaleHus: 3eMiI BOKpYT
CounHiia.

JIpEBHEEBPEICKOM KyOHTE.

AHOMaJIBHBIN TO 365.2599 nueit Uctunnas KOHCTPYKLIUSI | ACTPOHOMHYECKOE BPEMS B JHAX
TJIOCKOTO OCHOBaHMS | oOpamieHHsT 3eMJIH  BOKpYT
ITHPAMUJIBL Connna.

CoIHEYHBIH IO, 365.24 nueit Jlnuna K011 uctuHHOM | IlocnemoBaTeNnbHOCTh JHEH OT
CTOPOHEI OCHOBaHMS 6a3upyercs | OTHOTO OCEHHET0
Ha CBSIIICHHOM | PaBHOJEHCTBHS 1O CIEIYIONIETO.

IpeneccoHHBI MUK

IMpnbmmurensro 27000 et

Benukas mnmpamuna Jaer Bce
ckopocTu mpeneccuu 3a 6 000
neT, B TO  BpemMa  Kak
COBpEMEHHas aCTPOHOMUS 3HAET
nX TonbKo 3a 400 yer.

Bpems
PaBHOJICHCTBUIA.

HpeLeccHn

Iu 3.1415... IoBTopsiercss BO MHOTHUX MecTax | OTHOIIEHHE OKPYXHOCTH Kpyra
1o Bcell Benukoii nupamue. K €ro uaMeTpy.
Paccrosuue or Comama 1m0 | 92 900 000 Mt INocne HeKOTOpBIX BHIUMCICHUH, | CpemHee paccTosHHE OT 3eMIH

3€MHOH CymIu.

3emnu (cpenHee) BCTPOEHHBIX B Bemukyto | no ConHna Ha  HavyajabHOU
npamuay, 92 996 085 Mus. opburte.
Pacnonoxenune ITnaro I'm3a B Erunre I'eonenTpuueckuit uentp | KoHTponbHOE MecTONoIOKeHHe

M0 OTHOIICHHWIO K OCTaJIbHOU
YacTH 3eMHOU CyIIH.

BbIcoTe Benukoit nupamubl.

To4yHOCTH KJIaIKH 1/100 mroitma l'urantckue rpanuTHbie Onoku | ToyHOCTH YCTaHOBKH
BecoM 10-30 ToHH, pa3MeLeHbl C | TMTAHTCKUX IPAHMTHBIX KaMHEH.
ToYHOCTHIO J10 0,01 ;mroiiMa.

) (1+V5)/2 OTHomeHHe  OCHOBAaHHMS K | ¢ - €CTeCTBEHHOE  4HCIO,

BCTpeyarolieecss B reOMETPUU U
JPYTHUX OTpacisiX MaTeMaTHUKH.

Ta6muua 4.1-1 Hexotopsle nnTepecHsle paktol 0 Benukoil nupamue




4.2 Beaukasi nupaMuia He Obl1a rpoOHuUIel

Benukas nupaMua HUKOI/Ia HE CTPOMJIACh U HE HCII0JIb30BAJIACh B KAUECTBE IPOOHUIIBI
JUI KaKuX-IM00 ernneTckux LApCTBEHHBIX 0c00 MM Koro-imbo eme. B nupaMuae Hukoraa He
OBUIO HAM/IEHO HUYETo, HAIOMUHAIOIIETO eruIeTcKkue rpoOHuUNb!. [lnpamuna 6pu1a mocTpoeHa ¢
BO3AYIIHBIMUA KaHaJlaMH, HU OJHAa TIpOOHMIIA WIM Jpyras nupampaa He OblIa IOCTpPOEHa C
BO3AYIIHBIMU KaHAJaMU JUIA JIbIXaHUA MEpTBHIX. [ panuTHas nmpobka, 6ok jumHON 15 dyToB,
KOTOPbII Haxoawics B Hayaje BOCXOJMILEro IpOXoAa, ObLI YCTAHOBIEH TaM, KOIrAa
CTPOUTEINIBCTBO JOCTUITIO 3TOrO YPOBHSL.

Cy1ecTByeT MHOXKECTBO IPEIIOJOKEHUNH OTHOCUTEIBHO HCTUHHOTO HA3HAYCHUS
Benukoit nupamuasl. OpToAOKCaIbHBIA €rUIITOJIONM MPUACPKUBAIOTCS MHEHMs, 4yTOo Benukas
UpaMyu/ia UCIOJIb30Balach B KauecTBe I'pPOOHUIIBI A XeoIlca, eruneTckoro Laps, BO BpeMs
IOpaBICHHUA KOTOPOrO mNUpaMyaa Obula  MPEAINONIOKUTENILHO  NOCTpoeHa.  OOIecTBoO
PO3CHKPEULIEPOB CUUTAET, YTO IMPAMUJA UCIIOIb30BAIACH B KAYECTBE KaMepPbl ITOCBSAIICHUS IS
UCIBITaHUS IPOJBUHYTBIX afenToB. HEKOTOpBIE CUUTAIOT, YTO ATO MEK3BE3IHBIN MasiK, KOTOPBIN
HanpasisieT KOCMUYECKHe KOpabiuin npuulesnsleB K miaHere 3emist. Yem Obl Hu Obuta Benukast
nupamuna, ona HE sBasercs rpoOnumeid m Hukorma e He Oputa. Kak MHHUMYM, 3TO
CBUJIETEJILCTBO TOT0, uTo Oosiee 6000 sieT Ha3aj Ha 3eMIle CYLECTBOBAIIN [1€PEJOBbIE TEXHOIOTHH,
COMEpPHUYANOIINE C HAIIMMU COOCTBEHHbIMU. HenaBHUI SKCHEPUMEHT SIMOHCKHUX YYEHBIX,
IOBTOPUTh YCWIHS C IOMOLIBIO COBPEMEHHBIX CTPOMUTENIBHBIX TEXHOJOTMH M WHYKEHEPHH,
IIOTEPIIEII Heynauy.

4.3 MaTteMaTHnyecKHne cOOTHOIIeHUs1 Beukoii nmupamMuabl

Bennkasi MEpaMiia MMeeT OTHOLIEHHE OCHOBaHus K BhicoTe 2 K V(¢ - fi), e ¢ - 30moToe
cedenne u paBro (1 + V5)/2. ¢ - 3TO TPAHCIEHACHTHOE YHCIO B TOM CMBICTIE, YTO OHO SIBISETCS
OECKOHEUHOW AecATUYHONW ApoObi0. M3-3a 3TOro ¢, ¢ TOUKM 3peHUsl pe30HaHca, OyJeT UMETh
0ECKOHEUHOE 4YHCIIO0 TapMOHMYECKHX PE30HAHCHBIX TOUYEK. Pe30HaHC SBISETCS KIFOUEBBIM
(dakTOpoM BO Bcex oOnacTsAX (U3UKH, BKIOYas SJIEPHYIO (DU3MKY, KBAaHTOBYK) MEXAHUKY,
AIIEKTPOTEXHUKY, NPOCKTHPOBAHNWE aHTEHH M T.JI. (0 TaKXKe CBsA3aH ¢ psgoM dubonawyw, riae
Kaxxaoe nocnenyroinee uncio popmupyercs popmynoit Ni+l = Ni + Ni-1. Hanpumep, eciu
NepBOE HA4YaJIbHOE YHMCIIO paBHO 1, TO psii PUOOHAYYU paBeH:

1,2,3,5,8,13,21 u t.1.

Ecin mbl BO3pbMeM MareMatmdeckuil mnpenen cootHomenus Ni + 1/Ni, To 3T0
COOTHOILIEHUE PABHO .

®unorakcuc - 3TO TEHACHIUS IMPOIECCOB POCTa B MPHUpPOJE (HANpUMEp, PacTeHUH M
MOPCKHUX PAKOBMH) PAacTH IO CIUPAJIbHBIM MaTTepHaM. BblI0 3aMedeHo0, 4TO JIUCThbS U BETBU
pacTeHuil pacTyT MO CIUpPAIH, TJEe COOTHOIIEHHE KOJIMYEeCTBA OOOPOTOB OT OJIHOW BETBH K
cienyromei obpasyer psag Pubonayuu M, cienoBarenbHo, ¢. MTak, Mbl BUIUM, uyTo Benukas
nupamMuia ObUIa TTOCTPOCHA TaK, YTOOBI OBITH B PE30HAHCE C €CTECTBEHHBIMU CHIIAMH ITPHPO/IBL.

4.4 Dueprus IIupamuab

BepositHO, ogHUM U3 HanboJiee UHTEPECHBIX ACIIEKTOB MUPAMMU/L SBJISETCS CIIOCOOHOCTH
NUpaMU/Ibl KOHIEHTPUpOBaTh U (okycupoBaTh 3¢dupHble cuibsl. B 1960-x u 1970-x romax
HaOmoancsi OONMBIION INIKBAl HCCIIENOBAaHUM SHEPruuM HHpPaMUIbl, M ObUIO OMyOIMKOBaHO
JIOBOJIGHO OOJIBIIIOE KOJUYECTBO HMH(pOpMAIMU 00 IKCHEPUMEHTaxX C 3Hepruei nupamujsl. B
tabnuue 4.4-1 00001IeHbl HEKOTOPBIE U3 ATUX OYEHb MHTEPECHBIX DHEPreTudeckux (akToB O
nupamMuiax.



DYyHKIUH JHepreruyeckue 3 GeKThbl NMPaMHIbI
[TumeBsie KOHCEPBHI DKCHEepUMEHThl TIOKA3alHl, YTO MPOIYKTHI
OyAyT XpaHUTBCS IOJIbLIE, €CITU UX TOMECTUTh
BHYTPb TUPAMHU/IBI.
VYiydiiaer MeIuTanuio [TpuBepKeHIbI MEAUTALIUU YTBEPKAAIOT, YTO
MeauTanus B GopMe MUPAMUIBI YCHIUBACT
MPOLECC MEIUTAIMM MU MO3BOJIIET JOCTUYb
MOBBIIIEHHOTO MICUXO0JOTHYECKOro () heKTa.
CriocoOCTBYET BBI3ZOPOBIICHUIO Panb1 1071611 U )KUBOTHBIX 3a5KHUBAIOT OBICTpEE
U C MEHBIIUM KOJMYECTBOM MpPOOJIeM, KOT/ia
CyOBEKT JICUUTCS B MUPaMUJAIBHON GopMe.
Tpebyercst TOTBKO opMa MHPaMUIBI OOmMpHbBIE IKCIIEPUMEHTHI TTOKA3aJTH, YTO JJIS
MOJIydeHUs  dHepretudeckux  dhdexron
MUPAMHIBI  HEOOXOJUMBI TOJIBKO KOHTYPBI
(T.e. pebpa) mupamMuIbl.
['eHepupyeT cTaTHYECKOE ANEKTPUIECTBO DKCTIIEpUMEHTHI KaK B BEJIMKOW TUPAMU/IE, TaK
u 3gech, B CIIA yka3plBalOT Ha TO, 4YTO
nupaMusia MOXET OBITb CBOEro  poja
TeHEepaTOPOM CTATUYECKOTO JJIEKTPUYECTBA.
otoT apdexT KaXeTCst HauboJee
BBIPQXXEHHBIM JJI1 OUY€Hb OOJBIINUX MUPAMUT,
MO3TOMY OH MOXET OBITh HUCKIIOYHTEIHHO
AIIEKTPOCTATUYECKUM I(PPEKTOM BBICOKOTO

0o0BeKTa, YJIaBJIUBAIOLIETO HEKOTOPBIN
AIIEKTPOCTaTUYECKUN d(PPEeKT 3emuu u3-3a
BBICOTHI.

Tabnuna 4.4-1 DHepretrueckue 3G HeKThl THpaMUIbI

W3 Bcex BhINIETIEPEUNCIICHHBIX HHTEPECHBIX 3P PEKTOB HanOOJIee TITyOOKHM SIBISETCS TOT
¢axT, uro Bce PHEepreTHueckue 3(PQGEeKTh MUPAMHUIBI MOTYT OBITh CT€HEpHUPOBAHBI TOJBKO C
CaMbIMH TIPOCTBIMU OYEpTaHUSAMHU caMoil (opmel mupamuasl. Ha camom nene, uccienoBaHus
MOKAa3aJIM, 4TO ISl YCHIJICHHS SHEpTreTuuecKoro 3¢ dexTa HeoOX0MMO ONPEETICHHOE KOJIMYECTBO
OTKPBITOTO TPOCTPAHCTBA MO OOKaM M BHHM3Y NHUpaMuIbl. MakcHUMajabHBIE IHEPreTHYECKue
3P PEKTH JOCTUTAIOTCS TOJIBKO MPHU OTKPHITOM Kapkace. KHUTH B CHHCKe JUTEpAaTyphl B KOHIIE
ATOH TJIaBbI COJIEpKAT OTPOMHOE KOJIMUYECTBO MH(OPMAIIMK O PA3IUYHBIX ACMEKTaX MHUPaMHUJIBL.
MHorue WucceoBaTeNld 3auHTEPECOBAINCh JHEPrHeld MUpaMUAbl M YIIyOWId TOHWMaHHE
3 eKTOB, CBSA3aHHBIX € 3Hepruedl mupamuisl. OnHUM U3 Hanbojee H3BECTHBIX W3 ITHX
nccnenopareneii 6611 [Tatpuk ®nannuran (Patrick Flannigan)®®, kotopsrit pazpa6oran npuéops!
JUIs TECTUPOBaHUS 3((HEKTOB SHEPTHUU MUPAMUJIBI.

4.5 KpaTkoe u3J10KeHHe FJHEPreTHYECKOro uccaeJ0BAHUs MMPaMU/Ibl

B HekoTOpBIX M3 MOMX 3KCHEpUMEHTOB B 1960-X rojnax s mokasani, 4YTO NUpaMUAAIbHbBIE
(GbopMBbI, MO-BUIMMOMY, T€HEPUPYIOT 3JIEKTPOCTATUUECKYIO DHEPIHI0 WM, MO KpailHel Mmepe,
HaKaIUIMBAIOT 3JIEKTpoCcTaTHUeCKUi 3apsia. B Gornee mo3nuux skcnepumentax B 1990-x rogax s
JoKa3ajna, 4To HeOosblIash MeqHas MUpamMujaa, clAeJaHHas W3 MEIHOrO JIMCTa, HaKaluIMBaeT
HE3HAUUTENbHBIN 3apsan. MakcuMmanbHas reHepanusi 3apsiia, MO-BUAMUMOMY, JOCTUTAETCs IO
JUHUM CeBep-I0T/BOCTOK-3amaja. S mpenmosarato, 4to Gopma mUpaMuibl B3aUMOIEHCTBYET ¢
MOTOKOM 3(Hpa ¢ BOCTOKA Ha 3amaj] U MarHUTHBIM TOJIEM C CEeBepa Ha IOT, YTO MPHUBOIUT K
00pa30BaHMIO BUXPEH Ha CTOPOHAX MUPAMU/IbI, B pe3yJIbTaTe 4ero o0pa3yroTcs 3JEKTPOHBL, Kak B
skcriepuMmente Jleca bpayna (Les Brown), omucanHoM B cienyromiem pasnene. HeoOxomaumo
IIPOBECTHU JOIMOJHUTEIbHBIE U3MEPEHUSI ISl IPOBEPKU CKOPOCTH reHepauuu u T.4. U3mepenue



anekTpocTarndeckoro nojsi (ES) mpousBoautcst ¢ momorsio Moero u3mepurens ES nons. On
MaJIOMOIIIHBIM, NMPUMEPHO, KaK MPOBECTH PacyecKoil Mo BoOJOcaM, M MOCTPOEHHE MHpPaMHUJIbI
3aHuMaeT okoJio 30 CeKyH/I.

DKCIIepUMEHTHI C HEKOTOPBIMHU M3 MOUX JIBYXAIOMMOBBIX MUpPaMMJ] U3 IUIACTHKA, a TAKKE
¢ OOonbIION NUPaMUIOW W3 KapTOHA M MEHbIIEH W3 MEIHOrO JIUCTAa Al HEKOTOPYIO
HOJTBEPXKIAIOILYI0 HHGOpMaLKio. BONBIIMHCTBO U3 CIEAYIOMIMX MYHKTOB ObUIM pa3paboTaHbl
MHOIO JIET Ha3aJ, U TECThl C SCHOBUIAIIMMU TOYHO KOPPEIUPYIOT HMMEHHO CO BCEMU
UCCIICIOBAaHUSIMU, KOTOpbIE s M JApyrHe MNpoBedd Mo 3Hepruu nupamuia. OpHako 37ech
HOSBIISIIOTCS. HEKOTOPBIE HOBBIE 3(P(PEKTHI CHIIBI GOPMBI.

1. DHeprus TeueT BBEpX IO CTOPOHAM MMPAMMIbl M CIIETAaeT C BEPIIMHBI B BHJIE
CIUPAJIEBUIHOIO CTOJI0A CBETA.

2. MakcumainpHasi 3HEprusi C BEpIIMHBI MOJIy4aeTcs, KOIrja MPOTHUBOIOIOXKHbBIE TPAaHU
NMPaMU/JIbl OPUEHTUPOBAHBI B HAIIPABJICHUH CEBEP-IOT.

3. Maraur Ha Kax10i CTOpOHE MUPaMUAbI 3HAYMTEIbHO YCHJIMBACT IOJIE C BEPIIMHBI
nupamMuabl. MarHuThl JOJDKHBI OBITH BBICTPOCHBI TaK, YTOOBI IOJIE Yepe3 MHpamMHIy ObLIO
npuTsaruBatomuM (T.e. NS - SN). B KoHCTpyKITHIO TUpaMuUIbl, KOTOPYIO s pa3paboTan MHOTO JIET
Ha3aJl, BCTPOECHbBI HEOOJIBIIINE MATHUTBI, YTOOBI ClI€JaTh SHEPIeTUUECKOE M0JIE CUIIbHEE.

4. Mennas nupamuza paboTaeT HAaMHOIO JIydllle, YeM IUIACTUKOBBIE MJIM KapTOHHBIE
nupaMuibl. Mbl 3HaJIM, 4TO MaTepUasibl Ba)KHbI, HO HE 3HaJM, Kakue MMeHHOo. OxHa MenHas
UpaMu/ia, BHIPOBHEHHAs 10 MArHUTHOMY ITOJIIO 3€MJIU, SKBUBAJICHTHA IIACTUKOBOM MUpaMHUIE C
MarHMuTaMyd Ha KaXJOW CTOpPOHE Ui ycWUJeHHs Mois. MakcuManbHOE HaKOIUIEHUE SHEpruu
IPOMCXOUT, KOTAa MUpaMH/ia U MarHUTHI BBICTPAUBAIOTCS B IMHUIO C MATHUTHBIM IIOJIEM 3€MIIH.
OTO 03HAYaeT, YTO MeaHAs MHpPaMHJIa B HECKOJIBKO THICSY pa3 MolHee (HOKycupyer dhupHYyro
CHITy, YeM IIMpaMH/ia U3 AUIIEKTPUUECKUX MaTEpPHAJIOB.

5. Ilupamupl, HaprCOBaHHbIE HA OyMare WM MEJIOBOM JOCKe (T.€. IBYMEpPHbIE PUCYHKU
TPEXMEPHBIX MUpaMK]), 00J1a1at0T TOM K€ IHEPIUeH, UTO U TpEXMEpHask BepcHsl. DTO MOXKET ObITh
00MaHOM 3pEeHHS, MOCKOIBKY 3pUTEINlb BU3YAIIM3UPYET TPEXMEPHBIH 00beKT. Busyanuzamnus, kak
mbl ¢ Huenoit (Niena) BbISSCHHIM MHOTO JIET Ha3aj, GOKYCHPYET SHEPrHI0 MUPaMHI, KaKk OyaTo
nupamuia (U3NYECKH CyliecTByeT. Busyamusamust (GopMbl mupaMuabpl HaJ KakoW-TuO0
MECTHOCTBIO (PaKTUUECKU (POKYCHUPYET SHEPTUU MUPAMU/IbI B 3TOM MECTHOCTH.

6. Ilokpacka nmapbl IaCTUKOBBIX MUPaMU/JT ATFOMUHHUEBOM KpacKOW HUKAaK HE MOBJIMAJIA Ha
KOJIMYECTBO DJHEPrUM, Hcxoadmed ot mnupamun. Ilpenmosaramoch, 4YTo MeTalIM3anus
MOBEPXHOCTU OYAET CIOCOOCTBOBAaTh BBIPAOOTKE HHEPrHM, IOCKOJBKY MEAHas Mupamuia
BBITJIAIeN1a Oosiee SHEPTUYHOM, YeM I1acTUKoBas. Bo3aMOXKHO, IIBET KpacKu JOJKEH ObLI OBITh
MEIHBIM C YaCTHIIAMH M€Y B Kpacke.

7. ®opmMa nupamMHbl T€HEPUPYET MAarHUTHOE Mojie Ojarogaps TOMY, YTO €€ CTOPOHBI
CXOJATCS B TOUKAX HaBepXy M 1o yriaM. CM. riaBy 1 3Toil KHUTH.

——

Pucynok 4.5-1 KoHueHTpanus sHEpruu B NUpaMue.



4.6 JxciepuMEeHT C MeIHBIMU MUPAMUIAMU

bl MMOCTPOUI 4YCTBIPC MCIAHBIC MMUPAMHUIALI W3 JINCTOBOM MCOH. HI/IpaMI/IZ[BI HUMCIOT Ba
JIofiMa B OCHOBAaHWH, a CTOPOHBI MPEJCTABIAIOT COOOH PAaBHOCTOPOHHHE TPEYrOJIbHUKH.
[Tupamuabl pacronokeHbl Tak, 4ToObl 00pa30BaTh KBAAPATHBI MAaCCHB M3 JBYX PSIOB M JBYX
CTOJIOLIOB, KOTOPBIM BBIPOBHEH 110 MAarHUTHOMY MO0 3emiud. HeoauMmoBble MarHUTHI
PacioJIOKECHbl Ha IMPOTHUBOIIOJOXKHBIX KOHIAX MAaCCHBA, U BBIPOBHCHBLI IO MAarHUTHOMY IIOJIIO
3emun. [ cpaBHEHHS S TaK)Ke BBUIOXKWI YETHIPE IUIACTUKOBBIC MUPAMH/IBI B aHAIOTHYHBIH
maccuB. O0a MaccuBa mupaMu ObUTH YCTaHOBIICHBI HA 3eMJIE 32 IIpeesIaMu JIAO0paTOPUH, YTOOBI
OHU HaXOJWJINCh B SHEPTETUYECKOM TI0JIe, KOTOPOE CTPYUTCS Ha/l HOBEPXHOCTHIO 3E€MITH.

beum IMPOBCACHBI TCCTHI, ‘ITO6BI BBIAICHUTD, UTO IPOUCXOJUT C SHCPTCTUUCCKHUMU I1OJISIMU
BOKpPYI' MAacCHBOB NHpaMuja. Pe3ynbTaThl mMoka3ajy, 4TO MEIHBIH MAacCHUB H3JIy4aeT ropasyio
OoJibIle SHECPTrruu, 4YcM IJIaCTUKOBBIM. I[an(e C MaroHuTaMu Ha 1j1aCTUKOBOM MAaCCHUBE U 663 HHX Ha
MeTHOM MacCHBE, MEIHbIEC TMPaMU/Ibl 001aaamy OOJIbIIEH SHEpTueH.

B mMeaHoM maccuBe sHeprus Obula CKOHILIEHTPUPOBAaHA HAa BEPIIMHAX MUPAMUL U MEXKIY
MpaMUIaMH B HAIPaBJICHUN CEBEP-IOT.

N3 Bcero aToro Mbl MOKEM cJielaTh BBIBOJ, YTO METAILIHI (T.€. IPOBOJHUKH ), KAK IIPABHUIIO,
OTKJIOHSIOT ¥ (DOKYCHPYIOT SHEpPTUI0 NHUPAaMHUIBI, a HENPOBOJHHKH, TaKWE KaK IUIACTHK
MOTJIONIAIOT ¥ MPOBOAAT dHepruto. [1omo0HbIe 2P PeKTh MaTepruaioB 00CYKIAIOTCS B TJIaBE 3,
HOCBALIEHHOM OPrOHHOM 3HEpruu. JHEPrus MUPaMUIbl YBEIMUUBACTCS, KOI'1a MACCUB HaXOJUTCS
B MarHMTHOM TIOJIE, U 4YeM CUJIbHEE MOJie, TeM OOoJblle dHepruu mpeodpaszyercs. s storo
HEOOXOAMMO, 4YTOOBI BECh MAaCCHB, BKJIIOYAash MAarHUTHl, OBLI BBIPOBHEH OTHOCHUTEIHHO
HaIpaBJICHUS CEBEP-IOT/BOCTOK-3aMa/l 1 MArHUTHOTO TIOJIST 3E€MITH.

4.7 I'enepauus 3J1eKTPOCTATHYECKOH IHEPTUU

Ha npots’keHun MHOTHX JIET psiJ SKCIIEPUMEHTOB U HAa0JII0IEHUH 110Ka3aJl, YTO MUPaMUa,
[I0-BUJIUMOMY, SIBIISIETCSI TEHEPATOPOM DJIEKTPOCTATUUECKON YHEPTUU. ITO, BEPOSITHO, O3HAYAET,
YTO THUpaMuAa sBISIETCS TpeoOpas3oBaTenieM JQHUPHOW OSHEPTHH HEMOCPEICTBEHHO B
JNIEKTPUYECKYIO JHEPIUIO; OJHAKO, €CJIM Y4YECTb, YTO DJJIEKTPOCTATUUECKHUE IOJSA SABIAIOTCA
Pe3yJIbTaTOM pa3INYHbIX KOHLEHTPAaUN A3(PUPHOI SHEPTUH, TO ITO HE TAK YK YAUBUTEIBHO.

4.7.1 loxupyrwmuii onwiT Jleca Bpayna (Les Brown)

Buneo, kotopoe y MeHsl ecTh, TOKOMHOI'O KaHAJCKOro HccienoBaTelns Kpuctauios Jleca
bpayna, paccka3piBaeT 00 OrpOMHOM 3apsiie SHEPTHH, KOTOPBIA OH MONydmia oT Gonbmoi 30-
(byToBOI MUpaMUIbl, TOCTPOEHHOU UM (cM. puc. 4.7.1-1). OH momMecTHII MPOTUB YaCOBOW CTPENIKU
(CCW) B dopme BUXps MeIHBIH MPOBOJ (C 0OpE3aHHBIM KOHIIOM) Ha BEpIIHHE, C BHYTPCHHEH
CTOPOHBI, cBOel 00b110# 30-pyTOBON MUPAMUJIBL, YTOOBI AEHCTBOBATh KaK aHTEHHA/KOJIEKTOP.
B HwkHel yacTu nupaMuibl OH IPUKPENUII MPOBOA K KYcKy (aHepsl B 1/4 aroiima, HaMOTaHHBIH
no uacoBoil crpenke (CW) miockod crnupaibio, co3daBasi Ha3eMHYIO aHTEeHHY. LleHTp
IPOBOJIOYHOM cHupany ObLI MPOMNyIIeH uepe3 ¢aHepy U 3a3eMiieH. BHemHuil KoHel MiocKoi
CIUPAJIU TOpYall B BO3AYXE, YTOOBI €r0 MOXHO ObUIO MPUKPENUTh K MIEPCTAHON HUTH, UIyLIEH
cBepxy. JIByxaroiiMOBble CKOOBI MpPOIUIM uepe3 KaTyLIKy 3a3eMieHus U depe3 QaHepy,
JIOTIOJIHUTEIBHO 3a3eMJisisl KaTymky. K BepHIMHHONM aHTEHHE OH INMPUKPENNI HUTh U3 YUCTOU
OBEYbEH IIEPCTH U OIYCTUJI €€ B LIEHTp OoubIIon nupaMuabl. Koraa oH coOpasics coeiMHUTh HUTh
CO CIUPAJIBI0 Y OCHOBAHUS MUPAaMUbL, 3apsi/i BEICOKOTO HANpsOKEHUs (WM KaKoW-Tubo Ipyrou
BUJ] SHEPTHH, C KOTOPHIM OH COEAMHMWIICA) OTOPOCHI €ro Ha JABaAlaTh (PyTOB IO MOy BHYTPU
MUPaMUJIBI K CTEHE. DTO TaK CHJIBHO HAIyrajo ero, 4To OH pa3o0pasl Bce Ha 4acTH M OoJblle
HUYETO C ATUM HE Jelall.
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Pucynox 4.7.1-1 DxcniepuMeHT ¢ sHepruei nupamuisl Jleca bpayna

4.7.2 CnupajbHasi S3Heprus oT BepIIMHbI MHUPAMH/IbI

Heckonpko nmer nazan Jxeppu [exep (Jerry Decker), BbImaromuiicss HcCieq0BaTellb
HOBBIX HAyK, IOCETWJI CHMIO3MyM 1o KpuctauiaMm B Hpsuare (Irving), mrar Texac,
opranm3zoBanubiid [lpuctmmioit boin (Priscilla Boyd), HbiHe kuBymuii B XaHCTBHILIE
(Hunstville). Mapu (Mary) u lun Xapau (Dean Hardy) u3 Amnerana (Allegan), murar Muuwras,
IpeJCTaBUIM MaTepuan o0 UCCIIEAOBAaHUAX, KOTOPbIE OHU MPOBOAMIM C SHEPrUeil IMUpaMHJIbL.
Onu nokazanu cnaiin ¢ gororpadueit mupamMuIbl, U3TYJAIONMIEH JTyd SHEPTUH ABOHHON CHIUpan
pu Bo30YXJeHUU KaTyuikoi Tecna.

OTCckaHUPOBAaHHOE W300paKCHWE OpUTHHAIBHOW ¢oTorpadum, puc. 4.7.2-1, ObLIO
cnenano pokropom Jx. JI. Henmsconom (J. D. Nelson) u3 Yuusepcurera Baitomunra (Wyoming).
Cyns mo umerolencs y Hac orpaHuueHHON WH(OpMAIMK O TOM, KakK 3TO OBLIO caenaHo, ¢popma
OUpaMU/Ibl  BBIMOJIHEHA U3 CHAasHHOIO MEJHOrO JIUCTA, BO3MOXKHO, C KPHCTaJJIOM,
pacIioNoKeHHBIM Ha BEPILUHE.

Karymka Tecnbl pacrnonoxkeHa TakuM o0Opa3oM, 4YTOOBI 3JEKTPUYECKOE H3ITydeHHE
MIPOMCXO/IUIIO B TOUYKE CHITBI OKOJIO 2/3 ipamMuibl. MBI He 3HaeM HaIpsDKEHHS, XOTS yMaeM, 94To
oHo coctasiser npumepHo 200 000 BonbsT. Bo Bpems tenedonHoro pasrosopa ¢ Junom Xapau
21 mas 1996 roma oH ckazai, YTO IO3KE OHM IMPOBENIU HKCIEPUMEHT C ropas/lo MEHbIIUMU
katymkamu Tecibl nopsaka 50 kB u MeHbIIMMM TUpaMUIaMu, U PE3yJIbTaThl ObUTM TAKMMH XKeE.

JIMH BCTIOMHHAET, YTO NMUPaMHUIA TIOJ/ICPKUBACTCS aKPUIOBBIMH KOJIOHHAMHU. ApHIIoBas
KOJIOHHBI ITOMOTAIOT HM30JMPOBATh MEIHYI0 NHpaMHIy OT 3eMJIM M elle OoJblle yCHIUBATh
u3NlydyeHue sHepruu. Takke oOpaTure BHMMaHME, 4TO 3Ta Qororpadus Oblna craeraHa B
COBEpILEHHO TEMHOM KOMHaTe ¢ BhIZEPKKOU 0T 1 10 3 MUHYT (Hama nHpopMalus B OTHOLICHUN
TEXHUYECKHX JIeTallell OUeHb OTpaHNYCHA).
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Pucynok 4.7.2-1 CniupanpHasi 3HEprusi OT TUPaMUIbl
4.7.3 JnexkTpocraTruyeckasi JHeprus B Besmukoii nupammue

Korma cap V. Cumenc (W. Siemens), OputaHcKuii ©300peTaTelib, MOObIBa Ha BEPIIMHE
Benukoii nupamu i1, apaOCKuit ru1 3aMeTn, 4To, koraa CUMeHC MOAHSI PYKY HaJl TOJIOBOH, eMy
M0KA3aJI0Ch, YTO pa3/iajicsl pe3KUi 3BEHSIINN 3BYK, U OH IOYYBCTBOBAJI IIOKAJILIBAHHUE B Majbliax.
Bynyun nuzobperarensHbIM 10 HaType, CUMEHC coopyani rpy0yro JIeAeHCKYI0 0aHKY U3 BUHHOM
OYTBUIKM M Ta3eThl, KoTopas Oblia y Hero ¢ coboil. OH cMOYMI ra3eTy BUHOM M OOEpHYI €10
OyTbuiKy. CamozenbHas NeiiieHckas 0aHKa MTHOBEHHO 3apspKajach 3JIEKTPHUYECTBOM, CTOMIIO
TOJIBKO MOJIHATH €€ HaJl TOJIOBOM.

Bo Bpems noesnku B Eruner B 1980-x rogax [uist mpoBeneHUs UCHbITaHUN B Bennkoit
nupamuae Jxo IMapp (Joe Parr) mpoBen u3MepeHHs € TOMOIIBIO 3JIEKTPOCTATHYECKOTO
BOJIETMETPA, HaXOIACh Ha BEpIIMHE NMUpamMuabl. J[PKO cMOr MOKa3aTh, YTO MUPAMUJA SBIISAETCS
OTPOMHBIM I'€HEPATOPOM 3JIEKTPOCTATUUECKON SHEPTUH, T€HEPUPYIOIIUM MHOTHE THICSUU BOJIBT.
Korna usmeputenbHblit 30H1 ObLT BEICYHYT B ITOTOK BO3/yXa, 00AYBAIOIINIA CTOPOHY MUPAMUIBI,
BOJIbTMETP OBICTPO MOKa3ajd MaKCUMaJbHOE 3HAaYeHHe. DTO IO3BOJSET MPEANOJIO0KUTh, YTO
AIIEKTPOCTaTUYECKass SHEprusi oOycJOBIEHA TPUOOAIEKTpUYeCKUM 3(deKkTom, Mpu KOTOPOM
BO3/IyX, IBMKYIIUICS BBEPX 110 CTOPOHE MUPAMHU/Ibl, COOMPAET MOHBI W3-3a TPEHHsSI BETpa O IpaHu
UPAMHU/IBL.



4.7.4 I'enepanus 371eKTPOCTATHYECKOI IHEPIUH CTATHYECKON NMPaMHI0H

DKCIIepUMEHT, KOTOpBIA s TMpoOBEJN, H300paxkeH Ha pucynke 4.7.4-1. Hcmomp3oBai
CTaTUYEeCKMH MaccuB nupamui. IlomecTun CHIIBHOE SJEKTpUYEecKoe IoJie Ha OJHYy Mapy
IIPOTUBOIOJIOKHBIX TPAHEHN M CHIIBHOE MarHUTHOE I10JI€ Ha Jpyroe HamnpasiieHue. E-nosie Moxer
ObITh KAaK CTAaTUYECKMM, TaK W HMIYJIbCHBIM. OJEKTPUYECKHE YAEP>KUBAaEMble IUIACTHUHBI
HANpOTUB NMUPAMUIBI HAXOAWINCh HA BOCTOUYHOM M 3aaJHON CTOPOHAX MPUMEPHO B 3/8 mroiiMa
OT OCHOBaHUs nupaMubl. [lacTuHbI ObLIM 3a1IMTaHbl CUTHAJIOM IIEPEMEHHOIO TOKA/HAIPSXKEHUS
¢ yacroroit ot 1,0 k' 1o 160 k' u Hanpspkenuem 165 BombT. MarHUTHl OBLIH PACIIONOKEHBI
HalpOTUB ITUPAMU/IbI B HAIIPABJICHUU CEBEP-I0T, HO OHM HE UMENIM HUKAKOrO 3HAYEHUs, [I03TOMY
s UX yJaluia. OJIEKTPOCTaTUYECKUI BOJBTMETP Kacajics FOKHOM TpaHU NHpPaMUAbl CBOUM
JETEKTOPHBIM aTuukoM. [Tupamusa Oblia caenaHa U3 TOHKUX JIMCTOB MEH, Kpast KOTOPBIX ObLIH
COEIMHEHBI CKOTYEM. DJIEKTPOCTATUUECKUNM BOJBTMETP 3aperMCTPUPOBATI MAKCHUMYyM OKoOJo 15
kl'm. On Owictpo cmaman Bbime 20 xl'm m Hwke 8 klm. Iloxoke, 4ro mmpamMuma WIA
AIEKTPOCTATUUECKHUI U3MEPUTENh UMEIOT pe3oHaHc oT 14 1o 15 kI'u. BeikitoueHnue HanpsKkeHus
OTKJIFOYAET 3aps)l SJEKTPOCTaTUYECKOTo II0JIi Ha MUpaMuie, a IOBTOPHOE BKIIOUEHHE
HAIPSDKEHUSI CHOBA BKJIFOYAET AJIEKTPOCTATUUECKUH 3apsil.

MBsI Bce elie HaxoauMcs Ha ypoBHe OiomnHol cuibl!!! OcraBaiitech ¢ Hamu U1 6onee
3aXBaThIBAOIINX OTKPBITHH.
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Pucynok 4.7.4-1 DnekTpocTaTUYECKU TeHEePaTOpP, UCTIOIB3YIOMUM MUPAMUTy B KaY€CTBE CHJIBI

(bopmbl
4.8 Teopusi Kak co31aeTCsA CIUPAIbHAS YJHEPTHS MUPAMHIBI

[Nepecekarormecs JMHAN U PE3YJIbTUPYIOIIUE TUIAHAPHBIC CHIIOBBIC TIOJISI CTOPOH CO3/IaI0T
sHepreTuyeckue 3G eKThl MUpaMubl, KOTOPbIe MPUBOIAT K KOHIICHTPAIMU Y(PUPHONH SHEPTUH
BHYTpH MpamMuIbl. DPPEKTh 00€3BOKUBAHMS, HAOJFO1aEMbIC ITPH UCTIOJIb30BAHUH ITUPAMU/T JJTs
CYIIKM OpPraHMYeCKMX MaTepHalioB, SIBJISIOTCS pPE3yJIbTaTOM »JHepreTudeckux 3(hdeKTos,
CBsI3aHHBIX C 3(upHON dHepruedl. EcTecTBeHHbIC MOTOKU A(UPHON SHEPTHHM Yepe3 3eMiio B
HAIMpPaBJICHUU CEBEP-IOT TO3BOJISIOT OOBSICHUTH, MOYEMY MAarHUTHAas OPHEHTAIUS YCHIMBACT
sHeprerudeckue 3G (eKTh MUpaMuIbl, TOCKOJIbKY MAarHUTHOE TI0JI€ TIPEICTABISET COOOU MOTOK
3(UPHON YHEPTHH.



4.8.1 Ilepecekaromuecsi TMHUA

W3 skcnieprMenTa B ri1aBe 1, mokaspiBaronero, kak 3((eKTsl CHitbl OPMBI CO31AI0OTCS C
IIOMOIIBIO0 TIEpeCceKaloIuXCcs JMHUN, Mbl MOXEM BHUIETb, KaK 3TO MOYKHO OYEHb XOpPOIIO
OPUMEHHUTD i1 OOBSICHEHHs TOTO, TOYEMYy MUpaMUa CO3/1aeT KOHIEHTPHPOBAHHOE 3(UPHOE
SHepreruyeckoe nose. Yerbipe yriia OCHOBaHUS U BEpIIMHA BCE 00pa30BaHbl MEPECEKAOIUMHUCS
JMHUSMU TPEYTOJIbHBIX TpaHel. B 3THX yriax moToku 3¢pupa KOHIEHTPUPYIOTCS OT TPEYroJIbHBIX
rpaHeil U (OpMUPYIOT NOTOKM S(PHUPHONH SHEPrMM B 3TUX (POKYCHBIX TOYKax. MarHuTHbIE
3pQeKTs, Cco3JaBaeMble B yIrilaX IHPAaMHUIBL, TakKe ObBUIM TOATBEPXKICHBI MOHMMH
71a00paTOPHBIMU UCTIBITAHUSMU.

[TockonbKy Bce, UTO HaM HY’KHO, - 3TO IEPECEKAIOIINECS JIMHUY JUIs CO3/1aHuUs IPAIUEHTOB
3(GUpPHOI SHEPIUHU, KOTOPBIE IEHCTBYIOT JUIsl KOHLIEHTPAUU U (POKYCUPOBKH I(PUPHON SHEPTUH B
3pHUPHYIO CHITY, 3TO SICHO OOBSCHSET, HoYeMy (hopMa MUpaMuIbl, COCTOSINIAS TOIBKO U3 BHEIITHUX
peGep M OCHOBaHMA MAJsl ONpENETCHUs NMUpPaMUIbl, QYHKIMOHUPYET TaK K€ XOpPOIIO, KaK U
cruiomHas nupamMuaa. Ha camom pene, uccnenosanus ko Ilappa nmokasanu, 4TO B CIUIOLIIHOM
nUpaMyuzie JODKHO OBbITh HECKOJIBKO OTBEPCTUM, 4TOOBI MAaKCHMMH3MPOBATh IHEPreTHUECKUE
3 PeKTh. DTO TaKKe SABISIETCS €Ile OAHUM OOBSICHEHHEM TOro, odeMy B Benmukoil nupamume
€CTh "BEHTUJISILMOHHBIE IAXThI".

4.8.2 CKOHIIeHTPUPOBAHHBbIE CHJIbI

TpeyronpHble TpaHH, JAa)K€ INPU HAIMYUU TOJIBKO JIMHHWM, a HE CIUIOIIHOM T'paHH,
GOpMHUPYIOT TPEXMEpPHOE CHIIOBOE TIOJIE€ Ha KaxJAOW W3 rpaHeil mupamuabl. Buxpu B yriax
TPEXMEPHbl W MPUTATUBAIOT SHEPIHUI0 CO BCEX CTOPOH M KOHUEHTPUPYIOT €€ B yrjiax.
MareMaTnuecKkuil aHaIu3 CUJI BHYTPU NMUPAMUABI IIOKA3bIBAET, YTO KOHEYHBIA T€OMETPUYECKUN
pe3ynbTaT CHMMETPUYHOTO MPUBJICUYEHHUS CUIIBI OT KaXIOT0 yIila K BHYTPEHHEW 4acTH MUPaMU/IbI
HAXOJUTCSI TOYHO B TEOMETPUIECKOM IIEHTPE MUPAMUIBI. ITOT LIEHTP PACIIONIOKEH Ha 1/3 BBICOTHI
nupamMubl. JIr000#, 3HAKOMBIN CO MIKOJIBLHON T€OMETPHUEH, MOXKET J0Ka3aTh 3TOT MPOCTOM (akT.

4.8.3 D dexTbl 00e3BOKMBAHNS

Bo03MOXHO, MEpBBIM OTKPBITUEM, KOTOPOE MPHUBEIO K DKCIEPUMEHTaM C NHPaAMUAAMH,
OblI0 OOHapykeHHUe B Benukoll mnupamuae MEpPTBBIX >KUBOTHBIX, KOTOpPbHIE E€CTECTBEHHBIM
o0pa3oM MyMUOUIMPOBATUCH M He paznaraiucb. OOLIMpPHBIE HKCIEPUMEHTH MHOTHX
uccienoBareneil nupaMu/, 10Kazaid, yTo (popma nupamMuabl AEUCTBYET Kak 00€3BOKMBAOIAs
¢dopma (T.e. mUpaMua BBICYIIMBAET MaTepua, MOMELIECHHbI B MUpaMUay), U, HO-BUIUMOMY,
Jydie Bcero padoraer Ha 1/3 BBICOTHI.

Eme onun ¢akt 006 >pupHON 3HEPrUU 3aKIOYaeTcsl B TOM, YTO KOHIEHTPHUPOBAHHAs
a¢upHas cuja TUrpOCKONUYHA. DTO O3HAYAET, YTO KOHLIEHTpUpOBaHHast 3(hupHas 3Heprus Oyner
cobupath Biary. OOiaka sSBISIOTCS NPEKPACHBIM IPUMEPOM 3TOT0, MOCKOIBKY OBIIO JI0Ka3aHo,
YTO 00J1aKa MOXKHO paccesiTh, BHITATMBAS U3 HUX 3QUPHYIO SHEprut0. BozMoxxHO 1 oOpaTHOE, TO
€CTh CO37aHHEe OOJIaKOB IyTeM KOHILEHTparuu 3¢upHoil cuibl. Pailx paspabortan mamuny,
oOcyxmaeMyto B Ii1aBe 5, moja HasBanueM "paspymmrenb obmakos" (cloud buster), kotopas
BBITATHBAET OProH (T.€. 3pup) u3 001aKOB, 1 OHU PACCEHBAIOTCH.

Ha nepBblif B3ris kaxkeTcsi, YTo NupaMua J0HKHA CKOpee YBIAXKHSTh, YeM BBICYIIMBATh
BEIM, IMOCKOJBbKY MHUpaMuja KOHLIEHTpUpyeT 3¢up. OAHaKO yribl TUpaMuabl (hakTHYecKu
BBITSTUBAIOT 3GUp U3 LEHTpa NupaMuabl U (HOKyCUPYIOT ero mo yriaMm. Takum ob6pa3om, Mbl
BUJMM, YTO BCE, YTO COJAEPXKHUT BOJY WJIM BOASHON Map BHYTPU MUPaMUbI, OyJeT TepsATh Biary,
1 3TO JIETKO 00BbsICHSIET 3((EKTHI BBICYIINBAHUSI, CBA3aHHBIE C POPMON MUPAMHU/IBI.



4.8.4 MarauntHass OpueHTa U

Crenyroiee, 94TO MBI I0OJDKHBI OOBSICHUTB, 3TO IOYEMY SHEPTHs MUPaMH/Ibl yCUIIUBAETCS,
KOrja NMHUpaMuJla OPUEHTHUPOBAHA HAa CEBEP-IOI M BOCTOK-3allaJl MO OTHOLIEHHUIO K KOMIIACy.
DKcrepuMEeHTHI TOKa3aJli, YTO MAKCUMANIbHBIN SHepreTuyeckuii 3 peKT nmupaMuipl JOCTUraeTces,
KOr'Jla MUpaMuJia OpueHTHPOBaHA TaKuM oOpa3oM. XoTs Benukas nupaMuaa B HacTosIIee BpeMs
OpUEHTUPOBAaHA HE TOYHO 10 MArHUTHOMY IIOJIIO 3€MJIM, a CKOpEEe Ha CEBEpHBIH moitoc (T.e.
UCTUHHBIA CEeBep, B OTJIMYME OT MAarHUTHOTO CEBEpa, KOTOPBIM OOBIYHO OTIWYAETCA),
npearnonaraeTcsi, 4To Korga-tro Benwkas mupamuga Obljla T€OMarHUTHO OPUEHTHUPOBAHA, HO
MarHuTHOE IoJie 3eMJId U3MEHWIOCh WM 3eMJsl CMECTHJIaCh Ha CBOEW OCH, YTO SIBUJIOCH
IIPUYMHON OTJIMYMS B HACTPOMKE MArHUTHOTI'O I1OJIA.

[Ipu opueHTanuu KoMiaca Ha ceBep/tor 3UPHBIN MOTOK MPOXOAWI Obl Yepe3 MUPaMUIy B
TpEeX HaIlpaBJIeHUsIX. MarHUTHOE T0JIe MPEACTABISAET cO00M BUXPEBOM A(UPHBINA MOTOK C fora Ha
ceBep. 3eMiIs BpallaeTcsi BOKPYT CBOCH OCH, TTO3TOMY HaOIroaeTcsl HeOOombIIon apeid (moTok)
adupa c 3amaaa Ha BOCToK. Koraa 3Tu 1Ba mOTOKa BCTPEUYaroTCs B MUPaMUIE, 3TO 3aCTaBiseT 3hup
o0TekaTh NHpaMuIy BOKPYT B HAIPaBICHUH ITPOTUB YACOBOU CTPENKH (TJIsAAs BHU3 HA TUPAMUTY)
C BOCXOJISIICH TATOW WM3-3a HAKJIOHA MHUpaMUAbL. TpeTrii OTOK - TO MOTOK/IaBICHHE dPupa
CBEpXy BHM3 B 3eMit0. Korja 3TOT mOTOK MomajgaeT BO BpaIArOUIUICS MMOTOK MPOTHB YacOBOM
CTpPEJIKH, CO3JAeTCS BUXPEBOE JEHCTBUE, KOTOPOE MOXKET CO3/1aBaTh TOPOMJAJIbHBIE BUXPHU B
a¢upe. OHM aBTOMATHUYECKU MPEBPAIIAIOTCS B MPOCTHIE YACTHIIBI M, CKOPEE BCEro, 3T0 OyayT
anekTpoHbl. Ha pucynke 4.8.4-1 mokazansl 3(pupHBIE TOTOKH, ACHCTBYIOLINE Yepe3 MarHUTHO
OPUEHTHPOBAHHYIO NupaMuy. CoBpeMeHHasi TEOpUsi B HOBOM BUJICHUH HAYYHOW CETU COCTOUT B
TOM, 4YTO CyOaTOMHBIC YaCTHUIIBl TPEACTABISIOT CO00H pa3inuyHble KOMOMHAIWHU 3(PUPHBIX
TOPOUAATBHBIX BUXPEH, BIIEpBbIe OOHAPYKEHHBIX U onucaHHbIX /[xxonom Kunu B konne 1890-x
rogoB. Taxxke, cmorputre Mmaremaruky I[loma Croy (Paul Stowe) B rmaBe 8 B KkauecTBe
JI0Ka3aTesIbCTBA 3TOr0 YTBEPKICHHUS.

3hupHbLIA NOTOK rpaBuTaUUOHHOrO Nons (CBepxy BHU3)

SpUpHLIA NOTOK Yepes
nupamuay (¢ 3anaga Ha BOCTOK)

MarHuTHoe none
yepes nupamuay
(c 1ora Ha cesep)

Pucynok 4.8.4-1 D¢upHble TOTOKH, IEHCTBYIOIIHNE Yepe3 MarHUTHO OPUEHTHPOBAHHYIO
upamMuny



Wtak, Tenepsb y Hac €CTh METOJ OOBSICHEHHS TOTO, KaK 00pa3yrOTCsl JIEKTPOHBI U TIOUEMY
nupamuia OyaeT AeiicTBOBaTh Kak reHepaTop 3apsja.

4.8.5 MaruutHasi reHepauusi

Bo3moxHO, 0/1HOH 3 HanOoIee TAMHCTBEHHBIX 3araJloK, CBI3aHHBIX ¢ (HOpMaMU TUPaMUI,
SBIISIETCS CIIOCOOHOCTh MUPAaMUJIbl T€HEPUPOBaTh MarHuTHoe nosie. B xkuure buna Keppemna
(Bill Kerrell) u Kotu I'porrun (Kathy Groggin) "PykoBoactBo mo sHeprum nupamuasl” (The
Guide to Pyramid Energy)® onu paccka3biBaloT 0 HEKOTOPHIX YHHKAIBHBIX SKCHEPUMEHTAX C
dopmamu mupamuabl. OHH TONPOCHIIM HECKONBKO HHXKCHEPOB C OYCHb YYBCTBHTEIBHBIMU
raycCMeTpaMy M3MEpUTh MarHUTHBIE TOJISI BHYTPH M BOKPYT mupamuj. X OCHOBHOE OTKPBITHE
3aKJII0YaJIOCh B TOM, 4YTO NHpPaMHUAA ICHCTBHTEIBHO TI'€HEpUPYET ci1aboe MarHWTHOE IIOJE,
KOTOPOE YBEIMYUBACTCSA 110 Mepe OPUCHTAIMM MHPaMHJbl HAa MAarHUTHOE Mojie 3eMiHd. DTOT
3¢ eKT MarHUTHOHM TeHepaluy TaKkKe HE 3aBUCET OT MaTepHala, U3 KOTOPOTO ObUIa cenaHa
nupamuaa. DPPeKT MOKHO ObUIO OBl OOBSCHUTH B CIIy4ae METAIUTMYECKUX MUPAMHJL; OJHAKO C
JMRJIEKTPUYECKUMH MaTepuajaMid 3TOT 3(QQEKT He BIHCHIBACTCS HU B Kakue OOBICHEHUS
CTaHJAPTHON (U3UKH.

Kaxk ommcano B riaBe 1, ObII TOKa3aH MPOCTOH SKCHEPUMEHT I10 MPOBEPKE TUIOTE3BI O
TOM, YTO TMEPECEKAIOMINEcs] CTEPKHU OyayT T€HEpUPOBAaTh MAarHUTHOE M 3JEKTPOCTATHUECKOE
noje. OTU pe3yabTaThl I0OKa3aHbl Ha pucyHke 1.4.5-1.

3totr 3¢ ekt mupamubl, SBISIONICHCS (aKTHUYECKUM T'€HEPaTOPOM MAarHUTHOTO IIOJIS,
OYECHb XOPOIIO OOBSICHAETCS MOHUM OTKPBITHEM, UYTO MEPECEKAIOUIMECS JIMHHUHU T'CHEPUPYIOT
TEKYIIUi BUXpPb 3(PHUPHON dHEprur. MarHUTHOE T0J€ MOCTOSHHOIO MAarHWTa TaKXKE SBISETCS
TEKYIIUM BHXPEeM d(UPHOIN SHEPTUH, O YEM TOBOPUIIOCH B TJ1aBe | 3TOW KHUTH.

Q.E.D - CruenoBarensHo - OBpuka! Takum o00pa3oM, NUpamMuaa W3 MHOXKECTBa
HepeceKaronXcsi CTep)KHEH OylneT reHepupoBaTh MAarHUTHOE IIOJIe, MOTOMY YTO J(HpHbBIC
BUXPEBBIC TOTOKU HA MEPECEUCHUH JIMHUI Ha CAMOM JIeJIe SBIISFOTCSI MATHUTHBIMU TIOJISIMHA. JTO
03HAYaeT, YTO MEPECEKAIOIINECS JINHIH WIN CTEPKHU TaKKe JOJDKHBI TEHEPUPOBATh MArHUTHBIE
OJIs1, ¥ TO OBIJIO JOKA3aHO B JJA0OPATOPHBIX H3MEPEHHSIX, KaK MIOKa3aHo B TJase 1.

4.9 Kparkoe u3j0:keHne JHepruM NUPaMuabl

OcHoBHasi TemMa STOW TJaBbl 3aKJIIOYAeTCsl B TOM, 4TO (opMa NHUpPaMUAbI SBISETCS
€CTECTBEHHBIM IpeoOpa3zoBareseM (PUPHON PHEPTUU B 3JIEKTPOMArHUTHYIO sHepruto. dopma
NUPAMUJIbI, @ TaKXK€ TPEYTrOJIbHUKH, BBIOJHEHHbIE B TOW JX€ IpPONOpLMH, 4TO M Benmkas
NUpaMy/ia, €CTECTBEHHBIM 00pa3oM coOHMparoT U (OKycupyroT 3¢upHble 3Hepruu. biaronaps
dopMe  mHMpaMuIbl  B3aUMOJEHMCTBYIOLIME  3(UpPHBIE  HSHEPruu  NpeolOpa3yloTcs B
AJIEKTPOMArHUTHYIO SHEPIUI0 U 3JEKTPOHbI. TakuM 00pa3oM, Mbl BUJUM MYTh K BO3MOKHOMY
croco0y BbIpaOOTKH SHEPTUH, UCTIONb3YsI CUITY (POPMBI.
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I')IABA §
CUIA ®OPMbI U "CAKPAJIBHAA TEOMETPUA"

B o310l rmaBe paccMarpuBaeTcs KOHLEMIMS, CTaBIlas IONYJISIPHOW B COBPEMEHHBIX
MeTapU3NYECKUX Kpyrax, cakpajlbHas TIeOMEeTpHsi, KOTopas IMOApa3yMeBaeT CYyIIECTBOBAHUE
FEOMETPUUYECKH MATTEPHOB, CBSI3aHHBIX C OCHOBOW JKM3HM M CYILIECTBOBaHMs, TBOpeHus, bora.
Bbyner paccMoTpeHa 3HaYUMOCTh CaKpabHON T€OMETPUU JJISi CUIIBI (POPMBL.

5.1 CakpaJjbHasi reomeTpusi

Konnenuus cuibl (OpMbl KaK €CTECTBEHHBIX I'€HEPAaTOPOB, OYAroB 3HEPIUi BBICLIETO
nopsiika W 1peoOpasoBarenell 3Toi PHEPruu B Oosiee y3HABaeMble HSHEPrHM, TaKHUE Kak
3JIEKTPUUYECTBO M MAarHeTH3M, IO CYTH, YTBEPXkAAeT TO K€ CaMmoe, 4TO U NPHUBEIEHHOE BbIIIE
omnpeeneHue ""cakpalbHOU reoMeTpun'.

[IpunuceiBaeTe 11 Bbl KAKOE-TO MUCTHYECKOE 3HAUEHHE T€OMETPUUYECKHM NAaTTepHaM Ha
OCHOBE BEpbl, UHTYUIMH, CHMBOJIMYECKON Maruu WM HaOJII0JJa€MBIX pPE3YyJbTaTOB, WJIH BbI
JIOKa3bIBAETE 3TO B J1A0OPATOPUHU C HOMOILBIO KCIIEPUMEHTOB U CTPOroil "Hay4HOI" mpoueaypsl,
Bl HUYErO HE HW3MEHSEeTe, KPOME CEMaHTHKH B OTHOLICHMHM KOHEYHOro pesynprara. Oba
npeoOpa3yloT SHEPrui0, HCHONb3YyS €CTECTBEHHbIE TI€OMETPUYECKHE INPUHIMIIBI, KOTOphIE
CYILIECTBYIOT B €CTECTBEHHOM IOpsAIKke BeeneHHoi. DTu NpUHIUIBI OTKPBIBAIOT HAM CaKpPAJIbHYIO
OCHOBY BCET0 COTBOPEHHOTO.

Kak marematuk u Qu3MK, 5 BO3ACPKUBAIOCH OT OMHMCAHUS T€OMETPHUECKUX (PHUTYp Kak
"cakpanbHbIX". Kak yenoBek, r1yOoKo MorpyKeHHbli B MeTaU3UKY, 1 TOHUMat0, OTKyAa OepyTcs
T€, KTO IPUHUMAET TEPMUH "cakpaibHas reomerpus”. OJIHAKO 110 Mepe yriiyOJieHNs B IOHUMaHHUE
TOr0, KaK (yHKIIMOHUpYET BeenenHas, 1, B 4aCTHOCTH, KaKk FeOMeTpudeckre (popMbl Pe30HUPYIOT
U TEHEpUPYIOT 3HEPIui0, 3arajJlouHoe IPe/CTaBICHUE TOr0, YTO I'€OMETPUUECKHE CHMBOJIbI
SBJISIIOTCSI MCTOYHMKAMM HENO3HaBaeMOMl WM HEMOCTH)KUMOW CHJIbI, SBISETCS JETCKUM
B3JIAI0M. VICTHHHBI MHUCTHK BEPHT, YTO OH/OHA MOXKET 3HATh NMPHYUHY U CIIEJCTBHE BEIICH,
IIOCKOJIBKY KaKIbIH 4enoBek siBisiercs yacTbio Llenoro, uckpoit Cesroro lyxa boxbero, u c
MOMOIUIbI0 MEAUTALIMY U CO3EPLAHUS MOXKET JJOCTMYb MCTUHHOrO MOHMMaHuUs BceneHHoll u ee
(GYyHKLNHU, U OpraHu3aluH.

Te, kTO wucnomp3yeT TEepMUH '"cakpajdbHasi TeoMeTpus', NPUMEHSIOT €ro Kak K
reoMeTprUYecKuM (purypam, 60JIbIIMHCTBO KOTOPBIX MPUIMCAHO K OOBIYHOW reOMeTpuH, TaK U K
ONpe/eIEHHbIM MAaTeMaTUYeCKUM KOHUENIUAM, KOTOpble Jydile OblIo Obl omMcarh Kak
"cakpanbHasg MareMaTHka'. OHU OMMCaHbl B CIEAYIOUINX pa3/jesiaX U CBA3aHbI ¢ (GU3UKON CHIIBI
(GopMBI, Kak 3TO ObUIO OTKPBITO B MOUX MCCIIEIOBAHUSAX U IKCIIEPUMEHTAX.

5.2 TeomeTpuueckue GUrypbl CakpaJbHOI reoMeTPpHH
5.2.1 Touka

Kak reomerpuyeckas KOHIIENIIMS, TOUKA CYIIECTBYET B BHJE ONpefesieHus u 0a3oBoi
koHuenuuu. Kak ¢usmueckas peaJbHOCTh, TOUKAa HE CYILIECTBYET, IOCKOJBKY OHa SIBIISIETCS
MEHTaJIbHON KOHCTPYKIIUEH U, 110 OIIPEIEIICHNIO, HE UMEET HU JUIMHBI, HU IIAPUHBI, HU TOJIIVHBI,
CJIeZIOBaTeNIbHO, OHA HE CYIIECTBYET KaK (pu3nyecKasi CylHOCTb.

Tem He MeHee, TOUKa MCHOJb3YyeTCs JUIsl ONpENETeHHs LIeHTpa Kpyra, LIeHTpa cdepsl,
KOHEUYHBIX TOYEK JIMHUH, POKYCHPOBKHU Ha OeckoHeYHOCTU. TakuM 00pa3oM, Mbl MOXKEM BUJIETbh,
YTO TOYKA, XOTS U HE UMEET U3MEPEHHUSI, SBJISIETCSI OCHOBOM BCEX U3MEPEHHUM.

W3 rnaB 1 1 2 MBI y3HQJIU, 4TO pOCTelIIel (PU3NIecKoil KOHCTPYKIMEH, IeHCTBYIOIIEH B
KadyecTBe "TOYKH'" Ha MaKpOYpOBHE, SIBJIAETCS OJHA aTOMHAs 4acTHUIA, KOTOpas JIEMCTBYET Kak
HEHTPaJIbHBI MPUEMHHUK U U3ydarenb 3¢upHOil cuibl. Ha MukpoypoBHE (T.e. HA aTOMHOM



YPOBHE) Aa)ke MpocTeiinas aToMHas yacTuia umeer ¢popmy u cTpykrypy. Ha pucynke 5.2.1-1
IIOKa3aHbl BUXPEBbIE MOTOKHU CJIOKHOTO aTOMa.

CHoXHBIN aTOM CO MHOTUMH MOPSAAKAMH
BHXPEBBIX HAMPSDKCHHBIX Y(PUPHBIX TOTOKOB (JTMHUI).
[TpocToii aToM, Takol Kak BOJIOPOJI, UMEN OBl TOIBKO

OJIHY BUXPEBYIO JTUHHUIO BX0JIa M BBIXO/IA.

PI/ICYHOK 5.2.1-1. Honepeque CCUCHUC BUXPCBBIX HAIIPSXKCHHBIX ITOTOKOB CJIIOKHOI'O aTOMa

5.2.2 Kpyr

Kpyr, naByMepHbIii JTOKYC, paBHOYJAICHHBII OT TOYKHU, CUMBOJIIMYECKU UCIOJIb3yeTCsS Ha
NPOTSDKEHUH BCEH HCTOPUH KaK CHMBOJI €IMHCTBA BCETO CYIIET0, OCHOBHAs MKOHA O0skecTBa. Kak
CUMBOJI CUJIBI POPMBI, KPYT ACHCTBYET, YTOOBI CPOKYCHPOBATh UCKOHHYIO dHEepruio BeeneHHon
B LIEHTPE Kpyra.

TectupoBanue ¢ SCHOBUASIIMMHU IOKA3aj0, YTO MAKCUMAIbHYIO CHUIY Kpyra MOXKHO
MOJIyYUTh, HAPUCOBAB KPYT, HAUMHAS C HH)KHEN 4aCTU OKPY>KHOCTH. TakuM o0pa3oM, Mbl BUJIUM,
4yTO0 B (pu3uke cuibl (OPMBI €CTh HEYTO OOJIbIlee, YeM MPOCTON TeOMETPUUYECKUN MaTTepH.
Hawmepenne (T.e. MeHTanbHBIA (aKTOp) M MPOU3BOJICTBEHHBIE IMPOIECCH CO3aHUS CHMBOJIA
TaKXe OINpENeNsIoT KOJIWYECTBO HSHEPruH, CBs3aHHOM ¢ cumBosioM. Ha pucynke 5.2.2-1
M300paxkeH MaTTepH CUiIbl OPMBI KpyTa.

Kpyr KOHUEHTPUPYET 3PUPHYHO
3HEPruio B UEHTPE Kpyra.

Pucosanue kpyra, HauuHas CHU3y,
yBENUYMBaeT KONMUYECTBO 3HEPruu,
KOTOPYIO OH NPUBNEKAET U COAEPKMT.

HayHuTe cCHU3y Ansa nonyyYeHus
MakCumansHou SHEeprun.
Pucynok 5.2.2-1. Cuna ¢popmbl Kpyra



5.2.3 Cdepa

Hexotopsie cunTarot, uto cdepa - camasi coBepuieHHas u3 popm. OHa sBisieTcst Hauboee
TUIIUYHBIM CUMBOJIOM eiuHCTBa. C TOUKH 3peHus cuiibl popmbl chepa - 3TO MPOCTO TpeXxMepHas
BEpCHsI KpyTa, B KOTOPOI aTOMBbI Cephl ISHCTBYIOT KaK U3TydaTenu 3QpUpHOM CHUITBI, U BCE TOYKU
chepsl HOKyCcHPYIOTCS B IICHTPE chephl, Co3AaBasi MHTCHCUBHBIN (POKYC A3(UPHOM CHUITBI B IICHTPE.

5.2.4 IIVTATOHOBBI TEJIA

OcHoBo# a5 opranu3zanuu GU3NUecKoi MaTepul B MUHEPAIbHOM IApCTBE SIBISIFOTCS 5
[InatoHoBBIX Ten. OHM CBSI3aHBI C 5 YPOBHAMU 3HEPIUU, KaK MPEICTABIISIN IPEBHUE IPEKU. DTO:

1. TeTpasap - OTHOCUTCS K OTHIO

2. Ky0 unu (1ecTurpaHHuK) - OTHOCUTCS K 3e€MIIe
3. OKTasap - OTHOCUTCS K BO3JIYXY

4. Jlopeka’ap - OTHOCHTCS K AyXy WiH dUpy

5. Ukocasip - OTHOCUTCS K BOJE

OTH TpexMepHble (GUTYpPBI SIBISIOTCS OCHOBOW KPHCTAIOB M  MHHEPAJIOB. ITO
€IMHCTBEHHBIC MATh NPAaBIIIBHBIX MHOTOIPAHHUKOB, KaK MOKET OBITh JJOKa3aHO B T€OMETPHHU, U
OHHM COCTOSIT W3 PABHOCTOPOHHHX W PaBHOYTOJBHBIX MHOTOYIOJIBHHUKOB. ['eomerpuueckas
KOHLICTIIMSI JBOMCTBEHHOCTH CBSI3bIBACT MHOTOTPAaHHUKH, B COOTBETCTBHHM C KOTOPOH
JIBOWCTBEHHOCTh OJIHOTO 0Opa3yeTcsi MyTeM COEAMHEHHUS CpEeIHUX TOYEeK TIpaHell apyroro.
Terpasap, camblif TPOCTOI U3 TPEXMEPHBIX MHOTOIPAaHHUKOB, MyaneH caMm cede. Kyb u okrasip
JyalbHBI, T.€. IIOJIy4aroTCs IPYT U3 Ipyra, Kak HKOCa’p ¥ JOAEKAIP.

Enuncreennoe [11aToHOBO T€J10, KOTOPOE MBI 10 CHX ITOP PACCMATPUBANIN C TOUKU 3PEHHS
crIbl (DOPMBI B TPEABLAYIINX TJIaBaX, - 9TO TeTpadap. Terparap ¢okycupyer 3¢pupHyro cuity B
YeThIpeX BEpIIMHAX M B TIEOMETPHUYECKOM LIEHTpPE, KaK IO0Ka3aHO Ha pucyHke 5.2.4-1.
COOTBETCTBEHHO MBI MOTJIM OBl OKHAaTh, YTO ocTaibHble 4 [IIaTOHOBHI Tenma Takxke OymyT
¢dokycupoBarh >pUPHYIO CHIIy B CBOUX LEHTpaxX, MPUYEM II0 Mepe MPOIBIKEHHS OT KyOa K
UKOCadApy, dpupHas cuiia (OKYCHPYETCsl B BEPIIMHAX BCE MEHBIIIE U MEHBIIE. DTO MPOUCXOIUT
OTOMY, YTO MBI Bce Ouimke M ONMXKe MOAXOOUM K cdepe, KOTOPYIO MOXKHO ObUIO Ol
paccMaTpuBaTh Kak MPaBUIHHOE TEJIO C OECKOHEYHBIM YHCIIOM CTOPOH.
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Pucynok 5.2.4-1. D¢pupHas KOHIEHTpaLUs B TETPadApe



5.3 MaremMaTHKa CaKpaJbHOI reoMeTpHu
5.3.1  (m)

I1u (1), oTHOLIEHNE AJIMHBI OKPYKHOCTH K €€ TUaMETPY, ABJISETCS TPAHCLICHIEHTHBIM WIIH
UPPALUOHAIBHBIM YUCIOM. DTO 03HAYAET, YTO 3TO YHCIIO0, KOTOPOE HE MOXKET OBITh OIPEAETICHO
KaK OTHOILIEHHE JIBYX LIEJIbIX YHCEN, U Pe3yJbTaT JAeJCHUs ABISCTC OECKOHEUHBIM YHUCIIOM.

Yucno [T npubnuzutenpHo paBHo 3,14159...

Uucno Ilu BctpoeHo B reomerputo Benukoi nupamuasl B Erunre ¢ nopasutenbHOMR
TOYHOCTBIO M JIOKA3bIBACT, YTO CTPOUTEH OBLIM JOCTATOYHO TEXHOJOTHYECKH PA3BUTHI, YTOOBI
CUTHAJM3MPOBAaTh OoJiee MO3AHMM LMBWIM3ALKAM O TOM, 4YTO TMEPelOBble TEXHOJOTUU
CYILIECTBOBAJIM Ha 3€MJI€ JaBHBIM-JJaBHO.

5.3.2 Boa0Tas cepenuna ¢ (¢pn)

3osi0Tas cepenHa WM 30JI0TOE CeueHHEe, 0003HAYaeMoe IpeuecKoil OyKBOH ¢, sBiIseTCS
el1le O/IHUM TPAHCLEHIEHTHBIM WM UPPALMOHAIBHBIM YUCIOM. DTO YHUCIIO TAKXKe ObUIO BCTPOEHO
B reomeTpuio Benmkol mupaMuzpl. 30510Tas cepeauHa BCTPEUACTCS €CTECTBEHHBIM 00pa3oM B
pUpOJe, HalpuUMep, B GopMe KaMepHON paKOBHHBI HAYTHITyca U CIIUPAIU CEMSH I10ICOJIHEYHUKA
B IIBETKE.

¢ npuMepHo paBHo 1,618034...

3os0Tast ceperHa OMPeaeISIeTCS yTeM JICJICHHs TIPSIMOM JIMHUU TaKUM 00pa3oM, 4TOOBI
OTHOILICHUE JIMHUM K OOJBIICH 4acTH JTHMHUM PAaBHSUIOCH OOJbLICH YacTH JIMHUHM, JCICHHOW Ha
MEHBIIYI0 YacTh JIMHUA. HEKOTOphle acheKThl ¢ OBUIM YIOMSHYTHI B TJaBe 00 DSHEPrHu
HUPAMUJIBI, T0ITOMY MBI He OY/IeM HOBTOPSTH UX 3/1€Ch.

OIHMM H3 WHTEPECHBIX AaCIEKTOB 30JI0TON CEPeAMHBI SIBISIETCS TOT (PAaKT, YTO OHA
UCIIOJIb30BaJIaCh MHOTUMHU XY/IOKHUKAMH B CBOMX KapTHHAX, MMOCKOJBKY CUMTAIOCh, YTO OHA
o0ecreYnBaeT 4yBCTBO ICTETUIECKH PHUSITHOM MPOOPIIUH.

C ¢ cBs3aHO sIBJICHHE (PUIIOTAKCHCA, KOTOPOE MPEACTABISET COOO0M TEHICHIHIO B IPUPO/IC
pacTH TO cHUpanbHBIM maTTepHam’. CyIIECTBYIOT 0COOBIE CIHpPATbHBIE MATTEPHEI, KOTOPHIE
MaTeMaTH4eCKH CBsi3aHbI ¢ . HanpumMep, pacTeHus U AePEBbsl HIMEIOT TEHICHIIMIO K POCTY BETBEH
U JINCTHEB, KOTOPBIC SIBISIFOTCS €CTECTBEHHBIMH CIHPASIMH. XOpPOIIO HW3BECTHAS KaMepHast
paKOBHHA HAYTUITyCa PACTET MO CIUPAIH .

B Moeii mepBoii KHUre? paccKa3bIBAaeTCA 0 HEKOTOPHIX UCCIIET0BAHMUAX, IPOBEIEHHbIX I
MOHMMAHUSI TOTO, KaK CIBIIIAT YEeJIOBEYECKOE YXO0, M O 33/IeiICTBOBAHHBIX B 3TOM MEXaHHU3Max.
BHyTpeHHEE yXO MMEET CIHPAICBUAHYIO KaMepy, YIAUTKY. YIIUTKA BBICTIIAHA KPOIICYHBIMH
Bonockamu. Mccnenopanue ®neruepa (Fletcher)® B maGoparopun Bemna (Bell), mokasano, uro
Kamepa JeHCTBYeT KaK pe30HaHCHas TPyOKa, U paBHBIC PACCTOSIHUS BJIOJIb CITUPAITH TAPMOHUYHO
cBsi3aHbl (cM. puc. 5.3.2-1). Ecnu Mbl cOOTHECEM 3TO ¢ SIBJICHHEM (IIOTAKCUCA, TO BIIOJIHE MOXKET
OKa3aThCs, 4YTO JIEPEBO WM PACTEHHE MPEACTABISIET COOOM pPE30HAHCHYIO CTPYKTYpPY CO
crieliu()UUECKUMH YaCTOTAMH KaK 4YacThI0 €€ YHEPreTHUSCKUX MATTEPHOB. DTH YaCTOTHI U UX
TapMOHHMKH OyIyT PE30HUPOBATH MO BCEHW JJIMHE PACTEHUS] U €ro BETBEH B €CTECTBEHHOH ¢
CIIUPAITH.

5.3.3 UaeanbHble NPSIMOYTOJIbHbIE TPEYTOJIbHUKH

WneanbHble NpPsSMOYTOJbHBIE TPEYTOJIBHUKU - 3TO NPSAMOYIOJbHBIE TPEYTOJIbHUKU CO
CTOPOHAMH LIETIBIX YHCeNl, TakKux Kak 3/4/5, 5/12/13 u 7/24/25. U cHoBa Mbl 0OHapyXHBaeM, 4TO



Benukas nupamMuja COACPKHUT OIWH M3 ITUX HUACAIBHBIX MNPAMOYTOJIbHBIX TPCYrOJIbHHUKOB,
TpeyrobHUK 3/4/5, conepkuTces B "kamepe naps' mupamMuibl.
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Pucynok 5.3.2-1. BuxpeBble pe30HaHCBI BHYTPEHHETO yXa
5.4 Cuna ¢popMbl M cakpaJIbHAs TeOMeTPUA

Beinaromasica cuna ¢opmbl reomerpuueckas ¢Gurypa, napaMmuja, Obiia MOCTpoeHa ¢
HCIIOJIb30BaHUEM pa3JIMYHbIX OCHOB 'cakpallbHOM reoMerpuu" M '"cakpajabHOW MaTeMaTHUKH'.
Torna MOXXHO cIIpocHTh: "BCTpoeHsl i 3TH pa3auyHble MaTeMaTHYeCKUe MaTTepHbl U Yucia B
OUpaMUay, TMOTOMY YTO OHHM CBSI3aHBI C TPOU3BOACTBOM JHEPTrUU CHIIBI (OPMBI, WIA OHH
CYLIECTBYIOT KaK CBHUJETEJBCTBO TOIO, YTO PpA3BUThIE TEXHOJIOIMYECKHE IMBHIN3ALMU
CYIIIECTBOBAJIA Ha 3eMJIC €IIe JI0 Hadaia UCTOPUH, HIIM OHU BBITIOJHSIOT Apyrue GyHkmmmn?"

OKCIIEpUMEHTBI C JHEPreTUYECKHMMM acCleKTaMU CHJIbI NMHPaMUIbl IOKA3bIBAOT, YTO
TOYHBIE MPOTOPIUY BenuKoii mupamMussl He ObUTH BaKHBIM (JAKTOPOM B €€ TeHepalii YHEPTHu”,
Msbl pakTHUeCKu 0Ka3ajld, YTO T€HEepalus dHEPruu MUpaMuibl sBiseTcs (QyHKIuUel rpaxei,
CXOJSIIMXCS KaK yIJbl, co3faBasi d(UPHBIA BUXpPb, KOTOPBI IpeoOpazyeT 3pUpHYIO CUIY B
MarHUTHBIE U JEKTPUYECKHUE CUJIBI, KaK MOKa3aHO Ha pucyHke 5.4-1. D1oT saddekT padoraet ¢
paznuuHbIMU  yriaamu. HeoOXxoIuMbl JOMOJIHUTENbHBIE HCCIIEIOBAaHUS, YTOOBI OIpPENEIUTh,
CYLIECTBYIOT JIM ONTHUMajbHble yribl. Heobxomum Oonbinoil o0beM wHccieqoBaHUN Uis
OTIpezieNIeHus BCEX MapaMeTpOB I'eHEPALINY SHEPTUU C MTOMOIIBIO CXOIAIIMXCS JIUHUH.

5.5 Cuna ¢opmbl, cakpajibHasi reoOMeTPHUs U CO3HAHHE

YueHuku MI/ICTepI/Iﬁ APEBHCTPECUYCCKUX MIKOJI MEAUTHPOBAIN HA PA3JIMYHBIX IInaToHOBEIX
tenax. OHU BEpUJIM, YTO MEAMTALUA HA ITH TeOMeTpudeckue (DUTyphl MOBBICUT UX CO3HAHUE.
Morn BepsT, 4TO MCTHHHOE CO3EpLAHHE Yero-mmbo packpoeT (GH3HKY 00BEKTa, a TAKKe ero
930Te€pUUYECKUE acleKThl. [IpaBWiibHAs KOHIEHTpAllUs M YCIOKOCHHE BHEIIHEr0 CO3HaHUS
MIEPEBOJISAT YeJIOBEKa B O0Jiee BEICOKOE COCTOSTHHE CO3HAHMSI, TaKOe KakK anb(a uin Teta. B aTux
COCTOSTHUSIX MHTYUIIUS 3HAUUTEIHLHO YCHUIIMBACTCS, 2 MOHMMAHHE TIEPETEKaeT U3 MOJICO3HAHUS U
CBEPXCO3HaHUS B CO3HaHHWE. J[peBHHE T'PEKM MOTJIHM C TaKUM JK€ YCIIEXOM CO3epIaTh KaMeHb,
JIEPEBO WM CBOM ITYIIOK.



Pucynok 5.4-1. DdupHbIif BUXPb, CO3JaHHBIN B EPECEKAIOIINXCS TUHUSAX YTIIa THPaMUIbI
5.6 KpaTkoe usiio:xxenune cujibl GopMbl, CAKPAJIbLHON reOMeTPHH

To, 4To B HacTosIIEe BpeMsI CUUTAETCS CAKpaJIbHOW reOMeTpUel, Ha CaMOM JIeJie SIBIISETCS
JIEMCTBUEM COOTBETCTBYIOMIMX (PM3MUECKUX M YHEPTETUYECKUX 3aKOHOB IMPUPOIBI, MHOTHE U3
KOTOPBIX MBI B HAcTOsIlee BpeMsi He MOHKMMaeM. McTopudecku ClIOXWUIOCh Tak, YTO TO, YEro
YEJIOBEK HE IMOHUMAET, OH IPHUIMCHIBAET AYXOBHOMY, OoraM, maruu uiaum demy-to eme. C
MeTaU3MUeCKOW TOUKU 3PEHHs Pa3IMUHbIe SHEPreTUYECKUE aCHeKThl CaKpaJIbHBIX I'€OMETPHi
CTaHyT HW3BECTHBI 10 MEpe TOro, KaKk MbI OyneM YrayOuaTbCs B MOHMMAHHE IMPHPOIBI H
Bcenennoii. To, uro ceifuac siBisieTcs cakpaibHOM reoMeTpuel, B Oy1ylleM CTaHeT U3BECTHBIMU
3aKOHAMH (PU3UKU. ITO MOXKET MOKa3aThcs MPo(haHNIECKUM B3TJIISI0M, OJHAKO METa(PHU3HK 3HALT,
4yTO BCs BceeneHHas, BKIItouas 4yeloBeKa, SIBISETCS BbIpakeHHeM TBopua Bceenennoil. B atom
CMBICIIE KaX/bIil acleKT CYIIECTBOBaHUsS CBAleHEH. [[03TOMy MOmbITKa MpUIUCATh CBATOCTH
reoMEeTPUYECKUM NMPUHIIMIIAM - 3TO IIAr Ha3aj B pellieHUH HacTosero Bonpoca: "Kakas ¢usnka
CTOUT 32 Pa3IMYHBIMU ABJICHUSIMH, CBSI3aHHBIMU C CaKpaJIbHOM reomeTpuein?".

5.7 CIUCOK JIMTEepaTyphl

1. Introduction to Geometry, H. 8. M. Coxeter, John Wiley & Sons, Inc., Publishers, 1961.

2. Energy: Breakthroughs To New Free Energy Devices. Dan A. Davidson, RIVAS, P.O. Box
1090, Sierra Vista, Arizona 85636, 1977.

3. Mechanics. Heat, and Sound. Francis Weston Sears, Phd., Addison-Wesley Publishing
Company, Reading Mass., 1958.

4. The Guide To Pyramid Energy. Bill Kerrel and Kathy Groggin, Pyramid Power V, Inc., 1975.




I'JIABA 6
CUJIA ®OPMbI KPUCTAJIJIOB

B oroif rnaBe paccmarpuBaercss cuia (GOpMbl B TNPUMEHEHHMM K KpUCTAUIaM U
KPUCTANINYECKUM CTPYKTypaMm.

6.1 Beenenue

B mpempimynmmx TiaBax OblTa W3J0KEHAa OCHOBHAs TEOPHUS, COIJIACHO KOTOPOU
cXoAdlecs JMHUM MaTepHH CO3Jal0T BHUXPh B IPOCTPAHCTBE, KOTOPBIM 00NamaeT Kak
MarHUTHBIMH, TaK U 3JICKTPOCTATUYECKUMH CBOMCTBAMHU. DTH NPHHLUIBI OBUTH PACIIMPEHBI U
NOKa3aHa MPUMEHUMOCTh K OCHOBHBIM IPOIIECCaM KaK SHEPTHsI TUPAMHJIBI CO3/]A€TCS C TOMOIIBIO
dopmMbl mupamunel U QU3MKHM, JISKAIIEH B OCHOBE CaKpaJbHOH reoMeTpuu. B 31Ol TnaBe s
MOKaXy, KaK Ta e (U3uKa MPUMEHUMa K HayKe O KpUCTaUlaX, KaK ¢ TOYKU 3peHUs (QU3NKU
KpHCTAJUIOTpaduy, TaK U C TOUYKU 3pEHUS e MeTapHU3M4eCKOr0 COOTBETCTBUS MCIIOIH30BAHUIO
KPUCTAJIOB B KAaueCTBE CPEJOTOYMI BBICIIMX OSHEPTHHA IS BCIOMOTATENBHBIX CPEICTB B
LEITUTENbCTBE, MEJUTAIIMN U JPYTHX MeTa(pU3n4ecKuX NpaKkTHKaX.

Kpucramisl ncnoiap30BaIiCch B KAUeCTBE JIPAroleHHBIX KAMHEH, aMyJIETOB U CPEIOTOUNI
CHJIBl M DHEPruH C JPEBHEWNIMX BpeMeH. BHYTpeHHsss KpacoTa, CBS3aHHAs C HPUPOIHBIMH
KpHUCTaJNIAaMH, JIEJIaeT MX KeJTaHHBIMH 00bekTaMu. CEHCUTHUBHI (T.€. T€, KTO MOXKET YyBCTBOBAThH
W/WIM BUJIETh TOHKHE DSHEPreTHUSCKHE SMaHalMM KPUCTAUIOB) 3HAIOT, YTO KPUCTAJLIBI
JEHCTBUTENIFHO JCHCTBYIOT KaK MpeoOpa3zoBarend d(QUPHBIX CH. Te ke CXOISMIIuecs JMHHH,
NPUCYTCTBYIOLIHME B MUPaMUJIE, IPUCYIIN KPUCTAIUTMIECKUM (POpMaM, KOTOPbIe IPUCYTCTBYIOT B
KpHUCTaJIaX OT MAaKpOYPOBHS BIUIOTH JIO aTOMHOW 00JacTH. ATOMHasl pemerdaras CTPYKTypa
KPHCTAJUIOB JIENAaeT MX ECTECTBEHHBIMH IPEoOpa3oBaTeIsiMU I(UPHON CHIIBI, a MX BHELIHSA
dopma Takxke mpuroHa st GU3UKHA CHITBI (POPMBI.

6.2 Kpucrajummueckasi CTpyKTypa u cuiia (popmsbl

B rnaBe 1 s pa3paboran KOHIIEMIIUIO, COTJIACHO KOTOPOW CXOJSIIUECS JIMHUH aTOMOB,
TaKhe Kak BETBH JIEPEBBEB, CO3AAIOT Bo3MylleHUs B 3¢dupe. Kpome Toro, 3t 3aMKHYyTHIE
T€OMETPUUYECKHE JIMHEWHBIE CTPYKTYphI, TAKUE KaK TETpaj’Ap WIM MUPAMHIA, NEHUCTBYIOT Kak
KOHIIEHTpATOphI 3(pupHOM cuibl. KOHEYHBIM pe3ybTaToM 3TOTO SBISETCS CO3/1aHNe MAarHUTHBIX
U 3JIEKTPOCTATUYECKUX TOJIEH, a TaKKe KOHIIEHTpaIus 3pUpHOM SHEPTUH.

Kpucrannuueckue pemeTku UaeaabHO MOAXOIAT IS KOHIIEHTpauu d(UPHON dHEPTUH,
TaK KaK OHH HNPCACTABIAIOT IHOBTOPAIOMIUCCA MOTHBBI T'COMETPUUCCKUX JIMHENHEBIX CTPYKTYP.
EnuHCTBEHHOE OTIMYME COCTOUT B TOM, YTO B MPEABLAYIINX TJIaBax sl 00CYXkall 3TO B TEPMHHAX
MaKpOCTPYKTYp, @ B 3TOH IJIABE Mbl HCCIEAYEM CTPYKTYpbl Ha aTOMHOM YPOBHE, I'ZIE aTOMBI
(bOpMUPYIOT OCHOBHYIO KPUCTAILTUYECKYIO CTPYKTYPY cuiibl popMbl. [louTu m060i THIT pemeTku
Oyner nelcTBOBaTh Kak BMECTHJIMIIE 3(PUPHBIX 3HEpPruil, OyIb TO CTPYKTypa, COCTOSIIAs U3
OTJIETbHBIX aTOMOB, 00pa3yIOIIUX PEIIeTKY Ha aTOMHOM YPOBHE, WM CTEP)KHU MaTepuasia Ha
MaKpOYpOBHE.

A Takxke pacmupr0 HUIAEHM OJUWHOYHBIX MAaKpPOKPUCTAILIOB JO0 MAaKpPOPEIIETOK Kak
BBICOKOMOIIIHBIX KOHTEHHEPOB CUITBI (POPMBI.

6.3 ATomHas Kpucraiorpagus
Kpucraniaer ObiBatoT OECKOHEUHO pa3HbIX (GoOpM, pa3MepoB, CTPYKTYp M COCTaBa.

KpI/ICTaJ'IJ'IOFpa(I)I/IH - OTO MH3YUCHHUC KPUCTAJUIOB U CBOﬁCTB, CBA3aHHLIX C KpHUCTAJJIaMU.
CyHIeCTByeT PAa HAYYHBIX HHCTPYMCEHTOB, UCIIOJIB3YEMBIX IJIA U3MECPCHUA CBOMCTB KpHUCTAJIJIOB.



PentreHoBckas kpucraisiorpadusi HUCHOJB3YyeT YAaCTUIBl BBICOKOW SHEPrHHM M3
PEHTTE€HOBCKOM TpyOKH, chOKyCHUpOBaHHBbIE Ha KpHUCTajie, JUIsl ONpEAETCHHs €ro aTOMHOU
CTPYKTYpbl. PEHTreHOBCKHME JIydd TIOKa3bIBAIOT, YTO KPUCTAJUIBI MPEICTABISAIOT COOOM
peryyspHbIe CTPYKTYPBI OT UX MaKpOypPOBHS 10 aTOMHOTO ypoBHs. Ha aTOMHOM ypoBHE aTOMBI
COEIMHSIOTCS B IOBTOPSIONINECS TIATTEPHBI, OCHOBaHHbIE Ha 5 [11aToHOBBIX Tenax™.

CoBpeMeHHbIE aTOMHO-CUJIOBBIE MUKPOCKOIIBI, HCIIOJIBb3YEMbIE B KpUCTAIIIOrpaprUuecKoM
aHanu3e, MPeloCTaBISIIOT HH(OPMAIMIO O CTPYKTYpe aTOMOB Ha aTOMHOM ypPOBHE. DTH HOBBIE
MHUKPOCKOIIBI 00€CIIeYNBaIOT BEHICOKOTOUHBIE H300PaKEHUS CTPYKTYPhI TOBEPXHOCTH MaTEPHUAJIOB
Ha aTOMHOM YpPOBHE.

6.3.1 [1naToHOBBI Teaa

B nBymepHOM mpocTpaHcTBe (T.€. IJIOCKOCTH) MpaBWIIbHBIMU (T.€. TaM, I'Zleé BCE I'paHU
PaBHbI) TEOMETPUYECKMMHU (PUTypaMHU SIBJIIOTCS TPEYTOJIbHUKHU, KBAPAThI, IATUYTOJIbHUKH U T..
Uro kacaercs TPEXMEPHOIO IPOCTPAHCTBA, TO CYHIECTBYET OrPaHMYEHHOE KOJIMYECTBO
TpexMepHbIX ¢purypl?. Eciu Mbl MOMbITaEMCS COEAMHUTE UX BMECTE, YTOOBI C/IENaTh TPEXMEPHbIE
¢burypsl, Torga Mbl MOJIy4uM TeTpasap (4 TpeyronbHuKa), KyO (4 kBamgpara), okta’ap (8
TPEYroJbHUKOB Il U3TOTOBJIEHUS IBYCTOPOHHEH MUPaMubl), 101eKadap (6 MATUYTOJIbHUKOB) U
ukoca’dip (20 tpeyronbHuKOB). OT0 5 IlnaroHoBbiX Ten. Bce kpuctaimamueckue CTPYKTYpbI
SBJISIIOTCS BApUALUMSAMHU U KOMOMHALIUSAMH 3THX 5 T€OMETpUYECKUX (PUTyp, U IPYTUX NMPaBHIbHBIX
TEJI HE CYLLECTBYET.

6.3.2 Kpucrajmiuieckue CTpPyKTypbI

KpucTamisl aTOMapHO XapaKTepu3yloTCs KaK HMeolue "JaipHuil mopsagok"S. 1o
03Hayaer, MONPOCTY FOBOPS, YTO aTOMBI U MOJIEKYJIbl, COCTABJISIFOILME KPUCTAILI, PACIIOJIOKEHBI B
OIpe/IeNIEHHBIX MaTTepHaX, U OHU HE IepeMellaHbl U He OecropsiouHbl. B TBepmoit cTpykType
KpHUCTallsla KaX/blii aTOM HMEeT COCEeJHUE aTOMbl Ha ONPEIEJICHHBIX pacCTOSHUAX. Takoe
YIIOPSI0OYCHHE aTOMHON CTPYKTYpHI Ha3bIBaeTcs "Kpuctaummyeckum'". MopQoaorust KpUCTaIoB
- 9TO U3y4YCHHME KPUCTANIMYECKUX (OpM, U BHEUIHSS HapyKHas (opMa KpUCTaJlIa Ha3bIBAETCS
ero "rabutyc". Kpucramisl UMEIOT ONpeNelIeHHYI0 CTPYKTYpY, YTO O3HAYaeT, YTO OHU UMEIOT
XapaKTepHbIe aTOMBI, PACIOJI0KEHHBIE ONPEIeIIEHHBIM YIOPSAI0YEHHBIM 00pa30M.

Kpucrannel uMeroT  omnpeelieHHble  IOBTOPSIOIIMECS  NATTEpHbI, Ha3bIBa€MbIe
"MOTHUBaMH", M KOTJIa ’TU MOTHUBBI PETYJISIPHO MOBTOPSIIOTCS 10 BCEMY KPUCTAJLTY, MbI Ha3bIBaeM
3TO "pernieTyaToi" CTpyKTYpOH.

6.3.3 PemieTkn Kak KOHTeliHepPbI JHEPruu CUJIbI (opMbl

Tax 4TO k€ 3TO 03HauaeT JUIsl KPUCTAJUIOB Kak reHepaTtopoB cuibl popmel. Hy, s Tosbko
4TO M3J0XKHI 3TO "... pemeTka OyaeT neiicTBoBaTh Kak KOHTEiHHep »pupHBIX 3Hepruit ...". U3
MOET0 aHaju3a »JSHEPruM NHUpaMUAbl S T[OKa3aJl, YTo MUpaMHaa JEeWCTBYeT Kak
KOHTEHHEP/KOHIIEHTpaTop 3(pUpHOI 3HEpruu, M, MojoOHO TH0OOMY KOHTEHHEpY, OHa MOXKET
COJIEpKaTh HE TaK YK U MHOTO 3()MPHON SHEPTHH, IPEXKAE YEM OHA HAYHET BBINIJIECKUBATHCS WU
negopMHUpoBaTH KOHTEHHEp. B ciydyae mupamu sl OHA BBIIJIECKUBAETCS HAa BEPIIMHE U B YEThIpEX
yIJ1ax OCHOBaHUS.

ITo ananoruu, KpucTajsIM4eckas peueTka oyaer coOupars U yAep:KUBaTh ONpPENIEIeHHOE
KOJIMYECTBO 3(UPHON SHEPruM, U B KAKOW-TO MOMEHT OHA HAYHET BBIIJIECKUBATHCS HAPYXKY.
[TockonbKy KpUCTaNIMYECKasl peleTka O4eHb CTPYKTYpHUpOBaHa, CTpys OyAeT HalupaBiIeHHOH, U
KpucTay OyJeT NeHcTBOBaTh Kak KaHal AJis 3QupHOi sHepruu. Hanbonee BeposiTHbIE TyTH €€
BBIXO/1a HAXOJATCS HAa BHEITHUX TOYKAX KPUCTAILIA.



6.3.4 Kpucra/iibl Kak cpecTBa LeJUTeIbHON 3(PUPHON IHepIruu

[lpu aHanm3e HKCTPACCHCOB-LICIUTENCH W Pa3IMYHBIX THUIIOB HBIO-3WMK (NEW age)
TOJIb30BaTeNell KPHCTAIIOB?, MOXKHO OOHAPYXMTh, YTO OHM HCHOJB3YIOT 3a0CTPEHHBIH KOHEI]
KpHUCTaJla, HOTOMY YTO OHM OOHAPYKHJIM, YTO UMEHHO OTTYJa UCXOJIUT LEIHUTEIbHAS SHEPTHSL.
Kpucrann neiictByeT kak cOOPIIMK U KOHIIEHTPATOP A(UPHON SHEPTUU U HAIPABISAET €€ MOTOK
yepe3 ocTpus KpuctauioB. KoHueHTpanus >QUpHON SHEpruu, HarpaBlieHHAas Ha MalKeHTa,
MOBBIIIAET €r0 HSHEPreTUYECKU ypoBeHb. I[lOBBIIEHHE SHEPruM MOMOraeT OpraHU3My
BOCCTAHABJIMBATbCS, TEM CaMbIM YIIydlllasg IPOLECC O310POBJIEHMS. DTOT K€ IPOLECC MOXKHO
MCIIOJIb30BaTh HA MaKpOypOBHE, IOMECTHB MAllMeHTa BHYTPb MUPAMMUJIbI, YTOOBI MMOBBICUTH €0
OHEPreTUYECKUM YPOBEHbD.

6.4 Makpokpucraniorpagus

CaMble OCHOBHBIE TPEXMEPHBIE TeJIA, TETPAdAP U MUpaMua, IOBTOPEHBI HA PUCYHKE 6.4-
| 13 rnaBel | ¥ MOKa3bIBAIOT HEPIUIO, UCXOALIYIO U3 BepXHeW Touku. DOKycHpoBKa M 3axBar
3(UPHON CHUJIIBI OCYIIECTBIAETCS YOUPHBIMUA CHIIOBBIMHU TIOJISIMU, CO31aBa€MBIMHU MIEPECEUCHUEM
rpaHeil Terpa’dapa. Takyke, MUpaMuAa ¢ KBaJPAaTHBIM OCHOBAHMEM JICHCTBYET aHAJIOTMYHBIM
o0pa3omM, 3axBaTblBas DSHEPIUI0 BHYTPU CTPYKTYphl. B 3THX JBYX CTpPyKTypax »3Heprus
COCpEe0TOUEHAa B N€OMETPUUYECKOM IIEHTpe, Ha ypoBHE 1/3 BBICOTHI, a TaKKe B BEpLIMHAX, I/I€
NEPECEKAIOTCSI TPAHU.

PI/IcyHOK 64-1 Coénpé—ﬁﬁe-zaﬁeﬁmn- TeTpaazIf;(;M I/IHI/IpaMH)J;Oﬁ “
6.4.1 Makpopemer4yaTrble CTPYKTYPbI

WTak, 9T0 MpOW30#IET, €CIIM MBI CIIeJIaeM PEIIeTKY, MCIIONb3Ysl MHpaMHUIy Kak MOTHB?
D10 ObUIO clenaHo, U ObUIM OOHapyXeHBl HEKOTOphbIe OueHb MHTepecHbIe d(hdexTrl. Bocemb
nupamMu]] OBLTM PacIiONOKEHBI B JIBA psjia Apyr 3a apyrom (cm. puc. 6.4.1-1). DHepreTnyeckue
NaTTePHBI OT STOW PEUIETKHU SIBISIOTCS CTAaHAAPTHBIMHU DHEPTUSIMH, UCXOJSMIIMMHA U3 BEPUIMHBI
Ka)XJI0¥ MTUPaMUJIbI, OTHAKO OHU OOJIBIIE, YeM OT OAHOM mupaMuabl. [1o-BHIUMOMY, IPOUCXOIHUT
YCHJIEHUE SHEPTUH OT BEPIIIMH MUPAMU/I, KOT/Ia OHU HaXOAATCs B perietke. Kpome Toro, sHeprus,
KOTOpast 0OBIYHO TEYET BBEPX IO IPaHSIM MHUPAMH/I, KAKETCsI, OOJIbIIE COCPEIOTOUSHA B KaHaIax
MEXy THpaMUIAMH.



-

., Kaxapas nupammuga pelwetku umeer
' aHepreTuyeckue Opbiarv OT BepLUMH

Bpbiarn 0BHapyXeHsl ¢ NOMOLLbLIO
NO30X0ACTBA.

Pucynok 6.4-1 MaccuB nupaMu/]i co3/1a€T HOBbIN SHEPIeTUUYECKUI aTTEPH

HccnenoBanre mupaMuibl MOJIYYMIIO Cepbe3HbI mmiynbe, korma Kapm Jlp6an (Carl
Drbal) nomyuus cBoit maTeHT Ha MUPaMUIY AJIsl 3aTOYKH OPUTBEHHOT'O JIC3BHsI, OCHOBAHHBIN Ha
TEOPUU O TOM, UTO TUPAMUJa JEHCTBYET KaK MUKPOBOJIHOBBIN pe3oHaTop. Pacnonarast nupamu/isl
B MaccHB€, BO3MOYKHO, OHM HAYMHAIOT J€HCTBOBaTb KaK MHUKPOBOJIHOBBIE BOJHOBOJBI WM
PEe30HATOp MAKPOYPOBHS [yl OOJIBIIETo NpuBiIedeHus 3¢upHoi cuibl. OHH, 6€3yCIIOBHO, UMEIOT
Oosblee MONepeyHOe CEUeHHUE AJIS YIaBIUBaHUSI SHEPIHH.

6.5 Kpatkoe n3j10:keHre KPUCTANIOB KAK KOJIEKTOPOB CHJIbI (hOpMBI

boumn uccnenoBanbl 3PdexTsl dPUPHON SHEPTUM OTAETBHBIX KPUCTAIJIOB, W OBLIO
MOKa3aHO, YTO OHU COOTBETCTBYIOT OXHUJAEMBIM 3((PEeKTaM OT CHHTYIISIPHBIX T€OMETPUUECKUX
CTPYKTYp, YMHOXEHHBIX Ha KOJMYECTBO MOTHBOB, IOBTOPSIOLIMXCS IO BCEMY KpHUCTaJLTY.
OO0bearHEHNE KPUCTAUIOB B PEIIETYATYIO CTPYKTYPY IOKa3bIBa€T, YTO KPUCTAJUTMYECKAs
pelieTka AeWCTBYeT Kak BMecTuiuine »GupHON cuiibl. TakuMm o0pa3oM, SHEprusi KpHcTasia
MOKET OBITh UCIIOJIb30BAHA JJIS 1IEJTUTEIHCTBA U JPYTUX MPAKTHK.

10 emie 0JHa 00J1aCTh, B KOTOPOI HaM MPEICTOUT MPOBECTHU €I[e MHOTO UCCIICJOBAHHA.
BepositHo, Hanbosiee TPOIYKTUBHBIMU OYIyT HUCCIEAOBAHHMS B OOJACTH MaKpPOPEHIETOYHBIX
CTPYKTYp. MBI, KOHEYHO, COOpAH JTUIIIH CAMYIO CKYTHYIO HHPOPMAIIHIO 110 3TOH YBJIeKaTeIbHON
TEeMeE.

6.6 Cnnucok JuTepaTypsbl

1. Mathematical Crystallography and the Theory of Groups of Movements. Harold Hilton. Dover
Publications, Inc., New York, 1963

2. Introduction to Geometry. H. S. M Coxter, John Willey and Sons, Inc., 1961.

3. Knowledge Through Rocks and Minerals. Joel Arem, Bantam Books, 1973.

4. Precious Stones. Their Occult Power and Hidden Significance. W. B. Crow, Samuel Weiser,
Inc., New York, NY 10003, 1968.




I'JIABA 7
3KCHEPUMEHTAJIBHOE WCCJEJOBAHUE SHEPT U CUJIbI ®OPMbI

B 310i1 rmaBe oOCyx/1al0TCsi HEKOTOPBIE YBJIEKATEIbHBIE SKCIEPUMEHTHI, CBS3aHHBIC C
UCCIICIOBAaHUEM CHJIBI (DOPMBI.

7.1 leTeKTOPHI TPABUTAIIMOHHOI YHEPTUH

OueBHIHO, YTO YeM OOJIbIIIE Macca, TeM Oouiblie 3(prpa NOCTyNaeT B AaTOMHYIO CTPYKTYPY
Macchl JUIsl OAAEpKaHUsI aTOMHOM CTPYKTYpbl. Macca OJHOBPEMEHHO M3J1y4aeT U IOIJIOIAeT
a¢upHyto sHepruto. Jlpyras macca mo6iu3octu OyeT BbI3bIBATH BO3MYLICHUS B 3TOM 3(hUPHOM
noroke. brnaromapst sToMy (pakty 1eTeKTOpsl 3PHUPHOTO NOTOKA MOTYT OBITH CKOHCTPYUPOBAHBI C
WCITOJIb30BAaHUEM 3TOTO MpHUHIMINA. Mo mepBblii pabo4yuii TpaBUTAIIMOHHBIA WM JIOKAJIbHBIN
JETEKTOp 3(PUPHOTO HANPSHKEHUS/TIOTOKA OBUT MPOJEMOHCTPUPOBAH HA YPE3BBIYAHON HAydIHOU
kon(pepenmu 1990 roxa B Konopano-Cripunre, mrat Konopamo®?.

7.1.1 OmnpenesieHHMe TrpPaBUTANMOHHOIO HANPSKEHHs € HMCHOJb30BaHHEM
JAUIIEKTPUKOB

OCHOBHOU IPHUHIIUTI TPABUTAIIIOHHOTO JIETEKTOPA 3aKIIFOYACTCSI B TOM, YTO JICKTPOHHBIH
3apsijl CTPYKTYPBl JAHHOW MaccChl siBisieTcs (pyHKIMeH KoandecTBa 3Gupa, BTEKAIOUIEro B Maccy.
3apsi1 BOKpYT aTroma 3aBUCHT OT KOJIMYecTBa 3(pupa, TEKyIIero B Maccy u u3 Hee. S paccyxnaai,
YTO AUPJICKTPUKH MOTIHU Obl CTaTh JYUYIIMM JETEKTOPOM 3(UPHOro moroka. B nuamexkrpukax
DIIEKTPOHHBIN 3aps]l W30JUPOBAaH M YACPKUBACTCS BHYTPH JAMUIICKTPHUUECKOTO MaTepuana,
MOCKONIBKY 3apsii HE MOXET Teub M pacceuBaThecs. llepBble ycrexu ObUIM JOCTUTHYTHI
Tayncennom Bpaynom (Townsend Brown)* (oxomo 1959 rona) u Jxeppu ammumopom (Jerry
Gallimore)® (okomo 1975 roma) B HCIONB30BAHMM IUIICKTPHUECKHX MATEPUANOB  JUISA
oOHapy>KeHHsI JIOKAJTbHOTO TPAaBUTAIMOHHOTO P PeKTa.

[Ipy ucronb30BaHUM BBICOKOTO JUAJIEKTPUKA, TAKOTO KaK IUPKOHAT TUTAHATA WIH
TUTAHAT Oapws, BEJIMYMHA W3MCHCHHS 3apsiia HEMOCPEACTBCHHO CUYUTBIBACTCS ITyTEM
pa3MelIeHus AIEKTPOJOB Ha KaKJIOM IIOJIIOCE MOJSIPU30BAHHOTO AMAICKTpHKa. Mos mepBas
cxeMa JIeTeKTopal HCMomb30BaIa MIKOYCUINTENb, IPUKPEIUICHHBIH K dIEeKTPOAaM, [Tl YCHIIEHHUS
curHana. Torga uW3MEHEHHUs HAMNpsHKEHHUS/TOKA dYepe3 JUAIEKTPUK JIETKO HU3MEPSIOTCs
HETMOCPEICTBEHHO BOJbTMETpOM. Ha pucynke 7.1.1-1 moka3aH BBIXOJHOW CHUTHAQJI CXEMBbI
TPaBUTALIMOHHOTO JETEKTOpa B BUJE rpaduKa JIOKATHHOTO TPABUTAIMOHHOTO HAMPSKEHHS (T.€.
sa¢upHoro HanpsxeHus ). Ha rpaduke Xxopolio BUIHBI €KeJHEBHbIE KoJIeOaHUs 3(pUPHOro MOTOKA
Ha JUDJIEKTPUYECKOM MaTepuaie, mockonbky ComnHile u JIyHa BIUSIOT Ha TpaBUTALMOHHOE T0JIe
3eMiTd ¥ TPaBHUTAIMOHHBIE MOTOKW B 3emiie. /laHHBIC OBUTH TOJy4EHBI BO BPEMs COJTHEYHOTO
3aTMEHHUS U MTOKa3bIBAIOT A((HEKT TOKATBHOTO CHUYKEHUSI HAIPSHKEHUSI 9(DUPHOTO OIS B TIEPUOJT
3arMeHud. ColHeyHoe 3aTMEeHKEe Hadajaoch okouio 11:35 u 3akoHunsock okoio 12:45.



[JaTt4yuk rpaBUTalMOHHOro 3(PUPHOro HanpsiXKeHus
(daHHbIe conHe4vyHoro 3armeHuna 11 urona 1991 roga)
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Pucynok 7.1.1-1 I1be3031€KTpUUECKHI JaTYUK IPABUTALIMOHHBIX BOJH BO BPEMS COJTHEYHOTO
3aTMEHMS (BpeMs YKa3aHO B JIECATUYHBIX JJOJISIX Yaca)

Cxema JeTekTopa rpaBUTallMOHHBIX BOJIH IIOKa3aHa Ha pucyHke 7.1.1-2, nHcTpyKuus no
cOopke cxeMebl mpuBesicHa Hinke. [loapoOHas cxema rmokasana Ha pucyske 7.1.1-3.

P T S S S —i———— = \
| |
| ’ MUKOAMMEPHbLIN | |
| | YCUNUTENb |
| TUTAHAT |
| LUWMPKOHAT |
| MNbE30
LINOPOBOWU

IKPAH ®APAEA BONLTMETP
BOKPYI CUCTEMb!

OBHAPYXXEHUSA

Pucynok 7.1.1-2 Brok-cxema JeTeKTopa rpaBUTallMOHHBIX BoaH J[PBHcona (Davidson)



1. ITpunasiite Tonkue (Ne 28 mim MeHblIE) IPOBOAA K IOJIIOCAM IbE30KEPAMUKU IS
HNOJKJIIOYEHHUS K ONEPAlMOHHOMY YCHUJIMTENIO UM YCTAaHOBUTE MbE30UIEMEHT B 00pabOTaHHBIN
TE(IJIOHOBBI KOPHYC C MEAHBIMH 3JEKTPOJAaMH, MNPMKATBIMU K TPOBOISIIUM IOJHOCAM
nbe3o03j1eMeHTa. Mcnonb3yiiTe mpoBOIAILYIO ACTY Ui 00ECIIeUeHNs COSAMHEHUS.

2. Y mapHBIM cIOCOOOM YCTaHOBHTE ITE303JIEMEHT, YTOOBI H30JMPOBATh €r0 OT 3BYKOBBIX
U QU3MUECKUX KOIeOaHuH.

3. Omnepaumonssiii ycunutens (AD 515) nomkeH ObITh HM30IMPOBAaH OT Mapa3sHUTHBIX
JJIEKTpocTaTH4YecKuX mojei. Kpome Toro, s rapaHTHPOBAHHOTO ycIeXa CIeIyeT BBIIOIHATh
Ka4eCTBEHHBII MOHTAX AJIEKTPONPOBOJIKHU. JloOaBieHe IPYrUX KOMIOHEHTOB B CXEMY IIPUBEIET
K OTKa3y naryuka. Hampumep, noGaBieHue TOOBIX KOHICHCATOPOB OyHeT AEHCTBOBATH Kak
UCTOYHUKHU IIyMa, KOTOPbIE YOBIOT Mbe303(()EKTHI.

4. cTOYHUKOM TTUTAHHSI MOXKET OBITh 9-BOJIBTOBAS TPAH3UCTOPHAS OaTapes.

5. Bech patdyMK MOKHO M30JMPOBATh OT AIEKTPOMATHUTHBIX IIOJEH IIYTEM YCTAaHOBKH
cXeMbl M JaTyuka B 3kpaH Tuna Papazges. JoNoJHUTENbHOE 3KPAaHHUPOBAHUE MOXKET OBITh
BBIMIOJTHEHO C MOMOII[BI0 METAJUTUYECKOTO (MAarHUTHOTO) SKPAHUPOBAHUSI.

6. M3zonupyiiTe naT4uk OT CBETA, YCTAaHOBUB €ro B CBETOHENPOHUIIAEMBIM KOpILYC.
Bo3MmoskHo, ynactes o0beuHUT SKpaH Dapasies co CBETO3AIIUTHBIM SKPaHOM.

7. Jlns cunmThIBaHUSA BBIXOJHOTO CUTHAJNIAa 4Yepe3 KOHTAKT 6 W 3a3eMJIEHHE MOXKHO
MCIIOJIH30BaTh CTAaHJIAPTHBINA IU(PPOBOI BOJIBTMETP.

8. OrtkanuOpyiiTe AaTYMK MO TEMIIEpaType, U3Mepsisi TEMIEpaTypy JaTdyhuKa B TEUCHUE
HECKOJIbKUX JHEH BMECTe C BBIXOAHBIM CHUTHAJIOM JaTyuka, U OTOpPOChTE TeMIlepaTypHbIe
3¢ PEKTHI, HCIIOB3YSI XOPOIIO U3BECTHBIE METO/Ibl CTATUCTHYECKOTO aHAJTN3a.

VY ydieHHbIe CXeMbI TAKKE MOTYT OBITh IOCTPOCHBI ITYTEM MOAKIIOUEHUS ThE303IeMEHTa
B cxeMy TanMepa 555. Mcrnonp3ynTe nbe303JIeMEHT KaK KOHIAECHCATOPHBIA KOHTPOJUIEP YaCTOTHI B
cxeme. Hanpsikenue B a¢pupHOM 1nosie 6yAeT NponopIuOoHaIbHO BEIXOAHOM YacToTe Taiimepa 555.

10°ohrrs
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225 R

AD 515A
TutaHar
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Pucynok 7.1.1-3 Cxema geTekTopa rpaBUTAIllMOHHBIX BOJIH J[3BHICOHA



I'per Xonosanek (Greg Hodowanec) mpoBen HECKOTBKO KCIEpUMEHTOB® B 1986 romy u
3asBUJI 00 ycriexe B 0OHapykeHUH d(QUPHBIX Hepruil. Ero naen He nMenn HUKaKoro OTHOIICHUS
Hu k [ammamopy (Gallimore), vu x T. Bpayny (T. Brown), u, BO3MOXXHO, OH HE 3HaI O HUX.
X0II0OBaHEK HCIIOJIb30Bal OOBIYHBIM KOHJIEHCATOP B KayecTBE JETCKTOpPAa M OINEPAIMOHHBIN
YCUJIMTENb JJISl YCUJICHUS U3MEHEHUSI eMKOCTH, IPOUCXOIAIIET0 B KOHIeHcaTope. B HacTosmiee
BpEMs CYIIECTBYIOT Pa3HOTJIACHS OTHOCHUTEIIBHO TOTO, KOPPEIUPYIOT JIM JaHHbIe XOJ0BaHEKa C
KaKUMU-TH00 M3BECTHBIMU sBIICHUsIMU. [leTekTop Xo/M0BaHEeKa TOJDKEH ObLI, IO KpaifHel mepe,
OTCJIC)KUBATh €XKETHEBHBIC Y(PUPHBIC M3MEHEHUS H3-32 3(P(PEKTOB, MPOU3BOJMMBIX COJHIIEM U
JYHOH, HO €ro JIaHHbIE 3TOTO HE MOKa3bIBalOT. MOM 3KCIIEPHUMEHTHI C €r0 JETEKTOPOM IOKa3ajIH,
YTO OH OYCHb YYBCTBUTEICH K W3MCHEHHSIM TEMIIEPaTypbl, M BIOJHE BO3MOXKHO, YTO
OIyOJIMKOBAaHHBIE UM JJAaHHBIE OBLIM TEMIEpPaTypPHBIMU Y PEKTaMH.

7.1.2 Huuero He gejaomasi KaTymka

OOcyxnast cBOM pe3ylbTaThl TPAaBUTALMOHHBIX 3HEPTuil (T.€. HANPSHKEHHBIX J(UPHBIX
MMOTOKOB) € KOJUIETOM-KrccienoBatenem rpasutanuu Jxo ITappowm (Joe Parr), o ynomsiHyI, 4T0 y
HETo OBUIH TIOX0XKHE PE3YIIBTATHI C AUIICKTPUKAMHU (T.€. OHH pabOTallv, HO OBLTH YyBCTBUTEIHHBI
K TeMIIepaType U CBETY) M OOHApYyXWJI JIydlIUd NETeKTOp AJIs ONpeAeNeHHbIX ycloBHM. J[xo
CIy4yallHO OOHapyXXuj "HUYEro He MENAIollyI0 KaTymiky'", KOTopas oOKa3ajach JETEKTOPOM
a¢upHOro HampspKeHHs. OJTo ObUla CTpaHHas Karyllka, KOTOPYH OH 0003Bayl "HHUYEro He
nenaromas karymka" (DNC). DNC obnapyxuBajia 3QUpHBIM TI'paBUTAlMOHHBIA IOTOK 0e€3
HA/I0€JUIMBBIX TEMIIEPAaTYpPHbIX, (DOTOHHBIX M 3BYKOBBIX HIYMOBBbIX 3(¢dekroB. [0 Ha3Ban
KaTyIIKy "HMYEro He jenaronias', HOTOMy YTO OHa HE pearnpoBajia KaKMM-IM00 CYIIECTBEHHBIM
00pa3oM Ha MarHUTHBIC WM JIEKTPUUECKUE CUTHAIBI OT IOCTOSHHOIO TOKa A0 npumepHo 300
[Tu. Cry4aifHO OH OOHAPYXKWII, YTO CONMPOTUBIICHUE KAaTYIIKH U3MEHSJIOCHh B Te€YCHUE 24 4acoB.
VY nuBUTENBHAS Belllb, KOTOPYIO OH OOHApYXKUJI, 3aK/Ir0Yanack B ToM, uTo karymka DNC mensia
CONpPOTUBIIEHUE TOJBKO TOrJa, KOIJa MAATYUK TPAaBUTALMOHHOIO KoJieca, KOTOpBIM Oyner
oOcyxnaTecsi B pasjene 7.2, Haxonwics B KpallHEM HYJIEBOM Iiepuojie ¢ HeOOJbIION
AKTUBHOCTBIO.

Karymka DNC cocroutr npumepHo u3 4000-20000 ButkoB MemHoro mpoBoaa Noe 34,
HAaMOTaHHOTO Ha IJIaCTUKOBBIN 00pyd. B Moem ny6nuposanuu katymku DNC s B3su1 00pyu Xyna
Xyn (Hula Hoop) u pa3pesan ero, yaanui miacTUKOBbIE OYCHHBI, CO3IAMOIINE IIYM U YKOPOTHI
JUIMHY TpYOKH, 4TOOBI MOJIy4nJIach MIacTUKOBas MeTIs AuameTpoM 19 nroiiMoB (T.€. OT LeHTpa
TOpPOUJIA C OJJHOM CTOPOHBI J0 IIEHTPa TOPOUIA C APYroi CTOPOHBI). YTOOBI HAMOTATh KaTYILKY, 5
MOJIOKUIT (POPMY KaTyIIKH, IPOBOJ M HM30JEHTY HAa KOQEHHBIH CTONMK Iepes TEeJIEBU30POM, U
BCSIKMI pa3, KOI/a 1 CMOTPEN TEJIEBU30D, 51 HAMAThIBAJI I1apy COTEH BUTKOB Ha METIIIO U MOKPBIBAI
BUTKHM [IPOBOJIa YEPHOI M30JIEHTOM, YTOOBI yJIepKUBATh KaTylIKy Ha MecTe. Uepes mapy mecsien
s, HakoHell, HamoTal katymky DNC. B urore nomyumiocs uyts 6osbiie 8000 BuTkoB. Ha koHax
kaTymku s ycranoBuil BNC-xonHekTop, uTo0s! omyunTs roToBy0o DNC.

Ha pucynke 7.1.2-1 noka3aHbl pe3yabTaThl JaHHBIX 32 HECKOJBKO JHEH, MOJyYeHHbIE ¢
nomouibto kKarymku DNC. Ha rpapuke uyeTko moOKa3aHbl €XKEJHEBHbIE W3MEHEHUS
conpoTuBiieHUs. V3MEHEHHE CONpPOTUBIICHUS SBISIETCS NPSAMBIM CUYUTBHIBAHUEM JIOKAJIBHBIX
M3MEHEHUH HalpsKeHUs 3QpupHOro notoka. CornpoTHUBIEHUE B KAaTYIIKE U3MEHSIETCSA [IOTOMY, YTO
JIEKTPOHHBIN 3aps]] aTOMHOM PELIETKH B METAJIE MPOBOAA M3MEHSETCS M0 MEpE TOro, Kak
Oonbiie wiM MeHble 3¢upa TedyeT B SApax aTOMOB KaTYIIKHM, TE€M CaMbIM H3MEHSETCS
IPOBOJIUMOCTb ITPOBOJIA, TIOTOMY UTO B MPOBOJIE CO3/1a€TCs OOJIbIIE UM MEHbBIIIE 3JICKTPOHOB H3-
3a U3MeHeHus A(UPHOTO HanpspKkeHus. B Teuenne 24-4yacoBoro nepuoja CoIHIE, JTyHa, TIJIAHETHI,
a TaKkKe 3BE3J]bl CO3JA0T DPA3JIUYHbIE YPOBHU HANpPSHKEHHUS B S(PUPHOM Ioje 3eMIH, YTO
HANpPSIMYIO BIUSET Ha CKOPOCTh A(UPHOTO NOTOKA B SApPaX.



7.1.3 ®u3uka 1eTeKTOPOB 3(PUPHOr0 HANPSKEHUs (T.e. [PABUTALMOHHOI0 NOTOKA)

@dusnka, Nexalias B OCHOBE MCIOJIb30BaHMA TAaKUX MAaTE€pHUajoB, KaK JUAIEKTPUKH H
METaJUIbl, B Ka4eCTBE IATYUKOB Ui OOHapY)KCHUs HM3MCHEHHH HANpsDKEHHUS B JIOKAJIBHOM
3(HUPHOM T0JIe, OCHOBaHA HA BUXPEBOM Mozenu atoma Kunn. SInpo aTtoMa COCTOUT M3 aTOMHBIX
YaCTHIl, KOTOPBIC MPEJACTABIAIOT COO0N TOPPOUAAIbHBIC YaCTUIIBI B (hOpMe TOHUYMKA B dupe.
ToppounanbHelii BUXph - 3T0 crabuiabHast Gopma B s¢pupe. Kaxnas u3 cy0GaTOMHBIX YaCTHIL
HAXOJIUTCS B TOCTOSTHHOM OOMEHE C JIOKAIBHBIM 3(DUPHBIM IOJIEM.

EXXE[IHEBHOE M3MEHEHWE CONPOTUBNEHUA NOCTOAHHOMY TOKY HUMENO HE AENAIOWEN KATYLIKA

| T

. HHH
T

10 V‘. - »—v——

: \

ConpoTtuenexne (Om)
o
—
—

NN

NDODNDOOUNTOLONDOYNDOLDNS OO NSO LPNDO DN O
- - - - - - - - - - -

| -

©
-

Bpema 8 gHax

Lientpantkan nusmA - 570 856 Om Mepean Toyka ecte 1700 Ha 27 axsaps 1996 ropa

Pucynok 7.1.2-1 DNC B kauecTBe npumepa JaTyuka rpaBUTalun
7.2 JIxxo I1app - OTKpbITHE IHEPreTHYECKOIo My3bIPs MMPAMUABI

Crnenyronmit matepuan o Jlxo Ilappe Obl1 JaH BO BpeMs MOEro BBICTYIUIEHUS B
Mexnynapoanom obmectse Tecasl B 1992 roay. Teker u rpaduxu B3sSTH U3 3T0M peun. Yacts
uHpopManuu 00 SKCIEPUMEHTAX C TPaBUTALMOHHBIM KOJECOM Oblila IPE0CTaB/IeHa B MOATPYIIIe
AnpsiHCAa TIO ecTecTBeHHOW ¢miocopun 1996 roma Bo Bpemsi KOH(pEpEHIIMH AMEpUKaHCKOU
accorpanuu cojeiicteus pazsutuio Hayku (AAAS) B @narcradde (Flagstaff), mrat Apusona, B
Kamiyce yHuBepcurera CeBepHONH APHU3OHBI.

7.2.1 ®opma KaK JATYMK JHEPTHH

Jlxko Tlapp (Joe Parr) coBepiini 3HAYUTENbHBIA MPOPHIB, pa3pabOTaB HECKOJIBKO
JATYUKOB, KOTOPBIC KOJMYECTBEHHO OMPEICIISAIOT YHEPTHI0 MupaMuisl. Ero mpeobpasoBaTelb
raMma-nydeil OCHOBaH Ha €ro OTKPBITUH, YTO DHEPTHsl MUpaMUIbl ociadser ramma-nydn. OH
O0OHApYKWII, UTO OJTHUM W3 aCTEeKTOB 3(PUPHOIN SHEPTHH BHYTPH U BOKPYT IMHPAMHUIBI SBISETCS
cepuyeckoe 3(pupHOE IHEPreTHIECcKoe MoJie, ¢ HEHTPOM Ha ypoBHE 1/3 BBICOTHI. DTO MMOKa3aHO
Ha pucyHke 7.2.1-1, rne uzobpaxeHa o/lHa U3 MEPBBIX IKCIIEPUMEHTAIBHBIX YCTaHOBOK [0 myst
OoOHapyXeHHsI DHEPreTUYECKUX TOJeH MUpaMuAbl. ITO OTKPBITHE MPHUBEIO K BO3MOXHOCTH
CO3/IaHUSl MAIIUHBl CBOOOTHOW SHEPrHH, a TAaKKe HACTOSIIET0 KOCMHYECKOTO JIBUTATels,
OCHOBaHHOTO Ha TeHEpAIN I'PAaBUTAIMOHHBIX CUJIOBBIX MOJIEH, NCMOIB3YIOMIETO BPAIIAIOIINEeCs
nupamMuaIbHbIe (POPMBI.
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Pucynok 7.2.1-1 Pannss ycranoBka coopa nanusix Jxo [Tappa

B xozxe skcnepuMeHTOB 1O IpeoOpa3oBaHUIO PHEPTUU B MHpPAMHJIE, KaK IOKAa3aHO Ha
pucynke 7.2.1-1, J>xo oOHapy>kuJ1, 4TO MUPaMU/IBI BpEMs OT BPEMEHH MEPECTAIOT pearupoBarh,
U y HETO He ObUT0 00BsicHeHHs, ToueMy. OTHaKO OH OOHAPYKHIT KOPPEIALUIO MEXTYy HeOeCHBIMU
COOBITHUSIMH M CBOUMH dKCTIepuMeHTaMu. [10X0ke, 4TO aKTUBHOCTH COJTHEYHBIX IISITEH BIUSCT Ha
WHTEHCUBHOCTh SHEPTETUYECKOTO ITY3bIPS ITMPAMH/IBL.

JlaTauK TpaBUTAIMOHHON SHEpPruu, KOTopwlid oTKpsl1 ko Ilapp, Bkimowaer Benukyro
nUpaMuay U MUpaMUAaIbHbIE GOPMBI B LEIOM. DTOT JAaTYUK HCIONB3YeT CTaTHYECKYHO (T.€.
HETOJIBM)KHYIO) THpaMHUy, BBIPOBHEHHYIO II0 JIMHHU CEBep-IOT/BOCTOK-3amajn. llmockue
KaTyIIK{, HAMOTAHHBIC HA ayIMO KaTYIIKH, ObLIM pa3MEIICHbI Ha CEBEPHOMN U I0KHON CTOpOHAX
nupamuzpl. VICKpoBoii MPOMEKYTOK, M3TOTOBJICHHBIN U3 MPOOUTOrO KOHAESHCATOPa EMKOCTHIO 1
MHKpodapaz, ObLT pa3MeIIeH Ha BEPIIMHE MUPAaMHIbI IIOCIEI0BATENBHO ¢ OaTapeei, pe3sucTopom
u camonucueM. Camomucel perucTpupoBal exeIHEBHbIE U3MEHEHU S SHEPT Ui BOKPYT TUPaMMU/IbI.

Camorucern] perucTpupoBall COCTOSIHUE SHEPTeTHUECKOTO MY3BIPs, KOTOPBIH OKpYXKaj
nupamuay. OHEpreTM4eckuid Iy3blpb CO  BpPEeMEHeM IHpuoOpena  pas3jinyHble  YpPOBHU
HETPO3PAaYHOCTH JIJISI BCEX THITOB M3ITyUeHHsI. DKCIIEPUMEHTHI, TOCTABJICHHBIE C UCTIOIb30BaHUEM
paIuoYyacTOTHBIX W3JIydarened, paguoaKTUBHBIX HMCTOYHHKOB, B YaCTHOCTHM OeTa- M Tamma-
u3IyJaresnel, MarHUTHBIX WCTOYHMKOB M HWCTOYHHKOB HMOHOB, BCE MOKa3aJd OCJa0JIeHHEe
U3JIYy4EeHUH B SHEPTeTHUECKOM Iy3bIpe, OKpY’KaroleM Nupamuly. IHTeHCHUBHbIE UCCIIETIOBaHMS B
TedyeHue 13 JeT moKasaiu, 4TO Iy3bIph MOXKET OBITh 3alMTaH OTPHUIATEIbHBIMA MOHAMH, U 3TO
YCUJIUT HENpPO3pavyHOCTh My3bIps. B omnpeneneHHoe BpeMs roja 3HEPreTHUECKUH IMy3bIPb
HOJTHOCTBIO OJIOKMPOBAJ TPABUTALIMOHHYIO CHIy, SAEPHOE M3IYy4EHHE M 3JIEKTPOMAarHUTHOE
uznydenue. Jpyroit apdexr nmokazan, yto mupamuaa, Mo-BUAMMOMY, PE30OHUPYET Ha YacTOTax
500 1 1000 I'x. D10 03HAUAET, YTO SHEPTETUUECKUH My3bIPh UM CUIIOBOE I10JI€ BOKPYT MUPaMUIbI
CTaHOBUTCS MOJHOCTHIO HEMTPO3PAUHBIM (T.€. HEMPOBOAIINM) JUI BCEX U3BECTHBIX CHIL

7.2.2 ES renepanusi AMHAMHYECKOH MUPAMU/IBI

OpHo BpeMsi B TedyeHHME |1-JIETHEro LMKIJIA CONHEYHBIX IATEH NAaTYMK CTaTHYECKON
MUPaMUJIBI BBILIEN W3 CTPOSI M MepecTall MPeloCTaBlIATh JaHHble. YTOObI HAUTH Jpyroil MeTos
IPOJIOJDKEHUS WCCIIEAOBAaHUs, OBLJIO PELIeHO, YTO JBMXKYILMMCS aT4MK, BO3MOXHO, MOXKET
MPOJOKATh MPEOCTABIAThH JaHHBIE. [[)KO MOCTPOMIT CIIOKHYIO SKCIIEPUMEHTAIIbHYIO YCTaHOBKY,
KOTOpYI0 OH Ha3Ban "mentpudyra". Llentpudyra "mupamMuganbHbId JBUTATENb" MOKa3aH Ha
pucynke 7.2.2-1.



MAIHUTbI YOANEHBI HA KAPTUHKE, YTOBbI MOKASATbL
MMPAMWABI, YCTAHOBIIEHHBLIE HA PbIYATE LLEHTPUDYTA

- NMTMPAMUALI, BPALLAIOWWMECA B LIEHTPUDYTE U
BXOOALWWME U BbIXOOAAWWME U3 MATHUTOB, CO30AIOT
PE3OHAHCHYIO YACTOTY, KOTOPAA NOMELLAET
nPAMUAY B "TUNEPMNPOCTPAHCTBO"

36 NAP MATHMTOB HAL W
NOA KAHANOM NMUPAMKA,

' ABWKYILIUXCHA BHYTPU

€ - (-) BAPAL NOHOB HACLIWAET UEHTPUDYTY

- (+) SAPA[ UOHA = (-) BAPALY HA NY3bIPE BOKPYT
NMMPAMUOBLI N HAOBOPOT

Pucynok 7.2.2-1 INupamugansHas nentpudyra Ixo [Tappa

OOuMpHbIE SKCHEPUMEHTHI € UEHTPU(DYTroil MO3BOJWIM IMONYYUTH JOMOJHUTEIbHBIC
JaHHbIE 00 HHEPreTMYEeCKOM IIy3blpe mHpamujbl. lloJOXHUTENbHBIE HOHBI B LEHTPUQYTE
3acTaBUiIM Obl MHUpaAMUAY MPUTITUBAaTbCA K moisipHOCTH JlyHbl. OTpullaTeNbHBIE HOHBI B
HeHTpUQyre 3acTaBuwid Obl MHpaMHIy OTTadKuBaThes oT JIyHbl. B ompenenennoe Bpems roxa
(mpumepno 8-15 nexabps u 8-15 mast) sHepreTudecKkuil mMy3slpb BOKPYT MUPAMUJ B LIEHTPU(YTE
CTAaHOBMJICS. ~ IIOJIHOCTbIO  HEMpPO3pauHbIM s  BCEX  JIOKAJIBHBIX  I'PAaBUTAL[MOHHBIX,
AJIEKTPOMArHUTHBIX M MHEPUMOHHBIX CHI. Korga 3To mpoucxonuso, MajaeHbKUE MUPAMUIKU C
OCHOBAHHEM B OJIMH JIOWM OTOPBAIUCH OBl OT KOHIIA phIyara HeHTPU YT, HAHOCS 3HAYUTEIbHBINA
yiepd BHYTpeHHEH 4acTu HeHTpU(yru. JleTanbHbIi aHAIN3 KOJIMYECTBA YHEPTUH, HEOOXOAUMOT0
JUIsL OTpBIBa UPAMMJIbI OT MOKCUIHOTO KPEIUIEHHUs, 0Ka3aJl, YTO NUpaMUJa BECOM § rpaMMOB
obnanaer cunoit mpumepHo B 2000 ¢yHTOB (T.€. yBenuueHue KuHeTnueckor snepruu B 113000
pa3). Ilpenmonaraercs, 4Tro NUpaMuja MEPEXOAUT B JPYroe MPOCTPAHCTBEHHO-BPEMEHHOE
cocTosiHue, KoTopoe J[»ko Ha3Bajd THIEPIPOCTPAHCTBOM, KOrJa MNHpaMUAa HAXOAUTCA B
NEPEMEHHOM MarHuTHoM mnosje. Koraa nupamuaa BBIXOJUT U3 NEPEMEHHOTO MarHUTHOTO IOJIS
neHTpudyru, mnuUpamMHuIa BBIXOAWT W3 h-IpOCTpaHCTBA C€  OTPOMHBIM  KOJIWYECTBOM
JIOTIOJIHUTEIIbHOM SHEPTUH.

DKcIepUMEHTHI ¢ LEeHTpUu(yroi paboTanu Takxke, Kak M CO CTaTUYECKOH NMUpaMuIoH,
MIOCKOJIbKY ~ pa3MEIIeHHe paJuovyacTOTHBIX HCTOYHUKOB, pPaJMOAKTUBHBIX HCTOYHHUKOB,
MarHUTHBIX HCTOYHMKOB M HCTOYHHUKOB HMOHOB BHYTPH MHUPAMHUABI MOKA3ali0, YTO SHEPTuUs
MCTOYHUKOB DHEPruu OcCiadisyiach, KOIJIa OHM HAaXOJWJIUCh B DHEPIeTUYECKOM ITy3bIpe
MUPAMHU/IBI.

DTOT METOJl OCHOBAaH Ha NMUpaMHJiaX, CMOHTHPOBAaHHBIX HA BHEUIHEH CTOPOHE OBICTPO
BpallaroIerocss poropa. E-mone, meprneHAMKYISpHOE POTOPY, BBIPOBHEHO C OCBIO POTOpA.
MaruuTHoe 1oJie BBIPOBHEHO MEPHEHIUKYISIPHO ocu poTopa. Takum oOpa3zom, Korjga poTop
BpalllaeTCs, MUpaMUIbl HE TOJIBKO CO3JAI0T M paspywaroT E-mone, HO U MMEIT MEepEMEHHOE
MarHUTHOE I0JI€ MO/ MpsIMBbIM yriioM K E-mosto.

AHanu3 BBISIBUJ JAE€TATH B OTHOIIIEHUH BBIPABHUBAHUS MAarHUTHOTO TOJISA C MUPAMUIAMH.
Ecny MarHuTHI MOKPBIBAIOT BCIO UIMPUHY POTOPA, TO AIEKTPOCTATUUECKOE T0JIe TEHEPUPYETCS B
OJIHOM HaIpaBJIEHUU I10 OJIHY CTOPOHY OT OCH POTOpPa U B MPOTHUBOIIOJIOKHOM HAIPABJIEHUU 10
JIPYTYI0 CTOPOHY ocu. Borpoc B TOM, cBelleT Jin 3TO K HYIIO 3 ()EeKT reHepanuy 3HEPruu Wil 3TO
HE UMEET HUKAKOTO 3HAUEHUS, TIOCKOJIBbKY JIEKTPOHBI €CTh JIEKTPOHBI? ??



Pucynok 7.2.2-2 ®ororpadus nupamuaansHoi nentpudyru Jxo Iappa

7.2.3 Jlxo ITapp - 3kcniepUMeHTHI ¢ TPABUTALIMOHHBIM KO0J1€COM

UccnenoBanme neHTpudyru npuBeno J[Ko K rumorese, 4To, BO3MOXKHO, TPEXMEpHas
nupaMujia He Obl1a aOCOTOTHO HE00X0IMMOM. bl pa3paboTaH HOBBIHM SKCIIEPUMEHT, B KOTOPOM
Oonpiras neHtpudyra Oblia 3aMeHEHa HEOONBIIMM CIEIUANTBHO pPa3paOOTaHHBIM KOJIECOM,
YCTAaHOBJICHHBIM Ha BaJly W MPHUBOJUMBIM B JIBIDKEHHE HEOOJBITUM BBICOKOCKOPOCTHBIM
JIBUTATCIIEM.



3aremM OH pazpabortan Ooyiee HPOCTON AWHAMHYECKUH OSKCIEPHUMEHT, CBS3aHHBIH C
eHTpuyrou, ¢ ropazao 0osiee MPOCTHIM YCTPOHUCTBOM [IJIsl TIPOBEACHUS SKCIICPUMEHTOB. JTa
SKCIIEpUMEHTAIbHAsI YCTAaHOBKA MMOKa3aHa Ha pucyHke 7.2.3-1. DT0 4eThIpex1I0iMOBOE KOJIECO
W3TOTOBJICHO M3 MaTepHajia IMeYaTHOM IUIaThl ¢ 24 TpeyrosbHUKaMu B (opMme rpanu Bemukoii
OUPaMU/IbI IO OKPY)KHOCTHU KoJjieca. TpeyrolbHUKH PacIioNoKeHbl IpyT HAIIPOTHB Apyra 1mo ooe
cTopoHbl Kozeca. Koneco, koTopoe s Ha3BaJl TpaBUTAILIOHHBIM KOJIECOM, BPAIACTCS MEXIY
JIBYyMsI CTaTOpaMU C K€paMHUYECKMMHM MarHuTaMu ¢ HM3KUM rayccoM (mo 100 raycc kaxnplii),
KOTOpBIE PACHOJIOXKEHBl TaK, YTOObI Kpail MarHUTa BBICTpaMBAJICA B JIMHUIO C 1/3 BBICOTHI
TPEYroJbHUKOB. DIEKTPOCTATUYECKHI T€HEPaTOp NOHOB PACTIONOKEH PSAAOM C 3KCIIEPHMEHTOM
JUISL TI0Ia4¥ MOHOB B DKCHEPUMEHT. |'paBUTAllMOHHBIEC MY3BIPH WM CHJIOBBIE IMOJI 00pa3yroTCs
BOKPYT KaXKI0T0 U3 TPEYTOJIbHUKOB, KOT/1a KOJIECO BPAIlaeTCs Ha BRICOKUX CKOpocTsX. ['eneparop
MOHOB HE TOKa3zaH Ha pucyHke 7.2.3-1. dortorpaduu sxcriepuMenTta J[>ko ¢ rpaBUTAlIMOHHBIM
KOJIECOM TIOKa3aHbl Ha pucyHkax 7.2.3-2 u 7.2.3-3.

Koneco ¢ 24 megHsIiMu
TpeyronbHuKamm

0.25" guametp
CTanbHoro
Bana

MoTop (10000 06/MK1H)

CratopHas cOopka 13 12 KOMNNEeKToB
NOCTOAHHbBIX MarHUToB

Koneco ¢ 24 MegHbIMK
TpeyronbHukamm

0.25" gnameTp
cTanbHoro Bana

MoTop (10000 o6/muH)

<3

Croika gns
yAepKaHna
moTopa

Cro#xka ana
eygepmauua Bana

—

| |
CraTtopHas cOopka u3 12 KOMNNeKToB
NOCTOSHHBLIX MarHUToB

Pucynox 7.2.3-1 PoTtop, ucnonb3yromiuii TpeyroJbHUKH B Ka4€CTBE KOJIJIEKTOPA CHIIBI ()OPMBI



Pucynok 7.2.3-3 DkcriepuMeHT ¢ TpaBUTAlMOHHBIM KoJjiecoM JIko Ilappa kpynHbIM M1aHOM

7.2.4 CuioBble 1oJst IKCIIEPUMEHTA C T'PABUTALIMOHHBIM KOJECOM

OkcnepumenTsl [lappa BBISIBUIM CHIJIOBBIE MOJIS, CO3JaHHBIE B XOJI€ JKCIIEpUMEHTa C
BpALaOIMMCs T'PaBUTALMOHHBIM KOJIECOM, 0TOOpaXKeHHbIe Ha pUCcyHKe 7.2.4-1. B skcriepumenTe
U BOKPYT HEro CO3JaHbl JBa THUIA CHJIOBBIX MOJIeH. BOKpyr KaXJ10ro U3 MeJHBIX TPEYTOJIbHUKOB
UMEEeTCs CUIIOBOE ToJIe giiieBuaHOM hopmbl. Korna 3Tu HeOobIINe CHIIOBBIE MTOJISl HAPACTAIOT O
MHTEHCUBHOCTH, OHM BBI3BIBAIOT 3HAYMUTENIBHOE 3aMEAJICHHE IBUraTells, KOTOPOE OTYETIMBO
CJIBIIHO B 1abopaTtopuu. CyliecTByeT U 0OJIbIIOE CHIIOBOE MOJIE, KOTOpoe (hOpMUpPyeTcs BOKPYT
BCEH AKCIEpUMEHTAIbHOM yCTaHOBKHU. TecTsl, mpoBeaeHHble k0 [lappom ¢ ucnonb3oBaHuem
CHelHalTbHbIX MPUOOPOB U JI030XO0/LA, IJIFOC HE3aBUCHUMBIE TECTHI aBTOPa C SCHOBHIALIMM U
SCHOUYYBCTBYIOILIUM, BCE MOATBEPKIAIOT OONBIIOE CHUIOBOE IOJE€ BOKPYI 3KCIEPHUMEHTAIBHOU
YCTaHOBKH U MaJIble€ CUJIOBBIE 10JI1 BOKPYT KaX10I'0 U3 TPEYTOJIbHUKOB.



Bonswoe cunogoe
NONE, CKPYNAIOWEE

/ IKCNEPUMEHTANBHYIO

yCTaHosky

Mansie cunossie
NONA, OKPYXAWLMe
TPEYrONsHMEN Ha
FPEBHTALUMOHHOM
xonece

Pucynok 7.2.4-1. OBasibHOE CHIIOBOE I10JIE€ BOKPYT SKCIIEPUMEHTA € IPABUTALMOHHBIM KOJIECOM
1 HEOOJIBIIMMU YHEPTETUYECKUMU IY3bIPbKAaMU, OKPYKAIOIIUMU KaX bl U3 TPEYTrOJIbHUKOB
IPaBUTALMOHHOIO KOJIECca

JI>xo oOHapyXui, 9YTo 3eMJIsl IBUXKETCS 110 SHEPreTUYECKUM KaHajlaM, KOTOPbIE YT OT
HAIIETo COJIHLIA K IPYTUM IIJIaHETaM U 3BE3IHBIM CUCTEMaM.

Korga »skcnepuMeHT ¢ TIpaBUTAalMOHHBIM KOJIECOM IIEPECEKAeT OAWH H3 ITUX
SHEPreTUYECKUX KaHaJIO0B, CUIOBOE I10JI€ BOKPYT MEAHBIX TPEYIOJbHUKOB YCUIMBAECTCS 10 TaKOU
CTEIIEHH, 4YTO Iy3bIpb CTAHOBUTCS HENPO3PAYHBIM JUIS BCEX JIOKAIBHBIX CHJI U HAYMHAECT OYEHb
ObICTpO JABHMraTbCsl BHU3 IO KaHally, M IPOUCXOIUT HapymleHue MacmTada. [lombiTku
CMOJICJINPOBATh SHEPreTUYECKUI KaHaJ 10 CUX IIOp HE YBEHYAIMCh ycnexoM. Mbl HaxoauMmces B
npolecce OLIGHKM JaHHBIX M OOHApyKWJIM HEKOTOPYIO KOPPESALHMIO C IUIAHETapHBIMU U
3BE3/IHBIMI COYETAaHUSAMM, KOI/A 3€MJI1 BBIPOBHEHA C JIPYTMMH IUIAHETAMHM WIIM 3BE3JaMHU U
HaIIUM COJIHIIEM. AHAJIW3 JaHHBIX B HACTOSLIEE BPEMs HAXOAUTCS B 3a4aTOYHOM COCTOSIHMM, HO
MBI [10JIy4a€M HEKOTOPbIE OUEHb BIIEUATIISIONINE ITPaBUTALIMOHHBIE () ()EKTHI.

7.3 HOBTOpeHl/Ie IKCIMIEPUMEHTOB C rPaBUTAIMOHHBIM KO0JIECOM

ABTOp cneaun 3a skcnepumenTamu J>xo [1appa B TeueHre HECKOIBKUX JIET; U TTOCJE TOTO,
kak JI>ko J00MiIcS HEKOTOPOro MEepPBOHAYAIBHOTO YyCIeXa € HOBOM JKCHEpUMEHTANIbHON
YCTaHOBKOM, aBTOp ¢ momoinbio J[xxo [Tappa moctpoust 1y0inuKkart SKCIiepuMeHTa.

7.3.1 FpaBnTaunonﬂoe KOJIECO - IKCIIEPUMCHTAJIbHAS YCTAHOBKA U PE3YJIbTATDBI

[ToTpeboBanoch HECKONIBKO MECAILEB, YTOOBI MOSI BEpCUS HKCIEPUMEHTa YCIEIIHO
3apabortana. Hactpolika Bkio4ama B ceOsl MpaBWIbHYIO OpPHUEHTAILUIO 3KCIIEPHUMEHTAIbHON
YCTAaHOBKHM W TPaBHJIBHOE 3a3emiieHue. Ban JomkeH ObITh OpMEHTHPOBAH HAa BOCTOK-3amajl.
HcTouHUK OTpULIaTeNbHBIX HOHOB YCTAHOBJIEH B HECKOJIBKHUX (pyTax OT Bpalarolierocs Kojeca,
YTOOBl TMUTATh CUJIOBBIE TOJS, KOTOpPbIE (QOPMHUPYIOTCS BOKPYI MEIHBIX TPEYroJbHUKOB,
IIPUKPEIJIEHHBIX K TPaBUTALIMOHHOMY KOJIECY. ODKCIEPUMEHT YCTAHOBJIEH Ha TOHKHUX Becax,
KOTOpPBIE U3MEPSIOTCS ¢ TOUHOCTHIO 110 0,5 rpamMmma. CTaTUUECKUA BEC MOEH HKCIIEPUMEHTAITBHOMN
ycTaHOBKH cocTaBisieT okoso 1200 rpamm. B Bepcun ko ITappa - okono 1800 rpammos. B moem
SKCIIEPUMEHTE UCII0JIb30BAJIOCh 00paboTaHHas KJIEHOBAs APEBECUHA JJIS 3aKPEIJICHHUs] MOTOpa U
Bajla, a OINOPHI, HA KOTOPBIX 3aKperyieHbl MarHuThl B sKcnepumente [lappa, ObuiM caenaHsl U3



oOpaboranHoro amoMmuHus. @oTtorpadusi MOEro SKCHEPUMEHTa C T'PAaBUTALIMOHHBIM KOJECOM
nmokaszaHa Ha pucyHke 7.3.1-1.

OcCHOBHOE pa3Nuune MEXAY MOCH BepcHel SKCIIEPHUMEHTa ¢ TPAaBUTALIMOHHBIM KOJIECOM U
Bepcuen /Ko cocTOUT B TOM, 4TO y J[’K0 eperopaet MOTOp MOYTH Ha KaXkJI0M KaHaJle, a Y MEHs
HeT. OueBUIHO, B3aUMOJIEHCTBUE CUJIOBOIO IOJI C aJIFOMMHHMEBBIMU CTOWKamMHu B Bepcuu JIxo
BBI3BIBACT JOCTATOYHOE CONPOTUBIIEHNE, YTOOBI C3KE€Yb MOTOP.

Bo BpeMsi sKCiepuMEHTaIbHBIX ONEpauii BeC IKCIIepUMeHTa MoXxeT ynactb ot 0 10 -6,5
rpamm. Eciiu ydyecTs, 4TO IpaBUTALlMOHHOE KOJIECO C MEHBIMH TPEYT OJIbHUKaMHU BECUT OKOJIO 12
rpamm, 001Ut HopMalbHBIN pabounii 2P QexT ieBuTanuu cocrasiser nopsaaka S0% mnorepu Beca.
D10 caMo 1o cebe ABISIETCS 3aMedaTelbHbIM 3KCIEPUMEHTAIBHBIM 3(()EeKTOM U 3aciyKuBaeT
IPUCTAIEHOTO BHUMAHMSL.

Becel, ucnons3zyemble B skcnepumente Ohaus Precision Plus, kymnennsie y Koyna
[Mapmepa (Cole Parmer). Becsl MoryT u3mepsith ¢ TOUHOCTHIO 110 0,5 rpamma B muanazone 0-4000
rpamMM. Becbl nmerot nocnenoBatenbHblil nHTEpdenic RS-232, koTopblil M03BOISET MOAKIIOYATH
BECHI K IPUHTEPY WM KOMITbIOTEpY. BeChl BEIBOAT BeC HEMPEPHIBHO, 32 UCKIIOYEHUEM CITY4aeB,
Korja npoucxoaut cooi BecoB. COOI Beca MOXKET BapbUPOBATHCS, U OH ObLI YCTAaHOBJIEH Ha
ypoBHE He Oojiee 5 rpaMM. DTO O3HAYaeT, YTO €CJIM BEC Ha Becax M3MeHsieTcs: Ooyee yem Ha 5
rpaMM B TEYEHUE Mapbl MWUIMCEKYHI, TO HHTepdeiic RS-232 mnepectaer BBIBOAMTH Bec,
M3MEPEHHBI BECAMU.

Pucynok 7.3.1-1 DkcriepuMeHT ¢ rpaBUTAallMOHHBIM KosiecoM [[pHa J[3BuicoHa



[IpenBapuTenbHO MO€E MOJAKIIOYEHHE BECOB OBUIO K KOMIIBIOTEPY; OJHAKO MHTEHCHUBHOE
CHJIOBOE T0JIe, KOTOPOE CO3AAETCS BOKPYI AKCIEPUMEHTA, YHHUUTOXKUJIO JABE KOMIIBIOTEPHbBIC
untepdeiicupie mnatel. [lockoneky uHTEepdeiic RS-232 mpekpamaer BBIBOJ JaHHBIX MpH cOoe
BECOB, IOCJIEIOBATENIbHBII BBIBOJ BECOB ObUT MpeoOpa3oBaH B YpPOBEHb HANPSDKEHUS U
UCIIOJIb30BaH B KauecTBe WMHAMKaTopa. Korpa HampspkeHue majano, IpOHCXOoIul cOoil BecoB.
H3MmeHeHre YpOBHSI HaIpsDKEHHUS OBLIO/€CTh COMPSIKEHO CO CYETYMKOM HMITYJIBCOB. ITO
oOecrieunBaeT mojacyer cOosi BeCcoB, MpeBbIIAOIUX 5 TpamM. Pucynok 7.3.1-3 mpezncrasisier
coboii Tpaduk cOOs BECOB BO BPEMEHHU. 3J1eCh TOKA3aHO KOJUYECTBO CIIy4aeB, KOTIa
IPaBUTAIMOHHOE KOJIECO MEHsUIO Bec Ooyiee ueM Ha 5 rpamm. Eciaum mortepst Beca B 6,5 rpamm
no0aBisieTcsi K moTrepe Beca B 5 rpaMMoB, Mbl HaOmomaeM moutu 100%-Hyro motepro Beca
IrPaBUTALMOHHOIO KoJjieca. M B aKCriepuMeHTe ¢ TpaBUTallMOHHBIM KoJiecoM [[xo I1appa, u B Moem
11 ampenst 1996 roga ObLT IOTYYEH OUH M TOT e MEX3BE3HBIA KaHa.

= ]
il A

o v
B S Vi

et

— N ra i

Pucynok 7.3.1-2 DkcriepuMeHT ¢ rpaBUTAlMOHHBIM KoJsiecoM [[pHa [[PBuacOHA KpYIHBIM
IJIaHOM

HanHbie [1ana B Cheppa-Bucra, Apu3oHa 3a espanb-anpens
1996 ropa no akcnepumenrty Mappa
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Pucynok 7.3.1-3 Jlannbie [IpHa [[pBuacOHa MO SKCIIEPUMEHTY C IPaBUTALlMOHHBIM KOJIECOM



Jletom 1996 rona mMbl mpoBenu KaaMOPOBKY MOETO 3KCIIEPHUMEHTa MyTEM CPaBHEHUS C
skcniepuMmeHTOM J[o0, mpoBoaumbiM B Kamudopauun. Okazanioch, 4YTO MarHUThI, KOTOPBIC S
WCIIOJIb30BaJ, OBUTM CIMIIKOM CHJIBHBIMH. MOW MarHuThl ObUIM 3aMEHEHBI HAa TE€, KOTOPHIE
cocraBisitoT npuMmepHo 100 raycc xaxabiid. [loxoke, ecii MAarHUTHI CIMIIKOM CUJIbHBI, OHU
OJIOKHPYIOT CUTHAJI 3HEPIeTUUYECKOr0 KaHaja, U YyBCTBUTEIBHOCTh YCTPOICTBA PE3KO MAJAET.
DTO 00BSACHAET, TOUYEMY Ha JaHHOM KaHase skcriepuMeHT Jxo momydan 200000 ¢ mumrauM cooeB
BECOB, @ MOSI 9KCIIEPUMEHTAJIbHAs YCTaHOBKA MOJIy4MIIa TOIbKO 0koio 1500 c6oes.

B HOBOM Habope 3KCIepUMEHTOB, IIe MOl HOBBIM TaT4MK ObLT OTKAJIMOPOBAH TaK, YTOOBI
JIeHCTBOBAaTh Tak ke, Kak y J[ko, o0a Hammx HSKCIEPUMEHTa OOHAPYKUIM OJHU U TE XKE
SHEPreTUYECKUe KaHajbl. DTO MIPOWLIIOCTpUPOBAaHO Ha pucyHke 7.3.1-4. [Ixo Ilapp nHaxoauncs
Ha 3amagHoM mobepexse, a Mol skcnepuMeHT B Apuzone. O6a skcniepuMenTa 3apuKCUpOBAIIN
OJIHM | T€ K€ OOJIbIIINE dHEpPTreTUUeCKe KaHabl 12-14 nexabps 1996 rona u eme oauH KaHam 3-
5 auBaps 1997 roga. B TedeHue 3TUX JBYX NEPUOJOB KAHAJIOB S I0JIydal KpaTKOBPEMEHHbIE
notepu Beca mnopsaka 30-64 rpamm. DTO 03HayaeT, YTO I'PAaBUTALMOHHOE KOJECO MOIy4aslo
OTPUIATENILHBIN BeC, MOKa3bIBask o0MIyto morepro Beca 10 533%. Meul ¢ [[)ko cunrTaeMm, 4To 3TH
9KCIIEPUMEHTHI 03HAYAIOT, YTO Y HAC €CTh 3apO/IbIIIeBas OCHOBA JIsl HACTOSIIET0 KOCMUYECKOTO
JIBUTATEJIS.

Cpaaueuue AAaHHbIX FPaBUTaLMOHHOro Koneca [13BuacoHa u l'lappa
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Oara (Hayano B gexabpe 1996 roaa - Her cGopa 22-30 pgexabps)

Pucynok 7.3.1-4. CpaBHEeHHE SKCIIEPUMEHTA C TPaBUTAILIMOHHBIM KojiecoM J[pHa JI3BHicOHa ©
skcnepuMenToM JIxo Ilappa

7.4 AcTpoHOMHMYecKHe Koppeasuun ¢ Beiaukoilt nupamuaoi

CymiecTByeT MHOXECTBO B3auMOCBs3ed Benwkoil mupamMuasl ¢ pa3TUYHBIMU
ACTPOHOMHYECKUMH TeJlaMH. J/[Ba OCHOBHBIX CO3BE3]IHs, KOTOPBIE COOTHOCATCS C MUPAMUIOH, -
s10 Tener (6b1k) 1 OpuoH (0XoTHHUK). O0a ATHX CO3BE3AMsI HAXOASITCS B OJHON U TOH ke 4acTh
Heba. Ternen pacnosioxxeH 4yTh Bbllie OpHoHa.

7.4.1 Bzaumocsa3b Teanna u Ilinesn

3Be3ma AINBIIMOHA B CO3BE3NIMM Tenblla OTMEYAaeT JaTy OCHOBaHHsS (T.e., Hauana
cTpouTenbcTBa Bennkoil nupamuasl) Bennkoit HI/IpaMI/II[BIG. AJBITOHA - OJIHA U3 CaAMBIX SIPKHX



3Be3n Ilnesn, xoropeie BxomsaT B co3Be3aue Tenbpua. Ha Bocxopsamem mpoxone B Benukon
MUPaMUE €CTh JIMHUS CYMCIICHUS, KOTOpas yKas3biBaja Ha AJbIIMOHY B 2144 rogy 10 Halieu 3psl.
AnbliMOHA HAXOAUTCS Ha OAHOU JMHUM ¢ COJHIIEM U NPSMO HaJl HUM U 3eMJiei B TEUCHHE Mas
Mecsna. PucyHok 7.4.1-1, Ha KOTOpOM H300pa)K€HbI OCHOBHBIE HSHEPreTHYCCKUE KaHaJbI,
nokasbiBaeT KaHai 2 mas. Ha rpaduke He moka3aH KaHasl MpoLUIOTO rofa 27 Masi, KOTOPbIi Takxke
B3aUMOCBS3aH C AJIBIIMOHOM.

Wions 19-21

Man 29

Wone 25

Asrycr 19

Anpens 10

FanakTMYECKUN LUEHTP w———3»

CenTabpb 13
Mapr 19

MakcumansHana cxopocts™ >
ConHuya

®espanb 20

OpGuTa 3emnu

MaxcumansHan
CKOpPOCTb 3eMnu

Hosbpb 20

Aexabpeb 12-16 Oexabps 18

Pucynok 7.4.1-1 DHepreTuueckue KaHabl, OTKPHIThIE B AKCIIEPUMEHTE C TPaBUTALIIOHHBIM
KOJIECOM

OnuH u3 Haubonee moaTBepkaeHHBIX cinydaeB HJIO cszan ¢ bummn Maiiepcom (Billy
Myers) u3 IllBeiiniapuu, KOTOpBIM YTBEPXKAAET, YTO C HUM KOHTAKTHPOBAJIM HHOIUJIAHETSHE,
npuieresire ¢ [lnesn. Maiiepc caenan Heckonbko Haubosee ayreHTHUHbIX ororpaduit HIIO,
KOTOpBIE, [0 €r0 YTBEP>KJEHUIO, SBISIOTCS IUISSIIMaHCKUMHU JTy4eBbIMHM KopadissMu. Mornu
9TH JIy4eBble KOpaliIM MepeMeIaThCs Mo SHEPreTUYeCKUM KaHanaM, OTKpbIThIM Jxo [Tappom?

7.4.2 CBs3b ¢ OproHOM

Bosbiiolt kaHanm B cepenuHe JiekaOpsi, MOKa3aHHBIM Ha pucyHke 7.4.1-1, u B mepByro
HEJIENIO STHBAps YKa3bIBAaET Ha JPYTIyIO BAXKHYIO CBSI3b MEXKy Bennkoil mupamMuon u co3Be31HeM
Opuona (cM. pucyHok 7.4.2-1).
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Pucynok 7.4.2-1 Co3Be3nue Opuona

HccnenoBanue, NMpoBEACHHOE OJHMM U3 IIEPBBIX HU3bICKATeNed Benukod nupamuisl,
capom Drmunepcom Ilerpu (Flinders Petrie), moka3zaio, 4to ceBepHblii BO31yx0B0o Kamepbl Llaps
00BIYHO yKa3wpiBaNl Ha 3Be3qy TybOan (Anbda Jpakona) B cozpe3auu J[pako (IpakoH), KOTOpas
ObuIa MOJIIPHOM 3BE3/10M BO BpeMs CO3JaHUs IMMPaMHJIbl, a FO’KHBIA BO3TYXOBOJ YKa3bIBall Ha
OJIHYy U3 3Be3]1 B nosice co3pe3aus Opuona okoso 2600 r. 10 H.3.

Bosiee TOYHBIE COBPEMEHHbIE M3MEPEHHMs' IIOKA3ald TAaKKe, YTO CEBEPHBIA U FOKHBIN
BO3/1yXOBO/Ibl Kamepbl L{apst ¥ 105KHBINA BO31yX0BOJ KaMepbl HApULIbl JaTUPYIOT nupaMuy 2450
rojioM 70 Haureit 3pbl. [logpoOHocTH 3TOr0 OTKpHITUS bhioBana (Bauval) mokaszanbl Ha puCyHKe
7.4.2-2.

VHTepecHO OTMETUTD, YTO 3€MJIsl BHICTPAUBAETCS B JIMHUIO C COJHIIEM U TPEMs 3Be3/1aMU
B nosice Opuona npumepHo 13-15 gexadbps kaxaoro roga. B nepyto Henento aroro 1997 rona Ha
BOCXOJIE M 3aKaTe COJIHLE ObUIO BBIPOBHEHO ¢ Tpems 3Be3aamu B mnosice Opuona U ¢ ockbio
TpaBUTAOMOHHOT'O KOJICCA B OKCIICPUMCHTC.

’.:elssa « Belatrix
° N Rigel
Betelgeuse o ~——9
#387
-]
B T 7 Alnitak goqe 2602
enukas nupamuaa 4 4ty
BbIPOBHEHA No [ =\ dl 2 lota Orionis’
lota Orionis | <5 axs | €
Bropas e
SEpRMaAE W ¥ Saiph
aupoauer;asgg = . BbipaBHUBaHWe TPeX NUpaMua no
e TPeMm rnaeHbIM 3Be3gam B Meye
Opuona npousowno B8 2450 roay ao
Tpetba Halwei 3pbl. B 370 Xe BpeMa oauH
4 nUpaMNLSs BO3AYXOBOA yKa3biBan Ha NONAPHYIO
7| BOIPOBHERA NO  ,pa3ny B flpako, a APYroi yKkasbisan
# 602 Ha AnbuuoHy B Mnesaax.

Pucynok 7.4.2-2. BzanmocBs3b OpuoHa ¢ Benukoil nupamunoi



Hpyrumu cinoBamu, mexay HamuM ConHieMm u co3Be3nueM OpHoHa, MO-BUAMMOMY,
CYIIIECTBYEeT OTPOMHBIM SHEpPreTHYecKuil kaHain (cMm. puc. 7.4.2-3), KOTOPBI CTUMYIHPYET
CWJIOBBIC TIOJII TPABUTAIMOHHOTO KoOJieCa K TIOJTHOMY COJIMKEHHIO CO BCEM H3BECTHBIMU
JIOKQJIbHBIMU CWJIaMU  (T.€. TPaBUTAIMOHHBIMH, O3JIEKTPOMATHUTHBIMU, WHEPLHOHHBIMU H
PaAMOAKTUBHBIMU); U 3aT€M BECh SKCIIEPUMEHT C TPABUTAIIMOHHBIM KOJIECOM IBITACTCS B3JIETETh
K Opuony.

Co3sse3gue OpuoHa

B nexab6pe u saBape Comnnne, 3emitst, 1 OproH
BBICTpauBalOTCA B 0JIHY JIMHUIO. Ha Bocxone u
3aKaTe COJIHIIA, OCh TPABUTAIIMOHHOTO KOJieca Ha
oaHoit muHuu ¢ CosiHiieM 1 OpUOHOM. DTO TOUKa
MaKCHMaJIbHOTO aHTUTPABUTAIMOHHOTO dPdeKTa.

Pucynok 7.4.2-3 B3auMocBs3b 3KCIIEpUMEHTA C IPAaBUTALMOHHBIM KOJIECOM U c0o3Be31ust OpuoHa

Heyxenn kocmonaBTel ¢ OpuoHa mnoctpounu Benukyro nupamuny? SBnsercs i
DHEPreTHUYECKUH  KaHal KOMMYHMKAaIlMOHHBIM M 3Be3gHbIMH  Bpatamu?  IlomHwure,
rpaBUTALlMOHHBIE JKclepuMeHThl [lappa mbITatoTcst mposieTeTs (TpaBUTHPOBATH?) 1O
DHEPreTUYECKOMY KaHaly. BOT mouemy sKCIIEpUMEHT TepsIET Bec.

7.5 Hccaenopanue dxcnepumenta /o Ilappa ¢ nmomMombi SCHOBHAAIMX U
JIO30X0LIeB

bl IMPOBEJII HECKOJIIBKO TCCTOB, 4TOOBI MMOCMOTPETh, YTO MOTYT BHACTH W 4YYBCTBOBATb
qyBCTBUTEIIBHBIC JIFOAN BOKPYT SKCIIEPHMEHTA C TPaBUTALMOHHBIM KonecoM. [Ixo [Tapp mpoBen
AQHAJIOTUYHYIO CEPHUI0 TeCTOB ¢ ucrnonb3oBanueM buma Kokca (Bill Cox), BcemupHo u3BecTHOTO
JO030X0/1a, Ul aHalli3a YHEPreTHYEeCKUX TOJIeHl BOKPYr IKCIIEPHUMEHTa C TPaBUTALMOHHBIM
KOJIeCOM. Pe3ynbTaThl MOITHOCTHIO COBIAIH.

Ortan 1: Moaynb TIpaBUTAMOHHOTO KoJieca, CTOMT Ha Ja0OpaTOpHOM croie 0e3
pabotaromero Motopa. Bokpyr Maraura u obiacT Kojeca CyIIECTBYeT YHEPreTHUECKOe 0.
[Ipennonaranock, 4TO 3TO OBLIO CBSI3aHO HMCKIFOUUTEIBHO JIFOOBIM B3aMMOJCHCTBHEM MEXKIY
MarHuTaMd ¥ HETOJBWXKHBIM KojiecoM. [lonme okpykaeT o00jacTh MarHuTa MPUMEPHO Ha
paccTostHuY 4 WK 5 TI0WMOB B BUJIE CILTFOCHYTOTO cepona. ITa 4acTh 3aHsIIa OKOJIO 2 MUHYT
TECTUPOBAHUA.

Oran 2: Moayns TIpaBUTallMOHHOTO KoJjeca, CTOMT Ha JabopaTopHOM CTOJE C
paboTarormm MoTopoM. Kak TOJIBKO st BKITFOUMII ABUTATENb, JHEPTeTHYECKOE MOJIe BOKPYT COOPKH
Havano pacmmpsaTbes. [loae BrIpocno mpumepHO 10 4 GyTOB B AMaMETpe BOKPYT MOIYIS JIO
cTeHbl U noTonka. OOIee 1Moie MOTJIO MPOCTUPATHCS W B JajbHEHINeH CTENeHH, HO CTeHa U



MOTOJIOK MeIIaNH. I OTYETIMBO OIIYIIAJ 10JIe BOKPYT IPaBUTALIMOHHOTO KoJieca. Bokpyr Moayis
ObLJT MHTCHCUBHBIN SHEPreTHYECKUN ITY3bIph ITHAMETPOM OKOJO (yTa, KOTOPBIM oOciiabeBal
naneire. OKaszajaoch, 4TO OT AHKCIEPUMEHTAIBHOM YCTAHOBKM HCXOAAT TMOTOKU CHUPATBHOM
SHEPruu, HO CHHUpajbHas XapakTep He ObUl yBEpEeHHBIM. JTa YacThb 3aHsja OKOJIO 2 MHUHYT
TECTUPOBAHUSI.

Oran 3: Moaynab TIpaBUTAllMOHHOTO KoOJjeca, CTOMT Ha JIabopaTOpHOM CTOJIe C
paboTarouM MOTOPOM M HE BKIIFOYEHHBIM T€HEpaTopoM MOHOB. Korja st BKIIOUMII TeHepaTop
MOHOB, SHEPreTUUECKU map AuaMeTpoM B GyT BOKPYT MOJYJs cTaj 6ojee HHTEHCUBHBIM. YeM
J0JIbIIe paboTal MOAYINb, TEM UHTEHCUBHEE CTAHOBHJICS dHEpreTrueckuil map. He Op110 BUIHO
HUKAaKHX DHEPrHil, MOCTyNaloUMX B YCTPOWCTBO M3BHE. JTa 4YacTh 3aHAJA OKOJIO 3 MHUHYT
TECTUPOBAHUSI.

Oran 4: Moaynb TpaBUTAllMOHHOTO KoJieca, CTOUT Ha J1alOpaTOPHOM CTOJE, MIpH
OTKJIFOYEHHOM MOTOpE M I'eHepaTrope MOHOB. | eHepaTop MOHOB U MOTOpP OBUIM BBIKJIIOYEHBI, U
SHEPreTUYeCcKHe MoJisi MeIJICHHO YMEHBIIAINUCH A0 COCTOSHUS cTaauu 1. JTa yacTh 3aHsisia OKOJIO
3 MUHYT TECTUPOBAHUS.

7.6 AnoMuHHMeBble MUpaMubl U HaOoaeHus JP sHeprun

bouta mpoBeneHa emie oxHa ObICTpas cepusi TECTOB C HCIOJIb30BAHUEM SICHOBUSILUX,
YTOOBI MOCMOTPETh HAa DHEPreTUYECKUE TMOJIs aJTIOMUHUEBBIX MUPaMUI, KOTOpbie s oOpaboTall.
OKCHepUMEHTBI BKIIOYAIM B ce0si paboTy MOIyJs TpaBUTAIMOHHOTO Kojeca. Cremyrorast
MOCJIEIOBATEIBbHOCTD 3aHsi1a Bcero 10 MUHYT TECTUPOBAHUS.

Habmronenne 1. DKcCrepuMEHT ¢ TpaBUTAIMOHHBIM KOJECOM MPOAOIDKAICS JTOBOJIBHO
HENpPEepPBHIBHO B TeueHue mpuMepHo ot 10 aHel A0 AByX Henenb. Bech rapax Obul HamoJHEH
3(UPHOH HEPTrHUECH, TpUYeM HanOoJIee MHTCHCUBHOW OHA ObLJIa BOKPYT CTOJIA JIJISl SKCIICPUMEHTA
C TPaBUTALIMOHHBIM KOJIECOM.

Habmronenne 2. AMOMHUHHMEBBIE MUPAMUABI B TE€X K€ KOJIMYECTBAX M KOH(PHUTYpamsx
JAOT T€ K€ PEe3yJbTaThl, YTO U MEJHbIE MUpaMUJbl. BBIBO COCTOUT B TOM, YTO METAJIMYECKUE
nupamMuIbl POKYCHPYIOT SHEPTHUIO O0Jiee MOIIHO, YeM HEMETATNYECKUE TTMPAMHU/IBI.

7.7 KpHTquCKHe mapaMeTpbl rpaBUTANHOHHBIX IKCIIEPUMEHTOB € Hl/lpaMI/I}]Oﬁ

Cy1iecTByeT HECKOJIBKO KPUTHUECKHUX IMapaMeTpoB MpPH MOCTPOECHUHU 3KCIIEpUMEHTa C
neHtpudyroit [lappa nim skcrepuMeHTa ¢ rpaBUTALIMOHHBIM KosiecoM. J[»o motpaTtuin 6onee 14
JIeT Ha MOUCK (PAKTOPOB, BIUSIOIIUMX HA 3KCHEpUMEHTH.. OAMH W3 HUX YK€ YIOMHUHAICS -
HaNPsDKEHHOCTh MarHUTHOTO T10JISI MAJIEHBKUX MarHUTOB. MarHuThl, KOTOPBIE S UCIIOJIB30BAJl B
CBOEH MepBoil Bepcuu, ObUIM CIMIIKOM CHJIbHBIMHU. VcmblTaHMs MOKa3anu, 4TO ONTHMAaJIbHAas
HaNPsKEHHOCTh MAarHUTHOTO TOJIST KEPaMUYECKUX MarHUTOB nuaMerpoM 0,5 mroliMa cocTaBisieT
100 raycc kaxnaplid. JIpyrum (axTopom SIBIS€TCS BbIpaBHMBAaHME MAarHWTOB 110 OTHOLIEHHUIO K
nupaMuiaM WM TpeyroJbHUKaM B JIByX OJkcrepuMmeHTax. Ha puc. 7.7-1 unzobpakeHo
ONTUMAJILHOE PACIIONIOKEHHE MarHUTOB 10 OTHOLIEHUIO K TPEYTOJIbHUKY WU MUPaAMUJE.



OnTUMansHoOe COOTHOLIeHKWe NUpaMuabl UnNu
TpeyronbHHUKa - 3TO KOorga oCHoBaHue
TpeyronbHHUKa unu nupamuabl nepecekaer
UEeHTP MarH1ra, Korga oHM npoxoasaT Mmexay
MarHurammu.

N MNosuumoHnposaHue nupamuael S
B ueHTpudyre

TpeyronbHUK
¥

N
MosnunoHupoBaHue TpeyronbHuKa Bua Ha nupamuay unu
B rpaBuTayMoOHHOM Konece TPeyronbHWK CO CTOPOHLI MarHuTa

Pucynok 7.7-1. OntumManbHOE MO3ULMOHUPOBAHUE MarHUTA JJIsl TPABUTALUOHHBIX
JKCIIEPUMEHTOB

Ob6a skcriepuMeHTa J[PKO MMEIOT TPEYTOJbHUKU: MUPAMUIBI B TIEPBOM 3KCIEPUMEHTE
UMEIOT TPOTHBOIIONIOKHO HAIPaBJICHHBIE TPEYrOJbHUKH, W 3y04aroe KOJecO BO BTOPOM
HKCIIEPUMEHTE MMEET MPOTHUBOIOJIOKHO HAINpaBJICHHbIE TPEYroJbHUKU. J[3)k0 OOHapyx ui, 4To
3yOuaTtoe Kojieco He Oyzaer paboTaTh 10 TeX MOp, MOKa MEIHbIe TPEyrojbHUKH HE OYyIyT
OCBO60)KI[€HI)I OT COIIPUKOCHOBCHHUSA C KAXKABIMH COCCAHHUMU TPCYrOJIbHHUKAMMU. Kacanune 0nL10
YCTPAHEHO IMyTeM IPO/IeIbIBaHHsI HEOOBIIOHN IIEIH MEXKAY KaXIbIM TPEYTrOJIbHUKOM U YAAJICHUS
MeaM U3 LIEHTpa 3y04aToro Koseca.

7.8 KpaTkoe u3jioxeHne IKCIEePUMEHTAIBHBIX 3¢ (ekToB cHiibl hopmbl

OcHOBHasi Tema 5TOW TJaBbl 3aKIOYAETCS B TOM, YTO CHJa (DOPMBI TPOU3BOIUT
u3MepuMble 3(PPEKTbl U MOKET ObITh M3MEPEHa C MOMOIIbIO CHEeNHaIbHBIX JaT4uKOB. Dopma
nUpaMUIbl IpeoOpaszyeT 3pupHBIE CHITBI B CTaHIAPTHBIE DJIEKTPUYECKHE U MAarHUTHBIC SHEPTHH,
KOTOPbIE U3MEPSIOTCS CTaHIapTHBIMU PUOOpaMHu.

OkcrnepuMeHTHl [lappa MOKa3pIBAIOT, YTO ¢ MOMOIIBI0 MHUPAMHUA MOXKHO T€HEPHUPOBATh
AQHTUTPAaBUTAIIMOHHBIE CUJIOBBIE TMOJIA. JTO MAaKpOypOBHEBble Moy (T.e. pPa3MepoM C
SKCTIEpUMEHTAIBHBIN armapar), a He KpOIIeUHbIe ToJis, TeHepupyemble ¢ dexktamu TayHceHa
Bpayna (Townsend Brown), rae makcumanbHble 3 GEKTh UMEIOT MOPSI0K MeHee | mpoueHTa oT
oOmrero Beca. B sxcniepuMenTe ¢ rpaBUTallMOHHBIM KosiecoM [lappa Mbl mosryuaem 3 dexTsl, B 3-
5 pa3 mpeBbIIIAIOLINE BEC TPABUTALMOHHOTO KoJieca (T.€. 3y04aToro Kojieca B 3KCIIEPUMEHTE).

Jlxo Tlapp u st xoTenu ObI MPUBJIEYb OOJNBIIE IKCTIEPUMEHTATOPOB, 3aNHTEPECOBAHHBIX B
MOBTOPEHUM SKCIIEPUMEHTa A JalbHeimeil xoppensuuu. CBsDKUTECh CO MHOM, €CJIM BbI
NEHCTBUTENIFHO CEPhE3HO HACTPOCHBI TIOTPATUTh HEMHOTO BPEMEHH Ha MOBTOPEHHE



skcriepuMenta. Mo anpec: Dan Davidson, PO Box 1090, Sierra Vista, AZ 85636, wiu 1o
3JIEKTPOHHOM TouTe: rivas@theriver.com
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I'JTABA 8
AAEPHAS CTPYKTYPA - OCHOBA CHUJIbI ®OPMbI
B s10i1 rmaBe paccmarpuBaercs cuiia popMbl CyOaTOMHBIX CTPYKTYP.
8.1 Beenenne

ATOM - 3TO BIIEMEHTapHasA, U3HAYAJIbHASA CTPYKTYypa cuiibl (hopMel. Ero Beunas Bubparus
U JIBUKEHHE TIOKa3bIBAIOT, YTO OH JIEHCTBYET Ha rpaHMle (uzndyeckoil BeeneHnHolt ¢ 3¢upHbIM
HapcTBOM. Bce M3BECTHBIE CWIIBI U 3JIEMEHTHI 3AJI0KEHBI B CTPYKTYPY aTOMa, U, BEPOSTHO, €IIe
MHOI0€ ApYyroe, 4ero Mbl IIOKa He 3HaeM. Pasragaiite, kak aTOM COBEpIAET CBOE YyA0 BEYHOIO
JBW)KEHUS, U BBl paCKpoeTe, Kak ycTpoeHa (gusnueckas Beenennas. YnpasieHue rpaBuTanueii u
cBOOOIHAs SHEPrust OyAyT HEKOTOPBIMU U3 Pe3yJIbTaTOB PAa3BUTHS, KOI'Ia aTOM OyJIeT MOHSIT.

B niepBoii rimaBe mpoctoii arom, kak ero npeacrasisut Jxon D. V. Kumu, 6601 n300pakeH
KaK TOPOMAJIbHBIM BUXPb 3()MPHOI CUIIBI ¢ HOJACTPYKTYPOH TOPOUI0B, BCTPOEHHBIX B OOJIBIINIHA
Topoua B BUAE dddekra TpoiHoHW dacTuibl. OCHOBHON TOPOHWI COCTOMT U3 TPEX MEHBIINX
TOPOUJIOB, BPAIIAIOLIUXCS, YTOOBI CPOPMUPOBATH OOJIBIION OCHOBHOM MATTEPH, IPUUYEM KaXK bl
NaTTEePH MOBTOPSETCS HA KAXKIOM MOTyPOBHE, BO3MOXKHO, 00 OECKOHEeUHOCHU.

CoBpemeHHas (u3MKa NpeCTaBIsAeT aTOM KaK COBOKYITHOCTb SJICPHBIX YaCTHII, KOTOPbIE
YIEP)KUBAIOTCSI BMECTE CUIIbHBIM B3aUMOJCHCTBUEM, CIa0bIM B3aUMOJICHCTBUEM, TPaBUTALIMEH,
3JIEKTPUUECTBOM U MAarHeTU3MOM, 00pa3ys pa3inyHbIe aTOMHbIE 3JIeMeHThI. COINIacHO UX TEOPHUH,
B IIGHTPE aTOMa HAXOJIUTCA SIPO, COCTOSIIEE U3 ITHX CyOAaTOMHBIX YaCTHII, KOTOPOE OKPYKEHO
00J1aKOM 3JIEKTPOHOB, BPAIIAIOLINXCS BOKPYT sJIpa ¢ OFPOMHOM CKOPOCTBIO.

Hu monens Kunu 0e3 351eKTpOHOB, HU MOJAEPHUCTCKUMN B3IJIAJ C UX CYIIOM M3 YacTHIL HE
ABIIAIOTCSA yIOBJIETBOPUTEIBHOM KOHLENIUEH. DJIEKTPOHBI CYIECTBYIOT, 10 KpalHEH Mepe
YaCcTHUILIbI, KOTOPBIE TOX0XKH HA HUX, TAXHYT KaK TOIJ1a U KPSIKAIOT, KAK KOJYKA, I0O3TOMY MOJEIIb
Kunu HenonHa, WM y Hac IpocTO HEAOCTAaTOYHO MH(pOpMaIMU, 4ToObl onpenenuts ee. Kpome
TOTO, AMEKTPOH WM HX O0JIAKO, HETPEPHIBHO BPAIIAIONIEECS] BOKPYT SApa, JOJDKHBI OBICTPO
UCTOLIATh YHEPTHUIO NOCPEICTBOM 3JIEKTPOMArHUTHOIO W3JIY4YEHHs, TAK YTO Mbl UMEEM JIENO C
0OJBIIMM KOJIMYECTBOM aHOMAJIMM.

C npyroii CTOpOHBI, 3BEpUHEL YACTHUL ''CTAaHAAPTHON MOAENN", MOX0XKE, CYyIIECTBYET, HO
TOJIbKO B TEUEHHE CaMbIX MHUMOJIETHBIX MOMEHTOB. CTaOuibHbIE YacTHULbI (T.€. T€, KOTOpHIE
CYILIECTBYIOT HE3aBHCHMO OT aroMma) - 3TO JJIEKTPOH, MO3UTPOH, MPOTOH W AHTUIPOTOH.
Hekoropeie Morytr copocuth: "Pa3Be HEHTpOH He sBIsSeTCS CTaOMIBHOM vacTHIEeH?";
HaOGnroieHust moKa3bIBatOT, YTO OH OBICTPO pacrlagaeTcs Ha JIEKTPOH U MPOTOH.

VY wuccnenoareneil albTEPHATUBHON HAyKW TMOSBUJIACh HOBAas MOJENb aToMa, KOTopas,
MIOXO0KE, YAOBJIETBOPSET HKCIEPUMEHTAIbHBIM HaOmoeHus M. B 3Toll rmaBe onuceiBaeTcs 3ta
HOBAasi aTOMHasi MOJIeNIb. ATOMHAasi CTPYKTYpa OIHUCHIBAETCS 3TOH HOBOW MOJIENbIO, 1 MBI MOYXKEM
BBIBECTH s/IEpHbIE U (DU3MUYECKHE KOHCTAHTHI, IUIIOC MOJENb (opMHUpyeT 0a3uc JUIsl BETUKOU
equHon Teopun nonsd. Hu onmH w3 umccnepoBarenell anbTEPHATUBHOM HAyKH, KOTOPBIX S
AQHAIN3UPOBAJ, BKJIIOYAash MEHsS CaMOro, HE MMEET IOJIHOM KapTUHBI, HO IIOXOXKE, YTO MBI
JBUKEMCSI B TPaBWJIBHOM HampaBiieHUU. S momblTajics coOpaTh BCE 4YacTH BMECTE, YTOObI
HOJY4YUTh Oo0Jiee MOJHYIO TEOPUI0 U c(hPOPMUPOBATH LENOCTHYIO KapTUHY aTOMHOTO YPOBHS U
OCHOBHBIX sifilepHbIX cuil. VccnepoBarenu, KoTopele CcGOPMUPOBAIM OCHOBHBIE UJIEH,
NIEPEYHUCIIEHBI B CIIUCKE JTUTEPATYPHI.

CyTb 3TOIl HOBOW MOJEIM B TOM, YTO JJIEKTPOH, MPOTOH, MO3UTPOH U AHTHIPOTOH
SBIISIIOTCSI YaCTULIAMU TOPOUAATIBHOH (T.€. MOHYNKOOOPa3HOi) GOPMBI, KOTOPBIE BPAILIAIOTCS CO
CKOPOCTBIO cBeTa. HENTPOH SBIISIETCS pe3yIbTaTOM CXKAaTHUS MIEKTPOHA U ITPOTOHA B AJIPE.

Korna s BnepBble Hauan u3ydarh albTEpPHATHUBHYIO (PU3MKY U HayKy B 1950-x ronax, moe
NepBOE 3HAKOMCTBO C aJIbTEPHATUBOM CTaHAAPTHONW MOJEIN COBPEMEHHOM (PH3HKHU OBLIO CBA3aHO
C TOpOUAAIBLHOU CTPYKTYpo# siipa [Ixona D. Y. Kumu (John E. W. Keely). TToxyuuB o6pazoBanue



("mpoMbIB MO3ru") Ha 3aHATUAX IO SAAEPHON (PU3MKe, AaTOMHOW XMMHUU H 3JIEKTPOHUKE, "aToM"
Kunu cran ncrounukom kpaitHero HegoymeHus. C OqHON CTOPOHBI, 10KAa3aTelIbCTBAa TOrO, YTO
Kunu neficTBUTENBHO OTKPBUT HEKYIO TOJIMKY KOHTPOJISI HaJl TPaBUTAIMECH U MarHETU3MOM, ObLIN
MOpa3UTEIbHBIMU (M BBIXOAWIN JAJIEKO 32 paMKH COBPEMEHHOW (PU3MKHM), HO S TaK U HE CMOT
MOJIHOCTBIO IPUMHUPHUTH TO, UTO OH CJI€TIAII, C TEM, YTO, TIO €T0 CJIOBaM, ObLIIO (PH3UIECKON OCHOBOM
atoma. Ero atom He ObUT afieKBaTHO OOBSICHEH B CKYJHOW NOCTYIHOMW JHUTEpaType, U s HE MOT
MOHSITh, OBLIIN JIM YaCTHUIIBI, ONMCaHHbIe Kuin, 37IeKTpoHaMu, MPOTOHAMH, HEHTPOHAMU HITA YEeM-
To eme. Mo# BeiBoa (mpumepHo B 1959 romy) cocrtosui B ToM, 4Tto KoOHuemuus Kuin o
TOPOUIATBLHOM CTPYKTYpPE YaCTHII, BEPOSITHO, ObLTa OJIM3Ka, HO ero cybaToMHasi CTPYKTypa Oblia
TakOH jke OECTONKOBOW, KaK W CTaHJapTHAas MOJAENb. S pemmsi, 4Tro KOPOTKOKUBYIIHE
Cy0aTOMHBIE YaCTHIIBI - 3TO HE YTO MHOE, KaK OCTAaTKH TOPOUIAIBLHOTO S/Ipa, COCTOSIIETO U3
a¢upa, KOTOpoe pa3OUBaeTCs HA YAaCTH, U YeM CHIIbHEE OHO pa3duBaeTcs, TeM 0osiee CTpaHHBIM
nostyyaeTcsi cyn u3 yactuil. Kaxnapii mocienytouuii, 6ojiee MOIIHBIA aTOMHBIA YCKOPUTEIb,
KOTOPBIA (PU3UKK MCIONB30BAIM JJIsl B3phIBA sI/Ipa, HAXOJWI HOBBIE YACTHIIBI JUIS TIOMOJIHEHUS
3BEPUHIIA YACTHII, BO3MOXXHO, YaCTUIl U3 CYOCTPYKTYphl Kwim, cocrosmieil u3 Bce MEHBIIUX H
MEHBIINX TOPOUJIOB.

S coOuparoch AaTh YaCTHUYHBIN BBIBOJ MaTEMATHUECKUX (DOPMYII, KOTOPHIC OIUCHIBAIOT
HOBYIO QJIbTEPHATHUBHYKO aTOMHYKO MOJENb; OJIHAKO, €CIM YUTATEIhb XOYET O3HAKOMHUTBHCA C
MOIPOOHOCTSMH, OOPATHTECh K CTAThsIM, TICPEUNCICHHBIM B CIIUCKE JIUTEPATYPhl B KOHIIE ITOU
riaBel. [lo Oonbiiomy cuety, s u3deran MareMaTUYeCKUX ONMMCAHUM B MPEAbIAYIIUX TJIaBax U
MOTIBITAJICS COCTABUTH CIIOBECHOE M Tpa)UIeCKOE ONMUCAHUE PA3IMYHBIX 3JICMEHTOB CHITBI (POPMBI,
YTOOBI C/IeTaTh 3TOT YBJIEKATENbHBIN MPEAMET MPUBIIEKATEIbHBIM, TOHATHBIM U MOJIE3HBIM JIJIS
CEPHhE3HOT0 UCCIIEIOBATENSA, KOTOPHIM MOXKET HE UMETh MaTeMaTH4YeCKoro oopasoBanus. B atoi
IJ1aBe s coOMparch MOKa3aTh, YTO MAJS 9TOM HOBOM (M3MKHM CYIIECTBYET OYEHb MPOYHAs
MaremaTuyeckass OCHOBa. EciiM maTreMaTuka HE SBJISIETCA Balledl CUJIBHOW CTOPOHOM, TOTAa
YUTANTE CJI0BA U U3y4YalTe KAPTUHKHU, OHU PACCKa3bIBAIOT OJIHY U TY € UCTOPHIO, U BbI IOJYyUUTE
80% OCHOBHBIX TTOHSATHH.

Moe nepBoe peasbHOE 3HAKOMCTBO C AJIEKTPOHOM KakK TOPOUJAIBHOM CTPYKTYpOM, C
KOTOpOW ObUTa CBsi3aHAa HEKOTOpash MaTeMaTHKa, MPOU3OILIO B OCHOBOIMOJAraromei padore
noxtopa Ilapamaxancel Teapu (Paramahansa Tewar)?34° Tlocnenyromee MojenupoBaHue
[Tona Croy (Paul Stowe)®’ 3amonaunO GONBIIYIO YaTh TOJTOBOIOMKH TPABHTAIMH, JOKTOP XA
ITyrxodd (Hal Puthoff)® 1 kommern u3 MI mposCHUIN KOHIIENIINIO HHEPINH, a HeJJaBHAsA paboTa
Jlykaca (Lucas) u beprmana (Bergman)®1%112 permria apyroit KOMIIEKT MOMX BOTIPOCOB O SIpe
M aTOMHOM CTPYKTYpe M O TOM, KaK 3Ta CTPYKTypa COYETAaeTCsl BMecTe reomeTpuuecku. Jlanee
cienyeT eauHas KoHIenius. S He mpeTeHAyr0 Ha TO, YTO Ha ATOM OOCYXIECHHE SACpHOU
CTPYKTYpBl 3aKaHYMBAETCsA, HO, MO KpailHEl Mepe, 3TO MECTO, C KOTOpPOro MOKHO HaudaTh
pa3paboOTKy HOBOH, palMOHANBbHOM CTPYKTYpbl Marepuu U BcenenHoi, u chopmupoBaTh
TEOPETUUECKHI 0a3uc Ik HOBOU MOMBITKY UCCIIETOBAHUS KAPTUHBI CUITBI (DOPMBI.

8.2 TopouaajabHbIi 3JIEKTPOH

IIpocTpaHCcTBO MpeaCTaBiseTCs KaKk CBEpXTEKydas cpella, HeBsi3Kasl, OTHOCUTENbHO 0e3
TpeHus, 0e3maccoBasi U HemnpepbiBHass. OHO MOXET OBITh CMOJETUPOBAHO KAaK METENIbUaThbIil
CBEPXTEKY4UMi (iroua co cpeqHUM HHTepBajoM B3aumojeiictsus L. Ilo cymectBy, 3T0 HOBOE
ompenenenne >dupal.

DJEKTPOH MOCTYIUPYETCs KaK TOPOUJIAIBbHOE (T.€. HOHYMK000pa3Hoe) Koibilo. KonbIio ¢
panuycoM R U monepeyHbIM CedeHHeM I BpallaeTcs co CKOPOCThIO C, CKOpPOCThIO cBeTa. KombIio
(unM, TpaBUJIbHEE, TOPOW[) TAKXKE BpPAIIAETCS BHYTPU ceOsl BOKPYT MONEPEYHOrO CEUYEHUs
paauycoM . MOXXHO MOKa3aTh, YTO J3JEKTPUUYECKUN 3apsj 3JEKTPOHA M CBSI3aHHBIE C HUM
CBOICTBA 3JIEKTPOCTATUYECKOTO TOJIS SIBJIAIOTCS PE3YJIbTATOM JIBYX BpallleHHH KOJIbLIA BOKPYT
CBOEH OCH U MOIEPEYHOTO CEUCHHS.



B xitaccrueckoi TeOpUH KHHETUKU CKOPOCTD MOTIEPEYHON BOJIHBI B KUAKOCTH ((uronse)
paBHa:

Yo M

I'ne P - naBienue, a p - IUIOTHOCTH KUJIKOCTH.
N3  snekTpocTaTUKM CKOPOCTh CBeTa, C, CBsi3aHAa C MPOHULAEMOCTBIO o. U
MPOHUIIAEMOCTBIO €9 CBOOOIHOTO MPOCTPAHCTBA. DTO COOTHOIIIEHUE HMEET BU/I:

1
T )
[Tpupasuusas (1) u (2):
B
P He€o 3)

[TockonbKy CBEeT - SIBICHHE MOINEPEYHOE, MBI HAaXOIHMM, 4TO Wo = 1/P, xo3ddunmeHt
CKaTHs, a € = P, KOTOpasi €CTh MacCa/TIOTHOCTb.

UYroObl HaliTH moCTOsiHHYIO IlnmaHka, MBI ompejaesnsieM 3JEMEHT BEKTOPHOIO IOJIs
CJIEAYIOIIUM 00pa3oM:

S = IIpocTpaHCTBO

V = Ckopoctb

Z = UMIynbC

L = cpennee ABMKEHHE WIIH CPEIHSISI [UIMHA CBOOOAHOTO Mpobera

t = cKopoCTh UMITyJIbCA

h = mapamerp neiicTBus

M; = Macca Wik MHEMast Macca 1 Z = M;V (U3 KHHETHUKH)

B nganHOM mnpocTpaHCTBE CyIIECTBYeT N TakUX BEKTOPHBIX 3JeMeHTOB. Ilapamerp
NIeMCTBUS OINpeeIIeTCsl CAeIyIOIUM 00pa3oM:

h=2Z|

1]

‘dh = 2ZL (4)
Iloncrasmsigs Z = mzV,

h =2m,VL
[TonHas sHEPrUsl CUCTEMBI €CTh HHTETPaL:

E = n[hdt = nht (5)

CkopocTb t ecTb V [yIst CKOPOCTH BOJIHBI U C (T.€. CKOPOCTb CBETA) JIJIS DJIEKTPOMArHUTHOTO
HA3ITy4YEHHUS.
Taxum o6pazom:

E=hV JUIST BOJIHOBOT'O IBMIKEHHUS
(6)

E = m,c? JUISL PETSITUBUCTCKON SHEPTUU (7)



[TockonbKy ypaBHEHHE 6 COBIAJAeT C DHEPTUCH 3JIEKTPOMArHUTHOM BOJHBI, TO h - 3TO
nocrosinHas [lnanka.

Benuunna 3apsiga OTHOCUTCS K 3apsiLy SJEKTPOHA. DIEKTPOH OMpPEesieTcss Kak TOPOUSI C
mwiomanpio a = 47°Rr u oosemMom S = 27°Rr?, rie R - GobINoi TOpoMAaNbHBIA paguyc, a I -
paaryc MOMEPEYHOr0 CeYCHHS. DIEKTPUICCKHIA 3apsi € JJIEKTPOHA IIPECTABISICT COOOM MOTHBII
UMITYJIBC Z DJIGKTPOHA, KOTOPBIM pacmpenelieH Mo IUIONaAu Ha eauHHIy o0bema. B dopme
YPaBHEHHUS ITO BBITIISAUT CICAYIOIIM 00pazoM:

e=Z4n°ZL/22°Z1® =22/L (8)
Tak kak h = 2PL u e = 2Z/L, To:
L= 2
¢ 9)

DieKTpUUecKuii 3apa €, nMeromuii 3Hauenne £1,6029E1° kr/cek, sBnsercs nokanpHOM
JTUBEpreHIueit 3UpHOTo MoJst U CBSA3aH C Lo U € CIASAYIOIIMM 00pazoM:

LEF3
: 2n .| |3
€o (10)

3apsig  ANeKTpoHa, MOCTOsIHHAs Puabepra W TpaBUTAMOHHAs TOCTOSIHHAS —TakKKe
BBIBOZIATCA M3 TIPOCTOM MexaHuKH sxuakocT (Gmoua)l? paccmarpuparommeii a3¢pup. CM. TabauILy
8.1-1, crp. 101-102, cBOAKY HPOCTBIX COOTHOIIEHH OCHOBHBIX aTOMHBIX H AJIEKTPHUYECKUX
KOHCTaHT, IOJIyYEHHbIX C HMCIIOJIb30BAHUEM MEXaHUKU KHUIKOCTU ((iIroujia) U paccCMOTPEHHUs
a¢upa KaK CBEpXTEKydel AUCIIEPCHOU CPEIIbI.

AHanu3 NpoToHa NPUBOAUT K BBIBOJY, YTO OH TAKXKE SABJISIETCSA 3(PUPHBIM TOPOUJATBLHBIM
BUXPEM, BPAIIAIONIIMCS CO CKOPOCTBIO C, C IPYTUM PaIHycOM H KOIbIIeBbIM ceueHnem>. Topoun
IPOTOHA, KOT/Ia OH PacHasiaeTcs, MPeBpaIlaeTcs B CyOCTPYKTYpY, COCTOSIIYIO U3 TPEX KBAapKOB,
TaKXe TOPOHJIOB, KOTOPBIE BPAIAIOTCS KaK €AMHOE 1Ie10e, 00pa3ys npoToH. [Ipeamnonaraercs, 4To
KBAPKH HE SBJISIIOTCS CaMOCTaOMIIbHBIMM YaCTUIAMHU, TIOATOMY OBICTPO PACCEHBAIOTCH.

Tabnuma 8.1-1. OyHKIIMOHATBHBIE 3aBUCUMOCTH (pyHAaMEHTaIbHBIX enuHull (1 u3 2)

BENMWYNHA HMA COOTHOLWUEHME C SHAYEHHE EAMHAUBI CBASAHHBIE ®YHKUWH
W3BECTHbIMW
KOHCTAHTAMM
QurnQ 3NeMeHTapHbIA 1 = +1.602E-19 kg'sec q=DIVP
sapan = e e 3apAa ABNAETCA NOKANBHOR
22 \VV3 [useprenumueit acmpHoro nons
h NOCTORHHAR 2 6.624E-34 m/sec =1/137
Nnanka X V3 (2n) " o= ;
e0c 8z “ V3
MNOCTORHHAA TOHKOW CTPYKTYPbi
Ka nocroaMMas 10086583.8 m grainess of atheric particke fex
Pupbepra kR = -
u -
Ve A vacrora q ans sogopopa | hz As Anncuona: RN I
BEWeCTBa UMK | y = —e IneKTpoHa l
ANMHa BONHLI ” ~2lm AnR BLIXOAA =
dvigalcane mp Ae=187E-3 N e 184E3 X
O4EHb NErKMX c-mp Ap=391m
3INEMEHTOB) A=
q .
v BONbY V=IR nepemMennan | pr/sec measure of differental veooy ‘\
BONMYMHA distance
R conpoTtuenexue v nepemMeHHas ,n"' SMQ
R=— BENUYMHA
/




Tabmuua 8.1-1. @yHKIIMOHAIBHBIE 3aBUCUMOCTH (PYHAaMEHTAIbHBIX eAUHULL (2 U3 2)

BENWYMHA uma COOTHOLWUEHUE C SHAYEHUWE EAWHUUBI CBA3AHHBIE ®YHKUWN
W3SBECTHbBIMK W3IMEPEHWUA
KOHCTAHTAMM
' = v nepemeHHan kg CKOpOCTL MIMEHEHUA NIMBHEHMA
fe BenuYMHa 2 (maccoBbii pacxon)
R sec
E 3Heprua E=VI nepeMenHan | kg/ sec’ IHOPIMA = MACCODAIA PACXOR X BONKTAN
BennynHa
m raycc eaAnHUYHOe m=CURL P HANPANEHHOCTb MATHHTHOTO NONR,
rae P = | MArHUTHLIE NONR - 370 CKPyMBaHWe
UMAYNLE UK HNK Bp3UeHHe SHHPHOro NONA
AasneHne
. g B.854E-12 kg/”f’ NNOTHOCTL 3¢hupa
0 COOBOINOTO NPOCTRANCTES
Mo WRIHRTHAR 1 1.257E-6 sec? oDpaTHaR NNOTHOCTL IHEPTIK MNK
NPOHHLAEMOCTD po=— 1_____ ofpartHoe nasnexne 3HUPHOro NONK
csobogHoro
NPOCTPAHCTBA r kg
c CKOpPOCTHL 1 290E+8 misec % % v2 .
ceeta € u ' frm——— c =
JLOEO N
< v? > cpenwnn cropocts 3dmpa
G rpaBnwTaynoHHan ?M 667" 10" myn:m' cuna rpagnTauum ecte
NOCTORHHAA kgm® GRAD E

8.2.1 ®u3uka TOPOUIATBLHOIO 3JIEKTPOHA

Korna JIxon Kunu (oxono 1896 rona) Brepsbie IpeiioRKII TOPOUIATIBHYIO CTPYKTYPY
aqapa, (uU3MKa TOJIBKO HauuMHala pa3duparbcs B DIEKTPOCTATUKE W HMeNa JHIb ciaboe
IPECTaBICHUE O CTPYKTYpE sapa. DeKTpoH Obu1 oOHapyxkeH B 19-it Bexe Jx. [Ix. Tomnconom
(J. J. Thompson) B ero 3HaMeHUTOM KCIIEPUMEHTE ¢ Karuieil Bozbl. C TeX mop ObUIH MPEI0KEHbI
pa3IuYHbIE MOJIETH IEKTPOHA, HO BIUIOTH 10 mocieaHux 10 jeT Hu ofHa U3 HUX He NpUBea K
(bu3nueckoil MoJienu, coryacyroueics ¢ 3KCnepuMeHTaIbHBIMU Ha0moeHusIMU. CoBpeMeHHbIe
KBaHTOBbIE MOJIEIM - ATO MAaT€MaTUYECKHE MOJEIH, KOTOpbIE BBIHY)KJIEHBI COIVIALIAThCS C
9KCHEPUMEHTAJIbHBIMU JAHHBIMH, HO HE OOBSCHAIOT (PU3NYECKYI0 CTPYKTYpYy 3JeKTpoHa. B
IpEebIIYILEM pa3jiese sl UCIOJIb30BaJl MOJENIb TOPOUia, YTOOBI 1MOKa3aTh, YTO OHA COIJIacyeTcs
CO CTPYKTypo#l 3apsnga. B 53Tom pasgene s BOCHOJB3YIHOCH IIPEBOCXOJHBIM aHAJIN30M
TOPOUANBHON CTPYKTypbl beprmana (Bergman), 4toObl BeIBECTH (QH3MYECKHUE MapaMeTphl
JJIEKTPOHA.

OnsTh ke, MpeArnoaaraeTcs, 4YTo JIEKTPOH MPEACTaBIAET cO00M KOJIbLIO C PABHOMEPHBIM
TOKOM M TIOBEPXHOCTHOW IUIOTHOCTBIO 3apsja. DJIEKTPOHHOE KOJBIO MpeACTaBiIseT co0oil
CTaOWJIHHBIM TOPOUIATIEHBIN BUXPb, COCTOSIIIHMKN U3 3(upa, BPaIIaroIerocsi CO CKOPOCThIO CBETA.
N300pakeHue Koiblia, €ro pa3MepoB U CUJI TIOKa3aHo Ha pucyHke 8.2.1.1-1, a motok 3¢upa (T.€.
MarHuTHOE TI0JIe) ToKa3aH Ha pucyHke 8.2.1.1-2.

Kounb1io umeer 3apsz € (T.e. 3HaU€HHUE 3apsAa MIEKTPOHA), PABHOMEPHO pacIpe/leleHHbIN
[0 MOBEPXHOCTU C IUIOTHOCTBIO 3apsifia O M JBUXKETCA CO CKOPOCTbIO C, CKOPOCTBIO CBETA.
[TockonbKy KOJBIIO HE UMEET MaccChl, HO MPEICTABISET COOON TOK AJIEKTPOCTATUYECKOW CHJIBI,
KOJIBLIO MOJKET JIBUTAThCSI CO CKOPOCTHIO cBeTa 0€3 HapylleHHs IPUHLIUIOB Macchl/ckopoctu. Ha
CaMOM JieJIe, TIOCKOJIbKY KOJIBLIO 3JIEKTPOMAarHUTHOE, 3JIEKTPOMAarHUTHBIE CHITBI B JIFOOOM Cilydae
JBUKYTCS CO CKOPOCTHIO C. ITnomas, a, kombla coctapiser 4r2Rr. Takum o6paszoM,

e = o4 Rr (11)

Dueprus Ee KoJbla B3ATa U3 KIACCHUECKOH JMEKTPOCTaTUKH S,

e = €%/2C (12)



I'ne C - emKoCTh KOJIbLId, UHAYKTUBHAA WM MArHUTOCTATUYCCKAsT DHCPIUs Em Taxxe
BBIBOOUTCA U3 KJIaCCHYECKOM SJICKTPOCTATHUKH.

Em = Li%/2 (13)

L - caMOMHIyKIUsT ¢ TOKOM | Kosblia. TOK Takke M3 KIaCCHYCCKOM 3JCKTPOCTATUKU H
SIBIISIETCS:

I =ec/27R (14)

?

3 (MarHuTHoe none)
B=u0i/2R

I (Tok Konbuya)

Pucynok 8.2.1.1-1 CtpykTypa TOpOMIAIBHOTO 3JIEKTPOHA

Takum 006pa3oM, BUAHO, YTO AJIEKTPOH, KaK TOPOHAATHLHOE KOJBIIO, UMEET MarHUTHOE U
AJIEKTPUYECKOE TOJIs1, a TAK)K€ MAarHUTHBIM MOMEHT, BBI3BAaHHBIN BpallleHHEM KoJiblla. MarHuTHOE
MoJIe MOKa3aHO Ha pucyHke 8.2.1.1-2, a s;meKTpuyeckoe MoJie M3JIydaeTcsl U3 KOJblla BO BCEX
HaIpaBJeHUSAX. DTO YCTAHABIMBACT OTHOIICHUS MPHUTSKEHUS-OTTAIKUBAHUS C OKPYKAIOITUM
MPOCTPAHCTBOM. DIEKTPUIECKOE MMoJie OyeT MPUTATUBATH WM OTTAJIKUBATh €-TI0JIS] OMHAKOBON
MOJISIPHOCTH, @ MAarHAUTHOE TI0JIe Oy/IeT JeNaTh TO e camoe IS b-moseii.



)\

Pucynok 8.2.1.1-2. Bug c60Ky TOpOUAAIBHOTO 3JEKTPOHA C 3(QUPHBIM IIOTOKOM
(T.e. MAaTHUTHBIM T10JIEM)

JUis o4eHb TOHKOTO Kousiblia, e I << R Hampspkenue V BBIYMCISETCS CIEAYIOIIUM
o0OpazoM:

V = 1/(4neo) (e/(x? + R?)Y2) (15)
Emxocts Ce = g/V (u3 Sears®3: “Electrostatics”), Ho ( = €, Tak 4T
Ce=elV (16)
O6benunuB 15 u 16:
Ce = 4meo(X? + R?)V2 (17)
NHIYKTHBHOCTB KOJIblia Le cocTaBiseT:
Le = N®/i (18)
rae N - 9uciio BUTKOB, X - OTOK U | - Tok. N = 1 u @ cocrasser:
O®=BxA (19)
riae B — MarauTHOE TOJTe ¥ A — TUIOMIA b,
B = wi/2R (20)

Taxum o6pazom:



@ = poinR/2 (21)

Ecnu npenmnonoxuts, 4To 3HEprust KonaeHcaropa Ec paBHa sneprun unaykropa Ei s
cOaraHCUPOBaHHbBIX YHEPTUIl B TOPOUJE, TO:

Ec =¢%/2Ce (22)
EL = Lei?/2 (23)

N3 (22), (23) u (17) nerko nmokasarb, yto X = 3R, Mmo3TOMY, O0BEAMHUB BHIIIIECKa3aHHOE:

Le = pontR/2 (24)

Yacrora fe asiekTpona - 310 3HaKoMbIil Ham pe3oHaHc LC cxemsr:

fe = 2n/(Le Ce) (25)
O6benunenue (17), (22) u (23) naer:
fe=Cc/R (26)
o nannsM Menmnens (Menzel)'* komnronosckas amuna Bosus! fo paBHa:
fo = mc?/h (27)
rjie C - CKOpOCTh cBeTa, a h - mocrosiuHas [Tnanka. Oobvenunus (26) u (27),
R =h/mc (28)

Ot10 60mb1110M pagnyc R amekTpoHa.

AHOMAaNbHBI MarHUTHBIM MOMEHT TaK)K€ MOXKET OBITh BBIUMCIIEH U3 3TOM MOJenu
TOPOUIATBHOTO 3JIeKTpoHa. KoJbIieBoii TOK | eCTh | = e®/27, T1Ie - YIII0Basi CKOPOCTh, KOTOpast
paBHa C, TaK 4TO

I =ec/2nR (29)
MarHuTHBII Ue — 3TO:
Ue = Al (30)
rae A - momaas TokoBoro Topouaa. Oowenunenue (28), (29) u (30) naert:
Ue = he/dmm = ug (31)
rzie Us - MarueToH bopa. Beruncienue atoro naer:
Ue = 0,92731, yTo X0po1Io 10 3 3HAKOB MOCIIE 3aMSTOMN.
4

HonpaBKa AHOMAJIbHOT'O 3JICKTPOHHOT'O MOMCHTal HUMECT BU:

(1 + o/2m - 2.9730a2/7%) = UelUo (32)



IJie o - TIOCTOSAHHAsA TOHKOH CTPYKTYpsI U oL = 7,29729 x 1073, Koraa 3Ta nonpaska BhYUCIEHA:
Ue = 0.928381

YTO XOPOILO 10 6 3HaKOB st MarHeToHa bopa. boinbiieit TOUHOCTH MOKHO AOCTHYb, UCIIOJIB3YS
Jydinee NpuOIKeHNe Ui HHAYKTUBHOCTH Le M TOpoMIabHOM (POPMBIL, UTO ClIENaHO B aHAIN3E
beprmana.

I';1aBHBIN BBIBOJ, KOTOPBIM CIENYET CHAENATH U3 BCErO 3TOr0, COCTOUT B TOM, YTO MOJENIb
TOPOUJAIBHOTO 3JIEKTPOHA AT XOPOILUUE PEe3yJbTaThl, KOTOPbIE HEAOCTUKHUMBI C ITOMOIIbIO
KJIACCUYECKON WIIM KBAHTOBOW MEXaHUKH. J{pyroi Ba)KHbI MOMEHT 3aKJIF0YAETCs B TOM, YTO BECh
3TOT aHAJIU3 yCTpaHsIeT HEOOXOAUMOCTh B TEOPUU OTHOCUTEIBHOCTH DIHINTEHHA, TOCKOJIBKY MbI
MOYKEM BBIBECTH BCE€ aTOMHBIEC MapaMeTpbl 0e3 OECCMBICICHHBIX MPENNOI0KEeHUNH DUHIITEHHA.
bynem HazesaTbCs, YTO OPTOAOKCATIBLHOE COOOIIECTBO COrJIACUTCS C MIPOrPaMMOM U IPOCHETCS.

Kparkoe onucanue ypaBHeHUH 1 3HAYEHUI TOPOUIAIBHON MOJIENIN TIPUBEACHO B Ta0iHIIe
8.2.1.1-1. B »T0ii TabyinIie Tak>Ke TPUBEACHBI 3HAUCHUSI IS IO3UTPOHA, POTOHA U AHTUIIPOTOHA.
Pasmep mporona ompenensieTcs OTHOLIEHHMEM MAacChl MPOTOHA K Macce 3JIEKTPOHA, PaBHBIM
1836,15. IIpoton B 1836,15 paza maccuBHee 3JIEKTPOHA, MOITOMY €r0 MarHUTHBIA MOMEHT,
paaunyc, BpallleHUe U TOK aHAJIOIMYHO 3aTpoHyTHl. [Ipmiioxxenue B pestomupyer yacTb HyKIMI0B
ATOMHOM CTPYKTYpbl, OCHOBAaHHYIO Ha TOPOUIATIbHOM TE€OPUH YacTUll. BuaHO, 4TO 3TO MpeKpacHo
COIIaCcyeTCsl C U3BECTHBIMU U3MEPEHHBIMU 3HAYEHUSIMU 3JIEKTPOHOB U IPOTOHOB.

Tabmuna 8.2.1.1-1 3HaueHus snmeMeHTapHbIX cTaOMIBHBIX YacTull (k = 1836.15)

MAPAMETP | CUMBON | BENWYUHA [EOUMHULBI] 3HAYEHME ANA SI'IE_KTPOH- I'IOB'MTPOH- I'IPQTOH- AHTHﬂPp-
W3MEPE- ANEKTPOHA HbiW HbIN HbIU TOHHbLIW
HUA DAKTOP DAKTOP DAKTOP | ®AKTOP
3apaa o e | Coulomb | 16021882 x 10" Ry @ w0 i .
Paguyc (Gonswon) R R=tmc | Meter 3.86607 x 10" R R R Ax .
Pagiyc (nomepewsos | r i Metar 742214 x 10 r r ik e
ceetrine) |
CropocTs ¢ c Meters/se | 29079 x 10" c c ¢ c
obopa cond
" — R
Bpawenue b R Radians 7.7545445 x 10 © © © -
/second 4
Tok i we2ni Ampere 19.77357 -i + +x| .
Crun (Hopmanu- | &, 2 Joule-sec | 1.0545887 x 10”I Se Se Se te ﬁ
30BaMHBLIN) | -
EmkocTs Cc C =2mo /R Farad 312812x 10 Cc C Chx C/x 4
MrayxtwesocTs | | Leusf2 | Honry 20891 x10"" L L Lx LU ]
Komnronosckan | | ,=c/R Hertz 1.23703 x 10 ! f o o
vacrora ]
8.3 AtomHas cTpyKkTypa

ATOMHasI CTpYKTypa CTPOUTCSI B COOTBETCTBUU C MTPaBUJIAMUA F€OMETPHUH U TOJISPHOCTHIO
aromupix dactui®’®, [lonspHOCTH ABNAIOTCA Pe3yabTAaTOM Y(UPHBIX MOTOKOB B MATEPUIO U H3
Hee, TJIe HallpaBJIeHHs MOTOKOB CO3/1al0T MarHUTHoe noitoca. JxoH DpHer Yoppen Kuin Obun
MEepPBbIM CyOAaTOMHBIM (DU3UKOM, MOCKOJBKY OH OIMHCAll SACPHYIO CTPYKTYpy. Ero ocHoBHOE
O0O0BSICHEHHE aTOMHOM CTPYKTYpbl OBUIO BBIBEJIEHO W3 €ro pa3BUTHS HAyKd BHOpPAIIMOHHOU
(usuku. OHEM U3 €r0 OTKPBITHI GBUIO OTKPHITHE CYOCTPYKTYphl mpoToHa'®. OH 06HApYX)MU,
4TO 3TO ObUIA YACTUIIA, COCTOSIIAS U3 TPEX CyObsAepHBIX YacTHll. JlanbHelure ucciaeqoBanus
MIPUBEJIN €r0 K UJee, YTO 3Ta TpeXUacTHUHas CyOCTPYKTypa MpoJI0JKaiach BILUIOTH JI0 Bce Oolee
MEJIKUX YacTHUIl BHYTPM Kaxaoi wactuuel. Kunam yTBepkian, 4YTO HAy4MJICS YHPaBJIATbH
cyocTpykTypoit 1m0 27 ypoBHeW Hmke O0a3oBoro mporoHa. Atom Kwunm wmzobOpaxkeH B
CTHJIM30BaHHOM BHJie Ha puc. 8.3-1. Atom Kumu Ob11 65mke Kk cpepruueckum 000JI0YKaM, YeM K
topouaaM. llepBblii  ypoBEeHb CyOCTpPYKTypbl ObUTI OKOHYATE€IbHO TEOPETHU3WPOBAH B
oprosiokcanbHOM coodiecTBe DeitnmanoM B 1958 roay. Otkpeitue Kunu onepenuno delinmana
(Feynman) Gosee yem Ha 60 ner! ®deilHMaH Ha3Bajd TPHU YaCTHUIBI, COCTABISIOMINE IMPOTOH,
"kBapkamu'.



Pucynoxk 8.3-1. «Atom» Kuinu (T.e. IpOTOH), AEMOHCTPUPYIOLINNA TOPOUIATBHYIO CTPYKTYPY

Ha puc. 8.3-2 nokazana TopoupanabHas aTOMHas CTPYKTypa IBYX aTOMOB BOJOpPOAA,
00BETMHEHHBIX B MOJIEKYITy Bozopoza (T.e. Hz) ¢ qByMs aiieKTpoHaMu U IByMsI IPOTOHAMH.

OnNeKTpoH
Pucynoxk 8.3-2. TopounanbHas Mojekyia Bogoposaa H

Ha puc. 8.3-3 uzo0OpaxkeHa TopowmaibHas aTOMHAs CTPYKTypa aToMa Tejius C JABYMS
JJIEKTPOHAMHM, JABYMsI HEHTpoHamMu W JByMs mnpoTroHamu. HeiitpoH, mo MHenuio beprmana
(Bergman), Ha caMmoM JieJie IpeICTaBIsIeT Co00i 00beAMHEHHBIN 3JICKTPOH U MPOTOH, TTOCKOJIBKY
HEUTPOHBI NMPH BBICBOOOKICHUN PAcIafaloTCs Ha AJIEKTPOH M mpoToH. Ha snepHoM ypoBHE
IPOTOHBl U HEUTPOHBI IMOCTOSHHO IMpPEBpPALIAIOTCS IpYr B JApyra U oOpaTHO. ATOM Trenus
JIeMCTBYET KaK YeThIpe HEUTPOHA, TOTOMY YTO J[Ba JIEKTPOHA U JIBA IPOTOHA JIEHCTBYIOT KaK €I11e
JIBa HEUTPOHA.



Pucynok 8.3-3. TopouanbHblil aTOM renus
8.4 Marnerusm
MarseTusm CyniecTByeT Kak:

1. EcTecTBeHHOE MarHuTHOE MoJie 3eMJIH, TEOPETHUECKH CO3/1aBaEMOE IMMOTOKOM
KUAKOTO sijipa 3eMIIH.

2. IlocTosIHHOE MarHUTHOE T10JIE BOKPYT HAMAarHUYEHHBIX MaTepPHAaJIOB.

3. JIubo cratuueckue, MO0 MepeMEeHHbIE MarHUTHBIE MOJS BOKPYT MPOBOJOB C
TOKOM, TJ€ TOK siBJIsieTcsl 100 mocTtossHHbIM TokoM (DC), mubo nepeMeHHbIM
TOKOM (AC) COOTBETCTBEHHO.

4. MarautHoe TOJIe 3JEKTPOHHOTO TOPOUAAIBHOTO KOJbIA, Yepe3 KOTOpoe
IPOTEKAET JIOKAIbHOE F(UPHOE TOJIE.

B BrimeykazaHHbIX ciaydasx 2 W 3 MOJ€ CO3/aeTcs 3a CUeT TOro, YTO JOCTATOYHOE
KOJIMYECTBO JJIEKTPOHOB B MaTepuase BBIPABHUBAECTCS, TaK 4TO BCe UX d(UpPHBIE TOTOKU
QITUTHBHBI ¥ CO3JIAIOT OOJIBIION MOTOK Arpa B 001aCTH BOKPYT Maruuta. Takum oOpa3oM, MbI
BUJUM, YTO BCE MArHUTHBIE TOJIA SBJISIOTCS PE3yNbTaTOM BBIIIETPUBEIECHHOTO ciydas 4 (T.e.
BUXPEBBIX MMOTOKOB dupa).

CunbHas MOJSPHOCTh MAarHUTOB OOYCIIOBJIEHA KOHLIEHTpalued 3¢upa, MpOTEKaAIOLIEro
gepe3 moutoca. TecThl, MPOBEICHHBIE aBTOPOM C SICHOBHISAIIMMH, MTOITBEP/IIN, YTO MarHuT 1O
CYTH sIBJIsI€TCS 3()UPHBIM HACOCOM.

MarHuTsl UMEIOT YHEPTHUIO, TEKYITYI0 BOKPYT HUX, KaK S © MHOTHE IPYTUE UCCIIEA0BATENN
HOBOH HayKu MOCTYyIUpoBaJd. Mou 1a0opaTopHble 3KCIEPUMEHTHI IUTIOC 3KCIIEPUMEHTHI C
SCHOBUSIIMMHU JOKa3aJIM, YTO MarHUTHOE I0JIe€ BOKPYT MOCTOSIHHOIO MarHUTa Ha caMoM Jelie
npezcTaBisieT co00i BUXPEBOM MOTOK A(PUPHON CHIIBL. ATOMBI JEHCTBYIOT KaK 3(UpHBIE HACOCHI
1uist iepemerntienns 3¢upa. Korna MHOTHe aTOMBI BBICTPOEHBI B PsiJl, KaK B IOCTOSIHHOM MarHure,
3(¢upHbIE TOTOKA aTOMOB CKJIaJbIBAIOTCSI BMECTE, co3/iaBast OOJIBIION MOTOK BOKPYT Maruura. B
npoiioM Beke O0apon ¢on Peiixenbax (Baron von Reichenbach) ¢ momormisio sicHOBHASIINX
IUIOIOTBOPHO M3YYall 3HEPTUI0 BOKPYT MarHuToB. OHO U3 HAONIOEHUH, KOTOpPOE UM CIENIaHo,
3aKJII0YaJIOCh B TOM, YTO HA CEBEPHOM IOJIIOCE ObliIa TOIyOast SHEprus, a Ha F0’KHOM - KpacHasl.



VYiepxaHve IIOCTOSHHBIX MAarHUTOB 3apspKacT aypy u4esioBeka. JIBa MarHwura,
HarnpaBieHHbIe NS-SN, uMeroT O0JIbIION YHEPTETHYECKUM TTY3bIph MEXKIY co0oit. Crita hopmbI
MOKET 3aJCMCTBOBATh ITIOTOK YHEPTUU BOKPYT MarHUTOB.

8.4.1 I'paBuTanus

Kaxk nmoka3ano B Tabuuiie 8.1-1, rpaBuTanioHHas mocrosiHHasi, kak grad E, koppenupyer ¢
ocHoBomoararomiei padoroii T. TayHcenna bpayna (T. Townsend Brown). Bpayn o6Hapyskut,
4TO KOHJAEHCATOp OydeT CTPEMHTHCS JIBUTATHCS B HAINPABICHHH MOJOXHUTEIBHON IUIACTHHBI.
Kaxymascs mnorteps Beca sBISeTCS pe3yidbTaTOM, KOIAA IUIACTHHBI HEPHEHAUKYISPHbI
JIOKaJIbHOMY TPAJMEHTY TpaBUTALUU. ITOT 3PPEKT MOXKHO YCHIIUTh, CACNIAB OJHY IUIACTUHY
HaMHOT'0 MEHbILIe APYroii. D10, 1Mo cyTH, 3acTaBiseT grad E makcumuzupoBatbest.

Cnexyer oTMeTHTB, 4TO grad E He 3aBHCUT OT TOTO, SBJISCTCS JIH MOJIC IEPEMEHHBIM HITH
HOCTOSIHHBIM. DKCIIEPUMEHTBI II0KA3aJI1, YTO JAAaXKe IPU TAKOM YCUIICHUM KOHJICHCATOP HE CBOJUT
Ha HET BEChb CBOM KaXKyIMNCs BeC U He JeBUTUpYeT. [IprunHy 3TOro MOXKHO CHOBA HaWTH BO
B3aMMOOTHOULICHUSX SA€PHON yacTulsl ¢ 3¢pupom. HecMoTps Ha TO, YTO KaXkblii aTOM HaXOJUTCA
B IIOCTOSHHOM pE30HaHCe ¢ 3(HUPOM, STOT PE30OHAHC HE CHHXPOHM3MPOBAH depe3 Maccy ’.
Kaxplif aToM J1enaer cBoe 1o, Tak cKa3aTb, U IPOUCXOAUT ClydailHbIi oOMeH ¢ 3¢(upoM 1o
OTHOIIIEHHIO KO BceM siipam. Takum oOpasom, koraa grad E neiictByet kak apupHbIi Hacoc yepe3
IUTAaCTHHBI KOHJIEHCATOPa, TOJIBKO HEOOJIbILAs YAaCTh ATOMOB CHHXPOHU3UPYETCS C 3TUM 3(PHUPHBIM
IIOTOKOM, IIO3TOMY BCSI Macca He€ pearupyer OJHOBPEMEHHO; CIIEJJOBATEIbHO, BCE aTOMbI HE
IBITAIOTCS IBUTaThCs OJIHOBPEMEHHO. MIHTepecHbI! sKcnepuMenT, npeiokeHHbii [loaom Croy
(Paul Stowe) s posepku 3ddexra grad E, mokasan Ha pucynke 8.4-1.

AHanu3 pas3inyHbIX, Ka3ajloch Obl, HE CBSI3aHHBIX COOBITUH, B KOTOpPBIX HaOiroaanach
JIEBUTALMS, JTA€T HEKOTOPbIE Ba)KHbIE MOJCKA3KH K CHOCOO0Y OCYIIECTBICHHUS CHUHXPOHU3ALUU
aaep. DTo ObUI0 MOAPOGHO 06BACHEHO B cTaThe JpBucona u Jlekepal®. Cunxponusauus saep c
3¢upom ObUIA TOCTUTHYTA ABYMSI OCHOBHBIMH METO/IaMH, 8 UMEHHO BpPAIICHUEM HJTH JBH)KEHUEM
U aKyCTHYECKH.

Tayncenn bpayH oTKpbITO MyOJIMKOBaJ CBOU SKCIIEPUMEHTANIbHBIE PE3YIbTAThl, HECMOTPS
Ha TO, YTO OHU YAaCTUYHO (PMHAHCHPOBAIUCH YTPaABIEHUEM BOCHHO-MOPCKHUX HUCCIIEIOBAaHUN U3
Can-Jluero. OiHaKo, KOT/1a OH Hayajl BpallaTh CBOU IPaBUTOPBI BOKPYT CBOEH OCH, pe3yIbTaThl
BHE3aITHO CTaJIM 3aCEKPEUYEHHBIMH, U BCS HH(OPMAIIHS O €ro SKCIepUMEHTax npekparuiack. Ectb
MOJI0O3PEHME, YTO B pe3ylbTaTe MPOU3OIUIA 3HAYUTENbHAs JIEBUTALUSA, M 3TOT IMPOPBIB OBLI
3aceKpeueH JUIs 3aIUThl OTKPBITHS, YTOOBI €r0 MOYKHO OBLIO UCIOJIB30BaTh /I "HAIIMOHAIBHON
000poHBI".

AHanu3 sBICHMS WHEPLUUU JaeT BaKHBIA KIIOY K pasrajike TOro, Kak BpaIlleHUE MOXKET
JefCTBOBAThH JUIsl CUHXPOHHU3ALMK MOTOKa 3(upa B AAEPHOI CyOCTPYKType IpaBUTOPOB. Xailll
(Haisch), Pysma (Rueda) u ITyrxodd (Puthoff)® rteopermsupyror, urto mmepuus ssnsercs
Pe3yJIbTaTOM CONPOTUBIIEHMS MACChl IBUKEHHIO Yepe3 moJie 3Hepruu HynaeBoi Touku (ZPE) (t.e.
3¢up), MOTOMY YTO Macca Ha sIIEpHOM YpOBHE HampsMylo cBsi3aHa ¢ 3¢upom. Ilyrxodpd u ero
Jpy3bs CENalH XOpolllee 10Ka3aTeabCTBO TOro, yTo Kunu yctanosun B 1896 rony, uto unepuus
SBJISIETCSA PE3yJbTaTOM CONPOTUBIICHUS MAacchl MECTHOMY 3(upHOMy nomo. CrenoBarenbHO,
JIETKO BHUJIETh, YTO JIBUKEHHUE/BpAILLlEHUE MOXKET BBI3BaTh NEPEOPUEHTALUIO 3(PUPHBIX MMOTOKOB
Macchl OTHOCUTEIBHO HANPaBJICHUS IBUKECHUS.

AKycTHYecKasi CTUMYJISIUS BBIIOJTHSET TO JK€ CaMoOe, 3acTaBlisis BCE aTOMBI MaccChl
PE30HUPOBATH BMECTE, YTO CHHXPOHHU3UPYET A(UpPHBIE MOTOKH B sjpax. bbuio oTMedeHo
HECKOJIbKO ~ MHTepecHbIX A((EeKTOB  JEBUTALMH, KOIJA  aKyCTHUecKas  CTHUMYJSIUsS
CHOCOOCTBOBaJIA JIEBUTALIUH.



VCOBEPI_HEHCTBOBf;HHbHL/'I OOQOEKT TAYHCEH/JIA BPAVHA, HPEI[?KAZ%AHHBIPI
MATEMATHUYECKOU T'MIPOAMHAMUYECKOU I'PABUTALTMOHHONW MOAEJIBIO
OJIA CTOY

MeTtannuyeckasa nnacTuHa

obecneunBaeT GonbLuyto

nnowagb, YeM HUKHUIA
BblCOKOE rpaBuTaLMOHHOE none, cosjasaemMoe anekTpoa. B ugeane oHa
HanpsbkeHne audpcbepeHymanbHbiM rpagueHToM nons E gomkHa 6biTe napabonuyeckoi
AC wnu DC (grad E) u marHuTHbIM rpagueHTom chopmMbl ANA MakCUManbHOro
(150 kB vnu BbIWweE) adekTa

HebonbLwoit MarHuT (MeTannu4eckuit) -

"W OH obecneuynBaeT MeHbLUYO Nnowaab,
5 4YeM CNMoLlHasa NnacTHa Bbiwe, U
obecneunBaeT GonbLuNii 3COUPHbBIA NOTOK.

OkcnepumeHT, npeanoxxeHHsiit [logom Croy (29 utonsa 1994 1.)

1. Ilpu pa3Hune B IUIOIAAM MEXAY IUIACTHHAMM CYLIECTBYET IPaJUCHT HANPSDKEHUS, KOTOPBIN
MpeacTaBisieT co00i NCKYCCTBEHHOE T0JIE€ TPaBUTALIMN

2. D¢up 3akayrBaeTCs B JIOKATFHOE MPOCTPAHCTBO MEXTY TNIACTHHAMHU

3. Ddup paccmaTprBaeTcs KaK THAPOJMHAMHYECKHH CBEpPXTEKydWd (IIFOU], TOCPEICTBOM
KOTOpOTro OyzneT paboTaTh NEpEMEHHBIN WK MTOCTOSHHBIN TOK, NOCKOJIBKY HaIllpaBJeHUE MO HEe
BJIMACT HA HAIIPABJICHUC.

4. HanpaBnieHue onpeaessieTcs IIOMAAbo ABYX IUIaCTHH.

5. Anamornyno TpyOke BeHTypu (HampaBieHHE HMITYJIbCa WM CHIIBI HECYIIECTBEHHO IS
HaIpaBJIeHUs MTOTOKA)

6. JomkHa OBIT BO3MOKHOCTB IPOBEPHUTH BEC MTPEAMETa MEXK/TY TNIACTUHAMH U MOJYYUTh Pa3HUILY
MpH BKJIFOYEHHOM BBICOKOM HampspkeHun. HeoOxommmo 150 000 BombT i moydeHUS
n3MepumMoro s¢dexra.

Pucynok 8.4-1. OxcniepumenT Ilona CToy no TeCTUPOBAHUIO T'HIPOIUHAMUYECKOMN
I'PaBUTALMOHHON MOJIENH

8.5 Kpartkoe u3ziio:xenne siiepHOH CTPYKTYPbI

B »sToli rnmaBe mpexacraBieHa HoBas Mojenb aroma. Crapas uzaed 00 3JIEKTpOHaX,
BpAIIAOIIUXCS BOKPYT si/ipa, OblIa OTBEPrHYTa U 3aMEHEHa CTPYKTYPOH M3 YETHIPEX OCHOBHBIX
YacTULl, TJIe YaCTHIIbI IPECTABISIOT COO0M TOpOU Il 3(hUpa, BPAIAOIINECs CO CKOPOCTHIO CBETA.
Ddup cMoaenupoBaH Kak cBepXTeKydui Qurous. Mcrnonb3yst ’TH KOHIIETIINN, MBI MOKEM JIETKO
BBIBECTH aTOMHbBIE KOHCTAHTbI, Y4€CTh ATOMHYIO CTPYKTYPY U BBIBECTH OCHOBHYIO MOP(OJIOTHIO
Pa3IUYHBIX AJIEMEHTOB Nepuoanyeckoil Tadbmuipl. COBpeMEHHBIH OPTOJOKCAJIBHBIN B3IJIA] Ha
aTOMHYIO CTPYKTYPY HE MOXeT 3Toro cienats. [lo nmpunuuny O6purssl Okkama, 6osee nmpocras
MoO/JIeJb JI0JKHA ObITh Mpeolaiaroleil TOUKOM 3peHus.
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I')/TABA 9

ETUIIET — UCCJIIEAOBATEJIbCKASA SKCIIEAULINA

9.1 UccaenoBaresbcekas 3kcneauuus cuiibl popmsl 1997 roga B Eruner

C 26 mas nmo 6 wrona 1997 roma JIxo Ilapp, [Dxeppu Jlexkep u s Oyaem B
MCCIIEI0BATENbCKOM dKCTIe UMy B Erunte iiis mpoBeieHus pa3InyHbIX SKCIIEPUMEHTOB HAa MECTE
Benukoit mupamuasl. B 3Toi ri1aBe moapoOHO ONMUCHIBAIOTCS MPEANOCHUIKA U OKUJAHUS ITOU
SKCIIC IUIIHH,

9.2 O030p eruneTcKoi IKCNeTUIIHN
VY 3TOM HCCIen0BaTEIbCKON IKCIIEIULIUN €CTh TP OCHOBHBIE LENIH:

1. McnipiTanne aKyCTUYECKOTO YIIPABIICHHUS CHIIOBBIM ITOJIEM BOKPYT Belmkol mupaMus.
DTOT IKCIEPUMEHT MPETHA3HAYCH JIJI BKJIIFOUCHHS W BBIKJIIOUCHHUS CHJIOBOTO ITOJISI MMUPAMU/IBI.
DTO 3acTaBUT MUPAMHIY M COIYTCTBYIOIIEE €l CHIIOBOE IOJIC JECHCTBOBATh KaK CHUTHAIBHOE
YCTPOMCTBO, CUTHAIM3HUPYIOIIEE TaJaKTHKE O TOM, YTO MBI B3JIOMAJId KOJ TOTO, JUIS Yero, 1o
HaIIeMy MHEHUIO, H3HAYaJIbHO UCIIOIh30BAIaCh MUPAMU/IA, & IMEHHO YCTPOHCTBA MEXK3BE3THOU
CBSI3H.

2. 3MepeHre MarHUTHOTO | 3JIEKTPUIECKOTO TIOJICH BHYTPH M BOKPYT MAUPAMUJ U IPYTHX
00BEKTOB.

3. Ilocenienre pa3IMYHBIX HCTOPUYCCKUX CTUTIETCKUX MAMSITHUKOB U JPEBHUX 00BEKTOB
JUIst cOOpa IaHHBIX O BOBMOXKHBIX CBHJICTECILCTBAX JPCBHUX, PA3BUTHIX IIUBHIIN3AIUI. DTO OyaeT
BKJIIOYATh aHAIIU3 JPEBHUX UEPOTIU(POB U U3MEPEHUE MATHUTHBIX ITOJICH BOKPYT 3THX OOBEKTOB.
Hepornudbl SIBISIFOTCS BO3MOYKHBIM HCTOUHUKOM apTe()aKTOB CHIIBI (POPMBI MIH HH(POPMALIHH.

9.3 AKycTHYeCKOe CO3/1aHue CUJIOBBIX 10JIel MUPaMU/IbI

Kak oOcyxnanocs B paznene 7.2.4, nupamuaa, a Takke TPEYroJbHUKH, OCHOBAaHHBIE Ha
MUPaMUJATBHBIX TPOTOPIUAX, WMEET ECTECTBEHHOE CHJIOBOE TIOJie, HE3aBUCHMO OT TOTO,
ABIIETCS 1M THpaMUa HEMOJBIKHOM WM JBWXKylleics. B pelictBurensHOCTH nro0ast
HENOJIBWYKHAS MMPaMUIa, YCTAaHOBJIEHHAs HA 3eMJIe, BUKETCS CO CKOPOCThIO 0koJi0 2000 Muiib B
Yac TOJBKO 33 CUET BpallleHHUs 3eMJIu.

Kaxk o6cyxnanocs B riaBe 7, hopma mupamMuIbl IpH MPaBUILHON CTUMYIISIITUHU, YCHUIIUBAET
€CTECTBEHHOE CHJIOBOE II0JIe, TaK 4YTO 3TO CHJIOBOE IIOJIE CTAaHOBUTCS HEMPO3PAYHBIM ISt
€CTECTBEHHBIX M HCKYCCTBEHHBIX CHJI, TAKMX KaK MarHeTH3M, JJIEKTPOMAarHeTusM (Hampumep,
PaZMOBOIIHEI) U SIIEPHBIE YACTHUIIBI, MPUYEM HEMPO3PAYHOCTh BAPbUPYETCS B 3aBUCHUMOCTH OT
BPEMEHHU CYTOK, BPEMEHHU T'0Jla U MOJOKEeHUs 3eMiu. B skcnepumeHTax, OnMMcaHHBIX B TJaBe 7,
CUJIOBOE 110J1€ "MOANUTHIBAIOCH" UCTOYHUKOM HOHOB.

Henasuue skcnepumentsl [0 Ilappa mo3Bonuian emy 0OHapyX uTh, YTO CHUIIOBOE TOJIE
TaK>K€ MOKHO MOJMUTHIBATh U YIPABIATh aKyCTHYECKOM SHEpruei (T.e. 3ByKOM) OINpeIesIeHHON
YacCTOTHI.

9.3.1 AKycTHYeCKHIi aHAJIH3 KaMephbl Haps
JI>)xo mpoBen aKyCTHYECKU aHaiu3 KaMmepsl Iaps Bemukoil nmupamuibl. AHamu3 ObLI

MNpOBCACH Ha CpCACTBa Sonatech, Inc. ¢ wucnonp3oBaHUEM COBPCMCHHBIX, CJIOXKHBIX
KOMITIBIOTCPHBIX NPOrpaMM aKyCTUYCCKOI'0 aHajin3a. OTO cTajIo BO3MOJXHBIM, ITOCKOJIBKY TOYHBIC



M3MEPEHHsS] KaMephbl IHapsi, Kak M BCEX Jpyrue Ioka3areiaud Benukod mnupamMuibl, XOpPOIIO
3aJI0KYMEHTUPOBAHBI.

Hcnonb3yss KOMIOBIOTEPHOE MOJICIMPOBAHKUE, OH OOHApPYXKWJI, 4YTO KaMmepa maps
pesonupoBana Ha 46,0, 92,0, 137,9, 183,9 u 229,9 I'epu. D10 MoOKa3bIBa€T, YTO CYIIECTBYET
HECKOJIBKO PE30HAHCHBIX YacTOT Kamephl. EAWHCTBeHHass mpoOjemMa ¢ O3TUM aHAIKM30M
3aKJII0YaeTCs B TOM, 4TO capkodar Ha mony KoposieBckoil mayiaTbl M3MEHSIET pPE30HaHCHBIC
CBOMCTBa KaMmepbl. UTO NENA0T 3TH 4YacTOThI, TAK 3TO PACIIMPAIOT JHANA30H aHajdu3a TOYHOU
4acToThl (T.€. oT 46,0 ['epir 1o 239 T'epi).

9.3.2 OnpeaesieHue YacTOThHI CUJIOBOTO MOJISI IUPAMMIbI

YroObl HAWTH TOYHYIO YACTOTY, J[KO CTUMYIMPOBAJ SKCHEPUMEHT C IPABUTALMOHHBIM
KOJIECOM aKyCTHYECKON SHEPIrHeH B OIPEIEICHHOM BBIIIE JHANA30HE, B TEYCHUE JJIUTEIBHOIO
nepuoga. CTuMynsanus aKyCTUYECKOW SHEPruel IMpOBOAMIIACH B aHAIM3UPYEMOM JHAIa30HE C
OYECHb MEJIKHMM IIaroM NpPUPALLEHUs 4YacTOThl. bbla M3MepeHa peakuus CHIIOBBIX IIOJIEH
IPaBUTALlMOHHOIO KOJeca.

OKCIIEpUMEHT € TPAaBUTALMOHHBIM KOJIECOM 3aMeUIsIeTCsd, KOIJa CHJIOBOE II0Jie
TPEYroJbHUKOB CTAHOBUTCS O0JIee HEMTPO3pauHbIM. 3alyCTHB FeHEepaTop aKyCTUYECKOI0 CUIHAJIa
B JMana3oHe 4acToT, J[PKO CMOr TOYHO OIPENEIUTh 4YacTOTy, Ha KOTOPOM CHJIOBBIE IIOJIS
YCUJIMBAJIUCh AKyCTUYECKUM CUTHAJIOM.

[locne nertanbHBIX SKCHEPUMEHTOB JI)KO HaIIeN 3BYKOBYIO PE30HAHCHYHO 4YacTOTY, Ha
KOTOpO# pe3oHupoBaiia nupamuga. Yacrora cocrasiser 51,0 [epir!

Jliia tex, KTo n3ydan Benukyro nupamMuy, yros oCHOBaHHUs (T.€. YroJl, KOTOpPbIl CTOpOHa
o0pa3yeT ¢ OCHOBaHHEM) IHpaMuIbl cocTaBisieT 51,287 rpagyca, KOTOPBINA TakKe U3BECTEH Kak
yroia ¢ (®Pu).

IlopasutenpHas KOppeysiLdsA 3aKJIIOYAeTCss B TOM, YTO YHUCIIO, CBSI3aHHOE C CaMbIM
3HAMEHUTBIM yIJI0M Benukon mupaMuibl, TakKe sBISIETCS PE30HAHCHON YaCTOTOM CHIIOBOTO ITOJIS
UpaMuib!

9.3.3 Mex3Be3aHbII MasiK

UYro nenaer yactrota 51 I'epu mpu mpeoOpa3oBaHUM B aKyCTUUYECKHI/3BYKOBOM CUTHAI, TaK
9TO YCWJIMBAET HENPO3PAa4HOCTh BCErO CHUIIOBOTO IOJS MUpaMUIbl. ECiau yacTora BKIOYAETCS U
BBIKJIFOYAETCS, CUJIOBOE T10JIE BKJIIOYAETCsl M OTKItouaercs. Korma cunoBoe nosie oTkiaro4aercs,
SHEpPrusi B CUJIOBOM IIOJIE€ KOJANCHUPYEeT M WHULMUPYET HMIIYJIbC, KOTOPBIA (OKycupyeTcs
MAPaAMUION, U UMITYJIBC IIPOXOIUT 10 DHEPrETUYECKOMY KaHaIIy.

Hnsa sxkcneguumu B Erumer /[0 MOCTpOMI CHEUUANBHBIM TE€HEPATOpP CHUTHAJIOB C
HOJKJIFOUYCHHBIM ayIU0YyCUITUTENIEM, TPUBOJSIIIIMM B JIeiicTBHE HU3KOYAaCTOTHBIN hi-fi quHaMuk.
Cucrema reHepalyi 3ByKa JONOJHUTEIBHO CTUMYJIUPYETCS CHEIHAIbHBIM KOJWPOBAHHBIM
curHajioM. Bes oTa ycTaHOBKA NpeHa3Ha4yeHa Ul BKIIOUYEHHS U BBIKIIOYEHUS CUIIOBOIO OIS
Benukoit mupamMuasl B COOTBETCTBUU C ONPEAEICHHON ITOCIEA0BATEIBHOCTRIO CUTHAJIOB.

IIpu BKIIIOUEHHUH U BBIKIIOYEHUU CUJIOBOIO OIS Benkoi mupaMu/ibl SJHEPrUs B CUIIOBOM
IIoJIe, KOI'/Ia OHA KOJAICUPYET, U3JIy4aeTcs U3 NMUpaMUIbl B BUJE JIyda YHEPIrUH, KOTOPBIM HE
OCTAaHABIMBAETCSI HHUYEM, KPOME JIPYroro pe30HAaHCHOro mnois. KoHewyHbIM pe3ynbTratom
BKJIFOYEHUSI W BBIKJIIOYEHHUS CHJIOBOIO TOJS SBJISETCS TO, YTO NUpamMuAa ACHCTBYET Kak
MEX3BE3/IHbIN MasiK WU NIEPENaTUUK.

JIxo Taxke coznan HUPpoBO KOHTPOJUIEp, KOTOPBIN BKIIFOUAET U BBIKJIIOUAET T'€HEpaTop
gacTtoThl. [Ioka MBI Bce Haxoaumcs B Benukol nupamuzne, /o monuier Xopouo HW3BECTHBIN
curHain, 1 (1.e. 3,1415), OTHOIIEHHE IJIWHBI OKPYKHOCTH K €€ JUaMETPy, KOTOPOE SIBIISETCS
YHUBEPCAIbHOU KOHCTAHTOM, UCIIOJIb3Ys BEIUKyI0 MUpaMuly B Ka4€CTBE IIEPEAAIOIICH aHTEHHBI.
Mesx3Be3Hbli nepeatuuk Jxo Oyner nocwiiath 31415 cHoBa u cHOBa B TeueHue 14-yacoBoro



Nepuo/ia B TEUEHUE MMPOTHO3UPYEMOTO IHEPreTUYecKoro kanaia ot Hamero Cosnnua. To, 4TO Mbl
JIeJIaéM B 3TOM 3BE3IHOM HKCIEPUMEHTE, - 3TO CIIPAIIUBAEM:

I[TPUBET! KTO-HUBY Ib TAM CJIVIHAET?

Tonpko OJHA YACTOTA, MPEACTABISIONIAS CAMYIO JUIMHHYIO CTEHY KaMepbl mapsi, Obuia
pacumdpoBana. /IBa Ipyrux U3MEpPEHHUS OCTAIOTCS HEM3BECTHBIMU, KaK W CBSI3aHHBIE C HUMH
4acTOTHI U QYHKIUH.

Ha pucynke 9.3.3-1 u300pakeH SKCIEPUMEHT C MEXK3BE3THBIM MasKoM Benukoii
HUpaMUIbI.

Mpuser, 310 kTo-HUByAL cnywaer?

NN NN NN\

Eﬁ:::ﬁ;op _) FeHepaTop _) 3BYKOBOW
Mn (3141 5) YacToThbl ycunutenb

Pucynok 9.3.3-1 DkcniepuMeHT ¢ MeX3BE3JHBIM MasikoM Benukoil nmupaMu bt

9.4 i3mMepeHusi MAarHUTHOTO MoJist Bestukoii nupaMuabl

Jpyroii SKCIEepUMEHT, KOTOpPBIH s Oyly TPOBOJUTH, 3aKIIOYAETCS B HMCIOJIb30BAaHUHU
YyBCTBUTEIHHOTO MarHuTomeTpa fluxgate st u3MepeHus OpueHTAIlMH MAarHUTHOTO TTOJISI BOKPYT
Benukoit mupamuabl U B IpYrHMX JAPEBHUX MECTax. OTO IO3BOJUT MPOBEPUTH BO3MOXKHOE
HMCKa)KEHHE MAarHUTHOTO MOJs 3€MJIM BOKPYT 3THX MECT M JIaCT HaM BO3MOXKHOCTb TOYHO
OTIPENIETUTh BO3MOXHBIE METAIUTHYECKUE apTe(haKThI.



9.5 CBuAeTeIbCTBA CYIIECTBOBAHMSA NMePeI0BbIX TEXHOJIOTHIi B ipeBHeM Erumnre

TpeTbuM acneKkToOM EerumneTcKON AKCIEIUIIUU SIBISETCS IMMOUCK MPU3HAKOB MEPEIOBBIX
TEXHOJIOTHI, KOTOPBIMH MOTJIM 00J1a/1aTh IPEBHUE.
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IIpunoxenne A.
J{BHoKEHHS CAKPAJIbLHON YHEPruu
Beenenune

Jlerom 1995 roma s pemrwi, 4yTo MHE HYXKHO OOJbIIE y3HaTb O TOM, KakK JIMYHO
MaHMIyJupoBaTh 3(UpHOl 3Heprueil. Heckonbko IHEH chycTs, B O4Y€Hb SIPKOM JIyXOBHOM
NepeKUBAHUY, 51 OKA3aJICsA Ha OTKPBITOM MECTHOCTH ¢ Tpems CymiecTBamMu. DTO OBUIO KpacHBOE
MECTO, 3eJIeHasi TpaBa, HECKOJIBKO KPACUBBIX JIEPEBbEB, U CIIOKOHHOE, HO € OLYIIIEHHEM OTPOMHOM
SHEPIHUHU.

VY CymiecTB ObUIM OYE€Hb HHTEHCUBHBIE SHEPreTUYECKUE MO WU aypbl, KOTOPbIE I MOT
BUJIETh M YyBCTBOBATh. VX aypbl H3ITydalld OTPOMHYIO CHITY, MOIIb U KOHTpoJib. CymiecTBa Obutn
Macrepamu unu Anentamu 3(QUPHON SHEPruM, KOTOpPblE M3HAYAIbHO IOJIHOCTBIO OBJIAJIEIH
coboii. ['maBHbIif Macrtep mokazan MHE JBH)KEHHE SHEPIHU JJISi CO3JaHUS MOETO COOCTBEHHOTO
9HEPreTUYecKoro noiis, Kak y Hux.

Co Bpemenu nepBoro ombita B 1995 rony y MeHs ObIJIO eIlle TPH TaKuX OIbITa, TaK YTO
BCEr0 CYILLECTBYET YEThIPE JABMKCHMS, KAXKJ0€ U3 KOTOPBIX MPEIHA3HAUYEHO IS OIpeIesIeHHON
LeIU, HO BCE OHM OTHOCATCA K OOILIEH KaTeropuu JIUYHOIO KOHTPOJS M HCIOJIb30BaHUS
pa3JINYHbIX aCIEKTOB YHUBEPCAIIbHOW SHEPIUU.

Bo Bpems mepBOro omneiTa pyKOBOAMTENh KOMAaHBI COOOILIMII MHE, YTO BOJIM3HM 3€MIIH
CYLIECTBYET MHTEHCHUBHOE SHEPIeTHUECKOE MoJIe. 51 MOT OLylaTh/4yBCTBOBATh 3Ty SHEPTUIO HAJ
MOBEPXHOCTHIO 3€MJIM BO BpPEMS OMbITA, U C TE€X HOpP JOKa3all, YTO s TAK)KE€ MOTY OLIYLIATh €€
YPOBEHb BO BpeMs 0OJpCTBOBAHUA. JTO SHEPreTUYECKOE IOJe 3eJI€HOro LBeTa, BHICOTONH 6-18
JIOMMOB, U T€YET BOJIHAMHU C f0ra Ha ceBep. BoiHbl 001a/1at0T OTPOMHBIM KOJIMYECTBOM SHEPIHUHU.

OO0mue ykazanus

BrimosnHss aBrkenus, Mactepa CTOsUIM JIMIIOM Ha CEBEP, CJIOKUB JIAJIOHH HA TPYJIU B
MOJIUTBCHHOW T03€. BCce OHM TOJIHOCTBIO KOHTPOJHPOBAIU ceOsl B pasyMme, Telie M AyXe, H B
MOJIHOM Mepe COOTBETCTBOBANIM CcIIOBY Mactep (T.€. TOT, KTO OBJIa/ies1 COOO0M BO BCEX aCIEKTax).
BeinonHss ABMKEHMsI, Bbl JOJDKHBI COCPEJOTOYUTHCS MEHTAJIbHO, SMOLMOHAIBHO M JIYXOBHO,
MpexKAC 4EM MPUCTYIIUTH K IBUKCHUIO. Kamnoe JBUXCHUEC 3aKaHUNUBACTCA B TOM Xe I103€, 4TO U
B Hayaje, TO €CTh B MOJIMTBEHHOM 1Mo3e JMIoM Ha ceBep. [1oCKoIbKy IBMKEHUS IPeJHA3HAYCHbI
IJI1 MMOAKIIOYCHHA K HNPUPOAHBIM OJSHCPIrE€THUYCCKUM IIOJIAM  IAJId JIMYHOT'O HCIIOJIb30BaHUA,
JIBYDKEHUS JIy4Ille BCETO BBIOJIHATH HAa OTKPBITOM BO3/yX€, CTOSI Ha 3eMJIe, YTOObI MAaKCHMAJIbHO
MOrpy3uThCA B 3CTICHYIO SOHCPTHIO. B IPOXJIaAHYIO IMOroay Bbl MOXKCTE BBIIIOJHATHL ABUXKCHUA B
JIOMe, CTOs Ha 1epBoM 3Taxe. D(H(EKThl OT IBMKEHUH 3HAYUTEIHHO YMEHBILAIOTCS, KOT1a BBl HE
CTOUTC HA 3€MJIC UJIU Ha IICPBOM 3TAXKCE. 3a UCKIIFOUEHUEM ABVOKCHUSA IMTOAMCTAHU S, OKCIICPUMCHTBI
MOKa3alii, YTO MaKCUMaJbHbIE 3()(EKThI JOCTUTAIOTCS, KOT' 1A JIMIIOM Ha CeBep.

B nanpHeiimem TepMuH 'cTaHmapTHas mo3a" O3HAYaeT IOJIOKEHHE CTOsI CO CIIEerKa
paccTaBIEHHbIMH Ha LIMpUHE IUIeY HOraMH, JIMIIOM Ha CeBep, pyKaMu Ha YpOBHE TIpYIH,
CIIOKEHHBIMH BMECTE B MOJIMTBEHHOM 103€ U COCPEAOTOYCHHBIM MCHTAJIBHO U JYXOBHO.

OTH ABMKEHHS 3aTPAaruBal0T MHOTHE YPOBHU HEPTUHM BHYTPHU YEJIOBEKA, OT TyXOBHOTO /10
3(pHUPHOTO, MEHTAITBHOTO, YMOITHOHAIBHOTO U (PU3UIECKOTO.

NBuxenue Pesak (Cutter)

Haunwure co ctannapTHOM MO3bI. 3aTeM ClIeTKa pa3BeAUTE PYKU B CTOPOHBI, JIeprKa JIaJOHH
oOpalIeHHbIMU YT K Apyry. HauHuTe Bpamare pyku B KpYroBOM JIBUKEHUH, BCE BpEMsI JiepKa
UX MapajyieNbHO U Jepika Kak MOXKHO OJIMKe ApYyr K JIpyry, He Kacaschk. [Ipogomkas Bpamiath
pYKaMu, NpPUCAAbTE Ha KOPTOYKH M OIYCTUTE PYKH Iepes] coOOW 10 YPOBHS 3eMJIM MEXITY



BaIlIMMHU HOT'aMU; a 3aT€M CHOBA BCTAHBTE, BCE BPEMSI BBIIIOJIHSS PEXYILEe ABHKCHHUE, TTOAHUMAs
pyku Haz ronoBoi. Korja BeI mpucenaere, a 3aTeM CHOBa BCTaeTe, yOeAUTECh, YTO POIOKAECTEe
BpalaTeIbHOe PeXYyIlee IBIKCHHE.

Beimomnssist 3T0 ABMKEHUE, BU3yaAIN3UPYHTE, KaK SHEPTUs BTATUBACTCS B YETHIPE HIDKHUX
TEJIa U OYMIIAET UX, OCOOCHHO PHEPreTHYECKHE IEHTPbI (PU3NIECKOTO Tema (T.€. YaKpbl U TOUKU
aKyIyHKTYPBI).

beuto oOHapykeHo, 4To yeM Omke APYr K APYry Bbl MOXKETE Jep)KaTh PyKH, 0e3
CONPUKOCHOBEHUSI, ¥ TPUOIMKEHHS K Ty BO BPEMsI PEKYIIETO IBIKCHHS, TEM HHTCHCUBHEE 9TO
BO3JICUCTBHE.

OcHOBHO 3(h(eKT ABMKEHUS 3aKIIFOYAETCS B TOM, YTO OHO OYHMINACT YEThIPEe HIKHUX Tela
(TO ecTh (U3MUECKOE, MEHTAILHOE, SMOLMOHAIBHOE 1 2(UPHOE) OT JIFOOBIX HETAaTUBHBIX SHEPTHIA.
DKCHEepUMEHTHI IOKA3aJIM, YTO MAaKCUMAIBbHBINA 3(EKT OT 3TOr0 ABMKEHUS JOCTHTAETCs, KOraa
JUIIOM Ha ceBep. Mbl Ha3Banmu 3TO JABIMKeHHE "Pe3ak" B uUecTh JBMIKEHHUS, Pa3pe3arollero
HETaTUBHBIC SHEPTUU BHYTPU M BOKPYT YETHIPEX HIKHUX TEIl.

JBuxenne Yepnaku (Scoops)

HaunuTte co cranaaptHoiil no3el. [Ipucsaapre Ha KOPTOUKH U BBITIHUTE PYKHU Iepes co0oi
B OOHHMMaromieM ABIKeHUH. llpucenas Ha KOPTOYKH, CAETANTE 3a4epIbIBAIOIIee TBM)KCHUE U
3a4EepIIHUTE 3€JICHYI0 SHEPIUIO B CBOU YEThIPE HUKHUX TeJla, CIOKUB PYKU YallleuKOH U JBUras
pyKamH 110 KpYroBbIM JIyraM K Telly, 3auepnbiBast 3Hepruto. CiaoBo "Tena" ucnonb3yercs s Toro,
4TOOBI 3aCTABUTH Bac AyMaTh U BU3YaJIM3UPOBAThH SHEPTHIO, HOCTYNAIOIIYIO B Ballld MEHTAJIbHBIE,
AIMOIMOHANBHEIE, (pr3nueckue u dpupHbIe Tena. [lepBoHavanbHOE 3aUepIIbIBAaHHE CIEIYET J1eTaTh
pYKaMH, pacloyIO)KEHHbIMU OJIM3KO K 3eMile, Jieslasi HECKOJIbKO 3ayepIblBaHUM, W MPOIOJIKAs
3aueprbIBaTh, KOTJa Bbl MEJIEHHO BCTAETE.

Korna Macrepa BcTanu, OHM pacHyllagd CBOIO aypy KPYTOBBIMHU JBM)KEHUSIMH, JBUTas
pyKamu 1o JyraM, IpUHOCS SHEpruto B Teno. Kpome Toro, oHM, Ka3aaoch, BU3YaIU3UPOBAIH
SHEpPrui0, BTATMBAEMYIO B TeJIO. B KOHIlE OHM BCTPSAXMBAJIM CBOM PYKH, CTpSAXHBas JI00YIO
OTPULATENIBHO 3aPSKEHHYIO 3HEPTHI0, KOTOPYIO OHU MOTJIM M3BJI€Yb U3 CBOUX TEIl.

OcHoBHOI 3((eKT 3TOro IBMIKEHHS 3aKJIIOYAeTCs B TOM, YTO OHO 3apsDKAeT 4YeThIpe
HWKHHX TeJa (To ecTh (PU3MuecKoe, MEHTAIbHOE, YMOLIMOHAIIBHOE U 3PUPHOE). DKCIIEPUMEHTHI
NOKa3aJii, YTO MaKCUMAaJIbHBIN 3 (EKT OT 3TOro ABMKEHHsI HaOIr01aeTCsl, KOTAa JIMIIOM Ha CEBEP.
Mp1 Ha3Banu 31O ABMKeHHE "Uepnaku" B 4ecTh ABMKEHUSI 3aU€pIbIBaHUS SHEPTHH B TEJIO.

ITocne BBIOIHEHMS 3TOTO IBMKEHUS ICHOBUASILNE BUIAT TeJla, HAIOJHEHHBIE SHEPTUEN
JI0 TAKOW CTETEHH, YTO OHA U3JIydaeTcs NpUMEpHO Ha 3 uiau 4 ¢yra BOKpPYT Tl B IPKOM, OUYEHb
MHTEHCUBHOM 0€JIOM CBETE, HACTOJIBKO APKOM, 4TO (PU3UUYECKOE TEJIO €/1Ba BUIHO.

Neuxenue Hoxxuuibr (SNips)

Haunwure co cTanmapTHO#M MO3bl. DTO JBUKEHHE BBITIONHSACTCS MTyTeM CONMKEHUSI BMECTE
MaJbLIEB MPABOM PYKH B pa3pe3arolieM AecTBUM. [Ipy BBIMOJHEHUH 3TOrO ABUKEHUS YEIOBEK
JOJIKEH CTOSITh, TMOJIOKWB JIEBYIO PYKY Ha 00macTh cepaua. IIpaBas pyka BBITSHYTa B TOM
HaIMpaBJIEHUH, B KOTOPOM JOJKHO MPOM30MTH pa3pe3aHHe, MAJbIbl BBITSIHYTHI, a Malblbl U
OOMNBIION Tanen CBOJSATCS BMECTE KOHYMKaMHU. [lambIbl OTKPBIBAIOTCS W 3aKPBIBAIOTCS B
paspe3arnieM JACHCTBUU. OTO JIBUKEHHE OTCEKAET HEraTUBHBIE SHEPreTUYECKUE IJIaHbI OT
JIPYTHUX, BO3BPAIIAET YHEPTHIO OTIPABUTENO U OCBOOOKIAET €ro OT JIFOOBIX CBSI3EH C IPYTUMHU,
yTOOBI Ha BaC HE BJIMSIIA MBICIIM U JABJICHUE DHEPTUU OT Ipyrux. Jlydmmii crmocoO BBITIOIHSTH
9TO JIBIDKEHHE OTCEUEHUsI BOKPYT BCEro Teja, CIepeau, C3aau, o Ookam, cBepxy U cHuzy. [Ipu
BBITIOJITHEHUH STOTO JBWKCHHS CO37aeTCsl OJOKMPYIOIIEe CHIIOBOE IOJI€, KOTOPOE 3allUIIAeT
YyenoBeKa. AKTHUBHOCTh OJTOTO JBIDKEHHUs ObLIa TMOATBEPXKIACHA TECTaMHU SCHOBHIAIIUX U
SICHOCHBIIIAIINX. MBI Ha3BaJIv 3TO ABrkeHue "HoxHumer'.



Heckonbko MecsneB crycTs BO CHE Ha MEHs Hamall 4elOBEK ¢ IUCTojieToM. S caenan
JBYDKEHUE HOXKHUIIBI, M YeJOBEK OBl OTOPOLIEH K CTEHE, B TO BPEMs KaK IHUCTOJNET ObLI
BBIOpOILIEH U3 PYKH YEJIOBEKA. DTO JIOJKHO ObUIO IOKa3aTh MHE HHTEHCUBHOE OJIOKUpYIOLIEE U
3alIUTHOE II0JI€, CO3/1aBaeMO€ JIBUKEHHMEM HOXHMIBI, XOTSI OHO KaKeTCsl TaKUM HEBHHHBIM
JBUKECHUEM.

JBuxenue Ionmeranus (Sweeps)

Haunure co cranaapTHON 1103bl. DTO IBUKEHUE - 3aMEUYaTEIbHOE JBUKEHUE JUIsl OUUCTKH
3(GUPHOro U aTMOC(EPHOT0 IPOCTPAHCTBA, KyAa ObI OHO HU OBbLIO HaIlpaBieHO. YTOOb!I HAYATh 3TO
JBUKECHHE, IOBEPHUTECH JINLIOM Ha CEBEP U BBITSIHUTE PYKH BIIEPE], HA BBICOTE IPYIH, JIAJOHAMU
BEPTUKAJIbHO U OOpallleHHbIMU B IpoYb OT Tena. IIpu crapre seBas pyka A0KHA ObITH BbIIIE
npaBoi. Tenepb BHU3yaIM3UPYHTE M IIOYYBCTBYMTE DSHEPIMIO, BBIXONAILYI0 W3 JIQJOHEW M
KOHYMKOB MaJblieB. 3aTe€M OIYCTHTEe 00€ pyKH BHHM3 pPa3MallMCTBIM JIBUKCHMEM Ha JIEBYIO
CTOPOHY Te€Jla U OCTOPOKHO IIOBEPHUTE BJIEBO TAJIMIO BO BpeMs JBUIKECHHs IIOJMETAHUS BIIEBO.
Tenepp BEpHUTE PyKH B IIOJIOKEHUE BBITSHYTHIX JIAJIOHEW NIEpe] TE€JIOM; HO Ha 3TOT pa3 IpaBas
pyKa HaXxOAUTCs HaJ JIEBOM pyKoil. 3aTeM MOBTOPUTE ABUKEHHE IOAMETAaHMsI, HO Ha 3TOT pa3
pa3MaxuBaiiTe B IPaBOM CTOPOHY TeEJla, BCE BpEMS BU3YAIM3Hpys W OLIyLas SHEPTUIO,
UCXOJSILYIO OT JIAZJOHEH U KOHYMKOB MasbleB. Crneayronuil mar - moBepHUTECh Ha 45 rpaycoB
BIIPABO M IIOBTOPUTE BCE JIBWIKEHUE HA 3TOT Pa3 JHUILOM Ha CEBEPO-BOCTOK. JTO ABH)KECHHE
IIOJAMETAHMS B KQXKIYI0 CTOPOHY TeJa IIOBTOPSETCA B BOCBbMU OCHOBHBIX HAaIIPaBJICHUSAX KOMIIAca
(T.e. Ha ceBep, CEBEPO-BOCTOK, BOCTOK, IOr0-BOCTOK, 0T, IOro-3amaj, 3amaj, ceBepo-3amaj u
00paTHO Ha CeBep).

TecTbl ACHOBUASIINX € TIOMOILBIO 3TOTO IBUYKEHUS [TOKA3bIBAIOT, YTO OHO BBIYMIIACT IIyTh
OCJICTIUTEIEHOTO CBETA, TTOJTHOCTHIO OYHIIAS 00JIACTH BOKPYT TOT'O MECTA, I/I€ HAXOAUTCS YEI0BEK,
BBITNOJIHAIOUINN ABMKEHUE. J{BI)KEHNE TaK)Ke IEIAeT IOCTOSHHBIE 3aIIMCH B 3TOM MECTE U CO3/1aeT
TaM MHTEHCHUBHBINA (HOKYC F3HPHON CBETOBOI YHEPTHUH.

Pesxkum, HCTIOJIB3Y IO IBUKEHUS 3€JICHOH IHEPruu

BBIIHGYKEB&HHI)IC BHCPFCTI/ILIGCKl/Ie JOBUXXCHUS OIIMCAaHbl B TOM HOpr}IKC, B KOTOpOM nux
CJIEZIyeT BBINOJHATH. Hibke MpUBEICH CTaHAAPTHBIN PEXHM, KOTOPBIH CIIEIYeT BBIMOJHATh HE
peKe OJTHOTO pasa B JICHb.

HauyHuTe CO CTAHAAPTHOM MO3bI.

Pesak - ouwnmiaer ueTblpe HWKHUX Tejda, 4TOOBI JApyrue JABMKEHUs OblUin Oosee
3 GeKTUBHBIMU. BBIMONIHNUTE 3TO HE MEHEe TpeX pas.

UYepnaky - HaANoOJHSET 4YEThIpe HIDKHHUX TeJda OrPOMHBIM KOJIMYECTBOM HHEPrHUH.
BeimonHuTe 3TO HE MEHEE TpEX pas.

HooxHuuip! - YcranaBiMBaeT JIMYHOE, 3aIIUTHOE SHEPTETHUECKOE 10JI€ U OCBOO0XKIAET €ro
OT HETaTUBHBIX YHEPreTUUECKUX IUIAHOB U CBsI3el ¢ ApyruMu. Crienaite 3T0 BOKPYT BCETO BALLIETO
Tena.

ITonmeranue - O4MIIa€T MECTHOCTh U MUP OT HEraTUBHBIX SHEPreTUUYECKUX MaTTEPHOB,
pa3pyLIUTENbHBIX A3(QUPHBIX 3alucell M YCTaHABIMBAaeT (OKYC KOHCTPYKTHBHOM DSHEPTHUU.
Crenaiite 3TO 1O MOJIHOMY KPYTY JIBaKIbl.

Pesaxk - CrenaiiTe ere oiMH WK IBa pa3a, 4TOOHI eIie pa3 OYUCTUTH YETHIPE HIDKHHX TeJa.

Yepnaku - Crenaiite emie aBa pasa, 4ToObl AEUCTBUTEIBHO 3apsAIUTh YETHIPE HIKHUX
Tena.

3aKoHYMTE B CTAHAAPTHOM 1M03€, BbIpakast 6J1arolapHocTh BeeneHHo.



Pe3y.]'leaTLI YETBIPEX IJHEPTETHIECCKUX JBHMKEeHUH

Mpbl 00HApYXHIIU, YTO €CIH y BaC HU3KHH YPOBEHb >KU3HEHHBIX CHJI, TO BBIIIOJHEHHE
JBIKCHMS 3a4€pIBIBAHHUSA BEPHET Balll DHEPreTHUYECKUHW ypOBEHb HA JUHAMUYHBIA YpPOBEHbD.
[TockonbKy 3€5IeHOE SHEPreTHYECKOe 1MOJIe HAXOIUTCS OIU3KO K 3eMJIe, BHIOTHINTE ABMKEHHUE
Ha IIEPBOM JTAKE WA Ha OTKPBITOM Bo3ayxe. JIunom Ha ceBep, SKCIIEPUMEHTHI IOKa3aJl, 4TO
YepraKy JydIe BCero paboTaroT B 3TOM HAIPaBJICHUH.

OKCIIEpUMEHTBI IOKa3bIBAIOT, YTO [JBIKCHHE IOAMETAHMS XOPOLIO IMOAXOAMUT JUIA
ounineHus MectHocTu. [Tomenienus, ocobenHo paboyee MeCTo, Tie, T0-BUIUMOMY, HAOII0JaeTCs
HU3Kas JKU3HEHHas CUlIa WIM HETaTUBHBIE YyBCTBA, OYMINAIOTCA C IOMOIIBIO JIBHIKECHUS
noaMeranus. JKenaTenbHO BBINOIHATH ABM)KEHHUE B KOMHATE, KOTJja BOKPYT HUKOT'O HET, TaK Kak
OHM MOTYT IOJYMAaTh, YTO Bbl CBUXHYJHUCH. CTENEHb OYUCTKU TEPPUTOPHM OT HEKEIATEIbHBIX
NaTTEPHOB, [10-BUAMMOMY, 3aBUCUT OT HAMEPEHUs YEJIOBEKA, BBIIOJHSAIOLIETO JABMKeHUE. Eciu
BO BpeMs BBINIOJIHEHHs JBY)KCHHS [TOJAMETAaHUS HEPIUIO PYK BU3YalIM3UPOBATh, OHA YXOJUT Ha
MHOTHE MUJIH, 3TO JIEMCTBUTEILHO IPOUCXOIUT, U OIPOMHAs 00JIACTh OUUIIIAETCS.

IIpu BBINIOTHEHUHU 3TUX ABUXKEHUH BCErAa UANTE CPETHUM ITyTeM, OyAbT€ BHUMATEIIbHBI K
JPYTUM M HE BTOPralTech B UX 00pa3 >Ku3HU. MBI HUKOT/Ia HE UMEEM IpaBa HaBSI3bIBATH CBOU
00pa3 *KU3HU ApYyruM. TeM He MeHee, BIIOJIHE PUEeMIIEMO ObITh 01arocI0BEHUEM AJIsi MECTHOCTH,
rzie ObI MBI HU HaXOJIMIIUCh, OCTABAsICh HE3aMEUCHHBIMH.
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