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IIpoJor: Taiina packpbiBaercs!

11 cenrsops 2001 roma 3emius cOAporHyiach OT TINATENBHO CIUIAHUPOBAHHOTO yrapa B
(uHAHCOBOE U BOEHHOE cepJle nociaenHel cynep umnepuu Mupa. OObIUHBIE TACCAKUPCKUE CaMOJIEThI
NPEBPATUINCh B OPYXHE MAacCOBOI'O YHHYTOXKEHUS, OCTaBHB Tpydy KaMHEH OT OalleH-OJU3HEIoB
Bcemupnoro Toprosoro Ilentpa wu B3opBaB omHO kpbuio IlenTarona. Jlo »Toro coOwiTHA
OO0IIECTBEHHOCTh CUMTAJIA, YTO BCE “HOPMAJbHO” M UTHOPUPOBAJIa MHOTHE OUYEBHUJIHBIC TIPU3HAKU TOTO,
qr0 4enoBedyecTBO, 3emiss U ConHeuHas cucTeMa B IIEJIOM  IOJBEPralOTCs  OrPOMHOMY
OecriperieICHTHOMY N3MEHEHHIO, BKITIOYAIONIEMY B ce0sl CIICAYIOIINE MPOIOIKUTEIbHbBIE TeH/ICHIHH:

* 410% poct obmero yucina MpUpPOAHBIX KatacTpod Ha 3emiie Mmexay 1963 u 1993 romamwu
(Imutpues, 1997).

* 400% yBenmueHue yucia 3emieTpsiceHnit Ha 3emiie (Bwime 2,5 OamioB 1o mkaine Puxtepa) c
1973 rona (ManneBwib, 1998).

* 500% ycuneHnue ByJIKaHUYeCKOU akTUBHOCTH Mexay 1875 u 1993 rogamu (Manaesmuib, 2000).

* C 856 mo 1999 roasl, 9 u3 21 cambIX KPYHHBIX 3€MJIETPSICEHUN Mpou3onuii B 20-M Beke
(Pycckumii Hartmonanwsnbiii Madopmannonusiii Lientp 3emnerpscennii, 1999).

* 230% noBsIIeHHe HHTeHCUBHOCTH MarHuTHOTO TToist Contaia ¢ 1901 roga (JIokByn, 1998).

* 300% ycuneHue COIHEYHOM aKTUBHOCTH, IO CPABHEHHUIO C TEM, UYTO OBLIO IpeackazaHo Ha 1997
ron (HACA, 1998).

* 400% wnm OoJbllle YBEIWYCHHE CKOPOCTH, C KOTOPOH HCITyCKaeMble COJHEUHBIC YaCTHUIIBI
CIIOCOOHBI IBUTaThCsl CKBO3b DHEPIHIO MexIUTaneTHoro npoctpanctea (HACA, 1997-2001).

* HenaBuuii casur nomtocoB Ha Ypane u Henryne. 3ou1 Bosipkep 2 BBISIBUII, YTO MX MarHUTHbBIE
OCH 3HAYUTENBHO CMECTUIIUCH OT ocell BpamieHus (Jmutpues, 1997).

* Ycunienue BUIUMOMH sipkocTH, oOHapyxenHoe Ha Catypre ([Imurpues, 1997).

* 200% moOBBILIEHWE HMHTEHCUBHOCTM MarHutHOro mnois IOmurepa ¢ 1992 nol997 roxsl
(Amutpues, 1997).

* 200% yBenuueHue MIOTHOCTH aTMocdepsl Mapca, oOHapykeHHOe cryTHUKOM Mars Surveyor B
1997 rony (HACA, 1997).

* 3HauyMTeNbHOE TasHHE JICASHBIX IIANIOK Ha MoOJrcax Mapca Bcero 3a OAMH TOJ, SICHO
HabmonaeMoe Ha otorpadusx, cnenanubix co ciytHuka (HACA, 2001).

* 3HauuTeNnbHbIEe (PU3NYECKHE, XMMUYECKHE U ONTHYECKHE M3MEHEeHHs Ha BeHepe, BKiIouaromme
pe3Koe YMEHBIIIEHHE COACPIKAIUX Cepy ra3oB B atMocdepe u ycuineHue spkoctu (Jmurtpues, 1997).

Ecau mbl momuuM, yrto Comaie obmagaet 99,86% maccel B CoHEUHOM CHUCTEME, TOTAA JIETKO
MOXXHO BHUJETh, YTO OHO OKAa3blBa€T CaMO€ CHJIbHOE TEeMIIepaTypHOE, TPABUTAIMOHHOE U
9JICKTPOMArHUTHOE BIUsHHUE. B 3ToW KHUTE MBI OylneM HccleoBaTh (U3HYECKUN MEXaHU3M,
BBIHy)KIlaIOH_[I/Iﬁ Hauie COJIHLIG HpeTepHeBaTb 3HAYUTCIIBHBIC W3MCHCHMUS. 9TI/I 3HAYUTCIIBHBIC
n3MeHeHus Ha CoJHIEe M3Jy4aroTCsl BOBHE MOCPEACTBOM ‘‘COJIHEUHOI'O BETpa’, 3aMETHO YBEJIUYHBAs
3ap${;[ n HpOXOI{I/IMOCTB MCEXKIIJIAHCTHOT' O HpOCTpaHCTBa, 4TO, B CBORO oqepe,ub, BbIHy)KI[aeT 3ap51)i(eHHBIe
YaCTHUIIBI JIBUTAThCSI ObICTpee (BO MHOTOM HAllOMHHAsi KareJIbKU BOBI, yaapsromupecs 00 o0kuraromie
ropsuyl0  KacTprOdI0). ODJIEKTPOMATHUTHBIE TMOJS  IUJIAHET  TOTJIOLIAI0T  YBEJIMYMBAOUIUICS
SHEPreTHYECKUN TIOTOK ¥ COBEPIIAIOT AaHOMAJbHBIE WM3MEHEHHs, BKIIIOYAIOIINE BHYTpPEHHEE
pa3zorpeBaHue, YBEIMUECHUE YUCIIA 3eMIICTPSICCHHM, BYJKAHMYECKYIO0 aKTUBHOCTh U JAPYTHUE TPUPOIHBIC
KaTacTpo(bl, yCUIICHUE IPKOCTH U TAKE CJIBUT MAarHUTHOTO TIOJTIOCA.
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XoTs 3amagHas HayKa HEJIOCTAaTOYHO OCHAIEHA JJIsi OOBSICHEHUS, MMOYeMy TaKhue M3MEHEHHUS Kak
3EMJIETPSCEHUSI MOTYT BBI3BIBATHCS ‘BHEIIHMM  JHEPre€TUYECKUM BIIUSHUEM, BCS TailHAa M3BECTHA B
PYCCKMX HAy4YHBIX Kpyrax M JETKO OOBSCHSETCS IOCPEACTBOM HCIPABICHUS HEKOTOPBIX
(dbyHIaMEHTAIBHBIX OMIMOOK B HAIIMX MPEBATUPYIOMMX KOHIEHIUAX. He yauBuTEIbHO, 4TO CpeacTBa
MaccoBOi MH(pOpPMAIUU JAIOT MOYTH HYJIEBYIO MHPOPMAIUIO J1aK€ O CAMBIX OCHOBHBIX M3MEHEHUSX,
KOTOpbIe MbI Tepeyuciamwin. Jlaxe B 3amagHbIX aJIbTEPHATHBHBIX/METAQU3MYECKUX CPEACTBAX
nH(pOpPMAIIUY, UMEIOIINX THUPOKUHN JOCTYM K IHTepHETY, TOIhKO €IUHHUIIBI U TO CIy4aifHO CIBIIIAIHA 00
W3MEHEHUSAX COJIHEYHOW AKTUBHOCTH M YCUJICHMM KaTaKJIM3MHUUYECKOM akTUBHOCTH 3emid. [loatomy,
BO3HUKINAs Oyiarojapst CpeicTBaM MaccoBOW WMH(OpMAIMU CIIETOTa MO OTHOIICHUIO K JIEATEeIHbHOCTH
Hamed 3emian W COMHEYHOM CHCTEMBI II03BOJIsIa OOJIBIIMHCTBY JIFOJIEH YTBEPKIaTh, UYTO BCE
“HopmanbHO”. Ho Tonbko 10 11 centsaopst 2001 rona.

[locne Teppopuctuueckoit ataku 11 centsiops 2001 roga, modtu KaxxaAoMy BHIHO, YTO W3BECTHbHIC
JpeBHUE TIPOPOUYECTBA, TAKUE KaK WyAeo-XpucTHaHCcKas bubOmms, mpopodectBa Xomnu, Maiis, Uamycos,
OynauCTOB U abOPUTEHOB, COBIBAIOTCSA MOYTU OJHO 3a JAPYTUM. YBEIMYMBAIOLIEECS YHUCIO BOMH,
00J1e3HH, 3eMIIETPSICEHUS, BYJIKAHBI, 3aCyXU U ApYTrue NpUPOIHbIE KaTaKIU3MbI, KOTOPhIE CO BPEMEHEM
MPUBEIYT K “‘CIBUTY TOJIIOCOB”, CIEAYIOT MaTTepHY “‘OeICTBHIA”, MPEACKa3aHHBIX OYKBAJIBHO KaXKIBIM
JIOKYMEHTAIbHBIM HCTOYHUKOM PEJIUTUU WK IpopodecTBa. To, 4To Takue OeICTBUS HAIMIIO, OYEBHIHO,
U JIETKO TOJTBEPXKIAeTCs HAydyHO. A BOT TO, YTO 3TH (PEHOMEHBI BBI3BIBAIOTCS (yHIAMEHTAIBHBIM
SHEPreTUYEeCKHUM H3MEHEHHUEM, MPOUCXOASINUM Bo Bcelt COTHEUHOM cucTeme, He OCO3HAETCs, XOTA U
MIPUCYTCTBYET BO BCEX ITUX YUCHUSX.

Korma OonpIIMHCTBO JIFOJICH JOymMaeT O OWOJISHCKHX TIpOpoYecTBaxX, B TOJOBaX cpaszy ke
BO3HHUKAIOT KapTHHBI Xaoca, arokanumcuca u rudenu. Ha kakoM-To ypoBHE OHU YOEKAEHBI, UTO 3eMiis
Pa3pymUTCs, ¥ C STHM HUYETO Hellb3s MmojienaTh. HexoTopsie HeOObIIME TPYIIEI, CBI3aHHBIE C TEM, Ha
YTO HaBelIaH 0€3BKYCHBIH SPJBIK “peTUTHO3HOIO (PyHIaMEHTaIu3Ma”, 1ep>KaTcsi HAaroTOBE U 0KUAAIOT,
yro Mucyc BepHETCS U MOCPEIACTBOM BO3HECEHMsI 3a0epeT CeKTy “m30paHHbIX’ MOcienoBaTelield Ha
Hebeca, MUHYS BCE OCTalbHble CEKThl. Takke OHH BEpsT, YTO IOCJIE 3TOr0 COOBITHS Ha 3emiie
YCTAHOBATCS ‘‘ThICSYENIETUS MUpa”, M 4YTO MOcjie “yaajeHus’ OHU BEPHYTCS Ha 3€MJII0 B HOBOM
peoOpakeHHOM COCTOSHUM. TpaAMLMOHHAs Hayka HE IOTOBa K TOMY, YTOOBI 4TO-INOO OOCYXIaTh,
MOSTOMY OHA MIApaxaeTcsi B CTOPOHY M MPEIIOYHTAET He JTyMaTh. boiiee TOro, camu TpyIibl KpaiiHe
HETEPIHUMBI KO BCEM, KTO OTKa3bIBAETCS IPUHUMATh 3Ty JI0TMY.

[losiBnsieTcss HOBasi CyOKynbTypa OOCYXACHHs: Bce Oouibllie M OOJbIlE pacTeT YUCIO JHOJCH,
AKTUBHO HMHTCPCCYIOIIHUXCA aJ'II)TepHaTI/IBHOI\/II AYXOBHOCTBIO, APCBHHUMHU KYJIbTYypaMH, IMPOPOYCCTBOM,
CEKPETHBIMH  MHCTHUYECKMMHU  IIKOJAMH, VYYEHUSMH abOpUIreHOB, CaKpaJllbHOM TreoMeTpueil,
WHOTUTAHETHBIMH/aHT €ITbCKUMU TTOCEIICHUSIMU, YK30THUECKOU (PU3UKOM U TOMY MOJOOHBIM. XOTS Ha ATy
TEMY HaIlMCaHO OTPOMHOE KOJIMYECTBO KHUT, IHTEpHET IPUHOCUT 3TH KOHLEILUHU NIPSMO JOMOU, TAKOU
LIIMPOKOM ayAUTOPUU U TaK, KaK HUKOI/Ia HE BO3MOXKHO ObUIO Jaxe npencrtaButh. MiMenHo 6marogaps
yCWIMBAIOLICHCS CyOKyJIbType HOBas mapajurma MpoOUBaeT CBOH IMyTh; Mapajurma, Mpejjararomas
HEOKUJIAaHHBIM B3IJIA/l HAa MPUPOJY PEAIbHOCTH U HAIlle MECTO B HEW. DTO mapaaurma “rocBsilieHus”,
KoTaa JIIOAW MCPECCTAOT Pa3ACIIATh HMIATKUC HAYUYHBIC HACAJIBI U HAYWMHAIOT OCO3HABAaTh, UTO 34 BCEM
(U3MYECKUM CYLIECTBOBAHHEM, KAKMM MbI €TI0 3Hae€M, CTOUT 0o0Jiee BbICOKAs TyXOBHAas peaabHOCTb.

B sToli KHHMre Mbl HajeeMmcsi MPOBECTH YMUTATEIS 4Yepe3 BOJIHYIOLIUA MPOLECC IMOCBSIICHUSA,
pUCYIOIIUK a0COMOTHO HOBYKO KapTHHY BcelleHHOW W TOYHO OOBSCHSAIOIIMNA TO, 4YTO ceilvac
npoucxoauT B CoONHEYHON cUCTEeMe, MOYEMY 3TO MPOUCXOAUT M 4Yero OT 3TOro xzaatb. OCHOBHOE
OTJIMYME TOW KHUTU OT OOJBIIMHCTBA JPYIMX MCTOYHUKOB IO ITOH TEME B TOM, YTO Ka)IbIH IIar u
0BOJ OyayT MOJKPEIUISThCS HEIBYCMBICICHHBIM HayudHBIM HCCleloBaHHEM. B cBowo ouepenb
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IIPOCBETJIEHNUE U MOCBSAIICHUE yMa IPUHECYT 3aMeUaTelIbHbIE IUI0/bI, ITpesiaras MNOHMMaHUE XapaKTepa,
Hen M TpefdHa3HadeHWss M o0ecneurBas MOUIHBIM CTHUMYJ CTPEMHUTbCS K Oojee BBICOKOMY
¢u3nyecKkoMy, MEHTAJIbHOMY M JyXOBHOMY pOCTy. MBI y3HaeM, YTO BCE Hallle MOHMMAaHUE MPUPOIbI
¢Gu3n4eckol MaTepuM paJuKalbHO HE pa3BUTO, M YTO YBEJIMYEHUE OHHEPIuH, HalioJaemMoe B
ConHeuHOM cucTEeME, BBUIBETCS B TO, O YEM MOYKHO AyMaTh, Kak O “‘ciBUre mamepeHuil”. 1 3to Ham
BBIOOP, XOTUM MBI WJIM HET MPHUHITH OTHOIIEHHE JTIOOBU-I00pOTHI, TpeOyroleecs A y4yacTHsl B 3TOM
COOBITHH, U MOCIIEAYIOMHUH 32 HUM 30J10TON Bek uenoBedeckuil IIMBUIU3ALIH.

Bot mepBblif kKaMeHb MPETKHOBEHHsI. MHOTHE YWTATENXM MPUBHOCAT B CKJIAJl yMa U CTPYKTYPY
BEpOBAaHUN TO, YTO TAaKHE€ HM3MEHEHHS M COOBITHS TPOCTO HE BO3MOXHBIL. OHH OBICTPO TMPEKPATAT
YTEHHE, 10JIarasi, YTo MOCBAIICHHE TPeOyeT OrpOMHOM padOThI HaJ COOOM Mpexkae, 4eM OyJIeT YCBOSHO
BHJICHHE aBTOpa. Y’K€ pacCMaTpUBAIUCh MHOTHE€ KHUTH TaKOTO pOJa, TJAe HECKOIbKO IIEHHBIX
CaMOPOJKOB TOJIE3HBIX JAaHHBIX TOHYT B OECKOHEUHBIX naparpadax Oecroyie3HOTO MOBTOPSIOMIETOCS
MyCTOCJIOBHS, HA YTEHHE KOTOPOTO0 HE XBAaTaeT HU BPEMEHHU, HU TEPIICHHs. DTa KHUTA HE COICPIKUT
HUYET0, KpPOME CaMOPOIKOB B SICHOM H CXaToM (opMaTe, JOCTATOYHBIX JJIS TOTO, YTOOBI MOPOAHTH
1esblid ernod kHur. ClioBamMu clefyeT HaclaXAaThCs, THIATEIbHO M3ydaTh, a HE “TpocMaTpuBaTth ,
KaK OOBIYHO MPOCMATPHUBACTCS CTPAHUIIA 33 CTPAHMIICH ra3eTHas CTaThs WM MaTepUal, MPUCITAHHBIN
o AJeKTpOHHOU mouTe. [ToHMMaHue 3HAYUTEIBHO YrIyOJsSeTCs, €CIM KHUTY pacredarath U Mo Mepe
YTeHHs JIeNaTh Ha Hell momeTkd. YToOwl yBHIETh (aKThl Kak (DaKkThl, YM CIEIYeT Oep>KaTh IIUPOKO
OTKPBITBIM M HE OCJICTUICHHBIM HEIONMOHMMAHWEM, BO3HHUKAIONIMM TIOJ JaBICHHUEM AaBTOPUTETA
o(pUIMATLHOTO HAYYHOTO co00IIecTBa. Peko momamgaroTcsi YUTaTenu, BEIOUPAIONIe CaMOCTOSITEIEHO
HCCIe0BaTh MPOOJIEMBI, @ HE TIPOI0JIKATH OE€30rOBOPOYHO BEPUTH ‘TPATUIIMOHHON MYJIPOCTH .

A Tenepb JaBaliTe TOCMOTPUM Ha YUTATENsl, KOTOPBIN 3apaHee ‘‘3HAET’, YTO HAII BBIBOJ HE MOXKET
OBITh IpaBOMEpHBIM. CIIeIyeT JIn TaKOMY YeJIOBEKY IpOoaoIDKaTh ureHne? Beap BechbMa BEpOSTHO, YTO
Takoe cOOBITHE HE MPOU30IET, MO KpailHel Mepe, B ONmkaillline Mecsibl WU Ja)xe TOIbl Iocie
HaIMCaHMUs 3TON KHUTH, U HEKOTOPBIE MPOCTO OTKAXYTCS BEPUTh, UTO OHO BooOuIe npousonaet. Ecnu
Tak, TOrja noyemy Obl HM U3BJI€Yb MOJB3Y U3 MOCBSIIECHUS B 3HAHUE CKPBITON MpUpPOsl BeenenHoil Ha
MIPOCTOM TIOBCEHEBHOM YpOBHE TOHMMaHUWsA? SIBISETCS JM Takoe COOBITHE YEM-TO, Yero CIeAyeT
MpPOCTO “‘CHJIETh W KAATh’, WIM €CTh HACTOSATENbHAs MPUYMHA, YTOOBI HAyaTh W3ydaTh MaTepHall
ceromusa?

B riybokoit mMemauTanud MbI OTKPBUIM, YTO €IUHCTBCHHAs KOpPHEBas IMPHYMHA BCETO HAIIICTO
CTpaJaHusi KpOeTcs B IMOJCO3HATENBHON Bepe B TO, 4To bor Hac mokuHyn. Mbl OTHOCHM 3TO 3a CUeT
“nepBopoJHOro rpexa’. Bpemenamu, ponutenu, yuuTens, OpaTbsi, CECTPBI, APY3bs, TFOOMMbIE, KOJJIETH,
o0Opa3oBaHHUE, 370POBbE M COCTOSIHHE (PU3NYECKUX TEN BBI3BIBAIOT OIIYIIEHHUS I030pa, YHIKCHUS,
OTUYXKICHHSI U OJAMHOYECTBA, KOTJA IMOWCK JIFOOBH, MPYXKOBI W CONMPHYACTHOCTH HampaceH. OgHaKo
OOJIBIIMHCTBO JIFOJIE HUKOTJA HE OCO3HAET, YTO TAKUE CHUTYAIMH 3aIyCKAIOTCS OTPOMHBIM 3apsioM
MO/ICO3HATEIHLHOTO THEeBa M 00u bl Ha bora. Co3HATENbHBIN YM MPUIIEN K BBIBOY, 4TO bor BCe3HArON 1
BCEX IOOUT, HO TOJCO3HATENBHBIA yM YacTO OIIYIAeT OTPE3aHHOCTh, ICMPECCHI0 U H3OJSIIHIO B
oTyasiHuM. bosie3HEeHHOe MpHUCTpacTHe K MHUIIE, CEKCy, MOKyIKaM, TeneBu3opy, Hurepuery, kode,
QJIKOTOJTI0, HAPKOTHUKAM, OINYIIEHUE ceOs KEPTBOM, THEB U BCEM JApyrue GopMbl MaTepraln3Ma — BOT
Ham croco0 HMCKaTh “HEMEIJIEHHOTO BO3HATPaXKACHHS TOM YacTh ce0sl, KOTOpas 4yBCTBYET ceOs
MOKUHYTOM. OJJHAKO 3TO XOPOIIO YCTAHOBICHHBINA AYXOBHBIN (DaKT, 4TO TAKUE OTBICYCHHS BHUMAHHUS
CO BPEMEHEM pa3pyllaTcsi MOJ TAXKECTbIO CBOEr0 COOCTBEHHOIO TIpy3a, NPUBOAS K elie Oosnee
MHTEHCUBHOMY IIOUCKY bora.

Crernora HalMX TJIa3 HUCUYE3Aa€T, KaK TOJBKO Mbl OCO3HAEM HAY4HYIO pealibHOCTh llepBuuHOrO
CymiecTBa 1 pyHKIIMOHUPOBaHKE BceneHHO# B COOTBETCTBUM C COBEpIICHHBIM [ pannno3upiM [lnanom.
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Mpsl yuuMcst cTpoUTh B ce0e XpaM WIH COCYZ, B KOTOPOM MOkeT obutath boxectBeHHast JIx0OOBB,
IIOCTUTasi BEYHBIC 3aKOHBI FapMOHI/II/I, paBHOBeCI/ISI 158 HpOHOpHI/II/I B MBICJIIX U }IeﬁCTBHHX. 4| KaK TOJIBKO
Hpouecc 3aBepmaeT051, y)Ke HCBO3MO>XXHO BUHUTH KOI'O-TO 3a CBOH HpO6J’I€MBI NN UCIBIThIBATH KAKHUC-
TO HETaTHBHBIC SMOIMHU TI0 TOBOJY MHEHUHN M NEUCTBHUI Npyrux Jrojei. bonpiie HeT HeoOXoauMocTH
OTBIIEKATHCS WM Pa3BIEKAThC MaTEPHAILHBIM MUPOM, HOO MBI HAUMHAEM OCO3HABATh, YTO OH — HU UTO
HMHOC, KaK WUIKO3UuA, CO3JaHHas OFpaHI/I‘-IeHI/ISIMI/I, HaJlaracMbIMHAU OpFaHaMI/I ‘—IYBCTB, O6I)I‘—IHO HEC
CIIOCOOHBIMU OOHApPY)KMBAaTh OKPY)KAIOIIME HAC HEBHIUMBIE MHUPBI DHEPTMH M HACEJSIOUINX HX
MIPOJIBUHYTHIX PA3yMHBIX CYIITHOCTEH.

B Bo:xkectBennom Kocmoce MbI HUKOI'/1a He OJUHOKH.

* * Kk k%

B nyxoBHOI Hayke IOArOTOBKH, IPOCBETIICHUs U IOCBSILEHUSA B TalHBI, COIEPXKALICHCSA B 3TOU
KHWUT€, HET HMYEro HOBOro. Tem, KTO aKTHBHO BOBJEYEH B H3yueHHe (PakToB, Bce Oosiee u Oosee
OUYEBHUJTHO, YTO KOTA-TO 3eMJIsl OblJIa KOJIBIOETBIO ApEeBHEN NMPOABUHYTOW ITUBUIIH3AIUH, 00JIaTar0NIei
MOJIHBIM TIOHMMaHueM (PU3UKU U OTNpeIeTICHHEM BPEMEHH, CTOSIIUM 32 COOBITHEM, KOTOPOE ceilyac Mbl
nepexuBaeM Ha 3emsie U CoJIHEUHOM cucTeMe. DTa HUBWIM3AIUS MPUIIOKUTIA KOJIOCCATbHBIC YCUITUS
JUTSL COXpaHEHHs CBOUX 3HAHHM TaK, YTOOBI MBI CMOTJIM 3aHOBO OTKPBITh 3TH BEYHbIEC UCTHHBI.

Camble oOueBHIHBIE CJEIBI, OCTAaBJICHHBIC YTCPSAHHOM JApPEBHEH LMBHIM3aLUEH, - MHOTHE
COXpaHUBIIMECS M pPa3OpOCaHHbIE MO BCEMY MHpPY CTPYKTYpPbI, HOCTPOCHHBIE W3 MHOTOTOHHBIX
KaMEHHBIX OJIOKOB MJIM ““MerayinToB”. OHU CIMIIKOM OOJIBIINE U CIO0XKHBIE 0 KOHCTPYKIIMHU, YTOOBI UX
MOXXHO OBUIO COOPYAWTH TIOCPEICTBOM JIFOOBIX M3BECTHBIX METO/IOB, HAXOMISIIUXCA celdyac B
pacnopspkeHUM 4enoBedecTBa. B knure CaBur Onox NOCPEICTBOM MAaTEMAaTHYECKOTO AHAIN3a MBI
BXOJIMJTU B JIETAJTU TOTO, YTO 3TH MAMATHUKHU 00JIaIal0T OIIPEIeIIEHHBIMU SHEPTETHYECKIMHU () YHKIUAMHU
U CBSI3aHBl MEXKAY CO00I1 110 BceMy MuUpy.

Hemozasneky OT AMOHCKOTo ocTpoBa MoHaryHu moj Bozoii GblIa oOHApy’KeHa MUpaMUajIbHAs 1,
M0-BUJIUMOMY, UMEIOIasi UCKYCCTBEHHOE MPOUCXO0XKIEHNE METAIUTUYECKasl CTPYKTypa. DTOT pailioH HE
IIOJHUMAJICS W3 BOIbI, mo KpaiHed Mepe, 12.000 smer. B 2001 roxy Ilaynmuna 3enuncku u Ilon
Beiinngeir n3 xommannu ADC 3asBWiIM, YTO HAIUIM Ha 3araJHON OKOHEYHOCTH KyOBl OTpOMHBIN
3aTOIJICHHBIM TOpOJ MUpaMU[, 3AaHUN, AOPOT M JAPYTHX CTPYKTYp, Haxoisdmuics Ha riyOune 900
METpPOB MOJ BOJION M OOHApyXEHHBIM Mpu pacmindpoBKe AaHHBIX COHapa. DTa UCTOpUS OYKBaJIbHO
npopBajach B 3allaJiHble CpeCcTBAa MaccOBOM MH(pOpPMAIMK U MOKa3aia, HACKOJIbKO OHU YIUBUTEIHHO
OJIM3KHU K TOMY, YTOOBI IPU3HATH CYIIECTBOBAHUE 3TOM [IUBUIIN3AINH.

He cMoTps Ha OTrpOMHBI HWHTEpPEC K HCCICIOBAHHUIO JPEBHUX IMOJBOJHBIX PYHH, YTOOBI
BBINIOJIHUTH CJIOKHBIE H3MEPEHUs B TEppUTOpHAIbHbIX Bojpax KyOwl, rpymnme 3enuHCKH CHayaia
MPUIIIOCH TOOWBATHCSI COTPYAHUYECTBA C KOMMYHHUCTHUECKUM PEKUMOM 3TOU cTpanbl. MccienoBanne
JIunet Moynton XoyB U Jpyrux BeisiBUIIO, uTo *)ypHan National Geographic yxe moamnucan KOHTPaKT
Ha OKCKIIO3MBHOE TIPaBO pACKPHIBATh 4EJIOBEYECTBY HOBBIM MaTepwaj, ¥ 4YTO 3alUIaHHPOBAHO
HCUEpIBIBAIOIIEE PACKPhITHE B CpeacTBax maccoBod mHpopmanmu. [locnennue cBeaeHus B HoOsOpe
2001 rosa TOBOPST O TOM, YTO Ha TEPPUTOPHH FOPOJIa IMOABOIHBIA PoOOT choTorpadupoBa CBI3aHHbIC
Kpyrd KamHed, nmoxoxkue Ha CTOYHXEHJK, a TaKKe s KaMEHHBIX HaJAINHWCEH, BKIOYas KPECTHI,
PUCYHKH TIHpaMHJl B ME30aMEPHUKAHCKOM CTHJIC M HEOOBIYHBIH MUCHMEHHBIN s3bIK. [ pyrma Hameercs,
YTO C TEUEHUEM BPEMEHHU yAacTcsi choTorpadupoBaTh U U3yYUTh ITOT pailoH OoJiee TIaTeIbHO.
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JUis 3amajiHOro MHpa HMCXOAHBIM HMCTOYHHKOM HMH(OpMAIUM, Kacalollelcss yTepsHHOW IpeBHEH
[MBUIM3ALMY, sBIseTcss paboTa apeBHerpeueckoro ¢umocoda Ilmatoma. B tpyne Tumeit! om
pacckasbpiBaeT 00 OCTPOBHOM KOHTHHEHTE ‘“‘ATiantuna’. OOIIEU3BECTHO, YTO TEXHOJIOIMYECKOE
pa3BuTHE ATIAHTHUIBl HAMHOTO IPEBOCXOAMJIO  Halle, BKIKOYas CHOCOOHOCTh  CO3JaHMs
aHTUTPaBUTALIMU, KOTOpas HCIOJb30BAJACh KakK Ui MEXK3BE3/IHBIX MOJETOB, TaK U MepeMeIleHUs
OTPOMHBIX OJIOKOB M CTPOMTENHCTBA MHPAMHUJI M CBSIICHHBIX CTPYKTYp 1O BceMy MHpy. Takke,
ATnantam Oblla JOCTyNHa Hekas (opMmMa TEXHOJOTMM, KOTJa OIPOMHBIE KOJIMYECTBAa SHEPIHH,
MPUBOJISIICH B JCHCTBUE pa3HbIE YCTPOWMCTBA, U3BJIEKAINCh M3 CAMOr0 IMYCTOTO MPOCTpPaHCTBA —
HE(PU3NUYECKOTO HCTOYHUKA, KOTOPBIM TIpeku HaszpiBan “a¢pupom”. Ha ux s3pike cinoBo “a¢up”
o3Hayaso “cusHue”. I'pedeckoe ciao0Bo “mupamuaa’ 0Opa3oBaNoOCh U3 ABYX KOpHEH - “mupe” u “amupg’,
YTO O3HA4aeT “OroHb B CEpeMHE”. DTO JaeT OCHOBAHUE M0JIAraTh, YTO BHYTPHU TAKUX CTPYKTYp IIUPOKO
ucrnoib3oBajgach HHeprua. IlomMuMo TexHONOruM, ATJIAHTBI XOPOLIO OCO3HAaBAIM JYXOBHYIO,
MHTYUTHBHYIO 1 CUMBOJIMUYECKYIO CTOPOHY JKH3HH, HEUTO, OT YETO COBEPIICHHO OTOILIA COBPEMEHHAs
LUBWIIN3ALUS.

MHorue pa3Hble HICTOYHUKH YKa3bIBAIOT Ha TO, 4TO I1aToH momydmt cekpeTHyro HHGOpMAIuio 00
ATnaHTUAEC OT €TUNETCKUX KPEIOB, U YTO, OOHAPOIOBAB €€, OH BbI3BaJ KpailHee HEIOBOJILCTBO B MX
panax. OTo HeOONbIIOE COOOIIEHUE, ONyOJUKOBaHHOE B  (QHIOCOMCKUX  Tpynax, MOXKET
paccMaTpuBaThCS Kak MEPBBIH HaMEK B PACKPHITUM BeCbMa 3HAYMMOM TaifHbl. COTTACHO MCTOYHUKAM,
ETUINETCKHUE XPEIbl OBLIIM OJHON M3 HECKOJIBKUX OTKOJIOBIIMXCS TPYIIUPOBOK, 3aMHTEPECOBAHHBIX B
COXPAaHEHHH TOTO, YTO OHM HA3bIBAIM “‘CBSIIICHHBIM OTHEM aHTHYHOCTH — 3aIu(POBAHHBIA TEPMHH
JUISL BCEH KOCMOJIOTUH, DU3UKH M TyXOBHOTO 3HAaHHMS ATiHaHTHABI — “Tpaguruein” umu “Muctepusmu’.
UToOB!I OTyYUTh PAHHEE 3HAHKE, TPUHOCHIINCH CTPOKAMIITUE KISTBBI CEKPETHOCTH, M €T0 pasriIalieHue
Kapajaoch HEMUHYEMOM CMepThI0. XOPOIIO U3BECTHO, YTO MPEEMHHUKHU 3TUX OOIIECTB CYIIECTBYIOT U MO
Cell JieHb, JTO TakWe opraHm3anuu kKak @OpaHKMAcOHBI — TPYIIA, CBA3aHHAS C OCHOBaHUEM
Coenunennbix llltaToB 1 0011a1ar0111ass OTPOMHBIM BIIMSIHUEM Ha CaMble dJIUTapHbIE CTPYKTYPHI BIACTH.

JocTtoBepHas uHpopMmays, kacarouascs “CeKpeTHbIX 00IIECTB” M UX TEXHHK IMOCBAIICHUS, cTaja
mMpoKo foctynHa B 19-m u 20-m Bekax. B 1928 roay yuensiii-Macon 33-eit crynenu Maunu [lanmep
XoJul, mpozenaB 3aMevaTeIbHyl0 padoTy MO CKJIaJbIBAHUIO KYCOYKOB I'OJOBOJIOMKH B €IMHOE 1IEJI0e,
OImyOJIMKOBal KHHIY, o3arjaBieHHyl0 CeKpeTHble Yy4YeHHs] BCEX BPEMEH: OHIMKIONEIUYECKOE
uznoxenue Maconckoii, ['epmetnueckoii, Kabbanuctuueckoit nu PozeHKpeliepoBCKOi CUMBOIMYECKON
¢unocopun — UHTEpHpeTalsi CEKPETHBIX YYEHUI, CKPBITHIX B pUTyaslaX, aJUIETOPUSAX M MHUCTEPHUSIX
BCceX BpeMeH.” BIUIOTh 70 HACTOSIIEr0 BPEMEHM 3Ta KHUIA ABJAETCA CaMOM MOMYNSAPHON U3 KHHT
TaKoro poja, u 6e3 Hee, 0eccropHo, ObUIO ObI HAMHOTO TPYAHEE BOCCTAHOBUTH TOYHYIO KapTHHY TOTO,
YTO TOYHO OBLIO U3BECTHO IPEBHEMY MUPY, U KaK OHO COXPAHUJIOCH J10 HAIIUX JTHEH.

OOmass kapTuHa BpeMeH ATIAHTUIBI, HapucoBaHHas XOJJIOM M JAPYTUMU HCTOYHHKAMH,
n300paxkaeT MUp ATJIAaHTOB COBCEM JIPYIMM, YeM Hall MUp. ATJIaHTHAA Oblla OTHON U3 IBYX OCHOBHBIX
MPOJIBUHYTHIX LUBUIN3ALMM, COCYIIECTBYIOIIMX Ha 3eMjie B TO BpeMs. Bropas nmuBuiau3anus — 3TO
Nmnepus Pama, ¢ nentpom B Mumuu. [Ecnum Tuxookeanckas mnuBwimsanus ‘‘Jlemypus” BooOie
CYILIECTBOBAJIa, TO MPEACTABISETCSA, YTO OHA CYIIECTBOBAJIA W HCYE3Ja 3aJ0Jro A0 IMOSBICHUSA
Atnantuael 1 Umnepun Pama.] Jlokymentsl Mmmepun Pama nocTynmHbI miis M3ydeHUs MYyOJUKH U
cerogusa. Muaycsl Ha3biBatoT ux Begamu. B aTux Tekcrax comepxaTcss MHOTOYMCIICHHBIE YKa3aHUS Ha
BBICOKO MPOJIBUHYTYIO TEXHOJIOTHIO, BKJIIOYAIONIYIO JieTaTelbHble amnmapaThl (Bumanwl) u sinepHoe

! Tuanor Tumeii nammcan ITnatoroM okono 360 r 10 H.3. OH IOCBSAIIEH KOCMONOTHH, GHU3HUKE ¥ OHOTIOTHH.
2 Mbunu Hammep Xomn. Duyuxnoneduueckoe uznoocenue Maconckou, Iepmemuueckot, Kabbanucmuueckou u
Posenkpeiiyeposcrotl cumgonuueckou gunocogpuu. M., ACT, 2006
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opyxue. CornacHo [IpBuny Xoruepy Yaitnapeccy B kHure JlerarensHelii Annapat Bumana B J[peBHen
WMunnu n Atnaatune:

“15.000 net Hazax B MHauM cymiecTBOBajO rocyaapcTBo, uzBectHoe kak Mmnepusa Pama. OHo
OBLIO COBpeMEHHUKOM ATnaHTuibl. OOWiIre JOMEAUX A0 HAaC TeKCTOB U3 UHANKM CBUIETENLCTBYET O
CYIIIECTBOBAHUH OYCHb PA3BUTON IMUBUIN3AIMH, BO3PACT KOTOPOM, KaK YKa3bIBACTCS B TEKCTAX, YXOIAUT
Hazan npubnmsutensHo Ha 26.000 net. JKecTokwe BOWHBI W, Kak CJEICTBUE, M3MEHEHUS 3eMIIH
Pa3pyIIMIN 3TH IIUBUIN3AIMH, OCTABUB MOCIIE ¢e0sl JTUIIh H30JIUPOBAHHBIC OCTPOBKU IIUBHIIA3AIN .

Te, KTO 3HAKOM C ATHM HCCIEOBAHUEM, HE YIUBISAIOTCA TOMY, YTO BOIU3U mobepexbs Wuauu,
Bo3se ['ymxkaparta, 0OHapyXeHbl pyHHBI OTPOMHOTO TOABOAHOTO ropoja. DTOT pailoH He MOAHUMAJICS
Ha TIOBEPXHOCTH, MO KpaiHei mepe, 9.000 mer. Okono 12.000 net Hazam Oosblas 4acTh HACEIICHUS
3eMiIM HaxOoJuJIach Ha ypoBHE pa3BuTusi ATianToB U Mmnepun Pama. U momgo6HO “KOHQMIMKTYIOMINAM
IMBUJIM3AIUSAM HAIETO BPEMEHH, J[BAa TMraHTa 3aKOHYMIIM TeM, YTO BCTYIWJIH B BOIHY JPYT C IPYTOM.
ATIaHTHI TOJIBKO-TOJIBKO MPUCTYININ K OCYIIECTBIEHUIO TPOrPaMMbl OOyUEHUSI CBOMM 3HAHUSIM MEHEe
Pa3BUTBHIX KYyJIbTYp, KOTJla MX KOHTHHEHT IMOTHUO B pe3yibTaTe COYETaHHUSI BOMHBI U TE€OJIOTMYECKUX
KaTaKJIU3MOB, MOJHOCTHIO 3aTOHYB B 9.600 1 mo H.3. Ilepen 3Tum, Te, KTO 3HAJ O HAJABUTAIOLIEMCS
KaTakjiu3Me, TIOKHHYIH OCTPOB M 3aTepsUIUCh Cpedu JApPYruX MeHee pPa3BUTHIX MOIMYJIAIHMA
yenoBeyecTBa. HekoTopeie n3 abopureHHbIX rpymnn obocHoBamuch B CeBepHoit u HOxHON Amepuke,
npyrue okazanuch B EBponie, Abpuke nu Azuu. Kak numrer Xoit:

“OT aTIaHTOB MHUp MEPEHSAJ HE TOJBKO HUCKYCCTBAa U pemecia, GuIocopuio U HayKy, 3TUKY H
pENUruI0, HO TaK)K€ W HEHAaBHCTh, CIOPbl M HU3BPAIICHHOCTb. ATJIAHTHI HAayalMu IEPBYIO BOWHY, U
TOBOPST, YTO BCE MOCIEAYIOIINE BOWHBI BEIUCh B O€CIUIOAHBIX MOMBITKAX HAWTH MIPABOr0 U BUHOBATOTO.
[lepen Tem kak ATnaHTHAa NOrpy3uiIach B BOJIbI, €€ AYXOBHO IpocBelieHHbIe [locBsIeHHbIE, KOTOpbIE
MOHSJIH, YTO MX 3eMJIsl oOpeueHa u3-3a Toro, 4yto cBepHyia ¢ [lyru Csera, MOKMHYIN 3TOT 3710CYACTHBIN
KOHTHHEHT. YHecsl ¢ cOOOM CBSIILIEHHBIE U CEKPETHBIE JOKTPUHBI, ITH aTJIaHThl ocenu B Erunre u cranu
NEPBBIMU €ro “00XKeCTBEHHBIMU mpaBUTeIsIMH. [loyTn Bce BedMKHE KOCMOJOTMYECKHE MH(BI,
JIeKallMe B OCHOBE Pa3JIMYHbBIX CBSILIEHHBIX KHUT, BKIIIOYAIOT PUTYaJIbl MUCTEPUH ATIaHTOB . (64)

B 3anagnom nonymapuu, BiusHue ATaaHToB, OeccriopHo, npociexuBaetcs B Kanengape Maiisa u
MHOTHX JIPYTHX AYXOBHBIX TPAaJULMSIX a0OPUIE€HOB B Pa3lIMYHbIX MHJCHCKHX IeMeHax AMmepuku. B
BOCTOYHOM MOJyWapuu BiIMsSHUIO ATnaHtuiel/MiMnepun Pama mnoaBepriuce eruntsHe, IIyMeEpSI,
acCUpHUMLIbI, BAaBWJIOHSHE, XaJJeH, KeJIbThl, JPYHIbl, THOETIHI, TIpPEKU, HYACH, XPUCTHAHE,
Hocjaen0BaTeNl ucjaama, HHAyu3Ma, 30poacTpu3Ma, Taocusma U Oynausma. BosHukiam pasHooOpasHble
“cexpeTHbIe 00IIecTBA” WIN “HIKOJIBI MUCTEPHI”’, YAaCTUYHO MEPEUYUCICHHbIE B CIIUCKE, KOTOPBIN JIETKO
MO>KHO MPOJIOJIKUTE!

[[Ixonpl ATIAHTOB, IIKOJIBI HWHIYWUCTOB, BEAWYECKUE IIKOJIbI, MKOJAbl KMmnepun Pawma,
I'epmeTnueckue mikoibl, mwkoabl [lupamupa, 301Maka, €TUNETCKUE, KEIBTCKUE, IPYUICKHE IIKOJIBL,
uikosibl Mutpsl, Cepanuona, OnuHa, TOTHYECKHE, 3JIEBCUHCKUE, Op(UYECKUE, BAaKXMUYECKHE IIKOJbI,
mkonel Jluonuca, Kabupa, [udaropa, Eccees, [lnarona, Conomona, kab0amucToB, NyaeeB, THOCTUKOB,
XpUCTUAH, CKaHIMHaBOB, Kopons Aprypa, anxumuueckue mmikosbl, Peinapm Tammumepsi, Opnen
AccacunoB, Opaen Ilopsinka, Posenxpeiiniepsl, 03xonuanubr/Maconsl (Ppankmaconst), Ctpoutenu
Cestuuu (BOTA), Opaer Bocrounsix Xpamosrukos (OTO), obmectso JPKEMCOHA, O6mmectBo
Yepen u Koctu, Mucrepun ncinama, CBSIIEHHbIE ydyeHHs Maiis u oOmmpHoe Hacieane abOpUreHOB U
IaMaHOB AMEpUKH.
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BaxHO NOMHUTB, YTO B KaXJOW W3 BBILICIEPEYUCICHHBIX WIKOJ M B KaXKJIOM H3 OPJIECHOB
colepKaTcs TOMa MaTepHAIOB JJISI M3YYEHHS M YCBOCHUS, HA OCHOBE KOTOPBIX MOKHO HaIlHCcaTh
MHOKECTBO KHMT, - 3HAHHE, U 10 CEU JIEHb OCTAIOLIEECS TAMHOM 3a CEMBIO MEYATIMU, 110 KpalHEN MepeE,
gacTuyHO. OrpOMHOM YacThIO KapTUHBI ObLJIa CEKPETHOCTh, HA UTO YKa3bIBAa€T CIIEIYIOIIAsl BBIICPIKKA
u3 paboTsl Xoia:

“ToT, KTO XOuYeT NPOHUKHYTh B TIYOWHBI (UIOCO(CKON MBICIH, TOJKEH O3HAKOMHTBCS C
YUEHMSIMM T€X WHHUIMUPOBAHHBIX JKPEIOB, KOTOpPble OBLIM MEPBBIMM XPAHUTEISIMH OOXKECTBEHHOTO
OTKpOBEHUS. MucTepuu ObUIM XpaHUTEISIMH TPAHCLEHICHTAILHOTO 3HAHUS, HETIOCTHKUMOTO JIJISl BCEX,
KpoMe HauOoJiee BO3BBILICHHBIX HHTEJIEKTOB, CTOJb IIYOOKOTO M MOIIHOIO, YTO OTKpPBIBaTh €ro
MOKHO OBIIO TOJBKO TE€M, YbHM JIMYHBIE aMOHMIMU OBLITM MEPTBBI, M KTO TOCBATHJI CBOIO JKH3HB
OECKOPBICTHOMY CIIY)KEHHIO 4YeJIOBEYeCTBY. bIaropoJCTBO 3THX CBALICHHBIX HHCTUTYTOB U
00OCHOBAaHHOCTb UX YTBEpXkIEHHH 00 oOiaganuu YHHMBepcaqbHOW MyApocThiO MpHCyIlu Hauboiee
MPOCIIaBJICHHBIM (uitocopamM aHTHYHOCTH, KOTOpPHIE CcaMH OBUTM TOCBSIIICHBI B TJIYOMHBI TalHBIX
yYeHH U OBIIIM CBUJCTEIISIMH UX JEHCTBEHHOCTH.

BosHukaer BroiHE 3aKOHHBIA BOIPOC: €CJIHM 3TH JPEBHUE MHUCTUYCCKUE WHCTUTYTHI OBUIH
“BEJIMKOM CYTH M BaXXHOCTH ’, TO MOYEMY Ce€MYac Mbl TaK Majo 3Ha€M O HUX CaMHUX U TOW MYJPOCTH,
KOTOpPOW OHH, MO WX clioBaM, ob6mamamu? OTBET JOCTATOYHO MPOCT: MUCTEPHH OBLUTH CEKPETHBIMH
oOuiecTBamMH, OOS3BIBABIIMMHU CBOUX WICHOB K HEYKOCHUTEIIBHOMY MOJNYAaHHMIO U OOpEKaBUIMMHU Ha
CMEPTH 3a pasrIalliCHUE CBSIIEHHBIX CEKPETOB. XOTS JTH IIKOJbI OBLITM MCTUHHBIMH BJIOXHOBUTEIISIMH
pPa3IUYHBIX JOKTPUH, pPAclpOCTpaHsIeMbIX JpeBHUMHU ¢unocopamMi, HCTOUHUK HMX HHUKOTIA HE
OTKpbIBaJICS TipodaHam. Jlaysee, ¢ TEYCHHEM BPEMCHH JTH YYCHHS CTAJIA HEPA3pPBIBHO CBSI3aHBI C
MMEHAMU MX PacHpOCTPAHUTENEH, TaK YTO UX MOJJIMHHBIN, HO CKPBITHIA HCTOYHUK — MHCTEPUH — CTaj
MOJTHOCTBIO UTHOpHpOoBaThes”. (29-30)

B crenyromem naparpade Xomn oOBSICHAET, YTO OOJBbIIAs YacTh CEKPETHOTO APEBHETO 3HAHUS
COXpaHWJIach Onarojapst HCMOJB30BaHUIO CUMBOJIM3MA. CHMBOIM3M HPEAOCTABISAET IEHHYIO
MHPOPMAIINIO, COXPAHMBUIYIOCS B TPOCTOM BHJAC: B (U3UYECKHUX CTPYKTYpax, MH(POIOTHYECKUX
COOOLIEHUAX U CBSILIECHHBIX TEKCTaX, HO 3ale4aTaHHYl0 B 3aKOJUPOBAHHOM (opme, KOTOpPYIO
pacimudpoBanu Obl TOJIBKO T€, KTO YXKe 10 HEKOTOPOH cTeneHu o0jaiaeT 3HaHueM IpeBHUX Muctepuid:

“CumBosibl — sI3pIK MUcTepui. Ha camMom fnene 3To s3bIK HE TOJBKO MUCTHIIM3MAa, HO W BCEH
MPUPOJbI, MOTOMY YTO KaXKIbli 3aKOH W CWia, ACHUCTBYIOIIME BO BceneHHOH, NposBISAIOTCS U
CTAHOBSTCA JIOCTYIHBIMA OTPAaHUYCHHBIM YYBCTBEHHBIM BOCIIPUSTHSAM 4YEJIOBEKA IOCPEICTBOM
cumBonoB. Kaxmas ¢opma, cymectByromas B pa3HOOOpa3HBIX cdepax ObITHA, - 3TO CHMBOI
00’KECTBEHHOW aKTHBHOCTH, MPOJYKTOM KOTOpOH OHa siBisieTcsi. C MOMOIIBIO CHMBOJIOB JIFOJIA UCKAJIN
CrocoObl COOOIIUTH JIPYr APYTYy HEUTO TaKoe, YTO MPEBOCXOMUT TPENeNIbl U BO3MOKHOCTH SI3BIKA.
OTBEprHyB MOCTHKUMBIN YEJIOBEKOM JUAJIEKT KaK HEaJACKBAaTHbIH M HEJAOCTOWHBIA Iepenaydn
00KeCTBEHHBIN WAeH, MHUCTEpHM, TakuM oOOpa3oM, BBIOpaJIM CHMBOJIM3M Kak Topaszno Ooisee
M300peTaTeNbHBIA U HICAJIBHBIN METOJI COXpaHEHHUsSI CBOETO TPAHCIICHACHTAIILHOTO 3HaHMs. B ogHOM 1
TOW ke (Urype CUMBOI MOXKET OBITh M CKPBITHIM, M SIBHBIM, MOTOMY 4YTO HJisi MYAPOro MpeaMeT
CHUMBOJIa SICEH, B TO BpeMsl Kak it podana Gurypa ocraercs HemocTwkuMoi. OTcrona, Te, KTO KejiaeT
MOCTUYb TAHbIE JOKTPUHBI AHTUYHOCTH, JOJDKHBI UCKAaTh UX HE HAa CTPAHULAX KHHUI, KOTOPbIE MOTJIU
MONAaCTh B PYKH HEJOCTOMHBIX, @ B TEX MECTaX, II€ OHU OBUTN CKPBITHI.

Jlanexko Bmepes CMOTpPENTH MOCBSIIEHHbIE ApeBHOCTH. OHU MOHUMAIM, YTO HAPOABI MPUXOAIT U
YXOJAT, YTO WMIIEPUH BO3HHUKAIOT M MOTHOAIOT, YTO 30JI0TOW BEK HAyKH, MCKYCCTBAa M HJcaIM3Ma
CMEHUTCS] TEMHBIMU BeKaMU cyeBepuid. ViMes 3T0 B BUAY, MyJIpelbl CTapbIX BPEMEH IMOILIN Ha KpaiiHue
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MEPBI JIJIsl TOTO, YTOOBI OBITh YBEPEHHBIMU B COXPAHHOCTH CBOMX 3HaHUI. OHU BBIIMCAIN UX HA TOPHBIX
CKJIOHaX W 3aMacKUpPOBAIM KOJOCCAIBHBIMU pa3MepaMu HM300pakeHUH, Kaxkaoe U3 KOTOPHIX OBLIO
T€OMETPUYECKUM 4yAOM. XHUMHUYECKHE M MaTeMaTHYeCKHe 3HAHUS OHHM CKPbUIM B MH(]ax, KOTOpbIE
npodansl OyayT XpaHUTh BEYHO, WIN B apKaX M IEPexoAax CBOMX XPaMOB, KOTOPbIE MOXKAJIEIO BPEMSL.
OnM nucany TakuMU OyKBaMH, KOTOpbIE HU BaHJAAJIM3M JIO/IeH, HU 0€3KallOCTHOCTh CTUXUH HE MOTJIH
CTepeTh MONHOCTHIO. CEerojHs JIOAM ¢ U3YMJICHHEM U MOYTEHHEM CMOTPAT Ha KOJIOCCOB MeMHOHa B
neckax Erunta unm Ha crpaHHble Teppachkl nupamup B [lamanke. OTH MOHYMEHTHI SIBISIOTCS
MOJTYAJIMBBIMHU CBUETEISIMH YTEPSIHHBIX MCKYCCTB U HayK aHTUYHOCTH, U MYJIPOCTbh UX OYIET CKpbITa
710 T€X MOp, IOKa HBIHEIIHAS paca HE HayYuTCs YNTaTh Ha yHUBepcaabHOM si3bike CUMBOJINM3MA.

Knura, BBeZeHHE K KOTOPOW BBl celyac 4YMTAeTe, MOCBAIIECHA OOCYXJICHHUIO TAWHOTO 3HAHUS
JIPEBHUX, CKPBITOTO 3MOJeMaMM, ajIETOPHSAMH, pUTyaldamMH. DTO 3HAHHE COXPAHsUIOCh HEeOONbIIOHN
TPYIION TMOCBSIIEHHBIX YMOB, HaUWHAas ¢ MOMEHTa COTBOPEHHUsI MHUpa. YXOJf, 3TH MPOCBEUICHHBIC
¢dbumocodsl ocTaBIsAIN CBOM (POPMYIIBI APYTHM, YTOOBI T€ MOTJIM JOCTHYb MoHMMaHus. Ho naxe ecnu
OTU CEKPETHl MOMAJaIM B pyKH HeBexkl, Benukasa TaitHa ocraBanmach CKPBITOW B CHMBOJAX WIIH
amteropusx. M TOT, KTO CMOXKET CEroJHs HANTH YTEpsIHHbIE KJIIOYM K HEH, OTKPOET COKPOBHILHHUILY
¢bmnocohckux, HAyIHBIX ¥ PENUTHO3HBIX UCTHH . (30)

W3 BbILIEIPUBEAEHHOTO OTPHIBKA MOKHO BHUJETh: CBAIIEHHOE 3HaHWE ATIAHTHU[bI, Kacarolleecs
KOCMOJIOTMH “BHYTPEHHUX TallH )KM3HM, U MX B3IV Ha PEAbHOCTh, CHJIBHO OTJIMYAIOTCS OT 3HAHMUS,
MOJICPKUBAEMOro  “Maccoii” mpo¢aHOB, HE IMOCBSIIECHHBIX B JPEBHHE TPAAULIUU. XOJUT 0C000
NOJYEpPKUBACT KOHeI| maparpada: Te, KTO HalJeT yTepsHHbIe KIIOYM JPEBHEH MYApPOCTH, “OTKPOIOT
COKPOBHIITHHIY PHIOCOPCKUX, HAYYHBIX W PEIMTHO3HBIX UCTUH . KHHTra, KOTOPYIO BBI ceiiuac yurTaeTe,
- MCUEPIBIBAIONIAs PEKOHCTPYKLUS HAyYHOI'O 3HAHMS APEBHUX, YCOBEPLIEHCTBOBAHHOIO C IOMOIIbIO
nH(pOpMallMd O CaMbIX COBPEMEHHBIX NEPENOBBIX OTKpbITUAX ¢(u3uku. Takum oOpa3zom, oOHa
BO3BpallaeT “yrepsiHHbIE KII0UM~ B PYKH COBPEMEHHBIX MCKaTeneil. MiMes Kiltoun ApeBHUX, Mbl MOXKEM
OTKPBITh HEBEPOATHYIO COKPOBHILHUILY TYXOBHOW MYJIPOCTH, MOYTH YTPAUEHHYIO 3allaJHbIM HayYHBIM
coo011ecTBOM, MO KpaifHel Mepe, MyOJIn4HO.

YTO Y HAC ECTh B 3TOM KHUT'E?

B 27Ol KHHUTE MBI MEPEXOUM HEMOCPEJICTBEHHO K KOCMOJIOTHM — HOBOMY CITOCOOY IMOHUMAaHHMS
Bcenennoli gusndeckoil 1 HEPU3NIECKON MaTepuu, U Kak OHa (YHKIIMOHHUPYeT. MBI y3HaeM, 4To 3a
MOCJIETHUE CTO JIET TPAAULIMOHHAS HayKa COBEPIIIIIA P “HEBEPHBIX TOBOPOTOB”, KOTOPBIE IPUBEIIH K
CO3JJaHUI0 MOJIEJIM CO MHOTHUMHU U3bSHAMH W, B JIy4IllEM Clydae, HE COBEpIICHHOW. Kak TOIbKO MbI
MOYMHUM IOJIYYeHHOE MOBPEXACHHE, Mbl OOpEeTeM SICHYIO M MOHMMaeMyl HOBYIO KapTuHY Kocmoca,
OOBSICHSIIOIYI0O BO3MOYKHOCTh CO3JIaHUSI TEXHOJIOTMH AHTUTPABUTAIMUA W TOJYYCHHS Oe3rpaHHYHON
“cBoOOmHON” 2Hepruu. IlpencraBiieHre KOHIEMIMK MPOCTHIM M TOHHMAaeMbIM OOpPa3oM TOMOXET
yOeIUTHCS B TOM, YTO TaKH€ MPOPHIBHBIE TEXHOJIOTUU OO0JIbIIE HE OyIYyT MOIABIATHCS CYIIECTBYIONUMHU
CUWJIOBBIMH CTPYKTYpaMH, TOCKOJBKY HX JIETKO OOBSICHUTH ApyruM. Hac yuunu BepuTh, 4TO H3-3a
“3aKOHOB” (PM3UKH TaKHe TEXHOJOTUH TIIYIbl M HE BO3MOKHBI, HO KaK TOJIBKO MBI OTKXX€MCS OT 3TOTO
MOJIOKEHUSI, Mbl OCO3HA€M, 4YTO, HAyaB CO3[aBaTb TAKUE TEXHOJOTUU, MOXHO HEBEPOSITHO
npeoOpa3oBaTh HAIY [IUBUIN3ALINIO.

Kpome Toro, B 370l KHATe Mbl OTKPOEM MHOTO 3aM€4YaTeIbHBbIX HOBBIX YHEPreTHUYECKUX CBOKCTB
ConneuHoli cucteMsl, ['anakTuku u BeeneHHOH, KOTOpBIE NPeXk/ie MO NPEABUACTD JIMIIb HEMHOTHE.
MpbI y3HaeM, 4TO MyCTOE MPOCTPAHCTBO BOBCE HE “MyCTOE”, a 3aMOJIHEHO SHEPIreTUUYECKUM UCTOYHUKOM,
SBJIAIOIIMMCSA UCTUHHBIM MCTOYHMKOM YXU3HU M CO3HAHMSI, KAKUMHM Mbl MX 3HaeM. Mbl yBHJIUM, 4YTO
KauyeCcTBO HAIIMX 3MOLMI M MBbICIEH BOBCE HE H30JMPOBAHO, a MOCTOSIHHO IOABEPraeTcs BIUSHUIO
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BHEIIHUX KOCMHUYECKHUX CHJI, YIPABIAIOIINX HAIIMMH HACTPOCHUSMU KaK PYCCKHE T'OPKH, BBI3bIBas TO
BJIOXHOBEHHE, TO OTHYassHHE. TakuM 00pa3oM, Bce MblI cBsi3aHbl ¢ KocMocoM caMbiM (pyHIaMeHTaIbHBIM
o0pa3oM. DTO (YHKIIMOHAJIFHOE 3HAHUE BBIXOJAUT 32 PAMKU MOMYJISAPHBIX KOHIEMIUN acTpOJIOrHU U
BKJIFOYA€T MHOTHME JpYyrue HEOXKHIAHHBIE DJIEMEHTBHI, TaKWE€ KaK TOYHOE IIOBTOPEHHE IUKIIOB
UCTOPUYECKUX COOBITHUI Ha NMPOTSHKEHUHU JOJTHX NEPUOJIOB BPEMEHHM M MPOABHHYTOE Ipe/ICKa3aHue
JBUKEHUS (PUHAHCOBBIX PHIHKOB.

Korga Mbl Ooco3Haem, 4TO HalmM MBICIM M YyBCTBA HE IMPOCTO HAUIM, a SBISIIOTCS YacThIO
CUHXPOHHM3UPOBAHHON MayTUHBI )KU3HHU, MBI OOJIbIIIE HUKOT/Ia HE Oy/IeM CUUTaTh ce0sl OTJeIEHHBIMHU OT
npyrux. YemnoBeuecTBO B 1eIoM OyIeT paccMaTpuBaThcsl Kak (opma OpraHu3Ma, OKpPYKaroIIero
MIOBEPXHOCTh 3€MJIM M B3aMMOJEHMCTBYIOLIETO C IUIAHETaMH, acTepouaamu, komeramu, ColHUEM H
camoii ["ammakTukoi cambiM HamOoJIee BBHITOIHBIM IS ce0si 00pa3oM. BO3HUKHYT cTpaHHBIE BOTPOCHI:
I7le HauWHAeTCs CBOOO/HAs BOJIA M IJI€ OHA KOHYAETCs, MOCKOJIBKY MOTYT CYIIECTBOBaTh CHUJIBI BOJIH,
IMpe, 4YeM Halla, KOTOpbIE JBUTAIOT HAC IO 3apaHee HAaMEYEeHHOMY KypCy, Ha KOTOPBIA MBbI
COIJIaCWJIMCH B OoJiee BBICOKOM CMBICIIE, KypCy, ceddac JOCTUTIIEMY MOBOPOTHOTO MyHKTa. B HOBO#
Mozenu OyAyT OCBEIAThCS BCE TJIaBHbIC TalHBI, CBSI3aHHBIE C MPOPOUYECTBAMH, KACAIOLUTUMUCS COOBITHS
“Bo3neceHus’.

MHorue ynTaBIINE HAILIM KHUTH paHbLIE MEPECTAIN YAUBIATHCS TOMY, KaK MaJlo OHH 3HAJH, WIN
KaKk MHOTO MM €Ile MPEeJCTOUT y3HAThb O TOM, O YeM OHHM HHKOTAa Jaxe He 3aaymbiBaiauch. Camoe
BaXKHOE — 3TO co3/anue paboraromeit “mHoromepHoi” mojaenu Beenennoii. Celiuac yuyeHble HAUMHAIOT
COTJIalIaThCs C TeM, YTO BO BCeleHHON NOKHBI CYIECTBOBATh U APYTUX IUIAHBI CYIIECTBOBAHUS WU
“u3MepeHus”’, ¥ B HOBOM KOCMOJIOTMM 3TO CTaHET OYEHb MPOCTOM KOHIENuend. Mbl HaydHO
MPOJIEMOHCTPUPYEM €AMHYIO TYXOBHYIO M HaydyHYIO KOHIEMIMIO, YTO Bcsi BcenmeHHas ocHOBaHa Ha
“mmane TBopma”, BKITIOYarOmeM B ceOsl MPOCThIE NMPHHLIMIBI BHOpAllMU, TaKWe Kak CBET, 3BYK H
reometpus. Taxke, Mbl yOeauMcs, 4YTO MOJOOHO TNPUHIUNY (QpakTaga WIH TOJIOTPAMMBI, B
O6eckoHeuHOCTH MHOTOTr0 Beerna npedpiBaeT nmoanuck Beero.

ABTOP U PABOTA

CymecTBoBaHME MPOABUHYTHIX KOHIETIIWN OYEBHIHO; U KaK 3HAJIHM JPEBHHUE, YTOOBI MOJHOCTHIO
pa3BuBaTh M IOHMMAaTh KOHLEMNIMM IMepe]l TeM, KaK TOYHO IMpPEeJCTaBIATh MX IPYTUM, HaydyHOE
WCCIIEZIOBAaHUE JIOJDKHO COTPOBOXKIATHCS MHCTUYECKMM co3HaHHeM. C TISITH JIeT WK JaXKe paHbIle
aBTOp 00JjazaeT GOJBLIMM ONBITOM MHUCTHUECKHUX COCTOSIHUN CO3HAHMs, TaKMX KaK CHBI, TIyOOKHe
MEJUTATUBHbIE TPAHCHI U BBIXOJA M3 Teia WM “‘acTpaibHble” myremectBus. Haumnas ¢ 1992 rona,
Ka)/10€ yTPO OH 3alMChIBAJl MOYTH KaXJbli COH M aKTHUBHO IBITAJCS CIIEA0BaTh €ro YKa3aHHUIO,
BBIPOKCHHOMY JPEBHHUM SI3bIKOM cuMBoiM3Ma M MeTadopel. C 1994 roma oH (dokycupoBayics Ha
NOJIePKAHUU CTPOTOM YUCTON BereTapMaHCKOM IHEThl M CHCTEeMe (PU3MYECKUX YHpPaKHEHUH s
ouuIieHus u pacmupenus coszHanHus. C 1996 rona aBTop mpeObIBaeT B TENENAaTUUYECKOM KOHTAKTE C
¢dopmamu BbIciIero pazyma. Ceifyac oOliee KOJMUYECTBO 3alMCAHHBIX CHOB M “TICUXMYECKUX YTCHUIN™
npessiaet 5.000 ctpaHu.

Bonpmras yacte kHUTH HE MorJjia Obl OBITH HamucaHa 0e3 TOro, YTOOBI “TIOWTH TyJa W CHENATh
caMmoMy’’, TIOCKOJIbKY METOJIOM MPOO M OMHUOOK MOKHO COBEPIIUTH MHOXKECTBO OLIMOOK, BEAYIIUX K
rojiaM JIO)KHOTO TMOHUMAaHUs, TOJBKO JIJIsl TOTO, YTOOBI MO3/IHEE TOOBITh HEOKHUJaHHbIE HOBbIE KYCOUKH
naHHbIX. (BOJBIIMHCTBO 3amagHBIX YYCHBIX YK€ BHIAT, YTO MPOUCXOTUT C PSAOM JICIECEMBIX HMH
MojieNiel, HO HEe JKeNaloT NpU3HABaThb HOBbIE HCTHHBI U H30eratoT oOCYKIACHHS MHOTOYHMCIECHHBIX
npobiem. JlroGass HaydHas MoJeib, KOTOpash OTMETAeTCs TOJBKO M3-3a HEMOHWMAaHUs (HarpuMmep,
(heHOMEH MCUXUYECKON CITOCOOHOCTH) MOPOYHA.)
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UYroObl penmTh KOHKPETHYIO TPYAHYIO MpodiemMy, a uX ObUIM OyKBajdbHO COTHH, B HAaIIEM
UCCIICZIOBAaHUH MBI HAUMHAEM C MMEIOLIUXCS MO PYKOM Hay4yHbIX HAOJIOJEHUH, a 3aTeM MOCPEICTBOM
CHOB WJIM TPAHCOBBIX COCTOSIHMH IyTELIECTBYEM B 0ojiee BbICOKHE c(epsl, YUTOOBI MIOCMOTPETh, KaK Ha
camoM Jienie paboTaroT 3TH HaOmoaeHud. B kauecTBe 0JTHOTO M3 MPUMEPOB MOKHO MPUBECTU U3YUEHHE
rpaBuTanmu. Bmecto TOro, 4toObl AymMaTh O HEW Kak 00 HMCTOYHHKE, ‘‘3acachlBaromieM’ BHH3 U
UCXOJAIIMM U3 LIEHTpa 3eMIIH, €€ MOXKHO CMOJIEIMPOBATh KAK HCTOUHUK BHEUTHEW SHEPIUHU, BTEKAIOLIEH
B 3eMJIIO BO Bcex HampasieHusX. [loatomy, B crienyromiei ¢a3e Bbl BBIXOAWTE U3 Tela U HaOIronaeTe,
KaK Ha CaMoM JieJie Be/IeT ce0si TpaBUTAlMOHHBIN MTOTOK.

Kaxk Toybko M3 MecTa 3HaHUS MOJYYEHO PEIICHUE, YACTO MOSBIISIIOTCS HOBBIE JBEPH, BEAYIIUE K
BOCXUTHUTEJIBHBIM HEOKUJIAHHBIM MpOophiBaM. [IpocToe m3ydeHue rpaBUTAIlMU MPEBpAIaeTCs B YPOK -
Ha caMoM Jiene 3emisl “BIbIXaeT B ceOs DHEPrui0 KU3HU W3 OKpyxkeHHs. OHa BIbIXaeT “HOBYIO”
SHEPTHIO, PEOOPA30OBLIBAET €€ B MATEPHIO, COCTOSIIYI0O M3 aTOMOB M MOJIEKYJ, a 3aT€M BBIJIbIXACT,
BBICBOOOJKIasi Ha3aJ B OKpY’Kalolllee MPOCTPaHCTBO. Takike, 3TO OTKPBHIBAET JABEPU U IJIsi PELICHUS
TOJIOBOJIOMOK KBAaHTOBOH (DM3UKHM — IMOHHMAHHE TOTO, YTO KaXKIAbI aTOM M MOJEKYJIa OJWHAKOBO
BBITATHBAIOTCS U3 OJTHOI'O M TOTO K€ DHEPreTUYECKOr0 MCTOYHHMKA. Y Takux jroaei kak Jxon Kwunu,
OnBapa JluackanuuH, a-p Youarep Paccenn u n-p Huxoma Tecnma Takoe 3HaHHE BO3HUKAET
HETMOCPEJACTBEHHO U3 TYXOBHOI'O MCTOUYHHMKA. M KaXblii X HUX COBEPIIWII BIIECUATISIONINE OTKPBITHS,
KOTOPBIE OOJILITUHCTBY JIFOACH Ka3alrch HEBEPOSITHBIMU.

OnHO U3 caMbIX SPKUX HAOMIOJEHHH aBTOpa MPOU3O0ILIO TOTJA, KOT/la B COCTOSHUM BBIXOJa U3
TeJa OH MBITAJICS YJIETETh ¢ 3eMJIM M BBINTH BO “BHemIHMH kKocMmoc”. Co BpeMEHEM OH OCO3HaJl, YTO
3emist o0safaeT CTPYKTypoM OKpyxkawmomux ee chepudeckux “ruiaHoB” Kak JykoBuma. (Y
MOCBAIICHHBIX B MUCTEpHH 3TO CUMTAETCS OOBIACHHBIM 3HAHUEM M OBLIO YOSIUTEIHHO MOATBEPKICHO
HCClleIOBaHUEM, MpOoBeAeHHbIM PobepToM MoHpO B cocTosiHMM BbIXOAa M3 Tena.) Ilocne Toro, kak B
COCTOSIHMH BbIXOJa U3 Tena J[PBuj ynamuics oT 3eMiId Ha KaKOe-TO PacCTOSHHUE, OH YAApuiIcs O “cioi”
SHEpPruy, U MOJ HUM MOSIBUIACh HOBAas MOBEPXHOCTb. B HECKONBKMX MEPBBIX CIyyasxX, eMy Ka3allocCh,
YTO HOBBIE CJIOM HacesleHbl HEKOoe (opMol OOBIKHOBEHHOM 4€IOBEUECKOM LIMBHIIM3ALMU, BO3MOXKHO,
3TO ObUTH CEpbI Mocie 3eMHOU KU3HU. YeM BbIIIe OH MOJHUMAJICS, TEM MEHbILE 3TH MECTa BBITJISIENN
KaK MpUBbIYHAs LMBUIM3auus 3emyid. Bckope OH moman B OY€Hb )KMBOIMCHOE U CBAILEHHOE MECTO
JEBCTBEHHOI'0 JieCa M JIyrOB, 3aKaHYMBAIOIIEECS TI'MTAHTCKUMHU, T'€OMETPUUYECKH PACIIONIOKECHHBIMU
KaMHSIMM, 3apsSOKEHHBIMH YYBCTBOM JIFOOBHM U Pa3yMHOCTH, HAMHOI'O MPEBBIIIAIOIIMMU HbIHEIIHEE
COCTOSIHME 4YeJIOBeUeCTBa. B 3TOM TAaMHCTBEHHOM MeCTe JIOAM OyKBaJbHO CHSUIM M3ITydarolleincs
SHEpruei, HOCWIN JIEHThl Ha TroJIOBE, MAaHTHUH W CaHJAJUU Ha HOrax, MpPH BCTpEeue BCE CUYACTIIMBO
yABIOAIMCH U IPUBETCTBOBANIM APYT JIpYra, BKIOYas BHOBb MIPUOBIBIIETO MMyTEHIECTBEHHHUKA (aBTOPA).

[MonusaBmincy Ha eme Ooyiee BBICOKUN YpOBEHb, [[PBWA BHE3AMHO OKAa3alcs BHYTPHU TOTO, YTO
HaIlOMHHAJI0O BHE3€MHOW KOCMHUYECKHU KOpabib. B 3TON ruranTckoii KOMHATe OBLIO THUXO KaK B
OubnmoTeke, MOTOJKU BBICOTOW 3 MeTpa, MOJbl U CTEHBI CBETHJIUCH YEPHBIM MPaMOpPOM, 3BEHEIH
CHHEBOW M, Ka3aJIOCh, MCITYCKaJu CBET. B IeHTpe KOMHATBhl HaJ KyOMUYeCcKoW IuiaTdopMoi IiaBajia
cdepa (CKkopee CUMBOJ, YeM YTO-THO0 eIle), 0OTUIIOBKA MPSIMOYTOJIbHBIX CTEH ObLIa BBHITIOJHEHA B BUC
TUTaHTCKUX OTKPBIThIX KaOuH. Kaknas xabunHa ObUla IIMPUHON OKOJIO 2 METPOB; B Kpecie mepen
IUIOCKMM C TUTAaHTCKUM pa3pelieHueM 3KpaHOM, BBICOTOH 1,5 meTpa, cuuen rymaHoua B yHudopme.
DKpaHbl TOKa3bIBAIM U300paXKeHUsI IIaHETapHBIX CUCTEM, MAPIIPYTOB IMYyTEIIECTBUNA, HABUTALIMOHHBIX
CUCTEM, DHEPTeTUYECKUX CXEM, Pa3HbIX JKU3HEHHBIX ()OPM BCEX YPOBHEH aHATOMHHU M TakK Jajee, U BCe
3TO B CUSIIOLLMX I[BETAX U TPEXMEPHBIX JACTAIAX.
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B HeckonbKUX APYrUX ciaydasx aBTOpa YCa)KMBAJIM B OJHY U3 KaOMH M YYWIIH, KaK MOJIb30BaTHCS
HOBOU (hOpMON KOHTPOJIHMPYIOIIETO YCTPOMCTBA AJII MAaHUITYJUPOBAHUS H300pAKEHUSIMU Ha HKpaHe.
Kontpomnupyroiiee ycTpoicTBO MpeACTaBIsI0 co00il METPOBOI IIMPUHBI KPYITIO€ OTBEPCTHE, CUSIOIIEEe
SPKHM POBHBIE CBETOM, H3JIydaromumcs Ha BeIcOTy 10 cm. Bce MaHMITysinMy Ha 3KpaHe BBINOIHSUIACH
C IOMOILUBIO YACPKUBAHUS HAJ CBETOM CJIOKEHHBIX BMECTE YETBIpEX NajblEB, JIAJOHBIO BHU3, U
HAKJIOHAMM U JBUKEHHEM PYKH MHOTMMHM pa3HbIMU criocobaMu. ENMHCTBEHHOE MON0KEHHE, ¢ KOTOPBIM
MallliHa HE MOTJIa CTIPABUTHCS, - KOTJa HalbIbl pa3beIuHUINCh. YTOOB HAyYUTh CTY/ACHTOB HE JIe1aTh
OKMOOK, KOTOPBIE MOIJIU JIOpPOro 00OMTHCH, HapUMeEpP, B HABUIAIMM, MCIIOJIb30BAINCh KOHKPETHbIE
YIPa)KHEHHUs], HAIIOMHUHAIOIIUE BUICOUTPHL.

B 370l KHUTE 4acTO MCHOIB3YETCS MECTOMMEHHUE “MbI”, TOCKOJIBKY B CBOEH paboTe M 0OLIeHUH
aBTOp MpeObIBaE€T B KOHTAKTE HE TOJBKO C SIPKMMHU T€HUSMH MHOTHX UCKIIFOUUTEIIBHBIX YeJIOBEYCCKHX
CYIIECTB, HO M1 B MUCTHYECKUX COCTOSTHHSIX BCTPEUAETCS C CYIIECTBAMH BBICIIEr0 pa3yma. EctecTBeHHO,
YTO HAa paHHMUX JTamax aBTOp MNPHUHHMAT 3TO 3a BOOOpaKEHHWE, HO TMOCPEICTBOM TEJIEKHHE3a
(HE0O0JBIIIOT0, HO 3aMETHOTO TEpeBMKCHUS 00BEKTOB (PM3WYECKH) CTAHOBHIIOCH Bce Oojee u Oonee
SICHO, YTO TaKWe KOHTAKThl peajbHbl. UTOOBI MPUCIIOCOOUTHCS K STOMY OTKPBITHIO, TOTPEOOBAIHChH
MHOTHE MECSIIbI, HO 3TO OBUIO 3aMeyYaTeIbHOE BpEMSI.

XOTsl MpU HAMHCAHUU ATOM KHUTH aBTOP HE OCYLIECTBISECT UYECHHEIUHT, OH HATPEHHPOBAJICS
MIOCTOSIHHO CO3HATENHHO MPeOBhIBaTh B KOHTAKTE C 3TUMU CYIIHOCTSAMH U MOJy4aTh MOCIAaHUS, KOTOpPbIE
94acTO TMOSBISIOTCS B 3araJodyHoil (Gopme, OoueHb OTIMYAIOMICHCS OT OOBIYHON YEIIOBEYECKOW peuw,
0COOCHHO B TIYOOKHMX TPAHCOBBIX COCTOSHHUSAX. B Takux KOHTaKkTax OJHA Xopouas “IpoBepka Ha
HMCTUHHOCTE — TepeaeTcs JIu MHPOopMaIusi, KOTOPYIO UHIUBHAYYM HE 3HAET UM HE MOT CO3HATEJIbHO
3HaTh panble. C 1996 roga Mbl 3amucai MHOXECTBO OYEHB SICHBIX M HEJIBYCMBICIIEHHBIX MPOPOYECTB
Oyaymmx COOBITUH, W OSTOT HUCTOYHHK OECICHEH, BeIs aBTopa MW €ro uurareineid k Oosee
cOaaHCUPOBAHHOMY, LIEJIOCTHOMY U TYXOBHOMY 00pa3y >KU3HH.

Bonpmiasg yacTe HaydHOro cooOIIecTBa HEAOOLEHUBAET MUCTUUYECKOE CO3HAHUE M MCUXMUYECKYIO
CIOCOOHOCTH TIO OJHOM MPOCTON MPUYMHE — OHM HE UCTIBITHIBAIM 3TOTO caMu. Ecim mMbl oOpatumcs k
HCXO/IHOM MYyJIpOCTH MOCBSALICHHBIX B KyJbTypax ATianTuibsl/MiMnepun Pama Ha npumepe OTIENbHBIX
rpynn, TO OOHApy)KMM IIOCTOSIHHOE MOJYEpKHBaHHE Ba)XXHOCTH MeauTanuu. Kak Mbl yoeaumcs,
CO3HATEJIbHBIA YM He SIBJISIETCSA U HE MOXKET ObITh (yHKIMeH Mo3ra. Hekoropsie runpouedanuku, uMmes
BMECTO OoJiblIe YacTh Mo3ra BOJly, CIOCOOHBI TyMaTh, paccyKAaTb M 3allOMHMHATh KaK OOBbIUHBIE
moau. W Bce ke, yMaMu MHOTMX JIFOJEH YIPaBJISIIOT NIPEBPATHOCTH JHSA, BUHA 3a MPOLUIOE M CTpax
nepen OynymuM. Takue HaBA3UMBBIE, ABIKYIIHUECS O KPYTY MBICIA BOPYIOT y Ye€JIOBEKa CIIOCOOHOCTh
(oKycHpOBaThCs HA HACTOSILEM, Ha TOM, YTO OHM YYBCTBYIOT ceddac, M 4TO NMPOUCXOAUT B UX yMax,
KOI'Jla MpeKpalaeTcss 0ECKOHEUHbI BHYTpeHHUI nuanor. OcTaHOBKAa BHYTPEHHETO Juajora — BaXkHas
1eJIb BOCTOYHON (priIocopu.

MHorue 101 AOCTUIIIM HEKOTOPOTO YPOBHS MCHUXUYECKOIO yCIieXa MPOCThIM OYMILEHHEM yMma
MMOCPEJICTBOM MEIHTAIMH, (POKYCUPYSICh Ha KOHKPETHOM BOIIPOCE M 3alMChIBAsI MPUXOJSIINE MBICTH -
BBICKA3aHHBIC, BH3yaJbHbIC WM KaKue-TO eme. ANENThI-MUCTHKH, TaKUEe Kak THUOETHHI (emle OJHa
rpymmna HaciaeaHUKoB ATtiaHTuasl/imnepun Pama), 1oBenn HCKYCCTBO MEAMTAIIMH 10 TAaKOW CTEIICHH,
YTO MOTYT “IepeaBaTh MOCPEICTBOM YEHHEIMHIa LEJble CBSIICHHBIE TEKCThI, KOTOPhIX HUKOTJA HE
BUJEIM paHbllle. 3aTeM OHHM HpPOBEpSIOT, uUAeHTHYHO Ju Ha 100% opuruHany ux cooOlueHue,
OTMPABIISSICH B MECTa, IJIE XPAHWINCH JIPEBHUE TEKCThl U CpaBHUBas NOKyMeHTHL. [lo cpaBHeHHIO C
TaKUMHU TIOJBUTAaMU OJIETHEIOT JaK€ camble BEJIUMKHUE TICUXMYECKHUE JTOCTH)KCHHS COBPEMEHHBIX
MOCBSIILIEHHBIX 3amaia.
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3nanne Mucrtepuii O€clieHHO B OOIIEHWH C Jpyrumu. J[peBHUE WCMOIB30BAU 3HAHUS
MUCTUYECKUX TPUHIIMIIOB BUOpaIlMy, TapMOHWUU M PABHOBECHS KaK HWHCTPYMEHTHI [JIi TOTO, Kak
HAYYUTBCS KHUTh Iy4dlled >KM3HBIO M KaK CO3/1aBaTh ‘“‘UicalibHOe” OOIIEeCTBO, B KOTOPOM IApST
CIPaBeJIMBOCTb, MUP U paBeHCTBO. [lockonbky Bcenennass — BoucTuHy 00pasell COBEPILEHCTBA, €€
KpacoTa MOIJIa BAOXHOBUTh Ha PACMOJOKEHHE M CTPOUTENBCTBO 3/1aHUI, TOPOJOB, MPABUTEILCTB U
COIMABHBIX MHCTHTYTOB, YTO YacTO OMHUCHIBaJOCh B padorax I[lmarona. Korma oOmiecTBO BHOBB
MO3HAKOMUTCSI ¢ BEYHBIMU MpUHIMNIAMHU BceneHHoi B 1eoM, 0HO oOpeTeT OOorarcTBO M BUOpAIMIO,
KOTOpPBIE HUKOT/Ia paHbIIE HE BOCIPUHUMAJIO, TO €CTh TO, YTO APEBHUE Ha3bIBAIH “30710ThIM Bexom”. 1
Korja Ooyb paznencHusi yOupaeTrcs W3 3HaHHUS KOJJICKTUBHOTO EJMHCTBA, camMa MBICIB O TOM, YTOOBI
COBEPUINTH MPECTYIUICHUE WIH PAHUTh JPYroro, UCUE3aeT.

Eme oaHo mnonokeHue Uil KPUTHUKOB, YTBEPXKAAIOIIMX, YTO OSTa HUHPOpMALUs HE HUMEET
“IyXOBHOHI LIEHHOCTH , TakoBO. Eciy Bama Lenb — ABUTaThbCs B HANPABICHUM HMCTUHHOTO 3HAHUS
CBOEro BHYTpeHHero “S”, corBopuBiero BceileHHyro, Torjga He 3aMEHUMO 3HAHHE TOTO, 4TO “BbI”
M3HAYAIbHO COTBOPHIIM, KaK OHO ()YHKIIMOHUPYET W Kak cebOst Beaer. Ecnm Hama coBpeMeHHas Hayka
COBepUINa OMUOKU, TaKUe KaK uiaes, 4To 3emiid 00JafaeT sapoM U3 pacIUIaBIEHHOTO jkeje3a, Tornaa
MBI YITYCKAaC€M LHCHHBIC KYCOYKH I'OJIOBOJIOMKH, €CJIM IIPOCTO KUBACM I'0JIOBAMU U BCPUM, YTO KMBCM Ha
ropsiyeil ckame. A ecnu Mbl y3HaeM, UYTO LEHTp 3eMJId — UCTOYHHK CHSIOIIEH TUIA3MEHHON SHEepruu,
Kakyto Mbl BUIuM Ha CoJHIIE, KOTOPBII HEMPEPHIBHO MOIJIOUIAET YHEPTHUIO, COTBOPSS HOBYIO MAaTEpPHUIO
Y TIOCTETNEHHO paciupsis 3eMITio B (U3MUECKUX pa3Mepax, TOrJa 3TO 3HaHHE MOXKET CTaTh YACThIO HAC U
OCTaBaThCA C HaAMH, KOraa Mbl XO0AUM, CUAUM WK MCIUTUPYCM.

Korma Mbl BIiepBBIC MMO3HAEM 3TH BEUYHBIC MPUHIIMIBEI B (PU3UYCCKUX JKU3HSIX, HAIE CO3HAHHE
aBTOMATUYECKU pacIHIMpsieTcss 10 Oosee BBICOKMX YpPOBHEH BIOXHOBEHHs W MOHUMaHUS. BosHukaer
JaXKe JKCTa3, B KOTOPOM, MBITAsICh YTOJIUTH JYXOBHBIA TOJOJ, MHOTHE IO KomatoTcs B MHTepHeTe
WIHM ITYPMYIOT KHHKHBIE Mara3uHbel. Bee 3To — 9acTh mporecca npocBeTieHus, coopa nHpopmanuu B
MOJTOTOBKE K MHTCHCUBHOMY JIMYHOMY TOCBSIIICHHIO, KOTOPOE HUKOTIa HE MPUXOANUT U3 KaKOro-Irubdo
BHEIIHETO MCTOYHUKA. ABTOPY 3TON KHUTH MPUIIOCH OTKPHIBATh AJIEMEHTHI TIOCBSILIEHUS TIOCTETICHHO,
B TEYEHNE MHOTHX JIET, U BHOBb M BHOBb YIIOPHO paOOTaTh HaJ STUMH KOHIICTIIIUSIMHU, B IOUCKAX CAMOT0
Ty4uiero crnoco0a MpeacTaBUTh WX O0IIeCTBEHHOCTH. MHOTHE HAaXOAKU CHaudaja pasBlieKalld, a 3aTeM
CTAaHOBWJINCh HEOTHEMJIEMON 4YacThlO TIOBCEAHEBHOW JKW3HM; JIMH3AMH, ITOCPEICTBOM KOTOPBIX
BOCIIPUHUMAJIUCh BCE JIPYTU€ OIbIThl XU3HM, AaXe MUpCKHe. Tenepb MycThb MOpPaAyeTcs YHUTATEllb,
0OHapyXMB BCE KYyCOYKH, COOpaHHBIE BMECTE B OJIHO TPAaHIMO3HOE MOJIOTHO. UTOOBI yBHIIETh TOUHYIO
“O0JBIIYIO KAPTUHY , MY HE MPUAETCA TPATUTH TObI HA CAMOCTOSTEIFHOE UCCIICIOBAHHE.

I'naBa 1: IlpopsiBbl a-pa H. A. Ko3bipeBa

Pemraroriee HayuHOE CBUIETEIBCTBO TOTO, UTO BCs (u3nueckas marepus Gpopmupyetcs “adpupom”
HEBHUMOW CO3HATEJILHOW IHEPIHH CYIISCTBOBAIIO, 10 KpaitHer mepe, ¢ 1950-x romoB. 3HaMEHUTHIN
pycckuii actpodusuk A-p Hukomait AnexcanapoBuu KoseipeB (1908-1983) mokasanm, 4to Takoi
SHEPreTUUEeCKU UCTOYHHUK JIOJDKEH CYIEeCTBOBaTh. B pe3ynbTare OH mpeBpaTHiICA B OAHY U3 CaMbIX
MIPOTUBOPEUYMBBIX (UTYp B UCTOPUH PYCCKOro HaydHoro coobuiectBa. B OviBmiem Coetckom Coroze
HEOObIUHbIE MPUMEHEHUS! €ro TPYAOB U TPYIOB BCEX €ro mnocjeaoBaTesieid ObUIM MOYTH MOJHOCTHIO
3aCeKpeUeHbl, HO C MaJECHUEM >KEJIE3HOr0 3aHaBeca M pa3BuTHEeM MHTepHETa Mbl, HAKOHEL], OJYy4YUIn
JIOCTYIl K “CamMmOMy CTpPOXaWIlIeMy PYCCKOMY CEKpeTy . 3epHO HaxoJok KosblpeBa mpopocio B ABYX
MOKOJICHUSIX 3aMEeYaTeNIbHbIX MCCICAOBAHUM THICSY JOKTOPOB HAayK, MOJHOCTHIO M3MEHHUBILIUX HAIle
noHuManue BceeneHHoR. C OrpOMHBIM yBa)KEHHUEM Mbl YIIOMHHAEM O HEM B 3TOM KHUI€ U HaJeeMcs
MMOCTOSIHHO MOYEPKUBATH €0 UCTOPUUECKYIO BaXKHOCTh M BIMSIHUE HA HAIIMX KOJUIET U YUTATENICH.
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Puc. 1.1 - J[-p Huxonati Anexcanoposuu.Kozvipes
1.1 DoUP

CnoBo ‘“adup” mo-rpedeckn o3HadaeT ‘‘cusHue”. DyHAaAMEHTalIbHAs PEATbHOCTh JTOTO
HEBUUMOTO XKHJIKOOOPa3HOTO MCTOYHUKA YHUBEPCATBLHOM YHEPTHH J0JIT0e BpeMs Oblia MPeporaTuBOi
CEKPETHBIX IIKOJ MHUCTepuil BO BceM Mmupe. Tpynsl rpedeckux ¢unocodoB IIndaropa m Ilnarona
OINMUCHIBAIM 3(pUp BO BCEX JETAJAX, TO XKe Aenanu u Beauueckue TekcTsl ApeBHeH MHauM, Ha3bIBas ero
pa3HBIMH UMEHaMH — “‘nipaHa’ 1 “Akamra”. Ha BOCTOKe OH 4acTO M3BECTEH KakK “du’” WM ‘KU, IpUYEM
0CcOOBIf ymop [nenancs Ha €ro B3aUMOJCHCTBHE C YEJIOBEYECKHMM TeJIOM (HampuMmep, Hayka
aKymyHKTypa). MacTepa M ajienthl, YHAcJleIOBaBIIME CEKPETHbIE TPATULMUH, MOCTEHNEHHO YYMIIUCH
MaHMUIYJIMPOBAaTh 3TOM SHEPruedl W JOCTUTAIM 4YYyJIECHBIX pPE3YJbTAaTOB, TAKUX KaK JIEBUTALIUS,
TeJenopTanus, NposiBJICHHE, MTHOBEHHOE HCLEIeHHE, TeJIenaTus U ToMy ojio0Hoe. Takue pe3ynbTaThl
HEOJHOKpaTHO (pukcupoBanuch B 20-M BeKe M M3ydaluCh B JaOOpaTOPHM; O YeM MBI YK€ MHCaIH B
MPEIBLIYIINX KHUTAX.

B HayuyHBIX Kpyrax cymecTBoBaHue 3(hupa 6€30roBOPOYHO MPUHUMAIIOCH BILIOTH /10 Havaia 20-To
BeKa, KOrjaa sKCrepuMeHT MaiikenbcoHa-Mopnu (1887) ctanm ucmonbp3oBaThes IS “TOKa3aTeabcTBa”
TOT0, YTO TAKOTO CKPBITOTO 3HEPreTUYECKOro HCTOYHHMKA He cymecTByeT. OnHako Oojiee Mo3qHUE
OTKPBITHS, BKJIIOYANOIIME “TEMHYIO MaTepuio”, “TEMHYI0 DSHEpPrur”’, “BUPTyajbHbIE YaCTHULBI,
“BaKyyMHBIN MOTOK™ W “SHEPrUI0 HYJIEBOW TOYKM BBIHYAWIM CONPOTHUBIISIONIMXCS 3aMaIHBIX YUYEHBIX
OCO3HaTh, YTO BO BcelleHHOM NOJKHA CyLeCTBOBATh HEBUIUMAs dHeprerudeckas cpena. M moka Bbl
MOJIB3YETECh MSATKMM TEPMHHOM “‘KBAaHTOBAs cpena’, a He 3alpenieHHBIM CIIOBOM “3(up”, BBl MOXKETE
TOBOPUTH O HEM B IIPEcce, HE CIUILIKOM OIacasich HaCMeIIeK. TpaJuiiMOHHbIN HayYHBI UCTEOIUIIMEHT
cpa3y K€ ONOJYAETCS MPOTHUB KAXJIOr0, KTO CIMIIKOM OJIM3KO MOIAXOIUT K Teopuu ‘“adupa”, mbo

K cogep»aHuto



“3HaCT”, 4YTO Takass TCOpHA JIOKHA U OKCCTOUCHHO 60peTc5{ C HEH. OI[HaKO noAaBJICHUEC TOJIBKO
13036y>1<11aeT HUHTEPCC U YCUIIUBACT KCJIIAHUC MHOTUX YUYCHBIX 3aHATHCSA PECIICHUEM I'OJIOBOJIOMKH.

OnuH W3 MPUMEPOB JI0KA3aTeNbCTBA CYMIECTBOBaHUS 3(upa ucxomut ot a-pa Xana [lyrxodda,
yBaxkaeMoro ydenoro KsmOpumxckoro Yuuepcutera. OH 4acTO YIIOMHMHAET SKCIIEPHUMEHTHI Hauana
20-ro Beka, TPOBOJMBINUECS I TOTO, YTOOBI TIOCMOTPETh, CYIIECTBYET JIM JHEPTUs B “MYCTOM
MPOCTPAHCTBE”, 33/0JIT0 A0 TOSBICHHUS TEOPUM KBAHTOBOM MexaHMKH. UTOOBI MPOBEPUTH ML B
nabopaTtopuu, HEOOXOAMMO CO37aTh MPOCTPAHCTBO, MOJHOCTHIO CBOOOJHOE OT BO3nIyXa (BakyyMm) H
HKpPAHUPOBAHHOE CBHUHIIOM OT BCEX HM3BECTHBIX AJIEKTPOMATHUTHBIX IOJIEH, TO €CTh HCIIOJIB30BaTh TO,
YTO U3BECTHO Kak kamepa Dapanes. 3ateM O€3BO3AYIIHBINA BaKyyM OXJIAXJajcs IO TEeMIEPaTyphl
abcomtoTHOro HyJs uiu -273° Llenbcus, TeMnepaTypsl, IpU KOTOPOI BCs MaTepHsl AOJKHA I1€PECTABATh
BUOPHUPOBATH U IPOU3BOIUTH TEILIO.

OKCIIEpUMEHTHl TOKAa3aJid, YTO BMECTO OTCYTCTBUS B BaKyyMe€ JSHEpPIHMH, €€ TaM OIPOMHOE
KOJINYECTBO, TO €CTh OTPOMHOE KOJUYECTBO YHEPTHU U3 a0COIIOTHO HEIIEKTPOMArHUTHOTO UCTOYHHKA!
J-p ITyrxodd dacTto Ha3pIBai BaKyyM “OypiIsiiuM KOTJIOM™ 3HEPTHU OrPOMHOM BaKHOCTH. [loCKOIBKY
9HEprusi oOHapYKHBAJIACh MPH TeMIlepaType aOCONIOTHOTO HYJS, €€ OKPECTWIH “IHEprueil HyJIeBOU
toukn” wim DHT; pycckue ydeHble HasbBaloT ee “‘dusmdeckuM Bakyymom™” wm DPB. HenasHo,
aBTOPHUTETHBIC TpauOHHbIe Gu3uKu J[xoH Yunep u Puuapn ®eliHMaH BBIYNCIHIIN, YTO:

KonudectBa 3HEprum, coaepkamierocsi B 00beMe OJHOU AJICKTPUICCKOW JTAMIIOYKU JTOCTATOYHO
JUTSL TOTO, YTOOBI TOBECTH JIO KUIIEHUS BCEe OKeaHbl Mupa!

SIcHO, 4TO MBI UMEEM JeJ0 He C KaKOW-TO CJIaboH HEBHIUMOHN CHIION, a ¢ MCTOYHHKOM TOYTH
HEBEPOSITHON KOJIOCCAIIbHOW SHEPruM, 00Iadaronieit cusoi, 6oiaee 4emM JOCTaTOYHOM JIJIsl TTOIepKaAHUS
CYyILIECTBOBaHUS Bcell Gpu3ndeckoil Matepun. B HOBOIA, OCHOBaHHOM Ha Teopuu 3(upa HayKe BCE YEThIpe
OCHOBHBIX CHJIOBBIX TIOJI, OyIb TO TpaBUTAIUS, JJICKTPOMATHETU3M WM CHJIBHBIC W CJIa0bIe
B3aUMOJICHCTBUS, SBISAIOTCA MPOCTO pasHbiMu ¢Gopmamu >¢upa/OHT. Eme omna wumes, CKOJIBKO
“cBOOOHON” PHEPTUU PEALHO CYIIECTBYET BOKPYT HAC, MpuXoauT oT mpodeccopa M. T. JIoHMacA.
OH 00Hapy»XuJ, 4TO TUIOTHOCTh TPAaBUTAIIMOHHOMN YHEPTUH BO3JI€ MOBEPXHOCTH 3eMIIM COCTaBiseT 5,74
x 101 t/m3. (JlaBaiiTe He GyaeM 3a0bIBaTh, YTO B HOBOH MOJENM IPABHUTAIMS — 3TO elle oxHa (hopma
a¢upa.) PezynpraT npodeccopa JpHuAICca 03HAYAET, YTO BHITATMBAHUE M3 TpaBUTAIMOHHOTO Toist 100
KHJIOBATT MOIITHOCTHU ‘‘CBOOOHOM 3HEeprun’” — 3710 Beero juib 0,001% ectecTBeHHOM 3HEPTUU, KOTOpas
MIPOU3BOJIUTCS B 3TOM Mecte. (Hogsocmu Hogoii snepeuu, utoHb 1994, ctp. 4)

Hccnenoanue, BeinonHeHHoe Hukonoit Tecnoit (1891), mpuBeno k BbIBOLY, 4TO 3dup “Bener
ce0sl KaK KMJIKOCTh C TBEPABIMHU TEJIaMH, U KaK TBEpPAOE TEJO MO OTHOLIEHUIO K CBETY U TEIUTy; OH
CTAaHOBUTCS JOCTYIIEH IpPHU “JOCTATOYHO BBICOKOM HANpsyKEHMHM M vactoTe” (Hamek Tecibl Ha
BO3MOYKHOCTb TEXHOJIOTUM CBOOOJHOM SHEPrMM U aHTUrpaBuTanuu). [ BHOBb, aaBaiiTe oOpaTuMm
BHUMaHME Ha yTBEpxKAeHue Tecnbl, 4To 3gup 007a7aeT CBOMCTBAMHU KHUJIKOCTH MO OTHOIICHUIO K
TBEPJIbIM TeJIaM, KOO0 3TO HEMOCPEICTBEHHO CBA3aHO ¢ paboToii n-pa H. A. Kossipesa.

1.2 AHAJIOTUH JJISI TIOHUMAHUSA HAXOJOK KO3BIPEBA

B rnmaBax 3 u 4 MBI OyneM pa3BeHUHMBaTh MU(] KBAHTOBOW (DU3HKH M JEMOHCTPHPOBATH, YTO
“3ae3)keHHas”’ MOJENb aTOMa KaK COCTOSIIEro M3 “4acTull’ CTpajaeT cepbe3HbIMU H3bsiHamu. Kak
npejularaeT Teopusi OTHOCUTENBHOCTU OWHIITENHa, BCS MaTepusi COCTOMT M3 YMCTOW HEpPruu, u B
KBaHTOBOH cdepe He 0OHApyKEHO HUKAKUX “TBepAbIX yacTull . Haydunoe cooOriecTBo Bce Ooiblie U
OoJblIe BBIHYKJEHO MPUHUMATh, YTO aTOMbl U MOJIEKYJIbl CPOJIHHU IJIAMEHU CBEUYU: SHEPI'Hsl, KOTOPYIO
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OHO BbIJENAeT (TEIUVIO M CBET IUIAMEHH), JOJDKHA YpaBHOBEIIMBATHCS HSHEPrHel, KOTOPYIO OHO
moryioniaeT (BOCK CBEYM M KHCIOPOJ BO3ayXa). “AHAjOrus cO CBEUOH — 3TO “medarh’ MOJENH a-pa
Xoana Ilyrxodda. O Bocmonb3oBaics €0 A OOBSCHEHHUS, MOYEMY TMIIOTETHYECKUN 3JEKTPOH He
M3JIy4aeT BCEH CBOEH SHEPTHH U HE pa3pyliaeTcs B sape. TpaaunnoHHas Hayka OOBACHIET KaKyIIeecs
“BEYHBIM JIBM)KEHUE TPOCTO KaK “‘TaliHy KBAHTOBOM MEXAaHUKH .

YroOsl mo-HacTosIeMy MOHATh paboTy Ko3bipeBa 1 cBs3aHHBIE ¢ HEW HAXOJIKH, TPEOYIOTCS HOBBIE
aHasiornu (¢usnyeckol wmartepuu. Ero Tpyabl BBIHYXKAAIOT BHU3YyalH3UpOBaTh Bce (U3NYECKUE
MaTepualibHble 00BEKThl BO BceneHHON kak T'yOkW, MOTrpy>KeHHbIe B BOAY. Bo Bcex aHajorusx Ham
MPUIIETCS paccMaTpuBaTh I'yOKM KaK OCTaBaBIIMECS B BOJE JOCTATOYHO JOJTUNA MEPUOJ BpPEMEHH,
9YTOOBI MOJHOCTHIO €10 MponHTaThes. ViMess 3To B BHIY, €CTh JIB€ BEIlM, KOTOPHIE MOXKHO CIENaTh C
MPOMUTAaHHBIMU BOJIOM I'yOKaMH: MOCPEJCTBOM OYEHb MPOCTHIX MEXAaHUYECKUX NEHCTBUI MOXKHO JIHOO
YMEHBIIUTH, TUO0 YBEIUYHUTD COJCPKAIIUICT B HUX 00BEM BOBI.

1. Ymenbmenue: Eciin Haxoasuyocs B BOJie ¥ MPONUTAHHYIO BOJIOW T'yOKY C)KaTh, OXJIQAUTh WIN
BpalllaTh, B OKPYXAIOLIYIO CpeAy BBUIBETCS KaKOE-TO KOJIMYECTBO BOJBI M Macca T'yOKM YMEHBILIMTCS.
Kak Tonpko ry0Oka oTmyckaercs, JaBlIeHHEe Ha MIJUTMOHBI KPOLICUHBIX TIOP YMEHBIIIAETCs, 3aCTaBIIsS €
BHOBB TIOIJIOIIATH BOAY U PACHIMPATHCS 4O HOPMAJIbHON MacChl ITOKOS.

2. VBemuuenue: [locpenctBom HarpeBaHus (BUOpaluu), B HaXOMSIIYIOCS B COCTOSHUU TMOKOS
ryOKy MOXKHO 3aKayaTh JOIOJIHUTEIBHOE KOJIHYECTBO BOJbI, TO €CTh 3aCTaBUTh HEKOTOPHIE MOPHI
pacHUpUThCS OT OOJBIIEro KOJMYECTBA BOJBI, YEM OHHU CIOCOOHBI YIEp)KUBAaTh B KOMGMOPTHOM
cocTosiHUM. B 3TOM ciyuyae, Kak TOJBKO Mbl yOMpaeM JIONOJHHUTEIbHOE /aBJIEHHE, T'yOKa HAauMHAET
€CTECTBEHHO BBICBOOOKIATh U30BITOK BOJIBI M CKUMATHCS 10 HOPMATbHON MacChl TIOKOSI.

XoTs OONBIIMHCTBY JIFOAEH 3TO MOKAXeTCs HEeBEpOATHBIM, KO3bIpeB MoOKa3aj, 4To MOCPEICTBOM
TPSICEHUS], BpAIllEHUs, HATPEBAHUs, OXJAXKICHUs, BUOpallMU WIN pa3pylieHUuss GU3NYECKUX OOBEKTOB,
UX BEC MOXHO YBEJIMYHMBATh WM YMEHBIIATh HA HEOONIbIIOE, HO U3MEpsieMOoe KOJINUECTBO. M 3T0O TONIBKO
OJIVH acCTIeKT €r0 3aMe4aTesIbHON paboTHI.

1.3 BUOTPA®UYECKHUE JAHHBIE JI-PA H. A. KO3BIPEBA

[TockonbKy 3amagHbIii MUp MOYTH HUYETO HE 3HAaeT 0 Ko3bIpeBe, MbI MIPEIOCTABISIEM HEKOTOPYIO
ouorpaduueckyro u HayuHylo uHpopmanuio. OHA MOKaXET, YTO OH HE ObUT “IKCHEHTPUYHBIM™ WIIH
“cyMacuIeIliM Y9eHBIM; Ha CAaMOM JIeJIe OH CYUTACTCSI OJHUM U3 BBIJAIOIIUXCS PYCCKUX MBICITUTENCH
20-ro Beka. IlepBrrit HayuHbIil Tpya Ko3bipeBa ObUT OMyOIMKOBaH, KOT/Ia €My ObLIO CEMHAIATh JIET; U
JIpyrue ydeHble ObUIM BOCXMINEHBI TyOWHON M SICHOCTBIO €ro JOTWKH. Ero riaBHBIA TpPyH CBsI3aH C
acTpodusukor, oH u3ydan armochepsr ConmHIa U APYruX 3Be3], ()EHOMEH COTHEUHBIX 3aTMEHHUU U
paBHOBecue m3nydeHus. K nBaamatu rogaMm OH OKOHYWI JIEHUMHIpaJACKHA YHHUBEPCUTET U MOJYUHII
cTeneHb 1o ¢usuke U Mmaremaruke. K nBagnati BocbMu rojgam A-p KosbipeB ObLT IIMPOKO M3BECTEH KaK
BBIIAIOIIUICS aCTPOHOM U IPETO/IaBall B HECKOJIBKUX Y4eOHBIX 3aBE/ICHUSX.

B 1936 rony cmokoiinas kxu3Hb Ko3bipeBa ObUIO HapylieHa CaMbIM KECTOKUM W TParudecKuM
obopazom. Ilpu Cramune ero pempeccupoBanu, U B 1937 rogy OH Hauan OJAMHHAIIATHICTHUMH,
TEPHUCTHII MyTh, NP0/ Uepe3 BCEe N3BECTHBIE YKAChl KOHIIEHTPAIIMOHHOTO J1arepsi. XOTs B TO BpeMs y
HEro He ObUIO JOCTYNa K HAyYHOMY 00O0pYA0BaHHIO, OH IPOIIET Yepe3 caMoe KECTOKOE MOCBSIECHHE B
CKpBITOC 3HaHHE. B yke MpOCBETIEHHOM yMe Takoe OYKBaJlbHO “‘IiepeMajibiBAaHUE KOCTEH MOTJIO0
YHUUTOXUTh BCAKOE JKEJAHWE HACIAXAaThCs MaTepUaIbHBIM MHPOM, yOpaB CONpPOTHBIIECHUE Ooliee
BBICOKOMY CO3HAHMIO TakK, YTO YHHBEpCcajbHasi UCTHHA MOIJIa cpa3y K€ 0CO3HABaThCs U ycBauBaThcs. B
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TOM COCTOSSHUM OH TJIyOOKO Tmorpy3wics B TaiiHbl Bcenennoli, oOpaimias BHUMaHHME Ha Bce
CYLIECTBYIOIIME B JKW3HU MATTEPHBI, [JI€ MHOTHE pa3HbIE OpPraHU3Mbl JEMOHCTPUPOBAINA INMPU3HAKU
ACMMMETPUHU W/UJIH CIIUPATIEBHIHOTO POCTA.

On 3Han, yto B cepeaune 1800-x ronos Jlyu Ilactep OTKpBII, YTO CTPOUTENbHBIE OJIOKU JKU3HHU,
U3BECTHBIE KakK ‘“‘TpoToIuia3Ma’, MO CYTH, HE CHUMMETPHUYHBL, U 4YTO KOJIOHMM MHKPOOOB pacTyT B
CIUpAJEBUAHON CTpyKType. Te ke paciumpsroniyecs: IpONOpPLUM 3aJ0KEHBI B CTPYKTYpE PacTCHMH,
HaCEKOMBIX, KUBOTHBIX U Jtojield. OO0 3TOM Mucaii MHOTHE HACJICTHUKH JPEBHUX TpaIulnid Muctepuii
ATaHTOB, 00CYX/as “caKkpajbHYI0 T€OMETPHIO”, - CIUPAJICBUAHYIO (pOpMy, U3BECTHYIO Kak Crupanb
®dubdonauun, 3omoroe CeueHne U/uam cuupab “u’.

Nautslus pompilis,

Puc. 1.2 Cnupane “®@u’ 6 pakosune naymunyca (cresa)
U eeomempuiecky 6NUCAHHbIE MPEY2OIbHUKU (CNpasa)

B pe3yiibTaTe MPOCBCTIICHHBIX Ha6J'IIOI[CHI/II71 B KOHIOCHTPAIIUMOHHOM JIarepe, KO3BIpeB IIOHAJ, YTO B
JOIIOJIHECHUEC K OOBIYHEIM CITOCOOAM HpI/IO6peT€HI/I$I SHEPTUU MOCPEACTBOM C€Ibl, IUTbHA, ABIXaHUA H
(bOTOCI/IHTe3a, BCC JKHN3HCHHBIC (bOpMI)I “BBITATUBAIOT OHCPIrur0 M3 HCBUIHUMOI'O CIIUPAJICBUIHOIO
ncrounuka. [1o3:xe B 3TOM KHUTE MEI YBUAHM, KaK UCHCPIIBIBAIOIIN €TI0 PE3YyJIbTAaThI B 3TO# 00J1aCcTH.

Ko3pipeB BBIABUHYII TEOPHIO, YTO HAIIPABICHUE CIMPAIECBUIHOIO POCTAa PAKOBUHBI U C KAKOMU
CTOPOHBI YEJIOBEYECKOIO Teja HAXOIUTCS CEpALE, ONPEAENAETCS HAIpPaBICHUEM DJHEPreTUYECKOro
notoka. Ecnu Obl r1€-T0 B MPOCTPaHCTBE-BPEMEHHU CYILIECTBOBAJIO MECTO, B KOTOPOM SHEPTreTUYECKUI
MOTOK CHHUPATIEBUIHO 3aKpydUBaJICs Obl B IPOTUBOMOIOKHOM HalpaBI€HUH, TOTJa OH Obl 0XKH/1aJ, YTO
U PaKkoOBUHBI pociu Obl B MPOTHUBOIOJOKHOM HANpaBlIE€HUH, a CepAlle HAXOAWJIoCch Obl Ha
IIPOTHUBOIIOIOKHON CTOPOHE TeJIa.

Konuenmus crnupaneBUIHONW HEPrul B OMOJIOTMHM MOXET MOKa3aThCsl HEPeabHOM, HO OHA JTaBHO
m3BectHa B Illkomax Muctepuil. Cremyrouii pUCyHOK IOKa3bIBaeT, KaK BCE OTHOIIEHUs ‘‘pu”
€CTECTBEHHO MOSIBIISIIOTCSI B CTPYKTYpE YEJIOBEYECKOM PYKH, M 3TO TOJIBKO OJUH IPUMEp IpolEcca,
MOBTOPSIOLIETOCS B TellaX YEJIOBEYECKUX CYILIECTB, B TeJaX PAcTeHMM, )KMBOTHBIX M HAaceKOMbIX. Te
HEMHOTHE, KTO 3HAaKOM C OTHUMHU OTHOIIECHUSMH, YTBEPXKAAIOT: OHU MOSBISIOTCA IOTOMY, YTO
OTHOILIEHHE “(u” TpencTaBisieT cOO0OW eCTeCTBEHHBIH, caMblii 3()(PEeKTUBHBIA NATTEPH, B KOTOPOM
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MOJKET MPOUCXOTUTH POCT. KO3bIpeB MpeanonoKul, 4To KU3Hb He MOTIa Obl (hOpMHUPOBATHCS HUKAKUM
JIpPYrUM 00pa3oM, TOCKOJIbKY, IJISl TOJJEep)KaHUs ce0s, OHa aKTUBHO BBHITATHBACT CIHPAJICBUIHYIO
SHEPIHI0 U, MOTOMY Ha KaXXJIOM IIary AOJDKHA CIEN0BaTh 3TUM HponopuusiM. B 3ToM cwmbiciie Mbl
MOKEM JyMaTh O CKEJIETHOW CUCTeMe KaKk 00 aHTEHHE ISl 3TOM SHEPruu.
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Puc. 1.3 I[Iponopyuu “@u’ 6 uenoseueckoii pyke

Korna B 1948 rogy KosbipeBa, HakoHel, peaOMIUTHPOBAIM, U OH CMOTI BEPHYThCS K CBOUM
HCCIIeIOBAaHUM, OH BbICKa3aJl MHOTO IPOJIBUHYTHIX Ipescka3zanuil o JIyne, Benepe u Mapce, kotopsie
BITOCJIC/ICTBUU TIOATBEPAMINCH COBETCKMMH KOCMHYECKUMH KOPaOIsIMH. DTO CHHCKAlIO €My CIaBy
MTUOHEPa COBETCKOM KocMuyeckoi ToHku. B 1958 roay n-p Ko3eipeB BHOBB MOTpsic MHp, 3asBUB, UTO
JIyHa EeMOHCTpUpPYET BYJKaHUYECKYI0 aKTHBHOCTH B KpaTtepe Anb(oHc. Ecnm 310 monoxkeHue BepHO,
BO YTO COBEPILICHHO OTKA3bIBAE€TCS BEPUTH OOJBIIMHCTBO ACTPOHOMOB M YU€HBIX, Torja JlyHa obnamaer
OTPOMHBIMH TTPUPOIHBIMH peCypcaMy W UCTOUYHUKAMH dHeprud. M 3o chenano Obl ee 3aMedaTesTbHON
nepeBajJovyHoil 6a30if Ha MyTH YeIoBeYeCTBa K 3BE3/1aM.

Jlaypeat HobGenesckoil npemun 1-p I'aponba Ypu npunaiexkan K HeOOJIBIION IpyIIe y4eHBIX,
BEpUBIIINX, 4TO Teopus J-pa KospipeBa o BynkaHH4eckoil akTuBHOCTH JIyHBI BepHa. OH HACTOSJ, YTOOBI
HACA mnposeno uccnenoanue. B pesynprate HACA 3anmyctuno kosjoccanpHblii IpoekT “‘JIyHHOE
Mepnianue”. Tlo3ke STOT MPOEKT NOATBEpAWa yTBepkaeHus KosbipeBa, oOHapyxuB Ha JlyHe
3HAUUTEJIbHBIE UCITYCKAHUS Ta3a.

Opnnako He Bce paboThl Ko3bipeBa ¢ TOTOBHOCTBIO YCBaMBAIUCh TpaaulMoHHBIM MupoM HACA.
3umoni 1951-1952 rona, Bcero nuilb TPU TOJla CITYCTA MOCIE MPOXOKICHUS KECTOKOTO MOCBAIICHUS B
KOHIICHTPAIIMOHHOM Jiarepe, N-p Ko3bIpeB Hayal BTOpKEHHE B MHP IK30THYECCKOW (DHU3UKH, UYTO
BBUIWJIOCH B HCUYEPHBIBAIOLIYIO, NPOJOJDKAKOIIYIOCA 33 roja CEpHI0 HHTPUTYIOUIMX M CIIOPHBIX
sKcrepuMeHTOB. Ha mpoBefeHue Takoro UccieoBaHus €Tro MOABUIIIO JKeJIaHWe HATH MOATBEPKICHUE
JYyXOBHBIM HMCTHHAM, KOTOpbIE€ OH IIO3HaJ IIOCPEICTBOM MHUCTHYECKOIO IIpolecca IMOATOTOBKH,
MIPOCBETJICHHSI M TIOCBAIICHUS (KOTOPBIN OMUCHIBAacTCS B Kiaccuueckod kuure Pynombga Illtaiinepa
Kakx docmuenyme nosmanus évicuux Mupoe®) B KpaliHe TsSKeNbIXx obcrosrenscrsax. Korma Kosbipes
HavaJl MyOJIMKOBATh PE3yJbTaThl UCCIICIOBAaHUI, MHOTHE PYCCKHAE U HEKOTOPHIC 3aMaHbIe YICHBIC ObUTH
TOTOBBI CIIyIIaTh, OCHOBBIBAsACh HAa €TI0 MPOLUIBIX yCIEXaxX.

3 Pynons IlTaiinep. Kak IocTUrHYTh Mo3HaHUs BhICIIMX MUPOB. M., M311-Bo “Hoii”, 1992. DneKkTpoHHas BepcUs KHHUIH:
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Kak ™Mbl roBopunu, cHupaieBUIHbIE JHEPreTUYECKHE NaTTePHbBl B NPHUPOAE PACKPHLUIUCH
MOCBSIIEHHBIM TJIazaM J-pa Ko3bipeBa, Korjga OH HaXOAWJICS B KOHIIEHTpauuoHHOM jarepe. “IIpsmoe
3HaHHE COOONIIMIIO, YTO CIHpaJIeBUIHAS HJHEPrusi — 3TO HA CaMOM JieJie WCTHHHAs MPUpOAA H
nposiBiicHue “BpeMeHn”. O4YeBHAHO, OH YYBCTBOBaJ, YTO “BpeMs’, KAKUM Mbl €rO 3HAEM, - HEYTO
HaMHOTO OoJblliee, YeM MPOCTO (PYHKIMS OTcUeTa MPOAOHKUTEIHLHOCTH. KO3bIpeB HACTaUBAET, YTOOBI
MBI MBITAJIUCH 1yMaTh O NMPUYHUHE CYHIECTBOBAHUS BPEMEHHU, O YEM-TO OLIYTHMOM M OMO3HaBa€MOM BO
Bcenennoii, 4To MOXHO CBs3aTh cO BpeMeHeM. llocie HEeKOTOpOoro pa3MbIlIIEHUST Mbl YBUAUM, YTO
BpEMS — HM YTO MHOE, KaK YHCTOE CIHMpaIEeBUIHOE JBMKEHUE. MBI 3HaeM, 4To Ojaroaapsi OopOUTaIbHBIM
narrepHaM 3emuii 1 COJIHEUYHOM CUCTEMBI Mbl IPOCIEKUBAEM CIIOKHBIA CIUPATEBUIHBIN MATTEPH B
npoctpanctBe. U ceitvac, yueHue “TeMnoposiorus’” Wi “Hayka O BpEMEHHU aKTUBHO pa3pabaThiBaeTcs
B Mockosckom T'ocymapctBeHHoM  YHuBepcutere U Poccuiickom ['ymanutapuom  @onne,
BJIOXHOBJICHHBIX M3bICKaHUsIMH JI-pa Ko3bipeBa. Ha cBoem caiite OHM MUIITYT:

“B nHamiemM nNOHMMaHUWH, ‘“TpHpoAa” BPEMEHHM — OTO MeXaHU3M, (KOTOPBIA OCYIIECTBIISECT)
MOSIBJISIFOIIMECS] U3MEHEHUS! U BHOCUT B MUP HOBU3HY. [IOHATH pUpoy BpEMEHM 3HAYUT yKa3aTh Ha...
npouecc, GpeHomeH, “HocUTENb’ B MAaTepUATbHOM MHpE, YbH CBOMCTBA MOTJIM Obl OMPENENSIThCS WIH
COOTBETCTBOBATh CBOMCTBAM BPEMEHHU .

Ha mnepBbIil B3y 3T0 MOXKET NOKa3aThCsl CTPAHHBIM, IOCKOJIbKY MaJ€HHUE JEpEBa BO ABOPE
MO)KHO paccMaTpUBaTh KaK pPE3yiabTaT CHUIBHOIO BETpa, a He “IOTOKa BpeMeHW . OOHAKO cienyer
CIOPOCUTB: a YTO 3acTaBWIO BeTep AyTh? 3a 3TO OTBEYAET BpallleHUE 3€MIIM BOKPYT OCH.
CrenoBatenbHO, BCE U3MEHEHUS BBI3BIBAIOTCS KAaKOM-TO (POPMOM JBMKEHUS, U 0€3 ABMKEHHs HEe ObLIO
Ob1 W BpeMmeHU. Hekoropele yd4eHble, YbM CTaTbu ONyOJMKOBaHBI Poccuiickum HWHCTHTYTOM
Temmnoposoruy, coryiamarpTcs ¢ TeM, 4To, eciad Obl Ko3bIpeB M3MEHHS CBOIO TEPMHUHOJIOTHIO U
HCIIOJIb30BaJl CJIOBO “BpeMs” B CBSI3U € OOJee NPUBBIYHBIMM HAay4YHbIMH TEPMUHAMHU, TaKUMHU Kak
“¢usznueckuil Bakyym” wid ‘“aQup”, BIOCIEACTBUU €TO TPYIAbl CMOTJIO OBl MOHATH HAMHOTO OOJIbIIE
mozaei. B HacToSIUIT MOMEHT YHTATENI0O HE O0S3aTeNIbHO MOJHOCTHIO TOHUMATH (HIOCO(UIO
CIMpAJIEBUHON PHEPruu Kak IpPOSBICHUS BPEMEHH, MO0 MO Mepe MPOJOJKEHUS KHUTH BCE CTAHET
HaMHOTO sSICHEe.

Ha 3anmaze ogHolf u3 oueHb HeMHOruX MmyOiukanuil o koHuenmusax KossipeBa siBuiiach riiaBa u3
kauru leiner Octpanaep u Jlunn Ilpenep [lcuxuueckue omxpvimusa 3a dicene3HvbiM 3aHABECOM,
onyonukoBaHHOM B 1970 rogy. Kuura obpena mupokyro HOMYJISIPHOCTb M U3JIa€TCS 10 CUX MOp MOJ
KpaTKUM Ha3BaHueM [lcuxuueckue omipvimus. bonbiias vacte Ouorpaduueckoit uHpopmanmuu u
nH(pOpMallMd O PaHHUX HCCIIENOBAaHUSX MpUILIA W3 3TOr0 MCTOYHUKA. B rmaBe 13, o3arnaBieHHOM
“Bpemsa - Hogvlil pybedc yma’, aBTOPbl OOBICHAIOT, YTO JAake B IIecTHaaAuaTh jer Ko3bipeB ObLI
3aropesbiM, BBITJIAJEN aTJIETUYECKH U MPOU3BOJAMI “BlieHYaTsIEHHE aOCOJIOTHOTO CHOKOWCTBHUS, MOYTH
JIyXOBHOTO cBOMcTBa”. Takxxe, OHU KOHCTATUPYIOT, YTO:

“Ilo permyTanuu ¥ HOCTUTHYTHIM pe3yJbTaTaM, OH — OJHWH U3 CAMBIX BAXKHBIX YUEHBIX, KOTOPOTO
MbI BeTpeyan. OH IbITaeTCsl IPOJIUTh CBET Ha HOBBIM B3IJISJ HA MUD, HOBYIO KOcMOroHuto. brnarogaps
HOBOH KoHuenimu Ko3blpeBa, MCUXHUYECKUE SBICHUS BCTAlOT Ha cBOM Mecta. OHu Oojblie He OynyT,
KaK OKa3aJIuCh B COBPEMEHHOW HayKe, YeM-TO BHE CHUCTEMbI, YEM-TO, YTO JIOJKHO OTBEPIaThbCs, YTOOBI
3alUTUTh CUCTEMY .

CBs13b IICUXHUECKUX (EHOMEHOB C (DM3MKON XOPOIIIO M3BECTHA M YacTO 00CYXJanach B PYCCKOM
JIuTepaType, KoTopasi cerdac CTaHOBUTCS IIUPOKO AOCTYNHOW. HecoMHEHHO, 10Opory K He BBIMOCTHIIA
pabora KozbipeBa. OqHUM U3 HEMHOTMX 3aMaJHbIX YYEHBIX, 3aMeTuBlIuX padoty KosbipeBa, Obl1 A-p
AnpbepT Yuncon uz Uccnenosarenbckoii Jlabopatopuu Jlyrnaca B Kamudopaun. O ckazai:
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“SI ayBCTBYI0, UTO B CIEAYIOUINE AECATh WIH JIBALATh JeT B (PU3NYECKYI0 TEOPUIO BOMIET HEUTO
cxokee ¢ rumore3amu KoswipeBa. Mx mpumenenuwe OyneT peBomonmoHHBIM. [loTpebyercs pabora
LIEJIOTO TIOKOJICHUSI TPEXJE, YeM COBEPIICHHBIH UM CKadoOK OyAeT BKIIOYEH B 00JacTb HAyYHOTO
3HaHUA .

C nmecsaThio rogamMu A-p YWICOH omuOcs, nO0 TOJNBKO ceiiyac, B Hadane 21-ro Beka MbI MOXKEM,
HAKOHEI], CJOXHUTh BMECTE€ BCE KYCOUYKM MO3auKd. UTOOBI COXPAaHUTH MOCIEI0BATEILHOCTD
TEPMHUHOJIOTHH, JJIs OMHCAHMS, OTKPHITOro Ko3bIpeBbIM CHMpaIeBUAHOIO MOTOKA BPEMEHU MBI OyaeM
UCTOJIb30BaTh OOLIETIPUHATHIE HAYYHbIE TEPMUHBI “‘TOPCHOHHBIC MO~ W/HIU “TOPCHOHHBIE BOJIHBI .
[CnoBo ““TopcrOH” oO3Hauaer ‘“‘BpamieHue” wWiM “‘KpydeHue”.] MHorue 3amajHbple Y4YEHbIE,
HCCJIEIOBABLIME TU TEMBI, U CAMBIM U3BECTHBINA U3 HUX JICUTEHAHT-TIOJIKOBHUK ToM bup/ieH Ha3piBaeT
UX “CKaJISIpHBIMHU BoJIHaMu . HOo MBI cunTaem, 4To JIerye MCroJib30BaTh TEPMUH “TOPCHOHHBIE BOJHBI ,
MMOCKOJIbKY OH MOCTOSIHHO HAallOMUHAET 00 UX CHHUpaJIeBUAHON Mpupojae. YuTarento cieayeT 3HaTh, YTO
BO BCEX CIlydasX Mbl HMEEM JI€JI0 C UMIYJbCOM WIM MOMEHTOM, JBWXYLIUMCA B Cpene
a¢pupa/OHT/Pusndeckoro Bakyyma v He 00J1aJAOIINM SJIEKTPOMArHUTHBIMU KaueCTBaAMHU.

Eme no toro, kak Ko3pipeB Hayasl mpoBOAUTH CBOM SKCIIEPUMEHTHI, YK€ CYIIECTBOBaIA XOpOIIas
MpOYHasi OCHOBA /Jisi OOBSICHEHHS UX Pe3ylbTaToB. Mbl HAUHEM C MPEABAPUTEIBHOTO OOCYXKICHUS
TEOPUH OTHOCUTEIHHOCTH DUHINTEWHA, 32 3TUM MOCJIEIYIOT JOMOTHEHUSI K MOJICIH, CACJIaHHbIE 1-POM
Onu KapraHowm, BriepBble OTKPBIBIIUM TEOPETHUECKOE CYIIECTBOBAHNE TOPCHOHHBIX MOJIECH.

1.4 DUHIITEWH: TEOMETPUUYECKAS MOJIEJb T'PABUTAIIUMA

29 mas 1919 roga AnbGept DHHIUTEHH n0Ka3al: “Mbl )KUBEM B UCKPHUBICHHOM YETHIPEXMEPHOM
MIPOCTPAHCTBE-BPEMEHN, B KOTOPOM BpEeMs M TPOCTPAHCTBO KaKMM-TO OOpa3oM CIIMBAIOTCAd B
“nonotHo”. OH Bepwsl, UTO TaKOM O00BEKT Kak 3eMilsl, Bpallasch B MPOCTPAHCTBE, ~“BOJIOUUT 3a COOOM
MIPOCTPAHCTBO M BpeMs’, U UYTO IOJIOTHO MPOCTPAHCTBA U BPEMEHM HCKPUBISETCS BHYTPh BOKPYT
I1aHeTapHoro teia. OH roBopui:

“I'paBuTanus Oonbllle HE SBISETCS 3araJl0uHoOM, AeicTByromel Ha paccrosHuu cunoil. Ckopee,
OHa — pe3yNbTaT CTPEMJICHUS OO0BEKTa MPSIMOJMHEHHO NBHUTAaThCA B MPOCTPAHCTBE, MCKPUBICHHOM
Onarojaps MPUCYTCTBUIO MaTepUaIbHBIX Tl .

ITpoctpancTBo nckpusieHo? “Ilocroiite, ... HO pa3Be MPOCTPAHCTBO HE IIyCTOE?” - CIIPOCUTE BBHI.
Kax MoxxHO uckpuBuTh Heuto mycroe? Kak BUIHO, cyliecTBeHHas npoliema ¢ BU3yanusalei Mmoaenu
rpaBUTalMM OWHLITEHHAa BO3HUKAET BMECTE CO CJIOBOM ‘“UCKPHUBIIEHO”, TOCKOJIBKY HCKPHBIISTHCS
MOXKET TOJIKO HEYTO, MOXO0Xee Ha IUIOCKOE, 3JIACTUYHOE MOJIOTHO. M1 B camoMm jerne, GOJIBIIMHCTBO
IONBITOK BU3YaJIM3UPOBATh PE3yJbTaThl DUHINTEHHA PUCYIOT IUIAHETHI B BHUJE I'PY30B, AaBALIMX Ha
BOOOpakaeMbIi TUIOCKUH JINCT PE3WHBI, KOTOPBIA PACTATHUBAETCA B MPOCTPAHCTBE B BUIE “TIOJIOTHA”
IpOCTpaHCTBa-BpeMeHH. JIBurasch K 3emiie, OOBEKT, TaKOH Kak KOMeTa WM acTepOH], CIeayeT
reoMeTpuu nosiotHa. [IpoGiaema 3Toit Mosean B TOM, UTO JIF0O0€ MCKPUBIIEHUE MPOCTPAHCTBA-BPEMEHU
JOJDKHO ObUTO OBl ABHraThcs K cepruyeckoMy OOBEKTY M3 BCEX HANpaBICHUH, a HE TOJBKO U3
wiockoctu. bonee Toro, 4ToObl TONKAaTh IPy3 BHU3 B IUIOCKOE PE3MHOBOE IMOJIOTHO, MOTpedoBaiach Obl
CHJIa TpaBUTAIlMK. B mpocTpaHCTBE HEBECOMOCTH M LIap, U MOJOTHO MPOCTO OBl IJIABAIHU BOKPYT JIPYT

fpyra.

Ha camowm pene, cioBo “ruraBaromiuii” HaMHOTO 00Jiee TOUHOE, YeM ““UCKPUBJICHHBIN’, TOCKOJIBKY
B kHure Hayxa EOuncmea Mbl IE€MOHCTPUPOBAIM, YTO IpaBUTAMA — 3TO Gopma 3(UPHON SHEPruw,
HEMIPEPBIBHO BTEKAlolass B OOBEKT. YPAaBHCHHUS TPABUTAIMM HE KOHKPETH3UPYIOT, B KaKOM
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HaIpaBJICHUU JI0JDKHA BTEKaTh d(upHas sHeprus. IIpocto KOHCTaTUpyeTCs CyLeCTBOBAaHHE I'PaBUTAIIUN
KaK CHJIbI, OTBEYaloIlleld 3a TO, YTO OOBEKThl HE YIUIBIBAIOT € MOBepxHocTH 3emuu. Mnewu, dro
rpaBuTanus — 310 (opma 3(PpUPHON 3HEPruu, MOKHO mpocieauts y Jlxona Kumum, n-pa Yonrepa
Paccenna m mnosnmnee y VYonrepa Paiita B ero Xopomo opraHu3oBaHHOM Teopuu “‘Toakaroweti
I'pasumayuu’.

Kax Toibko MBI MIOHMMAaeM, UTO BCE CUJIOBBIE MOJIS, TAKUE KAK IPaBUTALIUS U DJIEKTPOMArHeTU3M, -
npocTo pasHbie Ghopmbl aBmwkeHus dpupa/OHT, y Hac MosABIsSIETCS aKTUBHBIN UCTOYHUK TPaBUTALUUA U
MpUYMHA €r0 CYIIECTBOBaHUA. MBI BUAMM, UTO Ka)Jas MOJIEKYyJla BCEro Tejla IUIAHEThl JOJDKHA
MOJIIEPIKUBATHCS BTEKAIOLIUM MMOTOKOM 3(UPHON SHEPTrUu. DHEPrusi, COTBOPSIOIIAs 3eMII0, COTBOPSIET
Y BTEKAET U B Hac. [ uraHTckoe TeyeHue BTEKAronel B 3eMIII0 SHEPTeTUUECKOW PEKH MOXBAThIBAET HAC
KaK MOCKHUTOB, MPUKJIEUBAIOIINXCS K OKOHHOMY CTEKJTy, KOTJia BeTep AyeT npsiMo B crekiso. Hamu tena
HE MOTYT MPOXOJHUTH 4Yepe3 TBEPAYID MATEPHUI0, a MOTOK d(PHUPHON SHEPTHH MOXKET, W 3TO OJHA W3
MHOTHX Bellei, KoTopyro naeMoHcTpupoBanu Kwmm, Tecna, KossipeB u npyrue. UtoOsl “ocTaBaThCs
KUBOW”’, 3Be€3/la WM IUIaHETa JIOHKHA HENPEPHIBHO BBITATUBATH SHEPrUI0 M3 OKPYXKAIOIIErOo
npoctpanctBa. Eme B 1950-x rogax Ko3bipeB mpuien K TaKOMY k€ BbIBOJY OTHOCHTENIbHO CoOJIHIIA,
3aKJTFOYMB, YTO 3BE3/IbI JICUCTBYIOT KaK ‘“MaIlIMHEI, IPEo0pa3yore TOTOK BPEMEHH B TEIUIO U CBET .

[loutn Bce 3amagHple y4YeHBIE BEPSAT, YTO OOMIAs W CIEUabHAs TEOPHH OTHOCUTEIbHOCTHU
DWHINTEeHHA YCTPAHIIOT HEOOXOIUMOCTh B A(Upe, TOTOMY YTO caM DWHINTEHH BBICTYIAN 32 OTKa3 OT
sdupa B 1910 roxy. U opunmansHast Hayka CYUTAET, YTO Ha 3TOM €T0 MBICIb OCTaHOBHIACh. OJTHAKO B
1920 rogy DUHIITEHH 3asBWII, YTO “THIOTE3a CYIIECTBOBaHHS 3(HUpa HE MPOTHBOPEUYHT CIEIUATHHOM
Teopun oTHocuTenbHOCTH . B 1924 rony oH nucan:

“... B TeopeTHYecKol (M3MKEe MBI HE MOXEM OOOWTHCH 0e3 3¢upa, a UMEHHO, KOHTHHyyMa
(cTuTOImIHOM Cpebl) 3aAaHHBIX (PU3NYECKUX CBOWCTB, MOTOMY YTO 0OIIasi TeOpUs OTHOCHTEIHHOCTH...
WCKJTIOYaeT JaJIbHOJCUCTBUE; a TEOpUsl OJNMKHEIACHCTBUS JOMYCKAaeT CYIIECTBOBAHHE HENPEPHIBHOTO
TOJISL U, COOTBETCTBEHHO, CYIlIeCTBOBaHUE dupa’.

1.5 TOPCUOHHAS ®U3UKA

B 1913 rony n-p Omu Kapran mepBbIM NPOJAEMOHCTPUPOBAI CiEAyIOIIee: “TOJOTHO” (IIOTOK)
IIPOCTPAHCTBA-BPEMEHH B 00IIE€H TEOPUU OTHOCUTEILHOCTH DUHIITEHHA HE TOJIBKO “UCKPHUBIIEHO”, HO U
o0aaeT BpalaTeabHbIM WU CIIUPAJIEBUIHBIM JABHXKCHHEM, U3BECTHBIM KaK “TOPCHOH”. DTOT pa3zien
¢dbusuku HazpBaT Teopuel DitnmreitHa-Kaprana nnun TOK. B To Bpemst Teopuro Kaprana He npussum
BCEPbE3, MO0 BCE MPOUCXOAUIIO A0 MOSBICHUS KBAaHTOBOHM (PU3HMKH, KOTJAa BEPUIM, YTO 3JIEMEHTapHbIC
“gacTUIBI’, TAaKW€ KaK »dJICKTPOHBI, BpaIalOTCd WIH “KpyTATCS’ 1O OpOWTaM BOKPYr sapa.
BonpmmHCTBO NtO/Iel HE 3HAET: ceifuac OoOLIeNMpPU3HAHHO, YTO MPOCTPAHCTBO, OKpYKarolee 3eMIlo a,
BO3MOJKHO, ¥ BCIO ['ajmakTuiKy, 00yajiaeT MpaBOCTOPOHHUM BpaIlleHHEeM . DTO 3HAYMT, YTO, MPOXOJIS
yepe3 (pu3MuecKuil BakyyMm, SHEprusi BBIHY)KJEHA BpallaThCs MO yacoBoil crpenke. B 1996 ronmy
pycckue yuensie -pa [llunoB u AKMMOB nucanu:

“B nacrosdiee BpeMsi MHUpPOBas IMEPUOJUKA MO TEME TOPCHOHHBIX IMOJEH JOCTUTAeT IMOpslKa
10.000 crareii, npUHAUIEKAKUX [IEPY OKOJIO CTa aBTOPOB. [IpuueM, CBbIIIE MOJOBUHBI TEOPETUKOB
pabotaroT B Poccun”.

Kak mb1 nerko yoeaumcs, Ha 1996 rox pabora a-pa Ko3swsipeBa moBnusiia Ha IMosiBIeHHE Ooliee
5.000 pycckux crateil Ha 3Ty TeMy. B kiaccudeckux GU3NIeCKUX MOJENSIX TOPCUOHHBIE TIOJIS HUKOT/1a
HE paccMaTpUBaJNCh KaK YyHHUBepcajbHas CHJa Ha YpPOBHE TIPAaBUTALMU WM 3JIEKTPOMArHUTHOM
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9HEPruu, BO MHOTOM IIOTOMY, YTO IOCJIEJHUE CYIIECTBOBAJIM TOJBKO TEOpPETHUECKH. OpHUrMHaIbHAS
teopus Kaprana (1913 rox) nomyckana, 4yro TopcuoHHble mojii Ha 30 mopsAnkoB crabee, ueM
rpaBUTalllsA, a YK€ M3BECTHO, uTO rpaButanus Ha 40 mopsakoB ciabee, yeM HJIEKTPOMAarHUTHAs
sHeprua! Kak yTBepxknanu TeopeTHKH, Onarogaps TakoMy cJaOOMy BIMSHHUIO €CTECTBEHHO
BpAIAIOIINEC TOPCUOHHBIE MOJISI HE BHOCAT HUKAKOT0 3HAYMMOTO BKJIZJa B SIBJICHUS, KOTOPHIE MOKHO
HaOronaTh BO BeeleHHOM.

B nauane 1970-x romoB, paboter A. Tpayrmana, B. Komuunckoro, ®. Xeitma, T. Ku66ma, B.
Ckuambl U IpYTMX BCKOJIBIXHYJIU BOJIHY MHTEpEca K TOPCUOHHBIM IOJIIM Y YYEHBIX C OTKPBITHIM YMOM.
Crporue Hay4Hble (akThl B30opBajdud MH(], OCHOBAHHBIM Ha TpocylIecTBoBaBmield 60 JeT Teopuu
KapTtana, 4To TOpCcHOHHBIE OIS ClIa0ble, KPOIICUHbIE U HE CIIOCOOHBI ABUTaThCS B MPOCTpaHCTBE. Mud
teopun OuHmTeiHa-Kaprana (TOK) B ToM, 4TO crimpaneBUHBIE TOPCHOHHBIE TOJISI HE CIIOCOOHBI
JBUTaThCS (TO €CTh OCTAKOTCS CTATUYECKUMH) U MOT'YT CYLIECTBOBATh TOJIBKO B IPOCTPAHCTBE, HAMHOTO
MeHblieM, 4yeM aroM. Ckuama U €ero KOJUIETH MPOJEMOHCTPUPOBAIM, YTO TOPCHOHHBIE TIOJS,
oxugaemble B TOK, cymecTByloT M Ha3Balu MX ‘‘CTATMYECKMMU TOPCHOHHBIMM mosiaMu’ . OpHako
pa3HMIIa B TOM, 4YTO Hapsay CO CTaTHUYECKHMMHM TOPCHOHHBIMU TMOJSIMH ObUIM OOHApy>KEHBI H
“IMHAMUYECKUE TOPCHOHHBIE MOJIs”, 00Iajarolye CBOMCTBAaMU HAMHOTO 0oJiee TOPa3UTEIbHBIMH, YeM
npeanonarany JiHiTeitH u Kapran.

CornacHo CkuaMe U €ro KoJjuleraM, CTaTU4€CKHE TOPCHUOHHBIE MOJIS CO3/1AI0TCSl BPALAIOLIMMUCS
HMCTOYHUKAMH, HE M3ITyYaIOIMMU HUKaKO#M sHepruu. OIHAKO €CIM MMEEeTCS BPAIIAIOIINICS UCTOUHUK,
UCIyCKAIONIMIA JHEprut0 B 000N ¢opme (Ttakoi kak ComHile wiu MeHTp [amakTHKuW), W/Wim
BpAIIAIOIIMNACA HCTOYHUK, oOOdajarouuii Oonbliie, 4eM OAHON (OpMOM NBHKEHUS OIHOBPEMEHHO
(Takol Kak IJIaHEeTa, Bpallarollascs OJAHOBPEMEHHO M BOKPYT cBoell ocu, U Bokpyr CoiHIa), Toraa
ABTOMATUYECKU CO3/IAl0TCSA AUHAMUUYECKHUE TOPCHOHHBIE MOJA. DTOT (PEHOMEH MO3BOJSIET TOPCUOHHBIM
BOJIHAM PAaCIPOCTPAHATHECS B MPOCTPAHCTBE BMECTO TOTO, YTOOBI MPEOBIBATH B OJHOM ‘“‘CTATUIHOM
Mecte. CrnenoBaTenbHO, MOJA0OHO TPAaBUTAIIMM WU DJIEKTPOMAarHeTH3My, BO BcelneHHON TOpcHOHHBIE
MOJISi CIIOCOOHBI TEPEBUTATHCS M3 OJHOTO MecTa B Apyroe. bomee Toro, kak Mbl OOHApyXUM B
MOCNEYIOIUX ThaBax, JAecsatuneTus Hazan Ko3blpeB [gokazan, 4YTO OSTH TONS JBUXKYTCS CO
“CBEpPXCBETOBBIMU™ CKOPOCTSIMH, a 3TO 3HAUUT, HAMHOI'O MpEBbIIIAasi CKOPOCTh cBeTa. Eciiu Bam ynacres
MOJIYYUTh UMITYJIbC, KOTOPBIN JBUKETCS Yepe3 “TIOJ0THO MPOCTPAHCTBA-BPEMEHH CO CBEPXCBETOBBIMU
CKOPOCTSIMU M OTHEJIEH OT TIpaBUTALIMU WM DJIEKTPOMAarHeTHU3Ma, Bbl COBEPIIUTE 3HAYUTENIbHBIN
IPOPBIB B (PU3UKE, IPOPBIB, TPEOYIOIIMIA CYIIECTBOBaHUS “‘(pU3HUecKOro Bakyyma”, “SHEpPruu HyJIeBOH
TOYKK WM “ddupa’.

1.6 CIIMCOK ®EHOMEHOB, CO3JJAIOIIUX DPPEKTHI KO3BIPEBA

OxcnepuMeHTsl Ko3blpeBa Hauanucs B 1950-x ronax, a ¢ 1970-x rogoB BBIIOIHSAIUCH C IOMOILBIO
n-pa B.B. HaconoBa. HacoHoB momor cTaHmaapTU3UpOBaTh JIAOOPATOPHBIC METOJBI U CTATHCTHYCCKUI
aHaJIN3 pe3yJbTaTOB. Ba)kHO MOMHUTH, UTO SKCIEPUMEHTHI IPOBOJAMIIUCH B CAMBIX CTPOIMX YCIOBHSIX,
MOBTOPSIMCH COTHHU, @ BO MHOTHX CJIydasiX ThICAYM pa3 U 3alUCHIBAIMCh B MAaTEMATUYECKUX JIETaJIAX.
OHM TIIATENBPHO PELEH3UPOBAINCH, NPU 3TOM JIaBpEeHTbEB U Jpyrue HE3aBUCUMO IIOBTOPSUIU
pe3ynbTarel. YTOOBI pearupoBaTh Ha NPUCYTCTBUE TOPCHOHHBIX IoJied, KoTopble Ko3blpeB Ha3bIBal
“IOTOKOM BpeMEHHU’, OBUIM CIIPOEKTUPOBAHBI CIEIHAIBHBIC JETEKTOPHI, UCIIOJIb3YIOIINE BpaIlleHUEe U
BHOpaIuio.

BosBpamiasich K mpenplayiiei aHaJIOrMu: Mbl TOBOPUJIM, YTO MaTepHsl BeleT cedsi Kak ryOoka B
Bozie. Ecnii MBI JienaemM 4To-TO, 4TO HapylIaeT CTPYKTYpy I'yOKH, HallpuMep, CXKMMaeM, BpallaeM WIN
ro/iBepraeM BUOpanuu, oHa OyJeT BHICBOOOKAATh KAKOE-TO KOJIMYECTBO BOJABI B OKPYKAIOLIYIO CPENy.

K cogep»aHuto



C rogamu OBUIM OTKpBITBI TPOLECCHl Ui CO3/JaHUS “TIOTOKa BPEMEHHM TOPCHOHHBIX BOJH B
1abopaToOpHH, U BCE OHU IMPOUCXOAST Oaroapsi KaKOMy-TO BUIY pa3pyLIeHHUs] MaTepUU:

* nedopmanust GU3MIECKOro 0OHEKTa

* yapbl BO3IYIITHOW CTPYH O MPEMSATCTBUS

* paboTa MECOYHBIX YacCOB

* [IOTJIOIIEHUE CBETA

* TpeHHe

* TOpEeHHE

* eficTBUS HAOMIOIaTeNs, TaKUe KaK JBMKEHHUE T'OJIOBBI

* HarpeBaHKe WIN OXJIAXKIEHHE 00BEeKTa

* U3MEHEHHUE arperaTHOro COCTOSIHUS BEIECTBa (TBEPAOE TEJIO B )KUJIKOCTh, )KUAKOCTD B Ia3, U TaKk
nasuee)

* pacTBOpPEHHUE U MEePEMEIINBAHNE BELIECTB

* YBAJIAHUE PACTCHUU

* HE CBETOBOE M3ITy4eHHE aCTPOHOMHUYECKHX O0BEKTOB

* BHE3AITHbIE U3MEHEHHUS YEJIOBEYECKOTO CO3HAHHUS

Kpome cMymiaromero nociaeIHero myHKTa, OTHOCSIIErocsk K CO3HAHUIO, MOKHO JIETKO BUAETh, YTO
KaX/IbIil MpoLecC KaKuM-TO 00pa3oM pa3pyllaeT MaTepHio, BBIHY)XJass ee Ju0o Mmorjouiars, Jubo
BBIJICJIATH HEOONBIINE KOMUYeCTBA H(UPHON “BOJBI”, YTO COBEPIICHHO COOTBETCTBYET HAIICH aHAIOTUN
c ryokoi. M BOT eme oIMH BaXHbIM (akT: ObUIM 3aperucTpUpOBaHbl CIydad, KOIJa CHJIbHAs
SMOLIMOHAJIbHAs HHEPrusl TOKE MOIJa BBI3bIBATH M3MEpUMYI0 peakuuio. llpuuem Takue ciydau
3aMeyaInch HE TOJBKO I-poM Ko3BIpeBBIM, HO U MHOTMMH IPYTMMH. BOT rae xapTuHa JONONHSETCA
HallMMM KOHIETIMIMH MICUXUUYECKUX (DEHOMEHOB M CO3HAHUS. DTH KOHIENIMU 00pen elle 0oNblIyio
BaXHOCTb Iocyie ataku TeppopuctoB Ha Coenunennsle Iltatel 11 centsiops 2001 roma, korna uny
Pamnny n ero rpynne u3 Mucturyra JlyxoBHbIXx Hayk ynanoce M3MEpPUTH OIPOMHOE M3MEHEHHE B
MIOBEICHUH KOMIIBIOTEPHBIX FEHEPATOPOB CIyYalHBIX YACE HETIOCPEICTBEHHO 10 U IIOCIIE aTaKH:
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Puc. 1.4 [lannvie usmepenus uzmeneHus Mmaccogoeo co3uanus 11 cenmsops 2001 2ooa
(Paoun, Hncmumym J{yxosenoti Hayxu)
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['paduk mOKa3bIBAET, YTO KAKUM-TO OOPa30oM H3MEHEHHE MAacCOBOTO CO3HAHMs YeJIOBEUeCTBa
MOBJIMAJIO HA TIOBEJIEHUE 3JIEKTPOMArHUTHON SHEPIMH B KOMIBIOTEPHBIX LEMAX BCEro MUPA, OCOOCHHO
TEX KOMIIBIOTEPOB, KOTOpPblE HaxoAWIUCh psaaoM ¢ CeBepHoil Amepukoil. [To3:xe Mbl yBUIUM, YTO 3TO
TOJBKO HAYyajo HOBOIO MHpa “HAayKHM O CO3HAHWM . MBI MPEANOJIOKUM, YTO TOPCUOHHBIE BOJHBI U
CO3HAHME — UICHTUYHBIE NPOSIBICHUS pa3yMHOMN SHEPIHH.

BoszBpamasice Ha Oosiee “ynoOHyr0” Tmuiomanky ¢usnueckoit marepuu, paboTsl Ko3zbeipeBa
MPOJICMOHCTPUPOBAIIA, UYTO TOPCHUOHHBIE TIOJISI MOTYT TIOTJIOIIATHCS, SKPAHUPOBATHCS M HWHOTIIA
oTpaxaThcs. Hampumep, caxap MOXXET MOIJIONIaTh, MOJMAITUICHOBAs IUICHKA W QJIIOMUHUNA MOTYT
AKpaHUPOBATh, a Apyrue (popMbl aTFOMUHUS M 3€pKajla MOTYT OTpakaTh. Ko3bIpeB 0OHApYXWII, YTO B
MPUCYTCTBUH TOPCHOHHBIX TIOJEH TBEpJble W HEDIACTHYHBIE OOBEKTHl OYAYT JAEMOHCTPHPOBATH
W3MEHEHHE Beca, B TO BpeMs KaK THOKHE W 3JIACTUYHBICE OOBEKTHI OYAYyT IMOKa3bIBaTh W3MEHEHUS
AACTUYHOCTH W/WIK BS3KOCTH. Takxke, OH MOKa3all, 9YTO BEC BPAIIAIOIIETOCS BOTYKA OyJIET MEHSTHCS,
€CJIM BOJTYOK BHOpHPYET, HarpeBaeTcsl, OXJIaXIaeTCsl WU €CIIM TI0 HEMY IMPOITYCTUTh JICKTPUUSCKHUI
Tok. Kak MOXHO yOemuThcsi, BCe BBINICyKa3aHHBIC MOBEACHHUS MPEKPACHO BIMCHIBAIOTCS B HAIy
AQHAJIOTHIO MaTepUaJbHON “TyOKH™, TOTJIOIIAIONIECH WJIM BBICBOOOKIAIOMIEH HEOOJBIINE KOJUYECTBA
SHEPTeTHUYECKOM “BOJIBI".

1.7 CO3JAHUE MEXAHUYECKOTI'O JETEKTOPA “IIOTOKA BPEMEHWN”

beccrniopHo, camoii 60bI10# IpoOIeMOoii 0cTaBaIOCh MEXaHHUECKOE 0OHAPY)KEHUE 3TOW SHEPTUH.
Kpome Toro, Gonee Beka OHa yckoib3aja OT O(QHUUIMAIBHOM HayKH. 3/1€Ch BaXXHO IMOMHHTB: XOTS
BJIUSIHUS TOPCUOHHBIX BOJH HAa MATEPUI0 OTHOCUTEIBHO Mallbl, OHU OCYIIECTBISIOT IOCTOSHHOE
tosikanue. Mccnenosanue Illunosa, Tepnerckoro u Apyrux pyCcCKMX TEOPETHKOB CBS3AJI0 YHEPTHUIO
TOPCUOHHBIX IIOJIEH C JHEPrueil IpaBUTALMU, YTO IPUBEJIO K IMOSBICHUI0 TEPMHHA ‘‘TpPaBUCIIMHHAS
SHEprus’” ¥ HayKHu “TPaBUCITUHOPUKHK . B HOBBIX TEOPHUSAX TpaBUTALIMS U CIIUH (BpAICHHUE) CBA3BIBAIOTCS
TEM K€ CIIOCOOOM, YTO M 3JIEKTPOCTAaTHKA, U MarHETU3M JJisi 00pa3oBaHMsI 3JIEKTPOMArHUTHOM BOJIHBI.
XO0Ts TOPCHUOHHBIE BOJHBI MOTYT JBUTaThCS B JIIOOOM HAampaBlI€HUM, OOBIYHO OHHU MOTJIOIIAIOTCS
HUCXOJSIIMM IOTOKOM TpaBUTAllMOHHOrO mosst. OTCroja, caMble CUJIbHBIE BIIMSHUSA JaBJICHUS
TOPCUOHHBIX BOJIH OBUIM OBl JIETKUM CHHMPAJIEBUAHBIM JBHKEHUEM, COCIMHEHHBIM C TpaBUTaLUEH.
[lockonpKy naBieHHE OYEHb HEBEIMKO, OOBIYHO Mbl HE 3aMe4yaeM TaKoro ABW)KEHUS B cede WiIH B
NaIA0NMX 00BEKTaX.

MHorue MexaHUYECKHE JETEKTOpbl TOPCHOHHBIX BOJIH Ko3bIpeBa BKIIIOUAIOT JBHKYLIUECS
O00BEKThI, TAKME KaK BpAIIAIOMIUNACA THPOCKON WJIM aCHMMETPHUUHBIM Kadaromuiics MadaTtHuk. [Ipocras
aHaJIOTUs IOMOJKET HayaTh MOHUMATh, KaK TaKUe JBHXKYIIHECS 00BEKThl CHOCOOHBI yIaBINBaTh MIATKOE
nasiieHue. Ecnu kopabib B MOpe HE CTaBUT Iapyca 10 BeTpy, OH He OyneT aBuratbes. [lapyca 1omkHbI
PaBHATHCS HA HAIPABJICHUE BETPa, U €CIM OHO MEHSETCS, Bbl TOXKE JIOJDKHBI ABUTaThCs, YTOOBI YIOBUTD
HoBoe HampasiieHue. OOHapyKeHHE TOPCHOHHBIX BOJIH — IPOLIECC HAMHOIO Oosiee TPYIHBIHA, 4eM
IUIaBaHUE, MTOCKOJIBbKY OHHM MOCTOSIHHO MEHSIOT HampasieHue B opme TpexmepHoil cnupanu. Tak mwin
MHaue, B OOHapyKMBAIOLIEM OOBEKTE HYKHO CO3[aTh BHOpaLUIO, KOTOpas IMO3BOJIUT IOCTOSHHO
YJIaBJIMBATh TPEXMEPHYIO ABUXKYIIYIOCS CIIMPalb SHEPreTUYECKON CUIIBL.

Ko3bIpeBy ynanoch yIoBUTh TOHKOE J1aBIICHUE TOPCHOHHBIX BOJH MOCPEICTBOM KOMOWHAIIMU ABYX
pa3HbIX opM BUOpAIMK WU IBMXKCHHS OJHOBpeMEHHO. B cienyronux maparpadax Mbl 00CyauM, Kak
3TO OBLTO cenaHo. B mabopaTopHBIX YCIOBUSAX, YTOOBI B3aMMOJICHCTBOBATH C “MIOTOKOM BpeMeHU ’ (Tak
Ko3bipeB Ha3bIBaJl TOPCHOHHYIO BOJIHY), MOXKHO BOCIIOJIB30BaThCSl THPOCKONIAMH HMJIM MasTHUKaMu. B
JAHHOM CJIy4ae B OTBET HA SHEPTUI0 TAKHE JIETEKTOPHI OyIyT IEMOHCTPUPOBATH U3MECHEHHS Beca WU
BHE3aITHBIC YTJIOBBIC IBUKCHUSI.
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OnHuM W3 caMbIX OCHOBHBIX JETEKTOPOB JSHEPrUM “NIOTOKAa BPEMEHU , HCIOJIb3YEMbIM
Ko3zbipeBoM, ObUIH “KPYTHIIBHBIC BEChI” WJIM KOPOMBICIIOBBIE BEChI, CBOOOJHO BpALIAIOIIUECS TOTOMY,
YTO MOABEIICHbI HA HUTH. Kak onuceiBaniock B nepBoi crathe Koswipea B 1971 romy, 1uHamMo-BeChl He
o0ajaii paBHBIM paclpesiesieHMeM Beca Ha KakJoW CTOpoHe, MO0 OAMH KOHEIl KOPOMBICTIA BECHI
JecsITh IpaMM, a Apyroil — oauH rpamMM. Ko3blpeB mHOJBECH KOPOMBICIO Ha KalmpOHOBYIO HHTH
nuamerpoM 30 MM u JuinHOU 5-10 cMm. Touka HuUTH mojaBeca ObuIa B3sITa PSIOM C OOJBIINM TPY30M,
Macca KOTOpPOro B JECATh pa3 IPEBBIIIANIAa MAacCy MAJIOTO Ipy3a, YKPEIUICHHOTO Ha JUIMHHOM ILIEYE
KOpPOMBICJIA, TaK, YTOOBI TOJ BIMSHHUEM TPaBUTAIlMM BEChl OCTAaBaJIMCh OBl B COBEPIICHHOM
TOPU30HTAJILHOM IOJIOKEHUH. TaKke, Takoe pacnookKeHUe co3aBajo OoJblIee HAMPSHKEHUE B CaMUX
Becax, 3aCTaBJIsAs UX JBUraThes Jerde. bonee serkoe miaedo KOpoMbIcia ObIIO CENaHO B BUJE CTPEIIKH,
Tak 4To Ko3bIpeB B J1000€ BpeMsl MOT U3MEPSATh Ha YriIoOMepe KOJIMYECTBO IPalycoB C/IBUT'A BECOB.

YroObl n30€kaTh BIUSHUS aTMOC(EpBI, BCS CHCTEMa IMOMEINANAch MO CTEKISTHHBIA KOJIAK Tak,
9TOOBI OTTYZa MOXKHO OBLJIO OTKauuBaTh BO3JyX. bojee Toro, 4yroObl SKpaHUPOBATh BCE M3BECTHHIE
AJIEKTPOMArHUTHBIE BIUSHUS KO3BIPEB OKPYKWII KOJIMIAK METAJUIMYECKON CETKOHM (ITOXO0XKEH Ha KIETKY
®dapanes).

N camoe BaxHOE: BEpX HUTH, HA KOTOPOW OBUIM MOABEIICHBI KPYTHIIHHBIE BECHI, MEXaHUYCCKUE
BUOPHUPOBAJI C TOMOIIBIO 3JIEKTPOMAarHUTHOTO YCTPONCTBA.

OKCNEepUMEHThl HE CUUTAJINCh HAJEKHBIMU J10 T€X IOp, MOKAa BECHl HE OCTAaBaJIMCh abCOJIIOTHO
CIOKOWHBIMM Jla)k€ B TPUCYTCTBUM JONOJIHUTENbHBIX BUOpauuii Ha Bepxy HUTH. OpHaxo
JIOTIOJTHUTENbHbBIE BUOpAIIH, TOKAYUBAIOIINE BEPX HUTH, 00€CIIeUnBaIN OOJIBbIIYIO YyBCTBUTENIBHOCTD K
BHEIIHEH BHOpaIuy, KOTOpas OTIaBaiack BO BceM oObekTe. MTak, y HAac ecTh HEpaBHBIC BECHI,
TIIATEIBbHO IOJIBELICHHBIE HA TOHKOW HHUTU TaK, YTOOBI OCTaBAaThbCsS I'OPU3OHTAJIBHBIMU, TEM CaMbIM,
co3laBasl CHCTEMY, HAXOSIIYIOCS MOJ OOJbIIMM HANpsKEHUEM M JIETKO CIBUTAIOIIYIOCS JaKe OT
JIETKOr'0 MPUKOCHOBEHMs. Bece 3T0 HalOMUHAET CUITy phlyara, o3BOJIAIOIIETO YEIOBEKY MOJHATH LIEIIbIH
aBTOMOOWJIb TPOCTHIM ITOBOPOTOM JIOMKpAaTa. 3aTeM, KOTJa Bl MPUOaBIIsIeTe HANpsHKEHUE BUOPAIHA,
JBWDKYILIUXCSL BBEPX-BHM3 110 HUTH U B CAMHX BECAX, Y BaC €CTh BCE€ HEOOXOUMbIE MHI'PEAUEHTHI, UTOOBI
CO3/aTh HACTOJIBKO YYBCTBUTEJIBbHBIN JNETEKTOp, YTOOBI “MSATrKOE€ IIeNTaHue JaBiI€HHs TOPCHOHHBIX
MOJIe MOTJIO TOKa3aTh U3MEpUMBIA 3PPEKT. ITO OIMH M3 HECKOIbKMX YMHBIX IyTEH YIOBUTb U
oOHapyxuTh 3TU cuibl. (B kauecTBe apyroro mpumepa, MO>KHO MPUBECTU B JABUIKEHHE T'MPOCKOI, a
3aTeM MOJABECUTh €0 Ha BUOPUPYIOIILYIO HUTb.)

B HEKOTOpBIX CMBICTIAX, TOMOJIHUTENbHAs YyBCTBUTEIBHOCTh pab0TaeT TaK e, KaKk B HACTOJIHHON
urpe B XOKKeHW ¢ Imaiiboif, rie y Bac ecTh IUIOCKas MPSMOYTOJbHAsl MOBEPXHOCTb CO MHOTMMH
KpOILEYHBIMU OTBEPCTUSMH, KOTOPHIE BBICTPEJIMBAIOT BO3AYX IPSIMO BBEPX. B UIpy WUrparoT Jierkoi
IJIOCKOM MIaiOoi, KOoTopas yrpaBisieTcs AByMsl Urpokamu. Ecim BO3AyX HaTalKHBAeTCs Ha CTOJ
(mo106HO aCMMETPUHU BECOB M JIOTIOJIHUTENILHBIM BUOpAIMsIM HUTH B SKcriepuMeHTax Koseipesa), To B
9TOM CJy4yae JaBJICHHE TPAaBUTAIMH Ha Iaii0y HEHTpaIM3yeTCsl BOCXOJISIICH CHUIION, co3aromieii 6oiee
TOHKOE paBHOBecue MeXay aByms cuiamu. Illaiiba MoxeT ocTaBaThCsl COBEPILICHHO CIIOKOMHOM, ecnu
ee He TporaTh, HO €CJId, yapsis 1o 1aiide, Bbl BBOJUTE B CUCTEMY HOBYIO SHEPTHUIO, TO KOTAA IOCTYNAET
BO3/YyX, OHA JIBUTAETCs OYCHb OBICTPO U JIMIIb ¢ HEOONbIIMM ycuaueM. Kornma Bo3ayx yxonauT, maiiba
JBUTAeTCsl HAMHOI'O MeJUIEHHEE U TpeOyeT O0JbIIeH CHIlbl sl IPUBEICHUS B IBUKEHUE.

To xe cnpaBeuyinBo U B aerekropax KosbipeBa. Eciu He BKiIrOuaeTcst TOMOJHUTEIbHAS SHEPTHs
BUOpAINH, TO BaM MOBE3ET, €CJIM BBl BOOOIIE 3aMETHTE PEAKLUI0, MO0 OOBIYHO “TOJIKAaHHE” TOPCHOHHBIX
BOJIH HE JOCTATOYHO CHJIBHO, YTOOBI JIBUTaTh CTallMOHApHBIA OOBEKT. MHOrMe y4eHble, NbITaBUIMECS
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MOBTOPUTH AKCIepUMeHThl Ko3bIpeBa, 4acTo Teprienu MOpaXeHHWe MOTOMY, YTO Bbl HE OOHapYXKHUTE
TOPCUOHHBIE BOJIHBI MasiTHUKOM, €CIM OH HE acUMMETPUYEeH W/MIU Bbl HE BBOJUTE BUOpAIUIO B
BEPXHIOIO 4acTh HUTH. MHOW croco® BU3yalnu3upoBaTh ATOT 3PQEeKT — Hallla aHaJIorus U3 MpoJiora o
pa3HULIE MEXIy Kalied BOJbI, IMOMEIICHHONM Ha XOJIOJHBIM METallI U Ha TOpPAYYI0 KacTpPHOJIIO.
Bubpamuu wmetamia B KacTproje OyayT 3acTaBiiATh BOJY SHEPrHYHO JEHCTBOBAaTH B MOCYyAe U
CTAaHOBUTHCS OYEHb YYBCTBUTEIBHOW K CaMOMy JIETKOMY W3MEHEHMIO JaBJIEHUS M3 JH000ro
HaIpaBJICHUS.

JUis CKJIOHHBIX K JIYXOBHOCTH YHUTaTEJEl: MHTEPECHO OTMETUTh, 4TO yueHHus I[locBAIIEHHBIX
TBICAYENIETUSIMM TOBOPUIM O TOM, YTO €CJIM BBl XOTUTE BOCIHPHUHUMATh HEBUANMYIO SHEPTHUIO
Bcenennoii, Heo0X0AMMO “TOBBICUTH CBOIO BHOpammio”. Kak Mbl J0Ka3alu Ha OJHOM M3 HAaIlIUX
CEMMHApOB, 32 OTHOCHUTEIBbHO HEOOJIBIION MPOMEXYTOK BPEMEHHM YEI0BEYECKOE CYIIECTBO MOXKHO
HaTPEHHUPOBATh pearupoBaTh Ha MATKOE J[aBJICEHHE TOPCUOHHBIX BOJH B 4YEJIOBEUYECKOH ‘“‘aype”
MOCPEICTBOM MpUKOCHOBEeHUS. [Ipu OonbIeit TpeHnpoBKe, onrMcanHol B paboTtax Pynonsda [llTaitHepa
n Kapnoca Kacranenpl, MOXHO yBHIETh JHEPIeTHUECKOE IIOJ€ ueloBeka. B wactu 2 ™Mbl Oynem
o0cyxnaTh OOUIMPHOE CBUAETEIbCTBO, JIOKA3bIBAIOIIEE CYIIECTBOBAHUE HHEPreTUYECKOIro IO
YeJI0BeKa Kak TOPCHOHHO-BOJTHOBOTO KOMITOHEHTA HAINX (PH3UUECKUX TEIL.

1.8 TOPCUOHHBIE BOJIHbI CO3JJAIOTCSA ITPOCTBIM JIBUKEHUEM

[IpencraBnsieTcst, 4TO HEKOTOPBIE FKCIIEpUMEeHThI Ko3pipeBa 00MaHUYMBO MPOCTHI IO CPABHEHHUIO C
s deKxTamu, KOTOPBIX €My yJaloch J0CcTHYh. Hampumep, mpocroe mogHuMaHue M omyckanue 10-
KHJIOTPaMMOBOM TUpHU OYIyT OKa3bIBaTh TOPCMOHHOE JABJICHUE HA MAasTHUK HA PACCTOSTHUH 2-3 METpPOB,
OpUYeM JeHCTBHE TPOXOAMT Jake CKBO3b CTCHBL. MAaSTHUK, HCHOJNB3YEMBIH Kak JETEKTOp, ObLI
9KPaHHPOBAH CTEKJIOM M HAaXOJIWICS B BaKyyMme, mo3ToMy 3¢ddekr He mor cozmaBaTbcs Bo3ayxoMm. U
BHOBb, KIJIFOYEBOW KOMIIOHEHT SKCIEPHMEHTa — BEPX HUTH JOJDKEH BUOPHPOBATh, YTOOBI BHOCHUTH
AOMOJHUTCIBbHOC HAIPSKCHUC W JABWIKCHHUC, IMO3BOJIAIOIIMEC MAATHUKY YAAaBJIWBATh OAaBJICHUC
TOPCUOHHBIX BOJIH. OTO e€lle OJWH JKCIEPUMEHT, IOKa3bIBalOIIMM, 4YTo uucrag Macca 10-
KHJIOTPaMMOBO# THUpH BeleT ces Kak ryOka B BOJE, co3faBas “psiOm” B OKpyxKaromed “Bozie” mpu
JBMKCHUH BBEPX M BHU3. V] BHOBB, 3TO OCHOBHOE CBOWCTBO MaTEPHH.

1.9 YBEJIMYEHUME U YMEHBUHIEHUE BECA, CO3IABAEMOE ITPOCTbBIM
JABUKEHUEM

B npyrom moxoxem skcriepumenTte, Ko3blpeB B3si1 OObIYHBIE KPYTHIIBHBIE BECHI, UCIIOJIb3yEeMbIE
JUIE U3MEpPEeHMs Beca, IZie MpaBoe KOPOMBICIO 001ajano (UKCUPOBAHHBIM BECOM, a K JIEBOMY ObLI
MpueaaH KPIOYOK ISl TOJBEUIMBAHUS pa3HbIX 00bEKTOB. B 3TOM citydae, moJBelIMBaeMble Ha JIEBOE
KOPOMBICJIO OOBEKTHI TOXE OBUIM NMPOCTHIMH THPSIMH, TOJBKO OHM IOJBEIIMBAJINCH HA AJIACTHYHOM
MOJIBECE, YTO MO3BOJIJIO MM JIETKO MHOJHUMAThCS U omycKarbcs. OObIYHO, eciau Tupu Ha 000uX
KOPOMBICJIaX HaXOJATCS B YCTOHUMBOM IOJIOXEHUHU, BEChl OyIyT OCTaBaThCS COATTAHCHPOBAHHBIMH, a
IIKajia - OKa3bIBaTh ONPEACICHHBIN BeC. 3aTeM JIHMO0 PyKoi, 11u00 3a:xxuMoM Ko3bIpeB cTaOuIn3npoBa
KOPOMBICJIO TaK, 4YTOObI OHO HE JABHUIaJIOCh, U YOHpaN C KPIOUKa OOBEKT. 3aTeM OH OKOJIO MUHYTHI TPSIC
00BEKT Ha JTACTUYHOM I0j[Bece BBepX-BHM3. U Bce!

[lponmenaB 3TO, OH CIIOKOWHO BO3BpaIlaJl THPKO HAa KOPOMBICIO BECOB M BHOBH HM3MEpSUT BeEC,
KOTOPBI OKa3bIBAJICS HEMHOTO OOJIbIIE, YeM paHbIIe. 3aTeM IIKalla MOKa3biBajia, YTO U3MEPSEMBIA BEC
00BEKTA IMOCTENICHHO YMEHBIIACTCS, TIOCKOJIBKY MOCIIEHUN BBICBOOOXKIACT JJOTIOIHUTEIBHYIO SHEPTHIO,
KOTOpyI0 Habpan B pesynbrare Tpscku. Ko3bIpeB 3aMeTH: OYeHb BAXKHO, 4YTOOBI, yICp>KUBas
KOPOMBICJIO, PyKa €ro He HarpeBaja, lo3TOMY BMECTO PYKH OH OOBIYHO HCIOJIB30BaJl METaNTMYCCKUN
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3aKuM. VIHTEpECHO, YTO B ONPEJECIIEHHBIE JHU TECT MIPOXOWII JIETKO, B TO BpeMs KakK B JIpyrHe JHU OH
paboran ¢ TpyaoMm uiu He paboTan BoBce. To ke caMoe OTHOCHUIIOCHh U K MOJIbEMY M omyckaHuio 10-
KUJIOTPaMMOBOI THpH. DTO M3BECTHO KaK (PEHOMEHBI, ‘“MEHSIOIIUECS B 3aBHCUMOCTU OT BPEMEHU U
OyneT o0CyXIaThCsl HUXKE.

1.10 PE3YJIBTATBI KO3bBIPEBA IIOBTOPEHBI, HO HE OITPOBEPTI'HYThI

Mmuorue uutatenu oxugand, 4to dddextsi Ko3bipeBa OOBACHAIOTCS OMMOKAMH B 3aIUCAX.
OpHako BaXHO IOMHMTH: HE CYUIECTBYET HU OJHOI'O KOHKPETHOTO OIPOBEPXKEHHS PE3YIbTaTOB
skciepuMmeHTOB Ko3eipeBa m HaconoBa (JleBuu, 1996). Bomee Toro, HeE3aBUCHUMBIE TPYIIIBI
uccieoBaTesiell BOCIIPOU3BENIN U MOATBEPAWIN PE3YIbTAaThl HEKOTOPBIX €TI0 IKCIEPUMEHTHI. D10 A. .
Beitauk B 1960-1980 ronax, JlaBpentheB u Eranoa B 1990 rony, JlaBpentbeB u I'yceB B 1990 rony,
JlaBpentbeB B 1991 n 1992 romax. Amepukanckuil uccinenonatenb J{loH CIBUIK TOXKE BOCIPOU3BEIN
MHorHe Tpyabl Ko3sipeBa u onmy0uKkoBai pe3yabrat B xxypHane Teopuu Hayku u Texnuku.

bonee toro, B 1989 rony, I'. Xascaka u C. Takeyuyu, mo-BUIMMOMY, HE T0JI03peBas 0 padboTax
POCCHICKOTO KOJUIETH, OOHAPYXWJIM aHAJIOTWYHbIE >(PQEeKTh MOTepH Beca Mpu BpameHuu 150-
I'PAaMMOBBIX THPOCKOIIOB, a IMO3KE JOCTUIIIM YCIleXa, ONMyCKas T'MPOCKONbI MEXIy ABYMsS TOYHBIMHU
J1a3epHO-IY4EBbIMU JeTeKTopaMu. [IoMHHTE, YTO TUPOCKOI, KOTOPHIN B3BEIIMBAETCS BO BPAILIAOLIEMCS
U HE BPALIAIOIEMCs] COCTOSIHUU, HE TIOKaXET HUKaKUX M3MEPUMBIX M3MEHEHHH Beca JI0 TeX IOop, MoKa
He OyaeT BBEIEH KAaKOW-TO MOTOJHUTENBHBIA TMpolecc — BHOpamus, IBHXKEHHE (B JAHHOM CiIydae
NaJieHue), TEIUIONPOBOAHOCTh WJIM MPOBEJEHHE SJIEKTPHUUECKOro TOKa. J[OBOJIBHO YAMBHUTENBHO, YTO
pe3ynbTaTel paboThl Xasicaku U Takeydu, BBHITIOJHEHHBIE HA KOMIAHUIO MUITyOMCH, HE OCBEIIAJINCH B
cpeicTBax MaccoBoil mHpopmauuu. boiee Toro, oHM He NPUIHUCHIBAINA CBOU pE3yJbTaThl ACHCTBUAM
TOPCUOHHBIX ToJel. MHorue apyrue uccienosatenu, takue kak ja-p C. M. Ilomskos, n-p bproc
Hellanema u Conan Kujn, He3aBHCHMMO OTKPBUIM I'PaBUTALIMOHHBIE W3MEHEHUs B rupockomnax. Ho
MIPEICTABISAETCS, YTO OOJBIIMHCTBO M3 HUX HE JO KOHIA MOHSIM XHAKOOOpasHyr mpupony 3¢dupa,
BCErJia IBUXKYILIErocsi HOCPEICTBOM CIUPATIEBUIHOTO ABMKEHHUSI TOPCUOHHBIX BOJIH.

1.11 9OPEKTbI AHTUT'PABUTALIUMU, CO3JABAEMBIE HAITPABJIEHUEM
BPALIEHUA

Mpnuorue skcnepuMenTbl Ko3plpeBa mokaszanu, YTO HAIpaBlIEHUE JBHKEHUS JETEKTOpa OYEHb
BAXHO JUIS CO3JAaHMs M3MEpPAEMbIX M3MEHeHMHM Beca. OH ompeneiws, 4TO TMPOCKOIl, KOTOPBIH
BpalllaeTcs, HarpeBaeTcs WM MPOBOAMUT 3JIEKTPUYECTBO, OyIET CYIIECTBEHHO yMEHbIIATh BEC, €CIH
Bpallaercs NpOTHB 4acoBOoM cTpenku. Korga e TIMpOCKON BpallaeTcsl MO 4YacOBOM CTpPEINIKE, BEC
octaercsi Hem3MeHHbIM. Ko3bIpeB mpuien K BbIBOAY, 4TO 3T0 00bscHseTcsa “addexrom Kopuonuca” —
najas Ha IOBEPXHOCTb 3eMJIM, OOBEKT OyAeT IEMOHCTPUPOBATh BPAIIATEIBHOE JBHKEHHE. ITO
MIPOUCXOIUT OJaronapsi TOHKOMY CIHPaJIEBUJHOMY JABJICHUIO TOPCHOHA, KOTOPOE IepeaeTcsi MOTOKY
s¢upa (rpaBUTAMM), KOT/Ia OH CTPEMUTCS B 3€MJIIO, MOAJCPKHUBAsI CYLIECTBOBAaHHE BCEX €€ aTOMOB U
Monekyll. B 1680 rony Hetoton n Xyk moarBepawnm, uto 3¢ ekt Kopuonuca peaneH mocpencTsoMm
cOpacbiBaHMs OOBEKTOB B JUIMHHBIE CTBOJBI MIaxT. [locie 3TOro sKcrnepuMEHTHl HEOJHOKPATHO
noBTopsunch. Dddext Kopuwonuca co3gaeTcss BpallleHHEM NPOTHB YacCOBOW CTPEIKA B CEBEPHOM
MOJIylHIapul W BpAILEHUEM [0 4YacOBOM CTpesike B I0KHOM. OH CYHMTaeTcsi OCHOBHOM CHJIOH,
OTBETCTBEHHOI 3a CUCTEMBI IOro/Ibl. Takxke, ero cjaeiyeT yUuThIBaTh MPU CTPEIbOe U3 apTUILIEPUICKIX
OpyAH aTbHEro JEeUCTBHS MO KOHKPETHBIM IIEJISIM, YTO SIBJISIOCH MPOOJIEMOIl BOEHHBIX /10 OTKPBITHUS
a¢dexra Kopuomnuca. D10 eiie ouH MaJIOU3BECTHBIN (HaKT, 0 KOTOPOM HE 3HAET OOJIBIIMHCTBO JIIOICH.
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MpbI IOMHHUM: JJIs1 TOTO, YTOOBI HaOM01aTh aHOMasbHbIe 3G ekThl, Ko3bipeB cHauaia nmoaseprai
THPOCKON BHOpalyy, HATrPeBaHWIO WM JCUCTBUIO JJIEKTPUYECKOro TOKa. [lpm 3ToM OH Bparmman
THPOCKON JINOO MO YacOBOW CTpeJKe, JMOO0 MPOTHUB YacOBOM CTpenku. Ecinu BUOpUpPYIOIIMK THPOCKOI
JBHUTAJICSI TTPOTHB YaCOBOM CTPEJIKM B CEBEPHOM MOJYIIAPUH, OH JBHUTAJICS B YHHCOH C JBIDKCHHEM
NpOTHUB yacoBoil ctpenku 3¢ dexra Kopromuca. 910 BeIHYk/1a710 00BEKT MOTIIOMATh SHEPTHIO, KOTOpast
OOBIYHO TOJIKAJIa €r0 BHU3, 3aTE€M PETUCTPUPOBATIOCH HEOOIIBIIOE, HO H3MEPSIEMOEe YMEHBIIICHHE Beca.

Pa6ora I'. Xascaku u C. Takeyuu, ymomMuHaemMas BBIIIIe, HE3aBUCUMO TMOJATBEpIWIA TOT XKe
aHOMaJIbHBIA pe3ynbTaT. Korga rupockon Bpamaics MpOTUB YacOBOW CTPEIKU, OH Majall MeIJICHHEe,
YyeM O0XHUJajJoCch. Bpamiasch 1Mo 4acoBOM CTpeKe, TMPOCKON HE TMOKa3bIBajl HUKAKUX HW3MEHEHWH,
noaTBepxkaas Haxoaku KossipeBa. EcTtecTBeHHO, SIMOHMS HAaXOQUTCS B CEBEPHOM MoOJTyIIapuu. Takxe,
Ko3zbipeB oOHapyxui: ecnu rupockon He yaepxkuaics Ha 100% ropu3oHTaNbHO, B 3KCHEPUMEHTHI
BBOJIUJICSL JOTIOJHUTENBHBIA TOPCUOH. ITO TMO3BOJUJIO MPEANON0XKHUTh, YTO JBIXKYIIASCS BHU3
IpaBUTALlMS KaKUM-TO OOpa3oM COEAMHSETCS C TOPCHOHHBIMHM BOJIHAMH, YTO MO3KE MOATBEPAUIN
TeopeTuku. be3 cymectBoBaHus 3¢pupa u (peHoOMEHa AWHAMHYECKOTO TOPCHOHA, HE MOT ObI OBITH
MOJIYYE€H HU OJJUH U3 3TUX PE3yJIbTATOB.

1.12 SKCHEPUMEHT JIENTAJIbMBI “BPAIIATOIIIAMCSA IIIAP”

Puc. 1.5 Sxcnepumenm /lellanvmur “Bpawarowuiics wap ™.
3aumcmeosano us bpugunea Xoaznenoa ¢ OOH (1992)

CoBeplIeHHBI NpUMep OBJAJEHUs TOPCHUOHHBIMM BOJHAMM IIOCPEICTBOM BpallleHUs ObLI
a0COJIFOTHO He3aBUCUMO OOHapyxeH 1a-poM bprocom Jlellanbpmoii. Ero wacto mutupyet P. C Xoarnenn
u ero rpynna Ha caite Muccus Oumepnpariz. B ycnoBux nonHoro Bakyyma Jlellamema B3su1 aBa
CTAJIbHBIX IlIapa W KaTamyJbTHUPOBAJ UX B BO3AYyX IO/ OJMWHAKOBBIMH yIJaMUd U C OJMHAKOBBIM
KOJINYECTBOM CHJIbl. ENMHCTBEHHas pasHMIa ObUIa B TOM, YTO OAMH LIap Bpallajics cO CKOPOCTBIO
27.000 060pOoTOB B MHUHYTY, @ BTOPOH OCTaBajCsl CTallMOHApHBIM. Bpammarommuiics map mogHuMancs
BBIIIIE M Tajajl MEAJICHHEEe, YeM €ro CTallMOHAPHBII coOpaT, YTO Hapyllalo BCE M3BECTHBIC 3aKOHBI
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¢usuku. EquHcTBeHHOE 00BsIcHEHHE 3TOTO d(ekTa TakoBO: 00a I1apa BTSITUBAIOT B CEOsl SHEPTHUIO U3
HEBUJUMOTO HCTOYHUKA, TPU HTOM BpallAIOUIUICSA Iap “MOrjouaeT” 3SHEpruu Ooblle, uYeM
CTaIlMOHAPHBIN, YJHEPTHH, OOBIYHO CYIIESCTBYIOIICH B BUC TPABUTAIIMHM U HAIPABICHHOW BHHU3 B 3EMIIIO.
[Ipn HamUYUU TOPCHOHHO-TIOJNIEBOTO HWCCIIEOBAHUS, MOXKHO BHJIE€Th, YTO BPAIAIOIIUNACS IIap MOT
MOTJIONIATh €CTECTBEHHBIE CIHUPAJICBHUIHBIE TOPCHOHHBIE BOJHBI M3 OKPYXKAIOIIEH Cpeipl, 4TO JaBasio
€My JIOTIOJTHATEIBHBIN 3aI1ac YSHEPTHH.

1.13 3PPEKTHDI, 3BABUCALIIUE OT BPEMEHU

Ko3zbipeB oOHapykui1, 4YTO MPOBEJEHUE SKCIEPUMEHTOB 3aBUCUT OT BpeMeHU. OH OTKPBLI, YTO
HKCHEPUMEHTHI pabOTAIOT JIy4Ille MO3AHEH OCEHBIO U B MEPBYIO MOJOBHHY 3UMBI, HO UX HEBO3MOXHO
npoBoAuTh JieToM. Ko3bIpeB Bepws, 4TO JieTHEe HarpeBaHHe aTtMocdepbl cO37aeT HapylIeHHe,
NpepHIBAIOIIEee TMOTOK TOPCHOHHBIX BOJIH. JIONMOJHHUTENBHOE TEIJIO 3acTaBisIeT MOJIEKYJIBl BO3JyXa
KosebaTbess Oosiee PHEPrUYHO, YTO, B CBOIO OYEpE]b, HApPYIIA€T TOHKHUE CHHUpAJIEBHUIHbIC TaBICHUS —
pe3ynbTaT JIBHXKEHHsI TOPCHOHHBIX BOJIH. BOT kak o00bsicuHseT 310 cam KosbipeB: ‘“HarpeBanue
CONHEYHBIMH  JIydaMH  CO3/aeT  aTMoc(epHBIi  3arpy3uuK, B3aMMOJICHCTBYIOLIU I c
(9kcriepuMeHTaNbHBIMU) S ¢dekTtamu’”. B Hauane Kapbepsl OH CUMTAl, YTO 3aBUCHMOCTH d(QeKTa OT
BPEMEHH BBI3BIBAETCSI €CTECTBEHHO MPOUCXOISAIIIM POCTOM PACTUTEIBHOCTH B O0JIee TEIUIble MECSIIbI,
MOCKOJIBKY YK€ 3aMETHJI, YTO MPOCTOE MPUCYTCTBHE BETYIINX PACTEHHIA MOTJIO BIMATH Ha PE3yJIbTaThl
HKCIIEPUMEHTA, MMOCKOJIbKY OHU BTATUBAIOT B ce0sl SHEPTUI0, 0OBIYHO TEKYIIYIO B IETEKTOPHL. SICHO, 4TO
COYETaHUE PACTEHUH, JIETOM IOTJIOUIAIOIIUX SHEPTUI0 IS MOJICPKAHUS, W YCHIIMBAIOIIMIACS Xaoc
BUOpanumii B 6osee Temnoil atmocdepe MOINIM OTBEYaTh 3a TPYAHOCTH B NMPOBEACHUU U3MEPEHUU B
OoJiee TerIbie BpeMeHa ToJ1a.

Takas 3aBUCUMOCTb OT BPEMEH ro/ia MOIJla MeIIaTh AMEPUKAHCKUM YUEHBIM, KHUBYILIUM B MECTax,
noxoxux Ha IOxnyro Kamudopuuto, noBroputs pesyibratel KosblpeBa. B Takux permonax HeT HHU
OCEHHU, HU 3UMBI, CaMBbIX OJIarONPUATHBIX BPEMEH ro/ia JJis IPOBEJEHUS SKCIIEPUMEHTOB.

1.14 MECTO, MECTO, MECTO

Eme onno cneactBue pabotel KospipeBa — reorpadudyeckoe MECTO MPOBEICHHS SKCIIEPUMEHTa
TOKE OKa3bIBaeT 3HauMMoe BiusHUE. Camble Jy4YIUe pe3ylbTaThl ObLTH MOTY4YeHBI TOTAA, KOTrJa OH
BeITIONIHST u3MepeHus: Bosye CeBepHoro I[lomtoca. CaMple pUCKOBAaHHBIE WX HHUX BBINOJTHSUINCH Ha
rpIbax napeidyromero noga Ha MakcuManbHoW mmmpote 84°15°, Cesepnbiii Ilomoc Haxoautcs Ha
mupore 90°. DTO OYEeHb BaKHOE IMOJIOKEHHE, MO0 TMOKAa3bIBAET, YTO CaMoO€ OOJBINOE KOJIHMYECTBO
SHEPTUU TOPCHOHHBIX BOJH BTEKAET B 3€MJIIO B TIOJISIPHBIX PETHOHAX U OCNIa0eBaeT M0 Mepe ABMKCHUS K
JKBATOPY.

beccniopHo, OOJIBIIMHCTBO YHTATENICH 3aMHTEPECYETCSI TeM, MoyeMy JItoOble Y(PPEKThI CBI3aHbI C
nositocaMu 3emsid. OTBET cofepkUTCs B ydeHuu o MarHetusme. B 1991-1992 rogax A. U. Beiinuk
OTIPENIeTINJI, YTO THUIUYHBIC “TIOCTOSIHHBIE” KeJIe3HO-(QEepPPUTOBBIE MAarHUTHI O0JIAAIOT HE TOJBKO
KOJUUIGKTUBHBIM MAarHUTHBIM TIOJIEM, HO U KOJIJICKTUBHBIM TOPCHOHHBIM TIOJIEM, C IMPaBOCTOPOHHUM
BpAaIlICHUEM Ha CEBEPHOM IMOJIIOCE M JIEBOCTOPOHHUM BpamieHueM — Ha roxHoMm. [I-p I'. W. Illumnos
MIPOJIEMOHCTPUPOBAJL, YTO BCE 3JIEKTPOMATHUTHBIE TOJS T€HEPUPYIOT TOPCUOHHBIE BOIHBL. OTCrONA,
MIOCKOJIbKY BCE MbI 3Ha€M, YTO MarHUTHOE 1oJjie 3eMJu OOJIbIlIe BCETO CKOHIIEHTPUPOBAHO Ha MOJIIOCAX,
camas OOJIbIIIasi CHJIa TOPCHOHHBIX BOJH TOXKE OYyJIET B MOJIAPHBIX PETHOHAX. B cBOei KHUTE U HA caiiTe
B HurtepHnere Puuapn IlacnmuHuk mokazan, 4TO HMITYJIbChI 3EMJICTPSICEHUN IBUXKYTCS OBICTpee B
HaIIPaBJIEHUU CEBEP-10T, YeM BOCTOK-3amaj]. [103ToMy 1ONOJHUTENBHOE NaBI€HHE TOPCUOHHBIX BOJIH,
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BTCKAOMIUX UM BBITCKAOIHUX HU3 MOJAPHBIX PEruOHOB, BJIIMACT HAMHOI'O 60J'IBI_I_IC, yeM OOBIYHAs
MOJIAPHOCTE CEBEP-IOT' MArHUTHOTI'O ITOJIA, U3MEPACMasd KOMITACOM.

Taxxe Ko3pipeB ornpenenus1, 4T0 TOPCUOHHAs SHEPIHsl TEYET MO-APYTOMY B FOKHOM IOJIyIIAPUU
3emiid, 4eM B CEBEpHOM TONYIIapUH, U BHOBB 3a cueT 3¢ dekra Kopuonuca. OH OTKpBUI, YTO B I0KHOM
¥ CEBEPHOM MOJYIIAPHH CKOPOCTh TPAaBUTAIMOHHOTO YCKOPEHHMS CIIeTKa MEHACTCS - Ha TOpsIoK 3,107,
[IpencraBnseTcs, 9TO pe3ynbTaT MallOM3BECTHOTO (hakta, 4to cdepuueckas (opma 3emun Oomee
IJIOCKAsi B CEBEPHOM MOJyLIApUHU, YEM B I0KHOM. Takoe ke siBJIeHHe HaOII01aI0Ch U U3MEPSIIOCh U Ha
npyrux 1uiaHetax — FOmwmtepe u CatypHe. Ko3bplpeB cumuTali: MOCKOJBKY IMOBEPXHOCTH HOKHOTO
MOJIyHIapysi HEMHOTO JTalIblI€ yAajeHa OT LEHTpa I'PaBUTALMM 3€MJIM, YEM CEBEPHOIO, 3TO U OTBEYAET
3a €7Ba Pa3IM4MMOE U3MEHEHHUE CKOPOCTH YCKOPEHUS IPABUTALINH.

1.15 JATEHTHBIE CWJIbI, CYHHECTBYIOIIHUE IMOCJIE IPEKPAIIIEHUS
IT'EHEPUPOBAHUSA DHEPI'NA

CroBo “‘nmaTeHTHBIN” o03HaYaeT ‘“‘oTiokeHHBIN’. Ko3bpeB HaOM0Man KOHKpETHBIC 3 EKTHI,
KOTOpBIE MPOJOJIKAINCHE HEKOTOPOE BPEMsI CIIYCTs IOCJIE€ TOr0, KaK OH OCTaHaBJIMBAJl  CO3JaHUE
TOOBIX TOPCHOHHBIX BOJH W/WIM HapylIeHHE H3MEpPSIeMbIX OOBEKTOB. MBI MOMHUM, YTO OH
JEMOHCTPHUPOBAJ CIEAYIOIIEE: IPOCTOE BCTPSIXMBAHNE TMPU HA AJIACTUYHOM MOJBECKE YBEIUUYHMBAJIO BEC
TUpU, KOTOpas MEIJICHHO BOCCTAaHABIIMBajda HOPMAJbHYIO MacCy IMOKOs, KaK TOJbKO MOMeEIIanach
o0paTHO Ha KPYTWJIbHBIE BeChl. BpeMs, koTopoe TpedyeTcsi 00beKTY Ha BOCCTAHOBJICHHE HOPMATBHOTO
Beca, U €CTh U3MEPEHHE “JIATEHTHOMN CHIIBI, CIOCOOHOH YIePKUBATHCSI.

Hexoropsle 00beKTH OyAYyT HapaluBaTh UM TEPSITh Bec ObICcTpee, yeM Jpyrue. Ko3sipes mpuiien
K BBIBOJY, UTO CKOPOCTb, C KOTOPOH OOBEKT HapalUBaeT UM TEPSET BEC, 3aBUCUT OT €ro IJIOTHOCTU
WIN TYCTOTHI, @ He OT o01ero Beca. OH MoKasaj, 4To NoTeps Beca MPOUCXOTUT MO HKCHOHEHTE; U YeM
IUIOTHEE MaTepHall, TeM ObICTpPee UCUE3aeT OCTaTOYHAs CUila. BOT HECKOIBKO IPUMEPOB:

» CBuHel, MIOTHOCTH 11, OyAeT TepsATh JaTEHTHBIE CUIIbI 3a 14 cexyH.
* AJIIOMUHUH, TUIOTHOCTH 2,7, TEPSET JATEHTHBIE CUJIbI 32 28 CEKYH/.
* JlepeBo, muiotHOCTH 0,5, TEpsET NaTeHTHbIE CHIIBI 32 70 CEKYH/I.

Ecmu 3T0 TpyAHO MOHSATH, MOKHO TIOJyMaTh O TOM, 4TO OoJiee IJIOTHAs, TycTas ry0Oka (Takas Kak
MIEHOIUIACT, UCIIOJIb3YEMBIH B MaTpacax WM CUACHUAX) MPYKUHUT OOJIbILE, UeM JIeTKasi U Oosiee TOHKas
(Takas kak OecopMeHHass cTapas KyxXOHHas Mouaika). YUem Oonblne “TpyXHHUT MaTepHas, TeM
ObICTpee OH MOXET MOIJIOIATh WM BBICBOOOXKIATh dHEepruro. KosbipeB mpoBepss 3T 3PQeKTsl Ha
MeJH, JIATyHHU, KBapIe, CTEKIIe, BO3yXe, BOJE, YIie, rpaduTe, CTOJIOBOM COJIM U APYrHX MaTrepHajax.
On yka3ain, 4to “camble 60nbiHe 3P(HEKTh, ¢ MAKCUMAJIBHBIM BPEMEHEM COXPaHEHUs!, HaOII0AaTUCh Ha
MIOPHUCTHIX MaTepuaax, TAKUX KaK KUpMA4 uiu Byiakanudeckuit Tyd” (Haconos, 1985, ctp. 15). Hac
3TO JIOJDKHO 3aMHTEPECOBaTh, MMOCKOJIbKY B Halle aHAJIOrMM ryOKa TOXKe MOPUCTBIA MaTepHuall, a 3TO
3HAYHT, YTO B HEW MHOT'O MAJICHBKUX ITOP WJIA OTBEPCTHIA.

1.15.1 D®DEKT ACIIJIEHA*

Eme onuH mpuMep JIaTEHTHBIX CWJI, CYILECTBYIOIIMX B CHUCTeMe, OOHapyxkuBaercs B 3(ddexre
AcnyieHa, OTKpbITOM a-poM ["aponbnom Acnaenom u3 KamOpumkckoro YHuBepcuTera. JKCIEPUMEHT
BKJIIOYAET THPOCKOII, Yb€ LIEHTPAJIILHOE KOJIECO MpeJCcTaBisieT co0oil MomHblii MarHuT. HopmanbsHoe

* Bonee noapo6HO 06 3ddexTe AcnueHa MOKHO IPOUECTh BO BTopoit kuure JI. Yunkoka Hayxa Eduncmea, rnasa 5
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KOJIMYECTBO SHEPruM, TpeOyromeecs Ui BpalleHUs THPOCKONa ¢ MaKCUMallbHOW ckopocThio, - 1000
mxoynedt. I[lomoOHO crakaHy C BOAOW, pa3MelIMBaeMOW JIOKKOM, BpalleHHe Tupockona Oyaer
BBIHYXKJIATb JSHCPrur0 BHYTPU HLCHTPAJIBHOI'O KOJICCA Ha4YWMHATh MABHWXCHUC II0 ClUpalid, U
IepeMeIIrBaHue OyIeT IPOJ0IKAThC BHYTPH O0BEKTA J1aXke TOrja, Koraa 1-p AcCIeH OCTaHaBIMBAET
TUPOCKOTI.

Y auBUTENBHO, YTO B TedeHue 60 CeKyH]I IOCIe OCTAHOBKH BpAIllEHUs] TUPOCKONA, YTOOBI JOBECTH
€ro JI0 CKOPOCTH, TJOCTUTHYTOM B TIEPBBINA pa3, TPeOOBAIOCH B JIECITh pa3 MEHbINE 3Hepruu — Bcero 100
JDKOYJer. DTo erie 0JMH BOCIIPOM3BOIUMBIN 3(PPEKT, KOTOPHII UTHOPUPOBAJICS TPATUIIMOHHON HAYKOM,
n6o “mapymain 3akonsl ¢pu3ukn’. OIHAKO, OCHOBBIBasACh Ha pabore Ko3bipeBa, MbI MOXKEM YCIBIIIAThH
JMKOBAHUE PYCCKHUX YYEHBIX, KOTJIa OHH YHTAIOT O IMpodiieMax J-pa AchjeHa ¢ NpU3HAHHUEM 3TOTrO
a¢ddekra Ha 3amane.

Ceityac, ecnu Bbl 00paTWIM BHUMaHHUE, TO MOTJIM 3aMeTUTh: Ko3bIpeB MpoAeMOHCTPUPOBA, UYTO
ceuHer (Pb) moaaepkuBaeT JaTeHTHBIE CHITBI 14 CEKyH/I, alllOMUHMIA — 28, a TUPOCKOIIBI I-pa AcIjieHa
— penblx 60 cexkyHI. OTO NMPOUCXOAMT IMOTOMY, YTO IOCPEICTBOM IOCTOSSHHOIO MarHura (LIEHTp
THPOCKOIA) MCIIOJIB3YETCs IOTIOIHUTENbHAsS d(upHas/TopcuoHHas sHeprusi. U Bo Bropoii kuure Hayka
Eouncmea ™Mbl J1E€MOHCTPUPOBAIM, YTO TaKO€ OCHOBHOE CBOWCTBO BpAIAIOLUIMXCS MAarHUTOB
HCII0JIb30BAJIOCh ISl CO3JJaHMsI MHOI'MX YCTPOMCTB IO MOJIYUYEHHUIO “‘CBOOOIHOM 3HEeprun”.

1.16 HEPEYEHb HEMEXAHUYECKHUX JETEKTOPOB

XoTs1 MBI yXe O0OCYIWIN THMPOCKOIBI, MasTHUKH U TOPCHUOHHBbIE KpyTWJbHBIE Bechl, Ko3bipeB
OTKPBUI U HEMEXaHUYECKUE JIeTEKTOpHI, CIIOCOOHbBIE MOAOMpaTh SHEPruro “rmotoka BpemeHu . Ilox
“HEMEXaHUYECKUMHU~ JETEKTOpaMHU Mbl MUMEEM B BHIY CJIEAYIOUIEEe: TOPCUOHHBIE BOJHBI  MOXKHO
OOHapyXUTh U 6€3 00BIYHO TPEOYIOIUXCS I 3TOr0 ABMKYLIMXCS YacTel, BKIOYAIOMUX B ceOsl 1Be
pasHbie HOpMBI MEXaHHMUYECKOW BHOPAIIMY WIIH JIBUKEHHUS (THPOCKOI, TOPCUOHHBIE KPYTHIIHHBIE BECHI U
MasiTHUK). B mpucyTCTBUM TOPCHOHHBIX MOJEH HEKOTOphIE U3 HEMEXaHUUECKUX JAETEKTOPOB CIIOCOOHBI
JEMOHCTPUPOBATh 3HAUUTEIbHBIE U3MEHEHHS. A B cilyyae BoJibhpama M KBaplia BIMSIHHUE TOPCHUOHHBIX
nojeil Ha Matepuan HeoOpatumo. Bce HmkenepeuncieHHoe OyneT IOKa3blBaTh H3MEHEHHUs B
MPUCYTCTBUH TOPCUOHHO-BOJIHOBOM SHEPTHUU:

* BEJINYMHA CONPOTHUBIICHUS IEKTPOHHBIX PE3UCTOPOB, OCOOEHHO CJIETaHHbIX U3 BOJIb(ppama
* YPOBEHb PTYTH B TEPMOMETPAX

* KoJIeOaHMsI KBapLIEBBIX MTbE303IEMEHTOB

* 3JIEKTPUYECKUE TIOTEHLIUANIbI TEPMOMAPhI

* BSI3KOCTB BO/JIBI

* paboTa BBIX0JIa JIEKTPOHOB B (POTOIIEMEHTAX

* CKOpOCTH XUMHuYecKkux peakuuid (3¢ dext bemy3opa — XKaboTuHCcKoro)

* mapaMeTpbl pocTa OaKkTepuil U pacTeHHHA

JHetanbHoe ommcanue paboTel Ko3bipeBa, BKIOYAsi TOYHBIC TpaduKd, NETATBHYIO CTaTHCTHUKY,
AaHaJIU3 M ONMCAHUS BCEX BBILICIIEPEYUCIICHHBIX JETEKTOPOB MOXHO HaiWTu B KHure A. II. JleBnua
“Cybecmanyuonanvhas unmepnpemayus konyenyuu epemenu H. A. Kozvipesa™ (1996).°

5 CV6CTaHIH/IOHaHLHaH HHTepupeTanus kounenuuu speMenu H.A. Ko3pipeBa
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1.17 AYBJIMPOBAHUE YEPHETCKOI'O

Hekoropble H3 HEMEXaHMYECKHX JETEKTOPOB TOPCHOHHBIX BOJH OBUIM MPOAYOJIUpPOBAHBI
komangon A. B. Uepnerckoro, FO. A. l'ankuna m C. H. KosokosblieBa, co3gaBiieil ycTpOHCTBO,
TeHepHpylollee M HaKalulMBaroliee S(UPHYIO SHEPrui0 Kak KOHAEHcAaTop (KOHAEHCATOp — 3TO
JJNIEKTPOHHBIA KOMITOHEHT, XpaHAIIUN 3JeKTpuueckuil 3apsan). CBoe u300peTeHHe OHU Ha3Balu
“camoreHepupyromuii  paspsausiii  reHepatop”. Ilomo6no KoszbipeBy, UYepnerckuii u apyrue
OOHapyKWIIM, YTO YPOBEHb COIIPOTHBIICHUS B 3JIEKTPOHHOH cxeMe OyJIeT MEHAThCA, €CIH 4acTh CXEMbI
MIOMECTUTh MEXIYy JByMsl OOKJaJKaMu KOHJeHcaTtopa paboraromiero npubopa. Taxke, BUOparoHHas
4acTOTa KBapIIEBOTO OCIMILIATOPa MoBkimaiack B 1000 umu 6osiee pas, 4eM 70 MOMEIICHHSI €r0 MEXTY
oOKJazKaMu. JTO JOJDKHO YAMBIATH, MMOCKOJBKY HAJEKHOCTh KBAaPIIEBBIX KPUCTAJUIOB MOJIEPKUBAThH
IIOCTOSIHHBIM PUTM IIyJIbCALMM IIPU IPONYCKAHWM 4Y€pe3 HUX JJIEKTPUYECTBA HCIHOJIB3YEeTCS JUIS
XpaHEHHs TOYHOTO BPEMEHH B OOJIBIIMHCTBE CYIIECTBYIOIIUX YaCOB € IIU(PPOBHIM OTCUETOM.

1.18 JIATEHTHBIE CUJIbI B BAKYYME U MATEPUU

Takxe, UepHeTCKUN U €ro rpymnmna OTKPBUIM, YTO ‘‘CAMOT€HEpPUPYIOIIUNA Pa3psaHbId reHepaTop’”’
MOXKET CO37aBaTh ‘‘CTaTMyYecKoe” WM He [BIDKYIIEeCs TOPCHOHHOE ToJie B CaMOM CTPYKType
MPOCTpaHCTBa-BpeMeHH. B kuaxoo0pazHoM 3dupe MOr co3laBaThCsl TEKYIIUH “NOTOK”, Na)e eciu B
3TOM MECTE HE CYLIECTBOBAJIO MaTepuu. YepHETCKOMY YyIaloCh U3MEPUTH T€ K€ TOPCHOHHO-TIOJIEBbIC
3¢ (deKThl B 001acTH MEXIY ABYMS OOKIIQIKaMU MAITUHBI JIaXKe MOCIe TOTO, KaK OHa ObLIa BHIKJIFOUCHA
u yoOpana c mecta! JlarenTHbIe 3G (HEKTH U3MEPSITUCH B BOJIb(pamMe U KBapIIEBbIX OCIIIIIIATOPAX.

Hpyroit noxoxuit 3gdext 66u1 OTKPHIT JoHanbaoM PoTom, 0H Ha3Bai ero “MarHUTHON MaMsIThIO .
Orot 3 ekt ObuT 3adurcupoBan HMucmumymom Hoeoui Duepeuu. POT OTKPBUT: €CITM MarHUT IIOMECTHTH
JOCTAaTOYHO OJM3KO K KPYTHJIBHBIM BecaM Tak, 4TOObl OH NMPUTATHBAI UX K cede, TO uepe3 MATh AHEH
MarHuT MOKHO OTOJBHHYTH OT BECOB HaMHOTO Jajbllie, HO OHH BCE TaK e OyIyT NMPHUTATHUBATHCA K
HeMy. Pycckue ydeHble Ha3bIBalOT 3Ty KOHLEMIMIO “‘BAKyyMHBIM CTPYKTYpUPOBAaHHEM , U 3TO BHOBb
JEMOHCTPUPYET, YTO B MPEAINOJIOKUTEIBHO IYCTOM MPOCTPAHCTBE ‘“dTO-TO €CTh  — HEUYTO, YTO
HacienqHuku Muctepuit ATIaHTOB 3HAIU Kak “adup”.

Takxke, Ko3bIpeB OTKpBUI, YTO TE€M K€ CIOCOOOM MOXHO ‘“‘CTPYKTYpHUpOBaTh” (PHUIUUECKYIO
cyocrannmro. Kak oH nucai:

“... Teno, HaxomuBlIeecsi HEKOTOPOE BpeMs BOJIM3M IHpolecca U IOJHECEHHOE 3aTeM K
KpYTWIbHBIM BecaM, JEHCTBOBAJO Ha HHUX TakK e, KaKk M caM Ipolecc. 3allOMUHAHHUE JEHCTBUSA
MPOIIECCOB CBOMCTBEHHO Pa3IMYHBIM BemecTBaM, kpome amomunus’” (Koseipes, 1977, ctp. 217).

B 1984 ronmy JlandakoB mokaszan, 4To “mamsaTh’ Wiau 3POEKT “CTPYKTYpUPOBAHHUS MOXKET
MIPOUCXOUTH U B Bozie. M 3TO € AMHCTBEHHBIN YKCIIEPUMEHT, KOTOPBII BpeMsl OT BpEMEHH IIPOOUBAaETCS
B &JIbTEPHATUBHOE, 3aM1aJIHOE HAYYHOE MBIILICHHE. DKCIIEPUMEHTHI C “NaMIThIO BOAbI HAYMHAIOTCA C
UCIIOJIb30BaHUsI OJHOTO W3 OCHOBHBIX IPOILIECCOB, CO3JAIOIIUX TOPCHOHHBIE BOJHBI, YTOOBI BBHI3BATH
U3MEpsEeMOe YMEHbBIICHHUE BI3KOCTH WU I'YCTOTHI BOJIbL. 3aTeM 00paboTaHHAas BOJa MOMEUIaeTcs psAIoM
C IPYrOM €EMKOCTBIO C BOJIOW, IIPH ATOM BSI3KOCTb HOBOM BOJIbI TOKE YMEHBIIAETCS U CTAHOBUTCS TAKOM
K€, Kak u Yy 1nepBoi. Jlpyrue »SKCIepUMEHTBHI, Takue Kak jskcnepuMeHTbl JKaka beneBucre,
JEMOHCTPUPYIOT, 4TO 3(P(}EKT “mamMsaTé BOABI” CHOCOOCH TEPEHOCHTHCS W B JIPYTUE XUMHUYECKHUE
3¢ dexTl, B KOTOPBIX [JIsi BO30YXKICHHUS BOJBI, BXOJSIIEH B COCTaB HEKOTOPBIX XHWMHUYECKUX
COCIMHEHUM, MCIOJIb3YIOTCSI TOPCHOHHO-BOJHOBBIE TE€HEPATOPhl. 3aTeM, COCIAMHEHHE MOKET
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SHEPreTUYECKH NMEPEHOCUTCS B 3alleYaTaHHbII KOHTEHHep ¢ YUCTON BOJOM, U 3ameyaTanHas Boja Oyner
MPUOOPETATh T€ K€ XUMUYECKUE XapaKTEPUCTUKH, YTO U Y OPUTHHAA.

1.19 COJTHEYHOE 3ATMEHHUE: DODPEKT DKPAHUPOBAHUS DHEPT' U

Kak ™Mbl yxe rosopwiu B mpoisiore, B Hamieil renuocdepe CousHie SBISIETCS NEPBUYHBIM
HCTOYHHUKOM TOPCHOHHBIX BOJIH MOTOMY, 4TO cocTaBiseT 99,86% oOmieir maccbl COIHEUHOM CUCTEMBI.
Ot1o Ham o4eBUAHBIA BhIOOp. B 1970 romy Cakcens u AJjieH MOKa3ajid, 4TO B MEPHOJ COJHEUYHOTO
3aTMeHus npucyrctBue JIyHbsl skpaHupyeT ucnyckaemble COJIHIIEM TOPCUOHHBIE TOJIS, U 3TO BBI3BIBAET
yBEIUYCHHE TIepHoJa KojeOaHwil KpyTWIbHBIX BecoB. Mereoponoram B. C. Kazauky, O. B.
XaspomkuHy 1 B. B. LplIutakoBy yaanoch MOBTOPUTH 3TOT IKCIEPUMEHT B IIEPHOJ COJIHEYHOIO
3aTMeHus B 1976 Tomy u MOayduTh TOT ke caMblil 3¢ dexT. PesynbpraTsl ObuH onyOaukoBaHsl B 1977
rogy. Jpyrue mosiydanu aHaJOTMYHBIE DPE3yNbTaThl, HAOJIOAas NMPOCThIE OTKIOHEHUS MasTHUKA B
MIEPHOJ] COJTHEYHOTO 3aTMEHHUSL.

1.20 BBICTPAUBAHUSA MOJIEKYJL, IOMOT'AIOIIUE NN MEIHAIOIIUE
TOPCUOHHBIM DOPEKTAM

Mpl yxe ynomuHaiu o ToM, uto B 1913 rony Teopus Oiinmreiina-Kaprana BiepBble npeioxuia
Hay4YHYI0 OCHOBY CYLIECTBOBaHMS TOPCHOHHBIX IoJiel. Teopus yTBEp’KAAeT, YTO B 3aBUCUMOCTH OT
MECTa HaXOXXICHHS, BO BceleHHON cCymecTByeT nuOO0 NpaBOCTOPOHHEE, JIHOO JIEBOCTOPOHHEE
BpamieHue. JlampHeHImMe OTKPHITHS B KBAaHTOBOM (DM3MKE, CBS3aHHBIE C TOHATHEM ‘‘CIIMHA”,
MOATBEPAMIIN: “3NEKTPOHBI” OyAyT 00siagaTh MO0 MPAaBOCTOPOHHUM, JUOO JIEBOCTOPOHHUM CIIMHOM.
OTO 3HAYUT, YTO OHM OYyAYT ABUraThcs JHMOO MO 4acoBOM cTpeinke, MO0 MpoTHB Hee. Bce aToMbl u
MOJIEKYJIbl COXPAHSIIOT pPa3Hble CTENEHU pPABHOBECHS MEXKAY IPABOCTOPOHHUM M JIEBOCTOPOHHUM
cnrHoM. Ko3bIpeB onpenenus, 4To MOJIEKYIbl, 00J1adatolue CTPOro NpaBOCTOPOHHUM CITIMHOM, TaKHe
Kak caxap, OyayT SKpaHHpOBAaTh TOPCHOHHBIE 3(PQEKTH, B TO BpeMsi KaK MOJEKYIbI, 00Jagaronme
CTPOTO JIEBOCTOPOHHUM CIIMHOM, TaKH€ KaK CKUMUIap, OynyT uX ycuiauBarh. JlanmpHeiine pycckue
UCCJIEIOBaHMS BBIIBUIN, YTO OObIYHAs MOJUATUIICHOBAS IJIEHKA JACHCTBYET KakK 3aMedaTesIbHbIM SKpaH
IUIs TOPCHUOHHBIX BOJH, W HCIHOJb30BAJaCh BO MHOTHX pa3HbIX 3KCIEPHUMEHTaX, TaKUX Kak
o0cyxaaeMbIx 1-poM AsiekcanipoM OpoaoBbIM.

1.21 “KBAHTOBAHHBIE” U3MEHEHUSI BECA

Mp1 00cyxaanu skcriepuMeHTsl Ko3bipeBa, B KOTOPBIX 00BEKT HapyIIaics pa3HbIMU CIOCO0aMHU, U
CO BPEMEHEM M3MEHEHUS BECa MEIJIEHHO MCUE3aIU. B 3THX 3KCIIEpUMEHTaX MOSABIAETCS OOUH BayKHBIN
(bakTop, KOTOPHII HE JIETKO YBSI3bIBAETCS C Halle yqo0HoM aHamoruet ryoku B Bose. OH U3BECTEH Kak
“3¢dpdexT kBanTOBaHUA. UTO co3maeT 3ToT 3pdext, Mbl 00cyauM no3xe. Korga HeYTO KBaHTyeTCs, 3TO
3HA4YMT, YTO OHO HE JBUTACTCS WJIM IOACUUTHIBAETCS IUIABHO, @ TOJBKO MOATAIIHO, B HEKUX KOHKPETHBIX
uHTepBanax. lIpocTo mpencTaBbTe, B SKCIEPUMEHTaX € ‘“JIATEHTHOW CHMJIOW” Bec OO0bEeKTa He
YBEJIMYMBAETCS WIM YMEHbIIAETCA IOCTENEHHO, a IPOMCXOAUT BHE3AIHBIMU phIBKaMH. beccnopHo, 310
BeChbMa aHOMaJIbHOE cBOMCTBO Marepuu. Kak roBopuit Ko3sipes:

“B omblTax ¢ BUOpalMsMU Ha Becax M3MEHEHHE Beca Tella... MPOMCXOAUT CKAYKOM, HAUMHAs C
HEKOTOpOU sHeprur BuOpanuu. [Ipu nanpHemeM yBEeIMYEHHH YaCTOTHI BUOpalUii NI3MEHEHHE Beca. ..
OCTaeTcsl CHayajga HEHM3MEHHBIM, a 3aT€M YBEJIMYMBAETCS CKAauKOM Ha Ty JK€ BEIMUYMHY... OJHaKO
HACTOSIIEr0 OOBSCHEHUS HTOMY SIBICHMIO €Ille HE yAajoch HaWTu... BmociencTtBuu oxazanoch, YTO
KBaHTOBAaHHOCTB 3(PPeKTOB nomyqaercs moutu Bo Beex omnbitax’” (Koseipes, 1971, ctp. 126).
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Ko3pipeB m3yuan Takue »¢¢exTsl Ha rpyse, BecoM B 620 rpamm, KOTOpBIH IOABEprajics
BUOpALMSIM, U3MEPSAEMBIM B TeplaxX UM IUKJIAaX B CEKYHAY. Mbl HOMHHUM, YTO NIPH OXJIAXKJACHUH OOBEKT
C)KMMaeTcs, a MpU HarpeBaHuu paciuupsercs. Y HarpeBaHue, U oxXJaxaeHHe — QYHKUUU BHOpaLuu;
[I0O9TOMY, B 3aBHCHMOCTH OT TOrO, KaK Mbl 3acTaBisieM BHOPHUPOBaTH OOBEKT, OH MOXKET JHOO
HapalMBath, TMO0 YMEHbIIATh CBOM Bec. B aToM skcnepumenTe rpy3 B 620 rpamMM ciierka yBeIUIUBaIl
BEC, MOJIBEPrasCh BHICOKOCKOPOCTHBIM BHOpanusiM. UToObI pe3yabTaThl BhIpaXalucCh B LEIbIX YUCIAX,
noxe KospipeB m HacoHOB NpuUMEHWIM MNPsAMYI0 MaTeMaTHYECKyl0 (QYHKIUIO W IepecuuTaln
pe3ynbTathl Ha 1 Kr. Pe3ynbTarsl, NpUBEeHHbIE B CieIyoleM naparpade, OTHOCATCS K YPOBHIO 1 KT.

Ha wnwmwkenpuBeneHHOM Tpaduke MOXHO BHACTh CIEAYIOIIEE: KOTIa BHOpaMu O0O0BEeKTa
MTOTHUMAIOTCS JIO TIOPOTOBOTO 3HaueHus 16-23 repiia, OH JEMOHCTPHUPYET CTAOUIFHOE YBEIIMUSHUE BECa
31 mr. To ectb, korma Ko3bipeB yBenmnuuBan BUOpanuu Mexay 16-10 u 23-Ms repiamu, TajJbHEHUIIero
MIPUPOCTA Beca HE OOHAPYKUBAJIOCh. 3aT€M BJAPYT, KOTJA OH YBEIUYMUI YacTOTy J0 24 TepIl, MpupocT
Beca OOBEKTa CHMOHTAHHO ynBowjcs a0 62 wmr. [Ipum yBenmmueHunm 4acToThl ¢ 24-X 10 27-MH Tepil,
YBEIIMYCHHUE Beca HE perucTpupoBasioch. Korma ke BUOpalMu MOBBICHIIACH 70 28 TI, MPUPOCT Beca
BJIPYT CHOBA “NIpbITHYJ” emie Ha 31 Mr u goctur 93 mr.

VB eIDfueHIe Beca, MT
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Puc. 1.6 Keanmosannwie yeeauueHusd eeca ¢ pocniom 4acmomaol 6“6]761141/{1/{,
U3MEPEHHbLE KPYMUTbHBIMU 6E€CAMU

Kaxxapiii pa3, xorjga JOCTUTANCS HOBBIM MOpOT, K 00ILIEMY KOJWYECTBY MPUOABIISIICS MCXOHBIN
npupoct B 31 mr. Kak nucan Ko3bipes:

“VY naBajnoch noyy4yathb MATH- U Jaxe JecITuKpaTHbie 3¢ dexTs”. (1)

JlaBaiiTe He 3a0bIBaTh, YTO “I((HEeKT KBAaHTOBAHUS MPOUCXOAMII MOUYTH BO BCEX IKCHMEPUMEHTAX
Ko3ssipeBa, korga oOmmii Bec o0bekTa MO0 BO3pacTtal, Ju0o ymeHbinancs. UtoObl HedTo momo0HOe
UMEJO0 MECTO, OCHOBHOW HHTepBai 31 Mr, W3MEpeHHBI y Becsamero 1 Kr oObekTa, JOKEH OBbITh
dbyHKIMEH couyeTaHUs ero o0beMa, TJIOTHOCTH, Beca M TOMOJOTHUU ((OPMBI), aHAJOTUYHO TOMY, KakK
3BYK, KOTOPBIH BbI CIIBIIINTE, yAAPsA MO KOJOKOJIBLYHKY OMpPeNeIeHHOTO pa3Mepa, GOPMBI U TNIOTHOCTH.
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Korna Ko3sIpeB moBbIan 4acToTy BUOpaluu 0o0beKTa, CO3/1aBajicsl HOBBIM HHTEpBA MPUPOCTA Beca, HO
Bcerga Ha 31 mr.

“DddhexT KBaHTOBaHUS — OYEHb BAXKHBIM KIIFOU K IIOHUMAaHUIO MHOTOMEPHOM MPUPOJIBI MaTEPHUH.
OH WTIOCTPUPYET, YTO aTOMBI U MOJIEKYJIBl OOJIAal0T CTPYKTYPOH 3arHe3I0BaHHBIX C(hepruuecKux
BOJIH, HAllOMUHAIOWIEW JyK. B crenyromieil rinaBe Mbl Ha4HEM JEMOHCTPUPOBATH KOHTEKCT HTOTO
IKCIIEPUMEHTA, U KaK OH COOTHOCHUTCS C HOBBIMU OTKPBITHSIMH B KBAHTOBOH (hU3HKE.

1.22 TPYJHOCTHU COYETAHUSA UJIEN KO3BIPEBA C TPAJIUIIMOHHOHN HAYKOM

Wneu KosbipeBa He cpa3y W HE JIETKO YCBAaWBAIUCh TPAJUIIMOHHBIM HAyYHBIM COOOIIECTBOM,
0CcOOEHHO Ha 3amaje, u3-3a TOTO, YTO BEJIMYUHBI U3MEPSIEMbIX UM 3(()EKTOB OB YpEe3BHIYATHO MaJIbl.
Hanpumep, HAOMOIHUTENBHBIE CUIIBI, BBOJAWMBIE B €r0 MEXaHWYECKUE DKCIEPHUMEHTHI, U3MEHSUIH BEC
M3ydaeMbIX 00BeKToB Ha opsanok 10 -107°, To ecTh, 0JTHOBPEMEHHO BPAIasch  BUOPHUPYS, THPOCKOI
craHoBuics jerde Bcero Ha 100 mMr. YToObl OLEHUTH, HACKOJIBKO MaJIo 3TO MpHpAIIEHUE, BCTIOMHUTE,
YTO HEKUH aKTUBHBIA WHTPETUCHT, MPUOABICHHBIA K TabMeTKe BUTAMHUHA, JOJKEH UMETh Ha STUKETKE
Bec B 100 mr.

Kak mucan cam KosbipeB: “Pe3ynpTaTel ONBITOB ITOKA3BIBAIOT, YTO OPraHU3YIOLIEE CBOMCTBO
BPEMEHHU OKa3bIBAaCT Ha CUCTEMbI (MAaTEpHM, TAKON KaK 3B€3[Ibl) BIUSHHUE, OUYEHb MAJIO€ B CPABHEHUM C
OOBIYHBIM pa3pyIIAIOUINM XOAOM HX pa3BuUTHs. [l03TOMy HE yIMBHTENIBHO, YTO 3TO... HA4YaJIo OBLIO
MIPOMYIIEHO B CUCTEME HAIIMX HayuyHbIX 3HaHUM. Ho, Oynydn MasbiM, OHO B MIPUPOJIE PACCESHO BCIOIY
Y TIO3TOMY HE00X0IMMa TOJIBKO BO3MOXKHOCTH ero HakorieHus (Kossipes, 1982, ctp.71).
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I'naBa 2: CBeT B KBAaHTOBOM (pusnke
2.1 OCHOBBI KBAHTOBOH MEXAHUKHU Y®UPA

OkcniepuMenThl 1-pa KosblpeBa mpeiaraioT abCONIOTHO HOBYIO TOYKY 3pPEHHUS Ha MaTepHIo, ee
B3aUMOJICHICTBHE U CBSI3b C OKPYXKAIOIIEH cpenoil, ueM yuuT odunmanbHas Hayka. [losTomy, 4T0oOBI
paccMaTpuBaTh CIOCOOHOCTh MAaTE€pPUM CIIETKa YBEJIWYMBATH WJIM YMEHBIIATh BEC, OCHOBAHHYIO Ha
B3aMMOJICHCTBUM C HEINEKTPOMArHUTHBIM JKUIKOOOPAa3HBIM PHEPIeTUYECKUM HCTOYHUKOM, Tpedyercs
HOBasi MOJIENb KBAHTOBOM MeEXaHUKM. boiee 330Tepruyeckue BONPOCHL, Kacawolluecs TOTo, Kak
TOPCHUOHHBIE TOJSI CBSI3aHBI C CO3HAHMEM M JTYXOBHOCTBIO, OYAYT paccMaTpHUBATHCS B MOCIEIYIOLIUX
rmaBax. A ceifuac Mbl OyneMm pa3pabaTbiBaTh pabouylo cucTeMy (H3UKH, TOYHO OOBACHSIOUIYIO, YTO
takoe Marepusi. Kak Huuto npyroe, Haxoaku Ko3pipeBa moka3bIBaloT: YTOOBI OTBETUTH Ha 3TOT BOIPOC,
y Hac €IlIe HET aJICKBaTHON MOJEIIH.

K cuacTpio, MHOTHE CHIEUAIMCTHI-MBICIUTENIN OXOTHO OepyTcs 3a pelieHue npoliaeM KBaHTOBOM
¢uzuku. OHK TPUOTU3UINCH K OCHOBAHHBIM Ha 3(hUpe MOJENSIM, OTBEYAIOIIUM Ha “3yZAsIiine’” BOIPOCHL,
KOTOpbIE TOYTH IIOJIHOCTHIO WMTHOPHPYET TPAaTUIMOHHOE 3amagHoe HaydHoe coobmectBo. Takwme
nmuoHepsl — A-p Muno Boawsd, n-p Bmagumup I'mazOypr, n-p Bomommmup Kpachoromogrer, Yapis3s
Keiirn, “Ymuauk 12347, n-p Jxon Hopabepr, nefiteHanT-monkoBHUK Tom bupnen, n-p ['eapu Maiiepc,
n-p I'aponsn Acnnen, n-p P. b. Jlynkan, bakmunctep @ynnep, a-p Onuep Kpeitn u mHorue apyrue.
Kaxxaplif U3 3TUX MCTOYHHUKOB MPE/IaracT pa3Hble KYCOUKH “TOJIOBOJIOMKHU, OJIHAKO HaM Ka)eTCsl, 4TO
JUISL TIOTHOTO PAcCMOTPEHMsI BCEX OCTAIOUIMXCS MapaJokcoB, HeoOxoauma pabora Poma JIkoHcoHa,
KoTOpasi OyAeT mpencTaBiieHa B riaBe 4. XOTs 3aKOHUEHHYIO OOIINYI0 MOJEbh MPEACTaBAT Oyayiue
aBTOPBI, 3/1ECh MBI PACCMOTPHUM JIOCTATOYHO WHTEPECHBIX (PAKTOB, CBHIETENHCTBYIOMIMX O TOM, YTO
TaKasi MOJIEJIb MOKET U, KOHEYHO, YXKE CYIIECTBYET.

2.2 TUH3BYPI': HOBASI TOUKA 3PEHHUSI HA OTHOCHUTEJBHOCTD

[lepBasi kiroueBasi KOHIENIMS NPUXOIUT OT A-pa Brmagumupa I'mu3Oypra. I'mH30yHr ponauics B
Mockse u B 1974 rony nepeexan ¢ cembeil B AMepuky. B 1968 rony oH moiaydui JOKTOPCKYIO CTENEHb
10 TEXHUYECKUM HayKaM W, KOHEYHO, CJIBIIAI 0 HaxoAakax Ko3plpeBa — OJHOro M3 BEIYIIHUX PYCCKHUX
actpousukoB. OJHAKO, KaKk Mbl YK€ TOBOPWUJIM, NPH COBETCKOM pEXHME BCE pa3pabOTKH ObUIH
3aceKpeyeHbl, M03TOMY B cBouX paborax ['mH30ypr Hukorja He ynomuHain uMeHu KossipeBa. Tem He
MeHee, [MH30ypr OTKpbUI, 4TO B ypaBHEHHs OOIIEH TEOpUH OTHOCUTENIBHOCTH CIIEAYeT BHECTH
HECKOJIbKO MPOCThIX M3MEHEHHH, MO0 0e3 HUX Teopus HE COrjacyercss ¢ JHOBIMU H3BECTHBIMU
HAOJIOZCHNUSAMH, @ C HUMH OHAa COBEPUICHHO OOBACHSAET aHOMAJIMM M3MEHEHHs Beca, OTMEUYEHHBIE
Ko3ssipeBbim.

Teopust OTHOCHUTEIBHOCTH KOHCTAaTUPYET, 4YTO, YCKOPSSA JIBIDKCHHE, OOBEKT IOCTEIEHHO
HapamuMBaeT Maccy. B TpaaIuimOHHON HAyYHOU MBICIIA HU OJIUH OOBEKT HE MOXKET MPEBBICUTH CKOPOCTh
cBeTa, MO0 MpH MPHUOJIMIKEHUH K 3TOH CKOPOCTH, YTO BHIHO M3 YpaBHEHHUs, Macca O0BEKTa CTAHOBUTCS
OeckoHeuHOW. BeIpakasch NpOCTBIMM TEePMHHAMH, | MH30ypr OOHApY>XWJI, YTO MOXHO MOJHOCTBIO
MepeBepHyTh (M3MEHUTH TMOPSAJOK) ypaBHEHHWS, HE Hapylmias HH OJHO U3 H3BECTHBIX HAyYHBIX
HaOMIOIGHUH. DTO 3HAYUT, YTO MPHU JIBHKEHUU BMECTO HApalllUBaHUS MAacChl OOBEKT HA CAMOM JieTie
BO3BpaIaeTr 3Hepruto Hazan B ddup. [Ipm npubmmkeHHMH K CKOPOCTH CBETa 3TO BBIHYKIAET €ro
MOCTENEHHO TEPSTh BCE OCHOBHBIE XapPaKTEPUCTUKH TPABUTALIMOHHOM MAaCChl, MAacChl HHEPLUHUH H
AJIEKTpUYECKUl 3apsin. B cinemyromeii nurare ['mH30ypr BBOJUT HOBBIC KOHIICTIIIVH:

I[BYMH OCHOBHBIMH XapaKTEPHUCTUKAMHU HOBBIX ypaBHeHI/Iﬁ ABJIAKOTCA:
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® HpI/I YBCIMYCHHUHN CKOPOCTHU I'PaBUTAIIMOHHAA MacCa U MaCcCa MHEPIHUHU YaCTHIBI YMCHBIIAOTCA.
* Ilo MCPC YBCIIMYCHUSA CKOPOCTHU BHQKTpH‘{GCKI/Iﬁ 3apgaa 4aCTHULBI TOXKE YMCHBIIACTCH.

Kak BugHO, o0mas macca (Bec) 00beKTa MpeACTaBIseT COOOM TPaBUTAIMOHHYIO MAacCy M Maccy
WHEPIMHA, KOTOPBIC SBISIOTCS MEpPOW TOro, KaK TpaBUTAIMS W HHEPIUS BeAyT ceds B OOBEKTe.
JIt0OOMBITHO: U TPaBUTAIUS, M WHEPIHS OKA3bIBAIOT OJIMHAKOBBLIC BIUSHUS HA MAaTEPUIO, YTO U3BECTHO
Kak “IIpuHIun DKBUBAJICHTHOCTH DWHIITEHHA. DTOT MPHUHIUIT TJIACUT: TPABUTALIMS U UHEPLMS — JBE
(GOpMBI OJTHOM W TOW K€ JHEPTruu, OHH OO0IAJAI0T OJWHAKOBOW CHIIOW, HO OJIHA JIBHXKETCS BHU3
(rpaBuTanums), a Apyrasi CO3aET COMPOTUBIICHNUE, KOT/Ia MBI IBIJKEMCSI B IIPOCTPAHCTBE (MHEPITHS). DTO
OUH M3 CaMBIX JIETKUX CIIOCOOOB YOETUThCSA B HEOOXOAMMOCTH CYIIECTBOBaHMA ‘“3dupa” wiu
“(usmyeckoro Bakyyma’, CTOSIIIETO 3a 3TUMH JByMs cuiaMd. KO3BIpEB TOXKE 3aMETHJI ATy CBSI3b.
Otcrofa, KaKk TOJIBKO MBI HAYMHAEM YCKOPSATh OOBEKT (KOTOPBIH B HOBOM MOJENH MBI YIOAOOWIH
MOTPY)KEHHOW B BOJY TyOKe), T00OAaBOYHOE JABJIICHHE CXKHUMAET aTOMbl W MOJIEKYJIBI B OOBEKTE WU
BBIHY/IA€T €ro BEICBOOOXKIAThH BCEe OOJIbIIEe U OOJbIIIee KOTUIeCTBO ddupa.

Hanee ['mH30ypr mpogomkaer:

“B03MOHO, BBl HE TOTOBBI MTHOBEHHO OTKA3aTbCsA OT UMEIOIIHUX BEKOBYIO MCTOPHUIO YPaBHECHHUU
OTHOCHUTEJIBHOCTH. HO Kak TOJIBKO BBI TOTOBBI 3TO CHEJIATh, BBl OTKPOETE MHOKECTBO YIHWBHUTEIbHBIN
BEIIEH:

* Tonbko npebdbIBaroIas B IOKOE YaCTUI[A MOXKET CUUTAThCS “‘uncToil” Marepuei. Kak Tonbko oHa
HAayMHAET JABUTaThCsl, B COOTBETCTBUM C HOBBIMU YPaBHEHUSIMU OTHOCHUTEIBHOCTH, €€ T'PaBUTALIMOHHASA
Macca M SJEKTPUUYSCKUN 3apsi] HAUHYT YMEHBIIAThCS TaK, YTO YacTh MaTepuu OyIET IMPEeBpaIIaThCs B
nosie. Korga ckopocTh 4aCTUIbI CTAHOBUTCSI paBHOW MCXOAHOM CKOpocTH “C” ciupalieBUIHOIO IO, €€
IPaBUTAlMOHHAS] Macca M JJICKTPUYCCKUU 3aps oOpamiarTcs B HOJMb. B 3TOT MOMEHT MaTtepus
MOJIHOCTBIO MPEBPATUTCA B “‘UncTOE” TOJIE”.

“HcxoaHast cKopocTh criupaieBuHoro nons” “C”, o koTopoil ynoMmuHaet I'uH30ypr, 4yTh BhILIE,
4yeM OObIYHAsl CKOPOCTh CBETa, Onarojmapsi CIHUpaJeBUIHOM TPAaeKTOPHUH, KOTOPOHM, MO €ro MHEHHIO,
JOJDKHA CIIEZ0OBAaTh BCsl DHEPrus. OJTa INPOCTas IIONpaBKa, BHECEHHAs B OCHOBHBIE YpPaBHEHHUS
OTHOCUTEJILHOCTH, BEIET K IOSBICHUIO HOBOW KBAHTOBOW (U3MKM NpPEBpALICHUN, Hapsady cC
KOHIIETILIMEH, YTO 0OBEKT MOXET IMOJHOCThIO MCcUue3aTh U3 M3BECTHOM (huznyeckoi peanbHOocTU. Torma
BO3HHKAET KJIt0UeBOi Borpoc: “Vcuezats kyma?”

2.3 MUIIIWH U ACIIIEH OBHAPYKHUBAIOT PA3HBIE YPOBHHU D®UPHOM
INIOTHOCTH

I'uH30ypr yTBEep)KAAaeT, 4TO, ABUTASICh CO CKOPOCTHIO CBETa, OOBEKT CTAHOBUTCS ‘‘UHCTHIM
nosiem”. Hapsimy ¢ 3TUM ecTh yOemuTeNnbHOE CBHICTEIBCTBO TOTO, YTO CYIIECTBYIOT pa3HbIC YPOBHHU
BuOparuu 3¢upa. [loaroMmy MBI NPUXOAMM K BBIBOAY: KaK TOJBKO OOBEKT YCKOPSETCS 10 CKOPOCTHU
cBeTa, JMOO JIMHEWHBIM JBI)KCHHEM, JIMOO BHYTPCHHEW BUOparuei, au00 COOTBETCTBYIOIIMM
JHEPreTUYECKUM JEHCTBUEM, MOTEPSHHAS DHEPrHsS U Macca MPOCTO MEPEeXOomsT Ha Ooiee BBICOKHIA
ypoBeHb BHOpanuu 3¢upa. B 3T0ol KHHUre MbI OyJaeM Ha3bIBaTh pa3HbIe YPOBHU BUOparuu 3dupa
IIOTHOCTAME®. B KadecTBe TpHMepa: €CiM Bbl OKAa3bIBAaeTe JaBJICHHE HA GONBIION HAJYBHOW MY s
UTphl Ha IUISDKE, MEIJICHHO IOTpY)Xas €ro B BOJY, BBl OyAeTe TOCTEINIEHHO YIAISTh €ro W3

® D10 NpuBeneET K GonbIIeMy coOTBETCTBHIO Mamepuanam Pa/3axony Oonozo.
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OKpY’KaloIIero Bo3yxa B 0ojiee BBICOKYIO IUIOTHOCTh. Korna Bbl ocnabure JaBiieHHe, OKa3bIBaeMOe Ha
Ms14, 0oJiee BBICOKOE /IaBJIEHHE BOJIbI TOTYAC K€ 3aCTABUT €r0 BHICKOUUTH Ha MTOBEPXHOCTH, B aTMOC(epy
c Oonee HHM3KUM JaBieHUEM. Bbl yBuaHWTE, YTO OCHOBHAas (popMa Msua HE M3MEHMIACh. XOTS 3TO
JIOBOJIBHO Ipy0asi aHaJIOTus, II0Ka YTO OHA JIydlle BCEro MOAXOAUT Ul OOBSCHEHNUSI MHOTUX aHOMAJuH,
KOTOpbIE MBI OyJZieM 00CyKAaTh B 3TOM KHUTE.

Hekotopeie ydensle, Takue kak a-p A. M. Mummn, n-p I'aponsa Acnuen, a-p Hukona Tecna u
Jxon Kwin, He3aBUCHMMO JIpyr OT Jpyra OTKpbUIM, 4YTO 3(pUp MHOApasenseTcsd Ha pa3Hble YPOBHHU
IJIOTHOCTU. W3 3THUX OTKPBITHI MBI y3HAa€M, UTO Ha Ka)K0M YpOBHE IJIOTHOCTH KauyecTBa MAaTepUu U
SHepruu OyAyT pa3HBIMH, YTO BEJET K M3MEHEHUIO OCHOBHBIX “3aKOHOB” (DM3WKH Ha KaXkKJIOM YPOBHE.
YroObl MpUBECTH HAIH OOCYKICHUS B HAJUIEKAIIUI BUI, MBI JIUIIb KPATKO KOCHEMCS UX OTKPBITHH.

H-p A. M. Mumun u3 Cankr-llerepOypra. Poccus, Ha IpOTsHKEHHM JTOJITOTO Nepuoja BPeMEHHU
IIPOBOJMJI HMCUEpIbIBAOLME J1abopaTopHble M3MepeHus. OHHU IoKa3ajlid, 4TO 3(QHUp OJHOBPEMEHHO
CYIIECTBYET B pa3HBIX COCTOSHUAX. M cocTOsiHME, KOTOpOE BBl OOHAPYKUTE, 3aBUCHT OT TOTO, KaKOi
BUJ BHUXPEBOIO HapylIeHWss Bbl co3faere. OTH OTKPBITHS OBUIM  CHAETAaHbl OCPEICTBOM
CaMOKOJIEOJTIOIUXCSl ATEKTPOMEXAHUYECKUX CUCTEM, ITOX0XKHUX Ha MPOeKThl Ko3bIpeBa ¢ HEM3BECTHHIM
“JIONOJHUTENIBHBIM KOMIIOHEHTOM”, OOJblIe MOAXOMAUIMM Il OOHApyXeHHUs TOPCHOHHBIX BOJIH,
UCXOAAIIMX OT OHOJOTHYECKHMX CHUCTEM, YeM OT CHUCTeM Heopranmdeckux. I[locpencTBoMm 3TuX
M3MEPUTENBbHBIX MHCTPYMEHTOB U TEXHUK, MUIINMHY y1al10Ch OOHAPYXUTh CIIEAYIOLIee:

* “remnepatypa’ 3¢pupa CpogHH KOJINYECTBY IPOU3BOIUMOrO B HEM BUOPAIITMOHHOTO HAPYLIEHHUS;
* HaMpaBJICHHUE U NOJSIPU3aNUIo 3upa;
* TeKy4He JBUKECHHS S(PUPHBIX “TIOTOKOB™.

OTKpBITBIE UM pa3HbIe IUIOTHOCTH 3¢upa, MUIINH NPOHYMEPOBaJ CIEAYIOIUM 00pazoM:

* Ddup — 1 Beger ceds Kak TBEPJOE TEIO;

* Ddup — 2 Bener ceds Kak IUIOTHAS CBEPXTEKYYast KHUIKOCTD;

* Ddup — 3 BezeT ceds Kak ras, CBA3aHHBIN C IBUKEHUEM MOJIEKYII;

* O¢up — 4 — cocrosiHue, HAOTIOIAEMOE B SHEPTHH 3BE3IHOU TIJIa3MBbl;
* Dup — 5 COOTBETCTBYET raJaKTUYECKUM IIPOLIECCAM.

Kak MOXHO 3aMeTHTbh, MPEICTaBISACTCS, YTO KAXKIbIH YpOBEHb IUIOTHOCTH 3(Upa, OTKPHITHINA
MumabeiM, 00JaJa€T CBOMM YPOBHEM IUIOTHOCTH, OTIWYAIOMIMMCS OT YypOBHA npyrux. CambiM
HawTydmuM o0pa3oM 3TO BHJHO Ha TpUMEpe MEepPBBIX TPeX YpOBHEH, MOO YMEHBIICHHE MOpSIKa
IJIOTHOCTH 04YeBUHO. ClieIyeT MOMHUTh, YTO A-p MUIIKMH - HE €AMHCTBEHHBIN, KTO OTKPBUIL, 4TO 3(up
CYLIECTBYET B pAa3jM4YHBIX YpOBHSAX IMIOTHOCTH. [[-p T[apombn AcmaeH ¢ukcupoBal mMoI00HBIE
OTKpBITUA ¢ 1950-X TOAOB, TOJBKO B €T0 cllydae OHHM OBLIM CJI€JaHbl MOCPEICTBOM HCUEPITBIBAIOIINX
ypaBHeHuil. bojee Toro, Bce OCHOBHBIC MOJOXKEHUE PaOOTHI AcCMJeHa YCHEIIHO MPOILIN MPOIECCHI
pPEeLeH3UPOBAHMS U OBLIN OIYOJMKOBAHBI B IPECTIHXKHBIX HAYUHBIX JKypHaJIaXx. JTa nHpopmaius Oyner
IpeJoCTaBlIeHa B MOCIEAYIONMX riaaBax. Tawke, ¢usuk 19-ro Beka [xon Kunm kmaccuduuuposan
CEMb OCHOBHBIX IJIOTHOCTEH 3¢upa, BO3MOXKHO, OJlaromaps mpoleccy, MOoX0XKeMy Ha MpOoIecc a-pa
MumuHa.

Bce »tu uccnenoBaHus MO3BOJISIOT BBECTH CIIEAYIOIIYI0 KOHIIETIIIMIO: PAa3HbIE YPOBHU IUIOTHOCTH
3(hUpHOI PHEPTUU HA CAMOM JIEJI€ COOTBETCTBYIOT Pa3HBIM “U3MEPECHHSIM ™’ WM IJIAaHAM CYIIIECTBOBAHUSI.
IIpencraBnsiercs, yto MHorue ydeHus apeBHux Illxos Mucrepuil cornamaroTcs ¢ CyIIeCTBOBAaHUEM
OKTaBbl U3 CEMU OCHOBHBIX IUIOTHOCTEH, COOTBETCTBYIOIIMX CEMM LIBETAM PAAYrd WIM CEMH HOTaM
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JIMAaTOHUYECKOW MY3BIKQJIbHOM IIKadbl. JTa WMHPOpMalMs JETaJbHO OCBELAJach B MPEIBIIYIINX
kHurax. Takoe 3ameuaTenbHOE, 3JIETAHTHOE pEIICHHE XHUTPBIX MaTeMaTH4ecKHX MpobieM “Oonee
BBICOKUX M3MEPEHUI” — UMEHHO TO, YTO MbI OKuAaiau Obl yBUIeTh B boxkectBenHoM Kocmoce. Cambie
YHCThIE, CaMble TaPMOHHYHBIE BUOPALMU BUAMMOIO CBETAa U CIBIIIMMOIrO 3ByKa y1I0OHO OpraHW30BaHbI
B cTpykTypy OktaBsbl. [Ipencrasnsercs, 4To 1 BUOpauu 3pupa He ABISIOTCS UCKIFOUEHUSIMHU.

[Io ™Mepe TpPOAOMKEHHUS TPEACTABICHHUS WHPOPMAIMM B OCTaBIICHCS YacTH KHHTH,
KOMOMHHMpOBaHHBIN 3G (dEeKT Mojaeneld MHOroypoBHEBoro 3dupa MummHa u AcnjeHa OyJeT OdYeHb
BaXEH [IJIs Hamiel aprymMeHTanmud. MWUIIWH TpeiaraeT MnpsaMoe HaOI0aeMoe CBUICTEIHCTBO
CYIIECTBOBAHMS TaKUX YpPOBHEH, a ACIJIEH — 3aKOHYCHHBIH MaTeMaTH4YeCKud (yHIaMeHT s
OO0BSICHEHUS, KaK ¥ MMOYEeMY OHHU CYIIECTBYIOT. HUKOT1a paHbIlie HE CYIIECTBOBAIO TEOPHH KBAaHTOBOMH
¢bu3ukn, Kotopas Moryia Obl OOBSACHHWTH 3arajouyHbie, 3adukcupoBaHHBIC 3(PQEKTHI, CBSI3aHHBIE C
MCYE3HOBCHHEM W/WJIHM TOSBICHHEM OOBEKTOB WIIM TOBTOPHBIX MOSIBICHHMEM OOBEKTOB BOKPYT HAC.
Takue >ddexTsl BKIOUarOT aHoManuu bepmynckoro TpeyroiapHuka M Ipyrux MOJOOHBIX BHXpEH, a
TAaK)KE MHOTHE YIWBUTEIbHBIC, HAYYHO 3a(UKCHpPOBAHHBIC CBHUJICTEIHCTBA TEICKHHE3a (TaKue Kak
npumenmue u3 Kuras B kaure [lona Jlonra Kumaiickue cynep skcmpacerncst). MaTepuan 3TOi KHUTH
(bopMyIHpyeT TaKylo TEOPHIO, KOTOpasi YAOBJIETBOPSET 3TUM TpeboBaHusaM. M uTo emie Gojee BaxHO,
MBI OyJleM yTBEepXkAaTh, YTO pa3Hble d(PUPHBIC IIIOTHOCTH JOJDKHBI TAaKXKE COOTBETCTBOBATH Pa3HBIM
YPOBHSIM pa3yMa U CO3HaHUs. A TIOKa, MPOIOJDKUM (POKYCHPOBATHCS HA OCHOBAX.

2.4 TUH3BYPI' U “AUHOCPEPA”

J-p 'mH30ypr mosiaraeT, 4TO HOBbIE ypaBHEHUS OTHOCUTENILHOCTH PACKPBIBAIOT CYLIECTBOBAHUE
CIHMPAJIICBUIHBIX BOJH OHEPrHM M “‘CIHPAICBUAHOTO TMOJI”, JIBMXKYIIETOCS B IIapooOpa3sHOM
KHUJIKOOOpa3sHOM dupe. ITO MMoJie OH Ha3bIBACT “THMHOCHEPOi”.

“IlmHocepa — OTO COBOKYITHOCTH ITy3BIPHKOB TIOJIS, 3allOJIHAIOIIUX BCE IMPOCTPAHCTBO
Bcenennoii”.

OueBunHo, uyto Teopuss [mHCOypra mnpeObIBaeT B COBEPIICHHOW TapMOHHH C OTKPBITUSMU
KosesipeBa. Ha camom kpomedHoM ypoBHE ‘“d¢up” cleayeT BHU3yaIM3UPOBATh COCTOSIIIIUM U3
chepruecKkux my3bpIpbKOB dPUPHOI IHEPTHH, CYIIECTBYIOIINX BO Beel BeenenHol. TopCcHOHHBIE BOTHBI
NBUXKETCS B 3QUpE, 3aCTaBIISAsL COCEAHUE “Iy3bIpbKU HOJS yaapsaThes Apyr o apyra. Hu ogun my3sipek
HE y/aNseTcs IaJIeKo OT CBOETO MOJOKEHUS, aHATOTMYHO TOMY, KaK Psi/i TIaBaOIIUX 00BEKTOB MOXKET
OCTaBaThCs HA MECTE, IIOKA 10 BOJE MEPEKATHIBAIOTCS BOIHBL. Ka)xablil pa3 UMITyJIbC MOMEHTA yaapsieT
My3BIPEK TOJS, 3aT€M MY3BIPEK CTAIKHBACTCS CO CBOMMH COCEISIMH, TepeaaBas MOMEHT. MMimynbe
OyIeT MpoIoJDKaTh TepeaaBaThCs, Ma)Xe €CITU BCE MY3bIPHKH OKKYTCS B TEX K€ OTHOCHTEIBHBIX
IMOJIOKCHHUAX, C KOTOPBIX OHHW HAYUHAJIHA.

HoBas monens ['mH30ypra mogBOIUT K HJEE, YTO aTOMbI U MOJEKYIbl — 3TO MPOCTO BHXPEBBIC
o0pa3oBaHUsl, CPOJAHM KOJbIAM JbIMa WM BOJOBOPOTaM, C(HPOPMHUPOBABUIMMCS B KHUAKOIOAOOHOM
a¢upe, KOTOPBIi OH Ha3biBaeT AuHOC(epoil. XOTS OH U MHOTHUE JPYTU€ MBICIUTEIH MPEIOCTABUIN
OTPOMHOE  KOJHMYECTBO  CBUJETENIbCTB, MOAKPEIUIAIOMIUX UX  YTBEPXKICHHUS, OOJBIIMHCTBO
TPaIUIMOHHBIX YUYEHBIX MPOJODKAIT M30eraTh 3TUX KoHueniui. OHU MPHUIAECPKUBAIOTCS H30UTHIX
JNOKTPUH, HACTauBAaIOUIMX Ha TOM, 4YTO aTOMbI COCTOSAT W3 4Yactull. OjHako ceifuac Mbl Oyaem
JIEMOHCTPHUPOBATh, YTO MOJIEJIb YACTUL] — HA YTO MHOE, KaK Bepa, MOKOSIIAsACS Ha Psi/ie NOMYILIEHUMN.
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2.5 TOMYUEHUSI KBAHTOBOI ®U3NKHU

Hunsc bop mepBbIM Ipennokuil ‘“MarHeTpOHHYIO® MOJIEIb aTOMa, OIMCBHIBAIOIIYIO YacTHIIBI,
Bpalllaolrecs 1o opouTaM BOKPYTr Ipyr Apyra Kak kpoimieyHas ConHeuyHasi cucteMa. MHOTrue Joau He
3HAIOT, YTO Takas MOJEIb HE MOXXET OBbITh BEpHOW M MO-HACTOAIIEMY COMTBHI C TOJKY, KOTAa pPsX
AKCTICPUMEHTOB IMOJATBEPIKIAET, YTO TaK HA3bIBAEMBIE “daCTHIBI BEAYT CEOs KaK BOJHBI. ITO MPUBOIUAT
K mpobnemam, TakuM kak mapajgokc Kora Ilpenunrepa u Ipunuun Heonpenenennoctu ['eiizenGepra.
O06e mpoOaeMBbI TIBITAIOTCS CKa3aTh, YTO HA CaMOM JeJie aTOMBI He “peanbHbI”’; HA KBAHTOBOM YPOBHE
OHHU CKOpEE TOJIBKO “BEpOSITHOCTH . IMETh HeuTo He “peanbHOE” KaK OCHOBY MaTEpUH, IIPEICTaBIIETCS
abcypaupiM. CrenyeT MOMHUTBH, YTO OOJIBIIMHCTBO HAIIMX BBIBOJIOB O KBAaHTOBOW cdepe SBIAIOTCA
JIMIIb JOIYIIEHUSMHU, IOCTPOEHHBIMH BCETO HA IBYX KOCBEHHBIX MCTOYHHKAX:

1. CieKTpOCKONMUYECKUI aHAIIN3;
2. Anamm3 crnemoB OBICTPBIX 3apsUKEHHBIX YACTHI[, IOJYYEHHBIX MOCPEIACTBOM BCKHITAHMS
NeperpeTon >KUAKOCTH BIOJIb TPACKTOPHH YaCTHIIBI.

Haunnasi ¢ mepBoro B CHHCKe: CIEKTPOCKONHMYECKUH aHaIW3 TOpas3go IpOIIe, YeM MOoJaraeT
O60abpmMHCTBO. KOHKpETHBIN 3yieMeHT (Tpymnma aTOMOB) TMOMEINIAETCS B MalleHbKHUN, MPO3payHbId
KOHTEHHEp, HaXOJSIINICS B 3apsSHKCHHOM COCTOSIHUM JHEPTUU, YTO BBIHYKIAET JJIEMEHT HCITyCKATh
ceeT (doronsr). 3areM, uepe3 DIJIEMEHT TMPOINMycKaeTcs ocobas ¢opMa cBeTa, TOJKArOIIas
BBICBOOOKIEHHBIC (DOTOHBI TaK, YTOOBI OHH MPOXOAMIN Yepe3 MPU3MY (JUH3bI) WU AUPPAKITHOHHYIO
penieTky (1eib), KOTOpble PacKIaJbIBAlOT UX HA IIBETOBOM CIIEKTP paayru. 3aTeM CHEKTp CHUMAETCS Ha
IUICHKY ¥ aHajdu3upyeTcs. braromaps yHUKaTbHOMY KadeCTBY CBETOBOTO W3JIYYCHHS, KOTOPOE
MPOITyCKaeTCsl 4epe3 HM3MEHSIOUIUICS dIeMeHT (KOTOPBIH YMECTHO Ha3bIBAETCS ‘‘UEPHBIM TEJIOM’
M3ITy4eHUs ), IICHKA OYAeT PETHCTPUPOBATH TOIBKO MAJICHBKUE PSIIbI BEPTUKAIBHBIX IIBETHBIX JTUHUIA.
OTU JUHUM CO3JIAI0TCS OTPOMHBIM KOJHMYECTBOM (DOTOHOB, OINPEAENEHHBIX TOYHBIX I[BETOBBIX YaCTOT,
KOTOpBIC UCIYCKAeT XUMHUUYECKUN 37ieMeHT. [1o3ToMy, BCe, YTO MBI 3HA€M HABEPHSKA, - 3TO YTO ATOMBI
BBICBOOOXKJIAIOT OMpPEIETICHHBIE [[BETOBBIE YACTOTHI cBETa ((POTOHBI), KOTOPHIC 3aT€M AHAIUZUPYIOTCS.
Bce octanpHOE — nonyuieHue.

Bropas KaTeropus KBaHTOBBIX M3MEPEHHMI — 3TO aHAIM3 TIOCPENCTBOM “ITy3BIPHKOBOI KaMepsr” .
Cpena, ucnonb3yemas A OOHapyXeHUs ‘“‘4gacTull’, - OOBIYHO CTEKJIIHHAs KaMepa, HAIOJHEHHas
CHJIBHO C3KaThIM ra30M, TAKUM KaK BOJSHBIM MapoM. /laBieHne HacTOJIbKO BBICOKO, UTO Ty/la OOJIbIIIE HE
MOXKET BTUCHYTbCS Jake Mojekynaa. Korma sapspkeHHas ‘“‘dacTuia” JBHXKETCS CKBO3b Cpelly, OHa
co3/aeT BUAUMbIe HapyieHus. Bot o6bsicuenue a-pa Muo Bonboda:

“Bropoil cnoco0 u3MepeHHus BKIIOYACT BBIHYKIEHHE 3apsDKEHHBIX YacTHUIl BXOJIUTH B CpPENy,
KOTOpass OylIeT perucTpupoBaTh IYTh YaCTHUIBl MTOCPEACTBOM H3BJICUCHHS YacTH €€ SHEPruu it
CO3/IaHMsI HEKOEero BUAA BUAMMOW peakuuu B cpele. B kauecTBe cpefbl OOBIYHO HCIOJB3YIOTCS
¢dororpaduueckas IUICHKA, HACBHIIICHHBIA MAapoM BO3AYX WM MEperperbie >KUAKOCTH. B aByx
MOCJIEIHUX CIIy4asX IMPOXO0KICHHE YacTHIbI (Y4epe3 Cpeiy) CO3/1aeT MHOSABICHHE KPOXOTHBIX YaCTHUI]
TyMaHa WM Iy3BIPbKOB; OTCIO/Ia, METOJ Ha3bIBae€TCs Iy3bIPbKOBOM Kamepoil. Ecim npucyrctByer
MarHuTHOE II0J€, TPAEKTOpUS YaCTUIBl HCKPUBISETCd (B CHHUpalb), M HM3MEPEHUE TPACKTOPUU
[I03BOJIIET BBIUMCIIEHUE MACChl, MOMEHTA U SHEPT UM .

" TIysbippkoBas kamepa — NpubOp Ul PErHCTPALUH CIEN0B (TPEKOB) OBICTPHIX 3apPSKEHHBIX YACTHUII, Pab0Ta KOTOPOTO
OCHOBaHa Ha BCKUIIAHUH TIEPETPETOH KUAKOCTH BJIOJb TPACKTOPUH YaCTHIIBI.
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Kak ykassiBaeT a-p Bonbg, orpoMHOE UnCIIO HAMIKMX MPEACTABICHUN O “4acTUIax’ BO3HUKAET Ha
OCHOBE JTHX JIBYX (OpPM HU3MEpPEHHH M TOJpPa3yMEeBa€MbIX HMH IOMYyIICHHWH. JlOomoNMHUTENBEHOE
“I0Ka3aTeNbCTBO” KAacaeTcsl MJIEU, YTO aTOMBl UMEIOT si/ipa, COCTOAIIME U3 YacTHULl. JTa Uies NpuluIa
Osaromapst skcriepuMeHTy Pesepdopaa, B KoTopoMm oH G0MOapaupoBall KyCOK OYE€Hb TOHKOW 30JI0TOH
($oJBIrY BEICOKOIHEPTETUYHBIMU MPOTOHAMHU U U3MEPSLII, CKOJIBKO MPOTOHOB MPOXOUIIO CKBO3b (DOJIBTY.
OueHb MajleHbKOE, HO U3MEepsieMOe KOJIMYECTBO MPOTOHOB uepe3 (oJibry He Mmpoxoamio. [Tockosibky
MIPOXOMIIHM HE BCe MPOTOHBI, Pezepdop cienan BEIBOJ, YTO OHU OTCKaKUBAJIM OT KPOIIEYHOTo “siipa” B
LIEHTPE aTOMa, a OCTAIbHOE MPOCTPAHCTBO MOYTH COBEPIIEHHO “ITyCTOE”.

Hrtak, B KadyecTBE OCHOBaHHUS, HAa KOTOPOM CTPOUTCS OTPOMHOE OOJBIIMHCTBO IOMYIICHHUHA
KBaHTOBOM ()M3HMKH, y HAaC e€cTh d3KcmepuMeHT Pesepdopna, aHanw3 mocpeiCcTBOM CIEKTPOCKOIHUU U
My3bIPbKOBOM Kamephl. Hukakue aToMbl Jake OTIajJeHHO He “Habmromanuck” Bu3yaiasHO 10 1985 roxa,
korna MccnenoBatensckas Jlaboparopust Anmaznen |BM BrepBbie He BOCIONB30BaNach 3IEKTPOHHBIM
TYHHETHPYIOIIAM MHUKPOCKOIIOM, YTOOBI JEHUCTBUTENHHO C(hOTOTrpadupoBaTh OPraHU3AIMMIO MOJEKYI
repMaHus B YEPHUIBLHOM TSTHE. Pe3ynmbraT sKcrnepuMeHTa u300pakeH Ha puc. 2.1 — pacruibIBYaThIe,
pa3MbITbie  cepudecKkue  OOBEKTHI, BEpPOSTHO, OOJAgaromMe  HEKMMH  HechepuuecKuMu
TeOMETPUYECKIMH KadecTBaMH (OPMBI M TIPEOBIBAIOIIME B CTPOTO TI'€OMETPHUYECKOM IATTEPHE
OpraHu3aIlii, YTO, OMPEICIICHHO, SBUJIOCH CIOPMPU3OM IS TPaJUIMOHHON Hayku. K300pakeHue
MCKYCCTBEHHO OKpAIIIEHO B OPaHKEBBIN U 3€JICHBIN 1IBETa, YTOOBI TTO3BOJIUTH TJIa3y Pa3INuUTh JBa BUIA
HaOJII01aEMBIX ATOMOB:

Puc. 2.1 — lloonunnas pomoepagusi amomos eepmanus 8 4epHUIbHOM NAMHE

bonee Toro, xorga KBaHTOBblE (M3MKH H3y4Yaldu ‘“3JEKTPOHBI” aTOMa, OHU HAOJIOJAIM, 4TO
MOCIIEJTHUE COBCEM He SBISIIOTCS “ToukaMu’. Ckopee OHM 00pa3yloT OJHOpOIHBIE “oOmaka” B (opme
Kareb, TJe caMble Y3KHE KOHIIBI ““Kareiib’” CXOMSITCS B KPOIICYHON Touke B IeHTpe (puc. 2.2). Jlanee
MBI IPUBEAEM OTPHIBKU U3 KHHUTH JA-pa Muino Bonbda, 4ToOb OKOHYATETHHO MPOSCHUTH MOJIOXKEHHE.
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Crp. 122 — “DnexTpoHHbIX OpOUT He cymecTByeT! KTo Obl HM BBLABHHYN MJEI0 O TOM, YTO
AJIEKTPOHBI BPAIIalOTCsl BOKPYT sJipa Kak IJIaHEThI, OH COBEPIINI YKacHYI0, TpyOyto ommnoky! Eciu Bac
YUWIIM TakoW HJee, cpaszy ke OTKakuTech OoT Hee. Bce coBcem HaoOopoT. Bee BblumcieHnus u Bce
HKCHEPUMEHTHI IOKa3bIBAIOT, YTO B OOBIYHOM aTOME HE CYIIECTBYET OpPOUTAIBHOIO JIBUKECHHUS.
CyiecTBYIOT cTOsSTUME BOJIHOBBIE MaTTepHbl. Hanpumep, paccmotpure ciaydait ¢ N = 1 Ha puc. 9-1 (nim
Ha 3Tux cxeMax M = 0 u L = 0), rne crosunii BOJHOBOW MaTrTepH MOJHOCTHIO chepuueckuil. LleHTp
naTTepHa JIEKTPOHA OJHOBPEMEHHO SBISETCS M LIEHTPOM MaTTepHA MPOTOHA. DTO OOBIYHOE COCTOSIHUE
atomoB H (Bogopoza) Bo Beenennoii. Onu obnagarot cepuueckoii CHMMETpHUEH, a He opouTamu’”.

——

Wave Patlerns of the Quantum Int .‘- Wave Patterns of the Guantum integer, L
(mdmmah-)* (M is chosen to be zero)
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Puc. 2.2 Dnexmponnwvie obnaxa: euo ceepxy (L), 6uo cooky (®)
(bnacooaps nwobesnocmu Boavgha, 1990)

1. ‘Bce aKcnepuMEHTBI, MMEIOLIME LENbI0 HUCCIIEN0BAaTh LIEHTPAIbHYIO CTPYKTYPY 3JIEKTPOHA,
MOTEPIIEIH OPaKEHHE.

2. B KBaHTOBOIl ME€XaHUKE HE CYILECTBYET TEOPUH, NMPEACKA3BIBAIOLIEN pa3Mep JJIEKTPOHA, €r0o
Maccy Ui 3apsj. bonee Toro, He CylecTBYeT U TEOPUH, KOTOPAsi KOJIMYECTBEHHO OMPEENIIEeT YaCTHILY
B BBIUMCIICHUH, MOJAIOIIEMCS MHTEPIPETalui. JTO 3HAYUT, YTO KBAHTOBAsl MEXaHHUKA JIEHCTBUTEIIBHO
HE HY)KJAeTcCsl B KOHIIETIIUY YacTHl], OO BCE BBIUYMCIICHUS OJMHAKOBBI, BEpDUTE WM HE BEPUTE JIU BhI B
YaCTHUIIBL.

3. MaTtepuanbHOCTh “Macchl’”’ COMHUTENBbHA, NOO OHA BCET/Ia MPEBPAIIAETCS B AJIEKTPOMArHUTHYIO
SHEPTHIO, HE 00J1a/Iaf0IIYI0 CBOMCTBOM YaCTHUIIBI .

Kak monaraer n-p Bonwd, Habmomaemple KarieBUIHbIE (POPMBI AIEKTPOHHBIX OOJIAKOB — 3TO
MMEHHO TO, YeTO W CJEI0BAIO0 OKUAATH MPU HAOTIOACHHUH “CTOSIYEH BOJMHBI BUOpamMu. Mbl TIOMHUM:
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BUJHO, YTO DJIEKTPOHHOE 00JaKo aToMa Bojopoja obrnamaer cdepudeckoil Gopmoil. DTo mpsimoe
yKa3aHUE Ha TO, YTO aTOMBI SIBISTIOTCS BHXPEBBIMH OOpa30BaHUSMH, TOCKOJBKY aTOM BOJOpOJa
CUUTAETCA “CTPOMUTENBHBIM OJOKOM™ BCEX JIPYTUX 3JIEMEHTOB, C OJIHUM TUIOTETHUYECKUM “TIPOTOHOM” B
SIIPe ¥ OJTHUM THUIIOTETHYECKUM ‘“3JIEKTPOHOM™, HA CAMOM JIeJie MPECTaBISIOMNM Co00H ceprdeckoe
o0ako.

2.6 OTPULHATEJIBHOE U NOJIO’KUTEJIBHOE: ITPOCTO PA3HHUIIA B IABJIEHUHU

Kaxxaplii ydeHbIl 3HaeT, 4TO JJIEKTPOHHBIC oOOJiaka 0O0JaNal0T OTPHUIATEIBHBIM 3apsaoM, a
“mpoTOHBI” B HAMHOTO MEHBIIECH 00JIACTH Spa WMEIOT TMOJOKUTEIBHBIA 3aps/l. DTO MU3BECTHO Kak
“NONIPHOCTH 3apsaa’, MOCKOJIbKY CYIIECTBYET JiBAa MOJSPU30BAHHBIX WM IMPOTHBOIOJIOXKHBIX 3apsijaa.
Jlonroe Bpemsi 0CTaBajoCh 3araJikoil, 4To 3TO 3HAYUT HA CaMOM JIeJie, U TIOYeMY CYIIECTBYET “TOTOK™
3apsiia. OTa mpobseMa myraja yM MHOTHX YYeHBIX, U -p Bonb( npusHaeT 310 B clieayromei nuraTe:

“IIpu3Haro, 4TO s BCE €lIe HEe MOTY PEIIUTh 3arajKy MoJIspu30BaHHOTO 3apsina. OH npedbBaeT Ha
HEUCCIICIOBAHHOW TEPPUTOPUHU M B CTOPOHE OT HECKOJIBKUX KOPOTKHX DKCKYPCHH Ha ATy TEPPHUTOPHIO.
S BKy ee Kak HE HAaHECEHHYIO Ha KapTy 3€MITIO... DTO BBI30B H BO3MOXKHO TOCIIEIHUN pyOex HAIIero
3aBOeBaHUs (HU3UKH. MEHS yIUBIAET, YTO ATOT MPEAMET Jake HE YMOMHHAETCs (PM3MKaMHU KaK HEdTo,
3aCiy’KMBAIOIllEe HAy4yHOTO wHccienoBanusd. llpencraBisercs, YTO Jierde HUCCAEAOBaThH TO, YTO
MPOU3OIILIO B MEpBbIe MTHOBEHUS Tocie “boibinoro B3peiBa”, yem 3arisiHyTh B TO, YTO ITPOUCXOJUT B
Hac ¥ BOKpYT Hac Ha 3emiie, 371eCh U ceivac”.

B HoBoit mMonmenu a-pa O. KpeiiHa U HEKOTOPBIX JApPYrUX MPOTHUBOIOJIOKHBIE 3apsibl WU
MOJIOKUTENbHASI M OTPUIIATENbHAS MOJIIPHOCTH 3apsia — HU YTO MHOE, KaK pa3HuIla B JaBJICHUH dPupa.
OTtpunatenbHOE JIEKTPOHHOE 00J1aK0 00JamaeT 0osiee BHICOKMM JAaBICHUEM, a TOJOXKUTEIBHOE SIAPO
uMmeeT Oonee HU3KOe naBieHHe. [loaTomy, oTpuLlaTeIbHBIE 3apsIbl B AJEKTPOHHBIX 00JaKax TEKYT B
TIOJIOKUTEITHHO 3apsKCHHYIO 00J1aCTh B IICHTPE aToMa.

DTO OTKPBIBAET BO3MOXKHOCTH CAMOTO JIETKOTO OOBEIUHEHUS JJICKTPOMarHeTu3Ma U TpaBUTAIIH,
nb0 W TpaBUTALMS, M TMOJAPHOCTH 3apsiia MPEACTABISIOT cOOOW HarHeTaHue YPHUPHON ISHEPTUU IO
HaIpaBJIEHUIO K IEHTPY C(HEepUUECKOro MoJId WiIN 00BhEKTa. J30TepruUecKas HayKa cKaszaia Obl, 9TO 3TO
nBe (Gopmbl “cTpemiieHUS BCe MaTepHH U dHEPTHH BHOBb cTaTh OnHuM. U eMHCTBEHHAs, peaibHas
pa3HUIIA MEXTY TPABUTAMCH W MOJSPHOCTBIO 3apsa - B CHJIC U3MEPSIEMOro 3(UPHOTO JABIICHUS U B
CTETNICHH CUMMETPHUH, C KOTOPOI ISHEPreTHUECKUil MOTOK JAaBUT Ha MOBEPXHOCTH cdepsl. [louemy Tak
BakHa cuMmMeTpusi? IlpencraBpTe, rpaBUTANMOHHBIC CHIIBI Ha 3eMJle BeChbMa IOCTOSHHBI OT MecTa K
MECTy, B TO BpeMs Kak B aTOMe€, MEXAY JJEKTPOHHBIMH OOJakKaMH €CTh O00JIacTH, TAe “‘TeYeHUs
SHEPTUH K IIEHTPY He CymecTByeT. [I[pHurHy CyIMEeCTBOBAHUS 3TUX OTICIBHBIX 00JIACTEH MBI OOBSICHIM
I103K€ B ATOM TJIABE.

[Ipu Hanmuuum koHuenuuu 1-pa Kpeiina o6 “a>pupHOM naBieHuu” 3apsija, 3arajika MOJISPHOCTH
3apsijia nposicHseTcsl. DTOM KOHUENIMK OKa3bIBAaeTCsl HeocnopuMasl (pakTuyeckas MoJaepikKKa TeM, 4To
u3BecTHO Kak >pdexr buduina-bpayna®. Dtor sddekr 6bUT BrepBbie OTKPHIT mpodeccopom Ilosom
budunnom, korga-to ObBIIMM cTyneHToM AnbOepra DitHmTeiina B Lropuxe, IlBeinapus. budwunn
PeUIOKII “3(pUPHYI0” KOHLEIIUIO 3apsaa Kak MOTOoKa 3(upa, IAe OTPULATEIbHBINA 3apsij sBISAETCS
00J1aCTHIO BBICOKOTO JaBJICHUSI B MOpe d(PUPHON SHEPTHH, U ITO IaBJICHHE OyaeT Teub B 00siacTu 6osee
HU3KOTO JIaBJIIEHUS TOTO, YTO MBI HAa3bIBa€M IIOJIOKUTEIBHBIM 3apsioM B TOM e camMoM Mope. Eciu

8 D dext Budunna-Bpayna — >3pdeKT yMEHbIIEHUS Beca KOHIEHCATOPa BILIOTH O BOSHUKHOBEHHUS T10IbEMHOM CHIIBI IIPU
OO0JIBIINX HAIPSKESHUSX.
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Takass MOJCJIIb BCPHA, TO IHpPHU JOCTATOYHO BBICOKOM YPOBHC BHCKTpOMaFHHTHOﬁ MHTCHCHUBHOCTH,
BO3MOJXHO CO3JJaHHEC JIBPI)I(YI]_[eﬁ CHJIBI aHTUT'paBUTAIIHUU.

B 1923 rony n-p Tayncenn T. BpayH okazajicsi mepBbIM YYEHBIM, YCHEIIHO MPOBEPUBIIUM
TeopeTHudeckne u3bickanus budunga. Ero skcnepuMeHT BKIOYAN “TUIOCKMN  KOHJIEHCATOp”,
SIBJISIBIIINIICS MMpoOCTO TMOJOXKUTCIIBHO W OTPHULOATCIBHO 3apsS’KCHHBIMU IIJIACTHHAMU ()IOCTaTO'-IHO
WHTEPECHO, YTO OHHU UMeNH (HOpMy JMCKA), PACTIOIOKEHHBIMU OJTHA TIOBEPX JAPYTON C HEMPOBOISIINM
WU JUDJICKTPUYECKUM MaTepuajoM MEeXIy HuUMHU (Kak OyTepOpom). 3aTeM IUIOCKHH KOHJIEHCATOP
3apsKaIcd 60J'IBH_II/IM KOJIMYCCTBOM JJICKTPHUYCCTBA U MOABCIIMBAJICA HA HpO‘-IHOfI IMPOBOJIOKE TaK, 4YTO
MIPU IBYKEHUH MOT BPAILlaThCS MO OOJIBIION OKPY>KHOCTH B TOPU30HTANBHOM TIocKOcTH. Koraa o0bexT
3apsAKacTCsaA, OH 6YIIGT HC3aBUCHUMO [JIBUTATBCA I10 HANPABJICHUIO K MOJIOKUTEIbHOM ILIACTHHE
KOHJIeHCcaTopa, obOecreynBasi IMOCTOSHHYIO ONOPY U BBIHYXJas MPOBOJIOKY/TUIOCKUN KOHJEHCATOP
MIPUCOSIUHATHCS K BPAIIEHUIO TI0 OKPYKHOCTAM. 3ateM, -p Kpelin npogomkaer:

“Korma KOHAEHCATOp BEPTHKAJIBHO Kpemwscs K IIKale Ha KOPOMBICIE BECOB, €CIHU
TIOJIOXKUTEIIBHBIN MOJIOC (HU3KOE JNaBlicHHWE) ObLI HAIPaBJICH BHU3, JIEMOHCTPHPOBAIOCH YBEINYCHUE
Beca. COOTBETCTBEHHO, €CIM BHHU3 OBbUI HAmpaBieH OTPHUIATEIbHBIA MOJIOC (BBICOKOE AaBJICHHE),
MPOUCXOJIMIIO YMEHbIIIeHHe Beca. MHTeHCHMBHOCTh 3((dekTa ompenensiiach BEIUYUHOW IUIACTHH,
YPOBHEM HamNpsKEHUS U MOJIIPU3YIOLIEH CITIOCOOHOCTBIO TUAICKTPUKA .

[Mocnmennee yTBepkIeHUE, Kacaromieecs “TIOSPU3YIONICH CITOCOOHOCTBHIO AMAIIEKTPHKA”, MOXKET
couBaTh ¢ TosuKy. Kak Mbl TOBOpPWIM, ITUANEKTPUK — 3TO HEMPOBOIAIIUN MaTepHai, KOTOPBIA B 3TOM
OKCIICPUMCHTC HaxoJuJICcA MCXKOY ABYMs IMPOTHUBOIIOJIOXKHO 3apsKCHHBIMUA IJIaCTUHaAMU.
“Ilonspusyromnias CoCOOHOCTH” O3HAYaeT, KaK XOPOIIO AMDIEKTPUK MOXKET XPAHHUTh 3apSIbl MEXKIY
ABYMA OTACJIBbHBIMHA WA TTOJAPHU30BAHHBIMU INIACTUHAMMU.

Nrtak, TO, 4TO MBI 34€CHh BHJIHMM, SBIAECTCS CaMOW OCHOBHOW M CYIIECTBEHHOW HAXOIKOW MIJIA
MOHUMAaHUS CTPYKTYphl U QyHKIuH Bcenennoi. Korma mexay oTpuULIaTETbHBIM U TOJOKHUTEIbHBIM
MOJIFOCAMH BO3HHMKAET TIOTOK, B OKPYXKAIOIIEM dPHUpe CO3AacTCs peKa SHEPruu. 3aTeM dTa peKa dHSPTHH
OyIeT BBIHYXXJCHHO JBHUTaThCS B HAIPABICHUU MOJOXKHUTEIBHOTO MOJIOCA. DTOT 3(P(EKT T0CTaTOuHO
CHJICH, YTOOBI MMPOTUBOCTOSATH IPaBUTAIMUA. MHOTHE yBa)kaeMble UCTOYHHKHU COTJIAMIAIOTCS C TEM, YTO
Bbpayn pa3spabotan cpenctBa, MO3BOJSIONIME CO3/1aTh 3aMKHYTOE YCTPOMCTBO, crmocoOHOe yOuparthb
TPABUTAIMIO U TIOJJHUMATHCSA B BO3IyX, TOATOMY €ro padoTa mo3aHee Obuta cuctemMaru3upoBaHna. 10 mas
2001 roga Yuikok, psn wieHoB KoHrpecca u gpyrue npuriaiieHHble TOCTH PUCYTCTBOBAIM HA JIETHEM
Bbpucdunre Ilpoexma Packpvimue. TaM NpeACTaBISIUCh CBUIETENBCTBA TOrO, YTO pPa3HbIE TITyOOKO
3aCEKpEUYCHHbIE MPOTrPAMMBI YK€ OBJIAAENIA 3TOW TEXHOJOTHMEW HJisi CO3JaHUsl JIBHXKYIIEH CHIIBL.
Cucrema KOHIIEHTPHYECKUX MATHUTHBIX KOJICI] ¥ BPAITAIOIINXCSl MAarHUTHBIX CTEP)KHEH, pa3paboTaHHas
npodeccopom Jxonom Ceprnom u oOCyxmaemas BO BTOpod kuure Hayka Eouncmea, - eie omHa
paboTarolasi aHTUTPaBUTALIMOHHAS CHCTEMA, YCIIEIIHO BOCTIPOU3BEAeHHAsl U 0OHapoioBaHHas B Poccun
PomunueiM 1 I'oguHBIM.

Hexoropble “mIMUOHB” HAaYMHAIOT IOAOTPEBATh BHUMaHUE NyOnuku, uro >pdext budunna-
bpayna MoxHO wucCmonb30BaTh s co3fmaHus naBrkymed cuibl. xedd Kamepon u3 xommnanuu
Transdimensional Technologies cHsin Ha mueHKY nBe Bepcuu cBoel ycTaHoBku “T3” B medcTBUM —
TPEYroJbHOW METAJUIMYECKOW paMbl, ¢ TOHKMMH IPOBOJOKaMH, NPUKPEIUVICHHBIMU K KaKIOMY YIIIy.
Kak Tonpko BKIHOYaJICA 3JIEKTPUYECKHM TOK, TPEyrojibHas paMa MOJHMMAalach HaJ HENPOBOISAILIMM
KpyIVIBIM OCHOBAaHHMEM H CJIETKa Kadajach B Bo3ayxe. Korna moTok mpepslBajcs, U YCTPOMCTBO PE3KO
[UIeNasoch OOpaTHO Ha MOBEPXHOCTh, CHBINAICS TPOMKMHA M OTYETNIMBBIA 3BYK Iendka. He
yIMBUTENBHO, 4TO B (eBpasie 2002 roma Bce comepkaHUe caiiTa ObUIO yIajdeHO 3a UCKIIOYCHHUEM
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TJIABHOW CTpaHMIBL, ¢ HeompeaeleHHbIM olemanuem “nposepku”. K cuactbio, B mapre 2002 rona
Jlxum BeHTypa He3aBHCHMO BOCCO3JaJl TOT K€ CaMbl CKIIEPUMEHT, OCHOBAaHHBII Ha HMCCIIEI0BAaHUH
XKana-JIyn Hopuna. Ceiiuac Ha caiite Art Bell momeniens! Tpu ¢uiabMa A 03HAKOMIICHHS ITyOJTUKH.
HHTepecHo, uTO B ABYX NMEPBHIX (PMIbMax 00BEKT HENPEPHIBHO BPALIAETCS HA MIPOBOJAX, YTO MO3BOJISAET
MIPEATIONIOKUTD AEHCTBUE CIMPAJIEBUIHOTO JaBICHHSI TOPCUOHHBIX BOJIH.

B artome, oTpunmarenpHblii “UCTOYHMK C BBICOKMM JIABJIEHHEM TOJIKAETCS MO HAINPABICHHUIO K
MTOJIOXKUTENHHOU “‘pakoBHHE” C OOJiee HU3KWUM JABJIECHHWEM, W ATO OTBEYAET 3a TO, YTO AJICKTPOHHBIE
obJaka TEeKyT B sapa. ITO MOJABOIUT K BBIBOAY, YTO ATOMBI U OKPYXKAIOIIEe X “IMyCTOE MPOCTPAHCTBO™
s¢upa caenaHbl U3 OJHOTO U TOTO K€ KUAKOOOPA3HOro PHEPreTHYecCKOro MaTepuania; €IUHCTBEHHAs
pasHUIla B TOM, YTO B aTOME, JIBUTAACH Yepe3 DJIEKTPOHHBIE 00aka, 3(pUp HAUMHAET 3aKPYYMBATHCS B
LEHTPaJbHBIH BUXPh C HU3KUM JaBieHHeM. He ynuBUTENbHO, YTO OJAMH HCTOYHHK H3 [Ipoexma
Packpvimue CooOIIMI, YTO CO3JAHHBINA JeTaTenbHbIA anmapat ARV® u3BecTeH cpeiu CBOMX Kak
“naitHep, TPUBOJIUMBIA B JABHXKEHUE MOTOKOM . OYEBHIHO, 3TO OOBITPHIBACT TEPMHUH aBHAJIAWHED H
JEMOHCTPUPYET 3HAHHE TOT0, YTO KOpabiu JieTaroT Onarojaps MOTOKY Y(HPHOW SHEPIHMHU BMECTO
MOTOKA BO3TyXa.

2.7 COEPUYECKAS CUMMETPUS U IEHTPAJIBHASA OCb

A BOT cieAylonmMi K4 K npupoae atoma. Mbl BUJIUM, YTO SKCIEPUMEHTHI C “‘dacTUIlaMHu~ B
KBaHTOBOM (PU3MKE IMOKA3aJIM, YTO DHEPTeTHUECKHE MOJII OOJIAAl0T CTPEMIICHHEM K c]epudecKoid
cTpykrype. OgHaKO TakKe BUIAHO, YTO CEepUUYECKHUE CTPYKTYphl BpamiarTcsa. YToObl COBEPIIUTH 3TO
OTKpBITHE, HCIOJIB30BAINCh MHOTHE pa3sHOOOpa3HbIC TEXHHWKH, TaKHEe KaK HW3MEpEHUE KadecTB
UICHTUYHBIX “‘4acTHIl’, KOTJIa MOJ Pa3HbIMU YIJIaMU OHU BBICBOOOKITAIOTCS W3 M3JIydaTels Hpexie,
9eM yIapHUThCA O JACTEKTOp. B odummansHOM KBAHTOBOM MHPE JOCTOBEPHOCTH OTKPBITHS “‘CITUHA” HE
noaBepraercs coMHeHuto. Kak KoOHCTatupyeT B CBOeH KHHIre, oO3arfjaBieHHONW Yacmuysl u
anekmpuvecmso, n-p Bombd:

Crtp. 147 — “Ilo oTHOUIEHMIO K BpAaLIATEIbHOMY XapaKTepy CIIMHA CYIIECTBYET ClEIyolas
aunemma: YacTuubl chepruuecku CUMMETPUYHBI MO0 OTHOILEHHUIO K 3apsAay, Macce M mopeneHuto. He
CMOTpSl Ha 3TO, C YEJIOBEUECKON TOYKHM 3PEHHUs, HAJIWYHE CIHHA TpeOyeT OCH BpAILLEHUs, KOTOpas
paszpyiana Obl cepuueckyro cummerpuro. Kak takoe MoxxeT 0b1Th? CUMMETpHS €CTh UM ee HEeT? DTo
HAIlOMHMHAET yX0J OT mpobisieMbl. [loTomy uTO Koraa Obl CIMH He MpeBpalajics BO B3aUMoAecTBHE (TO
€CTb, U3MEPSJICS), BIOJIb JIMHUM IBUKEHUS YAaCTHIIbI BCET/1a OOHAPYKUBAETCS OCh BpALCHUS .

Takum o0pa3zom, Korga ‘“‘yacTMubl” JBMXKYTCA B 3¢QHUpe, UX LEHTpaJbHAs OCh BpaLICHHUS
BBIPOBHEHA C HANpaBJICHUEM JBW)KEHUA. OJTO NPUIAET UM TO XKE caMoe ‘“BUXpEBOE” KauyecTBO
JBIDKEHUS, KOTOpPOE€ MBI BHAMM B KOJbIax JbiMa. Takoe oOpa3oBaHHE aBTOMATHYECKH CO3JAeTCs
JH0OBIM MPSIMOJIMHENHBIM JIBUKEHHUEM YEpe3 KHUIKYIO Cpeay.

— ien eproauc ion e iC €S —kopal JIN, BOCIIPOU3BOAAINUE TCXHOJIOTUO WHOIIAHCTSH
¢ ARV — Alien Reproduction Vehicl pat p
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Puc. 2.3 Dnexmpomacnumomopouo, 0emoncmpupyroujuti
obpaszosanue ‘“‘cghepuyeckull mop”’ HA KBAHMOBOM YPOSHE

Ham cnenyronuii Borpoc TakoB: Kak OyJeT BBIIVIANETh cepruyeckuil Buxpp? /laBaiiTe HauHeM c
BHU3YyaJIM3allii TOT0, YTO NMPOMCXOJIHT, KOIZIAa KHMJIKOCTh BpallaeTcs BOKPYI LEHTpaidbHOW och. Kak
TOJIBKO KHJIKOCTh HAYMHAET BpalllaThCs, OHA 00pa3yeT BOPOHKY BJIOJIb LIEHTPAJIBHON OCH. DTO MOMXKHO
MIPOIEMOHCTPUPOBATh OYEHb NMPOCTO: HAOEPUTE PAKOBUHY BOJBI U MEIIAlTe BOJY PYKOM 1Mo OO0JIbIION
OKpY’KHOCTH. B 1ieHTpe kpyra cpa3sy xe 00pa30BbIBA€TCSI BOPOHKA.

A celfluac HaM HY)XHO IpEICTAaBUTh, YTO Ta K€ JKUIKOCTh BpAIIAETCS] BHYTPU CHEpUUECKOU
obyacTu, B JaHHOM cllydyae BHE aToMa. MBI YBUAHMM, YTO BIOJIb OCH BpAIICHHs, MEXIY CEBEPHBIM U
IOKHBIM TIOJFocamMu cpepbl BHOBH OyzmeT oOpa3oBBIBaTHCS BOpPOHKA. BopoHka ¢GopMHpyeT CKBO3HOE
oTBepcTHe B LIeHTpe cdeprl. Ha ogHOM momtoce cdepbl Boga OyaeT BTEKaTh, U, IPUOIIKAsACh K IIEHTPY,
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BUXPb OYAET CyKaThCs. 3aTeM, ACHCTBHE KUHETUYECKOW YHEPTHH BOJBI OyJET 3aCTaBIsATh €€ BHITEKATh
U3 TIPOTUBOIIOJIOXKHOI'O IIOJKOCA, MPUUYCEM, OOCTUTasd BHCHIHCTO Kpasd, BHUXPb 6y)1eT IIOCTCIIECHHO
pacmupsATecs. Boja nomkHa BTEKaTh B OJHY CTOPOHY M BBITEKATh U3 JAPYroi, n06o Ooiblie €il HeKyna
unru. TakoBo OCHOBHOE CBOMCTBO “Topa”. Hampumep, €ro Mo>XHO BUIETh B 3aKPYUYMBAIOIIEMCSI BHYTPb
JBUKEHUU KOJIEI[ AbIMA.

EctecTBeHHO, M300paxeHne CTOUT Thicauu cioB. Puc. 2.3, 3aumctBoBaHHbIN y Yapis3a Keilirna,
JIEMOHCTPUPYET CTPYKTYpY cepHdeckoro Topa Ha KBAHTOBOM YPOBHE. DTO CTPYKTYpPY OH Ha3bIBaeT
“3]IEKTPOMArHUTOTOPOUIOM .

[Mpomomkass wuccnenoBanue (EHOMEHa BpalleHHs, Mbl OOHApy)XHBaeM, 4YTO U JpyTue
UCCleIoBaTeNId MPUHSIN cheprUuecKuid TOop AJis KBAaHTOBOM cdepbl. B 3TOM oOTHOIIEHMH, cCaMBbIMU
HCUYEPHBIBAIOIIUMU U MAaTEeMaTUUYECKU MOAKPEIUICHHBIMH CUMTAIOTCS TeopuH a-pa [aponbaa Acnpaena.
Onn onyOnHMKOBaHBI B CaMbIX YBa)KaeMbIX HAaYYHBIX *KypHayiax. [/[-p AcmaeH Toke WILIIOCTPUPYET
KOHIIETIINIO, YTO aTOMBI — 3TO HA CaMOM Jieie C(hepruecKre TOPhI, XOTS U HE MOJIb3YETCs CIIOBOM “TOp”.

“sl BCTaBISI0 KOMMEHTapUi: MO€ IPOJBUTAIOLIEECS MCCIECIOBAHUE ITOrO IPEIMETa SBISCTCS
CBHUJIETEJILCTBOM TOTO, 4TO 3(pUp crocoOeH AEMOHCTPUPOBATH BpalllaTeNbHBIA M YIJIOBOM MOMEHTHI
MOTOMY, 4TO cpepa 4ero-To, 00IamaroNnIas MacCor MIOTHOCTH, MOXKET BpaIaThCs BOKPYT IIEHTPATBHON
OCH UM HE HapyllaTh OKYTHIBAIOIIUN ee 3pup. DTO MepcrneKkTUBa TOro, YTO, OCTABAACH OTKPHITHIMU, MbI
COXpaHsieM Bepy B 3QUp M HE IO3BOJIIEM CBOMM YMaM OBITh Y3ypIUPOBAaHHBIMH JOKTPUHAMHU
OWHIITEWHA”.

2.8 MOI'YT BbITb OB BbACHEHbI OTAEJIBHBIE AHOMAJIMU

Hama pa6ora Obuta ObI OTHOCHUTENBHO MPOCTOM, €clii OBl BCE, UTO HaM CIIEAO0BAJO JeNaTh, - 3TO
CUHMTaTh, 4YTO C(EepUvecKue aToMbl C ICHTPAIBHOH OCBhIO (QOPMHPYIOTCS B BHJAEC BHUXpPEH B
XKUAKooOpasHoOM »dupe. OAHAKO B KBAaHTOBBIX HAONIOACHHUAX OOHAPYKHUBAIOTCS OTICIbHBIC
F€OMETPUUECKUE AaHOMAJMU, KOTOPBIC JOJKHBI OBITh OOBSICHEHBI TMPEXIE, YeM MOJIEIb OyAeT
3aBepuIeHHOW. BOT 11Be OCHOBHBIC, OTHOCSIIMECS K MOJENTU KBAaHTOBBIE MPOOIEMBI, KOTOPHIE MBI
MPEACTaBISIEM, YTOOBI OBITH TOYHBIMH:

Bo-niepBrIx, ciemyer onucaTh, HoueMy “IJIEKTPOHHBIE 00J1aka” (OPMHUPYIOTCSI B aTOME C IMTYCTHIMU
MPOCTPAHCTBAMH MEXIY HUMH, UTO MPOTUBOPEUUT chepudecKkuM oOpa3oBaHusIM. Bo-BTOPBIX, claeayeT
MOHATh, KaK W TMOYEMY OJTH DHHEpreTudeckue oOpa3oBaHUsl C(HEPUUYECKOro Topa COOMpPAIOTCS B
KPUCTAINIMYECKHE CTPYKTYphl, Takhe Kak [OBapeHHas cojib, oOpasyromas kyo. OnpHo wu3
WHTEPECHEUIITNX CBOMCTB TaKOTO KPUCTANIa — OH €CTECTBEHHO pacragacTcss Ha CBOM MHHHATIOPHBIC
BEpPCUHU, TPUUEM MEX]y TPaHsIMU KPUCTAJIJIa COXPAHSAETCS OJHO U TOXKE YTJIOBOE OTHOIICHHE.

O6a Bompoca MOXXHO pEIINThb, €CIM HayaTh MMOHMMATh Ba)XHOCTh TOTO, YTO MBI 3HAeM, Kak
[TnaTonoBsl TBepnpie Tena — HAOOP MATH Pa3HBIX TEOMETPUUYECKUX (HOPM, OUEHb BAXKHBIX B CEKPETHOM
HayKe JIPeBHMX U OCBEILEHHBIX B JBYX MpeAblaymux KHurax. Kopoue, B chepuueckom “Buxpe”
BHOpHUpYIOIIEH (MyJIbCUPYIOIICH) )KUAKOCTH OYIyT €CTECTBEHHO MOSBIISTHCS T€OMETPUUYECKHE (HOPMBI
“IlnatonoBbix Ten”. B cienyromieil rnaBe Mbpl 00peTeM NOHUMAHUE IPEBHEH U COBPEMEHHON BaXKHOCTHU
[InaroHoBbix Ten W yBUAMM YIMBUTEIBHOE U HEOXHMJIAHHOE (DU3MUECKOE CBUIECTENIBCTBO IS
JI0Ka3aTesIbCTBAa TOTO, YTO 3Ta TEOPHs BEpHA. 3aTeM, B IiiaBe 4, Mbl BBEJIEM TEOPETUUYECKUE JIAHHBIE
Pona JI)xoHCOHA, KOTOpBIE MOJHOCTHIO 3aBEpIIAT HAII'Y TOUKY 3pE€HUS] HAa KBAHTOBYIO PEAIbHOCTb.
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I'naBa 3: CakpajbHasi reoMeTpHsi B KBAHTOBO# pPeaJibHOCTH
3.1 CEKPETBI ATJIAHTHU/IbI IIEPECMOTP)

Kak paccka3piBajoch B mpeapayliedl KHUre, Oonblias 4YacThb KOCMOJIOTHUECKOW KapTHHBI,
KOTOPYIO MBI ONKMCBHIBAEM B 3TOM KHUTE, npuiia u3 Beamdyeckux tekcroB, matupyrommxcs 18.000-mu
neT Hazal. BecpMma moxose Ha TO, 4TO B JPEBHHME BpEMEHA BCsl 00CyKaaeMasi HaMM KOCMOJIOTHsS ObL1a
XOopoIIo u3BecTHa AtinaHtaM | xkuTensM Wmmepun Pama. 3arem, mpubnusutensro 12.000 et Hazan,
BCEMHUPHBIA KaTaKIU3M pa3pymmit ooe 3Tu muBwin3anud. C rogaMu HacjeIHUKAM HAyYHOTO 3HAHUS
CTaHOBUJIOCH BCE TPYAHEE U TPYAHEE BUICTH “‘OO0NBIIYIO KAPTUHY .

IToutn Bce cBsIEHHBIE TpaauLMM, BKIKOYass Benpl, HacTamBanu Ha CyLIECTBOBAHMM CKPBITOTO
NopsAJIKa, 0ObEIUHSIONIETO Bce acnekThl BeenenHnoil. Takxke oHM yTBEp)KAasld, YTO MPHU JOCTATOYHOM
U3YYEHUM M BU3YaJIU3alMM, CTOSIIMX 32 CKPBITBIM MOPSAIKOM TIeOMETpUYeckux (opM, yM
[NocesimeHHOTO MOT CBSI3BIBaThCs ¢ EquHcTBOM Beenennoil, oOperan crmocoOHOCTh TOKa3bIBaTh (POKYCHI
CO3HAHMS M IEMOHCTPUPOBATh NPEUMYILECTBO CO3HAHMs HAJ MaTepuel. Buzyannsanuu ogHMX Jroaeu
npuHuManu ¢opMmy manpaan, takux kak Llpu Surtpa. [dpyrue mnpeamouurtanu TaHIEBaTb, YTOOBI
MIOCPEICTBOM JIBIDKEHUH M MY3BIKM HAcTpaumBaTbCcs Ha 3TH reomeTpuueckue ¢Gopmbl. TpeTbum
HPaBWJIOCh COOMpPaTh, JENUTh W/UIU PUCOBATh 3TH (HOPMBI IUPKYJIEM U JIMHEUKON, OTCIO/Ia BaXKHOCTb
TJIaBHOTO cMMBoJIa MaccoHckoro OparcTBa, Ha kKoTopoM OykBa “G” cumBoausupoBana “I'eomerpuio” u
“Bemukoro Apxutektopa Bcenennoi”. Hax OykBoit G pacromarancs MOHPKYJb, a IOX HEW —
IUIOTHULKAN YrOJbHUK. ['pymIel, cymecTBoBaBIIME 10 MaccoHOB, Takue Kak Prinapu-Tammiinepst,
BbIOMpanu 3amupoBbIBaTH FTEOMETPUUECKUE OTHOLLIEHHUS B CBOUX CBSILIEHHBIX CTPYKTypax, TAKUX Kak
MO3anYHbIE OKHA B COOOpax.

3.2 CAKPAJIBHASI TEOMETPUSA U IIVTIATOHOBBI TBEP/IBIE TEJIA

KpaeyronbHbIM KaMHEM 3HAHUS CEKPETHBIX LIKOJI MUCTEPUMA, OTHOCSLIETOCS K CKPBITOMY IOPSIAKY
Bo Bcenennoii, Bcerna Obiia cakpajibHas reoMeTpus. Mbl JOCTaTOYHO MHCAIX Ha 3Ty TEMY B JBYX
NpCAbIAYIINX KHUTAX, U IJId JTy4YIICro NOHUMAHUA ITPOCHUM YHUTATCIIA O6paTI/ITLCH K 3TUM ABYM KHUTaM.
CakpasnipHasi TeoMeTpusi — O9TO eme oaHa (opMa BHUOpalMU WIM “KpPHCTAIW30BaHHAs W MY3bIKa.
PaccmoTpum crenyromuii mpumep:

CHauana Mbl JiepraeM TUTapHYIO CTPYHY. DTO CO3AaeT ‘“‘CTOSYME BOJHBI , TO €CTh BOJIHBI, HE
JBUKYIIMECS 10 CTPyHE HazaJl U BIEpeld, a OcTalolluecss Ha OJHOM MecTe. Mbl yBUAMM MecTa, TIe
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MIPUCYTCTBYET CHIIBHOE BEPTUKAILHOE IBIKEHUE, MIPEACTABIISIONIEE COOO0M BepX U HU3 BOJIHBI, U JpyTHe
MecTa, TJIe BEpTUKAJIBHOTO JIBYDKCHUS HeT. Takue MecTa Ha3bIBAOTCS y3JIaMH. Y376l (hOpMUpYIOIIHECS
B 100OOM BHJIE CTOSIYCH BOJHBI, BCerja OyIyT pacmloiOXKeHbl Ha OJUHAKOBOM PACCTOSIHHM JIPYT OT
Jpyra, a CKOpOCTh BHOpaIu OyJIeT ONpeaeiaTh KOJIHYSCTBO MOSBIISIONIMXCS y3JIOB. DTO 3HAYUT: YeM
BBIIIIe BUOpaIys, TeM OOJbIIE Y3TIOB.

B n1Byx wu3MepeHHSX MBI MOXEM HCIIOJIB30BaTh OCHWLIOrpad WM TOJABEPTHYTH BHOpaIuu
IJIOCKYIO KPYTAyH “TUIACTHHY XJIaJaHW W HAONIOAAaTh TMOSBICHHE Y3J10B, (DOPMUPYIOMIMX MPOCTHIE
reoMeTpuueckne (QOpMBI, TaKWe KakK KBaJapaT, TPEYroJbHUK U MISCTHYTOJbHUK. Takas paboTa
MOBTOPsIaCh MHOTO pa3 1-pom ['ancom [[xennu, [xepanbaom XOKHHCOM U APYTUMH.

* Eciiu OKpy>KHOCTb UMEET TpH y3J1a, PACTIONOKEHHBIX HAa OJTUHAKOBOM PACCTOSIHUU APYT OT JApYyTa,
TO MPHU UX COCTUHEHHUH TOJTYYUTCS TPEYrOJIbHHUK.

* Ecniu okpy>KHOCTb UMEET YeThIpe y3J1a, TO 00pa3yercs KBaapar.

* Ecii OKpy>KHOCTb UMEET TISITh Y3JI0B, 00pa3yeTcsl MTHYTOJIbHUK.

¢ [IlecTsb y3710B 00pa3yroT MIECTUYTOJIBHUK, U TaK Jaliee.

XoTd B TepMHMHAX BOJIHOBOM MEXaHMKM — 3TO OUY€Hb MpPOCTas KoHuenuus, Jxepanba XOKHHC
MEpPBBIM MAaTEMATHUUECKH JJOKAa3ajl, YTO BIIMCAHHBIE B OKPYKHOCTH '€OMETPUH SIBISIOTCS MY3bIKAJIbHBIMU
OTHOLIEHUAMHU. MBI, KOHEYHO, YAMBHMMCS, Y3HaB, 4YTO K 3TOMY OTKPBITHIO €ro IpHUBEJ aHaJIu3
Pa3IMYHBIX T€OMETPUYECKUX O0pa3oBaHMUU ‘“KPYroB Ha IMOJIAX’, KOTOPBIE MOSBISUIMCH OYKBAJIBHO 32
OJIHY HOYb Ha MOJIAX AHIJIMHCKON cesbCckoM MecTHOCcTH. OHM ONHUCHIBAINCH B O0EMX IMPEIbIIYIINX
KHUTax.

Cambie TIIyOMHHBIC M CaMble yBakaeMble ()OPMBI CBSIIIEHHONH T'€OMETPUN TPEXMEPHBI H U3BECTHBI
kak [InaronoBel TBepnaple Tema. CymecTByrOT TOJBKO TATH (OPM, YAOBIETBOPSIOMIMX BCEM
HEOOXOJIMMBIM MpaBujiaM. DTO BOCBMUTPAHHBIA OKTa’Jp, YEThIPEXTPaHHBIA TETpa’Ap, HMIECTUTPAHHBIN
KyO, JABEHaJaTUTPaHHBIN J10JIeKadAp M JBaJALATUTPaHHBIA MKocasap. Ha HumkenpuBeeHHOM pUCYHKE
TETpa3Ip M300pakeH B BHJE ‘3BE3HOrO TeTpadjapa” WIM CIUIETEHHOrO TETpajjpa, 4TO O3HAYaeT JIBa
TETpadpa, COEAUHEHHBIX BMECTE B COBEPIIEHHOW CUMMETPHH.

& Y&

OxTasap 3Be3aHbIN TeTpadap Ky0 Honexasap Hxocarap
Puc. 3.1 - IIams Ilnamonogwvix Teepovix Ten
BoT HeKoTOpble OCHOBHBIE MPaBUJIAa ATUX FEOMETPUUECKUX (POPM:
» Kaxxaast rpaHb reoMeTpu4ecKoro teaa 0yaeT UMeTh OJJUHAKOBYIO (popMy:
° OKTadIp, TETPAdIP U UKOCAP - pAaBHOOECIPEHHBIEC TPEYTOIbHHUKH,
° KyO — KBa/IpaTsbl,
° MOJIEKadIp — MSATHYTOJTLHHUKH.

» Kaxxnoe pebpo kaxnoit popmbl OyaeT oJuHAKOBOM UIUHBL.
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* Bce BHyTpeHHUE yIITbl KaXa0W (hOPMBI paBHBI MEXKITY COOO.
W camoe BaxkHoe:

* Kaxxnast ¢popma OyzneT coBeplIEHHO BIMCHIBAThCS B cepy, M BCE BEPIIMHBI OyIyT KacaTbeCs
cdepsl, He epeKpbIBas APYyr Apyra.

[Togo6HO JBYMEpPHBIM CIIy4asM, BKIIOYAIOIIAM TPEYTrOJbHHUK, KBagpaT, NSATHYTOJIBHUK U
IIECTUYTOJIBHUK BHYTPU OKpYXHOCTH, [ImaronoBel TBepabie Tema — 3TO mpencTaBieHHs BOJIHOBBIX
dbopM B Tpex H3MEpEeHHsX. DTO IOJIOKEHHE Hellb3si HepooleHnBaTh. Kaxknas BepmuHa [1aToHOBBIX
Teepasix Ten kacaetcs chepsl B MecTe, e BUOpaLMu CBOASATCA Ha HET, 00pasys y3en. CienoBaTensHo,
TO, YTO MBI BHJIUM, - 3TO TPEXMEPHOE T€OMETPHUUIECKOE N300pKEHNE BUOPpAIIUH/TTYIIhCAIUH.

N crynents bakmuncrepa @ymiepa u ero mporexe 1-p ['anc JKeHHM TpuaymMaad yMHbIE
SKCHEPUMEHTHI, TOKa3aBIIWE, YTO BHYTPH BUOpUpYIOIIEW/mynscupyomeil  chepsl  OyayT
dopmupoBatbesa [InatonoBsl TBepabie Tena. B skcnepumente, mpoBeaeHHOM cryneHTamu Dymepa,
cheprdecknii BO3AYIIHBIA IIap TOMEINAJCS B YEPHWIA W MYJIbCHPOBAT HA ““UUCTBHIX” 3BYKOBBIX
yacToTaX, W3BECTHBIX KaK JAMAaTOHMYECKHE 3BYKOBble OTHomleHus. Ha moBepxHOCTH cdepbl
00pa30BBIBAJIOCH HEOOJBIIOE KOJUYECTBO PAaBHOYAAJICHHBIX Y3JI0B M TOHKHE JHHHHU, COCIUHSIONINE
y37blL Ipyr ¢ apyroM. Eciau OyneT yeTblpe paBHO paclpeesieHHbIX y37a, Bbl yBUAUTe TeTpadap. llects
pPaBHO pacHpeAeNeHHBIX Y3JI0B AanyT OKTa’Ap. Bocemb paBHO pacmlpesieseHHBIX Y3JI0B NaayT KyoO.
JIBaanaTh paBHO paclpene’eHHbIX Y3JI0B AaAyT I0AEKadIp, a IBEHAIaTh — ukocadp. [IpsmMbie nuHuwy,
KOTOpBIE MBI BUJUM Ha 3TUX N€OMETPUYECKUX OOBEKTaX, MPEACTABIISAIOT HANPSKEHUS, CO3JaroIINecs
“KpaTyadIllIM pAcCCTOSHHUEM MEXAY JBYMS TOYKaMu’ i KaKIOTO U3 Y3J0B, MOCKOIBKY OHU
pacrmpeiessiFoTcs Mo BCEH MOBEPXHOCTH CHEPHI.

Puc. 3.2 — J[-p I'anc /oicennu: oopazosanue ILnamornoswix Teepovix Ten
6 cqhepuueckou subpupyrowetl HeUoKoCmu
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J-p I'anc J)keHHU MpoBeNl aHAJIOTUYHBIA SKCIIEPUMEHT (HEOObIIas 4acTh KOTOPOro NMpHUBEIeHa
Ha puc 3.2) c Kamjued BOJABI, COJAEPKAIICH CJIeTKa OKpaIlleHHBIE YaCTUIIBI, YTO HM3BECTHO Kak
“xoyutomnHas B3Bech”. Korma moutn cdepuueckas Karuig B3BeCHM BHOpUpOBasia Ha  Pas3HBIX
“IMaTOHMYECKUX MY3bIKaJIbHBIX YacTOTaX, BHYTpU Hee nosBisiauch [lmaronosel Tena, okpyKeHHbIE
JJUIMNTUYECKMMHM KPHUBBIMHU JIMHMSIMHM, COEAMHSIOIIMMU Yy3ibl. Ha BBILIEIPUBEAECHHOM pPHCYHKE B
LEHTPaJbHOW O00JacTH YEeTKO BUAHBI JABa TeTpadapa. Eciam Obl kamis Oblla COBEPIICHHOH, a He
CIUTIOLIEHHOM cepoii, o0pa3oBaHus ObLTH ObI BUAHBI €lIE SICHEE.

3.3 INTATOHOBBI TBEPJIBIE TEJIA U “CUMMETPHUSA” B PU3UKE

Taiina n 3Hauenue IlmaroHoBbix TBepapix Ten He coBceM yTEpsiHBI B COBPEMEHHOW Hayke,
MTOCKOJIBKY 3TH (POPMBI YIOBIETBOPSIOT BCEM HEOOXOAMMBIM KPUTEPHSIM ISl CO3JIaHUS “‘CUMMETPHUH’ B
¢u3MKe MHOTUMHU pa3HbIMU crocoOamu. [lo 3TON TpUYMHE OHHM YACTO TMOSBISIOTCS B TEOPHSX,
HMMEIOIINX JIeJI0 ¢ MHOTOMEPHOCTBIO, KOTJJa MHOYKECTBO “TJIaHOB” JIOJIKHBI CHMMETPHYHO MEPECEKAThCSA
TaK, YTOOBI UX MOXHO OBLIO TIO-Pa3HOMY MOBOPAYMBATH, U YTOOBI OHHM BCETJIa OCTABAIUCH B OJHUX U
T€X K€ IMOJOKEHUSIX OTHOCUTEIBHO APYr Apyra. Takue TeopurM MHOTOMEPHOCTH BKJIIOYAIOT ‘‘TEOPHUIO
rpynm’, Tak e HM3BECTHYIO Kak ‘‘KaauOpoBOYHas Teopws’, KOTOpas MOCIEIOBATEIHHO HCIOIB3YET
pasubie [11aToHOBEI MOIENH [JI ““CBEPHYTOT0’ TUIIEPMEPHOTO MTPOCTPAHCTBA.

Cuuraercs, YTo ‘“‘MomynspHble GYHKOMH® - CaMblid MPOJABUHYTHIH  MaTeMaTHYCCKUN
WHCTPYMCHTApPUH, MPUTOMAHBIA IJIi U3ydeHUs U MOHUMaHUS “0o0Jiee BBICOKMX HM3MEPCHHUN’, Ha HUX
LIETTMKOM U MOJHOCTHIO TocTpoeHa Teopus CynepcTpyH. Yike u3BecTHo, uto [lnatonossl TBepasie Tena
— JTO KJII0Y K OTKPBITHIO MHpa “Oonee BBICOKMX wu3MepeHmit”. I[loMHUTE: MBI yIMOMSHYIH
BBIIICYKA3aHHbIE TIOJIO)KEHUSI OYEHb KpaTKO, IIOCKOJbKY OHH JETAJIbHO paccMaTpUBAINCh B
NPEABIAYIINX KHUIax, U KIIOY — 3TO CUMMETpHs. Eciii MBI IOMHUM O CHMMETPHUYECKHX KadecTBax
[TnatonoBsix Ten, Torna ciosa n-pa Bonbda u3 rnasel 5, o3arnaBneHHoit O gasicHocmu dHcusHu 8 mpex
usmepenusx, 00OpeTaroT BECOMBIN CMBICII:

Crtp. 71 - “B kauecTBe Balllero HacCTaBHMKa B MCCIIEJOBAHUU, MOTY cka3aTh: “Korma Obl Bbl HU
CTOJKHYJIUCh C CHUTyallued cUMMeTpuH B (u3HKe, OocTaHOBUTech M moaymaiite! Iloromy wuTo,
BOCITIOJIB30BABIIIMCH CBOMCTBOM CHMMETPHH, Bbl Bcerga OyaeTe HaxoIWTh Oojee JIerKuid Crocoo
pelieHus npo6ieMbl. DTO OJIHA U3 HArpaj B Urpe ¢ cumMmerpueii. aeu sicHsl. ...

B MaTematuke u reomeTpun TpeOyeTcss TOUHOCTD; IO3TOMY CUMMETpPHUS ONPENENseT, YTO (PyHKIUS
WIK TeoMeTpuueckas (urypa ocTaercsi HEM3MEHHOW, He CMOTpsl Ha: 1) MOBOpPOT KOOpAMHAT; 2)
JBMKEHHE 110 OCH U 3) 3aMEHY NepEMEHHBIX.

B ¢wusnyeckoii Hayke, B KOTOPOW MBI 3aMHTEPECOBAHbBI, CYIECTBOBAHHE CHUMMETPUU OOBIYHO
O3HauaeT, YTo 3aKkoH lIpuponbl He MeHseTCs, He CMOTpPs Ha: 1) MOBOPOT KOOPJAMHAT B POCTPAHCTBE; 2)
JBIDKCHUE IO OCH B MPOCTPAHCTBE; 3) 3aMeHy MpOILIOro Ha Oyaymiee Tak, uto t craHoButcs —t; 4)
B3aMMHYIO 3aMEHY JBYX KOOPJMHAT, TAKyIO KaK 3aMeHy X Ha Y, Z Ha —Z U TaK Jajee; 5) 3aMeHy JIIo0oi
JTAHHOM TIEpeMEHHOM .

N3 Bcex cymectBytommx (opm, IlmatonoBe Teepasie Tenma oOnamaroT caMoil coBepIICHHOU
CUMMeTpuUeH, X0Ts 371ech 1-p Bonb( He Ha3bIBaeT ux 1o uMeHaM. B ciexyroiem oTpbiBKe U3 pabOTHI J1-
pa AcmnaeHa, aBTop HasbiBaeT (opmupyromuecs B 3¢upe IlnaronoBel TBepapie Tema ‘““Kuakumu
KpucTayyaMu” U OOBACHSAET, MOYeMy OHM OOJaJaroT JEUCTBUEM TBEPIBIX TeJ, JlaXe MOSBIASICH B
KHUJIKOOOpa3HOU cpere:
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“@u3uku 19-ro Beka JOMaIu rojioBy Haa d3PUPOM MOTOMY, YTO OH JIEMOHCTPUPYET KaK CBOWCTBA
KUIKOCTH, TaK U CBOWMCTBA TBEPJOrO Tela. TakWM €ro BOCIPHHUMAIU C TOTO BPEMEHH, KOTrja O
“KUIIKUX KpucTaiax~ ObUIO M3BECTHO OYEHb Mallo, €CJIM BOOOIIE ObLTO M3BECTHO. JMCIIen MHOTHX
KapMaHHBIX KaJbKYJISTOPOB HCIOJB3YIOT DJJICKTPUUECKHE CUTHAJIBI W OCHOBaHBI Ha CBOMCTBaX
BEIECTBA, KOTOPOE, OJ00HO APUpy, TEMOHCTPUPYET CBOMCTBA, KaK KHUJIKOCTH, TaK U TBEPAOTO Teia
KakK (QYHKIMIO HAPYIICHUHN JICKTPHUECKOTO TOJIS.

D10 yOeauTenpbHO 00BICHIET, modemMy Tecima yTBepkaai, 4yTo Juisl MaTepun d(Up BeAeT ceOs Kak
YKUJKOCTh, a JIJI1 CBETA U TEIUIA - Kak TBepAoe Teio. IlnatonoBsl TBepabie Tena AeMCTBUTENBHO BEAYT
cebst Tak, Kak Oy/ATO SBIAIOTCS CTPYKTYPHBIMH KapkKacamu B 3(upe, OpraHu3ylIINMH SHEPTeTUYECKUe
MIOTOKH B OCOOBIE MATTEPHBI.

Otcrona, IlnaronoBer Tsepaple Tema — 3TO  MpOCTBIE  TreoMeTpuUYeckue  (GOpMbI
“KpUCTaJUTM30BAaHHON MY3BIKH, €CTECTBEHHO (OPMHpPYIOUIUECS B Myibcupyromem 3¢upe. Cremyer
IIOMHHTD €II€ OJHO Ba)KHOE IOJIOKEHME: MOCKOJbKY Hepapxus IlnatonoBeix TBepasix Ten “pacrer”
Apyr B Apyre, ABMKEHHE Bcerja OyAeT NMPOUCXOAMTH MO CHUPAISIM, B OCHOBHOM B KJIACCHYECKOM
oTHOWIeHNUH “¢u”’. BUIHO, YTO TOPCHOHHBIE BOJIHBI TOXKE CIENYIOT NaTTepHy “¢u’. bonee moapoOHO MBI
OyneM wuccienoBaThb 3TO B TIiaBe 9, korzna OyzneM oOCYyXJIaThb HEIOOLEHEHHBIH (DEHOMEH ‘‘CHIIbI
nupaMua’ 1 “3((HeKT NOJOCTHBIX CTPYKTYP”, KOTOPBIN NepBbIM 00HApYXui 1-p Bukrop I'peGeHHUKOB.

3.4 ®U3NKA MUKPOKJIACTEPOB

[TockoJIbKY MBI TOJIBKO YTO 3aKOHYMJIM TIEPBYIO YaCTh KHHTH, Jajiee CIeayeT OOCYAWTh HOBBIN
pa3aen “Gu3uMKku MUKpOKIacTepoB”. DHU3MKa MHUKpPOKJIACTEPOB MEHSET TOYKY 3PEHHUS Ha KBAHTOBBIN
MUD, MPEICTaBIsAL a0COIIOTHO HOBYIO a3y MaTepHH, HE IMOAYHHSIOIIYIOCS TPAAUIIMOHHO TMPUHSTHIM
“mpaBunamM”. MHUKpOCKIAacTepbl — 3TO KpPOUIEYHbIE ‘‘YaCTULIBI , TMPEJOCTABIAIONIMNE SIBHOE U
HEJBYCMBICIICHHOE CBUJETENILCTBO TOTO, YTO aTOMbl — 3TO BUXpU B 3(HUpE, KOTOPbIE MOCPEICTBOM
BuOparuu/mynscanuu cobupatorcs B [lmatonossl TBepasie Tena. bonee Toro, HOBble OTKPBITUS 3aBOJAT
B TYIIUMK T€X, KTO BCE €Il€ BEPUT B CYIECTBOBAHUE E€IMHUYHBIX 3JIEKTPOHOB, BPALIAOIIMXCS BOKPYT
A1Ipa, a He B 3JIEKTPOHHBIE 00J1aKka CTOSYMX BOJH 3(UPHOI 3HEpruu, coOuparouuecs B reOMeTpUIecKre
natrepHbl. Mcropust “mukpoxiactepoB” BIEpBble BOpBajach B O(UIMAIbHBIA MHUP HayKd B
nexadpeckoM 1989 roma Beimycke sxypaanma Scientific American, B craree Maiikna A. JlyHkaHa u
Jennuca O. Poyspes:

“IIpobute u IpoduTe TBEpble Tela, U XapaKTEPUCTHKH MX TBEPAOCTU OYyAyT McCuUe3aTh OJHA 3a
npyro#, nogo6Ho yeptam Yemmpckoro Korta, u 3aMeHSATbCS XapaKTEpUCTUKAMU, HE MPUCYHIIUMH HU
KHUIKOCTAM, HU razaM. OHM NpHHAJUIekKaT HOBOM (a3e MaTepuH, MUKpOKIacTepy... OHM MOJAHUMAIOT
BONPOCHL, JeXKallue B cepiaue (U3NKUA TBEpAOro Tejla, XMMHUU W OTHOCAUIeHcs K HUM 0O0JacTH
MaTepuaabHOM Hayku. HackoJIBKO MajeHbKOW IOJKHA CTAHOBUTHCA COBOKYIIHOCTb YACTHI] IIPEXKIE,
4eM XapaKTepUCTUKa BEILECTBAa, KOTOPOE OHM Korja-ro oOpas3oBanu, wucdesHer? Kak Moryr
nepeOpMUpPOBBIBATECST aTOMBI, KOTJIa OCBOOOXIAIOTCS OT BIMAHHUS OKpyxarouiedl marepun? Ecmu
BEIIECTBO — METaJll, HACKOJbKO MAaJIEHbKHUM JOJKHO OBITh CKOIUIEHHME aTOMOB, 4YTOOBI M30€XkaThb
XapaKTepHOTO pacIpeesieHUs] CBOOOIHBIX 3JICKTPOHOB, JISKAIIETO B OCHOBE ITPOBOIUMOCTH?”

Menble, ueM 4epe3 ABa rojaa Hayka “‘(pu3nka MHKpPOKIACTEpOB” 003aBeslaCh CBOUM Y4EOHHUKOM
“@usuka MuKpokJactepoB”’, HanucaHHbIM Catopu Cyrano u Xuposimu Kowupsymu. Bece murtatsl u3
3TOr0 y4eOHMKA, KOTOPBIMH MBI OYZIET IOJIb30BaThCs, MPHUBOJSATCS U3 BTOPOTO IEPECMOTPEHHOTO
n3aanus, Beimeamero B 1998 rony. B yue6HHUKEe TOBOPUTCS: NTPU HATMYMH HOBBIX OTKPBITUH B 00J1aCTH
MHUKpOKJIACTEPOB, Ce€iuac Mbl MOXEM OpPraHM30BaTh IPYNIIMPOBAHMS AaTOMOB B YETHIPE OCHOBHBIE
KaTeropuu pasmepa, IpuieM Kakaas KaTeropus ooyagaeT CBOMMHU CBOWCTBAMU:
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* Monekynsl: 1 — 10 atomoB.

* Mukpoxknactepsl: 10 — 1000 aromos.

* Tonkoaucnepcusie BkiodeHus: 1000 — 100.000 atomos.
* Ymnotaenue: 100.000 + aTroMoB.

W3yyast BBIIIEIPUBEICHHBI CHHCOK, MBI OKHJAaE€M, YTO MHKpOKJIACTephl OyayT oO0nanaTh
XapaKTepUCTUKaMHM, OOIIMMHU C MOJIEKYJIaMU M TOHKOAMCIIEPCHBIMU BKJItOUeHUAMU. Ha camoMm nenie oHn
001aaroT CBOMCTBaMU, MPUCYIIUMH TOJIBKO UM caMuM. CyraHo 0ObsICHSIET:

“Mukpoknactepsl, coctosmue u3 10 - 10° aroMoB, He JEMOHCTPUPYIOT HH CBOMCTBA
COOTBETCTBYIOIIMX VYIUIOTHEHUH, HHU CBOMCTBAa COOTBETCTBYIOIIEH MOJEKYJbI, COCTOSIEH U3
HECKOJIBKUX aTOMOB. MOXHO CUWTaTh, YTO MHKPOKJIACTEPHl 00pa3yloT HOBYyIO (a3y wmarepuw,
HaXOJSIIYIOCS MEXIy MaKpOCKOMMYECKUMHU TBEPJAbIMH TeJIaMU M MUKPOCKOMHYECKUMH YacTUIIAMHU,
TaKUMH KaK aTOMbl M MOJEKYJbl, M JIEMOHCTPUPYIOLIYIO KaK MAaKpPOCKOIUYECKHE, TaK u
MHUKpPOCKOIIMYECKHE XapakTepucTuku. OIHaKo HccliejoBaHHEe HOBOW ¢a3bl MaTepuu B Pa3BUTHH
KBAaHTOBOW TEOPUHU MaTEPHUH HE MPOBOJAWIIOCH BIUIOTH JI0 MOCIEIHUX JIET .

[lo Mepe mponOKEHUs] YTEHHS MBI y3HAaeM, YTO MHUKPOKJIACTephl HEe 00pasyroTcs CIydaifHO
moboi rpynmoit u3 10 — 1000 aToMOB; TOJIBKO ONpPEACIICHHBIE “MarndecKue 4yucia’ aTOMOB OYyAyT
cobupaTtbcsi BMecTe U (OPMHPOBATH MHKpOCKiIacTepbl. Crenyromas mHUTaTa OMHMCHIBAET, KaK 3TO
BIIEpBBIE OBLIO OTKPHITO. M umTas, ciemyeT MOMHHUTbH, YTO YIIOMHUHAEMBIA ‘“‘CIIEKTp Macchl’ O3HAYaeT
CHEKTPOCKONMUYECKUI aHamu3, KOTOpbIM Mbl 00cyx1anu B npeabiayuieil rinase. Korga obcyxnatorces
“KJIacTepHbIC Jy4M’, 3TO 3HAYMT, YTO aTOMBI (Takue kKak Na) MpomycKarTcs yepe3 KpOIIeYyHOEe COILIO,
4TOOBl CPOPMHUPOBATHCS B JIyd, KOTOpbIM 3areM aHanmusupyercs. M camoe BakHOE: KOI/la aTOMBI
BBIXOJSIT U3 COIUIa, HEKOTOPBIE U3 HUX CIIOHTAaHHO COOMPAIOTCS B MUKPOKJIACTEPHI, IEMOHCTPUPYIOIIHE
aHOMaJIbHBIE CBOWCTBA:

“BriepBple MUKPOCKONHUYECKHUE XAPAKTEPUCTUKH MHMKPOKJIACTEPOB OBUIM OTKPBITHI MOCPEICTBOM
HaOJIOZICHNsT aHOMAJIMH CIIEKTpa Macchl (CIEKTPAJIbHOIO aHAJIN3a) KJIACTEPHOro Jiyya HaTpUsl 0COOBIX
pasmepoB. Takue pa3mepbl (KOJIMYECTBO aTOMOB) HAa3bIBAIOTCS MArMuyeCKUMHU YHUCIAMH. 3aTeM ObLIOo
HKCHEPUMEHTAJIbHO TOATBEPXKACHO, YTO Maru4yeckue 4YHuclia CBA3aHbBl CO CTPOEHUEM O00O0JIOYKU
KOJUIEKTUBU3UPOBAHHBIX 3JIEKTPOHOB. B mociienHue 5-7 J1eT Hayka UCCIEAOBAHUS MHUKPOKIACTEPOB
OBICTPO pa3BUBAaCh, CTUMYJIMPOBAHHAS AMOXAJbHBIMH OTKPBITUSAMU B 00JaCTH MHMKPOKIACTEPOB
MCTAJUIOB X BJOXHOBJICHHASA SKCIICPUMCEHTAJIBHBIMU TEXHUKAMHU, CO3Aa0OIMUMHU OTHOCHUTCIIBHO IIJIOTHBIC,
HE B3aMMOJICHCTBYIOIIME MHKPOKJIACTEPhl pa3HBIX pPa3MepoB B (oOpMe MHUKPOKIACTEPHBIX Jydeu.
Takxe, mporpecc MpoU30IIEes 3a CYHET YCOBEPIIEHCTBOBAHHS KOMIIBIOTEPOB M BEIYMCIIUTEIBHBIX TEXHUK.

OOnacTh MHUKPOKJIACTEPOB IPHUBIEKAET BHUMAHHE MHOTUX (U3MKOB M XMMHKOB (M Jaxe
OMOJIOTOB), 3aHUMAIOIIUXCS YUCTHIMHU (HAYYHBIMH) M MPHUKJIAIHBIMHE UCCIICOBAHUSAMH, TIOCKOJIBKY OHA
MHTEPECHA HE TOJIBKO € YHMCTO HAy4yHOW TOYKM 3PEHMsS, HO M C TOYKHM 3pEHHUS IPUMCHEHHS B
9JIEKTPOHUKE, KaTalu3e, MOHHON TEXHOJIOTHH, XUMHUH YIJIEBOAOPOAOB, (hoTorpaduu u Tak naiee. Ha
JAHHOM CTaJuM Pa3BUTUS OCTPO OILLYLIAETCS HEOOXOAMMOCTb BBOAHOIO y4yeOHHUKa JUIsl HAUMHAMOIIUX,
MOSICHAIOWEr0 (yHIaMEHTAIbHbIe (U3NUECKUE KOHIICTILINHU, BaKHBIE IS M3YYEHHUS MUKPOKIACTEPOB.
VuebHuk @uszuka MUKpoxiacmepos YLOBIETBOpsAeT TUM TpeOoBaHusM. OH Oa3upyeTcs Ha psje
JIEKIMH, TPOYNTAHHBIX aCTIUPaHTaM (B OCHOBHOM (u3ukaM) TOKMIACKOTO YHUBEpCUTETa, Y HUBEPCUTETA
Kuoto, Toxkuiickoro YHupepcutera MetrpononureHn, Tokuiickoro Texnosnormueckoro MHcTUTyTa M
VYuusepcurera Knyun B nepuoa 1987-1990 ronos”.
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Crnenyronas 1uTata 3aMMCTBOBaHa u3 mepBod dactu yuyeOHuka Cyrano u Kowmsymu, rme
IMPUBOJAATCA KOHKPCTHBIC MACTAIM, KaCarolHueCd aHOMAaJIbHBIX CBOMCTB MHUKPOKJIaCTCPOB. XoTd B
TCPMHUHAX KOJHUYCCTBA ATOMOB MHUKPOKIIACTCPBI JIUIIb YYyTb-4yThb MCHBLIIC, Y€M TOHKOIHUCIICPCHBIC
BKIIIOYCHUS, OHM HAMHOTO 0ojee YCTOHYMBBEL 3/1ech Ooibllias YCTOMYMBOCTH O3HAYAET, YTO
MHUKPOKJIACTEPHI TOPST MPU HAMHOTO 00Jiee BBHICOKOW TeMIlepaType, YeM MOJEKYIIbl TOHKOAUCIIEPCHBIX
BKJTFOUEHUH TeX ke d3neMeHToB. CormacHo J[PBuay XaacoHy (KOTOPOro Mbl Oy/eM 0OCYXIaTh MO3KE),
pycCKHe YyYeHbIe MEepBBIMU OOHAPYKUIU CJEAyIoIIee: 4YTOOBI PACKPBITH I[BETOBOW CIEKTp IS
MOCTICIYIOIETO aHaN3a, MUKPOKJIACTEPHI JOJDKHBI TOpETh Oobine, yeM 200 ceKyHI, B TO BpeMsl Kak
BCE€ JPYrue U3BECTHBIE MOJIEKYJISIPHBIE COEUHEHMSI JOJKHBI TOPETh MAKCUMYM OKOJI0 70 CEeKyHI:

“Korza Mbl mepexoguM K KyCOUKY, Ha3blBAEMOMY MHUKPOKJIACTEPOM C paguycoM mnopszaka 19
aHICTpPEM, IOJIYYEHHOMY IOCPEACTBOM JCIICHUS TOHKOIWUCIEPCHBIX BKIIOYEHWM, MBI BHIUM, YTO
CJIEZIyeT UCTOJIb30BaTh (PU3HKY, OTIIMYHYIO OT (PU3UKHM TOHKOAMUCHEPCHBIX BKIOUeHUN. CyIIecTBEHHOE
pa3iau4re OCHOBAaHO HA TECOPETHYECKOM IOCTYJIATE, YACTHYHO MOJKPEIUICHHOM JKCIIEPUMEHTAMM, YTO
MUKpPOKJIACTephl JaHHOH (JOpMBI M pa3Mepa B NPUHIMIIE MOT'YT OBITH MOJIyUY€HBI, 3 X CBOHCTBAa MOT'YT
OBITb U3MEPEHBI, XOTS TAKOM BUA M3MEPEHHs] HEBO3MOXKEH Ul TOHKOJIMCIEPCHBIX BKIIOUEHHH. DTOT
MOCTYJIAT MOJKET MOJTBEPKAATHCS PACCMOTPEHUEM (DaKTa, YTO KIaCTEPhl JaHHOH MPaBMILHOW (OPMBI
OYCHb YCTOMYMBBI IO CPAaBHEHHMIO C KJIacTepaMu JAPYrux (opM, KOJIUYECTBO KOTOPHIX JAOBOJBHO
HeBeNMKo. B mpotuBoBec 3TOMYy (DaKTy, TOHKOAMCIIEPCHBIE BKIIOYEHHS pa3HbIX (opM u
(GuKcUpoBaHHOTO  pa3Mepa, (opMmupyromue OoJbIIME  COBOKYMHOCTH, YTOOBI  TO3BOJIUTh
CTaTUCTHYECKYI0 00pabOTKy, TOYTH BBIPOXKIAIOTCS  JHEpPreTHueckd. [loaTomMy  H3BIICUEHHE
TOHKOJMCIIEPCHBIX BKIFOUEHUH JTaHHOH (OPMBI HE BO3MOXKHO.

[TonyueHO SIBCTBEHHOE CBHJIETENBCTBO, YTO MHUKpPOKIACTEphI mienouu [1.8] u 6maroponusix [1.9]
METAJUTMYECKUX JIEMEHTOB B (hopMe KIIacTepHOro jy4a oOiamaroT moytu chepuueckoir Gopmoit u
pa3MepoM TakK Ha3bIBa€MbIX Marndeckux yucesa. Marmyeckoe 4ucio o3HayaeT oco0yro pa3mepHocTh N
(To ecTh, YHMCIO aTOMOB B KjacTepe), NMPH KOTOPOH B CHEKTPAILHOM aHAJIN3e OOHApPYXHBAETCS
pacmpocTpaHeHHe aHOMaluid. OTO yKas3blBaeT Ha TO, YTO MHUKPOKJIAcTepbl TaKUX pa3MepoB
OTHOCHUTEIIFHO YCTOWYHUBHI TI0 CPAaBHEHHIO C MUKPOKJIACTEPaMH MHBIX Pa3MepoB”.

B nocnenyromux nurtatax “moutu  chepuueckue” (GOpMbL, ONHCAHHbIE BbIIE, OYIyT
paccmatpuBatbcs Kak [Inatonossl TBepabie Tena n oTHOCSIIKECS K HUM reoMeTpu. Bo3MoHO, I
OOJIBIIMHCTBA YUTATENEH ClIeAYIOIas BbIACPKKA OKAKETCS CIMIIKOM TEXHUUECKON, IIOITOMY €€ MOYKHO
IIPOITYCTUTB; HO 3TO SIBHOE ONKMCAHUE TOT0, KAK IOJY4YarOTCs M aHAJIU3UPYIOTCS “KJIacTEpHBIC JIyun , U
KaKye BO3HMKAIOT “Marmveckue duciia’ atoMoB. boiee Toro, cieayer 3aMeTUTh, 9TO (POPMUPYIOIITHECS
KJIACTEPHI CTAHOBATCS DJIEKTPUYECKH HEUTPAIBHBIMM — €II€ OJWH AHOMAJbHBIH M HEOXHIAaHHBIN
pe3ynbTar:

“B kauectBe npumepa, Ha puc. 1.5 MBI OKa3bIBa€M CIEKTPaJbHBIM aHAIW3 KJIACTEPHOro Jy4ya
Hatpus. Jlyd co3maercs aguabaTHBIM pACHIMPEHHWEM HArpeTol CMeCH MapoB HATpUs U cepedpa,
IponyieHHol depe3 cormio. Kiactepsl Hatpusi B jiydye (HOTOMOHU3UPOBAHBI, CIEKTP aHAIU3UPOBAICS
MOCPEJICTBOM KBAJIPYMOJIBHOTO CIEKTPAIBHOTO aHalli3a, U OOHAPYXKHUBAICS C TOMOIIBIO CHUCTEMBI
oOHapyxeHHsI HOHOB. [leTalibHble POBEPKU SKCIIEPUMEHTA MOJATBEPAUIIN, YTO HAOJIOAaeMbIil CIEKTp
OTpakaeT TO, YTO (DIEKTPUUECKH) HEUTpalbHBIC KJIACTephl W3HAYAIBHO CO3JAIOTCS PaCIIUpPEHHEM
cTtpyu. AHomanuu pactpoctpanenus pazmepa N — 8, 20, 40, 58 u 93 (puc. 1.5) - paccMaTpuBarOTCs Kak
Maru4yeckue 4ucia HeMTpalbHbIX KJIaCTepOB HATpUS .

A Temeps oOpatute 0cob0e BHUMAHKE Ha CIEAYIOIIEe MPEIOKECHHE, MO0 ero 3HAYMMOCTh JIETKO
MOJKHO yITyCTHUTh:
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“Jlanee mMbI OyeM AEMOHCTPUPOBATH, YTO MArMYECKUE YHCIIAa CBS3aHBI CO CTPOCHHEM OOOJIOUYKH
KOJUICKTUBU3UPOBAHHLIX 3JICKTPOHOB, HC3aBUCHUMO IOBHXYIIUXCA B C(i)epI/II-IQCKI/I CUMMCTPUIHOM
¢ pexTuBHOM MOTEHIHATE. ..”

DTO TOBOPUT O TOM, YTO B MUKPOKJIACTEpaX TUIOTETUICCKUE “DJIECKTPOHBI” OOJIBINE HE MPUBSI3AHbI
K CBOMM WHJUMBHIYyaJbHBIM aToMaM, a JBHXKYTCS He3aBUCUMO B camoM kiactepe! IlomHuTe, uro B
HOBOW MOJIENTH SJIEKTPOHOB HE CYILECTBYET, €CTh TOJIbKO OOJjlaka 3(MpPHON 3HEPruu, ABIKYIIUECST K
anpy nocpeactsoM 3¢ddekra budpmnga-bpayna. B sTom ciiydae, MUKpoOKIacTep NEHCTBYET KaK OJMH
€UHUYHBIA aTOM, I'/Ie LEHTP KJIacTepa CTAHOBUTCS CPOJHU MO3UTUBHO 3aPSKEHHOMY aTOMHOMY SPY,
B KOTOpPOE BTEKAaeT OTpPHUIATEIbHO 3apshKeHHas SHeprus. VHTepecHO: Onarojaps XHIKOOOpazHOMY
noBeicHUI0 3(dupa, ciaeayromuil naparpad MO3BOJSET MpeArnojaraTb, YTO MHUKPOKIACTEPHl MOTYT
o01agaTh CBOMCTBAMH, KaK XHJIKOCTH, TaK M TBEPJOTO Tea:

“IIpeacraBnsieTcsi, 4TO (CUMMETpPHsI) MHUKPOKJIACTEPOB METANIOB PACKPBIBAET CIEIAYIOIIEE:
aQHAJIOTMYHO aTOMaM M MOJIEKYJIaM, MUKPOKJIACTEphl MPUHAANE)KAT K MUKPOCKOIIMYECKOMY MUPY, B TO
BpeMsl KaK TOHKOJMCIEPCHBIC BKJIIOUEHHUS TMPUHAJICKAT K MaKPOCKOIMUYECKOMY MHpPY. ITO
CIPaBEeIJIMBO B HEKOTOPHIX acrleKkTax, HO He Juis Bcex. B rmaBe 2 mbl Oyaem oOcyxnaTh, 4TO,
CTAJIKUBASICh C MAKPOCKOIMUYECKIUM MUPOM, MPU KOHEUHBIX BHYTPEHHUX TEMIIEpATypax MUKPOKIACTEPHI
MOT'YT PacCKpBIBaTh XKUIKYIO ¢a3zy...”

Crnenyromasi BbIIep)KKa 3aMMCTBOBaHa M3 HCCieNoBaHUS buciam u Apyrux, 03ariaBleHHOTO
Teopemuueckoe uzyuenue cCmpykmyp u ycmouuusocmu kiacmepos xceneza. OUeBUIHO, UX paboTa HE
ocHOBbIBaeTcsl Ha yueOHuke Cyrano u Kommsymu. HccnenoBanue bucim yka3zbiBaeT Ha aHOMaJbHBIC
ANEKTPUYECKUE M MarHUTHbIE CBOMCTBA, KOTOPHIMM OOJaAar0T MHUKpOKJIACTEpPhl, HO HE 00JanaroT
MOJIEKYJTbl MJIM KOHJACHCUPOBAHHASI MATEPHSL:

“Krnactepsl HMHTEpecHbl M caMU MO ce0e, IOCKOIbKY MaJIeHbKUE KiacTepbl 00JagaroT
BEPOSITHOCTBIO CYIIECTBOBAaHUS A(P(PEKTOB KOHEYHOrOo pa3Mepa, BEAYIIMX K 3JIEKTPUYECKHUM,
MarHuTHBIM M JIPyTUM CBOMCTBaM, OUY€Hb OTJIMYAIOLIMMCS OT CBOMCTB MOJIEKY/I MJIM KOHEHCUPOBAHHOM
MaTepun. Taxke ObUIO IPENPUHATO 3HAYMTEIBHOE MCCIIEOBATEIbCKOE YCHIIME, HAIpPaBICHHOE Ha
MIOHUMaHHE T'eOMETPUH, YCTOWYMBOCTEH M XUMUYECKUX aKTUBHOCTEH ra30BOi (pa3bl KJIacTepOB YUCTHIX
METaJJIOB C TEOPETUUECKON TOUKU 3pEHUs .

N celivac ™Mbl nepexonuMm K pasgeny 1.3.1 wuccnemoBanuss buciu, o03arjgaBiIeHHOMY
DynoamenmanvHvle MHO202paHHUKU. BOT TIae Mbl OOHapyXHM CBSI3b MEXKIY MUKpPOKJIAcTepaMu u
reomerpueit pusuku Pona Jl>xoHcoHa:

“HenaBHO 00CYXIaJIOCh, UTO YCTOMYMBBIE (POPMBI MUKPOKIACTEPAM MPHUAAIOT TsATh [1aToHOBBIX
MHOTOTPAaHHUKOB: TETPAdAP, KyO, OKTa’p, MATUYTOJIBHBIN JOAeKadAp U ukoca’ap (To ecth [11aToHOBEI
Teepasie Tena) u nBa MmHOrorpannuka Kerepa ¢ poMOMuecKUMU TpaHsIMu: POMOUYECKHUI JOIeKadIp U
POMOMUECKUI TPHAKOHTASP (TPUALATUTPAHHHUK ).

BaxxHo oTMeTuTh, UTO TETPa’Jp HE 3aIlOJIHEH MPOCTPAHCTBOM, KakK IOKa3aHO Ha puc. 1.9, a
HUKOCA’p, AHArOHAJIBHBIA JIOJCKA’Ap M MSATUYTOJbHBIA JOJACKA’Ap C MATHKPATHOM CHUMMETpHUEH
BpallleHUsI HE SIBISIOTCS KPUCTAUIMUECKHUMHU CTPYKTYpaMHU: OHHM HE BBIPACTAIOT B MEPUOIUUYECKYIO
CTPYKTYpY YIUIOTHEHHMHA. Eclii MHOrOrpaHHHUK MMeeT HEeKPHCTAJUIMYECKYIO CTPYKTYpY, TOT/la B IIEpUOJ
nepepacTaHusi B YIJIOTHEHHWE MHUKPOKIACTEP BBIHYKIEH IMOABEpPrarbcs (a3oBOMYy TEpEXoay B
KPUCTAJUIMYECKYIO CTPYKTYPY .
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Tem, KTO MHOTro JIeT M3y4all CaKpajbHYI0 T'€OMETpUIO0, 3a0aBHO pacCMOTPEThb, UTO Ha YpPOBHE,
CJIMILIKOM KPOILEYHOM JUIsl HEBOOPYKEHHOI'O TJ1a3a, ATOMBI IPYIIIUPYIOTCS B COBEpLICHHBIE 1 1aTOHOBEI
Teepasie Tena. Taxke, HHTEPECHO 3aMETUTh, YTO HEKOTOPBIE MUKPOKJIACTEPHI 00J1a1al0T U CBOMCTBAMU
XKUIKOCTH, YTO MO3BOJISIET UM NEPETEKaTh U3 OJHOTO BHJIa T€OMETPUUYECKOW CTPYKTYpHI B Apyroiu. B
cBoeM ydeOHuke Cyrano u Konaszymu BbhICKa3bIBalOT MPEIIOJIOKEHNUE, YTO HEKOTOPbIE MHOTOTPAaHHUKH
(Takue Kak MKOCadJp M JOJEKAdJp) HE KPUCTALINYECKHUE U, CIEAOBATENbHO, JOJKHBI MOABEPraThCs
($a30BOMYy HM3MEHEHHIO MPEXKIE, YeM CMOTYT CTaTh OOJBIIMM KPHUCTAUIMYECKUM 00BbekToM. OmHako
MO3KEe B ATOHM TJIaBe MBI MPEACTaBUM OECCIOPHOE CBUAETENILCTBO, YTO BCS MOJIENb KpUCTaIorpaduu
MOPOYHA, M YTO MPH OMpPEeIeTICHHBIX 00CTOATENHCTBAX OX0KHE HA MUKPOKJIACTEphl 00pa30BaHUs MOTYT
(dopMHpOBaTHCS Ha OOJBIINX YPOBHAX pazMepa — FPYNIUPOBAHMS JBYX MU 00JIEe IJIEMEHTOB.

BaxxHo: eciin unTaTens MpOJMCTaET OCTABIUIYIOCS YacTh yueOHuKa CyraHo, OH yBUIAUT MHOXKECTBO
n300pakeHU aTOMOB, CrpynmnupoBaHHBIX B [lnmatonoBel TBepasie Tema. Mebl y3HaeM, 4TO B KaXKJIOM
cillyyae ‘‘MarMueckoe YHCI0” TPYNIHUPYIOIIUXCS aToOMOB OynaeT (opMupoBaThCsi B OAHY W3
BBIIICYIIOMSHYTBIX T€OMETPUYECKUX CTPYKTYyp. Hampumep, eciin Mbl B3suIM TE€TpasAp U MOCTPOWIH €T0
U3 OINpPEAEIIEHHOTO0 KOJIMYECTBA MPAMOPHBIX IIIMTOK, MMEIOIIUX OAMHAKOBYIO IIMPUHY, TOTJA, YTOOBI
CJIOKUTh TETPA3p JAHHOIO pa3Mepa, HaM MOHAJO0OUTCS TOYHOE “Marndyeckoe 4ucio” TaKUX IUIMTOK.
OTO aHAJOTMYHO MOJAENH “IUIOTHO ymakoBaHHBIX cep” bakmuucTepa Dymnepa, u B caMOi MPOCTOU
(opme 103BOJIAET BUJETh, YTO €CJIM BbI CI0XKHUTE TPH IJIMTKH BMECTE B BUJIE TPEYTOJIBHUKA, a 3aTE€M HaJ|
HUM TIOCTaBUTE YETBEPTYIO TUIUTKY B CEPEUHE, BB OJIYIUTEe GOPMY TETpasapa.
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Puc. 3.3 Ky6-oxmasopanvhsiii knacmep uz 459 amomos
U UKOCa’0panvHulll Kiacmep uz 561 amoma

N eme wuHTEpecHee: Ha cTpaHule 18 yueOHHMKA Qusuku MUKPOKIACHMEPOE TIPUBOIUTCS
dotorpadus kmactepa 30710Ta, COCTOAMETO M3 “OKoyio 460 atomoB. Ha Hell MOXHO SICHO BHJETH
IUIOTHO YITaKOBaHHYIO C(hepUUECKyl0 BHYTPEHHIOIO CTPYKTYpPY aTOMOB, OOpa3yroIIHUX 0e30MHO0UHYI0
reOMETPHUIO. Ot 1/1306pa>1<eH1/I$1 MOJIY4YCHBI MYTCM CKAHUPOBAHUA 3JICKTPOHHBIM MHKPOCKOIIOM C OUCHb
OonplM yBenudeHHEM. lIpu 3TOM B pPa3HBIX paKypcax YETKO MPOCMATPUBAETCS CTPYKTypa KyO-
OKTa’ApanbHON Teomerpuu (puc. 3.3). MHTEpecHO: BHIHO, YTO OT PUCYHKA K PHUCYHKY CTPYKTypa
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KJlacTepa MOJABEpPraeTcsl paziIMyHbIM T'€OMETPHUYECKUM IpeoOpa3oBaHUsM U3 KyO-OKTa’apa B Jpyrue
(GOopMBI. A 3TO CBUIETENIBCTBYET O KaueCTBE JKUJIKOCTH U paboTe HEBUAUMBIX “‘HampsKeHUil” B adupe.
Puc. 3.3 — 3T0 XynoKecTBeHHasi MHTEpIpEeTalUs CXeMbl, KaK ‘“‘Maruueckoe uucio” 459 cepuyeckux
aTOMOB OYyJeT yIakOBBIBATHCA I (POPMUPOBAHUS KiacTepa KyO-OKTadIpanbHOU (OPMBI, B TO BpeMs
Kak 561 atom OyneT codupatscs B hopMy UKOCadIpa.

Hama cnenyromas nurata 3auMcTBOBaHa W3 pasfena 3 yueHus buciam m apyrux, KoTtopoe
06CyX/IaeT “xkKeneobpasHyr0” Mojienb BemecTBa'’ i MPOsSCHSET, 4TO MHANBHIYaIbHAs IPUPOIA ATOMOB
B MUKPOKJIACTEPE TEPSAETCS B MOJIb3Y IPYIIIOBOrO NMOBEACHMS. V1 BHOBb MBI CTOJIKHEMCS C YIIOMUHAHUEM
Maru4ecKkux 4Yucesl U 3JIEKTPOHOB, ABIKYILIUXCS BO BCEHl CTPYKType, BMECTO TOT'O, YTOOBI JIBUTaThCs
TOJIBKO B POJUTEIHCKOM aToMe. Takke Mbl OOHapyKMBaeM TUIOTE3Y, YTO “TEOMETpUYecKre 000I0UKH”

AJIEKTPOHOB KaKUM-TO 00pa3oM (POPMHUPYIOTCS B MUKPOKJIACTED.

“Ilmst HEOOJIBPIIMX KJIACTEPOB TPOCTHIX METAIOB, TAKWX KaK METa/UIbl OCHOBAaHWM, Macc
CTHIEKTPOCKOITMYECKNE MCCIIEOBAHMS YKA3bIBAIOT Ha MPUCYTCTBHE NMPEANOYTHTEIBHBIX HYKJICApHOCTEH
WK “MarMyeckux 4ucesl’, COOTBETCTBYIOIIMX OCOOEHHO WHTEHCHUBHBIM MHKaM. DTH 3KCHEPUMEHTHI
BeIyT K pa3BUTHIO (cepuyeckoil) “keneoOpa3HO” MOJENH, T/Ie pealbHas TeoMeTpHus Kiacrepa (To
€CTh HYyKJIEapHble KOOPAMHATHI) HEM3BECTHA W HE Ba)kHa (BO3MOKHO, IOTOMY UYTO KJIACTEPhl JKUIKHE
wm ObicTpo nuddepeHInanbHbe), a KOIJICKTHBU3UPOBAHHBIE 3JICKTPOHBI IBIKYTCA B CHEpHUECKU
CpellHeM IeHTpanbHOM moTeHimane. [loatomy “>xeneobpasHas™ mMozenb 0OBACHAET Maru4eckue yucia
KJlacTepa B TEPMHHAX 3AIOJHEHUS KIACTEPHBIX AJIEKTPOHHBIX 000JI0UEK, aHAIIOTUYHBIX AJIEKTPOHHBIM
ob6onoukam B atomax. s Gompmmx wykiaeapHocted (N ~ 100-1500 [oOimiee KOIMYECTBO aTOMOB B
KJIacTepe|) CYIMIECTBYIOT MEPUOUICCKUE KOJICOAHHSI MACC CTIICKTPaIbHBIX HHTEHCUBHOCTEH MUKOB, YTO
MIPUITHCHIBATIOCH COETUHEHUIO AJIEKTPOHHBIX 000JI0YEK B CBEPXOOOIOUKH.

JlonroBpemeHHoe HaOtOJeHHE KOJIEOAHMH MHTEHCHBHOCTEH NHMKOB B MacC CHEKTpax OuYeHb
GONBIINX METATHIECKUX KIacTepoB (10 10° aTOMOB) MPUBENO K BHIBOMY, YTO TAKHE KJIACTEPHI PACTYT
MOCPENCTBOM (DOPMUPOBAHUS TPEXMEPHBIX T'€OMETPHUECKUX O0O0JIOUEeK aTOMOB, M YTO Ui 3THX
HYKJICAPHOCTEH CBEPXYCTOMYMBOCTh KJIacTepa OOECreyrMBaeTCs 3alloJIHEHHEM T'e€OMETpUe, a He
ANEKTPOHHBIMU 00OJIOUKAMH .

beccriopHo, unes ‘“cBepxo0oyiouek’” AJIEKTPOHOB MpEANoiaraeT >KUAKOOOpa3HOE CMEIIUBAHUE
aTOMOB B KBaHTOBOW cdepe. I BHOBb, MpenCTaBIsACTCS, YTO BCS HIACS JJICKTPOHOB CTPAIAET
CYILIECTBEHHBIMU HEJOCTATKaMH, IOCKOJBKY cleAyronuil maparpad u3 padboTsl bucian ykassiBaer Ha TO,
9TO ““KeneoOpaszHas’” MOJIETb, T/Ie AJIEKTPOHBI KaK ‘‘4acTUIIBI 3aMOJTHSIOT “TeOMETPUIECKHUE 000T0UKH”,
He paboTaeT AJIs TOrO, YTO M3BECTHO KaK MpeBpalleHue MeTauioB. [IOCKONBbKY B 3TOM KOHIEHIINH HE
MOXET OBITh MHIWBHUIYATBHBIX AJIEKTPOHOB, buciu npeniaraeT CymnecTBOBaHUE “‘SIBHBIX, 3aBUCAIINX OT
yriaoB cuil Hekux Ten”. Kopoue roBops, 1y 0OBSICHEHHSI CUJI, CO3AAIOIINX MUKPOKIACTEPHI, TpeOyeTCs
“KUIKOKpUCTAIUIMUECcKas dupHas KBAHTOBAsI MOJICTIb:

“B cinywyae mnpeBpalleHHUs] METa/VIOB HET SBHOTO CBHUJIETEJIBCTBA TOTO, YTO HMMEET MECTO
‘“xenmeoOpasHas” MoOAENb, Hake IS HU3KUX HyKIeapHocTed. Mbl HameeMmcs, 4YTO MOJEIb,
MpejyIararoias sBHbIE, 3aBUCAIIME OT YIIIOB CUJI HEeKHe Tena (kak B mojenn MM [Mappemna-Motpamal,
KOTOPYIO MBI 3aUMCTBOBAJIM) HAMHOTO JIy4Ille TMOAXOAUT Il OOBSCHEHUS MPEINOYTECHUIN KIacTepHOM

CTPYKTYpPHBI” .

19 %Keneobpasnast MOJIEND BENIECTBA MPEICTABIISET KAKIBIH KIACTED B BUJIE KAIIEIBKU BA3KOTO XKeJle, BHYTPU KOTOPOH
MOYET CBOOOJIHO IepEeMeNIaThCsl TOIBKO OJIMH JIEKTPOH OT Ka)K/I0TO aTOMa HaTpHsL.
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Hcxons u3 pe3ynbTaTOB YUYEHHH O MHKpPOKJIAacTepax, He cieayeT 3a0biBaTh, yTo I[l1aToHOBBI
Teepasie Tema odeHs Jserko ¢GoOpMHUPYIOTCS BHOpammer cdepudeckol 00JacTh  KUIKOCTH.
VY IMBUTENIBHO, YTO HCCIIEAOBATEIM MHUKPOKIACTEPOB HE 3aMeTHiIM 3Toi cBs3u. Ilpeobmanaroriee
paccMaTpuBaHHWE KBAaHTOBOW MEXaHMKM Kak ()EHOMEHAa 4YacTHIl HACTOJbKO YAEpP>KMBAETCS B yMax
UCClIeIoBaTeNlel, YTO BBIHYXKJAeT pa3pabaTbiBaThb OOBSCHEHHUS, BKIIOUAIOIIME “‘TEOMETpUYECKHE
000JI0UKH” AJIEKTPOHOB. 3€Ch KIIOUEBOM BOMPOC TAKOB: KaK U IMOYEeMY MOTJIU Obl (GOPMUPOBATHCS 3TU
reomeTpun. U nges BuOpupyromei >XuaKooOpa3HOM KBaHTOBOH cpenbl Obula Obl CaMbIM MPOCTHIM
OTBETOM. MUKpPOKJIACTEP — ATO MPOCTO OONbIIUK “dPUPHBIA aTOM” B COBEPIICHHON T€OMETPUUECKON

dopme.

3.5 JIPBUJ XAJCOH U “OTMD”

HsBecturie OTMD
OnIeMeHT ATOMHEBIN
HOMED

KobGanet 27
Huxkens 28
Menn 29
Pyrenuii 44
Ponunii 45
IMammaanit 46
Cepebpo 47
Ocmui 76
Upuanit 77
IImatuna 78
30510T0 79
PryTth 80

Tabnuya 3.1 H3zeecmuvie memannuueckue mukpokiacmepwst uiu “OTM3O”" 6 namenme [[26uda Xaocona

Ms! npezacrasisiem padoty [IaBuna Xancona. B konme 1970-x rooB Ha IMYHOM 30710TOM IPUUCKE
OH OTKPBLI BEIIECTBO, MPEANOI0KHUTENBHO, COAepKalliee MUKpokiacTepbl. Ha aHamu3 u nmpoBepKy 3THX
3araZloyHblXx MaTepualioB XaJCOH MOTPaTW HECKOJIbKO MHJUIMOHOB JoiyiIapoB, U B 1989 rony
3alaTeHTOBAJl OTKPBITHE MHUKPOKJIAcTepoB, Ha3BaB HX OpOurtanbHo-TpaHCcHOpMUPOBAHHBIMU
OpnoaromubiMu Dnementamu win “OTMD”. B nauane 1990-x romoB, B OMyOJIMKOBAHHBIX JEKLIUSX,
Xa/IcoH IEMOHCTPUPYET OOLIMPHOE 3HAaHUE (PU3UKU MUKPOKIACTEPOB, HO €r0 OTKPBITHS 00JIee CIIOPHBI,
YeM Te, YTO Mbl HaxoAuM B y4deOHumke CyraHo W Apyrux OIyOJMKOBAHHBIX HCTOYHHUKaX. IlateHT
XazncoHa (oOKycHpyeTcsi Ha MHUKPOKJIACTEPHBIX CTPYKTYpax, OOHapyKEHHBIX B BBIIICIPUBEICHHbBIX
3JIeMEHTax OJaropoAHbIX METauIoB. 31ech cienyeT otMeTuTh: Cyrano u Kouasymu yrBepxaanu, 4To
MHUKpPOKJIaCTepbl OOHAPYKUBAIUCH U B HE METAIIMUECKUX HIIEMEHTaX.

XaJaCoOH OTKpBUI, YTO BCE BBIIICTIPUBEACHHBIE MHKPOKJIACTEPHBIE METAIbl B H300MINU
CYIIECTBYIOT B MOpCKOW Boje. M dro emie Oornee yAMBHTENbHO, OH OOHApYKWJ, 4TO Ha 3emiie B
MHUKPOKJIACTEPHOM COCTOSIHUHU 3TH 3JieMeHThl npucyTcTBytoT B 10.000 pa3 Gosbiie, ueM B OOBIYHOM
METaJNINYECKOM COCTOSIHMM. XaJCOH MPOJEMOHCTPUPOBAN, YTO 3TH METAUIMUECKHE MMKPOKJIACTEPbI
OOHapYXHBAIOTCS BO MHOTHUX PAa3JIMYHBIX OHOJOTMYECKMX CHCTEMax, BKJIIOYash MHOTHE pa3HbIC
pactenusi, 1 GopMUPYIOT 10 5% Beca MaTepuasia Mo3ra. bojee Toro, mpu KOMHATHON TeMIiepaType OHU
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paboTaloT Kak CBEPXIPOBOJHHUKH, OONAAIOT Ka4eCTBAMH CYMEPIONs U JEBUTHPYIOT B MPUCYTCTBUU
MarHUTHBIX MOJIEH, TOCKOJIbKY MarHUTHAsl SHEPTUSI HE MOXKET MPOHUKATh Yepe3 UX BHEIIHUE 00O0JIOUKH.
Nx ¢usnueckue KadecTBa COOTBETCTBYIOT OMNHCAHHSM pA3IMYHBIX MATEPUAJIOB B AIXUMHUYECKUX
tpaguiusax Kuras, Uaauu, [lepcun u EBponbl. MHorue moau 700pOBOJIBHO TJIOTAIM MUKPOKJIACTEPHI
30J10Ta WK “OAHOATOMHOE 30J0TO” M cooOlmamd o Tex ke 3(PQekrax, 4To W NpH H3MEHEHHIX
KYHJIQJINHY, OTIMCaHHbIX B Beanueckux texkcrax apeBHed MHanu.

Eme Oonee cropHbl OTKPBITUS XaJCOHA, CBSI3aHHBIE C HAarpeBaHHEM MUKPOKIACTEPOB HUPHUAMS.
Ilpu HarpeBanmu Bec Marepuana yeenuuuBaics Ha 300% wu maxe Oonpime. M BoT 4TtO camoe
YIAUBHUTEIBHOE: KOT/Ia MUKPOKJIACTEp UPHUAMS HarpeBaeTcsa a0 Temreparypsl 850° Llenbcus, maTepuan
ucyesaeT u3 PU3NUECKON peallbHOCTH U TepsieT BeCh CBOW Bec. OJJHAKO NMPH MOHMKEHUH TEMIIEPATYpHI,
MUKpOKJIACTep HPHUIUS TOSABIAETCS BHOBb M BOCCTaHABIMBAET OOJBIIYIO 4YacThb MCXOJHOro Beca. B
naTeHte XaJCOHa ecTh TabyuIa, pa3paboTaHHAs IMOCPEJACTBOM TEPMOIPABUMETPHUECKOTO aHaju3a,
KOTOpasi IGMOHCTPUPYET AeCTBUE ATOTO d(PdeKTa.

Wnes o marepuane, yBeJIMYMBAIOLIEM BEC, 3aT€M CIIOHTAHHO €ro TEPSIOIIEM M HCUe3alolleM M3
¢u3nvecKoil peambHOCTH, OOJBIIEe HE JOJDKHA Ka3aThCsl YEM-TO HEOOBIYHBIM, €CIH MBI OOBEIMHUM
Haxonku  KosplpeBa, u3MeHeHus I'mH30ypra, BHECEHHble B  TPaJAHULUOHHBIE YPAaBHEHUS
OTHOCHUTEIIFHOCTH, U OTKPBITUS MuIMHA U AcTiIeHa 0 MHOKECTBEHHOCTH TTOTHOCTEH 3¢pupa. Kosbipe
MoKa3aJl, YTO HarpeBaHHe WIM OXJaXICHHE OOBEKTa MOXET BIUATh HAa €ro Bec HEOOJBIIUM, HO
n3MepsieMbIM oOpa3oM. Taxke Mbl BHJEIM, YTO YBEJIWYEHHE WJIM YMEHBIICHHE BEcCa IPOUCXOAUT
BHE3AITHBIMU ‘‘KBAaHTOBAaHHBIMH CKayKaMH, a HE ITUTAaBHO M TocTeneHHOo. [[-p Bmamgumup ['mH3O0Yypr
MIPEOI0KHII, YTO, MPUOIIIKAsCh K CKOPOCTH CBETa, Macca 00bEKTa MpEeBpamaeTcss B YUCTOE ToJe, a
naHHble MulimHa U AcmjeHa MO3BOJIAIOT MojaraTh, YTO Macca IepeMmelnaeTcs B 0ojee BBICOKYIO
IJIOTHOCTb A(UPHON SHEPTHUH.

Takum oOpa3oM, HaOJytoJjaeMble W 3alaTEHTOBAHHBbIE XaJCOHOM 3(PQEKThl C MHUKPOKIACTEPOM
upuans 00ecreynBaroT NepBoe (B 3TOM KHUTE) [VIABHOE 10KA3aTENbCTBO UJIEU O TOM, YTO OOBEKT MOXKET
MOJTHOCTBIO MepeMeliaTbcss B 0ojee BBICOKYIO IUIOTHOCTh 3(upHON sHepruu. B caydae c
MHUKPOKJIACTEPOM UPUAMSL, IPEACTABISAETCS, YTO T€OMETPUUECKAsl CTPYKTYpa MUKPOKIIacTeEpa MO3BOJISET
BOCIIOJIb30BaThCsl TEIUIOBOM 3HEprueil HamHoOro Oosee HMHTEHCHBHO. Kpome Toro, ucroib3oBaHHE
BUOpaLMii Teria co3/1aeT 0COObI pe30HaHC MPU OTHOCUTENIBHO 00Jiee HU3KON TeMIepaType, BhIHYK/as
BHYTpPEHHUE BUOpPALMU UPUIUS MIPEBBILIATE CKOPOCTh cBeTa. (BHyTpeHHHe BHOpanuu yxe MOryT ObITh
OTHOCHUTENIbHO OJIM3KM K CKOPOCTHU CBETa M JO BBEJCHUS JIONOJHUTEIBLHOIO pe30oHaHca, Oyarogaps
CKOpPOCTH, C KOTOPOH 3¢pup TeueT yepe3 aTOMHBINA “BUXPh~ OTPHULATENIBHBIX 3JIEKTPOHHBIX OOJAKOB U
MOJIOKUTENBHOTO Si7pa.) 3aTeM, KOrja, HaKOHEL, JOCTUraeTcsl MOpOroBas TOYKAa CKOPOCTH CBETa,
supHas >HEprus UpUAMs NepeMeaeTcs B 0ojiee BBHICOKYIO IUIOTHOCTh M McYe3aeT U3 (pusnyeckont
peanbHocTH. Korjga Ttemmeparypa MOHMXKAaeTcs, MPUANN BHOBb BO3BpallaeTCsl B Hally IUIOTHOCTD,
MIOCKOJIbKY JIaBJICHHE, YAEp KUBalolIee ero B 00Jiee BHICOKOM IJIOTHOCTH, UCYE3aeT.

3.6 AHOMAJINU CTPOEHUSA KPUCTAJLJIA

Ceifyac, OCBEeTHB aHOMaJbHYIO c(hepy MHKpPOKIACTEpPOB, Mbl TOTOBbI NPUHATHCS 3a Oolee
TPaJMLIMOHHO TOHUMAaeMble MpoOieMbl CTpoeHus KpucTtaiia. OOBIKHOBEHHas CTOJOBas COJb —
COBEpILEHHBIN MpUMEp TOro, KakK J(Ba Pa3HBIX 3J€MEHTa (HaTpUil M XJIOp) CBSA3BIBAIOTCS BMECTE U
dbopmupyrotr reomerputo IlnmatonoBeix Teepnbix Ten; B manHOM ciydae Ky0. J[Ba aToma Bojopoaa u
OJIMH aTOM KHCJOPO/a COEIUHSIOTCS B (opMe TeTpadapa U oOpa3yloT MOJIEKYTy BOJbl (KOTopas B
KHUJIKOM COCTOSIHUU KPHCTAJUIOM HE SBIISETCS, HO 00Ja/laeT TeTpadapalibHOi Mosekynoi). Kpucramsl
¢drooputa 00pa3yrot oktadap. Kpucramiel, popmupyrommecs ¢ TAKUMH CBOMCTBAMHU, OyIyT COXPAHSITh
OJIMHAKOBYIO OPHEHTALIMIO M CUMMETPHIO. bollee TeXHUYeCKOoe OMUCcCaHue: KPUCTAIIbl — 3TO “TBEpJIbIe
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Tena, oOyafaroIue IUIOCKUMH IOBEPXHOCTAMHU (TpaHsIMM), MEPECEKAOIUMHUCS IOl XapaKTepHBIMU
yTiaMu, ¥ yIopsAI0Y€HHbBIMH Ha MUKPOCKOITUYECKOM YpOBHE™. 3/1€Ch KJIIOUE€BOM BOMPOC ObLT ObI TAKOB:
“IloueMy cdepudyeckre HSHEPreTUYecKue BHUXPU COCAMHSAIOTCS TMOJ TAaKUMH  XapaKTEePHBIMU
F€OMETPUUECKUMHU yrilaMi U TnarrtepHamu?” W KOHE4YHO, OTBET OyAeT HalJeH B TOHUMaHUU
[TnaTtonoBsix TBepapix Ten kak “TapMOHUYECKHX’ SHEPreTUYECKUX CTPYKTYp B 3dupe.

Knaccuueckoe ompenenenue ['myckepa u Tpybnana, kak oOpa3yloTcsi KpHCTaJIbl, CIEAYyHOIIee:
OHU 00pa3yroTCs MOCPEICTBOM:

“... PpErylspHO TIOBTOPSIOIIETOCS pACIOJIOKEHUSI aTOMOB. JIr0OOW KpUCTaT MOXET
paccMaTpuBaThbCs KakK COCTOSAIIMKA U3 HENPEPBIBHOIO, TPEXMEPHOIO IOCTYNATEIBHOIO IMOBTOPEHUS
HEKOETro OCHOBHOTO CTPYKTYPHOT'O MaTTEepHA™ .

TepmuH “mocTynarenbHBIN’ O3HAYAET, YTO MBI MTOBOPAYMBAEM KOHKPETHBIM OOBEKT Ha TOYHOE
YHCIIO0 TpaaycoB, Takoe kak 180, uto chopmupoBano Obl “ABOWHON™ KPUCTAJUI, IOCKOJIBKY B KpyTre U3
360° OyzmeT aBa TakuX MOBOpOTa. TakuM 00pa3oM, “TIOCTyMaTeIbHOE MOBTOPEHUE O3HAYAEeT, YTO IS
(hopMHpPOBaHHUS TIOBTOPSIIOIIETOCS MAaTTepHA 0a30BBI CTPYKTYPHBIM 3JIEMEHT (ATOM MJIM MOJICKYJIsIpHas
Tpynmna aToMOB), COCTaBISIONUIUN KPHUCTAUI, MOXXET OJIMHAKOBO IOBOPAYUBATHCS BHOBH M BHOBb.
TexHu4yeckuil TEpMUH ISl PETYISIPHOTO PACIIOIOKEHNUS — NEPUOJAUYHOCTb. JTO 3HAYUT, YTO KPUCTAILI
COCTOUT M3 “‘OmpenesieHHON 0a30BON CTPYKTYPHOUW €IMHHIIBI, IMOBTOPSIONIEHCS OSCKOHEYHO BO BCEX
HaNpaBJICHUAX M 3ATOJHSIONIEH BCe MPOCTPAHCTBO BHYTpH cebs. OamHaKoBasi CTpyKTypa (aToM WiIn
TpyIma aToMOB) COXpaHSETCs, TMOBTOPSSICh OJMHAKOBBIM, MEPUOAMYHBIM CIIOCOOOM; OTCIO/Ia TEPMHH
“NepUOANYHOCTD .

B xmaccuueckoil Teopuu ‘‘IEPHOAUYECKOTO” KPHUCTAUIA KAXABIA aTOM COXPaHSIET HCXOIHBIN
pazmep u ¢dopMy, U HE BIMIET HM Ha Kakhe AaTOMbI, 3a HCKIIOYCHHEM TeX, C KOTOPBIMU
HEMOCPEJCTBEHHO CBS3aH.

BaxHo 0co3HaTh, 4TO B KpUCTALIOTPAQUH MOAEIH MEPUOAUYHOCTH pPabdOTAaeT OYEHb XOPOIIO.
ITocpencTBOM 3TOro MeToJa MOXKHO aHAIU3UPOBaTh 000N OOHapy)XEHHBIH BHJ KpHCTaliga, MU
OCHOBBIBasICh Ha MIPOCTBIX TI'€OMETPUUYECKUX MPUHIUIAX, MOXKHO IpeacKa3aTh YIJIbI MEXIy BCEMHU
rpansmu. B 1912 romy Maxkc ¢on Jloe oTkpbU1 crnoco0 HMCIONb30BaTh PEHTICHOBCKUE JIyYyd IS
IIPOCBEYMBAHUS BHYTPEHHEHN CTPYKTYpbl KPUCTAJLIIOB, CO3/1aBasi TO, YTO U3BECTHO Kak ‘“‘IudpakLnOHHAS
KapTuHKa”. KapTHHKa MOsBIsETCA B BUIE PACIONOKEHHUS OTACIBHBIX TOUYEK CBETa Ha TEMHOM (OHE.
OTO mpuBEIO K MOSBICHUIO IEJNOH HAyKH - PEHTI€HOBCKOW KpucTayorpadguu, (Gpopmanan3oBaHHOM
YunesamoM I'. u Yuneamom JI. bparramu. [l onpeneneHuss UCTUHHOM CTPYKTYPhl KPUCTaJLUIA, TOYKU
CBETa reOMETPUUECKH aHATU3UPYIOTCS 110 OTHOLICHHUIO ApYT K Ipyry. Ha nmpoTsbkeHnn ceMuaecsiTi et
1oCJIe CO3/aHUS 3TOM TEXHOJOIMM, Kaxnaas NU(paKIMOHHAsS KAPTHHKA, KOTAa-mubo HabIroaaBIIasics
TPaJMLIMOHHBIMU YYEHBIMH, COBEPIICHHO BIHMCBIBAJIACH B MOJEIb NEPUOAUYHOCTH. M 3TO HEMHHYEMO
IIPUBEJIO K OYEHBb IIPOCTOMY BBIBOJY: BCE KPHMCTAJUIbI SIBISAIOTCS PACIOJIOKEHUEM €AMHUYHBIX aTOMOB
KaK CTPYKTYPHBIX €IUHULL.

OpnHO U3 MareMaTU4eCKUX MpPaBWJI, OTHOCSIIMXCS K MOJEIU MEPUOJUUYHOCTH, TJIACUT: KPUCTAILI
MOKET UMETb TOJIBKO 2-X, 3-X, 4-X U 6-TU KpaTHbIE BpalleHus (IoBOpoThl). B aTOl Mozenu, ecnu y Bac
€CTh KPUCTAJLJI, COCTOSIIIMNA M3 €IUHUYHBIX aTOMOB WJIM MOJIEKYNl B MOBTOPSIOLIEHCS MEPUOIUUYECKON
CTPYKType, OH HE MOXET HMETh MATUKPATHOE BpallleHHe WM J000€ BpaIleHUE BHIIIE O-TH.
“Cumraercs’, YTO aTOMbI 00J1a/1al0T UHIUBUAYATbHBIMU TOYEYHBIMH OCOOCHHOCTSIMU M HE CIIUBAIOTCS C
ApyruMH aToMaMHu B Oousbliee 1enoe. TeM He MeHee, B TEPMHUHAX YHCTOM T€OMETPHH, ITOACKadAp
o0JlajaeT MATUKPATHOM CHUMMETpHEH, a MKoca’ap uMeeT 5-Th U 10-TH KpaTHYH CUMMETpHUIO. DTH
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[TmaronoBsl TBepasie Tenma ymoOBIETBOPSIOT BCEM TPeOOBAHUSM CHMMETPUHU, OMUCAHHBIM J-POM
Boasdom. I[Ipocto mnst cozmanus Takux ¢GOpM Bbl HE MOXKETE CIIOKHTH BMECTE €IMHUYHBIE aTOMBI.
Wtak, BHOBb, AOJEKAdp W MKOCAdAP OONATAIOT CUMMETpPHUEH, HO HEe 00JIaJaroT MePUOANYHOCTHIO KaK
kpuctaiuibsl. Crie1oBaTeIbHO, B HAyKEe HE CYIIECTBYET OCHOBAHUS IOJIaraTh, YTO Jro0as u3 3TUX (Gopm
MOSIBUJIACH OBl B BHJIE MOJEKYJISIPHOU KPUCTAITUIECKONW CTPYKTYPBI, 3TO MPOCTO “He BO3MOXKHO™. Wnu
OHM TaK JyMalu...

A Temepp mepeiieM K Manou3BecTHOMY kpymieHuto B Po3sene (mrat Heio-Mekcuko). CornacHo
obBImeMy padoTHuky Groom Lake/Area 51 Duarapy ®ymie, Ha BOCCTAaHOBICHHOM TBEPJOM JHCKE OBUTH
OOHapyKeHbl ~MOJIEKYJISpHBIE CTPYKTYpbl, HE YKJIaJbIBalOIIMECs B TPAJULHUOHHYIO MOJEINb
MEPUOJNYHOCTH KpHUCTauIa. DTH CTPYKTYPBI CTAIM U3BECTHBI KaK “‘KBAa3MKPUCTAJIBI, COKPAIIEHHOE OT
CJIOBOCOYETaHUS “NOYTH MEPHOIMYECKUE KPUCTAILIBI . B 3THX YHMKaJIBbHBIX CIUIaBaX MOSBISUIUCH U
UKOCAdIp, U JOJCKA’dap. bBBUIO OTKPBHITO: MOJOOHO MHKpOKIIACTepaM, TOJIBKO Ha OOJIBIIEM YpPOBHE
pa3mepa, KBa3MKpHUCTAUIbl 00Jalal0T MHOTMMHU CTPaHHBIMM CBOMCTBaMU. DTO M CBEPXIPOYHOCTh, U
CBEPXCONPOTHUBIICHUE HArpeBaHHIO, U HE IPOBEJICHUE JJIEKTPUYECTBA, JAXKE €CIM BXOAIIME B MX
COCTaB METAJUIbl OOBIYHO PAabOTAIOT KakK MPOBOJHUKU! B OTIMYMM OT MMKpOKIIACTEpOB, Ka3anoch Obl,
CHIOCOOHBIX TOJBKO MHIUBUAYATHEHO (POPMHPOBATHCS U3 “KIACTEPHBIX JIydel”, KBa3UKPUCTAILIBI MOTYT
IpyNIUpOBaThcs B y100HBIE CIIaBbl. Y cedst Ha caiite Dyle KOHCTaTUPYET CleayolIee:

“bnaromapsi cBoeil TOKHOCTH B BOCHHO-BO3AyIIHbIX cwiax CIHIA, 1 umen nocTyn K caMbIM
BBICIIIM CEKpeTaM rocyaapcTaa.

B pasroBopax B (cexperHom) 3ame Groom s cibiman cioBa: cwibl JlopeHma, MmyabCHpYOIe
JICTOHAIINY, TUKIOTPOHHOE U3JIyYCHHUE, MOJICBbIE TEHEPATOPhI TPAHCAYKIUH (TIEPEHOCHI TEHETHYECKOTO
MaTepuasia) KBAaHTOBOTO TIOTOKA, KBAa3WKPUCTAJUIMYECKHE HHEPreTUYECKHe JIMH3BI M KBAaHTOBBIC
MIPUEMHUKH 3JICKTPOHHOTO MapaMarHUTHOTO Pe30HaHCa. MHE TOBOPHIIN, YTO KBa3HKPUCTAIUIBI — KITFOY K
EJIO HOBOM O0JIACTH TEXHOJIOTUH JIBUKYIINX CHJI U KOMMYHUKAIIWH.

N mo cein ACHb, MHC HC pa3pCliaroT OOBICHUTH YHUKAJIBHBIC JSJICKTPUYCCKUC, ONTUYCCKHUE U
(bHSquCKHe CBOICTBa KBAa3UKPUCTAJJIOB, U IIOYCMY 0obIIas YacTh I/ICCHe,HOBaHI/Iﬁ 34CCKpCUCHaA.

YeTslpHaauaTh JIET U3Y4ECHHs KBa3UKPUCTAJUIOB ITO3BOJIWIM BBIABUTH CYLIECTBOBAHUE MHOXKECTBA
YCTOMUYHMBBIX U CBEPXYCTOWYUBBIX KBA3UKPUCTAIIIOB C 5-TH, 8-MH, 10-TH 1 12-TH KpaTHON CUMMETpHUEH,
CTPaHHBIMHM CTPYKTypaMHu (TaKMMM KakK JIOJI€Ka’Ap W MKOCA3Jp) U MHTEpeCHBIMH cBoMcTBamu. Jlis
W3YYEHHUS U OMMCAHUS 3TUX HEOOBIUHBIX MaTepUajoB TpeOyeTcs co3JaHie HOBbIX HHCTPYMEHTOB.

S oOHapyxui clieqyrolee: CEKpeTHOE HCCIEeI0BaHUE I10Ka3alo, 4YTO KBA3UKPUCTAILIBI — 3TO
MHOT™ ooGemanuu/Ie KaHauaaTbl B MAaTCpUAJIbl JISI XPAHCHUA BBICOKOH OHCPTHUHU, MCTAINYCCKUX
MaTPUYHBIX KOMIIOHEHTOB, TEPMAaJbHBIX OapbepoB, HK30TUUYECKUX MOKPBITHH, HH(paKpacHbIX
CEHCOPOB, HCIIOJIb30BaHMSI BBICOKO MOIIHBIX JIA3€POB M H3JIEKTpoMarHeTusma. HekoTopbie BBICOKO
MIPOYHBIE CIUIaBbl U XUPYPrHUECKHUE MHCTPYMEHTHI yxe ecTh Ha phiHKE. ([Ipumeuanue: B 1993 rony
JMYHO YHIIKOKY CKa3alii, 4YTO Te(hJIOH U KeBJap — MPOAYKTHl PEBEPCUBHOIN TEXHOJIOTHU. )

Opna U3 UCTOPHIA, KOTOPYIO sI CIIBIILIAT HE €IUHOXKIBI, TAKOBA: OAHON U3 KPUCTAILIMYECKUX I1ap,
UCIIOJIb3YEMBIX JIJIsl ABMOXKEHHUS MTOTEpIEBIIEro KpylieHue B Po3Bese anmapaTa, ObU1 KpHCTall BOAOPOA.
Jlo mociegHero BpPEMEHH, CO3/IaHHME KPHUCTa/Ula BOJAOPOJA IPEBBINIANO JIOCTHIKEHUS HAIled HayKH.
Ceituac Bce wu3MmeHuioch. B onHoii cBepxcekperHou Yepnoit IIporpamme MeTon npou3BOICTBA
KPHUCTAJJIOB BOAOPOAA OBUT PACKPHIT, U IPOM3BOJICTBO Hadanochk B 1994 roxy.
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PemeTka KkBa3sMKpHCTaUIOB BOAOPOA U IPYTOro HE HA3BAHHOIO MaTepHalla CIIy>KMJIa OCHOBOM ISt
IUTa3MEHHOr0 JIBUraTens ammapata Po3Bena M SBIsIach HEOTHEMIIEMOM 4YacThi0 OHMOXMMHYECKOMN
TEXHOJIOTUH CPEIACTBa nepeABrkeHus. OrpoMHas yacTh MPOJBUHYTOW KpHcTamiorpaduu, o KOTOpoi
Ja)ke HE MeuTalu YydeHble, ObLIa OTKPHITA YYEHbIMH W HWH)XEHEpaMH, KOTOpbIE OLICHUBAIH,
AHAIM3MPOBAIM U TNBITAINCH BOCCO3/1aTh TEXHOJOTMHU, UCIIOJIB30BaHHbIE B ammapate Po3Bena u ceMu
KOCMUYECKUX KopalJsix, MOTepHeBIINX KpylieHue nocie Po3sena”.

BecpMa BeposiTHO, uTO mociie 34-I€THEr0 CEeKPETHOTO MCCIIEIOBAHUS KECTKOro nucka Po3sena, y
BOCCT@HOBMBIIIMX 3TH TE€XHOJOTHH BCE €Ille UMEIOTCS COTHH, €CIIM HE THICSYH, BOIIPOCOB 0€3 OTBETOB O
TOM, 4TO OHM Hanutd. B mensx “OezomacHocT’ OBUIO PEIIeHO MOTUXOHBKY BBECTH KBAa3HKPHUCTAILIHI B
HE TIOCBAUICHHBIA Hay4dHbIM Mup. Ceituac MIHTepHET OYKBaJIbHO KUIIUT THICSYaMHU Pa3HBIX CCHUIOK Ha
KBa3UKPUCTAIJIbI, a0COIIOTHO JIUIIEHHBIX KaKOro-TuOO yrmoMUHaHUS 0 MHUKpokiactepax. (Hu oana us
CTaTei, KOTOPhIE HaM YAaJI0Ch OOHAPYXUTh B CETU, HE YIIOMMHAET MUKPOKJIACTEPHI U KBa3UKPHUCTAILIIBI
B OJTHOM W TOM cTaThe.) MHOTHE CCHUIKM Ha KBa3MKPHUCTAILIBI MOCTYIMAIOT OT KOMIAHUMN, SBIISFOIIMXCS
rOCYJIapCTBEHHBIMU MOAPSAUYNKAMH, U JIETKO BHJIETh, UTO 3Ta 0071aCTh MHTEHCUBHO M3ydaercs. OqHaKo
O HeWl MOuYTM HE YINOMHMHAETCs B CPEACTBAX MAaccOBOM HWH(POpPMAIUU, XOTA KBa3UKPUCTAILIBI
MPECTABISIOT COOOM YHHKAJIBHYIO MPOOJIEeMYy Ui MPEBATUPYIOIIUX TEOPHH KBAHTOBOW (DU3UKU.
HccnenoBanue npoaoiKaeTces, HO € TIIATENBHO MOAABISEMBIM BOJIHEHUEM.

Puc. 3.4 Hxocasdp (cneea) u penmeenosckasn oupppakyuoHnas KapmuhKa K8a3uKpucmaiia

8 ampenst 1982 roga Jlpny lllexTmany Obuta Ooka3aHa 4YeCTh/O0S3aHHOCTH “OTKPBITH (WM JaHO
paspeleHre OTKPhITh) KBa3WKPUCTAUIBI HAa MpHMepe cCIuiaBa amomuHus ¢ Mapradiem (AlsMn),
KOTOPBIA HAayMHAJCS B PACIIABIICHHOM KHJIKOM COCTOSHHH, a 3aTéM O4YeHb ObICTpO ocThiBas. Ha
PEHTTeHOBCKON TU(PAKIIMOHHON KapTHHKE OBUTM OOHapyXeHbl KpHUCTaibl B ¢dopMe HKOocasapa,
MOXOKHE Ha BBINIETIpUBeeHHOEe M300paxeHue. Jlannpie IllexTMana He MyONWKOBAIKMCH BILIOTH IO
HosiOpst 1984 roma! Ha pucynke 3.4 (cmpaBa) MOXKHO YETKO BHUIETh P MATHUYTOJIBHUKOB,
YKa3bIBAIOIIUX HA MATUKPATHYIO CHUMMETPHUIO MKOCAdIPa.

Kax mbI roBOpmIIN, C TPUXOAOM KBa3UKPUCTAIIIIOB, OSBISIOTCS AOJICKAd AP U UKOCAYAP, HAPSTY C
IpYTMMU HEOOBIYHBIMU reoMeTpuueckumu popmamu. M 370 3aBepiiaeT mosBieHHE B KBAaHTOBOH cdepe
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Bcex maTH IInmatonoBbix TBepabix Ten. U nopekasap u ukocas’ap o01agar0T JIeMEHTaMH MSATHKPAaTHON
CUMMETpUN B MATUTpaHHbIX CTpykTypax. Puc. 3.5 or An Ilanr [las (Snonus) mnokassiBaer
KBa3UKPUCTAJUI CIUIaBa aJIOMUHUI-Meab-kene30 B (opMme JoJeKa’ipa U CIUIaB ATIOMHHUN-HUKEIb-
K0OanbT B OpMe JIeKaroHaJIbHOM (JIeCATUCTOPOHHEH) TPU3MBI:

B J

Puc. 3.5 Jlooexasopanvuas (cnpasa) u dexaconanvHas (criesa)
npu3Ma Keasukpucmainos, cozoantvix An Ilane Llaem

[IpobGnema B TOM, YTO BBl HE MOXETE CO3JaTh TaKHE€ KPHUCTAJUIbI, UCHOJB3YS €IUHUYHbIE
CBSI3aHHBIE BMECTE aTOMBI; U Bce k€ Ha ¢ororpadusx Mbl BUAUM, YTO OHM BechbMa peajbHbl. Torna
KITI04YeBas MpoOJieMa YYeHBIX, KaKk OOBSICHHTh M OXapaKTEPH30BaTh IMPOIECC, TOCPEICTBOM KOTOPOTO
¢dopmupyrorcs 3ti Kpuctamisl. CorinacHo A. JI. Maku, 0JHUM M3 CIIOCOOOB BKJIIOYUTH MATHKPATHYIO
CUMMETPHIO B ONPEEICHNE KpUCTALIA ABISETCS “NTUKBUAALNS ATOMHOCTH

“@pakKTanbHble CTPYKTYPbl C MATHUKPATHBIMU OCSIMU TPeOYIOT JIMKBUAALMU aTOMOB KOHEYHOI'O
asMmepa. g kpuctamrorpadoB BCET0 MUpa TO HE PalHOHAILHOE JOMVYIIEHHE, HO MATEMATHKHA MOT'YT
M
CcBOOOHO €ro UCCIen0BaTh .

DTO MO3BOJSET MPEIIOI0KHTE CIEAYIONIEe: MPEICTABISCTCS, YTO AaHAIOTUIHO MHUKPOKIIACTEpaM,
KBa3UKPUCTAIJIBI OOJbIIIE HE O0JIAJal0T WHAMBHIYAJIbHBIMH aTOMaMH, CKOpee aTOMbl CIHIUCh B
€IMHCTBO BO BceM Kpuctamwie. M XxoTs kpuctamuiorpadoB OyayT Tep3aTh COMHEHHS, 3TO OJIHO W3
YEeTHIPEX CaMbIX NPOCTHIX pemieHuidl npobraembr (A. JI. MbdKH), MOCKOJIBKY BOBIEKAET MPOCTYIO
TPEXMEPHYIO TEOMETPHIO M COYETAeTCS C HAOIIOACHUSMH MHUKPOKIACTEpOB. VI BHOBB, TMOCKOJIBKY
KPUCTAJIBI BECbMa PEaIbHBI, OCTACTCS MPEOJI0JIETh SAMHCTBEHHOE TJIAaBHOE IMPEISATCTBUE — BEPY B TO,
YTO aTOMBI COCTOSIT U3 YaCTHII.

Hpyroit oTHOCSIMIACS K TeMe nmpuMep — KoHjeHcat bose-DitHmreiitna. OH ObuT OTKPHIT B 1925
rogy AnbOeprom DifHmreliHoM u uHAWckUM (u3ukoM CartbeHapaHatoM bose, u BrepBble
MpoJIeMOHCTpUPOBaH B raze B 1995 rony. Kopoue roBops, koHaeHncat bo3e-DiiHiTeliHa — 3T0 OoJbIIas
rpymnmna aTOMOB, BEIYIIMX ce0sl Kak OTHeNbHas “d4acTuia’, TZie KaXKAbli COCTAaBISIONIMHA €€ aToM
OJIHOBPEMEHHO 3aHMMAeT BCE MPOCTPAHCTBO M BCE BpeMs BO Bceil cTpykType. M3mepeHo, uTo Bce
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aTOMBbI BUOPUPYIOT Ha OJTHOW U TOH K€ 4acTOTe, IBUKYTCA C OUHAKOBOIN CKOPOCTBIO U PACIIONOKEHBI B
OJIHOM M TOH ke 00J1acTH MpocTpaHCTBa. Pa3Hble YacTu CUCTEMBI JEHCTBYIOT Kak €IUHOE 1IeJI0e, Tepss
BCE IMpPHU3HAKM HMHIUBUAYaTbHOCTH. MMEHHO Takoe CBOHCTBO TpeOyeTcst i CYIECTBOBAHUS
“cBepxnpoBogHUKA”. (CBEPXMPOBOAHUK — 3TO CYOCTaHIMsI, MPOBOJSIIAS JIEKTPUUECTBO O€3 moTepu
TOKA.)

OO6OpryHO, KOHAeHcaT bosze-DiiHmTeitHa MoOXeT (QOpMHpPOBATBCS TMPU  KpaHE HHU3KUX
teMrieparypax. OHako oJ00HbIe MPOIecChl Mbl HA0NII01aéM B MUKpOKJIAacTepax U KBa3HMKpHCTaJUIaX,
KOTOpBIC JIMIICHBl HWHIWBUIYaTbHOW aTOMHOW WACHTUYHOCTH. WHTepecHo, emie OauH MOJ0OHBII
npouecc — JCHCTBUE CBETa Jia3epa, M3BECTHOIO Kak ‘‘KOrepeHTHbIM cBeT. B ciydae naszepa, B
MIPOCTPAHCTBE M BPEMEHM BECh Ja3epHBIA Jyd BeleT ceOs Kak eIMHUYHBIA “(DOTOH”, TO €cTb, B
JIa3epHOM JIyue HET croco0a BBIIEIUTh B HEM HHAMBHYyajbHbIe (OTOHBL. VIHTEpecHO OTMETUTh, 4YTO
Ja3ephl, CBEPXIPOBOAHUKKA M KBAa3MKPUCTAUIBI OOHAPYKUBAJIUCh B PEBEPCUBHBIX TEXHOJIOTHUIX

nHoIu1a”HeTdH ¢ 1940-X ronoB.

EcrecTBeHHO, 3TO BO3BpallaeT BeCb MHpP HOBOW KBAaHTOBOW (DM3UKU K JHUCKYCCHOHHOMY CTOIY.
[IpencraBnsieTcs, 9YTO CO BpEMEHEM KBAa3WKPHCTAUIBI U KOHJEHcaThl bo3e-DifHmTeliHa OynyT MIMPOKO
HCIIOJIb30BaThCS U MMOHUMATHCS KaK IPUMEPHI TOrO, YTO, CBEPHYB HA JIOPOTY KBAHTOBOI'O MBILUICHHS,
OCHOBAHHOTO Ha ‘‘yacTulax’, Mbl COMIHNCH ¢ MyTu. boiee Toro, B koHie 1960-x rogoB aHTIUNCKHIA
¢uzuk ['epbept Ppénux MpeanonaokKui, 4TO )KUBbIE CUCTEMBI YacTO BeAYT ceOs Kak KoHaeHcaTsl boze-
DOHHIITEHA, TOIBKO B KPYITHOM MaciiTade.

Ham crnemyrommii BOIpoc KacaeTcsl “INEeKTPOHHBIX 001akoB”, Habmomaembix B atrome. U Ponx
JxoHcon u J[3H BunTep oTMmeuanu, 4To B aroMme ‘3JIEKTPOHHBbIE O0Jiaka” TeTpa’JpajbHON (OpMBbI
OyIyT COBEpIIEHHO COOTBETCTBOBaTh rpaHsM IlmaroHoBeix TBepasix Ten. Buntep HaswpiBaeT
“311eKTpOHHBIE 00Naka” “BUXpEeBBIMU KOHycamu™ . Puc. 3.6 — 3To, K COXXaJIeHUI0, Hepa30opunBas KOMHS
[epuoanueckoit Tabmurpl DneMeHTOB, paspadortanHoii Capom Yumbsamom Kpykcom™ — xopomro
U3BECTHBIM M BBICOKO YBa)Ka€MbIM YYEHBIM Haudaja 20-To Beka, MO3KE CTaBLIMM MCCIIEIOBATEIEM B
o0racTé mapancuxoyorud. BHU3Y pHCyHKa MBI BUJUM WUTFOCTPAIMIO TOTO, KaK ‘“‘BHXPEBBIC KOHYCHI
COOTBETCTBYIOT Kaxk1ou rpanu [lmaronoBsix TBepasix Tem.

1 K cuacthio, 6onee pa3bopuHByIO KOMMIO YAAI0Ch HAHTH B 3IEKTPOHHOM BEpCUM KHUTHU
Lorcunapadorcadaca. O4eHb MHTEPECHO: MPEAIAraeTcs BEPCHsl CTPOCHUS MATEPUs COINIACHO
IIPEICTABIEHUSIM SICHOBUIAIINM.
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Amomnas mabauya coenacrno Kpykcy, ede IInamonogwl oopmel emewaiom guxpesvie Konyca,
onpeoeneHHble CUMMEMPUYHLIMU SPYNNAMU (8ANEHMHOCTbIO)
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1. 1IN CpaLis YICMEHTOR - 00 HOMEPY "AHY (IIEPBI'IHLIC (IITIECAIC TRCTIHILLG KOTOpOrQ
COCTAM/IANYT HCH AATCPHIO) COCTAL/ AKX XHMMICCRITI 3 ICMCHT.
2. W30T0mst He JaHLL. . )
3. JNCMEHTLL, €lIc He OUHAPVACHHLIE XIMIRani: - 30, 34, 2640, 2674, 3034-309%.

Puc. 3.6 I'eomempuuecxasn Tabauya Inemenmos Capa Yunvama Kpyxca,
nepeneuamannas [{opnom Bunmepom
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4 BUXpeBLIX KOHyca
KaK reTpasgp 6 KOHycOB - Ky6 8 KOHYCOB - oKTa3gp

seesgHan rpynna:
5 reTpasgpos COCTABNAIOT uKocasap/
5 ky60B (KakgLIN U3 ABYX TETPA3APOB)
COCTaBNAIOT goaexasgp

(ITpencrapnsiercsi, uto Ooyiee ymoOouMTaeMas KOMHSI PHC. 3.6 MOXET HAXOAHWTHCS B PaHHHUX
kHurax Buntepa. Ha3BaHusi OgHHX 3J€MEHTOB MOXHO YBUIETh, PacCMaTpUBasi PUCYHOK B TOJHBIH
pasmep, Ha3BaHMSA JPYTUX MOTYT OBITH BBIBEACHBI, MCXOJS M3 HX PACIOJOXKEHHUS OTHOCUTEIHHO
u3BectHoM [lepuomuueckoid Tabnumpl DnemeHToB. OYeBUAHO, TaOMWIlA YUTAETCS CBEPXY BHU3, H
MEPBBII AJIEMEHT, HW)XXE ABYX KPYroB B IIEHTPE, - TEJIMM, 3aTE€M JIMHUSA JBUKETCS K KaKIOMY
MOCIEYIOIEMY 3JIeMeHTy. MacmTab cieBa — psiA yIVIOBBIX H3MEpeHHid, HauumHatommxcs ¢ 0 Ha
BEpXHEH JIMHUM M OTCUUTHIBaeMbIX eauHunamMu B 10° g kaxkmod nuHud. Yucna rpamycos,
o0o3HayeHHbIX Ha mkaue, - 50, 100, 150, 200, 250, 300, 350 u 400. [IpencraBisieTcsi, 4TO 3TO
yKa3plBaeT Ha TO, uTo Teopust Copa Kpykca BKIOYaeT psifi yriOBBIX MOBOPOTOB WM TEPEBOIOB
AJIEMEHTOB B TEPMUHAX UX F€OMETPHUH, KOT/Ia MbI JBHKEMCSI OT OJHOTO 3JIE€MEHTa K APyromy. MoxHO
BHUJIETh, YTO BOJHA B OCHOBHOM IIpsiMasi, BpEMEHAMU Ha JIMHUU €CTh “TOHMXECHHS , MO-BUIUMOMY,
COOTBETCTBYIOIIUE OONIBIIEMY YTIIOBOMY MIOBOPOTY, KOTOPBIN MPHUIILIOCH CAENATH.)

Ecnu BepHyThCsSl K TOMY, uTo nucan a-p AcnaeH o IlnatonoBsix TBepasix Temax B 3dupe: oH
YCTaHOBWJI, YTO OHHM PabOTalOT KaK “YKUAKUE KPUCTAJLIBI, YTO O3HAYAET: OHU BEAyT ce0s KaKk TBEpJIble
Tela M KaK J>KUJKOCTH OJHOBpEeMEHHO. [lo3ToMy, Kak TOJBKO Mbl IMOHMMAEM, YTO pa3MELIEHUE
ANEKTPOHHBIX 00JaKoB ompenensercs HeBUAUMBbIMU [ImaToHoBeiMu TBepapiMu Temamu, cTaHOBUTCS
Jierdye yBHJIETh, KaK (POPMHUPYIOTCS KPUCTAIIIBI U AaXKe KaK MOYKHO MOJYYUTh KBa3UKpUCTAIUIBL. B aTome
cymectBytoT “THe3ma” IlmatonoBeix Tmepasix Ten, omHO Teno I KaxaoW OCHOBHOW cdepbl B
“rue3ne”. Taxke Ha pa3HBIX YPOBHSAX BAJCHTHOCTU “THE31a” 3JEKTPOHHBIX OOJAKOB COCYIIECTBYIOT.
[TnaTonoBsl TBepasie Tena GpopMUPYIOT IHEPreTUYECKYIO CTPYKTYPY M KapKac, MO0 KOTOPOMY JOJIKHA
Te4Yb A(UPHAS DHEPrusi, MOCKOJIbKY OHA ‘“CIEMHMT’ B IMOJIOKUTEIBHBIA IIEHTP aToMma, TNl J1aBlCHHUE
Hu3koe. OTcrofa, Mbl pacCMaTpUBaeM Kakayro rpanb [lmaToHOBBIX Ten Kak BOPOHKY, 4epe3 KOTOPYIO
JIOJKHA ITPOXOJIUTh 3HEPIHsl, co3AaBasi To, yTo BuHTep Ha3Ban “BUXpEBBIMU KOHYCAMHU .

Konnenmuun Jlxoncona o IlnaroHOBOM cuUMMETpUM B CTPYKTYpe aTOMOB U MOJIEKY,
paccMaTpuBaeMble B CIENYIOLICH TIaBe, HE JOJDKHBI Ka3aThCsl HAM CTPAHHBIMH, KaKUMH OHHU Obl
MOKa3aJIMCh OONBIIMHCTBY Jiofei. [lpu Hamuuumm TOro, YTO MBI YKE BHJIENHM, HaApALy C
UCYEPNBIBAIOIIMM  MCCIEIOBAaHMEM, ONMCAHHBIM B  3TOM ryaBe (OCOOCHHO  TEXHOJIOTHs
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KBa3UKPUCTAJUIOB), TMPEACTABISIETCSA, YTO 3Ta HMH(POPMAIUS yXKEe HCIOJNb3YeTCsl 4eJIOBEYECTBOM B
ONPEJIETEHHBIX KPyTrax.
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Beach, CA, 1990.

I'naBa 4: Jlornueckas nepcrneKTuBa

Msl yxxe HaOnrofamu CBUAETENBCTBO, MO3BOJISAIONIEE MPEANONI0KNUTh, YTO aTOM — 3TO 3(UPHBIiL
BUXpB, O0JIafaromuii cepuieckoil CHUMMETpUel M IEHTPaTbHONH OChIO, TO €CTh, cpephuuecKuit Top.
D¢ dexr budpmnna-bpayna nokasplBaeT, YTo BETUKOE PELICHHE 3arajKu “MOJSPHOCTHU 3apsaa” COCTOUT
B TOM, 4TO 3(HpHas SHEPrus TEYEeT 4Yepe3 AIIEKTpoHHbIE oOnaka B simpo. -p ['mH3Oypr mpowmssen
HACKOJIbKO MPOCTBIX M MPHUEMJIEMBIX MOJATMOHOK YPaBHEHUH OTHOCHTENIBHOCTH M pa3zpaboTan MOJENb,
COBEPULIEHHO OOBACHAIOILYIO TIOBEJIEHUSI MaTepuu, HabmonaeMble Ko3bipeBbIM B 1aboparopuu, KOraa,
YCKOPSISACH IO CKOPOCTH CBETA, OHA TEPSIIa DHEPTHIO U MACCy.

3HAKOMSICh C OOBIYHBIMHU KPUCTAITTMYECKUMH MOJIEKYJIaMU B BUJE TETPadpa, Kyda U OKTasapa, u
OCOOCHHO C MHKPOKJIACTEpAMH, HKOCAIPATBHBIMA M JOJCKAJAPaTbHBIMH KBA3UKPUCTALUIAMH H
¢dbenomenoM koHaeHcaToB bose-DitHmiTeliHa, Mbl BUAUM BakHOCTh IlmatoHoBbix TBepawix Ten B
KBaHTOBOUW cdepe. Mbl OosbIle HE MOXKEM OTPHUIATH CYIIIECTBOBAHHUE ATHX CHJ, TTOCKOJIBKY UMEEeM
HEOMPOBEPKUMOE (HU3HUECKOE CBHUIETENBLCTBO. TakKe, HOBbIE HAXOAKH PACKPBIBAIOT, UTO HAM OOJIbIIe
HE HYXXHO JyMaTh 00 aToMax Kak 00 WHIWBUIYAIbHBIX €IMHUIIAX, CKOPEE O HUX CIEAYEeT JymMaTh KaK O
rapMOHUYECKHUX I(UPHBIX BUXPSAX, CIIOCOOHBIX CIMBATHCS B OOIbIINE YPOBHH €IUHCTBA U TapPMOHUH,
Takue Kak KBazukpuctaivibl. [Ipy Hanuuuu 31oil nHopManuu U ¢ nomoueo padorsl Poga /JxoHcona,
y Hac €CTh PELICHHE BCEX “YTEPSAHHBIX KOHIIOB™ T'0JIOBOJIOMKH.

4.1 OCHOBBI “JIOTUYECKOW ®U3UKHN” IIKOHCOHA
B monenu J[>x0HCOHA MBI BUAUM CIIEYIOLLEE:
* “TBepabIX’ YaCTHUILl HE CYLIECTBYET, €CTh TOJILKO IPYIIUPOBAHUS SHEPTUU.
 Kaxgoe KBaHTOBOE M3MEPEHHE MOXHO TIE€OMETPUYECKHM OOBACHUTH Kak (opmy
CTPYKTYPUPOBAHHBIX, MIEPECEKAIOIIUXCS IHEPreTUYECKUX TTOJICH.

* ATOMBI — 3TO BpAIAIOIIKECS B MPOTHUBOIIOJIOXKHBIX HAIPaBICHUSAX dHEpreTudeckue (Hopmbl B
Buzae IlmaronoBeix TBepabix Ten, a MMEHHO BpalAOUIMECS B IMPOTHUBOIOJIOKHBIX HAMPABICHUSX
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okTa’ap u Terpadap. [lpuyem kaxnas BuOpalnMoOHHAs/MyJabcHpyomas ¢opMa COOTBETCTBYET
KOHKPETHOW OCHOBHOM IJIOTHOCTHU d(upa.

* Bo Bcell BceneHHOH, Bce ypOBHM IUIOTHOCTH WM HU3MEPEHUS CTPYKTYPUPOBaHBI U3 JBYX
MIEPBUYHBIX YPOBHEH d(hHpa, HEMPEPHIBHO B3aUMOJICHCTBYIOIINX MEXTY COOOi.

Pactet uncio mpoBHHYTHIX TEOPETHUKOB, CKIOHSIONINXCS K PU3HUKE “CETKH YacTHIl , OCHOBAHHOU
Ha Teopun CynepcTpyH, B KOTOPOH BCst MaTepusi BO BeeneHHOM sBIsETCS 3JIEMEHTOM B3aUMOCBSI3aHHOM
reomeTpuueckol Marpuubl. OIHAKO, MOCKOJBbKY TPaJWLIHMOHHBIE YYEHBIE €Ill€ HE BU3YaJIM3UPOBAIH
[TnatonoBsl TBepnbie Tema, 3arHe3oBaHHBIE APYr B Jpyre, Jeismige OOIIyI0 OCh M CHOCOOHBIE
BpalIaThCs B MPOTHBOIIOJIOKHBIX HAMPABICHUSX, OHU YTEPSUIM KAPTUHY KBAHTOBOM pEalbHOCTH.

W BHOBB, B 3TO#l riaBe, uznarasi 0030p Mojaenu J[PKOHCOHA, MBI TOIMBITAEMCS MPHACPKUBATHCS
npoctoThl. CHavaza Mbl PACCKaXXeM O TOM, ‘““dTO MPOUCXOIUT Ha KBAHTOBOM YpPOBHE, a 3aT€M 00OCYIUM
Hay4YHOE CBUJIETENIBCTBO, YTOOBI 3TO JOKa3aTb. Mbl HauWHaeM Ham 0030p OCHOBHBIX NPHUHIIUIIOB
MOJIENIU C 3alITPUXOBAHHOM KapaHJAIIOM WLIIOCTPAMU TEPeIIeTeHHOro (3BE3JHOT0) TEeTpasAapa,
KOTOPYIO MBI CO3JJAJIH ISl TOTO, YTOOBI SICHO MPOJEMOHCTPUPOBATh, KAK OH BBITJISIIUT B TPEXMEPHOM
n3o0paxkeHuu. BaxkHo, yTOOBI Yy Hac ObUT XOPOIIUI BU3yallbHBIN 00pa3 3TOM CTPYKTYPHI MPEXIE, YeM
MBI TIOTIBITAEMCS TIPEICTABUTh BIIMCAHHBIA B HEro OKTadqp. Ha pucyHke MBI MOXEM SCHO BHUJAETH JIBa
TeTpa’Apa, OAUH C BEPIIUHOMN, HAIIPABIECHHOU BBEPX, IPYroil C BEPIIMHOW, HallpaBJIeHHON BHU3. Takxe,
MMOMHHTE, YTO BCS CTPYKTYpa HJIeaThbHO BIUCHIBACTCS B cepy.

Puc. 4.1 [lepennremennwiii (36e30Hbill) mempasop
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Puc. 4.2 Oxmasop (cnpasa) u e2o pacnonodicenue Hympu nepeniemenHo2o mempasopa
Jepxka B yMme 3Ty CTpYKTYpy (puc. 4.1), paccCMOTpUM CIEAYIOIIHE MOJI0KESHUS MOCIIN

* Ha kBaHTOBOM ypOBHE TETpad’Ap W OKTadAp BPAIAIOTCS B MPOTHUBOIMOIOKHBIX HAMPABICHHIX
BHYTpH pyr Apyra.

* O0a onu 001a/1a10T chepuvecKoil CMMMETpUEH BOKPYT OOIIIEro IEHTpA.

» Terpasap u OKTa’Ip MPEACTABIAIOT J[BAa MEPBUYHBIX YPOBHS A(PHUPHOU IIOTHOCTH, KOTOPHIC
JOJKHBI CYIIECTBOBATh BO Beenennoit. Ml 0603HaunM ux D1 u 32.

» [lonme okTa’;mpa COBEpIICHHO pa3MeEmaeTCs B IIGHTPE TMOJS TETpadapa, MOATOMY JIHAMETP
OKTadJIpa MEHbIIIE, YTO MOKHO BUJIETH Ha puc. 4.2

Puc. 4.2 neMoHCTpUpYET OKTa3Ap BHYTPH MEPEIICTEHHOTO TETPadApa, KOTOPHIH, B CBOIO OYEpEb,
HaxoaWTCsl BHYTpH KyOa. CHavayia, TIOMBITKA MPEACTaBUTh OKTadJp KakK CBOOOJHYIO J100aBKYy,
CHOCOOHYIO BpaIlaThCsl B MPOTUBOIIOJIOKHOM HAIIPABICHUH BHYTPH MEPEIIETCHHOTO TETPasApa, MOXKET
okaszaThCcsi HeynayHo. KoHeuHo, B 3Toil ¢opMe JBE TeOMETPHH TOJHOCTHIO COATaHCHUPOBAHBI W
coBMenieHbl. OHaKo camast BayKHast 4acTh (pu3uku J>KOHCOHA — YBHIETh, YTO OKTA3Ip “OTCOCTUHEH U
JeMCTBYET OTAENBHO OT MOJsS TeTpa’pa MOCPEICTBOM BPALIEHHUS B MPOTHBOIOIOKHOM HAIPABICHHH.
CymiecTByeT BCero BOCEMb BO3MOXKHBIX “‘(ha30BBIX~ TIOJIOKEHUH, B KOTOPBIX JBE T'€OMETPUU MOTYT
yMelarbcs ApYyr B Jpyre IpexJe, 4YeM CHOBa JOCTUTHYT TFapMOHMH, HaOmtogaemMoil Bbime. YToObl
obpectu (hazoBoOe IMOJIOKEHHUE, JABE TEOMETPUU TOJDKHBI MMETh KaKylO-TO CTENEHb MPSIMOTO KOHTAKTa
Ipyr ¢ Apyrom, 1udo pedpo k pedpy, 1100 BepiInHa ¢ BepIIHMHON. ['paduuecku 3TO WILTIOCTpUpPYETCS
Ha HIWKETIPUBEIeHHO! “(a30Boii” cxeme:
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Puc. 4.3 Bocemwv “chazosvix nonodicenuil”’, cO30aHHbIX 8paujeruem
0KmMa’opa u mempa’opa 6 NPOMUBONOJIONCHBIX HANPABIEHUSX

Ha CXE€ME€ MBI BUJUM JIBC OCHOBHBIC BOJIHBI: M€HBbIIIas BOJIHA, KOTOpafl yKJ'IaI[I)IBaeTCSI B Ka)K)IYIO n3
YeThIPEeX TJIABHBIX OKPY)KHOCTEH, MpeICTaBisgeT co0Ol BpalleHHE OKTadapa, Oonbllias BOJHA, BHE
TPaHMI] TJIABHOW OKPYXXHOCTH, TMpPEACTaBIseT COOOW BpalieHHUE TETpadapa B MPOTHBOMOIOKHOM
HaMpaBJICHUU. DTa CXeMa — CaMblii JIETKUI croco0 MoKa3aTh, Kak U rae OyayT COeMUHSATHCS OKTadAp U
terpadap. OHa ocHoBaHa Ha Hayke “da3oBoil ¢u3uku’, BHepBble paszpaboranHor Kennerom I
YUICOHOM KaK CPEeICTBO pacIpeeleHHs] KPYITHO MAacIITAOHBIX T€OMETPUUECKUX B3aMMOCBS3€H, TaKUX
KaK BOJTHOBBIC ABMkKeHUS. Kakmoe n3 BocbMHU “(ha30BBIX MOJIOKEHUN MPEACTABISET COOON OTACTHHBIN
3JIEMEHT, U 3TO NTOKA3aHO Ha CJIEAYIOLEM PUCYHKE:

Puc. 4.4 Bocemv “ghazosvix nonoxcenutl” u Kak OHU COOMHOCAMCS C OCHOBHbIMU
KPUCMANIUYeCKUMU CMPYKMYPAMU, CHOPMUPOBAHHBIMU dNIeMEHMAMU

I/ITaI(, MMPOAOJIKUM:

* U Terpa’dap, U OKTadAp mNpeObIBalOT MOJ OOJIBIIMM JaBJIEHUEM: TETpa’Jp TOJIKAETCS IO
HAIpPAaBJICHUIO K OKTadpy, aHAJIOTMYHO TOMY, KaK OTpULIATEIbHOE AJIEKTPOHHOE O0JIAKO TOJIKAETCS IO
HaIpaBJIEHUIO K SAPY.

* JlaBrieHue MOET BBICBOOOXKIATHCS TOJIKO TOTJa, KOTIa y3€J WK pedpo 0JJHOro TBEpOro Tela
IepeceKaeT y3ell Win pedpo Apyroro TBEPIOro Tejia, OTKPBIBAs MPOXO IS TCUSHUS SHEPTUH.

Camplii JIeTKHii Coco0 BU3YaJH3UPOBATh “TIPOXOJ’ TAaKOB: BBl BBIPEKBTE OTBEPCTHE B KYCOUKE
KapTOHa, 3aT€M BKJIIOUHUTE ()€H, yCTAHOBUTE HAKOHEYHUK MIPSIMO HANPOTUB KApPTOHA, U CKOJIB3UTE UM IO
HaNpaBJICHUIO K OTBEpCTHIO. [l0ka HAKOHEYHUK HM JOCTUTHET OTBEPCTHUS, BO3MYXY HEKy/Aa UATH, U (eH
Oyzer ObIcTpo meperpeBaThest. Ho Kak TOJNBKO HAKOHEYHMK JIOCTUIHET OTBEPCTHUS, BO3YXY €CTh Ky/a
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UATH, W JaBlieHWE BBICBOOOXKTaeTcs. BHyTpm atoma, mocpenctBom d3¢dekra budunga-bpayna,
JaBJIEHWE B DJIEKTPOHHBIX O0JaKax BCETJla CTPEMHTCS JBUTATHCSA 1O HAIPABJICHUIO K SAPY, U J0 TeX
1op, MOKa JIBIXKYIIMECS B MPOTHBOIOJIOKHBIX HAIPABICHUSX T€OMETPUHM HE COCAUHSTCS, IaBJICHHE
Os10krpoBaHo. B aTom cmbicie, pedpa 1 y37bl B TEOMETPUUYECKHX (hOpMaX MOTYT pacCMaTPUBATHCS KaK
“oTBepcTHS”’, “‘BTUCHYTHIE” B 3arHe3Z0BaHHbIE CQEpUUYECKUE TMOJII W TO3BOJSIONINE HUCTEUCHUE
BTEKAIONIEr0 JaBJICHUS.

OpmHako 3TO pelraeT JIMIIb OJHY MpobieMy “napienus’”’. Takke ciemayeT MOMHUTH MPO JaBJICHUE,
CO3/1aBacMO€ CUJIaMM OKTa3Jpa M TeTpad]pa, BPalalOIIMMUCA B IPOTUBOINOJIOKHBIX HAIpPaBICHUSAX.
Nmenno »tu reoMerpuu (GOPMHUPYIOT B “NMy3bIpbKax IOJs~ TO, YTO TENEpPh MBI Ha3bIBaeM
cootBeTcTBeHHO 3pup 1 (D1) u >¢up 2 (32). HdpeBHue Tpamaunuu dYacto HaszpBamm D1 u D2
“MOJOKUTENBHON M OTPULIATEBHON CUiIoil”. JIo TeX mop, Moka B TOYKE r€OMETPUUECKOTO PABHOBECHS
OKTaBbl HE BBICTPOUTCS camMoe€ OOJBIIOE YHUCIO “OTBEPCTUH’ MEXKIY IBYMS T'€OMETPHUSMHU, oO0Iiee
KOJIMYECTBO BHEIIHETO JABJICHUS HE MOXET Teub K IeHTpYy. [loaTomy, korma nse Gopmel “3amepTsl” B
Ieproax BAJIGHTHOCTH, HE HAXOAIIMXCS B TOUKE “OKTaBbl’, BpauieHHe D1 1 D2 B NPOTHBONOJIOKHBIX
HAMpaBIICHUSAX COAJAHCUPOBAHO HE TMOJHOCTHIO, YTO CO3JAaeT JIOMOJHUTEIHbHOE MJaBJICHHUE W
HECUMMETpUYHOCTh. Torma, D1 m D2 Oyayr ocrtaBatbes ‘“3aCTpSABIIMMHU’ B HeCOATaHCHMPOBAHHOM
MOJIOXKEHUH, €CIIM HE BO3MYIIAIOTCS BHEIIHEH YHEPTUEH.

NmeHHO TakuMm 00pa3om ‘3acTpeBaeT”’ OOJBIIMHCTBO 3eMeHTOB Ilepmommueckoii Tabmuiibr
OnementoB JI[. MenaeneeBa, clieoBaTeIbHO, OHU HE CTaOWIBHBL [l03TOMYy, BCE €CTECTBEHHO
BO3HHKIIIME M HE PaTMOAKTHBHBIC DJIEMEHTHI OpPraHW30BaHbBI B TAOJIMIIE ClIeBa HANPaBO B TPyIIax IO
BoceMb. OHU JIBIKYTCS U3 TOJIOKEHUS HECTAOWJIBHOCTA M HECHUMMETPUYHOCTH (CJIeBa) B TOJIOKEHUE
OoJbIlel KPHUCTAUIMYECKONM CHMMETpPHM M T€OMETPHYECKOro paBHOBecus (BmpaBo). B momenu
JI>KOHCOHA, TEOMETPUU BHOBH OOPETAIOT COBEPIICHHOE PABHOBECUE TOJIBKO TOT/Ia, KOT/Ia MBI IBUTAEMCS
k OKTaBe UM BOCBMOMY (Da30BOMY MOJIOKEHHIO BPAILIEHHUS B IIPOTUBOIOIOKHBIX HAMIPABICHUSX.

OTO MOKHO BHU3YyaJM3UPOBATh C IOMOIIBbIO UJEU CUIACHUS Ha y3KOM cTysie. OU4eBHIHO, UTO caMoe
yZI00HOE cHjsuee TMOJNIOKEHHEe OyJIeT B TOM CiIydae, €CIM Telo LEHTPHPOBAHO HocepenuHe. A Tenepb
IIPEJCTaBbTE, YTO BBl IBITAETECH CUAETh Ha CTYJIE B BOCBbMH pa3HbIX MOJ0XeHUsAX. Haunure ¢ Toro, 4ro
CTyJ1a KacaeTcsl TOJIbKO MaJieHbKasl yacTh OAHOM M3 Balux Hor. Kaxknoe nonoxeHue OyaeT HeYyAOOHBIM,
U BBl HE OOpeTeTe IMOJIHOTO PaBHOBECHs 0 TEX IOp, MOKa IMOJHOCThIO HE IIEHTPUPYETECh Ha CTYIIE.
Orcroga, aTOMbl U MOJEKYJbl, HE MpeObIBAIOIIUME B COCTOSHUU PABHOBECHS, CUHUTAIOTCA
“HecTaOMIBHBIMK U OYAYT JIETKO CBA3BIBATHCA C JPYTUMHU HECTAOMJIBHBIMH aTOMAMU U MOJIEKYJIaMHU,
YIEPKUBAIOIIMMU HEPTUI0, HEJOCTAIOIIYIO JUUIsl BOCCTAHOBIICHHS paBHOBECHSI.

4.2 “KOBAJIEHTHBIE” CBA3U

[lepBas dhopma Takux CBsS3el M3BECTHA KaK KOBaJEHTHAs CBA3b. Takoe Ha3BaHWE HMCIIOIB3YyeTCS
MOTOMY, YTO CUMUTAIOCh, YTO “BAJICHTHBIC CBSI3M~ DJIEKTPOHHBIX OOJAKOB “NESTCS” MEXIy NaHHBIMH
atroMamu. Kak Mbl yX€ TOBOpWJIM, KaK TAaKOBBIX ‘“‘3JIEKTPOHOB” HE CYILECTBYET, M TaKyK CBS3b
(dbopMUpyeT UMEHHO 3aBEpIICHHE T€OMETPHUUYECKONH cuMMeTpuu Mexay D1 u D2 (3arHe310BaHHBIMU
TEeTpa’ApoM U OKTa’aApoM). B moxenu [[»KoHCOHA, Bce 3JIEMEHTHI IPEACTABISAIOT co0or cMecu D1 u D2 B
pa3HBIX MPOMOPLHUAX, TO €CTb 3arHE3/I0BaHHbIC TETPAdAP M OKTAdJp, 3alepThle B PA3ITUUYHBIX
MOJIOKEHUSAX OTHOCUTENIbHO Apyr napyra. Camblii MpocTOM HpuUMep: OAMH aToM Kuciopoia Oyaer
€CTECTBEHHO MPHUTITUBATHLCS K JIBYM aTOMaM BOJIOPOJa M CMEIIUBATLCS B MOJIEKYTy Boasl uinu HyO. He
yIMBUTEIBHO, YTO MOJIEKYJIa BOJIbI IPUHUMAET POpMy TETpasapa.

K cogep»aHuto



4.3 “UOHHBIE” CBA3U

Jlpyroii BapuaHT OCHOBHBIX CBSI3€M B XMMUU U3BECTEH KaK “HOHHBIE CBSI3U . B 3TOM citydae, CBSA3M
CO3JIAI0TCSl Pa3HMLEH B TMOJAPHOCTH 3apsja, KOTJAa OTPULATENILHOE MPHUTATHBAET I10JIOKUTEIBHOE.
Korna snemeHT o6nasaer HecOamaHCHPOBAHHBIM 3apsOM, OH M3BECTEH KaK MOH, OTCIO/Ia U TEPMHH
MOHHAsI CBsI3b. CaMbIM MPOCTBHIM MPUMEPOM ObUT OBl XJIOPUCTHI HATPUM WM COJIb, KOTOPBI MOXET
sanuceiBathest kKak Na + Cl. O ¢opmupyer nubo ky0, mubo oxTa’ap. VIMeHHO pa3HMIA JaBICHUN
MEXy MOJIOKUTEIbHBIMU U OTPHLATEIbHBIMM MOHAMHU NPUTATHBAET MX JIPYr K Ipyry. B mMonekyne
COJIM aTOMBI XJIopa UMeEIoT mupuHy 1,81 aHrcrpema, moutu BaBoe Oonbiue, yeM atoMbl HaTpus — 0,97
aHrcTpeMa.

Takke, HMOHHAsi CBA3b MOXKET BO3HUKATh, KOTJA OTIEJIbHBIE aTOMbl KOHKPETHOTO 3JIEMEHTa
MPUTATUBAIOTCS APYT K JPYry M CBS3BIBAIOTCA BMECTE IO JBOE, co3daBas cuMmeTpuro. Camblid
OYEBHIHBIA TMpUMEp — MoJjieKyna kuciaopoaa, Oz. EauHCTBEHHBIH €MOC00, MOCPEACTBOM KOTOPOTO
JIpeBHUE (aJ1)XUMHKU MOTJIM HAaXOJUTh UCXO/IHBIC PJIEMEHTHI, TAKUE KaK €IMHUYHBIA aTOM KUCIOpOJa, -
3TO PAa3l0KEHHE OCHOBHBIX XMMHMYECKUX COCAMHEHHUU TOCPEJCTBOM TOpPEHHUS, 3aMOpaXKMBaHMUS,
CMCIIMBAaHUA C KUCJIOTaMM U OCHOBaHUAMHU M TaK JaJICC.

4.4 YACTOTHBIE PACHIMPEHUSA U CKATUSA
Hrak, BO3Bpamasch K OCHOBHOMY TMOJIOKEHHUIO: Y HAC €CTh BOCEMb OCHOBHBIX MOJIOXKEHHN WU
(a3, B KOTOPBIX MOTYT OBITh PacCIOJIOKEHBI TeTpa’aAp U okTadap. OmHako r000i MpoHHUIATETbHBIN
YUTATENb YXKE€ 3aMETHJI, YTO BOCBMH OCHOBHBIX T€OMETPUUYCCKUX TOJIOKEHUHN SBHO HEIOCTATOUYHO IS

dbopmupoBanus Bced Ilepmommueckoit TaOmuipl; 4yTOOBI CO34aTh TOJHBIA Ha0Op MPHUPOAHBIX
3JIEMEHTOB, I0JDKHBI PA0OTATh €I1le KaKHe-TO JOMOTHUTEIIbHBIA CBOMCTBA.

Puc. 4.5 Yacmomnoe pacwiupenue mempasopa 6 okmasop
Bot kmrou:
O6e reomerpuueckue GOpMbI CIIOCOOHBI PACHIUPATHCS U COKMMATHCS U3 CBOMX LIEHTPOB.

OTO HA3BIBACTCI U3MEHEHHUEM YaCTOTEHL.
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MeHsist 4acToTy, OHU (OPMUPYIOT pa3Hble BUbI FTEOMETPHUUECKHUX TBEPBIX TEJl.

Otu TBepable Tena — He [1maToHOBBL, MOTYT ObITH U Apyrue (OpMbl, TaKHe KaK TBEpJbIe Teia
Apxumena, HO BCE OHU CBSI3aHbI IOCPEJICTBOM “pPOIUTENBCKUX TETPAdAPA U OKTA3PA.

Kax BunmHO Ha puc. 4.5, cxxaTue TeoMeTpruIecKoil (opMbl — 3TO JeJICHUE BCEX pedep Ha JIBE WU
Oosiee paBHBIX YacTel, a 3aTeM COEIUHEHHUE TOJIyYeHHBIX TOYeK. Eciu MBI genuM Kaxaoe pedpo Ha
MTOJIOBHHBI, 9TO HA3bIBAETCA ‘‘BTOPOYACTOTHOE” AEJCHHUE, €CIIM MBI JSJTUM KaK10€ peOpo Ha TpHU paBHbBIC
4acTH, TaKOE€ JIEJICHUE Ha3bIBaeTCs “TpeTbe-yacTOTHOE  neineHue. Haumnas ¢ terpasnpa, bakmuHcTep
@ymiep IpoAEMOHCTPUPOBAJ, YTO MOCPEICTBOM MPOLECCA PACIIUPEHUS I CKATHS MOYKHO MOIYYUTh
BCETO0 JIECATh Pa3HBIX YacTOT (FeOMETPpUIECKUX (HOpM), U 3TO LIEHTPAIBHBIN aclIeKT HaxoJ0K />koHCOHa.
Hampumep, uzBecTHO, 4TO “MOIIHAs” CHJIa B aTOMHOM SIIpe B JIECATh pa3 CUIbHEE “‘Ciiaboil” CHJIBI B
IMEeKTPOHHBIX obOnakax! OOBIYHO ITO 3amMHMCHIBAETCS KakK KBaapaTHbIA KopeHb w3 100, paBHbii 10.
Hukakoro wHOrOo mpaBAoOMog00HOTO OOBSICHEHWS OTOM aHOMaNMM HE HakaeHo. To ecTh, sAIpo
MPEJCTaBIsAET cOO0I TOUKY caMoil “‘CBEpHYTOI” reoMeTpuu Ha CaMOM BBICOKOM YaCTOTHOM YpPOBHE
CKATHSL.

WTtak, Bce, 4TO HYXHO clelaTh, - 3TO OOBEIMHUTH BOCEMb OCHOBHBIX (ha3 Bpallarolleics B
IIPOTUBOINOJIOXKHBIX HAMPABICHUSIX T€OMETPUU C Pa3IMYHBIMU YAaCTOTAMU I'€OMETPUH, BOSHUKAIOLIEH B
pe3yibTaTe paclIUpeHus WM ckaThs. TakuM crmocoOoM MOXKHO HOJIy4YuTh Bcio Ilepuoanyeckyro
Tabnuiy. Kpome TOro, BBl MOXeTe MpeacKa3aTh, OyIAeT JH 3JIEMEHT TBEPABIM, KUIKOCTBIO UIIH Ta30M, a
TakXe, KaKoBbl OyIyT €ro TOYKM 3aMep3aHMs, IUIaBICHWS WM MchapeHus. JKOHCOH HampaBiser
3aMHTEPECOBAHHBIX MbIcaUTENeN K padore [[xeiimca Kaprepa, KOTOpoMy yaajaoch MOJIYYUTb BCIO
[lepuonuueckyro Tabmuily MOCPEACTBOM CXEM CHUPAJIEBUIHOIO JBM)KEHHUS, KOTOpble OH Ha3Bal
“kpyrsnonamu”. W camoe uHTepecHoe: “kpyrioHsl”’ Kaprepa SBISIOTCS cepuyecKUMH Topamu!
IIpencrasnsercs, uro Kaprep He 3Ha, 4ToO civpajieBUAHbIE, BOTHOOOpa3HbIe, IMKINUECKUE “BpalleHUs
BO BpallleHUsAX M ObUIM TEM, YTO OH M300pakaj MEXIy KpYIJIOHAMM JUISl JE€MOHCTPALMK pa3Iu4HbIX
3JIEMEHTOB, TO €CTh, OHM CYIIECTBYIOT IOCPEICTBOM ‘‘abCONIOTHOro ABWXeHHA . B nensx Oonee
MOJTHOTO ONHCAHUs, MBI NPHIJIANIAEM YHUTATENsA, O3HAKOMHUTHCS C HAIled JETaJbHOW CTaThell W/HMiN
BeOcaiitom Kaprepa. B nensx ymporeHus, Mbl IpUBEIeM HEKOTOpble Haubosee O4eBUIHbIC PU3HAKU
13 KBaHTOBOM (M3UKH, yKa3bIBatouie Ha paboTy I1n1aToHOBBIX reoMeTpHil.

45 MMOCTOSAHHASA IIVTIAHKA U “KBAHTOBAHHASA” ITIPUPOJA CBETA

BonbmHCTBO JI0Jel y)Ke 3HAeT: CUUTAETCs, YTO TEIJIOBOE M3JIyYEHHE M CBET CO3Jal0TCS OYEHb
MPOCTOM BELIbI0 — JBM)KEHHUEM BCIIBIIIEK 3JCKTPOMArHUTHOM SHEPrHM, M3BECTHBIX KakK ‘“‘(DOTOHBI”.
Opnaxo 10 1900 rosa cuMTanock, 4To CBET U TEIUIO ABHIKYTCS HE B (hOpME TUCKPETHBIX (ITPEPHIBUCTHIX)
eauHu1] “(OTOHOB”, a TJIAJAKO, IUIABHO M Hepas3pbeiBHO. Pusuk Makc IlnaHkK mepBbIM OTKPBLI, 4TO Ha
CaMOM KpOUIIEYHOM YPOBHE CBET M TEIUIO JBWXKYTCA “‘TyJbCalMIMU~ WIH ‘‘TAKeTaMHU JHEPIHH,
BenuuuHoit 102 cm. TIo cpaBHEHHIO ¢ TAKMM Pa3sMepOM aTOMHOE AAPO ObLIO 6bI BETHMUMHOM C MIAHETY!
HNurtepecHo crnenmyromiee: yeM ObIcTpee KosieOaHHE, TeM OOJIbIIE IMaKEThl, W, COOTBETCTBEHHO, YeM
MeaJIeHHee KoyiebaHue, TeM MeHblIe MakeThl. [IMaHK OTKPBUI, YTO OTHOLICHHE MEXIY CKOPOCTBIO
KojeOaHHs W pa3MepoM IMaKeTa BCErJa OCTAETCA IMOCTOSHHBIM, HE 3aBUCHMO OT TOTO, Kak BBl HMX
u3Mepsiere. [IocTOsTHHOE OTHOIIEHUE MEXKIY CKOPOCTBIO KOJIEOaHHs U Pa3MEpPOM IaKeTa M3BECTHO Kak
3akon Pacnipenenenus Beitna. [lmank oOHapy»Xuil € IMHCTBEHHOE YMCIIO, BRIPAKAIOIIEE ITO OTHOIIICHHUE.
Ceiiuac oHo n3BecTHO Kak “IlocTosiHHas [Tnanka”.
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Henasuo omybnukoBanHas ctathst Kapomun Xaptman (aexabpbsckuii 2001 roma BeITyCK KypHaia
Hayxa u mexnuxa 21-20 6exa) TOCBSIEHA WCKIIOYNATEIRHO HaxoakaM Makca Ilmanka. Omna
PacKpbIBAET, YTO T'OJIOBOJIOMKA, CO3/IaHHASI €70 OTKPBITUSIMU, OCTAETCSI HEPEILICHHOM

“Ceromnsa, B ueisx Oosiee TIyOOKOro NPOHUKHOBEHHMS B CTPYKTypy aToMa, Haml JOiAr —
MIPOJIOJKATh MCCIIENOBaHMS Takux ydeHblx Kak Kropu, JImza Menthep m Otro Tl'an. Ho
(dbyHIaMeHTalbHbIE BOMPOCHI: YTO BBI3BIBAET JIBUKEHHE DJIEKTPOHOB, MOJYMHSAETCS JIH 3TO JIBUKECHUE
OIIpEeJIEIEHHBIM T€OMETPUUYECKUM 3aKOHAaM, U ITOYEMY OJJHH JIEMEHTHI 00Jiee yCTOMUUBEI, UeEM JIpYTHE,
BCE €Ille HE UMEIOT OTBETOB U OKHMJIAIOT HOBBIX IE€PEIOBBIX THUIOTE3 U UACH .

B 51011 KHMIe MBI y’K€ MOKEM BUJIETh OTBET Ha BOIIpoc XapTMaH. Kak Mbl yxe cka3aiau, OTKPBITHUS
[Inanka coBepiianuch B pe3ynbTaTe M3y4eHMs TEIUIOBOIO M3IydeHus. BBonaHbIl maparpad B cTaTbe
Kaponun XapTMmaHn — COBEpIIEHHOE OITUCAHUE €TI0 JOCTHKECHUMN:

“Cro ner Hazan, 14 nexabps 1900 rona, puszuk Maxkc Ilnank (1858-1947) oObsiBII (B peun nepes
O6mectBom Kaiizepa Buibrensma B bepiauHe) 0 cBOeM OTKPBITUM HOBOM (OPMYJIBI H3IIyYCHHS,
KOTOpasi MorJia OBl ONMKCHIBATh BCE 3aKOHOMEPHOCTH, HAOIIOJaeMbIe MTPU HArpeBaHUH MATEPUH, KOTAA
OHa HaYMHAET UCIYCKaTh TEIUIO pa3HbIX 1BETOB. [IprueM ero HoBas GopMysa OCHOBBIBATACH HA OJJHOM
BOKHOM JIOMYILEHUU: SHEPTHUSl U3ITYYCHUSI HE HENPEPhIBHA, W3JIYUCHHE MPOUCXOJUT TOJBKO MaKeTaMu
OTIPENICTICHHOTO pa3Mepa. TpyaHOCTh B TOM, KakK cJeiaTh cTosmiee 3a “Gopmymnoir” momyrieHue
¢bu3nyeckn MOHATHBIM. UTO MMeEETCs B BUIY IOJ ‘‘DHEPTETUYCCKUMHU TaKeTaMH ', KOTOpPHIC Naxe He
MTOCTOSIHHBI, & MEHSFOTCSI TTPOITOPITMOHANIEHO YacToTe Kojebanus (3akon Pacnpenenenus Beiina)?”

Hewmnoro IIO3XKC, XapTMaH IpoaOJIKACT:

“(ITmaHkK) 3HaAN: KOrJa ObI BBl HM HATAJIKUBAJIUCH HA, MO-BHIMMOMY, HEpa3peluMyto podaemMy B
[Ipupone, B ee OCHOBE MOJDKHBI JIe)KATh 0OOJIEe CIOXKHBIE 3aKOHOMEPHOCTH; MHBIMHU CIIOBAMH, JOJDKHA
CYIIeCTBOBaTh WHas ‘‘reomerpuss BcesneHHOW”, yeM cumrtanoch pasbiie. Hanpumep, ITnank Bcernma
HACTaWBaJ HA TOM, YTO HAJCKHOCTh YpaBHEHUH MakcBeia cleayeT MepecMOTpPETh, MOTOMY YTO
¢u3nKa JOCTHINIA TaKOW CTaJMU CBOETO PAa3BHUTHUsS, MPH KOTOPOH TaK Ha3biBaeMbie ‘(U3NYECKUE
3aKOHBI” OOJIBIIIEC HE YHUBEPCAIHHBI .

3epHo pabotbl [lnaHnka MokeT OBITh BBIPAXKEHO IMPOCTHIM YpPaBHEHUEM, OINMCHIBAIOLINM, KakK
U3JTydaromas MaTtepusi BHICBOOOXKIAET SHEPTrHI0 B “MakeTax”’ WJIM BCIBINIKax. JTo ypaBHeHue E = hv,
rae E — 3To koHeuHast n3MmepsieMasi SHeprus, V — 4acToTa BHOpaIMM U3Iy4eHUs], BEICBOOOKIAIOUIETO
sHepruto, u h — m3BectHa kak “Koncranta [Inanka”, peryiaupyromas “moTok” Mexay V u E.

Koncranra Ilnanka paBHa 6,626. DTO OTBIIEYEHHOE BbIpaKEHHUE, MOCKOJIBKY BbIpaXKaeT YHCTOE
OTHOLICHHE MEXIY JABYMS BEIMYMHAMU U HE HYKIACTCS B IPUCBOCHUU JII000I KOHKPETHON KaTeropuu
U3MEpEHNUs, MHOH, uyeM 3Ta. [I1aHK OTKpBLI 3Ty KOHCTAHTY HE 4y/10M, CKOpPEe OH CKPYITyJIE3HO BBIBEJI €€
IIOCPEJCTBOM M3Y4YE€HHUSI MHOTHX Pa3HbIX BUJIOB TEIIOBOT'O U3JIyUEHHUS.

DTo0 mepBas TIJaBHAs TaifHa, KOTOPYK MposicHseT J[oHCOH B cBoeM wuccienoBanuu. OH
HANlOMMHAET: JJI1 U3MepeHus: KoHCTaHThl [Inanka ucnomnb3yercs nekapToBa (IPSIMOYToJibHAs) CUCTEMA
KoOpauHAT. JTa cHCTeMa Ha3BaHa MO MMEHU ee cosnarens Pene [lekapra W o3Havaer, yTo IS
U3MEpEeHUs] TPEXMEPHOI'O MPOCTPAHCTBA UCIIONIBb3YIOTCA KyObl. OHa cTaja HacTOJNBKO MPUBBIYHOM, YTO
OOJIBIIMHCTBO YYEHBIX JaXKe HE CUMTAIOT €€ YeM-TO HEOOBIYHBIM, IIPOCTO JITMHA, IIMPHHA U BbIcOTa. B
SKCIIEPUMEHTAX, TaKUX KaK JKCIEepUMEHTHl [lmaHka, Ajii M3MepeHus SHepruu, ABIKYIIEHCS uepes
OTIpE/ICIICHHYI0 00JIaCTh MPOCTPAHCTBA, WCIOJIB3YETCS MaJIeHbKHil Ky0. B m3MepuTenbHON cucteme
[Inanka, B HeNsIX MPOCTOTHI, 3TOMY KyOy OBLII €CTECTBEHHO NPHCBOEH 00beM “emuuunibr’’ (1). OgHako
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korzaa IlmaHk nucan cBOXO KOHCTaHTY, OH HE XOTEJI UMETh JIEJI0 C AECATHUYHBIM YHUCIOM, U MOITOMY
caBuHyN o0beM Kyba g0 10. D10 crmenano KoHCTaHTy paBHOU 6,626 BMecTo 0,6626. [lo-HacTosmemy
BaXXHBIM OBIJIO OTHOILLICHHE MEXIY YeM-TO, HAXOIALIMMCS BHYTpHU KyOa (6,626), u camum kyoom (10).
He umeer 3HaueHus, npucBauBaeTe JiM Bbl Ky0y 00BbEM €AMHUIBI, JECATH WU OO0 Jpyroro 4ucia,
IIOCKOJIBKY OTHOLIEHHE BCErJa OcCTaeTcsl MOCTOsHHbIM. Kak Mmbl rosopuiM, Ilnmank pasragan
MOCTOSIHHYIO MPUPOAY OSTOTO OTHOIIEHHS TOJBKO IOCPEICTBOM TIIATEIbHBIX MHOTOJIETHUX
9KCIIEPUMEHTOB.

[TomHHTE, YTO B 3aBUCUMOCTH OT pa3Mepa BBICBOOOXKIAEMOTO IMaKeTa, BaM IMOHAJTOOUTHCS
M3MEPSATH €ro pa3Horo pasmepa kyoom. M Bce ke, 9To Obl HU HAXOAWJIOCH BHYTPU KyDOa, OHO BCeT/ia
Oyner umetb 6,626 enuHuI] oObeMa KyOa, eciau oObeMm camoro kyba 10 egwHMII, HE3aBHCHMO OT
BOBJICYEHHBIX B TIpoliecc pa3mepoB. [Ipsmo ceitvac ciemyer OTMETUTD: BeIUYrHA 6,626 0YeHb OIM3Ka K

6,666, uro sBusercss TouHo 2/3 ot 10. IlosToMy, crenoBaio OB CIPOCUTH: ““A UTO TaKOTO BAXKHOTO B
2/37”

Obuwue ¢

BEPLUMHBI

——— Obuwjan ocb

——C

\'”‘”{ O6wem hoToHa

Puc. 4.6 J[lea mempasopa, coeounentuvie odbweti epamsbro
ons popmuposanus “pomona’”’, uzmepennozo ¢ nomowvio Ilocmosinnou Ilnanka

OCHOBBIBasICh Ha MPOCTHIX U3MEPSIEMBIX T€OMETPUIECKUX NPUHINIAX, 00BsICHEHHBIX DysepoM u
JIPYTUMH, MBI 3Ha€M: €CJIM COBEPILIEHHO Pa3MECTUTh TETPadAp BHYTPU cdepbl, OH OyIeT 3aroyHATh
POBHO O/IHY TpeTh ee obmiero oobema. Ha camoMm nene, (OTOH COCTOUT M3 ABYX COCIMHEHHBIX BMECTE
TETPa’APOB, YTO MBI BUIUM Ha puc. 4.6. 3aTeM OHU BMECTE MPOXOAT uepe3 KyO, KOTOPBIH T10CTaTOYHO
BEJIMK TOJBKO JUIsI TOTO, YTOOBI BMENIATh OAMH M3 OKTa’ApoB 3a pa3. OOmmii o0beM (SHEprum),
IBUKYIIEHCs 4depe3 Ky, Oymer poBHO aBe TpeTH (6,666) obmero oobema kyba, xoropomy Ilmank
npucsowm yncio 10. bakmunctep @ymep nepBsIM OTKPBUI, YTO (OTOH COCTABJIEH ABYMS TETPadApaMH.
OH 00wsBUI 00 3TOM MEpPY B 1969 romy na Planet Planning, mocne dero o6 3ToM ObLIO MOJIHOCTBHIO
3a0BbITO.

Hebonpmas pasauma 0,040 mexay “aucteim” 6,666 mnu otHomeHueM 2/3 u koHctanTou [Tnanka

6,626 co3maeTcs yaeabHOM eMKOCTBhIO BaKyyma, KOTOPBIM MOTJIONIAET HEKOTOPOE KOJIUYECTBO YHEPTUH.
“YnenpHyl0 €MKOCTh BaKyyMa’ MOKHO TOYHO BBIYHCIUTH C TMOMOIIBIO TOTO, YTO HM3BECTHO Kak

K cogep»aHuto



ypaBHenue Kymnona. Beipaxasice Oonee TpOCTBIMH TepMHHAMU, dGUPHAS SHEPrHsl ““‘PU3NIECKOro
BakyyMa’ OyZeT MOTJIONAaTh HEOOJBIIOE KOJIMYECTBO JIFOOOW MPOXOIAIIEH depe3 HEero SHEPruu. ITO
3HAYMT, YTO (PU3MUYECKUI BakyyM OyAeT “TO3BOJIATH’ MPOXOAMUTH Yepe3 HEro UyTh MEHbBINIE SHEPTHH,
9YeM BBICBOOOYK/ICHO HM3HAdYainbHO. [109TOMY, Kak TOJNBKO MBI YYHThIBaeM ypaBHeHue KyioHa, uymcia
paboTatoT coBepiieHHO. boiee Toro, eciu Mbl U3MEpsieM MPOCTPAHCTBO, UCIIONB3YS TETpadApaibHbBIE
KOOPJIMHATHI BMECTO KyOMUYECKHX, He0OX0aUMOCTh B ypaBHeHuu [Inanka E = hv otnmagaer, u6o B aTom
ciiydae dHeprusi OyJneT M3MepsAThCS OJUHAKOBO Ha 00EHMX CTOpOHAX ypaBHEHUS, TO ecTh E (sHeprus)
Oyner paBHa V (4acToTe), U “KOHCTAHTa” MEXITy HUMHU HE HY)KHA.

“Ilynpcanii’” »HEpPruM, MPOJAEMOHCTPUPOBAHHBIE KOHCTaHTOM IlmaHka, M3BECTHBI KBaHTOBBIM
¢u3nkam Kak “@otoHsr”. OOBIYHO MBI JyMaeM O “PoTOoHax’’ Kak O HOCHTENSIX CBETA, HO 3TO JIUIIb OJIHA
3 ux QyHkuui. bonee BaxHO ciemyromiee: KOrja aTOMbI MOTJIOUIAIOT WM BBICBOOOXAAIOT dHEPIHIO,
oHa mepenaercs B (opme “doroHoB”. MccaenoBarenu, Takue Kak 1-p Muino Bonbed, HamomuHaoT:
€MHCTBEHHOE, YTO MBI TOYHO 3HaeM O TepMUHE “(DOTOH”, - OH SBISIETCS UMITYJIbCOM, MPOXOISIIAM
yepe3 a¢up/sHepreTudeckoe mosie HyjaeBod Touku. Ceiluac MOXHO BUAETh, YTO 3Ta HMHPOpMALUs
COJIEP’KUT T€OMETPUUECKUN KOMIIOHEHT, YTO MO3BOJIAET MPEAINOoiaraTh, YTO aTOMbI JOJDKHBI 00Ja1aTh
TaKOM K€ TEOMETPHUEH.

4.6 TEOPEMA BEJUIA

Eme onHOM HENaBHO OTKPBITOM aHOMAIMEH, JAEMOHCTPUPYIOIIEW NPUCYTCTBUE T€OMETPUU Ha
KBaHTOBOM YpoOBHe, siBisercs Teopema HepaBHomepHocTn bemna. B nanHoMm ciydae aBa ¢ortoHa
BBICBOOOXKJIAIOTCSA B MPOTUBOMNOJIOXKHBIX HampasieHusx. Kaxaplii GoTOH mcmyckaeTcss U3 OTIEIbHOU
BO30Y)XJI€HHON aTOMHOW CTPYKTYpBl. J[Be aTOMHBIE CTPYKTYpPbI COCTOAT U3 MIEHTUYHBIX aTOMOB, U 00€
pacnaiarTcs ¢ OJUHAKOBOW CKOPOCTHIO. DTO MO3BOJISIET ABYM “‘CHapeHHBIM” ()OTOHAM C OJIMHAKOBBIMU
SHEpPreTUYeCKMMHU KadyeCTBaMU OJJHOBPEMEHHO BBICBOOOXKAThCS B MPOTHBOIOJIOKHBIX HAIPABICHUSAX.
3arem 00a GoTOHA MPOXOIAT Yepe3 MOJAPU3AMOHHBIE (PUIIBTPHI, TAKHE KaK 3€pKaJia, YTO TEOPETUIECKU
JOJDKHO M3MEHHUTDH HampaBlieHHue WX JBMKeHUs. Ecim oHO 3epkasio pacroio;KeHO Moj yriioM B 45°, a
apyroe non yriaoM B 30°, ObIIO OB €CTECTBEHHO OKMJIATh, YTO YIJIOBBIE TIOBOPOTHI (POTOHOB OymyT
pa3HbIMHU.

OpHako, KOrja BBIIOIHAJICS 3TOT SKCIIEPUMEHT, HE CMOTPS Ha Pa3HMILYy B yrilax 3epKai, (pOTOHBI
OJIHOBPEMEHHO COBEPIIMIIN OJJUHAKOBBINA yTI0BOI MOBOPOT!

CremneHb TOYHOCTH 3KCIEPHUMEHTA OLIEIOMIISIET, YTO OMUCHIBAETCA Ha cTpaHuuax 142-143 xuuru
n-pa Muo Bonbda:

“B caMOM TIOCIEAHEM OKCIEpUMEHTE ACHeKTa, YTOObl TMOJTHOCTBIO YCTPAHUTH JHOOYIO
BO3MOKHOCTh MECTHBIX BJIWSHMM OJHOTO JIeTeKTopa Ha ApyroH, [[»mmbapn m Pomkep mcmoib3oBayin
aKyCTHKO-ONITUYECKUE Tepekitouatenu Ha dactore 50 MI', cnBuraromue HaOOpHI MOJISPU3ATOPOB BO
BpeMs moJjieta (OTOHOB. ..

Teopema benna U pe3yabTaThl SKCIEPUMEHTA CBUIIETEIBCTBYIOT O TOM, YTO 4acTu BceneHHoi
CBjA3aHbl Ha KAaKOM-TO BHYTPCHHCM YPOBHC (TO €CTb, HC OYCBUIHOM IJIA HaC), U 3TU CBA3HU
dbynnamenTanpHbel (KBaHTOBas Teopusi dyHmameHTanbHa). Kak ™Mbl mMokeM ux mnoHsaTb? U xots
npobiiemMa aHANMM3UpOBaIach oueHsb riyooko (Bumep u 3ypek, 1983; n’Ocmanbs, 1983; 'epbept, 1985;
Cram, 1982; bom n Xumu, 1984; [Ibiimkenc, 1982; u apyrue), pemieHne He HalWeHO. ABTOPHI CKJIIOHHBI
COTJIACUTBCS CO CIEAYIOIIMM ONMCAaHNEM HEJIOKAIBHBIX CBS3CH:
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1. OHHU CBA3BIBAIOT COOBITHS B OTAEIBHBIX MECTaX 0€3 U3BECTHBIX MOJIEH MM MaTepHH.
2. OHH He 0CIabIIAITCS C pacCTOSIHUEM; Oy/lb TO MUJUIMOH KMJIOMETPOB MM CAHTHUMETD.
3. IlpencraBisercs, 4TO OHU PACHPOCTPAHAIOTCS ObICTpEe, YeM CKOPOCTh CBETA.

BCCCHOpHO, B paMKaX HayKU — 3TO BECbMa 03aJa4MBarOIINi (I)CHOMCH.

Teopema benna riacut: sHEPreTUYECKH CrapeHHbIe “(OTOHBI” PEaTbHO YAEPKUBAIOTCS BMECTE
€IMHCTBEHHOW TE€OMETPUYECKON CHJIOH, a HMEHHO TETPa’ApOoM, MPOJOJLKAIONIMM PACIIHPITHCA
(craHoBUTKCS OoJible) TpU pazzeseHHH (GOTOHOB. [TOCKOIBKY reoMeTpusi MEXAY HUMHU PAaCHIMPSETCS,
(hOTOHBI OYAYT MPOJOIKATE COXPAHATH OJMHAKOBOE YIIIOBOE (ha30BOE MOJOKEHHE OTHOCUTEIBHO JAPYT

npyTa.

4.7 SJJEKTPOMATHUTHAS BOJIHA

[Tockonpky OMHIUTEHH ONpENENHII, YTO MaTepusi COCTOUT M3 BJIEKTPOMArHUTHON SHEpPruwy,
CJICIYIOIIMN MMyHKT HAIIEro MCCIel0OBaHUs — caMa 3JIeKTpOMarHuTHas BosiHa. Kak 3HaeT GOJIbIIMHCTBO
JIIOJIEH, DJIEKTPOMArHUTHAs BOJIHA UMEET [1Ba KOMIIOHEHTA — 3JIEKTPOCTATHYECKYIO BOJIHY U MAarHUTHYIO
BOJIHY, KOTOpBIE ABMXKYTCS BMecTe. UTOOBI BU3yaIu3UpOBaTh, Mpoucxoasuiee, JDKOHCOH MPOCUT B3STh
JBa KapaHJalia OJAWHAKOBOM JUIMHbI M YCTAHOBUTb MX NEPHEHAMKYJSIPHO Ipyr ApYry; IpUYEM
PacCTOSHUE MEXly HUMU JOJDKHO PABHATHCA JUIMHE KapaHAalla.

Teneps Mbl MOXKEM COEMHUTB KaX/IbIi KOHEIl BEPXHEro KapaHzalla ¢ KaXIbIM KOHIIOM HHUXHETro
kapanzaama. Caenas 3TO, Mbl MOJIYYUM YETHIPEXCTOPOHHUM OOBEKT, COCTABIEHHBIH PAaBHOCTOPOHHUMHU
TPEYroJIbHUKaMH MEXy IByMsl KapaHJallaMu, TO €CTh TeTpasap.

Puc. 4.7 Jlea kapanoawa, pacnonodicenuvie Ha 00UHAKOBOM paccmosHuu noo yeiom 6 90°
ToT ke caMblil TpoIIeCC MOXKHO TIPOJIeTaTh C JIEKTPOMArHUTHOW BOJHOM, TPUHSB OOIIYIO BBICOTY

3JEKTPOCTATUUECKOM WJIM MarHUTHOW BOJIHBI (KOTOpbIE 00J1aJIal0T OJMHAKOBOM BBICOTOM WJIU
aMILTUTY/I0M) 32 OCHOBHYIO JUIMHY, Kak y Kapannameid Ha puc. 4.7. Ha puc. 4.8 MOXHO BHIIETh, UTO
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9JIEKTPOMArHWTHAasi BOJIHA HA CaMOM JieJIe KOMHUPYeT “CKPBIThINA” (MOTEHIMAIbHBIN) TeTpadp, €CIH Mbl
COEJIMHUM JINHUH, UCTIONb3Ys TOT K€ caMbli IIpoIiecc:

~ MarHuTHOe none

| InNexKTpuyeckoe
- none

Puc. 4.8 Ckpvimvle mempasdpanbHble OMHOUWEHUSL 8 DNEKMPOMASHUMHOLL 80IHE

3I[GCL Ba’XHO YIIOMSHYTb: 3Ta TaliHa HCOAHOKPATHO OTKPLIBAJIACh PA3HBIMH MBICIUTCIISIMU, TOJIBKO
JUISL TOTO, 4YTOOBI CHOBA OKa3aTbes 3a0bITol Haykol. Pabora Toma bupaena yoenurenbHO mokasasa, 4To
Jxetime Kitepk MakcBenn 3Han 00 3TOM, KOTJia MTUCA CBOW CJIOXHBIC “KBAaTCPHUOHHBIC YPABHCHHS.
[Tozauee OnuBep XaBucaiin pazduil MOAETh Ha YEThIpe MPOCTHIX KBATEPHUOHA U PAa3PYLIMI CKPBITHII
BHYTPEHHUH “noTeHnman’” Terpadapa. Taxxke, CKpBITBIN TeTpadap Habmromaercs y Yonrepa Paccenna, a
no3xke y bakmuucrepa @ysmiepa. CoBepiuas CBOM OTKpBITHS, JI>KOHCOH HE 3HANI O MPEIbIIYIIUX
IIPOpEIBAX.

4.7 “BOCBPMEPUYHBIN MIYTh” TEJLJI-MAHHA

Crnenyronias 3arajjka BOSHMKAeT TOT/a, KOTJa Mbl M3ydaeM CyOaTOMHBIE “4acTULbI’, U3BECTHBIE
kak kBapku. Korgma aromHas CTpykTypa BIApYr pa3pyllaercs, B Iy3bIPbKOBOM KaMepe MOSBIISIOTCA
KOPOTKHE TPaeKTOPUH, KOTOpbIE OyIyT OTJIETaTh OT HOPMAJIbHOTO CHUPAJIEBUIAHOIO MYTH ‘“YaCTUIBI;
OHM M ObulM Ha3BaHbl “kBapkamu’ . Ilocie BBICBOOOXKIEHMS, “KBapKuU’ OYEHb OBICTPO HCYE3AIOT.
I'eomerpust ux ABMKEHUN ObUIa THIATENBHO MPOAHAIM3UPOBAHA, MOCKOJBKY €IWHCTBEHHOE, UTO BBI
MOKETE IO-HACTOAILLEMY ONPENEIIUTh NIPU aHAJINU3E MOCPEICTBOM ITy3BIPBKOBOM KaMeEpbl, 3TO pa3HbIE
reoMeTpuueckre GopMmbl ABMKEHHUS. BbUIO OTKPBITO MHOTO pa3HbIX (GOopM “KBapKOB”, IpUUYEM Kaxaast
¢dopma oOnagana pasHBIMH T'€OMETPHUUECKUMH CBOWCTBAMH, OIIMOOYHO HA3bIBAEMBIMHM “‘TIBETOM”,
“mapmMoM” W  ‘“‘cTpaHHOCTBIO”. Mroppeir ['emn-MaHH TepBBIM  cO3/all  €AMHYIO  MOJIEIb,
JEMOHCTPHUPYIOIYIO KaK MMEHHO B3aUMOCBSI3aHbl 3TH pa3HblE TeOMETpUUYeCKUe cBolicTBa. OH Ha3Bal ee
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“BocsmepnunbiM Ilyrem”. 3ameuaTenbHO, YTO €IUMHAs TE€OMETpPHUYECKas CTPYKTypa, KOTOPYIO Mbl
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Puc. 4.9 Tempasop, euoumwiii 6 opeanuzayuu “xeapkos” “Bocvmepuunoeco [lymu” I'enn-Manna

Urak, uro xe Mbl BuAMM? O4YeBUAHO, YTO Ka)kJas TOYKAa — 3TO OTAEIbHBbIN “kBapk’. J[>KOHCOH
YTBEPIKIAET, YTO “KBapKU~ BBICBOOOKHAIOTCS TOT/IA, KOTAA d(UPHBIA YHEPTETHUECKUI MOTOK TETpadapa
BHYTPH aTOMa BJPYT paspyiiaercs. B TedeHne KOpOTKOTrO MPOMEXYTKa BPEMEHH, BBICBOOOXK/ICHHBIEC
JHEpreTUIecKre (parMeHThl OYAYT MPOIOIDKATh T€Yh C TEMH K€ CBOMCTBAMH BPAIICHHS/TEOMETPHH,
KOTOPBIMU OHHU 00J1a/1aliv, Oy/IydH CBSI3aHHBI B aTOME; HO OHU OY€Hb OBICTPO BO3BpAIIAIOTCS 00paTHO B
a¢up. Pa3ubie “kBapku’” He cleyeT pacCMaTpUBaTh KaK BOSHHUKIIUE B PE3YJIbTATe pa3pyIICHUs] OJTHOTO

aToma, MOCKOJIbKY YIoJl, OJl KOTOPhIM pa3pylIaeTcs aTOM, ONpenessieT, Kakasi 4acTh €ro BHYTPEHHETO
reomeTpuueckoro EnunctBa OyaeT BhICBOOOXKIeHA. [l0aTOMY KBapku cieayeT TIHIATEIbHO H3y4aTh I10
OTZIENILHOCTH. A BOT 4YTO €llle UHTepecHee: B Mojienu ['emnn-MaHHa HaxoAsTcs U Apyrue “cBepHyThIE”

TFE€OMETPUYECKUE YaCTOThI, TaKHE KaK KyO0-OKTa’Jp; MPOCTO TETpa’gp — ATO OJHA M3 TPeX Pa3HbIX

OTKPBITBIX UM UEPaPXHUU.
W BHOBB, TpaJIULIMOHHBIN Hay4YHbId MUp paccmarpuBaeT BoceMepuunsiii I1yTe I'ei-Manna kak

MIPOCTO YIOOHYI0 TeOMETPUYECKYI0 OpraHu3aluio, U Hu4Yero Oonblie. B crienyromem OTpwIBKE I-p
Muno Bonbd ykasbiBaeT Ha TOT (akT, YTO TeOMETpHUsl Morja Obl OBITh pELICHHEM AJsi NOHUMAaHMS

CTPYKTYPHI “AJIepHBIX IPOCTPAHCTBEHHBIX PE30HAHCOB” B KBAHTOBOM chepe (cTpanuua 198 ero kHurn):

K cogep»aHuto



“Jlpyrasi UHTEpecHas MpobiieMa C IMOJE3HBIM PE3yabTaTOM — YBHJIETh, MOXKHO JIU OOHApYyXHTb
croco0 CBSI3aTh SJIEPHBIE MPOCTPAHCTBEHHBIE PE30HAHCHI ¢ OOBSICHEHHMEM TEOPHH TPYII 300IapKa
siaepHbIX yacTtull. OJHO U3 Ha3BaHUM 3ToM Teopuu — Bocbmepuunslil [1yTh, oTKkpbITHIN ['ei-ManHoM u
Heemanom B 1960 roay. Teopuss yMHO UCIIOJIB3YET T€OMETPUUECKOE IPYNIIUPOBAHUE AJIsI ONPENEICHMUS
X TapaMeTpoB: CIHMHA, YETHOCTH, YHUCIIa H30TOINOB, YMCia CTpaHHOCTe. Teopus rpymm eme He
packpbuia (U3NYECKYI0 CTPYKTYpYy, TaKyl0 Kak MpOCTpaHCTBEHHBbIE pe3oHaHChl. Eciu cBs3b
CYLIECTBYET, TOTAA JIOTUYHO OKUAATh, YTO PELICHHUS] YPAaBHEHUS BOJIHBI IPOCTPAHCTBEHHOTO PE30HAHCA
o0aganu Ob1 OPTOrOHAJIBHBIMH CBOMCTBaMHU, COOTBETCTBYIOIIMMHU BocbMmeprunomy Ilytu. Bonnyromas
MEepCHEeKTHRA .

NuTtepecHo: korma Mbl 3aKaHYMBAJIM 3Ty 4YacThb KHHUTHM, ¢ Hamu cBsizaics A-p P. b. JlyHkan,
omybnukoBaBmMii B HTepHETE OYECHHb [ETATBHYI0O M OCHOBATEIBHYIO paboTy, OOBSICHSIONIYIO
CTPYKTYpy aromMa C TOYKM 3pEHHs TEOpuu TIpymm, ynoMmsHyto Bbeime Bonbdom. Ilpexne, uem
ormyoIMKOBaTh pereHue, Jlynkan padboTan Haj 3Toi mpobaemMol TpuaaTh JaeT!

4.8 OBbSACHEHA 3ATAJIKA CIIMHA U TOPCUOHA

_| NoteHumansbHbIN
!{ | BeTop nons

Ny ‘ CoeauHUTENbHbIN
BEKTOp Lenu B norne

Puc. 4.10 180° yenvt spawenus “snekmponos”’, cozoasaemvle UMNYIbCAMU, OBUNCYUUMUCS HAO
OKMA3OPANLHBIMU dHEPeemuyecKuMi hopmamu

Crnenyromiee MojI0KeHHEe, KOTOPOE HY)KHO PacCCMOTPETh, — CIIMH (BpalieHue). MHOTo J1eT Gu3uKu

3HaJM, YTO, JBUTAsACh, HHEPreTHYECKUe dYacTulpl ‘“‘Bpamarorcs’. Hampumep, mpencraBisercs, 4To,
JBUTAsiCb B aToOMe, ‘“3JIEKTPOHBI” HENPEPHIBHO COBEPLIAIOT pe3Kue MNoBOopoThl Ha 180° wnm
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“nonycnuubl’. YacTo HaOMIOAAIOT, YTO MPH JABWKEHUU “KBApKU~ COBEPLIAIOT “OAHY TPETh WM “IBE
TpeTu”’ CIIMHA, YTO MO3BOJWIO ['eui-MaHHY OpraHnW30BaTh MX JBM)KEHHS B TETpa’Ap WU ApPYTHe
reomeTpun. Hukto U3 npeacraButeneil opuumanibHOl HAyKH HE Al aleKBaTHOTO OOBSICHEHUS, TOYEMY
9TO IIPOUCXOIUT.

Mopnens JI)xoHCcOHA TIOKa3biBaeT, 4yTo 180° “CriuH™ 3JIEKTPOHHBIX 00JIAKOB CO3/1a€TCs IBHXKCHHEM
OKTa’Apa, uTo BUAHO Ha puc. 4.10. BaxHo oco3HaTh, yTo 180° NBM)KEHHE HA CAMOM JieJie BOSHUKAET U3
nByX 90° MOBOPOTOB KaXJOro OKTadjapa. UToOBI OCTaBAaThCS B TOM JK€ TIOJOKCHHUHM B MaTpHUIIS
OKpY>KaIoIlle ero reoOMeTpHUH, OKTadAp JIOJDKEH “‘ONPOKUHYThCS Hazald ', To ecTh Ha 180°. Terparap xe,
YTOOBI OCTaThCSA B TOM K€ TMOJOKECHHUH, JOJKEH coBepmuTh 6o 120° (ogHa TpeTs cnimHa), aubdo 240°
(mBe Tpetu cnmHa). bonee mpocto 3TO OyAeT o0BsACHAThCA B pasaene 4.9 mmke. ([pyrue teoperuku
a¢upa, takue kak Bomwsd, Kpeiin, ['un30ypr u KpacHorosnosen, umMeroT cBou 0OBICHEHHUS (eHOMEHa
MOJTYCIIMHA, OCHOBAHHBIC HA JKUIKOM TIOTOKE.)

OTUM Ke MPOLECCOM OOBSICHIETCS U 3arajika CIUPaJIeBUIHOTO JIBUKESHUSI TOPCUOHHBIX BOJH. [ 1€
OBl BBl HU HaxOJWJIWCh BO BceneHHoi, maxe “B Bakyyme”, 3¢up Bceraa OyaeT mMyJbCHPOBaTh B ITHUX
reoMeTpuueckux ¢opmax, oOpazys matpuiy. I[losTomy moGol IBHMXKYIIMHCS B 3(uUpe UMITYIbC
MOMEHTa OyAeT MpPOXOAWTh IO TpaHSIM TE€OMETPUYECKHX ‘“KUAKUX KPUCTAUIOB” B 3dupe.
CrnenoBarenabHO, COUPAJIEBUAHOE ABH)KEHNE TOPCUOHHOM BOJIHBI CO3Ja€TCsl POCTOM T€OMETpUEH, Yepes
KOTOPYIO OHA JOJIKHA IPOUTHU IIPU CBOEM JBUKECHUU.

4.9 TOHKOCTPYKTYPHASI KOHCTAHTA

XoTs Mbl yNoOpHO paboTamu HaJ TeM, 4YTOOBl YINPOCTUTH 3TOT pasjliel, BU3YyaTU3UPOBATh
TOHKOCTPYKTYPHYIO KOHCTaHTy HamHoro TpyzaHee. [loatomy, eciu BaMm TpyIHO YHUTaTh, €r0 MOKHO
MPOMYCTUTh U MEPEUTH K UTOrOBOM YacTh B paznene 4.10, He moTepsiB r1aBHYIO “HUTH  MOBECTBOBAHUS
KHUTU. MBI BKJIIOUMIIM ATOT paszien A TeX, KOMY XOTeJI0Ch Obl BUAETb, HACKOJIBKO JAJTIEKO 3aXOAUT
“MaTpuuHas’ MoJiesib. TOHKOCTPYKTYpHas KOHCTaHTa — €Ie OJWH acCHeKT KBAHTOBOH (DM3HKH, O
KOTOPOM JakKe HE CIBIIAIH HEKOTOPBIE MPEICTABUTENH O(QUIIMATFHON HAYKH, BO3MOXKHO, TIOTOMY, YTO
OHa abCOIIOTHO HEOOBACHUMA TEM, KTO CKJIOHEH BEpUTh B MOJIEJIH, OCHOBAHHbIE HAa YacTUIAX.

[IpencraBbTe, YTO SIEKTPOHHOE OOJAKO MOXO0KE Ha THOKUN PE3MHOBBIM IIap, W KaXKIblid pas,
KOT/J[a TIOTJIONIAETCS MJIM BBICBOOOXKAAaeTCs “DOTOH” SHEPruM (YTO M3BECTHO KaK CIIapUBaHUE), 00JIaKO
pacTaruBaeTcs U U3rubaeTcs, Kak OyATO APOXKHUT. DIEKTPOHHOE 00IaKko Bcerna Oyaer “yrnapsarbes’ B
(UKCUPOBAHHOM, TOYHOM MPOMOPLHUOHATIBHOM OTHOUIEHHH K pa3Mepy (OTOHA. DTO 3HAUMT: (OTOHBI
OonblIero pazmepa OyayT OKasbIBaTh OoJiblMe “yaapbl” Ha 3JIEKTPOHHOE 00J1aKo, (OTOHBI MEHBIIETO
pa3sMepa OKa3bIBalOT MEHbINWE ‘“‘yaapbl’ Ha SJEKTPOHHOE O00Jako. ODTO OTHOIIEHHWE OCTaeTCA
MOCTOSIHHBIM, HE CMOTps Ha equHUIlbl m3Mepenus. Kak u mocrosHHas [lmaHka, TOHKOCTPYKTypHas
KOHCTaHTa — €Ie OJHO “OTBJICYCHHOE YHCJIO. DTO 3HAYUT, YTO MBI OyAEM IMOJydaTh OJHY U Ty XKe
MPOMNOPIIMIO, HE 3aBUCUMO OT TOTO, B KAKUX €AMHUIAX MBI €€ U3MEPSIEM.

DTa KOHCTaHTa HEMPEPHIBHO M3y4yajach MOCPEICTBOM CIIEKTPOCKOIMUYECKOTO aHallu3a, U B CBOEH
kaure Cmpanuas meopus céema u mamepuu 09€Hb yBaxkaeMmblii ¢puszuk Pudapn I1. deitaman oObsCHIIT
oty 3arajky. (CienyeT MOMHHUTh, YTO CJIOBO ‘‘ClapUBaHUE” O3HAYAET COCIMHEHHE WM pa3JielieHue
($hoTOHA U AIEKTPOHA.)

“CyImiecTByeT O4YeHb ITYOOKHMH M KpPAaCHBBIM BONPOC, CBSA3aHHBIM C HAOII01aeMON KOHCTaHTOM
CrlapuBaHUs €, - aMIUTUTYJ0M peaJbHOTO 3JIEKTPOHA JI MCIYCKAHUS WM TOTJIOHICHUS PEaIbHOTO
(dhoToHa. DTO MPOCTOE IKCIEPUMEHTAIBHO ompezeneHHoe unciio 0au3ko k 0,08542455. Mowu npy3bsi-
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¢U3MKN ero He MPU3HAIOT, NMOTOMY YTO MM HPABUTCS 3allOMHHATH 3TO YHCIO KaK HMHBEPCHUIO €ro
kBajpata — okoio 137,03597, ¢ HeompeneleHHOCThIO ABYX MOCIEAHUX IECATUYHBIX 3HAKOB. OHO
ocTaeTcs 3araJikoil U mo cei JAeHb, XoTs ObUI0 OTKpBITO Oosiee S50 neT Hazaj;, U Bce Xopoume (GU3NKU-
TEOPETUKH BEIIAIOT €r0 Ha CTEHY W BOJIHYIOTCS O HEM.

Bam cpa3y ke 3axoTenock Obl y3HaTh, OTKY/a MPUIIJIO YKCIO CHAPUBAHUSA: CBS3aHO JIU OHO C T
WJIH, BO3MOXKHO, C OCHOBAaHHEM HATYpATbHBIX JIOTApU(MOB? ITOTO HUKTO HE 3HAET, 3TO OJIHA U3 CAMBIX
BEJIMKUX 3arajiok (GU3UKW: Maru4ecKoe YUCIIo, TMpUIIE/IIee K HaM 0e3 MOHUMaHHUs €ro 4eJIOBeKOM. Bbl
Moriu Obl CKa3zaTh, YTO 3TO YMCJIO HadepTana “pyka bora”, m “mel He 3Haem, kak OH Boauia CBouM
Kapanjgamom”’. Mbl 3HaeM, Kakoi BHJ TaHIA CJAEAYET HCIOJHATH MPAKTHUECKH, YTOOBl OYEHb TOYHO
M3MEPUTH 3TO YHCJIO, HO MBI HE 3HAeM, KaKOW BHJ TaHIA CIEAYET WCIIONHITh Ha KOMITBIOTEPE, YTOOBI
BBIIIIJIO 3TO YMCIIO”.

B w™omemm JxoHcoHa mpoOiieMa TOHKOCTPYKTYPHOM KOHCTaHTHI HMEET O4YE€Hb IPOCTOE
AKaJICMUYCCKOC PCHICHUC. Kak MpI TOBOpHJIN, (I)OTOH ABWIKCTCA TI0 ABYM COCAWMHCHHBIM BMCCTC
TeTpa’pamM, a AJIEKTPOCTaTUYEeCKasi CUjia BHYTPU aToMa MOJAJIEPKUBAETCS OKTa’ApoM. MbI monydaem
TOHKOCTPYKTYPHYIO KOHCTaHTy NPOCTBIM CpPaBHEHHEM OOBEMOB TETpadapa W OKTadaApa TpH HUX
coyaapeHuu. Bce, 4To MBI Aenmaem, - 3T0 JenuM 00BEM BIHMCAHHOTO B cepy TeTpasapa Ha 00beM
BIIUCAHHOTO B cdepy OKTadpa. MBI MoiaydaeM TOHKOCTPYKTYPHYIO KOHCTAHTY KaK PasHHIy MEXKIY
HuMU. UTOOBI MOKa3aTh, KaK 3TO JENAETCs, TPEOYETCS] HEKOTOPOE JAOMOIHUTEIBHOE O0bSICHEHHE.

®a30BO-BOJIHOBBIE CXEMBI, KOTOPhIC MBI BUJCIH paHbIle B 3TOH riase (puc. 4.3 u 4.4), nmokazaau
YIJIOBBIE COOTHOLIEHHSI MEXKIY OKTa’ApoM U TeTpasapoM. I[lockonbKy TeTpasap MOJHOCTHIO
TPEeYroJdbHBINA, HE3aBUCUMO OT TOTO, KaK OH BpallaeTcs, TPU BEPILIUHBI JIOOON M3 ero rpaHed OyayT
JeNTUTh OKPY’)KHOCTH Ha TpH paBHbIC YacTu 1o 120° kaxxaas. Ciie1oBaTeNIbHO, 9TOOBI TPUBECTH TETPASP
B PaBHOBECHE C FEOMETPHUEIl OKpYXKarollel ero MaTpHUIlbl, BaM HY>KHO MOBEPHYTh ero Bcero Ha 120°,
YTOOBI OH OKA3aJICsl B TOM € IOJIOKEHUH, YTO U paHbllie. DTO JETKO BUJIETh, €CIIM Bbl BU3yaJIU3UpPYyETE
aBTOMOOWIIb C TPEYTOJBHBIMU KOJIECAMU U XOTUTE, YTOOBI OH CIIBUTAJICS TaK, YTOOBI KOJIeCca BBITIISAICITH
KakK paHbire. YToObI 3TO clienaTh, KaKI0e TPEYTroJIbHOE KOJIECO JIOJDKHO IMTOBEPHYTHCS poBHO Ha 120°.

B cnydae oktasnpa, 4TOOBI BOCCTAHOBHTH PaBHOBECHE, €TI0 BCETJA MPUXOIUTCS MIEPEBOPAUNBATH
“Bepx qHoM” wiu Ha 180°. Ecnu BaM moHpaBuiiach aHANIOTHs ¢ aBTOMOOMIIEM, TOT/Ia KOJIeca JOJKHBI
uMeTh (hopMy KIIaCCHYECKOTO “aimmasza’, KOTOpBIM Bbl BUIAUTE Ha KOJioJe KapT. YToObI aama3 BBITJIAIET
TOYHO TaK K€, KaK KOrJa Bbl HAUMHAJIM, BaM MPUAETCS MEPEBEPHYTh €ro BBEPX JHOM, TO ecTh Ha 180°.
Hwxenpusenennas mnurata u3 [[PKOHCOHAa OOBSCHAET TOHKOCTPYKTYPHYIO KOHCTAHTY, OCHOBBIBASICh
MMEHHO Ha HToi HPOpMaIUK:

“(Ecnu BbI) paccMaTpUBaeTe CTATUUECKOE JJIEKTPUUECKOE I0JIE€ KaK OKTa’Jp, a JIUHAMUYECKOE
MarHuTHOE I0JI€ KaK TeTpadAp, TOrJa T'eOMETpUUYECKoe OTHomeHue (Mexay Humu) paBHo 180:120.
Ecnu BBl paccmaTpuBaete ux Kak cepbl ¢ 00beMaMy, BBIPAKEHHBIMH B pajidaHax, MPOCTO pa3JeiuTe
UX JPYT Ha Jpyra, U Bbl OJYyYUTE TOHKOCTPYKTYPHYIO KOHCTAHTY .

Tepmun “o00beM B pagumaHax’ O3HAYAET, YTO BbI BHIUMUCIAECTE 00BEM OOBEKTA YEPE3 €ro pajanuyc,
MIPEICTABISIONINI TOJOBUHY IIHPUHBI 00BbeKTa. (TeM, KoMy 3aX04eTcsi IPOBEPUTh MATEMATUKY CAMUM:
Bo3pMHUTE cuHYC 180° u pazaenute ero Ha cunyc 120°. 3aTeM OKpYyTJIUTE YUCIIO C MOMOIIBIO YpaBHEHUS
Kynona, 4roObl ydecTh HEOOJNBIIYIO IMOTEPI0 SHEPrHH, KOTOpas MPOMCXOTUT IpH IMEpEeMEelIeHUH
nynscaiuu B 3¢upe.) Koraa BeimonHsieTcs npocToit mporecc AefeHus ABYX “BbIpaXXCHHBIX B pajnaHax
00BEMOB”, Pe3yJITaTOM OY/IET TOHKOCTPYKTYpHAast KOHCTAHTA.
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HuTepecHo: mocie Toro, kak J[PKOHCOH MOKa3aj, YTO TOHKOCTPYKTYPHYIO KOHCTAHTY MOXHO
paccMaTpuBaTh KaK OTHOILIEHUE MEXKIY OKTa’JIpOM M TETPadIpOM, KaK SHEPIuio, ABMXKYIILYIOCS OT
olHOro K apyromy, JDkxeppu IOmmaHO OTKpBUI, YTO €€ MOYKHO paccMaTpuBaTh KaK ‘“‘OCTaTOYHYIO
SHEPTHIO, BOZHUKAIOIIYIO TOT/1a, KOTAa MblI CkuMaeM chepy B KyO mim pacimpsieM Ky0 B chepy! Takue
W3MEHEHHUS PACIIMPEHUS U CKATUA MEXKIY ABYMsI OOBEKTaMU M3BECTHHI KaK ‘‘MO3aMYHOE pa3MelleHue”,
1 BeluucieHus KOnmaHo BBIMOMHUTE HE TPYJHO, IPOCTO HUKTO HE JOJyMalics CAeNaTh 3TO paHblie. B
BEIUHCIIEHNsIX FOmMaHo 06beM JBYX OOBEKTOB He MEHseTcs; M Ky, n cdepa nMeror o6beM St X m2.
Korma MbI cpaBHHMBaeM HX Jpyr C JIpyroM, pa3HUIA TOJbKO B BEJIMYMHE IUIOIIAIM MOBEPXHOCTH.
JlomoTHUTEbHAS TIIOIIAh TTOBEPXHOCTH MEXIy KyOoMm u cdepoli paBHA TOYHO TOHKOCTPYKTYPHOM
KOHCTaHTe.

Yuratenb cpasy ke crnpocuT: “Kak TOHKOCTPYKTypHasi KOHCTaHTa MOXET OBITh OJTHOBPEMEHHO U
OTHOIIICHHUEM MEKIY OKTadApOM U TETPadIpPOM M OTHOIIEHUEM MEeXIy KyooM u cdepoit?” DTo pabora
erIe OJHOT0 acheKTa MaruM “CHMMETPUHN’, TJI€ MBI BHJIUM, YTO pa3HbIE T€OMETPHUECKHE (POPMBI MOTYT
o0agaTh OJJUHAKOBBIMU CBOMCTBAMH, IMOCKOJIBKY BCE OHU THE3IATCA OFHA B IPYroil C COBEPIICHHBIMHU
rapMOHUYECKUMH OTHOWeHUsMU. Touku 3peHus u Jxoncona u KOnmaHO NE€MOHCTPUPYIOT, YTO MBI
UMEeeM JIeJI0 ¢ pabOTON T€OMETPHUYECKU CTPYKTYPHUPOBAHHOM SHEPTHU B aTOME.

Takxke Ba)XHO NMOMHMTH, YTO HaxoAku HOIMaHO NEMOHCTPUPYIOT KJIACCHUECKYH0 T€OMETPHIO
“KBaJlpaTypbl Kpyra”. DTO MOJOXEHHUE IOJTO SBISIOCH LIEHTPAIBHBIM 3JIEMEHTOM B 330TEPUUYECKUX
TpaauLUAX “‘CaKpajbHOW T'€OMETPUN’, TOCKOJIBKY CUUTAIOCH, YTO OHO MOKAa3bIBAET PABHOBECHE MEXKAY
(bu3MYECKUM MHUPOM, MPEICTABICHHBIM KBAAPATOM WM KyOOM, U TYXOBHBIM MUPOM, MPEACTaBICHHBIM
KpyroMm win cdepoi. W ceifuac MOXXHO BHJETh, YTO 3TO €IIEe OJHH MPHUMEP “‘CKPBITOrO 3HAHUS,
3amuppoBaHHOTO B MeTaope Tak, 4TOObl CO BPEMEHEM JIOAM BOCCTAHOBUIU MCTUHHOE MOHMMAaHHE
cTosAler 3a Meradopoit cekpeTHOM Hayku. OHU 3HANIM: NOKAa MBI HE OTKPOEM TOHKOCTPYKTYpPHYIO
KOHCTaHTY, MBI HE TIOHMeM, 4TO HaOmoaaeM. iIMeHHO MOATOMY OBIJIO COXpaHEHO 3TO APEBHEE 3HAHUE -
YTOOBI MMOKA3aTh HaM KJTIOY.

4.10 EAWHASI MOJIEJIb

Ceiiuac, mpy HAIMYUM JaHHBIX, KOTOpPbIE Mbl BUAEIU B (usuke /[KOHCOHA M HUX peanus3aluu B
HayKe MUKpPOKJIACTEPOB, KBAa3UKPUCTAJUIOB U KOHJEHcAaToB bo3e-DiiHITeliHa, y HAac €CTh €IuHasd
KBaHTOBas Mozenb. Hamie usnoxenue gusuku JoHcoHa OBLIO TaKUM YIPOUICHHBIM U 00TEKaeMBbIM,
KaK TOJIbKO MOXHO. [losTomy nroO0My, KTO MOMBITAETCS] MPOBEPUTH MOJAENb HAY4YHO, MOTpedyercs
IIpOYNTATh )IOHOHHHT@JIBHBIP'I Marcpual, 4TOOBI TO3HAKOMUTECS CO MHOTHMH HIOAHCAMHU. A I TEX, KTO
o0JasaeT OTKPBITHIM YMOM, TPEJCTABICHHBIX HAMHU JaHHBIX OOJIbIIIE, YeM JOCTATOYHO JIs
JoKa3aTenbcTBa MosiokeHus. Kirou B TOM, YTO B KBAaHTOBOM pEabHOCTH BCEr/la CYILECTBOBAJIA
CakpaJibHasi TeOMETPHS; MPOCTO 0 HACTOSIIETO BPEMEHH OHA OCTaBajach HE OOBICHEHHOMU, MTOCKOJIBKY
TpaguIIMOHHAs HayKa MPO0JKAET MPeObIBaTh B OKOBaX CTAPOMOJIHBIX MOJIENeH “‘dacTuir’.

B HOBOIi Mozenu Oojbllle HE HYKHO OTPaHWYHMBATH ATOMBI OIPEIEICHHBIM pa3MepOM; OHH
CHOC06HLI pacIupATLCA U COXPAaHATh OJHU U TC KC cBoricTBa. Kak TOIBKO MBI HOTHOCTBIO HOI‘;IMGM, qTOo
MIPOUCXOIUT B KBAaHTOBOW cepe, MBI CMOKEM CO37aBaTh CBEPXIPOYHBIE W CBEPXJIETKHE MaTEpUAIbI,
IOCKOJIBKY ceyac M3BECTHBI TOYHBIE TCOMCTPUUCCKHUEC PACIHOJIOKCHUA, BBIHYXIAOMNUC ATOMbI
CBA3BIBAThCS Oosiee d(P(heKTHBHO. MBI MOMHHMM: PacCKa3bIBajd, YTO KYCOYKH OOJIOMKOB KPYIICHHS B
PosBene GLIHI/I HEBCPOATHO JICTKUMHU MW OAHOBPCMCHHO TaKHMHWU NPOYHBIMHU, YTO HUX HCIIb3d OBLIO
paspesarb, C)K€Ub WIM Pa3pylIuTh. VIMEHHO Takue MaTephalibl MBI CMOXEM CO37aBaTh, KaK TOJBKO
MOJTHOCTBIO TMOMIMEM HOBYIO KBAaHTOBYIO (DH3HKY.
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MBI NOMHHMM, YTO KBa3HKpPUCTAUIBI OYE€Hb XOPOLIO XPAHAT TEIUIO, 4YacTO HE MPOBOAST
AJEKTPUYECTBO, JaXKE€ €CJIM BXONSIIME B WX COCTAaB METAUIBI B HOPMAajdbHOM BHJE XOPOIIHE
MPOBOJIHUKU. AHAJIOTMYHO, MHUKPOKJIACTEPbl HE MO3BOJSIOT MArHUTHBIM IOJSIM MPOHUKATH BHYTPb
camux kimactepoB. dusmka J[)KOHCOHA YTBEpXJAaeT: TaKas IeOMETPUYECKH COBEpIICHHAs CTPYKTypa
o0JajlaeT COBEPIIEHHOW CBS3bID, TOSTOMY 4Yepe3 Hee HE MOXKeT MPOWTH HU TeIioBas, HH
AJICKTPOMATrHUTHASI SHEpPrus. BHYTpeHHsSS TeoMeTpHs HACTOJIbKO KOMIAKTHA W TOYHA, YTO TOKY
OYKBaJIbHO HE OCTaeTCA “MecTa’ JJIsl IBIKEHUS MEXKTY MOJIEKYTaMH.

Teneps, Kormaa y Hac ecTh 3aBeplleHHas 3(UpHas MOAETb KBAaHTOBOW (PU3MKH, MBI TOTOBBI
JIBUTAThCS BIIEPE] U MOKa3aTh, YTO ATH F€OMETPUUECKHE CUJIbl POAOJIKAIOT OKA3bIBaTh BIUSHUS U Ha
CTPYKTYpbI KPYITHBIX Pa3MepoB, a UMEHHO Ha 0Opa3oBaHUs, M3BECTHbIE Kak [noOanpHas Pemrerka.
Bonbias yacte MaTepuana — 3To 0030p U3 MPEIbIIyIIUX KHUAT. TeM He MeHee, BaXKHO pacCMOTPETh €ro
eme pas3. Jlajee Mbl YCTAaHOBUM OYEHb BAXKHYIO CBSI3b MEXIY I'€OMETpPHEW KBAHTOB M I'€OMETpHEH
Makpo, 3¢(HEeKTUBHO 10Ka3bIBas CYIIECTBOBAHHWE M Ba)KHOCTh HOBBIX TE€OpUH. 3aTeM MBI MepeiieM K
n300pakeHUI0 a0COMIOTHO HOBOM Monenmu Kocmoca, OCHOBaHHOW Ha BCeX MPHHIMUIAX, KOTOPBIE MBI
oocymunmu. ['maBa 6 Oyaer (QokycupoBaThCSi MPEUMYIIECTBEHHO Ha OOBSICHEHMH HOBOM
KOCMOJIOTHYECKOW MOJIeNI, B TO BpeMs KakK IJaBa 7 MPEACTaBUT Ooyiee KOHKPETHYIO HaOII0IaeMyIO
nH(pOpMaIINIO, JIEMOHCTPUPYIOIIYIO HOBYIO MOJIEIb B ACHCTBUH.
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I'naBa 5: KpynHomacumraOHbie reoMeTpruiecKue JHeprerudeckue (popmMmbl

Mpl yxke yoenuinuch B TOM, YTO Ha KBAHTOBOM YPOBHE €CTh CHJIBI, CO3JAIOIINE T€OMETPHUECKUE
CTPYKTYpPhl U TO3BOJISIIOIINE TpyNIiaM aTOMOB CIMBaThCsS B Oolbliiee 1€J0e, B KOTOPOM YK€ He
OOHapYyKHMBAIOTCS WX HWHIWBHUIAYyalbHOCTHU. brmaromapst otkpeitusm Ponma J[)kKoHCOHa W JIpyrux, s
OOBSICHEHUS] 3TUX CWJI y HAc MOSBISETCS €AMHAas KBAaHTOBas MOJEINb, CBA3BIBAIOIIAs BOEIMHO BCE
yTepSHHbIE KOHIIbI, KOTOPBIE, KaK U3BECTHO, CYIIECTBYIOT B KBAaHTOBOW TEOpUHU (HampuMep, 3HAUCHUE
noctostHHOM [Tmanka). Ilenp 3TOM T71aBbl — MOKa3aTh, YTO B UCTUHHON EnuHOMN 2(pupHOI Teopun Takue
sHepreTudyeckue oOpa3oBaHus OyIyT MNPOJOIDKATH JEMOHCTPHPOBATH OJUHAKOBYIO CTPYKTYPY U
MOBE/ICHHE Ha BCEX YPOBHSAX pa3MepoB. MblI HauHeM OOCYKIEHUE C HUcCllefloBaHUsA A-pa Maccumo
Teomopanu U ero KOJUIET, CBSI3aHHOTO C TOBTOPSIOMIMMCA (DEHOMEHOM ‘“‘TepMalIbHBIX IJIa3MEHHBIX
obOpasoBanuii B Xeccnanene, Hopeerus. 3atem Mbl mnepeizeM k 0030py wHGpOpMAIUHU, Kacaromieics
TOPCHOHHO-BOJIHOBBIX JHEPIreTUYECKUX BOCXOXKICHUH T'€OMETPUUYECKOM pemeTkr 3emiu. bompmas
4acTh 3TOU MH(OpMAIIUU yKe OCBelanach B riase 11 mpeaplayiiei KHATH.

5.1 ININIASMEHHBIE OBPA30BAHUS HA 3EMJIE

17 wosi6pss 2001 wuccnenoBatensy Jluama Moynton XoyB omyOJWMKOBalla HCYEPITBIBAOIICE
coob1ieHne o0 ucciaenoBanuu a-pa Maccumo TeonopaHu, CBSI3aHHOTO C aHOMAJIBHBIMU I1JIJa3MEHHBIMU
o0Opa3oBaHUsIMU, HAOIMIONaeMbIMU B JnonuHe XeccaaneH, Hopserus. XoyB MUIIET, YTO 3a MOCIEAHEE
JeCATUIIETHE MHOTHE OYEBH/IIIBI HAOIIONAIN M COOOIAH O:

“... MepUarouMx, MyJbCUPYIOLUIMX OTHAX, U3MeHsoumx Gopmy. B 1990-x romax HopBexckue
WHXEHEpPhl HECKOJBbKO pa3 HUCClenoBald 3TH OTHU. Ho cepbe3Hoe uccienoBaHHE ObLIO MPOBEACHO
ToNbKO B aBrycre mnponuioro 2001 roma, kKorma K HOPBEXKCKHUM HWHXEHEpPAM MPHUCOCIMHHIINCH
UTaNbsHCKUE acTpodu3uku. OHU TMPOBENM COBMECTHOE HCCIIECOBAHHE C HCIOJIB30BAaHUEM pajaapa,
¢dororpadupoBaHus, BUACOCHEMKHA W CHEKTPOCKOMHUH. Pe3ymbTaThl MOKHO pa30OWTh Ha ABE TPYIIIBL:
95% - TepmanpHble MIa3Mbl U 5% - HEOMO3HAHHBIE TBEpAble OO0BEKTHL. [lMa3Mbl HCIycKaroOT
JUIMHHOBOJIHOBBIE PaJMOYacTOThl W, 4YTO CTPAaHHO, C W3MEHEHHEM pa3Mepa WM SIPKOCTU HUX
TEMIIEPaTypbl HE MEHSIOTCS .

3atem XOYB IpoaOJIKACT HUTUPOBATE UTOTH UCCIICAOBAHUA TCO,Z[OpaHI/I U CT0 I'PYIIIBI:

1. BonpIIMHCTBO ()EHOMEHOB CBEUEHUS — TepMaJIbHAs IJ1a3Ma;

2. Csersmuecs Lapbl HE SBISIFOTCS €IMHUYHBIMH OOBEKTaMH, a COCTOSIT W3 MHOXECTBa
MaJICHbKUX KOMIIOHEHTOB, BUOPUPYIOLIMX BOKPYT O0ILEro 6apuIeHTpa;

3. Ceersiuecs mapbsl MOTYT U3BEpraTh MEHbBIIUE CBETSIIMECS 1IAPHI;

4. Cpetsilyecs Mapbl HEIPEPHIBHO MEHSIOT (GOPMY;

5. YcuseHne CBETUMOCTU CBETSIIUXCS IIAPOB MPOUCXOAUT TOJIBKO 33 CYET YBEIMUYEHHs 00JacTu
u3nydyeHus. Ho nmpuunHa u Qusnueckuil MexaHW3M MCIIyCKaHUS M3JIY4EHHUS B HACTOSIIEEe BpeMs HE
U3BECTHBI.

Kak MOXHO BHMIETh M3 BBILICHPUBEACHHOIO IIEpEYHs, HMMeeTcs oOpa3zoBaHME, OOJajgaroiiee
OOIIMMHU XapaKTepUCTUKAMU C MHKPOKJIACTEPOM; a HMEHHO, UMEIOTCA CEpUU “MHOKECTBEHHBIX
MaJICHBKUX KOMITOHEHTOB” c(hepHueCKUX IHEPreTUIECKUX MoJeH (TakuxX Kak aTOMbl B MUKPOKJIACTEpE),
“BUOpHUpyIOMUX BOKpYyr obmiero OapurieHtpa”. CormacHo A-py Opnuary CTpsHAY, 9TH IIa3MEHHBIC
0o0pa3oBaHUSI MOTYT OCTaBaTbCsi BHIUMBIMH JO JBYX 4YacoB. OJTO SBHO OTJIMYAaeT HUX OT
KpPaTKOBPEMEHHBIX (peHOMEHOB 1apoBoil MoaHuU. Kak coobuiaer n-p Teonopanu:
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. 00pabateiBasi JaHHbIE, Mbl YBUJEIH, YTO MHOTHE MaJE€HbKHUE CBETAILIMECS LIapbl BUOPHPYIOT
BOKpYT 00111ero O6apuueHTpa. JTo yKa3bIBaeT Ha CYLIECTBOBAHHME YETO-TO BPOJE LIEHTPAJIBLHOW CHIIbI,
pa30OpachIBaroOIIe MIapbl MM MUHU-IIAPEI BOKPYT HEHTPaJIbHOTO Tena. Bee oueHb cla0kKHO™.

Crnenyromas 1uraTta KOHCTaTUpPYeT (PakT, HE 3aMEuUeHHBI B HccleloBaHMM J-pa [Imurpuena o
MIPUPOJIHBIX CAMOCBETSIIUXCS OOpa30BaHUAX M TOYHO YBS3bIBAIOUIMICS C M€, YTO IJIa3MEHHBIE
00pa30BaHUsI MOTYT BECTH ce0sl B COOTBETCTBUHM C TeMH ke (DyHIaMEHTaJIbHBIMU T'€OMETPUUECKUMHU
MPUHIUIIAMHI, YTO U MUKPOKJIACTEPHI, XOTS U Ha OoJblIeM ypoBHE pazmepa. Mbl Oynem HasbIBaTh J1-pa
Teonopanu “MT”, a JIlunny Moynton Xoys — “JIMX”:

MT: B mporecce 00pabOTKH pe3yabTaTOB MbI TakKe OOHAPYKWIH, YTO ITH IUIA3MBl CIIOCOOHBI
MPUHUMATH HECKOJIbKO (hopM. IHOT 1A ¥ reOMeTpHUECKHX.

JIMX: I'eomeTprueckux?

MT: Jla. Unorna u reomeTpuueckux. Mbl HEe 3HaEM MPUUYMHY, HO BUICIH HEUTO HATIOMHHAIOIICE
MPSIMOYTOJIBHUK. AMoOp(Has TutasMa BIPYr MpEeBpaTWiIach B MPSIMOYTOJBHHUK. Bce mpou3ornnio
MT'HOBEHHO, MBI 3TO BHJICIIH, U 3TO OIMCHIBaeTCA B MoeH ctatbe 2001 Onmuyueckas muccus.

JIMX: Bbl HaOmo1anu, Kak HEYTO OKPYTJoe, oXoxee Ha cepy IU1a3Mbl, BAPYT NMPEBPATHIIOCH B
MPSIMOYTOJIbHUK?

MT: Umenno Ttak. CHavana MbI TMOJyMajH, YTO 3TO MOTPEHIHOCTH BHAeoKamepbl. Ho moTom
cpaBHIIU dotorpaduro (3Toro heHoMeHa) ¢ BUAEO CHUMKOM (TOro ke (heHOMeHa) U YOeIUIUCh, UTO,
HE CMOTpSI HAa TEOMETPUYECKYIO (OpMy, 3TO OJUH M TOT ke (PEHOMEH, TO €CTh IazmMa. MBI CMOTIIH
C/IeNaTh aHAJIU3bl U U3YYUTh paclpeiesieHue CBeTa U CIeKTp. Mbl BUIUM, 4TO 3TO Iula3Ma. Bece oueHb
CTpPaHHO: MBI CMOTJIM ONMHUCAaTh ()EHOMEH IUIa3Mbl, HO HE BBIACHWIA OCHOBHYIO, BBI3BIBAIOLIYIO €TO
IPUYHHY.

JIMX: To ecTh, MOXKHO CKa3aTh, YTO paHbIIE HUKTO M3 BaC WIH JIPYTHX acTpO(pU3UKOB HE
(ukcupoBall TaKOM BUJI B3aUMOJEHCTBUS U MIPEBPALLECHUS TJ1a3Mbl?

MT: Her. S 3Hato, 4TO HEKOTOpble acTpou3uKU HaOMOanu (PEHOMEH CBEUYEHHUS B BUJE
aMOp(HBIX IIapOB CBETA, HO B 3TOM I'OJly Mbl YBUJICJIU €TO BIIEPBBIE.

JIMX: Ilouemy BBI pEIINIIN, YTO ITO TEPMAJIBHBIE MIJ1a3MBbI?

MT: Iloromy uTO ecnau si Oepy CHEKTp M HAHOIIY HA MOTOK JJIMHBI BOJIHBI, OH HAaIlOMHMHAET
TUNUYHYIO KpuByr0 Makca IlnmaHka, THIMYHYIO U1 KOKTEWJISI MOHOB M 3JIEKTPOHOB. Bce mpeaensHO
scHO. Takke Mbl MOKEM H3MEpHUTh TEMIIEpaTypy, U B 3TOM Cllydae Temreparypa Oblia 4yTb OOJIbIle
temnepatypsl Connia — 6.500° KenbBuna.

B cratee XoyB mpuBoautcs ¢otorpadus 3TOro o0pa3oBaHUs, HA HEH SBHO IPOCMATPUBACTCS
reoMeTpudeckas Gopma; HOMHHUTE, YTO €ro CHUMaJIM OOBIYHBIM (OTOANMApaTOM U Ha BUACOIUICHKY.
Jlanee B uHTEpBBIO 1-p TeomopaHu paccKas3blBaeT, YTO IUIa3Mbl MOTYT BHE3aITHO MEHSTHCS B pa3Mepe
0e3 Kakux-mub0 M3MEHEHHH TeMIepaTyphl, YTO, KOHEYHO, SIBJISAETCS aHOMAlUel C TOYKU 3PEHUs
TpaAuLIMOHHON (u3UKH. B Haieit Mojenu Mbl BUIMM: KOT/Ia pa3Mep I1a3Mbl YMEHbIIAETCS, IPOTaBIIas
SHEeprus paszmemaeTcss B Oosee BBICOKOW MIOTHOCTH 3(pupHON 3HEepruu. VIMEHHO MO 3TOH HpuYMHE
TeMIlepaTypa IIa3Mbl HE MEHSETCS; HEKOTOpPOE KOJIMYECTBO IUIa3Mbl MPOCTO HCU€3aeT M3 Halei
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s¢upHOI TIoTHOCTH MaTepun. Ho ee M0OKHO 0OHapYXUTh OCPEICTBOM OIPEIeIeHHBIX HHCTPYMEHTOB,
TaKuXx Kak pajap, HO HE HAIIUMH OPTaHAMH YYBCTB.

Puc. 5.1 YVeenuuennoe uzobpasicenue npamoy2oibHo2o NAA3MeHH020 00pa308aHus, nocie
npespawenust uz cgepvl u coomeemcmayowds mpexmepHas Qynkyus pacnpeoeierus movek (PPT),
KOMOPAs UCNONb308ANACH O]l MO20, YMOoObl 00HOBPEMEHHO HAON00AmMb MUK UHIMEHCUBHOCTNU U
suoumoe uzmeperue yeau (6 nuxcensix). 18 aseycma 2001. Uzobpasicenue oopabomano M. Teoooparu.

bonee toro, komnera Teomopanu npodeccop Dpmuar CTpaHA 3amucai OKojo 34 paauolryMmoB,

COMPOBOXKMTAOIINX (PEHOMEHBI UCUYC3HOBEHHUS U TOSBJICHHS TUIA3Mbl. MECTOHaXOXKIEHUE U CKOPOCTH
MyJbCAllMN IUIa3Mbl OIpENeNsioTca panapoM. HeBOOpyX eHHBIH TIJla3 HE MOXET OIpeAeiuTh e
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IIPUCYTCTBUE, IOCKOJIbKY MEPEKIIOYEHUS MEXKIY MOSBICHUEM U HMCUE3HOBEHUEM II0YTH MIHOBECHHBI.
BHe3annHOe HMCYE3HOBEHHE CIYXHUT JalbHEWIIUM J0Ka3aTelbCTBOM TOrO, YTO JHEPIHs IUIa3Mbl
pa3memaeTcss B Oosiee  BBICOKOH IUIOTHOCTH A(HUPHOW DSHEPruM, CTAHOBSCh HEBUIAMMOIL.
IIpenBapuTelIbHBIE NaHHBIE YKA3BIBAOT: KOT 1A IJIa3Ma MCYE3acT, OHA BAPYT MIOHMKAET TEMIIEPATypy A0
100° win HUXKe, IPUYEM BCE NMMPOUCXOIUT MEHBIIIE, YeM 3a CeKyHAy. OUeBUIHO, TAKHME TEMIIEPATYPHBIE
M3MEHEHHUS HE OTYMHSIIOTCS OOBIYHBIM MTPaBUJIaM TEPMOAMHAMUKY — “OJIHY MUHYTY IUIa3Ma 37eCh, a Ha
BTOPYIO — UCUE3AET .

B unrepssio ¢ Teonopanu Jlunga XoyB npogoipkaeT OAYEPKUBATH CBSA3b MEXKAY IUIA3MEHHBIMU
cepaMu, MCUE3HOBEHHEM M T€OMETPUUYECKHMMM CTpyKTypamu. OHa pPaccKas3blBa€T O CBOEM OIIBITE
HAOJIIO/ICHUs] TNIA3MEHHOTO 00pa3oBaHUsl B AHTIIMHU, KOTOPOE HAOI0aI0Ch TOJNBKO B MH(paKpacHOM
JUana3oHe:

JIMX: D10 coBmagaeT, Mo KpalHEW Mepe, ¢ IBEHAIIATUIECTHUMH COOOIICHUSAMH W3 AHTIINH,
BKJIIOYasi U MOM, KOT/Ia B MH(PpaKpaCHOM JHara3oHe MHE yJal0Ch YBHUJIETh, KaK HEUTO MOX0KEe Ha OB
MpeBpaIiaeTcss B KBajapaT MyJbCUPYIOIIETO cBeTa. Sl Habogama 3TO BMECTE C IPYTMMHU, U MBI MOTJIN
BUJETDH 3TO TOJIKO B MH(PAKPACHOM JHAaIa30HEe, HO HE Ii1a3aMu’”.

Kak coobmaercs B rtmaBe 11 kuurm Ilacwunuka [llupoma owcusHu, Takue TUTa3MEHHBIE
00pa30BaHuUs OYTH BCEI/la CBA3AHbI C KaKOW-TO (popMoil ycuiieHus reopusndeckoil akTuBHOCTH. OHO
U3 CaMbIX aHOMAJILHBIX COOBITHI Takoro poaa Ovuto 3adukcupoBano 30 HosOps 1930 roma B Tokwmo,
SInoHwMst, ¥ MBI BCTAaBWJIM IPUMEYaHUE 1OCIIE TIEPBOTO MPEUIOKEHUS:

“Bbeuto sicHoe Oe300iauHOe HE0O, KOrjJa BHUMAHHWE JIFOJICH TMPHBICKIO MOSBICHHE CTPAHHOM
panyru. [[Ipumeuanue: [IpencraBisieTcs, 4TO paayra BOSHHKIA B Pe3ylIbTaTe JIOKATBHOTO HAPYIIICHHS
3(UPHOTO IHEPTETUUECKOTO MOJIs, YTO 3aCTABUIIO BUIAMMBIN CBET PA3JIOKUThCS Ha CHekTp.| bymyun He
MOX0’Ke HH Ha 4TO, HAOJIF01aeMOe paHbIlle, U B HEOOBIYHOE BPEMsI T'0J1a, TO COOBITUE 3amalio B MMAMSITh
MHOrMX Jroaed. Ha cremyromee yTpo mNpoW30NUIO 3eMIIETpsICeHHE. B Ta3zax OXBayeHHBIX
0JIarOrOBEHHEM JIHI] BUIHEIIMCh OTPAKEHUS BCTIBIIICK CBETA, TOJIyOOBATOTO TIAMS M CUSTHUS BEUCPHEH
3apH, OokpacuBiiel HeOeca. B Tex MecTax, rie 3eMir0 TPSCIO CUIIbHEE, HAOJIOJAUCh 3aBOJSIINE B
TYIHK SIPKUE JIY4H, OTHEHHBIC IIaphl, BOPOHKOOOPA3HbIC OTHHU M JIBHKYIIHECS CBETSIIUECS CTOJIOBI. B
HampaBlieHUd XpaMa MaHIyKycH BUJHENACh LENb CBETSIIUXCS KPYIJIBIX Macc, BPAIIAIOLIUXCS C
BEJINYaBBLIM OJIECKOM™.

Takue coObITHS HE TaK YK U HEOOBIYHBI, KaK IOyMajio Obl OOJILIIMHCTBO JIIOJEH; IPOCTO OHU HE
cobupanuch M He (PUKCUPOBAJIMCh C TOW K€ CTENEHbI0 OECHpPUCTPACTHOCTH, THIWYHOHN i Oosee
NpuBBIYHBIX (popMm HayuHbIX AaHHbIX. W Tlacuunuk u n-p Anexceit JIMUTpHEB LUTUPYIOT y4YEHHUS,
ykaspiBatonqe Ha pan HaOmopenuit “HJIO” B mepuoabl yCWIIEHUS TE€O(PH3UYECKOH aKTHBHOCTH.
[Nacuunuk ynomuHaeT BoimeAnryto B 1977 rony kaury M. A. Ilepcunrepa u Jx. A. Jlappenwe. B Heit
MIPUBOJIUTCS TpaUK COOTBETCTBUA 3emieTpsiceHuil ¢ coobmmenusmu 06 HIJIO na xapre CoenquHEHHBIX
[raroB ¢ 1820 mo 1971 roxgel. U 0b6a ¢eHomeHa “IOBOJIBHO YacTO COBMAAAIOT B OJHOM U TOM XKeE
MECTE U B OJJHO U TO e Bpems. CieqoBaTesibHO, TAKOE SBHOE CBUAETEIBCTBO YKa3bIBa€T HA (PAKT, UTO
JHEPreTUYECKHE IIIa3Mbl MCIIYCKAlOTCA HENMOCPEACTBEHHO M3 LEHTpa 3eMJHM, KaKk B Clydae
3eMJIETPSICEHUH, U, CIEI0BATEIbHO, COCTOST U3 TOIO XK€ MaTepuana, 4yro u sapo 3emiuu. IloaTomy mbl
COTJIacHBI ¢ yTBepkaeHueM [lacnunuka, 4To MeHTp 3eMJIM COCTOUT U3 TOU k€ (hOPMBI YIHEPTreTUICCKUN
ia3mel, uto ¥ Comuiie. M 310 00bsACHSET, moueMy u3MepeHus TeonopaHu U ero Kojuler MoKas3ao, YTo
I1a3Ma MMEET TaKylo JK€ TEMIIEPATYPY, YTO U OoBepXHOCTh CoHLA.

K cogep»aHuto



B cnexyronmx AByX riaaBax Mbl OyeT MpeacTaBIsTh CBUAECTEIHCTBO TOTO, YTO TJIAHETHI H3ITY4al0T
COJIHEUHYIO MATE€pUI0 U, CJEJAOBATEIBHO, COCTOST W3 TOTO >X€ OCHOBHOT'O BEIIECTBA, YTO M CaMO
Conmnne. Koneuno, B eauHON 5S(QHUPHON KOCMOJIOTMM BCS MaTepus BO3HUKaeT Kak (opma
CBEpPXNPOBOAIIEH IUTa3Mbl  KOHAeHcaTa bose-DitHmTeiHa, o001amaroneii  reoMeTpu4ecKuMu
CBOMCTBaMHM, MPEXKIE, YEM OXJAAUTHCS, OTAEIUTHCA M KPUCTAUIM30BAThCS B OTACIbHBIE ATOMBI U
MOJIEKYJIBI, 4TO 00CYKIaJIOCh B TIPEABIAYIINX TIaBax

5.1 JOKA3ATEJbCTBO CYIIECTBOBAHUSI SIIPA 3EMJIA U3 CBETAIIENCA
IIJTA3MBI

bonbiias yacTh cBEEHUH O TUIA3MEHHOM sipe 3€MIJIM NPUBEJAEHA B MPEAbIAYLIENH KHUTE, HO MbI
MOBTOPUM MHOTHE KJIIOueBble (hakThl U3-3a UX BakHOCTU. Hanbonee oOpazoBaHHBIE JIOAM 3HAIOT, YTO
camas ropsdas o00yacTe 3eMJIM — €€ SApPO, 3aTEM OHO IOCTENEHHO OXJIAXKAAETCS, MPOXOJs Yepes
MOCJIe/IOBATEeNbHBIE CTAUU CJIOS, U3BECTHOTO KaK MaHTHS, MPEXJE 4YeM, HAaKOHEll, MPEeBPaTUTHCS B
camble XOJIOJIHbIE 00JIACTH Ha BHEIIHEH CTOpOHE chephl - TBEPAYIO KOpY WiH JuTocdepy. Takxke BaKHO
MTOMHHTD, YTO BHEUIHSS KOpa 3eMJIM HACTOJILKO TOHKAs IO CPAaBHEHUIO C OCTAIbHOM Maccoit 3eMiiu, 4To
ecim 3eMITI0 YMEHBIIUTh JI0 pa3Mepa CTakaHa ¢ BOJIOH, TO Kopa Obla ObI TaKOH k€ TOJICTOM M TUIOTHOU
KakK TOBEPXHOCTHOE HATSKEHHE HA BEPXY CaMOMl BOJIbI. DTO MOKA3bIBAET, KaK MaJIO “TBEp/Oi~ MaTepuu
NENCTBUTEIBHO HaXOIUTCS Ha 3eMIle.

TpaaIulMOHHBIE T'EOJIOTH CYMTAIOT, 4YTO SAPO 3eMJIM COCTOMT M3 JKejle3a M Hukens. B
npeobnafaronie Teopuu “‘IMHAMO” BHYTPU 3€MJIM BpallaeTcs METaNIMYecKoe sJpo, Co3]aBas
MarHutHoe noie 3emiid. BeposdTHo, camas Beckas NMpUYMHA MOMYJISIPHOCTH 3TOM TEOpUM — BEpPa B TO,
YTO Ui NPOBEJCHMS MAarHUTHOrO MOJs TpedyeTcs KyCOK MeTajula, Takoro Kak jxene3o. OnHako
MHOTOUYHUCJICHHBIE  ucchenoBatenu, Bkiatouas lllamemnepa, Cepna, Pommna wu  [oxwuna,
MIPOIEMOHCTPUPOBAIIH B TaOOPATOPUH, YTO MArHUTHOE T0JIE€ MOXHO CO3/1aTh U B BUJI€ CTOSIYEH BOJIHBI,
CBETSIIEHCS A(UPHOI TUTa3MEHHOM YHEPTUH, U HIUYETO OoJiee.

Koneuno, Bce Qopmbl “JoKa3aTesibcTBa”, YTO HAXOMWUTCSA B IIEHTPE 3eMIH, KOCBCHHEIC,
OCHOBaHHBIE HAa TMEPBUYHBIX HCCIECIOBAHUSAX CEHCMHUYECKHX HMIIYJIbCOB, BO3HUKAIOIIUX BO BpEMs
3emieTpsicennii. Kak 0OBSICHSIOCH B MPEIBITYIIIEM TOME, BOHBI, JBHKYIIIHECS U3 CTOPOHBI B CTOPOHY U
W3BECTHBIE KaK S — BOJIHBI WJIH MOIMEPEUHbIE BOJHBI, HE MOTYT MPOXOIUTH Yepe3 SApO 3eMId, TOITOMY
CJIEIOBAJIO OKHUAATh, 4TO apo TBepaoe. OmHako [lacHYHUK yka3bIBaeT, 9YTO S — BOJHBI HE MOTJIH OBl
MPOXOIUTH Uepe3 SAPO 3eMIIH U B TOM CIIy4ae, eCu Obl OHO COCTOSIIO U3 CKATOM MIIa3MEHHOMN SHEPrUu.

Takue miaa3MeHHbIe MOJAENIN ObLTH OBl HEMEMJIEHHO PACKPUTHKOBAHBI, MO0 TPaIWIIMOHHAS HayKa
paccmaTpuBaeT 3eMIII0 KaK HHEPTHYIO Maccy U C XOAY OTBEpraeT UJIEI0 IIa3MEHHOr0 s/ipa, IOTOMY YTO
TaKOM YHEPreTHYECKUN UCTOYHUK MOTPeOOBa Obl HEMPEPBIBHOTO MPHUTOKA dHEPruu. OMHAKO, KOT1a MBI
MMOHMMAEM, YTO M TpaBUTALMsI U TOPCUOHHBIE BOJHBI — 3TO (HOpPMBI Y3PUPHOI SHEPrUU, HENPEPHIBHO
BTEKaroImel B 3eMIlt0, y HAC €CTh MCTOYHUK JHEPruu, 0e3 ycunuil mpoxonsiieil depes (Gu3ndeckyro
MATEPUI0 W TOMOJHAIONIEH IUIA3MEHHBIM HCTOYHUK B slpe 3emud. boiblias 4yacTb TOPCUOHHO-
BOJHOBOM JHEPreTHYECKOM aKTUBHOCTH MPOUCXOJUT Ha TMOJ0CaX 3eMJIM W BbIPAaBHUBACTCA C
MarHUTHbIM nojeM. M3 riaasel 1 Mbl moMHuM, uTo Ko3bipeB 0OHapyKui caMble OOJbIINE TOPCHOHHO-
noneBbie dddexTsr Bo3ne CeBepHoro momroca; IlacMUHUK TOXKE MPEJOCTABUI HEKOTOPHIE IPYTHE
¢dbopMmbl okazarenscTBa. Hampumep:

BuyTpu 3emiu ceiicMuueckue BOJHBI IBUXKYTCS ObICTpee 10 OCH CEBEP-IOT, YeM MO0 OCH BOCTOK-
3amnanu.
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Kak 06cy>1<;[anoc1> B MpEAbIAYyHICM TOME, OPYruc HaGHIO,Z[CHI/I}I TAKKC YKa3bIBAIOT HA TO, YTO
OHEPIrETHYCCKasd aKTUBHOCTD B AAPC Semnn YCKOPSCTCA U3 HNOJAPHBIX PETHOHOB!

1. CusiHue, CBsI3aHHOE C MarHeTU3MOM W COJHEYHOM aKTUBHOCTHIO. CEBEpHOE CHUSHUE WIIH
“CeBepHble OTHH~ — JTO CBETAIEECS HHEPreTHUecKoe oOpa3oBaHHME, OOBIYHO HaONIOIaeMoe Ha
nomocax. OHO YCHIIMBAeTCS B COOTBETCTBHU C COJHEYHOW AKTUBHOCTBIO M MEHSETCS B TMPSIMOM
COOTBETCTBUH C MAarHUTHBIM mojieM 3emin. CUsHHUE YKa3bIBaeT Ha paboTy BTEKaIOIIEH YJHEPTHH.

2. Cusnusa B QopMme 3aBechl Ha MOdIOCax. B pe3ynprare M3ydeHUS CHUSHUA MBI 3HAE€M, UYTO
CIIUPANICBUIHBINA BUXPh SHEPTETUUECKUX DJIEKTPOHOB U MPOTOHOB B (DOPME CBEPX BHITSHYTOW BOPOHKHU
CIUPAJIEBUAHO CIIyCKaeTCs B 00JAaCTH MOJIFOCOB 3eMIIU C OYEHb BHICOKOM HHTEHCUBHOCTBIO.

3. Slapo 3eMiu caumKoM ropsuee s MarHeTu3Ma MeTajuioB. MeTallibl He MOTYT MOJIeP>KUBATh
MArHUTHOE TMOJI€ BBIIIE OMPEACICHHON KPUTHYECKON TeMmIepaTypbl, M3BECTHOM Kak Touyka Kropu.
OpHako B MPOTUBOBEC TPAJAUIIMOHHBIM MOJIENSIM, OBLTIO OOHAPYKEHO, YTO TeMIIepaTyphbl BHYTPH 3eMITH
OUYeHb OBICTPO MOBBIIAIOTCS, W €CIH Mbl MPOJOJIKUM IUIABHOE YBEIWYEHHE IMYTEM SKCTPArosIiH,
torgqa Ha TiyomHe 100 kM TemmepaTypbl CTAaHYT CIUIIKOM BBICOKMMH, YTOOBI METaUIBl MOTJIH
MIPOBOAUTH MarHUTHOE TIOJIE.

4. MarHuTHbIe aHOMAJINH, CBSI3aHHbIE C 3aTMEHHEM. BO BpeMsi 3aTMEHUs MarHUTHBIE MOJIS 3eMJITU
ocnabisatores. U 3ToT 3ppekT HACTOIBKO 3HAUUTENICH, YTO COMBAET C TOJKY MHUTPHUPYIOMIMX NTHIl. Bo
BpeMsl 3aTMEHHUSI MEHSETCS M TPABUTAIMOHHOE TOJIe, YTO BHUJHO M3 PA3JIMYHBIX HCCIEIOBAHUU C
moMoIpio MasTHUKa. O0a Buaa HAOIIOICHUN TTOKA3BIBAIOT, YTO 3€MJIsSl HEMPEPHIBHO “TIOMUTHIBACTCS
COJIHEYHBIM TOPCUOHHO-TIOJICBBIM U3TyYEHUEM U BTEKAIOIIMMH SHEPTeTUUECKUMU ‘“dacTUIIaMU .

5. Haknon marauTtHoro mosist 3emiu. Ecim Obl simpo 3emitn ObUTO BpAIIAIOIMMCS METAITHYECKUM
JMHAMO, TO CJIEJOBAJO OKUAATh, YTO €€ MArHUTHOE I0Jie ObIO Obl BBIPOBHEHO C OCBHIO BPAILCHMS.
OpHako MOCKOJIBbKY MAarHUTHOE IOJI€ 3eMJIM HaKJIOHEHO MpuOnM3uTenbHO Ha 11° oT ocu BpauieHus
3eMiIM, MOJIeJIb IMHAMO HE aJleKBaTHA.

6. M3MeHeHuss NPOJOKUTEIBHOCTH [JHS B 3aBUCHUMOCTH OT COJIHEYHOM aKTUBHOCTH.
[IponomxuTenbHOCTD AHA Ha 3eMjie — 3TO Mepa TOro, Kak ObICTpO BpaaeTcst 3emisl. bl BbIABICHBI
SIBHbIE COOTBETCTBHUSI, IIOKA3bIBAIOIIME CBSI3b MEXY IPOAOKUTEIBHOCTBIO IHSI U YPOBHEM COJIHEUHOM
aKTUBHOCTH. DTO YKa3bIBaeT Ha MpsIMOE 3HepreTuueckoe B3aumojeiictBue CoiHuIa M 3eMJIM, 4TO He
MIpelyCMaTPUBAETCS MOJENbIO TUHAMO.

7. V3MeHeHus MarHeTu3Ma, CBSI3aHHBIE C COJIHEYHOM AaKTUBHOCTBIO. CoOJIHEUHas aKTUBHOCTH
MOXKET WM3MEHSTh HaIlpaBJICHHE M WHTEHCUBHOCTb MAarHuTHbIX nosned 3emuu. He moxoxke, yToOBI
TMTAHTCKOE IMHAMO BHYTPU 3€MJIM BBI3bIBAJIO Obl TAKHWE BHEIIHHE U3MEHEHHUS.

8. CMeHa, Os1y’KJaHUS M CKaYKHU MOJII0COB. MarHuTHoe 1osie 3eMiId COBEPILAET psiJl ABMKCHUMN, HE
IIPEIyCMOTPEHHBIX MOJENbI0 JAMHaMo. Ha momrocax HENpepbhIBHO IPOCIEKUBAKOTCS KPYTrOBBIE
naTTepHbl, u3BecTHble Kak ‘“‘Konebanus Yananepa”. Takxke, MarHUTHOE II0OJIE MOKET COBEpUIATh
BHE3aITHbIE “CKAYKK’ W MOJIHBIE NIEPEBOPOTHI MOISAPHOCTH. 32 3TH AHOMAJIMU OTBEYACT JKUAKOOOpa3HBII
YHEPreTUYECKU UCTOYHMK B LIEHTPE 3€MJIM, YyBCTBUTENBHBIN K M3MeHeHUsAM Ha CoJHIlE, a HE MEeTallll,
COIJIACHO MOJENH JUHAMO.

9. Poub rpaBuTanuu Kak GopMHUpYIOIICH Cuibl. B Hamiel momenu rpaBUTAIUs — 3TO JIBHKCHHUE
5¢UpHOI SHEpruu B 3eMJI0, KaXIbli MOMEHT co3jaioliee MaTeputo u sHepruto. Korma wmbl
yriayonsemcs: 6omibiie, yem Ha 2.700 kM, cuia, MCXOAAIIas W3 IIEHTPA, HAMHOTO OOJBINE CHIIBI,
BXOJISIIEH B IIEHTP. DTO YKa3bIBA€T Ha POJIb TPAaBUTALMU B (POPMHUPOBAHUHU sijipa 3eMid, IOA0OHO TOMY,
kak 3¢dext budunmna-bpayna mokaspiBaeT, 4TO OTPHIIATENIbHBIE SJIEKTPOHHBIE 00JIaKa CTPEMSATCS K
MIOJIOKUTENBHOMY siipy. Kak TOJIpKO BXojslas 3HEprusi J1OCTUraeT IeHTpa 3€MJIU, KaKas-TO 4acTh €€
HalpaBJsIeTCsl BOBHE, CO3/1aBasi 3Ty I'PaBUTALIMOHHYIO aHOMAJIHIO.

10. IIna3menHblii Berep, nogHumarommiics u3 3emiu. CnyrHuk HACA oOnapyxui, 4to B
JIONIOJIHEHUE K COJHEYHOMY BETpY, BTEKAlOLIEMy B IIOJIIOCA, CYLIECTBYET IUIA3MEHHBIH BeTep,
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UCITYCKAaeMbIH U3 MOJIFOCOB. DTO CBUJIETENILCTBYET O TOM, YTO MOJIOCA CIIY)KaT TOUKaMH BXOJ[a U BBIX0a
3(UpPHON PHEPTUHU.

5.3 YWIKOK: D®UPHASA MOJAEJIb BEMJIETPSAACEHUSA

OcHOBBIBasICh Ha BBIICTICPCUNUCIICHHBIX CBHUACTCILCTBAX, MOXHO $SCHO BHJACTH, YTO MCEKAY
3(¢UpHOH MOJENBI0 aTroMa Kak CcQepudecKkoro Topa M KPYMHO MACIITA0OHBIMU TIJIa3MEHHBIMH
0o0pa3oBaHUsIMHU, TaKUMH Kak sSapo 3eMJIH, CYIIECTBYeT yAMBHUTeNbHas mNapaiens. Kak ykas3biBaeT
IlacnuHuk u APpYyruc, yCUJICHUA COJIHEYHOU aKTHBHOCTH TECHO CBS3aHBI C YBCIMYCHUEM KOJIMYCCTBA U
MHTEHCUBHOCTH 3eMJieTpsiceHuil Ha 3emuie. Korja npoucxoaar 3eMieTpsceHusi, 4acTo HaOI0aloTcs U
aHOMaJIbHbIE TUTA3MEHHbIe 00pa3oBaHus. [lanbHelee MOATBEPKIACHNUE 3TON KOHIETIINN COACPKUTCS B
(heHOMEeHe “paapHBIX aHTEJIOB”, KOTJIa OMEePaToOphl PagapoB YacTO MPUHUMAIOT JIOXKHBIC CUTHAJIBI HaJ
reo(u3nYecKu aKTUBHBIMU MecTaMu 3emun. Ceitdac pajgapsl 000pyI0BaHbI TaK, YTOObI SKpPaHUPOBATH
3TH curHaibl. [IpeacTasnsercs, 4To OHU CO3AAIOTCSl B OCHOBHOM HEBHUJIMMBIMHU IIJIA3MEHHBIMU cpepamu,
HECTIPEPBIBHO UCITYCKACMBIMHA U3 3eMIIi B CEHCMUYECKH aKTUBHBIX peruoHax.

Torga, uto ke Takoe 3emieTpsiceHue? OCHOBBIBAsICh HAa CBUAETEILCTBAX, IIPEICTABICHHBIX B 3TON
KHUT'€, MBI BBIIBUTAEM CIIEYIOIIEE IPEAIIOIOKEHUE:

* MbI HaunHaeM C BHE3aMHOT'O BCILJIECKA PHEPreTUYECKON aKTHMBHOCTH, TAKOTO KaK COJHEYHBIE
BCITBIIIKY W JPYTUEe HCTOYHUKH, KOTOPBIE MBI O0CYIUM TTO3KeE.

* Bereck pe3ko yBemUUHMBAET KOJIMYECTBO YHEPTHH, BTEKAIOIIEH B AP0 3eMITH.

* O011ee KOJMYECTBO CBETSIICHCS I1a3Mbl B SIJJPE TOKE YBEITUUUBAETCS.

* OgHako JaBiieHUe 3eMilM, OKpYXKalolledl M coneprkalleil mia3My, HE YMEHBIIAETCs, TO3TOMY
M30BITOYHON HSHEPrHHM HEKyAa HITH, € OCTaeTcs TOJIbKO CXKHMAThCS TOJ JCHCTBHEM OTPOMHOTO
JaBJICHHUS.

* OCHOBBIBAsICh HA MPOCTOH (HU3UKE dPHpa, €CIM BCIBIIKA SHEPTHH JOCTATOYHO BEJIMKA, TOT/AA
BHE3AHOE YBEJIWYCHHUE MABICHUS BBIHYKIAET KaKyl0-TO 4YacTh IUIa3Mbl IepeMeliatbcs B Oomee
BBICOKYIO TUIOTHOCTH 3()MPHOM SHEPTHH.

* Kak Tompko mia3ma gocturaeT Oojee BBICOKOM TIIOTHOCTH, OHA JIETKO MPOXOIUT 4epes
(u3MYECKyI0 MAaTEPUI0 MEHEEe HU3KOM IJIOTHOCTH, 00pasyrolyo Ggopmy 3emiid, Kakoi Mbl €€ 3HaeM U
U3MEPSIEM.

 Ceifuac mra3ma OoJbIle HE YACPKUBACTCS KOJOCCAIBHBIMU CKUMAIOIIMMHU CHJIAMHU B IIEHTpPE
3eMiu ¥ CBOOOJIHO yJalIieTCsl U3 LIEHTpa 3eMIIM O] IeHCTBUEM LIEHTPOOEKHON CHJIBI.

* B cocrossHum Ooyiee BBICOKOW IUIOTHOCTH, MY3BIPH IUTa3Mbl JABIDKYTCS B HaIpaBICHUU
MOBEPXHOCTHU 3e€MJIH, KaK My3bIpH Macja Ha TOBEPXHOCTH BOBI.

* TlockonmpKy maBlIeHHE BCETAa TEYET OT BBICOKOTO K HH3KOMY, IIa3Ma OyIeT eCTeCTBEHHO
JIBUTaThCs B 00J1aCTH MEHbLICH 3(PUPHON TNIOTHOCTH OKOJIO TIOBEPXHOCTH 3EMJIH.

* “Ilyctoii” BakyyM HaMHOIO MEHEE€ IUIOTHBIM, 4Ye€M TBepJas Marepus, CJIEAOBATEIbHO, OH
o0JaiaeT HaMHOT'O MEHBIIIECH IIOTHOCTHIO d(DUPHOI YHEPTUH.

* CrnenoBaTelbHO, OTHOCHUTEIBHO BaKyyMHO-T€pMETHYHAsl TpEIIMHAa B 3eMHOH Kope o0JiagaeT
MEHbILIEH MIIOTHOCTHIO 3(PUPHOI SHEPTUH, YEM OKpY’KaloIlas TBEpaasi MaTepHsl.

* BriTecHeHHas 1m1a3Ma eCTECTBEHHO MPUTATUBAETCS B TAKUE TPEIIUHBI.

» Kak TonpkO mia3ma JOCTHraeT 3TOr0 MPOCTPAHCTBA, AaBIIEHHE OCIa0eBaeT, U Kakasi-TO 4acTb
IJ1a3Mbl BO3BpALIAETCs K CBOEMY HCXOJHOMY COCTOSIHHIO, B KOTOPOM OHA IPeOBIBAET B AIpe 3eMIIH.

* OHAKO TOCKOJIBKY TEeMIIepaTypa ceiuyac HaMHOTO HIDKE, Kakas-TO YacTh IUIa3Mbl Cpaszy ke
OXJIaXKIACTCH.

* Kak TOJBKO IIa3Ma BHE3AHO OXJIAXKIACTCs, OHA KPHUCTAIU3YeTCS] B HOBYIO (HU3HUYECKYIO
MaTepHUIO.
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* Bnonb kpaeB TpemuHbl BHE3aTHO (hOPMHUPYETCsl HOBasi MaTepHsl.

* [lomHmTE, KOTIA BOIA KPUCTAILTU3YETCS B JIE], OHA PACHIUPSIETCS B pazMepe. AHAIOTHYHO, KOT/1a
IUIa3Ma OXJIaXKAaeTcsl B (GU3NUYECKylo MaTepHio ((ha30Bble CABUTH), €€ 00BEM YBEITHMUMUBACTCS.

» Korga co3znmaetcst HoBasi MaTepus, MOKET BBICBOOOXIAThCS OTPOMHAsl B3pbIBHAS CUJIA, MaTepus
OTTAJIKUBAETCS OT OKPYKAIOUIEH 36MHOM MacChl B TTOJIOCTH TPEILIUHBI.

» Korna »To cimy4aercs, €Cii KOJIMYECTBO HOBOW MaTE€pPUH JOCTATOYHO BEIUKO, YTOOBI BHI3HIBATH
CKOJIb)KEHUE BJIOJb TUHUH cOpOca, TPOUCXOANUT 3eMIIETPSICEHHUE.

* Bo MHOrumx ciy4asx Kakoe-TO KOJMYECTBO IUIa3Mbl OCTaeTCsl B COCTOSIHUU ©Oo0Jiee BBICOKOU
IJIOTHOCTHU U TIPOJI0JDKAET MPOXOAUTH YEPE3 MOBEPXHOCTh 3EMIIH.

» Korga »Ta sHeprus mpoxoJuT 4epe3 atMocdepy, OHa MOXKET CABUTaThCS UM HE CIBUraThCs B
JIOCTATOYHO HU3KYIO IJIOTHOCTb U CTAHOBUTHCS BUAMMOM.

* Ecnim mima3ma octaetcst B 6ojiee BBICOKOHM TUIOTHOCTH, (DOPMHUPYIOTCS HEBUIUMBIC ‘‘pajapHbIC
aHTeNbl .

* Ecm mna3sma caBuraeTcs HaszaJl K MCXOMHOW IUIOTHOCTH, MOXKHO OOHApYXHUTh “TINIa3MEHHBIC
obOpa3oBaHus’.

* Ecnmu mnasma mpeObIBacT B peBepOEpHpYIOIIEM, ‘‘KadaromeMcs’ COCTOSHHUH, OHAa MOXKET
KOJIE0aThCsl MEXKAY BUJIUMOCTBIO M HEBUAUMOCTBIO, BXOJISI M BBIXOJISI B OJIMH U3 JIBYX CMEXHBIX YPOBHEH
3¢ UpHOH TUIOTHOCTH, YTO HAOIIOAaN M CHUMAJ Ha IJIeHKY npodeccop Dpaunr Ctpaua B Hopseruu.

KoneuHo, cienyer mpuHUMaTh BO BHMMaHuEe U 0ojee TpaJuLMOHHBIE MOJENIH (OpPMUPOBAHUS
3eMJICTPSICCHUN M JIaBJICHUE IMOBEPXHOCTHBIX IBIDKEHHI; 3TO (DakTop, CrOCOOHBIA BBI3BIBATH OoJee
BHE3allHble M3MEHEHUus. Takke, HOBas MOJEIb IO3BOJSAET OOBSICHUTH (PEHOMEH ‘‘KMMOEpIIMTOBBIX
TpyOOK”, YIOMSHYTHIH I-poM JIMuTpueBsiM U a-pom JlatiaoBemM. B Poccun stor dheHoMeH cumrtaercs
“BeJINKOI TallHOM coBpeMeHHOM reojioruu” M BIepBble HaOmoancs Ha Anscke. CHauvana ceiicMonoru
OOHapYy)KMBAIOT BHE3AIHBIM B3PHIB M BCHBIIIKY TEIUIa BO3JE MOBepXHOCTH 3emyu. Ecim mecto, rae
MIPOM30ILIEI B3PbIB, TOCTATOYHO OJIM3KO K MOBEPXHOCTH 3eMIIM, TyJda MOXHO MPOOYPUTh CKBAXHHY U
ucciie1oBaTh. (B HEKOTOPBIX cioydasX 3CKMMOCAM YAaBajJOCh BPYYHYIO JOKOIATBCS 10 TaKOIO MECTa.)
Ha mecrte B3ppiBa B Kope 3eMiM OOHapy)KHMBaeTcsl MpoJjoJiroBatas monas tpyba. M uro eme OGonee
WHTEPECHO ¥ BBITOJTHO, BHYTPEHHSSI 9aCTh TPYOBI MOJIHOCTHIO BBUTOYKEHA aIMa3aMH.

OGBIYHO CUMTAJIOCh, YTO ISl CO3JAHHS aIMa30B M JAPYIHX MOIOOHBIX KPHUCTAIUIOB TPEOyIOTCS
TBICAUM JIET, HO B JAHHBIX CIy4asX MPeACTaBIseTcs, 4To OHU (GOPMHUPYIOTCS MIHOBEHHO. JTO 00peTeT
Gonmpmmii cMpicT B TimaBe 102, rme Mbl OymeM m3ydaTh paboTy a-pa KpacHOTONOBIA M JPYTHX,
OOHAPYXXMBIIUX, 4YTO TOPCHOHHBIE OIS €CTECTBEHHO CO3JAIOT OONBIIYI0 IUIOTHOCTH U
KPHCTAIUTH3AIMIO B JTIO00H HaXOJsIeiics Moy MX JeHCTBHEM MaTepHH. MeTallbl, TI0BEepralonmecs
JeWCTBHIO TOPCHOHHO-BOJHOBBIX TEHEPATOpPOB, OYIyT CTAHOBHTHCA 3HAUHTENLHO TBEpKE U Oojee
KPHCTAIUTM30BAaHHEIMA B CBOel (opme. Takke TOPCHOHHBIE TIONS  CIOCOOHBI  CO37aBaTh
MHKpPOKJIACTEPHEIE 00pa30BaHMs B BOJE U APYIHMX coeauHeHusax. OTCIoNa, MIa3MEeHHOe 06pa3oBaHUe
0011a/1aeT TOPCHOHHBIMH HOJIIMH OYeHb BBICOKOH MHTEHCHBHOCTH M TOTOBO MOMEHTAIBHO C)KHMAThCS B
reoMeTpUYecKHe KPUCTAIIbL.

[IponunnarenbHOMY YUTATENIO CIEAYET OCO3HATh, YTO B MOJIENM 3€MIIETPSICEHUS CYIIECTBYET U
Jpyrasi oCJIeI0BaTeIbHOCTh. B TaHHOW MOJenu B 3eMiie MPOUCXOAUT BHE3AIHAS BCIBIIIKA YBEINYECHUS
SHEPTUH, TUIa3Ma BBITAJIKUBAETCS B 00Jiee BHICOKYIO INIOTHOCTh U MOKUAACT siipo. B cBOKO ouepenb, 3TO
CO3/MaeT 3eMJIeTpSCEeHHEe, IpU KOTopoM Qopmupyercss HoBasg Mmartepus. OIHAKO BO3MOXHO, YTO
YBEJIMYEHHUE PHEPTUU B s/Ip€ MPOUCXOJIUT MEIJICHHEE U PEryjsipHee, TOTJa BECh pa3Mep SApa MOKET

12 B kuure Bcero 9 rias.
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paciupsATECS MOCTENEeHHO, 6e3 mepexoja B 0ojee BBICOKYIO IJIOTHOCTh. B TakoMm ciyyae MpoMCXOAUT
YBEJIMYECHHUE pa3MEPOB caMOM 3eMIIu.

KoneuHo, 3T0 yBSI3bIBaeTCS C KBAaHTOBOI MOJENbIO, KOTOPYIO MBI MPEIJIOKUIN B MPEABbLAYIINX
IJ1aBaxX, IOCKOJIbKY B MMKpPOKJIACTEpax, KBa3UCKpHUCTANIaXx M KOHAEHcaTax boze-DiHITeliHa Mbl
BHJICTIM, YTO aTOMBI MOTYT TPYIIIUPOBATHCS B €II€ OOJBIIHE KIACTEPHI, COXPAHSISA EIUHYIO
UACHTHYHOCTh. Kilfod B TOM, 4TO, KOTJa K 3THM CTPYKTypaM J00aBisieTcs AOCTAaTOYHOE KOJIUYECTBO
SHEPruu, OHU OyAyT NPOAOCDKATh PACHIMPATHCA B pa3Mepax. MUKpoKIacTepbl HAYMHAIOTCS Kak
WHANBUIYAIbHBIE aTOMBI, KOTOpPBHIE 3aTeM ‘‘CIUIABISIOTCSA BMECT€ B OOJBIINE KPUCTAITUYECKHE
oOpa3oBanus. Kak u mo0ble Apyrue KpucTaibl, CO BpeMeHEM KBa3UKPHUCTAIUIBI MOTYT PAacTH, M BCE Ke
OHHU TIPOJIOJDKAIOT Y/IEPKUBATh CBOIO YHHUKAIBHYIO TOJOrpaduiecKylo U ENUHYIO CTPYKTypy, 4ero He
MOTJIO OBl IPOUCXOUTH, €CIIH OBl ATOMBI COXPAHSUIM CBOIO MHANBUAYaIbHOCTh. C 100aBlIeHHEM HOBOM
SHEPruu KOHJEHcaT bo3ze-DiHmTeliHa (CBEPXIPOBOJIHHUK) TOKE CIMOCOOCH PACHIMPATHCS B pa3Mepax,
XOTS ¥ OyJeT mpojoykaTh ce0si BECTH KaK eIMHBIM aToM. B Hamieit Mojienu Bce OCHOBHBIE CTPYKTYpPBI
Ha BCEX YpOBHSAX pa3MepoB Bo BceneHHOUW BeayT ceOsi B COOTBETCTBHU C OJIHUMH U TEMHU KeE
SHEPreTUYECKUMH MPHUHIMIIAMUA — TPH BTEKaHUH OOJBIIET0 KOJUYECTBA HHEPTUU OHU CIIOCOOHBI
pacuIupsIThC.

Takum 00pa3oM, MOCKOJIBKY SIAPO TOCTOSIHHO TOANUTBHIBAETCS HOBOHM 3(HMPHON SHEprue, 4ro
MIPOUCXOJUT MPHU POCTE JHOOOro OpraHusma, 3emiis JO0JKHA HENPEPhIBHO YBEJINYUBATHCSA B pa3Mepax.
OT0 mpeacKazaHue ocymecTBisieTcs B Hayke “I'mobanbHoro Texronndeckoro Pacumpenus”.

5.4 TJVIOBAJIBHOE TEKTOHUYECKOE PACIHHIMPEHHUE

B 1933 roxy Kpucrodep Orro XunbreHOepr mepBsIM MPoIEMOHCTPUPOBAT CIICTYOIIEES: €CITH MBI
YMEHbIIUM pa3Mmep 3emiu Ha 55-60%, Bce KOHTUHEHTBI CJIOKATCA BMECTE KaK MO3aMKa, YTO BUIAHO Ha
puc. 5.2. OH BbICKa3al YBEpPEHHOE IMPEANOJIOKEHHE O TOM, UYTO COBPEMEHHOE pPAacIOJIOKEHUE
KOHTHHEHTOB CO3[]aHO paciiupeHueM pazmepoB 3emin. Korpa-to B npouutom 3emis Obiia Ha 55-60%
MEHBIIIE CBOEro HBIHEHIHEro pasMmepa. Camasi HMcueplblBalollas CTaThs, KOTOPYH HaM yJajioch
OOHapyXHTh IO 3TON Teme, - cTarhs [[xeiimca Makcnoy. Ilo Mepe mpomomkeHus, Mbl Oynem ee
LUTUPOBATH.

Bbl He HalizeTe HOBYIO MOJENb B COBPEMEHHBIX Y4eOHUKAaX, HO C roJlaMHU OHa OOpeTaeT Bce
Oonpuryto ¥ Oonburyto nomyispHocts. B 1981 romy B ABcrpamuu coctosicss CHMIIO3UYM 10
Pacmmpenuto 3emnu, u B 1989 ronmy CmutcoHOBCKM MHCTHTYT TpOBEN AUCKYCCHIO, Ha KOTOPOM
00CYXJaJIMCh 3TH U Jpyrue KOHLENIMH, OTHOCAIIMECS K III00aJbHBIM TEKTOHHMYECKUM MozensMm. Kak
nuietr Makcinoy:

“Otr goBonbl (Ha CMUTCOHOBCKOM BCTpeUe) BBI3BAIIM MHOXKECTBO BOIPOCOB IO TOBOJY TEOPUH
TEKTOHUYECKHX IUTUT B €€ coBpeMeHHOM u3noxeHuu (Kpemr, 1992). Takke OHU yKa3bIBalOT HA TO, YTO
COBPEMEHHBIE KOHIIENIIMH TeKTOHUYECKUX IUIUT/Ipeiia KOHTUHEHTOB/CMEILIEHUS MOJISIPHOCTH CJIEIyeT
MOABEPTHYTH NIEPEOLICHKE, IEPECMOTPY UK OTKIOHEeHHIO0 (CMaitnu, 1992)”.
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Puc. 5.2 Xunveenoepe: mooenu pacuwupsrowetics 3emau. Camolii manenvkul wap cocmasisiem 60%
paouyca camoeo borvuiozo wapa. (Boeenv, 1983)

B Hactosmee BpeMs y TpaJUIMOHHBIX YYEHBIX MOJHA MOJENb “‘TEKTOHMYECKHX IUIUT  WIIH
“npeiida KOHTHMHEHTOB”. B 3TOll Monenu, Ha MPOTSKEHUM BCETO CBOETO CYIIECTBOBAHUS 3eMJIs
COXpaHseT MOCTOSIHHBIM pa3Mep, a BCe KOHTMHEHTH! BO3HUKIIM KaK OJHAa TMIaHTCKas Macca, U3BECTHas
kak “[lanres”. Co BpeMeHEM 3TOT KOHTMHEHT PAcKOJIOJICS Ha HECKOJIBbKO KYCKOB, a TPEILMHBI ObUIH
MECTaMH BYJIKAaHMYECKOW aKTUBHOCTHU. I[IOCKOJIBKY BIOJb MOJ3EMHBIX BYJIKAHHUYECKHX XpeOTOB
U3Beprajgack HoOBas JaBa, KOTOpas IIOTOM OXJIaXJajdach OKEaHaMM, pa3Hble KYCKH MCXOJHOIO
KOHTHHEHTa MEJICHHO OTOJBUTAJIMChH APYT OT JIpyra B CBOM HBIHEIIHHUE MOJOKEHHS.

OpnHako, 4ToOBI Ha 3eMJiie IPOUCXOAMI Tako! “Apeiid” 1 He MEHSUIUCh €€ pa3MepBbl, “‘TO, YTO UAET
BBEpX, [MOJDKHO UATH BHU3 . B 0Oosiee HayyHBIX TEpMHHAX, €CIM CYIIECTBYIOT 00JIacTH
“ropoo0pazoBaTeabHOro MoabeMa”, TAe HEeNpepblBHO (opMupyeTcs HOBasi Kopa, TOTrJa JAOJKHBI OBITH
“30HBl HATSKEHUS’, B KOTOpPHIX Kopa 3eMJIM BO3BpallaeTcs B MaHTHIO W IPEBpallaeTcsl B
paciuiaBiieHHOe cocTtosiHue. Kak yka3piBaeT Makciioy, 3Ta MOZIEb CTPAJacT OTPOMHBIM HEIOCTATKOM:

Ha 3emne Hukorga He 0OHapy)XMBaJOChb YETKOTO CBHUJIETENbCTBA CYLIECTBOBAHHUS “30H
HATSKEHHUSL.

boiee Toro,

Mecr, rae moriau Obl CylIECTBOBaTh 30HBI HATSKEHUS, HAMHOI'O MEHBIIIE, YeM TpeOyeT MOJelb
TEKTOHUYECKUX IUINT.

WNnu, npo1e roBops:

C n1noMOmIbI0 JaHHBIX, MOJYYEHHBIX IIOCPEICTBOM HAOJIOACHUH, MBI JIETKO MOXEM
IIPOZIEMOHCTPUPOBATh paCIIUpEeHUe 3eMJIM, HO HET CIOCOOOB J0Ka3aTbh, YTO OJHOBPEMEHHO C
pacIIMpeHUeM IPOUCXOIUT CIKATHUE.

Makcnoy mOpoJobKaeT: BBIBOABI  MOJEIM  “‘TEKTOHMYECKUX IUIUT  ~ OCHOBBIBAIMCH HA
HEJ0CTaTOYHOM MAaCCHBE JJaHHbIX:

“PaccmarpuBass teoputo ['nobanmpHoro TexToHmueckoro Pacmmpenus, ciemayer MOHSTb, YTO
ro0anabHbIe, TEOJOrHYecKre W reodusuveckue 0a3bl JaHHBIX TOJbKO ceivyac (2001 rom) mocTurim
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YPOBHS, Ha KOTOPOM JIOObIe TJI00aNbHbIE TEKTOHHYECKHE THUIIOTE3bl MOTYT OBITh YBEPEHHO
OTpe/ieNIeHbl, PACCMOTPEHBI U/UIN ONIPOBEPTHYTHI .

[Tpn HAIMYMK HOBBIX JAHHBIX MOJENb “‘TEKTOHHYECKUX IUIUT MOXKET ObITh oTBeprHyTa. OIHAKO
cornmacHo Makcioy u JApYrMM HCTOYHUKAM, CYIIECTBYIOT JBE OCHOBHBIE MPUYHMHBI, MOYEMY
TPaIUIIMOHHBIC HAYYHBIE U T€OJOTUUECKHE COOOIIECTBA HE MPUHUMAIOT TEOPUIO PACIITUPEHUS 3EMITH:

1. “Cumraercss’”, 4TO B HIHCITHEM KBAHTOBOM MTOHMMAaHUU MaTEPHs HE CIIOCOOHA PACIIIUPATHCS.
2. HepoctaTok yO€IUTENBbHBIX CBUAETEILCTB, TOUHO BOCIPOM3BOSIIMX IPOLECC PACIIUPEHUS
3eMJi MOCPEICTBOM MAaTEMATHYECKUX MOJIEIICH.

[lepBoe nomnoxxenue 3pPeKTUBHO ycTpaHAETCS KBAHTOBBIMU MOJIEISIMHU, KOTOPhIE MBI 00CYXIaTH
B 9TOW KHHMre. Makciioy MpenocTaBuil yOeIUTelbHOE CBHUICTENLCTBO, Tpedylomeecs Ui BTOPOTO
nosoxeHus. [lockonbKy o reodusnke 3eMiid mpuoOpeTaeTcss Bce Oofbliie W Oosblilie WHGOpMAIUH,
Teopust Pacumpenust 3emnu ctaHoBUTCS Bee Ooree u Oonee yoenutensHol. CorimacHo Makcioy, HOBbIE
KapThl MAaTTEPHOB, CKOPOCTEH M HANpaBiICHHWH paCHIMpPEHUS OKEAaHWYECKOro JHAa TMOKa3bIBAIOT, UTO
3emis “moJiBepraeTcsi AKCIMOHEHIIMAILHOMY PAaCIIMPEHUIO CO BPEMEH axeulleB /10 Hammx aHei”. B ero
CTaThe MPHUBOJIATCS KAPThl U PUCYHKH, MOJAKPETIISIONINE STU BBIBOIBI.

OcHOBBIBasiCh Ha MaTeMaTHYeCKUX Mofensx Makciaoy, 3emis JOJKHA pacIIUpsThCS CO
CKOPOCTBIO TpUOIM3UTENbHO 21 MusuuMeTp B roa. U koHedHo,

1. B 1993 roay Kapu ucnonb3oBall BEIIOJTHEHHbBIE CITYTHUKOB JIAa3€pHbIE U3MEPEHUS U BBIYUCIIUIL,
YTO pajnyc 3eMJIU paciiupsercs Ha 24 MUJUTUMETpa B Io/Jl, IJIF0C MUHYC 8 MUJUTUMETPOB.

2. B 1993 rony PobGamo m XappucCOH HCIIOJNB30Balli T'€OJIE3UYECKUE M3MEPEHUS U MPUIUIA K
BBIBOJlY, YTO 3eMJIsl paciuupsieTcst Ha 18 MUIIITUMETPOB B TOJ.

TpaguunoHHOE O00BsACHEHHE HAOIIOAAEMOr0 pacIIUpeHUs 3eMJIM TaKOBO: OHO BBI3BIBACTCS
HENPEPhIBHBIM MPUTOKOM TIBUIM U METEOpUTOB. Tarkke OHO COOTBETCTBYET BBIYMCICHHSIM Makcioy,
OCHOBaHHBIM Ha COOpPaHHBIX JIaHHBIX O PACIIMPEHHUU OKeaHW4YecKoro naHa. /[pyrue yuensie B Poccum
IIPUILUIM K BBIBOJY, YTO B ONPECIICHHbIE MOMEHTHI HAllIEl Fe€0JOrH4ecKord UCTOpUU 3eMJIsl cOBepllaia
BHE3AIHbIC YBEJIIMYEHHsI pa3Mepa, U 3TO MOXKET o0bsACHUTH, nouemy Pobano n Xappucon Habio1anu
paciupeHue Bcero 18 MUIITMMETPOB B IOf, B TO BpeMs Kak BbluucieHHass Makcioy BennuuHa — 21
MUJUTAMETP.

Crnenyronasi oueBHIHas NpodiieMa 3TOW MOJENM TaKoBa: €CJIM KOTJa-TO BCE KOHTHMHEHTHI OBLIU
YacThIO €IMHON BHEIIHEH MOBEPXHOCTH 3eMJIH, I'/ie ObUIN OKeaHbl? MakKcioy mosaraer, 4To Korja-To Ha
3emiie BOJIbI OBUIO TOPa3/l0 MEHbINIE, U “MEJIKNE AMUKOHTHHEHTAIbHbIE MOps”~ (HOPMHUPOBAIIUCH BOKPYT
pasHbIX 00JIacTeil TOro, 4Tro ceiyac M3BECTHO KaK KOHTUHEHTHIL llepBuuHas kopa 3eMid JOCTHIJIA
OIIPEJIEIIEHHOI0 YPOBHS IJIOTHOCTH (BO3MOXKHO, B PE3YJIbTATE OXJIAXKACHUS PACIUIABICHHOTO COCTOSHUS
no Mepe ynaigeHuss or ConHua), HO 3aT€M, IOCKOJBKY 3eMJis IpOoJoJDKala pPacIIUpATHCS, BHOBb
(bopmupyOLIascs Kopa CTAHOBUJIACh HAMHOI'O TOHBIIE U MEHbLIE B MUPHUHY. [10CKOIBKY KOHTHHEHTHI
HayaJld pacXOAUThCsI, SITMKOHTUHEHTAJIbHBIE MOPSI 3AIIOJIHAJIN JIEXKAIUE HUKE YPOBHS MOpPS TPEIIMHBI,
o0pa3ysl paHHHE BEPCUU HAILIUX OKEAHOB.

Toraa Bo3HuKaeT npyroi Bonpoc: “OTKy/ia B HAlllM OKEaHbl MPHUIILIA BOJA, €CJIM C CAaMOT0 Havasia
ee 31ech He Obut0?” 3emuss “pacter” B pazMepe Ojarojnaps HENPEPHIBHBIM YBEIMYCHHAM 3()UPHOI
SHEPruU, KOTOPYIO OHa noJsiydaeT oT CoJIHIA U IPYTMX UCTOYHUKOB. Te ke sHepreTudecKue mpouecchl,
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YBEIIMYMBAIONINE pa3Mep 3eMIIM, HEMPEepPhIBHO CO3/al0T HOBBIE MOJEKYJbl, TaKHe KaK BOAOPOI H
KHCIIOPOJT B HaIIeH aTtMocdepe, yBeIMIuBas €€ TUIOTHOCTh. 3aTeM BOJOPOJ U KHCIOPO]I CBS3BIBAOTCS
JUIsi 00pa3oBaHMs OOJBIIEro KOJMYECTBA BOJBI, KOTOpas B BUAC MOXKAS MajaeT ¢ HeOeC B OKEaHsbl,
CMEIIUBAsICh C COJSIMH 3€MHOW KOpBL. VHTEpecHO: Korjaa Mbl MHCAIH MPEIbIIYIIyI0 KHUTY, Ha BCEX
ra3oBBIX IUIAHETaX HAOMIOJaNUCh sipa, pasMepoM ¢ pasmep 3emun. OTCIO[a SICHO, YTO CO BPEMEHEM,
omaromapss ymanenuto ot CojHIla, 3eMiisl TOXE MPEBPATHTCS B Ta30BYIO IUIaHeTy. B TiraBe 8 MbI
paccCMOTpPUM CBUAETEILCTBO [-pa [IMuTpueBa o TOM, 4YTO CO3JaHUE HOBOH aTMocdepbl —
MIPOIOJDKAFOIIMIICS TIporiece, n0o B atMocepax 3emun u apyrux mianet (Mapc) oOHapyXeHbI HOBBIE
W3MEHCHUSI.

5.5 PAJJIMAJIBHOE TEOMETPUYECKOE PACIHIUPEHUE KOHTHUHEHTOB

Ecamn aktuBHOCTH 3eMIIM aHAJIOTMYHA aKTUBHOCTH HAa KBAHTOBOM YPOBHE, TOT/Ia CJENYET OKHUIaTh
YBUIETh BOBJICUCHHYIO B Ipoliecc pacimupenus reomerputo [lnaronossix TBepasix Ten, To ecTh TO, UTO
MBI BUIeNIA B 00pa30BaHUU MUKPOKJIACTEPA M KBa3UKpUCTAIIA. MBI yKe 3HAKOMBI C HAOFOICHUSIMU [T -
pa Teomopanu mnasmMeHHbIX oOpa3oBanuii B HopBeruu, npuHUMAIOMIMX CIIOHTAHHBIE T€OMETPUYECKUE
KOH(UTYyparun. ITO 1aeT OCHOBAHUS T0JIaraTh, 4TO IJIa3Ma B spe 3eMIIA TOXKE JIOJDKHA 00J1a1aTh TEMH
ke cBoiicTBamu. bonee Toro, Gmarogaps uccnenoBarenbckoil pabore Ilacuynuka, Mbel 3Haem: Y. P.
Kopmuce. A. M. [I3uBoncku u [x. X. Bynxayc moarBepAwin, 4ro Kopa 3€MJId AEMOHCTPHUPYET
“IIeCTUYTOJIbHYI0 CUMMETPHUIO”. DTO 3HAYHT, YTO OHAa MUMeeT (GOpMy TPEXMEPHOTO reOMETPUUYECKOTO
TBEPAOIO Tejla C LIECThIO TPaHsIMH, €CIM CMOTPETh IOJ olpeAeseHHbIMU yriaamu. B 1996 rony, Ha
BUJEO Tpe3eHTanuu, ['parr bpelineH yka3piBaeT: Takue CUMMETPHUYHBIE JIaHHBIE TOBOPST O TOM, YTO
anpo 3emim uMeeT (GopMy COBEPIICHHOTO IOJEKad[pa — OMHOTO W3 TSTH TJABHBIX [[1aTOHOBBIX
Tepnpix  Tem, oOnamaromero  ABEHAALATHIO — MATUYTONbHBIMH  rpaHsmu.  (ClenoBaTenbHO,
reoMeTpuuecKkuil eHOMEH “MUKpOKIIAcTEPa’ MPOAOIIKAET AeTaTh CBOIO padOTy M Ha OOJIBIINX YPOBHAX
pasmMepa, a He TOJIbKO B KBaHTOBOI cdepe. (HMxocasap Toxxe 061agaeT mOBTOPSIONICHCS IECTUYTOIBHOM
CUMMETpUEH.)

JaBaiite He 3a0bIBaTh, YTO TEOMETPUS — OTO TMOOOYHBIA pPE3yNbTaT BUOPAIMH/ITYJIbCAIMH B
XKHMIK00Opa3Hoil cpene. ccaenoBanus a-pa ['aHca JIkeHHHM pacKpbUIU: KOT/Ia B XKHJIKOH Cpejie ypOBEHb
BUOpPALMU/TIYJIbCALIUU TTOBBILIAETCS, TEOMETPUUECKHE (POPMBI, KOTOPbIE Mbl BUJUM BHYTPH KUJKOCTH,
CTaHOBATCS Ooisiee cloXHbIMU. [To3TOMY, €cinu CKOpocTh BHOpAaLMU/MYNbCAMM B CBETSIIEMCS Spe
3eMiId HENpephIBHO TIOBBIINIAETCSA, TOI/A CIEAYEeT OXKUIAThb YBUIETh JEATEIbHOCTh HENPEPHIBHO
YCIOXKHSIOIUXCS T€OMETPUUECKUX (HopM.

Nmeinite B Buay: B 1993 rogy Borenp um €ro Kousieru, OCHOBBIBASICh HAa HCYEPIBIBAIOIIEM
MOJIETUPOBAHUN TOBEPXHOCTU 3€MJIM, MPUIUIM K CIEAYIOUIMM BBIBOAAM, KacaroOIIUMCS T'HIIOTE3bI
pacmupenus 3eman. Ecinu ymenbnTh paguyc 3emiin Ha 55-60% ero HbIHEIIHEro pa3Mepa, To:

1. KOHTHHEHTHI CONBIOTCS M 00pa3yIOT CILIONIHYIO KOPY;

2. [lonoxkeHus: OT/EIbHBIX KOHTUHEHTOB 10 OTHOIICHUIO JIPYT JIpyra OCTAlOTCs MOCTOSIHHBIMHU, a
UX pa3[ieJIeHHUE BbI3bIBACTCS ‘“‘pajiMaIbHbIM PACIIUPEHUEM 3EMIIN .

3. [IpyunHa ABM)KEHHI KOHTMHEHTOB — YCKOPEHHE YBEIMYEHHUS paguyca 3€eMJIM CO BPEMEHEM U
COOTBETCTBYIOIIEE PACLIMPEHNE OKEAHUUECKOT'O JHA.

CornacoBaHHOCTh 3THX TpeX ()EHOMEHOB HE MOXKET OBITh CIy4aiiHOW; OHa BO3HUKAET Onaromaps
nporueccaM, padoTaoIUM BHYTPHU 3eMIIM U BBIPAXKAIOIIUMCS B PACIIMPEHUH 3EMIIH.
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Puc. 5.3 Komnwvromepnas pexoncmpyxyus Ileppu paduanviozo pacuuperus 3emiu
(Kapu, 1986)
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Kunrou, xoTopblii cieayer yBHAETh, - NyHKT Ne 2. Borenb M Jpyrue KOHCTATUPYIOT, 4YTO
pazzienieHne KOHTUHEHTOB MPOMCXOAUT MOCPEACTBOM “‘paUaIbHOTO” WM CHUPAJIEBUIHOTO JBHKEHUS.
Ha puc. 5.3 M0O>XHO BHIETh YaCTh 3TOI MOJI€NIM, OCHOBAaHHOM Ha KOMIIBIOTEPHOM peKoHCTpyKuuu Ileppu
paauanpHOoro pacmmpenus 3emnd. Korma Mbl M3ydaeMm HepapXHUeCKyl0 CTpYKTypy IlmaToHOBBIX
Teepabix Tenm ‘“3arHe3oBaHHBIX” BHYTPH JpPYr JApyra, Mbl Bcerja HaOJl0JjaéM CIHpAJIEeBUIHOE
JIBUKEHHE, KOT/1a MEHEee CII0XKHbIe (OpMBbI paciuupsitoTcs B (hopMy O0JbIIeN CI0KHOCTUH. DTOT MpoLiece
HCYEPIIBIBAIOIIE ONUCHIBAJICS B MPEABIAYLIEH KHUTE.

H-p Atencren Crnmixayc, yBakaeMblil Y4eHbIH, paboTaromuii Ha HarmoHanbHy0 AccCoLUaImio
OxeaHoB U ATMOCQepBl, MPeICTaBUI J0Ka3aTeNbCTBO, YTO 3€MJIsl pacIiupsieTcss BO Bce OoJbIINEe U
Oonbire GopMbl TeOMETpHUeCcKoi rapMoHnu. CoriacHo HammM Oecenam ¢ J-poM Dnu3aber XireHc,
Haxojku A-pa Crimxayca B 3TO# obiacTu ObUTH OMmyOIMKOBaHbI B kypHaie Scientific America B 1980-x
rojiax, 1 B 3TOM CTaThe Mbl HaJleeMCs MOJIy4YUTh OCTaBIIMeCs pUcyHKU. B Monenu Crmiixayca 3emuis He
pacimmpsercst B pasMepe, HO PACKpPbITbIe UM I€OMETPUU MOXKHO HAIpPAMYIO MPHIOKUTh K MOJENIH
pacmupeHusi 3eMiIH, MOCKOJBbKY BCE €ro JJaHHBIE OCHOBAHbI Ha MPSIMBIX JHHUSAX C IMOCTOSHHBIMH
YIJIOBBIMU COOTHOLIEHUSMHU. AHAJIOTMYHO PACIIUPAIOLIEMYCS B pa3Mepe MHKpPOKJIACTEpPY, HepapXus
MPUHUMAEMBIX 3emiield (hopM, CIIeTyromIas:

1. Terpasap: Korna BriepBrie pacnancst “koHTHHEHT  [lanres, kaxmas ocCHOBHas “‘TpemiuHa’ Oblia
MOYTH OJIMHAKOBOW JJTMHBI WM “paBHOYyMANICHa” OT 000 Ipyroi TpemuHbl. [10CKOIbKY KOHTHHEHTHI
paavaIbHO PacXoAATcs M3 MCXOJHOTO LIEHTPA, PAaBHOPACIOJIOKEHHBIEC JIUHUU NPUHUMAIOT OYEepTaHUS
terpadapa. Kak Mbl oOcyxkmanu B ABYX MNPEIbIAyIIUX KHHUrax, 3Ta ¢opmMa MpOAOHKAET OCTaBIATH
SHEpreTuueckyro “noanuck’ Ha 3emuie. Pabora Puuapna Xoarnmenna u Muccuu DHTEpnpai3 4eTko
MIPOJIEMOHCTPHUPOBAIA TETPadApaibHble IHEPreTUUECKUe 00pa30BaHMsI Ha JPYTUX IJIaHETaX.

2. Ky0-oktasap: [TockoinbKy KOHTHHEHTBI ITPOAOIDKAIOT PA3JCNIAThCS, UX TEOMETPHSI PACIIUPSICTCS
B OOJIBIIYIO CIIOKHOCTh PABHOYIAJICHHBIX JIMHUH, 00pa3ys KOMOMHHPOBaHHYIO (opMy KyOa U OKTa’apa.

Kakx MBI canu B C,I[BI/II‘G 9HOX, BpIOC Kstn sicno MMpOACMOHCTPHUPOBAJI CIICAYIOIICC: Ha 3emie 3Ta
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pelieTka Bce enle akTHBHA. biarogaps TouHeIM m3MepeHusM Pemetku, Katu coBepimn MHOXeCTBO
MIPOPBIBOB B HOBOM 00J1acTH “rapMOHUYecKor (GU3UKH 3¢upa”, 0 4eM MbI MUCATIU B TOM KHUTE.

3. HUxoca-mogekasnp: Ceiyac KOHTHHEHTHI 3€MJIM pacIUPWINCh B  (PopMy KOMOWHAIIMH
MKOCadJlpa U JO/CKa’Apa PaBHOYIAJICHHBIX JMHUU. 1 BHOBB, MPOIECC PACHIMPEHHS] HA ATOM CTaauu
MMPOUCXOJUT IO CITUPAJICBUAHBIM, paJlUAJIbHBIM ITYTSIM.

Ha puc. 5.4, npuBeieHHOM C J1I00€3HOTO pa3peIIeHHsI aBTOPOB CTAThU, MOKHO BHJIETh PE3yIbTaThI
n-pa Crnmixayca - KOHEUHYIO CTaauI0 T€OMETPUYECKOro paclIupeHus 3eMyH, Kakas OHa ceifuac.
OcHOBHasl MATUYTOJIbHASL TPaHb, KOTOPYIO Mbl BUAMM, ObUla ObI I'paHbIO JOAEKad/Ipa, a TPEYroibHbIE
TpaHd MpUHAANEXKaTH Obl uKocadapy. OueBHIHO, MYHKTHPHBIE JIMHUM NPEICTABISIOT IOJBOJIHBIC
XpeOThl u/unu ropHbie XpeOThl. HabmonaTe Takoe oOpa3oBaHne — HE YAMBUTEIBHO, €CIIM CUUTATh, UYTO
ceifuac aapo 3emin uMeeT Gopmy JoeKadapa:

Puc. 5.4 /I-p Cnunxayc: nocreonee ceomempuieckoe pacuiupeHue KOHMuHeHmo8 3emuu
(c 1r0be3H020 paspeutlenus agmopa cmamoi)
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Puc. 5.5 Hkoca-0ooexaropanvuas pewwemra I onuaposa, Mopozosa u Maxaposa

Xots nanHble Crimiixayca yA0BJIETBOPUTENBHBI, CYIIECTBYET OIPOMHBIN MacCHB JIONOJHUTEIBHOMN
MH(pOpMaILNH, MOAEPKUBAIOIINN UIEI0, UTO celdac 3eMITI0 OKPYKal0T UMEHHO TaKHe FeOMeTpU4ecKHe
¢opmbl. OCHOBBIBAasiCh Ha PACIOJIOKECHWH KOHTHHEHTOB M TIOABOIHBIX BYJIKAHHYECKUX XPEOTOB,
pycckas rpynna ['onuaposa, Mopo3oBa 1 MakapoBa HE3aBUCHMO OINpeeInia, 4YTo 3eMiisd uMeeT hopMy
MKOCa-IoAeKadapadbHoil  pemeTkd. CpenHe-ATIaHTHUYECKUH XpebdeT TMPOXOTUT TOYHO  BJOJIb
3Ur3aroo0pa3Hoil BepTUKaJIbHOHN JMHUU B ATJIAHTHKE, YTO BUIHO Ha pucyHke. Ha pucynke 5.5 MoxHO
BUJIETH MSITUYTOJIBHUKY JI0A€Ka3/ipa U TPEYTOJIbHUKU UKOCa’Ipa.

WnTepecHo: ['oHuapoB M ero Koyiern U3ydwin pacrnoioxkeHusi coiie 400-T pa3HbIX APEBHUX
CTPOMUTENBHBIX IIOLIAAO0K Ha 3emile, TaKMX KaK CTOS4YME€ KaMHH, NMHPaMHbl, MOHOJIMUTHI, MEHTHPBHI,
00€eIMCKHU, XpaMbl, Marojbl, KaMeHHble Morpeda, KaMeHHble KPYI'H, 3UKKypaThl, KypraHbl U TOMY
nogo0Hoe, M Bce 0e3 HCKIIOYEHHs! JPEBHUE CTPOUTENbHBbIC IUIOLIAJKM PACIOJIOXKEHbl Ha HMKOCa-
JNOIeKa’ApanbHOM pemetke. B riaBe 9 MBI y3HaeMm, mo4yeMy JApEBHHE MCIIOJIB30BAIM TaKyHO
TEXHOJIOTHIO; OHAa OCHOBaHAa Ha CIIOCOOHOCTH TaKHUX CTPYKTYp, Kak @HpaMuaa, HCIOJIb30BATh
TOPCHUOHHBIC BOJIHBI JJIA 6aJ'IaHCI/IpOBaHI/I${ 3emin. MbI TO3HAKOMHUMCS C YBAXKa€MbIM HCCIICAOBAHUCM
PYCCKMX M YKPaMHCKMX YYEHBIX, [JOKA3aBIIMX, YTO NHPAaMUIbl MOTYT YMEHbIIATh >KECTOKOCTb
3GMJ'ICTp${CCHHI\/’I, yiIydmaTh IUIOXYHO IIOTroAdy, YMCHBIIATH KOJUYCCTBO paJlOaKTHBHBIX BBI6pOCOB,
MOBBIIIATHL YHUCTOTY BOJBI, HOHBGMHOﬁ HG(I)TI/I U MHUHCPAJIOB. Taxxe nupaMuly MOXHO HCIIOJIb30BATh
IUIs LEJINTENIbCTBA, POCTA, CTUMYJISILIMU U PACIIUPEHUS CO3ZHAHUS, CBA3aHHOTO C JIyXOBHBIM POCTOM.

Bce BolmienepeuncieHHble pe3yabTaThl BIUSHUS Ha PU3UUYECKYI0 MAaTEpUIO CO3/IAl0TCS JEHCTBUEM
TOPCUOHHBIX BOJH. MIX MArKO€ aBII€HUE MOKET OKa3bIBaTh 3HAUMTEIBHBIE BIUSHUS HA MAaTEPUIO, €CIIN
OHHU NPeOBIBAIOT B JOCTATOYHO KOHLIEHTPUPOBaHHOU (popme. 1 BaxKHO MOMHUTB, UTO JIMHUU PEIIETKH —
3TO H3HAYaJbHO TOPCHOHHO-BOIHOBBIE OO0pa3oBaHus. BAoiap 3TUX JHHHWIA TOPCHOHHO-TIOJIEBHIC
JETEKTOPBI PETUCTPUPYIOT camMoe OOJIbIIee KOJTUUYECTBO U3TYUEHHUsI 10 CPABHEHUIO C APYTUMHU MECTaMH.
[TpuueM 0cOOCHHO aKTUBHBI y3IIbI PEIIETKH, TO €CTh MECTa MepeceueHus ITUX TuHui. Takum obpazom,
YTOOBl KOMIICHCHpPOBATh MPOU3BEACHHbIC IMBWIM3AIMEH pa3pylIeHHs, MbI MOXEM 3aXO0TeTh
MEPECTPOUTh CHUCTEeMYy mHpamMua Ha 3emiie. B cimyuae OrpaHWyYeHHOW SACPHOW BOWHBI W/WIH
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JalbHEHIIETo pa3pylIeHUs OKPYKAIOLIeH Cpebl, TAKOH MPOEKT CTAaHET KU3HEHHOW HE0OXOAUMOCTHIO,
KaK 3TO CIyYMJIOCH MOCIE NAJEHUs YTePSHHBIX IMBUIM3annid Atnantuael 1 Mmnepun Pama.

5.6 BPAIIAIOHIUECS B TPOTUBOIOJIO)KHBIX HAITPABJIEHUAX
HEPTETUYECKHUE IIOJIAA U AMHAMUKA PEHIETKA

Mbpl mOMHHM, YTO B KBAaHTOBOM Mopeiau [[PKOHCOHa aToM B ACHCTBUTCILHOCTH COCTOHUT H3
SHEPTeTHYECKUX TII0JICH, BPAIIAIOIIMXCA B TMPOTHUBOMOJIOXKHBIX HampaBieHUsAX. YUTOOB aToM WIH
MOJIEKYJTa CTalM CTaOWIbHBIMH, T€OMETpPHUsl JOJDKHA CIENHUTHCS B COAlaHCUPOBAHHOE OOpa3oOBaHUE.
AHaJOTUYHO, B TIOCJICTHUX JIBYX CTaausax mojnenu Cruiaxayca paciiapeHus: 3eMid MOXKHO BHJIETh, YTO
B TIPOIIECC BCETJa BOBIEKAIOTCS JIBE TeoMeTpuu. MmeeTcs coderaHue Kybda WM OKTadjpa, COUYETaHUE
WKOcadipa W jJonaekadapa. Jlake HavambHas CTaausl PAacIIMPEHUs 3E€MJIM C BOBJICUEHHBIM B 3TO
TETPa’APOM MOKET COJEPKAaTh OKTAdIP, MOCKOJIBKY B TETpa’Ape BCeraa COACPKUTCA OKTadIp, YTO MBI
HaOII0JaTM B TIPEIBITYIICH TiaBe.

OcHoBbIBasich Ha Mojienu JI>KOHCOHA, IPEJCTABISIETCS, YTO UKOCAYIP U I0/ICKadIp, HaOII0JaeMble
B Pemetke, 001a1af0T MPOTHBOIIOJIOKHBIMUA JHEPTETUYCCKUMH TIOISIMHU, YTO TIO3BOJISET JOCTUTAThH
COCTOSIHMSI CBSI3AHHOW TapMOHUHU. TOYHO Tak K€ CO3/1aeTCsd MOJIEKYJISPHOE COCIUHEHUE B KBAaHTOBOM
chepe. MBI BepuM, YTO HAMpPSHKCHHE, CO3[[aBA€MOC ITHMH BPAMIAIONIUMUCS B IPOTHBOIOJIOKHBIX
HaIlpaBJICHUAX SHEPreTUUYECKUMU CUJIAMH, U €CTh MOJJIMHHAS IMPUYMHA BpPAILEHUs 3€MJIM BOKPYT CBOEH
OCH IIPOTHB YaCOBOM CTpPEIKH. B 1aHHOM citydae, KOrja J1B€ CHIIbI CBSI3aHbl, TEOMETPUs, BPAILAIOIIASICS
MIPOTUB YacCOBOM CTPEIKHU, HEMHOI'O CHJIBHEE T€OMETPUM, BpAILIAIOIICHCS IO YaCOBOW CTpEJIKE; U
MMEHHO 3TO BBIHYK/Ia€T 3€MJII0 BpA[aThCsl B HAMPABIICHUN TTPOTUB YaCOBOM CTPEIIKH.

[TosTOMY TOCTYITHOE CBHETEIHCTBO MO3BOJISCT MPEIIOararth, 9To 3eMiisi 00JIafgaeT TII00abHOMI
SHEPreTHYECKON PpEelIeTKOM, KOTOPYI0 XOpOIIO MOHMMAId W HKCIONb30Bajlu APEBHHUE IUBUIU3ALIMH.
KiroueBoit (akt, KOTOpbIi MBI OyAeM HCCIEAOBaTh B OCTABIICHCS YaCTH 3TOM TJIaBbl, BKJIIOYAET
(heHOMEHBI, TPOUCXOIAIINE Ha JUHHUIX U y3Jax pemeTku. XOTs 3Ta uHopmaius He OOIIen3BEeCTHA,
TeM HE MEHEe, OHAa OYCHb peajbHa M 3aUKCUPOBAHA B HAIIMX MPEABIAYINIUX KHUTAX W HECKOJBKUX
JOpYTux UcTouHuKax. [l HaunHaromux, Mbl OyneM (OKycHpOBaThCA Ha JBEHAAIATH PAaBHOYIATCHHBIX
Ipyr OT JApyra TOo4ykax (BHXPSX) HKOCAdApa, celuac HAOIIOJAIONIMXCS Ha TOBEPXHOCTH 3€MIIA, H
MIPUBEIEM CIIMCOK aHOMAaJbHBIX CBOWCTB, BRIOpaHHBIX U3 paboThl Puuapna Ilacuunuka. M BHOBB, 3TOT
MaTtepuaj MpPeCTaBISIICS B MPEABIAYIIIEM TOME, HO 3aClyKUBaeT MOBTOpeHus. CiaeayeT MOMHHUTh, YTO
ITacuuHmKk Ha3bIBACT 3TH ABEHAANATH MECT “TOJISIMHK

1.B KaXXZIOM M3 3TUX MCCT IPOABJIIAIOTCA JJICKTPUUCCKHUC CIIUpAIU 3CMJ'II/I, CJIbIIIATCA CTpPAHHBIC
3BYKHU U ITPOUCXOAAT MAIrHUTHBIC U I'PaBUTAIIMOHHBIC aHOMAJIH.

2. B atux MecTax HaXosATCs caMble TITyOOKHE MECTa OKEaHUYECKOTO JHa.

3. Bokpyr atux Mect TekyT okeanmueckue TedeHus. (M3 manubpix AliBeHa I1. CannmepcoHa MbI
3HacM, 4TO OHH 06na,ua10T NaTrepHaMu TCUCHUSA B IIPOTUBOIIOJJIOKHBIX HaHpaBJIeHI/ISIX.)

4. B aTux MecTax HaOIIOAAOTCS caMble CUIIbHBIE OYpHU HA MOPCKOM JIHE.
5. B 3Tux mecrax MoBEpXHOCTHBIE BOJIbI OKEAHOB CaMbIE COJIEHBIE.

6. DT MecTa W300WIYIOT JIOMAIOMIMMUCS IY3BIPSIMH, CHJIBHO 3apsDKAlOUIMMH atMochepy U
OKa3bIBAIOLIMMU JIPYTHE BIUSHUSL.
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7. OTH MecTa — OTOJIHbIE CUCTEMBI BHICOKOT'O M HU3KOT'O JIaBJICHUN U LIEHTPHI OYpb.

8. 13 xocmoca HaOIOJAIMCh CHHMpajeBUIHbIE ra3000pa3Hble TYMAaHHOCTH, LIEHTPUPYIOUIUECS B
KaXkJIOM TIOJIE.

9. IloBepxHocTHBIN cioit 3emu (uTocdepa) M (U3UUECKHUE ACTIEKTHl TEKTOHHKH IUTUT (30HBI
HATSKEHMsI, TPAHUIIbl IUTUT, TOJBEMBI, Pa3JIOMbl, NATTEPHBl HANPSIKEHUS, aHOMAJIMU CEUCMUYECKUX
BOJIH U IPYTU€E) HATIPSIMYIO COOTHOCSITCSI C MECTAMHU PACIIOJIOKEHUS MTOJIEH.

10. B 3Tux MecTax MOCTOSIHHO HaOIIOMAIOTCS CBEYCHHs (MOHU3MPOBAHHBIC YACTHUIIBI) U TEMHBIC
Macchl (HEHTPOHBI).

11. C »>TuMHM NOJSIMHU CBS3aHBl MATTEPHBl M HM3MEHEHHUS B BEPXHUX CIOSAX aTMocdepsl,
paaraMoOHHBIE TIOsICa U MarHUTOCdepa.

12. B oatux reorpaguuecKkux 30HAX OKUBYT yIpH, MOIJIOINAIONINE JKelie30 OaKTepuu u
JIEKTPUUYECKUE PHIOBI.

13. B cOOTBETCTBUM C 3TUMHU HOJsIMU pacrionaraetcs 6osnee 70% Bceil xu3HU Ha 3eMie (MEXIY
40° mmpoTsr). OHU HEANBHBI AJIS1 TOTO, YTOOBI TEHEPUPOBATH AJIEKTPUIECKYIO SHEPTHIO.

Koneuno, Gomprrast wacte Tpwioruu Ilacwunuka Illuporta xu3Hu (okycupyercs Ha W3Y4ICHUU
3THUX MOJIeH, KaK OHH BeAyT ceds Ha 3emile U Ha ApYyrux miaHeTax. B rmase 12 mpeapiayieit KHUTH MBI
CYMMHUpPOBaJId OOJBIIYI0 YacTh yOexpatomied nHpopmanuu llacudnHuka, MOKa3bpIBAIONIEH, YTO TaKue
nmons paboTal0T Ha KaxaodW muaHere Hamed ConHeuHo#l cuctembl. Kak MOXHO BHIETh, BCe
BBIIIICTIEPEUNCIICHHBIE d((EKTBI MOTYT CO3/1aBaThCsS CHIIOW, KOTOPYIO TOPCHOHHBIC TIOJS MOTYT
OKa3bIBaTh Ha (DU3MUECKYI0 MATEpHIO, IIOCKOJIbKY TMOCJIEIHUE CO3JAI0T OIIYTHUMOE JaBJICHHE.
[IpencraBnsieTcsi, 9TO MMEHHO 3TO JAaBJICHHE OTBEYAeT 3a (DOPMHUPOBAHHME TEUYCHUH, KOTOPBHIC MBI
oOHapyxHBaeM B okeaHax u atmocepe. MccnenoBanue [lacuunuka nmokaspiBaeT, YTO BCE OHU CBSA3aHbBI
¢ PemeTtkoit 3emun.

Kak mbl yxe yka3bIiBajiau, 00J1acTU BBICOKON TOPCUOHHO-TI0JI€BOM HHTEHCUBHOCTH — 3TO MECTa, e
MaTepus crocoOHa cABUraThcs Ha 0oJiee BBICOKHM YpOBEHb 3(UPHON MIOTHOCTH. I TaBHOE — OCO3HATH,
91O B 3TUX 12-TM y31ax ['nmoGampHOU PemeTkn maTepuss U 3HEPrusi MOTYT pa3MelaThCs Ha Oosee
BBICOKOM YpOBHE 3(DMpHOI MIOTHOCTH, U Bce Oiaronapst BEICOKOW CTENEHH TOPCHOHHOTO M3JTy4eHHs B
3THX MecTax. Bee 310 puxcupoBanock u Habmoganock B 20-M Beke paboroit Aiisena I1. Cannepcona u

OPYrUX.

B 1972 rony, B xypnaine Cara AiiBen CaHIepcoH OIyOJIMKOBAJl CTaThio, 03arjaBICHHYIO
“JIBeHaaIIaTh MUPOBBIX KJIAMOUI NbsBOJIa”. Mecta “KiamOuI ApsiBoJia” — 3TO TO K€ caMoe, 4TO U
“nonst”, oocyxnaemble [lacuunrkoM. OHU MPeNCTaBIAIOT COO0M TOYKM MKOCa’/Apa Ha peleTke 3eMI,
YTO BUIHO Ha puc. 5.6. B kadyecTBe 0030pa: MBI 3HAEM, YTO Kaxaas rpaHb MKOCa’Jpa MPECTaBIsET
co00#i COBEpIICHHBIH PABHOCTOPOHHUN TPEYTOJILHUK, B KOTOPOM KaXK/Iblii BHYTpEeHHHH yroi paBeH 60°.
B cdepe, Takoit kak 3emiis, TOYKH MKOcadapa pacnoyiokeHbl Mexay 30 u 40° mmpoThl BBIIIE W HIDKE
skBaropa. Kaxxaas Touka HaxoauTcs B 72° MHTEpBajgax OT COCEHUX TOYEK, U 3a UCKIOYEHHUEM JIBYX Ha
MOJII0CaX, UX TOYHBIM T€OMETPUUYECKUH LIEHTP PacCIoiOKeH Ha 36° CeBEpHOM WM FOMKHOW IIUPOTHI.
IIaTh TOYEK HAXOAATCS B CEBEPHOM IMOJYIIAPUH, IISITh TOUYEK B F0’)KHOM MOJIYLIAPUU U JIBE Ha MOJIIOCAX.
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Puc. 5.6 Hxocasdp (cneea) u eco pacnonodicenue Ha pewiemxe 3emuu.
(C nobesznoeo paspewenus Huka Henvcona)

CanzepcoH OTKpBUI 3TH TOYKHM IOCPEICTBOM TIIATEJIBHOIO AHAJIN3a BCEX JOCTYIHBIX JaHHBIX O
MOTEepSAX CaMOJETOB W KopalOuseil. Mcxoass W3 JTUX JaHHBIX, OH ONpEACNWI, 4YTO TOJ00HBIE
HCUYE3HOBEHMS IPOUCXOAT B ATUX JIBEHAILIATH MECTaX HAMHOIO Halle, 4eM B Apyrux. B kuure Yapns3za
bepnuma bepmynckuii TpeyronbHUK HaM MpeiaracTcsi OOIIMPHOE OMMCAHUE CBOMCTB 3TUX MECT, KaK B
TepMUHAX (U3UUECKUX MPOIECCOB 3eMIIM, TaK U JJIEKTPOMArHUTHBIX aHOManui, u aedopmanuii
BPEMEHU.

“OT1n MecTa... y3J10Bbl€ TOUKH, I'/I€ OKEAHUYECKHE TEUEHHsI HAa IOBEPXHOCTU TEKYT OJJHY CTOPOHY,
a MOJBOJHBbIE TeueHus — B JApyryro. (M BHOBb MbI BUAMM 3HEPreTHUYECKHE CHJIbI, BpalIaroIUecs B
IIPOTUBOIOJIOXKHBIX HampaBieHUsX.) KpynHble MoA3eMHblE NPUIMBHBIE TEUEHUS MPOXOAAT IO
KacaTeJIbHOW, Ha HUX BIMSET Pa3HMLA TeMIlepaTyp; BO3HHMKAIOIIME MAarHUTHbIE BUXPU BIMSIOT Ha
paavocBa3b, MarHeTU3M M, BO3MOXKHO, Jake Ha IpaBuUTanuio. B pe3ynpraTte, npu OIpeaeneHHBIX
YCIOBUSAX, 3TO BBI3BIBAET HCUE3HOBEHHME BO3AYLIHBIX W MOPCKHMX KopaOjel, YIUIbIBAIOIUX WIN
yJIETAIOIUX B JAPYTryl0 TOYKY BPEMEHM M IpOCTpaHCTBAa. MHTEpecHyl0 TOUKY 3peHHUs Ha CTpaHHOE
IIOBEICHUE 3TUX MECT BbICKa3biBacT CaHIEPCOH, ONMCHIBAS IOPA3UTEIBHO ‘“‘pAaHHUE NPU3EMIICHUSA
THIATEJIbHO PAaCIJaHUPOBAaHHBIX BO3QYLIHBIX IOJETOB, KOIJa CaMOJIEThl IPUOBIBAIOT, HAMHOIO
ornepexas pacnucanue. ENMHCTBEHHOE U BO3MOXHOE OOBsICHEHHE: OHM MONa/aloT B MPUINBHOM BeTep,
JTYIOIINI CO CKOPOCTHIO MpuMepHO 926 kM B vac. (IIpuMeuanue: naBaiite HOMHHUTb, UTO TaKast CKOPOCTh
BeTpa HaOJ0aeTCsl TOJIBKO MPHU CaMbIX CHJIBHBIX yparaHax.) Takue ciiyyau MOTYT OBITh pe3yJIbTaTOM
He3a(UKCUPOBAHHBIX BETPOB, U TMPEACTABISAETCS, 4YTO Yalle BCEro 3TO IMPOMCXOJUT B paloHe
bepmyackoro TpeyroiabHHKa W MecTax JIpyrux BHXped. Bce BBIIISAMT Tak, kKak OyaTO KOHKPETHBIE
caMoJIeT BCTPETWJINCh C aHOMAJIMEH, HO OOOILIN €€ CTOPOHOM MM 0e30I1acHO MPOLUIN Yepe3 “AbIpy B
HebOe”, paHee CTOMBIIIYIO )KU3HU MHOTUM Taccaxupam’.

B wmecrax, takux kak bepmynckuit TpeyronbHuk uiau TpeyroabHuk JlpsiBoia y moOepexbs
Snonnn (0 KOTOpOM MBI yXe pacckasbiBaiu B raBe 10 mpenpiaymieil KHUTH), HCUE3HOBEHUS
MIPOUCXOJIAT TOT A, KOT1a KopaOiu WM caMOJIEThl pa3MelatoTcs B 60see BBICOKON TIIOTHOCTH 3(pUpHOI
SHEPIMM U HE BO3BPAILAIOTCS. AHOMAJINH, CBSI3aHHBIE CO BPEMEHEM, OIMCAHbI B CTaThe J-pa YHUIIbIMa
bokepa u n-pa Dnuzaber Xorenc “Ilnanerapnas pemieTka: HOBBIM CHHTE3”, MeperneyaTaHHOW B KHHUIe
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AHTHUrpaBUTallMd W MHUpOBas pemetka. B Hell oHM cooOmarT 00 aHOMalMH CO BpPEMEHEM,
MIPOM3OIIEIIEH B TOUKE y3J1a Bo3Je ['aBalieB:

“Ilunot, JNeTeBmIMA C MaccakupaMu B paiioHe ['aBaiieB (SHepreTnueckas TOYKa HKOCadaApa Ha
3emiie), BAPYT OKa3ajics B “MepTBOM 30He” 0e3 (BO3MOXKHOCTH BOCIOIB30BATHCS dJIEKTPOMATHUTHBIMH )
npubopaMu U o01IaThes 3a mpeaenaMu kaOuHel. [locne Toro, kak camoseT npoJieTelt moutu 556 kM (4to
3aHSJIO Yac WM OOIBINE), SBJICHHE HMCYE3JI0, U MHIJIOT BBISICHWI, YTO HA3€MHBIE CIYKObI HE CMOTIHU
O0OHApYXUTh BPEMEHH, MPOIIEAIET0 MEXKTY MOSBICHUEM U UCUE3HOBECHUEM “MEPTBOM 30HBI .

V3MeHeHns: B CKOPOCTH TEUEHUSI BPEMEHHU YETKO YBSI3BIBAIOTCS ¢ TeopusiMu Ko3wsipeBa 0 TOM, 4TO
IIOTOK BPEMCHU — O3TO (I)yHKI_[I/IH TOPCHUOHHOTO M3JIYUYCHUA, KOTOPOC, B CBOKO OYCPCAb, SABJIACTCA
dbyHKIMe >PUpHON SHEPreTHUECKOW TUIOTHOCTH. Ecimy BBl JBMKETECh B 007acTh 0oJjiee BBICOKOH
3(1)I/IpHOI>'I IJIOTHOCTHU, BpEMsA JIsI BAC MOXKCT 3aMCIJIATLCA, KaK 3TO IMPOU3ONLIO € BbIIICOIMMCAHHBIM
MWIOTOM. B Takux ciry4asx Kak 3TOT, CaMOJIET BEPHYJICS U3 00JacTH 0oJiee BRICOKOH MJIOTHOCTH B HAIIl
YPOBEHb IUIOTHOCTU A(UPHON PHEPTUH, M BEDKUBIIHE KHUBYT, YTOOBI paccKasbIBaTh cKa3ky. [IpaBaa, 3To
WCKJIFOUYCHUE W3 TPaBWI, HO TPEICTABISETCS, YTO JPEBHHUE KYJIBTYphI JIydllle MOHHUMATIH, KaK HE
“3aTepAThCS” B BHXPEBBIX J(UPHBIX TEPEMEIIECHUSIX W MOTJIM KOHCTPYKTHBHO MMM IOJIB30BAaThCA,
HaTpuMep, ISl PU3HYECKOTO MyTEIECTBHS 10 3eMIIe.

B npenpinymieit KHUre Mbl 00CYKJaIl COOOIIEHNE HETIOCPEICTBEHHOTO OUEBH/IIIA, BIETEBIIETO B
Takyue mMecra 0ojiee BHICOKOM 3(UPHOI TNIOTHOCTH M BEPHYBIIETOCS JKUBBIM. DTOT MPUMEP — CIIydai ¢
Yapne3om Yoaiikmu. KopoTko, korma Yaukiau noman B 001acTh 00Jee BRICOKON 2(UPHOM IUIOTHOCTH B
Buxpe bepmynckoro TpeyrosbHuKka, Bce 31€KTPOMarHUTHbIE TPOOOPHI JEMOHCTPUPOBAIN AHOMAJIBHOE
MOBE/ICHHE, Ha KOHIIAX KPBUIbEB MOSIBUIOCH TOMyOOBATO-3€JIEHOE CUSHUE, 3aTEM OHO CTallo OENbIM U
3aIMoJIHAIIO BCIO KaOWHY. B pasrap coOBITHS €ro OKpYXWIJI CIEHSIIUi OeNblii CBET, Ka3ajJoCh WAYIIUH
“OTOBCIOTy OTHOBPEMEHHO”, 3aTeM 3 (EKT paccesuics ¢ TOW ke CKOPOCThIO, YTO M BO3HHK, MO3BOJISS
€My BHOBb 00OPECTH KOHTPOJIb HaJl CAMOJIETOM.

Kaxk MbI paccka3bIBaiay B IPeAbIAYLIEH KHUTE:

“BecbMa BEpOATHO, YTO MHTEHCHBHBI CBET, KOTOpPBIM OH BHJEJ BOKpPYr, He HaOitopalics Ha
3eMJie; 3TO BU3YyaJbHbIM pe3yabTaT ABMKEHHs Tela B Ooyiee SHEpreTHYecKyro o0nacte. /[ BHelHero
Ha0Jr01aTeNsl HUKAKOr0 U3MEHEHHs He IPOU30IILI0, [T0Ka €ro TeJIo ABUraeTcsl B 001acTh 00siee BhICOKO
BUOpUpYIOLLEH SHEPrUH, BHE BPEMEHH U MPOCTPAHCTBA, KOTOPOE MOI' BUIETh HA3eMHBIH HAOII0JaTENb.
Ecnu 6b1 OH He BepHyIcs, caMoJieT MpocTo ucue3 Obl u3 BuAa. Ho MOCKOIBKY OH BepHYyICS, s
BHEIIHEro HaOJrofaTesis HUYEro He MPOU30ILI0; OHM BHJICTH CaMOJET Kak HENpPepbIBHYIO
LIEITIOCTHOCTE .

5.7 PEHIETKA BOKEPA-X3I'EHC U HOBBIE OTKPBITUA “BOJIBIIUX KPYTI'OB”

Bonee cnoxnas Mmoaenb pemerky 3emin Oblia pazpaboTana a-poM YuiabsiMoM bakepom u g-pom
Onu3aber XoreHc, OHa HM3BECTHA Kak pemeTka bskepa-Xsrenc. Mbl yxke paccMaTpuBalId 3Ty
nH(pOpMalIKIO B ABYX MpPeAbIAYIINX KHUrax. Pemierka co3naercss AByMs HKOCa3IpaMu, IPUUEM OJUH U3
HUX CJIETKa ITOBOPAYMBACTCA MO0 OTHOILEHHIO K JIPyromy. DTa KOHIENIHUs Obla BIEpBbIe pa3paboTaHa
baxmuncrepom ®dynnepom B ero kuure Cunepretuyeckas reomerpus. [locpeacTBom 3Toro mporecca,
onuceiBatoniero Bce IlmatonoBel Teepasie Tema, ¢opmupyercss 120-cTOpoHHUE MHOTOIpaHHHK.
Crenyrommii pUCYHOK TOKa3bIBAET OCHOBHYIO CTPYKTYpPY ATOM Mojeiu Pemerku, XOTs KaIblid
TPEYroJbHUK 00J1alaeT MHOTUMH JIOTIOJHHUTEIbHBIMM JHHUSAMH. Celvac paBaiiTe MNPOAODKUM H
MIPUBEJEM €LIE OJIHY BBIICPKKY U3 NPEABIAYIIEH KHUTH, KOTOPasi IOMOXET HOHSATh, YTO Mbl BUJIUM:
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Puc. 5.7 Pewemka bakepa-Xseenc, 60oxnosnennas pabomotui Kpuca bepoa

N3 ux npoekra pemeTku MOKHO BUJIETh, YTO HBIHEIIHASA CTPYKTYpa KOHTUHEHTOB, L€ OCTPOBOB,
TOpHbIE XpeOThl, OKEAaHWYECKUE LIENU I'Op M MHOroe JIpyroe — Bce cileayeT 3ToMy narrepHy. Ilpu
TIIATEJIbHOM M BHMMATEJIBHOM M3YYEHHUH 3TOM KapThl (0 4eM Mbl yxe roBopwin B CraBure Omox),
MOJKHO BUJETh CIIEAYyIOIlee: BCE BBIMJISIAUT Tak, Kak OyATo 3emis NpeacTaBiseT cOOO0H TIHMOKui
BO3AYIIHBIN IIap, OKPYKEHHBIN pemeTkoil. Eciamn paccmarpuBarh pemeTky kak Habop MpoBOJIOYEK, Tae
IIPOBOJIOYKH SIBIISIOTCS CHJIOW, BIMSIOIIEH HA IIAp, TOra MOXKHO BUIETh, KAK OHM TOJKAIOT MaCCUBBI
CYILHU B UX HBIHEIIIHEE PACIIOJIOKECHUE.

[Ipy BHUMAaTENBHOM M3Y4YE€HHUU KapThl, JIETKO BHUJETh, KaK PelneTka NpUTATUBAcT U OTTAJIKUBAET
KOHTHHEHThl. Bce BaXkKHbIE MOJIOKEHHMSI Mbl Y)K€ ONWCBHIBAIM B JBYX MNPEAbLAYIIMX KHUTax. Bor
HECKOJIbKO IpUMepoB. 3aMeTbTe, 4To FOkHast AMepuka COBEPIIEHHO OKpPY)KE€Ha JIMHUSMHU, a HWKHSAS
4acTh 3TOM 36MHOI Macchl TOJKaeTcs BIPaBO y3JoM 58, a y3en 49 TonkaeT ee BOCTOYHOE MOOepexbe
Bozine Puo-ne-XKaneiipo. Taxke 3aMeTbTe, YTO ABCTpaIMsi COBEPILIEHHO PACTITMBAETCS MEXIY y3JIaMU
43 u 45, a BepXHssA yacTb KOHTHHEHTA 00pa3yeT MOYTH KPYIJIbIi 3aiauB Bo3ie y3na 27. Y3en 27 Takxke
BKJIIOUAET MEHbIIINE 3eMHble MaccuBbl HoBoI I'BUHEH, paciionokeHHbIe IPSMO HaJl HUM.
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Puc. 5.8 Omxpoimusa Yunkoka: “bonvwou Kpye” Pewemxu 3emnu
6 pauione Azuu/Tuxozo Oxeana

Uro0bl cenatb KOHKpPETHBIE 00pa3oBaHMsl 0oJiee HATJISAIHBIMHU, HAa BBIIICTIPHBEICHHOM PHCYHKE
MBI CJIETKa MU3MEHWIM KapTy TaK, 4TOObl Ha HEe MOXKHO ObUIO cMOTpeTh M3 obnactu Tuxoro OkeaHa.
Ecmu BepHyThCs K MOnensam n-pa Ixennu [InatonoBeix TBepabix Ten B BUOpHpYIOLIEH )KUIKOCTH, MBI
IIOMHMM, YTO MEXY Pa3HbIMH y3JIaMHU MOXHO BHJETh CIIMPAJIEBUIHBIE KPUBBIE, B OTIINYUE OT IPAMBIX
TMHUKA camMux reomeTpuil. Ecnm Hama s¢upHas Mojenb BepHA, TOTAA MOAOOHBIX O0Opa30BaHUM Ha
3emiie M cleoBalo OXHJaTh. biarogaps u3ydeHuro Leneil oCTpoBOB U TFOPHBIX XPeOTOB, MBI MOKEM
HAOMIOAaTh KPYIMHOMACIITAa0HBIE CTPYKTYpBI, MOXOXHE Ha T€, KOTOPbIE OKpYyXajlu 00pa3oBaHUS B
JKCIEPUMEHTAX A-pa JKeHHHU.

JUis HauMHAIOIIUX, €CIM MBI TIOCMOTPUM Ha KapTy MHpA, MOKa3bIBAIOILYI0 TOpHBIE XpeOTHI, TO
YBUJMM, YTO TIOYTH BECh 3alaJHbIN Kpall A3uu OrpaHUYMBAETCA TUIABHO MCKPUBJISIONICHCS LETbIO Top,
y KOTOpBIX HET €JMHOr0o Ha3zBaHus. Ha kapTe Mbl Tpy00 OKPYKUJIM 3TOT FOPHBIN XpeOeT psiioM KPUBBIX
JUHUH cieBa oT 0oJbIIero Kpyra. PacnosnokeHue 3Toro orpoMHOro xpedTa ¢ yAUBUTEIbHOU TOUHOCTHIO
COOTBETCTBYET JJUIMIICY, KOTOPBIA MOYKHO HApUCOBAaTh MEXAY y3laMu 12, 4 u 5, npoxoasuieMy depes
[Nakucran, Adranucran, 3anaaHyro okoHeuyHocTh Kutas, rpanuity Poccun, ceBepo-BOCTOUHYIO YacCTh
Kuras u TaHymemycs BIpaBo 110 moOepexbs okeaHa. BeiTsHyroe Mope B Poccun HaxoauTcs TOYHO
CIpaBa OT y37a 4 ¥ MOYTH COBEPILIEHHO BhIpaBHUBAETCS € unuIicoM. Ceifuac Mbl MOKEM COEIMHUTH 3TU
JaHHbIE C JAPYrUMHM MEJIKOMAacIITaOHBIMU CTPYKTYpaMH, TaKMMU Kak Ielb OCTpoBOB TaiiBaHs,
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@ununnuasl, Hoast I'Bunest u ConomoHOBEI OcTpoBa, 4TOOBI 1MOKA3aTh CYHIECTBOBAHHE T'MT'AHTCKUX,
KPYTJIBIX CTPYKTYP BOCXOKJIEHUN SHEPTHUH, JOMOJHAIOMHNX IPSIMbIE IMHUN T€OMETPUYECKON PEIIETKH.

Baxno: ob6a “bonapmux Kpyra” To4HO W CHUMMETPUYHO CONPHUKACAIOTCS CO MHOTHMH Y3JaMU
peleTKr 3eMJIM U COBEPIIEHHO BBIPABHUBAIOTCS C CEBEPHBIMM OKOHEUHOCTSIMH Poccuu u Ansicku. Ha
KapTe MOXKHO BHJIETh U Jpyrue oOpa3oBaHUs, TaKHMe Kak LEMb OCTPOBOB, OOpPa30BaHHBIX HUKHEU
qacTheio noiyoctpoBa Maitstumap (bupma), Tamnannom u Manaiisueid, u, HanOosnee KOHKPETHO, IIETIBIO
ocTpoBOB MHpoHe3un. DTa 1emb OCTPOBOB OOpa3yeT IMOYTH COBEPIICHHBIM IMOJTYKPYT CjeBa OT
MEHBUIET0 Kpyra, KOTOpPbIM Mbl HAPUCOBAJIM Ha 3TOM Kapre. Takyke, OUeHb MHTEPECHO 3aMETHUTh, UTO
MEHBIIUN KPYT HAa ATOM KapTe OYeHb HATTIOMUHAET MOCJIEIHION CTAIMIO JACICHUS KIETKH, TIe y3Jbl 14 u
16 mpencTaBnsoT co0OW Aapa KIETOK, a BEpTHKAJIbHAs JIMHUS MEXIYy HUMHU HAIlOMUHAET JENSLINecs
XPOMOCOMBI.

Ha cnenyromem pucynke (5.9) MbI moka3bIiBaeM SHEPTETHUECKYIO CTPYKTYPY, IIEHTPUPOBAHHYIO HA
y3ne 4 B Cubupw, rie 3aperucTpUpoBaHbl MHOTHE MAarHUTHbIE aHoOManuu. OHU U3yYaINCh H
aHAJIM3UPOBAINUCH A-poM AjekceeM JIMUTpUEBBIM U APYTMMH. ECiIM NpUHATH 3Ty TOYKY 3a LEHTP, TO
MOKHO YBHJIETh UAYIIYIO OT HEE PACHIUPSIONIYIOCS CIIHPab. JTa CIUPATL 001aIaeT TPEMsI OCHOBHBIMH
“BUTKaMHu”’, 00pa30BaHHBIMU Y PaJIbCKUMHU TopamMu B PoccuH, pacrionoXEeHHBIMHU ClieBa OT BHEITHETO
kpyra, I'mmanasmu, nepecekaromumu Ilakucran, Kammvup, Muamio, Heman, byran u Tuber (ux Mbl
MOKa3ajli OYeHb TOHKOW JMHUEH, 4TOObl MOAYEPKHYTh M30THYTOM, CHMpaneBHIHOE O00pa3oBaHHUE) U
ocTpoBa SmoHckoro apxwurmenara. Kak TOJBKO BBl YBHUJIWUTE 3Ty CBEPTHIBAIOIIYIOCS BHYTPh
CIUPATIEBUAHYIO CTPYKTYpPY Ha KapTe MUpa, CMOTPS Ha pealibHOE PACIONIOKEHUE TOPHBIX XPEOTOB, BB
y’K€ HUKOT/Ia HE CMOXKETE HE YBUJIETh € CHOBA. OHA SICHO WILTIOCTPUPYET OCTATOUYHBIE CJIEbI JCHCTBUSA
ATaroOB FeOMETPUUECKOro paciupenus 3emin. bonee Toro, crnocod n3o0pakeHus 3TON KapThl UCKAXKAET
UCTUHHYIO (opMy BepxHel OeperoBoil nmamu Poccum. [loaToMy Ha camMoM Jieiie 3TOT Kpyr HAMHOTO
00Jiee TOYHO BBIPOBHEH € (hOPMOI M paCIIOJIOKEHUEM MTOOEPEkKbsI, UEM MOKHO BHJIETh HA PUCYHKE:

7 ‘

Puc. 5.9 Yurxox: cnupanesuonoe “‘euxpesoe’” obpaszosanue,
sxmoyarouee Ypanovckue 2opwi, [ umanau u Anonuio.
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5.8 PE3IOME

Nrak, oOCHOBBIBasCh Ha WHPOPMAIMM OTOW TIJIABBI, MBI BHIUM SIBHYIO CBSI3b MEXKIY
SHEpPreTUYEeCKUM MOBECHUEM, HAOII01aeMbIM HAa KBAHTOBOM YPOBHE, U SHEPreTHUECKUM MOBEICHHEM,
HaOJI0JaeMbIM Ha TUTaHeTapHOM ypoBHE. [107100HO TOMY, Kak Uit 0OBSICHEHNS MUKPOKJIACTEPOB MOXKHO
UCIOJIb30BaTh “‘SIBHBIC, 3aBUCSINUE OT YIJIOB, CUJIBI MHOTHX TeNl’, T€ )K€ FeOMETPHUYECKUE CHIIBI YETKO
paboTaroT B IIIa3MEeHHBIX 00pa30BaHMAX, HAOMOaeMbIX B Xeccaanene, Hopeerus, u, KOHEYHO, B CAMOM
3emie, obnanaronield T€OMETPUUECKH CTPYKTYPHUPOBAHHBIM IJIa3MEHHBIM SJIPOM M pa3BUBAIOIICHCS
reOMETPUYECKON CII0KHOCTBIO MOJI0KEHNH KOHTHHEHTOB, TIOCKOJIBKY OHA pacIIupsieTcs B (GU3NUCCKOM
pa3mepe. Takke, y HaC €CTh HOBasi TOUKA 3pEHUSI HA 3eMIIETPACEHUs, OOBSICHSIOIIAS, TIOYEMY B TIEPUOIBI
BBICOKOH CEHCMHUYECKOW aKTHBHOCTH MBI HaOJIO/IaeM IUIa3MEHHBIE 00pa30BaHUs, M YBS3BIBAIOIIASICS C
KOHIICTILIMEH, YTO SIp0 3eMJIIM COCTOUT U3 CBETSAIICHCS T1a3Mbl. AHOMAaJIbHBIE UCUE3HOBEHHUSI Kopalie
U CaMOJICTOB B Y3JIOBBIX TOUKax [ o0anpHON PemeTkn 4eTko yka3plBalOT Ha 0OOCHOBAaHHOCTH MOJEIIH,
BKJTIOYAIOIIEH MHO)KECTBEHHbIE IJIOTHOCTH 3(upa, Iie MaTepusi CIOCOOHA MepeMeIaThesi U3 OTHOU
IUIOTHOCTH B APYT'YIO, €CIIM TOPCHOHHO-BOJIHOBOE JaBJICHUE B MOJICKYJIaX MOBBIIIACTCS JOCTATOYHO IS
TOT0, 4TOOBI MIEpecedb BUOPAIIMOHHBIN YPOBEHb CKOPOCTH CBETA.

Ham cnegyromuii mar — eme OoNbIIe pPacHIMPUTh ITY “Tojorpaguyueckyro” MOJEIb,
JIE€MOHCTPHUPYs, YTO T€ € CaMble SHEpreTH4YeCcKHe NPUHIMIBI paboTaroT BO Bceil BcenenHnoill, Ha
KOKIOM YPOBHE pa3Mepa, IIOCPEACTBOM IPOCThIX, HO TOYHBIX TapMOHUYECKHUX MPHUHIIUIIOB,
ONPEACISIOINX UX B3aUMOOTHOLIEHUS IPYr € JAPYrOM. OTO IO3BOJMT CO34AaTh €AMHYI0 MOJEIb,
KOTOpPOM HET HU B OJJHOM COBPEMEHHON HayyHOU padoTe, HO MOXO0XYI0 Ha BO3BpAIEHUE K JPEBHEMY
nonnManuilo boxectBeHHoro Kocmoca. Cnenyromue naBe TIUIaBbl INPEACTABISAIOT CEPALE MOJEIH,
KOTOpYIO IMPEACTaBIsAET 3Ta KHUra. JTa MOJEIb OyneT 6a3upoBaTbcs Ha BCEM IPEIbIIYLIEM 3HAHHH,
PacKpBITOM B 3TOM KHHUI'E A0 3TOIO MOMEHTA.
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I'naBa 6: YHuBepcajbHoe OueHHe

Ceiiuac, mpy HAJIMYUU OCHOBHOHM pabodeit mMonmenu (QyHKIIMOHMPOBAHUS MaTEpPHH U SHEPTUU HA
KBAaHTOBOM YpPOBHE U TMPOJEMOHCTPUPOBAHHOTO TaPMOHHYECKOTO PACIIMPEHUS ITHX TMPHUHIIMIIOB B
MOBEJICHUN TUIa3MEHHBIX OOpa30BaHUN M MHAMUKE IUITAHETAPHOW DHEPrHU, MBI TOTOBHI MPEIOKUTH
MO-HACTOAIIEMY €IuMHYI0 Mojelb boxectBeHHoro Kocmoca. DTa Mozaenb COKpbITa B JIPEBHHUX
¢donuanTax, MaMATHUKaX U MHU(OJIOTHUECKUX JIETEHAAX J30TEPUUYECKON HAyKH, OCBAIIECHA BEKAMH H
KJIET CBOET0 HOBOTO OTKPHITUS. Takke, BHOBb OTKpbITas HHQPOpPMAIUS IMO3BOJIUT PACCMOTPETH
MPOUCXO0KJICHUE U COTBOPEHHE U3BECTHOM HaM BCelleHHOM Kak LBETYIIEro co3HarenbHoro [lepsuynoro
CymiecTBa, BMECTO BHE3AIMHOTO B3phIBa “‘HUYEro”’, pa30pOCABIIETO OJWHOKHE, HETOPIOYHE SIACPHBIC
M€Y B Mapan3yomieil ThMe IPOCTPaHCTBA.

Hawm xotenocs Obl moGmarogaputh a-pa Onuepa Kpelina 3a pa3paOoTKy MHOTHX, CBS3aHHBIX C
ATOW MOJENBIO KJIIOUEBBIX KOHIICTIIIMMA, B €T0 3aMeyaTeIbHOW CTaThe, OMyOauKoBaHHOW B 1993 rony.
Omna HazwIBaeTcsl [lenmpanbHulli 6ubpamop u KeaHmoeas cpedd Npocmpancmea-gpemenu. B 3Toit rnase
MBI COCIHMHSIEM OCHOBHBIC TuMOTe3bl KpeliHa ¢ ¢usukoir J[PKOHCOHa W JOpeBHHMMH Bemudeckumwu
TEKCTaMH, YTO TMO3BOJIUT MPEJIOKUTh 3aKOHUECHHYIO U €IMHYI0O MOJIEJNb, CBOJAIIYI0 BOEIWHO BCE
HaOII01aeMbIe TaHHEIE.

6.1 MOJACKA3KHU O BCEJEHHOM, MPUXOISIIIUE U3 JPEBHUX HIKO.I
MUCTEPU

[Toutn BO Bcex 330TEpUUECKHX AYXOBHBIX Tpaauuusx BcenenHas HauuHaercss ¢ EnuHCTBa,
OKyTaHHOTO 3aBecoil TailHbl. ['oBopsaT, uto OHO uMeeT ¢opmy cdeprl; Mbl OyaeM Ha3bIBaTh €€
Yuausepcansuoit Chepoit. Mnmu, ¢ MareMaTHUeCKOl TOYKU 3pEHUS, MBI MOXKeM JymaTh 00 31oi Cdepe
Kak o Oe3ympedHoil Touke, (Kak MbI ceilyac cuuTaeM) He oOnajarolield HU BpPEMEHEM, HU
MPOCTPAHCTBOM, OECKOHEYHO OOJIBIION M OECKOHEYHO Malioil (BC€ 3aBUCUT OT NEPCIEKTUBBI), H,
KOHEYHO, o0manaromieit cdepuyeckoil cuMMerpueil. XOTss Mbl HE MOXEM pasMBIIUIATE O €€
COJICP)KUMOM, COBPEMCHHBIC PYCCKHE (PHU3UKH OTOXKICCTBISIOT ee ¢ “AOcommoTHbIM Du3nueckum
Bakyymom” unu A®B. Tepnerckuil ommboYHO cuuTal ee “0ecrose3Hoi”’, MOCKOIbKY BHYTPH HEe HET
JBUKEHUSL, a 0€3 IBUKEHUSI HE MOXKET ObITh HU U3MEHEHUS, HU BPEMEHHU, HU SHEPI'UH, KaK ceifvac Mbl O
HUX TyMaeM.

3areM TpaJHMIMU PacCKas3bIBalOT, uTo EAMHCTBO BBIOpano pasnenutscs. B a3oTepuueckoil Hayke
3TO MOJIO’KEHUE BhIpaxkaeTcs kak “OpaHo, pa3aenusuieecs Ha J[Ba”. Bee 3To nmpoucxoauT BHYTpH chepsl,
HE MeHsoIed cBoell (opMbl WM HE yJIBauBalolIel cedst, YTO Mbl HAOJIIOJaeM MPH JIEIEHUU KIETKH.
[Ipoctoe nenenue suepruu BHYTpu Cdepbl COTBOPUIO [Ba OCHOBHBIX Teja 3dupa, KOTOpbIE IS
IPOCTOTHI MBI OyaeM HasbiBaTh 3¢upom 1 (31) u adpupom 2 (32). Pazymeercs, Mbl cuuTaem, 4To BCE
s¢dextsl Ko3bipeBa 1 Bce ypOBHU IIOTHOCTH 3(Upa WM IJIaHbl IPOCTPAHCTBA U BPEMEHHU CO3/1al0TCA
JMHAMUYECKUM B3aHMMOACHCTBUEM 3TUX JIByX OCHOBHBIX CHJI B COTBOPEHHH MAaTEPUHU, YTO TAK)KE BUIHO
B MojJieNid KBaHTOBOM (u3uku Pona J[xoncona. HuxenpuseneHHas BblIepKKa U3 XypHana Hosocmu
¢u3uKM TO3BOJSIET MpeanojaraTb, 4ro B lalakTukax M cynepkiactepax paOoTaloT JABE pa3HbIe
OCHOBHble TUIOTHOCTH 3dupa (TO eCTh, TEMHOM MaTepuH). UnuraTeato He 00s3aTeIbHO MOHUMATh BECh
naparpad, 10CTaTOYHO BBIICICHHOMN YacTu:

W3 sxxypuana Hoeocmu usuxu:

“TEMHAS MATEPUSA, KAK N CBETAIIAACA MATEPUSA, NEPAPXMYHA. To ecth, OHa
aKKyMyJIUDYETCSl HAa TaJIAKTHYECKOM YPOBHE M Ha YPOBHE TaJIaKTMUECKHX KJacTepoB. Takas Touka
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3peHHsI OCHOBBIBAETCSI Ha HAOJIOJEHUSX, BBIIOJHEHHBIX C IOMOIIBIO OpPOUTAIBHOTO SIIOHCKOTO
peHTreHoBckoro teneckorna ASCA, 3aperucTpupoBaBIIer0 PEHTTEHOBCKOE M3IYYEHHUE, UCXOIIIee OT
rasa B raJlakTHueckom kiacrepe Fornax. (/Ipupooa, 1 despans 1996 rona). B mobom mMecTe MI0THOCTH
TEMHOH MaTepHH BBIBOJHUTCS M3 IUIOTHOCTHM packaneHHoro (Bmioth jgo 108 K) rasa, xotopsrii, mmo-
BUIMMOMY, YIEP>KUBAETCSI B PAaBHOBECUM T'PABUTAIIMOHHBIM BIMSHHEM OJH3iIexaleil, HeBHIUMOU
TemMHON Matepun. YueHble ASCA cuuTaroT, 4To OJHO OOBSICHEHHE WX WU3MEPEHUH — HaIW4Hhe IBYX
pasHbBIX BHJIOB TEMHOW MaTepuu. OTO YKJIAAbIBA€TCSI B pPaMKU HEKOTOPBIX THOPUAHBIX
KOCMOJIOTMYECKUX MOJEJEH, IMOJIaralolux, 4TO XOJIOAHas TEeMHas MaTepus (HampuMep, aKCHOHBI)
OKa3bIBaeT BIIMSHUE HA TaJaKTHUYECKOM YpOBHE, a ropsiyasi TeMHas Matepus (Harmpumep, obJanaromnme
Maccoi HEeUTPUHO) — Ha ypoBHE Kiactepa (Hosocmu nayku, 10 ¢espans 1996 rona)”.

BenuenpuBenennas uHbopManmus — BCEro JHIIb OAWH M3 KYCOYKOB T'OJIOBOJIOMKH,
npenoiararomiel, 4ro Bo BeeneHHo# paboTatoT aBe 0CHOBHBIE (GOpMBI “ddupa’ (TeMHOM Marepun). 1
BHOBb, Hallle KJIIOYEBOE CTApTOBOE IOJOXKEHHE cleayromiee: cymectByeT YHuBepcaibHas Cdepa,
pazaenuBiuasics BHyTpu Ha D1 u I2. IIpuuem >1tu 3¢upsl 0071a/1a10T HEOOIBIION pa3HUIIEH B CKOPOCTIX
BHOpAIIMK; B BHIIIEITPUBECHHOM OTPBIBKE 3TO BRIPAYKAETCS KakK “ropsdas’ U “XoJiomHas” .

6.2 BHYTPU JIPYT JIPYT'A 31 U 32 BPAIHAIOTCs B TIPOTUBOIIOJIOXKHbBIX
HAITPABJIEHUAX

Crenyromiee u 0oniee BaXHOE IMOJIOKEHHE: CIIEAYET BUAETh, YTO YHUBEpcaNbHbIe Tena d¢upa 1 u
apupa 2 MOTYT BpamiaThCs B IMPOTHUBOIOJIOKHBIX HAMPABICHUAX OTHOCHUTEIBHO APYr ApYyra WIH
KPYKHUTHCA B MPOTHUBOIIOJIOKHBIX HAITPABJIICHHUAX, HC BbI3bIBas OOJIBIIIOr0 UCKAKEHUS APYT B ApPYyTe:

* OnHOBpEeMEHHO, D1 BpaIaeTcs Mo 4acoBOil cTpenke, a D2 - MPOTUB YaCOBOM CTPEIIKH, U 110 MEpe
npojoikeHus nBxkeHus B Chepe OHU MOTYT MPOXOAUTH CKBO3b IPYT Ipyra.

* [Tockoneky B Cdepe D1 Bubpupyer HeMHOTO OBICTpee, yem D2, D1 Oyner BpamaTsCsi HEMHOTO
osicTpee, uem D2. [lozxke 310 OymeT paccMaTpUBaTHCS KaK BaKHOE MOJIOKEHUE.

Tena 31 u 32 xxuaK000pa3Hbl, OHU 00J1a1a10T cPeprUUeCKUMH “TIy3bIpbKaMH MO, CIIOCOOHBIMU
Teyb. OTO NPENINoJOKeHHWE BblABUTaerca B  paborax KosblpeBa, MwummHa W JIpyrux,
IIPOIEMOHCTPUPOBABIINX JKUAKOOOPa3HYI0 aKTUBHOCTbh U “TedeHus” B sdupe. [Ipu 3ToM “my3bIpbKU
noyisi”’ o0amaroT BHyTpeHHer reometpueid [lnatonoBeix TBepabix Ten, BRIHYKIAOMICH MX OCTaBaTHCA
CBSI3aHHBIMHU C COCEIISIMU B BHUJI€ OTHOCHUTEIBHO YCTOHYMBOIO MaTpHUuHOro oOpasoBanus. D1 cBs3aH ¢
camMuM co0oil Kak o/iHa ceprueckas CyIIHOCTb, D2 CBA3aH C caMMM COOOM Kak Japyras cepuyeckas
cymHocTh. OTcroa, >KUIKO-KPUCTAJUIMUECKOE TIeOMeTpuYeckoe KadecTBo O] m D2 Memaer um
BHE3aIHO CMEIIMBAaThCA JApPYyr C JpyroM (TOMOreHHW3alusi) M TEpATh UMIYJIbC JBUXKEHHUS B
IIPOTUBOIOJIOXKHBIX  HampasieHUsX. M TOCKOJIBKY OHM  BpallaloTcs B MPOTHUBOIIOJIOKHBIX
HaMpaBJIEHUAX, “Ty3bIPbKH MOJISI” MOTYT CKOJIB3UTh MUMO APYT JpyTa KaK B CYNEPKUIKOCTH, XOTSI OHU
HaxXOJATCS IO OYEHb BBICOKMM JaBJIEHMEM. B HEKOTOPOM CMBbICIE 3TO HAllOMHMHAET JIIOJEH,
OPOXOAAIIMX MHMMO Jpyr JApyra Ha 3arpyXeHHbIX TOpPOJCKHX yIMIAX M HAYIMHUX B JBYX
IIPOTUBOIOJIOXKHBIX HAIPABICHUSIX.

6.3 91 U 932 TIPOBOJAT BUBPALINIO KAK EJMHAS " KUJIKOCTb

W BHOBB, XKUIKOKPUCTAIIMYECKHE MAaTpUYHbIe KadecTBa D1 m D2, moka 3¢upsl BpamarTcs B
IIPOTUBOIOJIOKHBIX HANPABICHUAX, BBIHYXKJIAIOT HUX COXPAHATh CBOM COOCTBEHHBIH BHYTPEHHUH
T€OMETPUYECKUN TOPSJO0K, BO MHOTOM HAIOMHMHAIOUIMHA JETalbHO pa3paboTaHHyio Bennueckyro
MaHaaixy. O0 3TOM MOXKHO AyMaTh Kak 0 (popMe BHYTPEHHEI0 MarHUTHOrO NpUTskeHus. OHAKo eciy B
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VYuusepcanpHyto Cdepy Mbl HauMHAeM IOCBUIATH IYJIbCALMM, MY3BIpbKU monigs D1 u D2 HauHyT
yAapsIThCS APYr O Apyra, MpoBOjAs BUOpanuu (TyabCallid) Kak €IWHOe ToJjie. Takue Myibcaluu —
HACTOSIIEE UCTUHHOE OIpeesieHne TOPCUOHHBIX BOIH. KoHuenuus D1 u D2 kak equHOro nojist KpaiiHe
BaXHAa JJIs I[OHMMAHUs TOro, Kak JeHCTBUTENBHO (GYHKIHMOHMpYeT BceneHHas, NOCKOJIBKY OHa
OOBSICHAET, YTO BCE€ YPOBHU 3(Upa, HE3aBUCHMO OT UX IJIOTHOCTH, BKJIIOYAIOT B cebs u D1 u D2.
CnenoBarenbHo, 00 D1 m D2 MOXHO aymMaThb Kak O npenmiecTBeHHHKax OKTaBbl 3(PHUPHBIX
HHEPreTUYECKUX MIOTHOCTEH, KOTOpble Mbl 00Ccyx1aeM. [1o Mepe JABMKEHUs BIIepel, BCe CTaHEeT sICHEe.

6.4 1J151 OBPA3OBAHUS DJIEKTPOMATHUTHOM SHEPTUU (MATEPUHN) 31 U 32
COYIAPAIOTCA

Bonpiryro yacte BpeMeHr D1 u D2 CKONB3SIT BOKPYT Apyr apyra. OJHAKO €CIU UX T€OMETPHUH
HaJJIeKAIIMM 00pa30M BBIPABHUBAIOTCS, OHU MOTYT U OyayT cMemmBatbes. Korna my3sipbku ot 1 u
D2 cMmemmBaIOTCA, o0O0pa3yeTrcss JJEKTpOMAarHWTHas dHeprus. KoHedHo, MBI 3HaeM, YTO
JNEKTPOMArHUTHASL YHEPTHS SIBISIETCS CTPOUTENBHBIM OJOKOM Bcel (hu3mueckoil mMaTepuu (COTIacHO
OWHIITEHHY U ApyruM). OYeBUIHO, YTO TAKOE CIMSHHE HE TIO3BOJISIETCS B OCHOBAHHBIX Ha “‘dacTHIax’’
TPAIUIIMOHHBIX MOJICIISX.

Wrak, naBaiiTe mpuMeM 3TO 3a OCHOBY U MEPEHIEM K CIISAYIONICH CepUU KOHIICTIINN, pab0TarOIINX
B JKUJKO-IMHAMUYECKON MOJIEIIN:

* Buyrpu cdepuueckoro MpocTpaHCTBa JiBa JKUAKOOOPa3HBIX d(Hupa BpallaroTcs B
MIPOTHBOMIOJIOKHBIX HAIPABJICHUSX, HETIPEPHIBHO H JIETKO TEKYT MUMO JIPYT Jpyra, 00sanaas KayecTBaMu
“CyNep>KUIKOCTH’, UYTO O3HA4YaeT CIEAyIollee: HE CMOTPS Ha TO, YTO YACTHULIBI COYAAPSIOTCA,
COIPOTHUBIICHUE JIBUKEHUIO OYKBAJILHO HYJIEBOE.

* [lockonpKy JBa KUAKOOOPa3HBIX 3(upa TEKYyT MUMO APYT JIpyra, HEKOTOPBIC My3bIPHKH MO
OyayT coymapsaThCs HAPSMYIO.

* Korma ux reoMmerpuueckue 4acTOThl HAJJIEKAIUM OOpa3oM BBIPOBHEHBI, JBE Pa3HBIX (HOPMBI
sHepruu J1 u D2 cnuBaroTes.

* Kak Tompko D1 m D2 cnuBawTCs, OHU Cpa3y KE CKUMAKOTCA MO ACHCTBUEM CpEBbl,
OKpY’KaIoIlIeH UX CO BCEX CTOPOH.

* [lonoGHO TOMY, KaKk B BOJie 00pa3yroTcs My3bIpbKU BO3JlyXa, C)KaTUE CIMBIIUXCS 3Hepruil D1 u
32 popmMupyeT MUHHATIOpHYIO cepy.

* DTOT MPOLIECC CO3JIAET KPOIlIeUHble KoMK Y HUBepcanbHOM Cepbl — COBEPIIEHHBIH MUKPOKOCM
MaKpOKOCMa.

* Bayrpu kpomeunoit cdeprsl dpupubie sHepruu 31 u 32 OyayT mpoaoDKaTh BpamlaThCs B
MIPOTUBOMOJIOKHBIX HAMPABICHUSIX U KPYKUTHCS BOKPYT JIPYT Ipyra, Kak JEJaioT 3TO B Y HUBEPCAIbHOM
Cdepe.

* Tak ¢opmupyeTcs “BUXph”’°, IPUHUMAIOIMINNA (GOpMY “TpaBUTAIIMK ITOCPEACTBOM BTATHUBAaHUS O 1
u D2 6naroxaps 3¢ dexry budunna-bpayna (uro o0bsCHIIOCH B TIaBe 2).

* [TockonbKy KpoleuHble cepbl MPOJ0HKAIOT MPUTIATUBATH OOJIbIIE U OO0JIbIIE My3bIPHKOB MOJIS
u3 D1 u D2, oHn OyAyT NMOCTENEHHO pacTH B pa3Mepe. DTOT MPOIECC HUYEM HE OTIMYAeTCS OT
n00aBJIeHUS] HOBBIX Karesb K chepruuecKkoMy BOJHOMY ITy3bIPIO U HAOIIOACHHS, UTO OH YBEITUYUBACTCA
B pa3Mmepe.

* Cormacuo moxaenu J[)xoHcoHa, (OPMHPYIOIIMECS B 3TOM IIpoIecCce ‘“‘€IUHUIBI. 00pa3yroT
MaTepuro (Kak Mbl ceiiyac o Heil mymaem). be3 cmemmBanus 31 u D2 He cyliecTByeT HaOII01aeMOi
MaTepHH.
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Tonpko UTO MBI OMHUCAIM CaMble BaXXHbIE OCHOBHBIE CBOMCTBa B “d¢upHoii” momenu Kocmoca.
Ham cnemyromuii mar — YCTaHOBUTh, KakKM€ WMEHHO CTPYKTYPHl TOSIBISIUCH OBl BHYTPH
YHuBepcanpHOi cdepbl, TO ecTh rae GopMUPOBaIOCh ObI camMoe OOJbIIee KOIUYECTBO KPOIICYHBIX
chepuueckux “enunmil’. YacTh oTBeTa MOXHO OOHApYXHTh, 3aaaBas Bompoc: “UTo mMeHHO OyaeT
MIPOMCXOUTH, KOT/Ia Y Hac ecTh chepoodpasHoe Teno Bparmaromeics xuakoctu?” Ocrapmiasics 4acTb
oTBeTa OyJeT HailjieHa, Korjaa Mbl cripamuBaeM: “I'1e OyneT mpoucXoauTh caMoe OOJIBIIOE KOJTUIECTBO
COyAApeHul MeXy “Nmy3plpbKaMH moiis”?”

6.5 BUXPU COYJAPAIKOTCSA B HEHTPE, OPA3Y S MEHBIIUE COEPBI

B npenpinmymux riiaBax MbI YK€ OOBSCHSUIM, YTO C(HEpUYeCKHid TOp — OTO ECTECTBCHHOE
“BuxpeBoe” (BOpOHKOOOpa3HOe) 0Opa3oBaHHE, TMOSBISIONIEECS B JKUAKOCTH HW  CO3JAIOIIeecs
BpaliaTeIbHbIM JBIKeHHEM. Bo Bparmaromieiics chepe >KUIAKOCTH BBl BHAWTE BUXPU HA CEBEPHOM H
I0)KHOM Tonocax. Ha ogHOM mmtoce BUXPh OyleT CHUPAJICBUIHO 3aKPYYHBATHCA “BOBHYTPH~ IO
HaNpaBJICHUIO K IIEHTPY, Ha JAPYroM IOIIOCE OH OyJaeT 3aKpyduBaThCs “BOBHE” 1O HAIPABICHHUIO OT
nentpa. Ilomaute, yto 1 D1 w D2 CymecTBYlOT B OJHOM M TOH ke cdepe, HO BpaIIAIOTCS B
MIPOTUBOTIOJIOKHBIX HAMPABIICHUSAX. JTO 3HAYMT, YTO OHM OYAYyT CO37aBaTh ABa CHEPHUECKHUX TOpa,
obJyamaromuyx o0IIel OChI0 B OJTHOM M TOM e caMol cdepe.

[TosTOoMy, naBaiiTe MpenInoNoKUM Ceayromiee:

* [lepBerii a¢up (D1) BpamaeTcs Mo 4aCOBOM CTPENKE, 3TO BBIHYKIA€T BUXPh BTEKATh B CEBEPHBIN
nositoc Cdepbl U BHITEKATh U3 I0/KHOTO.

* Bropoit a¢up (32) BpamaeTcss NpOTUB YaCOBOM CTPEJIKH, 3TO BBIHYXJAE€T BUXPh BTEKAaTh B
10%kHbIH nontoc Cepsl 1 BbITEKaTh U3 ceBepHoro noitoca Chepsl.

Ecmu mpencraButh KopaOiib, 3aXBayeHHBIM BOJOBOPOTOM, MBI BCIIOMHHM, 4YTO OH OyneT
BpaIIaThCs 1O TUTAHTCKUM Kpyram, MpUYeM 10 Mepe NPHOIKEHUS K IICHTPY BOPOHKH, BpPANICHHUE
Oyznet OwicTpee u ObicTpee. Co BpeMeHeM, MonaB B IIEHTP BOPOHKHU, OH PaCKOJETCs U YHIET MO BOIY
Mo JEHCTBHUEM HEBEPOSTHBIX JABJICHUMA, CO3JAIONIMXCS B IeHTpe. [lodToMy, e€ciii MbI BO3BMEM
aHAJIOTHIO BOJIOBOPOTA W MPUJIOKHM €€ K Haied cdepe, TO MOIYdUTCsl, YTO HEHTpajbHAs OCh BUXPS
cheprl Oymer 006samaTh camMoOl OOJIBIION CKOPOCTHIO JBUKEHHUS W CAMBIM BBICOKHM JaBicHHEM. D1
TOJIKAE€TCA K LEHTPY C ceBepa, D2 TOJIKaeTCs K LEHTpYy C rora. OHU coydapsroTcsl B TOUHOM LIEHTpPE
VYuuepcansnoit Cdepbl, o0nagaronmM caMoil BBICOKOM CKOPOCTBIO JIBMKEHUS M CaMbIM BBICOKUM
JTaBJICHUEM.

[Tocne Toro, kak oOpazoBamuch D1 M D2 W HayaloCh WX BpallleHHE B MPOTHUBOIOJIOKHBIX
HaTPaBJICHUSAX, MOMEHT, KOTJ]a B IIEHTPE BIIEPBBIC NMPOUCXOAHUT COyJapeHUE BHXpEH, U €CTh TO, YTO
TpaJULMOHHbIE Yy4yeHble HazBaiu “‘bonpmmm B3apeiBom™. JlaBneHue paBuxynierocss Ha or Ol
coyaapsieTcsi ¢ JaBJICHUEM JBHKYIIETrocs Ha ceBep D2, U B 3TOi 001acTH HAYMHAET CIUBATHCS HAMHOTO
OoJbIlIee KOJIMYECTBO My3bIpbkoB most D1 u D2, yem B m000it npyroi. B ientpe onu o6pasyror chepy,
MIOCKOJIbKY Ha HUX OKa3bIBaeTcs JaBjieHHe co BceX cTopoH. CoriacHo mozenu ¢usuku J[>KoHCOHA, Tak
CO3/1aeTCsl AIIEKTPOMAarHuTHas 3HEprusi, oOpasylomias BUAUMBINA CBeT U MaTtepuio. U cpa3y ke cdepa
HAaYMHAET pacTH, IOCKOJbKY ToOrJomaer B ceb0s Bce Oosblie W OOJIBIIE JKUIKOOOPA3HBIX
sHepreTuueckux “vactun’” J1 u 2.

OO0 TOM COOBITHH MOXKHO AyMaTh Kak O pOXKICHUU MEePBO 3Be3/1bI BO BeeneHHoil.
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Puc. 6.1 /[>n Bunmep u Yonmep Paccen: uzobpasicenue guxpetl,
BPAWAIOUWUXCSL 8 NPOMUBONOTONHCHBIX HANPABTEHUSX

Korga cmemmBarorcst ABa 3¢upa, co3gaercs MCXoJHas OCHOBHas (opMa — CBETSLIAsCs IUIa3Ma.
BeimenpuBeieHHBI PUCYHOK 3aUMCTBOBaH U3 pabOoThl /[pHa Bunrtepa. OH moka3biBaeT: cieBa -
BOJIOBOPOT, B LIEHTPE - TOPHI, BpaIlAIOLIMECs B IPOTHUBOIIOJIOKHBIX HAIIPABICHUAX, U CIIPaBa — CXeMy A-
pa Yonarepa Paccena, AeMOHCTpPHPYIOILIYIO, KaK TOpPBI cXonusaTcsi BMecTe U (opmupyror chepy. (Ha
PUCYHKE MOKHO BUAETb, YTO BuHTep caenan mnpoctyro ommOKy. OH He yBHzEd, 4TO JBa Topa
coJiepKarcsi B OJTHOM U TOM k€ C(EepHYecKOM IPOCTPAHCTBE M CIIOCOOHBI KPYKUTHCS BHYTPH JAPYT
apyra. OH BU3yaIu3HpoBall X CKOpee CPOAHU ABYM OyOiaMKam, OJJMH MOBEPX APYroro.)

Y n-pa Yonrepa Paccena Obur 39-mHEBHBIM MEPUOA MHUCTHYECKOTO IPOCBETIICHHUS, BO BpeMs
KOTOPOTO €My YAaJloCh YBUAETh MHOTO€ M3 TOTO, KaK CTPYKTypHUpyeTcs U QyHKIHMOHUpYeT Beenennas.
OTO0 MO3BOJIWIO pa3paboTaTh MHOTME KIIFOUEBbIE IOJIOKEHUS HOBOM Kocmojoruu. M3 ero cxemsl,
CrpaBa, MOXXHO TOJYYHUTh XOPOIINi BU3yalbHBIH 00pa3, uto Lentpanbnas Cdepa co3maeTcst IMEHHO
MOCPEJICTBOM JBYX IEpeceKaroluxcs “BUXped” HHepruM u3 Jrodoro HampaieHus. Jpyras, He
IIPUBEJICHHAs 3JeCch WUIIOCTpanus Paccena moka3blBaeT SBHO PA3IMYUMBIA KPYyr B LEHTPAJIbHOU,
o0JyacTu MeXay IBYMs CHpaisiMu, uMerolei popMy anmasa. Ha Heii nerue yBugets chepy.

6.6 9330TEPUYECKOE IOHUMAHME “BEJIMKOI'O HEHTPAJIBHOT'O COJILA”

[TockosibKy MBI HMEEM JI€TI0 €O CPepoii, TO €CTh CO CBETSIIEHCS IUIa3MOM, MHOTHE 330TepUYECKHe
uikosibl Ha3piBatoT LlenTpansayto Chepy “Benuxum LentpansusiM Conaiiem”. boiiee Toro, 3To ocHOBa
MUCTHUYECKON BakHOCTH umcia “3%“. Ecim 31 paccMmarpuBaTh Kak “MyKCKOW~, a D2 Kak “KEHCKUM,
TOrJa B CEKCyaJbHOM COI03€ OHM CO3JAI0T IIOTOMKA, SBJIIOLIETOocs MalleHbKOM komueid OjHoro,
cocTodAle u3 mMarepuana odboux “poxutenei’”. Mbl BUIUM, YTO KOHIENUUS TpPOMIBI MOSIBISETCS BO
MHOTHX JIYXOBHBIX TpaJulUsiX, BKiItouas Bennueckue BepoBaHus, Bepy erunTsaH u xpuctuad. Kopuesoii
apXeTuIl, BIpaKEHHBIH nepe1oBbIM yueHbIM JIko3edoM Kemnbenom, TakoB: OTell U MaTh, pOXKIAIOIINE
aHJPOTUHHOTO ChIHA — U MY)KUMHY M JKeHUIMHY. Hanmpumep, 3TO MO>KHO BUJETh B €TUIIETCKOM MHUdeE 00
Ocwupuce-otue, HMcupe-marepu u l'ope-aHIPOrMHHOM CbIHE. OJTO OJMH U3 IPUMEPOB TOrO, Kak
“aK30TEepUUECKHe” WM He MeTadu3Mueckue JIOKTPUHBI MOTYT  PAcCIpOCTPAHATHCS  CpeAu
HETOCBAIICHHBIX W OJHOBPEMEHHO CcoOJep’KaTh B cebe TIIyOOKue 330TepHuecKue HaydHble (akThl,
CKPBITBIE C TOMOIIbIO CUMBOJIU3MA.
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6.7 HEHTPAJIBHASI COEPA HAUNHAET KOJIEBATBCS (BUBPUPOBATD)

Urak, y Hac ectb poxaeHue u poct Bemnkoro Lentpansnoro Connua. Jlanee Mbl OTKpbIBa€M, YTO
B [IEHTPaIbHOM c(hepe yCTaHaBIMBACTCS MyIbCUPYIOUTUI PUTM:

+ Kak Tonmpko Qopmupyromascs B LEHTPAJbHOM cdepe CBeTsIascs Iula3Ma JOCTHraeT
OTIPEICNIEHHOTO pa3Mepa, HEBEPOSTHOE OKpYXKaolllee JaBlIEHHE BOPOHKOOOPA3HBIX BUXPEBBIX
nBkeHU D1 1 D2 BBIHYX)/1aI0T cepy CKUMATHCS U CBOPAUUBATHCS BOBHYTPb.

* Takoii B3pbIB CHJIBHO C)KUMAET CBETALIYIOCS IIJIa3My.

* OnHako, JOCTHras OINPEAEIEHHOT0 MAaKCHUMAaJbHOTO YPOBHSI IUIOTHOCTH, IUIa3Ma HAUMHAET
COTIPOTHUBIISATHCS CHKATHIO.

* [ToaToMy, aHATOTrMYHO TOMY, KaK BEJIET ce0sl 3JIaCTUYHBIN [I1ap, OKa3bIBasICh MO JaBICHUEM, BCS
chepa 1Ia3Mbl BBIKATHIBAETCS M3 OKPYKAIOLIErO JaBJIEHUS M DPAa3BOPAYMBAECTCS BOBHE [0 CBOETO
HCXOJHOTO pa3Mepa.

* Kak Tonpko cepa mia3mbl JOCTUTAET UCXOIHOTO pa3Mepa, OTPOMHBIE OKPYKAIOIIUE TaBICHUS
BHOBbB 3aCTaBJISIIOT €€ CBOPAYUBATHCS BHYTPb.

* Ilockonbky cdepa Bce emie HE MOMKET CHPaBUThCS C CHJIBHBIM C)KaTHeM, OHa BHOBBb
BBIBOpauMBaeTcs Hapyxky. LIMKm mpomomkaercs, mpUYeM C KaXKABIM pa3oM cdepa HENmpepbIBHO
CTAaHOBUTCS HEMHOTO OoJbIle, Oiarofaps MOCTOSTHHOMY YBEIMUYEHUIO KOJIMYECTBA BTEKAIOUIeH B Hee
SHEPTUHU.

* Takas cepa u ectsb TO, uTO 1-p KpeiH Ha3bIBaeT “rieHTpaIbHBIM BUOpAaTOpOM .

B sT0ii Monenu ocHoBHBIE 3HepreTudeckue nosst D1 u 92 B YHusepcansHOl Cdepe OynyTt Bce
BpEMSI COXPAHATh MOCTOSIHHBIE, HEU3MEHHbBIE CKOPOCTH BpAIllEHUSI OTHOCUTENBHO ApYr apyra, rae Ol
BpalaeTcs HEMHOro ObicTpee, yeM O2. DTO 3HAUUT, YTO LUKJI ‘‘CBEpThIBaHUE-pa3BEepPThIBAaHHE”
LEHTpaJbHOU cdepbl OyneT MyabCHpPOBAaTh B MOCTOSSHHOM HEM3MEHHOM PHUTME, BIbIXas M BBIIbIXad,
BJIbIXast U BblAbIXass. IMEHHO MO 3TOM MpUUYMHE 330TepUUECKUEe TPAAMLIUU Ha3bIBaIOT €ro “‘JlpixaHuem
BoxxecTBa” nim “YHHBepcalbHBIM OneHHEM .

6.8 BUBPAIIUU IIEHTPAJIBHON C®EPBI TAPMOHM3UPYIOTCA C CEKYHJION

SIBHOE CBHIIETENBCTBO YKa3bIBa€T Ha TOT (akT, YTO KaxkJas OCHOBHas Iyibcauus Bemukoro
HentpansHoro CosHua npeOblBaeT B COBEPLICHHON I'apMOHUM C €IMHUICH BpEMEHH, KOTOPYIO MbI
HazbIBaeM ceKyH10i1. CHaydaja 3TO MOKET MOKa3aThCsl aOCypAHBIM, HO B CIEAYIOLIEH IJ1aBe Mbl YBUAUM,
YTO UMEHHO K 3TOMY Hac MOJABOJAT BCE AAHHBIC; 3TAa TPAJAULIUA MIPOCIEKUBAETCS € JAJIIEKOTO MTPOLLIOTO,
¢ nuBmin3anuu LlymepoB u Maiis, o yeM yxe 3HalOT YUTATENN HAIIMX TPEIbIIYIIUX KHUT.

Taxxe naBaiiTe BCIIOMHUM, YTO CEKYHJIa — 3TO HE TOJIBKO MHTEPBAJ BPEMEHH, OCKOJIbKY, UMES
7eno ¢ BuOparueil, Mbl OOHapy>KUM MHOTO Pa3HbIX UIMH BOJIH, JABIKYIIUXCS BMECTE. AHAJIOTHUYHO,
Jieprasi TATAPHYIO CTPYHY, MBI CIIBIIIIUM MHOTO pa3HbIx 00epToHOB. J[-p O. Kpeiin cunrtaer, yTo BHyTpH
[IEHTPATBLHOTO BUOpATOpa A Ka)XIOW TIaBHOW MPOU3BOAMMON MM YacCTOTHI MYJIbCAI[UH CYIIECTBYET
cBOsl “3arHe3moBaHHas’” cdepa. CiemoBaTeabHO, OH BEPHUT, YTO OyaeT OoOHapyKeHo: jrobas 3Be3na
o0y1ajaeT MHOTOCJIOMHOM CTPYKTYpOii, HamoMHHAIOLIEH JTyk. B kadecTBe rMIOTETUYECKOTO MpUMEpa:
BHEUIHS cepa MOXKET IMyJIbCUPOBATh OJUH pa3 B CEKyHIy, Clie[yrollas BHYTpeHHss chepa Oyxaer
MyJIbCUPOBATh JIBA pa3a B CEKYHIY, TPEThs cdepa OyAeT MyJlbCUpOBaTh TPU pa3a B CEKyHY, YeTBEpTas
— IISITh pa3 B CEKYHAY, MATasi — BOCEMb pa3 B CEKYHY, U Tak jJajiee, cieayst oTHomeHuro “¢u’’. dpyrue

P4

OTHOIICHHS, TAKHUC KAK KBAAPATHBIC KOPHHU U3 ABYX, TPEX, IATH, € U T, TOXKC UT'PAIOT CBOIO POJIb.
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141 BHOBb, OCHOBBLIBAACH Ha 3TOM YTBCPKACHUH, MBI 6y,[[CM Ha6J'IIO)1aTL pa3HbIC TAapMOHHKHU
myjbCalu, 4yTb MCHBIIC WU YYTh OompIe CCKYHIbI, HO OHM BCEria 6y21}IT COOTHOCHUTECS C HEH B
TOYHBIX UHTCPBAJIaX.

6.9 3BYKOJIIOMUHECHEHIUA: IOATBEP KAEHUE TEOPUU HEHTPAJIBHOI'O
BUBPATOPA

Kak MbI yka3pIBau BO BTOPOIl KHUT'E, MHTEPECHO OTMETUTh, UTO TIOYTH TOYHOE BOCIIPOU3BEACHHE
(deHoMeHa “UeHTpasibHOTO BUOpaTOpa” OBUIO MPOAEMOHCTPHUPOBAHO B Ja0OpAaTOPUU TOCPEICTBOM
MaJIOTIOHSITHOTO (heHOMEHa “‘3BYKOJIFOMUHECIIeHIInK . BriepBrie 3T0 siBiieHHe Habmomanock B 1934 rony
I'. ®penzenom u I'. lllynere. B Hacrosimee Bpemst uMm 3anumanuch JI. @. Iaiiten B 1988 rogy u C.
IMatrepman B 1995 romy. OOmias mpupoma dSTOTO SKCIEPUMEHTAa OYEHb OJU3Ka K YCIOBHUSM
YuausepcansHoit Cepsl u popMupyroIIeics eHTPaTbHBIM BUOPATOPOM CBETSIICHCS TIa3MBbI.

B stoM skcmepumMenTe cdepuueckas CTEKJISHHAs Koyi0a HAroJHSETCS BOJOW W BUOpHUpYeET
MOCPEZCTBOM JIBYX 3BYKOBBIX BOJH BBICOKOH MHTCHCHBHOCTH (IBYX IMHAMHKOB), HANPAaBICHHBIX B
HEeHTp cdepbl. 3aTeM, ¢ MOMOIIbI0 TOHKOW CTEKJISTHHON COJOMHUHKHM HPSMO B LIEHTP C(epbl BBOAUTCS
KPOIICYHBIH MY3BIPEK BO3AyXa. DTOT ITy3BIPEK MOKHO TOABECHUTH TOYHO B IIGHTPE KOJOBI ITyTeM
COYIapsIIOIIMXCS JaBJICHUN 3BYKOBBIX BOJIH, YTO CaMmo IO cebe MpeJCTaBIseT HHTEPEC C TOUKU 3PEHUS
rapMOHMK. 3aTeM ITy3bIpeK HAYMHACT POBHBIA PUTM CXaTHs M pacmmpeHus. Kaxapii pas, korma
My3bIPEK CXKHUMAETCA, OH MCIYCKaeT CBET, o0pa3ys cBeTsmlylocs Iuazmy. llymbcanust HacTONBKO
ObICTpasi, YTO UCIYCKAHNE CBETA KAXKETCS HETPEPBIBHBIM.

Puc. 6.2 bazosas onvimnas ycmanoexa sgykomomunecyenyuu o-pa V. A. Cmupa

Y ausutensHo: [laTTepMaH M €ro KOJUJIETH ONPEAEIINIM, YTO KaKIbld pa3 BHYTPEHHUH ITy3bIPEK
cxumaercsa 70 1/100.000 cBoero ucxogHOro pasMepa U BUOPUPYET C YETKOM PEryIsipHOCTHIO KaXIYHO
CTO MUJUTMOHHYIO YaCTh CEKYHJIbI, UCITyCKasi SHEPTUH B TPUJUIMOH pa3 OoJblIe, YeM MOT Obl MOTyYUTh
OT 3BYKOBBIX BOJIH JIIOOOM €IWHUYHBIN aToM B KpolieyHoM my3bipbke. [lozxe n-p Y. A. Crup
OTpeNeni, 4YTO Jake |- MUJITUMETPOBOE OTKJIOHEHHE (OpMbI KOJOBI OT MCTUHHON cdepsl Oynet
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3HAYUTENBHO OCIa0naTh 3Qdekt. Puc. 6.2 neMoHCTpupyeT 0a30BYIO SKCIIEPUMEHTAIBLHYIO YCTAaHOBKY
u1st co3aanus g dexra 3BykoatoMuHecieHInu. OH 3aMMCTBOBaH ¢ caita a-pa Y. A. Ctupa, KOTOPBIH
ceryac yxe He nocTyneH B MHrepHere.

Jlnst TpaIMIIMOHHON HAyKH 3BYKOJIFOMHUHECIICHIINS Oblla U 0CTaeTcs HEOOBICHUMOM 3aragkoi. Bo-
MEPBBIX, CIEIYET 3aMETUTh, YTO MYJbCAllMs My3bIpbKa MPOUCXOAUT C TOUYHBIMU MHTEPBAJIAMU B OJHY
100 MWJITMOHHYIO CEKYH[IbI, YKa3bIBasi HA TOYHYKO FAPMOHHYECKYIO CBSI3b C CEKYHJIOW KaK €IUHULEH
BpeMeHHU. BO-BTOpBIX, HUKOMY HE YJaJoCh MOHATh, MOYEMY MPOCTOE CXKATUE My3bIpbKa BO3AyXa
CO3/1aeT BUJUMBIA CBET TaKOW BBICOKOM WHTEHCUBHOCTU. HW OJMH W3 HM3BECTHBIX HAM IMPOIECCOB
CUHTE3a Jaxe OJM3KO HE MPOU3BOAUT TaKOW JHepruu. B HOBON Mojenu, Mbl OBl CKaszald, 4YTO
koMOuHanwms cuit D1 u D2 BHYTpH My3bIpbKa BO3/yXa MPOWU3BOJUT BUIUMBIN CBET, HAOI0IaeMbIH MpH
KOKIOM CXaTuu My3blpbka. CrenoBaTenbHO, MUHHUATIOPHBIM “TE€HEpPATOp MAaTepUU’  CO3JAETCs
nyOnMpoBaHHEM TeX JK€ CaMbIX YCIOBUHM, KOTOpPbIE CYIIECTBOBAJIM NpHU O0O0pa30oBaHUM HaIllel
Bcenennoin.

Eme Oonee mHTEpEeCHO: HEITAaBHO INMPOBEACHHOE HCCIEIOBAHME IOKa3ajo, 4TO B JabopaTopuu
MO>KHO MOJYYHUTh OOJIbIIIE, YeM OJHY CKOPOCTh MYJIbCAIMH LIEHTPAIbHOI BUOpUpYomieil cepsr:

N3 xypuana Hosocmu ¢huzuku:

“3BYKOJIIOMUWHECHEHIIUA MOXET BbITh XAOTUYHOM. Uccnenosarenu HaOJII0 1!,
YTO 3BYKOJFOMUHECIICHIIUS YIUBUTEILHO CTaOW/IbHA: MPUKJIAIBIBasi 3BYKOBBIE BOJHBI K JKHIKOCTH H,
TEM CaMbIM, CO3/1aBas BCIBIIIKK CBETa OT MYJIbCHUPYIOIIUX MY3bIPHKOB, OHH HAOIIOJAJIA, YTO BPEMs
MEKIY ITOCJIEI0BATEIHBIME BCIBIIIKAMH OCTACTCS TOCTOSSHHBIM. OJHAaKO HOBBIE DKCIIEPHMEHTBI,
BbINOJHEHHBIC P. ['muaHOM XOJTOM, MOKa3bIBAIOT, YTO Ja)KE€ CaMble HE3HAYUTENIbHBIC OTCTYIUICHHS
OKCIIEPUMEHTAIBHBIX TIApaMeTpOB (TaKWX KaK YacToTa W HWHTEHCHMBHOCTH 3BYKOBBIX BOJIH) OT
YCTOMYMBBIX YCIOBHM MOTYT MPUBECTH K HM3MEHCHHSAM BO BPEMEHH MEKAY IMOCIEI0BATEIbHBIMU
BCIBIIIKAMH. B3gTble KaK IOCIEL0BATEIIBHOCTh, HM3MEHEHHS B IIOCJIENOBATEIbHBIX BCIBIIIKAX
JIEMOHCTPUPYIOT XaOTHYECKHEC WM JpPyrde He TMEPUOIUYECKHe XapaKTepUCTUKH. Hampumep,
OKCIIEPUMEHTATOPHI  HAOJIOMAM  KBa3HM-TIEPHOJANYECKOE IIOBEJECHHE, B KOTOPOM BpPEMS MEXIY
BCIIBIIIKAMH MOXHO pa30uTh Ha B¢ 4acToThl... (P. [munn Xoat u apyrue. Physical Review Letter, 28
dbespans 1994 roxa.)

Wtak, B IpOCTOM SKCIIEPUMEHTE 3BYKOJIOMUHECLUEHIUN y HAC €CTh LIEHTpaJIbHBbIM BHOpaTOp,
dbopMupyrOIUil CBETAIIYIOCS TUIa3My, KOTOpash HCIYCKaeT CBET M KOTOPYH) MOKHO 3aCTaBUTh
MyJIbCHPOBATh Ha JBYX pa3HBIX 4YacTOTaX. OTO oOO0ecrneYyuBaeT OOJBIIYI0 HAYyYHYIO TMOIIEPKKY
KOHIEMNIMKM, YTO MPOCTasi TMyJbCAIMsl MOXET 3aCTaBISATh AJIEKTPOMATHUTHYIO SHEPTHUIO TILIa3MbI
(dhopmupoBaThCs B IIeHTpE chepruueckoro xKuaKooOpa3zHoro oobema. Takke HHTEpECHO yKas3aTh, YTO BO
BceneHHO# ecTh BBICOKO SHEPreTUYHBIE OBICTPO MyJIbCHUPYIOIIUE CBATSIIUECS OOBEKThI, U3BECTHBIE KaK
“mynbcapbl”’.  bousplllasg YacTh WX HAOIIOJAEMOTO TOBEJACHUS 1O CHUX IOp OCTAeTCS 3arajkou s
TPaJUIIMOHHON HAayKH, HO TaKHe OOBEKTHI COBEPIIEHHO OOBSICHAIOTCS B HOBOW MOJIEIH.

6.10 IMMYJbCALIUHU “BEJIUKOI'O HEHTPAJIBHOI'O COJIHIA”, IOYUTAEMBIE B
JAPEBHUX TPAIUIUAX
B cnenyromieii rmaBe Mbl OyeM paccMaTpUBaTh CEKYHIY KakK KIIIOUEBOM IapMOHUYECKHH MEpros
BpemMeHu g nyiabcanuid  Benukoro IlentpansHoro Comnua. HWupeidnsl CeBepHoil  AMepHKH
(yHacienoBaBIIME 3TO 3HaHUE OT JAPEBHEH MPOABUHYTOM LMBWINM3ALMHM) CHMBOJU3UPYIOT
VYuuBepcanbHoe buenue 6apabaHom, OTOMBAIOIIUM YCTOWYMBBIA, HE M3MEHSIOMIMACST puTM. OOBIYHO,
IIyJbC OYEHb OJIM30K K YETBHIPEM yJapaM B CEKyHAY, C YAapEeHHEM Ha IEPBOM M3 KaXKAbIX UYETBIPEX
ynapoB. M BHOBb, 3TO JJa€T OCHOBaHMsI 10JIaraTh, 4YTO BCE YEJIOBEUECKUE CYIIECTBA 001a/1al0T MIyOOKUM
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BHYTPEHHUM OCO3HAHHUEM Ba)KHOCTH CEKYH[bl. bapabaHIIMKM 3HAIOT, YTO OoJbIIas 4acTh MOM MY3BIKU
nveer 120 ymapoB B MHHYTY, JBa yaapa B CEKyHIY (Kak ceplleOueHHne), TO €CTh COBEPIICHHO
HacTpoeHa Ha Bemukxoe IlentpansHoe Conniie. MeJuieHHbIE TECHH pPacciabisioT, OBICTphIE —
B030yxmaroT. MI3BeCTHO, YTO CpeHMI MyJIbC YesioBeuecKoro cepama — 60 yagapoB B MUHYTY.

JlaBaliTe He 3a0bIBaTh, UTO pUTMHUYECKHE Myhabcanuu Benukoro lLlentpanbHoro ConHila MOKHO
yIOI0OUTh JBIXaTeNbHOMY ABIKEHHIO. B Benuueckux TekcTax rOBOPHUTCS, YTO “HayKa JbIXaHUS —
€IMHCTBEHHBIN CaMbIil TJIYOOKHH CEKpPET BCEX J30TEPUYCCKUX Tpamuuui’. s MMUTAIMd 3TOTO
Ipolecca HCIoib3yeTcss Meaurtauus. B meauranuu, mpeacTaBisis MEMJICHHbIE, PUTMHYHBIE
JpIXaTeNbHbIE JBIJKEHUS Teja Kak YHHBepcajdbHOe bueHue, W/HIM TMOCPEICTBOM JBH)KEHUS B
IIPOTUBOIOJIOXKHBIX HAIMPABICHUAX PYK M HOT INPU XOAbOE, MOXHO OIIYTHTHh BBICOKME COCTOSIHMS
CO3HaHWUs, ciMsiHue cBoero cymectsa ¢ llepuunbsiM CymiectBomM. MHIyHCTCKHE TpaaWIMM ydaTt, 4TO
IlocBsiiieHHbIE yBSI3BIBAJIM JbIXaHUE C OIPEAEICHHBIM YHUCIOM YyIapoB CepJla, co3jgaBas JiBE
MOCTOSIHHBIE PUTMHUYECKHUE YaCTOThI MEXK/y CEPALIEM U ABMKCHUAMH TuadparMbl U JIETKUX.

6.11 IEHTPAJIbHBII BUBPATOP CO3JIAET 3ATHE3/IOBAHHBIE C®EPBI
SHEPTETUYECKOM IVIOTHOCTHU

Crnenyrouiee MojioXKeHHUE, KOTOPOE CIEAYET pacCMOTPETh, — MyJbCALMU LIEHTPAJIIbHOTO BUOpaTopa
CO3/IaI0T BOJIHOBBIE CTPYKTYpHI B 3¢pupe. U BHOBB, D1 1 D2 BenyTt ceOs Kak >KUIKOCTH, HEIPEPHIBHO
Kpy’kach ApYyr B Jpyre, IBUTasCh B INPOTHUBOIIOJIOKHBIX HAIPABICHUAX M JEHUCTBYS KakK €AMHAs
XKHUJIKOCTh TIPU MPOXOKACHUN BUOPALIMOHHBIX Mynbcanuii. CreaoBaTeabHO:

* lleHTpoOexHble MyJbCAllUUM LEHTPAJIBHOTO BHOpaTOpa MPOU3BOAAT c(hepUyYecKHe BOJIHOBBIC
MyJbCAIlUN WK PsiOM (TOPCHOHHBIE BOJHBI), KOTOpbIE OyIyT MPOXOIUTH Yepe3 BemiecTBo 3dwupa,
obpaszoBanHoe D1 u 22.

* 3areM TOpPCHOHHO-BOJIHOBBIE MYyJbCALMU JOCTUTAlOT KpailHEW BHEIIHEH TIpaHHULIbI
VYuusepcanbHoi Chepsl.

* JlIocTUrHYB I'paHHULIbl, OHU PUKOIIETOM OTCKAaKHBAIOT OT HEE.

* 3aTeM OHHU OTpaXkaroTcs Ha3al MPsIMO B TOUHBIN LIEHTp Y HUBepcanbHO Cdephl.

CJ'ICJIYI'OH_IGC IMMOJIOKCHUEC, KOTOPOC H€06XO,Z[I/IMO PacCMOTPCTh:

* OueBuzHO, uto Benukoe LlentpansHoe ComHile myabCUpYeT ObIcTpee, YeM BpeMmsl, Tpedyrolieecs
chepruecKuM IyabcalusaM, 4ToObl JOCTUYL BHEIIHEN rpaHullbl YHUBepcaabHOU Cdepbl U 0Tpa3uThes
HazaJ.

* MHO€eCTBEHHbIE MyJbCAllMM JBUKYTCSA depe3 KOJUIEKTUBHYIO cpeay D1 m D2 B 0MHAKOBBIX
II0CJIEIOBATEIBHOCTAX BpEMEHH, TOCKOJIbKY Bennkoe LlentpansHoe ConHlle yJIbCUpPYET € IOCTOSIHHOM
PUTMHUYECKON YaCTOTOM.

* Coxpansis yCTOWYHMBBIE NATTEPHbI JBWXKECHMSA, BBIXOIAUIME C(HEpUYECKUe IyIbCAIUH
COYZIapsIFOTCA € BXOAALIMMHU CHEepUUYECKUMU ITyJIbCALIUSIMU B Pa3HbIX CIOUCTHIX MecTax Cdepsl.

* CoynapeHus BOJHOBBIX IyJbCAllMi CO3AAIOT COBEPIICHHBIE CPEepUUecKue “CTOSUYME BOJHBI,
OCTArOIIUECs HAa OJTHOM MecTe (HEMOIBI)KHBIE) M MPEObIBAIOIINE B COCTOSTHUN PAaBHOBECHSI.

* 3aTeM, 3TU MHOXECTBEHHbIE “‘CTOSUME BOJIHBI THE3IATCA BOKpYr Benmukoro LleHTpanbHOro
Comnnnia, mpuaaBasi BAOpUPYIOIIECH YHEPTreTHIECKON CTPYKTYpe BCeleHHOM CIIONCTHIN, MOXO0KHUA Ha JTYK
Buj. Benukoe Llentpansnoe ConHie OyaeT B cepeiuHe, a clou cPepruuecKuX, CTOSTYUX BOJH OydyT
pacxoIuThCs BO BCE CTOPOHBI 10 caMoro kpasi BeeneHHoil.
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6.12 IPEBHUE HAYYHBIE 3HAHUS, COXPAHEHHBIE B CHMBOJIMYECKON
OOPME

Kax o6bsacHser Maumu Ianmvep Xomn B kaure Cexpemmubie yuenus™, yHUBEpCanbHas CTPYKTypa
“3arHe3710BaHHbBIX c(hep’” — KIT0UYeBas XapakTepPUCTHUKA I30TEPUUECKON HAYKU:

“OroponHblii JyK OBLI y €rMNTSH CHUMBOJOM BceleHHOW, MOCKOJNBKY €ro KoJiblla U CIIOH
NPEJICTABISUIM  KOHIEHTPUUYECKUE OKPYXKHOCTH, Ha KOTOpble OBUIO pa3[elieH0 TBOPEHHE B
TrEpPMETUYECKUX MUCTEPUAX .

Konnenmust “3arHe3goBaHHbIX cdep”, mensmmx oOIIyr0 och, ObUTa 3ammdpoBaHa B JIpeBHEH
mudosorun Bcero mupa, ee HazpBamHm “‘Kocmmueckum JlepeBom™ wmim “MupoBeiM [epeBom™. B
NpeAbIAyIed KHUATE Mbl JAEMOHCTPHUpOBaIM, 4T0 Muposoe JlepeBO — 3TO E€IUHCTBEHHOE CaMoe
pacIpoCTpaHEHHOE JpeBHEE yueHue B MHUGOJIOTHH BCEro MHUpPA, BO3HUKAIOIIEE MOYTH B Kaxaou
JIPEeBHEH KyIbType, KOTOpast Korjaa-mnbo u3ydanack: Maiis, Kuraii, Cubups, Eruner, CxanauHaBus u
KeJIbThl. PaccMoTpuTe puc. 6.3, Ha KOTOpoM n300pakeHa cuaToucTckas boruns ['yanb-MHb.

Wzydas wuzoOpaxenue [yanp-MlHb, MBI SCHO BHUIUM, UYTO €€ TEJIO CHUMBOJU3UPYET OCh
cheprueckoro Topa, OKpy>KeHHYI0 MHOKECTBEHHBIMU CJIOSIMHU ‘‘3arHE3/I0BaHHBIX cdep”’. bonee Toro, ee
JEeTaIbHO pa3paOOTaHHBIN TOJOBHOM yOOP MOKA3bIBAET SHEPTETUUCCKUN BUXPHh D2, BBHITSIHYTHIA B BUJIS
MaJ€HbKOr0 KOHyca, I03aAM HEro BUAEH Oojiee IMMPOKMM KoHyc Ol, ABWKylIuics B
MIPOTUBOTMOIO0KHOM HAIIPABICHUH.

Puc. 6.4 — unrepnperanus Maunu [lanmepa Xomnna ckannuHaBckol aerenibl 0 MuposoMm [lepese,
n3BeCcTHOM Kak Urrapacunbs. XOTd €ro pUCyHOK HE aJ€KBATHO WJUIIOCTPUPYET BCHO KOHUEILHUIO, a
HMMEHHO: “BETBHU JiepeBa’” — 3TO Ha caMOM Jiesie c(epbl, 3arHEe3J0BaHHBIE PYT B PYre, Mbl MOKEM SICHO
BUJIETh CKPBITBIN CEepUUECKUN TOP, KOTOPBIN ONMUCHIBAET JIET€HIA.

13 Mauu Hanmep Xosut. DHIMKIONEANIECKOE U3I0KEHHE MACOHCKOM, TepMETHYECKOM, KabbaIMcTHIeCKoi 1
PO3EHKpeHIIepoBCKO# cumBosmaeckoit punocopuu. M, ACT, 2006, ctp. 219
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Puc. 6.3 Cunmoucmckas boeuns I'yvano Hnb, nokasviearouwjas cKpolmulii CUMBOIUIM CPepuieckozo
mopa u 3a2He3008aHHbIX cep.

Puc. 6.4 Unmepnpemayus Mbsunu Ilaamepa Xonna oepesa Heeopacunw, demoncmpupyowe2o
ACHOE C8UAemeNbCMBO CMPYKMYPbl Cheputecko2o mopa.

Jlerenna o6 Urrapacuie ocoOeHHO MOpa3UTeNbHA U3-3a 3Mesi, OOBUBAIOILIETOCS BOKPYT CTBOJA
JepeBa. DTO OUYEBHIHAS WILIIOCTPAIMS BOPOHKOOOPA3HOTO JICWCTBUS BHXPEBOTO JBIKCHHS D2,
yckopsiromerocss B 1eaTpe Codepsl. [lo mMepe mpomomkeHHs TIaBbl MBI YBHIHUM, 4YTO 3TOT 00pas
packpbIBaeT TakKe W JAPYrue CeKpeThl. B mpeaplaymiedl KHUT€ MBI PasMBIIULUIA HAJ TEM, YTO
BCEMHUpPHOE TIpeodaganue 3Toro Muda oObsICHICTCS MOMBITKAMU SICHOBUSAIINX BU3YAIbHO OOBSICHUTH
JHEPreTUYEeCKHe CTPYKTYphl cdepudeckoro Topa BO BcelleHHO#, KOTOpble OHHM HAOJIOMAIH,
MyTEHIECTBYS B COCTOSIHUU BBIXOJ1a U3 TeJa.

6.13 KAXKIASI COEPA B “T'HE3/IE” OBJIAJAET PA3HBIM YPOBHEM Y®HUPHOM
INIOTHOCTH

Takum oOpa3om, Mexy BHELIHEHl rpaHuileld u3BecTHON cdepbl BceeneHHON W “LieHTpanbHBIM
BUOpaTopoM™ clIOH 3a cioeM OyayT ¢opmupoBatbes chepudeckue sHeprerudeckue mois. “Crosdue
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BOJIHBI” OyJIyT THE3UTHCS, OUEHb HAIIOMUHAS cJou Jyka. BzaumopeiictBus D1 u 32 Ha mOrpaHuYHbIX
MOBEPXHOCTAX OyayT OpMHpPOBATH HEOOJBITNE KOJMUYECTBA CBETSAIICHCS IJ1a3Mbl, OOBIYHO CIIUIIKOM
ciabble, 4TOObI OBITH OOHAPY)KEHHBIMH BH3yaslbHO. bojee BaxHo, Oimarogapsi TOMY, 4TO HATTEPHbI
B3aMMOJICHCTBUS BOJH B KaXJ0H cdepe pasHble, Kaxaas U3 3arHe3qoBaHHBIX chep Oymer obiamaTh
pa3Hoi A3PUPHON TIIOTHOCTBIO.

OueBUIHO, YTO MYJIbCAUS, M3HAYAIBHO PACHpPOCTPAHAIONMIASCS OT LEHTpPaJbHOTO BHOpaTopa,
oOnanaer OOJbIIEH SHEPreTHUECKOW CHIION M MOIIHOCTBHIO, YeM IyJbCallvs, ABMXKYIIAsCS K Kparo
cdepbl u 06paTHO. [10CKOIBKY UMITYJIBC HETPEPHIBHO 3aCTABISAET MY3bIPHKU OIS COYAApATHCS JIPYT C
JIpyrom, OoJIbIliee KOJIMYECTBO MOMEHTa TepseTcs. CienoBaTreabHo, 00J1aCTH CaMOU BBICOKOH d(PUpHON
IUIOTHOCTH OYAYT PacrojOXKeHbI OJMkKe K IEeHTPY cephl, MOCKOJIbKY OHU 00JIaal0T cCaMOW CHIIBHOH,
caMOl DJHEPreTUYHOW BBITAJIKUBAIOIIEH CHJIOW W caMOW cCi1aboi, camMoil MeHee DSHEepPreTHYHOU
BTQJIKMBAIOIIEH CWJIOW, YTOOBl YpaBHOBEIIMBATH BBHITAJIKUBAIOMYI0 cuily. COOTBETCTBEHHO,
chepuueckne 0o0acTH, cambie ONM3KKHE K BHEIIHEW rpaHuIile cdepsl, OyayT obiagaTh caMOll HHU3KOU
IUIOTHOCTBIO, TIOCKOJIBKY 3(h(deKT “TAHU-TONKai~ cgepudeckux BOJH OyIeT IMOYTH YpaBHOBEIICH,
YMEHbIIAs BETUUUHY CKATHSI U JJABICHHUS.

Urak, chepsl, Haxonsdmuecs: OmKke BCero K IEHTpaJIbHOMY BHOpaTopy, OyayT obnamaTh caMoid
BBICOKOH IJIOTHOCTBIO U JABJICHUEM; 10 MEPE yIaJieHUs OT IIEHTPA U JBIKEHUS K BHEIIHEMY KOHILY
OHU OYJyT MOCTOSIHHO YMEHbBINATh TUIOTHOCTb.

6.14 KOJUYECTBO YPOBHEM INIOTHOCTU TEOPETUYECKHA BECKOHEYHO

Crnenyronii K04 — MOHATh, YTO KOJMYECTBO Pa3HbIX chep TEOpeTHYeCKH OECKOHEYHO, M BCE
OHH 3arHe3/10BaHbl BHYTPH JPYT Apyra, HarioMuHas ¢pakran. OgHaKo OHU TaK XOpOILIO OPraHU30BaHbI B
CJIOH, YTO UX OECKOHEYHas CTPYKTypa BHAHA He cpasy. Eciu y Hac ecTb ceMb OCHOBHBIX IIOTHOCTEH,
00pa3yrInuX ceMb OCHOBHBIX Cep, TOr/Aa B KaXKIOW M3 ITUX IUIOTHOCTEH CYIIECTBYIOT CEMb CIIOCB
MOA-TNIOTHOCTEW, B KaXIOW MOJ-TUIOTHOCTU CYHIECTBYET CE€Mb MOJ-TMOA-IUNIOTHOCTEM W Tak Jajee.
CrnenoBarenbHO, TIPOUCXOAMT IUIABHBIA MEPEXOJl OT CaMOW BBICOKOH IUIOTHOCTH B LEHTpPE Cdepbl K
caMOi HM3KOH IUIOTHOCTH Ha BHEIIHEM KOHIIE C(epbl, TMOCKOIbKY, KOT/Ia Bbl JIBUKETECh Uepe3 BCE
3arHe3/I0BaHHbIE TapMOHMYECKHE YpPOBHHU, CYILIECTBYET OECKOHEYHOE KOJIMYECTBO IOCTENEHHBIX
n3meHenuid. Ilociennue OTKpbITHS B o0OjacTh  (pakTaJoB TOKa3ajld, uTO “‘OECKOHEYHas
MOBTOPSIEMOCTh~ — OJHO M3 CaMbIX (PyHJIaMEHTAIBHBIX CBOMCTB Bceenmennoit. XoTsa pa3mMep CTaHOBUTCS
BCE MEHBIIC W MEHBIIE, Bbl IPOJOJDKAETE BHUIETh BO3HUKHOBEHME TE€X K€ CaMbIX CTPYKTYyp. Uem
CJI0O)KHEE HMHCTPYMEHTapui, TE€M TOHBIIE CTAaHOBATCSA W3MEpEeHMs. Takxke, 3TO MOXHO CHENaTh
IIOCPEICTBOM M3y4YECHUS 3BYKa WM LIBETA.

He cmotpss Ha OeckOHEUHOE YHWCIO MOIYPOBHEH B Ka)XIOW OCHOBHOH IIOTHOCTH, KOTJA BBI
nocruraere ypoBHsA OKTaBbl, TaM BHOBb CyHmECTByeT EQUHCTBO M 0JHOpOAHOCTH. lloaTOMYy, BaxkHO
MIOMHUTb, YTO CYIIECTBYET MOTOJIOK, HACKOJIBKO BBHICOKO MOTYT 3aXOJIUTh 3T BHOPALIMOHHBIE YPOBHH.
Onu GeckoHeuHb! B napameTpax OKTaBbl, HO BBl HE MOXKETE BBIMTH 3a IPEZeIIbl OCHOBHBIX N1aPAMETPOB.
OxTaBa — OCHOBHOM 3aKOH TapMOHMK W BHOpaunuu, HAOMIOZAEMbI HpU HM3y4YeHUH MY3bIKU. B
IPEbIIYIINX KHUraxX 3Ta TeMa OCBEIleHa Ooiee AEeTalbHO.

6.15 OB bSICHEHUE KBAHTOBAHHBLIX U3MEHEHUWI BECA

Ceiiuac y Hac ectb Bci HeoOxomumass WHGOpMamus i OOBSICHEHUS OJHOTO M3 CaMbIX
aHOMaINbHBIX HabmoneHuit Ko3bipeBa, a IMEHHO: yBEJIIMYCHHUE WM YMEHBIIIEHUE Beca 00BEKTa BCerna
MIPOMCXOAUT B OMPE/EICHHBIX KBAaHTOBAaHHBIX MHTepBajiax. C MEpPCHEKTHBBI, T/I€ BUIHBI BCE yYPOBHU
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3(UPHON TMIOTHOCTH, TMEPEMEIICHHE dHEPTUM M3 OJHON IJIOTHOCTH B JIPYTYIO MOXET MPOUCXOAHTH
MoA00HO M3MEHEHHWIO T€OMETpPHH, IBeTa Wi 3ByKa. OIHAKO, KOT/Ia OOBEKT IMepemeniaeTcs B Ooee
BBICOKYIO IUIOTHOCTb, HAIIM TPEXMEPHBIE OPTraHbl YYBCTB W MNPHOOPHI PETUCTPUPYIOT ITO Kak
HCUYE3HOBEHHE, TTOJJOOHO TOMY, KaK OJTHOATOMHBIA UpUaui B onbiTe [[PBUaa XaacoHa ucyes, JOCTUTHYB
temneparypsl 850° Llenascus.

A ceituac pgaBaiite BepHemcss k wmozaenu KoswlpeBa. B cimywae Monekyn, korja HMX Bec
YBEITMYMBAETCS, BTEKAIONIMH MOTOK HEPTrUH Oojee BBICOKOI IUIOTHOCTH IPEBPAIIAETCS B MaTEPHIO,
KOTJIa UX BEC YMEHBINIAETCS, HEKOTOPOE KOJUYECTBO MATEPHU-IPHEPTUN pa3MelaeTcs B 0ojiee BHICOKOM
wIoTHOCTH. bBonpimas d9acTe mporecca MPOMCXOAWT B sApe (LEHTpaJbHOM BHOpaTope) artoma,
MOCKOJIBKY UMEHHO TaM COCPEIOTOYEHO caMoe 0OJblIoe KOIM4ecTBO “‘Macchl”. ClieZjoBaTeNbHO, B TO,
9YTO MBI IPEJCTABIAEM KaK >KHAKOOOpa3HOE yBEIMYEHHE WM yMEHbIIeHHE Beca OOBEKTa, Bcerna
BOBJICKAIOTCSI OT/IEJIbHBIE YPOBHU 3(Upa: KAaKOE-TO KOJMUECTBO MATEPUU-DHEPTUH JHOO0 IepeMeniaeTcs
B Oosiee BBICOKYIO IUIOTHOCTb, JHOO BO3BpalllaeTcs B Hally IUIOTHOCTh. Bo Bcex ciydasx, Korna
SHEPreTUYEeCKU COCTaB MHIMBUAYAIBHBIX c(ep MEHseTCs, OHU OyayT JIMOO CIIOHTAHHO MOSBISATHCA,
a0 CIIOHTAaHHO WcYe3aTh W3 Halled IUIOTHOCTH. BoT mouemy B skcmepumenTax KosbsipeBa MEI
HaO0JIF0/1aeM “KBaHTOBaHHBIC YBEITMYCHHS UM YMEHBIIICHUS Beca.

6.16 C PASBBUTHEM C®EPBI TIPOUCXOJAUT NOCTEINEHHOE ITOBBIINIEHUE
YPOBHEM IVIOTHOCTH

Eme oaun wuHTepecHbI (akTop, 3aciy’KMBalOIIMKA BHUMAHUS: BIUIOTH J0 MaKCHUMaJbHOTO
pacimmpeHusi, CHTPAIbHBIN BUOpaTop OyneT HempephlBHO BOWMpaTh Oojbinmne koiaudectBa D1 m D2,
oOpa3ys Ooubliie CBETSMICWCA IUIa3Mbl U, TEM CaMbIM, YBEIMUYMBAsACh B (PHU3UUYECKOM pa3Mepe.
[TockonbKy pa3smep IEHTPaTbHOTO BHOpATOpa MOCTENEHHO YBEIMYMBACTCS, O00JACTH OoJiee BBICOKOM
IUIOTHOCTU OYyT BCE Jaibllle U AAbIIEe PACIPOCTPAHATHCS OT LIEHTPA, KaK MEIJICHHO PACIIUPSIONIAsICS
ps0b Ha MOBEPXHOCTHU Tpya. Eciu mpennonoxuTs, 9to camblii kpaitHui koHer] Chepbl mpedpIBaeT mon
MOCTOSIHHBIM JTaBJICHHMEM M OOJIbIIIe HE MOXET YBEJIMUMBATHCA B pa3Mepe, TOria MOXKHO MPECTaBUTh,
9TO CO BPEMEHEM BCSl BHYTPCHHSIS 00J1acTh Cephl OJHUMETCS Ha Bce OoJiee i 0oJiee BRICOKUN YPOBEHD
3(UPHOHN TUIOTHOCTHU U CXKATHSI.

KoneuHo, co BpemeneM Bcs foctynHas 3Heprus J1 u 92 Buytpu Cdepsl Obuia Ob1 MiCuepiana, v B
3TOT MOMEHT JIOCTHrajach Obl MakCUMajbHasi 3QUpHas IJIOTHOCTh U BO300JaAalld CUIJIBI I'pPaBUTALUH.
Torna sdupHas sHeprus Bcex ypOBHEH IUIOTHOCTH Hayaja Obl OBICTPO CXKUMAThCS OOpaTHO B LICHTP.
DTO M €CTh TOT CaMbIil CKpPBITHI 3aBecCOW TalHBI CIBUT B EQWHCTBO, HA KOTOPOM HACcTaWBalOT
930TEPUUYECKUE TPATULMK. DTO HATIOMUHAET KOHLEMIMKA YEPHOM ABIPHI, [J€ HET HU IPOCTPAaHCTBA, HU
BpemeHu. CuwuTaercsi, 4TO CO BpeMEeHEeM Bcid BceneHHas J0KHA BHOBb CXKaThCS JO TOYKHU
OJTHOPOJHOCTH (CHUHTYJISIPHOCTH), ¥ 3TO CTajio Obl UTOTOM IyTH pa3sutus Ilepsuunoro CymecTsa.

6.17 DBOJIIOLIUS 3BE3/1bI

[Iponiecc pacmmpeHuss U CKaTUS MOXKHO HaONIONaTh B ABOJIIOIHMM 3BE3]; OHM BO3HHUKAIOT KaK
MajeHbkue noxokue Ha CojHile OOBEKThl W HEMpPEepPhIBHO YBEIMUYMBAIOTCA B pasmepe. OOBIYHO 3TO
OOBSICHSIETCS] TEM, YTO 3BE3/bl MOTPEOIISIOT OOJBIINE KOJUYECTBA SACPHOTO TOIUINBA, U KOT/Ia JaBICHHE
YMEHbBILAETCS, OHU YBEJIMYMBAIOTCS B pa3Mepax, YTO COBEPLICHHO YBS3bIBAETCS C HOBOM MOJENbIO.
Korma 3Be3apl CTaHOBATCS OOJBINE, X I[BET CABUTACTCS OT XKEJITOTO K OPAaH)KEBOMY M KpacHOMY, U
MOCTENIEHHO OHU MpeBpalaroTcs B “KpacHbix TMranToB”. Kak Tosbko Hame CoJiHIIE MPEBPATUTCS B
KpaCHBI THUTAHT, OHO MOTJIOTUT BCE€ IJIAHETHI B UX HBIHEIIHUX MNOJOKeHUsIX. Kak TOIbKO KpacHbBIN
TUTaHT JOCTUTHET MaKCHUMAalbHOTO pa3Mepa, OH B30PBETCS, U BHE3alHbI HAIUIBIB B3phIBAIOIICHCS
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BHYTPb DHEPIHH BCKOpPE 00pa3yeT CBEPKAIOIIYIO BCIIBIIIKY OEIOT0 CBETa, M3BECTHYIO KaK “‘CBEpXHOBAs
3Be3na”. Ilociie BOBHMKHOBEHHS CBEPXHOBOM 3BE3/bI, OCTAETCS CHUJIBHO C)KaTasg M OYEHb MaJ€HbKas
0o0JacTh MaTepHH, M3BECTHAs KakK OeJblid KapiuK, KOTOPBIA CO BPEMEHEM OCTHIBAET U CTAHOBUTCS
KOPHYHEBBIM KapJIMKOM. B TpaaWIIMOHHBIX MOJEISAX BBIYMCICHO, YTO OFHA YaiHas JIOXKKAa MaTCPHH
0enoro kKapiuka Becusa Obl OOJIbIIE, YeM BCS 3eMIIsl.

Taxke MHTEpecHO MmoaymMaTh O TOoM, yTo Hama CoJHeyHas cHcTeMa pacloJOKeHa PSJIOM C
BHemHUM KpaeM [amaktuku Mneunsrit [lyte. MoxkeT nu OBITH Tak, 4TO pacimpsromiascs cdepa
sHepruu 0oJiee BHICOKOH IUIOTHOCTH ceilyac ABMKETCS B Hally o0yacTh, Ommke K kpato ['amaktuku? B
rmaBe 8§ Mbl OyzneM HcCCeoBaTh COOpaHHBIE B pe3yjbTaTe HAOJIONCHWH yOenuTeIbHbIE Hay4dHBIE
JaHHbIE, CBHJETEIBCTBYIOIINE O TOM, YTO Ha TaJJAKTUYECKOM YPOBHE CYIIECTBYIOT ‘‘3arHE3[JOBaHHBIC
chepbl” PHEPreTHYECKOW TUIOTHOCTH. A B riaBe 9 ™Mbl Oymem oOCyxaaTh, YTO cedyac Ha HaIly

COHHG‘-IHYIO CI/ICTeMy BJINACT HaGJHOI[aeMOC N3MCHCHHUC B IINIOTHOCTHU HOKaJIBHOfI MC)K3BC3I[HOI\/JI CpeI[BI
(JIM3C).

6.18 BCs1 BCEJIEHHAS BPAILAETCSL

Crnenyroniee OCHOBHOE TMOJIOKEHHME STOM TJIaBbl — YBHUIETh, UYTO Bcsl BceneHHas qoikHa
BpamaTthcsi. OHO OCHOBBIBA€TCS Ha MPOCTOM JOMyIIeHWH, yTo D1 Bpamaercs ObicTpee, yem 2.
[Tockonpky Bo BceneHHo#l co3maeTcsi mMarepusi, Ha Hee OJHOBPEMEHHO BIIMSET JIOMOJHUTEIbHBIH
MOMEHT BpaiieHus D1. MbI yxe 3HaeMm, 4TO BpalllaTeIbHOE IBUXKEHHUE CYIIECTBYET HAa KBAHTOBOM,
MEXIUJIAaHETHOM U TajakTudeckoM ypoBHe. [loaTomy, OCHOBBIBasCh Ha MPUHIUIE (PpakTana, CIeayeT
yBUIETh BpamieHue W BO Bcenennoii. B cnenyromeit rmaBe Mbl OyneM HCCIIEIOBAaTh HAYYHOE
CBUETENHCTBO, MOATBEPIKIAOIIEE ITOT APTYMEHT.

6.19 B COEPE ®OPMUPYETCS IJIOCKASA JUCKOOBPA3HAS OBJIACTD
BBIIEJIIEMON MATEPUH

Crnenyromniee IMOJNOXKCHHE OOBACHSET, TIodeMy BO BcenmeHHoM, Takoil kak ['amaktuka, matepus
OyneT npuHUMaTh GopMy “TIIOCKOro” Aucka. YuraTento KpaiiHe BaKHO MOHSTH 3TO MOJIOKEHUE:

Camoe BbICOKOE J1aBJI€HHE BO Bcell YHUBepcalbHOU cdepe OyneT no ocu ceBep-tor BTekanus D1 u
32. C TOYKHM 3pEHUs] YUCTOW TEOMETPHUHU 3TO 3HAYHUT, YTO CaMO€ HU3KOE JaBIIEHUE OYIET B TUIOCKOCTH
SKJIMIITUKY, MPEICTABIAOLIEH COOON IUIOCKYI 00JIaCTh, TOPU30HTAIBHO PACHPOCTPAHSIONIYIOCS Ha
OkBatope YuuBepcanbHOW Cdepsl. @uszuxk a-p O. E. Baruep, paspaboraBmmii cBoro 3(upHYIO
KOCMOJIOTMYECKYIO MOJI€JIb, Ha3bIBAET 00JIACTh HU3KOTO JaBJICHUS ‘30HOM rameHus’”.

ObGnactu Goree BBICOKOTO JaBJICHHS, PACIIONOXKCHHBIE BBIIIE M HUXKE IUIOCKOCTU JKJIHUITHUKH,
OynyT “BTAJIKUBATHCS B HEE CBEPXY M CHHU3Y, CO3/1aBasi 30HY CXKATHS, HE TMTOX0XKYIO Ha TUIOCKYIO JTUHUIO,
00pa3yIyocs MeXKIY MacjioM M BOJIOH, KOTJa MOCIeAHIEe MPeObIBalOT B cocTosiHNM nokost. [1-p O. E.

THEP HA3bIBAET OTO ‘I TUBHOU MHT HIMeEn”.
Baruep HazbIBaer 310 “nec 0 epdepeHuumen”

O061acTh HHU3KOTO JABJICHHS CTpa3y K€ 3alOHACTCS MaTepuei, BhIIeNstomeics u3 Bemukoro
Hentpansnoro Connia. Iponecc Beigenenus B Benukom Lentpansnom Counnie co3naercs Oiaronaps

CYLICCTBOBAHUIO 0O0JIBIIETO JaBJICHUA Ha CCBEPHOM U KOKHOM IIOJIOCAaX, YEM Ha 3KBATOPCE.

B3peiBaromiasicss BHyTpbs BUxpeBas sHeprus D1 u D2 cozmaet 0osiee BBICOKOE JIaBJICHHUE HA BEPXY H
B HU3y Benukoro IlenTpansHoro CosHua, yeM JaBJIEHUE HAa SKBATOPE.
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Mpbl MOMHHMM, 4YTO BCS KOMOMHHpOBaHHas cTpykTtypa 21 um 32 B VYHuBepcamsHOU Cdepe
MpeOBIBaCT B COCTOSIHUH BpAIICHUs, TpudeM D1 ABMKETCS HEMHOTO ObIcTpee, yeM D2. A 3TO 3HAYWT,
yro BcA (opmupyromascs MaTepusi Toxke Oyaer Bpamiatbes. CrenoBaTenbHO, TOCKOJBKY BCS
VuusepcanbHast Cdepa Bpamaercs, a B MJIOCKOCTH 3KIUNTUKHM CYIIECTBYET 30HA HHU3KOIO JABJICHHS,
CO3/1aeTCsl PacHbUIIOIAs LEHTPoOeXkKHas Cujla, KaK Kallld BOJbI, pasjeTaolrecs OT Tesla CcoOakw,
KOTI'/Ia OHa BCTPSIXUBAETCSI, YTOOBI BHICOXHYTh.

* Benukoe LlentpansHoe CoiHIE MPOI0IKAET HATOMUHAOLIME JbIXaHUE MMyJbCAIlUH, Bpalasich U
C)KMMasICh CUJIbHEE Ha BEpXY U B HU3Y, UeM B 00JIaCTH SKBATOPA.

* B pe3ynbTare Takoil cucTeMsbl, U3 00JIaCTH 3KBAaTOpa B BUJIE BCIIBIIIEK BBICBOOOXKAAETCS KaKasi-TO
4acTb KOMOMHUPOBAaHHOW MaTepun-3Hepruu D1 n 2.

e 3aTeM BCHBIIIKM MaTEPUU-DHEPTUU PACIBUIAIOTCS B 30HE HHU3KOTO JAaBJICHUS SKIMITHKH,
M3ITy4asich B CIUPATICBUAHON (hopMe, HATIOMUHAIOICH CTPYKTYpY pykaBa [ anmakTukm.

* Ecnu Obl Best YHuBepcanbHas Cdepa He Bpamianach, TOr/a CJIeI0Balo Obl 0XHJIaTh YBUIETh
IIyTH HEPTUM B BUJE MPSAMOJIMHENHBIX CIHII B IUIaHE HKIMNTUKU. OgHaKo “BOJIOYEHHE”, CO3/1aBaEMOE
BpalieHueM Bceil YHuBepcanbHON Cdepbl, BBIHYKIAET JYYH HCKPUBISATHCA B CHUPAJICBUIHYIO
CTPYKTYPY, BBITVISISIIIYIO KaK pyKaBa CIIMPaICBUIHOMN rajJakTUKH.

* ['eomeTprueckue Cuibl, TAKUE KaK YETHIPE y371a, COJAEpIKAIIUECST B CEPEIMHE OKTa’3/Apa, MOTYT
BBIHYJIUTH BCTIBIIIIKK BRICBOOOKIATHCS IBYMSI Ty TSIMU

o OpgHoBpeMeHHO uepe3 Bech skBarop Benukoro IlentpanbHoro Connua. B sTom ciywae
00pa3yloTcsi  BpalaloONIMecss KOJbIa, KOTOpble OyAyT ypaBHOBEUIMBATHCA B  ONpPEICICHHOM
OpOUTATLHOM TOJIOKEHHH.

o U3 egmHm4HBIX oOyiacTeil Ha skBaTope. Eciam Bemblka BBICBOOOXKIAETCS W3 OJHOTO Y3Jia
TreOMETPUUECKON IHEPreTHUECKON CTPYKTYphl (OAHOTO M3 HYEThIpEX Y3JI0OB HAa HKBATOpE OKTa’Apa),
dbopMupyroTcs MEHbIIUE ChEepbl MaTEpHUH, KOTOPBIE Cpa3y K€ HAYMHAIOT AYOJIIMPOBATH IOBEICHUEC
Benukoro Llentpansuoro ComnHua.

Kak TOmpKO B TUIOCKOCTH SKIMNTHKH OyIyT BBIOPAchIBaTHCS HOBBIE CQEpbl, K HUM MOXHO
MIPUMEHUTD CTaHAAPTHBIE “IpaBuiia’:

* B wmeHbmux BBIOpOIIEHHBIX cdepax, BpAIIAOIIHECS B MPOTUBOIOIOKHBIX HAIPaBICHUSIX
sHepruu D1 u D2 OyayT CKUMATHCS TOJ ACHUCTBUEM OKPYXKAIOIIETO TaBICHUS.

* OTO BBIHYXIACT UX PUTMUYHO MYJILCHPOBATh BHYTPh M HAPYKY TaK ke, Kak 3T0 jaenaeT Benukoe
HentpansHoe Connue. [ToaTromy oHu Toke HOPMHUPYIOT LIEHTPATbHBIE BUOPATOPHI.

* Kaxxnas u3 mesbiiux cdep TouHo nyOiaupyeTr B cebe marTepH Bcedl BceneHHoil, co BceMu
BBIIIENIEPEUHUCICHHBIMU OCHOBHBIMU BHJIaMH TTOBE/ICHHUS.

* 3ateM HOBBIC (OPMBI TOSBIIAIOTCS Kak 3BE3/bl, HO HAa CaMOM Jejie, Ha ATOW CTaJWH OHH
MPEJICTABISIOT COOO0M MEePBUYHBIE (IPOTO) FATAKTHKH.

Ceiiuac, ecnu BepHyTbCs K puc. 6.4 — mroctpaunn Xomia “nepesa” Urrapacuib, BUAHO, YTO
JereHia 3aMKCUpoBajia ¥ BaXKHOCTh IUIOCKOCTU SKJIMIITUKHU, AEMOHCTPUPYS U KOJIbLIa U TBEPJbIE TENA.

MHorue apyrue JereH/ipl, KOTOpble Mbl 00CYX/1ajdH B IJ1aBe 15 mpeablaylieil KHUTH, TOXKE OMUCHIBAIOT
IIJIOCKOCTh SKJIUITHKU.

6.20 ®PAKTAJIBHAS CTPYKTYPA BCEJIEHHOM

Takum o6paszoMm, mockosibky Bemmkoe llentpansnoe ConHIle BBICBOOOXKTACT BCE OOJBIIE |
OoJbIlle  NAaBICHUS MATEPUU-D)HEPTHM B  IJIOCKOCTH OKIUNTHKH, CHUPAJICBUAHBIMU  TYTSIMH
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BbIOpachIBaeTCs OeccYeTHOE KOJIMYECTBO HOBBIX ‘‘NEPBUYHBIX 3Be3/”, 00pa3ys pyKaBa THTaHTCKOW
Cynep-I'anaktuku, koeil u siBisieTcsl Hama Beenennast.

* Co BpeMeHeM Kaxaas U3 MEpBUYHBIX 3Be37 OyAeT MOBTOPATh TOT K€ MATTEpH, (GOpMHUpYs
raJlakTUKU U3 COOCTBEHHBIX IIEHTPAJILHBIX BUOPAaTOPOB.

* TlocpencTtBoM TOro e Mpolecca, CO BPEMEHEM BHYTPU KaxJO0W TalakTHKU (HOPMHUPYIOTCA
MUJUIAAP/IBI 3BE3L.

» Kaxxas 3Be31a BesieT ce0s B COOTBETCTBUM C TEM K€ NMATTEPHOM U IOCTENEHHO BBIOPACHIBAET B
IJIOCKOCTh 3KJIMIITUKHA HOBBIE TUIAHETHI.

* Co BpeMEeHEM BHOBb CO3/IaHHBIE IUIAHETHI CJIEIYIOT TOMY € MaTTepHy, BbIOpachiBas B
IJIOCKOCTh 3KJIMIITUKU JTYHBI U KOJIBLIA.

* Hapsnmy ¢ 5TuM, B MEHBIIMX M MEHBUIMX TapMOHHYECKUX NOIPA3JEICHUSAX DHEPTUH, B
COOTBETCTBUH C TEMH € MPUHLIUIIAMH CO3/IaeTCS KBAHTOBBII MUp, YTO BHJIHO B ¢u3uke J>KOHCOHA U
CBSI3aHHBIX C HEW 2(UPHBIX MOAEISX.

» CrnenoBaTenbHO, KaXIblii aTOM — 3TO COBEpIIEHHas TosorpaMma YHuBepcanbHoil Cdepsl,
JI€MOHCTpUpYIOLas CTpYKTypupoBaHue BeeneHHoi o npuHIuny gpakrana.

Buano, 4To BHYTpHU COBCTBEHHOM CTPYKTVYPhI kaxmbiii aToM, Ka)KJast YacTHYKa 00J1aJaeT
Bcelt popmoit Beenennoit. (Darap Keticu, Urenne 281-024, 29/6/35).

OnHO 0YeBHHOE CJIEACTBHE TAKOTO MBIIIEHUS B TOM, YTO IJIAHETHI CKopee poauinch oT CosHIla,
4eM BO3HHKIIM B PE3YJIbTATE YIUIOTHEHMs IJIAHETAPHOW TYMAHHOCTH ra3a M nbuid. CKENTUKH Cpasy e
BO3pas3AT, YTO TaKas MOJENb 00pa30BaHuUs IUIAHET MPOTUBOPEUYUT MHOTMM INPEBATUPYIOIIUM HAyYHBIM
ToukaM 3peHus. M Bce ke, relmoLiEHTpUYecKas Mojelb (OPMHUPOBAaHUS IUIAHET pelIaeT MHOIMe
MapajokChl TPAJUIMOHHOM MOJENH, TaKHue KakK TOT, 4TO Juid paboThl TPaJULMOHHOM MOJEIN
TpeOyroTcsi, MO KpailHe Mepe, JBe OiM3NexallMe CBEpXHOBble 3Be3apl. Ho cBuaerenbcTBa
MIPOUCXOMSIINX HEMOJAJIeKy B3PHIBOB CBEPXHOBBIX 3Be31 He cymectByeT (I'panambep, 2000). Hosas
MOJIeNIb NPEACTABIIEHA KOCMONIOruen a-pa Yourepa Paccena, Benamu, MHOTMMH pYCCKHMHU YYEHBIMU U
JIPYTUMH, €lIe HE paCCMOTPEHHBIMH aBTOPOM. Takke, OHa BOCXOAMUT K U3BECTHOMY Tezucy MiMmanynina
KanTa (18-ii Bek), KoTOpblii B nanbHeleM 0bu1 pacimpet [Ibepom Cumonom nie Jlamiacom.

TpanuumonHas Hayka cOpPOCHIIa CO CYETOB ATY KOHIEMIHUIO (JOPMHUPOBAHUS IJIAHET TOTJA, KOTAa
Jxeitmc Knepk MaxkcBen mokazan, 4To B oOpa3oBaHHM Kojell, BblOpachiBarommxcs u3 CoiiHIIa B
IUTAHETHI, POJIb TPABUTALIMM HAMHOTO MeHee 3HauuTenbHa. OHAKO CleyeT MOMHUTh, YTO Mbl UMEEM
JeJI0 C CHJIaMH, HAMHOTO TIPEBBHIMIAIONIMMHU CHJIBI TPABUTAIMH, W YTO BOBJICUCHHAs B TIPOIECC
TE€OMETPHsl MOKET BBIHY)KIATh BCIBIIIKM SHEPTUM BO3HUKATH B OTACIBHBIX OOJACTSIX 3BE3THOTO
JKBaTOpa. 37eCh ClIeAyeT KpaTKO 3aMeTuTh, uTo padora J[xepdpu Xapam, ozarmaBneHnas [ ewnesuc
npoooaxcaemcs, TPEICTaBIsAeT YOEIUTENbHOE JO0Ka3aTelbCTBO, YTO CYLIECTBYIOIIME MOJEIHU
o0pa3oBaHUsl ITUIAHET HEBEPHBI, W YTO IUIAHETHI HAa CaMOM JieJle JIOJDKHBI BBIOPACHIBATHCS W3
POIUTENBCKOM 3Be3/Ibl. B KauecTBe 0JJHOTO MpUMeEpa: eClu PacCyKIaTh C TOUYKH 3PEHUS TPAIULIMOHHBIX
MoOJIeJIel TIAHETaPHOTO 00Pa30BaHUs, TO Y Ta3000pa3HbIX TUIAHET POCTO HE XBATAe€T BPEMEHHU, YTOOBI
chopmupoBate atmoceprl. Pabora Puuapna Ilacmunuka TOXE mMpeAmnonaraeT, YTO IUIAHETHI
poxnatorcss ot ConHma. YOeTuTenbHOCTh CBHUJICTENBCTBA HEJB3S WIHOPHPOBATH, MOITOMY MBI
OCTaBIIsIeM YHTATEIIO CBOOOIY IEHCTBUI cCaMOMY U3YYHUTh 3TH MAaTEPUAIIBI.

6.21 BCEJIEHHAS — CAMOBOCHPOU3BOIAIINNACS OPTAHU3M

He tpynHo ybenutscs, uto cama Bceenennas — 3to Ilepuunoe JKusoe CymectBo, co3paroiiee
IIOTOMCTBO IO cBoeMy oOpa3dy M mnopoburo. XOTs 3Ta Mojeidb 00lagaeT HEKOTOPOHl CTENeHbIo
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CJIOJKHOCTH, IIOBCACHUC C(pepI/IquKI/IX SHEPICTHYCCKUX noneit BcenenHoit ACMOHCTPUPYET BCC
OCHOBHBIC Ka4€CTBA CAMOBOCIIPOMU3BOAAIICTOCA OpraHru3ma.

[ToatomMy, crhemyromuii Bompoc TakoB: “I'’me ™Mbl HaOmomaeM paboOTy 3THX DHEPreTHYCCKUX
noneit?” Eciu Hama Mozienis BepHa, TOria JOJKHO ObITh CBUAETENBCTBO, JOCTATOYHOE JIJISl TOTO, YTOOBI
3TO JOKa3aThb. B cienyromieil rimaBe Mbl OyaeM paccMaTpuBaTh KOCMOJIOTMUECKOE CBUJETENBCTBO,
JIeMOHCTpHUpytolee paboTy »Toil Mmomenu. Ha kaxaom ypoBHe pasmepa Mbl yBuauMm Cdoepy,
BpALAIOIINECcs] B MPOTHUBONOJIOKHBIX HAMPABICHUAX SHEPreTUYECKHE MO, LIEHTPAIbHYIO OCh C(EpHI,
LEHTpaJIbHBI BHOpaTop, ‘3arHe3foBaHHBbIC Cephbl” pa3HON HPHEPreTHUECKOH IUIOTHOCTH M MAaTEpHIo,
BBIOPACHIBAIOIIYIOCSI B AMCKOOOPA3HYIO IUIOCKOCTh SKIUNTUKUA. YTOOBI Jydllle OpraHu3oBaTh
uHpOpPMAIMI0O M BBICBETUTh 3akoH4YeHHBIH Eauueni Bun boxectBenHoro Kocmoca, mbl Oynem
00CyX/1aTh KaXblil YPOBEHb pa3Mepa OTIEIbHO.
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I'naBa 7: Cepuyeckue 3HepreTuyeckne CTPyKTypbl
B KocMmoce

7.1 MATHUTHBIE IIOJIA U “BAKYYMHBIE JIOMEHbI”

EctectBeHHO, uYTO OOJIBLIYyIO 4YacTh OCHOBHOW CTPYKTYpHl C(epuuyecKu-TOpOuAaIbHOTO
SHEPreTUYECKOro MO, PACCMOTPEHHYIO B MPEIBIAYIIEH TIaBe, MOKHO BHIIETh B MAarHUTHBIX MOJSX.
Tecna nepBbIM OTKPBLI, YTO MAarHUTHBIE MOJISI HETIPEPHIBHO BPAIAIOTCS, XOTS aIeKBATHOT'O OOBICHEHUS
3TOMY HE JaHO 70 cux mop. Takke, HEM3BECTHO, MMOYEMY XOpOIIWe MarHuThl padotaror cBeime 1000
JIeT, He yMEeHblIas cBoell cuibl. B HOBOI Mozenu, At GOpMUPOBAHUS MarHUTHOTO IOJI HE HYXHBI HU
(heppUTOBBI CTEPKEHB, HU METATMYECKOE SJIPO IUIAHETHI; MoJie oOpasyercs Toraa, koraa a¢up 1 (31)
u 3¢up 2 (32) BMecTe TEKyT B OCHOBHOU cepuuecku-toponnanbHoi popme. OpueHTalnus ceBep-or
MOJIEKYJI MarHUTa MO3BOJISIET OBJIAIEBATh 3TOW YHEPTHUEH.

“[llapoBasi MOJHHS® — OAWH W3 MHOTUX HAOIIOJAEMBIX TIPUMEPOB CBOOOHOCTOSIIETO
(yYHKLIMOHAJIBHO 3aKOHYEHHOI0 MarHUTHOTO MoJist. Y korga Ml IyOJIMKOBAIN MPEIbIIYILIYI0 KHUTY U B
rmaBe 5 OSTOW KHUTH, TaKWe CBETAIIMECS IUIa3MEHHbIE cQepsl co3naBajnch B JabopaTopun B
skcnepumentax [llanemnepa, Cepna, Pomuna u [N'oguna (BocnipousBenmux 3¢ ekt Cepna) U Apyrux.
Taxke, B Tmpenplaylmield KHATE MBI pacCMaTpUBAIM “BaKyyMHBIE JIOMEHB  — cdepudeckue
SHepreTuyeckre oOpa3oBaHMs pa3HBIX pa3MEpoB, 00JajaroUIMe CIEAYIOUIMMU BeChbMa aHOMAaJlbHbIMU
CBOMCTBAaMH:
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1. Tlo >xenaHnIO0 BaKyyMHBIE JIOMEHBI CIIOCOOHBI POHUKATH B MAaTEPHIO;

2. OHu cnocoOHBI UCIYCKaTh WJIM TOTJIOUIATh CBET U APYroe 3JIEKTPOMArHUTHOE U3JIy4YEHHUE B
[IUPOKOM CIIEKTPE YacToOT;

3. OHu cmocoOHBI TMpepbiBaTh pabOTy »AIIEKTPOMArHUTHBIX TNPUOOPOB H3-3a CHIIBHOTO
AJIEKTPHUYECKOTO TOJIsl, KOTOPOE TeHEPUPYIOT BHYTPH U BHE ce0s;

4. Ouu OyayT IEMOHCTPUPOBATH U3MEPSEMOE MAarHUTHOE T10JIE;

5. OHH CcIIOCOOHBI WCKaKaTh T'PABUTAIMOHHBIC TOJS, 3aCTaBIssl OOBEKTHI JIEBUTHPOBATH HIIU
CTaHOBHTBCS TSDKENEE;

6. OHM CIOCOOHBI 3aCTaBIIATH BO3JyX W TMBUIb BpamlaThCcsi BHYTpH ceOs, MO0 TOCTOSHHO
peOBIBalOT B COCTOSIHUM BpAIlICHUS;

7. OHH cIOCOOHBI B3PBIBATHCS, UYTO HEOOS3aTEIHHO 03HAYAET H3MEHEHUE UX (POPMBI HITH pa3Mmepa;

8. OHu 001a1AI0T OIPEIEIEHHON TeOMeTpHUECcKOi (hopMoif, Takoii Kak cdepa MU “FIUTUIICOUT —
BBITSIHYTas cepa;

9. Onu OynyT HaAOMIONATBCSA, U O HUX COOOINAETCSs HAMHOTO 4Yallle B TOABI, KOT/Ia COJHEYHAas
AKTUBHOCTH JJOCTUTAET CBOETO IMHKA.

N camoe BaxHoe: mpoaBHHYTHIH (u3uk a-p B. JI. JIATI0B 4YeTko MpOAEMOHCTPUPOBAI: ITH
00pa30BaHUsI MOTYT BO3HUKATh TOJBKO TOTJA, KOTJa CMEIIMBAIOTCS ABe (Gopmbl ddupa. B momenu
Teprerckoro 3To M3BECTHO Kak “‘pu3myeckuil Bakyym marepuun’, uau ®BM, u “dusnuecknii Bakyym
aatumarepun’, winm OBA. (Koneuno, 3mech Mbl HazBamum ux 1 um D2, ubo cuuraem, dTO
KiaccuuKalusg MaTepusi/aHTUMAaTepUsl — CIUIIKOM OTPaHUYHUBAIOLIEE OMpeAeNICHUE, MOCKONbKY IS
CO3/1aHUS MaTepuu HeoOXoIuMbl OHU 00a.) Kirou 37ech B ciieyroemM: BaKyyMHbIE JOMEHbI — HMEHHO
TO, YTO co3AaeTcs, koraa J1 u D2 cMenBaroTCs, HO He CIOCOOHBI CTAOMIN3UPOBATHCS JOCTATOUYHO JIJIS
TOTO0, 4TOOBI CO3/1aBaTh JOJTO CYHICCTBYIOIIYIO MaTepuio/sHepruto. I1bITasch CTaOMIM3UPOBATHCS, OHU
OUYEHb aKTHBHO BBITATHBAIOTCS U3 OKPYXKAIOIIEH TpaBUTAIMU M TOPCHOHHO-BOJHOBOW SHEPTUHU, U 3TO
co3naeT anoMmaibHbIe 3 dekTrl. Taxke, MBI MOKEM BU3YaJIH3UPOBATh UX KaK “Iy3bIpeK” OAHOTO 3¢dupa,
BBEJICHHBIN B JIpYroi, MoJ0OHO TOMY, YTO MPOUCXOIUT, €CJIU MbI BBHITYCKaeM B BOAY Macio. B saTom
CJIy4ae Mbl YBUAMM TOSBISIOLIUECS CPephbl Macaa, HO OHU NPOCYIIECTBYIOT OUYEHb HE J0JTO.

Jlanee Mbl IPUBOJUM BBUIEPKKY W3 NIPEIbIIYLIEH KHWUTH, OINUCHIBAIOUIYIO pasHble (HOPMBI,
KOTOpBIE MOT'YT MIPUHUMATh BaKyyMHBIE JOMEHBI (YTO BUIHO U3 paboThI 1-pa Anekces [Imutpuesa u 1-
pa B. JI. [IatnoBa):

7.2 AHOMAJIBHBIE ®PEHOMEHBI “BAKYYMHbIX TOMEHOB”

1. HlapoBas monHus. CornacHo aBTOpam, 3TO CaMOE XOPOIIO U3BECTHOE M U3YUYEHHOE aHOMAJIbHOE
SIBJICHUE, JEMOHCTPUPYIOLLEE BCE AEBATh CBOMCTB BJ/I. BOJIBIIMHCTBO Hay4YHBIX CTaT€d HE YIIOMUHAET
HUKaKUX CBA3aHHBIX C LIapoBOM MoyiHMEH 3¢ (EeKTOB JEeBUTALUM I[OTOMY, YTO IapoBas MOJHMs
HACTOJIbKO Maja, YTO UX TPYAHO YBUAETh. TunuuHas mapoBas MoHUA uMmeeT pazmep oT 10 1o 30 cM B
nuamerpe. HekoTopsle coo0IaroT 0 4acTULAX MbUIM, BPAILAIOLIUXCS BHYTPH HEe.

2. IIpuponubie camocBetsnmecs: 00bekThl (IICCO) nnu “mmazmoupr”’. 3T0 00BEKTHI, KOTOPHIC
HCBOOPY’KCHHLIM I'JIa30M BHJIHBI KaK APKHUC HIapbl CBCTA. qume BCCI'0 OHM BHJHBI HA IIJICHKEC, CCJIIN UX
chotorpadupoBaTs. OOBIYHO OHU TOSIBIISIIOTCS B TEX MECTax 3eMIIH, T1ie HaOItogaeTcs caMas OoJIbIas
JHEpreTUYecKass aKTUBHOCTh B BHJIEC CO3JAIOIIMX 3EMIIETPSICEHHS pPA3IOMOB B 3eMHOW Kkope. OHH
00J1a/1al0T TEMU K€ CBOMCTBAMM, YTO M IIAPOBAsi MOJIHUSA, HO B ATOM CJIy4ae 4acTO MPOCMATPUBAIOTCA
mupokomaciTaOHeie 3((GeKTsl JeBUTALUN. ABTOPHI YIOMHUHAIOT ciy4dail B Poccuu, M3BECTHBIN Kak
“B3pbIBBI B CacoBo”, omucanHbli A.FO. OnxoBaToOBBIM, Tji€ HAOIIOAANIOCh, YTO TaKHe OOpa3oBaHUS
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CHIOCOOHBI 3aCTaBIIATH OOBEKTHI JIEBUTHPOBATH U MPOU3BOJUTD B3PhIBBI, YIIOMSHYTbIE B CBOMCTBE 7. DTO
OUEHb SICHO MOKa3aHo Ha GoTorpadusx.

3. TlonTepreiict. B To BpeMs kKak OJHU Ciydad “TIpeciieIOBaHUA MOTYT MPOUCXOJIUTH 3a CYET
pEeaNbHBIX CYIIHOCTEH B HePU3UUYECKOH Gopme, Apyrue MpeacTaBiIsIFOT OO0 MPOHUKHOBEHHE CKBO3b
CTEHBI YEJIOBEUECKOTO KWIHINA. B MocaegHuX Ciy4asx BHUIHO, YTO IIMApOBas CJETKa CBETSAIIAsCs
JHEPTUsl MOXKET JEBUTHPOBATh OOBEKTHI, CO37aBaTh AJIEKTPUUYECKHUE M MATHUTHBIC TOJII U HAHOCHUTH
panenus moasMm. Eciam Takoe sBIe€HHE MOBTOpPSIETCS YacTO, BO3MOXHO, JOM TOCTpOEH Haj Oosee
JHEPreTUYECKH aKTUBHBIM MECTOM 3€MJTH, CIIOCOOHBIM CO3/1aBaTh Takue d(HPeKThI.

4. TopHano. Bce 3HaKOMBI ¢ BOPOHKOOOpa3HBIMH OOJaKaMH TOPHAIO, CIIOCOOHBIMH BBI3BIBATH
OTPOMHBIE pa3pyIlIEHUsS U JEBUTUPOBATh OOBEKTHI, HE HAHOCSA UM Bpefa. M3yueHue TopHag0 HaCTOIBKO
BAXHO, 4TO J-p JIMuUTpueB  mMOCBSIIA€T €My  OTAEIbHYIO  CTaThio,  O3arjliaBJICHHYIO
“DnekTpoauHaAMUYeCKass KOHIENuus TopHamo. C TOpHAmO HaMpsSMYyK CBS3aHO OOJIBITHHCTBO
MEPEUMCIICHHBIX B CIHCKE CBOMCTB, BKIIOYas MOSBICHHE BUIUMBIX (popMm cBeta. B cBoelt crtaThe
JIMUTpUEB CChUTAETCS HA CJICAYIOIMIUM CITydaid:

B 1951 rony B Texace, BopoHKa MpOXOAWIa HaJ HaOIOJaTEIeM Ha BBICOTE 6 METpPOB, €€
BHYTpeHHUH auameTp Obu1 okono 130 MeTpoB, a mmpuHa CTeH 3 M. BHYTpH MOJOCTH HaXxOIHMIOCH
cBeTdmeecs 001ako. BHyTpu He ObLI0 BakyyMa, MOTOMY YTO OBLIO JIETKO JIBIIIATh.

B apyrux ciywasx BHYTPH M BOKPYT TOPHAJIO HAOJIOMATUCH “‘CKOIUICHHUS IIAPOBBIX MOJHUN H
Jpyrue SIBJICHUS CBEUEHUS, BKIIOYas ‘“TIPOJOJDKUTENIBHO CHUSIOIIMNA CBET U “TIPOJIOJKUTENIbHBIE
MosHUK . B mocnenyromux pasaenax 3TOM KHUTH OynyT oOCYKIaThCsl APYrue aHOMAllbHBIE sIBICHUS,
BKJIIOUAIOIIME TPABUTALIMIO M B3aUMOINPOHMKHOBEHHE Marepuu. Mneu “BcackiBaHus Bo3ayxa” IUis
o0BsicHeHus 3¢ (HEKTOB JEBUTAIMH MPU TOPHATO0, HE TOCTATOYHO, OCOOCHHO €CJIM BHYTPH HETO YeJIOBEK
MOJKET ABIIIATD.

5. “Anrensr”. DTOT TEPMHUH OTHOCHTCS K 0COOOMY BUAY pamapHOW MHTEp(EpEeHINH, C KOTOPO
NPUXOIUTCS OOPOTHhCA BCEM paslapHbIM cucTeMaM. B Hauane paGoThl ¢ pajapaMu ObLIM CiIydau, KOrja
MOSIBJISIFOIIMECS HA DKpPaHEe MATHBIILKYA IPUHUMAJIUCH 32 CaMOJIEThl WIIM pakeThl. IHXKeHephl MOHsIIN, 4TOo
3TO He (pu3nueckue oOBEKTHl U OTHOCHIIMCh K HUM Kak K “anrenam’”. Ceiluac pagapbl CTpOSTCS TakK,
YTOOBI OHU IO OIIMOKE HE OOHAPYKUBAJIM 3T 00pa30BaHUs. ABTOPHI CUMTAIOT, UTO “@Hreiibl” — 3TO TO
e, YTO U “eCTeCTBEHHbIE CAaMOCBETSIUeCS 00pa3oBaHus”, KOO U TO U JAPyroe 0OHaAPYKUBAJIOCH MPSIMO
HaJ TeKToHW4YeckuMmu pasznoMamu. B ciaygsae ECCO, onm HaOmomamuch HEMOCPEACTBEHHO Hal
pa3jomMamMH, B TO BpeMsl Kak “aHreibl’ OObIYHO OOHApY>KMBAIOTCS B HECKOJBKUX KUJIOMETpax Hal
pasziomMamH.

6. “ManieHpkre KOMETH WM “aTMocepHble AbIpbl’. OHU BUAHBI Ha YJIBTPAPUOIECTOBBIX
¢dororpadusax 3emiu, caeTaHHBIX Ha OosbKX BbicoTax. Habmoganock, yto okosio 20 pa3 B MUHYTY B
noHocdepe o0paszyroTcs OOJBIINE YEPHBIE IBIPHI, KaXKaas IUaMeTpoM HpHOIU3HTENbHO 48,27 KM.
OOwenpuHsTbIE TUIIOTE3b, BBIABHUHYTHIC HAOMIOJATEISIMHM, TAKOBBI: JBIPBHI CO3MAIOTCS ‘‘MaJeHbKUMHU
KOMETaM#’, COCTOSAIIUMH U3 CHera WiH Jipaa. OJIHAKO €CIM MHOTHME KOMEThI OCTOSIHHO YIapsIIOTCs O
3eMIIl0, OHU TaKXe JOJDKHBI CTajlkuBaTbcs ¢ JIyHOH, HO Ha JIyHHOM NOBEPXHOCTH HET CIIEIOB
COTPSICEHUI, COOTBETCTBYIOIIUX TaKUM COOBITUAM. [103TOMY, aBTOpBI CUMTAIOT, YTO 3TO JIOJKHBI OBITH
BaKyyMHbIE JJOMEHBI.

7. B3peiBel B HoHOC(epe U atMocepe. B aToM cityuae Bce siCHO M3 Ha3zBaHus. MHOTHeE JIOAU
CJIBIIIAJIA CIIOHTAHHBIE, TPOMKHUE B3pPbIBBI, 0€3 BUAMMOIO HMCTOYHMKA M JIIOOBIX APYrUX HPU3HAKOB
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HEHACTHON moronpl. Takue B3PBIBbI CBA3dHBI CO CBCTAIUMUCH (I)OpMaMI/I C(bCpH‘-ICCKOfI TCOMCTpPHUH,
IMPOHUKAIOIIMMHA B MaTCPHUIO.

8. llermHple B3pBIBBI B JUTOChEPE. DTO SBICHHS, TPOUCXOAIIINE B JTUTOCHEPE WIH KOpEe 3EMIIH.
Kopa 3emnu crocoOHa MpOBOIUTH SJEKTPOMArHUTHBIC TMOJIS U 00JaaeT YIPYroCThIO, MSTKOCTBHIO H
noaTianBOCThI0. ['eonoru HaOMr0AamM BHE3aIHbIE MyJbCAlMU WK B3pBIBBI TeIUIa B JIUTOochepe, Koraa
cpasy moclie HuX 00pa30oBbIBANIaCh YAJUHEHHAS JJUTUNITHYECKAs TpyOa, U3BECTHAS KaK “‘KUMOEpIUTOBas
TpyOKka”. CaMOCBETAIIMECS B3PHIBBI CO3/IAlOT AJIEKTPOMATrHUTHBIE M3JIYYCHHS, W, TI0O KpallHel Mmepe, B
Poccun cuntarorcs “BesIMKON 3araJikoi COBpEMEHHOM reoyiorun’”.

9. “I'HombI”, 31b(BI U CTPYH. DTH aHOMAJIMU OOHAPY>KEHBI COBCEM HEJIABHO, U UX TPAJAMLIMOHHBIC
o0BsCHeHUs elie o4yeHb ciiadbl. Ham rpo3oBeiMH Tydamu, Ha BbicoTe 0 100 KM, MOTYT MOSIBIATHCS
KOPOTKHME U OY€Hb MHTCHCUBHBIC BCIBIIIKKA CBETa. B 3aBUCHUMOCTH OT BBICOTBI, 4aCTO OHU OBIBAIOT
ronyosIMu WM KpacHbiMH. Camoe BaxkHOe il JMuTpueBa ciemyromiee: 3TH OOpa3OBaHHS YacTO
ACCOIMUPYIOTCS C CAMBIMU MHTEHCUBHBIMH T'PYIIIUPOBAHUSMH BCIIBIIIEK CBETA, ABUKYIUXCS OT TY4 K
3emiie. OTO TO3BOJSET TMpeArnojiaraTb, 4Yro (OPMUPOBAHHUE TaKHX CBETANIUXCS  BCIBIIICK
00yCIIaBIMBAETCS KOHTAKTOM MOJIHUU C SHEprueil 3emiu.

10. CgedeHusi, CBA3aHHBIE C 3E€MJIETPSICEHUSAMH U M3BEPKEHUAMH ByJakaHoB. CorjiacHo
JIMUTpUEBY, TIOYTH BCE 3EMJIETPSCEHUS U M3BEP)KEHUS BYJIKAHOB COMPOBOXKIAIOTCS HAOIIOJACHUSIMHU
CBETSAMIMXCSA O0Opa3oBaHmil. MX MOXHO BHIETh [0, TIOCIE HIU BO BpEeMs CaMHX COOBITHH,
CJIeIOBATENbHO, IO BPEMEHHU OHU TECHO CBSI3aHBI C CAMUMHU COOBITUSMH.

B npenpiaymieit kHMre, IMocie BBILIEPUBEICHHBIX JECSATH IYHKTOB CJIEAYET €IIe OIHO
HaOmoneHue, ynymeHnHoe JmutpueBsiM u JlsTioBeiM, a uMeHHO ronoBojomka “HJIO HACA” —
chepuueckue >HEpreTudeckue (Hpopmbl, 0OOHApYKEHHBbIE Ha MHOTHMX CHHMKAaX OTCHATHIX MaTepUAIOB
HACA. IlpexacraBnsieTcsi, 4To OHU BeayT cBoe mpoucxoxaeHue or Cosnma. Eme oauH xaHauaaTt B
“BaKyyMHbIE TOMEHbI” — ()eHOMEH ‘“‘cTepkHei”. Ha HeKOTOpBhIX BUACOIICHKAX BUAHBI CIIMPATICBHUIHbIC
TpyOKH C1a0oii, CBETAILICHCS CHHPAICBUIHON HSHEPIHH, TNPOHOCAIINECS Ha BBICOKMX CKOPOCTSX.
Bo3moxkHO, 3TH 3adUKCHpPOBAaHHBIE ‘‘CTEPKHHM~ TOXKE SBISIOTCS BAKyyMHBIMH JOMEHAMH, YbH
LEHTpaJIbHbIE OCH BUJIHBI JIy4llle, YEM OKpYXKaroliasi ux cgepa.

KoneuHno, 3tu oOpa3oBaHusi 3aHUMAlOT CBO€ MecTO B EJMHON KOCMONOrMM; OHM MOMOTAIOT
MOKa3aTh peajbHOCTh cymecTBoBaHUS D1 u 2. JI9TiioB yOeIUTENbHO NEMOHCTPHUPOBAN CIEIYIOIEe:
YTOOBl PEHIUTh TOJIOBOJIOMKY J3THX 00pa3oBaHUN, HEOOXOJUMO paccMaTpuUBaTh [IBa Pa3HbIX
cmemmBaromuxcss ‘“a¢upa”. OmHako B 3TOM rnaBe HAc Oomblie 3a00TAT YCTOWYHBBIC, OOBIYHO
Halo1aeMble CTPYKTYphl B Hanem KocMoce, TeMOHCTpHUpYIOIIKE €AUHYI0 MOJIENb, MIPEAJIOKEHHYIO B
IIpEeAbIIYILEH TIaBeE.

7.3 IINTAHETBI

Ha caiite /Kueoti Kocmoc Puuapn IlacMuHUK packpbUl, 4TO MOYTH Ha BCEX IUIAHETax
HaOmroamuch JM00 BUIMMOE KOJIBLO, JIMOO SHEPreTUYECKUH IOTOK, M3IY4aroIUics B IJIOCKOCTH
9KBATOpa, M3BECTHOM Kak »kiunTHka. Ilpocto m3 Bcex muaner CarypH o0nagaeT caMblM BHIUMBIM
KOJIBLIOM; HO OBbLIO OOHApYXEHO, YTO KOJIbLIA UMEIOTCS U y APYrUX IUIaHeT. B TpaauIMOHHBIX TEOPHSIX
HE CYIIECTBYET HHKAKOTo YyOeIMTETbHOro OOBsICHEHHs 3TOro ¢eHomeHa. boiee TOro, OOJBIIMHCTBO
IUTaHeT 00JIaJaeT HECKOJIbKUMH CHEPUYECKUMHU CITyTHUKAaMU, ABMXKYLIUMHUCS 110 COBEPIICHHON opOuTe
B IVIOCKOCTH 3KJIUIITUKH.
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UccnenoBanne Puuappa IlacuyHuka AeMOHCTpUPYET MNPUHUMUIT JIEUCTBHUS BpalIalOLIUXCS B
MIPOTUBOMOJIOXKHBIX HAMpaBiIeHUsIX sHepreTHdeckux mnoieil D1 m D2 mocpencTBoM HaOMIOACHUS 3a
MOBEJICHUEM Ta3000pa3HbIX IUIaHeT. Ha Bcex ra3o00pa3HbIX IUIaHETaX HAOIOANHCh IMOJIOCHI Tasa,
BpallaloIIKecs B IPOTUBONOIOKHBIX HanpasieHUsX. M Bbl yBUIUTE HENPEPHIBHO MEHSIOLIUECS TOJIOCHI
BpallleHHs TI0 YacOBOW CTpeNKe U MPOTHB 4acoBOil cTpenku. OOnacTH, Bpallarolifecs MO YacOoBOM
CTpEJIKE, M3BECTHBI KakK “‘mosica’; 00JIacTH, BpaIaloIUecss MPOTUB YacCOBOW CTPEIKU, M3BECTHHI Kak
“30HbI". Kpome TOr0, OBIJIO 3aMEYEHO, UTO HEKOTOPHIE TUTAHEeTapHBIE aTMOC(Ephl, TaKhe Kak y BeHneps,
peaIbHO MOJHUMAINCh U ONMYCKAIHUCh, IEMOHCTPUPYS TUIAHETAPHOE “‘JbIXaHUE” KaK y IEHTPaJIbHOIO
BuOparopa. Monocepa Benepbr moxkeT MeHSTH BBICOTY ¢ 200 KHIOMETPOB 10 HECKOJIBKHX THICSY
KWJIOMETPOB 3a 24 Yaca, a BbICOTa 00JIAaUHOTO TOKpoBa (aTMocdepa) CIBUTAaeTCs BBEPX-BHU3 Ha OJIMH
KWJIOMETp, OJHOBPEMEHHO C TOBEPXHOCTBHIO IUIAHETHl. OJTO SIBJICHUE H3BECTHO KaK ‘‘TOCTOSIHHOE
npIxanue” BeHepbl M MPOUCXOIUT C YETHIPEXTHEBHOW MEPUOIUYHOCTHIO.

Taxxke, I[lacmuHuk pa3paboTan KOHIICMIIMIO, YTO IEHTP IUIAHETHI HE METAUIMUYECKUi, a
npencraBusieT coboit dopmy cusromel TuIa3MeHHOW SHepruu, noaoOHou Hamemy ConHiy. B
MPeabLIyIeH KHUTE MbI OITMCBIBAIIN 3TO BO BCEX JIETAIAX U JCMOHCTPHUPOBAJIN €IIC OJWH YPOBEHB TOTO,
9TO IJIAHETa SIBISIETCS MHKPOKOCMOM Makpokocma. Koryma Mbl HauHeM OOCYKIATh SBOJIOIUIO, MBI
pacckaxem 00 3TOM OOJIbIIIE.

7.4 COJIHIE

Puc. 7.1 Cnupanws Ilapxepa, medxcnianemnoe macHummnoe oopazoeanue

Hame Connme o0nazaer MarHUTHBIM IIOJIEM, W3BECTHBIM Kak reimochepa M TOXKE HUMEIOIIUM
¢dopmy chepuueckoro topa. Bce mmmaHeTsl Bpamaiorcs B IUIOcKocTH COJHEYHOTO 3KBAaTopa HWIIU
SKJIMITUKU. BBUIO OTKpBITO, YTO TOBepXHOCTH CONHIA IMYJIBCUPYET, PACHIUPSIETCS U CKUMACTCS, YTO
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OyIeT neTaibHO PacCMOTPEHO Mmo3xke B 3Toi rnase. (M3BectHo, uTo 3Be3na Anbda LlentaBpa A TOXKE
nynecupyet.) Hame Connue oOnagaer emie OJHUM, MEHEE U3BECTHBIM MAarHUTHBIM IOJIEM,
JIBUKYIIUMCST B IUIOCKOCTH DKIMOTUKM H HasbiBaromuMmcs Crupanbto [lapkepa. OnHo obnagaet
TPEXMEPHOU CTPYKTYpPOU U BBITJISIIUT TaK K€, KaKk CIUpajieBUHbIC pyKaBa [ anakTuku.

OTO CBUJIETENBCTBYET O HaJUYMU elle OoJiblIeil 3araJku, Jealled B OCHOBE CTPYKTYpbI
ConHe4yHOI CUCTEeMBI, 3araJiki, KOTOPYIO HayKa elle He pa3rajgana. Ecou kakum-To o6pasom TBopeHue
MpoJIoJKaeTcs, Toraa co BpemeneM CoslHEYHasi CUCTEMa BBIPACTET B 3aBEPUICHHYIO TallaKTUKY, a MOJIe
Cnupanu Ilapkepa 3anoigHUTCsS 3Be3/aMu, CO3/aBasl rajakTHdeckue pykasa. Ilo mepe mpopomkeHus
YTEHUS TaKoe TOoJI0KeHue OyIeT Ka3aThes Bce MeHee M MeHee abCypIHBIM.

7.5 TAJTIAKTUKH

Kaxxnprit 3Haer, 4To rajakTuka — 3TO JUCK, (POPMHUPYIOIIHMICS B IUIOCKOCTH DKIUNTHKH M
“Hecymmii” 3Be3/1bl, TUTAHETHI U Ta3. OJJHAKO OOJBIIMHCTBO JIOJCH HE 3HAET O MOCIEIHUX OTKPHITHUSX -
B CBOIO OY€pe/ib rajakTHKa OKpykeHa cepoii “TeMHOoM MaTepun’ W/WUIH “TEMHOMN SHEPTrUu”’, U3BECTHOM
KakK rajaktudeckoe rajo. B ABYX MPCABIAYIINX KHUTAX MbI YIIOMUHAJIX O HCM JIBAXKAbI; HA PUCYHKEC OHO
M300paKeHO CBEPXY ClieBa:

Cthbepulieckue ckonneHus
anakruyeckoe rano

Rl - QMMCC%HHgﬂ TYMaHHOCTL

OTKPLITHIE 3BE3AHBIE CKOMNEHUA  * l
-

i
H

30Kpe

Puc. 7.2 Cmpykmypa eanakmuku, 6K1ouas 2aiakmuyeckoe 2auo
(kpc — kunonapcex)
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N3BecTHO, 4TO Ccdepruyeckoe rajgo OTBETCTBEHHO 3a OOJBIIYI0 YacTh T'PaBUTALMOHHOM CHIIBI,
BIIUSIIOLIECH Ha ralakTUKYy W BBIHYXK/IAIOIIEH ee BpallaThCs TakK, Kak Oy/ATO OHAa — €IUHBIN chepuyecKuit
00bekT. Onnako ConmHeyHasi cUCTeMa OIpeJIeIeHHO BeeT celOs He Tak: MepKypuil Bpalaercs BOKpYT
Conamna Owictpee, yem Ilmyron. (Ecim Obl nHama ConHewHass cucTteMa OblUla TajJakKTUKOW, TOTa
Mepkypuit u Ilnyron nomkHbl ObUTH OBl coBeplIaTh OAMH 000pOT BOKpYr CojHIA 3a OAMHAKOBBIN
nepuoj BpemeHu.) [loaToMy, moBTopsieM ele pas: B rajakTuke uMmeercs cdepa dSHepruu, ¢ MaTepuen,
dbopmupytomeiicss B paiione miaockoctu Jxiuntuku. Taxke, HACA nabmiogano “oceBbie CTpyH”,
HCITyCKAIOIIMECs C CEeBEpa U Iora IeHTPOB rajakTuk. CTpyH yKa3blBalOT Ha IIEHTPAIbHYIO OCh CEBEP-IOT
JHEPreTUIecKoro oopa3zoBaHus cepudeckuil Top:

’

Puc. 7.3 Xyooocecmseennoe uzobpascenue HACA “ocegvix cmpyu”,
UCNYCKAeMbIX U3 CepOYesUnbl 2AIAKMUKY

OnuH mpumep GeHOMEHa OCH MPHUXOAUT M3 HUTaThl B MHTepHeT-)KypHane HoBoctn Haykw, u3
uccnenoBanus C. J1. Jlepmepa, JIx. 1. Kepdeca u V. P. Ilapcenna, o6Cyxaaromero CTpyn aHTUMaTepUn
Y TOPSIYETO rasa:

“Y Hac HET XOopolIeHd HaeH, OTKyJda OepeTcs Takoe u3iaydeHue”, - roBoput Ilapcemn. OmnHako
Kapra I'amma U3znyuenus (KI'M) yka3biBaeT, 4TO BBICOTHOE H3JIYYEHHE CBA3aHO C H3JIyUCHHEM B
raJakTUYeCKOM LEHTpe. XOTs €€ pa3pelieHue OrpaHUYEHO, KapTa MOACKA3bIBAET, YTO UCITYCKAHUE — ITO
4acTh MOTOKa MAaTE€pUU M AHTUMATEpPUH, H3JIydarolerocs w3 IeHTpa. Ha Ty ’xe MbICIb HaBOJAT
M300payKeHUs, MOTy4YEeHHBIE 110 PaIHo.

Hexuii Buj nesTenbHOCTH “‘CO3/1aeT U OTKPHIBAET OTBEPCTHE B IIOCKOCTH HAIIEH raJakTUKU U
BJIMBAET Ia3 B rajJlakTMYecKoe rayno”, - mosaraer Jlepmep. XoTd MCTOYHMK aHHUTWISILIUM CIIOPEH, B
I'YCTO PAcCIIOJIOKEHHBIX OKPYXEHMAX TajlakKTUUYeCKOro IIeHTpa HeT HEJOoCTaTKa B KaHAMIAThl Ha 3Ty
pOJIb.
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OmHO W3 MPEAONIOKESHHUH — YepHas JbIpa, Macca KOTOPOH B MUJUIMOH pa3 Oobiie Macchl ColTHIIa.
Cuutaercs, 4To OHa HaxomuTcs B cepeauHe Mieunoro Ilyru. [lomararoT, 4TO dYepHBIE IBIPHI
MIPOU3BOJIAT CTPYH MAaTEPUH U U3JTydeHHUE, KOTOPOE MOTJIO OBl TCHEPUPOBATH UCITYCKAHHE raMMa JTy4eH,
HabOmromaemoe Ha KI'I1”.

bonee Toro, Mkexara u ero KoJUIeTH JIOKa3alu, 9YTO opMa raJjakKTHUKH MOKET CO3/1aBaThCs U B
nabopaTopuy, Ha CTaOWIBHO JEHCTBYIOLIEH OCHOBE, MOCPEICTBOM >KUIKOCTHO-TUHAMHUYECKHX
nponecCoB, BKIKOYAOMIKUX BpalleHHUEC B IMPOTHUBOIIOJOXHBIX HAIPAaBJICHUAX. DTO0 MO3BOJSET
MPUOJIM3UTETHFHO BOCIIPOM3BECTH HAIIIY MOJIEIb TIepeceKaroIuxcs noseaenuit D1 u 32 Bo BeenenHnoii:

N3 HoBocreit pusuku:

“MJIEYHBII [IYTh B JIABOPATOPUU? [lnasMa co CIMPAIeBHAHBIM MATTEPHOM IUIOTHOCTH
YaCTHII, TOX0Xast Ha Tuiazmy Miteunoro [lytu, Obia cTabUiIbHO co3/1aHa B TaOOPATOPUHU, TTOATBEPKIAS
BEPOSITHOCTh TOTO, YTO 3@ CTPYKTypy HAaIled TajJakTUKU OTBETCTBEHHBI CKOpee >KHUIKOCTHO-
TUHaAMHUYecKre 3P QPEKThI, HEXEIU TpaBUTAIHOHHBIC. [IOCPEICTBOM BIPHICKUBAHUS TOPSUCH IIa3MBbI
aproHa (BpalIaroIIeics CO CBEPX3BYKOBBIMU CKOPOCTSMHM) B XOJOJHBIA CTallMOHAPHBIA Tra3 aproH
uccienosatenu u3 Snonmn (Takamu Hkexara, YuuBepcuter MbOapaku, ikehata@ee.ibaraki.ac.jp)
HAOJI0IAaN CTPYKTYPY CHUPATEBUIHBIX PYKABOB (C HU3KOW TMIIOTHOCTBHIO rajo 3apsHKEHHBIX YacTHI),
CYIIECTBYIOIIYIO IO TEX TMOP, MOKa OHU MPOJIOJDKAIH BpalllaTh 1mia3My. Buxpu, 0ObIYHO BO3HUKAOIINE
B TaKuX TOpSYMX IUIa3Max, CTAaHOBWIHCH CHOHUpaisiMu, Onarojgapsi HampaBlIeHHBIM BOBHE
“HeHTPOOCIKHBIM™ CHJIaM, TIOSIBJISIFOIIIMMCS B pe3yabTaTe BpamieHus. JII0OOMBITHO, YTO B OTCYTCTBUHU
CTAIlOHAPHOTO ra3a CHUpajeBUAHAs CTPYKTypa He Habmiojanach, aBas OCHOBaHUS IOJaraTh, YTO
[JIABHBIM B TIpoliecce (popMUpOBaHUS CIHUPATU SIBISETCS KUIKOCTHO-IUHAMUYECKOE B3aMMOJICUCTBHE
Mesxay razoM u miasmoit. (Physical Review Letters, 31/9/1998)

B skcnepumente MkexaTsl ropsiuas Iiasma aproHa Bpalajlach ¢ OYEHb BBICOKOM CKOPOCTBIO, a
XOJIOAHBIM ra3 aproH OCTaBaJICA CTALMOHAPHBIM. OTO CO3JaBaJl0 YCIOBHME, IIOXO0XEe Ha IO0J,
Bpalllalolyecss B TMPOTHUBOMOJIOXKHBIX HAMpPaBICHUAX, IOCKOJIBKY CTAllMOHAPHBI TIa3 OKa3bIBaeT
CONpPOTHBJICHUE Bpalllalolelcss IIa3Me TakK jKe, KakKk JBIKEHHE NPOTHUB 4YacoBoil crTpenku Ol
COIIPOTHUBIIAETCS ABMXKEHHUIO 110 YaCOBOU CTpeske J2.

Kak yxaspiBaer B pasnene 2.17 cBoeil ctateu n-p Ilonm Beccon: “O0e crangapTHblE TEOpUH
0o0pa30BaHUs TaJaKTUKU SABHO COJIEPKAT KOHKPETHBIE AIEMEHTHI TaK )K€, KaK U TEOPUU IMPOUCXOKICHUS
KpyImHOMacIITabHOl cTpyKTypbl”. 3areM B paszzgene 2.18 oH mponpoimkaer: “BpalieHust ranakTuk,
Oyay4u mpoOJIeMAaTUYHOIO MPOUCXOKIEHUS, IPEIOCTABIAIOT XOPOIIMi HAOOp JAaHHBIX JUIsl IPOBEPKU
byHIamMeHTanbHOM hu3uku”.

Kak nHacueT npoOieMbl 4epHOI ABIPBI, TOCKOJIBKY MOJIETb YTBEPKAAET, YTO OHU HE CYIIECTBYIOT?
Henasusis ctaths Ha caiite CHDOHDH npeacTaBuia TpaIullMOHHOMY MUPY “ddupHOE” peleHue:

“(CuDuDH) — COMHUTENBHO, YTO HJEH YEPHBIX JBIP U300WIYIOT MPOTHBOPECUUSIMHU. ACTPOHOMBI
CUMTaJHM, 4YTO paccMaTpuBaloT Ooyiee MPaBIONOAOOHYIO CyAh0Yy B3PBIBAIOIIUXCS BHYTPH 3BE3I.
[IpunuMasi BO BHUMaHHE KBAaHTOBYIO (PU3UKY, JIBa aMEPUKAHCKUX YYEHBIX IOJIaratoT, YTO TMT'aHTCKUE
YMHPAIOITUE 3BE3/bl MPEOOPa3yIOTCS B TO, UTO MBI HA3BIBAEM T'PaBU3BE3JaMH — 00OJOYKaMU TBEPAOU
MaTEpHUHU € IK30TUUYECKUM MPOCTPAHCTBOM BHYTPH.
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CHauana CTOPOHHUKM YEpPHOU MABIPHl UTHOPHPOBAIM KBaHTOBBIE (UIYKTyaluu 1o BceneHHOM,
BIIMSIONINE HAa BCE, HAUMHAS CO CBETA U KOHYAs TpaBUTAIMel, uro Habmoxanu MoTosna u Masyp.

“O0BIYHO MBI HE 0OCO3HAEM KBAaHTOBYIO Cpeay (TO ecTh 3Qup), B KOTOPYIO MOTPYKEHBI, KaK phiOa B
CIIOKOWHOM TIpyly HE OCO3HAeT BCE HEMpPEpBIBHBIE MOKAYMBAHUS MOJEKYN BOABI’, - mumeT Mortona B
xypHaie New Scientist.

o Toro, kak (B KOJUIAIICHPYIOIIEH 3Be3/1€) Moriia O ChOPMHUPOBATHCS YEPHASI JIbIpa, KBAHTOBHIE
3¢ ¢exTsl U3MEHHIU OBl MPOCTPAHCTBO-BPEMSI BOKPYT B3pPBIBAIOILErOCS BHYTPh TMraHTa, HayMHAs
paauKanbHbIN (ha30BbIi IEPEX0/l CPOIHU TOMY, KaK KUAKas BoJa mpespamaetcs B jed. CIBUr B HOBOE
COCTOSIHME TpuBeN Obl K 00pa30BaHUIO HK30THUECKOT0, HOBOTO OOBEKTa — TPaBH3BE3/bl — CHKATOTO
y3bIpsI, “3aBEPHYTOr0”” B TOHKYIO CEPUIECKYIO0 0007I0YKY TPAaBUTAIIMOHHON YHEPTHH.

B cratee, onyomukoBannoii B Physical Review Letters, Moroma u Ma3syp yTBEp:KAarOT, YTO
IPaBM3BE3/bI COMJIACYIOTCS C KJIACCHYCCKMMH 3aKOHAMH (DU3MKH W He O0JIAJal0T CMYIIAIOIIMMHU
NPOTHBOPEYMSIMU KaK dYepHble ABIPHl. boiee Toro, ¢ 3eMid OHM BO MHOTOM HAIOMHHAIH OBl
KJIIaCCUYCCKHUC YCPHBIC OBIPHI. CHGHOB&TCHBHO, Xa0TUYCCKUC, TINIOTHBIC IrOpAYHC IIsATHA BO BCCHGHHOﬁ,
KOTOpPbIE aCTPOHOMBI CUMTAOT KOCBEHHBIM JOKAa3aTeILCTBOM CYIIECTBOBAHHS YEPHBIX JIBIP, MOTJIH ObI
CBUACTCIIbCTBOBATH U O CYHICCTBOBAHUU I'PABHU3BC3 .

Motona u Masyp HaJeroTCs, 4TO TpaBU3BE3/a IMPOJLET CBET HAa CaMbie TIyOMHHBIC 3araJlKu
Bcenennoii. Tsoxenplii 00beKT MOT ObI OOBSICHUTH MHTEHCUBHBIE BCIIBIIIIKYA TaMMa JIy4eil U3 OTAaleHHOM
BcesieHHOW. 1 uTo eme Oonee aep3Ko: OHH IOJIATar0T, YTO BECh KOCMOC BIIOJHE MOJXKET NPeOBIBATh
BHYTPU THUTAaHTCKOM TpaBU3BE3Ibl. ACTPOHOMBI Ha3bIBalOT paboTy Motonsl © Ma3sypa mo-pasHomy,
HauuHas ¢ “BBIOAIONIEHCS” U KOHYas ‘“MajoBepoATHON” . O4YeBHUIIHO, MOTPEOYIOTCS ACCATUICTHS WIH
naxke OOIbIIIe MPEXE, YeM KTO-HUOYIh UTO-HUOYIb y3HACT HaBEepHSIKA .

A kak HacueT (opmbl “Bblmaromieiics” rpaBu3Be3Nbl? Bbl, KOHEUHO, AOrafanuch — chepuuecKuit
TOP C BBIOPACHIBAIONTUMHUCS KOJIBIIAMH B TUIOCKOCTH JKJIMITHKH. TakuM 00pa3oM, TpaIUuIIMOHHAS HAyKa
HE CTOJb “Oe3Hajie’kHa”, KaK MOJIaraloT MHOTHE, MOCKOJIBKY UMEETCSI CTaThsl, OTKPBITO 0OCYKAAroIIast
3¢up, Ha3bIBask €ro “KBaHTOBOM CpeaO”, M MPUIIKUCHIBAIOLIAS €MY CBOMCTBA KHUJIKOCTU MOCPEICTBOM
aHAJIOTHH PBIOBI B BOJIE.

7.6 CYIIEPKJIACTEPBI

M3BeCTHO, YTO TPYMIbI TAJIAKTUK COOMPAIOTCS B CepuuecKkue CynepKiIacTepbl, YTO MO3BOJISET
npennosiaraTb paboTy KpyNMHOMAacHITaOHOro marrepHa cdepuyeckux sHepreTuyeckux noneit. (Ha
camoM Jielie, 6osee TOYHO ObIIO ObI CKa3aTh, YTO FATAKTUKU (POPMUPYIOTCS U3 SHEPTETHUECKUX MOJIEH,
CTAHOBSIIUXCS CylNepKiacTepamu.) Brinaromeecs: uccneqoBanue n-pa ['anproHa Apria packpblio, 4To
COBPEMEHHBIM METOJ BBIYMCIIECHUS 3BE3IHBIX PACCTOSHMM, M3BECTHBIN KaK “‘KpacHOE CMEILEHUE”, HE
ToueH. W ucrpaBisisi BBeIEHHbIE HCKa)KEHUS, Mbl OOHapY)KUBaeM, 4TO OOJBIIUHCTBO CYNEPKIACTEPOB
umeer chepudeckyro GopMy ¢ OOJbIIel KOHIICHTpAIMEeH TallaKTHK B IeHTpe. MBI 3HaeM, 4TO 3TO
CIy4yall Halero JIOKaJbHOTO CYIEpKJIacTepa, M3BECTHOro kKak “kiactep JleBbl” W oOnamgaromero B
LIEHTpe MAcCUBHOM cdepoil ramaktuk. Takxke pabora Apma npeiaraeT BbIBOJ: BHICOKOMHTEHCUBHBIC
Teja, W3BECTHbIE KaK KBa3apbl, Ha CaMOM JieJie NPEACTABIAIOT COOOW ceMeHa HOBBIX TalaKTHK,
BbIOpachIBaroIuecs u3 0ojiee CTapbiX, 3pebIX FAIAKTUK U CBA3aHHBIE ¢ HUMU BUJUMBIMH HUTSIMHU. MBI
MOrOBOPUM 00 3TOM 60Jjiee JETAIbHO B MOCIEIYIOIINX IaBax.
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7.7 YHUBEPCAJIBHAS CYIIEPTAJIAKTUKA U OKPYXAIOIIAA CPEPA

W, nakoner, mbl iepexonuM K nanueiM Teopun Cummerpuu C. H. Kum6ma. HenaBaue uzmepenus
KOCMHYECKOTO MHUKpPOBOIHOBOTO (hoHOBOTO (KM®) m3nyuenus BcenmeHHolt moaTBepAWsvd, YTO BCS
BUaUMasi Matepus Bo BceenenHoii “mmockas’”, oHa 3¢ ¢deKkTuBHO GOpMHUpYET elle OJWH AWCK B BUIE
rurantckoit cynepranaktuku. Ocenpto 2001 rona yuensiit HACA ony0OnukoBan B cpefcTBaX MacCoOBOM
uH(pOpMAllUA TEOPHID O TOM, YTO OTOT THUTAHTCKHHA CYHNEPIUCK MOXKET CO37aBaThCs JIBYMS
KHUJIKOOOpPa3HBIMU DHEPreTUYECKUMHU TEJIaMH, BPAIAIOIIUMUCS B MPOTHUBOIOJIOKHBIX HaIPaBJICHHUSX,
BHOBb BBIHOCS Ha TOBEPXHOCTh JKUJIKOCTHO-AMHAMUYECKYIO Mojenb. McciaemoBaHuss ocTpo
HarpaBJieHHbIM J1azepHbiM JydoMm (bpoaxepct m npyrue), mposenennbie B 1990 romy, m apyrue
HCCIIEOBAaHUSl PACKpPbUIM, 4YTO BO BceleHHOW CylecTBYIOT TpaHHUIBl TalakTUK, pPa3JejeHHbIC
OOIMMPHBIME  O0JIACTAMH  IYCTOTO TPOCTPAHCTBA, JJiUHOW B 128 mMeramapcekoB. ['paHuIbl
MIPOCTUPAIOTCS HAa BCE PACCTOSHUE, KOTOPOE CIOCOOHO HAOINII0OJaTh HCCIEIOBAaHME; OHO IMPEBBIIIAET
obnacte B 2,5 ruramapceka — TO €CTh YETBEPTh BCETO pa3zmepa rumoreTudeckoro bombimoro B3prisa
Bcenennoii! JlaHHbIe 9TOr0 UCCIIETI0BaHUS IPUBOASATCS B CTaThe B Hogocmsx ¢husuxu:

N3 HoBocreit pusuku:

“BCEJIEHHAS KPUCTAJIJIMYECKAS? Koraa acTpoHOMBI U3MEPSIIOT KPACHBIE CMEILICHUS JIst
JIOMOJTHUTENbHBIX TaJaKTUYECKUX CYNEpKIACTEpOB, TPEXMEpHas CTPYKTypa BCEJIEHHOM CTaHOBHUTCS
Oomee oueBuaHOW. HoOBbIE U3yYeHHMS KpacHOTO CMEINEHHs, €Ile Jalbllie YrIyOnsioumecs B
IIPOCTPAHCTBO, BBIMMIPHIBAIOT OT IPHUMEHEHUS BOJOKOHHOM ONTMKM U  yBEIMUYMBaroUlencs
aBToMaTm3anuy. CBEXWH aHalIM3 KaTaloroB KPAacHOTO CMENIEHHS NpeJiaraeT CBHICTEIHCTBO
NEPUOJINYECKOTO PACIOJIOKEHHUS CYNEPKIACTEPOB, pa3JeNIeHHBbIX IycTOTaMu, B Macmrade 120
MeranapcekoB (okosio 390 MHUUIMOHOB CBETOBBIX JieT). B Takom Macmrabe rpaHMIbl TallaKTHK
pacro3HaBalINUCh U PaHbIIE, HO OTKPbITas MEPHOAMYHOCTh HOBas. MccnenoBaTenu momararoT, 4yTo JUis
OOBSICHEHUS] HEKOETO BHJIa TPEXMEPHOM, HAIOMUHAIOIIEH MTaXMaTHYIO JOCKY CTPYKTYPBI, IOTpeOyeTcs
HoBas Teopus. (k. Ditnacto, Ilpupooa, 9 ssuBaps 1997 rona)”

Wnes “mraxmaTHOW OCKW’ MEIIAET pasriif/ieTh, YTO “TPaHUIbl’, OOHApYKEHHbIC MPU W3YUCHUU
OCTPOHAIPABJICHHOTO JIA3€PHOTO Jiy4ya, IIOXO0Xe, pachpocTtpansiorcss Ha 360° u  dopmupyror
CIMpaJIeBUHbIE pyKaBa, 00pasyolliue CyneprajiakTuKy no npuHuuny ¢pakrana. bosnee toro, B 1994
rony Jloiiep u [locTMeH OTKpBUIH, YTO TPAHUIIBI CYNIEPralakKTUKU 00JIaJJal0T MOCTOSHHOM CKOPOCTBIO U
JBUKYTCSL B OJJHOM U TOM K€ HAaIlpaBJIIEHUU — OHM Bpamarorcs. [bosee konkpetHo: Jloiiep u [loctmen
MIPOBENIM HCCJIEI0OBAaHUE CKOPOCTH [IBIKEHHUS BCEro Heba W OOHApyXWJIM, 4TO BCE KIIACTEpHBIE
ranakTuku AOens, pacmojiokeHHble B mpeaenax 150 meramapcekoB, IBHXKYTCS C IOCTOSHHON
CKOpOCThIO 0K0JI0 700 KHMIOMETPOB B CEKYHAY, IO CPABHEHHMIO C aOCOJFOTHOW OCHOBOH, CO3/1aBaeMOM
KOCMHYECKUM MHUKPOBOJIHOBBIM (OHOBBIM u3nydeHueMm.] B 1995 roxy naunsie Jloiiepa u Ilocmena
ObUIM CTaTUCTUYECKH MpoaHanu3upoBanbl Ltpaycom u komteramu. Ha ypoBue 95% HaneXHOCTH, OHU
MIPULITH K BBIBOJY, YTO HAOIIOIEHUSI CKOPOCTH BpAILlEHHUs] KPYITHOMACIUTA0OHONW CTPYKTYpBI TOYHBI. DTO
OIIPOBEPraeT BCe MOIYJSApHbIE MOAean boiupmoro B3peiBa, KOTOpbIE HE MOTYT pacCMaTpUBAaTBCS IS
TaKOr0 KPYIMHOMACIITAOHOTO CTPYKTYPUPOBAHHS.
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CEKCTAHbLI *

CO3BE3QVE OPNA

Puc. 7.4 Omxkpoimue Hoonenoa u Panecmona: “Yuusepcanvnuas Oco”
Hnu anuzomponnulii Konyc

Ecnu paccmarpuBath BeeneHHyro Kak cynepraiakTHKy, TOTZla BO3HMKAeT BOIPOC: 00JdalaeT Ju
oHa YuuBepcanpHOil Cdepoit ¢ uenrpanbHoil ocbio? Teopusi AnmzorponHoit Bcenennoit bopra
Honnenna u J[xona PanbcToHa packpeiBaeT UMEHHO 3T0. OHM OOHApYXHUIIM, YTO CYLIECTBYIOIIME BO
BcenenHoli TOpCHOHHBIE TOJISl, €CTECTBEHHO OOYyCIaBIMBAIOIIME BpALICHHE JBHKYLIUXCA YacTHII,
pacrpesielieHbl He paBHOMEpHO, a (GopMupyloT YHusepcaibHyto Ocb. (CinoBo “‘aHM30TPONHBIN"
O3HayaeT ‘‘He OJIMHAKOBBIN BO Bcex HampasieHusx.) Hommena u PansCcToH OTKpBUIH clieayroliee: yeM
Oommwke Kk YHuBepcasbHOW OcCH HaXOAMTCS 4YacTHULA B NMPOCTPAHCTBE, TEM OHa OYyAeT MOABEpPrarhCs
00JIbIlIEMY TOPCUOHHOMY CIIMPAJIEBUIHOMY JIBUKEHHIO; 3TO TOHKHUH, HO BeCbMa M3MEPUMBIN 3 (DEKT.
Kak nucanu I1. ®. [lIus u b. Creiin B Physics News Update:

“IlBa wucciuenosarens, bopr Homnenn u3 VYausepcurera Pouectep um [[xoH PanscToH u3

Kanzackoro YHuBepcutTeTa, M3y4WIH [aHHbIC IOJSIPU30BAHHOTO BpamieHus i 160 ramakTtuk wu
BBISIBUJIM, YTO B JomosiHeHHe K 3ddexry Dapanes, npeacraBisercs, yTo paboTaeT elle Kakas-To

K cogep»aHuto



3arajiouHasl 3aBUCMMOCTh. KoHE4HO, BpallleHue MeHseTcs B 3aBHCHUMOCTH OT yrja He0a, Kak OyaTo
Bcenennast oGnamaer ockto. OgHUM U3 BO3MOXHBIX OOBSICHEHHWH OBLIIO OBl CYIIECTBOBaHUE
“HOrpaHUYHBIX OONacTel” MeXay pa3HbIMU cepaMu KOCMOCA, YTO MPEINHCHIBAETCS HEKOTOPHIMHU
TeopusMHU (HU3UKH YaCTHUIL .

CraTbd HE TOJNBKO MOJJEPKUBACT UK YHUBEpcaIbHOM OcH, HO M CYIIECTBOBaHUE
CTPYKTYPUPOBAHHBIX “MOTPaHUYHBIX 00JaCTei”’, KOTOPHIE MBI TOJBKO U4TO 00Cyxaanu. Takum oOpa3om,
Honnenn u PanbctoH 3 PeKTHBHO MPOAEMOHCTPUPOBAIIM CIIEAYIOIIEE: INTIOCKUNA AUCK Bcel BcenenHoi
JIOJKEH OKPYKaThCSl SHEPreTHYECKUM TojieM B opme chepuueckoro topa — cepoii ¢ IMeHTpaIbHON
OCBIO ceBep-toT. barogaps BuxpeBomy nmotoky D1 u D2, ock 001a1aeT caMbIM OOJBIITUM KOJUYECTBOM
SHEPTUH, CHUPATICBUIHO BpalIAlOMICiCs BOKPYr HEE M CO3/JaloNIel caMmyio OOJIBIIYI0 CTETCHb
TOPCHOHHOI'O BpaIllEHHs BO BCEU COCEACTBYIOIIEH ¢ Hell Matepuu. ['pynna Honnenaa He BUIUT 3TO Kak
3aKOHYEHHBIN c(epUUYecKHii TOp, HO UMEETCsl CTPYKTYpa “IBOMHOrO KOHYyca”, KOTOPYIO Mbl HabIogaeM
B LICHTPaJIBLHOM 00JIaCTH TOpa.

Kak BumHO Ha puc 7.4, OOUMH TOJIOC OCHU pacnoyiokeH B HampabieHuu Co3pe3nusi CeKCcTaHbl,
npyroit — Co3se3nust Opna. Honnena u PanbcToOH yka3bIBalOT HA MHTEPECHYIO CUHXPOHUCTHYHOCTD,
CBSI3aHHYIO C HA3BaHUSIMH dTUX CO3BE3JIHM:

“Korma w3iydyeHHe IBWXKETCS B TOJOTHE MPOCTPAHCTBA, AHM30TPOITHOE HAINPABICHUE CAMBIM
KYpbE3HBIM 00Pa30M PaCKPBIBACTCS KaK OPUEHTAIUS CTPEITKA KOCMUYECKOTO KOMIIaca, BOKPYT KOTOPO
TUTOCKOCTB TIOJISIPU3AIIMH SJICKTPOMAarHUTHOTO U3JTYYEHUS 3aKpYYHBaeTCsl HanboJee CuitbHO. THTepecHO
orMeTuTh, 4YT0 Co3Be3aue CeKCTaHbl O3HAYaeT CEKCTAaHT — JAPCBHHUN HABUTAIIMOHHBIA HMHCTPYMEHT, C
MTOMOIIBI0 KOTOPOTO MOpEIUIaBaTeNli OPUEHTHUPOBAIHUCH B Mope. Mexay npouum, Open — 3TO MocliaHel
Hebec, Mudmueckuii Open, Beaymuii Jymm K 6eccMepTHiO .

Xors Homnmenn u PanbCTOH, OYEBMAHO, COYIM 3TO COBMNAJEHUEM, BECbMa BEPOSITHO, YTO ATHU
co3Be3usi ObUIM Ha3BaHbl HACJIEIHUKAMHU JPEBHUX MHUCTEPUN, XOPOIIO OCBEIOMIICHHBIX O
pacnonoxxenuu LlentpanbHoit Ocu. Kak Mbl ykassiBanu B riaBe 15 npeablayieil KHUTH, [eHTpaibHast
ochb chepuueckoro Topa B CONHEYHON CHCTEME YacTO acCcOLMUpPOBajach ¢ BEeAEHUEM Iyl Ha Ooiee
BBICOKHH TUTaH, BHIIE cepsl yemoBeueckoro pazputus. Orcroaa jgerenaa o6 Opie, “BemymeM Aymd K
6eccmeprtuto”. Ha Muposom [lepeBe ckanannaBoB Urrapacuiib opesl BocceaeT Ha CEBEPHOM I0JIIOCE
ctheprl. Hapsiny ¢ stum, n-p Ionm JlaBuomer mokassiBaeT, 4TO pacloOSIOKEHHE CO3BE3IUN 30UaKa,
okpyxkawmux ['anaktuueckuil LleHTp, yka3plBaeT MMEHHO Ha 3TO MECTO, BHOBb CBHUJIETEIBLCTBYS O
JPEBHEM 3HAHUU (DUZHKHU.

Urak, BMecTo Teopun bonpmoro B3peiBa, cornmacHO KOTOPOil BCE BO3HMKAET OJJHOBPEMEHHO, MBI
IIPEICTABISAEM MOJENb pacluupsoueiics BceeneHHol. DTO HE Tak yX [Jaleko OT TPagULMOHHON
HAay4YHOU MBICJIH, KaK MOXHO ntogymaThk. PaccMoTtpute cnoBa n-pa Ilosa C. Beccona:

“Ceiluac MBI paccMaTpuBaeM IPOTOHBI KaK MHUKPOBOJIHOBBIA (JOH, C TOH Ke TeMIIepaTypoi,
KOTOpast JOJDKHA ObITh BHE BCEX JIPYTUX T'OPU30HTOB M, CIEI0BATENIbHO, BHE MPUYMHHOTO (TIPSMOTO)
KOHTaKTa B paHHEH BceJleHHOW. YMecTHas wmomudukamus — (aza OBICTPOro, BEPOATHO,
HKCHOHEIMAIFHOIO PaCUIMPeHHs B paHHUE BpeMeHa. Ceifuac 3Ta ujiest — HaloJHEHHUE — UMEET OOJIBIIYIO
nureparypy. Ho sHepreTnueckuii HCTOUHHMK HE ONPEEIIECH .

[Ipome roBopsi, 3TO 3HAYMT: CUUTAETCS, YTO BCSI MATEPUS-DHEPIUs, CIOHTAHHO CO3/1aHHAs B
pesynbrate bonpmoro B3peiBa, HE MOrjga BTHUCHYTBCA BCA B OJHO MecTo. He omnpeneneHHbI
SHEPreTUYECKUA UCTOYHUK — 3TO JIBMKEHHE D1 1 D2 B MPOTUBOIOI0KHBIX HAMPABICHHUSX.

K cogep»aHuto



7.8 EIMHCTBO TAPMOHHUYECKOI'O OTHOLEHUSA 34560

Kaxxnoe mosnoxxeHne, KOTOPOE MBI pacCMaTPUBAIHN IO CUX IOP, CO37aeT CBOM 0coObIN cirydail. Ho
B JIOTIOJIHEHHE K BBIIICNIEPEUUCICHHBIM (DaKTaM cIlelyeT MOMHHUTh, YTO MBI UMEEM JeN0 C eIWHON
cucTeMOl chepudecKux BUOpamuil (IyJibcaruii), BeayIieil ceds COriaacHO MPOCTHIM MY3bIKaTbHBIM
(rapmoHMueckuM) npuHiunaMm. Ecim Obl HaM MPUIUIOCH JOKa3blBaTh TOYHOCTbh TAKOH MOJENH, HaM
CJeI0BaJI0 OBl OOHAPYKUTh TAPMOHUUYECKYIO CIIMTHOCTh, COXPAHSIONIyIOCs Bo Bcelt Beenennoit. Ecim
KaXIblii OOBEKT MaTepuu-sHepruu Qopmupyercs KuakooOpasHbIM “dpupom” u3 Benukoro
HentpansHoro Bubparopa, Torgja MAOKHO CYIIECTBOBATh €IMHOE MY3bIKaJIbHOE OTHOIIEHUE,
bopmupyrolee “yHUBEpPCATbHYIO CBSA3b~ BO BCEH M3BECTHOM BeeneHHOM, Ha BceX YpOBHSIX pa3Mepa.

BessiBaronuii ciopsl ¢pusuk Paii Toymc npeasiosxut sKu3HEHHO HOBYIO MOJIENb, 00bEINHSIONTYIO
BCIO TOJIOBOJIOMKY C HAyKOM O rapMOHMKax WIM MY3bIKalbHbIX BHOpaunusax. Kak Mbl yxe roBopuiH,
Benukoe LentpanbHoe CosHIE IPOAOIIKAET CBOE PUTMUYHOE ABHMKEHHE, CO3/1aBasi MEPECEKaIoNINecs
BOJIHOBBIE IyJIbCAIlMM, CIEAYIOIIME 3aKOHaM My3blkM W BuOpanuu. Bo BcenenHoil Bo3HUKaiOT
cepruyecKu-TOpooOpa3HbIe SHEPreTUYeCKre OO0pa30BaHUS PAa3IMYHBIX PAa3MEpPOB — JYHBI, IJIAHETHI,
ConHue, ranaktuka u cama BeeneHHas.

YnuButensHo, HO TOyMC OTKpBUI, 4TO BO BcelleHHOH cpeaHHe pacCTOSHUS MEXAY BCEMH
chepruecKUMH YHEPTETHUSCKUMU O0Pa30BAHUSAMH Ha Ka)XJIOM YPOBHE pa3Mepa TOYHO B3aMMOCBS3aHbI
MOCPEJICTBOM IMPOCTOTO MY3BIKAJIBHOTO OTHOIICHHS — 34560.

* Ecniu MBI BO3BMEM CpeIHEE PACCTOSIHUE MEXKAY JIYHAMU U YMHOXHM ero Ha 34560, MbI IOTy4yuM
CpeJlHEE pacCTOSIHUE MEXK/y IJIaHETAMH.

* Ecnmu Mbl BO3BMEM CpeIHEEe PACcCTOSHHE MEXIy IUIaHeTaMUu U YMHOXKUM ero Ha 34560, Mbl
MOJIYYUM CPEJIHEE PACCTOSIHUE MEXKAY 3BE€3/1aMH.

* VYMHOXbTE CpeoHEe pPACCTOSHHE MEXAy 3Be3namMu Ha 34560, W BBl MOIYYUTE CpEIHEE
PACCTOAHUEC MCIKAY I'aJITaKTUKAMHU.

* Bo3pMuUTE Cpe/iHee paccTOsSTHUE MEXAY TalakKTUKaMH M YMHOKbTE ero Ha 34560, u BBl OTyunuTe
pa3Mep U3BeCTHOM BceneHHoM.

310 roBopUT 0 ToM, uTo Kocmocy npucyia “@pakranpHas opraHu3anus’. 9T0 3HAYUT, YTO Y HAC
€CThb TO, YTO HasbIBaeTcsi ‘‘camoronoOueM Ha BceX YpoBHAX . ['eomerpuyeckue oOpa3zoBaHu,
CO3/1aHHbIE MAaTEMaTUKON (paKTasoB, MOTYT pacTH IO 3KCHOHEHTe. V1 He umeeT 3HaYeHUs, HACKOJIbKO
MaJIeHbKOe 00pa30oBaHKE Bbl H300pakaeTe “KpYyMHBIM INIAHOM ™, BCE BpeMsl Bbl OyieTe BUACTh OJIHU U T
K€ TeOMEeTpHUECKHe CTPYKTYpbl. MHOrue Teopun Xaoca yxe paclo3Hajil, YTO MHOTMMU CTPAHHBIMU U
3araJIouHsIMu criocobamu cama BeeneHHast paboTaeT CorylacHO TaKo JIOTHKE.

yI[I/IBI/ITCJ'ILHO, HO KaK BUJHO H3 HH)KGHpHBCI[GHHOfI CXCMbI, TO K€ IapMOHHUYCCKOC OTHOIIICHUC
34560 B Kocmoce MOXET, KaK paclIupsAThCS, TaK U COKpAIaThCs.

* CokpaTuTe CpeIHee pacCTOSHUE MEXIy JyHaMu Ha JBa MHOxuUTeNns 34560, u Bbl MOJy4YUTE
Cpe/iHee pacCTOsTHUE MEXAY KIETKAMH, KaK PAaCTEHUMN, TaK U dKUBOTHBIX.

* CokpartuTte cpeaHee paccTosiHHMEe Mexay Kietkamu Ha 34560, W Bbl MOJy4HTE CpeaHEE
paccTOsIHUE MEX]ly aTOMaMH.

* CokpaTuTe cpeiHee paccTossHue Mex 1y aromaMmu Ha 34560, v BbI OJIYYUTE CPEIHEE PACCTOSIHUE
MEXy HYKJIOHAMHU — CAMbIMH MAJICHBKUMHU €CTECTBEHHBIMU ‘‘yacTullaMu’ BO BceneHHoi.
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Ineprum uncaa 34560 u crpyxrypm Beesiennoii

30
Habmonaemas Beenennas P e 10 MuwITHAP/I0B CBETORKIX JIET
[Nanakruxy P 300.000 cBeToBBIX NET
110 em
3sesan P 8 CBETOBLIX JICT
- 10" em
Jlyner P 70.000 kM
PaccToAHue x P 2 KM
MERY
y > 6 cM
-1 cM
Kinerku » 1.7 MuUKpOHa
ATOMEL P 0,5 anrcrpema
- 107" em
Hyxknous P 1.4 pepmu
L- 10% cm
ornomenne 34560 ornomenne 34560

Puc. 7.5 Pau Toymc: omkpwvimue eouroz2o omuowenus 34560 6o Bcenennotl

BLIIJ.ICHpI/IBe,Z[eHHaH CX€Ma IMOKa3bIBACT HUTOI' BCCX CBHSCﬁ, ACMOHCTPUPYA, YTO BCHA Bcenennas
B3aMMOCBsA3aHa MoCpcaCcCTBOM OAHOTO 06HII/IpHOl"O CAUHOIO IIJIaHa.

[IpocTo HEBEPOATHO, YTO TaKasi MPOCTas CUCTEMa TaK XOPOLIO padoTaeT U Ha KBAaHTOBOM YPOBHE,
Y Ha YpOBHE JKMBOH KJIETKH, U Ha YPOBHE CYIEPrajlakTHKH, HE TPeOys HUKAKUX MPEoOpPa30BHIBAIOIINX
WCIIPABJICHUH, COKPAIICHWA WM MaTeMaTHKO-Marmdeckux (okycos-mokycoB. [[Ipumep momobHOTO
“ucnpasiienus’”: 1o Toro, kak Komepuuk nomectmsn Connue B 1eHTp CONHEYHOM CHCTEMBI, YTOOBI
MaTeMaTHYECKU OOBICHUTH “‘perporpaaHoe’ (oOpaTHOE) NBMKCHHE IUIAHET, JIBIKYIIUXCS B TUIOCKOCTH
SKIUNTHKH Ha HOYHOM HeOe, TpaJUIMOHHBIE YUYEHBIC-TCOLIEHTPUKU pa3padoTaiu TaKk Ha3bIBa€MbIC
“aonunukibr’.] Kaxmoe 3HaueHue yCpeAHEHHOTO PACCTOSHUSA Opajioch W3 HAy4YHBIX HCCIEAOBaHUI
TPaJIULMOHHON HAYyKH, I[O3TOMY Cpa3y K€ OTMETaeTCsi BO3PAXKEHUE CKENTHUKOB, 4Tro Toymc
“cabpukoBan oT4eTHOCTH . [IpocTO OH OKa3ayics MEPBBIM YEIOBEKOM, OTKPBIBIIMM, YTO KaXKIbIM U3
Pa3IMYHBIX KJIACCOB CHEPUUYECKHX IHEPreTHUecKUx (OopM IENUTCS M B3aMMOCBSI3aH IMOCPEICTBOM
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IpoOCTOro OCHOBHOI'O TapMOHHNYCCKOTO OTHOMICHUA. Kak TOJIbKO MBI MMPUCOCAUHACM K 3TOMY HOBBIC
HaXOaKH KBaHTOBOM (1)I/ISI/IKI/I, MBI, KOHCYHO, 3aM€YaeM 3aKOHYCHHOCTH U IMOJTHOTY MOJICJIN.

Bbonee Toro, mone3nocts oTHOmEeHUs 34560 He OrpaHUYMUBACTCS TEMU 3aMeUYaTeIbHBIMU (paKTaMH,
KOTOpBIE MBI TOJBKO 4YTO KOHCTaTHpoBamu. Jpyrue ¢dopmbl BuOpanuii >dupa, Takue Kak pasHHUIA
MCKAY CKOPOCTBIO CB€Ta H©W JPYrMMU OCHOBHBIMHU CKOPOCTIAMU BI/I6paI_[I/II/I/HYJ'II)C&I_[I/II/I, TOXKE
JIEMOHCTPHUPYIOT TNIaBHYIO rapMOoHUKY 34560. Takoe cBUAETENHCTBO OOHapykuBaeTcs B padbore [pHa
BunTepa, KOTOpBIN moIIeNn faiblile B UCCIAEIOBAHUMN CBSI3€M, OTKPBITEIX ToymMcoMm. B kadecTBe ogHOrO
rapMOHHYECKOT0 TpuMepa U3 paboTsel BuHTEpa: cKOpocTh CBETa B BOJE MPUOIUZUTEIHHO paBHA POBHO
%4+ CKODOCTH CBETa B BaKyyMe, a 74 - 3TO CTAHJAPTHOE MY3bIKAJIbHOE OTHOLIEHHE MEXAY IBYMs
BUOPAIIMOHHBIMU YaCTOTaMH. A BOT HEUTO elle 0oJiee MHTEPECHOE:

» Cokpartute cKopocTh cBeTa Ha 34560, 1 BbI OJyUYUTE CKOPOCThH 3BYKa.
* CokpaTtute CKOpoCTh 3ByKa Ha 34560. 1 BbI MOJYyYUTE CKOPOCTh PACTIPOCTPAHECHUS TEILIA.

KoneuHo, 3T0 1€MOHCTpUPYET CIEAYIONIYIO0 OYE€Hb MTPOCTYIO KOHIICTIIIHIO: CKOPOCTh CBETa HUKOUM
00pa3oM He SIBISIETCS CaMOM BBICOKOH CKOPOCTBHIO BO BeeneHHOM (00 3TOM MBI y)Ke TOBOPUIIH), TPOCTO
OHa TIpeJICTaBiIseT cO00I caMyl0 BBICOKYIO CKOPOCTb, C KOTOPOM SHEPTUsl MOXKET JBUTAThCS B AdUpe B
HaIleH JIOKAThbHON 00JacTH TIOTHOCTH. [[pyrue obmactu, obnamaromue 0ojiee BHICOKON TUIOTHOCTHIO,
MO3BOJIUIIN OBl OOJBIIYI0 CKOPOCTh CBETa, yTOo U HaOmonan Ko3blpeB B CBOMX TOPCHHHO-BOJHOBBIX
nosisix. B kaure Coeue Onox Mbl NPUBOAWIN JI€TalbHOE CBUAETENLCTBO bproca KaTu. 4to cxopocTh
CBeTa SBIISIETCS COBEPILIEHHOM rapMOHUYECKON BeTMYMHOU. Bo-niepBbIx, A usmepenus Bpemenu Kotu
BOCITIOJIB30BAJICSl TE€M, YTO OH Ha3BaJ ‘‘CEKYHIOM pemieTKr’ . DTa €IMHHIIA MEHbIIE, YeM CEeKYHIa, HO
TECHO ¢ Hel cBsa3aHa. OHa OCHOBaHA Ha CHUCTeME 9 BMecTO cUcTeMbI 8 (To ecTh, 8 X 3 =24 yaca; 9 x 3 =
27 gacoB “pemretkn’’). KaTu mokasai, 4To TapMOHUYECKUE U3MEPEHUsT 3eMJITH, TAaKHe KaK MOPCKasi MUJIS
OJTHOM MHHYTBI OJHOTO Tpagyca Ha SKBATOpE, MPEICTABISIIOT COOOW COBEPIICHHOE TapMOHUYECKOE
MEpHWJIO Ul NOHMMaHUs U U3MEpEeHMsI YHUBepcaibHOUN sHepruu. [lomuute, yto 3emis qomkHa ObLIa
(GbopMHPOBATBCA COTNIACHO TAPMOHWYECKUM MPUHIUIIAM, MMOATOMY 3TO HE ciydaitHo. OTcroaa, Koraa
KoTH BBIYHCIIIT CKOPOCTH CBETA, BBHIPAKECHHYIO YHCIIOM MOPCKHX MHJIb, KOTOPBIE CBET MPOXOAMI OBI 32
CEKYHJy PEIIETKH B BaKkyyMe, oH noiy4yuia poBHO 144.000! 144 — sto kBagpaT 12-Tu U CylleCTBEHHOE
YHCJIO B HAYKE MY3bIKaJIbHBIX BUOpALIUK.

bonee toro, padora Jlembepra Jonduna u bappu Cerrepdriina yoeauTenpbHO TOKA3bIBAET, YTO
u3MepsieMasi CKOPOCTh CBETa MOCTOSHHO YMEHBIIANach Ha HEOOJNBIIYI0O BEIMYMHY C TOTO MOMEHTA,
Korja ObuTa BBIYMCIICHA BIEPBBIC. DTO OTKPBITHE SIBUJIOCh UTOTOM CKPYIYJE3HOTO aHain3a OyKBaJbHO
Ka)XJIOr0 MCCIIEIOBAHUs, CBSI3aHHOI'O CO CKOPOCTBIO CBETA, BBIMOJHEHHOIO BIUIOTH 10 1980 roga. Mel
CUMTAaeM, UYTO H3MEPSIEMOE TMaJICHHEe CKOPOCTH CBETAa IMPOHMCXOAUT 32 CUET JIHEPreTUYECKOW CHIIBI
IPaHUIBI, C KOTOPOH MBI ceidyac CTOJKHYIUCh, IMOCKOJIBKY TOTOBHUMCSI JIBUTaThCsl B 00nacTh Ooiee
BBICOKOH 3(pUpHON TUIOTHOCTH B ["anmakTuke. DTO U SIBISETCS TJIABHBIM TE3UCOM ITOW KHUTH. A ceiidac
CleAyeT MPOCTO IMOMHUTb, YTO CKOPOCTh CBETa HANPSIMYI0 COOTHOCHUTCS CO CKOpPOCTBIO 3ByKa M
CKOPOCTBIO PACHpPOCTPAaHEHHUS] TeIUla IOCPEICTBOM TOrO0 K€ YHUBEPCAJIBHOTO TapMOHHYECKOIO
otHoweHus 34560.

Ecnu MBI 3aX0THUM HCCIIEZIOBAaTh BEPOATHOCTh OOHapy:keHus! oTHouIeHus: 34560 npu oOcykaeHnu
IUIOTHOCTH MaTEepUH, HaM IIOHAJ0OMTHCS PAacCMOTPETh KyOMYeCKHe I'apMOHUKHU, TO €CTh I'ApMOHUKHU
34560 B TpeTbeli cTENEHH, IOCKOIbKY B JAHHOM CIy4ae Mbl HIMEEM JIEJI0 C TPEXMEPHBIMU CTPYKTypaMu
BMECTO JIBYyMEPHBIX PACCTOSHUN MEXIy HUMH. VIMest 3TO B BUy, KOTJIa Mbl pacCMaTpUBaeM IUIOTHOCTH
MaTepuH BO BceneHHOH, MOSIBIIIOTCS CIICAYIOIINE HHTEPECHBIE B3aUMOOTHOIICHUS:
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+ CoKpaTuTe MIOTHOCTH OOBIMHON MaTepun Ha 34560%, u BB MOTyuMTE TIOTHOCTH HEHTPOHHOI
3BE3/bI, CUMTAIONIENCS CaMBIM INIOTHBEIM 00BEKTOM BO BceeeHHOM.

+ COKpaTHTE IIOTHOCTh OOBIMHOM MaTepun Ha 34560° X 2, U BBI HOTYYUTE TIIOTHOCTH H3BECTHOI
BceneHnHol — npeuMyniecTBEHHO TOr0, YTO ceiyac Ha3bIBAETCA “MyCThIM MPOCTPAHCTBOM.

Bce nabmonenus Toymca n BuHTepa TOJBKO YKPEIUIIOT HACH0, 4To B YHHUBepcanbHOU Cdepe
[EHTPaTbHBIA BUOPATOp CO37AET Mylbcallid BO BceM 3¢dupe. Bce mynbcanuu sBISIOTCS TOYHBIMH
FapMOHUYECKHUMH MHOXHUTENIIMU BPEMEHHOTO HHTEpBaJla CEKYH[bl, JTUOO OONbIIMX WIM MEHBIIUX
HHTCPBAJIOB BPCMCHU, 4@ HX HCXOJHBIC TAPMOHUYCCKHUC [JIMHBI BOJIH SBJISAIOTCA KOB(bq)PILII/IeHTaMI/I
otHOowmeHus 34560.

Toymc neMOHCTPUPOBAJ, YTO PACCTOSHUE MEX/IY 3BE3/1aMH M TUIAHETAMH MOKET ONPEAETATHCS U
JPYTMMH TapMOHHUYECKHMHU OTHOLIEHUSIMH, oMuMO 34560, HO oTHomeHue 34560, koHE4HO, camoe
npeBasmpyroniee. Ero nccnenoBanusl BKIIOYAIOT 3aKOHYEHHOE OIpPEENICHHE, YTO BCE ONM3Iexalue
3Be3/1bl MPEOBIBAIOT B TOYHBIX TapMOHHYECKMX B3aMMOOTHOIICHUSX IPYr C JIPYrOM B TepMHUHaX
OTHOCHTENBHBIX PACCTOSHHH.

Takoke, KOHIENIIMS IIEHTPAIBHOIO BHOpaTOpa mpenjaraeT o0bsCHEHUE, ToUYeMy Mbl HaOIrogaeM
3¢uUpHBIE BOJHBI KaK CHHpalIeBUAHBIE (B dKcrepuMmeHTax KosbipeBa). ['1e Obl MBI HU HAXOJHUIIUCH B
ctepe Beenennoil, apupHas sneprust OyietT NocTOSTHHO NMPeObIBATh B 00JIEE YeM OJHOM BUJE JBHKEHUS
— BBITCKAIONINE W BTEKAIOUINE MYIbCAIIMH IIEHTPAIBHOTO BUOpATOpa, U BpalleHHe caMoil cepbl. ITH
JBUKEHUSI TyOIMPYIOTCS Ha BCeX YPOBHSX pa3Mepa Bo Bcell Beenennoii. CrieoBaTensHo, Koraa Obl BbI
HU CO3JIaBaJIM BOJIHY, MTPOXOSIIYIO Yepe3 d3QHUPHYIO cpely, OHa Bceraa OyaeT IBUTAThCs MO CIIUPATU U
B COOTBETCTBUU C T€OMETPHUEH TOTO, KaK MEPECEKAIOTCS pa3HbIE IBUKEHUSI.

7.9 ITOJTHOE TOKA3ATEJIbCTBO CUCTEMbI HEHTPAJIBHOI'O BUBPATOPA

KoneuHo, ciiegyromue BOIpoC TAKOB: JOKAa3yeMbl WA HET 3TH OCHOBHBIE NOJIOKEHUA? MOKHO JIn
HaO/0aTh BOMCTUHY 3aKOHUYEHHBIM M €QUHBIH OpUMEp BCeH COBOKYNHOCTH KOHILETIIHMA
“LlentpanbHoro Bubparopa”, KOTOPBIN MBI MIPEATIOKUIH B TTOCIEHEH r1aBe?

[TepBoe, uTO MBI BBIOMpaeM Uil BHIIIOJHEHUs JAHHOM 3ajlauu, — rajlakTuka. bolbIIMHCTBO Jtoei
BCE €IIE€ BEPUT, YTO LEHTP TAJAKTUKH — 3TO 4YEepHass Jplpa, XOTs HaM HUKOTJAa HE YAaBaJloCh
chororpadupoBate TakoByro B Hamed [lamaktuke wuiam rae-nubo eme. Ee cymectBoBanue
MIPEANOIIAraeTCsl TOJBKO TeopeTHdecku. KoHIenuus 4epHoil ABIPBI — 3TO MAaMATHHUK HCIIOJIB30BAaHUIO
MaTeMaTUKU BMECTO (PU3MUYECKMX KOHIIEMIUI B MOMNBITKaX MOHUMaHUs BceeneHHoil. Y MOCKOIBKY MBI
otxoauM oT uaeu bomnbimoro B3peiBa, oHa Oosbilie HE HY)KHA. A BOT TO, YTO MBI ICHCTBUTEIIHFHO BHANM
Ha Qotorpadusax Hameil ['amakTuky, - cxxatelid spkuid ki1acrep B Ctpenblie A, KaKk ¥ 0KUAATIOCH, XOTS
OOJIBIIMHCTBO acCTPO(PU3UKOB YTBEPKIAET, YTO YEepHAs JAbIpa “CHpsTaHa MO03aJH ATOrO SPKOro MITHA B
uentpe”. Kak BugHO U3 pasgena 7.5, ceiiyac TpaAULMOHHBIE YUE€HbIE IIPU3HAIOT, YTO OT TEOPUM YEPHOU
IBIpbI cleayeT oTkazatees, U A-p Ilone JlaBuoner, n-p ['aponsn Apn v npyrue m0aro onpoBepraiu
TEOPHIO YepHOU JbIpbl. MBI BCE elle HE MMEEeM JOCTATOYHO AETaJIbHBIX HAONIOACHUN IEHTPAJIHHOIO
oOpa3oBaHus B Hamed [amaktuke i OmpeneneHus TOro, AEMOHCTPUPYET JHM OHO IIyJIbCHUpYIOIee
JBUKCHHUE.

Onnako B CoJIHEUHOM CUCTEME Yy Hac €CTh BEJIUKOJIETHAs BO3MOKHOCTh BO BCEH MOJTHOTE U3YUUTh
cucteMy “llenTpansHoro Bubparopa”. Becb Mexanusm Obu1 0003HaueH B padote OnuBepa KpeitHa: u
OH TONBKO mojakpermics padoroit Pass Toymca m ocobenno [[x. b. Croynkunrom B ero “Teopuu
Pe3onanca Croynkunra”. [lepBoe 3HaKOMCTBO C TaitHOI HaunHaeTcs ¢ oTkpoitus WM. [[. Tutuyca (1766),
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B 1772 romy omyb6nukoBanHoro JIxx. W. bome m wu3BecTtHoro kak “3akoH bome”. DTa Haxomka
PacKpbIBAaET, YTO MOJIOKEHUS IUIAHET OMPEIENAIOTCS B COOTBETCTBUM C PETYISPHBIMH MY3bIKaJIbHBIMU
MHTEepBasaMu. XOTs 3Ta TEOpUs LIMPOKO NMpU3HaBajiach Oojee cra JIeT, JeMOHCTpUpPYS 95% TOUHOCTH
st YpaHa, cO BpeMEHEeM OHa ObUla JAMCKpPEIUTHpOBaHA C OTKpbITUEM HenryHa, MOIHOCTBIO
pa3pyLIMBIIET0 MIPOCTONW MaTrTepH, yctaHoBiIeHHbIM boxne. Otkpoitie Ilnyrona Ilepcusanem Jloyainom
TOJNbKO yxyamuiao curyamuio. OgHako u Toymc u CTOYHKMHT oOOHapyxuiu Oosiee JJTMHHbBIE
rapMOHUYECKHE JIJIMHBI BOJIHBI, KOTOpbIE HCIpaBWIM OMIMOKY M moka3anu, uyto Hentyn u [lnyToH
HaXOJATCS HAa CBOUX HAJJIEKAIIUX “MYy3bIKaJIbHBIX MECTax, 4YTO MoKazaHo Ha puc. 7.6, 7.7 u 7.8.

U emie G6onee yauBUTENBHO: ceiiuac Mbl 3HaeM, 4To ColHIe, OecCopHO, SBIAETCS HEHTPaIbHBIM
BuOpatopoM. B 1962 romy P. Jleiiton u ero kosiern oOHApyXWwiM, 4TO MOBepXHOCTh CosHIa
peryisipHo mnyiscupyeT. B Havanme 70-X rogoB HeCKOJbKO Tpynn w3 Amepukun, Poccum u
BenukoOpurtanuu nmoarsepanin, uto CoHIE ASHCTBUTENFHO BUOPHPYET YCTOMUUBBIMU ITYJIbCALIUSIMH,
€ro MOBEPXHOCTh IOJHUMAETCS W OIycKaeTcs MNpHOIM3UTENbHO Ha Tpu Kuiometpa. Ilymbcarnus
IIPOUCXOJUT B Pa3HbIX FApMOHMYECKUX MHTEpBaIaX OCHOBHOM €IMHUIIBI BpEMEHH — POBHO 5 MHUHYT, HE
Oonblle U HE MEHbIIE, U JOCTUraeT MakCUMalbHOro 3HaueHus 3a 160 munyt. Tot dakt, yto ConHue
o0lajaeT TOYHBIM MSATUMUHYTHBIM OHEHHEM, yKa3blBaeT Ha ToO, 4yTo lLleHTpanbHblii BubpaTtop BO
BceneHnHol mynbcupyeT B COBEPLICHHBIX MHOKHUTENSAX OJHON CeKyH[bl. IMEHHO 1O 3TOH MpUYHMHE MBI
Ha3bIBaeM CeKyHay “YHuepcaibHbiM KBanTOM Bpemenu™.

Bce comuenus mo moBoay 3Toro sddexra mcuesnu, Korga KomaHaa (GppaHIly3CKUX, PYCCKHX U
aMEpPUKAHCKHX YYEHBIX coOpanach Ha FOKHOM TIOJIIOCE B AHTApKTHJAE Ui HAOIOJCHUS U M3MEPEHUS
ConHnla B TEuUeHHE TMSATH TIOCIENOBAaTEIbHBIX 1HEW. B mocimennue nHU [ekaOpsi FOKHBIA TOJIOC
ocenaercs: ConHueM 24 yaca. B atomM Mecte oHO Hukoraa He ‘“‘3axoaut’. [Ipm uCKIIOUMTENHHO
XOpomIeld TMmorojae, dYac 3a dacoM, OHHM HaOmomamu 160-MUHYTHBIH mepHoa KOIECOaHUS W
TPEXKHIOMETPOBYIO aMILTUTYAY.

(Buyrpeuuaﬂ ConHeuHan cur:reua)

KopoHanbHam s0Ha,
2-4 conHeuHsix paawyca
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nom acTeponaos (CpWﬂﬁ CONHEeUHaR cme“a)

Ypau

INnockocts
SKNUNTHKA

QOQ ,F\'\//’L_// —1
¢ * 4.8A.U. #* 96AU, —A
| 2.4AU.

1.2 A.'U. Bwug cboxy/ke 8 macwrabe

Mapc tOnurep CarypH

Puc. 7.6 u 7.7 Pe3onanc Cmoyukunea, ausroujuii Ha NOJ0NCEHUsL GHYMPEHHUX
u cpeonux nianem CoIHeUHOU cucmembl

BBIH.ICHpI/IBe,Z[CHHI)Ie CXCMbI 3aMMCTBOBAHbI H3 pa6OTBI CTO}’HKI/IHFa. OHH TOKa3BIBAIOT BOJIHBI,
CO31aBacMbIC Hy.TIBCElIII/Ieﬁ COJIHIIa, M KaK OHHU pa3MCIIAOT IJIAHCTEI.

B 1998 roamy, B cBoeil crathe, CTOYHKMHI NPHUBOAMT BBIYMCIEHUS AJUH BOJIHBI, KOTOpHIE
CO3JIAI0TCSl KAXKABIM U3 Pa3HbIX FApMOHMYECKMX HMHTEPBAJIOB, MPOM3BOAUMBIM COJHIIEM, TAKMMHU Kak
MATUMUHYTHAs MyJbcalus, AECITUMMHYTHas myibcauus, 80-mMuHyTHas myibcauus, 160-MuHyTHas
nyJabcalus M Tak jgajee. Takue AJMHBI BOJIHBI U3MEPSUIUCH Obl HA HEKOTOPOM paccTostHuK oT CosHIa.
Bbrunciienne UMH BOJMHBI — TPOCTasi MaTeMaTH4yecKas mpoOiiemMa, BKIIOYAIONIas pacCcTOsHHUE, Ha
KOTOpoe caBuraercst nosepxHocts CoHLA NP Kaxao0i myiabcanuu (2-3 kM), Bpems, Tpedyrolieecs Ha
KQKIYyI0 MyJbCcalyio (MHTEPBaJbI B MSITh MUHYT) U CKOPOCTh JBUKEHUS BOJIHBI, TO €CTh CKOPOCTh CBETA
(300.000 km/cek).

Korna CTOYHKMHI BBIMOJHWI 3TH BBIYUCICHUS, OH OOHApyXWJ, 4YTO Ha Ka)XJIOM KOHLE
BBIUMCJICHHBIX UM JITMH BOJH HaXOAMUTCSA IJIaHETa, YTO MOKHO SICHO BUJIETh HA PUCYHKaX. “Y31bl” IJIUH
BOJIHBI — 3TO 30Hbl HAMMEHBIIErO JABJCHUS, IJI€ BCe BUOpalMM B3aUMHO TacATCS U IO3BOJISIOT
dbopmupoBanne TutaHeT. bosee Toro, Bcs renmuocdepa, GopmupyemMas MarHUTHBIM mojeM CoiHIa,
COCTaBJIISIET POBHO IAATh 160-MUHYTHBIX ITyJIbCALIUH.
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lenwonaysa
(Bnel.ul-mn ConHeuHan cucreua)

Ypau MayToH
Carypy | Hentyu 10-A nnaketa ?
Consye

[~ 160
mud. = [1,788,307,200 muns )

— 1UUAU [ unu 5 x ocHoBHOE ] —
"7 1 paccrosnme nynecauum
(_

% Bonua cxaTia
Bug cboky/He 8 macwrabe
U BonHa pacwmpexua

_)

Puc. 7.8 Pezonanc Cmoynkunea 6o Buewmneti Conneunoii cucmeme

Bosee Toro, CTOyHKUHT OTKPBLT, YTO KaXK/as TUIAHETa PACIIOIOKEeHA B KOHKPETHOM TOYHOM YHUCIIC
comHeuHbIX auameTrpoB oT Comuna. Kaxkpas mianerapHas opOuTa yKJIagbIBaeTCs POBHO B OJHY W3
“psibeit”, co3maHHBIX mynbcamueidn ConHna B 3¢upe, MO0 pPE30HHPYET KaK THraHTCKUM OapabaH.
BrrmenpuBeieHHast cxema IeMOHCTPUPYET, YTO TOJIBKO BHEIIHUE IJIAHETHI YBS3BIBAIOTCS C JUAMETPOM
Comnnna, HO OHA BBITIOTHEHA He B MaciiTabe. Ha camom nene, nuamerp ColiHIIa HEMHOTO MEHBIIIE, YeM
160-munyTHBIE Tynbcaus. ['apMOHHUECKast CBA3b MECTa MOJIOKEHUS TUIAHET JaeT HAJCKHbIE HAyYHbIE
JlaHHBIE, Ha KOTOPBIX Oasupyercs OnuBep Kpeiin B cBoeit ctatbe “Llenmpansvhuiii Bubpamop.

HaBaiite BepHemcs Kk HameMmy oOcyxaeHuio Benukoro [lentpansnoro ComnHiia, K TOMY, 9YTO OHO
(dbopMupyeT MoXokKee Ha JyK 00pa3oBaHUE 3arHE3I0OBaHHBIX C(PEPUUECKUX IHEPTETUUECKUX BHOpAITHIA.
Ono coznaercs chepuueckumu “psdsmu’ mynabcaruu CoJIHIIA, B3aMMOJICUCTBYIOIUMHE JIPYT C IPYroM,
KOI'JIa OHU JBMXKYTCSI BOBHE (OT LIEHTpPA), a 3aTEM OTpa)karoTcs Ha3ald K LeHTpy. CiaeayeT oco3HaTh, 4TO
BHYTpU COJTHEUHOHN CHCTEMbl UMEHHO HEBUAMMBIE SHEpreTHUecKre cephbl U YACpKUBAIOT IJIAaHEThl Ha
cBoux Mectax. OOBIYHO MBI BU3YaJU3UPYEM IUIaHETapHbIE OPOUTHI MPOCTHIM PUCOBAHHUEM 3JUTUICA B
HarpaBieHun JIBwxeHus. Ho ceiluac Takxke ciaeayeT yBHIETh, YTO IUIAHETHI YAECPKUBAKOTCS HA MECTE
MIOCPEICTBOM HEBUAMMBIX C(EPUUECKUX AJIUH BOJIHBI M TNPHUBOJSATCS BO BpAIICHUE B IJIOCKOCTH
SKJIMIITUKN COBMECTHBIM BpamieHueM D1 u 32, dopmupyromum Cosnie u renmochepy. Onau cheps
Oosee “CIUTIOLICHBI, YEM JIPYTHe, MOITOMY MX OPOMTHI — 3JUIMIICH, BMECTO OKpY>KHOCTEH. B ocHOBHOM
3TO MPOUCXOAUT Onaroaaps Tomy, yto CoJIHeYHasi CUCTEMa TOXKE JIBUKETCS U MOJABEpraeTcs JAeHCTBUIO
cun B ['anaktuke.
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[MHorue oOHapyXWJIH 3T CBS3U He3aBUCUMO M ciydaifHo. CaMblil MOJNHBIN TapMOHUYECKUN
aHanu3, KOTOPBIM HaM yJIaloch HAlTH, coaepkutcs B pabore n-pa Ceprest CMensakoBa, 03arjaBlIeHHON
“3onomas wxana spemenu u Kanendaps Matisi”, KOTOPYIO MbI MIPEJCTABUM MOPOOHEE B MOCIEYIOIINX

rJaBax. |

Taxum 006pazom, paccMaTprBasi HCTHHHYIO SHEPreTUYECKYIO CTPYKTYpY COJIHEUHOM CHCTEMBI, Mbl
BUJUM CEpUI0 3arHe3/I0BaHHBIX cQepudyecKkux sHepreTuueckux ¢opm, co3aanHbix CoiHIEeM
MOCPEICTBOM TTyJbcanuu. [loMHHTE, YTO 3TH chepbl CYIIECTBYIOT B TPEX M3MEPEHHSX, a HE MPOCTO B
IUIOCKOCTH OJKIMMNTHKU; OHU OKpyxkaroT ConHie Bce Oosiee M 0oJiee pacHIMPSIOUIUMUCS CIOSIMH.
OOBIYHO MBI UX HE BHJIUM, XOTS B MPEIBIYLICH KHUIe MPUBOAITCSA YOCIUTEIbHbIE IPUMEPHI TOTO, YTO
WX HaOJIOaNy MOCBAILIECHHBIE U BUASAIINE B COCTOSHMU BbIXojAa W3 Tena. CaMplil paHHUI mpumep —
npesHee BuaeHue I'epmeca Tpucmerucra, x KOTOpoMmy sBUICS JpakoH o uMmenu lloummanpapec,
CHMBOJIM3UPYIOIIUA YHUBEpCATbHBIN YM. BOCTOUHBIE KYJIBTYPhI ACCOIMUPYIOT APAaKOHA C MYJIPOCTHIO.

38.CJ'Iy>KI/IBaIOT YIOOMHHAHUA €1IC ABa KIIIOYCBBIX ITOJIOXKCHUA, U3JIOKCHHBIX B CTATHC CTOYHKI/IHFa.

“Coobmienue, ormyosukoBaHHoe B )KypHane Hayka (27 mapta 1998 roma, ctp. 2089) ceiicmonorom
Haoxkun Cynma yTBep»kmaer, 4To OH W €ro Tpylmna OOHAPYKHIU CBUACTEIBCTBO TOTO, YTO 3eMIIS
npeObIBaeT B TMOCTOSHHO BHOpHpyMOImEeM cocTosHUA. OH CcOOOIIMJI, YTO YacTOThl KOJIeOaHUS
coctapsitor 2-7 mri (0,002-0,007 riy). Ecu mepeBecT 2 Mrii B AJIMHY BOJIHBL, moiayuutcs 93.141.000
MUJIb, BEJIMYMHA OYEHb OJM3Kasg K CpelHeMy OpOMTAIbHOMY pajguycy IaHeThl 3emMis (TO ecCTh,
paccrosinuto 3emiu oT CoJHIla). DTOT CIEKTP YacTOT TAaKXKe COBIAMAET C ABYMs JIMHAMU BOJIHBI
pe3zonancHoi nmynbscanuu Conuna. (CoTHEUHBIN TuaMeTp X 25 =27.680.000 Muib, 6,7 mri; CoTHEUHBIH
muameTp x 28 = 55.360.000 munb, 3.3 mrir.) Te ke IBe 4acTOTHI BXOAAT B PACCTOSHHE MEXKITy 3eMieii 1
Benepoii (0,3 a.e.) u mexay 3emieit u Mapcom (0,6 a.e.)

JlaBaliTe HEMHOT0 MEPECKOYMM W MPEATONIONKHM, YTO OJIHA M3 PE30HAHCHBIX YaCTOT IUIAHETHI
paBHa ee cpeAHeMy OpOUTalIbHOMY paJUyCy, M UYTO IUIAaHETa M3JIydaeT 3Ty OTPaKEHHYIO BOJIHY B
MEXIUIaHeTHYIO MazMy. OOHapyXKUM JIM MBI €11le OJTHO CBUAETEIBCTBO, MOJACPKUBAIOIIEE 3Ty UACIO?

Ecnu mocmotpeTh Ha camyro 6onblnyto muaneTy B ConneuHoil cucteme — HOnutep u ero opoury
Bokpyr CojHIla, BUJHO, YTO Ha HEE BIUSIOT JBE IPYIMIbl aCTEPOUJIOB, U3BECTHbIE KaK TpoOsiHBL. OTH
rpynmnsl HaxoasTcsa B 60° Bmepenn u 60° mozaau mosoxkeHuss opoutsl FOmurepa. Ecim mpoBectu
npssmyto auHuio oT Comuna k FOmurepy m ormerutsh yron 60° ot ConHIla 10 TOYKH, T/A€ OH
nepecekaetcs ¢ opourtoi FOnurepa, Ha 1000M U3 ee KOHIOB Bl 0OHapyxute TposHbl. Kak Mbl 3HaeM,
BHYTPEHHHUE YIJbl TPEYrojbHHKa B cyMme cocTaBisatoT 180°. Eciam mpoBecTH mpsMyr0 JMHHUIO OT
Comuna x mo6oit u3 rpynn TposiH, 3atrem k FOnurepy um oOparnHo k CoyHIly, TO TOJIYYUTCS
COBEPIICHHBI PABHOCTOPOHHUN TPEYTOJbHUK C TPEMs BHYTPEHHUMHM yriiamu, 1o 60° xaxxapiid. ITo
3HAUUT, YTO TPOSHBI HAXOAATCA HA TaKOM k& paccTrossHuM oT IOmnutepa, uro u Onurep ot ConHua —
483,3 MUININOHA MUJIB .

[lepBoe W3 BBILIEHPUBEIECHHBIX MOJIOKEHUN IMOKA3bIBAET, YTO MOBEJCHUE 3eMJIM B TEPMHUHAX
CKOPOCTH €€ TapMOHUYECKOM IyJIbCAllMM TECHO CBA3aHO C pacctosgHreM oT 3emiin 10 Comnnna. Takoe
BO3MOXHO TOJIbKO C MOMOUIBIO “KBAHTOBOW CpeJibl’, CYIIECTBYIOIIECH B MPOCTPAHCTBE MEXKIY HUMH.
Torma “rpeyrompHoe oOpaszoBanue”, ymomuHaemMoe CroyHkuHTOM Mexay Omurtepom, ComHileM u
Tposinamu, 1M0O3BOMSIET YBUAETH PabOTy 00CYKIAaeMbIX T€OMETPUUECKUX CUJI B DHEPreTHUECKUX IMOJISIX,
rojgorpauuecku yBS3BIBAIOUIYIOCS C TOW, KOTOPYIO MBI HaONIOAald Ha KBAaHTOBOM YypOBHE (B
MpeabIIYIINX IIaBax).
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7.10 CBSI3b MEXKJY COJIHEYHOM CUCTEMOM U HOBO1 KBAHTOBOM
OUBUKOMN

Eme ongHO KirodeBoe OTKpBITHE, cCBs3biBarouiee (CONHEUHYIO CHCTEMY C Hallell KBaHTOBOM
Mozenblo, omybnukoBaHo Puuapnom XoarneHngom u Muccueli Oumepnpaii3, BIOXHOBJICHHBIMHU
M3BICKaHUSIMU JIeWTeHaHTa-noJikoBHUKa Toma bupnena. B rmaBe 12 mnpeabiayiield KHUTH  Mbl
paccMaTpuBalId aHOMAJIMU IUIAHET U NPHUBEIN HECKOJIBKO MPUMEPOB, B KOTOPBIX IUIAHETHI 00Janaiu
3HAYUTEIHHO OOJBbIIEH CTENEHBIO TEIUIOBOW DHEPTUU B MH(PPAKPACHOM CIIEKTPE, YEM MOTJIM TOIYy4aTh
or Connua. TpagunMoHHas Hayka MpeUIoKHIa cpa3dy HECKOJIbKO Mojened OOBSICHEHHs, OTKyla
IIPUXOJIUT JOMOIHUTENbHOE Tero. OqHako bupaen, Xoarnena u aApyrue npeacTaBUin CBUAETENBCTBO,
orpoBepratouiee 3Td Mojenu. Ha pucyHke Mbl BuAMM pelieHue 3Toil mpobiemsl bupnenowm,
XoarJIeHI0M ¥ IpYyruMH, a UMEHHO: KOJIUYECTBO TEIJIOBOM DHEPIHH, U3Jy4aeMOU B KOCMOC KaXKIOH
IUTAHETOH, HEMTOCPEICTBEHHO CBA3aHO C TEM, KaK MHOTO JIBM)KEHUS COBEPIIACTCS B U BOKPYT HEe.

TOYHbIW YINOBOW MOMEHT
W BHYTPEHHSAA CBETUMOCTb

2
a
5
c
3
o
T
5
-
&
2
3
<
3
o
x
?
8

1Q" 1a" 10" 10™ 1

TOUHLIA YITIOBOI MOMEHT (CM”SEC™)

Adopoad frem The New Solir Spsrat

‘wheciom of the Gl Phwetn™
(;'q Putishing, 1310 ' ) (<] 1659 The Enterprize Mission

Puc. 7.9 Conneunas cucmema: ceasu Meafcdy ucnyckarnuem menjia u )y2l106biM MOMEHNOM

K cogep»aHuto



OTta Mozenb cOmIa ¢ TOJIKY MHOTUX YYaCTHUKOB AMCKyccun Muccuu Oumepnpaiiz. CyTb B TOM,
YTO BEJIMYMHA BBIYMCIECHHOIO YIJIOBOTO MOMEHTA BKJIIOUAET TEJIO IUIAHETHl U €€ CIIyTHHUKOB. 3eMIld
BpalaeTcsi BOKpyr cBoeit ocu, BOKpyr CoiHia u o6nanaet Jlynoi. [loatoMy, B 3TO# cucTeMe 3HaUYCHHE,
cnerka mpespimatomee 10'° qns 3emim Ha ropusoHTanBHOM OCH Tpaduka, MpeACTaBIseT CcOOOM
KOMOWHHUPOBaHHBIN 00muii MomeHT. Tounbld yrioBoir momeHT Henrtyna, CarypHa u FOmmrepa Toxe
aBisieTcsl GyHKIMEH 00IIero KoJM4ecTBa JIBUKEHHUS, COBEPIIAIONIETOCS B CaMO IJIaHETe M BO BCEX €€
CITyTHHUKAaX.

Ha rpaduke BHIHO, 4TO MEXTy BEIWYWHON MOMEHTA, OKPYKAIOMIETO OOBEKT, U €ro OOIUM
MCIYCKaHHEM TeIUIa CYIIECTBYET JI0BOJIBHO MOCTOSIHHAS B3aUMOCBA3b. boiiee Toro, iCHO, YTO Ha OCHOBE
UMEIoIUXCs JaHHBIX, IpefcTaBisiercs, uro ColHile He COBCEM TOYHO YKJIaAbIBaeTCs Ha JIMHUU. Takoe
PaCXOoXXKACHUC Oa€T OCHOBAHUA IIOJIaraTb, 4YTO B ConHeyHOH cHCTEME J0JIKHa CYIIECTBOBATH, IIO
KpaifHe# Mepe, ellle oJIHa IJIaHeTa, KOTOPYIO MBI e1lle He 0OOHapykuiu. MOKHO MpecKa3aTh, YTO KOT/Ia
oHa OyzeT HalineHa, ConHIEe ToXe OyIeT COBEPIICHHO YKJIaAbIBaThCS HA JIMHUU.

Hrak, kak Bce 3TO COOTHOCUTCS ¢ KBaHTOBOU (hu3mkoii? Bee ouenn mpocto. Uem Gosnbiiie 23GpupHOit
SHEPTUU BTEKAEeT B OOBEKT WU IPyNIy OOBEKTOB, TeM OOJbIIE YTIIOBOTO MOMEHTa OYAET MOCTyNnaTh B
CUCTEMY. OTy DJHEPreTHUYECKYI0 B3aUMOCBSI3b MOXHO M3MEPUTh KOJIMYECTBOM CBETOBOM HHEPrUU
(cBeTMMOCTH), HCITycKaeMoil OOBEKTOM, Kak B BHJIMMOM, TaKk M B HMH(]pakpacHoM crekTpe. Takoe
B3aMMOOTHOIICHHE OBUIO OBl HE BO3MOXKHO, €CJIM ObI TIaHEeThI ObUTH OTAENICHBI APYT OT JApyra “mycThIM
npoctpanctBoM”. B monenu, m3BectHo# kak ['mmoresa IllycTtepa, yem Oofble TUTaHETa WIM 3Be3/a
IBUXKETCS B d(hupe, TeM Oobiie d3pupa oHa B ceOs BOMpaerT.

B nameii kBanToBOW Monenu mpucyTrctByet 3ddexr budunma-bpayna: orpunatenbHeiid 3apsa B
JIEKTPOHHBIX 000JI0YKaX TEUeT B MOJOXKHUTEIBHO 3apsbKeHHoe sapo. Ha camoMm KpOXOTHOM ypOBHE
aTOMHOE SIIPO TPEACTaBIseT COOOM BUJ CBETSAILIEHCS IUIa3Mbl, YTO Mbl HAOJIOJAM B IKCHEPUMEHTE
3BYKOJIIOMUHECIICHIIMM M TEPMAJIbHBIX IUIa3Max, HCIycKarommxcs u3 3emum u camoro CosHua.
KonngecTBo sHEpruu cBeueHUs B siApe aToMa — MpsiMasi (PyHKIHS TOTO, CKOJIBKO 3(Hpa B HETO BTEKAET.
[TosTOMy MBI MOXEM H3MEpATh KOJMUYECTBO BTEKAIOUIETO B sAPO 3(Hpa Kak (PYHKIHMIO YIJIOBOTO
MoMeHTa. CrejoBaTeNbHO, B3aUMOOTHOLIEHH MekAy COJIHIEM U IUIaHETAMHU MOKa3bIBaIOT, YTO olLiee
KOJINYECTBO SHEPrUH, BbIpabaThiBaeMoe COHIIEM, HAIPSIMYIO COOTHOCHUTCS C KOJIMYECTBOM JIBUXKEHUS B
OKpY)KaIOIIMX IJIaHETaX, CIyTpUKaX, KOMETaxX U JIpyroid matepuu. A caMo JBHKEHUE — ITO Pe3ybTaT
TOT0, CKOJIbKO D1 1 D2 — nepBUYHBIX TeJ 3()UPHOI SHEPTUH — BTEKAET B 0OBEKT.

7.11 HE3ABUCHUMOE JIOKA3ATEJbCTBO, OGHAPYKEHHOE BHE COJTHEYHOI
CUCTEMBbI

Ecmu a>¢upnas momens ConaHEYHOM CHCTEMBI, OCOOEHHO paccMaTpuBaemasi C TOYKH 3PCHHS
¢denomena Pezonanca CTOyHKHHTa, BEpHA, TOT/Ia OYE€Hb OX0Xkast KOH(UTypalus CyliecTBoBaia Obl U B
OpYrux IUtaHeTapHbIX cucremax. Kak coobmanock B Codsuce Onox, camas mepBas oOHapyX eHHas
YeJI0BEYECTBOM CBEpXIUIAaHETapHas cucTtemMa c Ooisiee, 4eM JByMs IUIaHETAaMH, O0JaJaeT TeMH JKe
xapakTtepuctukamu, yto u Hama ComHeuHas cucrtema. M3pamnbsckue actpodmsuku T. Mazex u U.
l'onbaman HaGmonanu, yro nyiascap B1257 + 12 umeer, no kpaiiHeit Mepe, TpU BpallaloLIecs BOKPYT
HEro IUIaHeThl, O0JIajalollie TeMU K€ OTHOIIEHUSMU OTHOCUTENIbHBIX pPa3MepoB JPYr Jpyra, uTo H
Mepkypwuii, Bernepa u 3emis. Ota ucTopus O4eHb OBICTPO ObLTA 3a0BITa, HO IO 3TOTO O HEH COOOIIUIT
Jlxon ['pu6OuH B raszere Jlonoon I apouan:
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“OTKPBITUE TNTAHETAPHOU CUCTEMBI PACKPLIBAET VJIUBUTEJIbHBIE
CXOACTBA”

Jxon ['pubOun

JIOHJ[OH, I'AP/[UAH — OTKpbITHE TpeX IUIAHET, BPAIIAIOIINXCA BOKPYT IyJIbCapa, U3BECTHOIO
kak IIYJIBCAP BI1257 + 12, BbiBWIO cucTeMy, 0O0Jalalollyl0 CBOMCTBaMH, IMOYTH TOYHO
COOTBETCTBYIOIIMMHU CBOMcTBaM BHyTpeHHel ColHEUHOM cucTeMbl, cocTosiel u3 Mepkypus, Benepsl
u 3emnu. CXoAcTBa HACTOJBKO TMOTPSCAIONIM, YTO MPEICTABISAETCS: CYIIECTBYET 3aKOH TPHPOJIBL,
obOecrieunBaroONMi TO, YTO TJIAHETHI BCETJa OOpPa30BHIBAIOT KOHKPETHBIE OPOUTHI M BCeraa o0JagaroT
KOHKPETHBIMH 3aKOHAMH. JTO TMPHIAET JOCTOBEPHOCTh 3HAYMMOCTH MATEMaTHYECKOTO OTHOIICHHS
(3akon boge), cBszanHOro ¢ opOutamu TutaHeT B Hamied COJIHEUHOM CHCTEME, KOTOPOE€ MHOTHE
aCTPOHOMBI OTOPOCHIIN KaK MPOCTYIO HYMEPOJIOTHIO.

ITYJIBCAP B1257 + 12 — aTo OBICTpO Bpamiaromasicsi HEUTpOHHAsI 3Be3/1a, COJEpIKallasi HEMHOTO
Oosbiie MaTepuu, yeM Haie CojHIe U “3aBepHyTas” B cpepy mmpuHO# Bcero okojio 10 kM. Bpamasics,
3B€3/]a UCITyCKAaeT JIyd paJuolllyMa Kak Jyd MasKa, CO3/aBas peryisipHble MyJIbCallMM pPaguolIyMa,
oOHapyXHBaeMble Ha 3eMIIe. ..

Tpu nnaHeTsl HE MOT'YT HaOJIIOJAThCS HANPSAMYIO, HO PACKPBIBAIOTCA MOCPEICTBOM H3MEHEHUS
nmyJbCcalliil Myibcapa, Bpamasch BOKpyr Hero. CyliecTBYeT JOCTaTOYHO WH(GOpPMAIMH, CBI3aHHOWU C
M3MEHEHUSIMU ITyJIbCalluid, 4TOOBI ONPEeNUTh, YTO 3TU TPH IJIAHETHI 00J1aAaI0T Maccoi, rpy0oo roBops,
paBHou 2,98 macc 3emumn, 3,4 macc 3emuimm u 1,5 macc 3emnmu. M Bce OHHM PacronoKEHbI
COOTBETCTBEHHO, Ha PACCTOSIHUAX OT Iyjibcapa, paBHBIX 47% pacctossHusa ot 3emnu no Connua, 36%
paccrositus ot 3emiu Ao Comuua u 19% paccrosiuus ot 3eminu g0 ComHIa.

OtHomenue paccrosamid (Mexmy Tpems twraneramu) — 1 @ 0,77 : 0,4 — oueHb OIM3KO K
OTHOLIEHUIO paccTosiHUN Mexay 3emuielt, Benepoit u Mepkypuem — 1 : 0,72 : 0,39.

Maccsl Tpex BHyTpeHHHX IutaHeT COHEYHOM CHUCTEMBI — OIHAa Macca 3eMiH, 82% macchl 3eMiu U
5,5% wmaccel 3emnd. B kaxkaom ciiyyae JB€ BHEUIHHME IUIAHETHI €, Tpy0O roBOpsi, OJIMHAKOBON Maccoi
001aJal0T BHYTPEHHUM KOMIIAaHBOHOM C HAMHOT'O MEHBIIIEH Maccoil. . .

Bce 3710 cBUIETENBCTBYET B MOJIB3Y CYIIECTBOBAHUS YHHBEPCATHLHOTO MeXaHU3Ma (hOPMUPOBAHUS
IUTAHET BOKPYT 3B€37. DTOT MEXaHU3M padOTaeT AJIi CUCTEM HACTOJIBKO Pa3HbIX KakK MyJbcap W Halle
Comnnne. CyliecTBYIOT BEPOSITHOCTH, YTO OH paboTaeT AJis BCEX 3BE3Jl, U YTO ‘“‘CONHEYHBIC CUCTEMBI,
HaIOMHWHAIOIINE HAIITY, - CKOpPEE MPABMIIO, YeM UCKITIOUCHUE cpeau 3Be31 Mieunoro [lytu”.

Takum oOpa3oM, kak ckazan ['puddun, Jerko mpeackasarb, 4TO BCE APYrHe MHOTOIIAHETHBIC
CUCTEMBI, KOTOpbIe OYIyT OTKPBITB, OYyAyT o00JanaTh MMOXOXXHUMH XapaKTEPUCTUKAMU, KaK 3TO
HaOJII0AI0Ch B TMEPBOM MOMBITKE C Tmyidbcapom B1257 + 12. Crosiimme 3a 3TUM MEXaHU3MBI
¢dbopMupoBaHHs TUIaHET OyAyT OJWHAKOBBIMU, HE 3aBUCUMO OT TOTO, KyJa MBI CMOTpHM. Taxxke,
NaBaiiTe He 3a0BIBATh: TTOCKONBKY B1257 + 12 — 3T0 HeHTpoHHas 3Be3/1a, oHa Ha 34560° Gonee moTHas,
YeM CpeliHss IUIOTHOCTh BeeeHHoM.

7.12 PUTMHUYHBIE BUBPAIIUU 3BE3/] AJIb®bl IEHTABPA A 1 P. CKYTHU

W3 Hauvana 3TOM IJaBbl Mbl NOMHMM: omnpeaenwid, uto CoslHLe MOyJIbCUPYEeT € TOYHOM
MIPOJIOJKUTEILHOCTBIO B 5 MUHYT. Elle ovH MHTEpecHbI (akT: u3MepeHo, YTO MOBEPXHOCTh AJb(BI
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LentaBpa A, Onwxaiimedt 3Be3npl kK Hamedd CoTHEYHOH CUCTeMe, MYJIbCHPYET C TOYHOM
MPOJOJKUTENBLHOCTEIO B 7 MHMHYT. OT0 ObUIO OTKpeiTo @. boyun u ®. Kepuepom B IOxHO-
EBporneiickoit ObcepBatopun (KOEO) mocpenctBom cnekrporpada Kopanu. BrepBeie Ham ypanoch
OOHapyXHUTh TaKue NyJbCallMM Ha COCEAHEHl 3Be3/le, U BHOBb OHHM COBEPIICHHO YKJIJbIBAIOTCS B
cexynnay. B utone 2001 roxa cratbs B Hosocmsax bubuCu coobuuna:

“3Be3na, paauycom 875.000 kM, “BAObpIXaeT M BbIABIXAET BCEro Ha BennuuHy 40 MeTpoB”.

OOnapyxenue mepBoil myiabcanud BHe COJHEYHOW CHUCTEMBI C MPOJOJIKUTEIBHOCTBHIO
OJIMHAKOBOTO KOJIMYECTBA MUHYT OY€Hb OOHajaexkuBaeT. Takxke, monenb “llenTpamsHoro BubOparopa”
MO3BOJIAET TIPEAIOJNOKNUTh, YTO B KOHKPETHBIX 3BE€3[aX MOIYT OJHOBPEMEHHO CYIIECTBOBATH
MHOKECTBEHHBIE PEKMMBbI BUOpalnu mysibcaluu. Takoe siBaeHue Habmoganoch Ha CoHIE - pa3Hble
rapMOHHYECKHE ITyJIbCALUU IPOAOLKUTEIBHOCTIO OT 5 10 160 MUHYT, a ceiiyac 3aME4eHO HE TOJIBbKO Y
Anwsdbr LlenTtaBpa A, HO U B W3MEHEHHH SPKOCTH 3Be3nbl P. CkyTu. HukenpuBeieHHBINH OTPHIBOK M3
Hoesocmeii ¢usuxu pacckasbiBaeT, 4to 3Be3na P. CKyTH J€MOHCTPUPYET XaOTUYHbIE WK (PpaKTalIbHbIC
MaTTepHbl BUOpAlLlMU, YTO CBUJETENILCTBYET OO0 OJHOBPEMEHHOM CYILIECTBOBAaHMHM ABYX WM Ooee
Pa3HBIX PEKUMOB myibcanuu. CieyeT MOMHHUTD, YTO Ha SI3bIKE TEOPUHU Xaoca TEPMHH Xaoc” sSBJSETCS
CHHOHMMOM TE€PMHUHA “‘CKPBITHIN HOPSI0K :

W3 Hosocmetl puszuxu:

XAOTHUYECKU ITYJIbCHUPYIOIIAA 3BE3/IA: Jletanbable HaOmoaeHus 3Be3abl P. CxyTu
MTOKA3bIBAIOT, YTO MYJIbCUPYIOIINE UCITYCKAaHUSI CBETA COOTBETCTBYIOT MATEMAaTUYECKOMY ONPEEICHUIO
xaoca. CormacHo 3ontany Komnmaty u3 VYauBepcurera ®nopuibl, 3T0 MepBoe yOeIUTENIbHOE
CBHUJICTEJILCTBO XAOTHUECKUX HW3TY4eHUH OT 3Be3apl. OH M €ro KOJUIeTH cOoOpail JaHHBIE pPa3HBIX
acTpoHOMOB 3a 15 mer. M3 kpuBoil cBeTa 3Be3/bl (M3NMydeHUE KaK (DYHKIMS BPEMEHH) OHM BbIBEIU
MIOJIO)KEHHE, YTO CJIO)KHOE W3MEHEHHE IYNbCALlUM MOIJIO OBITh pEe3ylbTaTOM IEPEKPBIBAHUS JIBYX
pa3HbIX BUOPALIMOHHBIX PEXKUMOB B 3Be3fe. [Hogocmu nayku, 18 dpespans 1995 roga.]

Becbma BEPOATHO, YTO ,Z[aﬂbHefIHlHe HaGJ’II-OI[eHI/ISI TaKou npupoAsl BHOBb W BHOBbBH IIPOLOJIZKAT
PacCKpbIBaTh BaXKHOCTb CEKYHAbI KaK CIMHUIIbI BPpEMCHU ITYJIbCAllN.

7.13 TOKA3ATEJBCTBO XAPAKTEPUCTHUKU CEKYH/Ibl KAK
YHUBEPCAJIbBHOI'O KBAHTA BPEMEHU

Ceituyac, uMest JOMIOJHUTEIbHYIO HH(OPMAIIHIO, Mbl BO3BpaIlaeMcsl K I0Ka3aTeIbCTBY apryMeHTa,
YTO €JMHMIIA BPEMEHHU, KOTOPYIO MBI Ha3blBAa€M CEKYHIOM, SIBISETCS YHHUBEPCAJIbHBIM CTaHIapTOM
BuOpamuu. IlepBoe: MBI 3HaeM, YTO Halla cUCTeMa H3MepeHHs BpeMeHH — 2404acoBoil neHB/60-
MUHYTHBIN Yac/60-cexynanas munyta — npunuia ot Lllymepos. Pa6otsr 3axapun Cutuuna, Jlnotina [las
U JpYr'uX IIO3BOJIMJIM OCO3HAaTh TO, 4YTO KyabTypa apeBHuX LllymepoB mnomydana mnomous OT
WHOIUTaHEeTSH — AHHYHakoB Wi Hedunumon, uzBecTHbix kak “IIpumenmue ¢ Hebec na 3emimo”. B
JBYX MPEABIAYIINX KHUTaX Mbl YOSIUINCh, YTO KaK €AMHUIIA BpeMeHH (“‘TaK YK CIYYHIIOCHh”) CEKyH/Ia
o0wveaunsier Bce ABMkeHus B Kocmoce. Tpu KITOUeBbIX OJOKEHUS CIEYIOIINE:

Ha raouasHbix Tabnuukax [llymepoB Obuta oOHapykena bonbmas Koncranta n3 HuneBuu. Ee
pacumdpoBan actpopusnk HACA Mopuc IllaTteneH, 3aHUMaBIIMICS TUTAHTCKHUMU BBIYHCICHUSIMHU
opout st muccun Anoanon. bonwmas Koncranta n3 HuHeBHMM MOKa3bIBaeT, YTO BCE IJIaHETApHBIC
OpOUTHI SBJISIOTCS COBEPIICHHBIMU MOPA3ACICHUSIMHU OJJHOTO TIABHOTO IUKJIA. ITOT IIUKI BBIPAXKACTCS
KaK KOJIMYECTBO CEKyH B umcie 70, ceMp pa3 yMHoxkeHHOM Ha 60 mmm (70 x 60)’. Kaxaoe u3BecTHOE
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Teno B Hamed ColHEYHON cucTemMe 00JIalaeT COBEPIICHHBIM KOJIMYECTBOM OPOUTATBHBIX IHUKIOB B
TJIAaBHOM 4YHCJIe, 3aliCcaHHOM B cekyHmax. [Ipoctoil aHamoruei Ijisi KaXI0M IUIaHETHl Obla OBl
Cleayromas: ABEHAAUATh SIHL COBEPLICHHO YKJIAABIBAIOTCS B JIOTOK. TOYHO Tak ke, ONpPEAECIECHHOE
YHUCIIO LMKIOB KaXKIOM IUTaHETapHOW OpOUThI OyJeT COBEpPILIEHHO YKIAIbIBaThcsi B bBoublIyio
Koncranty u3 HuneBuu, u He ocTaHeTcsl HU OAHOM JUIIHEN cekyHabl. Hammpumep, cornacHo bomnpiioit
Koncrante u3 Hunesuu Ilnyron o6mamaer 25.000 mukios, a Komera I'ayutess — 81.000 mukios. I'py6o
roBopsi, bonbmas Koncranta n3 HuHeBun mmeer mpoAoKUTENbHOCTh OKOJIO 6,2 MUJUIMOHOB JieT. B
CBOIO ouepenb, cama bonbimas Koncranra n3 HuneBun siBnisieTcst CyOrapMOHHMKOM €11ie OOJBIITNX YHCElT,
3anucaHHbIX B Kogekcax Maiis.

Koncranta Yuikoka rapMOHUYHO CBSI3BIBA€T BCE OPOMTHI KaKAOro oOBbEeKTa BO Bcelt I'amakTuke
Tak ke, kak bonpmras Koncranta m3 HuneBun oOwnenuHseT Bcio COMHEYHYIO CHCTEMY. DTO YHCIIO
npencTapiseT coboit poHo 0,7, meBATH pa3 ymHOXkeHHoe Ha 60 mmm (0,7 x 60)°. D10 TOUHAs
MIPOJOJIKUTEIFHOCTD B CEKYHJIaX UICTUHHOTO BpeMeHH, Tpedytomierocs ["anakTuke s OTHOTO MOJHOTO
000pOTa BOKPYT OCH. DTO YHCIIO JUIIIb HEMHOTO MEHBIIE, YeM OOIIEIPUHATOE YUCIIO 225 MUJUITMOHOB
JIeT, a UMEeHHO (rpy0o roBops) 223,5 muwuinoHoB jeT. bonee Toro, Koncranta Yunkoka poBHo B 36 pas
6omnbmie, yueM bonpmas Koncranta w3 HuneBun. Becbma BeposATHO, YTO AajbHEWUIIHE OTKPBITHS
MOATBEPAAT, 4TO 3Ta [anmakruuyeckas KoHCTaHTa ABISIETCS TJIaBHBIM LIMKJIOM BCEX IUIAHETAPHBIX
cucteMm. Takue OTKpBITHS OYyIyT COBEpPIIATHCS MOCPEACTBOM TEXHOJOTHU KOCMUYECKHUX ITyTEIISCTBUHN
CO CBEpPXCBETOBOM CKOPOCTBIO, KOTOpas YK€ JOCTyIHa, M TEOpeTHYecKass OCHOBa KOTOPOU
IIpEACTaBJICHA B IIPEIBIAYLICH KHUTE.

BriepBrie YauBepcanpHas KoHcTanTa Oblia mpencraBieHa B pabore a-pa I'empu b. Maiiepca.
JleTanpHBIA MaTeMAaTHICCKUN aHAIM3 TIO3BOJWI NMPUUTH K BBIBOY, 4TO BCs YHuBepcanbHas Cdepa
COBEpIIaeT OJUH MOJIHBIM 000pOT, MPeACTABIAIONUN COO0M MONHBINA KU3HEHHBIN UK. BrraucieHus
Maiiepca OOBCAVHHIN HAydYHOEC 3HAHWE C JPCBHUMH HWHAYUCTCKUMHU Bemamu W TmoOKa3aid, dTO
WCTUHHBIA BO3pacTHOM 1uki BceeneHHol oueHb OMM30K Mo mpoaospkuTenbHOcTH K 120 KoncTantam
VYunkoka win, Tpyoo rosopsi, k 25 muwumapaam 820 MusutoHaMm JieT. Maliepc OoleHuII, 4TO ceiuac Mbl
npeObIBaeM JIMIIL B CepeMHE IUKia. Takxke, ero paboTa rOBOPUT O TOM, UYTO JPEBHHE BEIUYECKHUE
ACTPOHOMBI XOPOIIIO 3HAIH 3TOT LUKJL.

AOCOIIOTHO HEBO3MOXKHO, YTOOBI J100asi U3 KOHCTAHT OKa3ajlach ‘ciliydailHOW” M JaBajia TaKylo
OecrpelieICHTHYI0O TOYHOCTb. Bce OHM — (YHKIUS COBEpLICHHBIX BUOpAlUil CEeKyHIbl “OHeHus”
Benukoro LlentpansHoro Connuma. Hukorna He ciegyeT ymyckarh TOT (akT, YTO BCE OCHOBHBIE
KOHCTaHTHI SABIAIOTCA (QyHKUMAMU uuces 7 u 6 (to ects, 70 nnm 0,7 u 60), Bubpupyroumx Ha GoHe gpyr
Ipyra ¥ UCHOJB3YIOUIMX CEKyHIy B KaudecTBe MHTepBajia BpeMeHH. [[-p OnuBep Kpelin npumen k
BBIBOZY, 4YTO camas BBICOKAas CKOpPOCTb BHOpauuu YHuBepcanbHoro LleHTpansHoro Bubparopa
cocrapisier 102 koneGanmii B CEeKYyH/Y, YTO TIOATBEPKIAETCS HAIMMU HAOIIOJACHHUSIMU B KBAaHTOBOM
cdepe. Kax yrBepxnaetr Kpeiin:

“Uactota 102 ru gaeT sneMenTapHyo 1IuHy BonHb 10713, Takoke MMeeTcs aneMeHTapHEIHA Hepuos
Bpemenn 102 cexynn”.

A BoT TO, yero He yBuuen KpelH: mynbcauuu MOJDKHBI OBITh TOYHBIMM TapMOHUYECKUMH
MOAPA3ACICHUSIMU CEKYH/IbI.

7.14 TOKA3ATEJIbCTBO “JOKAJIbHBIX” U3MEHEHUI

OnHuM U3 TpelCcKa3aHuii, KOTOpPOE€ MOXKHO CJlieJlaTh Ha OCHOBE 3TOM MOJIENH, SBISIETCS
cienymoliee: Korna B chepUuecKHU-BOJIHOBYIO cucTeMy (Takylo Kak Hama CojHe4Hash CHUCTeMa)
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BBOJIUTCS] PHEPrusi 6osiee BBICOKOW IUIOTHOCTH, CIEAYET OKUAATh, YTO CHCTeMa OyZeT IMOIrJIOIMIaTh 3Ty
SHEPTUI0 U TOJBEpPraThCcsl HEKOTOPHIM BechbMa (PyHIaMEHTalIbHBIM H3MEHEHUSM. Bo BBeIeHUU MBI
KpaTKO pPacCMOTPENN HEKOTOpble H3MeHeHHs, HaOmomaemple B Hameil ConHewyHoil cucteme. B
NOCIEeNYIOIUX IJ1aBax Mbl OyJeM paccMaTpuBaTh MX B KOHKPETHBIX J€TalsiX, HApsily CO MHOTUMH
CIOSMH [IOKa3aTeNIbCTB, MAIOLIMUX OCHOBAaHUE II0JIaraTh, YTO TAKUE€ WU3MECHEHHUS BBI3BIBAIOTCS HAIIUM
JBUKEHHEM B 00J1aCTh OoJiee BHICOKON SHEpreTHUECKOM MIIOTHOCTH B ["anakTuke.
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I'nasa 8: IIpeodpa3oBanue CoIHEYHOM CUCTEMBI

8.1 NISMEHEHUS I'EJIMOC®EPHI

aweHue ynapHo#M
BOJIHbI COJIHEYHOTO BETpa
Me:x3Be3aHbIi , renuonaysa
Berep /

y

m
E
8
®
m
x 2
o
m
=
®
m
I
0
g
&

Puc. 8.1 Ocnosnas cmpykmypa cenuocgepoi
(c nrobesnoeo paspewenus HACA)

Paspymutensubie 3emuerpsicenus, Ha 400 % wuame, yem pasbme (¢ 1973 roma). Bynkansl,
W3BEpralouie IMbUlb, AbIM U JaBy, Ha 500% Oonbme, yem B 1875 roxy. TopHamo B HEOXHIAaHHBIX
MecTax, Takux kak Mbapunenn, Ha 200% ygame, yem 50 net Hazan. becnpernieeHTHbIE Mera-IIUKIIOHBI,
CMETaloIMe Bce Ha nmodepexbax. ['opsiune TemioBbie BOJIHBI U 3UMBI 0e3 cHera. biyxmaroniue orau Ha
KOHTHHEHTax. 3acyXu W/uiM OecnpelieIcHTHbIe HaBOJHEHHUs. PacTyiiee KOJMYeCTBO BBIMHPAIOIIUX
BHUJI0B. Pa3orpeBanne ATIaHTHYECKOTO U THXOro okeaHOB. [ UTAHTCKHE TIBIOKI JIb/1a, OTKAIBIBAIOIIUECS
OT MOJISIPHBIX, NeASHBIX manok. ColHEYHAasi aKTUBHOCTh HACTOJBKO BBHICOKA, YTO MHOTHE CIyTHUKH, HE
CIIOCOOHBIE TPOTUBOCTOSITh BHE3AMHBIM H3MEHEHHUSAM, IMepecTaloT paborath, OOMaHbBIBas BCE
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npenpaymue oxxuaanus. Katactpoduueckre n3mMeHeHUs 3eMIIH, TaKUe KaK ByJTKaHUYEeCKasi aKTUBHOCTh
¥ TOPHAJI0, COBMA/IAIOIIIKE C MIEPUOIaMH TIIaBHBIX cOObITHI Ha COJTHIIE.

TakoBbl COOBITHS HAIIeW TMOBCEIHEBHON >XKM3HU. M TOCKOJIBKY OHM y Hac “Bo JBOpE”, MBI
BBIHYXKJICHBI 00paTUTh Ha HHX BHUMaHHWe. I[lokaunBaHuWe [AMBaHA, TeNEBU3Opa U  IYNbTa
JTUCTAHIIMOHHOTO YTPABICHUS - HUYTO IO CPABHEHHIO C TE€M, KOT/Ia TPSCETCS cama 3eMJs; TpaBa
BBITOPAET, AYIOT CHIIbHBIE BETPBI, B MOPSX MCUE3aeT Pbi0a, U3-3a BBICHIXaHHUS PEK CTOPAET YpOxKail.

OddexT “CHHXpPOHUCTHUHOCTH cpadoTall U Ha ATOT Pa3, BCETO 3a JBE HOYHU JI0 TOTO, KAK MBI
pasmecTin B IHTepHETE MepBYIO YacTh 3TOW KHUTH, BO BTOpHUK, 4 utoHs, 2002 roga. Kak coobdmanock
B Drudge Report, a no3xe B odunmanbHOM mnpecce, AMEPHKAHCKOE MPABUTEIBLCTBO OOBSIBIISCT:
“ryio6anbHOE MOTETUICHUE PeabHO .

“Omenomisronuid moBopoT Ha 180° anmunuctpanuu byma: Coenunennsie lITaTel HanpaBuIu B
OOH coobmienue o kIumare, ¢ AeTajJbHBIM OMUCAHUEM “KOHKPETHBIX M JIaJeKO UIYIIUX MOCIEeACTBHMA"
U YTBEPXKICHUEM TOT0, YTO “‘IJI00ANbHOE TOTEIUICHHWE TOBPEAMT OKPYXKAIOMEH cpenae AMEpHUKH.
Briepeie benbiii Jlom Bosnmaraer “Oojbllyl0 4acTh BHHBI 33 TJ00ajdbHOE MOTEIUICHWE HA JICUCTBUS
YelloBeKa, B OCHOBHOM C)KHWTaHHE HCKOMAeMOro TOIUIMBA, BBI3BIBAIOIIEE MAPHUKOBBIA 3PQEeKT B
atmocepe”. CornmacHo WHPOPMUPOBAHHBIM HCTOYHHMKAM, TaKOo€ COOOIICHHE IUIaHUPYETCs
onmyOIMKOBATh Ha TepBoii crpanmuie razetsl HBIO-MIOPK TAVIMC.

B noxnane byma rosoputcs: B Ommxkaiiimee aecatwierne Coenunenssle llltatel mpereprst
3HAYMUTENIbHBIE U3MEHEHHUs. “‘BecbMa BEpOSTHO”, UTO OHU CTOJKHYTCS C “pa3pylICHHEM MUTAIOIIMXCS
CHErOM BOJHBIX MCTOYHHUKOB, €llle 00siee CUIbHBIMH TETJIOBBIMU BOJIHAMH, HOCTOSTHHBIM pa3pylIeHUEM
ayroB Ckamucteix ['op m Gomorammu Ha mobOepexbsx. HoBble mpenckasaHusi pe3ko NPOTUBOpEYAT
NPEIBbIIYIINM 3asBICHUSIMH aIMUHHUCTPALUM 00 M3MEHEHMSAX KiIMMaTa, B KoTopblx IIpesumeHt Bymr
BCErJla BBICKA3bIBAJCS OOTEKaeMO M MOAYEPKUBAJI HEOOXOAMMOCTb MCCIENOBaHUS JUIsl pEIICHUS
Hay4HbIX BOIIPOCOB”.

HecmoTpst Ha yacTto oOCyXkIaemble MEPEMEHBI, JIMIIb HEOOJBIIOE YHCIO JIOJEH, B OCHOBHOM
PYCCKUX Y4YEHBIX, OCO3HaeT, uyTo Bcsi CosiHeyHas cucteMa (renuocdepa) nepexuBaeT 3HAUUTENbHBIE
n3MeHeHus. “I'mobGanbHOe mOTemieHHE” M MCIOJIb30BaHME HMCKOMAeMOro TOIUIMBA Ha CaMoOM Jelie
UTPAlOT JIMIIb HE 3HAUUTENBbHYIO POJb B IMPOUCXOJAUIMX H3MEHEHMAX. OJTa TIjaBa KHUTH Oyjaer
IIPEJCTABIATH dHEpreTndeckoe npeodpazoBanue ComHEUHOM CUCTEMBI B (hOpME, KOTOPYIO MUP HE BUEI
paHbllle BIUIOTH A0 TOro JHA, korga mpasutenscTBo CIIIA ckazamo mpasay. IToatomy Mbl mpocum
MIPOILEHUS 3a MOJA00PKY JaHHBIX, H300pakast BCe, KaK €CTh.

lNopsiuee xenaHue HAMTH OTBET BHI3BAJIO MOSIBIICHHME MHOTUX CIIOPHBIX UJEH O TOM, YTO BBI3bIBAET
BCE YCWIMBAIOIIMECS H3MEHeHus. B oTiauuume OT NPU3HAHHOTO MPAaBUTEILCTBOM “‘TiI00AIBLHOTO
MOTEIJICHUS ', TEOPUH, PACIPOCTPAHUBINKECS B MeTadu3nueckoil cyOkynbrype B VHTepHeTe, He
TpeOyIOT CTPOroro HaydyHOro JI0Ka3aTelbCTBA M CO3JAIOT ONIYIIEHWE HaBUCHIEH KaTtacTpo(dbl B
CoueTaHWM ¢ OOJBINEH CTENEeHbI0 Bephl. B KauecTBe OJHOro momyisipHOro mnpumepa: OTHOCHUTENBHO
HEOOBIYHOE TIUIaHeTapHOe BhIpaBHMBaHWE S5 wMas 2000 roma BbI3BAJIO CHUJIBHOE BOJHEHHE U
paccMaTpUBalIOCh KaK HAayalo CMEIEHHUs KOpbl 3eMJIM/CIBHUra IOJIIOCOB, “‘HEMHHYEMOE HecdacThe’.
I'oBopumnu, 4to acrepouibl BOT-BOT yaapsaTcs o 3emunto. CoBceM HENaBHO JIOTMUHOE HUCCIIEOBaHHE
3axapun CUTYMHA COCIUHUIOCH C MHTYUTHUBHBIMU “‘“dEHHEIMHTOBBIMHU COOOIIEHUSIMU O TOM, YTO B
2003 roay necstas manera HuOupy npoiiner odeHsb 61au3ko Kk 3emuie. Takol MUCTUYECKHU CIICHApHA
UCIIOJIL30BAJICS B KAYECTBE OOBICHEHUSI U3MEHEHUH, Yepe3 KOTOPHIE MBI TIPOXOIHM.
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Cam xe a-p CutuuH BbUMCIWI, yTo MiaHeta HuOupy BepHercs He panblie, yeM B 2160 roay.
CnenoBano o0XujaaTh, 4YTO TakKOH MacCUBHBIA 00bekT (oOmamaroumuii 3600-meTHeil opOUTOIN)
Habmogancst 661 6oabNM, yeM JlyHa B HOUHOM HeOe MEHbIIIe, YeM 3a IO 10 TOro, KaKk BTOPTHYThCS B
Hau >ku3HU. [TockonbKy HabII0AAaeMOr0 CBUJETENLCTBA HE CYLLIECTBYET, €CTh TOJIbKO TYMaHHBIE CIIyXH
u “yreyku” OT aAHOHUMHBIX “UHPOpMaTopoB” B acTpoduznyeckoM coobiectBe. bonee Toro,
€CTECTBEHHO BpalllaloIlasics IJaHETa He CIOCOOHA BBI3bIBATH TAaKHE€ MACCHBHbBIE HHEPreTHUYECKHE
BCIUIECKM BO Bcell remuocdepe, NpencTaBisomel co0oi 00beIUHEHHYIO CYHIIHOCTb OTPOMHOI0
MarHuTHoro nosigs CojHIA M BCEX BPAIIAIOMMUXCA BOKPYr Hero tei. YToObl OOBSCHUTH aHOMAIUW,
CBHUJIETEJIIMUA KOTOPBIX MBI SBIISIEMCSI, KOHEUHO, TpeOyeTcs BHEIIHUIA UCTOYHUK. OHAKO OOJIBIIMHCTBO
Jofei, yxe nosepusiuinx B Hubupy, He oTkpoeTcs alnbTepHATUBHBIM NIEPCIIEKTUBAM J10 TEX 0P, MokKa 1
suBapst 2004 rona He pa3gacTcs KOJUIEKTUBHBIN B310X OOJIErUeHHsI, M B BO3JIyX HE MOJIETAT MPOOKHU OT
IIAMITAHCKOTO.

B sT0i1 rmaBe Mpl OyneM paccMaTpuBaTh caMoO€ yOeTUTEIhHOE CBHAETEIBCTBO TOTO, YTO HAIla
Conneunast cuctema (remuocepa) IBUKETCS B 00jacTb Oosiee BBICOKOW 3(pUPHON SHEpreTHdecKoit
IJIOTHOCTH B JIOKaibHOM Mex3Be3aHou cpeae win JIM3C. HACA He Ttouno onpenenuna JIM3C kak
“IPOCTPaHCTBEHHYIO Cpeny (TO €CTh, B 3TOW MOJeNH d(PUPHYIO IHEPTHUIO) MEKAY 3BE3JIaMU B HaIIeh
JoKanpHOM oOnactu 'amaktuku™. B Hameidt moxenu 3To HaswpiBaeTcs “Chasur M3mepeHHit”, KOTOPBIMA
y)K€ Hayajcs, XOTd TEPMHH ‘‘CIBUT IUIOTHOCTH MAaTepUH-dHEpruu” ObLT OBl MpenrnoyYTHTEIbHEE.
[TockonbKy MBI ABUTAEMCsI B HOBOE TTOJIC PHEPTUHU B ['ajlakTHKE, OTpOMHBIC U3MEHEHUS TIPOUCXOIST Ha
ConHue, miaHeTax M B TMFaHTCKOM MarHutHoMm mnoje CosiHLa, OKpyXkaroleMm Bcio cuctemy. U
“rio6aybHOE TOTETUICHHE , BRI3BAHHOE 3arps3HSIONIEH JTESITEIIBHOCTHIO JIF0JICH, OUYeHb MaJio BIUSET Ha
3TOT mpouecc. Taxke, HOBass MOJETh CHJIBHO OTIMYAECTCA OT TEOpuH “(DOTOHHOTO Tosica”, W €€ He
ClelyeT paccMaTpUBaTh KakK MOAJMEPKKY MHOTHX acleKTOB TeOpud (POTOHHOTO IMOosica, TaKUX Kak
“Konrsmo Manaca”.

8.2 IMTPOPBIBHLI JI-PA AJIEKCESA IMUTPUEBA

Bonprras yacTe MHPOpPMANKMK ATON TJIaBbl 3aMMCTBOBaHa M3 paboTHl 1-pa Ajekcest JIMuTpuesa,
o3arnaBleHHON [Inanemogusuueckoe cocmoanue 3emnu u oicu3Hb, W3TaHHOW B 1997 romy w
NepeBeIcHHONM Ha aHriumickui s3plk B 1998 roxy. [-p [AmutpueB — mnpodeccop reosiorud u
MUHEpaJoruu, Beaylnuid HayuHslid cotpyaHuk MHctutyTa ['eonorun, 'eodusuku u Munepanoruu npu
Cubupckom otaenenun Poccuiickoit Akanemun Hayk. OH cnenuanucT mo rio0aibHON IKOJIOTUU U
OBICTPO MpPOTEKAOMKUM CcOOBITHAM Ha 3emie. Psn ero crateil mepeBelleH Ha AHIIIMUCKUN SI3BIK U
onmy0JMKOBaH Ha WWW.tmgnow.com. bonbinas yacte MaTepualia 3Toil IJIaBbl COBIAAAET C BHIBOJAMU U
(aKkTHUECKUM COJIepKaHWEM Hallleil HaydyHOM Npe3eHTalluu, clelaHHOW Bo BpeMms HaumonambHOrO
Cemunapa Bpemsa I nobanvnoeo Cosuea.

UccnenoBanue JIMutpueBa HauyMHAETCS C YyKa3aHUs Ha TO, YTO ceWYac IpPU3HAHHbBIE
MIPABUTEJILCTBAMH M3MEHEHHS B OCHOBAaX (M3UKU U TOBEACHUS 3eMJIM CTAaHOBATCS HEOOPATHUMBIMH.
JlocToBEpHOE CBUAETENBCTBO JAET OCHOBAHUE I10JIAraTh, YTO U3MEHEHUS BBI3BAHBI HAIIMM JBUKEHUEM
B TO, uro JIMUTpueB Ha3blBaeT “‘BBICOKO3AapsSKEHHOW BELIECTBEHHOM M  DHEPreTHYECKOMN
HEOJIHOPOAHOCTHIO” WM, KaK Ha3Bajlu ObI 3TO MbI, B 00Jiee BBICOKYIO IJIOTHOCTH 3(QHUPHOI SHEPTUU B
Onu3iexamieM (JIOKaTbHOM) Mex3Be3qHOM mpocTpaHcTse (JIM3II). DToT panee HEOKUAAHHBINA BHICOKO
3apsOKCHHBIA DHEPTETHYECKUN MaTepuall MOTJIOMIAeTCsl B MEXKIUIaHETHYI0 oOyacTh Hame ConHedHon
CHCTEMBI, BbI3bIBAs “THOpPUIHBIE TNPOLECCHl M BO30YXIEHHBIE HHEPIeTUUYECKHE COCTOSHUS Ha BCEX
maHetax W Ha Comnue”. HaGmromaembie mporiecchl mpeoOpa3oBaHus Ha 3eMyie BKIIFOYAIOT YCKOPECHHE
CABUIAa MAarHUTHOIO IIOJIOCA, WM3MEHEHHWE B BEPTUKAJIbHOM M TOPU30HTAJIBHOM COJEPKAHUU U
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pacmpenieieHnd O30Ha B aTMocdepe M BCE YBEIMYUBAIOUIUECS KOJIUYECTBO M YaCTOTY OCHOBHBIX
KaTacTpo(UueCKuX COOBITHH.

HMI/ITpI/IeB MOAYCPKUBACT OJHO BA’KHOC ITOJIOKCHHUEC, YKA3biBas, YTO 3TO HEC TOJIBKO €TI0 I'MIoTe3a:

“Bce Oosbllee 4HUCIO KIMMATOJOrOB, IeO0(U3UKOB, IMJIAHETO- U TeMO(PU3NKOB CKIIOHSIOTCS K
KOCMHMYECKOW BEpPCHM NPUYMHHOTO psga NPOUCXOAsIIero. JleWCTBUTENbHO, COOBITHS MOCIETHUX
NEeCATUIETUI CBHUIETEIbCTBYIOT O HEBHJAHHO KPYIHBIX TIeIUOC(EpHbIX M IJIAHETO(PU3MUECKUX
npeoOpa3zoBaHusIX .

bonee Ttoro, JIMuTpueB oco3HaeT, 4TO HaOIIOJacMble W3MEHEHHUsS BBIHYXKIAIOT OO0CYXKIaTh
COBEPIIICHHO WHOH 1 00siee MHTErpupoBaHHbIN B3I Ha Kocmoc. B HOBo# Monienn

“Knmumatndeckue u 6uocepHsie mporiecchl Ha 3emie (MOCPeICTBOM TECHO CBSI3aHHOW CHCTEMBI
0o0paTHOH CBsI3M) SIBIISIIOTCS 3BEHOM B OOIIEM Mpoiiecce M3MEHEHUs kadecTBa CONHEYHOU CHCTEMBI.
CrnenyeT HayaTh OPraHU30BHIBATH BHUMAHWE U MBIIUICHUE U1 MOHUMAaHUs TOTO, YTO KIMMaTHYECKUe
W3MEHEHHUS Ha 3eMJie — TOJFKO YacTh WK 3BEHO B IIENH COOBITUH, MPOUCXOISAIINX B Teimocdepe”.

[IpnunHa Takod >HEPreTUYECKOM B3aUMOCBSI3aHHOCTH YK€ XOPOLIO M3JIOKEHA B IPEABIAYIINX
rnaBax. Ele onHa BakHas LMTaTa TOBOPUT O TOM, YTO “TEHAEHLMH OBICTPHIX KaTacTpo(UUecKHX
M3MEHEHHI Ha 3eMIie MPOCIIeKUBAIOTCS B HANIPABICHUH OOIEro HapacTaHUs YHEPrOEMKOCTH TUIAHETHI,
YTO MPUBEJET €€ HEKOTOPhIe CUCTEMBI B CHJIBHO BO30YKAEHHOE cocTosiHue”. B adpupHOit kocMmororuu,
KOTOPYIO MBI IPEJCTABUJIM B 9TOW KHUTE, JII000i cheprdecKuii 3PUPHBIA BUXPh, TAKOH KaK CBETAIICECS
IUIa3MEHHOE SAPO IUIAHEThl, CIIOCOOEH MOIJoWaTh W pa3psbkaTh HSHEPrHi0, Kak 3TO Jenan Obl
KOHJIEHCATOp B 2JeKTpudeckoi nenu. Kak cooOmanock B MpeAbLIyIUX IJIaBax, CBETAIIAsACA IUIa3Ma
o01ajaeT CUIIbHBIM 3JIEKTPOMArHUTHBIM U TOPCHOHHO-TIOJIEBBIM U3TYyYE€HUEM.

JIMUTpHEB NMPHUXOIUT K BBIBOAY, YTO ‘“Hauboyiee MHTEHCUBHBbIE NpeoOpa3oBaHus B CoOlHEYHOH
CHCTEME MPOMCXOIAT B Ta30-TUIA3MEHHBIX 000I0UKaxX”’, ¥ YTO 3TH MPeoOpa30BaHuUs HAMPSMYIO CBS3aHBI
C TeM, KaKk MOXeT (PyHKIIMOHMPOBATh kHU3Hb Ha 3emie (6uocdepa). “I'azo-mnazMeHHas 060io0uka” — 310
KOMOHMHAaIMsI CJI0€B aTMoc(epbl, HOHOChEPHl “3apsSKEHHBIX YaCTULL” U CTPYKTYPbl MAarHUTHOTO IOJIS
IUTaHeThl, TakoW Kak mosica Ban Amena. “COpoc »HepreTMueckoro wu30bITKa” HaOmoAaeTcs
CJIEIYIOIIM 00pa3oMm:

* B nonocdepe (mmazmoreneparusi).
* B marauTocepe (MaruuTHble OypH).
* B atmocdepe (UKI0HDI).

Penkue panee sHeproeMkue SIBICHHS ‘‘ydallalOTCs, YCHUJIMBAIOTCS U MEHSIOT CBOM XapakTep.
BungonsmeHsieTcss U BEIIECTBEHHBINM COCTaB ra3o-TUIa3MEHHBIX 00oyouek”. Bce 3T monoxkeHus Oyayt
paccMaTpuBaThCs Jaliee B 3TOH riase.

Opnolt w3 rnaBHBIX 3a00T [IMuTpueBa sBiseTcs BIMSHHUE, KOTOPOE 3TU H3MEHEHHsS OynyT
OKa3bIBaTh Ha Bce ku3HeHHbIe (opmbl 3emuu. [lonp3ysch TIIATENBHO MOJAOOPAHHBIM S3BIKOM,
JIMUTpUEB JEMOHCTPUPYET MPU3HAHHUE TOTO, YTO ATH M3MEHEHHUS MOTYT NPUBECTH K CIOHTAaHHOM
MacCOBOW SBOJIIOIIMHM YEJIOBEUECTBA, KaKMM MBI €ro 3HaeM ceifdac, co3aaBasl ‘‘HOBBIC, TUIyOMHHBIC
O0COOCHHOCTH CaMO# KU3HU C ‘““HOBBIMH OPTaHM3MEHHBIMU BO3MOYKHOCTSIMUA COBEPIIICHCTBOBAHUS .
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“3amuTHBIC peakiuu 6uocdepsl U YeJI0BEYECTBA HA HOBBIE YCIOBUS MOTYT MPUBECTH K TOTAIBLHOM
U T700ambHOM PEBU3MHM BHUIOBOTO COCTaBa NPEICTABUTENICH >KM3HHU. MOTYT BBISIBUTHCS HOBBIC,
IIIyOMHHBIE OCOOCHHOCTH CaMO¥ JKU3HH, KOTOPBIC MPUBEAYT B PABHOBECHE HOBOE (PH3UUECKOE KAUYeCTBO
3eMJId C HOBBIMH OpPraHM3MEHHBIMH BO3MOXKHOCTSIMH DPa3BUTHUS, Pa3MHOKEHHUS U COBEPILEHCTBA.
Texymuit mepuon mnpeoOpa3oBaHUs SBISETCS TEPEXOAHBIM, W B Oyayllee MNPEACTABUTENN KHU3HU
MepPENIyT TOJIBKO TMOCJE CTPOTOTO KOHTPOJSI Ka4eCTBa Ha COOTBETCTBHE HOBBIM YCIIOBUSM OHOChEpHI
3emnu. CneqoBaTebHO, HOBBIM CTAHOBUTCS HE TOJIBKO KJIMMAT, HO U MbI, KaK YeJIOBEUECKHE CYIIECTBA,
MPOXOJUM dYepe3 TIo0anbHOE W3MEHEHHE XU3HEHHBIX MPOIECCOB B KUBBIX OpPraHM3Max WM camMoin
KU3HH, KOTOpasi SIBJISIETCS €Ile OJHUM 3BEHOM B COBOKYITHOM Mpolecce. Mbl He MOXEM pacCMaTpUBaTh
TaKW€ BEIIU OTACJIBHO WJIM UHAUBUIYAJIbHO .

Bropas dacte 3TO KHUTH OyAeT MMETh JEJI0 HEMOCPEACTBEHHO CO CBS3BI0O MEXAY d(UPHOU
JHEpruei, CO3HaHUEM U OMOJIOTHEH, YTO MTOMOXKET MOHATh UCTUHY, CTOSIIYIO 3a clloBaMu JMUTpHEBa.
Msbl OyneM KOHCTaTHpOBaTh, YTO W3MEHEHHMS, CBUIETENSIMH KOTOPBIX MBI SBISEMCS, WICHTHYHBI
nOpeaplIymuM (hazaM MacCOBOM HBOJIOIMM CO3HATENbHBIX JKU3HEHHBIX (opM Ha 3emiie, COrJacHO
TEOpHHU “TIepHOANYECcKH Hapylraemoro pasHosecus”* Ctusena Jxes I'ynpaa. Takue dsHepreTuueckue
M3MEHEHUs HAIPSIMYIO BIIUSIOT HAa CTPYKTYpy Mouiekyisl JTHK.

8.3 UI3SMEHEHUSI B JIOKAJIBHON MEX3BE3/ITHOHN CPEJIE (JIM3C)

MHorre pyccKue YYeHbIE MPUILIN K BBIBOAY, UYTO MBI JBHXKEMCS B 0O0JACTh 0OoJiee BBICOKOM
a¢upHoit otHoct B JIM3C. UM B Hamieit Moaenu 3TO €AMHCTBEHHBIM M CaMbIi TJIaBHBIA (hakTop,
OTBETCTBEHHLIH 3a HaOmromaeMmble u3MeHenuss B ComHeunoil cucreme. Kak BHAHO ¢ 3eMiid, Hallla
I'enmuocdepa npmxercs B HampaBieHun Kk ConHeuyHOMY amekcy B co3Be3auu [epkyrneca. CornacHo
JmutpueBy (1997) u apyrum, ¢ 1960-x romoB remmocdepa casuHynace B obmacts JIM3C, koropas
COJICPIKHUT:

“ (HOBBIE) BEIIECTBEHHO-IHEPTEeTUUECKHE HEOAHOPOJHOCTH (TO €ecTh, 0Oojee BBICOKHE
KOHIICHTpAIlMK) MaTepUU B BUJIC€ MOHOB (3apsHKEHHBIX YACTHI[) BOJAOPO/IA, TeIHsl, THAPOKCUIIA U APYTHUX
JNIEMEHTOB U coenuHeHuil. JlaHHBI BHJ paccessHHOW IUIa3Mbl MEX3BE3AHOTO IMPOCTPAHCTBA
MpEACTaBJICH 3aMarHHYCHHBIMH TTOJIOCOBBIMU CTPYKTYpPaMU CTPYAMH .

4 Teopust neproMYECKH HAPYIITAEMOTO PABHOBECHS — THIT SBOJIOLMH, TIPH KOTOPOM JUIHTENbHBII MEPHO,] PABHOBECHSI
TIEPUOMYECKH HapyIIaeTCsl KpaTKUM epHoJI0M OypHOTO pa3sBHUTHSL.
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Puc. 8.2 Buo ceepxy snepeemuuecxoii cmpykmypor Cnupans Ilapkepa
6 Conneunoti cucmeme

3anagHbIM yYeHBIM NpHUCYIIEe COMHEBaThcsl B ToM, uTo B JIM3C Moryrt ObITh “3aMarHUYEHHbIC
II0JIOCOBBIE CTPYKTYPBI U CTPYU”, COZiepKalllle 3apsKeHHbIe YacTUIbl. OHAKO B 3QUPHON MOJIETN MBI
OKUJAEM YBUIETb, YTO OJHU U TE€ K€ CTPYKTYphl MOSBISAIOTCS HA BCEX YPOBHAX pa3mepa. Puc. 7.1
npojeMoHcTpupoBan oOpa3oBanue Cnupanb Ilapkepa B Hameit ConHeyHON cucTeMe, M COIJIACHO
NpUHIMUIY (pakTana, noJo0HOe 00pa3oBaHHE JODKHO OBbITh M B rajaktuke. Puc. 8.2 mokaspiBaeT BHUI
cBepxy Cnupanu Ilapkepa B ConHeuHOH cucTeMe, ¢ KOHIIEHTPUUYECKUMH KPyraMu, YKa3bIBalOUIMMH Ha
MIOJIOKEHMS TUTAHETAPHBIX OPOUT.

Kaxnpiii pykaB Crnumpanu [lapkepa, KOTOpbIi MBI BUIUM Ha puc. 8.2, mpeacraBiser coOoi
“3aMarHMYEHHYI0 TI0JIOCY” WM “‘CTpYr0”, TAe HMMEeTCs OOHApY)KMBAeMOE€ YBEIMYCHHE MarHUTHOU
SHEPruu U 3apsyKEHHOW IUIa3Mbl, IIOCKOJIBKY Halla IJIaHETa JBUraeTcd uyepe3 pykaB. CBUAETEIBCTBO
JlmuTtpueBa U Halle CBUAETEIBCTBO SBHO VYKa3blBAlOT Ha TO, 4TOo, Ojarogapsa ¢pakrtalry —
rapMoHuYeckoi B3aumocBs3u Kocmoca, Takas ke CTpyKTypa [JOJDKHA CYLIECTBOBaTb M Ha
raJJaKTHYECKOM YpOBHE. JIMUTpHEB MPOJI0IKALT:

“IIponer remmocgepsl (COMHEYHONW CHCTEMBI) Y4epe3 ITH CTPYKTYphl HapacTW yJapHYIO BOJHY
Briepeau CoHeyHOM cucteMsl ¢ 3-4 actpoHOMuueckux equauil 10 40 u 6omnee” (ycunenue Ha 1000%).
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“VYnapHas BoJHA”, KOTOPYIO YIIOMHHAET JIMUTpUEB, - HA 4YTO MHOE, KaK “ralieHue yaapa’, U Mbl
MOYKEM BUJETH 3TO Ha puC. 8.3:

renuonayza

AHOMANBHBIE
KOCMUYECKME ,
MK _ I aweHue ymapa
B BONHEe4HOro Berpa
3axeaTblpaKIWME 70-100 AE?
MOHEI

Mex3Be3aHbIH
HEWTPanNbHbIM

Beibpoc
KOPOHaNbHOK
Macchkl

Puc. 8.3 Dnepeemuueckasn akmusnocmo 2enuocghepul, 0eMOHCMpUpyowas eauierue yoapa Ha
paccmosnuu 70-100 acmponomuueckux eouHuy

Ha ocHoBanum BbICKa3biBaHUI [IMUTpHEBa MOKHO IPEIOJIOKUTH, 4TO B Haudaie 1960-x romos
pycckue acTpoU3MKM M3MEpPWIN TalleHue yjaapa CBETSIEHCs IUIa3Mbl Ha pPacCTOSHUM  4-X
aCTPOHOMHYECKUX €AMHHUIl (TO €CTb, 4eThlpex paccrossHui or ConHua 10 3eMiM), B TO BpeMs Kak
BOJIOPOJI, T'e€NUil, TUAPOKCUI M KOMOMHALMYU APYrMX 3apsDKEHHBIX YacTHIl HAa4yald IPEBaJIUpOBaTh B
koHue 1960-x romos. Pasmep u spkocte ramenus ynaapa yBenuuwinch Ha 1000%. CorsacHo
npodeccopy . U. llumancku, B Coenunennbix lllTatax momoOHBIE MccieqoBaHUS HE MPOBOIMINCH
BIUIOTH 10 1978 rona, mosToMy pycckue ydeHble Biajienu 3Tod mHpopmanuend panbiie, ueM HACA.
OueBuaHO, CBEpPXCBEUEHHE Ha INepeAHeM (poHTe reauocdepsl CO3AAaETCsl TaK K€, KaK B HU3Y
KOCMHYECKOTO KOpabiisi MHOTOPa30BOTO UCTIOIb30BAHUS UM Y METEOPHUTA, KOTOPBI CTAHOBUTCS SPKO-
KpacHbIM, KOTJa JBMXKETCS M3 BaKyymMa IIPOCTPAHCTBA C HHU3KOH IUIOTHOCTBIO B 0O0JIe€ BBICOKYIO
IUIOTHOCTH aTMOC(epbl 3eMITH.
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B Gonee Ttexnmveckux tepMuHax: JMuTpueB mpopoixkaeT oOBsicHATH, 4To 1000% wmu Gomblie
yBeJIMYeHHE BO30YKIEHUSI MAaTHUTHOM IPaHUIIBI HA CAMOM JIEJIe 03HAYAET CIIeIyoIee:

“VYronuieHne yaapHOW BOJHBI TNPHUBEIO K 00pa30BaHMIO B MPUCTEHOYHOM IPOCTPAHCTBE
CTOJIKHOBUTENIbHOM TIJIa3Mbl, 4TO 3aBepuiaercss oOkatneM COJHEYHOM CHCTEMbl IUTa3MOM M ee
MIPOPHIBOM B MEXIIaHETHBIE 00acTu (Mos10cTH). JJaHHBIN MpOpBIB MpecTaBIIseT cOO0i CBOeOOpa3HyIO
JIOTAIIUIO BEIIECTBA U SHEPTUHU CO CTOPOHBI MEK3BE3THOTO MPOCTpaHCcTBa Haled COTHEUHOM CUCTEMBI .

[To cymecTBy, 3TOT maparpad TOBOPHT O TOM, YTO CHOPMHPOBAJICS HOBBIM CJIOW CBETAIIEHCS
mia3Mmbl, Okpyxaromuii ColHeuHyl0 cuctemMy H ceiluyac BTekaoomwmii B CollHIE, IUIAHETHl H
MEXKIUJIAHETHOE TPOCTPAHCTBO, NOBBIIIAS BCE YPOBHH 3HEPre€TUYECKONM AKTUBHOCTH, KOTOPBIE MBI
Habmoganu. [Tocneayromue pas3ensl 3TOH raaBsl OyAYT 1€TaIM3UPOBATH CIEHH(PUKH SHEPTETHYECKOTO
n3meHeHusa. OTHAKO MPeX/Ie, YeM Mbl HAUHEM pacCMATPUBATH CBUIETEIBCTBO, MHTEPECHO MCCIIEI0BAThH
00JIBIIION BOIIPOC MHOTHUX 3allafHbIX YHTATENeH:

“Ecnu Bce 3TO MPOMCXOIUT HA CaMOM Jelie, TOrjia Mo4eMy 00 3TOM HUKOTJa HE TOBOPHUIIO
HACA?”

Kak MBI yBUAMM, COTJIACHO OJJHOMY BBIIAIOIIEMYCsl TOKTOPY Hayk, mpexactasisercs, yto HACA
obnamaer “yCTOWYMBBIM, MaryOHbIM MpeayOexacHueM” K JIOOOMY OOCYXICHUIO W3MCHCHHS
renrocdepbl, U OyaeT aBTOMaTWyeckw cumtarth, uTo JIM3C moipkHa MOAAEPKUBATH ‘‘TIOCTOSHHYIO
wIoTHOCTE . Jlpyrue, Gojee 330TepHUecKUe OOBSICHCHHS HAOIIOAEMOW CBETUMOCTH W YBEIIMUCHHMA
SHEPTUU, TaKUe KaK ‘“‘yCKOPSIOUIMICS CONHEYHBIN BeTep”’, He 001aJaloT MPOCTOTON M 3IETaHTHOCTHIO
Mojenu Imurpuena.

EnuncTBeHHOE, peakoe HMCKIIIOUEHHE W3 TpaBwia “‘He MeHstoueics twiotHocT JIM3C” wmbl
oOHapyxuiu B uHTepBbIO0 1999 rona ¢ I'pu I1. 3ankom u3 YHuBepcutera Jlenasepa. B unrepsbio 1-p
3aHK roBOpUT: eciu Ol moTHOCTH JIM3C meHsiack, Toraa pe3yabTaToM Obiia Ol KaTacTpoda, U Mbl
“Moriu Obl HE 3HATh, UTO OHA MPUOIKKAETCS

“Hac okpy:xaetr ropsumii ra3”, - ckasaiu oH. “Ilockonbky Hame ColHIE IBHXKETCS 4epe3 KpaliHe
“mycToe” WIN MEX3BE3JHOE MPOCTPAHCTBO HU3KOTO JABJICHUS, COJTHEUHBIH BETEp CO3JACT 3allUTHBIN
ny3bIpb — renuochepy Bokpyr Hameil COJHEUHOW CHCTEMbI, KOTOpasi MO3BOJSET IIBETEHUE >KU3HU Ha
3emite. K coxxanenuto, B 1100y10 MUHYTY Mbl MOKEM YAApUTHCS O MaJIEHbKOE 00JIaKO, U, BO3MOXKHO, MBI
Jla’ke He YBUAMM ero npuommwkenus. bes reamocdepsl, HeHTpanbHbIA BOAOPOA B3aUMOIEHCTBOBAI OB €
Hamed atMocdepoid, co3maBas KaTacTpoPUUECKHE H3MEHEHHS KJIMMaTa, B TO BpPEeMsS KaK MbI ObI
IIOJIBEPTAJINCh YCUJIEHUIO JEHCTBUS CMEPTEIBHOIO KOCMMUYECKOIO M3IYy4YEHHs] B BHUJIE OYEHb BBICOKO
SHEPreTUYHBIX KOCMHUYECKUX JTyden” .

s u3yyenus renuocgepsl U 000JI0UKH COJTHEUHOTO BETpa, OKpyxkatouiero ColHEeuHy0 CUCTEMY,
3ank wucnonp3oBan Teneckon SDSC CRAY T90. /IBa BKIIOYEHHBIX B MOJAETHpOBaHUE 3(deKTa
MOATBEPAWIIN, YTO B3aUMOJEHCTBHE COJTHEYHOTO BETpa C JIOKaIbHON Mex3Be3nHou cpenoit (JIM3C) e
craunoHapHo. JloGoBoe mdaBiieHHME COJHEYHOIO BETpa MEHSETCs B COOTBETCTBUH ¢ 1l-nmeTHeit
BPEMEHHOM IIKAJION, M Ha MPOTSXKEHUHU BceX (a3 COJHEUHOrO LHUKJIA MPOUCXOIAT CUJIbHBIE JOOOBBIE
yaapbl. Beruncienus 3aHKa J€MOHCTPUPYIOT, UYTO CYHIECTBYIOIIME HWHCTPYMEHTHI HE B COCTOSHUU
oOHapyxuBaTh yBesmueHus B JIM3C, cxxumaromme reamocdepy 0 TOTO, KaK HAYMHACTCS PeallbHOE
B3alMOJICICTBHE.
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J-p 3ank Beput, uto B JIM3C MBI MOXeM MOBCTPEYATHCS CO CIy4allHbIM O0JAaKOM BBICOKOH
SHEPreTHYecKol IIJIOTHOCTH, B TO BpeMs Kak Ooisiee yOeqUTENbHOM NpeaCcTaBiseTcss MOJENb
rajlakTuueckoil Crniupanu Ilapkepa, MOCKONBKY CyIIECTBOBAaHUE TAKOW IHEPreTUUECKON CTPYKTYpHI B
CosHeuHOU cHUCTEME YK€ JoKazaHo. M3 mepegoBoro ucciieloBaHusl A-pa 3aHKa Mbl U3BJIEKAEM OJHO
KIIIOYEBOE YTBEP)KIACHHE — CYIIECTBYIOIIME HMHCTPYMEHTHl HE JIOCTaTOYHO YYBCTBUTENIBHBI, YTOOBI
YJIaBIMBaTh 3HAUYUTENbHOE yBenuueHue miotHocty JIM3C nepen teM, kak Mbl B Hee BoiaeM. [loatomy,
OOJIBIIMHCTBY 3alaHbIX IeIMO(PU3UKOB KaXXeTcs TIIyNbIM BepuTh, uTo JIM3C nomxkHa moaaepkuBaTh
MOCTOSIHHYIO TUIOTHOCTh, €CJIM HAIlll MHCTPYMEHTHI HE I0CTATOYHO CIIOKHBI, 4TOOBI 3TO JoKa3aTh. Emie
OJIHO CBMJIETEJIbCTBO, IOJAJIEPKUBAIOIIEE 3TO MpeanonoxeHue, npuxomut u3 HOxHo-EBpomneiickoii
O6cepratopuu (FOEO):

“... K COXQJICHHIO, HE CYIIECTBYET MPSIMBIX CIIOCOOOB M3MEPEHHUS KaK JIOKAITBbHOW MEK3BE3THON
9JIEKTPOHHON (MM (DOTOHHOM) MIIOTHOCTH, TaK M JIOKATHHOTO MEK3BE3JHOT0 MarHUTHOTO TOJS, B TO
BpeMsi Kak J[Ba OTUX I[1apaMeTpa YIpPaBISIOT CTPYKTYpOHM H BEIMYMHON HaIehd Teanocgepsl.
CrnenoBareiabHO, YTOOBI MO3BOJIMTH BHIOOP aJeKBATHON MOJEH, HEOOXOIUMBI KOCBEHHBIE HAOIOICHUS,
KOTOpblE MOTNM Obl JaTh TOYHBIC JaHHbIE O TIUIOTHOCTH IUIa3Mbl M (QopMe, U BETUYHUHE
COTJIaCOBAaHHOCTH .

He cmorps Ha 1O, uto HOEO KOHCTaTMpyeT HEOOXOAMMOCTH ‘“‘KOCBEHHBIX HAOIIOJICHUN
motHocTr JIM3C, Takux Kak cooOmarTcs A-poM JIMUTpUEBBIM, IMOYTH BCET/Ia B JIFOOOH “afeKBaTHOM
TeopeTnyeckor moaenu’” cunraercs, 4ro JIM3C nomkHa 061a1aTh MOCTOSTHHOM MJIOTHOCTBIO.

Eme onun mpumep “OTKIOHEHHS B CTOpPOHY yBenumdeHus riotHoctd JIM3C” — crates P.A.
MetoBonara u3 Kanreka™. B HukenpHBeIeHHON [UTATE ACHO YKa3bIBA€TCs HA TO, YTO 30HABI Bosooicep
1 u 2 oOHapyX WM aHOMAJbHBIC “YBEIIMYCHUS B HHU3KO DHEPTrEeTHUECKUX CIEKTPax’ TeIHOC(EpHI.
Opnako ysennuenue miuotHoctd JIM3C Hukorma gake HE YNOMMHAETCS KaK BO3MOXHAas NPUYMHA
YBEIIMYECHUHN YHEPTUU:

“IIpenmnonaraeMplie NMPUYMHBI BKJIIOYAKOT COJHEYHBIE YHEPre€TUUYECKUE YACTHULBI, YCKOPSIOMIMICS
COJTHEYHBII BeTEep W HOHBI, BO3HHUKAIOIIME B COBpAIAIONIUXCS 0ONacTsIX B3auMonelcTBusa. Takue
YCKOPSIIOIIMECS KOMITIOHEHTHI NIal0T BO3MOKHOE OOBSCHEHHE YBEIMYCHHIO HU3KO SHEPTETHUYECKHUX
CIEKTPOB MarHusi, KpEMHUS, CEPbl U IPYTUX 3JIEMEHTOB, HAOII0IaeMbIX 30HIaMU Bosodacep 1 u 2 Ha
pacctosHuu cBbiie 60 actpoHommueckux eauHul (Ctoyn u Kammunre, 1997, 1999). Taxxe
HEOKUJaHHBI U HEOOBSICHUMBI YBEIMUEHUSI HU3KO DHEPTETUYECKUX CIIEKTPOB HECKOJIBKUX IJIEMEHTOB,
0OHapyXEHHBIX Ha paccTosiHuU 1 actpoHoMuueckoi equnuilel (Takammma, 1997; Kinekep, 1998; Pumc,

1999)”.

Wtak, MOXHO SICHO BHJIETh, YTO 3alagHble Teauo(U3UKH, KOHEUHO, OOHAPYXUIH ‘‘aHOMAaJIbHBIE,
HEOKUJaHHbIE U HEOOBSICHUMBIC YBEJIWYEHHs  HHEPreTHUeCKONM aKTUBHOCTH B TalleHUM yaapa
renuocepsl, YTo U OxuAanoch B Mojenu Jmurpuesa. U Bce ke, BMECTO TOT0, YTOOBI PU3HATH, YTO
mw10THOCTH JIM3C n3MeHmnacy, OHU NPOCTO “paccMaTPUBAIOT HOBBIE OLIEHKU HEUTPAJIbHBIX MOIMYJISIIUNA
aneMeHToB B JIM3C”, Hapsaay ¢ ApYTMMU CIOXHBIMU U MPOOJIEMAaTHYHBIMU OOBSICHEHUSIMHU, KOTOpBIE
BCEro JIMIIb BO3MOKHBI, HO HE JI0Ka3aHbl. He BakHO, Kakre MOJIENIH “YCKOPEHHS COJTHEYHON SHEPTrUuu
Ipe/ularaloTcs, CyTb B TOM, YTO SHEPrusl JOJDKHA OBbITh ‘“‘3aKoHcepBHpoBaHa”. Torga Kak camMbIM
MPOCTBHIM OOBSICHEHUEM YBEJIIMUCHHS YHEPTrEeTUUSCKOTo 3apsa renrnocdepsl Obu10 OB IprOaBICHHE CO
CTOPOHBI BHEILIHETO NCTOYHUKA.

1 Kanuopnuiickuii Texnonornueckuiit UIHCTUTYT
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[Mpodeccop, n-p A. W. Iumancku u3z YuumBepcuteta HOxHoit Kamudopuun otBaxuics
BBIJIBUHYTH OCOOCHHO CMEJIOe MPEINOIoKEHHE, Kacatomeecs 3Toi npoosemsl. On cuntaet, uto HACA
MpUJIaraeT sIBHOE yCHiine M30eKaTh J000M JUCKYCCHU TI0 TIOBOAY “‘TIEPBOTO CBHAETEIHCTBA OOIBIIOTO
YBEJIMUCHUS dHEpreTudeckor miotHocty B JIM3C:

“Uccnenoanue coiictB JIM3C nmpoBoAMIOCH OTACIBHBIMU TIEpHOIaMu, HaunHas ¢ 1978 roga. B
Coemunennpix Illtatax, co gHS ocHOoBamusa Ortnena Kocmuueckoir @Pmsuku HACA, oH
MPOJICMOHCTPUPOBAJI CaMO€ YCTOMYMBOE, MaryoHoe TmpeayoexaeHue K pabore 1o dddekram
HelTpanbHoro raza B JIM3C. CambiMM BaXHBIMHM BKJIaJaMU B HUCCJIEIOBAHHUS MO 3TOM Mporpamme
SIBJISIFOTCS CTaThH, OMKMCHIBAIOIINE HE3aBUCUMBIM METOT oTpeAesieHnst abcomoTHoH moTHocTr JISMC n
MEPBOE CBUJETEIBCTBO OOJBIIOTO YBEIMYEHHUS IUIOTHOCTH HEHUTPaTbHOTO AaTOMHOTO BOAOPOJA,
MOJIYYeHHOE B pe3yiabTaTe H3MepeHuid Bosodowcepa B obOnacTh, HaxonsmieWcs Ha pacctosHuu 50
ACTPOHOMUYECKHUX E€IUHUIL .

BrickazpiBanue n-pa lllumancku, yto HACA npoaeMOHCTpUpOBANIO “‘yCTOWYMBOE W TaryoHoe
npeayoexkaeHue” K 3Toil pabote, omnpenenenno uarepecuo. Ciosaps Microsoft Word 2000 ykasbiBaer:
CIOBO “NaryOHBIH” — CHHOHHUM CJIOB ‘‘pa3pyIIMTENIbHBIN, BpEIHBIA, YOWHCTBEHHBIH, 3JI0H° W
”koBapHbiii”’. Torma cnemyer cnpocuth: “Tlouemy co cropoust HACA cymectByeT Takoi
“yOMICTBEHHBIM W ‘“KOBAapHBIN~ HHTEpEC HE 3a/JaBaTh BaXKHbIC BOMPOCHI 00 YBEIMYECHHUH IIJIOTHOCTH
JIM3C?”

OTBeT MOXHO OOHAPYXHTh B WCCIEAOBaHMSIX M3 Poccuu (Takmx Kak WCCIIEOBaHUE JI-pa
JimuTpueBa), B KOTOPBIX TBEPAO 000CHOBaHO, 4TO TI0THOCTH JIBMC yBennuuBaercs. M 3T0 BhI3bIBaeT
OTPOMHBIC JHEPreTUYEeCKHEe M3MEHCHHS BO BCed Hamiel remuocdepe. ITH H3MEHEHHSI COBEPIICHHO
YBSI3BIBAIOTCS C JAPEBHHMHU MPOPOYECTBAMH BCEro Mupa (BKIIOYas HYAEO-XpUCTHAHCKYIO bubmuio),
OTHCHIBAIOITUMHU COOBITHS, KOTOPBIE MPOU3OILUTH OBl B “NOCIIEIHUE BpeMEHA WM B TOM, YTO JIPYyrue
KyJIbTYpbl Ha3bIBaIM “‘HayanoMm 3ojotoro Beka”. HecomMHEHHO, YTO cpencTBa MaccoBOM MH(OpMAIUH
OCMEUBAIOT U UTHOPHUPYIOT Boripoc HIIO, oOHapyXeHHsT TPEBHUX 3aTOIJICHHBIX TOPOJOB, MaMSITHUKU
Mapca u tomy nomo6noe. Ceiiyac, ¢ mpu3HaHUEM “‘TIIO0ATBHOTO MOTEIUICHUS , B JBEPU MOSBUIACH
TpeLIHa, HO KoJIoccaibHble M3MeHeHus Ha CoiHIle M TutaHeTax oTBepratorcs. Eme omHa obiactb
MOJIaBIICHUS — pealbHOE 3HAYEHUE “KPACHOTO CMEIICHUSA , XpaHSIIee KoY K MOIHOM MoIenu
JTIOKa3aTeNIbCTBa, YTO M3MEHEHHs B TNIOTHOCTH JIM3C MOTYT M AOJKHBI CYIIIECTBOBATS.

8.4 DHEPTETUYECKUWE 3HAYEHUS “KPACHOI'O CMELWEHUSA” U YPOBHU
3®UPHOU IJIOTHOCTHU
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Puc. 8.4 JI-p Yunvam Tuppm: “xeanmosannvie’ usmeHenuss 8 MUKPOBOIHOBHIX OAHHbBIX
“kpacnoeo cmewenus”

Ve ecTb 3aKOHYEHHas MaTeMaTH4ecKas MoJelb, KOTOpas B COYETAaHHUM C MPSIMBIMHU
HAOJIFOJICHUSIMU JTOKA3bIBAET TO, YTO TAJAKTUKH JOJKHBI 00JaaTh PEryISIPHBIME, OPTaHU30BAHHBIMHU
M3MEHEHUSAMH B ypoBHsX TioTHOCTH U3 JIM3C. B xaure Cnocobnocmo 6udems KpacHoe, yBakaeMblid U
cropHbIi acTpodu3uk 1-p [anbToH Apm MPOAEMOHCTPHPOBAT TBEPJOE M OOIIMPHOE JOKA3aTEeILCTBO,
4TO “KpacHOEe CMEIIeHHE He MMEET HUYEero OOIIero ¢ pacCTOSHUEM A0 3BE3THBIX OOBEKTOB (BO UTO
BepAT B Hactoduee Bpems). KpacHoe cMmelieHne — 3TO M3MEpPEHUE TOro, CKOJIBKO MHKPOBOJHOBOTO
CIIEKTpa OTPaXEHHOT'0 3BE3IHOTO CBETAa HAXOIUTCA BO3JIe “KpacHoro” koHmHa “pamyru”’. Cop DnBuH
IMaysmn XaOG0m BBIABUHYA TEOPUIO, B TO BpeMs Ka3aBIIYIOCS YOCIUTEIbHOW, TOCKOIBKY
MIPEICTABISIIOCH, UTO YeM Jlajibllie OOBEKT yJaleH OT 3eMJIH, TEM BBIIIE €T0 KPAaCHOE CMEIICHHE.
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H-p Yunesam Tuddt noxazan, yTo KpacHOE CMEIIEHUE “KBAaHTOBAHO’, TO €CTh OHO MPOUCXOJUT
TOJIBKO B OIPEEIEHHBIX PETYJISpHBIX TaAPMOHMUYECKUX MHTEpBajax, 4TO BUIHO Ha puc. 8.4. Eme onHo
JI0Ka3aTenbCcTBO OTKpbITUS Tuddra MOKHO BHIETh Ha CXEME TaHHBIX KBa3apa Ha puc. 8.5.

1055+20

3C 208

3C 204

4C 0546

NAB 0024+22

3000 4000 5000 6000
JOo0oIa B OJIHEL (ﬂ)

Puc. 8.5 Keanmoeannvie snauenue “kpacnoeo cmewenus’” 6 O1u3nedcaujux Keazapax

SlcHo, uTO ecnu OBI JUIMHBI BOJIH Ha PHC. 8.5 ObUIM yKa3aTeJSIMU PAacCTOSHUS, U BCE 3HAYCHUS
YKJIaJbIBAJIUCH TOJIBKO B KOHKPETHBIE TOUHBIE MHTEPBAJIBI, & MKy HUIMH HUYETO HET, TOTJa CJIEI0BaJIO
OBI TIPENIOJIOKUTh, YTO 3eMJIsl sABseTCs eHTpoM Bceenennoil. Bee kBazapbl Bo BceeneHHOM M0KHBI
OBUTH ObI €CTECTBEHHO YKJIAQJBIBATHCS B OTHACIbHBIC “000JOYKU™ PACCTOSIHHS OT 3eMJIM, YTO BUIHO Ha
puc. 8.6. 310 BepHYJI0 ObI HAC Ha3a] K CPETHEBEKOBBIM “TCOLIEHTPUYECKUM  MOJesIM BeeneHHoii.
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Puc. 8.6 3emnsn — yenmp Bcenennoti, ymo 6uOHO 8 MpaOUYUOHHOU MOOENU KPACHO20 CMeujeHUs. (C
nmobesnoeo pazpeutenus . Tanboma)

C ToukM 3peHHs 3APaBOr0 CMBICIIA, IIPOCTOE 3HAHUE HALIETO MOJI0KEHUs B ['amakTrke moackasano
Obl, uTOo 3emisia He sBIsAeTca IeHTpoM Bcenennol. Torma ocHoBHas mpoOiemMa, C KOTOPOH MBI
CTaJIKUBAEMCSl, COCTOUT B TOM, YTO KpPAacHO€ CMEUIEHHE — 3TO IEPBUYHBII METOH, HCIIOJIb3yEMBIii
acTpo(u3MKaMu JUIsl BBIYUCIICHUS PACCTOSHUM 3BE3/IHBIX 00BEKTOB. BMECTO 3TOT0, MBI CTAJIKUBAEMCSI C
OYECHb CTPAHHOH aHOMaJHEH, KOTOpasi BOIUET O “TapMOHUKAX’ - OCHOBHBIX BHOPALMOHHBIX MaTTEpHAX
3BYKa B JIIOOON JaHHOMW Cpefie, 4TO MbI Obl M 0KUJAJIN YBUAETH B 3pUpHBIX Mozeisix KocMoca.

Panu crnegyromiero KiroueBOro MmojioKeHUs, 1aBaiiTe He 3a0bIBaTh, YTO 0Opa30BaHUs CBETSILIEHCS
I1a3Mbl, HaOmonaemble J-poM OpnuHroM Ctpengom B Hopserum (oOcyxknaemble B riiaBe 5),
CIIOHTAHHO MOSIBJSUIUCH M MCYE3aJIM U3 BUJA, U B OAHY CEKyHAY 00JIafay TeMIepaTypol, Takon xe,
kak Ha CoJiHIIe, a B CIEYIONIYI0 CEKYH]Ty BOOOIIe He 00agair HUKaKOH U3MEepseMOil TeMIepaTypoi.
U Bce ke nmia3MeHHble 00pa30BaHUS BCE BPeMsl MPOCIEKHUBAIUCH HA pajapax /MM B UH(PPAKpaCHOM
criekTpe. Mbl IPUILIU K BBIBOJLY, YTO IJIa3MEHHbIE 00pa30BaHNs BUOPUPYIOT MEKIY IBYMSI OCHOBHBIMU
YPOBHSIMHU 3(PHUPHON IUIOTHOCTH, @ UMEHHO MEXy HAIllUM YPOBHEM M YPOBHEM, ONMDKAWIINM K HEMY.
(bonpmMHCTBO MBICTUTENEH OIIMOOYHO HA3BIBAIOT YPOBHHU IJIOTHOCTH “U3MEpPEHUSIMU)
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Korna mmasma mepememnraetcst (pa3mernaercsi) B 0ojee BBICOKYIO IIOTHOCTb, €€ BUIUMOCTb U
OTPOMHOE TEIUIO MCYE3al0T, HO OHA BCE €II€ UCITYCKAET JJIMHBI BOJHBI 00JIee BRICOKOTO CIEKTpa, TAKUE
Kak wuH(]pakpacHble ¥ OYEHb BO3MOXXHO MHKPOBOJNHBEL ~CreqoBaTenbHO, KOTJa Mbl BUAUM
KBAaHTOBaHHbIE, TapMOHMYECKUE 3HAYEHUs JUIsi BCEr0 MHMKPOBOJIHOBOIO U3JIYYEHMs, KOTOPOE
HAOJIIOIAI0TCS OT BCEX YIAJCHHBIX 3BE3AHBIX OOBEKTOB, BO3MOXKHO, 3TO MOIJIO ObI OBITH MPU3HAKOM
M3MEHEHHUs ypoBHEH 3(hUpHON SHEPreTHUEeCKON TNIOTHOCTH.

W mnocnennee 1noka3aTenbcTBO mpesiaraeT 1-p [aponbn Acmmen u3  KoMOpumkckoro
Yuuepcurera. OH MareMaTW4yecKd JoKaszall, 4To 3¢Qup obnanaeT pa3HbIMH YPOBHSIMH ILIOTHOCTH,
co3JaBas TO, YTO OH Ha3bIBaeT ‘“‘IPOCTPAHCTBEHHBIMU JOMEHaMU . BOT Kak OH OMUCHIBAET KaXKIbIi
YPOBEHB TUIOTHOCTH Mex3Be3aHoM cpenbl (M3C):

“MOXHO CcKa3aTh, YTO KaXIblii YpPOBEHb JS(PHPHON IIJIOTHOCTH COOTBETCTBYET KOJUYECTBY
9JIEKTPOHOB M TIO3UTPOHOB, KOTOPHIE MOTYT MOSABIATHCS KaK TPYyIMIa IOCIE aHHUTHIAIUN >(PUPHOU
YaCTHIIbI; TAKUM 00pa3oM, 3(UpHOE MPOCTPAHCTBO 3aMOIHIETCS 3JIEKTPOHAMU M MO3UTpoHaMu. Bo Bcei
BcenenHoii cymiecTByeT MHOTO pa3HbIX 00J1acTeil JOMEHOB”.

Urak, “adpupHas gyactuma” — 370 TO ke camoe, uTo 1-p Bragumup ['mH30ypr Ha3pBan “3pHUpHBIM
ny3bippkoM” (rmaBa 2). CoriacHo Teopun AcmjeHa, yeM tuiotHee JIM3C, Tem MeHbIEro pasmepa
“a¢upHbIe YacTULBI” OYAYT HAXOIUTHCS B ATOW O0JACTH, MOCKOJIBKY OHH MPEOBIBAIOT MO OOJBITIM
naBieHWeM. 3areM, ecnu ‘OdupHas yacTUna’ AHHUTWIMPYET, BHE3alHO BO3HUKAET IyCTOE
MIPOCTPAHCTBO, U OHO OYAET CTPEMHTEIBHO 3aIOIHATHCS 3JEKTpOoHAMHU ((HOTOHAMU) M TO3UTPOHAMH.
Pa3mep snekTpoHOB ((DOTOHOB) W MO3UTPOHOB HE MEHSETCS, MOITOMY B MEHBIIEM MPOCTPAHCTBE HX
YMECTHUTCS MEHBIIIE, YeM YMECTHIIOCH ObI B OOJIBLIIEM MPOCTPAHCTBE.

JanHbie 1-pa AcIizieHa TIOKa3bIBAIOT: KaK TOJIBKO BO3HHUKAET IyCTOE MPOCTPAHCTBO, B HEM MOKET
YMECTHUTHCS JIMILIb ONpPEAEICHHOE KOJUYECTBO MO3UTPOHOB M AJIEKTPOHOB. JIJIi Ka)KAOM IUIOTHOCTH,
KOJIMYECTBO YAaCTHUI], KOTOPBIE OyIyT yMEHaThCsl B IIYCTOM “Iy3BIPBKE IMOJISI” MPOCTPAHCTBA, U3BECTHO
kak “N”. MakcumansHoe uucio N — 1843, yncno Hamed mIoTHOCTH. [LIOTHOCTH, BBIIIE HAaIIEH,
obmamaer uuciom “N”, paBabiM 1841, m Tak manee, MOCKOJBKY MYy3BIPHKH TOJS B Ka)XIOW HOBOM
IUIOTHOCTH MEHbIIIe, YeM B mpenblnymiei. bonee neranbHo 006 3TOM MOXHO y3HaTh Ha caiite J-pa
Actnnena. Crosmas 3a 3TUM MaTeMaTHKa OYE€Hb CIIOXKHA, HO PE3yJIbTAThI IAI0T COBEPIICHHOE CPEICTBO
BBIUMCIICHUS] paHee HEepa3pellMMBIX 3arajJlouHblX 4YHCed B KBAaHTOBOW cdepe, TakuxX Kak
TOHKOCTPYKTYpHasi KOHCTaHTa (CM. TJaBbl 2-3 3TOW KHUTH), C TOYHOCTHIO JO MHIJUIMOHHOTO YpPOBHSL.
Bbosnee toro, B 1979 rony padora AcmjeHa yqocTonaach YeCTH ObITh OMYOIMKOBAaHHOW B NMPECTUKHOM
xypHaine Physical Letters A.

“Kak MOHO yIOCTOBEPUTHCS, CKauKH 72,5 KM/CEK, MOTyUYeHHBIE B PE3YJIbTaTe aCTPOHOMUYIECKOTO
HAOJIO/IeHUsI, TPEOBIBAIOT B TECHOM COOTBETCTBUU C oOcCyxknaemoii Teopueld. JlomeHsl 3dupHOii
SHEPreTUYECKON IMJIOTHOCTH MMEIOT OTHOILIEHUE K TE€O0JIOTMYECKUM COOBITHSIM, TAKUM KaK MHBEPCHU
F€OMarHUTHBIX MOJIEH, KOTOPbIE MPOUCXOIAT TOTJA, KOTJa COJIHEYHAsl CUCTEMa MEPECceKaeT I'PaHULIbI,
pa3aeNaoNIMe CMEKHbBIE TPOCTPAHCTBEHHBIE TOMEHBI .

EcTecTBeHHO, 4TO CBA3b MEXKIY d3PUPHOI IIIOTHOCTHIO U T'€0JI0TMYECKUMH COOBITUSMHU COBIAJAET
¢ BbIBOJIaMHu JMuTpueBa. AcmjeH ke oOecredus MPOYHYI0 MaTeMaTHUECKyI0 MOJAEINb, YOeIuTeIbHO

IMOAKPCIUIAIOUIYIO 3TO IMOJIOXKCHHUC.

N 4aro eme Oonee 3HaunMMoO: Ha cTp. 764 2-ro Toma kauru Puuapna Ilacuunuka [llupoma scusnu
MBI UUTAEM:
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“BpICOKO€ KpacHOE CMELIeHHE OOBIYHO CBS3aHO C XapaKTEPUCTUKAMH, YKa3bIBAIOUIMMU Ha
MOJIOJIOCTh TaJaKTHKH. Takke, KpacHOEe CMENIeHHe SBIsieTcsl (PyHKIMEH MOJIOKEHUH Tell B CHCTEMaXx,
yKa3bIBAIOLICH HA HAJMYUE CHUJIBHBIX MEXTIaJIAKTUYECKHUX I0JIeH, BIUSIOMIMX HAa KPACHOE CMEIIEHHE.
AHaJOTWYHO, WHAMBUAYalbHbIE TAJAKTUKUA JIEMOHCTPUPYIOT T'PAaJHEHTHl KPAaCHOTO CMELICHUS OT
BHYTPEHHUX J10 BHEITHUX IIPEJIETIOB” .

[TockonbKy MBI OY€Hb 3aMHTEPECOBAHBI B ATUX JAaHHBIX, [[acCHYHMK COOOIIAET, YTO OTKPBITHE
“rpaayueHTa raJIaKTHIECKOTO KPACHOTO CMEIIEHUs OBLIIO OIMyOJIMKOBAHO aCTIMPAHTAMU acTPOPU3HKAMH,
MOCKOJIbKY OQUIMaNbHAs HayKa HUKOTIa Obl HE TMO3BOJWIIA TPOBEACHHE TakoW paboThl. OmHAKO
HECOMHEHHO, 4YTO JajbHeillllee HCCleOBaHHe MOATBEPAUT 3TH JaHHbIE elle yOenuTelbHee, 4YeM
panbiie. OT1o 3¢ (HEKTUBHO JOKa3bIBaeT cyliecTBOBaHWE B [amakThke CTpykTyphl Tuma Crompanib
[Napkepa M3MEHSIOMMXCA SHEPTETUUYECKUX YPOBHEH A(UPHON HHEPruu, KOTOPYIO MOXKHO BHUAETH Ha
puc. 8.2.

3atem [lacMuHMK MPOAOIKAET: KOJUYECTBO KPACHOTO CMEILECHUS, MCIYCKAIOIIErocs: Hu3
cepaneBunbl Hamen ["amaktukun Mneunsiii [IyTe, - mOKa3aTeabCTBO MOYTH HEBOOOPA3UMOM CHIIBI 1O
CPaBHEHHIO C JTIOOBIMU TPATUITIOHHBIMH OO0BSICHCHUSIMHU:

“Iloe KpacHOTO cMelIeHHsT OOHAPYKEHO U B II0cKocT Mieunoro Ilytu. OHo obnagaer tem, 4To
TpaJuIMOHHAsl TeopHsl Ha3Baja Obl “pacumMpeHueM” (KOHCTaHTa Xab0ia), mpuyeM B JeCATh pa3
OoIBIINM, YeEM BCsa Beenennas B mieaom”.

Hanmuue monmenu Apma/Tuddra/Acniaena pokassiBaer, uro ['amaktudeckuii LIeHTp - 3TO cambrit
BEJIMKHI UCTOYHUK 3(DUPHOI/TOPCHOHHO-TIOJICBOM SHEPTUH B ["alaKTHKE, YTO MBI yKE TPEATOJIOKUIH B
HaIIeH MOJICIH, MPEACTABICHHONW B MIPEIBIIYIINX IIaBax.

Ceiiuac, xorga Mbl 3HaeM, 4YTO B MEX3BE3JHOM cpene Hamiel [‘allakKTMKM MOTYT U JIOJKHBI
CYIIECTBOBAThH d(HUPHBIC YIHEPreTUIECKUE YpOBHH, U npeactaBisieTcs, uto HACA, Physical Letters A u
Ipyrue TpaJulMOHHbIE 3alaJHble HCTOYHHKM IPUIAraloT HEBEPOSATHBIE YCUIIUS MOJABUTh 3Ty
nH($OpPMAaIIHIO, MBI TOTOBBI IIPOJOIIKATH UCCIE0BATh MPsAMOe (U3MUECKOE J0KA3aTeILCTBO H3MEHEHHH,
SIBJIAIOIIMXCST PE3YIbTATOM 3TOr0 yTBEpXKJIEHHUA. XOTs OoJiblias 4acTh UH(GOpPMALMK BHOBb IPUXOIUT
oT A-pa JIMuTpueBa, yTOOBI MOJKPENHUTH 3TO MOJOXKEHHUE, Mbl BKIIOUYMIM JAHHBIE JOMNOJHUTEIbHBIX
uccnenopanuii. [lockonmpky sHeprusi Oojee Bbicokoil mmioTHocT JIM3C mpomomkaeT BTEKaTh B
renuocepy Bo Bce OONBLIIMX M OOJBIIMX KOHIEHTpauusx, 3emis, CojHile, IIAaHEThl U MPOCTPAHCTBO
MEX/1y IJIaHEeTaMH JIEMOHCTPUPYIOT OCHOBHBIE MPU3HAKU SHEPTEeTHUYECKOI0 N3MEHEHUSI.

8.5 DOHEPTETUYECKUE U3MEHEHUWS 3EMJIN

Kak nyb6nm4yHo mpu3Hana agMuHUCTpanus bymra, odeBHAHO, YTO Ha 3emiie MPOHCXOMIST
“KOHKpETHBIE, 1aJeKo uaymue peHoMeHbI”, KoTopble “cymecTBeHHO n3MeHsAT Coennnennsle LITaTer B
MOCJICIYIOIINE HECKOJIBKO JAecATUeTui . BoIxos 3a paMku “ri100abHOTO MOTEIUIEHUsT B COOOIICHUH
aAMUHUCTpalMu byima, Mbl 3HaeM, 4YTO IOTOJAHBIE MATTEpHBI CTAHOBATCS Bce Oojee U Oonee
XaOTUYHBIMH, DPa3pYLIUTEIbHBIMU M HenpelckasyeMblMU. Bce Oonbiie u Ooibllie pacTeT YHCIIO
yparaHos, Taii()yHOB, TOPHA10, OIIOJI3HEH, HABOIHEHU, 3aCyX U ApYyrux karactpod. B kagectBe ogHOTrO
npumepa: B cepeaune 1990-x ro1oB y)kacHbIN yparad JHIPIO ObLI MTOYTH TAKUM e OOJBIITNM, KaK BECh
mrat Texac.
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Puc. 8.7 Ceticmuyeckas akmusnocms 6onee 2,5 6annios no wkaie Puxmepa, 1973-1998
(c mobe3noco pazpewenus Martikna Manoesunis)

MoxHO mOCHOpPUTH, YTO Il AMEPHUKM PAaCKOBAaHHBIE CHJIBI NPUPOABI IPEICTABIAIOT YIpo3y,
HaMHOTO OoJIblIIe, YeM Teppopu3M. Berancnenus a-pa JMuTpreBa mokas3splBaroT, 4To:

“JluHaMMKa HapacTaHUS CYIIECTBEHHBIX KaTacTpod CBHUIETEILCTBYET O pE3KOM CKaudKe
npou3BoJicTBa KaTacTpod ¢ 1973 roga. B nenom, uncno karactpod ¢ 1963 rona no 1993 rox Beipocio B
4,1 paza” (410%).

OCHOBBIBAsICh Ha POCTE AKTUBHOCTH C TOTO BPEMEHH, KOTJa OBLIO BBITIOJHEHO ITO MCCIIECAOBAaHUE,
MOXKHO TMpPEANONIOKHUTh, 4YTO OoJee MO3JHSAS CTaTUCTHKA cocTaBuseT yxke 600%. W BHOBB, 3Ta
THOIATENIbHO W3ydeHHas [udpa BKIOYaeT B ceOs BCe BHIBI KaTacTpod — 3EMIICTPSICCHUS,
BYJIKAHUYECKYIO aKTUBHOCTb, TOPHAJ0, Yparanbl, HABOJHEHHUs, 3aCyXU U Tak jainee. M Bce ke 1no stomy
MTOBO/TY, UCKJTIOYas “TI00abHOE TIOTEIUICHHE , HE BRICKA3bIBACTCS HU OJIUH O(HUIINATHHBIA NUCTOYHHK.

Hapsny ¢ atum, uccnenosarens mo nmMenn Maiikin MaHaeBrIUT SICHO TPOJIEMOHCTPUPOBAIL, YTO IO
BCEMY MHPY KOJHMUYECTBO 3eMJIETpsICEHHH cBbIlIe 2,5 6amnoB no mkaie Puxrepa ¢ 1973 roga Bo3pocio
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Ha 400%, uto BuaHO Ha puc. 8.7. bonee Toro, puc. 8.8 nokaszeiBaeT, uro Mexay 1875 u 1993 romamu
BYJIKAHMYECKasi aKTUBHOCTh TOXe BbIpocia nmoutu Ha 500%.

a4 e
BcerMpHasa ByNKAHMYECKasT aKTHMBHOCTHh 1875-1993
06pemHeHHad OHeEBHAad AaKRTMEHOCTE 50% EyimaHoe Mmpa
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Puc. 8.8 Ycunenue synkanuyeckoti akmusrnocmu 6o écem mupe, 1875-1993
(c nrobesnoco paspeuwtenusi Maiikna Manoesunna)

Takxke, MOXHO HCCIEIOBaTh CTaTHCTUKY, JBHUrasch Ha3aJl 10 BpeMmeHU. Jlo mosBiIeHUS
COBPEMEHHOT'0 CEHCMHUYECKOr0 000PYIOBaHMS, KECTOKOCTh 3eMJIETPIICEHUSI U3MEPSIach KOJIHMYECTBOM
YHECEHHBIX UM >kM3HEl. OCHOBBIBAsACh Ha ATOM IIKajne u3MepeHuid, B 1999 rony HammonanbHbI
Nndopmannonnsiii Llentp 3emnerpsicennii Poccum omyOnukoBan cmucok 21 camMbIx  OOJBIINX
3eMJIeTpsCeHU B Mupe ¢ 856 roma Hamel spbl.  [leBaTh M3 21 caMbIX KPYIHBIX 3€MIIETPSICEHUI
npousonuid B 20-M Beke. ITO uccieoBaHue ynoMsHyTo 1-poM CepreeM CMeENsSKOBBIM.

Ceituac creayer UMEThb B BHJlY, HACKOJIBKO HEOOBIYHBI 3TH HU3MEHEHUSI C TOYKH 3pPEHUS
oduIMaILHON HAayKH, KOO MPEJCTABIAIOT co00H “nmelicTBue Ha paccTossHuM . Kak ObUIO YCTaHOBIICHO B
riaBe S5, Mbl CYMTaeM, 4YTO MCXOJHAs MPUYMHA CEHCMUYECKOM AKTUBHOCTH — JHEPreTUYECKUE
yBenuyeHust B sape 3emnu. Kornma, OGnaromapsi BHE3aHOMY COJHEYHOMY H3IYUYEHHUIO, M3MEHEHHS
MPOUCXOJSAT OYEHb OBICTPO, HEKOTOPOE KOJUYECTBO CBETAMICHCS IUIa3Mbl B SIAPE CHKUMACTCS
WHTCHCUBHBIMU OKPYXAIOIIMMH JaBICHUSMU O YPOBHA 0o0Jiee BBHICOKOW SHEPreTUYEeCKOW MIOTHOCTH.
CnBur MmioTHOCTH TMO3BOJSIET IJIa3ME€ CBOOOJHO MPOXOIUThH Yepe3 TUIOTHOCTh TPEXMEPHOW MaTepuH.
3ateM cBepxcxkaTas IUla3Ma My3bIpIMH [OAHUMAETCS B MAHTHIO 3€MJIM, U KakK TOJIbKO JaBJICHUE
ociabeBaeT, OHa BHOBb BO3BpAIAETCS Ha3aJ] B TUNIOTHOCTH “‘Ppu3nueckoit Matepun’. Korma nHTeHCHBHOE
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TEIUIO BHOBH BBICBOOOXKIaeTcsi B Ooyiee XOIOAHOW 00JacTH, CO3/1aeTCsi OrpOMHAsl B3pbIBHAs CHIIA, H,
KOHEYHO, OHA OKa3bIBaCT BIUSHUE HAa re0(PH3NIECKYI0 aKTUBHOCTD - HA 3eMJICTPSICCHUS U BYJIKAHBI.

MpbI TOMHUM, YTO B Hayajie riaBel O-p IMUTpUEB COOOIIAET: U3BMEHEHHUS IPOUCXOIAT U B “Ta30BO-
IJIa3MEHHBIX 000JIOUKaX IUIAHET’; U Ha HUX HE BIUACT JCSITCIBHOCTh YEJIOBEYECTBA IO 3arpsS3HEHUIO
OKpyXaromieid cpenpl. B moHochepe BbipabaThiBaeTCs HOBasl Mia3Ma, B MarHuToc(hepe BO3HUKAIOT
OoJiee cuiIbHBIE MarHUTHBIE OypH, B aTMOc(]epe Bo3pacTaeT KOJIMYECTBO IUKIOHOB. Takxke [[Mutpuen
yKa3bIBaeT Ha TO, YTO MEHSETCS “BEUIECTBEHHBIN COCTaB ra30BO-TUIA3MEHHBIX 000J0ueKk’ miaaHeTsl. 1
yTOo OoJiee 3HAaUMMO: Ha 3emiie, Ha BbIcOTe 18 KM HaOmIOmaeTcs 3HAUMTENBHBIM pocT raza HO:
(rugponepokcuaa), 9To abCOMIOTHO HEOOBSICHUMO JTHOOBIM U3BECTHBIM UCTOYHHKOM HITH MEXaHU3MOM,
BKJIFOYAs YMEHBIIIEHHWE O30HOBOTO CJIOS WJIM 3arpsS3HEHHE OKpPYXKAlolmed Cpeabl MOCPEICTBOM
“rmoGanpHOrO motemieHus’. OTAeIbHOE PYCCKOE HMCCIIEeIOBAHHUE MOATBEPIMIIO, YTO B IMPOILJIOM BEKE
o011ee KOJTUIeCTBO 00I1a4HOTO TMTOKPOBA 3€MHOTO IIapa 3HAYUTETHHO YBEITUYHIIOCH.

Kpome toro, B 1994 roxy FOEO coob6mimia 06 OTKPBITHH JIBYX HOBBIX HEOXKHJIAHHBIX TTOMYJISIIHI
KOCMHMUYECKUX YaCTHUILl, HENPEeABUACHHBIX IJisi paJuallMOHHBIX MOsCOB BaH AJieHa, OKpyKarolux
3eMITIo:

1. B nepuo/ipl BHE3aIHBIX COJTHEUHBIX MAarHUTHBIX Oyph, U3BeCTHBIX Kak MHxekunu KopoHanbHOi
Maccol unn MUKM, Bo BHYTpEeHHIOI0 MarauTochepy 3eMin BOPBICKUBAETCS TUIOTHBIH MTy4OK 3JIEKTPOHOB
¢ ’Hepruei 6opie 50 MaB.

2. B paamanuoHHbIx mosicax Ban AieHa, OKpyXaromux 3eMIII0, BO3HHMKAeT HOBBIM mosic. OH
COJICP)KUT MOHBI, XapaKTEPHBIE JJI COCTaBa 3BE3/1I.

CormacHo JIMuTpueBy, Takue aHOMAIMH OOYCIIABIMBAIOTCS HOBBIM KAaueCTBOM 3apsija
MEXIUIAaHETHOTO MPOCTPAHCTBA, MPHUEM MoclieqHee (MEXIJIaHETHOE MPOCTPAHCTBO), MO €r0 MHEHHIO,
NENUCTBYET KaK MepelaTOYHbId MEXaHU3M, MO3BOJISIONINI TUTaHETaM B3auMojielcTBoBaTh ¢ CoOJHIIEM U
renvocdepoil B OOJBIINX CTEMEHSAX, YeM KOrja-nubo paHblie. B Hamiel Mojaenw, OCHOBaHHOW Ha
otkpeiTHsiX KospipeBa, Mwummna, [Homis w apyrux wucciepoBaTenei, Takue (yHKIHH OynaeT
ABTOMATUYECKH BBIMOIHITh TOPCUOHHOE U3nydeHue. M uro emie 6osee BaxHO:

“M3MeHHuBLIEECS] KAueCTBO 3apsiia MEKIUIAHETHOTO IPOCTPAHCTBA OCYLIECTBIIAET HE TOJBKO
(GYHKIMIO NEepeAaTOYHOro0 MEXaHW3Ma BO B3aMMOJCIHCTBUM IUIAHET, HO U MPSMO BIUSET Ha XapakTep
IUIAaHETOQU3UYECKUX  TPOLECCOB M, YTo Oojiee Ba)XKHO, OKa3blBaeT CTUMYJIHMpYIOLIEe U
MPOrpaMMHUpPYIOIIEE BO3JEHCTBHE Ha COJHEYHYIO AaKTHMBHOCTh, KaK B MAaKCUMaJlbHOM, TaKk U B
MUHHMAaJIbHOH (a3zax”.

OtuM JIMHUTpUEB MBITAETCS CKa3aTh, YTO BBICOKO 3apsHKEHHAsl SHEPrUsl B MPOCTPAHCTBE MEKIY
IaHeTaMu chopMupoBasia ByXCTOPOHHIOIO “‘CXeMy’’, TIO3BOJIIONIYIO COOBITUSIM Ha 3eMJjie BIUATH Ha
Counnite, a He TOIbKO cOOBITHAM Ha COJIHIIE BIUATH Ha 3EMITIO.

BosBpamasces k camoii 3emie, BOT elle OAHa JOO0NbITHAs HaOitoaeMas aHoManus — (peHoMeH
Jla-Hunbs unu Dnp-Huaso. Ha MHOTHX cemaHHbIX co cyTHHKA (poTorpadusix, Takux Kak Ha puc. 8.9,
HabI01aeTcs YeTKue HH(PpaKpacHble JTaHHbIE, YKa3bIBAIOIIKE HA TO, YTO C€HYac MPOUCXOIUT OIPOMHOE
MO/IMIOBEPXHOCTHOE Pa30rpeBaHUE OKEAaHOB 3eMJIN:
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Puc. 8.9 Ocpommnsie noonosepxnocmuvie memnepamypHvie AHOMAIUU 8 OKeaHax 3emiu
(c mobesnoco paspewenus Hayuonanovnot Aomunucmpayuu no Oxeany u Ammocghepe (NOAA)

CoJrHEeYHOTO HU3JTYy4YCHUA HU B Koeit MEPE HEAOCTATOYHO, yTOOBI BBEI3LIBATE TAKOE pa3orpeBaHuc,
MIOTOMY TEMIIEpPAaTypHbIE AHOMAJIMHU BO3HUKAIOT TIIYOOKO TMOJ MOBEPXHOCTBIO OKEaHOB. JTO JaeT
OCHOBAaHME I0JIaraTh, YTO OKEAaHBbI PA30TPEBAIOTCS M3HYTpH camoil 3emun. bonee Toro, n-p Imutpues
MOKa3ajl: HANpSHKEHHOCTh MAarHUTHOTO TMOJS 3€MJIM TOBBIILIAETCS M IOHWXKAETCS B IPSAMOU
CUHXPOHU3AlIUKU C TEMIICPATYPHBIMHU WU3MCHCHUAMH B OKCAHC. KpOMe TOTrO, B TEMIICpATypax MHUpa Ha
nporsbkeHun 30 aHel cymectByeT usMeHeHue Ha 0,22° Ilenbcus, KOTOpOE TOYHO COOTHOCHUTCS C
U3MEHEHUSIMU CpellHel 4acTOThl MarHUTHOro mnoist 3emid. OTCIOAa, 3a BCE 3TU W3MEHEHHsI OTBEYAET
CBCTAIIAACA, HaMarHW4CHHad IlJIasMa sapa 3emin. Korna BApPYr MOaBJICHHUC IUIa3Mbl BO3pacTacTt,
BO3HUKACT BCIUIECK HAINPSUKEHHOCTHM MAarHUTHOTO IO M HOABEM TEMIIEPATYpHOI'O YPOBHS,
MOTHUMAIOIIUI TeMiiepaTypsl okeana. ObcepBaropust Hogocubupckue Kirouu B Poccun coobuuma, 4to
BBICOTa MarHUTHOI'O TOJIsI Bo3pacTaeT Ha 30 HaHOTeCa B I0Jl, BHOBb IEMOHCTPUPYSl U3MEHEHHUS B sIZIpe.

YBenuueHue TEIUIoBOM PHEPruu B siApe 3eMId BUJIHO M B OBICTPOM TasHUU JIEISHBIX HIANOK HA
nomocax. B 2000 roxy neastaoi menb(d Pocc B AHTapKTHIE, O pa3MepaM paBHBIH menoMy mraty Po-
A¥eH]l, TIOJTHOCTBIO PAcKOJIONICS M CIIOJ3 B OKeaH, KaKk 3TO CAeNlald MHOTHE IpYyrue menb(bl B
npenpiaymeM necatuietud. K 2002 roxy ckopocTh Ipoliecca 3HaAUUTENbHO YBEJIMUYMIAach. B TeueHue
HECKOJIbKUX MECSIEB OT KOHTUHEHTA OTKOJIOJIUCh TPU TUTAaHTCKUE TJIBIOBI, IBE M3 KOTOPHIX MO3JHEE
oputm  HazBanbl C-18 u C-19. HoBocTm pacnpoCTpaHWIHCh HACTOJNBKO IIUPOKO, YTO JIAaXKe
aIMHUHUCTpanus byiiia, HaKoHel, BbIIILIA BOEPE] U MPU3HAIa, 4YTO “U4TO-TO MPOUCXOIUT .

MarnutHsle moJitoca OBICTPO CABUTAIOTCSA U3 CBOMX MOJOXKEHUH, Bl K TOMY, YTO, KaK CUUTAIOT
MHOTHE aBTOPHTETHBIC JINIA, OyJIeT MOJHOW MHBEpCHUEH OpHEHTAluu ceBep-tor. Kak dacrto cooliaer
MeXAyHapoaHasl paguonporpamma Apm bejin, MarHUTHBIA CEBEp CMEIAETCSI U3 CBOETO HOPMAalbHOTO
TIOJIOXKEHUS C BCe 00Jiee BO3PACTAIONICH CKOPOCTHIO. Bee MpouCcXoauT HACTOMBKO OBICTPO, YTO, YTOOBI
CJI€10BaTh U3MEHEHHSIM MarHUTHOTO T0JI 3€MJIM, a3POIOPTHI BCETO MUPa BbIHYKIEHbI IIEPEKPAIINBaTh
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B3JIETHO-TIOCA/IOYHbBIE TOJIOCHI, TIOCKOJBbKY JUIS TPHU3EMJICHHS CaMOJIEThI JOJDKHBI TOJIB30BAThCS
koMmmacamu. 3a mocnennue necath JeT (¢ 1990 mo 2000 romsr) 3TOT mporecc HaOMoJaeTcs U B
3HAYUTCIIBHBIX HW3MCHCHHUAX HABUTI'daIIMOHHBIX HaTTepHOB, OGOSHEU—ICHHLIX B IIOJICTHBIX KapTax
CaMOJICTOB, XOTSI MBI HE YOCHIIUCH B 3TOM JINIHO.

MarautHoe H3MEHEHHe BIMSeT M Ha >KMBOTHOE IapcTBO. OTpoMHOE KOJIMYECTBO MOPCKUX
KMBOTHBIX aHOMAJIbHO BBIOpACHIBAETCsl HA OEper, a MHOTUE JIpYTUe MUTPUPYIOLIHE KUBOTHBIE, ITUIBI U
pBIOBI COMBAIOTCS C IMYTH MUTPAMM U JIOMAIOT OOBIYHBIE MHUIPALMOHHBIE MATTEPHBI. 3a IMOCIEAHHE
HECKOJIBKO JIET JIIOJM MHOI'O pa3 cooOaJd O ApaMaTUYECKUX CclydasX MacCOBOM CMEpPTH ITHLL.
Hukaknux KOHKpETHBIX OOBSICHEHUH He Ipeliarajoch. B kauecTBe OJHOrO NMpuMepa, KOrja NTHULIbI
coummce ¢ mytu murpanun: B 1999 roay rocts pagno Apm benn Jluana Moynton XoyB cooOumia 00
M3YYEHHM JIByX Pa3HbIX BO3BpAILAIOLIMXCS JOMOM Mopon roiayoel, mpoBojuBiieMcss Ha BocrouHoM
[To6epexbe. [TyTemecTBys Mo XOpOIIO U3BECTHOMY MapIIPYyTy, OeCIIpelieIeHTHOE KOJIUUECTBO roryoeit
0€3HaIe)KHO MOTEPSUIOCh U HUKOI' /1A YKE HE BEPHYJIOCH.

bonee Toro, B kuure I[psaoywue uzmenenus 3emau: QOuesuonHocmo, n-p YunbsiM XaTToOH
pacKpbIBaeT, 4TO BHYTpPEHHEE SApo 3eMiIM HE TOJBKO BpallaeTcss ObICTpee, YeM BHEIIHEEe, HO U
BpallaeTcs MoJ APYruM yrioM. ITO MO3BOJIAET MPEANON0KUTh, YTO BHYTPH 3E€MIIM CABUT OPUEHTAINH
y>Ke MPOU3O0IIEI, & BCKOPE OH 3aBEPIIUTCS U BHEITHUM CIBUTOM.

CEBEPHEDY IOJHC

Puc. 8.10 Cosue macnumuvix nonocos 3emnu: Kopuoopsl mpex npeovloyuux 0CHOBHBIX CO8US08 (C
nobesnoco paspeutenus Mopuca Lllamenena)

J-p JMutpueB U Apyrue HallOMHUHAIOT: IIOCKOJIBKY IEPEMELICHHE MAarHUTHBIX IOJIOCOB 3€MIIHU
MPOAOJKAECTCS, OHM MYTEHIECTBYIOT MO “KOpHIOpAaM HWHBEPCUU MArHUTHBIX IOJIOCOB” — Y3KUM
110JI0caM, KOTOPbIM OHM BCErJa CJIEN0BAIM B IPOLUIOM 0 IOJHONM MHBEPCUU MAarHUTHBIX I1OJIOCOB.
Takue mHBEpCHUU HE SIBIAIOTCS YEM-TO HEOOBIYHBIM, MOO MBI 3HAE€M, YTO B pa3Hbleé HCTOPUYECKHE
IIEpHO/Ibl MATHUTHBIE 10JII0CA HEMPEPHIBHO IEpEMELIANINCH ¢ ceBepa Ha tor. Ha puc. 8.9 MoxxHO BUAETH
IATTEPHBI, OINpPEAEIEHHBIE C IOMOUIBIO aHaIW3a OPHUEHTAMM HAaMarHMYEHHBIX MOJIEKYJ JKeJle3a,
BBICBOOOXK/ICHHBIX B JIABY M3 TOJBOJHBIX TOPHBIX XpeOToB. Korna Boib XpeGTOB KaXKablil HOBBIN CIIOM
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JIaBbl OXJIAKAAJICS, MOJICKYJIBI KCJIC3a OPUCHTUPOBAJIUCH HA MOJOKCHUC MATrHUTHLIX ITOJIFOCOB 3emiu B
TO KOHKPETHOC BpEMsI.

bonee Toro, reonor I'parr bpeiigeH moka3biBaeT, YTO BCE KOMIIOHEHTbl MHBEPCHM MArHUTHBIX
MOJIFOCOB YK€ MMEIOTCs. [lepBblii KOMIOHEHT: B TepMHUHAaX OOIIeld HCTOpUU 3eMIId HaIpPsHKEHHOCTD
HaIllero TpaBUTAIMOHHOTO MOJIs KpaliHe HHU3Ka. Eciy caMyro BBICOKYIO HaIPsKEHHOCTh MPUHATH 3a 10,
TO ceilyac MBI OYeHb ONU3KM K 1, K caMOMy Hayaly IIKajdbl. BTOpol KOMIOHEHT: ceidac
HaMpsHDKEHHOCTh MAarHUTHOTO mouisd npuOiam3utenbHo Ha 38% Hioke, yem 2000 net nHazaxa. Ceifuac
M3MEPEHO, YTO OHA MaJaeT CO CPEeIHEH CKOPOCTHIO MPUOIU3UTENBHO 6% B KaxIble CTO JIET (COrJIacHO
mBeackoMmy yauenomy H. A. Mopaepy, 1988). Tpetnii KOMIIOHEHT: 3JIEKTPOMarHUTHBIE YHEPTETUUECKHE
BUOpammu 3eMiid, U3BeCTHBIE Kak pe3oHaHc [llymana, ObICTpO Bo3pacTaroT ¢ 0OBIYHBIX 7,8 KoneOaHuil B
CeKyHAy 110 8,6 KoyieOaHMi B CEKYHTy M JIJaXKe BBIIIE B OTACIBHBIX MecTax. ['oBoput bpetinen: Kaxmprit
pa3, Korja B HCTOPUM 3€MJIM 3TH TPU KOMIIOHEHTa COBHAJalM, MPOUCXOIWIT CABUT MarHUTHBIX
TOJIFOCOB.

[ToaTOMy, OCHOBBIBASICH HAa TOM MJI€€, MHOTHE HCCIENI0BATENIN MPULUIN K CIEIYIOIIEMY BBIBOLY:
IIPOLIECC BBI3OBET Y)KACHBIM KATAKIM3M, KOTOPBIA IPUBEAET K YHUYTOKECHHMIO YEJIOBEUECKOU
LIMBUJIN3ALUHU, KaKOW MBI €€ 3HaeM. Korga 3alinTHeI MarHUTHBIM 9KpaH MCYE3HET, MBI OKAKEMCS MO
JEUCTBUEM KOJIOCCAJIBHOM BCIBIIIKK COJIHEYHOI'O M3JIy4eHUs, KOTOpas HCTOPUYECKH CBsA3aHA C
MacCOBBIMH BBIMHPAHHUSIMH. 3/1€Ch 3TO BaKHO KOHCTATUPOBATh IOTOMY, YTO OOJBIIMHCTBO JIOAEH HE
MMOHUMAET MeTaQU3NIECKUX MOCIEICTBII BCIBIIIKH HOBOW YHEPTUH.

8.6 NISMEHEHMUS HA COJIHLE

Cmemast pokyc k ConHIly, MBI OOHApY)KHBaeM IOJO0HBIC AHOMAJbHBIC YBEIIMYCHUS B OOIICH
SHEpreTUdeckor akTUBHOCTH. ['pymma corpyanukoB JlaGopatopuu Pesepdopna B DmmiroHe Bo3ie
Oxcdopna, BosrnaBisemass A-pom Maiikom JIOKBYZOM, OTKpbUIa, YTO B MPOLUIOM BEKE 00IIas
HaMpPsKeHHOCTh MarHuTHoro mnois ConHia 6onee yeM ynBownach U ctana Ha 230% Beime, yeM B 1901
roxay. M 4ro emie 60jee HHTEPECHO: CKOPOCTh BO3pACTaHUS HANPSHKEHHOCTH MarHuTHOTO ToJist CorHIa
HEMpPEePHIBHO yBEIUYNBACTCS.

J-p Imutpues coobaeT:
“B memom, BCe pErHCTpPAIllMOHHBIE U HaONIOJATeNbHBIE CPEACTBA TOBOPAT O HAapallMBaHUU
CKOPOCTEH, pa3zHOOOpa3wii, KauyecTB W HSHEPTeTHKH Tenroc(epHbIX mporeccoB Hameid ComHedHOU

CHUCTEMBI .

JaBaiite momMHHMTH, 4TO renuocdepa — ITO MarHUTHOE Toie, Hciyckaemoe CoyHIIEM U
okpy»katoiee Haury COJTHEUHYIO0 CUCTEMY U Jaliee.
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Puc. 8.11 Conneunasn akmuenocmo: munumym 6 1996 200y u maxcumym ¢ 1999 200y
(c nrobesnoeo paspewenusi HACA)

3HaunTenbHOe yBenuveHHe COTHEYHOM aKTUBHOCTH MPOUCXOAUT Kaxknaple 11 mer. CostHeUHBIH
MakcumyM mpuiiencs Ha nepuoa 2000-2002 roger. Ha puc. 8.11 (cierka okpaiieHHbIM 3€JIEHBIM ISt
KOHTpacTa) pa3HHIla MKy COJIHEUHBIM MUHUMYMOM 1996 roma u makcumymoMm 1999 rona odeBuHa.
Bonee Toro, HbIHEUIHUN CONHEYHBIH MaKCHUMyM OIIPOBEPr BCE IMPEACKA3aHUS BPEMEHH CBOETO
okoHuanus. Jlaxe nerom 2002 rogma ConHue NpoOAOIHKAIO JIEMOHCTPUPOBATH BBICOKHI YPOBEHb
AKTUBHOCTH, XOTSI OKUAAIIOCH, YTO OH qocTurHeT muka B 2000 romay, a 3aTeM OBICTPO YMEHBIITUTCS.

B 1989 rony, 5 mapra, B mepuoja MHpeAbLAYIIErO0 COJHEYHOTO MAaKCUMyMa, OYE€Hb MOIIHAs
BCIIBIIIIKA PEHTI€HOBCKOTO H3JIydeHUsl MpuBena K ToMy, uTo COJIHIIE HCIYCKalO MOTOK BBICOKO
SHEPreTUYHBIX NMPOTOHOB, HEMPEPHIBHO JeTeBIMX HA 3eMuto 70 13 mapra. Kak cooOummmu [latenen u
I'unGepr B kuure Ilpopouecmea Maiia, 3TO cOOBITUE 3aCTaBWJIO MAarHUTHBIE TIOJIOCA 3EMIIU
OTKJIOHUTBCSI Ha IEJIBIX BOCEMb TPATYyCOB BCETO 3a HECKOJIBKO YacOB. JTO camMoO€ 3HAUYHMTEIIbHOE
U3MeHeHne MarHutHoro mons 3emun ¢ 1952 roga. Taxoke, 3TO COOBITHE BBI3BAIIO OrPOMHBIC
pa3pylIeHUs] B KOMMYHHKAIIMOHHBIX CHCTEMaX, CO3/1aB MHTEHCHBHBIC CEBEPHBIC CHUSIHUS U TOJHOCTHIO
paspyumB sHepreTHueckylo cetb Kananpl. B TeueHue HecKoONbKUX JHEH Ooliee MIIIIMOHA JIOACH
OCTaBAJIUCH 0€3 IJIEKTPUUECTBA.

J-p Anexceit /IMUTpHEeB COOTHEC HHTEHCUBHBIE COJIHEYHBIE WHKEKIUHU (BBIOPOCHI) C )eHOMEHAMU
Ha 3emile, BKIIIOUas KECTOKHE IOTOAHBIE YCJIOBMs, TaKME KaK yparaHbl, TOPHAaJ0, CEHCMHYECKYIO0 U
BYJKaHHYECKYI0 AaKTHBHOCTh. Ta ke WHOpMamus CKpymyine3Ho 3adukcupoBaHa Puuapaom
[TacuunukoMm B cepun KHUT [Llupoma orcusnu n Ha ero BeOcaiite /Kusoti Kocmoc. U BHOBB, “neiicTBue
Ha PacCTOSHUM CO37AETCS TOPCHOHHBIM HM3ITy4EHHEM, BIHSHUS KOTOPOTO OBUIM HAy4YHO JOKa3aHBI Ji-
poM H. A. Ko3bipeBbIM 1 ipyruMu (4To 00CyKAanoch B raaBe 1 3Toi KHUTH).
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Puc.8.12 Bennecku nomoka npomonos conneunou akmusrnocmu, 1997-1998
(c mobesnoeo pazpeuerus HACA)

B 1995 ronmy HACA 3amycTwiio Ha OKOJOCOJHEYHYIO OpOUTY KOCMHYECKUW 30HI Yiucc u
MOJIYYMJIO KOHKpeTHbIe pe3ynbTarbl. K BceoOmemy ynupieHuto, CoiHIle MOTEpsIO BCE MPU3HAKH
OOBIYHOTO MArHUTHOTO TIOJNS; HE OBUIO HH CEBEPHOrO, HHU FOKHOTO IIOJIFOCOB, TOJIE HAJ BCEH
MOBEPXHOCTHIO 00J1a7]aJI0 TOCTOSIHHOW MHTEHCUBHOCTHIO. HUKTO HE cMor gake HayaTh OOBSCHEHUE, U
KaK KOHCTaTUPOBaJ A-p JMUTpHUEB, 3TO “pe3KO BUIOM3MEHWIO OCHOBHYIO MOJIEJIb T'€JIMOMAarHeTu3Ma u
YCIIOKHSET aHAIUTUYECKUE TIPEICTABICHUSI MarHUTOJIOTOB .

CoMHHUTENBHO, YTO BbICBOOOXKIeHHE dHepruu U3 CoJHIA MPUXOJUT 3@ CUET TOr0, YTO M3BECTHO
KaK MHXXEKLUU KOPOHAJIBHOM Macchl. B Takux cilydasx, OJHOBPEMEHHO CO Bceil moBepxHocTH, ComHIle
BBICBOOOXKJIA€T CYNEPBCHBIIIKY SHEPrHM, YXOJAIIyI0 B IPOCTPAHCTBO B BHJE TIanooOpa3HOro
PACHIMPSIIOLIETOCS ITy3bIPsi, CIIOCOOHOTO COAEPKaTh 10 AECATH MIJIIMAPJOB TOHH HAa3JIEKTPU30BAaHHOTO
raza. He ynuBurensHo, yTo A-p JIMuUTpueB oOBSACHSET: C KaXJbIM I'OJOM CYHNEPBCIBIIIKU ABHXYTCS B
MpocTpaHcTBe ObIcTpee, ueM pasblie! VMIMEHHO 1o 3TOoi mpuyYMHE BbI MOXKETE IJIBITH B BOJE ObICTpEE,
yeM Menacca'®; MeKIIaHeTHOe POCTPaHCTBO CTANO JTYYIIMM TIPOBOJHUKOM. DTO €llle OJHO CIe/ICTBUE
JBUKEHMS Halell reixrocgepsl B 001acTh 00jee BBICOKOM dHEPreTH4eCKON IIIOTHOCTH.

16 Memacca — 0TX0BI CEITbCKOXO03SHCTBEHHOTO IIPOU3BOJACTBA. AMepI/IKaHCKaﬂ nauoMa — IJIbITh, KaKk Mejlacca 0O3Ha4acT
IUIBITH OYCHb MCIJICHHO.
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6 HOsi0ps 1997 roma mpowmsomien TpaHIUO3HBIA BBHIOPOC KOPOHAIBLHOW MAacChl, OLICHEHHBIH Kak
orpomubiii ypoBeHb X-9,1. HACA mnpucBomsio emy SMHTET, IUTHPYeM, ‘“kecTokuii”. B Teuenue 72
gacoB 3eMJysl  3apshKalach  BBICOKO  DHEPreTUYHBIMH  NPOTOHAMHU. TpagullMOHHBIE  MOJENH
npeackassBayid Ha 1997 rox TOJIBKO OMHO YKECTOKOE COOBITHE, HA CaMOM Jiejie MX ObUIO TPH, TO €CTh
300% yBenuuenue. M kak mokasbiBaeT puc. 8.12, )keCTOKOCTh cOOBITHS B HOsIOpe 1997 roma mosgHee
TIPEB3OIILITN COOBITHS €I1e 00JIbIIe NHTEHCUBHOCTH, ¢ arpess mo Mait 1998 roxa.

Coscem HenaBHo, ¢ 10 mo 13 mas 2000 roma, Texymmii or CoiaHUA MOTOK SHEPTUU U MbLIH,
M3BECTHBI KakK “‘COJHEYHBIN BeTep” BHe3amHo mnpekpartwics, BeIHyAUB HACA o00BSBUTH, YTO 3TO
“camoe pe3Kkoe W JJINTENIbHOE YMEHbIIeHHe”, HaOironaeMoe Koria-inb6o. DTO coObITHE BBI3BAJIO
OTPOMHBIC CEBEpHBIE CHUSHHUS Ha 3eMJie M 3aCTaBWJIO MarHUTHOE Tolie pa30yxHyTh 1m0 500-600%
00BIUHOTO pa3mepa. MHOTHE MEXIyHApOJHbIE CIIYTHUKH MOATBEPIMIH, YTO 3TO €IUHCTBEHHOE CaMoe
00JIbII0E pacIIMpEeHHe MAarHUTHOTO T0JIs 3eMJTH, KOTOpOe OHM Kor/ia-mubo Habmonanu. PUcyHok crieBa
MOKa3bIBA€T MAarHUTHOE Toje 3eMiId B 0oJiee CKaTOM M PHEPreTUYHOM COCTOSHUM, PHUCYHOK CIpaBa
JIeMOHCTpHUpYeT Oojiee pacciaalbiIeHHOE COCTOSHHE, MPU KOTOPOM MPOUCXOIUT pacuiupeHue. I omyOoit
KOHEI[ CTIIEKTpa yKa3bIBaeT Ha 0oJiee BHICOKYIO CTENEHb 3apsia MarHUTHON YHEPTUH, YEM KPaCHBIH.

Puc. 8.13 500-600% pacuupenue macHumno20 nojs 3emau nocie NpeKpaujeHusi COTHeuHo20
séempa (c nrobeznozo paspewernuss HACA).

3atem, 14 urons 2000 roga KojioccabHasi COJIHEUHAsl BCHBILIKA “‘BBICTpeNnia” MPsIMO B 3eMIIIO.
[Ipotonsr or Comuna gouwun g0 Hac Bcero 3a 15 munyr. HACA ykazano, 4To 3T0 camas OoJibiias
CKOPOCTh TIEPEIBIKEHUS, YeM Koraa-nubo HaOmonanach panbine. CKOPOCTh CaMOro YHCTOTO CBETa
BCETO B JIBa paza MEIJICHHEE, YeM 3Ta; paccTossHue oT CoHIa 10 3eMJIM OH TIPEOI0JICBACT 32 8 MUHYT.
OOBIYHO, HE CUMTAIOCh, YTO JHEPreTUYHBIC MPOTOHBI MYTEHIECTBYIOT CO CKOPOCTHIO, HACTOIBKO
OJM3KOM K CKOpOCTH cBeTa. Ilociie BCIHBIMIKKA MPOU30IIET BBIOPOC KOPOHAIBHOW MAacChl, KOTOpas
neuranack Ha 200% ObIcTpee, 4YeM OXKHUAAIOCh B TPAIUIMOHHBIX MOJENSIX. MHOKECTBO CIyTHUKOB U
6opToBOE 000pYyAOBaHHE HAa HHUX OBbUIO JHOO BBIBEACHO W3 CTPOS, JHMOO MOJHOCTHIO pa3pylIeHO,
BKJTIOYAst SITTOHCKUM “CITyTHUK JUISI KOCMOJIOTHH U acTPO(QHU3UKK ™, TPOJODKABIINMA CIIETI0 HAMaThIBATh
BUTKH CBOEH OpOUTHI.

8 Hos10pst 2000 rona 3a BRIOPOCOM KOPOHAIBHOM Macchl MOCJEN0BaNIa KOJOCCANbHAas BCIIBIIIKA,
BBI3BaBIAsl OJIHY W3 CaMbIX WHTCHCHBHBIX MAarHHTHBIX Oypb 3a IOCJICIHHUE ICCATHIICTHS. Y TapHas
BOJIHA jJocTturia 3emun Bcero yepe3 31 vac - 10 HOsOps, BABOe ObICTpee, YeEM OKUIANOCH YUCHBIMH
HACA. Kak moxHO BHIeTh Ha puc. 8.13, CKOpPOCTh IBIKEHHUS YHAApHOW BOJIHBI BBIOPOIIEHHOTO
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cosniHeuHoro BeTpa coctanisiia oT 600 mo 1000 kM B cexkyHAy, a KOJMYECTBO BBICOKO PHEPTrE€TUUHBIX
MIPOTOHOB, HM3MEpeHHOe BOKpYr 3emud, gocturano ypoBHsS B 100.000 pa3 Oosblie, 4em OOBIUHO.
Cnyrtauku COXO u Cmapoacm He ObUTM pacCUMTaHbl HA MPOTHUBOCTOSIHUE TAKOMY BO3JEHCTBHIO, OT
BCTIBIIIIKA OHU OCJEIUIM W HE MOTJU “BHAETH  3BE3/bl, KOTOPHIE OOBIYHO WCIOJb30BAIH IS
OpUEHTAIINH.

1000 SOHO Proton Monitor -- ckopocTh CONHeYHOro BeTha [kmic)

900 _

300.' s —':""i*."; \JH e A :
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Puc. 8.14 Benvuwka 6 ckopocmu coneuHo20 eempa nocie 8blopoca KOpoHaibHot maccwl 10
Hos0ps 2000 2o00a (c nobesnozo paspewenus HACA/COXO)

Bcro Bropyro Hememio ¢espans 2001 roma ComHie emne ObUIO aKTUBHBIM, HETPEPHIBHO
6oMOapaupys 3emito yactunamu. B o Bpems HACA BnepBble 3a4BUI0: MarHuTHbIe motoca CosHia
npeOBIBAIOT B MPOIIECCE MHBEPCHU, YTO OOBIYHO OKUAAETCS B KOHIIE KaXI0ro 11-1eTHero CoJHeuHoro
nukia. [lockonbky MHBEpCHs Hayajlach, BTEKarolass B 3€MJII0 SHEPIUs BHOBb BHE3AIHO BO3pOCIIA,
BbI3bIBasl psAJl OYEHb CEPBE3HBIX 3EMIIETPSACEHUH. DBONBIIMHCTBO TPAAUIMOHHBIX YYEHBIX BCE €LIE
OTKa3bIBAIOTCS 3aMeYaTh TaKUe OUEBUHBIE CBA3H.

12-25 sHBaps MBI HaOMIOmAIM 3eMJICTPACEHHS Ha MmoOepexbe Ausacku (6,9 Oamma), B Db
CamsBagnope (7,6 6amna) u B 'ymxapare, Uaaus (7,9 6amna). 28 deBpanst B Cudtie, mrar BammHrToH,
npousonuio 7-0ampHoe 3emieTpsceHue. Bo Bpemsi 3TOro 3emiieTpsiCeHHs MarHUTOMETP MpPOTrpaMMbI
HAARP 3apeructpupoBain BHE3aIIHOE MaJCHUE HANPSKEHHOCTH MAarHUTHOT'O MOJIA 3€MJIM OT HYJIA 10 —
200 ramMmma. DTO MOKa3bIBAET, YTO JABJICHHWE HA CBETALIEECS IUIA3MEHHOE AP0 3€MJIM 3aCTaBHJIO €ro
OJTHOBPEMEHHO BBIOPOCUTH OTPOMHYIO BCHBIIIKY YHEPTHHU, YTO M BBI3BAIO 3emiieTpsiceHue B CHITIE.
Korna 3emist BeicBOOOIMIA 3apsij, MPOU3OIUIO MTHOBEHHOE MaJeHHE HANpsSKEHHOCTH MarHUTHOTO
moyiss  (TTOCKOJIBKY SHEPTusi BBICBOOOIMIIACH). DHEPreTHYeCKUil JePUIHT OBICTPO  3aTOJHUIICS
BTEKAIOIIUMHU JaBICHUSIMH COJIHEYHOT'O TOPCHOHHOTO U3IYUYEHHUS, U 3TO OTPA3UIOCh HA MarHUTOMETPE.

TpaauroHHBIE TEOPUH CUNTAIIH, YTO KOT/Ia IPOUCXOIUT MHBEPCHS MOIt0cOB, COHIIE CTAHOBHUTCS
XOJIOZIHEE, TOCKOJIbKY paHblle Tak 0pu10 Beerna. Onnako ¢ 18 mo 28 mapra 2001 roga MarHuTHOE T0JIE
ComnHIIa OCTOSHHO YBEMYMBAIIOCH, M 29 MapTa mpown3onuia OoJbinasi BCHIBIIKA. 3a HEH MOCIe10Bal
BBI6pOC KOpOHaJIBHOI‘/JI MacCcChI, Ha 4TO 3eMIIsl OTBETHIIA HHTEHCUBHBIMHU CCBCPHBIMU CUAHUSMH.

3arem, 2 anpens 2001 roma, conmHewyHas BCHBIIKAa o7 HOMepoM 9393 molOmia Bce peKopabl
SAPKOCTH M CWJIbI, CO3J1aB HU3JIydyeHue kiacca X-22; mpuueM A0 3TOTO IIKaja H3MEepeHHi Oblia
paccuuTaHa Ha myraroumi MakcumyMm 20. DTa BCIBIINIKA CYUTAETCS CaMOW CHIJIBHOM 3a mocieaHue 25
JIeT, IOATOMY € MPUCBOMJIM Ha3BaHUE “‘Mera BeIbllIKa”. J[Be mocienyronye NHKEeKIUH KOPOHaIbHON
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maccsl (MKM) BeicBoOoaumucs 10 ampens. Ilepsas MKM nBuranace MejuieHHee, 4yeM BTopas U Obuia
Ha3BaHa “KPOBOXATHON’, TOCKOJIBKY MOTJIOTHJIA ABUKYIIYIOCS OBICTpEE BTOPYIO.

K cuactbro, ypoBeHs X-22 uzydeHust Benblku 9393 ynapun 3emito He IpsiMo, OO OHA OKa3ajiach
B TPH pa3a CHJbHee, yeM coObiTHe MapTa 1989 roma, OTKIOHMBIIEE MarHWTHOE moje 3eMiu Ha 8° u
paspyumBiiee 3HepreTuueckyro cetb Kananpl. Bcembimika B Tpu pa3a Oosibliie MOrjia 0OECTOYHTH
OYKBaJbHO MOJIOBUHY 3E€MIIH.

Benen 3a Humu, 11 anpensi, Mpou30IUI0 HECKOIBKO CHIIBHBIX TOPHAI0, HEKOTOPHIE U3 HUX OKOJIO
300 metrpoB mmpuHoil. OHu 3atponynu Kanzac, AioBy, Oxiaxomy, Muccypu u HeGpacky — Bech
Cpennuit 3anag Coemgunennwix IlltatoB. 7 ampenst mpousonuio 3emuerpsicenre B Wuponesuun (5,7
6ammoB). 13 ampens 5,9-6anmpHOe 3emuerpsicenne B Kutae paspymmio 30.000 momos. 15 ampens
npousonuio 6,5-0anbHOe 3eMIIETpsCeHUEe Ha MoOepexbe SANoHMU. BONBIIMHCTBO YYEHBIX HE XO4YeT
MPU3HABaTh CBS3b MEXAY COJHEYHON aKTHUBHOCTHIO M TaKMMHU COOBITUAMM KaK CypoBas Ioroja u
3eMIIETPSICEHHSI, HO MbI BUJIMM, YTO dHEpreTudeckue (heHOMEHBI B3aUMOCBSI3aHbl. IMEHHO MTO3TOMY BCe
3TH COOBITHUS CTPYIITUPOBATINCH BOKPYT BCIIBIIIKH COTHEYHOM akTUBHOCTH 10 ampens.

C Toro BpeMeHH U 1O Cceil IeHb COJTHEUHast aKTUBHOCTb HE YMEHbIIAeTCs, CO3/1aBasi MpoOIeMbl JUIs
yueHbsix HACA u 60npme KM, gem npenycMaTpruBaioch B TPAAULMOHHBIX MOJENAX. DTH COOBITUS HE
3amamuuBanuck HACA wunm JOpyruMu KOCMHUYECKMMH areHCTBaMH; IPOCTO MM HeE YIeNsIoch
JOCTAaTOYHO BHUMAHHUS B CpeAcTBaX MaccoBod mH(popmarmu. CaMblii MOCIEIHUNA HUKI COJHEYHOTO
MakcuMyMa OBl HAaCTOJBKO SHEPreTH4ecKH CuileH, uTo Jxopixk YUTOpoy, HayuHbI pyKOBOAMTEINb
[Mporpammer  Csizu  CounHie-3emisi, OmMyOJIMKOBal 3asBICHUE, TJIACHBIIEE: “ODTO yHHUKAIHHBINA
MaKCHUMYM COJIHEYHBII aKTUBHOCTHU BO Bcel uctopuu. Pororpaduu 1 1aHHbIE MPEB3OILIN CaMble TUKHE
OKUJaHMsI ACTPOHOMOB MPOLLIOrO MOKOJIEHUS .

6.7 DJHEPTETUYECKUME U3MEHEHUS HA IIJIAHETAX

B nameii s¢upnoit mogenu ConHIe TOTIONIaeT OONBIIYI0 YacTh OKPYXKAIOIIEH SHEprHH Ha
IIOJIFOCAX, 3aTEM YCKOPSET 3Ty PHEPrUI0 B IUIOCKOCTH JKJIMITUKH Ha 3KBarope. Iloaromy, anamornyno
BO3JYIIHOMY IIApy, KOTOPBIA MOYKHO HAaJyBaTh TOJBKO 10 ONPEAEIIEHHOIO Ipenesa Mpexae, 4YeM OH
B30opBeTcs, ColHIE BBIHYKICHO BBICBOOOXKIATh CAEP)KUBAEMBI SHEPIeTUUECKUN 3apsisl, CO3/AaHHBIN
yBeJIMYeHUEM IUIOTHOCTH 3Hepruu JIM3C, mocpencTBOM MOTOKOB PEHTI€HOBCKHUX Jy4ei, OrpPOMHBIX
COJIHEYHBIX BCIIBIIIEK, UCITYCKAHUH MPOTOHOB U BhIOpOcaMu Macchl. B ¢BOIO ouepenb 3TO BBIHYXKAAET
MEXIUIAHETHYIO CPeIy CTAHOBHUTHCS JIYYIIUM IMPOBOAHHKOM, YTO IOMOTaeT HAChIIATh IJIAHEThI BCE
O0NBIIMMU U OOJIBIIMMHU KOJIMYECTBAMHU SHEpreTudeckoro 3apsnaa. OTcrona, eciiu IIaHeThl 001aJatoT
SIpaMy U3 CBETSIIENCS MIa3Mbl, CHOCOOHBIMU XPaHUTh U BBICBOOOXIATh SHEPTHUIO (YTO MbI BUJIEIH Ha
3emiie), TOrja CIEAyeT OXKUAaTh, YTO HEYTOo Moao0Hoe Oyaer HabmomaThcest BOo Bceil CosiHeuHOU
CUCTEME.

UccnenoBanue miaHeT A-poM JIMUTPUEBBIM JE€MOHCTPUPYET IOBBIIIEHUS CKOPOCTH CJIBUI'OB
MarHUTHBIX MOJIFOCOB, U3MEHEHHUS KIIMMATa, 3eMJICTPSICCHHSI M [IUKJIOHBI HAa 3eMIie, YBEITUYCHHE 3aps 0B
MarHUTHOM M IUIa3MEHHOW SHEPruu Ha JAPYruxX IUJIaHETaX W M3MEHEHHS B KAaueCTBE MX aTMOC(]EpHI.
Kpome Toro, HEKOTOpbBIE IJIAHETHI CTAHOBITCS 3aMETHO spYe. Bce HMKEH3IOKCHHBIE IMOJIOKCHUS
3aMMCTBOBaHbI U3 paboThl [IMUTpUEBa, €Clii HE OrOBOPEHO 0CO00:
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8.7.1 IVIYTOH

[InyToH, camast manekas HaOiarofaeMas IUIaHETa, HEJABHO IMPOJEMOHCTPHUPOBAN 3HAYUTEIbHBIH
HEOKUJaHHBIA POCT TEMHBIX IIITEH HA MOBEPXHOCTH.

8.7.2 HEIITYH

HekoTopsie ydeHble mojaraiT, 4yTo Ha mjaHeTe HenTyH HeaaBHO MPOU3OLLIA MOJHAsS UHBEPCHUS
MarHUTHBIX MOTIOCcOB. Korma Mumo Hero mpomnetan 30H1 Bosdaicep, ObLT0 0OHAPYKEHO, YTO MAaTHUTHOE
MoJIE HaKJIOHEHO K TMOJIoCy BpamieHus moutd Ha S50°. CyumTaeTrcs, 4TO 3TO COOBITHE MPOU3OILIO
HEJaBHO, TIOCKOJbKY, IUIaHETO(MU3MYECKH TOBOps, Takas HecOaJTaHCUPOBAHHOCTh  OOBIYHO
MPOJIOJIKAETCS TOJBKO OTHOCHTEIBHO HEOOJBIION NMPOMEXKYTOK BpeMEHH. Takke, 3aMETHO MEHsEeTCS
PEeXUM CBETUMOCTHU U JUHAMUKH SIpKUX nsaTeH Ha Henryne.

8.7.3 YPAH

Bosioocep BbIsiBUN: Kak M Ha HenTyHe, MarHUTHOE IOJI€ IUIAHETHl YpaH HAKIOHEHO K OCH
BpameHusi Ha 55-60°. Cuurtaercs, 4To OJHOBpPEMEHHOE moBeAecHHWe HenTyHa u YpaHa BO3MOXXHO
noromy, 4ro 1 HentyH m YpaH SBISIOTCS MarHUTOCONPSOKEHHBIMH TutaHetamu. O0e OoHM 007aiaroT
MOXOXKeW aHOManuel, KoTopas MO3BOJSET MpeArnojarat HEJaBHO MPOM3OLICAIINNA U ele He
cOamaHCUPOBAaHHBI  COBUI  MarHUTHBIX momocoB.  Kpome Ttoro, marmutochepa  VYpana
MIPOJIEMOHCTPHUPOBAIA “pe3koe, KaTacTpopuuecku KpyImHOMACIITAOHOE HapallliBaHUE HAMPSKEHHOCTH .

8.7.4 CATYPH

Ha CatypHe HenaBHO HaOMIOAANUCh SIPKUE LIBETHBIC MOJSIPHBIE CHUSHUE, SIBHO YKa3bIBAIOIIUE Ha
sHepreTudeckuil 3apsan. Puuapa IlacmuHMk HanpsMyro CBS3BIBAET U3MEHEHHUS SPKOCTH C COJHEYHOU
aKTUBHOCTBIO. bouiblias 4acTh MOJSIPHBIX CUSHUI coOupaeTrcst BO3j€ IMOJIOCOB, M Ha MH(PaKpacHBIX
¢dororpadusx MOKHO HaOIIOJaTh 3HAYUTEIBHBIA IPUPOCT SHEPTHH.

8.7.5 IOIIMTEP

C 1992 rona marautHoe mosie FOmuTepa yaBOMIIO CBOIO HANMPSIKEHHOCTH, O0IIast SPKOCTh TaKXKe
ycwiuiack. JIMuTpueB u Apyrue cuumrtaroT, uyto “xomera’ lllymeiikepa-JleBu, cuipHO ynapuBmias Mo
mnaHete B uione 1994 roma, Ha caMOM Jelie TPEACTaBIsIa COOOM pSAJl CBETSIMIMXCS TUTA3MEHHBIX
oOpa3oBaHuil. 9T0 OOBIACHIO OBbI, MOYEMY MOCIEI0BATENBHOCTh SPKUX Cep ABUTaNIach MO JUIMHHON
npsiMoit uann. Kak ToiapKko “miasMouaHbii moe3a” yaapui mno HOnurepy, Ha HEM CTaiau HaOII0IAThCS
“HOBBIE COCTOSIHMSI M IPOLECCHI’, BKJIIOYAs M30BITOUHYIO BBIPAOOTKY IUIA3Mbl. 3aTeM H30BITOYHAs
Ija3Ma BBICBOOOXKIAIaCh B Ty K€ MAaTEpUI0, YTO M COJHEYHBIC KOPOHAIBHBIC ~NBIPHI’, Co3daBaja
CBEUYECHME PaJUaLMOHHBIX I10SICOB B BHJIE 110JIOC IMPUHON 13,2 1 36 cM, a TakKe KpYIHbIE aHOMAJIUU B
BH/I€ MOJISIPHBIX CUSTHUM.

B 1997 ronmy wmexnay IOnutepoM u ByJIKaHMYECKUMH 0O0dacTsIMuU ero crnyTHuka Ho
chopMupoBanack TpyOa CHUSIONICH MIa3MEHHOW YHEPTrUU C HEBEPOSITHON SJIEKTPOMATHUTHOW CUIION B
OJIMH MWUIMOH ammep. OTO fABJIEHUE SBIsAETCS YOEOUTENbHBIM CBUAETEILCTBOM TOIO, YTO
BYJIKAHUYECKAs] aKTUBHOCTb BBI3BIBAETCS BBICBOOOXKIECHUSIMHU YHEPTUU CBETSIICHCS TUIa3Mbl B spe
raHeTsl uiy TyHbl. HenasHo, B deBpane 2001 roxa, yuensie HACA naGmronanu Mo, koraa coTHeUHBIH
CBET Ha Heil 3aTMeBancs FOnmutepom. OnHu 0b6Hapy)wmm, uto Mo crama sipde, ueM Koraa-in0o paHbIIle,
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3aMETHO CHss JIaXke TOT/a, KOrja Ha Hee He Majaji COJHEYHBIH cBeT, GopMupys “IuiasMeHHBId Top”
BOKpYT caMoi cephl.

8.7.6 MAPC

Kakx coobmun a-p JmutpueB, atmocdepa Mapca IeMOHCTPHPYET OIpPEACICHHBIC NPU3HAKU
npeoOpa3oBaHuil. OTU mpeoOpa3oBaHUs YIy4YIIMIM KadecTBO Ouocdeprl. B obmactu skBaropa
Ha0r0aICs pocT 00JIAKOB M HEOOBIYHOE YBEITMYCHUE KOHIICHTpAUK 030Ha B aTMocdepe. bosee Toro,
B ceHrsa0pe 1997 roma cmyrauk Mars Surveyor cromknyncs ¢ 200% yBeTWYEHHEM TUIOTHOCTH
aTMoc(epsl mIaHeThl, KOTopasi paHblie Oblia BhrunciaeHa Ha ocHoBe naHHbIX HACA. Kak yka3biBaeT a-
p Amutpues, O6onpiasi MIOTHOCTh U3TMOAET OAMH U3 COJTHEYHBIX MATPHUUYHBIX PYKAaBOB, YTO 3aCTaBHIIO
CIIyTHUK IUI0XO paboTaTh.

Puc. 8.15 Tasnue nonapuvix nedsmvix wanox Ha Mapce
(c mobe3noeo pazpeuwenus HACA)

Henagno, B nexabpe 2001 roga, HACA ony6aukoBaio ¢pororpaduu, NOKa3bpBaKOLIME YBEIUUCHUE
CKOPOCTH TasiHUS MOJISIPHBIX, JISISHBIX Ianok Ha Mapce. Puc. 8.15 Hanbonee sspko 1€MOHCTPUPYET ITH
u3Mmenenus. “I'mobGanpHOE moTerieHne” Ha Mapce SBUIOCH MOJHOW HEOXXHIAHHOCTBIO ISl JIF0OOM
TPaJULIMOHHONW MOJIETIH, HO YETKO YBSI3bIBAETCS C M3MEHEHMSMH, C KOTOPHIMHU MBI CTAJIKHBaeMCs Ha
3emiie, BbI3BAHHBIMHU YBEJIMUEHUEM DSHEPIMM B CBETSIIEMCS IUIA3MEHHOM snpe 3emiu. EcTecTBeHHO,
YTO B HEJaBHEM OOCYXICHHMH “TJIOOATBHOrO MOTEIUICHHS Ha 3emiie aafMUHUCTpaius byma maxe He
yrnomsiHys1a 00 3ToM siBIIeHUH Ha Mapce.

8.7.7 3EMUJISAL

3emiTto MBI yKe 00CYKaaiu Bo Bcex netansx. Ceiddac cieayeT MOMHUTD, YTO HAOIIOJaIHCh SIBHBIE
MPU3HAKH TOTO, YTO arMocdepa TUIaHEThl MeHseTcs. MeHSeTcsh XMMHYECKHH COCTaB aTMOC(ephl, U
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HaOJI0aeTcsl yBeMUEHUE CpeHell MIOTHOCTH oOnakoB. B moscax Ban AjsieHa mosiBIsiIOTCS HOBBIE
3apsKEHHBIE YaCTHIIBI ¢ Ka4eCTBAMH, OOBIYHO HAOII0Ja€MBIMU TOJIBKO B M3JIYYEHHSIX OT 3Be3]l. Takike,
nasaiire noMHUTH 0 410% pocte uncna karactpod (c 1963 mo 1993 roasr), 400% yBenuueHUH yucia
3emuierpsicenuid (¢ 1973 mo 1998 roael) u nmoutu 500% yBenuUEeHUH BYJIKAHMYECKON aKTHUBHOCTHU (C
1875 mo 1993 rospr).

8.7.8 3EMHAS JIYHA

CornacHo MccienoBaHuio, MposeaeHHOMY B 1993 rony yueneiMu bocTtoHckoro YHuBepcuteTa,
Hama Jlyna obnamaetr HatpueBod atMocdepoit u mocturaeT BICOTH 9000 kM. Muccun KOCMHYECKOTO
anmapatra Anoanon obHapyxunu B atMochepe JIyHbl aTOMBI aproHa u renusi, 3aTeéM HAOJIOACHUS C
3emmu (B 1988 romy) mpubaBwim K CIHUCKY MOHBI HATpUS W Kajaus. JIMUTpPHEB CUYMTAET, YTO 3TO
CBUJICTENILCTBO pOCTa ‘“TpeaBapuTeIbHON” aTMochepsl, MOCKOIbKY MO CpaBHEHHIO ¢ aTMochepoii
3emmnn, atmocdepa JlyHsl B Muyumapn pa3 MeHee rioTHas. Eciam atmocdepy JlyHBI ckaTh 110
TEeMIIepaTyphl U IJIOTHOCTH MOBEPXHOCTH 3€MIIM, OHa YJIOXHIach Obl B 00beM 64-mMeTpoBOro kyoa.
Henasno, B HOs10pe 1998 rona, cnemyromnuii 3a METEOPUTHBIM JTOKIEM JIeoHud OTPOMHBIN XBOCT U3 rasza
HaTpus, NpOIIEeAIMA Ha “paccTosiHUM, NO KpaitHel wmepe, 804.500 km ot JlyHbl, M3MEHWI €€
XapaKTePUCTHKU 3a TPH MOcie1oBaTebHble HOuM . CUMTAIOT, YTO 3TO MPOMU3OILIO OJIarofaps yaapam o
MOBEPXHOCTh JIyHBI MHOTHX MHKPOMETEOPUTOB JIeoHuoa, TaKkKe 3TO MOIJIO OBITh PE3yIbTaTOM
HHEPreTUYECKHX TUIa3MEeHHBIX 3((HEKTOB.

Jannble o pa3ButM atMocdepsl JIyHbl Bceraa BbI3BIBAJIM MHOKECTBO BOIIPOCOB Ha HAIIMX
CEMHUHapax, MOATOMY B 3TOM KHHUI€ Mbl pEUIMJIM HCCIEN0BaTh 3TOT Bompoc. Hamie uccrnenoBanue
packpbU10, YTO BIEpBBIE HaTpueBas aTMochepa Obuta oOHapyxeHa OnuHHOM U Meauuio B 1933 rony.
B 1994 rony A. Ilottep, T. Mopran u JI. Jkunnuas HOBTOPUIIN 3Ty TEXHUKY € OOJIbIIENH TOUHOCTHIO. B
pe3yibTrate ObUIO OOHApyXeHo, YTo aTMoc(epa TsHeTcs mo Bcei moBepxHocTH JIyHbl. CoriacHo
npodeccopy Teomope U. Melinn uz Yausepcurera Pyrrepc:

“...CyLIECTBYET CIIMUIKOM Majo JAaHHBIX, YTOOBI MOAJEPKaTh J1I000e 00BsICHEHUE (IIOSIBICHUS
JYHHOH aTMocdepsl), U HUKaKoro oduiero cornamenus. Kakue nporeccsl caMble BaKHbIE .

HO-p . W. llemancku BHOBb ‘“HapyllaeT MpaBUJIO’, YIOMHHas cTaThio (B coaBTOpcTBE € T.
Mopranom) 06 “aBostounu arMmocgeps! JIynsr”. OH NOIYEPKUBAET, UTO CO BPEMEHU MUCCUN Ano/iona
KOHLEHTpALUsl HATpUs M Kajus 3HAUYUTENBbHO BO3pociia. B kKauecTBe OJHOrO0 BO3MOKHOTO MCTOYHUKA
atmocepsl, T. Y. Meiian u b. B. AxmmHckuil npeioxkuy “3apsKeHHbIEe YaCTULBI, pa30pbI3ruBacMble
COJIHEYHBIM BeTpoM”. Moaenb J[MuTpueBa mojaraer, 4ro pa3BUTHE JYHHOH aTMOc(epbl 3amycKaeTcs
HallUM JBI)KEHHEM B 0Oojiee BBICOKYIO BHepreTudeckyro ImioTHocTh JIM3C, uro yBenuuuBaer
COJIHEYHYIO aKTUBHOCTb.

8.7.9 BEHEPA
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Puc. 8.16 3enenoe Cusinue nHa nounou nogepxnocmu Benepul
(c mobesnozco paspewenuss HACA/Kophenvckoeo Ynusepcumema)

3HaYHNTEILHBIC (1)I/I3I/I‘-IGCKI/IG, XHUMHUYCCKHUE U ONITUYCCKUEC N3MCHCHUA Ha6J'IIOIlaIOTC$I n Ha BeHepe.
OHHM BKIIOYAIOT PE3KOC YMCHBIICHUC KOJIMYECTBA COACPIKAIIUX IIapbl ra30B, MHBCPCHUIO obOmacteit
CBCTJIbIX U TCMHBIX IIATCH U 3HAYUTCIIBHOC YCUIICHUC 06111e171 APKOCTHU IIJIAHCTHI. Cratps Kennera Yanra
B ra3cTec Hbm-ﬁopk TaﬁMC, INOCBAIICHHAsA 3THUM U3MCHCHUAM, I''TaCUT!

“Kax/plii pa3, Korja ydyeHble cMOTpAT Ha Benepy, npeacrasisiercs, YTO OHU BUISAT HEUYTO APYroe;
SIBJICHUS TIOSIBJSIFOTCS. M HMCYE3al0T Kak yiblOka Yemmpckoro kota. B HosOpe 1999 roma S.R.I
International u O6cepBaTtopus B JloBemuie HanpaBuiau 10-meTpoBblid Teneckon Keka, pacnonoxeHHbIN
Ha Mayna Ku, ['aBaiin, Ha HOuHyIO CTOpOoHY BeHepbl (Ha BOCeMb MHUHYT) U YBHUJICIH OTYETIHNBOE
3elIEHOE CHUSHHUE aTOMOB KHCIIOpoaa. “ITo ObLI HacTosmui cropmpus”, - ckazan Tomac I'. Cnengep,
yuaenblid S.R.l. u Bexymmii aBTop cTaThH B )KypHaiIe Hayka.

XoTst craTbu 00 aHOMAJbHBIX YBEIHMUYEHUAX DSHEPrMM Ha BeHepe M MOSIBISIIUCH B CPEICTBAX

MaccoBOi MH(pOpMaIMK, HU OJHA W3 HUX HE paccMaTpuBaia 3TH JIaHHBIC KaK €Iie OJHY (DYHKIHIO
W3MEHEHUH, TPOUCXOIAIINUX BO BCel renmocdepe.
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8.7.10 MEPKYPUMI

[Mopo6uo Jlyne, Ha Mepkypuu HaOmonaeTcs pa3pexeHHas aTmocdepa, COCTOsIIAs U3 HaTpus,
KaJsl U IPYTUX 3J1eMEHTOB. TpaluiioHHbIE TEOPUH JOIT0 MYYaJIUCh € 3TOH aTMOc(hepoil, HOCKOIbKY
Mepkypuit HaxonuTcst oueHb 6au3ko k Comnniy. TeM He MeHee, ee MOXKHO U3MEPUTh. ITO TOKE MOKET
yKa3blBaTh Ha TOSABJIEHHWE HOBOW “‘mpenBaputenbHO” atMocdepsl. [lacuyHuk coobmiaer, 4yro Ha
Mepkypuu HaOIr0a€TCs JIe]] Ha MOJI0CAX, YTO CYMTAJIOCh HEBO3MOXKHBIM, YUUTBIBas €ro OJIM30CTh K
CoumnHiry.

8.8 BBIBO/IbI: IPEOBPA30OBAHUE I'EJIMOC®EPHI

[IpencraBnenHast B 3Tod riaBe MH(OpManMsg JAaeT BCe OCHOBAHUS IMOJaraTh, YTO Mbl HA CAMOM
nene npmxemcs K “Touke Omera” sHepreTuyeckoro usMeHneHnus. B nameit Mutepuer-crarbe I 1agHulil
Cexpem Kanenoapss Maiiss mMbl TIpeacTaBisieM wuccienoBanue a-pa Cepres CmensikoBa, KOTOPOe
MO3BOJISIET yKa3aTh TOYHYIO JIaTy 3aBEpIIEHUs Hallero JBrkeHus. Hukorna paHbllie 3TH JaHHBIE HE
OTHCHIBAIMCH HUKAKUMU aHTJIOSI3bIYHBIMU aBTOpaMHU. B 3Toii cTaThe MBI paccKa3bIBaeM, UTO BPEMEHHOM
ki Kanennaps Maiist (mpubnusutensHo 5.125 ner) neneHHbI Ha oTHOLIEHHE “Gu’” B “aypuyecKux’”’
neprogax BpeMeHH (KOTOpbIe CTAHOBATCS 3HAYMTEIBHO KOPOYE MO MPOTSHKEHHOCTH) AT KOHEUHYIO
naty “B3pbiBa BHYTphH . Korma kaxkablii BpeMEHHOM IHKJI OJU3HUTCS K KOHILY, Ha 3eMJe MPOUCXOISAT
KoJIOCCalIbHBIC dHEepreTudeckue heHoMensl. Bee 21 caMbIX CHIIBHBIX 3eMIICTPSCEHHI ¢ 856 rona Hamen
3pBl TOYHO YKJIANBIBAIOTCA B “Toukd Oudypkamuu’”, BOSHHUKIINE B PE3yJIbTaTe HAIIETO OBICTPOTO
JIBUKEHHUST M3 HHU3KO-DHEPreTUYHOro B Oojiee BbICOKO-3HepreTuuHoe coctosHue B JIM3C. B stH
MIEPUOIBI TPOUCXOSIT U B3PBIBBI OJIMKAUIIINX CYTIEPHOBBIX 3BE3/I.

D¢dupHas Moaenb TOBOPHUT: Ha KOHIIAX CIUPAJIEBUIHBIX, B (hOpME IIEBOYHBIX Kojec 00pa3oBaHUit
“Crnupanp Ilapkepa” B rajakTHKe, MEXAYy pPa3JIH4YHbIMU YPOBHSAMH >(QHUPHON IJIOTHOCTH, OyIyT
HAXOJUTHCS IUCKPETHBIE CJI0U (KaK JIMHUS, 00pa3yromascs MEeKIAy MacjioM U BOJI0i). DTa morpaHu4Has
00J1acTh €CTECTBEHHO cO37aeT BHOPALMOHHOE HapyIIEHHE, KOTOpOoe, B CBOIO oOudepelb, psiObio
pacmpocTpansieTcst B 3(upe BO BCEX HANpaBIICHUSX, OCHOBBIBASICH HA IMPOCTOM OTHOUICHHUH “‘Qu’.
Kaxnplif pa3, korna B aypu4eckoM LUKJIE Mbl MPOXOJMM YEpe3 €Ille OJAWH MOBOPOTHBIM MOMEHT, MbI
BXOJIUM B JUCKPETHO OoJiee BBICOKYIO 3HepreTuueckyro obnacte JIBMC. U uro camoe uHTEpecHOe:
ObUIO TIOKA3aHO, YTO BCE HAceJeHHE 3eMJIM YBEIMYMBAETCS B TOYHOM COOTBETCTBUHU C OTHOLICHHEM (u,
LEHTPUPYACh B 3TUX MOMEHTaX. B 3Tu BpemeHa pokKJaroTcsi HOBbIE PEJIUTHH, JyXOBHbIE BEPOBAHUS U
HOBbIE KaJIeH/JapHbIE CHUCTEMbl, THOHYT OOJbLIME MMIIEPUU, MPUYEM 32 HMX THUOENBIO CIEAYIOT
OTHOCUTEIFHO OBICTPBIC TIOJUTUYECKHUE pa3BUTHA. J[Be cienyromnue “Touku oudypkramun” — 310 2003 u
2008 rox, He TaK yX U JaJEKO.

OTO BCEro JMILb OJHO 3BEHO B JUIMHHOM LIETIH CBUAETEILCTB, I03BOJISIIOIIEH IIPEINON0KUTD, YTO
IUIOTHOCTh 3()UPHOM SHEPIUH MOBBILIAETCS; PACTET U YEJIOBEUECKOE CO3HAHUE, YTO HAIIPSIMYIO CBA3aHO
C JyXOBHBIM HpPOABM)KEHHMEM. Takke Ba)XHO YNOMSHYTHb JaTy KOHEYHOW ‘“TOYKM B3pbIBa”, KOIZa
B30PBETCS 3aMevaTeIbHbIN HUKI J1-pa CMesKoBa:

21 nexabps 2012 roma — koneunast nata Kanengaps Maiist.

Kcratu, uMeHHO B 3TO Bpemsi 3eMJid BXOJUT B COBEPILICHHOE “‘IPEUECCHOHHOE” BhIPABHUBAHUE C
HeHTpoM ['aakTUKM, KOTOPBINA, KaKk Mbl 3HaeM ceidac, 00agaeT KpacHbIM CMEIIEHHUEM B JECATh pa3
BbIllIe, yeM HaOmonaemas Beenennast B TpaauuuoHHbix Mozensax. (Lukn CmenskoBa MPpUHLIMITHAIBHO
otauyaercs or Moaenu “Hynesoit Bpemennoii Bonnbr” Tepenca MakKeHHbI, uX He ciielyeT myTaTh Win
paccMaTpUBaTh Kak MOAIEPKUBAIOIINAE OJJHA JPYTYIO.)
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VY Hac ecTb 0Ka3aTenabCTBO. MBI 3HaeM, 4TO MPOUCXOAUT. MBI 3HaeM, OYEMY ITO MPOUCXOIUT.
MpI 3HaeM, Kak 3T0 IPOUCXOAUT. 1 MbI TOUHO 3HaeM, Korja “3To” poU30UIET.

W MBI TO4YHO 3HaeM, 4To “oHO” OyneT nenatb. B kadecTBe ronoca, MpUXOAALIETO U3 JPEBHUX
Tpaauuuid: bubnus nHaseiBaer 3to mpuiectsueM “Hoswrix Hebec n Hooit 3emnn”, yrommueckoro
3onoToro Beka yenoBeuecTBa, KOra KakJblii, KTO BEIOEPET B 3TOM Y4acTBOBATh, OOPETET CIIOCOOHOCTH
BBIIIIE TIPOJIEMOHCTpUpPOBaHHbIX MucycoMm u npyrumu Mactepamu: “...nenna, KOTopbie TBOpIO f, U OH
cotBopHT, U Oobie cux corBoput” (Moann 14:12).
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I'naBa 9: OBj1ageHue TOPCHOHHBIMU BOJTHAMHU M COZHAHUE

9.1 KAXKIBIA ATOM - 3TO TOPCUHOHHBIA TEHEPATOP

Pa6ora Ko3bipeBa u Ipyrux npoJeMOHCTPUPOBAJIA, YTO AJIS MOAIEP/KAHUS CBOETO CYIIECTBOBAHMS
BCSL MaTepHs UCIOJIb3YeT TOPCHOHHBIE BOJHEL. B mMocieHuX NBYX riaBax MbI BUIEIH, YTO aTOM — 3TO
Ha CaMOM Jiesie BUXPb 3(UPHOI SHEPTruu, B KOTOPOM OTPHUIATEIBHO 3apsHKEHHBIC JIEKTPOHHBIE 001aKa
CTPEMSATCS K TIOJIOKUTEIBHO 3apsHKEHHOMY siIpy mocpencTBoM sddexra budnnna-bpayna. Takxke, Mbl
yOeMInch, YTO B KBAHTOBOW cpepe OCHOBHBIM (PaKTOPOM SIBIISICTCS TEOMETPUS - eCTeCTBEHHas popma,
KOTOPYIO CO37aeT BHOpalus B KUIKOOOpa3HOM cpene. EctecTBeHHO coBepimaromuecs: BuOpauu OyayT
BBIHY)KJIaTh BBICBOOOXK/IAIOIIMECS W3 KPOLIEYHOI'O COIJIa aTOMbl COOMpAaTbcsi B COBEPIICHHBIC
reOMETPUYECKUE MHKPOKJIACTEPhl, KOTOphIE BEAyT cedsi Kak oauH Oouspmmioi artoM. Taxoke, 3TH
BUOpAlMM OTBETCTBEHHBI 3a (OpPMHUpPOBAHHE KBA3UKPUCTAJUIOB, KOTAa OBICTPO OCTHIBAIOIIMN
METaJUTMYECKHH CIUIaB (JOPMHUPYETCS B TEOMETPUUYECKYIO CTPYKTYPY, KOTOpas HE MOXET CO3/1aBaThCs
WHJVBU1yaJIbHBIMA aTOMaMHU- ‘YaCTULIAMHU .

W BHOBB, KIIIOY B TOM, YTO I'eOMETpuUYeckue (opMbl co3faroTcs BuOparuen. s toro, 4TroOsI
coBepIllanach BUOpaIys, aTOM J0JKEH OJIHOBPEMEHHO M HEIIPEPBIBHO MOIIIOIIATh M U3ydaTh 3PUPHYIO
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sHepruto. Ilockonbky BHOpanusi HpoaoJDKaeTcs, atoM OyaeT HCIYCKaTh TOPCHOHHBIE BOJIHBI B
OKpY>Karomuii 3pup. ITO 3HAYUT, YTO KAXKABIH aTOM — 3TO TOPCUOHHBINA TeHepaTop. M B 3aBUCHMOCTH
oT olmel “cnuH mojspuzauuu’” (TO €CThb, OYAET JM B AJIEKTPOHHBIX 0OJaKax Oosbliee KOJIMYECTBO
IIPAaBOCTOPOHHETO WJIM JIEBOCTOPOHHETO BpALEHUs), O0BEKT Oy[eT reHepHUpOBaTh JIEBOCTOPOHHHUE WU
MIPaBOCTOPOHHHUE TOPCUOHHBIE BOJHBI. (OYEeBHIHO, YTO M OoJblIMe TPYNIUPOBAHHS aTOMOB B
¢bu3znueckux o0beKTax OyAyT ClIeIOBaTh TEM XKe MPaBUIIAM.

Wrak, ckaxeMm, y Bac €CTh OOBEKT, aTOMbI KOTOPOTO OOJbIlE MOJSPU30BAHBI B CTOPOHY
IIPAaBOCTOPOHHETO CIMHA (BpAaILLEHUs), YEM JIEBOCTOPOHHETO. A Teleph JaBalTe BEPHEMCS K Hallel
aHAJIOTUHU C TYOKOH, MOTPYXEHHOU B BoAy. JlelicTBue BuOpanuii OyJeT BBIHYX/IAaTh TYOKY HETIPEPHIBHO
pacmupsATeCS W CXKHUMAThCsl B pa3Mepe C OYeHb BBICOKOM CKopocThio. Ecim ryOka sBisieTcs
COBEpUICHHON cdepoii, Toraa oHa OyIeT BBIMYCKAaTh OJUHAKOBOE KOJIMYECTBO BOJABI BO BCEX
HaNpaBJICHUAX C MOCTOSTHHOM CKOPOCTBIO MmoToka. OnHako eciu Hama ryOka mmeeT (GopMmy KoHYyca,
TOTJIa IPU KaXKIOM CKAaTUM OHA OyJIeT BBITYCKaTh OOJbllee KOJIMYECTBO BO/IBI U3 BEPIIUHBI KOHYCA, YeM
U3 JOOBIX APYTHX MECT. DTOT MPOIECC JIETKO BU3YaTU3UPOBATh MPU MOMOIIM aHAJIIOTUU C BBHITEKAHUEM
BOJBI Yepe3 BOPOHKY. B naHHOM ciydyae BepX KOHyca HCITycKall Obl MPaBOCTOPOHHHE TOPCHOHHBIE
BOJIHBI.

Takum 00pa3oMm, TOCKOJBKY, BHOPHUPYS, KaXKABI aTOM HCIyCKaeT TOPCHOHHBIC BOJHBI,
orpeJienieHHble (OpMBbl MOT'YT TIOMOYb OBJIa/IEBAaTh M HANPABIATh MOTOK TOPCUOHHOM SHEPruM Jydlle,
gem apyrue. OueBugHo, uTo nro0oe mu3 IlmatoHoBbix TBepapix Tenm BXOawiio OBl B ATy KaTETOPHIO.
OsnazieBaTb TOPCHOHHBIMU BOJIHAMH MOTYT M JApyrue (Gopmbl, He 00s3aTeabHO TONbKO [lnaToHOBBI
Teepasie Tena. M3yuas HacekombIX, A-p BukTop I'peOCHHUKOB OTKpBUT Takue GeHoMeHbI B “dddexre
noJocTHbIX CTpykTyp” miau OIIC. B 3Toil rmaBe MBI Takke OOCYAMM YAMBHUTEIbHbIE CHOCOOHOCTH
NUpaMHUIaIbHOW (OpPMBI OBIAJEBaTh TOPCUOHHOM SHEpPruel, OMHCAHHbIE B HCCIEIOBAaHUAX I-pa
lNonona, n-pa Kpacnoronosua, /Ixo [lappa u gpyrux.

9.2 OCHOBHBIE KATEI'OPUHU YCTPOUCTB, TEHEPUPYIOIIIUX TOPCUOH

Kak onwuceiBasiock B mnepenoBbix uccienoBanusx A-pa 0. B. HauanmoBa, cymiecTtByeT 4erbipe
OCHOBHBIX KaT€rOPUU YCTPONCTB, CIOCOOHBIX CO3/1aBaTh U3MEPAEMBIA TOPCHOHHO-TI0JIEBOM A (PEKT:

1. OO6bexThl ¢ 0c000 OpraHM3oBaHHOM chuH mojspusanueil. Camplii U3BECTHBI MaTepual,
OTHOCSIINIACS K MEPBOM KaTeropuu, - Maruut. Kaxxaplii aToM B CBOMX 3JIEKTPOHHBIX 00JIakax oOyagaeT
KOMOWHAaIMe “mpaBoro” u “JaeBOro” CIMHa, ¥ 3TO M3BECTHO KaK “‘CIUH moJisapu3anus’’ atoMma. JIroOoit
KpYNHBIH 00BeKT Oyaer oOnamaTe OOIIEH CHHMH TOJSpuU3alfeil, TO eCTh CYMMOW BCEX CIHHOB
COCTABJIAKOIIINX €ro aToOMOB. B MAarHuTe BCEC MOJ'IeKy.]'II)I BBIpOBHeHI)I B HaHpaBJ’IeHI/H/I MaFHHTHOﬁ
HOJI?IpI/BaI_[I/II/I ceBep-Ior, U 5TO CO34a€T KAaK CHIIBHBIC TOpCI/IOHHLIe BOJIHBI, TaK U Mar"duTHOC IIOJIC.
Yemckomy ydeHomy IlaBwiiTe ynamoch BOCHPOHM3BECTH IOJO00HBIE 3(PQPEKTHI U B HEMarHUTHBIX
MaTepuanax, CBeJeHHUs 00 3TOM OMyOJIMKOBaHbI B )KypHale [lcuxuueckue omxpulimus.

2. DJEeKTpOMAarHUTHBIE WJIM BJIEKTPOCTATUUECKHUE TOPCHUOHHBIE TeHepaTopbl. H3Mmepsembie
TOPCUOHHBIE BOJIHBI MOXXHO CO3/1aBaTh IPOCTHIM T'€HEPUPOBAHUEM 3JIEKTPOCTATUYECKOTO HIIU
3JEKTPOMArHUTHOIO TIOJIsl, HANpuMep, MpPU MPOBEICHUHM 3JIEKTPUUYECKOIO TOKA Yepe3 KaTYIIKY
nmpoBojioB. ['eHepaTopsl, paloTalmiue MO ATOMY NpPUHIUNY, ObUIM co3naHbl W ucnbiTansl C. B.
ABpamenko, I'. ®@. UrnateeBbiM, I'. A. CepreessiM, C. H. Tapaxtuem u gpyrumu.

3. OOBEKTH ¢ 0CO00 OpPraHM30BaHHBIM BpalleHHEM. TOPCHOHHBIE MOJS MOXKHO CTE€HEPHUpPOBATH
BpAallleHUeM MAarHUTHBIX WJIM HEMarHWTHBIX MaTE€pPHUalOB B HEKOTOPHIX ONpPENEICHHBIX NaTTepHaxX MU
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ckopoctsix. B Poccum »1OoT Meron wucmonb3oBamu A. W. Beitnuk, K. H. Ilepe6eiinoc, B. M.
KOputosckuii, B. B. bobep u MmHorue apyrue. Takue reHepaTopbl XOpOIIO OMUCAHbl B HAIIUX
OPEbIIYIINX KHUTaXx, M00 MHOTME HCCIENOBATENIM CO3AaNU “‘CBepX EIMHCTBO~ WM YCTPOMCTBA
CBOOOJIHOW SHEPruM, UCHOJIb3YIOUIME 3TH NPUHIMIBI JJIs U3BJICUYEHUS PHEpruu u3 camoro 3¢upa. Ha
3TOM MeTojie ObUI CcO3AaH MpHOOp, YCTPAaHSIOUIMMA TpaBUTAIUIO, Takold kak ['eHepaTop mpodeccopa
Cepua.

4. OOBEKTHI, HapylIarlMe TeoMeTpuro ¢u3uvyeckoro Bakyyma. Kak ykaspiBaer Hauwanos:
“Kaxnaplii 00BEKT, 00NamaroIuii KOHKPETHOM T'e€OMETpHell MOBEPXHOCTH, OyAeT OJHOBPEMEHHO
TreHepUpOBAThH JIEBbIE U TNpaBble TOPCHOHHBIE TOJS OMpPENETICHHON KOH(QUTYpaluy, B 3aBUCUMOCTH OT
reoMeTpun 00beKkTa. ITOT (aKT MOKHO OOHApPYKHTh C TIOMOINBIO pa3IMYHBIX (PU3HUECKHUX,
XUMUYECKUX U OMOJIOTHYECKUX WHIUKATOPOB. HeoObrunHbIe (P EeKThI, JEeMOHCTpUPYEMbIE TTUPAMHIAMH,
KOHYCaMH, IWIMHAPAMH, TUIOCKUMH TPEYTOJIbHUKAaMH M TakK Jajiee, HEOJHOKPAaTHO HaOIronaIuch
MHOTHMH HCCIIEAOBATEIISIMU B Pa3HBIX CTpaHax’ . DTa YeTBepTasi KaTeropus v OyJeT OCHOBHOW TeMOU
oO0CyXJleHUsI B OTOW TjaBe, M Mbl OylneM Ha3bBaThb OOBEKTHI 0c000i (OpMBI ““TTACCUBHBIMHU
TOPCUOHHBIMU TeHepaTopamu’. Takue addekTsl n3ydanuch A. U. Beithukom, B. C. [')peGeHHUKOBBIM,
0. B. II3sn Kanpwxenom, M. M. IllaxnmaponoBeiM, A. A. bepunze-CraxoBckum, A. T'onogom, B.
Kpacnoromnosuewm, /o [Tappom u gpyrumu.

5. T'erepatopsbl, coyeTarolMe XapaKTEPUCTHKU IMpPEIblIyIMIMX 4eTblpex kKateropuil. Hekoropsie
YCTPOHCTBA OBLIM CO3J@aHBl TOCPEICTBOM KOMOWHAIIMM TE€OMETPUUECKOr (opMbl oObeKkTa Wi B
COYETaHUU KaTeropuu 4 ¢ JpyruMu TOPCHOHHO-BOJHOBBIMU T'€HEPUPYIOIIMMHU CBONCTBAMHU (KaTErOpHH
1-3) u naBayiu mpekpacHble pe3ynbTaThl. Takue uccienoBanus BeIMOIHUIHCH FO. B. 1311 Kanpuxenom.
B. I1. Kaznaueenbim, JI>xo [lappom u aBTopamu ¢panityzckoro nateHra Ne 2421531 B 1979 rony.

9.3 UISMEHEHUNS B CITUH ITOJIAPU3ALIUU ATOMA BO3MOKHbBI

[Tpexne, yeM NPONOIKHUTH, CIEAYET OTMETUTh: CIHH NOJSApU3alus aToMa He 0053aTelbHO
¢uKcUpoBaHa B TNPABOCTOPOHHEM WIIM B JIEBOCTOPOHHEM HampaBieHWU. MHCTHTYT MaTepuanbHBIX
HccnenoBanuii B Kuese, YkpanHa, BBINOJHWI PsJl 3KCIIEPUMEHTOB, B KOTOPBIX OOBEKT IMOJABEprajics
TOPCHUOHHOMY M3JIY4€HHIO, CO3/JaHHOMY TpPETbel KaTeropueil M3 BbIILIECNPHUBEACHHOTO cnucka. OHH
OOHapy>KWJIK, YTO €CJIM TOPCUOHHOE M3JIyuYeHHE JAOCTATOYHO CHJIBHO, TO CIIMHOBOE COCTOSIHUE CaMMX
aTOMOB MOXHO M3MEHUTb. Jlanee B ATOM riaBe Mbl YBUAMM: 3TH U3MEHEHHS MOTYT ObITh HAaCTOJBKO
3HAUUTENIBHBIMM, YTO MEHSIOT CTPYKTYpY M BHEIIHHMW BHJ MaTepuasa, HallpuMep, U3MEHEHHUE LIBETa
TPAHUTA U BOCCTAHOBIIEHUE OCTPOTHI JIE3BUSI.

N gto eme HHTCPECHCEC: TOT KC I/IHCTI/ITYT onpeacnii, 4To JIOAU C CUJIBHBIMU INCUXHYCCKUMU
CHOC06HOCTSIMI/I, NOoCpCACTBOM CO3HAHUA, TOXKE MOIyT CO3[JaBaTb TAKHC KC HU3MCHCHUSA B CIIMH
ImoJiIpru3ali pa3HbIX BCIICCTB. Hmn OJHa M3 H3BECTHBIX TEXHOJIOTHI HeE cIIocoOHa co3aaBaTh TaKHE
U3MCHCHUA B (1)I/I3I/I‘-IGCKOM 00BeKTE. ITO MO3BOJISIET npeamnojaaraTtb, Y10 CO3HaHUEC U TOPCUOHHLIC BOJIHBI
— OJJHO U TO XK€. N >ToT BEIBOA IMOATBCPIKAACTCA UCCIICAOBAHUAMU TUpaMu/l B Poccun n YKpaI/IHC.

9.4 MPUTOK D®UPHOM YHEPTUU — CAMOE BAJKHOE JIJISI 3JIOPOBbSI

B sT0ii rmaBe Mbpl HauMHAEM MOHMMATh BECOMOCTb CBMJIETEJILCTBA TOTO, YTO MPHUTOK 3()UpHOI
SHEPTHH - CaMbIM BaXXHBIM MHTPEUEHT JIJISl 3J0POBbsl OPraHU3Ma, YTO MPUBBIYHBIE TPOLIECCHI JIbIXaHMUS,
MUIIEBApEHUsT U NMpeObIBaHUSA HA COJHEYHOM CBETE — JIMIIb YacTh roJIOBOJOMKH. Kaxaplii mporecc
Ba)KEH TOJBKO B TOHM CTETICHH, B KAKOW OH CIIOCOOCTBYET HEMPEPHIBHOMY OOHOBIICHUIO 3amaca 3(pupHOii
sHeprun. HekoTophle “He MPUHUMAIOIIHE NI CBATHIC”, ONMMCAHHbIe B KHUTe Agmobuospadus Hoea
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Tapamaxascbl MoraHauasl U APYrMX MCTOYHMKAX, JOCTHIIIM TAKOTO COCTOSHHS, YTO MOICPKUBAIOT
3I0pOBbe (PU3UUYCCKUX TEN MPSAMO W3 IHEPreTHYECKOTO HMCTOYHWKA, OHU HE €T W He ThIoT. (MBI
KaTerOpMYeCKd HE COBETYeM YHTATEISM TMBITaThCS IMOBTOPUTH HX OIMBIT, 3TO MOXKET OKa3aThCs
(dhaTambHBIM. )

9.5 TOPCUOHHBIE BOJIHBI — 3TO CITUPAJIHA “®N”

Eme onHo mnonoxkeHue, KOTOpPOE ClEAyeT YHNOMSIHYTh, OOHApyXUBAaeTCd B HCCIEIOBaHUU
MACCUBHBIX TOPCUOHHBIX TE€HEPATOPOB U (P (HeKTa MOJOCTHBIX CTPYKTYP, MPOBEACHHOTO rpynmnoi A. W.
AkumoBa B MHctuTyre ®usmku YkpaumHckoil Akanemun Hayk m YauBepcutete r. UepHoBupl. B
YaCTHOCTHU, UX UHTCPCCOBAJIN U3YUCHUSA 3(1)(1)6KTOB BJIUSAHUSA KOHYCOB pa3HbIX PasMCPOB HA PA3JIMYHBIC
nporueccel. B pe3ynbprate, ObIJI0 ONpEeNeHo, YTo:

Campble Jy4ive MacCUBHbIE TOPCUOHHBIE TEHEPATOPHI CO3AAI0TCS KOHycaMH B (JOpMe OTHOIICHUS
“¢pu” —1:0,618.

3TO TOBOPUT O TOM, YTO TOPCHOHHBIE BOJIHBI MPEACTABISIOT co00i crmpanu “¢u”, MOCKOIBKY
DyOIUpPYIOIIUI 3TOT NAaTTEPH KOHYC OyJeT OBJaIeBaTh STUMU BOJHAMM JIy4llle BCETO.

9.6 TPEBEHHUKOB U “9®®PEKT IIOJOCTHbBIX CTPYKTYP”

Pycckmii yuensiii n-p Buxtop 'peOEHHUKOB — DHTOMOJIOT, 3TO 3HAYHMT, YTO OH paboTaeT C
HAaCEKOMBIMH. BriepBbie OH OTKPBUT “A(HEKT MOITOCTHBIX CTPYKTYP”, KOTJa, 3aKOHYHUB PabOTy CIUIIKOM
MO3HO, OCTaJCs HOYEeBaTh B CTEMIX KaMbIIIIOBCKOW JOTUHBI U TOMBITANCS YCHYTh B OTHOCHUTEIHHOM
O0nmu3ocTH OT Kpas oOpbiBa. [yOoko B OOKOBOM dYacTH OOpbIBa, Kak pa3 IMOJ HUM, HaXOIWIHCh
TrpOMaJIHbIE “MYENIMHBbIE TOPOAa’” ¢ MHOXKECTBOM TYHHEJIEH U Kamep, CO3JaHHBIX Pa3HBIMU POSIMU IMYEll,
CKOHIIEHTPUPOBAHHBIX B OJTHOM MecTe. [TuenHbIX TOMOB OBLIO TaK MHOTO, YTO BECh OOPBIB HAIIOMHHAI
KYCOK IIBEHIIAPCKOTO ChIPa, MECTaMH OH ObLT HACTOJBKO MOPHCT, YTO MOXOUI Ha TYOKY.

Korna ['peOCHHUKOB MOMBITAICS YCHYTh HaJ MSTKO JKYXOKAlIMMU ITYEIMHBIMH TOPOJaMH, OH
HaJaJl WCIBITHIBATH OYCHb CTPAHHBIC OIIYIICHUS, CIIMIIKOM CHJIBHBIC, YTOOBI WX HWTHOPHPOBATH.
CHayania OH 4yBCTBOBAJI ce0s Tak, Kak Oy/ATO TeO0 HETPEPHIBHO PACIIMPSAETCS U C)KUMAETCS B pa3zMepax
U OIHOBPEMEHHO TMpeObIBAET B COCTOSHUM CBOOOJHOTO TaACHHS. 3aTeéM, IOCKOJIbKY d(ddekT
YCUIIUBAJICS, OH HAa4aJl BUAETh BCIBIIIKU MEPEl TIa3aMu, KOTOPbIE MPOJOIKAIUCH KaK MPU OTKPBITHIX,
TaK W MPH 3aKPBITHIX TUIa3aX. Bo pTy BOpyr MOSBWICS METALIMYCCKHA BKYC, KaK OyITO SI3BIK IOTA
MEX1Yy KOHTAaKTHBIMU IUTIACTUHAMH JEBSITH BOJHTOBOW OaTapelKu, BOSHHK 3BOH B YIIaX OIIYIICHHE
cuipHOTO cepaueduenus. Korga oH OTOABHHYICS OT 3TOTO MECTa Ha MOJITOpa METpa, Bce dDPEeKThI
MIPOIIAJH, BEPHYJICS — BCE BO30OHOBUIIOCH.

MHoOro JeT OH MHTEPECOBANICS, MOYEMY HCHBITAI TAKUE CTPAHHBIC ONIYIICHUS, HO KAaKOTro-Irubo
yOeIUTEIIbHOTO OOBSCHEHHsI HE HaXOAWJIOCh. OMHAX Bl HA €ro CTOJIE OKa3ajlach IIMPOKas MOCYIWHA,
HAMOJIHEHHAs KOMKAMHU Ty04aToil TIJIMHBI, B3SATOW W3 MYENWHOro rHe3fa. Komku Obuld  yCesHbI
MOJIOCTSIMA B BHUJI€ MYEIMHBIX COT, B KOTOPBIX JMYMHKH BBIPACTAIIM BO B3pOCHbIX mmyen. CiydaiHO
MPOBEIsl PYKOM HaJ MOPUCTHIMU KyCKaMU, OH Cpa3y K€ OYYBCTBOBAJI HAYIIEee OT HUX Tero. Ho koraa
OH TIPUKOCHYJICS K TJIMHE PYKOM, OHA OKa3ajach XOJIOJHOM, HO HaJ KOMKaMH 3aMETHO ONIYIIaJOCh
terio. Takxke ['peOEHHUKOB 3aMeTHI JIETKOE MpOXKaHWE WM TOKaldblBaHWE B manblax. Korma oH
HAKJIOHWJICS, ¥ TOJI0OBA OKa3ajach HaJ TJIMHOW, OH BHOBb ONIILYTHJI T€ K€ CTPAHHbIE CUMITOMBI, YTO U B
KaMpIuioBcko 10aMHE, BKIIOYas OLIYIIEHUE TOIIHOTHI.
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Puc. 9.1 Komox 2nunsl ¢ nueaunvimu 2nezoamu uz Kamviunosckoil 0oaunwl

Bcekope ['peOGeHHIKOB 0OHAPYKHII: €CIIA MMOCYAHHY 3aKPBITh TOJICTOM METALTUYCCKON KPBIIIKOM,
3¢ dexThl mpoaomKaroTesa. Toraa OH B3sJI MOCYAMHY C KOMKAMU TJIMHBI C MYEJIWHBIMH THE3/IaMU H
MIPEJIOKUIT €€ UCCIIeIOBaTh Pa3HbIM MHCTUTYTaM, OTHOCSIIUMCS K Akagemun Cenbckoro Xo3sicTBa B
HoBocubupcke, rne Kyckd TIUHBI HCCIEIOBAIA TEPMOMETPAaMH, YIbTPAa3BYKOBBIMHU JIE€TEKTOPAMH,
MarHUTOMETPaMH, AJIEKTPOMETpaMHu U ToMY mojaooHoe. Hu oauH U3 MHCTPYMEHTOB HE pearupoBall Ha
THE3aa KaKI/IM-JII/I6O HCO6BI‘IHI>IM 06pa30M. Tounble XUMHUYECKUE aHAJIN3GI INIMHBI HE BBIIBIUIA HUKAKHX
aHOMaJui, paAoOMeTp Takxke He pearupoai. OJIHAKO, KaK yka3biBas [ peOeHHUKOB:

“...00bIYHbIC YEJIOBEUECKHUE PYKU — M HE TOJILKO MOM! — SIBCTBEHHO OIIYIIANU HaJ THE30BbIMHU
TO TEIJIO, TO XOJIOAHBIA BETEPOK, TO MYpAIIKH, TO TUKU, TO Ooyiee TYCTyI0, BpOJe KHcensd, cpeny. Y
OJIHUX pyKa “Tspkenena”, y APYrux OyATO YTO-TO MOJATAJIKMBAJIO €€ BBEpX. Y HEKOTOPHIX HEMENH
TaNbIIBI, CBOJIMIIO MBIIIIIB TIPE/TIIeUbs, KPYXKUIACh TON0BA, OOMIBHO BBIIEIANACH CIIFoHA™L’,

[To3xe, I'peOEHHUKOB OTKPBUI, YTO MCKYCCTBEHHBIE COTHI, CAEJaHHbIE M3 IJIaCTHKa, Oymarw,
JilepeBa ¥ MeTajljla MOTYT CO3/1aBaTh TOYHO Takue ke 3(P(EKThl, €CIM OCHOBHAs CTPYKTYypa MOBTOpsIa
CTPYKTYpPY ITUEIUHBIX THE3/1. B cBOEl KHUIe OH muca:

“Oxka3ajioch, 4TO NMPUYMHA BCEX 3TUX HENPHUBBIYHBIX OIIYIIEHWH — HHUKaKoe He ‘“‘Omomoine”, a
pa3mepsl, (hopMa, KOJIMYECTBO, B3aUMOPACIIONOKEHHE MOJOCTel, 00pa30BaHHBIX JHOOBIMU TBEPABIMU
tenamu. W mo-mpexHeMy OpraHu3M 5TO YyBCTBOBaJ, a MpHOOpHI Moidanu. 51 Ha3Baj 3TO OTKPBITHE
S dexrom [HomoctHbix Ctpykryp (DIIC)”.

3atem ['peOCHHMKOB MPOIOIKACT OOBICHITH HEKOTOPBIE OMOJIOrHYeckre )eHOMEHBI, CBSI3aHHBIE C
3¢ HEKTOM TOJOCTHBIX CTPYKTYP:

“IIpuposa nmpooiKana pacKpbIBaTh MHE CBOM COKPOBEHHBIE TailHbI OJHY 3a Jpyroil. Okasanocs,
yro B 30He aedctBus OIIC 3ameTHO yrHeraercs pa3BUTHE canpo(UTHBIX OaKTepuid, APONOKEBBIX U
MHBIX TPUOKOB, MPOPACTaHUE 3€PEH MIICHHUIBI. MeHsSeTCs MOoBEACHNEe MUKPOCKOINYECKNX TTOABHKHBIX

1" Bukrop 'pebennnkos. Moii mup. I'nasa 5. oser, yacts 1.
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Boiopocieil ximaMuaoMoHaa. [losBiseTcs: cBedeHre JIMYMHOK ITYETl JIMCTOPE30B, a B3pPOCIbIE MUETbl B
3TOM IoJie BeAyT ceOsi HaMHOTO aKTHBHEE, U paboTy MO ONBUICHHUIO PACTEHHM 3aKaHYMBAIOT Ha JBE
Hezaenu panblie. Okazanock, yto DIIC HUYeM He 3KpaHupyeTcs, 0100HO rpaBUTAIMN .

Msr yBuauMm: xots OIIC 3amesiser pocT OaKTepHid, TPOAOGKEBBIX T'PUOKOB M JIPYTHX MOJOOHBIX
KyIbTYp, OKCIEPHUMEHTBHl C MUpPaMHIaMHU  JEMOHCTPUPYIOT  MPOTUBOIOJIOKHBIA  3dexT.
IlpencraBnsiercs, uto OIIC mnorjomaer TOPCHOHHO-BOJHOBYIO JHEPIHI0 M3  OOJBLIMHCTBA
OMOJIOTHYECKHUX CHCTEM, B TO BpPeMs KaK KOHLIEHTPUPOBaHHAs SHEPrHsl BHYTPU NMUPAMUAbI YCUIINBAET
MOCIIETHUE.

Uuras cnenyronmid oTpeiBok 00 OJIIC, monmymaiite 00 oTkpbITHAX Ko3bipeBa, KOTOphIe
o0cyxanuch B nepBoi riaase. TOpCHOHHBIE MO COCOOHBI IBUraThCs CKBO3b TBEPIAYIO MAaTEpHIO, HE
Tepss cBoe cuibl. bomee Toro, 3meck MBI BHOBb HaOmonaeM “GaHTOMHBIA’ 3¢¢exT wumm
“moJisipu3aIiyio Bakyyma”, Ha0tosaeMble KO3bIpEeBbIM U IPYTUMU

“ITone DIIC nelicTBYeT Ha KUBOE CKBO3b CTEHBI, TOJCTHIM METa/I W JIOOBIE Pyrue Mperpaibl.
Okazajnoch, 4TO €CJIM MEPEMECTUTh SYEUCTBIN MPEeIMET Ha HOBOE MeCTO, TO 4esoBek oumytut JIIC He
cpa3y, a uepe3 HECKOJIbKO CEeKyH] WM MHUHYT. B mpexkHem ke MecTe ocTaercs “‘ciiefl’, MU Kak s ero
Ha3Ba’ “antom” DIIC, omyTUMBIN pyKOii Yepe3 HECKOIBKO YacOB, & TO M CITYCTSI MECSLIBI .

B cnenyromem maparpadge Mbl OOHapyKHBaeM IOMOTHHUTEIHLHOE TOATBEPKIACHHE KOHIICTIIIHH
“3arHe3/10BaHHBIX c(ep” dHEepPruu, KOTOphle B JaHHOM ciiydae GopMupyrorcs 3¢h(eKToM MOIOCTHBIX

CTPYKTYp:

“Oxkaszanocse, uro noie DIIC yOpIBaeT HE paBHOMEPHO, a OK aeT COThl CUCTEMOMN HEBUINMBIX
b
HO MHOT]Ia OY€Hb YETKO OLIYTUMBIX “00010ueK”.

['peOEHHUKOB MPOJODKAET HANOMHUHATh, YTO HAcC IIOCTOSHHO OKpYXaroT A3TH 3(QeKTsl.
CnenoBarenabHO, Mbl 00J1a1aeM BPOXKJIEHHOM CIOCOOHOCTBIO aJaNTHPOBATHCA K TaKUM M3MEHEHUSIM B
OKpY’Kalollel cpefie, ¥ 3TO Hac He OECIOKOUT:

“Oxkazasioch, 4TO KUBOTHBIE (Oeble MBIIIN) U JIFOJIU, MONABIINE B 30HY JCUCTBUS Ta)Ke CUIBLHOTO
OIIC, yepe3 HEKOTOPOE BpeMsl MIPUBLIKAIOT K HEMY, anantupyroTcs. MiHaue u ObiTh HE MokeT. Hac Bean
MOBCIOZy OKPY>KalOT MHOTOYUCIICHHBIC OONBIINE U MAayble MOJOCTH, PEIIETKU, KIETKH — >KUBBIX U
MEpTBBIX pacTeHUH (a ¥ HaIU COOCTBEHHBIC KJIETKH). Hac OKpyXaroT My3bIPhKH BCSIKUX MOPOJIOHOB,
MEHOIIACTOB, IEHOOETOHA, CaMU KOMHATHI, KOPHUIOPHI, 3aJIbl, KPOBIH, MIPOCTPAHCTBA MEXKAY JETAISIMH
MyJIbTOB, IPUOOPOB, MAIIINH, MEXKTY IEPEBbSIMU, MEOEIBIO, 3TaHUAMH .

Crnenytouiee MoyoeHre BHOBb HallOMUHAeT 0 Haxoakax KosbipeBa, TeMOHCTpHUpPYsI, YTO Ha 3TOT
MPOLIECC HAPSIMYIO BIMSIET SHEPrusi, BTEKatouasi B 3eMIII0, U SHEprus, BoiTekaromas u3 ConHiia:

“Oxkazasiocs, uro “myq” OIIC cuibHee neHCTBYeT Ha JKMBOE TOIJA, KOIZla OH HAIIPABIIEH B
IIPOTUBOCOJIHEYHYIO CTOPOHY, a TAKXKE BHU3, K ICHTPY 3E€MIIA .
2 2

Hanee ™Mbl Buaum, uro ['peOCHHMKOB Oecco3HATEIBLHO TOBTOpsSET Haxonaku Koszbipesa,

ACMOHCTPUPYIOIIUC, YTO B IPUCYTCTBHUU TOpCI/IOHHO-BOJIHOBOI\/JI OHEPIrUur CaMO BPEMA MOXKCT YCKOPATHCA
WM 3aMEJIATBCA .
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“Oxkaszasioc, yto B cwibHOM none OIIC wnHorga HauMHAKOT 3aMETHO “BpaTh’ dYachl, H
MEXaHUYECKHUE, U DJIEKTPOHHBIE — HE MHAY€ KaK TYT 3aJeicTBOBaHO U Bpems. Bce 3To — mposiBienue
Boau Matepuun, BeUHO OJIBHYKHOM, BEUHO MEHSIOIIEHCSI, BEUHO CYILIECTBYIOIIEH .

I'peGeHHUKOB CcO37all IETEKTOPHl TOPCHOHHO-BOIHOBOW JHEPTUU, OTHOCUTEIBHO IOXOXHE Ha
netexktopel Ko3blpeBa, HO HaMHOrO MeEHEe CJIOXKHbBIE. 3/€Chb BHOBb CI€yeT TIOMHHUTh, 4YTO
CIIUpATCBUAHBIE BOJIHBI OKA3bIBAIOT TOHKOE JaBJICHHE Ha (PU3UYECKYI0O MATEpPHUIO, KOTOPOE MOKHO
O0OHapYXHUTh YyBCTBUTEIbHBIMU HHCTPYMEHTAMHU:

3
5
5
|
5
-
\
.
»
5
\
5
5
.
5
W

Puc. 9.2 Jlemexmopwr DIIC I pebennuxosa 6 oeticmauu
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“A Bellb MHE yJAIOCh-TaKU CAENaTh MPUOOPUHKH Ui 00BEeKTUBHOM peructpanuu DIIC, oTiudHO
pearupyrone Ha OJM30CTh THE3 HACEKOMBIX. BOT OHM Ha pHCYHKE: TE€PMETHYECKHE COCYABI, B
KOTOpLIX Ha HaYTI/IHKaX HAKJIOHHO ITIOABCHICHBLI COJIOMHHKHU H O60)K)K€HHLI€ BCTKH — pI/ICOBaJIBHLIe
YTOJIBKH, Ha JHE HEMHOTO BOJbI, YTOOBI UCKIIOUUTD AJICKTPOCTATHUKY, MEIIAIOIIYIO OIBITAM MPU CYXOM
Bo3nyxe. HaBogumib Ha BEpXHMI KOHEL MHAMKATOPA CTApOE€ OCHMHOE THE3/0, MYENIUHBIE COThI, My4YOK
KOJIOChEB — WHIUKATOP MEIJICHHO OTXOJUT Ha JECATKH rpamycoB. Uynaa 3aeck HeT... COMHEBAIOMIHMXCS
mpomry mocetuTh My3sell arposkonoruu moa HoBocuOupckoM, Tl BBl YBUIUTE BCE ITO CBOUMH
riaszammu’.

Crnenyromass nuTaTa HOpPEJOCTaBISAET 3aMeyaTelIbHOE CBHMJETENIBCTBO CIOCOOHOCTH —IIMENs
gyBcTBOBaTh DIIC OT ynbs naxke yepe3 CTEHY U3 KUpNHYa MOJyMETPOBOM TOJIIHMHBIL:

“Ko mMHe moctymnanu cooOmieHust 00 oueHb HeOIaronpusITHOM BO3/ICMCTBUM HECKOJIBKIX OCHHBIX
THe3]], TOCTPOEHHBIX Ha uepnaake. Jla u BooO1ie O0JbIIMHCTBO MHOTOSYEUCTHIX YCTPOMCTB M OOBEKTOB,
obnamamux cuiabHO BhipaxeHHBIM DI1C, B mepBble MUHYTHI WM Yachl HA JIIOJIEH AEHCTBYIOT JaleKO
He OmarorBopHO. COTHI MENOHOCHOM Muenbl — OJHO W3 HEMHOTHX HCKJIIOYeHHHA. A Korma B
HIECTUACCATHIX TOJIaX B HaIICH UCHIIBKYJIBCKOM KBAapTUPE >KWIW LIMEJH, s HE pa3 HaOoaan Takoe.
WNnoit Monomoit mMenék, BHOEpBble TMOKWAAas JOM, HE OYEeHb JOOPOCOBECTHO 3alOMMHAI
MECTOHAXOXKJCHUE JIETKA W IOTOM JOJTO ONy)XKJan y OKOH HE TOJBKO HAIIEro, HO W COCEIHErO,
MOXO0XKETO Ha Haml, IoMa. A BEYEPOM, YCTaB U “MaxHYB PYKOH~ Ha HEBAXKHYIO CBOIO 3PUTEIBHYIO
MaMsITh, CAAWICA Ha KUPIUYHYIO CTEHY JAOMAa TOYHEXOHBKO MPOTUB YJIbsl U TMBITAJICS MEX KUPIUYAMHU
“NpOJIOMUTHCS” HANIPSMHUK.

Otkyna ObUIO 3HaTh HACEKOMOMY, YTO UMEHHO TYT, B YEThIpEX METpax OT JIETKa B CTOPOHY U
MOJIyTOpa METpPax HIKE, 32 TOJIIEH MOJIyMETPOBOM CTEHBI — €ro poaHoe rHe3no? Torma s Tepsjics B
JoTaIkaxX, TErepb K€ 3HaI, B 4eM Jen0. A Ternepb BCIIOMHHMM SKCIIEPUMEHT, KOTJa OChl OXOTHUKH
BO3BPAIIAJINCh HE TOJBKO B JAaHHYIO TOYKY MECTHOCTH, HO U B COBCEM JPYrod ITyHKT, Kyna ObLI
MIEPEHECEH KOM 3eMJIM C HOpKOW. TaM, HECOMHEHHO, pab0Tall BOJTHOBOI MasiK, CO3/1aBa€MbIil TIOJIOCTHIO
rHesna’.

Puc. 9.3 Onpeoenernue noneii I1C om ysemos 6 ¢hopme KOIOKOIbUUKA
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B cnenyromem mnaparpade I'peOSHHMKOB pacckas3blBaeT, 4TO HEKOTOpble LBETHl 001agaroT
¢dbopMoii, coznaronieil pe30HaHCHYIO CTPYKTYpYy JUIsl T€HEpPUpPOBAHHS TOPCHOHHBIX BOJIH, MpUBIEKas
myesn Juisl onbuieHUs. V1 BHOBb MBI BHJIUM YHNOMUHaHHME “‘haHTOMHOrO 3¢dexra” umu “rosspusanuu
BaKyyMa”’, KOrJa OH OOCYXJaeT, YTO €My YyJaJoChb OOHapyXUTb 3TU LBEThl B a0COJIIOTHO TEMHOMH
KOMHATe, MCIIOJIb3Ysl PUCOBAJIbHBIN yrojeK — 000 KEHHYIO BETOUKY MM KOPOTKUN KapaHIarll:

“U emre onHy TailHy OTKPBUIM MHE JIpy3bs Hacekomble. OKa3aloch, YTO KpOME IIBETa, 3araxa,
HEKTapa, IBETKH, Aa0bl MPHUBJICYh CBOMX KPBUIATHIX OMBUIMTENEH, UMEIOT MOMOOHBIA XK€ BOJHOBOH
Masik. OOHapyXWJl s €ro PUCOBAIBHBIM YTOJBKOM — OOOMOKEHHOW BETOYKOHM, BOJS €0 HAIMPOTUB
KPYITHBIX KOJOKOJIOOOPA3HBIX IIBETKOB (THOJIBIIAHOB, JIMJIHHA, aMapUIIHNCOB, MaJbBbl WM THIKBHI). Ele
M3/1aJI YyBCTBOBAJIOCH KaK OBl “TOPMOKEHUE” 3TOTO ACTEKTOPA.

Bckope s Haxommi IBETOK B TEMHOM KOMHATE IMOYTH 0€30HIMOOYHO C PAcCCTOSHHS OJIWH JBa
MeTpa, HO MPH YCIOBHMHM, 4TO €ro He cMmemanu. Ecin ero cMemany, Ha CTapoM MeCTe Kakoe-TO BpeMs
ocTaBasiach “NMOXKHas Leib” — “OcTaTOYHBIN (paHTOM”. I HUKAKOM HE DKCTPACEHC, U ATO MOJYYaeTCs y
KaX/I0r0 I0CJIE€ HEKOTOPOH TPEeHUPOBKU. BmecTo yronbka MOXHO HCHONB30BaTh ACLUMETPOBBIN
00JIOMOK CTEeOJISl JKEITOr0 COPTOBOTO BEHHWKA WJIM KOPOTKHH KapaHJAIIWK, TyHash CTOPOHAa KOTOPOTO
JOJDKHA CMOTPETh Ha LIBETOK. Y HHBIX K€ MPOCTO JIaJJOHb, WM S3bIK WM JaKe BCE JIUIO OLIYTAT
uaymee OT IBeTKa “reruio”, “xonox’, “mypamkn”’. Kak moka3amm MHOTOYMCICHHBIE OMBITHI, Oolee
YyBCTBUTEIBHBI K “IIBETKOBBIM ™ BosiHam Matepun €Ty ¥ OAPOCTKU .

I[anee rpe6CHHI/IKOB COO6H_[aCTZ nNpeaACTaBIICTCA, YTO 9Ta CHCTECMa CO3JaHa IJi1 TOro, YTOOBI
MNYCIUHBIC THE3/1a HE CMCIINBAJIUCh, U 9TOOBI KOpHH HE popacTajaIrd B THEC3A:

“Uro kacaeTrcs MOA3EMHO rHe3fsamxcs muei, To “3uanue” DIIC um xku3HeHHO HeoOxoaumo. Bo-
MEPBBIX, ISl TOTO, YTOOBI MPHU PHIThE HOBOW Talleped CTPOUTENbHUIIA HE BpyOuUIach ObI B THE3O K
cocenke. Muaue Bech MUesnorpaja, MCTOHUCHHBIN MEPECEKAIOIUMUCS HOPKaMH, PyXHET. Bo-BTOpBIX,
HeNb3s JOIMYCTUTh, YTOOBI KOPHH pAcTEHUIl He mpopociau Obl B raiepen u sdeiiku. U He moxons
HECKOJIbKMX CaHTUMETPOB JO sY€H, KOPHU OCTAHABJIHMBAIOT POCT WUJIU 3a0HPAIOT B CTOPOHY, YYBCTBYS
OJIM30CTH MYEIMHBIX THE3 .

Sl moxaTBepaMNI MOCJHEIHUI BBIBOJ, MHOTUMH 3KCIEPUMEHTAMH, MOMEIasi CEMEHa IIICHUIbl B
cuipHOe Tosie DIIC m cpaBHHMBas MX ¢ CEMEHaMH, MPOPACTAIOMIMMHU B OJMHAKOBBIX KIMMATHYECKUX
ycloBuUsX, HO B oTcyTcTBUU N0t DIIC. dotorpaduu v puCyHKH JEMOHCTPUPYIOT OTMHpaHHE KOPHEH B
IKCIIEPUMEHTAIIFHOM TPYIIe, a TaKkKe PE3KOe OTKIOHEHHE 10 HAMPaBICHHIO OT MCKYCCTBEHHBIX COT.
CrnenoBarenbHO, MYENbl U CEMEHA JaBHBIM-AABHO 3aKJIIOUMIM JJOTOBOP, U OHU — €IIe OJUH IpuMep
HauBBICILIEH KOJIOTUYECKON 11e71ec000pa3HOCTH BCETrO CYLIETO.

W, nakonen, Ham mnocieaHuii maparpad u3 I'peOeHHHKOBA TOKAa3bIBAE€T, UYTO TOPCHOHHOE
HU3JTYyYCHUC CO34aCT aHOMAJIbHLIC JJICKTPOMAIrHUTHLIC S(I)(bCKTbI, BHOBb HAIlOMMHAsg O paHHHUX HAXOJKaX
Ko3bipena:

“Ymomsny sk BoT uto. B mone DIIC y MeHs HEOoIHOKpAaTHO JaBajl cOOM MHUKPOKAIBKYIATOD,
paboTtaBumii Ha OaTtapeiike. OH TO 6€300KHO Bpaj, TO BOOOILE HE 3aropajioch 10 HECKOJIbKY YacOB €ro
Tabn0. Bo3aelicTBoBan s Ha HErO OCUHBIM THe370M, nonoHeHHBIM JIIC ot nByx Moux namonei. Ilo
OTJENBHOCTH 3TU CTPYKTYphl HAa DBM He Bamsum’™.
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9.7 PYCCKOE U YKPAUHCKOE UCCJIEJOBAHUME ITUPAMU I

Otkpeitus ['pebennnkoBa (3p(PeKT MoNOCTHRIX CTPYKTYP) MOKA3bIBAIOT, YTO JJIMHHBIE TPyOUaThie
CTPYKTYPBI, 0COOEHHO CBSI3aHHBIC B ITyYKH, OBJIAJICBAIOT TOPCHOHHBIMH BOJTHAMU HACTOJBKO, YTO MOTYT
HapylmaTh WM MOBPEXJIaTh OOJBUIMHCTBO >KU3HEHHBIX (opM. OIHAKO OH OOHApYXWJI: €CJIM TaKue
CTPYKTYpHI TIOMEIIATh HaJl YeIOBEKOM, CHISIIMM B CIICIHAIBHO CO3JAaHHOM MM CTyje, M00aBOYHas
TOPCHOHHASI SHEPTHsl, KOTOPYIO OHU BBITATHBAIOT M3 3eMid, o0sajaeT MOJEe3HBIMH CBOHCTBaMHU IS
310pOBBsl. Takue ycTpoicTBa MOKHO CO37aTh, IPOCTO CKJIEUB OAHY HaJa APYrod HECKOJIBKO OOIBIIMX
YNaKOBOK JUIS SIUII, COBMEIAsi MX OOIIME TOUYKU COMTPUKOCHOBEHUS M pa3Melas OIy4eHHYIO0 CTPYKTYPY
HaJl CTYJIOM, Ha KOTOPOM OYZIET CHAETh YETIOBEK.

braronpusaTtHbie BIUSHUA HaA 3I0POBBE YEJIOBEKA, pa3MeNIeHHOro 1oj reneparopom IIIC, MoxkHO
MOBTOPUTH U YCUJIMTH C TIOMOIIBIO MUpaMHIANbHON (hopMel. B 3T0it obnactu ['peOGeHHUKOB Mpoaemnat
JIOBOJILHO MHTEpecHoe uccienoanue. Ho nmoka n-p [xxon JleCanbBo, nupektop HccienoBaTeabCckoit
Acconmanuu [Tupamuy B ['u3e, He omyOIUKOBaNI pycckoe U yKpauHcKoe uccienoanue A. ['onona u B.
KpacHoronoBia, 3akoHYeHHass KapTHHA, HACKOJIBKO YCHEIIHbIMH ObUIM 3TH HCCJEIOBaHUs, HE ObLia
noctynHbel B MHtepHere. Mccnenosanus nposoaunucek B Mucturyre @usuku B Kuese, Ykpauna, -
6a3zoBoM mHcTUTyTe Akaaemun Hayk YkpauHbl, OHOM M3 BEAYIIMX HAay4HBIX IIEHTPOB B OBIBIIEM
Coserckom Coro3e 1 JIHJIEPOM B 001aCTH BOCHHBIX Pa3pabOTOK.

B Poccun, mog MockBoi OBUIM IOCTPOEHBI J[BE MUpPAMUABI C HakiIoHaMu rpaHer 70°, omHa
BBICOTOM 22 MeTpa, apyras — 44 metpa. IX cTpoUTeNbCcTBO 000IIIIOCH O0JIee YeM B MUJUTMOH J0JIIapOB.
3a mocineAHHE JAECATh JIeT YMCI0 NUpaMuj] JocTuriio 17. Bbulo BBIBIEHO cliedyrolee: 4TOObI
BO3HUKANU 3(G(EKThl MUPAMHI, TPU CTPOUTENBCTBE ITUX CTPYKTYp HENb3sl HCIOIB30BaTh METal,
BMECTO HEro HCIOJb30BAJUCh IJIACTUKHM W3 CTEKJIOBOJIOKHA. [lupamuabl OpHEHTHpPOBAIUCH Ha
[onsipHyro 3Be37y U OBLIM MOCTPOCHBI BIAJEKE OT HACEICHHBIX O0JIacTel B €CTECTBEHHOM CEIbCKOM
MECTHOCTH. B ocHOBaHWMHU 22-METPOBOW NHpaMHIbI, CTEHa W3 CTEKJIOBOJOKHA ObLIa TONIIMHON 36
CaHTUMETPOB, & B OCHOBaHMU 44-MeTpoBON nupaMuibl - 70 CAaHTUMETPOB. 22-MeTpoBas MUPAMHAA
Becuia 25 ToHH, 44-meTpoBas — 55 ToHH. Heckomnbko rpymnm u3 Poccuiickoit Akanemun Hayk nposenu B
3TUX MHPAMUJIAX BCE BUJIbI SKCIIEPUMEHTOB U MOJYUYUIIU YIUBUTEIbHBIE PE3YIbTAThl. DTH PE3YIbTaThI
(c Hay4HBIMH JI€TaJISIMH) OIIMCAHBI B CTaThE, CChUIKA Ha KOTOPYIO MPUBE/ICHA B KOHIIE STOU IJIaBbl.

9.7.1 THTEHCU®UKALIUA AHTUBAPYCHOM METUIIVHBI

IlepBoe wnccimenoBaHue, Ha KOTOpoe ccbutaeTcss O-p KpacHorosmoBenm B HTOTOBOWM CTaThe,
uccnenoBanue mnpodeccopa C. M. Knmumenko u Bpaua [I. H. Hocuka, BeimonHennoe B MBaHOBCKOM
HUHM Bupyconoruu npu Poccuniickoit Akanemun Mennunackux Hayk. HMccnenoBaiics tekapcTBEHHBINA
mpernapar BEHOIJIOOYIMH — y YeJIOBEUECKUMX CYIIECTB 3TO E€CTECTBEHHO BbIpaOaThIBaOIIEECs
aHTUBHpYCHOE coenuHeHne. Korga nekapcTBo pacTBOpsiioch B KOHUEHTpauuu 50 MHKporpamMm Ha
MUWUTHIIUTP U HEKOTOPOE BpeMs XpaHWJIOCh B MUpaMuJie, B 60pb0e ¢ BUPyCaMU OHO CTAaHOBMIJIOCH B TPU
pasa a¢gdekTuBHEE, YeM OOBIYHO.

9.7.2 YCWJIEHHUE UCIHEJAIOINX CBOMCTB I''TIOKO3bI ¥ BOJIbI

I'pynna mpodeccopa A. I'. AnronoBa u3 Poccuiickoro HUW Ilegmatpum, AxymepctBa u
I'maexonorum nposepsna padoty pactsopa 40% riIt0Ko3bl B TUCTWIIIMPOBAHHOW BOJE MOCIIE TOTO, KaK
oH noOsIBaj B nupamuje. [Ipu BBeeHun Beero uiib | MUIUIMIMTPA TFOK03bI 20 pa3HbIM OepeMEHHBIM
KECHIIMHAM C HApyIICHUSAMHU WMMYHHOW CHUCTEMBI, MX COCTOSIHHUE 37I0POBbs OBICTPO NPHUXOIWIO B
HopMy. B nanbHeiimeM wuccienoBaTesnn OOHapy»KWJIM, 4YTO TJIFOKO3a COBCEM HeE 00s3aTeibHa, TOYHO

K cogep»aHuto



TaKkoro e >(QQexTa MOXKHO JIOCTUYb, HCIOJB3Yys | MWIIHIUTP OOBIYHOM BOJABI, MOOBIBAaBIICH B
UpamMue.

9.7.3 YJIYUIHIEHHUE COCTOSAHMUSA 310POBbSA OPTAHU3MOB B IMPAMU/IE

Eme onno uccnenosanne Obuto BemosiHeHo a-poMm H. B. Eroposoit B HUW um. Meunukosa npu
Poccuiickoit Axagemun Menunmuackux Hayk. B aTtom wuccrenoBanuu mpoBepsiiach CHOCOOHOCTH
MUpaMUbl HAKaIIMBaTh TOPCHOHHO-BOJHOBYIO JHEPIHMI0 W TaKUM O0Opa3oM BJIMATH Ha JKUBBIC
OpPTaHW3MBbI, IOMEIICHHbIE B NHUPAMUIY. OKCIEPUMEHTANIbHAS ¥ KOHTPOJbHAS TPYMIMBl OENbIX
HEUYHCTOKPOBHBIX MBbIIEH, Becsammx oT 12 go 14 rpamMm, B OOWH M TOT K€ JICHb OBUIH 3apakKeHBI
mrammoM 415 Bupyca Styphimurium B paBHBIX KoimdecTBax. [Ipy MEHBIIMX J03aX 3apa)KCHUs, U3
MBIIIEH, HAXOASIIUXCS B NMUpamuae, BeDKUIN 60%, B KOHTpodabHOU rpymnmne Bcero 7%. [Ipu Gonpuimx
7103aX 3apa)k€HUs, U3 Mbllel B nupamuae BoDKWIA 30%, a B KOHTpOJIIBHOM Ipymnmne Tonbko 3%. B
JPYTUX SKCIHEPUMEHTAX MBIIIA MOJABEPTAINCH Pa3HbIM KaHIEPOTE€HaM, MPUYEM SKCIIEpUMEHTAIbHAS
Tpymma Mmuia BOAY W3 MHPAMUIBI, 2 KOHTPOJIBbHAS TPyMma - OOBIYHYI. Y MBIIIEH, TBIONMX BOAY U3
MUPaMUIbI, OITYXO0JIb Pa3BUBajIaCh HAMHOTO PEXKE, YEM Y MBIIICH, MBIOITUX OOBIYHYIO BOJY.

9.7.4 UBSMEHEHUS 3JIEKTPUYECKOI'O COITPOTUBJIEHUS MATEPUAJIOB B
IINPAMUJIE

IMpodeccop B. N. KoctukoB u a-p A. C. KaraconoB uz HUU “T'padutr” npu Poccuiickoit
Axanemun Hayk BBINONHWIM psAJl UCCIEAOBAHUM IO M3MEHEHUSIM 3JIEKTPUUYECKOI'O CONPOTHUBIICHMS,
KOTOpBIE MOTJIM BBI3BIBAaTbCS NUPAMUAAIBHONW CTPYKTYypol. B omHOM ciydae mpoBepsuics
MUPOYIJIEPOAHBIA MaTepuan, OObIYHO MMEIOIIUHM compoTuBiIeHue 5-7 MukpooM. [locne oxHoro aHs
npeObIBaHUS B MUPAMMJIE MaTepHall MOBBICKI CONPOTUBIEHHE 3JeKTpuueckoMy Toky Ha 200%, uto
O4YeHb HEOOBIYHO [T Tupoyriepona. s cpapHenus: o6myuennsii 101° HeliTponamu Ha KBaapaTHbIH
METp MNHUPOYIIEPOa MOHMXKAET CONPOTHBIEHHE TOJIbBKO Ha 5%. AHAJIOTMYHO, KPEMHUEBBIE
TOJTYTPOBOIHUKK 00JIaal0T SKCIOHEHIMATBHBIM TTOHHKEHUEM 3JIEKTPUIECKOr0 COMPOTHBIIeHUs ¢ 10°
no 10* oma Ha cm. Ilocne omHOZHEBHOTO MPeOLIBAHHSA B MUPAMKJE, CBEPXIIPOBOAANINE MATEPHAIBI
TEPSIOT CBOM CBEPXIPOBOISIINE CBOICTBA.

9.7.5 KAMHMU U3 IUPAMU/IbI PACIIPEJEJISIOT SJIEKTPUYECKHUE 3APSIbI
BOJIEE PABHOMEPHO

I'pynna wuccnenosareneit u3 Bcepoccuiickoro OnektporexHudeckoro Mactutyra B Mockse
MpoBeNia IKCIEPUMEHT M JEMOHCTPAIMd TOTO, YTO 3apsDKEHHBIE B MUpaMHIE KaMHH CHOCOOHBI
pacceuBaTh CUJIbHBIE AJIEKTPUYECKUE 3apsiibl, Jenas UX MEHEe BPEIHBIMHU. YCTAHOBKAa COCTOSJIA U3
IJIOCKOW METAJUTHYECKOH IIIACTHHBI, 00CTPEIMBAEMON MOTOXKHUTEIHHO 3apsIKEHHBIMU 3JIEKTPHUUESCKIUMHU
nortokamu 10 1400 KWIOBOJIBT B MPOMEXKYTKH BpeMeHH OT 250 10 2500 MUKPOCEKYH/I. DJIEKTPUUECKUE
MIOTOKM TE€HEPUPOBAIUCH CTEPKHEM, IMOABEHICHHBIM HA BBICOTE 5 METPOB HaJ METaNIMYeCKOU
MJIACTUHOM. B OOBIUHBIX YCIOBUSAX KaXKIBIA MOTOK OYIET “pa3psKaTh’ M CKUTaTh YaCTh METAJUIMUECKON
IUTACTUHBI, YTO U3BECTHO KaK “TIOpa)KeHHE”, MOPAKEHUS HE MEHSIOTCS U HAHOCSTCS Ha Ipaduk.

Boutn co3nanbl ABe OJUHAKOBBIE YCTAHOBKHU, OJIHA - SKCIIEPUMEHTAJIbHAS, APYyras — KOHTPOJIbHAs.
B skcnepuMeHTaNbHON YCTaHOBKE Ha METALIMYECKOH IUIacTHHE B (hOpME KOJbIA (JHAMETPOM B OIUH
MeTp) OBUIM pa3MelIeHbl CeMb CTOIPAMMOBBIX KYCKOB TpaHHUTa, IOOBIBABIIMX B IHpPaMUIE.
HccnenoBaTeny OTKPBUIM, YTO HA KOHTPOJIBHOM IUTACTHHE CJIEJOB OT OKOra OBUIO B IATH pa3 OoJblie,
YeM Ha SKCIEepUMEHTaTbHOH. O4eBHIHO, OOBIYHBIE KYCKH TpaHHTa HE MPOU3BOAAT Takod 3¢ddexr,
TOJIBKO T€, KOTOpBIe MoOBIBaNIM B upamue. [IpeacrasnseTcs, 4To KaMHU, TOOBIBABILINE MO JSHCTBHEM
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TOPCHUOHHBIX TIOJIEH B MUpaMHAe CIMOCOOHBI HAMHOTO OOJbIIE PaclpenelsiTh IEKTPUUSCKUE 3apsiibl.
Bo3moskHO, 3TO mpoucxoauT Oarogaps TOMy, 4TO B MUPAMUJIE IJICKTPOHHBIE 00JIaka aTOMOB KaMHEH
cTan OoJiee OJHOPOJHO CHHUH MOJSIPU3HPOBAHHBIMHU, YTO TOMOTJIO MOTJIOMIATh M PaCIPOCTPAHSTH
ANEKTPUYECKHUE 3apsiibl 00Jiee PaBHOMEPHO.

9.7.6 SKCIIEPUMEHTBI IUPAMU/I A. A. TOJIOJA

Konnextus uccnenosareneit u3 Hayano-IIpoussoactsennoro O0weaunenus [ uopomemnpubop B
Poccum, Bozrnasngemsiii A. A. I'0s1010M, IPOBEIT IISATH OCHOBHBIX KaTETOPHUM SKCIIEPUMEHTOB.

9.7.6.1 BOIA B IMPAMUJE HE 3AMEP3AET, ECJIU EE HE HAPYIIIATDH

B mepBoM sKkcniepUMEHTE IJIACTUKOBBIE OYTBUIKM € TUCTHUIMPOBAHHOM BOJOM XpaHWJIKNCH B
NUpaMUe Ha MPOTSHKEHUU TPEX 3UMHHUX MecsleB. TeMmneparypa B nupamujie najaaia ao -38° Llenbcus.
TepMomeTpbl BHYTpU OYTBHUIOK MOKA3allk, YTO TEMIEpaTypa BOABI OCTABAIOCH MOCTOSHHOW Jake MpH
MIOHIKEHUU TEeMIIepaTyphl OKPYXKAIOIIETO BO3/yXa, BOJIa OCTaBallaCch KMJKOW M HE IMpeBpallanach B
nen! OpHako ecnu BOMy B JIIOOOW OYTBUIKE TOTPSACTH WIM YAApHTh, OHAa Cpa3y XXe HayMHAjIa
KPUCTAITTU30BaThCS U OBICTPO MpeBpalaiach B KyCOoK JibJa. ['070/] U ero moMOIHUKY 3aMKicaliy 3TO Ha
BHJICOIJICHKY.

O4eBUAHO, pe3yabTaThl MEPBOrO HKCIEPUMEHTAa O3HAYaIOT, 4YTO MPUCYTCTBUE TOPCHOHHO-
BOJIHOBOH 3HEPTUU CIOCOOHO MPEIOXPAHSATh MOJEKYIBI BOJBI OT KPUCTALIM3AIMU B JieJ, HO MPOCTOE
HapylIeHHe TapMOHMYECKOTO CIIOKOMCTBUSI BOJBI 3aCTaBsieT PaBHOBECHE HCYE3aTh, U OBICTPO
dbopmupyetcs nen. OQuH JIETKUH yaap 1Mo Kparo OyTHUTKH HApyIIaeT pAaBHOMEPHBIH TOTOK TOPCUOHHOTO
W3ITy4EHUS ¥ MO3BOJISIET MOJIEKYyIaM HauyaTh KPUCTAJUTH3AIUIO.

DTOT K€ IKCMEPUMEHT IMOKa3all, YTO, HAXOsICh B MHpaMuie, Boja OydeT COXpaHSATh YHCTOTY
OECKOHEYHO.

9.7.6.2 HA PASBPOCAHHBIX B IMPAMMJIE KAMHSIX ITOSIBUJINCH BUJINUMBIE
KOJIBIIA

Bo BTOpOIi cepun sxcriepuMeHToB 0012 KaMHU M KPUCTAIMYECKHM TPaHUT ObUTH pa30opocaHbl
Ha HOJ'Iy HI/IpaMI/I}II)I nu nponemaﬂn TaM OJINTCIIBHBIC nepnonm BpeMeHI/I. Ha KaMHSX ITOABHUIIOCH pOBHOe
BUJIUMOE KOJIbLIO, YKa3blBas Ha M3MEHEHHUE BHEIIHErO BHJA KaMHEH MOJ BIMSHUEM TOPCHOHHO-
BOJIHOBOI'O M3JydeHHs. B To#l ke nmupamuze, B nepuoja BpemeHu ¢ koHua 1997 rona u go navana 1999
roja 3TOT pe3ynbTar OblT moBTOpeH 40 pa3, mpuyeM Kaxablii pa3 ¢ pa3HbIMH KamMHSIMHU. KombIo
MOSIBIISIOCH Ha KaxkaoM u3 oT 50 go 300 kamueii, oouumM BecoMm ot 20 1o 200 kr. I'osmox u ero Koiuieru
co0paju JaHHbIE O TOM, 4TO, KOTJa KOJblia (POpMUPYIOTCS Haubosiee OTYETINBO, KOJTHMYECTBO MUASMUN
B OKPY’KAIOIIEH MECTHOCTH YMEHBIIIAETCSI.

9.7.6.3 HAJI MIMPAMUJION MOSIBJISIETCA CTOJIB “HEU3BECTHOM DHEPT N~

B Tperbel cepuM 3KCIEPHMEHTOB C IOMOIIBIO PYCCKOIO MHCTPYMEHTA, IOXO0XKETO Ha pajap U
U3BECTHOIO KaK ‘‘BOCHHBIN JIOKATOp”, NPOBOAMJIMCH HUCCIIEJOBAHMs BO3/AyXa HajJ NUpaMuaoil. buui
oOHapyxeH cToJI0 ‘“Hew3BecTHOW sHepruum’, mupuHoi 500 merpoB u BbicoToir 2000 MeTpoB.
JlanpHe1e ucciie0BaHus MOATBEPANIIN, YTO OOJIBIINKA KPYT, OKPYKAIOIIMKA 00J1acTh HaJl TUPAMHJION,
O6bur 300 MeTpoB WIMPUHOM, HO caMas BBICOKAas KOHIIEHTpalus OOHapyXuBajach NPsAMO Hal
BEPTUKAIbHOM OCbl0 nupamuabl. ['pynna [osoma BbluMcaWIa: €CiM Takod cTONO IPOU3BOIUTH
JIEKTPOMArHUTHBIM CIIOCOOOM, OTpeOoBatachk Obl BCS 3HEPrUsl BcexX 3JeKTpocTaHuii Poccun.
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bonee Toro, MeHee HEOXHJIaHHBIM OKa3ajics TOT (aKT, YTO TOCIE CTPOUTENHCTBA MUPAMUJBbI,
030HOBAs JIbIpa, CYIIECTBOBABIIAs HaJ| 3TON o0nacTeio Poccun, 3aTsHynack OyKBalIbHO 3a J1Ba MECSIIA.

Cron® HeBUAMMOW »Hepruu obnaman u APYruMH HPQexTamu. DIeKTpUUECKOW >SHepruei
MUPAMHMJIbI MOXKHO OBJIQJIETh MOCPEICTBOM KOHJIEHCATOPA, Pa3MEIIEHHOTO Ha €€ BEpUIMHE; KOHIEHCATOP
CTIIOHTaHHO 3apsikaercsi. Kpome Toro, Kycouku cOOpPHOTO KOHAEHCATOpa OTXOJWIM JIPYr OT Apyra H
MOJHUMAJICh B BO3AyX IIO BJHEPreTUYeCKOMY CTOJOy, co3laHHOMY mnupamuaoi. Taxke, ObLIO
OOHapy>KeHO, YTO JIOAM, paboTaromme OJIM3KO OT BEPIIMHBI MUPAMUAbI, HAYMHAIM HCHBITHIBATH
TOJIOBOKPYKEHUE M TOIIHOTY. UTOOBI 3TH OUIYIICHUS MCUYE3H, HY’)KHO ObUIO YAAIUTHCS OT MUPAMMU/IBI
Ha HEKOTOPOE PACCTOSIHUE.

9.7.6.4 BYPOBBIE CKBA’KUHbBI CTAHOBATCS BOJIEE ITIPOAYKTUBHBIMU, ECJIU
HAJI HUMHU CTOUT IMPAMUJIA

B uetBeproit cepun sxcnepuMenToB ['onona Hag onHOM U3 OypOBBIX CKBaKHH ObLIa MOCTpOEHA
cepusi mupamMu. beiio 0OHapyKeHO, 4TO BSA3KOCTh He()TH TOJ MHpamMuIamMH ymeHbiianach Ha 30%, a
CKOPOCTh J0ObIUM yBenuuuBajach Ha 30% IO CpaBHEHHUIO C OKPYKAIOIIUMHU HCTOUYHHMKaMH. B Hedtn
O0HApPYKUJIOCh MEHBIIE HEXENIATeIbHBIX MPUMECEH, TaKUX KaK CMOJBI, MUPOOUTYM M mapaduH. ITH
pe3ynbTaThl ObUTH TOATBEPKIEeHB MockoBckor Akanemueit Hedtu u ['a3za umenu I'yOkuHa.

9.7.6.5 CEMEHA NMTOBBIIIAIOT YPOKAWMHOCTH

B maroit cepun skcnepuMeHTOB ['onofa mepea mocaiakoil ceMeHa MOMELATUCh B MUpaMHUAY Ha
Bpems oT 1 no 5 nuei. 3atem, Oosiee yem 20 pa3HBIX BHJIOB CEMSIH OBbUIM BBICAXKEHBI Ha TEPPUTOPHUHU
JIECATKOB ThICSIY TeKTapoB. Bo Bcex cilyyasx ceMeHa U3 mMpamujibl AaBanu yposkaiiHocTs Ha 20-100%
0oJbIlIe; pacTeHUs He OOJIENN U HE CTPaJalu OT 3acyX.

9.7.6.6 JONOJIHUTEJIBHBIE D®®EKTbI INPAMU/], OTHOCAILIUECS K
BNOJIOI'MH U 31O0POBbLIO

B MeHee akTUBHBIX Ha60paTOpHHX YCJIOBUAX I'pyIIIIa I'onona onpeaciimiia CJICAYroIIce:

1. Tlocie KpaTKOBPEMEHHOTO MPeObIBAaHUS B MUPAMUIE bl U JPYTHe TOKCHUHBI CTAaHOBHIIUCH
MCHCC paSPYIHI/ITeJ'IBHBIMI/I JJI1 XKKUBBIX CUCTEM.

2. PagmoakTuBHBIE MaTepHalbl, MOMEIIEHHBIE BHYTPU MUPAMUAbI, OYIyT pacmaaaTthCs HAMHOTO
OBICTpEe, YeM OXKHUIAIOCH.

3. Ilocne mpeObIBaHMS B MHpaMHJIE MMaTOTCHHbIE BUPYCHl M OaKTepUU CTAHOBATCS 3HAUYUTEIHHO
MeHeE OIACHBIMH IS JKU3HU.

4. IlcuxoTponHbIE MpenapaThl MEHbIIE ACHCTBYIOT Ha JIIOJEH, TUO0 CTOSIIUX BHYTPU MHUPAMUIBL,
100 B HETIOCPEJICTBEHHOM OJIM30CTH OT HEe.

5. Tlocne mnpeObiBaHMs B MNHpPaMHUIE CTAaHJAPTHBIE pPACTBOPHI, TaKWe KaK TIIIOKO3a U
(PU3HOIOTMYECKHIA PAacTBOP, CTAHOBATCS 3((EKTHBHEEC B JICYCHHH aJKOTOJIM3Ma W HapKoMaHHH. Mx
MOYKHO BBOJWTH WU BHYTPUBEHHO WU HAPYKHO.

9.7.7 NCCIIEJOBAHUS IMPAMU/I I-PA IOPUS BOT' TAHOBA

H-p IOpwuit bormanoB mnpoBoani CBOM SKCIEPUMEHTHI, pabotas B XapbkoBckoM Haydno-
Texnonornueckom HMuctutyre, YkpanHa. B OJHOM SKCIEpUMEHTE [JI1 IMOBBIIICHUS YPOKANHOCTH
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nmenunpl Ha 400% wucnonb3oBanack nupamuaa B nocenke Pamenckoe mox MockBoit. Takke Obuin
oOHapyXeHbl clieyromue 3pQGeKTo:

1. U3Menmics nepuo/1 nmoiypacmnajaa paaiuoakTUBHOTO YIiepoaa;
2. VI3MeHuIuch naTTepHbl KPUCTATUIM3ALMN COJIH;

3. U3smenmnack mpoYHOCTh OETOHA;

4. Kpucramuibl IEeMOHCTPUPYIOT JIPYyTrUe ONTUYECKUE MTOBEICHHUS.

B oGnactu Ouojoruu: MOMENICHHbIE B HHUPAMUAY KPOJMKH U Oelble KpPHICHl CTaHOBHIUCH
BbiHOCTMBee 200%, a ux KpoBb oOperana 0ojee BBICOKYH) KOHIEHTPALMIO JIEHKOIUTOB WM OeNbIX
KPOBSHBIX TCJICII.

9.7.7.1 OYMCTKA BOJbI SHEPTUEN TUPAMU ]

Taxke, MO MPOCcbOe MECTHOW aIMUHUCTPAIUH J-p BOTrJaHOB MOCTPOMI Sl MMUPAMHJT B TOPOIKE
BOo3Ne ApxaHrenbckod oOmactu Poccuu. B sTom ciiydae, mupamuabl OYMCTHIIN 3arpsi3HEHUS OT
CTPOHITUSI U TSDKEIBIX METAIIOB, aHAJIOTHYHO TOMY, KaK B BBINICIIPUBEICHHOM MpHMepe U3 HedTH
yIAIIMCh HEeXeNaTeabHble MaTepuaiibl. B ropoae Kpacnoropcke noag MockBoi nupamMuia yMeHbIINTIA
KOJIMYECTBO COJIM B BOJIE, CAETaB ee OoJiee MPUroTHOM AJIsl TUTHS.

Kpome Ttoro, a-p borgaHoB BBIOJHWI MHOXECTBO JaOOPATOPHBIX SKCIEPUMEHTOB C
MEJUIIMHCKUMU TIpenapaTamu, rpubkamu U Tak nanee. B Kuese oH n3ydan B3aumoielicTBUE MaTEepPHH C
pPa3HbIMM TOPCHUOHHO-TIOJIEBBIMU TMAaTTEPHAMM, CO3/1aBa€MbIMH DPa3HbIMU (opMmMaMu nupamul. Takxe,
HCCIIEAOBaHUSl H3y4yaldd JEHUCTBUE YEJIIOBEYECKOrO0 CO3HAaHMA Ha »JHepretuueckue nons. OHu
BBITIOJIHSJIUCh C TIOMOIIBI0O TOPCHOHHO-BOJIHOBOTO JIE€TEKTOpa, KOTOphIM OH HazBan ‘“‘Teceit”. Dto
YCTPOMCTBO TO3BOJSET MOJIH30BATEN0 OOHAPYKUBATh OCOOBIE CBOIMCTBA KOHKPETHOM T'€OJOTHYECKOM
XapaKTePUCTHKH, DHEPreTHUYECKYIO0 ‘‘NIBIXaTEeNbHYIO aKTUBHOCTh 3€MIIM M TOPCHOHHBIE A(PQEKTHI
pa3HbIX 37aHHM, BKIOYas nupamunabl. Pesynbratel obOcyxnanuch Ha Koudepennun no Ilpobremam
lMapmonmzanuu YenosedecTBa, mpoxosiieii B Kuese, u mo3xe ObutH OnmyOIUKOBaHBI.

9.7.8 NOBBIIHIEHUE NPOYHOCTHU N YUCTOTbI CUHTE3UPOBAHHBIX
KPUCTAJUIOB

Habmtonanoch, 4To CBOMCTBO (POKYCHPOBKM TOPCHOHHBIX BOJH B NMHUPAMHUIAIBHOM CTPYKType
OKa3bIBaeT MPSIMOE BIUSHUE HA TO, KaK MPOUCXOIUT KpucTauiauus. CHHTE3UpOBaHHbIE B MTUPAMUIE
alMasbl OKa3bIBAIMCh IpouyHee M uumie. I BHOBB, 3TO FOBOPUT O TOM, YTO TOPCHOHHO-BOJHOBOU
KOMIIOHEHT 00J1afjaeT 0co00il BaXKHOCTHIO B (POPMHUPOBAHMU XMMHMYECKHUX CBS3€H MpH CO3/aHUU
KpHUCTasa.

9.7.9 YMEHBIIEHUE CEUCMHUYECKOH U ITIOTOJTHONU AKTUBHOCTH

I'pynnbr 3 Poccmiickoit Axagemun Hayk wu3ydanu JaHHbBIE 3€MIIETPSCEHUM B MeECTax,
OKpY)KalOIIUX MUPaMUAY, W CpaBHUBAJIM HX ¢ Oosiee paHHUMHU JIaHHBIMH, IIOJIYYEHHBIMU [0
cTpoutenbcTBa nupamuz. Okaszanoch, YTO MUPAMUABl  00JaJal0T CHOCOOHOCTBIO —pacceuBaTh
HAaKOIUICHUE PHEPIuu, KOTOpOe OOBIYHO CO3/aBajio Obl BHE3AaIHbIE CHIIbHBIE 3emileTpsceHus. Bmecto
OJHOTO OOJIBIIOTO U CHUJIBHOTO 3E€MJIETPSICEHHS PErMCTPUPOBAIHCH HECKOJIBKO COTEH KPOIICYHBIX.
Kpome Toro, kaxercs, 4T0 OKpy»Karolas MUpaMuibl aTMOc(epa IKPaHUPYETCsl OT HKECTOKOU MOroJibl, U
BO3HHUKAET 00Iee YMEHbBIICHHE KOJINYECTBA HEOIAronpUsTHBIX MOTOJHBIX MAaTTEPHOB. JTO YKa3bIBAET
Ha CIIOCOOHOCTh MUpaMu/l OalaHCUPOBATh 3(PUPHBIC SHEPTUH, BTCKAIOIINE B IUIAHETY.
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9.7.10 XPAHSIIASACS B MAPAMUJIAX ITUIIA YCUJIUBAET YEJOBEYECKOE
COCTPAJIAHUE

IIpoBoaMiCs M €le OAWH AKCIEPUMEHT: BHYTPU NMHpPaMUAbl XpaHWINCH coiib U nepel. 1lo3xe ux
BBIHYJIA U KJaidu B uiy okoyio 5000 y3HHUKOB pa3HbIX TIopeM Poccun. Y IuBHATENBHO, HO 332 HECKOJIBKO
MECSILIEB MPOU30LLIO 3HAUYUTENBHOE YIYyYLIEHHE MX MOBEIEHUS, a CaMO€ KPUMHHAIBHOE TOBEJEHUE
MIOYTH MOJHOCTBIO UCYE3JI0. DTO OJHO U3 CAMBIX Ba)XKHBIX MOJIOKEHUH, NOO OHO MOJKPEIUIAET UJIEH0, YTO
saupHas »Heprusi — 3T0 “myxoBHas »Heprus’. Korjga uenoBek mojBepraercs BO3ACHCTBUIO Oosee
WHTEHCUBHOW 3(UPHON SHEPruM, NPOSIBIAETCS CKIOHHOCTh K OOJbIIEMY OUIYIIEHUIO JIIOOBU H
COCTpalaHus K IPYTUM.

9.7.11 D®®EKTHI, CO3JAIOIIUE CBET U 3ATAYUBAHUE JIE3BUI
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Puc. 9.4 Obviunas nosepxnocmo ne36us (a), u NOBEPXHOCHb N€36Usl
nocie npebdwvleanus 6 pezonamope (8) npu 3000-kpamuom yeenruyeruu
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Yro6s! uzyuats 3¢ dektsl nupamus, 1-p KpacHoromnosen co3aan MalneHbKHI U IPOCTOM pe3oHaTOP
— KYCOYEK KapTOHAa WM CTEKJa, CJIOXCHHBIA BABOE M OOpa3yOIIMH MajeHbKYIO, HAlIOMHUHAIOIIYIO
KpBIIY CTPYKTYpY. BHYTpH Takoro ManeHpkoro pesonatopa kpucramt KlOz - HIO3 oOpasyer Gosbiie
KJIaCTepOB aTOMOB BOAOpOAa B Kpuctamie. Takxke, HaONIONAIOCh, YTO pa3pekeHHbIE Ta3bl U
MMOBEPXHOCTh METAJJIOB, OYJy4r MOMEIIEHBI B PE30HATOP, 001a1at0T (HOTOIIEKTPUISCKUM dPheKToM,
TO €CTh MPOHU3BOJAT CBET. BO3MOXXHO, 3T0 0OBSCHSET, MOYEMY NPU CTPOUTEIHCTBE OOIBIINX MTUPAMU
Helb3s UCMOJb30BaTh MeTawl. bomee Toro, n-p KpacHoromoBer Bocmpou3Ben HMCTOPUYECKHE
SKCHEpUMEHTHI Mo “MorymectBy mupamun’ Ilatpuka @nanarana, usydas B pe3oHaTope 3(PQPeKTs
3aTayuBaHus Je3Buil. Jle3aBue BBIpaBHUBAIOCH 10 HAMpPaBICHHUIO BOCTOK-3amajl, MEepHEeHAUKYISIPHO
MarHuTHOMY TOJIO 3€MJIM, KyCOUEK PEeXYIIEro Kpas JIe3BUS YHaJsUICSd M XpaHWICS BHE PE30HATOPA.
[Ipu paccmaTpuBaHuU MOJ SJIEKTPOHHBIM MHUKPOCKOIIOM, PEXYIIMH Kpall Je3BHS B pe30HATOpE
CTaHOBHJICSI POBHEE U CO BPEMEHEM OCTpEe.

9.8 THIIEPITPOCTPAHCTBHHAS ®U3UKA 17KO [TAPPA

CBouM TOSBICHHEM B CpeicTBaX MaccoBod mH(popmarmu, Takux kak moy Jlopsr Jlu n [xeda
Penca, n-p Ixon eCanbsBo u3 Mccnenosarenbckoit Acconuanuu [Tupamug B ['m3e npuBiek BHUMaHUE
00IIeCTBEHHOCTH K uccienoBanuto mupamun Jxo IMappa. Jxo [lapp umeeT crenens B 10pUCIpyACHIUN
u obnamaetr 40-1eTHUM OMBITOM pabOThl MHXKEHepa-nekTpoHiuka. Murepec [lappa k uccnenoBanuo
NUpaMKJl BO3HMK Iociie Bctpeun ¢ Jxopmxem Ban Teccenem, panee koHtakrepoM. B 1950-x ropax.
Teccen pacckazan emy 00 dKCIepuMEHTax 1o “morymiectBy nupamua’ [larpuka dnanarana, KOTOpPbIC
MIPOJIEMOHCTPUPOBAIM 3aTayMBaHUE JIE3BUN B MUPAMHIAIbHOW CTpyKType. Jlpyrue sKCHEepHMEHTHI
MOKa3aly, 4YTo, MpeObiBas B MHUPAMUAAIBHOW CTPYKType, OpraHHMYeCKHe MaTepHallbl €CTeCTBEHHO
o0e3BokuBaroTcsi Oe3 THHeHUsS. [lake chIpoe, HEOXJAXIEHHOE MOJIOKO HE CKHUCHET, eClu Oyzaer
pa3MelIeHo B MUpaMHUJIe HaAJIeKaluM 00pa3oM.

9.8.1 HCCIIEJOBAHUE CTAHUOHAPHBIX ITMPAMMU ]

CHavana Ilapp wu3yyan cBsi3aHHBIE C MNUpaMuAaMH (PEHOMEHbI, MCIOJb3ys CTallMOHAPHBIE
MUPAaMUIbl U BBINOJNHAS MX u3MepeHus. [lupamMuapl Moriu ObITh CIENaHbl BCEro JIMIIL U3 YEThIpEX
TOPU3OHTANIBHBIX CTEp)KHEH, 00pa3yloluX OCHOBaHME, U YEThIpeX BEPTUKAJIBHBIX CTEPIKHEH,
oOpa3ymomux pedpa. 3aTeM OH IOMEIal BHYTPb MUpPaMU]] UCTOYHUKH PaJMOBOJIH, MAarHUTHBIX MOJEH,
MOHOB U PaJIMOAKTHBHBIE UCTOYHUKHU U 3aMepsil UX CUITY BHE upaMui. Tak oH 0OHapy» uil, 4TO JI00YI0
MUPaMHUJIAJIbHYI0 CTPYKTYPY OKpyXaeT cdepuueckoe sHepreThyeckoe moje. TOYHBIA LEHTp ATOU
cdepbl cooTBeTcTBYeT nojoxenuto Kameps Lapunst B Benukoit [Tupamune B I'nze. Buytpu “cdepsr”,
CHWJIa DJIEKTPOMArHUTHOIO WJIM PaJUOAaKTUBHOIO MCTOYHMKA, [OMEIEHHBIX BHYTpH, ObuLIa
MaKCUMaJIbHOW, a o0yiacT BHE c¢epbl JAEMOHCTPUPOBAIM oOcialbJeHHe KOJIMYecTBa H3MepseMOn
sHepruu Ha 1-3%.

9.8.2 I3MEHEHME B 3ABUCUMOCTH OT COJITHEYHBIX, TYHHBIX M IPYTHUX
[IAKJIOB

Iocne 13 ner uccnenosanus 3toro heHomena, [lapp oOHapykuiI, 4TO reHepaTOp OTPULIATEIBHBIX
MOHOB (MOHHU3ATOP BO3AyXa) yCWIMBaeT cdepy, BBIHYXKIAs SKPaHUPOBATh M YACPKHUBATH OOJIbIIE
9HEpruu, 4em pasblie. KOHKpeTHbIE 3BYKOBBIE 4YacTOThl, Takue Kak 51,5 rm, TOXe MOryr
ucronb3oBatbes g ycuieHust cdepsl. [locme 20 netr wmsmepenwii, [lapp ompemenun, 4to cuia
SHEPreTU4YecKoi cdepbl MEHSeTCS B COOTBETCTBUM ¢ 11-1€THUM IHMKIOM MSATHOOOpa3yromien
nesitenbHOcTH CoJHIA, a UpHUHA cephl paciupsieTcs U cKuMaeTcs B 3aBucuMoctu ot (a3 JIynsl. Bee
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9TH HAONIOACHUS TO3BOJISIIOT MpeArnoiaraTb, 4Tto cdepa - ATO CTaTHYECKOE TOPCHOHHOE TIOJE,
cobmparonieecss BOKPYT THPAMHUABl M YKPEIUISIONIEECs 3a CYET TMOTJIONICHUS JWHAMHYECKUX
TOpCI/IOHHLIX HOJICfI. 3TI/I I10JII MOYKHO yCI/I.HI/IBaTB C IIOMOIIIBIO BHQKTpOCTaTH‘IeCKOﬁ 3HCpFI/II/I HNOHOB
WM aKyCTHYECKOM BHOpanuu BO31yXa, KOTOpas TakKe sBJsSeTcs BuUOpamuei s¢dupa. AKTUBHOCTH
Connnia u JlyHel ob6najgaeT mNpsSMBIM BIUSHHUEM Ha CHIYy JIUHAMHYECKOW TOPCHOHHOM SHEpPTHH,
BTEKaIOMIeH B 3eMITIO.

9.8.3 BA’)KHOCTb HUKJIA BPEMEHU “®U”

JanpHeHmuii aHanu3 BBIABWI, YTO JUISI CTATUYECKUX HSHEPIeTHUYECKUX I0JEH OYEeHb BaXHO
KJIACCMYECKOE OTHOIIEHHE “(pu”, 9TO BHOBB yKa3bIBAET HA SIBHYIO CBSA3b C TOPCHOHHBIMHU MoJisiMu. [lapp
OOHapyXWJI, YTO BHJ “BHPTYaJIbHBIX YacOB HAYMHAET OTCUYUTHIBATHCS C TOTO BPEMEHH, KOTaa
MMpaMu/a BIIEPBHIE YCTAHABIMBAETCS B OIPEACICHHOM IOJIOKEHUU. DTO O3HAYAET CIEAYyIoLIee: KaK
TOJIPKO THpaMHJIa yCTAHABJIMBAETCS B (PUKCHUPOBAHHOM MeECTe, OKpykawimias ee cdepa Oyaer
CTAHOBUTHCSA CHUJIIBHEC U CUIIBHEC B CHOCO6HOCTI/I COACPIKATh BHYTpHU CGGH OHEPICTUYCCKUC IIO0JIs, a
CKOPOCTh POCTa JHEPreTHYECKOro My3bIps OyAeT NpsAMO MNpomnopuuoHaibHa “@u”’. B KOHKpETHBIX
MaTeMaTUYeCKH ONPEACTICHHBIX TOYKaX MHKIA “(u” My3bIpb OyJeT pacUIMpSATHCS M CKUMATHCSA, U HE
3aBUCeTh OT dS(dekra, okazpiBaemMoro JlyHOH. DTO MO3BOJSET TMpeAnonaraTh HaJlWUuue B
JHEPreTUIECKOM I10JIe MEJUICHHOTO JOJITOBPEMEHHOTO TaPMOHUYECKOT0 “KOJICOaHuUs’, OTPaXKAIOIIETOCS
KaK TOHT B CHHXPOHHOCTH C MPOMOPLUUAMHU (HU BTEKAIOIIUX TOPCUOHHBIX BOJH.

9.8.4 SQHEPI'Us N3 T'AJIAKTUYECKOI'O HEHTPA

4 nexabpst 1979 roga skcnepuMeHThl [lappa BHE3amHO MPEPBAIKCh - MO0 KAKOH-TO HEW3BECTHOM
npuyrHe cepuueckas dHEPrus BOKPYr MUPaMUIbI Havajga ObICTPO HMCYE3aTh BO BCEX, KPOME OJHOTO
IKCIEPUMEHTAX. JTO 3aCTABWIIO JICKTPOMATHUTHBIC U PAIHMOAKTHBHBIC UCTOYHHKH BHYTPH ITHPAMHUIbI
BHE3aITHO Ha4yaTh 0€30CTAHOBOYHO MCTEKATh B OKpyKaroliee mpoctpancTBo. Crycts roasl [Tapp Obut
OYEHb YAMBJICH, OOHAPYKUB, YTO B TOT JACHb MOTOK PEHTICHOBCKHUX JIydeH U3 IIEHTpa Haiel [ atakTHKH
PE3KO MPEKPATHIICSA, U 3Ta aHOMAJIHS IIUPOKO OTMEYaaach aCTpOHOMaMH. J[pyrue OCTaHOBKH SHEPTHH
nupamMubl, 3adUKCHpoBaHHbIE [lappoMm, TOXKE TOYHO COOTBETCTBOBAJIM OCTAHOBKAM H3JTyYCHUS
pCHTFeHOBCKOFO HSJIy‘IeHI/IfI B FaﬂaKTI/IKe, XOTs TOorxa, KOraa OH BBIITOJIHAJI I/I3M€peHI/I$[, OH HHUYCTO HC
3HAaJI 00 DTOH CBS3H.

DT0 ellle OJIMH IIEHHBIN KyCOYeK MO3auKH, OO MOKA3bIBAET, YTO MEHTP [ alakKTUKK — 3TO HA CAMOM
JeNie  TePBUYHBI HMCTOYHHK BTCKAIOMIEH TOPCHOHHO-BOJHOBOW JHEpruu. B 3TOM  ciydae
MPEJICTABISETCS, YTO TOPCUOHHBIE BOJIHBI PACHPOCTPAHSAIOTCS BMECTE€ C PEHTICHOBCKHMH JIJIMHAMHU
BOJIH 3JICKTPOMAarHUTHOT'O 3HEPTreTHIecKoro crekTpa. M xots aktuBHOCTh COJTHIIA MOXKET YBEITUYHUBATH
WM YMEHBIIIATh CHIIYy TOPCUOHHBIX BOJIH, BXOAIINX B 3eMITto, 6e3 mputoka u3 ['anaktudeckoro LlenTpa
B HAIllEeM PaCHOPsDKEHUH OyJIeT HaAMHOT'O MEHbIIE SHEPTUU. DTO CTAHET OYEHb BAXKHBIM ITOJIOKECHHUEM,
KOTOpPO€ MBI Oy/IeM HCIIOJIb30BaTh I OOBSICHEHHSI BaKHOCTU KOHEWHOU aatel Kanenpmaps Maiis — 21
nekadps 2012 rona.

Cnycts 9 nueit nocie 4 nexadps, chepudeckre dSHEPreTHUSCKUe Mojs Havyajld BO3BpaIIaThCs, HO
BCE KPOME OJTHOW MUPaMUAbI MOTEPSIIN MCXOJHYI0 SHEPreTUYEeCKyIo CHIly cepbl, KOTOpas MEIJIEHHO
HaKaluIMBajach CO BPEMEHEM, B COOTBETCTBUUM C “BUPTYaJIbHBIMH 4YacaMu~  OTHOIIEHUA (H.
EnuHCTBEHHON NUPAMUAOW, HE IOTEPSBIIEH CBOE JHEPreTUYECKOE I0J€ B TOT IIEPUOJ BPEMEHH,
OKaszajach NMupaMmujaa, KoTopas IMOoBOpayuMBasiach Bcero Jjuiib Ha 5° kaxzasie 10 nuei. Korma Ilapp
MIPOIOJDKHIIT 3TOT KOHKPETHBIA 3KCIIEPHUMEHT, OH OOHAPYXHJI, YTO CHJIa SHEPreTHYecKon chepsl 3Ton
MAPaMU/bI TPOJIOJKAET YBEJIMUMUBATHCSA U CO BPEMEHEM IPEBBIILIAET CHUILY BCEX APYrUX CTAallHOHAPHBIX
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nupamMmui. Celiuac MBI 3HaeM: Jaxe HeOOobII0e BpalICHUC 34CTaBJIICT IMMUpaMUAY MNOIJIOINATh
H@6OJ’IBHIO€, HO U3MEPHUMOEC KOJIHNYCCTBO TOPCUOHHBIX BOJIH. B IMPOTHUBHOM CJIy4dac IMOCICAHEC YXOAUIIO
Obl BHU3 W/UIH BBCPX BMCCTC C I'PABUTALITMOHHOM I10JICM.

9.8.5 BA’)KHOCTb BPAIIEHUA J1JIs1 DKPAHUPOBAHUSA DQHEPTUHN

WTak, TONBKO BpallaloUascs NMUpaMuaa Mepexuia rajakTuiyeckyro “aBapuio” 4 nexabps 1979
rojia, 1 KakuM-To 00pa3oM BpallleHHE BBIHYIWIO €€ ITOCTEIIEHHO OBJIa/leBaTh OOJIbILEH 3HEpruei, yem
npyrue. Mmenno torna Ilapp BmepBble OCO3Haj, 4YTO BpalleHUE NHPAMUI MOXKET CYLIECTBEHHO
YBEJIMYMBATH CHITY SHEPIMH, KOTOPYIO OHU MOIJIOLIAIOT U BBIJIENSIOT, YTO YK€ ObUIO OTKPBITO PYCCKUMHU
yuyeHbIMH, TakuMu Kak Ko3splpeB. Heckonbko neTr oH paboTanm Haj pa3iaMuHbIMU [IPOEKTAMHU
Bpamatomuxcst nupamua. [Ipu stom Ilapp oOHapyxmi: MOXHO YCHIMBaThb 3HEPreTHYECKHE IOJIS
BpALAIOMIMXCS MUPAMUJ elie OOJblIe, eCIM MPOBOIUTh UX Yepe3 NMepeMEHHbIe MAarHUTHBIE TOJISL. JTO
MO3BOJIMJIO JOCTHMYbh YPOBHEM HAaMHOro Bblle, 4eM 1-3% SKpaHHpOBaHUS ISl CTAllMOHAPHOM
nupamuabl. Korma o pmoctur 0Oojiee BBICOKMX YPOBHEH, OH 3aMETW, YTO BHYTPH TNHPAMHUIBI
IIPOUCXOJUT YMEHBIICHNE Beca 0OBEKTOB, TO €CTh TAKXKe HIKPAHUPYETCS U TpaBUTALUS.

9.8.6 “OTCEYKA” U THIIEPITPOCTPAHCTBO

Co BpemeneM Ilapp BblUMCIUI crleayrolee: KOrJa €My YAaBalloCh 3acTaBIATh MHUPAMUITY
JOCTUTaTh ONPEJEIICHHON CKOPOCTH BPAILLEHUS, OAHOBPEMEHHO “Kymasi” €€ B OKPY>KaloILlEM BO3YyXE C
ATOMHBIMH YacTUIAaMU (MOHAMU), IPOUCXOTUT “oTcedka’ - skpaHupoBanue gocturaer 100%. B stor
MOMEHT DJHEPIreTHYECKOe II0JIe MUPaMHUAbl TIOJTHOCTBIO DKPAaHUPYET BCIO AJIEKTPOMArHUTHYIO,
PaANOAKTUBHYIO U TPaBUTALIMOHHYIO SHEpTHi0. [Ipu qocTxkeHnn onpeneaeHHOW CKOPOCTH, OJHO JIUIIh
BpalieHne crnocoOHo co3naBathk 50% skpanupyromuid 3PQPeKT, a aTOMHBIM YacTHUIAM TPeOOBAIOCH
nocturath MomeHTa 100% orceuku. UToObI AOCTHYH TMOJHOTO JKPAHUPOBAHHS B JHEPIETUUYECKOM
cdepe, B KaueCTBE UCTOYHUKA aATOMHBIX YaCTUI] MOKHO HCIIOJIb30BATh M COJIHEYHBIH CBET.

beccniopHo, 3TO COOTBETCTBYET paHee BBICKAa3aHHBIM HESIM 00 00BEKTaX, pa3MENIaloONInXCsl Ha
0ojee BBICOKUX YPOBHAX A(UPHON IUIOTHOCTH. DTU WIEW NPUILIA U3 KOHIENIUH 1-pa Bmamumupa
I'uns3bypra, n-pa A. M. Mummna u n-pa 'aponpna Acnpaena. IlpencraBnsiercs, uyTo Korzna OOBEKT
BUOpUPYET HA CKOPOCTH, OJIM3KOM K CKOPOCTH CBETA, OH MOCTENEHHO MepeMelIaeTcst Ha 6ojee BHICOKUN
ypoBeHb 3¢upHON 1oTHOCTH. CO BpEeMEHEM MOXKET MPOM30MTH NOJHBIA CABUI B 00Jie€ BBICOKYIO
wi0THOCTh. [lo3ke, Koraa naBieHue BHICBOOOXKAAETCS, 0OBEKT €CTECTBEHHO BO3BpAIAETCsl OOpaTHO B
Hally INIOTHOCTh. Takske, 3T0 coBnagaer ¢ nmareHToM J[pBuna XaacoHa, KOrjaa pyu HarpeBaHWH UPUIUS
1o temnepaTypsl 850° Llenbcus, HabIOAAIOCH €ro UCUE3HOBEHHE, HO KOTJa TeMIIepaTypa MOHMKaIach,
WPUNA BHOBb MOSBJISUICS B HAIIEH TJIOTHOCTH.

Takum 00pazom, Hac He JOJDKHO YOUBIATH: Kak TOJBKO B 3KcnepuMeHTax Ilappa mocturancs
100% ypoBeHb D3KpaHMpOBaHMs, NHpPAMHUJAa BPEMEHHO HCYe3ala U3 H3BECTHOM “TpeXMEpHOMN”
peanpHOCTH. B 3TOT MOMEHT mnUpaMuabl OTCOEAMHSAIOTCA OT CBOMX SIOKCUAHBIX KpEIUICHWH Ha
BpallaloeMcsi KpoHIITeHe. bputo BerunciaeHo, 4ro amst 3toro tpedoBasachk cuia B 2000 ¢pyHTOB Min
BHE3AITHOE yBEJIMUCHUE KUHETHYeCKo sHepru - B 113.000 pa3 6ombine, uem panpiie. B 55 paznuunbix
HKCHEPUMEHTaX TAaKOro poja NMHUpaMHuia MPOXOJWiIa CKBO3b TBEp/Able OOBEKTHl, TAaKWE KaK CTEHKa
MalllMHBbI, CO3JAI0Iasl 3aIIUTHYI0 000JI0UKY, OKPYXKAIOILYI0 TPAEKTOPUIO BpalleHus nupamuasl. Koraa
IocJIe MPOXOKACHUSI MUPAMUJbl Yepe3 TBEPIbIM KOKyX MAIMHBI, OHA BHOBb IOSBISIACH B HAIIEM
IIPOCTPAHCTBE, OHA JIBUT'AJIACh C OTPOMHOM CKOPOCTBIO, KaK IyJIsl, U 4aCTO BCE 3aKaHUMBAJIOCHh TEM, UTO
OHa BMYPOBBIBAJIaCh B CTEHY J1a0OPATOPUU WIIM B3PHIBAIACH.
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9.8.7 SKCIIEPUMEHTAJIBHASA YCTAHOBKA

Ceifuac, Korza Mbl yCTAaHOBWJIM, YTO TaKOH aHOMAJIbHBIN A(EKT pealieH, MOoNe3HO JTy4lle y3HaTbh
yCTpOMCTBO 3TOM MammHbl. B yctanoBke Ilappa, B 12,5 cm tonmmuont u 90 cM aquamMeTpoM Kpyriiou
KaMmepe MOMEIAeTCs JI0NacTh, Bpallaoascs Kak mpomnesmiep. JepeBsiHHas 10nacTb UMEET IUPUHY 7,5
cM, tommuHy 0,31 cM m Bpamaercs B kpyre, nuamerpom 125 cm. Ha obGenx cTopoHax KpoOHIITEHHA
KpEIATCS ABE MMPaMU/Ibl C OCHOBAHMSIMU B 2,5 CM, BECSIIME § rpaMM KaxkJas U CAEJaHHbIE U3 IUIACTUKA
ABS. BepumuHbl nupamMu]; rOpU30HTAIBHO BBIPABHUBAIOTCS ¢ OCHOBAaHMEM, U HAINPABJIECHbI OT LIEHTpa
kpoHmreiiHa. LlenTpudyra 3amyckaercss MoTopoM (HampspkeHue 12 BOJBT, MOIIHOCTH Y4 JOUIaJIWHON
cuibl U ckopocTh 700-2400 o6opotoB B MuHyTy). [lpn BpameHun nupaMuabl IpoxoaaT yepe3 36 map
MarHuTOB, pAaCIMOJOXEHHbIX B (OpPME THTaHTCKOIO Kpyra, HpuUYeM Kaxjaas mapa KpemuTcs Ha
pPacCTOSHMM 2,5 CM BBIIIE W HW)KE TPACKTOPHUH NHpPaMHJ, Ha KOHLAX BPAILAIOLIErocs KPOHIUTEHHA.
MarHuTHbele Iapbl MEHSIOT IOJSPHOCTb MEXKIAY CEBEpPHOM M IOKHOM, CO37aBasi HEIPEPHIBHYIO
(GIIyKTyaluio B MOJIAX, B KOTOPBIE IOMEIEHbI TUPaMHU/IBL.

Kak w™mbl roBopunm, Ilapp ompeaenus, 4TO NpU JOCTATOYHBIX SHEPre€THUYECKUX YCIOBUSX,
BHYTPCHHAA 4aCTb 2,5 CM IIHMPUHBI INIACTMACCOBLIX IMUPpaMUJ HAYUMHACT SKPAHUPOBATH BCC M3BCCTHBLIC
SHEpreTHYecKue Mmoisi, Oyab TO T'PaBUTALMOHHOE, AJIEKTPOMArHUTHOE WM paauoakTuBHoe. OOmacTh
BHYTPH ITy3bIps, OKPY>KaIOIIETo MUPaMUIy, OyieT TepaTh Bec. PainoakTuBHBIE MaTepHabl, HCTOUHUKU
paaroyacTOT W MAarHUTHbIE WCTOYHHKH, TIOMEIIEHHbIE BHYTPH MAaJICHBKHX MHpaMuia, OyayT
OKpaHUPOBaHbI OT BHCIIHCTO MHpA. KOFHa AOCTUTACTCA MOMCHT OTCCYHKHU, NHUPAMHUIBI 6yI[yT JII/I60
camopaspyuiatbesi, TMO0 MPOXOIUThH Yepe3 TBepAble 00beKThl. Takxke 3TO MOXKET cO37aBaTh CHUIIbHOE
pa3pylICHHE BPaIAIOIIErOCs KPOHIITENHA U BCE BHYTPEHHEN YaCTH MAIlVHBI.

9.8.8 QHEPTETUYECKHUHA MMOTOK MEXAY COJIHIIEM U IIOSICOM OPHOHA

[Tapp 0OHApYKWII, 4TO BHE3AIMHOE YBEIUYCHUE YHEPTHH, BEAYIEE B OTCEUKE, MPOUCXOIUT CAMBIM
HaJeXXHbIM 00pa3zoM 13-16 nexaOps Ka)a0ro rojaa, U ero U3MEpPEeHHs BBIMOIHIIMCH Ha MPOTSHKeHUH 13
net. Co BpeMEeHEM OH OTKPBLI, YTO B 3TO BpeMsi OpOUTa 3eMJIH TIepeceKaeTcs ¢ BOoOpakaeMon JTMHUEH,
KOTOPYIO MOKHO TpoBecTH Mexay ConuueM u 3Be3gamu [losica Opuona. 9To mpuBeno K BBHIBONY, YTO
Mexay Comuriem u 3Be3namu Ilosca OproHa CyIIECTBYET HEKOETO BHJIa aKTUBHBIA YHEPreTHYCCKHIMA
KaHall. DTO COIJVIACYeTCS C HAIUMHU OXHIAHUSMHU, CBS3aHHBIMH C TOPCHOHHBIMU TMOJSAMH, HOO
YKa3bIBaeT Ha CYIIECTBOBAHUE ITOTOKOB 3(DHPHOW SHEPTUU, CBI3BIBAIONIMX BCE 3BE3JbI M TEKYIIUX
Mexay HuMH. Uem Onmmke Mbl HaXOAMMCS K 3Be3le, TeM CujibHee OyaeT MOTOK, a B ciydae llosca
OpuoHa y HAC €CTh TPH IEHTPATbHBIC 3BE3/IbI, HAXO/ISIINECS B TECHOW OJM30CTH C YETHIPHMS JPYTHMH
OJIM3KO PaCTOJIOKEHHBIMU 3BE3aMH, OKPYKAIOIIUMHU IEHTpajbHbIE 3Be31bl B (OpME THUTaHTCKOM
OykBbl X., ciepoBareiabHO, (opMa 3Be3n B co3Be3guu OpuoHa o0pa3yeT MacCUBHBIM TOPCHOHHBIN
reHeparop.

9.8.9 YCKOPEHHUE K JIYHE U OT JIYHbI

OnHa u3 caMbIx MHTepecHbIX Haxoaok JIxo Ilappa mosiBisiercss B pe3ynbraTe HaONIOACHUH, B
KaKOM HaIlpaBJIeHUU OyayT IBUTAaThCs MHUpPAMUAbI, JOCTUTas OTCeukd. B kauecTBe yCIIOBUSL ATOrO
SKCIepUMEHTa Oy/leM CUMTaTh, YTO JIyHa HaXOAWUTCS B (pase HOBOJYHHs, - He HM3iydaeT cBeT. [lapp
OOHapYXWJI: €CITU Bpallaronascs Kamepa ¢ MIpaMuIoi “Kymaercs’” B OTpUIIATEIbHBIX HOHAX, OHA OyIeT
YCKOPSATHCS 0 HanpasieHuto oT JIyHsl. OJIHAKO eciau KaMepa 3aIl0JIHAETCS MOJIOKUTEIbHBIMU HOHAMM,
nupamua OyAeT YCKOpSAThCS MO HampaBieHHto K JlyHe. DTO COOTBETCTBYET HAUIMM MOJECINISAM
KBaHTOBOH (H3MKH, MO0 B 3TOM cClydae Mbl pacCMaTpuUBaeM 3€MIII0 KaK OJWH TUTAHTCKUH aToM.
[Mupamupa, pazmenieHHas B 0ojiee BHICOKON 3(UPHON IMJIOTHOCTU C OTPHUIIATEIbLHBIMU HOHAMH, OyaeT
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JBUTATbCS TI0 HAINpPABICHUIO K LEHTPY 3€MJIM, TOYHO TaK >K€, KaK OTPHULATEIbHO 3apsKEHHBIE
JNIEKTPOHHBbIE OO0Jaka JBMXKYTCS 1O HaIlpaBlIeHHI0O K IeHTpy artoma. [lupamupa, 3apskeHHas
MOJIOKHUTEIBHBIMM HOHAMM, OYyIeT YCKOpAThCS IO HANpPaBICHHUIO OT IIEHTpa 3eMJIM, OKa3bIBas
COINPOTHBIICHUE OTPHULIATEIBHOMY 3apsny.

9.9 OTKPBITHE CTOHA TEHEHA: IMPAMUJIA B I'M3E KAK PE3OHATOP

B 2000 romy, mosiBuBmuch Ha moy Jlopel JIu, uccienoBatens CtdH TeHeH pacckaszani, 4To
Benukas ITupamuna B I'm3e mocTpoeHa B rapMOHMM C MOJIEKYJISIPHOM CTPYKTYpPOH €€ CTPOUTEIIbHBIX
MaTtepuanoB. bombiias yacTe OJOKOB, COCTABIAIOMIMX MHUPAMUIY, - U3BECTHSK, KpUCTAT KapOoHaTa
kaneiust (CaCOz). Benukast Ilupamuma moctpoena ¢ yriom HakiaoHa 51° 51°. Tenen ykazan, 4To
MOJIEKyJIa KapOOHaTa KaJbI[Us MMEET YTroJl MPUONMH3UTETBHO 52°. DTOT Yrojl HM3BECTEH Kak ‘‘yroj
pacuierieHus”’, YTo O3Ha4yaeT, KOTrJa YUCTHI KpUCTAJUT KapOOHATa KaJIbIUs pacIervisieTcsi, OH OyaeT
pacuieruIsThes BIob yriaa 52°. Takum oO6pa3om, TeHEH 3asBUJI, UTO YroJl HAKJIOHA TTUPAMUIBI TPUBOJIUT
BCIO (popMy MHpaMHJIbI B TAPMOHHUIO C MOJIEKYJIaMU MaTepuH, U3 KOTOPoil oHa moctpoeHa. OH He 3HAET
HUKaKOW JIpyrod CTPYKTYphl Ha 3emiie, KoTopas yKIaAblBajdach Obl B 3TOT MaTTepH. SICHO, YTO Takas
rapMOHUYECKAs CBA3b MEXIY ““MHUKPO” U “MaKpo’ JHIIb YCHIUBACT 3(P(PEKThl TUPAMHUIBIL.
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Ipuiaoxenue 1: “Marpuna” — 3T0 peajbHOCTD
(cratbs oOHOBEeHA 16 ampens 2007 roaa)

HoBoe BaxxHOE Hccien0BaHNE MOATBEPKAAET, YTO BCE FaJIaKTUKU BO BcesleHHON opraHu30BaHbI B
BUJIE TPOMAIHOM F€OMETPUUECKON MaTpullbl, IpocTHparolieiics Bo BceM Kocmoce!

B actpoHoMuueckom coobmiecTBe 3Ta HHPOpPMAIH CBOOOAHO TYIISET BOT yXKe MOUTH JIECAThH JIET,
U Bce ke Bo BceM MHTepHeTe oOHapy:keHo Bcero 30 cchUTOK Ha 3Ty MHGpOpManuo. DTO elle OJHO
“Kypsiiieecsi pyXbe”, TOATBEp)KIAloIIee BCce, 0 4eM Mbl yke coobmanu. KoHkperHbsie o0pa3oBaHuUs
“KpyroB Ha MoJjsix’”’ JalOT 3aMeyvaTelIbHbIe CXeMbl HOBOW Moaenu. CMOTpuTe camu!

“MATPULIA” — 5TO PEAJIBHOCTb
JPBu YUinkok

B cnenyromem mecsiie, HAKOHEI-TO, BBIXOJUT JOJITOKJIAHHBIN cepuan “Marpuna”, yacts 2. U

BHOBb OH BO3BpAIllacT OOLICCTBEHHOE CO3HAHUE K HMJEe O TOM, 4YTO BCE, O YEM MBI JyMaeM Kak O
“peanbHOM”, HE CIIEAYET IPUHUMATh HA BEPY.
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Bpems mpumnuio, 6o y Bcex, MMEIONMUX TJia3a, 4ToObl BUJIETh, W YIIHU, YTOOBI CIIBIIIATH, HE
OCTAJIOCh HUKAKHUX COMHCHI/Iﬁ B TOM, 4TO HpaB)IIJ_II/Ie IMOJIUTUYCCKUC CHUJIbI CHOCO6HBI MaHI/IHy.III/IpOBaTL
0OIIIeCTBEHHBIM MHEHHEM J0 TaKOW CTEMEeHH, YTO OOIIECTBEHHOCTH ¢ TpuyMdom coolmiaercs, 4To
YepHOe — ITO Ha caMoM Jiefie Oeroe, BOiHa — 3TO MUP, HEBEKECTBO — CHIIa, @ cBOOO1a — pabCTBO.

B »a10#i crathe MBI OymeM packpbiBaTh HOBYIHO HH(MOpMaINHi0, KOTopas (€Ciu Mbl JKUBEM B
MMOMCTHUHE CBOOOJHOM MHPE W MOXKEM CBOOOJIHO JENUThCA MH(OpMaIMen) T0KHA paccMaTpUBATHCS
KaK TOPA3UTENIbHBIA MPOPHIB, HAKOHEL, PACKPBIBAIOIIMI HWCTHHHYIO NPUPOAY M CTPYKTYPY HAalleu
Bcenennoii. U Bce ke, ONBIT MOKA3bIBAET, YTO TAaKUE MPOJBUKEHUS MPUBJIEKAIOT OYEHb MaJl0 BHUMAHHUS
CO CTOPOHBI TPAJULIMOHHOTO COOOIIECTBA.

[Touemy? U3 “smuka [lanmopsl” HAYMHAIOT OBICTPO BBICHINIATHCS JEMEHTHI MAPANCUXOIOTUN U
MeTa(pU3MKH, CBHIETEIbCTBYIOIIME O TOM, YTO BceieHHas BIOJIHE MOXKET SIBIATHCS PE3YJIbTaTOM
Pazymnoro Ilpoekra — IlepBuunbiM CymectBoM ¢ rojorpadpu4ecKUMd W/HIH  (QpaKTaIbHBIMU
CBOWCTBaMM, HaUMHasi ¢ KBAHTOBOI'O M KOHYAsl YHUBEPCAIbHBIM YPOBHEM.

YTO TAKOE MATEPUSA?

UToOBbl TOHATH HOBOE “KPYITHOE” OTKPBITHE, CIAEAyeT HadaTh C Majoro. BOJBITMHCTBO JrOaei
MIPUHUMAET Ha BEPY CyIIeCcTBOBaHUE (hmu3mdeckoro mupa. U Bee ke, 3a nmocieqaue 100 yer, To, 9T0 MbI
“sHaemM” 0 (PU3NYECKON MATEPHH, CYIIIECTBEHHO HE MEHSIIOCH.

He cMoTpst Ha OrpoMHOE KOJMYECTBO JOKA3aHHBIX NMPOTHBOPEYMil, OOBIYHBINA YEIOBEK BCE €Il
pacckaxeT BaM O TOM, YTO MaTepusi COCTOUT M3 MOJICKYJ, IOCJIEAHNE COCTOAT U3 aTOMOB, KOTOpPHIE B
CBOIO OYEpeIb COCTOST M3 KPOIICYHBIX YacCTHIL, BPALIAIOUIMXCS BOKPYT sIpa KaKk MHHHUATIOPHBIC
IUTaHeTapHble cucTeMbl, Ha 99,999% 3anonHeHHBIE “NyCcTHIM” MPOCTPAHCTBOM. B Hayke “kBaHTOBast
¢du3mMKa” 3TO U3BECTHO KaK Moeib atoma Pesepdopaa. 1 kak roBoput n-p Musno Bonbsd B cBoeli kHuUre
HccnenoBanme pus3nku HeM3BEeCTHON BeenenHoii:

“Kto Obl HM BBIJBUTAJl MOJIO)KEHUE, YTO S3JIEKTPOHBI BpAIIAIOTCS BOKPYT fJipa Kak IUIAHETHI,
coBepliaeT yxacHyro omuOky! Ecim Bac yumnm Takoil ujee, HeMeUIGHHO ee orOpockTe. Bcee
AKCIIEPUMEHTHI 0 OOHAPYXEHUIO LEHTPAJIBbHON CTPYKTYpbl AJIEKTpOHA OBLIM OTPULATEIBHBIMU .
(Bomed, 1990)

B otnunume ot n-pa Bonbga, cpenHuii COBpeMEHHBIN YUYEHBIH PacCKaXXeT, 4YTO aTOMbI COCTOST U3
“gonrui’”*?, gero-To, 4To BedeT cebs KAaK YACTHUIA, KOTJA yUeHble H3MEPSAIOT €ro KaK YacTHILy, U KakK
BOJIHA, KOTJa Yy4YE€HbIE W3MEPSIOT €ro Kak BOJHY. BO3MOXHO, 3TO CUMTaeTcs NPUEMIIEMBIM B
MaTeMaTU4YE€CKOM YPaBHEHUM, HO HA 3TOW OCHOBE HEBO3MOXKHO CO3JaTh pab0uyr0 (GU3NUECKYIO MOJEIb.
Korna BbI cuuTe B Kpeciie, BaM He HYHO BEPUTh, YTO 3TO KPECIIO, I TOI'0, YTOOBI OHO Bac JIeprKajo.

[TouyTtn Bce HalIM TpaAUIIMOHHBIE HAYYHBIE MOJEIIU I'PELIaT MHOKECTBOM HEJIOCTAaTKOB, U BCE XK€
3TO MOYTH HHUKOI/Ia He 00CYyKIaeTcsi B MEYaTHBIX CPeCTBaX MaccoBoil mHpopmanuu. B pesynbrare,
YyyUTas 3TU CJIOBA, BB MPSMO CE€Uac MOKETE UCCIIEIOBATh CBOE OKPYKEHUE U JIETKO MOBEPUTH B TO, YTO
3HaeTe, Ha YTO CMOTPUTE.

18 Heonorusm. B opurunane “wavicles” — cioBo, cocTapieHHOE U3 ABYX CIIOB: “Wave” — BonHa u “particle” — yactua.
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“IlepeBo. Metann. [Tmactmacca. Ctexno. Tkanb. [leHoOeToH. S 3HaI0 ATH Bely, s 3HAIO, U3 YETrO
onu caenanbl. OHU OBUTH BUepa U OYIyT 3aBTpa; MEPTBbIC, MHEPTHBIC, 0€3KN3HECHHBIC BEITH .

B ciydae ¢ marepueil TpaauLMOHHASI TEOPUS €IE J1aKe HE MPUCTYIaia K PEelIeHUI0 IapaJ0KCOB,
BO3HUKIIIUX B KBaHTOBOH ¢usuke. OduiinanbHas Hayka HE 3HAET, YTO TAKOE MATepPHs HA CAMOM JIeIe.

BonpmmHCTBO mIOnEN aymaeT, uTo ‘MBI’ 3HAEM OTBETHl HAa BCE BOIPOCHl, HO HU OJIHA W3
TPAIUITMOHHBIX MOJIEJIEH HE CITOCOOHA PEIIUTh TOJIOBOJIOMKY. K cHacThIO, IOCTATOUHOE YUCIIO JIFOJIEH C
YHUBEPCUTETCKUM 00pa3oBaHUEM THCATUd 00 ITHX MpoliemMax Ha caitax B VHTepHETe W NBITAIHCH
PETUTh TO, YTO MBI 3HAeM Kak Je()EKThI TPATUITMOHHBIX MOJICTIEH.

Ha ocHoBe n300unmus paHee MOJABISABUIMXCS W/MIM 3aMaldMBaBIIMXCS MCCIEIOBaHUM, ceifuac
JOCTYIHBIX B HTEpHETE, MOKHO MOCTPOUTH HAMHOTO JIYUIIYIO MOJIETh KOCMOCa, KOTOpasi peliaeT Bce
napasiokChl U OTBeYaeT Ha KpUTHKY. C pe3yiabTaToM 3Toi paboThl MOKHO O3HAKOMUTHCSI B CEPUM KHUT
Commxenue (Cnur Omox, Hayka EnunctBa, bokectBennbiii Kocmoc), cBOOOJHO JOCTYMHOW B
Wutepnere. B 3To# craThe MHE OBl XOTENOCh PACKPBITH IMOTPSACAIONIYI0 HOBYIO HH(OpMAIHIO, O
KOTOPOU 51 HE MUCAJ B IPEABIAYIINX KHUTAX.

Ecnu MBI XOTMM NO3HaTh UCTUHHYIO NMPUPOAY MATEPUH, CIEIYET IOHMMATh: YJIEHBI CEKPETHBIX
o0uiecTB, Takux kak Maconckuid OpzieH, o CTpaxoM CMEPTH KIISUTUCH, 4TO BCeraa OyayT “CKpbIBaTh U
HUKOI'Zla HE pasmiamaTh  cekpeTsl OpleHa, u 4to 1 MacoHna, nocruriiero cryneHn Koponesckoit
ApKH 1 BbIIIE, “yOUHCTBO M MpenaTeabcTBO He aomycTumbr”. (ynkan, 1085; Ctum, 1990)

OanH M3 caMbIX TJIaBHBIX MAaCOHCKHX CEKpPETOB TAaKOB: T€OMETpUS — CKPBITHIA KIIOYU IS
ornupanus TaitH Becenennoid, To ects, “bor ['eomerpusupyet” (Jlomnop, 1985)

Puc. 1 Macouckuii cumeon

bykBa “G” B norotume MacOHOB CHMBOJM3HpPYET W TeoMeTpuio, u bora — “Bemmkoro
Apxutextopa Bcenennoit”. Bpiiie OyKBbI HAXOIUTCS LUPKYIIb, @ HUXKE — IIOTHULIKUKA YTONBHUK. JTO
JIBa OCHOBHBIX HHCTPYMEHTA, C MOMOIIIbIO KOTOPHIX U3Y4YalOT “‘cakpaibHyto reometputo” (Jlomop, 1985).
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HpeTCHI[eHTa 06yqam/1, KakK puCOBaTb U MCAUTHPOBATH HA PA3JIMYHBIC T'COMCETPUUCCKHUC (I)OpMBI u
IMOHUMATh, 4TO, ACJIasd 3TO, OH BXOJUT B KOHTAKT C SHCPIrusaMHn TBOpeHI/ISI.

[TosTomy, nr000€ HcciieqoBaHHE, OYEHb MAaJCHbKOE WM OYeHb OO0JIbIIOE, JEMOHCTPHUpYIOIEe
BaXXHOCTh ‘‘CakpaibHOW’ TeOMETpUM B KBAHTOBOW (QU3MKE W/WIM acTpoPu3MKe, HHUKOTAA HE
npeacTaisiiock oomectBeHHocTH. PaBBuH C. I'. ®unanm mucan: eme B koHie 1800-X romoB 4jieHBI
Maconckoro OpneHa XBacTaluChb, YTO KOHTpoiHpyroT mneudatHble opranbl CIIIA, npaButenscTBo,
BOCHHBIX U CUCTEMY IIPABOCY/HUS HA CaMbIX BBICOKMX YpoBHsX (DunHH, 1867).

Hakonen-ro, OOJBIIMHCTBO JIOJEH HAYMHAET MOHUMAaTh, HACKOJBKO JKECTKO AEHCTBUTEIHHO
koHTposupyroTes B CIIIA cpenctBa MmaccoBoii nH(pOpMAIINUH, T€, KTO HE SBISIOTCS aMEPUKAHIIAMH, U T€,
KTO aKTHUBHO MoJib3yeTcss HTepHeTOM sl 4ero-To OOJBIIET0, YeM 3JIEKTPOHHAS 0YTa WU Pa3rOBOPHI.

Kaura Puuapnma Xoarnenga Morymentst Mapca (1990) pacckaswsiBaeT, dYTO MpocTas
YeThIpeXTpaHHasl MUPAMH/IA, U3BECTHAS KaK TETpadp, OyAydH MpaBUIBLHO pa3MelieHa B cdepe, Oymer
OTIpEeeIISATh CaMble SHEPreTUYEeCKH aKTHUBHBbIE MecTa Ha riaHere. CaMble OYEBUAHBIE TPU3HAKU TaKOil
aKTUBHOCTHU — T€OMETpUUecKH pacmnoioxkeHuble Orpomuoe Kpacnoe IlstHo Ha FOnurepe u OrpoMmHoe

Temuoe I[IsaTHO Ha HentyHe. 3ameThTe CXOICTBO MEXy 3TOM cXeMOW U MacCOHCKMM CHMBOJIOM Ha pUC.
1.

Puc. 2 36e30mnbiti mempasop enympu chepwvi, yKazvlearowuil
Koopounamuwvie mouxu (Xoaeneno, 2000).

JpBua Xoatuep Yailnapecc B CBO€il KHUTE AHmuepasumayus u Mupoeas peuiemra TMOKa3bIBaeT,
9TO TETPAdP — OJHA U3 TISITH TEOMETPUICCKUX (opM (BMECTe OHHM U3BECTHHI Kak [LmaToHOBEI TBepbIe
Tena) - Bnuser Ha cTpyKTypy u noBeneHue 3emiu. Kak Hamucano B moei kuure Hayxa Eouncmea,
npyrue 1iaHeTsl B COTHEYHOM CUCTEME TOXKE IEMOHCTPUPYIOT MPU3HAKU STUX TOJIEH.
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Co BpeMeHEM MBI TMPUBEIEM JIyUIlIMe IaHHBIE, YTOOBI MPOJEMOHCTPUPOBATH BIHMSHUS DTHUX
“pemterok”. Puc. 3 nmokaszeiBaer “oktaBy’ IlnmatoHoBsix TBepnbix Ten, kKoTopas WILIIOCTPUPYET TEOPUIO
npeBHUX MHAYCOB, Kak 3TH Tejla COYETAIOTCA C I[BETAMHU PAAY>KHOIO CIEKTpa M HOTaMHU ‘‘UUCTOU
JlnaToHUYECKON MIKaJIbI.

lenmuodusuku otkpeutn, yro ConHIE 00agaeT “BOCHBMH-TIONSAPHBIM MAarHUTHBIM MoJieM. Takoe
MoJIe yKa3blBaeT BCE KOOPJMHATHBIE TOYKHU OKTadJpa, KOTOPHIH BBITISIUT KaK JBE ErHIETCKHE
nupaMu/ibl, COCAMHCHHBIC OCHOBAHUAMMU. BI[OJIL OKBaTopa COJIHI_[a CCTb UYCTBHIPC paBHO PACIIOJIOKCHHBIC
TOYKH, KOTOpPbIC, KaK HW3BECTHO, HUCHYCKAIOT MOTOKU 3aPSKEHHBIX HSHEPreTUYECKUX ‘“‘4acThll’ Kak
MEJIJIEHHO BPAILlAIONIAsiCs T0XKAeBalbHasl yCTaHOBKA.

UYerblpe pa3a B Mecsl 3eMisl MPOXOAUT 4Yepe3 HOBYIO BOJHY YacTHI], 3apsDKEHHBIX JHOO
MOJIOKHUTEIBHO, INOO OTpULIATENIbHO. ECIIM BBl COEIMHUTE JIMHUAMH YEThIPE TOUKHU MOSIBICHUS YHEPTUN

Ha 3KBATOpC COHHI_[a C CCBCPHBIM U KOKHBIM IMOJIFOCOM, OKTA3JApP CTAHCT BUAHCEC, U BBl CMOXKCTC YBUICTD,
YTO U3 BCEX OTUX TOUCK BBITCKACT SHCPI'U.

& U@

OxkTasap 3Be3aHBIH TEeTPadaAp Kyo0 Honexadap Hxocasrap

Puc. 3 “Oxmasa’” I[Inamonoswix Teepovix Ten (Yunxox, 1999)

Side View

Top View
with Magnetic
Streams

3
A
Puc. 4 Dnepeemuueckue nammeprst oxkmasopa na Coanye (Yunxox, 2000)
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Ecnu npeBHHME CBUTKH BEPHBI, TOT/Ia CaKpajlbHas TE€OMETPHs M €CTh pEIIeHHe MpodsieM u
MapaokCoB KBAaHTOBOW (PU3UKHU — HAYKU O MAaTEPUH.

Kak onmceiBaercs B TpeTbeit kuure boowcecmeaennwii Kocmoc, monenb Pona JI)koHcoHa pazpeninia
BCE JI0 €IWHOTO MapaJOKChl KBAHTOBOW (DM3WKK M TPEJOCTABUIA T€OMETPHUECKOE PEIICHHE TaKUM
3arajkaM, Kak BbIBEJ€HHE TMOCTOSHHOM IlmaHka, TOHKOCTPYKTYpHOW KOHCTaHTBI, OTHOLICHHE
CITa0bIX/CHUIIBHBIX B3aUMOJACHCTBHIA, MPOUCXOXKIECHUE U CTPYKTYpa BAJICHTHBIX 3JIEKTPOHHBIX 000JOUEK,
3arajiKa MoJSPHOCTH U Tak JaJee.

Campiii d>ppekTuBHBINA CTOCOO OOBSCHUTH MOSBICHHUE T€OMETPUUECKHX “TOYEK HAIPSIKEHUS —
BUOpaiysi. ABTOpUTETHBIE MCCIIe0oBaTeNU, Takue Kak J1-p ['anc J[xennu u a-p bakmuucrep ®ymnep,
MOKa3aaM, 4To Bce MATh reoMmeTpuid [lmaroHoBeix TBepawsix Tem OyayT eCTeCTBEHHO BO3HUKATh MPH
BUOpaIu chepbl )KUAKOCTH Ha “UUCTON 3BYKOBOW 4acTOTE.

UYewm BbIie BHOpaIys, TeM 00Jiee CII0KHOW CTAHOBUTCS reoMeTpusi. ECiiM Bbl MOHU3UTE YACTOTY,
CHOBA IMOSIBUTCS MCXOHAsi TeoMeTpus. [103ToMy, Kak CHe)KUHKA KPUCTAJUIN3yeT MOMEHT B aKTUBHOCTH
BOABI, TaK W ““4WCTHIN~’ 3BYKOBOW TOH CO3[a€T CBOM BHJ KpUCTAIa B JIOO0H >KHIKOOOpa3zHOM
CyOCTaHITIH.

Puc. 5 Buoumoe ceomempuueckoe pacnpeoenenue KpouieyHulx 4acmuy
6 ubpupytoujeti kanie 00bl

Mpbl HE TOBOpUM, YTO BHYTPH IUIAaHET WJIM B KBAHTOBOW cdepe CYIIECTBYIOT I€OMETPHYECKHE
KpUCTAIITNYeCcKre 00bekThl. CKopee, TeoMeTpusi — 3TO MpocTeimias (Gopma, MOCPEICTBOM KOTOPOit
BUOpanus Habo1aeTcsl B 000 €CTECTBEHHOM cpefie, TaKoi Kak >KUIKOCTh. JIMHUN TeOMEeTpUYECKUX
dbopM ormpenensoT obsacTu ¢ Ooee HU3KOM CTETICHBIO JABJICHHSI, CJIEOBATEIHHO, 00Jiee BBICOKHE
NaBieHUsT OyAyT €CTECTBEHHO CTPEMHUTBCS B 3THU oOnacTu. MIMEHHO 3TO MBI M BUAMM B TOYKaxX Ha
cosHe4yHoM 3kBaTope winu B OrpomuoM KpacHom [IsTHe Ha FOnurepe.
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B cnyuyae Bcenennoil, ‘“*KUAKOCTH” — 3TO HepHU3MUECKas dSHEpreTudeckas cpea, KOTOPYIO MBI
Ha3zbiBaeM ‘a¢upom”. Kuura boowcecmsennwiti Kocmoc M ocTalbHble KHHUIM CEpUU TpEJIararoT
OIpeIeIEHHOE JJ0KA3aTEeIbCTBO CYIIECTBOBAHMSA d(Upa U €ro )KUIKOOOpa3HBIX CBOMCTB.

B reomerpun BuOpanuu, Bce CBOOOAHBIC, HECBS3aHHbIE MaTepHallbl YBJIEKAIOTCS TEKYLIIMMH
MOTOKaMU JIaBJICHUS U COOMpAIOTCA B TOUKAX U JMHHUSIX T€OMeTpHuecKod (opMbl. DTO HAallOMHUHAET
IIPOLIECC, KOTAA JKEJIE3HBIC OIUJIKA BBICTPAMBAIOTCS BJOJIb CWIOBBIX JIMHUM MAarHuTa, MPOSBII
F€OMETPHUIO MArHUTHOTO ITOJIA.

Eme omun cmoco® mpoaeMoHCTpUpoBaTh 3TOT 3P(GEKT — HACHIMATh TOHKUMA CIIOW TeCKa Ha
OonpiIoi Oapaban u ymapsaTh Oapaban B cepeauHe. llecok OymeT CKIaAbIBATBCS B T€OMETPUUCCKH
pacIoyioKeHHBIE KyYKH BO3JIE HAPYKHOTO Kpast OapabaHa, TpH TOM HHOTIa BUHBI M JIMHUU.

YHUBEPCAJIbHASI MAHJIAJIA

A celiyac gaBaiiTe MoJymMaeM O 4eM-TO OOJBIIOM, EUCTBUTENBHO OonbinoM. [IpemcraBpTe, 4TO
KaXkJas TaJakThKa — 3TO necumHka Bo Bcenennoii. [IpencraBpre, uro cama BceneHHas 3amojHeHa
BHOPHUPYIOIIUM dHEPTreTUYECKUM UCTOUYHHUKOM, 00JIaIAFOIINM OTPEICIICHHBIMA CBOMCTBAMH, ITOXO0KUMU
Ha CBOMCTBA JKHUJIKOCTH.

B mpemyaraemoii HamMmu MOJeIH, TOTOKHU JaBjieHUs BO BceneHHOUM OynyT 3acTaBisiTh TallaKTHKU
€CTECTBCHHO JBUTATHhCS B BBIPABHMBAHWE C TPAHUIIAMH MATPHIBI T€OMETPUUYECKHX NATTEPHOB, U B
pe3ynbTaTe BHITISAETh KaK APEBHSS MHAUNCKAs MaHaa.

Mpl 3HaeM, UTO TajlakKTUKH COOMpPArOTCs B OOJbIINE KIacTephl, U3BECTHBIE KaK ‘‘CyNepKiacTepsl”,
U YTO 4acTO OHM MOryT oOianath cepuyeckoir popmoil. Kaxaplil cynmepkiactep MOXET COAepKaTh
OYKBaJIbHO TPUJUIMOHBI TATAKTHUK.

EctecTBeHHO, OOBIUHBIM YEIOBEK MPEIINOJOKUT, 4TO BO BceeneHHoW cynepkiactepsl OyayT
pacrnonaratbCs CilIy4ailHo, Kak mociieactBusa “‘bonbiioro B3peiBa”, korna “Hudero” B3pbIBACTCS IS
Toro, 4ytobnl ctath KocmocoMm. JlaBaiiTe mOCMOTpUM Ha pe3yiabTaTbl HAyYHOrO HAONIONEHUS U
n300pakeHUe CymnepKiIacTepoB, BeloMHEHHOE A-poM M. Berenepom u a-pom U. ®@nopuno. B cratbe,
03aIJIaBICHHOU Bcenennas Kak AudHblil J0mMoK, OHA MAIIYT:

“Pacnipenenenue cynepkiactepoB B JlokamsHOM CyNepKIacTEpHOM COCENICTBE AEMOHCTPUPYET
TAaKyl0 3aMeyaTellbHYI0 MEePUOJUYHOCTh (TO €CTh YIMOPSAIOYEHHBIM MAaTTePH), YTO HAOIIOIaeMOM
KpYITHOMAcCIITaOHOW CTPYKTYpe JOJDKEH COOTBETCTBOBAaTh HEKMH BHJA ceTh. bbula mnpemiokeHa
TpeXMepHasl 1axMaTHas JOCKa.

CyH_IeCTBOBaHI/IG CCTH — HEICTOSIL[IHI)'I BBI3OB IIpcAyiara€MbIM HBIHC TCOPCTUYCCKUM MOICIIAM.

OnHako B TaHHOM Cilydae MACHTH(UKAIMS PEabHOTO TETpasApa HACTOJBKO SICHA, a CETh ONpe/eIeHa
TaK 3aMETHO, YTO MpsiMoe J10KazatesbeTBo nepes Bamu”. (W. berenep u U. ®nopuno, 1998).
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Puc. 6 /[sa 6orvuux okmasopa, oausxce k Maeunomy I[lymu
(bemenep u @nopuoo, 1997)

BoucTtuny pucyHOK cTOUT ThIcsuu CiIOB. I oueBUAHBIE PE3YybTATHI 3TOTO UCIIAHCKOI'O OTKPBITHS
MIPEIOCTABIISIIOT OJHO M3 CaMbIX (DaHTACTUYECKUX, HEOMPOBEP>KUMBIX MOATBEPKACHUN Halleil MOAenHy,
mpecTaBIeHHON B KHUTe Boowcecmsenuviti Kocmoc, xkotopoe Mbl Korma-nubo Buumenu. [lo Hamemy
MHEHHUIO, 3TOT KyCcOueK MH(pOpMAIUHU TaK ke BakeH, kak oTkpbiTue Huxonas Konepuuka, uro ComHile
HaXOoJUTCs B LIeHTpe Haieil COTHEYHON CUCTEMBI.

Kax Tonpko MBI 3HaeM, 4TO UCKaTh, MOUCK B MHTepHeTe “okTasapa berenepa” naer Bcero JIMIIb
15 nHaumeHOBaHMH HHGpOpPMALMKM IO BCEMY MHpPY, KOTOpble MOTEHLMAIbHO ObI PaCKpBIBAIM 3TO
¢danTactuueckoe otkpeiTHe! Eme Gompmie yauBiseT TOT (akrt, 4To 3To mHpopMaruu yxe mourd 10
net! Torma moyemy oHa Tak LIEJIMKOM M IIOJHOCTBIO COKpbITa? He moromy jin, 4TO 3TO OTKPBITHE
CJIMIITKOM OJIM3KO MOJIXOTUT K MaCOHCKUM CEKpeTaM O CTpyKType Beenennoii?

C obnaponoBanuem uHpopmarmu B MHTEpHETE, 3TH OYEBUIHBIE T€OMETPHUUECKUE CTPYKTYpPHI B
Hameil BceneHHOM Bckope CTaHyT emie OJHMM KYyCOYKOM “o0miero 3HaHMA~ [ HOBBIX
acTpo(u3muecKux Moeneil, KOTOpbIE MBI TOMOTaeM BHECTH Ha MUPOBYIO apeHy.

Bce mpomenmme rOABl TpYyAHBIE BOMPOCHI, TMOJHSATHIE OSTUM OTKPBITHEM, 3(PHEKTHBHO
MIPUKPBIBAIUCH ITPOCTBIMU CCBUIKAMM Ha JIOBOJIBHO CKYYHYIO, OYEBHUJHO 3BYYAIIYH HJCK, YTO 3THU
CTPYKTYPBI CO3/IalOTCSl “MarHUTHBIMH HUTSIMU~ BO BcenenHoi. O3HaAKOMBTECH C HIKEIIPUBEIECHHBIM
TEeKCTOM, HANMCAHHBIM He Tae-HuOyap, a B Kanteke'®, u o3armaBmenEsIM Kpynnomacuimabuas
CMPYKmypa u MazHumHvle noJis.

9 Kanrex — Kanudopruiickuii Texnonorndeckuii UIHCTUTYT, OJMH U3 KPYIHbIX Hay4dHbIX 11eHTpoB CIIIA.
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“CeTp HMTEH, €CIM OHAa MarHUTHOI'O INPOMCXOXKIECHMS, JOJDKHA IMOAYMHATHCA OINPEEICHHBIM
MarHUTHBIM orpanndeHusiM. Camas mpocTasi penieTka, COOTBETCTBYIONIAs ATUM OTPAaHUYEHUSIM, - CETb,
HATNIOMHUHAOIAs “TIOTOK JJIs sIMIL”, 00pa30BaHHAs COEAUHEHHBIMH BEPIIMHAMU OKTA3paMHu.

Taxas “suuHo-noTKoBas” Bcenennas o0iagana Obl OoNbIIMMU KOJUYECTBAMH MAaTEPHUU 1O Kpasim
OKTadJipa, KOTOpble U ObUTM ObI MECTaMM PACIIOJIOKEHUS CyNepkiacTepoB. BHe HuTe#l cyiiecTBoBain
ObI OOJIBIINE MTYCTOTHI, JTUIIEHHBIE HE TOJIBKO OApMOHOB, HO U MAarHUTHBIX MOJIEH.

Takue TCOPCTUUCCKUC TIPCANOJIOXKCHUA COBMCCTHMBI C COBPCMCHHBIMH Ha6JIIOI[eHI/I$IMI/I
KpyImHOMAacIITaOHONH CTPYKTYpbI, M300paXKEHHOUM pacmpeneieHueM cynepkiactepoB. Ha ocHoBanuum
peanbHBIX JaHHBIX, JETKO WACHTHU(HUIMPOBATH, MO KpaiHEH Mepe, YeThIpe THUTAaHTCKUX OKTadpa,
MOJJIEPKUBAOIIUX TEOPUIO SMYHO-TOTKOBOUM BceneHHOM.

JIBa u3 HUX, caMble OJM3KHE U MOATOMY CaMble pa3inyaeMble, BOCIIPOU3BeAeHbI Ha puc. 6. [loutn
BCE BaXKHbIE CyIepKiacTepbl B Karajore DitHecTo (1997) u modtu Bce BaKHbIE MYCTOTHI B TOM XKeE
KaTaJIore MOTYT pacIoJiarathes B OKTadapaibHon cTpykType (Kanrek, 2003)”.

Ecniu BBl BHMMaTeNbHO IIPOYMTAETE BBIMIEU3IOXKEHHBIH maparpad, To 3amerute: Kanrek
YTBEPKAAET, YTO JETKO BUJETh, “TIO KpailHel Mepe”, ueTblpe okTasapa. HUKTO He MOKET U3MEHUTD WU
“pazo0maunTh”’ 3TOT (AKT; IPOCTO 3TO €LIe OJUH KYCOYEK JaHHBIX, KOTOPBIH CIIEAYyeT BKJIIOYUTH B
I100YI0 TOYHYIO KOCMOJIOTHIO BCEJIEHHOM.

BaxxHo 0co3HATh, UTO CTPYKTypa “IIaxMaTHOW JOCKHU’ MPOCTHPAETCS] HACTOJBKO, HACKOJIBKO €€
CHOCOOHBI M3MEpATh HAlM WHCTpYMeHTHI. llpeacraBisiercs, 4uto Bcs BceeneHHas ramakTuyeckux
CYNEpPKJIAaCTepOB OPraHU30BaHA B BHJE TUrAHTCKOM MaTpullbl OECKOHEYHOrO 4YHCIa OKTadlpoB,
COBEpILEHHO CBSA3aHHBIX BMECTE KaK OCCKOHEUHBIH SMYHBIM JIOTOK, COCTABICHHBIH, M0 KpaifHel Mepe,
U3 TPEX CJIOEB B BHICOTY. EQMHCTBEHHAs mpobiieMa 3TOH CTaTbu B TOM, YTO HE CYIIECTBYET CIiocoda
CMOJIENIUPOBATh OKTa3Ip C TPAJAULMOHHBIMU MAarHUTHBIMHU HOJISIMU B J1a0OpaTOpUU.

OpHaKo MBI MOXET JIETKO €ro CMOJEINPOBaTh, UCHONb3Yys JUHAMUKY >KuakocTu. Ho 3T0 omnsTh-
Takil BBIHOCUT Ha IIOBEPXHOCTh IOJIABISIEMOE IOHSATHE O TOM, 4YTO BO BceneHHol cyiiecTByeT
KHUIKOOOpa3Has, Heuznueckas “3dupHas cpefa” — UCTOUHUK Bcell pu3nueckoil MaTepuu, 4YTO OYEHb
J€TaIbHO 00CYKIAeTCs BO BCEX TPEX MOUX KHUTaX.

MOJIXOSAIIASI CXEMA BCEJEHHOM

Mpbl yxe 3HaeM, 4TO KocMudeckass MUKpoBojHOBas (onoBas (KM®) snepruss Bcenennoii
obnamaer cdepuueckoil Gopmoii, ¥ YTO BCe CyNep KIACTEPhl HAXOAATCA B “IUIOCKOHN~ (Kak OJWH)
ob0nactu B cepenuHe d3Toi cdepsl. OTcroga, MaTpulia, paccMaTpuBaeMasi CBEpXY BHM3, JOJDKHA
BBITJISLJIETh KaK OKPYXHOCTb C TTATTEPHOM HAaXOSIIMXCS B HEW alIMa30B, HAIOMUHAS LIBETOK JIOTOCA.

BCCCHOpHO, JIIOOAM TPYAHO 3TO BU3YAJIU3UPOBATH, IIO3TOMY MBI IIOHAJIU, YTO HGO6XO,Z[I/IMa cXEeMma.

Kak Tonbko B roioBy, HaKOHell, MpHIILIa XOpolllas BU3yaiusalus, norpedosanoch Bcero 30 cexyHn,
4TOOBI OCO3HATH, YTO U300PAKEHHE yXKe MEePEeJaHO B BUJIE KPyra Ha MIIEHUYHOM IIO0JIe.
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Puc. 7 Obpazosanue “xpye na nonax” & Byobopo, Anenus, 13 aseycma 2000 200a

Ha puc. 7 xpyra Ha mosstx Mbl BUJUM YIPOLIEHHBIN BUJ CTPYKTYpbl BCEIIEHHOM, €Ciu CMOTpETh
CBepXy BHHM3. AnMaszooOpa3Has (opMa OKTadJpa MOXKET OBITh BHIHA, €CJIIH COSTUHUTH KaKIbIH
penbedHBI TPEYTOJIbHUK Kpyra (TeMHO-KOPUYHEBBIM) C HHKHUM TPEYTOJIBHUKOM IPSIMO Iepesl HUM
(CBETJI0-KOPUUYHEBBIN), KOTJIa BBl IBUTAETECH OT BHEIIHETO Kpasi Kpyra K LEHTpY.

Koneuno, eciam ObI MBI pHICOBaJIM CXeMy Ha Oymare, ObUTIO OBl TOYHEE M300pakaTh CTPYKTYPY
TOJIKO C TIOMOIIBIO MPSAMBIX TUHUN. OHAKO HAa MOBEPXHOCTH, TAKOW KAK MIIEHUYHOE TMOJe, OBLIO OBl
Tpy/AHEEe YBUICTh NPSIMOJIMHEIHHYIO CXEMY.

Hrak, nocraBisier yI0BOJIbCTBUE, HAKOHEI], OTKPBITh CTPYKTYpy Bcenennoit Tonbko oco3HaiiTe,
YTO PELIEHUE YK€ JaHO HaM HEYEJIOBEUECKUM Pa3yMOM OKOJIO TPEX JIET Ha3al.

BCEJIEHHASA — 3TO ®PAKTAJI

B xHure ®@paxmanvnas okma’opanvhas cemv KpynHomacuimabnou cmpykmypul a-p berenep
MoJIaraeT, YTO NeOMETPHUsSl OKTa’JIpalbHOM MaTpullbl — 3T0 “‘dpakTay’, 4TO O3HAYaeT: OHa oOIazaer
“camonofio0MeM Ha BceX YpOBHSAX . Bolnblme OKTa’Apbl COCTOAT M3 MEHBIIUX OKTa3pOB, MEHBININE
OKTa3/pbl COCTOSAT U3 €lIe MEHBILIMX OKTA3JPOB U Tak Jajiee A0 OECKOHEYHOCTH. ITO COOTBETCTBYET
JPEBHEMY YUCHUIO “‘Kak HaBEpXy, TaK U BHU3Y — HJIE€ O TOM, YTO TBOpEI] OTpakaeTcsi BO BCEX BeIlax.

OpHako BILIOTH JI0 MPEABLIYIIETO MECSIIa Mbl HE 3HAITN, COOMPAIOTCS I BCE MEHBIIINE OKTadIPhI B
MaTpuily, COOpaHHYIO B OJHWH €JAMHCTBEHHBIM, OOmnbIION okTasap. CyllecTByeT OJHO 3araJo4yHoe
oOpa3oBanue “Kpyr Ha mojsx”’, mosBupieecs 4 aprycra 1999 roma B West Kennett Long Barrow. Ono
M300pa)KeHO Ha pUC. 8 U MO3BOJISET MPENoarath, YT0 UMEHHO Tak PyHKIHOHUPYET Beenennasi.
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Puc. 8 Obpazosanue “kpye na nonax” ¢ West Kennett, Anenus, 4 aszycma 1999 200a,
demoncmpupyioujee “‘hpaxmanvHulil” OKMA30PAIbHBIIL NAMMEPH

3 wmapra 2003 roma n-p /[Bum BaiiTxayc oOmyOJHMKOBall CTaThlo, TOATBEPIKIAIONIYIO
“¢pakranbHyro” koHuenuuio BcenenHoll. Cratbsa o6cyxnaer paboty a-pa Makca Termapka,
HaIMMCAHHYIO Ha OCHOBE JAHHBIX, MOJYUYEHHBIX C 30HAa Yunkuncona, 3amymieHHoro B 2001 romy.

3081 OBUT 3amylieH UIsi U3MEpeHHUs HEOOJBIIMX TEeMIEepaTypHBIX W3MEHEHHH B KOCMHYECKOM
MUKpOBOJIHOBOM ¢oHoBOM (KMB) m3nydenun Bo BCeleHHOHM, KOTOpoe cuHMTaercs “3xoM bosbiioro
B3peiBa”, IEpBUYHBIM OCTATOYHBIM H3JTYYCHHEM, U3 KOTOPOTO BIIEPBBIE CHOPMHUPOBATIACH BCEICHHAS.
Jlasiee npUBOAUTCS BBIACPKKA U3 CAMOM CTaTbU:

I['p TerMapK H €0 KOJIJICTU MPECACTABJIAOT KOCMHMYCCKUH MPII(pOBOJ'IHOBBIfI (I)OH KakKk C(I)pr:

“Bes nabnromaemas BeeneHHass HAXOQUTCST BHYTPH 3TOH cdepsl, a Mbl — B ee ieHTpe’. Jlymas Taxk,
rpymnmna obHapyxkuiaa B cumMmerpun KM® HeuTo HeoxumaHHoe W HeoObscHHUMOE. YTOOBI MONTYyYUTh
(camoe myumiee n3obpaxenne KM®), n-p Termapk yOpasi Bce HCTOYHUKH ““3arps3HAIOMIET0” JOHOBOTO
U3JTy4YeHUs], OCTaBUB TOJBKO CaM KOCMUYECKUMN (hOH.

Oxkazasioch, 4T0 OXuaaembple Bapuanuu HHTEHCUBHOCTH MK® Tak TpyaHO OOHApYXWUTh, YTO
BIIEpBBIE OHHM ObUTH 3aMedeHBI TOJIBKO B 1992 rony. OH npomomkaeT: “Mbl 0OHAPYKHIIM HEYTO OYCHB
ctpanHoe — B KM® cymiecTByeT Kakas-To HeOObsICHIMas CTpYKTypa. Mbl oxxkunanu, yto KM® Oyxmer
M30TponeH, 0e3 Kakoro-mudo MNpearnouynTaeMOoro HampaBiIeHUs B IMPOCTPAHCTBE, HO BCE OKAa3aloCh
COBCEM HeE TaK’.
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[TocmoTputre Ha cummerputro KM®: Ha u3MepeHus, TEXHUYECKH Ha3bIBA€MbIE OKTYIOJbHBIMU U
KBaJIpYyTMOJIbHBIMU KOMIIOHEHTaMHU. VccnenoBarenu oOHapy Wi yAUBUTENbHbIN natTepH. OHU COBCEM
HE OKUJAIIM YBUJIETh MATTEPH, HO TO, YTO OHU YBUJEIH, OBLIIO YEM YTOIHO, HO TOIBKO HE CIYYaiHBIM.

“OKTyMoNbHBIE U KBAJPYHIOJIbHBIE KOMIIOHEHTHI OPTaHU30BaHbI B MPSAMYIO JIMHUIO Ha HEOE, BIOJb
HEKOET0 BH[a KOCMUYECKOT0 dKBaTOpa. ITO CTpaHHO. He gymaem, 4To 3TO MPOUCXOAUT U3-3a (POHOBOTO
3arpsi3HeHusl. Bo3MOKHO, 9TO paccka3bplBaeT HaM HEYTO O (popme MpoCcTpaHCTBA B KPYITHBIX MaciiTabax.
MBI 3TOTO HE 0XKHJIAJIA U 0 CUX TIOp HE MOKEM OOBSICHUTH .

D10 MOXeT o3HayaTh, uTo KM® Gonee “komMkoBaT”’ B OJIHMX HANPABICHHUSAX, YEM B JIPYTHUX.
Hexoropbie Teopuu CTpyKTypbl BcenleHHOW 3TO MpeacKa3blBaloT, HO HAOIIONAEMOE CBHJIETEIBCTBO
ObL10 OBI BeTMKUM OTKphITHEM (Baiitxayc, 2003)”.

Puc. 9 Okmynonvro/keadpynonvnas cmpykmypa KM® 6o ecenennoti

HUTOI' U BBIBO/IbI

Bor mecTh KIIIOYEBBIX IMOJIOKEHHUH, HE YETKO CQOPMYIMPOBAaHHBIX B BBIIIEHPHUBEICHHOM
OTpBIBKE:

1. “OxTynonapHOoe” 00pa3oBaHUE HA MOBEPXHOCTU C(Epbl 1aeT BCe KOOPJAUHATHI CHIIPATh B UTPY
“coeMHEHNE TOUYEK M HapUCOBAaTh BHYTPHU OKTAdIP.

2. DTO OTKpBITHE TMOATBEPXKAAET MpearnoyiokeHre bereHepa, 4To OKTa’[apaiibHas CTPYKTypa
CYINEPKIIACTEPOB B BUIE (hpaKTajia MpoCTUPAETCs HA BCIO BeeneHnyro.

3. MarnutHoe nosie 3emiie — TOoKe KOMOMHALIMS KBaJIPYMOJIBbHBIX U OKTYIOJBHBIX 00pa3oBaHUM.
DT0 IeMOHCTPUPYET (PpakTabHO/ToIorpadudecKyro cBsi3b Mexay CoiHileM U BceneHHOM: ogHy U Ty
ke 0a30BYIO CTPYKTYPY Ha pa3HbIX YPOBHSX pazMepa.
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4. TlepenoBoe AMOHCKOE, pycckoe H (paHIy3CKOE HCCIeIOBAaHUE B 00JIACTH (UBHKHU
MHUKpOKJIACTEPOB MPOJAEMOHCTPUPOBAJIO, YTO aTOMbl €CTECTBEHHO CKIIOHHBI TPYNIUPOBATHCS B
KpucTajmueckue cTpyktypsl [ImatoHoBbix TBepabix Ten, Takue kak okrasap. OOpasys KiacTepsl,
aTOMBI TEPSIOT J00YI0 A HEepEeHIIMPOBAHHYIO HHINBUYAIBHOCTD, U BCE DJICKTPOHHBIC 00JIaKa TEKYT K
o01ieMy sSApy B HEHTPE. DTO LEIUKOM H MOJHOCTBIO OMPOBEPraeT MOJIENIb aTOMa B BUJIE YACTHIL.

5. Ipu M = 2 u L = 3 51exTpoHHBIX O0JIAaKOB, OCHOBHas ‘“‘opOuTaibHas” CTPYKTypa B
OOJIBIIIMHCTBE aTOMOB COBEPILIEHHO M300pakaeTcsi KoopauHaTaMu oktadpa. (Puc. 2.2 boowcecmesennuiii
Kocmoc)

6. HUccnenoBanue Pas Toymca moka3bpIBaeT, 4TO BCE pPa3HbIE YPOBHU DPa3MeEpa, KOTOPBIE MbI
00CyX/TaJIi, TOYHO B3aMMOCBSI3aHBI IOCPEICTBOM rapMOHHYECKOT0 akTopa pacmuperus 34560.

CBUIETENBCTBO, KOTOPOE MbI MPEACTAaBHIM B ITOM CTAaThe, IO3BOJISET HPEANONI0XKUTh, YTO
CTPYKTypa BCEJICHHOW TOYHO OIpenessieTcs BUOpalueidl Ha BceX ypOBHAX pasMepa. Ecnmu dvacrtora
BUOpAIMY MOBBIIIAETCS, FEOMETPHS CTAHOBUTCS 00JIe€ CI0KHOM.

Ecau reomeTpusi aTOMOB M MOJIEKYJl TaK Ha3bIBaeMOH “‘pu3znueckoir’” MaTEepuu MEHSETCS, 4TO
IIPOUCXOJUT ¢ caMoi Marepueil? CiaeayeT BbIMTH 3a Ipeaenbl OrpaHUUYEHUN TPAJAULIMOHHOIO HAYYHOI'O
MBIIUICHHS U MPEJCTaBUTh BO3MOKHOCTH. Ho denoBek no umenu Mucyc mpuiien, 4Todbl Moka3aTh TO,

9TO B OyJyIIEM CMOYKEM J€JIaTh BCE MBI:

“...Jena, KOTopbie TBOPIO SI, U OH COTBOPUT, U OOJIBIIIE CUX COTBOPUT, MO0 s uay K OTIy Moemy”.
(bubmus, Moann 14:12)

Wnest, yto Ham Mup sBAsieTCs “OCHOBAaHHOM Ha mpaBwiax Matpuueit”, rae “HeKOTOpble U3
MpaBWI, Takue Kak TIpaBUTalMs, MOTYT HapyllaTecs’, Ooibllle HE JOJDKHA CUUTAThCA
HENpaB0I0100HOMH.

OcBobouTe CBOIl yM.

Mup Heucuepnaem.

IMPHJIO’KEHUE:

K cBoeii yectu, n-p Hukounaii JIepanos nepBbIM BKIIIOUMII OTKpbITHE beTeHepa U €ro qyXOBHBIE
MOCJIEACTBUS s “DpaKkTaIbHOM BCEJICHHOUW B OTPaHMYCHHOE IUIATHOE W3/JIaHHE, YBUIECBIIEE CBET B
koHie 1990-x romoB. M3nanue oka3anoch AOCTATOYHO JOPOTMM, MO3TOMY YAAJIOCh PAaCHpPOCTPAHUTH
JIUIIb HEOOJIBIIOE KOJIMYECTBO IK3EMILISIPOB, B OCHOBHOM B Bay Area B Kanudopuum.

Mps1 Gnarogapum roctsi Hamero cemuHapa Bpems [ nobanvnoco Cosuea B XantcBuinie, Anabama,
Mapka Kamunrca 3a npuBieueHue HallEro BHUMaHUs K 3TOMY TPYAY.

Jo ©Oecenpl ¢ KamMuMHrcoM Mbl J1BaX/bl HEOCTOPOXKHO pa3MecTuian B MHTepHeTe IaHHBIE O
“MaTpUYHON” CTPYKTYpE CYIEPKIACTEpOB M OMYyOJIMKOBAIW Ppe3yJabTaThl B KHUTE boodxcecmseeHHbll
Kocmoc, tie paccmaTpuBaiy €€ Kak “TpeXMEpPHYIO IIaXMAaTHYIO JOCKY ’, HE YIIOMHUHAs OKTa’ap.

Briepsoie Mbl 0OHapyXwiu MaTpuyHyio cTpykTypy B Teopum Cummerpun C. H. Kumbna u

pa3sMECTUIIM JONOJIHUTENIbHBIE JTaHHbIE, B3ATble M3 apxuBa >xypHasna Hosocmu Puszuxu. B rnase 7,
pazzaene 7 kauru boowcecmeennwiii Kocmoc Bbl MOXKETE IPOUUTATD, YTO MBI 00 3TOM MHCAJIH.
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Kak MBI MOrnm ymycTuTh BaXHOCTh reomerpun? Ecim Obl Mbl yBUAETH U300paKeHHE CaMoii
CTPYKTYpPBI WJIM YCIIBIIIAIM, YTO OHA HaIpsMyro cBa3aHa ¢ [ImatonoBeiMu TBepasiMu Tenamu, 3TOTO
HUKOT1a OBl HE TPOM3OIILIO.

MpbI coBepIIIIIA KIACCHYECKYIO OIITUOKY, CIIENO COTJIACHUBIINUCH ¢ AomymieHussMu Kumbina, uto Ha
CaMOM JieJie MPEANoJIaraéMol CTPYKTYphl “IIaXMAaTHOW JOCKHA~ HE CYIIECTBYET, & CYIIECTBYET TOJIBKO
MMOJIMHO’KECTBO YET0-TO OOJIBIIETO: a IMEHHO CyMeprajJakTudecKkoe oOpa3oBaHue, BMEIAoIIee B ceos
BCE CymnepkiacTepsl BO BeeneHHoil.

OHpaBI[aHI/ICM MOXET CIYXWUTb TOJIBKO OCTpad HCEXBAaTKa BPEMCHH HCCICA0BATH KaXI0€
TMOJIOKCHHEC BCCX NAHHBIX, KOTOPBIC MbI BKIIFOYUJIU BO BCC TPU KHUTH. Ho 6)13.1“0,[18,})51 I/IHTepHeTy, BCCraa
MOKHO BHECTHU ITOIIPABKH.

CtpykTypa “IIaxMaTHOM TOCKK™~ U3MEPSIACh Ha OCHOBE TOJIBKO OYE€HBb y3KOT'O CJIOSl JAHHBIX, YTO
aHAJIOTUYHO aHAJN3y OJHOM JIMHUM, HallapallaHHOW U3 IIEHTpa OTBEPCTUS B IPaMMO(OHHOHN IIIACTUHKE
K €€ BHEIIHEMY Kparo.

Kum61n cumnraet, uro o6nacte PeiObI/KuT Ha puc. 6 1eMOHCTpUPYET ML Y3KUI KyCOYeK OHOTO
pykaBa B rurantckoil Cymnep-I'amaktuke. M KOHedHO, B 3TOM Kiactepe HaOromaercst HeOOJbIIoe
UCKpuBJIcHHE. B cBOoMX cTarbax bereHep M IOpyrue KOHCTaTHPYIOT, YTO TakKoe ‘‘TpaBUTALlMOHHOE
UCKa)KCHHE” CO3/1aeTCsl MPOCTO OOJIBIINM Pa3MepOM KilacTepa.

Cyrp B TOM, 4YTO Oyaromapsi yOeIWTENbHBIM JaHHBIM, CTPYKTypa CYNEPKIACTEpOB B BHIE
“IIaxMaTHOW JTOCKHM™~ JIEKO MpPOCMAaTpUBAETCs Ha O4YeHb OONbLIMX paccTossHUAX. Ho He cMoTps Ha
paccyxnenus KumOna Mbl He yBUAENU pyKaBa CBEpXOTpOMHOH crupaneBugHou ['amaktuku. bonee
TOr0, MaTpHIla OKTA3IPOB UMEET B BBICOTY, IO KpaiiHel Mepe, TpH ci10s. DTO elie O0JblIe YCIOXKHSIET
UZICI0, YTO JIIOOBIC BEPIIMHBI OKTa3JPOB MOTJINA OBI CBSI3BIBATHCS U 00OPAa30BHIBATh YaCTh TaJaKTHYECKOU
CIIUpAJIN.

Mpsl 3HaeMm, 4TO cymepkiacTepbl Bo BceenenHoit Haxomstcs B mmiockod “B ¢opme OnuHa”
CTPYKTYype, aHaJoruuyHol ¢opme ramaktuku. Kak mnoka3bplBaloT JaHHbIE IUaBbl 7 boojwcecmeennozo
Kocmoca, mexny crpyktypoil BceneHHONM M BCceMH JPYTMMH YpPOBHSIMH pa3MEPOB CYIIECTBYET
ompeieNieHHas, OYeBUIHAS “‘DpaKTaibHas CBA3b.

[IpencraBmsieTcsi, 9TO0 CTpyKTypa BceenmeHHod - HaMHOTO Oo0Jsiee HW3OIIPEHHAs, COBEPIICHHAs W
TOYHAsl FEOMETPUYECKAsl BEPCUS TOTO, YTO NOTEHLUAIBHO CYILECTBYET B TaJlakKTUKE. TeM caMbIM, OHa
CPOAHH TOMY, UTO Mbl OOHApYXHMBAa€M Ha CaMOM KpPOIIIEYHOM YpOBHE B KBaHTOBOH cepe. ITO MOKHO
YBUJETh HA PUC. 7 3TOU CTaThH, HA IpUMepe 00pazoBaHUs “KpPYr Ha MOJAX .

C nomouipo npuHIMNa (Gpakrana, ciaeroBaio Obl yBUACTD, 10 KpaiiHel Mepe, HauajbHbIe CTaIuU
MOAOOHBIX TEOMETPUUYECKHX PACIHOJOKCHHH MexXay pykaBamu Hamed [amaktuku. J[-p Ilonb
JIaBuoneTrT OTKpbUI JIOOOMBITHBIE T'€OMETPUYECKHE BBIPABHUBAHHMS MEXIY IIyJbcapaMu Hallen
TaJIaKTUKH, U 3TO MOTJIO OBl OCTYXUTh YaCTUYHBIM MOJATBEPKICHUEM HallleH TEOPUH.
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[anee, utobbl Gonee AeTanbHO NOHATL CyTb HOBOW CUCTEMbI 3HAHMI 1 NMPEACTABMNEHUI O 3aKOHaX MPUPObI
W 3aKOHOMEPHOCTW HalleW, U He TOnbKo, BCeneHHoW, HaCTOSATENbHO PEKOMEHAYETCS HEnoCpenCcTBEHHO
NPUCTYMUTb K NPOYTEHMIO M OCMBICIIEHUIO KHUI BblAatoLerocs pycckoro y4éHoro H.B. JleBalloBa:

MNocnegHee obpalleHue K YenoBeyecTBy
HeonHopoaHas BceneHHas
CyluHoCTb M Pasym
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